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l.BBeAeHHe 

OcaOBHbtMII BHAaMH paAHOaKTHBHoro pacnaAa TPaHcypaHOBbtX :;oneMeHTOB smn.IIKlTCSI 

a -pacnaA, :;oneKTpoHHbtA aaxaaT ana {3 -pacnaA H cnosTaaaoe Aeneaae, npH'IeM p01Ib 

KalKAOrO H3 nepe'IHCneHHblX BHAOB pacnaAa paanH'IHa AnSI pa3nH'IHblX Z H A paCCMaTpHBae

MblX B.llep. 06'bSICH9HH9 3aKOHOMepHOCTeA H3M9H9HHH CBOACTB yJKe H3B9CTHblX H30TOnOB 

H OlX9HKa 3HeprHH pacnaAa H ap·eMeHH no OTHOWQHHIO K TOMY HnB HHOMy BIIAY paAHOaKTHB-

11oro npeapameHIISI H9H3Y'I9HHblX HAep 0'19llb BalKHbl KaK AnH DOHHMaiiiiSI CTpyKTypbl >tApa, 

T8K H C TO'IKH 3p9HIISI CHIITQ38 HOBblX 3n9M911TOB, a TaKJKe AnR HQKOTOpblX npo~neM 

8CTpO<ji113HKH H KOCMOnOrHII. 

B nepaoA 'laCTH o~aopa paccMaTpHaatoTCSI OlKHAaeMbte caoAcTaa Tax 1130Tonoa, 

KOTOpblQ M OryT ~b!Tb CIIHT9311pOBaHbl B 6nHlKaAwlle rOAbl. np11 3TOM OCIIOBHOQ BHHMaHHQ 

yAeneHO BOnpoCaM CnOHTaHHOrO AeneHHSI B.llep, nOCKOnbKy, Bo-nepBbtX, HM9HHO aMy OTBo

AIITCR OCHOBHaR ponb B pacnaAe HaH60nee TRJKenbiX :;oneMeHTOB 11 0 Bo-BTOpbtX, 3TOT npoueCC 

aa&6onee cnoJKeH no cpasaeHHto c a - 11 {3 -pacnaAaMH H aaHMeaee H3y'leH. 

nponeCC {3 -pacnaAa AOCTaTO'IHO XOpOWO H3Y'I9H B npo6neMe cna6biX B3aHMOAeA-

CTBHA, H erO OCHOBHblQ 3aKOHOM9pHOCTH YAOBneTBOpHT9nbHO onHCbtBalOTCR TeOpHeA 

:;oneKTPOH-HeATpHHHblX B3aiiMOAeACTBIIA cl>epMH. 

napullanbHbte nepHOAbl f3 -pacnaAOB onpeAenRIOTCR p a aaocTbto :;oaeprHA poAHTeru.-

CKOrO H AO'Iepsero RAep, a TaKlKQ npa&HnaMH OT6opa no CnHay H 'IQTHOCTH Ha'IB llhHOrO 

II KOHQ'IHOro COCTORHBA. Lln>t TO'IHOro npeACKa38HHR nepHOAOB ;3 -pacnaAa Heo6XOAHMO 

3HaTb cTpyxTypy ypoaaeA paccMaTpaaaeMbtX B.llep. 0AKaKo a o6nacTH TpaacypaHOBbtX 

:;oneMeHTOB CTpyKTypa ypoaaeA TaKOBa, 'ITO HMeeTCR 0'19Hb MHOrO HH3KO pacnonOlKQHHblX 

COCTORHHA. no3TOMY MOlKH O npeAnOnOJKHTb AnSI npH6nHlK9HHbiX OIXQHOK BpeMeHH lKH3HH 

{3 -HecTa~llnbHOrO >tapa, 'ITO BCerAa HaAAeTCR AO'Iepaee COCTORHH9 0 CnHH KOTOporo pa

B9H CnHHY pOAHT9llhCKOrO COCTORHIIR, a 3HeprHR ypOBHR 6nii3Ka K 3HeprHH OCHOBHOrO 

COCTORHHH. £lpyrHMH CnOBaMH, B THJKenblX B.llpax aenHKa 9epOSITHOCTb paapeweHHblX 

( £'.! •0,1, 'IQTHOCTb He M9HR9TC>t) HnH 3anpeweHHblX nepeXOAOB nepaoro nopRAKa 
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(t.I a(), qeTHOCTb H3MeHS!eTcst). 3HeprHIO nepexona MOlKHO npHHS!Tb pasHoA aHeprHII {3 -

nepexona MelKJlY OCHOSHblMH COCTOstHHstMR. 

npH aTRX npennonolKeHastx no aHepraa nepexona, onpeneneHaoA aa pa3HOCTB uacc, 

nerKO HaliTH t ~{3 , a ToqHocTb onpeJleneHHst nepHOJla nonypacnaAa nnst {3 -pacnaJla 

HnH 3aXBaTa op6HTanbHblX aneKTpOHOS JlOCTaTO'<HO SblCOKa, H 3H8'<eHRe 1~{3 nnst 6oJih

illOro qHcna stAep OTKnoasteTCst OT aKcnepHMeHTanbHOro He 6onee, qeM s 5-10 paa. 

AHanorH'<Hast CHTyanast HMeeT MeCTO H npa paccMOTpeHHH a -pacnaJla. Oco6eaao 

6naronony'<HO o6cTOHT neno npH onpeAeneaau sepostTHOCTH a -pacnana MelKJlY ocaosHbi

MH COCTOstHHstMH '<BTHo-'<BTHblX st)lep. 0CHOSb!SastCb Ha UpOCTellrneJI TeOpHB npOHRKHOSBHBB 

CKS03b noTeHnHanbHblll 6apbep, rannaxep H Pacuyccea
11 

I nonyqanH nonyaunupH'<eCKy!O 

<j>opMyny 
·~ 

fg ~~a= A ZQ +D.+fgF, 

rne Q a<!><!> - a<l><l>eKTHSHast aaeprast a -nepexoAa; A z 

OT z ; fg F - Koa<I><!>IIUIIBHT aanpeTa nnst He'<eTHbiX Bllep. 

II 8 2 - KOHCTaHTb!, aasHCstlllHe 

no 3TOJI <j>opMyne ~~a onpe)lenHeTCst C TO'<HOCTb!O no 30%, '<TO aKSHSaneHTHO 

OillH6Ke S OnpeJleneHIIH Q a<j><j> npHMepHO S 60 Kas. 

TaKHM o6paaoM, He soaaaKaeT 6onbrnHx aaTpyJlHeHHA s npencKaaaaaa speMeHB lKHa-

HH HOSblX H30TOnOS II aneMeHTOS S Tp8HCypaHOSOi! o6naCTH no OTHOilleHH!O K {3 - H a -pac-

Ua)l8M, 

nonolKeHHe, cyuteCTSYIOUlee S CUOHTaHHOM neneHHH, Tpe6yeT CUBUHanbHOrO paCCMO -

TpBHHB, K KOTOpOuy Mbl H nepeXOnHM, 

II • CnoHTaHHoe Jleneaae stAep H3 ocaosaoro COCTOBHHB 

liasecTHO, '<TO MHOrHe THlKenbie stJlpa aHepreTH'<BCKH HByCTOi!qHSbl OTHOCHTBnbHO 

CnOHT8HHOrO )leneHHB H8 nsa OCKOmta DpHMepHO paBHOll MaCChi, 3TO Ofi'hHCHBBTCst TaM, '<TO 

smpa cpe,.[£aero aTOMBoro seca 'yrraKOBSHbi' 6onee nnOTH01 1:1eM SUlpa TIDKenblx aneMeHTOB. 

CpeJlHHH aHeprBst csstall, npHxonstUlaHcst Ha onHH &yKnoa, s aasacHMOCTH OT Maccosoro 

qacna A Menneaao soapacTaeT no ~ 8,5 Mas, aaTeM ocTaeTCB npH6nH3HTenbHO no-

CTOHHHoll, pasHoll aToll senU'<IIHe s HHTepsane 50 < A < 150, H nanee nnasao yMeHbrna

eTCst c ysenH'<eHHeM A, nocTarast nnH ypaaa 7,4 Mas. B peaynhTaTe caMonpoaasonhaoro 

AeneHHst, aanpHMep, Bllpa aonoTa Morna 6bi ocso6on&TbCst aHeprHst - 130 Mas. 

0nHaKO HeCMOTpst H8 3HepreTHqeCKyiO HeyCTOli'<HSOCTb 0 CaMOnpOH3SOJihHOe JlBDeHHe 

60nbillHHCTSa naJKe TstJKenbiX stJlep He UpOHCXOnRT C 6onbUIOi! sepOHTHOCTb!O, TaK KaK 3TOMY 

npoueccy npenstTCTSyeT HanH'<He 3Ha'<HTenbHOrO UOTeHUHaUbHOrO 6apbepa. nnH TOrO '<T06b! 

npoaaornno neneHHe Toro lKe stApa aonoTa, aeo6xonHMO npeononeTb noTeHnHanbHb!A 6apbep 
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Bb!COTOII oKono 40 Mss. C ysena,.eaaeM Z >rApa BblCoTa 6apbepa yMeH&IllaeTcsr, H s o6-

nacTH HaH6onee TruKQilblX Mep ( Th- U) OCHOBHOe COCTO!IHHe ne>KHT scero llHillb npH6nH-

3HTBnbHO Ha 5 Mss HH>Ke seplllHHbl 6ap&epa, B STOM cny,.ae, 6naroAapsr KBBHTOMexaHH,.e

CKOMY TyHHQnbHOMY 3~9KTy, CTaHOBHTCSI peallbHblM Ha6n~neHHe CllOHTBHHOrO neneHHSI 

srnpa aa ocaosaoro (aesoa6y>Kneaaoro) COCTO!IHH!I, 

CnoaTaHHoe neneHae 6Lmo npencKaaaao TeopeTaqecKH EopoM H Yane poM
121 

aa ocao

se Monen&Horo npencTasneHasr MPB B sane >KHnKo~ Kanna. B 1940 rony s To srsneaae 

6bino o6aapy>Keao SKCnepHMeHTanbHO aa U 
238 131

• B Teqeaae nocneny~nmx 25 neT 

CllOHTaHHOe neneHHe 6binO npenMeTOM HCCnenOBBHHII HeCKOJ!bKIIX <jmaHqeCKJIX na6opaTOpHH, 

Enaronapsr 6ypaoMy pa3BHTH~ TeXHHKH MepHbiX peaKTopos H ycKopHTenei! aar>sr>KeHHbiX 

qaCTHQ B na6opBTOpHbl X ycnOBJI!!X 6hin0 CHHT83Hp0BBHO 60ilblll0B KOilH,.eCTBO TpBHCypaHOBblX 

91l9M9HTOB, 3KcnepHM9HTBTOpBM, 38HHMBBillHMC!I HCCnenOBBHH9M CllOHTBHHOro neneHHll, 

CTall AOCTyllQH WHpOKH~ Kpyr Mep, npoHCXOAHilO HHTQHCHBHOe HBKOnlleHHe 3KCnepHMeH

TBnbHblX naHHbiX, xapaKTepaay~wax nponecc cnoHTaaaoro neneHH!I, B .. acTHOCTH, 6 biilo 

yCTaHOBileHO, qTO CnOKTBHHOe AelleHHe !!ApB HB llBB OCKOilKa conpOBO>KA69TC!I, KBK H B cny

~e Bb!Hy>KI19HHOrO neneHHst, HCilYCKBHHeM aei!TpOHOB H 3MHCCHeli y -KBBHTOB, npa 3TOM 

6biilO noKaaaHo, qTo cpenHee qacno aei!Tpoaos aa onHH BKT neneHHst soapacTaeT npa nepe

xone OT U 
238 

K cr
254 

c 2,4 :!:.. 0,2 no 4,05 :!:_0,19 H ocTaeTcst, npHMepao, nocTosta-

HbiM llnSI p83nH'IHbiX H30TODOB O.O.HOrO aneMeHTa. 

HccnenoBaHHe y -Kj'HTOB, acnycKaeMblX npH cnoaTaHHOM neneHHH cr252 
, noKaaano, 

'ITO B OAHOM BKTe pacnana Bblll9TB9T B cpenHeM 10,3 <jlOTOHB C CyMMBpKoi! SKeprHell 8,2 M 3B; 

ClleKTp y -KBBHTOB 0KB3BilCst COBepllleHKO llOA06HblM Cll9KTpy, HB61l~AB9MOMY npH nelleKHH 
235 

U TellllOBblMH H9HTpOHBMH, 

nnst MHOrliX !lnep liCCil9110BBilHCb 3HepreTH'I8CKHII Cll8KTp H MBCCOBOe pacnpeneneHHe 

ocKonKos neneanll. Peayn&TBTbl sTax sKcnepaMeaTos noKaabma~T, 'ITO p acnpeaeneaae ocK on

KOB no MBCCBM HOCHT BCHMMeTpH'IHblll XBpBKTep, KBK H npH 1191l9HHH TenllOBblMH Hei!TpOHBMH, 

8 HQKOTOpb!X pa60TaX H3y'!Bil0Cb CllOHTBHHOe neneHHe Mep HB TpH 'IBCTH /
4

•
51

, npH-

'!eM 6bill0 yCTBKOBneKO, 'ITO AOil!l TpOIIHblX neneHHA C BbtneTOM 9Heprit'IKOi! a -'18CTHUbl 

COCTBBil!leT OKOilO 

neneaH~ U 
235 

1/300 nonaoro 'IHCna BKTOB neneHHst, 3TOT peayn&TaT TBK >Ke nono6ea 

Pu 
239 

non nei!cTsl!eM TennosbtX aei!Tpoaos. 

TaKHM o6paaoM, BHnao, qTo HcnycKaaHe ael!Tpoaos, a -'IBCTHU H y-KBBKTOB Ke 

!IBnlleTC!I cneua<jluKoi! cnoaTaaaoro neneHH!I, B STOM CMbtCne cnoaTaaaoe aeneaae Mo>Kao 

paCCMBTpHBBTb KBK qacTKbtil cny'IBI! neneKHst 51Aep npH MBilbtX saeprHstX B036y >:<neHH51, 

HccnenosaaHe ae i!Tpoaos 11 y -nyqel! npH cnoKTBKKOM neneHHH, aanpi! Mep, cr 252 
HHTe-

peCKO CKOpee B M9TOAH'I9CKOM OTH01ll9HHH (6naronap 51 OTCyTC'~BII~ <jloaa OT HCTO'IKHKB 

60M6apnttpy~llii<X .. aCTRQ - peaKTOpa HllH yCKOpHT91l51), '18 M B npHKUHilHBilbHOM , 
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C TO'IKH 3p9HHSI Bbl!ICH9HIISI M 9 X8HII3M8 ueneHHSI II BH)'Tp9HIIeJI CTpyKT}'pbl S!llPB 

118B60nbWHJI IIHTepec, no H8W9M}' MH91111~, npeUCTBBn!leT IICCneUOBBHBe BepOSITHOCT9ll 

cnOIITBIIKOrO aeneHII>I pa3nB'IKblX Hll9p (Bnll nepHOilOB nonypacnaua no OTKOW9HII~ K CnOH

TBIIIIOMy ueneHH~), noaTOM}' paCCMOTpiiM smneHH>I, KOTOpble p83blrpblBB~TCSI 118 nepaoll 

CTBilHH npouecca ueneHH!I uo MOMeHTa pa3pbiBa wellxu, ecn11 nonb30BBTbC!I TepMIIHonoruell 

ruupOiliiHBMH'Iecxol\ MouenK >!Upa, K KOTOpbie onpeuen~T aepO>!THOCTb pacnaua. BTopast 

CTBilHSI npoueCCB IIB'IIIHBeTC>I, n~BIIIlHMOMY, C MOMeHTB pa3pbiB8 WeiiKH II npOTeJ<aeT 

auanorH'IHO HBU68pbepiiOM}', BblH)' >Kil9HIIOMy ueneHH~. 

nocKOnbK}' CnOIITBIIHOe uene1111e paCCM8Tp11B8eTCSI KBK KBBIITOB~MeXBHH'!eCKHII np~ 

UeCC npOHHKHOBeiiHSI CKB03h nOTeHUHBnbHWll 6apbep, TO H3}''1e11He nepHOilOB CnOHTBHHOrO 

uene111111, B n p HHUIIne, MO>KeT llBTb BB>KH)'~ IIH<!>OpMBilH~ 0 Bbl COTe nOTeiiUIIBnbHOro 6apb

epa 11 wHpHIIe nou6apbeplloll o6nacTK. 

npouecc ueneHHSI CBSI3811 c xopeuuoll nepecTpOliKoll CTpyKTypw Rllpa. B HeM }''IBCT

ayeT 6onbwoe KQnll'!eCTBO K}'KnOHOB, T,e, , n~cymeCTBy, 9TO npouecc IOnneKTHBHblll, 

TeM ue MeHee,BB>KH)'~ ponb npH ueneKHH arpa~ 11 ouaoqacTH'!Hbie :a<!><PexTbi, T.e. oco6eu

HOCTH nOBelleiiH!I OTUenbllblX H}'K/IOHOB npH B03HBKHOBeHIIH ueq,opMBUHH S!llpa KBK uenoro. 

3TO nOUTBep>KUBeTCSI HBnii'!IfeM 60llhWOrO 3BnpeTa ang CnOHTBHBOrO ueneHBSI H9'19TBblX 

S!llep, no6aaneu11e TOnbKO OlliiOrO II}'KnOHB K '!eTIIo-'!eTHOM}' Rllpy npHBOilBT K pe3KOM}' 

CIIII>KeHII~ BepO>!THOCTII ueneHH!I, 

B nocneuase rOUbi no>JaHnBCb pa6oTb/B-8/, a KOTOpbiX a eTCSI nOfibiTK8 CBS138Tb 

aepOSITIIOCTb CnOHTBHHOrO ueneKBSI C pacnono>KelllleM 9 HepreTII'IeCKHX ypOBHell K}'KnOHOB 

npH pa3nH'!IIblX ue<!>OPMBUH>IX Hllp8j 9TO n03BOn!leT 1181l9!1TbCSI nony'IBTb UOnOniiBTenbHbl9 

CBeUeiiHSI 06 OlliiO'IBCTII'IIIOJI H xonneKTIIBIIOll Mouenstx >!Upa no llBIIIIbiM o nepsouax 

CfiOHT8HHOrO neneHHSI. 

8 IIBCTOS!lllee BpeMSI HMeeTCSI o6wHp11blll 3KCnepHMeiiTBnbllblll MBTepHan no nepHOilBM 

CnOHTBIIIIOrO aenedH>I, n03BODBBWBfl }'CTBIIOBHTb lleKOTOpb19 3MnHp11'19CKII9 38BBCBMOCTH 

aepo>!TIIOCTell npouecca OT Z 11 A pa3nB'!HbiX S!ll&p, 

a) C B >I 3 b Me >K ll }' n 9 pH 0 ll 0 M C n 0 II T B II H 0 r 0 ll en e II II >I T sf 

II napaMeTpOM uenHMOCTH z2 / A 

A11anu3 9KcnepiiMeHTanbllbiX pe3ynbTaToa no3aon>JeT cuenaTb 3aKn~qeaue o Cllnbaoll 

38BHCHMOCTH BepO>!TIIOCTH pacnaua OT napaMeTpa uenHMOCTB Z 2; A , KOTOpblfl, KBK 113B9 CT

IIO, B !lll9p110fl MOUenll >KHUKOJI Kannll X8p8KT9PII3}'eT OTIIOWeiiHe KynOIIOBCKOll 9 11epr1111 

paCTBnKIIBBIIIISI !!llpB II CT8611nH311py~mell noae pXIIOCTIIOll 911epr1111 II !1Bn!I9TC!I Mepoll 
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TeH.!leBIIHH llllPB HCilbiTBTh QeneHHe. Ha pHC. I npHBe.!leH rpaljlHK 38BHCIIMOCTH T OT z2; A. 
sf 

3Qec& npe.!lcTasneabl ace nocne.!lHHe .!lBBBble no nepH·O.!lBM cnoaTaHHoro .!leneaas. Coeepwea-

ao 'leTKO o6aapylKHBaeTCII o6mall TeH.!l9RIIHII K yaenR'I9HHIO ll9nHMOCTH c yeenH'I9HIIeM z2; A. 

O.!laaxo aapl!Jly c o6meA MOHOTOHaoA 3BBHCHMOCTb!O scao BH.!lBa 3&BHCHMOCn. napa6onH'Ie-

CKOrO BH.!l8 aepOHTHOCTH QeneBHH OT MBCCOBOrO 'IHCna npH ljlHKCBpOBBHHOM Z 

Ten&HO MeHbWBH CKOpOCTb pacna.!la l!Jlep C He'leTHbiM 'IRCnOM 

Z nepHO.!l npoxo.!lHT 'lepe3 MaKCHMYM npa H3Meaeaaa A 

Z ana N 

6) KosljlljlanaeHTbl 3anpeTa 11ns cnoHTaaaoro 11enesaa 

He'leTHbiX Hllep 

JlnH IIBRHOro 

npH nepBbiX 1101lb1TK8X CHCT9M8TH3HpOB8Tb 3KCnepHM9HTBnbHble 118HHble 110 CIIOHT8H

HOMY AeneHHIO l!Jlep BbiiiCHHn&Cb OIIH8 xapaKTepHBII oco6eHHOCTb: l!Jlpa, CO.!leplK8WHe He'leT

Hble 'IHCna npOTOHOB HnH Hei!TpOHOB, HHKBJtOI! CHCTeMaTH3811HH He IIOIIIIBIOTCH, J.i3 npHBeAeH

HOrO pHC, 1 BH.!lHO, 'ITO 3BB'IeHHII nepH0/108 He'leTHbiX Hllep neJKaT Ha H9CKOnbKO (3-6) no

PHIIKOB 8b1We, '19M .!InK COC9.!1HHX '19THQ-'leTHbiX H30TOIIOB, JlpyrBMH CnOBBMH, .!lnll He'leT

HbiX Hllep cyweCTByeT 3anpeT AnH CIIOHTBHHOrO AeneHHH, npH'19M ljlaKTOp 3anpeTa He HMeeT 

ChCTeMBTH'IeCKOrO X0/18 H nelKIIT B npe.!lenaX OT 10
3 

110 10
6

• 

TeopeTH'IeCKaH aaTepnpeTanHII 3BKOBOMepHocTeA cnoHTaHHoro AeneHHH 

TeopHH AOnJKHa o6'bHCHHTb TPH OC!IOBHbiX 3KCnepaMeHTan&HO ycTaHoaneHHbiX ljlaKTa, 

xapaKTepH3YIOWHX 38KOHOMepHOCTil H3MeHeHHH nepHOIIOB CIIOHTBHROrO QeneHHH pa3nH'IHbiX 

Hllep . 

1. nnaaaoe yMeHbweaae nepHo.!la nonypacna.ua Hllep c pocToM napaMeTpa Z 2/A, 

:l. KpHBbte napa6ona'lecKoro BHAa, OTpalKll!OWHe 3BBHCHMOCTb nepHOAB c H3MeHeHReM 

A npH ljlHKCHpoaaHHOM Z anSI 119THD-lt9THbiX H30TOfiOB. 

3, 3anpeT .[lnH CIIOHTBHHOrO .ueneHHR Hllep, HM910WHX H9'1eTHble 'IHCna z anH N, 

Bop a Yanep
121 

co311ana Kanenbay!O, ana ra.upo.uaaaMH'IeCKYIO Mo.uenb Hllpa. Cornac

HO 3TOI! MO.UenH, HllpO paCCMaTpHB89TCH KBK KannH H9ClKBM8eMOI! lKH.!lKOCTH, o6naABIOWell 

paBHOMepHOA 06'beMHOI! nnOTHOCTbiO sneKTpH'leCKOrO .3apll.<l8 H npHMepHO O.<lHHBKOBOII 

3HeprHel! CBH3H Ha K8lK.<lYIO '18CTHily, nocKOn&Ky HyKnOH HB noaepXHOCTH HApS B38HMQ

.uei!CTByeT C MeHbWHM 'IHCnOM HyKnOHOB, '19M ayKnOH, HBXOIIHWHIICH BHyTpH H.!lpa, TO 06-

WBH SHeprHH CBH3H yMeHbWBeTCII HB HeKOTOpy!O BenH'IHHy, nponopnHOHBnbHYIO IIOBepXHQ

CTH s.upa. 3a cqeT sToro ao3HHKaeT noeepxHOCTHoe aaTRlKeRHe. CTa6HnH3Y!Owee AencTaHe 
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DOB9pXHOCTBOro H8TH*9HRH npeBOCXOAHT pa3pywa~mee aeliCTBHe 9neKTpOCT8TB'leCKHX CHn 

OTTanKHB8HHH B HApax Ccj>epH'l9CKOli <jlopMbl, naaaMHK8 HApS ODHCblB89TCH no aaanorBII C 

nsa*eHHeM *HAKOA Kanna. BcnencTsae ne<jlopManRB c<jlepaqecKoli KanllH B03HRKa~T nepBo

nsqecKue xone5aaua nosepxsocTa. Mo*BO npoaaanH3HposaTb 9TH xone6aasa u onpenenBTb 

ax 'laCTOTbt w f • "''acTOTY xone5allHl! anepaoll nosepxaocTH c y'leToM Kynoaoscxax glj>-
/ 9 / 

<jlexTos onpenensn H.l1. <l>peaxenb , KOTOpbtll nony'lHn ana w f cneny~mee Bbtpal!<eaae 

rae y - OTHOWeHH9 

wf = I f (f - 1 ) [ ( f + 2 ) - ~ ] 
J'+ 1 

xynoHoscxoli 9Hepnm E = 3/5 (Zti2 
o R 

3 r 2M A 
0 

1~. 

K 9Heprua nosepxaocTaoro 

HBTHlKeRHH E = 4~rR 2o =u A:va . aene<jlopMaposaHaoro HJlpa, T.e. 
z 2 

y = const-; M - Mac
A 

ce OTAen&Koro ayKnoaa; A 'lRCno RyKnOHOB H KA9p. 

nmt f =1 • w =0 
I 

, T8K K8K A9<jlOpM8IlHH C f=l COOTBeTCTsyeT CMemeaue 

KannH IaK nenoro. 

113 <jlopMynbt cnenyeT, 'ITO ecna y > ·y 
kp 

, TO q&CTOTbl CT8HOBSITCSI MHHMbiMH. 

3TO 3H8t:t9HH9 OI83hiB89TCSI MHHRM8nbHhiM .a.nst f= 2 , Kor.o.a y = 2. 
kp 

Ecna y > ·y 
kp 

• TO E.< E , H HllPO HeycToll'lBBO K ne<jlopManHKM. TaKRM 

o5p830M, yCnOBHe yCTOll'laBOCTa no OTROWeHa~ K nosepXHOCTHblM ae<jlopManaKM 5yaeT 

3/5 __t:: ___.1_ z7A < 2 , ana Z
2

/ A <( Z 2 / A) =49 1 una , K8K qame npBRHTO aanacbl-
r u lr.p 

0 • 
Z2/ A = x < l. Tip a X= 1 A8ll<e c¢epaqeCK8H <jlopMa HJlpa KBnHeTCK HeycToli-B8Th, 

( z 2/ A) 
'laBOll (KApO 'KOC MHK'). 3KCnepBMeHT8nbHbte 38KOHOMepHOCTa a3MeHeBRK nepaOAOB 

cnoHTBHHoro ueneHaH c pocTOM Z 
2 I A cornacy~TCK c npencKa3aHaKMH KanenbHoll Mo-

uens. Ecns qepea aaaQeHae nepaouos 'leTao-'leTHbtX auep Ha pac. 1 npoaecTa npKMY~ 

-21 2 
naau~, TO oHa nepece'leT ocb a5cnacc ( T sf ~ 10 ceK) a o6naCTR Z • 1 A _ 48 

1 

'ITO He npOTHBOpe'laT paana'lHblM 0Il9HK8M, CnenaHHblM no rHUpOUHH8Ma'leCKOll MOUenH, 

TeopHH Eopa H Yanepa, o6,1CHHK o6mae acneKTbt ueneHHK, npa BHJlbHO onHCbtsaeT 

npOUeCC B nepBOM npa6nHlKeHHH, OUHBKO B UeTanRX MOUenb lKHJlKOll KannH He COBC9M YllOBne-

TBOpaTenbHB. 

11a Hana'laK aanpeTa una cnoHTaaHoro ueneaaa He'le THbtX auep 10
3 

- 10
8 

no OTaowe-

Ha~ K COOTBeTCTBY~lliHM 'l9THblM Hllp8 M CnenyeT, 'ITO He'l.eTHbte KUpB HMe~T 6onee Bb!CD-

KHll 6apbep neneHaK, HnH HX <jlopMa UOnlKH8 CI<Ji t> Hee MeHKTbCH npB npOXOlKU9HHH 'lepe3 

6apbep. C TO'IKH 3peHHH MOUenH lKaUKOJi KannH HaK8KOJi p83HHilbl B Bb!COT8X 6apbepa 'leT

Hb!X a He'leTHbiX KU9p H9 JlOnl!<HO 5b!Tb, Tio 9TOll MOUenH BCe HllpB B OCHOBHOM COCTOHHHH 

c<j;epH'leCKa CaMMeTpa'lHbt, a 5apbep OnpenenaeTCH TOJlbKO aena'lHHOll X , KOTOpBK Cna5o 

MeHHeTCK npa uo6asneHaH ouaoro ayKnoHa. To'IHO TaK ll<e HeBo3MOlKHO nOHKTb, B CBK3H 
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C '19M YM911blli89TC<I Bp9MSl lKH3KB 6onee TSllKell L!X '18T !JD-'leTHb!X H30TOROB !l8HHOI'O 31leMeH-

Ta, !lllSl KOTOpb!X I'H!lpO!lHH8MH'I9CKHA napaMeTp ll911HMOCTH Z 2; A cTauoauTCSl MeHbrne. 

B 195::> roay 6blna ony6nHKOBai!a pa6oTa Casrreurtoro
1101

, KOTopaSl XOTSl H ae perna

eT npo6neMy, HO Rp9!lCTBBIISleT C060A O!lfiY H3 ycneiUHb!X !JO!Jb!TOK RpHBeCTH B COOTBeTCTBI!e 

C Bb!BO!l8MII I'H!lPOlli!HBMH'leCltOA MO!l91111 3KCnepi!M9HT81lbHb19 !lB HHb!e no nepHO!lBM CROH-

T8HROrO .neneHHH X.8K '19THQ-'19THbiX, TBK H aeqeTHbiX .smep, R M0)K9T 6biTb B9CbM8 nno.no-

TBOpHOII !lllSl npe!lCK838HHSl CBOACTB HOBb!X 31l9M9HTOB. CBSlTeUKHII HCXO!li!T 113 llBYX OCHOB-

HhiX npeanocbinOK. 

1. Cornacao KanenbHOII Moaenu, norapH$Mhl nepaoaoa cnoHTBHHOro aeneHHSl paanH'l

Hh!X H30TO!JOB O!lHOI'O 91leM9HT8 UOillKHbl p8C!J01181'8TbCSl HB OUHOll Rp!IMOII, YM9Hbllili!!Cb C 

yaenH'l9HH9M z2;A. B aeliCTBHTenbHOCTH !!MeeT MeCTO napa6onH'leCKBSI KpHBBSI, H 3KCne

pHM9HT8nbHhle 3H8'19HIISI 1101'8pH$MOB nepHOUOB OTKIIOHSIIOTCSI OT Rp!IMOII H8 BellH'IHHy f). T • 

2. 3KCRt>pHMeHT81lbHbl9 M8CCbl !IU9p B OCHOBHOM COCTOSIHHH OTIIH'18JOTCSI OT 3H8'1eHHll, 

onpeuenSleMoro nonyaMnHpH'lecKoll $opMynoll rpuHa
111 1 

Ha aenH'IHHY .'l M = M -M(A. Z). 

CasrreuKRII HC!J01lb30B811 I'HnponHH8MH'l9CKyJO 'lllCTb $opMy11bl rpuua, KOTOpaSI He Y'IHTbi

B8eT HeKOTOphie 9HepreTH'leCKKe a$$eKThi TaKHe, KaK o6ono'le'IH8!1 cTpyKTypa Mep, $nyK

Ty8UH!I B auepru!IX cnapHB8HHll, aeouaoponHOCTb yrnoaoro H pauuanbuoro pacnpeaeneaul! 

38pH.llOB H ll,p., KOTOpbte BHOCSIT BKnan B HCTHHHOe 3H8'Sl6HK9 M8CCbl R.O.pa . 

Oxaaanocb, 'ITO Me>Kuy 15T H !>.M cymeCTBYJOT BUOIIHe onpeueneHHbJe KOppell!IUHH, 

Rj)H'19M K8lKUOli MHIIIIHM8CCOBOl! enHHHUe OTKIIOHeHRSI M8CCbl ( = 0,9 Mas) COOTBeTCTByeT 

H3MeHeHBe apeMeHH lKH3HH a 10
5 

paa. Ca!!Teuxul! ucnpaan!leT ua6nJOuaeMhie nepuoahi, 

BBOUSl s MnHpH'leCKYJO nonpaaKy K 15M (K = 5, ecnu 15M B3SJT8 B MHnnHM8CCOBbiX 6.0HHB-

uax). 

B peaynbTaTe ans1 'leTuo-'leTHhiX Mep nony'laeTCll nnaauaSl aaaHCHMOCTb T + K 15M 
2 d 

OT Z /A . ~BKTH'IeCKH B 9TOll pa60Te !IOK838H0, 'ITO MO!l91lb lKHUKOH KB!IIIH 0'19Hb npOCTa, 

'IT06bi 06'bRCHHTb BCe TOIIKOCTH npOU9CC8 .a,eneHHH, IIOCKOnbKY OH8 He Y'IHTbiB86T MHOrHX 

ueTaneA CTpyxTypht !lllpa. 

O'leBHnHo, 'ITO nnll cosuaHHSl TO'!Holl Teopuu cnoHTBHHoro ueneHH!I Heo6xonHMO pac

CMOTpeTb H !IOHS!Tb noaeaeHHe !IUpa B uenoM, Y'IHTb!B8!1 npH 3TOM CBOIICTB8 HHUHBHUYBilb

HbiX HYKIIOHOB. ruapO!lHHBMH'leCrtHe npenCTBBileHHSI onpeuenSlJOT o6mull xapaKTep 38BHCHM()-

CTH KpHTH'I6CXOA SHeprHH ,lleneHHH OT 8TOMHOrO HOMepa H M8CCOBOrO 'IHCR8 1 8 OTKnOH6HHSI 

OT 9THX Cp9UHHX B911B'IHH y p8911SI'IHbiX !lllep He06XOUHMO 06'bi!CHHTb HHUHBII!lYBilbHb i M XB

p8ltTepOM SlUepHbiX COCTOSIHHA. Y>Ke ua $aKTa cymeCTBOB8HHII y aexoTopbiX !lllep 6onb-

lllHX KB8.llpyn01IhHbiX MOM6HTOB H HH3KO pacnono.>KeHHbiX pOTBUHOHHbiX CII61tTpOB cne.o.yeT, 

'ITO 9TH SlUpB 06118!l8JOT 38MeTHOll H9C$epH'IHOCTb~. 06o6meHH8SI MOU9nb ycnelliHO 06'bSICHIIeT, 

!JO'l9My !IUpli RpH06peT8IOT HeC$epH'IeCKyJO, B '18CTHOCTH, 8KCH81lbHD-CHMMeTpH'IayJO $opMy. 
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Qqesaaao, qTo ang o6bRCHeHHR csoeo6paaaoro xapaKTepa HaMeHeHHR 6apbepos aene

HHR pa3nHqHbiX SI.Il9p, C KOTOpbi M CBQ38Hbl Ha6moaaeMb19 3aKOHOM9pHOCTH B nepHoaax 

cnoaTaaaoro aeneHHR, aeo6xoaaMo yqeCTb BayTpeHHIOIO CTPYKTYPY ae<jlopMHposaaaoro SI.Ilpa. 

Bnepsble TaKoA noaxoa K o6hRCHeHHIO cncTeMaTHK nepaoaos cnoaTaaaoro aeneHHR 
/12 / / 6/ 

6bin npeanoJKeH HbiOTOHOM H aeaaBHCHMO YanepoM , HO aaa6onee nonao H nnoao-
/8/ 

Tsopao ero paasan !Oxaaccoa • 11aea HbiOToaa-Yanepa OCHOBbiBaiOTCR aa Bbisoaax 

o6o6weaaoll Moaena Rapa, a ax aanbael!wee pa3BHTHe aenocpeacTseaao csgaaao c aaa-

naaoM noseaeaag aaaasaayanbHbiX ayKnoaos B ae<jlopMHposaHHbiX !Ulpa, sbmonaeHHbiM Hanb
/13/ 

CCOHOM 

BayTPeHHee asHJKeHHe ayKnoaos npH aKcHanbaoA CHMMeTpHH SI.Il9P xapaKTepaayeTCR 

np09KilH9l! nonHero MOMeHTa KOnHqeCTBa aBH>KeHHH j Ha OCb CHMMeTpaa 0 P • Oaao-

qacTH'IHbie ypoBHH ang c<jlepaqecKoro noTeHilHana, xapaKTepaayiOwaecg nonBblM MOM9H-

TOM j, pacnaaaiOTCR B c<jlepoaaanbHOM none Ha ypOBHH, COOTBeTCTBYIOWBe paanaqHbiM 

3H8'19HHRM I Opl , npH'IeM c pocToM ae<jlopManaH pacwenneaae yposael!, BhipoJKaeaHbiX 

B c<jlepH'IeCKOM Rape, ysenaqasaeTcR. 

TaKHM o6pa3oM, cocTORHHe c MOMeHTOM 

KalKaoe H3 KOTOpbi X xapaKTepaayeTcH senaqaaol! 

pacwennReTCH aa j + ~ COCTOHHHll, 

oP H onpeaeneHHOl! '19THOCTbiO, 

'-leTHOCTb MOlKeT 6hiTb nonolKHTenbHOll HnH OTpHilaTenbHOll B 38BHCHMOCTH OT Toro, 6yaeT 

na senaqaaa op6HTanbaoro MOMeHTa ayKnoaa 

nesoll ae<jlopMailHH ( B c<jlepH'IeCKOM SI.Ilpe). 

CocTOHHHH, OTnH'IaiOWHeCH TonbKO 3HaKOM 

qeTHoll ana aeqeTaol! npa nepexoae K ay-

Q p 1 T.e. HanpasneHBeM BpaWeHHH OT-

HOCHTenbHO OCH CHMMeTpHH 1 BblpOlKaeHbl, no3TOMY B HeC<jlepH'I9CKHX Hapax KaJKnbi9 asa 

npOTOHa MOryT 06pa30BaTI 'o6onO'IKy'. 

BpawaTenbaoe asalKeHI!e ae<jlopMHposaaaoro SI.Ilpa xapaKTepaayeTCa KBBHTOBbiMH 'IHC

naMH I , M H K, T.e. nonHbiM MOMeHTOM H ero npoeKnHaMH aa npocTpaacTseaao-<jlHKCH-

pOBBHHYIO OCb H OCb CHMMeTpHH !Ulpa. 

llna CHMMeTpH'IHbiX ae<jlopMauHA K = n = l: n p • Bee 'leTHbie ayKnOHbl o6pa3yiOT 
p 

38JIOnHeHHbie o60nQqi(H, Jl03TOMy B OCHOBHOM COCTOSIHHH "tJ:eTHQ-118THhiX su:tep CJIHH Sl.llp8 

K=0 = 0 

K=n p • 

a ana ne'leTnoro aapa onpeaenReTca ~ P nocneaaero aeqeTaoro ayKnoaa: 

.Qna TO'IROrO Bbi'IIICneHHSI nonolKeHHH ypOBH9ll OTaenbHbiX ayKnOHOB B CllnbHO ae<jlop

MHpOBBHHOM SI.Ilpe aeo6xoaHMO pewi!Tb ypasaeaue illpeauarepa s aec<jlepuqecKoll HMe 

c pa3MbiTol! rpaaanell H y'leCTb np11 3TOM cnHH - op6aTanbHOe B3aHMoaellcTBHe. Peweuue 

3TOII 3aaa'lll CBSI38HO C HCKniOqHTenbHbiMH TpyaHOCTSIMH, aalKe eCnH orpaaaqHTbCSI c<jlepo

HaanbHOll <jlopMoll HMbi. 
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I 

0JlK0'18CTH'IKbie C06CTBeHHble 3H8'1eKHH H <jlyHKUHH p8CC'IHTbi B8 lOT H8 3neKTpOHHOli 

Bbi'IHCUHTenhKOli M8liiHHe H CBOIIKT B llH8rp8MMbi. JlH8rp8MMbl HHUbCCOH8 B o6rneM no-

CTpOeHbl 110 /j c(),3, IIUK HeKOTOpbiX ypo,Heli ll8Hbl 3H8'ieHHK 3HeprHH ypOBHeli 110 /j aQ,5. 

YlKe npH o'leHb ee6ozlhrnex Qe<jlopM8UHHX nepeceK8JOTCH - TepMbi, npoHCXOIIH!llHe oT p83-

HbiX 3B8'1eHHli auH c<jlepn'lecKoro Hllp8. B ll8fibKelirneM npOHCXOIIHT n e pece'leHHe ypoa-

Hell, npHH8)lnelK81llHX p83HbiM 060UO'IK8M c<jlepH'IeCKOro Mp8. 

B npo!SueMe cnoeT8HHOro Qeueeast H8H6ouee B8lKBbiM aonpocoM, CBH38HHbiM c llH8rp8M

MOli HHfibCCOH8 0 KBUHeTCK UOBelleHHe ayKUOHOB B TO'IKe nepeCe'leHHH ypOBBeli. lOxaHCCOH 

BbiCK838U npe)lUOU OlKeHHe, 'ITO ayKUOKbi 0 p8CUOUOlKeHHbie U8p8MH ( C 8HTHU8p8UnefihKbiMB 

CUHK8MR), H8 OllHO'I8CTH'IHbi X ypOBBHX cnoco6Hbl uerKO nepeXOIIHTb H8 nepeCeK810IUHe HX 

a npouecce 11e<jlopM8UHH cao6oanhle ypoaKH, ecue aTo 3 HepreTH'IeCKH B hirOIIHO. T8Koli 

nepeXOll Be 38UpeiUeH, T8K K8K nonHbili CUHH HyKUOHOB BCer)l8 p8Be~ HYUJ0 0 8 'leTHOCTb 

UOUOlKHTeUbH8. <lTo, B CBOIO O'lepe)lb 0 npHBOIIHT K TOMY, 'ITO 'leTH<>-'IeTH09 MpO B npo

uecce H3MeHeKB!I <jlopMbl H8XOIIHTCH UO'ITH BCer)l8 B H8H6onee HH3KOM 3 H e preTH'I9CKOM 

COCTOHHHH. 

CosceM HH8!1 K8PTHH8 IIU!I He'leTHbiX Mep. B T8KHX !!llp8x HMeeTCH ypoaeHh, H8 Ko

TopoM H8XOIIHTCK BCero O)lHH ayKnOH C npOeKUHeli MOM9HT8 n p , KOTOp8!1 KBnHeTC!I OIIHQ-

speMeHHO H CUHBOM H)lp8. C yaenH'IeHHeM C<jlepOH)l8nbHOli ae<jlopM8UHH COCTOKHHe 

MP8 C H8H!Sonee HH3J<Oli 9Hepraeli MO>KeT IIMeTb CUHH 0 OTnH'IBblli OT n p • 0JlH8KO 

UOCKOUbKY n e pBOH8'18nbHbili CUHH Hllp8 K llOn>KeB COXp8HK'I'bCK ( HHTerp8n llBH>KeHHH), 

TO ellHHCTBeHHbiM H llOCTyUHbiMH He'leTHOMY ayKnOH)' ypOBH!IMII 6y11yT ypOBHH C n = K. 
p 

Jlu!l COXp8HeHHK M OMeHT8 He06XOIIHMO 38Tp8THTb onpe)leneBHYID 3BeprHJO (eCUH TOfibKO 

yposeHb nocne11Hero He'leTaoro BYKnOH8 ne onycK8eTCH KpyTo c yaenH'IeaaeM Jle<jlopM8-

UKH H8 B036y>KQeHHe BYKUOK8), 8 3TO npHBOIIHT I< a<jl<jleKTHBHOMY yBeUH'IeHHIO 68pbep8 )le-

UeBHK. lOX8BCCOK Ub!T8UCII 06'biiCHHTb yaeUH'IeHHe CKOpOCTH D.eUeHH!I 6ouee T!llKeUblX 

H30TOUOB )l8BHOrO 9UeMeHT8, OUeHHB H3MeHeBH!I BeUH'IHHbl 68pbep8 npH D.068BUeHHH 

asyx H)'KUOBOB H8 onpeaeueeablli OD.BO'I8CTH'IBhlli y poaeBb. B K 8nenbaoli Moaenn a peaynh

T8Te II068BU9HH!I OllKOrO HUH IIBYX ayKUOHOB H3MeHH9TC!I noaepXHOCTH811 H KyUOHOBCK8!1 

3Heprll!l Mp8. 3To H3Meeeeae uerJ<o onpeQenHTb. 

flp8KTH'IeCKH 3TO BbiUOUHSIUOCb CUelly!OillHM o6p830M: 

l13MeHeHHe BbiCOTbl 68pbepa no OllH0'18CTH'IKOli MOD.enH p8CC'IHTbiB8UOCb C UOMOIUbiO 

llH8rpaMM HHubCCOHa. 38TeM oueHKBanocb H3MeHeHHe npoHHnaeMOCTK 6apbep8 aa C'leT He-

3Ha'IHTeUbHOro H3Me HeHH!I ero Bbl COTbl . flpH paC"!eTe npOHHU8eMOCTH 6apbep8 He06XOD.KMO 

3 H8Tb ero <jlopMy. lOX8HCCOH HCUOUb30B8U <jJOpMY 68pbep8, npeanaraeMYIO rHD.pOD.HH8MH'I9-

CKOll MOD.eUbJO. 
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BepoaTHOCTh npouecca u eneRHa Bbt'IHcnanacb no npocTellweA lj>opMyne Eopa-Yanepa 

lll 
A = const exp [-k f y'H dll] ., 

I 80 
rue K -Macco&b!ll x o :;>cjlcjlauHeHT; H - BbtCOTa 5apbepa; ll 0 - paaaoaecaaa uecjlopMauHa; 

llf - uecjlopMauaa B ceunoaoA TO'Ixe. 

Y'IHTbtBaa KOHKpeTaoe pacnonoJKeaae ypo&Hell, a&Top Kamen nonpaBKH "'-fn T ,.r K ape-

MeHaM >KH3KK R.O.ep, BbPtHcneHHhiM no Kane1IhaoA Mo.nenu, H no1eaaan, 'ITO noaeaeHHe nepu~ 

uoa cnoHTaRHoro ueneRBII c y'leToM aTBX nonpaaox cTaHOBHTCa !Sonee perynapHb!N. Hx 

3H&'IeHBa rpynnBpyJOTCa C HeKOTOpb!M pa35pOCOM OKOno npaMOII nHHHB. 

nna He'leTHb!X llJlep npB yaenH'IGHBH Ue cjJOpMaURB SHepraa H9'19THOrO gyxnoHa paCTeT 

3HB'IHTenbHO !Sb!CTpee, '19M 3TO cneuyeT B3 rHUpOUHHBMB'19CKOrO paCCMOTpeHHH. 3TO npHBQ

UBT K 3cjJcjleKTHBHOMy pOCTy noTeHUBanbHOrO 5apbepa ueneHBII, H, cneUOBBT9nbHO, K yaenB

'19HBIO apeMeHB lKH3HB. Taxoe Ka'leCTBeHHoe o61.acaeaae npH'IHH aanpeTa una He'leTHbtX 

llJl9p B9CbMB y5eUHTenbHO. 

OTxnoaeaaa 3Xcnep&MeHTafibHbtX uaaHbtX OT oueHOK no xanenbHoll Moue~, no xpaA

Hell Mepe, xaqecTseHHO uocTaTO'IHO xopomo o61>BCHKDTeB ouaoqacTB'IHbtMR :;>cjlcjlexTawa. B 

TOM, 'ITO una npeUCK838HHa nepBOUOB C!lOHTBHHOro ueneaBa no MeTOUY }QxaHCCOHB He05XO-

UHMO OUeHHTb JlecjJOpMBUBH B OCHOSHOM COCTOIIHHH H B CeUnOBOJI TO'IKe Unll KBlKUOrO llJlpa, 

cymecTsyeT 5onbmaa TPYUHOCTh. KpoMe Toro una HeH3secTHbtX llJlep c Z > 100 H N > 156 

HeotSxouHMO 3HaTh npOTOHHb!e H H9liTPOHHble yposHB. noaTOMY Be YUBBBTenbRO, 'ITO no!lb!TKa 

}Qxaaccoaa pacC'IHTaTb nepHOUbt nonypacnaua 102 H 104 aneMeBTOB npHsena K cymecTseH

HOMy pacxoJKUeHBIO c axcnepaMeHTanhBb!MB uaHHbtMB. Ta!t, una H30Tona 102 aneMeHTa 

C MaCCOBb!M 'IHCnOM 256 T90p9TH'I9CKH 15brn npeUCKB38H nepHOU CnOHTBHHOl"O ueneHHa 0,02cex, 

a aa onbrTe OH oxaaanca paBHbtM 1,5·10
3 

cex; unsr 104
260 

pac'leT uan 5·10-
6 

cex, a uaRRhre 

onbrTa - 0,3 cex. 

0uHaKO 3acnylKHBaeT BHHMBHHa Bb!SOU, CUenaHHb!ll Ra OCBOBaBBH paC'19TOS }Qxa&CCOBa, 

o noxanhHOM xapaxTepe naueHHH nepaouoa cnoRTaHHoro ueneRHa auep al5nH3H nouo15ono'IKH 

N • 152, B03BHKaiOmero aa C'leT paapelKeHBH aeliTpOHRbtX ypoaaell 76 H 77. 3TH acjJcjlexTbl 

.ttOn}t(Hbi aaal.fHTenbHO yMeHbWBThCSJ .o.nR N > 158, H noaTOMY nepHOUbl CnOHTaHHOro uene-

aaa soapaCTYT c yaenH'IeH&eM N B COOTBeTCTBHK C nonO>KBHII8M MOll.enH >KHll,KOA z:annR, 

T.e. S03MOJKRO cymeCTBOBaHHe OTROCHTenbHO UOnrOlKBByll!HX B30TOnOB, OCOI5eHHO &15nH3B 

o5onO'IKH N • 184. 

DonBOllR HTOrH, cnenyeT OT M9THTb, qTQ HBCMOTpR R8 onpeAeneHH~e ycneXH TeOpKH 

B 051>HCHGHHB cymeCTBYIOIT!HX 311KOHOMepHOCTeA, npo5neMa OJleBKH CSOI!CTB l1Jl9p &aaiSonee 

TSI>tcenldX .30TOITOB B HOBbiX aneMeHTOB eme HQ peweH,a ltO KOHUB B nRlllb npH6nH>K9HHbl9 

npeltCTA8neHHSI 0 apeMQHH >KH3HB HOBbiX aaep flO OTHOW9H·~ K CROBT8HBOMY aeneHMm 

MOlKHO nony'IHTb Bll OCROSaHBH 3KCTpanonSIIlHA 9MnBpH'19CKHX 3aKOROMepBOCTeA, Ha pBC. 2 
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npaseaea rpacjiHK aasHCHMOCTH T sf OT A cnoHTaaao ae11m:naxc!l 11.11ep. Baaao, 'ITO HBIIII

'IHe ae~TpoaaoA noao6oiiO'IKH N =152 npase11o K pe3KOMY naaeaa~ nepaoaos nonypacna

.118 .1111!1 H30TOIIOB C N > 152. y XO.Il OT liO.Il060IIO'IKH K eme 60llbWHM 'lHC118M HeATpOHOB B 

sape, soaMo~ao, BHOBb npaseaeT K soapacTaaa~ c Ta 6HIIbHOC TH 11.11ep. OnpeaenaT&, rae 

aaxoQHTC!I 3Ta o611aCTb, cellqac aesoaMo~ao. Ha STOT sonpoc a nhrTa~TC!I oTseTHTb s 

11860p8TOpH!!X0 38HBM8~IUHXC SI CHifT930M Tp8HCyp8HOBblX 3119M9HTOB. 

B aeaasae A pa6oTe Ba~OIIbr H 8HIIKHHca
1141 npe;~npBH!ITa nonbiTKa nony'IBTb nony-

3Ml!BpH'IeCKy~ <jJOpMylly .111111 Oll9HKH Bp9M9HII ~H3HH TSI~9IIb!X 3119M9HTOB. 3T8 pa60T8 npeQ

CT8BII!IeT c o6oA .IIBII&Hellwee paasaTae pac'te Tos Cs31TenKoro-Dopaa H IOxaHc coaa. 

npe.llll0118r89TCSI 0 'ITO 6apb9pbl .ll9119HB!I liii8BHO K3M9HSI~TCSI B 38BHCHMOCTB 0T napa-

M9Tp8 QeiiHMOCTH Z 2 I A 3aBBCBMOCTb 6ap&epa aelleHH!I E f OT Z 2 I A MO~Ho 
38DHC8Tb B BH.Q8 

B KB'leCTse BCXO.IlHbiX .llBHHbiX .111111 nony'leHH!I K03<jlcj>anaeHTOB B b HCl!OIIb-

ay~TCSI 3KCll9pHM9HT 811b!Ibl9 pe3yllbT8Tbl 110 6apbep8M .ll9119HBSI H nepHO.Il8 M CliOHT8HHOrO 

aelleHH!I 'leTHo-'leTHbiX 11.11ep. Ha llaeHo, 'ITO .111111 '19THo-'teTHb1X Mep 11yqwee cor11acae no

lly'laeTC!I .111111 Clle.lly~max Jtoa<M!anaeHTOB! fg T 81 ~6,884, E f - 21,5; aaec& Tsf ape-

MR, ro.nht, a E f - 6ap&ep aelleHH!I, M as. 

OTc~aa ClleayeT, 'ITO npa aaMeHeHBB BbiCOThr 6ap&epa aa 1 Mas nepaoa no11ypacnaaa 

M 9HS19TCS H8 106 • 884• 

Koraa npoacxoaaT ae<jlopMBIIH!I !!Jlpa, TO a cea11osoll TO'!Ke CTPYKTypa ocaosaoro 

COCTORHRSI 1 oqeBHAHO, HCK8M88TCSI 1 .!lnH ~ero Tpe6yeTCSI .QODOnHHTenbH8SI 3H9prBH, qTo 

9KBHB8119HTHO a<jl<jleKTHBHOMy yseiiH'19HB~ rHJlp0JlHH8MH'l9CKOrO 6apbepa. 3KC119pHM9HT811b-

aoli Mepoli aaMeHeHH!I BhiCOThr 6ap&epa 8 E 1 38 C'leT pa311H'IHblX !IJl9pHblX a<jl<jleKTOB SIB-

nHeTCSI OTKnOH9HB9 3KCnepRMeHT 8nbHOA M8CCb1 1 M aKCD 1 OT nnaBHOA M8CCOBOA rBJlpO.O.RH8-

MH'l9CKOll liOBepXHOCTB M(A,Z) , T.e. 

T oraa 

fg T81 ~ 6,884 · E f + 6,884 8m - 21,5. l111a 

fg Tsf • -3,344 Z 21A +133,86 + 6,884 8m 

B OTIIB'!He OT Cs!ITenKoro a Dopaa
110

•
151

, KOTOpbre acnom,aosaiiH npocTellwee 

sbrpa~eaae Jlll!l Maccbr M(A, Z) , BKII~'laswee o6'beMHbrll, nosepxBOCTHb!A, KYIIOROBCKHA H 

CHMM9TpH'lHblll 'lii9Hbl 0 8BT0pb! paCCM8TpHB89MOll pa60Tbl /
141 

BBOJl!IT ll0llp8BKH R8 Jl0liOII

HHT9llbHy~ CT86HIIbROCTb Mp8, o6yCIIOBII9HHY~ ae<jlopM8UHel! B OCHOBHOM COCTORHHH. T8KHM 

o6paaoM , H3MeReaae CTpyKTyphr Ka~aoro Mpa Y'lHTbiBBeTC!I 'lii&HOM 8m , npeJlCTBBII~-

WHM C060l! p83HOCTb M9~Jly 3KCll9pHM9HT811bHOll M8CCOll H CyMMOA rHJlp0JlHH8MB'l9CKOll 
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Macchi an11 c<jlepH'Iecxoro AApa H nonpaBO'IHOro •meHa, y'lHTbtBatmuero Ha'lanbHYJO ae<jlop-

M8UHJO, T.e. 

S m = Ill ( A Jz ) - M -M +M -111 
311C!I, PBJlp, ~~~. 

"3KcnepBMeHTBnbHbt9" MaCChi paCC'lHTbtBa!OTCII Ha OCHOBaHBB 3aMKHYTbiX llHKnOB aHeprHH 
/18/ 

pacnaaa, an11 M raap Hcnonh3yeTCII Maccoaall <jlopMyna 3Hrepa ~e3 nonpaaox Ha o6o-

no'lKH H ne<jlopManBJO, a M ne<jl nony'laeTCII H3 cornaCOBaHHII lgTsf C aKCnepHMeH-

T&nbHblMH )1aHHbiMB no nepBoaaM H3B9CTHbiX '19THD-'leTHbiX H30TOnOB, 

Ha pBc, 3 npHBE'lleHbt rpa<jlHKH 3aaHCHMOCTH fg T sf OT N an11 pa3nH'lHbtX aneMeH-

TOB, .llnB B30TOUOl3 M9lKl1Y U B Fm omu~xa B T sf ae npeBbtmaeT 3,9 pa3a, 'ITO 

COOTBeTCTByeT H9TO'lHOCTB B onpeneneHBB MaCChi a 88 K9B, 

256 
Xopowee cornacae nony'leHo H anst HOBbiX B30Tonos Cf ( T axcn OT 8 no 

m ~ 
30 1111, Tpac'l •2,4 aHst), Fm (a Ken, -100 !,.20 neT , pac'l, - 85 neT), 102 

280 
(axcn. - 25 MBH, pac'l. - 1;9 'lac), 104 (axcn, - 0,3 cex, pac'l, - 0,21 cex an11 

a -pacnana B 1,2 cex an11 T sf ) • 

258 
.llnst Fm pac'leTHbte naHHbte T sf =5 qac. l13secTHbte B nHTepaType naHHbte 

ani! Tsf =11 aBstM, KaK H9l18BHO ycTaHOBneao, OKa3anBCb OWB60'lHbiMB, To lKe C8MOe 
254 

OTROCHTCII K 102 ( T sf = 15 llH, T • 6 CeK - OWB60'lHble aaHHbte), 
pac'l axcn 

CymecTaeHHbtM BbiBOaoM, x xoTopoMy np11wnH asTOpbi pa6oTbt, RBnlleTCII npeacxa3aHHe 

cyweCTBOB8HHII OCTpOBKa OTHOCHTenbHOll yCTOli'IHBOCTH AAep Bbtme HeliTpOHHOrO 'lHCna 160, 

Oco6eaao aTo xacaeTCII 3BMKHyToA aeATpOHHOA o6ono'lKH N • 184, rne ycToll'lHBOCTb 

K CnOHTaHHOMY neneHBIO aonlKHa 6btTb O'l9Hb 60nblliOll, .flnpa C N > 184, oqesHaHo, 

~yayT lKRTb '1p93Bbt'lallt:O Mano KaK B OTHOW9HHH CnOHTaHHOrO aeneHHII, T8K H a -pacnaaa, 

0co6btl! BHTepeC npeacTaBnBeT lt!IPO 128-ro aneMeHT8 C MaCCOBblM 'lHCnOM 310, 

conep>Kawee 128 npOTOHOB H 184 HeliTpoHa. Ec11H cywecTsyJOT 3aMKHYTbte o6ono'lKB 

Z •128 H N •184, 'ITO npeacTaBnlleTCSI B9CbMa aepOIITHbtM, TO l1BalK)1bl MarH'leCKOO 11ap0 

126
310 

JlOnlKHO 6b1Tb nnOTHO ynaKOBaHHbiM, 

CsHTeUKHll upoH3Ben oneHKH aenH'lHHbt 6apbepa aeneHHII an11 aToro AApa H nony'lHn 

3Ha'leHBe 10 ~aB, 

BepoiiTHOCTb TYRHenbaoro npoHHKHOBeHHII CKB03b Taxoll Bbtcoxull ~apbep o'leHb Mana, 

H nepHOll CIIOHT8HHOrO .neneHBR .QOn>KeH 5biTb He M9HbW9, 119~ nepHO.O: CIIOHT8HHOPO .nene

HBSI ypaHa ( 6apbep oxono 5 ~as). ) 3aeprHII a -pacnaaa AApa 128
310

, no oneaxaM, 

aon>KHa cocTaBnliTb oxono 12 ~as. TaM He MeHee nepaoa nonypacnaaa MOlKeT aocTHraTb 

llOCT8TO'IHO ~OnbWOll BenH'lHRbl ( 'laCbt H 6onee), 

14 

_, 

' f 



' 

III. CnoBTanuoe nenenBe H3 anoMa1lbHhiX s036y>Kneuuwx COCTO!IHHli 

KaJC cnenyeT B3 nepsoll qacTH o63opa, sepos<THOCTb cnonTa~:noro n e nenHs< s<nep H3 

OCHOBHOrO COCTOS!HH.R 38BHCHT 0T ne<jlOpMB!lHH .snep, KOH<jlHry p&llHH HYKDOHHb!X ypOBHeli, 

CllHHa, 'leTHOCTH H T,U, no3TOMY eCTeCTBeHHO O>KHU8Tb, 'ITO nns< B036y>KU9HHb! X COCTOS!HHli, 

KOTOphl e xapaKTepH3yJOTCS! He TOfihKO 3HeprHeli, HO H H3Me HeHH9M npyrHX nap&MeTpOB S!U

p a , B9pOS!THOCTb CllOHT8HHOrO neneHHS! UOfi>KHB Cy!lleCTB9HHO H3MeHl!TbCS!, 3KCnepHMeHT81lb

HCe H3Y'19HHe npo!leCCOB TBKOrO TH!l8 CHnbHO 3BTPYURS!eTCS! H3-38 3H8'1HTefibHOil KOHKypeH

UHH CO CTOpOHhl npyrHX BHUOB pacnana. nns< B036y>KneHHbiX COCTOS!HHli, O'leBHUHO, OCHOB-

HhiM KOHKypupyiOWHM npoueCCOM S!Bfi!I9TCS! Y - H3Dy'leHHe, npOHCXOUS!Illee 38 BpeMeHa 

I0-
12 

- I0-
14 

CeK npH OTCYTCTBHK 3anpeTOB, no3TOMY Ha6niOneHHe CllOHTBHHOrO neneHHS! 

CTBHOBHTCS! B03MO>KHbiM fiHWb Torna, KOrna BepOS!THOCTb ero B9fiBKB HDH Korna HMeeTCS! 

6onbWOII 3anpeT Ufi!l Y -H3fiy'leHHS! B CHny TeX HDH HHhiX <jl&KTOpOB, 

B Tex cnyqaax, Korna H3yqaeTcs< neneune s<nep npu 3Heprus<x B036y>Kneuus<, uecKo1lh

JCO M9HbWHX 3HeprHH 81CTHB8UHH (non6apb9pH09 neneune), BepOS!THOCTb neneHHS! cpaBHHB89T-

CS! C BepOS!THOCTb!O HCnyCKBHHS! Y -KBBHTOB, 

TaK, uanpuMep, npu 3BXBaTe TennoBhiX uel!TpOROB TopueM-232
117 1 

3ueprHH so36y

>KnedHB HHlKe 15apbepa npHMepuo ua I M3B, Ceqeuue )leneHHs< npn 3TOM cocTasns<eT 

-27 2 
(0,06 !_0,02) ·I 0 CM npu non noM ce'leHHH 38XB&Ta Tennosoro ueiiTpoua nop.sn!Ca 10 6apn. 

233 
XOTB 3ueprHB s036y>KJleHHB cocTasuoro Bnpa Tb 'leTKO onpeneneua, u cnuu uaqanb-

HOrO COCTOHHRH MO~eT npBHHMBTb TOnhKO AB8 3HaqeHRH _: ~ , TeM ue Me nee nposene-

HHe KODH'IeCTBeHHbiX paC'IeTOB BepOS!THOCTH Jl9fieHHSI Tb 233 , uanpnMep, no MonenH !Oxau-

CCOH8 Kpai!He 38TpyUHHT9fibHO H3-3B 6onbWHX HeOnpe)leneHHOCTell B noseneHHH HYKDOH

Hb!X ypOBHeli H HeB03MO>KROCTH TO'IROrO y'leTa 6apbepa neneHHSI, 

BTopaB B03MO>KROCTb - cnoHTannoe neneRHe H3 B036y>KneHHhiX coCTOBHHli npu 3Hep

rHR B036y>KnenHB Recx:om.xo M3B u 6o1lbwOM 3anpeTe nnB y -H3ny'leHHB - npenc:;TaBnB

nacb Kpal!Re ManosepoBTHOH, 

O.tlHBKO B 1961 roJJ,y C.M. nonHKBHOB c COTPYtlRBKBMH 
1181

, HC!l0fib3YSI Bh!COKO'IyB-

C TBHTe nbHbl 9 M9TO.llhl HH.[lHKBD.HH SKTOB CITOHTBHHOrO .o.eneHBSI H 60nhlllRe HHTeHCHBHOCTH 

yCKOp e HHh!X MHOr03BpS!fJ.Hb!X HOHOB ( C , N 
16 

0 Ne ua nuKnOTpoHe OH.HH, 

HB6DIOJJ,BDH CllOHTBHHOe JJ,eneHHe 
242 

Am H3 B036y>KJJ.eHHOrO COCTOSIHHSI, 

B Jl81lbHellweM pa6oTbi B 3TOM Ha npasneHHH npOBOJJ.HDHCb p.snoM rpynn KBK B CoseT

CKO M Coi03e ( OH.HH), TaK H B npyrux CTpanax. Pe3y1lbT&Tbi 3KCnepHMeHTOB, nony'leHHbie 

K HBCTOHWeMy BpeMeHH, B OCHOBHOM CBOllHTCSI K cn e oylOWeMy: 

I. CnoHT&HHoe JJ.eneune H3 B030Y >KtleHH biX cocTOBHHli, no-BHJJ.HMOMy, wnpoKo pacnpo-

/ 19/ 242 240 
CTpa HeHHoe BBneaue. Y>Ke Tenepb H3B eCTHO 7 H30Mepos ( Am Am , Am 244 
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228 
Np , CM. p HC. 2), XOT H M9T OaHK8, np8M9HH9M8SI B 3KCne pBM9HT8X, aa aana B03MOlKHOCTb 

perHCTpHpoaaTb c noHT8 KKoe aeneHHe Slaep nHWh a cpaBR8Tenb KO y3XOM auana3oHe epeMeH 

(OT 10-3 
c e K no 104 

c eK) H 8CcnenoaaTb orpaHH~eHRoe '!Hcno H30Tonoa. 

2. Bo acex cny~aHX cnoHT8HHoe neneHBe 83 a036yli<JleHHhlX COCTOSIHHA npoHcxoa8T 

3H8~8T91lbHO 6 btCTpee, '18M 83 OCHOBHOrO COCTOSIHBSI. nnSI OTne nbRbl X 830TOllOB ljlaKTOp 

20 24 
ycxopeHHSI noCTHraeT 10 - 10 • 

3. I130M9pH09 OTHOW9J!H8 BO BCeX HCCnenOBBHHblX p 98KUHSIX COCTBBnSIRT 0'18Hb ManyJO 
-3 -5 

aen8'1HHY (OT 10 no 10 ). 3To o6ycnoaneHo ManoA eenK~8aoA aepoSITHOCTB o6pa30BBHHSI 

l18HHOrO COCTOSIHHSI, B H9 KOHXypeRUHeA C a -paCnBllOM B HCnyCK8HH9M y -KBBHTOB. 0nbtTbl 
/21/ 

no o6HapylK&H8JO aeTB8 a -pacnana • y -u3ny'leHHSI, npoaeneRHhle a 011.SUI R a EepKnK , 

noJta3anH, ~To y'leT xoaxypHpyJOWHX npoueccoe pac nana He MOlKeT yaenH'IHTb K30MepKoe 

OTHOW8HH9 6onee, '18M B 20-40 pa3. 

4. CnoHTBHHO nenmuHeCH H30Mephl nony'laJOTcSI He TOnbxo e llllRPRbiX peaJCUHSIX 

C TH lKenbtMH HOHBMH, HO H B pe8KUHHX C a - '18CTHU8MH, neATpORBMH II H8ATpORBMB 

c a HeprueA 14 Mae. 

5. 3HeprHH B036ylKneRHH COCTOSIHHH, H3 KOTOpOrO npOHCXOnHT CDOHT8HH09 J1eneRH8, 

no-eHaHMOMy, HenenHxa. B 'IBCTHOCTH, nnH HaH6onee H3Y'IRKHoro H30Mepa Am 242 
e onbl-

Tax c neATpOHBMH noxa3auo, 'ITO a ueprRH e036ylKneHJIH ae npeablwaeT 2 Mae
1201

• 

6. 3HepreTH~eCKHA cnexTp ocxonxoe neneHHH e npenenax TO'IROCTR axcnepaMeRT8 

He oTna~aeTCH OT noao6aoro cnexTpa ocxonxoe npa neneaaH 

/25/ 
HBMH 

M1 
Am TennOBblMB H8l1Tpo-

no Mepe 3KCnepHM<' HTBnbHOrO H3Y'I8RHH CllOHTBRROrO JleneHHSI IIJ19p 113 B036ylKneHRbiX 

COCTOHRHli C03naaanHCb pa3nB'!Hbt9 rHnOT83bl anSI HX 06'bSICH8HIISI. nocne nepBblX pa60T 

/18/ /22/ /23/ 
C.M. non&Jtaaoaa 11 np. Cn11a a nexep BblllBHHyna rllnOTe3y, cornacao J<OTo-

poA aae prHH H30MepHoro ypoeaH cocTaanHeT 3-4 M ae, 'ITO aeo6xonHMO anSI o6'bHCHeBBH 

yeena'!eHBSI eepoHTHOCTH neneHHSI npaMepao e 10
20 

pa3. Cnaa aToro ypoaaH, no ax npen

nonolKeHHJO, nonlKeH 6 btTb o'!ellb 6o1IbwHM (20-24 1i ) nnSI Toro, 'IT06bl o6'bSICRHTb ManyJO 

89pOHTHOCTb RCnyCKBHHH Y -KB8HTOB. 

On11axo nanbaeAwae axcnepaMeHTbt He nonTeepnana 3TH rHnoTe3 bt - a aeprKSI eo36y-

lKJ1RHHSI H30Mepaoro ypoeHH Am 
242 

He npeeblwana 2 M ae, a cnHR, oueReHKhtA 113 axcne-

puMeHT OB C HeliTpOH8MK, eaea nH MOlK8T llOCTHr8Tb CTOnb 601IbWBX 3R8'19HBll. 

HecKOnbKO KROll nonxon K npo6neMe K30Mepa conep lKHTCH B pa60Te n.$.3apeuKoro 

11 M.r. YpHaa
1241• KOTOpbte npennonoll<anu, 'ITO aaeprHll e036Yll<l1RHIIH ypoeHSI ae eenHx a , a 

eepoSITHOCTb neneRKSI nOBbtw aeTCH 3a C'leT y MeHbWeHHH a<!><!>e KTKBHOll M8CCbt, c n oco6cTsy to

wero TYHHenbHOMY npoRHKHOBeHIIJO CKB03b nOTe HuHanbHbtll 6apbep. OnaaKo aTe rHnoTe3a 
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/25/ 
aaxoaHTCSI a npoTaaope'IHH c 3ttcnepaMeHTanhHhiMH peaynhTaTaMH BaHaea6owa a ap. 

ABTOpb! 3TOll pa60Tbl Ub!T8UHCb 06HapylKHTb CUOHTaHHOe aeneHI!e 113 113BeCTHOTO 

34 MCex saoMepHoro cocTOSIHHSI Cm 
244 

c 3HeprHell I 042 K3B, o6paay10merocg npH 

{3 -pacnaae Am 
244 

, KOTOpoe COOTBeTCTByeT pa3pb!BY napbl HellTpOHOB, CBSI38HHb!X 

B OCHOBHOM COCTOSIHKB, flpH pa3pb!Be napbl HYKITOHOB MaCCOSb!ll K03(jl¢HUI!eHT B H30M9pHOM 

COCTORHHH .O.On>K9H 6biTb M9Hbllle, 'l9M B OCHOBHOM COCTOHHHH. 3a ClJ9T 3TOrO LlOn>KHO IIp~ 
15 20 

HCXOilHTb yMellbWeHKe speMeHH lKH3HH llll!l CUOHTaHHOTO aeneHHSI 8 10 -10 paa, T,e, 

o>KHLJ.anocb, 'ITO nepso.n cnoHTBHHoro .ueneHHH H30M:epa 

pHMeaT aan HHlKH!O!O rpasHuy :': I ,4•10
2 

neT, 

Cm 244 
COCTaSHT cettyBilbl, a 3Kcne-

BMeCTe C TeM, KaK cneayeT H3 nepaoll 'IBCTH, 38MeTHOe yCKOpeHHe CUOHTBHHOTO 

aeneHHSI MOJKeT Bbl3b!saTbCH xoaoM yposHell, Hna aaMeHeH&eM ae¢opMaUHH, HanpHMep, 

(jlaKTOp yCKOpeHHH npH nepexoae OT Cf 
25° K c?54 

COCT8BUH9T = 10 
7

, 

flo3TOMY B tta'!eCTse paf5oqell THUOTe3b! MOlKeT 6b!Tb 8blllBHHyTO npellUOUOlK9HHe 0 TOM, 

qTO RllPO KpOMe OCHOBHOTO COCTOHHKSI C ae(jlopMaUHell f3o H onpeaeneHHbiM pacnonoJKe-

HHeM ypOBHel! MOlKeT HaXOilHTbCSI 8 B036ylKileHHb!X COCTOHIUISIX, B ltOTOpb!X UH60 HB'IanbHBSI 

ae<jlopMaUHSI CymeCTSeHHO OTUH'IHB OT {3 0 , UK60 paCUOUOlK9BHe ByKUOHHb!X yposael! TBKOBO, 

'ITO 3TO UOMOTBeT aeneHH!O, 3Ta THUOT93a, KOTOpag 6b!Ua 06CylKil9H8 B 'IBCTHOll llHCKyCCHH 

c 0. EopoM a ~964 r.
1

o'leHb Tpyaao noaaaeTcSI KOITH'IeCTBeHHblM pac'leTaM, TaK KaK Tpe-

6yeT TO'IHOTO y'leTa 3HepTHH 8C9X HYKITOHOB UpH p83UB'IHb!X ae(j)OpMBUHHX Hllpa, a TaKlKe 

3aBHCHMOCTH npOHHUaeMOCTH 6apbepa OT ll9(j)OpM8UHH, 

EcnH 3TO COCTOHHHe cyweCT89HHO OTUH'Ia9TCH ITO ae(jlopMaUHH HUH KOH<jlHTypaUKH ypoB

Hell OT OCHOBHOTO COCTOHHHH, TO TBK Ha3b!SaeMOe H30MepHOO OTHOWeHHe 6yaeT CHllhHO 38-

BHCeTh OT CUOC06a nony'!eHHH H30Mepa, 8 '!aCTHOCTH, H8M npellCT8BUH9TCH He HCKU!O'IeHHblM, 

'ITO He06hi'IHOCTh (aHOMallhHOCTb) H30MepHOTO COCTOHHHH C8H3aH8 C 8HOMaUhHOCTh!O Ha'lallh

HOTO coCTOHHKH, KOTopoe o6paayeTcsr s nepaoll <jlaae sraepsoll peaKUHH, T.e. He see KaHanbl 

SlllepHOll pe8KUHH B H8'18nhHOl! H llanhH9HWHX CTallHHX UpHBOilHT K OllHHBKOSOll sepOSITHOCTH 

nOHBneHHH H30M9pHOrO 8HOM8nbHOrO COCTOHHHH. 

3Ta rHnoTeaa ewe 6onee TpyaHo noaaaeTCH TeopeTH'IeCKOMY aaanaay, OaHaKO pHil 

K8'1eCT8e HHb! X 38Kn!O'IeHHII MOlK9T 6b!Tb ClleUaH Ha OCH088HHH CBMb!X o6wHX C006palKeHHll, 

B 'laCTHOCTH, c 3TOll TO'IKH apeHHH H30Mepaoe OTHOWeHHe npa aaxsaTe TennOBb!X 

241 242 
HellTpOHOB B peaKUKK Am ( n,y) Am llOnlKHO 6b!Th O'lellb MBnhiM, T8K KaK CUHH 

RllP8 H3MeHHeTCH Ha :t_ ~ b , a npS!Mhle peaKUHK OTCyTCTBy!OT, 3KcnepHM9HTbl U0380nHnH 

OUeiii!Th TOUbKO rpaHH'IHOe 3H8'19HHe H30M9pHOTO OTHOWeHHH0 KOTOpOe COCTBS,nHeT 10-
7

, 

C yaenH'I9HH9M 3 HepTKH UallB!OWHX '!aCTHU llOnlKHO ysenH'IHBBThCSI 'IHCnO H8'18llbHb!X 

KaHanoa peaxuaa H aepoHTHOCTh npSIMhlX npoueccos. 3To aonJKHO npHBOilHTb K pe3KOMY 
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yBeJlH'ieHHJO H30MepHoro OTHOWeHHSI B Sl.[lepHbiX peaKUHHX1 Bb13biB8eMblX npOTOHBMH C 9Hep

rHeA B HeCKOJlbKO COTeH ~98, 

B cny'iae o6paaosaHHR KOMnayHn-Rnep ooJlbwHe B030Y*lleHHSI Ha'iaJtbHOro Rnpa non*

Hbi TBK*e npHBO.[lHTb K oonee BbiCOKOMy H30MepHOMY OTHOWeHHJO, 8 peaKUHHX C TSI*eJtblMH 

HOHBMH, npoTeKBJOWHX 'iepe3 COCTBBHoe Slllp01 nOSIBJlSieTCSI O'ieHb OOJlbWOe 'iHCJlO KBHBJlOB 

H R30MepHbte OTHOllleHHSI JlOn>KHbl B03p8.CT8Tb. 

EcnH sTa rHnoTeaa, ot5'bRCHSIJOWaSI HaonJOnaeMbi e RBJteHHR, oKa*eTCSI npaBHJlbHoA, TO 

B030Y*lleHHble COCTOSIHHSI TBKOrO THna MoryT ocymeCTBJl!!TbCSI H .[lJlSI npyrHX R.[lep B ' paa

JlH'iHbiX 06Jl8CTHX TBOJlHilbl 9JleMeHTOB, .llnH oonee nerKHX H.[lep 9TH COCTOSIHHSI .He oynyT 

pacnanaTbCSI nyTeM CJlOHTBHHOrO JteJteHH!I1 HO 38TO MOryT B03HHKHYTh HeOOhl'iHhle BH.[lbl 

a -pacnana, aaoMaJtbHbre y -nepexonbr H T.n. 
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