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B 1961 roJJ.y 6blna ony61IliKOB8Ha pa6oTa 3ll3eH6epra H Keccnep/ 
11 

c pe3ynhT8T9MH 

Tll.lliTenbHbiX pacqeTOB M€30BTOMHbiX xacxaJJ.oB. Pac'IBTbl B&r!IonHeHbl BMH npH pa31IH'IHbiX 

np9JJ.UOIIO>K9HHSIX 0 H8'181IbHOM 38C9/19HHK ypOBHeJt C riiBBHbiM KBBHTOBbiM 'IBCIIOM D • 14 

(3TH ypOBHB ~ -M930H8 H8XOJJ.SITCSI Y>KB BHyTpH 31I91<TpOHHOll 060IIO'IKK), 

HeJJ.aeHo e&mma pa6oTa KBBTMeHa B JJ.p/21
, noce•nueHHaH axcnep~MeHTMbHOMY 

lf3y'leHHIO peHTreHOBCKHX nepexoJJ.OB fL -Me30HOB B aToMax pa3/IK'IHhiX aneMeHTOB, B Hell 

OTM9'189T C!I , 'ITO IIHHHH K - ce pHH OT M930p9HTr€HOBCKHX nepeXOJJ.OB C BbJCOKHX ypOBHell HMBIOT 

GonblliYIO HHT eHCKBHOCTh. 3ToT ¢axT u axoJJ.HTCH B npoTu eope'IHK c p acqeTAMH pa6oTb/ 
11 • 

.[l.aHHA!I pa60T8 U OC BSIW €H8 K3Y'I9HHIO OTHOCHT9/IhHOro BblXOJJ.8 pA31IH'IHbiX IISIKHA 

K - M930p € KTr9HOBCKOA CBpKH B ATOMAX M9T8/I/IOB npH 8TOMH OM 38XB8T9 fL -M930HOB B 

V K Cr 

Pa6oTa BhmonHeHa Ha cHHxpou K KIIOTpoH e O¥HU1. C xeM a onbiTa npeJJ.cTaeneHa HA 

puc. I • .D.m• perKCTPSUKH Y - KBaHTOB Kcnonb3oBancH C'IBT'IKK c KpHcTannoM Nal 

JJ.H8M9TpOM 76 MM K Bb!COTOA 76 MM. CpeJJ.HSIH TOIIWKH8 MHW9H9ll 6bi/IA 1,7 rlcM
2, 

nony'I9HHbl9 Cfl9KTpbl npHB9JJ.9Hbl HA pHC, 2 - 5 • B HHX Bbl'ITeH ¢oH cnyqaliH hlx 

C OBfl8JJ.9HHit H cpoH 38 C'IBT perHCTp8UKK npoJJ.yKTOB OT HJJ.9pHOrO 38XBAT8 

B Ta6naue I JJ.AHa oueHK a HHTeH cHBHOC T eA K {3 H cyMMbl ecex OCTBIIhHbiX 

n epexoJJ.oB • A6c oniOTHbl ll BbiXOJJ. K - C9pHH HA OJJ.HY OCTAHOBKY MIO.OHA He 

0Up9JJ.9/ISIIICH, Ha pHC, 2 , 3, 4, 5 KOMAOH9HTbl K -cepHH 0603H8'19Kbl TOHKHMH WTpH X OBbiMH 

IIHHH>IMH, npH 8H8 /IH3 9 Cfl9K TpOB B X8'19CTB9 K8/IH6pOBO'IHOJt HCll O/Ib30B8/18C b Y -nHHHH 
60 

OT HCTO'IHH KA Zn • B nocneJJ.HHX JJ.BYX cTp oKax Ta6nHUbi I JJ.IIH cpaBHBHHH npHB9JJ.9Hbr 

p93YIIbT8Tbl HHTepnO/IHUKH JJ.8HKblX pa60Tbl 
121 

Y13 T86/IHUbl 1 BHJJ. H O, 'ITO B9pOHTHOCTb nepeXOJJ.OB M100H8 C Bb!COKHX ypOBH9ll C p A3Y 

HH OCHOBHOA cyweCTBQHHO 38BHCHT OT XHMH'19CKOro COC T8B8 B9lll9CTB8, Pa3HHUA >K9 MB>K-

ny 8TOM8MH, H8UpHM9p, B8HAJJ.HH B 'IHCTOM v H B V 2 0. C OCTOH T TOIIbKO B TOM, 'ITO 

H3M.e He Hbl COCTOSIHHR C8MblX BHeWHRX saneHTHhiX aneKTpOHOB. 0K83biB89TCH, O.Q.H8 KO, l.{TO 

3TH H960IIbWHe H3M9H9HHSI B 3/19KTpOHHOll o60IIO'IK9 HrpaiOT CYW9C TB 9HHYIO p011 h B IIOCI!e-

n yJOWKX K8CK8JJ.Hb!X nep9XOJJ.8X MIO OH8, 

C 3TOA TO'IKH 3p9HHH npeJJ.C TBlWlHBT HHTepec pa60T8 /l,Y!,n oHOM8p eea
131 , KO'i"Op8H 

U OCBSIW9H8 06Cy>KJJ.9HHIO B03MO.>KHbiX M €X8HH3M OB nornOW€HHH rr- -M930HOB B BOJJ.OpOJJ.O­

COJJ. 9 p>K8lllHX eewecTeax. B npuMeHeHHH K HaweMy cnyqaJO BbiBOJJ.bi pa6oTbi 
131 

3 8 KIIIO 'IAIOT­

c ll B c n e JJ.yJOlllBM, OnpeJJ.eneHHBll JJ.OIIll ocTaHOBHBWHXCll M930HOB n e pBOH8'18/IhHO 38XB8Tbl-

B89TCll H8 OJJ.HH H3 C T8UHOH8pHbiX ypOBH€11, 06I.UHit JJ./Ill BC 9 ll MO/I€KYIIbl ( z r -z 2l • 

3 



.!JilJihHBAl.llB!I cynb6a MB30HB o6yC JIOBJI9HB MHOrHMH B03MO>KHblMH npH'IHHBMI!, no MHBHHIO 

n .Yi .n o HOMBpeBa, HBH60119B 36M9THYIO p01Ib 6yllyT HrpBTb pBllHBllHOHHb!B n e peXOJlbl, 

nocKOJibKY B9pORTHOCTb pallHBUHOHHbiX nepeXOllOB nponopuH OHaJibHa Ky6y 3 H e prHH nepe­

X0ll80 a 3 8llp9 T llO op6HTaJibHOMY MOMBHTY CH8M8BTC!I 83-38 Kapyl.llBHH!I U9KTp81IbKOA CHM­

M9TpH H B CHCT9M9 M0119KY1l bl , TO 3TO llOJl>KHO npHBBCTH K HHTBKCHBHOMY HCllYCK8HKIO X -

<B8HTOB 60Jibl.llo..A 3KeprHH (nepeXOllbl K9llOCp9llCTB9HHO B OCKOBHOB COC TO!IHK B M9308TOMB). 

YiMBSI B BHllY paCCMOTpBHKbiA MBXBHH3M 0 M O>K KO KB'IBCTBBKKO 06'bSICKHTb pB3Y 1lbTBTbl 

K a w e r o aKcnepHMBKTB c 11 -Me30HBMH. B caMOM nene, B cnyqa e CHC T BMbl H3 neyx 

Hll9p Z I K Z > 6e3 yqeTB 3KpBKHpOBBHHSI 31IBKTpOHBMH BCe ypOBHH Sl llpB Z 1 , Ita-

't{H H .IlR C 

n > n o y ZtR 

2(2 y -z2 + 1) 
z, 

6y llYT 06JJ.IHMH ll1ISI BCBA CBCTBMbl (eM. PHC, 6 ) • 3nec b 

8 M930BTO M I!blX BllHHBUBX -1! ~ e ~ m 11 ~ 1 • 06bl'IHO 

Yl3 cpo pMynh£ c nenyeT, 'ITO no c paBHBHHIO c V 2 0 o 

( 1) 

R -Me>KHyKJIOKHoe paccTOSIHH e 

R -400-800131 • 

B 'IHCTOM BBHBllHH llBpBbiA 

o6ureMOJieKy11>1pHbiA ypoBeHb E (no ) 6yneT JlB>KBTb HH>K9 0 B 3HBpr9TH'19C KBSI 06JIBCTb 

061.UBMOJIBKY1IHpHbiX ypOBH9A 6yllBT l.llHpe (eM. pHC , 6). noaTOMy B 'IRCTOM BBHB.llHH 

BBpO!ITHOCTb 3B.XBBTB. MIOOHB. H3 o6JI8CTH K9llp9pblBHOrO Cll91\Tpa. HB 3 TH ypOIIHH 6yllBT 

6onbl.lle. 3To npKeeneT K 6onbl.lleMy BbiXOlly X -KBaKTOB 6oJibl.llHX aHepruA . PHc . 2-5 

llOKB.3blBB.IOT HB KB.'IBCTB 9 HK09 COrJIBCHB 3TBX llpBllCTBBJIBHRA C 3KCll9pHMBHTOM, 

Ta.KHM o6pa30M, aKcnepHMBHTB.JibHble llBHHble llB.IOT OCHOBBHHA nonaraTb, 'ITO K v -

IIHHH SI llp9llC TBBJISIBT co6oA nepeXOll H9llOCp9llCTBBHHO C 06l.llBX M01IBKY1IS1pHbiX ypOBHeA 

n ~ oo ) HB. ypOBBHb 0 •!. 

B C BSI3B c 3 THM Heo6xo.aHMO HB.ATH o6'bHCHeHHe TOMY 3KcnepHMBHTB.JibHOMY cpaKry
121

, 

'ITO cpOTOH Kv -nHHHH no csoeA aHeprBH cooTBBTCTByeT panx auH OHHOMY nepe xony c 

n • 7 ua ocHOBHoA ypo seHb. K TIIKOMY CMBl.llBHHIO nHHHH MoryT npHeecTH nea o6cToSI-

T&nbCTB8.. 

Bo-nepBbiX, nepexon 11 -Me30>:a C ypOBHBJ!' B 06JIBCTH BBJIB HTHbiX 3 1IBKTpOHOB 

HB 1s OCYlllBCTBJIHBTCH B OCHOBHOM 36 C'IBT Tax H83biBB.BMOrO 'CMBl.llB.HHOro' 0>Ke-pa-

llR8UHOHHOrO nepexona. pacCMOTpeHHOrO PynepMBHOM. npu T8KOM nepexone 3119KTpOH 

/4/ 
yHOCHT • 1% aHeprHH nepexona., H oKono 99% 9HeprHH yHoCHT X -KsaHT • 3TBM 

MO>KHO 06'bHCHHTb HBKOTOpb!A CllBHr K v -nHHHH B CTOpOHy M9HblllHX 9HeprHA H, B03MO>KHO, 

yl.llHpBHHB JIHHHH, 

JlpyroA 3cpcp9KT, KOTOpbiA npRBOllHT K yMBHblUBHHlO 3HeprHH cp0
0

TOH8 0 3B.It1IIO'IB.BTCSI 

B TOM, 'ITO llpH nepexone M930HB ·c BHBl.llHBX ypOBHeA , JIB>KBlllHX II 06JIBCTH 31IBKTpOHllOA 

4 

• 

060JIO'IKH, H 8 BHyTp9HH89 llpOI 

TpOHHOA 060JIO'IKH acpcpBKTHBHI 

3KeprH!I CBH3H 3ll9KTpOHHOA C 

3HeprHH nepexona MIOOHa ( 7-

0CKOBHOA Bb!BOll HBCTOSI 

l.llHXC SI 11 -Me30HOB 8 KOHll€ 

KOrO CllBK T pa BHB'IBJIB HB 0'19 

naCTR BH9WHHX BaneHTHhiX 3. 

Cyl.llBCTB9HH O 3 68HCBTb KBK 01 

OT B3aHMOll9ACTBHSI C OCTBJib> 

C BMBHTHbiMH 3JI9KTpOHBM8 llOJI. 

5 )llYT llOIITOpRTbC!I llpB H3M9 He. 

TB6JIHU " MeuneneeBa. Kpo Me T< 

B 9 Ul9CTB8, T . e. OT H3M9HeHHH C C 

MO>KHO llpHBBCTH HB C KOJlbKO Ill 

I . BepoSITHOCTb BTOMHOr 

11 BpHOllH'IBCKH H3MBHSIBTCSI C 

151 
C Btt 

BepoSITHOCTJ> BTOMHoro 3 

'IBCKoro cocTasa. 3TO nposepe 

/5/ 
llpyrHX OKHCJIOB 

2. BbiXOll K {3 - H Kv 

OT Z 06Ha.py>KHBB.BT MHHHM) 

06JIBCTH HBTpHli 6yllBT CJIBllYIO 

'IBCKOrO COC TB.B B. llpOllBMOHCTpl 

UHH 

3. Yl nocnenuee. Jln>1 p 

11 -MB30HOB, Yl3 TB6JIHI 

HO , ttTO OH8 YM9HbW89TCH OT : 

UHIO, npB.BllB., CTBTHCTH'IBCK 8 H 

38 C'IBT BJIHHHHH 3 119KTpOHHOA 

OfSOnOliKy, 803MO)I(HO, H He H3~ 

nepexoaoa MlOOHa, KSK OTMeqa. 

CYlll9CTB9HHO MBHHBTCSI. no3TO 

HOJ!' llOJIS1pH38UHH MIOOHOB B Hll j 

KOTOpbiX XHMK'IBCKRX COBllHHBHI 

yrnepone B 

H T.ll.), 

c H CCIC 
0 

Ho 



:Hb!MH npH'IHH8MH. no MH9HHIO 

p 8llH8liHOHHbl9 nepeXOllblo 

~OHBnbH8 Ky6y 9 H e prHH nepe-

18 HapyweHHll U9HTp8nbHOll CHM­

HHT9HCHBHOMY HcnycKBHHIO X -

:>C HOBHOe COCTOliHHe Me308TOM8) • 

!C TBeHHO 06bRCHHTb pe3yfibT8Tbl 

1 cny q ae CHCT9Mbl H3 JlBYX 

BC e ypOBHH Rllpa Z I , H8-

(1) 

R -Me>KHyKnOHHoe paccTORHHe 

R -400-600
131

• 

B qHCTOM B8H8LlHH nepBbill 

e , a 9 HepreTH'ieCK8R o6nacTb 

>3TOMY B 'tJHCTOM B8H8.UHH 

KTp8 H8 9TH ypOBHH 6yLleT 

6onbwBx SHeprHll. PRe. 2-5 

ll C 9KCnepHM9HTOM, 

::HOB8HHSI nonaraTb, 'ITO K v -

IUHX MoneKynRpHbiX ypODHell 

/2/ 
9KCUepHM9HT8fibHOMY <lJBKTY , 

)8LlH8UHOHHOMY nepexony C 

MoryT npHBeCTH JlB8 06CTOH-

lCTH aaneHTHbiX 3n9KTpOHOB 

~eM oro • cMewaHHoro• OlKe-pa-

tH T8KOM nepeXOJle 9fi9KTpOH 

IOCHT X-KBBHT/
4

/ • 3THM 

M9HblliHX 9HeprHll H 0 B03MOlKHCJo 

IHeprRR tP0
0

TOH8 0 38Kni0'189TCR 

K8WHX B o6n8CTR sneKTpOHHOll 

• 

060nO'IKH, H8 BHyTp9HHH9 UpOHCXOJlHT 9KpaHHpOBaHHe 38pRJl8 R.llp8, npR 9TOM JlnR snex-

TpOHHOll o6onO'IKH s<tJ<lJeKTHBHblll 38pRJl R.llp8 CK8'1KOM H3M9HH9TCH C z H8 z - 1 • 

3HeprHll CBli3H sneKTpOHHOll o6onO'IKH yMeHblll8eTCll H Jl0n>KH8 6b1Tb BOCUOfiHeHB 38 C'I9T 

9HeprHH nepeXOJl8 MIOOH8 ( 7-8 K9B B V H er ). 

0CHOBHOI!' BblBOJl H8CTO!UUell p860Tbl COCTOHT B TOM, 'ITO 38M9TH8H JlOfiR OCT8HOBHB­

lliH XCll P. -Me30HOB B KOHJleHCHpOB8HHbiX Cpe.ll&X 38XB8TbiB89TCll H3 o6n8CTH Henpepb!B­

HOrO CfleK T p8 BH8'18fie H8 0'19Hb BbiCOXXe 'MoneKynHpHbie' 9HepreTH'IeCKR9 ypOBHH B o6-

fi8CTH BH9WHHX B8fieHTHbiX 9fi9KTpOHOB. n8nbHelllliH9 K8CK8JlHbte nepeXOJlbl MIOOH8 6y.llyT 

cyuteCTBeHHO 388HC 9Tb K8K OT ero B38BMO.O.eACTBHSI C Bane HTHbiMH aneKTpOH8MH, T8K H 

OT B38HMOLlellcTBHH C OCT8fibHOll sneKTpOHHOll o6onO'IKOll ( C • OCTOBOM') • 838HMOLleliCTBHe 

C B BneHTHbiMH 9fi9KTpOH8MH LlOfi>KHO npHBO.llHTb K TOMY, 'ITO H9KOTOpbie CBOl!CTB8 Me308TOMOB 

5 )LlY1' UOBTOpRTbCR UpH H3MeHeHHH Z 8 COOTB9TCTBKH C nepHO.llBMH 9fi9KTpOHHbiX 060fi0'19K B 

T a finHue MeHneneeaa. Kpo M e Toro, Te >Ke caollcTaa 6ynyT aaaHceTb OT xHMH'IecKoro cocTaa8 

B 9 Ul9CTB8 1 T . e. OT H3M9H9HHH COCTOstHHH saneHTHbiX 3neKTpOHOJS. 8 K8'1eCTBe HnniOC TpBUHH 

MO>KHO UpRBeCTH H9CKOfibKO UpHMepOB, 

1. BepORTHOCTb BTOMHoro aaxB8T8 P. -Me30HOB B OKKCnax paanH'IHblX aneMBHTOB 

n epH OJlH'ie C KH H3MeHR9TCR C 

/ 51 
z B COOTB9TCTBHH C nepHOJl8MH B T86nBue MeHnene -

"' '"' 
Bepo stTHOCTJ:» BTOMHoro aaXBaTa MJOOHa, .llelcTBHTenbHO, c&nbHO 3 8BKCHT oT XHMH-

qecKoro cocTaaa. 3TO npoaepeHO .anR cny'I8R MgO H 

/51 
JlpyrBX OKHCfi OB 

2. B~>txo.a K f3 H K v - nBHBll MeaopeHTreHoacKoro aanyqeHHll a aaaBcBMOCTH 

t21 
OT Z o6Hapy>KHB8eT MHHBMYM B o6n8CTB KanHH ( pHc, 7). He HCKniO'IeHo, 'ITO a 

06fi8CTH H 8 TpHR 6y.ll9T CfiBJlYIOlUHll MHHHMyM, 38BHCHMOCTb BbiXOJl8 K -nHHHll OT XHMH­

'IBCKOrO COCT8B8 npOJl9MOHCTpHpOB8H8 B H8CTOHIUell p8fiOTe. 

3. VI nocnenHee. nnR PH.ll8 6eccnHHOBbiX H.llep H3MepHn8Cb 0CT8TO'IH8ll nonRpB38-

UHR P. -Me30HOB, VIa T86nHUbl 2, r.ae co6p8Hbl peaynbT8Tbt p83HbiX rpynn
16 •7 •81 , BH.ll-

HO, 'ITO OH8 yMeHblli89TCH OT yrnepOJl8 K M8rHHIO H CHOB8 B03p8CT89T OT cepbl K K8fib -

UHIO . np8B.ll8, CT8THC1'H'I9CK811 TO'IHOCTb HH3K8, YK838HH811 p83HHU8 MO>KeT B03HHKHYTb 

38 C'leT BnHHHHll sneKTpoaaoll o6ono'IKH. C8MO npoxo>KneHHe MIOOHOB '1epe3 sneKTpoaayiO 

o6onO'IKy, B03MO>KH0 0 H He H3M9HR9T HX UOnRpR38UHIO/Q,
10/ 3BTO X8p8KTep K8CK8JlHbiX 

nepexo.aoa MIOOH8, KBK OTMe'lanocb Bhtwe, H nocne.ayiOIUee 38CeneHRe HHlKHBX yponHell 

CYlll9CTB9HHO M9Hli9TCR. noaTOMy 0 KpOMe Jl8fibH9liWero YTO'IH9HHR 38BHCHMOCTH OCT8TO'r 

BOll UOfiRpH38UHH MIOOHOB B R.llpax C p83nH'IHbiMH Z , HHTepecuo ua6nJO~.,. eHHe ee a He-

KOTOpbiX XRMR'I9CKHX C09JlHH9 HHRX (H8UpHMep, H3MepeHHe OCT8TO'iHOll UOfillpH38UHH H8 

yrnepo.ae B 

H T,Jl.), 

e H eel •• H8 KBCnopo.ae B H 2 0 H PbO ' Ha cepe B 

5 
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,!loJ.OllHHTBllbiiYIO HCHOCTb II M9XD.Hli3M .Q9UOllllpH38.IlHII MIOOHOII CMOryT IIH9CTll H3Me­

p9HHll 8CHMM9TpHH 3ll9ltTpOHOB pacna,na npH oT(Iope HX Ha COIIU8.Q9HHK C p83llH'IHbiMH na­

HHHMK K -MeaopeKTr9HOIICitOlt cepKH, 

AsTOpbl Bblpa>KaJOT 6onbWYJO 6naro.o.apHOCTb IO.I.Ey.nHwosy, E.IO.CellleHosy , 

H . C .<l>ponosy, Uao lo-q>KeHy a a nolllO!Ub B aaroTosnBHHK annapaTypbl a npH npose.o.eHHH 

aaMepeaalt; C.C.IepwTeltay a li.H.noaoMapesy aa MHoroqacneHHble o6cy>K.QBHHH peaynh­

TaTos pa6oTbl, 

l!aTepaTypa 

1. Y.Eisenberg and D,Kessei.. Nuovo Cim., !2. 1195 ( 1961). 

2. D.Quitman, R.Engfer, U.Hegel, P.Bri.x, G-,Backenstoss, K.Goebel and a.sta.dler. 
Nucl. Phys., .?.b 609 ( 1964). 

3. li.H.noaoMapeB. npenpKHT OHRH, P-1816, ,!ly6aa, 1964. 

4. M.A.Rudennan. Phys. Rev., 118, 1632 ( 1960). 

5. B.l.3aaos, A.,!l.KoHHH, A.H.Myxua. Tpy.O.bi XII Me>K.o.yaapo.o.aolt Koa¢epeanuu no 

¢H3HK9 llb!COKKX 3HepraA, ,!ly6aa, 1964. 

6. A.Astbury, P,M.rlattersley, M.Hussain, M.A.Kemp, H,Muirhead and 'I'.Woodhea<li. 
Proc, Phys.Soc., 1§, 1144 ( 1961). 

7. A.E.HruaTeHJtO, li.E.Eropos , B.Xanyna, ,!l.l{ynTaM. )1<3 T <l>, 2§., 1131 ( 1958). 

8. B.C.Escees, B.C.Poraaos, B.A. 4 epaoroposa, M.M.WHM'ID.K , <t>.Kanb6HBrep. Tpy.O.bl 
XII Me>K.o.yaapo.o.aoA Koa¢epeauHH no ¢aaaKe sucoxax aaeprwl!. ,!ly6aa, 1964, 

9. B.A. ,!l>Kp6awaH. )1<3T<l>, ru!, 277 ( 1959). 

10. H.M.WMYWitBIIH'l. )1<3T<l>, ~ 645 (1959). 

PyKonHch nocTynana s aa.na·renbCKHA oT.o.en 
I MD. pTa I 965 r. 
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T a 

i-1HT9HCHIIHOCTH P· 

Be~ecTBo 
Ia I 1/3 

--
v I 0,63 I o,r: 

v~ o • 1 o, 10 I O,I~ 

Cr 0,66 I O,I~ 

Cr ~o, 0,70 I O, I~ 

v 

Cr 

--
T ' 

0CTD.TO'IH8ll nonHpHaa 

BellleCTBO c 

OcraroqHaa ! 
noupH3a- 124:,4 
UIUI )([)OHa 

1 B <f, , 

M g Si 

18+4 ! I& 
- ! -

Pa6ora 
1

Acr6apH E JI.P·' 



MIOOH08 CMOryT 8H9C Tif R3Me-

)8U8,!l9HHH C p83JIH'IHbiMH JIH-

•wosy, 6. !0.Ce!lleHosy, 

:napaTypbl H npH npoBe;!leHHH 

:neHHble o6cy>K;!leHHH peaynb-

~ 1961). 

ss, K,Goebel and :S.Stadler. 

'H8p O.Ll.HOJt KOHcpepeH){HH UO 

H,Muirh ead a nd T,Woodhea.d! . 

T<l> , ~ 1131 ( 1958). 

IaK, <t> ,Kanb6HHre p. Tpy.Ll.bl 

I e prlll! • .Uy6Ha, 1964 , 

Ha.na·renbCKHll OT.D.en 

965 r. 

j 
1 

t , 

Ta6nxua I 

J.1HTeHCH8HOCTH paanH'IHbiX nHHHlt K - cepHH 

Bel!leCTBO 
Ia 1{3 I 1{3/la 

i I I I 
v ! v a 
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