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OBllAH XAPAKTEPHCTI1KA PAEOTU 

A}STVBJipHOQTe Tew 
Pa3BBTR8 !pll3RIW: npOBO,ItlllllWC noJmMepoB B llOCJie.IWee Jl8CRTW10Tl!e 

B H8M8JIOI CTeneHB CM38HO C B3f'i8W!18M nomraueTwrena. ~TOT npOCTett
md ~efhwtt noJIEMep 06.lla,naeT ueJiliM p!IAOM npl!MettaT8Jll,HliX CBOICTB. 
H HOpMBJII,HliX YCJIOB:W:OC llO.llBaue~eH Jll3JlfI8TCJI xopomm.i: ,IUlaJl8KTpllKOM • 
0,AHBKO npK JiernpoBamm RMeeT MeCTO peaxoe B03pacTaHKe npoBOJlllMOCTR 
B~OTL JlO nonol MeTaJIJm3al.l,1D4. 3TO o6yCJIOB~aeT nepcneKTRBH npaK
T.ll1I8CKOro BCllOJIL30BaHl!lll llO.llliaU8THJieHa B Ka'i8CTB0 Jiernoro MeTaJLlIB. 
3Kcnep:1:WeHTaJII,HO YCT8HOB.ll8HO, 'iTO 'iaCTRU8ll0Jl06HHe B036yz,Iteliltll B no
.llRSU8TWieHe RM8DT neo6wnwe COOTHOW8W!l.ll 38PRAS B crnma, a ltM8HHO: 
aapsmewme HOCBT0JlB .flBJIIWTCJI 68CCllBHOBl:lMR, Tor.na KaK aelTpaJII,Hli8 
RM8DT cURH S = I/2. C ytlSTOM KBa3BO.IWOMepHoro xapaxTepa ueno'ieK no
JllUlll;eTwrena,aToT H Jlpyrae axcnepRMeHTaJ!.bHHe dlaKTH npeJlCTaBJlllllT 6ora
Twt MaTepnaJI ,ItJUI TeopeTR'iecxoro H3f'ieHIDI JlaHHoro o6paaua. 

Teop8Ta'iecxoe OllRC8W!l8 IlO.llRSUe~eHa CYIIl8CTB8HHO OllRpa8TCJI Ha 

ABS rmIOT83ll: 
1) ,IUlaJI0KTpR"l8CKR8 CBolcTBa llOJWaU8TWI8Ha MOllHO o6~CmtTL,C"lll

TaR ero ,IUl3JI8KTpmtOM Ilalep.nca; 
2) OCHOBHYJ) COBOKYllHOCTL 3KCU8pl!M0HT8JILHHX ,llaHHllX MOJWO OllRCBTb 

Ha OCHOBe KORU8UURR Ha.lilf'lltH B HeM TOllOJIOrH'i0CKRX CO.llBTOHOB. 
06a 3TB npeAUOJI0&8H.Hll HaW.llH 0Tpa&8W!l8 B O.IWOM8pHOI ,IOllCKpeTHOI MOJl8-
JlB CnmHOI C:wt3H Cy, llipK(I$lpa, XBrepa. B H8CT01111!80 Bp8Mil OCHOBlWM 
o6~eKTOM T80p8TK'i8CKOro BCCJI8Jl0Baliltll il.BJill8TCR B3J'i8IDl8 ~3H'l8CKKX 
cJieJlCTBBI .IOllCKpeTHol MOJl8JIB Tpanc-no.llKaueTHJieaa Hee KOH1:Ji!HYBJII,Horo 
BapH!lllTa, a T8K1t8 8Ha.llK3 !pll3B'i8CKBX CBOICTB CO.llBTOHOB B BWlCH8wt8 
RX poJIB B !pll3HR8 llOJIHBU8TWI8Ha. 1l 3TOtt -C:wt3H 60.lll,IIIOR IIHT8pec Bll3ll
BaeT HCCJI8JlOB!lllB8 3(1$lKTOB, BllXOJllllltHX 38 paMKR npocTelmel M0,1l8JIB 
CWILHOJ! C:wt3lil! J'i8T M8&3JI8KTpOHHOro B38HM0Jl0ICTBIDI, 3(I$JKTOB CM3Jl 

Me&ltY U8UO'lltaMI,!, BJIBallH8 npHM8CH )[ T.n. 1.1 ttaCTHOCTR, BEIJ!B08 3B8'i8-
W!l8 llK88T B31'i8W!l8 3\llI)8XTOB, C:wt38HHHX C HapJ1118HB8JII 3Jl8KT,POH-Jlll,PO'i
HOA CDIM8TPKB BCXOJlHoro r8AOl.1ll,TOW!18Ha. llpyrHM BliltHliM nanpaBJI8Hlll8M 
aBJIR8TCJI HCC.ll8JlOB8Hlll8 CBOl!CTB COJIHTOHHllX B036yQeHd C Y'i8TOM peaJIL
HOI JlBH8MBml 41<)HOHOB. 



~OllOJIHl![T8JU,mdt RHTepec o6ycJlOBJl8H SH8JlOI'l!81148l!AY iflH3:l!'l8Citmm 
CJI8,ltCTBWDm KOHT.llliY8JU,HOtt Mo.nema: TpaHc-noJmaneT.l!JI8lia H ~yuepma 
(I + 1) uo,ne.ne:it KBaHTOBoff Teopmi: noJIJi. Bsammwt HHTepec npe.ncTaBJI.11-
eT H3Y'!8HH8 CTPYKTY.PH OCHOBHOro COCTOJIHHSl ll,PH KOH8'lliliX 3Ha'I8HWIX 
T8MIIepaTY.PH H XJDm'Iecxoro noTemni:am, iflH3:l!'lecKHi cBottcTB coma:TOHOB 
JI HCCJl8,ltOBaHHe TaKoro BW!Woro 3qxileRT8 1 RaK ,lij)06Jl8HH8 ipep.mOHHOro 
tmCJia B llOJI8 COJlllTOHa. B llOCJI8~8 ro.ttH H8M8'!88TCJl T8H,ll8JmWI It B3aH
MOllp0HHKHOB81DW B,Itett H M8TO,lt0B iflH3HlGI ROH.ll8HCHpOBaHHoro COCTOJIHHJl 
H KB8HTOBOtt T80,PHH llOJill. 

lleA pa6oTp 
~ OllHcrume .ItHCRP8THOfl MO,nema: TpaHC-llOJIHaneTHJieHa B paclllHpeHHott 

CX8M8 C.ILIII,HOtt CBJI3H. 

- IlOCTp08HH8 KOHTRHYaJlliHIDC ypaBHeHHtt ,l03D8HRS: MO,nema: TpaHc-no
JUianeT.l!JI8Ha c Y'!8TOM .IU!liaMHltl'I pemeTD H n pemeHHe. 

- .Bll'mc.neue iflH3H'I8CIGDC xapaRT8pHCTHlt COJDITOHOB C Y'I8TOM sqxI:ex
Ta .mm.zeHliIJl COJDITOHa. 

- H3y'!emte CTPYKTYPll OCHOBHOro COCTOJUmll ~yuepma (1 + I) MO
.ne.nett XB8HTOBOl TeopHH llOJill C Y'I8TOM KOH8'Imtt 3Ha'I8HHI T8Mll8paT.YJ)l,l 
K JlDLll'l8CKOro llOT8HIJ;ll8Jia. 

- BHtmCJI8HH8 3a,Pli..Il;a COJmTOHa B MO,nema: ~YJCBTOWWX llOJIHM8poB 
ll.Pll KOH8'IHOtt T8MII8paType JI XltMH'!8CKOM llOT8HIJ;llaJle. 

HarmM HOmI3Ha I npagnrwcisaa ll8HHOCTp pa60Tij 
Bll8PBll8 HCCJl8,ltOB8Hll .ItHH8MH'I8CKH8 CBOlCTBa ROHTHHY8JII,HOI MOl8JlH 

TpaHC-llOJIHaq8'1'U8Ha I llOJIY'I8Hll COOTB8TCTB.YD!IH8 ypaBHemm H HaibteHll , 
pemeHHJI ~ ~CJl CO.IlllTOHOB. 

BnepBll8 B pail(KaX C&MOCOrJiaCOBaHHOl cxei,m BHtmCJJBHll ~Jil3:l!'l8CKH8 
xapaKT8pHCTH1Gt ~Dylill!XCJl COJIRTOHOB. 

BnePBue npoBe.neH aHaD3 M8lt30Hmtt 9f- :Jr" -nepexo.noB B pacllllit
peHHol .MO.zten C.ILIII,HOtt CBJI3H TpaHC-llOJIKaneTU8H8, YtmTllB8Dl!8it .l{OllOJI
HHT8Jll,H08 BJmlllme HHTerpaJioB nepexpllBaHliIJl He6.mmait111Hx coce.nel H Ha 
3TOit OCHOBe· ~o 06'bJICH8HH8 3KCll8PHM8HT8Jll,HllX ~HHWC no HeynpyroMy 
paCCesmHI> 3Jl8RTpoliOB. 

Bnepmie H3Y'!8Ha CTPYKTypa OCHOBHoro COCTOJllWi tJ - oO MO,lt8JIH 
rpocca-HeBe llJ;H KOH8'IHOM 3Haq8HHH XBMlt'I8CKOro llOT8HIJ;ll8JUI H ~yuep~ 
HOl (1 + 1) Mo,neJIH cp 11 C lpep!4i!OH8Mll ll,PH KOH8'Imtt 3Ha'I8HHJIX T8M
nepaTypll Jil XJIMZ'lecxoro llOT8HIJ;llaJia. Ha 3TOtt OCHOB8 HCCJle'AOBaHO llOB8-
.1{8HH8 B8JIR'IKHll 3a,Pli..Il;a, JlORaJIH30B8HHOro Ha COJIHTOHe. 
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Aupo6aUM DccepTamm 
P83YJII,TaTll, llOJIY'I8HHll8 B ,ItHCCepTarnra, ,ltOKJia,lUil38JIHCI, JI o6cylll',ll;a

JIHCI, Ha cewmapax RaOopaTopHH TeopeTJ1qecxoa gJH3HKH 06~e,IU!lieHHoro 
JIHCTRTYTa a,nepHllX HCCJle,noBaiml, 6wm npe,ncT8BJI8Hll Ha ill Melll',ll;Yliapo.n
HOM CJIMll03HYM8 no H30paHlillM npo6JI8MaM CTaTHCTJlqecKOtt M8XaHHKH (llY6-
Ha, 1984), aa Bcecol03HOM ceMHHape "HeJmHelliue BoJilill" (KaJmHHHI'pa,n, 
1984), Ha I H Il BcecOJ03HllX pa60'!HX COB81118HIDIX "Teo,PWI COJIHTOHOB H 
IlpUOlK8HRII11 (l.LYOHa, 1985; lqpMaJia, 1986), Ha BceCOXl3HOH KOH(!l8p8Hll;lm 
"CoBp8M8Hlill8 npo6JI8MH CTaTHCTJlq8CKOii q.M3IDW" (RLBoB, 198'7). 

Ily6mamm 
Ilo peayJII,TaTaM ,ItHccepTann:n: ony6JIHKOBaHo ,necRTL pa6oT. 

06'I>eM oac)orn 
~ccepTamm COCTOHT H3 BBe,neHHR, Tpex rJiaB H 3aKJIJDqeHHR. Co,nep

DT 85 CTpaHHq MamHHOllHCHOro T8KCTa, 16 pliCYHKOB. fut6ma:orpa(llliqecKHii 
CimCOK JIHTepaTypll BKJIIO'I88T 89 CCllJIOK H f:14 HaHMeHoBaHHR. 

Conew@e pa6oiu 

Bo BB8Il8Hmt npe.ztCT8BJI8Hll OCHOBHlle q.M3HqecKHe B,IteH, llOJIOlK8liHli8 
B OCHOBY MO,ne.nett, HCCJl8.l{y8MllX B,l{HCCepTanHH. 06cylll',ll;a.llTCJl OCHOBlill8 
HBIIp8BJI8HHJl Teop8Tl!'l8CKOro HCCJI8,llOBaHHR M0,lt8JIH TpaHc-no.mm~eTHJieHa 
H pe3yJII,T8Tll, llOJlY'I8HHll8 It HBCTOIIDISMY Bpeueim. KpaTKO H3JIOll8HO co
,ll8plltaHH8 .l{HCC8pT8nn:H. 

rJIBBa I llOCB/!IIl8Ha paCCMOTpellllll OCHOBHllX iflH3H'!8CKllX xapaKT8pRC
THK TpaHc-no.mmneTXJ18Ha H H3Y'!8Hm:l CBOAc;B .ItHCKp8THOtt MO,ll8JlH, npe.n
JIOll8HHOI ~ ero OimCaHHR. 

B § 1,paCCMOTpelill iflH3!KO-xmm'I8CKH8 CBOttcTBa no.11HaneTHJieHa. 
Ilpe,nCT8BJI8HH OCHOBlille 3KCll8pm,!8HTSJII,Hll8 .naHHHe no 3JI8KTPH'I8CIGIM, l\4!lr
HHTHHM, TpaHCllOPTHHM CBOICTBaM o6paanoB Tp8HC-noJIHaneTlJJieHa H ~Ha 
HX iflH3H'!8CK8Jl HHTepnpeTaIJ;Wl H8 OCHOB8 COJWTOHHO:it KapTHHll. 

B § 2 H3Jl0ll8HH H8ROT0plle pe3yJII,TaTli, llOJlY'I8HHll8 Ha daae raMH.lll,
TOHHaHa MO,ll8Jm TpaHc-noJmaneTHJieHa, np8MOZ8HHOro Cy, lllpH@lepoM, XB
repou. B XB83HKJI8CC:l!'l8CKOM no pemeT01llWM CT8ll8Hm4 CB060,ttH n,PHdJimlte
HHH DOJIY'I8Hll .l{HCKP8Tllll8 ypaBHemm ,l03D8Hl1Jl H YCJIOBH8 CaMOCOrJiaCOBaimiL 
HCCJI8,llOB8Hli CTPYKTYpa OCHOBHoro COCTOJIHHJl H (Jx>HOHHHI cneKTP JlO,lleJIH. 
06c~DTCJl COJlHTOHHH8 pememm H me CBOffCTBa, a TSRE8 p0JII, COJIR'l'OHOB 
B iflH3mte no.11HaneTXJieHa. 

B § 3 HCCJI8'AOB8li8 pacmHpe.HHaS MO,ll8JII, CHJll,HOI CM3H TpaBC-DOJDl
aneTHJieHa, Y1UITHBSDIIEIJI HHTerpami uepexpuBamm: He6.mmalmJIX coce.nel. 
.Bll'mCJleH 3~8KTpomml 3B8pr8TH'!8CKHI Cll8KTp H llOCTp08HH BOJIBOBH8 

3 



<l>YHlUl;ml OCHOBHOro COCTO.rumR. BwmcJieHa npo.ItOJII,Haa ,IU!3JI8KT,PR1i8CKM 
npommaeMOCTh, aaBHCJilltaH OT BomoBoro B8KTOpa H 'l!lCTOTbl H nocTpoeHa 
o6JiaCTh norJioll!emm, o6ycJioBJieHHM M8Jlt3Omtm.m 51-51~ -nepexo,na.MR. Ilo
RB3aHo, qTo Ha OCHOB8 pa3YMHOtt Be.mttmml mi:TerpaJia nepeKplalBamm BTO
pwc COC8.It8ff MOlltHO O6'1,JICHHTh 3KCDepRMeHTBJll,.lili8 lt8HHU8 no 9JI8KTPOHHliM 
IlOT8p!IM B TpaHC-DOJmaueTRJieHe. 

r.11aBa Il IlOCBSDlleHa H3yqeHmO ,IUWa~ecrn aifqleKTOB B KOHTRHyaJII,
HOtt MO.It8JIR TpaHC-IlOJIRaU8TWI8Ha. 

B § l IlOCTpOeHa KOHTRHYaJihHM MO.It8JII, TpaHC-DOJIRBU8TRJI8Ha C yqe
TOM peaJihHOtt ,llWI8MRKR qx>HOHOB. IlOJIY'i8Hli ~ecKRe ypaBHemm MO
.IteJIR H B .KBa3HCTam'!eCKOM npe.IteJie Haitll;eHU liDC pememm B Bl'l,!l:8 .ltBDY
lllliDCCH COJIHTOHOB (KRHK, IlOJllipoH). O6C~8TCH H3M8H8HB8 3JI8KTpoHHoro 
cneKTpa B npHCYTCTBBR COJIRTOHOB. 

B § 2 Bbl'WCJI8Hli OCHOBHU8 qlil3~8CRlI8 xapaKT8pHCTlitKlil JtBmt.YlllRXCH 
COJIRTOHOB (38pll,It, Macca, 3HeprM POJQt8HM, 3JI8KT~8CKB8 llr!OM8HTbl). 
IlOK838HO, qTo aifqleKT .ltBll8HM COJIRTOHa npRBO,IU!T K CYJll8CTB8HHOtt MO,IU!
qiBK8neR ero qlil3HqecKHX xapaKT8pHCTRK. HcCJI8~8TCH poJih noJIR:poHOB B 
qlil3BK8 DOJIB8U8T.IILJI8Ha. 

B § 3 noJiyqeao BupaxeaHe JJ,1Iii .ltliIH8MRqecxoro CTPYKTypaoro ~KTO
pa COJIRTOH8 H HHT8HCRBHOCTR Heynpyroro paccerunm CB8T8 Ha raae COJIR
TOHOB B no.mmneTJIJI8H8. HcCJI8.ltOB8HO.DOB8.It8HB8 napaM8TpOB neHTpaJII,Horo 
mma, o6yCJIOBJI8HHO8 COJIRTOHHW.f BIUI8.ItOM. 

r.naBa Ill IlOCMll!eHa HCCJI8,ltOBamm CBOICTB JtB]Mepmoc (l + l) Mo-· 
.lt8JI8I KBBHTOBOtt T8Opmi: IlOJill npH KOH8"llll:lX 3HaqeHJi!UDC TeMJiepaTypu H 
Xl!MJilqecxoro noTeHlll!aJia. 

B § l npRB8.It8H JiarpalUQlaH MO.It8JIR rpocca-HeBe. IlOKa3BHO, qTo 
npg N = 2 MO.It8Jlh rpocca-HeBe aKBRBaJieHTHa ItBaancTaT~ecKoMY. npe
JteJiy MO.It8JIR TpaHc-noJIHaueTRJieHa. B O.ItHODeTJI8BOM npH6JDDl[8mm DOCTPO8H 
aifqleKTRBHlitt DOT8HUH8JI MO,lt8JIR npH KOH8~1,IX 3Haqemmx T8MnepaTypH H 

xmmqecxoro llOT8Hlll!8Jia ~pMBOHOB. HcCJI8.ltOBaHa CTPYKTypa OCHOBHoro 
COCTOJUmll MO.It8JIR rpocca-HeBe npH /'I - 00 • O6c~eTCH BO3-
llr!OlWOCTh HCllOJII,3OBaHIDI noJiyqemrux pe3yJihT8TOB B qlil3RK8 IlOJIRaueTRJie
Ha. 

H § 2 npRB8.It8H Jiarpa1wmH .ltBYM8PHOI MO.It8JIR <f~ C ~p.n!OHaMB. 
B npg6JmJtemm CJia6ott CBH3H IlOCTp08H aifqleKTRBHlitt noTeHUBaJI MO.It8JIR 
D.PB KOH81iHWC aaaqelll!llX T8MIIepaTypu H XHMK'l8CKoro DOT8HUBSJia. HccJie
.ItOBaH8 CTpyitTypa OCHOBHOro COCTOllllllli MO.It8JI8tt cp~ B 'P~ C <f>epmtOHa
MB. IlOKa3SHa BO3MOXHOCTh npRJIOX8lUUl llOJIY'i8liHWC peayJihTaTOB K ODBCa
mm cTpyitTYJ)Horo <flaaoBoro nepexo.Ita B diila:ime KOH.It8HCHpoBamn.oc cpe.It. 
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B § 3 paccMoTpeH S<W)eKT .Itp06Jiemm ~pMBOHHoro 3apH,IJ;a B Ilpl!CYT
CTmm COJIRTOHa, Ha npRMepe MO.ItBJIR JtByxBTOMHWC IlOJIRMepoB, O6O61ll81II18I 
Bee paccMoTpemme B .ztHccepTanwt MO.IteJIR. BwmcJieHa BeJmtmHa aapima, 
JIOKaJIR3OBaHHoro H8 COJIRTOHe, H H3Jq8HO noBe.IteHRe aapima npH KOHeq
lWX 3Haqemmx: T8MII8paTypu H XlWR'i8CKOro IlOT8HURaJia • .Zuma qiB3Bq8CKM 
HHTepnpeTamm IlOJIY'iBHHlilX peayJII,TSTOB. 

B saKJl!Jttemm Cqx>pMyJIRpoBaHU OCHOBHU8 peayJihTaTbl, DOJIY'i8HHbl8 
B ,IU!CCepTanwt. 

Ocgomme peavm,taTu, noJifieHHHe B .m,;cceprnmm: 
l. IloJiyq8Hbl ,IU!HSMB1i8CKll[8 ypaBHemm MO.It8Jm TpaHC-IlOJIH8U8TWI8Ha 

B KOHTRHYSJihHOllr! DPR6mmemm H aait,D;eHbl RX COJIRTOHHll8 pemeHR!I. 
2. BwmcJieHH OCHOBHH8 qiB3Bq8CKR8 xapaKT8pRCTHKH JtBIDJCYll!HXCH co

JIHTOHOB. 
3. BwmcJieH ,IUWaMHqecKBtt CTPYKTYpHl',ltt <I>aKTOp COJIRTOHa B MO.It8JIR 

TpaHC-DOJIRaU8TWI8Ha H RHT8HCHBHOCTh p~cceaHHoro HS raae COJIRTOHOB 
CB8Ta. 

4. PaccMoTpeHa pacnmpeHHaa Mo~eJII, CHJihHott CBH3H TpaHc-noJIHaue
TRJieHa. IIo~eHa . o6JiaCTh norJIOll!8Hl!JI, o6yCJIOBJI8HHM M8X3OllllblMlt Ji - JI,. 
nepexo.ItSMB c yqeroM HHTerpa.JioB nepeKplalBamm BTopb!X coce.1tett • 

s.· BHqncJieHO KPHTHqecKoe 3HaqeHHe XBMHqecKoro ITOTBHUHaJia B MO
.It8JIH rpocca-HeBe )I,11il /1/ - 00 , npR KOTOpOM npOHCXO,IU!T CDOHTaHHoe 
HapymeHBe CHMM8TPRH• Iloxaaauo, qTo no WIOTHOCTH CBOOO.ItHHX ~pMl!OHOB 
HMeeT MeCTO <f>a3oBw! nepexo.It nepnoro po.1ta. 

6. HccJie.ItoBaH <f>a3OBbltt nepeXO.It C BOCCTaHOBJI8HH8M CltMM8TPRH B 
.ltBYM8PHOff (1 + l) MO.It8JIH 1()4 C ~pMl!OHBMH H BliqnCJI8.lili KPRTBq8CKH8 
aHaqem,m TeMIIeparypa H xmmqecxoro noTeHURaJia. 

7. HayqeHO IlOB8.It8HH8 3aps!JU3, JIOKaJIH3OBaHHoro Ha COJIHTOH8, DpR 
KOH8'llWX 3Haqemmx TeMIIepaTypb! H XilMl'lqecKoro IlOT8HD;aaJia B MO.It8JIH 
JtByxBTOM!WX IlOJIHMepoB, 8 TaKllte B MO.IteJUIX rpocca-HeBe H t.p
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