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l.BBe.ueHue 

XoTSI co BpeMeHH oTKpbiTHSI .ueJieHHSI TSI:>KenhiX SI.uep rrpowno y:>Ke 6onee 

LlB8LlU8TH .rteT H flO Borrpocy ,UeJieHHSI Bblf!OliHeHO. 001IbWOe 'IHCl,IO 9KCITepHMeH

T81IbHhiX H TeopeTH'IeCKHX paooT, TeM He MeHee HHTepec K· Ll8JlbHeifweMy H3y

'IeHHID 9TOrO SIBlleHHSI COXpaHHJICSI. H flO ceii .ueHb, 3To~ HHT~pec Bhl3hlBaeTCSI 

TeM, 'ITC flO Mepe H3y'IeHHSI rrpouecca ,UeJieHHSI OTKphlBaiDTCSI BCe .HOBhle OCO

OOHHOCTH 9TOrO SIBJieHHSI, KOTOpb!e f!OK83b!B8IDT, 'ITO MeX8HH3M ,UeJieHHSI Ll8Jie-

KO ewe He f!OHSIT, 

B HaCTOSIWeM o63ope Mhi ocTaHOBHMcSI Ha HeKoTOpbiX sKcrrepnMeHTanb

HhiX paooTaX, f!OCBSIWeHHb!X rJiaBHOMY BOrrpocy rrpooJieMbl- ,UeJieHHSI - BOflpOcy 

0 rrepeMerueHUH SI,U8pHoro Bell.IeCTBa B rrpouecce .ueneHHSI H CBSI38HHOMY C HHM 

Borrpocy o xapaKTepe pacrrpe.ueneHHSI OCKOJIKOB .ueneHHSI rro MaccaM, u rro-

flbiTaeMCSI rrpoC.TI8LlHTb, KaK flO M epe H8KOf!1JeHHSI HOBb!X Oflb!THhlX Ll8HHb!X H3-

MeHSIJIHCb Hawu rrpe.ucTaBneHHSI o MexaHH3Me _.ueneHHSI, B cTaTbe MhiOrpaHH

'IHMCSI paCCMOTpeHHeM TOJ!bKO HOBb!X pe3y1IbT8TOB, OTHOCSI!l.IHXCSI K Oflb!T8M flO 

,UeJieHHID LlOTOpHeBb!X SI,Uep, T,e, SI.Uep C Z < 90 , 

HHTepec K pe3yJibTaTaM HMeHHO sTHX orrhlTOB orrpe.uenSieTcSI TeM, 'ITO 

Cf!eKTpb! M8CC OCK01IKOB, Oopa3YID!l.IHXCSI rrpH .ueneHHH LlOTOpHeBb!X SI,Uep, cy

ll.I8CTBeHHO OT1IH'I8IDTCSI OT 8H8JIOrH'IHh!X XOpOWO H3BeCTHb!X crreKTpoB, H801JID

.[laeMb!X rrpH .ueneHHH OOJiee TSI:>Kellb!X SI.Uep - SI.Uep TOpHSI, ypaHa, HerrTyHHSI 0 

f!JiyTOHHSI II oonee ,UaJieKHX Tp8HCypaHOBhlX,91JeMeHTOB, 

Mhl paccMoTpHM TOJibKO cJiy'IaH .ueneHHSI rrpu HH3KHX u yMepeHHhlX sHep

rHSIX Bo36y:>K.ueHHSI, B sTux cny'IaHx ~KcrrepuMeHTanbHhie <}:laKThi HHTeprrpeTupy-

roTcSI oonee orrpe.ueneHHO H rrpe.UCT8BJISIIDT OOJ!bWHM HHTepec B OTJ!H'IHe, Ha

rrpHMep, oT cnyqaeB .ueneHHSI SI.uep rrpu BbicoKux 9HeprHSix 6oM6ap.uupyromux 

qacTuu, r.ue rrpouecc .ueneHHSI ycno:>KHSieTcSI rtpoueccoM KacKa.uHoro BhiOHBa

HHSI HYKJIOHOB H r.ue .ueneHHe CKOpee f!OXO:>Ke Ha "cK81Ib!B8HHe" OOJ!bWHX <}:Jpar-

MeHTOB SILlp8, 

K 8K H3BeCTHO, SI.Upa TOpHSI H C118LlYID!l.IHX 38 HHM s.rteMeHTOB rrpH HH3-

KHX 9HeprHSIX B03oy:>K.UeHHSI Ll81ISITCSI rrpei"MY!l.I8CTBeHHO aCHMMeTH'IliO, T';e, Ha 

OCK01IKH, cyll.IeCTB8HHO He paBHbie flO Macce, 3TO HarJISI.UHO, HarrpHMep, rrpOSIBliSI..: 
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9TCfl npH !19JJ9HHH 
235-u no.a .aeticTBII9M TenJJOBh!X HetiTpOHOB, CneKTp 

:...tacc OCKOJIKOB !19Jl9H!HI B aTOM CJJyqaEl ,UM 99T BII!l xoporu 0 l'I3B9CTHOH !1By

rop6oti Kp!IBOti, KOTOpafl OTB9'!~9T HatiGpnee B9~0fiTHOMy cnoco6y !19JI9H!ffl C 

OTHOllJ9HII9M Mace OCKOJJKOB 3:2, BepO .. fiTHOCTh ClfMM9TpU'lHOrO !19,1J9H!HI, T,e, 

!19JI9HIIfl Ha OCKOJIK!f r!p!iM9pHO paBHOti MaCChi, npH aTOM B H9CKOJlbKO COT paa 

M9HbllJ9, C pOCTOM aHeprHII- B036Y*II9H!Ifl !19,TJHuterOCfl H!lpa BepOfiTHOCTb CHM-

MeTpH'IHoro .aeneHnfl pacTeT II- nprr aHeprrru Boa6y>K.aeHHH ,..._, 50 M aB TpaHc-

TOpH9Bhl9 R.apa llpH6JlU3UTB.TJbHO C O!lHHaKOBOH 'laCTOTOH !19.TJHTCfl Ha OCKOJJKH 

KaK paBHhie, TaK f! BCII:...tMeTpU'!Hh!9 no MB:cce, 

0>KH!laJJOCb 1 '!TO BHB.TJOrH'!Hh!9 pacnpe.aeJJ9HI'Ifl !IOJJ*Hhl Ha6mo.aaTbCfl H B 

Cn9KTpaX Mace OCKOJIKOB npu !19JJ9HHH 6onee nerKHX, '19M. TOpiiti, fl!l9p, 0.a

HaK01 KaK noKaaanu aKcnepuMeHThi, aTu o*n.aaHHfl He onpaB.aanncb, B onhrTax 

06Hapy*HJI0Cb, '!TO !lJlfl !lOTOpH9Bh!X fl!l9p KapTHHa !19JJ9HHfl OK83hlB89TCfl cy

llt 9CTB9HHO OTJJII'lHOti 1 Gonee CJlO*HOti II H9 9!l!IH006pa3HOti !IJlfl BCeti C9pHII 

H.aep. Ha peaynbTaTax aTHX aKcnepH:-.IeHTOB Mhi u ocTaHaBJIIIBaeMcfl HH*e. 

2, 3KcnepHM9HT8JlbHhl9 p93Y,JlbTaTh! 

0 Cll9KTpax Mace OCKOJJKOB fl!lep Gonee Jl9T'KHX, '19M TOpHti, npaKTH'l9CKH 

He 6hlJIO HH'lero H3B9CTHO ~nJIOTb !10. 1956 ro.aa. 3TOT_npo6en MO*HO 6hlJIO 

o6~fiCHHTb TeM! 'ITO, C O!IHOti CTOp6Hhl1 Bee H.apa Po-Ac o6naCTH CHJJbHO 

pa.auoaKTHBHhl H llOSITOMY, KpatiHe H9Y,!I06Hhl !lllfl 9KCil9pHM9HTOB, 
C .apyroti 

CTOpOHh!, 6onee .TJ9T'KII9, '19M llOllOHHH, H.apa !1 :>CTaTO'lHO Y,CTOH'li!Bh! no OTHO

llJ9HHIO K LI9.TJ9HHIO, llpH Y,M9p9HHh!X S!HeprHSX 60M6apLIHpY,!OutHX 'laCTHU !19JHJT-

Cfl C M8.1Jh!MH C9'19HIHIMH H ll03TOMY, Onh!Th! C HHMII H9 0'!9Hb npOCTh!, 

nepBhl9 3KCil9pH'.19HThl no H3Y,'l9H!IIO !19Jl9HIH! LIOTOp1!9Bh!X fl!lep 6b!JlH. 

Bh!llOJJHeHhl ¢atipxo.TinoM B 1956 ro.ay
11 1• B STHX onhiTax H3y'lancfl cneKTp 

Mace· OCKOJlKOB, o'5pa3Y,IOlltliXCfl npH !19Jl9HHII BHCMY,Ta !19tiTOHaMH C S!HeprHeti 

22 Mas • MeTo.auK~ aKcnepH:MeHTa .c·ocToHna B oGny'leHuu TOHKofi MH:rueHn H3 

M9T8.1JJlH'l9CKOT'O BIICMyTa II ll0CJI9LIY,IO-utero pa.LIIIOXIIMII'l9CKOT'O Bhl!l9J19H!Ifl npo

!IY,KTOB .ae.TJeHnH. B sTux onhrTax noTpe6oBanacb MI~-lll eHh BhiCOKO~ cTerteH'u 

'liiCTOThi I tV 99,99%/, T.K, B rrpoTHBHOM c.TJy•we ae6onhruoi1 sr:.c!JeKT . .aene-
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HHSI BHCMyTa MaCKHpOBanCst 6bi cPOHOM OT o6ny'IeHHst ManeftWHX npHMeceft, npH

CYTCTBYIOWHX B MHWeHH. /Ce'I9HHe ,oeneHHSI BHCMyTa nOLl ,oefiCTBHeM ,oeiiTo

HOB c aHeprnefi 22 MaB cocTaBnSieT Bcero 10 MHKpo6apa/ • 

. Peayn~TaTbl OnbiTOB ¢>afipxonna npllB9Ll9Hbl Ha pHC. 1. no OCH OpLlHHaT 

OTnO:lKeH BbiXOLl pa3nH'IHbiX npo,oyKTOB .oeneHHSI, HOpMHpOBaHHblft K · nonHoMy 

BbiXO,oy BC9X OCKOnKOB ,oeneHHst, npHHSITOMy aa 200%. Ha OCH a6CI1HCC ,oaiOT-

CSI MaccoBbre 'IHcna /A I ocKonKoB .oeneHHSI. Ha pncyaKe npe.ocTaBneabi TaK 

Ha3b!Ba9Mble H99KpaHHpOBaHHbi9 SI.Opa, T.e. SI.O.pa, KOTOpbie o6paayiOTCSI KaK B 

peaynbTaTe .oeneHHSI, TaK H B peaynbTaTe {3 -pacna.oa .opyrnx_ npo.oyKTOB 

.oeneHHSI c Toft :lKe Maccofi. Bbrxo.o Ka:lK.ooro na TaKHx g,oep B cny'Iae .oene- __ 

HHSI BHCMyTa Ll9ftTOHaMH cpe,oaefi aaeprHH .[lOCTaTO'IHO 6nH30K K nonHOMY Bhl

XOLlY COOTB9TCTBYIOW9fi MaCCOfi uenO'IKH H noaToMy no npe.ocTaBneHHbiM SI.OpaM 

.ooBOnbHO xopowo MO:lKHO cy.oHTb o cneKTpe Mace ocKonKoB .oeneHHSI. Ha 

pHCo 1 HapHLlY C OCKOnKaMH, Ha6niO,oaeMbiMH B 9KCnepllM9HTe, npe,ocTaBneHbl 

TSK>Ke H TaK H83biBaeMbl9 ,oononHHTenbHhl9 OCKOnKH B npe,onono:lKeHHH, 'ITO 

B KS>K.OOM aKTe .oeneHHSI ncnycKaeT.cSI 4 HeftTpoHa I y = 4 I. 

VIa pHCYHKa BHLlHO, 'ITO npH o6ny'IeHHH BHCMyTa .oeil.ToHaMH c aaeprneft 

22 MaB HMeeT MecTo cHMMeTpH'IHoe .oeneHne c LioBonbHO y~KHM paa6pocoM 

Mace OCKOnKOB ,oeneHHSio nonywHpHHa pacnpe,d'eneHHSI 1 Toe• nonHaSI ill HpHHa 

nHKa Ha ypOBHe 0,5 OT M8KCHMyMa 1 COCTaBnSieT 17 e,oHHHU MaCChio 

nony'IeHHblft cneKTp M8CC OCKOnKOB ,oeneHHSI OTpa:lKaeT, no CYW9CTBy, 

xapaKTep .oeneHHSI SI.oep Po
211 

/Bi 
209 + D = Po

211 I, Boa6y:lK.oeHHbiX .oo 

27 M B P 210 01• 210 6 aHeprHH ~ aa. Kna.o J5 .oeneHHe g,oep o H •.> , o paayiOWHXCSI 

no peaKUHSIM T3i 
209 

I D,n I H m 209 I O,p /, KaK C'IHTaeT aBTop
11 1, 

PeaynbTaTbi nepBbiX onbiTOB ¢aftpxonna noa.oHee 6binH no,oTBep:lK,oeHbi aKcne

/2 I 
pMMeHTaMH , r.oe TaK:lKe nay'Ianocb .oeneane g,oep nonoKHSI, 

I 204 Ph 206 ny'leHHH paanH'IHbrx aaoTonoB CBHHUa Ph 

HO y:lKe npH o5-

Ph 208 I noaa-

MH renHSI. VI B aTOM cny'!ae KpHBaSI pacnpe.oeneHHSI OCKOnKOB .oeneHHSI no 

MaccaM npe.ocTaBngna co6o10 yaKHft o,oHHO'IHbtft nHK. 

TaKn·M o6paaoM, onbiTbi no .oeneaHIO g,oep nonoHHSI• .oann cywecTBeaao 

HOBbie peaynbTaTbi. BMecTo acH 1MeTpH'IHor.o .oeneHHSI c xapaKTepHbiM ,oByrop-· 
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6 b!M cneKTpOM ·MaCC OCKOJIKOB, KOTOpoe Ha6JIIOJ;:(aJIOCb BO BC9X H3B9CTHb!X pa

Hee cnyqagx ;1::(9JI9HHSI npH MaJiblX 9H9pi'HSIX B036y>KJ;:(9HHH, B STHX Onb!Tax liMe

no MeCTO TOJibKO CHMMeTpHqHoe ;1::(9JI9HH9o ECT9CTB9HH0 0 qTo B CBS13H C STHMH 

HOBblMH peaynbTaTaMH npe;I::(CT8BJIS1n0Cb H.HTepeCHbiM nOCMOTp9Tb ;1::(9JI9HH9 J::lpy

I'.HX 6JIH3KHX K nonOHHIO SIJ;:(ep. 

B KOHue 1957 ro;l::(a· 6bmH ony6nHKOBaHbi peaynbTaTbi onbiTOB TapanTHHa, 

'/3/ 
repnHTa, ryceBoit, MSIC09J;:(OBa, ¢HnHnnOBOit H ¢nepoBa · t _B KOTOpb!X 6binO 

npeJ::lnpHHHTO uayqeHHe cneKTpa Mace OCKOJIKOB ;1::(8JI9HHSI SIJ;:(ep p~J;:(OHa, o6-

pa3yiOIUHXCSI npH o6nyqeHHH 30JIOTB YCKOp9HHbiMH HOHaMH .a30Ta: 

Aul97 + N14 .. Rn .. J;:(eneHue. OnbiTbi npo~~UlHCb···B··na5op~Topuu .npoct>eccopa 

r.H. ¢n epOBa - OJ;:(HO~_ .• .li.:!.:-H·eMfi(;;:;~ ;·-;0 BpeMH na6opaTOpHti 0 I'J;:(e HM9JIHCb 

J;:(OCTaTOqHo HHT9HCHBHbl9 nOTOKH YCK Op9HHblX TSI>K9Jibi~ HOHOBe 

B SKC nepHM9HTBX HCnOJib30 BanaCb 06bJqHaH M9TOJ;:(HKa pa;I::(HOXHMHqecKOI'O 

aHanH3a !IpOJ::lYKTOB ;1::(9JI9HHH, C IIOMOWbiO KOTOpOA B o6nyqeHHOlt MHW9HH 6binO 

HJ;:(9HTHcPHUHpOBaHO 26 paanHqHbJX OCKOJIKOB J;:(ert~HHL 

BbiXOJ;:(bJ STHX SIJ;:(9p B 3aBHCHMOCTH OT MaCCOBOI'O qucna npe;I::(CTaBneHbl 

Ha puc. 2. Ha aToM >Ke pucyHKe npuBe;l::(eHa KpHBaH pacnpe;l::(eneHHH ocKOJIKOB 

·;1::(9JI9HHSI no !"faCCS.,Mo nonyqeHHaH nyTeM pacqeTa C yqeTOM BbiXOJ;:(OB BC9X oc-

KOJIKOB ;1::(9JI9HHSI - KaK 06Hapy>KeHHbiX B OnbiTe, TaK CTa6HJibH~IX H cna6o pa-. 

J;:(HOaKTHBHb!X SIJ::l9p, H9;1::(0CTynHb!X J;:(JISI HJ::l9HTHcPHKaUHH M9TOJ;:(aMH pa;I::(HOXHMHH 0 

KpHBaH pacnpe;l::(eneHHH ocKonKOB J;:(eneHHH no MaccaM B o6nacTH 3Haqe

H HA A = 85 .., 115 HMeeT BHJ;:( Y3KOI'O nHKa C nonywHpHHOft t'V 20 9J;:(HHHU Mac-

Cbl H MaKCHMYMOM npH A rv 100. 3ToT yqacTOK cneKTpa o6ycnoBneH CHMMeT-

pHqHblM ;1::( eJI9HH9M. 

B o6nacTH MaccoBbix 'l:HCen A < 85 H A > 115 MOHOTOHHbiA XOJ::l. KpH

BOlt !lapywaeTCSii npuqeM, BbiXOJ;:(bl OCKOJIKOB ;1::(9J19HHSI B STOti o6nacTH Macco

Bb!X queen OKa3biBaiOTCSI H9CKOJ1bKO Bb!We. 3TO, no-BHJ;:(HMOMy, HBJISI9TCSI 0Tpa

>K9HH9M TOI'O 06CTOSI'J:91IbCTBa, qTO B cnyqae o6nyqeHHSI 30JIOTa HO!IaMH aaoTa 

HapHJ::lY C CHMMeTpHqHbiM ;1::(91I9HH9M SIJ;:(ep HM99T M9'CTO J::lpyroti, H93aBHCHMbiti 

cnoco6 ;1::(9JI9HHSI Ha OCKOJIKH aCl{MM eTpH'IHbie no Macce. K aK BHJ::l.HO H3 pacyHKa., 

qaCTOTa C1JyqaeB aCHMMeTpHqHOI'O ;1::(9JI9HHSI npH6JIH3HT9JibHO Ha !IOpSIJ;:(OK HH>Ke 

qacTOTbl cnyqaeB CHMMeTpHqHOI'O paCK81IbJB8HHSI SIJ;:(pa. 
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npH 06:ty'f9HHH 3 OliOTa HOHaMH asoTa B OCHOBHOM llOlle CJlyqaeB npOHCXO

.l:{HT nOJlHOe CJlHSIHHe CTaliKHBa!OlUHXCSI Sl.l:{ep, npHBO.l:{SilUee K o6pa3oBaHHIO B03-

6ymaeHHbiX SI!l9p lln 211 , .LJ: allbH9MlllaSI cy .l:{b6a 9TH X SI!lep 3aBHCHT OT KOH

KypeHUHH M9)KllY pa3liH'fHbiMH npoueccaMH .1:{9B036ymA9HHSI SI!lpa, a rnaBHbiM 

o6pa30M OT KOHKypeHUHH Mem.l:{y HCnapeHH9M H9MTpOHOB H ll9ll9HH9M, Conoc-

14 5/ 
TaBJ19HH9 peSyllbTaTOB 9KCnepHM9HTOB t t B KOTOpblX HSMepSiliHCb C9'f9HHSI 

ll ell9HH SI A.u 197 

HOHaMH 

H C9'f9HHSI peaKUHM HcnycKaHHSI H9MTpOHOB npH o6nyqeHHH 

14 N , noKaSbiBaeT, 'fTo Ha Ha'fallbHOM aTane npouecca aeBos6ymae~ 

HliSI Slll9p Un 211 . u JJ. 
HA9T npeHMYlll9CTB9HHOe HCnapei!He H91iTpOHOB, . 9ll9HH9 

CTaHOBiiTCSI npeo6naAaJOlUiiM liHlllb nocne HCnycKai!HSI 5-6 H9MTpOHOBt T,e. .l:{liSI 

HsoTonoB paaoHa c 6onee HH3KHM sHa'feHHeM A H, cneAOBaTenbHo, MeHee 

ycTOM'fHBbiX no OTHOlll911HIO K ll 9ll9HHIO, n OSTOMy B 9KCnepHM9HTaX no o6ny- · 

l97 14 u 

q eHHJO Au HOHaM H N OCHOBHOH acpcpeKT ll eneHHSI o6ycnoBnHBae TCSI 

206 205 
ll9ll9HH9M Slll9P fin H fin , 8HeprHSI B036ymA9HHSI 9THX Slll9p 1 

paBHaSI pa3HOCTH M9)KllY Ha'fallbHOM 9HeprHeii B036ymaeHHSI COCTaBHOrO Sl.l:{pa 

H 9HeprHeii, 3aTpaqe HHOM Ha HCnapeHH9 H9fiTpOHOB 1 COCTaBliSI9T OK OliO 25 M 9Bo 

8TO nOll TBepmll aeTCSI H pesynbTa TaMH !lpyrHX 9KCnepHM 9HTOB, B 'faCTHOCTH, . 
HCCll9.l:{OBaHHSIMH yrnOBOfi aHH30TponHH HanpaBll9HHM pasneTa OCKO~KOB aene

HHSI, KOTOpaSI, KaK H3B9CTHO, SaBHCHT OT aHeprHH B036ymaeHHSI J;l9liSIIUerOCSI 

16 I 
SI!lpa. On biT hi , B KOTOpbiX Hsyqanocb pacnpeaeneHHe HanpaBneHHfi pasneTa 

197 12 
ocKonKoB, o6pasyromHxcH npH aeneHHH Au HOHaMH C c 9HeprHefi 

197 12 72-120 MaB, noKaShiBaiOT, 'fTO a eneHHe SI!lep acTaTHHa I Au + C -+At I 
npoHcxoaHT npH aHeprHH Bos6ymaeHHSI 20-25 MaB, 

YsKHfi nHK B cneKTpe Mace OCKOliKOB .1:{9ll9HHSI C MaKCHMYMOM npH 

131 
B pa6oTe 1 aBTOpbl 06oSICHSIJOT KaK pesynp:raT aene-

:i 
A = 100, Ha6nroaaeMbiM 

0 206 
HHSI R!l9p nn H a 205 6 

n 1 B03 ymaeHHbiX AO aHepr:HH. ""' 20 MaB, 

.LJ:eneHHe )!{9 9THX Slll9P npH M9HblllHX 9Hep!'HSIX B036ym.l:{9HHSI, no-BHllHMOMy, 

aaeT npeHMYlll9CTB9HHO aCHMM eTpH'fHbie no Macce OCKOliKH, 8TO npHBO!lHT K 

.l:{OnOliHHT9llbHOMY o6pasoBaHHIO OCKOliKOB ll eneHHSI B o6naCTH MaCCOBbiX 'IHC9ll 

A< 85 H A > }}5 H K HapyUJeHHIO MOHOTOHHOCTH pacnpeaeneHHSI0 

Bonae 'f9TKO CO'f9TaHH9 llBYX H9313.BHCHMbiX cnoco6oB A eneHHSI - CHMMeT

pH'fHOrO H acHMMeTpH'fHOro, Ha6niOaanocb B onbiTax ¥l:eHceHa H ¢atipxonna
17 1, 
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ony6nHKOBaHHhlX a 1958 rony. B aTHX onhlTax Hccnenosancg cneKTp Mace oc-

KOJ1KOB 1 o6pa3y!OUlHXCg npH neneHHH gnep aKTHHHg. 06nyqancg R 226 
a npo· 

TOHaMH c sHeprHett 11 Mas. ·Vfa-aa 6onbwott panHoaKTHBHOCTH panHg H nng 

TOrO 1 'iTOObl HCKJl!O'iHTb B03M0)KHb!e nOTepH penKoro aneMeHTa B XHMH'ieCKHX 

onepauHgx, B aTHX onhlTax Hcnonbaoaanacb He o6hl'!Hag npouenypa pacTBope

HHg OOJly'ieHHOH ·MHWeHH H nocnenyiOUlero XHMH'ieCKOro aHaJlH3a, a MeTOJlHKa 

c6opa OCKOJlKOB Jl eneHHg C UOMOWb!O aanepmHBa!OIUHX cPOJlbro llng STOrO TOH

KIHI MHWeHb B BHne Kap6oHaTa panHg Ha 1,5 MHKpOHHOft 30JlOTOH c}JOJlbre aa

Kpb!BanaCb caepxy TaKott me npenoxpaHHTeJlbHott c}Jonbrott, aamHManacb Memny 

JlByMg aJl!OMHHHeBb!MH JlHCTO'iKaMH H B TaKOM BHne o6ny'ianacb npOTOHaMH. 

npaKTH'ieCKH BCe OCKOJlKH neneHHg npOXOJlHJlH 'iepe3 !10JlJ10)KKY H BepXH!O!O 

npenoxpaHHTeJlbHY 10 c}Jonhry H a an epm HBanHcb B an10M HHHeB biX norn oTHTengx. 

nocne OOJly'ieHHg aJI!OMHHHeBb!9 c}JOJlbrH OTnengnHCb OT MHWeHH H HaKOUHBWHe

cg B HHX nponyKTbl neneHHg H3BJleKaJlHCb OObl'iHb!MH XHMH'ieCKHMH MeTonaMH. 

B biXon bi paanH'iHbix nponyKTOB neneHJig, o6paayiOruuxcg npH o6ny'ieHHH 

Ra 226 
npoToHaMH c aHepruett 11 M aB, npHBeneHbi Ha puc. 3. K aK Bnn

HO H3 pHCYHKa 1 Jl Ba B03M0)KHb!X THna neneHHg - CHMMeTpH'iHb!H H aCHMMeT-

• 
pH'IHb!tl:, npencTaaneHbi anecb KaK naa paanenhHbie, HeaaBHCHM hie cnoco6bi ne-

JI eHHg. 

U e·HTpanbHb!H UHK o6yc.T!OBJleH CHMM eTpH'IHb!M Jl eneHHeM gn ep 1 nBa 

Kpat!:HHX - acHMMeTpH'IHbiM. MaKCiiMYM Bbixona rpynnbi TgmenbiX ocKonKoB 

neneHHg. nemuT npH A _.....,135. 3To npH6nH3HTenbHO cornacyeTcg c o6ruHM 

npaBHJlOMY:nonMe'ieHHbiM nng aCH'v1MeTpU'iHOrO neneHHil TpaHcypaHOBb!X llnep, 

cornaCHO KOTOpO'v1Y UOJlO)KeHHe MaKCiiMyMa Bb!XOJla Tll)KeJib!X OCKOJIKOB OCTaeT

cg nocTollHHbiM B npenenax A = 138-146 H He aaaucHT oT. M accoaoro '!Hcna 

JlQJigmerOCSI llnpa. nonyrn HpHHa Kamnoro II3 UHKOB ~ 20 enHHHU MaCChi. 

171 
KaK C'iHTa!OT aBTOpbi pa6oTbi , cHMMeTpH'IHOe neneHHe - aTo neneHHe 

227 
cocTaBHbix Hnep Ac npH Ha'ianbHOtt aHeprHH aoa6ymneHHg ,..., 16 Mae. 

AcHMMeTpH'IHbie no Macce ocKOJIKH- peaynbTaT neneHHg, ao-nepBbiX, Hnep 

226 - Ac c aHeprueft aoa6ymneHug 7-8 Mae, o6paayJOIUHxcg B peayJibTaTe 

HCUYCKaHHSI onaoro HettTpOHa H3 COCTaBHOrO llJlpa, BO-BTOphlX, gnep Ac 22~ 
KOTOphle HapHny C CHMMeTpH'iHhlM B HeKOTOpOft none CJlyqaeB HCUhlThlBaJOT H 

aCHMMeTpH'iHOe neneHHe. 
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AHaJIOI'H"lHbifi cneKTp Ma CC OCKOJIKOn Ha6JIIO,ll8JICSI H. n CJl9.1lYIO IUHX Onbr-

/8/ /8~/ 
Tax - aKcnepuMeHTax .Llacf:lcf:lunb.zla, WM HTTa H Wapna • AnTopbi , HCnOJib-

/7 / . 
3Y SI TaKy 10 ::>Ke M eTO,llHKY, K8K H n npe,llbi,ll yruefi pa6oTe , HCCJI 9,1lOnaJIH ,lleJie-

226 
HHe Ra no.zl .zleficTnHeM TopM 03HbiX x-ny"lefi c M aKCHMaJibHOfi aHeprKefi 

23 Man. Hafi.zleHHbre 3Ha"leHHSI nbrxo.zlon paanH"lHbiX ocKOJIKon . .zleneHHSI n npe-

17/ .llenax owu6oK aKcnepHMeHTa connanH c nony"leHHbiMH paHee peaynhTaTaMH , 

B KOHne 1960 I'O,lla 6biJIH ony6JIHKOnaHbi peayJib~aTbi onbiTOn YieHC9Ha H: 

¢afipXOJIJia/
9

/, n KOTOpbiX HCCJl9,1lOnaJIOCb ,1l9Jl9HHe fia. 226 ,1l9fiT~~aMH W 

HOHaMH I'9JlHSI pa3JIH"lHbiX aHeprHfi. npH 06Jiy"leHHH na 226 
.1l9fiTOH8MH C 

9Hepruefi 14,5 Man 6bma CHOna nony"le Ha Tpexrop6ast KpHnast pacnpe.zl ene HHSI 

171 . 
OCKOJIKOn .1l 9Jl9HHSI no M8CCaM, nO,ll06HaSI 06Hapy::>KeHHOfi n OnbiTaX • npu o6-

JIY"l9HIIH .1l9fiTOH8MII 6onee nbiCOKHX aHeprHfi U9HTpaJibHbifi MaKCHMyM CTaHOnHJI

CSI 6onbwe H npH aHepriiH .1lefiToHon·21,5 Man pacnpe,lleJieHue OCKOJIKon ,llene

HHSI no MaccaM HMeno nH.zl, npe.zlcTanneHHhrfi Ha puc. 4. 

CornacHo 
/9/ 

HHTepnpeTaUHII anTopon , U9HTpaJibHhlfi nHK 06~SICHSIJICSI .1l e:-

Jl9HH9M COCTanHbiX SI.llE!p 
228 Ac npH Ha"laJibHOfi aHeprHH noa6y::>K.zleHH-!J 

rv 29 Man H n HeKoTopofi .zlOJie cny"laen - ,lleJieHHeM SI.zlep Ac 227 • A ell M-

Ac 226 
npH 

• 226 
MeTpH"'HaSI "laCTb cneKTpa cnstaaHa c ,lleJieHueM SI.zlep Ac H 

aHeprllsrX noa6y:m.1leHHSI M9Hbwe 10 Man. 

226 . 
Ra HOHaMII renuSI, r.zle, no cyruecTny, HMeno Mec-

TO ,1l9Jl9HHe SI,llep TOpHSI, pacnpe,ll9JI9HH9 OCKOJIKOn ,lleJieHHSI no MaccaM K ero 

H3M9H9HH9 C pOCTOM 9H9pi'HII 60M 6ap,llHpyiOIUHX "l8CTHU 6hlJIH TaKHMH ::>Ke, KaK 

H npll ,lleJieHHH TSI::>KeJibiX SI.zlep. TaK, nhiXO.ll OCKOJIKOB np11 ,lleJieHHH Ra 226 

HOHaMH I'9JlHSI C aHeprHefi 23,5 M 9B OnHCbinaJICSI ,1lnyrop6ofi KpHnofi C OTHOwe

HH9M BhlXO,llOB B npOBaJie II Ha Bepw HH9 nil Ka-1 : 10. C pOCTOM aHepriiH 

HOHOB I'9JlHSI 9TO OTHOW9HII9 yBeJIH"lHB8Jl0Cb.l H npH aHeprHH 43 MaB Bna.lliiHa 

M e:m.ny I'Op6aMH nOJIHOCTb!O 38llOJlHSIJl8Cb. 

AHaJIOI'H"lHOe HCCJl9.llOBaHH9 .llHHaM HKH Cll9KTpa Ma?C 6biJIO TaK::>Ke npe.n-

/10/ 226 
npiiHSITO BonbKe , KOTOpbifi o6ny"lan Ra npoToHaMR paanR~Hofi aHep-

I'HII, B pa6oTe onpe.nenstnHcb BbiXO.llbl .nnyx ocKOJIKOB .1l9JieHRSI: Sr91 
u Pd112 -

H8H6o:ree BepOSITHbiX npO.zlyKTOB 8CHMM9TpH"lHOI'O R, COOTneTCTB9HHO, CRMMe

Tpii"'HOI'O cnoco6on .neneHHSI, Bhrno o6Hapy:meHo, 'ITO nepof!THOCTb cKMMeTpK"l-
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H oro .LteneHHH pacTeT 6biCTpee, qeM acHMMeTpHqHoro npH yBenn:qeHHH aHeprHH 

112 s 91 6oM6ap.LtHpyiOmn:x qacTHU. BbiXO.Ll Pd no OTHoweHHIO K BbiXO.LlY r 

B03paCTaJI npH6JIH3HT9JibHO B ,llBa pa3a npH yBenn:qeHHH 9HeprHH npOTOHOB OT 

11 .LlO 22 MaB. 

12 
l1ccne,llOBaHHIO ,ll9JieHHH 30JIOTa npH o6nyqeHHH HOHaMH C 6bina no-

111/ 
cBHmeHa pa6oTa Bn:ona, BnaHHa n: ToMaca , .LlOJIO:>KeHHaH Ha KOHcpepeHuKH 

no peaKUHHM nO.Ll ,lleHCTBH9M TH:>KenbiX HOHOB B Mae 1960 I". B I"OpO,lle raT-

11-31 
JIHH6ypre ICWAI. B 9THX onbiTax, TaK:>Ke KaK H B cnyqagx , pacnpe.Ltene-

HHe OCKOnKOB ,lleneHHH no MaCCaM OKa3anOCb CHMMeTpHqHbiM, O.LlHaKO) C Hec

KOnbKO 6onbwefi nonywn:pn:Hofi I f1 A N 27 e.LlHHHu MacchLI. 

B caMoe nocne.LtHee apeMH cTano H3BecTHo o pa6oTe Carn:xapa, Pofi3Mepa 

n: Mn:.Ltoyca
1121

• ABTopaMH H3yqanocb .LteneHHe· BHCMyTa no.Ll .Lleil'cTBHeM npo

TOHOB c aHeprn:ei1: 36 H 58 M a B. Bhmo o6Hapy:>KeHo, qTo npH o6ny'feHHH BHc

MyTa npOTOHaM H C 9HeprHefi '36 M 9B, B OCHOBHOM 1 Ha6niO,lla9TCH CHMM9TplfqHoe 

.LleneHn:e. 0.LtHaKo, rrpn:6mi3n:TeJibHO B 0,3% oT Bcex cnyqaeB n:MeeT MecTo 

acn:MMeTpir'l:Hoe .LteneHn:e, rrpe,llcTaBneHHoe B crreKTpe Mace rpyrrrroi1: nerKHX oc-

KonKoB ,lleneHIIH c MaKcn:MyMoM rrpn: Af'V70 n: nonywn:pn:HOIO IIHKa B 7 e,llRHHu 

MaCChi. IBb!XO.Ll OCKOnKOB TH:>Kenoif rpyiiiibl B OIIb!Te He onpe,llenSinCH. noaTOMY 

0 rrono:>K eHRR BTOporo IIRKa HH'l:ero He Ir3BeCTHO I • n pH o6ny'l:e Hlrlr :>K e B HCMyTa 

IIpOTOHaMR C 9Heprn:efi 58 MaB B 9TRX OnbiTaX OT,llenbHOI"O IIRKa aCRMMeTpn:q

HbiX ITO Macce OCKOnKOB ,lleneHRH He Ha6niO,llanOCbo 

Acn:MMeTpir'l:HOe .LleneHn:e 6bino o6Hapy:>Keuo rrpn: o6ny'l:eHHR TaHTana II pe-

1131 
HHH ROH8MH renn:H • 3TOT CIIOC06 ,lleneHHH HBnH9TCH rrpe06Jia,lla!Oll.{HM, ecJIH 

9Hepi"IrH B036y:>K,lleHRH He rrpeBbiWaeT 30 MaB. npn: 9HeprHR ROHOB renn:H Bhi

we 40 M aB 6onee BepoHTHhiM cTaHoBn:TcH CRMMeTpH'l:Hoe .LleneHn:e. 

TaKOB rrepeqeHb OCHOBHh!X pa6oT, IIOCBHll.{eHHblX H3y'l:eHHIO cneKTpOB ·Mace 

OCKOnKOB ,lleneHRH ,llOTOp!reBh!X H.Llep. HapH.LlY C 9THM MO:>KHO yKa3aTb eme Ha 

pH.Ll Hccne.LtoBaun:fi, ~OTH H He HarrpaBneHHhlX Ha Herrocpe.LlCTBeHHoe n:3y'l:eun:e 

CIIeKTpOB Mace OCKOnKOB, HO TaM He MeHee CO,llep:>Kall.{RX HeKOTOph!e KOCBeHHh!e 

.LlaHHhie o xapaKTepe, .LteneHHH n:ccne.LtyeMhiX H.Llep. K TaKHM pa5oTaM MO:>KHo oT· 
,, 

H ecTH 9KCIIepn:MeHTh! no H3MepeHHIO KliHeTH'l:eCKOH 9Hepr!iH H IIpo6erOB OCKOnKOB 

,lleneHHH. 3TH BeJIH'l:HHhl 1 KaK Ir3BeCTH0 1 3aBRCHT OT TOI'O, KaKRM o6pa30M .LleJIHT-

I 
I 
I 
,{ 
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CSI Sl.llpO II XapaKTep !IX pacnpe.neneHHSI no9TOMY OTpa:lKaeT OCHOBHble OC05ea
-' 

aocTH pacnpe.neneang ocKonKoB .neneanR no MaccaM. 

/14/ . 
B OflbiTaX H o5ng H nn'!MaHa c noM OlUb!O KC9HOHOBOI'O CUHHTHnngun-. 

oaaoro C'IeT'IHK& Hccne.nosanocb pacnpe.neneane o.nnHO'IHhlX OCKOnKoB .neneang 

B aaBHCHMOCTH ·oT senn'IHHbi KHHeTn'IecKoii aaeprnn .nng cnyqag Ra
226 

+ n • 

nonY'JeHHbie peaynbTaTbi noKaaann, 'ITO npn ManhiX aaeprngx aeii:Tpoaos /-4 Mar./ 

.neneane acnMMeTpH'IHO. npn 5onbwnx aaenrngx aeii:Tpoaos I I'V.lO Mas/ a 

cneKTpe aaeprHH OCKOnKOB nORBn SI9TCSI KOMnOH9HTa,· OTBeqa IOlU8SI CHMM eTpH'IHO

MY cnoco5y .neneang. 

Aaanorn'IHbie naMepeang, ao c noMO!llbiO nponopunoaanbHOi'o raaopaapg.n

aoro C'I9T'IHKa, 5binll BbinOnH9Hbl B OnbiT8X C TSI:lK9nbiMH HOH8MH .nng .neneH!fll 

R.nep acTaTnaa I Au197+c12 ... At-+f j, '¢paauug I Au197+o16-+Fr-+ f /, aKTIIHIIB 

I m209
+C

12
-+Ac-+f I If npoTaKTHHIISI I Bi

209+016
-+Pa-+f ; 115 •161• npeo5na.naiO-

lUifM CnOC050M .neneHIISI B aTIIX 'I9Tblp9X peaKUIISIX SIBifnOCb ClfMM9TpllqH09 pac

KanbiB8Hif9 g.npa. O.naaKo, ae lfCKniO'Ieao,. 'ITO B aeKOTopoii .none cny'IaeB, oco-

5eaao .nng .n eyx nocne.naux peaKuuii, lfMeeT MecTo If_ aclfMMeTpii'IHOe .neneaue. 

CneKTp aaepruii ocK'onKOB, aa5niO.naeMbiX npu .neneauu aonoTa uoaaMif 

c121171
, OTB9'I89T TaK:lK9 ClfMM9Tpii'IHOMY cnoco5y .neneHHSI Si.llpa • .[lng ua

MepeHIISI aaepruu ocKonKoB .neneaug B aToii: pa5oTe ucnonbaosanucb nonynpo

B O.llHIIKOB bl9 .ll9T9KTOpbl 3 apR :lK 9HH b!X 'I8CTIIUo 

B 5 
. /18,19/ 

pa oTax xapaKTep ClfMMeTpuu .neneaHB g.nep onpe.nengncR c no-

MO!llbiO M9TO.ll11Kif ll.ll9pHblX !lJOTOSMynbCIIH no pacnpe.neneH!f!O_ npo5eroB OCKOn-

KOB .neneHifll. OnbiTbl noKaaanu, 'ITO npH o5ny'I9Hiflf Au
197

, Ph
208 

u m209 

IIOH8M If 
/18/. 

Hlf9 

n pOHCXO.llHT CIIM M 9Tp1I'IH09 .nene -

Bonee TO'lHbie .nononauTenbHbie uccne.nosaaug peaKuHJ:!: .neneanB Ph 20-s 
12 Bt" 209 12 /19/ .. I C 1 , £.I If I C , f I noaaonunu ycTaHOBIITb, 'ITO B aTnx cny'IaBx 

H8pSI.llY C ClfMM9TpH'lHblM aa5niO.naeTCSI H 8CHMM9TpH'IH09 .neneHHe. 

l1ano:lKeHHbie B o6aope cse.neaHSI o .neneHHH paanH'IHbiX B.nep .nnB 6on·b

weJ:!: aarnll.llHOCTif co5paHbl B O.llHY Ta5nHuy. B Ta5nHue H8pSI.llY C MHlU9HSIMH ~ 

H 5oM6ap.nupyiOIUHMH 'I8CTHU8MH YK83b!B810TCSI o5paayiOIUH9CSI npH aTOM COCTaB-
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H bi9 Jl.llp• 1 XeTOJhre ·:s 6on.W.WJJ1fCTBe CJiyqaeB .ll9JISITCH 6e3 H:JMeHeHHH Z 1 HCII)"CKAB 
. . .• ~ 

H9CKOJI.bKO · Helt!'jtOHOB, B Ta6iiHU9. TaK:»<;e LtaHbi . aHeprHH 6oM6&pLlHPYJOlU9A 'lllCTHUbi 
• • • • • .. • • ' •• • •• ~ • ~ < ·- • • 

H ·~aeprKsr. -~036y·*.a eHHSI coc:.T~aa~ro · HLl pa. Il ~cne.aHIOIO cne.a yeT paceM aTpH-

aa:TJo .Jt&K 'ae_pXHIOIO rp·aHKUY: LtJIH 9-HeprHH B036y)KLt9HHSI Lt9JISIIU9T'OCSI H.!lpa. 
. . . 

PaccM.OTpeHHbre c;:nyqaJ! n.oxasbrBaiOT, '_ITO ~·noco6 .a:eneim R HLtpa - · aa 

CHMM9TpH.'IH~J9. HJIH. aCHM'i.i'a:rpH'IH-bi9. no MaCC9 OCKOJIKHt SaBHCHT, KaK OT .9H9pT'HH ... . . . ,., . ' ··- ··. . . . ... . . 

Bo3i5y>K.a.eHIUI, TaK It OT TOro,·. KaKoe HAP<?" .oenHTCHo. n·pH HH3KHX 9HeprHRX 
. . . _ .. ·. . :.. . : . . ·. ~ . .. ~ . ~ . ~ ' . ·. - . . . ' . '"' . . . 

<iio.5ym.ae'HJJSJ /E· <. ·30 N').aal .aeneaHe· H.aep 5. o6nacTR .( z "'79:-77 acHM-

MeTp~~~o~ f~·~-·1~2/, C pOCTOM 9H9pT'HH B~36Y)K.!l9H~SI .npeoGna.aaiOIUHM LlJISI 

a THX. H.!l ep. C.Ta'HOBHTCSI CltMMeTpH'IHOe Ll ene'HHe." A.HanoriPiH biA nepexo'.o OT 

a_CHM.:C~Tp·~~~·O·I"O K CHMMe;pH'IHOMY Ll9JI9HH~ ~ ;B.9JIH'I~HHeM 9H9pT'HH B036Y)K.!l9":' 

HHSI .aensrmerocR· sr.apa Ha6niO.oaeTcR H .anR R.oep c z ) 90. . . . . . . ' 

.[{ ~ Sl SILl ep c Z = 8.4 - 87 /N2N2 3-10/<3a~OHOM9pHOCTH H9CKOJibKO .. . . . . . '~ " 

HHf>I9o ~Ll9Cb ripH MaJibiX 9H9pT'HSIX B036y)K.!l9HHSI · . .ozisi Sl.!l9p C HOpMaJibHbiM CC?-

OTHOW9H1!9M H9ATpOIJOB' H npOTOHOB 06bi'!HbiM cnoco6oM Lt9JI9HHSI SIBJISI9TCSI CHM-

. M9Tpll'IH09 Ll 91J9HH9 C ·y3KHM' pacnpe.aeneH~9M OCKOJIKOB Ll 9JI9HHSI no MaccaM, 

·llnH · H9ATpOHO_: .aeq:,HU~~HbiX H30TOnOB 0 T;e• _MeHee YCTOfi'IHBbiX no OTHOW9HHIO. 

K .aeneHHIO_SILl~P /a CHJiy·60JibWefi·B~JIH'IHHbi napaMeTpa H9CTa6HJibHOCTH z2/A/, 

nO-BHLlHMOMy, XapaKTepHO ·.aC.HMMeTpH'IHOe .!l9JI9H~e. 

lJeneHHIO HM9HHO _TaK~_X Sl.!lep 1 ae·p<?RTHO, 06513aHa· n051BJI9HH9 KOMnOH9HTb! 

acHM!'-f9TpH'IHb!X. no Ma6pe OCK<:>nKOB B CneKTpaX MaCe OCKOJIKOB Ll9JI9HI!51 51.!l9p 

non~~HSI H pa.aoaa /N2N2 :4 H 9·1. 0'!eBH.!lH0 1 aTHM )Ke aq;cj:JeKTOM MO*Ho o6'bSic

·.HHTb·:P~cwnpeHHe CHMM.eTpH'IHbiX cn.eKTpOB 1 KOTOpOe Ha6JIIO.!laJIO"b B peaKUHSIX 

~N~~N9·8·:"'·8,10, no-au.z:i.HM.OMy, 3a. ~CHMM9TpH'IHOe .!l9JI9HH9 3.!l9Cb OTB9TCTB9HHbl 

H30TOnbi Po:· , ·At , >Rn l! F'r C MaCCOBb!MH 'IHCJiaMH. 205, 206', o6pa3yiO-

IUH9C!f B·. pe3yJibTaTe HcnycKaHHSI 5-7 Heil:TpOHOB .. K3: COCTaBHOT'O Sl.!lpa; 

Cn~.oyeT HMeTb a BHLlY, 'ITO B HeKoTOpbiX cnyq_agx ·B03M(!)KHO pacwHpeHHe 

cne.KrpoB · Ma~c .. OCKOJIKOB Ll eneHH ~ 3'a C'I eT YB9JIH'l9HHSI CT.aTHCTH'I9CKHX qJJIIOK-. 

Tyai1HA, 9CJIH. ,neneHH9 ,npOHCXO.!lHT H3' CHJibHOB030Y)K.!l9HHOT'O COCTOSIHHSio 8TOT .. 

s~PIPeKT _npOHBlr'SieTCSI LlJISI SILl9p C z ~87 npH '.oeneHHH· 9HeprH'IHblMH 'IaCTHUaMH, 

r.oe Ll9zl9HH9. ycneWHO KOHKypHpyeT C HcnycKaHH9M H9ATpOHOB B CBMOM Ha'Iane 

Kl'lC?KaLt~. H.c.napeH!fl'l H, CJI9.!lOBaTeJibHOi npOIICXOLlHT. H3 COCTOSIHHSI C npaKTH'!eCKH 

~a'IanbH·oa· 9HeprHejf · aoa6y )KileaHSI, 

I 
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22 
29 
19 
26 
38 

aCMMMeTp+CMMM. [91 
cMMMeTp. +acmnl 

· aCHMIA8TpHq}!. 
aCMMM8T • +CH:UM81 ~ 1. 

jCMMMeT.+aCCHll. 

· x) ITepBUM yKasuBaerc.R c5oJiee Beponrn~~ cnococ5 ,~~;eJieHH.R. 
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.Un.R .11,0ep C Z N 88-89 IIpH HH3KHX SHeprHHX B035y>K.09HH.II IIpH5nH3H

TenhHO paB~oB~pCH;Hbi .o5a crioco5~ .oeneHH.R.npH yBenH'leH~~ sHeprr'm Boa5y>K

.o eirirsi. Ha'lHHaeT ·npeo6na.oaTb cH~M ~TpH'IHoe ·.oeneHHe. 

TaKHM o5paaOM 1 u_aBecTHbre· .oo He.oaB·Hero BpeMeHH sKcnepHMeHTanhHbte 

cp aKTbl OT HOCHTenbHO .oeneHH.II T.II>K enbiX .II,Oep IIO,O'IHH.IInHCb 9,0H HOM y npaBHny: 

npH ManbiX sHepl:'H.IIX Boa5!-:lf{.oeHHH .oeneHHe 5hmo acHMMeTpH'IHbiM, PeaynbTaTbt 

OllbiTOB IIO .oeneHHIO .OOTOpHe_BbiX g,n·ep BbtnanH H3 .STOrO npaBHna, 'BbtnO o5Ha

py>KeHO, "'TO .xapaKTep HH3KOSHeprH'IHOro .oeneHHH B STOfi o5naCTH sr.oep MO

>KeT 5biTb paanH'lHbiM H 38BHCHT OT KOHKpeTHblX CBOfiCTB .oensrruerocH SI.Opa, 

B peaynbTaTe sToro K eme Hepaapem eHHOMY · Bonpocy o5 acHMMeTpHH .oeneHHH . 
TSI>KenbiX SI,Oep. npH5aBHnHCb HOBbie Tpy.OHOCTH 05'bSICH9HHSI H3M9H9HHSI xapaKTe-

~ . 
pa .oeneHHH npH nepexo.oe oT o.oHofi rpynnbi n.oep K .opyrofi, 

3. TeopHH .oeneHHH 

npouecc LleneHHH 1 CBH3aHHbifi C LlecpopMaUHSIMH HLlpa K.BK uenoro 1 05bt'IHO 

paceM aT pH Ba eTCH B paM KaX >KH.OKO Kaiie?fbHOfi M ~.0 en H, B STOfi M 0.0 enH npe.uno

naraeTCSI1 'ITO IIOB9,09HH9 SILlpa B npouecc~ .oeneHHSI aHanorH'lHO IIOB8Ll8HHIO Karr

nH H9C>KHM89MOfi paBHOMepHO 3apSI>K9HHOfi- >KH,OKOCTH, J:leneHH9 B STOM cnyqae 

npe.ocTaBnSieTCSI KaK y LlnHH9HH9 KBIInH 1 !IpHBO.OSIIUee B KOH9'IHOM HTOre K ee 

pa3.0B09HHIO, 

-.UecpOpMaUH.II SILlpa CBH3aHa C H3M9H9HH9M ero IIOTeHuHanbHOfi SHeprHH, 

KOTOpaH CKnaLlbiBaeTCSI, B OCH9BliOM 1 H3 · SHeprHH ,IIOBepXHOCTHOrO H8TSI>K9HHSI 

H sneKTpOCTaTH'l8CKOrO OTTanKHBaHHSI, n OTe.HUHanbHaH SHeprHSI npH yBenH'leHHH 

.oecpopMaUHH S!.opa pacTeT 1 LlOCTHraeT MaKCHMyMa, a aaTeM rra.oaeT. PaaHOCTb 

Me>K,ny SHeprHefi H.Opa B MaKCHMyMe. H SHeprHefi Ha'lanbHOrO COCTOSIHHH rrpe.o

CTaBnReT co6o10 rroTeHuHanbHhlfi 5a~b~p. S~eprHIO, paBHYIO BenH'lHHe aToro 

5apbepa, H905XOL1HMO BHeCTH B HLlpO, 'lT05bi· Bbi3B8Tb ero .oeneHHe, Bb!COTa 

5apbepa LlnH .oeneHHH oKa3biBaeTc"H · paanH'lHOfi B 38BHCHMOCTH OT Toro, KaKHM 

o5pa30M Ll9cpO)JMHpyeTCSI 'SILlpO. n pH .oeneHHH C HaH50nb wefi B8pOSITHOCTbiO , 

OCYIU8CTBnHeTCSI TaKaSI ,necpOpMBUHSI, LlnH KOTOpOfi Tpe5yeTCSI M HHHManbHaSI 

SHeprHSI, nosTOMY BOIIpOC o. HaH,5onee BepOSITHOM CIIOC05e LleneHHSI CBOLlHTCSI, 

IIO CyiUeCTBy, K BOIIpocy 0 HaXO>KL18HHH Ll9cpOpMaUHH C MHHHManbHOfi BbiCOTOfi 

5apbepa. 
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¢OpMy Hn:pa B npouecce .aecjlopM8Uiili OnHCb!BSIOT C nOMOIUbiO pa3JIO)K e-

llo 

R noBepXHOCTH KanJIH B pH.O no IU8p0Bb!M cPYHKUIIHM: 

R((J,¢)=llo[l+~ a 
All All 

y ( (}, ¢) ] ' 
All 

11! 

(} H ¢ - no.nHpHbie yr.nbi, onpe.aeJIHIOIUHe HanpaBJieHHe pa.aHyca-BeKTOpa 

H 

05 bl'IHO O!"'p8Hii'IHB810TCH paCCMOTpeHHeM TOJibKO 8KCH8JibHO-CHMMeTpH'I-

HbiX .aecjlopMauHtl:. B aTOM cnyqae R M eHHeTcH TOJibKO npH If 3M eHeHHH (} 

yr.na Me)K.QY HanpaBJieHHHMH pa.aHyca-BeKTOpa H 

R ((}) = Ro [ l + ~ Pn an ( cos(} ) ] . 
n 

OCH CHMMeTpHH: 

121 

n -ro nopH.aKa. ~3 ycnoBHH coxpaHeHHH 

OObeMa c.ne.ayeT aa = 0 . n a paM eTpy 3_t OTBe'JaeT cMerueHHe Bcero H.apa 

KaK ue.noro, noaToMy B pa3JIO)K eHHH 12 I npH paccMoTpeHHH .aecjlopMauHll: HC-

nOJib3YIOTCH JIHWb qJieHbi c n ~ 2. M aKCHMaJibHOe 3Ha'IeHHe 
n 

'!, 
- A' KOHe'IHOCTH 'IIfCJia HYKJIOHOB B H.ape ~rpaHH'I~HO BeJIH'IIiHOif • LfeTHblM 3Ha-

'IeHHHM n COOTBeTCTByeT 3epK8JibHO-CHMMeTp!i'IH8H cjlopMa H.Opa no OTHOIUe· 

HHIO K nJIOCKOCTH, nepneH.QiiKYJIHpHOH K OCH CHMMeTpHH; He'IeTHb!M - 3epK8libHO-

aCHMM eTpH'IHaH cjlopMa. TaK
1 

npn KBa.apynoJibHOH .aecjlopMaUHH I n 2 I H.apo 

aMeeT cpopMy raHTenH; npH OKTynoJibHOH I n = 31 - cjlopMy rpywH. 

BrrepBbie HeKOTOpbie Borrpocbi TeopHH .aeneHiiH obiJIIi paccMoTpeHbi BopoM 

1201 
li YanepoM B 1939 r. B nepBotl: paooTe oTMeqanocb, qTo MHHHManbHbiH 

tfapbep .O.TIH .aeJieHiiH 0/KH.QaeTCH .Ql!H KBa.apyrrOl!bHOH .aecjlopM8Uifli H.apa, KO

TOp8H .QOl!)KH8 npliBO.QiiTb K .aeneHHIO H8 OCKOJIKii paBHOH M8CCbl. 

Eonee .aeTaJibHO Bonpoc o 5apbepax .aeneHMH paccMaTpHBaJicH B paooTax 

121-231 n pe3eHTa, K Hllrrna H Peii:HHCa • B 9THX paooTax aHeprHH .aecjlopM8UiiH 

Hapa onpe.aeJIHl!8Cb C yqeTOM 'IJieHOB 

OueHKH npoBo.aaJIHCb .anH H.aep c x 

a
2 

P
2

, a
3
P,, a4 ~ n a 6 P6 • 

z 2 /.<\ > 0,801napaMeTp(z
2 /-A)-

( z 2 fA >noen. npe.a. 

OTHOCHTCH K 80COJIIOTHO HeycTofiqlfBOMy liO OTHOIUeHHIO K .aeneHHIO 

If paBeH np!i0l!li3HTel!bHO 48-49/. ~ B 9TOM CJiyqae OK838l!0Cb, 'ITO KpUTH'Iec

KaH cjlopMa H.Qpa, T.e. cjlopMa H.apa B M8KCHMyMe 9Hep!"'!ili .aecjlopM8Uiilf 0 CliM -

MeTpH<JH8 H, Cl!e.QOBaTel!bHO, .QOJI)l(Ha rrpliBO.[ll'ITb K CIIMMeTpli'IHOMY .QeJieHl'IIO. 
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Auanorii'IHbr1l: pe3ynr:;TaT_ 6biJI rtony'IeH B pa6oTe ct>pauxensr 11 Me 'Ipononll-
/24/ . 

ea • C nOMOUlbiO SJ19KTp0HHOfi e'I9TH01J: MaWHHbi aBTOpbi Bbi'IIIe.TIIIJIII BbieOTy 

6apr:;epa .llJlfi .ll9J19HIIfl npll pa3JIII'IHbiX .ll ecpopMaUIIHX H.Upa, OnllebiBa9Mbi~ nepBbi"" 

Mil .neeHTbiO nOJIIIHOMaMH ne)KaH.npa. Pae'I9Tbi nO.UTBepaHJHf OeHOBHOfi pe3ynr:;-

TaT )KH.UKOKaiieJibH01J: MO.UeJIH, yKa3biBaroam1J: Ha· IIpeo6na.naHHe ._eHMMeTpii'IHOI'O .ne-

neHHSI .nnsr Tf!)KeJibiX sr.nep. O.nuaxo, .unsr 6onee yeT01i'IHBbrx sr.nep I x < 0,65 I uaMe

'!anaer:; T9H.UeHUHfi K eHH)K9HHIO 6apbepa .UJIH aeHMMeTpH'IHOI'O .neneHHH, 

YKa3aHHe ua To, _'ITo ansr sr.uep e Manbr,M X HaiiMeHblll111J: 6apr:;ep HMeeT 

MeeTO npH aeHMMeTpH'IH01J: .necpopMaUIIH H.Upa, 6biJIO nony'IeHO TaK)Ke H B pa6o
/25/ 

Te CssrTeuxoro n pH Ka"l:eeTBeuuoM paeeMoTpeHHH npoueeea B paMxax 

)i{IIL1KOKaneJibH01J: MO.UeJIH. 

Teu.ueuuHro K aeHMMeTpH"iHOMY aeneu11ro np11 yMeur:;weHHII x 

nOHSITb e TO"iKII 3peHHfi MO.UeJIH )i{IIL1K01J: Kan.TIII, 

HeTPYLlHO 

no Mepe yMeHbWeHHH z KpHTH'Ieexasr cpopMa aensrmeroesr srapa eTa-

HOBIITeH 6onee BhlTHHYT01J: H Bee B 60JibWe1J: eTeneHH onpeaensreTefi noBepXHOeT-

aoa sueprHea. B npe.uenbHOM eny'Iae / z = OjxpHTII'Ieexasr cpopMa OTBe'IaeT 

.UBYM KaeaiOUlHMeSI ecpepaM H SHeprHH aecpopMaUIIH 3aBIIeHT TOJibKO OT noBepx

HOeTHOI'O HaTf!)i{9HHfi 0 nerKO BH.ll eTb 1 "iTO B STOM npe.neJibHOM eny"iae nOBepx

HOeTHSH SHeprHH MaKeHMaJibHa, eeJIH ecpepb! O.UHHaKOBbii H eHH)KaeTeH no Mepe 

yBenH'I9HIIH pa3HHUbi B P!=ILlHYeax ecpep. 

TaKHM o6pa3oM, pe3yJibTa Tbi pae"l:eTos noxa3biBaro~, "iTO npoeTaH )i{H.u-

xoxan enr:;uas'! M o.u enb oKa3 biBae TeH ueenoeo6uoit o6'bHeHIITb oe ao BH bie axene pH

MeHTaJibHLie cpaKTbi: aeiiMMeTpll"iHOe .ueneHHe .UJIH TH)I{eJibiX H.Uep 11 eiiMMeTpH"l:

uoe - .UJIH 6onee yeT01J:"iiiBbiX, 3To, KaK 6y.neT BII.UHO 113 LlaJibHeitwero, eBH3a-

HO e T9M, "iTO He Bee cpaKTOpb!; cymeCTBeHHbie .UJI.H .necpopMaUIIII H.Upa
1 

Y'III

TbiBaiOTCSI B )i{ll.llKOKaneJibHOfi, MO.UeJIII, 

nonhlTKH MO.UepH11311pOB8Tb )i{II.UKOKaneJibHYIO MO.lleJib npeanpiiHIIMaJIIICb 
. ' 

HeCKOJibKHMH aSTOpaNH, 

i26/ ' /27 28/ B -pa6oTax HocoBa ,·a Tax)Ke Bye11uapo H rannoua 1 6brna cae-

naua nonbfTKa y"ieCTb nose.ueuHe H.Upa Ha nocne.uueM sTane .ueneHHH. ABTOpb! 

noxa3an11, "iTo npH onpe.ueneuuoa senH<IIIHe xsa.upynonr:;uoa .necpopMau1111 a
2 
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lnocne npOXO:lKLleHHSI BepWHHbl 6apbepa, HO LlO OT.[leJieHHSI OLlHOrO OCKOJIKa OT 

.opyrorol S!LlpO CTaHOBHTCSI HeyCTOH'IHBb!M no OTHOWeHHIO K rpyweBHLlHOH 

HeycTOH'IHBOCTb SIBJIS!eTCSI a6COJIIOTHOH, T.e • 

.oe~OpMaUHSI He orpaHH'IHBaeTCSI KaKHM-nrr6o KOHe'IHhlM 3Ha'IeHHeM 

MH9HH!O aBTOpOB
1 

pa3BHTHe aTOH .oe<!JopMauHH Ha nocne.oHeM 'aTane .oeneHHSI Mo

:lK9T npHBeCTH K H3MeHeHHIO <!JopMbl .oe<!JopMrrpyiOmerOCSI SI.opa H K npeHMy

meCTBeHHOMY .oeneHHIO Ha OCKOJIKH pa3HOH MaCChi. 

129 301 
O.oHaKo, KaK OTMetiaeTcSI B pa6oTax ' , npoSIBneHHe HeycTOH'IHBOCTH 

S!.Opa no OTHOWeHHIO K OKTynOJibHOH .o.e<!JopMaUHH B aTOM cnyqae O'IeHb ManoBe

pOS!THO, OoaTOMY BpS!Ll JIH CHMMeTpH'IHaSI Ha Ha'IaJibHOM aTane .oeneHHSI <!JopMa 

S!.Opa cy ll\8CTBeHHO H3M eHHTCSI B KOHUe npouecca, 

129/ 
reil:JIHKMaHOM 6btna c.oenaHa nOnb!TKa paCCMOTp9Tb BJIHSIHHe 3aMKHy-

Tb!X o6onoqex Ha xapaKTep .oeneHHSI SILl ep. B paMKax :lKHLlKOKanenbHOil: Mo.oe

nrr, HO C yqeTOM 060JIO'I9'!Hb!X a<!J<!JeKTOB o6pa3yiOll\HXCSI OCKOJIKOB aBTOpOM 5bi

na Bbi'IrrcneHa aHeprHSI H.opa nepe.o paspbiBOM w eiiKrr, CTSirHBaiOmeii .oBa 6y .oy

ll\HX OCKOJIKa .oeneHHSI, Bb!'IHCJieHHSI nOKasanH, 'ITO aHeprHSI .oe<!JopMaUHH B MO-

_Tj 236 n. 240 r~ 242 
MeHT pa3pb!Ba lLL!eHKH LlJISI TSI:lKeJibiX g.oep I - ru ~ .. 

Cf 
244 I MliHHMaJibHa npH OTHOWeHUH Mace OCKOJIKOB, He paBHOM e.[lHHHUe, 

3THM <!JaKTOpOM aBTOp o6'b'SICHSieT aCHMMeTpH'IHOe .oeneHHe TSI:lKeJibiX SILlep npH 

ManbiX aHepruSix Bos6y)KLleHHSI. AHanorH'!Hoe o6'bSicHeHHe .o·aeTCSI H .onSI acHM

MeTpH'IHOii KOMnOHeHTbl B cneKTpax Mace OCKOJIKOB, o6pa3Y!Oll\HXCSI npH o5nyqe-

14 131 171 
HHH 30l!OTa HOHaMH ~ H pa.OHSI npOTOHaMH 

129 I /26-28/ 
B pa5oTe reiinHKMaHa • KaK H B pa6oTax ' aCHMMeTpHS! .oene-

HHSI CBSI3biBaeTCSI C TeM, 'ITO ITOCJie npOXO:lK.[leHHSI BepwHHbl ,6apbepa aHepreTH

'I9CKH 6onee Bbiro.oHoil: cTaHOBHTCSI acHMMeTpH'IHaSI .oe¢opMaUHSI a3 • O.oHaKo~ 

BM9CTO a6COJI!OTHOH HeyCTOH'IHBOCTH no OTHOW9HH!O K .oe<!JopMaUHH a3 1 OT-

/26-281 /29/ 
MetiaeMoii B pa6oTax , cornacHo SI.opo HMeeT nono:w..eHHe ycTOH'IH-

BOrO paBHOB9CHSI OKOJIO H9KOTOporo 3Ha'I9HHSI , onpe.oenSieMoro 

MYMOM noTeHuHaJibHOH aHeprrru, B aToM cnyqae B03HHKHOBeHrre acHMM-eTpH'IHOH 

.oe¢opMauuH SI.opa npe.ocTaBnSieTcSI 5onee ecTeCTBeHHhlM, Ecnu o6paTHTbCSI K 

KB aHTOBO-M eXaHH'I9CKOMY paCCMOTpeHH !0, -<tJyHKUHSI, OnHCbiBaiOmaSI_ COCTOSI-

HHe H.Opa, LlOJI:lKHa HM9Tb B aTOM CJiy'Iae MaKCHMYM B MHHHMyMe no_T9HUHanb-
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H oil: aHeprHH. B cnyqae a6coniOTHoil: HeycToii.'lHBocTH MO*HO 0*!!.0:8Tb nHWb 

pacnnbiBaHHe Ha'!anbHoro lnpH a3 = 01 M8KCHMyMa 1/J -ci:JyHKUHH 1 KOTOpoe B 

S.TOM cnyqae He CTOnb CHnbHO BenHKO. 

·cne.o;yeT, OTMeTHTb 1 'ITO H3-38 HeTO'!HOCTH nonyaMnHpH'leCKOil: ci:JopMynbi, 

1281 n:cnonbayeMoil: .o:nH Bbi'lHcneHHH sHeprHH ocKonKoB .o:eneHHH, peaynbTaTbi pa6oTbi 

MO)KH0 1 riO-BH.O:HMOMy, paccMaTp11B8Tb nHWb K8K Ka'leCTBeHHOe 06'bSICHeHHe 9Kc

. n_epHMeHTSnbHbiX ci:JaKTOB • 

.LlanbHeil:wee yTO'!Hean:e Mo.o:enH .o:eneHHH 6bxno npe.o:npHHHTo lOxaHcco
. 1301 

HOM • ABTOpOM HCCne.o;oBanacb B03MO)KHOCTb OKTynonbHbiX .o;eci:JopMauHil: SI.o;-
. • 1301 

pa Ha OCHOBe o6o5rueHHOil: Mo.o:enH. B pa6oTe Bbi'lHCnHnacb sHepr;IH .o:e¢op~ 

MHpOBSHHOT'O SI.o;pa C y'leTOM .o;eci:JopMaUHH OCTOBa H H3M8H8HHH 9HeprHH O.O:HO

'l8CTH'IHb!X cocToHan:t!: .o:nH HYKnoHoB, pacnono*eHHbiX caepx aaMKHYTbiX o6ono

'leK. 3HeprHH H.O:pa paCC'IHThlBanaCb K8K cPYHKUHH napaMeTpa OKTynonbHOil: .o;e

ci:JopMSUHH I a 3 I npH paanH'!HbiX 3Ha'leHHHX napaMeTpa KBa.o:pynonbHoil: .o:e¢op

Maun:n: • npn: pac'leTe 9HeprHH OC,TOBa HCnOnb30Banacb )KH.QKOKanenbHaH MO-

.o:enb .c y'leTOM qneaoa a
2 

P
2 H a 3 P3 annOTb .o:o BToporo nopH.o:Ka. 3aeprHH 

O.O:HO'IaCTH'!HbiX COCTOHHHil: Bbl'lHCns:nacb Ha OCHOBe TeOpHH B03MYIU8HHil:. B Ka

'leCTBe .HeB03MYIU8HHhlX 3H8'1eHHil: 9HeprHH HyKnOHOB 5panHCb 3H8'18HHH 9HeprHH 

1311 
O.O:HO'IaCTH'IHbiX ypoaaeil:, nony'leHHbie HHnbccoaoM a a o c H oae Mo.o:enH 

rapMOHH'leCKOT'O 8HH30TpOnHOT'O OCUHnnHTOpa C y'leTOM op6HTanbHOT'O .O:BH)K8HHH 

Hyxno-Ha n: cnn:H;..op6HTanbHoro aaaHMo.o:eil:cTBuH. B KaqecTae aoaMyrueHHH pac

CMaTpHBanocb .o:o6aBO'lHOe B38HMO.O:eii.cTBHe HyKnOHa C OCTOBOM H.O:pa
1 

o6ycnoa-

neHHOe OTKnOH8HHeM ci:JopMbl OCTOBa OT ci:JopM bl 9n.nHnCOH.O:a BparueHHH B cny-

qae rpyweaH.o:Hoil: .o:e¢opMaun:n:. HanH'!He sToro BoaMyrueHHSI npn:ao.o:HT K noHH.,. 

.llK eHH 10 9 HeprHil: ypOBHH HyKnOH8 1 ecnH B6nH3H 9TOT'O ypOBHH HM eeTCH .O:pyroii. 

He3anonH9HHb!il: ypOB9Hb npOTHBOnOnO)KHOH '!eTHOCTH. 

1321 Ha sTo o5cTOHTenbCTBo anepBhle 6hlno yKaaaHo CTpyTHHCKHM npH 

paceM OTpeHHH Bonpoca 06 ycTOH'IHBOCTH rpyw eBH.O: HOM cPOPM bl H.O:pa. YfM 5binO 2 . 
OTMe'leH0 1 'ITO npn: l'fabl >_l_C SI.O:pO MO)KeT HMeTb YCTOii:'!HBY!O 8KTynonb-

Eb - Ea 2 
HYIO .o:e¢opManHIO. 3.o:ecb '~1ab -MaTpH'IHbiii. sneMeHT BoaMyrueHHH: Ea 

n: Eb - saeprn:H OCHOBHoro n: 5nn:*afiwero aoa6y*.o:eaaoro ypoBHH c npoTH

Bonono*HOli 'leTHOCTb!Oj C - KOHCT8HT8 1 CBH3b!B8!0IU8H H3M8H8HHe noTeHuHanb-

aoa aHeprHH ocToaa c napaMeTpoM OKTynonbHOfi .o:eci:JopMauHH: L'1E= YzCa2 
3 
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132 I B aToll: me pa6oTe yKashiBanocb, "'TO aTa Tea.r:teHUIHI K rpyweBHLtHOll: 

LtENfOpMaUHH MO:lKeT 6biTb O,!lHHM H3 ciJaKTOpOB, npHBOLlHWHX K aCHMMeTpHH B 

pacnpe.r:teneHHH Mace ocKonKOB. 

KcTaTH aaMeTHM, "'TO aaanorH"'HOe Ka"'ecTseaaoe aaMe"'aHHe, ocao~aaaoe 

Ha aaann:ae COCTOHHHll: OT.r:tenbHb!X HYKnOHOB B -H.r:tpe; 6binO C.r:tenaHO Bna.r:tHMHp-

1331 .. CKHM , VJM OTM~"'anOCb;- "'TO annHnCOH.r:tanbHOe y.r:tnHH9HHe ciJopMbi H.r:tpa .r:ton:m-

110 npHBOLtHTb K CHnbHOMY ysenH"'9HH!O aaeprHH HyKnOHOB C 6onbWHM 3Ha"'eHHeM 

npoeKUHH MOM9 HTa KOnH"'9CTBa LlBH:lli:eHHH Ha OCb CHMMeTpHHH IHa-aa ysenH"'e

HHH aaeprHH spameaHH ayKnoaal. noaToMy aaepreTH"'e.cKH 6onee Bhrro.r:taoll: npH 

.r:teneHHH O:lKH.r:taeTCH rpyweBHLlHaH neciJopMaUHHj B aTOM cnyqae noKanHSaUHH. 

HyKnOHOB C 6onbWOll: npoeKuHell: M OMeHTa B W!ipOKOll: "'aCTH Hnpa He Bbi3biBaeT 

CTOnb CHnbHOrO ysenH"'9HHH aaepi'IiH HX BpameHHH • 

.[leTanbHbre pac"'eTbi IOxaaccoaa noKaaanHJ B KaKHX HMeHHO cny"'aHX soa-
. 1301 

MO:lli:Ha acHMMeTpH"'HaH .r:te¢opMauuH, Ha pHc. 5, B3HTOM H3 pa6oTbi , npHso-

c£ 250 
LlHTCH KpHBbl9 H3MeHeHHH nOT9HUHanbHOll: aHeprHH H.r:tpa B aaBHCHMOCTH 

MeTpa BhlTHHYTOCTH H.r:tpa 

COHLta K Manoll:. 

r , pasaoro oTaoweHHIO 6onbwoll: nonyocH annHn-

VIa pHcyaKa BHLtHO, "'TO no Mepe paaBHTHH KBa.r:tpynonbHOll: .r:te¢opMaUHH 

pocTa napaM eTpa r , nonomeaHe ycTOll:"'HBOrO paBHOBeCHH, onpe.r:tenHeMOe M H-

HHMyMOM noTeHUHanbHOll: aaeprHH 1 CMemaeTCH B CTOpOHY 6onbWHX 3Ha"'eHHll: 

ag • 3aa"'HT, no Mepe BbiTHrHBaHHH H.r:tpa ero ¢opMa see B 6onbwell: cTene-

HH cTaHOBHTCH rpyweBHLtHOll:, EcTeciseaao, "'TO paapbiB TaKoro H.r:tpa · aa .r:tBe 

"'aCTii LtOn:lKeH npHBOLtHTb K aCHMMeTpH"'Hb!M no Macce OCKOnKaM .r:teneHHH, npH 

9TOM aCHMM9TpHH neneHHH 6y.r:teT 3aBHC9Tb OT TOrO B KaKOH Mepe HLlpO yc

neeT npHHHTb rpyweBHLlHY!O ciJopMy K BpeMeHH ero pa3LtB09HHH, 

YKasaTb HMeaao B KaKoll: MOMeHT .r:te¢opMaUHH npoHCXOLtHT peanbaoe pac

npe.r:teneaHe MaCChi .r:tenHmerOCH H,!lpa M9:lKLtY napofi OCKOnKOB TpyLtHO, 0.r:tHH 

C"'HTaiOT, "'TO aTO HMeeT M9CTO Ha BepWHHe noTeHuHanbHOrO_ 6apbepa, LtpyrHe 

B MOM9HT pa3pb!Ba H.r:tpa Ha LlBe "'aCTH. 

IOxaaccoH aawen, "'TO aKcnepHMeHTanbHaH senH"'HHa acHMMeTpHH Mace oc-

KOnKoB .r:teneHHH I ~ TH:lK, ocK.I I .r:tnH TOpHH, ypaaa, nnyTOHHH H 6onee THme-
nerK.OCK. 
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.TibiX SU19p llpOll0pU!iOH8llbH8 B9llli'HIH9 OKTYllO.TibHOtl: .ll9cpOpM8Ulili Sl.Opa Ha Bepw J!• 

H9 6apbepa, noaTOMy .ll.TISI .Oa.TibHefiwero paCCMOTp9HHSI liM 6bi.TIO llpliHSITO, '-ITO 

8CiiMM9TpliS! IIllli CUMM9TpiiS! ·Mace OCKOllKOB Onpe.oellSI9TCSI cpOpMofi S!.Opa Ha Bep

W HHe 5apbepa. 

KpuBbie ~a puc, 5 .oaJOT nocTaTO'-!HO Har.TISI.llHOe ot5DSICHeHue acHMMeTpuu 

Mace. o'CKO.TIKOB lipH Ll9.TI9HHH TSI>K9llbiX SIL{ep, Ll.TISI 9THX SIL!ep B9pWHHa liOTeH

-UHa.TibHOrO 5apbepa J1El>KHT lipli 38M9THOH QKTYliO.TibHOH .oecpopMaUHii; ll09TOMy .oe

.TI9HI1e B 9TOM C.Tiy'-lae .OaeT OCKOllKH H9p8BHOii MBCCbl, 

npu YB9.11H'-19HHH Z SI.llpa Ll9.TISITCSI lipH BC9 M9HbWHX H8'-181lbHbiX . .llecpop-

MBUHSIX, T,e, lipH 6onee Hli3KHX 3H8'i9HHSIX r 
t T,K, C pOCTOM z YM9Hb-

lLJ89TCSI YCTOH1JiiBOCTb S!.llpa llO OTHOW9HHIO K .ll9119HHIO. npH 9T\)M, KBK Bli.llHO 

H3 .pH.CYH.Ka 1 cpopMa SI.llpa Ha B9pWHH9 6apbepa CTBHOBHTCSI 6onee CHMMeTpH'iHOtl: 

Ii, Cll9_qOBaT~llbH0 1 6onee CHMMeTpH'-IHbiM .llOll>KHO 6biTb .ll9119HH9, 3TOT BbiBO.ll 

113 paC'i9TOB lOxaHCCOHa cornacyeTCSI C XOpOWO H3B9CTHbiM 9MllHpH'i9CKHM rrpa-
.. . . . /34/ 

BHllOM, 'IlO.llM91.J9HHbiM CBSIT9UKHM llpH aHallH39 OllbiTHbiX .OaHHbiX llO aCHM-

M9TpHH '.oeneHHSI TSI>K91!biX SI.llep, COrllBCHO 9TOMy llpaBHny CT9Il9Hb a CffMMe TpiiH, 

onpe.oenReMaSI paaaocTbiO A, TSI>K, ocK, - A narK. ocK,, r.oe A TSI>K, ocK. u 

A narK. OCK, - MaCCOBb!9 '-IHClla Hau6onee BepOS!THbiX OCKQllKOB .ll 9119HI1SI TSI>Ke 
. . : . . . 2 Yz 

not:! H ner'Kot:l rpynnhi, nponopuHoHallbHa I 47,2 - z /A I 
2-- ·. H YM9HbW89TCSI c 

pbCTOM Z /A 

Cornacao pac'ieTaM lOxaaccoaa .llllSI CpaBHHT9llbHO YCTOtl:'-IHBhlX SIL!9p 

.llOll>KHO. Ha6n•o.oaTbCSI CHMMeTpH'iHOe .ll9119HI19 , 3TO CBSI38HO C T9M, '-ITO llpH 

60llbW011 Bb!Ts:fHYTOCTH. S!.Opa_ /np11 r > 2,5/ 110110>K9Hii9 OL!HO'iaCTH'-IHbiX ypoa-

Hell: M9H.H9TCSI TaK, ·1.JTO BllHSIHI19 HYKllOHO B BH9 ,38MKH:fTbiX . . o6ono'ieK yM eHbwa-

9TCSI H · Ha!160n ee BbirOi:IHOil) COrllBCHO . >K li.llKOK all9llbHOtl: MOil 9111~ CTa HOB HTCSI C HM • 

M eTpH'iH BSI, KBa.opyiiOllbHaSI . .oecpopM BUHSI, 3Ha '-19 HH9 
2 

Ke H~9IOT S!.llpa' C Z /A 34,3. npaTOMy LlllSI SI.09p 

.llEiTlf•. CI1MMeTpH'iHOe .ll9119HH9, B OTllH'ilie OT Sl.ll9p C 

r = 2,5 B 

2 
c z i'A < 34,3 
2 

z /A > 34,3, 

C9.llll0BOH Toq

cne.oyet o>Ku-

.llllSI KOTOpb!X 

1l()1J:>!<9ii Ha6nidnaTbCSI acHM ·•19TpH'iHblt:l CII9KTp Mace OCKOllKOB, VJa 9KCII9pi1M9H-
. . 2 >- 230 

Toa HaaecTH0 1 'iTO .onR SI.llep c z /A > 35,2 [ Th /eM N< 19, Ta6n.l I !..,- ' 

H_ 6onee TSI>K9llb19 SIL!pa] Ha6llJO.llaeTCSI 8CHMM9TpH'iHOe .ll9119HUe Ilpii Mallb!X 9H9p

f'listX aoa6y:m.oeH!1Sij cwvtMe,Tpii'-I"Oe neneHRe HMeeT MecTo np11 z 2; A < 33,8 
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I Po208-212 ,N2Ng 3-5, Ta6n. II. B rrepexonHoi1 o6nacTH Hnpa nenSITCH KaK 

cit .1M eTpli'IHO, TaK u acrrMM eTprrqHo. K aK annHo, corn acne aKc rrepnM eHTa.TJbHhiX 

naHHhiX c pe3yJibTaTaMH pacqeTa nocTaToqHo xopowee, 

IJ.nH Hnep 6onee ycTofiqHBhiX, '-!eM_ BI1C'\1yT, KOJIHqecTB9HHh19 OUOHKH, K8K 

OTMeqaeT lOxaHCCOH, TpynHhi. BepLL.rrHa 6apbepa nnH .TaKrrx Hnep ne:rKUT npn 

60llbWHX ae<tJopM8UHHX H !IpH 9TOM IIOI10/KOHI19 OLlH0'18CTH'-IHhiX ypoBHOH 0'19Hb 

HeorrpeaeneHHO. OaHaKo, Ka qecTBOHHoe paccMoTpeHne arrarpaMM hi ypoBHei1 B 

9TOR o6naCTH ae<tJopM8UHR !IOK83h!BaeT, qTO 6onee nerKH9 1 qeM BHCMYT) Hnpa 

CHOBa ll011/K Hhl ll011HTbCH aCHMM eTprrqHO • H arr6onbW811 T9HLl 9HU HSI K 8Cil:M MOTpll:ll 

aeneHUH 0/l<Hlla9TCSI ll:ISI S!llpa C Z "' 72, no-BHllll:MOMy, HM9HHO B CHllY 

9Toro o6cTOSITenbcTaa aeneHrre Haep peHUH n rrpnnuSI INg 1,2, Ta6n, 1 I co-

!IpOBO/Klla9TCH aCHMM9Tpli'IHhiM pacrrpeneneHU9M Mace OCKOJIKOB. 

TaKOBhl OCHOBHhl9 p93YJibT8Thl MOll911H neneHil:SI lOXaHCCOH8 0 B KOTOpOil 

6e3 KaKrrx-nu6o norronHnTenbHhiX aorrywPHHH H rrpearrono:rKeHHi1 nocTaToqHO xo

powo 06bSICHH!OTCH BCO H3B9CTHhl9 9KC!I9pHM9HT811bHhl9 cpaKThl ·o6 8CIIMM9Tpll:H 

H CHMM9TpHH aeneHHH Hll9p !IpH M811h!X 9HeprHHX B036y:rKll9HHH 0 n pH yBenHqe

HHH 9H9prHH B036y:rKLl9HHH o5onoqeqHaH CTpyKTypa Hnpa pa3pywaeTCH H 110110-

/K9HII9 HYKJIOH8 B Hape H9 OnpeaenH9TCH 60llbWO K8KHM-nH60 OrrpeaeneHHhiM 

ypoBHeM, B aTOM cnyqae rroaeneHrre Hapa B rrpouecce neneHHSI aon:rKHo orrrr-

ChiElaTbCH !IpOCTOH /KHllKOK811911bHOli MOllGllb!O, cornacHO KOTOpOH TSI/K011hl9 Ha

pa ):1011/l<Hbl aeJIUTbCH CUMMeTpMqHO. no-ElUllMMOMy, HM9HHO 9TUM MO/KHO 06b-

S!CHHTb CHMM9TpMqHyiO qaCTb CllOKTpOB Mace OCKOllKOB ):10119HHSI, liOHBllHIOIUy!OCH 

rrpu yaenuqeHMM aHepruu Bo36y:rKneHIISI aenSiwerocH Hnpa: 

TaKM'-1 o6pa3oM, B ocHOBHofi aorrpoc rrpo6neMhi aeneHI1SI TSI)KenhiX H.aep -

BO!IpOC 0 CHMMeTp!IH IIJIH 8CH:V1M eTpMM ll9119HHSI , B H8CTOSIW ee BpeM_H BHece

H8 orrpeaeneHHaH SICHOCTb. 3ToT pe3ynbTaT cnenyeT paccMaTpHB8Tb KaK co-B':. 

M eCTHhlfi ycrrex TOOpUH H 9KC!I9pHM9HT8, IJ.eliCTBHT911bH0 0 !18KO!I119HH9 B !IOCllell-

HUe !IS!Tb neT HOBhlX ll8HHhiX ITO neneH!IlO ):10TOpU9BbiX Hnep riOK838Jl0i '-ITO 

aenenue rrpH MallhiX: aHepriiHX Bo36y,KaeHUSI aecbMa Mnoroo6pa3HO u ne ucqep

llhiBaeTcSI K118CC!IqecKOH KapTIIHOH :ICI1:Vl'\19Tp!1'-IHOrO pacrrpeneneHHH MBCC OCKOn

KOB, Ha6nto.aaeMofi paHee rrpu neneHHH ypana a 6onee TH:rKellhiX Hnep. KaK llhi 

Blfll911H Bt>IWO, 3):19Cb 11 '-IIICTO CH'v!MOTp!1L!H09 n:eneHHO, If coqeTaHHO CI1M:\1eT-
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plPIHoro c aCIIMMeTpii'!HbiM a, HaKoHeu, CHOBa acii:I-1MeTp!1'1HOe .ueneHHe. TaKoe 

MHOI'000p83Ii9 r:j:JopM LJ.9l!eH!fH LJ.l!H SILJ.ep, lllfLUb H9MHOI'O 0Tl!lfLI810UllfXCH O.UHO 

oT .upyroro., yKaGbiBano, 'ITO rrpocTaSl :>KULJ.KOKarrenbHan Mo.uenb .ueneHIHI, r.ue 

ycp9.UHHIOTCH lfH.UUBif.UylillbHbi9 OC009HHOCTH Sl.Uep, BpSl.U JlH CIIOCOOHa ycrielllHO 

o5'bHCHHTb rrepexo.u OT o.uHoro THIIa n:eneHHSI K .upyroMy. CTaHOBHliOCb ocJe

BHLJ.HbiM, .iJ:TO LJ.l!Sl 3Toro HY:>K!ia HOBaH MO.U9llh .ueneHIIH, r.ue Obi Y'IHTbiB8lllfCb 

KOHKpeTHhle CBOfiCTBa D8HHOI'O H.Upa. 

norrbiTKa y'!eCTb HH.UIIBH.Uy81lbHbie OCOOeHHOCTif OCKOl!KOB
1 

o6pa3yiOlll!:IXCH 

/29/ . . 
rrpH .ueneHHH • rrpHBena l!Hlllb K Ka'leCTBeHHOMy OO'b0CH 9HHIO. vi TOllbKO pac-

CMOTpeHHe Ha OCHOBe IIOCli9LJ.HIIX pe3yllbT8TOB TeOpHII H.Upa - Ha OCHOBe o6o6-

. /30/ UleHHOfi MOLJ.9l!H II C IIpiiBli9'19HII9M OCT8TO'!Hb!X CHll, II03B01l1Il!O fOXaHCCOHy 

6onee IIOl!HO II IIOCli9.UOBatenbHO OO'bHCHHTb KapTHHy .UeneHRH BC9X RCCneQOBaH-
r . 

HbiX n.uep. 
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Aro~"'b'" sec. 
P H c. 1. Pacrrpe.ueneHHe .no MaccaM ocKon~?J~ .uenemrn, 

o5pa3yiOUliiXCH IIpii oony'leHHII lli .ue~ffH8MH 
c sHeprHeA 22 MsB, .UeneHae H.uep Po , 
BoG6y:>K.ueHHbiX .uo 3HeprRII ~ 27 Msa. 
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P 11 c. 2. Pacrrpe.o:eneHHe rro f'9fccaM ocKon~~ .ueneHIIH, o6pasyJOIUHXCH 
rrpn o6nyqeHnH Au no HaM u '~ c aHeprneii 105 Mas • 

.UeneHne H.o:ep Tln 206 u Tln 205 rrpn aHeprnn sos6y)!(.aeHHH 

""20 Mas, 

p II C, 3, 

0 - aKcrrepnMeHTallbH i>Ie 3Ha'!e HHH Bbixo.aos H.aep. K pnBa g-pac
'!eT C yqeTOM BbiXO.[lOB HeH.aeHTHcfJf!UHpOB8HHbiX B OribiT8X Hgep. 
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f\To~\\'o'" sec. 
Pacrrpe.aeneHne no ~~ccaM ocKoiiKOB .aeneHHH, o6pasyJOrunxcH 
rrpH o6nyqeHHH Ha -~6 rrpoToHaMH c aHeprneii 11 Mas. 

?2~ 2?6 LleneHne H.aep ·\c~ 1 n \c- rrpn aHeprnHX sos6y)!(.aeHnH 
1'-1 }6 H 7-8 M 9B COOTBeTCTBeHHO, 

-- -
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