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1. 

npOW81lW88 ll8C!ITUn8Tll8 X8p8KT8pHO llnH p83BIITll!I tpll311KII CllnbHblX B38HMO

ll8ACTBHR TeM, qTo H8CMOTPH Ha OTCYTCTBll8 nocnellOBaTenbHOA noneaoA Teopuu &Tux 

B3811MOll8ACTBHA, YllMOCb npOllBIIHYTbC!I B nOHIIM8HIIII PHll8 KOp8HHblX BOnpoCOB, Ha 

nepellHIIA nnaH BblllBHHynocb ucnonb30B8Hll8 T8KUX o6mux coo6pa»<eHuA, K8K 38KOHbl 

coxpaHeHHH, pa3n11qHbl8 CIIMM8Tpll'H B38HM01l8ACTBIIA, CB!l38HHbl8 C npl!qffHHOCTblO 

rny60Kll8 coo6pameHHH, npllBOllSllllll8 K CB0ACTB8M 8H8nHTHqHOCTH 8MnnHTyll nepexo

.ooa. 

l,130TonHqecKa11 11Haap11aHTHOCTb, 3ap11i:ioaoe conp11»<eHHe II o6pameHue apeMeHu, 

H8W8JlWll8 MHOro npHM8H8HIIA 38 nocn81lHll8 rOJlbl, no3aon11n11 nonyquTb Pllll CTporux 

pe3ynbT8TOB, He 38BIIC!llllllX OT Jl8T8nbHblX CB0ACTB CllnbHblX B3811MOJ18ACTBIIA, 

nocne 1955 ro11a 0CHOBHOA IIHTepec nepeM8CTllnCH B o6nacTb 1111cnepc110HHblX 

COOTH0W8HIIA (11.c.) cnaqana no OllHOR, a B nocn81lH88 Bp8M1 no M8KCIIMMbHOMY 

qucny nepeMeHHblX, npe11enbHO CTporoe JlOK838T8nbCTBO cnpaae.i:i.!1HBOCTII ll,C, npu 

<J:,11Kc11poBaHnoA nepellaqe uMnynbCa M8TOJ10M H,H,Boron106oaa C031lMO caMb18 Ha11em

Hble OCH0B8Hll!I 11n11 np11M8H8HHA IIX K ananH3y 8KCn8pllM8HT8nbHblX ll8HHblX, 

Cne11Hq,11qeCKll8 H JlOBOnbH0 orpanuqeHHbl8 B03MOlKHOCTH 8HMH38 06ycn0B11nu 

onpelleneHHb18 Tpe60B8HH!I K 8KcnepHM8HTMbHblM .ll8HHblM- Tpe60B8Hll!I npOB8Jl8HH!I 

no,ciqac TPY.llHblX, HO "uHTepnpeTupyeMblX" 8Kcnep11M8HTOB, 

Pell aonpocoa, CBH38HHblX C 1130'i'onuqecKoA HHBapuaHTHOCTblO CllnbHblX B38HMO

.ll8ACTBHA, 6bln pacc~oTpen B 1953 ro11y B K8Hll!IJ18TCKOA .llHCC8pT8UIIII 8BTopa, 

3.ll8Cb co6panbl pa60Tbl 8BTOpa, nocBAlll8HHb18, B OCHOBHOM, Tp8M aonpocaM <J:,11311• 

KIi cunbHblX B38HM0.ll8ACTBHA: 

1. non11pH3~UIIOHHbl8 HBneHHA B o6paTHblX pe8KUH!IX II o6pameHHEi Bp8M8HH, 

2. np11M8H8HH8 .ll,C, .llnH 8Han113a pacce!IHH!I nuOHOB II HyKnOHOB npu MMblX 

sHepr1111x II on11pa10m11Rc11 Ha .ll,C, aHan113 .pacc~HHHH '( -KB8HTOB HyKn0H8MH 0 

.lleATpoHaMu ll. cno»<HblMH H.llp8Mu B wupoKoA o6nac'rH sHeprHA, 

3, OKononoporoBbl8 oco6eHHOCTII B ceqeHUAX II np11M8H8HH8 K auanH3y IIX .ll,·c. 

noMuMo sToro 06cy»<.llaeTc11 "non10conorHqecK11A" no.llXO.ll, paccMaTpuaaeTcH 

nom1pu3yeMOCTb H.ll8p II HyKnOHOB, ·nom1p1138UHOHHbl8 8<p<p8KTbl B Pllll8 npoueccoB 
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C yqacTH8M qiyHll";M8HTanbHblX qaCTHll H HJl8P H pS!ll JlpyrHX eonpocoe qlH3HKH cHnb

HblX B3aHMOJl8JiCTBHli, 

0CHOBH08 COJl8p>KaHH8 ,tlHCCepTaUHH 6a3epyeTCSI Ha pa6oiax 
111

-
1121 

Bblnon-' 
H8HHblX aBTOpOM qaCTHqHo COBM8CTH0 C 'i>KOY ryaH-q>KaO H C C,M,6Hn8HbKHM, 

n.Jl.TTy3HKOBblM H p .M.Pb!HJlHHblM H ony6nHKOBaHHblX B )1(3Tct> H qacTHqHO B 

Nuclear Physics. 
/13-/19/ 

TTplJ o6cy>Kll8HIIII np11enexa10Tc11 pe3ynbTaTbl Jlp~r11x pa6oT aeTopa 

Pe3ynbTaTbl H8KOTOPblX pa6oT o6cy>KJlMIICb Ha .,aceCOI03HblX K0Hql8p8HUIISIX 1955 roJla 

(Mocxea), 1959 roJla (,Qy6Ha), Ha M8>KJlyHapOJlHblX KOHqlepe11u1111x no ql113HK8 BblCO

KIIX II cpellHIIX 3Hepr11ll e 1958 C'OllY ()Keueea), B 1959 rOJlY ,(K11eB), e 1960 rOllY 

(MocxBa) H Ha p11Jl8 ceMIIHapOB, 

.U11ccepTau1111 COCTOHT B3 qeTblpex rnaB, pa3JleneHHblX Ha JlB8 qaCTB, 8 nepeoll 

qacTB co6paHbl pa60Tbl, B KOTOpblX 6hlnO ycTaHOBneHO HanBq11e OCHOBaHHblX Ha o6pa

THMOCTH JlBll>K8HIISI CBSl38ll M8>KllY non11p11aau110HHblMII 11eneHIISIMII BO B3aHMHo-o6pa-r-

HhlX peaKUHSIX. 

0cHOBH08 COJl8p>KaHH8 BTOpOll qaCTII CBSl3aHO C npHM8H8Hll8M JlllCnepc110HHblX 

COOTHOllleHBll K aHMH3Y npoueccOB CllnbHOrO B3SilMOJl8liCTBIISI n11ouoe, uyxnoHOB H 

y -xBaHTOB C uyxnoHSMH, 

11, 

11ccne]loBaHll8 c11nbHblX B3allMOJleliCTBllll 
Y · -1rnaHTOB, n110HOB II HyxnoHOB 

C HyxnOHSMH noxaaano, qTO cnllHOBSSI 3llBIICIIMOCTb B3allMOJl8liCTBBSI HII B xoeM cnyqae 

He S1Bnll8TCSI Manoll, TTpH nocTp08HIIB qiopManbHOll Teop1111 11Jl8pllb1X peaxuBll Jlnll qac

TIIII co cn11HSMII oxasanOCb oq8Hb nnOJlOTBOpHblM 11cnonb30BSHll8 coo6pa>K8Hllll CHMM8T"" 

p1111 np11 npocTpaHCTB8HHblX epalll8HIISIX H oTpa>K8HIISIX H oco6eHHO npH o6palll8HHII 

Bp8M0HH• 

Ha116onee paapa6oTaHHoll ceJ!qac 11en11eTcH Teop1111 T,H, '611HapHb1X ·peaxu11ll', 

Kor.o..a B HS'IMbHOM H KOH01{HOM COCTOSIHHH H~88TCSI no JlB0 qaCTHllbl. 3aKO~hl coxpa-

H8HHSI _II coo6pa>Ke111111 CHMM8TPIIII HBKnaJlblBSIOT IIM8HHO JlnH T8KIIX peaxuall p11Jl cyllle

CTB8HHblX orpaH11qeH11ll II npBBOJlSIT K pHllY BHT8peCHblX cooTHOlll8HBll, 

HaH6onee H3B0CTHbIMH orpaHK'll:8HHSIMH smnsuoTCH npaauna OT60pa. 

l 

l 
l 
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CneJlCTBBSI T-1rneapB8HTHOCTH npo11BnS110TCS1, B006Ule r0Bop11, B BB]l8 CBSl38ll 

M8>KJlY o6paTHblMB npoueccaMH H qlll30Bb1M.; C00THOW8HHSIMH M8>KllY M8TpHqHblMH 

sneMeHTBMII H aMnnHTyJlaMR HCnycxaBHII, 

K 1952 roAy npH aHanH38 nonllpB38UHOHHblX IIBn8HHll B ynpyroM paCC811HHH 

6blna ycTaHoeneBa 6onblllall ponb o6paTHMOCTH ABH:>K8HHII, Tpe6oeaHHII KOTOpoll 3HaqH

TenbHO orpaHHqgBaIOT 06UlHll BHA aMnnBTyA ynpyroro pacceHHBSI qaCTHII co CnHHaMII, 

Jln11 npOH3BOnbHblX npoueccOB Tpe6oeaHHII HHB8pH8HTHOCTH CHnbHblX B3aHMOAell

CTBHJI npH o6paweHHH epeM8HH npHBOJlHT K ycnOBHIO CHMM8TPHH s - MaTpHllbl, 

SI 
a·.t, a••'-• ~ s' a•e•f• I a ef 

(1) 

CooTHOW8HH8 CHMM8TpH_H cnpaeeJlnHBO Jlnll peaxuHll C npOH3BOnhHblM qHcnoM qaCTHII 

B HaqMbHOM B K(?H8qHOM COCTOSIHHSIX, 8 npHB8Jl8HHblX B J:lHCC8pTaUBH paoOTaX Mbl 

orpeaqBBMHCb pacCMOTpehH8M 6HHapHb1X peaxuall, 

lln11 paCCMOTp8HHll non11pH3a11HOHHblX IIBneHHJI B 6HHapHb1X peaKUHSIX B nocneAHH8 

rOAbl pa3BBT M8TOA MaTpHllbl nnoTHOCTB, KOTOpblM Mb! H nonb3yeMCH, 

Jln11 B3aHMOJl0liCTBHII 6eccnHHOBblX qaCTBU ycnoBH0 (I) npHBOJ:lHT K paeeHCTBY 

J:lHqlqlepeHUHanbHblX ceq8HHll npllMOll II o6p8THOJI peaxuHJI, Jlii11 qaCTHU co· cn11HaMH, 

KOr)la CKa3blBa8TCII paan11qae M8:>KJlY o6paIU8HHblM BO Bp8M8HH H o6paT.BblM npone!='CaMR, 

3TO :>K8 yCnOBH8 npHBO)lHT K paB8HCTBY yCp8JlH0HHblX no CnHHaM Ceqe11HJI npSIMOJI H 

06paT11oa peaKUHll (~uony)lBTMbH00 p8BB0B8CH8' no T8pMHHonorHH raaTnepa). 

Ho B cnyqae. B34HMO)l8ACTBHII qacTHII co CnHH8MH I nOMHMO ceqeHHSI B38HMO)lel!

CTBBll 11enon11pH30BaHHblX. qacTHII, qepe3 aneM8HTbl S -MaTpHllbl Bblpll>KllIOTCII cpe)l-

11118 311aqeBBII CnHHOBblX onepaTOpOB B npllMblX H o6paTHblX npoueccax, KOTOpble Tax

:>Ke BenOCp8JlCTB8HHO B3M8pHMbl, 

. BBH.llY CYlll8CTBOB8HHll C00THOW8HHll ( 1) npe.llCT8BnllnO HHTepec paccMoTpeTb 

ero cneJ:tCTBHll )lnSI nonllpH38RBOHHblX llBn8HHli B DpSIMblX II o6paTHblX peax111111x, HallTH 

CBll3H M8:>K.lly non11p113aUHOBHblMH l1Bn8HHHMH BO B34HMHo-o6paTHblX peBKIIHHX, 

no)l06HM CBSl3b o6cy:>K)lM8Cb B naTepaType nim OJtCCMOTp8HHH non11pH38UBOHHblX 

11BneHBA B ynpyroM paccellHHB, BHaqane J:tn11 cnyqa11 ynpyroro pacce11HBll qacTBU co cn11u9M 

1/2 Ha ll.llPBX npoa3eonbHoro cnaua, a 3aTeM_ J:tn!I cn11ua 1 6blno noxa3a110, qTO M8>K.llY 

nonapa3a11aell qacTHU < U >c O B03HIIKSIOW8ll npH B3aHMO.llellCTBBH H8DOnllPH30BaHHblX 

'{aCTHU, II a3HMYTMbHOA acHMM8TpHeA i 
p 
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i(O,cp) * iJO)+i,, 
B C0'18HHH paCC8llHHll nonllpH30BaHHblX 'laCTHil Ha HenonllpH30BaHHOll MHW0HH HM00T 

M0CTO CB!l3b 

io<O)<;>,N~i,, (2) 

rD.e io<o> 
➔ 

- ce'leHn.e paccel!HHll aenonllpnsoaaHHblX qacTnu, a N - aanpaaneane 

nonllpHsanHH ny'IKa. 

C nenblQ o6o6weHHll 3TOro COOTHOW0HHll, B. i Jt 6blna D.BTailbHO paccMOTpeHa 

KOHKp0THal! napa peaKnHll D.OBOilbHO o6wero BHD.a 

N + N ➔ d +·11 

d.+11-+N+N, 

(A) 

(B) 

R M0TOD.aMH q:,opManhHOll T00pHH peSKnHll LI.Ill! HHX 6blnH paCCM0Tp0Hbl BC0B03MO>KHbl0 

nonl!pH3ailHOHHbl8 sq:,q:,0KT1;1· 

06urnll BHD. aMnnHTyD.bl, KOTOpal! 6blna nocTpOeHa LI.Ill! D.aHHOll napbl peaKuHll, 

COD.0p>KHT 6 CKanRpHblX q:,yHKilBll. 

HapBD.Y"C o6cy>KD.0HH0M nom1pH38DHOHHblX SIBil0H11ll B o6paTHblX peaKnH~X 6blilO 

yKasaao, '!To, Hsyqau peaKnHIO d+ n+ ➔ p+p, MO>KHO nonyqHTb CB0D.0HHB 

0 peaKDHH P + P .. d + ,,+ npB 9HeprBBX npOTOHOB, npeBblWaIOWHX 9Heprmo 

npoTOHOB B yCKOpHTene, C IlOMOWbIO KOTOporo nony'leHbl IlHOHbl. 8 9KcnepHM0HTax 

HeraHOBa H napq:,eHOBa, IlOCTaaneHHblX B na6opaTOPHH BA0pHblX npo6neM, yD.ailOCb 

T8KHM o6pa30Jli DPOABRHYTbCll BDilOTb D.O saeprRR npoTOHOB 003 Msa. 

noD.po6aoe paccMOTpeane IlOilllpHsanpoRHblX 9qlqJ8KTOB B o6paTHblX peaKURBX 

UOK83ano, 'I~ xaK D.Illl BBKTOpHOll nonllpH3aUHR, TaK H LI.Ill! T0H30pHb1X B8IlH'IRH cywe

CT.ayeT o6o6weHH00 COOTHOW0HH0 non11pusaunsi-acRMM8TpRll. 

CyweCTBOBam1e ycnOBHll ( 1) D.enaeT anpeopn llCHblM, 'ITO cyMMapHall HHqJOpMa

URB, H3BneKa8Mall H3 R3Y'l0HHll npllMOll peaxuun, COBIIBD.88T C cyMMapuoll BHqJOpMa

unell, ·nony'la8MOll npn uccneAOBBHHH o6paTHOll peaKnBB. PesynhT8Tbl pa60Tbl / 1/ 

·noK83blB8IOT, 'ITO LI.Ill! paCCMOTp&HHOll 6BH8pHoll peaKnHR D.OBOilbHO o6wero BHAB ycno-

8B8 ( 1) npHBOART K CBll3llM M0>KAy 83RMyTanbHoll 8CHMM8TpneA B peaKURH (A) H 

DOilllpR38UH8A HyKnOHOB B peaKnHH (B), UOD.06HblM COOTHOW0HH!IM M0>KAY uenon11puso

B8.IIHhlMH C8'18HBHMB. AsanorH'illbl8 COOTHOlll8HHH OK83bl88IOTCH HM810lllHMH M8CTO JI .an.st 

6onee cnO>KHblX sq:,q:,eKToii. 

i. 

I 
\ 

I 

l 

I 
l 
l 
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B / l / paCCMOTp8HH0 61,mo npoaeD.eHo Ha. npnMepe KOHKp0THOll peaKnHH. <l>opManb· 

Hoe AOKa38T0IlbCTBO D.Illl cnyqau 6nHapHoll peaxuHH C 'laCTHU8MH npOH3BOilhHblX CilHHOB li'>llt.fl!,'ol' 

6blno npoaeiieHo M.11.WnpoxoBblM ie;a Alt'. 

B 
131 

BHBnHs npOBOAHilCll npHM0H8HH8M M0TOD.B UOCTpOeHHll MaTpHUbl peaxuHR 

KBK q:,yHKUHH BOilHOBblX B0KTOpoa H onepaTopoa CUHH8 B Ha'l8IlbHOM H KOH0'1HOM COCTc:tl!

HHllX. 3TOT M0TOA llBilll0TCll o6o6weHH0M npoueiiypb! Bonhq:,8HWT0l1Ha H Awxiiaa, 

Jlanuua. H naKHHII. 

Jln11 YA06CTBa paCCMOTpeHlill CBOl!CTB CHMMeTpHH MaTpHUbl D0p8XOD.8 Mh(nb, n
0

) 

HCnonb3yeTCll nonHal! COBOKYilHOCTb onepaTopoa T IM<i •• ib ) • KOTOpal! npeo6pa

syeTCll cornacHO H8DpHBOAHMOMy npeD.CT8Bil8HHIO aeca (2 J + 1) TpexMepaoll rpynnbl 

Bp8Ul8HHHe 

Ecnu 

TyAa KOTopoll 

\fab(n.,nb) 0603H.~'la0T MIITpnuy pellKilHH 1 o6paTHOll K D.aHHOll, BMDnH-

M b• (it,,, rt.> • o6paTHMOCTb llBH.>K.8HHH npHBO.O.HT K COOTHOW8HHIO 

riie l . H X 
b 

IC "1+ (itb. it ) = ,Cb. T \I (-it • -itb) T"1 
• ba • ab • t (3) 

HMnynbCbl OTHOCHT01lbHOro .ll.BH>K8HHH B H8tJ81lbHOM H XOH8'1HOM 

COCTOHHHHX, 1. H it b - 8.0.HHHlIHhl8 B0KTOpb1 BllOllb STHX uanpaaneHHA, a T ~ onepa

TOp o6paweHHll apeM8HH. 

CooTHOWeHne (3) ca11sblaaeT xosq:,q:,nuneHTbl pasno»<eHHll MaTpun ''•b H \Iba , 

'ITO D.110T B03MO>KHOCTb IIOCTPOHTb MaTpnuy o6paTHOll peaxnuu, ecnu H3B8CTHa M 

npl!Moll peaxuuu unu Hao6opoT; 

Ecnu BB8CTH 011epaTop1,1 TIM H Tl'M• ·, KOTOpble D.ellcTayidT Ha cuuaoable 

LI.Ill! 

nepeMeHHble 118CTHU B H81181lbHOM COCTOHHHH. H OKN 
OIC'N• , KOTOpb18 D.8.llCTBYIOT 

HS CRHHOBble nepeM0HHhl0 B KOH81fHOM COCTORHHH, TO HaH6onee o5mee saKJJIQ'l8HH8 

0 CBll3llX M0>KD.y BC8B03MO>KHb1MH non11pH34UHOHHblMH aq:,q:,eKTaMa B o6paTHiix peaKnH!IX 

,ll80TCH COOTHOW0HH0M 

+ + . 
2 f JCN,.Jtm'., (.. -+ ) IM l'M! + (.. ➔ ) I = ~. Sp fJ f:J 1u,,. n,,,n. T T Mb:a nb,n

4 
. 

( ) J+J•+K+K•+M+M•+N+N• 
2 = -1 "i, 

(4) 

+ + 
Spl T 1""J'1'-M'M •• (.;;.,.~b)0""No"'-Nt,:b ~;., • .;:) I • 
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KOTopoe npH .J =- .1· =- " .. "' I'll O ' T.e. Kor.aa ace T H O CBOLl,SlTCSI K. e.aHHHtf:HhlM 

MaTpHU4M, CBOJlHTCH K COOTHOW8HHIO Me>1<.ay ttenonsipH30B8itHblMH C0'l8HHRMH • 

B 121 
6hlnK paccMOTp8Khl cne.nCTBK!I IIHB8pHBHTHOCTII np11 06pawen1111 epeM8HK 

.nnR T8KHX npoueccoe C Y'<8CTll8M Y -KB8HTOB K8K qJOTOpO>K.£1811118 n110IIOB II pa.n11a-

llUOHHhlll 38XB8T nllOHOB HyKnOH8MH K npOTOHHblil KOMnTon-a<j,q:>eKT. 

llOMIIMO T80p8TH'l8CKOI"O, nony'IBHHhl8 3.ll8Cb pe3ynhT8Tl,I IIMBIOT TOT 9KCnep11-

M8HTMbHblll IIHTepec, 'ITO K3Y'IBHll8, naupnMep, nonnpH38(lllll nyKnOf!OB npn <poTopac

wenneHHH .nellTpOHOB .naeT Ty >Ke IIH<pOpM8UIIIO, 'ITO II pa.n11a11110HHblll 38XB8T non!lp11-

30B8HHOI"O HyKnoua HyKnOHOM, ll3Y'l0HH0 non!lpll38UIIII Y -Keau-ra npff pa.n11a1111011noM 

38XB8T0 uellTpoua npOTOHOM 9KBIIB8neHTHO H3Y'l0HIIIO !pOTopacwenneHll!I .nellTpona nona-

pll30BIUIHhlMff Y -KB8HT8MII, 8 npoee.neu11e Tpy.llHblX 9KCnepHM0HTOB no 113Y'l0HIIIO 

pa.nKBllHOHHOI"O 38XB8T8 n11011oe nyKnOH8MH 9KBffBaneHTHO 113yqen1110 !pOTOpO>K.ll0Hlllt 

n110HOB MOHOXpOMOTll'IBCKIIMII y -KB8HT8MH Ha c~o6o.nnoM nellTpone. 

8 38Knl0'18Hffll o6cy>K.ll88TClt aonpoc O B03MO>KHOCTII 9KCnepllM8HTMbHOll npo-

B8pK11 ffHB8p11'anTHOCTII C nOMOWblO 06061Jl8HHblX COOTH~W8Hllll non!lpll381llllt-&CIIMM0Tplllt. 

Ha np11Mepe 8Mnn11Ty.nw paCC0Hlllt 6eccn11HOBOl1 '18CTll!lbl na MIIWBHII co CIIHHOM 

1 /2 nOK83BHO, 'ITO B OTCYTCTBHII IIHB8pHBHTHOCTH. np11 npocTpOHCTBBIIHhlX OTpO>KBllllltX 

COOTHOW8HH0 Me>K.ny nenon!lpll30B8HHblMII COOTHOWBHll!IMII co6n10.naeTCK, a COOTHOwe

/4/ 
HHK . Bonb!p0HWT8l1Ha HeT; TOKIIM o6pa30M 

I 
npoeepKa 11ocne.nn11x COOTHOW0Hllll 

OK03bl880TCK 6onee '<YBCTBIITBnbHOll K CHMM8Tp1111 CHnhHblX 83811MO.ll0llCTBllll. 

111. 

B o6meM cnyqae 6unapnwx peaKUHll MOTpuua nepexo.na paanaraeTCR no nonuoll 

CHCT0M8 nenpHBO.llHMhJX T8H30p0B T 1M(j ,j ) • 1-IHcno CKSn!lpHhlX q,yHKIIHll, . ~ 

IIBn!IIOIUHXCII K03!p!pHUH0HTBMII 3TOI"O pa3nO>K0Hll!I, 011pe.nen!l8TC!I coo6pa>K8HH!IMH 

CHMMBTPHH, Ka>K.naR cKanRpnaR q,ynK11n11, RBmnomaRc!I ij,ynKunell .llBYX KHHeMaTH'lecKnx 

HHBap11anTOB H 06na.na10maR onpe.nenennoll Kpocc-cHMMeTpnell, y.noeneTeopReT .n.c. 

B o6meM no.axo.ae K npHMeHeHHIO .a.c. MO>KHO OTM0THTh ,.nsa uanpaaneuue. 

npu nonhlTK8X Hcnonb3OB8HHSI .o..c. K8K OCHOBbl .nnH JlHH8MHll8CKHX ypBBH0HHA 

orpy6neHll0 .n.c., Hanp11Mep, .nnR n116n-nyKnOHHOI"O pacceRHHlt npllBO.llHT K ypaBH8HllllM 

l.fy-noy-BHKB. noKa 3H8'1ffT8nbHO 6onee nnO.llOTBOpHblM OK83blBBIOTC!I np!IM8H0HH!I 

n.c. KBK COOTHOW8HHA nnsi KOppen_SIUHH 9KCll0pHM0HTanbHblX O.BHHbIX, .onsr 8H8llH38 

' i. 

I 
l 

,, 
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9KCn8pffM8HTan&HblX .ll8ffHbIX ff npoee.nenffSI H8.ll8>KHbIX Bbl'lffcnenffll B 6onee cnO>KHbIX 

nponeccax. 

npff npffMBHBHfflIX .neollnwx npe.ncTaenen11ll TaKoll no.nxo.n K .n.c, TBK>Ke oKa-

3b1B88TCH .llOBOnbHO nno.a.oTBOpllbIM, 

Bo BTopoll rnaee co6pauw pa6oTbl, e KOTopwx .nnR auanffaa nffon-HyKnonnoro 

ff HyKnon-nyKnOHHOro pacce11HfflI npH MBnblX aneprH!IX npHBn8K8IOTC!I .n.c'. npH !pHKCH-

poeannoJI nepe.naqe HMnynbCa. 

KopOTKo.neJlcTeue cnnbuwx B3BHMo.neJlcTeHJI noaeon11eT npu!"eHRTb .nnR auanHaa 

pacceRHHll B o6nacTn Manblx aueprffJI • paa no>Ke1111e no acpcpeKTffBHOMy pa.nffycy•, 

A. 8 H8CTO!IIU80 Bp8M!I npe.ncTaBn!leTC!I !ICHhlM, 'ITO .n.c. npff !pffKCffpoeannoll 

nepe.naqe HMnyn&ea He MoryT >IBHTbCSI OCHOBOJI •.lnlI .llHH8MH'l0CKOJI TeopHH. Ko epeMe

Hff ony6nnKoeanff>1 pa6oT, eowe.nwnx eo BTopy10 rnaey, CTana RcnoJI 11eo6xo.nHMOCTh, 

npe>K.ne 'IBM nepexo.nHTb K np116n11>K8HHbIM ypaeneHllllM; npOB8pllTb OCHOB8Ten&HO C 

p83HhlX CTOpOH COOTB8T_CTBHe TO'IHhJX a.c. axcnepHM0HTBnbHIJ:M .llBHHblM., C TeM, llT06bI 

HMyt:IHTb .MSKCHMYM pe3ynhTSTOB, HCnonb3yH Jl.c. xax COOTHOW0HHR,. HttTepec K nono6-

HOMy cpae11enH10 6wn yeenuqeu B 1957 · ro.ny B03HHK11oee1111eM 'npo6neMbt nynm1-WTa11-

rennHHH'. 

Ll.nH Toro, llT06hI HCXO.llH Ha .n.c. C BIJ:lfHTSHH0M nnH IlHOH-HyKnOHHOl"O pac;ceHHHH 

enepe.n nony'IHTh COOTHOWBHIIR, KOTOpbl8 6y.nyT cnpaee.nn11eh1 npH MMbIX aueprllllX' 

Mbl e 
151 

eocnonb3osan11cb paano>Ke1111eM no ag,q,eKTHBHoMy pa.n11ycy .nnR s II p -

cpaa nHon-nyKnonnoro pacCB!IHKll C TeM, 'IT06bl Bblp83HTb 38BIICIIMOCTb .neJICTBl!Ten&

HOJI 'lacT11 aMnnHTy.llhl pacceRHHR snepe.n OT a11epr1111. npo.n11cpq,epe111111poeae .n.c. no 

KBa.o.paTy noneoa: 3H0pl"HH H nono:m:Hn 38T0M (1) 2 =- ~: , Mbl nony11unH BhIT8K810lllHe 

Ha .a.c. CBR31I Ha JlnHHbl pacceRHHH H a(pQ)eKTHBHhI8 P8.llHYChI B paanHlfHbJX COCTOHHHHX. 

CpaeneuHe nony'leHHblX COOTHOWBHIIJI C HM8BWHMIIC!I Tor.na 9KCnepllM0HTMbHblMII .naa

HbIMII noaepn11no nonyqnTh pn.n aaKn10qen11JI o ij,aaax Meao11-11yKnon11oro pacce"""" np11 

Manwx a11eprHRX 6ea 06pame11HR K ypae11e11_11RM '-ly-noy-B11Ka. Peayn&TaT .nnR pacce..-

HHH OTpHUBTenbHblX IlHOHOB oxaaancH .noaonbHo 'IYBCTBHTenbHhJM K BKna.oy HepeaoHBHC

HhlX p-cpaa. 

TaK KBK nony'IBHHbl8 COOTHOW0Hllll 118 CO:i:tep>Kan11 BKna.na He11aon10.naeMOJI o6nac

TH1 OHH 6binH npSIMO csepeHbl C 3KCnepHM8HTBnbHhIMH .llBHHbIMH. BIJ:no nony11eno xopo

wee cornacHe .o.nH pacceSIHHSI nonO)KHTenbHbIX llHOHOB Ha npOTOBax H H0CKOnbKO xy.o.WHl\ 
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peayn&TaT .c:ns paccesHss oTpauaTen&Hwx naoaoa. nocneay10wee yToqaeaae 9Kcnepa-
. . + 

M8HTMbHbIX .aaHHbIX1 He M8HSH 38KJil01{8HHA OTHOCBt'8llbHO pacceRHHH tr -Me30HOB, 

npaaeno K ynyqweHHIO cornacas ans cnyqas paccesaas oTpauaTen&HblX naoHoa, TaK 

qTo 'npo6neMa nynna-WTaarennHHH', OTHOCHTenbHO CT8THCTHqecKOA aocToaepHOCTH 

KOTOpoA HM81IHCb COMH8HHH C C8MOro ee B03HHh.H0B8HHSI, ac.ltope 'HcnapHl18Cb' • 

B. AaanH3 a.c. anll K-M830H-HyKnOHHOro, HyKnoa-HyKnOHHoro paccesHHll H 

H0KOTOpb!X apyrHX npoueccoB H HX HCDOnb30B8HHe.anll_o6pa6oTKH 9KCnepHM8HTanbHblX 

aaHHblX aaaqaTenbHO 3aTpyaHll8TCS aanHqHeM· BKnaaa HeHa6n10aaeMoA o6naCTH, KOTO

pas ocTaeTCll aa>Ke npa paccel!Hl!H anepea. 

Jlng npouecca ynpyroro paccellHHll HyKnOHOB HyKnOHaMH B /B/ 6wna npeanpHHS

Ta nonblTKa oneHHTb B1'Jlaa HyKnoH-aHTHHYKnOHHoro aaaaMoaeAcTBHll1 acnonb3yll noa

xoa, paaee UpHM0HllBWHACll anll nHOH"".HyKnOHHOro paccellHHS H onHpa10wHACll Ha paa

nO>K8HH0e no scpcpeKTRBHOMY paaHycy. 11cnonb3oBaHH0 9KCnepHM~HTanbHblX aaHHblX 0 

HyKnoa- HyKnOHHOM paccellHHR npH Manb!X 9HeprHllX H O 3ilBRCHMOCTH nonHblX ceqeHHA 

OT 9HeprHH B COOTHOW0HHSX, nonyqa10wHXCll nocne aacpcpepeHURpoaaHHll a.c. no Kaaa

paTy nonuoa 9HeprHH, noaaonseT OU0HHTb BKnaa HyKnou-aHTHHyKnOHHOro B38HMOaea

CTBHS B a.c. ans·uyxnoH~HyKnOHHoro paCC0llHHS npu Manb!X 9Heprasx H o6oCHOBaTb 

npHMbJM cpaBH8HH8M C axcnepHM8llTOM- npH6llH>K8HHbl0 .a.c., He co.aep>K8LUH8 aToro 

BKnaaa, Bb!nH npoauanH3HpOBaHbl a.c. ans paccesiHHll HeATpOHOB npOTOHaMH, npoTo-

HOB npOTOHa.MH H HyKnOHOB·HYlUIOH8MH B COCTOSIHHHX C H30CllHHOM i -o. 

11HTepeCHO OTM9THTb, 'tl:TO BbIBO.O. 0 Ma.,oM BK118,ll.8 HyKllOH-aHTHHYKllOHHOro 

B38HMo.aeACTBH.R CBSl38H co 3H8KOM LlllHH pacceHHHB a (ls ) 
D 

H a (Js,) . 

Jl. c. anll DHOH-uyKnOHHOro p~cceHHHll B caoe BpeMll 6hinH HCDOnb30BaHbl psaoM 

D H a 8BTOpOB ,ang )"CT8HOBll.8HHSI fiOJIO>KHTenbHOCTH 
rr +" 33 

~1n1<e peaoaaaca. 

TTpa HaWHX OU8HKaX Mb! npHHIIMana·aHaKH anHH paCC8llHHH a ( 's
0

)· H a ("s
0

) 

T8KHMH, KSKHMH OHR cne,ayIOT ~3 .ll8HHhIX O pacceHHHH HeATpOHOB B napa- H Op'J'O

aoaopoae. 

TaK KaK n:pOR3BOaHall aeACTBHTenbHOA qacTH aMnnHTyaw pacceHHHH anll cnyqag 

pp-paccesHRH nonuocThlO onpeaenlleTCll, a ans cnyqag n-p - paccesIHHSI, B OCHOB-

HOM, onpenensreTCR ·cHHrneTHhIM S -paCCE:SIHHeM, H3M8H8HH8 3H8K8 a {ts 0) npHaeno 

61,1 K Bb!Boay O 6onbWoA ponH HyKnou-aHTHHyKnOHHOro paccellHHll H npu ManblX 9H0p

rasrx. 

. 

l ,, 

' 
I 
'1 

· I 

J 
! 
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fv\bI paccMaTpn:aanH .a.c. nHWb .anH 0.0.llOA KOM6HH8UHH HHB8pH8HTHhIX senHqus, 

·MHHMaH qacTb KOTopoa nponopuaouanbHa nonaoMy ceqeua10, H npawna K awaoay o 

ManoA pone BKna.a.a HyKnOH-SHTHHyKnOHHOro B38HMO.a.eACTBHH .a.nH Hee. 

Mo>Kuo .ayMaTb, 'ITO auanoruquoe 3aKn10qeuHe cnpaae.a.nu:so H .a.nsi .a.pyrHx HHaa

puaHTHblX cpyHKUHA, KOTOpble xapaKT0pH3YIOT AMDnHTyay HyKnou-HyKnOHHoro pacceHHHll. 

TaKoe npe.a.nonO>K0HH0, OCHOB8HH00 '18CTHquo HS nonyqeuHhlX HSMH peaynb1'8Tai, no3-

aonano ueaaaHO Paaa-ya-auuy npuaTu x aaKn10qeuu10 o npeano~TRTenhHOCTH HeKoTo

pb!X ua6opoa cpa3 pp-paCC8llHHll B o6naCTH Manwx SHeprHA. 

lY. 

B TpeTbeA rnaae aHccepTaURH co6paHb( peayn&T0Tbl pa6o.T, OTHOCHWHXCll K pac

CMOTpeRHIO pgaa aonpocoa auanuaa paccellHHll y -KaaHTOB HyKnoHaMH, aeATpoHaMH 

H CJ'IO>KHbIMH S1,Qp8MH. npHBJ'I0'i0HH0 .ll.C. 0K83bIB80TCSI 3.ll0Cb qpe3BbI'i8ff:HO IIJ'IOJlQ-

TBOpHbIM. OcTSHOBHMCH BHaqane HS npOTOHHOM KOMIITOH-a(p(peKTe. 

A. nocne pa6oTbl 1enn-Mauua, 1on&a6eprepa H Tappuura, a KOTopoa 6wnu 

ccpopMynupoaauw a.c. anll pacceHHHH y -KaaHTOB anepea, OCHOBHOA HHTepec pa6oT, 

CBSl38HHhlX C .a..c. nep0M0CTHJ'ICSI K 'npoueccaM C yqaCTH0M ll8CTHI1 C OTJ'IH'tlHOA OT HynH 

MaCC08 DOKOHo nuwb H0CKOnbKO D03>K81 Koraa M8TOa.Boron106oaa 6hm pa3BHT1 nory-

HOB CTporo .O.OK838:fl cnpaae.anHBOCTb .a..c. JlJ'IH yN - paccellHHll npa cpHKCHpoaauHoA 

nepeaaqe HMnynbCa. Jlng cnyqag pacceHHHH anepea aoKaaaTenbCTBO 6bmo npoaeaeuo 

B npOH3BOJ'IbHOM ·nopSl.llKe no KOHCT8HT0 9J'I0KTpOM8rHHTHOro B38H.M0Jl0A:CTBHSI e 2 • 8 

anll Q2,', 0 B nepaoM nopllaKe no e2 

J.1CJUIIO'iHT0J'IbHO U0HHblM ·.o.na npHM0H8HHH o6cToHT0J'IbCTBOM HBJ'IH0TCH B03MO.>KHOCTb 

Bblpa3HTb anHHHOBOnHOBOA npeaen qeTblpex R3 WeCTH aMnnHT)'.a qepe3 38plla H MaruuT

HblA MOM8_HT HyKnoua, npa orpaHaqeHHH MAnblM qucnoM COCTOllHHA 9TO Il03BOnlleT o6oa-

THCb aoo6we 6ea cao6oaHblx napaMeTpoa,· ecna Jl,lbl orpauuqgaaeMCll e• npu6nn>Ke-

HRSM, R Jl0K838Tb ueo6xo.aHMOCTb BhJT-UIT8HHH no KpaAueA. Mepe B .a.c. ,llJ'IH 0.0.H08 K0M-

6HHBUHH HHB8pHSHTHbIX 4MIIJ'IHTy.a. 

17 8/ . B • 6bmH aeTanbHO paCCMOTp0Hbl a.c. ans acex IIHB8pUaHTHblX cpyHKUHA H B 

npirne6pe>KeHHH H8KOTOpblMH 9cpcpeKTaMH OTaaqu npoaeaeH aacnepcuOHHblA auanH3 B 

o6nacTH 9Heprua ao 200 M9B C oco6b!M AKU0HTOM Ha ponh cpoTopo>KaeHHll IlHOHOB " 
8 -cocTOHHHR. 
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Eb!nO Il0Kll31lHO, 'iTO Y'i0T <pOTOpO>K)leHHll IlHOHO!I !I 8 -coCTOl!BHH npuBO.llHT K 

38M0THbIM H3M8H0HHHM 8 OKOnonoporoeoa oOnaCTH. Paaee npOBOJIHBWH8CH auanH3hl npH

BOllBnH K 3H81i0HHHM ceqem1A paccestHHH, npeBbIW810llIJIM SKCnepHM0HT8Jlbdbl0 3H8'i0HHH 

B STOii o6nacTH auepr11ll. Y'i0T p0>K)l8llllll IlffOllOB B 8 -cocTOllllllll yny'iWlleT_COOTBeT"" 

CTBHe ll.HCnepcH?HHOro 8H8nH38 C axcnepHMeH:ranbHbIMH ll.8HHblMH. B suepreTH'I0CKOit 

38BHCHMOCTH __ HeKOTOpbIX 8MillIHTY.ll 6bmH o6uapy>KeHbI oxononoporOBble H0MOHOTO.HHOCTH, 

KOTOpble 6blJIH npoaH8ZIH3HpOB8Hbl C IlOMOlllblO A.c. 

B PH.Ile pa6oT 6blna npe,llnpnlll!Tll 'IlOilblTKll nllKJllll.llllPOBllTb HllMeTHBweec11 pacxo

>K.llOHl!e paccMoTpenHeM BKnll.lla nomocuoll .llllarpaMMbl noy. HaH6onee ociioBaTenbuo 

aTo npoBenH HKo6 H .Ll>K.MaTbl03_ 
1201

• Tax xax np11 aTo~ oxa3anocb, 'ITO· ocuosuy10 
· /13/ 

ponb HrpalOT llHTepq,epenuHOHHbl0 a<p<peKTbI, Mb! B Il0.llpo6uo paCCMOTpen11 sonpoc 

0 3HB.K8 non10cuoA .llHarpBMMbl. 

B npe,llnonO>KOHHll cnpaBe)lnHBOCTH auan113a ronh.ll6eprepa H Tpel!Maua MO>KHO 

Il0K838Tb, -'ITO Y'tf0T IlOJIIOCHOA .a..uarpAMMhI He yM0HbW80T, a, yaenu11HB88T T0Op8TH110CKO0 

31,aqeuue Ce'{eHHll paccel!HHll y -xBaHTOB npOTOH8Mll. Y'ieT coo6pa>Kenull YHHTapuo

CTll, KOTOpblll pauee He npoBO.llllilCB, np{<BO.llHT K ueo6xO.llllMOCTll paCCM8TpllB8Tb ue BCIO 

B.Mll~HTy.oy, 8 lIHlllb BKna.cr ee B COCTORHHH co 3H8118HHHMH MOM0HTOB Bblwe, 'ISM Y'ITe

Hbl B .llHCnepcuOHHOM llHllnI!3e0 cho nocne)luee C006pa>K0HHe 3H8'iHTeilbHO 38Tpy.llHlleT 

YCT8HOBZI0HH8 CBH3H pacceHHHH y 

.llY!OWHe 11ccne)lOB8Hllll npHBe.llyT 

np11 pacna)le Hel!Tpanbuoro nHoua. 

K88HTO.B c pacnanoM nHoHa, ita>Ke ecnu nocne-

K YCT8HOB'18HHIO llll>KHOII pon11 IlHOHHb(X COCTOBHHII 

B 
1151 

Mbl y'lnH qJOTOpO>K)leHHe B 6onee wupoxoll o6naCTH aueprllll H, IlOMHMO 

paCCMOTpeuu11 qJOTOpO>K)leHHll IlHOHOB !I 8 -coCTOl!HHH, 6onee TlllaTenbHO paCCMOTpenH 

!IKilll.ll o6naCTll Bh(COKHX aueprull, u, nonHOCTblO Y'ITll a<pq:>0KTbl OT.llll'IH, oueH~IlH 8Mnnn-

TY.llb1 Ri <11
0 ) npu Q

2 
RO , ceqeuu11 pacce,ruu11 11 non11pH3au1110 HyKnoua OT,r;a'in a 

o6naCTll aueprull BililOTb .llO 300 Ms11. non11pH31lUllOHHb18 aq,q:,eKTbl Bnepable ouenHBMHCb 

B 
181

• non11pH38UHB uyxnouoa OT.llll'IH, uanpnMep, .llOCTHraeT aaMeTHhIX auaqeimll. <ho 

MO>K0T CTaTb oco6eaao HHTepecHblM, Karita CT8HYT llOCTyilHbIMH .nOnHpH30B3HHhle MHWe-

HH 83 BOJl0p0.llOCO.llep>K'1WHX aewecTa. 

no.apot5uo p8CCMOTP8Hhl KHHeMaTH'10CKH8 BOllpOCbI, BB0lt0HHe HH.B8PH8HTHbIX 8Mnnw
Ty.ll, CBB3b llHBBpH8HTHblX llMililllTY.ll C 8MililHTY.ll8Mll B CHCT0M8 ueuTpa Mace, Tpe6osa-

HHH KOOCC CHMMeTpHH. 

Pe3yilhTBTbl oueuox .llilll aMnnHTY.ll H Ce'i8HHII np0.llCT8BileHbl ua rpacpuKax ll B 

Ta6nuue •. Oco6euu·o no.llpo6uo paccMaTpHaanacb o6nacTb s6nH3H nopora <p0Topo>K.llenn11. 

(T 
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06cy>K.ll80TCB KOMilTOH-a<p<peKT npH Bb!COKHX. sueprnex. nony'ieHHble oueHKH IlOKB3b1Ba

lOT, 'ITO B palloue BTOporo MllKCHMyMa <pOTOpO>K)leHHR uenb3ll npeue6peraTb axna.llOM 

.ll0llCTBHTenbHb(X '{8CTell aMnnHTy.ll, 

E. PaccMOTpeuHe ynpyroro pacce11nH11 y -KaauTos .ll0llTponaMu nu>Ke nopora 

pO>K)leHHll Me30HOB 6b!n0 npoBe.lleHO B 
191 

B CBB3H C aKcnepnMeHTOM 
1211 • pe3ynh-

• 
T8Tbl KOTOporo ue yKnll.llh(Banuch· B paMKH HMnynbCuoro npu6nH>KeHHll. 1-1uor)la 8TOT 

8KCnepnMeHT8IlbHblll pe3ynhTBT CBll3blBBnCll C npe.llCTasneuueM 06 llHOMMbHO !Som.wall 

non11pu3yeMOCTll uel!Tpoua. Pe3yilhTBThl uawero paccM0Tpeun11 noKa3anH, 'iTO pacce11-

uue y -KBllHTOB .ll0llTponaMH npe.llcTaan,reT co6oll npnMep npouecca, ua aMnnuTy.lly 

KOTOporo cywecTB0HH00 BilHllHHe OK83blB8lOT ueynpyrue npouecchl, npoT8K8lOWH0 ua 

.llellTpoue Kax uenoM, 'ITO .llenaeT_ ueso3MO>KHblM npnMeueuue K auanH3Y ynpyroro pac

ceBHHB HMnynbCHOro npH6nll>KeHHll. 

npu paCCMOTpeHHH paccel!HHB Y -KB8HTOB .llellTpOHllMH Mbl H8'iHH80M C <peuo-

Menonoru'ieCKoro auann3a, CTpOHM M8TpHUY paccel!HHll snepe.ll, l!Cnonb3y0M COOTHOWe-

HHll YHHTllpHOCTll 5 -MaTpHUbl H I H8KOH0U, .a.c. 

npHM0H0HHIO.ll.C, .llnll auanu3a ynpyroro yd -paCC0llHHB npe.llWeCTByeT llblBO.ll 

.llnHHOBOilHOBQro npe.llena aMnnnTy.llbl pacceBHHll Y -KBBHTOB ua 'i8CTHU8X C npona

aonbHblM CilHHOM, KaK H3BeCTHO, pauee T11ppuur, noy, renn-Mauu H ro~b.ll6eprep no

ny'iHnH .llnHHHOBOnHOBOll npe.llen BMilnHTY.llbl .llilR pacce11Hllll <pOTO!IOB ua '{8CTHUe co 

CilllHOM 1/2. HaMH 8TOT pe3yilhT8T 6bln o6o6weu. 

npuane'{eHHe 8KcnepHM0HT8IlbHblX .llBHHblX O <pOTOpacmennenuH .ll0l1Tpoua no3110-

Ilff8T oueHHTb aMnnHTY.llbl ynpyroro pacce>1HHll y -xaaHTOB .llellTpOHllMH B wnpoxoll 

o6nacTH sueprull snnoTb .llO 80-100 Mae, r.lle ewe MO>Kuo ue y'iHTblBBTh npoueccoe 

<pOTOpOli<.lleHHR IlHOHOB. 

Heynpyroe pacce11uue y -xaaHTOB Jl0llTponaMH 6hrno paccMoTpeuo A,M.Ean.llH

HhlM. 

Momuo 38KillO'iHTb, '{TO pe3ynhT8Tbl 8HMH3a, y'iUTblBlllOWero <pOTOpacmenneuue 

.ll0llTpoHa H 8KCnepuMeHTMbHhl0 JlllHHb(e O paccel!HHH y -xsauTOB )lel!TpOHBMH B 

o6nacTH aueprHll ennOTb .llO 80-100 MaB HllXO.llllTCll B COOTBeTCTBHH .llpyr C .llpyroM • 

B. l-13yqeu11e ynpyroro H ueynpyroro B38llMO.llellcTBHll y -xaaHTOB co cno>Knbl-

MH ll.llp8MH paccMaTpHB8eTC11· C TO'iKll 3p0HHll pa3Illl'iHblX MO)lenell B 3H8'iHTeilbHO 

6onbWell Mepe, 'ieM 8TO l!MeeT MBC:TO .llnll IlpOTOHHOrO KOMilTOH-S<p<peKTllo 
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3KcnepHMeHTaJJbHble paHHble 06 see:ireTH'leCKOI! aaBHCHMOCTH ce'{eHHI! pacceH

HHll , Y -KBaHTOB PlltlOM Hitep xapaKTepuayioTCll HanH'IH,8M T.H. •nepsoro MaKCHMy

!da •, KOTOpb11! pacnonaraeTcH a6nH3H noporos q>oTOH;tepeblx npoueccoa. Paaeble aaTOpbl 

CBR3bIBSnH C npOHCXO>K.08HH8?1.~ 'nepaoro MBKCHMyMa· paanHIIHbie npe.anono>KeHHH. 

B .
1101 

~bl npeitnpHHllfiH nonbITKY paCCMOTpeTb aaa11cllMOCTb C_0'10Hllll ynpyroro pac

C8RHHR c TO'IKH 3peHHR .a.~., KBK HaH6onee o6mero M8To.aa no.a.o6Horo auanHaa. TT po-

ae;tBHHbll! ueaaitonro AO 9TOro aean113 pacceHHHll y -KBaHTOB HyKnOHaM11 II ;tell-

TpoHaMH ;taBan OCHOBaH11e O>KllitaTb noHaneHllll HpKO Bblpa>KeHHblX seepreTH'leCKIIX ee

MOHOTOHHOCTel! B xoite ce'leHHll pacceHHHH a6nH311 noporoB q>OTOHtl8pHblX peaKu111!. 

TaK KBK C8'{8HHe ynpyroro pacceHHHll Y -KBaHTOB J:lS>Ke nocne Y'l!ITa itHcnep-

CHOHHblX 9q>ql8KTOB 3H8'1HT0fibHO MeHbllle ce'leHIIH 11eynpyroro nornoIUeHHll Y -KBaH

TOB HLlPBMH, .anH ,npoae.a.eHHR JlHCnepCHOHHOrO auanH38 B T.H • .llHDOnbHOM npu6nH>Ke- . 

HHH OK83bIB8JOTCSI ,llOCT8TO'IHblMH cae.aeHHH O nonHblX C0'18HHRX nornomeHHH Y -xaau

TOB. 

Ha OCH0B8 o6c'l0Ta IIM8l0lllllXCll tlOBOfibHO orpaHH'leHHblX 8KCnep11M8HT8fibHblX 

_ itaHHblX MO>KHO OTM0THTb, '{TO cyIUeCTBYIOT ;tBe rpynnbl Hitep. 

LlnH OtlHOI! rpynnbl, B KOTopy10 BXO;tHT, Hanp11Mep, ;tel!TpOH II ren111!, npoueccbl 

qlOT0p8Clll8Ilfi8HHll npllBOtlllT K VM0Hbill8HHIO Ce'l8HHH ynpyroro pacceHHHH B6fiH3H nopo

ra q>OTOHit8pHb1X peaKUHA no cpaaHeHHIO C TOMnCOHOBCKHM npeitenoM. 

LlnH ;tpyrux H;tep, TBKHX KaK Af HnH Pb _, c 6onbillHM ce'leHueM nornoIUeHHH, 

KapTHHS MeHHeTCH, 06IUHA xoit 38BHCHMOCTH OT 9HeprHH itHcnepCHOHHOII 'IBCTII aMnnu

Tyitbl OCT88TCll npe>KHHM, Ho B o6naCTH nopora itHcnepCHOHHSll '{8CTb npeBblllJ80T 3Ha

qeeHe TOMnCOHOBCKoro npeitena. CyMM8pH8ll it8ACTBIIT8fibH8ll '{8CTb BMllfiHTyitbl, MeHHll 

CBOA 3HBK, CTBHOBHTCH nono>KHT8fibHOII, npoxoitHT '18pe3 MBKCH,MYM, o6parnaeTCll " 

Hfnb H ODRTb CTSHOBH~CR OTpHU8T8llbHOA H0CKOnbKO BbIWB nopora. 

CooTiiorneHHe Me>Kity ce'leHHHMH a MBKCHMyMax itns paanH'IHbIX Hitep CBH38Ho 

c paanH'IHOI! ponbIO nornoIUeHHH y -KBaHTOB " OKononoporoaoA o6naCTH u a o6naCTII 

ruraHTCKoro pe30H8HC8, To o6CTOHTenbCTBO, '{TO B nepab!A MBKCHMYM naeT· BKnait He 

TOnbKO OKononoporosaR 06naCTb1 HOH ruraHTCKHA peaoHBHC, npHBO.O.HT K 38M0THOMy 

yrnupeHHIO 9TOro MaKCHMyMa. 

LlnH TaKHX si1ep KaK Af H Pb nonyqaIOTCH paayMHbie oueHKH itnll nenH'IHHbl 

C0'10HHSI H WHpHHbI M8KCHMYM8• 
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r .. <l>eHOMeeonorH'leCKHA aHanH3 aMnnHTYtlbl ynpyroro pacceHHHll Y -K11aHTOB 

H tl,C, U03BOfilllOT eitHHblM o6pa30M IlO;tOl!TH K onpeiteneHHIO H auan11ay nonR0113V8MOCTlf 

Hitep II HyKnOHOB, no TOMY, KaK ;teTeKTHpyeTCll nonllpHayeMOCTb B 9KCnepHM8HTax 

no pacceHHIIIO Y -KBaHTOB, CKanspHBll nonsp11ayeMOCTb, onpe;tenHeTCH KaK K09q>q>HllH

eHT npu KBBitpaTH'IHOM no 'laCTOTe H3fiY'l8HHH cnaraeMOM B aMnnuTy;tax RI ( 9fi8KTpH

'leCK8H nonHpuayeMOCTbl H B paano>KeHHH I\ (MaruHTHaH nonspuayeMOCTb), a Tee-

aopHaH nonspuayeMOCTb - KaK aeanorH'IHbIII KOSq>q>HUHeHT s aMnnuTyite D(v) • 11eTepec

HblM OKa3blBaeTcll npHMeHeHH9 l'pe60B8HHII Kpocc-cHMMeTpHH. T BK, tlfill pacceHHllll .. 
Y -~aaHTOB iteATpOHBMH ;tel!CTBllTefibHBH 'IBCTb aMnfiHTy;tbl 1 nponopUHOHBnbHOll(S[ir, -:•]), 

rite 5 -: CnHH itel!Tpoea, a -: H .;, - seKTOpbl nonHpH38UHH y -KBaHTOB AO 11 

nocne CTOfiKHOBeHHH, OK83blBBeTCll He'leTHOI! q,yHKUHel! I' 1 TBK 'ITO iteACTBHTenbHaH 

'{8CTb BeKTOpHoA nom1puayeMOCTH o6paIUaeTCll 's· eynb. AHanorH'IHOe Tpe6oaamie Boa-

HHK88T .z:tnH 8MllnHTY Jlbl R j B cnyqae pacce!IHHll y -KBBHTOB Ha qacT11uax co 

cnHHOM ·112. 3T11 peaynbTBTbl Heo6xoitHMO Y'IHTbJB,!ITb npH paapa6oTKe TeOpHH onTH'le

CKOA 8HH30TpOllHH 8TOMHbIX su1ep C npOH3BOnbHbIMH CllHH8MH. 

MarHHTHall nonHpuayeMOCTb sitep OK83bIBBeTCll 38MeTHO MeHbllJ8 sneKTPH'i8CKOll 

nonHpHayeMOCTH, Sbipa>KeHHll itnll sneKTpH'leCKOI! H MBrHHTHOII non11pi<syeMOCTell itel!

TpOHOB, KOTOpp1e onpe.o.ensnoTCSI C0l{0HHSIMH (p0Topacl.ll;ennemu1 npH MBnbIX aueprHHX, no

ny'l9Hbl II o6cy>KitaIOTCll B ;tHCCe pTaUHH. 

nony'leHbI TSK>Ke oueHKH itnH non11p11ayeMOCTH sitep renu11 u A e, , 
8 CBH3II ;' OnbITaMH no pacceHHHIO Me;tneHHblX HeATpOHOB llitpaMH H C aeanH30M 

q>OTOpO>K;t9HHll UHOHOB H paCCB!IHHll Y -KBaHTaJB HYKnOHBMH p83HblMH BBTOpaMH 

6bln0 BBe;teHo npe;tCTaeneeue O nonllpHayeMOCTH HYKnOHa, Hau6onee Haite>KHall oueHKB 

cyMMbl sneKTPH'leCKOII H MarHHTHOI! non,1puayeMOCTH npOTOHa 6blna nony'leea BanitHHblM, 

Ha OCHOBe npOBeiteHHOrO HaMH aHBnH38 paCC8llHHll Y -KBIUITOB HyKnOH8MH 

B tlHCcepTSUHH nony'leHbl BblpB>KeHHH itnH sneKTpH'leCKOA H MarHHTHOI! nonHpHayeMOCTell 

npOTOHa qepea HHTerpan OT napnHanbHbIX ce'leHHI! q>oTOpO>K;teHHll nHOHOB H itaHa oueH

Ka MBrHHTHOI! nonHpHsyeMOCTH npOTOHa, 6nH3KaR K 9KCnepHM8HTaJJbHOMY 3H8'{8HHIO, 

nonyqeeiioMy B <t>l1AH'e, 
, 

Ll. noi1po6Hoe paccMoTpeHHe nKnatta i1uarpBMMbl noy s aMnnHTYAY ynpyroro 

paCC9llHHH y -KBaHTOB npOTOHaMH npe;tCT8BfiH9T HHTepec H C TO'IKll apeHHll aHaJJH38 

l3KJia.z:ta nonrocuoA: .n.uarpaMMhI. 
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Benell aa "ly II lloy, OKyHeM II noMepaH'fyKOM B 
1181 

nepmf,ep11<1ecK11e CT0nKH0-

B8Hllll 6h!nll np11Bne'18Hbl HaMII Ltnll nony'feHHll CB8LteHIIA O CllnbHhlX B3811M0Ltel!CTBHIIX 

HecTa611nbHhlX 'ISCTIIU, Bhln paccMoTpeH npouecc p0)KLteH1111 n110H0B np11 CT0nKH0BeHHII 

r11nepOHOB C HyKn0HSMII II yKa3SHbl OCH0BSHHble HS HHBSpHSHTHOCTH BllpTyanbHhlX npo-

neccos OTHOCHTenbHO .apa1.1.1eHHll B H30T0nH'f8CXOM npocTpSHCTBe II 38p>ILt0B0ro conp11-

)KeHHll _ C0OTHOW8HHII M8)Klty aMnn11TyLtaMH paanH'IHblX npoueccoa, 

HSH6onee HHTepeCHbIM, no-BHLXIIM0M)', oxaah!BSeTCll yxa3SHHe Ha nonep11aau110H

Hhle -sxcnep11MeHThl a 06nacT11 npeo6naLtaH1111 nomoconor11<1ecxex aMnn11Tyll, Tax, SKcne-

PHMeHThl no H3y'feHJUO non11peaau1111 A -<1acT11u OT peaKl!HH 

I+N .. A+N+ir 

xorLta I - rHnepOHbl nepB0Ha'fanbHO non11p11aoaaHhl, MoryT llSTb CBeLteHHll 06 0THO

CHTenbH0ll 'feTHOCTH I H A -r11nep0Hoa, 

06cy)KLtaeTC11 B03MO>KHOCTb aHanHaa peaKUllll C y'faCTHeM llll8p C p83Hh!MH 1130-

TODH'18CKHMH CDHHBMH C TO11KH 3p0HHH MHHHManbHOl"O qHcJJ:a M83OHOB, yq-:cTBflOllUIX 

B 06MeHe, 

Y, 

3axn10<1HTenbHa11 rnaaa llHCcepTaUHH noce111.1.1eHa 0Kononopor0BblM oco6eHHOCTIIM, 

Tax xax KO apeMeHH HanHCaHHll llllCCepTaUHH B nHTepaType 0TCYTCTB0Ban o6aop 

pa6oT no oxononoporoBh!M.oco6eHHOCTIIM, BO BB8Lt8HHH K rnnae npHBeLteH xpaTxHll 

<?5aop OCHOBH~x. K8K TeopeTH110CKHX, TaK H 8KCD8pHM0HT8nhHf;,,IX pa6oT, H3B0CTHbIX 

aaTopy K 1110H10 1061 roLta, 

K 1050 roLty RMenacb 6onbilla>1 TeopeTH<1ecxa11 nHTepaTypa, OTHoc111.1.1a11c11 

K HCcneLtOBSHHIO oxononoporol!h!X oco6eHHOCTell H OCH0BSHHS>I Ha 06 llfall TeopHH R -
MaTpllllhl, 

ll,c, anepah!e 6hlnH npHane<1eHhl Ltn11 aHanHaa aToll 31UlS'fH a Hawell pa6oTe 

o pacce11HHH y -xaaHToa· HyxnoHSMH 
181 

u a 6onee 061.1.1eM BBLte a Ill/, npaane<ie

HRe .a.c • .aano BO3MO>KHOCTb OI10HHTh 'wupuHy' oco6eHHOCTH B .ll.8ACTBHT8nbHoA 118CTH 

8MllnHTYllhl H BMeCTe C T8M Y'fBTh!BaTb 061.1.1ee BnB>IHlle Heynpyr11x npoueccoa B WHpo

KOl! o6naCTH 3Hepr11ll, 'ITO 6blno ue Il0ll cuny ct,euoMeuonoru'feCKBM T80pHHM, KOT0pbte , 

.a.onycKanH 8HMHTH110CKO0 npo.aon>K8HH0 cp8.BHHT0nbHO Ha Manh!e 'pacCTOHHHH'. npu

M0H9HH0 ll.c. K8K M0TOll8 8HMRTH110CKOro npo.a.on>KeHRH llO3BOnHeT nposecTH 8HMH3 

t 
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11 B ycnOBHHX HanB'fltll 6nH3KIIX K nopory pe30HSHC0B, K0rLta npocToe aHanHTH'feCK0e 

npoLt0n)KeHtte BHLXS IC_. i ! K! OK83hlB80TCH H0BO3MO>KHbIMe 

B / l l / 6h!n paccMoTpeH 061.1.11tA aonpoc np11MeHeH1t>1 Lt,c, K aHanaay oxononoporo

BbIX oco6eHHOCTeA, 3LteCb )Ke Ha npHMepe qlOTOpO)KLteHHH Hel!TpanbHblX H non0)KHTenb

HblX nH0H0B ua npOT0HSX KpSTXO o6cy>KLteH aonpoc 0 6nH3KllX noporax H paccMOTpeHbl 

oco6eBH0CTll B LteACTBHTenbH0ll 'fSCTH-SMIInHTYllhl a6nH3ll nopora peSKUHll C o6paso-

BSHHeM Tpex H 6onee 'ISCTHU B K0H8'1H0M C0CT0IIHHH, Bbtnll paCCMOTpeHbl oKononopo-

r0Bbte oco6euaocTH a aMnn11Ty,.e TaKoro npouecca, KaK xorepeHTH0e- pacce11HHe caeTa 

KynoHOBCKBM noneM ll Ltnll H8K0T0pblX Ltpyrux npoueccoa, 

np11 aaanHae oco6eHaocTell a ynpyroM pacce>IHHH ·Y -KaaHT0B ea LteATpoae 

a6nH3ll nopora ct,0Topac1.1.1ennea1111 Mb! B0CU0nb30B8nHCb Bbtpa)KeH11eM Ltnll Ce'feHHll 

MarHHTH0-LtHII0nbH0ro pac1.1.1ennea11>1, nony'feHHblM HS 0CH0Be pasno>KeHHH II0 sq,ct,eK

TRBH0MY PSLtHycy. npa 3TOM oxaaanocb, 'IT0 X0TII Bblpa)KeH11e Lt~ ... ce<1eHRH He ll0-

nycxaeT npaMoro a11anaTu11ecKoro npoll.OII>KeHHH £' ➔ i J KI , npaMeHeJ_1ae .a.c. noaso~ 

nHeT II a ST0M cny<1ae, xaK Ha LXpyrHx cny<1a>1x cy1.1.1ecTaoaaa11e peaoaaaca a6n11a11 

nopora, npoaecT11 aaan113 LXO K0Haa, ,nonywHp11Ha oKononoporoaoro npoaana co CT0p0Hhl 

aHepr11A, MeHbWHX noporoaoA, cocTa'.aneeT oKono 50-60 Ksa, nonaaH nonyw11p11aa 

Lt0CTuraeT 200-300 Kaa, Ben11<1HHa "npoaana• LtOCTHraeT ~ 20% a aMnn11TyLte, 

llpyrHM npoueccoM, rLte aaanH3 0K83anocb B03M0>KHblM ll0B8CTH ll0 KOHUS, 

HBHnC>I npoaecc o6M8HH0ro pacce11HHH nH0H0B HyKn0HSMII anepeLt, npllM8H8HHe Lt.c. 

K aaanaay TaKoro "KBaa11ynpyroro• npouecca, KaK o6MeHHoe pacceHHHe1 0KS3btaaeTCH 

HHTepeCHhlM C T0'fKlt speHHH C0BCeM IIH0II, 'feM 8 ynpyroM pacceHHHR, pon11 xpocc

CRMMeTpH'IH0ro npoaecca, O6MeHHOe pacceeHHe 0Ka3h!BaeTCH 0llHHaK0BO 'fyBCTBHTenb

HblM K oco6eHHOCTSIM .::B nonHblX C8'18HHHX B38HMo.aeAcTBHSI K8K OTPBIISTenbHblX, T8K H 

nono>K.aTenbHbIX neouoe. 

B pa6oTe
1121 

6blno yKaaaao Ha aane'fUe oKononoporoahlx oco6eaaocTeA a cneKr

pax <1acTuu npH ~HKCHpoaaaaoA anepru11 cTanKHaa101.1.1Hxce <1acT11u II npoaaan11a11po11aHo 

no>1aneHHe TSKIIX oco6eHH0CTeA B cneKTpe K-Me30HOB, o6pa30BSBWHXCll B peSKURH 

N+N .. A+"l+K 
a6nH3H y<1acTKa cneKTpa, r.:,.e pacnono>KeH nopor peaxn1111 

A+"l .. I+N 

r~e;~rl~Hll~;~~;;;i.;:: 
// £,t!e1,:1:,,,r;, :ic1:P11;J::>~_'J;:•<, f 
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Bhln OTMeqeH psi.a ,apyrHX nponecco11, r.ae no.ao6Hbl0 oco6eHHOCTII II Cll0KTpax 

MOryT HM0Tb M0CTO, H a3yqeHHe KOTOpblX MO>KeT 6b!Tb none3Hbl!\.I C roqKII 3p0HIISI 

nony11eHHSI cae,z:ieuua O B3SIIM0.0.8ACTBllH H0'?T86HnbHbIX 'ISCTRII, RX 118THOCTH HlIH Bbl

SICH8HHSI 3H8K8 aMnnHTy.o. B sxcnepHM8HTSX, KOTOpbl8 OK83bIBBIOTCH aaanorHIIHblMH 

Ollb!T8M IIO H3)''10HHJO KynOHOIICKOJI HHTepcpepeHIIHH. no.ao 6Hbl8 oco6eHHOCTII .aon>KHbl 

6b1Tb, uanpHMep, B CD0KTpe 
+ 

1T -Me30H011 OT peaKIIHH 

K-... p .. A ... IT- ... IT ... 

116nl13H nopora peaKnuu 
A ... ,,-~!.-+ ITo 

llnH II Cll0KTpe npOTOHOII OT nponecca 

JC ... p .. p ... 1T O + K 

116nH3H nopora peBKIIHH 
zr 0 +K--+( 0 +11-~ 

HnH, H8KOH8ll, B cnexTpe 3~pSl)K8HHblX DHOHO& OT r J -pacna.Qa 

.... 
,, ... n-0+ 110+,r 

116nH3H yqacTKa CD8KTpa, COOTB0TCTB)'JOW0rO nopory pe8KIIHH 

rro+110-+n'++,,- (5) 

BepoSITHO, H8H6onee HHTepecaoJI npe.acTaansreTCSI ceJl'laC 1103MO>KHOCTb CIIH38Tb 
3 

He _OT peaKnHJI T.H. 6epKnHellCKyJO 8HOM8nHJO a Cll0KTpe s.aep 

3 "o "o 
p + d .. lle + I ... -1T IT 

(6) 

C no.ao6Hb1MH scpcpeKT8MH, 06H38HHb!MH p08KIIHH (5) (cM/
22I 

). 

B· 3aKn10'1euae paccMaTpuaaJOTCH aonpoc 06 oxononoporoah!x oco6eHHOCTHX 

II TOpM03HOM H3nyqeuHH Kai< cpyHJ<IIHH 3Hepraa CTMJ<Hll8JOIUHXCH qacTHII H H0KOTOPhl8 

.apyrae aonpochl Teopaa OKononoporoshlx oco6euaocTeJI, a· TaK>Ke CIIH3b ax c no.ao6-

Hb!MH Hlln8HHHMH II ,apyrax o6naCTHX <pH3KKK. 
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