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I. BBe,l(eHne 

CTOJIKHOB€HIDI TJDKCJThiX HOHOB OTRPLTJil! YHRR8JThBYlO B03MO.IKHOCTL HCCJI€

,llOB8HIDI CBOfiCTB JUI.€pHO:ii MaTepHll I!p€J(€JIDH0 .1l.8JI€I<O OT OCHOBHOro COCTOJI

HIDI (eM., aanpHMep, o6aop [1]). Koaeqao:it neJibro TaKJIX n:ccne.uonamri! JIB

JUierca ycT8HOBJl€HH€ ypaBB€l!RJl COCTOHR:rul R8fp€TO:it R CIKaTO:it Jl,ll.epHOit Ma

T€pHH1 a Tal{>R€ H8XOIR.l{€H1I€ OC061i1X TO'tJ€R 3TOf0 ypaBH€HIDI COCTOHHIDI, OTBe

't18lOIUHX B03}J:O>KIUJM cpaaonl>IM nepexo.n:aM B JI.nepao:it CHCTeMe. B qacraocTH, Te

opwr rrpe,llCl{83biB8€T1 'tJTO IIpl! )l0CT8TO'tJHO RblCOKHX T€MIIeparypax HjHJJ.Jli Cllia

TIDIX 8.l{pOHH0€ B€1U€CTBO )lOJDKHO II€p€XO,lll:ITh :8 COCTOJIHH€ KBapR - fJIIOOHHOfi 

IIJI83Mbl. lloHCR CB:rH8JIOB .ll:€ROHq>afiHM€HTa a.zrpOHOB COCT8BJIJI€T B~efilllylO 
'l8CTb 3TOfi npo6JI€MR. C .npyro~ CTOpOHH, eCJrn: o6paTJi1TbC1!. K o6rracut. Hll3-

KHX T€}.UiepaTyp IIpl:l IIJIOTHOCTJIX HIDR€ llJIOTHOCTR JI.z:r;ep B OCHOBHOM COCTOJI

HIU:I, TO B CI'ICTCMe MO)i{CT llpOJIBRTbCJ.I cJ?830BL1it nepexo.z:r; TRTI8 Jlill,li;KOCTh - ra3 

(eM. o63op [2]), r11e HYRJJOHHaH <jla3a acCOI\HHpyercn c ra30M, a RJiacrepn3o

naaaaJI H.z:r;epnaH MaTepiDI o6Jia.z:r;aeT cnoftc'!na!lm: iiD:I,li.ROCTH. OiKH.z:r;aeTcJI, qTo 

HMCHHO MyA.:bmUtjJpau,teuma1l,UR., T.e. 06HJihHOC o6pa30B8HH€ Ji)lCpHbiX cJ?par

M€HTOB npOM€lRYTO-qHQJ\ MaCCb'l (<jlparMeHTbl C 3apHI(OM 3 ~ l ~ 20),ecTh OCHO

BHOC JIBJieaHe, conpono)K):(aromee no3MOiKHblfi cpa30Bhlfi nepexo.n: JKII)J;ROCTh - ra3. 

J1cCJI€.UOB8Hl:llO 3TOrO JIBJICHIDI B paMRaX CT8THCTH'tJCCKOfi MQD,CJill H llOCBJimena 

.n:anna1.1 pa6oTa. 

Y)!{e n nepnLix 3KcnepHMCHT8JihHL1X pa6oTax [3, 4] 6L1Jill c.neJiaHh! no

llhiTKH HHTeprrpCTIIpOB8TL llpOUCCChi MHO)i{€CTBCHHOfO o6pa30B8HRH cJ?parMeH

TOB B CTOJIKHOB€HIIH TJDRCJThiX HOROB K8K Rp:HTil't!CCRO€ Jlinl€HRe, paCCMaTpHBa,a: 

U -o6pa3ROe Macconoe pacnpeAeJJe>me <jlparMeHTOB k-r KaK pe3y.'lhrar <jla3o

noro nepexo.n:a .iRHJJ:ROCTh - ra3 n JI.z:r;epaoii: MaTepHIL (hoT nLlBO;J; CJieJJ;onaJI J.I3 

cpaBHCHIDI :;mcnepHM€HT8JIDm.IX .11;8HHLIX C K8IICJThHO:fi MOJJ;CJiblO <l>nmepa [5], D 

T€pMHH8X I{QTOpofi ¢parMeHThi 8CCOUHHpylOTCJI C KallJIHMH JI.UepHOii: )!{l:l)ll{OCTH, 

a cno6o}lHhle HYKJIOHhi n: .11erRHe <f>parMeHThi- c 1:!8CTHII.a.MH raaoo6pa3ao:tt. <}Ja3LI. 

l{ T81\0MJ )!{€ Bl>IBO.ny MO)RHO UpHfiTH H3 CpaBHHT€JihHOfO 8H8JIII38 }IYJThTllippar

MeHTail.RH B p8MR8X rrepROJIJII(I:IOHHL1X MO)J;CJiefi, B ROTOpbiX M8CCOBOe pacnpeJJ;e

JICHHC <f>parMCHTOB n6mi3H nepKOJIHII,liOHHOfi RpHTII'qeCKO:fi: TOl:IRH HMeeT 8H8JIO

flitiHJlO 3aBHCHMOCTh k-r. B o6enx MO.UeJIHx npe.n;riOJiaraeTcJI CJll\CCTBonanHe 

RpHTH't!ecRo:tt TO'tiKII ¢aaono"ro nepexoJJ;a. O.li.Hat\0 IT03,li;Hee 6h!JIO o6napyJReno, 

'tJTO M8CCOBOC paCIIp€JJ;€JI€HHC q>parMCHTOB TipH p83HbiX 3Heprll11X CTOJIKHOBCHHJI 

XOTJI H HMeeT cTeneaaoe none.z:r;enHe, ao 3Ha"tJeHHJI napaMeTpa r pa3JIHqnLI. B pa-

6ore (6) yRa3IilBaJIOCh 1 l:ITO TOl:!Ra, COOTBCTCTBYIOIUM MHHHM8JihHOMY 3H8'ti€HHlO 
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napaMeTpa 7 RaK <i:>YHKUHH OT 3HeprHH CTOJn<HOB€HliJI 1 JIBJIHeTCJI K3K KpHTJ.fqe

CKOii TO'tlROit <Pa30BOfO nepeXO)J;a iiDI)J;'KOCT:b - raa, TaR H KpY:TH'ICCROtf nepRO

JIJIIJ.liOHHOit TOlil<oH. Cne.zxyeT OTMCTHT:&, 'ITO aeRoTopDie aaTopa anonHe .n;ony

CKaroT, 'ITO q>a30BDifi llCpCXO)l: IKR.l(KOCT:b - ra3 B ROHC'tJHLlX JI)lCpHDIX CHCTCM8X 

CBJI38H H€ CO CBOHCTB81HI :KpHTH't!CCRO~ TO't!Iill [7], a C HCKOTOp:LIM YHHBepcaJib

Hl.IM MCX8HH3MOM MH0)!{€CTBeHHOfO ~6p830B8HIDI ¢parMCHTO:S1 IIpHBO.uJIIUHM K 

aa6mol{aeMO!JY U - o6pa3HOMY pacnpel{eJieHnJO <j>parMeHTOB " YHHBepcaJib

aoa: aaaucHMOCTR napaMeTpa 7 OT aaepnm CTOJIRHOBCHHJI [8). B· nocJie.uaee 

npeMJI RHTepec R M,YJII>TH¢>parMCHTan;Im 3aMeTHO ycHJIHJICJI B CBJI3H c pe3yJIDTa

TaMH rpynnh! ALADIN, H3MepHBlllel! HaJiopn'<eCHYIO KpnByJO (T.e. saBncnMocn 

TCMIICpaTypL! CHCTCMI:.I OT €€ 3HeprRH B036,YIK.Jl€HHJI), ¢opMa :KOTOpOit O:K838JI8Cb 

xapaKTepaoa: JJ.JIJI ¢aaonoro nepexo.n;a nepnoro po.n;a [9]. iloeytieaaoe TaRHM 

o6pa30M ypaBHCHHC COCTOJIHHJI paCCM8TpHB8CTCJI l\3R CCpb€3Hl.Iit 3:KCIICpHMCH., 

TaJILHl.Iii • apryMeHT B noJILay peaJIHaan:nn ¢>aaonoro nepexo..ua iiDI,lUWCT:& - raa. 

TeopeTHtiCCROe OIIHC8HHC UpOJIBJICHIIJI B CTOJIRHOBCHHH TJI)I{€.111:J:X HOHOB :KpH

TH'tJCCRHX JIBJICHH~ B006IUe H MYJl&TH¢par:MCHT81I,HH B tJ8CTHOCTH1 CCT:b aa,naqa 

'lp€3BL1tJ8~HO CJIOiKHaJI. C O,ZlHOi:l CTOpOHDI, 3TO CBJI38HO C np06JICMOfl B03MO)R

HOCTH ¢a30B0fO nepeXOJJ;a B T8ROit J\OHC'IHOi:t CHCTCMe, :K8R JI)lpO. C .UpyroJt 

CTOpOHl>I1 CTOJIRROBCHWI TJDKCJThiX HOHOB CCT:b C,YlUCCTBCHHO HepaBHOBCCHDIJ.t npo

Il€CC1 H IIpHJIOjKCHH€ R HCMY BDIBO,ZlOB paBHOBCCHOll: TCOpHH Tpe6yeT onpe.n;e

JICHHOH OCTopoiKHOCTH. K 3TOMY nyiKHo .ll.06aBHT:&, 'ITO MYJTh'l'H<PparMeHTaUHJI 

1I.Upa HC JIBJIJICTCJI1 B IIpHHIJ;Hil€1 C.n;HHCTBCHHliiM M€X8IDI3MOM
1 

CITOC06HL1M IIpH

BCCTH K o6pa30B8HHlO HCCI\OJThKHX ¢>parMCHTOB B ROHC'IHOM COCTOJIHHH. TaKHC 

COCTOJIHKJI MOfyT 6DITh 06pa30B8Hhl1 H8IlpHM€p~ B pe3yJThT8TC· IJOCJIC,1I.OB8TCJih

HOH 3MHCCHH 'ti8CTHU H ¢>paD:ICHTOB BDICOROB036yiK.1l,CHHD!M JI,l.l,pOM, H HC06Xo

,l.l,HMO "l.IeT:Ko or.nrqaT:& 3TH "<j>oaonHe" MexaiiH3MDI or MY.lThTll¢pan1CHTaUHH. 

B cnJiy ncex srnx o6croJITeJII>CTB ll.O aacroJimero npeMeaa ae co3..uaao e.un:HoH 

reopHH MYJI:bTH<;PparMearan;~ui B03~YJK.U€HHDIX JiJJ.epHDIX cHcreM, a cyn.r.ecrnyer 

MHOJKCCTBO IIO.ll.XO.UOB Ii MO,U€JieM1 IILTT8lOIUHXCJI C pa3.l!H't!HLIX CTOpOH OTIHC8Th 3TO 

JiB.ll€HHC. J.13B€CTHDIC M0.1l;CJIH MOJKHO pa36HT1 Ha rpH rpynnDI: cmamucmU"~te

C"Ue [10, 11, 12, 13, 14, 15, 16, 17, 18], nep"OAR~U01<1<H€ [19, 20, 21, 22, 23] 
li au>taJ.tU"<CC1<Ue ( CM. 0630pl>I [24, 25]). )J;aHHaJI R.,aCCB<j>BHaiiiiJI HCCKOJ!bHO 

yc.'!Ionaa 1:1 orpaJKaer JIHlli:& ocaonaoH 3JI€MCHT no.uxo,l.l,a. B aa1:16onee peaJIHCTH~ 

'tJCCKHX BCpCHJIX 3THX MO,l.l,CJieft, K8:K IIp8BlW01 llDIT8lOTCJI <;!JeHOMCHOJIOTH't!€Cl\J:I 

yqecr:& 1:1 .upyrne cropoaDI npouecca ::-.lyJIDTH¢'parMeHTaiU'IH. 

B .n:aaaoii pa6ore MLI paannnaeM c:raTHCTHtJCClGIM noww.ll. K onHcaan:ro npo

A)'HTOB MYJILTH<PpaB:I€HT8UJ-IOHHOro pacna..u~ B036yiK.1l,eHHOit JI,UCpHOM CHCTCMDI, 

o6pa30B8BlllCtfCJI B pC3JJihT8TC CTOJIKHOBCHHJI TJiil{€JIDIX HOHOD npH npOMCil('{TO'!~ 
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HLTX 3HepriDix. 3all,aBa.a: cno6o,liHyJO 3Hepnuo <PparMeHTOB B >KH.lii<O- RaneJI:&HOM 

npH6JIIDRCHHH B paMK8X CT8THCTH't!CCKOii MO,ZlCJIH M,YJihTJ.t:<f>paD:ICHT8UHH (11 ]~ 
MDI IIpHMCHJICM ClUiHlilfi MCTO,ll (26] TO'tJHOfO BI:aqHCJICHHJI R8K K8HOHH't!CC1\0J1 

CT8TliCTH't!CCRO~ C,YMML1 38pJIII\eHHOJ1 1I.ll€pHOJ1 Cl:ICTCMl.I, T8R H CpC,llHCit ).IHOil\C

CTBCHHOCTH <f>parMCHTOB. ilo cpaBHCHHlO C M€TOJlOM !\1oaTe - l\.apJIO, T8ROJ.i )1€

TO.ll; IT03BOJIJICT 6onee 8RKypaTHO YtJCCTh BRJI8)lbl BCCX K0H¢Hrj..-p8UHH pacrra,lla 

JI,l.l,CpHLlX CHCTCM B CpC.llHHC TCpMO,ZIHH8MH'tJCCRHC xapaRTCpHCTHJ\H H CpC.llHf'(' 

"t!HCJIO 4>parMCHTOB. 

CTaT:&JI oPraHH30Baaa cJie.ll.j·romnM o6pa3m.L B pa3..u. II npn:no;mTcJI onJ.t:

caane MO.ZXCJIH H MCTO.ll nl:.lqHcJICHIDI CraTHCTnqecRoft cyMMDI. DapcnH'TI>H3aUHJI 

CB060,llHO:fi 3HCprHH q>parMCHTOB H3 IKH.llKO - K8ll€JThHOrO IIpH6JIHii\<'HHJI OIIpC.U<'

JIJICTCJI B paa..u. III. Cne.zxyromne .1lB8 paa..ueJia rrocDJIIUCHDI pa<"c::-.toTP<'HHlO T<'}niO

IlBHaMH'!eCKHX <j>yHHUHH " Macconoro ( sapJII{onoro) pacrrpel{eJIOHJ<Jl <j>panteH

TOB. Cpanaeaue c 3RcnepnMeaTaJI»HLTMH .uaHHhlMH np<" .ucranJI<'HO n paa..u. VI. 
B saHJIIO'!BTeJ!bHOH qacm (pa31l. VII) cyMMHPYIOTCJI OCHODHh!C rroJI~''ICHHl>!c 
pe3yJII>T8Thl. 

II. 0Im:caHHe MO,lleJIH 

ilpe,l.l,UOJiaraCTCJI, 'ITO IlpM llpOMCii<YTO'IHDIX 3HCpfHJIX DpOUC'('(' ('TOJII\HODC'

HHJI TJiji\CJil.IX n.n:ep Momer 6LTT:& paccMorpea n .ll.Be · cTaJI.HH. Ha Ha'lla.'!IhHoH 

cymecrneaao aepanaonecaoll cra;mn npoMcxo}lHT cil\aTHC n aarpC'n CJH'T<')fDI 

C ee IIOCJICJl.YlOlli;HM p8C111Hp€HHCM H OXJiaiK,llCHHCM 1 'ITO <'OllpODO)l{)laPTCJI :-=J)IHC

CHeit Hepanaoneca1:.1x qacTHU. Ha He_KoTopoM 3Tane D3aJBfO.ZXC'ikTDIDI D03)toil\Ho 

YCT8H0BJICHHC TCpMO.n;HH8MH'l€CJ\OrO paDHODCCHJI D CHCTCMf', H TP).I CClMDl)f o6pa-

30D8HHC a.uepaoro ¢a:ttep6oJia. Ha nropoH cra)lHH pcaRUHH JI.U<'J>HDiii <}mii:C'p-

6on, H8XO.uJIIJ.tHitCJI B COCTOJIHHH TCpMO,llHHC:lMH'tJCCROfO paDHODC'<'HJI, pa<'II<l.ll<lf'T<'JI 

Ha HYRJIOHDI H 4>parMCHTDI, RoropLTe pa3Jicrarorcn no..u 1I.<'iicrm,fNI I.:,Vmmoncl\HX 

CHJI. Yb.'laraeMaJI Hnme crarn:cTHtiCCRaJI MO.D:CJih npe.ll.HH3Ha'!C'Ha .U.'IJI omH'aHHH 

HMCHHO 3TO:it, B'l'OpoH CT8.lllUi JI.llpO - Jl,l.l,C}JHOfO D3aH1:10.ll<'ikTDHJI. 

Cpe..un oTMetieaaoro BDill!e paaaoo6paallJI Mo.lleJieft paC'na..ua no36_YiK.ll<'HH<rH" 

CHCTCMDI Ha MH0)1{€CTDO_ cpparMCHTOB HaH60JICC YCIIClllHDIMH B OIIHC<lHJU:I .UaH

Hl.IX O:K838JIHC:b CT8THCUP.JCC:KHC MO,ZlCJIH <PparMCHTRUHH, llp<".liJIO)I{C'HHbl<' 1\0IIPH

rareHCHOH rpyrrnol! [11, 12, 13] 11 )J;.E.X.rpoccoM [14] Ha 6ase HaH<>HH'I<'CJ<oro 11 

MHKpO:KaHOHH't!CCROfO aHC8M6JieJt COOTBCTCTDCHHO. 3TOT YCITCX D 3HaqHT<'.'IIbHOii 

CTE"llCHH o6yCJIOBJICH ll,CT8JihHL1M <J.>CHOMCHOJIOrHt:I<'C'RHM OflH<'ClHJi<').f D3<lli!I.IO.U<'i:i-
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CI'BBfi. B CBCTeMe B HCllOJTh30B8HBeM MeTO.U8 MoaTe - H.apJI01 II03BO.'!Jil01UHM 

pacc'tl:aTaT» pa:moo6pa3Hl:.!e xapali.TepHCTBlill: pealUl.ZH. OcHOBHa.a: cnoiKHOCTh 

38.U8'IM COCTOHT B He06XO.ZWMOCTH nepe6paTL OfpOMHOe qHCJIO BCCB03MOiKHLIX 

KOHeqHLIX COCTOJIHHH OT paCII8}l8 B036yiK.ll€HHOfO cpafiep6oJia. llpHMCHCHH€ MC

T0.1l8 ~1oare - Kapno noanoJI1IeT pemnTL 3TY aa.uatJy ueaofi. 6ommoro DI:.PIHCJIH

rem,aoro npeMeaH. 0.1lHaKo cymecrByer .upyrofi no.axo.ll, noanoJI1IlOII.J:Hft r?qao 

D.O.UC'!H'I8Tb CT8THCTH't!eCRYlO CYMMy :K8HOHR'leCKOfO 8HC8M6JIJI nyTeM HCllOJTh30-

BaHHH peRyppeHTHLIX cooTHoll!eHnli [26,27, 28, 29, 30]. B .uaHHoli pafioTe MLI 

nonuraeMCJI o6De.z:rnHHTL .u.ocTOHHCrna o6oHX no.uxo.uon. HHme MJ:J 6)?J.~M CJIC.ZI.O

Bau MCTO.uy RaHOHJI'!eCROrO aHCaMfiJIJI, pa3BBTOMY BpafiOTaX [26, 27, 28, 29, 30], 
o60~IUCHHOMY Ha~fH H8 CJiyqaH CHJJTHJI B:blpOiK,llCHl!JI no H30CllHHY <}>parMCH

TOB H JIICllOJID'3YlOll.I.e!-!YCJI ,ll..IDi H8XO»UU.€HH.B. TepMO.U:Z.H8MHli€CKOH q}yHRUHH ¢par

M€HTa annpOKCHM8I(HH B38HMO.ll€HCTBHR, npeJlJIOii\CBHOif B CT8THCTHli€CIWif MO

.UeJIH Mym,m<j:>parMeHTannn [11, 12, 13]. 
PaccMoTpHM KaHoHHlieCKHH aacaM6m. Jl.TIJI cppanfeHTHpyromeH JIJlepaoH cH

creMLI, cocTOJIIUeH na A - HYKJIOHOB H Z - nporoaon, 38HJIJOlieHH:&IX n o6'heM V 
npn TeMnepaType T. iDparMenT R3 k - HYKJJOHOB n l - npoTOHOB o6o3na'!nM 

HH.li.CKCOM (k, 1), TOr.zr.a ·qHcJio o.z:rnaaROB:biX cppan!earon c MaccoH k H aapJI.IlOM l 
CCT:b nkl. ,l(Jl1I K811UI.Oi1: KOHct>HrypaUHIJ pacna.ua JIJI.epHOii CHCTCMLl COBOR)'IIHOCTL 

nkl .llOJDKHa y.nonJiernopRrL aaxoHaM coxpaaeHHJI 6apnoaaoro liHCJia H aapn.ua: 

Lk nkl =A, 
k,l 

Z:z nkl = z. 
k,l 

(!) 

.\1a0n.:ecrno ncex noaMOii\H:EiiX Roacpnrypaum1: pacrra.ua R.aepaoH cHcre.M:Eil o6oaaa

""" RaR ITA,Z· CJJe.uyer OTMeTnn, 'ITO B OTJIH'lne or pafior [26, 27, 28, 29, 30] 
liHCJia nkl o6paayror HC neRTop, a MarpHuy ft 113 A crpoR H Z + 1 cran6uon, JI.JIJI. 

I<OTopoli 3JJCMCHTLI nkl = 0, ecJIH l > k HJJH k - l > A- Z. 
Ecnn JI.llepayro cHcTeMy rrpe.n;cranHTL n nnne HlleaJILHoro 6oJILUMaHoncxoro 

raaa ¢parM:earon pa3JIIP.i:H:EiiX Mace M 3apR.UOB: ro BeHopMHponaaHa.JI nepoJir

HOCTL ROHql:Hr,Yp8UHH pacrra,ua CHCTeMbi OIIp€,ll€JIJI€TCJI H3BCCTHOii IIOJIHHOMH

aJibHOJi cjlop1!oli: 

xn*' 
WA,z(ii,x) =II~' 

. k,l nkf. 
(2) 

me Xkl = xki(T, V) - cTaTHCTI<'!ecRaH cy1!1!a <j:>panreHTa (k, l), o.unHaRonan 

ii:JlJI ncex ¢parMCHTOB nkl H RBJIJIJOIUaJicJI 3Jie~£eHTOM Marpn:u:Eil X . .flnH:EiiH BH,ll 

<l)YHKUHR xkl, aanHCHll.I.Rfi or. reMneparypiJ. T R o6'heMa V H Y"t!HTI.IBaiOll.I,HH. 

OTKJIOHCHHJI CHCT€M:Eil OT H,ll€3JibHOfO f83a, 6)'1I.€T.Onp€.1l€JICH HID!\€. 
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KaaoaHqecKaJI craTHCTH"tJecl<aJI cyMMa <f>parMearHpyromett Mepaott cncreMH 

BLipalRaCTCH B BH.UC [11] 
xnH 

QA.Z(x) = I: wA,z(ii,x) = I: II~, 
. . . rr nkl· 
nEDA,Z nE A,Z k,l 

(3) 

r.ue cyMMnponanne ne.ueTCJI no nceM RoH<j:>nrypanrurM pacna,!la ITA z .' Jl106a.J1 . ' 
T€pMO,IlliH8MH"q€CR8JI CHCT€Ma C"G.HT3eTCJi llOJIHOCTblO 'onpe,n.eJICRB.O:i:!, H BC€ ee 

T€pM0)lliH8MHll€CRHe BCJili"qHHil MOfyT 6I:ilTL B:E:illiHCJI€m.I, €Cn::0: li3BCCTHL1 3H8'q€

HHH CTaTI'!CTI'l'ICCKOJi CYMMbl CHCTCMLI (3). 
llo onpe.ueneHHlO cpe.rtHee '1JICJIO ¢parMeHTOB ( k, l) ecr» 

(nk!)A,Z = ,.., I (5:) I: n., WA,z(ii, x). 
A,Z ilETIA,Z 

(4) 

IJepnaJI IIpOH3B0~8JI OT ."'lOf8pH<PMa R8HOHH"I:.I€CIW.H CTaHICTHq€CRO:it CYMMbi (3) 
CBH33H8 CO cpe)lHHM qJICJIOM cpparMCHTOB ( 4) COOTHOlli€HH€M 

(nki)A,Z = Xk/ O:k/liiQA,z(x). (5) 

HerpyJlHo y6e)J;l{TLCJI, 'ITO rrepnM npo:u:ano,ll;HM no nepeMeaaoit XkJ OT RaHoBH

qecxo:ij cTaTHCTRliCCKo:ij cyMMN (3) MOJKCT 6LITL napamena qepe3 RaaoHHliCCRYIO 

CTaTHCTHl.J:eCKYlO CYMMY CHCTeMN MCH:blliCfi p83MepHOCTH 

,
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QA,z(x) = QA-k,z-,(x), 
UXkJ 

(6) 

ITOCRO,ThRY IIOCJIC .un<jJ<j:>epe!DlHPOBaHHH B CJMMC no ROH<j:>nryparrru!M pacna.ua 

CI'ICTCMLI ITA,Z OCTaiOTCH Jllflllb 'IJJCHL! C nkl oF 0. C ITOMO!l(biO (6) cpe.l(Hee '!I'ICJJO 

<jlparMeHTOB (5) MOlKHO CBCCTR R BblpalRCHHJO 

_ QA-k,Z-I(x) 
(nki)A,Z- Xk[ QA,z(x) , (7) 

ROTOpoe B TO"t!HOCTH coBna.naeT c cpopMyJiofi ..r.:tJIH. cpemrero qn:cna cpparMea:ron 

B MOI{CJIH [10, 26, 27, 28, 29, 30], npeJ<efiperaiOJJJ:CJi pa3JJH'!HCM <j:>parMel!TOB IIO 

naocrrHay. BocrronaonanmHcL HOpMHpOBOliHhlMR ycJIOBIDIMH (1) H BI:aipaiKeaneM 

(7), IIpHXO,ll;HM I{ CJIC.lzylOll(l!M peRyppCHTHI.IM COOTHOIIICHIDIM )l.JI1I BI:.IqRCJICHHJI 

R3HOHR'ICCROJi CTamCTB'lCCROJi CYMML! CI'ICTCMbl [10, 26, 27, 28, 29, 30]: 

QA,z(x) = ~ Lk xkl QA-k.z-1(5:) 
k,l 

5 

(8) 



c Ha'la!ll>HI>IM ycl!onneM Qo,o(x) = 1 corl!acao onpe,llel!eHRJO (3). HTaK, 3Ha!l !lB

HLlii BM CT3THCTHl:J€CKHX CYMM <P:ParM€HTOB Xkl K8R <l>YHKIXHH OT T€MIIeparyj:nil 

H 05'LeMa, MOJRHO TO'tffiO Bl:llfllCJIHT:b 3H8l!€HWI K8HOHHlJ€CKO~ CT8THCTH'lCC1\0fi 

CytiMI:ai CHCTCMlai H Cpe.n;B:ee l:!HCJIO <l>pan.!eHTOB. ·-

0TM€TJIM: H€ROT0pl>1e o6~H€ CBOitCTBa CTaTHCTH'tlecKOit CYMMhl (3), Bl.oiT€R8-

lOIIJ;H€ na o6mero onpe.ue~lJ:eHHJI nepo.a:raocTH Roaqnrryparum: pacna.ua B <PopMe 

(2) H II03BOJIJIIOIUH€. H8itTB JII06oii MOMCHT pacnp€.ZI.€JI€HIDI cpparM€HTOB IIO MHO

)R€CTB€HHOCTII. BropOH MOM€HT onpe.ueJIHetcJI KaR H1DR€CJie.zzyromee cpe.imee no 

aacaM6mo 

. 1 ""' (nkl n;;)A,z = ,.-, (x) L nkl n;; WA,z(n, x). 
A,Z ·en n A,Z __ 

(9) 

BaHB JJ:)3oiieyro qacrayro npozanoJlHylo or RaHOHH't!eCKO:ti craTHCTH't.!ecRoH C,YMMhl 

CRCTeMbl (3) UO nepeMeHHOll Xkf, IIOlJYqRM C RCITOJTh30BaHHeM (9) 

1 ( a)( a) ·. 
(n" n;;)A,z = QA,z(x) x"ax" x;;ax;; QA,z(x). (10) 

IJOCROJThRY ~epe~:t:CBHhl€ XH H€3aBHCHM:b11 TO MOM€BT rpeTl:.CfO nopJIJIXa Dhlpa

a;.aeTCJI B BH.ll€ 

(nkl n;; nmp)A,Z = QA,~(x) (Xk/a:kl) (xua:;J (xmpa:mJ QA,z(x). (11) 

,[(BOl!Hb!M .llR<jJ<jJepeHUIIpODaHReM l!Orap!!<jJMa CTaTHCTHqecKOl! cyMMbl (3) IIO 

nepeMeHHblM Xkf C RCUOJTh30BaHI!eM <jJOpMyll (5) H (10) UOllyqiiM 

(nkl n;;)A,z- (nki)A,Z (n;;)A,z = (xkla~,J (x;;a~;J InQA,z(x). (12) 

OrMerJI~:t: raR/1\e, qro ecJIH nocnoJib3onar:&cJI cooraomeaHeM (6), ro c noMolll.:&lO 

(10) BTOphlC MOMCHTbi pacnpe.ll.CJICHHH <!JparMCHTOB ITO !-.fHOa\€CTBCHHOCTH MOf,YT 

6biTb Bl>IpaiR€Hhl 't!Cp€3 CT8THCTlfqCCID:IC C,YMMhl Jl.llCpHbiX CliCT€M 1 COCTOJilUHX li3 

MCHblllCfO 'tJHCJia H)'KJIOHOB H llpOTOHOB: 

( ) 
QA-k-;,z-1-;(x) 6 , QA->,Z-i(x) 

nkl nij A,Z = Xkf Xij n (') + ki Vfj Xk/ Q ('' , 
A,Z X A,Z X 

(13) 

n aareM ni.rqHcJieHLI "tiepe3 peRyppeHTHLie coorHOlliCHHJI (8). TalillM )KC o6paaoM 

MOiRBO pel<ypCHBHO paCC'lliT~Th rpern:ii MOMCHT II T.,ll. 

B .na.nnaeHllleM MU ynH.llHM, 'ITO nee repMO.ZU.IHa!lnrqecKB:e <PYHKUHli JI.llCpHoii: 

CHCTC).U:il BbipaJKaJOTCJi C llOMOIUblO 3THX COOTHOID€HH:it qepc3 CpC.il.HCC 'tJHC.lJO 

¢panfeHron H HX 6o.t:ree nDICORHe MOMCHTI.I (lwppeJIJiropi.I). Coornercrnyromne 

rep~:t:O,llliH3MH'tJ€CKHC <)_)yHRUlili MoryT 6bi.TL Bhl't!HCJICHLI 1 CCJIH CTaTHCTHqeCI\liC 

cyMMbi ¢parMeHTOB Xkf H3B€CTHhl l<aR JIBHl>IC 'f>YHKUHH Te~meparypbi H 06DeMa. 

6 

III. CBo6o,liHaJI 3Hepntn cpparMeHTOB 

Onpe.ZI.eJrnM renep:& JIBliblit BH.U 33BHCHM<?CTH cratHCTHG:ecKoii cy~).I:bl <l>par

MeHTa XJ:l or te}.meparyp:Ll T .. H o6'beMa V, _IIPH 3T?M ).!1:.1 6yn.e).t c~1<:'.ZI.onar:& 

annpORCHM8UHJIM B38HMOJl€itCTBHH <!Jpan.:~:eHTOB, npe,llJIOa\€HHhl~! B CTaTH.CTH'tJ€

CKOl! MO.llel!R MYllbTII<jJparMeHTauHn [11, 12, 13]. 8Heprllil <jJpar>~eHTa i = (k, /) 

n ¢aaoBOM npocrpaHcrne aa.naercJI EaR 

"' "' H. E'·' P s . U (~) ·= . +-+-+<·+ ·r· ' , 2m; 21i 1 2 2, 
(H) 

f.ll€ Ef" 6 
- 3HeprH.fi OCHODHOfO COCTOJIHHJI <!JparMCHTa i~ §i - ~TJIOBOii Mm.f<.>HT. 

{j - 3HCprHH B036YJK.ll€HHH 1 T;,jij - COOTB€TCTBCHHO KOOP.llHHaTa UC'Hipa )l<lCT 

<lJpan.wHTa i H €f0 MMnyJThc, a Ui - TIOTCHUHaJibHaJI :·mC'pfHJI <l>paDJC'HT<l i B 

cpe.nHeM none (HJIH no naelliHHX noMx). CrarHCTM't!<'CKatl cyMMa cppaniC'Hra i 

CCTb 

x;(T, V) = ~ cxp(-H;/T). ( 15) 
v;.;r;,(;) 

ITocne narerpHponaann (15) no rpaHCJIIIUliOHHhiM crcncHm.f cno6oJJ.LI crarHcrH

qecRan C,YMMa Xi npHHliM3CT <!JopMy, HCTIOJib3YCM,YlO B CT<lTliCTH't.!C'CliOii ).IOJlPJIH 

M,YJibTH<!JparMCHTaUIDI 

v 
Xk/ = gkl>.' k213exp(-Fk1/T). (1G) 

T 

r.ne 9kl- <lJaRrop BblpOn\.lleliHJi, a AT= (27itz2 fmNT) 112 · TC'TIJIODt\JI .llJIHHa n<mHI>I 

HYKJIOHa. BnyrpeHHJI.JI cno6o.II.HaJI :::~HcprHJI cpparMcHra (~·.I) napa::-.H'TJ>ll3~·prcn 

CYMMOit 't.!CTblpCX 'tJJICHOn: 

"' FB+F'ym+F' + r-C 
.Ckf = kl kl H ru, 

r.ne FfJ, Fftm, F%1 H Fff- coorncrcrneHHO o6'bCMHan, aapn.llono 

nonepxHOCTH8JI H R,YJIOHOBCRRff 't!aCTH CD060):(HO:it 3HC'pnn:t:. 

Fft = [-wo- ~:J k, 

R'Y."' (k- 21)2 
kl = ')' ---''-k , 
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(11) 

Cll)I).H'Tpliii:HHJJ. 

( 18) 

( 19) 



F%1 = f3(T)k'l3 = f3 (T'/- T')s/<. o T' k'f3 
c +T2 ' 

(20) 

. ~ ~~ [ _ (Vo) I/3 (ZIA) I/3]. 
Eft.. 5 rok1i 3 

1 V lfk · 
. . . 

(21) 

3JleCh Wo = 16 M•B, f3o = 18 M•B H 1 = 23 M•B - Ko3cj:>qJHUHeHThl n 
cjJopMyJie BeTe - BalluaeKepa rrpR T = 0, Eo - o6paTHaJ! IIJIOTHOCTh ypo

BHeit, Tc - RpHTH'tlecEa.II reMneparypa, npH Horopoii nonepxaocrHaa cno6orrnan 

3HeprWI o6pamaercJI n H)'JTh, a r0 - panHyc HYRJioHa, KoropLiii onpeneJIJiercn 
aHa'!eHHeM HOpMaJihHOll JU~epHoJ! rrnoTHOCTH p0 = 0, 168 cj:>M-3. llpemonara

ercJI, 't!TO nnoraocrn BYKJIOHOB no cppanfeHrax ¢nRcHponaaa H parma aopMa.Tib

Hoit JI.uepaoH nnoraocrH po, a 3Heprilll CBJI3H Ha H,YRJIOH Wo H€ aaBHCHT or 

IIJIOTHOCTH H,YRJIOHOB p - CHCTCMbi. J{JIJI JICflillX q>parMCHTOB C }.1:aCCOit k ::; 4 
Eo= (4/r.2)EF(Po)"' 16 M•B, llJI!I k > 4 BeJJH'n<Ha Eo= Eo(k) "napaMeTpnay

eTcH cor.qacHO [11]. 
B pa:MKax .naHHOrO IIO.llXOJl.a B Ka'tleCTBe cpe.llHero llOJIJI ui ' ..n:eikrnyromero 

Ha q>pan:I:CHT, pc:i.CcMaTpHBaeTCJI KyJJOHOBCl<aJI 3Hepnm CHCTCMbi, KOTOpaJI Bb!

't.IHCJ"IJICTCJI n npH6JIMii<CHMH B~o~raepa - 3el1:rua. )lJIJI KaiK.lloH RoH¢MrypaUHH 

pacna,na 1IJl.CpHOl1: CHCTCMbi OHa paBHJICTCJI CJ'MMe JJ.BYX 'tJJICHOB: KYJIOHODCROH 

3HCpfHH CHCTCMbi KaK O.UHOpO)lHO 3ap1I»<CHHOfO mapa 

Ef(V) = ~z;', (22) 

ue R = (3V /47r) 1i 3, H KynoHODCKoll oHepnm HeB3aHMO)(elicTny!OIUIIX H'<eeK, 

BH,YTpH K3iK)lOit H3 ROTOpbiX H3XO,ZUiTC1I ITO O.UHOMY 3apiDK€HHOMY <}JparM€HTY 

(c'<. [11]). KyJioHODCKaH 3Heprmi Ef Bhl!le!IJieTCH B rrocTOHHHhll!! MHOJI(I!TeJih B 

:\fYJlLTH<PparM€HTHOi-i: CT3TJI.ICTll"ti€CROi:t CYMMC CHCT€Mhl 

QA,z(T, V) = QA,z(x) exp (-£:!) (23) 

M He .naeT HHKaKOrO IS"KJia.n,a B BJ:l.."t.!RCllCHHH CpC.Il,Hero l!RCJia cpparM€HTOB. 

RJI.cpaoe naaHMoll.eii:crBlre MCil<.!(J' cpparMenraMH y-qreao n npM6Jin»<eHHM Hc

R.lJJO'qcHHOro o6'beMa. CJie.~zyer aaMeTHTh, qro ¢opMaJibHO repMO)lHHaMlfCI€CKHe 

COOTHOlliCHHJI 33BHCHT JIHIIIh OT OTHOll!eHHJI VfVo '!epea (16) H (21), a BOIIpOC 06 

HCK .. 'JlO'tJCHHOM 06'b€MC B03HHRa€T npH IIOIIbiTRC CBJI3aTh 3TO OTHOIII€HHC C II.JIOT

HOCTblO pacna.n.cnomeficJI crrcreMhi. EcJIR npeHe6pc"tiL 3cl_)cpeKTOM :HCRJIJOl!€HHoro 

o6"LeMa, ro V /VO = pf Po· 
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~1I:.I nonaraeM,. qro nenm:e c:pparMeHT:LI c 'lRCJI~M H)'RJIOHOB k 5. _4 He o6-
nanal0r nnyrpenae:fi crpytrrypo:fi H nx nHyipeHE.RR cno6o.Zl.Ha.a :~meprHJI napa
MerpH3yercJJ HCXO,UJI H3 HMCIOIUHXCJI 3HCllepHM€HT8JThHli[X .li.8J:3:HLIX fll). ~B0_60-
lUI8JI 3HeprHH raRoro cpparMeara onpe.ueJI1IercJI ero 3Hepnreii: CBJJ3H H KYJIOHO

ncKoii 3HCpTHe:fi JltiC:iiKH, B ROTOpO:fi OH pa3M€IU8€TCJI [31]. 

IV. 8HeprHJI H TerrJioeMKOCTL cHcTeMLI, KaJiopH"<IecKan: 

KpHBaJI. 

Hama 33)l;3"t.J:a COCTOHT B HaXO)I{.l{CHMM TO't.J:HI:.lX 3Hal.J<'HHH lWHOHH'Y:CCKOH CTa

THCTH't.J:CCKOi-i: CYMMlil (3) H Cp<".llHCTO 'Y:HCJia cppan.!CHTOD (7), HCIIOJlh3YJI pc>Kyp

peHTHhiC COOTHOlliCHilll (8), a ·TaKJKC B DhJ'qHCJlCHHH l'Cp?lfO)l;HHmm'q<"CRHX cpe
JlHRX JI,ll;epHO:it CHCTCMbi B 3aDRCHMOCTH OT ee repMO.llH:fla!IIH't.J:f'CRHX napa:>.!C'TpOD. 

ilpHBCJJ:CM HaHfiO.l!ee B3/KHN:e CpCJl.HHC TCpMOJJ:HH3MH'Y:PCRM(' DC'JlM'qUHbi. xapaR
TepH3yiOIUHC 1I.llCpHyJO CHCTCMY B TCpM0.ID:'IH3MH"tiCCRO!-.f paDHOD<'CHR. 1\C\1\0DLUIU 

JIDJJRIOTCJI cpe)UlJIJI 3HCpfWI, TCIIJIOCMROCTh H 'r.Jl.. 

Tio onpe.n:eJICHHIO cpe.z:urJIJI 3HeprHJI CHCTCMLI npeli.CTaDJIJIC'T co6oft 'I<l<'THYKl 

IIpOH3DO)l;HyJO IIO TCMneparypc OT .l!orapH¢Ma RaHOHHl!C'CI<Oii ('TaTH<"THl!<'C'l\O:H 

cyMMI>I E = T 28j8TinQA,Z Jv. B HalllCM no.n;xo.uc> oaa panHa <·y:-.nl<' <"JH'li.HHX 

3HeprHi:i <}>parMCHTOB H ltYJlOHODt.'ROii 3HCprHH CJfCl'eMbl lHU\ O.li.HOJHlli.HO 3apnif\t'H

HOf0 mapa 

E = 2.:::(11H)A,/. Ekl + Ef, (21) 
k,l 

r.ne Ekt = T 28/8T1nxkl lv npe.ucranJIJI<'T co6oH cpC'JI.HlOKl :~H<•prHK> <}lpaDH'HTa 

(k, l) n o6PeM:e V npn reMncparypc T. l1cno.1Jb3yn .u.TJ.JJ craTJ1:CTJ11.I<'<"l\oH <".Y::O.Dihl 

cpparMCHTa Xkt iRH)l;RO ·· 1\aiiCJibHOC IIpH6JIHiRC'HHC' (lG) <"TaTH<"TH'l<'<"l-iOii :\IO..l<'.::m. 

M)'JihT:Hcppan.:tcarau;mr, cpc.llWlJI :·mepr~-~:n RJiacrc>pa np:HH:H:\HH'T DJ1)l 

Ekl = ~T + [ -Wo + ~:J k + [i!(T)- T0~~)] k'1" +FiT"+ F,';. (25) 

ilpH TCMIICparype T = Q clJparMCHThl ~aXO.lJ,1ITCJI U OCHODHO~I <"Ot'TOJIBHJ'.I (" 

3HeprHcH, on:HcblnacMoii <J!opMyJio:H: Ben~ BaHU3<'K<'pa. Ha pnc.l nonaaaHa 

CpCJl.HJIJI 3Hcprnrr CHCTCMbl Ha HYKJIOH D 3CIDHCHMOCTI-:l OT T<':\lTI<'paT.Yphl II pH j>a3-

JIH'Y:HhiX 3Hal!C'HHJIX 06'hCMa '\,-·· .UJIJI <l>Hl\("HpODaHHOrO "4J1<"JI<l .-l ::::= 85 H~"J\.l!OHOD n 

Z = 39 TIIJOTOHOD, ('QOTDCTC'TDYlOlllliX ropJI't.I('M:Y <lmi-i<'pf>OJI)-. oflpC130D<lDlll<';>.I_\"<"Jl 
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B ueHrpaJThHOM crom<HOBeHHH Ar + Sc [32]. KaK Bl<.!lHO H3 pncyHKa H <jlop

><yJIR (24), npn reMrreparype T = 0 H V = Vo H.llepHan cncreMa HaXO.llHTCn n 

OCHOBHOM. COCTOIIHHR C 3HeprHett 

E(O) = -W0A +)A -,2z)' + ,80A213 + Ef. (26) 

C pOCTO~ TCMneparypR cpe,llHJiJI 3H€pfiDI Ha HYKJIOH IIJI8BHO yBeJJH'lMB8eTCJI M 

npn reMneparype T :::::: 5 ---: 7 M9B aa6mo.uaercn pe3Koe noapacraBHe, cnJiaaa
Hoe c pacna.uoM CMCTCMI.l rrpeHMymecrneaao aa nerRHe <PparMeHTN:. B cny"tJ:ac 

6eCI\OH€lJHOfi JIJl€pHOJl M3T€pHH, IIpH HCKOTOpO~ KpHTH'tJCCHOft TCMIICparype Mhl 

HMCJIB 6:LI cRa"tJ:oK, xapaRrepHhltt .UJIJI cpaaonoro nepexo.ua nepnoro po.lla; 3<P<l>eRT 
KOH€'t!HOf0 'IKCJia qacnru; pa3MhiB3€T 3TY HapTHHY. 'l!eM M€Hhill€ 3H8't!€HH€ o6D

€~!a V, reM rrpH 6o.11ee BLICORO:ioi reMneparype T :aa6mo.n:.aerc11 rreperH6 n cpe)J.HeM 
3Hepmn Ha HYKJIOH. Ha6JIJo.l{aeMaJI rrpn T "' 17 - 18 MoB HeperyMpHOCTL He 

CBJI3aHa C Ra!UIMH-TO <Pa30BLIMH npenpalL{CHIDiMH, a JIBJIJICTCJI CJI€.UCTBH€M H€ 

Q'qCHb y,u.aqHoi\ annpOKCM.MaUI-B~ TeMnepaTypHOii 3aB:ZCMMOCTM llOBepXHOCTHO'H 

oHepmH. KaK BHJrB.O H3 (20), npn T = T, rroBepXHOCTHan 3HeprHH <jlparMeHTOB 

eraHOBHTCH panHoil HYJilO,H B peay.iThrare 3Toro cpeJlHJIJI 3Heprn11 Ha HYI<JIOH Hc

Ub!ThiBaeT pe3RH~ CRaqQI{ BHH3 C IIOCJI€.1lj'10IUHM pOCTOM 38 cqer 3Hepnrn: <PepMH 

- B036,YiK.ll€HHJI OCT8BlliHXC11 q,parMCHTOB. 

TenJioeMIWCTL CHCTCMbl npH nocrojJHHOM o6'beMe V, KOTopaH ecn, npoH3BO

.llHaH cpe.llHell oHeprHH cncreMLI no re,meparype Cv = 8Ef8T lv, npe.llcranJIH

ercJI B BH,.U€ C,YMMlil .IlBYX 't!JICHOB: 

"'"""' '' "'"""'"'"""' Ekl E-· Cv = L.,(nki)A,Z Cv + L.,L.,ll.(n,,n;;) T ;'. 
k,l k,l i,j 

(27) 

J3 IICpBOM CJI8f8~MOM TCDJIO€MKOCTb RJI8CTepa ( k, /) Bblp8if\8CTCJI qep€3 CBOlO 

CTaTHClWiecKyJO cyMMY CJieJlYlOIUHM o6pa30M: 

( 8 82) ct' = 2T 
8

T + T 2 
8

T 2 lnxkl lv , 

ROTOpoe B HCIIOJib30B8HHOM JKH.n;KO - R8TI€JThHOM DpH6JDiiRCIDUI (16) IIpHHHM8CT 

DH.ll 

ct' = ~ + 2T k- T 82,B(T) et3. 
2 <o 8T2 

Bo nropoM cnaraeMOM neJIH"tiHHa 

ll.(nkln;;) = (nkl n;;)A,Z- (nki)A.Z (n;;)A,Z (28) 
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CCT:b ,nHCIICpCH11 DO qJ.:ICJI,Y <J?parMCHTOB, 1\0TOpaJI B03HHR8€T OT .UBO:tiHOfO .UH<l>

<PepeHUHpOB8Hllil JIOrapH<J?Ma R8HOHH't!CCKOil eTaTHCTH't!€CKO:fi C,Y:\DILI CHCT€:\Ilii 

no TeMnepaType, Bbl'IHCID!eMoro no <jlopMynaM (7) - (13). 1<13 pnc.2 ll1!.llHO. 

qro B o6JiaCTH Te!lmeparyp11 T ~ 5 - 7 :M3B rerrnoe:\11\0CT:& C v Ha HYR~10H 
HMCCT .llOCT8TQ'qHQ l.I€TRH~ M8RCifMyM, IIOJIB.'lCHHe ROToporo CBJI38HO C )":0.1€HblliC

Hl1CM 3HeprHl1 CBJI3H Ha H,YRJIOH B CHCTCM€ H Ha'-Ia.JI0:\1 IIpOUCCC'a :O.IYJibTH<}>par

M€HT8UHH, ROf.ll8 C paBHOii: BCp01ITHOCTbiO IlpHC,YTCTBJ'IOT <PpaniCHThl B Ca:\10:0.! 

mnpoRoM .IlHarraaoHe Mace. B11cora MaRCHMyMa o6ycJion.1JeHa 60JihlliH:\m q>JiyR

ryau.HJIMH (28) 'qHCJia q>panreHTOB IIpH q>HRCHpOB8HHOM 'qJ.:ICJIC H)"KJIOHOB B CH

CT€MC. 3aaqeHHC TCMIIeparypl>I llpH M8RCHMaJILHOii: TCIIJIOC:\-HW<TH Ha H~"KJIOH 

coornercrnyer TOl.IRe neperH6a B reMrreparypHo:H: aanHCHMOCTH cp<'llH<'H 3Hep

rHH Ha HYKJIOH. B 3Toii TOl.IRe noa6yiR.UeHHaJI JillepHaJI cHcrom ~·ncKHna<'r·~ H 

npoHcXOllHT <PaaonLI:H: ncpexo.z:t rnna am..uKoCTh - raa. H<'peryJVIpHO<'TH n noB<'

.llCHHH Cv npH BLICoKoH reuneparype orpamaiOT onrctJ:eHHhiH Dhllll<' H<'.llOcraroK 

CT8THCTHlJCCRO:ii MO,llCJIH M,YJILTHcJ>parMCHT8UHH (11] B OITH<'aHllH TIOB<'pXHOCTHO:ii 

3HCpfHH. 

,lla.'ILH€1111IHia pOeT T<?TIJIO€MJ\OCTH llpH 60JILlliHX 3HalJCHHJIX T<':O.Inf'p<lT)"phl B 

CTaTHCTHti€CROi1: MOJlCJIH :\:I.YJILTHq>pan.·ICHT8UHH OTJIHl.laf'TCJI OT ('(' IIOBf'JJ.<'HHJl. 

COOTBCTCTB,YlOIUCfO H.ll€8JlbHOMY 60.1ILUM3HOBCRm:ry raay <l>parM<'HTOB~ Tal\ 1\<ll\ B 

napaMCTpH3aUHH [11] 06'beMHaJI 3HCpfHJI 4JepMH -· D036~'1KJJ.CHHJI <}>paDI\'HTOD 

(18) HCOfp8HHlJCHHO B03pacTaer • 

3aDHCHMOCTL TCITJIOCMKOCTH C V Ha HYRJIOH OT 3HCprRH B036yiK.J.<'HH1l ClH'T<':O.!Ll 

Ha H,Yl<JIOH npHBOJlHTCJl H8 pnc.3. C H3M<'Hf'HH<'M 3Hal.lf'HHft ofh<':O.Ja l' TIO.lJOif\<'

HHC MaReHMyMa renJioeMKOCTH Cv cJia6o H3:0.H'HJiercn n OKJH'<'THOCTH :-nwpnm 
noJ6y;J(.lleHHR Ha HyKnoH,panHoll E• /A "' 5 MoB. 

3HCpfHJI B036y»\ll;eHWI CHCTC:O.:Ihl IIpH 1\0HCtJ:HhiX TC')In<'J><U~'paX <'<Tb }H\3HOCTL 

Meif\.uy CpC.z:tHeii: 3Heprne:ii CHCTC:O.:Ibl (24) H ;mcprHefi ('(' OCHOBHOfO COCTOJIHHJI 

(26) 

E'(T) = E(T)- E(O). (2D) 

3anllcm.wcrL MCn<.ll)" rcuneparypoft T H :~HcprHC'ii no36y:.nll<'HJiJI cncT<':O.ILI -qa

cTo Ha3Rnaror l{aJiopHl.ICCKOH KpunoH. Ha pnc.4 npr.1.1.cranJI<'HH :Ka.lJOJ>l:ll.I('Cl\an 

RpHBaJI D036,YiK.I.l:€HHOM JI,llCpHOM CHCTCMLI H3 A = 85 H.Vl\JIOHOD H 2 = 39 npo

TOHOB. Bhl"tJHcJicHn:n nponO.llHJIHCh c napaMeT}m3auHcH <"T<ITlH"THlJ('cnoH :-.IOJ.W.lJH 

M,YJILTl1<}>parMcHTaUHH npH pa3JIH't!HhlX 3HalJCHWIX 1/. 3amtpH~OB<IHHbi<' TOl.IKU 

-· 31\CITCpHMCHTaJibHLI€ ,llC\HHbiC [33), a OTHpbiTl>IC 3Hal.ll\M ,U<lHHLH' OT pacna,aa 

n.llpa- cHapn.lla H3 1WaKUHH Au197 + Au197 [9] npH =>H<'prHH G!iO ~hB/H'""-'<>H. 
Bn.llHo qro~ IGH\ H n 31\cncpHM<'HTaJILHliiX .ZUlHHbiX, n Bbl1.iJH'JH'HHnx ha.lJopH-
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'tJ:CCRO:ti RpHBOa: npH T ::::::::: 5 - 6 J113B BHe 33BHCH~fOCTH OT MaCChi CHCTC~1hl 

npHcyrcrnyer "nnaro", Bhlcora IWToporo CHni>HO 33BHCHT or pacna;IHoro o6'b

e~m V. Hennoxoe cornacne c onLITOM .li.OCTHraercH B HHtepnane B036yiR.ll.eHH:H: 

::::::::: 2 + 10 M3BJayiuiOa .li.JUI JlOCTarotiao pa3peil\eHHhlx KoaetrHLIX cocroJIHHM: 

V /Vo = 3 -i- 10. 3tOT poet 3Hepnm B036ylK.!leHi<H DpH DO'ITH DOCTOHHHOil Te"

neparype 06'bJICH11€TCJI TeM, liTO JI€fRH€ !pparMeH'.fl>l COCT3BJIHJOT DCC 60JihiiiYlO 

li3CTh JI.ZI.CpHO:ti CHCT€Miil, a noJIH3JI 3HeprHJI CDJI3H CHCT€11LI npH 3TOM YMCHhllia

CTCJI. IJpH li.3JlbHC:ifiii€M IIOBhllliCHHH B036y)K)lCHlill COrJiaCH€ MO}lCJihH:&IX paC'tJC

TOB C ODbiTOM CT3HODHTCJI Xyii{e, YK33LID3JI Ha B03p3CT310lJlYJO Dair:.HOCTh yqcra 

JlKHaMHKR o6pa3oBaHHH. q>aHep6oJia. Cne.rr.yer orMeTHTb, qro np:nne.nCHHDie pe

ayJI:orariil pacqera OTHOCJITCJI K nepBH't!HOMJ DhiXOpY (B036ynuleHHiiiX) <PparMCH

TOB 6ea y"tJera HX B03Moliuroro nocne.zzyromero pa3nana. EcnH npeJlllOJJmim:th, 

'tJ:TO cpparMCHThl o6pa3yJOTCJI cpa3y D OCHOBHOM COCTOJIHHH (r.e. to ---+ 00 1 

Tc --+ oo ), ro xapaKrep KanoplPieCKHx KpHBhlX 1:1e MeHRercn, a .li.OCT11:raeMI:Je 

re:-.meparyplil HCCKOJThKO Bhllll€ npH rex IRe 3H3'tJ€HIIJIX 06'b€M3 CHCTCMhi. 

V- MaccoBo~ ( 3apJJ.n;oBoe) pacnpe,n;eJiemre <f>parMeHTOB 

PacnpeneneaHe MHomecrneaaocrn ¢parMeHTOB: HCIIYlJlCHHblX JIJlpOM A, Z, 
no HX 'MaCC€ k (HJIH 33pJI.lzy /) Oflp€1I.CJIJI€TCJI COOTHOIIICHHCM 

(n•uJ) = L(n.,)A,z, (30) 
l(k) 

TJlC CpC.li.HCC .'tJ:HCJIO !pparMCHTOB (nkl) JIDJIJICTCJI ¢yHKIJ;Hefi re?-meparyphl H 06'b

e:-.,m CHCTCMDI, IT03TOMJ H3 CpaBHCHHJI paCC'tJHT3HliLIX M3CCOBhiX ( 33p1I.UODhiX) 

pacnpC.UCJICHHfi ¢parMeHTOB C 3KCnCpHM€HTa.llhHhiMH .li.3HHblMH MOIKHO H3BJIC'tJb 

HH<l:>OpMailHJO He TOJihKO 0 npoUeCCC Myni>tH¢parM€HTaUHH, HO H 0 TCpMO.llHHa

::-.m"tJCCKHX cnoHcrnax JI.nepHo:ti cncreMhi. Oco6hiH HHrepec HMeer Hccne.uonaHHe 

KpHTH'ICCROfO oapa,.etpa T [6, 17] H3 annpORCRMBUHH MBCCOBOfO ( 38p!I,l(OBOfO) 

pacnpe)leJICHIDI <}lparMCHTOB CT€n€HHO:ti 33BHCIDfOCTDIO 

(n,) ""k-r. 

Ha pHc.5 noKaaaaa 3aDHCIL\10CTh KpHTH'tJ:ecKoro napaMerpa T 3apJI.uonoro pac

npc.l(C.1CHI<n <jlparMeHTOB (3 :o; 1 :o; 12) RBR <jlyH!UlHJI TeMnepatypM DpH p83JIH'I

HbiX 3Ha'tJ:eHHJIX o6'heMa V .UJIJI JI.lf.epao:tt cncreMLI A = 85 HyK.rroHon H Z = 39 
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rrporoaon. KparnqecRHH napaMerp 7 HMeer qeTRO BhlpameHHhlii MHHHM.YM n o6-

nacTH T ~ 5-7 M3B, CBJI3aHnhlii c H3MenemreM none.neaRJI Macconoro pacrrpe

.n:eneaHJI ¢parMeHTOB H nepexo,noM c:acreMii or KOH¢lnypai{Htt pacnaM, r..ue 

IIpHCYTCTBYlOT TIDR€Jme <j>parM€HThi, R ROB<J>Rrypalll!JIM pacna)la Ha MHO)l{€CTBO 

nerKHx ¢parMeHTOB. MHHHMyM n 3Ha'tlemm: T no reMnepaxype coBna.uaer c no

JIO>KCHHeM MaKcHMyMa n 3aaqeaHH Tennoe:uKocrn Cv aa ayKnoa :a rrepern6oM 

n JaDHCRMOCTH cpe.ZI:HeH 3Hepraa cB:creMhl oT reMneparypl>I. B pa6oxax [6] or

Meqanoch, qro ToqKa, COOTBeTCTBJIOI.U;aJI MHHJIMaJihHOMY 3H8'ti€HHJO IIOJ<a38TCJIJI. 

T, JIBJIJICTCJI KpliTH'tleCKOH TO'tJ:KOA ¢a30BOrO nepeXO)l,a »rn:Jll(OCTh - raJ, a TaKiR€ 

KpHTHqecr;oti roqRott nepKOJIJIUHOHHoro nepexo.na. 

B onpe.uenemm 7 o6I:.:[qHO ncnon3yercJI TOJihKO 'tJacr:o Macconoro pacnpene

JieHM <jlparMeHTOB (3 :o; 1 :o; 12). ,L(JIJI TOrO, 'IT06bl C 6om.meJI yBepeHHOCThiO 

Bl>lli.CJmTD RpHTHqecRyiO TO'tll{y B IIOB€,ll€HIIH MaCCOBOfO pacnpe.ll,eJieHlU.I, OIIp€

,l(€.'11<>! BenHqHHY <jlnyRTYBUIDI cpe,llHeil M8CCbl <jlparMeHTOB: 

6(k) = [ t k2
(nk)- (t k(nk)) 

2

] It (nk)· (31) 

Ha pnc.6 npn•o.unrc!l ee 38BHC>IMOCTh RaR <jlyH!UlRJI TeMneparypLI npn pa3-

.1IHliHLIX 3aaqeHIDrx o6'LeMa JIJJ:epno:tt CHCTeMbi aa.n:aaaott BLillle. B I<pnrnqecKofi 

TO'tJKe, f.l(€ napaMCTp 7 HM€€T MHHHMJM, ¢JIYRTJ3D;HJI CpC.ZI:HeH MaCChi" !ppar

"eHTOB 6(k) HMeer pe3RJ<l! Dl1lR, yRa3MBBIOill>lll Ha B03pacraHHe <jlnyRTyar(nl! 

B TO'!Re nepexo.l(a. IIoJIOlKeHne MBRCHMY"a 6(k) no reMrreparype coBna,l(aer c 

nonomeaneM MaKCHMy-Ma ren.uoeMKOCTH Cv aa ayKJIOH. 

VI. CpaBHeHHe c 3RcnepHMeHTOM 

IlpHM€HHM BL1lli€H3JIOiReHHJlO MO,llenl, K ODHC8HH10 !pparMeHTOB, HCDYlJlCH

HRX B CTOJllUlOBeHK:Z TIDi\€JI.liiX YJ:OHOB npOM€)l{YTO'lHhlX 3Hepn-IH. MEO)){€C'IB€H

Hoe o6pa30B8HHe <jlparMeHTOB HCCJie,l(OBBJIOCh 3RCDepHMeHT8JII,HO B pa6ote [32] 
JJ.JIH. nea:rpam.aoro c:roJIKHoBeaHJI Ar40 + Sc45 npH 3.HeprHH HaJieraromero Hoaa 

E,6 or 15 ,l(O 115 M>B/eyRJJOH. &m OTMeqaJJoch BO BBe,l(eHmr, Hallie paccMo

rpeane ¢parMeHTamm ¢ailep6ona oraocHrcJI Ro nropo:tt cra.mm peaRIJ;m:.r. Mc
XO.ZJ:Hhle napaMCTpiil 3TOfl: B036y)KJ.tCHHOfl: JIJJ.epHott CHCTCMLI, HaXO}lJII.I.J:e:f!CH B XH

MH'tJCCI<OM H TCpMO.D;HHaMRqecROM paBHOBCClm, onpe,n:eJIJilOTCJ.I 3BOJI!OilHefi CTaJI

KliB8lOil.I;HXCJI JI.ll,ep Ha nepno:a: c:rann D3aHMo.nettcrnWI. ITocKom.Ky ·pacqeT .nH

aaMHRH CTOJIKHOBeHWI OCTaeTCJI BH€ paMOR .D;aHHOA pa60Thi, HC06XO.l(HMO C,lleJiaTh 

13 



HeROTOpLie .n;onoJIHHT€JThlfDie <PH3Bl:leCRHe npe.u.rroJio>ReHHH o CBH3H Ena6 c 3Hep

rHeil Boa6yiK.lleHWI E* o6paaonamneilcJI czcreMDI HJIH o:qeHHT:o ee (HJIH TeMrrepa

Typy CHcTeMI>I) H3 HMCIOillllXCJI 3RcnepHMenTaJThHI>IX .naHHI>IX. TaRHM o6pa3oM, 

o,z:o.ra H3 napaMeTpon Mo,ne.:rrn:, E* (1:um TeMnepaTypa), <Pm<cupyeTCJI aHa'tleHHel 

3HeprHH CTOJIRHOB€HHJI E:na6 , a BTopoil napaMeTp, 06'1>eM CHCTCMI>I V, OCTaCTCJI 

CB060)lHLIM. 'Y'IHThiB8Jl C,ll€JI8HHOe Bhllli€ 38MC'ti8HHC 06 HCRJIJOqeHHOM 06'beMC, 

HIDR€ lJ,.TJJ1. ynpomeHIDI B1IliHCJI€HHfi MI>I HCTIOJTh3YCM IlO.liHhlfi 06'bCM CHCTCMhl V. 
Ha pn:c. 7 npnBO.lU'ITCH 3<P<PeRTRBHoe ana-qenn:e r .UJIJI aapJI.llOBoro pacnpe.lle

nenrur <jlparM€HTOlj C 3 $ / $ 12 B 3aBFIC!BlOCTF! OT 3Hepnm B036y)!(l(eHHJI . .[(Ba 

Ha6opa ~JRCIICpHM€HT8JThHhiX TO'tiCR OTBCllaiOT ,UBJ'M fHIIOTC38M 0 CB.83H MCiK.U)' 

E:na6 n E*: nepnaJI, nom10e CJIIDIHHe - nc.a .nocTynna.a 3HepriDI Tep:Mam-IayercJI 

M nepexo.zmT B noa6yJK.IleHHC <Pa:tlep6oJia (tiepHI:J:e KBa.llpaThl)i nTopaH, neno"'IHoe 

CJIIDIHH€ - TOJThRO 80% 3TOft BCJrn:'tiHHhl OTBeqalQT 3Hepnm: B036)')K,ll€HIDI cl>par

MCHTHpyrome:tl CHCTCMhl (OTRphlTDle KpJ')KKH). TeopeTHqeCRHC KpHBhl€ paCC'tiJ1:

T8Hhl npn paamPlHLIX ana'tieHIDix o6'1>eMa cncTe~n:.I. MnTepecno, tiTO D Halllefi 

!-10)l.CJIR MH:HR!-{8JThHOe 3HaliCHJIC JJOR838T€.'111. r} KOTOphlfi, K8K yme OTMC'I8JIOC:O 

Bhlllie, xapaRTepHayeT RpHnrqecRoe rrone::reiiHe Jl.l(epnoro nemecTna, oRa3hlBa

CTC11 MCH:blliC .ziByx, CJia60'tiJ'BCTBHTCJThHO R Bbl60py V H HCTI.JIOXO COfJiacyeTCJI C 

3RCIIepH!-.fCHT8JThHhlMH ,U8HHI>IMH [32] He38BHCHMO OT HCIIOJTh30B8HHOfi nmOTC3hl 

o CB113H EJJa6 n E*. 8ro corJiacne c orrLirmf o6ycJIOBJieno n ocnonnoM ytre

TOM CHHTllJI BhlpO)f{,UCHHJI CHCTCMDI IIO H30TOTIH'tieCROMJ' CIIHH.)', IIOHHiR810lllC:My 

MHHitMaJr:bHOe aaatreHHe 7 na .nne - TpH e.JllHHUbl. BRCORHe aa:aqeHHJI RpHtH

'!ecRoro napaMerpa T xapaRrepnDI .ll}IH ~ro.::xe:11eH peiiieTO'tiHoro raaa, He npll

HlBiaJOmnx BO BHHMaHHC p83JiliiqHe MCiiUlY IIpOTOH8MH H Heiil'pOHaMM [6: 17]. 
KaR H B cJryqae RaJiopHtiecRoilRpHno:H, pacXOiK.lCHHe npH 3HepriDix noa6y;.Kllc

mm E' I A > 10 M3B I A onpel(eJieHHo yKa3h!Baer Ha no3pacraJOlllY"lO na)!(HOCTh 

Dl\JI81{8 Ilp€.llp8DHOB€CHOft 3MHCCHH 'ti8CTH:q JJO Mepe ll€p€XO,ll8 R 6oJiee DDICOI\H!-.f 

3HCpfMM CTO.:rRHOBCHHJI. 

Cpe.IUUin ~1HOiKecrneHHOCTb <PparMeHroB npmieJKyTo-qHHX Mace ( n1MF ) = 
2:k 2:1 <l<l < nkl > AZ KaK <jlyHK!.IID! 3Hepnm B036y)!(I(CHHH Ha HyKJIOH cpa-

l_- 2 

BHHBaCTCH Ha pnc.8a C SRCIICpHMCHT8JibHl>l~l'l .11.8HH1>1MH [34J, IIpH 3TOM Jl.JIJI 3Ha-

'tiCHHi:t E* ncrroJIDaonaJIHc:o nx 3RcnepHMenramHl>le on:eHRH. 3aiiiTpHxonaHHhle 

Rp.)'JKKH li II)'CThlC RDa.n;paThl OTHOCHTCJI, COOTBCTCTBCHHO, R rrepncpepM'!CCKI-IM 

pcaKnHJI>< 35CI + 197 Au(43 M•BIA) FI 70Ge+"'' Ti(35 M•BIA) I(M <jlparMCH

TOB C aapJI,lla~m 3 ~ [ ~ 6 ll 3 ~ [ ~ 12. ~v10.UCJThHDie KpHBI:.Ie ,UJIJI 3TllX peaRUHi1: 

paCC't3:HT8Hlil B npe,UIIOJIOiKCHHH, 'tiTO 6oM68plUip.)'lOllJ.CC H.Upo D OCHOBHOM 11 JIDJiii

CTCJI pacna.Jl,810IUHMC11 cpaitep60JIOM C .)'R83aHHOH 3HCpfHCit B036J')I{)l.CHIDI. 3TO 

npe,UIIOJIOiKCHHC IIOJl,TB€piR.ll8€TC11 lillHCM8TH1:JCCKllM 8H8.1JH30M: npo.nyKTOB peaK-
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l.IFIFI [34] . .[(M Bl>ICOK03HepreTFI'lecKoll peaKURFI Au+ Au (600 M•B/ A) (rpey

roJll>HHJrn), r.ne nap:aanHH 3HeprHH noa6ym.n.ea:wr.nocrHraerCJI 3a cqer or6opa co-

6~o~mll. c pa3JIH'!HLIMH napaMerpaMH YJI;apa, raRM rpy6M oneHKa Macc~o~ <jlpar

Mennrpyrome:A: CHCTCMbl aaBC.llOMO RenpHMCHHMa, li MH He npnno,o;n:M P?lC'tJ.€THO:it 

Hpn:no:A:. Marepecao OTMeTHTL, 'tiTO ace ::mcnepHMeHTaJILHLie TO'!IOI <PaKTH'tJ.ecm 

YRJI8,llh1B810TCJI Ha OJJJiY RpliByJO, CCJIH BM€CTO MHOJKeCTB€HHOCTli OTJIOJKHTL npH

BCI(€HHYlO MH0)!(€CTBCHHOCTb <jlparMeHTOB, T.e. < n/MF >->< n/MF >/A (eM. 

p11c.86). IT pH V /Vo"' 3 Mol(eJIL Mo)!(eT BocnpoH3BCCTFI cKel!JmHToBoe noBel(eHFie 

nponecca MYJILTFI<jlparMeHTanFIFI, o6napy)!(eHHoe B pa6ore [35], oi(HaKo corJia

cne C OOliiTOM 33BHCHT R8R OT BC.JI]!qHHlil napaMerpa V fV<h TaR H OT R.OHKpCTHLIX 

ycnoBnl! Ha6JIJOI(eHrur <jlparMeHTOB. ITocJiei(Hee yrBep)!(l(eHFie HJinJOcrpHpyercJI 

peayJll>raraMH pacqera, BbliiOJIHeaaoro .UJIJI Q;>parMeHTon, perncrpHpyeMLix B 

.ZI:BYX o6nacrJix aapn:.na. TaJrnM o6paaoM, Bonpoc o aeaaBHCHMocTH < n1 M F > /A 
OT pa3MepoB HCTO'tJHHl\8 Tpe6yeT Jl,8JThHeiiiiierO HCCJiel{OB8HWi. 

VII. 3aRJIIO"<IeHRe 

B H3CT011ll.{C:ii pa6ore npe.ll,JIOiReH BOBI:.I:ti MCTO.U TO'tJ.BOfO onpe.n.eJieHHJI 3Ha

lJCHH:A: J{8HOHH'tiCCRO:tl CT8THCTH'tJ.CCHOit CYMM!J H cpe,llHCfO 'tiHCJI8 <PparMCHTOB 

<t>parMeHTHpJ'IOll.l;efi 38pJDR€HHOfi H.ll.CpHO:ti CHCT€MI>I, COCTOJilli.Cfi l'I3 HYl<JIOBOB H 

npOTOHOB. 3TOT M€TOI( OCHOBaH Ha pacnmpeHF!Fl MQI(CJIH [10, 26, 27, 28, 29, 30} 
nyTeM CHJITHJI Bl>IpO>R.ll.CHWI cpparM€HTOB ITO H30Clllffi:Y H nepeXO.ll.8 OT BCRTOpHOro 

npe;J.CT3BJICHWI qzcJia cpparM€HTOB R M81pH'tiHOMY. ilpHM€HJi11 STOT MCTO.U, y;na

CTCH IIOJIY'IHT:b TO't!Hl.tC peiiiCHIDI )l11JI IIOnyJIJipH0:0: CTaTHCTH'tiCCROfi MO,ll,€Jm MyJTh

TH<PparMCHT80:HJil B R8HOHH'tJ.CCROM 8BCaM6Jie [11}. IJpH TepMOJ];JIHaMH'tJ.€Cl\OM 

OITHC8HliH B MO.UCmi B03HH.K8JOT Tpy;n;HOCTH npH TCMneparype Tn CB1138HHble C 

BLI60pOM 8DIIpOHCHM3IlHH IIOBepXHOCTHO:i! zmeprHH B3aHMO,UefiCTBIDi B CT8TH

CTH'tJ.CCHOJ1: MO,ll;e.:rrn: MyJILnHpparMeHTan:nn [11], trro orpaHH'tiHBaer npnMeneane 

nocne,llHeit o6JiaCTLJO reMrrepaTyp HIDKe Tc. 
.[(M T€pMOI(F!HaMH'l€CKHX <jlyHKITFill CHCT€MLI Fl cpei(Hero '!F!C •• a <jlparMeH

TOB IIOJIY'tiCHhl aaamrruqecme <PopM)'Jm, BDipaJRarom:zeCJ.[ RaK <l>YHRll.RJI reM

neparypl:>I H 06DeMa CHCT€Mll. 11X B:bl'tJ.HCJIC:s:H€ IIpOH3BO,lll!TCJI TO'tiHLI:M j>eiiie

HHCM R3HOHHqeCROfi CT8Tl:ICTH'tJ.€CROfi CJMMLI CliCTeMLI C HCIIOJil>30BaHH€M pe

RyppeHTHLIX cooraorueaHA. Mo.n.em. yRa3LIBaer aa B03MO>RHoe rrponnJienne cn

rnaJIOB cpaaonoro nepexo.na }l{l!,li;ROCTb - raa. B 'tJ.acTHOCTH, npe.n;cranJIJieT HH

repec 8H8JIH3 R8JIOp:a-qecROft RpHBOtt H 38BHCHMOCTH RpHTB'tJ.CCKOfO llOR83aTeJIJI 
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r oT aaepnm: noa6y)!{)J;eHWI, ·xapaKTepH3YlOJ.IUIX pe)KHM nponecca pacna.na Boa-
6yli<JleHHoll JU(epHoll cncTeMl\1 Ha <j>parMeHTH. CpaBHeHne pe3yJII>TaTOB pac
"tJeTa c aRcnepnMeHTaJThHHMH .n;aHHHMH no o6paaonaanro- ¢parMearon n ·Jilq)O -
H.llepm.:rx naa:lruo.neitcTnRJIX .n;eMOHCTpHpyer aennoxoe on:ncanne n o6Jiacm ·r:pH
ruqecRorO none.neHIDI noa6y}K.lleRHo:fi Jl):{epao~ CHCTCML1 nj)n aaeprHHX nOa6y»Uxe
imR E* /A "" 2 + 10 M3B. Tipn 6oJII>IIIHX 3HeprHHX nee 6onee B03pai::ra!OlllYIO 
pOJTh RrpaeT ,lO!BaMlli<.a ITpOil,CCCa CTOJIRHOBCHIDI T.IDKCJThlX HOHOB. -

,Umr 6oJiee .n:eraJrLaoro cpanaeHRH· c a:Kcnep.nMearoM aeo6xo,lUIM yqer noa
Moaaroa: 3MHCCln! 'tla'CTll~ B036yiR,li,CBHllMH ¢>parMCHT3MH, BRJilOqeHHC KBaHTO

BliiX a4>q>e:KTOB npH CT-a'IHCTJi['qCCl\OM paCCMOI'pCHHH nponecca, 60Jiee peaJrnCTH

liCCRaJI rpaRTOBRa aepanaonecaoa cTa,li;Hll peaKUHH. 
Anrop:&I BDipa)RalOT oco6yro 6Jiaro.n:.apHOCTL A. A. IllaaeHHO 3a Maoro'tiHCJJea

HYe n: llJIO.liOTBOpHHe o6cyiRJl.eHIDI H B. B. Y»<..HHCROMy 3a noJie3Hhle 3aMel.laHHJI. 
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Pac.l. TeMneparypnaR 3aBncnMOCTb cpeJIHeli3Heprnn Ha nyKJJOH JJ.JIJI JU!epnoll 
Cl:ICTeM:bl :a:a A = 85 ayRJioHOB H Z = 39 nporoaon npH paa.JIH'IHblX aaaqeiDlJIX 
o6»eMa V: KpRBl\le 1,2,3,4 coornercrny10r 3Ha'leHWM V/Vo = 1, 4, 7,10 
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PHc.2. TenJioeMHOCTb Cv aa HYHJIOH B 3aBRCHMOCTH OT TeMnepaTypL1 T npH 
paaJIH'tiHLIX 3IIa"tJ:eHIDIX o6'beMa V. 06oaaaqearur,RaK aa pnc.l 

17 



4 

l 
;\ 

se i '. 
.. · \ ' . 
~ 
' 

f /! 
>2 

u 

. 1~/ 
r' 
~ 5 

' '· 
i 
i1 

.•.• -j-':.::.·.:.:: 
; ' I r; 
' I 
\ 2 \ 3 
. I 

I 
I 

~-~ 
'%-~ ' '· .:-z:=~~::-,::l\ 

10 15 

E"iA,M>B 

1: :I I 
-~; :I I 
;: ; I I 
,; ~ ' l I 

20 25 

PHc.3. 3anncRMOCT:& rerr.t:r?eMI<OCTH Cv Ha HYRJIOH OT 3Hepnm noa6yn<.n.eHMJI 

Ha HYKJIOH rrpH pa3JIH'tlH:biX JHa'tlemurx ·o6'be}.ta V. 06oaHatJ:eHHH, KaR Ha pHc.l 
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PHc.5. Tm.meparypHaJI aanHCHMOCTL RpHTHticcRoro noHaJaTrJIJI r liJIJl aa

P11liOnoro pacnpc.n:e.'leHKJI q>parMeHron npH pa3JIHl!HDIX JHa'qeHHJIX o6Dr::-.ra '· 

fi.U€pHoi.J: CHCT€Mlol. 060JHa"tiCHMJI, l<aR Ha pHc.l 
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E"tA, M>B . 
PHc.4. KaJiopnqecRaJI Rpnna.R: P,11111JlepHoii cncreMhl HJ A = 85 HYRJIOHOB H 

Z = 39 IIpOTOHOB npH pa3JIH't!Hh1X 3Ha"tJ€HIDIX o6'L€Ma V. Q6.03Ha'I€HBR, KaK Ha 

pnc.l. Toqllli - 3KCnepnMeHTaJihHhle .naHHh!e rpynnhl ALA DIN [9] ( OTKph!Th!e 

Kpyamn) "KOJIJia6opaUJm EOS [33] (3aniTpnxoBaHHh!e KPYlK!UI) 
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PHc.6. 3aBHCHMO<..'Tb <J.>nyJnymum cpe.ll.Hcii ~Ia<TLI <iJI>aDH'HTOD f.(k) or T<').I

ncparypbi T npH pa3JIH'tJHbiX 3Ha'tJCHHJIX o6"L<'~Hl l/ Jl.U<'pHoH CIH'T<').Ib!. 06o3Ha

"tJeHHR, !<ali Ha pHc.l 
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PH_c. 7. HpHTH'tiCCRHlt noKaaareJI:o T .IlJJH. aap11.uonoro pacnpe.neJieHHJI <}>par
:-.ieHTOB B aaBHCHMOCTH or 3Hepnrn: noa6yiRUeHIDI Ha HYKJIOH npn pa3JIH:qHL1X 3Ha

'liCHKJIX 06'bC}.i8 V R.llCpHOlf CHCTCMbl: KpHB!ile 1,2,3,4 COOTBCTCTBYJOT 3H8'tiCHHJIM 

VIVa = 1, 2, 3, 4: To'<RH - >KcnepHMeHranHue aaHHble [32], nepecqi!TaHHhle 
npH .llBYX npe.z:tnOJIOiHCHWIX 0 rep~iaJIH3aiUUI CHCTCMI:il ( CM. TCKCT) 
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PHc.S. Cpe.IlHJIJI MHomecrneHHOCTL (a) H npnne.n:eHHaJI MHOiKecrneHHocn. 

(6) <J.>p8DlCHTOB npoMelliyTO'liHI:JX ~laCC B 38BHCHMOCTH OT 3Hepnm: B036y>K.llCHKJl 

Ha HYRJIOH. 9KcnepHMCHT8JihHhlC roqRH - "' pa6oru [34]. RpHBhle paccql!
raH1lllpH VIVo= 3 JJ:JIJI H.nep 35C/ (cnJIOIUHhle)" 70Ge (nyHRTHp). l{pi!Dhle 1,2 
orncqa!OT or6opy cpparMeliTOB, yRa3aHHOMY B [34], KpHBhle 3,4 - or6opy cppar
:-.wHron B 60JICC )'3I<0).1 MHTCpBaJie [ 3a cqeT llO)l.aB.JICHIDI <fJparMCHTOB C BhlCOI<lf!..i 

JalHI.llO~i (c::..f. TC'KCT) 
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