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KaK H3B8CTHO, y aTOMHOrO ~ MOryT cymecTBOBaTD B03~9H

Hbt8 Cpa.BHHTeJI:&HO .IlOJII'OEHBYJilR8 (MeTSCTa6liJ:IDHbte) COCTomm.a:, RO'To

pue C0BM8CTHO C OCHOBHHM COCTOHHH6M COCTasnanT COBOxyDBOCT:& H3o

Mep!IHX cocTomml! MHHoro H.lijla. 06a'll!o cmm HGKOToporo ., -Horo 

!13 B036Yl\liEiHHHX MeTaCTa6WIDII!IX COCTommi! m, J 60Jie9 W1R MeHee 

3H8"Cfl!T8JIDHO 0TJlli't18.9TCJI OT CIIHHa OCHOBHO!'O COCTOJIHHJi 3-J (B HaCTD

HIJleli :pa60Te He JiUtST p9'1l> 0 ,lleJJRIItHXCJ< HJijlaX H He :paCCMaT:PHlllllDTCJ< 

H,I~epaae K30Mepa @opMH). 

0CTaTO'II!Oe ~ HeKOTOpol! H,llepHOI! peaxqKH a,11PQ MOlleT cpaay 

OKa3aTDCH B O,llHOM H3 CBOMX B30M8pHHX COCTOHHH~. B llO~IDm8M 
6on:&mRHCTB8 ~eB, O~aKO, OCTSTO~Oe ~ CHa~ 0Ka3HBa9TCJI 

B KBKOM-TO B036yzn9HHOM COCTOHHHB, R3 KOTOporo OHO nepexo~T B 

O,ItHO B3 CBOBX B30M8pll:lX COCTO.Rlll:di, COBepna.H XOT.H 6H O,IUUI, a 
qame KaCKaJI pa,IIK~OHHHX SJieKTpoMarHKTHHX nepexo,IIOB (06H'II!O 

aJieKTpoMa.I'lillTHl:le nepexo,Iij:l :H me xacKaJt H8.3HBaDT (( -nepexo,n;ar.m B 

"t -Ka.CKa,ll,OM COOTB8TCTB8El:IO) • 

llayqelll!e no OTJIGJihiiOCTII ceqellllll aaceJielll!Sl oCHOBHHX ( ~ 6' ) 
ii R30M9pHHX (YI'1" (5' ) COCTOSllm~, a Ta.RJit9 B3y-ti8HH9 Ta.K. H83HB89MHX 

oTHOillellllll ceqellllll <"Cl:-" "'•iJ j( %u + 2: "'" cr' ) noaBOJlJ!m BHJIBKTI> 

" HGHOTOpae BaEHHe CTOpoHH I!CCJIG,eyllMHX MGp!IHX peaKI1Hil.B o6aope 

/I/ OUKCaH I11IKJI pa6oT, B HOTOpHX, IICCJie,eya aaceJjelll!e K30MepHHX 

COCTOHHBI C OTHOCHTeJI:&HO 60~mKMK 3HaqaHHRMH CDHHOB~ f~OC:& 

noKasaTD, q-ro sa.x:aaT Tv- -MesoaoB ~ rrponcxo,IOa:T npe~ecT

seHHo Ha H0B9px!IOCTK H,llpa I! HOCHT JIByxHyKJIOHH!lil J<apaHTep. B 

pa60Te /2/ npoBe,lleHO ~eJieHH9 ~a H30B9HTOpHOro rKraHTCHOro 

3JI9RT~eCHOrO HB~OJihiiOro peaOHaHca nyTeM COHOCTaBJ!eHI!H 

sacaxeHHn OCHOBHO!'O R B03~6HHO!'O (BHCOKOCTIHHOBOro) COCTOHHRA 

H,llpa I96 Au B @QTo- ll aJieRTpoHel!TpoHHOli pe=mn<:. 
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I. 3aCeHeHJB H30MepBHX COCTQHHHA RaK MBTOB HCqnBnOBaHHH 

ffiqTo- H 9~9KTpggHBp8HX PBaKURft 

B ~6opaTopHH WOT~epHHX pe~A HacTHTYTa H~epaax HcCRe

~OBaHHl! AH CCCP nposo~cH axcnepmMeHTMLHoe nayqeHHe paaxoqsux 

\l)OTQ- II 3Jl9KT~9pHHX pe~l!, B9.u;yJIIJIX K o6paaOBaHIIIJ M9T8CTa-

611JILHHX B03~SHHHX COCTOHURI! OCTaTOqsHX ~ep /Z-5/. B 3TIIX 

HCCHB~OBaHBRX HCllO~SYBTCH MBTO~ HaBB~BHHOft aKTHBHOCTH. ITO Mepe 

pocTa aHepi'I!H peaJILHHX IIJlll BIIJlTY9.lThiiHX WOTOHOB aaceJieHHe MeTa

cTa6WihHHX Bos6yx.aemnn cocromm:A: CHa'IB.Jia cTa.HOBHTCH B03MOJ!JiliM 

B pe~x HeYfiP.rroro pacceHHI!fl Ha ~pax WOTOHOB IIJlll 3Jl9KTpoaos 

(pe~ (~, Ql )"'~ IIJlll (e, e')"'' COOTB9TCTB9HHO), ,ll8Jl99 3TH 

B03MOZHOCTR pacm:PipsmrCH sa C'li§T pea.xrnrli, npoT9.RaXIIU1X C BWISTOM 

HB ~-Ml!IIl9HH H9ATpOHa IIJlll npoTOHa ,a T810lt9 p88Jlll'lli!il{ rpynn pas~ 

pD3H9HHHX IIJlll CBJiBaHHHX M9ll\llY C060l! !lyRJIOHOB. ilOJiyqa9MM B 3TIIX 

axcnepmMeHTax IIH\l)op.lalliiH o WOTo- n 3J!BKT~epHHX ~ 

aeo6xo~ ~ neuTpoB ~•JIIHX ~HHX 11 BaEHa, Hanpi!Mep, np11 

pa3BHTHH MBTO.n;mt UpmtJIBJJ;HHX a.KTRBanHOHHI:lX :pa60T • BMecTe C TBM 

:na mt4)o}JMallHH HM99T TSCHyx> CMSD C HBROTOpl:lMH BaJBHHrom np06JieMa

MJ< \l)H3HKH 3Jl9KTpOMarHHTHOrO B3lUIMO~aACTBI!Ji ~. 

I.I. Mccxe~oBaHHe nOHHoro CB'liBHHH WOTonorRo~eHHH HHme 

\l)OTO!IyRJIOHHoro nopora 

.Ilm< ll8.ll8DiliiX \l)OTOHOB c 3H9prH9A k. • M9Hl>III9ll WOTO!IyRJIOHHQ

ro nopora, ~eBos6yx.aeHHe H,ItJ8-MlDlleHH ocymecTB.J¥1eTCJI npaxTlPIBCRH 

TOJIDKO nyT§M a.r.reKTJlOMai'HHTHHX nepexo.u;oB. B aTOM ~e no.mme 

nonepe~oe ceqeHHe \l)oTonorJio~eHI!fl ~-MHIDeHH U:{.t pasuo CYMMe 

CG~SHHI aacSHeHHH H30M9pHHX COCTOHHHi OCTQTO~Oro ~' T.e. 

(}I)+ ~ """ <J"' ) • 0TCIQII8 Ot,i = "'"15/"-:JC. = ()(0 > o1
)"' "/"':it.-.. 

r~e <>Co-, 0')"'" - ceqeHJ<e ~H ( 0 , "6' )"'"-. B uacT=•• 

BpeMfl B paCCM8TpHBa9MOA O~CT!d aHaqeHJdA k 3KCll9pmMOHT8JILHM 

HHWO:pMallWl o <>~o\: BOCLMa OrpaHHq9Ha. IToaTOMy npe~CTSBJlflOT 6oJib-
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WOii HHTepec H3Y':l6ID18 B03MOltHOCTH Hax:O!UJ;9HRF.I: «tort· , C HCUOJID-

30Ba:HHBM p83YJIOTaTOB 113M9p8HW! cr-' ( Q , Q') "'"-, llOJJY'IG~, 
HanpmMep, B pe60T9 / 4 / (CCanKH Ha ~119 3KCU9pKMBHTaxoHH9 IIC

CJI9.1t0BaHIIII C9'!BHHli 0 ( l), lf' )"'"- llpl< 3TI!X aHepriiJDC MOJKHO HaliTI! 

B pe60T9 / 5 /). llna OC~9CTBJI9HRa 3TOli B03MOEHOCTH He06XOJII<MO 

y-MeT:& paccUTimaT:& a6coJiroTHH.e aHa1!alDUI hx_, np:e: p;LSJIH'IHW!: auatre

HWIX k HUe WoTOHYKJIOHHoro nopora, HO HHTepec npe.n;cT8BJiflaT :a 
OTHOCIIT9JIDIIHJi XO)t 3aHIICIIMOCTII " X ( k ) , llOCKOJIOKY OH ll03BOJIH9T 

ll<>.nyqMT:& OTHOCHT8JI:&HYID 3H8preTlf'i8CKYJO 38BHCRMOCT:& 6':h 'l • 

I • 2. McCJie.u;oBaHHe xoHeypeHI.l.Wi aMHccu 0 -KBa.HTOB H HYKJIOHOB 

llna !IaJiaJaili!X gJOTOHOB C 60JIB9 B!iCOKI<MI! 3H9pi'IIHMI! k B npo

lt8CC ,It8B036yJIU(9HWI H,ll;pa-MHlll8Hm BKJIII)"q8.8TCSI 3MHCCR.Ii B]HJIOHOB. 

BaEHoli BeJlii<[I!Holi llJIH oneHKII npeHIIJibHocTII TeopeTI!'lecKIIX npencTa:a- i 

JI9HIIli o6 aTOM CJIO,.,;OM npouecce I!BJIH9TCH O~HOJU9HII9 r, •• I rt.t 
r.~te r;:.~ - nOJ!llaH pa-!1110HHaH JUI!pi!Ha ypoll!iH llJIH peCCMaTPJ<Bae-

Moro B036YJI\l(SHHOro COCTOJll!IDI MJ!il, a fi,t - UOJI!IBJI IUIIpiiHa 

3TOro ypoB!iH. 0THOIU6HII9 rr • .t I r..,+ onpen9J!H9TCH C00THOJU9-

Hli9M M9li\IIY C9'I9Hl!.HMII <T ( "( , t' ) "'• II 15!.+ • JlOCKOJIOKY 8KCll9pi<-

M9HTaJIOHBJI l!HgJopMll!111l'! o6 OTHorueHIII! lr.J /f:i.t- HenocTaTo'!Ha, ... 
npeJtCTaBJ!HeT I!HTepec llJIH aaepr11li Boa~eHIIR E BHWe nopora 

BW!9Ta 113 JI.Ilpe HyKJIOHOB BliJlCHIITl> B03MOJKHOCTII HaxOllfJI9HRa . T;..J /l~,t 
118 peayJIOTaTOB 113MepeHIIli 0 C(' a' )"'"- II 6"'-t.t • 1!3M9p811l!H 

0 (Q, Q 1) "'' npoBO,lJ;IIJIIICl> II 06CYJIIl(aJII!Cl> B pe60Tax /3,5/, CCanKH 

Ha ~He a:Ha.JIOI'IP!HH9 3KCll9pKM9HTH MOEHO HaliTII B pe60T9 / 5/ • 
0 O"i.,t llpl< k BHil19 gloTOHyi<JIOHHOrD nopora IIM99TCH 06JUI!p!BJI aKCne

p11M9HTaJIOHBJI l!HgloiJMBl1IDI (eM, o6aop /G/) • 3Ha'II!T9JIDII8il 'IaCTl> 

.llaHHHX 0 6"-tot , llOJiy'IBHHHX C llOMCIIIl>ll M9T0Jta, IICll0Jib3y:Bllj9rO KBa311-

MOHOXpoMaTzqecxne aHH~OHBHe ~oTOHH a oxaaaBmeroca HaH6o~ee 
nponyKTII8HHM llJIH cpeJiaiiX H TllltiiJIHX anep, llpi!Ha)tena B o6aope /'7 I 
11 aTJiace /S/) • 
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I.3. Bll,lleJieHl!e BI<Jla,l(OB I'llraHTCKI!X peaoHaHCOB peami'JHOli 

MYJihT:m:IOJThHOCTH 

3Ha~TaHbHfiD ~OXD C0Bp6M8HHHX ~epH0~3H~SCRHX pa60T COCTaB

~ BCCXSAOBSHBH rHraHTCKHX p930HaHCOB, ~JThTHnOJThHOCTH KOTOPHX 

OTJIII'{amCJI OT 3JI8KTpl<'I9CKOa liWIOJ!I>I!Ol! (El ) , B 9THX HCCJI9,110BaJ!HliX 

llpl!XOJtRTC.fi BH.I{eJIHTb BKJia.IJ;ll 0IIp6.D:8JI9HHOI MyJThTmio.n:DH.OCTH Ha \tlOHe 

BI<Jla,l(OB OT JIPYI'HX MYJihTl!IIOJII>IIOCTell (npell!,lle Bcero Ha <jioHe EI-pe-

30Ha.Hca). Tpy.D;HOCTH Trutoro BH.Il8JI9HHH B HCIIO.ll113Y9Ml:lX WI.fi 3THX 

USJISi:i 3RCII9pHM8HTaJibHl:lX M8TO,:n;ax TOJIKa.JOT Ha npo.z:tOJJJK9H119 IIOHCKOB 

HOBHX MSTO,IJ;OB. 

ITpe~oMeHHHA H onpo6oBaHHHR B pa6oTe 121 MeTO.II Bll,lleJieHRO 

r»raaTcKHx peaoHaHcoa c MYJihTHnOJihHOCThiD, OTRH~o~ oT EI, o6na

.n:aeT C~8CTB9HHHMH OC06eHHOCTHMH, II03BO~mmKMH cqaTaTh era Heaa

BHCHMHM. B ~epao~ p9aKUKH OTHOCHT8~H8 BSpoHTHOCTH 38C8JI8HHH 

B OCT8T01£110M .fUtP6 p8.3JmlffibiX H30M8JlHllX COCTOHHd 1 KBJK.D;09 H3 

KOTOPHX OC\na,llaeT CBOHM Ha60poM JCapaKT8pl<CTmt ( aHepi'BSI B036ylote

HBSI E, CIIHH J I 'tl8THOCTD X ) t MOryT 38Bl!C9Th OT 3H8'tl9HHI STHX 

E9 XApaKTSPKCTHR ~ II9pBHqHOro B03~8HHOrO COCTOHHHH BO 

BXO,IIHOM KaH8Jie paCCMaTpHHaeMOil peai<UI!H, Bauoil COCTaBJlllllll91! 

~CThiD MSTO~ / 2/ HBnRSTCH BCnORb30B8HZ9 3T02 3aBBCHMOCTZ. 

CorJiacHo aHaJIHsy aKcnepHMeHT8JII>IIoa HB<jio~. npoBe.IIeHHOMY B 

pa60Tax / 9, 2/, OTHOCHTeJihHOe ycnneHHe BI<Jia,IIOB rHraHTCKHX pea"7 

HaHCOB 6o~ee BHCOKOa Mf~TKnORhHOCTH, ~BM EI (a H3 HHX ~e 

Bcero E2- 3R9KTpHq9CRHX KB~OXDHHX), 6onee Cym9CTB9HHO ~ 

BHCOKOCIIKHOBHX H30M9poB OCTaTO't!HOro JI..IU>B.. J1,rr.fi pea.m:t3a,uml M9TO,nB., 

npe,IIXOZ8HHOrD B pa60T8 / 2 /, H906XO,IIHMO npOB9,118HH8 KOJIII'{8CTB8H

HHX pacq6TOB nponecca ~9B036y~9BHH ~, Ha 0CHOB9 KOTOpHX 

MOlltHO 6y~9T H3BJI9R8.TD BKJia.,It MyJThTHIIOJihHHX p930HaHCOB IIpH pa3.JI1fq

HHX 9H8pl'BSIX B036Y"'\eHRO H = pa3Jm'{HHX peaKllldl (BKJ!lD'IaH peaH

nHH C BHJI8TOM HYKJIOHOB), 
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2. CxeMa oo.c:q6Ta "¥ -KacKana 

nna peWSHHff nepe~CH8HHHX BUW€ 3~~ H806XO~O K0~~9CT
B8HHO OITHCaTb npo~SCC ~8B036~8HRff R~, BKHIDqaff HCnyCRaHHG 
KaK l( -RB8.HTOB, Ta:K " HYKJIOHOB. llrui<e paccmTJli!BaeTCSI ynpolllellllllJ! 

Bap!!a.HT, KOTOpai! ODJICIIBa9T ,!(9B036YJI\l(9HH8 H,l\9]) lip!! 3119])I'I!aX E 
HIDK8 nopora BWISTa HyKJIOHOB, T • 8 • MO)l8JID (} -:Ka.CKa.rta. 3aMeTHM, 
~TO aTa M0)l8Jih ll03B0~8T B ~X, KOr)la peannayeTCH TOJIEKO 
Heynpyroe paccSHHHe WOTOHOB H~ a~eKTpoHOB, nponO~Th o6pa60TIIY 

peay~TaTOB 3RCll9PHM8HTaJihHHX HCCJI9)lOBBHHa B COOTB9TCTBHH C 
HanpaM9Hl<HMH, CWOPo\Y~poB8.HHHMI< BU!lle B nyHKTax I.I H I.3. 
B )laHHOM paa.n;eJIG RpaTKO 0DHCUBa8TCH HCllOJih30BaHHaH B HaCT~eR 
pa6oTe cxeMa pac'!eTa l( -Kac~a. 

BepoaTHOCTh pa,IO!anHOIDIOrO nepexo.n;a 143 COCTORHM .JI,Iq>a. l C 

aneprHe:£1 Ei,, crumoM ::It z ~STHOCTDD <JL:i B cocTOHH:wi f c auep
rRel! Ef, CIIl<HOM J,~ II 'ISTHOCTD x,~ 90Th 

cl'!AJv = r:-> f(Ef,l(t)oiEf-, 
rtot 

(I) 

r,n;e r~...,. f - napU.Ha.JrDHaJI p8,I1JfanHOHHaH D.JHpHHa, COOTB8TCTBy~ 
nepexo.rr,y H3 COCTORHIDI. i_ B COCTo.miRR: f ; f (Ef,Jft) - llJIOT-
HOCTh COCTOJll!HJ! f ; r;,:-1;- - nO~aJI IIIll]li!B8 ypoBHH ~ • B H8CTOill!l9A 

pa60T9 O -Rae~ ]JaCC'IIITHB~TCSl Ha OCHOB9 COOTHOW9HHH (I), C 

HCD~h30BaHH9M aJirO])IITMa, npe~OE9HHOrO B /IO/. 
finOTHOCTh ypoBHel! D])H 3H9])rHHX B036y~eHRH ~ E DO~ 

aHepnm: caaaz ue:A:TpoHa Bto.. ormmmaeTCH Ha ocuoae MO.ItMH \Ilep.m:-
-raaa (eM. pa6oTH /II,IZ/. 

( _ "J'") _ ('Z J +1) ex I' ( zv'.;L\) t (J + %]2 P !::: , - .c ~3 exp - -- J (2) J 4~ vz. v a.~le u '/4 I zcr'- · 

3.llach 11. = E - ~ , r,11e !5 - aHSJ:lrRH cna]li!BaHRH ,llaHHoro ~. 
D])II'IOM (OM., HaD])HM9]), /IS/) liiCDOnayeTCSl CliiCT9MaTIIKa g = 
= ~ [1-+ (·1)1: ~~-<)A-lJ, A ii J!- 8TOMHH8 B9C H HOM9]) pacCMaT]li!Ba&-
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MOrO anpa COOTB9TCTB9HHO; () - napaMeTp CTIHHOBOn 38BHCEM0CTM 

UHOTHOCTH ypoBHeH, ~ KOTOporo B ~aHHO~ pa60T9 HCTIO~D3YIDTCH 

OOOTHOmeHI!SI /I4 / 6'2.= O,I46V•UA.y3j a~O:[i•:f/U)AIV/U] 
Q= C,~,t- , AW - odoJioqe'lHWI nonj>l.B~ta,:)&i)=1-eXf(-~l-l); 0~Co">t 
CJieJlYH /II/, llp!!l!>IMaeTCJI, qTo n]lli aTKX aHepmruc y (E,J"ii )= J' (E,J..;;-) 

3HaqeHI!SI AW 6epyToH Ka oTaTLM /I5/ K ~ HOOJieJ!OBaaaux B 

HaoTOJllll9ll pa60T9 l!Jl9P II5 1h_ ; I 5S Go\ H IS~y OOOTaBJlf!IOT I, II; 

2,71 Z 1,69 COOTB9TCTB9HHO. 3Ha~9HHH llOCTORHHHX Q H 0 TI0~6H

paiDTCR H3 TIO~OHKR K 3KCTI9pHM9HTanbHOH UHOTHOCTH TipH 3H9prHR 

B036yllr,lleHI!SI E ::<B , B pe3yJILTaTe ~ HJ!ep II5I.,_ ; I 58 GJ H IS~f 

TIOJIY'!a9TCH, 't!TO (} = 0,06 J4 ({ = 15,2; 19,2; 21,1 COOTB9TCTB9HHO 

(OM, pa60TY /I3/), 

B OaMon HH3KO~ no aaepr>!H B036yllr,lleHI!SI 06JiaOTJ< (E .6 I MaB) 

ypoBHH HJipa 3a)!aiDTOJI Ha OOHOB9 OllSKTpOOKOUKqeOKKX J!aHHHX /IG/. 

llpi! saepr= B036yllr,lleai!SI E ;?I MaB ~ noJIHoli llJ!OTHOOTH 

ypoBHeli _f (E, 1;: ) =Z: 5' (E, J';)), OJIOJlYli pa60Te /l4/, I!OnOJIL3yeTOJI 
J 

Blipal!9HM9 

p (Err)= -1 - .e<p{iE-£,111)1/To(:;z) }. 
J ' TJrc) (3) 

llapaMeTp< T0 (Tc) " E0 (T), BXOJ!JlJilHe B (3), noJ!6HpaiDTOJI 1!3 yoJio

BI!SI, qTO npi! E=Jl* HaliJ!OHHWI no <jlop.oyJie (3) j' (E, :JL) j>l.BHa 

..P (Jl* ,'Ji;') - Op9JIH9ll B 0Kp90THOOTI! SH9prl!l! B036yllr,ll9HI!SI Jl* llJ!OTHQ

CTR ~CKpeTHHX ypoBHe!, H3B9CTHUX H3 CTI9KTp0CKOITRH (cM.Tadn.l) 

I! Henpep<BHOOTI! f (E,:Jv) H JJ' (E,':I; )/JE npH nepeXOJ!9 OT Blolpa

lKOHI!SI, OJIOJ!YIOOlero 113 <j>Op.oyJ!Iol (2), K BlolpalKOHHID (3). 

Pa.z:ol:a.uHOHHH6 nepeXO.zo,l B H,Il;pa.x MQjjffiQ yCJIOBHO pa3.I{9Jm:T:b Ha 

Tpll KJI.acca: CC 
1 

, c S, H S.S 
1 

( s.necc C H C yCJIOBHO o6osHatffi.lOT 

C00TB9TCTB9HHO Ha~HH9 E KOHe~He BHCOKOB036~9HHH6 KO~

-COCTOHliWI, a $ 14 $ 1 
- COOTB9TCTB9HHO Ha'lBJihHH9 H KOH9lffil:l9 

OTHOCHTarrbHO npoCTU9 HH3KOB03~8HHH9 COCTOHHHH). B COOTB8TCT

BJ!I! 0 npi!HliT!lM aJirojlliTMOM /IO/ B9pDJlTHOOTH O -nepeXOJ!OB Tl!lla S!, 
1 

6epyTOJI 1!3 OlleKTpDOKQUKqOOKKX JlaHHiolX (OM, 0 Hanpi!Mep, /IG/), 
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TadnH!IS I .. . 8HeqaHHH E 11 j (E , r.') ll11H !l,llep liS In, ISSGd 11 ISOGd 

IISrn ISSGd ISOH:f' 

E" , MaB I,2S I,2S I,3S 
J (E", $:'*I), ltaB-I I6 2S 32 
}i (E*,X=-I), MaB-I 4,S IS ro 

I I JWr ll9p8XO,Il0B TIIJia CC I! C 5 paCCMaTpi!BaKlTCH B9poJ!THOCTII 0-nepa-

XO,IlOB (I), yCpa.IlHi!IIIWO no KOMnayii,Il-COCTCHHIIIIM i- , JWr 11X Olli!Ca-
<f.>.L i<(; -«~:1 HRil BBO,IlnTCH <PoTOIIIW9 CI!JIOBII9 <!IYHHIIIIB 'Qi{:< r 'l< ~i)!: , r,lle 

:;l:l' - paccTomme MSll\llY ypoB!IJIMl! < , E 0 = E • - E ,f , >. L - MYJD>TI!-
non>aocTD II TIIJI ( -nepeXO.IlS (A = E 11n11 M C00TB9TCTB9HHO ,llnH 

3~8KTPH~8CKHX KnH MarHKTHHX nepexo~OB). 

B .IlSHHOJ! padoTe paccMaTpi!BaKJTCH cneeyl!l!IJ!e Bapi!SHTII tf 
0 

EI : 
a) MO,Il9JD> llOCTOHHHOJ! Cl!nOBOJ! <PYaxlliiH C HOPMIIPOBKOJ! HS 3KCll9pa

M9HTBnDH119 aHaqeHJm /I4/ 
;jEI = 4·I0-9 A2/3 MaB-3 • (4) 

npll aTOM npe.Illl~kaeTCH, qTO rt, Eac' = ;f ~ s I 
6) MO,IlSJD> AKCMH-Ep;mlta /I? ,I4/ O (3" 

f}t::: 6"tut/3 (rch)"E0, (5 ) 

<Yl.t (EO) - ycpe.IlHSHH09 ceqe!IHO \liOT0llOrnDI!l9HRil, ,llnH KOTOporo 

0611qao I!CllDnD3Y9TCH /7/ llO,IlrOHOqaoe BHpa39HII9, COCT~ee 113 

nOpB!liiii9HOB, xapaxT9pll3yeMHX DII!pi!BOJ! rj , nonOl!teHIIOM M8KCI!

MYM!l E ., j 11 aaaqeHl!eM B M!lKCJ!MYMO ().,. j , a l!MOHHO 

['/ - 2. E 2 )2 I , 1 <J.Io-t(Ei~)::j;,<l,./[H(t0 - "'J ;E~ ~ ] J (6) 

a,llecD H = r .IliiH C\liepHqacKl!X " Jl = 2 .IliiH .Ile\li<>pmpoBammx 

JI,Jtep, np11 aTOM llpB,IlnonaraeTCH, qT0 t:f, O~C 1 = .s,( ~S 1 ; 
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B) MO.D;Wilo, npe,111IOllteHHWI B pa60T9 /IS/, COrJiaCHO KOTOpoJi ,ll1lli 

0W9pHq9CKOro H.D;pa 

d E1_ , 1-b (A -e)~ fi E~. +LfTc'"Ts-'" _ ~ 
p -<FD -4- M•B 

¥ A E,.,· (c,!.- ~;;..~)-' ' 
(?) 

J J 6 
r.n;e Tf - TeMIIepazypa KOH9'1110rO COCTOHHIIH f , llpJ<'!iiM 3.D;9Ch 

p/(1" ~CI f. $(1"·E~~~, B CJJY'!a9 .n;apop.mpoBaHHWC H.n;e:p i!CllOJih3Y9TCH 

CYMMS .n;ayx CWIOBIIX ljJYHitllllll Tl!na (?) c secB.Mll uMJ. ~/(a-.,, 11 + 

+ o..,~ ll_ ) • r.n;e j = I I!JII! 2, CM>!CJI r j • EM j I! o.., d TOT JJ<e. 

3, Pac:q8Tht -a -K8.Cl5ailOB 

3,!. (1-1-, O )-:peaKUI!H Ha T9nJIOBIIX H9liTpoHWC 

KaK OTM6~6HO BHme, HCIIO~h30BaHH6 38.CaH8HBH H30M6poB Anff 

llOJJY'!9HI!H :m@op<an;Jm 0 H.n;S:pHHX nponeccax 38BlllCIIT OT HH.n;iill<HOCTI! 

OTIRCaHHJI 0 -KB.CR.a,I(OB. B Kaq6CTB6 T9CT8. B03MOJIHOCT8A: ROJIH-qeCT

B6HHOrQ OID:ICaHRfl B HB.CTOJIIItel pa60T9 6wm. HCIIOJih30BBH8. peaKUIDI 

!5?GJ ( n, {( )!58GJ Ha T9nJIOBIIX Hel!TpoHaX. B .n;BBHOll :pe~ 

Jipa.KTH1l6CKH O,IJ;H03H8.lffi0 8a.n;a.HO Ha:qa.JI])H09 COCTOJIBHG t. B KOMIIeyll.I{

-JI.n;pa I58GJ co 3Ha'I9HJIHMI! Cnli!Ha "' 'liiTHOCTJ/l :i" = 2- (eM •• 

HanpJ<Me:p, f 20/). K HaCTOmi19My B:peMSHH ,ll1lli STOll :pe~ llOJJY'!OHH 

«r 
3KCII9pwM6HTaHDHH9 CB6~8HBH 0 llOnHO~ ~auHOHHOft illHpHH9 fr~J 

f2 lf, 0 llOJIIIOM Cll9RT:pe HCnyCKa9M>!X B KaCKH.n;9 O -KBaHTOB y"'f (E~) 
/22/ H 06 o6pa3y>lllllXCH B Q' -KaCKH.n;9 saCOJISHHOCTHX lll!liiHIDt ypoB

HSJi pf~ /Z3/, XOTH B HaH60Jiee T9CHOll CBH3K C BOnpoCaMH sace-
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JieHI!H HSOMepoB HaxO)<I!TOH l!H\))Op.!a.Ul!H o P/'F , HO .IW< 60JI:omell 

YBSpeHHOCTl! B pea.IDICTR't!HOCTR OIIliCaHIDi Q' -Ka.Ciw.n;OB H906XO,llHMO 

COITOCT~9HH8 peay~DTaTOB pac~9TOB CO Been COBOKYflHOCThD ~OCTYIT

HOJI 8KOIT9pHM9HTa.JihHOH l!H\))Op.!aUl!l!, 

ITo onncBHHo~ B rrpe~eM paa~e~e cxeMe HaMH 6HHR npoae~eHH 

paO'IOTH ¥ -KaO~a .IWl BHill9y.aSaHHOJI paaKUBH pa)<I!~OHHOro 

SaxBaTa T9UXOBHX HS:tiTpGHOB. 

B Ta<:\Jnnje 2 pesym.TaTH pao'!eTOB saoe.JieHHOOTell Pf Ill nOJIHol! 

paJ11!8UHOHHOI\ lllllpHHll rraJ , llOJiy'I9HH!l9 0 p9.3JII/l'IH!lMil Bapl!aHTaMH 
~ E1 

OllliCa.HKfl CWIOBO:A: ~ ~Q , npHB9,JJ;9Hli BM9CT9 CO 3Haq9Hl1BMH 

"F r;"'F Pj. " r.J • c yqeToM artcnepHMSHTa.JihHol! l!H\))op.!aUl!l! o6 aHep-

reTH'!eoKoll SaBl!Ol!MOOTH %;;1 
(EO ) , llpi!B9il9HHOJI B pa60Tax /24,25/, 

0 e,Xf 
a Ta.KJK9 BCXO.rtf.[ H3 CT9IT9HH COrJiaCID.I ~ H r; .. .t 6WI c,IteJIB.H ,., 
Bl:IDO,IJ; 0 TIJ?6,1010'11TliT9JIDHOCTH BapHB.H.Ta OimCaHIDI ?o , OTB9~ero 
\))OpMy.JI9 (7), J1a.JI~H9llml!9 paO'IOT!l Q -KaO~OB B JlaHHOJI pa60T9 

llpDBOJll!Jil!O~ TO.JihHO 0 1{1 
TIO \))OpMyJI9 (7). 

J(eTa.JihHO l!Syqa.JIOO~ BJII!Jllll!9 BKJII0'19Hl!J:! B i( -KaO~ Ml- Ill 

E2-nepexo.rr;oB. BH~cneHHa noKaaanx, ~TO pacc~TaHHHe aaceneaaoc
TB HRZHHX ypoBH9:A: oymeCTB9HHO 38BHCHT OT BeHH~ TIPKM9CH B 

0 -KaCKane MI-nepexo.rr;oa, a npn aace~eHHH ypoaaea, cnHH xoro~ 

CRnhHO 0T~9TCH OT CnHHa TI9pBOHa~DHOrO COCTORHHH, Hadn~-

9TCH 60~WBH ~CTBHTS~OCTD K BKH~ B o-xac~ ~~bTRllO~ 

HOOT>! E2. HanpHMep, sao9JI9HH9 ypQBH9~ 0 :fii' = s+ (E = 0,904 MsB) 

BospacTaeT c BKJIIOl!BHHeM E2-napexo.noa B Q -Kacxa,n npHMepao, 

B ,D;Ba paaa. 

EHJIH Trutl<9 paOO'II!TaHH fiOJ!Hil9 Ofi9KTp!l V (EQ ) , COOTBSTOTBYII>

UUIB Q' -rrepexo.IJ;aM, ~ llOCJIB 3a.x:BaTa T6It1IOBHX HeiTpoHOB B 

peaKUBH I 57 Gal ( f\ , O). Ha pliO, I npi!BeilSH paoC'II!TaHH!lll onSKTp 

V (E lS ) OOBMSOTHO 0 3KOfi9pHM9HTa.JihH!lM Oll9KTp0M y<>f (E (5' ) 1!3 

pa6oTH / 22/, Ha6JI~9TCH OOr.JiaOH9 KaK B \))OpM9 Kpl!BOA, TaK H B 

a6cnnmTHHX sHal!eHBEX. 
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Ta.KHM o6pa.aoM, Ka.K cJie.nyeT Hs IIpKBe.n;eHHHX Blli!Ie pesyJI:&TaTOB, 

IIPIDI.HTBR MO,ll;9JI:b p8.CT.I9Ta 6 -KB.Clta,IJ;OB II03BOJJJl9T IIOJIY'IIRT:& y.u;OBJI9T

BOPHTBn:&H09 corJiaCH9 C WHp0KOfi COBOKYDHOCT:&ID 3KCII9pHM9HTan:&HHX 

~aHHHX. 3TOT BHBO~ COr~cyeTCH C pa3yRbTaTaMK pa60T /19 ,Z6/, 

r.n;e aH~OrH~H9 HCCJIS,ll;OBaHRH 6UHH np0B9,ll;8HH ~ pana apepa-qeCKHX 

a~ep. 
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!'Hc.I IloJIHIIe r -cneKTp.l 113 peaKI.\HH 
157<;.J (">a) aa TBUJIO

BliX H9l!TpoHax; a)paCC'Il!TaHHW! cneKTp V (EO ) , 

6) ~KCIT9Jli'M9HTaJil\HHl! cneKTP v"'F ( E a ) 113 pa60TI>ll22! 

3.2. ( 0. 6' )-pe-

OUHcaHRaH cxeMR pac~9Ta ((-xac~ 6ana npmMaHeHa K zccne
~OBaHHID peaKQHA ueynpyroro pacceHHBH WoTOHOB c sace~eHHeM MeTa

cTa6HHbHblX cocTOHHIIA np11 oaepraax n~~ ~TOHOB ~o woToael!T

poHHoro nopora ( k ~ !!>, ) Ha H,llpax IISI 1'\ 11 I BOa f . BH6op 3TI!X 

H~ep CBHSaH KaK C HaJIII'IJ!SM ,JW! Hi!X SKcnepi!MSHTaJil>HOI! J!l$>p.!a111m 
0 C8~8HRHX H OTHOCRT8~hHHX BHXO~ HCC~8~9MHX pe~, TaK H 

C TSM, "!TO y:KaSaHHb!S Jmpa npe~CTaBJIHIOT C060I! ll]lHM9p.l YM8Jl9HHOJI 

B c.nyT£ae II5r. ( ["'J- ~J I = 4) 11 CpaBHIIT9Ji»Ho 6oJr:r.moll B c.nyqae 
18'1tj. <I"'J -~J I = 8) pa3HOCTII ciTIIHOB ocHOBHoro 11 B036Yl!JieHHoro 

MeTaCTa611Ji»HOro COCTOHHIII! (DOCKOJI»Ky B o60IIX Jmpax MY ~eJIHeM 

TOHhKO no 0~0~ M6TaCTa6RHLHOMJ COCToaHHID, TO 3~8Cb H ~88 

i1H,IJ;6KC 11. BB8.l{8HHll:B: BbDII8, OIIyCKa8TCH) • 
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Pnc.2.PaccqaTaHHH8 38BHCRMOCTK H30M8pHHX OTHOWSHHI ~ OT 

aHepi'Ill! ""W'KIIll"' \POTOHOB k = p98.KUIUI nsr" <~, 0 ' J"' 

( Kp>mall I - .liJIH EI- \PQTonorJiomel!IDl, Kp>maH 2 - .liJIH 

~TOI!OrJIOIIl9HRK), 

Ha pl!C • 2 npHBB,li;BHH p8.CCTD4TaHHhl9 38BHCHMOCTR ld30MBJIWX 

oTHomelll!ll if-. oT aaepriD! n•Jl"!!IJli!X ijioTOHOB k .liJIH II5r~ (~1:;;:, 9j2 +, 

"'J'Ii=1Ji-- 1"'E = 0,336. MaB), llpH'lOM KpHBWI I - .liJIH CJ!Y'lWI EI-<»oTo

norJiomeHRK, a KpHBWI 2 - )IJIH CJIY'lWl E2-<»oTOI!OrJIOIIl9HRK. KaK 

IT0Ka3HBBJOT Bll~CJIBHIDI, IIpEMBC:D E2-ITBp9XO,Il;OB B ({ -KaCRa,li;B ,l1,IDI 

pe8.KUIUI IISrn ( 't •If')"' DpaKTII'leCKII He BJIRKeT aa pesyJI:r.TaTH, 

TaK ~TO HB pKCYHKB MH HB CTanK OTpaEaTb 3TH ~e OT~KqRH. KaK 

BIWIO 1!3 pi!C. 2, )IJIH p98.KUIUI IlSr.,_ (1(, ()')"' 1130M9pH09 OTHOII!OHIIO 

OTHOCliiTeJibHO CJia60 38BHCHT OT 3HBprm4 lla.IJ;8.JIIIUIX iJ>oTOHOB k B 

peccMOTpeHHOM .llllanasoae sHa'lelll!ll k ( 4 MaB ~ k <> 9 MaB) , '!TO 

HBnHBTCH cne,n;cTBzeM pas6poca no cUHHaM nepaoaa~hHO aace~eMHX 

COCTOHHHI KOMDayH,IJ;-~, a TaRXe H96oJibWHX p8.3HOCTBI CnHHOB STHX 

ITBpBOHa~ COCTOHHHi H MeTacTa6RnhHOro COCTOHHHH • 

.I\JIJl p98.KiliUI I8CR_& ( '6 , tJ »' CIIT]an;w! CYIIl9CTB911HO OTJIII'la9TCH 

OT TO~O qTO p8.CCMOTpeHHOa. TSKKBX OCHOBHOB COCTORHHB ~ 

IBDa:\ I!MeeT ~J'li:' = o+, To npl1l norJiomeHIIII \PQToHoB pa3Jlll'lHoli 

MY~THDOJihHOCTH o6pasyiDTCH B03~6HHHB ITBpBOHa~B COCTOH

HIDl KOMIIayait-.HJU)B. C O.ItH03HS~l:lMm BeJIJd-qJWaMH :J 1i: • Ha :p:HC. 3 

IT:pHBB,llBHll pacC'tiHTaHHI:lB 38.BHCHMOCTR H30MBpHHX OTHOmemdt ()e.- OT 

saepriD! n•Jl"BlJlllX \PQTOHOB k ,IVUI pe8.KUIUI IBDa} ('6 ,Q"l"' ("':J 

= a-. "' E = I ,I42 MaB). !Ia pHC. 3 KpHBWl I - )IJIH EI-<»OTOIIOrJio-
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X% 
2' 

10-3 2 

10-L. 1' 

10-s 

10-6 

Pzc.3 PaCC'tlliT&Ulli8 38.BHCHMOCTH HSOMBp!IHX OTHOliiBHlfil 'a::, OT 
3H8prl!l! Da,I(alllQIIX cjiOTOHOB k IJ)JH. p8al<I11!l!IS'1! f ( Q l Q 1) "'

( KPBBaH I - IJ)JH. EI - cjioTonor~o~eHRH 6ea yqeTa E2-nepe

' xo~oB B 0 -Kac~e,xpaBaa I - ~ EIT-woTonor~omeHHH 
I c yqeTOM E2-nepexoHOB,KPBBHe 2 H 2 IJ)JH. E2-cjioTonor~o~e-

HRH 6ea H c yqeTOM E2-cjioTonor~o~eHRH B If -KaCKa,I(e. 

l!lSHRH 6ea yqeTa E2-nepexoHOB B 't) -KaCKa,I(e, KPBBaH I 
1 

- = 
EI-woTonor~omeHMH c y~eroM E2-nepexoAOB B ~-xacKaAS, RpaBSH 2 
- ~ E2-woronor~0~8HHH des y~9Ta E2-nepexO~OB B o-Kac~e, 
KPBBaa 2

1 
- = E2-cjioTonor~ol!leHRH c yqeToM E2-nepexoHoB B 0-Kac

x~e. ConocTaBAeHHe pHc. 2 H 3 noRaauBaeT, ~o B paccMOTpeHHoM 
HHanaaoHe aHa'IeHJii! K IJ)JH. IS'1!f aanHCHMOCTII i£ ( k ) aHa'<HTe~:o
Ho 6o~ee KpyThle, 'iBM ,lJ,JIH II5r 1'1.. • Ma pnc. 3 BH.ItHO, Ka.Kyl) c~ecr
BBHHYBJ pom, Hrpa.lOT E2-nepexo.Dll, H,eyuule B 0 -xacRa.lle, npu: aaceJie
HHH BHCOKOCillffiOBHX COCTOJ!HH:M:. KpoM8 TOrO~ BH.JJ;HO, liTO nepexo~ OT 
EI-woTonor~omenHH K E2-woTonorJiomeHHID MOEBT aHa~TBRbHO JBB~-
~TD ~ aKTa ~OTOUOrJiomBHHH BepOHT.HOCTb 38C8JI8HMH BbiCOKOCllHHD

BOrO HSOMSpHOrO COCTOHHHfl, npn~§M MaCIDTa6 TaKOrO yBarr.Kq9HHfi 
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MOEBT ~e npeBUWaTh nopanox Be~qKHH. lloc~e~ee no~TBe~aeT 

llpaBIIJll>HOCTb 3a.Jl0llt9HHHX B pa60T9 /Z/ li,II9l\, HaJ1paBJJ9HHHX Ha pa3-

BHTH6 H638BHOHMOrO M8TO~a Bane~SHRa B~OB 3~8KTpH~6CKHX KBaAPY

llO~hHHX rRraHTCKHX p930H8HCOB. 

Ha :pldO. 4 nplme~eHH 3KOll6pBM6HTaJl:&Hl::l8 3Ha'!eHHH ce~SHIDi peax

!llll! II5r .._ ( y , ~' ) "" "3 pa6oTH I 4/, a TB.Kl!<e pacc'!I!TaHHoe """" 

C6~6HR6 3TOtt ze pe~. B~o, ~TO pac~9T npH6nH3HT6~hHO BOC

IIpoH3BO.IU1T a6COJI10'I'Hyt0 BeJimilliY 3KCIT6pi1MSHT8.JIDHOrO C6ti6HIDi ,O.n;Ha.KO 

paccqHTaHHoe oe~eHHe cn~aeT npH JMBHbilleHan aaeprua n~ 

WOTOHOB k He~ocTaTo.ao Kp,rTo. 

B pa60T6 /Z?/Ollp~9JJ9HO OTH0ll9HH6 B3B9ll9HHHX no TOpM03HOMY 

CD9KTP.r BRXO~OB ~Yx paCCMOTpeHHbiX p9aKUHll Heynp,rroro pacCeHHRH 

~OTOHOB, ~ C sacaneHBSM B036~9HHHX M8TaCTa6RXhHHX COCTOH-

HJ4ll, Y{""H\(~>o'l"']/Y1''5I"'(D,o')"'} = (0,9 ± 0,3)•10-5 Tip!! aHej>

I'HH 9 MaB. Yita.aaHHoe OTHomeHKe 6iLJio HBMH BH'tJlfCJieao c HcnomaoBa

HI!eM OKCll9p!!M9HTa.JlbHOro C9'19HRH ~ peaK!llll! IlSln. ( Q, o')"' 113 

~ r--.---.---r--,---,---,-, 
fi..~ --
~ 
ID 

1.0 

0,5 

PRe. 4 Ce'!eHI!e peaK!llll! II5r "- ( Q', c; 1 
) "'; To'IKII- pe3YJJbTaTH 

H3MepeHJ4ll 11/4/, KPIIBaH - pe3yJJbTaT pac'!eTa, npoBe~eH
Horo B HaCT~ell pa6oTe. 
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pa60TH /4/ a peay~hTaTOB pacqeTOB HaCTQRmefi pa60TH ~ ceqeHHH 
peait!1llli I~f CQ' .£1

)"' JJ oitaaMOCh paBH!lM 0,95·I0-5• 3aMeTnM, 
~TO COr~CH9 HamHX pac~6TOB C 8KCIT9pHM9HTOM ~OREHO 0~9HRBaTDCH 
C yq8TOM KaK 60~illOrO ypoBHH 8KCTI9pHM9HT~ OmE60K, TaK R 

orpruUPISHltii, BHHBJISHHbiX npH a.a:aJIHae .nammx, npn:ae.neHHHX na 
pac. 4. 

3ace~SHR8 RSOMepaHx COCTOHHHM ~ep HMeST T9C~ CBHSh C 

H9KOTOJRMH Ba.HllMIJ CTOpoHaMH BA9pHHX rrpDUGCCOB, llpoBe~GHHOG B 
HaCT0Hm9~ pa60T9 paCCMOTp9HB9 llOKasUBaST ~ ~OTO- R 8~9KTpo

R.IJ;9PHHX pea~ HaHH~e CBH3R saceneHHR H30M9poB C TIOB9,It9HU9M 

rro~Hx ceqeHHA WOTorror~o~eHHR ITpJJ aHeprRHx HOMe @oTOHYKHOHHOro 
nopora, c KOHeypeHUnea HcnycKaH:rur t -KBaHTOB H HyRJIOHOB, c Mexa
HKSMOM WoTonorJiomeHHH (poHD B~OB MY~TKITOJiliHOCTeH, OT~~ 
OT ~9KTpHq9CKOfi ~O~hHOfi). EnH IJCITO~h30BaHHH HHWOpMaUHH 0 
aaCaHSHHH HSOMSpoB B HCcnS,ItOBaHHH nepeqacJISHHUX BOllpoCOB H906-

XO~O HRA~O OITRCHBaTh ~9BOS~9HIJ9 BAGp. 

06~efi BOSMOXHOfi COCTaBna~efi qaCThiD ~9B036~eHRH BAep 
RBJIR:STCJI l)" -KaCKa,IJ;, MO.IJ;9JID KOJllftiSCTBSHHOro OilliCB.HIDI ItOTOporo 

rrpo aHeprnax ~o WOTOHyxKOHHoro rropora B ~aHHoa pa6oTa 6a.a pac
cMoTpeHa R UO~eprayTa npoBepKe. 0Raa~OCD, ~TO RCllOJIL30BaHHaa 

B pa60T9 KOHKpaTHaH CX9Ma pacqeTa t-KaCK~ IT03BQnff9T ITO~Th 
xopowae corJiacaa c aKcnapHMeHTMhH!lMIJ ~aHHHMH .zr.na pea.KJ.Il!ll ( n. •/(; 
Ha TSMOBilX HefiTpoHax a ( (j, o' )"'. llam!o OTM9T>!Th, ~0 ,lJ,JIIl 

~OCTRE9HKH 8TOro COr~aCHH He TIOH~OdKnOCb BBO~Th CBOdO~H9 

rrapaMeT]Jil. 

llpoBe~eHHHe pacqeTH noKasann, qTo B ((-Kac~e neodxo~o 
y-qH.Tl:lBaT:& Hapany C 3JI9KTpli't!8CIOOOI .IOmOJl&HHMH 0 -II9peXO,na.Ml11 Mar

HHTHH9 ,D;Hll0JI:&HH9 0 -nepeXO,II;bi, a npH paCCMOTpeHIDI 3aCeJI9HIDI 
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BHCOKOCimHOBHX H30M8J>OB Cy:tll8CTB9H TaKBte BKJia;D; B 0 -KaC~ 
aJieKTpatteciWX KBa.n;pyliOJihHHX 0 -nepaxo,ttoB. KpoMe Taro, AJIH 

cnyqaeB 98CSH8HKH BHCOKOCDHHOBHX B30M6pDB pacq9TY llO~TBep~ 

aHa:truTe.n:&Hoe YBSJIKqGHBe POJIH a.neKTplP!ecxoro ltKB8.ltPYIIOJII,HOro 

WoTonor~o~eHHH, qTo ycnnHBaeT o6ocHOBBHHOCTD npe~omeHHoro paHee 

B pa60T9 /2/ M9TO~ B~axeHRH 9~9KTpaqecKHX KB~pynO~hHUX rHraHT· 

CKHX peSOHaHCOB • 

.IJ:OCTHI"HyTI:i8 llOJIOJmT6JIDHH8 peay.JI.hTaTH B OmtCSFrnlol 0 -Ka.CKBJI;OB 

~eJIBDT 60Jiee OllTHMRCTHqecKOft BCE nporpaMMy HCTI0~30BaHEH sace

~9HHR HsoMepoB AnR HsyqeHHH woTo- H ~eKTp~epaux peaKUHI. 

ABTopa 6JI8I'o~pm; Jr.E.JiasapeBoll sa nJIO)J;OTBOpa!le o6cyll\!l;eHHH, 

P.A.SpsMll!l!Hy sa noMOJill> !Ia pasJIIl'IIIIIX aTanax pa60TII, E.li.I'pHrOpi>e

BY aa no~esB!Ie coBeT!I H npe.n;ocTaMeHHe MHB!IX no ( )1-, 0 )-peaJ<I!HH. 

A.C.~OBY H M.B.Me6amo sa KOHCY~I>T~ no OnHCHHIDO nJIOTROCTel! 

ypoBHell H,llep, B.B.Ba~oBy, II.H.Bo6oiiiiiBY II B.B.CypryTHHOBY aa 

npe.n;OCTHM9HH9 cneKTpoCKOnM9CKOJi lllllj)O~ 0 KO!!KpeTBIIX H,llp8X, 

H.H.Ko~ecHJ<KoBy, D.li.lionoBy II A.M.CyxoBOMy aa no~eaHHe o6cyll\!l;e

HM BOTipDCOB pacq8Ta ?) -Ka.C&a,IJ;OB • 

Kor~ ~ pa60TH ~ nOJliiOCTbKl 9aB9pu!9Ha, aHTOpaM 

CT~O II3B9CTHO 0 pa60T9 /2S/, B KOTOpoi! TaKXe, npaB~ HBCKO~DKO 
B ~roM KOHT8KCT6, 6un npoBe,tteH pacq8T aaceJI9HHOCT6i B p8SKUHH 

I5?GJ ( ~ , t )I58Q,( • 
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