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OHI!AH XAPAKTEPMCOOCA PAEOTH 

AKzyam,Hocn Tew 

B IIOCJie,JUlee BpeMR: 60JIJ,moe BHIIIMam!e y,neJIJJeTcSI IlOIDlTKaM ITOCT
poeHHSI ~HaMHqecRHX MO.ztMeff COCT8BHWC qacTHn~ Te~eHnHSI paccMaT
PIIIBaTl> B,Itp0Hll.KaK CJIOll!ll,16 o6pa30BaHHSl C 8R8.M6HTapHUMH COCT~»
lllHMH (KBap,RH, IIaPTOHH) B03po~a HHTepec K .MO,neJIIIM T60PIIIH IIOJIJJ, 
B KOTOpWC CTPYKTfpa qacTHnU llOSlBJIJJeTCJI B pe3yJIJ,TaTe ee B3aHMO
,neffcTBHSl C OKP~M no~e.M. 

IIpe,ncTaMeHHe O CJIOlltHOft CTPYKTYP6 qacT.en Ill H~lJHIII y qaCTill]ll,I 
B036yllr,IleHHllX COCTOSIHHft Bcer.na owm OCHOBHOtt qepTott TeOpIIIH CWll,
HOtt CBSI3III. Tpy,nHOCTIII IIICCJie,noBaHHSI TeX Ill~ HHHX MO,neReft C CHJll,HOff 
CBSI31,D o6yCROMeHH Heo6XO)U!MOCT1,D c CBA'K>ro HaqMa Oll6JlBpoBaT1> 
ITOHJITHSI.MH, CHJIJ,HO OT~qaIIIUlMHCJI OT npe,ncTaMeHHA Teop111111 CB06o,n
HllX nMeA. Hap,ir,ny c .MO,nMHpoBaHHeM CTPYKTYJ!i qacTHnU, B03HHK&
lll!eft KaK OCHOBHOA aqqieKT CHJll,HOrO.B3aHMO,neftcTBHJJ, ~oe np.eMH
zeHHe K co6CTBeHHOMY BeKTOPY CHCT6M!,I ,n<>JIUo peMH30BHBaTl> npe.n
CTaMeHHe rpyrrrrH CHMMeTpHH 38,Itaqa, llOCKOJIJ,Ky B ripoTIIIBHOM CJiy,!ae 
HeBHilMHeH.ee Tpe6ye.MliX 3aKOHOB coxpaHeHHJJ .ne~eT HeB03MOlEHHM 
Cyllr,IleHHe O CTeneHH npHMHZeHHSI K TOqHOMY BeKTOpy COCTOSIHHSI. 

CTporoe .e noCJie,noBaTeJIJ,Hoe pemeHHe aToft npoMeMll ,naao 
H.H.IiorORD6oBHM B pa60T8 /I/; llOCBSlllleHHOft IIICCJie,nOBaHHD TaK Ha3H
BaeMOft nOJmpoHHon CHCT6MH 12,31, OilIIJCHBamten B3aHMO,neftcTBill6 He
p6JIJJTIIIBIIICTCKOft qacTill]ll,I C KBaHTOBaHWM no~eM Ill onpe,neJIJJeMoft ra
MIIIJll,TOHillaHOM 

H A } / . Lk't * + -ti<'.i) ) I + 
= ~ 2y + 4- \A-.:. O.t e + t Qit e ~ L. ~°'i'a.!l. c1> 
~ ~ k 

~ec1, [.:_ Ill (l,K - onepaTOpi poz;i:teHIIISl H YHHqTOlteHIIISl KBaHTOB 
CKaJIJJpHoro llOJIJJ (~HOHOB) C 8H6prHel wit H BMHOBHM B6KTOpoM . 

K , A.;., - KOMIIOHeHTH ~PI>e IIJIOTHOCTIII BCTOqHHKa~ ~- - KOHCTaH-
Ta CM3H. . 

161.e~iE~Wtt BIIC'lffl'f1' I 
uepiWX 11tr.Jtenoa3Ed 
_ 6J,,E,fff,K3TEHA _ 



IIo.zt1tep.KHeM, 1iTO nepeMewme it: H Qt peamrnym npe.xtcT~ 
JieH.l'le a6eJieBOI rpymm -TpaHCJIJIItHI: i-+ °i -t- q , Q.£. - a.t, e'f" 
(_.. ~ - ~H3BOJIL)llil BeKrop). OnepaTop nOJIHoro mmyJU,ca cHcTeMH 
P = -i\7-+- L~a:,ai < -k = c = i) ROMMY'fHpyeT c H , 11TO cooT-

BeTcTEyeT COXpaH8H.l'ID IlOJIHOrO HMI!YJI!,Ca rrcTeMH. . 
C llOMOIIII>D npe,lt7IOllt8HHOro B pa6oTe I/ KB.HOHHqecROro npeo6-

pasoBaHWI raMWII,TOH.1'18.Ha (I) TpaHCJIJIItHOHHaJI HHBapHaHTHOCTl:, llOJUl
poHHOI C.l'ICT8MH 6Wia. yqTeHa ,TJ;O IlOCTp<>E!IDUI TE!Op.1'1.1'1 B03MY1ll8H.l'II ID 
o6paTHOI KOHCTaHTe CMS.I'!. PesyJU,TaTH 3TOI pa6oTH IlORaSHBallT, qTo, 
BO-nepBHX, CYlll8CTByeT (jOJII,maJ'I RJiaccHqecKal'I COCTaB.7IJID11BJ1:6o30H
HOro_nOJIJI, OTBeTCTB8HHaJI sa COS,TJ;aHHe llOT8,RI(.l'laJI1:,HOtt mm'~JI.11qacT.l'I
UH. Bo-BTOpwc, pa,TJ;Hyc-BeKTOP qacTHi:n,I ,t,. pas6HBa8TCJI Ha ,1038 , 

'., ....... ➔ ~ -..: . ' 
qacTH: ~;? _?, ;- q , np.aqeM · q ·' OllHCl:lBa8T TpaH~OHROe 
,ItB.l'!JteH.l'le nOTeHil.l'la.JI1:,HOI mm Kl:iK neJioro, . a Bexrop • . ,?. TpaHCJI.11-
I{.l'loH.ito .l'IHBapHaRTeH .e -OnHCl:lBaeT 1tOJie6aT_8Jll,Hoe ,ItBHllteH.l'le qacT.l'li:n,I 
BffYTpH llOT8Hil.l'JaJI1:,HOI JIMl:l. 

. Cos,TJ;~ H.H.EoroJlllC5oBW4 mmapHSHTHBJI,, TeOl)lm BOSMY!IIBHHI no 
o6paTHOI 1tOHCTaHT8 _CBJIS.l'I, BCKPl:lB Ba.mlYD · p0Jll, SaKOHOB COXpaReHHJI 
B Sal(aqax O CHJll,HOM BSaHMO,TJ;elcTBH.l'I, CTml,YJmpOBaml 111Hp0K08 .l'!Syqe
H.1'18 pa3JI.l'ltIHHX .. KBaHTOBOllOJI8Bl:lX MO,TJ;eJieit C CHJll,HOI CBJI31:,D. Jla,Jn,

He!meMY pa.3B.l'IT~D H 0606~8H.l'ID M8TO,TJ;a H.H.EorOJill6oBa Il0CB81118.im 
pa6oTH /•H• TaBXeJIH,TJ;se; H.E. TDp1ma, . B.K.~e,ItJJmrna,, O.A.XpycTaJieBa 
H ,TJ;p. 4-7 / • . ' . . . _ . . , ,. , , 

Eymnm ~.l'ISJllqecKH HCHWI Ill MaT8MaTl!lqecKJll 6esynpe'IJHl:lM, M8TO,Tl; 
EorOJID6o:sa,c TOqKJll speH.l'IH BH1UICJIH'1'8JII,HOl,HBJIH8TCJI ,Tl;OBOJll,HO Tpy,TJ;o-,; 
8MKlllM - He06XO,Tl;lllMO pel!IlllTl:, CJIOllBH8 H8JilllH8itHH8_ ypaBH8H.l'IH. B CBJISH. 
C 3T.l!M llP8.IUIPHH.l'IMaJilllCl:, IlOllHTKlll HCilOJll,SOBaTl:, HH!:l8 Ma'1'8MaT.ifq8CKHe 
np.1'16JIHraH~,-oco6oe M8CTO cpe,D;H HHX 38.WUla8T npe,lt7IOllt8HHl:ll P.~elH
MaHOM 8• 9 . WrutnHOHWHl:ll BaPHanHOHHl:ll MeTo,TJ;, ocaoBaHHl:ll Ha 
np.1'16JIHllt8HHOM BlfCllllCJI8H.l'IH <pyWCI{HOHMI,Hl:lX HHTerpa,roB. 0.ItH81tO y,TJ;a,mo 
peman Il8PBYD qacTl:, *PMY.U:p0B8HHOI BmJie npo6JieMH CWll,HOI CBJISH 
- MO,TJ;8JIHp0BaH.1'18 CTPYRTYPH qacTHi:n,I - M8TO,TJ; ~elHMaHa He yqHTHBaeT 
CBOICTB CHMM8Tp.l'IH CHCTeMl:l. Kalt CJI8,TJ;CTBHe 3Toro B IlO,Tl;XO,Tl;8 P.~elH
MaHa no.nyqaeTCH H8BepHoe BHpallteHBe ,ItJlll aaeprHH'IlOJIHpoHHoro cocTo
HH.l'IH, 6JI.asxoro x'ocHOBHOMY, e:o TpaHCJIHI{BOHHO BHpox.iteHaoro. B 
CBS3H C 9THM.60JILmoe saaqeH.1'18 np.1106pemi IlODHTK.11 pa3B.IITJIJI Wfflt
I{.l'IOHaJll,HWC.Bap.aailHOHHl:lX M8TO,TJ;OB,· CTporo yqHTl:lBBDltl!X CBOICTBa 
HHBapHaRTHOCTH c.acTeMY ,,H n<>SBOJ.IJmiiHX TeM. Ca.MW4 · no,TJ;olTH K. pe-
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meH.l'ID Sal(aq O CHJil,HOM B3aHMO,TJ;elcTBHH B paMKax T8XHHKH KOHTHffY8Jll,
HOro HHTerp.l'lp0BaHlllH. 

UeJll, pa6oTH cocTOHT B 111syqeH111.l'I nOJIHpoHa RaK CTPYKTYPROro 
o6pasOBaliWI .I'! HCCJie,TJ;OBaR.l'IH T8pMO,D;HH8Ml!!Ira llOJIJlp0HHOI CHCTeMl:l. 

HroHaJI HOBHSHa H npaKTHqecitaH geHHOCTl:, 

B ,TJ;lllccep'l'anaB pasBBT HOBHI WHKI{.l'IOHMI,HHI BapHanHOHHHI Me
TO,TJ;, yql!Tl:lBaDIIHI CBOICTBa CHMM8TpHH IlOJI.llp0HHOI CHCT8Mli .I'! Il03B0-
J.UDlllHI llOCJI8,TJ;OBaTeJI1:,HO onpe,TJ;eJIHTl:, B ~ T8XHHKH ltOHTHffYaJil:,HOro 
HHT8rPHp0BaHBH aqxfleKTHBffYD Macey IlOJI.llp0HHOro COCTOHH.l'IH. 

Ha OCHOB8 npe,ItJIOllteHHoro BaPHanHOHHoro M8TO,TJ;a BnepBHe Ilp0B8-
,Tl;8HO. 'A8TMI,HOe BSy,IeHHe aqxfleKTOB IlpoHBJierum llOJIJlp0HHOI CTPYKTYP!:l, 
BOSHHKamlel BCJI8,Tl;CTBHe ClµII,HOro B38J!MO'A8ICTB.l'IH qacTH]lll C IlOJieM. 
IIoKaSaRO, qTO nepeRpaT.1'18 CTPYRTYP ,103yx KBas.l'JqacTBI{ BCJI8,Tl;CTBllle 
Cl!Jll,HOro 8JI8KTpoH-!pOHOHHOro BSaHMO,TJ;el\CTB.l'IH npHBO,Tl;.l'IT 1t c~eCTBeH
HOMY noHHllteHHD ocHoBaoro aaepreTH11ec1toro ypoBHH HK BospacTaHBD 
aqxfleKTHBHOI MaCCH CHCTeMH, qTo y1tas11BaeT Ha BOSMOlltHOCTl:, pemsa
I{.l'IH c:aoeo6pasuoro MemKa. IIo.nyqeHHoe B ,TJ;Mccep-ranau BHpaieuue ,IVIH 

aMIIJIHTY,TJ;ll pacceHH.l'IH llOJIJlp0Ha BHemHHM llOJI8M no1taSHBaeT, qTQ BHem
H.1'11 IlOT8RI(.l'laJI ",zyBCTBY8T" llOJI.llp0H KaK H8KOTOPYD RBasHqacTlllIJY C 
onpe,TJ;eJieHHllMJll napaMeTpaMH - BffY'l'peuael'aaeprHel Co H aqxfle1t
THBHOI Maccol m,~Cf>. • YcTaaowieao TaKllte, qT!' paccenall!IHA no
TeHil.l'IM crJiaJtHBaeTCH Ha MaJ.Il:lX paCCTOHHHHX BCJI8,TJ;CTBBe CY11l8CTBO
BaH.l'IH y qacTH]lll onpe,TJ;eJieHHol CTPYKTYPH•. 

HoBHM BRJI~OM B T80PHD HBJIH8TCH llp0B8'A8H~Oe B ,Tl;.l'!Ccep-TanJIH 
B paM1t8X T8XHHKB ltOHTHffYaJil:,HOro HHTerpHpoBaHWI llOCJie,TJ;OBaTeJII,HOe 
H3yqeHJle T8pMO,TJ;lllHE!MJ!KB llOJI.lip0HHOI CHCT8Mll. 

, BnepBll8 IlOJiyq8HO BllCOltOTeMnepaTypaoe paSJIOllt8Hllle CP8'AH81 
8H8prHH IlOJ.IJip0HHOI CHCT8Mli. Jta,ao_onpe,TJ;eJI8Hlll8 aqxfle1tTHBHOI .MB.CCH 
ll0.!!Hp()Ha,npH H8HYJI8B()I T8Mil8paTYp8 H HCCJI8,Tl;OBaHO ee BllCOKOT8M
nepaTypaoe noBe,TJ;eHBe. 

IIOKa3aHO, q'fQ P88lUtHll IlOJI.llp0HHOI CHCT8Mll aa CJia6oe B03MY
lll8Hlll8 np.a H8ffYJI8BOI T8Mil8paTYpe MOlltHO Olll!CaTl:, B Tep.111umx llOJml.le
HHH y qacTJmH He1t0Topol MaccH, SaBHCHlllel OT TeMIIepaTYJli• IIpoBe
,TJ;eao cpaBH8HH8 9TOI-MaCCll C. aqxfle1tTHBHOI .Ma.ecol llOJIJlpoHa. 
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.n.,m SaIIWTH Bll,I(BHraDTCSI CJl8,ICYJllljH8 OCHOBH!le pesyJII,TaTH, 
nomemrue B .ynccepTa.gHH: 

I. PasBHT HOBHtt <pyHKIUIOHaJII,Hlltt Bap.1um00HHHtt no.nxo.n, y<mTH
Bamuii\ TpaHCJlllllHOH.HyD HHBapHaHTHOCTI, noJIJipoHHOtt CHCTe.MH' 'ITO 
IlOSBOJIJI8T IlOJIY"JHTI, BHpruteHHe JT,1ISt 8H6prHH noJIJipoHHOro COCTOHHWI, 
clJmsKoro IC·ocHOBHOMY, HO TpaHCJllillHOHHO BHp0ll,It8HHOro. IlOKaSaHO, 
'ITO C Il0M0111I>J) H8KOTOpott MOl{H~HKaIU!H npe~oEeHHoro BapHaIUIOHHOro 
MeTo,na MOJKHO oneHHTI, SHeprHD 'CMSaHHoro COCTOHHWI IlOJIR'.poHa B 
CJia6oM BHemaeM nOJie. 

2. C noMOII1I>D pasBHToro. BapHaIUIOHHoro no.nxo.na ,naaa onemca 
OCHOBHoro ypoBHH saeprHH H aqqieICTHBHOA MaCCH .ItByxnOJUlpoHHOtt 
CHCT8MH. IloICasaHO, 'ITO nepeICpHTHe CTPYICTYP .ItBYX KBaBH'laCTHU Be
,neT IC CYl!l8CTB8HHOMY IlOHHEeWID OCHOBHoro aHepreTH'l8CICOro ypoBHH 
H IC B03paCTaHHD sqipeICTHBHOI MaCCH CHCTeMH. 

3. Ha OCHOBe o6o6meHWI CWHKIUIOHaJII,HOro BSPHaIUIOHHOr~·MeTO.Ita 
Ha.imeaa SaBHCHMOCTl, 8MIIJIHTY.Itll pacceHHWI. ncjJmpoaa BH8IIIHHM noJieM 
OT ero CTPYICTYPH• YcTaHOBJieHO, 'ITO pacceHBB.lllllHI nOT8HIUiaJI crJia
lltl'IBaeTCSI Ha MaJIWC paCCTOHHWIX BCJI8l{CTBHe HaJIH'IHH y 'ISCTHD;ll onpe
,neJieHHOii CTPYKTypH. 

4. IlOJIY"JeHO BHCOICOTeMUepaTypgoe paSJioze~e cpe,nae.tt SHeprHH 
nOJIJipoHHOI CHCTeMH. HaaiteHO TO'IHOe BHpazeWie JT,1ISt sHeprHH BO, BTO
poM IlOpimKe TeopH.l'I BOSMYUl8WII! IIpH ICOH8'1HHX T_eMUepaTypax. Hcxo.nn 
Hs. 06111HX TepMO.IU!HaMH'lecIC~ ·cooTaomeWII • · .naao · onpe,neJieWie sqipeIC-.. ,.., 
THBHOtt MaCCH IIOJIJipoHa npH H8HYJI8BOI TeMUepaTYpe, HCCJI8.ItOBaHO e_e 
BHCOKOT8Mll8paTYpHoe IIOBe,neWie. 

5. Iloruisaao, 'ITO pea.KIUID CHCTeL!l:I Ha CJia6oe 8JI8ICTPH'l8CICOe 
nOJie MOlltHO OIIHCaTI, B TepMH.itax noHBJieHWJ y IIOJIJipoHa MaCCH, SaBH
CHl!lett OT TeMIIepaTYpH. IlOJIY"JeHa oneHKa BTOI MaCCHnpH paBJIH'IHWC 

cooTHomeHHSIX Mex,ny KOHCTaHTOtt CMS.I! 1tacTHUI,1 c noJieM H TeMIIepa
TYpott CHCT8MH. IlpoBe,neHO CPaBH8WI8 C aqipe'KTHBHOI Maccott noJIJipo
Ha, onpe,neJieHHOtt HS TepMO,nHHaMH'l8CKHX COOTHOmemi:I. · 

Anpo6allWI 8HCC8pTa.gHH 

OcHOBHUe MaTepHaJIIl '.zuiccepTaIUIH · Heo.ItHoICpaTHO ,noKJia,nHB8J.U1CI> · 
Ha cewmapax Jia6opaTop.BH TeopeTH'l·ecKOI ~zsrum 06'I>e.ItHHeHHoro HH
CTHTYTa n,nepHHX HCCJie,noBaHHtt, Ha C8CC.HHX om AH CCCP; 06cYJ1,Ita
JIHCl, Ha X MeJ1,Ityaapo.naol m.KOJie MOJIO,nHX 7'18HHX no ~.HSHICe BHCOICHX 

4 

'I,, 

} 

.,, 

sHeprHI! (Eaey, 1976 r.} H Ha XYII MeE,DyHapo.ItHott mKOJie no Teope
TH1tecICott ~HS.BKe B Kapna1te (TIHP, 1980). 

II.yclJmKB.llHH 

Ilo pesyJII,TaTaM l{HCC8p'l'all3H ony6JIHKOBaHO 5 CTaTett. 

06'I>.l™. pa60TH _ . 
.ItBccep'l'anWI COCTO.HT .BS BBe,neHWI, Tpex rJiaB OCHOBHOro TeICCTa, 

H Sa.KJill'leHWJ,·co,nepuT BI CTpaWiey MamHHOll.l'ICHOro T8ICCTa .l'I 6Hcl.lm
orpai{JH'18CK.HI CIIHCOIC JI.HTepaTYPH HS 68 aasBaHHtt • 

CO.I(EPJWillE P AEO'l'll' 
' ' 

Bo BB888HHH npHB8l{8H 0680p SaTparHBaeMHX B l{HCCepTaIUf.l'I npo6-
JI8M H iaeTCH o60CHOBaHHe me SHa1teHWJ JT,1ISt pemeHHH sa.n;a'IH O C.l'JJII,-

. , I 
HOM BSaHMo,nettcTBHH 'laCT.BU!i C OICpylltB.DIU'IM ~OJieM • 

IlepBM rJiaBa lt.llCC8p'l'aIUIH nocBHmeHa HS7'18HHD llOJIJip0HHOrO 
COOTOHHHH:llpH HYJI8BOtt TeMUepaType. HcCJiel{OBaH.118 npoBO.ItHTCH Ha 
OCHOBe pasBHToro·B BTOtt rJiaB8 HOBOr~ CWHKU.l'JOHBJII,HOro BapHan.l'JOH
HOro no.nxo.na, Y'I.B'l'HBaK)[ll8rO TpaHCJlllllHOH.HyD HHBapHaHTHOCTI, noJIJI
poHH~tt C.HCT8MH. IlOK83aHO, 'ITO 7'18T HHBapHaHTHOCTH npHBO.It.l'IT, KaK 
H B MeTo,ne EorOJID6oBa, IC 8CT8CTB8HHOMY BH,n8JI8HHD B ICOOP.ItHHaTe 
'ISCTHU!i ~ICTYanHOHHOtt 'laCT.l'I, OTB8TCTB8HHOI! sa o6paS0BaHH8 y 
1tacTHU!i HeICoTopoft cTpyKTypu. Onpe,neJieHH napaMeTpH TaKoro cTpyIC
TYPHOro odpasoBaHHH - BHYTPBHHHH BHeprsn KBaBH'laCTHU!i Hee sqxpeIC
THBHaH Jv!8CCa. 

B nepBOM naparpaipe llOICasaao; 'ITO l{Jll! HCCJie,noBaHWI llOJil!poH
HOtt cHcTeMH npH HYJIBBott TeMII~WiTYP8 .nocTaTO'IHO paccMoTpeTI> Ba
JCYYMHOe cpe,naee ~lt) :: <o I e-" Io> , r.ne rawi.m,ToHHaH cHcTeMH 
sa,naeTCH COOTHOmeHHeM (I}, a 't - B811!8CTB8HHHtt naP,aM8Tp. HcnOJII>
SOBaHHe M8T0l{OB ~YHKIUIOHaJII>Horo HHTerpHpoBaH.l'IH /I07 IIOSBOJ11!8T 
npe.ncTaBHTI> Gt l t) B BH.Ite HHTerpaira no TpaeICTOpMM • 

.ltnll npH6JIHlleHHoro BH'IHCJI8HU BOSHHKaDIU!X KOHTHHYWHWC HH
TerpanoB npe~aeTCH annpoICCHM.l'lpoBaTI> llOJIJip0HHYJ) CHCT8MY .nettcT
BH8M BH.Ita 

't 2 't 

. S' = - T ~ds\~Cs)-w) -~ ids1Js1 e- WIS1-Sil x 
. a 
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x [ X(S1) - XlS,) - w(s1-~,_-)J\ (2) ' 

r,n;e C , 'v-/. .1:1 M - :sapnagrnHHHe napa.MeTpu, onp~eJISieMlle 11a 
YCJIOBHJI MllHHMyMa 8He prHH, P - nomrun mmyJIJ,c CHCTSMU, JIBJilllr

llll'!il:CJI B CHJIY 3aROHa coxpaHeHHJI C -'IHCJIOM. OTMeTHM, 'ITO npli 
M= 00 ,n;ei1:cTB.11e (2) nepexo,n;i,IT B annpoKCHMa.IU!ll P.<I>eiiHMaaa /B, 91, 

KOTOpaJI, Boo6me roBOp.lI, IIP.IIBO.I(HT,K HeIIpaBHJILHOMy BHpaJKeHHll ,nJIJI 

8qq18KT.IIBHOtt Maccu IIOJIJipoaa. HMeHHO KOH8tIHOCTL TiapaMeTpa M II0-
3BOJUI8T HaM paccMaTpHBaTL nepeMeHityll X(S) B (2) mut OT.KJIOH8-
HH8 OT .I(BHllt81Ili.lI C.IICTSMU Kalt QeJioro co cpe,n;Hett CKOpOCTLJO - t i1/M 
(IIOJIBJISHHe MHHMOll 8.I(HHHU!l CBJI3aHo C HCTIOJII,30BaHHeM HaMH MHHMoro 

BpeMeH.11 't ) li YtJ8CTL TeM CaMUM TpaHCJJJmHOHHOe .I(B.llllteHHe IIOJilI
poaa. lfa TeOplili H.H.EorOJIIo60Ba CJie.nyeT, 'ITO B peayJILTaTe CZJIL
Horo B3a.HMO,D;ettcTB.IIJI ttaCTHU!l C IIOJieM B03HHKaJOT IIOT8HllHaJW co C~li
HYTUM apryMeHTOM, np.11tteM C.I(BHr OTpruKaeT KBaHTOBHe ipJiyKTYanHH 4/. 
BH,D;HO, 'ITO s' HM88T HMSHHO TaROtt B.11.I(. Ha OCHOBe anIIpoKCliMa!lHH 

(2) IIOJIYtJ8HO BHpaJKeH'e r.11 ;rneprHH IIOJIJipoHHOff CHCTeMU B6JIH3H 
OCHOBHOro COCTOJIHHJI II: 

.. ! 

t(i5) = E + ~ +. O(i5~) cs> 
0 t. tlhff · 

IlpHBe.n;eHll 'IliCJISHHHe pesyJILTaTH ,nJIJI C06CTB8HHOH 8Hepr.llH TIOJIJipoHa 

Eo . H 8qq!8KTHBHOH MaCCH m '# , CTipaBe,n;JIHBHe npH JIOOOtt KOH
CTaHTe CBJI3H ttaCT.l!Ull C TIOJieM. 

IloKa3aHO ,n;aJiee, 'ITO HSKOTOpaJI MO,ll;li~HKa.IUi.lI ~YHRQHOHaJILHOro 
BapHanHOHHOro TIO,D;XO,n;a, CBJI3aHHaJI co CJia6HM B03Myill8HH8M TpaeKTO-

• • • • • • I 

PHH KBa3HtiaCTHUH BHSWHHM TIOT8HllH8JIOM, TI03BOJIJI8T oueHHTL 8HeprHll 
CBJI3aHHOro COCTOJIHM IIOJIIIpoHa B CJia6oM BHemHeM TIOJie, He CTIOC06-
HOM paspyumTL ero CTPYKTYPY,•, 0TM8THM, 'ITO 8JI8KTpoH, B3a.HMO~ettcT
BYIJmHll c KOJie6aHHRMH KPHCTaJIJIHtISCKOil pemeTKH, Be.n;eT ce6JI B CJia-
6oM BH8WH8M TIOJie KaR HSKOTOpaJI KBa3HttacTima/c BffYTpeaaen 8Hep-
r.11ei1 E0 .H aqqieKTHBHOit Maccolt Ill~. /I~ . . 

B 8aKJIJOtiea.1:1e ,n;aaaoro naparpaqia o6cyx,naeTCJI ~HaHttecKHtt CMUCJI 
Tipe,n;Jio~eaaoro Bap.11a.rmoaaoro MeTo,n;a. Ilo.n;ttepKHeM, tITo HcnoJILsoBa1me 

B paMKaX T8XHHK.11 WHKQHOHaJILHOro BapHanHOHHOro TIO,I(XO.I(a anTipoKCH-
1,mpYIXl(ero ,n;effcTBHSI BH,I(a· (2) TIOK~miaeT, 'ITO aHaJIOrHtIHO TOMy, KaR 

8TO npon:cxo.n;HT B Teop1rn llOJIJipoHa H.H.EorOJID60Ba, llOCJI8,I(OBaTe.7II,-

6 

i) 
1/ 
:/ 

~} 
1 

HHll YtJ8T TpaHCJIRIUJOHHOll liHBapHaHTHOCTH CHCTeMH TIPHBO,ll;HT It ecTe

CTBSHHOMy paa6HeHHD KOOp,D;HHaTH ttaCTHU!l Ha TPaHCJJJmHOHfIY]D H ipJiyK
TYauHOHffYD ttaCTH. IlpH 8TOM KBaHTOBHe ipJiyKTYauHli KOOP.I(HHaTH ttac
THU!l, o6yCJIOBJIBHHHe ee B3aHMO,n;eilcTBH6M C o6JiaKOM BHPTYaJILHHX ~
HOHOB, OTB8TCTB8HH!l sa o6pa30BaHH8 y ttaCTHU!l onpe,n;eJieHHOtt CTpyK
Typu. B CJIYtiae CHJILHOro 8JI8KTpoH~HOHHOro B3aHMO,n;ettcTBHJI aTa 

CTPYKTypa, KaR BH.I(HO H3 (2), MO,D;8Jl'!PY8TCJillOT8HllHaJIOM OCQHJIJilI
TOpHoro THna, 'ITO yKa3HBaeT Ha KorepeHTffYD npnpo,n;y BSKTOpa COCTO
JIHHJI'CHCT8MH /I5,IG/. 

HcCJie,I(OBaHHe eqqieKTOB, CBJI3aHl:IllX C JIBHUM llpoJIBJieHHSM CTPYK
TYPH IIOJIJipoHa, COCTaBJIJieT co.neplEaHHe BTOporo H TpeT~ero naparpa:

~B nePBQll rJiaBH ,ll;HCCSPTauHH. 
Bo BTOpoM naparpaqie paccMaTp.1:1Ba8TCJI 38,Il;atta O CBJI8aHHOM 

COCTOJIHHH .I(Byx IIOJIJipoHOB, B3aHMO,n;eACTBYDJtHX Tiocpe.I(CTBOM 06MeHa 

KBaHTaM.1:1 CKaJIJipHoro IIOJII{ - ~OHOHaMH. Ha OCHOBe pa3BHTOro B § I 
Bap.1:1aunoHHoro MeTo.n;a OQ8HHBaeTCJI OCHOBHOtt ypoBeHI, BueprHH .1:1 
acpql8KTHBH8JI Macca .I(ByxnOJIJipoHHOA CHCTSMH. HHTSHCHBHOe B3aHMO,n;ettcT
BHe ttaCTHU , ocymeCTBJIIIIlll88CJI TIOcpe.I(CTBOM ~HOHHOro 06MeHa, npH
BO,ll;HT K cymecTBSHHOMy H3M8H8HHll aaepr!:H OCHOBHOro ypoBHSI .1:1 a<p
~8KTHBHOil MaCCH TIO CpaBHSHHD C COOTBSTCTBYDJtHM.1:1 xapaRTepHCTHKaM.1:1 
CHCTSMU 6ea 06MeHHOro B3aHMO.I(effcTBHJI. Bo8HHKantlH8 B peayJILTaTe 
CZJILHOA CBJI3H CTPYKTYPll ~acTHU nepeKpHBaDTCJI, TpaHcqiopMHpyJICL B 
HOByD KBa3HttaCTHUY, 'ITO YKa8HB88T Ha B03MOlltHOCTl> pea.mrnaunn CBOe
o6pasHoro MemKa, 

Ha ocHoBe .n;aJILHellmero o6o6~eHHJI npe,1VI0%eH11oro B § I WHitllHO-
• HaJILHoro BapHa!lHOHHOro MeTo,n;a B'Tp8TL8M Tiaparpaqie H3YtJaeTCJI aa

BHCHMOCTL aMILIIHTY.JtH pacceJIHHJI TIOJIJipoHa BH8WHHM TIOJieM OT ero 

CTPYKTYPH• IloKaaaHO, 'ITO pacceJIHHe llOJIJipoHa Ha CJia6oM IlOT8HllH8JI8 
aqqieKTHBHO CBO.I(HTCJI K pacceJI~.1:11) ttaCTHUH MaCCH 111 ~- , Ha crJia
ZSHHOM IlOT8HQHaJI8 

J . J ➔ - f.] -+ ·1 , ,.. - ('t - 'tt\ vitf('I.) = (2rr_p)3/2 d't1 V( 'Z1) exp [- 2j> • 

r,n;e V li) - BHemHHff noTeHQHaJI, a J - HeKoTopaJI ~YHKnMJI Tia
faMSTpoB· aa,natIJt ( J << I). 0TM8THM, 'ITO cr.mmrnrume IIOTSH!lHaJia 
BCJI8,ll;CTBH8 cymecTBOBaHHJI y ttaCTHUH onpe,n;eJieHHOtt CTPYKTYpH npHBO
.I(HT K aeKoTopoMy TIOBlillleHHD eae pr.1m cBJiaH ttacTHU!l B noJie Y11H (if.) 
TIO cpaBHSHHlll c aaeprzett cBJia.e ttacTHU!l B IIOJie V {ii.) • 
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BTOpasl H TpeTI,JJ rJiaBH ,ItHccepT~H nocrunnemi HCCJie,D;OBaHllD 
TepMO,ItHHa.MHim nOJIJipoHHott CHCTeMH. 

Bo BTOP9it rJia.Be .lrnyt1aeTCR BHCOKOTeMIIepaTy-pHOe IlC>Be,D;eHHe cpe,D;-
Heft :rneprHH H ~eKTHBHOtt MaCCH IlOJIR:poHa.. . 

IlepBHtt naparpaqi co,D;epJEHT IlOCTB.HOBey_3a,Ita'q}J. IlO,D;'tepKHeM, 'ITO 
npH TeMIIepaType KPHCTaJIJia,· OTJIHtJHOtt OT HYJieBOtt, 'taCTHIJ,B. B3al!:MO
,D;ettcTBYeT KaK C BH!)'rYaJII,HHM~,TaK H C pea,JII,HHMH B036yJr,IteIDUIMH no
JIR:, npH'leM HMeHHO BSaHMO,D;eilcTBHe c peaJII,HHMlf ipOHOHaMH np«BO.ItHT 
K YCTaHOBJieHHD B CHCTeMe COCTOHHHH TepMO,ItHHa.MH'leCKOro paBHOBe-
CM. KOTOpoe B ,D;aJII,Heil:meM ~ pacc:uaTpimaeTCSI. IlpH. ey~eBOH 
TeMnepaType Bee· peaJII,HHe ipoHOHH "saMopoxeHH", qlJ!yKTYSU0H TepMo- . 
,ItHHaMH'leC.KHX Ha6JlxlrtaeMliX HC'leSaDT, H nOJIJipoH.OnHCHBaeTCH HeKOT0-
PHM KBaHTOBOMexallli1leCiall4 COCTOHHHeM. B CJIY'lae lite TeMIIepaTy-pll. 
OTJIHtJHOit OT HYM, 3a.BHCIDl!OCTI, cpe.ziHero 'q}JCJia peaJII,IWX ipOHOHOB OT 
TeMnepaTYpH npHBO,ItHT K 3aBHCHMOCTH OT TeMilepaTypH cpe,D;Heft SHBprHH 
H aqqieKTHBaott Maccu rioJIR:poHa. 

HcCJie,D;OBaHHe IlOJIR:p0HHOi!: CHCTeMH npH HeHYJieBOi!: TeMnelfType 
ocymecTBJIHeTCR C IlOMOIItE>D CTaTHCTH'teCfOI cyMMH i=Sp e-t , 
SaMeHJmiteft BrucyyMHOe cpe,D;Hee (ol e- ~H \o) , HCilOJib30BaHHOe B 
rJiai3e l npiI HSyt1eHHH noMpomioro cocTOHHHH B CJIY'lae gyJieBoif 
TeMIIepaTypu. CTaT.HCTH'leCKM CYMMa CHCTeMH IlOSBoJiaeT onpe,D;eJmTI, 
Bee ee xapaxTepHcTHKH, B_ :qacTHOCTH,· cpe,D;HDBlsHepre:1> c 

t =- - 1. ~n S e-tH - S~lH e-tH) . <4> 
~t p - Sp e-t'H 

r,D;e H - raMHJIDTOHHaH cHcTeMH, a 'I: o6paTHO nponopUHOHaJII,-
Ho TeMIIepaType cHcTeMH { 1: : -i/ I( 8 ) 

Bo BTOpoM naparpaqie Ha OCHOBe KOHTHffYaJI!,HOro npe,D;CTaBJieHHH 
;II)IJI CTaTCYMMI,l Z IlOJJY"leHO BHCOKOTeMIIepaTy-pHoe pa3JIOll8HHe 
cpe,D;Hefi aHeprHH cHcTeMH l . B 'tacTHOCTH, HaazteHo To,moe BHpa
Eemi:e ;II)IJI SHeprHH BO BTOpoM IlOPff,D;Ke TeopHH BOSMYJ!leHHA npH KOHe:q
HHX TeMIIepaTYpax. 

TpeTHtt naparpaql nocBJm{eH HCCJie,D;OBaHHD BHCOKOTeMIIepaTypHoro 
noBe,D;eHHH aqqieKTHBHOtt MaCCH nOJlllpoHa. Jtim onpe,D;eJieHHH noJIR:poHHOi!: 
MaCCH npH KOHetJHott TeMnepaType geo6xo,ItHW> nepelTH OT .ltaHOHH
'leCKOro pacnpe,D;eJieHHJJ e.x.p[-tH] , HCllWII>SOBaBlllerocsr BO BTOpoM 
naparpaipe, K 6oJIDmOMY .ltaHOHH'teCKOMY pacnpe,D;eJie.HHll exp(-t(H~~ ~)] 
KOTopoe COOTBeTCTByeT Q1HKCHp0BaHlill cpe,D;Hero HMOyJIDCa CHCTeMH 

8 

( ,,: - 06H'IHHll B 60JIJ,WOM KaHOHll'l8CKOM pacnpe,D;eJieHHll MHOJKHT8JII, 
JiarpaHllta). IlpHMeM TaKllte BO BHllMaHHe, 'ITO npH TeMnepaTy-pe, OTJIHq
HOit OT HYJIH, B CHCTeMe cymecTByDT peaJil,HHe.ipoHOHH, KaK B3aHMO
,D;8ftCTBYDIUie, TaK ll He B3aHMO,D;eitcTBYllll!lle-c 'ta~THUett. 3TH Q10HOHH 
nepeaoca_J onp~,D;eJIBHfIYD ,D;OJIJl rioJIHoro HMTiy.in.ca cacTeMH; o6osHa'IHM 
'tepes Pi cpe,D;H.Hfi HMIIyJII,c, nepeHocH~it H~. Tor,D;a Ha .D;OJIIO 
co6cTBeHHO IlOJIR:poHa OCTaeTCH- HMIIyJII,C · p - pf , TaK 'ITO 3a Macey 
IlOJIHPOHa- npllHHMaeTCH KOSqqJHUHeHT ~ti~ , BXO.IUilllHlt B 'IJieH BH,D;a 
. ( p - p~:)2 / 2111~. B BllpallteHHH ;u;m cpe,D;He~ SHepr1m CHCTeMH. 
3aMeTHM, 'ITO B CJIY'lae eyJieBoit TeMIIepaTypH p ¥ :: 0 I 

C IlOMOilll>D_KOHTHHYaJII,HOro np8,D;CTaBJI8HllH ;II)IJI-CT~TllCTH'l8CKOtt 

c:{MMll l{~) = Sp exp [-t(H-- l p)] onpeEe.IDJeTca cpe,D;IIJlH aHep
rM CHCTeMH KaK Q1YrutnHH noJIHoro HMIIyJII,Ca p • HcilOJII,30BaHHe 
SaTeM aeKOTOpoit npoue,D;ypH BH,!teJieHHH-cpe,IUiero HMTiyJII,Ca peaJII,HHX 
cpoaoHOB pf nosooJIHeT noJiyt1.0T1, BHpaJKeaHe ;u;m ~eKTHBHOit Maces .. 
noJIHpoHa npH Q1llKCHpoBaHHOtt TeMIIepaTYpe. IlpoBe,D;eHO llCCJie,D;OBaHH6 
BHCOKOTeMIIepaTy-pHoro noBe,D;e.HHH STOtt MaccH, KOTOpoe BilOJIHe COOT
B8TCTByeT Q1ll8H'leCKOtt !(apTHHe B3aHMO,D;8iiCTBHH 1IaCTHl:J;H C ipOHOHHHM 
IlOJieM. 

0,D;HOA H8 KJiaccH11ecKJ11X 38,Ita'l B TeopHH IlOJIHpoHa mlJIH8TCH HSY
'teHHe ero noBe,IijlHllH B nepeM~HHOM aJieKTPH'leCKOM IlOJie. OCHOBHOlt 
HHTepec npe,D;CTaBJIHeT npH STOM Bll'IHCJIBH.lle IlO,D;BHlltHOCTH nOJIJipoHa H 
ipyrutnHA OTKJIHKa (HMneJJ;B.HCa H 8,ItMHTTaHca). Cpe,ItH H9IlOJIJ,3yeMHX 
MeTO,D;OB HaH60Jiee Q1YH,ll;aM8HTaJieH IlO,D;XO,D; H.H.EorOJID60Ba, OCHOBaHHHtt 
aa 0606meHHOM_ImHBTH'tecKoM'ypaBHeHHH MeKTpoH4H~HHott cHcTeMH, 
nepexo.n;mneM npH H~8lKalllll)C annpoKCHMauwDC B ypaBH8Hll8 Eo.m,u~ . 
MaHa ;u;m nOJIR:poaa 113•141• _ 

B TpeT1,ei!: rJiaB8 .n;~ccepTaUHH H3ytlaeTCH peaJtUH!J ~OJIR:poHHOit 
cHcTeMU npu KoHe'IHOtt TeMIIepaTy-pe_aa nocTOHHHoe aJieKTpuqecxoe noJie. 
He CTaaH ·sa.n;a-qy O Haxo:ameHHH IlO,D;BHHOCTH HJill ipyHKUHl( OTKJIHKa, 
MS HHT~pecyeMc.si,c,D;Blll'0}4 cpe,D;HettaHeprHH -CHCTeMHBCJie,D;CTBll8 ee 
BSaHMoJJ;ettcTBHH c BHemHHM nOJieu. B CJia6mc nOJIJDC perutUHD cHcTeMH · 
MOlltHO_OnHCaTI, B TepMHHSX IlOHBJI8HHH y IlO.IDJpoHa.MaCCli, 3aB.llCJllll8ll 

. - •. ·; ,, ' ' . 

OT TeMIIepaTyps. .. . .· 
B nepBOM naparpaqie CllCTeMa, onpe,D;B.IDJ8MM raMHJ1h~OHHaHOM 

. .-··· , . ·. . 

H(E)"= H :.~ E:~ 
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( H - rawtJU,TOHHaH nOJIJipoaaoii cscTeMH (I), a E - HaJioEeaaoe 
8Jl8KTpH~ecKoe nMe),HCM8,Dy8TCH no TeopHR B03MYlll8HRH B npe.n;nMo
E8HRR MaJIOCTR KOHCTaHT~ CBJISH ~aCTHUU C noJieM. 

Ha OCHOBe KOHTRffYaJII,ll~ro npe.n;cTallJI8HRJI ~ CTaTHCTH~ecKon· 
C-yMMil 1l(E): Sp e-i' H(EJ nOJIY118HO BUpaE8HR8 ~ cpe.n;aett aaep
rss l ,onpe.n;eJI.11eMOll cooTaomeHReM (4). IloKasaao, ~To c.n;BHr 
cpe~en aaeprHH B Ma60M BH8mHeM nMe MOllCHO HHTepnpeTHpoBaTL 
KaK M8.ltCTBH8 noSBReHRH y nOJlllpoHa Maccu ltl, , 38.BHCHIIl8ff OT. T8M
nepaTypu. IlOJIY118HO HBH08 BUpallteHRe ~ aTOil MaCCU, cnpaBeWIHBOe 
npH JIOOHX T8Mn8paTYpax• 

Bo BTOpoM naparpaipe Ha OCHOB8 <pyHKUHOHaJII,HOro BaPHSUHOHHOrO 
M8To.n;a,paSBHTOro B nePBOll rJ18.Be ~CC8PTSUHH, .n;aeTCH Oll8HKa MaCCU, 
onpe.n;eJI.11eMoll no C'ABHrY cpe~en aaeprHH, cnpaBeWIHBM B o6JlacTR 
Jlil6HX SHa~eHRn KOHCTaHTU CBJISH ~aCTijUU C (p()HOHHUM noJieM. B ~acT
HOCTH, B npe.n;eJILHOM CJIYllae Ma6oro 8Jl8KTp0H-(p()HOHHOro BSaHMO.n;ettcT
BHJI BocnpossBO'AHTCH pesyJILTaTu npe,IUij]yillero naparpaqia. 

0TM8THM, ~O Macca f1t , onpe.n;eJllleMruI Iio C'ABHrY cpe~ell 
aaeprHH nOJlllpoHHOi!: CHCTeMU B Ma60M noJie, pasyMeeTCl!, OTJIH~aeTCH 
OT a~eKTHBHOil w.accu nOJIJipoHa, BBe.n;eHHOi!: B rJ18.Be TI, T.K. BHem
aee rioJie ··n~CTByeT" CYD18CTByn1nrn B Cl!CT8M8 peam,HUe qJOHOHU. 

B Tp8TL8M naparpaipe npoBe.n;eHO CpaBH8HHe MaCCU ltt, C a~eK
THBHOil MaCCOft nOJlllpoHa m,# , onpe.n;eJI8HHOft HS TepMO~H~8CKHX 
COOTHOmeHRll. 

B 3aKJ!DtI8HHH KpaTKO nepe~M8HU OCHOBHUe pesyJU,TaTu, IlOJIY
~eHHUe B ~ccepTSUHH. 
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