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A H H 0 T 8 U H H 

PaccMaTpHB88TCH 06WaH KapTHHa peaKUHI C TH)KenbiMH HOHaMH npH HanH'IHH BbiCOKOrO 

yrnosoro MOMeHTa, 0TM8'1a8TCH ero BnHHHHe H8: a) aepOHTHOCTb CnHHHHH B3aHMO.QeiCTBYIOWHX 

H.Qep; 6) M8X8HH3M pacna.aa COC~aBHOrO H.apa H xapaKT8pHCTHKH ero Hany'leHHH; B) KOHe'l-

Hbl8 npo.QyKTbl peaKUHH, 

a) n pHBO.QHTCH .aaHHble , yKa3biB810WH8 H8 TO, 'ITO aepOHTHOCTb o6pa.aoaaHHH COCT8BHOrO 

H.apa C BbiCOKHM CDHHOM M0)K8T 6b1Tb HH)Ke p8C'I8THOI H3 -aa npouecCOB npHMOro B3aRMO.Qei

CTBHH, J.1Hor.aa CnHHHRe aanpeweHO SHepreTH'IeCKH, 

6) 06Cy)K.aaeTCH son poe 0 TOM, KaKHMH n YTHMH H3 BpawatowerOCH B036y)K.QeHHOrO H.apa 

YHOCHTCH yrnoaol MOMeHT, YKa3b1BaeTCH Ha CyWeCTBeHHYIO ponb y -aany'leHBH B 9TOM npo

uecce. npHBO.QHTCH .QaHHble 0 cneKTpaX H yrnOBblX pacnpe.aeneHBHX HyltnOHOB H a -'ISCTHU, 

0TMe'laeTCH Hey.aosneTBOpHTenbHOCTb TeopeTR'I8CKOrO ODHC8HHH OC06eHHOCTel pacna.aa Bp8IUaJO• 

WHXCH COCTaBHblX H.Qep, ,llenaeTCH npe.anonO)K8HHe 0 B03M0)KHOI nonHpH3aUHR HyKnOHOB 1 HCna-

pHIOWHXCH H3 TaKHX H.aep, 

B) 0TM8'1a8TCSI 1 'ITO B peaKUHHX C TH)KenbiMH HOHaMH C 6onbWOI BepOSITHOCTbiO MOryT 

o6p830BbiB8TbCH H.apa B H30MepHbiX COCTOJIHRHX CnO)KHOI CTpyKTypbl C 6onbWHMH CDHHOM H 

9Heprael B036y)K.Q8HHH, npHBO.QHTCSI .QaHHbJe 0 nony'leHHbiX TaKHM o6pa30M aHOMMbHbiX H30Me· 

pax, pacna.aaJOWHXCH nyTeM a -pacna.aa H CDOHTaHHOrO .Q818HHSI, 

G.N.Flerov, V.A.Kunaakhov 

EFFECT OF LARGE ANGULAR 
MOMENTA IN NUCLEAR REACTIONS 

INDUCED BY HEAVY IONS 

Abstract 

A poeral picture of reactions induced by heavy ions la conlidered,ptOvided there ls a lar&e Bllgular momeutum. Ita lnflueuce 

la ahoWII :. 

a) on the probability of the fusion of the lnteractinc nuclei; b) on the decay mech811ism of a compound nucleua 811d its radia

tion characterlstica; 

c) on the finite reaction producta; 

a) The data are ctveu which show that the probablllty of forminc a compound nucleus with a hlch apin may be lower th811 the 

theoretical one due to the procesau of a direct Interaction. Sometimes the fuaion ls euercetically forbidden. 

b) The ptOblem ls dlacusaed aa to how the 111gular momeutum ia carried away from a rotatinc excited nucleus. All e18811tial 

role of y-radlation in this procuaiaindlcated. Th~ data are presented on the apectra 111d 111gular dlstributlona of nucleona 111d 

a- partlclea. It ia shown that the theory deacrlbea unsatiafactorily the peculiarities of the decay of the rotatlnc compound nuclei. 

An asaumptlon ia made concerninc a poaslble polarization of nucleona evaporatinc from auch nuclei. 

c) It ia pointed out that in the reactions induced by heavy iona the probablllty of ceneratln& nuclei in the iaomeric atates of a 

complex structure, which have a lar&e spin and a high excitation euergy is great. The data are ctven on tlie anomalouaiaomera thus 

obtained which decay by the a -particle emission and by a apontaneoua flsalon. 



1, Y)f(e HeO,llHOKp8THO OTMe'I8110Cb, 'ITO TSI)f(e1Ibie HOHbl .ll810T YHHK81lbHble B03MO)f(HOCTH 8 

OTHOWeHHH HCC1Ie.OOB8HHSI SI.OepHbiX CHCTeM C Bb!COKHM yrnOBbiM MOMeHTOM, EC1IH B K8'1eCTBe 

6oM6ap.oHpyiOWHX qaCTHU HCn01lb30B8Tb HeATpOHhi, npOTOHbl C SHeprKeA 5.;.. 10 Mae, TO Mbl 6y

.oeM HMeTb .oeno C COCTOSIHHSIMH 1 Be1IH'IHH8 yrnoaoro MOMeHT8 KOTOpb!X p8BH8 HeCK01lbKHMH It 0 

Pa60T8SI C TSI)f(e1lb!MH HOH8MH, Mbl HMeeM B03M0)f(H0CTb HCC1Ie.OOB8Tb COCTOSIHHH, Ba1IH'IHH8 

yrnoaoro MoMeHTa KOTOpbiX H3MepS!eTCSI Y*e .oeCSITKBMH b . B Ta6naue 1 .ons annJOcTpauaa 

npaae.oeHbi 3H8'1eHHst MaKCHManbHoro yrnosoro MoMeHTa cocTeBHoro H.opa, o6paa yiOwerocs npH 

cnHSIHHH paanH'IHbiX HOHOB c aHeprHeA 8 Mas/HyKnOH c H.opoM N I 

48CTHU8 p a Ar 40 

Lmaz 3 16 48 75 104 

8 H8CTOS!Ulee BpeMSI 3KCnepHMeHT8TOpbi HCn01Ib3YIOT .ll1ISI yCKOpeHHSI Tlt)f(e1lb!X HOHOB 

sneKTpOCT8TH'IeCKHe, 1IHHeilHbie yCKOpHTenH, UHK110Tp0Hbl H HMeiOT B pacnOpSI)f(eHHH HOHbl Bn1IOTb 

.oo Ar c aHeprHeil .oo 10 Mas/HyKnoH, YcKop e HHe 6onee TSI)f(e1IbiX HOHOB THna Kr, Sr il Xe · 

61IH)f(8itlll8SI 38.08'18, 

PeaxuHH, Bbi3bJB8eMbie TSI)f(enbiMH HOHBMH, qpe3Bbi'18AHo MHoroo6pa3Hbi, B HacTosweM o6ao· 

pe Mbl OCT8HOBHMCSI H8 acj:lcj:leKT8X Bb!COKOro yrnoaoro MOMeHT8 .ll1ISI T8KHX pe8KUHil 1 KOTOpbie, B 

KOHe'IHOM C'leTe, npHBO.llSIT K n01IHOMy 1 1IH60 '18CTH'IHOMY ·cnHSIHHIO SI.Oep, 

Sb!COKHil yrnOBOit MOMeHT CK83biB8eTCSI H8 BCeX 3Tanax pe8KUHH: B1IHSieT H8 BepOSITHOCTb 

o6p830B8HHSI COCT8BHOro S!.llp8 1 CK83biB8eTCSI H8 MeX8HH3Me ero pacna.oa, X8p8KTepHCTHK8X H31Iy-

'leHHSI H KOHe'IHblX npo.oyKT8X pe8KUHH. 

11. Ope*.oe acero paccMoTpHM nepBbiil aTan peaKUHH - BKT coy .oapeHHSI SI.Oep. OpH OTHo

CHTenbHO He601IbWHX napaMeTp8X coy .oapeHHSI H 3HeprHH 1 601IbllleA KY1IOHOBCKOrO 68pbepa, BepOS!T

HO, npOHCXO.llHT nonHOe C1IHSIHHe H o6p830B8HHe COCT8BHOro Sl.llp8 C onpe.oeneHHbiMH SHeprHeR 

B036y)f(.oeHHSI H yrnOBbiM MOMeHTOM, OpH napaMeTpax coy .oapeHHH, 6nH3KHX K M8KCHM81IbHOMY, 

K8pTHH8 YC110)f(HHTCSI 1 n01IHOrO C1IHSIHHSI B38HMO.OellCTBYIOUlHX SI.Oep MO)f(eT He npOH30ATH, .Lleno 

B TOM 1 'ITO Be1IH'IHH8 ueHTpo6e)f(HbiX CH1I MO)f(6T OK838TbCSI 601lbllle Be1IH'IHHbl CH1lbl npHTSI)f(eHHH, 

B03HHK8IOUleA npH qacTH'IHOM nepexp'b!THH o6'beMoa CT81IKHB8IOWHXCSI H.oep, B pe3ynbT8Te on-

pe.oeneHHaSI .oonSI nonHoro ceqeHHSI 6y.oeT no~pS!Ha .anSI npouecca o6paaoaaHHSI cocTaBHoro S!.Opa, 

8 pe81IH3yeTCSI B BH,lle pe8KUHA nepe.08'1H O.llHOrO H1IH HeCK01IbKHX HyK1IOHOB 1 a - '18CTHU H 

KOMnneKCOB H3 HHX, 

Bo3HHKBeT aonpoc, xax 6hiCTpo npoHcxo.oaT cnHSIHHe SI.Oep npH HanH'IHH Bbicoxoro yrnosoro 

-21 
MOMeHT8, OpoHCXO.llHT 1IH STO 38 ., SI.OepHb!e BpeMeH8., nopSI.OK8 10 CeK H1IH )f(e npouecc 38TSI-

/l/ 
rHB8eTCSI? 06UleH3Be CTHbl OnbiTbl K8H8.llCKHX cPH3HKOB 1 KOTOpble 1 HCC1Ie.OySI B38HMO.OeilCTBHe 

C+C, npHUl1IH K Bb!BO.lly 0 TOM, 'ITO C1IHSIHHIO Sl,llep npe.owecTayeT o6p830B8HHe .. KB83HM01IeKy1IS!p· 

HOlt., CHCTeMbl 1 )f(HI:lyi.Ueil . OTHOCHTe1IbHO .0011ro, Mbl He 6y.oeM no.opo6HO 06Cy)f(.ll8Tb pa60Tbl 1 

3 



CBR3aHHbl9 C STH BOnpOCOM, 0HH HaCTOSlbKO HHTepe CHbl 1 'ITO Tpe6yJOT K ce6e OC05oro BHHMaHHSI, 

B CBeTe STHX pa5oT HaM Ka)l{eTCSI pa3yMHOit nOCTaHOBKa BOnpoca 0 TOM, He SIBSISieTCSI SIH 
11
KBa3H

MOSieKynHpHaH" CHCTeMa 05R3aT9SlbHblM STanOM Ha nyTH o5pa30BaHIUI COCTaBHOI'O SI.Opa B peaK

UH HX C Tfi)KeJib!MH HOHaMH . 0TB9T MO)I{HO, BepORTHO, nony'IHTb1 9CSIH npoaHaSIH3HpOBaTb yr'SIOBOO 

pacnpe.oeneHHe .ons:~ peaKuaa· nepe.oaqa HyKnOHoa. EcnH o5pa3yeTcR *Kaa3HMoneKyns:~pHas* cReTe-

Ma, TO O.OHHM H3 KaHan OB ee pacna.oa nOMHMO CSIHSIHHR R.Qep 5y.oyT peaKUHH nepe.oa'IH. Yrno-

BOe pacnpe.oeneHHe nOO.OyKTOB pacna.oa TaKoit CHCT9Mbl .OOJI)I{HO 5b!Tb CHMM9TpH'IHO B CHCTeMe 

ueHTpa Mace . 3KcnepHMeHT raKoA CHMMeTpHH He o5Hapy:>KHSI, OnhiThi no H.ccne.ooaaHHIO 3axaaTa 

121 
o.oHoro HeitTpoHa, npoae.oeHHhie BonKOBhiM H .ap. ewe a 1957 r. 1 noKa3anH, 'ITO nerKHit npo-

.oyKT peaKUHH BbiSieTaeT B Y3KOM HHTepaane yrnoa , 5SIH3KHX K yrny pe3e~op.OOBCKOI'O OTKSIO

H9HHH, KOTOpbiit COOTB9TCTayeT KpaeBOMy coy .aapeHHIO R.Qep, AHaSIOI'H'IHaR KapTHHa HMeeT MeCTO 

/3/ 
H B cnyqae peaKUHit nepe.oa'IH H9CKOSlbKHX HYKSIOHOB , .[lnsr HSISIIOCTpaUHH Ha pHC, l nOKa3aHbl 

pe3ySibTaTbl 1 nonyqeHHbie· He.QaBH O B Haweit na5opaTOpHH E,.[l, .[lOHUOM H r,KyMncpoM, 0HH HCCne

.OOBaSIH yrnOB bie pacnpe.aeneHHl'l TSI)K9JlbiX npo.ayKTOB peaKUHit nepe.oa'IH MHOI'HX HYKSIOHOB npH 

a3aHMo.oeltcTBHH Ne.2
2 

H Th • Ha pHcyHKe noKa3aHbi yrnoahie pacnpe.aeneHHR s:~.aep Th :Ul' 

(peaKUHl'l CphlB8 5 He itTpOHOB) H Ac 
124 

(peaKUHH Cphlaa 1 npoToHa H 7 HeitTpoHoa). Ba.aHo, 

'ITO yrnoaoe pacnpe.aeneHHe HMeeT qeTKHit MaKCHMYM B5SIH3H yrna pe3e~Op.OOBCKOI'O OTKSIOHe

HHH ( noMe'leH CTpenKOit). MaKCHMYMhl He COBna.aaJOT 1 ST01 aepORTHO, p e3ySibTaT TOI'0 1 'ITO yqaCTHEf 

g_aepHbiX CHSI HCKa)l{aeT KYSIOHOBCKH9 TpaeKTOpHH, 3TH .aaHHbie, no-aH.OHMOMY 1 CBH.OeTeSibCTByiOT 

0 TOM, 'ITO*Kaa3HMOSieKynHpHhlit" STan pe8KUHH B .OaHHOM cnyqae OTCyTCTByeT. 

Vf3 TOI'O cpaKTa, 'ITO npH KpaeBbiX COy .aapeHHl'IX npOHCXO.Ol'IT pa3SIH'IHbie peaKUHH npSIMOI'O 

. B3aHMO.OeltCTBHSI, BbiT9KaeT OI'OBOpKa K Ta5SIHU9 1, MaKCHMal!bHbi.it MOMeHT COCTaBHOI'O R.Opa 

Bhl'IHCSIHSICR 5e3 y'leTa STOI'O 05CTOHT9SlbCTBa no nonyKSI8CCH'l9CKO.it cpopMyne: 

L max = } y 2J.L ( E- B) ; 

¢aKTH'l9CKOe 3H8'leHHe Lm,. 5y.aeT HeCKOSibKO HH)I{e p ac '!eTHoro, H pa3HHUa 5y.aeT TeM 

5onbwe, '19M Bh!We L max • npH npoae.oeHHH KOSIH'l9CTBeHHO.it o5pa5oTKH SKCnepHMeHTaSibHb!X 

p e3ySibTaTOB STO 3aMe'!aHH9 H905XO.OHMO y'IHThiBaTb, . noKa HeT npRMb!X .08HHbiX HH TeopeTH'le-

CKHX 1 HH SKCnepHM9 HTaSibHhlX 0 B9SIH'IHH9 Lmez C yqeTOM scpcpe KTa KpaeBbiX coy.oapeHHit, 

YKa3aHue Ha aa)I{HOCTb sToro scpcpeKTa npH SHeprHHX - 10 M s a/HyKnoH cne.ayeT H3 pa50Thi 

/4/ 
X a5ap.aa H .op. , 

12 
Helt HOHaMH C 1 

B KOTOpO.it H3M9pHSICR nonHhllt B h!XO.O H9ltTpOHOB npH o5ny'l9HHH ps:1.0a MHWe-

14 16 .20 N , 0 , Ne • 6onbwolt BKna.a npo4eccoa npRMoro B3aHMo.aeACTBHR 

/5/ /6 7/ 
ycTaHoaneH TBK)Ke B pa6oTax AH.aepcoHa H .ap. , 6pHTTa H KBHHTOHa ' • Ha ocHoaaHHH 

HMe!OlllHXCR .aaHHhiX MO)I{HO C'IHTaTb, 'ITO .anSI cpe.oHHx H TR)I(eJihiX s:~.aep H HOHOB (.ao Ne 20 

C sHeprHelt < 10 Msa/HyKnOH C9'19HH9 o5pa30BaHHH COCTaBHOI'O s:!.Opa He MeHee 50% OT nOSIHOI'O, 

3TO 03HaqaeT, 'ITO pacqeTH09 3H8'19HH9 Lmaz npe BbiWaeT cpaKTH'IecKoe He 6onee, 'leM a non-

Topa pa3a. 

111. npoaHanH3HpyeM T enepb BSIHl'IHH e BbiC OKOI'O yrnOBOI'O MOMeHTa Ha noae.QeHHe COCTaa

H OI'O S!.Qpa , TaKoe S!.OpO MO)I(eT 5biTb Har'SISI.OHO npe.OC T8BneHO KaK HarpeTaR BpaWaiOUlaRCR 

3 apSI>KeHHaSI KannSI , nonH aR 3 Hepr'Hl'l B035y)I(.QeHHSI COCTOHT H3 

w e nHSI H "Tennoaolt" sneprHH : E*=ER+E T E 
R 

4 

.OBYX KOMTIOHeHT - SHepi'HH Bpa-

~.:_ L ( L + l ) 
21 



E R - MO)I{eT cocTaBnHTb cywecTseHHYIO .non10 OT E *. Jlng npiiMepa yKa)l{eM, 'ITO s cnyqae 

16 
nonHoro cniiHHIISI H.npa 0 , IIMeiOI.Uero aHepr11Ki 160 Mas, 11 Ni E *=125 Mas, a E ,. . R 

40 Mas. Mo)l{eT 6biTb peanll3osaHa T8K8SI CIITYBUI':SI, Kor.na sKna.n 9Hepr1111 spaweHIISI ewe 

60nbi.Ue. 3aMeTIIM, 'ITO np11 .ll8HHOl! 9Hepr1111 S036ym.neHIISI COCT8SHOe Sl.llpO He MO)I{eT o6n8.ll8Tb 

MOMeHTOM, 6onhi.UIIM HeKoToporo KpiiTII'lecKoro L" , KOTopoMy cooTseTcTsyeT E = E* . 3To 
R 

03H8'18eT, 'ITO o6pa3os8HIIe cocTasHoro H.npa c L > LIt 6y.neT sHepreTII'leCKII 3anpeweHo • 

.[l.nSI OTHOCIITenbHO nerKIIX Sl.llep 9TO 38Me'l8HIIe cywecTseHHO y)l{e np11 11CnOnb30S8HIIII T8KIIX 

IIOHOS, KOTOpbie IIMeiOTCSI S pacnOpSI)I{eHIIII Cel!qac. 

Cne.nyeT 0)1{11.ll8Tb, 'ITO sniiSIHIIe yrnosoro MOMeHT8 H8 pacna.n COCT8SHOrO Sl.llp8 6y .neT 

OC06eHHO CllnbH0 0 KOr.na 9Hepr11SI spai.UeHIISI 6nii3K8 K nonH Ol! SHeprllll S036y)l{.lleHHSI. npe.nenb

Hblll: cnyqall: 3.necb - xono.nHoe spai.UBIOI.UeecSI H.npo: F. r"' 0. 

KaqecTseHHO SICHO, 'ITO spaweH11e R.npa .non)I{HO CK838TbCSI 

3TOT son poe IICCne.nosancSI TeopeTII'ieCKII r . A .niiK-nll'laKOM/g/, 

H8 ero pasHOBeCHOll: cpo pM e . 

110/ 
XHCKCOM , EepiiHrepoM 

/II/ 
II HoKCOM s pa3nll'iHbiX np116nll)l{eHIISIX. no scell: sepOSITHOCTII I npll He6onbl.UIIX SHepriiSIX 

spai.UeHIISI paBHOSeCHOll: cpopMOll: SISnSieTCSI cnniOCHyTb!ll: annllnCOII.ll, np11 .nanbHel!I.UeM ysenH'leHIIII 

. /9/ 
yrnosoro MOMeHTa - Tp9XOCHbiA snnllnCOII.ll • np11 MOMeHT8X 1 KOTOpb!e peanii3YIOTCR cell:qac 

• xi 
S OnbiTaX, MO)I{HO O)l{ll.llaTb 3Ha'IIITenbHbiX pasHOseCHb!X .necpopMaUIIll: • nosTOMY eCTeCTseHHO 

/8,12/ 
6binO o6Hapy)I{IITb 9Kcnep11MeHTanbHO 9TOT acpcpeKT shiCOKoro yrnosoro MOMeHTa. HoKe 11 .np. 

113yqan11 cneKTpbi 3apSI)I{eHHbiX qacTIIU 113 peaKUIIII Ni +0 16 .nnH KHCnopo.na c aHepr11el! 160 Mss. 

VlMII 6binO 06Hapy)l{eHO CMSir'ieHIIe cneKTpOS KaK npOTOHOS 1 TaK II a -qaCTIIU OTHOCHTenbHO pac-

'leTHbiX. nepsOH8'ianbHO 9TO 6binO npllniiCaHO CHII)I{eHIIIO KynOHOSCKOrO 6apbepa .nnSI IICnapSIIOl.UIIX

CSI 'IBCTIIU 3a C'leT .necpopMau1111. O.nHaKo np11 .uanbHell:weM BHBn113e 6binll OTMe'leHbi .npyrHe cpaK

TOpbi, KOTOpbie MOryT np11seCTII K no.no6HOMY scpcpeKTY. 

/13/ 
B pa6oTe BoTCOH8 a .np. 11Ccne.nosan11c b a -qacTIIUbi 11 npoTOHbi 1 s03HIIK810I.UHe np11 

s3a11Mo.nell:cTsllll N 
14 

( 147 M3s) c pa3nll'iHhiMII H.npaMII. B aToll: pa6oTe TaK*e OTMe'laeTcSI 

CMHr'leHIIe cneKTpa .nnH a -qacTIIU. HaM npe.ncTasnSieTCSI 1 'ITO Heo6xo.niiMbi .nononHIITenbHbie 

sKcnepiiMeHThi .nnSI ShT.neneHIISI acpcpeKT8 .necpopMaUIIII . Ha116onee npSIMhiM cnoco6oM SlsnSIIOTCSI 1 

O'ieSII.llH0 1 IICCne.nos8HIISI pacna.na 6nii3KiiX no A II Z SI.nep, KOTOpbie HMeiOT O.lliiHaKosyiO 

9Hepr1110 S 036y)l{.n eHIISI II Cyi.UeCTSeHHO pa3nll'iHbie yrnOsbie MOMeHThl. 

np11 06Cy)l{.lleHIIII 06I.Uell: KapTIIHbl pacna.na spai.UaiOI.UerOCSI COCT8SHOrO Slllp8 npe)l{.ne scero 

S03Hj{K8eT BOnpOC - K8KOS8 cy.nb6a SblCOKOrO yrnosoro MOMeHTa? KBKIIM o6p830M OH YHOCIITCSI 

113 H.npa? PaccMOTpiiM cJ!aqana H.npa, .naneKIIe OT o6nacTII .neniiMOCTII. CHSITIIe so36y*.neHIIH y 

T8KIIX Sl.llep npOIICXO.lliiT ilyTeM IICnycKaHIIS'I Heli:TpOHOB 1 npOTOHOs, a - 'laCTIIU. Jlng onpe.neneH

HOCTII orpBHII'iiiMCSI cnyqaeM IICnapeHIISI TOnbKO Heli:TpOHOS. Ha OCHOBB..IHIII KB83HKn8CCV.'leCKIIX 

/ 14 / 
CT8TIICTII'ieCKIIX p8C'leTOB CTpyTIIHCKIIM 6wno nOK83aH0 0 'ITO SH e priiSI Heli:TpOHOS 6y.neT 1 S OC~ 

HOBHOM, onpe.nenSITbCSI TeMnepaTypoll: Sl.llp8 (.nnH He Cnlll.UKOM 6onbl.UIIX 9Hepr11ll: Bp8I.UeHIISI) 

E = 2T + _5 _ E 
n 6 A Rttt1u 

TaKIIM o6pa3oM K 'IHCTO •Tennosoll• aHeprHII Hel!TpOHa 2T .no6asnSI9TCSI He6onbLU8SI senll

'iHHa, CBSI3aHH8SI c spaweHHeM ( T eMnepaTypa) KOHe'IH0 1 onpe.nenSieTcSI senii'IHHoll: E T ). To He-

6onbwoe KOnH'leCTBO 9KCnep11MeHTanbHhlX .naHHhlX no cneKTpaM Heli:Tp0HOB 1 KOTOphle CeAqac 

(E /24/) H 
IIMeiOTCSI pOK 1 nO.llTBep)l{.naeT 9TO 38KniO'leHHe . a OCHOB8HIIII CT8TiiCTII'ieCKiiX pacqeTOB 

/ i 41 
MO)I{HO nOK838Tb 1 'ITO cpe.t:.~HIIll: MOMehr, yHOCiiMbiA HeATpOHOM, paseH: 

X) JlecpopMaUIISI Sl.llpa CSSI3 a Ha C 113MeHeHIIeM CyMMbl KynOHOBCKOil. II OOBepXHOCTHOil. SHep-

rllll !!. (Ec + E 
5

i • nosToMy, cTporo r osopSI, E* = Er + ER +!!. (Ec + E5 ) 
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e 2 = ~1!~ ( f- - r J. 
BenH'iHHa e OK83hlBaeTCH paBHOH 

,. n 2 " 
( 2- 4 )h npH Ha'ianbHOM MOMeHTe HLlpa B HeCKOnbKO aeCHT-

KOB h . TaKHM o6pa30M B pe3ynhTaTe HCnapeHHH 4-6 HeATpOHOB H3 HLlpa 6yaeT yHeCeHa npaK

TH'ieCKK BCH 3Hepi'HH B036y)I{LleHHH H TOnbKO 'i8CTb nonHOI'O yrnOBOI'O MOMeHTa. nyTeM HCDYCKa-

HHH TOnbKO OLlHHX HyKnOHOB OKa3biBaeTCH HeB03M0)1{HbiM npHBeCTH HLlpO B OCHOBHOe. COCTOHHHe. 

/14/ 
EbinO npeanonO)I{eHO , 'iTO OCTllTO'iHbiH yrnosoA MOMeHT yHOCHTCH H3ny'ieHKeM KaCKaLla 

CpaBHHTenbHO MHI'KHX y -KsaHTOB. 3Ta I'HOOTe3a 6bina OOLlTBep)I{LleHa 3KCOepHMeHTanbHO B 

/15/ /16/ /17/ 
pa6oTax Kapaayxosa H Oraaecgaa , OraaecHHa H ap. H MonneHayapa • TeopeTH'ie-

. I 18 
CKH , a paMKax cTaTHCTH'ieCKoA Moaenu, son poe Heaasao paccMaTpHsancH Ea6HKOBbiM 

1 • 

Ha puc. 1 noKa3aH cneKTp y -nyqeA, B03HHKaiOlllHX npH o6ny'ieHHH Cu HOHaMH 016/16) 

TaM )l{e LlnH cpasHeHHH OOKa3aH cneKTp y -ny'ieA, B03HHKaiOlllHX npH 3axsaTe TennOBbiX HeA

TpOHOB. Buaao, 'iTO pa3HHua a cneKTpax oqeab senHKa. HanH'iHe BbiCOKoro yrnosoro MOMeHTa 

y HLlpa npHBOLlHT K 3Ha'iHTenbHOMy CMHI''ieHHIO COeKTpa H3ny'ieHHH. 

/19/ 
AneKCaHLlep , H3y'iaH xapaKTepHCTHKH HLlep-OTLla'iK B peaKUHHX C TH)I{enbiMH HOHaMH, 

TaK)I{e npumen K BbiBOLlY o cymecTseHHoA ponu y - K3ny'ieHHH a npouecce pacnaaa spama10-

u..erocH cocTasHoro HLlpa. HaM LlyMaeTCH, 'iTO OOKa nonyqeHbl Ka'ieCTBeHHbie pe3ynbTaTbl OT-

HOCHTenbHO y -u3nyqeHHH B peaKUHHX C TH)I{enbiMH HOHaMH. Heo6XOLlHMhl Tll18TenbHbie OOb!Tbl 

no H3MepeHHIO cn~KTpos, cpeaHero 'IRena y -KsaHTOB H HX yrnosoro pacnpeaeneHHH npH pa3-

nH'IHblX 3Hepi'HHX B036y)I{LleHHH H yrnOBbiX MOMBHTaX HCXOLlHOI'O HLlpa. 

Xo'leTCH OTMeTHTb HOBbiH acneKT HCCneaosaHHH y -H3ny'ieHHH B peaKUHHX C TH)I{enbiMH 

HOHaMH, KOTOpblH aaeT BbiXOLl K cneKTpOCKOOHH ypOBHeA C 6onbll1HMH yrnOBblMH MOMeHTaMHo 

Ecnu y KoHe'iHOro Hapa HMeeTCH nonoca spamaTenbHbiX ypoeHeAy y -u3nyqeHue H3 o6nacTH 

cnnOlllHOI'O cneKTpa MO)I{eT npHBeCTH HLlpO K OLlHOMY H3 sepXHHX ypOBHeA 3TOH nonOCblo 3TOT 

1201 
acpcpeKT 6hin o6aapy)l{eH MopTHHara npu ucnonh30BaHHH ny'IKS a -qacTHU. TaKoA cnoco6 

B036y)I{LleHHH ypOBHeA spamaTenbHOA nonOCbl 3Ha'iHTenbHO paClllHpHeT o6naCTb HLlep, LlOCTyn

HbiX H3y'leHHIO. 0H 003BOnHT nony'IHTb cneKTp epamaTenbHbiX yposHeA KOpOTKO)I{HBYlllHX HLlep. 

nonHaH 3HeprHH, yHOCHMaH y -u3nyqeHHeM, B HaCTOHll.lee BpeMH onpeaeneHa HeLlOCTa

TO'iHO TO'iHO. 0LlH8KO MO)I{HO CK83aTb1 'ITO npH yrnOBbiX MOMeHTaX COCTaBHb!X HLlep 30-50 It 

oaa He MeHee 10 Mas. TaKoA BKnaa y -u3nyqeHHH a '3HepreTH'ieCKHA 6anaHc pacnaaa spa-

maiOmerocH COCT8BHOI'O HLlp8 npHBOLlHT K CMell.leHHIO cpyHKUHA B036y)I{LleHHH LlnH peaKUHH C 

BbineTOM HeATpOHOB OTHOCHTenbHO cpyHKUHA B036y)I{LleHKH LlnH aHSnOI'H'iHb!X peaKUHA B OTCyTCTBHK 

/19, 21/ 
60nbll101'0 MOMeHT8. 3TOT cpaKT Ha6niOaanCH B • 

CneayeT OTMeTHTb, 'iTO llOBeLleHHe spall.laiOll.lei'OCH HLlpa nocne HCnycKaHHH HeATpOHOB 

Mano K3y'ieHo TeopeTH'IeCKH. CTaTHCTH'IeCKKA noaxoa 3Llecb, o'leBHLlHO, HenpuMeHHM, no

CKOnbKY 3HeprHH spameHHH HLlpa B aaHHOM cnyqae COCTaBnHeT OCHOBHYIO 'iaCTb 3Hepi'HH B03-

6y)I{LleHHH. BepoHTHo, 3.TleCh Heo6xoaHMbi pacqeTbi c KOHKpeTHbiMH HaepHbiMH MoaenHMH, 

/22/ 
aaanorH'iHbie TeM, KOTOpbie npuseaeHbi nuK-nH'iaKoM anH pac'leTa cneKTpos aeATpoaos, 

/22/ 
BbineTa!OlllHX H3 HLlep C Bb!COKHM yrnOBbiM MOMeHTOM. 8 Bbl'iHCnHnHCb eepOHTHOCTH 

HcnycKaHHH qaCTHU COCTaBHblM HLlpOM B paMKaX MOLlenH He3aBHCHMblX 6eCCOHHOBblX qaCTHU. 

MeTOLl, pa3BHTbiA a 3ToA pa6oTe, npuroaeH anH n106biX 3Ha'ieHHA yrnoBbiX MoMeHTOB Hapa. 

PaccMaTpKBaH cnyqaA xonoaHoro spameHKH T =0 ) , aS TOp npKmen K BbiBOLly 0 B03-

MO)I{HOC TK HOBOI'O MexaHH3 Ma BbineTa HyKnOHOB H3 HLlpa. CyTb 3TOI'O ueHTp06e)I{HOI'O MexaHK3Ma 
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B cne.ayiOWeM: npH L .f. 0 , a T "'0 qacTb HyKnOHOB nepeMewaeTcH Ha 6onee BbiCOKHe ypoBHH 

SIMbi TaK, 'IT06bi nonHbill: MOMeHT CHCTeMbi paBHSinCSI aa.aaHHOMy 3Ha'leHHIO • .[lng ,UOCTaTO'IHO 

60nbWOI"'O MOMeHTa 'laCTb HyKnOHOB OKa:lKeTCSI BbiLUe KpaSI SIMbi H MO:lKeT 6biTb HCnyweHa g,apoM • 

.[lng HeJI:TpOHa 9TOT npouecc B03MO:lKeH npH TaKOJI: 9Hep!"'HH BpaweHHSI, KOTOpag 60nbLUe HeKOTO-

EJ 2 A 
poll: KpHTH'IecKoll: BenH'IHHbi ( E R ),K = ~ , r .ae B - :aHeprHH CBSI3H Heli:TpoHoB, A - Maceo-

aoe '!Hcno, V rny6HHa noTeHUHanbHOll: SIMbi. 

HaM npe.acTaBnSieTCSI qpe3Bbi'Iali:Ho HHTepeCHbiM Hccne.aoBaTb pacna.a Boa6y:lK,aeHHbiX g,aep 

B COCTOSIHHHX1 6nH3KHX K XOnO,aHOMy BpaWeHHIO. 

KaK y:lKe yKa3biBanocb, BpaweHHe g,apa cna6o CKaabiBaeTCH Ha :aHepreTH'IeCKOM cneKTpe 

HCnapSIIOWHXCSI HyKnOHOB • .[lpyrag xapaKTepHCTHKa H3ny'leHHSI - yl"'nOBOe pacnpe.aeneHHe - 6o-

nee 'IYBCTBHTenbHa K BenH'IHHe yrnoBoro MOMeHTa H.apa. YrnoBaSI aHH30TponHSI qacTHU noHBnHeT

/23/ 
CSI K8K Cne,aCTBHe aaBHCHMOCTH nnOTHOCTH ypOBHell: Sl,apa OT MOMeHTa • 8 paMKaX CT8THCTH-

L 
2
f 

2 

--,-rrr 'leCKOJI: TeOpHH CTeneHb aHH30TpOnHH onpe,aenHeTCSI BenH'IHHOJI: • 3KcnepHMeHTanbHOe 

HCCne.aoBaHHe yl"'nOBbiX pacnpe,aeneHHJI: B peaKUHSIX C TSI:lKenbiMH HOHaMH npOBO.UHnOCb BO MHO!"'HX 

171 /12/ /13/ /24/ 
pa6oTax (eM., HanpnMep, ' ' ' ). Bbmo ycTaHOBneHo, 'IT0 1, no Kpali:Hell: Mepe, oc-

HOBHaSI 'laCTb Heli:TpOHOB B03HHKaeT npH pacna,ae COCT8BHOI"'O Slnpa H HMeeT CHMMeTpH'IHOe BnepeA-

W (JIJOO) 
Haaa.a yrnoBoe pacnpe.aeneHne. O.aHaKo OKaaanocb, 'ITO cTeneHb acHMMeTpHH ( -....-7>.-r.rr--

W (90 6 ) 
cywecTBeHHO 6onbwe, 'leM cne.ayeT H3 pacqeToB no CTSTHCTH'IeCKoll: Mo.aenH H.apa. no.ao6Hoe 

pacxo:lK.aeHHe c pac'leTOM OTMe'lanocb TaK:lKe .anH aapH:lKeHHbiX 'ISCTHU. 

YrnoBbie pacnpe.aeneHHH npoTOHOB H a -qacTHU H3y'leHbi 6onee .aeTanbHO. Y1x aHanna 

noKa3biBaeT, 'ITO H3ny'leHHe COCTOHT H3 .UBYX KOMnOHeHT: nepBaH, *ncnapHTenbHaSI* 1 HMeeT 

CHMMeTpH'IHOe Bnepe.a- Haaa.a yrnoBoe pacnpe.aeneHHe; BTopag CBHaaHa c npoueccoM npHMO!"'O 

B3aHMo.aell:cTBHH, ee yrnoBoe pacnpe.aeneHHe HMeeT nHK B o6nacTH ManbiX yrnoB • .[lng aapH:lKeH

HbiX 'laCTHU OTMe'leHO ewe O,UHO HeCO!"'nacHe C pacqeTaMH no CTaTHCTH'IeCKOJI: TeOpHH: CTeneHb 

aHnaoTponHH *HcnapHTenbHoll:" KOMnoHeHTbi yMeHbwaeTCH c yBenH'IeHHeM :aHeprHH qacTHu. YKa-

aaHHbie paCXO:lK,UeHHSI pacqeTOB C OnbiTOM ,UOn:lKHbi npHBne'lb BHHM8HHe K8K 9KCnepHMeHTaTopOB 1 

TaK H TeopeTHKOBo 

HaM XOTenOCb 6bi Tenepb OTMeTHTb HeKOTOpbie HOBbie 9KCnepHMeHTanbHbie B03MO:lKHOCTH 1 

OCyWeCTBneHHe KOTOpbiX n03BOnHT C O,UHOJI: CTOpOHbi 6onee 'leTKO npocne.aHTb BnHSIHHe BbiCOKOI"'O 

yl"'nOBOl"'O MOMeHTa Ha pacna,a Sl,apa, a C ,apy!"'Oll: CTOpOHbi nony'IHTb Ka'leCTBeHHO HOBbie peaynb

TaTbi. npH coy.aapeHHH TSI:lKenOI"'O HOH8 C MHLUeHb!O B03HHKaiOT g,apa C y!"'nOBbiMH MOMeHTaMH 1 

paanH'IHbiMH no BenH'IHHe ( OT 0 .ao L mu ) H HanpaBneHHIO ( aHH30TponHO B nnoCKOCTH, nepneH

.UHKynHpHoll: ny'IKY). npe,acTaBnSieTCSI 9KCnepHMeHTanbHO B03MO:lKHbiM Bbi.aenHTb H3 BCell: COBo

KynHOCTH • B03HHKaiOWHX B peaKUHH g,aep Te, yrnOBOll: MOMeHT KOTOpbiX no BenH'IHHe H HanpaB

neHHIO onpe.aeneH B 6onbwell: CTeneHH. TaKaH B03MO:lKHOCTb B03HHKaeT, ecnH HCnonb30BaTb 

peaKUHH 'laCTH'IHOI"'O CnHSIHHSI 1 KOTOpbie npOHCXO.USIT npH KpaeBbiX COy ,aapeHHSIX H npHBO.USIT, Ha-

npHMep, K BbineTy a - 'laCTHU. ¢HKCaUHSI 9Hep!"'HH H HanpaBneHHSI a -qaCTHUbi Bbi.aenHT 

TaKHe g,apa, aaXBSTHBLUHe OCTaTOK HOHS, yl"'nOBOJI: MOMeHT KOTOpbiX nepneH.UHKynHpeH nnOCKOCTH 

ny'IKa H a -qacTHUbi. Ben H'IHHa MOMeHTa 6y.aeT 6nnaKa K Lmez- fa • 

3,aecb HSM XO'IeTCSI OTMeTHTb1 'ITO HeJI:TpOHHOe H3nyqeHHe Sl,apa C BbiCOKHM yl"'nOBbiM 

MOMeHTOM MO)KeT 6biTb B 3Ha'IHTenbHOJI: CTeneHH nonS1pH30BaHO. CTeneHb nonHpH3aUHH 6y,aeT 
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38BHCeTb OT senH'IHHbl CnHH ~p6HT8nbHOlt CBSI3H B S036y)I(.QeHHOM S!.Ope . npu ycnOSIHI CHnbHOlt 

cnuu-op6HT8nbHOlt CBSI3H no uawelt OUeHKe CTeneHb nonS!pH38UHH 

N N 2 

P = r - 2 ._ "' ( exp [ ~] 
N1 +t1

2 
IT 

JJ I ( exp [ b' L _] + JJ 
IT 

N 
1 

, N 
2 

- HHTeHCHSHOCTH ueATpouos, nonS!pHaosaHHbiX no yrnosoMy MoMeuTy SI.Opa H npoTHS 

cooTseTcTseuuo, L - yrnosolt MOMe.HT H.apa. JlnH Sl.apa Kr 11 
c auepruelt soa6y)l(.aeHHSI 

""75 Mas H L =50 nony'laeTCSI P .. 0,4. TaKoe SI.Opo 6y.aeT nony'ISTbCSI npH o6ny'leHHH Nl 

uouaMH Ne 20 
c auepruelt 125 Mas no peaKUHH Nl + Ne .. Kr +a • PerHcTpauHSI a -'lac-

THUbi no.a ueKOTOpbiM yrnoM Sbi.aenHT nonstpuaosaHHbie st.apa Kr npH 3TOM uenb 6y.aeT .llOCTHr· 

HyTa KOHe'IHO TOnbKO B TOM cny'lae, ecnH .apyrHe K8H8nbi peaKUHII ( .aonyCTHM SbineT .asyx a 

'18CTHU) 6y .OYT HCKniO'ISTbCSI annapaTypolt, Jlnst Bbi.OeneHHSI nonstpH30B8HHbJX B036y)I(.QeHHbiX st.aep 

MO)I(HO HCnOnb30S8Tb H .OpyrHe peaKUIIII '18CTH'IHOrO Cni!SIHHSI, HanpHMep, C SbineTOM Be • noKa 

ewe ueSICHotuacKonbKO ua.ae)I(HO y.aacTCSI aTo c.aenaTb. Heo6xo.aHMO .aeTanbuoe HCcne.aosauHe 

sepOSITHOCTelt pa3nH'IHbiX peaKUHlt C BbineTOM "npS!MbiX" a -'ISCTHU 1 IIX yrnoBbiX pacnpe.aeneHHlt 

B 6onee WHpOKOM .OHSnS30He st.aep H 3HeprHlt HOHOS 1 'leM 3TO 6binO c.aenSHO .00 CHX nop, 

3KcnepHMeHTbl 00 HCCne.aosaHHIO OOnS!p1138UHH HeltTpOHOS H3 Bp8W8IOWHXCSI st.aep npe.acTas

nstiOTCSI HSM O'leHb CnO)I(HbiMH 1 0.QH8KO Mbl .OyMaeM, 'ITO HX dOnO)I(I!TenbHbllt peaynbTST C nKXBOlt 

OKYOHT 3TH Tpy.OHOCTH 1 OOCKOnbKY OTKpoeT HOBbilt OO.OXO.ll K HCCne.OOBSHHIO COHu-op6HTanbHOrO 

S3SHMO.QeltCTSHSI HyKnOHS C ~pOM, 

KocueMCst Tenepb KpaTKO snHSIHHSI yrnosoro MOMeuTa ua npoTeKaHHe peaKUHH s TOM cny'lae, 

KOr .08 OCHOSHbiM THO OM pacna.aa soa6y)l(.aeuuoro st.apa HBnHeTCSI .aeneuHe. LlosonbHO 6onbwoe 

SHHMSHHe 6bJnO y .aeneHO H3y'leHHIO yrnosolt SHI!30Tp00HH OCKOnKOB .aeneHHSI, noMHMO TeopeTH'Ie-

/25-26/ /27/ 
CKIIX pa60T 

1 
K HllCTOSIWeMy speMeHH BbiOOnHeH pS!.O 3KCOepHMeHT8nbHbiX pa6oT 1 peaynb· 

TSTbl KOTOpbiX .OOCTSTO'IHO XOpOWO Corn&cyiOTCSI C K8pTHHOlt 1 0)1(H.QaeMOlt HS OCHOBe TeopeTH'Ie

CKHX npe.acTasneuuA. no-sH.OHMOMY, celt'lac y)l(e MO)I(HO rosopHTb o npasHn bHOCTH npe .anono)l(e-

HHSI 0 TOM 1 'ITO yrnOB8SI 8HH30TpOOHSI OCKOnKOB onpe.aenHeTCSI CTSTHCTH'IeCKHM pacnpe.aeneHHeM 

yrnOBbiX MOMeHTOS Me)I(.Qy SHyTpeHHHM H KOnneKTHBHbiM .OBH)I(eHHeM B TOT" MOMeHT, Kor.aa SI.OpO 

H8XO.OHTCSI B ce.anOBOlt TO'IKe, 

/9 10/ B pR.ae TeopeTH'IeCKHX pa6oT • auanHaHposancH sonpoc o snHHHHH yrnosoro MOMeHTa 

st.apa ua 6 apbep .aeneHHst. HaH6onee nonuo 3TOT aonpoc 6hm Hccne.aosau s pa6oTax nHK-nH'ISKa, 

KOTOpbllt OOMHMO onpe.aeneHHSI 000p8BOK K 6apbepy .aeneHHSI 38 C'leT spaweHHR yKaaan TaK)I(e 

o6nacTb npHMeHeHHR paasHTolt TeopHH, 'ITO ue 6bmo c.aenauo s .apyrHx pa6oTax. 6bmo npe.acKaaa-' 

H0 1 'ITO spaweHHe st.Opa .OOn)I(HO yMeH bW8Tb 6apbep .aeneHHSI, 

/28/ 
rHnMOpOM 6bin8 c.aenaHa OOObiTK8 3KCnepHMeHT8nbHO YCT8HOSHTb BnHSIHHe yrnosoro 

MOMeHT8 HS 6apbep .aeneHHSI, YJcnonb3ySJ paanH'I!ible TSI)I(enbJe HOHbl H MHWeHH 1 rHnMOp nony'lan 

O.QHO H TO )l(e B036y)I(.QeHHOe SI.OpO B COCTOSIHHSIX C pa3nH'IHbiMH yrnOBbiMH MOMeHT8MH, 6binO 

06Hapy)l(eHO, 'ITO C B03p8CT8HHQM yrnosoro MOMeHTa sepOSITHOCTb .aeneHHSI .aeltCTBHTenbHO yse

nH'IHS8eTCSI, 

EcnH rosopHTb o .aanbueltweM Hccne.aosauHH snHSIHHSJ yrnos ::lro MOMeHTa ua npouecc .aene-

HHSl 1 TO cne.ayeT YK838Tb H8 )l(enaTenbHOCTb H3y'leHHSI 38SHCHMOCTH COeKTpa M8CC OCKOnKOS OT 

Macchi .aenstwerocst R.apa, ero aueprHH soa6y)l(.aeuust H cnHua. Henb3 Sl HCKniO'IHTb, 'ITO uanH'!He 

6onbworo yrnosoro MOMeHTa npHso.aHT K nostsneHHIO HOSbiX THnos .aeneuHst c cywecTseuuo oTnH'I-
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HOlt CTe!JeHbiO 8CHMMeTpHH OCKOnKOB no M8CCe, flpe.OB8pHTenbHble 3KCnepHMeHTb! 0 npose.aeHHble 

He.aasHo s Dy6He, .aa10T yKasaHHe Ha TBKoA ::~q)(j:JeKT, Ba)I{HO T8K)I{e Henoc pe.acTseHHO 3KcnepH

MeHTanbHO ycTaHOBHTb 1K8KHM o6pasoM yrnosoA MOMeHT .aennwerocn n.apa pacnpe.aenneTcn 

Me)I{.Qy OTHOCHTenbHbiM .OBH)I{eHHeM OCKOnKOB H HX BHyTpeHHHMH CTeneHnMH CB060.0bl, Q CnHHe 

OCKonKoB MO)I{HO 6y.aeT cy.aHTb, ecnH y.aacTcn onpe.aenHTb yrnosoe pacnpe.aeneHHe HyKnoHOB, 

BbineT810WHX 113 B036y)I{.OeHHbiX OCKOnKOB. 

1 Y, 0CT8HOBHMCn ewe H8 O.OHOlt oco6eHHOCTH pe8KUHA, CBn38HHOlt C 6onbWHM yrnOBblM 

MOMeHTOM, 3Ta OC06eHHOCTb OTKpb!B8eT HOBbie B03MO)I{HOCTH .ann n.aepHO.i! cneKTpOCKOnHH, EcnH 

KOHe'IHbllt npo.ayKT pacna.aa B036y)I{.QeHHOrO n.apa HMeeT H30MepHoe COCTOnHHe, TO npouecc 

HCnyCK8HHn HyKnOHOB H K8CK8.QHOro y -H3nyqeHHn MO)I{eT 38KOH'IHTbCn HMeHHO H8 3TOM ypos

He, flpH'IeM MoryT B036y)I{.Q8TbCn ypOBHH CnO)I{HOA CTpyKTypbl C BbiCOKHM CnHHOM H 6onbWOA 

/34/ 
3HeprHe.i!. flepBbie )j{e 3KcnepHMeHTbl, npoae.aeHHbie HeCKOnbKO neT Hasa.a KapaMSIHOM H .ap. , 

nOK838nH, 'ITO BeponTHOCTb o(fi)p830B8HHn T8KHX H30MepoB B pe8KUHnX C Tn)l{enbiMH HOH8MH 

aenHKB, 

Yfccne.OOB8HHe Bb!XO.ll8 H30MepoB MO)I{eT 6biTb none3H9 .ann BblnCHeHHn HeKOTOpb!X oco6eH

HOCTeJt n.aepHblX pe8KUHA C 6onbWHM yrnOBbiM MOMeHTOM, B '18CTHOCTH, H3MepeHHe BblX0.08 

H30MepOB .ann 3Kp8HHpOB8HHbiX OCKOnKOB .aeneHHn MO)I{eT .ll8Tb CBe.lleHHSI 0 senH'IHHe yrnOBOrO 

MOMeHT8 OCKOnKa, 

B o6naCTH a -aKTHBHhiX S!.llep canbHhiA 3anpeT Ha pa.aHBUHOHHbiA nepexo.a MO)I{eT npaaec· 

TH K TO My, 'ITO OCHOBHblM Cnoco60M pacna.aa H30Mepa 6y .neT a -pacna.a, 

/29 30/ 
HeCKOnbKO neT H838.0 B H8Welt na6op8TOpHH 

0 
6binH H8'18Tbl OnbiTbl no H3y'leHHIO 

a -aKTHBHbiX H30MepoB, o6pa3y!OlllHXCSI B pe8KUHSIX C Tn)l{enhiMH HOH8MH, 6brno 06Hapy)l{eH0 0 

12 
'ITO npH o6ny'leHHH H30TOnOB CBHHU8 HOH8MH C o6pasyeTCSI HeH3BeCTHbllt a -asny'I8Tenb, pac-

na.aa10waAcS1 C nepHO.llOM "" 47 CeK nyTeM HCnyCK8HHSI a -qacTHUhi c <~HepraeA 11,7 M::~a, 

AHanas <~KcnepaMeHTanbHbiX .aaHHbiX npHsen asTopos K y6e)j{.aeHHIO, 'ITO pacna.aa!OwHACSI H30Ton 

214 
( npe.anonO)I{HTenbHO Em ) H8XO.OHTCn B H30MepHOM COCTOSIHHH C 3HeprHeA B036y)I{.OeHHSI 

oKono 2,5 M::~s H cnHHOM >Sit 

Vf3 CTOnb He06bi'IHOrO COOTHOweHHSI Me)l{.ay 3HeprHeA pacna.aa H BpeMeHeM )I{H3HH 6bln 

c.aenaH Bb!BO.O, 'ITO a -pacna.a Hosoro H.apa aHoManbHO sanpeweH : Ko::~cpcpHuHeH'f sanpeTa 

- 10
14

• 

/31/ 
3KcnepaMeHTbi, npose.aeHHbre s 6epKnH Vl,riepnMaHoM 11 .ap. , nossonHnH npoHssecTHI 

seponTH0 1 6onee H8.Qe)I{HYIO H.OeHTHcpHK8UHIO 3TOrO H30TOn8, ABTOpbl pa60Tbl C'IHT810T 0 'ITO nony

'!eH H30Mep Po 212 
• Bb:coKaA KO<~<!>cpauHeHT sanpeTa, no-BH.OHMOMY 1 CBSI38H, rnaBHbJM o6pasoM, 

C BhlCOKHM CnHHOM H30Mepa, 

/32/ 
H e.aasHo s HaweA na6opaTopaH flonHKaHOBhiM H .ap. nony'leHo H.apo s H30MepHoM 

COCTOSIHHH 1 pacn8.0810llleecSI nyTeM .aeneHHSI, C nOMOlllbiO cneuaanbHO paspa60T8HHOJt MeTO.OHKH, 

n03BOnSIBWelt H3Y'I8Tb CnOHT8HHOe .aeneHHe KOpOTKO)I{HBYWHX H30TOnOB 1 HCCne.aosanHCb npo.ayKThl~ 

U 2311 u 2u r~ 2.u ., 22 N 20 0 u 13 u 
o6pasy!OwHeCSI npH o6ny'leHHH 1 H n HOH8MH , . e 1 e 1 H • 

flpa o6ny'leHHH U 2311 
HOH8MH Ne 22 

1 Ne20 
1 0 16 

H B JJ Ha6n10.aanocb o6pasosaHHe H30Tona, 

pacna.aa10werocS! nyTeM .aeneHHSI c nepao.aoM nonypacna.aa 0 1015 ceK, Ha pH c. 3 nOK838Hbi 

9 



U 238 N 22 u Ul 0 u u us N 20 KpHBbl9 BbiXOLla 9T0f'O H30TOna Llnsl peaKUHJI + e , + , + e , npH 

11 
nepexoLle x HOHY B ycTaHoeneHo, 'ITO BbiXOLl cnoHTaaHo LlenHwerocH H3oMepa B03pacTaeT 

e Hecxonbxo paa, 

B HacToHwee epeMSI ewe He aaxoH'!eHbi nonHOCTbiO OnbiTbl no HL19HTHtPHK8UHH HCCneLlye-

MOf'O H30TOna, OL1H8K01 MO)I{HO yTaep)I{Ll8Tb, 'ITO ero 8TOMHbiJI HOMep ;S 97, ABTOpbi C'IHT8IOT1 

24j 241 
'ITO 9TO OLlHH H3 H3oTonoa KIOpHSI a ·LlHana3oHe OT Cm LlO Cm • 

us 11 
nony'leHbi npH o6ny'leHHH U HOHaMH B HMeiOT Bee H30TOnbl, KOTOpble MOryT 6b!Tb 

nepHOLlbl CnOHTaHHOf'O Ll9neHHSI T y, ~ 
7 16 

10 neT ( pHc, 4), 'ITO 6onee '!eM a 10 paa npeBbi-

waeT Ha6niOL189MbiJI nepHOLl, 3TO H LlaeT OCHOBaHH9 CLlenaTb Bb!BOLl 0 TOM, 'ITO Mbl HMeeM 

IJ.eno C IJ.eneHHeM S!llp8, HaXOlJ.SIW9f'OCSI B H30MepHOM COCTOSIHHH, 3HeprHSI H30M9pHOf'O ypOBHSI 

H30TOna OKa3anaCb ll.OCT8TO'IHO 60nblllOJI, 'IT06b! yeenH'IHTb BepOSITHOCTb CUOHT8HH0f'O LleneHHSI 

16 
6onee '!eM B 10 p83, npHpOL18 3TOf'O H30MepHOrO COCTOSIHHSI noxa HeSICHa, HaM LlyMa9TCSI 1 

'ITO nony'!eHHoe SIIJ.po He HCKniO'IHTenbHoe SIBneHHe. OnbiTbi c 6onee 'IYBCTBHTenbHoll MeTOLlHKoll 

B 6onee WHpOKOM IJ.Hana30H9 8peM9HH )l{lf3HH MOf'YT 06Hapy)I{HTb HOBbie CUOHTaHHO-Ll9nSIWH9CSI 

H30Mepbl, 

8 H8CTOSIWeM 063ope IJ.aHa TOnbKO 06WaSI K8pTHH8 BnHHHHSI yrn080f'O MOMeHTa Ha XOLl 

pe&KUHJI C TSI)I{9nb!MH HOH8MH, HaaepHSIKa H9KOTOpbie acneKTbl npo6neMbl OKa3anHCb onyweHHbl

MH, Mbl OCT8H8BnHB8nHCb TOnbKO H8 H8H6onee cywecTBeHHbiX no HaweMy MHeHHIO BOnpocax H 

He nbiTanHcb Ll&Tb o6aop acex ony6nHxoaaHHbiX pa6oT, Eonee nonpo6HaH, '!eM npH80LlHM8H H&MH, 

6K6nHorpacpHS1 pa60T1 ony6nHK088HHbiX LlO 1960 r, M0)1{9T 6b!Tb H8RIJ.eHa B HHTepeCHOM 063ope 

/33/ 
A,ilyxepa , 0TMeTHM ewe pa~, 'ITO MHOrHe LleTanH SIIJ.epHbiX peaKUHA, Bbl3bl88eMbiX TSI)I{enbi ... 

MH HOH8MH ewe HeSICHbl 1 MHOf'H e MOMeHTbl npOTH80pe'IHBbl, 0IJ.H8KO TeMUbl H8KOnneHHSI 3KCnepH

MeHT8nbHOR HHcp0pM8UHH 8enHKH H 8 6nH)I{8RWee 8peMS1 1 nocne 8BeLleHHSI 8 CTpoR HOBblX yCKOpH

TeneR, 6yLlyT ewe BbiWe. K co)l{aneHHia, TeopeTH'!ecxHA aHanH3 sxcnepHMeHTanbHbiX Ll&HHbiX 

npOBOLlHTCSI noxa HeiJ.OCJ'aTO'IHO lllHpOKO, 

B aaxniO'!eaae aaTopbi Bblpa.>KaiOT 6naroLl&pHOCTb B.M.CTpyTHHCKOMY 38 none3Hbie o6cy)l{-

LleHHR, 
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