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OBIUASI XAPAKTEPHCTHKA PABO_Tbl 

AicTyaJ11>HOCT1> pafioTbI. . 

<I>parMeHT8cnIUI OCTaTO~HhlX B036y)K)];eHHhIX H,D;ep - OJJ:Ha
0

H3 COCTaBmIIO
mmc npo:a;ecca Heynpyroro a.ri:poH-H.n;epHoro mm H.n;po-H.n;epHoro B3aRMo,n;eii:
cTBIIH IIpII BI,ICOKHX 3Heprmoc. 3aKOHOMepHOCTII II MeXa.HH3M 3TOI'O HBJieHIIH 
BO MHOrOM ern;e He HCHhI, II03TOMY IIOHKTeH IIHTepec K 3KCIIepIIMeHTaJibHhIM 
II TeopeTII'leCKHM IICCJieJJ;OBaimHM B 3TOH o6JiaCTH, KOTOphlH o6ycJIOBJieH B 
OCHOBHOM TeM,.'ITO H3MepeHIIH OTHOCIITeJII,HhlX ceqelllrii, KIIHeMaTH~eCKIIX 
xapaKTepIICTIIK II xoppeJIHD;IIOHHhlX cBueii pa3JTII'lHhlX ocKoJIKOB (qipar
MeHToB) OCTaTO~HI,IX 51.z:i:ep II03BOJIHIOT Ha,n;eHTbCH H~ IIOJI~eHIIe IIHq>OpMa
:a;nH O BepOHTHOCTHX o6pa3onamrn II BOJIHOBbIX q>ymaunrx: HJKJIOHOB II co
OTBeTCTBJIOIIUIX HJKJIOHHhlX acco]Uia:a;IIii ( KJiacTepon) BHJTp.t! H.n;pa [1, 2]. 

HcTopIPieCKII OCHOBHOe .BIDTh1aHIIe HCCJie,l(OBaTeJien: y.ri:eJIHJIOCb II3y~e
mno qiparMeHTa:a;mI HJJ:pa-~mmeHH. B cIIJIY pH.D:a necKHX npII'IlIII He MeHee 
npHBJieKaTeJibHI,I IICCJie.n;oBaHIIH qiparMeHTa]UIII peJIHTHBIICTCKOro H,D;pa
CHapH.ri:a: 

0 <l>parMeHTI,I OCTaTO~HOrO peJIHTIIBilCTCKOro H,D;pa-cHapH,n;a, IIMeIOIIUie 
B ero co6cTBeHHOH CilCTeMe· :a;eHTpa Mace ( c.:a;.M:) OTHOCHTeJibHO Ma
Jihle nMnyrr1,c1,r, .lIBJIHIOTCH peJIHTIIBIICTCKilMil ~acT:m:i;aMII B rra6opa
TopHoii: cIIcTeMe Koop.ri:nHaT (n.c.x.) n no 3Ton: npn'tJIIHe OTCJTCTBY
IOT noporom,re 3qiq>eKThl npn IIX perncTpa:a;IDI, n:MeIOIIUie MeCTO npn: 
Il3J'leHIDI aHaJIOI'Il'IIThIX qiparMeHTOB H,D;pa-Mn:meHII. TaxHM o6pa30M 
OTKphlBaeTCH B03M02KHOCTb n:ccJie,n;OBaHHH qiparMeHTa:a;mI npII JII06oii 
cKom, yro.ri:Ho Manon: nepe.n;a~e 3Heprmr-IIMnyrr1,ca II cTeneHII B036y-
2K,n;emra · qiparMeHTn:pyrorn:ero H~pa. 

o Ilpn: pa6oTe c H,D;epHoii qioT03Mym.cn:eii HeMaJiyro pon1, n:rparoT 3Ha
'ln:TeJibHO 6oJiee BI,ICOKIIe JierKOCTb n: TO'IHOCT:0. onpe.n;eJieHHH 3ap5.IJ(OB 
qiparMeHTpB H,n;pa-cHapH,n;a no Il3MepeHIIro n:oHn:3a:a;n:ollllliIX xapaxTe
pIICTIIK npn: OKOJIOCBeTOBhlX CKOpOCTHX no cpaBHeHIIIO C Il.IJ:~HTllq>IIKa
:a;neii: no.ri:o6m,rx qiparMeHTOB H,D;pa-MlllIIeHII, IIMerommc MaJihle B JI.c.K. 
nMnJJibCI,I. K poMe Toro. 6oJI:omrur npo,n;oJI:o:1rur CKOpOCT:O qiparMeHTOB 
H.n;pa-cHapH,D;a no3BOJIHeT o:a;eHIIBaTb me norrepe~Hhle nMrryJThchl no 
yrJIOBhlM Il3MepeHIIHM, 

0 C nommeHn:eM BCTpe~HI,IX rry~KOB peJIHTIIBIICTCKIIX H,D;ep Ha HOBeii:
illlIX ycKopHTemrx noHHTIIe H,n;pa-MIDIIeHII, KaK rroKoHID;erocH B rr.c.K. 
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o6ieKTa, ic>ie:faei' ·. II . aHaJilI3 Ilf)OlJ.YKTOli pa3Barra'. peJHITJIBIICTCKOrO 
iJ.r,p'a CTaIIOBIITci e.ziimcTBeHHo n63M<>2KHhlM cnoco6oM II3y'Iemrn qipar-
MeHTaIUIB .sr.n;ep B; 3TIIX 3KcnepIIMeHTax. , , . 

• 13 mo6oM crryiae iccrre:z:i:o:aaHIIe q>parMeHT.tn'iiII ocTaTO'IHoro perrHTII
BHcTcKofo .H,I:(p~:.c1fapi,zia:. cnoco6HO .n;aTi,: IIH«pi:>pMan:mo . B. nonorrHeHIIe 
K rrorry11eHHOII np:i II3J'ICHIDI qiparMeHTau;IIII .si,npa-MIIIlleHII 

Ue.r.i'.i. pa60Thl - II3J'IeHne npon:ecca «ppar~eH-raiurn II 3~BIICIIMOCTII 
em CBOilCTB OT MaCCOBOro 'IIJ:CJia,.sI,npa-CHap.sI,na (Ap ), 51,npa-MIIIII~mI. (Ar) 
II npyrnx xapairepncTIIK coy,napei111.i. B1,16op 11:eiona nccrre,noBaHiiH - II

0
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'IeHIJ:e· :rmpperrsrn:Hii - o6ycrro:EirreH TeM, 'ITO HII3KaJI IIHlpOpMaTIIBHOC;b ,naff-
- : . '.. ' :: ' . . . 

HhlX no MH02KeCTBeHHOCT.5IM BTOpII'IHhlX 'IaCTIIU: II 0,ll;HO'IaCTII'IHhlM cneK
TpaM II lIX crra6a.i 'IJBCTBIITeJII,HOCTI, K. Bbl6opy Me2K,ny pa3JIII'IHI,IMII Te

cipeTII'leCKIIMH IIO,ll;XOll:aMII CTIIMJJIIIpyeT II3J'Ieirne 6orre~ TOHKIIX, npe21c,ne 
Bcero Kopperr.sIU:IIOHHhlX, xapaKTepIICTIIK BTOpII'IHhlX 'IaCTIIU:, o6pa30BaII
HhlX .B HeynpyroM CTOJIKHOBeHIIII perr.HTIIBIICTCKIIX H.n;ep. 

HacTosriu;a.sr pa6c>Ta nocBmn:eHa cIIcTeMaTII'IeCKOMY IIccrre.n;oBaHIIIO none
pe'IHhlX IIMnyrr1,coB' Ua3IIMyTaJII,HhlX Koppemiu:IIii MeLK.n;y qiparMeHTaMII B 
npon:ecce q>parMeHTan:mr 9cTaTO'IHhlX H.n;ep-CHap.51,ll;OB, o6pa30BaHHhlX B He- . 
ynpyrnx B3aIIMo,neiicTBirnx perr.HTIIBIICTCKIIX HarreTaromn:x H.n;ep c H,npalm 
qioT03Myrr1,cIIII npII nepBII'IHhlX IIMnyrr1,cax ycKopIITerreii Ily6H1,1 II BepKrrII, · 
a TaKLKe HeKOTOphlX cMeLKHhlX B<mpocon. Mhl co3HaTerr1,Ho B Harneii pa6o-

. . . . 

Te orpaHII'IIIJIIICI, a3IIMyTaJII,HhlMII yrrraMII II nonepe'IHl,IMII IIMnyrr1,caMII, 

T .K. II3J'IeHIIe Kopperr.sIU:IIfr npo.n;OJil,HhlX nepeMeHHhlX, npoBe,neHHOe HaMII, B 
npIIMeiieHillI K qiparMeHTaU:IllI H,npa~cHap.sI.n;a He npIIHecrro KaKoii-rrn6o n:eH
Hoii IIHq>opMau;IIII. Ilo3TOMY Mhl nhl6parrn nepeMeHHhle, .n;oCTynHhle HaM B 
3MJJil,CIIOHHOM 3KcnepIIMeHTe II IIHBapIIaHTHhle no OTHOIIIeHIIIO K rropeHn:e
BI,IM npeo6pa3oBaHIIHM B.n;orr1, npo.n;orr1,Hoii ocII CTOJIKHoBeHII.sI. llcnorr1,3ona

HIIe 3TIIX IlpOCTI,IX xapaKTepIICTIIK B CO'IeTaHIIII C npIIMeHeHIIeM MeTO,ll;OB 
aHaJIII3a Kopperr.sID:IIll MeLK,ny BTOpII'IHhlMII '!aCTIIU:aMII no3BOJIIIJIO norry
'IIITI, ,I:(OBOJll,HO. IIHTepecHyro IIHqJOpMaU:IIIO II c.n;erraTI, HeKOTOphle BhlBO,nI,I 

OTHOCIITeJlI,HO CBOHCTB npon:ecca q>parMeHTaD;IllI. 

HayqHru1 HOBH3Ha pa6oTbl. 

BnepBhle Ha OCHOBe e.n;IIHOil MeTO,ll;IIKII, onIIparomeiic.sI Ha rnnpoKoe IIpII-
' . 

MeHeHIIe a3IIMyTaJII,HhlX Koppeirnn:IIii, npoaHaJIII3IIpOBaH YHIIKaJII,Hl,Ill 3KC-
nepIIMeHTaJII,flhlll MaTepIIarr no q>parMeHTaU:IllI perr.HTIIBIICTCKIIX .51,nep OT 
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yrrrepo.n;a no 2Kerre3a npn 3HeprII.sIX ycKopIITerreiI Ily6Hhl II BepKrrII. IIpII
MeHeHIIe MeTo,noB aHaJIII3a Kopperr.Hu:IIii MeLK,ny BTOpII'IHhlMII 'IaCTIID:aMII 
n03BOJIIIJIO ycTaHOBIITI, p.sr.n; paHee HeII3BeCTHhlX CBOilCTB II3J'IaeMI,IX .sIBJie
HIIIl. 

0TMeTIIM, 'ITO nepBII'IHhle 3HeprlllI H.n;ep, ,ll;OCTIIrHJThle Ha ycKOpIITeJI.sIX 
B Ily6He II BepKrrII (HecKorr1>Ko I'3B Ha HJKJioH), HBJIHIOTCH onTIIMarr1>Hhl-. 
MII ,ll;JI.51 II3J'IeHII.sI .sIBJieHII.51 q>parMeHTau:IIII t;:Hap.H.n;a, TaK KaK He3aBIICII
MOCTI, q>parMeHTaD;IIOHHhlX xapaKTepIICTIIK OT nepBII'IHOll 3HeprlllI HacTy

naeT npn 3HeprII.sIX Ha HJKJIOH 1 + 2 I'3B, 'ITO 6hlJIO ycTaHOBJieHo eme. B 

pa6oTax C KOCMII'IeCKIIMII rry'IaMII [3], a TO'IHOCTII yrrrOBhlX Il:3MepeHIIH,,KaK 
noKa3aHo B pa6oTe, na.n;aroT C po_CTOM 3HeprIIII II npn: 3HeprII.sIX B ,neC.sITKII 

II COTHII I'3B CIIJII,HO ycTynaroT TaKOBhlM ,ll;JI.51 3HeprIIn, paccMaTpIIBaeMhlX 
n naHHon pa6oTe. 

HayqHcUI H rrpaKTU:qecKruI 3HaqHMOCTb. 

Pe3yJ11>TaTOM pa60Thl .sIBJI.HeTC.51 ycTaHOBJiemre p.H.n;a HOBhlX, paHee He II3-' , . 

BeCTHhlX 3KcnepIIMeHTaJibHhlX qlaKTOB II 3aKOHOMepHOCTen npou:ecca q>par
MeHTaU:IllI OCTaTO'IHhlX perr.HTIIBIICTCKIIX H.n;ep-CHap.sI,ll;OB, 3Ta IIHq>OpMaD;IIH 
,ll;OJI)Kfla Y'IIITI,IBaTI,C,SI npII TeopeTII'IeCKOM pacCMOTpeHIIII q>parMeHTaU:IIII 
.H,nep II JIJiaHIIpOBaHIIII HOBhlX 3KCIIepIIMeHTOB. MeTOLl;hl, pa3pa6oTaHHhle 
IIpll IIccrre.n;oBaHIIII cpparMeHTaU:IIII perr.HTIIBIICTCKIIX H,n;ep-cHap.sI,ll;OB, MoryT 
6hlTI, JIOJie3HhlMII npII aHaJIII3e .n;aHHhlX 3KCIIepIIMeHTOB Ha BCTpe'IHhlX IIJ'I

Kax perr.HTIIBIICTCKIIX H.n;ep. 

Y CTaHOBJieHHhle 3KCIIepIIMeHTaJII,Hhle xapaKTepIICTIIKII q>parMeHTan:mr 
peJI.sITIIBIICTCKIIX H,n;ep-CHap.sI,n;OB MoryT IIMeTI, IIpIIJIO)KeHII.51 K BOIIpOCaM 

npOIICX02K,D;eHII.sI II B3aIIMO.n;eiicTBII.sI C nemecTBOM KOCMII'IeCKIIX rry'Ieii, pa

.n;IIan:IIOHHOll q>II3IIKII II TeXHIIKII, a TaK2Ke pa.n;IIaD;IIOHHOil 6e30JiaCHOCTII KOC
MII'IeCKIIX JIOJie'fOB. 

Arrpo6a,q~ pa6oTbl. 

OcHOBHhle pe3yrr1>TaTI,I pa60Thl ,I:(OKJia,!J;I,IBaJIIICI, Ha Hay'IHhlX ceCCII.sIX 
OT.n;erreHII.sI H.n;epHon q>II3IIKII AH CCCP (PoccIIII), JIOCBfilll;eHHhlX q>II3n
Ke. 3JieMeHTapHI,IX 'IaCTIID:, qlII3IIKe BhlCOKIIX 3HeprIIii, .sr.n;epHOll qlII3IIKe II 

a.n;pOHHhlM B3aIIMO,ll;ellCTBII.5!¥ B 1983-1995 rr; Ha XX Me)Kll:yHapo.n;Hon KOH

q>epeflD:IIII no KOCMII'IeCKIIM ITJ'IaM II p.H.n;e .n;pyrnx KOHq>epeHu:IIii, Ha co
BemaHIIHX <I>3K Oll5Ill, Ha ceMIIHapax ll5I<I> AH PY3 II JIB3 Oll5Ill II 
ony6rrIIKOBaHhl B 43 pa6oTax, CJIIICOK KOTOphlx IIpIIBe.n;eH B KOHD:e aBTope-

3 



I 

I' 
I 
I 

··, 

-i 

q>epaTa. 

06'beM II CTPYKTypa pa60Tbl . . 
IlnccepTanrur cocT0HT H3 BBe,ueHn~, mITH· rrraB, 3aKJIIoqemrn n .UBYX 

npnn:o::iKeHn:ii. O6III;Irii: 061,eM - 195 CTpamm, BKmoqrui: 44 pncyHKa n 26 

Ta6rrnn. CillicoK JIHTepaTyphl - 134 HaIIMeHoBamrn:. 

COIIEP)KAHME PABOTbI 

Bo BBeJJ;eHHH Cq>OpMyJIHpoBaHI,I 0CH0BHI,Ie nerrn pa60Thl lI o6oCHOBa

Ha aKTyam,H0CTb Bhl6opa 061,eKTa lI MeT0,U0B ero lICCJie,UoBamrn:, TaK)Ke 

c,uerraH KpaTKlIH aHaJIII3COCTOHHHH 3KcnepnMeHTaJibHhlX lI TeopeTIIqecKIIX 

IICCJie,UOBaHIIH q>parMeHTaUlilI. 

OcHOBHhle 3KCnepnMeHTaJibHhle 3aK0H0MepHOCTII nponecca q>parMeHTa

UIIII H,uep-cHapg,uoB, ycTaH0BJieHHhle, HanpIIMep, B [1], [4l-[8] cBo,UIIJIBCb K 

crre,uyrom;eMy: cpe,uHIIe CK0p0C'._l'lI q>parMeHTOB B JI.C.K. npaKTIIqecKII paB

Hhl CK0p0CTH HaJieTaromero H,Upa, pacnpe,ueJieHIIe . K0MII0HeHT IIMIIYJibC0B 

q>parMeHTOB B c.n.M. q>parMeHTIIpyromero H,Upa OIIMChlBaeTCH H0pMaJibHblM 

pacnpe,ueJieHIIeM. Ha OCH0Be 3TIIX 3aKOHOMepHOCTe:ii.B [9, 10] 61>ma pa3pa6o

TaHa CTaTIICTifqeCKllJI M0,UeJib 6hlCTpo:ii q>parMeHTaUlilI, OIIIIparorn:aHcH· Iia 

MIIBIIMYM ,UOIIJmeHHH II ycTaHaBJIIIBaIOID;aH IIp0CTYIO CBH3b Me::iK,Uy II3Me

peHHhlMH xapaKTepIICTIIKaMH q>parMeHTOB II BHyTpHH,UepHhlMII IIMnJJibC-: 

HblMH xapaKTepIICTIIKaMII HJKJI0H0B n HJKJI0HHhlX KJiacTepoB. OcHOBHbie · 

norro::iKeHHH ,UaHHOH MO,UeJIII: B036y::iK,ueHHOe OCTaToqHoe qiparMeHTIIpyro~ 

mee H,upo npe,ucTaBJIHeT co6o:ii ra3 HeKopperrIIpoBaHHhlX HJKJI0HOB, e,UIIH

CTBeHHaH CBH3b Me::iK,uy HJKJIOHaMII - 3aKOH coxpaHeHHH IIMIIJJibCa, pacnpe

,UeJieHHe KOMnoHeHT IIMnyJibCOB q>parMeHTOB B c.n.M. q>parMeHTIIpyromero 

H,upa onHCbIBaeTcH HOpMaJibHhlM pacnpe,uerreHIIeM. B pa6oTe 3Ta Mo,uem, 

IICIIOJib3yeTCH B KaqecTBe ncxo,uHoro (HyrreBoro) npII6JIII::iKeHHH. 

B nepBoi: rJiaBe ,uaeTCH KpaTKOe onncaHIIe 3KcnepIIMeHTa n ripIIno-
. . 

,UHTCH HeKOTOphle CBe,neHIIH O MeTO,Uax aHaJIH3a II IICnOJib3yeMbIX xapaKTe-

pIICTIIKax. 

pa3,ueJI 1.1 co,uep::iKHT onIIcaHIIe 3KCnepHMeHTaJibHOro MaTepnana no 

B3aIIMO,UeHCTBHHM peJIHTlIBIICTCKHX H,Uep-CHapH,UOB 12C, 24Af g -~ 28Si 
npn nepBIIqHoM IIMIIJJibCe Po = 4.5 r3B/c/HYKJIOH, 22Ne npII 4.1 

r3B/c/HYKJIOH, 14N npII 2.9 r3B/c/HYKJIOH lI 56Fe npII 2.5 r3B/c/HYKJIOH 

Ha g,upax q>OT03MJJibCIIII. 
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l.faCTb CTaTIICTIIKII Ha6npanacb B paMKax Me::iK,nyHapo,UHblX COTPY.UHII

qecTn, opraHII30BaHHbIX no.n 3ru.noi'r <PoT03MJJibCIIoHHoro KOMIITeTa · OII-

51M. AnTop IIOJib3JCTCH crryqaeM Bbipa3IITb CBOIO r.rry6oKyro IIpII3HaTCJib

HOCTb <P3K OM5IM II KOJI.rreraM no CoTpy.umrqecTBaM 3a MHoro.rreTHIOIO 
IIJI0.ll;OTBOpHyIO C0BMeCTHYIO pa6oTy. 

Cne~yeT OTMeTIITb, qTo aHamnIIpyeMbIM B pa6oTe 3KcnepuMeHTaJibHbIII 

MaTepnan - ymmaJibHbIH no IIIIIpOKOMY Ha6opy H,nep-cHapH,UOB u peKop,n
HhlII no CTaTIICTIIKe ,UJIH q>OT03MYJibCIIOHHblX pa6oT. 

B 3TOM )Ke pa3,UeJie Bne.neHbl Heo6xomIMble ,UJIH .naJibHe:nmero II3JI0)KCHIIH 

onpe.ncJieHmI; pa3,nenem1e BTOpIIqHblX 3apH2KCHHbIX qacnm: Ha TIIITbI: "qep

Hble" ( b) - qacTiillbI C npo6eroM ~ 3MM, B 0CHOBHOM OT02K.ll;eCTBJIHeMble C 

ncnapIITCJibHblMH q>parMeHTaMH a:.npa"MIIIIICHH; "cep1>1e" (g) - qaCTIIIlbI C 

IIpo6eroM > 3MM II OTHOCIITCJibHOH IIOHII3aUIIell ~ 1.4 - B OCHOBHOM Me,n

JlCHHblC 'IaCTHilbl. OT,na0u1 II3 MHIIICHII; "peJIHTIIBHCTCKIIe" ( S) - O.ll;H03apa:.n

Hbie 'IaCTIIIlbl C OTHOCIITCJlbHOH IIOHinauuei'r < 1.4, cpe.nn 8-'IaCTIIIl npn

CJTCTBJIOT KaK "HeqiparMCHTbI" (po2K,neHHhle BTOpIIqHhle qaCTIIIlbl, npo

B3aIIMO.UCHCTBOBaBIIIIIe npOTOHbl CHapa:.na, peJIHTIIBIICTCKHe O.UH03apa:.n;Hbie 

'IaCT;11IlbI OT.Ua'III II3 MIIIIICHH), TaK II O.UH03apH.UHble HenpOB3aIIMo.nencTno

BaBIIIIIe <pparMeHTbI a:.upa-cHapa:.na; MHoro3apa:.UHbie ( c 3apa:.noM :: 2". 2) 
HenpOB3aHMo.uencTBOBaBIIIIIe qiparMeHTbl a:.upa-cHapa:.ua:. 

OnncaHo pa3,neJieHIIe Ha no.uaHi::aM6m1 B3aIIMo.uencTnni'r c pa3JIII'IHbIMn 
H.UpaMII 3MJJibCHII:_ 

• c no.nopo.uoM ( co6bITHH A-H, Macconoe "IIIc.rro a:.upa-MIIIII<:'.HII Ar = l); 

• c .rrerKIIMII a:.npaMII 3MYJibCIIII C, N II O ( co61>1Tna: A-C NO, cpe.uHee 
Macconoe qIIc.rro (Ar) = 14); 

• c TH2KeJiblMII a:.upa1vrnAg II Et· (co61>1Tna: A-AgBr, (Ar)= 95). 

06rn;aH CTaTIICTHKa aHaJIII3IIpyeMbIX aHCaM6JICII npeBhlIIIaeT 1.5 X 104 

Heynpyrnx a:.upo-a:.nepHblX B3aIIMO.UellcTBIIIl. 

B pa3.Ue.rre 1.2 OIIIICbIBaeTCH pa3.ll;CJICHIIe MHOro3apH,llHbIX <ppar:r:,-IPHTOB C 

z 2". 2 no 3apa:.uaM II pa3,UCJICHIIC peJIHTIIBIICTCKIIX 'IaCTIIIl mt 0,llH03clJ>H.UHbl(' 

<pparMeHTbl (npOTOHb!, .uenTpOIIbl II a:.npa TJ)IITirn) lI "HeqiparMPHTbI" C 

IICIIOJib30BaHIIeM pe3yJI1>TaTOB yrJIOBhlX II IIMilYJibCHblX II3Mepemnr. 

B pa1.nenax 1.3 II 1.4 npone.ueH TeopeTIITJecKmr ,rnamn pacnpe,nPJiemra: 

f ( E) napHbIX a3IIMJTaJibHblX yr.rroB MC2K.UY BPKT0JHtMII norrepP'IHblX IIM-
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ITYJihCOB qacTirn:, r.ne c = c12 

(
(ih1f 1-2)) - ( ( ) c12 = arccos ..::c-...:....::.-=:.:.. = arccos cos <p1 - <p2 ) 
P1-1P1-2 

o.~c12~7r, (1) 

(P1-1,2 II <p1,2 - ii:nyMepHhlH neKTop ITOITepeqHoro IIMITYJibca Ii.a31IMyTaJih

HhlH yrorr qacTIII( 1 II 2 cooTBeTCTBeHHO) Ha ocHoBe pa3Jio.JKeHII.R pac

ITpe.nerreHII.R f ( c) B . p.a.n <I>ypbe ITO cos kc BBO.D;.RTC.R Ha1I6onee 1ImpopMa

TIIBHhle xapaKTeplICTIIKII - <I>ypbe-K03q>q>III(IIeHThl II IIX 3KCITepIIMeHTaJih

Hhle oneHKIIj OITpe.nerr.aIOTC.R KIIHeMaT:n:qecKH lICXO.D;Hhle 3HaqeHII.R <l>ypbe

K03q>q>lII(IIeHTOB, T.e. 3HaqeHH.a, KOTOphle OHlI ITpHHHMaIOT ITO.II: .neii:cTBIIeM 

3aKOHOB coxpaneH:n:.a, ITpe2K.ne ncero - 3aKoHa coxpaHeHH.ir IToITepeqHoro IIM-

ITynhca. 
Heo6xo.D;lIMhle ii:n.a .D;aJibHeii:mero lI3JIO)KeHlI.R 3KCITepn:M~HTaJihHhle xa-

paKTepHCTlIKlI a3IIMyTaJihHhlX KOppen.an:n:ii: cyTh TaKOBhl: 

a= I: cos €ij/ Jn(n - 1) (2) 
i# 

- K03q>q>HI(HeHT _aclIMMeTplilI B llH.D:lI_BII.D:YaJihHOM aKTe B3alIMO.D;eHCTBmI, 

ITpoITopn:n:oHaJihHhlll Ko3qi«p:n:n:n:eHTY <l>yphe ITPII cos € ( n · - qIIcrio paccMa-

TpHBaeMhlX qacTlII()' 

/3 = I: cos 2€ij/ vn(n - 1) 
i# 

(3) 

- K03q>q>lII(lieHT KOJIJIHeapHOCTlI B lIH.D;lIBII.D:yaJihHOM aKTe B3alIMO.D;eHCTBII.R, 

ITpOITOpI(lIOHaJihHhlll K03q>q>lII(HeiiTy <l>ypbe ITPH cos 2c' a TaK)Ke 

A= (Ni:>!. - Ni:<!.)/ No<i:<1r 
-2 2 -

lI (4) 

B = (Ni:<!.+ N0>=k - N!.<i:<~)/ No<i:<1r (5) 
4 - 4 4- 4 -

- K03q>q>lII(lieHThl aclIMMeTplIII lI KOJIIIHeapHOCTlI lIHKJII03lIBHOro pacITpe

.neneHH.a, T8.K2Ke CB.R3aHHhle C K03q>q>HI(HeHTaMlI <l>ypbe. 
IIocKOJihKY ITp:n:ne.neHHhle B 3THX pa3.nenax K:n:HeMaT:n:qecKH :n:cxoii:Hhle 

3HaqeHlI.R K03q>q>lII(HeHTOB (2), (3), (4) lI (5)"HeITocpe.ncTBeHHO ITpHrO.D:HhI 

TOJlb~O .D;Jl.R crryqa.a To)K.D;eCTBeHHhlX qacTIII( C O.D;lIHaKOBhlM pacITpe.nerre

HIIeM ITOITepeqHbIX llMITYJihCOB, a qiparMeHThl .a.npa-cHap.a.na TaKOBhlMII He 

.RBJI.RIOTC.R II cpe.D:Hlie ITOITepeqHhle IIMITYJihChl IIX pa3nIIqaIOTC.R B HeCKOJlhKO 

pa3, TO .D;Jl.R KoppeKTHOrO BhlqHCJieHIIH KIIHeMaT:n:qecKH IICXO.D:HhlX 3Haqe

HIIH xapaKTepIICTIIK qiparMeHTaI(IIII B pa6oTe ITpIIMeH.RIOTC.R cITen11aJibHO 
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pa3pa6oTaHHhle qIIcJieHHhle Mo.neJIII: ITOITepeqHoro q>MOBoro o6'heMa CIICTe

Mhl qacTIII( c ITpoII3BOJihHhlMII IIMITyJibcaMII (np11no)Keu11e A) II ocHoBa:a:

Ha.a Ha Hei'i Mo,n;eJib qiparMeHTaI(HII L!;BII)Kymeroca .a,u;pa ( np11no)Kemre B), 
C MaKCIIMaJibHOll B03M02KHOH ToqHOCTbIO yqIIThlBaIOIIJ,lle BCe oco6eHHOCTH 

TOITOJIOrlIII co6bITHH qiparMeHTal(HII. 

H, HaKoHen, B pa3,u;erre 1.5_ no,u;po6no orrncaHo nrrn.amrn omn6oK II3Mepe-:

HIIH KOOpL!;HHaT TpeKOB Ha II3yqaeMhle xapaKTepIICTIIKlI qiparMeHTOB CHa

p.a,u;a. 

Bo BTOpoi rnaBe npoBOL!;HTC.a aHaJIII3 MHO)KeCTBeHHOCTei'i qiparMe:HTOB 

.a,u;pa-CHap.a,u;a, Heo6XOL!;IIMhlH L!;JI.R ,u;aJibHeii:mero KoppeJI.aI(HOHHOro aHaJIII3a 

II npe,u;cTaBJI.RIOIIJ,llll caMOCTO.aTeJibHhlH IIHTepec. 

CIIJihRa.a 3aBHCIIMOCTb qIIcJia II TIIna qiparMeHTOB OT np~eJihHOro na

paMeTpa CTOJIKHOBeHII.R Ii CTeneHH B036y.JK,n;eHIDI OCTaTOqHOro .a,u;pa _IIC

norr1,3yeTc.a B pa6oTe ,u;rr.a KrraccIIq>IIKaI(HH .a,u;po-.a.nepHhlX coy,u;apeHIIR. Be

JIIIqfilla 3ap.a,u;a coxpaHIIBmei'ic.a B coy,u;apeHHH ~acnr .a,u;pa-cHap.a,u;a, paB

Ha.a cyMMe 3ap.a,u;oB ncex qiparMeHTOB Q = Li Zi, xapaKTepmyeT Iiapa~rnTp 

y,u;apa ( B cpe,u;HeM): 6orrhmIIe Q - ,nepIIqiep11qecKoe CTOJIKHOBeHIIe, Marrhle 

Q - I(eHTpaJibHOe. Harr11q11e cpe,n;II BTOpHqHI,IX qaCTIII( KOHeqffOro COCTO

.RHII.R qiparMeHTOB C 6oJibIDIIMII 3ap.a,u;aMH . ( MaccaMII) IIHTepnpeTrrpyeTc.a 

KaK crra6oe Bo36y.JK,n;eHIIe ocTaToqHoro .a,u;pa, IIX OTCYTCTBIIe - KaK yKa3a

mre Ha ClIJlhHOe B036y.JK.D:eHJie. 

B pM,u;erre 2.1 ycTaHoBrreHo, qTo B o6rracTII paccMaTpIIBaeMhlX nepnnq

Hhlx 3HeprIIi'i, Mace .a.nep-cHap.a,u;oB II MIImeHei'i cpe,u;mrn MHO)KeCTBeRHOCTb 

qiparMeHTOB C z = 2 (B L!;aJihHeii:meM a-qiparMeHTOB }6orrhme cpe,n;HIIX MH0-

2KeCTBeHHOCTeH rrerKIIX COCTaBHhlX qiparMeHTOB (,u;ei'iTpOHOB II .a,u;ep TpH~ 

TII.a), Ha nop.a.noK 60Jihme, qe"M cpe,u;H.a.a MHO)KeCTBeHHOCTb T.SI)KeJibIX qipar

MeHTOB C z > 2 lI OL!;Horo nop.a,n;Ka C MH02KeCTBeHHOCThIO OL!;ROHYKJIORHhlX 

qiparMeRTOB - npoTOROB (pnc. 1). 
B pa3,n;erre 2.2 IICCJie,n;yroTC.SI pacnpe,u;eJieRII.SI no MHO)KeCTBeHHOCTII a

qiparMeHTOB B nepeMeHHhlX KHO-cKei'iJIIInra II neK0Tophle MOMeHThl 3THX 

pacnpe,u;eJieRIIH. Y CTaHOBJieHhl 3aBIICIIMOCTII xapaKTepIICTIIK 3TIIX pacnpe

,u;erremm OT Mace .a.nep-cnap.sr,u;on H .a.nep-MIIIDenei'i. Bnepnhle noKMaHo, qTo 

pacrrpe,u;errenII.a He no,u;:rIIH.aIOTc.a KHO-cKeiiJIIIHrY, mIIpe nyaccoHoBcKoro, 

MOMeHThl pacnpe,u;erreHIIH KaqecTBeHHO OIIIIChlBaIOTC.SI nepKOJI.SII(HOHHOH MO

,u;eJibIO [11, 12] H ne npoTIIBope-qaT npe,u;norro.JKeHIIIO o q>MOBOM nepexo,u;e 

2-ro po,u;a B paMKax 3TOH Mo,n;eJIII. 

B TpeTbeH rnaBe npe,n;cTaBJieHhl L!;aHHhle no II3yqeHIIIO nonepeqffbIX 
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PHc. 1: Cpe,nHHe MH02KeCTBeHHOCTll q:iparMeHTOB cHapa,na B pa3JIII'tJ:HhlX aH

caM6rrax a,npo-a,nepHbIX B3aHMo,neHCTBIIR B 3aBIIClIMOCTII OT 3apa.na q:ipar-

MeHTa (n OT MaCChl (p,d,t) npll z = l). 

IIMnYJibCOB peJIHTlIBIICTCKilX q:iparMeHTOB . .Ilrra on:eHKII nonepe"IHhlX IIM

nyrr1,coB IIcnorr1,3yeTCH yrrronoe npn6rm2KeHJie 

P1- = Fpo sin 0 
(6) 

(po - nepBH'tJ:HhlR nMnyJibc, npnxo,n.lIIIUIRCH Ha o,nnH HYKJIOH a,npa-cHapa,na, 
F - Macconoe '9:lICJIO H 0 - norrapHhlR yrorr BhlJieTa q:iparMeHTa). F ;, 1, 2, 3 
,nJIH n,neHTIIq:>JID:lIPOBaHHhlX npoTOHOB, .neiITpOHOB lI a,nep TpIITlIH Il3 '9:IlCJia 

o,nHo3apa,nHhlX q:iparMeHTOB, F = 2z ,nrra MHOro3apa,nHhlX q:iparMeHTOB. 
AHaJill3 c:-pacnpe.nerreHllll, onnparon:umca Ha pac"IeThl no Mo.nerm q:ipar

MeHTaD:IIlI ,nBH)Kymeroc.H a.npa (npu:Jio>KeHHe B), 1103BOJIJIJI yC'raHOBIITb, 
"ITO npll'tJ:lIHa, npwo,nIDnaH K Ha6rrro,naeMOR a3IIMyTaJibHOR acJIMMeTpirn 

- nonepe"IHOe ,nBJI2KeHIIe q:>parMeHTJipyroru;eR CIICTeMhl KaK :iierroro. 3To 
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PIIc. 2: lIHKJII03IIBHhle c-pacnpe.nerreHJIH ,ZI;JIH nap q:iparMeHTOB c z ~ 2 n 
(12C+1'W')-Em (a), 22Ne-Em (6), 28Si-Em (n) n 56Fe-Em (r) B3aIIMO
,neiicTBIIHX. KpIIBble: cnJIOIIIHM - pac'tJ:eT C y-qeTOM nonepe'9:HOrO·JJ:BII2KeHirn 
pacna,naIOID;eRCH ClICTeMhl, IIITpmc-nyHKTIIpHM - 6e3 J'tJ:eTa nonepe"IHOro 
,nBII)KeHIIH q:iparMeHTnpyromero · a.npa. 

,nBJI)KeHIIe, HaKJia,nbIBMCb Ha IIMIIJJibCbI q:iparMeHTOB, IICKa2KaeT pacnpP
,neJieHJie a3IIMyTaJibHhlX yrrroB c (prrc. 2) II pacnpe,nerreHIIH norrepe•rn1,1x 
IIMIIJJibCOB q:iparMeHTOB. Bo3HIIKaIOT .nne 3a,na'9:II: 

• on:eHIITb BeJIII"IIIHY :noro .nBII)KeHIIH - rrorrepe"!Hhlll IIMIIJJibC q:ipar
MeHTIIpyromero a,npa KaK n:erroro, a TaK2Ke ero 3aBIICIIMOCTb OT pa3-
Jill'tJ:HhlX xapaKTepIICTIIK a,npo-a,nepHoro B3aIIMo,neiicTBJIH II 

• ycTpaHIITb IICKa)KeHirn, BHOCIIMhle rronepe"IHbIM ,nBII)KCHIICM B €- II Pl. -
'pacnpe,nerreHIIH q:>p.arMeHTOB ~ orrpe,neJIIITb "IICTIIHHhle" xapaKTC'}llI

CTIIKil q:iparMeHTarurn B c.n:.M. q:iparMeHTIIpyromero a,npa, KOTOpble 
TOJibKO JI MoryT 6hlTb IICTO'tJ:HJIKOM nmpopMan:IIII O BHJTpirn.nepHhlX 
rrpon:eccax. _ 
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Pa3nen: 3.1 rrpencTanmreT .rianHhle no cpenmIM rrorrepeqm,111 nMnyrrh
·caM cpparMeHTOB. lfayqeno nx rronenenne B 3aBIICIIMOCTII OT Macconoro 
'IIIcn:a Hnpa-cnapHna Ap, MIImeHII Ar II 3apHna cpparMeHTa z; !!oKa3aHo, 
'ITO MllilleHb He HBJIHeTCH npoCTbIM cn11neTeJieM npon;ecca cpparMeHTan;IIII 
cHapHna. Y cTaHOBJieHo, 'ITO cpenHIIii nonepe'IHhlii IIM'nyrrhc a-cpparMeHTa 
cymecTBeHHO 3aBIICIIT OT 3apHna (IIJIII Macchi) cpparMeHTIIpy10mero ocTa
TO'IHOro Hnpa II CTeneHII ero ne3IIHTerpan;IIII nrrH q>IIKCIIpOB_aHHbIX Hnep
CHapHnoB. 

Pa3nen: 3.2 nocBHIUeH nonpo6HoMy aHamI3y cpopMhl pacnpenerreHIIH no
nepe~HhlX IIMIIYJibCOB a-cpparMeHTOB. l1oKa3aHo (pIIC. 3), 'ITO pacnpenerre
HIIe nonepe'!HblX IIMnyJibCOB He OIIIIChlBaeTCH cpyHKUIIeii P:meH 

f(p1.) = (P1./(T;) exp(-Pl/2(Tr) (Tl = /if;(p1.) (7) 

crreny10meii 113 HOpMaJibHoro pacnpenerreHIIH Ka)Knoii 113 KOMnoHeHT 3-
IIMnyrrhca cpparMeHTa. HanOMHIIM, 'ITO HOpMaJibHOe pacnpenerreHIIe KOM
noHeHT IIMnyrrbca ycTaHOBJieHo B 3JieKTpOHHbIX 3KCnepIIMeHTaX no cppar-. . 
MeHTaD;IIII peJIHTIIBIICTCKIIX Hnep II npennorraraeTCH B CTaTIICTII'leCKOll MO
nerr11 6blCTpoii. cpparMeHTaD;IIII: f rraBHaJI npII'IIIHa pacxo:,J(lleHIIH 3KCnepII
MeHTaJibHOro cneKTpa C pacnpenerreHIIeM P3Jie~ - II36bITOK' a-cpparMeHTOB 
c 6om,m11MII Pl.· BrrepBhle ri:oKa3aHo, 'ITO 3cpcpeKT np11cym nceM ancaM6JIHM 
co6bITIIii, B TOM 'IIIcn:e II coynapeHIIHM c nonoponoM - p-A-coynapeHIIHM 
B aHTHJia6opaTOpHoii: CIICTeMe. 

B paMKax npennoJIO)KeHHH, 'ITO Ha6n:10naeMble 3KCnepIIMeHTaJibHble 
cneKTpbI npencTaBJIHIOT co6oii CMeCb pa3Jill'IHbIX pacnpenerreHIIll, B pa-
6oTe npoBOllIITCH annpoKCIIMaD;IIH cneKTpOB nonepe'IHbIX IIMnyJibCOB Q'
cpparMeHTOB crrenyIOIUIIMH cnoco6aMH: 

• OllHIIM pacnpenerreHIIeM P3JieH (7), C -rpe6oBaHIIeM on11caHIIH 3KCnep11-
MeHTaJibHOro cneKTpa TOJibKO B o6rracTII ero MaKCJIMyMa, np11 3TOM 
IIrHop11pyeTCH . II36hITOK a-cpparMeHTOB C 6oJibIDIIl\III nonepe'IHbIMII 
IIMnyrrbcaMH (npennon:araeTcH, 'ITO OH o6ycn:onn:eH HaJIII'IIIeM nonorr
HIITeJibHblX MeXaHH3MOB o6pa30BaHIIH cpparMeHTOB, He conep)KaIUIIXCH 
B npocToii: cxeMe npHMoro pacnana ocTaTO'IHoro H,n:pa [9, 10]). Tex
HII'leCKII TaKaH annpoKCIIMaD;IIH BhlnOJIHHJiaCb BBeneHIIeM B Ka'leCTBe 
nonoJIHIITeJibHoro napaMerpa "rpaHII'!Horo" 3Ha'leHIIH Pian II q>IITII
ponaHHH 3MnnpnqecKoro p1.-pacnpenen:eHIIH B o6rracTII Pl. <pian. 

• cyMMoii nnyx pacnpenerreHIIii P3n:eH 

f (p}.) = a(p1./ (Ti) exp(-p}./2(Ti) + (1- a )(p1./ (TD exp(-pJ_/2(15), (8) 

IO 

~ 

' I 

0 
& 

JIii 1 
~ 

-1 
10 

~ 
JIii 1 ........ 
3: 

-1 
10 

-2 
10 

0.4 0.6 
Pr.a, (I'aB/c)2 

'-":; 
ri 
~1 
3: 

101 

0.4 0.6 
Pr.2 , (reB/c)2 

"' J 
"'' 1 ........ r) 
3: 

101 

be I I I I'\( I I I I , 
0 0.2 0.4 0.6 

Pr.2, (raB/c)2 

PIIc. 3: liHTerpam,Hble pacnpenen:emrn Pl a-cpparMeHTOB B 12C-Em (a), 56
Fe-Em (6), 

22
Ne-H (n) II 22Ne-AgBr (r) B3aIIMoneiicTBIIHX. IlpHMble 

- pacnpenerreHIIH P3JieH npII (Tl = (Texp, rne (Texp - 3KCI1epm,feHTaJibHM 
on;eHKa cTaHnapTa pacnpenerreHIIH norrepe'!HbIX IIMIIJJihcon. 

(T3 > (T2. '.:ho COOTBeTCTByeT, HanpIIMep, CIITJaD;IIII C HaJIII'IIIeM 
nnyx He3aBHCIIMbIX "IICTO'IHIIKOB" po)KJJ;emrn Q'-'laCTIID; C pa3JIII'IHbIMII 
"TeMnepaTypaM11" U2 II ff3. 

IlonqepKHeM, 'ITO non TepMIIHOM "TeMriepaTypa cpparMeHTa" 3necb,II . , . - . ,, 

nan:ee Mbl Iionp~3JMenaeM CTaHnapT pacrrpenerreHIIH norrepe'IHoro IIMIIJJib
ca naHHoro cpparMeHTa, a non "TeMnepaTypoii: cpparMeHTnpyromero H.D;pa" 
- CTa:anapT pacnpenerreHIIH nonepe'!Horo IIMnyn:hca onHOHJKJIOHHoro cppar
MeHTa ir1v B c.n;.M. Hnpa. XoTH TaKM TepMIIHon:orIIH OTJIII'laeTcH OT 06-
menpIIHHToft (y Hae "TeMnepaTypa" IIMeeT pa3MepHOCTb lIMIIyJibCa, a He 
3Hepr1III) Mbl Bee )Ke 6yneM e:ro IIOJTh3OBaTbCH, 'IT06bl He 3arpOMo)KnaTb 
TeKcT. "T~pMonIIHaMII'lecKM TeMnepaTypa", BBe.n;eHHM _.B pa6oTe. [101), 
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PIIc. 4: Pacnpe.n;erremrn nonepe'!Hhlx IIMnyrr1,coB pe.TiHTIIBIICTCKHX a
qiparMeHTOB II3 22Ne-H (a,B) II 56Fe-Em (6,r) B3aIIMo.n;eiicTBII:U:. AnnpoK
CllMa;a:IIH O.D;HIIM p3JieeM B 06JiaCTII MaKClIMJMa, npO.D;OJI)KeHHaH Ha BCIO 

o6Jia.CTI, - ( a,6), CJMMO:U: ,n;Byx p3JieeB - ( B,r). IllTpIIXOBl,Ie KJ>IIBI,Ie Ha (B,r) 
- BKJia.D;hl OT.D;eJII,HhlX crraraeMhlX B CJMMy. 

CBH3aHa co CTaH.n;apTOM IIMilJJII,CHOro pacnpe.n;eJieHIIH HJKJIOHOB COOTHO

meHIIeM kT = ((ijvfmN)A/(A- I). 
AnnpoKCIIMan:irn 3MITIIpH11eCKHX pacnpe.n;erreHIIii nonepe11HbIX IIMrryrr1,

coB peJIHTIIBIICTCKHX a-11acTIID; pacnpe.n;erreHIIHMII (7) (B o6rraCTII MaKCII
MyMa) II (8) 61,1rra BI,IIIOJIHeHa BO Bcex paccMaTpIIBaeMhlX aHCaM6J"rnx II 

no.n;aHcaM6JIHX H,npo-H.n;epm.rx coy.n;apeHII:U:. Bo Bcex crry11aHX o6a BapII
aHTa annpoKCIIMan;IIII O.D;IIHaKOBO xopomo OllIIChlBaIOT OllhlTHhle .n;aHHbie 
(x2/cT.CB. ~ 0.7+1.7), TaK 11io Bhl6paT1, Me21c.n;y HIIMII He npe.n;cTaBJIHeTcH 
BO3MO2KHhlM. IlpIIMep1,1 o6eIIx annpoKCIIMan;II:ii npe.n;cTa:arreHhl Ha pIIc. 4. 

B pa3.n;erre 3.3 Ha OCHOBe pa3pa6oTaHHOro opIIrIIHafilHOro MeTo.n;a Me2K
.n;yrpynnOBhlX a3IIMJTaJibHhlX KOppeJIHD;II:U: C IlJiaBaIOIIJ;eH rpaHIID;ell Me2K,n;y 
rpynnaMII IlOKa3aHo, '1TO a-qiparMeHThl C 6oJibillIIMII nonepe11HhlMII IIM-
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PIIc. 5: 3aBIICIIMOCTII KO3q>q>IIIJ;IIeHTa aCIIMMeTpIIII A IIHKJII03IIBHOro pac-
pa3J npe.n;erreHIIH napHoro a3IIMyTarr1,Horo yrrra Eij OT BeJIII'lIIHhl p 1_ , pa3.IJ:<:'-

JIHIOIIJ;e:u: a-qiparMeHTbI c p1_ > lt3 a (rpynna j, "2KeCTKIIe" qiparMeHTbI) 

II Bee OCTaJibHble qiparMeHT,hl c z ~ 2 (rpynna i, "MHrKIIe" qiparMeHTbI). 
KpIIB1,rn - pac11eT1,1 no Mo.n;errII. 

IlJJibCaMII He MoryT. 6hlTI, IICilyIIJ;eHI,I II3 O.IJ:Horo IICTO'lHIIKa Bl\feCTe C .n:py
rIIMII q>parMeHTaMII, '1TO y6emITeJibHO rrpo,n:el\IOHCTpnpoBaHo Ha puc. 5. 
BII,n:Ho, '1To Ha'1IIHM c BeJIII'lIIHbI p1_ > p~;_a 3 J ~ 0.5 + 0.6 I'3B/c OIIbITHbH' 
.n;aHH1,1e pe3Ko pacxo.n;HTCH c pac11eTaMn no Mo,n:em1 q>pan1eHTan:un .um12Ky
IIJ;erocH .a.n:pa (np1mo)I(eH11e B). 

OcHOBHble pe3JJibTaTI,I rJiaBI,I CBO.D;HTCH K crre.uyroIIJ;eMy: 

o Cpe.n;Hne nonepe11Hb1e IIMnyrr1,c1,1 Bcex a-qiparMeHTOD pacTyT c YD<'JIII-

11eHneM Ap II Ar, <:TeneHHM annpoKcuMaIUrn (p1_) ~ (AP,r)bP,r .ua<'T 
3Ha11emrn bp = 0.26 + 0.35 n br = 0.05 + 0.09. 

o Ap-3aBiicIIMocT1, HII3K03HepreTH11ecK011: ("MjirKoii") 11acTir pacnpP.IJ:l'
JieHIIH norrepe'1HhlX IIMIIJJibCOB a-11acTIIIJ; npHMepHo TaKM 2Ke, KaK II 
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Bcero pacnpe.nerremrn B nerroM. CTeneHHaJI arrnpoKCIIMan1n1 .naeT ,nmr 

HHX bp = 0.38±0.03 II 0.33±0.03 .nmr o,n:Horo n ,n:Byx pacnpe,nerremrii 

P:=me.a cooTBeTCTBeHHO. 

• Ar-3aBIICIIMOCTI, "M.arKoii" 'laCTll pacnpe.nerreHII.ll nonepe'!HhlX IIM

nyrr1,coB a-'!acTIIU HeCKOJibKO crra6ee, 'leM Bcero pacnpe,nerreHu.a B 

neJIOM. CTeneHHaJI arrrrpoKCIIMaUII.ll .naeT 3Ha'leHII.ll COOTBeTCTBeHHO 

br = 0, 04±0, 01 II 0, 03±0, 01. 

e Ap-3aBIICIIMOCTI, BhlCOK03HepreTII'leCKOll HeCTaTIICTII'leCKOH (":,KeCT

KOH") 'laCTII pacnpe.nerreHII.ll nonepe'IHhlX IIMnyrr1,coB He o6Hapy)Ke

Ha II3-3a 3Ha'IIITeJibH0 6orr1,meii norpemHocTII, Ar-3aBIICIIMOCTh Ka

'leCTBeHHO TaKaJI )Ke, KaK II Bcero pacnpe.nerreHII.ll B nerroM. 

• OTHOCIITeJibHhle BKJia,nhl "M.llrKIIX" II ")KeCTKIIX" a-qiparMeHT0B B 

pacnpe.nerreHIIe P.L 3aBIIC.llT OT Ap II Ar .nocTaTo'IHo crra6o. Ilo

rr.a ")KeCTKIIX" cpe,n:II Bcex a-'!aCTIIU COCTaBJI.lleT BeJIII'IIIHY nop.a,n:Ka 

1 / 6 + 1 / 5 npII O.D:HOp3rreeBCKOll annpoKCIIMaUllll ( 3TO pa3HOCTI, Me)K -

.ny 3KCnepIIMeHTaJibHhlM cneKTpOM II arrnpoKCIIMIIpyromeii KpIIBOH) II 

~ 1/4 + 1/3 npII ,n:ByXp3rreeBCKOH (3,nec1, 3Ta UIIq>pa COOTBeTcTByeT 

BKJia,ny BToporo II3 .D:BYX crraraeMhlX B (8)). 

• MHTepecHyIO 3aBIICIIMOCTI, o6Hapy)KIIBaIOT OCHOBHhle xapaKTepiICTII

KII pacnpe.nerreHII.ll nonepe'IHhlX IIMnyJibCOB OT MaCChl qiparMeHTIIpy

romero ocTaTO'!Horo .a~pa (nponopnIIoHaJibHOH BeJIII'IIIHe Q) II cTene

HII ero ,ne3IIHTerpanllll (xapaKTepII3yromeiic.a BeJIII'IIIHoii zma:r: - MaK

CIIMaJibHhlM 3ap.a,noM qiparMeHTOB B ,naHHOM aKTe B3aIIMO,neHCTBII.ll) 

rrpII q>IIKcIIpoBaHHhlX Ap II Ar. 8KcrrepIIMeHTarr1,H1,1e 3Ha'leHII.ll (P.1) 
II BKJia,n ,, )KeCTKOH" 'laCTII pacnpe,neJieHII.ll nonepe'IHhlX IIMIIYJIJ,COB 

yBeJIII'IIIBaIOTC.ll .nrr.a neHTpaJibHhlX B3aJIMo,neiiCTBIIll ( MaJihle Q) no 

cpaBHeHIIIO c nepIIq>epll'leCKIIMII (6oJibillIIe Q) B ~ (5±.1 II ~ 2.2±.3 
pa3a cooTBeTCTBeHHo. IIapaMeTphl a1, a2 II a3 npaKTII'ICCKII HeII3MeH

Hhl ( ~ 1.2±.1 ). IIo.no6HaJI )KC KapTIIHa Ha6rrro.naeTC.ll ;opII yBeJIII'leHllll 

CTeneHII pa3pymeHII.ll qiparMeHTIIpyromeii CIICTeMhl (:rrpII nepexo.ne OT 

6oJibillIIX zma:r: K MaJihlM). TaKIIM o6pa30M IIpaKTII_'leCKII BCCI, pocT 

Ha6rrro.naeMoro cpe,n:Hero nonepe'!Horo IIMIIyrr1,ca o6ycrroBJieH yBeJIII

'leHIIeM .norrII ")KeCTKIIX" a-'!aCTIIU, B To BpeM.a, KaK caMII xapaKTepII

CTIIKII ")KeCTKoro" II "M.arKoro" BKJia,noB IIpaKTII'leCKII He MeH.llIOTC.ll. 

qeTBepTruI rJiaBa nocB.aru;eHa oneHKe xapaKTepIICTIIK qiparMeHTOB B 
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CIICTeMe noKO.ll OCTaTO'IHOro .a,npa II nonepe'!Horo IIMnyfilca .a,npa KaK nerro

ro C IICnOJIJ,30BaHIIeM MO.IJ:CJIII qiparMeHTaUllll .IJ:Bll)Kymeroc.a .a,npa, OIIIICaII

HOH B np:e:no>Keu1u1 B. Ilrr.a onpe.nerreHII.ll ,n:Byx cBo6o,n:HhlX napaMeTpoB 

Mo,neJIII "TeMIIepaTyp1,1" aN II cpe,n:Hero nonepe'!Horo IIMrryfilca ocTaTO'l

Horo .a.npa (q.1) Bhl6paHhl He3aBIICIIMhle II Ha,ne)KHO II3Mep.aeMhle 3KCnepII

MCHTaJibHhle BeJIII'lllHhl - K03q>q>IIUIICHT a3JIMYTaJibHOll acJIMMeTpIIII A ( 4) 
{IIrrII (a) (2)) .nrr.a qiparMeHT0B c 3ap.a,noM z 2 2 II cpe,n:Hee 3Ha'leHIIe none

pe'!Horo IIMrryrr1,ca a-'laCTIIU · (p .L) a. 

OnIIpaJicb Ha pe3yfilTaThl oIIIIcaHHoro B TpeT1,eii rrraBe aHaJIII3a pac

npe.nerreHri norrepe'IHhlX IIMnyfilCOB a-'laCTIIU .nrr.a pac'!eTOB IICII0JIJ,30Ba~ 

Hhl TpII pa3JIII'IHhlX BCJill'IIIHhl (p.1)a: 

• (p.1)0--, cpe,n:Hee 3KcrrepIIMeHTaJibHoe 3Ha'leHIIe nonepe'!Horo IIMrryrr1,ca 

a-'laCTIIU .nrr.a 3MIIIIpII'ICCK0ro pacnpe,neJieHII.ll. 

• (p.1)i = a 1 Ffi,, r.n:e a1 - napaMeTp o,n:Hop3rreeBcKoii arrnpoKCIIMa

UIIII (7) 3MIIIIpll'leCKOro pacnpe.nerreHII.ll B o6JiaCTII nIIKa (p.1 < p'.(' 0
"). 

• (p.1)2 = a2Ffi,, r,n:e a2 - napaMeTp nepBoro II3 .IJ:Byx crraraeMhlX 

pacrrpe,n:erreHII.ll ( 8). 

Ha pIIC. 2 II 6 rrpe.n:cTaBJICHhl pe3yJibTaThl pac'!eTOB no M0,ll;eJIII B cpaBHe

Hllll C 3KcnepIIMeHT0M. EcJIII onIICaHIIe a3IIMYTaJibHBIX Kopperr.anIIii (pIIC. 2) . 
IIJIII pacnpe.n:erreHIIH nonepe'IHhlX IIMnyfilCOB a-'laCTIIU B o6rracTII MaKCII~ 

MyMa pacnpe.n:erreHII.ll pIIC. 6 (a) MO)KCT Ka3aTbC.ll TpIIBIIaJIJ,HhlM, Y'IIIThl

BaJI, 'ITO IIMerra MeCTO no,n:roHKa no.n: rrapaMeTphl 3TIIX pacrrpe.n:erreHIIH, TO 

puc. 6 ( 6,B,r) IIJIJIIOCTpIIpyroT crre,n:yromee 3aKJIIO'leHIIe: pa3pa60TaHHaJI Ha

MII MO.D:eJIJ, Y.D:0BJICTB0pIITeJII>HO onIIChlBaeT BCe II3MepeHHhle B pa6oTe xa-

-paKTepIICTIIKII qiparMeHTaUllll .a,n:pa-cHap.a,n:a. 3To cnpaBe.IJ:JIIIBO .IJ:JI.ll Bcex 

3ap.ll.IJ:OB qiparMeHT0B, .D:JI.ll JII06hlX paccMaTpIIBaeMhlX aHCaM6rreii II no,n:aH

caM6rreii coy.n:ap~HIIH II .n:rr.a o6oux BapIIaHTOB arrrrpoKcIIManri ( c (p.1ah,2), 
y-quThlBarortiux Heo6xo,n:IIMOCTb o6pe3aHII.ll 6orr1,mux p .L .n:rr.a rrerKIIX qipar

MeHTOB. 

OcHOBHhle pe3yJIJ,TaThl pac'!eTOB rrpIIBe,n:eHhl Ha. pIIC. 7 II B Ta6JI. 1. 
YcTaHOBJieHO, 'ITO "TeMIIepaTypa" HYKJIOHHOro qiparMeHTa aN II cpe,n:HJie 

rronepe'!Hhle IIMnyfilChl BCeX q>parMeHTOB, CB.ll3aHHhle C Hell napa60JIII'le;

CKIIM 3aKOHOM 

(p.1)~ = (1r/2)a;rF(Ap - F)/(Ap - 1) 
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P1Ic. 6: Pacnpe.n:eJieHIIK nonepe"<IHblX IIMnym,con cpparMeHTOB c z = 2 (a), 

z = 3,4 (6), z = 5,6 (n) II z = 7,8 (r) II3 22Ne-Em coy.n:apeHIIH. KpHBble 

- MO,D;eJII,HblH pac-qeT C pa3JIII"'!HblMII BapliaHTaMII annpoKCIIMan;IIH: IIplI 

(p-1)0 - KplIBM 1, (p-1)1 - illTplIX-nyHKTIIp, (p-1)2 - illTplIXOBM, (q-1) = 0 
- KpIIBM 2. 

3aBIIC5IT TOJII,KO OT Ap (pacTyT) II He 3aBIICKT OT .n:pyrIIx xapaKTepIICTIIK 

coy.n:apeHIIK Ar, Q II zmax. Cpe.n:HHH rronepe"<IHblH IIMIIYJibc ocTaTO"<IHoro 

cpparMeHTHpyrorn;ero K.D;pa-cHapK.n:a ne.n:eT ce651 no.n:o6HblM )Ke o6pa3oM. 

B pa3,D;eJie 4.2 IIOKa3aHo, "'ITO CTaTIICTII"'IeCKM MO.D;eJII, 6blCTpon cppar

MeHTaIJ;IIH IIpOTHBope"<IIIT 3KCIIepIIMeHTy B TOH "<IaCTII, r.n:e ycTaHaBJIIIBaeT 

CBUI, Me)K.n:y cpe,D;HIIMII IIMIIYJibCaMII cpparMeHTOB II qiepMII-IIMIIYJibCaMII 

HYKJIOHOB B 51,D;pe, B TO BpeMK KaK HOpMaJII,Hoe pacrrpe.n:eJieHIIe KOMIIOHeHT 

3-HMrrymca II rrapa60JIII"<IecKIIH 3aKOH IlO,ll;TBep)K,D;aIDTC.8: HamIIMII IICCJie.n:o
BaHII.8:MII. 

B pa3.D;eJie 4.3 nponeti:eHo II3y-qeune KOJIHHeapHocTII pa3JieTa qiparMeH

TOB B a3HMyTaJibHOH IIJIOCKOCTH C IIOMOIIJ;I,ID K03cpcpnn;IIeHTOB B (5) II /3 (3). 

B aHcaM6JIKX coy.n:apeHHH 
12C-Em, 22Ne-Em n, B03MO)KHO, 56Fe-Em 
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Ta6JI:n:a:a 1: 3Ha"<IeH:n.a (1 N II ( q-1) B MO.D;eJIH cpparMeHTa:a:nn .D;BU)Kyrn;eroc.a 

K.n;pa ,ll;JI.8: pa3JIII"f!HI,IX aHaJI:n3:npyeMblX rro.n;aHCaM6JieH K.n;po-K.n:epHbIX B3aII

Mo.n;eiiCTBIIii, :a:ncppaMII 0, 1 Il 2 o60JHa"'!eHbl KOJIOHKil C pe3yJII,TaTaMn pac

"'!eTOB npII IICilOJII,30BaHIIH {p-1)0,1,2 COOTBeTCTBeHHO ( CM.TeKCT ), zm = zmax. 

(q1-),M3B/c CTN,M3B/c 

AncaM6Jib 0 1 2 0 1 2 

CN-Em,Q9 500±30 320±20 300±20 92±6 64±4 59±4 
CN-Em,Q25 380±20 300±10 290±10 74±2 59±2 58±2 

Ne-Em,QS:_4 630±50 400±30 340±30 102±13 65±8 54±6 
Ne-Em,Q=5,6 640±40 460±30 410±40 92±6 69±5 63±5 
Ne-Em,Q=7,8 610±30 460±20 420±20 93±4 72±4 65±4 
Ne- Em, Q=9, IO 470±20 390±20 370±20 89±3 67±3 62±3 

Fe-Em,QS:_9 1260±80 770±100 640±130 149±9 105±4 93±5 
Fe-Em,Q210 1390±40 1000±50 950±50 130±2 106±2 100±2 

CN-Em,zm=2 430±20 300±10 300±10 84±3 59±2 59±2 
CN-Em,zm23 380±40 330±30 310±30 74±6 59±4 53±5 

Ne-Em,zm=2 550±30 420±20 390±20 85±4 61±2 57±2 
Ne-Em, zm=3+5 560±50 460±50 430±80 83±6 71±3 65±6 

Ne-Em,zm26 430±40 370±60 360±60 72±4 69±2 66±2 

Mg-Em,zm=2 580±20 400±20 380±20 93±2 64±2 62±2 
Mg-Em, zm=3+7 440±20 350±20 340±20 82±2 65±2 62±2 

Mg-Em,zm28 380±70 320±60 330±60 73±6 63±4 63±3 

Si-Em,zm=2 720±20 500±10 500±10 103±2 70±1 68±2 
Si-Em,zm=3+7 690±20 540±20 530±20 97±2 76±2 75±2 

Si-Em,zm28 550±30 470±30 460±20 88±3 78±2 77±2 

Fe-Em,zm=2 1450±70 900±70 840±80 142±5 100±5 93±6 
Fe-Em,zm=3+7 1450±60 1060±70 960±80 136±3 107±4 96±5 

Fe-Em,zm28 1290±60 1000±50 950±50 126±2 106±3 l01±8 
-- -- --
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Pnc. 7: Ap-3anncnMOCTh "TeMhepaTyphl" HyKJIOHHoro q>parMeHTa CTN (a) 

n cpe.n;Hero nonepe1IHoro nMnyn1,ca (qJ_} qiparMeHTnpyrom;ero ocTaTO'IHoro 

.s:.n;pa (6) npn qinKcnponaHHbIX Ar. 

3Ha1IeHil.8: K03<p<pnn;neHTOB KOJIIlHeapHOCTII HeCKOJihKO npeBhlillaIOT paccqn

TaHHhle ·no Mo.n;errn. Han6orree ecTeCTBeHHoe, no HanieMy MHeHnro, ofrI,.s:c

HeHne 3TOro npeBb!IlleHnH COCTOIIT B TOM, 'ITO OCTaTO'IHOe qiparMeHTnpy

IOIIJ;ee .s:.n;po npno6peTaeT B coy.n;apemm He TOJihKO noriepe1IHhlH lIMnymc, 

HO n, BepOHTHo; HeKOTOphlH yrJIOBOH MOMeHT. 

B pa.3.n;erre 4.4 noKa3aHo, 'ITO pacnpe.n;eJieHlIH npocTpaHCTBeHHhlX yr non 
Me)KJJ;y BeKTOpaMlI 3-IIMnyJinCOB II 3<p<peKTIIBHhlX Mace nap a-qiparMeHTOB 

06Hapy1KnBaIOT .[(Ba CTaTHCTil'IeCKII 06ecne1IeHHhlX niKa (6orree 7 CTaH

.n;apTHhlX OTKJIOHeHIIH Ha.[( HeKopperrnpoBaHHhlM <pOHOM ,Zl;JIH CJMMapHoro 

cneKTpa-no BCeM ancaM6JI.s:M), noJI01KeHne KOTOphlX COOTBeTCTByeT 3Ha1Ie

HIIHM, 01KII.ZJ;aeMhlM nplI pacna.n;e HecTa6nJihHOrO .s:.n;pa 8Be B OCHOBHOM (0, 
O+) II nepBOM B036J)KJJ;eHHOM (2.9 M3B, 2+) COCTOHHil.8:X. BnepBhle on;eHeHa 
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Pnc. 8: CJMMapHoe .ZJ;JIH aHcaM6JieH 12C, 22N e, 24M g n 
28 

Si upn 6JIJI3KlIX 

nepBH'IHhlX 3Hepr1IHX Ha HYKJIOH pacnpe.n;eJieHJie npocrpaHCTBe~ yrJIOB 

rrap a-<pparMeHTOB (a), cyMMapHhlir .n;rr.s: a:s:caM6Jieir 
22

Ne, 
24

Mg, 
28

Si n 

56Fe cneKTP 3q_Jq>eKTIIBHhlX Mace Tpex a-qiparMeHTOB (M30 - 3ma) (6), 

cyMMapHI,rii .n;rr.s: aHcaM6rreir 28 Si n 56Fe crreKTP 3q><peKTIIBHhlX Mace qeThl

pex a-qiparMeHron (M4a - 4m0 ) (n) n cYMMapHI>IH .n;rr.s: aHcaM6rreir 
28

Si JI 

56F e crreKTP 3q>q>eKTlIBHhlX Mace n.s:Tn a-q>parMeHTOB ( M5a - 5ma) ( r), nee 

rJICTOrpaMM~ _'. pa3HOCTh C HCKOppeJIIlPOBaHHhlM q>OHOM. 
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,n:OJUI nap a-qiparMeHTOB OT pacna.n:a (10%), IIOKa3aHa ee He3aBllCllMOCTb 

OT Ap ll ,rneprnII CTOJIKHOBeHUH. 

BnepBhle IIOKa3aHo, 'ITO B cneKTpax 3qiqieKTHBHbIX Mace Tpex, '!eTbI

pex n: IIHTll a-qiparMeHTOB TaJOKe npn:cyTCTBJIOT oco6eHHOCTII, KOTOpbie 

MoryT 6bITb o6ycJIOBJieHhl pacrra,n:aMII npoMe2KyTO'IHhlX B036y2K,n:eHHbIX co

CTOHHIIll H,n:ep 12C, 160 ll 20Ne. CTaTIICTII'IeCKM o6ecne'IeHHOCTb - CBbIIIIe 

rnecTII CTaH,n:apTHhlX OTKJIOHeHIIll (pn:c. 8). 
B 1u1Toii rJiaBe MexaHII3M aHarrn:3a a3IIMyTaJibHhlx KopperrHnn:ii: pac

rrpocTpaHeH Ha .n:pyrn:e o6JiaCTII H,n:po-H,n:epHoro B3aIIMO,n:eii:CTBIIH, 3,n:ecb 

paCCMOTpeHhl a3IIMJTaJibHhle KoppeJIHD;llII BHJTPII rpynrr b-, g- II S-'IaCTIID; 

- qiparMeHTOB H,n:pa-MJIIIIeHn n "po2K,n:eHHhlX" qacTnn, a TaK2Ke Me)K

.n:yrpyrrnoBbie KoppeJIHD;llll - KoppeJIHD;llll Me2K,n:y qacTIID;aMI:I I:I3 pa3HhlX 

rpynn, BKJIIO'IM II rpynny /-qacTIID;- qiparMeHTOB H,n:pa-CHapH.n:a c z 2: 2: 
BrrepBhle noKa3aHo, 'ITO BHJTPII rpynn b-, g- II s-qacTIID; a3IIMyTaJibHaH 

acIIMMeTpIIH pacTeT KaK C yBeJIII'IeHIIeM Ap npII qJllKCIIpOBaHHhlX Ar, TaK 

II c yBeJIII'IeHIIeM Ar npII qinKcIIpoBaHHhlX Ap. B aHcaM6JIHX 72N e-Em II 
56Fe-Em acIIMMeTpIIH pacTeT .n:rr~ neHTpaJibHhlX B3aHMo,n:eii:c;BIIii: (MaJibie 

Q). KpoMe Toro, B aHcaM6Jie 56Fe-Em IIMeeTcH 3aBHCIIMOCTh acnMMeTpI:III 

OT IIOJIHpHoro yrrra 0. 
Ilpn: II3J'Iemm Me2K,n:yrpynrroBhlX KoppeJIHD;IIH BnepBhle noKa3aHo, 'ITO 

Bo Bcex aHcaM6JIHX · A-Em co6hlTIIH IIMeIOTCH 'IeTKIIe KopperrHD;IIII TIIrra 

BbIJieTa B rrpoTIIBOIIOJIO)KHhle CTOpOHhl B nonepe'IHOll IIJIOCKOC-:r:II coy.n:a

peHHH ,n:JIH KOM6IIHan;IIii: sg, sb II KoM6IIHar,;IIii: gf, bf, B03pacTaIOIIUie c 

yBeJIII'Iemr·eM Ap, a B aHcaM6rre 56Fe-Em rrpncyTcTBJeT ;mBIICIIMOCTh IIX 

OT Ar, CTeIIeHII neHTpaJibHOCTII B3allMO,n:eii:CTBIIH II yrrra 0. OTCJTCTBy

IOT 3aMeTHhle KoppeJIHD;IIII Me2K,n:y !- ll s-, a TaK2Ke g- II b-'!aCTIID;aMII B 

CTOJIKHOBeHHHX rrerKllX H,n:ep, o,n:HaKo, B 56Fe-Em co6hlTIIHX IIOHBJIHeTCH 

yKa3aHIIe Ha npOTl:IBOIIOJIO)KHJIO .n:pyrIIM KOM6IIHaD;IIHM BTOpII'IHhlX 'IaCTllD; 

TeH,n:eHII;liIO ___: K BbIJieTy B OJJ:HY CTOpoHy B nonepe'IHOll IIJIOCKOCTll. 

B 3aKJIIOqeHHH cqiopMyrrnpoBaHhl OCHOBHhle BhlBOJJ:hl 

1. IlpoBe,n:eHO CIICTeMaTn'IeCKOe 3KCrrepIIMeHTaJibHOe nccrre,n:oBaHIIe qipa

rMeHTaD;llll peJIHTllBllCTCKoro HaJieTarom;ero H,n:pa B peaKD;IIHX He

ynpyroro B3aIIMO,n:eii:CTBIIH Ha H,n:pax qJOT03MJJibCIIII Ha yHIIKaJibHOM 

MaTepIIarre, oxnaThlBarom;eM o6rracTb rrerKIIX II cpe,n:HIIX Mace H,n:ep

cHapH,n:oB npII 3HeprnHX ycKOpIITerreii: .Ily6Hhl II BepKJIII. 

2. BnepBhle ycTaHOBJieHo, 'ITO cpe,n:Hee 'IIICJIO IIpOTOHOB, BhlJieTaIOIIUIX 

npn qiparMeHTaD;llll B COCTaBe a-qacTIID;, lIJIII cpe,n:Hllll 3JieKTpn'Ie-
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CKlIII 3apx.n:, JHOCIIMbill a-qiparMeHTaMII, BhlIIIe qeM aHaJIOrII'IHM Be~ 

JIII'IIIHa ,D:JIH JII06hlX .n:pyrIIX qiparMeHTOB C qJIIKCIIpOBaHHhlM 3apH.IJ:OM 

(BKJIIO'IM o,nH03apH.D:Hbie) ,D:JIH Bcex aHaJill3IIpyeMhlX aHCaM6JieII H.n:po-

x.nepHbIX B3aIIMo.nei'IcTBIIII. 

3. Y cTaHOBJieHhl 3aBIICIIMOCTII xapaKTepHCTHK pacrrpe.n:erreHHii: no MHO

)KecTneHHoc.TII a,-qacTIID; OT Mace H.nep-cHapH,n:OB II H.n:ep-MIIIIIeHeII. 

BrrepBbie rroKa3aHo, 'ITO pacrrpe.nerreHIIH He rro,n'IIIHHIOTCH KHO

cKei'mIIHrY, rnnpe rryaccoHoBcKoro, MoMeHThl pacrrpe.nerrem1ii: Ka'Ie

CTBeHHO OIIIIChlBaIOTCH rrepKOJIHD;IIOHHOII MO,n:eJibIO II He rrpoTIIBOpe'IaT 

rrpe.n:rroJio)KeHIIIO o qia3oBOM rrepexo.n:e 2-ro po.na B paMKaX 3TOII Mo.n:e-

rrn. 

4. CncTeMaTII'IeCKII nccrre,noBaHhl KoppeJIHD;IIII n rrorrepe•IHOII IIJIOCKO

CTII coy,napeHHH Me2K,ny <f>parMeHTaMII ocTa TO'IHOrO. peJIHTIIBIICTCKOro 

H.n:pa-.cHapH,n:a. IloKa3aHO, 'ITO qiparMeHTI:Ipy10m;ee ocTaTO'IHOe H.npo 

rrpno6peTaeT B coy.n:apeHIIII 3Ha'IIITeJihHhlII rrorrepe'IHhlII IIMIIYJihC, nc-

1rn2Karom;nn II3MepHeMbie yrrroBI,Ie II IIMIIJJlbCHhle xapaKTepIICTIIIW 

qiparMeHTOB. 

5. O6Hapy2KeHa "2KeCTKM" KOMIIOHeHTa n pacrrpe,nerreHIIHX rrorrepe'IHbIX 

llMIIJJibCOB a-qiparMeHTOB (n36hlTOK 60JibIIIlIX p1.), nrrepBhle IIOKa3a

HO, 'ITO OHa rrpncyTCTBJIOT BO BCex aHcaM6JIHX n rro,n:aHcaM6JIHX pac-

cMaTpIIBaeMhlX B3anMo.nencTBllll-

6. C rroMom;bIO pa3pa6oTaHHoro opunrnaJihHoro MeTo.na Me)K,nyrpyrr

non1,1x a3uMyTaJihHhlX Koppemi:nnn c rrrraBaromen: rpaHnnc11 Me2K.n:y 

rpyrrnaMII BIIepBhle ycTaHOBJICHO, 'ITO "MHrKM" II ")KCCTKM" KOM

IIOHeHThl pacrrpe,neJieHIIH rrorrepe'IHhlX IIMIIJJibCOB He MoryT rrponcxo

,nIITb II3 e,nIIHOII qiparMeHTIIpyromen: ClICTeMhl-

7 B 
' u · )) u)l )l u)l 

. rrepBhle npoaHamnnpoBaHhl CBOIICTBa MHrKOII. II )KeCTKOII KOl\1-

IIOHeHT B 3aBIICIIMOCTII OT xapaKTepIICTIIK B3aIIMO,D:eIICTBIIH. IloKa3a

HO, 'ITO o6m;ee B03pacTaHne rrorrepe'lHOro IIMIIJJibCa a-qipan.1eiITon 

C yBeJIII'leHIIeM cTeIIeHII neHTpaJibHOCTll B3aIIMO,n:eIICTBHH II CTCIICHII 

· ,n:e3uiiTerpanII11 qiparMeHTIIpyromero H.npa o6ycrronrreHo pocToM oT

HocuTeJihHOro BKJia,na "2KeCTKOII" KOMIIOHeHThl, xapaKTCpIICTUKII IGU, 

"MxrKoii"' TaK II "2KeCTKoii" KOMIIOHeHT rrpaKTII'ICCKU HC MCHHIOTCH. 

HarrpoTIIB, upII yneJIII'leHIIII MaCChl H.n:pa-cHapH,na B03pacTaHIIC o6mc

ro rrorrepe'IHOro IIMIIJJibCa o6ycJIOBJieHO poCTOM rrorrepe'IHOrO IIMIIYJib-
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ca "MHrKon" KOMnoHeHn,r, OTHOCIITe1IbHhlH BK11a.n: II xapaKTeplICTIIKII 
")KeCTKon" KOMnoHeHThl He MeHHIOTCH. 

8. C noMorru,IO pa3pa6oTaHHon Mo,n:erm qiparMeHTanIIII .D:BII)KymerocH 
a:.n:pa oneHeHhl Be1I1I'IIIHhl nepe.n:anaeMoro H.D:py nonepe~Horo IIMny11hca 
II "TeMnepaTyphl" qiparMeHTanIIII - cTaH,n:apTa pacnpe.n:e11emrn none
pe'IHoro IIMny11hca HJK1IOHHoro qiparMeHTa B c.n.M. qiparMeHTIIpyIO
mero a:.n:pa - .n:11a: ncex aHa1III3IIpyeMbIX aHcaM611en II no.n:aHcaM611en II 
lIX 3aBHCIIMOCTlI OT xapaKTepIICTIIK B3aIIMo,n:eiICTBIIH. 

9. BnepBhle noKa3aHa He3aBIICIIMOCTb "TeMnepaTyphl" qiparMeHTannu 
OT MaCCbI H,n:pa-napTHepa, CTerreHII neHTpa1IbHOCTII B3aIIMo,n:eiicTBIIH, 
CTeneHII .n:e31IHTerpan1rn qiparMeHTIIpyIOm:eiI CIICTeMhl. TaKIIM o6pa-
30M ycTaHOB1IeHo, 'ITO "TeMIIepaTypa" qiparMeHTanIIII - xapaKTepII
CTIIKa nepBlI'IHoro Ha1IeTaIOmero H,n:pa II, B03MO)KHO, qiyHKnlIH rrep
BII'IHOH 3HeprlIH. 

10. 06Hapy)KeHbr II rrpoaaa11II3IIponaHhl oco6eHHocT1I B cneKTpax npo
CTpaHcTBeHHbIX yr11on II 3qiqieKTIIBHbIX Mace nap pe1IHTIIBIICTCKIIX 
a-qiparMeHTOB. Brrepnhle YCTaHOB1IeHo, 'ITO 3TII oco6eHHOCTII OTBe'Ia
IOT pacrra.n:y npoMe)KyTO'IHoro HeCTa6II1IbHOio H,n:pa 8B e B OCHOBHOM 
(0, O+) II nepBOM B036J)K,n:eHHOM COCTOHHIIII (2.9 M3B, 2+); BK1Ia,n: OT 
pacna.n:a He 3aBIICIIT OT MaCChl H,n:pa-cHapa:,n:a lI COCTaB11HeT ~ 10% 
cpe.n:II ncex nap a-qiparMeHTOB. 

11. Brrepnhle o6Hapy)KeHhl o6ecrreqeHHhle oco6eHHocT1I B crreKTpax 3qJ~ 
qieKTIIBHbIX Mace Tpex, 'IeTbipex II IIHTII a-qiparMeHTOB OCTaTO'IHOro 
a:.n:pa-cHapa:.n:a, KOTOphle TaK)Ke MoryT 6hlTb IIHTeprrpeTIIpOBaHhl KaK 
pacna.n:hl npoMe)KyTO'IHhlx :a:ecTa6II1IhHbIX a:.n:ep. 

12. Bnepnble CIICTeMaTII'IecKII IIcc11e.n:0BaHbI a3lIMJTa1IbHhle Koppe11Hn1III 
Me)K,n:y npo.n:yKTaMII qiparMeHTanlIII H,n:ep-MIIIlleHen II pe11HTIIBIICTCKII
MII 'IaCTII:naMII. IloKa3aHo, 'ITO a3IIMyTa1IbHM aCIIMMeTplIH Bcex TII
non BTOPII'IHbIX 'IaCTIIn B03pacTaeT C yBe1I1I'IeHIIeM MaCCOBbIX 'I1Ice11 
CHapa:.n:a II MIDileHH II CTeneHII neHTpa1IbHOCTlI coy,n:apeHIIH. OcHOBHM 
'IepTa Me)K,n:yrpyIIIIOBbIX Koppe11a:n1III - TeH.n:eanlIH K npOTIIBOIIcnyc
KaHIIIO B norrepe'IHOH II1IOCKOCTII. coy.n:apeHIIH 'IaCTIIn pa31III'IHOH nplI
PO.D:bI: pe1IHTIIBIICTCKIIX 'IaCTHn II $parMeHTOB MIIIlleHII, qiparMeHTOB 
CHapa:.n:a lI MlIIlleHII. 
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