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Bekanntl ich s ind die P h a s e n des Ost ra lzyk lus nicht nur 
von ovarialen und iiterinen, sondern auch von in den üb r igen 
G e s c h l e c h t s o r g a n e n v e r l a u f e n d e n V e r ä n d e r u n g e n beg le i t e t . Be-
s o n d e r s au f fa l l end s ind so lche V e r ä n d e r u n g e n im Vagina lep i -
thel e in ige r Nage r (Maus 5 Rat te ) , doch s ind a u c h bei den Haus-
t i e ren zykl ische V e r ä n d e r u n g e n des Vag ina l ep i t he l s b e s c h r i e b e n 
worden . Nur e r l a n g e n sie bei den, l e tz te ren ke inen d e r a r t i g 
c h a r a k t e r i s t i s c h e n V e r l a u f , da s s m a n bei i hnen (wie da s bei 
der we i s sen Maus u n d der Ra t t e de r Fal l is t ) n a c h dem mi-
k roskop i schen Bilde des V a g i n a l s e k r e t s die e inzelnen P h a s e n 
des Zyklus g e n a u b e s t i m m e n k ö n n t e . 

Dabei wäre es doch d e n k b a r , d a s s eine w e c h s e l n d e Pro-
l i f e r a t i o n s k r a f t des E p i t h e l s w ä h r e n d de r v e r s c h i e d e n e n Ge-
s c h l e c h t s p h a s e n sich n i c h t n u r in der Vag ina , s o n d e r n auch 
in a n d e r e n O r g a n e n a u s w i r k e n m ü s s t e . Von so lchen T a t s a c h e n , 
die hierauf h i n z u d e u t e n sche inen , sei auf da s v e r l a n g s a m t e 
H ö r n e r w a c h s t u m (Hornsche iden ) der K ü h e w ä h r e n d der Träch-
t igke i t h i n g e w i e s e n . Dass h i e r an F u t t e r m a n g e l a l le in schu ld 
wäre , wie g e w ö h n l i c h a n g e n o m m e n w i r d , i s t wohl zu bezwei-
fe ln . Sehr i n t e r e s s a n t s i nd in d i e se r H i n s i c h t die U n t e r s u c h u n -
g e n e ines a m e r i k a n i s c h e n A u t o r s B u t c h e r (1934) ü b e r da s 
H a a r w a c h s t u m der we i s sen Mäuse . Br k o n n t e n ä m l i c h fes t -
s t e l l en , da s s das H a a r w a c h s t u m der Mäuse im p r ä p u b e r a l e n 
S t a d i u m aus zwTei, mi t der A k t i v i t ä t de r Ovarien para l le l ver -
l a u f e n d e n P h a s e n b e s t e h t . W o h l h a t es sich g l e i chze i t i g er-
wiesen , dass die a b w e c h s e l n d e I n t e n s i t ä t des H a a r w a c h s t u m s 
n ich t du rch die Ovarien v e r u r s a c h t wird (denn m a n k o n n t e 
d iese lbe B e o b a c h t u n g auch an k a s t r i e r t e n T ie ren m a c h e n ) ; 
t r o t z d e m sehen wir u n s g e z w u n g e n , d iesen V o r g a n g e inem, 
h ö c h s t w a h r s c h e i n l i c h i n k r e t o r i s c h e n , g l e i c h z e i t i g auch die Ova-
r ien b e e i n f l u s s e n d e n F a k t o r z u s c h r e i b e n zu m ü s s e n . 

A u s so lchen E r w ä g u n g e n h e r a u s e r s c h e i n t u n s die Be-
h a u p t u n g e ines r u s s i s c h e n A u t o r s W o l o s k o w (1936) n i c h t 
v e r w u n d e r l i c h , de rzu fo lge das K o n j u n k t i v a l e p i t h e l im Östral-
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z y k l u s ähn l i che V e r ä n d e r u n g e n d u r c h m a c h e n soll, wie das-
j en ige der Vag ina . Br s c h r e i b t : „Da wi r die B r u n s t n i ch t a ls 
e inen lokalen, s o n d e r n als e inen den g e s a m t e n O r g a n i s m u s 
b e e i n f l u s s e n d e n o r g a n i s c h e n Prozess au f 'ge fass t h a b e n , so dach -
ten wir , dass , w e n n der a n a t o m i s c h e A u f b a u u n d eine Reihe 
a n d e r e r B e s o n d e r h e i t e n der V a g i n a l r ö h r e e ine t y p i s c h e Zell-
r eak t ion zu e r h a l t e n u n s n i c h t g e s t a t t e n soll ten, wi r diese Beob-
a c h t u n g an a n d e r e n , m i t g e s c h i c h t e t e m P l a t t e n e p i t h e l b e d e c k t e n 
S c h l e i m h ä u t e n m a c h e n k ö n n t e n . In d ieser H i n s i c h t e rwe i s t 
s ich das K o n j u n k t i v a l e p i t h e l als e in u n e r s e t z b a r e s Objek t . Die 
im L a b o r a t o r i u m an Mäusen, Ra t t en und Kan inchen d u r c h g e -
f ü h r t e Kontro l le ha t u n s e ine völl ige I d e n t i t ä t der Schle im-
h a u t r e a k t i o n e n in der K o n j u n k t i v a und de r V a g i n a g e z e i g t . 
Dasse lbe h a b e n die an Scha fen d u r c h g e f ü h r t e n E x p e r i m e n t e 
b e s t ä t i g t . " Im we i t e r en b e s c h r e i b t W o l o s k o w das B i l d d e s 
Konjunk t iva lauss t r i cb .es vom P f e r d e . Die vom A u t o r f e s t g e -
s te l l ten V e r ä n d e r u n g e n b e s c h r ä n k e n s ich h i e rbe i auf e ine 
v a r i i e r e n d e S c h l e i m m e n g e u n d auf e ine w e c h s e l n d e N a t u r der 
Ze l le lemente im A u s s t r i c h . 

Die B r u n s t der S t u t e c h a r a k t e r i s i e r t s ich d e m n a c h d u r c h 
e inen A u s s t r i c h , in dem vom A u t o r n u r v e r h o r n t e Ep i the lze l l en 
oder Schollen g e f u n d e n w u r d e n . Der B e h a u p t u n g W o l o s -
k o w ' s n a c h is t das Bild des K o n j u n k t i v a l a u s s t r i c h e s d e r S t u t e 
d e r a r t c h a r a k t e r i s t i s c h , d a s s m a n n a c h ihm u n t e r Z u h i l f e n a h m e 
der k l i n i s c h e n B e o b a c h t u n g e n ( p e r r e k t a l e U n t e r s u c h u n g de r 
Ovarien) den O v u l a t i o n s m o m e n t u m 4— 8 Stunden v o r a u s b e -
s t i m m e n kann. Die V e r ä n d e r u n g e n des K o n j u n k t i v a l a u s s t r i c h e s 
bei a n d e r e n Tieren w e r d e n n i c h t be sch r i eben , a b e r , wie oben 
e r w ä h n t , b e h a u p t e t der A u t o r de ren I d e n t i t ä t mi t den Ver-
ä n d e r u n g e n im V a g i n a l s e k r e t (Mäuse, R a t t e n , K a n i n c h e n u n d 

Schafe) . 
W o l o s k o w ' s B e f u n d i s t neu , u n d d a f ü r w i rd er a u c h 

vom A u t o r s e l b s t g e h a l t e n . Noch im J a h r e 1985 f a n d K r e i -
k e r bei de r U n t e r s u c h u n g der m e n s c h l i c h e n B i n d e h a u t , d a s s 
de ren Epi the l wohl ve r sch i edene Bi lder da rbö te , d a s s d ie Ab-
w e i c h u n g e n abe r t e m p o r ä r e n C h a r a k t e r s wären , weil sie von 
der D e h n u n g des E p i t h e l s a b h i n g e n . Als A n f a n g s f o r m w ä r e 
ein k u b i s c h e s , m e h r r e i h i g e s Ep i the l zu b e t r a c h t e n . 

Obwohl die L i t e r a t u r a n g a b e n u n d u n s e r e e igenen , a u s 
f r ü h e r e r Zeit s t a m m e n d e n B e o b a c h t u n g e n n i c h t z u g u n s t e n d e r 
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Woloskow'schen Befunde hinsichtlich derKoniunkt iva sprachen, 
haben wir es doch unternommen, die angeschni t tene Frage an 
dem uns erreichbaren Material näher zu s t u d i e r e n . Dabei haben 
wir u n s e r A u g e n m e r k n i c h t auf den Inha l t des Kori junkt ival-
sackes (welcher ü b r i g e n s wegen se iner g e r i n g e n Menge f ü r 
e inen A u s s t r i c h k a u m ausre icht ) , sonde rn d i r ek t auf das Ep i the l 
ge r i ch te t . 

Material und Technik. 

Unser Mater ial s t a m m t von im ör t l i chen Sch l ach thause 
gesch lach te t en Kühen und weibl ichen Scha fen . A n g a b e n übe r 
die Menge und Ar t des Mater ia ls f i n d e t man in der be ige füg-
ten Tabelle. Zur B e s t i m m u n g d e r Z y k l u s p h a s e w u r d e n sowohl 
das k l in ische Bild des T ie res als auch der p o s t m o r t a l e B e f u n d 
a u s g e w e r t e t . Das Alter des gelben Körpers (Corpus luteum) 
wuirde nach den A n g a b e n H a m m o n d ' s (1927) u n d das Aus-
sehen des Vag ina l sch le imes nach den A n g a b e n von M i l o w a -
n o w (1936) b e s t i m m t resp. g e w e r t e t . 

Von den u n t e r s u c h t e n Kühen b e f a n d e n sich 12 im S tad ium 
des P r o ö s t r u m s , Ö s t r u m s oder P o s t ö s t r u m s , 6 Kühe im S t a d i u m 
des Met- oder D i ö s t r u m s und 3 Kühe waren t räch t ig . Von den 
u n t e r s u c h t e n Schafen war l b rüns t i g , 2 be fanden sich im f r ü h e n 
Metös t rum u n d 2 waren t r äch t ig . 

Das Material w u r d e n u r g e s u n d e n Tieren und g e s u n d e n 
Augen en tnommen . Zur U n t e r s u c h u n g k a m n u r das eine (me i s t 
r e c h t s e i t i g e ) Auge . Die beiden Lider w u r d e n mögl ichs t wei t 
a b g e s c h n i t t e n u n d in Bouin 's F lü s s igke i t f ixier t . Nach de r 
Fixat ion w u r d e ein S tück aus der Mit te des u n t e r e n und obe-
ren Lides s e n k r e c h t zum Lidrande a u s g e s c h n i t t e n und nach 
E n t w ä s s e r u n g in Zelloidin e i n g e b e t t e t . Die zumeis t 10 /x d icken 
Schn i t t e s ind s e n k r e c h t zum fre ien L i d r a n d e g e m a c h t u n d nach 
der Van Gieson ' schen Methode (Eisenhämatoxyl in , P i k r o f u c h s i n ) 
g e f ä r b t . 

Eigene Untersuchungen. 

D i e K u h . 

Das Obe rhäu tchen der äusse ren H a u t , welches an der 
äus se ren L idkan te au fhö r t , wi rd n ich t u n m i t t e l b a r d u r c h das 
typische Konjunk t iva lep i the l fo r tgese t z t , sondern zwischen bei-
den bleibt eine ve r sch ieden brei te Ü b e r g a n g s z o n e be s t ehn . Das 
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im I n t e r m a r g i n a l r a u m e bef indl iche Epithel e r inner t noch teil-
weise an die Epidermis der ä u s s e r e n H a u t , b e s o n d e r s weil es 
von e iner v e r h o r n t e n Sch ich t b e d e c k t w i r d ; abe r es i s t d i cke r 
als das t yp i sche O b e r h ä u t c h e n u n d s i tz t auf e i n e m s t ä r k e r en t -

wicke l t en Pap i l l a rkö rpe r . Bald ve r l i e r t sich die H o r n s c h i c h t 
s a m t dem S t r a t u m g r a n n l o s u m u n d wi r haben e inen Epi the l -
t y p u s vor u n s , de r in Abb . 1 w i e d e r g e g e b e n is t . Dieses 
Ep i the l u n t e r s c h e i d e t s ich von dem e igent l ichen p la t t en Kon-
j u n k t i v a l e p i t h e l haup t säch l i ch d u r c h die g rös se re Dicke (ca 100 f.i) 
und d u r c h das P e h l e n von W a n d e r - u n d g e w ö h n l i c h auch von 
Schle imzel len . Die Zone e ines d e r a r t i g e n E p i t h e l s m i s s t n u r 
wen ige Mil l imeter und g e h t im t a r s a l e n A b s c h n i t t der B inde -
h a u t in das e igen t l i che K o n j u n k t i v a l e p i t h e i ü b e r . 

Das e i g e n t l i c h e B i n d e h a u t e p i t h e l ha t ein z iem-
lich va r i i e r endes Aussehen . Die A b b i l d u n g e n 2 bis 6 (auf de r 
Tafel) , we lche alle vom Rind s t a m m e n , k ö n n e n uns davon über-
zeugen . Es s che in t a n f a n g s , als w ä r e h ier ü b e r h a u p t k e i n e 
R e g e l m ä s s i g k e i t vo rhanden , und e r s t bei p l a n m ä s s i g e m Durch -
m u s t e r n e ines u m f a n g r e i c h e r e n Mater ia l s g e l i n g t es e inen ge-
wissen Überb l i ck zu g e w i n n e n . Zu d iesem Zweck h a b e n wir 
jene A n g a b e n , welche u n s e r T h e m a zu b e l e u c h t e n i m s t a n d e 
sch ienen , in Tabe l l en fo rm w i e d e r g e g e b e n . Es w u r d e dabei auf 
die Dicke u n d S t r u k t u r des Epi the ls , auf die Menge der Schleim-
(Becher-)zel len, auf den I n f i l t r a t i o n s g r a d des E p i t h e l s USWT. 

a c h t g e g e b e n , a lso auf alle E i g e n s c h a f t e n , die f ü r die Beur -
t e i l u n g des V a g i n a l a u s s t r i c h e s von B e d e u t u n g s ind . Um die 
Tabel le ü b e r s i c h t l i c h e r zu g e s t a l t e n , h a b e n wi r in der vorl ie-
g e n d e n Arbe i t e in iges (so die Zahl de r Mi to se f i gu ren , die ins 
einzelne g e h e n d e B e s c h r e i b u n g des Ep i the l s u. a. m.) aus ihr 
f o r t g e l a s s e n . 

Wie aus der b e i g e g e b e n e n Tabel le e rs ich t l i ch , t r i t t das 
K o n j u n k t i v a l e p i t h e l de r Kuh f a s t in al len u n t e r s u c h t e n P räpa -
r a t e n in zwei F o r m e n a u f : als g e s c h i c h t e t e s P l a t t e n - u n d als 
g e s c h i c h t e t e s Zy l inderep i the l . Im a l l geme inen gil t dabe i a ls 
Regel, d a s s das P l a t t enep i t he l e ine F o r t s e t z u n g des n a h e am 
I n t e r m a r g i n a l r a u m bef ind l ichen d ickeren Ep i the l s u n d in fo lge -
des sen m e h r t a r sa l ge l egen i s t . Es r e i ch t v e r s c h i e d e n wreit 
auf die C o n j u n c t i v a mobi l i s u n d wi rd in w e n i g e n Fäl len (Prä-
para ten) a u c h forn ika l n i ch t du rch g e s c h i c h t e t e s Zyl inderep i the l 
e rse tz t . Hieraus is t aber n i c h t zu sch l iessen , da s s in d iesen 
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Fäl len das Zy l inde rep i lhe l in der K o n j u n k t i v a l s c h l e i m h a u t über -

h a u p t feh le , d e n n die u n t e r s u c h t e n S c h n i t t e s t a m m e n n u r aus 
de r Mit te de r B i n d e h a u t u n d r e i chen a u c h n i c h t in allen Fäl-
len bis auf die C o n j u n c t i v a bu lba r i s . In den m e i s t e n Fäl len 
wird , wie g e s a g t , da s P l a t t e n e p i t h e l f o r n i k a l d u r c h zyl indr i -
s c h e s oder k u b i s c h e s Ep i the l e r s e t z t . Zu g e w i s s e n P h a s e n des 
Ös t r a l zyk lus s t ehen die u n r e g e l m ä s s i g e n Grenzen der b e i d e n 
g e n a n n t e n E p i t h e l a r t e n in k e i n e r B e z i e h u n g ; ihre Loka l i s a t i on 
s c h e i n t v i e lmehr von der A r t der Kontak t - bzw. B e r ü h r u n g s -
f läche a b h ä n g i g zu s e i n : j e n e r A b s c h n i t t de r K o n j u n k t i v a , de r 
u n m i t t e l b a r der Kornea a n l i e g t , w i r d von P l a t t e n e p i t h e l be-
deck t , w ä h r e n d j ene r Teil, der den mi t T r ä n e n f l ü s s i g k e i t ange-
fü l l t en K o n j u n k t i v a l s a c k u m g i b t , m e i s t e n s von Z y l i n d e r e p i t h e l 
bedeck t w i rd . Es s c h e i n t u n w a h r s c h e i n l i c h , da s s die e ine 
E p i t h e l a r t in fo lge von m e c h a n i s c h e n Momen ten ( w e g e n ab-
w e c h s e l n d e n D e h n u n g s g r a d e s ) f a s t u n m i t t e l b a r in die a n d e r e 
ü b e r g e h e n könne , wie das in bezug auf die m e n s c h l i c h e B inde-
h a u t von I v r e i k e r b e h a u p t e t wi rd . Demzufo lge t r i f f t auch 
die B e h a u p t u n g von Z i e t z s c h m a n n (1906), dass das Kon-
j u n k t i v a l e p i t h e l de r W i e d e r k ä u e r (Rind, Scha f ) e in Ü b e r g a n g s -
ep i the l sei, n i c h t zu. 

Das g e s c h i c h t e t e P l a t t e n e p i t h e l de r K o n j u n k t i v a s i t z t auf 
e inem v e r s c h i e d e n s t a r k e n t w i c k e l t e n P a p i l l a r k ö r p e r . Die 
E n t w i c k l u n g d ieses l e t z t e r en , bzw. der in die P r o p r i a h ine in -
r a g e n d e n Ep i t he l zap fen s t e h t mi t dem Ös t ra lzyk lus in k e i n e r 
Bez i ehung . Die f r e i e Ober f läche des E p i t h e l s i s t a b e r i m m e r 
g e r a d l i n i g . Das w e c h s e l n d e Bild des P l a t t e n e p i t h e l s w i r d h a u p t -
sächl ich d u r c h den v e r s c h i e d e n e n P l a s m a r e i c h t u m se iner Zel-
len v e r u r s a c h t . Die in den Abb . 2 und 3 w i e d e r g e g e b e n e n 
E p i t h e l b i l d e r s ind h ä u f i g in ein u n d d e m s e l b e n P r ä p a r a t zu 
f i n d e n . E i n s d ieser B i l d e r z e i g t u n s e ine t yp i s che S c h i c h t u n g 
des E p i t h e l s : die basa l g e l a g e r t e n p l a s m a ä r m e r e n Zellen s ind 
s t ä r k e r g e f ä r b t , haben häu f ig e inen po lygona l en K e r n u n d k e i n e 
d e u t l i c h e n Z e l l g r e n z e n ; die mi t t l e r e Sch ich t b e s t e h t a u s hel-
ler g e f ä r b t e n po lygona l en p l a s m a r e i c h e r e n Zellen m i t deu t -
l ichen Zel lgrenzen , u n d die ober f läch l iche E p i t h e l s c h i c h t w i r d 
von mehr oder w e n i g e r s t a r k a b g e p l a t t e t e n , s t e t s k e r n h a l t i g e n 
Zellen, nie aber von v e r h o r n t e n Zellen geb i lde t . Im al lgemei-
n e n is t das P l a t t e n e p i t h e l m i t d e u t l i c h e r S c h i c h t u n g d icker a ls 
e in so l ches , we lches n u r aus d u n k e l g e f ä r b t e n Zellen mi t ge-
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AI a ter ia l 
r— . . 

IO O 

Gesamtbild des Epitln 
o ® SJ CO s: 

Die subepithel iale Infi l t ra-
tionszone ; Zahl der Lymph-
knötchen in einem Schnit t 

i'o S u «3 CO . 

Ö CJ> —« O 

K u h 9. Siebenmal 
gekalbt. ZervikaIka-
nal geöffnet . Glasi-
ger Schleim in der 
Vagina. Dergross te 
Follikfil misst l ,5cm. 

K U h 10. Neunmal 
gekalbt. Corpus lu-
teum 1—2 Tage alt. 

K u h 13. Achtmal 
gekalbt. Ein frisch 
gep'atzter Follikel 

im Ovar. 

K u h 15. Alt. Gla-
siger Schleim in der 
Vagina. ZervikaIka-

nal geöffnet . 

K u h 17. Alt. Gla-
siger Schleim in der 
Vagina. Sprungrei-
fei'Follikel im Ovar. 

Geschichtetes Plat tenepithel (Konjunk-
— , t iva kurz abgeschnitten). 

meistens Geschichtetes Plattenepithel; fornikal j 
ca.-0/< j geschichtetes Zylinderepithel. j 

Wenig ausgebildete Infiltra-
tionszone ohne Lymph- ! 

knötchen. j 
+ 

Breite(ca.200/i)Infi l trat ions- ! , i 
zone mit 2 Pr imärknötchen. 

O 

O
 

7 O
 

CO
 

j 

U I 30—60 ; 

; 

O 2 0 - 5 0 

U 2 0 - 4 0 

O 20— 60 

U 4- O
 I t 

O
 

O 20—õO 

U 
j 

Ausser einer schmalen Zone von ge- j 
schichteten! Plattenepitlielim tarsalen : 
Abschnitt der Konjunktiva findet man ; -j-

nur geschichtetes Zylinderepithel. 
Epithel stark gefaltet, j 

Nur stellenweise eine sehr 
schmale Infiltrationszone. 

An vielen Stellen ist das Epithel mit 
Wanderzellen dermassen infiltriert, d. 
seine Struktur nicht zu unterscheiden 
ist. Geschichtetes Platten- u. Zylinder-

epithel. 

Geschichtetes Plattenepithel tarsal, Zy-
linderepithel fornikal. Der Konjunkti-
valschleim enthält einige rundkornige I 

Wanderzel len. | 

Geschichtetes Plat ten- und gesch ieh- ! 
te tes Zylinderepithel. j 

Geschichtetes P la t tenepi the l . 

+ 

Sehr schmale (ca. 10 ,«) Infil- • , 
trationszone ohne Knötchen. I ' 

Sehr brei te (bis 1 mm) Infil-
t ra t ionszone mit 10 Sekun- - i—|-

därkm'itchen. 

Sehr schmale (ca. 30 ,«) Infil-
trationszone mit 3 Knötchen. 

Geschichte tes Plat ten- und geschich-
te tes Zylinderepithel . 

Sehr breite (ca. 1 mm) Infil-
t ra t ionszone mit 8 Knötchen. 

SubepitheliaIe Inf i l t ra t ions-
zone wenig ausgebildet . Kei-

ne Knötchen. 

Subepitheliale Infi l t rat ions-
! zone fehlt beinahe ganz. 

Keine Knötchen. 
Das Epithel ist dermassen mit Rundzel-
len infiltriert , d. sich nur die oberste, aus 
abgepla t te ten oder zylindrischen Zellen 
bestehende Schicht un te rsche iden lässt . 

+ 
Über 1 mm dicke Infil tra-
t ionszone mit. 15 Lympli-

knötchen. 



K u h 18. Sechsmal 
gekalbt. Fadenzie-

liender Schleim 
hängt aus der Va-
gina. F risch geplatz-
ter Follikel im Ovar. 

K u h 19. Färse. Ge-
schlachtet während 

der Brunst . 

K u h 22. Siebenmal j 
gekalbt. Glasiger! 
Schleim in der Va- I 
gina. Frisches Cor- j 
pus luteum im Ovar. 

K u h 24 Dreimal 5  

gekalbt . Geschlach-
tet während der!.. 
Brunst. Frisch ge-
platzter Follikel im ; 

Ovar. j 

K u h 25. Dreimal I 
gekalbt , Vagina en t - j 

hält reichlich glasi- ; 
gen Schleim. Cor-
pus luteum ca. 1 Tag ' 

alt, ! 

K u h 27. Viermal; 
gekalbt . Corpus lu-
teum 1—2 Tage alt., 

O 1 5 - 40 Geschichtetes Plattenepithel. 0 
Eine ausgebildete Infiltra-
tionszone findet man nur 4-

nahe d. Fornix. 

U 3 0 - 40 Geschichtetes Platten- und geschich-
tetes Zylinderepithel. +

 
4-

Über 1 mm dicke Inf i l t ra t ions-
zone mit 7 Lymphknötcl ien. + ++ 

O 30— 50 » + Breite subepiUieliale Infil-
I trationszone ohne Knötchen. + + 

U 30— 60 Geschichtetes Plattenepithel. 0 Keine deutliche Infiltra-
tionszone. 4-

O 3 0 - 50 
Geschichtetes PJattenepithel im tarsa-
len, geschichtetes Zylinderepithel im 

fornikalen Abschnitt. 
„ 4-

U 3 0 - 40 
" 

+ W e n i g ausgebildete InfiItra-
tionszone mit 2 Knötchen. 4 - + 

30—40 

U 30—40 

O 30—50 

-50 

15 — 40 

15—40 

Im Konjunktivalschleim rundkernige 
Wanderzellen. 

Schmale (unter 100 tu) sub-
epith. Infiltrationszone ohne 

Knötchen. 
Das Bild d. weniger s ta rk infi l tr ierten 
Epithels wie oben. Meist ist das Epithel 

durch Wanderzellen beinahe ersetzt. 

Geschichtetes Plat tenepi thel . 

Geschichtetes Plat tenopithel im ta r sa -
len, geschichte tes Zylinderepithel im 

fornikalen Abschnit t . 

K u h 28. Elfmal ge-
kalbt. Geschlachtet 
während der Brunst . 

Das Epithel ist sehr dünn und dunkel-
15—40 gefärb t . Die obersten Zellen sind ab-

; gepla t te t oder kubisch-zyl indrisch. 

U I 15—40 

4~4~-|-

-t" 

0 

Breite Infiltrationszone (ca. 
1A j mm) mit 7 Knötchen. 

Keine deutliche Infi l t rat ions-
zone mit I Knötchen. 

Wenig ausgebi ldete Infi l tra-
tionszone mit 4 Knötchen. 

Nur eine begrenzte Rund-
zel lenansammlung. 

Zwei Rundze l lenansamm-
lungen. 

Keine deutl iche Infi l t rat ions-
zone. 3 Knötchen. 

+ 4 - 4 -

Breite (bis 1Z2 mm) Infiltrati-
onszone mit 5 Knötchen. 

*) Zahl der Schleimzel len: 0 — keine Sclilz., + 1 — 10 Schlz., -f-j- 10—100 Schlz., - f + - f über 100 Sclilz. 
|:) -(- die Zahl der Wanderzellen ist kleiner als die der Epithelzellen. 

die Zahl der Wanderzel len ist g rös se r als die der Epithelzellen. 
das Epithel ist teilweise durch Wanderzellen ersetzt. 
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Material Gesamtbild des Kpithek 
Die subepitheliale InfiItra- g 
t ionszone; Zahl der Lympli-
knötchen in einem Schnit t 

K u h 1. 18—20 Mon. 
alt. Corpus luteum 
1,8 X - c i n gross. 

K u h 2. Sechsmal 
gekalbt. Corpus lu-

teum 1 , 2 X 2 cm 
gross . 

K u h 6. Zehnmal 
gekalbt. Corpus lu-
teum 1,8 X - , 1 cm 

gross. 

K u h 11. Färse mit 
vollentwickeltem 
Corpus luteum. 

Meist ist das Epithel zylindrisch, nur 
30—50 j m tarsalen Abschnitt ist geschichtetes 

Plattenepithel vorhanden. 

30 - 50 ! 

O . 2 0 - 5 0 

30—40 

O 3 0 - 5 0 

U 30 50 

K u h 20. Siebenmal 
gekalbt. Corpus lu-
teum vollentwickelt. 

Geschichtetes Plattenepithel. 

Geschichtetts Platten- und geschich-
tetes Zylinderepithel. 

1 5 - 6 0 

Geschichtetes Zylinderepithel ; ge-
schichtetes Plattenepithel findet man 
nur im tarsalen Abschnitt der Kon-

junktiva. 

Das Epithel ist im ganzen palpebralen 
Abschnitt dermassen mit Wanderzellen 
infiltriert, dass seine Struktur nicht 

zu unterscheiden ist. 

Keine kontinuierliche Infil-
trationszone. 7 Lymph-

knötchen. 

Breite Inf i l t ra t ionszone mit j i i 
7 Knötchen. j 

Keine deutl iche Infiltra-
t ionszone. 

Wenig ausgebi ldete Infi l t ra-
tionszone mit 2 Knötchen. 

Breite Infi l trat ionszone mit 
G Knötchen. 

Begrenzte Infi Itra tionszone 
mit 3 Knötchen. H—h f 

Breite Infiltrationszone mit 
7 Knötchen. 

Begrenzte Infi l t rat ionszone 
mit 10 Knötchen. 



1 ! 
-4-3 : C 

Kuh 21. Siebenmal 
gekalbt. Corptis lu-

O 30 — 50 
Cieschiehteles Plattenepithel im tarsa-
len, geschichtetes Zylinderepithel im 

fornikalen Abschnitt. 
+ f + 

Wenig ausgebildete Infiltra-
tionszone ohne Knötchen. ++ 1 ! 

-4-3 : C teum 2—3 rFage alt. 
U 20— -50 - I - + + + + 

K u h 5. Dreimal 
gekalbt. Fötus 3S 

O 3 0 - -50 Geschichtetes Plat ten epithel. + Keine Infi l trat ionszone. Ein 
Lymphknötchen. 

+ 

cm lang. 
U 1 5 - 50 Geschichtetes Plat ten- und geschichte-

tes Zylinderepithel. H—I—b 
Breite Infiltrationszone mit 

9 Knötchen. + + 

Z-> 

Kuh 7. \ iermal ge-
kalbt. Fötus 19 cm 

O 
Tarsal und bulbär geschichte tes Plat-
tenepithel, dazwischen geschich te tes 

Zylinderepithel. 
+++ 

Sehr schmale (ca. 10 (u) 
Infil trationszone ohne Knöt-

chen. 
+ 

Kuh 7. \ iermal ge-
kalbt. Fötus 19 cm 

t f j lang. 

U 1 5 - 40 
Das Epithel ist sehr dünn und dunkel-
gefä rb t ; t a r s a l platt , fornikal zylind-

risch. 
+ 

Sehr brei te (bis 1 mm) In-
f i l t rat ionszone mit 18 Sekun-

därknötchen. 
+ + + 

: : 3 

U -

K u h 8. Siebenmal 
gekalbt . Fötus 2,5 

O 30 — 50 Geschichtetes Plattenepithel. + 
Keine deutlich ausgebildete 
Infiltrationszone. Keine 

Knötchen. 
+ 

cm lang. 
V 1 5 - 50 

Geschichtetes Plat tenepithel im tarsa-
len, geschichte tes Zylinderepithel im 

fornikalen Abschnitt . 
+ + Breite Infil trationszone mit 

5 Knötchen. ++ + 

*) Zahl der Schle imzel len: O — keine Schlz., -f- 1 —10 Sclilz., - | — 1 0 — 1 0 0 Sclilz., -f-|—|- über 100 Sclilz. 
**) -{- die Zahl der Wanderzel len ist kleiner als die der Epithelzellen. 

-j—(- die Zahl der Waiiderzellen ist grösser als die der Epithelzellen. 
-j—j—(- das Epithel ist teilweise durch Wanderzellen ersetzt. 
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s c h r u m p f t e n Kernen bes teht (Abb. 3). K e r n t e i l u n g s f i g l i r e n 
sind in den beiden P la t tenepi the l formen ä u s s e r s t s e l t en ; man 
f i n d e t in e inem Schn i t t n u r 1 — 4 Mitosen, welche ü b r i g e n s 
n i ch t n u r in de r ba sa l en Zel lreihe, s o n d e r n auch in den mi t t -
leren Sch ich ten v o r k o m m e n . E ine d e u t l i c h e V e r m e h r u n g der 
K e r n t e i l u n g s f i g u r e n ist, im Kon junk t iva l ep i the l nie zu b e m e r k e n . 
A u c h desha lb k ö n n e n wir ke ine b e d e u t e n d e n V e r ä n d e r u n g e n 
h in s i ch t l i ch der P r o l i f e r a t i o n s k r a f t des Ep i the l s a n n e h m e n . 

W e n n n u n auch im P la t t enep i the l e in ige Schle imzel len 
a n z u t r e f f e n s ind , so i s t da s m e h r als eine A u s n a h m e zu be-
t r a c h t e n , d e n n d e n e i g e n t l i c h e n F u n d o r t der ßeche rze l l en bil-
de t das Zy l inde rep i the l . A u c h diese T a t s a c h e sp r i ch t i n d i r e k t 
gegen eine u n m i t t e l b a r e U m w a n d l u n g s m ö g l i c h k e i t von P la t -
t enep i the l in Zy l inde rep i the l oder u m g e k e h r t . Die im P l a t t e n -
epi the l be f ind l i chen Schle imzel len s ind n i c h t i m m e r an de r 
Ober f läche g e l a g e r t , s o n d e r n b e f i n d e n sich m a n c h m a l in den 
m i t t l e r e n E p i t h e l s c h i c h t e n . 

E ine In f i l t r a t ion des p l a t t en sowie des zy l ind r i s chen Kon-
j u n k t i v a l e p i t h e l s g e s c h i e h t , im ' G e g e n s a t z zum Vagina lep i the l , 
f a s t au s sch l i e s s l i ch d u r c h L y m p h o z y t e n (Rundzel len) . Auch 
in den b e i g e f ü g t e n A b b i l d u n g e n s i eh t m a n ke ine po lymorph-
k e r n i g e n W a n d e r z e l l e n . Der I n f i l t r a t i o n s g r a d i s t s eh r verschie-
den, aber doch ist d a s K o n j u n k t i v a l e p i t h e l nie von r u n d k e r n i -
gen Wande rze l l en vo l l s t änd ig frei . Beim Rinde sowohl wie 
beim Schaf f i n d e n wi r h ä u f i g in de r C o n j u n c t i v a mobil is eine 
r i c h t i g e K o n j u n k t i v a l t o n s i l l e , au s e iner b re i t en (bis zu 
1 m m ) In f i l t r a t i onszone m i t zah l re ichen K e i m z e n t r e n (Sekun-
d ä r k n ö t c h e n ) d a r i n b e s t e h e n d . An so lchen Stel len i s t das 
Epi the l h ä u f i g vo l l s t änd ig d u r c h L y m p h o z y t e n e r s e t z t (Abb. 6). 
W i r haben das V o r k o m m e n so lcher e r o d i e r t e r Ste l len in der 
Tabelle m i t + + + w i e d e r g e g e b e n . Die L y m p h o z y t e n b e f i n d e n 
s ich aber n i ch t n u r in der Propr ia u n d im K o n j u n k t i v a l e p i t h e l , 
s o n d e r n d u r c h w a n d e r n das le tz te re . So sehen wi r in der Abb. 4 
e inen Teil von Kon junk t iva l s ch l e im m i t zah l re ichen r u n d k e r n i -
g e n W a n d e r z e l l e n d u r c h s e t z t . In dem Vag ina l aus s t r i ch f i n d e t 
i n a n d a g e g e n p o l y m o r p h k e r n i g e L e u k o z y t e n . In d ieser H i n s i c h t 
b e s t e h t ein d u r c h g r e i f e n d e r U n t e r s c h i e d zwischen dem Kon-
j u n k t i v a l - u n d dem V a g i n a l a i i s s t r i c h d e r K u h sowie des Schafes . 

W e n i g e Fälle a u s g e n o m m e n (oberes Lid der Kühe 5, G, 
18 u n d 25 und u n t e r e s Lid der Kühe 15 u n d 19), wo wir in 
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u n s e r e n a u s der Mitte des Lides s t a m m e n d e n P r ä p a r a t e n n u r 
g e s c h i c h t e t e s P l a t t e n e p i t h e l g e f u n d e n h a b e n , wi rd dieses for-
n ika l g e w ö h n l i c h d u r c h Zy l inderep i the l e r se tz t . Wie schon 
e r w ä h n t , w i rd se ine Grenze s e h r var iabe l g e f u n d e n : m a n c h -
mal beg inn t es s c h o n in de r Region de r Tarsa ld r i i sen , ein an-
d e r m a l f i n d e t m a n es e r s t n a h e be im Forn ix . Die u n t e r e Epi-
t h e l g r e n z e i s t h ier wegen Feh lens e ines Pap i l l a rkö rpe r s e ine 
ge r ad l i n ige . Die Dicke des Z y l i n d e r e p i t h e l s i s t g e r i n g e r als 
die des P l a t t e n e p i t h e l s (ca. 30 ß) u n d die Zahl der Ze l l s ch i ch t en 
b e t r ä g t 2—5. Die o b e r f läch l i chs t en Zellen s i n d k u b i s c h (Abb. 4), 
zy l indr i sch oder m a n c h m a l , b e s o n d e r s in den Fa l t en t ä l e rn , 
s t r i c h f ö r m i g ; alle diese mög l i chen Ges t a l t en de r ober f l äch l i ch-
s t en Zellen k a n n m a n in e in u n d d e m s e l b e n P r ä p a r a t vor-
f inden . 

Schle imzel len s ind in dem K o n j u n k t i v a l e p i t h e l w ä h r e n d 
al ler P h a s e n des Zyklus v o r h a n d e n , u n d i h r Feh len in e i n i g e n 
w e n i g e n P r ä p a r a t e n i s t d u r c h ihre u n g l e i c h m ä s s i g e V e r t e i l u n g 
zu e r k l ä r e n . Die Sch le imze l len , de ren Menge in de r Con junc t iva 
f o r n i c i s am g r ö s s t e n is t , s t e h e n im Zyl inderep i the l m i t de r 
Ober f läche in d i r ek t e r V e r b i n d u n g . F ü r die Rundze l l en in -

f i l t r a t i o n g i l t a u c h h ier das oben G e s a g t e . 
Da die E p i t h e l d i c k e n u r in b e s t i m m t e n Grenzen var i i e r t 

u n d d iese Var iab i l i t ä t m i t de r Z y k l u s p h a s e in k e i n e m Zusam-
m e n h a n g s t e h t , so is t es v e r s t ä n d l i c h , dass w i r i m K o n j u n k t i -
valepi the l ke ine n e n n e n s w e r t e Z e l l e n s c h u p p u n g f i n d e n ; n u r ab 
u n d zu f i n d e t m a n einzelne losge lös t e Zellen, we l che dem 
K o n j u n k t i v a l s c h l e i m b e i g e m e n g t s i nd . 

D a s S c h a f. 

W i e a n f a n g s e r w ä h n t , b e h a u p t e t W o l o s k o w eine völl ige 
I d e n t i t ä t de r zyk l i s chen V e r ä n d e r u n g e n im Vagina l - u n d Kon-
j u n k t i v a l a u s s t r i c h vom Schaf . Die g e n a n n t e n V e r ä n d e r u n g e n 
se lbs t w e r d e n aber von i h m n i ch t b e s c h r i e b e n , wesha lb w i r 
h ier m i t den b e t r e f f e n d e n A n g a b e n a n d e r e r A u t o r e n zu rech-
n e n haben . 

Nach C o l e u n d M i l l e r (1935) v e r d i c k t s ich das Vaginal-
epi the l des Schafes , m i t d e m P r o ö s t r u m b e g i n n e n d , b is ca. e ine 
W o c h e n a c h de r B r u n s t , wo die Ep i the ld i cke s ich wieder zu 
r e d u z i e r e n b e g i n n t . L e u k o z y t e n f i n d e t m a n im D i ö s t r u m . Die 
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Gesamtbild des Epithels 
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-
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 Die subepitheliale Infil-

trationszone; Zahl der 
Lymphknötclien im 

Schni t t 

Infil trations-
g rad d. Epi-
thels m. Wan-

derzellen 

Cfl S c h a f 12. Oe-
se lil a c h t e t währe n <1 
der Brunstper iode. 
Das eine Ovarium 
enthäl t zwei sprung-

reife Follikel. 

O 4 0 - 60 

Geschichtetes Plattenepithel , aus 
yin.M' b a s a l « " dnnk<>lr>-fif;irhtiMl U. p. 

oberfl. helleren Schicht bestehend. 
Keine Verhornung d. oberfl. Zellen. 

0 

Eine schmale subepi-
theliale Infil trationszone 
nur stel lenweise. Keine 

Knötchen. 

-f-

rS — 

S c h a f 12. Oe-
se lil a c ht e t währe n <1 
der Brunstper iode. 
Das eine Ovarium 
enthäl t zwei sprung-

reife Follikel. U 3 0 - -50 

Ta r sa l i s t das Epithel wie oben; in d. 
Mitte geschichte tes Zylinderepithel, 
das fornikal wieder durch P la t t en -

epithel ersetzt wird. Keine Ver 
—h 

Zwei Lymphozytenan-
sammlungen mit 5 

Lym nhk nötch en. 
+ +-h 

Ö
st
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S chaf 14. Die Ova-
rien entha l ten 2 fri-
s c h e ^ —2 Tage alte) 

Corpora lutea. 

O 3 0 --50 Tarsal geschichtetes Plattenepithel, 
fornikal zylindrisches Epithel. ++ + 

Keine deutliche Infiltra-
tionszone. Vier Lymph-

knötclien. 
+++ 

p 
S c h a f 4. Die Ova-
rien enthal ten zwei 

O 3 0 - 40 Geschichtetes Plat tenepithel ohne 
Verhornung. 0 

Keine Infil trationszone. 
Keine Knötchen. + 

tn 

?> 
«Ä 

maximal entwik-
kelte O elbkör per 

(O5S)Xl cm). U 3 0 - 50 
TarsaI geschichte tes Plat tenepi thel , 

fornikal zyl indrisches Epithel . f ++ 
Wenig ausgebildete Infil-
trat ionszone; acht subepi-
theliale Lymphknötcl ien . 

+H-

In d. Mitte zwischen Tar-

S c h a f 3. Träch-
tig. Fötus 5,8 cm 

lang. 

O 2 0 - -60 Geschichtetes Pla t tenepi thel ohne 
Verhornung. 0 

sus und Fornix eine sehr 
breite Inf i l t ra t ionszone 
(ca. 1 mm)mi t 19 Lymph-

knötchcn. 

-I + + 

OJ 
rSc 
+3 
O 

S c h a f 3. Träch-
tig. Fötus 5,8 cm 

lang. 

U ca. 50 0 
In der Conj. mobilis eine 
bre i te Infi l trat ionszone 

mit 9 Lymphknötclien. 
H— 

:cö 

S c h a f 16. Träch-
tig. Fötus 33 cm 

lang. 

O 20 60 
i 

f - + 
Sehr schmale subepithe-

liale Infil trationszone. 
Keine Lymphknötchen. 

+ 
S c h a f 16. Träch-
tig. Fötus 33 cm 

lang. 
U 3 0 - -60 

Tarsal und fornikal gesch ich te tes 
Plat tenepi thel , in der Mitte zylind-
r isches Epithel. Keine Verhornung. 

+ ++ 
Cn rege Im ä s s i ge InfiI t ra-
tion'szone mit 4 Lymph-

knötchen. 
+ + + 
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S c h l e i m m e n g e i s t w ä h r e n d d e s P r o ö s t r u m s u n d zu A n f a n g d e r 

B r u n s t am g r ö s s t e n . N a c h d e n A n g a b e n von P o l o w z e w a 
u n d P o m e n k o (1933) f e h l e n die L e u k o z y t e n im V a g i n a l a u s -
s t r i c h w ä h r e n d des P r o ö s t r u m s u n d im Ö s t r u m . Die g e w ö h n -
l i chen Bp i the l ze l l en v e r s c h w i n d e n a u s dem A u s s t r i c h w ä h r e n d 
de r B r u n s t u n d w e r d e n zu g l e i c h e r Zeit d u r c h B p i t h e l s c h o l l e n 
e r s e t z t . 

Im K o n j u n k t i v a l e p i t h e l de s S c h a f e s lassen s ich a b e r so lche 

V e r ä n d e r u n g e n n i c h t n a c h w e i s e n . 
Das K o n j u n k t i v a l e p i t h e l d e s S c h a f e s b e s t e h t , g l e i c h d e m 

d e r Kuh , t a r s a l m e i s t a u s a b g e p l a t t e t e n u n d f o r n i k a l a u s zy-
l i n d r i s c h e n Zel len. Die E p i t h e l d i c k e i s t f a s t in a l len P r ä p a -
r a t e n s e h r v a r i i e r e n d , a b e r im a l l g e m e i n e n im t a r s a l e n Ab-
s c h n i t t ( g e s c h i c h t e t e s P l a t t e n e p i t h e l ) g r ö s s e r . Bis zu e i n e m ge-

w i s s e n Grade h ä n g t die E p i t h e l d i c k e a u c h d a v o n ab, ob w i r 
s ie auf d e n S c h l e i m h a u t f a l t e n oder in den T ä l e r n b e s t i m m e n . 
Das g e s c h i c h t e t e P l a t t e n e p i t h e l m i s s t ca. 50 ,u u n d das g e s c h i c h -

t e t e Z y l i n d e r e p i t h e l ca. 30 /ll. E s b e s t e h t k e i n e r l e i Z u s a m m e n -
h a n g z w i s c h e n de r E p i t h e l d i c k e u n d d e m Ö s t r a l z y k l u s . Ver -
h o r n t e E p i t h e l z e l l e n f i n d e t m a n n i e ; a u c h i r g e n d w e l c h e a n d e r e 
V e r ä n d e r u n g e n , w e l c h e s ich m i t d e m Ö s t r a l z y k l u s in V e r b i n -
d u n g b r i n g e n Hessen , s i n d n i c h t zu k o n s t a t i e r e n . Im ü b r i g e n 
i s t d a s E p i t h e l b i l d , e b e n s o wie bei de r Kuh, s e h r v a r i i e r e n d . 
Sch le imze l l en s ind f a s t bei al len T i e r e n zu f i n d e n , u n d e ine 
R u n d z e l l e n i n f i l t r a t i o n f e h l t n ie . A u c h in d i e se r H i n s i c h t i s t 

da s Bild be im Schaf dem be im Rinde w e i t g e h e n d ä h n l i c h . Po-
l y m o r p h k e r n i g e L e u k o z y t e n , w e l c h e im V a g i n a l a u s s t r i c h im 
D i ö s t r u m a u f t r e t e n , s i nd h ie r im E p i t h e l n u r a u s n a h m s w e i s e 
zu f i n d e n . 

Zusammenfassung. 

1. Die B i n d e h a u t ( C o n j u n c t i v a ) des R i n d e s u n d des S c h a f e s 
w i rd t a r s a l von g e s c h i c h t e t e m P l a t t e n e p i t h e l u n d f o r n i k a l von 
g e s c h i c h t e t e m Z y l i n d e r e p i t h e l b e d e c k t . 

2. Das K o n j u n k t i v a l e p i t h e l be ide r T i e r a r t e n w i r d n ie von 
e i n e r v e r h o r n t e n Z e l l s c h i c h t b e d e c k t . 

3. Sch le imze l len l a s s e n s ich f a s t i m m e r n a c h w e i s e n , u n d 
e ine L y m p h o z y t e n i n f i l t r a t i o n des E p i t h e l s f eh l t nie . 

4. Mi to sen s ind im K o n j u n k t i v a l e p i t h e l n u r a u s n a h m s -
we i se n a c h w e i s b a r . 
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5. Die Dicke und Struktur des Konjunkt ivalepi thels , die 
Zahl der Schleimzellen und der Kernte i lungs f iguren sowie der 
Inf i l t ra t ionsgrad des Epithels s tehen beim Kind und beim 
Schaf in keinem nachweisbaren Zusammenhang mit dem Östral-
zyklus der b e t r e f f e n d e n Tiere. 
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§ 1. Einleitung. 

1. In e i n e r m e i n e r f r ü h e r e n A r b e i t e n 1 ) h a b e ich auf 

G r a n d k l i m a t o l o g i s c h e r B e o b a c h t u n g e n e m p i r i s c h g e z e i g t , 

d a s s d e r C h a r l i e r s c h e S t ö r u n g s k o e f f i z i e n t z u r M e s s u n g d e r 

S t ö r u n g bei s t a t i s t i s c h e n R e i h e n n i c h t i m m e r a n w e n d b a r i s t , 

d e n n e r f ü h r t m a n c h m a l zu s o l c h e n R e s u l t a t e n , d ie d e m i n t u i -

t i ven D e n k e n w i d e r s p r e c h e n u n d s i c h n i c h t p h y s i k a l i s c h 

b e g r ü n d e n l a s s e n . 

U m f e s t z u s t e l l e n , ob e ine so lche A n n a h m e auf ( d u r c h d a s 

B e o b a c h t u n g s m a t e r i a l b e d i n g t e m ) Zufa l l b e r u h e o d e r ob d e m 

C h a r l i e r s c h e n S t ö r u n g s k o e f f i z i e n t e n ein- p r inz ip i e l l e r F e h l e r 

i n n e w o h n e , i s t i n d e r f o l g e n d e n A r b e i t d a s P r o b l e m d e r 

M e s s u n g d e r S t ö r u n g b e i s t a t i s t i s c h e n R e i h e n t h e o r e t i s c h 

u n t e r s u c h t w o r d e n , w o b e i d ie B e r e c h t i g u n g d e s Z w e i f e l s a m 

C l i a r l i e r s chen S t ö r u n g s k o e f f i z i e n t e n s e i n e B e s t ä t i g u n g g e f u n -

d e n h a t . 

2. W e n n d ie W a h r s c h e i n l i c h k e i t d e s E r s c h e i n e n s e ine s 

M e r k m a l s s ich v o n e i n e m K o l l e k t i v z u m a n d e r e n ä n d e r t ( j edes 

Kol l ek t iv b e s t e h e a u s s E l e m e n t e n ) , so b i l d e n d ie e n t s p r e c h e n -
den H ä u f i g k e i t s z a h l e n Vn1, m2, . . . mn e ine L e x i s s c h e R e i h e . 

B e z e i c h n e n w i r d ie v e r ä n d e r l i c h e n W a h r s c h e i n l i c h k e i t e n m i t 

Pv, Pn • • • Pn u n d d e r e n a r i t h m e t i s c h e s Mittel m i t 

Pl jTPojT- • Pn p0=< , 
n 

so b e t r ä g t bei d e r L e x i s s c h e n Re ihe d ie m i t t l e r e H ä u f i g k e i t s z a h l 

m0 = Sp0 

: ) „Ühemodaalsete sageduskõverate süsteemist Lexise ridade puhul ühes 
rakendusnäidetega klimatoloogias", Tartu 1936. 

Diese Arbeit is t nicht gedruckt. Die Handschrift is t in der Bibliothek 
der Universität Tar tu deponiert . 

1* 
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lind d a s S t r e u u n g s m a s s 

(1) Ol s p 0 { l — p o ) - \ - - - - 2 ( P i - I h ) - . 
i uz 1 

Die Grösse sp0 ( 1 — p 0 ) i s t d a s Q u a d r a t des S t r e u u n g s m a s s e s 
bei der B e r n o u l l i s c h e n Reihe, w e n n d a s Merkmal in j e d e m 
Kol lekt iv mit der W a h r s c h e i n l i c h k e i t p0 e r s c h e i n t . Damit i s t 

(2 ) sp0 ( 1 — P o ) = Ob2. 

Bei der W a h r s c h e i n l i c h k e i t p0 i s t die m i t t l e r e H ä u f i g k e i t s -

zah l sp0 u n d bei d e r W a h r s c h e i n l i c h k e i t pi i s t s ie spi. V e r ä n -

d e r t s ich die W a h r s c h e i n l i c h k e i t von p0 auf pif so b e t r ä g t d i e 

h i e r v o n a b h ä n g i g e V e r ä n d e r u n g d e r m i t t l e r e n H ä u f i g k e i t s z a h l 

s(pi-po). 

D a s q u a d r a t i s c h e Mi t te l bei n K o l l e k t i v e n i s t 

(3) i 2 2 (V> — Po/2, 
n i= i 

w a s w i r mi t ö b e z e i c h n e n u n d d ie St örungs S t r e u u n g n e n n e n . 

S e t z e n w i r die e n t s p r e c h e n d e n A u s d r ü c k e von (2) u n d 

3) in die F o r m e l (1) ein, so e r h a l t e n w i r 

(4) oL
2 = Oni-1- (1 — j ) ö2. 

Die Grösse ( 1 — k ö n n e n w i r g l e i ch e i n s a n n e h m e n , 

d e n n d e r r e l a t i v e F e h l e r ~ b e e i n f l u s s t oL w e n i g e r a ls d e r v o n 

de r Zahl d e r K o l l e k t i v e n a b h ä n g i g e m i t t l e r e F e h l e r von OL
1). 

i 
*) Bei n Kol lekt iven is t der re la t ive Feh le r von G1 gleich r ~ oder 

V 
der re la t ive Feh le r von aL

2 i s t 
9 

V2 n. 

Wenn A JL < -» dann i s t 

Y 2 n « 

n > 2 .s'-. 

Die le tz tgegebene Bedingung wird prakt i sch j i iemals erfüll t . Sogar bei 
einem s e h r kleinen Kollektiv, z.B. b e i s = 50, m ü s s t e n wir den Ve r such m i n d e s t e n s 

õOOO Mal wiederholen, bevor wir mit der wegge lassenen Grösse. - zu rechnen 
hä t t en . Bei s = 1 000 m u s s « > > 2 000 000 sein. 
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Das Gesag te in Be t rach t z iehend, können wir auf Grund der 
Formel (4) schre iben 

(5) GL
2 = OB

2 JT Õ2. 

A u s letzterer Formel können wi r die S t ö r u n g s s t r e u u n g 

(6) <5 = V — üb2 

bes t immen , in der Form, in welcher sie o f t g e b r a u c h t wird. 

Messen wir die S t ö r u n g s s t r e u u r i g in Bez iehung zum 
Kol l ek t ivumfang , so e rha l ten wi r 

(-7\ ^ VaL2 — OB2 £ ( 7 ) S = s =S' 

welchen W e r t wir die mitt lere Störung der Lex i s schen Reihe 
n e n n e n u n d mi t | bezeichnen. 

3. W e n n bei m a n c h e r s t a t i s t i s c h e n Reihe eine von Null 
abweichende mi t t l e re S t ö r u n g b e m e r k b a r i s t , so weis t das auf 
ein A u f t r e t e n äus se re r E i n f l ü s s e hin. Schätz t m a n die Grösse 
der ä u s s e r e n E i n f l ü s s e ab, so s c h e i n t es na tü r l i ch , sie propor-
t iona l der mi t t l e ren S t ö r u n g a n z u n e h m e n . W i r d z. B. die 
r ege lmäss ige Häuf igke i t der Gebur t en von J a h r zu J a h r d u r c h 
Kriege, Krisen, pol i t ische V e r ä n d e r u n g e n usw. g e s t ö r t , so wi rd , 
je g r ö s s e r diese V e r ä n d e r u n g e n sind, des to g r ö s s e r auch die 
mi t t l e r e S t ö r u n g der e n t s p r e c h e n d e n Reihe sein. Die Grösse 
der mi t t l e ren S t ö r u n g k a n n man als e inen Ind ika to r beze ichnen, 
der die G e s a m t s u m m e der ä u s s e r e n E i n f l ü s s e da r s t e l l t . Die ge-
n a n n t e n äusse ren E inf lüsse s ind d i rek t n i ch t messba r , denn der 
E in f lu s s der Kr iege ist z. B. n i c h t mi t dem E in f lu s s der Propa-
g a n d a ve rg l e i chba r usw. Die B e d e u t u n g d ieser F a k t o r e n bei 
de r Bee in f lu s sung r e g e l m ä s s i g e r E r s c h e i n u n g e n k a n n n u r auf 
Grund der Grösse der mi t t l e r en S t ö r u n g ge schä t z t we rden . 

Das Prob lem is t aber in se iner Real i tä t kompl iz ie r te r . 
Die s t a t i s t i s c h e n B e o b a c h t u n g e n zeigen, dass die mi t t l e r e Stö-
r u n g und die re la t ive H ä u f i g k e i t der E r s c h e i n u n g (die Wahr -
sche in l ichkei t ) m i t e i n a n d e r kor re la t iv v e r b u n d e n s ind , wobe i 
r >> o ist (r i s t der Kor re la t ionskoef f iz ien t ) , d. h . g r ö s s e r e 
re la t ive Häuf igke i t en w e i s e n m e i s t e n s eine g rösse re mi t t l e r e 
S t ö r u n g auf als k le inere re la t ive Häu f igke i t en . N u n k ö n n t e 
man ja denken , d a s s man bei E r s c h e i n u n g e n mit g r o s s e n 
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re lat iven H ä u f i g k e i t e n n u r zufä l l ig g r o s s e S t ö r u n g e n a n t r e f f e ; 
aber e r s t e n s wäre solch e in o f t a u f t r e t e n d e s Z u s a m m e n f a l l e n , 
w e n n es n u r auf Zufall b e r u h e n sol l te , n i ch t w a h r s c h e i n l i c h , 
u n d z w e i t e n s k a n n m a n t h e o r e t i s c h solche Beispiele a n f ü h r e n , 
aus denen k la r h e r v o r g e h t , d a s s kle ine r e l a t ive H ä u f i g k e i t e n 
u n t e r g l e i c h e n B e d i n g u n g e n k le ine re S t ö r u n g e n a u l w e i s e n 
als e n t s p r e c h e n d e g ros se . 

4. Zur n o r m a l e n M e s s u n g der S t ö r u n g wi rd von C h a r l i e r 
der s o g e n a n n t e S t ö r u n g s k o e f f i z i e n t in f o l g e n d e r F o r m b e n u t z t : 

(8) C ' V 1 ' ' ' 
WI0 m0 

wo die B u c h s t a b e n die o b e n g e n a n n t e n B e d e u t u n g e n h a b e n . 
Bei k o n s t a n t e m K o l l e k t i v u m f a n g (s = cons t . ) w ä c h s t m0 

propor t i ona l de r r e l a t i v e n H ä u f i g k e i t , u n d d a r a u s fo lgt , dass 
de r Cha r l i e r s che Koef f i z i en t den g r ö s s e r e n r e l a t i v e n H ä u f i g -
ke i t en a u c h die g r ö s s e r e S t ö r u n g s s t r e u u n g z u s c h r e i b t , w o b e i 
l e t z t e re p r o p o r t i o n a l der r e l a t i ven H ä u f i g k e i t w ä c h s t . 

Bin so lcher Koeff iz ient s c h e i n t a n f ä n g l i c h zu g e n ü g e n , 
d e n n er w i r d als V a r i a t i o n s f a k t o r 1 ) b e i m B e s t i m m e n de r 
S tab i l i t ä t der Grössen s e h r o f t b e n u t z t (z. B. in der A n t h r o p o -
logie). Doch i s t o h n e w e i t e r e s i nha l t l i ch n i c h t k la r , w a r u m 
die S t ö r u n g s s t r e u u n g bei k o n s t a n t e n S t ö r u n g s u r s a c h e n pro-
por t iona l de r r e l a t iven H ä u f i g k e i t w ä c h s t , d e n n das W a c h s e n 
k ö n n t e doch a u c h nach a n d e r e n Gese tzen vor s ich g e h e n . 
Char l ie r f ü h r t abe r e ine Reihe von Be i sp ie len an, die das Ge-
s a g t e e m p i r i s c h g a n z g l a u b h a f t m a c h e n . So b r i n g t er ein 
Beispie l ü b e r die G e b u r t e n in S c h w e d e n . Die S t ö r u n g s s t r e u -
u n g bei der Zahl der G e s a m t g e b u r t e n i s t viel g r ö s s e r als bei 
Z w i l l i n g s g e b u r t e n . Es i s t beg re i f l i ch , d a s s alle E in f lü s se , die 
auf die G e s a m t g e b u r t e n w i r k e n , a u c h auf die Zwi l l ingsge-
b u r t e n w i r k e n m ü s s e n , bei l e t z t e r en k ö n n e n abe r e in ige spezi-
elle E i n f l ü s s e noch h i n z u k o m m e n . B e n u t z t m a n d e n Var ia t i -
o n s f a k t o r zur M e s s u n g de r S t ö r u n g , so e r g i b t s ich, d a s s die 
V a r i a t i o n s f a k t o r e n in be iden Fä l l en g le ich g r o s s s i n d . Die 
G e s a m t g e b u r t e n b r i n g e n also d u r c h i h r e g r ö s s e r e r e l a t i ve 
H ä u f i g k e i t von s e l b s t die g r ö s s e r e S t ö r u n g s s t r e u u n g m i t s i ch . 

l) Unter dem Varia t ionsfaktor ve r s t eh t m a n in der Sta t i s t ik im a l lge-
meinen das Verhä l tn i s der Streuune- zur mit t leren Grösse. 
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In der v o r l i e g e n d e n A r b e i t is t d ie g e n a n n t e F r a g e n ä h e r 
e r f o r s c h t w o r d e n , wobe i v e r s u c h t w u r d e , f ü r die M e s s u n g der 
S t ö r u n g e in ige a n n e h m b a r e G r u n d l a g e n zu f i n d e n . Die Er -
g e b n i s s e f ü h r e n u n s n u n r e c h t w e i t vom C h a r l i e r s c h e n F a k t o r 
ab, d i e se r wi rd a b e r d e n n o c h n i c h t u n b r a u c h b a r , s o n d e r n bil-

d e t n u r e inen Spezialfal l . 

§ 2. Die Abhängigkeit der Störungsstreuung von 
der relativen Häufigkeit. 

1. B e t r a c h t e n wir in e i n e m Kol lek t iv (die Zahl de r Ele-
m e n t e sei s) zwei Merkmale , die v o n e i n a n d e r u n a b h ä n g i g s i n d , 
<L h. bei d e n e n es ke in E l e m e n t g ib t , w e l c h e s beide Merkma le 

bes i tz t (z. B. e ine T e m p e r a t u r von 5 bis 6 u n d e ine von 6 bis 7 
Grad) . N e h m e n w i r n u n als n e u e s M e r k m a l d ie S u m m e der 
vor igen M e r k m a l e (im g e n a n n t e n Beisp ie l — die Temperatu-
ren von 5 bis 7 Grad). Die r e l a t i v e H ä u f i g k e i t des n e u e n 
M e r k m a l s i s t g le ich d e r S u m m e d e r r e l a t i ven H ä u f i g k e i t e n 
de r e inze lnen Merkma le . W a s abe r g e s c h i e h t m i t d e r S t r e u u n g 
bei d e r n e u e n H ä u f i g k e i t ? 

N e h m e n wi r als den K o l l e k t i v u m f a n g s u n d a ls d ie mi t t -
l e r en H ä u f i g k e i t e n be ider Merkmale Yn1 u n d m2 an u n d beze i chnen 
wi r die r e l a t iven H ä u f i g k e i t e n 

Wl1 j W9 ~ = P l u n d = p,. 

Die S t ö r u n g s s t r e u u n g e n f ü r be ide Klassen se ien <5j u n d d2, 
d i e aus den a l lgeme inen S t r e u u n g s m a s s e n O1 bzw. O2 in f o l g e n d e r 
W e i s e a b g e l e i t e t w e r d e n k ö n n e n : 

<9) S1 -Yo1* — 8^(1—J^ 1 ) und 

d2 = y O2
2 — sp2 (1 —p2). 

B e t r a c h t e n wir n u n , w ie s ich die ganze E r s c h e i n u n g bei 
Gü l t i gke i t des C h a r l i e r s c h e n P r inz ips e n t w i c k e l t . 

Der Cha r l i e r s che F a k t o r i s t 

n An 2 C1 = u n d Co = 
mx ~ m2 
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Zur V e r e i n f a c h u n g der U n t e r s u c h u n g w ä h l e n wir die be iden 
H ä u f i g k e i t e n u n d S t ö r u n g s s t r e u u n g e n g le ich g ross , d. h. 

M1 = m2 u n d 

<*! = a2. 

D a d u r c h is t auch 

G1 = C2. 

W e n n zwei E r s c h e i n u n g e n in g le ichem Masse g e s t ö r t we r -
den, i s t es s e lb s tve r s t änd l i ch , dass a u c h die S t ö r u n g der neuen, , 
d u r c h Z u s a m m e n f a s s u n g de r E i n z e l e r s c h e i n u n g e n e n t s t a n d e n e n 
E r s c h e i n u n g ebenso g ros s sein w i r d (diese F o l g e r u n g l e g t 
auch Char l i e r s e i n e r A u s f ü h r u n g z u g r u n d e , w e n n er die 
S t ö r u n g s s t r e u u n g von Z w i l l i n g s g e b u r t e n u n d Nich tzwi l l ings -
g e b u r t e n mit d e r j e n i g e n der G e s a m t g e b u r t e n ve rg le ich t ) . 

Die H ä u f i g k e i t des A u f t r e t e n s der n e u e n E r s c h e i n u n g i s t 

W1 -J- m2 = 2 Jnl. 

Die ih r zugehör ige S t ö r u n g s s t r e u u n g beze ichnen wi r mi t <L 
Nach dem V o r h e r g e s a g t e n i s t 

/ \ ^ (5, 
(10) = C1 = 

'Zm1 W 1 

w o r a u s 

(11) S = lZd1. 

Das b e d e u t e t : dami t de r C h a r l i e r s c h e F a k t o r ge l te , m ü s s e n 
beim Z u s a m m e n f a s s e n de r H ä u f i g k e i t e n auch die S t ö r u n g s -
s t r e u u n g e n sich a d d i e r e n . I s t das i m m e r s o ? Die A n t w o r t 
b r a u c h t n i c h t we i t g e s u c h t zu w e r d e n , d e n n m a n k a n n ohne 
w e i t e r e s sagen , da s s die o b e n g e n a n n t e B e d i n g u n g n u r im 
speziellen Falle gi l t . Dieses k a n n auf f o l g e n d e Weise e rk l ä r t 
w e r d e n . 

Das A u f t r e t e n de r S t ö r u n g e n in d e n be iden E r s c h e i n u n g e n 
i s t i m m e r m i t e i n a n d e r ko r r e l a t i v v e r b u n d e n , w a s d a r a u s f o l g t , 
dass die Lex i s sche Reihe de r Häu f igke i t s zah l en , de ren a r i t hme-
t i sches Mi t te l Yn1 is t , m i t der Reihe, de ren m i t t l e r e Häuf igke i t s -
zahl W2 is t , ko r re l a t iv v e r b u n d e n i s t . W e n n eine solche Bezie-
h u n g feh l t , so s a g t m a n : d e r Kor re l a t i onskoe f f i z i en t sei g le ich 
Null . D a r u m k ö n n e n wi r auf G r u n d der Korre la t ions theor i 

s ch re iben 
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(12) <52=d1
2 + dä

2 + 2rd1(52> 

wo r den Korre la t ionskoef f iz ien ten zwischen den S t ö r u n g e n be-
deu te t . 

In unserem Fal le ist 

= ö.2 u n d 

(13) <52 = 2 ö1
2 + 2r(51

2 = 

— 2Ö,2 (1 -J- r). 

Dami t der Char l i e r sche F a k t o r g e l t e , m u s s nach (11) 

(14) ^ = 4 ^ 2 . 

Wir setzen den A u s d r u c k f ü r <5- in (13) ein und e rha l t en 

4(5^ = 2(5^(1 + 0 , 
WRO 

(15) r — 1. 

Dieses bedeutet, das s der Charliersche Faktor nur dann 
gilt, wenn die S törungen in abso lu te r und posi t iver Korrela-
tion s t ehen . 

2. En twicke ln wir dense lben G e d a n k e n g a n g wei te r , so 
bekommen wir bei meh re r en E r s c h e i n u n g e n dasse lbe Resu l ta t . 
Es sei 

Ih = P2 = Ih 
und dami t 

Yn1 =m.2—- wfc. 

W e n n die Merkmale vone inande r u n a b h ä n g i g sind, be-
kommen wir beim Addie ren der Merkmale in o b e n g e n a n n t e r 
Weise 

•m = Yti1 + W2 + . . . . mk = 

= Jcm1. 

Bezeichnen wir die S t ö r u n g s s t r e u u n g e n e n t s p r e c h e n d mi t 

<5i = <52= . . . . ök, 

d a n n muss , falls die S t ö r u n g e n abso lu t posi t iv m i t e i n a n d e r 
in Korrela t ion s tehen, 
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<16) (52 = (5,8 + 0 , 2 + ( y + 

+ cZr12 (5X õ2 + 'Zris (5, (53 + . . . 2r1?. (5X ök + 

+ 2r 2 3 ö2 (53 +
 cZr2i Ö.> <54 + . . . Zr2k Ö2 õk + 

+ 2 r
k - h k Õ

k - i d k = 

= ^i" & — 1) + 2 (Jc — 2) -j- . . . . 2] = 

= le°- õ/2 

s e i n , denn 
r..= 1. 

Oder 
(5 = Tcd1. 

Damiit i s t der C h a r l i e r s c h e F a k t o r 

(17) C = - = 1 ^ - = C1, 
m kmx 

d. h. er b l e i b t k o n s t a n t . 
E b e n s o b le ib t bei r= 1 der Char l ie r sche F a k t o r auch dann 

k o n s t a n t , w e n n die re la t iven H ä u f i g k e i t e n v e r s c h i e d e n e G r ö s s e n 

h a b e n . 

E s sei d ie H ä u f i g k e i t d e r e i n e n E r s c h e i n u n g w?, u n d d ie 

i h r z u g e h ö r i g e S t ö r u n g s s t r e u u n g D a m i t i s t 

C1 = A . 
Wl1 

Bei e i n e r a n d e r e n E r s c h e i n u n g se i d ie H ä u f i g k e i t m2, 
w o b e i w i r 

Wi9 - nm 

a n n e h m e n , u n d d ie S t ö r u n g s s t r e u u n g sei <52. 

S o m i t i s t 

Iim1 

D a m i t 
dL _ d2  

Wl1 WWl1 

se i , m u s s 
(52 — Tid1 
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se in . F a s s e n wi r die be iden E r s c h e i n u n g e n z u s a m m e n , so be-

k o m m e n wi r 
m = mx -)- Wi2 = 

= Wi1 (1 + n) 
u n d 

<18) (52 = V + <52
2 + 2r (5, ö2 = 

= (Si
2 + n2 (5X

2 + 2n (5X
2 = 

= V ( 1 + » ) 2 . 
H ie r i s t 

õ = õ1 (l + n). 
D a r a u s f o l g t 

(19) C = . - = a ' < / + n > = G1. 
m Wil (1 + w) 

A u s allem D a r g e l e g t e n i s t zu ersehen, d a s s bei abso lu ter 
Korrelation der S t ö r u n g e n der e inze lnen E r s c h e i n u n g e n , sowie 
bei Gle ichhe i t i h r e s C h a r l i e r s c h e n F a k t o r s die aus den E in -
z e l e r s c h e i n u n g e n z u s a m m e n g e s e t z t e n n e u e n E r s c h e i n u n g e n 
d e n s e l b e n C h a r l i e r s c h e n F a k t o r a u f w e i s e n . 

Da in den von Char l i e r a n g e f ü h r t e n Beisp ie len die be iden 
E r s c h e i n u n g e n m i t e i n a n d e r f a s t a b s o l u t kor re la t iv v e r b u n d e n 
wa ren , so m u s s t e auch der S t ö r u n g s k o e f f i z i e n t bei d e n Gesamt-
u n d Z w i l l i n g s g e b u r t e n d iese lbe Grösse bes i tzen . P r a k t i s c h kön-
n e n abe r E r s c h e i n u n g e n mi t v e r s c h i e d e n e n Kor re l a t ionskoe f -
f i z i en t en v o r k o m m e n , w o d u r c h d a s g a n z e P rob l em viel kompl i -
z i e r t e r w i r d . 

3. N e h m e n wir n o c h m a l s zwei E r s c h e i n u n g e n mi t g l e i chen 
H ä u f i g k e i t e n u n d S t ö r u n g s s t r e u u n g e n , so e r h a l t e n wi r n a c h (13) 

62 = 2 0 , 2 ( 1 + r ) . 

Im Fal le r = 0 is t (die S t ö r u n g e n s ind v o n e i n a n d e r u n a b -
h ä n g i g ) , e rha l t en wi r 

(52 = 2(5,2 u n d 

(20) , 
2m, 

A u s l e t z t e r em e r s e h e n wir , d a s s die S t ö r u n g d i e s e l b e g e b l i e -
ben, die S t ö r u n g s s t r e u u n g g e w a c h s e n i s t , d a g e g e n weis t a b e r 
d e r C h a r l i e r s c h e F a k t o r auf eine V e r m i n d e r u n g der S t ö r u n g h in . 
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Im Faile r = — 1 i s t (die S t ö r u n g e n s t e h e n in n e g a t i v e r 
Korrelat ion) , b e k o m m e n wir 

<5a = 0 

u n d 

( 2 1 ) C = 0. 

In d i e s e m Faile g i b t es k e i n e S t ö r u n g s s t r e u u n g u n d d a m i t 
a u c h ke ine S t ö r u n g , w a s man a u c h aus dem C h a r l i e r s c h e n 
F a k t o r e r s i e h t . 

W e n n wir eine E r s c h e i n u n g f i n d e n , de ren S t ö r u n g s s t r e u -
u n g gleich Nul l is t , s i nd wi r n i ema l s s icher , ob d iese E r sche i -
n u n g sich n ich t auf i r g e n d e i n e Weise so i n z w e i a n d e r e ze r legen 
lasse , dass d iesen l e t z t e r en S t ö r u n g s s t r e u u n g e n e ignen , we lche 
in n e g a t i v e r Korre la t ion s t e h e n . In so lchen Fä l len k ö n n e n n a c h 
Charl ier die P a r t i a l e r s c h e i n u n g e n grosse S t ö r u n g s s t r e u u n g e n und 
auch e inen grossen S t ö r u n g s k o e f f i z i e n t e n a u f w e i s e n . E s wird 
aber der Sinn des S t ö r u n g s k o e f f i z i e n t e n f r ag l i ch , d e n n w ä h r e n d 
bei e iner G r u p p i e r u n g die g r o s s e n S t ö r u n g e n v e r s c h w i n d e n , 
können sie bei a n d e r s a r t i g e n G r u p p i e r u n g e n n e u h e r v o r k o m m e n . 

Die Grösse des C h a r l i e r s c h e n F a k t o r s , we lcher beim Zu-
s a m m e n f a s s e n zweier E r s c h e i n u n g e n m i t g le icher r e l a t i ve r 
Häuf igke i t u n d g l e i c h e r S t ö r u n g s s t r e u u n g e n t s t e h t , i s t 

» c - k 1 / 4 - -

- «• M - F -

Diese Formel erhalten wir , wenn wir den W e r t f ü r õ aus (13) 
d 

in das V e r h ä l t n i s — e insetzen. 

T / I _1_ f 
W ä h r e n d der F a k t o r / — e i n e n Wert , der zwischen 

0 und 1 l iegt , haben kann, ä n d e r t s ich C in den Grenzen 
zwischen 0 u n d C1 u n d es b r a u c h t k e i n e s w e g s i m m e r C-C1  

zu sein.. 
Be t r ach t en wir f e r n e r den a l l g e m e i n e n Fall , in dem 

(23) m2 = Jcm1 

i s t ( f rühe r w a r Wi1 =m2). 
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W i r n e h m e n den g l e i c h e n Cha r l i e r s chen F a k t o r f ü r be ide 

E r s c h e i n u n g e n an . Somi t is t 

<2-4) C1 = Öl = C.> = —• v ' Tii1 m2 

A u s le tz terem f o l g t : 

<5l = C 1W 1 

und 
ö2 = C1 m2. 

F a s s e n wi r die Klassen m i t den H ä u f i g k e i t e n wj u n d m2 

z u s a m m e n , so e r h a l t e n wi r die H ä u f i g k e i t der n e u e n Klasse 

(25) m = mxAr W2  

u n d die z u g e h ö r i g e S t ö r u n g s s t r e u u n g 

(26) <5 = jA5,2 + (52
2-f2r<5, <12 = 

= C Y lYYi1 - | - W2
2 -j- 2r W1 w2. 

Be rechnen wir den C h a r l i e r s c h e n F a k t o r d e r n e u e n Klasse , 

so e r h a l t e n wir 

c = 6 =C1
 2 r m ' 

m \ (W 1 - f - W 2 ) 2 

/Y I / . _ 2 w 1 w 2 ( l — r) 
1 \ (W 1 + W 2 ) 2 • 

Setzen wir s t a t t m2 seinen W e r t Zw1 aus (23) ein, so i s t 

'?& (1 — r) 
m C = O1 j / i - u + i ) S . 

Hieraus i s t zu e r s e h e n : wenn r = 1, so i s t C = C 1 , d. h. 
der Charl iersche Faktor bleibt derse lbe. In jedem anderen Falle 
i s t C c C 1 , u n d bei Je=I und »• = — l i s t C = O. 

Hier bleibt, wie auch im vorigen Falle, C immer zwischen 
O und 1. 

Um zu untersuchen, welche W e r t e C bei verschiedenen 
Werten von Ic und r annimmt, schreiben wir 
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(29) 
C1 

= ii = / 1 2k (1 — r) 

~ 7 T W ~ 

und stel len ein Nomogramm her (Fig. 1), in dem die Grössen 
h u n d r auf d e n K o o r d i n a t e n a c h s e n a b g e t r a g e n w e r d e n . 

Fig. 1. 

A u s dem N o m o g r a m m e r s e h e n wir , dass in e inem S t r e i f e n 
f ü r die am h ä u f i g s t e n v o r k o m m e n d e n r - W e r t e ( — O * 5 < r < O • 5} 
/j, die W e r t e von 0*5 bis 0*9, d u r c h s c h n i t t l i c h den W e r t von 
0'8 hat. Der Umstand, dass dieser W e r t der Eins g e n ü g e n d 
n a h e k o m m t , h a t o f t dazu g e f ü h r t , den C h a r l i e r s c h e n F a k t o r 
als z w e c k m ä s s i g zu g e b r a u c h e n . 

We i t e r können wir , w e n n wir g e w i s s e A n n a h m e n ü b e r 
r u n d k v o r a n g e h e n lassen , Sch lüs se ü b e r die H ä u f i g k e i t d e r 
Grösse fi z i ehen . Der Kor r e l a t i onskoe f f i z i en t r k a n n in den 
Grenzen — 1 und - | - l vorkommen, k kann aber theoret isch 
zwischen 1 und oo l iegen. P r a k t i s c h k o m m t jedoch das Zusam-
m e n f a s s e n der Klassen nur bei nicht a l l z u g r o s s e n ^-Werten 
in Frage. Gewöhnl ich ä n d e r t s ich k zwischen 1 u n d 5 bis 6, 

se l t en bis 10. 
Se tzen wir nun vo raus , da s s der K o r r e l a t i o n s k o e f f i z i e n t 

r z w i s c h e n — 1 und 1, und k zwischen 1 und 10 mit k o n s t a n t e n 
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H ä u f i g k e i t e n l i e g e n . D a n n g e b e n die G r ö s s e n d e r F l ä c h e n 

z w i s c h e n d e n N o m o g r a m m k u r v e n j ene H ä u f i g k e i t e n an , d ie 

j e d e r /^-Klasse e n t s p r e c h e n . U m s i c h ü b e r d i e se H ä u f i g k e i t s -

v e r t e i l u n g ein Bi ld zu v e r s c h a f f e n , s c h r e i b e n wie d ie G l e i c h u n g 
(29) in f o l g e n d e r F o r m : 

Z u m B e r e c h n e n d e r G r ö s s e d e r F l ä c h e n m ü s s e n e r s t d i e 

S c h n i t t p u n k t e d e r K u r v e n m i t d e r G e r a d e n 

b e s t i m m t w e r d e n . S e t z e n w i r r = — l in (30) e in u n d e r h a l t e n 

w i r d a r a u s f ü r j e d e s fi d a s i h m e n t s p r e c h e n d e Icix. Die f o l g e n d e 

Tabe l l e (Tab . l ) e n t h ä l t die e n t s p r e c h e n d e n W e r t e d e r g e n a n n -

t e n G r ö s s e n (d ie Zei len ^ u n d Tcfx). D a r a u f b e r e c h n e n w i r d i e 
F l ä c h e , die von d e n G e r a d e n Te=Ii X-=IO, r = — 1 u n d von 
einer N o m o g r a m m k u r v e b e g r e n z t i s t . Fal l s die N o m o g r a m m -
k u r v e die Gerade r=—l in e i n e m P u n k t e s c h n e i d e t , f ü r den 

& < O 0 , so m u s s d ie zu b e r e c h n e n d e F l ä c h e n u r b i s zu d i e s e m 

S c h n i t t p u n k t e g e n o m m e n w e r d e n . E i n e so l che F l ä c h e i s t d u r c h 

f o l g e n d e F o r m e l b e s t i m m t : 

In d e r f o l g e n d e n T a b e l l e s i n d f ü r j e d e s (jl d ie e n t s p r e c h e n -

d e n Q - W e r t e b e r e c h n e t , w o b e i Tc die o b e r e Grenze d e s In t eg ra l s -

b e d e u t e t . 

( 3 0 ) 

1 

k 

(31) 

T a b . 1. 

fi Tefx Te Qu AQ p°/0 

o-y i9-oo 
0-8 9 OO 
0-7 5-67 
0-6 4-00 
0-5 3 0 0 
0 4 2-33s 

0-3 1-86 
0-2 1 5 0 
0"1 1-25 
o-o roo 

1-0 
0-9 
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In der Zeile AQ s i n d die A r e a l e z w i s c h e n den F l ä c h e n Q 

g e g e b e n u n d d iese s i n d s o m i t p r o p o r t i o n a l den W a h r s c h e i n l i c h -

k e i t e n f ü r j e d e s ^ - I n t e r v a l l . Die g e n a n n t e n W a h r s c h e i n l i c h k e i t e n 

s i n d in d e r l e t z t e n Zeile, p°/0, in P r o z e n t e n a n g e g e b e n . 

F i g . 2 s t e l l t d i e e n t s p r e c h e n d e H ä u f i g k e i t s v e r t e i l u n g 
d a r . A u s i h r i s t zu e r s e h e n , d a s s d i e W a h r s c h e i n l i c h k e i t d e s 

A u f t r e t e n s d e r K l a s s e n m i t h ö h e r e n ^ - W e r t e n s e h r g r o s s i s t . 

(a/i = O-!) 

IO 

30 • 

20 

'O 

I 
I 
I 
I 
I?» 
1¾ 
I Ii 
I o 
I» 

V S 6 

Fig. 2. 

9 'O 

D a s a r i t h m e t i s c h e Mi t t e l d e r / i - W e r t e i s t auf G r u n d d i e s e r 

H ä u f i g k e i t s v e r t e i l u n g 
= 0'83. 

W e n n wir u n s e r N o m o g r a m m a u c h f ü r X-Wer te , d ie g r ö s s e r 

als 10 s i n d , e r w e i t e r n (in u n s e r e m Be i sp i e l w a r X = iq) , d a n n 

w a c h s e n , d ie W a h r s c h e i n l i c h k e i t e n d e r h ö h e r e n / i - W e r t e u n d 

w ä c h s t s o m i t a u c h d a s Mit te l , u n d w e n n w i r d a g e g e n d ie o b e r e 

Grenze v o n X n i e d r i g e r n e h m e n , t r i t t da s E n t g e g e n g e s e t z t e e in . 
I m Fa l le , wo X = I i s t , b e k o m m e n w i r a u s (30) 

(32) r = s I f i 1 - I . 

W e n n die K o r r e l a t i o n s k o e f f i z i e n t e n im I n t e r v a l l — l < r < 1 
mit k o n s t a n t e r H ä u f i g k e i t a u f t r e t e n , * so e r m ö g l i c h t d ie l e tz te 

G l e i c h u n g a n a l o g d e m oben G e s a g t e n die H ä u f i g k e i t e n f ü r j ede 

jw-Klasse zu b e s t i m m e n , die in d e r f o l g e n d e n Tabe l l e (Tab. 2) 

in P r o z e n t e n , p°/0, g e g e b e n s ind ( r e l a t i ve H ä u f i g k e i t ) . 
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Tab. 2. 

fl r 

1-0 1-000 
0-9 0-620 
0-8 0-280 
0-7 —0-020 
0-6 —0-280 

P0Io 

19-0 
17-0 
15'0 
13-0 
11-0 

Ii 

0*5 
0 4 
0-3 
0-2 
0-1 
o-o 

-0-500 
- 0 - 6 8 0 
-0-820 
-0-920 
-0-980 
-1-000 

A-J 0 / V 'o 

9-0 
7-0 
5-0 
3-0 
1 - 0 

Fig . 3 s t e l l t die e n t s p r e c h e n d e H ä u f i g k e i t s v e r t e i l u n g d a r . 

A P % 

(a/u. = o/J 

30 -

20 • 

JO 

•J" 6 7 8 9 IO 

Fig. 3. 

Das a r i t h m e t i s c h e Mittel i s t ju0 = o*67, w a s auch a u s der 
Formel (32) le icht abzu le i ten i s t x ) . 

1J Die gesuchte Häufigkeit für jede ,u-Klasse dp ist proportional der 
entsprechenden Grösse är. Die Wahrscheinl ichkeitskurve ist somit durch die 
Ableitung von r gegeben. Es ist 

dr . p = a = 4au, 
dii 

i 
Da JAapdiU = 1 ist, finden wir, dass a — 1I2 ist. Das arithmetische Mittel beträgt 

nach der bekannten Formel 

flo — 
J 'Ifi1 dfi 
o 

i 
f 2 fi dp 

2 
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A u s der F igur i s t zu ersehen, dass, wenn X = 1 i s t , auch 
die kleineren ^ - W e r t e g e n ü g e n d s t a r k m i t s p r e c h e n , abe r mi t 
dem W a c h s e n d e r Grösse X w i r d der E i n f l u s s der k l e ine ren 
iü--Werte v e r m i n d e r t . Diese T a t s a c h e e r l a u b t bei v ie len E r sche i -
n u n g e n , bei d e n e n k g e n ü g e n d g r o s s i s t , den C h a r l i e r s c h e n 
S t ö r u n g s k o e f f i z i e n t e n mi t g e n ü g e n d e m E r f o l g zu v e r w e n d e n . 

4. A u s dem O b e n g e s a g t e n fo lg t , da s s in Fä l len , wo die 
P a r t i a l e r s c h e i n u n g e n n i c h t d e n K o r r e l a t i o n s k o e f f i z i e n t e n r = l 
haben , de r Char l i e r sche Koef f i z i en t u n b e f r i e d i g e n d is t , wei l 
er die S t ö r u n g mi t e inem ve rände r l i chen Mass s c h ä t z t . Beim 
Z u s a m m e n f a s s e n der Klassen w i r d d e r Cha r l i e r sche Koe f f i z i en t 
i m m e r k l e i n e r u n d dieses h a t zur Folge , da s s bei e ine r g r ö s s e r e n 
Anzah l von Kol lek t iven die g r o s s e n H ä u f i g k e i t e n nach dem 
C h a r l i e r s c h e n Mass s t e t s k l e ine re S t ö r u n g s k o e f f i z i e n t e n a u f -
we i sen als die k l e inen . 

Da r s ich zwischen — 1 und 1 ä n d e r n k a n n , e r s c h e i n t e s 
z w e c k m ä s s i g , e i n e n d e r a r t i g e n S t ö r u n g s k o e f f i z i e n t e n zu f inden , . ' 
der f ü r d e n Fall , d a s s der Kor re l a t i onskoe f f i z i en t g le ich Null 
wäre , bei v e r s c h i e d e n a r t i g e n G r u p p i e r u n g e n der Klassen die 
S t ö r u n g e n ohne E n t s t e l l u n g w i e d e r z u g e b e n v e r m ö c h t e . 

D a n n w ä r e n mögl icherw eise im Fa l le v e r s c h i e d e n e r r - W e r t e 
die v o r k o m m e n d e n F e h l e r k l e ine r . F ü r r >>o n i m m t be im Z u s a m -
m e n f a s s e n der Klassen die S t ö r u n g zu u n d f ü r r<i O n i m m t sie ab . 

Ein solcher Z u s t a n d s c h e i n t auch n a t ü r l i c h zu se in , d e n n 
jene E i n f l ü s s e , we lche die pos i t ive Kor re la t ion v e r u r s a c h e n , ve r -
g r ö s s e r n a u c h die S t Ö r u n g s s t r e u u n g . Z u r Addi t ion d e r S t ö r u n g e n 
auf n a t ü r l i c h e m W e g e s ind somi t noch speziel le E i n f l ü s s e h i n z u -
g e k o m m e n , welche die S t ö r u n g s s t r e u u n g n o c h v e r g r ö s s e r n m ü s -
sen . Bei n e g a t i v e r K o r r e l a t i o n k o m m e n ebenfa l l s d e r a r t i g e E in -
f lüsse h inzu , d ie die n o r m a l e S u m m e der S t ö r u n g e n v e r m i n d e r n . 

Auf G r u n d so lcher B e d i n g u n g e n , d ie n a t ü r l i c h e r zu sein 
sche inen als beim Char l i e r schen Koef f iz ien ten , k a n n ana log ein 
S t ö r u n g s k o e f f i z i e n t f e s t g e s e t z t u n d m i t d iesem die Grösse der 

S t ö r u n g g e m e s s e n w e r d e n . 
E in so lcher Koef f i z i en t hä t t e , ebenso wie a u c h der Char-

l i e r sche Koeff iz ient , j enen s c h w e r w i e g e n d e n Nachte i l , dass beide 
n u r g e w i s s e n A n f o r d e r u n g e n zu g e n ü g e n v e r m ö g e n , a l s o gewis -
s e r m a s s e n als „ G e s c h m a c k s s a c h e " a u f g e f a s s t w e r d e n k ö n n t e n , da 
i h n e n die i nha l t l i che B e g r ü n d u n g f eh l t u n d es s chwer f ie le zu 
sagen , w a r u m der eine oder de r a n d e r e b e s o n d e r s wesen t l i ch sei. 
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Im f o l g e n d e n is t zur M e s s u n g der S t ö r u n g s s t r e u u n g ein 
neue r S t ö r u n g s k o e f f i z i e n t e i n g e f ü h r t w o r d e n , w e l c h e m die 
W a h r s c h e i n l i c h k e i t z u g r u n d e g e l e g t is t , die f ü r j e d e S t ö r u n g s -
s t r e u u n g die Ex i s t enz de r S t ö r u n g b e s t i m m t . 

§ 3. Die Wahrscheinlichkeit der Existenz der 
Störung. 

W e n n eine E r s c h e i n u n g m i t der W a h r s c h e i n l i c h k e i t p au f -
t r i t t , d a n n i s t bei dem K o l l e k t i v u m f a n g s die m i t t l e r e H ä u f i g k e i t 

m = sp. 

Die n o r m a l e S t r e u u n g d ieser H ä u f i g k e i t i s t n a c h der 
B e r n o u l l i s c h e n F o r m e l 

(33) gb = Vsp {l—p). 

E m p i r i s c h k ö n n e n wi r oB n u r d a n n b e s t i m m e n , w e n n wi r e ine 
Reihe so lcher Kollekt ive h a b e n u n d f ü r diese die e n t s p r e c h e n d e n 
H ä u f i g k e i t e n mx, m2 . . • mn (wo n die Zahl der Kol lekt ive be-
deutet). W e n n w i r es mit einer endlichen Zahl von Kollektiven 
zu tun haben, dann fä l l t das empi r i s che S t r e u u n g s m a s s o s m i t 
d e m t h e o r e t i s c h e n a u s (33) n i c h t z u s a m m e n , es k o m m e n i m m e r 
A b w e i c h u n g e n z u s t a n d e , d e r e n q u a d r a t i s c h e s Mit te l d u r c h die 
F o r m e l  

<"« s - F s I ^ z ' 
a u s g e d r ü c k t w i rd . 

N e h m e n wi r den V a r i a t i o n s k o e f f i z i e n t e n von o, so be-
k o m m e n wi r 

v 0t]> 
(35) 

1 

° 0B V "In 

W e n n m a n m i t e i n e r b e s t i m m e n Zahl von Kol lek t iven zu 
t u n h a t , i s t n = const.. u n d 

( 3 6 ) = c o n s t . 
0B 

W e n n die e m p i r i s c h b e s t i m m t e S t r e u u n g , die g e w ö h n l i c h 
m i t GL (die S t r e u u n g der Lex i s schen Reihe) beze ichnet wi rd 



20 A A R N E KÄRSNA A X X X I V . 2 

(denn im al lgemeinen Fall kann man die Existenz der Lexisschen 
Reihe voraussetzen und auch eine Bernoull ische Reihe kann als 
Lexissche mit dem Lexisschen Faktor L = 1 a u f g e f a s s t werden), 
g rösse r als die theore t i sche S t r e u u n g oB is t , so k a n n die Di f fe renz 

a ls eine zufä l l ig e n t s t a n d e n e oder eine d u r c h die S t ö r a n g s e i n -
f l ü s s e ve ru r sach t e b e t r a c h t e t w e r d e n . D a r u m kann geschr ieben 
w e r d e n 
(.37) O l - O b = C O 0 , 

wo die Grösse von c jene W a h r s c h e i n l i c h k e i t e n b e s t i m m t , mi t 
welchen wir b e h a u p t e n können , dass die A b w e i c h u n g oL—oB 

zufäl l ig e n t s t e h t oder du rch äussere G r ü n d e v e r u r s a c h t w i rd . 
Aus (37) bekommen wir 

aK "0B 

oder 

(38) L = 1 
c 

V 

d e n n = L, den sog. Lexisschen Fak to r . 
0B 

W ä h r e n d n = cons t . is t , ze igt L, in welchem Masse m a n 
an die Exis tenz von äus se r en E in f lü s sen g lauben kann . Je 
g rösse r L ist , u m so eher k a n n a n g e n o m m e n werden , dass 
äussere E in f lü s se auf die E r s c h e i n u n g e inwi rken . 

§ 4. Der normale Störungskoeffizient. 
Wenn wir bei Erscheinungen mit verschiedenen relativen 

Hiiutigkeiten die Störungsstreuungen vergleichen, so schätzen 
wir die Störung gleich in dem Falle, wenn die Frössen 

Ol °B 
0B 

gleich sind, denn dann haben alle Erscheinungen die gleiche 
Wahrscheinlichkeit für die Existenz von Störung. 

Es sei der Ko l l ek t ivumfang s, die re la t ive Häuf igke i t des 
A u f t r e t e n s der E r s c h e i n u n g p und die S t ö r u n g s s t r e u u n g <5. 
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Da 

und 

i s t 

0L — 0B 4~ 

O1^ = sp (l — ?>), 

(39) oL = Vsp (1 — p) + ö2 

u n d 

(40) L = I l 
Õ2 

sp (1—p) 

Bei k o n s t a n t e r S t ö r u n g m u s s a u c h L k o n s t a n t sein. D a m i t i s t 

<5 
(41) r = ' — = c o n s ^ - = y• 

J/ (1 —J?) 

W e n n wir bei verschiedenen p-Werten die S t ö r u n g als 
k o n s t a n t b e t r a c h t e n , d a n n i s t auch y k o n s t a n t . W e n n abe r die 
W a h r s c h e i n l i c h k e i t der E x i s t e n z von S t ö r u n g bei g r ö s s e r e m y 
g r ö s s e r i s t u n d bei k l e ine rem y k l e ine r , d a n n k ö n n e n wi r die 
Grösse der S t ö r u n g m i t y mes sen , w a s desha lb b e s o n d e r s zu 
e m p f e h l e n i s t , weil in der F o r m e l (41) ö in e r s t e r P o t e n z auf -

t r i t t , d. h . y bei k o n s t a n t e m p, wie auch bei dem C h a r l i e r s c h e n 
Koef f iz ien ten , p ropor t iona l de r S t ö r u n g s s t r e u u n g wächs t . 

Beim Ü b e r g a n g zu s als zu e iner v e r ä n d e r l i c h e n Grösse 
is t der we i t e re E n t w i c k l u n g s g a n g der B e r e c h n u n g e n g a n z ein-
f ach . W e n n wi r bei e inem b e s t i m m t e n s - W e r t e die Grösse der 
S t ö r u n g f e s t g e s t e l l t h aben , m u s s de r e n t s p r e c h e n d e S t ö r u n g s -

koef f i z i en t so b e s c h a f f e n sein, dass er s ich bei V e r ä n d e r u n g 
des K o l l e k t i v u m f a n g s n i ch t ä n d e r t . 

Nach (7) i s t 
Õ = sl 

Setzen w i r d ieses in (41) ein, so bekommen w i r 

(42) r = y j J 
V p{ i — p ) 

Hieraus i s t zu ersehen, d a s s y e ine noch u n b r a u c h b a r e Grösse 
ist, da sie von s a b h ä n g i g is t . Um dieses zu v e r m e i d e n , f ü h r e n wir 
e ine n e u e Grösse K e i n : 

(43) K= l . 
V S 
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Setzen w i r in (43) den W e r t von y aus (42) ein, so er-
hal ten w i r 

(44) K 
Vp (i —p) 

Da die Grösse K von s u n a b h ä n g i g i s t u n d d e n s e l b e n 
A n f o r d e r u n g e n g e n ü g t wie auch y, so i s t sie als zur M e s s u n g 
der S t ö r u n g b r a u c h b a r e Grösse zu beze i chnen . 

In dem Falle, w e n n ein M e r k m a l e ine s e h r k le ine r e l a t ive 
H ä u f i g k e i t h a t (bei s o g e n a n n t e n „k le inen Zahlen") , i s t 

u n d 

(45) 

1 — p ^ 1 

£ 
K 

Vv 

Im Falle p = V2 = l —P, ist 

(46) 
K = ~ = C ( = 2 | ) . 

Das bedeutet , dass der S t ö r u n g s k o e f f i z i e n t g le ich d e m 

Cha r l i e r s chen i s t . 

§ 5. Die Beziehung zwischen K und C. 
Nach (8) i s t 

C =^ 
p 

und damit 

W e n n ^ < C V 2 ist, dann is t K<CC 
und w e n n i C > V 2 ist, dann i s t K^>C. 

W e n n w i r K als k o n s t a n t betrachten, so i s t | nach der 

F1Ormel (44) proportional der Grösse Vpi. 1 — P)> u n ( A wenn w i r C 
als k o n s t a n t annehmen, i s t f proportional p. Beide ent-
sprechenden Funkt ionen s ind in Fig . 4 d a r g e s t e l l t (K=l und 
C = 1), woraus zu ersehen i s t , d a s s b e i p = l/2 C und Kgleich s ind. 
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Die g r a p h i s c h e D a r s t e l l u n g b r i n g t noch e ine i n t e r e s s a n t e 
T a t s a c h e zum Vor sche in . Die e ine K u r v e ( i T = c o n s t . ) i s t 
s y m m e t r i s c h auf de r Geraden p = V2, die a n d e r e (C = const . ) 
n i ch t . Der l e t z t e r e Pal] b i e t e t s e h r w e s e n t l i c h e A r g u m e n t e g e g e n 
d e n C h a r l i e r s c h e n F a k t o r — eine sehr e infache B e t r a c h t u n g 
ze ig t näml ich , dass d iese K u r v e s y m m e t r i s c h sein m u s s . 

IO-

os-

IQ 

Fig. 4. 

W e n n ein Kol lekt iv a u s s E l e m e n t e n b e s t e h t u n d von 
d i e s e n m E l e m e n t e ein g e w i s s e s M e r k m a l haben , d a n n f eh l t 
d e n ü b r i g e n s — m E lementen dieses Merkmal. D a s F e h l e n die-
s e s Merkmals i s t f ü r die g e n a n n t e n E l e m e n t e a u c h ein Merkmal . 

W e n n die e i n e Klasse mi t der r e l a t iven H ä u f i g k e i t Jp1 = ^ e i n e 

S t ö r u n g ha t , d a n n m u s s auf G r u n d der a b s o l u t e n Korre la t ion 
(r — — L ) auch die andere Klasse, deren re lat ive H äu f igke i t 

g yyi 
P - i = 1 — P i = — ist, g e n a u d iese lbe S t ö r u n g haben . Die 

E i n f l ü s s e , we lche das W a c h s e n von Jj1 v e r u r s a c h e n , s i nd die-
s e lben , we lche g l e i chze i t i g a u c h die V e r m i n d e r u n g von p2 her-
v o r r u f e n . W e n n wi r in e inem K a r t e n p a k e t d a s V e r h ä l t n i s de r 
ro ten u n d s c h w a r z e n K a r t e n v e r ä n d e r n wol len, i s t es g le ich-
g ü l t i g , ob wi r die Zahl de r s c h w a r z e n K a r t e n v e r g r ö s s e r n oder 
d ie Zahl der r o t e n v e r m i n d e r n . E i n e U r s a c h e — die V e r ä n d e r u n g 
des V e r h ä l t n i s s e s — t r i f f t g le ichze i t ig beide Merkmale. Die 
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Grösse, mit welcher die Resultate dieses Einflusses gemessen 
werden, muss für jedes p und 1 — p g leich gross sein. W e n n 
z. B. P1 = 0-9 ist, i s t damit Jp2 = O1I, und wenn eine S t ö r u n g 
s ta t t f inde t , m u s s d iese f ü r beide E r s c h e i n u n g e n gleich sein . 
Der Char l ie r sche S tö rungskoe f f i z i en t g ib t abe r im zweiten Fall 
eine 9 mal g rösse re S tö rung an als im e r s ten . Doch haben wi r 
es n i ch t mi t zwei Ursachen zu t un , sondern nu r mi t e ine r . 

§ 6. Der dem neuen Störungskoeffizienten ent-
sprechende Korrelationskoeffizient. 

1. Oben w u r d e erw rähnt, dass beim Zusammenfa s sen zweier 
Klassen die S t ö r u n g e n u n d die Häuf igke i t szah len sich n ich t 
a lgebra i sch add ie ren , was in letzter Linie noch davon a b h ä n g t , 
wie sich der Korre la t ionskoeff iz ient zwischen den S t ö r u n g e n 
und den Häuf igke i t szah len der beiden Klassen verhä l t . 

Dieses Addie ren gesch ieh t , wie wir das sogle ich sehen 
werden , ebenso wie bei vektor ie l len Grössen . 

W e n n zwei vektoriel le Grössen (Fig. 5), de ren ska lare W e r t e 
bzw. ö2 s ind, a d d i e r t we rden , k ö n n e n wi r den ska laren W e r t 

ih re r vektor ie l len S u m m e fo lgenderwe i se a u s d r ü c k e n : 

(48) ö2 = ö'f -j- -j- 2 ()i ().2 cos a, 

wo a der Winkel zwischen und d2 is t . 
Vergle ichen wir jetzt (48) mit (12), so s ehen wir, d a s s 

be ide ganz ident i sch s ind, n u r dass wi r s t a t t r im I e t z t e r e n F a l l 
c o s a haben . Diese Fes t s t e l l ung l iefer t eine sehr e in fache Regel 
zum Berechnen der S t ö r u n g s s t r e u u n g beim Z u s a m m e n f a s s e n 
zweier Klassen, wenn die S t ö r u n g s s t r e u u n g e n der beiden Klassen 
bekannt s i n d : m a n m u s s die S t ö r u n g s s t r e u u n g e n vektoriel l 
addieren, wobei der W i n k e l a zwischen den vektor ie l len Grössen 

(49) a = arc cos r 

i s t (r ist h ier der Korre la t ionskoeff iz ien t zwischen den S t ö r u n g e n 
be ider Reihen). 

Gehen wir von der o b e n g e n a n n t e n E i g e n s c h a f t bei Addi t ion 
der S tö rungen aus, so wird auch der Sinn der a l lgemeinbe-
k a n n t e n Formel 

0I = 
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klar , d e n n die S t r e u u n g der Be rnou l l i s chen Reihe k a n n a u c h 
als von e iner S t ö r u n g (einer S t ö r u n g , de ren E n t s t e h u n g s g r ü n d e 
uns n ich t b e k a n n t s ind) b e e i n f l u s s t b e t r a c h t e t w e r d e n . Da de r 
Kor r e l a t i onskoe f f i z i en t zwischen der d£-Reihe (der Reihe, a u s 
der oB b e r echne t i s t ) und der d-Reihe gle ich Nul l is t , d. h. 

JV 
a=—, w e r d e n die Grössen oB und (5 nach dem p y t h a g o r e i s c h e n 

Lehr sa t z add ie r t . 

Fig. 5. 

2. A u s (15) k a n n m a n f o l g e r n , da s s w e n n de r Kor re la t ions -
koef f i z i en t zwi schen den S t ö r u n g e n zweie r Reihen g le ich e ins 
ist , der Char l i e r sche S t ö r u n g s k o e f f i z i e n t bei Add i t i on der Reihen 
k o n s t a n t b le ibt , f a l l s er f ü r jede e inzelne Reihe k o n s t a n t w a r . 
J e t z t k ö n n e n wir f r a g e n : bei w e l c h e m Kor r e l a t i onskoe f f i z i en t en 
zwischen den S t ö r u n g e n m ü s s e n die Klassen a d d i e r t w e r d e n , 
d a m i t K k o n s t a n t b l e ib t ? 

E s se i b e m e r k t , da s s im a l lgemeinen Fal l der Kor re la t ions -
koef f iz ien t zwischen den S t ö r u n g e n n i c h t de r se lbe i s t , wie der-
jen ige zwischen den H ä u f i g k e i t s z a h l e n . A u s dem B e o b a c h t u n g s -
m a t e r i a l können wir n u r den K o r r e l a t i o n s k o e f f i z i e n t e n zwischen 
deu Häuf igke i t s zah l en b e r e c h n e n , n i c h t aber j enen z w i s c h e n den 
S t ö r u n g e n , d e n n die Grösse der l e t z t e r e n i s t u n s f a s t i m m e r 
u n b e k a n n t . N u r iu so lchen Fä l len , wo wi r se lbs t die S t ö r u n g e n 
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hervorrufen können , wie z. B. beim W ü r f e l v e r s u c h u. s. w., 
k ö n n e n wir sie e r r echnen . 

Bei u n s e r e m Problem, wo K k o n s t a n t sein muss , is t es 
aber leicht zu ze igen, dass die be iden Kor re la t ionskoef f i z i en ten 
gleich s ind. W i r haben gesehen , dass nach (88) bei k o n s t a n t e m 
s a u c h L k o n s t a n t sein m u s s , dami t K k o n s t a n t sei. Da 

ist, m u s s beim Z u s a m m e n f a s s e n der Klassen aL in demse lben 
Verhä l tn i s wie oB wachsen , d. h. der Korre la t ionskoef f iz ien t 
zwischen den Häuf igke i t s zah l en is t derselbe wie der Korrelat ions-
koef f iz ien t zwischen den zufä l l igen A b w e i c h u n g e n in zwei 
Klassen e ines Kollekt ivs . 

A u s (40) e rha l t en wir 

Da i = kons t . is t , i s t auch L 2 = Const., u n d wir sehen , 
d a s s auch ö beim Z u s a m m e n f a s s e n der Klassen im se lben Ver-
hä l tn i s wachsen m u s s , wie oB, d. h. dass der Korre la t ions-
koef f iz ien t zwischen den S t ö r u n g e n u n d den Häu f igke i t s zah l en 
zweier Klassen derse lbe is t . 

Der Korre la t ionskoef f iz ien t zwischen zufä l l igen Abweichun-
g e n k a n n in fo lgende r Wei se be rechne t werden . 

3. Es habe eine Klasse die re lat ive Häu f igke i t von u n d 
e ine ande re d ie jen ige von p2. Beze ichnen wir 

(51) P2 = ty j. 

Die der e r s t en Klasse zugehör ige Bernoul l i sche S t r e u u n g 
b e t r ä g t 

(52) Obi = V m i i - P i ) 

und die der zwei ten 

(53) Ob^ = Vsp2 (1 — p2) = 

(50) 
o-, B 

= Vskpi (1 —kpi). 
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P a s s e n w i r be ide K l a s s e n z u s a m m e n , so e r g i b t s i e h , d a s s 

d ie r e l a t i v e H ä u f i g k e i t 

(54) P = P l J r P 2 = 

=Pi (1 Hr &) 

u n d die B e r n o u l l i s c h e S t r e u u n g 

(55) Ob = Y s P ( I - P ) = 

= Yspl (1 k) (1— p — Iepi) 
i s t . 

W e n n die H ä u f i g k e i t s z a h l e n d e r b e i d e n K l a s s e n d u r c h 

d e n K o r r e l a t i o n s k o e f f i z i e n t e n r v e r b u n d e n s i n d , so k ö n n e n w i r 

s c h r e i b e n 

( 5 6 ) 0B = V0B * H~ 0B.? + 2r 0B1
 0B2 == 

= VSp1 (1 p^) —j— skp^ (I kpi) —|— '2rspi Yk(1 P1) (1 kp±). 

A u s (55) u n d (56) e r h a l t e n w i r d ie f o l g e n d e G l e i c h u n g : 

(57) (l-\-k)(l—pi—kp1) = l—p1+k(l—kpi)+2rVk(l—p1(l—ky1). 

Die G l e i c h u n g (57) k ö n n e n w i r in b e z u g auf r l ö s e n u n d e r h a l t e n 

r = _ _ hPi 

Y k ( I - P i ) (1—kpS 

= _ 1 / Pi Po  
I ( i — P i ) a — v > y 

Bei so lch e i n e m K o r r e l a t i o n s k o e f f i z i e n t e n z w i s c h e n d e n 
S t ö r u n g e n (oder a u c h z w i s c h e n d e n H ä u f i g k e i t s z a h l e n ) d e r b e i d e n 

K l a s s e n b l e i b t b e i m Z u s a m m e n f a s s e n d e r K l a s s e n K k o n s t a n t . 
W a s s t e l l t d i e s e r K o e f f i z i e n t d a r ? Br i s t n i c h t s a n d e r e s , a l s 

d e r n o r m a l e K o r r e l a t i o n s k o e f f i z i e n t x ) z w i s c h e n d e n H ä u f i g k e i t s -

*) Normal kann er genannt werden, weil zu seiner Entstehung keine 
äusseren Gründe nötig sind und er nur dadurch verursacht wird, dass die Summe 
aller relativen Häufigkeiten bei aller Art Abweichungen immer gleich eins ist. 

(58) 

o d e r e i n f a c h e r 

(59) 
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zahlen i r g e n d w e l c h e r zweier Klassen in einem Kollektiv. Das 
Gesagte w i r d durch F o l g e n d e s noch e r l ä u t e r t . 

3. Bs seien in e inem Kollekt iv zwei Klassen v o r h a n d e n 
mi t der r e l a t i ven H ä u f i g k e i t bzw. ^2- W e n n die H ä u f i g k e i t s -
zahl e iner Klasse (mi t der re la t iven H ä u f i g k e i t P1) e ine A b -
w e i c h u n g (I1 e rhä l t , d a n n e rhä l t in fo lge der a b s o l u t e n Korre-
la t ion (r = —1) die H ä u f i g k e i t s z a h l der E r g ä n z u n g s k l a s s e (mit 
der r e l a t i v e n H ä u f i g k e i t 1 — ^ l ) die A b w e i c h u n g — d l m Die 
mitt lere A b w e i c h u n g der zwei ten Klasse (mit der re lat iven 
Häuf igke i t p.2) is t d a n n cl2, die n a c h f o l g e n d e r Fo rme l be-
s t i m m t w i r d : 

(60) (I) ~ - d,. 
1 — P1 

Die erhaltene Gleichung is t eine R e g r e s s i o n s g l e i c h u n g f ü r 
dy u n d d.2. F ü h r e n wi r in diese Gle i chung den Kor re l a t ions -
koef f i z i en ten ein, so is t n a c h der PCorrelationstheorie 

0B 
(61) d.2 = r- --2-di-

0B1 

Aus (60) u n d (61) k ö n n e n wi r r b e s t i m m e n : 

(62) 

Da 
o Vspl (1 — j>i) 

und 
0 B 2 = 1 VSpo {i—P2) 

sind, i s t 

(63) 

wie wi r das a u c h aus (59) e r sehen haben . 
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§ 7. Die Korreiationskoeffizienteii zwischen Häufig-
keitszahlen und zwischen Störungen. 

1. Oben i s t g e s a g t w o r d e n , d a s s im a l lgeme inen Fal l 
de r Kor re la t io i i skoef f i z ien t z w i s c h e n den S t ö r u n g e n mi t d e m -
j e n i g e n zwischen den H ä u f i g k e i t s z a h l e n n i c h t z u s a m m e n f ä l l t . 
Im f o l g e n d e n wol len wir die Bez i ehung zwischen d iesen Korre-
l a t i onskoe f f i z i en t en u n t e r s u c h e n . 

E s seien zwei K la s sen g e g e b e n , deren Bernou l l i sche S t reu-
u n g e n oB bzw. oB), d e r e n S t ö r u n g s s t r e u u n g e n bzw. ö2 und 

d ie Lex i s s chen S t r e u u n g e n O1 bzw. o2 s ind. F a s s e n wi r beide 
K la s sen z u s a m m e n , so e rha l t en w i r eine n e u e Klasse, f ü r we lche 
wir die o b e n g e n a n n t e n S t r e u u n g e n mi t oB, 6 u n d o beze i chnen . 

Es sei r de r Kor r e l a t i onskoe f f i z i en t zwi schen den H ä u f i g -
ke i t szah len u n d r* de r Kor r e l a t i onskoe f f i z i en t zwischen den 
S t ö r u n g e n der be iden Klassen . 

Im vo r igen Kapitel i s t geze ig t worden , d a s s der Kor re la t ions -
koef f iz ien t z w i s c h e n den H ä u f i g k e i t s z a h l e n dei B e r n o u l l i s c h e n 
Re ihen g le ich 

1 / VxPi 
| / U - P i H i - p , ) 

i s t . 

D a h e r k ö n n e n wi r s c h r e i b e n : 

(64) o r = oT~ - J - o 2 — 2 o o I/ f 2 — = 
i i [/ ( 1 — ^ 1 ) ( 1 — 2 h ) 

= 0B1 4" — 2 spj)2, 

da 
0Dl = Vsih (1 — pi) 

u n d 
0 B i = V s p 2 ( 1 - ? ½ ) 

is t . 

Ebenfa l l s k ö n n e n wi r s c h r e i b e n 

(65) o- = O1
2 -j- O2

2 - |- 2 r O1 O2 : 

e in A d d i e r e n der L e x i s c h e n S t r e u u n g e n ) . 
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Da, nach (5) 

und 

(Ti2 — (J1
2 -f- CT 2 

(T2
2 = Õ./ -|- Ö£ 

a 2 = õ 2 + 4 

ist, so bekommen w i r aus (65) 

(66) (52 -f- <7b
2 = (5i2 -]- Ob

2 -f- <V -f~ °b\ jTi^r01 °2-

Setzen w i r hier f ü r oB
2 s e i n e n A u s d r u c k ' a u s (64) e in , so 

e r h a l t e n wir 

(67) <32 = d i 2 - ] -ö 2
2 - [ -2 (spi_p.2~\-r G1 0%). 

Da der Kor re l a t ionskoef f i z i en t zwi schen den S t ö r u n g e n r* 
i s t , k ö n n e n wi r n a c h de r K o r r e l a t i o n s t h e o r i e s c h r e i b e n : 

(68) ö2 = V + <V + 2 r* M2. 

A u s den G l e i c h u n g e n (67) u n d (68) e rha l t en wi r 

(69) r* (J1 <J2 = SP1P2 -j- r (T1 G2, 

wo 

(70) 

i s t , oder 

(71) 

is t . 
2. Der m a x i m a l e W e r t von r* is t r* = l . D a m i t i s t 

(J1 (J2 — Sp12h 

SP1P2A-VO1 O2 

r* (J1 (J2 Sp1 P2 

(T1 0, 1 u2 

(72) 

denn schon 
O1 O2 

- < l , 

M 2 

(T1 (T2 

weil (J1Cc rI und ( J 2 O 2 s ind. 

<1, 
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A u s (72) i s t e r s i c h t l i c h , d a s s de r Kor r e l a t i onskoe f f i z i en t 
zwischen d e n H ä u f i g k e i t s z a h l e n n i e m a l s g le ich e in s i s t , a u c h 
d a n n n ich t , w e n n de r K o r r e l a t i o n s k o e f f i z i e n t zwi schen den 
S t ö r u n g e n gle ich e ins i s t . Der G r u n d h i e r f ü r i s t da r i n zu 
s u c h e n , dass die den S t ö r u n g e n z u k o m m e n d e n zufä l l igen Ab-
w e i c h u n g e n (die A b w e i c h u n g e n der Be rnou l l i s chen Reihe) e ine 
V e r m i n d e r u n g des Kor re l a t i onskoe f f i z i en t en v e r u r s a c h e n . 

Der m i n i m a l e W e r t von r* i s t r* = — 1. Damit i s t 

V • ) f min  ai a> 

Hier i s t zu b e w e i s e n , d a s s 

öi A i sJhJh .<- 1 
O1 O2 ^ 

is t , d e n n a u s (73) i s t n i c h t sog le ich zu e r s e h e n , dass der Zähler 
n i ema l s g r ö s s e r als de r N e n n e r sein k a n n . 

W i r m ü s s e n ze igen , d a s s 

(74) S1 ö2 - f spx p2 < G1 o2. 

a) B e t r a c h t e n wi r zue r s t den Fall , 

wo 
(J1 = ö2 = O is t , 

d. h. wo wir es n u r mi t Be rnou l l i s chen Reihen zu t u n h a b e n . 
In d iesem Fall i s t 

u n d 
G2 = 0 B / 

Wei l die S u m m e der r e l a t i ven H ä u f i g k e i t e n al ler Klassen 
n i ch t g rös se r als e ins sein kann , k ö n n e n wir s c h r e i b e n 

(75) px \ / / , 1 

oder 

(76) o < 1 - P 1 - P2. 
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Addieren w i r zu den beiden Seiten Pi 2h, s o i s t 

(77) 2h Ih < 1 -Ih — P-2 jTlhlh 

oder 

(78) thlh< ( 1 — l ' i ) (1"½)-

Nun mul t ip l iz ie ren wi r die beiden Se i ten mi t 

s'2 P1 p.>, 
d a n n i s t 

(79) S2P1
2 p.r < sp{ (I —pt) sp2 (1 — p2). 

A u s beiden Seiten ziehen w i r nun die Quadratwurze ln und 
bekommen 

(80) spip2 < o]ho^, 

w a s auch zu b e w e i s e n w a r . 
b) Nun g e h e n wir zum a l lgemeinen Fall über , in dem 

S1=^O und ö . j ^ o . 

W i r g e h e n von f o l g e n d e m A u s d r u c k aus : 

<81) ( O j h
ö 2 — ° B J i ) 2 > 0-

In a n d e r e r F o r m l a u t e t d a s : 

<82) G1* ö* + Oj^ Ö> 2 aJh oBö, ö,. 

A d d i e r e n wi r zu den be iden Se i ten 

g B 1
g I j T ^ i 2 V , 

so i s t 

(83) (oB~ -f- V ) (oB* -f- ö/) ^ (oB^ oB> ~f- ö.2)
2. 

Ziehen wir die Q u a d r a t w u r z e l n , d a n n is t 

(84) O1 a2 > a G öx f)2. 

Se tzen wir in d iese r F o r m e l f ü r o,. o,, s e inen A u s d r u c k B1 B2 

aus (80) ein, so i s t 

(85) G1 G2 > Sp1 p2 + S1 ö2, 

w a s wi r a u c h bewei sen wol l t en . 



33 

Damit i s t gezeigt , dass 

r 1 
ist . 

3. Jetzt k ö n n e n wi r a u c h p r ü f e n , ob u n s e r Sch luss n a c h 
(50) r i c h t i g i s t : d a s s im Fal le K1 = K2 i s t (K1 u n d K2 s ind die 
S t ö r a n g s k o e f f i z i e n t e n f ü r beide Klassen) , die be iden Kor re la t ions -
koe f f i z i en ten r u n d r* g le ich s i nd . 

Da n a c h (59) der Kor re l a t ionskoe f f i z i en t z w i s c h e n den 

H ä u f i g k e i t s z a h l e n 

P1 P-2 
(l—lh) ( I - P 2 ) 

is t , so k ö n n e n wi r n a c h (70) d e n K o r r e l a t i o n s k o e f f i z i e n t e n 
zwi schen den S t ö r u n g e n b e s t i m m e n . S o m i t i s t 

Sp1 p2 — O1 O2  

< 8 6 ) ?•* = -

/.. ... Ih P-2  
(1 P1) (1 — ^ 2 ) 

r)i d.. 

o 1 o.? sPl p-2 ^ 
0B1

 0B2  

Ö1 Ö2 ~~ 

P-2 [gB1
 0B2 ~ 0I °2) 

= ö, ö2 o J h oB i 

Um diese Gle i chung zu v e r e i n f a c h e n , n e h m e n wi r die 
B e z i e h u n g e n z w i s c h e n o, oB u n d ö zur Hilfe. 

Nach (7) u n d (44) s c h r e i b e n w i r : 

A - = 15 

s Vp (1 —p) 

Fal l s K1 = K2 i s t , i s t 

(87, *1. = = ^ . • 
s V Pi (i — p,) s y p2 (i —$.>) 

Multiplizieren w i r die beiden Seiten mit Y s , so bekommen 
w i r : 
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(88 = — - > 
0,, 0,, h I 2 

oder : 
õ,2 

(89) ~ • 

E t w a s u m g e f o r m t : 

<V2
 = W 

( 9 0 ) V + V + < ^ ' 

oder : 

(91) ^ 1
2 V - W = 0. 

Addieren wir jetzt zu den beiden Seiten 

V o.r - f (J1
2 (J,2 — 2 aL

2 Õ 2 

hinzu, so erhal ten w i r : 

( 9 2 ) ( O 1
2 — V ) ( ¾ 2 - < 5 2

2 ) = ( T 1
2 ( T 2 2 + (Jt2 d2* - 2 ( T 1

2 (J./2. 

Da n a c h (91) 
O1 (J2 = O2 (J1 

i s t , so i s t 

( 9 3 ) 2 a,2 (J2
2 = 2 (T1 o2 (5, (J2. 

Se tzen wir d iesen A u s d r u c k in (92) e in , d a n n ist. 

( 9 4 ) ((T1
 2 — (J v

2) ((T.;2 ~ (J2
2) = (O1 O2 — (J1 (J2)

2 , 

o d e r : 

(95) oB> = Q1 o., — (J1 (J2, 

o d e r : 
( 9 6 ) o J h o Z 2 - O 1 O 2 = - S 1 S 2 . 

Setzen wir diese A u s d r ü c k e in (86) ein, d a n n is t 

spi i>2 
( 9 7 ) 

% cri 

sPl p2 

V S-P1J), (I-Pi)(^-Pi) 

1>\ Pi  
o—p l)(l —P2) 
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D a m i t i s t a u c h bewiesen , d a s s bei K1 = K2 auch r = r* 

is t , fa l l s 

r = »•* = - l / ~ " . P l P ^ ~ 7 1 
\ (I-Ih)O-Pz) 

i s t . 

Jetzt k ö n n e n wir f r a g e n , bei we lchem r im a l l g e m e i n e n 
Fall r* = r i s t , w e n n K1^K2 i s t . 

Nach (70) k ö n n e n wi r s c h r e i b e n : 

(08) r = I M + T O i B i , 
O1 O2 

wo 

(99) r = x - r ')• 
O1 O2 O1 O2 

In unserem Fall, wo K1=K1 ist, erhalten w i r aus (95): 

G1 G2 - (J1 ö 2 = o J h o I h 

u n d se tzen d iesen A u s d r u c k in (99) e in . D a n n e r h a l t e n w i r : 

(100) r = = 
% 0B2 

Pl P-'  
(1 -P1) ( I - P 2 ) 

4. Die Formel (71) ze ig t k lar , d a s s im Fal le r * \ > 0 , im-
m e r r <C is t . Desha lb k ö n n e n solche Fä l le v o r k o m m e n , wo 
r* s eh r g r o s s u n d dahe r auch der Cha r l i e r s che S t ö r u n g s -
koe f f i z i en t g u t a n w e n d b a r is t , wo aber der Kor re l a t ionskoe f f i -
z ient zwischen den H ä u f i g k e i t s z a h l e n zweier Klassen n i c h t be-
s o n d e r s hoch is t . D ieses i s t m e i s t e n s dann der Fall , w e n n 
der Lexissche F a k t o r s ich n i ch t viel v o n E i n s u n t e r s c h e i d e t , 
d e n n d a n n s ind <5, u n d klein u n d d a m i t auch r. D e s h a l b 
i s t auch aus den H ä u f i g k e i t s z a h l e n n i ema l s e r s i ch t l i ch , m i t 
e inem wie g r o s s e n Kor r e l a t i onskoe f f i z i en t en z w i s c h e n den 
S t ö r u n g e n m a n es zu t u n h a t . Dass die g e n a n n t e n D i f f e r en -
zen z w i s c h e n r u n d r* g anz g r o s s se in k ö n n e n , ze igt u n s das 
f o l g e n d e Beispiel . 

J) Aus (85) ist zu ersehen, dass auch jetzt \r\ •< 1 ist. 
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Bs sei f ü r zwei Klas sen 

Ih = P-2 = O-l, 

s = 1000 u n d 

r* = 1. 

a) N e h m e n wir an : 

(J1 = Õ., =-- 20. 

Dann i s t nach (5) 

o2 = s p (1 — p) -f- (V2 = 

= 9 0 + 4 0 0 = = 4 9 0 

u n d nach (71) 
4 0 0 — 1 0 

r = - — - = 0 - 7 9 6 

4 9 0 

( g e n ü g e n d wei t von eins). 

b) N e h m e n wir n u n an : 

(J1 = öo = 10. 

D a n n ist 

G 2 = 9 0 -f- 1 0 0 = 1 9 0 

u n d 
100 — 10 r = — - = 0'47:'> 

1 9 0 

(schon ganz klein). 

c) Zuletzt nehmen wir a n : 
(J1 = (J.2 -= 4 . 

Dann i s t 
o - = 9 0 4 - 1 6 = 1 0 6 

und 
16 — 10 

r = = 0 ' 0 o 7 . 

106 

Im letzten Falle kann man aus den empirischen Daten 
nicht heraus lesen, d a s s zwischen den S t ö r u n g e n eine so hohe 
Korre la t ion h e r r s c h t ( r : = l ) , d e n n der K o r r e l a t i o n s f a k t o r 
z w i s c h e n den Häuf igke i t szah len g le ich t f a s t Null . 
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Bei noch k le ineren ö-Wer ten kann dieser Korrela t ions-
koef f iz ien t sogar n e g a t i v werden und e r re ich t bei (J1 = ^2 = O 
se inen Grenzwert , den no rma len Korre la t ionskoeff iz ienten 

Das E r g e b n i s der zwei le tz ten Kapitel z u s a m m e n f a s s e n d 
können wir s a g e n : wenn zwei E r sche inungen , deren S t ö r u n g e n 
gleich s ind , z u s a m m e n g e f a s s t w e r d e n u n d wenn der Korre-
la t ionskoeff iz ien t zwischen den e n t s p r e c h e n d e n Häuf igke i t s -
zahlen oder zwischen den S tö rungen gleich dem no rma len 
Korre la t ionskoef f iz ien ten ist , dann bleibt die S t ö r u n g k o n s t a n t . 
Ein solches Kollektiv, in dem zwischen den einzelnen Klassen 
besondere Bez iehungen fehlen , k a n n man ein normales Kollek-
tiv nennen . 

Es kann ja a n d e r s a r t i g e Kollektive geben , u n d in der 
p r a k t i s c h e n S t a t i s t i k kann m a n g e n u g solche f i n d e n , in 
denen die Hauf igke i t szah len e inzelner Klassen m i t e i n a n d e r in 
Korre la t ion s t e h e n . Wie m u s s dor t be im Z n s a m m e n f a s s e n der 
K las send ie S t ö r u n g geschä t z t w e r d e n ? W e n n zwe iKla s sen , de ren 
re la t ive H ä u f i g k e i t e n gleich s ind, d. h. px = p2, u n d ebenfa l l s 
auch die S t ö r u n g s s t r e u u n g e n , d . h . (J1 = d2, z u s a m m e n g e f a s s t 
w e r d e n , d a n n h ä n g t die S t ö r u n g s s t r e u u n g der neuen Klasse , 
wie wir das schon gesehen haben, vom Korre la t ionskoef f iz ien ten 
zwischen den S t ö r u n g e n ab. W e n n dieser Korre la t ionskoef f i -
zient r — — 1 ist, dann wird die S t ö r u n g s s t r e u u n g gleich Null 
sein. Man muss n u n a n n e h m e n , dass die Störung, die mi t Hilfe des 
S tö rungskoe f f i z i en t en C oder K g e m e s s e n wi rd , gleich Null ist , 
— oder ist sie ebenso gross, wie diejenige in den Part ia lklassen, wo 
die S t ö r u n g s s t r e u u n g gleich = ö2 w a r ? In u n s e r e m Falle is t 
es o f f e n b a r klar , dass die S t ö r u n g gleich Null zu schä tzen is t . 
Wi r haben es d e m n a c h mit e iner Klasse zu tun , deren S tö rungs -
s t r e u u n g gleich Null is t , u n d der U m s t a n d , dass diese Klasse 
s ich so in zwei teilen lässt , dass die beiden Par t i a lk lassen von 
Null a b w e i c h e n d e S t ö r u n g e n haben, v e r ä n d e r t da ran n i c h t s . 
Es kann ja leicht ein Fall vo rkommen , wo eine Klasse sich auf 

§ 8. Die Yerallgemeinerung des Störungs-
koeffizienten. 



38 

viele A r t e n in zwei zer legen l äs s t und ein jedes P a a r se ine 
e igene S t ö r u n g s s t r e u u n g bes i t z t . 

W e n n es G r ü n d e g i b t , die ve ru r sachen , d a s s die Ab-
w e i c h u n g e n der be iden Klassen den K o r r e l a t i o n s f a k t o r r = — 1 
haben, kann man diese Gründe in bezug auf die d u r c h das 
Z u s a m m e n f a s s e n e r h a l t e n e Klasse als solche, die die S t ö r u n g 
v e r m i n d e r n , b e t r a c h t e n . Das U m g e k e h r t e is t der Fal l , w e n n 
r > 0 . D a n n s ind die die Kor re l a t i on v e r u r s a c h e n d e n G r ü n d e 
in bezug auf die neue Klasse solche, die die S t ö r u n g v e r g r ö s s e r n , 
und in d i e sem Fall i s t es na tü r l i ch , da s s die S t ö r u n g der n e u e n 
Klasse g r ö s s e r sein m u s s als die i h r e r be iden K o m p o n e n t e n . 

Ob eine z u s a m m e n g e s e t z t e Klasse (und als eine Zusam-
m e n f a s s u n g von zwei Klassen k ö n n e n wi r e ine jede Klasse 
b e t r a c h t e n ) e ine g rosse S t ö r u n g s s t r e u u n g desha lb bes i tz t , wei l 
i r g e n d w e l c h e zwei i h r e r K o m p o n e n t e n g r o s s e S t ö r u n g s s t r e u u n -
g e n haben , oder weil die g e r i n g e n S t ö r i m g s s t r e u u n g e n der 
K o m p o n e n t e n in fo lge de r ko r r e l a t i ven B e z i e h u n g e n g r o s s ge-
worden s ind , i s t g l e i chgü l t ig ; wi r k o n s t a t i e r e n n u r die T a t s a c h e . 
D a r u m i s t es auch s e l b s t v e r s t ä n d l i c h , da s s die S t ö r u n g n i c h t 
n u r im n o r m a l e n , s o n d e r n auch in j edem Kol lekt iv mi t Hilfe 
des S t ö r u n g s k o e f f i z i e n t e n K g e m e s s e n wird. 

§ 9. Die Anwendung der Resultate auf die 
Klimatologie. 

1.. Da die H ä u f i g k e i t s v e r t e i l u n g e n der k l ima to log i schen 
Grössen ( T e m p e r a t u r , L u f t d r u c k , F e u c h t i g k e i t usw.) f ü r e inen 
b e s t i m m t e n Ort u n d ein b e s t i m m t e s Zei t in te rva l l c h a r a k t e r i -
s t i s c h s ind , d. h. eine S t e t i g k e i t a u f w e i s e n , hat, auch jede Klasse 
e iner k l ima to log i schen Grösse eine b e s t i m m t e r e l a t i ve Häuf ig-
ke i t . W e n n das g e n a n n t e Ze i t in te rva l l sich w i e d e r h o l t , bi lden 
die Häuf igke i t s zah len j eder Klasse e ine s t a t i s t i s c h e Reihe , u n d 
man k a n n m i t Hilfe der s t a t i s t i s c h e n Methoden u n t e r s u c h e n , 
ob die H ä u f i g k e i t s z a h l e n jeder Klasse e ine r k l i m a t o l o g i s c h e n 
Grösse eine S t r e u u n g von zufä l l igem C h a r a k t e r (die Bernoul -
l ische Reihe) h a b e n oder n i c h t . W e n n die S t r e u u n g g r ö s s e r 
als die de r Be rnou l l i s chen Reihe ist , d a n n kann m a n von e i n e r 
S t ö r u n g s p r e c h e n , u n d es i s t u n s e r e A u f g a b e f e s t zus t e l l en , 
w e l c h e k l ima to log i sche E l e m e n t e , in we l chem I n t e r v a l l u n d 
welche S t ö r u n g e n h a b e n . 
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Hier haben w i r aber auch eine Gelegenheit, die beiden 
S t ö r u n g s k o e f f i z i e n t e n (den Cha r l i e r s chen u n d den in vor l i egen-
der A r b e i t g e b o t e n e n ) a n z u w e n d e n u n d die R e s u l t a t e zu ver-
g l e i chen . D a r a u f k a n n a u c h n a c h i n t u i t i v e r B e u r t e i l u n g ent -
s ch i eden w e r d e n , w e l c h e r S t ö r u n g s k o e f f i z i e n t g r ö s s e r e Vorzüge 
b ie te t . 

Zu d i e s e m Zweck s i n d die B e o b a c h t u n g e n des Meteorolo-
g i s c h e n O b s e r v a t o r i u m s in T a r t u de r J a h r e 1926—1933 (incl.) 
h e r a n g e z o g e n worden, wrobei als zu betrachtende E l e m e n t e 
Temperatur, L u f t d r u c k , W i n d g e s c h w i n d i g k e i t und re lat ive 

Tab. 3. 

t m 0L QB K% c% t 

' 

m aL 0B 6 K0/  

0 
C 0/ 1 / C i 

29 4 5 2-0 5 2-7 125 0 427 85 20-6 83 4-4 19 
28 10 15 3-2 15 5-1 150 — 0 298 41 17-3 37 2-3 12 
27 14 13 3-7 12 3-4 86 - 1 254 33 15-9 34 2*3 13 
26 28 21 5-3 20 4-0 71 2 251 61 15-8 59 4-0 24 
25 36 22 6-0 21 3-7 58 — 3 219 69 14-8 67 4-9 31 
24 46 21 6-8 20 3-2 44 - 4 205 49 14-3 47 3-6 23 
23 61 22 7-8 20 2-7 33 — 5 193 66 13-9 64 5-0 33 
22 78 25 8'8 23 2-8 30 — 6 169 46 13-0 44 3-7 26 
21 85 24 9-2 22 2-6 26 — 7 142 33 11 9 31 2-7 22 
20 111 26 10-5 24 2-1 23 — 8 132 45 11-5 44 4-2 33 
19 135 26 11-6 23 2-1 17 — 9 132 40 11-5 38 3-6 29 
18 179 34 13-4 31 2-5 17 — 10 110 33 10-5 31 3-2 28 
17 209 26 14-4 22 1-6 10 —11 101 26 10 0 24 2-6 24 
16 261 18 16-1 8 0-5 3-1 — 12 92 41 9-5 40 4-5 43 
15 274 33 16"5 29 1-9 11 — 13 74 33 8-6 32 4-0 43 
14 296 35 17-2 31 1-9 10 — 14 70 37 8-4 36 4-7 52 
13 314 64 17-7 61 3-7 19 — 15 50 16 7-1 15 2-3 30 
12 302 63 17-4 61 3-8 20 — 16 46 21 6-8 20 3-2 43 
11 300 62 17'3 60 3-7 20 — 17 35 17 5-9 16 2*9 46 
10 274 48 16-5 45 3 0 16 — 18 25 10 5-0 9 1*9 36 

9 282 43 16-8 40 2-6 14 — 19 22 14 4-7 13 3-0 59 
8 283 43 16-8 40 2-5 14 —20 12 6 3-5 5 1-5 43 
7 241 38 15-5 34 2-4 14 - 2 1 10 9 3-2 8 2-7 80 
6 265 17 16-3 6 0-4 2-3 22 9 7 3-0 6 2-1 67 
5 269 46 16-4 43 2-8 16 - 2 3 10 11 3-2 11 3-7 110 
4 263 55 16-2 53 3-5 20 - 2 4 7 10 2-6 10 4 0 143 
3 288 58 16-9 55 3.5 19 — 25 6 8 2-4 8 3-5 125 
2 315 73 17-8 71 4-3 22 - 2 6 4 8 2-0 8 4-3 200 
1 436 139 20-9 132 7"0 30 - 2 7 2 7 1-4 7 5-3 350 
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F e u c h t i g k e i t genommen worden sind. Die H äu f igke i t s zah len s ind 
in Klassenbre i t en bei e iner T e m p e r a t u r von je I 0 C , be i e i n e m 
L u f t d r u c k von je 4 mb, bei e ine r W i n d g e s c h w i n d i g k e i t von je 
1 m/sec u n d bei e iner r e l a t iven F e u c h t i g k e i t von je 1 % gezäh l t 
w o r d e n . Beim Zählen s ind die s t ü n d l i c h e n B e o b a c h t u n g s -
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Fig. 6. 

daten v e r w a n d t und als K o l l e k t i v u m f a n g ist ein ganzes J a h r 
(§ = 3651 /4. 24 = 8766) g e n o m m e n worden. 

2. Zuerst wollen w i r die Temperatur betrachten. In der 
umstehenden Tabelle (Tab. 3) s ind die nöt igen C h a r a k t e r i s t i k e n 
der s t a t i s t i s c h e n Re ihen g e g e b e n . In Ko lumne (t) s ind alle zu 
b e t r a c h t e n d e n T e m p e r a t u r k l a s s e n , in Kolumne (m) die mi t t l e r en 
Häuf igke i t s zah l en w ä h r e n d der a c h t J a h r e , in K o l u m n e (oL) das 
S t r e u u n g s m a s s der H ä u f i g k e i t s z a h l e n , in KoIumne(CTij) das S t r eu -
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i m g s m a s s d e r BernouUiscben Reihe, in Kolumne (ö) die S t ö r u n g s -
s t r e u u n g e n (c> = V o j * — aB

2), in Ko lumne (K) die in d ieser Ar-
beit g e b o t e n e n S t ö r u n g s k o e f f i z i e n t e n und in Kolumne (C) die 
Cha r l i e r s chen S t ö r i m g s k o e f f i z i e n t e n a n g e f ü h r t . 

Schon ein ober f l äch l i cher Blick auf die Ko lumnen (K) u n d 
(C) zeigt , da s s K f ü r alle Klassen m e h r oder w e n i g e r k o n s t a n t 
b le ib t , C aber f ü r die Klassen mi t k l e inen r e l a t i ven Häuf igke i -
t e n g r o s s u n d f ü r solche m i t g r o s s e n re la t iven H ä u f i g k e i t e n 
klein i s t . Besonders deu t l i ch t r i t t das Gesag te in F i g . 6 zum Vor-
schein , wo die A b h ä n g i g k e i t der Grössen K u n d C von der 
H ä u f i g k e i t m g r a p h i s c h d a r g e s t e l l t i s t . 

B e m e r k u n g : Die Ska len auf d e n A c h s e n m, K u n d C 
s ind so g e w ä h l t worden , dass die H ä u f i g k e i t s v e r t e i l u n g e n von 
m, K u n d C mögl i chs t s y m m e t r i s c h u n d d a m i t der Norma lve r -
t e i l u n g mög l i chs t n a h e se ien . D a m i t n ä h e r t sich das Korre-
l a t ions fe ld dem l i nea ren Normal fe lde , und die k o r r e l a t i v e Ab-
h ä n g i g k e i t k a n n d u r c h den g e w ö h n l i c h e n K o r r e l a t i o n s f a k l o r 
b e s t i m m t w e r d e n . 

Im e r s t e n Fal l (die A b h ä n g i g k e i t de r Grössen K u n d m 
v o n e i n a n d e r b e t r e f f e n d ) is t der K o r r e l a t i o n s f a k t o r g le ich Null , 
was auch in F ig . 6 s i c h t b a r i s t 1 ) . 

Im zwei ten Fall (die A b h ä n g i g k e i t der Grössen C u n d m 
v o n e i n a n d e r b e t r e f f e n d ) i s t 

r = — 0'78 ± 0'05, 

was die A b h ä n g i g k e i t von C u n d m v o n e i n a n d e r s e h r deut l ich 
h e r v o r h e b t . 

Da K u n d C d e n inha l t l i chen W e r t de r S t ö r u n g a n g e b e n 
m ü s s e n , ze ig t K, dass die S t ö r u n g ü b e r d ie ganze Var ia t ions -
b re i t e k o n s t a n t i s t ; C aber zeigt , da s s die T e m p e r a t u r k l a s s e n 
mi t g r o s s e r H ä u f i g k e i t viele Male (über 10 mal) w e n i g e r als die 
T e m p e r a t u r k l a s s e n mi t k le iner H ä u f i g k e i t g e s t ö r t w e r d e n — 
oder d a s s die sehr n iedr igen und s e h r hohen Temperaturen 
viel s t ä r k e r g e s t ö r t s ind als die m i t t l e r e n . 

W e n n m a n n u n f r a g e n soll te, we lche B e h a u p t u n g n a t ü r -
l icher e r s c h e i n e , so mi i ss te m a n der e r s t e r e n den Vorzug g e b e n . 
E r s t e n s ist sie e i n f a c h e r und z w e i t e n s s ind in de r Meteorologie 
ke ine Gründe b e k a n n t , die zu ze igen v e r m ö c h t e n , dass bei der 

Tatsächlich war r — — 0'02, der Fehler des Korrelationskoeffizienten 
ar =0-13, wodurch praktisch r gleich Null ist. 
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Temperatur die S t ö r u n g ü b e r die Va r i a t i onsb re i t e so ve r t e i l t 
i s t , wie es der Cha r l i e r s che S t ö r u n g s k o e f f i z i e n t v e r l a n g t . 

Unte r B s n u t z u n g der in F ig . 6 g e g e b e n e n Skalen (x = Y m 
u n d y = log ( G — 1 5 ) ) erhalten w i r nach D u r c h f ü h r u n g d e r 
e n t s p r e c h e n d e n B e r e c h n u n g e n die R e g r e s s i o n s g l e i c h u n g e n 

Um die A b h ä n g i g k e i t zwi schen K und t (0C) zu v e r a n -
schau l i chen , i s t in F ig . 7 de r e n t s p r e c h e n d e G a n g von K 
w i e d e r g e g e b e n . 

Es i s t zu e r sehen , d a s s K im g ros sen und ganzen kon-
s t a n t i s t (im Mit te l i s t K = 3 - 2 0 ± 0 - 1 6 ) , d e n n wie wi r s p ä t e r 
ze igen w e r d e n , b le iben die A b w e i c h u n g e n vom M i t t e l w e r t e in 
den Grenzen des F e h l e r g e b i e t s . N u r im U m k r e i s von I 0 ist 
die S t ö r u n g e t w a s g rös se r , was abe r auch in der Meteorologie 
eine e n t s p r e c h e n d e B e g r ü n d u n g ha t . AVenn im AVinter die 
T e m p e r a t u r über nul l Grad s t e ig t , b e d ü r f e n die g ros sen Schnee-
m a s s e n zum Schmelzen e iner zu f l i e s senden AVärme, u n d da-
du rch hä l t s ich die T e m p e r a t u r l ä n g e r e Zeit e t w a s ü b e r Nul l 
u n d e n t s t e h t bei d iesem T e m p e r a t u r w e r t e ine s eh r g r o s s e 
H ä u f i g k e i t . Da aber so lche T a u w e t t e r p e r i o d e n e inen zu fä l l i gen 
C h a r a k t e r t r agen u n d in m a n c h e n J a h r e n sehr se l ten vo rkom-
men, i s t es s e l b s t v e r s t ä n d l i c h , d a s s an d ieser Stel le die S t ö r u n g 
g r o s s se in m u s s . Diese S t ö r u n g wäre noch viel g rösse r , w e n n 

C = 120 c » — 0 - 1 5 0 — 1-5 
und 

K = 3 

A x 
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w i r die W i n t e r p e r i o d e g e s o n d e r t b e t r a c h t e n wol l ten . Die 
F r ü h l i n g s - u n d H e r b s t p e r i o d e n , wo die T e m p e r a t u r d iese Höhe 
e r r e i c h t , h a b e n e ine m a s s i g e S t ö r u n g , u n d d a d u r c h w i r d d ie 

J a h r e s s t ö r u n g v e r m i n d e r t . 

L a s s e n w i r d ie d re i K l a s s e n (0, 1 u n d 2) f o r t u n d b e r e c h -

n e n wir d ie m i t t l e r e S t ö r u n g f ü r n e g a t i v e u n d p o s i t i v e T e m -

p e r a t u r e n , so b e k o m m e n wi r im e r s t e n F a l l : 

K = 3 - 4 2 ± 0 - 2 

und im z w e i t e n F a l l : 

Die D i f f e r e n z i s t 

K = 2 - 7 7 ±0-19. 

K —K+ = 0-65 ± 0-33. 

D a s E r g e b n i s s a g t u n s , d a s s d ie S t ö r u n g bei n i e d r i g e n 

T e m p e r a t u r e n g r ö s s e r a l s bei h o h e n i s t , o b w o h l d a s Ü b e r g e -

w i c h t ganz g e r i n g i s t . A b e r a u s d e r Meteo ro log ie i s t es be-

k a n n t , d a s s in u n s e r e m K l i m a d ie T e m p e r a t u r ( a u c h d e r L u f t -

d r u c k ) im S o m m e r e ine g r ö s s e r e S t a b i l i t ä t a u f w e i s t a l s im 

W i n t e r , u n d d a r a u f h i n k a n n m a n d e n e r h a l t e n e n R e s u l t a t e n 
g l a u b e n . 

Im U m k r e i s von I 0 g i b t d e r C h a r l i e r s c h e S t ö r u n g s k o e f f i z i e n t 
a b e r k e i n e a u s s e r o r d e n t l i c h e S t ö r u n g (C = 2 0 b i s 30%) an , w ä h -

r e n d er be i h ö h e r e n u n d n i e d r i g e r e n T e m p e r a t u r e n e i n e viel 
g r ö s s e r e S t ö r u n g l i e f e r t (C = ü b e r 100%). 

3. Im f o l g e n d e n wol l en w i r b e t r a c h t e n , in w e l c h e m Masse 

die A b w e i c h u n g e n de r Grösse K vom a r i t h m e t i s c h e n M i t t e l 

(Tab . 3 u n d F i g . 7) a l s z u f ä l l i g u n d in w e l c h e m Masse s ie a l s 

k l i m a t o l o g i s c h c h a r a k t e r i s t i s c h a u f g e f a s s t w e r d e n k ö n n e n . Dazu 

m ü s s e n w i r f ü r K d e n i h m e n t s p r e c h e n d e n F e h l e r b e r e c h n e n 
u n d d a n n f e s t s t e l l e n , ob die A b w e i c h u n g e n d u r c h d e n F e h l e r 
h e r v o r g e r u f e n w e r d e n ode r n i c h t . Im l e t z t e r e n Fa l l k ö n n t e 

m a n s a g e n , d a s s die S t ö r u n g in d e r V a r i a t i o n s b r e i t e n i c h t 
g a n z k o n s t a n t se i . 

N a c h (7) u n d (44) i s t 

V ar~ — 
0h (101) K = j ' = 

s V p i i — p) 
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/0Li
 — 

n,f 
S 0H 

'L2-I . 
s 

Nach der Pehlertheorie k ö n n e n wi r schre iben 

(102) GK = 
(IK T 

JT/ aL 

= ,
 L - -oL, 

Vs ( I ß - I) 

wo GK u n d oL die q u a d r a t i s c h e n A b w e i c h u n g e n von K bzw. 
L s ind . 

W e i t e r k ö n n e n wi r s ch re iben : 

(103) 

wobei die Formel (101) b e n u t z t w o r d e n is t . 

A u s l e t z t e rem e r h a l t e n w i r : 
o K L 2 o L 

( 1 0 4 ) K — y , _ j • L • 

Hieraus ersehen wir, d a s s der V a r i a t i o n s f a k t o r von Z n u r 
e t w a s g rösse r a ls der von L i s t . Bei g r o s s e n Z - W e r t e n wer -
d e n beide gle ich gross . In unse rem Beispiel , wo L ^ 3 is t , i s t 

L2 

= 1-12, 
Z 2 — l 

d. h. der V a r i a t i o n s f a k t o r von K i s t u n g e f ä h r um 12% g r ö s s e r 
als d e r j e n i g e von L. Bei L = 10 b e t r ä g t de r U n t e r s c h i e d 
n u r 1%. 

A u s (102) s ieht man , dass wi r zum B e s t i m m e n von GK 

oL k e n n e n m ü s s e n , oder a u c h zum B e r e c h n e n von a^E nach 

G L M. 
(104) — die Grosse 

Ju 

!) Weiter unten wird gezeigt werden, dass gerade diese Grösse fü r 

alle Klassen fast kons tant ist . 
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Zam Best immen von oL nehmen w i r den bekannten A u s -
druck 

L = ^ 

zu Hilfe. 
W i r bezeichnen die q u a d r a t i s c h e n A b w e i c h u n g e n der 

Grössen L, oL und oB bzw. oL, o(Jjj u n d o0-B u n d k ö n n e n d a n n 

n a c h der P e h l e r t h e o r i e s c h r e i b e n : 

(105) oL = 
!IdL V' , IdL 

V 0 " - + U b - 0 ' " 

GarY
2 , I 0 L °°i 

0J \ 0H 

Multipl izieren wi r je tz t die be iden Se i ten m i t 

1 

L ~ Gl ' 

so e r h a l t e n w i r : 

o L 
(100) L -

0Ll , /°aB 
Olt 

Damit is t der Va r i a t i ons f ak to r von L d u r c h die Varia-
t i o n s f a k t o r e n oL u n d oB g e g e b e n . 

a) A u s der W a h r s c h e i n l i c h k e i t s t h e o r i e is t b e k a n n t , dass 

Oar 1 
(107) ( -

0l \ 2 11 

is t , wo n die Anzah l der Häuf igke i t s zah l en , aus we lchen oL 

b e r e c h n e t w o r d e n is t , b e d e u t e t . 

b) E b e n s o wäre 

Chj j, 1 

o b Y 2 n 

fal ls oB a u s den Häuf igke i t s zah len de r Bernou l l i s chen Reihe 
b e r e c h n e t wäre . Da w i r es abe r n u r mi t de r Lex i s schen Reihe 
zu t u n haben, m ü s s e n wir oB n a c h de r m i t t l e r e n H ä u f i g k e i t s -
zahl t h e o r e t i s c h b e s t i m m e n , und d a h e r k o n n t e a u c h ih r Varia-
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t ions faktor oben nicht g e g e b e n w e r d e n . W e g e n des Gesagten 
w i r d aber die Genauigkei t nicht schlechter, denn w reiter w e r d e n 
wir sehen, d a s s das theoretisch berechnete oB m e i s t g e n a u e r i s t . 

Nach der Bernoull ischen Formel i s t 
(108) Ori — ~P2) = 

= / m 

wo m = sp i s t . 

Nach der Fehlertheorie i s t 

(109) Oa t} —• 
d o B 

dm 

m~ 
s 

Om 

2 m 
s 

am 

m 

1 — 2 p 
2 o n 

m-
s 

Om . 

( H O ) 

A u s der W a h r s c h e i n l i c h k e i t s t h e o r i e i s t bekannt, d a s s 
o\ 

om IJ 

I n 
i s t , wo n d ieselbe B e d e u t u n g wie in Formel (107) hat. 

Setzen wir diesen A u s d r u c k in (109) ein, so i s t 

[l 2 P I GL (111 Oau — 
w n a, 

1— 2p J L !). 

n 
x) Im gegebenen Fall ist a,. mit Hilfe der mittleren Häufigkeitszalil m 

best immt, welche ihrersei ts aus der Lexisschen Reihe berechnet worden ist . 
Wenn aber die empir isch gegebene Reihe eine Bernoull ische ist , dann ist 
L = 1, und wir bekommen aus (111): 

2 Yn 
Daraus ers ieht m a n : 

1. ist von der Grösse s unabhängig , obwohl a selbst von s abhäng t . 

Dieses kommt daher, dass bei grossen s-Werten die Häufigkeitszahl m relat iv 
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Damit i s t 
O 1 •> -V) 1 Tj 

(112) ~ P 

0B 2 Ynsip—]r) 

Setzen wir jetzt (107) und (112) in (106) ein, so erhalten wir 

m a ) ^ = y 
oL " J / 1 (1 — 2 p Y L2 

2n -ins (p —p~) 

/ 1 I 1 (1 — 2 pY L-
\ 2 n J 2 m (1 — p) 

Stat t 
(1 — 2 pY 

1 —P 

k ö n n e n wir s c h r e i b e n : 

1 — P 

weil p f ü r alle K las sen k le ine r als 0 -05 is t . Der d u r c h d ie 
V e r e i n f a c h u n g e n t s t a n d e n e Feh le r k a n n höchs t ens 0-4% 0 b e t r a -

g e n d e r bes t immt worden ist, und dadurch auch p. Deshalb ist bei grossen 
^-Werten auch o relat iv genauer . 

Das Gesagte sei durch ein Beispiel i l lustr ier t . 

I. Es sei 
.s = 100 

n — S 

m = 30, damit ist 
p = 0-30 

oB = f 100. 0-30 .11-70 .. 4 58 

4*">8 . R 0  om = = 1 *62. 
18 

Nehmen wir an, m habe eine Abweichung, deren Grösse om ist . Dann ist 

m = 316 

/> = 0*316 

oB = y = 4'65* 

Hier sehen wir, dass a grösser geworden ist. D i e e n t s p r e c h e n d e A b w e i c h u n g i s t 

AO — 4*65 — 4*58 = 0*07. j; 
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g e n u n d b r a u c h t n i c h t in B e t r a c h t g e z o g e n z u w e r d e n , d a d a s 
z w e i t e G l i e d i n d e r K l a m m e r s e l b s t s e h r k l e i n i s t . 

N u n b e k o m m e n w i r : 

. x aL ~\ / : 
< m ) /. I , 

a L = i / " 1 T 1 ' j L ~ 
11 ) ' •> m 

l l i V 1 ' 1 1 3 

2 n j 2 yn s j | 

= 0-250 1 / 1 - v L i l — 0 - 0 0 0 3 4 2 
[ 2 Vm 

w e i l n = 8 u n d , 9 = 8 7 6 6 i s t . 

W e n n m w ä c h s t , d a n n 

aL 
-* 0 - 2 5 0 , 

IJ 

was a u c h s e l b s t v e r s t ä n d l i c h i s t , d e n n b e i g r o s s e m m k o m m t 

II. Es sei 

s = 1000 

n — 8 

m = 300, damit ist 
p = 0-30 

GB 1^1000 . 0-30 . 0"70 . 14-50 

14'50 
om = — = 5* 12. 

1 S 
Nehmen wir .jetzt analog für m die Abweichung am an. Dann ist 

m = 305-l und 

p = 0-3051 

gn = 1 "K)ÖÖT"(V3()5l . 0^6949 = 14-57. 

Die entsprechende Abweichung von aB ist 

JOB = 14-57 — 14-50 = 0"07. 

Nach der Formel ist 
n l — 0-(j 
°Öb= r - = 0-071. 

218 

2. Wenn p = ji- ist, dann ist 
^ = 0' 

d. h. in der Umgebung von p - ist das theoretisch bestimmte oB sehr genau. 
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% — nicht mehr in Bet racht und in der Forme] (106) bleibt nur 

oL °cL 1 
- -- = — - - — — = 0-250. 
I j 

°l 2]/ n 

Aber e ine e in fache B e r e c h n u n g ze ig t auch , dass bei den in 

B e t r a c h t k o m m e n d e n m-Wer t en die Grösse n ich t viel von 
JJ 

0*250 a b w e i c h t . 

Bei m = 400 i s t 0^1 = 0-2503 
JJ 

gL 
m = 100 „ T = 0-252 

oL „ VYi = 50 „ • T = 0*254 
JJ 

GL „ m = 10 „ = 0*268. 
JJ 

3. Die maximale Grösse aa (wenn p-+Q oder p 1) ist 

1 

^^max 2 y tl 

Da die letztere Grösse bei jedem n kleiner als J- ist, zeigt dies die grosse 
Genauigkei t der Bernoull ischen Formel. Wie im Folgenden gezeigt wird, ist 
die Genauigkeit bei der Bes t immung von o B nach der Bernoull ischen Formel 
fas t immer grösser . 

Für das aus empir ischen Häufigkeitszahlen berechne te o B ist 

0B 

° a * = W » = 

=V S (p - p 2 ) . 

2 n 
Damit das nach der Bernoull ischen Formel berechnete a B genauer wäre, muss 

11" 2TLl <~\f s(p — p2) 
2 Yn r 2 n 

sein, wo 

^ (1 - 2 i>)2 . , s > ^ is t . 
2 ( p — p2) 

Folgende Tabelle zeigt die entsprechenden s-Werte fü r einige p-Werte. 

P 0*2 0-1 O-Ol O-OOl O-OOOl o-ooooi 
s 2 5 50 500 5000 50000 

4 
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Der mit t lere W e r t von 0 ^ j f ü r alle K las sen b e t r ä g t 
JJ 

(115) ~ = 0-256. 
JJ 

Setzen wir d i e sen W e r t in (104) ein, so i s t 

o K L 2 

( H 6 ) = 0*206 JJEZir l-

Nach (101) i s t 

(117) L 2 - I = SK2  

u n d 

(118) L2 = I^sK2. 

Setzen wi r je tz t l e t z t e r en A u s d r u c k in (116) ein, so i s t 

oK / 1 . \ 
(U9) K " t / v ' ' ' j ' 

W e n n w i r vo raus se t zen , dass K k o n s t a n t i s t , e rmög l i ch t 
die G le i chung (119) die m i t t l e r e A b w e i c h u n g f ü r K zu be-
s t i m m e n . 

Eine Betrachtung der Tabelle zeigt, dass bei sog. „kleinen Zahlen", wo 
0 ist, man doch genauer prüfen müsste, welche Berechnungsart sich für 

gb besser eignet — die auf der BernoulIischen Formel beruhende oder jene nach 
den Häufigkeitszahlen. Um ein zweckmässiges Kriterium zu finden, das zeigen 
würde, welche Methode im gegebenen Fall die bequemere sei, multiplizieren 
wir die beide Seiten der letzten Formel mit p. Dann bekommen wir : 

s p > 2 (1 — p)' 

Da immer 
1 — 2 p < 1 — p 

und 
(1 — 2/,)2 < ] -2 p, 

so ist 
(1 — 2 pf < 1 — p. 

Daraus ist zu ersehen, dass die obengegebene Bedingung dann erfüllt ist, wenn 

SP > I 
ist, oder 

m > 
ist. 

Dadurch ist erklärt , dass wenn die mitt lere Häufigkeitszahl grösser als 
-i. ist, auch das mit Hilfe der Bernoullischen Formel berechnete oB genauer ist 
als das aus den Häufigkeitszahlen erhaltene. Bei praktisch vorkommenden 
statist ischen Reihen ist diese Forderung fas t immer erfüllt . 
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Nach u n s e r e n D a t e n is t d u r c h s c h n i t t l i c h 

K = 3-20% ± 0-16%. 

Dami t i s t 

oK 
(120) -=-•= 0-284 ± 0-002, 

A 
WO 

(121) oK = 0-91% ± 0*04% 

is t . 

A u s d e n g e g e b e n e n K-Werten b e r e c h n e n wir, d a s s 

(122) oK= 1-20% 

is t . 

Da das l e tz te oK a u s 58 Zahlen b e r e c h n e t w o r d e n i s t , i s t 
se in F e h l e r 

(123) (T f f j r= 0-11%. 

Die Dif fe renz z w i s c h e n den beiden oK b e t r ä g t 0-29% ± 0 -12%, 
i s t also f a s t mal g rös se r als der mi t t l e re Feh le r von 
oK. D a r u m i s t die W a h r s c h e i n l i c h k e i t , d a s s oK zu fä l l ig so 
g r o s s ist , g a n z g e r i n g ( ^ 1 % ) , u n d es is t r i c h t i g e r a n z u n e h m e n , 
dass auf der T e m p e r a t u r s k a l a alle S te l len n ich t g le ich g e s t ö r t 
s ind (z. B. der U m k r e i s von I 0 u n d de r U n t e r s c h i e d z w i s c h e n 
h ö h e r e n und n i e d r i g e r e n T e m p e r a t u r e n ) . 

4. Die a n g e f ü h r t e n B e r e c h n u n g e n v e r l a n g e n n o c h e ine 
Kor r ek tu r . Das zur B e s t i m m u n g der S t ö r u n g s s t r e u u n g ver-
w e n d e t e oB i s t u n t e r der V o r a u s s e t z u n g b e r e c h n e t , dass die 
W a h r s c h e i n l i c h k e i t f ü r j ede T e m p e r a t u r k l a s s e k o n s t a n t i s t . 
Wie b e k a n n t , i s t j edoch das A u f t r e t e n der T e m p e r a t u r e n 
w ä h r e n d e ines J a h r e s sehr v e r ä n d e r l i c h . So k o m m e n im 
S o m m e r n i ed r ige T e m p e r a t u r e n ( u n t e r 0°) f a s t nie vor, u n d 
ebenso im W i n t e r f a s t nie hohe Temperaturen ( übe r -f- 10°). 
Damit haben w i r es i n n e r h a l b e ines „ V e r s u c h e s " mi t e iner 
v e r ä n d e r l i c h e n W a h r s c h e i n l i c h k e i t zu t un , u n d die S t r e u u n g 
m u s s n i ch t n a c h de r B e r n o u l l i s c h e n , s o n d e r n n a c h de r Pois -
s o n s c b e n Formel b e r e c h n e t w e r d e n . 

Die S t r e u u n g der P o i s s o n s c h e n Reihe i s t n a c h der be-
k a n n t e n Fo rme l f o l g e n d e : 

(124) = 

4* 
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Hier bedeuten : GP — das S t r e u u n g s m a s s der Poissonschen 
Reihe, oB — dasse lbe Mass der Bernoul l i schen Reihe, p0 •— die 
mitt lere W a h r s e h e i n l i e h k e i t f ü r das ganze J a h r u n d — die 
Wahrsche in l ichke i t f ü r jede e inze lne B e o b a c h t u n g . 

Umi zu schä tzen , wie g r o s s der Un te r sch i ed zwischen op 

u n d oB is t , s ch re iben wi r die le tz te Fo rme l in f o l g e n d e r 

F o r m : 

(125) Gp = Sp0 q0 — s PsH. — 
s 

= S Po q0 — S o : f = 

o j 

WO 

G.. -

sP 0 (h . 
' Po Qo 

'(Pi-Po)- ) 
ä und q o - l — P o 

i s t . 
Wei l nach den B e o b a c h t u n g s d a t e n q0 i m m e r g r ö s s e r a ls 

0'95 is t ( d u r c h s c h n i t t l i c h 0-98), so können wi r in de r F o r m e l 
(125) g0 = 1 n e h m e n , und wir e rha l t en dann : 

(126) a F = a H 2 I 1 - 0 " 
Po 

Bezeichnen wir die Grösse 

Po 

u n d b e r e c h n e n sie f ü r jede T e m p e r a t u r k l a s s e , so s e h e n wir , 
da s s 2 k i m m e r k le ine r als 0*05 ist ( d u r c h s c h n i t t l i c h 0*024). 
D a r u m können wir auf G r u n d von (126) s c h r e i b e n : 

(127) op=oB{l — x). 

Die fo lgende Tabel le (Tab. 4) g ib t f ü r j e d e T e m p e r a t u r -
k lasse die e n t s p r e c h e n d e n p0-, o v u n d x - W e r t e in P r o z e n t e n . 

*) Die Berechnung von tr* ist dadurch vere infacht worden, dass die 
Wahrscheinl ichkei t p{ für jeden Monat als kons tan t angenommen worden is t . 

Dadurch ist 
1

1̂ (P1--Po)2  

—12 

wo P i die entsprechende Wahrscheinlichkeit f ü r den J anua r , p2 fü r den Feb rua r 

u. s. w. ist. 
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Tab. 4. 

t p0 G* * t Po i <>% X 

28 0-12 0-36 0'5 0 4-94 4-04 1-7 

27 0-16 0-39 0-5 — 0 3'43 2-80 1-2 
26 0 32 0-62 0-6 — 1 2-94 2-51 M 
25 0-41 0-68 0-6 2 2-90 2-77 1-3 
24 0-53 0-89 0-8 — 3 2-53 2-61 1-4 
23 0-70 1-08 0-8 — 4 2-37 2-62 1-4 
22 0-91 1 -49 1-2 — 5 2-24 2-48 1-4 
21 0-98 1-58 1-3 — 6 1-96 2*22 1-3 
20 1-28 1-36 1-4 — 7 1-64 2-00 1-2 
19 1-56 2 2 2 1-6 — 8 1-53 2-00 1-3 
18 2-07 2-79 1-9 - 9 1-53 2-05 1-4 
17 2-42 3 3 8 2-4 — 10 1-27 1-69 1*1 
16 3 02 3-88 2-5 — 11 1-07 1-63 1-2 
15 3-17 3'86 2-4 — 12 1-06 1-58 1-2 
14 342 3-90 2-2 — 13 0-86 1-25 0-9 
13 3-63 3-98 2 -2 — 14 0-81 1-27 1-0 
12 3-48 3-75 2-0 — 15 0*58 0-97 0-8 
11 3-47 3-42 1-7 — 16 0'53 0-91 0-8 
10 3-17 3-22 1-6 — 17 0-41 0-58 0-4 

9 3-25 3-32 1-7 —18 0-29 0-47 0-4 
8 3*27 3 5 4 1-9 —19 0-25 0-47 0-4 
7 2'79 3-85 2-7 - 2 0 0 1 4 0-26 0-2 
6 3-07 3-02 1-5 - 2 1 0-12 0-22 0-2 
5 3-11 3 0 5 1-5 22 o-io 0-21 0-2 
4 3-04 2-86 1-4 - 2 3 0-12 0-26 0-3 
3 3-32 3 09 1-4 —24 0-08 0-19 0-2 
2 3-63 3-38 1-6 — 25 0-07 0-17 0-2 
1 5'05 4-29 1-8 

A u s der Tabelle e r s e h e n wir, dass op durchschni t t l ich 
nur um 1 ' 0 % von a B a b w e i c h t (maximal um 2-7%). 

Nach (111) i s t 
1 — 2 p J L 

'"Ji <> V n 

Weil n = 8 i s t und d u r c h s c h n i t t l i c h / ; = 0'02 und L = 3'3 
s ind, so b e t r äg t d u r c h s c h n i t t l i c h 

0-96. 3-3 
Ogr = = 0*56. 

B 2 V 8 
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Da die Grosse a B zwischen 2-0 und 20*9 s c h w a n k t (die 
durchschni t t l iche Grosse von oB i s t 11*0), v e r ä n d e r t s i ch de r 
r e l a t i ve F e h l e r von oB in den Grenzen von 2 * 7 % bis 2 8 % u n d 
ha t die d u r c h s c h n i t t l i c h e Grösse von 5*1 % . Im Verg le i ch zu 
d iese r Zahl is t die Di f fe renz zwischen oB und ap viele Male 
k le ine r , u n d wir k ö n n e n r u h i g s t a t t or aB schre iben . 

Bei a n d e r e n m e t e o r o l o g i s c h e n E l e m e n t e n ("Windgeschwin-
d igke i t , r e la t ive F e u c h t i g k e i t u n d L n f l d r u c k ) i s t d iese D i f f e r e n z 
noch k le iner , d e n n jene we i sen in ih rem jähr l ichen Ver l au fe 
eine v ie l g r ö s s e r e S t e t i gke i t auf als die T e m p e r a t u r . 

5. Im f o l g e n d e n wol len wir die Grösse des S t ö r u n g s -
koef f i z ien ten beim L u f t d r u c k (PMH ) b e t r a c h t e n . Die fo lgende 
Tabel le (Tab. 5) g ib t a n a l o g j ene r f ü r die T e m p e r a t u r die 

n o t w e n d i g e n Grössen . 

Tab. 5. 

P tnb •m 0L aB j rf x% 0% 

4 0 - 4 3 3 7 1-8 7 4-1 212 
3 6 - 3 9 18 21 4*2 21 5-3 117 
3 2 - 3 5 40 32 6-3 31 5-3 78 
2 8 - 3 1 90 55 9-4 54 6-2 (iO 
24—27 178 99 13-2 97 7-8 54 

O
 I IC

 
C

C
 341 75 18-1 73 4-3 22 

1 6 - 1 9 472 106 21-1 103 5-2 22 
1 2 - 1 5 708 76 25-5 71 3-0 10 
0 8 - 1 1 1060 140 30-5 137 4-8 13 
04—07 1342 199 337 196 6-2 15 
0 0 - 0 3 1303 170 33-3 167 5-4 13 
9 6 - 9 9 1144 141 31'5 138 4-7 12 
9 2 - 9 5 831 44 27-4 I 33 1.3 4 
8 3 - 9 1 546 100 22-6 97 4-6 18 
84—87 291 50 16 8 47 3-0 16 
8 0 - 8 3 174 64 13-1 i 63 b-1 36 
7 6 - 7 9 108 26 10-3 24 2-4 22 
72—75 64 41 8-0 40 54 62 
68—71 23 18 4-8 18 4-0 78 
6 4 - 6 7 8 8 2-8 8 3 0 100 
60—63 2 5 1-6 5 3-5 250 
5 6 - 5 9 5 10 2*2 10 4*7 200 
52 — 55 2 5 1-3 i 4 3-7 200 

A u s dieser Tabel le ist e b e n f a l l s ers icht l ich, d a s s K mehr 
oder w e n i g e r k o n s t a n t i s t , C aber in e iner g e w i s s e n Be-
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Ziehung1 zu de r Grösse m s t e h t . D a s G e s a g t e wi rd noch d e u t -
l icher , wenn wi r die F ig . 8 b e t r a c h t e n . 

Zur E r k l ä r u n g der sehr g r o s s e n Kor re l a t ionskoe f f i z i en ten 
( | r |>>0 - 9) zwischen M und C k a n n m a n ke ine phys ika l i s chen 
U r s a c h e n a n g e b e n . 

* — * — ~ * 

JOO 

>00 . 

f*. 

IO . 
>0 . 

f • 

f 

SOG 'OOO 

Fie-. 8. 

In Fig . 9 i s t die A b h ä n g i g k e i t zwi schen L u f t d r u c k u n d 
K d a r g e s t e l l t w o r d e n . 

A u s d e r F ig . 9 e r s i e h t m a n , dass zwischen K und dem 
L u f t d r u c k ein g e r i n g e r pos i t iv -kor re la t ive r Z u s a m m e n h a i i g 
b e s t e h t ; die A b w e i c h u n g e n der Grössen K von ih rem m i t t l e r e n 
W e r t e s ind abe r so g r o s s , dass dieser Z u s a m m e n h a n g n u r 
s c h e i n b a r sein k a n n . Um zu b e u r t e i l e n , ob die g e n a n n t e n 
A b w e i c h u n g e n zufä l l ige s i n d oder n i c h t , be r echnen wir , wie 
a u c h bei de r T e m p e r a t u r , die Grösse oK u n d v e r g l e i c h e n sie 
mi t dem aus dem B e o b a c h t u n g s m a t e r i a l b e r e c h n e t e n oK. 
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Berechnen w i r nach der Formel (114) f ü r j e d e Klasse 

oL 

L 
l e t z t e r e : 

u n d de ren a r i t h m e t i s c h e s Mittel , so e rha l t en wir f ü r d a s 

aL 

L 
0-257. 

Nach de r Formel (119) i s t 
oK I l 
K ~ ( + Jx-

= 0-272 ± 0-002, 

denn der d u r c h s c h n i t t l i c h e W e r t von K i s t 

K = 4-48 ± 0-29. 

H i e r a u s e r h a l t e n wi r f ü r aK den W e r t 
oK= 1-22 ± 0-07. 

A n s d e m B e o b a c h t u n g s m a t e r i a l b e r e c h n e t , b e t r ä g t 

aK = 1-40 ± 0*21. 

Die D i f f e r enz zwischen beiden oK i s t 

0-18 ± 0-22. 

80 60 SO n> 90 IO OO JO VO pmt 

Fig. 9. 

D a r u m k a n n m a n s a g e n , d a s s die S t ö r u n g f ü r jede L u f t -
d r u c k k l a s s e k o n s t a n t is t , w a s a u c h e ine r i n tu i t i ven Ka lku la t ion 
g e m ä s s a n n e h m b a r is t . 

6. E b e n s o s t e h t es mi t de r W i n d g e s c h w i n d i g k e i t . Die 
f o l g e n d e Tabel le (Tab. 6) b i e t e t a n a l o g den f r ü h e r e n Tabe l l en 



A X X X I V . 2 Problem d. Messung d. S törung usw. 57 

die e n t s p r e c h e n d e n D a t e n f ü r j e d e G e s c h w i n d i g k e i t s k l a s s e 
(v m/sec) . 

Tab . 6. 

V 

m/sec m 0L 6 K% c% 

0 143 34 11-9 32 2-9 22-4 
1 1011 103 29-9 98 3-5 9-7 
2 2519 151 42-3 145 3-7 5-8 
3 1839 117 38-2 111 3 1 6*0 
4 1305 105 3 3 3 100 3-2 7-7 
5 901 79 28-4 74 2-8 8*2 
6 496 73 21-6 70 3-5 14-1 
7 303 62 17*1 60 3-8 19-8 
8 150 23 121 20 1-8 13-3 
9 57 13 7-5 10 1-4 17-5 

10 23 7 4-8 5 M 21-7 

W i r k o m m e n za dem Sch luss , d a s s d u r c h s c h n i t t l i c h 

oL 
= 0 - 2 5 3 

Ju 

u n d 
oK 
^ = 0 - 2 9 0 ±0-007 

is t , denn der durchschni t t l iche W e r t von K i s t 

K = 2-80 ± 0-28. 

H i e r a u s e r h a l t e n w i r : 

oK = 0*81 ±0-06. 

A u s den B e o b a c h t u n g s d a t e n b e r e c h n e t , ist 

oK = 0-93 ± 0-20. 

Die D i f f e r e n z z w i s c h e n den be iden oK b e t r ä g t h i e r n a c h 

0-12 ± 21. 

Die B e r e c h n u n g s r e s u l t a t e ze igen , d a s s die S t ö r u n g f ü r 
alle G e s c h w i n d i g k e i t s k l a s s e n a ls k o n s t a n t a n g e n o m m e n w e r d e n 
k a n n . 

7. Zule tz t wol len w i r die S t ö r u n g der re la t iven F e u c h -
t i gke i t b e t r a c h t e n . A n a l o g dem V o r h e r g e h e n d e n b i e t e t die 
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fo lgende Tabelle (Tab. 7.) f ü r jede F e u c h l i g k e i t s k l a s s e ( R 0 I 0 ) 
die e n t s p r e c h e n d e n m-, oL-, aB-, ö-, K- u n d C - W e r t e . 

Tab. 7. 

7>0/ 
1 1 /0 m 0L 

" 

aB 6 1\ 0 ' 
/0 

n 0/ 
/'0 m aL aB 

[{0/ JV /0 c% 

1 0 0 2 2 1 2 4 4 1 4 - 7 2 4 4 1 7 - 8 1 1 0 6 5 8 1 1 3 8 - 9 1 0 1 - 2 1 2 

9 9 1 4 5 9 6 1 2 - 0 9 5 8 - 6 6 6 6 4 7 3 1 5 8 - 5 1 2 1 - 5 1 6 

9 8 2 2 6 8 8 1 4 - 8 8 7 6 ' 3 3 8 6 3 7 6 1 4 8 - 7 1 1 1 - 4 1 4 

9 7 2 7 3 6 7 1 6 - 2 6 5 4 - 3 2 4 6 2 7 2 1 6 8 - 5 1 4 1 - 8 2 0 

9 6 3 1 7 6 9 1 7 - 5 6 7 4 - 1 2 1 6 1 6 5 1 6 8 - 0 1 4 1 - 9 2 2 

9 5 3 5 3 6 3 1 8 - 4 6 0 3 - 5 1 7 6 0 7 3 1 6 8 - 5 1 4 1 - 8 1 9 

9 4 3 7 5 4 8 1 9 0 4 4 2 - 5 1 2 5 9 6 6 1 2 8 - 1 9 1 - 2 1 4 

9 3 3 7 1 8 3 1 8 - 9 8 1 4 - 6 2 2 5 8 6 2 1 6 7 - 8 1 4 1 - 9 2 3 

9 2 3 4 2 5 5 1 8 - 1 5 2 3 - 1 1 5 5 7 6 5 1 3 8 - 0 1 0 1 - 3 1 5 

9 1 3 3 4 6 2 1 7 - 9 5 9 3 - 5 1 8 5 6 5 5 1 2 7 - 4 9 1 - 8 1 6 

9 0 3 5 3 6 7 1 8 - 4 6 5 3 - 8 1 8 5 5 5 9 1 6 7 - 6 1 4 2 - 0 2 4 

8 9 2 9 7 3 6 1 6 - 9 3 2 2 - 1 1 1 5 4 5 4 1 5 7 - 3 1 3 1 - 9 2 4 

8 8 2 8 4 2 0 1 6 - 6 1 1 0 - 7 4 5 3 4 6 1 3 6 7 1 1 1 - 7 2 4 

8 7 2 7 3 2 8 1 6 - 3 2 3 1 - 5 8 5 2 5 1 9 7 - 1 5 0 - 8 1 0 

8 6 2 6 8 4 8 1 6 - 1 4 5 3 - 0 1 7 5 1 4 4 9 6 - 6 6 1 - 0 1 4 

8 5 2 3 7 4 9 1 5 - 2 4 6 3 - 3 1 9 5 0 4 8 1 3 6 - 9 1 1 1 - 7 2 3 

8 4 2 3 3 6 1 1 5 - 0 5 9 4 - 2 2 5 4 9 4 4 1 0 6 - 6 8 1 - 3 2 3 

8 3 2 0 3 4 0 1 4 - 1 3 7 2 - 7 1 8 4 8 4 0 9 6 3 6 1 - 0 1 5 

8 2 1 9 7 2 3 1 3 - 9 1 8 1 - 4 9 4 7 3 8 1 1 6 - 1 9 1 - 6 2 4 

8 1 1 8 1 1 8 1 3 - 3 1 2 1 - 0 7 4 6 3 6 8 6 - 0 5 0 - 9 1 4 

8 0 1 8 0 2 7 1 3 - 2 2 4 1 . 9 1 3 4 5 3 4 1 3 5 - 8 1 2 2 - 2 3 5 

7 9 1 5 4 2 9 1 2 - 3 2 6 2 ' 3 1 7 4 4 2 9 7 5 ' 4 4 0 - 8 1 4 

7 8 1 5 3 3 1 1 2 - 3 2 8 2 - 5 1 8 4 3 2 7 8 5 - 2 6 1 - 3 2 2 

7 7 1 4 6 2 8 1 2 - 0 2 5 2 ' 2 1 7 4 2 2 5 8 5 - 0 6 1 - 3 2 4 

7 6 1 3 5 2 3 1 1 - 5 2 0 1 - 9 1 5 4 1 2 4 1 0 4 - 9 9 2 - 0 3 8 

7 5 1 3 4 1 5 1 1 - 5 1 0 0 - 9 S 4 0 2 3 1 1 4 - 8 1 0 2 - 3 4 4 

7 4 1 3 0 2 2 1 1 - 3 1 9 1 - 8 1 5 3 9 2 1 1 0 4 - 6 9 2 - 1 4 3 

7 3 1 2 4 2 2 1 1 0 1 9 1 - 7 1 5 3 8 1 9 8 4 - 3 7 1 - 7 3 7 

7 2 1 2 2 1 8 1 1 * 0 1 4 1 - 4 1 2 3 7 1 7 7 4 - 1 6 1 - 6 3 5 

7 1 1 0 0 1 1 9 - 9 5 0 ' 5 5 3 6 1 3 8 3 - 6 7 2 1 5 6 

7 0 1 0 8 1 8 1 0 - 3 1 5 1 - 6 1 4 3 5 1 3 1 1 3 - 6 1 0 3 - 0 7 8 

6 9 9 6 2 2 9 - 7 2 0 2 - 2 2 1 3 4 1 0 5 3 * 2 4 1 - 4 4 0 

6 8 9 4 1 4 9 - 6 1 0 M 1 1 3 3 7 7 2 - 6 6 2 - 4 8 6 

6 7 9 0 2 0 9 - 4 1 8 2 - 1 2 0 3 2 4 5 2 - 0 5 2 - 7 1 2 5 

6 6 8 4 2 0 9 - 1 1 8 2 - 1 2 1 

Hier is t das P r o b l e m e in w e n i g kompl iz ie r t e r als in den 
vo r igen Fä l len . Aus der Tabel le e r s i e h t man , d a s s die ÜT-Werte 
n i ch t als k o n s t a n t a n g e n o m m e n w e r d e n k ö n n e n , denn dazu 
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i s t der Unterschied zwischen einigen AYerten zu g r o s s . Daraus 
f o l g t , d a s s e in ige P e u c h t i g k e i t s k l a s s e n mehr g e s t ör t s ind als 
die a n d e r e n . Das G e s a g t e wird d u r c h F i g . 10 v e r a n s c h a u l i c h t , 
in w e l c h e r der Z u s a m m e n h a n g zwischen der re la t iven F e u c h t i g -
ke i t (R%) u n d K g e g e b e n w i r d . 

A u s der F i g u r 10 e r s i e h t m a n , da s s K bis zu 95—96% 
mehr oder w e n i g e r k o n s t a n t ist . Um das zu beweisen, berech-

- / r 

-IO 

9p 60 IO BO 30 

Fig. 10. 

nen wir a n a l o g dem Vorhergehenden den mitt leren Fehler K 
und verg le ichen ihn mit dem aus den Z--Daten b e r e c h n e t e n . 

Nach (114) erhal ten wir, dass 

oL 
j r - — 0*258 

u n d d a s s damit 
aK 

— = 0*387 ± 0*008 

is t , d e n n der m i t t l e r e W e r t von K i s t 

K = 1*93 ± 0*10. 

H i e r a u s e r h a l t e n w i r : 

oK = 0*65 ± 0*02. 

A u s den B e o b a c h t u n g s d a t e n be rechne t , i s t 

oK = 0"85 ± 0*07. 
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Die Differenz zwischen den beiden oK b e t r äg t 

0'20 rt 0-07. 

Auf G r u n d dieser Resu l t a t e k a n n m a n s agen , dass bei 
r e l a t i ven F e u c h t i g k e i t e n bis zu 95% (incl.) alle Klassen n i c h t 
gleich g e s t ö r t s i n d ; abe r die A b w e i c h u n g von e inem k o n s t a n -
ten W e r t i s t g a n z g e r i n g . Dies e r s i eh t m a n a u c h aus der fo l -
g e n d e n F i g u r (Fig. 11), wo der Z u s a m m e n h a n g zwischen Z u n d 
m g e z e i g t w i rd . 

X 

s 

: 
J, * . . * .X*M3 ... ' 9K 

io 20 so 200 soo 
m 

Fig. 11. 

W a r u m die g r o s s e n re la t iven F e u c h t i g k e i t e n m e h r g e s t ö r t 
s ind als die k le inen , b e s o n d e r s d i e j en igen in der Nähe von 100%, 
k a n n d u r c h m e h r e r e U r s a c h e n e r k l ä r t w e r d e n . Die H a u p t -
u r sache i s t die, dass diese F e u c h t i g k e i t e n in d e r Nähe vom 
K o n d e n s a t i o n s p u n k t e des W a s s e r d a m p f e s l i egen . W e g e n de r kli-
m a t o l o g i s c h e n Un te r s ch i ede zwischen den v e r s c h i e d e n e n J a h r e n 
k ö n n e n die F e u c h t i g k e i t e n in e inem J a h r e 100% n ich t e r r e i chen , 
in anderen, abe r s ie we i t ü b e r s t e i g e n . Da jedoch aus phys ika l i -
s chen G r ü n d e n (die K o n d e n s a t i o n ) d ieses l e t z t e re n i c h t mög-
lich i s t , so l a s sen s ich alle Klassen mi t r e la t ive r F e u c h t i g k e i t 
ü b e r 100% zu e iner Klasse (Ä = ioo%) z u s a m m e n f a s s e n , u n d 
d a d u r c h w i rd auch ein h o h e r W e r t der S t ö r u n g e r r e i ch t . Zwei-
t e n s i s t bei e in u n d de r se lben T e m p e r a t u r die m a x i m a l e Spann-
k r a f t des W a s s e r d a m p f e s n i c h t i m m e r k o n s t a n t , u n d d e s h a l b 
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m ü s s t e m a n a u c h r e l a t i ve F e u c h t i g k e i l e n übe r 100% e i n f ü h r e n . 

Das wird abe r n i c h t g e t a n , s o n d e r n m a n n i m m t die bei de r 
K o n d e n s a t i o n wi rk l i ch v o r h a n d e n e S p a n n k r a f t als 100% u n d die 
a n d e r e n p ropor t iona l an . D a d u r c h w e r d e n die Klassen v e r s c h o b e n , 
u n d zwar des to mehr , je n ä h e r sie zu 100% s t ehen , w a s die 
S t r e u u n g ebenfa l l s v e r g r ö s s e r t . D r i t t e n s w e r d e n die Beobach-
t u n g s d a t e n der r e l a t iven F e u c h t i g k e i t dem H y g r o g r a m m en t -
n o m m e n , wobei f ü n f m a l t äg l i ch mi t Hi l fe des A s s m a n n s c h e n 
A s p i r a t i o n s p s y c h r o m e t e r s K o r r e k t i o n e n a n g e b r a c h t w e r d e n . F ü r 
die d a z w i s c h e n l i e g e n d e n S t u n d e n , in w e l c h e n die r e l a t ive 
F e u c h t i g k e i t n a c h dem H y g r o g r a m m w e g e n der s ich i m m e r 
ä n d e r n d e n Kor rek t ion über 100% s te ig t , n i m m t m a n die g röss t e 
F e u c h t i g k e i t g le ich 100% an u n d k o r r i g i e r t d e m e n t s p r e c h e n d 
d i e a n d e r e n D a t e n . Das v e r s c h i e b t eben fa l l s die Lage der 
Klassen u n d v e r g r ö s s e r t d a d u r c h die S t r e u u n g . 

A u s d ie sen G r ü n d e n is t s c h o n im Voraus zu e r w a r t e n , 
d a s s die 100%-Klasse u n d die ih r n a h e s t e h e n d e n Klassen e ine 
g r o s s e S t ö r u n g a u f w e i s e n . 

8. Z u s a m m e n f a s s e n d k a n n g e s a g t werden , da s s de r n e u e 
S t ö r u n g s k o e f f i z i e n t in der Kl imato logie g u t a n w e n d b a r i s t , 
wobe i al le mi t Hilfe d e s s e l b e n gezogenen Schlüsse s i ch phys i -
k a l i s c h b e g r ü n d e n lassen . 
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Die Frage übe r das V o r k o m m e n u n d A u f t r e t e n von 
Acetylchol in im Blute v e r s c h i e d e n e r O r g a n i s m e n h a t s t e t s 
ein r e g e s I n t e r e s s e e rweck t . Trotz zah l re icher expe r imen te l l e r 
U n t e r s u c h u n g e n ist man abe r b i she r noch zu ke inen e indeut i -
g e n R e s u l t a t e n g e k o m m e n . Zwar s ind im Blute bald k le ine re , 

bald g rös se re Mengen Ace ty lcho l in a u f g e f u n d e n w o r d e n , dann 
aber wieder ga r ke ins ( S c h r i f t t u m - Z u s a m m e n s t e l l u n g e n bei 
G a d d u m (1) u n d F r a n e l (2)). Im J a h r e 1932 w u r d e von 
M i n z (3) f ü r den Ace ty l cho l innachwe i s ein s eh r e m p f i n d l i c h e s , 
g e e i g n e t e s und g e w i s s e r m a s s e n a u c h spezif isches T e s t v e r f a h r e n 
am B l u t e g e l r ü c k e n m u s k e l e i n g e f ü h r t . Se i tdem s ind d a n k dem 
n e u e n V e r f a h r e n mehre re wertvol le Be i t r äge zu d i e s e r F r a g e 
v e r ö f f e n t l i c h t w o r d e n . Auf G r u n d der l e tz ten U n t e r s u c h u n g e n 
k a n n im a l lgeme inen a n g e n o m m e n w e r d e n , dass das a r t e r i e l l e 
wie auch das venöse Blu t g e w ö h n l i c h kein biologisch nachwe i s -
bares Ace ty lcho l in e n t h ä l t . N a c h v o r h e r g e g a n g e n e r i n t r a v e n ö s e r 
Eser in- oder P r o s t i g m i n i n j e k t i o n k a n n abe r das a u s ve r sch ie -
d e n e n V e n e n g e b i e t e n e n t n o m m e n e Blut e inen deu t l i chen Ace-
ty l cho l i ngeha l t an den B l u t e g e l p r ä p a r a t e n a u f w e i s e n . So sind 
A c e t y l c h o l i n b e f u n d e im v e n ö s e n Blute des D a r m g e b i e t e s (Fe l d -
b e r g u n d R o s e n f e l d (4), D a l e u n d F e I d b e r g (5), 
D o n o m a e (6)), des Herzens ( F e l d b e r g und K r a y e r (7)), 
v e r s c h i e d e n e r Drüsen u n d noch a n d e r e r Gebie te m i t p a r a s y m -
p a t h i s c h e r I n n e r v a t i o n f e s t g e s t e l l t w o r d e n . W i d e r s p r ü c h e , die 
s ich h i n s i c h t l i c h der mit Blut aus der E x t r e m i t ä t e n m u s k u l a t u r 
e rha l t enen E rgebn i s s e geze ig t haben , b r i n g e n n e u e r d i n g s zu 
dieser F r a g e ein a n s c h e i n e n d ganz n e u e s Prob lem h inzu . 

Das V o r k o m m e n von Acetydcholin im venösen B lu t e d e r 
r u h e n d e n M u s k u l a t u r wie auch w ä h r e n d ihrer A r b e i t s h y p e r ä m i e 
ist in den le tz ten J a h r e n b e s o n d e r s e i f r ig u n t e r s u c h t w o r d e n , 
wobei e ine rse i t s der M e c h a n i s m u s de r G e f ä s s d i l a t a t i o n , a n d e -
r e r s e i t s die c h o l i n e r g i s c h e F u n k t i o n der mo to r i s chen N e r v e n -
faser ins A u g e g e f a s s t w u r d e n . Die erziel ten Resu l t a t e w ide r -
sp rechen j edoch e i n a n d e r . Im a l l g e m e i n e n läss t s ich s a g e n , 
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d a s s das Blut a u s der E x t r e m i t ä t envene , fa l l s dem Tier n i c h t 
allzu g r o s s e P h y s o s t i g m i n g a b e n in j i z i e r t worden wa ren , auf 
den Blu tege l n i ch t e i n w i r k t . W e n n die H i n t e r b e i n m u s k u l a t u r 
von H u n d e n u n d Katzen, d i rek t oder i n d i r e k t übe r ih re Nerven 
ge re iz t , in Arbe i t g e s e t z t w i rd , so t r i t t in der P e r f u s i o n s f l ü s s i g -
ke i t Ace tv l cho l i n auf ( D a l e , P e l d b e r g u n d V o g t (8)) 
u n d soll d ieses Ace ty lcho l in von der E r r e g u n g der motor i -
schen N e r v e n f a s e r h e r r ü h r e n . F e r n e r i s t a u c h von B ü l b r i n g 
und B u r n (9) geze ig t w o r d e n , dass in der P e r f u s i o n s f l ü s s i g -
ke i t der E x t r e m i t ä t e n m u s k u l a t u r bei in fo lge von Reizung der 
s y m p a t h i s c h e n N e r v e n f a s e r au i ' t r e t ende rGefä s sd i l a t a t i on Ace ty l -

chol in n a c h z u w e i s e n i s t . E s wird also v e r s c h i e d e n e r s e i t s ü b e r 
e i n e n Ü b e r t r i t t von Ace ty lcho l in in die B l u t b a h n e n der Musku-
l a t u r b e r i c h t e t . 

E ine Reihe a n d e r e r A u t o r e n l e u g n e t auf Grund ih re r Ex-
p e r i m e n t e das A u f t r e t e n von Ace ty lcho l in in der B l u t b a h n 
im Bere iche der w i l l kü r l i chen M u s k u l a t u r u n t e r no rma len 
K r e i s l a u f v e r h ä l t n i s s e n ü b e r h a u p t ab. F r a n e l (2) k o n n t e in 
i h ren e i n g e h e n d e n U n t e r s u c h u n g e n im G e g e n s a t z zu D a l e u n d 
a n d e r e n bei der Muske la rbe i t n u r a u s n a h m s w e i s e e ine ace ty l -
c h o l i n ä h n l i c h e S u b s t a n z in der P e r f u s i o n s f l ü s s i g k e i t oder a u c h 
im B lu t n a c h w e i s e n . A u c h F l e i s c h , S i b u l u n d K a e l i n (10) 
k a m e n zu e i n e m pr inz ip ie l l g le ichen Resu l t a t e . Diese A u t o r e n 
k o n n t e n im venösen Blu te der e l e k t r i s c h t e t a n i s i e r t e n Musku-
l a t u r s o l a n g e ke in Ace ty l cho l i n n a c h w e i s e n , als de r Kreis lauf 
noch o r d n u n g s g e m ä s s f u n k t i o n i e r t e . Sobald er aber g e g e n 
E n d e des Versuches bei n i ed r igem B l u t d r u c k i n s u f f i z i e n t w u r d e , 
k o n n t e Ace ty lcho l in irn a u s der E x t r e m i t ä t e n v e n e e n t n o m -
m e n e n Blu te sowohl w ä h r e n d wie auch nach der M u s k e l r e i z u n g 
of t g e f u n d e n w e r d e n . Dieser B e f u n d sch ien von g r o s s e r Be-
d e u t u n g zu sein, i n d e m er eine b e f r i e d i g e n d e K l ä r u n g der 
s t r i t t i g e n F r a g e über A c e t y l c h o l i n b e f u n d e in A u s s i c h t s te l l t e . 
Die aus ihm zu f o l g e r n d e A n n a h m e w ä r e die , d a s s das Ace-
tylchol in im k r e i s e n d e n Blu te , resp. in der P e r f u s i o n s f l ü s s i g -
kei t , v e r m u t l i c h n u r bei g e s c h ä d i g t e m K r e i s l a u f e g e f u n d e n 
w e r d e n kann . H i e r m i t is t die F r a g e übe r das A c e t y l c h o l i n -
v o r k o m m e n im s t r ö m e n d e n Blu te ins L i c h t e ines p a t h o l o g i s c h e n 
P h ä n o m e n s g e s t e l l t worden , u n d es so l l ten d a h e r zwecks i h r e r 
K l ä r u n g die v e r s c h i e d e n s t e n Z u s a m m e n h ä n g e mögl ichs t bald 
expe r imen te l l e r f o r s c h t w e r d e n . 



A XXXIV. 3 Über das Auftreten von Acetylcholin etc. 5 

D i e v o n u n s ( F l e i s c h , S i b u l u n d K a e l i n (10)) ge-
m a c h t e B e o b a c h t u n g , da s s ein i n s u f f i z i e n t e r Kre i s l au f mi t 
a l l g e m e i n b e d r o h l i c h e m Z u s t a n d e des O r g a n i s m u s e ine G r a n d -
b e d i n g u n g f ü r da s A u f t r e t e n von Ace ty l cho l in im s t r ö m e n d e n 
B l u t e i s t , v e r a n l a s s t e u n s die B l u t u n t e r s u c h u n g e n auf Acety l -
e h o l i n g e h a l t noch auf w e i t e r e p a t h o l o g i s c h e K r e i s l a u f v e r h ä l t -
n i s s e a u s z u d e h n e n . D a b e i t a u c h t e die F r a g e auf , ob d a s 
Aee ty lcho l in bei s ämt l i chen Ko l l aps fo rmen im B l u t e zu f i n d e n 
sei , ja ob n i c h t v ie l le ich t die Ko l l apse r s che inungen zum Teil 
s o g a r d u r c h d a s Aee ty l cho l in v e r u r s a c h t w ü r d e n . E i g e n t l i c h 
s t e l l t da s A u f t r e t e n von H i s t a m i n u n d von a n d e r e n b i o c h e m i s c h e n 
V e r b i n d u n g e n be im a n a p h y l a k t i s c h e n Schock u n d bei a n d e r e n 
Schock- u n d R e a k t i o n s f o r m e n ja n i c h t s B e s o n d e r e s d a r ; in be-
z u g auf d a s Ace ty lcho l in f eh l en abe r a n s c h e i n e n d noch j eg l i che 
d i e sbezüg l i che expe r imen te l l e B e o b a c h t u n g e n . G e w i s s e Ä h n -
l i chke i t en zwischen K o l l a p s z u s t ä n d e n e i n e r s e i t s u n d der Ace-
t y l c h o l i n w i r k u n g a n d e r e i s e i t s s c h e i n e n in der Ta t zu b e s t e h e n , 
i n d e m der e ine wie der a n d e r e Z u s t a n d a ls w i c h t i g s t e s Cha-
r a k t e r i s t i k u m die H e r a b s e t z u n g d e r K r e i s l a u f l e i s t u n g au f -
we i s t . J e d o c h k a n n auf G r u n d e iner so lchen u n s i c h e r e n 
A n a l o g i e u n d vie l le icht e in ige r w e i t e r e r i n d i r e k t e r Z u s a m m e n -
h ä n g e in der u n s b e s c h ä f t i g e n d e n F r a g e n i c h t s e n t s c h i e d e n 
w e r d e n . N u r w e i t e r e expe r imen te l l e F o r s c h u n g e n k ö n n e n h ie r 
e ine s ichere A n t w o r t g e b e n . Zweife l los d ü r f t e n d ie E r g e b -
n i s se so lcher U n t e r s u c h u n g e n n i c h t n u r vom P h y s i o l o g i s c h e n j  

s o n d e r n a u c h vom k l i n i s c h e n G e s i c h t s p u n k t e a u s i n t e r e s s a n t 
w e r d e n . 

In den vo r l i egenden U n t e r s u c h u n g e n h a b e i ch f o l g e n d e 
exper imente l l e r z e u g b a r e K o l l a p s f o r m e n resp . d e n R e a k t i o n s -
z u s t a n d se i t ens de s Kre i s l au fe s n a c h A d r e n a l i n z u f ü h r u n g in 
B e t r a c h t g e z o g e n : 1) den E n t b l u t u n g s k o l l a p s , 2) den Pep tonko l -
laps , 3) den W u n d k o l l a p s m i t Z e r q u e t s c h u n g e n i m B e r e i c h e des 
P e r i t o n e u m s und der E x t r e m i t ä t e n m u s k u l a t u r u n d 4) den Reakt i -
o n s z u s t a n d nach E i n v e r l e i b u n g g r ö s s e r e r M e n g e n von Adre-
n a l i n . Dabe i w u r d e v o r w i e g e n d B l u t aus de r Vena f e m o r a l i s 
u n t e r s u c h t , ge l egen t l i ch , bei Z e r q u e t s c h u n g e n im D a r m g e b i e t j  

a u c h Blu t a u s de r V e n a cava in fe r io r , obe rha lb d e r E i n m ü n -
d u n g der Venae hepa t i cae . Zur F e s t s t e l l u n g von A c e t y l c h o l i n 
d i e n t e n n a c h M i n z (3) h e r g e s t e l l t e B l u t e g e l p r ä p a r a t e . 
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Methodik. 
A l s V e r s u c h s t i e r e dienten Katzen, die mit Numal (Roche) 

und zum Teil auch mit Urethan n a r k o t i s i e r t waren. Zur Pest-
s t e l l u n g des a l lgemeinen K r e i s l a u f z u s t a n d e s w u r d e bei den 
V e r s u c h s t i e r e n im ganzen V e r l a u f e des Exper iments der arteri-
elle Blutdruck in der A r t . femoral i s oder auch der A r t . carot i s 
m i t t e l s e i n e s Quecks i lbermanometer s r e g i s t r i e r t . Zur Ent-
nahme der Blutproben f ü r die A n a l y s e auf A c e t y l c h o l i n g e h a l t 
w u r d e in die V e n a f e m o r a l i s eine T-Kani i le so e i n g e b u n d e n , 
dass die B lu tz i rku la t ion n i c h t g e s t ö r t w u r d e . Mit F r e i g a b e 
des Se i t enas t e s d iese r Kanüle u n d A b k l e m m e n des R ü c k s t r o -
mes ins Tier w u r d e der f r e i e Auslauf von B lu t a u s de r E x t r e -
m i t ä t e n v e n e erziel t . Dabe i g i b t die A u f n a h m e z e i t der e inze lnen 
B l u t p r o b e n , de ren Menge i m m e r 5 c c m b e t r u g , e ine V o r s t e l l u n g 
von der S t r o m g r ö s s e in der E x t r e m i t ä t . B l u t e n t n a h m e n a u s 
de r Vena cava in fe r io r o b e r h a l b des D i a p h r a g m a g e s t a t t e t e 
eine d u r c h die V e n a j u g u l a r i s dex t . e n t s p r e c h e n d tief e i n g e -
f ü h r t e Sonde . Zur H e m m u n g der B l u t g e r i n n u n g w u r d e d e n 
T ie ren vor der E i n f ü h r u n g der Kanülen 10 m g Liquo id (Roche) 
pro k g K ö r p e r g e w i c h t i n t r a v e n ö s g e g e b e n . Um die z e r s t ö r e n d e 
W i r k u n g d e r E s t e r a s e des B l u t e s dem Ace ty l cho l in g e g e n ü b e r 
auszusch l i e s sen oder zu v e r h i n d e r n , w u r d e in e i n e m Tei l d e r 
Ve r suche den T i e r en E s e r i n oder P r o s t i g m i n i n t r a v e n ö s inj i -
z i e r t ; dabe i w u r d e n 1 m g P h y s o s t i g m i n ( P h y s o s t i g m i n . sul-
f u r i c . „Boehr inger & S öhne" ) bzw. 0,3 ccm P r o s t i g m i n (Roche) 
pro k g K ö r p e r g e w i c h t v e r a b f o l g t . Zugle ich mi t de r P h y s o s t i g -
m i n i n j e k t i o n w u r d e auch je 0,1 m g A t r o p i n pro k g K ö r p e r -
g e w i c h t g e g e b e n . 

Die B e s c h r e i b u n g der T e c h n i k zur E r z i e l u n g de r e inzelnen 
Kol laps fo rmen wie a u c h we i t e re A n g a b e n w e r d e n we i t e r u n t e n 
bei der W i e d e r g a b e de r R e s u l t a t e k u r z g e g e b e n w e r d e n . Übe r die 
E n t n a h m e der B l u t p r o b e n u n d die V o r b e r e i t u n g e n f ü r das Tes t -
v e r f a h r e n is t zu sagen , da s s das e n t w e d e r a u s de r Kanü le in 
eine k le ine Porze l anscha le a u f g e n o m m e n e oder d u r c h d ie 
Sonde in die Spr i tze g e z o g e n e Blut i m m e r so fo r t m i t d e r i m 
A u f n a h m e g e f ä s s be r e i t s v o r h a n d e n e n k a l t e n P h y s o s t i g m i n r i n -
g e r l ö s u n g g e m i s c h t w u r d e . J e w e i l s 5 ccm Blu t w u r d e n in 
5 ccm e t w a s h y p o t o n i s c h e r R i n g e r l ö s u n g a u f g e n o m m e n , de ren 
P h y s o s t i g m i n z u s a t z so g r o s s war , dass ih re E n d k o n z e n t r a t i o n 
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im B l u t g e m i s c h 1: IO5 b e t r u g . D u r c h d ieses Mischen des B lu te s 
mi t de r k a l t e n h y p o t o n i s c h e n R i n g e r l ö s u n g w u r d e , e r s t e n s , 
das h y p e r t o n i s c h e V e r h a l t e n des W a r m b l ü t e r b l u t e s in den 
B l u t e g e l p r ä p a r a t e n e i n g e s c h r ä n k t u n d , zwe i t ens , die B l u t t e m p e -
r a t u r r a s c h h e r a b g e s e t z t . Z u d e m w u r d e n den B l u t p r o b e n noch 
e in ige Tropfen l°/0 L i q u o i d - R i n g e r l ö s u n g h i n z u g e s e t z t , u m d a s 
mögl iche A u f t r e t e n von G e r i n n u n g s e r s c h e i n u n g e n in v i t r o voll-
s t ä n d i g a u s z u s c h l i e s s e n . D a s e rw ie s s ich als n o t w e n d i g , we i l 
n a c h m e i n e n E r f a h r u n g e n die ge l egen t l i ch b e o b a c h t e t e n E r -
s c h l a f f u n g s r e a k t i o n e n der B l u t e g e l p r ä p a r a t e i n s b e s o n d e r e d a n n 
f e s t zus t e l l en w a r e n , w e n n s c h o n g e r i n g s t e G e r i n n u n g s e r s c h e i -
n u n g e n s t a t t g e f u n d e n h a t t e n . Die so v o r b e r e i t e t e n B l u t p r o b e n 
w u r d e n s o d a n n an den B l u t e g e l p r ä p a r a t e n auf A c e t y l c h o l i n g e h a l t 
u n t e r s u c h t . 

F ü r die A c e t y l c h o l i n b e s t i m m u n g e n w a r e n V o r d e r a b s c h n i t t e 
de r l ä n g s h a l b i e r t e n B l u t e g e l r ü c k e n m u s k e l n in ca. 10 ccm f a s sen -
den U n t e r s u c h u n g s g e f ä s s e n in ein H e b e l s y s t e m e i n g e s p a n n t . 
Als N ä h r l ö s u n g w u r d e de r von W a c h o l d e r (11) a n g e g e b e n e 
F r o s c h r i n g e r v e r w e n d e t . Die R i n g e r l ö s u n g im P r ä p a r a t g e f ä s s 
w u r d e f o r t w ä h r e n d m i t S a u e r s t o f f d u r c h p e r l t . N a c h dem E in -
s p a n n e n d e r P r ä p a r a t e i n s H e b e l s y s t e m w u r d e n d iese auf e t w a 
zwei S t u n d e n s t e h e n g e l a s s e n . Vor d e m G e b r a u c h e de r P r ä p a -
r a t e f ü r eine B e s t i m m u n g w u r d e die g e w ö h n l i c h e R i n g e r l ö s u n g 
auf e twa 20 M i n u t e n d u r c h P h y s o s t i g m i n r i n g e r (1 : 200.000) 
e r se tz t . Darau f w u r d e die R e a k t i o n s b e r e i t s c h a f t u n d die E m p -
f i n d l i c h k e i t s g r ö s s e der T e s t p r ä p a r a t e auf Ace ty l cho l in d u r c h 
Zugabe f r i s c h be re i t e t e r A c e t y l c h o l i n v e r d ü n n u n g e n f e s t g e s t e l l t , 
wozu Ace ty lcho l in -Chlor id (Roche) in Ampul len v e r w e n d e t w u r d e . 
Die Reak t ion des B l u t e g e l p r ä p a r a t e s — L ä n g s v e r ä n d e r u n g e n 
des M u s k e l s t r e i f e n s — w u r d e mit 8-facher H e b e l v e r g r ö s s e r u n g 
r e g i s t r i e r t . F ü r e i nen T i e r v e r s u c h s t a n d e n i m m e r 4 bis 6 
B l u t e g e l p r ä p a r a t e be re i t . 

Die v e r w e n d e t e n Blutegel w a r e n zum Teil h i e s i g e (Ants la ) , 
zum Teil a u s l ä n d i s c h e (Bordeaux) , doch w a r ke in p r inz ip ie l l e r 
U n t e r s c h i e d z w i s c h e n den be iden in de r Reak t ion wie in de r E m p -
f ind l i chke i t A c e t y l c h o l i n . g e g e n ü b e r f e s t z u s t e l l e n . Die Schwe l l en -
konzen t r a t i on von Ace ty lcho l in im P r ä p a r a t g e f ä s s , bei w e l c h e r 
deu t l i che Reak t ion a u f t r a t , w a r bei a l len P r ä p a r a t e n w e i t g e h e n d 
k o n s t a n t ( 1 : 2 . 1 0 8 ) . 
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Experimentelle Resultate. 
Die Zahl der a u s g e f ü h r t e n T i e r v e r s u c h e m i t para l le len 

B l u t u n t e r s u c h u n g e n an B l u t e g e l p r ä p a r a t e n b e t r ä g t e t w a 50. 
E in l e i t end i s t a u s s e r d e m noch eine Reihe s e l b s t ä n d i g e r U n t e r -
s u c h u n g e n ü b e r die R e a k t i o n s b e r e i t s c h a f t der aus P f e r d e e g e l n 
h e r g e s t e l l t e n P r ä p a r a t e g e m a c h t w o r d e n . E s e r g a b s ich, d a s s 
die P f e r d e e g e l p r ä p a r a t e e ine pr inzipie l l g le i che Ace ty lcho l in -
r e a k t i o n z e i g e n ; n u r wegen i h r e r e t w a s g e r i n g e r e n E m p f i n d -
l ichkei t u n d a l l geme in u n s i c h e r e n R e a k t i o n s f ä h i g k e i t e rwiesen 
sie s ich als f ü r V e r s u c h s z w e c k e u n g e e i g n e t . 

1. Der Entblutungskollaps. 

S e i n e m W e s e n n a c h i s t der E n t b l u t u n g s k o l l a p s d u r c h 
e ine V e r m i n d e r u n g der k r e i s e n d e n B l u t r n e n g e v e r u r s a c h t . 
Zum U n t e r s c h i e d von j e g l i c h e n a n d e r e n Ko l l aps fo rmen ble ibt 
be i i h m die a n a t o m i s c h e wie f u n k t i o n e l l e S t r u k t u r al ler Kreis-
l a u f a b s c h n i t t e u n b e r ü h r t , sowe i t S t ö r u n g e n n i c h t n a c h h e r , 
s e k u n d ä r , a u f t r e t e n . Somi t i s t de r E n t b l u t u n g s k o l l a p s als e ine 
der e i n f a c h s t e n Kol l aps fo rmen a u f z u f a s s e n . V e r s u c h s t e c h n i s c h 
w u r d e n d ie T i e r e d u r c h die Ka ro t i skanü l e e n t b l u t e t , b is der 
a r te r ie l le B l u t d r u c k e t w a 10 bis 30 m m H g b e t r u g . Zume i s t 
w u r d e n je n a c h der T i e r g r ö s s e 60 bis 120 ccm Blut a b g e l a s s e n . 
N a c h 5 bis 10 Minu ten w u r d e d i e s e s B l u t mi t e inem kle inen 
R inge rzusa t z w iede r ins Tier z u r ü c k g e s p r i t z t . Die f r ü h e r e B l u t -
d r u c k h ö h e k o n n t e f a s t in a l len V e r s u c h e n n a c h der R e i n j e k t i o n 
des Blu tes w iede r e r r e i c h t w e r d e n . Das B l u t zur U n t e r s u c h u n g 
auf Ace ty lcho l in bei Kol laps t i e ren w u r d e aus der Vena f emo-
ra l i s vorher , w ä h r e n d des E a t b l u t e n s in der Kol lapsphase , be im 
Z u r ü c k s p r i t z e n u n d in der Nachpe r iode e n t n o m m e n . Insge -
s a m t w u r d e n in j edem Fal le i m m e r 6 B l u t p r o b e n e n t n o m m e n . 
In Abb. Ia i s t die B l u t d r u c k k u r v e e ines der e n t b l u t e n e n Tie re 
(Nr. 3) da rges t e l l t . Vom A u s s c h l a g de r S igna l l in ie (S) n a c h 
u n t e n E bis E i i s t die Zeit der E n t b l u t u n g a n g e g e b e n . Von 
Z bis Z1 is t das Blu t z u r ü c k g e s p r i t z t w o r d e n . D i e B l u t e n t n a h m e n 
aus der Vena f emora l i s w ä h r e n d der Kol lapsphase s ind auf der 
Nul l inie d u r c h A u s s c h l a g e n n a c h u n t e n auf die Daue r de r 
E n t n a h m e z e i t v e r m e r k t ( B l u t p r o b e n 5, 6 u n d 7). Die B l u t e n t -
n a h m e n vor dem Kollaps u n d in de r N a c h p e r i o d e (B lu tp roben 
4 und. 8) s ind auf de r A b b i l d u n g n i c h t zu sehen . Auf A b b . 
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Abb. la. Blutdruckregistrierung (Kurve P) bei der Katze in der Phase des 
Entblutungskollapses. S — Signallinie. 1 mm Absz. = 8". 

Ib i s t die W i e d e r g a b e der Resul tate der E i n w i r k u n g der Blut-
proben an den B l u t e g e l p räpa ra t en verze ichnet . Es i s t zu e r sehen , 
dass von den vielen Blu tp roben n u r e ine, u n d zwar d ie jen ige , 
we lche b e i m Z . i rückspr i t zen des B lu tes i n s Tier e n t n o m m e n 
wurde , e ine Kon t r ak t i on des B lu t ege lmuske l s v e r u r s a c h t ha t . 
Nach u n g e f ä h r e r S c h ä t z u n g d ü r f t e die A c e t y l c h o l i n k o n z e n -
t r a t i on im Blut 1 :10 S g e w e s e n sein. A l l g e m e i n w u r d e n abe r 
beim E n t b l u t u n g s k o l l a p s n u r se l t en A c e t y l c h o l i n b e f u n d e ge-
mach t . E i n e ku rze Ü b e r s i c h t de r E r g e b n i s s e i s t in der Tabel le 1 
zu f i n d e n . 
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Abb. Ib- Wirkung von Acetylcholin und Blutproben auf die Blutegelpräparate. 
I. Acetylcholin 1 : 2. IO8 im Präparatgefäss. II. Blutprobe 4. III. Blutprobe 5. 

IV. Blutprobe 6. V. Blutprobe 7. VI. Blutprobe 8. 

In d i e s e r t a b e l l a r i s c h e n Z u s a m m e n s t e l l u n g s i n d die ge-
w o n n e n e n R e s u l t a t e , n a c h den in den v e r s c h i e d e n e n P h a s e n 
e n t n o m m e n e n B l u t p r o b e n g e t r e n n t , e n t s p r e c h e n d der E n t n a h m e -
zeit in 5 Säulen a n g e g e b e n . Diese m e h r f a c h e n B l u t u n t e r s u c h u n -
g e n an. 8 V e r s u c h s t i e r e n ze igen , d a s s die A c e t y l c h o l i n w i r k u n g 
n u r bei e in igen (4) Blu tproben f e s t g e s t e l l t w e r d e n k o n n t e . A u c h 
w e n n den T i e r en vor der K o l l a p s a u s f ü h r u n g P h y s o s t i g m i n , 
resp . P r o s t i g m i n e inver le ib t w o r d e n w a r (Versuche 5 bis 8), 
u m die W i r k u n g der B l u t e s t e r a s e s c h o n im O r g a n i s m u s zu 
h e m m e n , w u r d e n die Resu l t a t e n i c h t w e s e n t l i c h v e r ä n d e r t . 
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T a b e l l e 1. 

W i r k s a m k e i t von B l u t p r o b e n an B l u t e g e l p r ä p a r a t e n . 

Vers.-
Tier 

Blut entnommen Vers.-
Tier Vorher Entblut. Kollaps Zrcksp r. Nachher 

1 
2 
3 
4 

5 
6 
7 
8 

O
hn

e 
P

h
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os
ti

gm
in

 

— 

(2) — 

(21 
— 

( 2 ) -
+ 

-1 
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7 
8 

M
it 

P
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m

in
 

— IO
 

H—
1~

 I
 I

 — 

( 2 ) -
+ 

(2) 

— bedeutet Fehlen der Acetylcholinreaktion. 
+ bedeutet positive Acetylcholinreaktion. 
Die Ziffern vor dem Reaktionszeichen geben die Zahl der geprüften 

Blutproben an. 

Als w i c h t i g w ä r e d a b e i noch zu b e m e r k e n , dass auch diese 
w e n i g e n auf e inen A u f t r i t t von Ace ty lcho l in h i n w e i s e n d e n 
Be funde n u r in B lu tp roben aus der Ko l l apsphase e r h o b e n w u r d e n . 

2. Der Peptonkollaps. 

I n t r a v e n ö s e In j ek t ion von P e p t o n l ö s u n g v e r u r s a c h t beim 
V e r s u c h s t i e r e inen sofor t e i n t r e t e n d e n schweren Ko l l apszus t and . 
Im W e s e n d i e se r W i r k u n g des Pep tons auf den Kre is lauf l iegt 
e ine E r w e i t e r u n g der p e r i p h e r e n Gefässe u n d eine Re izung ode r 
sogar S c h ä d i g u n g de r Kap i l l a rendo the l i en . Das alles f ü h r t im g a n -
zen zu e ine r V e r m i n d e r u n g der p e r i p h e r e n W i d e r s t a n d s g r ö s s e 
u n d zug le i ch a u c h z u m V e r h a r r e n des B lu t e s an de r P e r i p h e r i e . 
V e r m u t l i c h w i r d die K r e i s l a u f s c h ä d i g u n g d u r c h d i r e k t e E i n -
w i r k u n g v o n t o x i s c h e n S u b s t a n z e n auf die Kapi l la ren u n d 
Gefässe h e r v o r g e r u f e n . Somi t i s t der Pep tonko l l aps als e ine 
S c h o c k f o r m a n z u s e h e n , we lche d u r c h S c h ä d i g u n g der F u n k t i o n s -
s t r u k t u r des p e r i p h e r e n Kre i s l au fe s u n d , even tue l l , n o c h d u r c h 
a n d e r e S t ö r u n g e n z u s t a n d e g e b r a c h t w i r d . Zum E r z e u g e n von 
Pep tonko l l aps bei u n s e r e n V e r s u c h s t i e r e n w u r d e n i h n e n i m m e r 
e t w a 15 bis 20 ccm e iner 15 bis 20°/0 P e p t o n - R i n g e r l ö s u n g 
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(Witte-Pepton) i n t r a v e nös in j iz ie r t . Das B l u t a u s de r V e n a 
f e m o r a l i s w u r d e e r s t in n o r m a l e m Z u s t a n d e , d a n n w ä h r e n d 
der E i n s p r i t z u n g von P e p t o n u n d n a c h h e r in w e i t e r e n Zei tab-
s c h n i t t e n e n t n o m m e n u n d auf Ace ty l cho l ingeha l t u n t e r s u c h t . 
Die g e w o n n e n e n Resu l t a t e a u s 9 V e r s u c h e n in der Gesamt -
zahl von 49 P r ü f u n g e n s ind kurz in der f o l g e n d e n Tabel le 2 
d a r g e s t e l l t . 

T a b e l l e 2. 

W i r k s a m k e i t der B l u t p r o b e n bei Peptonkol laps . 

Zahl der 
Versuche 

Blut entnommen 
Zahl der 
Versuche Vorher Währ. Nachher 

Einspr. — 15 Min. 
Nachher 
— 1 St. 

6 (ohne 
Physostigm.) 

3 (mit 
Prostigm.) 

(5) - , - ( + ) (6) (1S) , 1 ' - (+) (7) -6 (ohne 
Physostigm.) 

3 (mit 
Prostigm.) (3) - (3) - (7) - (1) -

— bedeutet Pehlen der Acetylcholinreaktion. 
— (-f-) bedeutet eine schwache, fragliche Acetylcholinreaktion. 
Die Ziffern vor dem Reaktionszeichen geben die Zahl der geprüften 

Blutproben an. 

A u s d ie se r D a r s t e l l u n g der Resu l t a t e e r g i b t s ich o h n e 
Zweifel, dass Ace ty lcho l in bei Pep tonko l l aps im B l u t e d e r 
E x t r e m i t ä t e n v e n e n i c h t n a c h z u w e i s e n is t . Da der a l lgemein-
bedroh l i che Z u s t a n d des K r e i s l a u f e s in d e n e inzelnen V e r s u c h e n 
i m m e r va r i abe l war , so is t a u c h n i c h t a n z u n e h m e n , dass bei 
i r g e n d e i n e r R e a k t i o n s g r ö s s e die Resu l t a t e a n d e r s g e w e s e n 
wären . Die w e n i g e n f r a g l i c h e n K o n t r a k t i o n e n in e inem u n d 
demse lben Ver suche s ind w o h l d u r c h die E i g e n a r t des b e t r e f -
f e n d e n B l u t e s b e d i n g t . M a s s g e b e n d f ü r d iese A n n a h m e i s t 
die T a t s a c h e , dass das Blu t des T ie res s c h o n vor de r Pep ton in -
jek t ion g le ichfa l l s w i r k s a m w a r . 

3. Der Wondkollaps. 

Ver l e t zungen g r ö s s e r e r Gewebepa r t i en , sei es im Bere i che 
des P e r i t o n e u m s oder der E x t r e m i t ä t e n m u s k u l a t u r , f ü h r e n m e h r 
oder w e n i g e r schne l l zu e inem Kol l apszus t and . A u s dem all-
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g e m e i n e n S y m p t o m e n b i l d des W u n d k o l l a p s e s i s t noch die er-

h ö h t e B l u t k o n z e n t r a t i o n b e s o n d e r s h e r v o r z u h e b e n , w e l c h e d u r c h 
P l a s m a a u s t r i t t , vor al lem im W u n d g e b i e t , b e d i n g t i s t . Nach 
E p p i n g e r (12) f ü h r t die E i n d i c k u n g des B l u t e s zur Ver -
m i n d e r u n g der z i r k u l i e r e n d e n B l u t m e n g e u n d zu e inem be-
d r o h l i c h e n K r e i s l a u f z u s t a n d . Gewiss ü b e n auch die tox i schen 
Z e r f a l l s p r o d u k t e aus dem z e r s t ö r t e n Gewebe e inen s c h ä d i g e n -
den E i n f l u s s auf den A l l g e m e i n z u s t a n d des Kre i s l au fes a u s 
( M o o n (13), K ö n i g (14)). I n t e r e s s a n t is t es in b e z u g auf 
u n s e r e V e r s u c h e zu b e m e r k e n , d a s s U n g e r i n n b a r m a c h u n g des 
B lu te s die S c h o c k e r s c h e i n u n g e n s t a r k v e r m i n d e r n soll (K ö n i g ) . 
Die N a r k o s e aber , i n s b e s o n d e r e die Ä t h e r n a r k o s e , soll den 
A u f t r i t t u n d Verlauf des S c h o c k p h ä n o m e n s sehr b e g ü n s t i g e n 

( D a l e (15)). 
In me inen V e r s u c h e n h a b e ich die G e w e b e v e r l e t z u n g e n 

im Bere iche des P e r i t o n e u m s oder der E x t r e m i t ä t e n m u s k u l a t u r 
v o r g e n o m m e n . Im e r s t e r en Fal le w u r d e n die Gedä rme n a c h 
E r ö f f n u n g der Bauchhöh le in de r L inea alba im V e r l a u f e von 
2 bis 4 M i n u t e n m i t e i n e m r a u h e n Tuch s t a rk g e r i e b e n , ge-
p r e s s t u n d a u s s e r d e m mi t g r o s s e n K o r n z a n g e n v o r s i c h t i g zer-
q u e t s c h t . V e r l e t z u n g e n g r ö s s e r e r B l u t g e f ä s s e w u r d e n dabei 
ve rmieden . Schon w ä h r e n d d iese r B e h a n d l u n g t r a t z u e r s t 
m e i s t e ine s c h w a c h e B l u t d r u c k s t e i g e r u n g auf , w o n a c h d a n n 
eine m e i s t v o r ü b e r g e h e n d e B l u t d r u c k s e n k u n g z u s t a n d e k a m . 
A l l e r d i n g s ü b e r s c h r i t t diese schnel l e i n t r e t e n d e S e n k u n g des 
B l u t d r u c k e s n ie e inen D r i t t e l w e r t des A u s g a n g s d r u c k e s . In 
e t w a 2 S t u n d e n u n d noch spä t e r t r i t t e r s t l a n g s a m der bedroh-
l iche Kol lapszus tand des K r e i s l a u f e s auf . W ä h r e n d des l ang -
a n d a u e r n d e n V e r s u c h s g a n g e s i s t d ie ge sch i lde r t e B e h a n d l u n g 
des D a r m e s noch m e h r f a c h w i e d e r h o l t w o r d e n . Bei d i e s e n 
Ver suchen w u r d e d a s B lu t zur F e s t s t e l l u n g der Ace ty lcho l in -
w i r k u n g aus der Vena cava in fe r io r e t w a s obe rha lb des Dia-
p h r a g m a s e n t n o m m e n . A u s g e f ü h r t w u r d e n die U n t e r s u c h u n g e n 
vorher , zur Zeit der Z e r q u e t s c h u n g u n d von Zeit zu Zeit b is 
z u m Tode des Tieres . D e n T i e r e n w u r d e n k e i n e P h y s o s t i g m i n -
oder P r o s t i g m i n i n j e k t i o n e n g e m a c h t , weil d a n n l au t den U n t e r -
s u c h u n g e n von F e l d b e r g u n d R o s e n f e l d (4), D a l e 
u n d P ' e l d b e r g (5) im P f o r t a d e r b l u t n a c h v o r h e r g e n d e r 
P h y s o s t i g m i n i n j e k t i o n sowieso Ace ty lcho l in zu f i n d e n g e w e -
sen wäre . 
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Bei w e i t e r e n 3 V e r s u c h s t i e r e n w u r d e die Muskulatur 
einer Hinterextremitä t d u r c h s t a r k e s Q u e t s c h e n ver le tz t . D a s 
v e r u r s a c h t e e ine a l lmäh l i che B l u t d r u c k s e n k u n g u n d f ü h r t e 
s ch l i e s s l i ch zum Z u s a m m e n b r u c h des Kre i s l au fes u n d des 
T i e r e s . Die B l u t p r o b e n w u r d e n aus de r F e m o r a l v e n e des zer-
q u e t s c h t e n Beines e n t n o m m e n . Die U n t e r s u c h u n g e n w u r d e n 
von Zeit zu Zeit b i s k u r z vor dem Tode a u s g e f ü h r t . Al len 
drei T ie ren d i e se r V e r s u c h s s e r i e w a r v o r h e r P r o s t i g m i n oder 
P h y s o s t i g m i n i n t r a v e n ö s e inver l e ib t w o r d e n . 

In der n ä c h s t f o l g e n d e n Tabel le 3 w e r d e n die R e s u l t a t e 
de r B l u t u n t e r s u c h u n g e n der W u n d k o l l a p s t i e r e z u s a m m e n g e -
fass t w i e d e r g e g e b e n . Die be iden U n t e r g r u p p e n d i e s e r Ver-
s u c h s s e r i e s i nd g e t r e n n t d a r g e s t e l l t . 

T a b e l l e 3. 

W i r k s a m k e i t de r B l u t p r o b e n be i W u n d k o l l a p s . 

Zahl der 
Versuche 

Blut entnommen Zahl der 
Versuche 

Vorher Zur Zeit J Nachher Vor d. Tode 

Peritonealbereicli 
(ohne Physostigm.) 

6 *| (6) - (7) + (17) - (5) (2) + 

Muskelbereich 
(mit Prostigmin) 
3 J (3) - (3) - (5) - (5) -

— bedeutet Fehlen der Acetylcholinreaktion. 
-f bedeutet positive Acetylcholinreaktion. 
Die Ziffern vor dem Reaktionszeichen geben die Zahl der geprüften 

Blutproben an. 

A u s dem a n g e f ü h r t e n Mate r i a l e r g i b t s ich, d a s s die B lu t -
proben der W u n d k o l l a p s f ä l l e n u r s e h r se l ten e ine Ace ty lcho l in -
w i r k u n g a u f w i e s e n : n u r d re i pos i t i ve R e s u l t a t e h a t es auf 
e t w a 54 E i n z e l p r ü f u n g e n g e g e b e n . In e i n e m Ver suche w u r d e 
bei e iner in der Z e r q u e t s c h u n g s p h a s e e n t n o m m e n e n B l u t p r o b e 
u n d in e inem a n d e r e n bei d e n zwei l e t z t e n vor dem Tode 
e n t n o m m e n e n B l u t p r o b e n W i r k s a m k e i t f e s t g e s t e l l t . Es i s t 
w a h r s c h e i n l i c h , d a s s die g e l e g e n t l i c h f e s t s t e l l b a r e w i r k s a m e 
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S u b s t a n z im Blute der Vena cava infer ior a u s dem Magendarm-
g e b i e t s t a m m t . 

Die Untersuchungen der aus der Hinterbe invene entnom-
menen Blutproben nach Z e r q u e t s c h u n g der B e i n m u s k u l a t u r 
haben nicht ein e inziges pos i t ives Resultat ergeben. Ein Auf-
t re ten von Acety lchol in scheint also bei solchen V e r s u c h e n 
a u s g e s c h l o s s e n zu sein, um so mehr als alle drei Tiere v o r h e r 
Pros t igmin, resp. P h y s o s t i g m i n erhal ten hatten. 

4. Der Adrena l in-Kol lapszustand 1J. 

Intravenöse I n j e k t i o n g r ö s s e r e r A d r e n a l i n m e n g e n w i r d 
als e ine w e i t e r e Mögl ichke i t z u r E r z e u g u n g von Ko l l apszus t än -
den a n g e s e h e n ( M a c l e o d (16)). Nach i n t r a v e n ö s e r E i n v e r -
l e i b u n g von A d r e n a l i n fo lg t auf p r i m ä r e S t e i g e r u n g des 
B l u t d r u c k e s e ine S e n k u n g als Ü b e r g a n g zur s e k u n d ä r e n P h a s e 
des n i e d r i g e n D r u c k e s ( T r e n d e l e n b ü r g (17)). D iese 
P h a s e k a n n m e h r oder w e n i g e r l a n g e a n d a u e r n u n d der B lu t -
d r u c k k a n n g e l e g e n t l i c h die W e r t e des A u s g a n g s d r u c k e s 
d e u t l i c h u n t e r s c h r e i t e n . Diese d e m A d r e n a l i n h o c h d r u c k fol-
g e n d e B l u t d r u c k s e n k u n g d ü r f t e a n s c h e i n e n d von d e r r e f l ek to r i -
s c h e n E r r e g u n g der G e f ä s s d i l a t a t o r e n z e n t r e n im Geh i rn u n d 
des v e r l ä n g e r t e n Markes b e d i n g t sein, wobei a u c h e in Mi twi r -
ken von S t o f f w e c h s e l p r o d u k t e n , resp . e in igen b i o c h e m i s c h e n 
V e r b i n d u n g e n , n i c h t a u s g e s c h l o s s e n is t ( T r e n d e l e n b u r g (17)). 
Am E i n t r i t t d iese r r e f l e k t o r i s c h e n E n t l a s t u n g s r e a k t i o n , die 
mi t a l lgemeiner E r w e i t e r u n g der p e r i p h e r e n B l u t s t r o m b a h n e n 
u n d H e m m u n g der Herz t ä t igke i t e i n h e r g e h t , s i n d die E r r e g u n -
g e n der P res so rezep to ren , i n s b e s o n d e r e der C a r o t i s s i n u s n e r v e n , 
w e i t g e h e n d be te i l i g t ( H e y m a n s (18)). 

Bei u n s e r e n V e r s u c h s t i e r e n h a b e n w i r A d r e n a l i n d o s e n 
von 0,01 bis 0,5 m g pro T ie r i n t r a j u g u l a r e i n g e s p r i t z t . Zur 
U n t e r s u c h u n g auf Ace ty lcho l in w u r d e das B l u t a u s d e r F e m o -
ra lvene vor de r A d r e n a l i n z u g a b e , w ä h r e n d des A d r e n a l i n h o c h -
d r u c k e s , w ä h r e n d der B l u t d r u c k s e n k u n g , w ä h r e n d des n i e d r i g e n 
D r u c k e s u n d in e ine r n o c h e t w a s s p ä t e r e n P h a s e e n t n o m m e n . 
Da im V e r l a u f e d i e ses E x p e r i m e n t e s d a s B lu t zu r A n a l y s e a u s 

x) Bei der Ausführung dieser Versuchsreihe hat uns stud. med. E. Raudam 
wertvolle Hilfe geleistet. 
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dem O r g a n i s m u s in re lat iv g r o s s e n Mengen (etwa 30 ccm) 
a b g e l a s s e n wurde, so stellen die r e g i s t r i e r t e n B l u t d r u c k k u r v e n 
eigentl ich nicht mehr das normale Verha l ten des B l u t d r u c k e s 
dar. Den a u f t r e t e n d e n g e f ä s s d i l a t a t o r i s c h e n R e a k t i o n s v o r g a n g 
n a c h der A d r e n a l i n i n j e k t i o n k o n n t e n wir an de r S t r o m g r ö s s e 
aus der E x t r e m i t ä t e n v e n e noch b e s s e r v e r f o l g e n . Der A b f l u s s 
aus de r Vene w a r n ä m l i c h h ä u f i g g e r a d e zur Zeit der Blu t -
d r u c k s e n k u n g und am A n f a n g der n i ed r igen B l u t d r u c k p h a s e 
s t a r k e rhöh t . Der e rhöh te A u s f l u s s zu r Zeit des n i e d r i g e n 
a r te r ie l len B l u t d r u c k e s i s t n u r d u r c h e ine E r w e i t e r u n g d e s 
pe r iphe ren S t r o m b e z i r k e s zu e r k l ä r e n . 

Die B l u t u n t e r s u c h u n g e n auf A c e t y l c h o l i n w i r k u n g n a c h 
A d r e n a l i n i n j e k t i o n w u r d e n an zwölf Ve r suchs t i e r en u n d ö f t e r s 
w i e d e r h o l t a u s g e f ü h r t . Die g e w o n n e n e n R e s u l t a t e s ind in 
Tabel le 4 a n g e f ü h r t . Die sechs e r s t e n V e r s u c h e (1 bis 6) s ind 
mi t Norma l t i e r en a u s g e f ü h r t u n d die f o l g e n d e n s echs (7 bis 12) 
mit T ieren , d e n e n vor de r A d r e n a l i n e i n s p r i t z u n g P h y s o s t i g m i n 
in j iz ier t w o r d e n w a r . Die le tz ten 3 V e r s u c h s t i e r e (10, 11 u n d 
12) w a r e n vago tomie r t . 

Das Paz i t der in Tabel le 4 a n g e f ü h r t e n V e r s u c h e b r i n g t 
uns u n m i s s v e r s t ä n d l i c h zur A n n a h m e , d a s s die i n t r a v e n ö s e 
Adrena l in in j ek t ion f a s t r e g e l m ä s s i g z u m A u f t r e t e n von Ace thy l -
chol in oder e iner ähn l i ch w i r k s a m e n S u b s t a n z im s t r ö m e n d e n 
Blu te des H i n t e r b e i n e s f ü h r t . Die W i r k s a m k e i t des B l u t e s 
w u r d e f a s t aus sch l i e s s l i ch in der H o c h d r u c k - u n d der N i e d e r -
d r u c k p h a s e , be sonde r s in de r l e tz te ren , beobach te t . Das A u f -
t r e t e n d ieser W i r k s a m k e i t s c h e i n t dabe i e n g mi t de r nach d e r 
B l u t d r u c k s t e i g e r u n g e i n t r e l e n d e n P h a s e der Gefässd i l a ta t ion 
v e r b u n d e n zu se in . Deut l ich is t a u s der Tabelle zu e r s e h e n , 
da s s die s p ä t e r wie a u c h vor de r A d r e n a l i n i n j e k t i o n e n t n o m -
menen B lu tp roben f a s t nie e ine ähn l i che W i r k u n g auf die B lu t -
ege lp räpa ra t e a u s g e ü b t haben . W e n n wir u n s e r e V e r s u c h e 
d e n ve r sch i edenen V e r s u c h s b e d i n g u n g e n n a c h ( E s e r i n z u g a b e , 
Vagotomie) b e t r a c h t e n , so s te l l t s ich h e r a u s , da s s h ie r in den 
Resu l ta ten ke ine prinzipiel len U n t e r s c h i e d e f e s t g e s t e l l t w e r d e n 
können . E r s t e n s k o n n t e das W i r k s a m w e r d e n des B lu te s n a c h 
der A d r e n a l i n i n j e k t i o n bei d e n n i c h t e s e r i n i s i e r t e n T i e r en e t w a 
gleich of t f e s t g e s t e l l t w e r d e n wie bei den e se r in i s i e r t en . A u c h 
q u a n t i t a t i v s ind de r R e a k t i o n s s t ä r k e nach ke ine g r ö s s e r e n 
U n t e r s c h i e d e au fge fa l l en , i n d e m die f e s t g e s t e l l t e n W i r k u n g e n 
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T a b e l l e 4. 

W i r k s a m k e i t von B lu tp roben bei Adrena l i nko l l ap s . 

Vers.-
Tier 

Adren. 
Dos. 
mg. 

B l u t e n t n o m m e n 

Vorher Hochdruck Niederdruck Später 

1. 

2_ 

3. 

4. 

5. 
6. 

bc 

1) 0,01 
2) 0,1 
1) 0,03 
2) 0,1 
1) 0,02 
2) 0,5 
1) 0,02 
2) 0,1 
1) 0,2 
D 0,1 
2) 0,5 

(+) 
(+) 
(+) 

-(+) 

+ 
-(+) 
-(+) 
-(+) 
-(+) 

(2) -

-(+) 
-(+) 
+ 
+ 

5 + 
(2) -
(2) + 

+ 
(2 ) 

(+) 

(+) 

9. 
10. 
vagot. 
11. 
vagot. 
12. 

1) 0,06 
2) 0,1 
1) 0,04 
2) 0,07 
1) 0,1 
1) 0,18 

1) 0,18 
2) 0,5 
1) 0,4 
2) 0,4 

+ 

+ 

(2) -
(2) -
(2) + 
(2) + 
+ 

(2) + 

~f ! 

(2) -
+ 

- ( + ) 

(2) -

Total 
(12) — 
( 4 ) - ( + ) 

(12) — 
( 4 ) - ( + ) 
(6) + 

(14) — 
(3) - (+) 

(14) + 

(13) 
(3) 
(1) 

(+) 

— bedeutet Fehlen der Acetylcholinreaktion. 
— (+) bedeutet eine schwache, fragliche Acetylcholinreaktion. 
+ bedeutet positive Acetylcholinreaktion. 
Die Ziffern vor dem Reaktionszeichen geben die Zahl der geprüften 

Blutproben an. 

in be iden Ser ien e t w a der S c h w e l l e n k o n z e n t r a t i o n f ü r die 
B l u t e g e l e n t s p r a c h e n . Zwei tens i s t zu k o n s t a t i e r e n , d a s s auch 
an v a g o t o m i e r t e n T ie ren das A u f t r e t e n der w i r k s a m e n Sub-
s tanz f e s t g e s t e l l t w e r d e n konn te . 

A u s s e r den in der Tabel le w i e d e r g e g e b e n e n V e r s u c h e n h a b e n 
wir ana loge U n t e r s u c h u n g e n ge l egen t l i ch auch bei ve r sch i ede -
n e n a n d e r e n V e r s u c h s t i e r e n a u s g e f ü h r t . Bs h a n d e l t s ich h ie r -

2 
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bei um Versuchst iere, die im Ver laufe einer l änge ren Zei t 
schon f ü r a n d e r e V e r s u c h s z w e c k e n a r k o t i s i e r t v e r w e n d e t wor-
den waren . Dabe i w a r e n e in igen von i h n e n im v o r h e r g e h e n -
den Ver suche g r ö s s e r e A d r e n a l i n m e n g e n gegeben , bei a n d e r e n 
die Vagotomie a u s g e f ü h r t w o r d e n , u n d noch e inige w e i t e r e 
s t a m m t e n a u s u n s e r e n Pep ton - u n d W u n d k o l l a p s - V e r s u c h e n . 
Bezügl ich d ieser V e r s u c h e m u s s h e r v o r g e h o b e n w e r d e n , dass 
bei i h n e n Ace ty l cho l in reak t ionen m i t den n a c h A d r e n a l i n i n j e k -
tion e n t n o m m e n e n Blu tp roben viel se l t ener e rha l ten w u r d e n . 
Von 12 Ver suchs t i e r en w u r d e n n u r in drei E x p e r i m e n t e n posi t ive 
Resu l ta te erziel t . In ke inem dieser V e r s u c h e wurde den Tieren 
P h y s o s t i g m i n oder P r o s t i g m i n g e g e b e n . E ine E r k l ä r u n g f ü r 
das re la t iv se l tene A u f t r e t e n der A c e t y l c h o l i n w i r k u n g in d e n 
nach der Adrena l i n in j ek t i on e n t n o m m e n e n B l u t p r o b e n i s t a u s 
den V e r s u c h s b e d i n g u n g e n n ich t abzule i ten . Als e inz iger in 
F r a g e k o m m e n d e r F a k t o r k ö n n t e vielleicht die vorher ige Ver-
w e n d u n g s a r t der V e r s u c h s t i e r e zur E r k l ä r u n g h e r a n g e z o g e n 
w e r d e n . 

Zum Sch lüsse haben wi r noch e in iges ü b e r die Tes t r eak t io -
n e n an B lu t ege lp r äpa ra t en nachzuho len . Im a l lgemeinen üb te 
das Blut der e se r in i s i e r t en wie d e r n i c h t e se r in i s i e r t en Tiere auf 
die B lu tege lp räpa ra t e n o r m a l e r w e i s e ke ine W i r k u n g aus . N u r 
a u s n a h m s w e i s e w u r d e in w e n i g e n V e r s u c h e n e ine s c h w a c h 
kons t r i k to r i s che W i r k u n g d e s Blu tes g e f u n d e n , u n d s o g a r ohne 
dass den T ie ren vo rhe r P h y s o s t i g m i n g e g e b e n w o r d e n w a r , 
und diese W i r k u n g blieb auch beim S tehen las sen d e r B lu tp ro -
ben ohne P h y s o s t i g m i n z u g a b e bes t ehen . Diese Ver suche , 
so fe rn den ausge lös ten Reak t i onen nach eine Z u n a h m e der 
k o n s t r i k t o r i s c h e n W i r k u n g des B lu t e s n i ch t f e s t zus t e l l en w a r , 
w u r d e n bei der Z u s a m m e n s t e l l u n g der V e r s u c h s r e s u l t a t e w e g -
ge la s sen . We i t ö f t e r h a b e n die B lu tp roben auf die B lu t ege l -
p räpa ra t e eine schwache d i la ta tor i sche W i r k u n g a u s g e ü b t . 
Diese die B l u t e g e l m u s k u l a t u r zur E r s c h l a f f u n g b r i n g e n d e 
W i r k u n g schien d u r c h s c h w a c h e G e r i n n u n g s e r s c h e i n u n g e n im 
Blute b e d i n g t zu se in , da sie d u r c h g rösse re L i q u o i d z u g a b e n 
zu v e r h ü t e n u n d sogar zu bese i t i gen war . E i n e d e f i n i e r t e 
Ursache der d i l a t a to r i s chen W i r k u n g k a n n abe r noch n i c h t 
a n g e g e b e n w e r d e n . 
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Im Verlaufe u n s e r e r V e r s u c h e s ind wi r noch auf e ine 
we i t e re B e s o n d e r h e i t g e s t o s s e n , w e l c h e in bezug auf da s Ace-
t y l c h o l i n v o r k o m m e n im Blu te a n s c h e i n e n d von B e d e u t u n g i s t . 
E s w u r d e n ä m l i c h beobach t e t , d a s s viele v o n den u n t e r s u c h -
t en B l u t p r o b e n bei l ä n g e r e m E i n w i r k e n auf die B l u t e g e l p r ä p a -
r a t e (e twa 15 bis 20 Minu ten) o f t e ine s c h w a c h e , zuwei len 
soga r eine a u s g e p r ä g t e k o n s t r i k t o r i s c h e W i r k u n g a u s ü b t e n . 
A n s c h e i n e n d i s t diese E i g e n a r t mi t de r d u r c h das s t ä n d i g e 
S a u e r s t o f f d u r c h p e r l e n b e d i n g t e n A r t e r i a l i s i e r u n g des v e n ö s e n 
B lu t e s im P r ä p a r a t g e f ä s s in V e r b i n d u n g zu b r i n g e n , d e n n w u r d e 
d a n a c h dasse lbe B lu t an e inem a n d e r e n B l u t e g e l p r ä p a r a t 
n o c h m a l s g e p r ü f t , so ze ig ten diese B lu tp roben so fo r t e ine 
A c e t y l c h o l i n w i r k u n g . D e r a r t i g w i r k s a m e B l u t p r o b e n s t a m m t e n 
a u s der P h a s e de r Kol lapszus tände u n d d e r P h a s e n a c h A d r e -
na l inzugabe . Man k a n n v e r m u t e n , dass das Ar te r ia l i s i e ren des 
B lu t e s e inen im venösen B l u t e in i n a k t i v e r F o r m v o r h a n d e n e n 
Stoff u m z u f o r m e n oder d i e ace ty l cho l inähn l i che W i r k u n g des 
B l u t e s an s ich zu a k t i v i e r e n v e r m a g . L e i d e r s ind wi r abe r 
a u g e n b l i c k l i c h noch n i c h t i m s t a n d e , in bezug auf d iese F r a g e 
e t w a s s i che res a u s z u s a g e n . V o r l ä u f i g w u r d e n d e n n auch d iese 
e i g e n a r t i g e n Reak t ionen f ü r posi t ive , e iner A c e t y l c h o l i n w i r k u n g 
e n t s p r e c h e n d e g e h a l t e n . 

Zum Sch luss wä re noch h in s i ch t l i ch u n s e r e r B e f u n d e mit -
te ls des B l u t e g e l v e r f a h r e n s im a l lgemeinen e in iges zu e rö r t e rn . 
W i r k o n n t e n in u n s e r e n U n t e r s u c h u n g e n die Ze r s tö rba rke i t 
des in i h n e n w i r k s a m e n Pr inz ips d u r c h B lu t e s t e r a se n i c h t 
f e s t s t e l l en u n d a u c h den N a c h w e i s e in iger a n d e r e r E i g e n s c h a f -
t e n zur besse ren Iden t i f i z i e rung mi t Ace ty lchol in n i c h t e rbr in -
gen . Das war d u r c h die h ierzu zu g e r i n g e n B l u t m e n g e n , wie 
auch d u r c h die re la t iv n i ed r ige Konzen t r a t i on des S t o f f e s im Blu te 
bed ing t . E i n i g e s in bezug darauf soll noch in n a c h f o l g e n d e n 
B e r i c h t e n g e b r a c h t w e r d e n . I m m e r h i n wi rd , w e n n diese w i rk -
s a m e S u b s t a n z al len E i g e n s c h a f t e n n a c h dem Ace ty Icho l in 
n i ch t g l e i c h g e s t e l l t w e r d e n k ö n n t e , d a d u r c h die D e u t u n g unse -
res B e f u n d e s w e s e n t l i c h n i ch t v e r ä n d e r t . Die hohe S p e z i f i t ä t 
der B lu tege l r eak t ion an s ich g a r a n t i e r t schon , d a s s es s i ch 
bei u n s e r e n B e f u n d e n , w e n n n i c h t d i r ek t u m Ace ty lcno l in , so 
doch w e n i g s t e n s u m eine i h m seh r n a h e s t e h e n d e V e r b i n d u n g 
h a n d e l t . 

2* 
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Besprechung der Resultate. 
A u s den vorl iegenden, das A u f t r e t e n einer acetylcholin-

ä h n l i c h e n W i r k u n g bei der B lu tege l r eak t ion b e t r e f f e n d e n Be-
f a n d e n g e h t he rvor , dass Ace ty lchol in im B lu t e der P e p t o n -
kol laps t iere u n d W a n d k o l l a p s t i e r e mit Q u e t s c h u n g e n im Bere iche 
de r M u s k u l a t u r n ich t f e s t zus t e l l en w a r . Im Blu te der E n t -
b l u t u n g s - u n d W u n d k o l l a p s t i e r e ( le tz te re mi t z e r q u e t s c h t e n 
Gedä rmen) w u r d e n h i n g e g e n einzelne pos i t ive W i r k u n g e n in 
e t l i chen V e r s u c h e n g e f u n d e n : von d iesen 14 in Kollapszu-
s t a n d g e b r a c h t e n V e r s u c h s t i e r e n haben n u r 4, i n s g e s a m t an 
e t w a 6 Blu tproben , posi t ive Reak t ionen geze ig t . Viel ö f t e r , 
w e n n a u c h n i ch t r ege lmäss ig , w u r d e aber das W i r k s a m w e r d e n 
d e s Blu tes nach i n t r avenösen A d r e n a l i n i n j e k t i o n e n in grösse-
r e n Dosen b e o b a c h t e t : vo rwiegend war das a u s de r P h a s e der 
e i n t r e t e n d e n g e f ä s s d i l a t a t o r i s c h e n E n t l a s t u n g s r e a k t i o n h e r s t a m -
m e n d e Blut w i r k s a m . Von 12 e i n w a n d f r e i e n V e r s u c h s t i e r e n 
s i n d bei 6 k la re pos i t ive B e f u n d e e r h a l t e n worden . Im all-
g e m e i n e n m u s s in bezug auf das W i r k s a m w e r d e n des B lu te s 
f ü r alle Kol laps formen he rvo rgehoben werden , dass alle posi-
t i ven B e f u n d e ausschl iess l ich mi t aus e iner gewis sen , sehr 
k u r z e n Ze i t spanne s t a m m e n d e n B l u t p r o b e n e rha l t en w e r d e n 
k o n n t e n . 

Die Resu l t a te der im obigen g e s c h i l d e r t e n U n t e r s u c h u n -
g e n ze igen z u s a m m e n g e f a s s t , dass d a s B lu t bei e in igen KolIaps-
^ u s t a n d e n g a r keine, bei a n d e r e n n u r w e n i g e und beim Adre -
na l in-Kol lapszus tand sehr h ä u f i g e pos i t ive B l u t e g e l r e a k t i o n e n 
e r g i b t . Bei diesem Resul ta t wä re z u n ä c h s t die P r ä g e zu 
b e a n t w o r t e n : w a s k a n n d i e U r s a c h e d i e s e r V e r -
s c h i e d e n a r t i g k e i t d e r B e f u n d e s e i n ? A n s c h e i n e n d 
g i b t es h ie r fü r n u r eine E r k l ä r u n g s m ö g l i c h k e i t , näml ich die, 
dass f ü r d ieses E r g e b n i s der ve r sch iedene M e c h a n i s m u s der 
e inzelnen Kol l aps fo rmen m a s s g e b e n d sei. D e m insu f f i z i en -
t en K r e l s l a u f z u s t a n d e a n s ich sche in t f ü r die Ace ty lcho l inbe-
f u n d e in k a u s a l e m S inne ke ine B e d e u t u n g z u z u k o m m e n . 

Im G r u n d e g e n o m m e n is t der Adrena l in -Kol lapszus tand , 
d e r auch als e inziger e ine n e n n e n s w e r t e Anzahl von pos i t iven , 
auf Ace ty lcho l ingeha l t h i n w e i s e n d e n B e f u n d e n e r g e b e n h a t , 
von s ä m t l i c h e n a n d e r e n Kol laps fo rmen zu u n t e r s c h e i d e n . Der 
Adrena l in -Ko l l apszus t and b e r u h t auf e iner r e f l ek to r i s chen , 
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resp. zentralen G e f ä s s e r w e i t e r u n g , auf vaga len E r r e g u n g e n u s w . 
A u s s e r d e m m ü s s e n Adrena l in u n d Ace ty lcho l in im O r g a n i s m u s 
als phys io log i sche A n t a g o n i s t e n a n g e s e h e n w e r d e n , u n d d a s 
läss t die A d r e n a l i n w i r k u n g u n t e r e inem besonde ren Ges ich t s -
winke l b e t r a c h t e n . Das W e s e n t l i c h e be im Adrena l in -Kol laps -
z u s t a n d sche in t zu sein, d a s s er bei E r r e g u n g e n n e u r o g e n e n 
U r s p r u n g s e in t r i t t , w ä h r e n d le tz te ren bei allen a n d e r e n Kol-
l a p s f o r m e n ke ine merk l iche B e d e u t u n g z u k o m m t . D i e s e r 
T a t s a c h e k o m m t im Lich te der h e u t i g e n A u f f a s s u n g der Ace-
t y l c h o l i n f r a g e e ine s eh r w e s e n t l i c h e B e d e u t u n g zu, i n d e m das 
Acety lchol in f a s t a l lgemein als ein P r o d u k t von Ne rvene r r e -
g u n g e n a n g e s e h e n wi rd . Das alles h a t u n s zu der M e i n u n g ge-
f ü h r t , d a s s das A u f t r e t e n von Ace ty l cho l in in u n s e r e n Kol laps-
f o r m e n von E r r e g u n g e n n e u r o g e n e r E l e m e n t e h e r r ü h r t e . F e h l e n 
abe r bei e ine r Kol lapsform n e u r o g e n e E r r e g u n g e n , oder bleiben 
sie w e n i g s t e n s im H i n t e r g r u n d e , so ist a u c h das A u f t r e t e n von 
Ace ty l cho l in im Blute n i ch t oder n u r a u s n a h m s w e i s e nachzu -
we i sen . In unse r en E n t b l u t u n g s - wie W u n d k o l l a p s v e r s u c h e n 
s ind a l le rd ings gewis se E r r e g u n g e n von N e r v e n e l e m e n t e n auch 
n icht a u s g e s c h l o s s e n . Ob es s ich in u n s e r e n V e r s u c h e n u m 
e inen W i r k s t o f f d e r s y m p a t h i s e h e n g e f ä s s d i l a t a t o r i s c h e n ( B ü l -
b r i n g und B u r n (9)) F a s e r n oder , eventue l l , auch noch e i n i g e r 
a n d e r e r F a s e r n hande l t , i s t auf G r u n d der vo r l i egenden Ver-
s u c h e n i c h t zu e r s c h l i e s s e n . 

U n s e r e B e f u n d e bei dem Adrena l in -Ko l l apszus t ande wer-
den, wie die E r k l ä r u n g e n dazu, in gewissem U m f a n g e a u c h 
d u r c h ve r sch iedene E r g e b n i s s e a n d e r e r A u t o r e n i n d i r e k t ge-
s tü t z t . Nach G o l l w i t z e r - M e i e r u n d O t t e (20) t r i t t bei 
r e f l ek to r i s ch d u r c h Re i zung des S inus caro t icus a u s g e l ö s t e n 
E r w e i t e r u n g e n versch iedener , mi t k ü n s t l i c h e r N ä h r l ö s u n g d u r c h -
s t r ö m t e r A r t e r i e n a b s c h n i t t e Ace ty lcho l in in der P e r f u s i o n s -
f l ü s s i g k e i t auf . Auch die a u s B l u t g e f ä s s e n h e r g e s t e l l t e n 
E x t r a k t e ze ig ten d a n a c h e ine e twa 100%-ige Z u n a h m e des 
A c e t y l c h o l i n g e h a l t s als Fo lge de r Reizung. Von b e s o n d e r e m 
I n t e r e s s e is t noch der B e f u n d von F e l d b e r g u n d S c h r i e -
v e r (21), die geze ig t haben , dass n a c h e iner I n f u s i o n von 
Adrena l in bei e s e r i n i s i e r t en H u n d e n Ace ty lcho l in in de r 
Cerebrosp ina l f l i i s s igke i t mi t Hilfe von B l u t e g e l p r ä p a r a t e n nach -
zuweisen is t . Dieses Ace ty lcho l in soll der V e r m u t u n g dieser 
A u t o r e n n a c h a u s dem H i r n g e w e b e in den Liquor h i n ü b e r d i f -
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f u n d i e r t sein. Dieser Befund stel l t der Analog ie nach eine 
g e w i s s e B e k r ä f t i g u n g u n s e r e r E r g e b n i s s e dar . A n d e r e r s e i t s i s t 
es aber au f f a l l end , dass diese A u t o r e n im ar ter ie l len wie im 
venösen Blute derse lben T i e r e n a c h d e r A d r e n a l i n i n f u s i o n k e i n e 
Z u n a h m e von Ace ty l cho l in f e s t s t e l l en k o n n t e n . A u s der 
B e s c h r e i b u n g der V e r s u c h e is t leider n i ch t zu e r sehen , wie 
e ingehend die B l u t u n t e r s u c h u n g e n g e m a c h t w u r d e n . Es i s t 
mögl ich, dass dieser Unte rsch ied durch die re la t iv kurze A u f -
t r i t t s p h a s e des Acetylchol ins im Blute zu e rk lären is t . Even-
tuell spielen aber noch a n d e r e Fak to r en u n d E i g e n t ü m l i c h k e i t e n 
der V e r s u c h s b e d i n g u n g e n dabei eine Rolle. Al le rd ings i s t aus 
der A r b e i t von F e l d b e r g u n d S c h r i e v e r zu e r sehen , d a s s 
das Blu t von e se r in i s i e r t en Hunden s te t s eine s c h w a c h e Wi r -
k u n g auf B lu tege l a u s g e ü b t hat . H in te r dieser B e o b a c h t u n g 
k ö n n t e e v e n t u e l l eine s c h w a c h e Z u n a h m e der B l u t w i r k u n g 
v e r b o r g e n gebl ieben sein. 

Die a u s den vor l iegenden V e r s u c h e n r e su l t i e rende Ta t sache , 
wie auch de ren E r k l ä r u n g , is t f ü r die P r o b l e m s t e l l u n g dieser 
Arbei t von g ros se r B e d e u t u n g . Zunächs t e r sche in t du rch diese 
Versuche bewiesen zu sein, dass ein insuf f i z ien te r Kreislauf an 
sich noch n i c h t die Ace ty l cho l i nbe funde im Blute v e r u r s a c h t , 
se lbs t wenn die Ve r suchs t i e r e in bedrohl ichem Zus tande , vor 
d e m Tode s tehen . Von den vielen Versuchs t i e ren ha t n u r ein 
einziges g e g e n E n d e des V e r s u c h e s m i t sehr s ch l ech t em Kreis-
lauf e in W i r k s a m werden des Blutes a u f g e w i e s e n . Auch das 
scheint darauf h inzudeu ten , da s s das Acety lchol in von dem 
i n s u f f i z i e n t e n Kre i s l aufzus tan t l e n i ch t v e r u r s a c h t wird , s o n d e r n 
e r s t u n t e r e inigen besonderen Ve rhä l t n i s s en e n t s t e h t und in 
die B l u t b a h n e n ge langt . Es e r sche in t d u r c h a u s plausibel , d a s s 
an u n s e r e n w e n i g e n pos i t iven B e f u n d e n bei e in igen Kollaps-
f o r m e n — bei den Entb lutungs- wie auch Wundkol laps fä l l en — 
einige neurogene Elemente betei l igt g e w e s e n s ind, sind doch 
g e w i s s e E r r e g u n g e n der Vasomotoren beim Entbluten, wie 
auch Reizung der Nervenelemente bei der rohen B e h a n d l u n g 
der Gedärme s icher v o r h a n d e n g e w e s e n . W e i t e r k a n n a b e r 
auch mögl ich sein, da s s dem Adrena l in -Kol l apszus tande an sich 
ein spez i f i scher C h a r a k t e r e igne t , der zum öf te ren A u f t r e t e n 
von Acety lchol in im Blu te f ü h r t . Bei diesem Uni s t ande w ä r e n 
die e inze lnen wenigen B e f u n d e bei a n d e r e n Kol l apszus tänden 
auch noch d a d u r c h zu e rk lä ren , dass aus den Nebenn ie ren aus-
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g e s c h ü t t e t e s A d r e n a l i n in der Kol lapsphase ebenfa l l s zum Auf -

t r e t en von Acety lchol in im Blu te f ü h r e n k ö n n t e . 
E s sche in t viel leicht , dass ein g e w i s s e r W i d e r s p r u c h zwischen 

unse r en f r ü h e r e n ( F l e i s c h , S i b u l u n d K a e l i n ) u n d den 
j e t z igen B e f u n d e n bes t ehe . Das is t aber n i ch t der Fall . In 
den d a m a l i g e n U n t e r s u c h u n g e n ha t näml ich die vo rhe r ige 
s t a r k e Reizung der M u s k u l a t u r s icher in gewis sem Masse auch 
die Nerven zur E r r e g u n g g e b r a c h t . Diese le tz tere E r r e g u n g 
k o n n t e wohl auch die e igent l iche Ursache der d a m a l i g e n posi-
t iven Befunde beim insuf f iz ien ten Kre i s l au fzus t ande abgeben . 
Gewiss wird dami t die Rolle des insu f f i z i en ten Kre i s l au fzus tan-
des n i ch t abge lehn t , doch sche in t ihm e ine m e h r s e k u n d ä r e 
W i r k u n g zuzufa l l en . Besonde r s die B e f u n d e von H a n d o v s k y 
und P a r b e r (22) sche inen auf diese A n n a h m e h i n z u w e i s e n . 
Das Acety lchol in k a n n nämlich an die Pe r fus ions f l i i s s igke i t 
der Lunge bei Y^agusreizung nu r bei s a u r e r Reakt ion , e t w a 
bei pH 6,5 bis 7,0 a b g e g e b e n w e r d e n ; w i rd die Reakt ion der 
D u r c h s t r ö m u n g s f l ü s s i g k e i t s c h w a c h a lka l i sch mi t pH 7,3 her-
ges te l l t , so w i rd ke ine A u f n a h m e m e h r f e s tge s t e l l t . Da ein 
i n s u f f i z i e n t e r Kreislauf zugleich zur Z u n a h m e der W a s s e r s t o f f -
ionen f ü h r t , so ist a n z u n e h m e n , dass das D i f f u n d i e r e n von 
Acetylchol in ins B lu t e r s t durch das S a u e r w e r d e n des B lu tes er-
mögl icht oder bed ing t wird . Die Rolle des g e s c h ä d i g t e n Kreis-
laufes bei den A c e t y l c h o l i n b e f u n d e n im s t r ö m e n d e n Blute , 
resp. in den P e r f u s i o n s f l ü s s i g k e i t e n , is t somi t von s e k u n d ä r e r 
Na tu r . 

Zusammenfassung. 
Da von F l e i s c h , S i b u l u n d K a e l i n die B e o b a c h t u n g 

g e m a c h t w o r d e n ist , dass A c e t y l c h o l i n b e f u n d e im venösen 
Blute der E x t r e m i t ä t e n v e n e nu r bei insuff iz ientem Kre i s l au fe 
mit B l u t d r u c k s e n k u n g f e s t g e s t e l l t we rden k ö n n e n , wi rd in der 
vor l i egenden Arbe i t das Blut bei ve r sch iedenen pa tho log i schen 
K r e i s l a u f v e r h ä l t n i s s e n auf Ace ty lcho l in u n t e r s u c h t . Dazu wer-
den bei Katzen exper imente l l E n t b l u t u n g s - , Pep ton- , W u n d - u n d 
Adrena l in -Kol lapszus tände erzeugt und wird danach venöses 
Blut aus der E x t r e m i t ä t e n v e n e , resp . auch aus der Vena cava 
inf . m i t t e l s B lu t ege l r eak l ion auf Ace ty lchol in u n t e r s u c h t . 

Es e rgab sich, dass Acety lchol in bei E n t b l u t u n g s - u n d 
Wundkol laps fä l l en ge legen t l i ch während kurzer Ze i t abschn i t t e 



24 

im Blute in kleinen Mengen g e f u n d e n werden konnte, h inge-
gen aber nicht beim Peptonkollaps. Nach intravenösen Adre-
na l i n in j ek t i onen w e r d e n h ä u f i g pos i t ive B e f u n d e von Ace-
tylchol in im. Blu te erziel t . Dabei wi rd f ü r wahrsche in l i ch 
geha l t en , dass das Ace ty lchol in von e r r e g t e n n e u r o g e n e n Ele-
m e n t e n h e r r ü h r t . Auch f ü r die n u r wen igen Acety lchol inbe-
f u n d e bei den E n t b l u t u n g s - u n d W u n d k o l l a p s v e r s u c h e n wird 
a n g e n o m m e n , da s s sie d u r c h E r r e g u n g des N e r v e n g e w e b e s 
bed ing t waren . Even tue l l k ö n n t e dabe i abe r a u c h als p r imäre 
Ursache e ine A u s s c h ü t t u n g von Adrena l in w ä h r e n d der Kol-
l apsphase in F r a g e k o m m e n . Der g e s c h ä d i g t e K r e i s l a u f z u s t a n d 
an sich d ü r f t e bezügl ich der B e f u n d e von Acetylcholin im Blute 
n u r eine s e k u n d ä r e B e d e u t u n g haben. 

Diese Versuche l assen die V e r m u t u n g zu, dass das Acc-
tyIchoIia bei e i n igen Schock fo rmen am Ko l l apsmechan i smus 
m i t w i r k e n k a n n u n d dabei in die B l u t b a h n e n g e l a n g t . 
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Bei der k a u s a l e n Betrachtung einer anthropogeographischen 
Erscheinung stellen wir die Bedingungen des Vorkommens dieser 
Erscheinung fest und verfolgen, in welchem Masse der Mensch von 
diesen Bedingungen abhängt. Dann gehen wir zur T e 1 e o 1 o g i e 
über und untersuchen, welche Erscheinungen durch die Willens-
tätigkeit des Menschen hervorgerufen werden (Markus 1936, S. 9 u.90). 
Doch bilden die Kausalität und die Teleologie nur zwei Seiten 
einer geographischen Analyse. In der vorliegenden Arbeit inter-
essieren uns noch die c h o r o g e n e t i s c h e n Gesichtspunkte 
in bezug auf die Ents tehung und den Entwicklungsgang einer 
Kulturlandschaft Nordest lands (Markus 1932, 1937). 

Bedingungen der Verbreitung von Ölfabriken und Grubenfeldern. 

Wir unterscheiden diesbezüglich d r e i e r l e i B e d i n g u n g e n . 
Bei ihren Stromverlegungen dringen Flüsse (Hwang-ho u. a.) oft 
in dicht besiedelte Ackerbaugebiete oder anderweitig kultivierte 
Länder ein, die der Mensch verlassen muss. In diesem Falle 
zwingen best immte kausale Bedingungen den Menschen Tätig-
keiten auszuüben, die nicht Resultate seines freien Willens dar-
stellen. Wir haben es hierbei also n u r m i t k a u s a l e n 
B e z i e h u n g e n zu tun. 

Die Gründung von Ölfabriken in Nordest land hängt von dem 
Vorhandensein des Kuckersits in Est land ab, allein das blosse 
Vorhandensein dieses Gesteins zwingt den Menschen noch nicht 
Fabriken zu b a u e n ; diese können nur als Resultat seiner t e l e o -
l o g i s c h e n T ä t i g k e i t entstehen. 

Wir sagen, eine Bedingung der teleologischen Tätigkeit des 
Menschen spiele in dem Falle eine a b s o l u t e Rolle, wenn die 
Abwesenheit dieser Bedingung auch die entsprechende Tätigkeit 
des Menschen ausschliesst. Ohne das Vorhandensein des Kuckersits 
wäre kein Brennschieferbau in unserer Heimat denkbar ; deshalb 
trägt der Einfluss dieser Bedingung auf die Brennschieferindustr ie 
einen absoluten Charakter. 
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Eine dritte Gruppe bilden Bedingungen, die dazu z w i n g e n , 
m i t i h n e n z u r e c h n e n , von denen der Mensch jedoch nicht 
absolut abhängt. Um die zweite und die dritte Gruppe kausaler 
Bedingungen voneinander zu unterscheiden, wollen wir die Bedin-
gungen der Verbrei tung von Ölfabriken und Grubenfeldern in 
Estland verfolgen. 

Die wichtigste Bedingung des Vorkommens von Ölfabriken 
und Grubenfeldern in Nordest land bildet die L o k a l i s i e r u n g 

Abb. 1. Das Brennschiefergebiet Estlands. 

1 — Ölwerke. 2 — Grubenfelder. 3 — Estnisch-russische Staatsgrenze. 4 — 
Eisenbahn Narva—Rakvere (Tallinn). 5 — Kukruseschicht. 6 — Südwestliche 

Grenze des Brennschiefergebietes. Massstab: 1 : 1 000 000. 

d e s B r e n n s c h i e f e r s in Nordest land (Abb. 1 u. 2). Diese 
Bedingung spielt in der Verbreitung der Grubenfelder (Bergwerks-
anlagen), die nur im Gebiete des Brennschiefers angelegt werden 
können, eine absolute Rolle. Ölwerke können dagegen sowohl im 
Verbreitungsgebiete des Kuckersits als auch ausserhalb dieses 
Gebietes errichtet werden: der Brennschiefer kann auch aus anderen 
Gebieten eingeführt werden, wie das bei dem Est ländischen 
Ölschieferkonsortium (Sillamäe) geschah, das vor einigen Jahren 
keine eigenen Grubenfelder besass und den Schiefer aus Russ-
land bezog. 

Alle Ölfabriken und Bergwerke liegen an einer fast geraden 
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L i n i e , d i e v o n W e s t e n n a c h O s t e n v e r l ä u f t . Da die 
Kuckersitschichten n a c h S ü d e n g e n e i g t s i n d , so liegen sie 
in südlicher Richtung immer tiefer, während sie an der nördlichen 
Grenze ihres Verbrei tungsgebietes bis an die Erdoberfläche heran-
reichen. An dieser Grenze wurde der Brennschiefer entdeckt und 
es war hier leicht, das Gestein zu fördern. 

Die Lagerungsverhältnisse des Kuckersits bedingen das Süd-
wärtswandern des Schieferbaus. Durch Tagebau förderte man das 
Gestein am Anfang nur im Gebiete des Ausstriches. Später ging 
man zum Tiefbau über, und der Abbau des Schiefers rückt heute 
allmählich nach Süden vor. 

Parallel dem Ausstriche verlaufen zwei V e r k e h r s s t r a s s e n — 
die breitspurige Eisenbahn Tallinn—Narva und der Meeres-
strand des Finnischen Meerbusens, von denen der Transport des 
Brennschiefers und seiner Produkte abhängig ist. Die drei genannten 
Bedingungen, d. h. der Ausstrich des Schiefers, die Eisenbahn und 
der Meeresstrand zeigen eine gemeinsame, und zwar westöstl iche 
Anordnung und bestimmen die Verbreitung des heutigen Brenn-
schieferbaus dem Ausstriche ent lang und die Err ichtung von 
Ölfabriken und Grubenfeldern in der Nähe der Bahnverbindung 
Tallinn—Narva und am Meeresstrande (Sillamäe). Doch tragen 
diese Bedingungen keinen absoluten Charakter: die Ölfabriken 
können weit von den vorhandenen Eisenbahnen (Sillamäe) und 
entfernt vom Meeresstrande (Kohtla-Järve, Kiviõli) angelegt werden. 
Ebenso kann man das Gestein sowohl im nördlichen als auch im 
südlichen Teil des Schiefergebiets durch Tiefbau gewinnen. 

Die Abhängigkeit der Grubenarbeiten von der Neigung der 
Scliieferscliichten. 

Beim Schieferabbau spielt das G r u n d w a s s e r eine wichtige 
Rolle. Die Grubenarbei ten in Käva rücken allmählich von Süd-
westen nach Nordosten vor (Abb. 3), weil die Kuckersitschich-
ten hier nach Süden geneigt sind und weshalb am südlichen 
Flügel des Grubenfeldes von Käva der Brennschiefer ins Grund-
wasser hineinreicht. Ebenso erschwert das Grundwasser den Abbau 
des Schiefers an der Peripherie des Grubenfeldes von Kukruse, wo 
die Schieferschichten sich von NO nach SW senken (Abb. 4). 

Wie Abb. 4 zeigt, liegt der unter dem Brennschiefer befindliche 
Kalkstein — das Grundgestein — am höchsten bei Kukruse (59 m) 
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und arn tiefsten bei Käva (48 m), wobei seine geneigte Oberfläche 
keineswegs eben ist, sondern kleine Aufwölbungen und Vertiefungen 
aufweist. Die Verwaltung der „Ersten Estländischen Brennschiefer-
industrie" hat den nördlichen Teil ihres Konzessiongebietes planiert 
und beschlossen, einen unterirdischen Hauptkana l von Käva in der 
Richtung zu Kukruse anzulegen, mit diesem Hauptkanal zahlreiche 
Nebenkanäle zu verbinden und das Grundwasser aus dem ganzen 
Grubenfelde von Käva—Kukruse durch Käva auszuführen. Ebenso 
geht man bei den Grubenarbei ten von Käva aus und rückt all-
mählich nach Nordosten vor, bis Kukruse erreicht wird. Dies alles 
zeigt, dass das Abfallen des Grundgeste ins eine wesentliche Bedin-
g u n g für die Grubenarbei ten dars te l l t : in der Neigungsr ichtung der 
Kuckersitschichten wird das Grundwasser abgeleitet und in ent-
gegengesetzter Richtung dringen die Gruben vor. 

Im Gebiete der Aktiengesellschaft „Kiviõli" beobachten wir 
einen unterirdischen Hauptkanal, der in der Richtung der Neigung 
des Grundgesteins, d. h. von Norden nach Süden angelegt ist 
und aus dem das Wasser durch ein grosses Pumpwerk entfernt 
wird. Doch das Grubensystem rückt in „Kiviõli" nicht in entgegen-
gesetzter, sondern in der Richtung der Neigung des Grundgesteins, 
d. h. von Norden nach Süden, vor. Die Neigung des Grundgeste ins 
bildet somit keine absolute Bedingung für die Bes t immung der 
Richtung der Grubenarbei ten, doch zwingt sie dazu mit ihr zu 
rechnen: das Grundwasser kann nur nach unten f l iessen; es kann 
aber von einem bestimmten Punkte aus mittels eines Pumpwerks 
herausgehoben oder durch einen Kanal abgeleitet werden. 

Ölindustrie. 

Als eine wesentliche Bedingung für die Entwicklung der 
Ölindustrie (Abb. 6) erscheint die V e r w e n d u n g d e r Ö l e für 
d e n V e r k e h r , besonders die Umstel lung des Schiffsverkehrsauf 
Ölfeuerung und die Motoris ierung von Eisenbahnen und Fabrik-
betrieben. Weiter lenkt das V e r h ä l t n i s z w i s c h e n d e n 
E r d ö l v o r r ä t e n d e r W e l t u n d d e r P e t r o l e u m g e w i n -
n u n g unsere Aufmerksamkeit auf sich. Nach der Weltmonats-
statistik der Preussischen Geologischen Landesanstalt (Partsch 1927, 
S. 293) ist der noch vorhandene Weltvorrat an Öl auf 6500 
Millionen Tonnen zu veranschlagen, während die Jahresproduktion 
von Petroleum bis 200 Millionen Tonnen erreicht (im Jahre 1933 



Abb. 4. Die Kulturlandschaft von|Käva-Kukruse. 
1 — die äusserste (nördliche) Grenze des Vorkommens von Kuckersit. 2 — Isohypsen des Grundgesteins (48 bis 59 m über dem 
Meeresniveau). 3 — Isohypsen der Erdoberfläche (50 — 80 in). 4 — Hauptkanäle. 5 — einer der Nebenkanäle. 6 — Ölwerke. 
7 —Grubenwerke (Tage- und Tiefbau). 8 — alte Siedlungen. 9 — Hebewerk des Brennschiefers. 10 — neue Siedlungen. 11 — 

Eisenbahn Kohtla—Käva—Kohtla-Järve—Kukruse. 12 — Chaussee Tallinn—Narva. 
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z. B. 195 Millionen t). Mithin sind die Erdölvorräte im Verhältnis 
zum Ölverbrauch gering. 

Durch die Destillation gewinnt man aus dem Brennschiefer 
Öle, die einen grossen Heizwert besitzen (9500—11000 kal/kg) und 
daher die N a p h t h a p r o d u k t e im V e r k e h r e r s e t z e n können. 
Das sind das Schieferöl (Teer) und seine Dest i l late: Autobenzin, 

Abb. 5. Der Hauptkanal von Kukruse. 

Aviobenzin, Motorpetroleum u. a. Infolgedessen ist der Brenn-
schiefer zu einem wichtigen Machtfaktor geworden. 

Von den Kuckersit lagern sind etwa 5 Milliarden Tonnen 
abbaufähig (Luts 1934), welche verschwelt 20%, d. h. ca. 1 Milliarde 
Tonnen Schieferöl ergeben würden. So bilden die Ölvorräte Est-
lands ihrem Gewichte nach ca. Ve der Erdölvorräte der Welt. Da 
ferner jährlich nur 3/4 Millionen Tonnen Kuckersit gefördert wer-
den, so können die V o r r ä t e an B r e n n s c h i e f e r i m V e r -
g l e i c h z u r P r o d u k t i o n als unerschöpflich betrachtet werden. 

Von den genannten kausalen Bedingungen ausgehend übt der 
Mensch seine zweckmässige Tätigkeit aus. Der Kuckersit wurde 
im Jahre 1725 entdeckt (Winkler 1930). Helmersen destillierte den 
Brennschiefer und gewann aus ihm Pech und Teer (Helmersen 
1837 u. 1838). Schmidt beschreibt eingehend die Fundor te des 
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Kuckers i t s (Schmidt 1857), w ä h r e n d S c h a m a r i n d a s G e s t e i n c h e m i s c h 

a n a l y s i e r t ( S c h a m a r i n 1870). Zur Zei t d e s W e l t k r i e g s b e s t i m m t 

m a n die G r ö s s e d e s G e b i e t e s , in d e m der K u c k e r s i t v o r k o m m t , 

u n d s te l l t fest , d a s s de r B r e n n s c h i e f e r 2 0 % Roh tee r e rg ib t , d e s s e n 

He izwer t 9500 k a l / k g be t r äg t , u n d ze ig t auch , d a s s de r B r e n n -

sch ie fe r zur G e w i n n u n g von Ö l e n v e r w e n d b a r ist ( P o g r e b o v 1920). 

Sei t E n t s t e h u n g de r E s t n i s c h e n R e p u b l i k b e g a n n e n e i n g e h e n d e 

1H' >.w ,.JJ. Ir^
1 

Abb. 6. Die Ölwerke von Kohtla-Järve. 

U n t e r s u c h u n g e n d e s Kucke r s i t s u n d se ine r P r o d u k t e , d ie in d e n 

L a b o r a t o r i e n de r T a r t u e r Un ive r s i t ä t , der H a u p t s t a d t Ta l l i nn u n d 

v e r s c h i e d e n e r Ö l f a b r i k e n a u s g e f ü h r t w u r d e n . M a n v e r s u c h t a u s 

d e m B r e n n s c h i e f e r w e r t v o l l e P r o d u k t e z u e r z e u g e n : 

a n f a n g s p r o d u z i e r t e m a n a u s d e m Rohö l so l che P r o d u k t e , d i e im 

W i r t s c h a f t s l e b e n n u r e ine u n b e d e u t e n d e V e r w e n d u n g f a n d e n 

( G o u d r o n , Pech) , d i e se P r o d u k t e w e r d e n a b e r a l lmäh l i ch d u r c h 

D e s t i l l a t e e r se tz t , d i e w ich t ige W a r e n fü r d e n M a r k t d a r s t e l l e n 

(Benz in , D i e s e l n a p h t h a , M o t o r p e t r o l e u m u. a.). Pa ra l l e l s i eh t m a n 

s ich nach n e u e n M ä r k t e n um u n d f inde t p a s s e n d e A b s a t z m ö g l i c h -

ke i t en in D e u t s c h l a n d , F i n n l a n d , S c h w e d e n , L e t t l a n d , L i t a u e n u. a. 
L ä n d e r n . 

Die e n t s p r e c h e n d e n k a u s a l e n B e d i n g u n g e n u n d d ie zweck-

m ä s s i g e T ä t i g k e i t d e s M e n s c h e n b i lden s o m i t d i e G r ü n d e fü r d e n 
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g e w a l t i g e n A u f s c h w u n g d e r Ö l i n d u s t r i e in E s t l a n d . 

Die J a h r e s p r o d u k t i o n d e s Sch ie fe rö l s ist r a sch von 120 T o n n e n (im 

J a h r e 1921) auf 1 0 0 0 5 t ( im J a h r e 1932) u n d auf 47 309 t ( im 

J a h r e 1936) g e s t i e g e n ; d ie Ö l w e r k e h a b e n sich v e r m e h r t u n d ih re 

P r o d u k t i o n ha t s ich v e r g r ö s s e r t . Die A. /G. „Kiviõl i" (Steinöl) ho f f t 

a l le in 75 000 t Sch ie fe rö l p ro J a h r zu p r o d u z i e r e n . Die A b s a t z -

m ö g l i c h k e i t e n d e s Sch ie fe rö l s s i n d so gu t e , d a s s die J a h r e s -

p r o d u k t i o n g r ö s s e r e r F a b r i k e n im v o r a u s g e k a u f t wird . 

Die im W a c h s t u m beg r i f f ene Ö l i n d u s t r i e v e r u r s a c h t e i n e n 

s t a r k e n Z u s t r o m von Arbe i t swi l l i gen , d ie d a s I n d u s t r i e g e b i e t r a s c h 

bevö lke rn u n d die E n t s t e h u n g von A r b e i t e r k o l o n i e n h e r v o r r u f e n . 

In N o r d e s t l a n d en twicke l t s ich e ine spez i f i s che K u l t u r l a n d s c h a f t . 

Die Ö l i n d u s t r i e E s t l a n d s h ä n g t so von b e s t i m m t e n k a u s a l e n 

B e d i n g u n g e n ab , d ie der M e n s c h in Be t r ach t z i ehen m u s s . D u r c h 

s e i n e Tä t igke i t schaf f t der M e n s c h n e u e B e d i n g u n g e n für d i e 

we i te re E n t w i c k l u n g der Ö l i n d u s t r i e . In d e r U n t e r s u c h u n g d e s 

K u c k e r s i t s u n d A u f f i n d u n g der v e r s c h i e d e n e n P r o d u k t e d e s B r e n n -

sch ie fe r s a b e r ä u s s e r t s ich d ie s c h ö p f e r i s c h e T ä t i g k e i t d e s 

m e n s c h l i c h e n Ge i s t e s . 

Chorogenese . 

Im f o l g e n d e n wol len wir n u n d e n E n t w i c k l u n g s g a n g d e r 

K u l t u r l a n d s c h a f t von K ä v a - K u k r u s e ve r fo lgen u n d hierzu d i e 

N a t u r b e d i n g u n g e n d i e s e s E n t w i c k l u n g s g a n g e s au f s t e l l en 

( M a r k u s 1932, 1938). 

D e n g e o l o g i s c h e n U n t e r g r u n d der L a n d s c h a f t von K ä v a - K u k r u s e 

b i lde t der s i lu r i sche K a l k s t e i n , de r zwischen s e i n e n S c h i c h t e n 

K u c k e r s i t e n t h ä l t . Die S c h i c h t e n d e s U n t e r g r u n d e s f a l l e n 

v o n N o r d e n n a c h S ü d e n a b , wobe i de r Kucke r s i t i m N o r -

d e n a n d i e E r d o b e r f l ä c h e h e r a n r e i c h t . Die Kar te (Abb. 4) 

ze ig t e in S e g m e n t , d a s nach N o r d e n stei l abfä l l t u n d e i n e 

T e r r a s s e b i lde t . D i e s e 3 — 4 m hohe T e r r a s s e b e s t e h t in ihrem 
oberen Teil a u s f e s t e m Kalkstein und im unteren Teil a u s weichem. 
Kuckers i t . Die g a n z e Landschaf t ist schwach a u f g e w ö l b t u n d 

b i lde t e ine f l a c h e H a l b k u p p e , d e r e n re la t ive H ö h e 30 m 

b e t r ä g t u n d d ie 5 0 — 8 0 m übe r d e m M e e r e s s p i e g e l e r re ich t . 

Infolge de r C h o r o g e n e s e ( M a r k u s 1936) e n t s t e h t in K ä v a -

K u k r u s e a l s spez ie l l es E l e m e n t de r L a n d s c h a f t e in K o m p l e x 

u n t e r i r d i s c h e r G ä n g e u n d H ö h l e n (Abb. 7). Da de r 

Kucke r s i t a m R a n d e d e s S e g m e n t s an d ie E r d o b e r f l ä c h e 



Abb. 7. Unterirdischer Gang (KPT 1933). 
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heranreicht, so beginnen hier die Hauptgänge — die Stollen — 
und dringen in Gebiete ein, wo der Kuckersit in einer Tiefe von 
10—20 m liegt (Abb. 3 u. 4). 

Von den Hauptgängen laufen nach verschiedenen Richtungen 

Nebengänge . Alle G ä n g e sind 2 x / 2 — 3 m hoch, und der ganze 
Höhlenkomplex ist mit der Erdoberf läche durch senkrechte Wet ter -

schächte verbunden . Während die Arbeiter bei der Gewin-

n u n g des Kuckersi ts immer neue Schiefergebiete besetzen, fül-

len sie parallel die bei der F ö r d e r u n g des Geste ins en t s t ehenden 

Hohlformen aus, wozu sie den zwischen den Schieferschichten 

vo rhandenen Kalkstein benu tzen . Der ganze H ö h l e n k o m p l e x 

wandert so in Käva von Südwesten nach Nordosten, wobei der 

Schiefer gegenwär t ig durch einen speziellen Schacht in ver t ikaler 

Richtung mit Hilfe eines Hebewerkes gehoben wird. 

Die Indust r ie landschaf t von Käva—Kukruse befindet sich im 
m i t t l e r e n S t a d i u m ihres Entwicklungsganges, in dem gleich-
zeitig neben den Elementen einer f rüher hier vorhandenen L and -

schaft zahlreiche E lemente einer en t s t ehenden neuen Kultur-

landschaf t beobachte t werden. In der Nähe neuer Ans iede lungen , 

die aus grossar t igen Ölwerken, zahlreichen Arbei te rn ieder lassungen 

u. a. bes tehen , l iegen in unveränder tem Zus tande alte Dörfer 

(Markus 1937), wo schlichte Bauernhäuse r mit ihren N e b e n g e b ä u d e n , 

Gärten u. a. zu f inden sind. Neben Ackerfeldern liegen tiefe, durch 

Tagebau en t s t andene Gruben , die mit aus Kalkstein gebi ldeten 

Erdwällen abwechseln . Hoch empor aus Wiesengebie ten ragen in 

Nordes t land konische Hügel , die aus Koks und Asche bes tehen . 

Der Charakter des En twick lungsganges der Kul tur landschaf t 

von Käva—Kukruse ist durch die hier vorhandenen Naturbedingungen 
vorbestimmt, während die Veränderungen zur Kul tur landschaf t 
durch die Tätigkei t des Menschen hervorgerufen werden. Die 
ganze Kul tur landschaf t pass t sich nämlich der industr iel len 

Tätigkei t des Menschen an, weshalb diese Landschaf t einen 
i n d u s t r i e l l e n E n t w i c k l u n g s g a n g (Markus 1932) du rchmach t . 
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Abstract. 

Namerical i l lus trat ions to certain ideas of stel lar struc-
ture and evolution, developed by the wri ter in a previous 
t reat i se are g iven in this publication. " D w a r f " and "semi-
g i a n t " models, wi th a ratio of central to mean density 
(Qc'-Qm) r a n g i n g f rom 6 to 265, and " g i a n t " models, W i t h p c I e w i  

from 5.IO6 to 4.IO21, are computed. In these computations, 
the a s s u m e d opacity is the usual Convention, i. e. the Krämers 
opaci ty pius e lec t ron s c a t t e r i n g w i t h d u e a l lowance for t he 
hydrogen con ten t . The wide r a n g e in Qe: Qm i s a t t a ined par t ly 
as the resu l t of the d i f f e rence in the mean mo lecu l a r w e i g h t 
a s s u m e d for d i f f e r e n t po r t ions of t h e s ta r , this d i f f e r ence 
being cons idered the r e su l t of evolut ion on an a tomic s y n t h e s i s 
basis wi th a g r a d u a l exhaus t ion of h y d r o g e n (cf .1) ; p a r t l y t he 
r a n g e in Qc: Qm is i n f luenced by a pecul ia r d i s t r ibu t ion of t he 
e n e r g y sources (cf.1); the possibi l i ty of v a r y i n g the type of 
hyd ros t a t i c s t r u c t u r e , as r ep resen ted by d i f fe ren t combina t ions 
of the ad iaba t i c and the r ad i a t i ve equi l ibr ium s t a t e s , a d d s to 
the r a n g e in qc: gm. 

P o r m u l a e for numer ica l computa t ions , a l t hough naost of 
t h e m are no t new, are s u m m a r i z e d ; special cor rec t ions fo r t f ce 
mass of r ad i an t energy , and fo r t h e re la t iv i ty r e d - s h i f t e f fec t 
upon the n e t f lux of rad ia t ion are cons ide red . The depress ion 
of l uminos i ty in some s u p e r g i a n t s tars , such as T r u m p l e r ' s 
massive 0 - type s t a r s , m a y be a sc r ibed to the r ed - sh i f t e f fec t 
which may asympto t i ca l ly t e n d to reduce the l uminos i ty of 
a s u p e r d e n s e c o n t r a c t i n g s t a r to ze ro ; in such a case these 
s t a r s should possess a supe rdense core c o n t a i n i n g the m a j o r 
f rac t ion of mass, in which the r ed - sh i f t effect is cons iderab le 

~ c'2 j 5 a n c ^ a vas t in f l a ted o u t e r s h e l l which we ac tua l ly 

observe. 
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Introdi ict ion. 

In a preceding p a p e r 1 we have s h o w n t h a t composite 
s te l lar s t r u c t u r e s m u s t or ig inate in the course of normal 
stel lar evolution. A central core of smaller (or no) hydrogen 
content is f o r m e d , around which one or several hydrogen-
containing shel ls are placed. The hydrogen content i n a g i v e n 
shell is larger , and consequent ly Ihe mean molecular w e i g h t 
lower, than the corresponding mean v a l u e s ins ide Ihe shel l . 
The s ta te of equi l ibr ium m a y be ei ther radiat ive, or adiabat ic 
(convective); addit ional v a r i e t y in the r e s u l t i n g conf igurat ions 
is produced b y the poss ibi l i ty of d i f f e r e n t s ta tes of equil ibrium 
for each separate shell. 

General and qual i ta t ive cons iderat ions r e f e n i n g to the 
condit ions of origin of composite models and lo the i r roie in 
s te l la r evolution may be found in our above-mentioned p a p e r 1 ; 
here w e propose to i l lus t ra te our f o r m e r conclusions by a 
f e w actual computat ions of s te l lar models. 

1. F o r m u l a e and A s s u m p t i o n s . 

Our aim is to s t u d y the inf luence upon stel lar conf igur-
ations of a d i scont inuous d i s t r ibut ion of the molecular we ight , 
and of special d i s t r ibut ions of the e n e r g y sources . Of the 
v a r i o u s phys ica l condit ions character iz ing ihe s ta te oi mat ter 
ins ide a s tar , only the opacity is not k n o w n wel l enough. 
For our purposes it s u f f i c e s to a s s u m e the same law of opacity 
in all c a s e s ; this we take as the combination of K r ämers ' 
opac i ty *) w i t h e lec t ron s c a t t e r i n g (non-re la t iv is t ic , n o n - d e g e n e r -
ate s t a t e of m a t t e r be ing p r e s u m e d ) . The coe f f i c i en t of opac i ty 

we t h u s a s s u m e to be g iven by 

Ic = Jc0 qT -j- 0 .2 (J -j- X ) ( 1 ) , 

w h e r e q is t he dens i ty , T the t e m p e r a t u r e , X the h y d r o g e n 
c o n t e n t ( f r ac t ion of m a s s ) ; Ic0 is a f u n c t i o n of the compos i t i on ; 
for var iable h y d r o g e n c o n t e n t and E d d i n g t o n ' s m i x t u r e as to 
t h e o t h e r e l e m e n t s we a s s u m e va lues of £0 as quoted in 
Sect ion 5. h o f 1 . 

*) Using a certain mean value of the guillotine-factor. 



A XXXIV. 5 Composite Stellar Models 5 

The computat ions will be made by mechanical quadra-
tures. The formulae, mostly wel l-known, are quoted here for 
the sake of completeness, a l though many of them may be 
found elsewhere, or follow in an obvious w a y from publ i shed 
formulae (cf . 2 and3). W e notice that for our genera l case 
the ratio of radiation pressure cannot be considered as constant 
throughout the star, which circumstance renders unusab le 
certain s implif ications which Bddiiigton introduced in his 
" s t a n d a r d " case. 

The universa l constants we as sume according t o 2 : 
log O = 8.8235 (constant of g r a v i t a t i o n ) ; log 9¾ = 7.9168 (gas 
c o n s t a n t ) ; log a = 15.8832 (cons tan t of r ad ia t ion ) . 

The bas ic equa t ions of the ideal gas in s t a t i c equi-
l ib r ium a re : 

dP— _GqMs (9) ' 
dr ra 

-S =<*>"' <2'>; 

dM 
~ d r = ^ Q r " ( 3 ) ; 

4 Jtg ^ , y 
dx Xi 

A M r = ^ n Q { r \ —v\) (3"); 

P = P 9
j T P r (4); 

Pii = \ a T i (5); 

91 
Po=-Qt (6) ; 

Here: P = total p r e s s u r e ; p = g a s pres sure ; pR = radia-

tion p r e s s u r e ; r = r a d i u s ; x = ; q = dens i ty ; M = mass inside 
r r 

a sphere of radius r; ^ — mca:i molecular w e i g h t . 
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The actual u s e of one or another var iant of a formula 
depends upon the character of the mechanical quadrature . 

The equations of heat t r a n s f e r are : 

Lr = Qr -f- Or (8); 

n 16 acT3dT 

JcQ~~dx ( ) ; 

(10). 
dx dr 

Here Lr i s the net total outward f l o w of heat, Qr the t r a n s f e r 
of heat by radiat ion, Cr the t r a n s f e r of heat by convection all 
t h r o u g h a sphere of r a d i u s r. A s shown i n 1 , the Juminosity 
of the s ta r i s equal to the maximum v a l u e of Qr. 

W h e n one of the m e m b e r s in the opacity f o r m u l a ( ! ) 
preva i l s , i t m a y be convenient to u s e the lat ter in a d i f f e r e n t 
form. W h e n the K r ä m e r s opac i t y prevai ls , 

Jc = Jc0QTiF ( 1 ' ) , 

•fV. T? 1 I (l-T~X)Tf 

with F= 1 H = — 
JC0Q 

d i f f e r i n g l i t t le f rom 1. 

W h e n electron s c a t t e r i n g prevails, 

Jc = 0.2(1 4- X)F' (1"), 

w i th F' = H — 
0.2(1 

The above equations already permit us to treat numerical ly 
the problem of rad ia t ive equi l ibr ium, i. e. of heat t r a n s f e r by 
r a d i a t i o n only : C r = O; Lr = Qr. For this purpose w e m u s t 
se t Qr equal to the sum of the phys ica l e n e r g y sources 
ins ide r. A par t icu lar case is represented by the point-source 
model, for which Qr-L= const. However, in the point-source 
model convection necessar i ly takes place, at leas t in a central 
r e g i o n ; therefore the point-source rad ia t ive equi l ibr ium model 
i s phys ica l ly (a l though not mathemat ica l ly) imposs ib le (cf.1). 

A phys ica l ly poss ible analogon of the point-source model 
i s considered b e l o w ; it i s represented by an outer shell in 
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radiat ive equilibrium and Qr = const. for r > r L ; the physical 
e n e r g y sources are all placed ins ide rx \ T1 cannot be chosen 
arb i t rar i ly . 

If no prescript ions wi th respect to Qr are g iven, the 
problem can be rendered def ini te by a s s u m i n g a certain 
equation of state; this may be done quite genera l ly by the 
polytropic equation 

. = ¾ ( i d , 
d ( IogT) 

w h e r e n is the (genera l ly var iab le) po ly t rop ic index d e f i n i r g 
t h e d e n s i t y - t e m p e r a t u r e r e l a t i o n ; the equat ions may be inte-
g ra t ed by p resc r ib ing n as a f u n c t i o n of r ad ius . Fo r t he 
pa r t i cu la r case of n = const . w i th in the g iven l imi ts V1 and r2 

we have: 

¢ - ¢ . ( ¾ " (UO. 

The above equa t ions [up to, and inc lud ing (11), w i t h o u t 
u s i n g ( l l ' ) ] Iead to a h ighly conven ien t g e n e r a l formuJa for 
the t e m p e r a t u r e g r a d i e n t : 

dl= (12). 
dx (n + l)9* 4 T3 

1_ a — /1 3 Q 
For the particular case of ( l l ' ) (or n = const.), equation 

(12) can be approximately i n t e g r a t e d and y ie lds (for 4): 

J! rP \ 4 CT T1" / ™ 4_m mi—w\ __ 
3 9¾ (4 w ) ( n - | - l ) öl y ) 

G/JL M „ 
( X 1 - X ) (12'), 

9¾ (n-j- 1) 

where Mr is an average value of Mr w h i c h is supposed to 
va ry l i t t le w i t h i n the l imi t s rx and r 2 ; (12') ev iden t ly applies 
well to t h e o u t e r r e g i o n s of a s t a r (extended a tmospheres ) . 
For n = 4 we have i n s t e a d of (12'): 

4 au T* OiiM 

T ] ~~ T J r 15 Wloge ^ l 0 g T = "~59T~ ~~X) ' ' 

F u r t h e r , we have : 

^ a p r 6 ( 1 3 ) ; 

1 + 8 3 r " T 
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16 Jta c GM r 
. . (14). 

The above formulae are g e n e r a l and may be used for comput-
ations of a r b i t r a r y stel lar conf igura t ions . The var iab le poly-
tropic index pract ical ly has an inferior l imit in the adiabat ic 
index of the mater ia l : 

When n'>na, pure r a d i a t i v e equi l ibr ium takes p l a c e ; 
convection c u r r e n t s are absent (except those s t i m u l a t e d by 
rotation). W h e n n < ^ n a , convection c u r r e n t s se t in, and a 
considerable fract ion of the heat is t ransported by convect ion; 
in 1 we have shown that the t r a n s p o r t of heat by convection 
is so e f f i c i e n t tha t the depar ture from s ta t ic adiabat ic equi-
l ibr ium is n e g l i g i b l e ; therefore, as soon as convection has 
s ta r ted, n = na r e p r e s e n t s an excellent approximation f o r 
pract ical purposes, and hence na m a y be considered an in fer ior 
l imit for n. It is only in exceptional cases of a very low dens i ty 
and of a l a r g e f l u x of heat, that n may drop considerably 
below na. 

In the computations made below w e have neg lec ted t h e 
inf luence of ionization heat upon the specif ic heats of the 
material, a s s u m i n g t h u s the ratio of speci f ic heats of the 
material to be T = | . A l t h o u g h at t e m p e r a t u r e s of the order 
of IO7 ionization m u s t cons iderably i n f l u e n c e F, i ts n e g l e c t 
does not change our r e s u l t s in principle, and the quant i ta t ive 
c h a n g e s are but s l ight . W i t h h i g h e r temperatures , when 
complete ionization t a k e s place, our assumption i s probably 
correct. 

W i t h the va lue of J T = -jj-, we have (cf. a l s o 2 , p. 191): 

Por considerat ions of convectional s tab i l i ty it may seeni 
more natural to use the dens i ty-pres sure relation for the 
definition of the polytropic index, as has been done by Edding-
ton on several occas ions; however, our criterion of convectional 
s t a b i l i t y (15) r e m a i n s valid w h a t e v e r def ini t ion of the e f f e c t i v e 

n > n (15). a 
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polytropic index we may choose, provided the definit ion is the 
same for both n and na\ the def ini t ion through the tempera-
ture-densi ty relation which we have adopted has the advant-
age of m a k i n g our formulae Iess complicated than would 
have been the case wi th the P — q relation. 

W h e n the polytropic index d i f f e r s from 3, the ratio of 
radiation p r e s s u r e to total p r e s s u r e i s not constant (cf. for-
mula (13)); therefore, even when n and /LI are constant, the 
wel l-known formula d e f i n i n g the centra l temperature as a 
funct ion of mass , radius, molecular we ight , and polytropic 
index (Eddington's formula (58.4),2, p. 85), cannot be applied 
s t r i c t l y ; never the less , for practical u s e we may w r i t e the 
f o r m u l a as f o l l o w s : 

T = _#_ 
c (n -j-1)1/ ' 9¾ R y } ' 

Here ß is a ce r t a in a v e r a g e value of ß, M — the total mass , 
R — the rad ius of the boundary of the s t a r ; R' and M are 
certain c o n s t a n t s of E m d e n ' s tab les ( funct ions of n a lone; 
c f . 2 , p. 8°). 

In ca lcu la t ing ß, i t appea r s to be na tu ra l to apply 
w e i g h t i n g by the i n c r e m e n t of t e m p e r a t u r e i t s e l f ; t h u s , 

,Tc 1 

TT jO ß dT r Q . , T 
= / ß du, w h e r e u = 

r f T c dT J r Tc 
0 0 

W i t h t h e aid of (13) a n d ( l l ' ) t h i s leads f ina l ly to the 
f o l l o w i n g s e r i e s (n = cons t . ) : 

~5 a Ui
 I a 4

 I ^1 0S1 

4 — 7 ^ 2 n ~ f ~ 1 0 — 3 w " 13 — 4n ' 
where 

1 — A O 1 
° = - Ä r ' a n d A = : - - 5 J T W -

+ 3 F QC 

The ser ies is c o n v e r g e n t for /90 0.5; however, the practical 
u s e f u l n e s s of (17) and (18) b e g i n s only w i t h the l a r g e r v a l u e s 
of ß0, especia l ly so b e c a u s e a l a r g e r ad i a t i on p r e s s u r e (smal l ß) 
m u s t in one way or a n o t h e r Iead to a var iable p o l y t r o p i c 
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index. For a v e r y smal l 1 — ß t h e a v e r a g e rad ia t ion p r e s su re 
( 1 — ß ) does no t d i f f e r very m u c h f rom t h e value 1 — ßs com-
pu ted f r o m E d d i n g t o n ' s qua r t i c equa t ion wi th n = 3, as shown 

by the fo l l owing table (for /90, c f . 2 , p. 130): 

n = 3 2.5 2.33 2.0 1.5 

J - = 1.00 0.82 0.82 0.83 0.90. 
l - ß s 

A c c o r d i n g to (13), fo r n <C 3, ß i nc reases , 1 — ß dec reases , 
wi th the d e c r e a s i n g t e m p e r a t u r e , i. e. w i t h the i n c r e a s i n g 
d i s t a n e e f r o m t h e c e n t r e ; fo r n >> 3 the r eve r s e occurs . A n 
i n t e r e s t i n g pecu l ia r case is t h a t of a d i a b a t i c equ i l ib r ium, 
w h e n n = na is itself var iab le , b e i n g de f ined by equa t ion (16). 
F r o m equa t ions ( l l ) , (13), a n d (16) t he fo l lowing d i f f e r e n t i a l 
e q u a t i o n can be d e r i v e d : 

dß ( 1 - / 9 ) / 9 2  

dT T(4—3/9)' 

Upon in t eg ra t i on t h i s y i e l d s : 

ioe § = 1 - 1 5 8 2 ¾ - ¾ + ! 1 ° * - <i9)-

T h i s equa t ion r e p r e s e n t s t he d e p e n d e n c e of ß upon T ; by (16) 
and (13) i t d e f i n e s also t h e va r iab le po ly t rop ic index , and t h e 
equa t ion of s t a t e Q = f (T) which c o r r e s p o n d s to t h e a s s u m e d 
ad iaba t i c Variation of t he po ly t rop ic index . W h e n ß is c lose 
to 1, or 1 — ß is small , n = c o n s t . — 1.5 can n e v e r t h e l e s s be 
a s s u m e d as a u s e f u l approximation. 

It is d i f f i c u l t to der ive an accurate formula for the heat 
t rans fer by convect ion; h o w e v e r , t h e order of m a g n i t u d e of 
this quant i ty may be fa i r ly well e s t imated . For our present 
purposes, it i s not important to obtain here g r e a t precis ion: 
the formulae g i v e n below s e r v e d us la ter chie f ly to ascertain 
that, in cases when convection s t a r t s , adiabat ic equi l ibr ium 
s e t s in a lmost precisely, because convection t u r n s out to be 
a much more power fu l means of heat t ranspor t in s te l lar 
inter iors than radiation i s ; how much more power fu l , is not 
a v e r y important ques t ion u n d e r these c i rcumstances (cf. \ 
Section 5. a). 

Let H = — T1 be the absolute depth of the c i rcu la t ing 
current, AT i t s e f f e c t i v e excess of t e m p e r a t u r e (-f AT in the 
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a s c e n d i n g branch, —. ZlT in t h e d e s c e n d i n g one). In the 
a b s e n c e of p e r c e p t i b l e f r i c t i o n (as in t h e c a s e of a l a r g e -
sca le c u r r e n t ) t h e v e l o c i t y of the c a r r e n t m a y be s e t e q u a l to 

"1OHAT ( 2 0 ) > 

QMr 
w h e r e g = — i s the accelerat ion of g r a v i t y . F u r t h e r , Iet 

dT 
§ = b e ^he a v e r a g e t e m p e r a t u r e g r a d i e n t , and £a t h e adia-

b a t i c t e m p e r a t u r e g r a d i e n t ; in t h e a b s e n c e of a l a t e r a l 
e x c h a n g e of heat, the c h a n g e of s t a t e a l o n g t h e c u r r e n t i s 
p u r e l y a d i a b a t i c ; AT in th is case s h o u l d be equal to the d i f fe r-
ence of t e m p e r a t u r e b e t w e e n the a s c e n d i n g and the d e s c e n d i n g 
c u r r e n t s , the c o r r e s p o n d i n g c h a n g e ZlT t a k i n g place at t h e 
top and at the bottom of t h e c i r c u l a t i n g c u r r e n t ; t h e r e f o r e 

AT^ 2 ( I a - I ) H (21). 

Hence t h e h e a t t r a n s f e r b y convect ion b e c o m e s 

Gr & 4 » v Cf r S H 1 1 / ^ r i ^ i 1 • • • (22), 

w h e r e cp i s t h e s p e c i f i c hea t of the m a t e r i a l ; in f o r m u l a (22) 
i t h a s been a s s u m e d that o n l y one q u a r t e r of 4 j t r 2 i s covered 
b y the cross-sect ion of t h e a s c e n d i n g c u r r e n t . A m i n i m u m 
v a l u e of cp w e o b t a i n b y n e g l e c t i n g the l a t e n t hea t of ioniza-
t ion and a t o m i c t r a n s m u t a t i o n s ; in s u c h a case w e h a v e 

C = C 
P g 

w h e r e 
5 

[ . + f ^ l ™ 

C g
 /j,(r — i) 2 /li 

i s the s p e c i f i c h e a t of the m o n a t o m i c g a s (cf . 2 ). 

Most d i f f i c u l t it is to e s t i m a t e the v a l u e of H. In cer ta in 
e x p e r i m e n t s b y B e n a r d 4 , c o n s i d e r e d b y D e s l a n d r e s 5 a s the 
c lue f o r u n d e r s t a n d i n g the c i rcu la t ion of f loccul i in the so lar 
a t m o s p h e r e , a s h a l l o w l a y e r of l iqu id h e a t e d u n i f o r m l y at the 
bottom p r o d u c e s a more or Iess s t e a d y s y s t e m of c i rcu la t ion ; 
t h e s y s t e m c o n s i s t s of d i s t i n c t ce l lu les , w i t h an a s c e n d i n g 
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current at the centre and a d e s c e n d i n g one at the p e r i p h e r y ; 
the average d iameter of a cellule var ies direct ly as the depth 
of the f l u i d ; the latter m u s t be sm all as compared with the 
width of the container to obtain a tolerably s tab le n e t w o r k of 
convect ive cellules. Inside a s tar a n u m b e r of radial ly super-
posed s y s t e m s of convect ive circulation may be suppoted to 
e x i s t ; a l imitation to the depth of each s y s t e m is set part ly 
by rotational def lect ion (cf. \ Section 4. f), part ly by the 
condition that the material cross-section of the current should 
not v a r y too suddenly , or too much. The mater ia l cross-
section m a y be def ined as the product oo, w h e r e o is the 
g e o m e t r i c cross-section of the current . For a sys tem of circu-
lation placed inside a spherical layer the mater ia l cross-
section is ev ident ly proportional to Qr2. The assumption 
tha t the depth of the circulation is determined by the condition 
o r 2 
— ^ = e ± x fa l l s probably not far beside the point. For the 
Qi r\ ' 

terres t r ia l atmosphere, at least, wi th ^ = I practical ly, the 
r i 

condition y ie lds a depth of about 7—8 k i l o m e t e r s , which is 
close to the observed order of m a g n i t u d e . In the place of 
the above condition which implies d i scont inui ty b e t w e e n the 
s u p e r p o s e d s y s t e m s of c irculat ion, w e int roduce the f ict i t ious 
conception of H v a r y i n g continually with the radius , according 
to the formula 

(24). 
H lo ge dr r 

w h i c h is the continuous d i f f e r e n t i a l equivalent of the f i r s t 
ment ioned condition. Formula (24) m a y under certain circum-
stances yield H= oo, a va lue which certainly cannot possess 
a real meaning wi th respect to (22); the fo l lowing l imitation 
of R to an upper limit appears, therefore. n e c e s s a r y as well as 
p l a u s i b l e ; 

H K 1 - V (24'). 
2 

In the above formulae the mass-dens i ty of radiant e n e r g y 
is neglected ; a l though below, as in most other c a s e s of stel lar 
s t ruc ture , the rat io of the m a s s - d e n s i t y of radiation to the 
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Q 
" m a t e r i a l " dens i ty , , i s small and m a y be n e g l e c t e d , for the 

Q 

s a k e of c o m p l e t e n e s s w e quote the p r o c e d u r e by w h i c h the 
m a s s - d e n s i t y of radiat ion can be t a k e n into a c c o u n t : 

g'
 a

 h>-\ (2o), 
Q C- Q 

w i t h l o g ~ = 36.9290. The r i g h t - h a n d s i d e s of f o r m u l a e (12), 

(14), (2), (2'), (3), O'), and (3") m u s t be mult ip l ied by (1 The 

procednre st i i l iniplies the condit ion of the potent ia l of 
g r a v i t a t i o n to be s m a l l as compared w i t h the s q u a r e 
of the v e l o c i t y of l ight . If t h e potent ia l of g r a v i t a t i o n 
is not smal l , an addi t ional correct ion of f o r m u l a (9) represent-
i n g the n e t f l u x of rad ia t ion is r e q u i r e d . The r e l a t i v i t y red-

U--Pi. i- dv GMdr . „ , p s h i i t correct ion, — = — , is v a l i d lor a q u a n t u m oi 
V C T" 

f r e q u e n c y v t r a v e l l i n g f r o m a d i s t a n c e r lo the d i s t a n c e 
r-\-dr\ c is the v e l o c i t y of l i g h t ; t h i s correct ion, if applied 
to t h e der ivat ion of in the s a m e m a n n e r as f o r m u l a (9) i s 
u s u a l l y d e r i v e d ( v a r i a b i l i i y of /•, g, or JCQ does not i n f l u e n c e 
the formula), l eads to the f o l l o w i n g " r e l a t i v i s t i c " f o r m u l a f o r 
the f l u x of r a d i a t i o n : 

'«*. ' 7 " 7 / / j • ( n 

1 1 1 4 c 2 , - 2 ( - f ) J 

The " r e l a t i v i s t i c " correct ion f a c t o r , bracketed in (9'), m a y 
reduce the r a d i a t i o n to a r b i t r a r i l y smal l v a l u e s ; the f a c t o r , 
h o w e v e r , n e v e r can become n e g a t i v e , b e c a i u e the i n c r e a s e of 
M 
— t n e c e s s a r y f o r t h i s purpose, can t a k e place only w h e n 

accompanied by a pos i t ive f l u x QR: the e x t r a e n e r g y of g r a v i -
tat ional contract ion o u g h t to. be rad ia ted into space, o t h e r w i s e 
contraction is not poss ib le . There fore , a s t a r in t h e s t a g e of 
g r a v i t a t i o n ai col lapse (as a w h o l e , or in a m a s s i v e core only) 

M 
m a y s h o w a l u m i n o s i t y d e c r e a s i n g a c c o r d i n g to (9') as -D-

JX 

i n c r e a s e s ; the l u m i n o s i t y should approach zero a s y m p t o t i c a l l y , 
and t h e r a t e of evolut ion should become s l o w e r as the lumi-
n o s i t y d e c r e a s e s ; it is, therefore, p r o b a b l e t h a t v e r y m a s s i v e 
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s t a r s , of a f a s t init ia l r a t e of evolut ion (cf. T. P. 3 0 . ^ VIII; 
a l so 1 ) , wi l l at p r e s e n t o f t e n be f o u n d in a s t a g e of a d v a n c e d 
contract ion, w i t h a c o n s i d e r a b i y r e d u c e d l u m i n o s i t y ; p e r h a p s 
T r u m p l e r ' s 0 - s t a r s (cf. \ loe. eit.) are s p e c i m e n s of s u c h a 
e la s s of o b j e c t s , in w h i c h case, of course, the main m a s s of 
the s t a r m u s t be c o n c e n t r a t e d in an o v e r d e n s e core, w h e r e a s 
t h e o b s e r v e d s u r f a c e w o u l d b e l o n g to an e x t e n s i v e a t m o s p h e r e 
(an analogon to the e n v e l o p e s of p l a n e t a r y nebulae) . 

2. R a d i a t i v e E q u i l i b r i u m w i t h Constant Net F l u x of R a d i a t i o n . 

This problem o c c u r s w h e n all p h y s i c a l sources of e n e r g y 
are c o n c e n t r a t e d i n s i d e a shel l of r = V1; o u t s i d e rx r a d i a t i v e 
equi l ib r ium wi th Qr = Qrl t a k e s p lace w h e n convect ion is 
a b s e n t . A part icular case i s t h a t of the so-called point-source 
model ; d i f f i c u l t i e s a r i s i n g in the n u m e r i c a l Solution of t h i s 
model have been d e s e r i b e d by E d d i n g t o n (cf. 2, p. 124 f .) ; 
however, E d d i n g t o n ' s m a t h e m a t i c a l Solution, wi th t h e d e n s i t y 
par t ly d e c r e a s i n g i n w a r d s , cannot s a t i s f y u s : ac tua l ly , a con-
v e c t i v e core is f o r m e d i n s t e a d of the r e g i o n of the computed 
n e g a t i v e d e n s i t y g r a d i e n t . In t h e c o n v e c t i v e core, any non-
u n i f o r m i t y of t h e d i s t r ibut ion of the phys ica l e n e r g y s o u r c e s i s 
smoothed out b y the convect ional t r a n s p o r t of heat . T h e r e f o r e , 
t h e t rue d i s t r i b u t i o n of the p h y s i c a l e n e r g y s o u r c e s in t h e 
core is of no impor tance for the t y p e of the r e s u l t i n g s t r u e t u r e ; 
t h e s a m e s te l la r s t r u e t u r e r e s u l t s in the case of a p h y s i c a l 
point-source, and in the case of a more u n i f o r m d i s t r i b u t i o n 
of the e n e r g y s o u r c e s i n s i d e the core. For the s a k e of s im-
pl ic i ty w e m a y a s s u m e , in a p a r t i c u l a r case, t h a t all phys ica l 
e n e r g y s o u r c e s a r e in the c o n v e c t i v e core, no e n e r g y b e i n g 
g e n e r a t e d out s ide of i t ; in s u c h a case Qr = const. i s the equa-
tion of r a d i a t i v e e q u i l i b r i u m o u t s i d e the core. A f i x e d v a l u e 
of Qr, f o r f i x e d d i m e n s i o n s and s t r u e t u r e of the core, g e n e r -
al ly does not Iead to a Solution of r a d i a t i v e e q u i l i b r i u m , as has 
been pointed out by Eddington for the po int-source case (cf . 2

r 

p. 125): " w e t h u s overcondi t ion the p r o b l e m and g e n e r a l l y 
fa i l to reach a So lut ion" ; the Solution is to be f o u n d by a 
method of tr ial-and-error, i n v o l v i n g l a b o r i o u s ca lcu la t ions . The 
Situation is, h o w e v e r , s o m e w h a t d i f f e r e n t f r o m the Situation 
cons idered by E d d i n g t o n , because w e h a v e to a l low for t h e 
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p o s s i b i l i t y of c o n v e c t i v e e q u i l i b r i u m , a c i r c u m s t a n c e d i s r e g a r d e d 
in E d d i n g t o n ' s p u r e l y m a t h e m a t i c a l Solut ion. 

In our present problem the effective polytropic index as 
defined by (11) is a variable quantity; the character of i t s 
Variation, depending upon the assumed initial conditions, deter-
mines the character of the resulting Solution; the polytropic 
index serves as the most useful guiding criterion in our trial-
and-error computations. 

It i s p r o p o s e d to c o n s i d e r f i r s t t h e c a s e w h e n t h e r a d i -
a t i o n p r e s s u r e i s s m a l l , or w h e n ß i s c l o s e t o l ; f o r m u i a (13) 

4-.(JL 
teils us in such a case tha t the member — can be neglected as 

3 

_L~ | \ n 
compared with - — ! — - — ^ in (14), and we obtain, with a suf-

ficient degree of approsimation: 

Mr T3 

n -\- 1 = — — X const (26). 
Hr

 kQ 

Por Qr = const. and k = const. (case of prevail ing electron 
scattering), logarithmic differentiation of (26), together with 
(11), y ie lds : 

dn ( n - ( - l ) dMr (3 — n)(n-\-l)dT 

dr ~ M dr~ T dr ' ' ' (2<)* 
T 

dM dT 
W e n o t i c e t h a t i s a l w a y s p o s i t i v e , n e g a t i v e ; t h e r e f o r e , 

the f i r s t member on the right-hand side of (27) is always posi-
tive, whereas the second member is positive when n^> 3, and 
negative when n < 3. Thus, when at a certain distance r 

from the centre n happens to exceed 3, by (27) -v->>0, and 
dr 

n will steadily increase at an accelerated rate towards n = oo; 
as a result, the Solution in the onter portions of the model 
approaches an isothermal one, of a temperature T 0 0 which is 
not zero (mostly a large fraction of Tc), although g may 
approach zero rapidly; this Solution cannot be considered a 
real one for individual stars belonging to our universe (where 
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T o o - S 0 K in galactic space is practically zero), although i t may 
apply to stellar models in an imaginary universe where the 
temperature of interstel lar space is as h igh as T 0 0 . 

When n i s Iess than 3, the f i r s t member in (27) is positive, 
the second n e g a t i v e ; according to the relat ive size of the two 
members, n may either increase or decrease. Characteristic 

(jt Ti 
of the f inal Solution is the behaviour of — in the outer por-

dr 
dMr 

tions of the s t a r : ---- approaches zero there, and the f i r s t 

member in (27) may be neg lected; when n < 3 at the same 

time, is negat ive, and n decreases at an accelerated r a t e : 
dr 

as soon as n fa l l s below na, convection s t a r t s ; thus a second, 
outer convectional region originates, separated from the inner 
one by an intermediate shell in radiat ive equil ibrium. And 
only in the l imit ing case, when in the outer portions n ap-

(I' 71/ 
proaches 3, does the outer region of radiat ive eqnil ibrium 

become complete. Summariz ing we may say that n = 3 is a 
critical value for models in radiative equilibrium with Qr = const. 
and Tc = const. : when n happens somewhere to exceed 3, there 
does not exist a real Solution; when n never attains the value 3, 
a second convective region or ig inates in the outer regions, of 
a width depending upon the initial condit ions; and when n 
approaches asymptotical ly 3 as the surface of the star is 
approached, complete radiat ive equilibrium takes place outside 
the convective core. 

F1Or the Kramers law of opacity, and ß near 1, the cr i t ical 
value of n is 3.25 (the proof is t r ivial , and the t heo rem not 
n e w ; we omit the proof). P o r c o m b i n e d K r a m e r s a n d e l e c t r o n i c 
sca t t e r ing opacity, t he cri t ical value of n l ies somewhere be-
tween 3.25 and 3. 

Not very d i f f e r en t r e su l t s are ob t ined w h e n 1 — ß, 
a l t h o u g h not negl ig ible , is a small f r ac t ion of 1 (less than 0.2). 

Por fixed size a n d s t r u e t u r e of the convect ive core t h e 
charac te r of the ensu ing Solution is actual ly de te rmined by the 
in i t ia l va lue of n according to (26), i. e. the value of the poly-
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tropic index j u s t outs ide the b o u n d a r y of the c o r e ; e v i d e n t l y 
n —j— 1 is i t i v e r s e l y proport ional to Qrx in such a c a s e ; a cer ta in 
v a l u e of Qrl = Q0 l eads to complete r a d i a t i v e e q u i l i b r i u m out-
s ide the c o r e ; w h e n Qrl >> Q0, an o u t e r c o n v e c t i v e reg ion i s 
f o r m e d (composite model, cf. 1, Section 5. f , h), i n c r e a s i n g i n e x t e n t 
as Qrl i n c r e a s e s , j o i n i n g the inner c o n v e c t i v e reg ion at a cert-
a in va lue of Qrl = Qa (complete ad iabat ic model, cf. 1 , Section 
5. e, g). W h e n Qrl <C Q0, no r e a s o n a b l e Solution does ex i s t . 

Let Qi be the net f l u x of r a d i a t i o n j u s t ins ide the bound-
a r y of the c o n v e c t i v e c o r e ; w h e n the ini t ia l condi t ions a r e 
a r b i t r a r i l y chosen, Qi g e n e r a l l y need not be equal to Q0. W h e n 
Qi ^ Qa, in no port ion of the s t a r can r a d i a t i v e e q u i l i b r i u m 
e x i s t : the model is of the complete a d i a b a t i c type (actual ly , in 
the n o r m a l c o u r s e of s te l l a r evolut ion, Qi n e v e r can exceed 
Qa, cf. 1 , Section 5. g). W h e n Qa~> Q i > Q0, the model i s of 
the compos i te t y p e , wi th two convect ive r e g i o n s s e p a r a t e d 
b y a she l l in r a d i a t i v e equi l ib r ium. W h e n Qi-Qot the 
composi te model cons i s t s of a complete r a d i a t i v e shel l s u r r o u n d -
i n g a c o n v e c t i v e core. W h e n Qi <C Q0, no Solution of Qr = Q 
e x i s t s ; Q0 is a m i n i m u m v a l u e of the tota l f l u x of heat at t h e 
b o u n d a r y of t h e c o n v e c t i v e core, and, in the a b s e n c e of ad-
e q u a t e p h y s i c a l s o u r c e s of e n e r g y at, or outs ide i\, an a d d i t i o n a l 
s u p p l y of hea t C i b y convect ion f rom t h e core m u s t be 
s t i m u l a t e d i n e v i t a b l y , so t h a t Q0 = Qi -f- Ci, and the case be-
comes a g a i n one of comple te r a d i a t i v e equi l ib r ium in the outer 
shel l . It i s a lso c o n c e i v a b l e t h a t c o n v e c t i o n p r o v i d e s even 
more t h a n th i s n e c e s s a r y minimum, Qa > Q i + Ci ^ Q0, or 
Qri = Qi j T Ci, so t h a t the other t y p e s of s t e l l a r s t r u e t u r e 
d e s e r i b e d above become p o s s i b l e f o r the case Q {<CQ0i loo. 

W h e n there is a core of s m a l l e r h y d r o g e n content, or of 
g r e a t e r mean ^ as compared w i t h t h e shel l , the convect iona l 
c u r r e n t s of the core cannot cont inue by iner t ia f a r into the 
s h e l l : a c o n s i d e r a b l e t r a n s p o r t of heat b y convect ion at t h e 
b o u n d a r y of t h e core can exis t , and, at t h e s a m e t ime, the 
convect iona l motion m a y cease a b r u p t l y o u t s i d e the core 
(cf.1, Section 5. h). T h e r e f o r e , for s u c h a model w i t h a h e a v y 
core, the a b o v e t y p e s of s te l lar s t r u e t u r e can be Obtained j  

for a f i x e d core, by a s u i t a b l e choice of Qri = Qi -j- C., w h i c h 
d e p e n d s upon the more or Iess a r b i t r a r y v a l u e of C.. 
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W h e n the s ta r is of a uniform compositum throughout r 

the search for a Solution is somewhat more complicated. There 
is no reason for a s y s t e m of convection currents to stop at 
the boundary of the core u n l e s s it g radnal ly dies out inside 
the core already, as the boundary of the latter is ap-
proached ; in such a c a s e , however, the convectional t ransport of 
heat m u s t also g r a d u a l l y die out and reach the value C1==O 
at the boundary of the core. Hence Qrl = Q.; for a core of 
f ixed s t r u e t u r e (including central conditions) and for a g i v e n 
r a d i u s rx there ex i s t s only one type of Solution; Qrl cannot be 
var ied at will, and the d i f f e r e n t types of solutions in the case 
of homogeneous composition can be obtained only by v a r y i n g 
rlf the r a d i u s of the convective core. Two critical v a l u e s of 
the radius exist , rt = rmin , corresponding to Q r l = Q0, and 
r i = ro > rmin> corresponding to Qrl = Qa (at the same t ime 
this is Qmax in the polytropic s t rueture of the core, cf.1, Sec-
tion 5. b); for r, << rmin no Solution e x i s t s ; for rx = rmin the 
outer shel l i s i n complete radiat ive equi l ibr ium; when r 0 > r x > r m m r 

the type of s t r u e t u r e wi th two convect ive reg ions r e s u l t s ; 
when rx > r 0, the s t r u e t u r e i s adiabatic throughout . 

Near the critical initial value rx = rmin, the Solution is 
extremely s e n s i t i v e wi th respect to the initial condit ions 
chosen; smali e h a n g e s in r x Iead to la rge changes in the 
r e s u l t i n g mass M and the rad ius R of the model. Thus, in 
Table 1 below, Models No. 6 and 7, the relat ive d i f f e r e n c e in rs 

/| /y /| / \ y 
is onlv — 1 = —0.00001, w h e r e a s --- = 4 - 0.009 = —900 — 1 , and 

" Vx M rx 

A 7? Ar — = 4 - 0 . 3 3 = —33000 In the present case this, however,. 
R r x 

is a purely computational instabi l i ty which cannot be re-
f lected in actual eireumstanees of nature . For a g iven s t a r r 

the m a s s M i s a constant, and our models of var iable m a s s 
cannot be considered as r e f e r r i n g to one and the same star . 
Por M = const., the character of the ins tab i l i ty depends upon 
an addit ional condition. Por the rather arti f icial condition 

dR E = const., —- = 0 and no instabi l i ty exis t s . W i t h T= const . 

(cf. Table 3), the d i f fe rence b e t w e e n Models No. 6 and 7 is : 
A' AR Ar - I 1 = —o 009 -fr- = 4-0.30 = — 3 3 — 1 , or 1000 t imes smaller than 
V1 R 
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in our original data of Table .1; here the changes in T1 and R 
are now comparable with respect to their order of magni tude. 

A s to the evolntional course, if the d i f ferent types of 
s t rue ture can change one into the other, the completely radiat ive 
outer shell should be the f i r s t type of equilibrium at which the 
contract ing star sett les down because this type corresponds to 
mininium luminosity ( = Q0) and maximum radius (cf. below), 
thus to a minimum central temperature and density su f f ic ient 
to s t imulate the subatomic energy sources and to keep a balance 
with the radiation into space, removing thus the need of a 
fur ther supply of gravi tat ional e n e r g y by contraction; even 
for constant Tc, the configuration of the complete radiat ive 
shell p o s s e s s e s the g r e a t e s t radius, and the greates t potential 
energy of gravi tat ion among the types of s t rue ture con-
sidered here. Therefore, the natural order of evolution may 
be the f o l l o w i n g : the composite model of complete radiat ive 
s t rueture outside the convective core; the composite model of 
two convective reg ions separated by a layer in radiat ive equi-
librium, the width of the layer exhibi t ing a decreasing tendency; 
the complete adiabatic model. This course of evolution may, 
or may not take place; if in the core the exhaustion of hydro-
gen is accomplished before the complete adiabatic model is 
reached, the collapse of the core devoid of subatomic e n e r g y 
sources must change the direction of evolution, leading to g i a n t 
s t rueture (cf.1, Sections 5 and 6). W e are not go ing to d i s c u s s 
here in more detail the question of the evolution of the com-
posite model, a l though this would be of considerable i n t e r e s t ; 
a special discussion of this subject, based on more computa-
tional and observational data, may follow. 

3. Composite Models of U n i f o r m Molecular Weight . 

A set of models of uni form composition based upon the 
same s t rue ture (not extent) of the convective core is computed 
below (Table 1). A s shown in the preceding section, the 
choice of the model is determined by the boundary radius of 
the core. The latter is assumed to represent the central portion 
of a certain polytrope, built according to a constant adiabatic 
polytropic index; for the sake of s implici ty we as sumed the 

2* 
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latter to be na = 1.5, a l though in the d w a r f model here consi-
dered, na may v a r y be tween 1.7 and 1.6; the Variation of na 

along the r a d i u s is also neglected, because l — ß is smal l 
[cf. f o r m u l a (16)]. No se r ious d i f f e rence in the conc lus ions can 
r e s u l t f r o m such a smal l d i f f e rence in na , w h e r e the a d v a n t a g e 
of the r o u n d c o n s t a n t va lue adop ted is t h a t i t m a k e s poss ib le 
t h e u se of Emde ivs tables . The molecu la r w e i g h t is a s s u m e d 
as equal to Ji= 1.063, a n d log Ic0 = 25.0660; t h e s e f i gu re s a re 
supposed to co r re spond to 3 3 | per cent h y d r o g e n . 

The a b s o r p t i o n coe f f i c i en t is mos t conven ien t ly ca l cu l a t ed 
f r o m (1') in t h e p r e s e n t c a s e : t h e roie of e lec t ron s c a t t e r i n g is 
smal l here , a n d F = 1 m i g h t have been a s s u m e d ; n e v e r t h e l e s s , 
th i s s impl i f i ca t ion was not i n t roduced , t h e cor rec t ion f ac to r F 
h ä v i n g been a l w a y s taken into account. In the external port ions 
of the complete radia t ive shell (Model No. 7, Table 1), as soon 
as n approached 3, k = const. — o T w a s a s s u m e d for the sake 
of s impli f icat ion; the last s t a g e of the calculation could be 
accomplished in th i s case according to the polytropic scheme 
(n = 3), which does not involve so much labour as the rad ia t ive 
equi l ibr ium scheme does. Such a s impli f icat ion for the outer 
layers of a s tar may correspond to actual c i r c u m s t a n c e s : our 
s implif ication corresponds to the assumption of a p r o g r e s s i v e l y 
smaller opacity, as compared with the K r ä m e r s va lue ; now, 
the d e c r e a s i n g re la t ive n u m b e r of f r ee e lec t rons , caused by 
t h e d e c r e a s i n g degree of ionizat ion, should t end to r e d u c e the 
K r a m e r s c o m p o n e n t of opac i ty as t he b o u n d a r y of t h e s t a r is 

a p p r o a c h e d . 

T a b l e 1. 

Models of U n i f o r m C o m p o s i t i o n (33-5 per cent h y d r o g e n ; C. G. S. 
u n i t s and d e g r e e s K). 

a) M o d e l No. 1. 

Comple te ad iaba t i c , na = 1.5. Tc = 13,2.106 d e g ; log gc = 0.9277; 

1 — /? = 8,84.10- 3 ; 1 — ß = 3,54.10 ; F = 6,971.1010 cm ; 

M = 20,0 1 6..1032 g ; log Qmax = 33.6707 ; mhol = 4.41 ; 

o : o = 6.00. 
^ tn 
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Table i . C o n t i n u e d . 

ß) M o d e l No. 2. 

Compos i t e , t w o c o n v e c t i o n a l r e g i o n s s e p a r a t e d by a she l l in 
r a d i a t i v e e q u i l i b r i u m . 

C e n t r a l c o n d i t i o n s as b e f o r e ; ^ = 2 , 3 7 6 . 1 0 1 0 c m ; iv = 6 ,986 .10 1 0 cm' 
M = 19,964.1032 g ; l og Qrl = 33.6578 ; mhol = 4.45 ; Qc: Qm^ 6.06. 

r T log () 

g/cm3 

Mr Pg PR 

IO10 cm IOfi dcg 

log () 

g/cm3 IO32 g 
IOio dyne 

j cm2 
1013 d J a i e  

cm2 

n 

Central convective region 

0 I 
2.376 

13.200 

10.136 

0.9277 

0.7554 

0 

3.773 

8.682 

4.482 

7.736 

2.687 
1.50 

Shell in radia t ive equil., QR — QRL = const. 

2.4 [ 10.080 0.7518 3.871 4.422 2.631 1.50 
2.5 
2.6 

9.849 

9.617 

0.7366 

0.7208 
4.289 

4.726 

4.172 • 

3.927 

2.397 

2.178 
1.52 
1.57 

1.58 
2.8 

3.0 j 

9.148 

8.667 

0.6868 
0.6497 

5.651 

6.634 
3.455 

3.005 

1.783 

1.436 

1.52 
1.57 

1.58 

3.2 8.158 0.6107 7.663 2.586 1.128 1.49 

External convective region, n 1.50 

3.4 7.644 0.5683 8.725 

3.6 7.127 0.5227 9.805 

3.8 6.611 0.4737 10.888 

4.0 6.098 0.4211 11.958 

4.2 5.591 0.3645 13.001 
4.4 5.092 0.3037 14.003 
4.6 4.604 0.2381 14.952 
4.8 4.128 0.1670 15.837 
5.0 3.665 0.0895 16.647 
5.2 3.218 0.0047 17.375 
5.4 2.788 1.9113 18.016 
5.6 2.375 1.8067 18.565 
6.0 1.604 1.5511 19.371 
6.4 0.907 1.1797 19.819 
6.8 0.282 2.4186 19.957 
6.986 0 — GO 19.964 
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Table 1. Continued. 

y) M o d e l No. 3. 

Type of strueture and central conditions as before ; 

V1 = 2,281.10]° cm; iž = 7,168.1010 cm; ! / " = 20,358.1032 g ; 
log Qr 33.6433; m. 4.49 ; Q.: o 6.42. 

r 

IO10 cm 

T 

10,; deg 

log (i 
g/cm3 

K 
IO32 g 

V, 

IO15 

9 

dyne 
cm2 IO13 

PR 

dvne 

Central convective region 

0 13.200 0.9277 0 8.682 7.736 0 
1.50 

2.281 10.34S 0.7690 3.393 4.722 2.919 

Shell in radiative equil., Q r
 = ^rl = const. 

2.3 10.305 0.7664 3.466 4.674 2.872 2.3 
1.50 

2.4 10.079 0.7520 3.864 4.423 2.63 2.4 
1.63 

2.6 9.633 0.7200 4.718 3.927 2.19 2.6 
1.76 

2.8 9.193 0.6843 5.640 3.452 1.82 1.82 
1.83 

3.0 8.756 0.6456 6.616 3.007 1.50 3.0 
1.87 

3.2 8.316 0.6038 7.632 2.594 1.22 3.2 
1.84 

3.4 7.866 0.5595 8.675 2.216 0.976 3.4 2.216 
1.69 

3.6 7.394 0.5138 9.733 1.875 0.761 

Externa! convective region, n — v a = 1.50 

3.8 6.881 0.4672 10.797 

4.0 6.372 0.4169 11.854 

4.2 5.869 0.3634 12.891 

4.4 5.374 0.3060 13.895 

4.6 4.889 0.2444 14.854 

4.8 4.415 0.1780 15.756 

5.0 3.955 0.1064 16.593 

5.2 3.509 0.0284 17.356 

5.4 3.079 1.9432 18.039 

5.6 2.665 1.8492 18.637 

6.0 1.888 1.6246 19.559 

6.4 1.182 1.3195 20.131 

7.0 0.254 2.3178 20.353 

7.168 0 — CXD 20.358 
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T a b l e 1. C o n t i n u e d . 

(5) M o d e l N o . 4. 

T y p e of s t r u e t u r e a n d c e n t r a l c o n d i t i o n s a s b e f o r e ; 

T1 = 2 , 2 3 4 . 1 0 1 0 c m ; jR = 7 . 7 4 3 . I O 1 0 c m ; M = 2 1 . 3 6 8 . 1 0 3 2 g ; 
l o g Qrl = 3 3 . 6 3 4 9 ; MM = 4 . 5 1 ; : QM = 7.70. 

r T log Q 

g/cm3 

"" 

Mr 

V9 VR 

IO10 cm IO0 deg 
log Q 

g/cm3 IO32 g 1 0 l 5 ^yne 
cm2 1 0 i3 d Z n e  

cm2 

ii 

0 
2.234 

4.8 
5.0 
5.2 
5.4 

5.6 
6.0 
6.4 
7.0 
7.6 
7.743 

13.200 

10.452 

Central convective region 

0.9277 J 0 8.682 
0.7756 ! 3.212 4.843 

7.736 

3.04 

Shell in radiative equil., Qr = Qrl = const. 

2.3 10.304 0.7665 3.464 4.675 2.87 
1.55 

2.4 10.083 0.7519 3.862 4.424 2,63 4.424 
1.70 

2.6 9.649 0.7195 4.715 3.929 2 21 2 21 
1.85 

2.8 9.225 0.6835 5.635 3.458 1.85 
1 QQ 

3.0 8.810 0.6439 6.608 3.014 1.54 
9 1 1 

3.2 8.404 0.6007 7.619 2.603 1.27 
- . 1 1 

0.6007 
2.18 

3.4 8.007 0.5546 8.653 2.230 1.05 1.05 
2.29 

3.6 7.617 0.5051 9.695 1.8932 0.858 
2.31 

3.8 7.234 0.4532 10.731 1.5952 0.697 
2.33 

4.0 6.855 0.3989 11.750 1.3340 0.562 
4.2 

2.27 
4.2 6.474 0.3427 12.742 1.1072 0.448 0.3427 

2.08 
4.4 6.079 0.2858 13.699 0.9118 0.348 

1.81 
4.6 5.657 0.2290 14.619 0.7445 0.261 

External convective region, n = n = 1.50 

5.191 
4.737 
4.297 
3.871 
3.460 
2.682 
1.967 
1.012 

0.191 
0 

0.1731 

0.1133 
0.0499 
L9818 
T.9087 
1.7427 
f.5408 
1.1079 
2.0114 
— oo 

15.500 
16.339 
17.127 
17.859 

18.529 
19.660 
20.506 
21.219 
21.365 
21.368 

1.50 
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Table 1. Continued. 

s) M o d e l No. 5. 

Type of s t rueture and central conditions as be fore ; 
r, = 2 , 2 2 4 . 1 0 1 0 c m ; R = 8 , 4 0 1 . 1 0 1 0 c m ; M = 22,1 1 6 . 1 0 3 2 g; 

l o g Qrl = 3 3 . 6 3 3 2 ; mbol = 4.52 ; QR: QM = 9.51. T h e c o m p u t a t i o n s 

s t a r t at r = 4,4.1010 cm, by interpolation of trial models. 

r T log Q Mr 

PY PR 

IO10 cm IO6 deg g/cm3 IO32 g 1015 .dZ l ie 1 ms ^y n e n 
IO6 deg cm2 cm2 

Central convective region 

13.200 
10.473 

0.9277 
0.7770 

0 
3.177 

8.682 

4.868 

7.736 

3.07 

Shell in radiative equil., Q — Q 1 — const. 

4.4 6.242 0.2789 13.663 . . . 

4.6 5.914 0.2173 14.564 0.7576 0.312 

4.8 5.594 0.1541 15.415 0.6196 0.249 

5.0 5.277 0.0895 16.213 0.5038 0.198 
5.2 4.957 0.0247 16.958 0.4075 0.154 
5.4 4.619 1.9600 17.651 0.3272 0.116 

5.6 4.241 1.8982 18.297 0.2606 0.0824 

External convective region, 

n — nn — 1.50 

6.0 3.472 1.7678 19.447 

6.4 2.762 1.6188 20.400 

7.0 1.802 1.3404 21.419 

7.6 0.964 2.9333 21.969 

8.2 0.238 2.0207 22.110 

8.401 0 CX) 22.116 
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T a b l e 1 . C o n t i n u e d . 

C) M o d e l N o . 6 . 

T y p e of s t r u e t u r e a n d c e n t r a l c o n d i t i o n s a s b e f o r e ; 

T1 = 2 , 2 2 2 4 2 . 1 0 1 0 c m ; B = 9 , 6 4 8 . 1 0 1 0 c m ; M = 2 2 , 8 0 2 . 1 0 3 3 g ; 

l o g Q r l = 3 3 . 6 3 3 0 ; mbol = 4 . 5 2 ; Qc: Qm = 1 3 . 9 6 . T h e c o m p u t a t i o n s 

s t a r t a t r = 5 , 6 . 1 0 1 0 c m , b y i n t e r p o l a t i o n o f t r i a l m o d e l s . 

IO10 cm IOb d e g cm- CliTi-

Central c o n v e c t i v e reg ion 

0 I 13.200 j 0.9277 ! 0 . . . 

2.222 j 10.477 j 0.7772 [ 3.172 . . . 

Shell in rad ia t ive equil., Qr = Qn = const. 

5.6 4.563 1.8801 18.237 . . . 
5.3 

— 2 98 
5.3 4.318 1.8090 18.808 2.161 0.887 

6.0 

0.887 
2.96 

6.0 4.083 1.7367 19.326 1.730 0.708 
2.96 

6.2 

0.708 
2.95 

6.2 3.857 1.6636 19.795 1.3807 0.564 

6.4 3.636 

0.564 
2.91 

6.4 3.636 1.5894 20.217 1.0972 0.445 

6.6 
_ 

1.0972 0.445 
2.79 

6.6 3.418 1.5147 20.595 0.8687 0.348 
2.79 

6.8 

0.8687 0.348 
2.59 

6.8 3.200 1.4402 20.934 0.6846 0.267 
2.59 

7.0 2.970 
_ 

0.6846 0.267 
2.29 

7.0 2.970 1.3663 21.237 0.5361 0.198 
2.29 

7.2 
1.77 

7.2 2.710 1.2960 21.509 0.4161 0.137 
1.77 

External convect ive region, 

n = Hn = 1.50 

7.6 2.166 1.1500 21.969 

8.2 1.434 
j 

2.8814 22.456 

8.8 0.791 2.4942 22.721 

9.4 0.226 3.6780 22.797 

9.648 0 ! — CO j 22.802 
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T a b l e 1. C o n t i n u e d . 

t]) M o d e l No. 7. 

C o m p l e t e r a d i a t i v e o u t e r s h e l l , c e n t r a l c o n d i t i o n s as b e f o r e ; 

r, — 2 , 2 2 2 4 0 . 1 0 1 0 c m ; l — ß = 5 , 2 1 . 1 0 " 3 ; B = 12,658.IO1 0 c m ; 

M = 22,989.10 3 2 g ; l o g Qrl = 33 .6329 ; mhol = 4 .52 ; Oo : = 31.27. 

T h e c o m p u t a t i o n s s t a r t a t r = 5,6.10 1 0 c m , b y i n t e r p o l a t i o n of 

t r i a l m o d e l s . 

r i T 

IO10 cm j IO6 d eg 

lOg Q 

g/cm3 IO3- IO14 d y n e IO12 

Pu 
<> dyne 

Central convective region 

0 13.200 0.9277 i 0 . 
1.50 

2 222 10.477 0.7772 ! 3.172 

Shell in radiative equil., Qr — Qrl = const. 

5.6 4.568 1.8799 : 18.236 
3.01 

5.8 4.325 1.8086 I 18.806 2.162 0 . 8 9 1 

0 . 7 1 5 
3.04 

6.0 4.093 1.7360 19.324 1.7315 0 . 7 1 5 6.0 4.093 
3.03 

6.2 3.872 1.6626 , 19.792 1.3829 0.572 3.872 
3.05 

6.4 3.659 1.5879 20.213 1.1004 0.457 

Same, simplified calculation: u = const. = 3; 
l- = const. = Ic at r = 6,4.1010. 

7.0 3.069 1.3584 21.217 
7.6 2.549 1.1169 21.910 
8.2 2.094 2.8604 i 22.368 
8.8 1.694 2.5847 i 22.655 
9.4 1.342 2.2811 22.824 

10.0 1.030 3.9367 22.915 
10.6 0.753 3.5281 22.958 
12.658 0 — co 22.989 

T h e s e v e n m o d e l s p r e s e n t e d in T a b l e l c a n n o t b e t r a n s 
f o r m e d one i n t o a n o t h e r by h o m o l o g o u s c h a n g e s of m a s s , 
r a d i u s , t e m p e r a t u r e , e te . T h u s e a c h of t h e s e s e v e n m o d e l s i s 
a r e p r e s e n t a t i v e of a p a r t i c u l a r t y p e of s t e l l a r s t r u e t u r e , n o n -
p o l y t r o p i c , e x c e p t Model No. 1. E a c h of t h e s e m o d e l s , h o w e v e r , 
a l l o w s of a h o m o l o g o u s t r a n s m u t a t i o n of t h e v a r i a b l e s . To 
c o m p a r e the p r o p e r t i e s of t h e m o d e l s u n d e r s i m i l a r c o n d i t i o n s , 
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we reduced the data to M=MQ, R = RQ, thus to the ob-
served m a s s and r a d i u s of the sun; the r e s u l t s are contained 

in Table 2. In this table, L is the l u m i n o s i t y ( g e p , MBOL — 

Table 2. 

Character i s t ic Data for the Models of Table 1, reduced 
to Solar Mass and Solar Radius. 

(n = 1.50; 331 per cent h y d r o g e n ; uni form composit ion) 

Model No. , D 3 4 5 6 7 

Mri : M 0.2496 0.1890 0.1667 0.1503 0.1434 0.1392 0.1381 
(1-,7) X 103 3.4 3.9 3.7 3.6 3.5 3.6 3.9 

10-- 6- Tc 13.1 13.2 13.3 13.6 14.2 15.8 20.6 
tJc '• Qm ti.OO 6.06 6.42 7.70 9.51 13.96 31.27 

log L — 33 0.652 0.650 0.594 0.487 0.421 0.579 0.417 
mhol 4.46 4.47 4.61 4.88 5.04 5.15 5.05 

a 2.018 2.025 2.302 2.951 3.439 3.788 3.457 

the bolometric magni tude, a — E d d i n g t o n ' s d iv i sor of the 
l u m i n o s i t y [cf. form. (35)]; a = 2.5 has been considered by 
E d d i n g t o n as a fair g u e s s , a l l o w i n g for the u n c e r t a i n t y in the 
d i s t r ibut ion of the e n e r g y sources ins ide the s ta r ( c f . 2 ) ; for 
the a v e r a g e of the models of Table 2, a = 2.5 appears to be 
qui te a s a t i s f a c t o r y approximation. MRL: M is the f ract ion 
of m a s s contained in the convect ive core. The o b s e r v e d bolo-
metr ic m a g n i t u d e of the sun, 4.65, corresponds m o s t closely 
to Model No. 3 ; however, this r e s u l t depends ent i re ly upon 
the a s s u m e d h y d r o g e n content, 33-j- per cent. W i t h 35 per cent 
h y d r o g e n , Model No. 1, and with 29 per cent, Model No. 7 
Iead to an a g r e e m e n t betw reen the o b s e r v e d and the computed 
luminosi ty . A s shown in \ there are severa l r e a s o n s to believe 
tha t the sun is a complete adiabat ic s t r u e t u r e , Iike Model No. 1. 
If t h i s w e r e so, TC ~ 13.IO6 may be cons idered the more or 
Iess f i x e d centra l temperature for s t a r s of solar m a s s and of 
approximately the solar l u m i n o s i t y : the high s e n s i t i v i t y of 
the yie ld of s u b a t o m i c e n e r g y to changes in TC Warrants the 
practical constancy of the central temperature . In such a case 
the d i f f e r e n t models of Table 2 cannot represent s t a g e s of 
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evolution of the same s t a r ; in the eventua l course of evolution, 
TA should remain nearly constant, and the rad ius should v a r y . 
Dis regard ing evolution, we may s ta te that a s tar of g i v e n mass 
and composition may assume conf igura t ions corresponding 
to one of our models, in such a manner, that the centra l 
temperature remains nearly constant. Table 3 represents da ta 
for such c o n f i g u r a t i o n s . 

Table 3. 
Radii and Luminos i t ies of the Models of Table 1, for 

T0 = 13,1.106 and M = MQ. 

(n a = 1.5; 33J- per cent h y d r o g e n ; u n i f o r m composition) 

Model No. 1 2 3 4 
i 

5 6 7 

E'.B0 1.000 1.007 1.013 1.042 1.092 1.217 1.584 

Q '• QQ 1.00 0.98 0.96 0.88 0.77 0.55 0.25 
/Jmb — 1.25 BJRQ 0.00 0.00 -(-0.01 -f 0.02 +0.05 1+0.11 +0.25 

MB0L 4.46 4.47 4.62 4 90 5.09 j 5.26 5.30 

QC 6.0 6.0 6.2 6.8 7.3 7.7 7.8 

In the th i rd Iine of the table, Jmb i s the correction to 
be added to mb of Table 2; the correction is e q u i v a l e n t to 
Eddington ' s ef 'fective temperature term, — 2 log TE (cf.-, p. 137), 
and f o l l o w s direct ly f rom \ form. (35), if electron s c a t t e r i n g 
i s d i s r e g a r d e d ; for our models the lat ter is small indeed, be ing 
of the order of 0.01 or Iess of the K r ä m e r s opaci ty . 

In Table 3 we not ice t h a t the l u m i n o s i t y s t ead i ly d e c r e a s e s 
as t he r ad ia t ive e q u i l i b r i u m zone w i d e n s : t h e lowes t lumino-
s i ty occurs f o r No. 7, t h e comple te r a d i a t i v e shell model . In 
Table 2, t h e t r e n d of t h e l u m i n o s i t y w a s n o t so r e g u l ä r a s 
t h a t : at c o n s t a n t r a d i u s , t h e m i n i m u m l u m i n o s i t y occu r s for 
Model No. 6. A s a l ready m e n t i o n e d , t he c o n d i t i o n s for a c t u a l 
s t a r s shou ld be those of Table 3. 

If t h e mode l s can t u r n one i n t o the o the r , t he i r o r d e r 
should be f rom No. 7 to No. 1, because th i s wou ld c o r r e s p o n d 
to a c o n t r a c t i o n a l t r e n d of e v o l u t i o n : a d e c r e a s i n g r a d i u s , 
l e ad ing to a c o n s i d e r a b l e c o n t r a c t i o n in the o u t e r p o r t i o n s of 
t he s ta r , whe re t h e re leased g r a v i t a t i o n a l e n e r g y exceeds 
the a m o u n t s p e n t upon expans ion of t h e c e n t r a l core (cf. 
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Table 3, o t); and an increas ing luminosity, requ i r ing a s l i g h t 
increase of the central temperature, thus leading to a s l ight 
contraction in the central regions, too. J u d g i n g from the 
rat ios MRL: M as given in Table 2, this trend of evolution must 
be accompanied by an increase of the mass and of the extent 
of the central convective region. 

Of course, a model of uniform composition may remain 
such only when throughly mixed, o therwise the p r o g r e s s of 
the atomic s y n t h e s i s soon introduces a dif ferentation of com-
position between core and periphery (cf. '). Thus, only Model 
No. 1 can be considered of a more or Iess permanent character, 
whereas Models No. 2—7 may appear only as t ransient con-
f i g u r a t i o n s at an early s tage of the Iife of a s ta r ; these models 
are soon t rans formed into those of non-uniform composition, 
examples of which are g iven in the fol lowing section. 

All the above computations have been made wi th the 
conventionally constant value of na = 1.5; if for s t a r s of about 
the solar mass this assumption is perhaps not far from the 
trnth, la rger s tars , of smaller ß, m u s t have a l a rge r value of 
na [form. (16)]; t he re cannot , however , exist a d i f fe rence of 
principle on th i s account , a l though the quant i ta t ive pictujre may 
d i f fe r c o n s i d e r a b l y ; t h u s t he f r ac t i on of mass comprised in 
the core m u s t be l a rger for a l a rger na (cf.1, Table 2). 

4. Composite Models of Non-IIniform Molecular Weight. 

Below are g iven c o m p u t a t i o n s of models c o n s i s t i n g of a 
€ore of constant dimensions and strueture, devoid of hydrogen, 
surronnded by a shell of 33J per cent hydrogen. T h e s e m o d e l s 
are supposed to represent thus an advanced s t a g e of the 
composite adiabat ic-radiat ive conf igurat ion (cf.1). n a = l . 5 i s 
a s s u m e d as before. Por the core [i = 2.24 and log Ic0 = 25.4660 
were t a k e n ; for the envelope, the constants are the same as 
in the preceding section. Por an invar iable core, the d i f f e r e n t 
models can be obtained only by a Variation of the luminosi ty 
L = QE, where QC de no te s the net f lux of radiation j u s t outs ide 
the boundary (rx) of the core; Q E » QI, where QI is the net 
f lux of radiation j u s t ins ide ; the d i f fe rence QE-QI = CRL evid-
entJy must be supplied by convection. The r e s u l t s of the 
computation are collected in Table 4. 
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T a b l e 4. 

Models of Non-Uniform Composition.. 

(Core with 0 per cent, shel l wi th 3 3 p e r cent hydrogen.) 
a) St rueture of the adiabat ic core, the same for Models 

No. 8—12 ; n — n = 1.5. 7
 a 

r 

IO10 cm 
T 

10° deg 
log () 
g/cm3 

Mr 

1(F g 
lOg Qr i-ß 

0 15.710 1.0345 0 OO 0.0240 

2 222 9.268 0.6907 3.172 33.4521 0.0111 

('•]) (Qi) 

ß) M o d e l No. 8 

[core, cf. a)]. 

Comple te ad iaba t ic , w a = l . 5 ; two n o n - m i x i n g p r inc ipa l con-
vec t ive r e g i o n s . Log Qe = 34.0915 ; 1 — ß= 0.0105 (average f o r 
the whole mode l , i n c l u d i n g t h e co re ) ; B = 10,230.101° c m ; 

M = 17,353.1032 g ; QE : QM = 27.98. 

r T lOg Q Mr r T lOg Q K 
IO10 cm IO6 deg g/cm3 1032 g IO10 cm IOfi deg g/cm:i IO32 g 

2.222 9.268 0.3670 3.172 5.2 4.568 1.9020 10.073 

2.3 9.100 0.3550 3.287 5.6 4.070 1.8246 11.154 

2.4 8.892 0.3400 3.441 6.0 3.596 1.7420 12.197 

2.6 8.498 0.3105 3.773 6.4 3.145 1.6520 13.179 

2.8 8.127 0.2815 4.135 6.8 2.717 1.5537 14.081 

3.0 7.775 0.2525 4.525 7.2 2.313 1.4449 14.886 

3.2 7.438 0.2237 4.942 7.6 1.932 1.3226 15.582 

3.4 7.114 0.1947 5.385 8.0 1.576 1.1837 16.162 

3.6 6.801 0.1654 5.851 8.4 1.243 1.0204 16.622 

3.8 6.493 0.1365 6.337 8.8 0.932 2.8167 16.962 

4.0 6.202 0.1052 6.841 9.2 0.645 2.5588 17.189 

4.2 5.914 0.0737 7.361 9.6 0.379 2.1638 17.314 

4.4 5.633 0.0414 7.892 10.230 0 — CO 17.353. 

4.8 5.089 1.9738 8.977 
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T a b l e 4. C o n t i n u e d . 

y) M o d e l N o . 9 [ c o r e , c f . a)]. 
C o m p o s i t e m o d e l , w i t h a n o u t e r c o n v e c t i o n a l r e g i o n s e p a r a t e d 

f r o m t h e c o r e b y a r e g i o n i n r a d i a t i v e e q u i l i b r i u m . 

L o g . QE = 3 4 . 0 4 1 7 ; 1 - / 9 = 0 . 0 1 0 4 ; R = 1 0 , 3 2 7 . 1 0 1 0 c m ; 

M = 17,624.10 32 O " O 2 8 . 3 4 . 

T 

10" deg 
lOg (j 

g/cm3 IQ''« g IOu 

Pg 

dyne 
Pr 

l0 i2 d Z l i e 

Shell in radiative equil., Qr — Qe — const. 
2.222 9.268 ! 0.3670 3.172 j 16.760 18.8 1 

I 

16.760 
1.82 

2.3 9.116 0.3539 3.287 15.995 17.6 
1.74 

2.4 8.929 

T 1 
OO 
CO 
ö 3.441 i 15.111 16.2 

2.6 

T 1 
OO 
CO 
ö 

1.69 
2.6 8.565 ! 0.3078 3.771 13.518 13.7 

1.69 
; 1.54 

2.8 8.209 j 0.2791 4.131 j 12.122 11.6 

External convective region, n = na = 1.50 
3.0 7.857 0.2506 4.519 
3.2 7.521 0.2222 4.935 
3.4 7.197 0.1934 5.376 
3.6 6.884 0.1645 5.840 
3.8 6.581 0.1352 6.325 
4.0 6.286 0.1054 6.829 
4.2 5.998 0.0748 7.349 
4.4 5.717 0.0436 7.881 
4.8 5.173 1.9784 8.970 
5.2 4.652 1.9094 10.072 
5.6 4.154 1.8354 11.163 
6.0 3.679 1.7564 12.219 
6.4 3.227 1.6710 13.218 
6.8 2.798 1.5782 14.140 
7.2 2.392 1.4760 14.968 
7.6 2.009 1.3623 15.690 
8.0 1.650 1.2340 16.297 
8.4 1.314 1.0857 16.785 
8.8 1.000 2.9078 I 17.154 
9.2 0.709 2.6837 17.408 
9.6 0.439 2.3716 17.558 

10.0 0.189 3.8226 1 17.618 
10 327 0 

I 
— oo i 17.624 
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T a b l e 4. C o n t i n u e d . 

(¾) M o d e l N o . 10 [ c o r e , c f . a)]. 

T y p e of s t r u e t u r e a s b e f o r e . L o g Qe = 3 4 . 0 0 3 1 ; 1 — ß = 

= 0 .0107 ; R = 12,772.10 1 0 c m ; M = 21 ,116 .10 3 2 g ; QC: QM = 44 .75 . 

T h e c o m p u t a t i o n s s t a r t a t »• = 2 , 8 . 1 0 1 0 cm, b y i n t e r p o l a t i o n 
of t r i a l m o d e l s . 

r T ! log (> Mr 
P0 Pr 

IO10 cm IOfi deg g/cm3 g !QU 
cm-

1 0 ia d y n e 

cm2 
n 

Shell in radiative equil., Qr — Qe = const. 

2.222 9.268 p O
 3.172 16.760 18.8 

2.8 8.329 I 0.2734 4.125 2.07 
3.0 8.045 j 0.2423 4.507 10.921 10.7 2.09 
3.2 7.779 0.2116 4.914 9.834 9.33 2.15 
3.4 7.525 ! 0.1806 I 5.343 8.859 8.18 2.18 
3.6 7.283 0.1496 5.793 7.985 7.17 2.23 
3.8 7.051 0.1184 6.261 7.195 6.30 2.24 
4.0 6.829 ! 0.0871 6.745 6.481 5.54 2.31 
4.2 6.614 0.0552 7.242 5.834 4.88 2.28 
4.4 6.407 0.0233 7.750 5.249 4.29 2.37 
4.8 6.011 ' 1.9580 8.789 4.239 3.33 2.41 
5.2 5.640 I 1.8912 9.844 3.410 2.58 2.41 
5.6 5.286 1.8233 10.899 2.733 1.99 2.37 
6.0 4.943 1.7544 11.938 2.181 1.52 2.24 
6.4 4.603 ! 1.6853 12.951 1.7328 1 . 1 4 1.96 
6.8 4.250 1.6174 13.913 1.3681 0.831 1.46 
7.2 3.847 j 1.5542 14.S79 1.0704 0.558 

External convective region, n = na = 1.50 

7.6 3.463 1.4858 15.790 
8.0 3.098 1.4132 16.650 
8.4 2.751 1.3358 17.450 

G
O

 

Q
O

 2.421 1.2526 18.182 
9.2 2.108 1.1624 18.838 

9.6 1.812 1.0639 19.414 
10.0 1.532 2.9546 19.907 

1J.0 0.900 2.6079 20.742 
12.0 0.358 -f 

O
 

O
 

I^l 21.079 

12.772 0 —• OC 21.116 
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T a b l e 4. C o n t i n u e d . 

s) M o d e l No. 11 

[core, cf. (a)]. 

T y p e of s t r u e t u r e a s b e f o r e . 

L o g QE = 34.0027 ; 1 — 0 = 0 . 0 1 1 0 ; iž = 15,158.10 1 0 c m ; M = 

= 22,560.10 3 2 g ; Qe : e w = 69.98. 

T h e c o m p u t a t i o n s s t a r t a t r = 6,8 .10 1 0 cm, b y i n t e r p o l a t i o n 
of t r i a l m o d e l s . 

r 

IO10 cm 
T 

10« deg 
lOg Q 

g/cm3 

Mr  

W* g 

P 1 1J 

1 0 i 3 d y n e 

cm2 

Pn 
loa 

cm-
•u 

Shell in radiative equil., Qr = Qe — const. 

2.222 9.268 0.3670 3.172 167.()0 188 
6.8 4.438 1.6072 13.885 13.885 

2.77 
7.2 4.174 1.5332 14.800 11.067 7.73 

_ 2.79 
7.6 3.925 1.4586 15.662 8.764 6.04 7.6 

2.80 
8.0 3.688 1.3831 16.467 6.922 4.71 

O T 

8.1 3.461 1.3074 17.215 5.456 3.65 _ 2.63 
8.8 3.239 1.2316 17.906 4.288 2.80 

2.42 
9.2 3.016 1.1565 18.542 3.359 2.11 

2.07 
9.6 2.781 1.0835 19.127 2.618 1.52 

2.07 
1.48 

10.0 2.506 1.0165 19.669 2.022 1.00 
1.48 

Exteraal convective region, 
n = m„ =1.50 

11.0 1.876 i 2.8278 20.825 

12.0 1.325 2.6013 21.685 

13.0 0.843 , 2.3067 22.243 

14.0 0.422 3.8560 22.519 

15.0 0.054 4.5166 22.560 

15.158 0 — OO 22.560 

3 
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T a b l e 4. C o n t i n u e d . 

£) M o d e l No. 12 

[core, cf . (a)]. 

C o m p l e t e r a d i a t i v e o u t e r s h e l l . 

L o g QE = 3 4 . 0 0 2 7 ; 1 — /? = 0 . 0 1 2 1 ; R = 2 3 , 8 8 6 . 1 0 1 0 c m ; 
M = 2 3 , 3 4 6 . 1 0 3 2 g ; 

o : o = 264.6. 
^ c 

T h e c o m p u t a t i o n s s t a r t a t r = 8 , 8 . 1 0 1 0 c m , b y i n t e r p o l a t i o n 
of t r i a l m o d e l s . 

r T lOg q Mr 
Pg Pr 

IO10 cm IO6 deg g/cm3 IO32 g 1 0 i3 d y n e 

cm2 
I0H dyne 

cm-
n 

Shell in radiative equil., Qr = Qe const. 

2.222 9.268 0.3670 3.172 167.60 188 
8.8 3.290 1.2282 17.894 

9.2 3.097 1.1503 18.523 3.401 2.34 
9.6 2.915 1.0721 19.097 2.673 1.84 

Same, simplified calculation: n — const. = 3; 
Tc = const. = Ji at r = 9,6.1010 

10.0 2.743 2.9929 19.617 

11.0 2.353 2.7931 20.697 

12.0 2.013 2.5900 21.512 

13.0 1.715 2.3812 22.112 

14.0 1.454 2.1661 22.541 

15.0 1.224 3.9417 22.840 

16.0 1.021 3.7053 23.041 

17.0 0.840 3.4512 23.170 

18.0 0.679 3.1740 23.249 

23.886 0 — CO 23.346 

T h e d a t a f o r t h e m o d e l s of T a b l e 4, r e d u c e d t o M = MQ 

a n d R = Rq b y h o m o l o g o u s t r a n s f o r m a t i o n , a r e c o l l e c t e d i n 

T a b l e 5. 
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Table 5. 

Character i s t ic Data for the Models of Table 4, reduced to 
Solar Mass and Radius. 

(Central core devoid of h y d r o g e n ; outs ide the core 33-J 
per cent hydrogen.) 

Model No. 3 9 10 11 12 

Mri: M  0.1828 0.1800 0.1503 0.1406 0.1360 
( 1 - Ä 1 0 : !  13.1 12.6 9.0 8.2 8.5 

10 ~ ' . T e  26.5 26.3 27.2 30.3 46.1 

CE ' CM  27.98 28.34 44.75 69.98 264.6 

log L — 33 1.4883 1.4054 0.9938 0.8757 0.8947 
mbo1  2.37 2.58 3.61 3.90 3.86 
Hydrogen j true  27.2 27.3 28.3 28.6 28.8 
per cent (. apparent . . . 13 15 22 25 24 

The " t r u e " h y d r o g e n content is the a s s u m e d percentage 
of h y d r o g e n in the whole model ; the " a p p a r e n t " hydrogen 
content (in the las t Iine of the table) is the p e r c e n t a g e 
computed f rom the luminos i ty , on the assumption of a poly-
tropic s t r u e t u r e n = 3 ( d e t e r m i n g the centra l conditions), and 
a divisor of luminos i ty a = 2.5. W e see that, in v i e w of the 
poss ib i l i ty of the ex i s tence of d i f f e r e n t t y p e s of composite 
s t rueture , the computed "apparent" h y d r o g e n content m a y 
d i f f e r cons iderab ly from the t rue one, the deviat ion b e i n g 
negat ive in all c a s e s ; in other w o r d s , th is means that, w i t h 
the exhaust ion of hydrogen in the centra l core, the luminos i ty 
of the s ta r increases more rapidly than it would in the case 
of a uniform dis tr ibut ion of h y d r o g e n t h r o u g h o u t the s tar . 

In a preceding paper 1 , w e r a i s e d a n u m b e r of a r g u m e n t s 
in f a v o u r of the sun b e i n g bui l t a c c o r d i n g to the complete 
adiabat ic model (Model No. 1, p r e c e d i n g section); also, w e 
compared the theoretical rate of the increase of the luminos i ty 
of the s u n with certain geologic f a c t s ; we found tha t th i s 
theory, wi th the adiabat ic model for a bas is , i s not contra-
dicted by the scanty o b s e r v a t i o n a l f a c t s . If a composite 
s t r u e t u r e for the sun w e r e postulated, the f i g u r e s of Table 5 
would require a f rom two to four t imes more rapid increase 

3* 



E. ÕPIK A XXXIV, r, 

of the solar luminos i ty d u r i n g the geolog ica l a g e s ; in such a 
case permanent glaciation in moderate l a t i t u d e s should be 
found in the Iate Archaean, which does not seem to be the 
case. Thus, f rom th i s s tandpoint, too, a complete adiabat ic 
model of uni form composition s e e m s to be the more prob-
able one. 

Por a constant central t e m p e r a t u r e the data are repre-
sented in Table 6, wrhich is an analogon of Table 3. 

Table 6. 

Iiadii and Luminosi t ies of the Models of Table 4, 
for TC = 13,1.106 and M = MQ 

(core devoid of hydrogen ; envelope wi th 33-J- per cent hydrogen) . 

Model No. 8 9 10 11 12 

2.025 2.013 2.078 2.309 3.519 
0.12 0.12 0.11 0.081 0.023 
0.38 -f 0.38 -j- 0.40 + 0.45 + 0.65 
2.75 2.96 4.01 4.35 4 54 
3.4 3.4 4.9 5.7 . 6.1 

R: Rq  

V
 : <'G) 

/Jwh = 1.25 log- J t / n Q •h 

mi,oi • • 

Qc-QQ • 

The condition TC = const . m u s t be r e g a r d e d as a good 
approximation to actual condit ions from the s tandpoint of 
stel lar e n e r g y genera t ion; therefore the radii and l u m i n o s i t i e s 
of Tables 3 and 6 may be considered more or Iess represent-
ative of the d i f f e r e n e e s due to internal s t r u e t u r e for s t a r s of 
the solar m a s s . In Table 3, Model No. 1 is the only p e r m a n e n t 
o n e ; Models Nos. 2 to 7, in the course of evolution determined 
by the p r o g r e s s i v e exhaust ion of h y d r o g e n in the core, must 
g r a d u a l l y become more and more similar to the models of 
Table 6. The Iine of evolut ion is probab ly d e t e r m i n e d by the 
init ial f raet ion of m a s s in the core, MRL: M; e. g., if this 
f raet ion is a s s u m e d to remain constant, Model No. 4 may be 
supposed to t u r n u l t imate ly into No. 10, Model No. 7 into an 
i n t e r m e d i a t e one between Nos. 11 and 12. Certain consider-
at ions , however, r e n d e r it probable that the e f f e c t i v e ratio 
M1: M in the course of evolut ion decreases (c f . 1 , the core may 
become s t r a t i f i e d ) ; in such a case all the composite models 
should approach s o m e t h i n g s imi lar to Model No. 12, w rhich 
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may be considered an advanced s tage of the semi-giant class 
( c f . S e c t i o n 6. h and 7. f ) . In the course of evolution with 
constant central temperature, the radius of a star, according 
to our computations, may increase to f rom two to three t imes 
i t s original value, and more, depending upon the original 
content of hydrogen and the degree of exhaust ion at ta ined. 

5. "Griant" Composite Models. 

It is possible to construct " ' inf lated" models, of low mean 
densi ty and of large concentration QC: QM, along the lines of 
the preceding sect ion: with a sui table choice of the ratio of 
molecular w e i g h t s in the core and in the envelope, a " g i a n t " 
s ta r may be obtained, wi th all the e n e r g y sources sti i l con-
centrated in the core. In \ however, we considered as the 
speci f ica l ly " g i a n t " s t r u e t u r e a model cons i s t ing of an ex-
hausted, eventual ly overdense core, devoid of subatomic energy 
sources, sur rounded by a hydrogen-containing envelope, able 
to genera te subatomic energy. 

Below are g iven sample computat ions for an extreme 
case of the " g i a n t " model — for extremely large masses , partly 
corresponding to those of the la rges t supergiants, part ly 
exceeding any stellar m a s s observed, or imaginable. All the 
models are built up upon the same core. The chief purpose w a s 
to show that arbi t rary degrees of " in f la t ion" can be obtained, 
wi thout making any ad hoc assumptions with respect to the 
coeff icient of opacity or other physical laws . The coeff icient 
of opacity as def ined by (1) in all the computations cited below 
is pract ica l ly determined by electron scatter ing, independent 
of temperature and density, the K r a m e r s t e r m of opacity being 
quite small. Further, for the la rge m a s s e s considered here, 
ß is smal l , o f ten very small , and na is a lways elose to 3 
[cf. (16)]; the re fore , the ef fec t ive polyt ropic index r e m a i n s 
here elose to 3, too, f l u e t u a t i n g even tua l ly on both s ides of 
th i s value. 

In the models below th ree d i s t ine t reg ions are cons idered 
sche ina t i ca l ly : (1) a cen t r a l core, devoid of h y d r o g e n , and of 
suba tomic e n e r g y sources ; e lec t ronic opacity = 0.2; Iogzfc0 = 
= 25.4660; fl = 2.24; ri = 3; (2) an i n t e r m e d i a t e shell , devoid of 
hydrogen, bu t con ta in ing 75 per cen t hel ium, cons idered con-
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ventional ly as the product of an already terminated process 
of the s y n t h e s i s f rom h y d r o g e n ; the helium is supposed to 
change g r a d u a l l y into heavier e lements, r e l e a s i n g thus some 
subatomic energy (at the bottom of the shel l); fu r ther , the 
hydrogen suppl ied by the outer envelope may be considered 
a p o w e r f u l sonrce of subatomic energy at the top of the 
in termediate she l l ; in th is shell we a s s u m e the electronic 
opacity [not by (1)] = 0.206, log Ic0 = 25.4100, JU = 1.48; (3) an 
outer shell, of 75 per cent of hydrogen, electronic opacity = 
= 0.350, log /c0 = 24.4200, Ji = 0.631. Thus, in addition to the 
grav i ta t ional e n e r g y of the s u p e r d e n s e core, and of the 
intermediate shell, all the in termedia te shell, and eventual ly the 
bottom of the outer shell, may supply subatomic e n e r g y . The 
introduction of the intermediate shell i s not n e c e s s a r y from 
the s tandpoint of our computat ions; we introduce it only to 
avoid the g r o t e s q u e impression of a hydrogen-containing ma-
terial which, at temperatures of the order of IO9, st i i l g r a d u a l l y 
re leases subatomic e n e r g y , instead of h ä v i n g used up all i ts 
s tore of hydrogen long before such high t e m p e r a t u r e s had 
been reached (cf.L). In other respects , w e did not care to 
represent the ra te of s u b a t o m i c e n e r g y generatiion by def ini te 
f o r m u l a e ; we are content to s t u d y w h a t happens when e n e r g y 
sources are present in an in termedia te shell . The computa-
tional r e s u l t s of our qua l i ta t ive picture cannot be changed 
in principle if a d e f i n i t e law of e n e r g y generation is a s s u m e d ; 
only the computat ions would become much more complicated 
in such a case. 

In a real g i a n t model w e have to a s s u m e a g r a d u a l , more 
or Iess balanced, f low of the mater ia l into the central core 
( c f . ] ) ; the mater ia l outside the core s i n k s concentrical ly 
i n w a r d s , the temperature i n c r e a s i n g and the atomic s y n t h e s i s 
s teadi ly a d v a n c i n g at the same t i m e ; the gravi tat ional e n e r g y 
of the s i n k i n g mater ia l adds to the s u b a t o m i c e n e r g y re-
l e a s e d ; a g r a d u a l s t ra t i f icat ion of the material in the interme-
diate shell m u s t be the resu l t , the molecular w e i g h t s tead i ly 
i n c r e a s i n g i n w a r d s ; therefore, convect ion c u r r e n t s in the 
intermediate shell are not v e r y l ikely to occur; such c u r r e n t s 
may be a s s u m e d to s tar t only in the outer shell, at a level 
where the temperature is low enough for atomic s y n t h e s i s to 
proceed not too violently. These cons iderat ions should be 
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kept in mind w h e n d e a l i n g w i t h the f o l l o w i n g c o m p u t a t i o n s ; 
t h e y j u s t i f y the i n t r o d u c t i o n of the i n t e r m e d i a t e he l ium s h e l l 
a s a s c h e m a t i c S u b s t i t u t e for the m o r e complicated s t r a t i f i e d 
s t r u e t u r e of a s t e a d i l y v a r y i n g composi t ion. Tab le 7 c o n t a i n s 
t h e detai led r e s u l t s , and Table 8 g i v e s a s y n o p s i s of the m o s t 
i m p o r t a n t c h a r a c t e r i s t i c data . Some c o m m e n t s on the f e a t u r e s 
of the l a t t e r tab le m a y be m a d e . T h u s , the heat Output per 
u n i t of m a s s ( f rae t ion of h e a t : f r a e t i o n of m a s s ) i s l a r g e s t 
f o r the i n t e r m e d i a t e shel l , and s m a l l e s t f o r the o u t e r shel l in 
all three c a s e s ; t h i s c i r c u m s t a n c e r e f l e c t s t h e pecul iar d i s t r i-
but ion of the e n e r g y s o u r c e s in the g i a n t model , d i s e u s s e d 
q u a l i t a t i v e l y i n 1 . The e f f e c t i v e t e m p e r a t u r e of t h e s u r f a c e 
of Model No. 13 c o r r e s p o n d s to an e a r l y O-type s t a r ; Model 
No. 14 c o r r e s p o n d s to s p e c t r u m F ( s u p e r g i a n t ) , w h e r e a s Model 
No. 15 r e q u i r e s 496° abs . or -j- 223° C : the s ta r , in sp i te of i t s 
l a r g e Output of heat, w o u l d be i n v i s i b l e . A l t h o u g h of v e r y 
l o w d e n s i t y , the d i m e n s i o n s of No. 15 (about 0.2 p a r s e c 
d i a m e t e r ) are st i i l too smal l for a n e b u l a . T h e condi t ions of 
r a d i a t i o n p r e s s u r e b e i n g h i g h l y v a r i a b l e i n s i d e t h e s a m e 
model, a homologous t r a n s m u t a t i o n of t e m p e r a t u r e , r a d i u s , 

Tab le 7. 

" G i a n t " Models. 

(Core devoid of h y d r o g e n or h e l i u m ; i n t e r m e d i a t e shel l w i t h 
75 per cent hel ium, no h y d r o g e n ; outer shel l w i t h 75 per c e n t 

h y d r o g e n . ) 

a) Model No. 13. 

A d i a b a t i c o u t s i d e t h e core. L o g QMAX= 40.2001; R = 5,102.10 1 1 cm; 
M = 2,4406.10 8 5 g ; Q :Q = 4,74.10 6. 

IO10 cm IO6 deg 

Core, n = 3 = const. assumed 

0 
0.43-47 

4962.0 
1782.3 

6.3184 
4.9845 

0 
1.3177 

O.6OSO 
0.6080 

0 
40.0901 
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T a b l e 7. C o n t i n u e d . 

(Model No. 13.) 

r 
IO10 cm 

T 
IO6 deg 

log (> 
g/cm3 

Mr  

10:tt g 
n 1 — 
! O 8 J log Qr n 

Intermediate shell, adiabatic, n = na defined by equation (16) 

0.4347 1782.3 4.8046 1.3177 0.6080 40.0977 2.9128 
0.4400 1761.1 4.7894 1.3255 0.6076 2.9127 
0.4500 1721.1 4.7603 1.3404 0.6067 40.1045 2.9124 
0.5000 1539.1 4.6188 1.4096 0.6024 40.1246 2.9118-
0.5556 1365.6 4.4677 1.4773 0.5978 40.1430 2.9108 
0.6250 1181.8 4.2850 1.5494 0.5921 40.1611 2.9097 
0.7143 986.7 4.0572 1.6237 0.5850 40.1781 2.9083 
0.8333 779.5 3.7594 1.6958 0.5756 40.1922 2.9064 
1.0000 559.1 3.3402 1.7577 0.5619 40.2001 2.9036 

Outer shell, adiabatic, n — na defined by equation (16) 

1.0000 559.1 2.9699 1.7577 0.5619 39.9969 2.9036 
1.1111 510.4 2.8550 1.7704 0.5580 2.9028 
1.2500 460.9 2.7264 1.7854 0.5537 2.9020 
1.4286 410.5 2.5804 1.8034 0.5488 2.9010 
1.6667 359.1 2.4119 1.8257 0.5430 2.8998 
2.0000 306.3 2.2116 1.8543 0.5360 2.8983 
2.273 273.9 2.0710 1.8759 0.5311 2.8972 
2.500 251.9 1.9655 1.8928 0.5274 40.0213 2.8964. 
2.778 229.5 1.8485 1.9124 0.5232 2.8953 
3.125 206.7 1.7171 1.9354 0.5184 2.8943 
3.571 183.38 1.5666 1.9628 0.5129 2.8930 
4.167 159.44 1.3908 1.9963 0.5063 2.8914 
5.000 134.68 1.1789 2.0383 0.4983 2.8896 
5.556 121.97 1.0547 2.0637 0.4935 2.8885 

6.250 108.96 0.9129 2.0929 0.4880 2.8872 

7.143 95.63 0.7496 2.1269 0.4815 40.0605 2.8856 

8.333 81.88 0.5552 2.1669 0.4737 2.8838 

10.000 67.65 0.3159 2.2145 0.4640 2.8814 

11.111 60.31 0.1727 2.2417 0,4581 2.8798 

12.500 52.80 0.0060 2.2715 0.4511 2.8780 

14.286 45,07 1.8083 2.3039 0.4427 2.8758 



A XXXIV. 5 Composite Stellar Models 41 

Table 7. Continued. 

(Model No. 13.) 

r 

10 lü cm 
T 

IO6 deg 
log (> 

• g/cm3 

M 
1035 g 

, 1—ß log Qr 

Outer shell, adiabatic, n = = na defined by equation (16), continued 

16.667 37.11 1.5657 2.3385 j 0.4321 2.8731 

20.000 28.86 1.2521 2.3743 0.4181 2.8693 

22.73 23.74 1.0089 2.3953 0.4069 40.0905 2.8662 

25.00 20.24 2.8104 2.4085 
I 

0.3975 40.0898 2.8634 

27.78 16.66 2.5686 2.4204 ! 0.3858 2.8«01 
31.25 12.98 2.2588 2.4302 0.3704 2.8555 
35.71 9.18 3.8294 2.4371 0.3483 2.8486 
41.67 5.18 3.1227 2.4404 0.3095 2.8360 
50.00 0.52 6.7177 2.4406 i 0.1615 2.779 
51.02 0 — CO 2.4406 — OO 1.500 

ß) Model No. 14. 

L o g Qmax = 42.4736; R = 1,915.1015 cm 
Q : o = 1,41.1015. 
^ n nr ' 

M = 435,5.10 35 

r T l O g Q Mr 

1
 1}<, Pr ! 

IO10 cm IO6 deg g/cm3 1035 o- i n 2 i dyne l02i d Z n e ! n 

I 
g/cm3 

cm2 cm2 

Core: same as No. 13. 

Intermediate shell, radiative equilibrium with log Qr = 40.0901 

0.4347 j 1782.3 j 4.8046 1.3177 6.340 25.706 

0.4400 j 1760.5 j 4.7902 1.3257 6.057 24.460 

0.4500 ! 1720.6 j 4.7582 1.3405 5.500 I 22.334 

const. 

3.00 

(2.67) 

3.23 

1010 cm 

T 

IO6 deg 

lOg () 

g/cm8 

M r 

IO35 
i i—/? loo; —L-

b P 
log Qr 

Intermediate shell, continued: radiative equilibrium with n — 3.25 = const. 
and variable Qr 

0.5000 j 1544.6 ' 4.6058 j 1.4085 j 0.6202 i 40.1211 
0.5556 I 1380.1 ! 4.4469 ! 1.4737 ; 0.6324 j 40.1426 
0.6250 : 1212 5 j 4.2642 ! 1.5424 ! 0.6465 I 40.1647 
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Table 7. Continued. 

(Model No. 14. 

Iog Qr 10° de IO10 cm 

Intermediate sliell, continued: radiative equilibrium with n = 3.25 = const. 
and variable Qr 

0.7143 1042.3 4.0507 1.6144 0.6629 40.1873 
0.8333 870.4 3.7962 1.6890 0.6825 40.2103 
1.0000 698.9 3.4865 1.7654 0.7063 40.2321 
1.1111 613.7 3.3032 1.8039 0.7204 40.2430 
1.2500 529.3 3.0942 1.8422 0.7365 40.2544 
1.4286 446.2 2.8531 1.8799 0.7550 40.2652 
1.6667 365.0 2.5697 1.9165 0.7768 40.2760 
2.0000 286.4 2.2274 1.9514 0.8032 40.2870 

Intermediate shell, continued: radiative equilibrium with n = 3.30 
and variable Q 

const. 

2.0833 270.79 2.1449 1.9581 0.8128 40.2883 
2.1739 255.52 2.0614 1.9644 0.8204 

2.2727 240.34 1.9736 1.9708 0.8284 

2.500 210.70 1.7852 1.9831 0.8455 

2.778 181.88 1.5743 1.9947 0.8647 

3.125 154.06 1.3364 2.0055 0.8863 

3.571 127.35 1.0635 2.0154 0.9111 

4.167 101.95 0.7447 2.0243 0.9401 

5 000 78.05 0.3619 2.0321 0.9749 
5.556 66.74 0.1375 2.0355 0.9953 

6.250 55.90 1.8834 2.0386 1.0184 

7.143 45.60 L5917 2.0413 1.0449 

8.333 35.90 1.2488 2.0436 1.0761 

10.000 26.86 2.8330 2.0455 1.1139 

11.111 22.620 2.5869 2.0463 1.1362 

12.500 18.593 2.3060 2.0470 1.1628 40.3279 

14 286 14.798 3.9787 2.0476 1.1915 40.3286 

16.667 11.252 3.5863 2.0480 1.2272 40.3289 

20.000 8.006 3.0982 2.0483 1.2719 40.3285 

25.000 5.116 4.4564 2.0185 1.3299 40.3271 
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T a b l e 7. C o n t i n u e d . 

(Model No. 14.) 

r T log (> Mr 

IOto cm IO6 deg g/cm3 IO35 g 

Outer shell, n = 3 = const.; adiabatic equilibrium [na for such a high value 
of the radiation pressure, ß = 0.04469 = const., differs from 3 but 

negligibly); 

Q 
log —— = 4.8346 when k is const. 

K 

25.00 5.116 4.0861 2.0485 
50.00 2.786 5.2944 2.0487 

100.0 1.6208 6.5885 2.0489 
200.0 1.0382 6.0083 2.0494 
500.0 0.6885 7.4731 2.0516 

1000. 0.5717 7.2310 2.0591 
2000. 0.5126 7.0888 2.0992 
3000. 0.4923 7.0360 2.1911 
4000. 0.4815 7.0072 2.3540 
5000. 0.4745 8.9880 2.6044 
6000. 0.4692 8.9736 2.9691 
8000. 0.4609 8.9502 4.1049 

10000 0.4538 8.9301 5.886 
12000 0.4470 8.9103 8.423 
15000 0.4368 8.8803 13.844 
20000 0.4183 8.8239 27.626 
25000 0.3977 8.7582 47.366 
30000 0.3755 8.6832 72.41 
40000 0.3288 8.5101 133.63 
50000 0.2825 8.3124 198.52 
60000 0.2395 8.0973 259.60 
80000 0.1680 9.6353 350.74 

100000 0.1153 9.1448 400.92 
120000 0.0762 10.6054 423.8 
150000 0.0354 11.6034 432.6 
191500 0 — 435.5 
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T a b l e 7. C o n t i n u e d . 

7) Model No. 15. 

Log Q = 42.5641 ; R = 2 , 8 9 9 . 1 0 " c m ; M == 5 3 4 . 1 0 8 5 ; 
Pc : G w = 3,98 .10 2 1 . 

Core a n d i n t e r m e d i a t e s h e l l u p to r < 25,000.10 1 ° c m s a m e a s i n 

M o d e l N o . 14. 

IO1" cm 

T 

10(i deg 

log Q 

g/cm3 
K 

IO3"' gr 

Intermediate shell, radiative equilibrium, n = 3.30 

25.000 

29.412 

5.116 

3.577 

4.4564 

5.9435 

2.0485 

2.0486 

Outer shell, n • 3 = const. (cf. Model No. 14); ß — 0.04030= const. 
Qr 

log — 4.8366 when Ic ~ const. 

29.412 3.577 5.5732 2.0486 
50.00 2.106 6.8832 2.0487 

200.0 0.5290 7.0832 2.0489 
500.0 0.2136 9.9015 2.0490 

1000.0 0.10847 9.0186 2.0491 
2000.0 0.05591 IÕ.1552 2.0492 
5000. 0.02437 11.0734 2.0493 
10000 0.01386 12.3375 2.0494 
20000 0.008597 13.7159 2.0497 
50000 0.005442 13.1201 2.0507 

100000 0.004389 14.8399 2.0538 

r T 
IO15 cm i deg 

lOg Q 

g/cm3 

Mr 

IO35 

2.0 

5.0 
10.0 

15.0 
20.0 
25.0 

Same, continued 

3860 
3528 
3384 
3302 
3226 
3146 

14.6725 
14.5552 
14.5009 
14.4691 
74.4388 
14.4058 

2.0695 
2.2621 
3.473 
6.512 

12.023 
20.468 
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Table 7. Continued. 
(Model No. 15.) 

r T log <j Mr 

IOir' cm deg g/cm» 1035 g 

Same, continued 

30.0 3058 14.3689 32.096 
40.0 2863 14.2831 64.89 
50.0 2649 Ti. is i7 107.88 
60.0 2425 14.0668 158.62 
80.0 1985 15.8061 265.7 

100.0 1591 15.5178 359.6 
120.0 1255 !"5.2085 430.0 
150.0 862 16.7192 493.5 
200.0 423 17.7916 528.4 
289.9 0 — OO 534.0 

and mass does not seem possible, even as an approximation; 
therefore, we had to leave all our resul t s unchanged, thus 
deviating from the procedure employed with respect to the 
types of strueture diseussed in the preceding sections. 
Although a quantitative application of our result to smaller 
masses is not possible, qualitatively similar types of strue-
ture may be expected to resul t for s tars of di f ferent m a s s e s ; 
Models No. 14 and No. 15 are of a size which does not 
occur in our observational data, but we may expect similar 
s t ruetures to exist 1'or masses of the observed order of 
magnitude. 

W i t h respect to the distribution of mass between the 
di f ferent sections of the star, our examples refer to two 
extreme cases : Model No. 13, with the major fraetion of mass 
in the core, but at the same time with the mass of the outer 
shell comparable to the mass of the core; Models No. 14 and 
15, with almost the whole mass in the outer shell, and an 
almost negligible fraetion of mass in the core. Without doubt, 
intermediate cases could be constructed, as well as such 
where the major fraetion of the mass is in the core, the outer 
shell f i g u r i n g as an extended atmosphere of a relatively 
small mass. 
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Table 8. 

Character i s t j c Data for the Models of Table 7. 

(T = 4,96.10° deg ; QC = 2,08.106 g/cm 3 .) 

Model No. 13 14 15 

R - . R 0 

M: . U q 

mioi • -

Qo • Qm 

Praction 
of mass 

Fraetion 
of heat 

'j intermediate shell 

I outer shell 

1 core 
) intermediate shell . 
\ 

output *) I outer shell . . . . 

Bottom ( 27 de0-

of outer ! ö 

shell { Q ff/cm®  

I centre  

ß 

I interm. 
) shell 
) 

outer 
shell 

( bottom . . . . 

\ top  

( bottom . . . . 

I top  

Effective temperature of the surface, 
deg abs  

7.36 

123.0 

— 11.91 
4,74. IO0  

0.54 

0.11 
0.35 
0.78 
0.22 

0 

559. IO6  

933 

0.198 

0.198 
0.215 
0.215 

1.000 

95900 

27500 

22000 
— 17.59 

1,41.1015  

0.0030 
0.0017 

0.9953 
0.0041 

0.0031 
0.9928 

5,12.1015  

1,22.10—4 

0.198 

0.198 
0.045 
0.045 
0.045 

5790 

4,18.106  

26900 
- 17.82 

3,98.1021  

0.0025 
0.0014 

0.9961 
0.0034 
0.0024 

0.9942 

3,58.106  

3,74.10—&  

0.198 
0.198 
0.040 

0.040 

0.040 

496 

Our computat ions w e r e made w i t h o u t consideration b e i n g 
g i v e n to any de f in i te propert ies of the phys ical source of 
s tel lar e n e r g y . Of course, g r a v i t a t i o n a l e n e r g y . mainly as a 
source in the core, i s s e l f - r e g u l a t i n g u n d e r all c i rcumstances . 
However, f rom the s tandpoint of the t ransmutat ion of the 
e lements, the condit ions at the bottom of the h y d r o g e n -
containing outer shel l determine the secular s t a b i l i t y of the 
model. In Model No. 13, the t e m p e r a t u r e and d e n s i t y at the 
bottom of the outer shell (cf. Table 8) are ra ther h i g h , 
r e q u i r i n g a v e r y intense development of subatomic e n e r g y , 
w h e r e a s the amount which the outer shell is able to g e t rid 

*) Net output radiated into space. 
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of is zero; therefore. Model No. 13 would not be secularly 
stable, and should go on expanding ins tead. In Model No. 14, 
and still more so in No. 15, the temperature and dens i ty at 
the bottom of the outer shell are too low for an appreciable 
amount of subatomic energy to be produced, whereas the loss 
of energy by this shell is very la rge ; the models will contract. 
Prom such considerations it appears that a secularly s table 
type of s t rue ture may be an intermediate one between No. 13 
and No. 14. Given a definite law of subatomic energy genera-
tion it may be possible to calculate secular ly stable g iant 
models of a g rea t var ie ty of s t r u e t u r e depending upon the 
initial conditions. This problem we hope to d i s e u s s in f u t u r e 
in a cooperative invest igat ion. 

Tartu, March 5, 1938. 

Note added in proof. 

The importance of convection as a means of heat transport, and the 
fact that the adiabatic value of the temperature gradient cannot be much 
exceeded, has been pointed out by Jeffreys (Monthly Notices 91, 121, 1930), 
and has been more thoroughly studied by L. Biermann (Zeitsch. für Astroph. 
5, 117, 1932; Astron. Nachr. 257, 269, 1935 and 2(J4, 361, 1938), who also 
computed some models with convective zones and with a small degree of 
concentration of the energy sources (s T, cf. i b i d e m , and Astr. Nachr. 
258, 257, 1936). The only case of a convective model with a concentrated 
source of energy ("point-source") hitherto computed is Cowling's (Monthly 
Notices 96, 58, 1935). 
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Dieser Faszikel bildet die Fortsetzung der Darstellung der 
Uredinazeen Estlands, deren erster und zweiter Teil im Faszi-
kel II und III') erschienen sind. 

Der von Prof. T. L i p p m a a 2 ) gegebenen pfJanzengeo-
graphischen Gliederung Estlands entsprechend sind bei Nen-
nung der Fundorte folgende geobotanische Abkürzungen ver-
wendet worden: 

Emoc = Estonia maritima occidentalis 
Emor = „ „ orientalis 
Emb = „ „ borealis 
Lh = Litorale heademeesteense 
Einf = Estonia inferior 
Eint = „ intermedia 
Ecl = „ elivosa 
Esup = „ superior 
Alt = Alutagia 
Emed = Estonia media 
Eor = „ orientalis 
Esar — „ sarmatica 

Die in diesem Faszikel angeführ ten für Est land neuen Arten 
und neuen Wirtspflanzen sind mit einem Stern (*) vor der Nr. 
versehen. Die neuen Wirtspflanzen (nov. hosp.) sind fe t t gedruckt . 

Als neue Rost- und Brandpilze fü r Estland erscheinen in 
diesem Faszikel die fo lgenden: 

Puccinia Anthoxanthi F u c k e l auf Anthoianthum odoratum L. 
— Pueania cicutae L a s c h auf Cieuta virosa L. — Pucciniahernia-
riae U n g e r auf Herniaria ylahra L. — Puccinia Komaroivi 
T r a n z c h e l auf Impatiens parviflora DO. — Puceinia millefolii 
F u c k e I auf Aehillea millefolium L. — Pueeinia oreoselini 
( S t r a u s s ) F u e k e l auf Peneedanum oreoselinum M o e n s c h. — 
Pueeinia ptarmicae K a r s t e n auf Aehillea ptarmiea L. — Uromy-
ccs verruculosus S e h r o e t e r auf Melandryum album (Miil . , 

1) Lepik, E. Eungi Estonici exsiecati, i'asc. 1, Tartu 1931; fase. II, 1934; 
fase. III, 193(1 

2) Lippmaa, T. Eesti geobotaanika põhijooni. Apergu geobotanique de 
!'Estonie. Acta et Comment. Univ. Tartuensis A XXVIII, 4. 1935. 
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G a r c k e , auf Melandryum rubrum ( W e l g . ) G a r c k e und auf 
Silene infiata Sm. — Cintractia eructans L i r o auf Carex 
hirta L. — Cintractia carpophila L i r o auf Carex eaespitosa L . — 
Cintractia subinclusa ( K o e r n i c k e ) M a g n u s auf Carex vesi-
earia L. — Tubureinia agropyri ( P r e u s s ) L i r o auf Agropyrum 
repens (L.) P a l l . — Tubureinia Tcmetiana ( M a g n u s ) L i r o auf 
Viola arvensis M u r r . — Ustilago bromivora ( T u l a s n e ) F i s c h e r 

v. W a l d h e i m auf Bromus seealinus L . — Ustilago Oxalidis E l l . 
et T r a c y auf Oxalis stricta L. 

Als neue Wirtspflanzen erscheinen für Est land: 

Populus eandieans A i t o n . fü r Melampsora populina C o l i . — 
Potentilla alpestris H a l l e r f ü r Phragmidium potentillae ( P e r s . ) 
K a r s t . — Artemisia abrotanum L. f ü r Puceinia absinthii DC.-— 
Agrostemma githago L. für Puceinia arenariae ( S c h u m a n n ) 
W i n t e r . — Stellaria palustris E h r h . , R e t z . für Pueeinia are-
nariae ( S c h u m a n n ) W i n t e r . — Alopecurus antaretieus W a h l 
für Pueeinia lolii N i e l s . — Petroselinum sativus H o f f m . f ü r 
Puecinia Petroselini (DC.) L i n d r . — Prunus insititia L. für 
Pueeinia pruni-spinosae P e r s . — Pibes petraeum W u l f , für 
Puccinia ribesii-earieis K l e b a h n . — Carex silvatiea Hu d s . für 
Pueeinia silvatiea S c h r o e t e r . — Viola elatior F r i e s , für Pue-
einia violae ( S c h u m . ) D C. — Hippuris vulgaris L. für Uromyees 
lineolatus ( D e s m . ) S c h r o e t e r . 

Index. 

151. Coleosporiuin pulsatillae (Str.) Lev.: Pulsatilla pratensis Mill. 
152. Melampsora populina coli.: Populus eandieans Aiton. 
153. Phragmidium potentillae (Pers.) Karst . : Potentilla alpestris Hnller. 
154. Puccinia absinthii DC.: Artemisia abrotanum L. 
155. — absinthii DC.: Artemisia vulgaris L. 

*156. Anthoxanthi Fuckel: Anthoxanthum odoratum L. 
157. — arenariae (Schumann) Winter: Agrostemma githago L. 
158. — arenariae (Schumann) Winter: Stellaria palustris Elirh. 
159. — asperulina (Juel) Lagerheim: Asperula tinetoria L. 
160. — bullata (Pers.) Wint.: Peucedannm palustre Moendr. 

*161. — cicutae Lasch: Cicuta viresa L. 
162. — Gentianae (Str.) Link: Gentiana cruciata L. 

*163. — herniariae Unger: Herniaria glabra L. 
164. — hieracii (Schumann) Mart.: Hieracium umbellatum L. 

*165. — Komarowi Tranzschel III: lmpatiens parviflora DC. 
*166. — Komarowi Tranzschel I: lmpatiens parviflora DC. 
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167. Puccinia. Iolii Niels.: Alopecurns antarcticns Wahl., nov. hosp. 
168. — longissima Schroeter: Sedum aere L. 
169. — major Dietel: Crepis paludosa Moench. 

*170. — millefolii Fuckel: Achillea millefolium L. 
*171. — oreoselini (Strauss) Fuckel: Peucedanum oreoselinum Moench. 

172. — Petroselini (DC.) Lindr.: Petroselinum sativum Hoffm. 
173. — pruni-spinosae Pers.: Prunus insititia L. 

*174. — ptarmicae Karsten: Achillea ptarmica L. 
175. — pulsatillae (Opiz) Rostrup: Anemone silvestris L. 
176. — ribesii-earieis Klebahn: Ribes petraeum Wulf. 
1/7. — silvatiea Schroeter: Carex silvatiea Huds. 
178. — violae (Schum.) DC: Viola elatior Fries. 
179. Uromyces fabae (Pers.) de By f. sp. Viciae sepium Gäumann : Vicia 

sepium L. 
180. — lineolatus (Desm.) Sehroeter: Hippuris vulgaris L. 
181. — „ „ „ Seirpus maritimus L. 

*182. — verrueulosus Schroeter : Melandryum aibum (Mill.) Garcke. 
*183. — „ „ Melandryum rubrum (Weig.) Garcke. 
*184. — ,, „ Silene inf lata Sm. 
*185. Cintractia eruetans Liro : Carex hirta L. 
*186. — carpophila Liro: Carex eaespitosa L. 

187. — caricis Magn.: Carex Goodenoughii Gay. 
188. — pratensis Sydow: Carex glauca Murr. 

*189. — subinclusa (Koernicke) Magnus: Carex vesicaria L. 
190. Schizonella melanogramma (DC.) Schroeter: Carex digitata L. 

*191. Tuburcinia agropyri (Preuss) Liro: Agropyrum repens (L.) Pall. 
192. — hepaticae-trilobae (DC.) Liro: Hepatica triloba Gilib. 

*193. — kmetiana (Magnus) Liro: Viola arvensis Murr. 
194. — ranunculi-auricomi Liro: Ranunculus auricomus L. 
195. — trientalis Berk, et Brome : Trientalis europaea L. 

*196. Ustilago bromivora (Tulasne) Fischer v. Waldheim: Bromus secalinus L. 
197. — deeipiens (Wallr.) Liro : Arrhenatherum elatius (L.) M. et Koch. 
198. — hypodites (Schlecht.) Fries: Elymus arenarius L. 

*199. — Oxalidis EU. et Tracy: Oxalis stricta L. 
200. — Zeae (Beck.) Unger : Zea Mays L. 

Index n o m i n u m e s t o n i c o r u m . 

E majuure-rooste 162. Laanelille lehenõgi 195. 
Hunditubaka-rooste 164. Luste nõgipööris 196. 
Jänesekapsa viljanõgi 199. Maarjaheina-rooste 156. 
Kannikese-rooste 178. Maisi nõgipää 200. 
Karusmarja-rooste 176. Marana tõlvrooste 153. 
Kroon-rooste 167. Metstarna-rooste 177. 
Kukeharja-rooste 168. Metsülase-rooste 175. 
Kuldtulika lehenõgi 194. Mägipiimputke-rooste 171. 
Kurekella-rooste 151. Mürkheina-rooste 161. 
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Nisulille-rooste 157. 
Oa-rooste 179. 
Orasheina lehenõgi 191. 
Paplirooste 152. 
Peterselli-rooste 172. 
Piimputke-rooste 160. 
Ploomirooste 173. 
Pujurooste 154, 155. 
Pusurohu-rooste 182, 183. 
Põisroliu-rooste 184. 
Põldkannikese viljanõgi 193. 
Raiheina nogipööris 197. 

Raudkõrkja Iaju rooste 180, 181. 
Raudrohu-rooste 170. 
Sapirohu-rooste 174. 
Sinilille lehenõgi 192. 
Soo koertubaka-rooste 169. 
Söötreiarohu-rooste 163. 
Tarna lehenõgi 190. 
Tarna nõgipää 185, 186, 187, 188, 189. 
Tähtheina-rooste 158. 
Vareskaera kõrrenõgi 198. 
Väikeseõielise lemmaltsa rooste 165. 
Värv-varjulille rooste 159. 

Index m a t r i c u m . 

Achillea millefolium L. 170. 
Achillea ptarmica L. 174. 
Agropyrum repens (L.) Pall. l'U. 

: i :Agrostema Githago L. 157. 
^ A l o p e c n r u s a n t a r c t i c u s Wahl . , nov. 

hosp. 167. 
Anemone silvestris L. 175. 
Anthoxanthum odoratum L. 156. 
Arrhenatherum elatius (L.) M. et 

Koch. 197. 
' i fArtemisia abrotanum L. 154. 
Artemisia vulgaris L. 155. 
Asperula tinctoria L. 159. 
Carex eaespitosa 18ft. 
Carex digitata L. 190. 
Carex glauca Murr. 188. 
Carex Goodenougliii Gay 187. 
Carex hirta L. 185. 

*Carex silvatiea Huds. 177. 
Carex vesicaria L. 189. 
Cicuta vi rosa L. 161. 
Crepis paludosa Moench. 169. 
Elymus arenarius L. 198. 
Gentiana cruciata L. 162. 
Hepatica triloba Gilib. 192. 
Herniaria glabra L. 163. 

Hieracium umbellatum L. 164. 
*Hippuris vulgaris L. 180. 

lmpatiens parviflora DC. 165, 166. 
Melandryum album (Miil.) Garcke 182. 
Melandryutn rubrum (Weig.) Garcke 

183. 
Oxalis stricta L. 199. 

^Petroselinum sativum Hoffm. 172. 
Peucedanum oreoselinum Moench. 

17]. 
Peucedanum palustre Moendr. 160. 

*Populus eandieans Aiton. 152. 
*Potentilla alpestris Haller 153. 
t Prunus insititia L. 173. 

Pulsatilla pratensis Miil. 151. 
Ranunculus auricomus L. 194. 

*Ribes petraeum Wulf. 176. 
Scirpus maritimus L. 181. 
Sedum aere L. 168. 
Silene inflata Sm. 184. 

*Stellaria palustris Ehrli., Retz. 158. 
Trientalis europaea L. 195. 
Vicia sepium L. 179. 
Viola arvensis Murr. 193. 

*Viola elatior Fries. 178. 
Zea Mays L. 200. 
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Ebenso in Annales Mycologici, Bd. 3, 1905, p. 437—461. 

— B y .\ r o Ji b n rb , 6. , Maxepiaabi Kb (Jtjiop b rpnöoB'b ocTpoßa 33e.iiH. (Ma-

tcrialienzur Pilzflora der Insel Ösel, russisch.) St. Petersburg 1916. 

— Mycologische Notizen 1. Sitzungsb. Nat.-Ges. Dorpat 28, 1921, p. 10—11. 
— und 0. E k m a n n , Ueber die Verbreitung" der Brandpilze (Ustilagi-

neae) im Ostbaltikum. Sitzungsber. d. Nat.-Ges. Univ. Dorpat, 2(5, 
1918/19, p. 47—70, Tartu 1920. 

D i e t r i c h , H. A., BlickeindieKryptoganienwelt der Ostseeprovinzen. Archiv 
f. d. Naturk. Liv-, Ehst- und Kurlands, Ser. II, Bd. 1, 1856, p. 
261—414. Zweite Abteilung ebenda, 1859, p. 487—838. 

— • Plantarum florae Balticae cryptogamaruin centuriae 1—IX. Revaliae 
1852—1857. 

F e r l e , Fr., Die erste und zweite Rostenquete in Livland. Balt. Wochenschr. 
f. Landw. 1907, p. 3 3 5 - 3 8 8 ; 1908, p. 257 — 258. 

F i s c h e r , E d u a r d , Die Uredineen der Schweiz. Beiträge zur Krypt. d. 
Schweiz, Bd. 2, Heft 2, Bern 1904. 

Ci o b i, C h r. und T r a n z s c h e l , W L, I1 o ö n , X p . n T p a H i u e ;i b , B ji., 
O pžicaBHnHHbix'b rpi iöaxi> ( U r e d f n e a e ) C.-IIeTepÕyprcKofi r y ö e p H i n 

II nf,K0T0pbix7> H a c i e i i cocfe^Hiix'b CT. Heio BcTjuiHflin, Bb iöopr -

cKoii n HoBropoACKOii ryõepiiiii. Die Rostpilze (Uredineen) des 
Gouvernements St. Petersburg und einiger Teile der Nachbar-
gouvernements Estland, Wiborg und Nowgorod. Scripta bot. 
Horti Univ. Imp. Petropolitanae, vol. 3, 1890— 1892, p. 1 —13, 
65 —128. 

K ä s e b i e r , A., Statistiline kokkuvõte meie põlluviljadel ja viljapuudel esi-
nevate tähtsamate seenhaiguste ja tegelikkudes majapidamistes 
nende vastu tarvitatud võitlusabinõude kohta 1924. aastal. Sta-
tistische Zusammenfassung der wichtigsten-Pflanzenkrankheiten 
unserer Kulturpflanzen und Obstbäume und der gegen sie in der 
praktischen Landwirtschaft im Jahre 1924 angewandten Schutz-
mittel. Mitt. Phytopathol. Versuchsst. Nr. 2, 1926. 

K l e b a h n , H., Einige Beobachtungen und Versuche über den Mahonia-Rost. 
Zeitsclir. f. Pflanzenkr. 45, 1935, p. 529—537. 

K l e b a h n , H., Uredineen in: Kryptogamenflora der Mark Brandenburg und 
angrenzender Gebiete. Bd. V», Pilze III, Leipzig 1914. 

K o c Ii m a n , J. Grzyby glowniowe Polski. Ustilaginales Poloniae. Planta 
Polonica 4, 1936, p. 1 —161. Warszawa. 
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L e p i k , E., Fiitopatoloogilised märkmed 1. PhytopathoIogische Notizen 1. Mitt. 
Phytopathol. Versuchsst. Nr. 1, 1926. 

— Fiitopatoloogilised märkmed 2—8. Phytopathologische Notizen 2—8. 
Ebenda Nr. 7, 1931. 

— On the Fiingus Flora of Ruhnu (Runö) Island. Annal. Soe. rebus nat. 
invest. Univ. Tartuensis, vol. 42, 1935; Bulletin of Phytopath. Exp. 
Stat. No 29. 

— Einige bemerkenswerte Uredineenfunde aus Estland. Annales Myco-
logiei 34, 1936, p. 435—441. Mitteil. Phytopathol. Versuchsst. 
Univ. Tartu Nr. 40. 

— Über das Vorkommen von Ustilago Oxalidis Ell. et Tracy in Estland. 
Annales Myeologiei 35, 1937, p. 59—61. Mitteil. Phytopathol. Ver-
suchsst. Univ. Tartu Nr. 40. 

— Ülikooli Taimehaiguste-katsejaam 1922—1932. Phytopathologische 
Versuchsstation der Universität Tartu von 1922—1932. MitteiL 
Phytopath. Versuchsst. Nr. 13, 1933, p. 1 — 12. 

L i r o, J. I v a r , Uredineae Fennicae. Bidrag tili Kännedom af Finlands Natur 
och Folk 65, 7, Helsingfors 1908. 

— Die Ustilagineen Finnlands, I, 1924, II, 1938. Annal. Acad. Sc. Fen-
nicae, Ser. A. Tom. X\'II, XL1I. 

M i n k e v i c i u s , A. Fungi parasitiei, fase. I. Kaunas 1935. 
— Lietuvos rüddžiu (Uredinales) flores metmenys. Grundziige der Ure-

dineen-FIora Litauens. Kaunas 1938. 
M u s c h i n s k i j , J. J., M y M N H C K i ii, fl. H., ÖKCKypeia BT> oicpecTHOCTaxi» 

IOpheBa. (Eine Exkursion in die Umgebung Jurjews, russisch.) 
Acta Horti Bot. Jur jew 12, 1911, p. 336—338. 

P o e v e r l e i n , H. Die Gesamtverbreitung der Uropyxis sanguivea in Europa. 
Annal. Mycol. 30, 1932, p. 402-404. 

S m a r o d s , J. Fungi Latvici exsiccati, fase. I—XII. Riga 1931 — 1935. 
S y d o w , P. et H., Monographia Uredinearum seu specierum omnium ad hunc 

usque diem descriptio et adumbratio systematiea. Vol. I: Genus 
Puccinia f 1904; vol. II: Genus Uromyces, 1910; vol. III: Puccinia-
ceae, Melampsoraceae, Zaghonaniaceae, Coleosporiaceae, 1915; vol. 
IV : Uredineae imperfectae, 1924. Lipsiae. 

T r e b o u x , O., Verzeichnis der parasitischen Pilze aus dem Kreis Pernau. 
Korresp.-Bl. Nat.-Ver. zu Riga, Bd. 55, 1912, p. 91—101. 

V e s t e r g r e n , T., Zur Pilzflora der Insel Oesel. Hedwigia, Bd. 40, 1903, p. 
76 —117. 
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lõi. Coleosporium pulsatillae (Str.) L e v . (1847). — Kiire-
le e 11 a - r o o s t e. 

S y d o w (191")), Monogr. Ured. III, ]>. Hõi; K 1 e 1) a h 11 (1914), Krypt. 
Mark Brandl). V11

1 p. 732; D i e t r i c h (1859), p. 491 ; Cent. IX, 8 
(sub Urvda PuLsaIilIac S t e n d . ) : G o b i (1890), p. 109. 

AI a t r i x : PulsatiUa pratensis Al i 11., stat. uredosp. in 
i'oliis vivis. 

P e t s e r i m a a (Usaij, in pineto sicco Puraviisa prope 
collem „Vasina Gorau. 

S . VIII 10:-57. 

leg. U. L e p i k . 

152. Melampsora populina coli. — Pa p 1 i r o o s t e. 
S y d o w (1915), MonogT. Ured. III, p 338—350; K l e b a h n (1914), 

Krypt. Maik Brandl). V", p. 7(> 1 — 7 71 ; D i e t r i c h (185()), p. 281 ; 
Cent. 1, Hi (sub Unilo po/nt/iit« ,Jaa/. a) Vopnh K b h . ) ; G o b i 
(1890), p. 102 (sub Meknn/^ora 'J'raitiilae T i l l ); V e s t e r g r e n 
(1903), j). XH (sub MelaiHjtsora Jiostrapii V a g n e r ) : T r e b o u x 
(1912), p. 95; B u c h o l t / . (191H), p. 19 (sub Mclampsora Iioslrvpii 
W a g n e r et Me/am/isora Tremitlae TuI . ) . 

AIaI r i x : '"Populus eandieans A l t o n , stat. uredosp. 
H a r j u m a a (Uinij, distr. Rapla, in hortis vici Põldmaa 

prope Lipstu. 
17. YIII 19;JÜ. 

log. IL A a s a m a a . 

15:]. Phragmidium potent i l lae ( P e r s . ) K a r s t . (1879). — 
M a r a n a t õ 1 v r o o s i e. 

S y d o w (1915), Monogr. Ured. III, p. 97; K l e b a h n (1914), Krypt. 
Mark Brandl). Ya, p. H88 : D i e t r i c h (1856), p. 291; Cent. I, 58 
(sub J'hraymid. Polenlillae i ; p. 281, Cent. II, 12 (sub Uredo Poieniil-
Iarinii D C.) ; G o b i (1890;, p. 9ti; V e s t e r g r e n (1903), p. 8B ; 
T r e b o u x (1912), p. 95; B u c h o l t / (191()), p. 17; L e p i k 
(1936) Fungi Lst. exs. III, 109; (1938), p. 229. 

Al a 1 r i x : *Poteutilla alpestris H a l l e r , stat. teleutosp. 
in foliis vivis. 

H a r j ii m a a (Umb), in collibus siccis prope pagum 'Jä-
gala. 

12. XI l w . 
leg. IL A a s a m a a . 

154. Puccinia absinthii DC (isos). — P u j u r o o s te. 
S y d o w (1904), Monogr. Ured. 1, p. 11; K l e b a h n (1914), Krypt. 

Mark Brandl). V», p. 435; L i r o (1908), Ured. Fenn., p. 3^4; 
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D i e t r i c h (1856), p. 288; Cent. IV, 25 (sul) Pucc. Discoidearnm 
R b l i . ) ; B u c h o l t z (1905). p. 45; T r e b o u x (1912), p. 95; 
A r e f j e w (1917), Manuskript, p. 56; L e p i k (1935), p. 4, 8. 

M a t r i x : *Artemisia abrotanum L., stat. nredosp. in foliis 
caulibusque vivis. 

a) P ä r n u m a a (Lh), in coemeterio urbis Pärnu. 
17. VIII 1936. 

leg. E. L e p i k . 
b) T a r t u m a a (Emed), in horto botanico Universitatis 

Tartuensis. 
•25. IX 1937. , „ T . , 

leg. Jb. L e p l k. 

Nota. K l e b a h n (1. c.) unterscheidet bei Pucc. absinthii auf Grund 
der Sporengrösse drei biologische Formen. Dementsprechend dürfte mein 
Material zu f . sp. abrolani K l e b , gehören. Es ist aber eine kleine Ab-
weichung in der Sporengrösse vorhanden. Nach K l e b a h n sollen die Ure-
dosporen f . sp. abrotani eine Grösse von 2 5 - 3 0 : 18—21 jx haben. In meinem 
Material sind diese Grössen etwas abweichend, nämlich 23—28: 17—20 

155. Puccinia absinthii DC. — P u j u r o o s t e . 
Lit. vidu Nr. 154. 

M a t r i x : Artemisia vulgaris L., stat. teleutosp. in fol i is 
caulibusque emortuis. 

H a r j u m a a (Einf), Jägala. 
l . X 1 9 3 6 . 

leg. H. A a s a m a a . 

*156. Puceiniaanthoxanthi F u c k e l (1873). — M a a r j a -
h e i n a - r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 727 ; K l e b a h n (1914), Krypt. 
Mark Brandb. V a , p. 480; L i r o (1908), Ured. Fenn., p. 167. 

M a t r i x : Anthoxanthum odoratum L., stat. uredo- et 
teleutosp. in foliis vivis. 

T a r t u m a a (Emed), in collibus siccis ad pagum Vedu, 
prope urbem Tartu. 

19. X 1 9 3 7 . , „ , . , leg. E. L e p I k. 
Nota. Der Pilz ist von den äl teren Mykologen im Baltikum nicht ge-

funden worden; der von B u c h o l t z (1905, p. 19) als Pucc. anthoxanthi be-
zeichnete, bei Riga gefundene Pilz hat sich nach A r e f j e w (1917, p. 95) als 
UreAo anlhoxanthi B n b a k erwiesen. 

157. Pueeinia a renar iae (S c h u m a n n) W i n t e r (1884). — 
N i s u l i l l e - r o o s t e . 
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S y d o w (1904), Monogr. Ured. 1, p. 553; K l e b a h n (1914), Krypt. 
Mark Brandb. V a , p. 540; L i r o (1908), Ured. Fenn., p. 240; 
D i e t r i c h (1856), p. 289 (sub Pucc. Lichnideariim Lk., Pucc. 
Dianthi D C. et Pucc. Cerastii W a l l r . ) , p. 290 (sub Pucc. Stella-
riac D u b y); (1859), p. 496 (sub. JiUcc. Ceraslii W a l l r . ) ; Cent. 1, 
45, IV, 23, (28), VI, 16, 17, IX, 28, 32; G o b i (1890), p. 78, 79; 
V e s t e r g r e n (1903), p. 87 ; B u c h o l t z (1905), p. 30; (1916), 
p. 12; T r e b o u x (1912), p. 96 (sub Ihicc. silenes S e h r t . ) ; 
A r e f j e w (1917), Manuskript, p. 20, 21 (sub Pucc. behenis (D C.) 
O 11 h). 

AIa t r i x : *Agrostemma githago L., stat. teleutosp. in 
fol i i s vivis . 

T a r t u m a a (Emed), in agr is villae Raadi prope urbem 
Tartu. 

15. IX 1 9 3 6 . 
leg. E. L e p i k. 

158. Puccinia arenariae ( S c h u m a n n ) W i n t e r (1884). — 
T ä h t h e i n a - r o o s t e . 

Liter . : vide sub Nr. 157. 

M a t r i x : * Stellaria palustris E h r h . , R e t z . , s ta t . teleu-
tosp. in foliis caul ibusque. 

T a r t u m a a (Emed), in sü v i s paludosis Kärevere prope 
urbem Tartu. 

29. VII 1 9 3 7 . 
leg. E. L e p i k . 

159. Puccinia a s p e r u l i n a ( J u e l ) L a g e r h e i m (1901). — 
V ä r v - v a r j u l i l l e - r o o s t e . 

S y d o w r (1904), Monogr. Ured. I, p. 207; K l e b a h n (1914), Krypt. 
Mark Brandb. V», p. 571; V e s t e r g r e n (1903), p. 87; 
B u c h o l t z (1905), p. 43; (1916), p. 12; A r e f j e w (1917), 
Manuskript, p. 51. 

M a t r i x : Asperula tinetoria L., s ta t . aecidiosp. in foliis 
vivis, saepe. 

a) H a r j u m a a (Einf) , d is t r . Hageri , in collibus siccis 
prope pagos Anger ja et P i rgu . 

27. V 1 9 3 4 . 
leg. E. L e p i k . 

b) H a r j u m a a (Einf), Varbola, in p ra t i s calcis plenis 
prope pagum Ohekatsu. 

8. VIII 1936. 
leg. H. A a s a m a a , 
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Nota. Dieser Rostpilz ist in Nordest]and und auf Saaremaa (Insel 
Öse!) verbreitet und kommt dort stellenweise massenhaft vor. In anderen 
Teilen Estlands ist er liingegen bis jetzt nicht gefunden worden, ebenso die 
Wirtspflanze. 

KU). Puccinia bu l la ta ( P e r s . ) AY i n t . (1.884) (cum Plasmo-
'para nivect). - - P i i m p tl t k r - r o o s t e. 
S y d o w (1904), ,Monogr. Ured. I, p. 403; J v l e b a h n (1914), Krypt. 

AIark Brandl). Va, p. 349; L i r o (1908), Ured. Fenn., p. 304; 
D i e t r i c h (185(5), p. -8(5 (sub Accidiuvi LrHibeUifcrarttm D i e t r . ) ; 
[). 289 (sub Pttee. Umhclliferorum DC.); (1905), p. 41; V e s t e r -
g r e n (1903), p. 88; T r e b o u x (1912), p. 9(5; B u c h o l t z 
(191(5), [). 12; A r e f j e w (1917), Manuskript, p. 45. 

A I a t r i x : Peucedanum pahistre Aloen dl'., s tat . uredo- et 
teleutosp. in foliis vivis. 

T a r t u m a a (Emed), -Jõgeva, in pratis paludosis prope 
pagum Väljaotsa, saepe. 

?5. VII 1937. 
leg. E. L e p i k . 

:M 61. Puccinia cicutae L a s c h (1845). AI ü r k h e i n a -
r o o s t e. 

S y d o w (1904), Monogr. Ured. J, p. 372; K I e l i a h n (1914), ICrypt'. 
Mark Brandl). V», p. 358; L i r o (190s), Ured. Uenn., p. 400. 

A I a t r i x : Cieuta uirosa L., stat. uredosp. in Ioliis7 pe-
tiolis vivis. 

T a r t u m a a (Emed), in prat is paludosis ad i'lumen 
IJlila, prope pagum IJ1 i 1 a. 

2. VIII 1936. 
leg. E. L e p i k . 

162. Puccinia Gent ianae (S t r . ) L i n k (1824). — E m a -
j u u r e - T o o s t e. 

S y d o w (1904), Monogr. Ured. 1, p. 340; K l e b a l i n (1914), Krypt. 
Mark Brandb. V», p. 3(5!); U i r o (190S), Ured. Fenn., p. 31(5: 
G o b i (1892), p. SG; B u c h o l t z (1905), p. 42; A r e f j e w (1917), 
Manuskript, p. 47. 

M a t r i x : ''''Gettltana eraeieda L., stat. uredo-et teleutosp. 
in foliis caulibusque vivis. 

a) P e t s e r i m a a (Eor), distr . ITue-Irboska, in collibus, 
lapidibus villae Holohhalnja. 

7. VIlI 1937. 
leg. E. L e p i k. 
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b) H a r j u m a a (Einf), in pralo sicco Mädajärv prope 
Aruküla, in solo lapidoso. 

31. V J I 1 9 3 4 . 
leg. A l b e r t Ü k s i p . 

*163. Puccinia hern iar iae U n g e r (1836). — S ö ö t r e i a-
r o h u - r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 558; K l e b a h n (1914), Krypt. 
Mark Brandb. Va j p. 543; L i r o (1908), Ured. Fenn., p. 244; 
B u c h o l t z (1905), p. 31; A r e f j e w (1917), Manuskript, p. 22. 

M a t r i x : Herniaria glabra L., stat. uredosp. in foliis 
vivis. 

T a r t u m a a (Emed), in collibus siccis Lohkva, prope 
urbem Tartu. 

4. VIlI 1937. leg. E. L e p i k . 

164. Puccinia hieracii ( S c h u m a n n ) M a r t . (1817). — 
H u n d i t u b a k a - r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 95; K l e b a h n (1914), Krypt. 
Mark Brandb. V», p. 428; L i r o (1908), Ured. Fenn., p. 365; 
D i e t r i c h (1856), p. 279; Cent. H, 9 (sub IJredo Hieracii 
S c h u m.); G o b i (1890), p. 82 (sub Pucc. Hieracii); V e s t e r -
g r e n (1903), p. 89; T r e b o u x (1912), p. 96 ; B u c h o l t z (1905), 
p. 49; (1916), p. 14; A r e f j e w (1917), Manuskript, p. 71. 

M a t r i x : Hieracium umbellatum L., stat. teleutosp. in 
foliis vivis. 

H a r j u m a a (Einf), in collibus siccis prope pagum Jägala. 
10. X 1937. 

leg. IL A a s a m a a . 

*165. Puccinia Koma-
rowi T r a n z s c h e l . 
— V ä i k e s e ö i e -
I i s e l e m m a l t s a 
r o o s t e . 
S y d o w (1904), Monogr. 

Ured. 1, p. 451 ; L e -
p i k (1936), Annal. My-
co 1. 34, p. 437. 

M a t r i x : lmpatiens 
parviflora DC., s tat . 
t e l e u t o s p . i n f o l i i s Die Verbrei tung von Puccinia Komarowi ( 0 ) 
y j y j g und Jmpatiens parsiflora (•) in Estland. 

EESTI 
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T a r t u m a a (Emed), villa Raadi prope urbem Tartu. 
10. VIII 1936. 

leg. E. L e p i k. 

Nota. In Estland habe ich Puccinia Komarowi zum erstenmal am 
30. Juli 1936 im Botanischen Garten der Universität Tartu in einem grossen 
lmpatiens parvif/ora-Bestand gesehen. Es waren Uredo- und Teleutosporen 
gleichzeitig vorhanden. 

*166. Puccinia Komarowi Tranzschel. 
Liter . : vide Nr. 165. 

M a t r i x : lmpatiens parviflora DC., stat. aecidiosp. in 
foliis vivis. 

T a r t u m a a (Emed), Raadi prope urbem Tartu. 
27. V 1937. 

leg. G e o r g T õ n i s b e r g. 

Nota. Vide notam in Nr. 165. 

167. Puccinia Iolii N i e l s . (Pu,ce. coronifera K l e b . ) (1875).— 
K r o o n r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 704; K l e b a h n (1914), Krypt. 
Mark Brandb. V", p. 635; D i e t r i c h (1856), p. 286 (sub. Aecid. 
elongatum L k . a) Bhamni R b h. pr. p.) ; Cent. 1, 26; G o b i (1890), 
p. 90, 91 (sub Pucc. coronata C o r da); B u c h o l t z (1905), p. 16; 
(1916), p. 14 (sub P. coronifera K l e b . ) ; Fungi Ross. exs. A, Fase. 
I, 17, 18; IV, 161; F e r l e (1912), p. 103 (sub P. coronifera 
Iv leb . ) ; T r e b o u x (1912), p. 96 (sub P. coronifera K l e b . ) ; 
A r e 1'j e w (1917), p. 32, 83 (sub Pucc. coronifera K l e b . ) ; K ä s e -
b i e r ( = K ä s p r e ) (1926), p. 2 — 3 (sub P. coronifera K l e b . ) : 
L e p i k (1926), p. 2 ; (1931), p. 9 (sub P. coronifera K l e b ) ; (1932), 
p. 9 (sub P. coronifera K l e b . ) ; (1933), p. 5 (sub P. coronifera 
K l e b . ) ; (1935), p. 11 ; L e p i k , Fungi Est. exs. III, 12s. 

M a t r i x : Alopecurus antarcticus W a h l , nov. hosp. 
Stat. uredo- et teleutosp. in foliis vivis. 

T a r t u m a a (Emed), in horto botanico Universitatis 
Tartuensis. 

13. X 1937. 
leg. E. L e p i k. 

168. Puccinia Iongissima S c h r o e t e r (1879). — K u k e -
h a r j a - r o o s t e . 

S v d o w (1904), Monogr. Ured. I, p. 757 ; K l e b a h n (1914), Krypt. 
Mark Brandb. V a , p. 463; L i r o (1908). Ured. Fenn., p 153; 
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Dietfich (1859), p. 494 fsub Aecidium Sedi D i e t f . ) ; Cent. IX, 18; 
B u c l i o I t z (1905), 
p. 21; A r e f j e w 
(1917), p. 99. 

M a t r i x : Sedum 
aere L., s t a t . ae-
c i d i o s p . in fo l i i s 
v i v i s . 

H a r j ii m a a (Einf), 
in s i l v i s s i c c i s 
p rope J ä g a l a , 
r a r o . 

Die Fundorte von Pucc. Iongissima in Estland; 
leg. H. A a s a m a a . Sedum aere hat in Estland eine allgemeine 

Verbreitung. 

Nota. Selten. Nur einmal von D i e t r i c h (1. c.) gefunden. 

169. P u c c i n i a m a j o r D i e t e l ( 1 8 9 4 ) . - S o o k o e r t u b a k a -
r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 66; K Ie b a h n (1914), Krypt. 
Mark Brandb. Va, p. 399; L i r o (1908), Ured. Fenn., p. 352; 
D i e t r i c h (1856), p. 284 (sub Aeeidium Composiiarum M a r t . 
f>. Crepidis W a l l r. in Crep. paludosa, nec praemorsa); Cent. IV, 17; 
G o b i (1890), p. 86 (sub Pucc. Lampsanae S c h u l z ) ; V e s t e r -
g r e n (1903), p. 90, 136; B u c h o l t z (1905), p. 47; (1916), p. 14; 
T r e b o u x (1912), p. 97; A r e f j e w (1917), Manuskript, p. 68; 
L e p i k (1935), p. 11, 13. 

M a t r i x : Crepis paludosa M o e n c h . , s t a t . a e c i d i o s p . in 
f o l i i s v i v i s , s a e p e . 

V i l j a n d i m a a (Emed), in col le „ K a l m e t u m ä g i " i n v ico 

A u a k u . d i s t r . V a n a - T ä n a s i l m a . 

1. VI 1936. leg. E. L e p i k . 

"170. P u c c i n i a m i l l e f o l i i F u c k e l (1869). — R a u d r o h u -
r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 2; K l e b a h n (1914), Krypt. 
Mark Brandb. Va, p. 525; L i r o (1908), Ured. Fenn., p. 391; 
A r e f j e w (1917), p. 29, 37 ; (1917), Manuskript, p. 56. 

M a t r i x : Achillea millefolium L., s t a t . t e l e u t o s p . in f o l i i s 
v i v i s . 

T a r t u m a a ( E m e d ) , in a g r i s a d v i l l a m R a a d i prope 
u r b e m T a r t u . . 

13. VH 1936. leg. E. L e p i k . 
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Nota,. Obwohl Acliillea millefolium in Estland eine der Läufigsten 
Pflanzen ist, haben die älteren Mykologen Puce. mil/efolü nur einmal notiert. 
So bezeichnet A r e f j e w (1917, p. 29, 37) Pucc. miUefolii als einen für das 
Ostbaltikum seltenen Pilz, ohne jedoch nähere Angaben über die Fundorte 
anzuführen. 

In einem unveröffentlichten Manuskript (1917) nennt A r e f j ew drei Fund-
orte in der nächsten Umgebung von Tartu, wo er den Pilz eingesammelt hat 
( B u c h o l t z , Fungi Ross. exs. XIII 627, B u c h o l t z , Coli. 2024). Es ha t den 
Anschein, als habe der Pilz sich nicht allzufrüh von Zentraleuropa aus nach 
Norden verbreitet . Auch L i r o (1. c.) hat den Pilz in Finnland erst im Jahre 
1901, Helsingfors, beobachtet. 

*171. Puccinia oreoselini ( S t r a u s s ) P u c k e l (1869). — 
M ä g i p i i m p u t k e - r o o s t e . 

S y d o w (1904), Monogr. Ured. 1, p. 401; K l e b a h n (1914), Krypt. 
Mark Brandb. Y a , p. 336; L e p i k (1937), p. 439. 

M a t r i x : Peucedanum oreoselinum M o e n s c h . , stat. teleu-
tosp. in foliis petiolisque vivis. 

T a r t u m a a (Emed), in dunis et agris siccis Lohkva prope 
urbem Tartu. 

2. VTI 1936. leg. E. L e p i k . 

Nota. Puccinia oreose-
lini ( S t r a u s s ) F u c k e l auf 
Peucedanum oreoselinum (L.) 
M ü n c h. wurde in Estland im 
Jah re 1936 entdeckt. Die Nähr-
pflanze ist in Siid- und Mittel-
europa, in Südschweden, Däne-
mark, in Mittel- und Südruss-
land verbreitet. In Estland 
kommt sie nur auf drei Par-
zellen in der Umgebung von 
Tar tu und bei Elva vor und 
ist an diesen Stellen als Relikt-
pflanze zu betrachten. Es ist 

Die Verbrei tung von Pucc. oreoselini (®) und wahrscheinlich, dass der Pilz zu 
Peucedanum oreoselinum (•) in Estland. einer Zeit eingewandert ist, in 

der die Nährpflanze eine allge-
meine Verbrei tung gehabt und grössere, zusammenhängende Gebiete be-
deckt hat. Puccinia oreoselini ist deshalb zusammen mit der Nährpflanze — 
Peucedanum oreoselinum, — als Reliktpflanze zu betrachten. 

In Litauen hat Pucc. oreoselini nach A. M i n k e v i c i u s (1938, p. 396) 
eine allgemeine Verbreitung. 
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172. P u c c i n i a P e t r o s e l i n i (D( 1 . ) L i i u l r . (190-2). —- P e t o r -
s o JI i - r o o s t e. 

S y d o w (1904), Monogr. Ured. I, p. 390; K l e b a h n (191-1), Krypt:. 
Mark Brandl). Va, p. 344; L i r o (190S), Ured. Fenn., p. 305; 
D i e t r i c h (1856), p. 27'.) isul) Iralo nuiricella D C. b) Cynaph 
DC.), p. 289 (sub Pua\ Aclliitmc Iji n k); Cent. 11, 7, 39; V e s t e r -
g r en (1903), p. 88 (sub Pucc. bullata)-, B u c h o l t / . (1905), p. 39; 
(191 (>). p. 12 (sub Pua-. bu/lala)', Fiingi Ross. exs. XIV, 6s2 ; 
A r e l ' j e w (1917), Manuskript, p. 39; L e p i k , Fungi Est. exs. 
III, 132. 

M a t r i x : zPclroselinum sativ-um H o f f m . , stat. uredo- et 
teleutosp. in foliis, petiolis caulibusque. 

T a r t u m a a (Emed), in horto botanico UniversitaLis 
Tartuensis. 

25. IX 1937. 
leg. E. L e p i k . 

173. P u c c i n i a p r u n i - s p i n o s a e P e r s . (1801). — P l o o m i -
r o o s t o. 

S y d o w (1901), .Monogr. Ured. I, p. 4s4 ; K Ie b a h n (1914), Krypt. 
Mark Brandb. Va, p. r'25 ; L i r o (1908), Ured. Fenn., p. 271; 
D i e t r i c h (185()), p. 285 (sub Accid. Ieiicospcrmum D C. et Aect-
dium piinctalum P e r s . ) ; p. 289 (sub Pucc. Prunorum Lk.); Cent. I, 
51, IV, 19; B u c h o l t z (1905), p. 34; (191()1, p. 15; Fungi Ross. 
exsicc. 1, 22, XII, 581; A r e l ' j e w (1917), Manuskript, p. 29; 
L e p i k (192()), p. 4, 10; (1936) Fungi Eston. exsicc. III, 136. 

M a t r i x : * Prunus insititia L., stat. teleutosp. in foliis 
vivis. 

H a r j u m a a (Einf), in hortis villae „Põldmaa" in vioo 
Lipstu, distr. Kapla. 

27. IX 1930). 
leg. II. A a s a m a a . 

:i: 17 4. P u c c i n i a p t a r m i c a e K a r s t e n . — S a p i r o h u -
r o o s t e . 

S y d o w (1904), Monogr. L'red. I, p. 3; K I e b a I i n (1914), Krypt. 
.Mark Brandb. Va, p. 526; L i r o (1908), Ured. Fenn., p. 392; 
A r e l ' j e w (1917), Manuskript, p. 56. 

M a t r i x : AehiHea ptarmica L, stat. uredosp. 
T a r t u m a a (Emed), -Jõgeva, in horto vici Andresse, 

prope pagum Väljaotsa. 
25. VII 1937. 

leg. E. L e p i k . 
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Nota. A r e f j e w (1917) vermerkt in einem unveröffentlichten Ma-
nuskript, dass der Pilz bisher in Russland, im Gouvernement Petersburg, nicht 
aber im Baltikum gefunden worden sei. 

175. P u c c i n i a p u l s a t i l l a e ( O p i z ) R o s t r i i p (1865). (=Pucc. 

pulsatillae K a l c h b r . , Pucc. Baryana T h i i m . ) — 
Al e t s ii 1 a s e - r o o s t e. 

S y d o w (1904), Monogr. Ured. I, p. 53(5; Kle b a h n (1914), Krypt. 
Mark Brandb. Va, p. 323, 600; L i r o (1908), Ured. Fenn., p. 257; 
D i e t r i c h (1859), p. 491 (sub Uredo Pulsatillae S t e n d . ) ; Cent. 
IX, 8; G o b i (1890), p. 79 (sub. Pucc. Anemones-virginianae 
S c h r t.); V e s t e r g r e n (1903), p. 92; B u c h o l t z (1905), p. 32 ; 
(1910), p. 16 (sub Pucc. suffusca Holw.) ; Fungi Ross. exs. XI, 
525; A r e f j e w (1917), Manuskript, p. 24 (sub Pucc. Baryana 
T h u m . ) ; IJ e p i k (1934), Fungi Est. exs. II, 86. 

A I a t r i x : Anemone silvestris L., s t a t . t e l e u t o s p . in f o l i i s 
v i v i s . 

H a r j u m a a (Einf) , in p r a t i s s i c c i s R a n n a m o i s p r o p e 
u r b e m T a l l i n n . 

7. V I 1936. 
log. E. L e p i k . 

176. P u c c i n i a r i b e s i i - e a r i e i s K l e b a h n (1900). — K a r u s -
m a r j a - r o o s t e . 

S y d o w r (1904), Monogr. Ured. 1, p. 648—652; K l e b a h n (1914), 
Mark Brandb. V a, p. 490; L i r o (1908), Ured. Fenn., p. 190; 
D i e t r i c h (1856), p. 285 (sub Aecid. grossulariae DC.); Cent. I, 
33; G o b i (1890), p. SO (sub Pucc. ribesii pr. p.); p. 117 (sub 
Aecid. grossulariae P e r s . ) ; V e s t e r g r e n (1903), p. 84 (sub 
Aecid. grossulariae Pers . ) , p. 92 (sub Pucc. Pringsheimiana 
Kleb.) ; B u c h o l t z (1905), p. 10; (1916), p. 15 (sub Pucc. 
Pringsheimiana K l e b . ) ; T r e b o u x (1912), p. 98; F e r l e (?) (1912), 
p. 104; A r e f j e w (1917), p. 73; L e p i k (1926), p. 1, 3, 9 (sub 
Pucc. ribesii caricis K l e b . f. sp. Pringsheimiana K l e b . ) ; (1931) 
p. 1—-1, 13 (sub Pucc. Pringsheimiana K l e b . ) ; (1933), p. 2, 7 (sub 
Pucc. ribesii-earieis K l e b . ) ; (1935), p. 12. 

A I a t r i x : * Ribes petraeum AV u l f . ( t e s t . T. L i p p m a a ) , 
s t a t . a e c i d i o s p . in f o l i i s , p e t i o l i s c a u l i b u s q u e . 

T a r t u m a a (Emed), in h o r t o b o t a n i c o U n i v e r s i t a t i s 
T a r t u e n s i s . 

12. Vl 1936. 
leg. E. L e p i k , 
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177. P u c c i n i a s i l v a t i e a S c h r o e t e r (1879). — M e t s t a r n a -
r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 656; K l e b a h n (1914), Krypt. 
Mark Brandb. Va, p. 504; L i r o (1908), Ured. Fenn., p. 208; 
D i e t r i c h (1856), p. 284 (sub Aecidium Compositamm M a r t c. 
Taraxaei R a b e n h . et Aecidium cichoracearum I) C. b. Crepidis 
D i e t r. in Cr. biennis); Cent. I, 30 ; G o b i (1890), p. 93 ; B u c h o l t z 
(1905), p. 12; (1916), p. 15; T r e b o u x (1912), p. 98; A r e f j e w 
(1917), p. 7(5; L e p i k (1934), Fungi Eston. exsicc. II, 88. 

M a t r i x : * Carex silvatiea H u d s . , s t a t . u r e d o - e t t e l e u -
t o s p o r . in f o l i i s v i v i s . 

T a r t u m a a (Eor), in s i l v a U n i v e r s i t a t i s T a r t u e n s i s in 
K a s t r e - P e r a v a l l a , q u a d r . Nr. 132. 

19. IX 1936. 
leg. E. L e p i k . 

178. P u c c i n i a v i o l a e ( S c h u m . ) D C. (1815). K a n n i -
k e s e - r o o s t e . 

S y d o w (1904), Monogr. Ured. I, p. 439; K l e b a h n (1914), Krypt. 
Mark Brandb. Va, p. 331; L i r o (1908), Ured. Fenn., p. 279; 
D i e t r i c h (1856), p. 279 (sub Uredo Violarum DC.); p. 285 (sub 
Aeeidium Violae S c h u m . ) : p. 289 (sub Pucc. Violarum Lk.) ; 
Cent. I, 11, 34, II, 42 ; V e s t e r g r e n (1903), p. 94 ; B u c h o l t z 
(1905), p. 35; (1916) p. 16; A r e f j e w (1917), Manuskript, p. 34; 
L e p i k (1935), p. 12. 

M a t r i x : * Viola elatior F r i e s ( t e s t . T. L i p p m a a), 
s t a t . (aecidio-, uredo-) t e l e u t o s p . 

T a r t u m a a (Emed), in h o r t o b o t a n i c o U n i v e r s i t a t i s 
T a r t u e n s i s . 

9. X 1935. 
leg. E. L e p i k . 

Nota. Pucc. violae ist bisher in Estland auf folgenden Wirtspflanzen 
gefunden worden : Viola arenaria L., V. canina (L.) R c h b., V. canina var. 
ericetorum R c h b. ( A r e f j . , Manuskript), V. epipsila L e d. ( A r e f j . , Ma-
nuskript), V. hirta L., V. miralnlis L., V. palustris L., V. Iiiviniana Ii c h b. 
und V. silvestris Rc hb. 

179. Uromycesfabae (Pers . ) d e B y , f. sp. Viciae sepium 
G ä u m a n n in A n n a l . Myco l . 32, 1934, p. 464, 4 7 0 . — 
0 a - r o o s t e. 

S y d o w (1910), Monogr. Ured. II. p. 103; K l e b a l i n (1914), Krypt. 
Mark Brandb. Va, p. 276; D i e t r i c h (1856), p. 278 (sub Uredo 
apiculala S t r a u s s ) ; p. 280 (sub Uredo nee/Iechi D i e t r . , Uredo 
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Ieiiuminoxanviii Rhh. a) Yicianim Rbh. , Ircdo leguminosanon 
R b h. c) Fabarum Ivbli.); ]>. 2 S t i (sub Aeeid. Ictiuinino^arvw R b h. 
a) Orobi renti K'h li.); p. 29.) ('sub Tuce. fabae Lk.); Cent. I, 14, 
11, 13, 1"), IV, -I, VI, 19; ( J o b i (1890), p. 74 |sub Vrom. orobi 
( I ' e r s . ) \ V i n t . | ; V c s l c r g r e i i (190:5), p. 95; r I V r e b o u x 
(1912), p. 9S ; A r e f j e w (191(i), p. 1+(S; IJ u c h o l t z (191(5), p. 11 ; 
L e p i k (1934), Pungi bist. exs. II, 95; (I93(i) III, 143. 

M a t r i x : Vicia sepium L., stal. u redo- et teleutosp. in 
foliis vivis. 

P e t s e r i m a a (Ls. ir), L u e - I r h o s k a , in p r a t i s h u m i d i s 

p r o p e p a g u m V a s i n a ( i o r a , 
S- V i n m 7 ' le<r. K P e n i k. 

180. Uromyces Iineolatus (I>esm.) S c h r o e t e r (l s 71 >). 
| — l\ scirpi (Oast,) B 11 ri\| — K a n d k õ r k j a 1 a j u -
r 0 0 s t e. 

S y t l o w 1 1910), Monogr. l'red. II, p. :io2 ; K' I e h a Un (1914), Krypt. 
Mark Brandl). V:l, p. 2S3 ; L i r o (190S), tired. Feiin., p. (is ; 
T r e b o u x (1912;, p. 99; A r c - I ' j e w (1910). p. 137. 

Mat r i x : :-Hippiiris ruhjaris L., stat. arcidiosp. in foliis 
petiolisque vivis. 

P ä r n u m a a (Lh), in pratis liti ora 1 ihus „»Supelrand" 
prope urbeni Pärnu. 

'25. Vl 1936. leg. M Lepi i lv 

XotH. v ront. IiiteoIaIu 

Die Verbreitung von I 'roiityees lim <>lalitx(Q))um[ 
Scirpns murtiimiis(&) in Estland. Htppnrts vt<!(ju-
ris hai iii Fstland eine allgenieiiu' Verbreitung 

ständen in der I 'Innu 

eliört nicht, zu den häufigsten Pilzen Estlands, 
weil die Verbreitung von Siir-
ptts maril tiitt's nur sehr be-
schränkt ist. Dieser Pilz ist 
f rüher nur einmal von 0. T re-
I) o u x (1. c.) ebenfalls in Pärnu, 
und zwar an der gleichen 
Stelle, an T SCUJJUS nutrtltmus 
gefunden worden (Badepark, 
H. IX 1899). An dieser Stelle 
wachsen Sciijms »tanltmits und 
llippuns vulgaris auf einer 
suüipfigen Wiese nebeneinan-
der. Die beiden XährpTlanzen 
waren an dieser Stellt; im Som-
mer 193() stark vom Pilz be-
fallen. Hingegen sind meine 
Bemühungen den Pilz auf an-
deren Sctrjms mariltinus-lie-

der Stadt Piimu zu finden ohne Erfolg gebliehen. 
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181. Uromyces Iineolatus (Desm.) S c h r o e t e r (1876). 
[= TJ. scirpi (Gast.) Burr.] — Randkorkja Iaju-
r o o s t e . 

S y d o w (1910), Monogr. Ured. II, p. 302; K l e b a h n (1914), Krypt. 
Mark Brandb. V a , p. 283; L i r o (1908), Ured. Fenn., p. 68; T r e -
b o u x (1912), p. 99 ; A r e f j e w (1916), p. 137. 

M a t r i x : Scirpus maritimus L., stat. uredo- et teleutosp. 
in foliis vivis. 

P ä r n u m a a (Lh), in pratis marinis „Supelrand" prope 
urbem Pärnu. 

17. VIII 1936. leg. E. L e p i k . 
Xota. Vide notam in Nr. 180. 

*182. Uromyces verruculosus S c h r o e t e r (1872).—Pusu-
r o h u - r o o s t e . 

S y d o w (1910), Monogr. Ured. II, p. 214; K l e b a h n (1914), Krypt. 
Mark Brandb. V a , p. 247; L i r o (1908), Ured. Fenn., p. 85 (sub 
Urom. Schroeteri D e - T o n i ) ; A r e f j e w (1916), p. 141. 

M a t r i x : Melandryum album (Miil.) G a r c k e , stat. 
uredosp. in foliis vivis. 

T a r t u m a a (Emed), in agris villae Raadi prope urbem 
Tartu. 

13. VII 1936. leg. E. L e p i k . 
Nota. Uromyees verruculosus gehört nicht zu den häuf igs ten Pilzen 

Estlands, äl tere Mykologen haben ihn nicht bemerkt . Die Nr. Nr. 182, 183, 
184 auf Melandryum album, M. rubrum und SiIene inf lata s t ammen von einem 
und demselben Standort, wo die Nährpfianzen nicht weit voneinander wachsen. 
Ein Übergehen der Pilze von einer Pflanze auf eine andere ist leicht denkbar. 

*183. Uromyces verruculosus S c h r o e t e r (1872). — 
P u s u r o h u - r o o s t e . 

S y d o w (1910), Monogr. Ured. II, p. 214; K l e b a h n (1914j, Krypt. 
Mark Brandb. V a

5 p. 247; L i r o (1908), Ured. Fenn., p. 85 (sub 
Urom. Schroeteri D e - T o n i); A r e f j e w (1916), p. 141. 

M a t r i x : Melandryum rubrum ( W e i g . ) G a r c k e , stat. 
uredosp. in foliis vivis. 

T a r t u m a a (Emed), in agris villae Raadi prope urbem 
Tartu. 

13. VII 1936. 
leg. E. L e p i k . 

Nota. Vide notam in Nr. 182. 
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*184. Uromyces verruculosus S c h r o e t e r (1872). — P õ i s -
r o h u - r o o s t e . 

S y d o w (1910), Monogr. Ured. II, p. 214; K l e b a I i n (1914), Krypt. 
MarkBrandb. V»,p. 247 ; L i r o (190S). Ured. Fenn., p. 85 (sub Urom. 
Schroeteri D e - T o n i); A r e f j e w (1916), p. 141. 

M a t r i x : Silene inf.ata Sm., stat. uredosp. in foliis 
vivis. 

T a r t u m a a (Emed), in agris villae Raadi prope urbem 
Tartu. 

13. VII 1936. 
leg. E. Lepik. 

Nota. Vide notam in Nr. 182. 

*185. Cintractia eructans (J. K u n z e ) L i r o (1938). ( = C. 
angulata S y d o w, 1924, p. 288.) — T a r n a - n õ g i -
p ä ä. 

S y d o w (1924), Annal. Mycol. 22, p. 288; Mycotheca germanica 
Nr. 2S79; L i r o (1938), Ustil. Finni., p. 33. 

M a t r i x : Carex Jvirta L. 

P är n U m a a (Lh), in pratis littoralibus Kalbi prope Hääde-
meeste. 

24. VI 1936. 
leg. E. L e p i k . 

Nota. Nacii H. S y d o w (in litt.) hat jedocli der Name C. angulata nach 
dem § 58 der Nomenklaturregeln ein Prioritätsrecht gegenüber C. ervctans. 
Nach diesem Paragraphen haben Namen, die für Varietäten gegeben werden, 
bei Erhebung der Varietät zum Range einer eigenen Species keinen Ansprucli 
auf Priori tät . 

*186. Cintractia carpophiia ( S c h u m a c h e r ) L i r o (1938). 
— T a, r n a - n õ g i p ä ä. 

K l e b a h n (1914), Krypt. Mark Brandb. V», p. 33 [sub Cintr. Caricis 
( P e r s . ) M a g n . pr. p.]; S y d o w (1924), Annal. Myc. 22, p. 
277—291: K oc h m a n (1936), Grzyby gl. Polski, p. 80; L i r o (1938), 
Ustil. Finni. II, p. 27; B u c h o l t z et E k m a n n (1919), p. 60 
[sub Cintr. Caricis ( P e r s . ) Magn. ] . 

M a t r i x : Carex eaespitosa L. 
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T a r t u m a a (Emed), Kvistental, in pratis paludosis, prope 
urbem Tartu. 

9. VI 1986. 
leg. E. L e p i k . 

187. Cintractia caricis ( P e r s o n ) M a g n u s (1895). — T a r n a -
n õ g i p ä ä . 

K l e b a h n (1914), Krypt. Mark Brandb. V a , p. 33 [sub Cintr. Caricis 
( P e r s . ) M a g n . pr. p.] ; S y d o w (1924), Annal. Myc. 22, p. 
277—291 ; K o c h m a n (1936), Grzyby gl. Polski, p. 80; V e s t e r -
g r e n (1903), p. 96 [sub Cintr. Caricis ( P e r s . ) Magn.]; T r e -
b Oi ix (1912), p. 94 [sub Cintr. Caricis ( P e r s . ) M a g n . ] ; 
B u c h o l t z (1916), p. 10 [sub Cintr. Caricis ( P e r s . ) M a g n . ] ; 
B u c h o l t z e t E k m a n n (1919), p. 60 [sub Cintr. Caricis 
( P e r s . ) M a g n . ] ; L i r o (1938), Ustil. Finni. II, p. 3. 

M a t r i x : Carex Ooodenoughii G a y . 

T a r t u m a a (Eor), in silva Universitatis Tartuensis in 
Kastre-Peravalla. 

28. VII 1938. 
leg. E. L e p i k . 

188. Cintractia pratensis S y d o w (1924). — T a r n a -
n õ g i p ä ä. 

K l e b a h n (1914), Krypt. Mark Brandb. V», p. 33 [sub. Ctnlr. Caricis 
( P e r s . ) M a g n . pr. p.]; S y d o w (1924), Annal. Mycol. 22, p. 
277—291 ; K o c h m a n (1936), Grzyby gl. Polski, p. 78 ; D i e t r'i c h 
(1856), p. 277; (1859), p. 489; Cent. 1,.7; VIII, 2 (sub Uredo Cari-
cis P e r s . ) ; V e s t e r g r e n (1903), p. 96 [sub Cintr. Caricis 
( P e r s . ) M a g n . ] ; B u c h o l t z (1916), p. 10 [sub Cintr. Cancis 
( P e r s . ) M a g n . ] ; B u c h o l t z e t E k m a n n (1919), p. 60 [sub 
Cintr. Caricis ( P e r s . ) M a g n . ] ; L i r o (1938), Ustil. Finni. II, 
p. 36. 

M a t r i x : Carex glauea M u r r . 
S a a r e m a a (Emoc), in pratis littoralibus Kuusnomme 

prope Kihelkonna. 
30. VI 1931. 

leg. E. L e p i k . 

*189. Cintraetia subinelusa ( K o e r n i c k e ) M a g n u s (1896). 
— T a r n a - n õ g i p ä ä. 

M a g n u s (1896), Abhandl. Ver. Prov. Brandenburg 37, p. 79; 
S c h e 11 e n b e r g (1911), Brandpilze der Schweiz, p. 80 ; K l e -
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b a h n (1914), Krypt. Mark Brandb. Va, p. 34; S y d o w (1935), 
Myc. germ. Nr. 2881 ; K o c h m a n (1936), Grzyby gl. Polski, p. 81; 
L i r o (1938), Ustil. Finni. Il, p. 14. 

M a t r i x : Carex vesicaria L. 

T a r t u m a a (Emed), in silva paludosa Kärevere prope 
urbem Tartu. 

6. VII 1930. 
leg. E. L e p i k . 

190. Schizonella melanogramma (D C.) S c h r o e t e r (1877). 
— T a r n a l e h e n õ g i . 

K l e b a h n (1914), Krypt. Mark Brandb. Va, p. 35; K o c h m a n 
(1936), Grzyby gl. Polski, p. 83; D i e t r i c h (1850), p. 490; Cent. 
VIII, 4 (sub Uredo caricina D i e t r . ) ; V e s t e r g r e n f 1903), p. 97 ; 
B u c h o l t z (1916), p. 10; B u c h o l t z e t E k m a n n (1919), p. 61 ; 
B u c h o l t z , Fangi Ross. exs. Nr. 509; L i r o (1938), Ustil. Finni. 
II, p. 50. 

Matrix: Carex digitata L. 

S a a r e m a a (Emoc), paeninsula „Sõrve", in pineto prope 
Mõntu. 

17. VI 1935. 
leg. E. L e p i k. 

:191. Tuburcinia a g r o p y r i ( P r e u s s ) L i r o (1923).[= Urocystis 
agropyri ( P r e u s s ) L i r o . ] — O r a s h e i n a l e h e -

n õ g i . 

K l e b a h n (1914), Krypt. Mark Brandb. V a, p. 55 [sub Ui •ocyshs agro-
pyri ( P r e u s s ) L i r o ] ; L i r o (1923), Annal. Univ. Fenn. Aboen-
sis, Ser. A. Tom. 1, No 1, p. 15—17; K o c h m a n (1936), Grzyby 
gl. Polski, p. 129; B u c h o l t z e t E k m a n n (1919), p. 63 [sub 
Urocystis agropyri ( P r e u s s ) S c h r ö t.]. 

M a t r i x : Agropyrum repens (L.) P a l l . 

T a r t u m a a (Emed), in horto urbis Tartu (Roosi tän. 
nr. 39). 

22. VII 1937. 
leg. E. L e p i k . 
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192. Tuburcinia hepaticae-trilobae (D C.) L i r o. ( = Urocystis 
anemones A u c t . ) — S i n i l i l l e l e h e n õ g i . 

K l e b a h n (1914), Krypt. Mark. Brandb. Va j p. 58 [sub Urocystis Ane-
mones ( P e r s . ) S c h r o t , pr. p.[; L i r o (1923), Annal. Univ. Fenn. 
Aboensis, Ser. A. Tom. 1, No 1, p. 59—62; K o c h m a n (1936), 
Grzyby gl. Polski, p. 136; V e s t e r g r e n (1903), p. 97 [sub Uro-
cystis Anemones ( P e r s . ) W i n t . ] ; B u c h o l t z (1916), p. 10 [sub 
Uroeystis Anemones ( P e r s . ) S c h r o t . ] ; B u c h o l t z e t E k m a n n 
(1919), p. 63 [sub Urocystis Anemones ( P e r s . ) W i n t . ] . 

M a t r i x : Hepatica triloba G i 1 i b . 

T a r t u m a a (Emed), in pineto prope vicum Reola. 

30. V 1937. 
leg. E. L e p i k . 

*193. Tuburcinia kmetiana ( M a g n u s ) L i r o (1922). — 
P õ l d k a n n i k e s e v i l j a n õ g i . 

L i r o (1938), Ustilag. Finni. Il, p. 199; L e p i k (1935), On the Fun-
gus Fl. of Ruhnu Island, p. 13. 

M a t r i x : Viola arvensis M u r r . 

H a r j u m a a (Einf), in agris siccis prope oppidum Keila 
19. II 1938. 

leg. E. L e p i k. 

Xota. Dieser bisher selten gefundene Pilz (vergl. L i r o , Ustil. F 
ands II, p. 199, 200, 478, 542) 

ist in Estland früher nur ein-
mal auf der Insel Ruhnu ange-
troffen worden (vergl. L e p i k . 
On the Fungus Fl. of Ruhnu Isl., 
1935, p. 13), und auch dann nur 
in ganz vereinzelten Exempla-
ren. An dem oben erwähnten 
Fundort , auf einer trockenen 
Brache zwischen KeiIaund Saue, 
unweit der Stadt Tallinn, war 
der Pilz aber massenhaf t zu 
finden. Auf dem benachbarten 
Acker, wo Viola arvensis eben-
falls stark verbreitet war, habe 
ich. hingegen den Pilz erfolglos 
gesucht. 

\ 

Die Fundstellen von Tubnreinia kmetiana 
in Estland. Viola arvensis h a t in Estland 

allgemeine Verbreitung. 

: 0 ) 
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194. Tuburcinia ranunculi-auricomi L i r o (1923). — K u l d -
t u l i k a l e h e n õ g i . 

K l e b a h n (1914), Krypt. Mark Brandb. V a , p. 58 [sub Ur. anemones 
( P e r s . ) W i n t . ] ; L i r o (1923), Annal. Univ. Fenn. Aboensis, Ser, 
A. Tora. 1, No 1, p. 73 — 75 ; K o c h m an (1936), Grzyby gl. Polski, 
p. 138; D i e t r i c h (1856), p. 278; Cent.. IV, 3 (sub Uredoranun-
culacearum DC.); V e s t e r g r e n (1903), p. 97 [sub Urocystis Ane-
mones ( P e r s . ) W i n t . ] ; B u c h o l t z (1916), p. 10 |sub Uroeysiis 
Anemones (P e r s.) W i n t.] ; B u c h o l t z e t E k m a n n (1919), p. 
63 [sub Uroeystis Anemones ( P e r s . ) W i n t . | . 

M a t r i x : Ranunculus auricomus L. 

T a r t u m a a (Emed), in pratis paludosis ad flumen Elva 
prope collem „Vapramäe". 

17. V 1937. 
leg. E. L e p i k . 

195. Tuburcinia trientalis B e r k , e t B r o o m e (1850). — 
L a a n e l i l l e l e h e n õ g i . 

K l e b a h n (1914), Krypt. Mark Brandb. V a , p. 54; L i r o (1923), 
Annal. Univ. Fenn. Aboensis Ser. A. Tom. 1, No 1, p. 95—97; 
K o c h m a n (1936), Grzyby gt. Polski, p. 139; D i e t r i c h (1859), 
p. 490 [sub Uredo (Poiystictis) opaea S t r a u s s ] ; T r e b o u x 
(I912j, p. 94 [sub Sorosporium Paridis (Ung.)]; B u c h o l t z e t 
E k m a n n (1919), p. 64; L e p i k (1935), p. 13. 

M a t r i x : Trientalis europaea L . 

T a r t u m a a (Eor), in silva Universitatis Tartuensis in 
Kastre-Peravalla, quadr. Nr. 94. 

•25. VII 1935. 
leg. E. L e p i k . 

* 196. Ustilago bromivora ( T u l a s n e ) F i s c h e r v. W a l d -
h e i m (1877). — L u s t e n õ g i p ö ö r i s . 

K l e b a h n (1914), Krypt. Mark Brandb. Va, p. 22; L i r o (1924), 
Ustil. Finni. I, p. 91—92; K o c l i m a n (1936), Grzyby gl. Polski, 
p. 37 ; B u c h o l t z e t E k m a n n (1919), p. 56 ; L e p i k (1935), 
p. 13. 

M a t r i x : Bromus seealiniis L . 

H a r j u m a a (Einf), paeninsula Paldiski, in agris vici 
Tugedi prope Põllküla. 

20. VII 1936. 
leg. T. L e i s n e r. 
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197. Ustilago decipiens ( W a l l r . ) L i r o (1924). ( = Usti-
Iago perennans R o s t r . ) — R a i h e i n a n õ g i p ö ö r i s . 

K l e b a h n (1914), Krypt. Mark 
Brandb. V a, p. 20 (sub Ustilago 
perennans Rostr.); Liro 
(1924:), Ustil. Finni. I, p. 
95; S y d o w , Mycotheea 
Germanica Nr. 2870 ; K o c Ii-
m a n (1936), Grzyby gl. 
Polski, p. 35; D i e t r i c h 
(1856), p. 278; Cent. II, 27 
(sub Uredo sphaerococca 
W a l l r . ) ; B u c h o l t z (1916), 
p. 10 (sub Ustilago perennans 
R o s t r.); B u c h o l t z e t 
E k m a n n (1919), p. 56 (sub 
Usiilago perennans R o s t r.). 

M a t r i x : Arrhenatherum 

elatius (L.) M. et K o c h . 
S a a r e m a a (Osilia, 

Emoc), in insnla „Vesiloo" prope Vilsandi, saepe. 

17. Vl 1935. 
leg. E. L e p i k . 

Xota. Dieser Pilz ist in Estland auf den kleinen Inseln bei Vilsandi 
sehr verbreitet, wo er auch schon von B u c h o l t z (p. 10) seit dem Jahre 
1916 beobachtet worden ist. Ausserdem ha t D i e t r i c l i d e n Pilz noch bei 
Haimre (Westestland) gesammelt und in Cent. II, 27 herausgegeben. Hin-
gegen hat man in Süd- und Ostestland, wo Arrhenathernm elatius auch sehr 
verbreitet ist, den Pilz bis jetzt noch nicht beobachtet. 

198. Usti lago hypodites ( S c h l e c h t . ) F r i e s (1832). — 
V a r e s k a e r a k õ r r e n õ g i . 

I v l e b a h n (1914), Krypt. Mark Brandb. Y a, p. 23; L i r o (1924), 
Ustil. Finni. 1, p. 8S : K o c h m a n (1936), Grzyby gl. Polski, p. 41 ; 
D i e t r i c h (1859), p. 490 (sub Uredo hypodites S o w.); F e r 1 e ('.') 
(1912), p. 105; B u c h o l t z e t E k m a n n (1919), p. 57. 

M a t r i x : Elymus arenarius L. 

H a r j u m a a (Emb), Lasnamägi ad lacum Ülemiste prope 
urbem Tallinn. 

Die bis jetzt in Estland bekannten Fundstellen 
für Ustilago decipiens. Arrhenathernm elatius 
l;at in Estland eine mehr oder weniger allge-

meine Verbreitung. 

27 . VI I I 19315. leg. A. Ki v il a a n. 
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*199. Ustilago Oxalidis E l l . et T r a c y . — J ä n e s k a p s a 
v i l j a n õ g i . 

S y d o w (1936), Annal. My-
col. 34, p. 389—390; 
Mycotli. Germanica Nr. 
2873—2874 ; K o c h -
m a n (1936), Grzyby gL 
Polski, p. 70; L e p i k 
(1937), Annal. Mycol. 35, 
p. 59—61 ; Bull. Phyto-
pathol. Exp. Stat. Univ. 
Tartu No 45, p. 7, 1937. 

M a t r i x : 
Oxalis stricta L . 

P ä r n umaa(Lh), in coe-
meterio nrbis Pärnu. 

a) 18. Vili 1936. leg. E. L e p i k . 

b) 1. IX 1937. leg. P. K a a r et. 

200. Ustilago Zeae (Beck.) U n g e r (1836). (=TJsti lago 
maydis Gor da.) — M a i s i n õ g i p ä ä . 

K l e b a h n (1914), Krypt. Mark Brandb. Va, p. 57; K o c h m a n 
(1936), Grzyby gl. Polski, p. 43; T r e b o u x (1912), p. 94 (sub 
Ustilago zeae maydis DC.); B u c h o l t z e t E k m a n n (1919), p. 57. 

M a t r i x : Zea Mays L. 

T a r t u m a a (Emedt, in agris experimentalibus villae 
Raadi prope urbem Tartu. 

22. IX 1937. leg. A. En n v e r e . 

Die Verbrei tungvon Ustiiago oxalidis (®) und 
Oxalis stricta (•) in Estland. 
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The Phanerogams of Estonia have already been investigated 
quite in detail. As regards plant geography and plant sociology 
many parts of Estonia have been described, and we can get a 
mapped floristic survey of Estonia from the works of p r o f . 
T. L i p p m a a (1932, 1935). 

The Cryptogams of Estonia, on the contrary, especially the 
fungi, have been examined very incompletely. The earliest literary 
sources on the investigation of the fungi of Estonia are the public-
ations of E. L e p i k (1928, 1929). 

The book of H. A. D i e t r i c h , entitled " B l i c k e i n d i e 
C r y p t o g a m e n w e l t d e r O s t s e e p r o v i n z e n " (1856 
and 1859) is one of the f i r s t great works on the fungi of Estonia, 
containing 1092 species and 273 subspecies as well as many new 
species (spec. nov.). The title of the book suggests a survey of 
all the Baltic provinces, but in fact the work gives us only data 
for Estonia, because D i e t r i c h had settled in this country in 
order to collect fungi. It is a pity that this work is out of date 
already and almost of no use for the modern explorer, because 
of the old synonymic and incomplete data. 

Af ter the publication of D i e t r i c h's work there was a 
longer pause (1859—1892) in the research into fungi. 33 years 
later G o b i (1892) published a short Iist of rust fungi gathered 
in the north of Estonia. 

A few years af ter that, in 1899, the Swedish mycologist 
T y c h o V e s t e r g r e n came to Estonia, to the Island of Saare-
maa, the f rui t of which sojourn was the publication of a detailed 
Iist of fungi (1930). 

Some years passed', till F. B u c h o l t z (1916) spent two 
summers on the Island of Saaremaa, searching for fungi there 
and completing V e s t e r g r e n ' s data. 
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L a t e r L i t e r a t u r e 1 9 2 2 — 1 9 37. 

The study of the Estonian fungi became more intense af ter 
1922 when the Phytopathological Experimental Station of the 
University of Tartu, founded by F. B u c h o l t z * ) , became the 
centre of the investigation into Estonian fungi. Though at pres-
ent the chief subjects of study of that Institution are plant dis-
eases and parasite fungi, floristic problems are dealt with quite 
regularly. 

On t h e S u b j e c t o f B i o c h e m i s t r y . 

Among the lately completed biochemical works there must 
be mentioned the publications of E. L e p i k : on the "Differential 
Staining of Peronosporaceae" (1928), on the Biochemistry of 
Potato-Rot (1929), on Glycogen (1930), on the Biochemistry of 
Stareh (1929), ete. 

P r o f . H u g o K a h o has published the results of many 
investigations on Potato-Biochemistry and viruses (1937). 

I n v e s t i g a t i o n s i n t o P l a n t D i s e a s e s . 
Until now there have been published the following works on 

Plant Diseases: on Puccinia ribesii caricis by E. L e p i k (1931), 
on Sclerotinia trifoliorum b y R. T o o m r e ( 1 9 3 4 ) , on Nectria 

galligena b y A . K i v i l a a n ( 1 9 3 5 ) , on Plasmopara viticola b y 
E. L e p i k , on Synchytrium endobioticum by E. L e p i k (1935). 

Next there must be mentioned phytopathological notes on 
the distribution of many plant diseases in Estonia by E. L e p i k 
(1926, 1931, 1932, 1937), and others on the diseases of medical 
plants by E. L e p i k (1935) and on the Fungus Flora of Cellars 
by E. L e p i k (1926). 

S y s t e m a t i c I n v e s t i g a t i o n s i n t o t h e F u n g i 
o f E s t o n i a . 

In 1921 F. B u c h o l t z . published a few notes on the fungi 
of Estonia, which was the last work of the mycologist before 
his death. 

In 1935 E. L e p i k brought out a List of Fungi found in the 
Isle of Runö (Ruhnu) in 1934. 

*) Cf. the Bulletins of the Phytopathological Exp. Station Univ. 
Tartu, No. 13, 1932 and No. 44, 1937. 
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On Ustilagineae F. B u c h o l t z and 0 . E k m a n n 
(1918/19) published a work which not only deals with all ths 
Baltic, but contains also very many data about Estonia. 

The species of Ergot-Claviceps (5 species and 3 biological 
varieties of 52 nutritive plants) have been described by E. L e p i k 
(1937). 

A IittIe earlier (in 1931) E. L e p i k published a summary 
on Polyporaceae, and next may be mentioned a few data about the 
d i s t r i b u t i o n of Ustilago Oxalidis, Puccinia Komaroivi, Elaphomy-

ces cervinus a n d Phallus impudicus in E s t o n i a b y E . L e p i k . 
Finally, we must not forget the notes of E. L e p i k on the nomen-
ciature of Estonian fungi (1928, 1931, 1932). 

T h e H i g h e r F u n g u s S p e c i e s o f E s t o n i a . 
The higher Fungus Species of Estonia have been investi-

gated by N. W i t k o w s k i; the result of these investigations 
was the publication of a book, containing some data (1935). 

Cases of poisoning in Estonia which have been caused by 
poisonous fungi have been commented upon by E. L e p i k (1935). 

E x s i c c a t a . 

Among the Exsiccata which contain fungi that have been 
collected in Estonia may be mentioned the following: 

D i e t r i c h , H. A. Plantarum florae Balticae cryptoga-
marum cent. I — IX (1852 — 57). 

B u c h o l t z , F. Fungi Rossici exsiccati, fase. I, II, XI, XII 
(1915, 1916). 

V e s t e r g r e n , T. Micromycetes rariores selecti, fasc. 
7—17 (1900—1901). 

K ä s e b i e r, A. Eesti seened I (Estonian fungi) — (1926). 
L e p i k , E. Fungi Estonici exsiccati, fasc. I—IV (1931 — 

1939). 

The following contributions contain a Iist of the most remark-
able fungi, discovered in Estonia during the last few years. These 
finds are of interest for those who wish to get acquainted with 
the Estonian fungus flora. 

The greater part of the fungi mentioned in this Iist have 
been collected by the author himself. But part of the discoveries 
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have been made by other investigators, and in that case the finder's 
name is given in brackets. All the collected materials, so f a r as 
they have been kept intact, are to be found in the collections of 
the Phytopathological Experimental Station of the University of 
Tartu. 

The following a/uthors have been so kind to provide me 
with s tuf f for investigation: 

Mr. H. A a s a m a a (Tartu), Mr. S. B i i d e r (Hara), Con-
servator K. E i c h w a l d (Tartu), Mr. L. E n a r i (Tartu), Agr. 
A. E n n v e r e (Tartu — Raadi), Miss S. K a a b e r (Tartu), 
Dr. T. L e i s n e r (Tallinn), Drnd. V. P ä r t e l p o e g (Tartu), 
Dr. P. R e i m (Pärnu — Audru), Dr. W. J. R e i n t a l (Tallinn), 
Mr. R. R õ u k (Tallinn), Dr. B. S a a r s o o (Lümanda), Dr. H. 
S a l a s o o (Tallinn), Mag. G. S a n d u r (Tartu), Mr. E. 
S i r g o (Tartu), Mag. R. T o o m r e (Tallinn), Mr. K. T õ n i s 
(Hageri), Agr. G. T ö n i s b e r g (Tartu — Raadi), Mr. N. 
W i t k o w s k i (Tartu), and Mr. A. Ü k s i p (Tallinn). 

I am greatly obliged to all the above mentioned investigators 
and herewith. prof fer my best thanks to all of them for the mat-
erials with which they have provided me. 

Many species of Polyporaceae have been checked by Prof. 
V. L i t s c h a u e r (Innsbruck). 

The names of the species and host plants which constitute 
new Estonian records are prefixed by an asterisk (*). 

New species (spec. nov.) and new hosts (hosp. nov.) are 
given in thick type. 

Plasmodiophorales. 
*Tetramyxa parasitica Goeb. 
On the leaves of *Zanichellia palustris L. "Wormsö SO von 

Sviby, 5. VIII. 1924", leg. J o h s. Gr ö n t v e d , det, et public. 
Th. A r w i d s o n in "Mykologische Beiträge" in Botaniska 
Notiser, Lund, 1936, p. 468. 

Peronosporaceae. 
Bremia lactucae Regel (1843); B u c h o l t z (1909) p. 167; 

B u c h o l t z (1916) p. 8; T r e b o u x (1912) p. 92. 
On the leaves of *Senecio Ledebouri Sch. Bip., nov. hosp., at 

T a r t u , in the Botanical Garden, 5. VIII 1935. 
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On the leaves of *Gaillardia pulchella Foug., nov. hosp., at 
T a r t u , in the Botanical Garden, 28. VIII 1936. 

N o t e . American literature as well as European gives f ew data about 
the distribution of Bremia Lactucae on the Gaillardia sp. E. M a y o r (19-36 
p. 106) mentions this fungus in 1934 and 1935 in Switzerland on Gaillardia 
grandiflora. 

On the 29. III 1927 I gathered this fungus from Gaillardia sp. in 
S w i t z e r l a n d near O e r l i k o n (near Zürich) in a garden and on 
the 16. VII 1928 at W i e d i k o n (near Zürich) in a garden. Both the 
species are to be found in the herbarium of the Phytopathological Experim-
ental ,Station at the University of Tartu. 

Bremia lampsanae Sydow in Annales Mycologici 36, 1938, 
p. 321, Mycoth. german. No. 3091 ( = Bremia Lactucae Reg. 
pr. p . ) ; F. B u c h o l t z in Verzeichnis Peronosp. Ostseeprov. 
Korrespbl. Vat. Ver. Riga 52, 1909, p. 167. 

On the leaves of Lampsana communis L. The following places 
where this fungus has been detected1 a re named in the herbar ium 
of the Phytopathological Experimental Station at T a r t u : 

On the island of S a a r e m a a : near the village of R o o t s i -
k ü l a (6. VII 1908, leg. F. B u c h o l t z ) ; near the village of 
K a a d l a (Kadfeld) on the roadside along a field (12. VI and 15. 
VII 1909), by F. B u c h o l t z . 

In the province of T a r t u m a a : at Tartu (18. VIII 1915, leg. 
A r e f j e w ) ; at T a r t u , in the Raadi park (6. VI 1925, leg. 
E. L e p i k ) . 

*Peronospora arenariae (Berkeley) Tulasne (1846, p. 31); 
G ä u m a n n Beitr. z. Monogr., 1923, p. 48. 

On the leaves of *Moekringia trinervia (L.) Clair. in T a l -
l i n n , in the Kadriorg park, 6. VI 1936. 

*Peronospora berteroae G ä u m a n n . 
On the leaves of *Berteroa incana (L.) DC. at H a a p s a l u , 

near Paralepa, on the railway track, 28. VII 1938. 

Peronospora brassicae Gäumann (1918, p. 131). 
On t h e l e a v e s of * B r a s s i c a camp estris L. in t h e p r o v i n c e of 

V i l j a n d i m a a , in Vana-Tänassilma, at a fa rm on Auaku, in 
a barley-field, in abundanee, 27. VI 1936. 

Peronospora buniadis Gäumann (1918) Beih. Bot. Cent. 35, 
Abt. I, p. 40, 132; S a v u l e s c u (1932) Ann. Mycol. 30, p. 371; 
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V e s t e r g r e n (1903) p. 99; B u c h o l t z (1909) p. 169 (sub 
Peronospora parasitica Tui.); (1916) p. 9. 

On Bunias orientalis L. at T ä r t u , in the Botanical Garden, 
16. IX 1935; at T a r t u, on the Raadi estate, 10. X 1935 (leg. 
A. K i v i 1 a a n). 

*Peronospora calotheca de B y . 
On *Asperu la odorata L. in the province of T a r t u m a a , 

at Kastre-Peravalla, in the forest for pract. training of the Uni-
versity of Tartu, section no. 57, 14. VI 1936. 

^Peronospora consolidae L a g e r h e i m . 
On the leaves of Delphinium consolida L. in the province of 

H a r j u m a a , near Viti between Keila-Joa and Suurupi, in a 
field, 25. VII 1938. 

*Peronospora dentariae R a b h . 
On the leaves of *Cardamine lmpatiens L. on the P a l d i s k i 

peninsula, in a wooded meadow, 21. VII 1938. 

Peronospora erysimi G ä u m a n n . 
On the leaves of jfErysimum Wieraciifolium L. in T a l l i n n , 

on Lasnamägi, near the Tartu road, 6. VI 1936. 

^Peronospora hesperidis Gäumantn 1918, p. 135. 
On the leaves of '3eiHesperis matronalis L. at T a r t u , in the 

Botanical Garden, 9. VII 36. 

^Peronospora honckenyae S y d o w . 
On the leaves of ^Honckenya peploides (L.) Ehrh. in the 

province of L ä ä n e m a a , Põõsaspää (Spitham), on the shore, 
26. VII 1938. 

*Peronospora litoralis Gäumann (1918); Beitr. zur Peronosp. 
(1923) p. 224; S a v u l e s c u (1932) in Annal. Mycol. 30, p. 364. 

On the leaves of *Atriplex litoralis L. in the province of 
S a a r e m a a , Vilsandi, on the seashore in a meadow, in 
abundance, 18. VI 1935. 

On the leaves of ifAtriplex calotheca (Raf.) Fe. (det. K. 
E i c h w a 1 d) on the P a l d i s k i peninsula, ori the Lahepere 
beach (22. VII 1938). 

On -fAtriplex hastata L. on the P a l d i s k i peninsula, on the 
Lahepere beach (22. VII 1938). 
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*Peronospora obovata Bonorden; G ä u m a n n (1923) Bei-
träge, p. 60. 

On the leaves of * Spergula maxima Weihe, T a r t u , in a field 
at Raadi, 13. VII 1936. 

On ifSpergula sativa Boenn, T a r t u , in a field at Raadi, 13. 
VII 1936. 

On ifSpergula vulgaris Boenn, T a r t u , in a field at Raadi, 
13. VII 1936. 

Peronospora pratensis Sydow in G ä u m a n n (1923) Bei-
träge zu einer Monograph. d. Peronospora, p. 213; V e s t e r -
g r e n (1903) p. 99; B u c h o l t z (1909) p. 170 (sub Peronospora 
Trifoliorum De Bary) . 

On Trifolium medium L. near T a r t u , at Mudaniku, in a 
wood, 16. VII 1935. 

Peronospora Schleidern U n g e r . 

On ifAllium proliferum Schrad. in the H a r j u m a a prov-
ince, at Hageri (leg. R. Rõ u k ) ; has destroyed many plants. 

Peronospora sordida Berkeley and Broome (1861); G ä u -
m a n n (1923) Beiträge z, Monogr. p. 153; T r e b o u x (1912) 
p. 93. 

On the leaves of Scrophularia nodosa L. on the island of 
S a a r e m a a , at Kuressaare, in the park of the Castle. 

Plasmopara nivea U n g e r . 

On the leaves of ifCicuta virosa (L.) in the T a r t u district, 
in the Ulila river, 7. VII 1936. 

On the leaves of ifSium latifolium L. in the district of T a r t u, 
on the Vasula estate, in the river, rarely, 26. VII 1936. 

Ascomycetes. 

Claviceps microcephala Tulasne; L e p i k (1935) p. 8. 
On Deschampsia eaespitosa P. Beauv. at T a r t u , at Kvis-

tental, 22. IX 1935; at K a s t r e - P e r a v a l l a , section no. 15, 
29. IX 1935. 

On Molinia coerulea (L.) Mnch. at T a r t u , at Kvistental, 
22. IX 1935; at Kastre-Peravalla, Järvselg, often. 

On *Agrostis vulgaris With. at K a s t r e - P e r a v a l l a , 
29. IX 1935, often. 
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On * A p e r a spioa venti P. Beauv. at T a r t u , at Raadi, 7. X 
1935, not often; 14. X 1937, leg. A. E n n v e r e. 

Claviceps purpurea Tulasne; L e p i k (1935) p. 6. 
On Agropyrum caninum P. Beauv. in the province of T a r -

t u m a a, Kastre-Peravalla, Järvselg, section no. 18, 29. IX 1935, 
a few Sclerotia. 

On Alopecurus pratensis L. at T a r t u , at Raadi, 7. X 1935, 
not often; in the bed of the Emajõgi near the estate of Müta, 24. 
X 1937. 

On Calamagrostis arundinacea Roth, in the province of T a r -
t u m a a , at Kastre-Peravalla, Järvselg, 29. IX 1935. 

On Calamagrostis epigeios Roth, in the province of T a r t u -
m a a , at Kastre-Peravalla, Järvselg, section no. 18, 29. IX 1935; 
T a r t u , in the Botanical Gardens, 7. X 1935. 

On *Calamagrostis lanceolata Roth., nov. hosp., in the prov-
ince of T a r t u m a a , at Kastre-Peravalla, Järvselg, 29. 
IX 1935. 

On Calamagrostis neglecta P. Beauv. in the province of 
T a r t u m a a, at Kastre-Peravalla, section no. 14, 29. IX 1935. 

On Festuea arundinacea Schreb. at T a r t u , at Kvistental, 
22. IX 1935. 

On Festuca gigantea Vill. in the province of T a r t u m a a , 
at Kastre-Peravalla, section no. 17, 29. IX 1935. 

On Phalaris arundinacea L. in the province of T a r t u m a a , 
at Kastre-Peravalla, section no. 18, 29. IX 1935. 

On Phleum pratense L. at T a r t u , at Kvistental, 22. IX 
1935; at Kastre-Peravalla, Järvselg, 29. IX 1935. 

On Poa compressa L. at T a r t u, at Raadi, 7. X 1935. 
On Poa palustris L. at T a r t u, at Raadi, 7. X 1935. 
On *Trisetum flavescens P. Beauv. at T a r t u, at Raadi, 7. 

X 1935, not often. 
On *Alopecurus antarcticus Wahl., nov. hosp., at T a r t u , 

in the Botanical Gardens of the University, 11. IX 1938. 
On *Elymus arenarius (L.) in T a l l i n n , on Lasnamägi, 

near the Ülemiste Lake, 27. VIII 1936 (leg. A. K i v i l a a n ) ; on 
the P a l d i s k i peninsula, on the Lahepere beach., on the sand, 
22. VII 1938. 

On Hierochloa odorata (L.) Wahenb. in the province of 
P ä r n u m a a , at Rapu, on the bank of the Reiu river, near Uulu, 
on the roadside, 24. VI 1937. 
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Geoglossum ophioglossoides (Ehrbg.) Rehm, in Pilze Deutsch-
lands, Oesterreichs und der Schweiz (1896) p. 1156; V e l e -
n o v s k y , Monographia Discomycetum Bohemiae (1934) p. 376. 

In the parish of K a d r i n a , on the "Kursoo" east border, 
VIII 1936 (leg. S. K a a b e r ) . 

*Naumovia abundans T. D o b r o s r a k o v . 
On *Brunella vulgaris L. at T a r t u , Kvistental, 11. VI 1939 

(leg. E. L e p i k , conf. N. N a u m o w — Leningrad). 

* Pyrenopeziza eompressula Rehm in R a b e n h o r s t Krypto-
gamenflora Bd. I, Abt. III (1896), p. 618. 

On the leaves and stalks of ^Potentilla norvegica L. at 
T a r t u , at Vesneri, on a dry gravel hill, 12. IX 1937. 

Taphrinaalniincanae (Kühn) Magnus. 
On Alnus incana L. on the P a l d i s k i peninsula, 22. VII 

1938. 

*Taphrina aurea ( P e r s . ) F r . 

On the leaves of *Populus pyramidalis in the town of V i l -
j a n d i, VI 1936; a t P ä r n u, VII 1937. 

Taphrina bullata ( B e r k , e t B r . ) Tul . 
On the leaves of Pirus communis L. in the district of T a r t u, 

at Kastre-Peravalla, Järvselg, 14. VII 1936. 

Erysiphaceae. 
Erysiphe aquilegiae D C . 

Perithecia on the leaves of Aquilegia vulgaris (L.) at T a r t u , 
in the Botanical Gardens of the Universfty. 

Erysiphe artemisiae (Wallr.) Greville in Flora Edinensis, 
1824, p. 459, fig. 101 A, B, C; B 1 u m e r Erysiph. Mitteleuropas 
(1933) p. 280—282. 

On t h e l e a v e s of Artemisia absinthium L. a t T a r t u, in t h e 
Botanical Gardens, 29. X 1936. 

On Artemisia vulgaris L. a t T a r t u, in t h e B o t a n i c a l Gar-
dens, 31. VII 1936. 

Erysiphe cichoracearum DC. 

On *Hieracium caesium Fr. (det. A. Ü k s i p ) at T a r t u , 
in the Botanical Gardens, 25. VII 1937. 
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On *Echinops sphaerocephalus L. at T a r t u , Raadi, in a 
garden, 26. IX 1938. 

On -fSilybum Marianum (L.) Gaertn. at T a r t u , in the Bot-
anical Gardens, 29. IX 1938. 

Erysiphe graminis DC. 
On *Sieglingia deeumbens Bernh. in the provincs of T a r t u -

m a a , near Meliste, in a dry pinewood, 23. VII 1935. 
On the leaves of * Milium effusum (L.) at T a r t u , in the 

Vasula wood, 26. VII 1936 . 

Erysiphe Mayori Blumer (1933) p. 174. 
Perithecia on the leaves of Cirsium arvense (L.) Scop. at 

T a r t u , at Luunja, on the ridge of a field, 18. VIII 1937. 

Erysiphe nitida (Wallr.) Rabenh. 
On Aconitum napellus L. (perith.) at T a r t u , in the Botan-

ical Gardens, 27. VII 1936. 

Erysiphe umbelliferarum De B y . 
On Anthriscus silvestris at T a r t u , in the Botanical Gar-

dens of the University, 27. VII 1936; at T a r t u , in the Lohkva 
wood, 11. IX 1936; at E 1 v a, 13. IX 1936. 

On the leaves of -fPeucedanum oreoselinum (L.) Moench. at 
T a r t u , on the dunes of Lohkva, seldom, 23. VIII 36. 

Microsphaera lonicerae (DC.) W i n t e r . 
On * L o n i c e r a eaprifolium L. a t T a r t u, in t h e B o t a n i c a l 

Gardens, 25. VIII 1937. 

Oidium sp. 
On : t fSenecio cruentus DC. at T a r t u , in Kalmistu street, in 

a hothouse, 25. I 1936 (leg. R. T o o m r e ) . 
On -fMonandra digyna L. at T a r t u, in the Botanical Gar-

dens, 29. IX 1937. 
ifOidiwm Uni B o n d a r z e w. 
On ifLinum usitatissimum L. at T a r t u , in the Botanical 

Gardens, summer 1938 ( L e p i k , 1939). 

Sphaerotheca epilobii (Wallr.) Sacc. 
On Epilobium roseum Schreb. at T a r t u, in Roosi street, in 

a garden, 13. IX 1936. 
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*Sphaerotheca fugax Penzig et Saccardo (1884); B l u m e r 
(1933) Die Erysiph. Mitteleurop. p. 100; T r e b o u x (1912) 
p. 101 ( s u b Sphaerotheea humuli DC.) 

On -fiGeixmium palustre L. at T a r t u , in the Botanical Gar-
dens, 8. VII 1935. 

N o t e . This hostplant is niissing in B l u m e r ' s (1. c.) list. 
On the leaves of *Doronicivm austriacum Jacq. (Oidiae) at 

T a r t u , in the Botanical Gardens, 16. VIII 1935. 

Sphaerotheea fuliginea (Schlechtendal) Salmon in Bull. Torr. 
Bot. Club. 29, 1902, fig. 28—31; B l u m e r Erysiph. Mitteleurop. 
1933, p. 120—129. 

On the leaves of Bielens cernuus L. in the province of T a r -
t u m a a , in the Ulila peat, 7. VIII 1936. 

On -fiVeroniea longifolia in the province of T a r t u m a a , at 
E l v a , 13. IX 1936; near the Kavilda river, in a meadow, 2. VIII 
1936. 

On -fiCrepis paludosa (L.) Moench. in the province of T a r -
t u m a a , at Kastre-Peravalla, in the training forest of the Uni-
versity, section no. 132, 19. IX 1936. 

-fiUneinida neeator (Schwein.) Burr. 
On the leaves of -fiVitis vinifera L. in the V i r u m a a prov-

ince, in the hothouse of Oru Castle, together with vine 1936. From 
Germany, imported by the f i rm J. S p ä h t , 10. VIII 1936. 

Basidiomycetes. 
Bjerkandera fumosa ( P e r s . e x F r . ) K a r s t . [ = Leptoporus 

imberbis (Bull.) Quel.]. 
On Betula verrucosa, on a trotten stump, at T a r t u , in the 

Botanical Gardens, 31. X 1935 (det. V. L i t s c h a u e r ) . 

Clavaria pyxidata Pers. Roemer. New Mag. of. Bot., I, p. 117, 
1794. 

On Picea excelsa, on a rotten tree, in the province of T a r t u -
m a a, at Vana-Kuuste, 18. VIII 1935 (leg. Dr. T. L e i s n e r , det. 
V. L i t s c h a u e r , Innsbruck). 

Coniophora betulae Karst , in Burt, Ann. Missouri Bot. Gard. 
4, p. 255, 1917. 

On conifers, on buildings at T a r t u , IV 1936 (det. V. L i t -
s c h a u e r ) . 
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N o t e . "No IO1 shows a very interesting Coniophora spec. I think 
it is the Coniophora betulae Karst. Its fungus corresponds exactly to the 
notes which E. A. B a r t in Ann. Missouri Bot. Gard. 4, p. 255, 1917' on this 
species gives after the investigation of the original. In any case, whether 
the fungus is something eise than the species named by B r e s a d o 1 a, 
B o u r d o t and others Coniophora betulae Karst, it is only a kind of 
Coniophora arida Fr. with incrusted Hyphles." (V. L i t s c h a u e r , 
Innsbruck.) 

Coniophora puteana ( F r . ) K a r s t (t= Coniophora cerebella 

Pers.). 
On Picea excelsa Link, on rotten wood, on buildings, at 

T a r t u , in Tähe street, 23. X 1935 (leg. N. W i t k o w s k i , det. 
V. L i t s c h a u e r ) . 

Coriolus pergamenus ( F r . ) P a t . E s s . t a x . p. 94 . 
On Betula sp. at T a r t u , in the Ropka forest, 31. X 1935; 

in the province of T a r t u m a a , at Kastre-Peravalla, section no. 
117, VIII 1935 (leg. N. W i t k o w s k i, det. V. L i t s c h a u e r ) . 

Coriolus pubescens (Scum.) Quel. 
On Betula verrucosa at T a r t u , in the Raadi park, 6. XII 

1935 (det. V. L i t s c h a u e r ) . 

Coriolus unicolor ( B u l l . ) P a t . E s s . t a x . p. 9 3 ( = Daedalea 

unicolor F r . ) . 
On Quercus pedunculata at T a r t u , in Vallikraavi street, . 

19. X 1935 (leg. N. W i t k o w s k i, det. V. L i t s c h a u e r ) . 

Coriolus unicolor ( B u l l . ) P a t . *var. irpicoides V . L i t s c h a u e r 

(in litt.), steril ! 
On Betula pubescens at T a r t u , at Kastre-Peravalla, in the 

training forest of the University, section no. 151, 26. VIII 1935 
(leg. N. W i t k o w s k i, det. V. L i t s c h a u e r ) . 

Cortitium evolvens ( P e r s . ) F r . ( = C. Iaeve P e r s . ) . 
On Corylus avellana (L.) at T a r t u , in the Raadi park, 4. 

III 1936 (det. V. L i t s c h a u e r ) . 

Daedalea quercina P e r s . 
On Quercus robur (L.) in the P ä r n u m a a province, at Val-

geranna (Doberan), in a mixed wood, 23. VI 1936. 

Gloeophyllum trabeum ( P e r s . ex. F r . ) M u r r . [ = Trametes 

trabea (Pers.) Bres.]. 
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On Pirus malus (L.) at T a r t u , in Roosi street, in a garden, 
on the half-dry trunk of an apple-tree, 27. X 1935 (det. V. L i t -
s c h a u e r , Innsbruck). 

Gloeoporus amorphus ( F r . ) Clem. et S h e a r . [== Leptoporus 

amorphus (Fr.) Quel.]. 
On Picea excelsa L. near T a r t u , in the forest of Maramaa, 

on an oid stump, 6. I 1936 (det. V. L i t s c h a u e r ) . 

Trametes serialis F r . var. resupinata (== Poria callosa F r . ) . 
On Picea excelsa L i n k . , on rotting wood, at T a r t u , in the 

Mellin Hospital, 3. IV 1936 (leg. N. W i t k o w s k i , det. V. L i t -
s c h a u e r ) . 

Uredinales. 
*Aecidium circaeae Cesati et Mont. in M o n t a g n e , Sylloge 

gen. spec. Crypt. 312 (1856). 
On the leaves of *Circaea alpina L. in the province of T a r -

t u m a a , at Kastre-Peravalla, in the training forest of the Uni-
versity of Tartu, section no. 106, 12. VI 1937. 

Aecidium conorum-piceae Rees . 
On Picea excelsa, at O t e p ä ä, Pühajärve, 22. VIII 1937; in 

the province of V i l j a n d i m a a, at Paistu, 28. VIII 1937; at 
K a s t r e - P e r a v a l l a , 19. IX 1937. 

Cronartium ribicola F i s c h e r . 
II, III on the leaves of *Ribes rotundifolia Misch. (Am. bor.) 

at T a r t u , in the Botanical Gardens, 25. VIII 1937. 
II, III on *Ribes petraeum Wulf. (Sibir. Altai) at T a r t u , 

in the Botanical Gardens, 25. VIII 1937. 
II, III on '3fiRibes vulgare Lam. (Europ. occ.) at T a r t u , 

in the Botanical Gardens, 25. VIII 1937. 

Gymnoconia interstitialis (Schi.) Lagerh. 
Teliosp. on the leaves of Rubus saxatilis L. in the province 

of T a r t u m a a , in the Ilmatsalu forest, 23. VII 1936; in the 
province of H a r j um a a , at Rapla, in the Lipisto fir-wood, 27. 
IX 1936 (leg. H. A a s a m a a ) ; in the province of T a r t u -
m a a , in the Kastre-Peravalla forest, section no. 106, 19. IX 1936. 

*Melampsora vernalis Nies s l . 
I I : on t h e l e a v e s of * S a x i f r a g a granulata L. a t P e t s e r i, in 
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the vally of Kamenka, about 2 km from the monastery, 29. V 1935 
(leg. K. E ic h w a 1 d). 

Phragmidium potentillae (Pers.) Karst. 
T e l i o s p o r e s on t h e Iea1Ves of ifPotentilla alpestris H a l l e r fil. 

in the province of H a r j u m a a, at Jägala, on an oid sand dune, 
29. X 1936 (leg. H. A a s a m a a ) . 

On ifPotentiUa Tabernaemontani Asch. II, III at Tartu, in 
the Botanical Gardens, 25. VIII 1937. 

Phragmidium riibi (Pers.) Wint.; B u c h o l t z (1916) p. 17. 
On the leaves of Rubus caesius L., teliosp. in the province of 

H a r j u m a a , at Jägala-Joa, 29. X 1936 (leg. H. A a s a m a a ) . 

* Puccinia absinthii, f . sp. artemisiae Klebahn, Krypt. Mark 
Brandenb. V a, p. 436. 

On the leaves of *Artemis ia vulgaris L. in the province of 
H a r j u m a a, on the bank of the Jägala river, on 26. IX 1936 (leg. 
H. A a s a m a a). 

ifPuccinia asperulae odoratae W u r t h . 
On the leaves of ifAsperula odorata L. in the province of 

V i r u m a a , Ontika, 1. X 1937. 

Puccinia Baryi (Berk, et Br.) Winter (1884); S y d o w 
(1904) Monogr. Ured. I, No. 1052; B u c h o l t z (1905) p. 20, 
(1916) p. 12. 

On * Anemone silvestris, teliosp. in T a l l i n n, at Rannamõis, 
on the flintshore, in abundance, 7. VI 1936; at U u e - I r b o s k a, 
Halohhalnja estate, 7. VIII 1937. 

II, III on the leaves of ifBrachypodium silvaticum Koern. et 
Schult, at H a a p s a l u , in Paralepa, in a wooded meadow, 28. 
VII 1938. 

On the leaves of *PulsatiUa pratensis Mill., uredo- and teliosp. 
29. X 1936, in the province of H a r j u m a a, at Jägala (leg. 
H. A a s a m a a). 

Puccinia chaerophylli P u r t . 

On *Torilis anthriscus Gmel., nov. hosp. Uredo- and teliosp. 
in the province of H a r j u m a a, at Jägala, leg. H. A a s a m a a 
26. IX 1936, det. E. L e p i k , test. H. S y d o w (Berlin). 
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On the banks of the Jägala river in the wood, 200 m below 
the waterfall (in the lower course of the river). 

N o t e . Torilis anthriscus Gmel. is a new host for Puccinia chae-
rophylli. The fungus has been checked by Mr. H'. S y d o w. Material is to be 
found in the collections of the Phytopathological Experimental Station of 
the University of Tartu, while a doublet of the said material has been 
sent to Mr. H. S y d o w, Berlin. 

Puccinia chrysosplenii G r e v . 

Teliospores on the IeaVes of Chrysosplenium alternifolium L. 
in the H a r j u m a a province, near the Jägala bank of the river, 
30. X 1936 (leg. H. A a s a m a a ) . 

Puccinia caricis (Schum.) Rebent.; S y d o w (1904) Monogr. 
Ured. I, p. 648; G o b i (1892) p. 92; T r e b o u x (1912) p. 96; 
B u c h o l t z (1916) p. 13; A r e f j e v (1917) p. 79. 

On Carex glauca L. II, III at T a r t u, in the Botanical Gar-
dens, 7. IX 1934. 

On cultivated ifCarex atrata L., nov. hosp., at T a r t u , in 
the Botanical Gardens, 13. IX 1934. 

N o t e . Arctic Carex atrata has been cultivated on the ridge of the 
Botanical Gardens already for a long time. Sometimes in summer it has 
been infected by rust. It is not known on which plant this rust-fungus 
produces aecidies. 

Puccinia cirsii Laschin Rabh. Fungi Europ. No. 89; S y d o w, 
Monogr. Ured. I, 1904, p. 55. 

On ifCirsium acaule All. at H a a p s a l u , at Holm, in a dry 
hayfield on the shore. 

II and III on the leaves of ifSilybum Marianum (L.) Gaertn. at 
Tartu, in the Botanical Gardens, 29. IX 1938. 

ifPuccinia conii (Strauss) Fuckel. 
On ifConium maculatum L. at H a a p s a l u , on Holm, in a 

flint-quarry. 

Puccinia coronata Corda, 

On ifTrisetum sibiricum Rupr. II, nov. hosp., at T a r t u , in 
the Botanical Gardens, 10. IX 1936—1939. 

N o t e . Already since 1930 Puccinia coronata can regularly be found 
on Trišetum sibiricum Rupr. in the Botanical Gardens of the University 
of Tartu in the same place, but only uredospores. Teliospores are not 
to be found, either Iate in autumn or in winter. Among the uredospores 
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there are also paraphyses in abundance. According to H. S y d o w this is 
greatly different from Puccinia triseti. 

Trisetum sibiricum Rupr. is a new host for Puccinia coronata, plenty 
of which rust is to be found in Estonia. 

Puccinia crepidis Schroeter (1887). 
II, III on the leaves of *Crepis mollis (Jacq.) Ascherns. vor. 

succisifolia (All.) Aschers, at T a r t u , near the Vasula lake, in 
a hayfield, SW of the Allika farm, 6. VII 1937, leg. L. E n a r i (in 
Herbar. Mus. Bot. Univ. Tartu). 

Puccinia hieracii (Schum.) Mart. 
On *Hieracium auricula L. in the province of H a r j u m a a , 

at Rapla, Lipstu, Põldmaa, on the border of a wood and a bog in 
a ditch, 23. VIII 1937 (leg. H. A a s a m a a ) . 

On ifHieracium caesium Fr. in S a a r e m a a , Kihelkonna, 
23. VI 1938 (leg. B. S a a r s o o , hosp. det. A. Ü k s i p ) ; in 
T a l l i n n , Pirita, 9. VII 1938 (leg. A. Ü k s i p ) . 

On ifHieracium cymosum L. in S a a r e m a a , Kihelkonna, 
9. VII 1927 (leg. A. Ü k s i p ) . 

On -fHieracium galbanum Dt. at H a a p s a l u , Pullapää, 
9. VIII 1938 (leg. A. Ü k s i p ) . 

On -fHieracium integratum Dt. in the province of V i r u -
m a a (Kasperwiek), 21. VII 1915 (leg. R u d . L e h b e r t , hosp. 
det. A. Ü k s i p ) . 

On : ' f H i e r a c i u m integratum Dahls t . , ssp. Hjeltii N o r r l . (det . 
A. Ü k s i p). in the province of P ä r n u m a a , at Audru, in a damp 
mixed wood, 27. VII 1937. 

On Hieracium pilosella L. at E l v a , Vapramäe, 18. VI 1936 
(leg. A. Ü k s i p ) . 

Oin 'jfHieracium piloselloides Vill. (det. A. Ü k s i p ) at 
T a r t u , in the Botanical Gardens, 25. VIII 1937. 

On tfHieracium pubescens (Lindbl.) Fr. (det. A. Ü k s i p ) at 
T a r t u , in the Botanical Gardens, 25. VIII 1937. 

On 'jfHieracium sagittatum (Lbg.) Dahlst. (det. A. Ü k s i p ) 
at T a r t u, in the Botanical Gardens, 14. VII 1937; in the province 
of V i l j a n d i m a a , near the village of Päri, on a hillside, 24. 
VI 1938. 

Puccinia leontodontis Jacky (1898); S y d o w , Monogr. Ured. 
I, No. 176; D i e t r i c h (1856) p. 279, 288; V e s t e r g r e n 
(1903) p. 89; B u c h o l t z (1905) p. 50, (1916) p. 14. 
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On the leaves of ifLeontodon hispidus L. uredo- and teliosp. 
in the H a r j u m a a province, on a bank of the Jägala river, near 
Jõelähtme, 29. X 1936 (leg. H. A a s a m a a ) . 

Puccinia lolvi Nie l s . ( = Pucc. coronifera K l e b . ) . 

II, III on the leaves of *Alopecurus antarcticus Wahl., nov. 
hosp., in the Botanical Gardens of the Tartu University, 9. IX 
1937. , 

*Pticcinia picridis Hazsl. in Brand- u. Rostpilze Ungarns 
1877. 

II on jfPicris hieracoides (L.) in the province of V i l j a n d i -
m a a , in a ditch near the Uue-Tänassilma road, 27. VI 1936. 

'jfPuccinia rigensis Buchol tz , 1905, p. 39. 

I, II, III on the leaves of ifOstericum palustre Bess. at 
P ä r n u , on the bathing-beach, 30. VI 1937. 

Puccinia taraxaci P l o w r . 

On the leaves of ifTaraxacum düatatum Linb. f. (det. Dr. B. 
S a a r s o o ) . 

On the island of S a a r e m a a, at Kihelkonna, near the Pil-
guse hospital, 19. V 1934 (leg. Dr. B. S a a r s o o ) . 

Puccinia thulensis Lagerh. (1904). 
I on Trollius europaeus L. at T a r t u, in the Vasula forest, 

24. V 1936. 

Puccinia urticae-caricis ( S c h u m . ) R e b . 

II on the leaves of Carex canescens L. in the province of 
T a r t u m a a , at Puhja, in the Sangla swamp, 19. VII 1936. 

ifUromyces lilii (Link) Fuckel. 
On leaves of ifLilium candidum L. at P ä r n u, in a garden, VI 

1938 (leg. A. J ü r v e t s o n , Pärnu). 

N o t e . Last spring A. J ü r v e t s o n made known the outbreak 
of a new disease in the gardens of Pärnu. Closer investigation showed 
that it was Lily-Rust [TJromyces lilii (Link) Fuckel]. White lilies (Lilium 
candidum L.) were badly infected by it. 

Plants that are suffering from this disease lose much of their beauty, 
because the leaves tainted with rust have to be cut off. The plants them-
selves become weak, fade away and do not blossom. 

According to Mr. J ü r v e t s o n ' s report in the spring of 1937, Iily-
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rust destroyed the lily-beds in the gardens of Pärnu in the course of 
a f e w days. 

In 1938 the plants were still suffering from it, so that of a hundred 
lily-plants only 8 began to blossom. 

Lily-rust is a most common plague in Middle-, West- and South-
Europe. How and when it f i rst came to Estonia and just to Pärnu has 
not been found out until now. 

Mr. U. O i d r e m a, Gardening-Counsellor of the Agricultural Insti-
tute at Pärnu, tried to clear up the matter. He writes the fol lowing 
about it: 

Many years ago this disease began to spread in many gardens at 
Pärnu. Mr. J ü r v e t s o n first noticed it in 1032. In the beginning it was 
of a lighter kind, growing stronger from year to year, Coming ta a climax 
in 1937 when very many leaves were destroyed. In 1938 the disease began 
to decline. Thus it is probable that it has been at Pärnu over ten 
years already, because garden-lilies have been cultivated there for about 
a score of years. 

Most probably the new disease came to Estonia on lily-bulbs 
suffering from it, brought to Estonia from Middle- or West-Europe 
( L e p i k , 1939). 

ifTJromyces Iwpinicolus Bubäk (1902); S y d o w (1910) 
Monogr. Ured. II, p. 114, 358; K l e h a h n (1914) in Krypt. Mark 
Brandenb. Vol. 5, p. 238. 

II on *Lupinus angustifolius L. at T a r t u, a t Raadi, in a 
field. This rust fungus has seemingly come to Estonia in later 
years, because earlier authors do not mention its presence in 
Estonia or in Latvia or Lithuania. This species is also missing 
in A r e f j e w's work : Uromyees in the Baltic States, 1916. The 
host-plant is seldom to be found in Estonia in cultivated fields. 

Uromyees rumieis (Sohum.) Wint. (1884); S y d o w (1910) 
Monogr. Ured. II, p. 241; D i e t r i c h (1858) p. 491; T r e b o u x 
(1912) p. 99; G o b i et T r a n z s c h e l (1892) p. 71; A r e f -
j e w (1916) p. 139. 

II, I I I on ifRumex alpinus L. in the Botanical Gardens of the 
T a r t u University. 

Uromyees verruculosus Schroeter (1872); S y d o w (1910) 
Monogr. Ured. II, p. 214; A r e f j e w (1916) p. 141. 

Uredo stages on cultivated Melandryum rubrum and Melan-
dryum album at T a r t u , on the Raadi estate, 7. X 1935. 
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Ustilaginales. 
Cintractia caricis (Pers.) Magn. 
On tCarex earyophyllea L a t . ( = C. verna) in t h e p r o v i n c e 

of T a r t u m a a , Reola, 9. VI 1939 (leg. A. E n n v e r e ) . 
On Carex sparsiflora (Wahlenb.) Stendel (hosp. det. Dr. 

K ü k e n t h a l ) in the province of P ä r n u m a a , in the parish of 
Halliste, at Rabamänniku, near "Areiko" farm, 22. VI 1930 (leg. 
Dr. W. J. R e i n t a l ) . 

On Carex limosa L. in the province of P ä r n u m a a , on the 
Tolkuse moor, 24. VI 1936, seldom. 

'jfGraphiola phoenicis P o i t e a u . 
On the leaves of * Phoenix dactylifera L. at V i l j a n d i , on 

a palm, in Mr. J o h n M e o s ' lodging, 17. IV 1938. 
*Ustilago salv ei Berk, et Broome. 
On the leaves of *Dactylis glomerata L. at T a r t u , in the 

Raadi park, 3. VI 1939. 

Fungi imperfecti. 
*Alternaria grossulariae J a c z . 
On the leaves and berries of 'fiRibes grossularia at T a r t u , 

in a garden, 12. VII 1938. 

Alternaria solani Sor . ( = Macrosporium solani E l l . et M a r t . ) . 
On the leaves of cultivated Solanum tuberosum L. at T a r t u , 

on the Raadi estate, 8. IX 1932, 2. VIII 1935 (leg. E. L e p i k ) ; 
14. VIII 1935 (leg. A. K i v i l a a n ) . 

Alternaria tenuis Nees. 
On the seeds of Populus tremula L. at T a r t u, on the Raadi 

estate, 31. VIII 1926 (leg. P. R e i m ) . 

*Ascochyta Calystegiae Sacc. 
On the leaves of 'jfConvolvolus sepium at T a r t u , in the 

Raadi park, 14. VIII 1925. 
jfAscochyta Heraclei Bresad (1900); A 11 e s c h e r (1903) in 

R a b e n h o r s t Krypt. Part 7, p. 875. 
On the leaves of *Heraeleum pubescens Hasl. in the Botan-

ical Gardens of the University of T a r t u, 6. VIII 1935. 
jfAscochyta lethalis El l . et B a r t , in R. E . S t o n e, A n n . Myc. 

10, 1912, p. 588; S a c c a r d o SylL fung. 25, 1931, p. 332. 



22 E. LEPIK A XXXIV. 7 

On the leaves of * Melilotus officinalis in the province of 
H a r j u m a a , at Keila, 19. VI 1938. 

-fAscochyta Rostropii Diedicke (1915) in Krypt. Mark 
Brandb. Vol. 9, p. 395. 

On the leaves of -fSambuciis racemosa L. in the province of 
T a r t u m a a , in the Vedu forest, 19. VII 1935. 

*Aseoehyta urtieae A. L. Smith et J. Ramsbottom (1914) ; 
S a c c a r d o Syll. fung. 25, p. 341. 

On the leaves of ifUrtiea pilulifera L. at T a r t u, in the Botan-
ical Gardens of the University of Tartu, 14. VIII 1935. 

ifAseoehyta Weissiana Allescher (1901) in R a b e n h o r s t 
Krypt. Part 6, p. 647. 

On the leaves of ifImpatiens nolitangere L. in the province of 
T a r t u m a a , at Kastre-Peravalla, Järvselg, 25. VIII 1935. 

On ifImpatiens parviflora L. at T a r t u , in the Raadi park, 
20. VIII 1935, and at Saadjärve, near Tartu, 11. VIII 1935 (leg. 
Dr. H. S a l a so o). 

N o t e . This species is described by A l l e s c h e r (1. c.) on culti-
vated lmpatiens balsamina. In my collections this fungus resembles the 
original diagnosis, only the conides of my material are a bit shorter — 
8—11 long, while A l l e s c h e r (1. c.) notes a lenght of LO1—16 a . 

Botrytis cinerea P e r s . 

On ifSenecio Ledebouri Sen. Bip., nov. hosp., in the Botan-
ical Gardens of T a r t u , 30. VII 1935. 

On ifSolanum tuberosum L. at T a r t u , on the Raadi estate, 
2. VIII 1935. 

On *Paeonia Mlokosiewiczii Lomak., nov. hosp.,, in the Botan-
ical Gardens of T a r t u , 7. IX 1935. 

On ifSenecio cruentus DC at T a r t u , on Kalmistu street, 
in a hothouse (leg. R i e h . T o o m r e), 25. I 1936. 

ifBotrytis tulipae (Lib.) Lind. 
On the leaves of ifTulipa silvestris L. at T a r t u, in the Botan-

ical Gardens, 24. V 1937. 

ifCercospora campi süü Spegaz. in Michel. II, 1880, p. 171; 
L i n d a u in R u b e n h o r s t Krypt. Part 9, p. 115. 
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On the leaves of -fImpatiens nolitangere L. in the province of 
T a r t u m a a , at Kastre-Peravalla, Järvselg, 19. IX 1936. 

ifCercospora meliloti Oud. 
On the leaves of ifMelilotus albus Desr. in the province of 

H a r j u m a a , at the Peetri fortress, between Tallinn and Keila, 
20. VII 1938; Klooga, on the Lohusalu coast, 20. VII 1938. 

Cercospora mereurialis Passer, var. Iatvica Lepik (1933), Sit-
zungsberichte der Naturf.-Ges. bei der Universität Tar tu 39, 
1932, Chapt. 3—4, p. 152—153. 

On Mereurialis perennis L. in Mudaniku forest, near T a r t u . 

N o t e . Cercospora mereurialis var. Iatviea possesses noticeably 
longer conides: 58—130 ^ long, 4—6 n in diameter, 8—15-septate, while in 
Cercospora mereurialis Passer, the conides are 50'—S1Oi u long, 5—6-
septate. 

ifCereospora microsora Sacc. (1880); Lindau (1910) in 
R a b e n h o r s t Kryptog. Part 9, p. 117. 

On the leaves of Tilia platyphylla Scop. in the province of 
T a r t u m a a , at Kastre-Peravalla, Järvselg, 24. VII 1935. 

ifCereospora nasturtii Passer, in Hedwigia 16, 124 (1877) ; 
R a b e n h o r s t Krypt. Pa r t 9, p. 99. 

On the leaves of ifNasturtium amphibium R. Br. at T a r t u , 
on the Vasula estate, in the river, 30. VII I 1936. 

ifCereospora opuli (Fuck.) Lindau in R a b e n h o r s t Krypt, 
Pa r t 9, p. 136. 

On the leaves of ifViburnum opulus L. at T a r t u , in the 
Kärevere wood, 29. VII 1937. 

N o t e . Differs because of longer spores: 30—95 X 3—5 u , 2>—8l-sep-
tate. According to L i n d a u (1. c.) the length of the spores 40—60 u , 
3—5-septate. 

ifCereospora radiata F u c k . 
On the leaves of ifAnthyllis vulneraria L. near T a l l i n n , 

on the Paldiski road, 19. VII 1938. 

ifCereospora zebrina Passer. (1877); L i n d a u (1910) in 
R a b e n h o r s t Kryptog. Part 9, p. 112. 

On t h e l e a v e s of * T r i f o l i u m agrarium L. a t T a r t u, in t h e 
Mudaniku forest, 16. VII 1935. 
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*Cereosporella virgaureae (Thüm.) Lindau (1907) in 
R a b e n h o r s t , Krypt. Part 7, p. 428. 

On *Solidago virga aurea L. near T a r t u , from the Vasula 
wood, 21. VI 1935; in the province of T a r t u m a a , at Kastre-
Peravalla, Järvselg, 24. VII 1935; in the province of T a r t u m a a , 
at Kavilda, in a dry wood, 19. VII 1936. 

*Cladosporium album D o w s . 

On the leaves of cultivated *Lathyrus odoratus L. at T a r t u , 
on the Raadi estate, in the garden, 22. VIII 1925; 3. IX 1925; 
6. X 1925; 10. IX 1935. 

N o t e . This disease was noticed first in summer 1925, when Lathy-
rus odoratus was abundantly covered with fungi . In the fol lowing years the 
fungus has been found with varying frequency. 

Cladosporiumgraminum Corda (1837); L i n d a u (1907) in 
R a b e n h o r s t Kryptog. Part 8, p. 815. 

On the leaves of *Milium effusum L. in the province of 
T a r t u m a a , in the Kastre-Peravalla forest, 24. VII 1935. 

Fusicladium depressum (Berk, et Br.) Lindau. 
On the leaves of Angeliea silvestris (L.) in the province of' 

T a r t u m a a , in the Ulila peat-bog, 2. VIII 1936; at T a r t u , 
in Ilmatsalu wood, 23. VII 1936. 

ifFusieladium radiosum (Lib.); L i n d a u (1907) in R a -
b e n h o r s t Krypt. Part 8, p. 777. 

On the leaves of *Populus alba L. at T a r t u , in the Müta 
park, 22. IX 1935. 

Graphinum pallescens (Fuckel); L i n d a u (1910) in 
R a b e n h o r s t Kryptog. Part 9, p. 361. 

On the leaves of Stellaria nemorum (L.) in T a l l i n n , at 
Rannamõisa, on the damp slope of a hill on the seashore, 
18. VI 1936. 

ifHendersonia riparia Sacc.; D i e d i c k e (1915) in Krypt. 
Mark Brandb. Vol. 9, p. 650. 

On the leaves of ifCarex riparia Curt. in the province of T a r -
t u m a a , at Kastre-Peravalla, Järvselg, section no. 56, 26. 
VII 1935. 

*Mierodiplodia mamma Allescher; D i e d i c k e, Pilze in 
Krypt. Mark Brandenb. (1915) Vol. 9, p. 595. 
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On ifLigustrum vulgare ( L . ) a t T a r t u , 6. I X 1 9 3 8 ( leg . 

F. D a u g u 11). 
ifMierodoehium phragmitis S y d . A n n . Mycol . 22, 1924, 

p. 267 (det. G. v. M o e s z , Budapest). 
On the leaves of ifPhragmites communis L. on the island of 

R u h n u (Runö), on the seashore, 18. VI 1934. 

*Ovularia Schiuarziana Mangus (1900); L i n d a u (1907) 
in R a b e n h o r s t Krypt. Part 8, p. 245. 

On the leaves of 'jfVicia villosa (Roth.) at T a r t u , on the 
Raadi estate, in a field, in abundance, 29. VII 1935. 

*Pestalozzia Iwpini Sorauer (1898), Zeitschr. f . Pflanzenkr. 
1898, p. 266. 

On 'lfLupinus perennis L. at T a r t u , in the fields of the Raadi 
estate, 13. VIII 1935. 

ifPhoma aeieola (Lev.) Sacc. 
On ifPinus silvestris L. in the province of V i r u m a a , in the 

Sagadi forest, 20. III 1937 (leg. G. S a n d u r ) . 

*Phyllostieta alliariifoliae Allescher (1901) in R a b e n -
h o r s t Krypt. Part 6, p. 109. 

On the leaves of cultivated ifCampanula alliariifolia Reichb. 
at T a r t u , in the Botanical Gardens, 6. IX 1934, 10. VIII 1935, 
in abundance. 

ifPhyllostieta ambrosioides T h ü m e n /. santonensis P . B r u n . 
(1888); A l l e s e h e r (1903) in R a b e n h o r s t Krypt. Part 
7, p. 758. 

On the leaves of cultivated ^Chenopodium ambrosioides L. at 
T a r t u , in the Botanical Gardens, 31. VII 1935. 

N o t e . This plant is used as a medicine. By the influence of 
Phyllosticta many white spots appear on the leaves and stalks of the 
plant, a great many of which are destroyed by the disease. In 1935 
cultivation suffered much from this disease. 

* Phyllosticta antirrhini Sydow in Hedwigia 38, 1899, p. 134. 
On the leaves of ifAntirrhinum ma jus L. at T a r t u , in the 

Botanical Gardens, 20. VII 1937. 

* Phyllostieta eannabis (Kirchner) Speg.; A I l e s c h e r 
(1901) in R a b e n h o r s t Krypt. Part 6, p. 109. 
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On the leaves of cultivated *Cannabis sativa L. at T a r t u, 
on the Raadi estate, 27. VIII, 20. IX 1935. 

N o t e . A 11 e s c h er (1. c.) notes that until now nothing is known 
about the f ru i t and the colour of the spores. My fung i have spores of 
4—6 x 21—3 ß(, the hyalins on both ends rounded, with two oildrops. The 
ovaries, 40<—60 /i in diameter, in the fibre of the plant are hardly dis-
cernible. 

*Phyllosticta cathartici Sacc. 
On the leaves of * Rhamnus cathartica L. in the L ä ä n e m a a 

province, in a copse near the Rohuküla harbour, 27. VII 1938. 
tfPhyllosticta corrodens Passer.; S a c c a r d o Syll. fung. 10, 

p. 125; A l l e s c h e r (1901) in R a b e n h o r s t Krypt. Part 6, 
p. 113. 

On the leaves of cultivated tfClematis integrifolia L., nov. 
hosp., in the province of T a r t u m a a , at Kastre-Peravalla, Järv-
selg, 24. VIII 1935. 

On -fClematis vitalba L. in the province of T a r t u m a a , at 
Kastre-Peravalla, Järvselg, 24. VIII 1935; at T a r t u , at Raadi, 
16. VIII 1935. 

N o t e . The consides are a bit shorter, 6—8 u long, with two chear 
oildrops on both ends. 

On Clemcitis vitalba the fungus produces spots, surrounded by clean 
brown rings, while on Clematis integrifolia there is a growing brown 
ring on the tr ees. 

^Phyllosticta duleamarae Sacc. 
On the leaves of tfSolanum duleamara (L.) at T a r t u , in the 

Botanical Gardens of the University, 15. VII 1936. 

*Phyllostieta hederieola D u r . et Mont . 
On the leaves of tfHedera Helix L. in the province of S a a r e -

m a a , on the peninsula of Sõrve, 17. VI. 1935. 
tfPhyllosticta hieracii Allescher et Sydow in Hedwigia 36, 

p. 159. 
On the leaves of tfHieracium sagittatum (Lindb.) Dahlst. 

(det. A. Ü k s i p ) at T a r t u , in the Botanical Gardens, 14. 
VII 1937. 

tfPhyllostieta Leueanthemi S p e g . 
On the leaves of * Chrysanthemum macrophyUum Walst. et 

Kit., nov. hosp., in the Botanical Gardens of the University of 
T a r t u , 15. VIII 1936. 
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tPhyllosticta lychnidis A . B o n d . 

On the leaves of cultivated tLyehnis chaleedoniea L. at 
T a r t u , in the Botanical Gardens, 30. VII 1935 (test. A. B o n -
d a r z e w, Leningrad). 

tPhyllostieta negundinis Sacc. et Speg.; A l l e s c h e r (1901) 
in R a b e n h. Krypt. Part 6, p. 17. 

On t h e l e a v e s of c u l t i v a t e d tAeer spieatum L a m . var. ukurun-

diense (Trautv. et Mey) Maxim. (hosp. det. K. E i c h w a l d ) at 
T a r t u , in the Botanical Gardens, 24. IX 1935. 

tPhyllosticta opuli Sacc. 

On tViburnum opulus L. at T a r t u, in the Botanical Gardens, 
1. VIII 1935. 

tPhyllostieta Otites B r u n . 

On tSilene Otites Sm. on the Annemõis estate near T a r t u , 
4. VIII 1935. 

tPhyllostieta rubi-odorati B u b . et K a b . in H e d w i g i a 52, 1912, 
p. 341; S a c c a r d o Syll. fung. 25, 1931, p. 68. 

On the leaves of tRubns odoratus L. at T a r t u, in the Botan-
ical Gardens, 15. VI 1936. 

tPhyllosticta sojaeeola M a s s a l . 

On the leaves of cultivated tGlyzine soja (L.) Sieb, et Zuck, 
at T a r t u , on the Raadi -estate, 7. IX 1935. 

tPhyllostieta verbasci Sacc. 
On the leaves of tVerbascum thapsiforme Schrad. at T a r t u, 

in the Botanical Gardens of the University, 9. VII 1936. 

tRagnhildiana seandieeanim (Magn.) Vassil. in V a s s i l -
j e v s k y et K a r a k u l i n, Fungi imperf. parasit. I, Mosqua, 1937, 
p. 374. 

On the leaves of *Anthr iscus silvestris Gmel. in the province 
of H a r j u m a a , at Mäeküla, near Tallinn, on a dry roadside 
of the Paldiski road, 19. VII 1938. 

tRamidaria alismatis F a u t r . 
On tAlisma plantago L. at T a r t u, at Mudaniku, in a swamp-

ditch, 9. VII 1936. 
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tRamularia barbareae Peck. (1888) in 40 t h Ann. State Mus. 
N. J. p. 63 (— R. cochleariae f . barbareae Sydow in Myc. march. 
3286). 

On the leaves of tBarbarea stricta Andrz. in the province of 
V i l j a n d i m a a , at Oiu, along the road, 29. VII 1930 (leg. et 
det. E. L e p i k , conf. H. S y d o w ) . 

On the leaves of tBarbarea arcuata Reichb. (test. T. L i p p -
m a a ) in the Botanical Gardens of the University of T a r t u , 
21. VII 1936. 

On tBarbarea vulgaris in the province of H a r j u m a a , 
between Keila and Tallinn, along the sides of the road, 
19. VII 1938. 

N o t e . As H. S y d o w notes in a letter, Ramularia cochlearia Cooke 
f. barbareae in Myc. march. 3'286 on leaves of Barbarea stricta is identical 
with R. barbareae Peck. 

tRamularia bryoniae Fautr. et Roum. 
On the leaves of tBryonia dioica L. at T a r t u, in the Botan-

ical Gardens of the University, 15. VII 1936. 

Ramularia buniadis Vestergren in Bot. Notiser 1903; 
L e p i k (1935) Fungusflora of Ruhnu, p. 17. 

Oin the leaves of Bunias orientalis L. at T a r t u, on the Raadi 
estate, 21. VIII 1935 (leg. mag. A. K i v i l a a n ) ; in the province 
of T a r t u m a a, in the qhurchyard of the Laiuse c/hurclh, 
24. VII 1937 (leg. E. L e p i k ) . 

tRamularia cicutae K a r s t . 
On the leaves of tCicuta virosa L. in the province of T a r t u -

m a a , in the Ulila peat-bog, 2. VIII 1936; at Kvistental near 
T a r t u , 10. VII 1936. 

tRamularia cirsii A l l e s c h e r . 
On t h e l e a v e s of tCirsium arvense var. horrida Scop. in 

the province of H a r j u m a a, in the parish of Risti, on the beach 
at Keibu, at Rannaküla, near Nõva on the seashore, 26. VII 1938. 

tRamularia coccinea (Fuck.) Lindau (1907) in R a b e n -
h o r s t Krypt. Part 8, p. 495. 

On the leaves of Veronica officinalis L. at T a r t u , in the 
Vasula forest, 21. VII 1935. 

tRamularia Daniloi Bubäk in Bull. Herb. Boiss. 2 e ser. 6, 
1906, p. 486; R a b e n h o r s t Krypt. Part 9, p. 768. 
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On the leaves of *Lavathem thuringiaca L. in the province of 
T a r t u m a a , at Kavilda, along the road on a hill, 19. VII 1936; 
at T a r t u , near the churchyard on a hillside, 11. X 1936; at 
T a r t u , in the Raadi park, 24. V 1937; in the province of T a r -
t u m a a , in the Kursi churchyard, 19. VII 1937. 

*Ramularia heraclei (Oud.) Sacc. 
On the leaves of tHeraeleum sibirieum L. in the province of 

H a r j u m a a, on the Paldiski peninsula, in a wooded hayfield, 21. 
VII 1938. 

*Ramularia laetueae J a p . 

On tfLaetuea muralis Less. in the province of T a r t u m a a , 
on the Kuremaa estate, in the wood, 24. VII 1937. 

tfRamularia leonuri S o r o k . 
On the leaves of * Leonurus eardiaca L. at T a r t u, in the 

Raadi park, 10. VII 1937. 

*Ramularia Iychnieola Cooke in Grevillea 14, 1885, p. 40. 
On the leaves of ^Melandryum album Gke. at T a r t u , in the 

Botanical Gardens, 27. VII 1936. 

'jfRamtdaria matronalis Sacc. Syll- fung. 4, p. 201. 
On the leaves of *Hesperis matronalis L. at T a r t u , in the 

Botanical Gardens, 19. IX 1934. 
ifRamularia melampyrina Massal. (1900); L i n d a u (1907) 

in R a b e n h o r s t, Krypt. Part 8, p. 499. 

On tfMelampyrum nemorosum L. in the Vasula wood, near 
T a r t u , 21. VII 1935. 

-fRamularia tanaeeti Lind. in Ann. Mycol. 3, 1905, p. 431; 
G. L i n d a u , Die Pilze Deutschl., Österr. u. d. Schw. VIII, 1937, 
p. 514. 

On the leaves of tfTanaeetum vulgare L. in the province of 
T a r t u m a a , at Rannu, in the village of Kureküla, on the ridge 
of a field, 27. VII 1937. 

Ramularia taraxaci Karsten (1884); L i n d a u (1907) in R a -
b e n h o r s t Kryptogam. Part 8, p. 529. 

On Taraxaeum offieinale L. at T a r t u, in the Vasula forest, 
21. VII 1935. 
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*Ramularia variabilis F u c k . 
On the leaves of * Digitalis purpurea L. at T a r t u , in the 

Botanical Gardens, 9. VII, 27. VII 1936 . 

*Rhizoctonia violacea Tui. (1851); L i n d a u (1910) in 
R a b e n h o r s t Krypt. Part 9, p. 684. 

On tfDaucus carota L. in the province of H a r j u m a a , at 
Hageri, in the Kohila elementary school, 16. X 1935 (leg. K. 
T õ n i s ) . 

On ^Petroselinum sativum Hoffm. in the province of H a r -
j u m a a , at Hageri, in the Kohila elementary school, 16. X 1935 
(leg. K. T õ n i s ) . 

Scolecotrichum graminis Fuckel (1869); L i n d a u (1907) 
in R a b e n h o r s t Krypt. Part 8, p. 794. 

On the leaves of *Müium effusum L. in the province of 
T a r t u m a a , at Kastre-Peravalla, Järvselg, 24. A7-II 1935. 

On Phleum pratense L. in the same place, 26. VII 1935. 
On Secale cereale L. in t h e p r o v i n c e of V i 1 j a n d i m a a, a t 

Vana-Tänassilma, 20. VI 1936. 
On tfPoa compressa L. in the province of H a r j u m a a , at 

Rapla, in the field of the Lipstu Põldmaa farm, 12. VII 1936 (leg. 
H. A a s a m a a ) . 

tfSeptoria, anthrisci Pass. et Brun., Rev. myc. 5, p. 250; A l -
l e s c h e r in R a b e n h o r s t Krypt. Part 6, p. 731; D i e d i c k e 
(1915) in Krypt. Mark Brandenb. Vol. 9, p. 427. 

On the leaves of *Anthr iscus silvestris Gmel. at T a r t u , in 
the Ilmatsalu wood, 23. VII 1936. 

tfSeptoria Brissaceana Sacc. et Let.; A l l e s c h e r (1901) in 
R a b e n h o r s t Kryptog. Part 6, p. 811; D i e d i c k e (1915) in 
Krypt. Mark Brandenb. Vol. 9, p. 484. 

On the leaves of cultivated tfLythrum hyssopifolia L. at 
T a r t u , in the Botanical Gardens, 9. X 1935. 

On the leaves of Lythrum salicaria (L.) in the province of 
T a r t u m a a , at Ulila near the river, in a hayfield, 5. VII 1936. 

N o t e . The spores of this material are a little shorter, 20—32 ^ long. 
tfSeptoria dulcamarae D e s m . 
On the leaves of tfSolanum dulcamara L. in the province of 

V i l j a n d i m a a , at Vana-Tänassilma, on a farm, on the bank 
of the river, in a wooded hayfield, 6. VI 1937. 
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ifSeptoria erysimi Niessl.; A l l e s c h e r (1901) in R a b e n -
h ö r s t Krypt. Pa r t 6, p. 778. 

On *Erysimum cheiranthoides L. at T a r t u, in a field at 
Raadi, not often, 8. VII 1935. 

*Septoria eupatorii R o b . e t D e s m . 

On the leaves of *Eupatorium eannabinum L. in the province 
of H a r j u m a a , a t Keila-Joa, on- a damp bank of the river, 
20. VII 1938. 

*Septoria Leueanthemi Sacc. et Speg. 

O n t h e l e a v e s of * Chrysanthemum leueanthemum ( L . ) i n t h e 

province of V a 1 g a m a a, near Taagepera, on a dry hill-side, sel-
dom, 28. VII I 1937. 

*Septoria oenanthis Picbauer in Addenda ad floram Cecho-
slovakiae mycologicam VIII, p. 41, Verhandl. d. Naturf.-Vereines 
in Brünn, 1937. 

On the leaves of *Oenanthe aquatiea Lani. in the province of 
T a r t u m a a , in the Ulila river, near the Tartu-Viljandi road, 
5. VII 1936. 

*Septoria oenotherae Westend., Bull. Ac. roy. Belg. 2e ser. 
12, No. 7; A l l e s c h e r in R a b e n h o r s t Krypt. Pa r t 6, p. 819. 

On the leaves of ifOenothera biennis (L.) at T a r t u , in the 
Raadi park, 7. VII 1936; at P ä r n u , in the churchyard, 2. VII 
1937. 

ifSeptoria oreoselina (Lasch.) Sacc., Sylloge fung. 3, p. 528; 
A l l e s c h e r in R a b e n h o r s t Krypt. Part 6, p. 824. 

On the leaves of ifPeueedanum oreoselinum Moench. at 
T a r t u , on the Lohkva sand-dunes, very seldom, 2. VII 1936; in 
the province of T a r t u m a a , on the Ropka estate, at Soovooru, 
on the roadside, 19. VII 1936. 

Septoria pisi Westend.; A l l e s c h e r in R a b e n h o r s t 
Krypt. Part 6, p. 830. 

On the leaves of cultivated Pisum sativum L. at T a r t u, on 
the Raadi estate, 19. VIII 1935 (leg. mag. A. K i v i l a a n ) . 

ifSeptoria podagrariae Lasch, in K1 o t z s c h , Herb. myc. 458; 
S a c c a r d o, Syll. fung. 3, p. 529; A l l e s c h e r in R a b e n -
h o r s t Krypt. Part 6, p. 724; D i e d i c k e in Krypt. Mark 
Brandenb. Vol. 9, p. 423. 
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On the leaves of *Aegopod ium podagrariae L. in the province 
of T a r t u m a a , at Näki, at Ropka, 3. VIII 1937. 

*Septoria scabiosicola D e s m . 

On the leaves of *jKnautia arvensis Coulter at T a r t u , on 
the Lohkva sand-dunes, 2. VII 1936; in the province of V i l j a n -
d i m a a , at Vana-Tänassilma, on the Auaku farm, 27. VI 1936; 
in the province of P e t s e r i m a a , at P ura vitsa, in a field, in 
abundance, 8. VIII 1936. 

*Septoria scutellariae Thüm.; D i e d i c k e (1915) in Krypt. 
Mark Brandenb. Vol. 9, p. 508. 

On the leaves of *Scutellaria galericidata L. in the province of 
T a r t u m a a , at Kastre-Peravalla, Järvselg, 26. VII 1935; at 
T a r t u , in the Botanical Gardens, 14. VIII 1935; in the Käre-
vere wood, 28. VII 1937. 

ifSeptoria sugomakensis Trott, in S a c c a r d o , Sylloge fun-
gorum 25, 1931, p. 455 = Septoria Libanotidis Naumoff, 
Champ. oural., I (1915), p. 35, t. IV, f . 37. 

On *Libanotis montana All. near the Vasula village near 
T a r t u , on a dry sand-hill, not often, 10. VII 1935; in the prov-
ince of V i r u m a a , near Toila, on a sand-hill, 2. X 1937. 

About the same time J. S m a r o d s found this fungus in 
L a t v i a, Fungi Latv. exsicc. XII, 1935, No. 587. 

ifSeptoria virgaureae D e s m . A n n . Sc. n a t . 17, p. 1 0 9 ; A l -
l e s c h e r in R a b e n h o r s t Kryptog. Part 6, p. 859; D i e -
d i c k e (1915) in Krypt. Mark Brandenb. Vol. 9, p. 512. 

On t h e l e a v e s of * S o l i d a g o virga aurea L. a t T a r t u, in t h e 
Lohkva sand-dunes, 23. VIII 1936; in the province of P e t s e r i -
m a a , at Toomasmäe, along the Võõpsu-Värska road, 6. VIII 1937; 
at Uue-Petseri, by the Vilo Station in the wood, 9. VIII 1937. 

N o t e . The length of the spores of Septoria virgaureae fluctuates. 
A l l e s c h e r notes a length of 80 w , K e i s s l e r 50—TOiw, D i e d i c k e up 
to GOyi. My material has spores of 5®—90'w in length. 

ifTitaeosporium tremulae (Lib.) Luyk; , S a c c a r d o Syll. 
fung. 25, Part 10 (1S31), p. 579. 

On the leaves of *Populus tremula L. at T a r t u, Mudaniku, 
12. TX 1920, often; at T a r t u , in the Ilmatsalu wood, 23. 
VII 1936. 
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*Tuberculina persicina (Ditm.) L i n d a u (1910) in R a -
b e n h o r s t Krypt. Part 9, p. 409. 

On aecia of * Puccinia ribesii-earieis Klebahn on the leaves 
of -fRibes rubrum L. at T a r t u , at Mudaniku, in a damp wood, 
abundantly, 16. VII 1985. 

-fVerticillium alboatrum Reinke et Berth. (1879); L i n d a u 
(1907) in R a b e n h o r s t Krypt. Part 8, p. 327. 

On the leaves of cultivated *Callistephus sp. in the H a r j u -
m a a province, in the Hara elementary school, 26. VII 1935 (leg. 
S. B i i d e r ) . 
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6. Ristikheina vähk, Sclerotinia trifoliorum Eriks. Der Kleekrebs, 
Sclerotinia trifoliorum Eriks. 

7. Linahaigustest. Leinkrankheiten. 
8. Tomatihaigustest j a teistest aedtaimede kahjustajatest . Über 

Tomatenparasiten und andere Krankheiten der Gartengewächse. 
Agronoomia 11, 1931, p. 127—130', 261—268. Mitteil. Phytopathol. 
Versuchsst. Univ. Tartu, Nr. 7, 1931, p. 1—14. 

— Metsakahjulikud puumädanikud. Die forstschädlichen Holzfäulen. 
Eesti metsanduse aas ta raamat 5, 1931, p. 110—132. 

— Talioraste hävimisest möödunud 1931. a. kevadel. Die Vernichtung 
der Roggensaat in Eesti im Frühjahr 19'31. Agronoomia 12, 1932, 
p. 149—155, 180. Taimeh.-katsej. teated nr. 91, 1932, p. 3—9, 12. 

— Fiitopatoloogilised märkmed 9. Talioraste hävimisest möödunud 1931. a. 
kevadel. Die Vernichtung der Roggensaat in Estland im Frühjahr 
1931. Agronoomia 12, 1932, p. 149—158. Mitteil. Phytopathol. Ver-
suchsst. Univ. Tartu, Nr. 9, 193!2:, p. 1—12. 

— Ülikooli Taimehaiguste-katsejaam. Über die Tätigkeit der Phyto-
pathologischen Versuchsstation der Universität Tar tu 1921—19'31. 
Agronoomia 12, 1932, p. 407—413, 420. Taimehaiguste-katsejaama 
teated nr. 13, 1933, p. 1—12 (8 pilti). 

— Kartulivähi geograafilisest levimisest ja selle tähtsusest meie kartuli-
kaubandusele. Über die geographische Verbreitung des Kartoffel-
krebses (2 pilti, 1 kaar t ) . Agronoomia 14, 1934, p. 2701—273, 2'9'1. 
Taimehaiguste-katsejaama teated nr. 22, 1934, 7 pp. 

— Valge kärbseseen, meie metsade kardetavamaid mürkseeni. Über eine 
Pilzvergiftung durch Amanita verna Bull. Eesti Loodus 3, 193'5, 
p. 41—44 (1 pilt). Taimehaiguste-katsejaama teated nr. 27, 1935, 
p. 1—5. 

— Ravimtaimede haigusi. Über die Krankheiten der Arzneipflanzen in 
Estland. Eesti Rohuteadlane 10, 1935, p. 9—14. Taimehaiguste-
katsejaama teated nr. 24, 1935, p. 1—8. 

— On occurrence of Ergot (Claviceps) in Estonia. Tartu Ülikooli 
Loodusuurijate Seltsi aruanded 41, 193'5, p. 3'27—337. Taimehaiguste-
katsejaama teated nr. 26, 1935, 13 pp. Bull. Phytopathol. Exp. Stat. 
Univ. Tartu5 No. 26, 1935. 

— On the Distribution of the Potato Wart Disease, Synchytrium endo-
bioticum (1 fig., 1 map). Taimehaiguste-katsejaama teated nr. 28, 
1935, 8 pp. Bull. Phytopathol. Exp. Stat. Univ. Tartu, No. 28, 198<5. 

— On the Fungusflora of Ruhnu (Runö) Island (2 fig., 1 map, 1 plate). 
Taimehaiguste-katsejaama teated nr. 29, 19'35, p. 1—2'0. T, Ü. Loo-
dusuur. Seltsi aruanded 42, 1935, p. 1—19. 
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— Einige bemerkenswerte Uredineenfunde aus Estland. Über das Vor-
kommen von Ustilago Oxalidis Ell. et Tracy in Estland. 1937. Annales 
Mycologici 34, 1936, p. 436—441; 35, 1937, p. 59—61. Taimehaiguste-
katsejaama teated nr. 40, 1937. 

— Hirvepähkli esinemisest Eestis. Tanuseene levikust Eestis. On the 
Distribution of Elaphomyces cervinus in Estonia. On the Distribution 
of Phallus impudicus L. in Estonia. T. Ü. Taimehaiguste-katsejaama 
teated nr. 46, 1937, äratrükk „Loodusevaatlejast" nr. 3', 1937, p. 72—• 
74, ja „Eesti Loodusest" nr. 3, 1937, p. 99—100. 

— Zur Verbreitung von Ustilago Oxalidis Ell. et Traey in Europa. 
On the Distribution of Ustilago Oxalidis Ell. et Tracy in Europe. 
Bull, of the Phytopath. Exp. Stat. of the Univ. of Tartu, No. 45, 1937. 

— Männiroosteist ja -koorepõletikest. The Distribution of Pine-rusts in 
Estonia. Metsanduse aastaraamat 1937. Bull. Phytopath. Exp. Stat. 
Univ. Tartu, No. 42, 1937. 

— Die Phytopathologische Versuchsstation der Universität Tartu. Bul-
letin of the Phytopath. Exp. Stat . Univ. Tartu, No. 44, 1937. 

— lmpatiens parviflora D. C. ja Puccinia Komarovi Tranzschel levikust 
Eestis. The Distribution of lmpatiens parviflora DC. and Puccinia 
Komarovi Tranzschel in Estonia. Loodusuurijate Seltsi aruanded 43, 
1938, p. 2431—296. Bull, of the Phytopath. Exp. Stat. of the Univ. of 
Tartu, No. 41, 1938. 

— Fütopatoloogilised märkmed 10. Phytopathologische Notizen 10. Annal. 
Soe. reb. nat. invest. Univ. Tartu 43, 19'38, p. 197—225. Mitteil. Phyto-
path. Versuchsst. Univ. Tartu, Nr. 43, 1938. 

— Liiliarooste, -— uus ilutaimede haigus Eestis. Aed 17, 1939, p. 16—17. 

— Lina-jahukaste, uus linahaigus Eestis. Taimekaitse teated 1, 1939, 
p. 42. 

L i p p m a a , T. Eesti botaanilisest uurimisest. Annal. Soe. reb. nat. investig. 
Univ. Tartu 38, 1932. 

— Eesti geobotaanika põhijooni. Apergu geobotanique de l'Estonie. Acta 
et Comm. Univ. Tartuensis A 28, 4, 1935, p. 1—151. 

— Pflanzensoziologische Methodik, nebst einer Klassifikation der Pflan-
zenassoziationen Estlands. Annales Soc. reb. nat. invest. Univ. Tartu 40, 
1033. 

M a y o r, E u g . , Notes Mycologiques IX. Bull, de Ia Soc. neuchäteloise des 
Sei. nat. 61, 1936, p. 105-120. 

S y d o w, P. et H., Monographia Uredinearum seu specierum omnium ad 
hunc usque diem descriptio et adumbratio systematica. Vol. I : Genus 
Puccinia, 1904; vol. I I : Genus Uromyces, 1910'; vol. I I I : Pucciniaceae, 
Melampsoraceae, Zaghonaniaceae, Coleosporiaceae, 1915; vol. IV: 
Uredineae imperfectae, 1924. Lipsiae. 
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T o o m r e, R. ( = Tomson, R.), Ristikuvähk ja teised ristiku haigused Eestis. 
Der Kleekrebs und andere Kleekrankheiten Estlands. Agronoomia 
14, 1934', p. 293—304. Mitteil. Phytopathol. Versuchsst. Univ. Tartu, 
Nr. 23, 1934. 

T r e b o u x, O., Verzeichnis der parasitischen Pilze aus denn Kreis Pernau. 
Korresp.-Bl. Nat.-Ver. zu Riga 55, 1912, p. 9'1—101. 

V e s t e r g r e n , T., Zur Pilzflora der Insel Oesel. Hedwigia 40, 1903, 
p, 76—117. 

W i t k o w s k i, N., Über die höheren Pilze der Umgegend von Tartu. Eesti 
Loodust. Arhiiv, II seeria, 15, 1935, p. 113—180. 
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151. Ophioglossum vu lgatum Linne. — Maokeel. 

Kasvab Eestis kohati kuivadel kuni niisketel niitudel ning puisniitudel, 
meeleldi ajuti üleujutatavais kohtades. Lääne-Eestis esineb mõnikord hulgi 

nõrgalt halofiilseil (sup-
rasaliinseil) rannikuniitu-
del, moodustades Sesleria 
caerulea — Primula fari-
nosa uniooni Ophioglossum 
vulffatum'i teisendi. 

E s t o n i a m a r i -
t i m a o c e i d e ii t a l i s , ' 
K i h e l k o n n a khk., Kuus-
nõmme Bioloogiajaama 
lähedal niiskel Betula 
pubescens'i puisniidul. 

Grows in Estonia 
sporadically in dry as weil 
as in humid meadows and 
wooded meadows, readily 

in places temporarily flooded. In the western part of the country it sometimes 
occurs abundantly in the (suprasaline), feebly salinous belt of maritime mead-. 
ows, forming a Ophioglossum vulgatum variant of the Sesleria coerulea — Pri-
mula fariuosa union. 

E s t o n i a m a r i t i m a o c e i d e n t a l i s , parish of K i h e l k o n n a , 
in a humid wooded meadow with Betula pubescens, near the Biological Research 
Station of Kuusnõmme. 

1. VII 1932. leg. Elsa Pastak. 

152. B e t u l a h u m i l i s S c h r a n k . — Madal kask . 

Eestis vaid mandril esinev, seega oma levila lääne-, resp. loodepiiri 
omav liik. Kasvab paiguti, j a harilikult hulgi, soistel niitudel, soorabades ja 
rabastuvais lodudes, moodustades B. humilis'e põõsastiku. — Esitatud mater-
j a l on tavaline var. vul-
garis P e r f. [I. A. P e r -
f i 1 j e v : Betula humilis 
S e h r , v jevropejskoj 
casti SSSR, Journ. bot. 
URSS XX. 6 (1935) 639 ; Fl. 
URSS V (1936) 285-286.] 

E s t o n i a i n f e -
r i o r , K e i l a s t loodesse 
viiva tee ääres, soo serval 
üksikud põõsad. 

Restricted. to the 
mainland of Estonia, thus 
reaching in our country 

i • 

' • • • 
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the western. or the north-western limit of distribution. It occurs sporadically 
and is usually abundant in swampy meadows, boggy swamps and boggy 
marshes, where it often forms a Betula humilis bush. — The mateiial available 
belongs to the usual var. vulgaris P e r f. [I. A. P e r f i l j e v : Betula humilis 
S e h r , v jevropejskoj rästi SSSR, in Journ. bot. URSS XX. 6 (1935) 639; Fl. 
URSS V (1936) 285—286.] 

E s t o n i a i n f e r i o r , parish of K e i 1 a , along the margin of a swamp. 

2. VII 1935. leg. p . K o h a v a . 

153. Stellaria crassi fo l la Ehrh. var. paludosa (Laest.) Fries. — 
PaksuIehine tähthe in . 

[«S. uliginosa var. paludosa. L a e s t a d i u s.] 

Harilikult hulgi, eriti Põhja-Eesti soorabades, kinnikasvavate järvede 
õõtskamaral, märgades soodes, kraavides jne., tõenäoliselt enam levinud, kui 
selle üle käesoleval a jal 
on andmeid. 

E s t o n i a m e d i a , 
L a i u s e khk., Tooma 
Kaasikjärve õõtsuvas, kin-
nikasvavas osas hulgi 
turbasambla sees. 

Especially in nor-
thern Estonia S. crassifolia 
usually grows abundantly 
in wet as well as in boggy 
swamps, in ditches and in 
the Sphagnum unions of 
niany lakes which are 
being choked, ete. It prob-
ablyis more widely disper-
sed than till now known. 

E s t o n i a m e d i a , parish of L a i u s e , abundantly, associated with 
Sphagnum in the choking-up part of lake Kaasikjiirv, near the Peat Research 
Station of Tooma. 

24. IX 1932. leg. Sylvia Talts . 

154. Cerastium a lp inum L. var. Ianatum (Lam.) Hegetschweiler . — 
M ä g i - k a d a k k a e r . 

[C. Ianatum L a m a r c k ; C. villosum B a u m g a r t e n . ] 

Arktoalpiinne, Eestis väga haruldane relikt-taim, mille ainsad kasvu-
kohad on Tallinna Lasnamäel, paeseina pragudes ja klindi serval asuvais pae-
ihurdudes. — Looduskaitse Nõukogu otsusega on C. alpmum looduskaitse regist-
risse võetud [Riigi Teataja nr. 49, 1936, art. 408], kuuludes ka Tallinna Lasna-
mäe lootaimede kaitsereservaati [Riigi Teataja nr. 49, 1938, art. 456]. 

,Qy-

var. brevifolia (Raf.) Fr. 
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E s t o n i a c l i v õ s a , T a l l i n n a lähedal Maarjamäe lubjapae 
pragudes. 

An arctic-alpine, in Estonia very rare subrelict species; it grows in 
the clefts and stone-pits 
of the N. Estonian Iime-
stone cliffs, not far from 
Tallinn. — C. alpinuni was 
entered on the nature 
protection records [Riigi 
Teataja (Government Ga-
zette) No. 49, 1936, art. 
108]. At the present time 
it also belongs to the Pro-
tection-Area of the alvar 
plants of Lasnamägi [Riigi 
Teataja No. 49, 1938, 
art. 456]. 

E s t o n i a c 1 i -
v o s a , in many clefts of the limestone rocks by Maarjamägi, E. of 
T a l l i n n . 

2. VI 1933 ja 12. V 1934. leg. A. Üksip. 

155. S i l e n e n u t a n s L i n n e . — L o n g u s p õ i s r o h i . 

Esineb kogu Eestis kuivadel päikesepaistelistel kinkudel ja nõlvade], 
kuivades hõredais metsades, kuivadel aasadel, loopealseil jne., sageli hulgi. 

E s t o n i a i n f e r i o r , K e i l a khk., Nõmme lähedal Kadaka paemurrus, 
hõredalt poollahtisel paeprügil. 

Often S. nutans occurs abundantly, throughout Estonia on dry sunny 
slopes and hillocks, in thin forests, in dry meadows, alvars, ete. 

E s t o n i a i n f e r i o r , parish of K e i l a , sparsely on the limestone-
rubbish of a quarry by Kadaka, near Nõmme. 

12. VII. 1933. leg. V. Sirgo. 

155-a. S i l e n e n u t a n s L i n n e . — L o n g u s põ i s roh i . 

E s t o n i a i n t e r m e d i a , A m b l a khk., Jäneda asunduse lähedal 
oleva hõreda segametsa lõunapoolsel nõlval. 

E s t o n i a i n t e r m e d i a , parish of A m b 1 a , on the southern slope 
of a thin mixed wood on the Jäneda estate. 

18. VIII 1933. leg;. A. Mil jan. 

156. Diantl ius deltoides Linne. — Nurmnelk. 

Eestis kohati levinud kuivadel liivanurmedel, niitudel, puisniitudel, 
hõredais männimetsades, kinkudel, metsa- ja teeservadel, järvekaldail, loo-
pealseil jne., eelistades kuiva liiva- ja kruusapinnast. 
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E s t o n i a m e d i a , 
K a m b j a khk., Reola 
asunduse lähedal Kambja 
Lirgorulammil asuval Kar-
janõmme nimelisel liiva-
nurmel-karjamaal. 

Spread in Estonia 
sporadically on dry sandy 
plains, in dry meadows, 
wooded meadows, thin 
Pinus silvestris forests, 
as well as along out-
skirts of woods, lake-sho-
res, etc., preferably on 
sandy or gravel ly bottom. 

E s t o n i a m e d i a , parish of K a m b j a , on a sandy plain of the great 
Kambja valley, near the settlement of Reola. 

22. VI 1935. leg. A . Reeben. 

157. Aqu i leg ia vu lgar is Linne. — Harilik kurekell. 
\A. vulgaris L. var. pratensis K i t t e l ; A. vulgaris L. var. genuina 

R o y e t F o u c a u d . ] 

Lupjaeelistav ja vastaval pinnasel kogu Eestis levinud taim; k a s v a b 
hõredais lehtmetsades ja võsastikes, uhtlamm-metsades ja -niitudel, nõlvadel, 
teeservade], kraavikaldail jne . ; aedadest kergesti metsistuv liik. 

E s t o n i a i n f e r i o r , K e i l a khk., Nõmme ümbruses Kadaka pae-
murrus, enamasti paepragudes. Saatjad (Companions): Arabis hirsuta ja 
Sedwn aere. 

A calciphilous species, spread over the wliole territory of Estonia, in 
thin foliferous forests and shrubberies, in flooded riverside woods and 
meadows, along roads, ditches, ete. Often it also is found as an escape 
from the garden. 

E s t o n i a i n f e r i o r , parish of K e i l a , in the quarry of Kadaka near 
Nõmme, usually in the clefts of the limestone. 

15. VII 1933. leg. V. Sirgo. 

1 5 8 . A n e m o n e r a n u n c u l o i d e s L i n n e . — K o l l a n e ü lane. 

Kogu Eestis paiguti hõredais niiskeis lehtmetsades, puisniitudel, võsas-
tikes j a lepistikes, harva ka niitudel. Kasvab enamasti salguti, sageli koos 
A. nemorosa'ga, aga esineb sellest harvemini. 

E s t o n i a m a r i t i m a b o r e a l i s , K u u s a l u khk., Kaberla lähedal 
Kaleviliiva luiteseljandiku kohal ojaäärses l i ivases lepa- ja sarapuu-metsas. 
Saatjad (Companions): Ainus incana, Corylus avellana, Dryopteris Linnaeana 
(soc.), Poa nemoralis. 
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Throughout Estonia in damp foliferous forests, wooded meadows and 
shrubberies, especially in bushes of Ainus incana; rarely also in meadows. 
It usually grows in colonies associated with A. nemorosa, but is not found 
so often as the latter. 

E s t o n i a m a r i t i m a b o r e a l i s , parish of K u u s a l u , along a 
little brook in a sandy mixed wood of Ainus incana and Corylus avellana. 

24. V 1935. leg. H. A a s a m a a . 

159. Berberis v u l g a r i s Linne. — Kukerpuu. 

Levinud kogu Eestis, eriti mandri loodeosa transgressioonialadel, esine-
des kuivadel teeservadel, aedade ääres, müüridel, võsastikes, metsades j a 
nende servadel, loopealsetel, kinkudel ja nõlvadel ning puisniitudel; metsistub 

kergesti ja osa leiukohti 
on kahtlemata nii tekki-
nud. — Et B. vulgaris on 
peremees-taimeks kõrre-
roostele, Puccinia graminis 
P e r s . , on ta Eestis vas-
tava seadusega määratud 
sundhävitamisele [Riigi 
Teata ja nr. 91, 1932, art. 
696], aga Ruhnu saarel 
1934. a. tegelikult hävi-
tatud. 

E s t o n i a i n f e -
r i o r , K e i l a khk., leht-
metsas 3 km Keilast lää-

nes, lubjarikkal pinnasel. Saatjad (Companions): Quercus robur ja Corylus 
avellana. 

Dispersed over the whole territory, especially on dry Iimy soils of the 
"immersed region" in the NW. of the Estonian mainland. B. vulgaris grows 
along roads and hedges, on hillocks, slopes and walls, in wooded meadows, 
alvars, shrubberies as well as in forests and along their margins. It often is 
also found escaped from cultivation. — As a host plant of the Black rust, 
Puccinia graminis P e r s . , in conformity with the law, B. vulgaris is to be 
extirpated in Estonia [Riigi Teataja (Government Gazette) No. 91, 1932, art. 
696]. On the Estonian isle of Ruhnu it was eradicated in 1934. 

E s t o n i a i n f e r i o r , parish of K e i l a , in a foliferous forest 3 km W . 
of Keila, on Iimy soils. 

30. V 1937 ja 18. IX 1938. leg. A. Üks ip ja P. K o h a v a . 

160. C o r y d a l i s s o l i d a (Mil ler) S w a r t z . — Hari l ik l õ o k a n n u s . 

[Fumaria bulbosa y. solida L i n n e ; F. solida M i l l e r ; Corydalis bulbosa DC.] 

Levinud huumuserikkais lehtmetsades, varjulistel nõlvadel, kaldavõsas-
tikes, harva ka niitudel; esineb harilikult hulgi. 
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E s t o n i a i n t e r m e d i a , J a r v a - M a d i s e khk., Mägede küla juures 
oleva Valgehobuse mäe edelajalamil. Saat jad (Companions): Anemone nemo-
rosa, Lamium galeobdolon, Hepatica triloba, Viola mirabilis, Gagea lutea. 

Occurs in several deciduous woods rieh in humus, on shady slopes, in 
riverside shrubberies, rarely also in meadows; in all these places the plant 
usually grows abundantly. 

E s t o n i a i n t e r m e d i a , parish of J ä r v a - M a d i s e , along a lüü-
side near the village of Mägede. 

27. V 1935. leg. J. Lunts. 

161. D r o s e r a r o t u n d i f o l i a L i n n e . — Ü m i n a r a l e h i n e h u u l h e i n . 

Kogu Eestis väga tavaline kõrgrabade ja soorabade taim ; harvem turba-
soodes, harilikult koos Sphagnum'\ liikidega. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , K i h e l k o n n a kiik., 
Vedruka raba serval turbasamblal, koos kanarbikuga mändide all. 

Throughout Estonia very frequent in bogs and transition bogs, seldom 
in swampy meadows, usually associated with Sphagnum. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K i h e l k o n n a , 
in the marginal part of the Vedruka bog, with Calluna vulgaris and Sphagnum. 

12. VlI 1932. leg. Juta Rebane. 

162. D r o s e r a a n g l i c a H u d s o n . — P ika leh ine h u u l h e i n . 

[D. Iongifolia L i n n e p. p.] 

Levinud kogu Eestis peam. rabalaukais, ka soodes, soorabades j a rabas-
tuvais lodudes. 

E s t o n i a i n f e r i o r , K e i l a khk., Pääsküla raba laukas koos turba-
sambla ja Scheuchzeria palustris'ega. 

Spread over the whole territory of Estonia, especially in pools of peat-
bogs as well as in swamps, transition-bogs and boggy marshes. 

E s t o n i a i n f e r i o r , parish of K e i l a , in a pool of the Pääsküla 
bog, associated with Seheuehzeria palustris and Sphagnum. 

10. VIl 1933. leg. Juta Rebane. 

163. D r o s e r a i n t e r m e d i a H a y n e . — K e s k m i n e h u u l h e i n . 

[I). Iongifolia L i n n e p. p.] 

Pseudoatlantiline liik, mille levik piirdub saartega ja mandri lääne-
osaga; k a s v a b rabalaugastes turbamudal, soorabades, harvemiiü ka rabastu-
vais lodudes ja lubjarikkais Sehoenus ferrugineus'e soodes. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , K i h e l k o n n a khk., 
Vedruka rabas. 
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6. VIII 1933. 

A pseudo-atlantic 
species, eonfined to the 
Estonian islands and the 
western part of the main-
Iand; it grows in the 
muddy pools of peat-bogs, 
in transition-bogs, rarely 
also in Iimy Schoenus 
ferrugineiis swamps. 

E s t o n i a m a r i -
t i m a o c c i d e n t a -
l i s , parish of K i h e l -
k o n n a , in the Vedruka 
peat-bog. 

A. T a m s a l u . 

164. A g r i m o n i a e u p a t o r i a L i n n e . — Haril ik m a a r j a l e p p . 

[A. eupatoria L. subsp. officinalis (L a m.) G a m s . ] 

Kogu Eestis, aga enam-vähem paiguti levinud, eriti lubjarikkal kuival 
rühk- ja savipinnasel; kasvab puisniitudel, metsaservadel, hõredamais kuive-
mais lehtmetsades ning 
võsastikes, teeservadel, 
põllupeenrail jne. 

E s t o n i a i n t e r -
m e d i a , S a a r d e khk., 
Reiu jõe kaldavõsast ikus 
Ristikiila Orumäe talu 
kohal. 

Spread more or Iess 
sporadically over the terri-
tory of Estonia, especially 
on dry Iimy and clayey 
soils ; it grows in wooded 
meadows, in dry thin foli-
ferous forests and along 
their margins, in shrubberies, along roads, ete. 

E s t o n i a i n t e r m e d i a , parish of S a a r d e , along a riverside 
shrubbery near the village of Ristiküla. 

26. VII 1936. leg. Sylvia Talts. 

165. O x a l i s s t r i c t a L i n n e . — K o l l a n e e. s irge j ä n e s e k a p s a s . 

Antropohoorne, umbrohuna levinud l i ik; esineb harilikult hulgi keedu-
vilja-aedades, surnuaedades, parkides ja põldudel. 
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L i t o r a l e h e a -
d e m e e s t e e n s e , P ä r -
n u , Riia maantee äärsel 
kalmistu], cop. 

Au anthropochore 
species, as a weed usually 
abundant in orchards, 
graveyards, parks and 
1'ields. 

L i t o r a l e h e a -
d e m e e s t e e n s e , 
P ä r n u , in a grave-
yard, cop. 

24. VIII 1937. 

166. C h a e r o p l i y l l u m b u l b o s u m L i n n e . — Mugul-varesputk. 

[Myrrhis bulbosa S p r e n g e l . ] 

Paiguti metsistunult aedades, parkides, ojade ja jõgede kaldatihnikuis. — 
Esitatud materjal on selle liigi var. eu-bulbosum H e r m a n n . 

E s t o n i a s u p e -
r i o r , V i r u - J a a g u p i 
khk., Põlula asunduse aia 
müüri ääres kogumikuna 
ja üksikult teeservadel. 

A naturalized es-
cape from cultivation, is 
found locally in parks, 
gardens, in riverside 
shrubberies, ete. — The 
material available is the 
var. eu-bulbosum H e r -
m a n n . 

E s t o n i a s u p e -
r i o r , parish of V i r u -

J a a g u p i , in the park and along the roads of the settlement of Põlula. 

8. VII 1936. leg. G. Mechmershausen. 

167. Tor i l i s anthr iseus (L.) Gmelin. — Harjasputk. 
fTordylium Anthriscus L i n n e . ] 

Peamiselt Loode-Eestis ja saartel levinud liik; kasvab harilikult võsas-
tikes, teeservadel, aedade ääres, põllupeenardel ja metsaservadel . — Käes-
olev materjal kuulub alaliiki, subsp. eu-anthriseus T h e 11 u n g. 

leg. P. Kaaret . 



100 A X X X I V . 7 

E s t o n i a m e d i a , 
Köstiveski V i l j a n d i 
juures, põllu ääres kasva-
vas lepavõsastikus. 

Occurs mainly in 
NW. Estonia and on the 
i s lands; it grows in 
bushes and along road-
sides, rai l ings and the 
edges of fields. — The 
material at hand belongs 
to the subsp. eu-anthris-
cus T h e 11 u n g. 

E s t o n i a m e d i a , 
near V i l j a n d i in a coppice of Ainus incana. 

21. VII — 12. VIII 1933. leg. W . J . Reinthal . 

168. Pyrola u n i f l o r a Linne. — Kuningakiibar. 
[Moneses u. A. G r a y ; Monesis u. A 1 e f e I d ; Moneses grandiflora S a l i s b u r y.J 

Levinud kogu Eestis vanemais huumuserohkeis j a var jukais kuusemet-
sades ja kuuse-segametsades, ka kuuse-lodumetsade mätastel, enamasti salguti. 

A 1 u t a g i a , N a r v a - J õ e s u u var jukas kuuse-männi segametsas. 
Dispersed in Estonia in oid shady Picea excelsa woods rieh in humus 

and in P. excelsa mixed and marshy woods, usually in colonies. 
A l u t a g i a , in a shady Picea excelsa — Pinus silvestris mixed wood, 

in the neighbourhood of Narva-Jõesuu. 

29. VI 1935. leg. V. V i k t o r o v . 

169. Gentiana pneumonantl ie Linne. — Päris emajuur. 

Eestis vaid mandril, peamiselt idaosas, pillatult. Kasvab turbapinna-
sega niiskeil niitudel ja soosaartel, harvemini mineraalpinnasega jäätmaadel, 
hõredais lehtmetsa-salu-
des, raismikel jne. 

E s t o n i a o r i e n -
t a l i s , V õ n n u khk., 
Emajõe suudmealal Kalli 
järve kaldal asuva Haab-
saare soosaarel. Saatjad 
(Companions): Betula hu-
milis, Salix rosmarinifolia, 
Iris sibirica, Lysimachia 
vulgaris, Fiiipendula ul-
maria, Cnidium venosum, 
Inula brUannica, Senecio 
paludosus. Huumuse pH5,0. 
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Dispersed in Estonia mainly in the eastern part of the mainland. G. 
pneumonanthe usually grows in damp meadows and in moor-islets on peat-
ground, seldom on mineral soils, — in waste places, thin foliferous forests, 
wood-clearings, ete. 

E s t o n i a o r i e n t a l i s , parish of V õ n n u , the delta-district of the 
r iver Emajõgi, in a moor-islet by the Kalli lake. 

2. VIII 1931. leg. V. Sirgo. 

170. Gentiana cruciata Linne. — Siidame-emajuur. 

Eestis leviku loodepiiri omav, lubjalembene, kohati võrdlemisi harul-
dane taim. Kasvab kuivadel oosidel, kinkudel, nõlvadel j a uhtlamm-aasadel; 
sage ka Põhja-Eesti pae-
seina ülemisel serval 
(põhjapiir). 

E s t o n i a i n f e -
r i o r , J ü r i khk., Aru-
küla Mädajärve lähedal 
kuival kruusasel oosil. 

A IocalIy rare cal-
ciphilous species, reaching 
in Estonia the north-
western limit of its distri-
bution. G. cruciata grows 
on dry hillocks and slopes, 
on many äses and in 
dry riverside meadows; 
it even occurs abundant ly in pas tures along the upper verge of the N. Esto-
nian limestone cliffs (the northern limit of distribution). 

E s t o n i a i n f e r i o r , par ish of J ü r i , on a dry gravel ly äs by the 
lake of Mädajärv, in the vicinity of Aruküla. 

31. VII 1934. leg. A. Üksip. 

171. Gentiana amarel la L. subsp. I ingulata (G. A. Agardh) 
P. A r e s c h o u g . — S ü g i s - e m a j u u r , k e e l j a s e. 

[G. Ungulata C. A. A g a r d h ; G. amarella ß. Uvonica E s c h s c h o l t z.j 

Esineb Eestis paiguti niitudel, loopealsetel, nõlvadel, teeservadel, kar ja-
maadel jne., ka turbapinnasel. 

E s t o n i a m e d i a , T a r t u - M a a r j a khk., Lohkva küla ümbruses 
soise niidu kraavikaldal. Saat jad (Companions): Trifolium spadiceum, Geum 
rivale, Rammculus acer, Rhinanlhus major, Briza media, Rumex acetosa, Primula 
farinosa, Galium mollugo, Cirsium palustre, Prunella vulgaris, Hieracium pilo-
sella, Linum catharticum, Centaurea jacea, Polygala amarella. 

In Estonia sporadically in alvars, pastures, on slopes, along roadsides, 
even on peat-ground. 

«4 
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E s t o n i a m e d i a , parish of T a r t u - M a a r j a 1 along a ditch in a 
swampy meadow, in the vicinity of the vil lage of Lohkva. 

3. VII 1930. leg. M. Sa lasoo. 

172. Satnreja acinos (L.) Scheele. — Nõmmemünt. 
[Thymus Acinos Linne; Galamintha Acinos Clairville.] 

Kogu Eestis harilik, eriti kuival lubjarikkal pinnasel esinev l i ik; kasvab 
loopealseil, kinkudel, nõlvadel, luidetel, hõredates metsades, teeservadel jne. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , K i h e l k o n n a khk., Atla 
küla ligidal alvaril. 

Common in the whole of Estonia, especially on dry Iimy soils; it grows 
in alvars, thin forests, on hills. slopes, dunes, along roads, ete. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K i h e l k o n n a , 
on alvar-ground near the vi l lage of Atla. 

5. VIII 1933. leg. A. Vaga. 

173. Yeronica teuer ium L. subsp. pseudocl iamaedrys 
( J a c q . ) N y m a n . — Laia leh ine m a i l a n e . 

[ F. Ialifoha J a c q . et a u e t . p. p., non L.; V. pseudochamaedrys J a c q u i n . ] 

Eestis saartel läänepiiri omav liik. Kasvab meeleldi lubja-aluspinna-
sega liivastel a ladel : nõlvadel, metsaservadel, aasadel, niitudel; ka supra-
saliinseil rannikuniitudel ning kuivadel uhtlammaasadel, sageli suuremate 

kogumikkudena. 
E s t o n i a m a r i -

t i m a o r i e n t a l i s , 
K a r u s e khk., Metsküla 
lääneserval asuval päi-
kesepaistelisel nõlvakul, 
Matsalu lahe rannikult 
0,5 km lõunas, suurte 
kogumikkudena. Saat jad 
(Companions): Lathyrus 
pratensis, Vicia cracca, 
Galium verum, Campanula 
glomerata. 

This species reaches 
the western limit of its 

distribution on the Estonian islands. It readily grows on sandy soils with 
a Iimy underground: on slopes, along roads and the margins of forests, in 
meadows, etc.; sometimes the plant occurs in great colonies in the suprasa-
line belt of the maritime meadows as well as in dry riverside meadows. 

E s t o n i a m a r i t i m a o r i e n t a l i s , parish of K a r u s e , in great 
colonies on a sunny verge near Metsküla, 0,5 km S. from the Matsalu bay. 

6. VlI 1934. leg. E. K u m a r i . 
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174. Plantago indica Linne. — Liiv-teeleht. 
[P. arenaria W a l d s t e i n et K i t a i b e l ; P. ramosa (G i 1 i b.) 

A s c h e r s o n ; Psyllium ramosum G i 1 i b e r t.J 

Kagupoolse pärit-
oluga psammofüiit, Eestis 
haruldase tulnukana. 

E s t o n i a m a r i -
t i m a o r i e n t a l i s , 
R i d a l a khk., raudtee-
tammil l km Haapsalu 
raudteejaamast Rohuküla 
suunas. Esimesed andmed 
samast kohast a. 1923. 

An introduced, rare 
psammophilous species, 
native to the South-East. 

E s t o n i a m a r i -
t i m a o r i e n t a l i s , parish of R i d a l a , on the railroad embankmet 1 km 
SWW. of Haapsalu; was for the f irst time observed in 1923. 

20. VIII 1934. leg. Ellen V i lbas te . 

175. Asperu la t inetor ia Linne. — Värv-varjulill. 

Kaltsifiilne kuivuselembene liik, Eestis väga harilik ja rohke saarte ja 
mandri loodeosa loopealseil, paeklibust randvallidel, madalapõhjalise riihk-

pinnasega männimetsa-
des, puisniitudel jne.; 
haruldasem lubjarikkal 
moreenpinnasel ja liivas-
tel aladel. 

E s t o n i a i n f e -
r i o r , K e i l a khk., Harku 
järve kohal niidul ja võsas. 

A calciphilous spe-
cies, very common and 
abundant on the is lands 
and NW. of the Esto-
nian mainland; it grows 
in dry alvars, thin-layer-
ed, Iimy Pinus silvestris 

forests, wooded meadows, etc.; rarely also in moraine districts rieh in Iime 
and on sandy soils. 

E s t o n i a i n f e r i o r , parish of K e i l a , in a meadow and bush by 
the Harku lake. 

1. IX 1933. leg. v . Sirgo. 
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175-a. Asperula t inctoria Linne. — Värv-varjulill. 
E s t o n i a i n f e r i o r , H a g e r i khk., kirikla lähedal teeservadel. 
E s t o n i a i n f e r i o r , parish of H a g e r i , along a roadside near the 

vicarage. 
13. VII 1922. leg. P. W. T h o m s o n . 

176. A s p e r u l a o d o r a t a L i n n e . — Lõhnav var ju l i l l . 

Kohati ja harilikult hulgi huumuserikkais, niiskeis ja var juka i s kuuse-
segametsades ja paekalda alustes lehtmetsades, Galeobdolon-Aspcrula-Asarum'i 

unioonis. 
E s t o n i a m a r i -

t i m a b o r e a l i s , J õ e -
l ä h t m e khk., Viimsi 
pangaaluses lehtmetsas. 

Spread in Estonia 
sporadically and usually 
ahundant in humid and 
shady Picea excelsa mixed 
woods rieh in humus, also 
in foliferous forests under-
neath the N. Estonian 
limestone c l i f f s ; it belongs 
to the characteristics of 
the Galeobdolon-Asperula-
Asarum union. 

E s t o n i a m a r i t i m a b o r e a l i s , parish of J õ e l ä h t m e , in 
deciduous forests by the cliffs of Viimsi. 

11. Vl 1933. leg. Juta Rebane. 

177. Asperula r iva l i s Sibthorp et Smith. — Oja-varjulill. 
[A. Aparine M. B i e b e r s t e i n , S c h o t t . ] 

Eesti mandril ( E i n t ) leviku loodepiiri omav, võrdlemisi haruldane liik. 
Kasvab ojade ja jõgede 
niiskeil kaldail ja kalda-
võsastikes ning jõesaartel. 

E s t o n i a m e d i a , 
V i l j a n d i juures Uueveski 
orus, ojakaldal k a s v a v a s 
lepa- ja pa juvõsas t ikus . 

A relatively rare 
species, reaching iri Esto-
nia ( E i n t ) the NW. limit 
of its distribution. Itgrows 
on damp river-banks, in 
riverside bushes as well 
as on river-islets. 
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E s t o n i a m e d i a , Uueveski at V i l j a n d i , along the brookside 
shrubberies of Ainus incana and Salices. 

22. VII 1933. leg. W . J. Reinthal . 

178. Succisa pratensis Moench f. glabrata Schultz. — 
Peetri p i ibe leht. 

[<S. praemorsa A s c h e r s o n ; Scabiosa Succisa L i n n e ; 
Scabiosa praemorsa Gilibert.] 

Kogu Eestis võrdlemisi harilik l i ik; kasvab niiskeil niitudel ja puis-
niitudel, lodudes, lodumetsades, kuuse-segametsades, võsastikes jne., sageli ka 
rabastuval pinnasel ja sooniitudel. 

E s t o n i a i n f e r i o r , R a p l a khk., Ja lase ja Lipstu küla vahel Sõbes-
soos. Saat jad (Companions): Betula pubescens, B. nana, Molinia coerulea, 
Dryopteris eristata. 

Relatively common in Estonia, S. pratensis grows in damp meadows, 
wooded meadows, marshes, marshy woods, Picea excelsa mixed woods, shrubb-
eries, etc., often even on boggy ground and in swampy meadows. 

E s t o n i a i n f e r i o r , parish of R a p l a , in the Sõbessoo swamp be-
tween the vil lages of Ja lase and Lipstu. 

25. VIII 1934. leg. H. A a s a m a a . 

179. Senecio vernal is Waldste in et KitaibeL — Kevade-ristirohi. 

Antopohoorne, käesoleval a ja l Kagu-Eestis liivastel aladel edasileviv 
taim. Kasvab harilikult 
avaiihinguis raismikel, 
liivanurmedel, kraavikal-
lastel, raudteel ja kerge-
mullalistel põldudel. 

E s t o n i a s a r m a -
t i c a , V i l o peatuskoha 
lähedal Petseri-Irboska 
raudteel. 

An anthropochore 
species, at present in dis-
persion over the sandy 
soils of SE. Estonia. It 
grows ordinarily in the 
open Vegetation of wood-
clearings, on sandy plains, along ditches and railroads, as well as a weed on 
light arable land. 

E s t o n i a s a r m a t i c a , along the railroad-embankment of Petseri-
Irboska, near V i 1 o. 

21. v 1933. leg. K. E ichwa ld . 
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180. T r a g o p o g o n p r a t e n s i s L i n n e . — Hari l ik p i i m j u u r . 

Antropohoorne, Eestis enam-vähem paiguti levinud l i ik; k a s v a b mõni-
kord hulgi niiskeil kuni kuivadel aasadel, teeservadel jne. — Käesolev materjal 

on selle liigi subsp. eu-
pratensis T h e 11 u n g. 

E s t o n i a m e d i a , 
T a r t u , Raadi pargi päi-
kesepaistelistes kohtades. 

An anthropochore 
species, In Estonia dis-
persed more or Iess Ioc-
a l ly ; it sometimes grows 
abundantly in damp as 
well as in dry meadows, 
along roadsides, ete. — 
The material available 
belongs to the subsp. eu-
pratensis T h e 11 u n g. 

E s t o n i a m e d i a , T a r t u , in sunny places in the Raadi Park. 

VlI 1938. leg. E. Lepik ja S a l m e Käspert . 

>/« 

• 4< 

181. C r e p i s p r a e m o r s a (L.) T a u s c h . — T ö m p j u u r e n e k o e r t u b a k a s . 

Oma areaali põhjapiiril enam-vähem kogu Eestis esinev liik; k a s v a b 
paiguti hulgi niiskeil kui ka kuivemail niitudel ja puisniitude], meeleldi 
lubjarikkamal pinnasel. 

E s t o n i a i n f e -
r i o r , K e i 1 a khk., Harku 
ümbruses kuival lubja-
rikkal alvar-niidul. 

Although on the 
northern boundary of its 
area, C. praemorsa never-
theless is spreading over 
the whole territory of Es-
tonia: in places it grows 
abundantly in damp as 
well as in dry and wooded 
meadows, readily on cal-
careous soils. 

E s t o n i a i n f e r i o r , parish of K e i l a , in a dry limy meadow upon 
alvar ground, in the neighbourhood of Harku. 

% m, 

13. VI 1934. leg. A. Üksip. 
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182. Lactnca mural is (L.) Fresenius. — Jänessalat. 

[Mycelis muralis R e i c h e n b a c h ; Cicerbita m. W a l l r o t h . ] 

Suuremate või vähemate levikulünkadega kogu Eestis; kasvab peami-
selt var jukais, huumuserohkeis kuuse-segametsades ja kuusemetsades, har-
vemini lehtmetsa-saludes, 
põõsastikes, prügil jne. 

E s t o n i a o r i e n -
t a l i s , N õ o khk., Vap-
ramäe männi-kuuse sega-
metsas. Saatjad (Compa-
nions): Rubus idaeus, Py-
rola secunda, Fragaria 
vesca, Goodyera repens, 
Satureja vulgaris, Loni-
cera xylosteum, Chamae-
nerium angustifolium, Cre-
pis biennis. 

With frequent gaps, 
L. muralis is spread over 
the wliole of Estonia; it inhabits the shady Picea excelsa and P. exc. mixed 
woods rieh in humus ; it is rarely found in deciduous groves and shrubberies, 
on rubbish, ete. 

E s t o n i a o r i e n t a l i s , parish of N õ o, in the Pinus silvestris — 
Picea excelsa wood at Vapramägi. 

20. VH 1930. leg. H. Salasoo. 

182-a. Laetuca mural is (L.) Fresenius. — Jänessalat. 

[Mycelis muralis R e i c h e n b a c h ; Cicerbita m. W a l l r o t h.] 

E s t o n i a i n f e r i o r , R a p l a k h k , Ohukotsu vahtkonna riigimets 
Hiienurme põldude kohal, kuuskede all ühes saa t j a Neottia nidus-avis'ega.. 

E s t o n i a i n f e r i o r , parish of R a p l a , in the Picea excelsa forest 
of Ohukotsu, accompanied by Neottia nidus-avis. 

17. VIII 1934. leg. H. A a s a m a a . 

183. Taraxaeum intercedens Marklund. 

Esineb peamiselt saarte (üks leiukoht tuntud ka mandril: E i n f , Rapla 
khk.) halofiilsetel rannikuniitudel, niisketel niitudel, luidetevahelistes niisketes 
lohkudes jne. — Kuulub spontaansesse floorasse, väljaspool Eestit tuntud vaid 
Rootsi Ölandi saarelt. 

Lit.: G. M a r k l u n d , Die Taraxacum-Elora Estlands. Acta Bot. 
Fenn. XXIII. 80 (1938). 

V» • • 
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E s t o n i a m a r i t i m a o c c i d e n t a l i s , K i h e l k o n n a khk., Pil-
guse vaimuhaigla ja Himmiste küla vahel alvari iileujutatavail kohtadel. 

Is found mainly on 
the Estonian islands (with 
a Single habitat on the 
mainland, in E i n f , pa-
rish of Rapla) in saltish 
maritime meadows, in 
damp meadows, in moist 
depressions of dunes, 
ete. — A spontaneous 
plant, outside Estonia 
known only in the isle of 
Öland, in Sweden. 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
parish of K i h e l k o n n a , 

on temporarily flooded alvar-spots between the Lunatic Asylum in Pilguse 
and the village of Himmiste. 

1. VI 1936 ja 30. V 1937. leg. et comm. B. Saarsoo. 

184. Taraxacum xerophi lum Marklund. 

Senini ainult Eestist tuntud spontaane võilill. Esineb kaunis harva 
saarte ja mandri lääneranniku alvaritel, luidetel, suprasaliinsetel niitudel jne. 

Lit.: G. M a r k -
l u n d , Die Taraxacum-
Flora Estlands. Acta Bot. 
Fenn. XXIII. 87 (1938). 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
K i h e l k o n n a khk., 
Pilguse lahe ääres sup-
rasaliinsel alvaritaolisel 
niidul. 

A spontaneous dan-
delion, till now known 
only on Estonian islands 
and the western littoral 
of the mainland. It is 
comparatively rare on alvars, dunes, in suprasaline meadows, etc. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K i h e l k o n n a , 
in a suprasaline alvar meadow by the bay of Pilguse. 

11. ja 21. V 1937. leg. et comm. B. Saarsoo. 
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185. T a r a x a c n m o b l i q u u m (Fr.) D a h l s t e d t . — Kiivas võil i l l . 

Kasvab Eestis harva saarte ja mandri lääneranniku alvaritel, luidetel, 
suprasaliinsetel randniitudel jne. 

Lit.: H. D a h l s t e d t , Om skandinaviska Taraxacum-former. Bot. 
Notiser 1905 p. 164. 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
K i h e l k o n n a khk., Pil-
guse lahe ääres karjata-
tud suprasaliinsel alvari-
taolisel niidul. 

Confined in Estonia 
to the islands and the 
western littoral of the 
mainland, where it rarely 
grows on alvars, dunes, in 
suprasaline meadows, etc. 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
parish of K i h e l k o n n a , in a grazed suprasaline alvar-like meadow by the 
bay of Pilguse. 

21/31. V 1937 ja 2. VI 1938. leg. et comm. B. Saarsoo. 

186. T a r a x a c u m b a l t i c u m D a h l s t e d t . — Balti või l i l l . 

Sage saarte halofiilsetel randniitudel, harvemini ka niisketel niitudel 
ja puisniitudel, alvarite niisketes kohtades jne. Seni leitud Em o c , E m o r , 

E i n f , Lh. 
Lit.: H. D a h l -

s t e d t , Om skandina-
viska Taraxacum-former. 
Bot. Notiser 1905 p. 162. 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
K i h e l k o n n a khk., Pil-
guse juures halofiilsel 
randniidul, pillatult. 

Frequent in the 
saltish maritime mea-
dows of the Estonian 
islands, seldom in damp 
meadows and wooded 

meadows, in damp localities of alvars, swamps, etc. As yet found in E m o e , 
bj m o r , E i n f , L li. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K i h e l k o n n a , 
scattered in a salt meadow, not far from Pilguse. 

6. VI 1933. leg. et comm. B. Saarsoo. 

,Cp< 
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187. T a r a x a c u m decolorans Dahlstedt . 

[2'. palustre (E h r h.) D a h I s t. subsp. concolor D a h l s t . ] 

Esineb harva saarte ja mandri lääneranniku ( E m o c , E m o r ) halofiil-
setel niitudel, niisketel niitudel ja puisniitudel, alvarite madalamatel kohtadel 
jne. Iseloomulik on muude tunnuste kõrval värvilise triibu puudumine keel-

t i m a o c c i d e n t a l i s , K i h e l k o n n a khk., Pilguse vaimuhaigla ja 
Himmiste küla vahel alvari üleujutatavail kohtadel. 

Confined to the Estonian islands and the western littoral of the main-
land ( E m o c , E m o r ) ; it rarely is found in saltish maritime meadows, in 
low-situated alvars, ete. Besides other signs, the absence of the coloured streak 
outside the ligulate florets is characteristic, — a singular case amongst all 
the dandelions till now found in Estonia. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K i h e l k o n n a , 
in temporarily fiooded alvar spots between the Lunatic Asylum in Pilguse and 
the village of Himmiste. 

29. V 1937. leg. et comm. B. Saarsoo. 

188. Taraxacum pa lus tre (Ehrh.) Dahls tedt . — Soo-võilill. 

Levinuim Palustria-rühma kuuluv võilill Eestis. Kasvab halofiilseil 
randniitudel, niiskeil niitudel ja puisniitudel, alvarite niiskemais kohtades, 
soodas jne. Senini leitud saartel ja mandri lääneosas. Esineb nii õietol-
muta kui ka õietolmuga (harvemini) vormides; käesoleval vormil puudub õie-
tolm tolmukottides. 

Lit.; H. D a h l s t e d t , Taraxacum palustre (Ehrh.) und verwandte 
Arten in Skandinavien. Arkiv för botanik VII. N:o 6 p. 8 (1907). 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , K i h e l k o n n a khk., Pil-
guse juures halofiilsel randniidul, pillatult. 

õite välimisel pinnal, mis-
sugune näht ei esine ühel-
gi teisel senituntud Eesti 
võilillel. 

Lit,: 1. H. D a h l -
s t e d t , Taraxacum pa-
lustre (Ehrh.) und ver-
wandte Arten in Skandi-
navien. Arkiv för bota-
nik VN. N:o 6 p. 14 (1907); 
2. H. D a h l s t e d t , Om 
Ölands Taraxacum flora. 
Arkiv för botanik XIX. 
N : o 18 p. 8 (1925). 

E s t o n i a m a r i -
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The most widely dispersed dandelion of tlie Palustria group in Esto-
It grows in salt nia 

maritime meadows as 
well as in damp meadows 
and wooded meadows, in 
the moist spots of a lvars, 
in swamps, etc. Till now 
T. palustre has been found 
on the Estonian islands 
and the western part of 
the mainland. It is pre-
sented in forms with 
pollen and (seldom) with-
out pollen ; in the mate-
rial available the anthers 
are without pollen. 

E s t o n i a m a r i t i m a o c o i d e n t a 
scattered in the saline meadows by Pilguse. 

6. Vl 1933. 
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i s , parish of K i h e l k o n n a 

leg. et comm. B. S a a r s o o . 

189. Taraxacum praestans Linclberg fi l . 
Ainus Spectabilia-vühma kuuluv võilill Eestis. Senini leitud vaid Saare-

maal, kus kasvab harva kuuse-segametsades ja salu-lehtmetsades. Kuulub 
pärismaisesse floorasse. 

Lit. : H. L i n d -
b e r g , Taraxacum-for-
mer frän södra oeh mel-
lersta Finland. Acta Soc. 
F. Fl. Fenn. XXIX. N:o 
9 p. 24 (1907). 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
K ä r l a khk., Käesla ja 
Pühajõe vahel hõredas 
kuuse-segametsas. Saat-
jad (Companions): Ane-
mone nemorosa, Fquise-
tum silvaticum, Aegopo-

dium podagrana, Geum rivale, Filipendula ulmaria jt, 
This is the Single Taraxaeum from the Spectabilia group in Estonia. 

Till now found only in Saaremaa, where it rarely occurs in Picea excelsa 
mixed woods and in rieh deciduous groves. It belongs to the spontaneous flora, 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K ä r l a , in a 
thin Picea excelsa mixed wood between Käesla and Pühajõe. 

12. VI 1938. leg. et comm. B. S a a r s o o . 
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190. Taraxacani d i latatum Lindberg f i l . 
Esineb tihti Lääne-Eesti suprasaliinsetel randniitudel, niitudel ja puis-

niitudel, alvaritel, parkides jne., kus kuulub spontaansesse floorasse. 
Lit.: H. L i n d b e r g , 

Taraxacum-former frän 
södra oeh mellersta Fin-
land. Acta Soc. F. Fl.Fenn. 
XXIX. N:o 9 p. 22 (1907). 

E s t o n i a m a r i -
t i m a o c c i d e n t a l i s , 
K i h e l k o n n a khk., 
Katrimaa poolsaarel hõ-
redas männikus. Saat jad 
(Companions): Sesleria coe-
ridea, Gewn rivale, Fili-
pendula ulmaria, Iianun-
cnlus acer, Taraxacum tene-
brieans jt. 

Occurs frequently on the W. Estonian islands, — in suprasaline marit-
ime meadows, wooded meadows, alvars, parks, etc.; belongs to the spon-
taneous flora. 

E s t o n i a m a r i t i m a o c c i d e n t a l i s , parish of K i h e l k o n n a , 
in a thin Ptnus silvestris wood of the Katrimaa peninsula. 

9. ja 21. VII 1938. leg. et comm. B. S a a r s o o . 

191. C a r e x p a r a d o x a A V i l l d e n o w . — Ise laadne tarn. 

Lubjalembene liik, harilik niiskeil puisniitudel, sooniitudel, lodudes, 
lodumetsades ning soistel kallastel. 

E s t o n i a m e d i a , L a i u s e khk., Tooma Sookatsejaama ümbruses 
soisel niidul. 

A calciphilous species, usual in damp wooded meadows, swampy mead-
ows, marshes, marshy woods as well as on swampy shores here and there. 

E s t o n i a m e d i a , parish of L a i u s e , in a swampy meadow near 
the Tooma Peat Research Station. 

Vl 1931. leg. p . W . T h o m s o n . 

192. Carex vu lp ina Linne. — Rebastarn. 
Kogu Eestis kohati niisketel niitudel, ärakuivavates väikestes lompides, 

kraavides, oja- ja jõekallastel, harilikult väikeste kogumikkudena. 
E s t o n i a m e d i a , T a r t u s t 3—4 km Vorbuse suunas, raudtee ääres 

niidukraavis. Saat jad (Companions): Carex eaespitosa, Geum rivale, Salix 
rosmarinifolia. 

Occurs in Estonia locally and usually in little colonies in humid mead-
ows, temporary ponds, ditches, as well as on many banks. 

E s t o n i a m e d i a , in ditches 3—4 km from T a r t u to Vorbuse. 

28. V 1930. leg. H. Salasoo. 
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193. C a r e x a r e n a r i a L i n n e . — Liivtarn. 

Liivalembenp pseudoatlantiline l i ik; esineb Eestis enam-vähem ava-
ühinguina mereranniku luidetel ja liivanurmedel, vahel ka hulgi kuni massi-
liselt. Saarte sisemaa 
liivastes männimetsades 
(eriti Saaremaal) peaaegu 
eranditult steriilne. 

L i t o r a l e h e a -
d e m e e s t e e n s e , P ä r -
n u khk., Valgeranna 
(Doberani) kinnikasvanud 
liivaluitel. 

A pseudo-atlantic 
psammophilous species; 
l'orms open Vegetation on 
the maritime dunes and 
sea-sands; there it some-
times occurs even abund-
antly. On the islands (especially in Saaremaa) C. arenaria in the inside 
sandy Pinus silvestris forests is almost without exception found sterile. 

L i t o r a l e h e a d e m e e s t e e n s e , parish of P ä r n u , on the over-
grown maritime dunes of Valgeranna (Doberan). 

13. VII 1934. leg. p. Kaaret. 

194. C a r e x l o l i a c e a L i n n e . — Lodutarn e. r a i h e i n a n e t. 

Idapoolse päritoluga liik, levinud peamiselt mandril, kus esineb kuuse-
segametsades ja on sanglepa-kuuse-kase lodumetsade iseloomulikumaid liike. 

Koos Crepis paludosa'ga 
moodustab viimastes eri-
lise Carex loliacea — Cre-
pis paludosa uniooni, are-
nedes eriti raismikel mas-
siliselt. 

A l u t a g i a , L ü -
g a n u s e khk., Lümatu 
külas t 6 km NO, Iodu-
metsa raismikul. 

An eastern species, 
confined above all to the 
Estonian mainland; this 
is a characteristic species 
of the Ainus incana — 

Picea excelsa — Betula pubescens marshy woods and is also found in some 
Picea excelsa mixed woods. In marshy woods this sedge accompanied by 
Crepis paludosa, builds a Carex loliacea — Crepis paludosa union and is usually 
found abundantly in wood-clearings. 
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A1 u t a g i a , parisli of L ü g a n u s e , in a Clearing in a marshy wood, 
6 km NE. from the village of Lümatu. 

22. VI 1936. leg. A. Rühi . 

195. C a r e x c a n e s c e n s L i n n e . — Hal l ikas tarn. 

Apofüiit, kogu Eestis enam-vähem harilik veidi rabastuval pinnasel; 
kasvab kraavides, niisketel soistel niitudel ja puisniitudel, lodudes ja Iodu-
metsades; moodustab niisketel teeservadel, raismikel ning sihtidel sageli 
massvegetatsiooni. 

E s t o n i a m e d i a , Tartu—Vorbuse vahel raudtee kraavis Valgeveski 
läheduses, umbes 2 km T a r t u s t . Saatjad (Companions): Carex elongaia, 
C. vesicaria, Epilobium palustre. 

An apophytic species, in Estonia more or Iess common on slightly boggy 
ground; it grows in ditches, swampy meadows and wooded meadows, in 
marshes and marshy woods; along damp roadsides, in Clearings, etc. it often 
builds large colonies. 

E s t o n i a m e d i a , in the railroad ditch between Tartu and Vorbuse, 
2 km from T a r t u . 

28. V 1930. leg. H. Sa lasoo. 

1 9 6 . C a r e x e l o n g a t a L i n n e . — P ikk tarn. 

Eestis eriti mandril s a g e ; kasvab niisketes kuuse-segametsades, kuuse-
sanglepa lodumetsades ning raismikel, lodudes, soistel niitudel, oja- ja kraavi-
kallastel. 

E s t o n i a m e d i a , Tartu—Vorbuse vahel raudteekraavi ja Valge-
veski juurde tuleva k r a a v i ühinemiskohal, umbes 2 km T a r t u s t . Saat jad 
(Companions): Carex vesicaria, C. canescens, Epilobium palustre. 

Especially common on the Estonian mainland; this sedge usually grows 
in damp Picea excelsa mixed woods, in P. excelsa — Ainus glutinosa marshy 
woods and Clearings, in marshes, swampy meadows, as well as along brooks 
and ditches. 

E s t o n i a m e d i a , in a railroad-ditch between Tartu and Vorbuse, 
ca 2 km from T a r t u. 

28. V 1930. leg. H. Salasoo. 

197. Carex montana Linne. — Mägitarn. 

Levinud eriti Saaremaa ja mandri põhjapoolsema osa lubjarikkail, kui-
vadel tamme-puisniitudel ja hõredais lehtmetsades. Harva Lõuna-Eesti rohis-
tunud moreenkinkudel, niitudel jne. Ida-Eesti on selle liigi Euroopa areaali 
kirdepiiril. 
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E s t o n i a s u p e r i o r , R a k v e r e lähedal Rakvere tammikus. Saat-
jad (Companions): Quercus robur, Corylus avellana, Lonicera xylosieum, Orobus 
vernus, Stellaria holostea, 
Aquilegia vulgaris. 

Widespread and com-
mon especially in the N. 
of the Estonian mainland 
and on the island of Saare-
maa, in dry Iimy Quercus 
robur wooded meadows 
and thin foliferous forests. 
Rarely on S. Estonian 
g r a s s y moraine hillocks, 
in meadows, ete. — In 
E. Estonia lies the NE. 
boundary of the European 
area of this species. 

E s t o n i a s u p e r i o r , in tlie Quercus robur forest of R a k v e r e . 

2. VI 1935. leg. Selma Kaaber . 

198. Juncus supinus Moench. — Madal luga. 
[Juneus bulbosus L i n n e.] 

Eesti lääneosas ( E m o c , E m o r) levinud haruldane pseudo-atlantiline 
liik. Kasvab harilikult ajuti iileujutatavail liivaseil või mudaseil järvekal-
dail, soostunud mudal jne. Esitatud materjal on lähedane selle liigi vormile 

f. -pygmaeus [= J. supinus 
d. pygmaeus Marsson]. 

E s t o n i a m a r i -
t i m a o r i e n t a l i s , 
V o r m s i saar, Hullo ja 
Sviby vahel Hestenge nii-
du lähedal mudasel ko-
hal, cop. 

A pseudo-atlantic 
species, rare in Estonia 
and confined to the west-
ern part of the territory 
fE m o c , E m o r). It usu-
ally grows on muddy or 
sandy flooded shores, in 

swampy ponds, ete. — The material at band is similar to the f. pygmaeus of 
this species [= J. supinus <5. pygmaeus M a r s s o n]. 

E s t o n i a m a r i t i m a o r i e n t a l i s , the isle of V o r m s i , on 
muddy ground between the vi l lages Hullo and Sviby. 

9. VIII 1934. leg. G. Vi lbaste . 
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199. Polygonatum off icinale Allioni. — Harilik kuutõverohi. 
[Gonvallaria Polygonatum L i n n e.] 

Kogu Eestis harilik taim ; kasvab kuivades li ivastes männimetsades, 
hõredamais segametsades ja sarapikkudes, puisniitudel, loopealseis kadarikes, 
kinkudel, kinnistunud luidetel jne. 

A l u t a g i a , I i s a k u khk., Pootsikult kirdes, raba läbiva l i ivaseljan-
diku lõunapoolsel nõlval, kuuse-männi segametsas. Saat jad (Companions): 
Antennaria dioeca,, Solidago virga-aurea, Vaccinium myrtillus, V. vitis-idaea, 
Convallaria majalis, Majanthemum bifolium jt. 

A common plant in Estonia; it grows in dry sandy barrens with Pinus 
silvestris, in thin mixed woods, in Corylus avellana shrubberies, wooded meadows, 
in Juniperus communis bushes on alvar ground, on hillocks, overgrown dunes, ete. 

A l u t a g i a , parish of I i s a k u , NE of Pootsiku, in a Picea excelsa — 
Pinus silvestris forest on the southern slope of a sandy ridge. 

12. \ I 1932. leg. H . S a l a s o o ja A . V a g a . 

200. Gladiolus imbricatus Linne. — Väikeseõiene kuremõõk, niit-k. 
Eesti mandril läänepiiri omav kontinentaalne liik ; esineb kohati ja vahel 

hulgi kuivemail kui ka niiskemail niitudel ja puisniitudel, põõsastikes, uhtlamm-
niitudel, harva ka mere-
ranniku suprasaliinseil 
niitudel, ning põldudel. 

E s t o n i a s a r -
m a t i c a , I r b o s k a 
alevist 4 km lõunas, Kilski 
lähedal põõsastikus. 

A. continental speci-
es, with the western boun-
dary of its distribution in 
Estonia. G. imbricatus is 
found locally and often 
abundantly in dry as 
well as in damp meadows 
and wooded meadows, in 

shrubberies, flooded riverside meadows; rarely in the suprasaline belt of the 
maritime meadows and on arable land. 

E s t o n i a s a r m a t i c a , in the shrubberies near Kiisk, 4 km S of 
I r b o s k a. 

26. VI 1936. leg. A. Gahov. 

200*a. Gladiolus imbricatus Linne. — Väikeseõiene 
k u r e m õ õ k , niit-k. 

E s t o n i a m a r i t i m a o r i e n t a l i s , V a r b l a khk., Haapsi külast 
0,5 km SSO asuva puisniidu rõskel, savikal, kruusapõhjaga pinnasel. Saatjad 
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(Companions): Pinus silvestris, Betula pubescens, Ainus glutinosa, Rhamnus 
cathartica, Deschampsia eaespitosa, Anthoxanthvm odoratum, Festuca rubra, 
Nardus stricta, Potentilla ereda, Scorzonera humilis, Geum rivale, Ulmaria fili-
pendula, Hieracium pilosella. 

E s t o n i a m a r i t i m a o r i e n t a l i s , parish of V a r b l a , 0,5 km 
SSE. from the village of Haapsi, in a damp, loamy wooded meadow on grav-
elly underground. 

6. VII 1936. leg. Selma Kaaber . 
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Käesolev töö sisaldab üksikasju Eesti kliima elementidest 
selles ulatuses, nagu seda võimaldavad Eesti pindalal toimetatud 
meteoroloogilised vaatlused. Uurimismaterjalina on kasutatud 
nii Eesti iseseisvuse kui ka Vene valitsuse ajal tehtud meteoroloo-
gilisi vaatlusi alates 1866. aastast, millal prof. A. von Oettingen'i 
poolt asutati Tartu Ülikooli juurde Meteoroloogia Observatoorium 
ja hakati trükis avaldama observatooriumi vaatlusi. Ka enne 
seda on tehtud Eesti territooriumil lünklikke meteoroloogilisi vaat-
lusi, mis aga käesolevas töös on jäetud kasutamata, sest et neis 
puuduvad andmed vaatlustähtaegade ja tarvitusel olnud vaatlus-
riistade kohta. 

Käesolevas uurimuses on antud kuu ja aasta keskmised üksi-
kute meteoroloogiliste elementide kohta ühes sinna juurde kuulu-
vate keskmiste päevade arvudega ja teiste andmetega koos selgi-
tavate joonistega. Kliimat iseloomustavate omaduste järgi kuu-
lub Eesti pindala ülemineku-piirkonda Euroopa läänepoolsest 
maritiimse kliima valdkonnast Ida-Euroopa kontinentaalsesse 
valdkonda. 

Kliima-valdkondade piiristust on uurinud paljud eriteadlased, 
kelle poolt on koostatud vastavad kaardid kogu maakera kohta. 
Et teatud maakoha kliimaolusid võib iseloomustada mitmelt vaate-
kohalt, esinevad kliima-valdkondade piirjoontes suuremad või 
vähemad erinevused, mis on tingitud sellest, millist meteoroloogi-
list elementi on eelistatud nende määramisel. 

Allpool on lühidalt käsiteldud kliima-valdkondi Baltoskandias 
Thornwaite'i, Gorczynski, Köppen'i ja Nehls'i järgi. Thornwaite'i 1 ) 
kliimaliigituse järgi kuulub kogu Eesti pindala koos Lõuna-Soome, 
Lõuna-Skandinaavia ja Läti läänepoolsete osadega niiskesse 
mikrotermaalsesse kliima-valdkonda, sademetega kõigil aasta-

l ) The Climates of the Earth, C. Warren Thormvaite, Geographical 
Review, July 19'S8. 
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aegadel. Alljärgneval joonisel nr. 1 on antud kliima-valdkondade 
jaotus Thornwaite'i järgi Baltoskandias. 

Joonisel leiduvad tähed näitavad: E' — tundrakliima, D' — 
taigakliima, AC'r — märg mikrotermaalne kliima sademetega 

J o o n i s n r . 1. Kliima-valdkonnad Baltoskandias Thornwaite'i järgi . 

kõigil aastaaegadel, BC'r — niiske mikrotermaalne kliima sade-
metega kõigil aastaaegadel, CC'r — subhumiidne mikrotermaalne 
kliima sademetega kõigil aastaaegadel. 

Köppen'i ') järgi kuulub Baltoskandia peale kitsa ranniku-
riba Skandinaavias boreaalkliima piirkonda, mille iseloomusta-
vaks tunnuseks on küllaldane sademete hulk kõigil kuudel, niiske 
ja külm talv, kusjuures suvekuudel vähemalt nelja kuu keskmine 

') W. Köppen, Die Kiimate der Erde. 
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temperatuur ületab +10°, kõige soojema kuu keskmine tempera-
tuur ei küüni +22°. 

Cfb 

J o o n i s n r . 2. Kliima-valdkonnad Köppen'i järgi. 

Köppen'i järgi erineb Ida-Euroopa kliima (Dfb) Lääne-
Euroopa ja Inglise saarestiku kliimast (Cfb) selle poolest, et esi-
meses kõige külmema kuu keskmine temperatuur on madalam —3°. 

Gorczynski *) poolt koostatud kliimakaardi (joonis nr. 3) 
erinevuseks on asjaolu, et siin osa Balti riikide pindalast ühes 
Kesk-Euroopaga ja Lõuna-Rootsiga on viidud ü(he kliima-vald-
konna alla, mille idapoolne piirjoon läbib Eestit Tallinna—Valga 
suunas. Selle valdkonna tunnusteks on üldiselt maritiimse kliima 
iseloom ja mõõdukas temperatuur. 

') W. Gorczynski, Decimal Scheme of World's Climates with adaptation 
to Europe, 1934. 
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Käesoleva töö autori arvates on Gorczynski kliima jaotus kõige 
enam kooskõlas Eesti pindalal esinevate kliima-iseärasustega. 

Lõpuks olgu meenutatud kliimajaotus Läänemere piirkonnas 
Nehls'i1) järgi, mis kliima-valdkondade piiristamise kui ka läbi-
töötamise meetodi suhtes jätab nii mõndagi soovida. Nagu järg-

W -

<s>' 

J o o n i s n r . 3. Kliima-valdkonnad Gorczynski järgi . 

nevast joonisest (joonis nr. 4) selgub, on mahutatud ühte kliima-
piirkonda Hiiumaa ja Soome lahe idaranniku maaalad, mis tun-
duvalt erinevad teineteisest peaaegu kõigi meteoroloogiliste ele-
mentide poolest. Samuti pole alust eri kliima-piirkondadeks lahu-
tada Põhja- ja Lõuna-Eestit, mille vahejoon jookseb 'Peipsi lahe 
põhjarannikult sirgjooneliselt Pärnuni. 

') Dr. E. Nehls, Das Klima des Ostseegebietes, 51/52. Jahrbuch der 
Tommerschen geographischen Gesellschaft, Sitz Greifswald (1933/34). 
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Ülevaate saamiseks õhutemperatuuri olude erinevuse kohta 
Baltoskandia ja teda ümbritsevate maaalade kliima-valdkondade 
vahel on tab. nr. 1 antud aastased keskmised õhutemperatuurid 

BKoatLaeataatne 
• 

I * . * I Korgendwest mõjutatud.^ U j 

i — i I0Q0I Polaarnontuieataalne / v > 

J o o n i s n r . 4. Kliima-valdkonnad Nehls'i järg-i. 

ja kõige soojema ja kõige jahedama kuu keskmised temperatuurid 
pikaajalistest vaatlustest rea vaatlusjaamade kohta. 

Üksikute jaamade keskmiste õhutemperatuuride võrdlus näi-
tab suuremaid lahkuminekuid Eesti jaamade ja enam-vähem 
samal laiusel asuvate Lääne- kui ka Ida-Euroopa jaamade vahel. 



8 A XXXIV. N 

T a b e l n r . 1. 

Vaatluskohtade keskmised aasta, soojema ja jahedama kuu 
temperatuurid C0. 

V a a t l u s k o li a 
n i m i 

Aasta keskmine 
temperatuur C0 

Soojema kuu 
keskmine t. C0 

Jahedama kuu 
keskmine t. Cu 

Tallinn (Kadriorg) 4.(5 16.4 VII — 5.8 II 
Tartu 4.7 17.1 VlI — 6.5 II 
Vilsandi . . . . 6.0 16.3 VII - 3.2 II 
Stokholm . . . . 5.6 16.6 VII — 3.5 II 
Hammerfest . . . 1.9 11.8 VlI — 5.2 I 
Haaparanda . . . 0.3 15.0 VllI — 11.9 II 
Vard ö — 0.9 15.5 VIII — 12.0 Il 
Skudenes . . . . 7.4 14.4 Vlll 1.4 II 
Kottenhaagen . . 7.7 16.6 VllI — 0.1 II 
London 9.8 17.3 VII 3.4 1 
Aberdeen . . . . 7.8 13.7 VlI 3.2 I 
Pariis 10.3 18.6 VII 2.5 I 
Marseille . . . . 13.8 22.3 VlI 6.3 I 
Berliin 8.6 18.0 VII — 0.7 I 
Hamburg . . . . 8.3 16.9 VJI — 0.3 I 
Viin . 9.2 19.6 Vll — 1.7 I 
Zürich 8.5 18.4 VII - 1 . 4 1 
Budapest . . . . 9.9 21.3 VlI — 2.1 I 
Varssavi 7.3 18.8 VIl - 3.4 1 
Arhangelsk . . . 0.3 15.8 VII — 13.7 1 
Moskva 3.9 18.9 VII — 11.0 I 

See on põhjustatud ühelt poolt Ida-Euroopa suurema kontinentaal-
susega, teiselt poolt aga Golfi hoovuse mõjuga Lääne-Euroopa 
rannikumaadele, kus selle tõttu on ülekaalus maritiimse kliima 
tunnused. 

I Õhutemperatuuri olud Eestis. 

Õhutemperatuuri vaatluste läbitöötamisel on võetud aluseks 
Tartu Ülikooli Meteoroloogia Observatooriumi vaatlused, mis alga-
vad 1866. aastaga. Eesti territooriumil asuvate teiste vaatlus-
jaamade vaatlustest on kasutatud ainult neid, kus vaatlusi on toi-
metatud vähemalt 5 aastat. Tab. nr. 2 on antud 70-aastasele a ja-
vahemikule (1866—1935) taandatud tõelised kuu j a aasta keskmi-
sed õhutemperatuurid 27 jaamast. 

Järgnevas tabelis nr. 3 leiduvad vaatlusjaamade koordinaa-
did, kõrgus merepinnalt, aastad, millal on vaatlusi tehtud, j a lõpp-
lahtris selle jaama nimi, mille vaatluste järgi on toimunud kesk-
miste taandamine 70-aastasele ajavahemikule. Üldiselt tuleb 
tähendada, et kõigis jaamades on olnud instrumentide asetus kui 
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ka vaatluste tegemine rahuldav ja pole olnud erinevusi vaatlus-
aegade suhtes. Temperatuuri kui ka teisi meteoroloogilisi vaat-
lusi on toimetatud kolm korda päevas: kell 7, 13 ja 21 kohaliku 
a ja järgi. 

T a b e l n r . 2. 
Kuu ja aasta tõelised keskmised temperatuurid, taandatud 

70-aastasele ajavahemikule (1866—1935). 

1 II III IV V VI VII VIII IX X Xl XII 
SÕ 
m 
& 

Tallinn 1 (Lasnam.) 
Tallinn Il (sadam) 

— 5.4 - 5.8' — 3.2 2.4 8.3 13.2 16.4 15.0 11.1 5.7 0.8 — 3.8 4.6 Tallinn 1 (Lasnam.) 
Tallinn Il (sadam) — 4.8 — 5.2 — 2.5 2.9 8.8 13.7 17.0 15.811.6 6.3 1.41—3.2 5.2 
Tartu — 6.4 — 6.5 — 3.0 3.7 10.1 14.7 17.115.3|10.7 5.0 — 0.2 — 4.6 4.7 
Pärnu — 5.4 - 5 . 6 — 2.93.3 9.8 14.5 17.2 15.8!l1.6 6.3 1.0 — 3.7 5.2 
Vilsandi — 2.4 — 3.2 - 1 . 5 3 . 0 7.8 12.6 16.3 16.1 12.6 7.7 3.3 — 0.7 6.0 
Pakri — 4.5 — 5.0 — 2.7 2.1 7.1 12.1 16.0 15.3 11.7 6.5 1.7 - 3.014.8 
Sõrve — 2.6 - 3 . 4 — 1.7 2.3 7.6 13.0 16.4 10.0 12.7 8.0 3.3 — 0.3 5.9 
Narva-Jõesuu . . - 6.7 — 7.2 — 3.9 2.8 9.3 14.2 17.4 16.0 11.5 5.5 0.3 - 4.8 4.5 
Vaindlo  — 4.4 — 5.7 — 3.5 0.8 5.5 11.4 15.8:15.7 11.9 6.6 2.0 — 2.3 4.5 
Kuusiku — 5.8 - 6.4 — 3.3 3.1 9.7 14.2 16.8 15.0 10.7 5.4 0.5 — 4.2 4.6 
Vigala — 5.4 — 5.6 - 2 . 9 3 . 4 9.8 14.1 16.8 15.3 11.1 5.7 0.8 — 3.8 4.9 
Paldiski — 4.6 - 5 . 2 — 2.7 2.4 8.0 12.6 16.1! 15.1 11.4 6.3 1.6 — 3.0 4.8 
Jäneda — 6.5 — 6.9 — 4.0:2.5 8.8 13.8 16.5 14.5 10.0 4.5 - 0 . 6 — 4.3 4.0 
Olustvere . . . . — 6.3 — 6.5 — 3.4 3.1 9.4 14.1 16.6 14.7 10.3 4.8 — 0.4 — 4.4 4.3 
Tooma - 6.8 — 7.0 — 3.9 2.9 9.3 14.1 16.6 14.6 10.1 4.5 — 0.6 — 4.7 4.1 
Polli — 6.1 — 6.1 — 3.1 3.3 9.6 14.2 16.6:14.7:10.4 5.1 - 0 . 3 — 4-5 4.5 
Tiirikoja . . . . — 6.6 — 7.1 — 4.02.0 8.3 14.4 17.1 15.3 10.6 5.1 — 0.2 — 4-4 4.2 
Viljandi — 6.3 — 6.2 — 3.4 3.2 10.0 14.7 17.2 15.4 10.8 5.4 — 0.1 — 4.6 4.7 
Lüganuse . . . . — 6.5 — 6.9 — 3 4 2.3 8.3 12.8 15.614.2 10.2 4.5 — 0.6 — 4.4 3.9 
Rakvere — 6.9 — 7.2 — 3 3 2.3 7.9 12.7 15.914.2 10.1 4.7 — 1.1 — 4.9 3.7 
Suure-Jaani . . . - 6.6 - 6.9 — 3.9 2.6 8.5 13.2 15.9 14.1 10.0 4.4 — 0.9 — 4.9 3.8 
Jõgeva — 7.0 - 7.3 —4.2 2.8 9.3 14.1 16.4 14.5110.0 4.5 — 0.7 — 5.0 4.0 
Võru — 6.5 — 6.7 — 3.2 3.8 10.3 14.7 16.9 15.1 10.7 5.1 — 0.2 - 4.9 4.6 
Kunda — 6.2 — 6.5 — 3.4 2.6 8.8 13.7 16.8 15.1 10.9 5.4 0.3 — 4.2 4.4 
Haapsalu . . . . — 5.1 — 5.5 — 2.8 2.4 8.9 13.6 16.8 16.0 11.4 6.0 1.3 — 3-4 5.0 
Ristna — 3.2 — 3.9! — 2.0 2.6 8.0 13.0 16.4 15.5:11.7 6.8 2.4 — 1.8:5.5 
Tahkuna . . . . — 3.2 - 3.4; - 1 . 8 2.6 7.0 12.4 16.0 15.7 12.2 7.2 2.7 — 1.65.5 

Tõeliste keskmiste temperatuuride leidmiseks on Tartu, Tal-
linna ja Vilsandi jaama jaoks arvutatud termograafi andmete 
järgi otseselt kuude ja aasta õiendused, mis liidetuna kolmest 
tähtajalisest vaatlusest [1Z;. (t-+ tx?)-\-määratud keskmi-
sega annavad 24-tunnilise, s. 0. tõelise keskmise temperatuuri. 
Nimetatud õiendused Tartu, Tallinna ja Vilsandi kohta on antud 
tabelis nr. 4. 

Arvestades seda asjaolu, et üksikute jaamade kõrguste vahed 
ei ole suhteliselt kuigi suured, ei ole temperatuuri keskmisi taan-
datud merepinnale. Alates 1920. aastast on kõigis jaamades toi-
metatud õhutemperatuuri vaatlusi inglise onnidesse asetatud 
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psühromeetriga 2 m kõrgusel maapinnast. Eelmistel aastatel on 
olnud selle poolest lahkuminekuid. Nii mõõdeti Tartus alates 
1894. a. kuni 1925. a. õhutemperatuuri 9 m kõrgusel maapinnast 
aknast välja lükatava Assmann'i psühromeetriga. Sel viisil tek-
kinud temperatuurivahe kõrvaldamiseks on korraldatud normaal-

T a b e l n r . 3. 

Andmeid töös kasutatud meteoroloogiliste jaamade kohta. 

Laius 
'/ 

Pikkus 
/ 

Kõrgus 
mere-
pinnalt 

Vaatlus-
aastate 

arv 

Millise jaama järgi 
taandatud 70-aas-
t-asele perioodile 

Tallinn I (Lasnamägi) 59° 26' 24° 48' 45 34 Helsingi 
Tallinn Jl (sadam) . . 59° 26' 24° 46' 3 51 Tallinn 1 
Tartu 58° 23' 26" 43' 65 70 
Pärnu 58° 23' 24° 30' 10 55 Tallinn 1 
Vilsandi . . . . . . 58° 23' 21° 49' 7 48 „ 
Pakri 59° 23' 24" 02' 24 50 „ 
Sõrve 57° 55' 22° 04' 3 33 Vilsandi 
Narva-Jõesun . . . . 59° 28' 28° 02' 4 38 Tallinn 1 
Vaindlo  59° 46' 26° 19' 4 11 
Kuusiku 580 58' 240 44' 61 10 
Vigala . . . . . . . 58« 47' 240 l 4 r 32 12 
Paldiski 59° 21' 24° 04' 14 46 Tallirin Il 
Jäneda 59° 15' 25° 43' 79 14 Tartu 
Olustvere 58° 33' 25° 34' 76 14 
Tooma 58° 52' 26° 16' 83 16 
Polli 58° 08' 25° 33' 85 10 
Tiirikoja  58° 52' 26° 57' 31 12 
Viljandi 58° 22' 25° 35' 92 11 Pärnu 
Lüganuse . . . . . . 59° 22' 27° 03' 34 7 Tartu 
Rakvere 59° 21' 26° 22' 74 5 „ 
Suure-Jaani  58° 32' 25° 28' 64 8 
Jõgeva 58° 46' 26° 24' 66 12 
Võra 57° 50' 27° 01' I 76 12 

Tallinn II Kunda 59° 31' 26° 33' i 43 14 Tallinn II 
Haapsalu 58° 57' 23° 32' 3 13 

36 58° 55' 22« 12' 65 
13 
36 

Tallinn I Tahkuna 59° 06' 1 22° 35' 3 8 Tallinn I 

tingimustes paralleelvaatlusi, mille järgi leitud õiendus on võetud 
arvesse Tartu temperatuuri keskmiste arvutamisel. 

Tabel nr. 3 näitab suuri lahkuminekuid üksikute jaamade 
vaatluste kestuse vahel. Vastavalt sellele on ka lühema ajavahe-
mikuga jaamade andmete kaal suhteliselt vähem pikaajaliste vaat-
lusjaamade kaalust. Edasi tuleb märkida, et linnades asuvate 
met.-jaamade keskmised õhutemperatuurid on suhteliselt liiga kõr-
ged. See nähtus on seletatav linnaelamute takistava mõjuga õhu-
vooludele eriti maapinna läheduses, mille tagajärjel on õhutempe-
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ratuur linnalistes keskustes kõigil kuudel natuke kõrgem kui kau-
gemal ümbruses. Heaks näiteiks 011 selle poolest Tallinna Lasna-
mäe ja Tallinna Sadama jaama keskmised temperatuurid. Et 
Lasnamäe jaam asub võrdlemisi lagedal väljal, Sadama jaam aga 
sadama-piirkonnas, mis on tihedalt ümbritsetud ehitistega, on 
Sadama jaama keskmised temperatuurid kõigil kuudel 0.5—0.6" 

T a b e l 11 r. 4. 

24-tunnilistest ja 3-tunnilistest vaatlustest arvutatud1 kuu ja aasta 
keskmiste temperatuuride vahed. 

I II IIl IV V ; VI VIl j VIII IX X XI XII Aas 

Tartu 
Tallinn 
Vilsandi 

—0.09j— 0.10 —0.03—0.09 
— O . O S i — 0 . 0 8 0.01 - 0 . 1 0 

0.02 —0.09 —0.021—0.17 

-0.21 
-0 .36 
—0.19 

—0.36 —0.45!—0.22i—0.09 — 0.03:—0.03—0.06 - 0 . 1 5 
—0.49,—0.48!-0.24;—0.12!—0.12?-0.12—0.02 — OJ 8 
- 0 . 2 6 - 0 . 1 9 -0.10 !—0.05 —0.10 -0.06—0.01 - 0 . 1 0 

kõrgemad. Sellepärast on 1920 aastast alates toimetatud meteo-
roloogilisi vaatlusi ainult Lasnamäel. Linna mõju tõttu on näh-
tavasti veel Tartu, Pärnu, Haapsalu, eriti aga Viljandi keskmi-
sed õhutemperatuurid natuke kõrgemad samadel kohtadel normaal-
tingimustes mõõdetud temperatuuridest. 

Järgnevatel joonistel on antud kuude- ja aasta—isotermid C0  

täis- ja poolkraadide järgi Eesti maaala kohta. 

"^5 -5.0 

-35 

-3.0 

COj 

-5.0 - -5.5 -6.0 

-6.5" y x -TO 

J o o n i s n r . 5. Jaanuari isotermid. 
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-so 
- 6 5 

-70. 

-70 -6.5 -60 

-70 

-50 
6j0 

-70 - 6 5 

J o o n i s n r . 6. Veebruari isotermid. 

-3.5 
-2.5 

-2.0 

-30 

-1.5 
-3.5 

-2.5 -20 

-3.0 -/5( 

J o o n i s n r . 7. Märtsi isotermid. 
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J o o n i s n r . 8. Aprilli isotermid. 

J o o n i s n r . 9. Mai isotermid. 
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J o o n i s n r . 10. Juuni isotermid. 

tbS 

J o o n i s n r . 11. Juuli isotermid. 
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16.0 

«>.0 

45.5 

45.5 15.0 

/5.5 

J o o n i s n r . 12. Augusti isotermid. 

J o o n i s n r . 13. Septembri isotermid. 
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6 5 

5.5 

7 0 

5.5 6 0 

,6.5 7 0 
7 5 

60 

J o o n i s n r . 14. Oktoobri isotermid. 

- 4 o 
o 5 2 5 2 0 

0.0 

•• f0 
-05 

3 0 

2.0 2.5 
0 . 0 " " ' 3.0 

J o o n i s n r . 15. Novembri isotermid. 



A XXXIV. 8 Andmeid Eesti kliimast 17 

- 2 . 0 

-1)5 -55 

'-5.0 

-0.5 

•10 

J o o n i s n r . 16. Detsembri isotermid. 

5 0 

5.5 

60 

6 0 

J o o n i s n r . 17. Aasta isotermid. 

2 
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Võrreldes üksikute kuude isotermide jaotust on märgata tun-
duvaid temperatuurivahesid eriti saarte ja sisemaa vahel. Sügis-
ja talvekuudel on keskmised õhutemperatuurid Saaremaal ja 
Lääne-Eesti rannikul mõne kraadi võrra kõrgemad kui kaugemal 
sisemaal. Säärane vahe on põhjustatud suvekuudel Läänemerre 
kogunenud soojustagavaradest, mis sügisel ja talvel antakse alu-
mistele õhukihtidele. Keri saare juures toimunud veetempera-
tuuri vaatluste järgi tehtud arvutused näitavad, et seal iga ruut-
meeter merepinnast annab õhule sügisel 254 100 kalorit soojust, 
talvekuudel aga veel lisaks sellele 159 500 kg kalorit, s. o. sügisel 
ja talvel kokku 413 600 kg kalorit. Sellest soojushulgast jätkuks 
merepinnalt kuni 1000 m kõrguseni ulatuva õhusamba soojenda-
miseks 0° kuni 10° 172 korraks. Kevade ja suvekuudel on õhu-
temperatuur saartel natuke madalam kui sisemaal, mis seletub 
j ärgmiselt. 

Et vee erisoojus on suurem pealmiste maakihtide erisoojusest 
ning päikese kiirituse soojus levib veekogudes tunduvalt sügava-
male kui mandril, on kevadel ja suvel merepinna temperatuur 
madalam temperatuurist mandri pinnal. Selle tagajär jel on ka 
rannikul ja saartel õhutemperatuur kevade- ja suvekuudel mada-
lam kui kaugemal sisemaal. 

Õhutemperatuuri j a Läänemere veepinna temperatuuri 
vahede iseloomustamiseks on järgnevas tabelis antud veepinna 

T a b e l n r . 5, 

Kuu keskmised temperatuurid veepinnal 1923—36. 

I II III JV V VI VII VJIlI JX X XI XlI 

Tallinna madal 2.7 2.2 1.1 2.6 4.6 9.8 15.7 16.5 13.5 9.6 6.5 4.0 
<p = 59» 43', A = 24« 44' 
Hiiu madal 2 8 1.3 1.0 2.3 4.9 9.6 15.6 16.3 13.4 9.9 7.2 4.4 
<p =z= 59*» 05', = 22° 12' 

Vaindlo 1.0 0.1 - 0 . 1 1.2 5.4:11.0 16.7 16.6 13.1 8.7 5.3 3.1 
<p 59° 49', i = 26° 20' 

Keri , . . 1.4 0.4 0.2 1.9 6.0 11.2 16.2 16.6 13.5 9.1 5.6 2.8 
<p = 59° 43', K = 

O
 

O 

Osmussaar 1.0 0.3 0.3 1.6 5.4 10.6 15.8 16.0i 12.7 9.1 5.6 2.8 
<p = 59° 18', k = 23° 22' 

Vilsandi . 0.5 0.0 0.4 3.9 9.3 13.2 16,7 16.6 13.1 8.4 4.5 1.6 
,p = 58° 23', X = 21° 50' 
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kuu keskmised temperatuurid C0 Eesti hüdroloogiliste jaamade 
vaatluste järgi ajavahemiku kohta 1923—36. Tabelist näeme, et 
peale Vaindlo ja Vilsandi esineb kõigis jaamades kõrgeim kuu 
keskmine augustis, madalaim aga peale Vilsandi märtsis, s. o, 
tunduva hilinemisega võrreldes õhutemperatuuri aastase käigu 
maksimumide ja miinimumide kohalejõudmise aegadega. 

Lisaks kuu ja aasta keskmistele veetemperatuuri andmetele 
pinnalt on järgneval joonisel antud keskmised veetemperatuuri 
isopleedid Keri hüdroloogiajaamas (<f — 59° 43' r l = 25° Ol') toi -
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J o o n i s n r . 18. Temperatuuri isopleedid Keri hüdroloogiajaama 
((p = 59° 43', /. = 25" 01') vaatluste järgi 19<24—36. 

metatud vaatluste järgi (1924—36) pinnalt kuni 110 m sügavu-
seni. Joonisel veetud punktjooned kujutavad keskmisi aastasi 
kõrgemaid ja madalamaid temperatuure vastavates sügavustes. 
Keskmine aastane madalaim temperatuur langeb pinnalt kuni 
põhjani märtsikuule, kuna aga aastase kõrgeima temperatuuri 
kättejõudmise a jas on märgata ühes sügavuse suurenemisega hili-
nemist. Nii esineb 70 m sügavuses kõrgeim keskmine tempera-
tuur detsembris. Põhjakihis 80-st meetrist sügavamal on mär-

2* 
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gata aprillis ja mais temperatuuri tõusu, mis on tingitud sooja 
vee juurdevoolust Läänemerest, millega ühenduses on märgata 
ka soolsuse suurenemist eespoolnimetatud sügavuses. Kokkukõlas 
põhjavoolu raugemisega suvekuudel on märgata alates 50 m süga-
vusest lisaks märtsikuul esinevale peamiinimumile lisamiinimum-
temperatuuri, mis laseb ennast jälgida kuni põhjani. 

Kõige madalamad kuu keskmised õhutemperatuurid esinevad 
Kirde-Eestis, kus veebruarikuu keskmine on langenud alla —7 C0. 
Ka aasta isotermide kaardil näeme kõige madalamaid õhutempe-
ratuure Põhja- ja Kirde-Eestis teataval kaugusel rannikust, kus 
Soome lahe mõjust tingituna on aastane keskmine õhutemperatuur 
natuke kõrgem. 

Järgnevad tabelid (nr. 6, 7, 8, 9, 10, 11) sisaldavad andmeid 
äärmustemperatuuride kohta. Et 1900. aastani olid ainult üksi-
kud meteoroloogiajaamad varustatud maksimum- ja miinimum-
termomeetritega, on võrreldavate andmete saamiseks kasutatud 

T a b e 1 n r. 6. 

Kuu ja aasta keskmine maksimum-temperatuur 1922—35. 

I 11 
III IV j V VI VlI VIII IX X XI XII 

A
as

ta
 

Tartu . . . . — 3.5 — 4.2! 0.8 7.8 16.2 19.0 22 8 20.4 15.3 8.5 2.8 - 1.9 8.7 
Tallinn . . . — '2.6 — 3.8 0.1 5.9 13.2 16.7 21 1 19.0' 14.6 8.4 3.3 — 0.5 7.9 
Narva-Jõesuu — 3.5 — 4.4! 0.0 6.6 14.4 17.8 22 0 20.3 15.2 8.a 3.3 — 1.3 8.2 
Pärnu . . . — 2.3 — 3.0 0.8 7.2: 14.8 17.9 21 9 19.6 15.4 9.1 3.8 - 0 . 3 8.7 
Tooma . . . — 3.4 — 4.2 0.5 7.3, 15.5 18.5 22 5 20.0 15.2 8.4 3.0 — 1.5 8.5 
Vilsandi . . 0.0 - 1.6 0.7 5.2 11.0 14.6 19 1 18.3 14.7 9.7 5.5 2.1 8.3 
Olustvere . . — 3.5 - 4 . 2 | 0.2 6.91 15.3 18.0 21 9 19.5; 14.8 8.2 2.8 — 1.7 8.2 
Jäneda . . . — 3.4 — 4 3| - 0 . 1 6.3; 14.6 18.0 22 1 19.4 14.6 8.0 2.8 — 1.2 8.1 

T a b e l n r. 7. 
Kuu ja aasta keskmine miinimum-temperatuur 1922—35. 

I II III IV V VI VII v m IX X XI XII 

A
as

ta
 

Tartu . . . . — 8.5 — 9.9 — 6.2 — 0.2 6.1 9.2 12.8 11.7 7.6 3.0 - 0.9 — 6.3 1.5 
Tallinn . . . . — 7.5 — 9.3 — 6.3 — 1.0 4.6 8.612.7 11.6 8.0 3.4 — 0.6 — 4.9 1.6 
Narva-Jõesuu . - 9 . 0 — 11.2 - 8 . 0 — 1.2 5.6 9.6:13.6 12.5 8.4 3.4 — 0.9 — 5.9 1.4 
Pärnu . . . . — 7.3 — 9.1 — 6.2 — 0.4 6 .19.8 13.5 12.6 8.8 4.2 — 0.1 — 4.8 2.3 
Tooma . . . . — 9.2 — 10.7 — 7.6 — 1.4 4.6 7.8 11.4110.5 6.6 2.3 — 1.5 - 6.7 0.5 
Vilsandi . . . — 3.9 — 6.1 - 3 . 6 0.5 5.4 9.5 14.0,13.9 10.6 6.1 2.1 — 1.5 3.9 
Olustvere . . . - 8.7 - 10.1 — 6.8 — 0.8 5.1 8.6112.0:10.9 7.1 2.6 — 1.4 — 6.3 1.0 
Jäneda . . . . — 9.2 — 11.0 — 8.0 — 1.6 4.2,7.4 11.2 10.1 6.4 2.1 - 1.6 - 6 . 4 0.3 
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vaatlusi alates 1922. aastast. Tabelitesse on märgitud vaatlus-
andmed ainult neist vaatlusjaamadest, kus vaatlused on kestnud 
vähemalt 8 aastat. 

Tabelites nr. 6 ja 7 on antud vastavalt keskmised kuu ja aasta 
maksimum- ja miinimum-temperatuurid 8 met. jaama kohta. 

T a b e l n r. 8. 

Kuu ja aasta absoluutsete maksimum-temperatuuride keskmised 
1922—35. 

I j II III IV V VI VII VIII IX X XI XII W ož <; 

Tartu . . . . 2.95 2.37 7.49 16.57 26.03 25.68 28.71 26.72 21.46 15.23 9.52:3.66 29.33 
Tallinn . . . 3.06 2.415.78 14.03 23.63 23.72 26.94 24.22 19.82 13.95 8.92 4.79 27.50 
Narva-Jõesuu 2.55 2.02 6.90 15.07j25.34 24.69 27.80 26.60 20.8514.68 9.08 4.11 28.97 
Pärnu . . . . 2.94 2.755.89 15.85i23.81 24.66 27.32 25.11 20.3044.30 8.764.71 27.71 
Tooma . . . 3.02 2.547.25 15.49:24.50 24.80 28.17 25.54 20.9414.58 9.2314.18 28.27 
Vilsandi . . 4.06 2.934.55 13.02 20.57 22.62 24.29 23.03 18.71 13.45 9.3416.25 25.62 
Olustvere . . 2.77 1.796.23 15.54 24.10 24.58 27^72 24.95 20.5014.33 8.98 3.95 28.04 
Jäneda . . . 2.92 2.87 6.56 14.33:23.97 25.68 27.93 25.10 19.94jl3.72 8.92 4.37|28.21 

T a b e l n r. 9. 

Kuu ja aasta absoluutsete miinimum-temperatuuride keskmised 
1922—35. 

I II III IV V VI 

Tartu . . . . — 20.63 — 21.74 — 16.80 — 7.87 — 0.89 2.60 
Tallinn . . . . — 19.78 — 20.39 — 16.83 — 7.67 — 1.65 2.50 
Narva-Jõesuu . — 22.53 — 25.10 — 22.96 — 9.47 — 1.21 3.02 
Pärnu . . . . — 19.34 — 20.57 — 17.24 — 7.42 — 0.65 2.80 
Tooma . . . . — 21.27 — 24.06 - 20.47 — 10.26 — 2.46 0.46 
Vilsandi . . . — 12.64 — 16.83 - 11.59 — 5.15 0.42 5.14 
Olustvere . . . — 21.90 — 22.23 — 17.30 — 8.12 — 1.42 1.76 
Jäneda . . . . — 22.21 - 25.04 — 22.42 — 11.51 2.22 0.59 

Tartu . . . . 
Tallinn . . . 
Narva-Jõesuu 
Pärnu . . . 
Tooma . . . 
Vilsandi . . 
Olustvere . . 
Jäneda . . . 

VII 

8.00 
7.92 
8.54 
9.07 
6.04 

10.38 
6.63 
5.23 

VIII 

6.92 
6.88 
7.48 
7.64 
4.40 

10.58 
6.03 
3.92 

IX 

0.71 
1.58 
2.15 
2.14 
1.00 
5.51 
0.16 
1.13 

X 

-4.94 
-4.50 
- 3.71 
- 3.93 
- 7.08 

0.25 
- 6 . 2 0 
- 7.61 

XI 

— 8.56 
— 9.04 
— 8.61 
— 8.97 
— 9.90 
— 3.94 
— 10.91 
— 11.46 

XII 

— 17.29 
— 15.19 
— 17.39 
— 15.54 
— 17.28 
— 10.41 
— 17.13 
— 18.04 

Aasta 

— 24.89 
— 23.19 
— 28.39 
— 23.75 
— 26.57 
— 18.01 
— 25.51 
— 27.19 
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Tabelis nr. 6 leiduvad kuu keskmised maksimum-temperatuu-
rid on aritmeetilised keskmised vastavate kuude päevastest mak-
simum-temperatuuridest kogu vaatlusaja kestel; aastane keskmine 
maksimum on analoogiliselt aritmeetiline keskmine kõikide vaat-
lusaastate igapäevastest maksimum-temperatuuridest. 

T a b e l n r . 10. 

Kuu ja aasta absoluutne maksimum-temperatuur 1922—35. 

I II III IV V VI VlI VIII IX X XI XII Aasta 

Tartu 7.1 11.0 20.9 28.5 28.4 33.0 29.6 23.3 19.2 12.6 6.6 33.0 
Tallinn . . . . 6.2 6.9 8.7 19.4 27.9 26.2 31.0 27.5 21.8 17.9 11.9 8.0 31.0 
Narva-Jõesuu . 6.0 6.5 12.3 21.4 27.8 27.3 31.5 29.8 23.0 19.0 12.5 6.8 31.5 
Pärnu . . . 6.6 7.6 8.9 21.5 27.6 27.7 31.4 28.0 22.5 18.4 12.5 7.5 31.4 
Tooma . . . . 6.3 6.0 10.9 20.4 26.7 27.7 31.5 27.9 23.2 18.4 12.1 7.3 31.5 
Vilsandi . . . 7.0 6.3 8.8 18.0 24.9 26.8 30.8 26.8 20.9 16.9 10.7 8.1 30.8 
Olustvere . . . 5.6 6.0 10.0 20.5 26.9 27.2 30.3 28.1 22.3 18.7 12.5 6.2 30.3 
Jäneda . . . . 7.0 9.8 10.0 18.5 27.0 28.5 30.2 30.0 21.9 18.4 12.7 7.7 30.2 

T a b e l n r . 11. 

Kuu ja aasta absoluutne miinimum-temperatuur 1922—35. 

I II III IV V Vl VII VllI IX X XI XII Aasta 

Tartu . . . - 26.8 — 30.0 — 23.7 14.4 - 5 . 8 — 0.1 5.6 4.1 — 4.0 - 9.9 — 16 9 — 22.4 — 30.0 
Tallinn . . . — 27.3j — 28.1 — 23.6 11.5 — 5.6 — 0.1 6.2 4.0 — 2.1 — 11.6 — 17.6 — 22 !3 — 28.1 
Narva-Jõesuu — 32.0; — 37.4 — 30.3 14.0 — 3.4 0.2 6.9 3.7 — 2.6 — 7.5 — 20.3 — 24.5 — 37.4 
Pärnu . . . — 26.2' — 29.3 — 25.4 12.0 — 2.1 - 0.1 7.3 4.8 — 1.6 — 10.8 — 17.2 — 20.5 — 29.3 
Tooma . . . — 29.9 — 33.0 — 26.9 14.7 — 6.2 — 1.1 4.1 0.4 — 4.6 — 14.2 — 19.3 — 21.7 - 33.0 
Vilsandi . . — 19.8! — 28.1 - 20.6 8.1 — 3.1 3.5 7.8 8.7 1.6 — 2.5 — 9.2 — 13.6 — 28.1 
Olustvere . . — 28.9 — 29.5 — 26.3 12.7 — 5.5 - 0 . 1 2.8 4.2 — 5.2 ] 2.2 — 19.3 — 24.6 — 29.5 
Jäneda . . . — 33.0, — 33.3 — 28.5 18.9 - 5 . 5 - 2.0 2.0 1.1 — 5.1 — 17.9 — 21.8 — 28.0 — 33.3 

T a b e l n r . 12. 

Suvepäevade keskmised arvud (temp. maks. > 25°) 1922—35. 

I II IIl IV Y VI VII VIII IX X XI XII Aasta 

Tartu 1.9 3.1 8.7 3.6 0.2 17.5 
Tallinn — — — — 0.5 0.8 3.9 1.6 0.1 .— — — 6.9 
Narva-Jõesuu . . — — — — 1.6 1.6 6.4 3.3 0.4 — — — 13.3 
Pärnu — — — — 1.1 2.2 7.1 1.8 0.2 — — — 12.4 
Tooma — — — 1.6 2.1 7.9 2.8 0.1 — — — 14.5 
Vilsandi . . . . — — — 0.1 0.5 1.4 0.6 — — — 2.6 
Olustvere . . . . — — — — 1.4 2.3 7.1 2.3 0.1 — — 13.2 
Jäneda — 1.3 2.0 7.2 2.0 0.1 — — 12.6 



A XXXIV. Andmeid Eesti kliimast 23 

Samal viisil on arvutatud kuu ja aasta keskmised miinimum-
temperatuurid, mis on antud tabelis nr. 7. 

Järgnevates tabelites nr. 8 ja 9 on esitatud kuu ja aasta abso-
luutsete maksimum- ja miinimum-temperatuuride keskmised. 

Teatava kuu absoluutsete maksimumide keskmine on aritmee-
tiline keskmine vastavate kuude absoluutsetest maksimum-tempe-
ratuuridest kogu vaatlusperioodil. Aasta absoluutsete maksimu-
mide keskmine on aritmeetiline keskmine igal aastal esinenud 
kõige kõrgemast temperatuurist kogu vaatlusaja vältel. Analoo-
giliselt on moodustatud kuu j a aasta absoluutsete miinimumide 
keskmised temperatuurid (tabel nr. 9). 

Edasi järgnevad tabelid (nr. 10, 11) 14 aasta vältel esinenud 
kõrgeimate j a madalaimate temperatuuridega. 

Võrreldes üksikute jaamade äärmustemperatuure ja nende 
keskmisi on märgata teatavat erinevust eriti saarte ja ranniku- • 
jaamade j a sisemaa jaamade vahel. Sisemaa jaamades on kesk-

T a b e l n r . 13. 

Külmapäevade keskmised arvud (temp. miin. < 0°) 1922—35. 

II lil IV V VI VII VIII IX X XI XII Aasta 

Tartu 7.7 26.5 
' 

26.3 14.9 2.1 0.1 _ i 
0.4i 7.4 16.0 26.4 147.8 

Tallinn 17. ] 26.4 28.3 17.8 2.2 0.1 — — 0.3 6.0 14.1 24.7 147.3 
Narva-Jõesuu . . 28.1 27.1 28.7117.1 2.2 — — — 0.1 6.9 15.2 26.6 152.0 
Pärnu 27.4 26.1 27.7 15.5 1.8 0.1 — — 0.1 5.4 12.6 24.7 141.4 
Tooma . . . 28.8 26.9 28.8 19.2 4.5 0.6 — .— 1.4 9.6 18.1 27.1 165.0 
Vilsandi . . . . 21.6 24.1125.6 12.1 0.5 — — — — 1.9 7.6 18.0 111.4 
Olustvere . . . . 28.5 26.8 28.4 18.4 3.7 0.4 — — 0.6 8.6 17.1 26.8 159.3 
Jäneda 29.0 27.1|29.1 20.4 4.4 0.9 — — 1.7 9.6 17.9 26.6 166.7 

T a b e l n r . 14. 
Pakaspäevade keskmised arvud (temp. maks. < 0°) 1922—35. 

I Il III IV V VI VII VIII IX X XI XII Aasta 

Tartu 19.9 20.9 12.6 1.0 0.5 7.3 17.6 79.8 
Tallinn 18.0 20.6 13.6 1.9 — — — . — — 0.6 5.6 14.3 74.6 
Narva-Jõesuu . . 19.2 21.1 13.7 1.6! — — — — — 0.7 6.1 16.3 78.7 
Pärnu 17.9 19.0 11.1 0.81 — — — — — 0.2 4.9 13.6 67.5 
Tooma 19.1 20.4 12.9 0.8: — — — — — 0.5 6.5 17.2 77.4 
Vilsandi . . . . 12.3 14.9 10-2 1.3 — — — — — — 2.3 8.0 49.0 
Olustvere . . . . 19 6 21.1 13.6 1.41, — — — — — 0.4 7.0 18.3 81.4 
Jäneda 20.3 20.8 14.6 2.3 — — — — — 1.2 6.8 18.4 84.4 
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miste äärmustemperatuuride vahel kõigil kuudel suuremad vahed 
kui rannikul ja saartel, mida põhjustab Läänemere pehmendav 
mõju kliimale. Eespool-mainitud erinevus esineb eriti tugevalt 
äärmustemperatuuri puhul (tabel nr. 10 j a 11). Suurim õhutem-
peratuuri abs. kõikumine on Narva-Jõesuus, kus talvine abso-
luutne miinimum on —37.4°, suvine abs. maksimum aga +31.5° 
ajavahemikus 1922—35. 

Peale eelmiste tabelite iseloomustavad temperatuuriolusid 
Eesti maa-alal tabelid nr. 12, 13 ja 14, kus vastavalt on antud suve-
päevade (päevane temp. maksimum > 25°), külmapäevade (päe-
vane temp. miin. < 0 ° ) ja pakaspäevade (päeva temp. maks. 
< 0 ° ) keskmised arvud. 

T a b e l n r . 15. 

Igatunnilised keskmised õhutemperatuurid Tartus 1926—35. 

]h 2h 3h 4 h 5 h 6h 7h 815 ! 9h IOh l i u 12li 

Jaanuar . - 6 . 2 — 6.2 — 6.3 — 6.4 — 6.4 — 6.5 — 6.6 — 6.6 — 6.6 — 6.4 — 6.1 — 5.8 
Veebruar . — 7.6 — 7.7 — 7.8 — 7.9 — 7.9 — 8.1 — 8.2 — 8.1 - 7.9 — 7.5 — 6.8 — 6.3 
Märts . . — 3.7 — 4.0 — 4.1 — 4.3 — 4.5 — 4.6 — 4.8 — 4.4 — 3.7 — 2.9 — 1.9 — 1.0 
Aprill . . 1.7 1.5 1.3 1.1 1.0 1.0 1.5 2.2 3.2 4.2 5.2 6.0 
Mai . . . 8.2 7.8 7.5 7.3 7.4 8.0 9.0 10.0 11.1 12.2 13.2 13.9 
Juuni . . 11.0 10.6 10.2 10.2 10.5 11.3 12.5 13.4 14.3 15.4 16.4 17.2 
Juuli . . . 14.6 14.3 14.0 13.8 14.0 14.7 15.9 16.8 17.8 19.0 20.1 20.8 
August . . 13.6 13.3 13.1 13.0 12.9 13.2 14.0 14.9 15.8 16.8 18.0 18.8 
September 9.3 9.1 9.0 8 . 8 8.7 8.7 9.0 9.7 10.6 11.6 12.6 13.4 
Oktoober . 5.0 4.9 4.8 4.8 4.7 4.7 4.6 4.8 5.3 5.9 6.6 7.2 
November 1.0 1.0 0.9 0.9 0.9 0.9 0.8 0.8 1.0 1.2 1.5 1.8 
Detsember - 4 . 0 — 4.1 — 4.1 — 4.1 — 4.2 — 4.2 — 4.3 — 4.3 — 4.2 — 4.1 — 4.0 - 3 . 7 
Aasta . . 3.6 3.4 3.3 3.2 3.2 3.3 3.7 4.2 4.8 5.5 6.5 6.9 

13h 14*1 15ii 16h 17h 18h 19h 20h 21h 22h 23h 24h 

Jaanuar . — 5.4 — 5.3 — 5.3 — 5.5 — 5.7 — 5.8 — 5.9 — 6.0 — 6.0 — 6.1 — 6.1 — 6.1 
Veebruar . — 5.7 — 5.5 - 5 . 5 — 5.6 — 6.0 — 6.3 — 6.6 — 6.8 — 7.0 — 7.2 — 7.3 — 7.5 
Märts . . . — 0.2 0.0 0.1 0.0 — 0.4 — 1.0 - 1.6 — 2.1 — 2.6 — 2.8 — 3.1 — 3.3 
Aprill . . 6.7 6.9 7.0 6.9 6.6 6.1 5.2 4.3 3.4 2.9 2.5 2.2 
Mai . . . 14.6 14.8 14.8 14.6 14.3 13.8 13.0 11.9 10.5 9.8 9.0 8.7 
Juuni . . . 17.7 17.9 18.0 17.8 17.6 17.1 16.5 15.4 13.8 12.9 12.1 11.5 
Juuli . . . 21.3 21.5 21.4 21.2 21.0 20.5 19.7 18.6 17.1 16.3 15.6 15.1 
August . . 19.4 19.5 19.3 19.2 18.9 18.4 17.4 16.3 15.0 14.5 14.1 13.8 
September 14.0 14.0 14.0 13.8 13.4 12.6 11.7 11.0 10.3 9.9 9.7 9.4 
Oktoober . 7.7 7.7 7.6 7.3 6.9 6.4 6.0 5.7 5.4 5.2 5.1 5.0 
November 2.1 2.1 2.0 1.8 1.6 1.4 1.3 1.2 1.1 1.0 0.9 0.9 
Detsember — 3.5 — 3.4 — 3.5 — 3.6 — 3.7 — 3.8 — 3.9 — 4.0 — 4.0 — 4.1 — 4.2 — 4.2 
Aasta . . 7.5 7.6 7.6 7.4 7.1 6.7 6.1 5.5 4.8 4.4 4.1 3.8 
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Ka nendes tabelites nähtuvad vahed saarte- ja lääneranniku 
jaamade ja kaugemate sisemaa jaamade vahel on tingitud mere 
mõjust. Külma- ja pakaspäevade keskmine arv on Vilsandis, 
!Pärnus j a Tallinnas tunduvalt vähem kui Toomal, Jänedal jne. 
Samal ajal on aga suvepäevade keskmine arv Vilsandis, Pärnus 
ja Tallinnas vähem võrreldes idapoolsete jaamadega; nii näiteks 
on Vilsandis aastas keskmiselt ainult 3 suvepäeva, kuna Tartus 
on nende keskmine arv üle viie korra suurem. 

Õhutemperatuuri ööpäevase käigu iseloomustamiseks on kasu-
tatud ainult Tartu Observatooriumi vaatlusi, kuna ainult Tartus 

3 

6 

9 

20 20 

21 

ZH 

i n i i i i i i i i x t i 

J o o n i s n r . 19. Tartu temperatuuri isopleedid 1926—35. 

on õhutemperatuuri isemärkija andmed iga tunni kohta läbi töö-
tatud. Eelmises tabelis (nr. 15) on antud 10 a. keskmised 
(1926.—35. a.) õhutemperatuurid kuude järgi iga tunni kohta; 
tabeli lõppreas leiduvad igatunnilised aastased keskmised õhutem-
peratuurid. 

Selgema ülevaate saamiseks on joonisel (nr. 19) termoiso-
pleetidega kujundatud õhutemperatuuri ööpäevane käik Tartus. 
Joonise püstteljeks on kellaaeg ja rõhtteljeks kuud. Kaks katkend-
tatud. Järgnevas tabelis (nr. 15) on antud 10 a. keskmised 
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kõverat väljendavad vastavalt õhutemperatuuri ööpäevast maksi-
mumi ja miinimumi. 

Õhutemperatuuri aastase käigu iseloomustamiseks on tuleta-
tud harmoonilise analüüsi abil kõigi jaamade kohta 70-aastastest 
kuu keskmistest temperatuuridest võrrandid kolme lähendusliik-
mega 
t tm — A 1 sin(a 1 —(— x) —)— A2 sin(tt-2 "j- 2x) — A 3 sin (0¾ —1- 3x), 
mille amplituudid ja faasid on antud järgnevas tabelis (nr. 16). 

T a b e l n r. 16. 
Aastase õhutemperatuuri käigu siinusliikmete amplituudid ja 

faasid. 

tm A « 1 a2 ^3 °3 

Tallinn . . . . 4.56 11.03 245° 20' 0.65 76° 13' 0.09 1370 02' 
Tartu 4.65 11.87 250° 33' 0.68 109° 49' 0.20 1070 48' 
Pärnu . . . . 5.19 11.52 247° 07' 0.71 98° 59' 0.12 720 52' 
Vilsandi . . . 5.96 9.74 239° 03' 0.76 490 15' 0.22 1350 5 3 ' 

Pakri 4.77 10.45 2410 19' 0.65 420 20' 0.18 1710 45' 
Sõrve . . . . 5.93 9.86 238° 00' 0.87 590 49' 0.08 1830 3 5 ' 

Narva-Jõesuu . 4.56 12.19 247° 00' 0.69 9 7 0 47' 0.29 1270 40' 
Vaindlo . . . 4.49 10.54 2360 33' 0.95 430 56' 0.38 1690 40' 
Kuusiku . . . 4.57 11.44 248° 43' 0.88 1020 39' 0.17 1030 23' 
Vigala . . . . 4.94 11.31 248° 10' 0.66 1020 17' 0.17 79° 46' 
Paldiski . . . 4.83 10 55 243° 14' 0.59 670 20' 0.14 1540 4 5 ' 

Jäneda . . . . 4.02 11 53 248° 44' 0.94 970 15' 0.21 1170 oo' 
Olustvere . . . 4.36 11.64 249° 38' 0.68 1060 43' 0.15 90° 00' 
Tooma . . . . 4.04 11.76 249° 46' 0.84 1060 42' 0.21 111° 33' 
Polli 4.54 11.55 250° 14' 0.61 109° 5y' 0.13 350 10' 
Tiirikoja . . . 4.21 11.93 246° 56' 0.99 87° 58' 0.10 191° 45' 
Viljandi . . . 4.80 11.90 250° 01' 0.75 99° 48' 0.09 84° 56' 
Lüganiise . . . 3.89 11.14 248° 23' 0.47 96° 16' 0.36 1240 16' 
Rakvere . . . 3.70 11.37 248° 14' 0.44 76° 23' 0.25 150° 44' 
Suure-Jaani 3.80 11.39 249° 05' 0.66 96° 00' 0.24 100° 41' 
Jõgeva . . . . 3.95 11.86 249° 37' 0.86 Ilio 14' 0.21 98° 36' 
Võru 4.60 11.92 250° 42' 0.64 122° 23' 0.20 82° 43' 
Kunda . . . . 4.44 11.54 247° 06' 0.66 95° 00' 0.17 149° 19' 
Haapsalu . . . 4.96 11.09 244° 55' 0.75 7 4 0 3 7 ' 0.13 137° 12' 
Ristna . . . . 5.47 10.05 242° 02' 0.85 610 56' 0.12 171° 23' 
Tahkuna . . . 5.48 9.85 239° 42' 0.83 38° 29' 0.17 188° 29' 

Tabelis on märgitud jaama nimele järgnevatesse lahtritesse vas-
tavalt keskmine aastane õhutemperatuur (t.„) ja selle järgi kolme 
siinusliikme amplituudid ja faasid (Aa, Ci1; A2, a2; A3, a3). 

Võrrandite järgi on määratud tähtsamad ajamomendid õhu-
temperatuuri aastases käigus, s. o. kuupäevad keskmise kõrgeima 
ja madalaima temperatuuriga ja kuupäevad, millal keskmine õhu-
temperatuur on võrdne 0°, 5° ja IO0 jne. 
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Järgnevail jooniseil on kõveratega kujutatud —5°, 0°, 5°, IO0  

j a 15° isotermide nihkumine kevadel ja sügisel Eesti territooriumil. 
Joonistel leiduvad kuupäevad näitavad, millal vastav isoterm asus 
kõverjoonega märgitud kohal. Isotermide levimis joonised näita-
vad veekogude suurt mõju õhutemperatuuri jaotusele, kusjuures 
Viru- ja Tartumaal on selgelt märgata õhutemperatuuri sõltuvust 
Peipsi järvest. 

2 OJJ 

M III 

- 2<UI. 

J j5° isotermi nihkumine kevadel. 20. 

3 IV 

28. 5 IV 

I M V 

JOJ 

5 o.ilr' 

J o o n i s n r . 21. 0° isotermi nihkumine kevadel. 
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5. V 

3-V 
28.IV 

28.11 

28 IV 

3.V 
22.IV 

J o o n i s n r . 22. 5° isotermi nihkumine kevadel. 

5 . VI 
•*. Vl 

28.V 

10.V 

,ao.v 

28.V 

J o o n i s n r . 23. IO0 isotermi nihkumine kevadel. 
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Tolii 

ao.) 

b.VII 

20.Vl 

28VI 20.VI 

2.VII 

1/ 

J o o n i s n r . 24. 15° isotermi nihkumine suvel. 

20.VIII. nbmw -i2.vm 8. V/II. 8. VIII 

28. VIII 

•— 20VIII." 

J o o n i s n r . 2'5. 15° isotermi nihkumine sügisel. 



3<0 K. KIRDE A XXXIV. 8 

28 .IX 

IO-IXy 

2 0 IX <6 IX 
2 X 

2 8 I X 

J o o n i s n r . 26. IOl0 isotermi nihkumine sügisel. 

2 8 X 

2 Xl 

2.XI 

J o o n i s n r. 27. 5° isotermi nihkumine sügisel. 
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3 O X I 

4 XII 

12 XII 

2 6 X 1 

3 0 X 1 

f . X H 

J o o n i s n r . 28. O0 isotermi nihkumine sügisel. 

22.XII. 

.22 XII 

J o o n i s n r . 29. —5° isotermi nihkumine talvel. 
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TTiiT 

2 8 VII 

2 6 v i i 

SbVll 

A-V III 28 VII 

50 VII 

J o o n i s n r . 30. Aastase kõrgeima temperatuuri kohalejõudmise ajad. 

511 5.11 3.11 
311 

3H 

[30.1 

30.1 

281 

J o o n i s n r . 31. Aastase madalaima temperatuuri kohalejõudmise ajad. 
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Samal viisil on kõveratega kujutatud kuupäevad, millal Eesti 
pindalal esinevad keskmised kõrgeimad ja madalaimad ööpäevased 
temperatuurid. Mõlemate nimetatud kuupäevade kohalejõudmise 
a ja suhtes on märgata tugevat sõltuvust Läänemere ja Soome lahe 
veekogudest, mille tagajär jel nii keskmise madalaima kui ka kõr-
geima ööpäevase temperatuuriga kuupäevad hilinevad saartel ja 
rannikul võrreldes sisemaaga 10—15 päeva. 

Lisaks eelmistele joonistele aastase kõrgeima ja madalaima 
temperatuuri kohalejõudmise aegade kohta on järgmisel joonisel 
(nr. 32) kõveratega kujutatud aastase õhutemperatuuri ampli-
tuudi jaotust Eestis. Joonisest näeme, et suurim aastane ampli-

J o o n i s n r . 32. Aastase õhutemperatuuri amplituudi jaotus Eestis. 

tuud 24° esineb Kirde-Eestis Soome lahe ja Peipsi järve vahelisel 
maa-alal, millest lääne poole minnes aastane amplituud pidevalt 
väheneb, moodustades miinimumi 20° Saaremaa ja Hiiumaa lääne-
rannikul. 

Nagu alguses tähendatud, on ainult Tartu Ülikooli Meteoro-
loogia Observatooriumis toimetatud meteoroloogilisi vaatlusi pide-
valt, alates 1866. aastast. Õhutemperatuuri vaatlustest väärivad 
erilist huvi andmed ööpäevastest äärmustemperatuuridest, mis 
pikema vaatlusaja tõttu tunduvalt erinevad eelmistes tabelites 

3 



T a b e l n r. 17. 

Õhutemperatuuri andmeid Tartus 1866—1935. 

I II III IV Y VI VII VIII IX X XI XII Aasta 

Kuu ja aasta keskmiste 
keskmine — 6.4 — 6.5 — 3.0 3.7 10.1 14.7 17.1 15.3 10.7 5.0 — 0.2 — 4.6 4.7 

Kuu ja aasta keskmiste 
muutuvus 2.7 2.6 2.0 1.7 1.8 1.3 1.2 1.1 1.1 1.6 2.0 2.3 0.8 

Kuu ja aasta keskmiste 
keskmine viga . . . 0.4 0.4 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.1 

Maksimaalne kuu ja aasta 
keskmine 0.3 0.2 2.4 8.6 15.3 18.6 21.0 19.4 14.6 8.9 4.5 1.2 6.2 

Minimaalne kuu ja aasta 
keskmine — 14.6 — 17.5 — 10.7 — 0.5 3.8 10.7 14.1 12.5 7.4 — 0.2 — 5.5 — 14.3 2.4 

Kuu ja aasta keskmine 
maksimum . . . . — 4.1 — 3.8 0.4 8.1 15.3 20.0 22.3 20.1 15.0 8.1 1.8 — 2.6 8.4 

Kuu ja aasta keskmine 
miinimum — 9.0 — 9.6 - 6.5 — 0.1 5.2 9.6 12.3 11.0 6.9 2.3 — 2.3 — 7.1 1.1 

Kuu ja aasta absoluutse 
maksimumi keskmine 2.8 2.9 7.7 17.6 25.4 28.0 28.9 27.5 22.2 15.3 8.2 3.7 30.6 

Kuu ja aasta absoluutse 
miinimumi keskmine — 21.8 — 20.9 - 16.7 — 6.8 — 1.3 3.3 7.3 5.6 0.7 - 4.6 - 1 1 . 2 — 18.7 — 25.1 

Kuu ja aasta äärmine 
maksimum 6.6 7.6 17.3 25.0 31.4 34.0 34.5 35.2 27.8 21.1 12.6 8.6 35.2 

Kuu ;(a aasta aarminc 
miinimum — 36.1 — 33.0 — 27.3 — 17.5 — 5.8 — 1.5 3.9 1.4 - 4.0 — 12.4 — 22.1 — 34.2 — 36.1 

Kuu ja aasta absoluutne 
kõikuvus 42.7 40.6 44.6 42.5 37.2 35.5 38-4 36.6 31.8 33.5 34.7 42.8 71.3 

Päevade arv miin. <; O0 28.9 27.0 27.5 15.5 3.5 0.1 — — 1.0 9.2 19.2 27.6 159.5 
„ maks. < O0 21.3 19.8 12.8 1.1 0.0 — — — — 1.3 9.6 19.0 84.9 
„ maks. > 25° — — — 1.9 5.1 8.0 3.8 0.2 — — — 19.0 
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esitatud 10 a. vaatluskokkuvõtteist. Ülevaate saamiseks on tabe-
lis nr. 17 esitatud mõningaid üksikasju õhutemperatuuri vaat-
lustest Tartus 1866—1935. 

Tähelepanu väärivad read (2) ja (3), kus vastavalt on antud 
kuu ja aasta keskmiste temperatuuride muutuvus ja kuu ja aasta 
keskmiste temperatuuride viga. 

Kuu keskmiste temperatuuride muutuvuse leidmiseks on arvu -
tatud iga 'üksiku kuu kõrvalekalded vastavast kuu keskmisest tem-
peratuurist. Nende kõrvalekallete absoluutväärtuste keskmine 
ongi vastava kuu keskmise temperatuuri muutuvus. Tabelist 
näeme, et suurem muutuvus langeb külmale aastapoolele, väiksem 
aga soojale. 

Järgnevas reas on antud kuu ja aasta keskmiste temperatuu-
ride keskmine viga: 

/ = 
J Vn (n — l) 

kus e tähendab üksikut kõrvalkallet 70 a. keskmisest, n aga vaat-
lusaastate arvu, käesoleval juhul 70. Kooskõlas temperatuuri muu-
tuvusega on keskmine viga suvekuudel tunduvalt vähem kui talve-
kuudel. 

Viimases tabelis esitatud äärmustemperatuuride ja päevade 
arvude erinevus eelmiste tabelite andmetest on tingitud vaatlus-
aastate suuremast arvust. 

Tartu Observatooriumi 70 a. keskmise aastase temperatuuri 
järgi on arvutatud iga-aastased kõrvalekalded, mille sagedusjaotus 
on kujutatud järgneval joonisel nr. 33. Tegelik kõrvalekallete 
sagedus, mis on väljendatud protsentides, on märgitud joonisele 
treppjoonega, kusjuures klassimahuks on võetud 1°. Kõrvale-
kalletest on tuletatud vastav hajumismõõt: 

a = 0,96«, 
mille järgi on leitud Gauss'i valem: 

— 0.54 X2 

y = 0.43 e 

Võrrandit kujutav kõver on joonisel antud pideva joonega. 
Peale keskmiste ja äärmustemperatuuride iseloomustab õhu-

temperatuuri kõikuvus teatud maakoha temperatuuri olusid. Seda 
nähtust selgitavad allpool-toodud tabelid ja joonised temperatuu-
ride sagedusjaotustega. Õhutemperatuuride esinemise sageduste 
määramiseks on kasutatud ainult Tartu, Tallinna, Vilsandi, Pärnu 

3* 



K. KIRDE A XXXIV. 

j a Narva-Jõesuu jaama vaatlusi a javahemikus 1923—37. Loenda-
tud jaamade kolmest igapäevasest tähtajal isest vaatlusest (7h, 13\ 
21h) on leitud iga kuu kohta, mitu korda on esinenud mingi tem-
peratuur, kus juures klassi laiuseks on võetud täiskraadid 0,6 kuni 
järgneva 0,5 kraadini. Nii näiteks kuuluvad 5° temperatuuri k las : 

si temperatuurid: 4.6°, 4,7° jne. kuni 5,5°, O0 temperatuuri k lass i : 
—0.4°, —0.3° jne. kuni 0.5°. 

50-

30-

?o-

-Z -\ 0 -I Z ftt" 

J o o n i s n r . 33. Keskmiste aastaste temperatuuride kõrvalekallete 
sagedusjaotus Tartus 1806—193'5. 

Tabelites nr. 18, 19 j a 20 on järgemööda antud: täiskraa-
didesse ümmardatult kuu keskmised temperatuurid ( t 0 ) lühes vas-
tavate esinemissageduste protsentidega (v7°) vaatluste koguarvust 
(tabel nr. 18), tabelis nr. 19 mooditemperatuurid (tmo»d). ühes 
sagedusprotsentidega (pc/c) j a tabelis nr. 20 analoogiliselt medi-
aani-temperatuurid (tmBd) koos sagedusprotsentidega (p%). 
Nagu teada, nimetatakse moodiväärtuseks säärast väärtust, millel 
on suurim esinemissagedus, mediaanväärtuseks aga säärast, mil-
lest suuremaid j a väiksemaid väärtusi on teatud kuul ühepalju. 
Nii on näiteks iga kuu mediaanist madalamate temperatuuride 
koguarv vaadeldavas a javahemikus (antud juhul 15 aastat) võrdne 
temast kõrgemate temperatuuride arvuga. 
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Täienduseks tabelitele (nr. 18, 19 j a 20) on joonistel nr. 34— 
38 esitatud temperatuuride sagedused isopleetidega, kusjuures 
abstsissiks on kuud, ordinaadiks aga temperatuurid. Isopleedid 
on joonistatud temperatuuride kohta, mille esinemise protsent 
vaatluste üldarvust on 0.1%, 1%, 5%, 10% j a 15%. Lisaks iso-
pleetidele on joonistel jämeda pideva joonega märgitud kuu kesk-
mine temperatuur, katkendjoonega aga mooditemperatuur. 

T a b e l n r . 18. 

Kuu keskmised temperatuurid (t0) ühes vastavate esinemissage-
dustega protsentides (p%) vaatluste koguarvust 1923—37. 

I II Ill IV V VI VII VIII IX X XI XlI 

Tartu . . . to — 6 — 7 — 3 4 10 15 17 15 11 5 0 — 5 
P 

0Z Zo 4.2 4.7 6.0 8.2 6.9 7.6 10.8 11.0 10.7 7.5 10.3 5.8 

Tallinn . . . to — 5 — 5 — 3 3 9 14 17 16 12 6 1 — 3 
P 

0Z Zo 4.3 5.6 5.9 9.9 8.7 8.8 11.8 12.6 12.2 10.2 9.8 4.8 
Vilsandi . . to — 2 — 3 — 2 3 8 13 16 16 13 8 3 — 1 

P 
0Z /0 5.7 5.3 7.7 12.8 10.4 10.4 16.3 16.5 18.4 12.3 8.5 5.7 

Pärnu . . . to — 5 — 6 — 3 3 10 15 17 16 12 6 1 — 4 
P 

0Z Zo 4.4 4.2 5.0 9.8 7.9 8.4 13.4 12.9 14.0 7.6 8.8 5.4 
Narva-Jõesuu to — 7 — 7 — 4 3 9 14 17 16 11 6 0 — 5 

P 
0Z Zo 4.7 5.0 5.9 10 2 8.5 O

O
 

C
O

 12.5 12.8 12.7 8.5 10.1 5.6 

T a b e l n r . 19. 

Kuu mooditemperatuurid ( t m 0 n d ) ühes vastavate esinemissage-
dustega protsentides (p°/o) vaatluste koguarvust 1923—37. 

I II III IV V VI VII VIII IX X XI XII 

Tartu . . . . t mood 
P % 

1 
11.4 

1 
6.4 

1 
13.3 

1 
10.9 

8 
8.5 

13 
9.3 

16 
11.1 

15 
11.0 

11 
10.7 

8 
9.2 

1 
10.6 

0 
10.0 

Tallinn . . . t mood 
P% 

1 
10.5 

0 
7.2 

0 
13.1 

0 
12.3 

7 
10.8 

13 
11.0 

16 
12.9 

15 
14.4 

11 
13.7 

8 
10.6 

1 
10.0 

0 
10.0 

Vilsandi . . t mood 
P % 

2 
13.5 

0 
14.5 

0 
19.4 

2 
15.0 

7 
12.7 

12 
12.1 

16 
16.3 

16 
16.5 

13 
18.4 

10 
14.6 

6 
13.3 

2 
11.4 

Pärnu . . . t mood 
P % 

1 
13.8 

0 
8.7 

0 
14.8 

1 
10.9 

8 
9.8 

13 
10.2 

17 
13.4 

15 
14.1 

12 
14.0 

9 
10.8 

6 
11.3 

1 
11.0 

Narva-Jõesuu t mood 
P % 

1 
11.1 

— 6 
6.5 

1 
10.9 

1 
12.2 

8 
9.6 

11 
9.8 

17 
12.5 

16 
12.8 

11 
12.7 

8 
10.9 

2 
11.1 

0 
10.3 



3i8 K. KIRDE A XXXIV. 8 

T a b e l n r . 2 0 . 

Kuu mediaanitemperatuurid (tmed) ühes vastavate esinemis-
sagedustega protsentides ( p ° / c ) vaatluste koguarvust 1923—37. 

I 11 111 IV V VI VII VIII IX X XI XII 

Tartu . . . . t med — 4 — ö' — 1 4 12 15 18 16 11 6 2 — 2 
P % 4.7 5.6 6.2 8.2 6.4 7.6 10.0 11.0 10.7 8.1 8.3 7.0 

Tallinn . . . t med 2 — 5 — 1 2 8 13 17 15 11 7 2 — 1 
P % 5.7 5.6 8.5 10.9 8.9 11.0 11.8 14.4 13.7 9 . 3 9.9 8.2 

Vilsandi . . t med 0 2 0 2 7 12 16 16 12 9 5 2 
P % 10.0 7.3 19.4 15.0 12.7 12.1 16.3 16.5 15.8 13.0 10.1 11.4 

Pärnu . . . t med 2 — 4! — 1 3 10 14 17 16 12 7 3 — 1 
P % (3.3 7.7 8.2 9.8 7.9 9.7 13.4 12.9 14.0 10.1 7.5 8.6 

Narva-Jõesuu t med - 4 — 6 2 2 9 13 13 15 12 7 2 — 2 
P % 6.0 6.5 7.2 10.5 8.5 9.3 12.5 12.5 11.9 10.8 11.1 6.9 

-10 

- 3 0 

J o o n i s n r . 34. Õhutemperatuuride sageduste isopleedid protsentides vaat-
luste koguarvust Tartus 1923—37. 
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I l ^ 

=s>_. 

/ / — aritm. KesKmine v, 
A / —..— mood X v 

I ] I H U I H M M I I X X I X I I 

J o o n i s n r . 35'. Õhutemperatuuride sageduste isopleedid protsentides vaat-
luste koguarvust Tallinnas 1923—37. 

CM 

-40 — aritm. KesKmine 
— mood 

-20 

-30 

J o o n i s n r . 3'6. Õhutemperatuuride sageduste isopleedid protsentides vaat-
luste koguarvust Vilsandis 1923—37. 



40 K. KIRDE A XXXIV. 

-40 ar i tm. KesKmine 
— — m o o d 

-20 

0.1 

-30 

J o o n i s n r . 37. Õhutemperatuuride sageduste isopleedid protsentides vaat-
luste koguarvust Pärnus 1923—37. 

0.1 

-20 — aritm. KesKmine 
—. — mood 

-30 

J o o n i s n r . 38. Õhutemperatuuride sageduste isopleedid protsentides vaat-
luste koguarvust Narva-Jõesuus 1923—37. 
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Võrreldes üksikute jaamade kuu keskmisi temperatuure sa-
made kuude mooditemperatuuridega, näeme, et alates detsembrist 
kuni märtsini on viimased tunduvalt kõrgemad esimestest, s. o. 
kuu keskmistest temperatuuridest. Vastupidine vahekord esineb 
aprillis, mais, juunis j a osaliselt ka juulis, kus kuu keskmised 
temperatuurid on kõrgemad mooditemperatuuridest. See näh-
tus on tingitud sellest, et talvekuudel meile levivatest õhumassi-
dest esineb üksikuid väga madalate temperatuuridega, kuna suve-
kuudel on see vastupidi, s. t. !üksikute soojade õhumasside tem-
peratuur on suhteliselt väga kõrge. 

Üldiselt näeme, et Eestis valitseb detsembrist aprillini enam-
vähem ühtlane temperatuur moodiga 0—2°, kusjuures erandiks 
on vaid Narva-Jõesuu veebruar —6-kraadilise moodiga. Teistel 
kuudel on üleminek ühe kuu mooditemperatuurist teise kuu moodi-
temperatuuri tunduvalt suurem, kusjuures suurim moodi tõus 
esineb aprillist maisse j a suurim langus oktoobrist novembrisse. 

Edasi järgneb talviste kütteolude käsitlus sõltuvuses õhutem-
peratuurist. Nagu teada, oleneb talvel elamute soojendamiseks 
tarvitatav kütteainete hulk ühelt poolt talve kestusest, s. o. kütte-
päevade üldarvust, teiselt poolt aga vahest eluruumide j a välis-
õhu temperatuuri vahel. Lugedes normaalseks tubaseks tem-
peratuuriks 18° C j a oletades, et öö-päeva kestel tarvitatav 
küttepuude hulk on proportsionaalne eluruumide j a välisõhu 
temperatuuri vahega, on võimalik leida lihtsat arvtegurit erine-
vate maakohtade kütteolude võrdlemiseks. Selleks tuleb kütte-
perioodi algusest kuni selle lõpuni summeerida igapäevased tem-
peratuurivahed välisõhu j a eluruumide temperatuuri (18°) vahel. 
Küttepäevadeks loetakse harilikult need päevad, mil päevane 
keskmine õhutemperatuur on alla 10°. Sel viisil arvutatud sum-
mat nimetatakse vastavas erikirjanduses küttepäevkraadiks. 

Ülevaate saamiseks on järgneval joonisel antud 70 aasta 
keskmised küttepäev-kraadid Vilsandi, Tallinna j a Tartu kohta. 

Joonise kolm kõverat kujutavad õhutemperatuuri keskmist 
aastast käiku Vilsandis (kõver 1), Tallinnas (kõver 2) j a Tartus 
(kõver 3), kuna kriipsutatud pindala väljendab küttepäev-kraade 
Vilsandi kohta. Nagu joonisest näha, algab kütteperiood Tallin-
nas j a Tartus varemini j a lõpeb ka kevadel varemini võrreldes 
Vilsandiga. Võrdluseks on tabelis nr. 21 antud keskmised kütte-
päevade arvud aasta kohta vastavate küttepäev-kraadidega viie 
Eesti j a mõningate välismaa meteoroloogiajaamade kohta. 
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J o o n i s n r . 39. Küttepäev-kraadid Vilsandis, Tallinnas ja Tartus. 
1. Vilsandi 
2. Tallinn 
3. Tartu 

T a b e l n r . 21. 

Küttepäevade ja kiittepäevkraadide keskmised, 

Kiitte- Kiittepäev — Kiitte- Kiittepäev — 
päevad kraadid päevad kraadid 

Tallinn . . . 247 4434 Nizza . . . . 134 1400 
Tartu . . . . 241 4154 Pariis . . . 182 2390 
Vilsandi . . 241 3919 Bergen . . . 239 3340 
Pärnu . . . 237 4259 Viin . . . . 187 2910 
Narva-Jõesuu 240 4491 Stokliolm . . 241 4030 
Hamburg . . 208 3020 Helsingi . . 250 4650 
Stettin . . . 205 3120 Arhangelsk . 274 6070 
Napoli . . . 84 770 Kiiev . . . . 208 3810 
Madrid . . . 136 1540 Moskva . . . 231 4840 
Tiflis . . . . 151 2120 Oxford . . . 206 2500 

Tabelist on näha, et küttepäev-kraadid iesloom ustavad õige-
mini teatud maakoha talviseid kütteolusid võrreldes küttepäeva-
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dega. Nii näiteks on Moskvas kütteperiood lühem kui Tallinnas, 
selle peale vaatamata on aga küttepäev-kraadide a r v talvise ma-
dala temperatuuri tõttu suurem. 

M a a t e m p e r a t u u r i v a a t l u s e d . 

Lisaks õhutemperatuuri vaatlustele on allpool toodud andmeid 
Tartu Meteoroloogia Observatooriumis toimetatud maatemperatuu-
ri vaatlustest mitmesuguses sügavuses. Maatemperatuuri vaatlu-
sed toimuvad Obesrvatooriumi aias alates 1926. a. Termomeetrite 
asukoht hoitakse soojal aastapoolel rohuta, talvel aga aetakse 
sealt lumi ära. Termomeetrid on paigutatud 0.0, 0,1, 0.2, 0.5, 
1,0, 2.0, 3,0 j a 5,0 m sügavusse. Suuremates sügavustes (0,5— 
5.0 m) on termomeetrid asetatud puust kaitsetorudesse, mis on 
varustatud maakihi temperatuuri paremaks juhtimiseks paksu 
vaskpõhjaga. Temperatuuri mõõtmiseks vähematel sügavustel 
(0.0 kuni 0,2 m) on kasutatud Fuess'i mullatermomeetreid ilma 
kaitsetoruta. Vähemates sügavustes (0.0—0,2 m) on vaatlusi teh-
tud ainult soojal aastapoolel. Ülemine (0.0 m) termomeeter on 
asetatud maapinda nii sügavale, et termomeetri elavhõbedakuuli 
ülemine äär on kaetud 1—2 mm paksuse mullakihiga. Termomeet-
rite-alune maakiht koosneb peamiselt liivast, sisaldades kohati vä-
hesel määral ka savi. Lisaks maatemperatuuri vaatlustele on maa-
pinnale asetatud maksimum- j a miinimumtermomeetritelt loetud 

T a b e l n r . 22. 

Kuu j a aasta keskmised maatemperatuurid 1926—36. 

Sügavus 

Kuu 
0.0 0.1 0.2 0.5 1.0 2.0 3.0 5.0 

Jaanuai' . . — 6.37 — 1.41 0.96 3.60 4 . 9 3 6.79 
Veebruar . . — 7.82 — — — 2.56 0.01 2.46 3.74 5.93 
Märts . . . — 3.36 — — — 1.43 — 0.28 1.76 2.92 5.36 
Aprill . . . 3.27 • — — 0.48 0.36 1.53 2.46 4.86 
Mai . . . . 12.03 10.67 9.78 7.32 4.73 3.07 2.92 4 .43 
Juuni . . . 17.13 15.72 14.86 12.81 10.42 7.03 5.50 5.06 
Juuli . . . . 20.20 18.76 18.01 16.15 13.86 10.31 8.30 6.43 
August . . . 16.77 16.33 15.95 15.31 14.41 12.16 10.46 7.89 
September . 11.15 11.02 11.00 11.55 12.13 11.87 11.08 8.87 
Oktoober . . 5.31 5.75 6.08 7.07 8 67 9 .98 10.16 9.13 
November 0.35 — — 3.76 5.73 7.69 8.48 8.65 
Detsember . — 4.32 — — 0.69 3.09 5.75 6.67 7.83 

Aasta . . . 5.36 — — 5.81 6.17 6.43 6.47 6.77 
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igapäevane kõrgeim j a madalaim temperatuur maapinnal. Et 
mainitud termomeetrid pole var jatud päikese kiirte ega sademete 
eest, erinevad nende abil määratud äärmustemperatuurid teatud 
määral tõelistest maapinna äärmustemperatuuridest. See on eriti 
maiksev maksimumtermomeetri suhtes, mille andmed on sageli 
kõrgemad maapinnale asetatud 0.0 termomeetri lugemeist. 

Tabel nr. 22 sisaldab kuu j a aasta keskmisi maatemperatuure 
0.0—5.0 m sügavuseni 11 aasta jooksul tehtud vaatlustest (1926— 
36). 

Järgnevates tabelites (nr. 23, 24) on antud vastavalt kõrgei-
mad ja madalaimad kuu keskmised maatemperatuurid samade 
sügavuste kohta, nagu eelmiseski tabelis. 

Et selgemat ülevaadet saada temperatuuri levimisest maa 
sees, on järgneval joonisel temperatuuri-isopleetidega kujutatud 
tabeli nr. 22 alusel temperatuuri keskmised jaotused maapinnalt 
kuni 5.0 m sügavuseni. 
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J o o n i s n r . 40. Maatemperatuuri isopleedid Tartus 1926—3'6. 

Tabelid nr. 25 j a 26 sisaldavad kuude järg i abs. maksimum-
j a miinimum-temperatuure tähtajalistest vaatlustest 11 a. vältel 
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(1926—36). Lisaks äärmustemperatuuridele tähtajalistest vaat-
lustest on tabeli esimesse veergu märgitud vastavalt abs. maksi-
mum- j a abs. miinimum-temperatuurid maapinnale asetatud äär-
mustermomeetrite järgi . 

T a b e l n r . 23. 

Kõrgeimad kuu keskmised maatemperatuurid TartuS 1926—36. 

S ü g a v u s 
m 

K u u 
0.0 0.1 0.2 0.5 1.0 2.0 3.0 5.0 

Jaanuar . . — 1.54 
i 

1.11 2.52 4.46 5.51 7.51 
Veebruar . . — 3.63 — — — 0.44 1.26 3.33 4.39 6.41 
Märts . . . — 0.35 — — 0.06 0.87 2.51 3.52 5.66 
Aprill . . . 6.30 — — ; 2.99 2.47 2.56 3.11 5.40 
Mai . . . . 13.97 13.08 12.21 10.50 8.38 5.38 4.35 4.89 
Juuni . . . . 20.19 18.37 17.32 15.85 12.71 8.74 6.82 5.74 
Juuli . . . . 2 4 . 4 5 2 1 . 9 8 2 0 . 7 2 1 8 . 2 7 1 5 . 8 5 12.19 9.73 7.25 
August . . . 19.46 18.33 17.73 16.71 15.25 1 3 . 4 4 11.64 8.72 
September . 14.80 13.95 13.77 13.90 13.78 13.00 1 1 . 9 6 9.55 
Oktoober . . 7.95 8.22 8.46 9.31 10 .50 1 1 55 11.49 9 . 7 6 

November 2.97 — — 5.19 8.56 9.08 9.84 9.47 
Detsember . O.ls — — 2.78 5.93 8.65 7.73 8.65 

T a b e l n r . 24. 

Madalaimad kuu keskmised maatemperatuurid Tartus 1926—36. 

S ü g a v u s 
m 

Kuu 
0.0 0.1 0.2 0.5 1.0 2.0 3.0 5.0 

Jaanuar . . — 10.76 — 3.55 — 0.06 2.86 4.28 5.98 
Veebruar . . — 1 6 . 6 2 .— — — 7 . 1 8 — 1 . 7 0 1.65 3.11 5.22 
Märts . . . — 6.92 — — — 3.06 — 1.56 0.93 2-30 5.02 
Aprill . . . — 1.70 — — - 0 . 6 7 — 0.66 0 . 7 1 1.81 4.29 
Mai . . . . 8.94 7.57 6.77 4.27 1.44 0.81 1 . 6 4 3 . 2 5 

Juuni . . . 13.81 12.77 12.19 10.73 8.59 4.96 3.60 3.97 
Juuli . . . . 16.82 15.48 14.90 13.31 12.57 9.06 7.09 5.39 
August . . . 13.00 14.90 14.64 13.65 12.83 10.54 9.14 6.90 
September . 8.67 9.08 9.26 10.37 10.68 10.90 10.11 8.03 
Oktoober . . 2.85 3.31 3.69 5.44 7.17 9.07 9.34 8.32 
November . — 3.54 - - — 2.13 4.52 6.74 7.60 7.82 
Detsember . — 7.81 — — — 1.64 1.39 4.55 5.96 6.87 
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T a b e l n r . 25. 

Maatemperatuuri absoluutne maksimum 1926—36. 

S i i g a v u s 

Kuu 

Maks. 
maa-

pinnal 
0.0 0.1 0.2 0.5 1.0 2.0 3.0 5.0 

Jaanuar . . 4.5 2.3 3.4 5.2 6.5 8.1 
Veebruar . . 7.3 . — — — 0.4 2.1 3.8 4.9 6.9 
Märts . . . 14.7 — — 0.1 0.9 2.8 3.9 6.1 
Aprill . . . 27.4 - — - — 7.2 4.9 3.7 3.4 5.5 
Mai . . . . 41.0 32.5 23.0 20.6 1 4 . 7 11.0 7.0 5.6 5.1 
Juuni . . . 4 4 . 0 37.3 24.9 22.9 19.2 15.0 10.9 8.2 6.4 
Juuli . . . . 42.6 4 2 . 3 2 7 . 2 2 5 . 7 2 1 . 4 1 7 . 0 13.3 10.9 8.1 
August . . . 36.6 37.0 24.8 23.3 18.7 16.4 1 3 . 5 1 2 . 0 9.3 
September . 32.0 26.7 19.2 17.3 16.0 14.6 13.3 1 2 . 0 9.7 
Oktoober . . 25.7 15.6 13.6 13.1 12.4 12.4 12.6 11.9 9 . 8 

November 13.2 — — . — 8.5 9.7 10.4 10.7 9.7 
Detsember . 7.3 — — — 4.3 7.4 7.8 8.8 9.1 

T a b e l n r. 26. 

Maatemperatuuri absoluutne miinimum 1926—36. 

S ü g a v u s 
m 

Kuu 

Miin. 
maa-

pinnal 
0.0 0.1 0.2 0.5 1.0 2.0 3.0 5.0 

Jaanuar . . — 25.6 — 8.2 — 1.1 2.1 3.6 5.5 
Veebruar . . — 3 0 . 6 — — — — 1 0 . 6 — 2 . 9 1.3 2.7 4.7 
Märts . . . — 24.5 . — — — — 7.1 — 2.8 0.8 1.9 4.3 
Aprill . . . — 12.6 — — — — 2.0 — 1.0 0 . 7 1.7 3.8 
Mai . . . . — 6.2 0.0 0.9 1.8 — 0.1 — 1.3 0 . 7 1 . 6 3 . 1 

Juuni . . . — 1.6 4.4 3.2 7.0 6.8 5.9 2.2 1.7 3.4 
Juuli . . . . 4.0 8.4 9.7 11.1 12.1 11.1 7̂ 4 5.4 4.6 
August . . . 3.0 7.6 8.4 10.5 12.0 12.0 10.0 8.5 4.2 
September . — 6.2 0.0 1.1 3.0 6.6 8.7 10.4 9.8 7.9 
Oktoober . . — 10.4 — 2.6 — 0.6 0.3 2.2 4.4 7.8 7.2 8.3 
November — 16.5 — — — — 0.1 2.6 5.7 6.8 7.4 
Detsember . — 22.3 — — — — 3.9 0.2 3.6 5.0 6.4 

Erilist huvi pakub viimane tabel (nr. 26), millest on näha, et 
Tartus maapinna külmumispiir ulatub alla 1,5 m. 

Harmoonilise analüüsi abil on määratud kuu keskmistest tem-
peratuuridest (tabel nr. 22) kuupäevad, mil aastases temperatuuri 
käigus esinevad keskmine madalaim j a kõrgeim temperatuur. 
Nimetatud kuupäevad ühes vastavate temperatuuridega on too-
dud järgmises tabelis (nr. 27). 
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T a b e l n r . 27. 

Kuupäevad keskmise kõrgeima j a madalaima maatemperatuuriga. 

Sügavus m 
Maksimum Miinimum 

Sügavus m -
Temperatuur Kuupäev Temperatuur Kuupäev 

0.0 19.7 14. VlI — 7.6 3. II 
0.5 16.3 30. Vll — 2.4 8. II 
1.0 14.5 6. VIII — 0.4 25. III 
2.0 12.3 29. VIII 1.4 12. IV 
3.0 11.0 10. IX 2.4 19. IV 
5.0 9.1 12. X 4.5 16. V 

Tabelis nr. 27 esinevate andmete jä rg i on tuletatud võrrand 
aastase temperatuuri amplituudi määramiseks sügavusega. 

th = 23.0 e — °-33 h. 

Siin tähendab h sügavust meetrites, th keskmist aastast tem -
peratuuri amplituudi h m sügavusel j a e naturaal-logaritmide alust, 
Sellest valemist leiame, et sügavus, milles aastane temperatuuri 
amplituud on veel 0.05°, on 19 zfc 2 m. 

II. Õ h u r õ h k . 

Õhurõhu vaatlustest on käesolevas töös tarvitatud andmeid 
nendest jaamadest, kus vaatlusi on pidevalt tehtud vähemalt 20 
aastat. Seda nõuet rahuldavad Eesti territooriumil 5 meteoroloo-
g ia jaama: Tartu, Tallinn, iPärnu, Narva-Jõesuu j a Vilsandi. 

Järgnevates tabelites esinevad õhurõhu keskmised on taan-
datud Tartu Ülikooli Meteoroloogia Observatooriumi vaatluste 
abil 70 aasta pikkusele ajavahemikule (1866—1935) j a tõelistele, 
s. o. 24-tunnilistele keskmistele. Vahed tõeliste, s. o. iga tunni 
õhurõhuandmeist määratud kuukeskmiste j a kolmest tähtajalisest 
vaatlusest (7h, 13h j a 21") arvutatud õhurõhu kuukeskmiste vahel on 
tuletatud Tartu Meteoroloogia Obresvaatooriumi vaatluste järgi . 
Selleks on 10 aasta vaatlustest arvutatud kuu keskmised õhurõhud 
kolmest tähtajalisest vaatlusest (7h, 13h, 2Ih) j a elavhõbeda baro-
graafi andmetest tõelised 24-tunnilised kuu keskmised. Vahed 
tõeliste j a kolmest tähtajast määratud keskmiste vahel on antud 
järgnevas tabelis (nr. 28) mb-des. 

Jaamade baromeetrite instrumentaalvigade määramine toi-
mus Tartu Meteoroloogia Observatooriumi normaalbaromeetri 
abil (Wild-Fuess nr. 560), mis omakorda on võrreldud Vene Geo-
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füüsika Pea-observatooriumi baromeetriga a. 1921. j a Läti Ülikooli 
Meteoroloogia Observatooriumi baromeetriga a. 1926. Mõlemad 
võrdlused andsid võrdse instrumentaal-õienduse +0.2 mm. 

T a b e l n r . 28. 

Vahed tõeliste j a kolmest tähtajalisest vaatlusest arvutatud 
kuu j a aasta keskmiste õhurõhkude vahel Tartu Meteoroloogia 

Observatooriumi vaatluste j ä rg i millibaarides. 

I II III IV V VI VII VIII IX X XI XII Aasta 

0.04 — 0.08 0.00 — 0.08 — 0.12 — 0.07 — 0.07 — 0.04 — 0.08 0.04 — 0.04 0.11 — 0.03 

Järgnevas tabelis (nr. 29) on antud viiest meteoroloogiajaa-
mast 70 aasta pikkusele ajavahemikule taandatud tõelised õhurõhu 
kuu- j a aastakeskmised jaamades asuvate baromeetrite kõrgus-
tel, s. o. merepinnale taandamata. 

Tabelist näeme, et kõigis jaamades on märgata mai- j a ok-
toobrikuul kõrgemat õhurõhku, kuna peale selle esineb veel jaa-

T a b e l n r . 29. 

Tõelised õhurõhu kuu- j a aastakeskmised jaamade baromeetrite 
kõrgustel (1866—1935) mb-des. 

I II III IV V 1 VI VII VIII i IX X XI XII Aasta 

Tartu 
Tallinn 
Pärnu 
Narva-J. 
Vilsandi 

1005.0 1004.3 
1003.5 1003.5 
1014.0 1013.6 
L013.9j 1013.5 
1012.4 1012.4 

1003.21003.6 
1007.8 1008.3 
1012.9|1012.7 
1012.0 1012.7 
1012.4 1012.1 

1004.8 
1009.4 
1013.8 
1013.6 
1013.4 

1002.7 
1007.1 
1011.8 
1011.1 
1011.6 

1001.3 
1005.7 
1010.1 
1009.7 
1009.8 

1001.9:1004.01004.5 1003.61003.3 
1006.1 i 1008.0:1008.1 1007.2 1007.0 
1010.6|1012.9 1013.4 1012.4 1012.3 
1010.3 1012.1 10l2.8il012.3!1012.2 
1010.3(1012.31012.3 1011.0|l010.9 

1003.5 
1007.7 
1012.5 
1012.2 
1011.8 

T a b e l n r . 30. 

Tõelised õhurõhu kuu- ja aastakeskmised merepinnal (1866—1935) 
mb-des. 

I II j III IV V VI VII J VIII ! IX X j XI XII Aasta h 

Tartu 
Tallinn 
Pärnu 
Narva-J. 
Vilsandi 

1015.5 
1014.3 
1015.3 
1014.4 
1013.3 

1014.8 
1014.3 
1014.9 
1014.0 
1013.3 

I I 1013.7 1013.7 1014.7 
1013.6! 1014.0 1014.9 
1014.2 1013.9 1015.0 
1012.5:1013.2 1014.1 
I0l3.3|l013.0,1014.3 

1012.41011.0 1011.6 1013.9 
1012.51011.1 1011.5 1013-5 
1013.01011.3 1011.8 1014.1 
1011.61010.2 1010.8 1012.6 
1012.5|1010 7 1011.2 1013.2 

1014.6 1013.9 1013 8 1013.6 
1013.7 1012.9 1012.8: 1013.3 
1014.6 1013.6 1013.6 1013.8 
1013.3 1012.8 1012.7; 1012.8 
1013.2 1011.9 1011.8 1012.6 

80.£ 
44.( 

9.6 
9 i 
8.( 
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nuaris või veebruaris õhurõhu tõus. Madalaim kuu keskmine 
õhurõhk langeb erandita juulikuule. 

Tabelis nr. 30 on antud merepinnale taandatud kuu j a aasta 
õhurõhu 70 a. keskmised. Taandamine on toimunud oletusel, 
et kõigil kuudel on õhutemperatuuri gradient 100 m peale 0.5°. 
Baromeetrite kõrgused merepinnalt on antud tabeli viimases vee-
rus (h) meetrites. 

Õhurõhu aastase käigu iseloomustamiseks on harmoonilise 
analüüsi abil tuletatud Tartu Meteoroloogia Observatooriumi vaat-
luste j ä rg i võrrand kolme siinusliikmega: 

•y = 1003,51 -f- 0.87 sin (69° 51' + «) +0.62 sin (226° 27' + 2 sc) + 
4- 1.05 sin (19° 47' + 3 cc). 

Selle võrrandi abil on määratud õhurõhu maksimumide ja 
miinimumide ajamomendid ühes vastavate õhurõhu väärtustega, 
mis on esitatud tabelis nr. 31. 

T a b e 1 n r. 31. 
Keskmised õhurõhu maksimumid j a miinimumid õhurõhu aastase^ 

käigus Tartu Meteoroloogia Observatooriumi vaatluste järg i . 

Maksimumid 1004.8 -- 2 4 . I 1004.5 - 15. V 1004.7 - 4. X 

Miinimumid 1003.2 --24. III 1001.0--25. VII 1003.2 — 27. XI 

Joonisel nr. 41 on antud õhurõhu aastane käik Tartus 70 a. 
vaatluste põhjal millibaarides pideva kõveraga, 

uiB 
1005 

IOOti 

1003 

1004 

1001 

I Il III IV V Vl VII VIII IX X Xl XII 

J o o n i s n r . 41. õhurõhu aastane käik Tartus 1866—1935. 
4 
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Järgnevates tabelites (nr. 32, 33) on antud vastavalt kõrgei-
mad ja madalaimad kuu ja aasta tõelised keskmised õhurõhud 
baromeetrite kõrgustelt. 

T a b e l n r . 32. 

Kõrgeimad kuu j a aasta tõelised keskmised õhurõhud baromeetrite 
kõrgustel 1920-—35. 

I Il IlI IV Vl v i i i v m i x X Xl XII Aasta 

Tat1I ii 
Tallinn 
Pat- ii u 
Naf va-J. 
Vilsandi 

1018.2 1022.4: 1018.3 1013.9 1012.6 1009.74006.6 1007. S 1013.9 1016.7 1015.54017.611007.9 
1022.91027.0 1021.91020.8 1017.5 1011.4 1010.4! 1011.5 1017.124019.8 1020.2 1019.3 10114 
1027.21030.4 1026.1 1021.6 1019.4 1015.7 1015.0 1015.7 1022.0 1024.7 1024.2 1025.2 1014.9 
1028.21030.9:1029.1 1024 3 1019.7 1014.7 1013.911013.7! 1023.011026.7 1026.1 1027.9 1014.3 
1025.41029.9 1024.2,1018.111018.3:1016.0 1015.8( 1014. IMOl 7.S 1024.7' 1022.3 1022.9 1014.7 

T a b e l n r . 33. 

Madalaimad kuu j a aasta tõelised keskmised õhurõhud baro-
meetrite kõrgustel 1920—35. 

Il HI i v v i i VlIl IX X XI XII Aasta 

Tartu 
Tallinn 
Pärnu 
Xarva-J. 
Vilsandi 

992.4 988.4 
995.4 992.4 

1001.7 997.8 
1001.1 997.7 
1000.7 995.7 

988.21 
992.2 

993.2 999.1( 995.51 
996.7 1000.2 1000.2! 

997.7 J 1002.0 1007.5 
1004.6' 1000.8 1008.8 

994.4 
998.0 

995.1 
997.3 

1004.7 1002.6 1001.2 
1003.7! 1003.4 1004. 

994.1 993.5 991.4 991.SlIOOo.6 
997.1 996.3 996.0 994.4'l002.0 

1002.6 1(102.41002.3 1000.6 1009.8 
1002.1 1001.91001.9 1001.3 1008.4 

1005.5.1001.6,1008.3; 1005.2; 1002.7,1006.011004.9 1001.5 1000.7 1001.1 1009.3 

Tabelitest (nr. 32, 33) on näha, et vahed kõrgeimate j a mada-
laimate kuu j a aasta õhurõhu keskmiste vahel on suurimad Tartu 
Ülikooli Meteoroloogia Observatooriumi vaatlustes, mis on seleta-
tav viimaste pikema vaatlusperioodiga. Õhurõhu kuu- ja aasta-
keskmiste võnkumiste iseloomustamiseks on Tartu Ülikooli Meteo-
roloogia Observatooriumi vaatluste järgi määratud kuu j a aasta 
keskmised õhurõhu muutuvused, mis on esitatud tabelis nr. 34. 

T a b e l n r. 34. 

Keskmised kuu j a aasta õhurõhu muutuvused Tartu Meteoroloogia 
Observatooriumi vaatluste järgi . 

1 II IU IV I V Vl VII Vlll IX X Xl XII Aasta 
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Tabelist selgub, et suurimad keskmised õhurõhu võnkumised 
esinevad sügis- j a talvekuudel, kuna soojal aastapoolel (V—IX) on 
õhurõhu võnkumised tunduvalt vähemad, mis on seletatav nõr-
gema tsüklonaalse tegevusega suvekuudel. 

Tabelid nr. 35 ja 36 sisaldavad vastavalt kuu ja aasta kesk-
misi õhurõhu maksimume ja miinimume. Keskmised õhurõhu 
maksimumid ja miinimumid kujutavad endast aritmeetilisi kesk-
misi vastavate kuude iga-aastastest äärmusväärtustest. 

T a b e l nr . 35. 

Kuu ja aasta keskmised õhurõhu maksimumid. 

1 IJ III IVr j v I VI VII V I U ; IX X ! X I X I l A a s t a 

T a r t u 
(ISf)Ii-1935) 

Tall inn 
(1872 — 1935j 

1031.61029.8 

1032.9 L031.7 

1025.2 1022.3'1020.9 :1017.1 1014.2 1016.()'102] .2 1024.8 1027.0 1027.7:1037.3 

1027.04025.01023.41019.7 1016.6 1018.0 10234 1026.4 1029.1 1029.74 0 3 \ ! 

T a b e l n r . 36. 

Kuu ja aasta keskmised õhurõhu miinimumid. 

1 U Ul IV V Vl VlI VIII X X i XI XlI Aasta 

Tartu 
(1866 — 1935) 

974.2 974.7 978.9 983.3 987.7,987.() 988.7 
i 

98().6 j9 •U.3 980.2 977.5 975.4 964.0 

Tallinn 974.3 977.1 979.7 

O
 

C
O

 .989.8 989.8 990.7 988.319 S5.9 980.7 978.7 97().4 9(i4.5 
(1872 —193,)) i i 1 i I 

Erilist huvi õhurõhu kõikumiste iseloomustamiseks pakuvad 
kuu ja aasta absoluutsed maksimumid ja miinimumid, mis on ma-
hutatud tabelitesse nr. 37 ja 38. Äärmus väärtused on antud, nagu 
eelmistegi tabelite andmed, baromeetrite kõrgustel, s. o. merepin-
nale taandamata. 

õhurõhu äärmusväärtustest väärivad erilist tähelepanu Tartu 
Ülikooli Meteoroloogia Observatooriumi vaatlused, millel on pikim 
kestus Eesti meteoroloogiajaamadest. Tabelist selgub, et õhurõhu 
abs. kõikuvus Tartus 70 a. vaatluste järgi on 112 mb. 

Õhurõhu ööpäevase käigu määramiseks on kasutatud vaid 
Tartu Ülikooli Meteoroloogia Observatooriumi vaatlusi, mis alates 
1926. aastast on läbi töötatud iga tunni kohta. Harmoonilise ana-
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lüüsi abil on tuletatud 10-aastastest igatunnilistest õhurohukesk-
mistest võrrand kahe siinusliikmega : 

2/ = 1003.48 + 0.05 siu (138° 48' + a?) +0.13 sin (121° 02' + 2 x). 

Võrrandist on määratud õhurõhu ööpäevase käigu maksi-
mumide j a miinimumide ajamomendid ühes vastavate õhurõhu 
väärtustega, mis on esitatud tabelis nr. 39. 

T a b e l n r . 37. 

Õhurõhu absoluutsed kuu j a aasta maksimumid. 

I II IlI IV V Vl VII 

Tartu (1866—1935) . . . . 1054.0 1043.7 1041.6 1035.7 1036.0 1022.4 1023.7 
Tallinn (1872—1935) . . . 1059.9 1044.3 1043.7 1040.6 1041.0 1026.4 1027.1 
Pärnu (1878 — 1914,1920—35) 1065.0 1047.9 1046.4 1043.5 1038.9 1029.5 1031.0 
Narva-Jõesuu (1886 — 1904, 

1920—35) 1050.7 1048.7 1048.2 1045.3 1042.4 1032.2 1026.9 
Vilsandi (1908—12,1920—35) 1054.1 1045.2 1045.0 1043.8 1034.6 1030.1 1033.0 

VIII IX X Xl 
.. - -

XII Aasta 

Tartu (1866-1935) . . . . 1023.4 1031.1 1040.7 1040.3 1044.7 1054.0 
Tallinn (1872-1935) . . . 1028.6 1035.3 1044.8 1044.8 1047.7 1059.9 
Pärnu (1878—1914, 1920—35) 1031.9 1038.9 1048.4 1049.2 1053.0 1065.0 
Narva-Jõesuu (1886—1904, 

1920-35) 1028.7 1039.4 1037.8 1049.1 1052.4 1052.0 
Vilsandi (1908-12,1920-35) 1031.9 1036.0 1046.7 1049.2 1045.9 1054.1 

T a b e l n r . 38. 

Õhurõhu absoluutsed kuu j a aasta miinimumid. 

I li III IV VI VII VIII IX X XI XII Aasta 

Tartu (1866—1935) 
Tallinn (1872—1935) 
Pärnu (1878—1914, 

1920-35) . . . . 
Narva-J. (1886-1904, 

1920—35) . . . . 
Vilsandi (1903—12, 

1920-35) . . . 

942.0 
951.0 

955.4 

953.3 

953.0 

949.6 
949.9 

957.5 

958.3 

962.6 

955.5960.4 
959.0967.8 

963.8.972.8 

974.4973.6 

975.1)970.1 

971.1 
975.8 

981.0 

983.3 

985.2 

972.6 
976.0 

982.9 

983.S 

985.3 

970.1 969.2|961.3 
975.5 975.9|963.1 

980.2:981.1)966.7 

982.0976.4 
i 

976.2;984.0 

977.3 

974.6 

963.5 
962.7 

967.3 

973.3 

968.4 

955.5 
961.2 

969.9 

970.4 

943.4 
947.4 

953.3 

956.7 

957.2 

942.0 
947.4 

953.3 

953.3 

953.0 
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T a b e l n r. 39. 

Õhurõhu ööpäevase käigu keskmised maksimumid j a miinimumid 
Tartus. 

Maksimumid 1003.6 -- Ilh Hm 1003.6 — 22h 46m 

Miinimumid 1003.3 -- 5h 14m 1003.4 — 16h 42m 

Joonisel nr. 42 on antud kõveraga õhurõhu ööpäevane käik 
eespool-nimetatud võrrandi järgi . 

•m? 

IOOi.] 

J o o n is n r . 42. õhurõhu ööpäevane käik Tartus 1926—35. 

% 

Juuli 

3 0 -

20- Jaanuar 

4 0 -

9 5 0 1000 1 0 5 0 mb. 

J o o n i s n r . 43. Õhurõhu sagedusjaotus Tartus 1926—35. 
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% 

\ Juul i 

J a a n u a r 

10-

1 0 5 0 mb. 1000 9 5 0 

J o o n i s n r . 44. õhurõhu sagedusjaotus Tallinnas 1926—35. 

Õhurõhu sagedusjaotuse iseloomustamiseks on koostatud jaa-
nuari j a juuli kohta Tartu ja Tallinna kolmest päevasest vaatlu-
sest ajavahemikus 1926—35 vastavad sageduskõverad, mis on 
esitatud joonistel nr. 43 ja 44. Klassilaiuseks on võetud 10 mb, 
kusjuures üksikrõhkude esinemissagedused on väljendatud prot-
sentides vaatluste üldarvust. 

Mõlemate jaamade sageduskõverad on peaaegu sümmeetrili-
sed, kusjuures õhurõhu muutused jaanuarikuul toimuvad tundu-
valt laiemas ulatuses j a ühenduses sellega on kõrgeim õhurõhu 
sagedus iseloomustatud suhteliselt vähema arvuga kui juulikuul. 

III. Sademed. 
Sademete jaotuse iseloomustamiseks Eestis on kasutatud 13 

aasta vaatlusi (1923—35). Vene valitsuse a ja l toimetatud vaat-
lused on jäetud nii kuu kui ka aasta keskmiste sademehulkade 
arvutamisel kui ka sademete samajoonte kaartide koostamisel 
arvestamata, sest Maailmasõja a jal katkes vaatluste toimetamine 
peaaegu kõigis jaamades, mille tõttu tekkis vaatlustes mitmeaas-
tane lünk. Pärast Vabadussõja lõppu tuli organiseerida uus sade-
metejaamade võrk uute vaatluskohtadega. 

Kõik sademete vaatlused on toimetatud 500 sm- püüdepinnaga 
Vene tüüpi sademetemõõtjatega, mille ülemise serva kõrgus maa-
pinnalt on 2 m. Kõik sademetemõõtjad on varustatud Nifer'i tuule-
kaitsega. Et vaatlejad on sademete vaatlusi toimetanud tasuta, 
piirduvad paljude jaamade andmed lühema vaatlusperioodiga. All-
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pool-järgnevates tabelites on toodud andmed ainult nendest jaa-
madest, mis on pidevalt töötanud kogu eespool-mainitud aastate 
vältel. Lühemas ajavahemikus töötanud vaatlusjaamade vaatlusi 
on kasutatud vaid sademete samajoonte kaartide koostamisel. 

Järgnevas tabelis (nr. 40) on antud 13 aasta kuu j a aasta 
keskmised sademetehulgad millimeetrites 39 jaamast. 

T a b e l n r . 40. 
Kuu j a aasta keskmised sademetehulgad ühes jaamade geograa-

filiste koordinaatidega 1923—35. 

I j Il III IV ! V VI VII VIII IX X XI XII ; Aasta 

Abruka . . 
Hargla . . 
Jäneda . . 
Jõgeva . . 
Keri . . . 
Kihelkonna 
Kuusiku . 
Kübassaare 
Lihula . . 
LiivimOisa 
Loksa . . 
Lootsa 
Naissaar . 
Xarva-Jõesuu 
Nõmme . . 
Olustvere . 
Osmussaar 
Pakri . . . 
Pärnu . . 
Roomassaare 
Ruhnu . 
Suurupi 
Sõmerpalu 
Sõrve 
Tallinn . 
Tartu . . 
Tiirikoja 
Tooma . . 
Tori . . . 
Vaindlo . 
Vao . . , 
Viiimela 
Viirelaid , 
Vilsandi 
Vodja . . 
Voltveti 
Vormsi . . 
Võiste . . 
Võru . . . 

58° 09' 
57° 37' 

22<J 31' 
26° 24' 

59° 15' 25° 43 
58° 46 
59° 42' 
58° 22' 

26° 24 ' 
25° Ol ' 
22° 0 3 ' 

58° 5S'i24° 44 
58u 26' 23° 18' 
58° 41'123° 50' 
58° 5l';23° 58' 
Õ9° 35': 25° 43' 
58" 39'j 23° 19' 
59" 36'!24° 31' 
590 28'28° 02' 
59° 22':24° 41' 
58° 33'25° 34' 
59° IV 23" 22' 
59° 23' 
58° 23' 
58« 13' 
570 48' 
59° 28' 
r)70 51' 
57° 55' 
59" 26' 

24° 02' 
24° 30' 
22° 30' 
23° 16' 
24° 23' 
26° 49' 
22° 03' 
24° 48' 

5S° 23'j26° 43' 
58° 52'!26° 57' 
58" 52'j26° 16' 
580 29'!24° 49' 
590 49' 26° 22' 
590 06'126° 12' 
570 54'(27ü 01' 
58^ 33'j03° 26' 
580 23'!210 49' 
580 56'i25° 40'i 
58° 09' 25° 01' 
5 9 0 02' 23° 07' 
58° 12' 24° 29' 
570 50':27° 01' 

34.2 
23.6 
36.4 
20.3 
21.3 
29.0 
41 
18. c 
44. 
29.2 
28.2 
19.0 
29.6 
51.0 
28.0 
30.9 
31.2 
29.2 
24.6 
21.2 
29.0 
26.0 
34.6 
29.6 
33.3 
28.7 
28.2 
22.8 
30.4 
13.2 
35.0 
27.« 
27.fi 
24.4 
29.2 
27.6 
28.2 
33.4 
05 p 

23.L27.1 29.3:59.4 41.2 54.8 92.2 72.1 95.6!62.8 32.3 
23.7(25.4 30.867.3 69.6 101.2! 96.3 85.2 59.5 49.8 31.9 
27.8 27.4145.9,59.0 55.0 78.1 96.7 82.6 77.4 69.3 40.5 

70.8 97.7 
55.7 84.4 
51.1 82.2 
()1.9 102.3 

16.8 22.5 34.7 62.6 64.9 
18.6 22.1 38.2 55.0(40.2 
21.1 20.7 27.9 ! 49.5 |35.0 

3 2 9 . 5 30-2:36.4 58.2 51.6 
2; 15.9 30.2(50.0 38.4 913 

6 4 2 . 3 35.1 3 6 . 3 5 8 . 8 ' 5 1 . 9 
26.9,29.2 31.1 58.1149.6 
27.3 29.8 41.3:55.2(46.3 
12.9 17.8 27.4 53.0(41.2 
24.1 27.8 3 0 . 6 5 6 . 7 4 7 . 5 
49 9 42.4 48.5 65.8 66.0 
22.9 25.6;44.9 65.6:38.2 
22.4 27.5!35.0 57.2 58.0 
25.6 27.3(33.2 
22.6 25.4133.7 
18-0 23.2:36.5 
16.2 18.3(24.3 
23.8 25.5:37.3 
22.6 25-3(35.6 
31.2 36-7(37.9 
20-4 21-4!29.4 
30-5 28-6 38.7 
30-1 31 -2,37.1 
26.3j28.2 36.8 
19-5(23.542.? 
244:26.4(31.2 
12-3! 16.4(34.0 
2 7 - 3 • 30.2 i 44.5 
28-2:30.5129.0 
28-9,28.3(31.7 
16-1 (17-7:22.6 
21.2j25.8 364 
22.l|31.2 34.6 
22-5:28.2:26.4 
234 30.1:39.0. 
24-6 30.2 30.3 

52.4 
68.6 
65.8 
60.3 
47.7 
54.0 
72.9 
77.2 

67.8 
103-4 

91-7 
84-2 
77.0 
78-6 

72.2 65.9 54.4 24.4 
72.7 69.7:51.3 31.1 
64.0 93.0(62.1 34.4 
77.9 83.9 65.0 41.9 
62.6 68-2 53.8124.7 
77.6,81.8,69.4 39.5 
69.5 
78.2 
56.6 

75.8:62.4 37.9 
72.7(56.0 35.6 
58-6(56.3 20 4 

78.8 82.9(61.1 37.2 
111.4 100.1 89-6 74.0 46.9 
98-0 

73.3:108-2 
68.0:38.0 50.3 84-21 
59.9,40.3 52.7 91-2: 
60.1(50.8 63.1 88.3( 
57.2 364 50.4 88-6! 
56.0 43.0 51.2 90.2 
55.1 43.9 70.1 96-9, 
71.8-77.3 90.2 103.5: 
47.9:38.1 47.9 82-4: 
55.845." 62.6 97-8 
61.6 60-5 86.2,' 95-0 
60-6 56.3 66.0: 94-2 
64.0:58.4 75.2^00-3 
54.3(45.9( 61.5j 94-5 
48.1 (404: 48.2 68-8, 
57.7:59.6( 74.1 105-4 
69.8(71.2( 86.9: 94-5 
52.246.9: 66.3: 95-fi 
43.7 31.3 47.3, 72-7 
60.8 58.0, 66-5 97-8 
65.7 54.5( 88.7,1 11.3 
46.9 32.7: 44.1 79-0 
53.0 48.8( 83.4! 89-3, 
62.6,65.4; 78-2( 94.1 

75.6 90.2 
78.9 79-2 
72.0:88.2 
73.0:824 
79.9(79-0 
66.4:88-4 
62.1 81-6 65-1 
79.7(79-0(56-6 

61-3 35.6 
62-6 33.1 
64-6 
57-6 
61-8 
63-6 

57-8 
59-2 

80-1 63.1 
58484-9 
72.1(78 0 63-2 
78.5,64.0:57-1 
()34 57-3:52-3 
74.5 66-7:57-8 
82.7:83-4()7-0 
67.7 62-2 45-2 
77.1 78.8 64-4 
79.4 55-246-2 
70.2 72-8 54-2 
63.9,87-6 57-5 
70.0,79.1(60.1 '31. p 
86.0(83.1:58 5 !29.2 
60.3 76-3 55.6 33.2 
79.3,84.3:694:33.2 
76.1(63.0,514 29.0 

36.5 
39.2 
29.7 
25.3 
35.7 
35.0' 
36.2 
30.5 
40.8 
33.1 
28.5 
27-3 
29.0 
2 3 0 
39-8 
28-8 
27.1 
29.0 

624.1 
664.3 
696.1 
607.2 
560 3 
570.0 
680.1 
496.1 
709.3 
627.8 
615.1 
487.9 
608.9 
818.5 
663.1 
666.3 
619.1 
607.2 
615.0 
556.3 
600.5 
625.8 
7204 
550.1 
647.1 
663.1 
598.1 
632.3 
630.7 
479.5 
693.9 
647.5 
601.8 
513.8 
636.8 
692.5 
533.4 
666.6 
630.7 



56 K. KIRDE A XXXIV. 

Tabelist näeme, et keskmised aastased sademetehulgad Eesti 
pindalal kõiguvad 480 j a 820 mm vahel, kusjuures sademete-
rikkamateks kuudeks on üldiselt juuli, august, september j a ainult 
kohati ka oktoober, sademetevaesemateks kuudeks on aga jaanuar, 
veebruar j a märts. Võrreldes üksikute jaamade kuu- j a aastakesk-
tnisi, näeme siin esinevat suuremaid lahkuminekuid, mis on tingi-
tud esimeses j ä r jekorras vaatluskoha kõrgusest, sademete mõõt-
mise koha erinevast asukohast j a teistest vaatluskohtade erioma-
dustest. Üldiselt tuleb -tähendada, et sademete mõõtmistest saa-
dud andmed on alati vähemad tegelikult allasadanud vihma- või 
lumehulgast, ,sest et osa sademeid j ä ä b ühel või teisel viisil arves-
tamata, Metsamaastikul j ääb osa sademeid, eriti peenvihma j a 
udu korral puuvõradesse, kuna lumesadude korral j ääb teatud hulk 
sademeid märkimata eriti neis jaamades, kus sademete anumad 
sobiva koha puudumisel on asetatud lagedale väljale, kus tuul osa 
lund anumatest vä l ja kannab. Selle tõttu näitavad ranniku jaa-
mad talvel suhteliselt vähemaid sademetehulkasid, võrreldes kau-
gemal sisemaal asuvate jaamadega. Nii on Abrukal sademete-
jaam asetatud puudest var ja tud kohale, Kihelkonnal aga elamute 
vahele, kuna Roomassaare ja Vilsandi jaamas asuvad mõõtanu-
mad lagedal väljal, kus tuultega osa lund anumatest v ä l j a tuiskab. 
Nii näeme, et Vilsandis on keskmiselt detsembrist kuni veebrua-
rini sademete kuusummad 5 mm võrra vähemad kui Kihelkonnal, 
kuna Abruka j a Roomassaare kuukeskmiste sademetehulkade va-
hed on veelgi suuremad. Edasi esinevad ranniku- j a sisemaa-jaa-
made vahel sademetehulkade suhtes vahed, mis on tingitud õhu-
masside sunnitud tõusust või langusest vastavalt maapinna kal-
lakule. 

Ülevaate saamiseks sademete üldisest jaotusest Eestis on järg-
nevatel joonistel antud keskmised samasademetehulkade kõverad 
iga 5 mm j ä r g i kuude, aastaaegade j a aasta kohta. Samasademete-
kõverate määramiseks on peale tabelis nr. 40 märgitud jaamade 
andmete tarvitatud ka nende jaamade andmeid, mis on töötanud 
lühemat aega. Selleks kasutati graafilist meetodit, mille j ä rg i iga 
kuu ja aasta sademetehulkade kaardid graafiliselt liideti j a jagat i 
aastate arvuga, Sademetehulkade liitmisel kui ka samasademete-
hulkade kõverate joonistamisel oletati, et sademete muutus ühest 
punktist teise toimub lineaarselt. 
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J o o n i s n r . 45. Sademete jaotus jaanuaris 1923—35. 

20 

20 
25 

25j 2 5 
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30. 

J o o n i s n r . 46. Sademete jaotus veebi*uaris 1923—35. 
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J o o n i s n r. 47. Sademete jaotus märtsis 1923—35. 

35, 
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50 
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J o o n i s n r . 48. Sademete jaotus aprillis 1923—35, 
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J o o n i s n r . 49. Sademete jaotus mais 1923—35. 

J o o n i s n r . 50. Sademete jaotus juunis 1923—35. 
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J o o n i s n r . 51. Sademete jaotus juulis 1923—35. 

J o o n i s n r . 52. Sademete jaotus augustis 1923—35. 
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J o o n i s n r . 53. Sademete jaotus septembris 19231—35. 
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J o o n i s n r . 54. Sademete jaotus oktoobris 1923—35. 
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J o o n i s n r . 55. Sademete jaotus novembris 1923—35. 
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J o o n i s n r . 56. Sademete jaotus detsembris 1923—35. 
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420, 
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90 

•130 

J o o n i s n r. 57. Sademete jaotus kevadel (III—V) 1923—85. 
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•480 
2 0 0 2 2 0 I 

^SOz -JÖU-z 

•210 

W 2AC 

J o o n i s n r . 58. Sademete jaotus suvel (VI—VIII) 1923—35. 
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J o o n i s n r . 59. Sademete jaotus sügisel (IX—XI) 1923'—35. 
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iöö; 

120: 

TO-

80 

J o o n i s n r . 00. Sademete jaotus talvel (XII—II) 1923—35. 



A XXXIV. 8 Andmeid Eesti kliimast 65 

J o o n i s n r . 61. Aastane sademete jaotus 1923—35. 

Parima ülevaate saamiseks sademete üldisest jaotusest on 
lisaks sademete kuu- j a aastakeskmistele antud sajupäevade kesk-
mised arvud, kusjuures on sajupäevadeks loetud need, kus sade-
mete hulk öö-päeva kohta lume või vihmana on ulatunud vähemalt 
0.1 mm. Lisaks üldsajupäevade keskmistele on antud ka nende 
päevade keskmised arvud, kus sademete hulk on võrdunud või 
ületanud 1.0 mm. Külma aastapoole kohta on esitatud ka kesk-
mised lumesajupäevade arvud ( ). 

Tabelist nähtub, et sajupäevade aastane keskmine kõigub 120 
j a 200 vahel, moodustades maksimumi Narva-Jõesuus 208 päe-
vaga j a miinimumi Muhu rannikul Lõõtsa tuletornis 117 päevaga. 
Lumesajupäevade keskmine arv aastas kõigub 80 j a 40 vahel 
maksimumiga Narva-Jõesuus ja miinimumiga Kübassaarel. 

Lisaks kuu j a aasta keskmistele sademetele on järgnevates 
tabelites (nr. 42 j a 43) antud 1923—35. aastal esinenud suurimad 
j a vähimad kuu j a aasta sademete summad millimeetrites, mis 
aitavad iseloomustada kuu j a aasta sademehulkade kõikumist. 

Tabelist nähtub, et suurimad kuu sademehulgad esinevad 
suvekuudel, ületades Harglas juulikuul 221 mm, Kuusikul augus-
tis 204 mm jne. Mis puutub sademete aasta-äärmussummadesse, 
siis ületab maksimaalne aastane summa. Narva-Jõesuus 1100 mm 
kuna minimaalne summa Kübassaares piirdub vaid 308 mm. 

O 
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Jõgeva . 
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Kübassaare 
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Liivimõisa 
Loksa . . 
Lõõtsa 
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Narva-Jões 
Olustvere 
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Pakri . . 
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Ruhnu . . 
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Sademete ööpäevaste hulkade iseloomustamiseks on tabelis nr. 
44 antud maksimaalsed öö-päeva jooksul allasadanud sademete-
hulgad kuude jä rg i ajavahemikus 1923—35. Suurimad ööpäeva-
sed sademetehulgad, nagu keskmisedki, langevad suvekuudele, kus 
öö-päeva jooksul vihmana sadanud veekihi kõrgus on kohati üle-
tanud 90 mm. 

T a b e 1 n r. 42. 

Sademete maksimaalsed kuusummad mm-tes 1923—35. 

I II III IV vi VII I v m I X X i X I I X I I j A a s t a 

Abruka . . 
Hargla . . . 
Jäneda . . . 
Jõgeva . . . 
Keri . . . . 
Kilielkonna . 
Kuusiku . . 
Kübassaare . 
LiliuIa . . . 
Liivimõisa . 
Loksa T . . 
Lõõtsa . . . 
Naissaar . . 
Narva-Jõesuu 
Olustvere . . 
Osmussaar . 
Pakri . . . . 
Pärnu . . . 
Roomassaare 
Ruhnu . . . 
Suurupi . . 
Sõmerpalu . 
Sõrve . . . 
Tahkuna . . 
Tallinn . . . 
Tartu . . . 
Tiirikoja . . 
Tooma . . . 
Tori . . . . 
Vaindlo . . 
Vao . . . . 
Viirelaid . . 
Vilsandi . . 
Vodja . . . 
Vormsi . • . 
Väimela . . 
Võiste . . . 
Võru . . . . 

57.1 
50.4 
65.3 
40.3 
34.3 
43.0 
72.4 
45.4 
82.4 
52.8 
50.3 
58.7 
45.2 

1 0 1 . 7 

55.2 
54.8 
57.1 
46.7 
32.8 
54.1 
47.8 
47.2 
50.5 
65.3 
70-7 
68.4 
45.6 
49.6 
68.9 
22.0 
60.4! 
55.2 
50 2 
39.7 
61.8 
58.3 
69.9 
57.6 

48.6 
45.2 
51.8 
51.0 
55.3 
37.5 
51.9 
37.8 

47.9 
52.9 
40.0 
38.4 
36.8 
45.3 
44.5 
29.8 

105.7:60.4 
79.7 63.5 
57.6 50.0 
35.3 28.4 
37.4 44.0 

1 5 8 . 5 8 2 . 8 

33.8 46.8 
64.3,45.9 
43.2:34.6 
39.6 
32.2 

42 2 
31.3 

42.2 48.6 
43.0:37.2 
68-3j7l.0 
36.2 38.2 
40.0 36.8 
94.9 51.5 
61-2 56.7 
59-4152.7 
47-7,36.4 
43-3'52.5 

44.5 
65.5 

71.6 
73.2 
55.2 
74.8 
42.2 
57.8 
61.8 
75.6 
50.2 
52.4 

104.3 
78-0 
62-9 
75.5 
71.8 
38.1 
59.9 
71.9 
79.1 
48.9 
54.2 
74.7 
63.2 

117.6 
142.5 
122.2 
102.3 174.4 
87.3! 64.7 
85.5 J 69.4 

108.6 144.0 
101.4! 72.1 

80.51108.8 
1 1 8 . 0 l 2 2 1 . 3 

109.3 209.8 
147.7 
104.7 
94.7 

166.9 
202.6 
163.8 
166.2 
163.6 
195.4 

8 9 . 0 2 0 4 . 8 

131.2 
119.0 
101.3 
153.8 

122.7 j 110.3 104.2 
98.1 109.91130.71165.7 

107.6 
96.9 
93.6 

102.2 
136.6 
105.7 
134.8 
126-2 
130.7 
109.9 
98.5 
97.3 

1 5 5 . 5 

98.2 
89.7 
91.3 

128.2 
74.41131.3 
95.3 110-6 110.0 
75.8 106.4 

3 1 . 2 4 1 . 0 1 1 4 8 1 1 2 - 4 
57-5;46.1 
62-9 47.9 
31-3 37.0 
48-6j43.7 
39-8:41-3 
88-7161-3 
44-2 48.6 
50.2 71-5 

102.8 
48.3 
46.2 

93-5 
97-5 
92-9 

107.3,165.21176.1 
74.91115.4:136.8 
93.5! 85-91128.6 
82.3( 97-9 123.4 133.9 144.6 

139.4461-21179.1 
120.3 
76.1 

106-6 172.2 
94.6 124.9 

89-3jl 06-7 137.8 
128-1 105-2 144.6 
83-8 99-8 143.4 
97.5 92.7 155-2 
96-11138-4 165.9 125.8 1534 

180-9,198-0 183.2413.0 108-0 
67-3122.9 178-9113.9 146-4 

114.6 
131.7 

167.7:162.2 
116.3 136.0 

151.0 110.5(187.0 
i 06.7 j 130.2 
147.5 113.2 
155.6:134.0 
122.3! 138.9 

137.3 110.6 
139-4:137.0 
121.3:122.6 
137.0 114.7 
90-4116-8 

1 9 1 . 5 ; 1 9 2 . 2 

153-6 114.9 
106-9 129-3 
133-1 144.8 
148.9 117.1 
115.5:143.9 
108.5 143-4 

71.1 61.6 
97.6 108.8 
96.3 208.2 

170.5 

92.9 
72.0 

109.5 

132.0 
147.3 
96.1 
91.1 

157.4 90.4! 123-3 
166.4 118-8 155-4 
148.4130.2 107-9 
139.5 107.8i 83-8 

99-6 

195.9 
121.6 
123.6 
149.0 
153.8 
147.7 
102-6 
146.6 
123-2 
149-5 
1391 
137-3 
110-2 
109-4 
152-8 
123.6 

55.0 
60.1 
56.2 
39.5 
46.4 
55.0 
78.5 
53.P 
64.8 
73.2 
55.3 
45.3 
77.5 

774.1 
769.4 
9c 3.9 
823.2 
721.8 
749.3 
945.7 
561.8 
947.1 
858.6 
708.2 
707.1 
752.5 

8 4 . 9 1 1 3 9 . « 

58.8 
70.1 
66.5 
47.1 
38.9 
57.2 
57.0 
78.6! 
6O.2! 
72.4! 

153-3 9 0 . 7 

13 9-9 
127-5 
144-3 

75.1 
62.5 
44.8 160-2428.6 

156.9 131-2 130-0 2 0 1 . 3 58.3 
99.0126-7 132.9 108-5)45.9 

119.6 182.6 159.9'124.4:154.2:64.3 
100.2 126.0' 139.3 119.7 110-8| 106-6:45.7 
53.6 125.7( 178.8! 96.1 il38-31131.3 54.2 

91.9; 131-1 104.4 119.5,181.6!l 29.6! 127.9jl32.4i55.9 
45.7)100-8 80.9 81.9,132.7 112.8:118.21136.0 65.3 
74.4 130-5 189.3155.9 150.8423.2, 95.6l P0.7l54.3j 
72.3j 119-2 98.5 170.0i 198.6,134-2; 135.61186.3 63.81 
70.0 106-01112.6 168 .1 1 185.9144 .4 l 107 .0 i 105.8 65.6' 

5* 

787.8 
838.7 
757.7 
778.6 
721.1 
801.2 
835.9 
911.8 
747.3 
653.2 
794.0 
791.5 
776.8 
807.4 
806.4 
691.3 
889.9 
739.2 
674-4 
865.1 
760.4 
799.2 
783.3 
867.2 
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T a b e l n r . 43. 

Sademete minimaalsed kuusummad mm-tes 1923—35. 

1 Il 111 IV V 
I 

VI VII VIII IX X XI XII Aasta 

Abruka . . . 20.9 0 . 0 3.0 19.5 12.4 7.1 7.1 43.5 30.3 38.4 9.0 11.4 382.7 
Hargla . . . 7.3 9.9 4.8 15.3 22.8 22.8 !10.7 35.5 34.0, 18.2 7.1 13.9 466.5 
Jäneda . . . 2i.fi 6.0 8.3 21.1 13.2 16.5 20.2 35.2 39.6 44.4 11.() 18.4 465.7 
Jõgeva . . . 2.8 4.9 7.7 13.7 13.7 9.6 33.6 24.1 39.5 21.7 10.9 12.5 422.2 
Keri . . . . S.3 0.9 2 2 17.2 10.(5 7.0 21.9 17.8 25.6 39.5 12.3 20.1 444.1 
Kihelkonna . Ki.õ 4.2 0*8 16.6 16.0 14.3 16.0 19.3 33.1 38.6 14.6 16.9 369.1 
Kuusiku . . 23.0 5 3 16.1 19.8 23.1 10.0 33.5 31.2 24.6 52.5 19.6 23.8 534.8 
Kübassaare . ().8 1.0 1.2 1 1.0 18.3 14.0 22.6 37.6 21.2 32.7 15.4 2.7 3 0 8 . 0 

Lihula . . . 23.5 11.4 6.0 1 1.9 22.4 s.4 29.4 52.1 32.2 32.0 26.0 19.6 438.9 
Liivimuisa . 12.4 3.8 2.1 11.() 17.2 8.7 29.8 50-8 28.1 36.5 19.6 19.7 423.5 
Loksa 15.4 8.4 9.0 19.() ,13.9 3.1 24.2 35.2 36.1 31.8 16.2 23.3 434.0 
Lootsa 1 . 5 3.1 4.3 1 . 7 j l l . l 7.6 17.0 1 ( 5 S) 15.8 16.1 9.8 1 . 8 379.5 
Naissaar . . 15.5 9.3 14.9 17.2 13.5 14.2 17.3 29.7 27.5 40.5 18.7 15.7 381.8 
Narva-Jõesuu 23.(i 13-9 6.2 37.7 16.3 15.4 34.8 31.2 27.0 55.6 9.8 16.0 485.5 
Olustvere . . 8.0 3.2 7.0 14.7 j 12.4 16.3 34.4 45.3 35.4 37.6 9.7 19.6 486.8 
Osmussaar . 17.1 6.9 4.2 13.6 1 1 9 . 8 2.5 14.3 36.4 28.7 26.3 11.7 12 3 348.6 
Palcri . . . . 13.0 6.7 6.4 14.3 4 7.0 , 8.9 5.2 48.6 21.8) 46.0,12.9 18.5 410.0 
Pärnu . . . 13.3 4.2 6.2 9.6 114.3 14.9 26.2 45.4 25.9 37.3 13.7 15.7 388.9 
Roomassaare 12.5 1.8 0 . 7 13.0 !21.1 9.5 5.2 35.2 27.3 32.8 18.3 5.3 366.0 
Ruhnu . . . 16.0 7.9 6.7 16.2 127.1 14.3 14.7 33.5 20.1i 33.3 17.2 14.2 385.0 
Suurupi . . 4.2 4.6 17.4 16.0 18.4 10.5 25.7 34.5 25.8 41.2 13.3 21 6 408.9 
Sõmerpalu 10.6 12.1 4.2 17.6 (33.5 24.9 26.9 32.3 18.4! 18.7 7.2 8.7 518.2 
Sõrve . . . 12.5 3.7 1.6 1 1.7 1 6.9 12.6 16.7 34.9 29.2 30.3 19.5 13.6 387.7 
Tallinn . . . 19.7 8.8 1.6 19.5 16.0 11.5 19.3 33.8 21.8 43.5 17.2 20.9 411.9 
Tartu . . . 11 .2 7.2 10.2 12.4 '.32.4 6.1 28.1 21.4 33.3 29.0 8.0 16.0 523.3 
Ti iri Icoja . . 17.0 5.4 3.3 10.6 4 8.4 8.6 14.3 36.4 !19.6 23.1 10.0 9.0 420.1 
Tooma . . . 7.9 6.4 3.8 20.9 18.3 11.2 28.5 41.2 32.1 25.7 9.2 15.1 428-8 
Tori . . . . 12.9 6.9 9.6 9.8 16.8 12.8 26.7 49.5 18.7 34.9 16.6 13.1 423-0 
Vaindlo . . . 4.7 2.5 3.3 12.0 j 14.0 0 . ( 5 16.9 22.0 25.5 31.9 8.3 3.2 323-2 
Vao . . . . 22.7 9.5 10.1 19.8 12.7 18.6 28.5 35.0 126.2 30.1 11.8 18.6 534 .1 
Viirelaid . . 8.1 9.5 12.7 8.6 28.3 10.9 28.9 47.7 19.9 35.7^23.0 10.7 370-6 
Vilsandi . . 4.6 2.4 1.1 8.3 7 . « 18.7 4 . 8 1 7.9 25.2 29.9114.2 10.4 348-2 
Vodja . . . 17.1 5.6 10.5 15.5 48.1 11.2 27.1 45.2 29.4 31.8 7.9 6.2 442.8 
Vormsi . . . 12.0 9.6 13.2 8.1 |21.6 6.2 21.9 36.5 1 4 . 5 33.6 17.0 14.0 354.8 
Vaim ela . . 9.6 5.7 5.5 3.8 30.0 14.3 28.1 34.6 25.7 19.5 8.4 9.5 433-3 
Võiste . . . 9.8 8.5 9.5 13.2 16.7 15.3 29.1 41.9 26.4 31.8 15.0 5.7 422.7 
Võru . . . . 10.6 10.3 2.5 8.4 22.6 14.4 14.5 23.7 18.2 1 4 . 4 4 . 5 8.3 422.9 

Järgnevas tabelis (nr. 45) on antud keskmised rahesajupäe-
vade arvud kunde j a aasta kohta. Tabelist näeme, et keskmine 
aastane rahesajupäevade arv Eestis ei küüni üheski jaamas kuueni. 

Äikese esinemine algab üldiselt aprillikuuga ja kestab det-
sembrini; ainult IIarglas j a Ruhnus on äikest märgitud ka jaa-
nuarikuul. Võrreldes äikese jaotust üksikute jaamade vahel, näe-
me üldiselt suuri lahkuminekuid, mis rohkem on tingitud vaatle-
jate individuaalsest ülesmärkimise täpsusest, kui vaatluskohtade 
erinevusest äikese sageduse suhtes. Keskmine äikesepäevade arv 
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ei küüni üheski jaamas 25-ni, kusjuures maksimum langeb ena-
muses juulikuule. 

Kooskõlas äikese esinemise sagedusega näeme ka rahe esine-
mises suuremaid vahesid üksikute jaamade vahel, mis on suure-
mal määral tingitud vaatlejate lahkuminevast ülesmärkimis-vii-
sist kui vaatluskohtade erinevusest' rahe tegeliku jaotuse suhtes. 
Rahe esinemise kohta tuleks alla kriipsutada, et nii kevade kui 
ka sügiskuudel märgivad vaatlejad eksikombel ka teralund rahena, 

T a b e l n r . 44. 

Sademete maksimaalne ööpäevane hulk mm-tes 1923—35. 

I II III IV Y ! v i 
1 

VII VIII IX X XI XH Aasta 

Abruka . . . 9.9 14.4 16.5 15.5 33.3 38.3 56.9 71.6 28.9 32.4 21.5 I6.4! 71.6 
Hargla . . . 8.7 13.0 15.0 10.0 41.0 27.0 40.0 36.0 38.0 22.0 30.0 19.0; 41.0 
Jäneda . . . 14.0 15.6 12.3 23.5 36.5 32.3 59.0 67.6 34.0 25.9 37.3 16.0: 67.() 
Jõgeva . . . 11.3 9.5 9.3 24.5 35.3 43.5 37.9 40.4 28.1 25.7 26.1 10.0! 43.5 
Keri . . . . 13.0 9.5 11.7 17.3 45.0 30.8 53.3 56.7 37.7 19.3 26.3 15.1 56.7 
Kihelkonna . 12.5 15.0 11.0 14.8 24.3 30.8 30.4 49.5 30.5 35.8 22.0 13.0: 49.5 
Kuusiku . . 15.9 14.4 13.1 20.9 33.5 33.0 34.7 45.3 31.5 21.1 25.6 14.6! 45.3 
Kiibassaaro . 17.0 12.0 10.9 14.2 37.1 40.6 61.2 26.0 24.2 24.1 22.7 13.7 61.2 
Lihula . . . 18.9 19.9 17.2 24.2 41.8 44.8 44.3 51.6 34.1 27.8 4 8 . 9 13.4 51.6 
Liivim õisa . 18.9 18.6 15.2 23.7 41.8 30.0 63.5 50.5 26.7 23.3 23.7 15.7 63.5 
Loksa . . . 15.9 13.8 14.9 24.4 46.6 35.6 38.1 48.2 29.4 20.2 21.4 21.6 48.2 
Lõõtsa . . . 21.0 7.3 9.4 20.3 29.1 2,8.4 30.1 33.3 18.7 24.1 30.9 14.4 33,3 
Naissaar . . 15.2 9.6 12.8 13.4 26.2 31.3 32.6 36.1 44.2 25.9 23.5 18.4 44.2 
Narva-Jõesuu 25.6 20.6 19.2 23.7 26.3 54.3 35.8 53.0 4 9 . 2 22.5 47.2 J 4.4 54.3 
Olustvere . . 14.7 10.6 12.8 19.1 38.2 31.9 33.5 48.4 35.0 21.3 27.4 14.7 48.4 
Osmussaar . 15.5 21.2 13.1 2 ( 5 0 34.5 31.8 34.9 75.0 47.6 32.8 26.0 ] 9.0 75.0 
Pakri . . . . 12.3 19.5 13.0 19.2 52.6 28.5 2().8 41.2 27.5 34.7 23.9 13.8 52.6 
Pärnu . . . 9.0 8.6 10.2 14.5 26.7 38.8 37.6 41.5 30.7 19.9 27.2; 9.9 41.5 
Roomassaare 9.8 9.9 15.2 14.7 26.4 28.5 30.0 55.2 23.4 3 -).2 18.5 14.8 • >5.2 
Ruhnu . . . 13.8 8.5 11.8 16.4 :j9.o 50.2 51.1 54.0 19.5 28.9 30.4! 14.1 54.0 
Suurupi . . 13.7 11.2 9.2 19.8 34.2 36.0 36.9 49.7 36.8! 34.9 22.2' 16.4 49.7 
Sõmerpalu . 23.5 15.5 18.0 17.8 41.1 33.8 64 5 36.0 33.3 22.0 95.5 2 8 . 4 : 64.5 
Sõrve . . . 8.3 9.7 10.1 14.4 26.« 26.3 70.4 7 8 . 8 22-7 26.1 28.31 19.2 78.8 
Tallinn . . . 2 8 . 2 25.0 17.9 14.f) 33.3 27.3 30.5 56 8 32-8 24.0 24.4 15.3! 56.8 
Tartu . . . 18.2 24.0 12.2 1 5.5 33.2 25.5 63.3 35.0 25-1 19.7 19.9 19.2 63.3 
Tiirikoja . . 13.4 2 9 . ( 5 14.6 13.9 23.0 80.1 33.1 45.8 30.9 21.6 21.7 16.5 8 9 . 1 

Tooma . . . 12.1 8.2 1 1.2 19.6 31.2 35.3 42.4 43.8 42-6 21.5 25.4 16.1 42.6 
Tori . . . . 17.6 15.4 18.1 15.3 6 1 . 5 29-3 25.5 57.4 39-1 °2 3 38.4 13.8 61.5 
VaindIo . . . 9.1 6.3 18.0 24.5 39.1 38.3 35.7 42.0 28-4 20.1 23.3 1 1.0 42.0 
Vao . . . . 1 1.0 9.5 J 2.5 19.9 24.1 33.2 69.0 50.5 36-7 22.7 24.0 18.3 ()9.0 
Viirelaid . . 14.5 16.7 17.5 17.1 31.7 48.8 39.4 39.8 03.9 18.4 30.9 9.8 48.8 
Vilsandi . . 20.0 13.2 17.1 18.2 30.0 34.0 8 5 . ( 5 65.3 32-1 3 7 . 0 98.2 15.2 85.6 
Vodja . . . 12.5 9.7 10.3 15.5 38.3 34.0 34.5 59.5 45.9 30.0 24.0 1 3.0 59.5 
Vormsi . . . 14.6 9.2 13.3! 20.21 27.7 29.4! 32.8 72.6 27.6 29 2 22.4 11.5 72.6 
Väimehi . . 19.2 14.7 2 0 . 0 16.3; 30.4 43.8 60.8 46.4 40.0 1 6.7 21.2 24.7 60.8 
Võiste . . . 14.0 9.3 15.9; 19.9: 30.8 44.5 60.1 48.3 43.2 24.1 37.3 14.1 60.1 
Võru . . . . 18.6 9.8 19.6 12.4' 29.6 25.8 V*

 
CO
 

O
 43.71 35.7 24.6 26.7 24.71 53.0 
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mille tõttu rahepäevade keskmised arvud sügisel j a kevadel on 
natuke suuremad tõelistest rahe esinemistest. Keskmine rahesaju-
päevade a r v aastas ei küüni üheski jaamas 6-ni. 

T a b e l n r . 45. 

Keskmised päevade arvud rahega 1923—35. 

I H IH I IV V j VI VII VIII IX i x XI XII Aast 

Abruka . . . 0.2 0.2 
! 

0.1 0.2 0.7 l . i 0.8 3.3 
Hargla . . . — — — 0.2 0.6 0.3 0.2 0.2 0.2 0.4 — — 2.1 
Jäneda . . . — — — 0.2 0.5 ; o .8 0.7 0.4 0.4 1.1 0.3 — 4.4 
Jõgeva . . . — — — 0.2 0.7 0.5 0.2 0.1 0.1 0.2 — — 2.0 
Keri . . . . . — — — 0.1 0.1 — 0.2 — 0.3 0.4 0.1 — 1.2 
Kihelkonna . — — — — 0.3 0.2 0.1 0.2 0.1 1.0 0.3 — 2.2 
Kuusiku . . — — — 0.2 0.7 0.7 0.5 0.2 0.2 0.5 0.3 — 3.3 
Kübassaare . — — — 0.1 0.2 0.3 0.5 0.2 0.5 0.5 0.2 — 2.5 
Lihula . . . — — — 0.2 0.5 0.2 0.1 0.2 0.3 0.7 0.1 — 2.3 
Liivimõisa — — — 0.1 0.4 0.4 0.4 — 0.5 0.9 0.1 — 2.8 
Loksa . . . — — — - 0.1 0.1 — 0.1 0.1 0.6 — — 1.0 
Lõõtsa . . . — — — — — — 0.3 — — 0.1 — 0.4 
Naissaar . . — — — — 0.1 — 0.1 — 0.3 0.5 0.2 — 1.2 
Narva-Jõesuu — — — 0.3 0.7 0.8 0.5 0.2 0.5 1.4 0.9 — 5.3 
Olustvere . . — — — 0.1 0.2 0.4 0.1 0.3 0.1 0.2 — — 1.4 
Osmussaar . — — — — 0.2 0.1 0.1 0.3 0.2 1.6 0.9 — 3.4 
Pakri . . . . — — — 0.5 0.2 0.2 0.1 0.2 0.3 1.3 0.6 — 3.4 
Pärnu . . . — — — 0.4 0.8 0.8 0.3 0.1 1.2 1.1 0.2 — 4.9 
Roomassaare — — — 0.1 0.2 — 0.1 — 0.5 1.3 1.1 — 3.3 
Ruhuu . . . — — — — — 0.2 0.1 0.4 0.3 1.8 0.8 — 3.6 
Suurupi . . — — — 0.2 0.1 0.2 0.2 0.2 0.7 1.5 0.4 — 3 5 
Sõmerpalu . — — — 0.2 0.4 0.3 0.2 0.2 0.4 0.2 0.1 — 2.0 
Sõrve . . . — — — — 0.2 0.1 0.1 — 0.3 0.8 1.2 — 2.7 
TaHinn . . . — — — 0.2 0.3 0.4 0.3 0.4 0.5 1.0 0.5 — 3.6 
Tartu . . . . — — — 0.2 0.5 1.2 0.2 0.2 0.3 0.2 0.1 — 2.9 
Tiirikoja . . — — — 0.2 0.5 0.7 0.2 0.2 0.4 0.1 — 2-3 
Vaindlo . — — — 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.4 • — 1.4 
Viirelaid . . — — — — 0.2 0.2 0.2 0.2 0.3 0.3 — — 1.4 
Vao . . . . — — — 0.2 0.5 1,1 0.1 0.2 0.5 0.6 — — 3.2 
Vilsandi . . — — — — 0.1 — — 0.1 0.1 0.1 0.1 __ 0.5 
Vodja . . . — — — 0.1 0.3 0.5 0.2 ! 0.1 0.1 0.1 I — 1.4 
Vormsi . . . — — — 0.2 0.2 — 0.2 i — 0.5 ! 0.8 0.3 — 2.2 
Väimela . . — — — 0.1 — 0.2 0.1 0.2 0.2 0.2 i — 1.0 
Võiste . . . — — — — 0.2 — — 0.1 — 0.1 0.2 

~ 
0.6 

Võru . . . . — — — 0.1 0.3 0.6 0.3 : 0.2 — f 0.2 I — I 1.7 

Nii rahe kui ka äikese esinemise keskväärtust pole võimalik 
vä l ja lugeda suuremaid vahesid üksikute maa-alade vahel. 

Sademetehulga öö-päevase käigu kohta saame ülevaate Tartu 
Observatooriumi sademete-isemärkija andmeist ajavahemikus 
1929—35. Järgnevas tabelis nr. 46 on antud iga tunni peale 
kuhjuv keskmine sademete hulk mm, talvekuude (XII, I, II), 
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kevadekuude (III, IV, V), suvekuude (VI, VII, VIII) j a sügis-
kuude (IX, X, XI) j a terve aasta kohta. 

Tabelist nähtub, et talvekuudel langeb ööpäevane sademete 
maksimum varahommikustele tundidele, kella 4—7, suvekuudel 
aga pealelõunastele tundidele, kella 15—21, aastases käigus on 
märgata sademete kuhjumist üldiselt eespool-nimetatud hommi-
kustele j a pealelõunastele tundidele, kusjuures pealelõunane maksi-
mum on teravamalt vä l ja arenenud võrreldes ennelõunasega. 

T a b e l n r . 46. 

Sademetehulga keskmine ööpäevane käik Tartus 1929—35. 

O 

I I I 
Fi 
I 

! -C 
I CO 

I I ! T 
S 
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õo 
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I I i 
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5 
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! Oi 
I I 

-c 
CO 
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I ^ 

i 
x 

j 
QO 

I I J= 
i Oi 

I 

O ; J 

Talv 3.2 2.9 3.2 4.2 4.2 4.6 5.0 2.4 2.7 I 4.4 4.3 4.8 
Kevad 6.1 4.6 5.9 6.1 5.8 5.5 4.9 3.0 3.4 I 4.3 3.9 5.3 
Suvi 9.0 9.0 9.7 9.0 6.0 7.8 10.8 7.0 7.2 6.2 4.6 9.9 
Sügis 9.0 9.6 8.7 10.0 8.8 8.6 8.8 5.7 4.9 7. i 7.6 7.3 
Aasta 27.3 26.1 27.5 29.3 24.8 26.5 29.5 18.1 18.2 22.0 20.4 27.3 

CC 

I I I I I 
c © 
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S 
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I 
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M 

I 
CO Ol 

Talv 5.3 3.0 3.1 3.6 4.2 3.8 3.5 3.3 4.4 3.1 2.7 3.1 
Kevad 6.1 4.6 4.5 4.2 5.4 5.8 5.0 5.1 6.5 8.0 5.3 5.7 
Suvi 15.6 8.8 14.6 17.7 11.0 11.2 15.6 10.4 18.0 9.0 5.7 7.4 
Sügis 8.5 7.6 7.0 7.1 8.6 7.7 8.1 S 6.8 8.5 7.9 8.8 8.0 
Aasta 35.5 24.0 29.2 32.6 29.2 28.5 32.2 j 25.6 I 37.4 28.0 22.5 24.2 

Et Tartu Meteoroloogia Observatooriumi vaatlused on pide-
valt toimunud alates 1866. aastast, on võrdluseks antud järgne-
vas tabelis 70 a. sademete keskmised ühes suurimate j a vähimate 
sademete kuu- ja aastasummadega j a keskmiste sajupäevade 
arvudega. 

Võrreldes tabelis toodud andmeid ees pool-antud 13 aasta 
keskmistega, näeme olulisi lahkuminekuid, mis on tingitud pike-
mast vaatlusperioodist. 
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T a b e l n r . 47. 
70 a. sademete keskmised (mm) Tartus 1866—1935. 

I II III I V ; V VI VU VIII IX j X XI XII Aasta 

Keskmised kuusummad 34.1 29.3 27.(iLo.8 48.3 64.1 82.1 81.71 60.4 51.1 46.4 41.0 596.9 
Kuusammade liajumismõõt 15.2 13.9112.1 15.5! 23.1 30.6 46.0 35.61 29.4: 25.9 21.2 20.2J 102.3 
M aksimaalsed kuu su m m a d 79.5 73.9 56.7 75.2 128.2 141.8 233.3 174.8152.0 140.2 119.9 98.4 826.3 
Miuimaalsed kuusummad 7.6 6.9 3.1 3.8; 1.6 6.1 10.3 18.3 10.7' 8.5 8.0 5.9 358.7 
Maksimaalne ("»"»päevane hulk 20.6 24.0:14.8 22.6 34.7 57.0 75.2 82.4: 37.8: 27.6 35.8 24.2 82.4 
Keskmine sajupäevade arv 18.1 15.1114.6 13.0 13.6 J 3.5 14.7 16.9 16.0: 17.1 18.9 18.7 190.2 
Keskm.lumesajupäevade arv 16.3 14.0 12.4 5.8 1.1 0.0 — — o.o| 3.1 9.9,15.5 78.1 
Keskm. äikesepäevade arv 0.0 — ! 0.0 0.4 2.0 3 2 4.9 3.0; 0.8! 0.1 0.0 0.0 14.4 
Keskmine rahepäevade arv 0.1 O

 
O

 
0.4 0.7 0.6 0.4 0.2: 0.3! 0.2 0.1 0.0 3.1 

T a b e l n r. 48. 
Keskmine ja maksimaalne lumikatte kõrgus (sm) 

1923/24—1935/36. 

X Xl XlJ 1 11 III IV V S w 
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Abruka . . . _ 
1 j 

0 1 1 1 2 4 6 6 8 40 12 14 14 15 U 5 I1 0 
1 

_ _ 52 
.Jäneda . . . — 0 1 2 4 5 8 11 13 14 13 17 22 24 24 26 21 12 7 1 

1— - — 70 
Jõgeva . . . — 0 11 1 1 2 4 6 10!!12 1415 47 20 23 20 17:14 10 6' 0 ;— — — 79 
Keri — — 

i 
— 0 1 1 1 3; 4 3 4 8 7 8 H 

i 8 6 4 3 1 — - 45 
Kiibassaare — 0 0 0 0 11 1 1 2 3 3 4 7 9 10 ] 1 12 10 6 31 1 :— — — 44 
Lihula . . . — 0 1 0 1 3 3 3 6, 8 8 9 45 18 19 Kv 18'14 6 3; 0 1— — — 70 
Lõõtsa . . . — 0 — — 0 1 1 1 2 4 3 4 7 8 9 9 9 6 2 I1O — — — 43 
Naissaai' . . . — — 0 0 1 1 1 2 7|10 911 15 1821 21 21 16 11 6' 1 0 0 — 74 
Narva-Jõesuu 0 1 1 0 1 O 2 3 7 9 10 12 16 20 22 20 20 14 7 3' 0 0 — — 62 
Olustvere . . — — 0 0 2 4 5 8 11 14 17 17 22 26 27 26 26 21 12 6; 0 — — — 77 
Osmussaar . . — — 0 0 0 1 1 2 6 6 4 5 5 7 8 9! 10 7 4 3' 1 0 — — 50 
Pakri . . . . — — 1 0 i 1 3 3 4 8 10 7 7 11 14:16 16 17 13 7 3: 0 0 — - 68 
Pärnu . . . . — 0 0 0 1 1 1 1 4 5 6 8 11 11 12 12 12 8 4 1:0 — — — 59 
Ruhnu . . . . — — 0 0 0 1 1 4 7 6 9 13 16! 18 1 7| 1 7 14 9 5 1 — — — 4« 
Sõmerpalu . . — 0 1 1 2 3 4 7 11113:14 14 20 23 26 24 24! 18 9 5 0 — — — 61 
Sõrve . . . . — — — 0 5 0 1 1 3 4 5 7 i 9 1114 13 15 Il i 8 5; ] — — — 94 
Suurupi . . . — 0 1 1 i 2 3 4 7:40 8 7 !10 13:14 :1517 14 8 5 2 0 — — 60 
Tallinn . . . — 0 1 1 2 3 I 4 5 12:15 14 16 22 28 29 28 25 18' 12 6: 2 0 — — 109 
Tartu . . . . 0 1 1 1 1 3 4 7 IOiIO 12 12] 17 20,21 17 15 9 4 li 0 — — — 58 
Tiirikoja . . . — — 0 0 1 2 2 5 8 9 10 9 13 17 17,151613 6 3 1 — — — 60 
Tooma . . . . — 0 1 1 1 3 5 9 14 18 19 21 2,5 30133 32 32 27 19 10 2 0 — — 72 
Vao 0 0 1 1 O 4 1 5 8 12 14 15 17 ,22 27 30 32,33 27 18 11 2 0 — — 88 
Viirelaid . . 0 0 0 0 1 1 1 2 4 4 8; 15 16 18 17 16 15 11 9 6 0 — — 125 
Vormsi . . . — — 0 0 1 1 1 3 7 9:10 121115 19 24 23 28 25117 12 7 3 __ — 165 
Võru . . . . 0 0 0 1 1 2 3 6 Iu Ki In 11 16 19 19il614 8 3 L - — — — 43 

Eesti pindala lumikatte jaotuse iseloomustamiseks on kasuta-
tud lume kõrguse vaatlusi ajavahemikus 1923/24—1935/36. Vaat-
lustena märgitakse vaatlejate poolt igal hommikul lumikatte kõr-
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gus sentimeetrites sobivasse kohta paigutatud mõõtlatilt j a hin-
natakse silma järgi, millises ulatuses on kogu nähtav piirkond 
lumega kaetud. Et vaatluste tegemine toimub tasuta, esinevad 
neis sageli, nagu sademetegi vaatlustel, kohati lüngad. 

Tabelis nr. 48 on antud kuu dekaadidel keskmised lumikatte 
kõrgused sm ainult nendest jaamadest, mis on eespool-nimetatud 
ajavahemikus pidevalt töötanud. 

Tabeli viimases lahtris on näidatud kogu vaatlusperioodil 
(1923/24—1935/36) esinenud maksimaalne lumikatte kõrgus sm. 
Tabelist nähtub suuri lahkuminekuid üksikute jaamade andmete 
vahel, mis on tingitud vaatluskohtade erinevusest, nagu maakoha 
kõrgus, kas mõõtmine toimub lagedal väl ja l või metsastunud, tuu-
lest var ja tud kohal jne. 

Järgnevas tabelis on antud samade jaamade kohta keskmised 
dekaadide j a aasta lumikatte päevad. Analoogiliselt eelmisele 

T a b e l n r . 49. 

Keskmised päevade arvud lumikattega 1923/24—1935/36. 
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tabelile esinevad ka siin suured lahkuminekud üksikute jaamade 
vahel, mis on seletatavad eespool-mainitud vaatluskohtade erine-
vate omadustega. 

Selgema ülevaate saamiseks lumikatte jaotusest Eestis on 
järgnevail jooniseil esitatud lumikatte kõrguse samajooned senti-
meetrites kuude järgi . Lumikatte kõrguse samajoonte koostami-
seks on kasutatud graafilist meetodit, mille jä rg i iga aasta kohta 
eraldi joonistati üksikute kuude samakõrgusjooned, millest graa-
filise liitmisega tuletati keskmised lumikatte kõrguse samajooned 
kogu ajavahemiku kohta. Vastavatelt joonistelt on näha, et lumi-
kate algab Eestis novembrikuuga j a kestab maini, kusjuures koos-
kõlas sademete jaotusega esinevad suurimad lumikatte kõrgused 
sisemaal kõrgematel kohtadel, kuna rannikualad j a saared omavad 
tunduvalt madalamat lumikatet. 

Analoogiliselt lumikatte kõrguse samajoontele on järgnevatel 
joonistel kujutatud kõverad, mis näitavad kuupäevade järg i pideva 
lumikatte algust j a lõppu. Kooskõlas lumikatte kõrgusega püsib 
lumi pikemat aega Ida-Eesti kõrgendikkudel. 

25 XII 

20X11 

25.XII. 

5.1. 
10-XII. 

J o o n i s n r . 62. Pideva lumikatte algus 1923—35. 
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«.1*51.111. 

i.ui 

SJVrj 25.111. 
5. IV. S5.U). 

CSv 

J o o n i s n r . 63;. Pideva lumikatte lõpp 1924—36. 

J o o n i s n r . 64. Keskmine lumikatte kõrgus (sm) novembris 1923—35. 
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J o o n i s n r . 65. Keskmine lumikatte kõrgus (sm) detsembris 1923—35 

J o o n i s n r . 66. Keskmine lumikatte kõrgus (sm) jaanuaris 1924—36. 



Andmeid Eesti kliimast A XXXIV, s 

J o o n i s n r. 67. Keskmine lumikatte kõrgus (sm) veebruaris 1924—36. 

J o o n i s n r . 68. Keskmine lumikatte kõrgus (sm) märtsis 1924—36. 
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J o o n i s n r . 69. Keskmine lumikatte kõrgus (sm) aprillis 1924—36. 

Lisaks sademete ööpäevasele käigule võimaldab sademete-ise-
märki ja iseloomustada suhet vihma kestuse ja intensiivsuse vahel. 
Selleks on läbi töötatud Tartu Observatooriumi sademete-isemär-
ki ja andmed 1926—34, kokku 537 vihmasaju juhust 9 aasta vältel. 
Üksikvihmade liigitamiseks kestuse j ä rg i on ajaühikuks võetud 
20 min. 

Järgnevas tabelis on antud hoogvihmaide jaotus kestuse j ä rg i 
ühes keskmise j a maksimaalse intensiivsusega ühe minuti kohta, 
kusjuures maksimaalne intensiivsus on määratud 10 min. kestel 
sadanud vihmast. Lühema a ja kasutamist maksimaalse inten-
siivsuse määramiseks ei võimalda Hellmann'i sademete-isemärkija. 

Parima ülevaate saamiseks on järgneval joonisel kujutatud 
seos keskmise hoogvihmade intensiivsuse j a kestuse vahel graa-
filiselt, kusjuures püstteljeks on keskmised sademete intensiivsu-
sed, rõhkteljeks aga aeg minutites. Joonisel on vastavad 20 min. 
ajavahemikuga keskmised intensiivsused märgitud ringikestena. 

Tabelis toodud andmete jä rg i on tuletatud vastav võrrand 
ühes keskmise veaga: 

— 0.034 a; — 1 . 5 7 a: 
lj = 0.323 e — 0.316 e — (0.00001 ± 0.00001) x -f 

- 0.022 x 
+ (0.023 ±0.014) ±0.174 e 
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:eskmist sademete intensiivsust minuti kohta, x 
t minutites j a e naturaal-logaritmide alust. Nii 
rand näitavad suurima keskmise intensiivsuse 
vältusega hoogvihmadele, s. o. 0—20 minutini. 

T a b e l n r. 50. 
e keskmine intensiivsus Tartus 1926—34. 
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J o o n i s n r . 70. Hoogvihmade keskmine intensiivsus Tartus 1926—34. 

IV. Pilvitus. 
Eestis valitseva pilvituse jaotuse tundmaõppimiseks on kasu-

tatud 13 jaama vaatlusi ajavahemikus 1923—35. Nagu teada, toi-
muvad pilvituse vaatlused koos teiste vaatlustega 3 korda päevas: 
kell 7, 13 j a 21. Vaatlustena märgivad vaatlejad vaatlusvihku pil-
vede eriliigid ja pilvituse rohkuse 10-astmelise skaala j ä rg i sil-
maga hindamisel. Nii tähendab pilvituse rohkus 10, et kogu tae-
vas on pilvedega kaetud, pilvitus 5, et pool taevast on pilvkatte 
all jne. Tuleb alla kriipsutada, et eriti pilvituse rohkuse vaatlu-
sed on sõltuvuses vaatleja subjektiivsest hinnangust, mille tõttu 
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üksikute jaamade vaatlusandmed pole üksteisega hästi võrrelda-
vad. 

Järgnevates tabelites (nr. 51, 52, 53) on antud keskmised kuu 
j a aasta pilvituse rohkused kell 7, 13 j a 21 j a tabelis nr. 54 kuu 
j a aasta keskmised pilvituse rohkused kolmest tähtajalisest vaatlu-
sest. Tabelid näitavad pilvituse rohkuse aastases käiguis tugevat 
rütmi maksimumiga novembris ja detsembris j a miinimumiga juu-
nis ja juulis. 

T a b e l n r . 51. 

Keskmine pilvituse rohkus 1923—35, 7". 

1 Il Ill IV V VI VH VIII IX X Xl XIl Aasta 

Tartu . . . 7.9 8.2 7.3 7.0 6.4 6.2 5.6 6.8 7.4 8.4 8.7 8.5 7.4 
Tallinn . . 8.1 8.1 7.2 6.9 6.5 5.8 5.6 6.6 7.7 8.4 8.9 8.5 7.4 
Vilsandi . . 8.3 8.3 7.3 6.7 6.3 4.9 5.7 6.7 7.3 8.6 9.0 8.5 7.3 
Pärnu . . . 7.9 7.5 6.8 6.3 6.0 5.9 5.5 6.3 6.8 7.9 8.3 8.4 7.0 
N.-Jõesuu . 7.5 7.7 6.7 6.7 5.8 5.6 5.1 6.3 7.4 8.4 8.4 8.3 7.0 
Tooma . . . 8.1 8.0 6.9 6.5 6.0 5.8 5.3 6.7 7.3 8.2 8.4 8.7 7.2 
Olustvere . 8.2 8.5 7.4 7.1 6.8 6.2 5.9 7.0 7.3 8.4 8.7 8.6 7.5 
Jäneda . . 8.3 8.4 7.3 6.8 6.5 5.7 5.7 6.6 7.5 8.1 8.8 8.8 7.4 
Võru . . . 8.4 8.4 7.5 6.8 6.0 6.2 5.6 7.2 7.6 8.6 8.9 8.7 7.5 
Tiirikoja . . 8.0 8.2 7.0 6.6 5.9 5.5 4.9 6.0 6.9 7.9 8.8 8.6 7.0 
Jõgeva. . . 8.0 7.6 6.6 6.2 5.3 5.7 5.1 6.3 7.4 8.2 8.7 8.6 7.0 
Kuusiku . . 8.5 8.1 6.9 7.0 6.9 6.0 5.8 6.7 7.4 8.6 8.8 8.6 7.4 
Vaindlo . . 8.4 7.9 6.5 6.6 6.3 5.4 5.4 6.5 7.3 8.2 8.9 8.6 7.2 8.4 6.6 

T a b e l n r. 52. 

Keskmine pilvituse rohkus 1923—35, 13". 

I II III IV V VI VIl VIII IX X Xl XII Aasta 

Tartu . . . 8.3 8.0 6.8 7.3 7.3 7.1 7.0 7.8 7.9 8.5 8.8 8.7 7.8 
Tallinn . . 8.2 7.9 6.6 6.7 6.3 6.1 5.9 7.0 7.3 8.4 8.9 8.9 7.3 
Vilsandi . . 8.4 7.9 6.8 6.3 6.0 5.6 5.8 6.5 6.9 8.1 8.8 8.8 7.2 
Pärnu . . . 7.9 7.5 6.6 6.5 6.1 6.1 5.9 6.9 7.0 7.9 8.4 8.5 7.1 
N.-Jõesuu . 7.9 7.6 6.4 6.5 6.2 6.0 5.6 6.5 7.3 8.2 8.9 8.6 7.1 
Tooma . . . 8.2 7.6 6.4 6.8 6.7 6.7 6.5 7.1 7.2 8 2 9.0 8.6 7.4 
Olustvere . 8.6 8.2 7.0 7.5 7.1 7.0 7 0 7.6 7.8 8.6 9.0 9.0 7.9 
Jäneda . . 8.2 7.7 6.5 7.0 6.7 6.6 6.6 7.0 7.4 8.2 8.8 8.8 7.5 
Võru . . . 8.1 8.0 6.7 7.0 6.9 7.0 7-0 7.1 7.5 8.2 8.8 8.8 7.6 
Tiirikoja . . 8.3 7.7 6.3 6.6 6.2 6.0 6.0 6.4 7.0 8.0 8.6 8.7 7.2 
Jõgeva . . 8.2 7.1 6.0 6.4 6.0 6.6 6.2 6.9 7.2 7.9 8.6 8.6 7.2 
Kuusiku . . 8.1 7.9 6.4 7.3 7.2 6.7 7.0 7.5 7.3 8.5 9.0 8.8 7.6 
Vaindlo . . 8.4 7.7 6.5 6.7 5.9 5.4 5.4 6.4 7.0 8.1 8.9 8.8 7.1 

6 
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T a b e l n r . 53. 

Keskmine pilvituse rohkus 1923—35, 21". 

1 il I IV V V, VII VIII IX X Xl 
I 

XIl Aasta 

Tartu . . . 7.8 7.5 6.1 6.0 6.4 5.9 6.2 6.1 5.7 7.0 8.4 8.2 • 6. s 
Tallinn . . 7.7 7.3 6.0 6.0 6.1 5.8 5.5 6.3 6.1 7.4 8.5 8.5 : 6.8 
Vilsandi . . 7.6 7.2 5.6 5.2 6.3 5.8 5.8 5.6 5.9 7.1 8.0 8.1 : 6.5 
Pärnu . . . 7.5 7.1 5.5 6.0 5.9 5.o 5.1 5.8 5.5 6.9 7.9 8.3 i 6.4 
N.-Jõesuu . 7.5 6.9 5.8 6.4 6.1 5.8 5.0 6.3 6.0 7.2 8.4 8.2 ; 6.6 
Tooma . . 7.9 7.5 5.9 5.8 5.8 5.2 5.0 5.9 5.9 7.6 8.5 8.3 ! 6.6 
Olustvere . 8.0 7.8 6.0 5.8 6.3 6.1 6.3 6.4 5.9 7.4 8.3 8.6 j 6.9 
Jäneda . . 8.1 7.3 5.8 6.1 6.1 5.4 5.1 5.9 5.8 7.6 8.5 8.5 1 6.7 
Võru . . . 7.6 7.4 6.2 6.2 6.0 5.6 5.8 6.0 5.3 6.9 8.3 8.3 6.6 
Tiirikoja . . 8.1 7.5 6.2 6.0 5.5 5.1 5.1 5.5 5.6 7.2 8.4 8.4 ! 6.5 
Jõgeva . . 7.7 7.0 5.3 5.3 5.1 5.2 5.2 5.6 5.4 7.0 8.2 8.1 ! 6.3 
Kuusiku . . 7.7 7.4 5.9 5.8 6.3 5.5 5.6 5.7 5.8 7.4 8.2 8.4 i 6.6 
Vaindlo . . 8.0 7.1 6.1 6.2 6.4 5.7 5.6 6.8 6.2 7.5 8.8 8.3 6.9 

T a b e l n r . 54. 

Keskmine pilvituse rohkus 1923—35, 7", 13" j a 21". 

I II III IV V VI VlI VIU IX x XI XlI Aasi 

Tartu . . . 8.0 7.9 6.7 6.8 6.7 6.4 6.3 6.9 7.0 8.0 8.6 8.5 7.3 
Tallinn . . 8.0 7.8 6.6 6.5 6.3 5.9 5.7 6.8 7.0 8.1 8.8 8.6 7.2 
Vilsandi . . 8.1 7.8 6.6 6.1 6.2 5.4 5.8 6.3 6.7 7.9 8.6 8.5 7.0 
Pärnu . . . 7.8 7.4 6.3 6.3 6.0 5.8 5.5 6.3 6.4 7.6 8.2 8.4 6.1^ 
N.-Jõesuu . 7.6 7:4 6.3 6.5 6.0 5.8 5.2 6.4 6.9 7.9 8.6 8.4 6.9 
Too tn a . . . 8.1 7.7 6.4 6.4 6.2 5.9 5.6 6.6 6.8 8.0 8.6 8.5 7.1 
Olustvere . 8.3 8.2 6.8 6.8 6.7 6.6 6.4 7.0 7.0 8.1 8.7 8.7 7.4 
Jäneda . . 8.2 7.8 6.5 6.6 6.4 5.9 5.8 6.5 6.9 8.0 8.7 8.7 7.2 
Võru . . . 8.0 7.9 6.8 6.7 6.3 6.3 6.1 6.8 6.8 7.9 8.7 8.6 7.2 
Tiirikoja . . 8.1 7.8 6.5 6.4 5.9 5.5 5.3 6.0 6.5 7.7 8.6 8.6 6.9 
Jõgeva . . 8.0 7.2 6.0 6.0 5.5 5.8 5.5 6.3 6.7 7.7 8.5 8.4 i 6.8 
Kuusiku . . 8.1 7.8 6.4 6.7 6.8 6.1 6.1 6.6 6.8 8.2 8.7 8.6 ; 7.2 
Vaindlo . . 8.3 7.6 6.4 6.5 6.2 5.5 5.5 6.6 6.8 7.9 8.9 8.6 I 7.1 

Peale pilvituse rohkuse keskmiste on arvutatud selgete j a pil-
ves päevade keskmised arvud üksikute kuude j a aasta kohta. 

Nagu teada, loetakse meteoroloogias selgeks päevaks säärast 
päeva, mil pilvituse rohkuse summa kolmest tähtajalisest vaatlu-
sest on alla 6, j a pilves päevaks säärast, mil nimetatud summa 
on üle 24. 
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T a b e l n r. 55. 

Keskmised selgete päevade arvud 1923—35. 

I II III IV V VI VII VIII IX X Xl XlI Aasta 

Tartu . . . 2.2 2.1 4.2 4.2 2.9 3.3 3.8 2.2 1.4 0.8 0.8 1.5 29.4 
Tallinn . . 1.8 2.1 4.5 3.8 3.8 3.9 4.2 2.1 1.2 0.3 0.8 0.5 29.0 
Vilsandi . . 1.4 1.6 4.4 4.5 4.1 5.0 4.7 2.1 1.7 0.8 0.3 1.1 31.7 
Pärnu . . , 2.0 2.5 4.2 3.9 3.1 3.7 3.5 2.3 1.9 0.8 1.3 1.0 30.2 
N.-Jõesuu . 3.2 3.3 4.7 3.9 4.5 3.4 4.9 3.2 2.4 0.7 0.5 1.5 36.2 
Tooma . . . 1.4 2.2 4.7 4.1 3.1 3.0 2.6 1.4 1.1 0.8 0.7 0.9 26.0 
Olustvere . 1.3 1.3 3.5 3.0 3.0 3.2 2.5 1.6 1.5 0.5 0.8 0.7 22.9 
Jäneda . . 1.5 1.6 4.3 4.5 3.4 4.1 3.9 2.5 1.3 0.6 0.8 0.9 29.4 
Võru . . . 2.0 1.8 4.3 2-9 2.9 3.0 2.9 1.7 1.0 0.6 0.8 1.1 25.0 
Tiirikoja . . 2.1 1.9 4.8 4.2 5.3 4.9 5.2 3.8 2.1 0.8 0.9 0.9 36.9 
Jõgeva . . 2.1 3.4 6.2 4.8 5.1 4.3 4.6 3.1 1.8 1.0 1.1 1.1 38.6 
Kuusiku . . 1.4 2.3 4.5 3.2 3.0 3.3 2.1 2.2 1.7 0.3 1.1 1.2 26.3 
Vaindlo . . 1.2 2.4 5.0 4.1 3.1 3.7 3.3 1.9 0.9 0.4 0.5 0.5 27.0 

Et nii selged kui ka pilves päevad olenevad silma jä rg i mää-
ratud pilvituse rohkusest j a selle tõttu on mõjutatud vaatleja 
subjektiivsest hindamisviisist, ei saa kumbagi päevade liiki hästi 
kasutada võrdluseks üksikute jaamade pilvituseolude vahel, küll 
aga aitavad nad iseloomustada pilvituse rohkuse aastast käiku ühel 
ja samal kohal. 

T a b e l n r . 56. 

Keskmised pilviste päevade arvud 1923-—35. 

I II III iV V V, VII VllI IX X xi ! XII 
: 

Aasta 

Tartu . . . 19.7 18.0 13.9 13.5 13.0 10.6 10.1 12.2 11.5 ls.i 22.7 i 22.3 185.6 
Tallinn . . 19.0 16.4 13.9112.6 11.3 8.8 6.9 1L3 12.7 18.6 22.5 22.6 1 76.6 
Vilsandi . . 19.8 15.9 12.5 11.0 11.3 8.6 8.8 8.6 11.3 17.3 20.6 20.9 166.6 
Pärnu . . . 18.4 15.0 12.5 10.5 8.5 8.3 6.1 9.8 9.2 15.7 20.121.1 155.2 
N.-Jõesuu . 18.5 16.3 11.4 13.2 10.0 7.6 6.2 9.9 11.5 18.0 22.1!21.4 166.1 
Tooma . . . 19.6 17.0 12.6 11.5 9.6 8.1 6.3 10.9 10.9 17.2 23.1 22.4 169.2 
Olustvere . 20.8 17.6 14.2 13.0 12.1 10.5 8.8112.6 12.7 18.2 22.7122.7 185.9 
Jäneda . . 20.4 17.2 12.8 13.9 10.8 9.0 8.5 11.1 11.5 17.3 22.8 23.1 1 7H.4 
Võru . . . 19.5 17.3 14.1 12.4 10.4 9.4 9.7 11.2 11.0 16.4 22.8122.4 176.6 
Tiirikoja . . 20.4 17.4 13.2 11.9 9.2 7.1 6.6 9.0 10.0 16.2 22.3 22.4 165.7 
Jõgeva . . 19.4 14.8 12.1 10.0 7.8 7.8 6.5 8.8 9.7 16.1 21.3; 20.9 155.2 
Kuusiku . . 19.4 16.1 13.0 12.4 13.4 8.9 9.0 11.4 11.9 19.0 22.6 22.0 179.1 
Vaindlo . . 20.3 15.6 12.9 12.1 9.9 6.8 6.2 9.7 11.3 17.0 22.5 22 5 165. ts 

ö 
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Kooskõlas pilvituse rohkuse andmetega esineb pilves päevade 
aastases käigus maksimum novembris j a detsembris, miinimum 
aga juunis j a juulis, kuna selgete päevade jaotuses nähtub vastu-
pidine asetus maksimumiga suvel j a rilimimumiga sügisel. 

Lisaks pilvituse keskmisele rohkusele, pilves j a selgetele päe-
vadele on järgmises tabelis antud udupäevade kuu- j a aastakesk-
mised. 

T a b e l n r . 57. 

Kesikmised udupäevade arvud 1923—35. 

1 II III IV V VI VII VIII IX X XI XII Aasta 

Tartu . . . 6.0 5.6 7.2 3.9 2.8 0.5 2.4 4.2 6.8 9.5 9.9 6.9 65.7 
Tallinn . . 6.2 5.9 7.7 5.5 5.9 2.3 2.7 4.7 5.8 6.9 7.6 6.9 68.1 
Vilsandi . . 5.8 4.5 6.9 5.5 6.5 3.8 4.5 1.2 2.2 4.0 4.5 4.2 53.6 
Pärnu . . . 4.8 4.1 6.1 3.8 2.8 1.7 2.5 3.1 4.9 5.0 7.5 5.8 52.1 
N.-Jõesuu . 2.8 2.8 3.3 3.8 3.5 1.7 3.2 2.6 2.6 3.1 4.1 3.7 37.2 
Tooma . . 2.1 1.9 4.3 2.3 1.5 1.0 1.2 4.9 4 7 4 9 4.9 3.7 37.4 
Olustverfi . 3.6 2.9 5.1 3.1 2.4 2.1 2.8 3.8 3.8 6.2 5.6 5.9 47.3 
Jäneda . . 4.6 4.5 5.8 3.8 3.8 3.3 4.7 7.3 5.5 6.2 6.2 5-5 61.2 
Võru . . . 3.7 3.8 4.9 3.9 2.5 2.5 3.2 5.6 8.0 5.9 7.3 5.7 57.0 
Tiirikoja . . 2.7 2 2 3.8 3.9 3.6 1.2 4.5 4.4 4.4 4.4 5.8 3.5 44.4 
Jõgeva . . 3.7 2.8 4.2 3.3 2.1 0.8 2.2 4.7 6.7 7.3 8.8 4.2 50 8 
Kuusiku . . 2.8 2.8 4.9 2.7 2.6 1.3 2.6 4.2 4.6 4.9 8.0 5.7 47.1 
Vaindlo . . 2.2 2.2 5.2 4.2 4.4 2.7 1.1 1.5 2.1 2-1 2.4 2.0 32.1 

Udupäevade aastases jaotuses on üldiselt märgata suurt üle-
kaalu külmemal aastapoolel, s. o. oktoobrist märtsini, kuna soo-
jemal aastapoolel — aprillist septembrini — on udu esinemine 
tunduvalt harvem. 

Pilvituse rohkuse ööpäevast käiku on võimalik jälgida Tartu 
Meteoroloogia Observatooriumi vaatlustest. Peale kolme tähtaja-
lise vaatluse (7h, 13" j a 21h) on Tartus toimetatud pilvituse vaat-
lusi veel iga kolme tunni takka, nii et kokku oli võimalik kasutada 
päevas 7 vaatlust järgmistel kellaaegadel: 7, 10, 13, 16, 19, 21 
j a 22. 

Järgnevas tabelis on toodud kuude j a aasta pilvituse rohkuse 
keskmised Tartu kohta eespool-nimetatud kellaaegade järgi . 
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T a b e l n r . 58. 

Keskmine pilvituse rohkus Tartus 1923—35. 

1 II III I IV V VI VII VIII IX X Xl XlI 

7h 7.9 8.2 7.3 7.0 6.4 6.2 5.6 6.8 7.4 8.4 8.7 8.5 
IOh 8.4 8.1 6.9 7.1 7.0 6.9 6.5 7.5 7.8 8.5 8.9 8.8 
13h 8.3 8.0 6.8! 7.3 7.3 7.1 7.0 7.8 7.9 8.5 8.8 8.7 
16h 8.1 8.0 6.8! 7.2 7.0 6.8 6.7 7.3 7.6 8.4 9.0 8.7 
19h 7.7 7.6 6.6 i 6.8 6.6 6.3 6.4 6.6 6.9 7.5 8.4 8.3 
2 Ih 7.8 7.5 6.1 ; 6.0 6.4 5.9 6.2 6.1 5.7 7.0 8.4 8.2 
22h 7.8 7.5 6.1 : 5.9 6.2 5.8 6.0 6.0 5.6 6.9 8.4 8.2 

Selgema ülevaate saamiseks pilvituse rohkuse ööpäevasest 
käigust on joonisel nr. 71 esitatud vastavad isopleedid 0.5 ühiku-
liste vahedega. 

7 h 

8.0 7.0 
7.0 

J o o n i s n r . 71. Pilvituse rohkuse isopleedid Tartus 1928—35. 

Suurim pilvitus (üle 8.5) esineb novembris ja detsembris, 
millest peale pilvituse rohkus pidevalt väheneb, moodustades mii-
nimumi juunis ja juulis. Edasi on tähelepanu-väärt pilvituse suu-
renemine keskpäeva ajal suvekuudel, mis, nagu teada, on tingitud 
õhu püstvooludest. 

Analoogiliselt pilvituse rohkuse ööpäevasele jaotusele võimal-
davad Tartu 3 tunni takka toimetatud vaatlused jälgida pilvita 
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taeva ööpäevast käiku, mis on iseloomustatud vastavate isoplee-
tidega joonisel nr. 72. 

7h 

iOh 

43 h-

16 h' 

19 h-

22h 

Nagu eelmisel joonisel, nii on ka siin rõhtteljeks kuud, püst-
teljeks aga kellaajad 3 tunni takka, alates kell 7 kuni 22, kuna 
kõverad väljendavad protsentides, kui sagedasti vastaval vaatlus-
tähtajal on esinenud täiesti pilvita taevas. Jooniselt näeme, et 
enamuses 011 täiesti selget taevast olnud märtsikuul, mil ühelt 
poolt talvel sageli esinev kihtpilvitus ja udu on jäänud vähemaks, 
teiselt poolt aga puudub veel suvine rünkpilvitus. 

Samal viisil on Tartu pilvituse vaatluste järgi isopleetidega 
kujutatud üksikute pilvituseliikide ööpäevased ja aastased käi-
gud. 

Joonisel nr. 73 näeme madalate kihtpilvede (stratus) ööpäe-
vast jaotust kuude järgi. 

Joonisel leiduvad kõverad väljendavad, nagu selgegi taeva 
joonisel, protsentides, mitu korda on esinenud vaatiustähtaegadel 
madalad kihtpilved. 

Stratuse jaotuses on tunda nii aastast kui ka ööpäevast rütmi. 
Stratuse maksimum langeb novembrikuule, mil ligi 70% ulatuses 
kõigil vaatlustel on vaatlejate poolt märgitud stratust. 

5 d0- -40- -5 

I I I I I 1 I 
J o o n i s n r. 72. Pilvita taeva isopleedid Tartus 1923—3'5. 
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J o o n i s n r . 73. Kihtpilvede isopleedid Tartus 1923—35. 

Järgnevatel joonistel on analoogiliselt esitatud isopleetidega 
teiste pilvitusliikide jaotus. Eriti selgelt on märgata rünkpilvede 
(cumulus) ja äikesepilvede (Cu Nb) suurt ülekaalu suvekuudel. 

I J L M K T T L W W T L X T L T K 

J o o n i s n r . 74. Rünkpilvede isopleedid Tartus 1923—35. 
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.20 

J o o n i s n r . 75. Äikesepilvede (Cu Nb) isopleedid Tartus 1923—35. 

Kihtrünkpilvituse (StCu) jaotuses nähtub maksimum sügis-
kuudel — septembris ja oktoobris, sest et eriti külmal aastapoo-
lel, mil suures ülekaalus on stratus, on St Cu pilvede esinemine 
tunduvalt vähem. 

7 

iO 

20: .20 
43 

16 

22 
i i r i i i r x i E M m i i i i E i a : 

J o o n i s n r . 76. Kihtrünkpilvede isopleedid Tartus 1923—35. 
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Järgneval joonisel esitatud vihmapilvede jaotuses puudub eri-
line korrapärasus nii ööpäevases kui aastases jaotuses. 

<5, 

20 20 

20, '25 20; 
25 -

i i m i s r Y i z r m m i E x i t i i i 

J o o n i s n r . 77. Vihmapilvede isopleedid Tartus 1923—35. 

V. P ä i k e s e p a i s t e k e s t u s . 

Täiendavaid andmeid pilvituse rohkuse vaatlustele võimalda-
vad päikesepaiste kestuse isemärkijad (heliograafid), mis auto-
maatselt registreerivad päikesepaiste kestust kella järgi . Eestis 
on olnud tarvitusel Velitško süsteemi heliograaf valgustundelise 
paberiga, millele jätavad päikese kiired märgatava jäljendi. Päi-
kesepaiste isemärkijate kirjutistest on võimalik määrata 5 minuti 
täpsusega, millal ja kui kaua on olnud vaadeldavas ajavahemikus 
päikesepaistet. Tuleb alla kriipsutada, et vaatluskohtade vahel 
esinevad lahkuminekud päikesepaiste kestuse suhtes ei olene ainu-
üksi erinevatest pilvituseoludest, vaid siin tuleb arvestada ka vaat-
lejate käitumist valgustundeliste paberitega, nende alalhoiu tingi-
mustega jne. 

Järgnevas tabelis on antud kuu j a aasta keskmised päikese-
paiste kestuse summad, väljendatud tundides, 11 jaamast 10 
aasta vaatlustest 1926—35. 
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T a b e l n r . 59. 

Keskmine päkesepaiste kestus tundides 1926—35. 

1 I 11 III ! I V V VI VlI VIII IX X Xl XlI Aasta 

Vilsandi . . 
Tartu . . . 
Tallinn . . 
N.-Jõesuu . 
Pärnu . . . 
Tooma . . 
Tiirikoja . 
Olustvere . 
Pakri . . . 
Jõgeva . . 
Jäneda . . 

21.8 50.6 
30.3 55.0 
20.346.1 
21.1 58.0 
29.7 63.2 
30.8 61.7 
16.0 42.3 
21.7 53.2 
31.9 60.3 
18.3139.2 
21.8'45.2 

143.1 
140.2 
146.5 
148.2 
144.0 
146.5 
128.2 
134.9 
159.1 
116.0 
134.1 

182.3 
171.2 
175.6 
186.3 
184.0 
177.0 
158.4 
157.7 
194.4 
158.1 
168-2! 

239.2 
229.9 
230.6 
247.6 
244.2 
230.6 
209.0 
214.7 
256.3 
205.0 
227.1 

276.9 
256.0 
280.8 
274.2 
273.5 
272.4 
242.8 
256.1 
313.2 
240.4 
261.5 

277.8 
263.9 
272.4 
296.6 
287.7 
269.9 
263.1 
253.3 
314.2 
247.3 
251.2 

225.4 
210.2 
198.1 
216.8 
213 1 
210.6 
183.2 
180.6 
240.1 
174.9 
195.6 

156.9 
139.3 
127.2 
133.9 
151.8 
143.7 
129.2 
135.5 
162.0 
115.4 
137.5 

61.2 
66.1 
52.3 
61.6 
72.7 
69.9 
47.0 
58.2 
78.3 
50.9 
64.5 

19.7 
23.2 
16.0 
18.4 
27.0 
23.7 
16.0 
15.4 
23.1 
16.4 
18.2 

12.4 
18.2 
8.2 
5.6 

16.7 
18.1 

9.8 
10.2 
13.1 
10.6 
13.3 

1667.3 
1603.5 
1574.1 
1668.3 
1707.6 
1654.9 
1445.0 
1491.5 
1846.0 
1392.5 
1538.2 

T a b e l n r . 60. 

Keskmine päevane päikesepaiste kestus tundides kellaaegade 
järgi Tallinnas 1926—35. 

Tund 1 II 111 IV V VI v„ VIII IX 

1 

3 
4 

— 

— 

— -

___ 
0.03 0.20 0.12 0.00 

— 

5 — — 0.03 0.25 0.46 0.42 0.10 0.00 
6 — — 0.01 0.23 0.40 0.55 0.54 0.32 0.05 
7 — — 0.18 0.38 0.49 0.60 0.60 0.46 0.21 
8 — 0.02 0.34 0.45 0.53 0.63 0.61 0.51 0.32 
9 0.01 0.12 0.42 0.49 0.55 0.65 0.63 0.50 0.38 

10 0.09 0.21 0.47 0.51 0.57 0.66 0.65 0.54 0.42 
11 0.13 0.24 0.50 0.51 0.55 0.64 0.63 0.52 0.43 
12 0.14 0.26 0.51 0.51 0.55 0.63 0.62 0.50 0.42 
13 0.15 0.27 0.53 0.50 0.54 0.64 0.61 0.51 0.44 
14 0.11 0.26 0.53 0.50 0.54 0.64 0.63 0.50 0.44 
15 0.03 0.18 0.50 0.49 0.54 0.64 0.59 0.51 0.43 
10 0.00 0.08 0.43 0.46 0.55 0.61 0.58 0.49 0.38 
17 — 0.00 0.26 0.42 0.53 0.59 0.57 0.47 0.26 
18 - — 0.04 0.31 0.47 0.54 0.53 0.36 0.06 
19 — — — 0.06 0.31 0.46 0.37 0.10 0.00 
20 — — — — 0.05 0.24 0.08 0.00 — 

'21 — — — — — — — — 

22 
'>'1 

— — — — - — — 

24 
— 

Kuu 0.66 1.64 4.72 5.85 7.45 9.38 S.78 6.39 4.24 

X ! XI ] XfI 

— 

0.01 
0.07 0.00 — 

0.16 0.02 0.00 
0.20 0.08 0.04 
0.23 0.10 0.07 
0.25 o.ll 0.07 
0.23 o.ll 0.07 
0.23 0.09 0.02 
0.19 0.03 0.00 
0.10 o.oo — 

0.01 — 

— 

1.68 0.54 0.27 
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i i i i n i i i i n 
J o o n i s n r . 78. Päikesepaiste isopleedid Tallinnas 1928—35. 

T a b e l nr . 61. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Tartus 1926—35. 

Tund I Il IIl IV V VI VII VIII IX X XI XII 

— 

0.00 
— — 

— — _ — 0.03 0.12 0.09 0.01 — — — 

— — — 0.02 0.30 0.44 0.42 0.13 — — — — 

— — 0.00 0.24 0.50 0.53 0.57 0.37 0.08 — — — 

— — 0.09 0.41 0.53 0.58 0.64 0.50 0.22 0.01 — — 

— 0.02 0.32 0.50 0.59 0.60 0.66 0.53 0.39 o . l l 0.01 — 

0.01 0.13 0.44 0.53 0.61 0.62 0.67 0.56 0.46 0.23 0.04 0.02 
0.12 0.24 0.47 0.51 0.59 0.59 0.66 0.55 0.44 0.25 0.11 0.06 
0.1 S 0.28 0.49 0.51 0.55 0.59 0.61 0.54 0.43 0.26 0.14 0.13 
0.20 0.29 0.51 0.51 0.54 0.58 0.61 0.54 0.46 0.27 0.14 0.15 
0.20 0.31 0.51 0-49 0.53 0.57 0.59 0.52 0.47 0.28 0.13 0.13 
0.18 j 0.29 0.48 0.45 0.51 0.58 0.55 0.50 0.45 0.27 0.11 0.09 
0.07 0.26 0.46 0.45 0.50 0.57 0.55 0.51 0.43 0.23 0.08 0.02 
0.00 0.12 0.42 0.42 0.47 0.55 0.53 0.50 0.40 0.16 0.02 

— 0-01 0.30 0.37 0.45 0.52 0.52 0.48 0.31 0.05 — 

I — 0.04 0.26 0.40 0.50 0-45 0.39 0.11 — — — 

- - . — 0.00 0.05 0.27 0.43 0.33 0.14 0.01 — — — 

— — — 0-00 0.06 0.15 0.07 0.02 — — — 

— - — — 

0.01 
— 

— 

— — — — 

0.96 1.9:") 4.53 5.72 7.43 8.53 8.52 6.79 4.6(i 2 12 0.78 0.60 

9 
lü 
1 ] 
12 
13 
1 4 

15 
10 
1 7 

18 
19 
20 
21 
22 
23 
2 4 

Kuu 
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I D I E J H M M K I S I I I 
J o o n i s n r . 79. Päikesepaiste isopleedid Tartus J926—-35. 

T a b e l n r . 62. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Pärnus 1926—35. 

IIl IV v i ! VlI XIIl i.\ x XI XlI 

•> 
— — — — — • - - — — — 

3 

4 Z 0 . 0 1 0 . O 0 0 . 0 1 0 , 0 0 

5 — — — 0 . 0 2 0 . 2 4 0 . 4 0 0 . 3 8 0 . 0 8 — — — 

6 — . — 0 . 0 1 0 . 2 5 0 . 4 8 0 . 5 4 0 . 5 3 0 . 3 8 0 . 0 7 — 
; — 

7 — — 0 . 1 7 0 . 4 1 0 . 5 4 0 . 5 7 0 . 5 9 0 4 6 0 . 3 1 0 . 0 2 — I — 

8 — 0 . 0 3 0 . 3 7 0 . 4 7 0 . 5 5 0 . 6 0 0 . 6 2 0 . 5 3 0 . 4 2 0 . 1 2 0 . 0 0 ' — 

9 0 . 0 2 0 . 1 9 0 . 4 5 0 . 5 0 0 . 6 0 0 . 6 3 0 . 6 7 0 . 5 5 0 . 4 7 0 . 2 3 0 . 0 6 ! 0 . 1 > 0 

1 0 0 . 1 3 0 . 3 0 0 . 4 8 0 . 5 1 0 . 6 1 0 . 6 4 0 . 6 8 0 . 5 7 0 . 4 9 0 . 2 6 0 . 1 3 , 0 . 0 6 

] 1 0 . 2 0 0 . 3 4 0 . 5 0 0 . 5 3 0 . 6 1 0 . 6 5 0 . 6 8 0 . 5 6 0 . 4 8 0 . 2 9 0 . 1 7 
! U . 1 3 

1 2 0 . 2 1 0 . 3 3 0 . 5 0 0 . 5 3 0 . 5 8 0 . 6 5 0 . 6 7 0 . 5 8 0 . 5 0 0 . 3 1 1 0 . 1 6 } 0 . 1 5 

1 3 0 . 1 9 0 . 3 3 0 . 5 0 0 . 5 5 0 . 5 8 0 . 6 5 0 . 6 8 0 . 5 7 0 . 5 1 0 . 3 0 0 . 1 6 ! 0 . 1 2 

1 4 0 . 1 6 0 . 3 4 0 . 5 0 0 . 5 4 0 . 5 7 0 . 6 4 0 . 6 6 0 . 5 7 0 . 4 9 0 . 3 0 ; 0 . 1 5 ! 0 . 0 7 

1 5 0 . 0 5 0 . 2 8 0 . 4 8 0 . 5 1 0 . 5 6 0 . 6 3 0 . 6 7 0 . 5 5 0 . 4 8 0 . 2 9 0 . 0 7 I o.oo 
1 6 0 . 1 0 0 . 4 2 0 . 4 8 0 . 5 4 0 . 6 3 0 . 6 5 0 . 5 2 0 . 4 2 0 . 1 8 0 . 0 0 : — 

1 7 — 0 . 0 0 0 . 2 4 0 . 4 4 0 . 5 3 0 . 6 2 0 . 6 3 0 . 4 6 0 . 3 3 0 . 0 3 ' — — 

1 8 — — 0 . 0 3 0 . 3 3 0 . 5 0 0 . 5 9 0 . 5 9 0 . 3 6 0 . 0 9 , — — ; — 

1 9 — — 0 . 0 6 0 . 3 4 0 . 4 9 0 . 4 6 0 . 1 2 — — ; — 
2 0 — — — — 0 . 0 4 0 . 1 8 0 . 1 1 0 . 0 0 — — — 

2 1 - - — — — — 0 . 0 0 — — — 

2 2 — — — — — j — 

2 3 — — — — — — — — : _ _ 

2 4 — — — — — — — - — — 
K u u 0 . 9 6 2 . 2 4 4 . 6 5 6 . 1 3 7 . 8 8 9 . 1 1 9 . 2 8 6 . 8 6 5 0 . 6 2 . 3 3 0 . 9 0 0 . 5 3 
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2 1 I I 

I I I I I I Ü I E H I 
J o o n i s n r . 80. Päikesepaiste isopleedid Pärnus 1926—3*5. 

T a b e l n r . 63. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Olustveres 1926—35. 

VIII IX X XI XII 

0.03 

— 

-

0.16 0.02 — — — 

0.31 0.14 0.00 
0.40 0.28 0.03 — — -

0.45 0.38 0.15 0.01 0.0(1 
0.49 0.44 0.21 0.06 0.03 
0.50 0.45 0,23 0.09 0.07 
0.49 0.46 0.27 0.11 0.09 
0.47 0.50 0.26 0.09 0.09 
0 47 0.44 0.23 0.09 0.04 
0.47 0.41 0.22 0.05 0.00 
0.45 0.39 0.16 001 — 

0.44 0.34 0.06 0.00 — 

0-40 0.21 0.02 — — 

0.23 0.07 — 

0.07 0.00 — — 

0.00 
Z 

— — — 

5.83 4.53 1.84 0.51 0.32 

Il lil i v v i I v i i 

1 _ _ 
— — — -

3 Z Z 0.01 
4 — — 0.08 0.13 
5 — — — 0.12 0.30 
6 - - — 0.06 0.29 0.45 
7 — 0.01 0.24 0.39 0.50 
8 0.00 0.10 0.41 0.45 0.54 
9 0.06 0.21 0.45 0.48 0.54 

10 0.10 ! 0.27 0.46 0.48 0.55 
11 0.16 1 0.29 0.49 0.49 0.55 
12 0.17 0.32 0.51 0.48 0.51 
13 0.14 0.29 0.49 0.45 0.48 
14 0.06 0.24 0.46 0.42 0.47 
15 0.02 O.ll 0.41 0.38 0.48 
16 0.00 0.03 0.27 0.38 0.45 
17 0.00 0.10 0.30 0.43 
18 

• 0.01 0.11 0,36 
19 — 0.02 0.16 
20 — — — — 0.02 
21 — 

22 
23 — — 

24 — — — — 

Kuu 0.71 1.87 4.36 5.32 6.93 

0.05 
0.27 
0.45 
0.54 
0.54 
0.56 
0.58 
0.60 
0.59 
0.59 
0.59 
0.58 
0.57 
0.57 
0.54 
0.50 
0.33 
0.08 
0.00 

8.53 

0.03 
0.20 
0.41 
0.55 
0.58 
0.60 
0.62 
0.61 
0.60 
0.58 
0.57 
0.55 
0.51 
0.4« 
0.48 
0.45 
0.26 
0.07 
0.01 

8.17 
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i i n i i i i n i i 
J o o n i s n r. 81. Päikesepaiste isopleedid Vilsandis 1926—'J5. 

T a b e l n r. 64. Keskmine päevane päikesepaiste kestui 
tundides kellaaegade järgi Jänedal 1926—35. 

I II lil iv v VI VII VIII ! IX XI Xli 

1 
•) 

— — — — — — — — - — -

3 I . 0.00 0.02 0.01 , . 

4 — — 0.00 0.14 0 .30 0.24 0.02 — — — _ 
5 — — 0.14 0.35 0 .49 0.45 0 .20 0.01 — — 

6 — — 0.06 0 . 3 3 0.43 0.55 0.52 0 .36 0.12 0 .00 — — 

7 — 0.01 0.27 0.44 0-48 0.61 0 .56 0.44 0.29 0.07 — 

8 0.00 0.05 0 .39 0.47 0 .53 0.60 0 .59 0.51 0 .35 0.19 0.01 — 

9 0 .05 0.15 0.45 0 .48 0.54 0 .60 0.59 0.52 0.43 0 . 2 3 0.06 0.02 
10 0.14 0.21 0 .49 0 .50 0.57 0.58 0 .60 0 .53 0.45 0 .26 0.11 0.08 
11 0 .15 0.25 0 .49 0 . 4 8 0 .58 0 .58 0 .58 0.55 0.43 0 .28 0.12 0.1 1 
12 0 .16 0.28 0 .50 0.48 0 .56 0.57 0 .58 0.52 0.48 0 .26 0.13 0.1 1 
13 0.14 0.29 0.49 0.47 0.56 0.54 0 .56 0.51 0 .50 0.25 0.11 0.09 
14 0.07 0 .23 0.48 0 . 4 8 0.54 0.57 0.52 0.50 0.46 0.23 0.05 0 . 0 3 
15 0 .00 0.11 0 .40 0 .44 0.53 0.56 0.52 0.46 0.44 0.19 0.01 o.oo 
16 — 0.02 0.26 0 .39 0.48 0 . 5 8 0.51 0.46 0.34 0.09 
17 — 0.01 0.06 0 .33 0.46 0.57 0.52 0.39 0 20 0.01 
18 — 0.00 0.15 0.42 0 . 5 3 0.45 0.25 0 .06 o.oo — — 

19 — — 0.02 0.14 0 .36 0 .24 0 .05 — — — — 

20 — — 0.00 0.09 0.05 0.00 — — — 

21 — — — o.oo — - - — — — 

22 _ — 

23 _ — — 

24 — I I 
— — — — — I — — 

Kuu 0.71 1.81 4.34 5 . 6 0 7.31 8 .70 8.09 6.27 4 . 5 6 2.06 0 .60 0.44 
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I I I I I I I I K I I I 

J o o n i s n r . 82. Päikesepaiste isopleedid Narva-Jõesuus 1926—35. 

T a b e l n r . 65. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Jõgeval 1926—35. 

1 11 Ul IV ; V Vl ! VII VIII IX Xl i XIl 

2 
3 0.01 0.03 0.02 
4 — — - - 0.01 0.10 0.17 0.18 0.01 — — — — 

5 - - — 0.00 0.12 0.35 0.43 0.45 0.16 0.01 — — — 

6 — — 0.04 0.29 0.47 0.52 0.55 0.35 0.14 0.00 — — 

7 — 0.00 0.17 0.42 0.50 0.55 0.59 0.44 0.28 0.06 0.00 
S 0.00 0.02 0.22 0.43 0.49 0.53 0.58 0.42 0.31 1 0.11 0.01 — 

9 0.02 0.06 0.27 0.41 0.46 0.50 0.53 0.41 0.32 0.13 0.05 < 1.02 
10 0.11 0.20 0.45 0.51 0.51 0.56 0.56 0.50 0.42 0.23 0.09 0.05 
11 0.14 0.29 0.49 0.51 0.52 0.57 0.58 0.53 j 0.45 0.25 0.12 0.09 
1 2 0.16 0 33 0 49 0.50 0.54 0.58 0.59 0.51 0.45 0.26 0.11 0.10 
13 0.13 0.31 0.49 0.46 0.50 0.55 0.57 0.47 0.43 0.25 0.10 0.07 
14 0.04 0.18 0.43 0.41 0.44 0.51 0.52 0.42 0.37 0.19 0.05 0.01 
If) 0.00 0.02 0.33 0.37 0.40 0.48 0.48 0.37 0.26 0.09 0.00 — 

16 — 0.00 0.27 0.39 0.41 0.54 0.50 0.40 0.26 0.04 — — 

17 — — O.OS 0.32 0.41 0 54 0.49 0.34 0.15 — 

18 — — — 0.12 0.34 0.53 0.45 0.25 0.02 — — — 

19 — — — 0.01 0.14 0.34 0.28 0.05 — — — — 

20 
21 

— — — — 0.00 0.05 0.04 — 
— — — -

22 
23 
24 

— 

~ — — 

Kuu 0.60 1.41 3.73 5.28 6.59 7.98 7.96 5.63 3.87 1.61 0.53 0.34 
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Päikesepaiste isopleedid Toomal 1926—35 

T a b e l n r . 66. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Tiirikojal 1926—35. 

1 II III IV V V l VII V l l I IX X ! XI j XII 

— 

_____ 

— 

— — 

— 

0.00 0.00 

_ 
— — I — : 

— 

— — — 0.01 0.06 0.07 0 .00 _ _ — — 

— — 0.01 0.18 0.36 0.36 0.04 — 
! 

— 

— 0.15 0.39 0.46 0.54 0.23 0.04 — — — 

— 0.09 0.32 0.46 0.52 0.59 0 .38 0.17 0.02 — — 

0.01 0.28 0.42 0.53 0 .56 0.64 0.47 0 .36 0.05 — — 

0.00 0 .10 0.42 0.47 0.54 0.59 0.66 0.51 0.41 0.16 0.01 — 

0.07 0.20 0.47 0.50 0.56 0.61 0.66 0.51 0.44 0.21 0.08 0 .02 
0.11 0.24 0.49 0.52 0.54 0 .59 0.64 0.54 0.47 0 .23 0.10 0.08 
0 .13 0 .26 0.50 0.52 0.56 0.58 0.64 0.54 0.44 0 . 2 3 0.12 0.09 
0.12 0.27 0.48 0.49 0.54 0.59 0 .60 0.51 0.45 0.24 0 .10 0.08 
0.07 0 .26 0.46 0.45 0.50 0.56 0.58 0.48 0 44 0 .23 0.09 0.04 
0.01 0 . 1 3 0.39 0.41 0.43 0.50 0.55 0.44 0.38 0.16 0.03 0 .00 

— 0.03 0.36 0.39 0.45 0.52 0.54 0.45 0 .35 0.12 0.00 — 

— 0.00 0.19 0.37 0.41 0.55 0.55 0.44 0 .28 0.04 — — 

0.02 0.22 0 .39 0.53 0 .48 0.32 0.07 — — — -

— 0.03 0.2 > 0.42 0.35 0.06 0.00 — 

— — 0.02 0 .10 0.05 0.00 — — — — 

— — — — 

0 . 0 0 0.00 
— — — — — 

0.51 1.50 4.15 5.27 6.73 8.10 8.50 5.92 4.30 1.69 0.53 0.31 
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T a b e l n r. 67. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Vilsandis 1926—35. 

Tund J Il III IY V VI VI l j VHI IX X X I X I I 

0.00 0.00 
— — 0.08 0 .03 0.05 i 0.01 — — — — 

— 0.10 0 .35 0.41 0.41 j 0.19 0.00 — — — 

0.05 0.37 0 .48 0.59 0.55 i 0 .44 0.16 . — — — 

0.27 0.45 0.52 0 .64 0 .60l 0.52 0 .36 0.04 
0.41 0 .49 0 .53 0.6() 0.62 j 0.57 0 .46 0 . 1 3 0.01 — 

0.45 0.49 0 .56 0.67 0.65 j 0.57 0 .50 0.21 0 .05 0.01 
0.49 0 .50 0 . 5 8 0.66 0 6 3 ! 0 . 5 8 0.53 0 .25 o . l l 0.07 
0.53 0 . 5 3 (162 0.67 0 .62; 0 .59 0 .55 0'>9 0 .14 0 . 1 3 
0.54 0.56 0.62 0.67 0 . 6 5 : 0 .60 0.55 0 .33 0.15 0.12 
0-52 0.57 0 .61 0 .69 0 .66 i 0.61 0 .52 0 . 3 0 0 .13 0.07 
0.48 0.52 0.59 0.67 0 . 6 8 ! 0 .60 0.51 0 .22 0.07 0.01 
0.45 0 . 5 0 0.59 .0.66 0.67 - 0.59 0.48 0 .14 0.00 . — 

0.34 0.47 0 .55 0.65 0 .66 1 0.59 0.40 0 .06 — — 

0.08 0 .40 0.51 0.62 0.65 0.52 0.19 0.00 — 

0.00 0.12 0.42 0.56 0 . 5 5 : 0 .26 0.02 0.00 — — 

— — 0.12 0 .35 0 . 2 8 ! 0 . 0 3 0.00 . — — 

— — • — 0.02 0.02 — — — — — 

4.61 6.07 7.73 9.22 8.95 7.27 5.23 1.97 0 .66 0.41 

s 
9 

10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
20 
21 

Kuu 

0.00 
0.01 
0.10 
0.17 
0 .19 
0.14 
0.06 
0.00 

0.00 
0.04 
0.1 S 
0.29 
0.34 
0.32 
0 .30 
0 . 2 3 
0.09 
0.01 

0.7O : 1.80 

T a b e l n r . 68. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Narva-Jõesuus 1926—35. 

Tund 1 JI IIl IV V VI VII VIII IX X XI XII 

3 0.02 0.02 
4 — — — 0.00 0.12 0.30 0.30 0.04 — — — 

5 — — — 0.12 0.41 0.49 0.51 0.28 0.02 — — — 

6 — — 0.07 0.35 0.49 0.54 0.57 0.45 0.14 0.00 — — 

7 — 0.01 0.27 0.40 0.53 0.57 0.60 0.50 0.29 0.0() — 

8 — 0.08 0.43 0.44 0.54 0.59 0.64 0.53 0.37 0.16 0.00 — 

9 0.03 0.23 0.47 0.47 0.57 0.62 0.69 0.55 0.4O 0.22 0.06 — 

10 0.06 0.29 0.50 0.52 0.59 0.63 0.69 0.57 0.43 0.26 0.09 — 

11 0.16 0.31 0.54 0.53 0.62 0.64 0.69 0.57 0.47 0.29 0.13 0.02 
12 0.20 0.34 <>.54 0.5() 0.61 0.65 0.()9 0.58 0.47 0.29 0.14 0.10 
13 0.16 0.33 0.52 0.55 0.60 0.63 0.66 0.59 0.47 0.26 O.ll 0.06 
14 0.06 0.29 0.49 0.54 0.58 0.65 0.67 0.58 0.44 0.22 0.06 0.00 
15 0.00 0.14 0.46 0.54 0.59 0.64 0.K9 0.54 0.42 0.17 0.01 — 

16 — 0.02 0.36 0.53 0.55 0.62 0.68 0.52 ().3(i 0.06 — — 

17 — — 0.12 0.46 0.53 0.59 0 62 0.45 0.17 O.oo — 

IS — — 0.00 0.19 0.47 0-57 0.56 0.23 0.01 — — — 

19 — — — 0.00 0.18 0-38 0.29 0.02 — — — 

20 
21 Z • — — • — 0-02 0.00 — 

— — - — -

Kuu 0.67 2.04 4.77 6.20 7.98 9.15 9.57 7.00 4.46 1.99 0.60 0.1 S 
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T a b e l n r . 69. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Toomal 1926—35. 

Tund I II III IV V VI VII VIII IX x XI XII 

3 0.00 
4 — — — — 0.04 0.15 0.10 0.00 — — — 

— — — 0.05 0.29 0.46 0.41 0.11 0.00 — — 

6 — — 0.02 0.25 0.46 0.54 0.54 0.33 0.08 — — 

7 — 0.00 0.18 0.39 0.53 0.58 0.60 0.44 0.26 0.03 — — 

S — 0.04 0.37 0.46 0.57 0.63 0.65 0.52 0.36 0.12 0.00 — 

9 0.02 0.19 0.44 0.50 0.58 0.64 0.66 0.55 0.42 0.23 0.05 0.00 
IO 0.12 0.26 0.47 0.52 0.57 0.64 0.65 0.58 0.46 0.26 0.12 0.07 
11 0.19 0.30 0.49 0.54 0.57 0.62 0.64 0.59 0.49 0.27 0.13 0.12 
12 0.21 0.32 0.51 0.53 0.56 0.61 0.63 0.57 0.49 0.29 0.14 0.13 
] 3 0.21 0.34 0.51 0.50 0.54 0.60 0.59 0.55 0.49 0.29 0.14 0.14 
1-4 0.18 0.33 0.51 0.48 0.52 0.60 0.59 0.52 0.46 0.27 0.12 0.11 
15 0.06 0.29 0.48 0.46 0.51 0.59 0.57 0.52 0.45 0.25 0.08 0.01 
10 — 0.12 0.44 0.45 0.47 0.60 0.56 0.50 0.41 0.18 0.01 — 

17 — 0.01 0.28 0.41 0.45 0.58 0.52 0.46 0.32 0.05 — - -

18 — — 0.03 0.31 0.41 0.56 0.49 0.38 0.10 — — — 

19 .— — — 0.06 0.31 0.48 0.39 0.15 0.00 — — — 

20 — — — — 0.04 0.18 0.11 0.01 — — — 

21 — — — — — 0.00 — — — — 

Kuu 0.99 2.20 4.73 5.91 7.42 9.06 

O
 

OO 6.78 4.79 2.24 0.79 0.58 

T a b e l n r . 70. Keskmine päevane päikesepaiste kestus 
tundides kellaaegade järgi Pakril 1926—35. 

Tund I Il IIl IV V VJ v „ VIII IX X X. XII 

3 0.00 0.00 
4 — — — 0.03 0.21 0.17 0,00 — — .— 
5 — — — 0.04 0.25 0.44 0.42 0.13 — — —. 
6 0.01 0.19 0.42 0.57 0.55 0.36 0.05 — — 

7 — 0.15 0.34 0.49 0.63 0.60 0.53 0.21 0.02 — — 

8 — 0.04 0.32 0.45 0.52 0.66 0.65 0.56 0.37 0.14 0.00 — 

9 0.02 0.16 0.44 0.51 0.57 0.68 0.69 0.62 0.46 0.24 0.04 0.00 
10 O.ll 0.25 0.51 0.55 0.60 0.71 0.73 0.63 0.53 0 30 0.09 0.03 
U 0.20 0.29 0.54 0.58 0.61 0.73 0.72 0.64 0.57 0.32 0.13 0.09 
12 0.23 0.33 0.56 0.60 0.63 0.74 0.74 0.63 0.56 0.33 0.13 0.1 ! 
13 0.21 0.32 0.59 0.59 0.62 0.75 0.73 0.63 0.57 0.32 0.14 0.1 1 
14 0.16 0.31 0.59 0.55 0.61 0.73 0.73 0.63 0.57 0.34 0.13 0.07 
15 0.08 0.26 0.55 0.54 0-62 0.72 0.70 0.62 0.52 0.28 0.09 0.03 
16 0.02 0.15 0.48 0.54 0.61 0.70 0.69 0.59 0.45 0.19 0.03 — 

17 — 0.02 0.33 0.49 0.59 0.67 0.69 0.56 0.33 0.05 — — 
18 — — 0.05 0.37 0.53 0.65 0.63 0.44 0.16 — — — 

19 — — 0.00 0.13 0.40 0.60 0.51 0.18 0.04 — — — 

20 — — — 0.00 0.14 0.27 0.17 0.03 0.00 — 

21 — — — — 0.01 0.02 0.00 — — — — — 

Kuu 1.03 2.13 5.12 6.47 8.25 10.48 10.12 7.78 5.39 2.53 0.78 0.44 
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K o o s k õ l a s p i l v i t u s e r o h k u s e k e s k m i s t e g a l a n g e b p ä i k e s e p a i s t e 
m a k s i m u m j u u n i - j a j u u l i k u u l e , m i i n i m u m a g a n o v e m b r i - j a det-
s e m b r i k u u l e . S e l g e m a ü l e v a a t e s a a m i s e k s p ä i k e s e p a i s t e a a s t a s e s t 
j a o t u s e s t ü k s i k u t e m a a - a l a d e v a h e l E e s t i s on j ä r g n e v a s t a b e l i s 
n ä i d a t u d p r o t s e n t i d e s , k u i p a l j u p a i s t a b p ä i k e s t a a s t a v ä l t e l või-
m a l i k u s t p ä i k e s e p a i s t e k e s t u s e s t . 

T a b e l n r . 71. 

P ä i k e s e p a i s t e k e s k m i n e a a s t a s e v ä l t u s e % v õ i m a l i k u s t p ä i k e s e -
p a i s t e a a s t a s e s t k e s t u s e s t 1 9 2 6 — 3 5 . 

V i l s a n d i 3 7 . 0 % T i i r i k o j a 32.0 cZc 
T a r t u 3 5 . 5 % O l u s t v e r e 3 3 . 1 % 
Tal l inn 3 4 . 9 % P a k r i 4 0 . 9 % 
N a r v a - J õ e s u u . . . 3 7 . 0 % J õ g e v a 3 0 . 9 % 
P ä r n u 3 7 . 8 % J ä n e d a 3 4 . 1 % 
T o o m a 3 6 . 7 % 

T a b e l i s t näeme, et ü ld i se l t on r a n n i k u j a a m a d e s m ä r g a t a suu-
r e m a t p ä i k e s e p a i s t e k e s t u s t v õ r r e l d e s s i s e m a a j a a m a d e g a . R i k k a -
m a k s k o h a k s p ä i k e s e p a i s t e s u h t e s on P a k r i 4 0 , 9 % v õ i m a l i k u s t 
a a s t a s e s t p ä i k e s e p a i s t e k e s t u s e s t , m i s on p õ h j u s t a t u d a r v a t a v a s t i 
P a k r i s u u r e m a s t k õ r g u s e s t , mi l le tõ t tu o s a m a d a l a i d p i lv i j a udu-
s i d ei u l a t u p ä i k e s t v a r j a m a . 
\ P ä i k e s e p a i s t e k e s t u s e j a o t u s e i s e l o o m u s t a m i s e k s k e l l a a e g a d e 

j ä r g i on ü k s i k u t e j a a m a d e k o h t a k o o s t a t u d tabe l id , m i l l e s on i g a l e 
t u n n i l e a n t u d v a s t a v p ä i k e s e p a i s t e k e s t u s s a j a n d i k t u n d i d e s j a 
tabe l i a l u m i s e s r e a s k e s k m i n e p ä e v a n e p ä i k e s e p a i s t e k e s t u s t u n d i -
des k u u d e j ä r g i . P a r i m a ü l e v a a t e s a a m i s e k s on eespool-main i tud 
t a b e l i t e j ä r g i k o o s t a t u d j o o n i s e d p ä i k e s e p a i s t e i sop lee t idega . Joo-
nis te l v ä l j e n d a b r õ h t t e l g k u u s i d , p ü s t t e l g a g a a e g a ke l la j ä r g i , 
k õ v e r j o o n e d a g a p ä i k e s e p a i s t e i sopleete k ü m n e n d i k t u n d i d e s . Joo-
nis te] m ä r g i t u d hal l a la n ä i t a b v a s t a v a l t h o m m i k u s t j a õ h t u s t 
v i d e v i k k u , m u s t a la a g a ööd. 

V I . P ä i k e s e k i i r i t u s e v a a t l u s e d . 

A l a t e s 1931. a a s t a s t on T a r t u O b s e r v a t o o r i u m i s t o i m e t a t u d 
Ä n g s t r ö m ' i p ü r h e l i o m e e t r i g a p ä i k e s e k i i r i t u s e v a a t l u s i . J ä r g n e v a s 
t a b e l i s nr . 72 on a n t u d k e s k p ä e v a l e t a a n d a t u d p ä i k e s e k i i r i t u s e 
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k u u - j a a a s t a k e s k m i s e d ü l e m i s e s r e a s p i n n a ü h i k u l e r i s t i p ä i k e s e 
k i i r te le , a l u m i s e s r e a s a g a p a r a l l e e l s e l t m a a p i n n a g a . 

T a b e l n r . 72. 

K e s k m i n e p ä i k e s e k i i r i t u s e i n t e n s i i v s u s k a l / s m - m i n 
k e s k p ä e v a l T a r t u s 1931-—35. 

I II III I V v v i v i i j v i n l i x ! x j x i ! i i i XII Aasta 

Pind risti 
päikesekiirtele 

Horisontaal-
pind . . . . 

0.92; 1.13 

0.17 0.36 

. 

1.26 1.32 

0.62 j 0.87 

' j 1 I 
1.30 1.31! 1.27 1.27 1.26 1.21 1.02 

1.« in I 1.07! 1.02 0.91 0.72 I 0.4810.23 
i l ' 

0.85 1.18 
I I I 

0.12 0.63 

T a b e l i s t näeme, et k i i r i t u s e m a k s i m u m r i s t p i n n a l ei l a n g e 
j u u n i k u u l e , mil p ä i k e s e k õ r g u s k e s k p ä e v a l on s u u r i m , v a i d apr i l l i -
kuule . See n ä h t u s on s e l e t a t a v se l lega, et t a l v e l j a k e v a d e l puudu-
v a d õ h k k o n n a s i n t e n s i i v s e d p ü s t v o o l u d , mi l le tõ t tu on õhk läbi-
p a i s t v a m k u i suve l , mi l p ü s t v o o l u d e g a a l u m i s e d õ h u k i h i d v a r u s -
t u v a d t o l m u g a . 

P ä i k e s e k i i r i t u s e i n t e n s i i v s u s e k ä i k h o r i s o n t a a l s e l p i n n a ü h i -
k u l n ä i t a b t u g e v a t a a s t a s t r ü t m i m a k s i m u m i g a j u u n i k u u l , mil on 
k e s k p ä e v a l s u u r i m p ä i k e s e k õ r g u s . 

J ä r g n e v a s t a b e l i s on a n t u d k u u j a a a s t a k e s k m i s e d õ h k k o n n a 
läb i laske-koef i t s iendid, m i s n ä i t a v a d , mi l l ine o s a õ h k k o n n a üle-
mise le p i i r i l e l a n g e v a s t p ä i k e s e k i i r i t u s e e n e r g i a s t j õ u a k s m a a p i n -
nale, ku i p ä i k e a s u k s s e n i i d i s j a s e e g a p ä i k e s e k i i r t e t e e k o n n a 
p i k k u s õ h k k o n n a s oleks lühim. 

T a b e l n r . 73. 

K e s k m i s e d k u u j a a a s t a õ h k k o n n a läb i la ske-koef i t s i endid T a r t u s 
1 9 3 1 — 3 5 . 

I Il IlI I V V V I V I I V I I I IX X X I X I I Aasta 
i l ! ! 

0.86 0.83 0.81 0.7S 0.74 0.75 1 0.73' 0.74 0.78 
i 

0.82 I 0.86 0.88 0.80 

Tabe l i a n d m e d n ä i t a v a d , et s u u r i m l ä b i l a s k e - k o e f i t s i e n t lan-
g e b d e t s e m b r i k u u l e , mi l p ä i k e s e k õ r g u s on v ä h i m . S ä ä r a n e suu-
r i m a läb i la ske-koef i t s iendi k u u l u m i n e p ä i k e s e m a d a l a k õ r g u s e g a 
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v a a t l u s t e l e on k o k k u k õ l a s t e i s t e o b s e r v a t o o r i u m i d e v a s t a v a t e a n d -
m e t e g a , k u s s a m u t i s u u r i m a d l ä b i l a s k e - k o e f i t s i e n d i d e s i n e v a d s u h -
te l i se l t m a d a l a t e p ä i k e s e s e i s u d e k o r r a l . 

V I I . Õ h u n i i s k u s j a a u r a m i n e . 

Õ h u n i i s k u s e j a o t u s e t u n d m a õ p p i m i s e k s on a r v u t a t u d 13 a a s t a 
v a a t l u s t e s t ( 1 9 2 3 — 3 5 ) k e s k m i s e d k u u j a a a s t a a b s o l u u t s e d j a 
r e l a t i i v s e d n i i s k u s e d k o l m e t ä h t a j a l i s e v a a t l u s e j ä r g i : kel l 7, 13 
j a 21. A b s o l u u t s e n i i s k u s e n a on m ä r g i t u d e l a v h õ b e d a s a m b a k õ r -
g u s m i l l i m e e t r i t e s , mi l le r õ h k a l u s p i n n a l e on v õ r d n e õ h u s o l e v a vee-
a u r u r õ h u g a . 

T a b e l n ä i t a b a b s o l u u t s e n i i s k u s e a a s t a s e s k ä i g u s s u u r t s a r -
n a s u s t õ h u t e m p e r a t u u r i a a s t a s e k ä i g u g a m a k s i m u m i g a s u v e k u u d e l 
j a m i i n i m u m i g a t a l v e k u u d e l . E d a s i on m ä r g a t a v ä i k e s t e r i n e v u s t 
s i s e m a a - j a r a n n i k u j a a m a d e v a h e l : v i i m a s e d o m a v a d p e a a e g u kõi-
gi l k u u d e l p i s u t s u u r e m a t a b s o l u u t s e t n i i s k u s t v õ r r e l d e s e s imes-
t e g a , m i s on t i n g i t u d L ä ä n e m e r e l ä h e d u s e s t . 

T a b e l n r . 74. 

K e s k m i n e a b s o l u u t n e n i i s k u s mm-tes 1 9 2 3 — 3 5 . 

i 11 Ill IV V VI VII VIII IX X XI Xll Aasta 

Tartu . . . . 3 0 2.6 3.2 4.6 7.2 8.5 11 •> 10.8 8.5 6.2 4.6 3.4 6.2 
Tallinn . . . 3.2 3.0 3.3 4.5 7.0 8.7 J1 7 11.2 8.6 6.4 4.9 3.6 6.3 
Vilsandi . . 3.8 3.4 3.7 5.0 7.1 8.9 J 2 0 11.7 9.3 7.0 5.6 4.3 6.8 
N.-Jõesuu . . 3.1 2.5 3.1 4.6 7.2 9.4 12 5 11.6 8.8 6.4 4.7 3.4 6.4 
Pärnu . . . 3.2 3.0 3.4 4.9 7.6 9.1 12 2 11.6 9.0 6.7 5.0 3.6 6.6 
Tooma . . . 3.0 2.6 3.1 4.5 7.1 8.6 11 3 10-7 8.3 6.1 4.7 3.4 6.1 
Olustvere . . 3.0 2.7 3.3 4.7 7.5 9.1 11 9 11.2 8.6 6.2 4.9 3.4 6.4 
Jäneda . . . 3.1 2.7 3.2 4.5 6.8 8.2 n 3 10-9 8.4 6.3 4.7 3.5 6.1 
Võru . . . . 3.0 2.8 3.5 4.9 7.5 9.5 n 9 11.3 8.7 6.4 4.4 3.0 6.4 
Tiirikoja . . 2.9 2.7 3.2 4.9 7.1 9.3 12 3 1 1.9 8.7 6.4 4.7 3.4 6.5 
Jõgeva . . . 2.9 2.5 3.2 4.7 7.4 9.0 11 9 11.2 8.3 6.4 4.6 3.3 6.3 
Kuusiku . . 3.2 2.8 3.3 4.9 7.8 9.5 12 5 11.7 8.8 6.8 4.9 3.8 6.7 
Pakri . . . . 3.3 3.0 3.5 4.6 6.8 9.0 12 2 11.7 9.1 6.7 5.1 3.9 6.6 

J ä r g m i n e t a b e l s i s a l d a b r e l a t i i v s e n i i s k u s e k u u - j a a a s t a -
k e s k m i s i s a m a d e j a a m a d e k o h t a . 

K a r e l a t i i v s e n i i s k u s e s u h t e s t u l e b e s i l e a a s t a n e r ü t m m a k s i -
m u m i g a t a l v e l j a m i i n i m u m i g a s u v e l . Ü l e v a a t e s a a m i s e k s n i i s k u s e 
ö ö p ä e v a s e s t j a o t u s e s t 011 l i s a k s e e l m i s t e l e t a b e l i t e l e a n t u d k u u j a 
a a s t a k e s k m i s e d k o l m e t ä h t a j a l i s e v a a t l u s e k o h t a : kel l 7, 13 j a 21. 
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T a b e l n r . 75. 

K e s k m i n e r e l a t i i v s e n i i s k u s e % 1 9 2 3 — 3 5 . 

1 II 111 IV V VI VlI VIII IX X XI XlI Aasta 

Tartu . . . . 88 8(5 82 76 71 70 73 81 84 87 90 90 82 
Tallinn . . . 88 87 84 83 79 76 78 84 85 •87 90 90 84 
Vilsandi . . 88 8(5 84 85 84 84 84 85 83 84 87 87 85 
N.-Jõesuu . . 89 87 83 81 78 78 79 83 85 87 90 89 84 
Pärnu . . . 89 88 86 82 77 74 78 84 85 86 88' 91 84 
Tooma . . . 89 87 84 79 74 73 76 83 85 89 91 92 84 
Olustvere . . 90 90 85 81 76 76 79 85 87 90 91 92 85 
Jäneda . . . 89 88 85 81 73 72 76 84 86 90 92 92 84 
Võru . . . . 90 89 86 79 75 74 78 83 85 89 92 92 84 
Tiirikoja . . 90 88 85 83 79 75 78 83 86 89 91 91 85 
Jõgeva . . . 89 85 83 80 76 75 80 84 86 89 91 90 84 
Kuusiku . . . 91 89 86 83 80 78 81 87 89 93 94 94 87 
Pakri . . . . 89 87 85 85 84 83 85 86 86 86 91 90 86 

T a b e l n r . 76. 

K e s k m i n e a b s o l u u t n e n i i s k u s mm-tes kell 7 1 9 2 3 — 3 5 . 

I I 'f III i IV V VI VII VIll IK x I X l XII Aasta 

Tartu . . . 2.9 2.5 3.0 4.5 7.1 8.6 11.4 

CO
 

ö 8.2 6.1 4.5 3.3 6.1 
Tallinn . . 3.2 2.7 3.1 4.4 6.9 8.7 11.8 11.1 8.4 6.3 4.8 3.6 6.2 
Vilsandi . . 3.8 3.4 3.6 4.9 j 7.0 8.8 12.0 11.7 9.3 7.0 5.8 4.3 6.8 
N.-Jõesuu . 3.0 2.4 2.8 4.3; 6.9 9.0 11.9 11.2 8.4 6.2 4.7 34 6.2 
Pärnu . . . 3.2 2.9 3.2 4.7 7.3 9.0 12.0 I 11.3 8.8 6.6 5.0 3.6 6.5 
Tooma . . 2.9 2.5 2.9 4.3 7.0 8.6 11.4 10.6 8.0 5.9 4.6 34 6.0 
Olustvere . 3.0 2.6 3.1 4.5 ! 7.2 9.0 11.8 10.9 8.2 6.0 4.8 3.4 6.2 
Jäneda . . 3.0 2.6 3.0 4.4 6.7 8.3 11.4 10.9 8.2 6.1 4.6 3.5 6.1 
Võru . . . 2.9 2.7 3.3 4.7 7.6 9.3 11.8 11.5 8.4 6.3 4.4 3.0 6.3 
Tiirikoja . . 2.9 2.6 2.9 4.6 6.7 9.1 11.9 11.4 8.2 6.2 4.6 3.4 6.2 
Jõgeva . . 2.9 2.4 3.0 4.4 7.0 8.8 11.7 11.0 8.0 6.2 4.5 3.3 6.1 
Kuusiku . . 3.0 2.6 3.1 4.7 7.5 9.3 12.4 11.5 8.5 6.5 4.8 3.7 6.5 
Pakri . . . 3.3 2.9 3.3 4.5 6.7 8.9 12.0 11.6 8.8 6.6 5.1 3.9 6.4 

T a b e l n r . 77. 

K e s k m i n e a b s o l u u t n e n i i s k u s m m - t e s kell 13 1 9 2 3 — 3 5 . 

I II IIl IV V Vl VlI VII! IX X XI XII Aast 

Tartu . . . 3.0 2.8 3.4 4.7 7.2 8.3 11.0 10.7 8.7 6.4 4.7 3.4 6.2 
Tallinn . . 3.2 3.6 3.4 4.7 7.3 8.8 11.7 11.4 9.0 6.6 4.9 3.7 6.5 
Vilsandi 3.8 3.4 3.8 5.1 7.3 9.0 12.1 11.9 9.4 7.1 5.5 4.3 6.9 
N.-Jõesuu . 3.1 2.7 3.4 4.8 7.5 9.7 12.9 ] 2.0 9.3 6.6 4«8 3.5 6.7 
Pärnu . . . 3.3 3.1 3.6 5.1 7.8 9.1 12.4 11.9 9.3 6.9 5.1 3.7 6.8 
Tooma . . 3.0 2.7 3.3 4.7 7.3 8.6 11.2 10.8 8.6 6.4 4.8 3.5 6.2 
Olustvere . 3.1 2.9 3.5 5.0 7.8 9.3 12.2 11.6 9.1 6.5 5.0 3.5 6.6 
Jäneda . . 3.2 2.8 3.4 4.6 6.8 8-1 11.2 11.1 8.6 6.6 4.8 3.6 6.2 
Võru . . . 3.1 3.0 3.7 5.1 7.1 9.5 11.9 11.5 9.0 6.3 4.5 3.1 6.5 
Tiirikoja . 3.0 2.9 3.5 5.2 7.4 9.6 12.8 12.8 9.3 6.7 4.8 3.5 6.8 
Jõgeva . . 3.0 2.6 3.4 4.9 7.7 9.2 11.9 11.4 8.7 6.6 4.7 3.4 6.5 
Kuusiku 3.2 3.0 3.6 5.2 8.3 9.9 13.0 12.3 9.5 7.1 5.1 3.8 7.0 
Pakri . . . 3.3 3.0 3.6 4.8 7.0 9.2 12.6 12.0 9.4 6.8 5.2 3.8 6.7 
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T a b e l n r . 78. 

K e s k m i n e a b s o l u u t n e niisikus m m - t e s kel l 2 1 1 9 2 3 — 3 5 . 

1 Il III IV V Vl ViI VIU IX X XI XII Aast 

Tarlu . . . 3.0 2.6 3.3 4.6 7.2 8.6 11.3 10.9 8.5 6.2 4.6 3.4 6.2 
Tallinn . . 3.2 2.7 3.3 4.5 6.8 8.6 11.5 11.0 8.5 6.3 4.9 3.6 6.2 
Vilsandi . . 3.8 3.4 3.6 5.0 6.9 8.8 11.8 11.6 9.3 7.0 5.4 4.2 6.7 
N.-Jõesuu . 3.1 2.5 3.1 4.6 7.3 9.4 12.6 11.6 8.8 6.3 4.7 3.4 6.5 
Pärnu . . . 3.2 3.0 3.4 4.9 7.6 9.2 12 3 11.7 8.9 6.7 5.0 3.6 6.6 
Tooma . . . 3.0 2.6 3.2 4.5 7.1 8.7 11.4 10.7 8.3 6.1 4.6 3.3 6.1 
Olustvere . 3.0 2.7 3.3 4.7 7.4 9.0 11.8 11.1 8.6 6.2 4.9 3.4 6.3 
Jäneda . . 3.1 2.6 3.2 4.5 6.8 8.3 11 3 10.8 8.4 6.3 4.7 3.5 6.1 
Võru . . . 3.0 2.8 3.5 5.0 7.9 9.6 12.0 11.0 8.7 6.5 4.4 3.0 6.4 
Tiirikoja . . 2.9 2.7 3.2 4.9 7.1 9.3 12.2 11.5 8.5 6.3 4.7 3.3 6.4 
Jõgeva . . 2.9 2.5 3.2 4.7 7.4 9.1 12.0 11.1 8.2 6.3 4.5 3.3 6.3 
Kuusiku . . 3.1 2.7 3.3 4.8 7.5 q o »'.-J 12.1 11.4 8.5 6.8 4.9 3.8 6.5 
Pakri . . . 3.3 3.0 3.5 4.6 6.7 8.8 12.0 11.6 9.0 6.6 5.1 3.9 6.5 

T a b e l n r . 79. 

K e s k m i n e r e l a t i i v s e n i i s k u s e % kell 7 1 9 2 3 — 3 5 . 

1 II Ili IV v VI VII VIII IX X XI XII Aasta 

Tartu . . . . 89 88 89 86 81 79 83 91 93 93 91 91 88 
Tallinn . . . 89 89 90 89 84 81 84 91 91 91 91 90 88 
Vilsandi . . 89 87 87 88 85 85 86 87 86 86 87 87 87 
Pärnu . . . . 90 90 91 90 83 82 86 91 92 84 85 91 88 
N.-Jõesuu . . 90 89 88 87 81 82 83 88 91 91 91 90 88 
Tooma . . . 90 90 91 87 82 80 84 92 94 94 93 93 89 
Olustvere . . 90 92 91 89 84 83 86 93 94 94 93 93 90 
Jäneda . . . 90 91 91 88 81 78 83 92 94 94 94 92 89 
Võru . . . . 91 92 92 88 83 82 86 91 93 94 94 93 90 
Tiirikoja . . 91 89 89 88 83 80 82 89 91 92 92 92 88 
Jõgeva . . . 90 88 89 87 82 80 86 92 94 94 93 90 89 
Kuusiku . . 92 1)2 92 90 85 82 87 94 96 97 95 94 91 
Pakri . . . . 90 89 89 87 85 84 86 89 89 89 92 90 88 

T a b e l n r . 80. 

K e s k m i n e r e l a t i i v s e n i i s k u s e % kell 13 1 9 2 3 — 3 5 . 

I I1 IlI IV V Vl VII VIII IX X XI XII Aasta 

Tartu . . . . 87 83 74 64 58 57 59 66 71 79 88 89 73 
Tallinn . . . 87 84 78 74 72 69 69 75 76 82 88 89 79 
Vilsandi . . 87 84 81 80 80 79 79 81 79 82 86 I 87 82 
Pärnu . . . 88 86 80 74 69 66 69 76 76 84 89 ; 90 79 
N.-Jõesuu . . 88 85 78 74 71 71 72 74 78 83 88 88 79 
Tooma . . . 88 84 75 68 62 62 63 69 73 82 89 91 75 
Olustvere . . 89 87 79 71 65 66 67 74 76 84 89 ' 91 78 
Jäneda . . . 88 85 77 70 61 61 63 72 75 83 90 91 76 
Võru . . . . 88 86 78 69 63 63 65 72 74 82 90 90 77 
Tiirikoja . . 89 86 81 77 73 67 70 75 78 84 90 90 80 
Jõgeva . . . 88 82 75 69 65 64 66 71 74 82 89 89 76 
Kuusiku . . 90 86 77 72 69 68 70 76 79 87 92 94 80 
Pakri . . . . 88 86 81 81 81 81 82 82 81 81 90 89 84 



1 0 4 K. KIRDE A XXXIV. H 

T a b e l n r . 81. 

K e s k m i n e r e l a t i i v s e n i i s k u s e % kel l 21 1 9 2 3 — 3 5 . 

I III IV V VI Vll VIII I FX X XI XII A a s t a 

Tartu . . . . 88 86 82 78 74 73 77 85 87 89 91 91 S3 
Tallinn . . . 88 87 85 85 82 79 82 87 87 88 91 90 86 
Vilsandi . . 88 86 84 87 87 87 88 87 85 85 87 87 86 
Pärnu . . . 90 88 87 83 78 75 78 85 87 90 91 91 85 
N.-Jõesuu . . 89 87 84 83 81 81 83 86 87 88 90 90 86 
Tooma . . . 90 88 85 82 77 76 81 87 89 91 92 92 86 
Olustvere . . 91 90 86 83 79 TS 83 89 90 92 92 92 87 
Jäneda . . . 90 S9 87 84 78 76 82 89 90 92 93 92 87 
Võru . . . . 90 89 87 Sl 79 77 82 85 88 90 93 92 86 
Tiirikoja . . 90 88 86 85 82 78 81 ! 86 89 91 92 91 87 
Jõgeva . . . 89 86 S5 85 81 80 87 90 91 92 92 90 S7 
Kuusiku . . 91 90 88 87 85 83 87 j 92 93 95 94 94 90 
Pakri . . . . 89 87 85 86 86 85 87 ; 88 87 87 91 90 87 

J ä r g n e v a s t a b e l i s on a n t u d T a r t u k o h t a k e s k m i n e t ä i s n i i s k u s e 
v a j a k ( v a h e õhku k ü l l a s t a v a j a tege l iku l t e s i n e v a a b s o l u u t s e 
n i i s k u s e v a h e l ) , v ä l j e n d a t u d m i l l i m e e t r i t e s ko lme t ä h t a j a l i s e v a a t -
luse k o h t a : kell 7, 13 j a 21. 

T a b e l n r . 82. 

K e s k m i n e t ä i s n i i s k u s e v a j a k T a r t u s mm-tes 1 9 2 3 — 3 5 . 

! I j II JII I V v i ! v i i v m IX X XI XII 

13 
2lh 

! 0.25 ! 0.20 !0.31 
; 0.35 i 0.46 ! l . l l 
: 0.29 0.29 0.80 

0.78! 1.77 2.39! 2.36 j 1.23 0.68 : 0.49 1 0.35 0.26 
2.93 i 5.77 I 6.98 ! 8.26 6.11 ' 3.68 1 1.74: 0.65 0.34 
1.35 2.65 1 3.34 3.48 ; 1.98 ' 1.25 0.77 i 0.42 0.26 

Kooskõlas õ h u t e m p e r a t u u r i j a a b s o l u u t s e n i i s k u s e j a o t u s e g a 
e s i n e b s u u r i m tä isni i s ikuse v a j a k s u v e k u u d e l k e s k p ä e v a a j a l , k u n a 
m i i n i m u m l a n g e b t a l v e k u u d e l e . 

R e l a t i i v s e n i i s k u s e ö ö p ä e v a s t k ä i k u e s i t a b t a b e l nr . 83, mi l les 
on p r o t s e n t i d e s a n t u d i g a t u n n i l i s e d k e s k m i s e d r e l a t i i v s e n i i s k u s e 
v ä ä r t u s e d T a r t u O b s e r v a t o o r i u m i i g a t u n n i l i s t e s t v a a t l u s t e s t a j a -
v a h e m i k u s 1 9 2 6 — 3 5 . 

Tabe l i a n d m e t e j ä r g i on k o o s t a t u d r e l a t i i v s e n i i s k u s e iso-
pleedid ( j o o n i s n r . 8 4 ) , m i s v õ i m a l d a b ü l e v a a t e r e l a t i i v s e n i i s k u s e 
ö ö p ä e v a s e r ü t m i m u u t u s e s t ü h e s t k u u s t te i se . 
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D ^ 

!5 80 75 70 65 60 ^ 6 0 M K 

I i i i i n n i i i i 
J o o n i s n r . 84. Relatiivse niiskuse isopleedid Tartus 1926—35. 

J o o n i s e l t näeme, et r e l a t i i v s e n i i s k u s e v ä h i m a d v ä ä r t u s e d e s i -
n e v a d s u v e k u u d e l p ä r a s t k e s k p ä e v a , k u n a s u u r i m a d v ä ä r t u s e d l a n -
g e v a d s ü g i s k u u d e h o m m i k u t u n d i d e l e . 

T a b e l n r . 83. R e l a t i i v s e n i i s k u s e i g a t u n n i l i s e d k e s k m i s e d 
T a r t u O b s e r v a t o o r i u m i v a a t l u s t e j ä r g i 1 9 2 6 — 3 5 . 

I II III IV V VI VII VUI IX X Xl ! XII 
( 

; A a s t a 

J h 87 86 84 83 81 82 8 6 91 91 9 0 91 9 0 86.9 
•>h 87 86 85 84 82 8 3 87 91 9 2 9 0 92 9 0 87.4 
3 h 87 86 85 84 8 3 84 88 92 92 91 92 90 87.8 
4 h 87 86 86 85 84 8 5 88 92 92 91 92 9 0 88.2 

h 87 86 86 85 84 8 5 88 92 92 92 92 9 0 8 8 . 3 
Hh 87 87 86 86 83 8 3 87 92 92 92 92 9 0 88.0 
7 h 

8H 
88 87 87 84 80 78 83 90 92 92 92 9 0 8 6 . 9 7 h 

8H 88 87 86 81 75 73 79 87 90 91 92 9 0 84.9 
9 8 8 87 84 77 69 68 73 81 87 9 0 92 9 0 82.1 

IOh 88 86 82 72 64 64 68 76 82 87 91 90 79.0 
I l h 87 85 79 68 61 60 64 71 77 84 9 0 9 0 7 6 . 0 
12 h 86 i 8 3 75 65 59 57 61 67 72 81 89 89 73.6 
] 3 h 86 ! 81 72 63 5 6 56 59 65 70 79 8 8 88 7 1 . 9 
14 h 85 I 8 0 70 62 56 5 5 5 8 64 69 78 87 88 7 1 . 0 
15 h 85 ! 80 70 61 56 54 59 64 69 78 8 8 88 71.1 
lü 1 ' 86 ; 80 71 61 5 8 5 5 60 65 70 79 89 89 71.9 
1 7 h 8 6 I 81 72 6 3 5 9 5 6 62 67 73 82 9 0 89 73.2 
18 h S6 ; 82 74 65 61 5 8 64 70 77 84 90 89 75.1 
19 h 86 j 83 76 69 64 61 6 8 75 81 86 9 0 9 0 77.4 
2 0 h 87 j 84 78 73 69 66 72 80 84 87 91 9 0 8 0 . 0 
O J Il 87 85 81 77 73 71 77 8 5 87 88 91 90 82 .6 '><)h 

23 l i 
87 85 82 79 76 75 8 0 87 8 8 8 8 91 9 0 8 4 . 0 

'><)h 

23 l i 87 i 85 83 80 78 78 8 3 88 89 89 91 90 85.1 
2 4 h 87 ! 86 83 82 80 8 0 85 90 90 90 91 90 86.1 



A X X X I V , s 

A u r a m i s e a n d m e t e n a on e s i t a t u d T a r t u Meteoroloogia Obser-
v a t o o r i u m i v a a t l u s t e j ä r g i a r v u t a t u d k u u j a a a s t a k e s k m i s e d . T a r -
tu s on t o i m e t a t u d a u r a m i s e v a a t l u s i a l a t e s 1866. a a s t a s t W i l d ' i 
a u r a m i s m õ õ t j & g a , m i s on a s e t a t u d i n g l i s e onni. 

J ä r g n e v a s t a b e l i s on a n t u d k u u j a a a s t a ä r a a u r a n u d v e e k i h i 
70 a. k e s k m i s e d ( 1 8 6 6 — 1 9 3 5 ) . 

T a b e l n r. 84. 

70 a a s t a k u u - j a a a s t a k e s k m i s e d ä r a a u r a n u d v e e k i h i k õ r g u s e d 
T a r t u s m m - t e s 1 8 6 6 — 1 9 3 5 . 

i v v v i v i i ; v m i x X XI : XII Aasta 

4.9 f.,0 13.9 3 0 . 0 ; 55.0 ! 55.2 , 53.7 '• 3 9 . 5 : 27.5 17.1 9.0 5.2 316.1 

S i i n j u u r e s olgu a l la k r i i p s u t a t u d , et i n g l i s e onnis mõõdetud 
a u r a m i s v ä ä r t u s e d k a u g e l t k i ei k ü ü n i t e g e l i k u l t v a b a s looduses 
ve te j a t a i m k a t t e p i n d a l a l t ä r a a u r a n u d v e e h u l k a d e n i . 

T a b e l i s t näeme, et i n g l i s e o n n i s t o i m e t a t u d v a a t l u s t e j ä r g i 
k e s k m i s e l t a u r a b a a s t a s ä r a l igi 32 s m k õ r g u n e v e e k i h t , k u s j u u -
r e s s u u r i m a d k u u h u l g a d l a n g e v a d mai le , j u u n i l e j a juu l i l e , mil 
ä r a a u r a b üle poole k o g u a a s t a s e s t s u m m a s t . 

V I I I . T u u l . 

Tuule v a a t l u s t e l ä b i t ö ö t a m i s e l on a l u s e k s v õ e t u d a n d m e d ühek-
s a s t m e t e o r o l o o g i a j a a m a s t , m i s p i d e v a l t on t ö ö t a n u d 1 9 2 3 — 3 5 . 
P e a l e T a r t u on k õ i g i s j a a m a d e s t o i m e t a t u d v a a t l u s i W i l d ' i tuule-
l i p u g a , mi l le j ä r g i on ko lm k o r d a p ä e v a s , kel l 7, 13 j a 21 k o h a l i k u 
a j a j ä r g i , m ä r g i t u d nii t u u l e k i i r u s t ku i k a s u u n d a . T a r t u v a a t l u s -
tena on k a s u t a t u d i g a t u n n i s e i d a n e m o g r a a l i a n d m e i d , m i s s i s a l -
d a v a d i g a l e t u n n i l e v a s t a v a t k e s k m i s t t u u l e k i i r u s t j a s u u n d a . 

J ä r g n e v a s t a b e l i s on a n t u d v a a t l u s j a a m a d e k õ r g u s m e r e p i n n a l t 
ü h e s tuu le l ipu k õ r g u s e g a m a a p i n n a l t m e e t r i t e s . 
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T a b e l n r . 85. 

V a a t l u s j a a m a d e k õ r g u s m e r e p i n n a l t ; t u u l e l i p u k õ r g u s m a a p i n n a l t . 

{ Jaama kõrgus 
I merepinnalt m 

Tuulelipu kõrgus 
maapinnalt m 

Tartu . . . . (55 29 
Tallinn . . . 45 19 
Vilsandi . . 7 14 
Pärnu . . . lü 13 
Narva-Jõesuu 4 29 
Tooma . . . 83 1 1 
Olustvere . . 7(5 13 
Võru . . . . 87 13 
Tiirikoja . . 32 9 

J ä r g n e v a d t a b e l i d ( n r . 86, 87, 88) s i s a l d a v a d a n d m e i d a a s t a 
j a ü k s i k k u u d e k e s k m i s t e t u u l e k i i r u s t e k o h t a m / s e k . kell 7, 13 
j a 21. 

Tuule k i i r u s t e k u u j a a a s t a k e s k m i s e d k u j u t a v a d e n d a s t a r i t -
meet i l i s i k e s k m i s i eespool-nimetatud a j a v a h e m i k u ü k s i k k u u d e 
k e s k m i s t e s t . 

T a b e l n r . 86. 

K e s k m i n e k u u j a a a s t a t u u l e k i i r u s m / s e k . kel l 7 1 9 2 3 — 3 5 . 

I Jl IlI IV V Vf VII VIII IX X XI XII Aasta 

Tartu . . . . 4.1 3.7 3.7 3.2 3.1 3.1 2.7 2.7 3.2 3.8 3.6 3.9 3.4 
Tallinn . . . 7.21 (5.2 5.6 5.1 5.0 4.9 4.2 4.6 5.5 6.4 6.4 6.6 5.7 
Vilsandi . . 6.0 5.2 4.6 4.(5 4.7 5.3 4.3 5.5 6.1 7.0 6.4 6.0 5.5 
Pärnu . . . . 4.8 3.9 3.8 3.4 3.5 4.4 3.1 3.6 4.1 4.7 4.1 4.6 4.0 
Narva-Jõesuu 5.5 4.3 4.4 3.4 3.9 4.2 3.4 3.7 5.4 5.8 5.3 5.1 4.8 
Olustvere . . 3.3 3.1 3.1 2.9 2.8 3.0 2.2 2.3 2.7 2.8 2.9 3.5 2.9 
Tiirikoja . . 3.7 3.5 3.2 2.7 3.1 3.3 2.9 3.1 3.2 3.7 3.6 3.7 3.3 
Tooma . . . 4.0 3.(5 3.2 3.2 3.4 3.5 2.8 2.7 3.0 3.3 3.3 3.7 3.3 
Võru . . . • 3.0 2.8 2.9 2.6 2.3 2.6 1.8 1.8 2.3 2.8 2.7 2.7 2.5 

T a b e l n r . 87. 

K e s k m i n e k u u j a a a s t a t u u l e k i i r u s m / s e k . kel l 13 1 9 2 3 — 3 5 . 

1 II IlI i v 1 V V! j VII VIII iX X XI XII Aast 

Tartu . . . . 4.3 S 3.9 4.1 4.1; 4.0 i 4.1 3.6 3.7 4.0 4.4 3.9 3.9 j 4.0 
Tallinn . . . 7.2 j 6.3 6.3 6.5 6.2 ! 6.4 , 5.9 6.0 6.6 6.6 6.4 6.6 6.4 
Vilsandi . . 6.0 5.4 4.9 5.3; 5.3 ; 5.9 5.2 6.4 6.7 7.6 6.9 6.2 6.0 
Pärnu . . . 5.0 4.5 4.5 4.7 5.0 5.9 5.0 5.2 5.7 ! 6.1 4.6 4.6 5.1 
Narva-Jõesuu 5.9 4.8 4.7 4.5; 5.0 5.7 i 4.8 4.9 6.2 6.7 5.8 5.5; 5.4 
Olustvere . . 3.6 3.5 4.0 3.9 3.8 4.0 ! 3.1 3.3 3.6 3.7 3.4 3.6 3.6 
Tiirikoja . . 3.8 3.7 3.9 3.5 1 3.8 4.1 3.7 3.8 4.1 4.4 3.5 3.7 ! 3.8 
Tooma . . . 4.4 4.3 4.6 4.5; 4.7 4.7 4.1 4.0 4.5 4.6 3.9 4.0! 4.4 
Võru . . . . 3.4 3.4 3.7 4.0 3.9 4.0 3.3 3.2 3.5 3.8 3.2 3.1 i 3.5 
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T a b e l n r . 88. 

K e s k m i n e k u u j a a a s t a t u u l e k i i r u s m / s e k . kel l 21 1 9 2 3 — 3 5 . 
.. 

1 II IIl IV V VI VII 1 VIII IX X XI XII ! i 
Aasta 

Tartu . . . . 4.2! 3.9 3 8 3.2 3.0 2 8 2.5 2.6 3.1 3.9 3.8 3.9 i 3.4 
Tallinn . . . 7.3 6.3 5 6 4.5 4.3 4 0 3.7 4.4 5.4 6.8 6.4 6.9 : 5.5 
Vilsandi . . 6.0 5.3 4 7 4.0 3.9 4 7 4.1 5.1 6.1 7.3 6.4 6.1 5.3 
IiSrnu . . . . 4.9 4.3 3 5 3.1 3.3 3 8 3.2 3,3 3.7 5.0 4.3 4.4 3.9 
Narva-Jõesuu 5.8 4.6 4 2 3.3 3.4 4 •> 3.1 3.4 5.3 6.1 5.4 5.4 : 4.5 
Olustvere . . 3.5 3.4 3 2 2.4 2.3 2 0 1.6 1.9 2.3 3.0 2.9 3.3 i 2.6 
Tiirikoja . . 4.2 3.7 3 4 2.5 2.6 2 6 2.3 2.6 3.2 4.2 3.9 3.9 3.3 
Tooma . . . 4.0 3.7 3 3 2.7 2 7 2 5 2.1 2.2 2.5 3.6 3.6 3.7 : 3.1 
Võru . . . . 3.2 3.2 2 9 2.3 1,3 1 7 1.2 1.2 1.9 3.1 2.6 2.8 2.3 

A r v e s t a d e s e s i n e v a i d k o h a l i k k e i s e ä r a s u s i v a a t l u s j a a m a d e 
k õ r g u s e , a s u k o h a ( k a u g u s r a n n i k u j o o n e s t j n e . ) s u h t e s , on se le ta-
t a v a d l a h k u m i n e k u d ü k s i k u t e j a a m a d e k e s k m i s t e t u u l e k i i r u s t e 
vahe l . 

T a b e l n r . 89. 

K e s k m i n e k u u j a a a s t a t u u l e k i i r u s m / s e k . k o l m e s t v a a t l u s e s t 
(7", 13", 21") 1 9 2 3 — 3 5 . 

I II ni IV j V i VI VII VIII IX X Xl Xll Aasta 

Tartu . . . . 4 
I 

2 ! 3.8 3.9 3.5 3 4 3.3 2.9 3.0 3.4 4.0 3.8 3.9 3.6 
Tallinn . . . 7 2 I 6.3 5.8 5.4 j 5 '> 5.1 4.6 5.0 5.8; 6.6 6.4 6.7 5.8 
Vilsandi . . 6 0 5.3 4.7 ! 4.6; 4 6 5.3 4.5 5.7 6-3 ! 7.3 6.6 6.1 5.6 
Pärnu . . . 4 9 4.2 3.9 3.7 3 9 4.7 3.8 4.0 4.5 5.3: 4.3 4.5 4.3 
Narva-Jõesuu 5 7 ' 4.6 4.4 3.7; 4 1 4.7 3.8 4.0 5.6 1 6.2 5.5 5.3 4.8 
Olustvere . . 3 5 3.3 3.4 3.1 3 0 3.0 2.9 2.5 2.9 3.2 j 3.1 3.5 3.1 
Tiirikoj a . . 3 9 3.6 3.5 2.9 j 3 2 3.3 3.0 3.2 3.5 4.1 1 3.7 3.8 3.5 
Tooma . . . 4 1 3.9 3.7 3.5 3 6 3.6 3.0 3.0 3.3 3.8 3.6 3.8 3.6 
Võru . . . . 3 O 3 2 3.01 

1 
O 7 2.8 2.1 2.1 2.6 3.2 2.8 2.9 2.8 

K õ i g i s j a a m a d e s l a n g e b t u u l e k i i r u s e m a k s i m u m j a a n u a r i - j a 
o k t o o b r i k u u l e , k u s k e s k m i n e t u u l e k i i r u s 1 — 2 m e e t r i ü m b e r üle-
t a b v a i k s e m a kuu, s . o. m a i k u u t u u l e k i i r u s e . S e l g e m a ü l e v a a t e 
s a a m i s e k s t u u l e k i i r u s t e j a o t u s e s t on j ä r g n e v a t e l j o o n i s t e l a n t u d 
t u u l e k i i r u s t e s a g e d u s k õ v e r a d i g a k u u k o h t a T a r t u s t j a Tal l in-
n a s t . K õ v e r a t e k o o s t a m i s e k s on k a s u t a t u d 5 a a s t a v a a t l u s i (1929 
— 3 3 ) , k u s j u u r e s k l a s s i l a i u s e k s on v õ e t u d 2 m / s e k . S a g e d u s e d on 
a v a l d a t u d p r o t s e n t i d e s v a a t l u s t e -üldarvust . T a r t u j a o k s on t u u l e 
k i i r u s t e s a g e d u s j a o t u s e d m o o d u s t a t u d i g a t u n n i l i s t e k e s k m i s t e 
tuule k i i r u s t e j ä r g i , mi l l i sed andimed on v õ e t u d a n e m o g r a a f i l t ; 
T a l l i n n a j a o k s a g a on se l leks k a s u t a t u d k o l m k o r d a p ä e v a s teh-
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t a v a i d v a a t l u s i (kel l 7, 13 j a 2 1 ) W i l d ' i tuu le l ipu l t . V a s t a v a l t e r i -
n e v a t e l e v a a t l u s - a s u k o h t a d e l e j a v a a t l u s h u l k a d e l e e s i n e v a d t u u l e 
k i i r u s t e s a g e d u s j a o t u s t e s kõig i l k u u d e l T a l l i n n a j a T a r t u v a h e l 
s u u r e d l a h k u m i n e k u d , m i s s e i s a v a d p e a m i s e l t se l les , et T a r t u s k u i 
s i s e m a a j a a m a s on s u h t e l i s e l t ü l e k a a l u s v ä h e m a k i i r u s e g a t u u l e d 
v õ r r e l d e s T a l l i n n a g a . 

Tartu 
Tartu 

30-30-

20-
\ Tallinn 

\ Tallinn 10-40- \ 

10 0 

kiiruse J o o n i s n r . 86. Tuule kiiruse 
sagedusjaotus Tartus ja Tallinnas sagedusjaotus Tartus ja Tallinnas 

jaanuaris 1929—33. veebruaris 1929—83. 

\ Tallinn 

2 0 mAeit 

\Tallinn 

2 0 nrYse#. 

J o o n i s n r . 87. Tuule kiiruse J o o n i s n r . 88. Tuule kiiruse 
•sagedusjaotus Tartus ja Tallinnas sagedusjaotus Tartus ja Tallinnas 

märtsis 1929—33. aprillis 1929—33. 
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Tallinn 

2 0 mAeK. 

v Ta Ihnn 

J o o n i s n r . 89. Tuule kiiruse 
sagedusjaotus Tartus j a Tallinnas 

mais 1929—83. 

J o o n i s n r. 90. Tuule kiiruse 
sagedusjaotus Tartus ja Tallinnas 

juunis 1929—38. 

60 

50-
Tartu 

30-

20-
Tallinn 

50-
Tartu 

30 

20-

\Tallmn 
10-

0 lO 

J o o n i s n r . 91. Tuule kiiruse 
sagedusjaotus Tartus ja Tallinnas 

juulis 1929—33. 

J o o n i s n r . 92. Tuule kiiruse 
sagedusjaotus Tartus j a Tallinnas 

augustis 1929—33. 
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Tartu 

\ Tallinn 

2 0 mAen. 

Tartu 

Tallinn 

20 

J o o n i s nr . 98. Tuule kiiruse J o o n i s n r . 94. Tuule kiiruse 
sagedusjaotus Tartus ja Tallinnas sagedusjaotus Tartus ja Tallinnas 

septembris 1929—33. oktoobris 1929—83. 

Tartu 

Tallinn 

-TT 

2 0 mAeK 

\ Tallinn 

2 0 ½ * 

J o o n i s n r . 95. Tuule kiiruse J o o n i s n r . 96. Tuule kiiruse 
segedusjaotus Tartus ja Tallinnas sagedusjaotus Tartus ja Tallinnas 

novembris 1929—83. detsembris 1929-

T u u l e k i i r u s t e e s i n e m i s e s a g e d u s t T a l l i n n a j a T a r t u k o h t a 
s e l g i t a v a d t a b e l i d nr . 90 j a 91, k u s on a n t u d s u u n a l e v a a t a m a t a 
e r i n e v a t e k i i r u s t e g a t u u l t e k e s k m i s e d k e s t u s e d t u n d i d e s p ä e v a 
k o h t a ü k s i k k u u d e l . 
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T a b e l i t e s t näeme, et T a r t u s v a l i t s e v a t e s t t u u l t e s t on e n a m u s 
tuu led k i i r u s e g a 1 .6—5.5, T a l l i n n a s a g a v a s t a v a l t t u u l e d 8 . 6 - - 7 . 5 
m / s e k . 

V i l s a n d i , P ä r n u j a N a r v a - J õ e s u u k o h t a on v a s t a v a d t a b e l i d 
k o o s t a t u d a i n u l t j a a n u a r i , apr i l l i , j u u l i j a o k t o o b r i k o h t a . 

T a b e l n r . 90. 

Tuule k i i r u s t e ö ö p ä e v a n e k e s k m i n e k e s t u s t u n d i d e s T a r t u s 
1 9 2 9 — 3 3 . 

m/sek 

Kuu \ 
1.6-3.5 

i 
3.6-5.5 ' 5.(j—7.5 7.6—9.5 j 9.6—11.5 11.6—13.5 

L 1.7 : 7.4 8.1 5.4 1.1 
I 
! 0.2 0.1 

Il 2.6 10.5 6.0 ; 3.9 0.8 0.1 0.1 
III 1.4 8.7 7.6 ! 4.8 1.3 0.2 0.U 
IV 2.0 12.0 7.2 2.1 0.5 0.2 0.0 
V 2.7 12.4 6.7 1.8 0.3 0.1 0.0 

VI 2.5 12.1 6.8 2.3 0.3 0.0 0.0 
VII 3.3 13.8 5.4 1.2 0.3 0.0 0.0 

VlH 3.1 12,6 6.0 j 1.8 0.4 0.1 0.0 
IX 2.4 11.6 7.1 i 2.7 0.2 0.0 0.0 
X 1.1 9.7 8.9 3.2 0.8 0.3 o.o 

X I 2.2 9.9 8.1 3.2 0.5 0.1 0.0 
XII 1.7 7.2 8.3 5.3 1.2 0.3 0.0 

Aasta 2.2 10.7 7.2 3.2 0.6 0.1 0.0 

T a b e l n r . 91. 

Tuule k i i r u s t e ö ö p ä e v a n e k e s k m i n e k e s t u s t u n d i d e s T a l l i n n a s 
1 9 2 9 — 3 3 . 

x m/sek 
\ 

Kuu i i o ! 

,r-
CO 

I 

3.
6—

5.
5 

, 

>o 
I--' 

CC 
>o 

i 

11
.6

 
13

.: 

13
.6

—
15

.5
 

»C 

Cfc 

T 
^c. 
L- ' 

"" "'C 
C I 

-C 

CT> 

! 1.3 2.4 4.2 5.4 4.7 2.1 2.0 0.7 0.8 0.0 0.4 
U 3.7 4.2 5.5 3.3 3.1 1.2 1.9 0.5 0.4 0.0 0.2 

111 2.7 3.0 5.5 5.6 3.9 1.3 1.1 0.3 0.5 0.0 0.1 
IV 4.2 4.4 5.2 3.9 3.5 1.4 0.9 0.3 0.2 0.0 o.o 
V 3.9 4.6 5.4 4.6 2.9 1.3 0.9 0.3 0.1 0.0 0.0 
Vl 3.9 4.6 5.4 4.8 3.1 1.1 0.6 0.4 0.1 0.0 0.0 
VIl 3.8 4.9 6.7 4.3 2.7 0.8 0.5 0.1 0.1 0.0 0.1 
VIII 3.8 4.8 5.4 4.9 2.5 1.1 0.8 0.4 0.3 o.o 0.0 
IX 3.4 3.8 4.8 4.8 3.8 1.2 1.4 0.9 0.0 0.2 0.2 
X 1.8 2.9 4.5 5.6 4.2 1.4 2.0 0.7 0.6 0.0 0.3 
XI 2.0 3.3 5.0 5.2 4.3 1.8 1.4 0.4 0.5 o.o 0.1 
XD 1.3 8.1 4.5 3.8 4.9 2.1 2.3 1.3 0.8 0.0 0.1 

Aasta 3.0 3.8 5.2 4.7 3.(3 1.4 1.3 0.5 0.4 0 . 0 0.1 
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K õ v a d e t u u l t e j a o t u s e i s e l o o m u s t a m i s e k s on t a b e l i s n r . 95 
a n t u d k e s k m i s e d t o r m i p ä e v a d e a r v u d , k u s j u u r e s t o r m i p ä e v a d e k s 
on loetud need, mil t u u l e k i i r u s on o lnud 8 pal l i või e n a m . A r v e s -
t a d e s e r i n e v a i d v a a t l u s t e andmeid, p u u d u v a d T a r t u s t o r m i p ä e v a d 
tä ies t i , s e s t et k e s k m i s e d t u n n i l i s e d t u u l e k i i r u s e d pole n i m e t a t u d 
a j a v a h e m i k u s ü l e t a n u d e e s p o o l m a i n i t u d n o r m i . 

T a b e l n r . 92. 

T u u l e k i i r u s t e ö ö p ä e v a n e k e s k m i n e k e s t u s t u n d i d e s V i l s a n d i s 
1 9 2 9 — 3 o . 

m/sek 

Kuu 
0 - 1 2 --314-5 

j 
6 - 7 8-940—11 

I 
12-13 14—15 16—17 18—19 20-21 22 23 

I 1.0 : 4.4 5.3 4.4 2.9 2.7 1.1 1.3 I 0.6 0.1 0.2 0 . 0 
IV 3.2 i 5.7 5.7 3.9 2.3 1.6 0.4 0.9 I 0.2 0 . 0 0.1 0 . 0 

VH 3.2 5.8 4.8 4.7 2.8 1.0 0.5 0.8 ' 0.3 0.1 0 . 0 0 . 0 
X 2.1 3.2 4.6 3.4 3.7 3.7 o . 9 : 1.4 ! 

! 

0.5 0.2 0.2 0.1 

T a b e l n r . 93. 
Tuule k i i r u s t e ö ö p ä e v a n e k e s k m i n e k e s t u s t u n d i d e s P ä r n u s 

1 9 2 9 — 3 3 . 

m/sek 

Kuu 
0 - 1 2—3 1—5 6—7 S- 910—11 12—13 14—15 16—17 18—19 20-21 

i 
22 -23 

1 6.6 5.3 4.8 3.8 2.5 0.2 0.6 0.0 0.2 0.0 0.0 0.0 
IV 8.3 6.4 ' 4.2 2.5 1.4 0.4 0.7 0.0 0.1 0.0 0.0 0.0 

VII 7.5 6.5 j 5.2 2.5 1.3 0.0 0.4 o.i ! 0.4 0.0 0.1 0.0 
X 6.0 5.2 i 5.2 2.7 2.3 0.4 1.3 0.2 ! 

i 
0.5 0.0 0.1 0.1 

T a b e l n r . 94. 

Tuule k i i r u s t e ö ö p ä e v a n e k e s k m i n e k e s t u s t u n d i d e s N a r v a - J õ e s u u s 
1 9 2 9 — 3 3 . 

m/sek 

Kuu 
0 - 1 2—3 4 5 6 — 7 8—940—11 12 —13 14—15 16—17 IS-19 20-21 

I 2.6 6.8 4.5 3.1 2.2 2.0 1.2 0.4 1.1 0.0 0.1 
IV 7.6 8.6 3.3 2.0 0.7 : 0.9 0.1 0.6 ! 0.0 0.0 0.2 

VH 7.9 7.0 4.3 1.6 1.9 0.7 0.1 0.5 0.0 0.0 0.0 
X 3.3 5.5 5.3 3.2 2.5 1.6 0.6 1.2 1 0.(5 0.0 0.2 

s 
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T a b e l n r. 95. 

Keskmised tormipäevade arvud 1923—35. 

I II III IV V VI VII VIII IX X XI XII A a s t a 

T a r t u . . . . 
Tal l inn . . . 4.1 3.2 1.9 1.3 0.5 0.9 0.5 1.1 1.8 3.6 2.4 3.5 24.8 
Vi l sandi . . 2.2 1.9 0.9 0.4 1.0 0.8 0.5 1.5 2.4 3.9 1.8 2.1 19.4 
P ä r n u . . . L5 1.4 0.8 0.9 0.6 1.3 0.9 1.1 1.5 3.5 1.7 1.5 16.7 
N a r v a - J õ e s u u 4.3 2.8 2.5 1.4 1.8 2.1 1.2 1.6 4.4 5.1 3.3 3.3 33.8 
Tooma . . . 0.3 0.2 0.3 — 0.2 — — 0.2 0.2 — — 1.3 
Olus tvere . . 0.2 0.2 0.4 — — 0.1 0.1 — 0.1 0.2 — 0.1 1.4 
J ä n e d a . . . 0.2 — 0.2 — 0.2 — — 0.1 0.1 0.2 0.2 0.3 1.5 
Võru . . . . 1.0 0,7 0.7 0.7 0.5 0.4 — 0.1 0.4 0.6 0.3 0.5 5.9 
Ti i r iko ja . . 1 3 1.2 1.4 1.2 1.2 1.4 0.9 J . l 2.2 2.6 1.4 1.3 17.2 

Edasi on Tartu vaatluste abil iseloomustatud üksikutest ilma-
kaartest puhuvate tuulte keskmisi kestusi. Selleks on iga kuu j a 
aasta kohta arvutatud 5 aasta vaatlustest (1929—33), mitu tundi 
on keskmiselt ööpäeva jooksul püsinud üksikutest suundadest pu-
huvad tuuled. 

T a b e 1 n r. 96. 

Tuulesuundade ööpäevane keskmine kestus tundides Tartus 
1929—33. 

K
uu

 

V
ai
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u
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E
 

K 
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K m E
SE
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W 
CO 

CO 
m 0 2 SS

W
 

SW
 £ 

Ul 

Ž £ W
N

W
 

5= ' I 
Z ^ 

1 0 . 0 0.2 0.4 0.2 0.4 0.8 1.6 1.7 3.2 1.9 3.8 1.9 3.2 1.5 1.7 0.6 0.9 
11 0.0 0 8 0.9 0.9 1.2 1.5 2.1 1.2 2.0 1.3 2 . 0 0.7 2.4 2.1 1.7 1.1 2.1 

III 0.0 0.8 1.0 0.7 0.9 0.9 1.2 0.6 0.7 1.1 1.9 2.1 5.9 1.8 1.1 1.3 2.0 
IV 0.1 1.2 1.2 1.6 1.5 1.2 1.8 1.3 1.8 1.7 2 . 0 1.0 2.4 1.6 1.1 0.9 . 1.6 
V 0.0 0.7 1.1 1.5 2 . 8 1.6 2.0 1.5 1.1 1.1 1.5 1.0 2.7 1.9 1.3 0.9 1.3 

VI 0.0 1.5 1.6 1.2 1.6 1.3 1.0 0.8 0.6 0.6 1.2 1.6 4.3 3-0 1.6 1.0 ! 1.1 
VII 0.1 0.5 0.8 1.2 1.0 0.9 1.7 1.4 1.1 1 . 2 2.1 1.9 3.8 3.2 1.6 0.9 0.6 

VIII 0.1 0.8 0.9 1.0 0.9 0.6 0.9 1 . 0 1.4 1.6 2.1 2.3 4.5 3.0 1.4 0.7 0.8 
IX 0.1 0.9 0.9 0.7 0.8 0.5 0.8 1.4 1.6 1.7 2-4 1.9 2.8 2.8 1.7 1.4 i 1.6 
X 0.0 0.1 0.3 0.3 0.5 0.8 1.7 1.8 2.3 2.5 3-9 2.2 3.2 1.6 1.4 0.9 ; 0.5 

Xt 0.0 0.2 0.5 0.8 1.2 0 . 8 1.2 1.7 3.3 2.5 3.3 L8 2.8 1.5 1.5 0.4 ; 0.5 
XII 0.1 0.5 0.9 0.6 0.5 0.5 1.4 1.4 2.1 2.0 3.0 2 . 0 3.9 1.9 1.4 1 . 0 0 . 8 

A a s t a 0.0 0.7 0.9 0.9 1.1 0.9 1.4 1.3 1.8 1.6 2.4 1.7 3.5 2 . 2 1.5 0.9 1.2 

Edasi on Tartu Observatooriumi anemograafi ülesmärkimis-
test (1929—33) arvutatud, mitu tundi on keskmiselt kuude ja 
aasta järgi püsinud kord alanud tuulevaige, ja kui kaua on kesk-
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T a b e l n r. 97. 
Samast suunast puhuva tuule keskmine kestus tundides Tartus 

1929—33. 
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1 1.1 2.2 3.9 2.8 2.7 3.0 3.5 3.1 4.9 2.7 4.2 2.3 4.3 2.3 4.2 2.4 4.0 
II 1.0 2.0 3.0 2.8 2.9 2.9 3.4 2.3 4.6 2.9 4.8 2.3 4.0 2.9 2.4 1.9 3.5 

III 1.0 2.0 3.0 2.8 3.0 3.3 4.9 3.1 2.6 2.3 2.8 2.2 5.3 2.5 2.5 2.8 4.2 
IY 1.0 2.4 2.1 2.4 2.6 2.1 2.9 2.1 3.0 2.4 3.4 1.8 3.8 2.6 2.1 1.9 2.9 
Y 1.0 1.6 2.1 2.3 3.0 2.0 2.7 2.3 2.3 1.8 2.5 1.7 3.3 2.5 2.3 1.8 2.5 

VI 1.0 2.2 2.4 1.8 2.8 2.2 2.0 2.1 2.0 1.7 2.5 2.0 3.7 2.6 2.6 1.9 1.8 
VII 1.2 1.7 2.2 2.5 2.1 1.8 2.7 2.2 2.2 1.8 2.5 2.0 2.8 2.5 2.3 2.1 2.0 

VIll 1.3 2.3 2.3 2.3 1.9 1.8 2.1 2.2 2.3 2.2 2.6 2.4 3.4 2.6 2.4 2.0 2.4 
IX 1.3 2.4 2.7 2.2 3.0 2.2 2.7 3.1 2.9 2.6 3.1 2.3 3.1 3.2 2.7 2.7 3.0 
X 1.0 1.3 3.0 2.5 2.8 2.8 3.1 2.6 3.2 2.7 3.9 2.3 3.6 2.4 2.8 2.5 2.5 

XI 1.0 1.8 3.1 3.5 3.7 2.6 3.2 2.6 3.0 2.4 4.5 2.5 3.9 2.7 3.9 1.9 4.5 
XIl 1.1 2.6 3.8 4.2 3.6 2.5 3.6 2.7 4.0 2.6 3.8 2.8 5.0 3.1 3.0 2.6 3.1 

A a s t a 1.1 2.1 2.6 2.5 2.8 2.3 3.0 2.5 3.1 2.4 3.4 2.2 3.8 2.7 2.7 2.2 2.9 

T a b e l n r. 98. 
Sama kiirusega puhuva tuule keskmine kestus tundides Tartus 

1929—33. 

m/sek 

Kuu 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 j 16 

j 

I 1.7 2.8 3.0 2.4 2.4 2.1 2 2 1.9 1.5 1.4 1.4 1.2 1.4 1.0 1.0 
II 2.1 2.9 2.8 2.6 2.0 2 2 2*0 2.1 1.4 1.2 1.6 1.8 1.7 1.0 1.0;1.0 

III 1.3 2.5 2.9 2.6 2.0 2.1 2.1 1.8 2.1 1.4 1.7 1.5 3.0 1.0 
IV 1.8 2.3 2.7 2.4 2.1 2.1 1.9 1.5 1.8 1.4 1.2 1.4 1.0 
V 1.4 2.5 2.6 2.3 1.9 1.9 1.9 1.9 1.9 1.0 1.7 1.3 1.0 j 

VI 1.3 2.2 3.1 2.3 2.0 2.0 2.0 1.5 1.2 1.4 2.0 ! 
VII 1.6 2.4 2.9 2.3 2.1 2.0 2.2 2.1 2.1 1.4 2.0 1.0 

VHI 1.7 2.4 3.1 2.4 2.1 2.1 2.2 1.8 1.8 1.2 1.6 1.0 2.0 
IX 1.6 2.7 3.5 2.6 2.2 2.1 2.2 1.8 1.6 1.0 1.2 j 
X 1.3 2.1 2.7 2.7 2.4 2.3 2.2 1.6 1.9 1.4 1.2 2.1 1.0 1.6 ; 

XI 1.6 3.0 3.1 2.5 2.3 2.1 2.1 1.8 1.5 1.6 1.3 2.5 
XII 1.6 2.7 2.8 2.7 2.2 2.2 2.1 1-9 1.6 1.6 1.5 1.5 1.3 

A a s t a 1.6 2.5 2.9 2.5 2.1 2.1 2.1 1.8 1.7 1.4 1.4 

miselt ühtejärge puhunud tuul üksikutest ilmakaartest. Mainitud 
keskmised vältused tundides on antud tabelis nr. 97. 

Analoogiliselt on Tartu Observatooriumi vaatlustest (1929— 
33) arvutatud, mitu tundi keskmiselt on pidevalt puhunud kuude 
ja aasta järgi konstantse kiirusega tuuled, suunale vaatamata. 
Nimetatud andmed on mahutatud järgnevasse tabelisse (nr. 98), 

s * 
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T a b e l n r. 99. 
Tuule kiiruse keskmine ööpäevane rütm Tartus 1926—35. 

K e l l a a e g 1 Il lil ,V V Vl VIl VIII IX X Xl X I I j A a s t a 

0 h — I h 4.3 4.0 4.1 3.3 3.1 2.9 2.7 2.8 3.1 3.8 3.7 3.9 3.47 
J h - •)h 4.3 4.0 4.0 3.2 3.1 2.9 2.7 2.7 3.1 3.8 3.7 3.9 3.44 

3h 4.3 4.0 4.1 3.2 3.2 2.9 2.7 2.8 3.2 3.9 3.7 3.9 3.50 
3 f l - - 411 4.2 4.0 4.0 3.2 3.1 2.8 2.7 2.8 3.2 3.8 3.7 ! 3.9 3.45 
4 h - 5h 4.2 3.9 4.0 3.2 3.1 2.8 2.0 2.7 3.1 3.8 3.7 3.9 3.41 
5 h - Oh 4.2 4.0 4.0 3.2 3.1 2.9 2.0 2.8 3.2 3.9 3.7 i 4.0 3.45 
6 1 — 7h 4.2 3.9 4.0 3.2 3.1 3.0 ' 2.0 2.7 3.1 3.9 3.0 ; 4.0 3.44 
7 — 8¾ 4,3 4.0 4.0 3.4 3.3 3.3 3.0 3.0 3.3 4.0 3.7 i 4.1 3.61 

8 h — 91' 4.3 4.0 4.1 3.0 3.5 3.0 3.1 3.2 3.5 4.1 3.8 1 4.0 3.73 
9 h — IOh 4.3 : 4.0 4.1 3.8 3.7 3.8 ! 3.3 3.5 3.7 4.2 3.8 4.0 3.80 

I O l 1 - 11»« 4.4 4.1 4.2 4.0 3.9 4.0 ! 3.5 3.0 3.8 4.4 3.9 4.0 3.98 
1 1 r 121' 4.4 4. J 4.3 4.2 4.0 4.1 I 3.6 3.8 4.0 4.6 4.0 4.1 4.11 
1 2 1 1 - 13h 4.4 4.1 4.4 4.2 4.0 4.2 3.0 3.8 4.0 4.5 4.0 4.0 4.10 
l 3 h — ] 411 4.4 4.2 4.5 4.4 4.1 4.2 3.0 3.9 4.1 4.5 4.0 i 4.0 4.15 
] 4 h — l 5 h 4.4 4.2 4.0 4.3 4.1 4.3 ! 3.7 3.9 4.0 4.4 3.9 ! 4.0 4.17 
lö} 1 — IOh 4.3 4.2 4.5 4.2 4.0 4.2 ! 3.0 3.7 :>..8 4.0 3.8 I 3.9 4.03 
I O h - I7 h 4.4 4-2 4.3 4.1 3.9 4.1 ' 3.0 3.0 3.5 4.0 3.8 ! 4.0 3.96 
] 7 h - ] 8 h 4.f> 4 3 4.2 3.8 3.8 4.0 3.5 3.4 3.3 4.0 4.0 4.0 3.90 
I8 h - I9 h 4.5 4,2 4.0 3.5 3.5 3.5 , 3.1 3.0 3.1 4.0 3.9 3.9 3.08 
I 9 h — 2 O1' 4.4 4.1 4.(1 3.3 3.1 3.1 2.7 2-8 3.1 4.0 3.8 3.9 3.53 
20 h — 2 1 h 4.4 4.1 4.2 3.3 3.0 2.8 2.0 2.8 °i •' 4.0 3.9 4.0 3.52 
2 1 h — 2'J Ii 4.4 4.0 4.1 3.3 3.1 2.8 2.0 2.7 3.2 4.0 3.8 3.9 3.49 
22" 23 h 4.3 4.0 4.1 3.3 3.1 2.8 2.7 2-7 3.2 4.0 3.8 4.0 3.49 
23 h - 24 h 4.4 4.0 4.1 3.3 3.1 2.9 2.8 2-8 O1 0 4.0 3.8 3.9 3.52 

kusjuures erinevate tuule kiiruste liigutuse aluseks on võetud üks 
meeter sekundis. 

Analoogiliselt teistele meteoroloogilistele elementidele 011 
K 0 

3 
5.« 13.1 3.2 3.1 3.9 3.8 

6 

9 

12 
3.6 1.0 Hfl 

45 

18 
I 1.0 3 6/ 3.a 3.0 1.0 

21 3.8 

2½ 

J o o n i s n r . 97. T u u l e k i i r u s e isopleedid T a r t u s 1920—35. 
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J o o n i s n r. 98. Keskmised tuule teed j a a n u a r i s 192«)—35. 

Tartu vaatluste järgi määratud tuule kiiruse ööpäevane rütm üksi-
kute kuude järgi. Selleks on kasutatud 10 aasta igatunnilisi tuule 
kiiruse andmeid anemograafilt, mille järgi on arvutatud igale tun-
nile vastav keskmine tuule kiirus m/sek. Andmed on esitatud 
tabelis nr. 99. 

J o o n i s n r . 99. Keskmised tuule teed v e e b r u a r i s 1923—3'5. 
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J o o n i s n r . 100. K e s k m i s e d t u u l e teed m ä r t s i s 1923—35. 

Selgema kujutluse saamiseks on koostatud vastav isopleetide 
graafik (joonis nr. 97), kus rõhtteljeks on võetud kuud, piisttel-
jeks aga kellaaeg, kusjuures kõverad esitavad tuule kiiruse (m/ 
sek.) samajooni. Graafikult näeme kõigil kuudel selgelt arenenud 
ööpäevast tuule kiiruse käiku, mis vastavalt aastaaegadele näi-

J o o n i s n r . 101. Keskmised tuu le teed a p r i l l i s 1923—35, 
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J o o n i s n r . 102. K e s k m i s e d tuu le teed m a i s 1923'—35. 

tab suuremaid või vähemaid erinevusi päevase maksimumi ja 
öösise miinimumi vahel. 

Järgnevana on püütud iseloomustada tuulte vaatluste abil 
õhumasside liiklemist Eesti pindalal. Selleks on 13 aasta (1923— 
35) kolmest päevasest vaatlusest arvutatud 9 jaama kohta kesk-

S"~' 

J o o n i s n r . 103. K e s k m i s e d t u u l e teed j u u n i s 1923—35. 
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J o o n i s 104. Keskmised tuule teed j u u l i s 1923—3'5. n r 

mised kuu ja aasta tuuleroosid, mis kujutavad õhumasside Iiik-
lemisjaotust 8 põhi-ilmakaare järgi. Nagu teada, on tuuleroosis 
kaugused roosi tippudest kuni vaatluspunktideni, mis järgnevatel 
joonistel märgitud ringikestega, proportsionaalsed õhumasside 

/ "" 

J o o n i s n r . 105. Keskmised tuule teed a u g u s t i s 1923—3õ. 
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J o o n i s n r . 106. Keskmised tuu le teed s e p t e m b r i s 1923—35. 

poolt selles suunas läbitud teede pikkustega. Lisaks tuuleroosidele 
on arvutatud Lambert'i valemi järgi iga kuu ja aasta keskmised 
õhumasside liiklemissuunad ja vastavad resultantkiirused (m/ 
sek.), millised andmed on esitatud tabelites nr. 100 ja 101. 

J o o n i ? n r . 107. Keskmised tuule teed oktoobris 19'23—-35. 
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Joonis nr . 108. K e s k m i s e d t u u l e teed n o v e m b r i s 1923—3ö. 

Kõik loendatud arvutused on läbi viidud vektoriaalselt, s. t. iga 
üksik tuulesuund on arvestatud vastava kiirusega. 

Selgema ülevaate saamiseks on joonistel nr. 98—110 lisaks 
tuuleroosidele jämeda noolega märgitud iga vaatlusjaama kohta 
vektoriaalselt arvutatud keskmine õhumasside liiklemissuund. 

J o o n i s n r . 109. K e s k m i s e d tuu le teed d e t s e m b r i s 1923—35, 
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Joonis nr. 110. K e s k m i s e d a a s t a s e d t u u l e teed 1923-—35. 

Võrreldes kolme ranniku jaama (Tallinn, Vilsandi, Narva-Jõe-
suu) õhumasside liiklemis jaotuse sagedusi sisemaa-jaamade oma-
dega, paistavad silma ranniku jaamade suhteliselt suurema pind-
alaga tuuleroosid, mis on seletatav sellega, et ranniku läheduses 
on tuul tunduvalt vähem pidurdatud metsadest, ehitistest, mitte-
ühetasasest maapinnast jne. kui sisemaal. Nagu joonistest näh-
tub, on Eesti pindalal ülekaalus läänest itta liiklevad õhuvoolud, 
mille tõttu meil üksikkuude ja aastane keskmine õhuvoolude suund 
on edelast ja läänest. 

Tabelis nr. 100 on antud keskmine õhumasside liiklemissuund 
kraadides, loetuna kellaosuti pöörlemise järgi põhjast. 

T a b e l n r . 100. 
Keskmine õhumasside liiklemise suund 1923—35. 

1 II III IV V VI V l l j VIII IX X XI XII A a s t a 

Tar tu . . . . 212 210 236 215 214 254 245 244 235 216 205 207 222 
Tall inn . . . 192 173 216 131 14 268 271 239 237 209 197 186 206 
V i l s a n d i . . 213 211 307 277 322 244 251 267 260 246 222 212 242 
Pärnu . . . . 202 195 240 229 250 250 239 248 236 223 209 198 225 
N a r v a - J õ e s u u 223 186 253 250 293 293 298 287 272 241 234 219 253 
Olus tvere . . 220 220 253 244 244 261 253 255 237 222 219 214 232 
T i i r i k o j a . . 199 206 258 265 76 274 217 207 227 200 170 186 208 
Tooma . . . 218 198 259 256 211 277 277 268 246 225 217 220 234 
Võru . . . . 224 227 255 231 263 260 269 245 241 220 208 208 234 
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Kokkukõlas õhuvoolude liikumissuundadega on Eesti ilmastus 
märgata maritiimsete tunnuste ülekaalu võrreldes mandritunnus-
tega, sest, nagu juba nimetatud, liiklevad Eesti pindalal enamuses 
läänepoolse päritoluga õhumassid. Järgnevas tabelis on antud 
vektoriaalselt arvutatud keskmised kuu ja aasta õhumasside resul-
tantkiirused 1923.-—35. a. toimetatud vaatluste järgi. 

T a b e l n r . 101. 

Keskmised õhuvoolude resultantkiirused 1923—35. 

I j Il III IV V : VI 1 VlI IV IlI 
I 

! X j X Xl XlI A a s t a 

Tar tu . . . . 2.1 1.1 1.4 0.7 : 0.4 1.1 0.8 1.1 1.5 2.1 1.7! 1.6 1.2 
Tall inn . . . 3 1 i.:i 1.1 0.3 0.3 0.3 0.5 0.8 1.4 2.2 2.0 i 2.3 1.2 
Vi lsandi . . 2.0 0.3 0.5 0.1 0.2 1.6 1.3 ; 1.6 1.9 2.5 1.5 j 1.6 1.2 
Pärnu . . . . 2.2 1.0 0.8 0.7 0.7 1.9 1.6 1.4 2 .0; 2.7 1.7: 1.8 1.5 
N a r v a - J õ e s u u 1.8 0.9 1.1 0.6 0.5 0.8 1.1 0.9 1.8 1.9 1.3 I 1.4 1.1 
O l u s t v e r e . . 1.7 0.7 1.0 0.5 0.4 0.8 0.5 j 0.6 1.1 i 1.6 1.3 1.2 0.9 
Ti i r iko ja . . 1.+ 0.6 1.0 0.3 0.2 0.5 0.3 0.5 1.0 1.5 1.1 1 1.2 0.6 
Tooma . . . 1.5 0.7 0.6 0.2 0.1 0.7 0.3 ; 0.5 1.1 1.5 1.2 0.5 0.7 
Võru . . . . 1.5 0.8 1.1 0.6 0.2 0.8 0.6 0.6 1.1 1.7 

O
C

 

O
 

Üldiselt tuleb tähendada, et kokkukõlas keskmiste tuule kii-
rustega (tabel nr. 89) omavad ka keskmised resultantkiirused 
kõigis vaatlusjaamades suuremaid väärtusi septembrist kuni märt-
sini, vähemaid aga aasta soojemas osas, aprillist kuni augus-
tini. 

Ühenduses erinevate õhumassidega on Eesti ilmastus üle-
kaalus vaheldumisi üht või teist kliimatüüpi iseloomustavad tun-
nused. Kui meil on tegemist Atlandi ookeanilt siirdunud maritiim-
se õhumassiga, valitseb meil soojal aastapoolel üldiselt jaheda-
võitu, külmal aastapoolel aga suhteliselt kõrge temperatuuriga 
niiske ilmastik pideva pilvkattega. Peale selle on maritiimse 
õhumassi tähtsaimaiks tunnuseiks väike õhu läbipaistvus, udud ja 
peened vihmad, kuna hoogsademed peaaegu täiesti puuduvad. 
Mandrilise õhumassi iseloomustavaks omaduseks on hea nähtavus 
tüüpilise rünkpilvitusega ja vahelduvate hoogsademetega. 

Meteoroloogiliste elementide erinevuse selgitamiseks mitme-
suguste õhumasside puhul on Tartu kohta 3 aasta vaatlustest 
eraldi arvutatud keskmised kuu ja aasta õhutemperatuurid, rela-
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tiivsed niiskused, pilvitused ja päikesepaiste kestused tundides 
kontinentaalsete ja maritiimsete õhumasside korral, mis on esi-
tatud tabelis nr. 102. 

T a b e l n r. 102. 

Tartu kontinentaalses ja maritiimses õhumassis 1933—35. 

õhu-
m a s s I II IIl IV Y VI VII vm IX X xr XII Ai i s ta 

IVrnperatuur C" kont . —8.4 - 6 . 8 2.7 3.6 10.6 16.0 17.9 16.0 

CO 3.8 - 0 . 7 

j 

- 5 . 4 4.S IVrnperatuur C" 
m a r i t . 0.6 0.5 1.7 8.8 9.3 15.0 16.8 15.6 1 1.6 8.3 2.5 0.7 7 t; 

Uela t i ivne niis-
k u s . . . k o n t . S 4 83 76 71 64 61 72 78 82 87 85 86 77 k u s . . . 

mar i t . 89 s 8 ; 85 75 74 73 76 79 83 85 91 88 82 

Pi lv i tus . . . . kont . 8.0 ! 8.4 i 5.9 5.6 6.1 4.9 6.2 6.5 7.6 7.2 7.4 8.2 : 6.2 
m a r i t . 9.1 8.8 9.1 7.2 8.6 6.8 7.4 6.9 7.5 7.6 9.1 9.9 j V J 

P ä i k e s e p a i s t e -
t u n n i d . . . kont . 34 44 173 199 253 340 279 259 186 90 64 2 6 : 1947 

mar i t . 19 41 I (50 174 193 218 241 262 128 80 12 0 142S 

Tabelist nähtub, et kontinentaalsete õhumasside korral on 
Tartus jaanuarikuul keskmine õhutemperatuur ümmarguselt 9° 
madalam kui maritiimsete õhumasside korral, milline kontrast aga 
suvel ja sügisel muutub vastupidiseks. Relatiivne niiskus ja pilvi-
tus on kontinentaalsete õhumasside puhul vähemad, päikesepaiste 
kestus aga suurem kui maritiimsete õhumasside korral. 

Kõrgemates õhukihtides esinevatest tuule kiiruse j a suuna 
muutustest on võimalik saada ülevaadet ainult Tartust, kus pike-
mat aega on toimetatud pilootpallide vaatlusi peamiselt rahvus-
vahelistel päevadel. Parima kujutluse saamiseks on arvutatud 
üksikute aastaaegade kui ka terve aasta kohta keskmised nii tuule 
kiiruse kui ka suuna muutused iga 500 meetri kohta kuni 3000 
meetri kõrguseni ja sealt edasi iga 1000 meetri kohta kuni 5000 
meetri kõrguseni. Maapinnalt (80 m) kuni 500 meetri kõrguseni 
on vastavad andmed antud eraldi alumise 100 meetri kohta (80— 
180 m) ja sellele järgneva 320 meetri kohta (180—500 m). 

Järgnevas tabelis (nr. 103) on antud keskmised tegurid 
aastaaegade ja terve aasta kohta, millega tuleb korrutada tuule 
kiirust maapinnal, et leida tuule kiirust vastaval kõrgusel. 
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T a b e l n r . 103. 

Tegurid, mis korrutamisel tuule kiirusega maapinnal annavad 
tuule kiiruse vastaval kõrgusel. 

O
 

Q
O

 
»-H 500 1000 1500 2000 2500 3000 4000 5000 

K e v a d 1.53 2.22 2.60 2.67 2.99 3.38 3.72 4.21 5.14 
S u v i 1.58 2.26 2.67 2.83 2.89 3.09 3.24 3 .83 4.59 
S ü g i s . . . . • 1.70 2.72 2.91 3.05 3.27 3.43 3.71 4.90 6.12 
T a l v 1.96 2.96 3.41 3.75 4.43 5.27 6.06 7.58 11.97 
A a s t a 1.63 2.43 2,77 2.91 3.15 3.45 3.77 -4.42 5.56 

Tabelist näeme, et suurim tuule kiiruse juurdekasv esineb 
talvel j a sügisel, väikseim aga kevadel ja suvel. Üldiselt on tuule 
kiiruse suurenemine kõige intensiivsem alumises sajas meetris, 
kuna suuremates kõrgustes jääb juurdekasv aeglasemaks. Suu-
rim tuule kiiruse juurdekasv alumises õhukihis on tingitud mitte-
ühtlasest maapinnast (mäed, orud, metsad, ehitised), mis avaldab 
pidurdavat mõju õhuvooludele. 

Järgnevas tabelis on antud keskmised nurgad kraadides, mis 
iseloomustavad tuule suuna muutust kõrgusega. Tabelis leiduvad 
nurgad annavad liitumisel tuule suunaga maapinnal tuule suuna 
vastaval kõrgusel. Nii näeme, et kevadel, kui maapinnal puhub 
lõuna- (S) tuul, siis on tuul 1000 meetri kõrgusel keskmiselt 
pöördunud 22° võrra paremale poole, s. o. puhub lõuna-edela 
(SSW) tuul jne. 

T a b e l n r . 104. 

Keskmised nurgad, mille võrra tuul kõrgusega pöördub paremale 
poole. 

180 500 1000 1500 2000 2500 3000 4000 5000 

K e v a d 3 15 22 23 21 25 27 3 0 36 
S u v i 3 9 10 9 13 14 21 22 OO 
S ü g i s 11 25 23 22 14 15 15 12 12 
T a l v 15 35 42 43 47 43 41 38 23 
A a s t a 6 17 20 20 19 21 24 25 27 

Tabelist selgub, et tuule suund pöördub kõigil aastaaegadel 
maapinnalt kuni 1500 meetri kõrguseni paremale poole, kusjuures 
suurim pööre esineb talvel. 
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XI. Summary. 

Data about tlie climate of Estonia. 

In this paper are given the means of the meteorological ele-
ments in Estonia with the corresponding tables and figures and 
characteristic data, such as the average number of days ete. 

The introduetion (pages 3—8) shows the distribution of 
climates in BaJtoscandia with maps of climatic districts by 
Köppen, Thornwaite, Gorczynski and Nehls. 

I. Air Temperature. 

The first chapter (pages 8—47) contains the conditions of 
air temperatures in Estonia. Table 2 (page 9) gives the 
true (24-hours) average monthly and yearly temperatures in C0, 
reduced to a period of 70 years (1866—1935). The deseriptions 
of the tables as well as of the figures are given in English on 
pages 142—147 and 148—152 respectivly. In every deseription 
is given the corresponding number of years of Observation. To 
obtain the true (24 hours) average temperatures, the difference 
between the daily means on the basis of each of the 24 hours 
taken from the selfregistering apparatus, and the means of the 
three daily observations (7", 13'' and 21" loeal time) is calculated 
for Tartu, Vilsandi and Tallinn (Table 4, page 11). To 
characterise the influence of the Baltic sea on the climate of 
Estonia the mean surface temperatures of the sea water are given 
on the basis of three daily observations (7h, 13", 21") for the 
period 1923—36 for several stations. 

Graph Nr. 18 shows the isopleths of water temperature at 
Keri ('</> = 59° 43', y = 25° Ol') from the surface to the bottom 
(110 m). On that graph the abscissa represents the time 
(months), the ordinate — the depths in m from the surface to 
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the bottom. The drawn out and interrupted lines give the water-
temperature in 0C, whereas the dotted ones — the highest and 
lowest temperatures in the yearly range. The calculation shows, 
that at Keri every Square m. gives to the air in autumn 
254100 kcal, and in winter an additional 159500 kcal, of 
heat, thus together 413600 kcal, in a year. To represent the yearly 
range of temperature, the amplitudes and phases calculated by 
means of the Bessel formula: 

t tm -j— A j sin (a, —(— x) -J- Ao sin (a2 ~f~ 2x) —j— 

are given in Table 16 page 26. The first column gives the 
names of the stations, the second — the average yearly tempera-
tures, the following columns the data for A 1, a^, A 2, aL, ete. On 
the basis of Table 16 are drawn Figures 20—31, which show the 
movements of different isotherms and the yearly highest and 
lowest daily temperatures in Estonia. On page 36, the drawing 33 
gives the frequeney distribution of the departures of each year's 
average temperature from the mean of 70 years for Tartu. One 
degree 0C is taken as a unit for the division of the temperature 
departures into groups. The corresponding standard deviation 
o is found to be ±0.96 and the formula of Gauss — 

y = 0,43 e~0-54xS 

Figures 34—38 show the frequeney distribution of tempe-
ratures based on three daily observations (7", 131', 2l h) during a 
period of 15 years (1923—37). The drawn out curves give 
the corresponding frequeney in percentages of the total number 
of observations for each particular month, whereas the unit 
for dividing the temperatures into groups is taken as I0C. The 
heavy curve shows the frequeney (%) of the arithmetical mean, 
the interrupted curve those of the mode. 

Table 21 and Fig. 39 show the heating conditions of living 
rooms in Estonia. Assuming that heating is started when the 
outside air temperature drops below IO0C, we can from the 
curve of the yearly range of temperature obtain the number of 
heating days for the requested district. If the room temperature 
is taken as 18°C, we can calculate for every heating day the 
difference between the outside, and room air temperature during 
the whole heating period. 

The sum of these differenees gives the "heating-days-degrees" 
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for the district. On Fig. 39 the curves represent the yearly range 
of temperature in Vilsandi (1), Tallinn (2), Tartu (3) and the 
space covered with lines — the "heating-days-degrees" for Vil-
sandi. 

On page 47 the formula 

t l t = 23.0 e-°-S3h 

shows the diminution of the yearly amplitude in the soil at Tartu. 
Here t h gives the required amplitude in 0C, h — the correspond-
ing depths in m. and e the basis of the natural log. 

II. Pressure. 

The average monthly and yearly pressures are calculated only 
for 5 stations (Tartu, Tallinn, Vilsandi, Pärnu, Narva-Jõesuu) 
and reduced to a period of 70 years in accordance with the ob-
servations at Tartu. For this purpose the differenees between 
the 24 hourly means and those from 3 daily observations (7", 
13", 21") are determined for Tartu (Table 28). On page 49 
the Bessel formula gives the annual range of pressure in Tartu 
for a period of 70 years (1866—1935) and on page 52 in the 
same way the corresponding diurnal range for Tartu. For 
composing the curves Fig. 43, 44 of the frequeney distribution of 
pressure the three daily observations for a period of 1926—35 
are used, whereas the unit for dividing the data of the pressui'e 
into groups is taken as 10 mb. The curves show the corresponding 
frequeney in percentage of the total number of observations for 
July and January. 

III. Precipitation. 

Tlie tables and drawings characterising the distribution of 
precipitation are composed on the basis of the observations made 
during a period of 13 years (1923—35). As the observations 
of the rainfall stations were interrupted during the World War, 
a new set of Observation points had to be organized in the f i r s t 
years of the independence of Estonia. In the tables are given 
the data only for those stations, which were continuously aetive 
during all the period mentioned. In all the Observation points 
Ihere was used a raingauge of 500 cm- receiving surface at a 
height of 2 m. above the ground, protected by funnel shaped 
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Nipher type shields. For the composition of the isohyet charts, 
a graphical niethod was used. An isohyet chart was drawn for 
every month in all the years, by using the data of all the Obser-
vation points. These particular monthly isohyet charts graphi-
cally added give the average isohyet chart for the corresponding 
month. In the same way were drawn by graphical addition the 
average yearly isohyets. In Figures 64—69, the charts with 
the average height of the snow layer were drawn in the above-
mentioned way by the graphical addition of the particular charts 
of each year. The measuring of the height of the snow was 
made every morning at 8 o'clock by means of a pole divided into 
cm. in a level place mostly protected from the wind. 

As the meteorological observations were made uninterrupt-
edly only in Tartu beginning from 1866, in Table 47 are given 
the averages concerning the precipitation for Tartu for a period of 
70 years (1866—1935). From the graphs of the selfregistering 
rain gauge in Tartu are determined the duration, average inten-
sity and maximal intensity of fallen water for every rainfall 
in the years 1926—34. An interval of time of 20 minutes was taken 
as a unit for the division of rainfall into groups. Precipitation 
not exceeding 0.1 mm. has not been taken into consideration. 
The Figure 70 shows the relation between the duration and 
average intensity of rain. The abscissa represents the length 
of time in minutes, the ordinate — the average intensity of rain 
in mm. per miiiute. The equation on page 80 expresses the 
abovementioned relation. 

IV. Cloudiness. 

For compiling the tables of the average amount of cloudiness 
the observations of 13 stations for a period of observations for 13 
years (1923—35) were used. Besides the average monthly 
and yearly amounts, the diurnal range of cloudiness is character-
ized by observations at Tartu (Table 58) made at intervals of 
three hours every day (7", 10", 13", 16", 19", 21" and 22"). In 
order to obtain a better survey of the average diurnal range of 
cloudiness, as well as the distribution of particular cloud forms 
different charts of isopleths are given. In these charts the 
abscissa expresses the time in months, the ordinate — the hours 
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of the day at intervals of three hours, — the curves give the 
quantity of the corresponding cloud forms. In Figure 71 the 
curves show the average distribution of the amount of cloudiness 
corresponding to Table 58 that is, how many tenths of sky are 
covered with clouds. In Figures 72—77 on the contrary the 
curves express either the entire Iaok of clouds (clear day, Figure 
72) in percentage of all the number of observations, or the 
frequeney of the appearance of particular cloud forms (St, Cu, 
Cu Nb, St Cu, Nb St). 

V. Duration of Sunshine. 

Continuous records of sunshine duration were obtained by 
Velitsko sunshine recorders for the period of 1926—35. 
Table 59 gives the monthly and yearly average of the duration 
of sunshine in hours and its last column the yearly actual sun-
shine in percentage in comparison with the possible duration of 
sunshine (always clear sky) at the corresponding Observation 
point. Tables 60—70 give the average hourly values of the 
duration of sunshine for each month in hours. To these tables 
correspond graphs 78—83 of isopleths of sunshine, where the 
abscissa expresses the months, the ordinate — the hours in inter-
vals of 6 hours; the curves give the duration of sunshine in tenths 
of hours. The dotted spaces show the twilight, the black ones 
the night. 

VI. Intensity of Solar Radiation. 

The observations of solar radiation were made by an Äng-
ström pyrheliometer during the period 1931—35. Table 72 
gives the average insolation in gcal./min., which is received by 
a 1 cm2 perpendicular to the rays reduced to midday. Table 73 
shows the average coefficients of the transpareney of the atmo-
sphere reduced to midday. 

VII. Atmospheric Humiditv and Evaporation. 

The data of the atmospheric humidity were obtained from 
the corresponding observations for the period 1926—35. The 
average absolute humidity expresses the tension of vapour in mm. 
of barometric pressure (Table 74). The monthly average 
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Saturation deficit is calculated only for Tartu and given in Table 
82 in mm. of barometric pressure. Table 83 with corresponding 
graph 84 shows the daily range of relative humidity in Tartu on 
the basis of hourly observations (1926—35). 

VIII. Wind Velocity. 

Tables showing average wind velocities are compiled for 
nine stations from the observations made during 1923—35. 
A t all Observation points the wind observations were made by 
Wild wind vanes except at Tartu, where a recording apparatus 
was in use. The heights of the wind vanes are given in Table 
85. In addition to the average wind velocity the monthly 
frequencies of wind velocities compiled on the basis of 5 years' 
observations 1929—33 are given for Tartu and Tallinn also. 
To -divide the wind velocities into groups there was used a unit 
of 2 m./sec. The frequeney curves for Tallinn were composed 
from the three daily observations (7", 13'1, 21''), those for Tartu 
— on the contrary from the hourly average wind velocities 
obtained with an anemograph. In Tables 90—94 are given the 
average duration of particular wind velocities for Tartu and 
Tallinn for every month, — for the other stations only for I, IV, 
VII and X. 

The data concerning the conditions of wind velocity in the 
upper air, obtained by pilot balloon observations in Tartu in 
the years 1916—35 are given in Tables 103 and 104. 
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INTRODUCTION K 

According to the layers of the wal l part icipating in the 
moulding of the relief of the^ gastro-intestinal tract, JACOBS-
HAGEN (1937) distinguishes between: (1) the p r o p r i a 
r e l i e f , embracing the unevenness of the propria alone, (2) the 
K e r c k r i n g r e l i e f , produced by the foldings of the sub-
mucous layer, (3) the E s c h r e l i e f , forrned by the macro-
scopic t ransversa l folds of the intestine, and comprising besides 
the mucous membrane also the circular layer of the muscularis, 
and (4) the relief formed by the s e m i l u n a r f o l d s , which 
is peculiar only to the la rge intestine possessing taeniae. 

A more detailed specification of the rel ief-forms produced 
by the mucous membrane alone originates f r o m FORSSELL 
(1928), a Swedish professor, who has classi f ied them as h i g h - , 
l e v e l - , and t m i c r o - r e l i e f s (Hoch-, Flach- und Mikro-
rel ie f) . A high-relief is produced by the foldings of the mucous 
membrane, involving also the submucous layer. A level-relief is 
produced by the foldings of the' propria or the g landulär layer 
alone. The high- and the level-relief s toge ther f o r m the m a c r o -
r e l i e f . The macroscopic folds of the mucous membrane f o r m 
the elements of t h e high-rel ief , and t h e level-relief is to be found 
f o r instance in the f o r m of t h e gas t r i c a r e a s and the f u r r o w s 
between them. The micro-relief is produced by the unevenness of 
the f r e e s u r f a c e of the p r o p r i a in the f o r m of t iny depressions and 
elevations. Gast r ic pi ts or foveolae and in te r foveolar septa a r e 
the elements of th is class of the relief in the s tomach, and in the 

1 Grants from the Funds of the Tartu University Graduates have been 
awarded to the author to enable him to procure the animal and photographic 
material necessary for the present work, for which the author herewith 
desires to express his grateful acknowledgement to the governing board of 
the abovementioned funds. 
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intestine it is formed by the surface pierced through with the 
gland openings together with the villi or microscopical folds in 
the small intestine. FORSSELL's level-relief together with his 
micro-relief corresponds to JACOBSHAGEN'S propria-relief, and 
FORSSELL's high-relief to the latter 's Kerckr ing relief. 

In the present paper we are interested only in those elements 
of the relief of the mucous membrane in the gastro-intestinal 
tract, which in FORSSELL's terminology form the micro-relief, 
viz., the sur face formations of the propria, which are due not to 
the i r regulär thickness of t he propr ia , bu t embrace only its su r face 

in the f o r m of microscopic depressions and elevations. 
Pa r t i cu la r ly dur ing the last two decades app rop r i a t e a t ten t ion 

has been bestowed upon the relief of t he digestive t r a c t in general 
and also upon the micro-relief . P reeminen t in th is depa r tmen t 
a r e t h e a b o v e m e n t i o n e d w o r k s by FORSSELL a n d JACOBS-

HAGEN; the f o r m e r p r imar i ly endeavours to elucidate the 

mechanism of the high- and level-reliefs of t he h u m a n gas t ro-
intest inal t rac t , whils t the la t te r is in teres ted in the relief p ic ture 
of the intest ine in var ious representa t ives of the ver tebra tes . 
JACOBSHAGEN presents a clear survey of the resul ts of his 

own researches in the relief and those of o thers in võlume III of 
the work edited by Bolk, Göppert and others : „Handbuch der ver-
gleichenden Anatomie der Wirbel t iere" , 1937 ( R u m p f d a r m , pp. 

563—724), and supplies them with numerous photomicrographic 
illustrations. 

No such interest has recently been shown in the relief of the 
digestive tract of the domestie mammals. With the exception of 
a manuscript work (VAU, 1932) all the research work in the 
relief of the small intestine in domestie mammals comes f r o m the 
end of the last or the first decade of the present Century (SCHRIE-
VER, 1 8 9 9 ; MARTIN, 1 9 0 6 ; BUJARD, 1 9 0 9 ; MATTHIAS, 1 9 1 0 ) . 

In the works j u s t mentioned we f ind a rather detailed description 
of the micro-relief of the small intestine, but in view of the fact 
that the shape of the relief elements is f requently i rregulär , it is 
very difficult to obtain a correct idea of w h a t they a re Iike 
f r o m a mere verbal text, for , wi th the exception of BUJARD'S 
work, the relief has not been demons t ra ted photographical ly in 
surface-view elsewhere. I l lus t ra t ions represen t ing the sur face 
relief of the gas t ro- intes t inal t r a c t spat ial ly a r e miss ing also in 
ELLENBERGER's manual of microscopical ana tomy (1909), 
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and, with very f e w exceptions, in MÖLLENDORFF'S manua l of 

h u m a n microscopical ana tomy (1936), to say no th ing of the text-

books of histology which follow these examples. 
But the lack of app rop r i a t e i l lustrat ions which represen t 

the relief plastically is not t he only shor tcoming of t h e ear l ier 
research works . There a re m a n y f ac t s which entail a pa r t i a l 
un t ru s twor th ines s of the i r deseriptions, such as the maeroscopic 
method of research employed by SCHRIEVER in s tudying the 

f o r m of villi, the d i s regard of possible differenees in the relief 
p ic ture depending on the di f ferent p a r t s of the intest ine, or the 
age of t h e animal (young or adu l t ) , and presumably a def ic ient 
technique in the s t re tch ing of the intes t inal wall or in the removal 
of t he mucous covering. The actual s tudy of the point in quest ion 
shows t h a t the abovementioned ear l ier works have fa i led to f ix 
the relief p ic ture of the gas t ro- in tes t ina l t r ac t wi th suff icient 
accuracy, a fac t , which jus t i f i e s i ts renewed t r ea tmen t . 

In the present work we do not propose to consider the relief 
problem comprehensively; we a re p r imar i ly interes ted in the 

external shape of t he relief elements, the i r number and approxi -
ma te dimensions, mutua l connections, posit ions wi th r e g a r d to the 
longitudinal axis of the intest ine, etc., viz., the morphology of the 
relief elements. To help us to gain this knowledge is w h a t these 

appended su r f ace photos here a im at . 

T E C H N I Q U E . 

The technique employed in th i s work has been car r ied out 
wi th a view to obtaining:, (1) the clearness of the relief elements, 
(2) the i r actual f o r m and position, and (3) the i r sufficient visibil-
ity and f i tness f o r microphotography . 

The relief is concealed p r imar i ly by the mueus covering the 
mucous membrane of t he s tomach and in tes t ine ; i ts amoun t and 
viscosity va ry even in the same species. In very r a r e cases one 
f i n d s in the horse, Carnivora and r u m i n a n t s the mucous m e m b r a n e 
almost f r e e of mueus. F o r the most pa r t , par t icu la r i ly in the pig, 
i t s removal is indispensable if we w a n t to have a clear relief 
picture. Fo rmer ly a t t emp t s were made a t a removal of the mueus 
f r o m the in tac t su r face of t h e intest ine, viz., t he epithelium, by 
employing a so f t brush, a f a i n t j et of wa te r , or by r ins ing it in 
wa te r , or a saline Solution, or a mueus l iquefying Solution (e. g. 
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carbonate of sodium). But this w a y of removing the mueus 
proves deficient f o r a more thorough cleaning of the sur face of 
the mucous membrane. A s it is very difficult to car ry out a 
removal of mueus with a simultaneous preservation of the sur face 
epithelium, in the present work the mueus w a s removed mostly 
together with the epithelium. There being almost no difference 
in the thickness of the sur face epithelium at the t ip or edge and 
the base of the micro-relief elements in the stomach and intestine, 
its removal br ings no change in the general picture of the relief, 
but it does so as regards the dimensions of its elements (the width 
of the folds or septa, the thickness of the villi, the diameter of 
the gas t r ic pits, etc.). This process, easily diseneumbering the 
relief elements of mueus, also provides us wi th a picture in which 
not only the respective relations of the relief elements, ,particu-
larly in their basal parts , but also the gland openings are rendered 
more clearly visible. The removal of mueus in this w a y usually 
requires that the intestine shall be Ieft in an unf lxed state f o r 
several hours. Yet the space of time between the desquamation 
of the epithelium and the disintegration of the stroma of the 
relief elements is comparatively long, and in a cool place the 
micro-relief in the intestine of the pig, f o r instance, will keep 
f o r many days. 

In the wall of the digestive tract, especially in that of the 
intestine, when it is not prevented f r o m contracting, the relief 
elements get so compressed, that their basal regions and their 
mutual eonnections become concealed. To avoid this it used to 
be customary to f i x the f r a g m e n t of the intestine in a stretched 
out state on a cork plate. A s the course of the folds in part icular 
depends essentially on the direction of the distension, the study 
of the true relief picture w a s rendered difficult. If the stretching 
out happens to be work ing disproportionately in one direction, the 
circular folds may turn out to be running spiral ly or even parallel 
to the longitudinal axis of the intestine. To avoid this BUJARD'S 
method of ef fect ing tension has been employed here, namely by 
f i i l ing the tied up stomach or intestine. 

To attain a better visiibility of the relief or a more pronounced 
photograph, the f r a g m e n t s of the digestive t ract have been kept 
( f rom a f e w minutes to several days) in a 2 — 3 per cent. Solution 
of chromic acid to which some acetic acid has been added to 
prevent shrinkage. 
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The actual preparation of the stomach or intestine under 
investigation w a s carried out in the fol lowing way. From the 
intestine the mesentery w a s removed and its length w a s measured. 
Then f r o m the small intestine f i v e segments c. 15—20 cm. long 
were cut out and fi l led with either tap water or weak (0,5 per 
cent.) formalin Solution to distend their walls, and w e r e placed, 
a f t e r being duly märked, for some hours in a c. 1 per cent. for-
malin Solution. The f i r s t of the segments w a s taken f r o m the 
initial par t of the small intestine, which still remained connected 
with the pyloric p a r t of the stomach, the third segment w a s f r o m 
the middle of the small intestine and the f i f t h or the last one 
f r o m the end of the ileum. The f i r s t and the second halves of 
the intestine were again halved by segments 2 and 4. Thus, if 
the small intestine measured 20 metres, every par t taken f o r 
investigation w a s 5 metres a w a y f r o m the next. Along with the 
distended parts of the small intestine, in the pig and sheep also 
the segments which had been allowed to contract f ree ly were 
submitted to investigation. The intestine of the sheep w a s 
fi l led without any pressure, that of the ipig and the ox under 
a sl ight pressure which caused the macroscopic folds or the sub-
mucosa relief to disappear, and that of the dog, cat and horse 
under hard pressure (100—150 mm. Hg) . The preparation of 
the la rge intestine w a s carried out in a s imilar way. The number 
of the segments taken f r o m it depended on the difference in the 
diameter of the various parts of the intestine, r a n g i n g f r o m 
3 in the cat to 10 in the ox. From the distended or undistended 
gastr ic wall ribbons along the g rea t and small curvature, extend-
ing f rom the cardia or plicated border up to the pyloric ori f ice 
were cut out f o r investigation. 

The sections of the intestine, which had remained fi l led f o r 
some time, were opened Iengthwise and then the mueus together 
with the sur face epithelium w a s removed by a comparatively 
s t rong j et of water, whilst the relief picture that w a s being 
disclosed w a s f r o m time to time controlled by the microscope, 
For immediate examination the preparation can be stained f o r 
a very short t ime ( f e w minutes) by 0,25 per cent. sa f ran in . If 
the preparations are to be preserved or photographed it is more 
appropriate to keep par t s of them f i x e d on the cork plates f o r 
some time in the abovementioned Solution of chromic acid; the 
relief elements will s t i f fen here and their colour turns yellowish, 
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a tone, which is particularly suitable for f i x i n g their picture 
photographically. The f r a g m e n t s should be placed in the Solution 
of chromic acid with the f r e e sur face of the mucosa upwards . 
For a more suitable preservation of the f r a g m e n t s they can be 
fastened with a. gelatine Solution to a roughened glass and then 
kept in a g lass j a r fi l led with c. 2 — 5 per cent. formalin Solution. 
To prevent the sur face of the intestine f rom gett ing pressed, 
pieces of paraf f in of suitable height should be fastened to the 
ends of the glass plates. The investigation of the relief picture 
is carried out in distilled water by a binocular microscope. 

For easier comparison of the relief pictures f r o m var ious 
parts of the gastro-intestinal tract and part icularly for f i x i n g 
the number of the relief elements, the more typical areas of most 
of the examined f r a g m e n t s have been photographed. Mostly a 
twentyfold magnification proved to be most suitable, because 
it enabled us to demonstrate quite clearly the relief elements 
f rom a relatively large area of the mucous membrane. 

When the relief elements were counted in the photos, each 
gland opening, gas t r ic foveola, or villus w a s dotted with ink. 
Only the number of villi in the small intestine was mostly f ixed 
on the camera glass, where every villus w a s again dotted with 
ink to avoid any repetition in counting. The area (10 sq. mm.) 
in which the villi w e r e to be f ixed w a s märked off beforehand 
with pencil lines on the camera g lass (the sur face in question 
when enlarged 20 times equals on the glass 5 X 8 c m — 40 sq. 
cm.). Of course villi could be counted only in the areas w h e r e 
they stood regularly upright. In the case of young animals 
(kittens), whose villi have a dif ferent length and thickness, the 
number of the villi can be fixed if we remove their t ips by a 
s trong j et of water or in some other way . In most cases the villi 
were counted both on the mesenteric and the antimesenteric par t 
of the intestinal wall. The material f o r the examination came 
f r o m 3 to 10 representatives of each species. 

THE STOMACH. 

The infundibular or cylindrical depressions — t h e g a s t r i c 
f o v e o l a e with the openings of gastr ic glands in their bottoms 
and the i n t e r f o v e o l a r s e p t a or r i d g e s are the 
micro-relief elements occurring in every par t of the glandulär 
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stomach. The interfoveolar septa grow thicker in the pyloric 
region where their protruding f r e e edges become part ly con-
voluted in the contracted stomach; they assume an appearance 
suggest ive of the cerebral gyr i or even resemble the low and 
stocky villi. Along with these conical elevations formed by the 
interfoveolar septa, the real v i l l i g a s t r i c i which do not 
disappear through distension of the gas t r ic wall o c c u r i n 
s o m e s p e c i e s ; they arise f rom the f r e e edge of the septa. 

Before we begin to deseribe the j u s t mentioned gas t r ic micro-
relief elements, attention should be drawn to the notable alterabi-
Iity of their shape and dimensions dependent on the degree of 
contraction of the stomach. Thus a shortening of the glands, 
their lesser density, and a complete disappearance of the foveolae 
in the stomach of the dog, when closely filled with food, is 
deseribed by HEIDERICH (1911). In his opinion the walls of 
the foveolae provide the reserve which helps to f o r m the inner 
sur face of the stomach in the case of considerable distension. 
JOHNSON (1913) states that a s imilar extensibility of the 
mucous membrane takes place in the stomach of the pig and cat, 
and GRETTVE (1936) demonstrates a corresponding disclosure 
by two photomicrographs, representing sections of the mucous 
membrane f r o m the stomachs of two cats, one empty and the 
other f i l led with food; the extended mucous membrane here 
proves to be about three times thinner, the density of the glands 
lesser and the foveolae gastr icae almost gone, so that the gas t r ic 
glands seem to open directly into the gas t r ic lumen. 

Our observations prove the t ruth of the j u s t mentioned 
disclosure with the addition that the dimensions and, to a certain 
extent, the shape of the interfoveolar septa depend similarly on 
the degree of the distension of the mucous membrane. There are 
certain facts indicating that the micro-relief picture can be 
influenced not only by the distension or contraction of the gas t r ic 
wall, but also by the changes of the turg id i ty of the mucous mem-
brane ; however, this fact can be f ixed only by direct investigation 
in a Iiving animal. 

In v iew of all this there is no reason to doubt that the micro-
relief elements of the stomach are preformed structures, which 
though they disappear under a possible great tension, reappear 
in the same place, in the same mutual connections, and in the 
former shape and dimensions when the tension has abated. 



10 JUL. TEHVER A XXXIV. 9 

Now Iet us examine the micro-relief of the stomach of the 
domestie mammals, which up to now has been characterized in 
l i terature only in general remarks. 

Taking into account a certain similarity in the micro-relief 
of the stomach common to species, we may examine the domestie 
mammals in three g r o u p s : (1) t h e C a r n i v o r a , t h e d o g 
a n d c a t , (2) t h e p i g a n d h o r s e , and (3) t h e r u m i n -
a n t s, t h e s h e e p a n d o x. 

Of these the f i r s t group is characterized by comparatively 
large foveolae gastr icae and an almost complete absence of the 
typical villi gastrici . The second group is characterized by the 
occurrence of the gas t r ic villi, particularly in the pyloric part, and 
the third group di f fers f r o m both the preceding ones by gas t r ic 
pits of a very small diameter and a great density; unlike the 
second group, the villi gastr ici are completely absent here. 

THE DOG AND CAT. The micro-relief elements, the foveo-
lae gastr icae and the interfoveolar septa di f fer in the cardiac 
and the pyloric parts both in the contracted and' the distended 
stomach; therefore we have to examine the relief picture in the 
j u s t mentioned parts of the stomach here, as in other animals, 
separately. 

The micro-relief of the sur face of the stomach divested of 
the epithelium is, in the distended state, in the dog and cat to 
a g reat extent similar. When slightly distended the micro-relief 
of t h e c a r d i a c and f u n d i c r e g i o n s resembles a 
honeycomb, the diameter of whose eelis and the thickness of whose 
walls varies considerably. In a comparatively strongly distended 
stomach the interfoveolar septa nearly disappear, the foveolae 
become Iess closely dispersed, and the bottom of the pits together 
wi th the gland openings becomes visible. Under maximum tension 
only the sites of the foveolae in the shape of groups of g land 
openings remain f ixed. 

In the distended stomach the gastr ic pits when viewed f r o m 
above look round or oval. Their respective sizes depend on the 
number of gland openings into them: the foveolae into which 
more glands open are larger than the pits with f e w e r glands. The 
commonest number of gland openings in the bottom of a foveola 
is 3 — 5 in the dog and oat (table I, f i g . 2) . Seldom are there 
more than 6 gland openings. In the region of a single foveola 
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the gland openings again group themselves, mostly by twos, being 
separated f r o m other similar groups iby a somewhat thicker 
partition. Presumably such groups of glands are to be regarded 
as isogenic, or iginat ing f r o m a single stem gland. In many cases 
the septa between such groups are so prominent that it is dif f icult 
to decide whether the glands separated .by them belong to a single 
or two foveolae. 

The diameter of the foveolae var ies wi th the degree of dis-
tension of the gastr ic wall, but to a lesser extent than the thick-
ness of the interfoveolar septa. Under a s l ighter tension, which 
destroys only the macroscopic folds, the diameter of the m a j o r i t y 
of foveolae var ies between 50 and 100 /x. The shape of the 
foveolae, owing to a diameter of more or Iess the same size both 
at the top and the bottom of the foveola, is cylindrical. The extent 
of Variation in the thickness of the interfoveolar septa is much 
g r e a t e r ; when divested of the epithelium they measure in a f r e e l y 
contracted stomach in the p a r t under consideration under 10 ^ 
but in a strongly distended stomach their thickness almost equals 
the diameter of the foveolae (table 1, fig. 2). The depth of the 
foveolae, which in a contracted stomach reaches 200 /i, or even 
more, diminishes in accordance with the distension of the gas t r ic 
wall. A s stated above, under maximum distension the foveolae 
almost completely flatten in the cardiac half of the stomach. 

The micro-relief of the epithelium-covered gastr ic sur face in 
the contracted stomach is rather vague, part icularly in the dog. 
The foveolae here mostly take a slit-like shape, and, o w i n g to 
f requent confluence with the neighbouring pits, their number 
seems to be much reduced. Similarly the course of the interfoveolar 
septa becomes i r regulär , more or Iess convoluted, resembl ing to 
a cer ta in degree the cerebral gyr i ( table II , figs. 2 & 3 ) ; t he i r 
thickness is quite un i fo rm, va ry ing mostly between 40 and 60 u. 
Unlike the relief of the pyloric region, not all t he foveolae a re 
concealed here by in ter foveolar r idges, b u t some of t hem at least 
escape confluence. In the cat the confluence of t he ad j acen t foveolae 
in the contracted gas t r i c body (corpus ventriculi) occurs Iess 
f r equen t ly t h a n in the dog; t h e in te r foveola r septa he re f o r m a 
more or Iess even su r f ace in which t h e foveolae appea r in the 
shape of slit-like or i r regu la r ly angu la r pune tu res ( table II, fig. 3 ) . 
The pseudovillous surface-re l ief , which is sometimes noticeable in 
the pylorus, does not occur here . 
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We find a somewhat different micro-relief picture in the p y -
l o r i c p a r t o f t h e s t o m a c h ( a n t r u m and canalis pylo-
ricus). The difference becomes most distinctly apparent in the 
relief of either region of the stomach fixed under considerable 
distension. According to the micro-relief elements which oc^ur 
or become apparent in either region we may call the corpus par t 
an area of gastr ic foveolae, and the pyloric par t of the stomach 
an area of interfoveolar ridges, since in the latter region the 
individual depressions are usually concealed by protruding ridges. 
The septa here are usually more convoluted and their thickness is 
a little greater (c. 75 /1) than in the corpus. In some places or 
in the stomachs of some animals the interfoveolar ridges seemingly 
lose their continuity, emerging on the sur face surrounded on all 
sides by slit-like depressions. Such derivatives of the septa are 
suggest ive of low stocky villi. In this case the micro-relief picture 
appears granular (table II, fig. 7). A typically granular or 
pseudovillous relief picture is not to be found in every dog (depend-
ing possibly upon the degree of the turg idi ty of the mucosa), and 
in the cat it seems to be exceptional. 

Only under a s tronger distension of the gas t r ic wall are the 
slits between the ridges replaced by foveolae and the f lexuous 
course of the septa becomes straightened (table I, fig. 3 and table 
II, fig. 6). Here the foveolae have a diameter twice as long as 
in the corpus, and their depth is also much g r e a t e r ; this is parti-
cularly t rue in the dog, a fact, which renders the demonstration of 
the gland openings difficult here. In the cat the number of gland 
openings seems to v a r y here more than in the corpus region; up 
to 10 glands open here into a single foveola. The distension of 
the stomach is accompanied by the f lattening of the f r e e edges 
of the interfoveolar septa. In some animals or in certain par t s of 
the stomach such a f lattening is complete, elsewhere even under a 
considerable tension a f e w broadbased flat and low elevations re-
myin at the point of the interseetion of the septa, sugges t ing 
rudimentary villi. Their occurrence is not characteristic of all 
individuals, and, even if they occur, they disappear completely 
under a very s trong distension, so that we cannot regard them as 
typical gas t r ic vi l l i ; the term pseudovilli might be applied to them. 
Owing to their partial occurrence and the possibility of their dis-
appearance we must regard them as functional, i. e. s t ructures 
dependent 011 a certain degree of the contraction of the gas t r ic 
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wall and possibly on the extent of the turg id i ty of the mucous 
membrane. 

The transition of either elass of relief into the other proceeds 
gradual ly with the boundary line in question lying mostly in the 
region of the gastr ic body. It is worth noting that the d i f fer ing 
relief areas almost never fu l ly coincide with the regions of the 
fundic and pyloric glands, or that the boundary line between 
di f ferent relief regions does not coincide wTith the boundary line 
between different gas t r ic glands. The latter, as shown in a work 
done in this institution by K A S K (1938), lies much nearer to 
the pyloric orifice than the boundary line of the relief types, 
approximately between the antrum pyloricum and the canalis 
pyloricus. Consequently the micro-relief picture is not suitable 
f o r f ix ing the extent of the fundic and pyloric gland regions. 

In the f ree ly contracted stomachs of the cat and dog the 
number of the gas t r ic pits in 1 sq. mm. var ies between 60 and 
SO in the corpus region, being reduced twice as much or more 
in the pyloric part. The total number of the gas t r ic pits extends 
in the dog (German shepherd, c. 8 months oid) to a little over a 
million (1 266 000). 

TI lE PIG AND THE HORSE. The micro-relief of these 
animals has a greater resemblance to that of the dog and cat 
than to that of the ruminants ; with the former they have in 
common polyglandular foveolae, but the real gas t r ic villi, charac-
teristic only of the pig and horse, constitute the dist inguishing 
feature between these two groups of animals. From the rumin-
ants they dif fer in the polyglandularity of their foveolae as 
well as in the j u s t mentioned occurrence of villi. 

In the epithelium-covered and f ree ly contracted stomach of 
the horse foveolae in the fundic region occur mostly as confluating 
fissures, but in the pyloric par t of the stomach they are completely 
concealed or replaced by depressions which Surround the villi 
occurring here (table II, f i g . 8). Interfoveolar or interf issural 
s t ructures appear in the fundic part in form of convoluted ridges, 
the f ree edges of the interfoveolar septa reaching the surface, 
and in the pyloric par t as gas t r ic villi r i s ing f r o m the edges 
of the interfoveolar septa. In a f ree ly contracted stomach these 
processes lend a granular appearance to the sur face of the mucous 
membrane of the pyloric region. The villi gastr ici appear 
here as rounded, oval or ovoid structures, resembling gra ins of 
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rice with a v a r y i n g diameter of about 100 The transit ion of 
either type of relief into the other is gradual, tak ing place in 
the small curvature in elose vicinity to the plicated border and 
f a r t h e r off in the large curvature. Here, as in the cat and dog, 
the vague boundary line of the relief types in question does 
not fu l ly correspond to that between the fundic and pyloric 
glands. 

A clearer character of the foveolae and the interfoveolar septa 
is revealed by the epithelium-freed and distended preparat ions 
which show that the foveolae in the fundic p a r t are lower and 
of a Iess uni form size than those of the pyloric region. On the 
sur face they generally appear i r regu lär in shape, especially in 
the fund ic region, and t h e l a rge r a r e f u r t h e r subdivided by 
lower r idges. This last f ac t r ender s it difficult to fix the i r exact 
number . The number of gland openings in t he i r bot toms is also 
highly variable, r a n g i n g f r o m a f e w to over 10 in the long 
fu r row-shaped foveolae. In the p y l o r i c r e g i o n the foveo-
lae a re so deep t h a t the i r bot toms can ha rd ly be seen f r o m the su r -
f ace ; the i r shape is tubu lä r . The f r e e edges of the in ter foveolar 
septa here f o r m a base f o r the most ly tongue-shaped, s h o r t 
(100—200 fx) villi. 

The micro-relief of the stomach of the p ig di f fers most 
essentially f rom that of the horse in its regulär , more or Iess 
round shape and the r a t h e r u n i f o r m diameter (of about 100 /x) 
of the foveolae in the cardiac p a r t of the s tomach. By con t ras t 
wi th those of the horse and Carnivora the foveolae of the p ig in 
the region mentioned remain open (not compressed into a slit-
Iike shape) , and the re fo re clearly separa ted f r o m one ano the r 
even in a f ree ly contracted s tomach. The micro-relief of t h e 
epi thel ium-freed s tomach of the pig in its card iac p a r t seems to 
resemble in its r egu la r i ty the honeycomb more t h a n is the case 
wi th any other domestie mammal . The number of foveolae in 
1 sq. mm. of an undis tended su r face mostly amounts to 75—100. 
The usual number of gland openings in their bottoms is 2—4. 

Between the cardiac relief region with very uniform foveo-
lae and the pyloric par t of the stomach, where the gas t r ic villi 
occur, there is in the p ig a large intermediate area characterized 
by a dif ferent relief picture. This region, very broad in the 
great curvature, gradually narrows toward the small curvature 
of the stomach, where it disappears. The epithelium-freed sur-



A XXXIV. 9 The Micro-Relief of the Stomach and Intestine ete. 15 

face of this region is represented on table II by fig. 5, which is 
a photograph made f r o m an undistended specimen. A s one m a y 
see, the foveolae here are very i r regulär in shape and size, conta in-
ing f r o m 1 up to 5 or more gland openings in t he i r bot toms. 

They a r e separa ted f r o m one ano ther by very low r idges of va r i -
able th ickness ; a p a r t of them does not anas tomose completely 
wi th the others , t h u s r ende r ing t h e Separat ion of t h e foveolae 
in m a n y cases only par t i a l and the fixing of t h e exact n u m b e r 
of t he foveolae impossible. The t r ans i t ion of th i s i n t e rmed ia t e 

region is g radua l in both directions. 
As in the horse, here too, the in ter foveolar septa of t he pylo-

ric region a r e covered wi th gas t r i c villi. F o r t he mos t p a r t t h e 
size of t he tongued-shaped villi var ies here more t h a n in the horse, 
the i r d iamete r r a n g i n g f r o m c. 50 / x to over 150 / x . In t h e con-
t r ac ted s tomach the i r number in 1 sq. mm. amounts to over 100 
( table I, fig. 4 ) . 

R U M I N A N T S : T H E OX A N D T H E S H E E P . On the g round 
of the abomasal microrelief the ox and the sheep di f fer mos t 
character is t ica l ly f r o m the above deseribed domestie mammals . 
Owing to the i r very small d iamete r the foveolae f r o m the un-
distended spi ra l fold appear in a microphotograph , p repa red u n d e r 
twentyfo ld magnif icat ion, as very closely scat tered dots ( table I I r  

fig. 4 ) ; the i r eloser charac te r iza t ion is possible only under a 
s t ronger magnif icat ion. If viewed f r o m above, the foveolae he re 
look round, in the adul t animals separa ted by a u n i f o r m dis tance 
f r o m one another . In the younger an imals (sheep under 1 yea r ) 
double foveolae, wi th the i r contiguous flat sides separa ted by a 
th in septum, a re to be found in va ry ing numbers . Isogenic groups , 
consis t ing of a g rea t e r number of foveolae, seem to be absent . The 
d iamete r of the epi thel ium-freed foveolae var ies in t h e region of 
the spiral folds f r o m 20 to 30 /x in the sheep and f r o m 30 to 50 /x 
in the ox, equalling approximate ly the thickness of the epi thel ium-
f reed in ter foveolar septa. The foveolae of the sheep a re t hus 
considerably smaller t h a n those of the ox. As the ensuing da ta 
show the densi ty of the foveolae also d i f fers considerably in these 
animals, being g r ea t e r in the sheep. 

Unlike o ther animals , t he re is no noticeable change in the 
relief p ic tures of the pyloric region of the abomasum, except t h e 
inereased d iameter of t he foveolae and the i r lesser densi ty in the 
sheep, especially on the sides of t he gas t r i c areas . 
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Density of gastric pits in ruminants. 

S p e c i e s 

Sheep, male, 
10 — 12 months 
oid 

Sheep, male, adult 
Ox, female, calved 

7 times . . . . 
Ox, female. calved 

9 t imes . . . . 
Ox, female, calved 

7 times . . . . 
Ox. female, calved 

9 times . . . . 

P a r t of 
a b o m a s u m 

Cardiac part of 
the spiral 1'old 

Pyloric part of 
the abomasum 

A r e a from 
which the 
number of 

f o v e o l a e 
h a s been 
estimr.ted 

0,7 mm 2 

0,7 mm 2 

10 mm 2 

10 mm 2 

10 mm 2 

Number 
of 

foveolae 
in 1 sq. 

mm. 

640 
670 

R e m a r k s 

145 

203 

240 

152 

l Mucous membrane 
j undistended 

Mucous membrane 
moderately disten-

ded 

According to ELLENBERGER'S (1911) data (p. 289) the 
inner surface of the abomasum in the ox equals c. 6240 sq. cm. 
and in the sheep 2000 sq. cm. If the average number of the foveo-
lae in 1 sq. mm. of the whole gastr ic mucosa is taken as 175 in 
the ox and 600 in the sheep (a decline of their density in the 
pyloric part is taken into account in this animal) the total number 
of foveolae seems to be about equal in the abomasum of the ox 
and sheep, amoiinting to 110 millions in the ox and 120 millions 
in the sheep. 

The depth of the foveolae cannot be fixed f rom a surface view, 
the more so because we cannot speak of the bottom of the foveo-
lae as the level at which the gastric glands open. As a matter 
of fact, in ruminants we can speak of the gastric foveolae only 
comparatively; their real shape and relation to the gastric glands 
scarcely justifies it. A s most of the foveolae here and particu-
larily in the region of pyloric glands are associated with only 
one gland, whose diameter does not differ essentially f rom that 
of a tubulär gastr ic foveola, it would be more appropr ia te to 
speak with reference to the sheep and ox of gland ducts instead 
of foveolae. 

This conception is also justified by the examination of the 
microscopical sections. In the fundic region, fo r instance, the 
body of the gland is follow~ed by a slightly wider gland duct, 
whose epithelium contains in the ox fo r the length of about 150— 
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200 ix numerous mitotic f igures and some parietal eelis which are 
characterist ic of the neck p a r t of the fundic glands in other anim-
als. Both the mitotic f i g u r e s and the parietal eelis disappear 
only in the elosest proximity to the gas t r ic sur face. The b i fur-
cation of the gas t r ic glands, which seems to occur o f fener in 
the fundic region than in the pyloric part, usually takes place at 
the level between the gland body and its duet, or neck part, and 
only seldom in the elose vicinity of the gas t r ic surface. Accord-
ingly most of the gas t r ic glands in ruminants have their own gland 
duets, a smaller number of them opens into a common duet by 
twos, and stiil more exceptional is the branching of the gland 
duet itself. Therefore it is impossible in ruminants to speak 
of the bottom of the foveolae or of a clearly defined boundary 
line between the foveolae and the gland duets. With the foveolae 
a r e comparable only the upper par t s of gland duets, measur ing 
about 100 [x in length; their epithelium is devoid of mitotic f igures 
and those of their eelis which are turning cylindrical car ry sup-
ranuclear l ighter parts . 

This disclosure renders ELLENBERGER'S (1911) controver-
sial generalization, according to which at least 8 to 16 glands 
open into every gas t r ic pit, as well as SAPPEY's (1894) sche-
matic f igures representing four fundic and four pyloric glands 
as opening into a single foveola of the ox incredible. Surely the 
pictures represented in SAPPEY's i l lustrations are to be regard-
ed as exceptional and ELLENBERGER'S assertion is invalid wi th 
regard to the ox and sheep. Besides, in the il lustrations of ELLEN-
BERGER'S own work representing the gas t r ic glands of domestie 
ruminants the branchings of the fundic or pyloric glands or of 
their duets (fig. 233 excepted) are completely missing. 

The interfoveolar sur face of the stomach is smooth in the ox 
over all its extent, and in the sheep at least over the region of 
the spiral folds. Only in the pyloric p a r t of the sheep, and ex-
ceptionally of the ox, can we f ind the interfoveolar septa ridge-
shaped, overeaching the foveolar openings (table II, fig. 9). By 
distending the mucous membrane they also get smoothed down. 
We have not observed in our material f rom either animal the 
v i l l i f o r m s t r u c t u r e s m e n t i o n e d b y ROLLET ( 1 8 7 1 ) a n d ELLEN-

BERGER (1911) as occurring in the pyloric region of the abo-
masum of the ox. 
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THE SMALL INTESTINE. 

The microscopical elevations in the small intestine of domestie 
mammals are of different kinds. Generally one can distinguish 
here between net-arranged or parallel running folds, occurring 
most characteristically in domestie ruminants, or lamellar struc-
tures of various types, peculiar to the pig and, lastly, the round 
cylindrical villi, covering the inner sur face of the whole small 
intestine in the horse and domestie Carnivora. 

Their shape and dimensions are here also great ly variable, 
depending not only upon the degree of distension of the intestinal 
wall, but also upon the state of contraction of their own museu-
lature. The numerical data, i l lustrat ing their dimensions, should 
therefore be regarded as only approximate. 

THE SHEEP. The micro-relief of the small intestine of the 
sheep is not uniform over all its length, likewise the relief picture 
var ies to a certain extent individually in the corresponding p a r t s 
of the intestine. It is most constant or subjected to fewes t indi-
vidual variations in the duodenum and ileum; at the same time 
the micro-relief of the initial and end par t s of the small intestine 
di f fer f r o m each other to a greater extent than the relief pictures 
of the intervening segments between themselves. 

Owing to essential differenees in the investigated sections of 
the intestine, we are going to deseribe them separately. 

In the i n i t i a l p a r t o f t h e d u o d e n u m the f r e e sur-
face of the mucous membrane is covered with reticularly 
connected folds f r e e f r o m vil l i ; the direction of the folds wi th 
regard to the longitudinal axis of the intestine is i r regulär . On 
the level of the pyloric orifice there is a n a r r o w t rans i t iona l 
zone, whose micro-relief is f o rmed by a very delicate re t iculum 
wi th i r r egu lä r meshes resembling the gas t r i c pi ts ( table III , fig. 1, 
upper p a r t of the i l lus t ra t ion) . A f ew cm. f u r t h e r the folds g row 
thicker and the meshes become wider , being pa r t ly divided by 
lower folds into still smal ler Chambers in which f r o m 1 to 10 
gland openings a r e located ( table III, fig. 2 ) . The sha rpen ing 
f r e e edge of t he folds has a wavy outline, bu t t h e vi l l i form ele-
vat ions a re general ly miss ing in a distended duodenum. Stiil 
f u r t h e r away f r o m the pylorus the secondary folds d isappear in the 
bot tom of the meshes, so t h a t t he la t ter become more or Iess even 
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(table III, f i g . 4) . The direction of the folds is not orientated 
here and their height var ies even within the limits of a single 
mesh. Generally the folds bounding the meshes lengthwise are 
higher and of a more uniform height than the folds bounding 
the meshes at the ends. A s in many places the folds come to an 
end becoming gradual ly lower without being joined to their 
neighbours, the meshes between them are often part ly united 
with one another (table III, f i g . 4). One can f ind only occasion-
ally in the duodenum completely isolated par t s of folds, resemb-
Iing tongue-shaped or low cylindrical villi. The thickness of the 
folds and the diameter of their meshes var ies noticeably accord-
ing to the degree of the distension of the intestinal wall (compare 
figs. 3 & 4 in table III), and their height in the f ixed preparat ions 
does not great ly exceed 200 /*,. The location of the gland open-
ings at the bottom of the meshes is i r regu lär in cont ras t wi th t h e 
pos ter ior segments , where they a re general ly placed in a single 
row between the ad jacent folds. Individual differenees in the 
micro-relief of the init ial p a r t of the duodenum a r e not very 

essential . 
At the b e g i n n i n g o f t h e s e c o n d q u a r t e r o f 

t h e s m a l l i n t e s t i n e (segment 2) the relief p ic tu re is Iess 
un i fo rm. I Iere again we find the folds but linlike those f r o m 
the duodejium they possess a denta ted f r e e edge, resembling to 
a cer ta in degree a blunt-toothed saw. The individual p ro jec t ions 
have a va ry ing height and .shape, but, a s a rule, these broad-
based leaf-like s t ruc tures , s t and ing a t v a r y i n g in tervals f r o m each 
other, a r e Iess high t han the under ly ing folds. The relief p ic ture 
here is f u r t h e r diversified by the degree of t he mutua l connection 
of the plate-like folds. In some animals , here too, the folds a r e 
re t icular ly connected, in which case the i r course is i r r egu lä r ( table 
III , f ig . 5) . In other cases we see the re t iculum replaced by 
t ransversa l or c i rcular r u n n i n g folds of grea t ly var iable length 
(up to 2 mm. or even more ) . They a re pa r t ly fu rn i shed wi th 
crosswise r u n n i n g lower prolongations, which, sp r ing ing f r o m 
the c i rcular ones and becoming gradua l ly lower, come to an end, 
or en te r ing into connection wi th ad j acen t c i rcular folds enclose 
the t ransversal ly-oblong meshes. Between the c i rcular folds the 
gland openings a re most ly s i tua ted in a single r o w ; if t he folds 
a re connected ret icular ly, th is regu lä r a r r a n g e m e n t of the gland 
openings disappears . 



A X X X I V , p 

In the m i d d l e o f t h e s m a l l i n t e s t i n e (initial par t 
of the third quarter, or segment 3) the relief picture also var ies 
individually. A s a ruie, we f ind here thin, plate-like parallel 
folds, running t ransversa l ly ; f r o m their f r e e edge comparatively 
high (up to 400 n) broadibased leaf-like villi with rounded edges 
or sharp t ips emerge. The folds themselves become lower (50— 
100 /x) than in the cranial segments (table IV, figs. 1 & 2), and 
their variable length sometimes reaches over 5 mm. The trans-
versal anastomoses between the circular folds are mostly lacking. 
The broader of the villi are bi furcated. 

Quite a dif ferent picture w a s found in two out of s ix investi-
gated sheep in the intestinal segment j u s t under consideration. 
The fold-like elevations were wholly abs ent here, being replaced 
by low conical villi, originating separately f r o m the sur face of 
the propria. 

The greatest individual var iabi l i ty of the relief picture is 
found in the i n i t i a l p a r t o f t h e f o u r t h q u a r t e r 
o f t h e s m a l l i n t e s t i n e . One can f ind here low conical 
or broad-based leaf-like villi a r i s ing independently f r o m the 
intestinal sur face (table IV, fig. 3), secondly short circular folds 
covered with low villi, and thirdly low reticularly arranged folds 
possessing no villi (table IV, fig. 4). A difference in the age of 
the animals probably does not solely account f o r these variations. 

The inner sur face of the i 1 e u m, i. e. of the f i n a l p a r t 
o f t h e s m a l l i n t e s t i n e , is covered with circular short 
plate-like folds between which the cross anastomoses are nearly 
a lways lacking, and f rom whose w a v y f r e e edges sometimes one 
or several low leaf-like villi take their origin. In some prepara-
tions, besides the short folds, low conical or tongue-shaped single 
villi occur in v a r y i n g numbers (plate IV, fig. 5). Here, as in 
other par t s of the intestine, the straightened course of the folds 
gets lost in the f reely contracted f r a g m e n t s . 

The relief picture exhibited here necessarily di f fers f r o m that 
represented in earlier descriptions because those, with f e w excep-
tions, have not taken into account the possible variations peculiar 
to the various subdivisions of the small intestine. Thus accord-
ing to SCHRIEVER (1899) villi-Iike s tructures are wholly lacking 
in the intestine of the sheep, being replaced by reticular r idges 
(Kämme) , which should produce a relief p ic ture resembling the 

re t iculum of the ox. MARTIN'S (1906) descript ion, compris 
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ing only a f e w lines, runs as fo l lows : „Beim Schafe sind die 
Zot ten kurz, b re i t und plump, in den meis ten Fäl len n u r als 
Fä l tchen erhobene Zotten, oben meis t meh r oder weniger s t u m p f -
r u n d . " Though he s ta tes t h a t h is charac te r iza t ion coincides w i th 
t h a t of SCHRIEVER (1899), yet only t h e occurrence of villi is 
ment ioned here . According to MATTHIAS (1910) the in tes t inal 

micro-relief of the sheep is fo rmed by re t icular ly connected ledges 
(Le is ten) , whose edges owing to indenta t ions resemble 
the t ips of the villi (p. 19). BUJARD (1909) in his descript ion 
identifies t he relief elements of the sheep's intes t ine as lamellae, 
r idges (cretes) and lined up f i l i f o rm villi (villosites f i l i fo rmes en 
ser ies ) . VAU (1932) has been t r y i n g to correct the ear l ier da ta 
in l i t e r a tu re by examining as m a n y intest inal segments as 
possible, bu t he has met wi th an insurmountab le diff iculty in the 
removal of the mucous l aye r ; t h e r e f o r e he describes only the upper 
p a r t s of the relief elements p r o t r u d i n g out of the mueus, 

F r o m w h a t has been said it is obvious t h a t the inadequaey 
of t h e ear l ier da ta in l i t e ra tu re has been occasioned p r imar i l y by 
the deficiency of t he research technique. Actual ly the micro-
relief of t he small in tes t ine var ies considerably in the gas t rocae-
cal direction, and when inves t iga t ing only a cer ta in p a r t of it 
we a re liable to go w r o n g if we a t t r i bu t e the disclosed p ic tu re to 
the whole of the small intest ine. Besides, as we have seen, in 
the sheep the individual differenees in the cor responding intest i -
nal sections a r e quite considerable. 

In MÖLLENDORFF'S manua l of h u m a n micro-anatomy, vol. 
V, p a r t 3, PATZELT (1936) charac ter izes the relief of the small 

intes t ine in the sheep and o ther domestie m a m m a l s on the ground 
o f t h e , d a t a p r o v i d e d b y SCHRIEVER ( 1 8 9 9 ) a n d MARTIN 

(1906) . 

T H E OX. In the ox t h e micro-relief of t h e small intes t ine 
is of all t he o ther domestie m a m m a l s nea res t to t he sheep, bu t 
yet, as the ensuing descript ion will show, it d i f fers f r o m it in 
m a n y respects. 

As in the sheep, he re too, t he relief p ic tu re var ies consider-
ably in d i f ferent sections of t h e in tes t ine and also individually. 
In t h e ox the intes t inal micro-relief is composed of folds of 
var iab le length, posit ion and reeiprocal connection, and villi-
Iike pro jec t ions of va ry ing shape and dimensions a r i s ing most ly 
f r o m the f r e e edges of t he folds. 
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The i n i t i a l p a r t o f t h e s m a l l i n t e s t i n e is cha-
racterized by folds of v a r y i n g height and thickness, the run of 
which is generally curved. The round, oval or i r regulär eyes closed 
in by the folds a re of grea t ly va ry ing size. The relief p ic ture 

c 'haracteristic of th is region is represented by table V, fig. 1. 
The folds iii the epi thel ium-freed p repa ra t ions have a sharpen-
ing wavy f r e e edge which in some places appea r s i r regular ly 

denta ted . The narrow-based villous s t ruc tu res seldom occur here. 
Amongs t the Iess densely lying folds we of ten f i nd places where 
the rounded or oblong groups of closely anas tomiz ing folds are 
separa ted f r o m one another by compara t ive ly wide (up to 500 /i), 

fiat-bottomed f u r r o w s (table V, fig. 1) . The la t te r a re pierced 
ihrough by many rows of gland openings, bu t in the very vicin-
ity of t he pyloric or i f ice such f u r r o w s may be devoid of glands, 
a picture, charac ter i s t ic also of the sheep ( table III , f ig . 1), 
Frequent ly such flexuous f u r r o w s anastomose, dividing the a reas 
covered wi th folds into smaller fields of va ry ing extent. In 
the above mentioned densely anas tomiz ing g roups of folds eyes 
of va ry ing sizes, wi th one or many p rop r i a glands opening into 
them, resemble to a cer ta in degree the gas t r ic foveolae. In the 
case of unig landular eyes the gland seems to be opening into the 
r idge of the fold. In the immediate vicinity of the pyloric ori-

f ice the folds become th inne r and lower and the i r connections 

closer. 
The relief p ic ture described is peculiar solely to the initial p a r t 

of the small intest ine and does not recur in any poster ior section 
of the intes t ine invest igated. Yet i t does not seem to coincide in 
a rea with the region of the duodenal glands, fo r the relief pic-
t u r e described is superseded by a di f ferent one a f e w cent imetres 
away f r o m the pyloric orifice, a relief t h a t is peculiar to the 
init ial port ion of the second q u a r t e r of t he small intest ine. 

The micro-relief of the i n i t i a l p a r t o f t h e s e c o n d 
q u a r t e r o f t h e s m a l l i n t e s t i n e has no such peculiar 
cha rac te r by which the j u s t mentioned section of the in tes t ine 
could be dist inguished f r o m other subdivisions of the small in-
testine, except the init ial p a r t of the duodenum and the ileum. 
Only its p ic ture is more cons tant t han t h a t of the beginning 
of the t h i rd or f o u r t h q u a r t e r of the intest ine. 

Here again the relief e lements a r e represented by fo lds whose 
f r e e edge is se r ra ted and which by con t ras t wi th the init ial pa r t 
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of the duodenum have a more or Iess s t ra ight course, the longer 
of them being situated transversal ly. The eyes between the folds 
are angular in distended preparations and the longer of these are 
situated t ransversa l ly with the longitudinal axis of the intestine. 
The gland openings in the bottom of the eyes or meshes Iie in 
one or two rows (table V, fig. 2). A certain regionality, displayed 
in the run of the folds and their mutual anastomoses, is a common 
feature here. Beside the regions, whose relief is mainly formed of 
the folds running t ransversa l ly and furnished with f r e e ending or 
anastomizing branches, there are areas in which the run of the 
folds is Iess orientated, sometimes zig-zag, with the eyes between 
them smaller owing to more f requent anastomoses. This differ-
ence does not seem to depend on the occurrence of lymph follicles, 
f o r both areas, when transilluminated, appear equally translucent. 
The tongue-shaped or low conical solitary villi, a r i s ing directly 
f rom the sur face of the propria are seldom to be found here. 

In the m i d d l e o f t h e s m a l l i n t e s t i n e again folds 
are the micro-relief elements, but their anastomoses here are 
casual. The greater p a r t of the folds in almost all the animals 
investigated (10) is separate here. The length of the folds var ies 
everywhere, f rom very short ones resembling tongue-shaped soli-
t a r y villi or lamellae to longer ones measuring over 5 mm. A s 
a ruie the longer folds are situated t ransversa l ly and the shorter 
ones mostly have a longitudinally directed base. Owing 
to the partial connections of the folds many of them appear 
bi furcated (table V, fig. 3). The w a v y or low4oothed f r e e edge 
of the folds is only exceptionally covered with clearly separated 
villi, in which case the picture rather resembles that of the sheep 
(table IV, fig. 2). In the ox the elevations of the f r e e edges 

of the folds are generally low, seldom r i s ing in a s l ightly distend-
ed wall of the intestine to the height of the fold itself. The gland 
openings between two adjacent folds are in one or two rows. 

The micro-relief picture of the i n i t i a l p a r t o f t h e 
f o u r t h q u a r t e r of the small intestine var ies individuallv 
more than that of the cranial sections, being at the same time 
more closely related to the relief of the second quarter. By 
comparison with the middle part of the intestine the anastom-
oses of the folds occur of fener here, presenting f o r the most 
p a r t the picture shown in f i g . 4 table V. 

The f i n a l p a r t o f t h e s m a l l i n t e s t i n e is charac-
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terized by parallel folds running circularIy, covered with conical 
villi (table V, % . 5), or häving only a w a v y f r e e edge (table V, 
f i g . 6), and by tongue-shaped or conical solitary villi a r i s ing 
directly f r o m the sur face of the propria. Commonly only one of 
the j u s t mentioned relief variat ions is to be found in the same ani-
mal. The longitudinally arranged short folds or lamellae connecting 
the circular ones a r e almost completely absent here. The distance 
between the ad jacent folds is the same as in the preceding sections. 
The villi ar i s ing directly f r o m the propria seem regular ly to be 
separated f r o m their neighbours by a s ingle row of gland openings 
(with about 3 — 5 gland openings f o r every vi l lus). 

If we compare the description presented here with the data 
in the l i terature relating to this matter we are here, as in the case 
of the sheep, inevitably faced with discrepancies. Thus SCHRIEVER 
( 1 8 9 9 ) , HILTON ( 1 9 0 2 ) , MARTIN ( 1 9 0 6 ) a n d MATTHIAS ( 1 9 1 0 ) 

characterize the micro-relief elements of the small intestine in 
the ox as villi, which according to SCHRIEVER'S assertion are 
"more slender and longer than in the horse". A t the same time 
the abovementioned authors provide us with numerical data con-
cerning the dimensions and the number of villi. One is Ied here to 
the conclusion that these authors have described only par t s of the 
relief elements protruding f r o m the layer of mueus. The most 
appropriate identification of the relief elements under considera-
tion is given by BUJARD (1909), which, though in general terms, 
has f ixed the variations of the relief picture in the main sub-
divisions (duodenum, middle of the small intestine and ileum) of 
the intestine. 

THE MICRO-RELIEF OF THE SMALL INTESTINE IN 
THE S H E E P AND THE OX IN GENERAL. Häving regard to 
the zoological relationship and to the resemblance in nutrition of 
the species under Observation, the far-reaching s imilari ty in the 
micro-relief of their small intestine is to be regarded as natural. 
In both species the fundamental f o r m s of the micro-relief elements 
are the reticularly arranged fo lds ; the cross anastomosis between 
them part ly disappears in the middle of the small intestine and 
almost completely in the ileum. The breaking up of this network 
is pr imari ly brought about by a partial or complete reduetion of 
the longitudinally running folds, but it is completed to a certain 
extent also by a part ial retrogression of the circular folds, 
especially in the middle of the intestine and in the ileum. A t the 
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beginning of the four th quarter of the small intestine, at least in 
some individuals, the anastomoses ibecome again more frequent, 
but in the ileum the reticulation of the folds is completely absent. 
The Iongitudinal folds have disappeared here almost without 
exception, and to a very v a r y i n g extent reduetion has also affected 
the circular fo lds ; thus here, in the sheep as well as in the ox, 
we f ind in one individual circular folds with a w a v y f r e e edge, 
in another circular folds covered with leaf-like or sharp conical 
villi, and f inal ly in a third separate leaf-like or conical villi. 

The abundance of villi and their development seems to be in 
a certain reciprocal relation with the degree of the retrogression 
of the reticulation of the fo lds : in the initial par t of the intestine, 
that is, in the region of the reticularly arranged folds we mostly 
f ind only a f e w low villi ar i s ing f rom the f r e e edge of the fo lds ; 
their highest degree of development is attained in the middle of 
the small intestine, particularly so in the sheep (table IV, f i g s . 1 
and 2) and in the ileum. No p a r t of the small intestine i s 
characterized by a complete absence of vi l l i form projections. 
Owing to the di f fer ing shape and dimensions of the villi and, on 
the other hand, to their almost unexceptional connection with the 
folds, it is impossible to f i x their exact number, or this may be 
conceivable only in the ileum of such individuals whose villi a r e 
regular ly separated f r o m one another. 

The villi of the ruminants are predominantly Ieaf- or tongue-
shaped with a base running parallel to the corresponding fold. In 
the ox they are generally Iess developed than in the sheep. 

The fold-relief, whose various modifications are encountered 
in the domestie ruminants, occurs in the mammals only as an 
extreme exception (according to JACOBSHAGEN, 1937), in the 
mole and some insectivorous chiropters. On the contrary, the 
fold-relief is v e r y common in amammalia, where the relief picture 
also often var ies in the subdivisions of the intestine. 

The gradual change in the relief picture of the ruminants, 
revealed in the reappearance of the net-arranged folds at the be-
ginning of the four th quarter of the intestine, a f t e r they have 
been replaced by the parallel running solitary folds already in the 
middle par t of the intestine is interest ing and demands f u r t h e r 
elucidation. If these conditions were confirmed on more com-
prehensive material, this phenomenon would serve as a valuable 
addition to the elucidation of the evolutionary mechanism of the 
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relief f o r m s ; in any case the intestine of the ruminants seems to 
be a very appropriate object for that purpose, for the development 
of the relief elements proceeds here quite differently f r o m that of 
other animals : the folds, occurring in the early embryonic stage, 
are later replaced throughout the whole extent of the small 
intestine by f inger-shaped villi, which in their turn are postnatally 
again replaced by the fold-relief. 

The areolar variations of the relief picture which occur to a 
certain extent in all the described subdiv is ions of the intestine are 
notable in the intestines of the ruminants. Generally the relief 
is great ly modified at the level of solitary or aggregated Iymph 
nodules, but we are not concerned with these differenees in the 
present paper. Along with it the areolar variat ions of the relief 
occur also in places where the strueture of the propria appears 
to be uniform, j u d g i n g by the transillumination of the intestinal 
wall. Such a Variation cannot be explained by its areolar relation 
to the mesentery, nor can it be explained by the differenees in the 
degree of distension in the wall of the intestine; it might rather 
be regarded as corresponding to the relations in which such 
dif ferent areas stand to the macroscopic folds of the Kerckring 
relief. But in such an assumption a preformation of the 
Kerckring relief is implied, an implication which is not borne 
out by the results of various investigations (GRETTVE, 1936). 

THE PIG. The material of the pig w e had at our disposal 
came mostly f r o m animals of bacon age (79 kg. and u p w a r d s ) . 
Yet, tak ing into consideration the general s imilarity of the relief 
picture between the younger and older animals investigated, it 
may be inferred that the relief form found here coincides with 
that of adult animals, or, what is the same, that its evolution is 
completed already during the earliest postnatal months. 

Generally the micro-relief of the pig 's intestine is subject 
to greater variations, both individually and in the subdivisions of 
the intestine, than in any other of the domestie mammals investi-
gated. 

The micro-relief is composed here of sharp-edged, plate-like 
or IamelIar folds of v a r y i n g length, run and mutual connection. 
The similarity between the relief pictures f r o m the intermediate 
segments (2, 3 and 4) of the intestine is greater than that between 
them and the micro-relief of either the duodenum or the ileum. The 
widest difference is revealed b y the comparison of the duodenum 
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with the ileum; the relief picture is most complicated in the 
former, and most regulär and simple in the ileum. The s impl i f i -
cation of the i r shape and the s t r a igh ten ing of the i r course toward 
the sha rp , wavy f r e e edge is charac ter i s t ic of the relief elements 

j u s t mentioned. In the basal p a r t s of t h e folds t he i r shape 
becomes grea t ly i r r egu lä r owing to a va ry ing number of th in 
t r i angu l a r side-plates a t tached to the ma in lamella t ransversa l ly . 

In the initial p a r t of the small in tes t ine these side-plates a t t a in 
the h ighes t degree of development, bu t in the ileum they a re almost 
completely miss ing (table VI, f ig . 5) . The conical or cylindrical 
villi, a r i s ing independently f r o m the su r f ace of the propr ia , a re 

exceptional relief elements in the small intes t ine of t h e pig. The 
pointed tongue-shaped villi (of which we see th ree in f ig . 2, table 
VI) a re more f r equen t , and stiil commoner a re round-edged, leaf-
like lamellae, par t i cu la r ly in the ileum (table VI, f ig . 5) . The 
sharp , conical vi l l i form prolongat ions, which take the i r origin f r o m 

t h e f r e e edge of the plate-like folds (shown in f igs . 1 & 4, table V I ) , 
were represented in our mater ia l in all p a r t s of the small in tes t ine 
except the ileum only in two pigs (of 79 and 230 kg.) ; in the o ther 

t h ree pigs of in te rmedia te weight they were lacking, being 
replaced by a wavy or blunt-toothed, sha rp , blade-like edge. 

F u r t h e r s t ruc tures , peculiar only to the pig, though not 
occur r ing in all individuals, a r e the round or oval, cylindrical 
depressions in the folds, or more f r equen t ly in the i r anas tomiz ing 

points w i th a d iameter of 100—200 /x; the gland openings at their 
bottom, owing to their g rea t depth, are invisible. On removing 
the wall of such foveolae, we f ind that 3 or more propria g lands 
open into them. A t the point of those depressions the fold gets 
broader, resembling the picture we get if we press a round pencil 
into the ridge of a fold made of plasticine. Although they have a 
certain s imilarity to the meshes, ibounded by the circularly anasto-
mizing folds (ring-folds), also occurring in the pig, one can as 
a ruie easily identi fy them as being mostly related to a single 
fold. A f e w Iess regulär c i rcular ly connected folds a re seen in 
f ig . 2, table VI. 

The mutua l connections of the lamellar folds can be seen 
most markedly in the duodenum. The meshes bounded by the 
g rea te r , h igher and th icker folds a re mostly subdivided by t h inne r 
and lower ones. Thus we m a y here speak of two ne tworks , of 
which the one wi th s l ighter folds and lesser meshes t akes a basal 
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Position in relation to the greater lamellae. In the posterior p a r t s 
of the intestine the slender ibasal folds are miss ing or are re-
presented by sl ight side prolongations of the main lamellae. 

The shape of the larger folds var ies in the d u o d e n u m 
individually and in a rea ; beside the picture presented by f i g . 1 
in table VI, w e f ind elsewhere a network of folds with smooth 
edges, or even one with small and round eyes, resembling the 
picture given in table VI, f i g . 6. A dif ferent relief, consisting 
of more closely connected thinner folds without any definite 
orientation, often is found on the r idges of the Kerckr ing folds. 

The relief elements of the i n i t i a l p a r t s o f t h e 
s e c o n d , t h i r d a n d f o u r t h q u a r t e r s o f t h e 
i n t e s t i n e consist of lamellar folds of v a r y i n g length and 
shape, richly r a m i f y i n g in their basal par t s (table VI, f i g s . 2, 3 
& 4). The picture is suggest ive of a network, the partial retro-
gression of which has taken place not in the anastomizing points 
of the reticulum, as is the case with ruminants, but in the middle 
between the adjacent knots. Along with such sharp-edged rami fy-
ing folds, leaf-like lamellae, furnished with very delicate side 
projections in their basal parts, or even a regulär ne twork of 
folds, may be found. The degree of anastomosis var ies even in 

one and the same f r a g m e n t in area . 
The most cons tant relief p ic ture is found in the i l e u m . 

Outside t h e P e y e r plates t he re a re shor t folds or leaf-like lamellae 
wi th rounded edges ( table VI, f ig . 5) . Between them anastomosis 

is miss ing almost completely, and so the side-iprojections have also 
disappeared. The i r a r r a n g e m e n t is more regular ly t r ansve r sa l 
t han in any crania l p a r t of the intest ine. Fig. 6 in table VI gives 
US t he p ic ture of an exceptional relief var ie ty , which resembles 
duodenal or even pyloric re l ief ; as it occurs only in cer ta in a reas 
and not in all individuals, it is not to be regarded as typical o f 

the ileum. 
Individual var ia t ions of t h e micro-relief a r e displayed by the 

degree of anastomosis or f r a g m e n t a t i o n of t he folds, the i r va ry ing 
thickness and the shape of t he f r e e edge. Generally the re a re 
individuals with a very pronounced ret iculat ion of the th in folds 
near ly all over the small intest ine except t h e ileum (pig, 90 kg.) 
and others, whose relief is made up of r ichly r a m i f y i n g lamellae, 
separa ted f r o m one another . Likewise the vi l l i form pro jec t ions 
a t tached to the r idges of folds or lamellae do not occur in all 
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individuals. To w h a t degree the individual var iat ions are to be 
regarded as racial or dependent on the nutrition or some other 
circumstance has not been elucidated b y our material. 

The gland openings are loeated between the folds or lamellae 
with apparent i r regular i ty . Only in the duodenum do they appear 
«xceptionally to open in the r idge of the folds. I t is diff icult to 
f i x the i r number as t hey a r e par t ia l ly concealed by the r a m i f y i n g 

folds, even in the distended intest ine. 
As the above descript ion and the appended microphotos 

show it is impossible to f i x the number of microscopic elevations 
in t h e small in tes t ine of the pig, except the sol i tary shor t folds 

o r lamellae in the ileum. 
The most charae te r i s t i c f e a t u r e in the small in tes t ine of the 

p ig d i f fe ren t ia t ing it f r o m the domestie r u m i n a n t s (sheep, ox) is 
t he intense ramif ica t ion of the basal p a r t s of i ts relief elements 
and the more i r r egu lä r course of the la t ter . A g r ea t e r s imi lar i ty 
in the micro-relief of the in tes t ine of t he p ig and domest ie 

r u m i n a n t s can be found in the ileum. 
SCHRIEVER ( 1 8 9 9 ) , MARTIN ( 1 9 0 6 ) a n d MATTHIAS ( 1 9 1 0 ) 

charac te r ize the micro-relief e lements of the small in tes t ine 
in t h e p ig as villi uni ted basally. N e a r e r to our observat ions 
comes BUJARD's (1909) charac ter iza t ion . 

T H E HORSE, DOG A N D CAT. The horse wi th the domestie 
Carnivora ha s a more regu lä r micro-relief of the small intest ine, 
t h a n any other domestie mammal . Individual var ia t ions in the 
shape of relief elements in the species a r e scarcely perceptible as 
well as those in d i f ferent subdivisions of t he intest ine. Hence the 
d a t a in l i t e ra tu re re la t ing to th is m a t t e r general ly concur, ag ree ing 
a t t he same t ime wi th the ac tua l pic ture , a f ac t which r ende r s 
a more detailed descript ion super f luous here . 

In t h e species mentioned the d ig i t i fo rm villi occur t h roughou t 
the whole extent of the small intes t ine ( table VII , f igs . 1, 2 & 3) . 
Wi th t h e exception of t he init ial p a r t of t he intes t ine they occur 
in a regular ly cylindrical shape, and only in the duodenum, 
pa r t i cu la r ly in the dog ( table VII , f ig . 2 ) , and in a lesser degree 
in the ca t ; we f ind along wi th them to a va ry ing extent f l a t t ened 
villi a r r a n g e d wi th the i r longer d iameter t ransversa l ly , especially, 
if they occur in l a rger numbers . In the duodenum of the cat t he 
f l a t t e n i n g of the villi occurs mainly in the i r basal pa r t s . General ly 
t h e y have a u n i f o r m length and up r igh t position, so t h a t they 
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are not partially concealed by the others as is the case with new-
born kittens or other animals, where the Variation in the length 
and diameter of the villi is very great. In adult animals the length 
of the villi is approximately 1 mm. in the dog and cat and 0,5 mm. 
in the horse (f ixed material). In the subdivisions of the small 
intestine their length does not vary considerably, except in the 
initial part of the duodenum where they are shorter. 

The number of villi, presented in the following table, can be 
f ixed more objectively than their dimensions. 

N u m b e r of v i l l i in the smal l intestine of the horse, dog- and cat. 

S p e c i e s 

Total surface area 
of the distended 

small intestine in 
sq. cm. 

Number of 
villi in each 

10 sq. cm. 

Total number of 
villi in the small 

intestine 

Horse, castrated male, 
14 years oid 31 600 120— 210 47 400 000 

Horse, female, 19 years 
oid 48 720 101 - 118 52 714 000 

Dog, male, 7 — 9 months 
oid 1 2 107 7 2 - 89 1 735 000 

Dog, male, 14 years oid 2 1 100 1 1 0 - 3 25 1 276 000 

Dog, male, 15 years oid 1 352 11L — 122 1 578 000 

Cat, temale, 1 day oid . . 69 375— 466 306 000 

Cat, male, 8 — 9 months 
oid 595 120— 185 984 000 

Cat, male, 4 years oid . . 884 100— 183 1 285 000 

A s may be seen, the number of villi is smallest in the cat 
(1 285 000), a little greater in the dog (1 276 000—1 735 000), 
and greatest in the horse (47 400 000—52 714 000). In the same 
species the greater number of villi corresponds to the greater 
intestinal surface. With regard to the subdivisions of the intestine 

1 The total number of propria glands, or more prqperly, the num-
ber of their bottoms or bl ind ends reaching the granular layer in the small 
intestine of the same individual was 25 110 000. 

2 The total numbsr of the gland openings in the small intestine of 
the same animal was 6 655 000 and in the large intestine 2 148 000. 
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the density of villi varies, being in the cat and dog smallest in the 
duodenum and greatest in the intermediate segments of the 
intestine. In the new-born cat the total number of villi is about 
4 times smaller than in the adult animal, but the density is g rea ter 
here. The numbers of intestinal villi in the dog given by HEI-
DENHAIN (1888) and MALL (1888) agree with the presented data. 

The gland openings are loeated between two adjacent villi 
in a single row. Their exact number can be estimated only if the 
villi are removed. In the dog their total number in the small 
intestine amounts to over 6 millions thus exceeding the number of 
villi f ivefold, or f o r every villus there are 5 gland openings. Their 
density does not seem to dif fer essentially f r o m the density of 
gland openings in the large intestine of the dog: in a distended 
small intestine there are in every 10 sq. mm. 450—665 and in the 
large intestine 420—670 gland openings. The number of gland 
openings in the small intestine of the dog does not equal the 
number of gland bottoms of which there are about 3 — 4 times as 
many. Thus, f o r instance, a 7 — 8 years oid boxer had in a 
preparation f rom the middle of the small intestine in the same 
area of 10 sq. mm. 90 villi, 450 gland openings and 1100 gland 
bottoms. To f i x the latter f i g u r e the glandulär layer w a s 
separa ted f r o m the res t of the intest inal wall, and the g lands were 
photographed f r o m such a p repa ra t i on by t rans i l lumina t ion or by 
ref lected light. This diserepaney in the number of gland openings 
and gland ends, or bottoms, points to t h e rami f ica t ion of the 
p rop r i a glands in the small intes t ine of t h e dog, indicat ing a t the 
same t ime t h a t the exact number of the p rop r i a g lands cannot 

be f ixed in microscopic sections. 

T H E L A R G E I N T E S T I N E . 

The micro-relief of the large intes t ine in all domestie m a m -
mals consists of a smooth s u r f a c e divers i f ied only by the numerous 
gland openings in it ( table VII , f ig . 5 & 6) . The su r face eleva-
tions, villi or anas tomizing folds, pecul iar to t he species in p rena ta l 
life, have disappeared wi thou t t race by the t ime of b i r th or soon 
a f t e r it, and so has the l inear a r r a n g e m e n t of the gland openings. 
Similar ly the number of double-openings belonging to the isogenic 
g lands decreases gradua l ly and becomes wholly absent in adul t 
individuals. F ig . 5 in tab le VI I shows some of them. In the 
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adult animals the gland openings are dispersed uniformly, being 
placed at an equal distance f r o m one another. 

The interval between the gland openings increases concur-
rently wi th the distension of the intestinal wall. On the sur face 
of the epithelium-freed large intestine the diameter of the glands, 
or the spaces occupied by them, generally equals the thickness of 
the stroma separat ing the adjacent glands, but variat ions are very 
considerable in dif ferent sections of the intestine. The gland 
openings and the spaces occupied by the glands are regular ly 
round, and only in the Carnivora under a s t rong distension of the 
intestinal wall does their shape become angular. The picture of 
such a distended mucous membrane resembles a honeycomb. 

The density of gland openings var ies both individually and in 
the subdivisions of the intestine; the Variation between the species 
appears Iess characteristic. In the strongly distended large 
intestine of the cat their number in 10 sq. mm. ranges f rom 500 
to 1000, being greatest in the initial par t and declining in the caudal 
direction. Also in the distended intestine of the dog in the 
aforesaid area their number ranges f r o m about 450 to 750. In 
the undistended large intestine the density of the gland openings 
proves to be greatest in the sheep (500—1600), in the ox and pig 
their number amounts at most up to 1000, and in the horse their 
number f luctuates in the proximity of 1000, being in the sheep, 
p ig and horse a Iittle smaller in the caecum and the rectum than 
in the intermediate parts . 

The total number of gland openings in the large intestine, 
a matter concerning which more detailed data have been presented 
elsewhere (TEHVER and REMMEL, 1939), averages 1,6—2,3 
millions in the cat, 2,1—4,7 millions in the dog, 40—50 millions 
in the sheep, c. 90 millions in the pig, 107—154 millions in the ox 
and about 200 millions in the horse. 

SUMMARY. 

In the present paper the shape, approximate dimensions, 
relative, or total number, and the mutual connections or relations 
of the micro-relief elements of the gastro-intestinal tube of 
domestie mammals (horse, ox, sheep, pig, dog and cat), as revealed 
by sur face examination, are described and demonstrated photo-
graphically. 
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In the stomach rihbons of the muco sa cut out along the g r e a t 
and small curvatures, extending f r o m the cardia or plicated border 
to the pyloric orifice, were examined. In the small intestine short 
segments of the intestinal tube, or ig inat ing f r o m the initial p a r t 
of the duodenum, f r o m the ileum and f r o m three intermediate 
parts, separated f r o m one another by equal distances w e r e subject-
ed to investigation. In the large intestine the material f o r investi-
gation came at least f r o m every anatomical subdivision. Material 
f r o m 5 to 10 animals of each species w a s used. 

The micro-relief elements of the stomach proper, gas t r ic 
foveolae, interfoveolar septa and gas t r ic villi di f fer great ly in 
various species of domestie mammals. They are all represented 
simultaneously only in the pyloric p a r t of the pig 's and horse's 
stomach. 

The gas t r ic villi a r i s ing f r o m the f r e e edge of the inter-
foveolar septa are completely absent in the abomasum of the 
ruminants and may occur in domestie Carnivora only exceptionally 
in f o r m of functional structures, disappearing if the mucous 
membrane is distended. 

The foveolae, mostly slit-like in a f ree ly contracted stomach, 
are polyglandular in domestie Carnivora, the horse and pig, but 
predominantly uniglandular in ruminants where they resemble 
the long tubulär duets of s imple or occasionally b r anch ing 
gas t r i c glands. The foveoIar open ings a r e pa r t l y concealed in t h e 
epithelium-covered mucosa of a f ree ly contrac ted s tomach by the 
p r o t r u d i n g in ter foveolar r idges, especially in the pyloric region. 
Only in t h e card iac p a r t of t h e pig 's s tomach do they seem to 
r e t a in the i r r egu lä r shape, resembl ing the eelis of the honeycomb. 
The depth and t h e diameter of t h e foveolae gradua l ly increase 
t owards the pyloric region, except in t h e pig, whe re they g r o w 

shallower in the in te rmedia te p a r t of t h e s tomach. The i r density, 
v a r y i n g according to the dis tension of t h e mucous membrane , is 
g rea tes t in the ruminan t s , whe re the number of the foveolae or 
g land openings averages in t h e undis tended sp i ra l fold of t he 
sheep's abomasum c. 650 and in t h e ox f r o m 145 to over 200. 
Generally the i r dens i ty decreases t o w a r d s the pyloric orif ice. The 
total number of gas t r i c pi ts amounts in the r u m i n a n t s to a l i t t le 
over 100 millions and in the dog to a l i t t le over 1 million. I n the 
p ig and horse t he i r total number cannot be f ixed wi th suffc ient 
precision owing to the i r par t ia l ly incomplete Separat ion in the 

3 
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intermediate part and owing to the closely placed gastr ic villi, 
concealing the foveolar openings in the pyloric part. 

A s regards the microscopic elevations in the inner surface of 
the small intestine, the domestie mammals are divisible into two 
groups, one of which, comprising the horse, dog and cat, has 
typical finger-shaped villi and the other, consisting of the rumin-
ants and the pig, has a. greatly vary ing relief picture, composed oi 
reticularly arranged or separate folds, thin lamellae, or solitary 
villi of different shape. 

The micro-relief picture peculiar to the adult ruminants and 
the pig di f fers in various subdivisions of the small intestine; gener-
ally such a change is brought about by the loosening of the net-
worik formed by the folds or lamellae and by the gradual f ragmen-
tation of the latter in the direction of the ileum. The mutual connec-
tions or anastomoses of the relief elements are accordingly most 
numerous and complicated in the initial part of the small intestine, 
and least developed at its end. Only in the initial part of the 
fourth quarter of the small intestine does one often see a 
reappearance of the network which w a s already Ioosened in the 
second and third quarters of the same animal. The transversal 
orientation of the folds or lamellae becomes more apparent in the 
middle or in the caudal parts of the small intestine. The conical 
or leaf-like projections arise in these animals generally f rom the 
f ree edge of the folds or lamellae, and only in the posterior parts 
of the intestine, where the fragmentation of the lamellar 
structures has turned them into tongue-shaped, leaf-like or conical 
villi, do they arise directly f rom the f r e e surface of the propria. 
The gland openings are situated between the microscopical eleva-
tions and only in the pig can one f ind them exceptionally in the 
ridges of low folds. 

In the species with cylindrical villi (horse and Carnivora) the 
relief picture is quite uniform throughout the small intestine, 
except at its beginning where flattened villi occur in Carnivora. 
The total number of villi in the small intestine of the horse is 
about 50 millions, in the dog f rom 1,3 to 1,7 millions and in the 
cat about 1 million. The total number of gland openings in the 
small intestine of the dog is over 6 millions. The increase in the 
number of relief elements (villi, gland openings) is not terminated 
at the time of birth. 

The large intestine of all the domestie mammals presents 
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quite a uniform picture, being devoid of vi l l i ; the gland openings 
are dispersed evenly, without definite arrangement in adult anim-
als. The density of the gland openings in the large intestine of 
the ruminants and the p ig is greater than it is in the small in-
testine of the same species. Their total number has been estimated 
in all species of domestie mammals. 

The di f fer ing relief picture found in the lymph follicles has 
not been dealt with in the present paper. 

< 
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EXPLANATION OF FIGURES IN TABLES I—VII. 

All the illustrations appended to this work are unretouched micro-
photos prepared by the author himself. The magnification rates used are 
7,5 (seale A), 20 (seale B) and 80 (seale C). With the exception of figs. 
5 & 6 in table IV and fig. 4 in table V all the others have been prepared 
with reflected light, the exceptions by transilluminating the preparations. 

Tables I and II represent the micro-relief of the stomach from all 
domestie animals, tables III & IV — micro-relief pictures of the small 
intestine of the sheep, table V — those of the ismall intestine of the ox, 
table VI — those of the small intestine of the pig, and table VII represents 
besides the villi of the small intestine of the horse, dog and cat also the 
micro-relief of the large intestine in two photos. 
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TABLE I. 

The relief elements of the stomach (and Oesophagus) : gastric 
foveolae, interfoveolar septa and gastric villi. 

Fig. 1. Epithelium-covered surface of the mucous membrane of the 
Oesophagus in the neighbourhood of the pharynx. Dog, male, 7—9 months 
oid (German shepherd, mixed breed). Magnification 20 x. 

The epithelium, even on its free surface, is pierced through by the 
irregularly placed openings of the gland duets, which owing to their 
mucous content, stained electively by thionin Solution, appear here as black 
rounded dots. The density of these openings inereases toward the cardia. 
Their total number in the same dog amounted uip to about 40 000. The 
unevennesses of the propria are disguised here by the surface epithelium, 
therefore their relief pictures are not derivable f rom one another, as happens 
in the glandulär part of the stomach and intestine where the thickness of 
the epithelium is uniform. 

Fig. 2. The micro-relief of the dog's stomach (large curvature c. 5 cm. 
away from the cardia). Gastric wall strongly distended. Mucous membrane 
epithelium-freed. Dog, male, 8 years oid. Magnification 80 x. 

The foveolae, resembling the foot-prints of a cat, are very low owing 
to a strong distension, and therefore their bottoms, mostly pierced through 
by 3—5 gland openings, are well visible. The interfoveolar septa have 
become thick and even on the free edge. The micro-relief of the distended 
mucous membrane f rom the corpus of the cat's stomach resembles this 
picture almost completely. 

Fig. 3. Slightly distended epithelium-freed mucous membrane from 
the pyloric canal of the dog. Dachshund, male, 15 years oid. Magnifi-
cation 20 x. 

Owing to the great depth of the foveolae, their bottoms are not visible 
here. Projections suggestive of gastric villi are lacking on the free edge 
of the interfoveolar seopta. 

Fig. 4. Epithelium-freed mucous membrane, covered with villi from 
the pyloric region of a freely contracted stomach. Pig, female, live-weight 
230 kg. Magnification 80 x. 

Villi, tongue-shaped or cylindrical at the tip, rising in a wide base 
f rom the interfoveolar septa completely conceal the foveolae and septai 
beneath them. It is only in the horse and the pig that such typical 
gastric villi occur in domestie mammals. 
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TABLE II. 

The micro-relief of the stomach in domestie mammals. Twenty-fold 
magnification in all illustrations, except in f ig . 5, magni f ied 80 times. 

Fig. 1. Transition of epithelium-freed cutaneous mucous membrane 
into glandulär in the stomach. Pig, female, live-weight 230 kg. 

In the upper part of the illustration one can see the lined up papillae 
of the propria of the cutaneous mucous membrane and in the lower part 
of the figure gastric foveolae with septa between them. 

Fig. 2. Epithelium-covered mucous membrane from the corpus of 
the dog's contracted stomach (large curvature, about 7 cm. away from 
the cardia). Boxer, male, 7—8 years oid. 

Slightly convoluted, interfoveolar isepta occur here in the shape of 
folds between which slit-lüce solitary or confluent foveolae are seen. 

Fig. 3. Epithelium-covered surface of the mucous membrane f rom 
the corpus of the grown-up cat's stomach. Gastric wall slightly distended. 

The foveolae are islit-like here, and the free edge of the septa Ibetweeii 
them is more or Iess even. In a freely contracted stomach the free edge 
of the interfoveolar septa aissumes the shape of a convoluted fold and f 

thus the relief picture resembles f ig. 2 in the same table. 
Fig. 4. Epithelium-freed surface of the mucous membrane f rom the 

cardiac part of a spiral fold in the abomasum of a two-year-old sheep. 
Predominantly uniglandular foveolae (dark dots) occur here as very 

slender and densely disipersed, long, tubulär gland duets. In the ox we 
find a similar picture, except that the diameter of the foveolae in the ox 
is nearly twice as great as in the sheep. 

Fig. 5. Epithelium-freed surface of an undistended mucous membrane 
from the fundic region of the pig's stomach. Pig, castrated male, live-
weight 80 kg. 

The regulär honeycomb-shaped foveolae of the cardiac part of the 
stomach have been replaced here by low depressions of irregulär shape 
and size. Their Separation from one another is often imperceptible. The 
picture resembles the relief of the sheep's duodenum (table III, fig. 2) 
in miniature. The number of the foveolae in the area in question can 
be fixed only approximately. 

Fig. 6. Epithelium-covered surface of the mucous membrane from 
the pyloric canal of the strongly distended stomach of a grown-up cat. 

The picture resembles the ordinary micro-relief of the mucous 
membrane in the cardiac part of the stomach. The villiform structures 
are completely lacking here. 

Fig. 7. Epithelium-covered mucous membrane from the pyloric canal 
of the freely contracted stomach of a grown-up cat. 

Such a granular appearance of the mucous membrane of the pyloric 
region which is not peculiar to all cats is only functional: the irregulär 
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vi] Iiform structures we see here disappear in a distended mucous membrane 
or persist exceptionally as very low wavy elevations on the free edge of* 
the interfoveolar .seipta. Here, as in the dog, we might, therefore, speak 
of pseudovilli and not of preformed and permanent vi l l i form structures. 

Fig. 8. Epithelium-covered surface of a freely contracted mucous 
membrane from the small curvature (5 cm. away f rom the plicated border) 
in the stomach of the horse. Thoroughbred English gelding, 2 years oid. 

The typical villi gastrici that can be seen here remain, as in the /pig, 
even under a strong distension of the gastric wall. Foveolae and inter-
foveolar setpta are comjpletely concealed by them but are revealed in the 
distended mucous membrane. 

Fig. 9. Eipithelium-covered surface of a freely contracted mucous 
membrane f rom the neighbourhood of the pyloric orifice in the abomasum 
of a two-year-old sheep. 

The diameter of the foveolae is here considerably greater than in the 
region of the spiral folds, and the septa between them protrude slightly 
in the shape of delicate ridges. Vi l l i form structures are always, as in the 
ox, lacking. 

Fig. 10. Epithelium-freed surface of the slightly distended mucous 
membrane f rom the vicinity of the ipyloric orifice in the abomasum of the 
ox. Cow, calved 9 times. 

By contrast with the sheep the free edge of the interfoveolar septa 
remain® even here and the tubulär foveolae look, therefore, Iike holes 
pricked into ah inelastic substance. The interfoveolar ridges concealing 
the foveolae occur in the ox only exceptionally. 
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TABLE III. 

The micro-relief of the epithelium-freed mucous membrane from the 
initial parts of the f i rs t and second quarters of the -small intestine in the 
sheep. Twenty-fold magnification in all illustrations. The direction of the 
long axis of the intestine is here, as in tables IV, V & VI, f r o m above 
downwards. 

Fig. 1. The micro-relief of the duodenal mucosa at the level of the 
pyloric orifice. Sheep, female, 10 months oid. 

Fig. 2. Duodenal mucosa 5 cm. away f rom the pyloric orifice. Sheep, 
male, about 1 year oid. 

Fig. 3. Duodenal mucosa 5 cm. away f rom the pyloric orifice. Sheep, 
male, grown-up. 

Fig. 4. Duodenal mucous membrane 10 cm. away f rom the pyloric 
orifice. Sheep, female, 15 emionths oid. 

With the exception of f ig. 1, representing a picture peculiar only to 
the border between the stomach and intestine, the above f igures exhibit 
the varying micro-relief of the intestine from one and the same level. A s 
may be seen from the illustrations they all have in common an almost 
complete absence of villi. The elevations of the surface consist of irregularly 
anastomizing folds, with the intestinal glands opening into the meshes be-
tween them. The picture presented by f ig. 4 also occurs exceptionally at the 
beginning of the second quarter of the intestine. 

Fig. 5. The beginning of the second quarter of the small intestine. 
Sheetp, female, 15 months oid. 

Fig. 6. The beginning of the second intestinal quarter. Sheep, 
female, 2 years oid. 

The folds in this part of the intestine have an irregularly dentated 
free edge. The course of the folds and the rate of their connections vary 
greatly. 
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TABLE IV. 

The micro-relief of the epithelium-freed mucous membrane f rom the 
beginning of the third and fourth quarters of the small intestine and the 
end of the ileum in the sheep. Twenty-fold ,magnification used in all 
illustrations. 

Fig. 1. The middle of the small intestine. Sheep, female, 15 months oid. 
Fig. 2. The middle of the small intestine. Sheep, female, 2 years oid. 
Both these illustrations are peculiar to this part of the intestine. 

They show low, mostly transversally arranged folds f r o m which high, broad-
based villi take their origin. 

Fig. 3. The beginning of the fourth quarter of the intestine. Sheep, 
male, 9—12 months oid. 

Fig. 4. The beginning of the fourth quarter of the small intestine. 
Sheep, female, 4 years oid. 

Of the highly varying micro-relief elements of this part of the intestine 
f ig. 3 represents leaf-like villi arising in broad bases directly f rom tha 
propria; between them one can easily see the tips of the slightly protruding 
upper parts of the intestinal glands. The relief represented in f ig. 4 is 
formed by anastomizing low folds devoid of villi. 

Fig. 5. The end of the ileum. Sheep, female, 3 years oid. Trans-
illuminated (elevations apipear darker on the illustration). 

Fig. 6. The end of the ileum. Sheep, female, 2,5 years oid. Trans-
il] uminated. 

In the f i rs t of these illustrations one can see conical solitary standing 
villi and short plates arising directly f rom the propria; the short folds 
or plates are arranged circularly round the lymphatic nodules. In the last 
illustration short, parallel, transversally placed folds with a w a v y free edge 
are present. 
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TABLE V. 

The micro-relief of the epithelium-freed mucous membrane of the 
small intestine in the ox. With the exception of f ig. 4, magnif ied 7,5 times, 
all the remaining illustrations have been prepared with a twenty-fold 
magnification. 

Fig. 1. Initial part of the duodenum, c. 10 cm. f rom the pyloric orifice. 
Cow, calved 7 times. 

The groups of intricately connected ridges are mostly separated f rom 
one another by comparatively broad flexuous streets. Such a picture occurs 
only in the very beginning of the small intestine. 

Fig. 2. The beginning of the second quarter of the small intestine. 
Cow, calved 10 times. 

Region of reticularly arranged folds. The vi l l i form structures are 
replaced here only by the w a v y free edges of the folds. 

Fig. 3. The middle of the small intestine. Cow, calved 9 times. 
The reticular arrangement of the folds has disappeared. The 

longer of the folds are tsituated transversally to the long axis of the intestine. 
The gland openings are arranged between the adtjacent folds in a single row 
or irregularly. 

Fig. 4. The beginning of the fourth quarter of the small intestine. 
Animal the same asi in f ig . 3. 

Another regiõn of the reticularly arranged folds in the small intestine. 
The separate folds are here, as in- f ig . 2, nearly wholly absent. Such an 
intricate connection of the folds is not characteristic of all the animals of 
the same species. 

Fig. 5. Ileum of the adult cow. 
Sharp conical villi are fused in their basal parts, thus forming mostly 

tranjsversally placed folds. The arrangement of gland openings is irregulär. 
This picture may be regarded as a transitional form between the folds and 
the wholly separated villi. 

Fig. 6. Ileuim. Cow, calved 10 times. 
Another variety of the micro-relief in the ileum, consisting of 

transversally situated folds and of few conical villi. The gland openings here 
form a single row mostly. A still further variety of the ileum relief, not 
shown here, is represented by the surface covered with wholly separated 
conical or leaf-shaped villi. 
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TABLE VI. 

The micro-relief of the epithelium-freed mucous membrane of the small 
intestine in the pig. Twenty-fold magnification has been used in all illustra-
tions. 

Fig. 1. Initial part of the duodenum. Pig, female, live-weight 230 kg. 
Two different networks of folds or lamellae are present here: that 

nearest to the mucosal surface consists of very delicate, low, intricately 
anastomizing ridges, and the other, nearest to the intestinal lumen with 
larger meshes consists only of basally anastomizing, low, triangular lamellae 
whose tips end in sharply conical prolongations. With the exception of the 
conical processes of the lamellae, not common to all animals, the picture 
presented here is typical in outline of the duodenum. 

Fig. 2. The beginning of the second quarter of the small intestine. Pig, 
castrated male, live-weight 154 kg. 

The picture, which may be found also in the third or fourth quarter 
of the simall intestine of the pig, shows ramified and partly anastomizing 
folds, with very ,sharp blade-like edges, the course of which is straight, curved 
or convoluted. Between the folds one can f ind some tongue-like villi with 
conical tips. The delicate basal net-work is absent here. 

Fig. 3. The beginning of the third quarter of the small intestine. Pig, 
castrated male, live-weight 85 kg. 

The projecting relief-elements are represented here by rami fy ing 
lamellae, which may be regarded as parts of the net-work, the partial 
retrogression of which has taken place in the middle between the adjacent 
anastomizing points of the lamellae. Many of the branches do not reach 
UP to the various edge of the- lamellae and appear therefore as triangular 
supporting plates to the proper lamella. 

Fig. 4. The beginning of the fourth quarter of the small intestine. Pig, 
castrated male, live-weight 79 kg. 

A further example of the relief picture, which may be found in all 
three intermediate segments of the small intestine of the pig. The mostly 
triangular sharp-edged lamellar plates end in two or many sharp conical 
projections. The course of the lamellar folds becomes transversal. 

Fig1 5. The end of the ileum. Pig, castrated male, live-weight 85 kg'. 
Transversally arranged leaf-like lamellae, some of which are fused in 

their basal parts. 
Fig. 6. The end of the ileum. Pig, castrated male, live-weight 79 kg. 
The relief represented here occurs in the ileum only in parts. It 

resembles the duodenal relief of the same animal and to a certain degree also 
the pyloric macro-relief of the pig. Its occurrence in the ileum is to be 
regarded as exceptional. 
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TABLE VII. 

Surface microphotographs from the small intestine of animals possess-
ing cylindrical villi, and two illustrations from the large intestine. Except 
f ig . 3, magnified 38 times, twenty-fold magnification has been used in all 
other illustrations. 

Fig. 1. Duodenum of the adult female horse. Intestinal wall not 
distended. 

The epithelium-covered villi have a more or Iess equal height, equal 
diameter, a cylindrical form and rounded tips. 

Fig. 2. Moderately distended duodenum of the dog (male, 16 years oid). 
Between the typical finger-shaped villi (e,pithelium covered) one finds 

many flattened ones, the number of which is stiil greater in the very 
beginning of the duodenum, where they are situated transversally. 

Fig. 3. The middle of the small intestine from the adult cat. 
This photograph has been taken from the preparation made by 

SCHMELZER'S method which is accompanied with a considerable shrinkage 
of the villi; the actual diameter of the cylindrical villi does not greatly di f fer 
from those in the horse or dog. 

Fig. 4. Epithelium-freed villi from the ileum of the adult cat. 
The core or the stroma of the villi is represented here in the form 

of long (over 1 mm.) threads, which are inserted into the mucosal surface 
separately. Between their bases the gland openings are visible. In most 
preparations the epithelium-freed villi appear to be much thicker and lower 
than here, a fact which points to the great variability of their dimensions. 

Fig. 5. Epithelium-freed surface of the large intestine of the male 
sheep (c. 1 year oid). 

Owing to the absence of the villi one sees here only the even cribriform 
surface which is quite similar in all domestie mammals. The dark round 
dots in the illustration do not correspond to the gland o<penings, but represent 
the cylindrical depressions in the stroma, which are evaeuated of their 
Contents, i. e., the glandulär epithelium. Note the numerous bifurcat ing or 
isogenic lumina characteristic of young animals. 

Fig. 6. Inner surface of the caecum of the pig (male, 8—10 months oid). 
Only the surface-epithelium has been desquamated here. The upper 

parts of the propria glands appear in the photograph as lighter circles, which 
Surround the gland openings or glandulär lumen. There is noticeable a 
certain linear arrangement of the glands. 
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4. J. N u ut. Einige Bemerkungen über Vierpunktaxiome. — 5. K. F r i s c h . 
Die Veränderungen der klimatischen Elemente nach den meteorologischen 
Beobachtungen von Tartu 1866 — 1 9 3 0 . 

A X X I V (1933). 1. M. G r o s s . In der Butter vorkommende 
Sprosspilze und deren Einwirkung auf die Butler. — 2. IL P e r l i t z . 
Bemerkungen zu den Regeln über Valenzeiektronenkonzentrationen in 



binären intermetallischen Legierungen. —- 3. A. Ö p i k . Über ScoUtIuis 
aus Estland. 4 . T. L i p p 111 a a. Apercu general sur Ia Vegetation 
autochtone du Lautaret (Hautes-Alpes). — 5. E. M a r k u s . Die süd-
östliche Moorbucht von Lauge. — (>. A. S p r a n t s m a n . Über Herstellung 
makroskopischer Thalliumkristalle durch Elektrolyse. — 7. A. O p i k . 
Über Plectamboniten. 

A X X V (1983) . 1. A. Ö p i k . Über einige Dalmanellacea aus 
Estland. — 2. IL R i c h t e r . Ergänzungen z u : „Die Relation 
/wi schen Form und Funktion und das teleologische Prinzip in den 
Naturpliaiiomenen". Die Rolle, welche „ S p i r a l e " und , , W i r b e l 1 ' in 
den b i o l o g i s c h e n P h ä n o m e n e n spielt, besonders auch in bezug 
auf die feinere Struktur des lebendigen Protoplasmas. — 3. T. L i p p -
m a a ja K. E i c h w a l d . Eesti taimed. (Estonian plants.) I ( 1 — 5 0 ) . - -
4. E. P i i p e n b e r g. Die Stadt Petseri in Estland. — 5. A. M i l -
j a n . Vegetat ionsuntersuchungen an Naturwiesen und Seen im 
Otepääschen Moränengebiete Estlands. 1. — 6. R. IM v i a n d e r . On the 
colour of Mars. — 7. A„ r F u d e b e r g . Uber die Theorie und die An-
wendungsmethoden der Quadraturreihen. 

A X X V I (1 934). 1. E. 131 e s s i g. Index ophthalmologiae Bal-
ticiis. — 2. E. O p i k. Atomic coll isions and radiation of meteors. — 
3. J. T e h v e r und A„ K r i i s a . Zur Histologie des Harnleiters der 
Haussäugetiere. — 4. H. K a h o. Leel issoolade toimest taimeraku de-
plasmolüüsile. (Über den Einfluss von Alkalisalzen auf die Deplasmolyse 
der P f l a n z e n z e l l e n . ) — 5. A. Ö p i k . Über Klitamboniten. — (). A. T u -
d e b e r g . Über die Boveisbarkeit einiger Anordnungsaussagen in geo-
metrischen Axiomensystemen. 

A X X V I l (1934) . 1. K. L e l l e p. Simulation von Geistes-
krankheiten und deren Grenzzuständen. — 2. M. T i i t s o . Hingamise 
ergul isest regulatsioonist. 1 t e a d a a n n e : Stenoosi toime in imese hinga-
misele. (Über die nervöse Atemregulation. 1. Mitteilung: Der Einfluss 
der Stenose auf die menschliche Atmung.) —- 3. M. T i i t s o . Hinga-
mise ergul isest regulatsioonist. 11 t e a d a a n n e : Inimese h i n g a m i s f r e k v e n t s 
kopsude er ineva täitumise korral. (Über die nervöse Atemregulation. 
II. -Mitteilung: Die Atemfrequenz des Menschen bei abnormen Lungen-
füllungen.) — 4. M. T i i t s o . Hingamise ergul isest regulatsioonist. 
III teadaanne : ProprioLseptiivsete a ferents ide toimest h ingamise le . (Über 
die nervöse Atemregulation. III. Mitteilung: Über die Auswirkung der 
propriozeptiven Afferenzen auf die Atmung.) — 5. J. T e h v e r and 
M. K e e r d . The n u m b e r of ribs in the ox and pig. — (>. A. K ä r s n a . 
Über das Problem der Vorhersage des nächtlichen Temperaturminimums. 
— 7. K. S c h l o s s m a n n . A study of bacterial carbohydrates w i t h 
special reference to the tubercle baci l lus. — 8. A. O p i k. Iiistnacriiias, 
a n e w ordovician crinoid from Estonia. — 9. A. K i p p e r . Variation 
ol surface gravity upon two Cepheids — d Cephei and 7] Aqui lae. 
— 10. E. L e p i k . Fangi Estonici exsiccati. Uredinaceae. [I] — 
11. IL P e r l i t z . The strueture of the intermetal l ic Compound A u 2 P b . 

A X X V I I I (1935 ). 1. T. L i p p m a a . Une ana lyse des forets 
de 1'ile estoniennc d ' A b r u k a (Abro) sur Ia base des associations unistrates. 



— 2. J. S a r v . Foundations of arithmetic. — 3. A. T u d e b e r g . 
Orthogonalsysteme von Polynomen und Extremumprobleme der Interpola-
tionsreehnung. — 4. T. L i p p m a a . Eesti geobotaanika. põhijooni. 
{Aper»;u geobotanique de l'Estonie.) 

A X X l X (1936). 1. A. Ö p i k . Hoplocrinus — eine stiellose 
Seelilie aus dem Ordovizium Estlands. — 2. A. K ä r s n a . Vereinfachte 
Methoden zur Berechnung des Korrelationskoeffizienten bei normaler Korre-
l a t i o n . — 3. J. N u u t . E i n e n i c h t e u k l i d i s c h e D e u t u i i g d e r r e l a t i v i s t i s c h e n 
Welt. — 4. H. K a h o . Das Verhalten der Eiweissstoffe gesunder und 
abbaukranker Kartoffelknol len gegen Salze. — 5. T. L i p p m a a ja 
K. Ei C h w a l d . Eesti taimed. (Estonian plants.) 11 ( õ l — 1 0 0 ) . — 
<>. -I. N u u t. Ansätze zu einer expansionistischen Kinematik. — 
7. A. L ü ü s. I kmnees anthropologiques sur Ies nouveaux-nes esto-
niens. — 8. A. T u d e b e r g . Energieverluste im Eisenblech bei 
niederfrequenter Ummagnetis ierung. — 9. W i 1 h. A n d e r s o n. Existiert 
eine obere (irenze für die Dichte der Materie und der Energie ? 

A X X X (1986). 1. E. O p i k. Researches on the physical theory 
of meteor phenomena. I. IL — 2. J. ( i a b o v i t š . The TiO colour 
effect, and the densities of M stars. — 3. J. W i 1 i p. Über Licht-
strahlung während der Sonnenfinsternis am 21. August 1914 in Ux-
küll. — 4. E. L e p i k . Fungi Estonici exsiccati. Uredinaceae. 11. — 
5. L. M a r k u s . Geographische Kausalität. — 6. K. S c b l o s s m a n n . 
Einige Gedanken über die Ausbildung des praktischen Arztes. — 
7. U. K a r e 11. Aneur ism of the internal carotid and the ligation of 
the carotids. — 8. K. K i r d e . Meteorological elements characterized 
by frequency-curves. 

A X X X L (1937). 1. V. K i d a l a . Inquiries into the pathogenie 
effects produced by Brucella Abortus in the udder and certain other 
organs o f the cow. — 2. W i l l i . A n d e r s o n . Zu IL Vogts Ansichten 
über die obere Grenze der Sternmassen. — 3. J. G a b o v i t s . The 
p u l s a t i o ! ) theory of Mira Ceti. — 4. T. I J p p m a a. E. V. Tartu Üli-
k o o l i Botaanikaaia süstemaatilised ja taimegeograafi l ised kogud. (Los 
collections systematiques et phytogeographiques de l 'Universite estonienne 
a Tartu.) I (p. 1 — 1 9 2 ) . 

A X X X L L (1 987). 1. Wr i 1 h. A n d e r s o n. Kritische Bemerkungen 
zu S. Kosselands und W. Grotrians Ansichten über die Sonnenkorona. 
2. T. L i p p m a a . E. V. Tartu Idikooli Botaanikaaia süstemaatil ised ja 
taimegeograafi l ised kogud. (Les collections systematiques et phyto-
geographiques de l 'Universite estonienne ä Tartu.) II (p. 1 9 3 — 3 7 5 ) . — 
3. A. ' » p i k . Trilobiten aus Estland. 

A X X X I L I (1939). 1. E. ö p i k . Researches on the physical 
theory of meteor phenomena. III. — 2. W i l l i . A n d e r s o n . Kritik 
der Ansichten von B. Jung über die obere Grenzdichte der Himmels-
körper. — 3. W i l l i . A n d e r s o n . Weitere Beiträge zu der elemen-
taren Expansionstheorie des Universums. — 4. U. K a r e l L T u b e f l a p 
graft ing. — 5. K. K i r d e . Change of climate in the northern hemi-
sphere. — <>. K. E i c h w a l d . Eesti taimed. (Estonian plants.) III 



( 1 0 1 — 1 5 0 ) . — 7., W i l h. A n d e i ' s o n. Über die Anwendbarkeit von 
Saha's lonisationsformel bei extrem hohen Temperaturen. — 8. M i s e e l l a -
n e o u s a s t r o p h y s i c a 1 n o t e s . (1. J. G a b o v i t š . O n t h e e m p i r i c a l 
mass-luminosity relation. — II. J. G a b o v i t s . ' On the orientation of the 
orbital planes in multiple systems. — III. J. G a b o v i t s . On the mass ratio 
of spectroscopic binaries with one spectrum visible. — IV. G. K u s m i n . 
Uber die Abhängigkeit der interstellaren Absorption von der Wellenlänge. 
— V. G. K u s m i n. Über die Partikeldurchrnesserverteilung in der 
interstellaren Materie. — VI. V. R i i v e s . A tentative determination 
of the surface brightness of dark nebulae. — VII. V. R i i v e s . Tlie 
inf luence of seleetive absorption in space upon a differential scale of 
stellar magnitudes. — VIII. U Ö p i k . On the upper limit of stellar 
masses. — IX. Iv Öpik, , The density of the white dwarf A. C. — 7 O 0  

8247. — 9. K 0 p i k. Stellar strueture, source of energy, and evo-
lution. 

K 1 (1921). 1. M. V a s m e r . Studien zur albanesischen Wort-
forschung. I. — 2. A. v. B u 1 m e r i n c q. Einleitung in das Buch des 
Propheten Maleachi. 1. — 3. M. Y a s m er . Osteuropäische Ortsnamen. 
— 4. W . A n d e r s o n . Der Schwank von Kaiser und Abt bei den 
Minsker Juden. — 5. J. B e r g m a n . Quaestiunculae Horatianae. 

B I l (1922). 1. J. B e r g m a n . Aurel ius Prudentitis Clemens, 
der grösste christliche Dichter des Altertums. 1. — 2. L. K e t t u n e n. 
Lounavepsa häälik-ajalugu. I. Konsonandid. (Siidwopsische Lautgeschichte. 
I. Konsonantismus.) 3. W. W i g e t . Altgermaniscbe Lnutunter-
suchungen. 

IS I I I (1922). 1. A. v. B u l m e r i n c q . Einleitung in das Buch 
des Propheten Maleachi. 2. — 2. M. A. K' y p MIIH E K i ii (M. A. K u r -
t s c h i n s k y ) . Coiiiajibiibm aauoiri), CJiyiaii n CBoöojta. (Das soziale 
Gesetz, Zufall und Freiheit.) — 3. A. R, C e d e r b e r g . Die Erstlinge 
der estländischen Zeitungsliteratur. — 4. L. K e t t u n e n. Lounavepsa 
häälik-ajalugu. II. Vokaalid. (Südwepsische Lautgeschichte. II. Voka-
lismus.) — 5. LL K i e c k e r s. Sprachwissenschaftl iche Misceüeii. [I.J 
— (». A. M. T a l I g r e n . Zur Archäologie Eestis. I. 

Ii IV (1928). 1. E. K i e c k e r s. Sprachwissenschaftliche Mis-
cellen. IL — 2. A. v. B u l m e r i n c q . Einleitung in das Buch des 
Propheten Maleachi. 3. — 3. AY. A n d e r s o n. Nordasiatische Flutsagen. 
— 4. A. M. T a 11 g r e n . I/ethnographie prehistorique de Ia Russie du 
nord et des Etats Baltiques du nord. — 5. R. G u t m a, n n. Eine unklare 
Stelle in der Oxforder Handschrift des Rolandsliedes. 

B V (1924). 1. IL M u t s c h m a n n. Milton's eyesight and the 
chronology of his works. — 2. A. P r i d i k . Mut-em-wija, die Mutter 
Amenhotep's (Amenopli is ' ) 111. — 3. A. P r i d i k . L>er Mitregent des 
Königs Ptolemaios 11 Philadelphos. — 4. G. S u e s s. De Graecorum fa-
bulis satyricis. — 5. A. B e r e n d t s und K. G r a s s . Flavius Josephus : 
Vom jüdischen Kriege, Buch I—IV, nach der slavischen Übersetzung 
deutsch herausgegeben und mit dem griechischen Text verglichen. 1. Lief. 



(S. 1 — 1 6 0 ) . — 6. H. M u t s c h r a a n n . Studies concerning the origin 
of "Paradise Lost". 

B V I (1925). 1. A. S a a r e s t e . Leksikaalseist vahekordadest 
eesti murretes. I. Analüüs . (Du sect ionnement lexicologique dans Ies patois 
estoniens. 1. Analyse . ) — 2. A. B j e r r e . Zur Psychologie des Mordes. 

B V I I (1926). 1. A. v. B u l m e r i n c q . Einleitung in das 
Buch des Propheten Maleachi. 4. — 2. W . A n d e r s o n . Der Cha-
l i fenmünzfund von Kochte!. (Mit Beiträgen von R. V a s m er . ) — 
3. J. M ä g i s t e . Rosona (Eesti lngeri) murde pääjooned. (Die Haupt -
züge der Mundart von Rosona). — 4. M. A. K y p ' i H H C K i i i (M. A. 
K u r t s c h i n s k y). EßponeiiCKÜi xaoc'b. K̂OHOMIRIECKÜI IIOCJIU ACTRIH 
BejniKOH lionubi. (Das europäische Chaos.) 

Ii V I I I (1926) . 1. A. M. T a 1 1 g r e n. Zur Archäologie 
Eestis. II. — 2. IL M u t s c h m a n n . The secret of John Milton. — 
3. L. K e t t u n e n . Untersuchung über die iivische Sprache. I. Pho-
netische Einführung. Sprachproben. 

Ii I X (1926) . 1. N. M a i m . Parlamentarismist Prantsuse restau-
ratsiooniajal ( 1 8 1 4 — 1 8 3 0 ) . (Du parlementarisme en France pendant Ia 
Restauration.) — 2. S. v. C s e k e y. Die Quellen des estn ischen Ver-
wal tungsrechts . J. Teil (S. 1 — 1 0 2 ) . — 3. A. B e r e n d t s und K. 
G r a s s . Flav ius J o s e p h u s : Vom jüdischen Kriege, Buch I—IV, nach 
der s lav ischen Übersetzung deutsch herausgegeben und mit dem grie-
chischen Text verglichen. 11. Lief. (S. 1 6 1 — 2 8 8 ) . — 4. G. S u e s s. 
De eo q u e m dicunt inesse Trimalchionis cenae sermone vu lgar i . — 
5. E. K i e c k e r s. Sprachwissenschaf t l iche Miscellen. III. — 6. C. 
V i l h e i m s o n . D e o s t r a c o q u o d R e v a l i a e i n m u s e o provinciali servatur. 

B X (1927). 1. IL B. R a h a m ä g i . Eesli Evangee l iumi Luteri 
usu vaba rahvakirik vabas Eestis. (Die evangel isch-luther ische freie Volks-
kirche im freien Eesti. A n h a n g : Das Gesetz betreffend die rel igiösen 
Gemeinschaften und ihre Verbände.) — 2. I-]. K i e c k e r s . Sprachwissen-
schaft l iche Miscellen. IV. --- 3. A. B e r e n d t s und K. G r a s s . Fla-
v ias Josephus : Vom jüdischen Kriege, Buch I—IV, nach der s lav ischen 
Übersetzung deutsch herausgegeben und mit dem griechischen Text vor-
glichen. III. Lief. (S. 2 8 9 — 4 1 6 ) . — 4. \Y. S c h m i e d - K o w a r z i k . 
Die Objektivation des Geistigen. (Der objekt ive Geist und seine Formen.) 
— 5. W. A n d e r s o n . Novell ine popolari sammarines i . I. 

B X I (1927). 1. 0. L o o r i t s . Liivi rahva usund. (Der Volks-
g laube der Liven.) I. — 2. A. B e r e n d t s und K. G r a s s . F lav ius 
Josephus : Vom jüdischen Kriege, Buch I — IV, nach der s lav ischen 
Übersetzung deutsch herausgegeben und mit dem griechischen Text ver-
glichen. IV. Lief. (S. 4 1 7 — 5 1 2 ) . —• 3. E. K i e c k e r s . Sprachwissen-
schaf t l iche Miscellen. V. 

Ii X I I (1928). I . 0. L O o r i t s. Liivi rahva usund. (Der 
Volksglaube der Liven.) 11. — 2. J. M ä g i s t e . ol-, ^'-deminutiivid lääne-
meresoome keelis. (Die Ol-, ^/-Deminutiva der ostseef innischen Sprachen.) 

B X I I I (192 8). 1. G. S u e s s. Petronii imitatio sermonis plebe 
qua necessitate coniungatur cum grammatica il l ius aetatis doctrina. — 



2. C. ID T e ii II (S. v. Sl, e i n ) . IIy IIIKIIH II To(J)MaH. (Puschkin und 
E. T. A. Hoffmann.) — 3. A. V. K õ r v. Värsimõõt Veske „Eesti rahva-
lauludes". (Le metre des „Chansons populaires estoniennes" de Veske.) 

15 X I V (1929). 1. 11. MafiM (N. M a i m ) . HapjiaMouTapuBM m 
cyBepennoe rocy^iapcrBO. (1 »er Parlamentarismus und der souveräne 
Staat.) — 2. S. v. C s e k e y. Kie Q u e l l e n d e s e s t n i s c h e n Verwaltungs-
rechts. II. Teil (S. 1 0 3 — 1 3 4 ) . — 3. I i V i r ä n y i . Thales Bernard, 
ütterateur fran<;ais, et ses relations avec la poõsie populaire estonienne 
et f innoise. 

Ii X V (19' 29). I,. A. v. B u l m e r i n c q . Kommentar zum Buche 
des Propheten Maleachi. 1 ( 1 , 2 — 1 1 ) . — 2. \V. E. P e t e r s . Benito 
Mussolini und Leo Tolstoi. Eine Studie über europäische Menschheits-
typen. — 3. \V. M P e t e r s . Die st immanalytische Methode. — 
4. W. F r e y m a n n . Platons Suchen nach einer Grundlegung aller 
Philosophie. 

Ii X V I (1929). 1. 0 . L o o r i t s . Liivi rahva usund. (Der 
Volksglaube der Liven.) III. — 2. \Y. S ü s s . Karl Morgenstern 
(1 7 7 0 — 1 8 5 2 ) . I. Teil (S. 1—160). 

Ii X V I I (1930). 1. A. R. C e i l e i* b e r g . Heinrich Fick. Ein 
Be iuag zur russischen Geschichte des XVIII. Jahrhunderts. — 2. E. 
K i e c k e r s . Sprachwissenschaft l iche Miscellen. VI. — 3. W. E. 
P e t e r s . Wilson, Roosevelt, Tal't und Harding. Eine Studie über 
nordamerikanisch-englische Menschheitstypen nach stimmanalytischer 
Methode. — 4-. X. M a i m. Parlamentarism ja fašism. (Parliamenta-
rism and fascism.) 

Ii X V I I L (1930). 1. J. V a s a r . Taani püüded Eestimaa taas-
val lutamiseks 1 4 1 1 - - 1 4 2 2 . (Dänemarks Bemühungen Estland zurück-
zugewinnen 1411 — 1 4 2 2 . ) — 2. L. L e e s m e n t. Uber die Iivlan-
dischen Gerichtssachen im Keichskammergericht und im Reichshofrat. — 
3. A. II. C T e II ;t e p - Il e T e p C e H ( A d . S t e n d e r - P e t e r s e n). 
O iiepejKHTouuhix cjie;iax aopucra, B CJIRBHHCKUX jiabiiiax, upeuMviue-
CTBenno B pycciiOM. (Uber rudimentäre Reste des Aorists in den slavi-
schen Sprachen, vorzüglich im Russischen.) — 4. M. K y p u i i n c K i i i i 
(M. K o u r t c h i n s k y). CoejtuueHiibie IIIraTbi Eupoiibi. (Les Etats--
Unis de l'Europe.) --- 5. K. W i l h e l m s o n. Zum römischen Fiskal-
kauf in Ägypten. 

Ii X I X (1930). 1. A. v. B u 1 m e r i n c q. Kommentar zum Buche 
des Propheten Maleachi. 2 ( 1 , 11 — 2 , 9). — 2. W. S ü s s . Karl Mor-
genstern ( 1 7 7 0 — 1 8 5 2 ) . ILTei l (S. 161—330) . — 3. W . A n d e r s o n . 
Novell ine popolari sammarinesi. IL 

Li X X (1930). 1., A. O r a s . Milton's editors and commeti-
tators from Patrick Hume to Henry John Todd ( 1 6 9 5 — 1 8 0 1 ) . I. — 
2. J. V a s a r . Die grosse livländische Güterreduktion. Die Ent-
stehung des Konflikts zwischen Karl XI. und der livländischen Ritter-
und Landschaft 1678 — 1 6 8 4 . T e i l I (S. 1 — 1 7 6 ) . — 3. S. v. C s e k e y . 
Die Quellen des estnischen Verwaltungsrechts. III. Teil (S. 135 — 1 5 0 ) . 



B X X L (1931). 1. W . A n d e r s o n . 1 )er Schwank vom alten 
Hildebrand. rIeil 1 (S. 1—176). — 2. A. O r a s . Milton's editors and 
ctminicntators from PatrickHume to Henry John Todd (1695—1801). 11. 
— 3. YY. A n d e r s o n . Uber P. Jensens Methode der vergleichenden 
Sagenforschung. 

B X X I L (1931). 1. E. T e n n m a n n . Ci. Teichmüllers Pliilo-
sojiiiie des Christentums. — 2. J. V a s a r . Die grosse livländische 
Cütorreduktion. Die luitstehung des Konflikts zwischen Karl XI. und der 
livländischen Ilitter- und Landschaft 1()78—1684. Teil 11 (S. 1—XXY11. 
1 7 7 — 4 0 0 ) . 

B XXILL (1931). 1. YN'. A n d e r s o n . Der Schwank vom alten 
Hitdebrand. Teil 11 (S. 1—XlY. 177—329). — 2. A. v. B u l m e r i n c q . 
Kommentar zum Buclii' des Propheten Maleachi. 3 (2, 10 — 3, 3). — 
3. i'. A i'u ni a a. Litauische mundartliche Texte aus der \Yilnaer lie-
gend. — 4. IL M u t s c h m a n n. A glossary of americanisms. 

B X X I V (1931). 1. L. L e e s m e n t . Die Verbrechen des Dieb-
stahls und des Kaubes nach den Kecliten Livlands im Mittelalter. --
2. X. M a i m . Yijlkerbund und Staat. Teil 1 (S. 1-—176). 

B X X V (1931). 1. A d. S t e n d e r - P e t e r s e n. Tragoediae 
Sacrae. Materialien und Beiträge zur lleschichte der polnisch-lateinischen 
Jesuitendramatik der Frühzeit. — 2. YY. A n d e r s o n . Beiträge zur 
Topograjihie der „Promossi Sposi". — 3. L. K i e c k e r s . Sprachwissen-
schali l iche Miscellen. YIL 

B X X V I (1932 ). 1. A. v. B u l m e r i n c q . Kommentar zum 
Buche dos Propheten Maleachi. 4 (3,3—12). — 2. A. P r i d i k. Wer 
war Mutomwija ? — 3. X. M a i m . Völkerbund und Staat. Teil 11 
(S. 1—III. 177—356). 

B X X V I I (1932). 1. K. S c h r e i n e r t. Johann Bernhard Hermann. 
Brief«1 an Albrecht Otto und Jean Paul (aus Jean Pauls Nachlass). I. Teil 
(S. 1 — 1 2 8 ) . - - 2. A. v. B u l m e r i n c q . Kommentar zum Buche des 
Propheten Maleachi. 5 (3. 12—24). — 3. M. J. IM s e n . Kevadised 
pühad. (Frühlingsfeste.) — 4. M K i e c k e r s . Sprachwissenschaftl iche 
Miscelien. VIII. 

B X X V I L L (1932). 1. P. PC) Id. Üldine kasvatusõpetus. (All g e -
mein«' Lrziehungslehre.) Redigeerinud (redigiert von) J. T o r k. 

W. W i g e t . Eine unbekannte Fassung von Klingers Zwillingen. — 
3. A. II r a s . The critical ideas of T. S. Eliot. 

B X X L X (1933). 1. L. L e e s m e n t . Saaremaa halduskonna 
finantsid 1618/19. aastal. (Die Finanzen der Provinz Ösel im Jahre 
16 Ls 19.) — 2. L. R u d r a u f . Un tableau disparu de Charles Le 
Brun. — 3. P. A r i s t e. Festi-rootsi laensõnad eesti keeles. (Die 
estlandschwedischen Lehnwörter in der estnischen Sprache.) — 4. W. 
S ü s s . Studien zur lateinischen Bibel. 1. Augustins Locutiones und 
das Problem der lateinischen Bibelsprache. — 5. YL K u r t s c h i n s k y. 
Zur Frage des Kapitalprofits. 



Ii X X X (1933). 1. A. P r i d i k . König Ptolemaios I unü die 
Philosophen. — 2. K. S e h r e i n e r t. Johann Bernhard Hermann. Briefe 
an Albrecht Otto und Jean Paul (aus Jean Pauls Nachlass). 11. Teil 
S. 1—XLII ~f- 129—221) . — 3. D. G r i m m. Zur Frage über den Begriff 
der Societas im klassischen römischen Rechte. — 4. E. K i e c k e r s . 
Sprachwissenschaft l iche Miscellen. IX. 

B X X X I (1934). 1. E. P ä s s . Eesti l iulaul. (Das estnische 
Rodellied.) — 2. W. A n d e r s o n . Novelline popolari sammarines j . III. 
— 3. A. K u r I e n t s. „ Vanemate vara". Monograafia ühest jooma-
laulust. („Der Eltern Schatz". Monographie über ein Trinklied.) — 
4. IL K i e c k e r s . Sprachwissenschaft l iche .Miscellen. X. 

II X X X I I 11934). 1. A. A n n i. F. R. Kreutzwaldi „Kalevi-
poeg". I osa: Kalevipoeg eesli rahvaluules. (F. R. Kreutzwalds ,.Ka-
levipoeg". 1. Tei l : Kalevipoeg in den estnischen Volksüberlieferungen.) 
— 2. P. A i-u m a a. Untersuchungen zur Geschichte der litauischen 
Personalpronornina. — 3. FL K i e c k e r s . Sprachwissenschaft l iche 
Miscellen. XI. — 4-. L G u l k o w i t s c h . L)ie F j i twick lung des Be-
g r i f f e s Häsid im Alten Testament. 5. 11. L a a k m a n n und VV. 
A n d e r s o n . Hin neues Dokument über den estnischen Metsik-Kultus 
aus dem Jahre 1680. 

I i X X X I I I (1936). 1. A. A n n i s t ( A n n i ) . Fr. Kreutzwaldi 
,,Kalevipoeg''. II osa: „Kalevipoja" saamislugu. (Fr. Kreutzwalds 
„Kalevipoeg"'. IL Tei l : Die Entstehungsgeschichte des „Kalevipoeg".) — 
2. H. M u t s c h m a n n . Further studies concerning the origin of 
Paradise Lost. (The matter of the Armada.) — 3. P. A r u m a a . De 
Ia desinence ~ti> du present en slave. — 4. 0. L o o r i t s. PharaosHeer 
in der Volksüberlieferung. 1. — 5. E. K i e c k e r s . Sprachwissenschaft l iche 
Miscellen. XII. 

I J X X X I V (1935).. 1. \V. A n d e r s o n . S t u d i e n z u r W o r L s i i b e n -
statistik der älteren estnischen Volkslieder. — 2. P. A r i s t e . Huulte 
võnkehäälik eesti keeles. (The labial vibrant in Estonian.) — 
3. P. W i e s e l g r e n . Quellenstudien zur Volsungasaga. 1 (S. 1—1 .">4). 

B X X X V (1935). 1. A. P r i t i i k . Berenike, die Schwester des 
Königs Ptolemaios III Euergetes. I. Hälfte (S. 1 — 176). — 2. J. T n u 1. 
Kristluse jumalari igi õpetus. (Die Reich-Gottes-Lehre des Christen-
tums.) I pool (lk. 1—VIII. 1—160). 

Ii X X X V I (193 5). 1. A. P r i d i k . Berenike. die Schwester des 
Königs P t o l e m a i o s III Euergetes. II. Hälfte (S. I — VIII. 177--305) . — 
2. J. T a u I. Kristluse jumalariigi õpetus. (Die Reich-Gottes-Lelne des 
Christentums.) II pool (lk. 161—304) . 

B X X X V I I (193 6). 1. A. v. B u l m e r i n c q . Die Immanuel-
w e i s s a g u n g (Jes. 7) im Lichte der neueren Forschung. — 2. L. G u i -
k o w i t s c Ii. Das W e s e n der maimonideischen Lehre. — 3. L. G u i k n -
w i t s c Ii. Rationale und myst ische Elemente in d e r jüdischen Lehre. — 
4. W. A n d e r s o n. Achtzig neue Münzen aus dem F1Uiide von Naginscma. 
5. P. W i e s e 1 g r e n. Quellenstudien zur Volsungasaga. Ii (S. 
1 5 5 — 2 3 8 ) . — (>. L. G u 1 k o w i t s c h. Die Bildung des v Begr i f fes Has:d. I. 



IJ X X X V I I I (1936). 1. J. M ä g i s t e . Einiges zum problem 
der oi-, gji-deminutiva und zu den prinzipien der wissenschaft-
lichen kritik. — 2. P. W i e s e i g r e n . Quellenstudien zur Vnlsunga-
saga. III (S. 2 3 9 — 4 3 0 ) . — 3. W . A n d e r s o n . Zu Albert Wesse l sk i ' s 
A n g i i f f e n auf die f inn ische folkloristische Forschungsmethode. — 4. 
A. Iv II o r t. Beiträge zur Logik des Typusbegriffs. Teil I (S. 1 — 1 3 8 ) . 
— 5. E. K i e c k e r s . Sprachwissenschaft l iche Miscellen. XIII. 

K X X X I X (1938). 1. A. K o o r t . Beiträge zur Logik des Tvpus-
begriffs. Teil Il (S. I — IV. 1 3 9 — 2 6 3 ) . — 2. Iv. U a m u 1. Psycho-
logische Schulversuche. — 3. A. A n n i s t . Fr. R. Kreutzwaldi „Paari 
sammokese" algupära. (Die Entstehungsgeschichte von Fr. R. Kreutz-
w a l d i „Paar sammokest".) — 4. H. M a s i n g . The Word of Yalnveh. 

Ii X L (1937). 1. H. M u t s c h r a a n n . Milton's projected epic on 
the rise and future greatness of the Britannic nation. — 2. J. G y Ö r k e. 
Das Verbum :vIe- im Ostseefinnischen. — 3. G. S a a r. Johann Heinrich 
Wi lhe lm Witschel ' i „Hommiku- ja õhtuohvrite" eestindised. (Die estnischen 
Übersetzungen der „Morgen- und Abendopfer" von J. H. W. Witschel.) — 
4. 0. S i l d . Kirikuvisitatsioonid eestlaste maal vanemast ajast kuni 
olevikuni. (Die Kirchenvisitationen im Lande der Esten von der ältesten 
Zeit bis zur Gegenwart.) — 5. K. S c h r e i n e r t . Hans Moritz A y r m a n n s 
Reisen durch Livland und Rußland in den Jahren 1 6 6 6 — 1 6 7 0 . 

Ii X L I (1938). 1. I j. G u 1 k o w i t s c h. Zur Grundlegung einer 
begri f fsgeschicht l ichen Methode in der Sprachwissenschaft. — 2. U. M a -
s i n g . Der Prophet Obadja. Band 1: Einleitung in das Buch des 
Propheten Obadja. Teil I (S. 1 — 1 7 6 ) . 

Ii X L I I : ilmub hiljemini (parcutra plus tardj. 

Ii X L I I I (1939). 1. L. R u d r a u f. Imitation et invention dans 
Part d'Eugene Delacroix: Delacroix et Ie Rnsso. — 2. L. G u l k o -
w i t s c h . Das kulturhistorische Bild des Chassidismus. — 3. A. O r a s . 
Notes on some Miltonic usages, their background and Jater development. 
— 4. A. O r a s . On some aspects of Shelley's poetic imagery. — 
5. H. M u t s c h m a n n . Tlie origin and meaning of Young's Night 
Thnughts. 

Ii X L I V (1939). 1. B. K a n g ro. Iu1Sti soneti ajalugu. (Histoire 
du sonnet estonien.) — 2. Iv U u s . Piiratud asjaõigused omale asjale. 
(Die begrenzten dinglichen Rechte an eigener Sache.) 

C I — I I I (1929). I 1. Ette lugemiste k a v a 1921. aasta I poolaas-
tal. — 1 2 . Ette lug. k a v a 1921. a. II poolaastal . — 1 3 . D a n t e p i d u 
14. IX. 1921. (Dantefe ier 14. I X . 1921.) IL O u t r n a n n . D a n t e A l i -
ghieri. W . S c h m i e d - K o w a r z i k. Dantes Wel tanschauung. — I I 
1. Ettelug. k a v a 1922. a. I poolaastal. — I I 2. Ettelug. k a v a 1922. a. 
II poolaastal. — I I I 1. Ettelug. k a v a 1923. a. I poolaastal. — I I I 2. 
Ette lug. k a v a 1923. a. II poolaastal. 



C I Y — V I ('1929). I V 1. Ettelug. k a v a 1924. a. I poolaasta:. — 
I V 2. Ettelug. k a v a 1924. a. II poolaastal. — V 1. Ettelug. k a v a 1925. a. 
I poolaastal. — V 2. Ettelug. k a v a 1925. a. II poolaastal. — V I 1. 
Ettelug. k a v a 1926. a. 1 poolaastal. — V I 2. Ettelug. k a v a 1926. a. 
II poolaastal. 

C V I I — I X (1929). V I I 1. Ette lug. k a v a 1927. a. I poolaastal. — 
V I I 2. Ettelug. k a v a 1927. a. II poolaastal. — V I I I 1. Loengute ja 
prakti l iste tööde k a v a 1928. a. I poolaastal. — V I I I 2. I joeng. ja prakt. 
tööde k a v a 1928. a. I l poolaastal. — I X 1. Loeng, ja prakt. tööde k a v a 
1929. a. I poolaastal. — I X 2. Loeng, ja prakt. tööde k a v a 1929. a. 
II poolaastal. — I X 3. Eesti Vabar i ig i T a r t u Ülikooli i s ik l ik koosseis 
1. detsembri l 1929. 

C X 11929). Eesti Vabar i ig i rFartu Ülikool 1919—1929. 

C X I — X I I I (1934). X I 1. I „oeng. ja prakt. tööde k a v a 1930. a. 
I poolaastal. — X I 2. Loeng, ja prakt. tööde k a v a 1930. a. II pool-
aastal. — X I 3. E. V. T. ü ! i s ik l ik koosseis 1. dets. 1930. — X I I 1. 
Loeng, ja prakt. tööde k a v a 1931. a. I poolaastal. — X I I 2. Loeng, ja 
prakt. tööde k a v a 1931. a. II poolaastal. — X I I 3. E. V. T. Ü. isikl ik 
koosseis L dets. 1931. — X I I I 1. Loeng, ja prakt. tööde k a v a 1932. a. 
I poolaastal. — X I I I 2. Loeng, ja prakt. tööde k a v a 1932. a. II pool-
aastal. — X I I I 3. E. V. T. Ü. is ik l ik koosseis 1. dets. 1932. — X I I I 4. 
K . S c h r e i n e r t . Goethes letzte W a n d l u n g . Festrede. — X I I I 5. 
R. M a r k. Dotsent Theodor K o r s s a k o v f . Nekroloog. 

C X I V (1932). T a r t u I vIikooli a ja loo al l ikaid. I. A e a d e m i a Gusta-
v i a n a . ai Ür iku id ja dokumente. (Quellen zur Geschichte der Univers i-
tät Tartu (Dorpat) . I. Academia Gustaviana. a) Urkunden und Doku-
mente.) Koostanud (herausgegeben von) J. V a s a r . 

C X V (1932). L. V i l l e c o u r t. L'Universite de Tartu 1 9 1 9 — 
1932. 

C X V I — X V I I I (1936). X V I 1. Loeng, ja prakt. tööde k a v a 
1933. a. I poolaastal. — X V I 2. Loeng, ja prakt. tööde k a v a 1933. a. 
II poolaastal. — X V I 3. E. V. T. Ü. is ik l ik koosseis L dets. 1933. — 
X V I I 1. Loeng, ja prakt. tööde k a v a 1934. a. I poolaastal. — X V I I 2. 
Loeng, ja prakt. tööde k a v a 1934. a. II poolaastal. — X V I I 3. E. V. 
T. Ü. is ik l ik koosseis 1. dets. 1934. — X V I I 4. IL O u n a p. T. Ü. õigus-
teaduskonna kr iu i ina l i s t ikaõpeta ja A. P. A l e l n i k o v f . — X V I I 5. 
F. P u k s o v. Kal ivusval ie l i se v a i m s e koostöötamise inst ituts ioonid ja 
nende tegevus 1932—1933. — X V I I I 1. I ,oeng. ja prakt. tööde k a v a 
1935. a. I poolaastal. — X V I I I 2. Loeng, ja prakt. tööde k a v a 1935. a. 
II poolaastal. — X V I I I 3. E. V. T. Ü. isiklik koosseis 1. dets. 1935. 

C X I X — X X I (1939). X I X 1. I ,oeng. ja prakt. tööde k a v a 
1936. a. I poolaastal. — X I X 2. Loeng, ja prakt. tööde k a v a 1936. a. 
II poolaastal. — X I X 3. E. V. T. Ü. i s ik l ik koosseis 1. dets. 1936. — 
X I X 4. V. P a a v e 1. I u -eneri tegevus, selle eesmärk, iseärasused, alu-
sed ja tu lev ikus i l i id . — X X 1. Loeng, ja prakt. tööde k a v a 1937. a. 
I poolaastal. — X X 2. Loeng, ja prakt. tööde k a v a 1937. a. II po,,l-



aastal. — X X 3. E. V. T. Ü. is ikl ik koosseis .1. dets. 1937. — X X I 1. 
Loeng, ja prakt. tööde k a v a 1938. a. I poolaastal. — X X I 2. Loeng, 
ja prakt, tööde k a v a 1938. a. II poolaastal. — X X I 3. E. V. T. Ü. isik-
lik koosseis l . dets. 1938. — X X I 4. Vakantse le Tartn Ülikool i kirur-
gi a - õpp etoõlile k a n d i d e e r i j a t e teadus l ikkude tööde arvustused. — X X I 
5. V a k . T. Ü. farmakoloogia-õppetool i le k a n d i d e e r i j a t e tead. tööde ar-
vustused. — X X I 6. Vak. T. Ü. õpetatud sepa kohale k a n d i d e e r i j a tead. 
tööde arvustused. — X X I 7. Vak. T. Ü. Eesti ja n a a b e r m a a d e m u i n a s -
teaduse õppetooli le k a n d i d e e r i j a tead. tööde h innang. — X X I 8. T. Ü. 
vak . günekoloogia ja sünni tusab i professuuri le k a n d i d e e r i j a tead. tööde 
arvustused. — X X I 9. T. Ü. v a k . eugeenika professuuri le k a n d i d e e r i j a 
tead. tööde arvustused. — X X I 10. T. Ü. v a k . eripatoloogia, diagnos-
t ika ja teraapia (pol ik l i in iku) professuuri le k a n d i d e e r i j a t e tead. tööde 
arvustused. — X X I 11. T. Ü. v a k . füsioloogia ja füsioloogi l ise keemia 
professuuri le k a n d i d e e r i j a tead. tööde arvustused. — X X I 12. A r v u s -
ta jate h i n n a n g u d ja a r v a m u s e d E. V. T. Ü. m a j a n d u s t e a d u s k o n n a v a k . 
j ianganduse ja k i n d l u s t u s a s j a n d u s e õppetooli le k a n d i d e e r i j a tead. tööde 
ja sobivuse kohta. — X X I 13. T. Ü. v a k . loomaarst i teaduskonna ana-
toomia prosektuur i le k a n d i d e e r i j a tead. tööde arvustused. 

C X X I I (1937). Teise Balt i r i ik ide va imse koostöö kongressi toi-
metis 29. ja 30. nov. 1936 Tartus. I Actes du Deuxieme Congres Inter-
balt ique de Cooperation Intel leetuelle tenu ä T a r t u Ies 29 et 30 no-
v e m b r e 1936.) 

Eesti koha- ja tänavanimed peavad olema väl jendatud maksvate 
eestikeelsete nimetuste järgi kõigis Kestis avaldatavais trükitooteis ja 
perioodilise trükitoote nimetuses. Erandina võidakse tarvitada Eesti koha-
või tänavanime muukeelset vä l jendust trükis avaldatavais ajaloolistes 
ürikuis ja üldse kirjutistes, kus koha- või tänavanimi esineb ajaloolises 
käsitluses. (Riigi Teataja 2 — 1985, art. 12, 13.) 

Les noms de Iieux et de rues de 1'Estonie doivent etre donnes 
dans Ieur torme estonienne off iciel le dans tous Ies imprimes puhli<;s 
en Estonie, et aussi dans Ies titres des periodiques. Exceptionnellement, 
on peut employer Ies formes etrangeres des noms de lieux et de rues 
de l'Kstonie en publ iant des doeuments historiques, et en general dans 
des eerits oü Ie nom d'un Iieu ou d'une rue est traite du point de vi ie 
historique. (Riigi Teataja 2 — 1935. art. 12, § 13.) 



I 1AttTtJ Ü L I K O O L I T O I M E T U S E D ilmuvad 

kolmes seerias: 

A : M a t h e m a t i c a , p h y s i c a , m e d i c a . (Mate-

maatika-loodusteaduskonna, arstiteaduskonna, loomaarsti-

t e a d u s k o n n a ja põ l lumajandusteaduskonna tööd.) 

B : H u m a n i o r a . (Usuteaduskonna, fi losoofiatea-

d u s k o n n a ja õ igusteaduskonna tööd.) 

C: A n n a i es. (Aastaaruanded.) 

Ladu: Ülikooli Raamatukogus, Tartus. 

L E S P U B L I C A T I O N S D E L ' U N I V E R S I T E 

DE T A R T U ( D O R P A T ) se font en trois series: 

A : M a t h e m a t i c a , p h y s i c a , m e d i c a . (Mathe-

matiques, sciences naturelles, medecine, sciences veteri-

naires, agronomie.) 

B : H u m a n i o r a . (Theologie, philosophie, philo-

logie, histoire, jurisprudence.) 

C: A n n a l e s . 
* 

Depot: La Bibliotheque de l 'Universite de Tartu, 

Estonie. 


