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@ 1976 06l>eOuHeHHt>lrl UHCIIIUIIIYIII AOepHr.lx ucclleOoeaHurl Ay6Ha 

I. Yp8BH8HHH KBBHTOBOI TeOpHH fl011H/I, 2/ HWe~T cy~eCTBen
HO H8HHH8IHNI xapaKTep. AH81!0rHqHNA X8p8KTep HOCHT yp8BH6HHH 

naiCOHa-WBHHrepa ~11ft OAHOqBCTHqHNX M8CCOBOrO H fl011HpH38UHOH

HOrO onepaTopoB/3 •4/. B TO Ke Bp8Mft yp8BH6HH6 EeTe-GonnHTepa 

~11ft ~ByxqaCTHqHol ~YHKUHH rpHH8 o6wqao p8CCM8TpHB86TCH KBK 

11HH61H06 yp8BH8HH8o 9TO H6COOTB6TCTBH6 CBH38HO C TeM, qTo H~

po ypaBHeHHH EeTe-Go11nHTepa,KaK npaBHno,onpe~enHeTCH H aaAa

eTCH C flOMO~»m p83110:J:6HHft flO TeOpHH B03MY~6HHI B B~e 6eCKO

HeqHol CYMMH HenpHBO~HMNX (B CMNC116 ~ByxqaCTHqHHX ceqeHHI) 

~HarpaMM ~eiHM8H8. 0~H8KO TSKOe npe~CT8B118HHe qacTO OK83NB8-

8TCft HenpBrO~HNM, HBnpHMep, B KBBHTOBOI 3116KTpO~HH8MHKe H3-38 

H811HqHft HH~p8Kp8CHNX p8CXO~HMOCTel, CBft38HHNX C HY116BOI MBC

COI ~OTOHB. 

B C11yqae npo6118MY CBft38HHYX COCTOHHHI HH~p8Kp8CHY6 OC0-

6eHHOCTH He B03HHK8mT ~8K8 B npH611H:J:6HHH 11 p8CC6ftHHII 11 , 6C11H IIB

HO yqeCT» 3~6KTY 11 CBft38HHOCTH11 B npoMe&yToqHNX BHpTy811bHNX 

COCTOIIHHIIX. nnft 3TOrO H606XO~HMO npOCYMMHpOB8Tb 6eCKOHeqHN6 

flOC116~0B8T811bHOCTH HenpHBO~HMYX AH8rp8MM ll~pa yp8BH6HHft/S/. 

TaKoe cyMMHPOBBHHe npo~e Bcero ocy~ecTBHTb, ecnH HMeeTCH ~o

nonHHTen»Hoe ypaBHeHHe ~nft aroro ~pa (HanpBwep, TBna ypaBae

HHft AaiCOBB-WBHHrepa ~nft MBCCOBOrO onepBTOpa). fiOflYT86MCH BN

B6CTH flO~XO~~ee yp8BH6HH6 H8 npHMepe KBBHTOBOI 3116KTpO~HH8MH-

KH. 

2. PaCCMOTPHM ~YHKUHm rpHH8 ~BYX paa;nHqHNX ~epMHOHOB c 

M8CC8MH mo.. H m, B npe~T8B116HHH B38HMO~eiCTBHft 

G<x .. ,x,,)fo..Jt) = ~ (oiT'I{<to.)~£xt> 'fo.<~·> '1/(Jt) S I o>, (I) 
• 

r~e onepaTOpli CUHHOPHNX nonel 'Yo.,t y,D;OB.I6TBOp.RilT ypaBH6RHil 
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A 

(~ -m)'//uc) =0, 
>I . J ..!' 
p~ := { -.- t Jy ' 

( )J '-, 

S ::: T ex? { ;_ S J~ d:.r (lc) ) s" =<ol Sto> , (3: 

-:Z<x> ::.-ci,<x>A"cx) =- ~.2: [~ (><) r.,, ~cx>A~x)]_ 
J t ~a~g 

/ 
\. ,, 

- narpaH~8H B38HM0~6~CTBHH. 

BhlBe~eM ~RH AByxqacT»qHoli ~YHK~HH rpHHB c; ypaBHeHHe lliBHH

repa B B8pH8~HOHHhlX npOH3BO~HUX. C STOH ~enb~ BBe~eu/3/ KHBC

CaqeCKOe none EHeWHero TOKB ~(x). B38HMO~eHCTBHe KB8H

TOB8HH~X noneli C BHeWHHM HCTOqHHKOM ~OTOHHOro llORfl yqHTUBBeTCfl 

C llOMOUib~ ~008BReH»H B narpaH~H8H B38HMO~e~CTBHfl (4) qneHa 
f 

~A , TaK qTo 

cZz (x)::::. - Jo<>A(x) - .;)'ex> A (x) • (5) 

TaKHM 00p830M 1 BCe MIHTepecyromae H8C Ben»qHHbl - tPYHK~MH rpHHB 

H MaTpHqHble SReMeHTbl - HBRHIOTCH tPYHKUHOH8R8MH OT ~(~) 

38M6THM eme 1 qTo B np»CyTCTBHH BHeWHero HCTOqHHK8 KOHtfl»rypa

UMIOHHOe npOCTp8HCTBO He OOR8~86T CBOHCTBOM Tp8HCR~HOHHOH HH

B8pH8HTHOCTH. Hau noHa~o6HTCH HeKoTopble xopowo »aBeCTHble/1 12/ 

COOT.HOIJ!6HHH ~Jlfl B8pH8l.(IIIOHHbiX llpOH3B O,llHhlX: 

_L T{<f<x) 'f<~j> .Sj =-T J<p(x) .. 'iJ<J) · Ac~>S J 1 (fi) 
S;J(i:) ~ 

c P,.- m) T{rl,.> ... S} = i r;:;- s- {· .. S} 
r 'f"(:X) I 

~,<; = _ i e T l A <.x) 'f'<.x> $ J 
d~ 

4 

(7) 

(8) 

j\ 

lloAeHcTBOBaB onepBTopoll ( P.- mo..) Ha ~YHKUHJO rp»Ha (I) I .. 
»cnonbayH pe~yKUHOHHyJO wop11yny (7) H cooTHoweH»e (8) 1 Ha~ell: 

(PK,.- ma_) G<><a,Kti/lo.-Yt) = i a(x<A.-,Y"-) St (>t~.,y,> -

i eQ. .,..,{ " - w S ? -y<OI/ AtxQ)"/{(x ... >~<xr)~<.'Jtt.>Tt<Jt> Jfo). (9) 
a 

O~HoqacTHqHBH tflepMHOHHBH tfJYHKU»fl rpHHa BO BHewHeu none 

S (x,j) :::- + <oiT "fC><J 'f/(yJS I 0'> 
.so 

Y.zlOBneTBOpHeT HHTerpo-AH~epeHU»BHbHOIIY ypaBHeH»JO ~alicoHa

lliB»Hrepa/112/ 

.. r'~ ( 4. - m- e4e(x) -M) S(X.:J) = ~ (X-J) , (IO) 

r~e t1 - O,l{HoqacTHqHw~ IIBCCOBhl« onepaTop. o~ecb cpe~Hee aHa

qeH»e BHewHero aneKTpouarHHTHoro nonH j\e onpeAeneHo cne~ro
~HII OOp8oOW! 

S's .. 
Ae(x) = :., (o/TAcxJ$Jo> = ;" S' ::JcxJ (II) 

~elcTB»e HHTerpanDHOro waccoBoro onepaTopa f1 onpe~enaeTCH 

CH6AY~HII COOTHOWeHH6W! 

M S<v.,;j> :::::::. SJ~'M<x,w.') S<x:J) = i.e~ rf(x) s (x,g) . (12) 

r 
HcnonbayH cooTHoweHHe (6) » onpe.l{eneuHe (ll), BTopoe cnarae11oe 

B p8B6HCTB6 (9) UOKHO npeo6p830BBTD K BH~y: 

- C:e.. <otT{Aoc.a.)~C~>'Ift~)~<j' ... )lf/cyt>SJio> 
So 
• [; f"' f' "e 

_ t eo.?f"J' t:;. Cl4.)~(Ko.,rc;J ... jc> +ea. u.n ... ,'X(;}/a..·~c)A (X...) • 

j 
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IIO,!lCT8Bilflfl STO COOTHOIII6HM6 B ypaBll6HM6 (9) II ;~~el!CTBYH Cll6B8 

onepaTopou o6p8THOH <J)yHHUIIIM fpMH8 

i "'e M ] s- =[P -rn,-e,A<"t)- t 
l '~-( • " ' 

Ha.ii,n;er.~: ~ 
-" Ae [" e -i.LPxg- m8 -e, A <)(,J -Mtf P~~.._- rna..- e.q_A cxo..) 

- i e,.. 't':t' .L_ ]4 c.x,,Jt,' ff~ .~,) = $ ~x .. -.¥"'-} a ~Itt -,;r~> 
f0Y") 

·::o•mo TBKMY JKe cnoco6ow, 11.6RCTBYH onep! TopoM ( Px& - me) 

Ha WYHKUM~ fpMHa c;,. nonyqijy ypaBHeHMe, OTJIHqa~~eeca oT 

yp8BH6HMB (13) nepeCT8HOBKOH MH,!l8KCOB 11 0 11 H 11 & 11 : 

-" ~ ][A "e - i LAta.- ma.- e ... Aec>C,.) - M P,.,- m, - ee A c><e) -

(n) 

'e.... L ]f"l{x ( IJ V•) = $'~x .. -'1 ... ) a~rc-~c) • (14) 
l fO~ ~ '3-( lfg) "' <\, ''d.-d' '<1 

9TH Jp8BH8HMB H 6CTb O,!lH8 113 ¢op.1.1 yp8BH6HMfl illBHHrepa 

,!lllH ,!lBYX48CTil4HOH WYHKUMM fpMH8. Yp8Bli8HMH (13) K (14) MOlKI!O 

npeACTBBMTb B I!HTerpanbHO.ii cpopr.~e. BBSAH Allfl ynpo~el!llfl onepa

TOPHYIO <J)opr.~y aanHCH, nepenHweM ypaBHSHile (13) c noMOIJioiO pa

BeHCTBa {10) B T8KOM tlll,!le: 
- i. 1 -i s ] ~ J L q;; -' Si Mo. - s, e., a-":f-("- '"'I = ~ "0- (x.._) 

r,!le Go= i s ... s, - ljryHKUIIIH rpHH8 ABYX HeB381lMO,!l8l!CTBYJO-

~~~x qacTMll· OTciO.n;a BMAHO, 4TO ,!lByxqacTHqHaH ilJYHKllKB fpHHa 

YAOBllSTBopaeT HHHeAHouy HHTerpanoHouy ypaBH6HMJO EeTe-CoJinKTe-

pa 

G =- G.,+ Go K ~ (15) 

r,!le AByxqaCTHqHoe B,!lPO B38111MOA6l!CTBJIIB f( onpe,!leJieHO Cll6AYD-

6 

mBM npe~T8Bll6HM6M: 

-L s-i r- ~ ~ 
K ~ == { i Sg fvta. + e.. c (fa_r s- ::1 <x.,) J ~ 

/' 

TaKHY Ee o6paaou, HCXO,!lfl Ha ypaBHeHM.ii (14), Allfl a,!lpa K 
H8l!,!l6M: 

{. s-i s-1 ~ ? KG = L o. Me + E?e o. 'te_t -- l G s Jj. (Jt.t) 

(If) 

(17) 

qaCTO fl,!lpO f( onpe,!l6llliiOT KBK 6eCKOH64HYIO CJMMY ,!lBJX48CTil4HO 

H6np111BO,!lM~X ,!lM8rp8MM, 

3. Onpe,!leJIMM Tenepo BepwMHHYIO WYHKllMIO ,!lByxqacTil4HO.ii 

CHCT6Miil r;:e 8HBJIOrlr14HO TOMY, K8K STO ,!l61!88TCH ,l\IIR O,!lHOH qac

THU,!il. C aTol! ll61lbiO paccMoTpHM naTMTOI!ei!HYIO WYHKUVJKJ fp11na 

:; G, (Xc.,)l( •:/tt./fl) ,-..~ ) = K ( )1<1, ~,I f/"-·rft ( 2 ( IH) s .Jj.(i.) 

111 n01!07J.J/IU/6/ 

Rf'cZ::) =-fli'7:f~u.,z'>4*1~,0'>*4 • (19) 

r,!le . f' " r~ . Ae.f' A~"" Y~x,d:) = ~" <o/T AV<>A <:;> ~ fo>- 1- 0<) <;j) 

- noJiuaa O,!lHOqoTOHHaa WYHKUI!B fpHua B none BHewuero HCT04HMKa. 

H onepaTOpHOM paBeHCTBe (19) 3H8K ( * ) 0603HaqaeT HHTerpHpO-

B8HM8 no ,!lByXq8CTH4HHM BMpTy8llbHiiiY COCTOHHMHM. B ~81!bH6l!llleM 

,!lllH y,!lo6cTBa 6y~ew Hcnono30BBTb onepeTopuy~ WOPMY aanMcH, Blii

A6llflB TOI!bKO 11 WOTOHH!i16 11 KOOp,Zi111H8Tiil/3/, npH46M no nOBTOpfl!OlllJ/IMCfl 

11 <J)OTOHHiiiM KO Op~KH8T8M 11 nO,!lp83JM6B86TCB MHTerpHpOB8HM6. HellH-

4MHbl A H ~ paccwaTpMBSIOTCH KBK MaTpHUiil B KOHilJHrypau,HOHHOM 
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npocTpaHCTBe. BmaeT>~M, 'lTO BepwHHHBH <lJYHKI.\HH f:g t ~ > 

aaBHCIIT oT o~Ho~ "(jloTOHHoli KOOp.L\>~HaTbl", a <lJYHI'I.\HH Pp11aa (jloTo-

Ha '::lJ (~.2 1 )- OT ,li;ByX, TBK 'ITO 

3'(~) .=,r(~,x,X') = (j~(~-x) 8(x-x:'), 

<.Jt/Atx') = dO<-)<') A (X) • 

6' A '= ~(~)A c~ > = S JJ dJ. (j) A-"c~), 

t"r5J~l1fH'(~') .=jdf dj'~/.C1>~t,,fJ (~(f). 

C .n;pyroli CTOPOHW, C il01401Jl:bl0 onpe~e1!8Hl4fl (ll) B8pH81.\IIOHHYIO npo

ld3BO~HYIO no ~ MO~HO CBH38T:b C B8pl481.\HOHHOH npOH3BO,ll,HOl1 no 

HOBOMY ilJYHKl.\>IOHBJII>HOMY apryueHTy A e • 

_f;_ = jJ SAe<1J _[_ =- J:oc~,ll) _[__ d1 -
f::f(x) 3 J/](x) .!AQ<~) dA€'(1) 

:=-':<.}Ci,x'), r · (20) 
d A c~> 

Onpe)leJmw ocipaTHYlO AByxqaCTI1'lHYIO lj)yHHI.\HlO PpHHa G c noMO!III>IO 

paB8HCTB8 
- .i -.I. 

<:;J(.G =~ *CR==i 

I! BOCil01Ib3Y8MCfl 

__§_g_ 
SA e(l) 

COOTHOW8HI!fiMH (16), (20) 
~C(~ 

=-q* --~a 
SA eO) 

14 TOJK,ll,8C TB OM 

(Cl) 

Tor.n;a .n;1IH ABYX'lBCTH'lHOl! BepwHHHOtl iJ!YI:iKUHH r:g (i!) Hal1.n;ew: 

$'~--~ 
r;;;, o> =-~ = r:cz> -+ 1\ (e), (22) 

d A' c.a > 

r.n;e r; cr:> = _,. ,-;; ( .. n sci- i s;tt1(.?->' A un = S'K 
S Ae(&) 

8 

-t 
S's.. -

- -~ -t-:._ o. > = - cS' A l?( e) 
'i; Ha.. 

~tac.U+ fA(e> 
~D) 

Tenep:r, BbiBe.n;eM Bblp8JK8HHe MH H~pa 1<. qepea ~ByxqacTI1'lHYIO 

BeplDI'IHHYIO rpyHKI.\Hto r:~ . lilcno1!I>3YH cooTHoweHI'Ie (Hl), nepen>~wew 

ypaBH8H>18 (16) B C1!e .ll.YIOIJl814 BH,lJ;8 

KG = i s;1 MaG - ec. fa._t .Sc-
1 

R.fc ... , ?:J. 

OTciO~a, I!MeH B Bl!.n;y onpe.n;eneHI'Ie (19), .n;11H fl.ll.PB K Hali~eu 

npe.n.cTaB1!eH>~e/7 / (p>~c. I): 

K =- e .. 'K'(J_(1JSi 1 ~<~.-f){iJt.f:& o·> + iSeiMQ.. ~·''l) 

I!ICXO,ll;fl 1!3 ypaBHBHHfl (17), no1Iy'l11M ,ll,pyroe Bbi.IJ8JKeHHe (pHC. 2): 

K =-- e, ~c~J S;.17Ja,e'J G ~/";,(2'> + i S~
1

M& (;5) 

• 
PHC. I 

• K 

PIIC. 2 
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Ha pKCJHK8X 1,2 3H8K ~ Od03HaqaeT MHOXHTBilh ~ -1. ilpK 

B3rJIHA8 Ha p8B8HCTB8 (24), (25) H pMCJHKH 1,2 BHAHO qopuanh

HOB CXO~TBO 3TKX ypaBHBHH~ AllH HAPB f< C ypaBHBHHBU ~aR

COHB-illBHHrepa AllH OAHoqacTHqaoro uaccoBoro onepaTopa f1 
(pHc. 3) 

Ma. = -ie<1t<!J_r~)7H~,1'>Sa..f:.c'5') 

M = s,-l- s -J. , (21') 

rAe ~f - \PYHKUKH rpHH8 CBOdOAHO~ t!BCTauli (683 Jt!BT8 B38HUO

ABHCTBHH C noneM \PQTOHOB), y~OBJIBTBOpHID~BH yp8BHBHHID 

A "' 
( P- m-e Ae) sl' == 1 . 

';0 

-®-
Mo.. 
~ s.._ ~~ 

= 

P14C. 3 

h ABJihHBMillBU nonaraeu, qTO BHBillHW~ HCTOt!HWK ilJOTOHOB BbiKHIOt!BH, 

T.e. ;/::0 , Ae= o . 

PelllHM ypaBHBHHH (24) HllH (25) HT8P8UK!IMK no MOAH\(JHUHpO-

BBHHOH TBOpHH B03MJUlBHHH. ilonaraeu q':::: qo ) l~t :::::0 (;, , 

r;;, : eq,l 1"a,e • TOrAa B K8t!8CTB8 HCXO.l{HOro npM6HHllt8HHH AHff 

HAPB K HBiiAeM H.ztpo o.ztaoqoToaaoro o6Meaa K (YJ (pHc. 4): 

(0 ,-,.,{"-t I y" I K =-e ... etlf'a._; c~> ·q (~·?) Qt~ (~ 7 (27) 

K"'· I 
PKC. 4. 

10 

I 

' 

I 
\ 

:.IHOliHTBHh eq e, MOlltHO 38nJW8T:b B BHAB 

.2 €2. ::1. 
e .. e, = i!. «. ?. t e = 4 7i 2 ... ~, o( ' of. =' 4/1 ::=. m ' 

r,21e 2.4,/-38pHA!i ti8CTHU B BAHHHUBX 31lBMBHT8pHOrO 3JIBKTpHqe

CKOro 38PHA8, T.e. e~;,f = i?Q,c e' PemaH ypaBHBHHB EeTe

ConnHTepa (15) c wou K (Y\ Ha£t.zleu cooTBBTCTBYIO!llBB npK6nH-

J"''(¥J 
JitBHKe ;&HH ABJXt!BCTHqao.l-1 \PYH~HH rpHHa ..... • 3TO npH6JIHlKBHHe' 

oqeBH,liHO, ODHC!iBBBTCH CJUMO~ HBCTHHt!HiiX AH8rp8MM (pwc. 5) 

~ (¥) + (I) (t) (I') 
~ =c;'., Gj.,J< Go-+Gol< Got( Go+,,. (,~e) 

c/.,.> = ·I·Jr .,.. .... 

PHC. 5 

4. Teneph Mli HB~ABM CllBAYIDmee npHdllKlKBHHB AllH HAPB f( , 
0") 

YtiHTbiBB!I 3\P\PBKT!i 11CB!I38HHOCTH11 c nOMO!llhiO WYHKUWH a . ,iJ,JIH 

TOro, t!TOd!i He Jt!HT!iB8Th 11 CB!I3BHHOCTh 11 ABBlK,llli no 4 H no 

r:: /" <0 a', OCTBBJUIBM ~ npH HBCBH3811HO~ tj8CTW JJBplllHHHOH i!JyHK-

UHH {; , t.L (9'.,-npH CBH38HHOH t!BCTH BBplllHHHOl1 \(lyHKUWH 1\ . 
flpH aTou BblpalKeHHe Anff HAPB K MOJI[HO npe.llCTaBMTh JJ BHAe ~ 

K = l<<r) + t.K (29) 

Hawa uenh - HaRTH Hyzaoe npHOJUiliBHHe ){JIB A K. liO.liCTaBJI!Ili onpe

,lleneHHe (22) B YPBBHBHHB (24),C yqeTOM CKa3aHHOrO Bblme Allfl 

a.ztpa K HaMeM: 

co . ~-1M 
K = I< + A K = Kr:, + Kll + ( .:>t Q. ' 

(JO) 
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r~e 

K 
v . ·-i'"" (.r>..,. 

r;, =- eco "a.<1>S, .-v(~~~)G luC~J , (JI) 

KA = - e<4 ;(..._ ( ~') s,-J. ~ q:~) Clo 1\ ( ~) (32) 

llatl~eu ~nH MPa r1 K T8K06 npH6JIHJK61U'l8, npH KOTOpOM BTOpoe 

cnarae~o~oe BblpaJKeHHH (30) K 11 HMeeT TOT lite nopH~OK no o< , 
KBK H nepnoe cnaraeMoe Kr;. • .llnH aToro paccMOTPHM BhlpalKeHHe 

.1\JIH ilJYHKI.\HH 1\ ( ~) , noJiy'leaaoe c nowo::(:OJO ypanHe HHH (25) 

s- ~ -~ , ' · s·i.M Jj (JJ) 1\ w == -e 
1
- e1 ~Ci?') SQ 'Al (t,i!) t:; l"'e<i) _._ 1 q g. • 

J' A<-~) Ae .. o 

OTC!O,l\8 Bl1.l\HO, '!'TO cnaraeMhl8 C B8p1181.\HOHHOti npOH3BO,l\HOti OT 

s;/ . fV1 a He ,l\810T BKJICl,II;a B ,l\8HH06 npH6JIHJK8HHe H,l\pa K" t 

T8K K8!\ OHH COj(6pl!WT J!HWHHH MHOlKV!T8Jl:O no o/._ 1 no Cp8BH8HHIO 

c K 
10 

• HKJIB.l\ cnaraeMoro c napH81.\HOHHOti npoH3.00 .l\HOti OT 

~(~~l) panea HYJIJO no Teopeue ~appu. TaKHM o6pa3oM, HYJKHoe 

H8M II(~) MOJK6T ObiTO 3anHC8HO T8K: 

-t { S rrt) ( 1 !\<~> =- ec3G<r'>S~ ~a:.1> c; t;c c~)~t;, (..!> + Q ~ J , 
.,,q (~} At., 

/34) 
r~e li!CilOJI:0301l8HO COOTIIOIII8HH8 (21) • Jla nepB11ti B3rJIH,l\ K8lK8TC~ 1 
'ITO BKJI8,L(OM 3THX 'IJ!8HOB TOJK8 MOl!\HO npeHec5pe'IL. Ho, K8K Mbl 

noKaJKeM HH;Ke, l!DilTOpH11M npl1MeHenueM ypanHeHIIH EeTe-ConnuTepa 

MDli(HO y6p8TL J!HIIlllliii MHOlKIIT81IL flO Cl( B H81\0TDpb1X 'IJI8H8X Bblp8-

JK8HHH (34). gJ!H TOrD, 'ITOObl H8tiTH HCKOM08 npH01IHJK8Hitl8 ,1\JIH H~-

pa L1K , B Bblp8lK8Hl1flX ~JIH Kr: , K11 np!t!MeM 4 :::.qQ , . 
r:, -:: ;-;: 

1 
fl., -::::: ~.~ tq.f • "CBH38HHOCTb

11 
6y.n,eM y'IHTbiBaTO c n OYOIIIbiO 

ilJYHKI.\1111 Gw , KOTopall pacnonoJKeua Meli\,1\y .1\BYMH Bepw!t!HH11MH 

WYHKI.\HHMH ro . Tor.n,a nony'llt!M: 

12 

• D e. v I s·L_,.( ' )r,(l){ ... ·:I. S -<] K ~L9< fl'Dct(11 e,., ~.~.... ~ ... te(f) + .r .... (JJ t , 
r. 

(35) 

K 1\ = - i e .. e~ .Ya._ (f)~(~:~> r, (i;') -;{)(i:i) G .. [eQ. )"<j) .s;.!. + 

-/. .J O')L- -1 -.1 1 
t e1 SQ !c<~)J G e~~.~11 (e)Se + egS .. ?fe (~) 

- i.e:e,2 4a ("J:J~ci')~(~;j)~ci:l) S .. Se 0"~(3) (q (;!). .(36) 

OTCIO.l\8 BH.~Ho, 'ITO K" nee eJle co.n,epJK!t!T JIMWH!t!l1 MHOiiiHTeJib no 

o( , no cpaBH8HHiO c Kr: • lil3 '!eTblpex 'IJieHon nepnoro cJiaraeMo

ro B paneucr.ae (36) ;l(Ba .o.aiOT BKJIB)\ B Cl18i'.\YIOIIIee no o( npH6nH

xeul1e ~A • llepenlt!W6M OCT8Billii8CH ,l\B8 'IJ!81l8 (pMC. 6): 

e; e,2 5,(~11,a'J'?lc~~V-AO::~J 'Dtt~J a a> Jqoo + 
3 /' (¥) - <1. 

-t e"- ec .r ... (~') Sg '2c~:~) 't"e (c')0<i,V ~~J I.R $a ~ <:.?) • 

a<•> ~ 4(1) 

"lF: + ~· 

PHC. 6 

(I") 
Bocnon:o3oBaBwltlc:o ypaBH6HHeM EeTe-ConnHTepa c HAPOY J< 

c:;cr> =Co+ c;" l<c.r>Ga) , 

J(O') a UrJ =' 4o- t ( a<.r)- Gc.) ' 

(37) 

(3b) 

p8B8HCTB8MH (26), (27), npeo6pa3yeM Bblp8lK8HI18 (37) K Bltl,11,y: 

13 



[

• I s .4 I ) r'(IY) -.:/. (¥) ] 
teaee~lt'J ~-'J)(t.,~ ..., ~(~)S6 -I< + 

- Ji I -! I Ct') -J.. •. -.1 t[z ee r,<£ J s,. '1>(~ • .!) G .s-., j/<r> + t.S(i Mt] . (39) 

TaKHM oopa30M, .1\IIH rtCKOMoro npl46nrtJKeHHR MPB Kl\ HSJ.t,l\eu.: 

K = i e .. E'e (((e 1
) S,~i 'ZJ(r;i!.) G(¥) Oa (i:) s;.:l. + 

A 

• <: , .s·! 1 /'"'()') -.1 V(¥) · -! + l ec ¥c <i)- ,, ';Z)(ili.) '-'! .Sq ~(Ci-) -,... + l s~ Me -

- i. e;e/ .Y"-<1'>d',(-l')~<~;j)~C:i!:z.> S"'$g (e(1) (...a). (40) 

lJOC]l8,1111HH BbJlll'!T88Mblil '1]!8H B Bblp8lK811liH (40) HyllHO COXjJ8HHTb 1 

T8K lt8K 011 Y'll'!Tb1B88TCR ~8lK,I\bl - H B K r. H B Kll • IlO,I\CT8B

]lflR Bblp8lK8HHR (35), (40) J3 yp8BH8HH8 (30), flO]!Y'IliM COOTBOTCT

BYIOIII88 npH6Rl'!lK8IWe ,1\]!H R,llpa ll K (pHc. 7) 

.._. · -t <11 r{-t (¥) ..1K = tel.l.e8 1f' ... lfJ..S, ~c~:~> G .v"- ~<~)- K + 

. a v 'Jc'-t G(/t> -t . ~·-tM 
-t- Let.>. ""-(1 P6 ':Zl<1:f) (a,(~) Se + I ~t a + 

.2", -t'"7'l-"')r<r) c~·i. '.S'-iM +te,a1 a)S<~ /-J(,,~..., ~,(t-Juo. +l a '& + 

-t rO') -i (l'J 
+ieae .. l(aiJ Sa -;?J£t!i>~ J'«(2)S6 - K ( 41) 

• ~ ;! r)l 
- L e"' e, K,_ <~·> t,c.i'J -vu,;~J'ZJ(z.~-r-) ,Sa:;,'t 3', (~>~a <r) • 

HaJ.t,11eM Bblpe JKeHrte ,1\nR ll I< a rtWiyn:r,caou npe,llcTaaneHHrt. 

Qnpe,llenrtM ne peMe HHble no ]!HOrO P, Q 1r1 OTHOCH Te]lbHOrO P 1 9 HM

nym,COB: 
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LK, ~ I +-

-fZj-

+ + 

* 

* 
+ 1-

~ 

+X. I 
- z 

Prtc. 7 
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9-==Po..+Pe. 
Q = 9Q. +- 9t ' 

P =- Zt Pa. - 'Ca. Pt , 

<} "' t6 tf.:~. - ? .. 'fe • 

{a _. 2 ( : i 
I 

Pa::. [c. q.> + p , 

Pc-= 7tCJ-p, 

~o... ~ 2oQ + 9 • 
~l c l' ll.- 9 

BB6,ll6Y WYPI>e-o6p83ill WYHKUIIH rpHHa s ' « I~ 
C yqeTOM TpaHCHHUHOHHO~ HHB8pH8HTHOCTH: 

(42) 

H H,llpa I< 

i. S v " 'I ., -iP,.Jtq_-i"'xt+it,~._+i.<fr'Jt 4cx •. ~,.J .. jt>-= (Jtfijz JA..d?,J'i ... J.9te ® 

® ,f,.(9- Q) G <..s>,r, 'I) 

K <~to..l(,;~ .. • :Jc> ~ - 1 -Jd'P. iP. i'o c~.'b e-··.., .. ~- ··P,"tt -~-~, .. ~ • ·~, ~· 
(Z.Tip ._ I la. Jf ® 

® 6"<9-Q) K <...9, p, 9) , 

cf i s V -t P(><-~) u < )(-:~> = (171 >" .1 P e $ c ") 
(43) 

J 

£ t'K. (!<•J) 
t1l (11.-4) =- - S4~K € f:i;)(l<) 

d (1-Ti )" 

llo,llcTaBnHR wyphe-npeo6paaoBBHHe (43) B ypaBH6HHH (24) H (41), 
,l{JIR wyphe-o6paaa R,llpa K Hail.Ziew: 

4 ,.,. -i M 
J-\(SJ;p,'/) = i(fl1f) d (j1-'fr) St (P1) .._ (Pa.) 

JJY!< rlP' ).1.( /) 1 t ' 
- eo..x...I":{/(P1) --';:a (K)~Ui'-'"-if'•(tr:.,p')J"'e.lt;',Cf-K;f',1), 

J (.t1i)B 

(44) 
u: - i.e ... e, -1 r 4 ,.crJ -1 

.6n(f>.f,<f) = (.;,)V¥..SecP,)J.AK~Oc)._. (P-~~:,p-;e~,9-?tK) ¥'~~(9.,) -

(r) t'e.,._2. 1 r (¥) )~ -t 
-K <'P,p,~)+ ~~~Sc(~)JJ}':ac~t:>4 <9-11-,p-z,"·~-l'K •a5c(1c)+ 

(.21i) 
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le.2 -i . s <l) -.1 + ~ ~ S., (P.,) J!IC -:?J ( K.) h(<i".t:,p+ ?"I(' 11-?"K)a( So (f.,) + 
(»f 

i ~ t} _, {' (J') . ..f 

+ (~li/ I( S,; (f{)JJ}. 'JHt:) C. (P··t:.,f' • l"'" ,~ ~~.~) ~ S, Uj~) + 

S
-t ~v~ , -1 K c;-; + l. ( {P&) r·t¢ (P,.) + i .Sa (P4 ) Mt(Pt,) - (9_p,9) 

• 2 t. /J..( fC' 
- te.~, Yojltffd~ie ;<1 t~e);D (~J~(f.·"fe>i(1-t .. ")~a-~~· 

( ~) ('f5) 

0CHOBHiliM ,llOC~OHHCTBOM H3JIO~HHOH npoue,n;yp~ HBnH6TCH 

B03MO~HOCTh HBHOrO If npRYOrO yqeTa CBR38HHOC~H B llpOM6.l(yTOII

HiliX BHPTY8llbHHX COCTOHHHHX RAPB B38~MOA6MCTBHH. B C8MOM A6H6, 
<.¥) 

Aaxe nepBoe (JieCTHHqHoe) npH6HH46HHe ~ .llJIH WYHKUH» 

rpHH8 BOCllpOH3BO,llHT Cy~6CTBYID~H6 CBH38HH~e COCTOHHHH. AnH cna-

60 CBH38HH~X CHCT6M B KBBHTOBOH 3JI6KTPOAHH8MHK6 CBH38HHOCTh 

B8.l(!f9 TOJihKO B npOY.6JKYTOqHiliX COCTOHHflllX C HH3l(OqaCTO'rHhiMH :j)O

TOHBMH, B 3TO~ 06JI8CTH Mill MOJK6M HCDOJ!h30B8Tb nepenRTHBHCTCKOe 

Billp81K6HH6 ~JIH ~yxqaCTHqHOH WYHKUHH rpHHa. 06JiaCTb BiliCOKHX 

qacTOT M0jl(6T 6il!Th ODHC8H8 C llOMOIJihiO 06blqHiliX 6opHOBCK1lX npli!6JIH

~6HHH. Cywua o6oli!x BKna.n;oB ~aeT nonHOCThiD CXO.llHIJIHHCR B HHwpa

Rpacnoi1 06JI8CTH peaynhTBT ,llHH C~HrOB ypOBH6H SHeprHlil CBH38H

HbiX COCTOHHli!H/S,?/, 

IlepeHopuHpOBKa ypaBHeHli!H (24) ~nH H.n;pa K He npeACTBBJIR

eT OC06iliX Tpy~HOCT6~ H MOJK6T Cib!Th Bbll10JIHeHa CT8H,1J;8pTHhiM CflOC0-

6ou/l,2/ (cp. nepeHopu.lilpoBKY ypaBH6HHH AawcoHa-lliBlilnrepa AHH 

O,l{HOqacTHqHoro MBCCOBOrO Oll6p8TOpa), 0Ha COCTOHT B flPHDHCbiB8-

Hi!H KOHCTSHTill i!_!. nepeHOpiAHpOBKH B6jJWli!Hhl K rOJIOit ( TOQeqnoi1} 

B6pWHH6 B yp8BH6HHH (24) i1 BB6,ll6HHH nep6HOpYHpOB81!HiliX Be JIHIIHH, 

T9KHX K8K 38pHA, YSCCbl, nponaraTOpbl If B6PWHHill. 
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HaH6onee Y~06H~Y YCTOAOY peJIHTHBHCTCKOrO OfiHCBHHH CBH-

38HHOI'! ~BYX'lBCTH'lHOl'! CHCTCJ.Ibl HBliHCTCH KB83HfiOTCHll,H8Jli>H~l'! YCTO~ 

~oryHoBa H TaBxenH~ae/8 • 9/. H~po 3Toro TpexwepHoro ypaBHCHHH 

- KB83HilOTCHll,H8Jl onpCACJICHO B TCpYHHBX ~yXBpeYCHHOl1 llJYHKll,HH 

rpHHB .llBYX 'laCTHll, a (X~,rt; II.,Jt)~ • • • 
<1 .x.; .:. Xi 

J:~¥1 
TaKol'l no,llXO.ll 3HB'lHTencHO o6nerqaeT B~'lHCneHHe ypoBHel'l aHeprHH 

CBH38HH~X CHCTCY/7, 9/, 

MY Ha~eewca, 'ITO npeAno~eHHOe ypaBHeHHe (24) AJIH H,llpa 

EeTe-ConnHTepa yo~eT oKaaaTcCH none3HYY TBKse B HeKoTop~x APY

rHx aa,lla'lax: • 

.13 3BKJIIO'l8HIIIe BBTOP~ BHpaJtaJOT 6naro~apHocn H.H.Eoromo6oBy 

H A.H.TaBX8JIH~3e 38 noJI83llH8 COBCTH H o6cy~,ll8HHH, 
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