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B ¢1r13»Ke aneueHTapttliX qacT»U npo6neua penHTllBllCTCKll

»HBap»aHTHoro OilHC8HHfl CllCTeM '/1.BYX ll Tpex qacT»U 38HllM88T. _ 

O'11,HO 113 ueHTpan1HliX MeCT. C 0'/1.HOtt CTOPOHli, OCHOBH8fl qacTb 

3KcnepHU8HT8H1HliX '/1.8HHliX B 3TOtt o6nacTll ¢ll3HKH nonyqaeTCfl 

113 OilliTOB no pacceHHllID, '11,nfl 8H8HH38 KOTOPliX HeOOXO'/1.llMO 'l1,e

T8Jl1HOe 3H8HHe 38KOHOMepHOCTett B38HMO'l1,ettCTBllH,no KpattHett Mepe, 

'/1.BYX qacT»U. 

C '11,pyrott CTOPOHli, cymecTByromaH Tenep1 T8H'l1,8HUHH pac

CM8TpHB8T1 aneM8HT8PHhle qaCTllUli K8K cno~Hlie o6p83OB8HHH tta

XO'/1.llT Blipaxett11e, B qacTHOCTll, B w»pOKOM np11MetteHHll COCT8B-

HliX MO'l1,enen, KOTOplie Tpe6yIDT COOTB8TCTByrom»x MeTO'/1.OB OfiHC8Hllfl. 

B 'IJ.llCCepT8Ullll pa3BllB8IDTCfl M8TO'IJ.N penHTHBHCTCKll

-llHBap11aHTHOro OilllC8HHH CllCTeM '/1.BYX ll Tpex qacTHU H npe'l1,Jiara

IDTCH HOBlie npllJIO~eHHfl 3THX MeTO'/1.OB K 3a,naqaM pacceflHllfl H 

npo6neMe CBfl38HHliX COCTOHHHtt. 

TiepBafl rnaBa 'l1,HCCepT8UHH fiOCBHmetta HCCJl8'/1.OB8Hllro KB83HilO

T8HUll8H1HliX ypaBHeH»tt. 

B § I paccMaTpllB88TCH KB83HfiOT8HUHan1HOe ypaBH8Hlle ]o

ryHoBa-TaBxenH'l1,3e/1/: 

Vf'-+m'- { ;i1-+ r>1'--( ff} 'f = Vez,£) 'j/. 

Z!nH paccMoTpeHHH npoueccoB np1r1 BliCOKHX attepr.-rnx Mo~Hb non1-

3OB8T1CH 0onee npocTott ¢opuott ypaBHeHHH/2/ 

(I) 

3,nec:i, fr1 - Mac ca, ; -· attepr1r1H qacT»Uli, KBas11noTeHu11an V B 

3 



HOA 3HeprttH CilCTBMY. MttHMaa qaCTb KB83HilOTBHUHana xapaKTB

~H3YBT tteynpyr~e npoueccY, KOTOpYe MoryT HMBTb MBCTO B )l8HHOA 

CHCTBMe,u onpe)lenaeT, B qaCTHriCTH, lllHPHHY 3HepreTHqecKHX 

YPOBHeA CBH38HHYX COCTOHHHA. 8~o YP8BHBHHe oooomaeTcH/3/ H& 

cnyqan, KOr)la Maccu qacTHU ;n, 11 tnz. paankiqttu. TaKoe OOOO

memrn MOllCHO DPOH3BBCTl1 C IlOMOIQblO )lOnonHHTenbH!:lX ycnOBHA THna: 

<;;2- ~l)y/ = ( /rl,,z- Jrl:) y 
(2) 

H npttBBCTH ypaBttettae (I) K ABYM ypaBttettHHM 

{ 
-➔z. .z. i l 

f> -r m_/ - S· - V r-1-, .t,) / V = (,?., .1 = 1,, 2 , (3) 
I')lB 

2 2 E In, - mz 
E;:=z-t- 21= ., E. == £ 

2. 2 -
:l. z ,;n, ,-,n~ 

,< £ 

KaK BH)lHO, K8llC)lOB H3 ypaBHBHHA (3) 3KBMBanettTHO npyroMy 113 

3THX YP8BHBHHA COBMBCTHO C )lOTIOnHHTBRbHYM yc~OBHBM (2). 

B § 2 paccMaTpHBaIOTCH BO3MOllCH!:le ~OPM!:l KB83HTIOTBHQHanb

Hl:lX ypaBHBH.Hti llRH cnyqaa, Koria O,1lH8 qacTUQa oona.ziaeT CDUHOM 

T/2, a .zipyraa - OeccnHHOBaH. IlOK838HO, K8KHM oopa3oM MOllCHO 

nonyqHTb ,1!B8 YP8BHBHHH: 

{ &u £✓ - j J3' - fr!, - ~( 1, E ij )'1 ::: o 

)l~H CTIHHOBOti qaCTHQ!:l, H 

( ·;Fr /n; -E/ -f- .2Jn, V-1- _vz + </4/4- rY 'J"i° Y= 0 u-VJ 
,1!J1H OeCC;DJ.1HOBOA. 8n1 y paBHBHHfl T·amrn CBH38Hl:l YCJJOBne1,: TI-ma 

(2). B.11.zilfo, qTo, KOr.7la paCCTOHHHe M8ll\,1ly qacTUQ8MH '2 yBe

nMqHE8BTCH H KEaattnoTettQean V acqeaaeT, 3TH ypaBHBHHH nepexo

AHT B YPBBHBHHH CBOLO)lHOro .1lBHllCBHHH CDHHOLO11 H Deccn»HOBOA 
qacnru. 
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B § .3 DOK83!:lB8eTCH BO3MOllCHOCTb H8DliC8HHH KB83HDOTB~QH8nb

Hl:lX ypaBHBHHA .zina .1lBYX qacTHQ co cnHHOM I/2 B ~opMe .1lBYX ypaB

HeHHil BH,1!8/4/ 

{ le fJ) J) o ..... f j -- . · T ') . 
. F: -- -r I P, - J?1. - V: <f::;. 0, J::: 1,,2_, 

e ✓ J J .I 

r.zie 

(/ ( '} = V - (tn,-/71~) V - !..'rr-r::-,-{~}J'!!!£· W=tl;+L) 
.t 2 +- :Z.('"1+tn2+ V) -t- 2 /h- 11 1>1,,-m~ • 

nnH paccMOTPBHHH Bl:lCOKO3HepreTHqecKoro pacceHHHfl T8KHe ypaB

HeHHfl MOEHO ynpocTHTb, npoH3BO)lH npeoOpaaoBatttte BonttoBoA WYHK

QHH, He H3MBHHH ee 8CHMTITOTHqecKHX CBOICTB! 

~ Y~ezr. 
Y.zioOCTBO nonyqeHH!:lX B 3TOM cnyqae ypaBHBHHA COCTOHT B 

TOM, qTo KBaaanoTeHQttan Oy)leT KOMMYTHPOBaTb co BCeMH f -MaTpH

QaMH, BXO)lfllQHMH B ypaBHBHHe. TaKHe ypaBHeHHH MOlKHO T8KlKe 

npHBBCTH K BHAY (I), B KOTOPOM KB83HTIOTBHQHan Ciy)leT 38BHCBTb 

OT CilHHOB H M8CC oOettx qacTHQ. 

Bl:lnonaetttte ycnoBHH yttHTapHOCTH S- MaTpHQ!:l HBnHeTcH 

B8lKHBi1lllHM TpeO,OB8HHBM npH n1060M paccMOTpeHHH npouecCOB pac

ceHHHH. B KB83HTIOTBHQH8nbHOM MeTO)le, Ha OCHOBe ypaBHBHHH )lnH 

8MnnHTY)ll:l pacceHHHH,OhlJI8 ycTaHoBneHa/5/ B8lKH8H TeopeMa O TOM, 

qTO ecnH KB83HTIOTeHQH8n HBnHBTCH 3pMHTOB!:lM onepaTopoM, M8T~ 

PHUa pacceHHHH s Oy)leT YHHT_apttoA,-~+s = 1. .• Ho, npH YBBJIJ4qeHHH 

3Hepr.11H Il8,ll,8IOIQJ.1X qacTHU, B peaJI1.,HOi1 CHCTeMe KpOMe ynpyroro 

Ka Hana BO3HHK8IOT p83JIH
0

qHhle Heynpyr.11e K8H8nl:l. IloaTOMY, eCJI!,1 

5 



J-MaTpHua onHcuBaeT TOJ!bKO ynpyroe pacceHHHe, To AiiH 

TaxoJ;! ~ByxqacTHqHoll S-MaTPH® Mu ·~oJilltHU HMeTb ycJIOBHe ee~o

YHHTapHocTH: Ss f i ' T.e. o,iepaTop 1-,fJ ~OJ!llteH OK838UCH 

nonolltHTeJibHUM. B § 4 AOKa3aea Teopeua: ecJIH apMHTOBCKHJ;! one-
/I / + 

pa Top tt =-;-(V- V} ~ 0, TO MU no;1yqHM HeMYHHTapHyIO MBTPHUY yn-
' 

pyroro pacceHHHH, JS$ j 161. B qacTHO~TH, KOrAa- I} = () 
T.e. B KB83.l'JilOTeHnHaJie OTCYTCTByeT MHHM8H qacTb HOH OIl.l'JCU

B8eT TOJ!bKO ynpyrHe nponeccu, .l'JMeeT MeCTO Toqeoe paBeHCTBO 

s+s = 1 . 
B § 5 pacCMOTpeH MeX8H.1'13M BO3H.l'JKHOBeH.l'JH B KB83.l'JITOTeHnHa

Jie IlOJ!OlltHTeJ!bHOJ;! MHHMoJ;!"qacTH/7/. 0ccne~yeTCH C.l'JCTeMa c 

raMHJibTOHMeo.11 H = flo -t- JI, , _ rAe H, -raMHJibTOHHaH B38.l'IMOAeJ;!cT:sHH. 

B STOM Ciiyqae ypaBHeHHe MH IlOJIHoJ;! 8MilJIHTy~ pacceHH.l'JH nony

tJaeTCH B BHAe: 
I 
• l T= -/1, - H, J./,

7
£.,-,i 

.ztanee 8MITJIHTYA8 7 "cylKaeTCH 11 AO lJ.l'JCTO ynpyron, MH KOTOpoJ;! 

nonyqaeTCH YP8BH8H.l'le KB83.l'JilOTeenHaJ!bHOro THna: 

1, r = vr1:J + u1EJ t-£-,'c 
r--' 

T 
,J 

C ITOJIOJK.HTeJ!bHOJ;! MHHMOJ;! lJ8CUIO KB83.l'JITOTeHUli8JI8. Tai<Oe ypaB

HeHHe MOlKeT OUTb np.HBeAeHo K BHAY ypa:sHeHHH loryHOBa-TaBxe

JIHAae cnenHaJibHUM npeoopa3oBaHHeM, He HaMeHHIOmHM T Ha aHep

reTHtJecxoJ;t no:sepXHOCT.l'J, a, CJieAOB8TeJ!bHO, He H3MeHHIOmHM H 

M8TPHUU ynpyroro pacceHHHH. 

.l{anee B AHCcepTaUHH IlPHM8HHIOTCH lJ8TupeXMepeue M8TO~ 

0Il.l'JC8HHH CHCT8M ~BYX H Tpex q"acT.11:n, 3H8lJHT8JlbHO Cionee YAOCi-

6 
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HU8 AJIH paCCMOTpeHHH HeKOTopux 38A8lJ. B lJ8CTHOCTH, tJeTupex

Mepeoe OilHC8HHe HCilOJlb3yeTCH npH IlOCTpoeHHH :supallteHHll AJIH 

TOKOB COCT8BHUX lJ8CTHU, npH 8H8JIH3e CTPYKTypu HX BOJIHOBUX 

~YHKUHll H 38KOHOB coxpaHeHHH TOKOB. B A8JlbHettweM, Ha OCHOB8-

HHH TmaTeJ!bHOro 8H8JIH38 BupallteHHM AJIH TOKOB B tJeTupeXMepHUX . 
MOAeJIHX, IlOK838HO, K8K MOlltHO H8ITHC8Tb COOTBeTCTBYIOmHe BUpa-

EeHHH AJIH TOKOB B TpeXMepHUX MOAeJIHX H HeKoTopue npeHMymecT

Ba T8KHX BupallteH.Htt. 

Bo BTopott rJI8Be ITOK83UB8eTCH BO3MOlKHOCTb ycTaHOBJieHHH 

CBH3li MelltAY MeTOAOM KorepeHTHUX COCTOHHHtt AJIH BUCOKOSHepre

THqecKoro pacceHHHH/8/ H KBapKOBUMH MOA8JIHMH M83OHOB H 6a

PHOHOB, OCHOB8HHUMH Ha COOTB8TCTBYIOmHX peJIHTHBHCTCKH- HHB8pH8HT· 

HUX ypaBHemmx/9/. 

B § I KB8PKOB8H MOAeJ!b M83OHOB paccM8TPHB88TCH H8 OCHOBe 

ypaBHeHHH! 

{ ~
2

-t Pz 2 
-t V(U,-Xz)t_j) fu,)Xz) ~ o, 

(4) 

xapaKTepH3YIOmero ABHlKeHHe KBapxa (I) H 8HTHKB8pKa (2) B M83O

He. 3AeCb npoH3BOAHTCH CT8HA8PTHU8 38M8HU nepeMeHHUX ~JIH 

BHAeJieHHR OTHOCHTeJ!bHOro ABHllt8HHH KB8PK8-8HTHKB8PK8 H BBO

AHTCH COOTB8TCTBYIOmHe llMilYJ!bCU! 

X:: X;-J X = .X-f I J . l. J 

/\-/ 1- I /:, - /oto1 'o XO( 

. L 
f.., == 'fxr,( 'Z> l"' 

TaK.HM oOp83OM, ypaBHeHHe (4) npHBOAHTCH K BHAY! 

{ H 2
r f +-J. V( Y[/} 'f(J} =o. 
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CyrueCTBeHHhie TPY.llHOCTH pemeHHR TaKJ1X ypaBHeH11tt .zieMOHCTPl1PYDT

CR Ha npocTettmeM np11Mepe rapMoH11qecKoro ocn11JIJIRTopa: 

;) V (Y f2} == G<.J'f 2
<f- c 

(6) 

PellieHHe ypaBHeHHR (5) c noTeHnHaJIOM (6), nonyqaeuoe CTaH.ziapT

HhIM cnocoOoM, OKa3hIBaeTCfl JIHOO HeROBap11aHTHhIM, JIHOO HeHopM11pye

MhIM B oO~qHOM CMhICJie, RPOMe Toro, RBa.zipaT Maccu MOJKeT npHHH

MaTb OTpnnaTeJII,Hhie 3HaqeHHfl. MMeR B Bll.llY TaKyD CHTyannm, B 

pa6oTef·IO/ MhI llCITOJII,30Bamr Bl1KOBCRl1M ITO BO POT OCl1 BpeMeHH, KO

TOphit! np111.rnHReTCR H s.ziec1,, f0 = '°f v , r.zie fv -BemecTBeHHaH 

nepeA!eHH8R. HopMa (ff) onpe.zieJIReTCR KaK 

Jj'rrrJ rqJ Ir,••"'" . 
. --

ITpn TaKOM onpe.zieJieHl1H HOPMhI pemeHne RBJIReTCR HOpM11pyeMhIM 11 

MhI nonyqaeM ROB8Pi18HTHYD ~OPMY BOJIHOBOM ~YHKnHH Y H IlOJ!OlKH

TeJII,HhIM 8KBH.llHCT8HTHhit! cneKTp li2 = 2c..,.m +~~ 

PaccMOTpeH11e ypaBHeHHR (5) B TaRoM TP8RTOBKe 8KBHBaJieHT

HO paccMoTpeHm 4-uepHoro rapMoH11qecKoro ocn11nJIRTopa no 

cnocooy, H3JIOEeHHOMY B paOoTe/8/. 

BuOpaB ITOTeHnHaJI, onpe.zieJIRIDD!HM pacceHHl1e .llBYX MeaoHOB 

np11 BhICOROt! 8HeprHH B Bll,lle: 

:z _g_, (IJJJ ..L. viol.) 

w<I,JI)= t f · f;; ~;t k J"'°' J,e 
(7) 

r.zie 

B 

f 
·I 

'\ 

i' 

1\ 

I ,. 

! 

'iii /,j 
:;,i 

\ 

1I)I} G. - nocTORHHHe, xapaKTep11sYl)m11e Bsa11Mo.zieMcTB11e KBapRa 
~I . 

'J=I}, 11JIH aHT11KB8pRa (J=..Z) BI-ti qacT11ne (I).., C KB8pKOM 

(t=-1) HJil1 aHTHKBapROM //:::2} BO 2-il qacT11ne (IT), MOJKHO rro

nyqHTI, ~OPMYJIY .llJ!fl aMITJll1TY.llhI, 8H8JIOr11qHyID ~opMyJie 113 paOOThI/B/ 

r-r . /J t-1?= 
/ ( s, t) = c r .s - u J (.;r e _ . 

(8) 

~OPMYJIY T8Roro JKe Bl1.ll8 MOJKHO rronyql1Tl, He TOJ!l,1(O )lJIR cnyqaf! 

ocn11n1rnTopaoro rroTeHn11ana, uo 11 .llJifl OoJiee oomero cnyqaf! 

BemecTBeHHOil ~YHKnn11 Ve (X,-xJ-) • 
B § 2 rronyqeHHue pesyn1,TaThI oOoomaroTcR Ha cnyqaM Mo.zie

n11 OapHOHOB, xapaRTepmyeMott CJie,llYl)D{11M ypaBHeHHeM: 

[ t,. f!,.z. -r U (u,-xzl, <x,-xJ)~ U2-x,J2)_} <;' = o . 
(9) 

3.ziec1, T8RJKe IIPOl13BO.llf!TCR aaMeHhI MR BhI)leJieHl1fl .llBHJKe-

Hl1fl neHTpa TRJKeCTl1 11 OTHOCHT8Jll,HOro )lBJ1JKeHHfl H BBO)lf!TCR 

COOTBeTCTBYl)D{l1e HMIIYJII,Cli. HOBhie rrepeMeHHhie X , )/ , ~ - 11.M
/\ 

IIyJILChI - f , f. ;r • B 8THX rrepe.MeHHhIX YPRBHeHHe (9) 

Oy.zieT: 

{ ~2.+J?. 2+ rz.+ Vty 2+-r2j'ftj,l)=O. 
(IO) 

3.ziec1, MhI T8Rlle COBepmaeM IIOBOPOT ocet! 

C/ - /" ~ - ' .a" do ,;,; ~ " 

11 COOTBeTCTBYl)D{HM oOpasoM orrpe.zieJIReM HOpMy. 

ITp11 paccMoTpeHHH qacTHoro cnyqaR ocnHJIJIRTopaoro rroTeH

IUIBJia, Vit-1-it) = '":;'-11t.,.2lj+ c , MOllHO rronyq11n cooTBeTcTBy1111111t! 
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2. 
iurnettm~tt cneKTP .ztJrn H • B1rno.zt g')opMYJIN T11na (8) .ztJIH 

oapHOHOB npOH3BO.ztHTCH B o6meM cnytrae noTeHUH8Jl8 BH.zta 

V ff·t- ·2:.2) • 84XPeKTHBHbltt no;eHitHaJI, onpe.zteJIHDmHtt paccuaTpH-

Baeuoe pacceHHHe,BN611paeTcH B BH.zte: 

wa,m = t' z:_ 6,,11,IJ) + 
. .1,e L--• 1,e ot=Q 

q T ,r ioi) 

lieu. v.1;.e 
> 

HH.zt6KCbl ) OTHOCH TCH K nepBott tl8CTHU6 (I) , e .- KO BTOpott (TI)., 

)=-1,2, ecJIH (I) ecTl> MeaoH 11)=1,2,J , ecJIH (I) ecn 

6apnoH. TaKHM o6paaoM, MOXHO nonytrHTl> g')opMYJIY, aHanorHtrHyD 

(8): ,-.--, __, (],QJ 

/ <s, f}-;:: t'{s-u) ~ ~;e {- (t) & (f) . 
J, e (TI) 

CpaBHHBaa· 3TY qiopMyny,c (8), MOJIHO BH.zteTl>, trTO (TI) oT

HOCHTCH K8K K Me3OH-Me3OHHOMY, T8K H ueaoH-6apHOHHOMY H 

6apHoH-68PHOHHOMY pacceHHHJO. 

TaKylD aMnJIHTY.ztY MOlll:HO HCilOJII,3OB8T!, .ztJIH nocTpoeHHH COOT-

B6TCTBYJOmero KB83HilOT6HUH8JI8 H Ha OCHOBe KB83HilOTeHUH8JII,HOro 

ypaBHeHHH noJiytrHT!, 6oJiee T,OtlHhle BblpaxeHHH .ztJIH aMilJIHTY.ztbl pac

ceHHHlI o EcJIH lll:e npHMO BOCilQJII,3OB8TI,CH qiopMyJiott (TI), T.e. 

npette6petII, nonp8BK8MH K 6opHOBCKOMY npn6JIHlll:6HHD_, MOlll:HO nony

tIHT!, cJie.ztyJOmee Bhlpalll:eHHe .ztJIH IlOJIHOrO cetleHHH: 

~ (],U) 

~ct= 2 ~ G-✓,( • 
.1,e 

. . ' . 2 l';Ji[J) . 
EcJIH HHTepnpeTHPOB8TI, bj· t K8K noJIHOe cel:leHife B38HMO-, . -.. ,. 

.zteitcTBirn' j KB8pKa ( 8HTHKB8pKa) c" t, - KB8PKOM ( 8HTHKB8P:. 

KOM), noJiytrHM aaKOH a.zt.ztHTHBHOCTH 

IO 

o, = L D.u;r; 
i-,f I-o-f- , 

✓;e 

WHPOKO HCilOJII,30B8BWHi1CH H 06CYJI.zt8BWHitCH B MHorotrHCJieHHblX 

paOoTaX. MOEHO noJiytrHTI, o6o6meHHH \l>OPMYJibl (TI) H8 CJiytratt, 

Kor.zta BMecTo nocTOHHHblX C 11cn~n1,ayDTCH \l>YHKUHH j (t} • JlJIH 

aroro ltOCT8TOtlHO BMeCTO J - o6paaHoro B38HMO.zteitCTBHH B ~ e, 
I 

B3HT!, paaMaaaHHOe B38HMOitettcTBHe. B cJiytlae 38M6Hbl B ~;e noJI-

HblX HMilYJibCOB tl8CTHU HH;!tHBH,ItyJII,HblMH HMilYJII,C8MH KB8pKOB, no-

WJ,U) 
TeHUH8JI MOJIHO paccMaTpHB8TI, K8K B38HMO.ztettCTBHe trepea 

KBBPKOBble TOKH, H aunJIHTYltB T 6y.zteT onpe.zteJIHTbCH MaTpHtrHblM 

3JI6M6HTOM HCKOTOporo onepaTopa, HBJIHJOmerocH JIHHettHott KOMOHHa

n11ett OT npoH3BC;!teHHtt i,pyp1,e-KOMilOH6HT TpeXMepHblX IlJIOTHOCTCH 

KB8PKOBblX TOKOB. 

TpeTI,H rJiaBa IlOCBHmeHa HCCJIC.ztOB8HHlO TOKOB COCT8BHblX 

tl8CTHU/U/. B nepBOM naparpaqie no.ztpO6HO 11ayqaeTCH YHHT8pH8H 

H_ CilHHOB8H CTPYKTypa BOJIHOBblX <.PYHKUHit a.ztpOHOB ,7.lJIH MO,It6JIH, 

paccMOTpeHHOtt BO BTOpott rJiaBe, a TaKlll:e TpaHC~OpMaUHOHHble 

CBOllCTBa 8THX q>yHKUHR. 

B § 2 CTPOHTCH BblpaxeHHH ,l(JIH aJieKTpoMarHHTHblX H H3OTOilH

tl6CKHX TOKOB. ~JIH 3Toro B ypaBHCHHe BBO,7.lHTCR 3JICKTPOMarHHTHOe 

none, xapaKTepHayeuoe BCKTOp-no_TeHUH8JIOM 1-f (XJ , C IlOt!Om!,JO 

38M6HH! 

/✓• - ~- - e(A) ZftY.;), 

rite e{ IJ)- aapH.7( KBapKa C YHHT8PHblM HH.zteKCOM I} • MaTpHllHblli 

8JieMeHT .ztJIH nepeXO,7(8 <JJ ➔ ¢: Bblp8311TCH B BU.zte: 
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~T06N CB.fl38Tt M8Tp.11qHNe sneMeHTbl T8K.11X TOKOB C BepoHTHOCThIO 

npoueccoB pacna;11a B➔Btf, np.11MeHHeTcH ipeH0MeHonor.11qecmdt 

MeTO,1! 3KB.11B8Jl6HTHOro narpaHlK.118li8, KOTOpNil MOlKeT np.11BeCT.l1 

K KOHKpeTHOMY pesyJihT8TY, ecn.11 C ITOMOmhlO KaKoil-n.116O Mo;nen.11 

38,1!8Th npaBRJ18 Bblq.11cneH.11.fl M8Tp.11qHl,IX aneMeHTOB COOTB6TCTBYID

m.11x TOKOB. B cnyqae paCCM8TPRB8eMoil KB8PKOBOil Mo;nen.11 MN 

ITOJlhSyeMC.fl MaTp.11qHNM 31teM6fiTOM <~:;:cf;, >,.r'/1,e ~ l1 ~'.- BOJlHOBNe 

ipyHKn1111, cooTBeTcTBYIOm.11e oapaoHaM B, B' • Ha aToil ocHoBe 

nonyqeHbl ipopMynu .1!JlH map11H pacna;noB. nanee 11ccne;nyIOTCH sa

KOHbl coxpaHeHRH BeKTOpHbIX TOKOB. nnH BblpOE;&eHHblX COCTO.flHl1l1 

38KOHbl coxpaHeHH.fl BblITOJlH.flIOTCH, O;&HaKo npR CHHTl1l1 Bblpox;neHHH, 

nanp11Mep, c noMOll\hIO npe;nc1:aBJieHRH noTeHn11ana B BR;&e V = Vat- c, 

r;ne Vc - yH.11BepC8JlhHa.fl qiyHKQl1.fl, 8 C -KOHCT8HT8, np11HHM8IO-

ma.fl pa3Hble 3HaqeHRH ,1!Jl.fl p83HblX·6apROHOB, 3aKOHbl coxpaHeHR.fl 

MoryT HapyrnaThCH. PaccMaTpHBaIOTCH pa3Hble BO3MOEHOCTR M yc

JlOBHH, ITO3BOJIHIOmHe H36eE8Th napyrneHRH saKOHOB coxpaHeHRH. 

C;nenaHHoe BO BTOpOM naparpaqie BBe;neHHe BNP8lKeHHil ,1!Jl.fl 

TOKOB co;nepERT HeKOTOpblil npORSBOJl, CB.fl38HHNil C TeM, qTo 38Me-

Hbl f. - ;J. - efll) i/(x.1J 
,I ./ 
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COBeprnaIOTC.fl C nouomhIO cneq.11aJ1hHoro, He e;n;HHCTBeHHO BO3MOEHoro 

npe;ncTaBnemrn peJI.flTl1Bl1CTCKOro KBa;npaTa qeTblpex11MITYJihCa, 11 

COOTB8TCTBYIDm.11e Bblp8lltelm.fl ;llJlH' l.lBTPl1qHblX 3JleMeHTOB TOKOB npH

B0,1!.flT K HeKOTOPblM TPY.1!HOCTHM ITPH paccMOTpem-rn COOTHOllieHHil 

Mex;ny P83JlHqHblMl1 qiopMqi8KTOpaMH, B qacTHOCTII, K HenpaBHJlhHO

My 3HaqeHHIO OTHOllieHH.fl'MarHHTHOro .11 aneKTpHqecKoro ipopMqJ8KTO

POB npoToHa. 

B § 3 paccMaTpHBaIOTC.fl BO3MOEHOCTl1 MO,1lH(jH1Kal.(HH Bblpa)l(e

m1n ,1!Jl.fl BeKTopm,ix TOKOB. no aHanorHH C MO,1l8JlhIO KB83.11He3aBHCl1-

MblX KB8PKOB/I2/ npe,nnaraeTC.fl BBO;llHTh Bblp8)l(8Hl1H ,1!Jl.fl TOKOB TaK, 

qTo6u CITHHopHaH qacTh TOKOB KOMMYTHpoBana c /c , a HMeHHO, 

BblpaJKaTh CYMM8pHNil TOK ·'1. - KB8pKa B m1;ne 

/i) 1] ,-"j) (i 1/ J'l -t- :;,,_ f,l I , I -= I; + f?.z 

O6na;na10meM y;11O6Hb!MH ;&JI.fl npaKTHqecKoro np.11MeHeHHH TpaHCqiOpMa

l.ll1OHHblMH CBOilCTll8Ml1. 3aKOHbl coxpanemrn ;llJIH T8K1'!X TOKOB BblITOJI

H.fllOTC.fl Tor;na l1 TOJlhKO Tor.na, Kor,na OHM BNITOJIHHIOTC.fl ,1lJl.fl OOblq

HblX TOKOB J ~ • &H KOMITeHcaqm; YMHOJ!eHHH Ha pasMepuue BeJIH

q11Hbl, ITPOl13BO,1lHMOro np11 Cl1MMeTpH38l.(l1J,1 TOKOB, BBO,1l.flTC.fl 11 llbl

q11cJ1HIOTCH COOTBeTCTBYKlm11e HOpMl1POBoqulie KO3qJqJRl.(l1eHw. 

C IIOMOmhIO BBe;neHHblX CHMMeTpR3OBaH!!blX TOKOB paccMaTp11-

B8IOTCH"qJOTOSJieKTPRqecK.11e npoqeccu. MaTpHq!!blil SJleMeHT T8Koro 

npoueccu, B3HTblil C DOMOmhIO C.11MMeTp.113OBaHHoro TOKa, paBeH COOT

BeTCTBYIOII(BMY 3JICMBIITY, B3HTOMy qepe3 OOblqHNil TOK, paa,neJieH-
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J ' 2 HOMY Ha j - .zinn oap.110HoB .11 Ha j' - ,1\JIH Me3oHoB, 

{
(HrH'J2°- l<j~ 

q (K) = 
f/ 1/ H H' • 

TaR11M o6pa30M, 3,1\8CI, aBTOMaTl1'1!8CRl1 nonyl!aIOTCfl pe3yJII>TaThl 

paOOThl/I3/, HO y'H.e He 11CilOJil>3YIOTCfl ,1\0ilOJIHl1TeJII>Hbl8 napaiteTpll. 

KaR Mb! y'H.e OTM6l!aJil1, B H6IWTOpllX cnyl!aHX TpexuepHble M0,1\8Jll1 

HBJIH!OTCfl oonee Y.ztOOHllM cnoco6oM on11catt.11H, HanpHMep, eCJil1 Mll 

3,1\8Cl> np.11M6H.11M ypaBH8Hl1e (IO) 6e3 BpeMeHHhlX ROMilOH6HT, B 

Bllpa'H.eHl1flX ,1\Jlfl MaTp.11l!HblX 3JieMeHTOB IlOHBl1TCfl pe'H.yll\Mtl qiaRTOP 

{ 

(/.,/2- H,2)J' I= O:,P - 'IH':n. . } 

RoTophltt ooecnel!.11BaeT npaBJrni,uoe 

TOB np.11 OoJII,I]]Otl pasu.111.le H- H'. 

noBe,1leH11e MaTpl1l!HllX aneMeH

AttanorH'l!Hhltl qiaRTOP, nonyl!eHHlltl 

113 noJiySMill1PMll8CR.11X cooopaJKeHtttl, np.11MeHHJICfl .11 B paOoTe/
13/. 

B § 4 BB0,1\flTCfl CMMMCTp1130BaHHble BblpaJKeHl1fl ,1\Jlfl aRCl18JII,-

ttoro TORa B Bl1,1\8: 

!
{A} 2-.2.., '"'ft l (A) - e /) - 4',i 

V ·'t :1 'l,11 

l 
(/l) - V I 1) • ,IJ) . , ell) /,) l { . 

Z\/ - f\. ( f /e} 11,v -1- J1,11 { r'/-z}_; , JJ= ?;r~ 1 
J 

-~ K r.zie J.. - 06bll!Hlltl aRC.118JII,Hlltl TOR, -HOPMl1POBOl!Hbltl MHO-
r,11 

'JF.1-!TeJII>, ROTOplltl Bbl611paeTCfl TaR 'JF.e, RaR .11 ,1\Jlfl BeRTOPHhlX TOROB. 

Ha OCHOBe T8Rl1X Bb1P8JK8H.11tl ,1\Jlfl aRCl18JII,HllX TOROB paccMaTp11B8IOT
/ 

Cfl pacrra,1\bl 6ap.110HOB T11Il8 8 -, /J -f 77 11 Bbllll1CJifl!OTCfl COOTBeT-
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CTBYEll\118 M8Tp.11qHble 3JleMeHTbl. B KalJeCTBe B3al-!MO.ztetlcTBl1fl, Bll3bl

BaDll\ero TaR11e·pacna.11hl,Bb16.11paeTcfl nceB,1\0BeRTOPHDe B3a11Mo.11etl

CTB.11e, 11CITYCR8eMble Me30Hll OIIl1CblB8IOTCfl JIOR8JII,HhlM R~8HTOBblM 

IlOJieM • .l[JIH CJiyqan rapMOHlfll6CROro ITOTeHI.lHaJia qiopMyJibl ,1\JIJI MaT

PMl!HhlX 3JieMeHTOB HeCyll\eCTBeHHO OTJil1ll8IOTCfl OT COOTB6TCTBYIDll\11X 

qiopMyJI, IIOJiyqeHHblX B paOoTe/13/. 

.l[aJiee, RaR 11 B cJiyllae BeRTOPHhlX TOROB, paccMaTp.11BaeTcfl 

TpeXMepHafl M0,1\6JII, .11 ITOR83hlBaIOTCfl H8KOT0Pble ee npel-!MYll\6CTBa 

B npHJIO'JF.8Hl1HX R ROHRpe~HblM pacl!eTaM. 

B § 5 pacCM8TPl1BaeTCH Bonpoc O H8XO'JF.,1\8Hl111 qiOpMqiaRTOpa 

IlPOTOHa. JJ,nn M8JlblX Kt. B pa3JIOJK8Hl1J.1 Fo~e)= /--l-ctK 2+ ••• 

cTpyRTypy h K9 onpe.zieJIJieT Rosqiqi11I.l.11eHT a , qi11s11l!ecR11tl CMhlGJI 

ROToporo HCeH .113 paBeHCTBa 
-z 

°fG = 'lei/ 

ECJil1 11CX0,1\J.1TI, .113 SRCIT8pHMeHT8Jil>HDtl qiopMyJibl ,1\JIJI qiopM

qiaRTopa IlPOTOHa, a~ .1, S' • )J.JIR Tpe.x1.1epH'blX J.1 ll6ThlpeXMepH1,IX 
I 

OCI.lMJIJIJITOPHhlX M0,1\eJietl a ;:; :ii: J.1 np11 3H8'1!6H11M ..tl. , 11CilOJII,-

30BaHHOM B pa60Te/I
3
~ ITOJiyqaeTCJI H6Y.1lOBJI6TBOpl1T6JI!,HOe 3H8-

lleHMe a . Ecirn 'H.e no attaJior11H c npocTeitmett Mo,1\eJII>IO RBaa11ae

aaB11cHMblX RBapRoBII
2/ Bb16p8TI, ITOTeHI.ll18JI B Bl1,1\e CRaJIHpHoit no

T6HI.l118JI!,HOtt HMbl 6ecRoHelJHOtt rJiy611Hbl, ITOJiyqaeTcH xopornee 

corJiac.11e c aRcnep11MeHTOM a~ 2,6 • 

PeayJII>T8Tbl, BRJIIOlleHHble B ,1\11CcepTal.l11IO, Heo.ztHORpaTHO 

.ztORJia.zthlBaJI11c1, Ha ceccm1x OT.zteJieHHH H.ztepttott qi11a.11R11 AH CCCP, 

BCeCOI03HblX 11 MCJl(,1ly11apo.ztHhlX ROHqiepCHI.l11HX, COB611\8H.11HX 11 CCMI-I

Hapax. 0CHOBHOe CO.ztCPlK8Hl1e .zt11ccepT8I.ll1.l1 ony6Jil1ROB8HO B pae5o
Tax/3,4,6,7,9,II/. 
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