
OE'bEilvfHEHHbit:I 
vfHCTvfTYT 
.HilEPHblX 

vfCCnEnOBAHHI::i 

ily6Ha 

~ P.M.MypaA»H 
! 
I ·• I 
i 

P2 · 3902 

! nEKUMM no PEnHTMBMCTCKOW KMHEMATMKE 
I: • ... ... 
I 
! 
I • IA . 

~ 1968 



P2 ,3902 

P.M.Mypa.QHH 

REKUHH no PERHTHBHCTCKOfi KHHEMATHKE 

• Hayq1Jo-Texea11ecKaH I 
· ·. GnfiaHoTeKa . i 

OHSIH i 



C.Q.llli.PJWJIIB CTp, 

BBEJLEHHE •• ~••••••••••••••••••••••••••••••••••·•••••••••••••••••••••••••• 3 
I, HEOll,HOPOll,HAH_ rPYililA JIOPEHUA H EE IlPE.I!CTABJ!EHl/lH .;........................ 4 

I. KouyTa~ottuue cooTuomeHHH •·•••••·•·•••••·••••·•·•••···••··•··•·•••• 4 
. . 

2. Onel)aTopl:l Kasiu.uipa •••• ~ ••••••• ~ ••••• • ••••••••••••••••• •. • • •. •. • • • • • • • 6 

3. HenpRBO]lm.llie npe11cTaBJ18HRH R COCTOHHRH c onpe11eneHHon cnapaJIDHOCTDD •• 6 

4. TpaHCWOpMaUROHHlie CBOncTBa cnRp8J1DHllX COCTOHHHn·npR xopeHneBCKRX 

IIpeoCSpaso:aaHHax: •••••••.•••••••••••••••••••••••••••••••••••••••••••••• 9 

Il, MATPl¥1HblE SJIEMEHTll TOKOB MEll[J\Y Oll,H01lACTWJHblMH COCTOHlfl,lffiHI YI lllX CBOll-

CTBA IlPH XOPE~BCKHX IlPEOEPA30BAHHHX •••••••••••••••••·•••••••••••••••• II 

. I. CJiy~att pal3HUX Mace 11 11Mny~:i;co13 . ••••••••••••••••••• : •••••••• ~......... II 

2~ 06ml!fi cnyqan pa3Hwt Mace H HeHyneBon nepe11aqH HMilYJIDC8 •••••••••••••• 15 

m: PEJ!HTIIBiCTCKldE J{BYX- H TPEX1lACTH1lHblE COCTOHHl/lH C OilPEJ!EJ!EHHOll CilliPAXb--

HOCTHO ························~········································· 22 
I, J[ByX'laCT,IqHoe COCTOHHRe c onpe11eneHHWII cnapaJIDHOCTHMH • , • , , , •••• , • , , 22 

2, Pa3J!Ol!teHae aMilJIRTYllli pacceHHIIHg~ t no nap11HaJIDHb!M BOnHaM .... ., ... , 24 

3-., TpenacTHt{HOe COCTOHHHe ••••• -. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 25 
'j 

;· 

c:;-

BBe11e1U1e 

B HaCTOHmllX neia.al!li: aneueHT8PHO H KP8TKO R3Jl0llt8Hll H8KOTOplie OCHOBHlie IlOJ!Ollt8HHH pena

TRBRCTCKOll KHHel.laTHKH, Ilo11 penHTnBHCTCKOll KHHeMaTRKOll no11pa3yY8Ba8TCH COBOKynHocu np1m11n

noB R'COOTHOmeHan, BliTeKarommc H3 CBOllCTB Cl!MMeTpHH npocTpaHCTBa-BpeMeHn. llTH CBOllCTBa Cm.!-
~ . 

MeTpRR OilHCliBaDTCH HeO]lHOP01lHO" rpynnoll JlopeHna. Mu orpaHljqHI.ICH pacCMOTpeHReM C06CTB8HHOl1 

HeO]lHOP01lHOl1 rpynnu JlopeHna, T,e. 6e3 BKJ!mqeBHH npocTpaHCTBeHHO-BpeMeHBblX OTpazeH!ill, Bee 

Ha6l!Il]laBmHeCH ]lO CIIX nop B3aRMO]lei1CTBHH 0Ka3anRCD llHBapRaHTBh!MR OTHOCHT8JIDH0 npeo6paSOBaH!ill 

as ST on rpynnH_. llTo · osHaqaeT, qTo BOnHOBlie wyioo.im ane1uiHTapHWC qacirnn ]lOJ!l!tBli 06na11au onpe

~enemraua Tpacwop1,1anaoHHUM11 CBOllcTBaM11 npa rpynnoBwt npeo6pasoBaHmix, T.e, npeo6pasoBu:aaTD

ca no·aeKoTopw npe11cTaBneHHHM Heo11aopo11Hon rpynnH Jl?peana. 

~YH]laMeHT8JIDHlie npHHUHnH, Jiemmae B OCHOBe penHTHBHCTCKOll KHHeMaTRKII, 6HJIH paspa6o,TaHli 

B Macc,iqecKIIX paGoTax/1/, 3HaqaTeJIDHoe ynpomeHae B paccuaTpRBaeuufi itpyr BonpocoB BHecna 

saueqaTeJIDHaa pa6oTa futo6a H BaKa/2/, B KOTOpoll noKasaHo, qTo npR on11caHRll qacTIIU c npoRs

BOHDHllM cnHBOM y1106HUM KBaHTOBl,lJ.I qRcnoM HBJ!HeTca npoeimaa cnHHa Ha aanpaBneHHe n1,1nynDca, 

HasB_aH~aa m.ia cn,1paJ1DBOCTDD . (JJ.e-iicli#-.). TaK mm npoeimna op6m:anaoro MoueHTa Ha ·HanpaB

nem1e m.inynDca paBHa Hynm, To cnapanDHocu B_ To ze BpeMH HBnaeTcH npoeimaen ·nonHoro yrno

Boro MOMeHTa Ha HanpaBJ!eHHe HMilYJIDCa. TaKOe paCCMOTpeHae npRBO]lHT K wopMynau, KOTOplie no· 

wopue noqTR He 0TJIH1laDTCH OT COOTB8TCTByrom1lX ~OPMYJI ]lJIH GeccnHHOBwt qaCTllU~IlpR 8TOM·BM8CTO 

IlOJIHBOMOB Jlel!taH]lpa IlOHBnHDTCH HeCKOJIDKO 6onee CJ!Ol!tBHe 1>-wyHK~Hll, HBJ!f!lll~Heca 11X eCTeCTBeH-· 

HliM o6o6meHR8M, Jtna _08H8ltOMJ!eHIIH C 8JleMeHT8PHWll CBOliCTBaMii'l)-(jiyHKUHn, IlOMHMO m,ipoKO ll3-

BeCTHb!X MOHOrpawan Poysa a ll11MOH]lCa, MH peKOl.leH]lyeM MOHOrpawHD .EpRHKa R CeTqnepa/141. . ' 
Hsyqeuam CBOllCTB on,ipanDHwt COCTOlll!Hli IlOCBHmeHa qacn. I Hac•roau1ero o6sopa. B qaCTHOCTH , 

3~8CD no11po6HO paCCMOTpeHH Tpac~opuannoHHlie CBOllCTBa cn,ipam.Hwt COCTOHH,lli npa nopeH- · 

neBcmx npeo6pasoBaHHHX a cne11aaJ1DHOe BHRMaHae y11eneHo onpe11eneHam yrnoB 11BRrHepoBCKoro 

Bpameaaa". Bo Il qaCTll paccMaTpRBaDTCH MaTpRqHHe BlleMeHTli onepaTopa TOKa i.; B8KT0pHoro, aK

CHaJIDHOro, TeH30pH6ro lf T,11, Meqy O]lHO%CT,IqHHl,IR COCTOHHHHMlf B pa3JilfqHwt -nopeHneBCKRX 

CRCTeMax. B qacTHOCTR, no11po6Ho paccMOTpeH nepexo11 R3 CllCT8MH c 6eCKOHeqHJ,JM RMilYJIDCOM 

p ... oo B cllcTeMy EpenTa. 06cyllt11eH,1e aHanorRqumc BonpocoB npoB01ll'ITCH B neia.amc B,Il. 

llienecTa/4/. 1laCTD ID IlOQBllJlleHa nsyqeHmo ]lByx•H TpeX'!aCTH'lHwt COCTOHHH~ ll OCHOBaHa Ha pesyJID

TaTax pa6oT futo6a H BRKa/5/, 
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I. JIE011!10POJIHAR I'PYilllA JIOPE!IllA H EE ITPEACTABJIEHR!l 

. B ltllaHTOBOll uexaHIIKe ~H3!l'leCKOe COCTOHHlle OUIICWlaBTCH BBKTOpOll B rllJl:r.6epTOBOll npocT

paHcT:Be. llycn".t1- - lleKTOP COCTOHHHH 'laCTll!lli ll JIOpellllBBC!tOll CHCTelle L • ,,,,.,, - TOT lite 

llBKTOP ~- c11cTeMe /.! , a ~ - npeo6paaoll~H11e JiopeHaa, nepeBo,1vi:111ee c11cTeuy · I., ll /1 • Tpe-

6ollaH11e coxpaHeHHH llBPOHTHOCTH HaltJ!a'Alll3aeT ycJIOBlle: 

'" ._.°', -tL :?I .f, = 1 <--re,~~,,.(,. 
ll,JIH Toro, uo6a OHO BHnOJIHRJIOC:r,,iocTaTO'lHO Itallt]tOJlY G- conocTaBIITD YHl!Tapilu.il onepaTop B 

r11n:r,6epTOBOM npocTpaHCTBe G ~ ·Ta:e:on, 'lTO 

~!! :=. G-'i"L . 
/. 

_ llpll llOll?lllll SToro onepaTopa MOEHO CKOHCTpy11pOB8Tl> BOJIHOBYI) ~YHKi.111) ( BeKTOp COCTO!IHIIH). 'l8CTII~ 

UH B npOll3BOJl:r.Holl'.JiopeHU8BCKOl! CIICTeMe, IICXO]tH H3 BOJIHOBOll_~YHKi.HII, aa;itaHHOl! B onpeieneHHOll 

c11cTeMe (. aanp.l!Mep, ll c11cTeMe i:ioKOH). TaKl!ll o6paaoM, ;itJIH noJIHoro on11caH11H B03llO_llWHX cocToa

_H11l! ]tOCTaTO'lHO 3H8T:r. BeKTOP COCTOIIHIIH ll KaKOl!~J11160 CIICTeue II K03~~1!eHTH npeo6pa30Ba

HIIH (i! • . _.ll,pyr:111111 CJIClBHIIH, Heo6XO]tllll0 .yueTI> HHXO]tllT:r. Yftl!TapHHe npe;itcTallneHHH HeO;itHOpO]tHOl! 

rpynna JlopeHaa •. 

I~ KowyTan11oaaae cooTaomeHl!H. 

O;itHl!ll HB CJle]tCTBHll H30TpOUHOCTII II O]tHOp0;itHOCTI! llp0CTp8HCTB8-BPBllBHII HBJIHeT~H TOT W8KT 1 

'lTO KBa;itpaTll'lHaH ~pual 
. ( t_;t')i,·_ (~- ~')~ 

]tOJl:iuta 0CT8ll8Tl>CH IIHBap11aHTHOl! np11veTapexuepaaxnceB;it08BltJ!ll]tOBWC Bpall!eHIIHX 11 'l8THpexuepHHX 

TpaHCJIH!lllHXo Bpal!leHHH onpe;iteJ!lilOTCH b - napaueTpITTteCKOli DCeB;itOOpTOrOHHJII,HOll rpynnoli! 0(~,S) 
. 'Jr" J"I"' C reHepaTopaun_ -=- t Y'AOBJleTBOPHDllll!IIH KOMMYT8UHOHHID4 COOTHOmeHHHII: 

_ ['JJA", JPuJ= l (j>4Cij"f-i' <iJ-"f 'j14 c-_ '}'4''J"~ 9-"G"'J(P) . 
(I) 

ST!ll,I COOTHomemtel.l aa;itaeTCH 8l!re6pa JIii O]tHOpO;itHOli rpynna llopeHaa. TpaHCJIHUIIII o6paayJOT 4-

napaMeTpl!'leCKYD a6eJJeBy ( T.e. JtOl,!J(YTSTllllHJI)) rpynny 'f',, c reHepaTopaMH p,.. , y;it;ll

JJ8Tll0pHDmmill COOTHOmeHl!lO 

[ P~ P"] = o, 
"f/4Y 

KowyTaUHOHHOe COOTHomeHHe Mellt]ty .J H pr' 
-
illleeT Bll;!t 

(2) 
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.......::_]; 

[ ;]"", f P] '." l ( g."Pp.,... - j>4f .P") . (3) 

C?OTHOmeHl!H (I), (2) 11 (3) onpe;iteJIHJOT anre6py Jl11 IO-napaMeTpllllBCKOll HBO]tHOpO]tHOli rpynna 

JlopeHaa (l!JIII rpynna IlyaH:itape), HllJIHDll!ellca nonynpm.1w npo11aBe;iteH11eu O;itHopo;itHoll rpynna Jlo

-peHiia Ha rpynny Tp8CJIHUI!l1 rr.,, 

d.Heo9H. - d-ogH.. • ~ = 0 (i,S) • T11 • 
BuecTO mecT11 reHepaTopoll j-"" y;ito6Hee lllleT:r. ;iteno c Tpeua reHepaTopa11a g ... f ':J~, ":1~, ':13 j -npocTpaHCTBBHHHX BPallleHl!ll BOKpyr Tpex KOOp]tl!H8THHX ocel! II C TpeMH reHepaTOPHMII :K..,.{;1!.i,'X1~) 
'll!CTO JIOpeHUeBCltHX npeo6pa30B8Hllli B]tOJII, KOOp]tl!H8THHX ocell: 

':J· - .L f·· ')i"' 
' 2, •J IC, , 

J(,i, • 'Joi, 
l!JIII 

( 

0 'JOi. :1°2, Jo.3) ( Q "'j(,~ 

J,...., =- . r:1•0 0 'J'~ _J'3 : -'j(.i 0 
:J"o 'Ju O . 1.1.3 <J.<,ft -'J3 

~.2. . '%3 

'j~ -,,, 
0 'Jj_ 

-'J1 0 j10 ,:,3i. Jal, o --;J,C3 :,~ 
· Hcxo;itH 113 KOMMYTB.UIIOHHIDC COOTHOl!leH11l1 'AJIH J, .. , II .,,. , MOlitHO llHITIICaTI> KO!,!MyTHUIIOHHLie COOT-

HOlllemrn )UIH renepa:ropoB B TpexuepHHX 0Clo:111a'l8HIUIX -:J , · X , 'f5 II Po • Ilpl!B8,ll;8ll 11x, con po-

BO]tl!B H8XOTOP!lllll 3aM8'laHIUUlll ~11311qecxoro xaprutTepa: 

['JL,'JJ]= lt,j.ic':l" 

[l.:, ~J}•i f,J" Jlte. 
['J.: I PJ] • l fLjk p IC, 

['Ji, Po]•o 

[ ~,, ~J s -,;f,jk J1t, 

_[~,, ~]a i.Po er,~ 
· ['X~, Po] •-i. Pt 

J y;itOllJl8TBOpHeT KOI.IMyTaUIIOHH!lM COOTHOmeHll!IM ;!tJIH 
onepaTOPOll yrJJDBDrO MOM8HT8. 

_. -P . . 

j{, ll f npH npocTpaHcTBeHHllX llpameHH!IX npeoelpa
ayJOTCH K8K JleKTOpHlie ·onepaTopa. Ilo]tllepKHeM, 'lTO 
BPSlll8HIIH B;itOJJI> l -oii ocn :e:011uyT11pyroT c 'lllCTO· . 
JIOpenaeBCKIIUH npeu6p830ll8Hll!IMII ll·C]tllHraMH B]tOJJ:r.. 
aToll Jie ocu. 

f0 npn npocTpaHcTBe!IHllX npameH11HX Be;iteT ce6a KaK 
cKaJJHpHaii onepaTop. 

qllCTlie npeo6pa30B8HIIH llopeHaa KOMMYTHpYJOT ;itpyr C 
;itpyro1.1, ecnn OHII HanpaBJJ8HH ll'AOJl:r.· O]tHOil ll Toil lite 
OCH ;, "J. . EcJJH t 1: j.. • TO llHllteH nopll,llOK 
npeo6paaonaHnl!. OTCJO;ita, n 'l8CTHOCTII, llll,ll;HO, 'lTO 
-q11cTue npeo6paaonaHHH JlopeHaa 06paay10T rpynny 
TOJlbKO TOrAa, xor;ita-OHII HanpallJJBHH ll]tOJII, O;itHOl!·11 
Toll lite ocii. 

qllCTlie npeo6pa30BSHIIH ~opeHaa He KOMJ.1yT11pyJOT C 

Bpe!.!eHHl,11,111 C]tllllraMII II C npocTpaHCTJ38HHIDIH cmmra

l!ll ll'AOJII, TOl!llte OCII ll KOMIIYTIIPYIDT C npocTpaHCTlleH
HHMH. O]tBllraMH ll nepnCH]tllKYJJHPHIDC HanpallJJBHIIHX •. 

5 



2. OnepaTop11 Kaami11pa 

OnpeAeDlll,( cneAYDIJlll/;l qeT11peX11epu~ nceBAOBeKTOp: 
• Vf' P" w,,. = ~ E)4V/'6'° 'j . 

ll3 KOWlyTaJ.\l!OHHblX COOTHO:eu11/;l (I), (2) II (3) cneAYeT, qTO Benml!Hll P~r,.pr II W1::W ... W,. 
KOl!MyT11pyroT co Bce1111 reuepaTOpallll II APYr C Apyrou, II llOSTOl!y xapauTep11symT uenpl!BOAIWOe 

npeACTaBneu11e (onepaTOPll Kas11U11pa). COCTOHHIIH qaCTHl.\ll 11oryT 611Tb KnaCCl!~llllllPOBaHll npH no~ 
. . ot. 

IIOlllll co6CTBeHH.blX 3Haqeu11/;l ?nepaTOPOB J: • m'I, II rn 2Jcs•J.J, 11M8DIJIHX Cl,11,lCJI KBaApa:ra 11accu 11 

cn11ua cooTBeTCTBeHHo·. 9T11 suaqeHirn npo!lle nonyq11n c c11Te11e noKOll p==o • 

3.Henp11B08111!ll8 npe8CTaB118Hllll II COCTOHHl!ll C ,on~e~eneHHO/;l cn11pan1,~oCTp]) 

. . & 
TaK KaK onepaTOp11.prKowyT11pymT APYr.c Apyro11 ( a TaKllte c P II WL), 6as11c&11e 

COCTOHHllll 11oryT 6UT1, BU6paHli.HaK C06CTB8HHli8 COCTOl!Billl qeTupex1111nyn1,ca~ B CIICT81!e DOKOH 
.➔ 

OAHa · IIS .KOl!llOHeHT 'j . , Hanpi!Mep· 'J:, , Taltllte .110llt8T BXOAIITl, ll ua6op Hac5nmAae11blX, Tait Halt 

B STo/;l cacTe11e co6cTBeHHue sHaqeH.1!H onepaTopoB Pc: paBHll uynm, a c oTnaqHo/;l OT HynH Po 
HOl!IlOHeHTOlil ~;) · KOl!l!yT11pyeT. Co6CTB8HHOe suaqeHl!e ~nepaTopa "J_3· ·nPOAOlllltaeT OCTaBaTDCll 

xopom1111 KBaHTOBHM q11cno11 H ll TOM cnyqae, ecn11 OTn11qua OT Hynll TOlll,KO TpeTl,ll KOl!IlOHeHTa Hll

nyn1,~a. TaK Ka& [':1~,r)J ... o. OAU~KO, ecm1 co6CTB8HHlle suaqeHllH onepaTOpOB P1.. II .~ OT

naqHll OT aynH, 'J3 yxe He l!O~eT llXOAll~l, ll ··nonuu/;l Hac5op, T8K KaK °KOl!l!yTaTcipu [~, P.1] 
II ['J3, PzJ OTn11qa~ OT uyna. 0AHaK~ onepaTop ij. p KOl!l!YTllpye.T co .l3C81!11 r,. : 

_[j.p, P;.1= [Jc:, PJ]P.: ~ if.c:J" Pd"' =o., 
[j.p, Po]= [Ji., Po] P.: = 0 t . 

11 nosT011y ero co6c.TB~HH11e sHaqeH~H 11oryT c5un n1tm0qeHu n nonu~ uac5op Ha6nJDAael!blX np11 npo11s-

llODI,HblX suaqeii11HX 1111nyn1,ca. Coc5cTneHHue saaqea11H onepaTopa.~ xapaKTep11symT 13en11q11Hy 

npoelCl.\1!11 cn11Ha qacTIII.\U Ha HanpallneH11e ero lll!nyn1,ca ( Tait KaK npoelCI.\IIH op611Tan1,Horo 11011eHTa 

Ha ~yn1,c paBHa Hynm) II HaSllllaDTCH cn11pan1,HOCTh10(hetL~•~ Coc5CTB8HHOe suaqeHlle STOro one

paTopa 060:JHaqaeTcH .qepea >... Bllll11me11 no11u11li Ha6op KOW1yT11pym1J111X odepaTopoB c cooTBeTcTByD

lllm.111 mi co6cTBeHHIDlll :maqe1mmm : 

Ta1tmi oc5paso11, 

. f 2.,t "'? ni.{
wt.,t =- t11. .. ~(~-tJ.)t 

Pt-1- =- Pr":t ' 

111'-;;,o 

~::: 0,11,1, i~, ••• 

r. >m..>o 
-;f <. J. < % it=~--! : 

COCTOllHlle qacTIIJ.\l,l l.!OliteT 6un saAaHO K8T-BeKTopo11: 

6 

., 

I 

l 

l 
J 
I II 

;I 

'J 

l 
' ' 

I 

J 
I l, 

l 

I 
J 

,i 

' I 
! 

..,.J 

1111,,~;·V,1--;::, 

SAec1, t>t, 11 ~ xapaKTep11symT npeAcTaBneuae, a. p II t onpeAenlllDT COCTOHHlle BHYTPII 

11aHHOro npeACTall118Hllll. SallllCIIllOCTl, OT fo HBBO He YKa3aHa, TaK ltaK ee l!OliOIO onpeAel!IITl, ll8 • 
cooTuomeBIIH fo ... ✓111\p..". futoc5 11 B11K n0Kasan11, qTo_ cocTOllBHR lm,djP,~"> 1.ioryT 611T1,c1toBcTpy-

11poBaH11, 11cxoAH 11s cocToHHm/;l lm,.1; o,~"J, aaAaHHllX » c11cTe11e.no1toa 11acT11l.lll 1=-o. B»e-

AeM AHR l38KTOpa COCTOHH!lll B CIICTeue DORO.II 06o·suaqeH11e 1111,-1;0,1-;,,a IS,/.> • KaK ylf.e 6HJIO 

OTl!eqeHO BllWe, B CIICTeMe IlOltOH B llOnHll/;l Ha6op HOIIJ.!YTIIPYlllllllX onepaTopOll BXOAHT onepaTOpll -~ . 
~ II ~3 C co6CTB8Hjlll!IH SHaqeHlllll,111 .$(St4.) m .f. COOTBeTCTBeHHO: 

it.ls,1->= SC.St-J.) ls,t> 
. 'J3 IS,~;>= ~ ts,~;> • 

6ocTOHHHH f $ / }-> opTOBop1111poBaHH : 

<s: J.'I s,f.;;, ... ass' dM.' , 
o6pasymT ll01!Hll/;l Ha6op ll ~IICTeMe llOKOH qaCTIII.\H: 

~ ls,j.><s,,~ I = i 
II U08TOMY .11oryT Cl!YZIITI, OCHOllO/;l AJIII KOHCTpy11po»aHIIH l3011HOBO/;l WYHKl.\1111 qacTlll.\ll.B llPOIISBOl!l,HO/;l 

nopeHl.\8BCKO/;l CIICTe11e. 

IlpelltJle qeM nepeHTII H STOMY IlOCTpoeHum, npeABaPIIT6Jil,HO nony'lIDI ~opuy11y Allll npeoc5paso»a

Hllll ll011HOBoii WYHKl.\1111 I S,f..) np11 11s11eHeu1m oca u;iiaHTOBaH11H. Ilycn HOBaH oc1, KBaHTOBaHIIH 'r' 

IlOBepuyTa OTHOCIITe1!1'HO c:rapolit o~n C' Ha yro11 'ft .. ll 11ex11~ ll ll110CKOCTII r~ • 'forAa HOBOe 

cocTOl!Hlle R. IS,~;> nonyqaeTca_. 11s cTaporo cocTOHHIIH I s,f.7 np11 noMOlllll onepaTopa ·R.= e't>-~BPSllle

HIIH BOKpyr OCII . ~ Ha yron ,fJ-

R, Is,~>= i I s,j."> (s,~I R,\ s,~> = 
-l: JI -uF, I = 'Z 1s,J."> l s,~le- .~ s,~>;:,. 

/.' 

-= ·z IS,~':> d!,:C"°) 
J..' . 

d s . -u,:,.,, . , I ... 'if J,,I 
SAec1, qepes I-ff. (c1) 06osHaqeu uaTp11qH~. sne11euT onepaTopa e - <SJ. e . £,F,°'). Pacc110-xp1111 

y , 1J 

Tenep1, 06~11/;l c11yqan, KOr~a HOBall CIICTeMa KOOPAIIHST nollepuyTa OTHOC11Te1!bHO CTapoa Ha yrna 

Sli11epa 'f t 1b' , 'i: • TorAa Bpa1J1eH11e OilllCUllaeTCll npll IlOl!Olllll onepaTopao R, ('cj, 8-, --t) = 
~ -C:-,:13 ,i,,':12, -i"l-':1.3 = e e, e e' 

Cf 
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ll saKOH npeoCipaso:saHllll JlOJ!IIOJlOII <JlYHKiillll qacTl!Ull Jl CIICTet1e DOKOH CJ!e)lyIO!l\llil: 

R< 1,ti,-t) I s,1--;:,, = ~- Is, f'><.~, ~, e:•.,::i3 e.:i1:1t, £.:--i-::i3, 1 s, }-> = 
/,! . 

. , . -,,:, I -· i--t ::: 7J IS,i!> i'~g><s,1-'I e' ,2, S,f./' e = 
J/ .,, s -,,:.--,.. 

= "2: I s, ~'> e',. ., <X-n. ('17') e = 
/.' . 

::: ~ ls,f.'> Di1- (f,{},-l:) • 
p . 

Ilp11cTynllll K nocTpoeHUJO cocTOHHllil I,,,,_,; ~ 1,7 • 9TH cocTOHHIIH JIOJilltHH Ciu~1, coeicT:seHHllllll qiyHK

riullllu onepaTOpOll llllnyn1,ca H CDllpaJit,HOCTH C COOTJleTCT:SYIO!l\lllolll coCiCTJleHHID!II SHa'ieHHllllll : 

P 1111,a; v,.s-7,. i>' I 111,~; ?,>-')' 
Po\,-,~; ii'~,= .r,.1..,fr1. 1111,~; Y,s,.;:, 

~PIIIJ,;i,'PJ.)- f. lllldj P,J,./ 
WI · ' 

' 

11 1,10ryT CiuTt, nocTpoeHu HS cocTOl!Hllll I 5,/.) cneJIYlD!l\l'!LI oCipasou:
U.fC I• Ilp11MeHeH1t8ll npeoCipaao:aaHllll ]opeHI\a e- 3, B)IOJII, DOJIOlltl!TeJI:r.Horo Hanpa:sJieHHll OCH 

2: , co cKopocTI,JO th.,. -= rr, : 
· ., Po it'· "3 Is, s-.,. • 

Ilp11 STOM cocTOHHl!e I!,,$.) nepeXOJIHT :s cocTOl!RHe c TeM llte BHa1<eHHeM cnHpanHOCTH f. c llll-

nyn:r.0011 IP'( .. 111~6~ , Hanpa:aneHHWI BJIOJI:r. 0011 e H c sHeprHell Poc11t-dhc4 • B STOil nerio 

yeie;2111T:r.Cll, BH'll!C:lll!l! coCicTB8HHH8 3Ha'leHl!li onepaTOpOB r;/3 ' p H f. . B oCiosHa'leHHliX 

Ip;$-::,= I f',.,f.,,f;1., f..;:, nony'leHHoe coCTOHHl!e sanumeTCH TaK: 

e-u\K~ Is,~>-=- 1°, o, ,r,, {../' ·' 
2 • j{anee, 'iTOCill DOJIY'lHTI, COCTOHHl!e I Pl j:.), aeoCiXOl\11110 co:sepmHTI, DOBOpOT ft ( '1,6l,~) =. 

{i,<JJ3, i}f':Jz ,ei.".t':1.3 , onpe;21elli1eMUIA yrna1111 Sl!nepa tJ , {t , -1:', r11e 'f H ,tr_ 

llOll!ipHull II as111,1yTan:r.HUil yrnu :aeKTOpa p ta TpeTHH yron Sl!nepa.,, MOXeT Ob!Tl, BUCipaH no 

Ham~11y xenaHHJD, TOK itaK pasHue BUCiopu·yrna _.,.. npn:so;l!HT nl!lll:r. K 11sueHeH11JD <l)asu BOJIHO:son 

cj/yHKI\IIH Ha e-•J.-t . lmor11a nonaraIDT "!-=-~ 11:1111 . --t ... o • !Au 6y11e1,1 npll)lepim:sancH noc

ne11aero· ycno:al!H, KaK Cionee npocToro •. Y~HTUBali STO, onpeAellllM COCTOHHHe Jt1-> llllll 'iaCTll-

1\ll C m.myn:r.coM p' 11 cn11paJI:r.HOCTI,ll ;_ CllellYllll\llll 06paso1.1: 

lr✓ .s.>= R,(c:f,1',o) lo,c,lp"I,$-.')' =

= R-C'i,.J, o) i'~K.3 Is,~;,,= 

8 

' 
I 

,! 

.] 
~ 

/.' 

l 
i 
: 

I 

-C:':17:,3 -i,1'':Jt, i'',/.K:s / s,1-> -a '1e(p) Is,~> = e e, 

MolltHO npo:sep:lTI,, 'ITO Cf.OHCTpy11pollaHHOe COCTOi!Hlle ll:Slll!eTCH COCiCT:SeHHOil <l)yHKUlleil onepaTOPOll 
~ rj,... • 
P, Po 11 ,;, c coCicT:seHHIDlll sHaqemuurn, yitasaHHllMH :sume. J!JIH y110CicT:sa B 11an1,Hel!meu 

BJle)leHO 0CiosHaqeH11e: • • A,... . , r., 

} 
-1,<j:J3 -lV-'1, _;;-•i:1.fl,3 

'U(p' .... e e ... 

4. TpaHcdiopMaIJIIOHHlle CBOllCTBa cm1paJII,HbllC COCTOl!Hllll np11 nopeHueBCKHX npeoCipasoJlaH]lllX., 

PaCCMOTPllM npeoCipaso:saH11e ]opeuua G-. t nepeBO)IH!l\6e JleKTOp p :s g p H nonpoeiye1,1 ·Hal!- , 

Tl! llaKOH npeoeipaso:sanHH :aonHo:son qiymcu1111 I j)jj. :> np11 11eiicT:s1111 Ha Hee onepaTopa G- • 
HaPl!llY c 0- , BBe)leM :s pacc110TpeHHe npeoCipaso:saH111i ]opeHua ·"Jl(p} m "te(p'), nepeBo,11.11-

ll\He 'i8CTIII\Y HS COCTOllllllli DOKO!i B COCTOl!Hlle C 111o1nym,COM p H gp" COOTBeTCTBeHHO. flCHO, 
. H.JJ-11', ) ➔ 

'iTO npeoCipaso:saH11e ITv \.ii' nepeBO)IIIT qacT,IUY 113 COCTOHHllli C 111myn:r.cci14 if> B COCTOHHHe 
-.1,: ... )· ➔ 

. DOKOH. TpH nocne110:saTel!l,H.blX npeoCipaBoBaHl!HX al \jf G-'Jl.(r'J nepeBO)IHT DOKOllll!YJOCl! qaCTIIUY B 

' DOKOH!I\J'IOC!i llte ll DOSTOllY COOTBeTCTBJ'IOT 'il!CTO npocTpaHCTBeHHOIIY :spall\eHl!lD 

-u-1(4-jt) G-Jl(V) =- R-er . (-!t) 

Bpall\eH1'1e R-0- xapaKTep11syeT OTHOCl!Tem,HyJO opv.eHTaUllIO ocela nepB0Ha'laJ11>HOii ll KOHe'il!Oll CHCTeM 

DOKOH ( 11Bl!I'Hepo:sctcoe :spall\eH11e"). IlOHCHIIM no)lpOClHee CJ!b!Cll pa:seHCTBa (,..} • ;l{JIH STOro pacc1.10T

p11M 'ieTupe Cl!CTe1.1u:·2:'
0 

t 'z t L, 1
11 r;: • 

CIICTeMa 'lJ O • 

to 
~io 
Xo 

C11cTe1o1a ~. 

~~ 

9TO nep:soHa'laJil>Hali·CIICT6Ma IIOICOH qacTilull, 

I $/ >- / - :sonHo:saH @y,rnu11H 1<acT11uu B STOil c11cTe11e, 

j. - npoe~liH · cnHHa Ha 001, • ' 

IlonyqaeTca Hll "E., npeoCipalloBaHl!eM ]opeHua ~Cff)=
e-t<J'33, ei.'/J'3t, e-t',I, 1'3 t KOTOpoe COCTOl!T 113 'illCTO 

nopeHU8BCKOI'O npeoCipaaonaHlili B)IOJII, OCll to co CKOPOCTI,Jl 
lffl . ,., . -i'SJ '11':I 

i,,,,_-1;hJ.=-v,,,~4p,inp8llleHI1H n..('1,r1,o}= ~ 3i). ;z. ' 

r11e '1 ,· -,!r - yrJiu mmyn1,ca p . Bonuo:sal! ,}yH~liH 
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CllcTeua 'Z: '• 

~. 
Cl!CTella z;, 

~o,r 
~.· 

'laCTi!J.U,I :e aTolii c11cTe11e I(, f. ;> =- .-.,e ( f} I s, 1-;> · • 

Ilony,1aeTCH na '11 npeo6paao:eaa11e11 Jlopeaua G- • B 

aTolii c11cTe11e qacTHUa l!lleeT HMOYJibC 'iJP 1t·B01ll!OBYJI 

lp:fHKlll!lD (} lf!J.> • fl:el!IDi Bl!Jt 8TOli BOJIHOBOlii lp:fHK

llllD llOJiy,leH Hltllte. 

KOH8'lHaH CIICTeua IlOKOH qacTltl\bl, !1011:,qaeTCR 113 CltCT814H z' np1t no11om11 npeoopaao:eaHIIR 'dl-.t(Sr.) • I j, j.';,
:eonao:eaa IJIYHKllltR 'laCTllllN Ji 3TOli CIICT8ll8, f. 

1 
-npoeK

lllllt cnMl!a Ha OCb ~: • 0THOCIIT8JlbH8H op1teHTaUIIH oceli 

(Xo1!f0 ,c.,) I! ( ,Co~ ti 0;.!!} onpe:zteiu1eT yrl!li 0 llltrHe-

po:ecKoro llPall!eHltH R, (3- • 

. PallBHC:CBO c,., 1.!0llt8T 6b1Tb nepem1cauo TaK ! 

IloaTOMY 

IIJIII 

G"dl(i1)==- "JtCs-rJ R.e-

GI i~✓= G-'dl(v)I s,J.;;,, = 
= '<1£(<.Jp) R.er l S,$..)-= 

::. l'JlC'!p) ~ ls,f.'..> <s,f.'I R0-l .,,,J..> , 
I-' 

G- Ir;>-> =- Z I 3r, ~'> 'l):,f,. (1,er) • 
f..' 

r;11e I no onpe;11e11emno, 'b-wyHKUllfl paBIIa MaTplt'lllOI.IY BJ1e1.1'eHTy onepaTopa Jlpamemrn Jl CIICT8!.18 

IlOKOH! v:,1- ciio-> = < s,j.'I R-e-1 s,J,. / • 
OnepaTop R, G- Jl OC>ll!8!.1 Clly,lae Bb!I'JlfmllT TaK:: 

R-er= 'il-~csp) G-"U(p) = 
e icl9- :J<3 i fT1-:, 2, e ;..,,_ J 3 G- e-i<J'':'3 i/~':J:, i'<1.-X3 

CymecTEyRlT H8CI{OJlb!IO cnoco6ol3 Bbl'll!CJl8HIIH yrl!Oll BllrHepOBCitOro Bpat;eHlli!, Cnoco6 , OCHOJlaH-

Hllli Ha llll8;ll81illll peJIIITIIJlllCTCJl:OM TeTpa;11u ,l~ i-,)': a,,,z,3 , no:zipo6HO paCCMOTpeH ll 

lle1au1HX B,Il. llieJiecTa/'1 I. :zlpyroii cnoco6 ocaoJlaH Ha 11cnoJI:b30JJam111 KOHeqHouepHoro (Heym1Tap-

IO 

~~~· 

J 

l 
t 
l 

I 

aoro i,-,c .t µpe:ztcTa:enea1111 rpynm,1 Jlope~ 

~, .. f ~· -v . -- I, (,.• / c,i,, :;; c. i-:t,t,J 

r;zte Vi -06wtu1,1e 11aTp1tUH Ilaym.1. 

HaKouen, TpeTHlii cnoco6, OCHOBal!HWil Ha ncnoniao:eaHllll reo11eTplt'leCKl!X CBOliCTB npocTpaHCTBa· 

CKOpOcTelii ( npocTpaHCTBa !o6aqe:ecKoro),6HJI pacc110Tp8H B1tK011l6 /. H11se W BH'lltCJIH:M yrJIH 

:e11raepo:ecKoro.:epameal!ll :ztJIR O;JtHoro aan6onee qacTo :ecTpe'laDll!eroc11 npeo6paao:eaHHH Jlopeaua G
M npH onpe:zteneaaolii xoacpnrypau11n aa'lanaoro It Koaeqaoro mmynbco:e. 

II. MATPllliHllE SJIEMEHW TOKOB 1.!EllUIY ozrnoqACTWIHm!K COCTOffinlll!.UI Ii liX CBOtlCTBA 

IlPli JIOPE!!!IDlQ.!iU IJPEQ_EPA30BAHl1i!X 

IlyCTb r(,.)-HBKOTOpHlt JIOKSJ!bHHlt· onepaTOp, O~Jl6,18D~lllt Onpe;lleJleHHHllH TpaHCWOPMSUIIOHHHIII! 

CBOltCTBalllt np11 nopeHUOBCKIIX npeo6paaoBSHllllX. PacCMOTpH:M MaTpll'lHHlt 3Jl8M8HT 

.C m~-4'i ;t, f.." J r (,cJ I ,,,,-!> i ~~;;,, , 
. ··- ;;.,, r:zte m,m'- vacca 1 $ •>' ,-CmlH, P, I" -mmyJibc, /.., f.' -cm1paJ11,HOCTb Ha'laJibHOro B KOHe'l-

HOrO COCTOHHJ4ll. H11xe TIO:ztp06llO 6y;ztyT paC8MOTp8~H C~y'lall, KOr;lla re~, pa~HO IlllOTHOCTII CKaJIHp

HOrO $(,cJ, lleKTopaoro V,.,(xJ , aKcHallbHO-BeKTopaoro A"(,c) , aHT11011ll!.leTp11qHoro TeaaopHoro 

'f 14" 11 m:e:e:zt?C~ll!lpHoro f'(x) TOKDB. B CWIJ TpaHCllR!lllOHHolii IIHJlap11a1iTliocT11 ;11ocTaT011ao 

orpaHINIITbCH pacc:MOTP8Hl!e!.I uaTplt'lHl1X aneueHTOB OT IlJIOTHOCTeli, B3HTl1X nplt X=o 

<'.lll~i'j f,'~' I r{oJJ ltld i P,J. ✓ , 

STOT LlaTpll'lHHlt 3Jl8M6HT l!Hor,1a npo~e BH'lllCJll!Tb B HeKOTOpDlt qac~HOlt xopeHUBBCKOA CIICT8Me, 

CBH3aHHOlt C nepBOH8'l8JlbHOlii 
0

CIICTeMOlii npeo6pa30BaH118ll G- • 9TO :ecer;zta B03110lltll0~ e·cn'II r 
0611a:ztaeT onpe:zieneHHlllllt TpaHcwopuan110HHU1111 c:eoltcT:ea1111: 

r'(o)= G-r(o) G--J. 

I. Cny,>alt paBHUX Mace II mmyll~@ 

Ilpellt;lle qeu nepeliiTII K paccMOTp8HIID o6mero' c11yqaa np0113BOJlbHIDC HS'laJlbHWC H_ KOH8'lHWC 

COCTO!lHHlii, paccuoTplll( BH8'l8118 npOCTOlt 'ISCTHWI.CJl:,'lalt,_Kor,1a y Haqan:bHOrO II KOH8'lHOro coc

TO!lHi4l! paBHHe 11acc1,1 I'll '=m • Cill!HH $'=:t II HJIIl:fJlbCH ,~ 1 . np11qe11 ;llJIH y,106cTBa Han

palll!II 1111ny11:bc no oc11 e, p={o,o,rJ• Kpo11e Toro, 6y,1e1,1 npe:ztno11arau·, 'lTO qeTHOCTH Ha'lall:bHOlii 

14 KOH8'lHOii qacTl!ll •Taltll:e O;Jtl!HaKOBH. J(JIR aToro. iiaTpll'lHOro 3Jl8l!8HTa 

<. 1"1-1 i 4'1 o, P, ~- I rtoJ / 11,~; "' o, P,,$.-;,. 

II 



nne;11e1.1 co1tpal1leHHOe 06oaHat1eHHe 

< r,p I rMI r,1-> 
l\Jlll Toro, 'lTOClll H3y'll!TJ; H8KOTOpue CBO!iCTBa 3Toro MaTpl'l'lHOro aneMeHTa,y;1106HO conepml!TJ; 

nepexo~ n CHcTeuy noKOll c nouollli;JO npeo6pa3onaH11a BopeHua 

~ C:d. K.3 o . =--:--:--v- .. e rJte ~he>t .. ...L r.=vlll'--f , .. 
I fo •' 

Ilpll 3TOU nJeo6pa30llaHIIH MaTpl'l'lHl,18 3JI8L!eHTl,l B pa3HblX CHCTeMax CBll3aHll COOTHOm8HH8M: 

<P,$!1 f{o)J r,~> = ';; ~o,f.'I e,C:c<K.3 r{o)e',(~.s10,~;,,, . (~) 

IlJIOTHOCTII TOKOB f(o}= S(o), vrto},A14 ~o) 1 rr"t0J, Pio) npeoelpasy»TCH cne;11ylOlllIDI o6pa301{: 

G-S(o)G-~ = S(o) , 

(,.Y."{o)~-d..,,_ a.~ V"(o) 
G-A,.(o)<;.·1 =- a,:_ A" (o} , 
o-rrr"{o)<,.-~ a,~,a,".,, 'f"'"'(o) 

G-PcoJc;.-.t. £Co) ~ 

np11 IlOMOlllll 'txlf MaTpll~ a"" 

ct:= 0 1.. 0 0 ,z..,.e. c4,.c.::. l'o -1 hrA.= .f. 
(

e-ltlft o o -111.t ) 

· 0 0 -j_ 0 J ' tt'- I fK, 

➔ h"' o o c,,IJ.c. 
Ilepeli;11eu K 11ayqeHl!IO CBOliCTB MaTpl'l'IHb!X 3JieMeHTOB OT KOHKp8THblX TOKO.B ;5 , V11 

, A" 1 'j'r"' 11 .f, 
C1tallllpHUti H nceBJIOCKaJil!OHWI TOKH, Ha 0-) ii 3aKOHOB npeo6pa30BaHIIH CKaJillPHblX H ncen;110-

CKaJillpHblX TO!toB JierKO BH;llen, 'lTO npll npOll3BOJIJ;HUX f HMBIOT MBCTO Cll8;lly!Olllll8 COOTHomeHHll; 

II 

<P, S.'I S(oJJ f',~:;::>= 1!!:. <o,f.'\S(o} I Q,j.;> 
Po 

< P, f-11 P(o)I r, 1,-:,.:, 0 . 

(.t.) 

(~) 

l\Jlll BUBO~a nocne;11uero COOTHOmeHHll 6!,!JIO IICilOl!J;30BaHO CBOliCTBO nceB;llOCKaJIHpHoro TOKa np11 OT

pai.eHHI! 148Hl!TJ; 3HaK fiJP(o)f-'=.-Pf,) H yq:reuo, 'l?O 'l8THOCTH Ha'lal!J;H!,!X II KOH0'lHUX qac-

' THU O;lll!Ha1ton1,1. IloaToi.iy B cHcTeMe no1toH 1111eeT Mee To paneHcTno c( o, f! I P<o} Io, f.?=-<'0Pl1t0Jlo,~ 
'OTKy;11a' cne;11ye? (3). Ha ( 2, ) Bll;l\HO, 'lTO B npe;11ene ,, .... 00 uaTPl'l'lHblli aneueHT OT IlJIOTHOCTH 

CKallllpHOrO•TOKa Ta!Olte 06pal1laeTCll B Hyni;. 

BeKTOOHUii TOK. 

Ha 3aKbHa npeo6paaonaHl!ll B0KTOpHoro TOKa CJie;llyeT, 'lTO OT;ll6JIJ;ll!,J8 KOMnOH8HTJ,1 npeo6pa3yJOTCH . 
cne.llYIOlllIDI o6paaou: 

12 

i 

f 
~ 
1 

:'j 

f 

i 
I 

,I 

.I 

G V0 (FL=- ·o4,~ v0
~ ..tbd. vs 

G-V.tG!~= y-1. 
G-Vl 0-.1 = vi. , 
G-V-' G-·4 ::. -sh~V 0 .,.o1,.c V 3 

Taitm1 06paao11 , 

<: r, ~,,rt r,5- >-=- ';; <o,_1;,j '::, \/0 +~ v1 l o,_1; "? '. 

~· 

(Lt)_ 

Ills CBOHCTB B8KTOpHoro TOKa npl'I OTP8l£8Hlll'I cne;11yeT, 'lTO B CIICTeJJe noKOll LlaTpll'!H!rlt 3ll8118HT 
3 . ' 

OT V ·paneH HYll!O (_ qeTHOCTl'I Ha'lanuoro I'! 1,oueqaoro cocToHmtli ct111Ta10TCll 0;1111HaKOBblUll):<oJV'lo~'"o. 

Il03TOMY H3 (4) cne;11yeT paneHCTBO 

<ft~I v0 1 P, ~:;:;, = <o~ f.'I VO' o, ~..> 
np11 JIIO~OII 111myni;ce. JTO P_aneHCTBO 03HaqaeT, 'lTO IJaTpll'lHIDi 3ll8l.ieHT OT Hynenoll KOMnOHeHTl,l 

BeK?OpHoro TOKa U6:EJ!Y o;;,HoqaCTU'lHJ,11411 COCTOHm:H!.111 C O;lll!HaKOBOll uaccoil H l!8THOCTJ;JO He. sanHCl!r' 

OT 1!1!IlYllJ;C8~1'1 no3TOMY lll!eeT llSCTO Ta!Olte paBeHCTBO: 

< f,f." I v· I r, f. / = < q,; f.' l V0 I q,.,~ ;> 

npll lll06UX f' I! <J., • Ananorll'lHll!.I Oelpaaou JJOryT dun pacCMOTpeHU L!STp!!'lHUe 3ll8MeHTll OT 

npocTpaHCTB8HHUX KOL!IlOHeHT B8KTOpHoro TOKa,·B peayni;TaTe TSKOro paccMOTpeHl!H nonyqIDI cne~~ 

llllle paneHCTBa npn npOll3BOJIJ;H!,lX f> · I! 'J., 

<r~~l Vd.l r, $-/' = o 
L. f', ,s.' I V 2 I f, f.,.,,. 0 

l f, ~'. I V3 I f, }."/ =- :. <. 0, ,.,, V3I o, $, / = ~. <et,~' f V0 l '½ ~> • 

B npe;11ene p-., o.. , TaK Kalt ! = i. . IDl881l 'A0Il0l!Hl!T8l!J;HOe paBeHCTBO ! 
TO 1 

ei.1t1 <e>'-'IV-'lr,~> = (P,i,'I v0 li',.s-> 
P-#oo 

AltCHaJU,HO-B8KTODHIDI TOK 

B cnyt1ae aKCllalJJ;HOro TOKa B Cl!CTe!.le noitoH 06palll88TCll B HYllJ; MaTpl'l'lHuti ane11eH!,OT 

Hynenoil 1to1.1no~e11T1,1 . A 0 

( o,~ I A0
{o) I 01$. > =o 

I3 



nouo11y ner1t0 Bl!lten, uo uaTpll'<ll!l,111 ane11eHT OT Tpeuell 1t011IIOHeHTH A3 
. . . ~ z. 

ca. KaK II B cny-qae_ BeKTOpHoro TOKS,11aTpmmue ane11eHTH oT A II A 
06paao11 Jipll np0113BOlll,HllX p II 'I,- 1111emT lleCTO cne~mllll!e paBeHeTBS: 

< P, ~, I A0
( 0 ) I P, ~ ;:> ""' 7o <CJ-, 1-'I A1

(o) I 'Ir, f-> 
. i-P,~) A~lo}IP,J.> =- o 

~p,,:) Nto>IP,.{)' =o 
< P, ~,, A 1(o) IP,~;>= <'Ir,~, I AJ{o}J 'Ir, J-;> 

He aan11e11T OT m.myll:&

PSBHH HYlIDo Taltllll 

B npe;ztene P ➔ oo 1111eeT uecTo Ta!Clte paneHeTBo uaTPl!'<IHHX ane11eHTOB OT Hynenoll II Tpeuel1 1t011-

noHeHT' 

f,C::ttc, r ... - < P,PIAf0 >IP,~)'= .CP,~'IA3
( 0 )IP,/.;> 

Bee IISTpl!'<l!!He ane11eHTH OTJill'<IHH OT HYll!I TOJI1'It0 !l'l>II yel!OBII ~ '= .f. • 

TeH30pi!Hl1 TOK 

143 3Slt0HS npeo6pa30BSHIIH ltOIIUOHeHT TeH:30paoro TOKS m1ee11: 

G-'J'01. G-~ = ~d. 'l'OL f-~ h.-. q'3'J.. 

G-T0.zG•11 = 
G-'foa.G-1..,. 

G- 'f ~ 1. G -.1"" 

G 'f u. G--1.= 

G-'r'~ G".1= 

w"- '1' 0 2. .. ~hc1,, Cf 3 .t. , 

'1'0~ . j 

-;I h~ 'J' O,t.. + c-ii 14 '1' a 1.· 

1' h14 f".1 -t- Ofl i 7 3
2. 

'f It. 

ft10~ f1JO.l. f1103 
B CllCTe11e UOitOH paBHH HYJID IISTPll'<IHHe ane11eHTH OT ltOMIIOHeHT I / I I I 

< D,¥1 '1'0 '(o) lo,J-_)=.(,o,~ t'r0 '(o) \ o,f...) = <::'¼.,(.' I 'f'"'(0J} I 0, J<> -o J 

OTity,18 cne~eT t '<ITO MaTpl!'<IH!,e -3l!e!JeHTH OT 'T'-'' II T 3
t, He 38BlleHT OT m.inylll,COB • Taltl!I.I 

. 06paao11, np11 npo113BOll1'HNX p ll 'f.., ID!eDT uecTo ene;ztyllll!lle paBeHeTBS; . 

<P,$.'\'l' 01(oj\p,f.> = {~'Ytf.'lff'"(oJl4-,J.>. 

< P, ~, J 'f 0L(o) \ P, $.) = t < 4-, PI 'f 1.t{o) I q.., ~ > , 

< P, j..' I 'P 0'(oJI P,~ > = 0 

\ 

14 

ti',l 

f 
j 
a. 

:1111 ,~ 
.~ 

:~ 

' 1 ]. - r 
11!· ~ 

. '1, 

l 
~-

1 ;[ 
"½' 

I 

<: l', ~, I tf '."(o) J P, f. ;> =- < 'Ir, ~, I 'P 3'f0 ) I q.,, ~ )' 

~ P,f..'I ,;-,u(o) If>,~')--=- <. 'v, ;.t I '1' ;S~(o) I ti,,~;> 

~ ,,, ~ I ,,,,z.to, I ,, ;;. > = 
l!!.. . 
Po <,o,~'J T'7o)I Otf.> 

2. CJI;ygal! pa3HHX Mace II HeHYJieBol1 nepenaq11 IIIIIlYlll>ea. 

Ilepell;zteu K paccuorpeHHD o6mero enyqaa npOll3BOlll>HNX 11aee, enHHOB 111111Uyx1,eoB HS'<ISll1'HOro 

11 KOHe'<IHoro coeTO!IH1111: 
<th ~-6'j r:PI rfo)I 11t,-J; p,~;>. 

Eea cymeeTBeH~oro.orpaHl!'<leHHH 06111HOeTII nonoZHM, '<ITO H8'<18llI,HOe H KOaeqHoe eOCTO!IHIIH n11emT 

imnyll1'CH 

P'=- { i" 'o, P~j U, P= {-f I o, Pa)' 

PaenonoEeH11e 1111nyn:r.eol!......lL.l.__11QTeue 

_,, I 

f> I 

X I' _ I(. 

L 1: 

p 

CoOTBe~eTnyromue 8Hepr11n paBHH: 

E~J111•~.K.\ r, z..' 
z.. c u. ✓, «- '-E ,., _i,,t-, ~ t Pa-

06m11e enolleTBS USTPll'<IHOro ane11eHTS Bll,18 

<(111~-4' i ; 1 o, P2- I rt0JI lltii j -i;,o I Pa-/ 

npome ncero 113yq11T:r., eonepml!B npeo6paaonaH11e Jlopeana B eneTe11y EpellTa, r,1e Haqa11t,uRl111 

ltOH6'<1Hlill ID1nyn1,e ~rueroT paBHHe no l!OAYl!D 3aaqe1U1H II npOTIIBOilOl!O~HO Hanpanl!eHll, T.e. 11X 

cyr.wa paBHa HYllDo C11eTe11a EpellTa HBl!HeTeH 0606mem1e1.1 e11eTe11u IlOKOR Ha enyqal! pa3HNX uaee 

aaqalll,Horo u 1t0He"<1Horo eoeTOIDIHll II aeHynenol!-nepe,1aqu lll!nyn:r.ea. Conepml!ll '<ll!eToe npeo6pa-
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30BaHBe Iopeu"a B'AOllb·OCll c 
e ,, "3 

c ueKOTOpwl napaueTpOll v ,. KOTOp!,lit JIB onpe'Aemm ua ycnoBIIR nepexo'Aa:. B c11cTe11y EpelitTa • 

IlpB.3TOII npeo6pa30B8Hllll qeTblpeniep!We mmyl!»Cbl 

(-f) ..... ( !). 
,.i!: ~ 

npeo(lpaayDTCll npB llOUOll!R UaTpll~ 

·(c,1," 0 . . 0 :1. 
0 0 

-~A~ o 

0 
0 
:1-
0 

~t) 
di~ . 

·YClIOBlle Toro, qTO 11H H8XO'AlllIH B CllCTeMe EpelitTa~MOlltHO aanllC8Tb B Bll'A8 paBeHCT~a co 3B8KOII 

.~llHyc"npeo6paaoBaHHHX e- HOMilOHeHT m.1nyncoB Baqanuoro ll KOHeqHoro COCTOHH!llit (TaK KaK 

:,( - KOMllOHeHTH yze paBHbl ll npOTllBOll0llOS!lll9): 

(-,11,~e+c1i,ra.)=:- -(.:..11,~e'+c1i.,r2.) .. 
OTKy'Aa Halit'Aell CKOPOCTI, npeo6paSOB8Hllfi !opeH"a, nepeBO;l\l!lll.ero nepBOHaqan»HyD CllCTelly B CBCTe

uy EpelitTa 

i:.h~ = 
.2-'Pa
E+E' 

06oaHaqHM npeo6paaoBaHBoe asaqeaze 

· Tor'Aa B11ee11: 

~- KO!.IIlOHeHTbl llllnyJI»Ca Haqan»HOro COCTORHllfi qepea - ! . 

-!.= -4 h~ E +cAt" f,- "" :z, 
Pa:(E!...E) 

J"( E-tS')'- 'I P:l 
TaKllll 06paao11,llbl UpllXO'Allll E pacnonoxeHBD mmyllbCOB B Cll8'AYDllt811 Bll,ll.e: 

PacnonozeBlle llMTIYllbCOB po n c~cTeJle 

{! I 01¾ ~ '!'3- {-~ 1 01 -~ j 

,X..◄ L ~ I ... 

I6 

. ' , 

COOTBeTCTBYDlllB8 3Heprllll B CllCTeue EpelitTa PaBl!bl: 

e,i = J;i'--t 1:.,'- t &. ' 
• If -t.; ""' f.= ✓ttt ... ~t.+f' 

~ 

Jina Toro, qTOCibl HanpaBllTb mmyn»eu no OCll e COBe:pmllll 'nollOPOT Bonpyr OCll ':J. Ha yron fl, 

eie:,~ 
' 

TaHrec KOToporo palleH:. 

½8= ~ 

OKOHqSTen»ao, 111,1 UplijleM K CJie,tyrol!leuy pacuOJIOllteBllD llllllYJibCOB : 

{o,o,tJ ~ {o,o,-tJ 
}'a(mo11ozeH1le llllDYJil>CO.!Lll_J)U~..11cTEl.M..e 

i!:-

~ 
2, 

')( ~----1-------
_q, 

]; 

r,ie q.,~ ✓K2..te,2.',, 
TaKIW oGpaaOIJ ,npeo6paaoll8Hlle G- • nepeBO,IHl!lee nepBOH3'!3llbHYIO ,CIICTe1.1y I B CHCTeuy 1,m.ieeT 

BH,1 
G--=- ~i8':1.2,e,i~ll.3 

C yr_l!Sllll e H ~ 1 onpe,tel!elIH!.ll.!I! ll!lille_. Ilo,t ,teilCTllHSM ~Toro npeoeipaaOBSHl!fi BCKTOp COCTOH

HllH H8'!8JibHOlit qacTUI.\ll npeo6paayeTcfl cor11acHo 06me1.1y 33KOHY , llPHlle,tellHOUY Ha CTp. IO 1 

c11e,1yJOl!UIIM o6paaou: 

l!Jlll 

GI t>t, ~; 'p,$-> ,,,_ ff [: I,,,,-;) ; <J-r, r-7 l>;s. c-zerJ 
r 

s 
G-lm,~;-~,o,f.,~)::~~ lm, ➔ j o,_o,-t,,.) 2>.,.,_('tG:}, 

. ,. 
r'Ae "tr - yrm BHrHepoBcKoro Bpal!leB111t, onpe,ieneHHHe cornacBo o6QeH wopuyne Ha crp. IO: 

fle-=- 1<,~C<&r) G-'4(.(f") 
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TaK Jtalt _ »ce npeo6pa30llaHllll He B!,IBOp;llT llllDYlil>Cll 113 IIJIOCltOCTll X 2. , ro BpallleHl!e R.G- IIOliteT 

6UTl, Jil!lll1, BpallieHlleM BOKPJr nopolt OCH Ha HeltO~Opult yron ~ 
D -iw'Jt, 
"'G,· e, . 

YrolI (,u - 3TO JrOlI 11.elQlY OC:E.11 ~o II "1:: ( CU. CTp, 9HI0) II !!OliteT 6UTl> naltp;eB BS rmep60-

Jill'ieC1tOro Tpeyron1>Bltlt8 

~
~o 

a 

t 

. f 
npl! DOMOliU! COOTHOmeBl!ll 

e,4, V'" ui~ efloCs- -~h11-~h~,- ~w, 

·rp;e -i:li~ ::z .irs ' 
tA, ~ = \{j-+.1,'f' VCE+E 1}'--l/f'1/-

e,h,J. = E J c. "c. t.' ,6 hr,.: . ✓-;t + P2-Z. I -="" +-+P~ , "' _.,_ 
~ ~ 

c:M~s-=- ; =- ./m'--t ~· 
' 

~h,c1.,_~ ~ ...--Y-. na, 1,m, 

'£altIDI 06paso11, 01toaqaTe:nao nony,1aeu cne;ziyroll!ee, 11ec1ton1,1to rpouosAJtoe, ao Toqaoe s11aqea11e 

yrna lll!rBepOBCKOro Bpall!eBl!ll: 

a»w .... (il - !tP2- )-1,_,,,-:::2.==· 
m," y(E-t-E')'=- 'I Pi 4 ✓r + Pa-L , 

Ecn11 ycTpeu.11T1, KOIIDOHCBTY P2:➔ oo ·, TO aTo 1mpa.:eH11e ynpoll!aeTcii., npaHHMall BH.Jt: 

CQ-)w=. 1t11~ ttt'-+ Kv. 

V(kC:tm•":. ttrL)"~",., .. "r. I 

OTKYAS : 

-l:9-w = 
t nt,I(, 

1H'~1t1 .. -tlo'Z-

Hlllite I.Ill paCC!dOTPWl no,Jtpo6Hee 111.!CH!IO 3TOT npe;I\CJII,Bull CJIY'{Si,\, ICOTOpllil npep;cTSlllIHCT OC06lll1 IIH-
Tepec C Toqro1 spe1111H noc:i:poemrn pelll!Tl!Bl!C?CKIIX npe;I\CTSllllCHllii JIOKSlll>BOi! anre6pbl TO!(OB 

npl! 6eci-:oneql!OL! mmyn1,ce [1.t,'IJ. HaqaJil>BllC ll KOBe•mue COCTOlll!IHI c 6eCKOHC'IIUlll. m.myJII,COII 

f'~-.. - npeo6pasy»TCll CJIC~!Olllllll o6pa30!.I DO;!\ ;I\Cl!CTJJllel.l npeoopasOB3.Hllii (;. 

I8 

j 
. \ 

I 
·J 

( 

Glni,-o;-t,o,r2-=°",~ ">' = Jf "E ltti,,; o,o,-~,r-> a;,.cw> 
r 

./,n1 ,, " ,,.,..,-.1 h" ~, , ,,:, , z:, o, P2= 00
,~ \T =-v.f:., "2J ,c,,,..,<CAJ•J<n.:~·,· o o 11-,, ..,,, 

E' ~, ,.. _, , 7JJ1r· · 
, . 

rp;e "tjW yse onpep;eneH Bume, a w' noJiyqaercii 11s w saueHoll 11t'~lk-, ,< ... .-,c: 

~ I J,11tl/<. w-- ,,,,,:1;.,,, '--l<t. 

HanoMH111.1, qTo r.1aneHl>Ka!! j,, _ cl)yHIOll!H onpe;I\e.lleHa oc5uqHw 06pasor.1: 

d ' · I -,w':11, I ,.,.cwJ=- <.s,r e s,;:. > . 
TaK111.1 oc5pasou, 111.1eeT uecTo cnep;yro!llee cooTaomeH11e r.1ezp;y11arp11qHllllJ'I aJ1e1.1ear= oneparopar{0 ), 

BHt111cJ1eBHlill.ll :ll cncTeue Pa= co II B c11cTe11e EpellTa: 

~m!::'; ¾,o, P~,f..' I r(o)\ m, ::; -f,o, Pe,~"?= 6•) 

= IE£" E d1,t' (w1J<111:1~0,o,eri,,..,,c;r(o)G-"i/m,;:;o,o,-'¾,,14-;, d(.f.cw)-. Vw ,.14 , _ · 

IIOJII,3YHCl, OpToro11aJI:1,!IOCTI,ID ct.- <J)yH1,Itt1l\ aro paBe!ICTBO L!Ol!tl!O nepe1111caTl> Ta!Oite B Bl!p;e: 

2) ~~~,tw) (m,•, 1
; ~' o, ft'""°, f.1 I f(o)) m, s; -i ,o, ~~~ )' d;;~ {wJ = 

J.'f,. . 

-= ../[f: .(1t1~ ;V; o, o, 9-hnG-r{o) G--~, Yll,;t; o,o,-¾_,r-> . 

(,t~) 

TaKaH cl)opua aamic11 y;1106Ha npn nayqea1111 TaK uaa1rnae1mx yrnoBblX cBoliicTJJ 11n11 npaBim oTc5opa 
• 

0 8J ·;ic . 
no cm:paJII,BOCTII. 3aueTIIL!, qTo npeoc5pasoBaBlllD G-= e,.. 'e'- 3cOOTBCTCTByeT . ltxq IISTPIIItS 

a/'v ( c.4i ~ 1h f ~i110 o -Iii ~~e) 
a,M = o ~e o -:1it1e 

" o o 1. O" ' 
~h~ clt-v~~tte O cltyU>18 

I! nepell;11e1.1 It 11syqemm CBOllCTll MaTpll'lllblX 3JieMeHTOB 

':,(<JJ 1V14(o}1 A11(o} 1 T""'(o}, P(o) • 

CKallllpl!llli ll nceEAOCKal!HpHull TOKH-

B ItOHKpeTHblX cJiyqaroc:,_ KOr;lla r( o) = 

ECJIIIJ B paBelICTllO (-w-) IlO;llCTaBHTl> BUeCTO r(o) Ill!OTHOCTl> CJ\all!!PBOro S(o}1m11 nce»;110-

CKal!HpHOro P(o} TOKOJJ, nonyq111,1, qTo ll c11cTeMe Pi!"" c,o cooTJJCTCTBYIOI:£He aneMeHTll CTpeMl!TCH 
~ 

K Byl!IO ItaK Pz 

B .(litT_ OJ2!!_ Uil _'IQ_ It 

V /'1/ ) .. e,.2. -~" 
KounoBeHTll BCKTOpnoro TO Ka ,o npll nopeHUeBCKl!X npeoc5pa30Ba!lllllX G- =. e. ·e, 4 J 
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I ' 

npeo6pa3j'llrca Clle;n;j'DllllDl o6pa3oll: 

GV0 G_-J..,,,_ el,~ V 0 + -:,h ~,i11eVs.+~h~~ev3 , 

GV:1G-.s. .... co-,ev.1.-~i.ne V-', 
G-Vs. c;-.1,.. V'°' ' 
G- v3 c;-'-a ~h ~ v 0 + c,1, G"l)i.11 e v.1.~c1, ~ '-"' e V3

; 

(1t 1t-ft.) 

l!erKO noxaaar:&. 'l:TO l3 npe;n;eJie f'a .. °" c TO1rnocnll ;n;o 'll!eHOll nopH.Jtrui 1 l!lleeT MeCTO 

paneHcuo 

~h ~= c,h ~ ,o !Pe :=. .2 Pa 
lf.t1n~2,,,,i I< .e.' . E,.. £,.. ' 

. J.lcnoJI:r,Syll STOT (paKT II paneHCTBa (-If-) ' ( l'Ji. ,t} nerxo llll;n;er:&' 'lTO uaTpl!'lHlie Sl!elleRTH OT 

conna;ztallT : VO 
H V !> l3 cl!cTe11e P.,,"' oo 

= 2Jes/ 
E+ 1:/' 

.Cm: $'j ~,o, p~ceo, ~,, V0
(o)J ,..,,~ ;-i- 1 o, f~"""',~ >= 

= <_111: S'j ½Io, r~ ...... , f! I V'(o) I bt,-5 i ~1, o, Pa'" 00, I-~ =-

I) dj,:, (w•) <m: ~i; o, o,%,~'JV0{o) +di119V1(0J+cs,eVto>l•,~;o,4-~,)'-)oC:,_c~) 
ff_ I I J 
~ . -

. ·v" .c. ~ a MaTpll'lHHe aJie11eHm OT It V cTpeWlTCH K HyJIJJ, KaK fe- • ll:rtH MaTpll'lH!lX 

S:rI8ll8llTOl3 onepaTopa v•(o) ( a TaKEe V'(oJ) l!l488T 118CTO COOTHomem1e THna (it-*) : 

2} d)~,(w') <ni~-:)'i ~io, Pa•ood,' I V0Co>I ,n;-,;-!t, o, ~•oo,,;,> d/1:,.(w)-=. 
~~. . . . . . 

= !~ <"''s" o,o,~ r-'IV(O)+dtlleV.t.co)+ ~8V3<o)Jlt'l,;t;o,o,-'¾,JC-.> 
. t-t- E/ I I I 

Rs coxpaH8HHII '13 cne;n;yeT, ~TO npaBall 'lSCT!, aroro paneBCTBa OT:rill'lBa _OT Hy:rtll :rtHm:r, npH yc

JJOBHH f'- 1+ f'- ,._ 0 I :!:·:1. , 

AKQllSJJ!,HO-BeKrOpHHlt TOK .• 

ABal!Orll'lHHe coorHomeHHII l!ll8JlT 1.1ecro H_B Cllyqae aKCHSJJ!,BO-l3eKropaoro TOKa. COOTBeT- · 

CTBYll~He COOTHOmeHHII llOllyqSllTCII HS COOTHOmeHHll ;ztJlll l3eKT~pHOrO TOKS SaM6HOll n:rtOTHOCTell v~(o) 
· . Ha A11{o). 

1'.eH_sopHHlt roi.- . 
. . r, _ c.9h i'"3 

KOllIIOHeHTH SHTl!Cl!mleTpH'lBoro reasopa no;n; ;n;el1CTB!!6M \,7'- e e npeoCSpasyDTCII Cl!e-

;ll;YJlllUllt o6pasou: 
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\ 
I 

.\ 

G 'fo£(o) c,.-L::. 

G- 'f 0z.(o) c-~ = 

G'P 03(o) G-J.,. 

c,t,~ (,g)e 7°'(0 ) :,--:,1t..(,'1'''M-c-ltf-ib1'07'03(oJ 
. , . 

eh~ 7' 02Co) + -.sh-;,~,,.e'l'"'(o) +-:J.t~ u,,9 'l'il,ifo), 

~e 'r 01
(o) t- ~l., e T 0

'(0 J 
' 

G- r"-co) 0--.1. =- ~~ i cme 1'
0

' + e'1 f. '1':u.. - ~11 ~ ~,.,e T 03 
, , 

G, '1''.t. (o) c,.-~- ~h ~ 'POl.-t o1t i -6ine 'l''z.1 c-lt~ ~e 11''2. 

G- T'1·(o) G-~= c,,e 'T''i -ditt-B rr'" 

IlpH no1.1o~u ( * ) 1.1or.J1O ycfaHOBHT!, CJJe;n;yll~He COOTBOmeBHII Mellt;n;y MaTpll'lHHMH 8:rtelleHTa-

Ml! npu Pi- =- oo 

I~ < llt~,'j 1, o1 ~=oo, ~-J T0'{o)/ m,;t i-f ,o, p, .. co ,~.> =: 

= < 111~s'; f I o, &=oo,i', ,,. .. '(0 ) I ni,sj -~ 1 o, faco- 1 f. > =-

= i✓e~/ ~ ds' ''<,, I ..,.o, m31 • T°' 1 ,s E. + I;.' #, J.'fl1(w1 m1Sj0101'¾_1f41 U,6 '(o}t-T (o)-41,116 ro) fll,fi o,o,-¾_,t•)°',.,~ (w) . 

2. 

<"'is'; ¾,o, P;,-=oo, ~, I '1' 0
z.(0) I 111,s ;-~1 0,Pa· 00 ,i->=

= <m's';~ Io, Pa-=oo~ I! I Tu(oJ I n,,s;-~ ,o, P2-:00,J.)'-== 

= f.vfe;· 'i d:: , (w~<"'~ S1
j ~~,f'I 'j'01{o)+1i11e'1''~ c.,9'7'il,~0Jf 1n,t; 0,4-%,r)d,:.,c (w). £-t ~ ,.,., r 

3. 

<ni~s'; J,o, Pi,•-,J.'l 'P 0t°o) / m,, ;-I, o, P~=-00
1 
~ 7=-

= <111.'s';~,o,1'~=-eo,/!l'T' 11(o)Jr11,,;';-~,01fJ"'i')O'~ = O. 
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m. PEJIHT"BHCTCKllE 1IBYX- " TPEX'lACTlllIHHE COCTQlililffi 

C OilPEJlEJlEHHOJLC:Ill'IPAJILHOCTal 

B npe/UUYlllmt pa3Aenax W IlOAp06ao pacc110Tpelll! CBOllCTBS OAHoqacT~HHX cn11pallbHHX coc

TOl!Jil!l!. 3TO OilllCaRl!e IIOlll!O 0606m11u HS JID60e q11cno aeasa11119AellCTBYDlllmt qac_Tl!It ,11 BCTpeqaJ>

Jlll!eCll npn STOii ycnolllleHl!ll, ItaK roaop!!T, q11cTO Kl!HellSTll'leCKlle. 

Hoe 11H paccllOTPl!II AByxt!SCTll'IHOe.cocTO!!Hlle, cneAyll pa6oTe Hxo6a II Bllita/
2
/, 11 .Tpenac

! Tl!qHOe COCTO!!Hl!e•HS _ocaoaaalill pa60T Bv.Ita/5/' I.I .Ii. filllpOKOBaf 6/. 3Tll COCTOl!Hl!H, B qacTHOCTH, 

IICil0llb3YJ)TCH ~II pa3llOlltBHIIH a11nn11Ty~ pacce!!Hl!H,POllt~BHllH II pacna~OB no napltl!Sllbliml BOllHallo 

I. J(ByxqaCTllqHoe COCTOHHl!e C onpe]J.eneaaoll cn11pallbHOCTbD 

On11caHlle ~yxqacT1111Horo COCTO!!Hllll B Cl!CTel!e neHTpa l!SCC lll!eeT 11Horo . 06Jllero C O~HO_qaCTI!• 

q!jIDl COCTO!!HlleM, 38]1.HHHml, npll no11om11 nonaoro l!OIIBHTS 'J ll ero npoeKitllll ":13 =-H • Ilo3TOIIY, 

llll paccuoTpllll BHaqane O]J.HQqaCTll'IHOe COCTOl!Hlle C 3TOll TOqKI! speH!IH. ~~ cmc nop 11H Olll!ClillMI! 

' cocTOl!Hlle o~oll qacTllltll c uaccoll ni II cn11Ho11 ;5 np11 no11om11 1<er~BeKTOpa: 

In,;:; r,1-->, 
11n11 coxpa111eaao; 

I~$-->==- t 1r1,c1, !l',~;:n,,. 1-D,-a,.s. > . 
CymeCTByeT, O]J.HHKO, ~pyroll cnoco6 38]1.SHl!ll Toro lite cauoro COCTO!!Hllll ap11 UOIIOlllll ~pyroro aa6o

pa KBaHTOBllX q11cen,1111eaao, a11ecTo yrnoB aeKTopa f -asl!llyTallbHoro 1J-. 11 nonapaoro g> 1,1ozao 

38]1.STb DOl!Hllll yrnoaoll IIOl!eHT qaCTl!Itll ':J II ero apoeKitllJ) ':13•M Ha OCb :-. Ke,- -lleKTOP 

COCTO!!HIIH qaCTIIItll npll 3T011 cnoco6e OllllCSHllH san11meTC!! TaK: 

1"1,~i Wl,'J_,M,~>, 
llllll coxpa111eHHO 

/1:1,M,J.> . 

Ilepexo~ OT 0]1.HOro npe]J.CTSllllBHllH K ]1.pyro11y OCYli!BCTllllHBTCH cornacao TeOplm µpe]J.CTaMeHl!ll ~ll

paxa DJlll nOl!Oll\H ~YHKitl!ll npeo6pa30B8HllH. iCaK IlOKS3Sllll HK06 ll Blli1
2
/, WYHKitllH npeo~pa30Ba!ll!H 

OT npe]J.CTaBneHllH Jc,;g,,j(~ K npeiCTSllllBHlllO /":1,H, ~> BllP8lit3BTCH qepe31)-~YHKitllD. CllB]J.YDlilllll 

o6pasou: 

<-:,,M,,:.'119;cf,~ > = 01--1- 1 JJ,'J+L., 1)~ L(9,U,o)-
lf'II: ,r 
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liCllOllbSYH ycnoBlle DOl!HOTll COCTOHHlll! C onpe]J.eneHHIDI 'j. ll M 

i= !: !O:,Mf.'>(..,M!-'I, 
':JH(.' 

aonyqllll' pasllOllteHlle COCTOHHlll!.C onpe~eneHHllLI 1111nyllbCOII no COCTOHHl!HII c·onpe]J.el!eHHIDl '::/ 

• 
.ll M: 

Ii>;~>= h /":JMI, /' .jt)•J.' 1)~~ (!f,40) 
'J,-1 Vir 

(t'-) 

3aueTl!l! 1 qTo ~llH 6eCCill!HOl30ll qacTllltll ~=o , a 

'2:>!,o (if,C;o};;;, ./f!i;. t':tH (i';<S) 

11 paBllOlltBHl!e (.,..) · nepexO~IIT B 6onee 3HSKOM08 paBl!Ollt8Hlle llllOCKOl! llOl!Hll 6e~CllllHO-

B0ll qaCTllltll. 06paTHOe pasl!OllteH11e nerRo nonyq11n C llOIIOJllbD CBOiiCTB OPTOrOHSllbHOCTlf Z) -

. ~yllKlllll1: . s ';j ';!-If . ~1C ... t' 
'J),._,,f. (<1,IJ;ol !) M'P (!f, lJ; o)dJls ==- 1,-:t+::!. o.1"J'J°HH'o.1-1-' • 

OTKy~a 

I ':Jt-1~>':' Jfl,;:,!' f 1)~•f..(,;11},o) /'17,<;f,~) dJZ, 

llepel!]J.ell K paccuOTpeHlm ,llByxtl8CTJm1oro COCTO,!!lillH • Pacc1i10TpllM ]J.lle CB060]J.HE1e qaCTllIU,l C 

11accaull /t1 1 ll ftlz. ll CllllHSLIII S,t. ll s~ • Ke.rr - BeKTOP aToro COCTO!!Hl!l! B npo118BOllbHO" CIIC-. 

TeMe-lillleeT Bll~: 

I _, -"'• S.t., mz, GLi PL/-~, Pz. ~1. > . 
. .,., ~ 

Hae , · 0]1.HSKO, 6y]J.eT llHTepecoaan 5TO COCTO!!Hll8 ll CllCTeLle iteHTpa 1.1acc, . KOr,ta /}t &_ ,,. O : 

I~ 
P,_ 

...., ~ _, 
P~=-P.z= I> 

..; . 

r.,,. l~~<1j 

C li:.~T-l38KTOpll ( l3 C01tp8JlleHHOII BllAe): . 

I ~ ~J, J.i> . 
Hxo6 ll B11il2/ ( cu. Taxxe/51) no1taaan11, qTO 3TO COCTOHHlle 110:iteT 6un sa,taHO c llO!.IOJllbD 

KllSHTOBHX qncen IlOllHOro 110118HT8 'J ll ero npoeKitllll Ha 0Cb r M_ , KOTOplle B HeKOTOpOLI CllllC-

Jie aa11eHl!llT yrl!ll ~ 11 'i : · 

I P,':1,M,~i.,~~> • 
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~yaan1:1a npeo6paaonaa1:1a OT o;ziaoro npe;zicTannea1:1a K ;zipyro11y annaeTcH 1).. ¢yaanaell: 

.(";1Mt~f-~l1'i~~:L,f..:i,)= 0~4.f.{. "fif-~ Jq,':Jtj_ • 'D";J ~ M, ~L-h, (tf,8;o). (u) 

3;zieci np1:1HHTO cornameBae pa6oTuf5/ o nu6ope waau .• Ra cpallaea1m ¢op1.1yn 

(~) H (Ii- -If} llll'AB0, '!TO ;zille CB06o;ziaue tJaCTl:IUU B Cl:ICTelle neaTpa Mace 3KllHlla1!eBTHH O~0il 

tJaCTl!Ue C a~eKTl:IBB0li 1.1accoli W=Jm,Ltp,:+./mf1pJ. • Yc11on1:1e n0JIH0TH aan11meTCH TaK: 

i= 8 , I r;,,4 ,(i,<f >< ":1t-11'l f.~J , 
-:J,H,f.,',f,.1, 

a paanoEeH11e C0CT0HH1:1li'c onpe;zieneHHb114 l:lllny11ico1.1 B CIICTelle neHTpa uacc no COCT0HHl:IHU C 

onpe;zieneBHW <J 1:1 · M 1114eeT n1:1;zi 

I~ 9', ~4, f..t> = LJ . /-:,M ,'f. ~:><:,,.,, 1'/ f.; / iJ, ~ ~4 ,{,,> = 
.JMf-i_ f-~ " 

-:J 
= 'J: /":JM ~J.f-L> 'DH,~ (!P,t',o)1 f.=-j(.~-J:..t, 

-;;,M 
Mcnoniaya opToroaaniaocTi 1)- ¢yaan1:1li, nerao nun1:1caTi o6paTBoe pa311o~ea1:1e: 

I 'iJU - 1~::J·d.' s I . -:,-,,. , rif.1.~~> - - .,J,ff,f.1.,f...2.) '])11 L,-., (<i1 ~o)dcll.i 'Irr: .,, ,.~ r-z. ' , 

~- Pa3noxea1:1e aimnHTy;ziu paccesa1:1s 2 - 2 no nap!lHaniaw BOJIBaM. 

PaCCl,IOTIJlll4 MaTPll'!Blill 31!8J4eBT $-11~aTpi,.;11a pe:KQl:!1:1 1+J.-,3+l/ • B Cl!CTelle nem:pa uacc: 

1, .. 1' f' ,v ~, !I'. 
J ..,, 

p ~ ,.,.; .,, 
_, .... , 

.. ... f.:-p 
f....-P · 

Mcnoniaya yCJI0lll:le Il01!BOTJ,i C0CT0HHllli C onpe;zieneHHID.1 ':J II M 1,1000 npe;zicTaBIITD $ -11aTp11ny ' . 

B BH;zie 

$:: ~ 
'JMJ.Lh 
'J'H 'J., I, y 

l'J'M'J.,f-f )('J'H',(,~t I $1 'JM h. f..t >< '::IM~.t f..z l =: 

r;zie, 

= -:.f/ l':,M f-1 ~ > ;f' 
no onpe;zieneHIIJO: f.,f.:,,f.s'f.y i' ~. f.LIJ.Jf.., <-;,M J<.J. f.z.J 

<-;:i'M'h t.,I s )-;,M ~1.f...,> ... o-.,-:,, 8HM' %~hf.31',y 

24 

j" 

-OTay;zia cne;ziyeT, tJT0 

< p',.-,,:.1 SI f1'.s.~.z>= ti (L"3.,!}1):,i.J•h( 'IJ"'f~) 2>~~,-h ~!f,~o) ,S ;4h,.sJ:.'y · 

Ilonaraa !/ =: 0 I ~:;. O II Y'll!THBaH, .'!TO 

<l)Z,.i::1-~z (o.,o..,o)-= 0,-,
1 

h.-f.~ 

no1IJtJ11M OKOH'laTeniao i!)opu.yny H1to6a 11 Baaa: 

. :1. ~ :,~ :, < p.'~?, ~,,Is I ;:r ~£"2. ~ : f,z; ~-(,Zj+.i) Df,-h_, f.s-t., C':1:/J:oJ sh~ds~.,::. 

- ~ ~ S ~ i,(1.,-.f..z.)!f' I::, -
- 'trr LJ (t"JH) f,~zf-J f,., e C11,-1-~, h-f-~(1'). 

":J 

IlPH nonyqeHl:IH uarp11QH pacceHBHH B aroa wopue 6una 11cnonbaOBaBa nzwi l!BBap11aBrBocri orBocHren 

BO co0crBeHBOM B~OAHOPOAHOM rp;rnnu Hop~ana. HcnOJib30Baa11e p II T -HBBapHaBr~ocrH npHBO

)lHr K ASJibH8illll!ll orpaBH'l8BHHJ4. 0.ltl!aK0 Ba aroM 1W 0CTa!laBJIHllarics Be 0y;zieM ll orcllJlaeM 'lKra

renea x nHrepa1ype /2,3, 61. 

J. TpexKlla3H'lacrK'lHoe cocroHBHe 

Pacc1,10Tp11M TPH CB06o;ziaue tJaCTlllj!,I C MaCalll! IJl4,111z, l>tj H cnmialdl:I S.t,S.z, S"..3 B ciicTeMe neaTpa 

uacc Pi"tfz -t 7, .. o 

·8:\ .... 
' P3 

➔ ~ ~ ...., 
P1 = - ( fz.1- r3) = P p= {P,~ -Ij 

Kpoue BTOro, Mli 6y;;,e14 paccuaTpl!Ban ;zipyryD JIOpeBQellCKYJO CHCTeuy, a 11146HHo, Cl:ICTeMy neHTpa 

uacc .tJaCTJIU. 2 11 3, r;zie 

I 
... , 
fz. 

t;" 

~, _,, ➔✓ 

P:1.=-P3 :;. f p':. { P' r,: g'y 

COCTOHHHH 3 'l8CTJIU y~o6ao on11caTi npa Il0J,10~11 nepeMeBH.WC, tJaCTD K0TOP.WC 3a;ziaaa B CHCTeue 

nearpa Mace ncex: Tpex tracTm\, a 11acn - B cncreMe neaTpa Mace aaxoll-aooy;zii naps, aanpH11ep, 

(2,3)~ Tor;zia Ktt-BeKT0p Taxoro C0CTOHHIIH 11000 aanacan B Bl:l;zie: 

IP, r; -;_,.,1-.,_, f..3 > ' 
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