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Bnep»He B HB8HTOBO~ CT8THCTMqecHO~ uexaHMRe RH8CTepHHe pas

HOEeHHH 6HXH BBe~eHH KaHOM H YneH6eKOU [1] H C ycnexou npHUOHH

DTCH ~0 H8CTOB~ero BpeueHMo ~HTepeCHHe pesyHbT8TH npH MayqeHHH 

KH8CTepHHX CBO~CTB KOppeXBUHOHHNX ~YHKUHI nonyqeHH T8KEe H ~XH 

KHSCCHqecRHX raSOB (2] • B H8CTOH~e~ pa6oTe HCCHe~yeTCH Ha OCHQ

Be cTpororo uaTeuaTHqecKoro ueTo~a, paspa6oTaHHaro B [3], cnaao

BSH UO~eXb C raUHHbTOHHSHOU KH8CTepHoro THna, yqHTHB8D~HM HSpH~ 

C napHHU B38HMO~elcTBHeU cne~~He qxeHH paanoxeHHH SHeKTPOCTS

THqecHOrO B38HUO~eiCTBHH SXeKTPOHOB, OTBeTCTBeHHOrO 38 uarHe

THSU [4] • B pa60Te [s] OOR838H0 1 qTO qneHH ENCmHX nopa~ROB ~8DT 
U8HHI BRH8~ npH YCXOBHH M8XOCTH nepeKpHB8HHH BOHHOBHX ~YHRUHI 1 
OnHCHB8D~HX COCTOHHHH SXeKTpOHOB B yanax RpHCT8EnHqecKOI pemeT

KH. 0~H8KO yqeT STHX qneHOB UOZeT OH838TbCH BSXHHU B 06XSCTH 1 

r~e Cy~eCTBOHHO KOOnepaTHBHOe OOBe~eHHe CHCTeUH: npH ~830BOU 

nepexo~e. Kpoue Taro, Boauozau H ~pyrae cnyqau, Ror~a npeACTaB

HHDT HHTepec qxeHH KX8CTepHoro THOBe 

TaK, UHOrOCllHHOBOe BS8HMO~eiCTBHe UOZeT BOSHHKHYTb npH yqeTe, 

CBHBH COHHOBNX H pemeTOqftNX CTeneHeM CB060~H, T.e. CllHH~OHOH

BOrO Baaauo~elcTBHH. B pa6oTe(6] 6uno noKaaaHo, qTo ecna orpa

aeqHTbCH nepBHU nopa~KOM pasxozeHBH o6ueBBoro HBTerpana no cue

•eBBHM, TO BOSBBK8~He B raUBXDTOBH8Ke qneKH 1 OllMCHB8D~He B38HUQ

~eiCTBHe CnMBOBHX a toBoHRHX no~cHcTeu, uoryT 6HTb XHRBH~HpoBa

HH K8HOHHqecKMU npeo6paSOB8HHeU, CXO~HHM C TeU, KOTOpOe 6HXO 

npe~XOZeBO B[7J ~H O~HOUepHHX CHCTeu. 0~H8KO B ~ByX»epHOU H 

TpexuepHOM cnyqaHX STO npHBO~HT yze K llOHBXeHHD B raUHXbTOHHSBe 

•qeTBepaoro• Baaauo~eloTBMH ue~y cnHaauH - cBoeo6paaaoro Knac

tepaoro B88HUO~eiCTBHHe 
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IToKa~eu ~aTeuaTHqecKH CTporo, Hcnon»aya no~o~ H.H.EoronD-

6oaa(un.)[8], qTQ CnHHOB8H UO~en» C raMHR»TOHH8HOU KR8CT6PHOrO 

THna uueeT TOqHoe peweHne B c~cne o6wqHoro npeAen»Horo nepexo~a 

CT8THCTHqecKoi uexaHHKH V- 00 • liOROliHII V =N 
1 

H ){JIH. Toro, 

qT06H 8RU6HTHpOB8T» BHHM8HHe Ha cy~eCTB6HHHX MOUeHT8X
1 

A6T8n»HO 

paa6epeu cnyqail HnacTepHoil uo~enu HaHHra. AHa aHanornqHoil uo;lleJIH 

reilaeH6epra uccneAoBaHue ycnoxHHeTCH rpouoa)tKHuH anre6pauqecKHMH 

BHKR8AK8MH 1 o6ycnoBneHHHUH KOMIIYT8UHOHHHUH COOTHOWeHHHUHo 

raMHJI»TOHH8H KJI8CTepHOH UOA6JII1 Vi3HHra 38nHweM B BHAe [ 4] 

"'z~ \"' ... Z.i z 
H =-)4h.J; J; -~ rbJJ~ .G{JJjJ.J· .. J~)~~~ .. ·~~· (I) 

t-i. n I. j,, .... .;ln. 

r].le h- DHemHee none 1 )A - MarH~THbiH MOUeHT 1 st - 2 - KOUUQ

H6HT8 cnHHa B L- 011 yaJie. raMl'IH»TOHHaH HHB8Pirf8HTeH OTHOCMTeJibHO 

OTpaJieHHi! s:--s: (h.=O) 1 ToKo K118CTepH COCT8BReHH H3 qeTHOrO 

qucna CnllHOllo .1( - qHCJIO KJI8CTepoB, CYMIIHPOB8H.IIe npOH3BO].IHTCH no 

KOM611H8ni1HM He pallHHX ;llpyr ;llpyry .IIH].16KCOB (cu.[4]). MH 6y)teu 

paCCM8TpHB8Tb CJiyqai! ].18JibHO)tei!CTBllft C 0].1MH8KOBOi! HHTeHCHllHOCTbil 

].IJIH Jiil60Ja napbl B38HMO;lleiiCTBYillllllX Clli1H0llo 

06oaHaqHu 

Nln.-1.. . . . 

~n. = (2n.-t.>l G{)~.,J2., ... ,JJ.n..); J:J;.n./~1< oo. <2> 
• N 

!Acnonbaya onepaTop S :::j_L. S.2 H (2), rauHJIDTOHHaH 
N i.:t c. 

(I) MOXHO nepenHC8Tb B BH].Ie 
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H = -,J-fhJfs - .)( E .:1.s.z,. (3) 
~t•J.. Zn.. • 

rauHH»TOHH8H annpOKCMIIHPYilllleH UOA8JIH Ho llOCTPOMII B COOT:B8TCT-

~HM c ocHo~HYUH npHHUHnauH cauocornaco:saHHoro (uoneKynapHoro)no

na, paCCII8TPMB8ft B38HMO].IelCTB~e OAHOrO CllMHa CO BC6U OCT8RbHHII 

KOJIJI6KTHBOU CllHHO~ B K8XAOII qneHe KJI8CTepHoro B38HUO].I6HCTBMH ny

TeU BBe)teHHH H6KOTOpOrO 3~8KTMBHOrO llOJIH ~~. 1 38BMCH~ero OT 

qacna KnacTepo:s. llpH aTOM ~ raunn»TOHHaHe H :auecTo qneHa, onM

cw:aamlllero ~aauuo~eicT~Me ue~y cnuHaun 1 npo1.1aae~eu CJieAYillllYil aa-

" ueHy: \iJHKCMpyeu cnMH S,· 1 a ace ocTaJI»HHe (2n.- f) cnuHoB a KaJK-
~· A 

)tOll KnacTepe aaueHaeu Ha C -t~mcnal T.e ...... 0~···liN~··· C14· !iJ~, 
J.1 ~o6a:BJIHell qneH ) ci/.~ ... C: C; ... ci . (S;. - C;.) I co~ep~8lllMH 

~j"''ll. • a•~ a~H. elbl. at.. "' 
OCT8BWJ.16CH (2n.-J. CllHHOB 1KOTOpbila 1 K8K 6yAeT llOK838HO HHlK6 1 ].18-

eT HyneBOH BKR8)t B 3HeprHID annpOKCHMHPYillll6M CMCT611H. ViHHUM CROB8-

UH1 raUHJI»TOHH8H flo nOCTpOeH T8KMM o6pa30M 1 qTQ K8X].Ib1H 1.13 CnHHOB 

KR8CTepa B38HU0){6HCT:ByeT C OCT8R»HHUH 1 K8K C ~ -qHCJI8UH 1 HO 

~KJI8)t B 3HeprHil nonyqaeTCH He paBHHU HYJiil JIHWb OT O].IHOrO CnHHao 

B peayn•rare, c yqeroK nonHol ~eHruqHocru acex cnuHoa, an

npoKCHUHPY~HM rauHRbTOHH8H HUeeT ~H].I 

X ' 

H. = - h¥f . .N.s- }I[; #Jt. c.zn. ~ (4) 

~ 

r;il6 ~=it - .iu_ 1 8 ~'¥f. =;;uh. +J; :{CU.-~ (5} 

KaH H3BeCTHo(3] 1 ~a rauHJibTOHHaHa TepuOAHHauaqecHH 3KBHBa

JieHTHH, ecJIH B npe)tene V =.N - oo onpe;L~eJIHeuble HUH nnoTHoc

TH CB060].IHHX SHeprHA COBn8].18DT. B STOll cnyqae IIOXHO SCHMllTOTH-

qecKIII TOtiHO (npH .)/- oo) llOCTpOHTb CB060].IffYil SHeprHJl C~CT8Ulilo ( 
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IlOK8lieAI, 'ITO npH ;ll8HHO.II llbiCiOpe annp~OKCH.IIHPYill!lero ra.IIHJ1J>TOHH8H8 

(4) OH 8CH.IIllTOTH'I6CKH 3KBHli8JI6HTeH HCXO;l\HOUy raUHJil>TOHH8Hy {3). 

Ilpe;llcTaBHU (3) :a BH;lle cy.uubl Ho H "ocTaTo'IHoro" rauHJil>TOHHa

Ha HL: 

I-Ii. 

r;lle 

H ==H., + 1-1~. • 
..)'( 

-x E ~2.;~, {.s21t__2n.Sc2"--;.(Zn-i)cltJ= 
a•i ~ ~ 

;1( 

=-Jl{s-cl;_L ~c~c)' (6) 
I t~.•i. 

a.zn. c..s:cJ= fi_{s~-'+2cs"13c~1-... +(Zn--t.Jc"j. {7) 

AJIH ;lla.n»He~mero aa.u noTpeCiyeTCH aepa:aeacr:ao H.H.EoroJIIlCiolla 

(AOK.-BO CU. [3]), OTHOCHI!leeCH K npOH3BOJil>Bbl.ll apUHTOllbiAI raUHJI:b

TOHH8H8AI Ho H J-1! : 

-;<Hi. )o£::j[:JtJ -j[J{j~-:r ( J-ft) • {8) 

3;llec» j[:JI,] H J [Jt] - llJIOTHOCTH CBOOO;l\HbiX 

aaeprHl1, COOTBeTCTliYillllHe ra.IIHJI:bTOHHaHa.ll Ho ,,,-f./ , a ( ••• )
0 

~ 

H < ... > OCi03HaqaiJT T6P.IIO,lJ,HH8.11HqecKHe cpel\HI'!e COOTB6TCTlleH-

HO no KB~OUY H3 3THX ra.IIHJI:bTOHH8HOll, 

Bcno.IIHH.u, 'ITO npH nocTpoeHHH annpORcHUHPYill!lero rawHJil>TOHHaaa 

(4) ubi :a:aeJIH npoHa:aoJI:bHble napaueTpbl - C- 'IHcxa, KOTOpble aareu· 

JIHWHJIH HH;l\eKCOB, T.K. liCe ySJibl ll Hamei'UO}.leJIH H;l\6HTHqHbl, lloa

TOUY Ciy;neli CliHTBTL Ji =}/,/C.) ~YHKUHell HeKoroporo napaueTpa C , 
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3HaqeHHe KOTOpOro BbiCiHpaeu H3 YCJIOBHH UHHH.IIy.lla paaHOCTH ~ = 

= j[:flo(cfj -!{.:H) B Hepa:BeHCTBe (8). rlerpy}.lHO BH;lleT:b, 'ITO 

aTo yc.no:aHe aaaJioru,mo ycJio:aHm (0~."Ji,(C)~ = 0 H npHBOAHT K 

ypa:BHeHHil ;llJIH onpe}.leJieHHH napa.lleTpa c ,T.e. K ypaBHeHHil C8.11Q-
cor.nac o:aaaHa: 

C = (S ) 0 (9) 

N 
IlpH ytiere ~AHTHBHOCTH raMHJihTOHHaHa k, == L..,. 1~-tJ i.J ( C!J, 

paCioTy [IO] ) i.=i 
OtieBH;llHO, 'ITO TipH JIIOOOAI 3H8tieHHH c 1'13 (9) 

Jie:aaa qacT» Hepa:aeacT:aa (8) oCipal!laeTca B HYJI». Tor;lla 

o~ ~(h)B)~ ( ~rs;c)(s-cf) 
(IO) 

:X 

O..X (S, c)== L, a..m (~c) ,a 
n.•J. 

Tep.IIO;llHH8UHqecKH~ llOTeHUHBJI eCT:b ~YHKUHH 

r;lle J: = cf;(lz, fJ), ToKo 

BHemaero noJia h_ H 

Te.llnepaTypbl f) 

ITpeoCipaayeu (IO) c noUOIIll>ll aepaEeHcT:aa Eoro.nll6o:aa-lliBapua: 

o ~ d;(hJ:J)::;; a. ( (s- cf')t;_ (II) 

TipH oueaKe aopu~;~ 1/ Ck II ~ a. HcnoJlJ>aye» TOT \PaRT, liTO 

{Cf~liSli~i H OCiueHHble KOHCT8HTbl orpaaHqeHbl TIO AIO;llyJIIl 

(2) liHCJIOU I, npHqeu % = o/,x.t • TiapaueTp C S;lleC:b AIOZHO 

llOJIOllHT:b pa:BHbiU < S J , He Hapymaa HepaBeHCTll8o 

BMecTe c Teu HeTpy;nao noKaaaT», qTo 

'Jt =- (!J%)~-?r s- < s )/) ,r;ne 

uf?- BeJIHqHaa, oCipaTaaa TeMneparype ~ • 
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3aTeM, npMHMM8H EO BHMU8HHe, qTO npz ~MKCMPOB8HHOU ){ 

TepMO~MH8MMqecKM~ noTeH~zan HBHHeTCH 8H8HMTMqecKO~ ~YHK~HeK 

uaruzTHoro nona Jl , ~aHbHeHmee ~okaaaTenbCTBO npo»e~eu c He

pa»eHCTBOM (II), npe~CT8BHB ero B CHe~ymmeu BH~e: 

0 ~ ~ (h./i)~ a {.ff)fj-!(- 7/f )ti 
y-· ()/z!j . {I2) 

0HTerpzpyeu (I2) nO Jl H8 npOH3BOHhHOU OTpeaKe OT IlL 
~0 h..J. + e M ~HH O~eHKII cnpaBa HCnOHbayeJI HepaBeHCTBO reJih~e-

pa[9]: , 
~+e h1-re " 

~ j (-tJfdh ~{t Jr-:%Jthj~ 
h.f ~ 

(13) 

llo»TOPHH yKaaauHym onepa~zm Tpz paaa z npzueuaa Teopeuy o 

cpe~ueu cuaqana K MHTerpaey no h., , aaTeu K zuTerpanaJI no hL 
z h , noeyqaeJI 

r -% 
oN(~,e)~ af(1.(~8)::;.a (.fl.) z. 

2.& / , (14) 

~H npOCTOTH llOHOEMB 1 qTO ~~~~~· 3~eCh ~- ~HHH8 npouexyT
K8 HHTerpMpOB8HHH - MrpaeT pOXL npOK3BO~LHOrO llO~OKHTeXLHOrO 

napaueTpa. 

• 

I 
~ 

I 
I 
l 

l 
f 
"I 

C ~pyro~ CTopouu, zueeu 

c£. (h.J;) ~ 3t +a'&(~&) , 

ecnM yqeCTb, qTo ~~ J;.r~z,sJj ~ .2 . 

MHHZUH3Mpya npa»ym qaCTb (IS) no napaueTpy ~ 

H8H~eu OKQHqaTeHbHYD O~eHKy: 

0 5:Jo (h./1)-.£(~(})~ &N 

B 3TO~ ~opuyne E. ::.£(;'...1..1.:: ot.@ 
., Nj ,K.J'S' ' 

r~e 
d( B)= S (2&)~( ~¥s-

(15) 

,cu.[n] , 

(16) 

(17) 

38BMCHT TOHbKO OT TeunepaTypu Z onpe~eHHeT paBHOMepHyD CXO~H

MOCTD ~YHK~IU! }, (~fl) K at(~(}) no fl B HHTep»ane 

( 0~ (}~ Q,) 1 r~e 8., -HR>Cl8H ~HKCHpOB8HH8!! TeunepaTypa. 

TaKzu o6paaou, Ha (16) 11 (17) cne~yeT, qTo » Tep!.lo~MHaMzqec

uou npe~ene flHOTHOCTH CB060~HUX 3HeprHft UO~eHbHoa H annpOKCH

MKpymmeK CHCTeU COBna~aDT. ~erKo BH~eTb, qTo O~eHK8 (17) He

CHOHbKO ynyqmaeT o~euuy .H~~, no~yqeuuym B pa6oTe [n] . 
3anzmeu Teneph B !!BHOY BH~e ypaBHeuze cauocorJiaco»aHHH.YqH

THBaH TpaucJia~zouuyD KH»apzaHTHocu ( S ,>o = ( S/~ ,uolltuo 

CH838Th, qTO napaueTp C B ypaBHeHHH (9)eCTl> cpe~HHH H81.18rHH-
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qeHHOCTh Ha O~MH yaex KpMCT8HHHqecKOU pemeTKH. C ~pyro~ CTOPO

Hbl1 8,ZI;,ZI;HTirfllHOCTh raMHJlhTOHH8HB flo =t'rjj,Ji) [IO] nplfllO,ZI;H'f K 
t "'t. I I TOllY 1 qTo COllll8,ZI;81lT cpe,ZJ;HHe no llOHHOMY raMHHh'fOHHaHy rt

0 
H O,ZJ;Ho-

qacTllqHOIIY /i (i) o 0TCI@B 

r.ne 

c = < s/ >w. = ( s/ ~w 

X 

H. (i)= -h. s.a-E :{,_ cz~~.. 
o ~ff· • n•t. 2n, • 

0KoHqaTeHhH0 1 H3 (18) H (19) noxyqaeM 
X 

{18) 

{19) 

C = th. r:th = tfL{flk +j;:lz"CJ.n.7.J. 
'J' ~· 8 . (20) 

~HH Toro, qT06~ .HHCHHTh TepMO,ZI;HHBYHqeCKlle CBO~CTmB CHCT6-

YH (1) 1 HB,ZI;O npO:BeCTII axre6pallqecKOe IICCJie;110li8Hll6 ypaBHeHHfl(20). 

llonHTR8 HCCH6~0118'fh ypaBHeHHe THna (20) C,ZI;6HBHB ll pH,ZJ;e pa60T 1 

HanpHWep, ,ZI;JIH C.lly'lall :/{=2 ll pa60T6 [12] 1 O,ZI;IIBKO ,ZI;BJihHelmee 

no,ZJ;p06Hoe MCCHe,ZJ;0118HH6 YPBliH6HIIH CBMOCOrJIBCOBBHIIH npe,ZJ;CTBBJIHeT 

H6COYHeHHHU IIHTepec. 

B 38KHilqeHHe BliTOp cqliT86T CBOHM npHHTHHU ~OJirOM l1Hp8311TD 

~xaro.napHOCTD H.H.EoroxD6oJy (wx.) aa :BHHY8Hlle K pa6oTe 11 B.K. 

~e~HHliHY 38 ~eHHHe o6cy~eHliHo 
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