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ACTPO®PU3UKA

' B. A. AMOapuyMsaH, aKajeMHK

006 0oaHOM cay4ae NMPOCBETIEHHS Cpelbl Noj BO3AEHCTBHEM H3Jy4YeHHst
(MpencraBaeno 9/VIIL 1964)

§ 1. [Tpedsapumenvrbie 3ameanus. 3HAUNTENbHAS YaCTh K/aaccuyie-
CKHX 3a1aU TEODHH NepPeHoca H3JY4eHHs HOCHT JHHeHHH# xapaxTep. B
HUX NpeHeGperaT BO3MOXHBIM BJAHSIHHEM [1€PEHOCHMOro H3JAy4YeHHs Ha
ontHueckue cBoficTRa cpeabl. OAHAKO TNpH OOABIUIHX IJIOTHOCTAX H3.IV-
yenHu#l yxxe Heab3sd NpeHedperaTb 3THUM EjusHueM. [103TOMY BO3HHK/O
CTPeMJEHHE pAaCIpPOCTPAHUThL COBPEMEHHYIO TeOPHIO pacCesHHd CBeTd B
MmYTHOR Cpeje Ha HeauHefinwle ciydyau. [lpu 3ToM Hapaly C avajlH3OM
CNOXHBIX C/IyyaeB, CBS3aHHBIX C MPOLECCAMM, BCTPEYAIOUIMMHCH B IKCHe-
pPUMEHTE, 11eecO00pa3sHo NOABEPrHYTh Pa30opy OTHOCHTENBHO NPOCThIE
CXeMBl. KOTODble MO3BOJAIOT BHISIBUTH Pas/HYHHE XapakiepHele 3(PPeKTH.
MH uMeeM B BULY mNpexJe BCEro CXeMmhbl, B KOTODoIX MH HMEeM 1e/10
C HeKOTePEHTHbIMH NMYyYKaMH, BC/IeICTBHEe 4ero (a3osnle COOTHOLICHHA
He HIpalor 3aMeTHOH poJau. dro Mel 6ynem npeanojaratb U B pasobpaH-
HOM HH)X€ npHMepe.

TuK, HAaNpUMep, MOXHO COCPeJOTOUHTb BHHMAHHME HA HEJHHEHHOH
3aBHCHMOCTH AH(P(DY3HO-OTPAXKEHHOTO HAU AHPPY3HO-IPONYIEHHOrO no-
TOKA OT BEAMYHHB MAJAIOLIEro Ha cpely craudoHapHoro mnortoka (*). C.
JAPYTOil CTOPOHB HAC MOTYT HMHTepecoBaTh (usMueckue 3¢PexTH mpocser-
JEHHST WJH NOMYTHEHHS Cpelbl, BO3HHKAIOlMe BC/JAENCTBHE H3MEHEHH:
pacnpejeJieHHst arOMOB MO YpPOBHAM 3HepPrud. Kak HH CTPaHHO, HO OKa-
3HIBAETCS, YTO NPU ONPENEJEHHOM PACMOJOXKEeHHH YPOBHel Naxe HebO/b-
IMe CTALlMOHADHBIE TNOTOKH MOTYT HHOTAA MNOBECTH K CYLEeCTBEHHOMY
NPOCBET/AEHHIO MJIH MOMYTHEHHIO. Kak pa3 moaoOnui 3QdexT BCTpedaeTcs
B npHMepe, KOTOPBIH pasoOpaH B HACTOsIed CTaThe.

Addexrsl, CBA3aHHBIE C MNepepacnpesie/leHueM aToOMOB 1O COCTOf-
HHSM, OKAa3blBaloICs NPH OOJIBIIHX MJOTHOCTAX H3JAYUYEHHs CYLIECTBEH-
HBLIMH 1a){€ B NpoCTedluell 3ajade llepeHOCAa MOHOXPOMATHYECKOTO H3.1V-
YeHHs, KOraa cpeaa COCTOMT H3 aTOMOB, KOTODble HMEIOT TOJIbKO ABa
COCTOSIHMSI M Pe4b MAET O [0Jie KBaHTOB, 4aCTOTa KOTOPHX COOTBETCTBYeT
NepPexoay MeXAYy ITHMHU COCTOSHHSIMH.

Kak u3BecTHO, B JHHEHHO# TeOpUH, B CJydae YHUCTOrO pacCesHH:
(HCTHHHOE MOTrJOUleHWe OTCYTCTBYET), MBI HMeeM Ias Koapduuuenra 1ud-
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‘py3HOTO NPONyCKaHUs yepes cpeny € KOHEYHOH ONTHYECKOH TOJINHHOM
T B ONHOMEDHOH 3ajaue pelleHHEe:

H 1
T T eee——, 1'1
F < (1.1)

o

et

rae Hu F npeactaBasioT CoGOH WHTEHCHBHOCTH NPOMIEAMIEro ¥ Nafalo-
HIESTO MMOTOKA.

Ecau xe yunteiBaeTcs yMeHblIeHHe K03Q(UIHEHTa paccesHUS BCJIeL-
CTBHE nepexona 4aCcTu aTOMOB H3 nepBoro COCTOHHPIH BO BTOpOe (ﬂp()'
BETﬂeHHe) TO HOle‘JdETCﬁ Bpra)KEHHe

!
g=" - _1tef | (1.2)
l+—?;—%aF

TAe © yXe NpPeACTaB/sieT cO00H Inpejpe/bHOe 3HAYEHHE ONTHYECKOH TOJI-
{GHHBL CPEABl, COOTBETCTBYIOLLEE C/IYYal0, KOTZAa BCE aTOMBI HAXOMATCHA B
HUIXKHEM COCTOSIHHH U TOCTOSIHHAS

ow L (14 8)
. a &1

33BHCHT OT Be€COB g, H ¢, BEDXHEr0 M HHXKHEro COCTOSHHI H MJAHKOB-
'CKOTO MHOXHUre nd

8rhv?

ﬂc‘;w
CpaBuuBas Qopmyasl (1.1) u (1.2), Mbl BHAHM, 4TO B 33BHCHMOCTH
‘OT 3HAYEHUA BEJIHUHHBL o.f BO3MOXKHBI CIEIYIOUWHE CAYYaH:
a) ecan af < 1, npocBeTIeHHe NPAKTHYECKH OTCYTCTBYeT;

6) ecau 1 <CaF < —, uMeeM 3HAYUTEJIBLHOE IpocCBeT/eHHe;

T2
T

B) ecan af > 1+ —, npubamxenno uMmeem H = F, T. e. nouru noa-

[\

HO€ MPOCBET/ICHHE Cpehl.
Takum o6pasom, norok

F=—2 (1.3)
18
82
AB/IACTCH NOTOKOM, IIDH KOTOPOM IIPOCBeT/I€HHEe (TAHOBHTCA VK€ 3HAYH-
TE/JbHBIM.

§ 2. 06 odnom wacmuom cayrae 3adauu ROAUXPOMAMULECKO20 HliC-
mozo pacceanusi 8 00roMeprOL cpede. Cpenn pPAa3IHUHBIX HENHHE AHbIX
331a4 TEOPDHH NEpeHOCa H3JAYYEHUs B PACCeHBAIOMIEl M MOIJIOIAIOLLEH
CpEle BUIHOE MECTO 3aHMMAeT rpynmna npo6/jeM, OTHOCAMMHMXCH K MHOFO-
KPAaTHOMY DACCEAHHIO, CONMPOBOXKAAIOWIEMYCS NepepacupeieseHHeM 3Hep-
THH MEXJy YaCTOTaMH Pa3JHUHBIX COEKTpalbHBIX JaHHUA. [Ipun aToM yxe
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‘CXeMaTHUEeCKHUH Ccayuyall cpejnl, COCTOALIEH H3 aTOMOB, HMEIOIIUX TPH
VPOBHSI 3HEPrHH, NPeACTaBAsSeT MPUHLHMNOHAAbHEINA uHTepec. Ho Hu 3ra
cxXeMaTHyeckasl 3ajaya BeCbMa CJ0XKHA JJd peweHHd B ee 00iieM Cay-
yae. 31ecb MBI NONBITaeMCAd NMPOAHAaJAH3HPOBATh OJHUH H3 YACTHHX CJAydaesn
9TON 3ajauu, KorTAa mepexon | — 2 sampemed W COCTOsHUHE 2 sIBAAETCSA
MeTtacTabuiabHuM. [Ipu atoM OyaeM 1peanoJaraTe, 4YTO I0J€ H3JAYYEHHS
siBAfETCS CcTalnuoHapHeIM. BymeM Takxke npennoJsaraTh, 4TO CTOJKHOBEHHA
He HTpAIoT POJH.

B 3TOM cnyuae, BCJAEACTBUE OTCYTCTBHS ILHUKJIHUECKUX MePEXOIO0B
tina 1 -»2—-3—-1 um 1—-3—-2—1 u, Kak 370 cjJelyeT H3 ypaBHe-
HHPA CTaUHOHAPHOCTH, B KAXJAOM O0ObeMe H3/1ydaeTcs CTOJbKO KBAHTOB ¥,
{COOTBETCTBYIOIUX Nepexony 3— 1), CKOJbKO HX MOIJOIUAETCSI, ¥ TO Ke
caMoe CHpaBejJHBO [0 OTHOWIEHHIO K 4YAaCTOTe VY, (COOTBETCTBYOUIEeH me-
pexony 3—2). [losaroMy npob.seMa CBOIUTCS MO CYWECTBY K YHCTOMY
pAacCesiHAID B KAXKIOH M3 4acTOT B OTAEJBHOCTH.

YC/a10BUS CTALlHOHAPHOCTH HMEIOT BHUN:

B30y = n3B1s (py + 51), (2.1)
By 3ng0y == 13834, (pg + 05),
81:/1\/?
o
3HAYCHUA.
ﬂﬂﬂ HPOCTOTBI ILOHyCTP[M, 4TO MBI HMeeM Jge/J0 ¢ OTHOCUTEeJBLHO Ma-

JNbiMH HHTEHCHBHOCTAMM H3ayuenusi. Torga o, € oy H p, K 0, [losyuaem:

Tae s = »d /9 OCTaJbHHX BEJIHUYHH BBEIEHBI OGIH,QHPHHHTBIQ 060-

ny 85,
= =%p_,
n o
1 S1 (22)
ny, __ 857
p2»
1y g

Byaem cuHTaTh, 4TO pacceuBaiouias cpena OJHOMEPHA M HMEET KO-
HEYHYIO ONTHYECKYIO TOJIIMHY. I1OCKO/NIBKY B KaXJA0H 4aCcTOTe MH HMeeM
JEeAO C YHCTBIM PACCEIHHEM, TO 3aBUCHMOCTh BCeX HHTEHCHBHOCTEH H3-
JYUYEHHSI OT ONTUUYECKOH TrJayOuHbl OyjaeT Takasi kKe, Kak B OOBIYHOH 3a-
Ja4ye MOHOXPDOMATHUECKOIO paccedaHHs. LEAMHCTBeHHOe pasauune Oyaer
3aKJI04YaThCs B TOM, YTO A/ KaXA0H 4YaCTOTBHl MBI JOJIXKHBl BBECTH CBOIO
ONTHYECKYI0 rayOuny. OO03HAUYHM HMX COOTBETCTBEHHO Uepe3 T, U T,.

Henunelinocts 3ajlaun ckaspiBaeTcss B TOM, 4YTO TAYOHHBL %; U <, B
KaKJ0 TOYKE 3aBHCAT OT CAMOrO T1OJS U3JAYUEHHS H JOMXKHBL B AaJb-
HeillieM OHITh onpeneseHsl M3 camoil 3anaud. Ho wesaBucumo oT 3TOrO
Mbl MOX€M HanucaTh OCHLIUHBIE BBIPAXKEHMS [/ MHTEHCHBHOCTE[ WH3/Vye-
HUs B KaXJIOH 4YacTOTe, B 3aBHCHMOCTH OT ONTHYECKOH TJIyOHUHBI B TOH
e 4yacTtoTe, HCHOJb3yst pe3yJsbTaTsl pelueHuss OOHUYHONI O/1HOMEDHOMH 3a-
naun. JIad uM3nydeHuil, HANPaBAEHHBIX HAPVIKY, HMEEM:
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-—x
o ?

1
"1

a JJs U3JyUEHHW, HalPaBJ€HHBIX BHYTPb,—
1
1 + —2 ("Cl—-’tl)

Iy=F, — !
| I
+ 2

rae Fi—notok, nagaiomuit Ha rpamuny t=0 B wactote vi, a 1, — noJI~

Hasl ONTHYECKas TOJIIHHA CJOS B 4acTOTe v;.
Jlast NJOTHOCTEH H3JAYUEHH[I YMeeM:

1=——-——Htlé _Bldu—y (2.3)
c 1
14—

C npyro#i CTOPOHHE Al OTHOUIEHHS JAU(PPEPEHIINanoB ONTHYRCKHX

TOJILIHH MBI HMEEM:
Ty By oy 1y (2.4).

dr, Bisav,Av, 1y ny

rie k— NmoCTOosiHHAS.
Orciona Ha ocHoBanuu (2.2) moJsyyaem

g 1;2d T, = kg 2;1‘1"1,

a Ha ocHoBaHHH (2.3)

Fy 14 (tg—r,) Fyl14(z—1,)
——— 5 d :k —— -——0_1.‘ . 1
141 o L - Ty &2 o 1 - (2.5)
2 + 2

Murerpuposanue (2.5) npu ycaOBHH TOro, 4TO mpu 7, =0 HMeeMm

t, = 0, naer:

o

2 2
] 12 o "tl
af * 7 (% 2 ) _p&f T <“’°‘ ~ _2'> . @)

3y 1 4 Ty oy ]+f21_

ITos0xHB 31€Ch OAHOBPEMEHHO T, =Ty W T; = Ti, MBI [0JIy4aeM CO-

OTHOLUEHHE MEXAY [MOJHBIMH ONTHYECKHMH TOJNIIHHAMH CPeAb B ABYX.

yacToTax:
&1 _ k&Fm 2.7y

02 Gl

BHocs croopa sHauenue k& us (2.4), maxonum:
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QO603HauuM jajiee depe3 5, ONTHUECKYIO' TOJIIHHY B 4acTore AJas
TOFO C/ayuas,, KOTAAa BCE aTOMBl HAXONATCA B NE€PBOM COCTOSIHHH.
QueBUAHO, 4TO

51 e
=t (2.8)

. Mpl Oyjem CUATATh T, OCHOBHBIM NA4PaMeTPOM, XapPAKTEePU3VIOUHM
romuuay cpeasi. Torga us (2.7) u (2.8) noayuaem:

o T ' o k‘C .

. 0 . Ty = 0 . 2.9)

Loy gelf 1+ Sufe )
g9, F, 2°2F1

PaccMOTpUM Temneph, ueMy PABHO BbIPaXK€HHE [OTOKA B 4acToOTe vy,
npowenuiero depes cpeny. [1o usBecTHOH (opmyne U3 TEODHH MOHOXPO-
MaTHUECKOrO paccestHusi 3TOT MOTOK [, noskeH OBITH paBeH:

M- A , 'Fl . | ©.10)
o
E ! + _2— (1 _{__ g2°2 )
, g9, F,
M 3jecb MBH MOX€M OCTAHOBHTBCS HA TPEX PasiHUYHbIX CJaydasx.
a) Ilycts Fy & F,, Toraa, ‘

H—=—11 . (2.11)
14+ —
2
6) Tlyers Fy > F,, Toraa e
H. o= gzczF?
L=

g20,F, +"2(l g5 F,

F. - ;
Ecau npu stom -1~:—1>> T, TO HMEeM II0JHOe TMPOCBeT/]eHHe Cpedbl B

4aCcToTe vy H

.  F
Ecou xe 7> —>1, 10

(2.12)

B) Hakonen, F; u F, MOryT ObITb OZHOIO IOPAJKA BeJHUYHHH H
torga ff; Gyaer TOro Xe [ODPAJKA, KaK d NPH OOLIYHOM PACCESAHHH, KOTAa
ONTHYeCKas TOJIIMHA B v; HECKOJBKO MEHBLIE T,.

- Mrak, B Hawel cxeme uMeeT MecTO 3(pdeKT NPOCBeT/IeHHsS CPEAbl B
OAHOH H3 YacTOT, NpHYeM AJd 3TOTO HE HYXKHO O4Y€Hb HHTEHCHBHOIO NO-
TOKa H3/1y4YeHHss. HeoGXoauMO TOABKO, YTOOBI MOTOK H3/Y4YEHHS B APYroi
yactore Oblf OH BO MHOrO pa3 MeHblUe MOTOKAa H3JVUEHHSd B JAHHOM
YacToTe, B KOTOPOH MBI J00HBaeMCsl NPOCRETIEHHS.
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Ecau xe notok F,=0, TO cpeaa CTaHOBHUTCA COBEPIIEHHO NPO3pay-
HOli B yactoTe v;. TOYUHO TaK e, KOHEUHO, NPpH F,=0 cpena cTaHOBHTCA
NPO3PAYHO#R s 9aCTOTHL V,-

[TosyueHdbie De3yabTaThi COOMIONAIOTCH TONBKO JMHIIb B CJAYyYae, KOr-
na nepexof 1—2 3ampeleH COBEPLIEHHO H BTOPOE COCTOSHHE ABJACTCH
coBepileHHO CTabHabHbIM. OJHAKO Ha MPaKTHKE BCErla C HebonbIIOH Be-
POSITHOCTHIO BO3MOXKHBI Mepexofp 1-—>2. 910 MOTyT ObITh JHOO CIOHTAH-
uble nepexo/H, JH60 Xe Uepexofbl B pPe3y/abTare ctroaxHoeenuii. Ciejno-
BATEJbHO, COBEPLIAETCS HEKOTOPOE KOJHYECTBO LMKJIHYECKHX MEPEXONOB.
M3-3a HHX YC/JIOBHSI YMCTOTO pacCesHusi B KAXIOH 4YacToTe YXe He oy-
AVT cobuionathesd. Bmecto YC/I0BHH CTaUHOHAPHOCTH (2.1) Mm Oynem

UMeThL Tenepb VPAaBHEHHS:

Bi.3nyp, = Bs.1ny (py + sy) - fabas, (2.13)
1y (Baogpy + boot) = 13Baa (py + 9),
rIe BeposATHOCTbL mepexona 2— 1, 0DO3HAUEHHYIO 1epe3 by..1, OyaeM cyH-
TATH HE3aBUCHMOI OT [JIOTHOCTEH H3/AVYEHHs, TaK KaK aKTaMH TNOrJole-
HUS B 3alpeIeHHOH JHHHM MOXHO npeHeOpeub NO CPAaBHEHHIO C YHCJIOM

CNOHTAHHBIX mepexojoB 2 — 1.
M3 3THX ypaBHeHWH NOsyyaeM B TeX Ke MNPelNOJIOKEHHIX O BO3-

MOMKHOCTH TIpeHe6peub p, MO CPABHEHHIO C BEJIHYHHOH 9 :

ny & o,

z 82 oy L (2.14)

n, &1 g2 2=1 [ L 83"232l

L p, A == -t —

g, B3—>252 1 B3~151 j

BenwuuHa, CToAlmias B CKOOKaxX, B 3HaMeHarenle, MOPAAKE e JIMHHULIH
o b;-»

>l . Oye-

H BCe 3aBHCHUT OT COOTHOUICHUSA MOpAJLKOB BEJAUYHH b, U

329
BHAHO, 4TO CJe/JaHHble BbllIe BbIBOAB OCTAHYTCA B CHJAE, CC/IH B 3HAME
natene (2.14) moxHo Oyjer mnpewe6peub BTOPHIM HY/ICHOM TO CPABHEHHIO
¢ nepBeIM. [ljs 3TOTO HY¥KHO, yTOOBl OBIIO

\\\_.g_‘,’ b2—>1 . (2.15)
¢ gs Bs->

TMosTOMY, HampuMep, Mbl V:Ke HE MOXeM BbI3BATH npoceeT/1eHusi CPpeiH
B UaCTOTE v, CKOJb YTOAHO CH/IbHBIM yMEHBIICHUEM F;. TTocKOMBKY YCJ10-
sue (2.15) ompejenseT HEKOTOPOE MHHHUMAIBHOE 3uauenue F,, HJsT TMOJ-
HOTO TPOCBET/IEHHs] CPeNBl B YacroTe v, CAEAyeT yBeIHUHTDH F, no nmocra-
TOYHO BBICOKOTO YVDOBHA, ONPEILeJIeHHOTO 13 (2.15) u ycaoBus
Fyo oy S8 (2.16)
g383-2
Boo6uie Ke cayuail, OTJIHUHBIH OT HY./dA, BEPOATHOCTH nepexoaa
9—»1 3aCAyXHBAET CIEUHANLHOTO H3YUEHHS. dToMy CAyYal0 MOCBSMIeHA
cratbsi A. . Hukorocsaua (?).
BiopakaHckas actTpousHyecKasn oGcepsaropud

Axanemun Hayk Apmanckoit CCP
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4. Z. ZUuUrUPQNRUBULYL

' Awmnwgupdmb mggbgmpyub smly hounjuyyrh wurqbgdwmb
'h nbyfh Lwmuhb

G gfhifoss sobigufofuncfjwt qoaslots folglpibph qywf dwup fpacd  Ea
gl pluncyffr bpwny dkY wpSwdwpfned b Swnwuyfifuts qugmp wopgbgon Fynchg e
Guadfuagpp Sl by obph Jpws U, bpp wbgapofofng S @b o~
Pyncinkpp oSk by wyy mqubgnefynchp ofi hpwpey wpiadwpdly Ouipmdbymne fFync
Swgard phghwBpagly Ssnmguglddwl mbquafinfud el mbunc (@ jut Qlualymis wupupmmp, n}
quwyf fpiughpubpp plpgpllipne Vupumwlndg: Luw apmod Gopunnwly Swpfup b wlpuky apny
qyuepht pigppuhppy, apriy ncunc damuppnc g fupng £ ffnegy g b Swgun plipky ny
ySuighl pUunppbbpl Amdwmp phnpoy LphneyfJubp:

il’i[l&ul Sapfumdnid IIIFZIB Ly b‘?:,p wnlind wgl fifiu“qli[l[' fjpus, npnhp llilnlhlz kU
i uarfusgph muupy byt Ephaeg@ud: Ugg Spumsan] p3gud b bphae oy b vmo-
yhomp punfpubp: Gplhoe yhwypnedt by Euflugpfud by oup dpQuifugpp ncfe ofbpdasnp
[onpacfynch:

Ut poungppp Jbpmpbpdacd L dawnfopnduwnlly gpdwl, bpp dbp yopd achbip
Sposgls bphne. Lukpyghmply dwlpupguwl actbgng wwndulpfe Sk AmnwqugFdw wgglgoe-
s oy wimosdubiply Tf dusupe liguspespifnid & qligh kphpopy dulwpgl b b gun-
tned L syl faspibghly

l}pb T W dhVduypf wdpog? oupodfilply s Swmnuc ot £ oy ghwpocd, Lup
[umbnffarffyncunbpp fmfuump Kb qhpgl, wow, gocgg Lompfucd, op dpufugppowd -
roquebu wwpgbgfncd Ly bpp pe fpw gllhung F Saupp dbdoc Fynlp pudupupocd &
c?

N

BUCT
st fumsnsapuc i jurtes kg fnlony pognp UgmbsslyncfUbpp (pongh <~pys app fhphocd o=
gsaglley) s wfoplputs L

Npwyba Ephpapy opplumly pWhdms L bpkp Lubpyhwfily Sawlpugopuly nobignyg waodUlpfy
poaglugind Shmdegph qhwypp: Lhgntofncd £, up 12 whgnr dp popun wpylpfud E: Y-
yoegdued by up 153 wlgnedbbphl Swlmppponsinfumbang o SwiafewlwincfFput SEY T~
Suduypp wuwpylbigdacsd Ik, Ephk 253 whgnidukphu hwsdwprurm s fumling ~, Rooar S aas fos s fpusatirna ~
[yt Susmusigusglots Snupp pusduluionyids fiopp ki Ouepluhul Sannfb b i
Bpfud SwlwfpmhwlarfFaiwbhpocd  wpmmSwpndncd o (2.9) pwbwdling, fulp Soupp
(2,10~ nif:

Gipk 1.2 whgnidp ochfs npuy, ny Sho Rwfwbolwiane [Fpact, wopu nmwyifud ponlis-
&h[:[t[{ dbavd kL nu/[v Jllz, lfﬁb of froas 4 Puu,[m[u.u[u[nz o £ {2.15) ul:uJ:I'm(th

JUTEPATYPA — 410Ul vOERSNEY

"B A AmOapyymsan, JAH ApmCCP 1, XXXVIH, Ne 4, (1964). * A . Huwo-
2oenn, JIAH ApmCCP (B neuartu).



