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0CHOBHfl8 11 KEB3~tiBCTJ1tiHfl8'' X8p8KTepHCTJ1KH TIOJIRPOHB 6oJI:h

IDOrO p8ARJCB, SHeprHH OCHOBHOrO COCTORHHR £ (Q) H a®WBKTHB

H8H M8CC8 ~ paCC~HTflBBIDTCH p83Jl~~HflMH HCCJ18~0B8T8JIHMH Y*e 

OKOJIO TpH~UBTH JIBT KBK no T80pHH B03MymeHH~, TBK H B p8MK8X 

arrnpOKCHMBUHOHHflX npDU8AJp, HOCRmHX B OCHOBHOM B8pH8UHOHHfl~ 

X8p8KT8p/!, 2/, B ,1l;OCT8TOtiHO~ Mepe llOJIHfl" 0630p pe3JJI1T8TOB 

H3pHAY C HX ®H3Hti8CKO~ HHTepnpeTBUHeM COA8P~TCA B/3 , 4/. 0T-

M8Tl-1M 3~801, 'ITO D 60JI1Wl1HCTBe padoT 

nOBOAOHHH C(O)l! m B 3aBl!Cl!MOCTR OT 

l1CCJI8AOEBJICH Bonpoc 0 

t1 -6eapasMepHoro napa-

M8Tp8 3Jl8KTpoH-wOHOHHOrO B38HYQ~BMCTBHR npH HyJIBBO" TeMnepa

Type (8 = K51' = 0). Bon poe o TewnepaTypM~ 38BHCHMOCTH [ (0) 

H mcyt!\eCTBBB KaK ,11;1IH pemeHHR tPYH.ll.aMeHTBJI:DHO" (noc TBB1!8HHO" 

eme RBH,ll.By/S/) npo6JI8Mfl 8BTOJIOKBJIH38UHM 3JI8KTpOH8 B KpHCT8JI

ne, TBK H ,ll.JIS o6cy~eHHH KOHKpeTHflX M8X8HH8YOB nepBHOC8 ITOJIH

pOHHOrO B036yKAeHHH • nonynpoBo~HHKax H ~•aneKTpHKax16/. Bon

poe STOT, OAHBKO, H8R~SR CQHTBT~ pemeHHNK: 8HBRH3y TeMnepa

TypHO~ saEHC¥.uocTH nocBs~eH• ~e pa6oTH/7,B/. B/7/ npeanona

raeTCH, QTO KB8~p8THqH~R 38KOH ~HCnepcHH 9HeprMH flOJIHpOHB 

rrpH 9 #- Q COXp8HH8TCH H B paU:KBX HBKOHTpomtpyeMOR annpOKCHY.B

UHM. nnn CB060,ll.HOn 9HeprHH p8ccqKTYB8DTCH XBPBKTCpHCTHKH flOHH

pOH8 npii e ,. o. KaR 06DlHe Bbip8EeHHH, IT03B01IHfO~He paccqHTBTI> 

0 (Q) M ~ llpH HD6biX 8, TBK H KOHHQ8CTB8HH~e SHBQeHHR B npe

]I,GJI:bHflX cnytiaax of<< I H o! >.) I HeCKOJII:.Ko OTJIHqBJOTCH oT roro, 

'!'l'O ,ll.BeT BBPHBllHOHHflt4. noAXOlJ./2/. CBH8BHO aTo, no-BH,ll.HMOMy, c 
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TBM~ annpOKC~M8~~ffM~, KOTOp~e npB~RO*BHN B/?/. B paMKBX ITOA

XO~a/2/ o6mee E~pa~eH•e AnR £ (0), crrpaBeAn••oe ~n• n~6~x 
8, d, nony~eHO B/S/. nanee OHO TaM 8H8JI~3HpyeTCH HB 3BM. 3a
naqa HBXOJ!t.ZIBHHH fn npH JIK>dbiX d. H 8, 8 T8KlltB BOTipOC 0 BBJUf

""HBX (: (0) " m rrp• 8 -+ 0 3~8Cb He CT8BIL1ll!CJ>,B .l(aHHOJI pa
dOTB, HCIT0.1ID3YH ITPBACTBBRBHHB CT8THCTHQBCK00 cyMMbl qepea HH

Terpan ITO Tp8BKTOPHHM,Mbl TIOJIJQHM 38MKHYTUB Bblp8lltBHHff ~.1Iff [ (0) 
H tn , Crrpa.BB)J,JIHB!l€ ~.1IH JIJOd!:lX o( , 0 < o( < 00 H 8 :> 0 (' 9 <<X' 
6e3 HCTI0.1Ib30B8HHH K8KHX-JIH60 annpOKCHMB~HR. na.nee Mbl rrpOBH8-
JIH3HpyeM TB arrrrpoKCHMB~HH, KOTOpbiB ITpH 8 ~ 0 ( o( -ITpOH3BOJI:b

HO) rrp•BOART K peaynbTBTBM/2/. Q6~e B~p8XOH"fl ~nR C (0)" 
f.n (ft ) B p8MK8X TBXHHKH HHTerpBJIOB ITO TpaeKTOpHRU dyAyT HB

MH 3~BCD llOJIYQBHbl HB 6838 rBMI1.1IDTOHHBH8 0BK8pa-~pBIDfX8/I, 4/. 
3TO ~aCT B03MOEHOCTD CPBBHHTD KOHKpBTHbiB Bblp8JKBHHH ~JIH STHX 
xapBKTepl1CTHK npH 8 ~ 0 B npJi6Jil1.lKBHHHX c.nadoR, of. (( I, 11 Cl1JLb
Ho~. o(\> I, CBR3" c peaynoTBTBM" .llpyrHx HCCJIO)lOBtllmll /I-4, 7,8/, 
8 TBKJKB C KOHKpBTHbiMH 3HBQBHl1HMH HX, llOJIJQBBMbiMH B pBMKBX 

nee rrocne.lloBaTenoHOro 6o~sCKoro rro~o~a/9/. (Sa6eraR 

6o-

Bne-
pe~, OTMBTHY, QTO SWWBKTHBHBH Y8CC8 D0.1IHpOH8 B JIHAHPYK>meU BCHM
flTOTHKB ITO o( COBTI8A8BT HB TOJIDKO llpl1 8 = Q - STO DOK838HO 

B/IO/ )lna o( » I,- HO " npH 8 = 0; OTBH48"TCfl 0611(1!8 B~pam-
2 . 

HHR 11 BKJIB.D;bl "- o/ ; 8Heprmt: OCHOBHOrO COCTOHHHR ,BlfUCJIHeMI:le Ha 

daae aw~eKTHBHHX rBMHnhTOHH8HOB neKapa-~pe.nHxa/I-4/ H Eoronn
doBa/9/, BCTeCTBeHHO, COBn~avT). 

CymecTBeHHbiM a.ztech cTaHoBHTCH aHaJIH3 aaBHCHMOCTH E (0) 
11 m OT 9 (npH TipOl13BOJILHOM o( OH B03MOlKSH JIHWD C lWTIOJIL30-
B8HHell 3BM), a TBKlii:B npe.n;en:oHoro nepexona npH 8 ....,. 0 KBK B acmm
TOTH4BCKHX odJIBCTHX o( (o( <<I, d>> I), TBK H npH npOH3BOJIDHOM d.. 

I. Mw 6yABM Hcxo~HTL H3 cran;aapTHo~ ~opuu no.nHPOHnoro 

raMHJIDTOHH8H8, Bblp8EBHHOro qepea Onep8TOpbl HMTIJJIDCOB H K00p
;L\HH8T HOpM8JI:hHbJX KDJIB681111t1 fx , jx /1,2, 4/: 
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1-f = -l L\. f z f(t,/;::c f 
/ (IC.) 

-.~ 

;- £ (7-(i:jx 9J~ .,-;~~, 

r;ne e -SBPH.Il, }1 -aWrJ.!eKTY'IBHBH Macca aneKTpoHa, Wx -1.!.80-

TOTB npO;li;OR:bHI:iX OTITH'tJ6CKHX KOJI668HH"'", C< -S\MJ6KTY'IBHBH JJJl3li8K-

TpHti6CK8R nOcTOHHHBH, t = I. 

MaTpHt!.Hun aneueur MaTpHuu nnoTHOCTH CHcTeMN, onHcu:saeMo" 

raMHR:DTOHHBHoM (I)~Moxer 6NTD npe;ncTa:sneH B BH.Ile WYHKUHOHBnh-

Horo •HTerpana/
2
/ ~(~' Z~) . s'{'z, J 

rr~ 1/.z J. 1" fl! /JJ ~ 1Jr JJz .e 7. 
· 1. (p,) I . , 

J' {tt,p = -1/ tf(J<fjJ -£ j {jlf)"r Jx17xl:< 
v -7 0 (2) 

t rz/jf ~~,)~"e. i"_,) '? , 1 = !y~J, ))' = ~72JtK 

EcnH nepe«rH no WoHOHHNM nepeMeHHUM B npe;ncraBneHHe BTopM1.!.

Horo KBBHTOBBHHH H BOCIT0]lh30B8TDCH ,1l3IR WYHKUHOHana, 38BHCHme

ro aT oneparopoB nopox;neuHH H yHHtl.TO&eHHH Wonoao:s,Wopuynau:H 

11 BI::illJTbl.B8HHH 11 , TIOJIJtl8HH.biMH B/ll/, TO .1UIH YBTpHUbl. ITJIOTHOCTH·, 

OnHCbi:BaHJmeR TIOJIApOH :B 11 TenJI0!4 11 6eCWOHOHHOY KpHCT8JIJI8 (TO ecTb 

B Tipene6pexeHHH npo~e~C8MH HcnyCKBHHH H norJI0~8HHH WOHOHB), 

fiOJiyqaeY ~JIA pe~yUHPO:B8HHO~ M8TPHUbl TIJIOTHOCTH 
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,/) -;'!~',_,/.. _ -<~Krr;-~)-'k'!f"i'J rK - o rr:, r;_ )e Clc, d rz , 
0 0 

I f X->v ;::, , t-(t; J, '~1/-l > 8(x)= o x <o: 
(5) COOTHOWBHHB (5) H flOCRyBHT OCHOBOH A8.1I1HBMWero 8H8.1IH38 llOBe-

I!OHHH C(O)IImB SBBHCI!MOCTII oro(, 9. )lna arol! ~eRH,KaK o6~~Ho, 
-orpaHHt!:HMCH p8CCY0Tp6HH6.M OllHO£! B6TBH ilJOHOHHOI'O CllBKTpB CJx -:cJ , 
npeHe6pel!<e11 npocTp8HCTBOHHO~ )U!CllOpcHeJ! Ck ' C, e <£,-/- {·/ (2;.,-
CT8THt16CKBH, <!; -OllTH'li6CK8H JlH5.1I6KTpH-qecKH6 llp0HHI..t86MOCTH 
cpOI!~/1/) H 6yi!OM pa60T8Th B CHCTO!lO OI!HHH~ tf = W "'/' "J.. 
BeRH~HHa 'f B B~pal!<eHHH (5) nepen•weTCa cnei!YR>fllllll o6paaou : ,0 _ "/v. •;2j!' rr/!:Jfi. _ e·r~:,- '>)- ;£'({,- ~} T - L. K ) 17 c; C..) d <: c/r. )( oC //,; l'.l J 

o ie ( .?!it.~~;; ! 2 
(6) j/1(: I< v J. 
~ 0.1lHOpO,IJ;HOCT:D H H30TpOIIHOCT:b CHCTB.M'f:l fi03BOJIRDT, llOJIOUB ./?.;:;: 

H cnenaB aaTeM WYHKijHOHBJIDHyn aaueHy nepe-
u-eHHbiX, 

npHBOCTH HHTerpan (5) K BH.llY 

ilOJiyqHK BH8Q8JI6 TOqH~e BN~8~6HHH qepea HHTerpanH ITO Tp8-
0KTOpHall I!RR c (0) H lfl (j3 ). BBOI!H HHTerpanhH!il! oneparop 



Mhl uoJteM SfJ B (8) KOMTIBKTHO aanacaTl> B mme 

(10) 

PaanaraR aKcnoKeHTY E (IO) ~o .,. 
H npOBO~H CyMMHpOB8HH8 ITO k C 00hlliHhlM o0p88BHH8M HB Bepx-

HOY npe~ene (0 < /.( < km"'J< ): 

.. 
TionarBH V =0

1
Mhl, Oli8:BH,1I.HO, HM88M TO~HOe npe~CT8BJ18HH8 ,li.RH 

{ (0), cnpaBe~nHBOe Ana n"O"x cl. H j3 : 

c (oJ ~ - e e, j:?J 1 e- 1P'"t t fi 0:; (;;J (I2 l 

_,. 
PaanaraH aRCTIOHeHTy B (7) no ot~epe.na B PHll no u:anovy f1 , 
,1I.O v..'( , TIOJIJ'li88M Bblp8!t8HH8 ]l1lfl awweRTHBHOt:i MBCC!i, cnp8B8;Il,-

JIHB08 ,li.JIH JII06biX of. i'l j3 : 
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-1, ,;e/'1 ~ ,-,-;lj~"? r ;iY:~(i!) In- r- -<IJ' -c o • 
3 (13) 

. //47TJ;,z (trx_;t-2)- "f:;;.~(t6d)0·.z'(l'(x')t)j. 
~•rypopyrom•e B (12) • (!3) WYHKUHOHBnoH~e KBB~paryp~ uoryT 
6MTb BHqHcneHH 1 BCTBCTBBHHO, E p8MK8X K8KHX-JIH60 8TITIPOKCHM8-
U.HJ::i. Mbi npoaaaJIH3HpyeM peayJI:DTaThl, nonyt~BHHble B ll.Byx annpoK
CHMBU.HRx: TID TBOpHH B03MJ~BHHJ;i ITO o( 1 H B p8MKBX o6o6meHHR 
H8 8 = 0 B8pH8U.HOHHDrO MBTOl1.8 ~BJ::iHM8H8. 

2. ilpe~CTBBneHHH (!2) H (!3) B8CDM8 y~06HH ~nH HCCnB~O
BBHHR nOBMBHHR C (0,~ ) H Jn (j3) npH o(«!. 

BBBll.R 0603H8tiBHHR 

I/!:.$ 
(X.>= j'JJf-e·; ,! 'clfxrJ/, <1>=.1 

(!4) 
H paanaraR COOTBBTCTByiD~He 3KCnOHBHT~ B (!2),(!3) B pH~ ~0 
tiJieHOB 0( d,J) BKJI!O'liHTBJI:&H0 1 TIOJiyqaeM 

No,/)=- &fn(1f ~ ddf)? f :~~(/)!;•2'(!)>) 
m(;; = f t ~e j//"Jr('/;.z fafx;t) > f- osJ 

f o( (.t '1z 11 (1;~ ( J; 4•<' (Jir;; 1'7 - j <' h(l'r"' t)J;q.fftx?t} 
• ~HrypHpyro~•e B (!5) WYHKUHOHanoHHe KBa~paryp~ no rayccoBoM 

Mepe BHJJ;a 

(Ml:l 11 BBpHyJJVICL 11 B HMIIyJil>CHOB TipOCTp8HCTBO) BbltJHCJiff!OTCH 06blq-
_. 

HblJI D6pa30M. ECJIH BOCTIOJI.b30B8T:bCH nepHO,li;HllHOCT:OIO _f/f) B HH-

TOpBane 0{j'ij3 H paanolKIITD Jf/) B pR~ ~ypoe; ./(f)• C{'•,<. 

f ; (ii, a, ~)1 + i, S,;, z;:;, TO Mil uplU(eM K .J10CT8TO'ffi0 

npDCTOMJ HHTerpHpOBBHH~ no (a;.; H rlJ . · 
6 



B 1.18CTHOCTH I 

<' -e'"'x\ = --€4-f{l;kf/2,';} I 

< -e;il/,;t~x~) =- <:Xf f;Yff2,tJ-/ff!J:t}-1l'~P!,2'!J.I6) 

j{.?,/) = lfr•2) = f(!/)1) 1 f{xJ = x(i-X)J 

/(.2,1) ;;t) = j(l,t')-/(~2/t/(~2)- /(t,l'J!f.. (!7) 

SaMe THM., 'ITO f (2 ,I ,2' ,I') ec Tee TB8HHO H83E8 T:b KOppeJIHUHOHHO« 

WYHK~He~; Ha H3HKe ~MarpaMM OHa onHcHBaeT KoppeJIH~H~ npo~ec

coB HcnycK8HMH H norno~eHHH WoHoHOB c HMnyn:bCBMM l H K/ 
- -1 

nanee npOBO~HY HHT8rpHp0B8HH8 no X H ~ • OHo ~OBOR:bHO rpo-

M03AKO, HO MOE8T 6HT:b B~TIOJIH8HO ~0 KOH~8. TaK, B ~BCTHOCTH, 

-;1 / ''Ji• 1 'f'/ciitx"'f;ifx~. 
"npoH3BO~H~H«11 HHTerpaJI £-. ~ 1 rJc'l < , · ) ,ll.aeTCH Bbl-

k,K" 
p8lK8HH8Y 

'/.t/ o • -a.r'- fk'
2
- .lckil' Jz /.: -,t) 

J, = Z IV.. )1,./ e "" ~ cwsin { c fqp) ./ 
i!, t• :lTTC (!8) • 

C{ ·1/!2,1} I t= J!MJ, c = f f/.2, 1,2: !'). 

8 OCTBUH~e ,PHrypHpyiD!UHe B (IS) HHTerpan~ Jf = Z /V,'j'/J/.,~~-

1-' .. _jJ " 2 -9 ...,./ 7 2 2 -+ ~') 
I' ex; -oK<-•k''- cKK.; 1 

f = (k I k 1
, kk 

nonyqBIDTCH HB (!8) AH,P,PepeHUHPOBBHHell no a , b , C • flpo

B8,1l.H aTH B~1.1HCJI8HHH 1 TipHX0,11.HM K CJI8,1l.yiD~HM Tip8,1l.CT8EJI8HHHM AJIH 

E ( 0 •I ) H /11 <jJ ) , B KOTOPJ;X ili•rypHpyiDT yxe od~KHOBeHa~e 

KBB)Ipa TYP~: 

[ ( :i!j} T I -f. , ) of fJ 2 
- r -I 0 'fJ = Jf 112 r/ 7 (.2, 1)/ f Jf 1;2 l,~:z~ [ 1 (2,/, 2; f)-

q''tC J.t JZ. _ r o,""' . (- 1 1.?~1.2'1'/ ) 1 j /d) 

2/ fl.?, I} If~;:/ .2 lf/2,!Jf!.P'1J <r9) ' 
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J;2 1;'2' /rxrx)~/!~,1) ;;Y!f~,!)~!:z'r)-/f'.tu·1} 
- 21 :(,t,l} lf-2'1/j t-

f 2~-vrx;-x,') ?r2,u:t')ausi!l( ;r.~,u:r; -j- 1 ::-1 
/(.z ;, .r: t') { 'f 2/;at)jff!A ry;r.~,f)/f.tfJ-j./J 

r~e M~ nepemn• R nepeueHHon /;•/'( , O<'X.·<'1 , a /f;t,{)~ 
~Jff,K)~fx~-Xei(!-IXx-~1) 

1 
i = 1/.2 • h -HHTerpan-

H~n onepaTop (no ~ , ,-r, ) ,onpe11eneHH~~ B!ime,.B (9). ~ccne
llOBBHHe ITOB61l6HHR C (0, ~ ) H )>1 (j3) npH TipoH3BOJlbH~X T614-
nepaTypaX no WOJlMYRBM (!9) Tpe6yeT •cnoRb30BBHHR SBM; TORbKO 
npHMBHBHHB 3BM TI03BOJlHT paccqHTBT~ TeMneparypH~B nonpaBKH llpH 

2 cnaraeuhix .....,o( np» /"" r.x:> if~~ 0 • O,n;HBKO IWS\WJHUHBHT B 

CJl8r8BMhlX-... ci. MOlleT 6b1Th HBlit}tBH BHBJIHTJfqBCKH. .Zi.Bi'I:CTBHTBJIDHO, 

BOCll03I:D30BBBIDHC:D HBHhiM B}'J.,ZtOM l:2 H onyCKBH B HBM BOB l£JIBHhl 

€ -J3 , noJJyqaeM 

fiOI!blHTe~HH6 B!ip8X6HHR B {19) 38BHCBT OT ( A2- ~ ), qTO 
003BOJIHJIO npeo6p83DBBT:b .11:BYRPBTHhiB HHTBrpBJihl no ~ , tf'2 C 

noMDm1ro WopMynN .ZI.»pHxne B o,n;HoKpBTHNe; aro npH:seno K WYHKUHHM 
Eecce;m O-ro H I-ra nopRAKOB. DpH f-7P<> (8 ...;>.Q), :socno;L&3o
B8B!llMc:o 1'13BBCTHO~ ac»MnTOTHKOA ,ZI)IH Jf ( 1}2,_ ), noJiyt~aeM 
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(21) 

qTo nepexO,l(llT B H3B€CTH~e pesym.T8TW TeOpHH B03M.)'JljeHHM/2/ npH 

8 ~ o. EcJn'l tJHrepecoBarncn npOTJ.1.BOno.rroJKHO~ cBTyau1-1en J----,# 0, 

9 ._., Q<J 1 TO, BOCITOJib30BaBWVICi> OllH'r:b Jl:3BBCTHOti 8CHMTITOTHKOt;\ 

Jf ( 1 )/12/' ••eeM 

t(o,jl) ~-5(7rf)~ m(f}= {f f r~11. (22) 

(llepBWI ,PopM_yna 6wna nonyqeHa iJKaToM- llpOll)ITHpoBaHo JBI )+/. 

3. ilpH npOH3BOJibHbiX d -noJib30B8TliCH TeOpJIJeti B03MJW.BHHi:! 

J1KB HBJI:b3H. JlJIH HBXOJK)J;BHHH TBMIIBpaTypHO~ 38B.HCJIJMOCTH t' {Q,, ) 
M ft7 (j3 ) BOCOOJib3JBMCH o606W.BHJ!l8M H8 8 # 0 KB8,ll;p8TIIltiHOiit an

OpOKCHM8~HH AJIR ABtiCTBJilH H B8pH8UHOHHQij npOUBAYPD~ ~B~HM8H8/2/. 
Ma MBTO~tiBCKHX C006pa~eHHH 6y.n;eM HCXOAMTb H3 o6w.e0 ~OpMyJI~ 

(7), a He 3KBHBaneHTHOM eM (9). llpoBe~eM o6"qHoe B no~xo~e/2/ 
TOlK,I(BC TBBHHOB npeo<:lp830B8HMB 4JyHKUHOH8JI:bHOrO HHTerpaJia (7)! 

(~) 

! $[•}- S'_[1]1 f[~j , 
IS(!'/} ~ (J ;}) t ; (fs-s ),, #(~(23) 

6 ' 

r~e 

• 
(R) 

/((R}= ft>:f!N..Jt, 
0 

I 0 

H Bhl6epeM ${?._/ -anrrpoKcHMHpyrow.ee .n;et!CTBI1e - B BH.zt.e KBa.n;pa-

THl.IHoro ri>YHKUHOH8JI8 OT lf?) t Oc50c5W.8!0!Uero r!>JHKUHOH8][ s'rv, 
npe~noxeHH"M B/2/, Ha pacCM8Tp•BaeM"M HaM" cnyqaM 9 f 0 : 

+/3aMeTHM, 'ITO pe3yJI:OT8Tbl (22) npe,llCT8BJIRIOT 1.Il1CTO MeTO,Z\H
'IeCKH£1 HH Tepee t nOCKOJI1Ky TipH ti ->DO npoueccbl, 06yCJIOBJWHHble 
B38HMO,lle8CTBHeM C r!>OHOH8MH 1 Cyru.eCTBeHHbl. 

9 



W , ( -B8pM81(J!IOHHhJe napBMBTphl:, OllY1Cb!B8BMb!B Vi3 TpB60B8HHH 

MMHHMJM8 OHBpi'JIJH OCHOBHOI'O COCTORHVI'Fl CJ.1CTBMbJ (cM.HliJKe). C (f) 

nepexonHT B WeMHMBHOBCKOe Bb!paJKeHue/
21, ecnH npenenDHbl~ nepe

xo;n 8 ~ 0 npOBBCTH ;ll;O Bb!TIOJIHBHHR 1JJHKUJ.10H8JibHOI'O MIHTBrpHpOB8-

HJ!IH. DocrynHpyR, HaKoHe~, B (23) o6blqHyro annpoKCHMB~HID ~JIH 
s-s/ (II'). - o£r) ~yHKUl10H8JibHOI'O J!IHTBrpana qJ.1CJIHTBJIH .( e ~, --.)o. e J r e 1 '.J: 

TO BC Tb C TBBH 38llaqy 0 Bb!t{HCJIBHHH CB060,1lHOM 3HB pr1Uf CMC TBMb!, 

MBJKOpHpyromeM HCTJ!IHHYJO CB060llHyro 3HBprHro B ;nyxe B8pH8UJ!IOHHOI'O 

npHH~Hna ri-t66ca-Eoronro60B8, nonyqaeM .IlJIFl (5(£,1) Bblp8JKBHHB qe

pe3 4JyHK~JilOH8JJ:bHhTB K:S,8Ap8Typhl rayCCOB8 TJIJTIB. 0HH BhJt!JfCJlRIOTCR, 

KBK J!I BhllliB, ~BpBXOllOM K !lJyp:be-nepeMBHHhiM H ViCTIOJib30B8HHBM 38-

TBM T86JIJ!Itl:Hb!X ~OpMyJI llJIH B03HHK810mHX npH aTOM CJMM. nnHHHb!B, 

HO HB CJIHlliKOM CJIOXHb!B Bb!KJl8.1lKH .1l810T 
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TipM MHrerpMpoBaH~~ M~ rrpoBen~, KaK H B pas~ene 2, WYHK~HoHan:o-
_. _,. -!> 

HY~ 33MCHy nepeMeHH~X '[(c)~ .f(<.Jfj/c ,flo!' jf<J; 
£/ ~ J-l(frj>J-f(g)J WMeCT CM"Cn CKOpOCT" W CCTCCTBCHHO, C06-

paB ,ZI,8JIB8 KOa~~U,~eHThl npH V2 
B (5'(/?f), OTOlK,ZI,BCTBl'JT1 lriX C 

M8CCO~ ITOJIHpOH8. 

~HTerpan:cH~tt oneparop J.r2 B {25) rox~eCTBeHeH HHTerpan:c

HOMY onepaTopy, BBO~CHHOMY TIO WOpMyne (9). ~CTIOnh30B3B (25), 

ITOJIJ'l:88M CJie~yJO~ee npe~CT8BJIBHH8 .ZVlfl M8TpHLtbl ITJIOTHOCTH: 

~OpMynH {26) M peW810T 38,Z1,8t.ty JCT8HOBJIBHHH 38MKHy~X B~p8EBHH" 

,ZI,JIH [~f) HIll npH npoHaBoJII.H~X o< H e. M~ Biri,ZI,HM, liTO cpa.B

HHTennHo C TBOp~e~ .B03MymeHH" {CM.{!5)) CHTYBUHfl cymecTBBHHO 

ycnolltHMJiac:o: J;, 2 ne(;icrByer Ha donee CJIOJKHble <,PyHKUJ.H1, napaMeT

plol'I.IeCKH aaBMCflmHe or / , ll' . , w I", B03Hl1KJIH ,IJ,OITOJIHl1TeJI1Hble 

cnaraeMb!e 11 r.n. TiapaMe'rpw 2f' 11 tJ Haxo,ZI,HTCfl ~a ycnoBl1H :.ni

HHMyMa CB060,llHOti 3Hepr~H ITOJiflpOHB. Tip08H8Jll1311!p,'jBM CH8'18Jl8 cny-

4:8~ H113Kl1X reMneparyp (8 ~ O,j .... D<J ). OnycKaH B MHrerpaJihHOM 

II 



onepaTope CJJaraeMhle ......, €- I H HcnoJr:b30B8B 4J"opMyJiy ,D.MpHxne ,HMe

eM 

!i~-5h/l vj ,,?.;ld I j [(o~}~J'{}f.M vs-4;\ -SwV?!' fl:lv--_;-v-
'_/! )~.(/ jX }; 

- o(?/'(Ji./) (1-X)e" szrz(") cl/<, 
o JA } o(11~8'!-2 (27) m(iJJ ~ 1- :t[£J2 t (P''-1) c;- 2

, -r- · 
I vcr 3fir 

j l jx' -;J(x,-)(z) .f'~-Y:z 
olx, clx2 e ( Xz - x, - 8 tJ;) y (~>1) 

• 0 ' 

Ll
1 

• ({J 4f)~cg, c(FJ')~, · Jz)/P(tx,-p- ¢f"'·PJ/ 

A2 = (tJ~JJ'/f~,ojz {;/c/;; ('~rJJ Nj,'-J;). 
c. 0 0 0 

-fw-!xl 
fJ, -J,) !J/-J/), c rx;"' c e 

H!ll"'e Mhl ll8T8JlbH88 06cy]lMM CJ!yt£8~ CVIJI:OHOi.1 l1 C."'J860_t;l- CBH3H: o{-.>- 0<> 

J.1 o(-7 0 COOTB8TCTB8HHO. AH8JU13 I10B8.I18HHH .Ll
1 

Yl. 4 Tpe6yeT 

BeCLMa rpDMD3llKHX B~GHcJJeHH~. B nepBOM cnyqae 6ylleT H3yGeHa 
rJI8BH8H 8CHMI1TOT11JKS no o( ,ll,JUi }rJ ( J3). Bo BTOpOM CJIJI.l88 OHM 

oKa3hlB8JOTCH nopH.llKa 0 ( d e ) . B o6oHx aTHx cJiyqaf!x ¢;::: .x/i~>~). 
OnycKaR ~nl1HH~e BWKJJ8llKl1, npHBeneM OKOHGaTen:oHue WopAyJJ~: 

r~e 
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Hcnon:osoBaHHe JBM no3BOJIHT npoaHaJJH3HpoBaT::o a:aonn~MH ~~1f) H 

J'H(;s} BO BCBM llfHTBpB81Ie o<c/<'!.)IJ. EC1IH, OJUf8K0 1 paCCMOTpBTJ, 

npe.n;ennHbiB cnyttaH tJ-> o 0 H ol-~ ,?a , TO B nepBoM cnytt:ae c 

TO.HOCTI,ID J!O O{o/') HMeeM 'l/"'1 + O{o(), (/)(k,/!k(K·J)f(K·J) 
f{X) - raMMB-WYHKUHff 3anepa - H {28) )!8IDT • 

/, &; o(; ;; o( ot& ,z c(a,g7 =- c<,,.- -- , · , tn(f) • If- -t- a- f o ~.2:!<>< , .. 
'j·/ Y d' I I . 6 " {29) ' 

tiTO nepeXO~HT B H3BBCTHble peayn:&T8Tbl flpH 9 ~ol2-4/ H COBIT8-

~aeT C nepBbiM OOpH~KOM TeOpHH B03MymeHH" {21). OnymeHbl 1.J.1IBHbl 3 . 
0( o( ) H 0(9<f

2
); ITO-BHJ!HMOMY, rrpe)!CTBBRffOT HHTepec ,l\llff CpaB-

HBHHH C pe3yJI:OT8TOM HCOOJI:030B8HHH B8pH8UHOHHO~ npoue;D;ypbl npo

)!OR8TI, •~••cneHHR no reopHH BoauymeHHR J!O o{2 (cM.{I9)). B 
C1IyT.J.aeo{....;.P" )l;JlH ~ (0,j3) yT.J.:TBM BCB HBHCT.J.B38Klli\HB 1.J.JIBHbl 1 a .11.1IH 

trl { f> ) orpa"""""c" rnrumoll ac•unroTHKo". B aTHX npeAnono

JKBHHa:x HMBBM 

C = 2-&. 2 + C, C - noc TOHHH8ff 9llnepa-MacKepoHH, W' • lt' 1/'ff -

B8pH8UHOHHbiB IT8p8MBTpb1. EcJIH HBXO~HT::O HX H3 JCJIOBHH M~HHMyM8 

E {0). ii. w "v )!8IDTCH ·~PBJreHHHMH 
- y.,/2 - Ya("- ' w ~ 1 f e 11 = - (!-.?&) b" • - (;-3 6'') {31) 

I g.1T ' g IT • 

ilOJ!CTBBRHff (31) B (30) 1 HMeeM 

13 



- 3 (};, (_1_!!_
2
/- ! (28,2 +C 1 1)} <32 ) 

y 3.7! J ~ -2 • 
m(ft) = l(o( (1- 1.2 8') 

!'· fl Ji' 
Eonee llOCRB~OBBTBJJDHOB (HO npHBO;zl,Hmee K HBCKORhKO 60RBB rpo

M03;zl,KHM BM~HCJIBHHHN) OTIPBABRBHHB HX H3 MHHHMJM8 CB060AHO~ 

3HeprHI1 :n,aer 

liTO HB MBHHBT Bb!p81KBHlH! {32) ,Zl}lfl E._ (0, ~ ), 8 

npH 8 ~ 0 (32) nepeXO,ll;flT B H3BBCTHb!B 3H81.1BHHR, B1:l'liJ.1CJIBHH.biB 

~e~HMBHOM/2/. Cnyqa~ J? ~0, ecnH orpaHHl.IHTbCH rnaaHo" acuMn

TOTIIlKD~, 8H8JJYJ3lllpyercfl cpaBHHTBl!I>HO HBCJ!OJKHO. L'l.MeeM np11 / -+0 

cl ~ /) . cl'f.l£ . 
c(o, j) = - ;i (11/) f Jf';, !}fr;)= /f 6 77, ~ (34) 

liTO C0Bll8;z1,8BT C peaynhT8TOM (22), ll01IJ1.iBHHbiM no TBOpHl1 B03My

meHHR. 0CT8BJJHH ll0;1l,p06HOB 06CyJK;zJ,BH11l8 TBMnepaTypHOR 38Bl1Cl1MOC

Til C (0, j3 ) " /J1 (j3), Ha~neHHO~ B p8MK8X l!Cll0Jlh301!1ll00i 60I'O

nro6DBCKOrO 3~BKTl1BHOro raMHJJhTOHH8H8/9/, ;11,0 H8WBR CJie~romeR 
ny6JIHK8~Hl1, OTMBTHM li~Wb, 4~0, KBK U cne~OBBRO O~~BTL, B npe

;nenLHbi'X cnytrBHX of. 7' 0 H o/-i> Oo He6onLmHe OTJUlGJ'lH HM610T MeC

TO B qHCli8HHbi'X KDaWWHUHeHT8X npH 9 ::Ul!H aW~eKTHBHO~ M8CCbl' llOl!H

pOH8. 

B HenaBHO B~ruenm•x pa60T8X/I3,I4/ MeTO~OM HOHTHHy8XDHOrG 

HHTerpHpOBBHHH HCCl!9~0B8l!8CL TeYnepaTypHBH 88BHCHWOCT~ aHeprHH 

OCHOBHOrO COCTOHHHH H MBCCbl' nonRpoHa. McnonL80B8l!CH 60l!~mol K8~ 

HOHH~eCKHU 8HCBM6l!~/13/ H peBKUHR TIOl!HPOHHOI CHCT9Mbl' HB BHemHee 

aneKTP"qecKoe none/14/. Mace a nonHpoHa tl'l(jj) onpe~eXHXSCh paa-
-> ..,. / 

nOMBHH9Y SHeprHH CHCT9MN flO ( P- IJ).· 
7 ... 2 

rP-f) ... if 
2 l11eff{ft) / r - cpelli!HD nnyn:r.c 

~ 

[(P}=[(o) f 
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nonH woHOHOB. ITonyqeH~ npe~CTBBneH•H ARH ~~~~) 

HB BWCOKOT8Mll8p8TypH8ff 8CHMITTOTHKB. 

H HCCJI8,Z\OB8-

IAhi npH3Haren:oHbl B.rerue, M.A.KaraHoBy, E.B.MollV:IHCKOMy, 

M.A.CMOHANpeBy sa o6cy~eH~H H ueHHNe saMe4aHHH. 
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