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© 1975 06J.edUHeHHblll UHCI!IUayJJ ACepHWX UCCAe()OBQHUil Jly6Ha 

Ha OCHOBe M8'1'0,1t& H.H.Bol'OJIJJ60Ba ( K71.) [!] IIpe,ltCTaBJlfi8TCJ'I 

BOSIIomnDI IIOJIYU'l'Io '1'01Dm8 peB!eHU · B T8].:*0.1t11Halln8CKOII IIpe,~teJ!e ~ 

cmmoBYX Mo.~tenmzx s~,Jtaq. Hcno.nsys .cBolcTBo ~'l'JIBHOCH ann:pox

cmmPYIJI(ero r8JIUD'1'0DaHR (2], B pa60T8 [3] xi. IIOJIY'IHJIH aCHliJirOTH

qec:o oro1!Hoe pemeue MacorepRo! MO.IteJDI HsiiHl'a c BS&I!MO,~telcTBKeM 

'fJID& "BCe-c~Bceo". C.ne.JtYe'f O'flleun, qoro cmmoB&e onepaTop& .S; 
ysJ!OB XpllCT&:I£D'I8CKOI peme'l'D ,~te!CT:aym' B l'IIJD)68J>'rOBHX npocTpaH- · 

CTB&X ~j , '1'8HSOpH08. Dpoli3B8,lt8HJ18 l!tOTOJIDC 88,lla8T IIpoCTpaHCTBO @e t 

B& l!tOTOpoM Onp8,1teJ!8B ~Hsl raiiiUJ.'fOHHaH [4] ~ .. 
PacCIIOTPJIII r~DJ~~t'fOHllaB uacorepHol llo,ite.JIII[ HsliHI'a · [ 3 J · : 

:1<. ~ 

H = -;-d1.J1s ~Jf L t_ S 2
n.. <r> 

n.=J. 

~~ 2 3.~tecL S =JiJ;'L S; ecn onepaorop no.:moro llol*JipoBaBHoro ciiKBa, 

.12.11.- o6MeBHHe l!tOBC'faB'l'B, orpamtqemme no MO.JtYJIIl sexoropol BeJDI

"'IIHOI I< oo , h.. - l!H&DIHee II&I'HJtTBOe no.ne. 

Amlpol!tcDJipyJII(d: r81111J!L'1'0Hli&JI IIOC'fpcl8B [ 3] B COOTB8TCTBD C 

nl)IIHllllliAD caocor.ucoBaBHOro no.u: 11 oeeor BlJ,1t 

.X , r :1.' 2.n, 
Ha=-~Jfs+JIL~c : 

. n.=J. 2n. 
(2) 

X c· 

I'lte AJ=;d~, +
11

f:£,c 2
n-.t. • :{=(:tn.-.i)~ '.a c =< .s'>o 

ecn 'feJMO.!tDU~Aecue. cpe.~tHJ~e OT cOOTBeTCTB:flllliiX cmmo:ma: one

paoropo:B. 

OlteHD ~ pa3BOCH n.IO'fBOC'fel CBo60,ItHBX aseprd JIO,ItenBOI • 
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annpOKCHYHPYD~e~ CHCTOY nany~aDTCB H8 OCHOEO HepaEOHCTE8 (cu. [1] -
-[3] ): 

0 ~ jN [H.] -.£.[H)~ a< (S -<S>f>#.. (3) 

Koacoraaora Q., aa:BIIICHT oor I 11 ~c.na KnacTepo» X • 
Saueorzu, ~TO :B ~acTHOY cny~ae HSHHroBcKoro ~ppouaraeorzKa 

:JC ::1. , c{ >0 y]:lBeTCH yJly~mHor:& oneHKY ll To~e ~so:Boro nepexo]{a, 

npHYOHHB YOTOJ{ nepell8Jl8 [5] • 
B H8CTOH~O~ pa60TO MW HCCJie]{yOY 8CHYUTOTH~OCKHO oneHKH UJIOT-

HOCTIII Cl!060~HO~ BHepriiiH, 1/lCUOJI:bSYH HOp8l!OHCTl!O (3), 8 T8KKO ypa:B-

.HeHl/18 cauocornaco:saHHB C = < S > J{JIH ~aaHo~ MOJ{enz. B cny-. . 
~80 HiHHrO:BCKOrO ~eppouarHOTIIIR8 llOJ(p06HOO HCCJIO~OE8HIIIO y~8EH6HIIIl 
C8MOCOrJiaCOll8HIIIB npOl!OJ{OHO B pa60TO [6], r]{O pacCM8TPHB80TCH MQ

J{I/I~IIIUIIIPO:B8HH8H UOJ{OX:b 1113 f1 113111HrOBCKHX ~ppouarHIIITHWX neno~eK 

no n cmiHOB ll RaQoll ( )/ = f1.n.,) , np11~eu ;z~ns 6nna~m111x neno~eK 

HYOOT YOCTO l!38MUOJ{OiltCT:BMO THll8 11l!CO-CQ-l!COM14
11 

• 

I • 

KaK I/IB:BOCTHO, UOTOJ{ nocTpOeHIIIft annpoKCIIIMHPYD~ero r8UIIIJI:bTOHIII-

8H8 nyTeM aaMeHW onepaoropoB 4 aa .111x cpe]{HHe saat~eHIIIH < .!f;· > cooor

:BOTCT»YOT npH nOJIOl!OY no~XO~O nepeXOJ{y K Kli83H~8CTIIU8U. B peayJI:b

T8TO UW npiiiXO;!IIIIY K C8UOCOrJI8COll8HHOYY UOJID 38 C~OT l!i8HUO~OICTBIIIR 
B K8~0U YBJIC 11 rOJ10il0 ~8CTIII~ C llOliOM, C03;!18B8BYWU KB83111~8CTHn8UIII. 

Kpoue Taro, MBl!OCTHO, (cu.[7] ), tiTO Uplll OT6paCWB8HI4111 HOCBft38HHWX 

~111arpauu paccuoorpea111e npl4l!OAIIT K Kyuy.naaorawu cpeAHHU, Kooropwe nene- . 

C006p8BHO 1/1Cfi0Jl:b30ll8~ 1{JIH HCCJ101{0ll8HIIH aep8BOHCTll8 (3). y 

4 

06oaaaqHJI b.J~ = S;~ -< ~~>. Toi']ta, o~e:BHJ{Ho, < L::.jl( > = 
: <: A • ").: 0 , OTKy]:l8 CJle]{yeT, tiTO BO l!TOPOII ll orpenell UOPHAK8X 

~JIC* 
KYUYJlBHTBHe cpe1{Hll8 c( ••• )e OT l!B8A8HKWX onepaTOPOll COllll81{8~ C 

06W~Jill orepU01{IIH8UHtleCKHJill Cp81{BHUll < ... ) : 

< ~~- ~j2.> = <: 11;~./J.jz.:>, < /).J~D.j2.L::.;3>=<: 4~l1J"z_L1j3:>. 
llpe1{coraBHJI orenep:& cpel{aee oor npoHa:Be]{eHHH ~eorwpex onepaoropoB t~epea 

KYUYXHHTHWe cpel{HHe: 

. <( D.j~.IJ.jz 6.J~Llj4 > = 

- < • Ll• /). • L\ • L\ • "> + < • ~ • A • ·>· <· A • A - • :tJ. 'Jz. ',/3 'J4. • -;/1.~2.. • LJ.p£J.j4: > + 
(4) 

+ <: f1J~~=><= b.J~Ll;,:> +<:11;1-.6;,:)<:4~~=>. 
B~o~ecTe c Teu, o~e:BHJ{Ho, (cu.[3]), qTo ··. 

7)'-f A i. . R-
'dff ==--- (_f.HJ -z.cs-<S>) >a 

SJ{ecr. jl - ll8JllriUHa, o6p8TH8H ~elolnepa~ype e ' l>1' a ~ onpe

J{eJIRe'fCR, KaK o6wqao: 

£ r ~L, &J = £!lf7 =-q;HJ-1 ens, e ~~ 
TaKHU o6paaou, » npallo~ qacTH (3) IIUeell:· 

<_(S-<.S>)4 >= (5) 

___ :1._~.· { 1 ~72 

- [/H) 3 (Jiz_'~- -r 3 flK ()fC f , 
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r~e ETOpOe cnaraeuoe COOTEeTCTEyeT tpeu pBBJlHqHHII KOU6HHBUHHM cna

pHEBHHH onepBTOPOE ~j~ E (4). 
llO~CTBEllHH (5) E HepaEeHCTEO (3) H npOEO~H TPH paaa HHTerpH

pOEBHHe HB OTpeaKe npOHBEOlll>HO~ ~XHHW e E COOTEeTCTEHH C UeTO~OU 

pa6oTw [3] , B peayn:&TaTe nocne~oEa·ren:&Horo npuueaeaus teopeuw o 

cpe~aeu nonyqaeu cne~yD~ee aepaBeHCTBO: 

e
3

c£(~:3,fJ) ~ a~ (e, &) ' (6) 

rAe o6oaaaqeao J_,.(hJJ) = JN'[H.] -£,[H), a 
h,+e hz+t:. h1 +t. 1/ -J r J{ 1 'd.t 3 E 'O%trz · I,Jt..B)- dhzjdh_J. fpH)3 ()A'~ +!fHY"- ()h,:LJ ;dh.. (7) 

h3 fzz. n.t 
OueHHM Tenep:& HHTerpan (7) E 38BHOHUOCTH OT npOHBEOJlDHOrO 

napaueTpa e > 0 • Cyll!eCT:BeHHWII 'HllllH6TCH TOT WSKT, liTO no Teopeue 

rpH~HTCa[8]tpeT:&H npOH3BO~HBH ~YHKUHH CB060~HOI aueprHH no DOllD 

noJIO:I:HTell:&Ha ~llll ECeX h._ c ( O, + 00) H , OTPHU8T6Jll>HB Ha (- 00, 0) 

a BTOpas npoHBBOAHBH OTPHU8Ten:&Ha Ha,:sce~ liHCllOEOH OOH. 

Ha (6) H (7) BHAHO, qo;ro Ha HHTepBanax, rAe ETOP8H UPOH3BOAH8H 

BWUYKllB BHHB, HepaBeHOTEO (6) UO:J:HO YCHllHT:&, 

H UOJiyqHTl> H3BeOTHWA peayJI:&TBT (cu.[9]) 

J (h. &L::. 2aV5' + 6// 
N , 'j -...; .ftJ{e v 

XOTll, B006111.e rOEOpH, ;llOCTBTOliHO c;~t. • . _p 

6 

OT6pOCHB nepEWA ll:neH, 

(8) 
'·f.;, 

~,.I 

HerKO BH~eT:&, qTO 13 (8) DOOne MHHHMHSBUHH UO e CJI6AY6T OUeHKB. 

J. 
~· .;p . 

Ha HHTepEanaX (o<., o('}, r~e BTOpaH UPOHBBOAHBll EWnyKJia B'Bepx, 

K nepEOMY cnaraeuouy :B (7) CX6;li.Y6T TPK:J:iw UpHM6HKTl> HepaEeHCTBO 

reX:&Aepa H BCUOX:&30B8Tl> orpaRJqeHHOCTD nep:soA npOHBBO~HOI Ha BCeA 

OCH J ~~~1.. TorAa uonyqBu (cu.[3] ): 

6_ (c [} \ ~ 2a.l/3' + 2a. iZ 
:.-v >3' ;-- )JJ/e tp.JI.e)* . (9) 

0~H8KO E peayJIDTBT6 TpexapaTHOrO HHTerpHpOBBHHH UW Hlleeu 

oneRKy ( 9) num. ll urepEane ( o..> c(_'- 3e). noaTo»~ BW6~pe11 HHTep:san 

L > 3 e' H UPHUeHHM ua HeM Teopeuy Harpaaxa: 

J. (h G)~ 2aff + 2a.VZ + i2e /{ ~ _pJie. (p..J.Ie)¥z. • (IO) 

YqKTWBaH, liTO j> [Vh.,:l]<Je, rAe ~ - UHOli6CTB0 1 HS KO-

TOpOM aepaBeHCTBO y:.:e AOK83BHO, OKOHqaTell:&HO nonyqaeM OU6HKY llH;lla 

(10) Ha BCeA qycnOBOI OOH. 

06oaaaqHw !:f,.., (~B)= 2~J' + 12e 
QqellH;llHO, 'ITO ~ 

min. w.,(e, &)~min ro (~ &)~ rr; (/.:.JJ) en> 
{ej J!v {e] J,v J.v(yN :;, 

rAe .!fJK (~B) - npa:sas qacu aepaEeHcT:sa (IO). 

TaKH» o6paaou, wueeu paEaouepayD oneaHy no JL ~Jill paaHOCTM 

y~en:&HWX CB060AHWX 5HeprHII KJI8CTepHO~ MOA6JIH HaHHra H annpOKCH»H

pyDa;el MO,lJ.eJlH: 

0< const 0 ~j;[Ho}-£!H-...; fj{' (12) 
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B qacTHOY cny11ae X =i aTa. oxteHKa nonyqaeTCH Ha npocTwx reoueTpH

lieCKHX coo6paxeazl. 
' -'ti 

Cne;rtyeT OTYCTHT:&, liTO yxy;nmeHHe OltCHKH )tO J{ npOHCXO;rtHT 

38 cqeT ETOpOrO llJICH8 B Hep8BCHCTBC (6), B TO BpeYH HaK nepBWI 

llJICH 1 COOTBCTCTBY~~HI HYYYJIHHTHOYY cpe;rtHeYy H BK~ll8~~HI JIHmD He

DPHBO;rtHYWe ;rtuarpauuw, ;rtaeT o~eHRY ~-~(cu.[3] ). 

BHe KpHTHqeCROI TOllKII, H8 HHTCPB8JI8X (- oo,- S) H ( 8, 00 ) , 

8 >0 , r;rte BTopaa npoHBBO)lHaa orpaaJ4qeaa j 'd:!_~ J ~ 8 , OxteHKY 
-1. 'dh-2, • 

(12) YOJ:HO yJiyllmHT:& )tO J{ • 

nna STOrO )l0CT8TO'IHO HHTerpHpOB8T:& HepaBeHCTBO (3) ;rtB8 paaa, 

B peayn:r.TaTe liero DOJIY'IHY 

r ,, 2a.. {3 .z. Bj0. a~~ {~2. Ji; ~flY e. 4 { Ba eJ + fi.N: . (13) 

fipHYCHBH ;rt8JICC TCOpeuy HarpaH&a, 6y;rteY HCDOJI:&BOB8T:& AJIH OxteHKH 

YOAYJIH nep:aoit npoHBBOAHOI I ~ { J# [Ho] - J~.~ [H]}} ~ C::~ 
l43BCCTHYil \IJOPYYJIY e; ~ 21} £.AIJ:12.

1 

t r;ne Cl{ - Ol\CHR8 YO;rtyJIII 

CSIIOit \IJYHK1\HH 1 8 J12=280 - TO Xe C8YOe :II;JIH :BTOpOI IIPOHSDO.ltHOlil. 

HaROHCl\ 1 nepeXO)lii CJICB8 BHepaBeHCTBC K BepXHel rpaiiH, HJICeY: 

s. (.h. ()) ~ e ~ g(} + cf-~ d(2.&}~ 
1/ ~ Jl .)/ Jf.l{L , 

(14) 

OTKYA8 DOCJie YIIH!4YIIIi8~HH DO e ( 8,c,d.. - KOHCT8HTW) IIPIIIXO)tllll H 

01\CHRe f:N~ c:z:t , KOTOP8H BepHa BeS,Jte EHe 06JI8CTH EWPOJ:.ltCHMH 

COCTOHHHH CT8THCTH'ICCKOrO paBHOBCCHHo 

8 

I 
-~ 

I 

,. 
! 

n •. 

3anzmeY Tenep:& ypaBHOHHB C8YOCOrJiaCOE8HHH C = <$>. B HBHOU 

BH)t6 [3] t o603H81lHB qepea () cpe,JtHDil y,neJI:&HY~ H8Y8rHH'IBHHOCT:& 

H8 O;rtHH yaen KPHCT8JIJIHllBCROit pemeTKIII: 
J(. 2./L .1. 

6 =- thjhs=th ~ph.+ L :&.6 -:;. (IS) 
Cl fl.sJ. 

Ilono:atiiiY h.= 0, B = i. 1.1 BYBCTO (15) paccuoTPHII aitEHBaneHTHoe 

OilY ;ypaBHBHl/10 
:X J.n-1. 

E:K-L(cr)=L .:t)5 = flrtho. 
n=! 

(16) 

KopHH 3TOrO ypaBHOHHH JIBX8~ H8 HHTBPll8JlB (-i,t), HO H8C HHTepe-

cy~T JIJ.Im:& 8H8'10HHH 0 ~ 0 • 
fipHHHY8H BO BHH118HH0

1 
liTO CJIOB8 B (16) ~TOHT UHOrOllJIBH (2JC-i) 

CTODOHH HSA DOJIOII ]) , HOCJIOEHO DOK838T:&,llTO ypaBHOHl/16 (16) 
uozeT mueT:& aa npouexyTKe [o, i) JID6oe quc;o ;rteitcTBH'ren:&Hwx KOP-

ae£1 )tO (:J{. + J.) llKJI~'IHTBJil>HOe 
llyCT:& HOS\ll\llHl\HBHTW ~n.. npOH3BOJI:&Hbl. Tor,na ypaBHemle (16) 

IIOJ:HO npe,nCT8BHT:& B BH.lt6 

'"' 1. 2.:X~i: 
3 ~- () 

$(6)=-fi./J+A
2
0+ ... +~f5 -f:'.n .... ,. 1 + ... =0, (17) 
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rAe Koaqxpa~HeHTW .//.!, ./l2-, •.• , ./l-"' TaKze npoza:BoJI:&aw. Bee tmeaw c 

3THUH KO~~HCHTSUH npOIISASDT noene ~~- KPSTHOrO AH~epe~H-

po:BSHHH PHAS (17): 

r.u:> 3 21.-t. . 
~ {6')=dj.(5+~C5'+ ... +ct,/5 + ... =0, (iB) 

fAA) 
IIPJI 3TOU Bee c:i.n, IIOJIOXHTeJI:&HWe HeH0 1 'liTO $ (G") HUee'! e)tHHeTBeH-

(2.:1(-.J.) 
Hwl HYJII>-HS'IISJIO KOOPAHH8T 1 ~ (C>} BUeeT He 60Jiee 2 HyJielt, 

(.2.:1(-.2) r,.-. 
$' (u} - ae 6onee Tpex, H T.A., a o-(G) - He 6onee 

(2:JC + J.) HyJiel. 3HS'IIH'l 1 'IIHeJIO )telteTBHTeJI:&HioiX BOpHelt ypa:BHeHJill 

(16) aa npouezyTRe [o, i) ae npeBwmaeT (.:K + 1.) • 
fiOKS:IeU 1 HSROHelh tl'!O KO~Hl{HeHTW :t~~.- UOJIHO IIO)t06paT:& TSKHU 

oc>paaou, 'IIToc>w peanwaoBau .JC. Kopaelt ua HHTep:BaJie ( 0, 1.) • .llJia 

3Toro paceUOTPHU ROH6tlHYD noeJie)tOBS'reJI:&HOeT:& TO'IIeK 

0<6;_ < ~ < .. ~<G;:< .. · <~< .i, 

KS:EASH H3 KOTOPWX Y~OBJieTBOPH6T ypaBHeHHD (16). BBe~eu 0603H8tl6HHe 
r:::- :l._ 7. 
V(. -.C.(.. • 

TOrAS Ha HHTep:BaJia ( 0, i.) HUaeu eHeTauy JIHHeltHWX ypa:BHeHHlt 

OTHOeHT.eJI:&HO R03~H~H6H'!Oll J.z,.. : 

ai + aZ Zz +~ z/·+ ... +:/.z:l(, z/(-':_ llrth 0;. (IS) 
0: t.. 

10 

.t I 

·i 

~ 
\ 

Onpe~eJIHTeJI:& ~Toll eHcTeuw eeT:&_onpe~eJIHTeJI:& BaHAepuo~a 

v = n ( z, - z ·) 
i 

. . ..., -:I , 
.:(,J<.t.~.n.. • • 

lWTOpWit OTJIHtleH OT HYJIH 1 ToKe Z.:~~IIPH f,rf:J • l'ITaK,KO~Hl{HeH-

Thl ~ , aZ, , , . , ~JC.. O~H03H8tlHO onpe~eJIHDTeH H3 CHCT6Uhl (19) 

H peaJIH3YD'r ~ KOpHeit Ha {O,i) • AHSJIOrHtlHO AORS3Wll86Tea B03-

JIOJIHOeT:& peamsaanJ.m {.X -1.), (X -2) Kopaeit 14 T.)t. 

BBe~eu Tenep:& B ypa:Baeaue· (16) TeunepaTypy 67 

fP.2J<-.t. (o) =-firth.. a (20) 

HJIH 

. ~ "' 2x-.z. 
Ll :-l ~ +~G' + · · · + v.vcG' 
o((!i = G'-t 4 

1. + ~ + G')S+ ... 
(21) 

4>yHKI{Hll (21) 66CKOH6~HO rJIS,ltKSH Ha (O,.i) 11 eoBna~aeT C (20) 

IIPH 0:¢ 0 • -: 

qHeJIO KOpHelt ypaBHeHHH (20) np11 ASHHOJI 6J= ~ >0 pa:BHO tlHeJiy 

TOtleK nepeeeqea11a nplluolt (}::: Bo c rpaqmRoM cpyHKUHH (21). Oao ueaa:-

eTell np14 nepexo~e B., qepea 3ReTpeuaJI:&Hhle 3HatleHHH cpyHKI{HH (21). 

Ha KS:IAOJI H3 HHT6pBSJIOB, r~e cpyHKUHH llOJIOEHT6JI:&Ha, OHa HM66T IIO 

Kpaltaelt uepe o,nay TOtlRY uaKeuuyua. 

fipH 0 = 0 cpyHK~HH BeerAa HU66T 3KCTpeuyy, BHA KOTOporo onpe-. - . , . . 
)teJIH6TCH 3HSROU () '(o) : . . 

.z. ~)f(-..2_) ().2. 
. f}(cr)=-(:{+:h/5'+ ... +~J(() /(i- -:;:s+ .. .)= 

=~ + (~- .JY.,)o~ ... ; &(;J=-2.(.74 _f). (22) 

qHeJIO 3KeTpeuaJI:&HWC ll0JIOEHT6JI:&Hb1X 3HatleHJ4~ f:l HS [ 0, i) 
YOE8T 6h!Tl> P83JIHtlHWU ll aaBHCHUOeTH OT Bhl6opa oC)ueHHbiX KOHeTSHT ~~ , 

HO He npe»wmaeT ~ t npHqey qMCJIO Heeo:Bna,naD~HX IIO EeJIHtlHHe USKeHuy-

JIOB ae uoxeT c>~>~or:& 6o1l:&me, qeu . ~ AJIH qeTawc X ,H ~ i 

II 
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~llfl HeqeTHHX ~ • 9TOT cnyqa~ npe~CT8Bllfl6T PIHTepec, ToRe COOTB6T

CTBY6T paapymeHHD ynop~ot~eHHOrO COCTOHHHH uarHHTHO~ CHCT611U nyTell 

nocne~OB8T6ll»HHX W830BHX nepeXO~OB, KOTOPW6.YOryT 6WT» K8R nep:BOrO, 

T8K PI BTOpOrO po~a B 38BHCHIIOCTH OT ~ • ~ 
l.leneCOOCipaSHO T8Kll6 OCipaTHT» BHH118HH6 H8 ·cnyqat! L ~IV : 0 . 

II=~ 

S;zteC» WYHKI{Hfl f){cs) B TOtlKe o=.J. HY66T ropHSOHTan»HYil sacaTell»HyD, 
f) ( ) 0 f) ·I ~~ D f)(J)-BM 

T.K. r.1J<.J. i. = , r.z.x.-1. (O.J = {1. -(Jji".JJ<-). (G') , PI BWpaJteHPie i -G" 

CTp611HTCH K Hynm, 6CllH U -.1. • llpH t;:JM.:f:.Q STO BWpaxeHHe CTp6YHT-,..t. 
en K 6ecxoaeqaocTH, t~TO BPI~Ho aenocpe;llCTBeHHO HS (20), PI WYHKI{HH Hue-

eT 11 TOt~Ke u= i. :BepTHKan»HYD uacaTen»Hym • 

. PaccuoTpHY aecKon»HO no~po6aee ypaBHeHIIIe (16) npH X=2 (cY. [m] 
111 ~1]), zcnon»sonan ~Jl!i aarna~HoCTH weso:Bym nnocuocn oeiueuuux na-

paMeTpoB :{ , ~ (plllc.1). 

M ~\(I) ' iJ.&. IT 
8 

Pzc.r. 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

/. 

/(J1) 

/ 

/ .... --//-/C! 

,~- id·)., d2}, ----- J;. 
~ I \ " ~ 

:-..·~· 
·\, I. 

A 

\'I """ . l, . 

'i ', 
J· ' '\ ' I ', 
I . ' 
I \ 

~P .\Ci!l) 
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Cornacuo ~oxaaauaouy 11wme o6~euy npe~no:a:eHHD, ypaBHeHHe (16) 

HYeeT Ha STOt! nllOCR.OCTH O~HO, ~118 HJIPI TPH pemeHHH. 

SanHmeu ( 16) npz ::K = 2 11 cne:ztyJODteu BH~e: 

c/>((S'j = -1:{ tn(f.+CJ)- en (i-GJ- 2~(cr}):= 
. . ( s s ? (23) 

=(1.-.1.)6'+(--..,)u+CJ -r- 0 + =O. 
;z. ·:3'4 S?'" 

Rccne~yfl BOBUOEHHe CJiyqaH UOBe~eHHH rpa~HK8 sP(Ci) 1 nony-qaeu 

npiii 4 > J. ~lla ROPHfl 1 . npH 4 = f. H ~ > ~ CHOB8 2 KOPHH, a npz 

~~f. , -4 :f. i - O~HH KOpeBD •. llpH ~ < J. , . ~ :> J . aa~HKCHpy~y ~ 
H 6y~eY yBeJIHtlllB8T» .t, • Tor:zta HIIBBII CH8tl8Jl8 06JI8CTI> . C O;llHHII pe

meHHeU, 38TBII C :ztBYIIH 11 1 H8KOHei{, C TPBIIH pemeHHHYilo fpaHHI{8 1 
' . .: 

paB:ztBJIH~Sfl 06JI8CTH C O:ztHHII K TpeUH pemeHHRUH 1 MOlleT 6WT» nerRO 

nocTpoeaa, T.K. oaa HBJIReTCH oneiamll(elt ceuet!cT:Ba npauwx (16), r~e 

C) HrpaeT pon» napa~eTpa. "3 ypaBH6HHR orH68DIJ(elt YOEHO ~~JIY~~~» 
acHunTOTHRH KPHBolt du_ npH G'- :f. H ()-0 • TaK, 11 cnyqae (J-1. 
Kpm:~aR He 11ueeT aCPIIIDTOTW 1 HO He nepeceKaeT npaMyD OB ( ~ = -J4) , 
a 11 cnyqae ()- 0 Be~eT ce6a, KaK ~apaeiona 1. - :t_::::: .?{t-.Z)z npu 

npH6JIHXeHHH K yrnonol Toque 0 ( I,:r>• 
B peayJIDT8Te lllol Hlleell. B o6JI8CTH MO'P H Ba rpaHHI{e o'p t BKJID-

•·· . . I tl8H TOUY 0 1 O;lllrfB BOpeB» (5 =0 , iO Beet! 06.n8CTH npaBee TOP H 

HS rpaHMI{SX 0
1
T II 0

1
11 - ~:sa KOPHfl 1 a B 06JI8CTPI MO'T - TPH ROPHH 

ypaBHeHHH (16). 

llOCTpOilU Tenep» :ztBe DPOHSBOJI»HWB K8C8T6JI»HWe K Orll68DIJ(61 UO;ll 

yrnaMH ct~. H OCz.. • B o6nacTH MO'T , r:zte HIIBD~ YeCTO TPH pemeHHH 

( (3 = 0 , <>;, H. ~), OHH nepeceBaDTCH B HeRoTopolt. Toque K C{. ~). 
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3Haqwl, ;ltJlll KOHKpeTHRX SHaqeHHli OCllleHH:WX KOHCTaHT ~ 1 :t. Mil JIQ

:11:611 :swtlHCJIHT:& HaMarHHtleHHOCTH GJ. H 6.2. , Kooropwe flliJillllTCB pemeHHB-
Y:z, • 

IIH ypaliH6HHH (16) 1 no ~opuyJie ~.:. ( c.tad:J 1 t-::: J.J2 • TaKHU 

cnocoeiou onpe;tteJISDTCH HeTpH:sHaJI:&Hwe pemeHHll ypa~HeHHll cauocorna

co:saHHH B JIDClOli TO~e ~SO:BOli nJIOCKOCTH 1 r~e OHH cy~eCTBYilTo 

3aMeTHII. ;ttanee, qoro BBe;tteHHe oreunepatypw (} B ypa:sHeHBe (16) 

COOTB6TCTBY6T rOIIOT6TIIIH nJIOCHOCTH ( :J-2., ::£,) C HOSiWJHnHeHTOII % • 
0TCD;tta CJie;ttyeT, tlTO ~HA rpa~HKOB 38BHCIIIUOCTH HauarHHqeHHOCTH OT 

TellnepaTypw UOXHO yCTaHOBHTL npH ABHZ6HHH B;ltOJil> ~qel, B:WXO;lt~HX 

HS HaqaJia KOOPAHHaT. TaB, ;ttBHraBCL no Jiyqy (I) OT TOIU{IIl 0 ll Ha

npa:aJieHHH yueHLmeHMH f} , uw cHaqana nepeceHaeu oeiJiacT:& TPHBHaJIL

Horo pememm, aaorew orHCiamQil o'M , H nona;ttaeu :a oeinacn, r~e ypaD

HeHHe (16) HMeeT TPH pemeHHS. ~OJIL nyqa (II) no~qaeu nocneAO:BaTeJIL 

HO o~Ho, ~a, TpH, a aaoreu cHo:aa ;tt:aa pemeHHs. ByqH (m) H (IY) ne

peceKaDT JIHmL OClJI8CTH C O;ltHHU H ;tt:BYIIH pemeHHSIIHo 

~opuyna (20) :a cnyqae :JC = 2- npHHHUaeT DBA 

~ +~<J2 = fJ flrthcs 
G' 

(24) 

TotlKH coranHoHapHOCTH AJIB ~YHKnHH (24) onpe;tteJIBDTcs Ha ypa:aHeHHB 

:!,_ + ;t.6J, i-G";. /) 1. +0 - r.,n--0. +3:452. - 26' i -6' . (25) 

"CCJI6A16Y.Tenep:& rpa~HKH SSBHCHIIOCTH H8118rHHqeHHOCTH OT TBII~ 

nepaTypw (pHc.2). Ha pHc.2a noHaaaHW rpa~HKH G'(B) npH ~HKCKpo:aaH

HOJI ol > 0 H npOH3BOJILHO IIISIIeHSillll;eYCS ~ 1 Ha pHCo 26 - npK 

~HKCHpOB8HHOJI :4 > 0 H UeHSillll;eiiCS j2, • 
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a) 6) 

0 
I 

(5 

J.~~--=:::-

. - -· (} 
v I j I ; I I I \ o; · · --- •B 
0 0 

PHc.2. 

PaccuoTPHY p111c.2a. Jlerno yCie;ttlllTLCH, tlTO AJIH -1. < _j.t/.74 < 0 , 

T.e. B ceHTope AO]l , r;tte neEHT nyq (IY), ,iueeu rpaqllllK · I , co-

OTBeTCT:BYDDtHI HeHacwm;eHHOYY COCTOHHHD weppouarHeTHK8. MaKCHY8JILHHI ..., ~ 
UOYeHT nplll . (}::::.0 onpe;tteJIHeTCH COOTHOmeHHeY. G;; = (- -o/.1.;) :.t: 
I!pH ~ =-:4 Ha rpaHHUe O]l weppouarHeTI4H ;ltOCTMraeT H8CWUI,eHHoro 

. ~ 

COCTOHHHH
1 

OAH8K0 1 H8K OTYeqaJIOCL :BHllie ;ltJIH Oelm;ero CJiyqaJt ~~n=O, 
n=:! 

:B TOqKe fJ=O l/lUeeTCH OCOCleHHOCTL, xapaKTepMayDm;aHCH pe3KHII nepe-

XOAOY C BepT14K8JILHOI KBCaTeJI:&HOI H3 OCiWqHoro weppouarHHTHOro. COCTOH 

H14H B COCTOHHBe C HeHacw~eHHWY NOY6HTOY (cu.rpa~HK 2). Ha BCeX 

ocTaJI:&HWX rpa~HKax 3-7 KacaTeJI:&HaH :a aToli oroqxe ropMaOHTaJI:&Ha, 

T.e. HauarHlllqeHHOCTl> npH TeunepaTypax, ClJIHSKlllX K HYJID 1 yueH:&maeTCH 

.oqeH:& He8H8tlHTeJI:&HOo 

~3 ~opuyJIW (24) BlllAH0 1 tlTO CJJyqaR 3_COOT:BeTCTByeT Jiyqy (ill), a 

cnyqalll 4,5- ceKTOPY J 20C. TaKwu oeipaaou, ;ttJIH -L~:J~~ 1 

15 ·, 



YOAen» COOTBeTCTByeT o6wqHoYy ~eppouarHeT~Ky, npHqey B TO~e KDpH 

B = Be=:{ , ae aaBHCHJJ;eii oor .'4 , Hweeor uecoro <PaaoBwli nepexoJt 

II POAa. 
8aoreu B o6~acTH J4 0C uw no~qaeu rpa~HKH BHAa 6,7, ~e KPH

Baa Ci{B) HYeeT ABe EeTEH, OAH8 H3 KOTOPWX ~eXHT HHXe Apyrol H 

COOTEeTCTByeT HeycorolqHEOYY COCTOHHHD. B STOll ~yqae IIPH HeKOTOpOI 
' TellnepaType f) >Be npOHCXOAHT ~aao:swl nepexo;lt I POAa. HeTPYAHO BH-

AeT:&, qTQ TO~H ()1 
1 ~HKC~pyDJJ;He Ha rpa~HKax 6,7 EWCOTY rop60B 

HSA OC:&D a6C~HCC 1 onpeAe~HDTCH nepeceqeHHeY nyqeii, nezaJJ;HX B CeK-
. r 

Tope J40C, aanpHuep (II), c orH6aDm:eU 0 II. Kpoue Taro, Ha ypaEae-

HHH (25) YOZHO IIOKa3aT:&, qro YHOZ6CTEO STHX TQqeK HYeeT TOqKy 

crym:eaJut, uea:&myD e.ttHHH~, T.e. npH nD6wx :4 ~aao:swl nepexo.tt I 

. po~a HYee-r uecoro IIPH 3HalieHHHX (S< J.. Sro rOEOPHT 0 TOY, qoro 

paapymeHHe ~eppouarHHTHoro ynopaJtolieHHH ASZ6 npH .oqeu:& 6on:&max 

reuneparypax npoHCXOJtHT He cpaay, a noc~e aexoroporo yueu:&meHHa 

YAenDHOI aauarazqeaaocTH. 

CneAyeT OTY6THT:& 1 qro B03YOZHOCT:& OIIHCaHHH ~30BKX nepeXOJtOB 

I po.tta :i aexoropwx BeJJ;ecuax, aanpHllep MnO , c nouonu>n raMHJIDro

azaua.a, cQJtepzaJJ;Hx cnHao:swe oneparopw E qerEeprol CTeneHRt BnepEwe 

o6oyQanac:& B pa6ore [12]. 

PHC. 26 OTBeqaeT cnyqaD, KOrAa MW, HaxO)lHO:& B :Bepxuel II~

MOCKOOTH, MeHH611 3HaqeHHe d~ • O,ttHaKO .IIpH ;{~ -cZ ~llK 1 'BWXOJtH.:_ 

JJ;H6 H3 TOqKH 0, Be nepeceaaJJT o6naOTH 0 rAe oy~eCTBYDT HeTpHB~SXDHWe 

pemeHHll, J4 S'lH aaaqeHHH ;/:1.. IIIII H6 paCCYaTpHBaeu. 

EyAeM yEenzqHBaT:& ;;/~ • Qqe:BMAHO, liTO rpa~HK I coorEeTcorBye~ 

~qy (!), rpa\IJ. 2. - OCIII OJ4 , a rpa\IJHKB 3,4 - C6KTOPY JJj.Y:., T.e .. 
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WS30:BWI nepexo,n I po,na Hll6eT YeCTO ;~tnll -J. < .1-x74 < 3 .IIepeoeKall 

rpaHHuY OC (rpa\Il.5), nona.ttaeu B ceKTOP J20C(rpa\Il.6), r.tte :s~Jt 

KpH:BOI yze H3B60TeH (Clio 4 Ha pHc.2a}. 
IIp1r1 yuea:&meHJ&H :!,_ KaK ~eppouarHHTHaa ToqKa KDplll (o; < B,J , 

TSK Ill TOqKa llJ830BOro nepexo.na I po.na ( o; < (): .( o; < B;) 
CJtBHraDTCH B o6nacTL vea:&mHx Teuneparyp. l\JIH oipM~aTen:&HWX ·o1 
(rpa\Il.l} aaaqeHH6 ~ 1 COOTB6TCTEYDJJ;ee HeyCTOiiqH:BOYY COCTOHHHD 

npH ayneBoii Tevneparype, onpe,neJIH6TCH TOI ze ~opuynol, liTO H ~ 
aa pHc.2a. 

8aueTHII, qTo rpallJHKH, aaanorHqBWe pHc.26, nOJiyqeaw B pa6ore 

[n]. 
llpe;!tOT8BJIHe'f HHTepec no.ttqepKHYT:& pOJI:& rpaHHUW 0C ( ~ = %) , 

KOTopaH paa.nenHeT o6nacTH o \Ila30EWIIH nepexo.nauH I 1r1 II po,na. Kpoue 

TOrO, yqlr!TW:Ball (22}, ITOJiyqaeu, qro.Ha OC Y6Hll6TCH KPHTHqeCKJrlit IIO

Ka38T6JI:& r E TOllK6 KDpH: o=:i{-£)"'::..t§(f -J:J¥4, r,Ae £ -
npH:Be;lteHH06 11 T6YneparypH06 paCCTOHHH6 11 ;!tO KpHTHq6CKOI TO~H, a 

Y4" KO~H~H6HT ~ := ~ ~== 1,495. 9TO COOTBeTCTByeT CJiyqa!lll 5 Ha 

pHc.2a H 26. 
PaccuorpHv, aaxoae~, o6nacr:& AOB aa pMc.I. 8AeC:& npH nm6wx 

(} ~0 , oylll.eCTByeT JIHm:&, TPHEHSJI:&HOe pemeHHe 0 = 0. II pH Hyne:solt T611-

neparype Hueerca BWpOX,AeHMe, a ~Jill Roaeqawi TeunepaTYP ara o6nacr:& 

COOTEeTCT»Y6T napavarHHTHOIIY COCTOHHHD 1 ToRo Y Hero H8H60JI:&IllaH 

SHTPOIIilll H3 ECeX COCTOHHHlt C Byne•ol cpe,AH61 npoeK~Hel IIOIIeHT8o 

B peayJI:&TaTe YOZHO CAeJiaT:& EWBO,A, qTO liCH OJIOCROOT:& ( ~ > ~) 
Jt6JIHTCll H8 06JiaCTH, KOTOPW6 :OT»eqamr napa- H,\Il8PPOM8rHHTHWII COCTOH

BillM paCCUSTPKB86YOA MOA6JIDHOI CHCT6MWo llpi! _STOM ll 06JI80TH AOC 

HII6DT U8CTO HenpepW:BHW6 <P830l1We nepeXO~W KSK ;!tnll HeHaCWJJ;6HHOrO, 
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TBK H ~Jlfi Hacw~eHHOro weppouarHeTHKa, a E o6naCTH COB, EHYTPH Ko- . 
. . . I - . 

Topol\ nenHKOM JieltHT oru6axnaaH OM , paspymeRHe weppouarHHTRoro yno-
- . 

p~oqeHHH conpOEO~aeTOH OKa~OM nepEOK npOHSEO~HOI. OE060~HOA SHep-

rHH 0 :=. -
0-Uh_ • 

3acnyXHES6T EHHMBHHH UOE6~6HH6 ETOPHX npOH3EO~HWX OE060~HOI 

aaeprzH ~=- ~~ht npH ~aao»ou nepexo~e I po~a (pHc.3). 

o,:t : \ 
: \ 
: \ 3 I 
I " / I -
I 
I 
I 

2. 
0~ Itt. I i--....., 

oc: o' &* 8 

PHc. 3. 

TaK, ~»mraHCD no ny~ (IT), uw uHaqaJia nepeceKaeu orm6am~D 
I ~· I ~ 0 AI B T0~6 r:1 , SBT6U rpaHHey 0 T B TO~e O'c: • Ha OrHc5Bil11!6A 

Oc5p811!86TCH B 6eCKOH6qHOCTD BOCUpHHMqHEOCTD ~~(rpa~.I), COOTB6TCTBY• 

DIIISH ~eppouarHHTHOMY COCTOHHHDo llapauarHHTH8H EOCUpHHUqHEOCTD ~~
(rpa~o2) CTP6UHTCH K 6eCI<OHeqHOCTH npH ~ = ~ , To6o Ha »eel\ npH-

' UOI POT • Cnyqal 3 OTBeqaeT HeyCTOhHEOUY COCTOHHHD, T.e. yqacTKY 
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Q(i Ha rpa~II!Ke nep»ol npoHs»o~aoll G'(fJ}. ~aao»wl nepexo~ npOJnc
/l , ,(1 XO~HT npH T6MnepaType Cf. < (} < f} , KOr~a COEna~BDT UHHHMYMW .CEO

G 
60~HOI SHeprHH

1 
COOTB6TCTBYDIIIH6 napa--H weppouarHHTHWU COCTOHHHHMo 

Cne~o»aTeJIDHo, npm ~aso»ou nepexo~e I po~a HweeTCH cKaqoK, KO

HeqHwl no E6J1HqHH6
1 

KSK y nepEoA, ·TaK H y BTOPOI npOHBEO~HOI CB0-

60~HOA aHepru. 
B SBIJ!m'l6HH6 BBTOP UOJIDBY6TCH npHHTHOI E03UOXHOC~Dil EWPBBHTD 

6naro~apHOCTD 38 EHHUSHHe I ·pa60T6 npo~.H.H.EoroJID60EY(MJI.) • - . 
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