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1. BBE.QEHVfE CnVfHA 112 

KoManrtuposaH H3 ¢>H3H1.fecKoro HHCT HTyTa '!exocnoaauKoA AKa.a eMHH 

nayK 8 npare , l.fexocnOB8KHSI . 

KoMBH!l Hposan H3 VfncTHTyTa aTOMHo j:j ¢H3HKH a 6yxapecTe, P yMbiHHSI. 



A H H o T a-u--H-JL ____ _ 

C1IO:>KHbiMH 

YrnoBhie onepaTophr, xapaKTepuayromue yrnoByiO 

38BHCHMOCTH s -- MaTpHUbi 1 SIB1ISIIOTCSI DO onpe,lleneHH.I0 1 

H CDHHOBYIO 

KOM6HH8UHSIMH C06CTB9HHbiX ~YHKUH~ Haqa1lbHOI'O H KOHeqHOI'O COCTOSIHH~ paCCMa-. 

TpHB89MOI'O npouecca. no::>TOMY HX BblqHCJ19HH9 CBSI38HO C 601lbWHMH Tpy.llHOCTSIMH 

n Bo3MO:>KHO T01lbKQ B cnyqae npocThiX npoueccoB. Hawa uenb - .ll8Tb npaKTuqecKH~ 

peKypeHTHbl~ M9TO.ll DOCTp09HHSI :3THX yrnOBbiX onepaTOpOB. 8TOT M9TO.ll HCD01lb3yeT 

T01IbKO .llH~~ep9HUH81IbHbl9 oirepaUHH1 -6e3 DpHMeHeHHSI Kne6w-rOp.ll8HOBCKHX pacqe

TOB. C ero noMOlllbiO MO:>KHO nonyqHTb yrnoBhie onepaTophi .ll8HHoro npouecca, ecnu 

uaBecTHhl yrnoBhle onepaTophl 6onee npocToro npouecca. 

B nepBo~ qacTn - T .e. HacTostme~ cTaTbe - peill eH Bonpoc, KaK -H3MeHHTCSI 

CHCT9M8 yrnOBbiX onepaTOpOB -DOC119 38M9Hbl-O,ll-HO~ ·Haqa1lbHO~- H O.llHO~ KOHeqHOfi 

i 
CK81ISipHbiX qaCTIIU qaCTHU8MH CO CDHHOM .2, • .[laHhl npaKTHqeCKHe ~OpMy1Ihl 

n npnMephr. 

B C119.llYI0lllHX qacTSIX 6y.lleT H.llTH peqb 0 BB9.ll9HHH B npouecc HOBO~ CK81ISip-

1 
HO~ qacTHUbl H 06 O.llHOBp9M9HHOM BB9,ll9HHH .llBYX CDHHOB /2 B Haq81IbH09 H1IH 

KOHeqHoe COCTOSIHHe. 



BBB.llBHHB 

Uenb TeopHH s - MaTpHUhl - TionyqeHHB ceqeHHH .ll.IIH 9.1IBMBHT8pHhlX Tipo-

UBCCOB KaK tPYHKUHH OT 9HBprHii:1 38pH.llOB 1 yrnoB H CTIHHOB peaKUHH. 3TO MO:lKHO 

nHoo -TIPRMO,__.!fcxo.aH H3 KaKoii:-HHoy .llb TeopHH ITeopHH B03MYlllBHHii:, 
~-~---- ~-- . 

TaMMa-.[laHKOBa, 4y H noy H.IIH TeopHH .llHCIIepcHOHHbiX COOTHOlliBHHM/, .IIHOO <Pe-

HOMBHO.IIOI'HqecKH 1 HCII0.1Ib3YH HBKOTOpbiB IIO.IIYBMTIRpHqecKHB TIOCTynaTbi 1 K8C8!0lllHBCH 

.llRH8MHqBCKOI'O xapaKTBpa 1IpOUBCC81 K8K 1 H81IpRMBP,- IIpB.lliiO.IIO:lKBHHB 0 CYlllBCTBOBa

HRH pB30H8HCHhlX fR300apHhlX/ COCTOHHRii:. 

O.aHaKo, B o5oHx cnyqaHx , HeaaBHCRMO oT ocoobiX .llRHaMRqecKHX qepT npo-

uecca , uenecoo5paaHo paano:lKHTb 

R CIIHH-yi'.IIOBbiX- nepBMBHHbiX- 110--COOCTBBHHbiM cpyHKUHHM MOMBHTOB RMIIY.IIbC8 1 xa-

paKTBpH3Y!OlllRX HaqanbHOB R KOHBqHOB COCTOHHHH paCCM8TpRB8BMOI'O npouecca. 

BH.ll BTOI'O paanO:lKBHRH MO:lKHO Haii:TR 1 RCIIO.IIb3yH TO.IIbKO HBKOTOpbiB QOlllHB 38KOHbl 

COXp8HBHRH 1 BbiTBK8!0lllHB R3 CRMMBTpRH 1IpOUBCC8 OTHOCHTB.IIbHO H3BBCTHb!X rpyiiii 

TIp eo op 830B 8HH ii:. 

--~-------n ocne BTOI'O paano:lK BHHH MOiK.Ho--IiCKJI!OqlM'b---yrnoB-Y--10--r-CllHHQBy~IQ- H R30TOIIH-

qeCKY!O 38BHCRMOCTR 1 IIO.llCT8B.IIHH no.rryqeHHbiB Bbipa:lKBHHH B .llRH8MHqBCKRB ypaBHe

HRSlo 3T0 1 BOOOlllB I'OBOpH 1 .ll8BT CHCTBMy ypaBHBHHfi .ll.IIH KOBtPcpRUHBHTOB pa3.1IO:lKe

HRH1 KOTOpbiB 38BHCSIT TO.IIbKO OT 9HBpi'HH. B c.rryqae C tPBHOMBHO.IIOI'JiqecKRMH Teo-

pRHMH 1 MO:lKHO IIpHMO 38IIRC8Tb 8MII.IIRTY.llY npe.arronaraBMOI'O pe30H8HCHOI'O COCTOH

HHSI KaK tPYHKUH!O -YI'.IIOBbiX--H-R30TOIIli'lBCKIIX_ n!'lP~M~_lil!b_!X_. HaKOHBU, pa3.1IO:lKBHRe 

B T8KOfi opTOHOpMHpOB8HHhlll pH.ll MO:lKBT OhlTb RCIIO.IIb30BaHO B tP830BOM 8H8.1IH3B 

9KCTiepHMBHT8.1lbHbiX .ll8HHbiXo 

S - MaTpHua niOooii: peaKunn MO:lKeT ObiTb aanncaHa B Bn.ae: 

s -.E ' jMfl)jrMocn 

r.ae R I J M fD> - KBT BBKTOphl .ll8HHOI'O Haqa.rrbHOI'O R 

KOHBqHOI'O COCTOSIHRfi 1 I a, fM (.(.) j jaM'(<) 12. RHTBHCHBHOCTb COOTBeTCTBY!OlllBI'O 

nepexo.aa~ ·o M • l I H i· M KB8HTOBhlB qncna IIO.IIHOI'O MOMBHTa R BI'O 

l. - KOMIIOHBHTbi B HaqanbHOM n KoHeqHoM cocTOIIiiHRHX cooTBBTCTBBHHo; (.:) R (f) 
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Ha6opbi co6cTBeHHbiX aHaqemrtl:, KOTOpbre BMecTe c ·o Mtl d '· HnH, COOTBeTCTBeHH0 1 

c j. M o6paayiOT rronHbre Ha60pbl nnH Ha'lanbHOrO l! KOHe'IHOro COCTOHHl!il:, B 

nanbHeil:meM Mbl 6yneM l!HTepecoBaTbCH TOnbKO yrnOBbiMl! '18CTHMH {t") H ( /) 

l! He 6yneMHBHO Bbiiil!CbiBaTb OCTanbHbiX HHneKCOB; • II09TOMY 38Bl!CHMOCTb OT npy-

rHX rrepeMeHHbiX 1 T8Kl!X KBK 9Heprl!H 1 H30TOIIU'IeCKUll CIIUH 1 qeTHOCTb U T,n,, non)l<Ha 

6b!Tb BKniO'IeHa B K09cpcpilUUeHTbl C(, , yj HBapl!aHTHOCTb s -MaTpHUbl IIpl! rrpo

CTpaHCTBeHHb!X BpameHUHX Terrepb Tpe6yeT, KpOMe COXpaHeHUH IIOnHOrO MOMeHTa 

a'= jo . M = M" . TaK~_e _ _HB38BHCHMOCTU KOacpLj:JnuneHTOB a... OT M . TaKHM 

o6paaoM, 
A 

s ~~ 
i· (/),{4) 

Q;J.c~JJ•> ( ~ ~~~r'LU.Sl.,. · .J JjdfJ,(4·) ( 1f1d.M .. 

" 
rne "yrnoBb~~ ()nep~I_Op_hl" ·- -'J- -onpel::(eJf5i:i6TcH LjlopMynoii 

r-1. . = ~ I a· M c I J > < a M c (·) I d 3.c+1,(·> L 
M=-d· 

u HopMnpoaaHbi K 2_a!__(_!~~·_pl; f2] c 

.« (!1.1.1<1-lU.) 
) Ill 

/2/ 

Yrnoahle orrepaTophl rronHOCTbiO orrpenenHIOTCH cpopMynotl: /1/ lf MOryT 6b!Tb 1 

B rrpuHunrre, rrony'leHbi nnH n106oro rrpouecca. OnHaKo, rrpaKTn'lecKHe pacqeTbi rr,Po-

CTbi TOnhKO nnH QqeHb IIpOCTbiX rrpouecCOB 1 TaKHX KBK Q.,+ 1r -) ~1+ lr' . /eM, p] /, 
Ka:>KnaSI HOBaH 'lacTnua cepbeaHo ycno:>KHHeT pac'leTbi, rrpencTaBnHH co6oii onHo 

u nu nBa cyMMHpoaaHUSI K n e6ma- ropuJ:l.ga.,_~u, __ .-T.aKu M -o6paaoM 1-qucno- cyM MHpyeMbiX-
---------------··- ' - ~. ·- - -

qneHOB O"leHi,- 6biCTpO pacTeT, 

HenaBHo 6brn iiat!:neH MeTon /eM. [
2] I, KoTopbiii yrrpomaeT pac'leTbr, 

aana"ly o6paaoBaHuSI 'lL qacTHU K a an aqe o6paaoBaHHH Y\..-:- 1 qacTHUbi c 

CBOnH 

6o'nbll1HM 

CIIHHOM, 3TOT MeTon naeT B03MO:>KHOCTb rrony'll!Tb 1 HaiipUMep, HBHb!il: Bun yrnOBb!X 

orrepaTopoB nnH po:>KneHl!g __ 6oaoHHbrx- rrap--Ha. HyKnoHax. OnHaKo, nnH 6onbmoro --- . 

KOnl!'leCTBa 'IBCTUU B KOHe'IHOM COCTOHHl!H 1 9TOT MeTon non:>KeH 6b1Tb IIpHMeHeH 

rroBTOpHo, 'ITO CHOBa BeneT K rpoMoanKuM Bhl'IHcneHHHM, Hama uenb - naTb Gone~ 

rrpocToiii u 6onee IIpaKTU'IHbiil: MeTon, KOTOpbill 3aMeHl!T CnO:>KHbie CYMMl!pOBBHUH 

Kne6ma-ropnaHa IHanaraeMbie paccMoTpeimeM MHorux 'lacTHu/ rrpocTbiMH nncpcpe-

p e HunanbH bi Mil orrepaunH Mn. 
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• PacKpoeM cHa'lana aTy MbiCnb Ha npocTOM npnMepe. YrnoBbie onepaTopbi .ang 

paccegHl:lg JL -Me30HOB HyKnOHBMH I :Tr+ N __,.. n·• -t N' I onpe.a eng IOTCSI 

cornacHo 121, ¢opMynofi 

rne 1r.,.t'-'. - CIIHHOBbie ¢YHKUHH COOTBeTCTBeHHO HB'IBnbHOI'O H KOHe'IHO-

I'O COCTOS!Hl:lll HyKnOHB l:l r,·
1 

1•' -e.aHHH'!Hbie BeKTOpb! napannenbHbie lJ8'18nbHO~ 

MY H KoHe'IHOMY HMnynbcaM cooTBeTcTBeHHO, EcnH 3aMeHHTb Tenepb Y, (a;) 
B 

r.t' M-~' t 
131 BeKTOpHOH ¢YHKUHefi I -- z M-,MI--r' 1 r"' ~ 

-r;:r' ~ cj'M-f' YrM-,../~;)1•- ) 141 

t = 1' 
I 

,....,. 

rne J' ~ t , HO HnH £ ±1 l:l ! -1~ ecTb co6cTBeHHag 

cpyHKUHSI CIIHH8 ), TO nony'IHM yrnOBOH on epa Top .unSI npouecca 

]1+ N ~ t'+ N'. 14'1 

AHanorH'IHO, ecnH saMeHIITb ~1M- f' { ~ ,·) cPYHKUHefi 

l 114 .t1 . .e4""' 11- M-MA.-r' . . .. 

JL,M-r' (~;,r.)~ ~ C,M-f'-' ~-(~.-) ~~~-~---r'(.,.._~ 1 ~sJ 
rne L=l , TO nony'IHM BMecTo 131 yrnoBofi orrepaTop .anSI po:>~cneHnSI rrapbi 

HOHOB 

xl 

xxl 

AI I I tV I 
JT + IY ,....:;> JT,. +Jf'l.- +- xxl 15'1 

Bbi'lncneHHe 131 rrpHBonHT K Bbipa:>KeHngM THrra 125al, 12561 HacTomuefi 

CT8Tbl:l, 

3aMeTHM, 'ITO B 38BHCHMOCTH OT CilOC06a Cno:>KeHHSI MOMeHTOB 

HOM COCTOSIHHH MO:>KHO nony'IHTb TaK:>!(e npyrHe yrnOBbie OIIepaTOpbl KpOMe 

yrroMnHaeMbiX HaMH. Ha rrpHBeneHHOM rrpnMepe Mbi xoTHM TonbKO c¢opMy

nHpOBaTb sanaqy H yKa3aTb MeTon peweHnSI. 
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~~~ 

TaKIIM o6pasoM, Kasanocb 6br, qTo yrnoabre onepaTophi anSI 6onee cno)KHbiX 

npoueccoB /4' I n /5' I MO}!{HO nerKo BbiBecTn ns /3/ c noMOli.lhiO npocTbiX cpopManh

HbiX saMeH. OaHaKo, Haao nMeTb BBnay, qTo BhrweynoMHHYTbre saMeHbi cneayeT 

npoaecTn B Ka}!{aOM qneHe cyMMbi no M- f 1 
B /3/ OTaenbHo, nocne qero Heo6-

xoanMo cHoBa npocyMMnpoaaTb no M-(k' . 3To onSITh npnaoanT K rpoMosaKnM 

pacqeTaM. C apyrofi CTOpOHhl, BhlqiiCJI8HliSI yrJIOBhlX onepaTOpOB CT8HOBliJIIICb 6hl 

6onee npocTbiMII B cnyqae, ecnn cywecTB.oBann 6br ancpcpepeHunanhHbre onepaTopbr, 

nepeaoaSili.lli8 y -cpyHKUli!O npSIMO B cpyHKUIIIO /4/ liJIII /5/. DeficTBIIT8JibHO, 

Toraa, 6na~oaapH nnHefiHOCTII ancpcpepeHunanhHbiX onepaunfi, aocTaToqHo 6bmo 6br 

3H8Tb TOJibKO BCIO cyMMY /3/ IT.e., HanpnMep, Bbrpa}!{eHIISI /25a,6!/n, npoancpcpepew 

unpoBaB cooTBeTtTBYIOllliiM o6pasoM /3/, MO}!{HO 6brno 6br cpasy nonyqnTb yrnoaofi 

onepaTop anSI EJ>ouecca /4' I nnn, cooTBeTCTBeHHo, /5' I. DnSI rrocTpoeHHSI aeKTop

HOA cpyHKUHH T /eM. /4/ I ns Y - cpyHKunn TaKne onepaunn nsBecTHhi. DeficTBH

Ten6Ho, liCXOaSI II3 cpOpMyJI anSI WapOBb!X B8KTOpoB, MO}!{HO nerKO noJiyqiiTb cneayiO-

lillie COOTHOLLeHHSI 

- .(--t .. rc
~M (2.-)~ ~2M f Y.t M (,,-) + ~::+~ f.t {:+4) 'llf ~ M (1.-) 

~ t 
T:;M (~.-)= 

. 
"' [t ~1 ~M (~;) /6/ 

~tlt+.f) 

- .l+-1 

-r;M (o;)=-lk!. -;Y. {f.-)+~ .t -;; 4 
. z, '2.l+A ·. " ..{ M 2€+-f 

0 y (t,-J 
£M -'Ort 

Ecnn Tenep& npnMeHIITb aTn onepauHn K /3/, To nonyqnM npSIMO yrnonwe one-

paTopbr anSI npouecca /4' I. 3Tn ancpcpepeHunan&Hbie onepaunn 6yayT B aan&HefiweN. 

H83biB8TbCSI onepaUIISIMII "BeKTOpli38UHII" 1 T.K, C HX nOMOlllblO 6yaeT "aaeaeH" B 

yrnoabre onepaTopbi cnnH 1. Ecnn npnMeHHTb nx CHOBa K nonyqeHHOMY Bbrpa)KeHHIO -Ia aToM cnyqae ancpcpepeHunpySI no fJ.To 6yaeT nonyqeH npouecc pacceSIHIISI BeKTop-
1 

HhlX qacTHU Ha HYKJIOHax. 

Tenepb B03HIIKaeT BOnpOC , MO}!{HO nH nocTpOIITb onepaUHH, KOTOphle BHOCSIT 

B yrnOBhle onepaTOphl cpasy B8Cb HOBhlH op6IIT8JibHhlH MOM8HT npOli3BOnbHOH BeJin

qiiHbl 1; , 5 qaCTHOCTII, MO}!{HO nn nonyqnTb ns /3/ yrnoBwe onepaTopw anSI 
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15' I e TIOMOLUb!O O,UHOit .UHcpcpepeHUH81lbHOit onepaUHHa 3TOT BOnpoe pewaeTe5l BO 

ll-oii qaeTH HaeTostweit pa6oThi. CooTBeTeTBYIOLUaSI onepauHH Ha3hiBaeTe5l B nanbHeit-

WeM "op6HT81IH38UHeil:" o 

'• 
B 1-oii qaeTH pa6oThi pewaeTeH HeeKOllbKO 6onee eno:>KHa!il npo6neMa noeTpoe

HHSI onepaTOpOB "errHHOpH38UHH", Toe. T8KHXt e TIOMOUlb!O KOTOpb!X MO:>KHO BBeeTH B 

121 enHH 112. EenH npHMeHHTb Hx, HanpHMep, K Bbrpa)KeHHIO 131, To nony'IHM yrno-

Bhre onepaTophr nn!il npoueeea 

KpoMe Toro, eaMH yrnoBhie onepaTophi 131 MO)KHO nony'IHTb noepe.neTBOM 

"enHHOpH38UHH" Bb!pa)K eHH5l 

..t 

L ~)A-. (r·) ~ ~~ c~,·J -
..... -:=.--! I I 

171 

onHeh!BaiOwero npoueee I Y] eeTb TIOllHHOM Jle-

)KaH.npa nopH.nKa I. 

npH peweHHH noeTaBlleHHhiX aa,naq Mbl qaeTO 6y,neM ll01lb30B8Tbe5l TeM o6eT05l-

TellbCTBOM, 'ITO Bee YI"llOBbie onepaTOpbl HHBapH8HTHbl OTHOeHTenbHO rpynllhl O.UHO

BpeMeHHhiX BpameHUH Beex Op6HTllllbllbiX li enHHOBhiX nepeMeHHbiXo noaTOMY B .nanb

HeiiweM BpameHHe Mbi 6y .neM TIOHHM8Tb TOllbKO B 9TO M eMbiene, H TaKHe ll0H5ITH5l 

KaK eKallS!p 1 CTIHHOp, BCKTOp H TeH30p 6y,nyT TIOHHM8Tbe5l TOllbKO B 9TOM eMbiClle. 

3aMeTHM eme, 'ITo eenH 6y,nyT H3BeCTHhi Bee onepaTopbi BeKTopuaauuH, op6w:

TanHaauHH H enHHopuaauHH, TO Ha6op yrnoBhlX onepaTopoB .nnH n106oro npoueeca 

MO)KHo' 6y,neT, B npHHUHne, BbiBeeTH H3 Bbipa:>KeHH5l 17 I, eOOTBeTeTByiOLUero eaMOMY 

npocTOMY npoueeey, 6ea :aenonb30BaHrxq Kne6w-rop.naHoBeKHX eyMMHpoBaHHii. 

CnHHOpHaauHH 

B nanbHeitw eM Mhi 6y.neM HMeTh neno e BBe.neuHeM enHHa 112 B Ha'lanbHOe 

HM np0ueeehi 6y.neM Ha3hiBaTh 

eoeTOHHH5l. LJ:T06hi H36e)KaTb 

!£ If 

j; 
~ -npoueeeo M :a 

HeSieHOeTH, 0603H8'1HM 

j: 
yrnoBhle onepaTOphl H KOHe'IHOe 

no H nocne enHHOplfaauulf qepea eooTBeTe; Ben no. CooTBeTeTBYIOllllfe 

-npoueeeoM. HanpHMep, 

eenH 
I I 

"If. + 1fl- --"? JT. T :JTL eeTb -npoueee, TO 711·+ A{ -r Jr..
1
+ IY,_1 

6y,neT 
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" J -npouecc. C .upyroii cTopoHbi, 
1\ 

M I I 
ecnu J{ + rr -;. 1[ + IV 

I . 'J. 4 2. ecTb 

A 

£ -npouecc, 

~A'.+ II: 
1\ 

J - npoueccoM 6y.ueT ~+~ TO 

nycTb Tenepb KOHeqHoe COCTOgHHe £ -npouecca xapaKTepH3yeTcg Ha6opoM 

d I ( J) KBaHTOBhlX queen MOMeHTOB HMnynbca /eM., HanpHMep, /2/ I. Tor.ua 

" 
COOTB9TCTBy~lU99 KOHeqHoe COCTOgHHe J -npouecca 6y.ueT xapaKTepH30BaTbcg 

Ha\}opoM, co.uep:>KalUHM Ha O.llHH cnHH 1/2 6onbwe, KOTOpbiH .uon:>KeH 6biTb cno:>KeH 

C onpe.ueneHHb!M MOM9HTOM HMnynbCa Ha6opa ir { {J • 3TOT MOM9l!T HMnynbC8 

MO:>KeT 6b!Tb HnH npOCTb!M op6HTanbHb!M MOM9HTOM 1 HnH CllHHOM, HnH MO:>KeT gB

ngTbCg cyn~pll03HUH9A H9CKOnbKHX Op6HTanbHb!X MOMeHTOB H HeCKOnbKHX CllHHOB, 

B .uanbHe:ltweM Mbi 6y.ueM ero o6o3HaqaTb, He3aBHCHMO oT ero npupO.llbi, 6yKBOH 

l 4 1 qT06bi llO.[lqepKHyTb, qTo OH 6y.ueT CKna.llbiBaTbCg CO CllHHOM 1/2 B OKOHqa-

TenbHbiH MOMeHT 1 KOTOpb!H o6o3HaqHM J" • MoMeHTbi, H3 KOTOpbiX 1., cnome-

H0 1 He 6y.uyT OC060 OTMeqaTbCg, noTOMy 'ITO OHH npu6aBneHHeM CllHH8 1~ K -£
4 

He H3MeHg~Tcg. lJepe3 11- 6y.ueM 0603HaqaTb- OllSITb He38BHCHMO OT ero 

npHpO.llbi - KBaH'l'OBOe qHcno MOMeHTa HMnynbCa, KOTOphlH npgMO npH6aBngeTCH K -1., • YJx CYMMY l + £;. 0603HaqHM 1;2. H COOTB9TCTBy~ruee KB8HTOB09 

qucno -l,.'L - - r • AHanoruqHo .i. 3 6y.ueT h 1 + 13 H A i-+-t 6y.ueT - -14r' + i;H o n pH6aBneHHeM CllHHa )
z.G" 

._, 
K ;, KBaHTOBbie qucna 

J.,,.J.,_, ... ,1 .. , .... ,1..,. 
£H

1 
Jfl

1 
... /4 ~·, 

He Tepg~T CMb!Cn, HO TepH~T ero KB8HTOBbie q1:1cna 

f.* . BMecTo nocne.uHHX B03HHKHYT qucna Jn. 1 

l~lt ... I a'u·, ... I ~·"""' J qooTBeTCTB-y~lUHe MOMeHTaM 

- -' _ 11 I __. 

J.n.- .tAl.+ - (() 2.. I 

-~ _, A. J-... 
1'~' :. ,(_,,• + 'i 6' I 

.... I I" I 

"' 

• .. .. .. J 

""';"* 

144'-
_. . I-

=fA...._+ 2. fJ' 

T aKHM o6pa30M 1 KO HeqH09 COCTOSIHHe t -npouecca 6y .ll eT xapaKTepH30.BaTbCH 

Ha6opoM KBaHTOBbiX qHcen 1"' 
1 

(.,_ 1 • • .1."" 1 .11'1. 1 P.~H ...... 
1 

.!,.+, IBMecTe c 

_, - . 
qHCnaMH 1 xap aKTepH3Y~llll:IMH MOM9HTbl 1 COCTaBnH~IUHe J, 1 • • J-14. / 1 H KOHeqHOe 

" 
C0CTOSIHH9 J - llpOU9CCa - Ha60p0M ,e~ 1 ,1'2. 1 '''I !;.,.1 f 1 J~ t i4l.r · · • • 1 1~~ 
/onstTb, KOHeqHO, BM9CT9 C qHCTiaMH 1 XapaKTepH3Y~lUHMII MOMeHTb! 1 COCTaBnH~IUHe 

z, -.... I.M. I • 

MoMeHTbi HaqanbHbiX cocTogHnii 

A 

)1. -npouecca H 

1\ 

J -npoue.cca 6y.uyT 
I 

0603HaqaTbCg T9MH :>Ke CaMbiMH 6yKB8MH C .uo6aBoqHb!M HH.lleKCOM'·/HanpHMep, -. ..e4 I .t, tJ H T,.[l,/, 
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2, npoeKUHOHHbl8 Oll8p8TOpbl 

rl8W8 38D8'Ia cnenyromast: H3BecTeH nonHhifi Ha6op 

(' 

onepaTopoB 1£., I Hy:>KHO 

" . 

H8fiTH nonHwA H86op onep8TopoB 
~ t4 ct . Onep8TOpbr d' 0Tllli'I8IOTCSI OT c'Jf!. TeM, 

'ITO OHH HM8IOT K8K B H8'I8llbHOM 1 T8K li B KOH8'IHOM COCTOSIH:Iili H8 O.[lliH CllliHOp 

~ ~ 
6onbwe qeM oC • CnenoBaTellbHO, ecnn Mbi yMHO.:>KHM nro6oe c.{ H8 npstMoe 

npOH3B8.[18Hlie LIBYX T8KHX CllHHOpOB 1 TO llOliY'IHM B8liH'IHHY 1 KOTopyro MO.:>KHO nH

C8Tb K8K liHHefiHyiO KOM6HHBUHIO j. -onep8TOpOB C HyMepH'I8CKHMli K09cpcpliUU-

8HT8MH: 

"" 

k.' clc., J"' 
/10/ 

rne nHneKc k.' npenCT8RliH8T co6oA ITOliHhlA Ha6op KB8HTOBhlX 'IHC8ll MOM8HT08 

HMnynbc8. EnHHH'IH8SI MaTpnua Bbr6p8H8 noToMy, 'lTd oHa HBnSieTcH cKanstpoM 

IB BhrweynoMHHyTOM CMhrcne/; noaToMy C.~e• To.:>Ke CK8liSipbr, CTporoe LIOK838Tenb

CTBO COOTHOW8HHSI /10/ npHB8.[18HO B npliliO.:>K8Hlili 1. ' 
A 

B COOTHOW8HHH 110/ C'IHT88TCSI li3B8CTHblM li J .. '-HeH3B~CTHbiMH, Ecnn 

1 KOTOpbrfi, neACTBySI H8 Mbl Tenewb H8A.[leM T8KOA npoeKUliOHHbiA onepa,.Top 

L C:"• Jk.' , coxp8HHeT TOllbKO qneH C!1c. J1c. li YHH'ITO:>K88T Bee OCT8llb-

j.k. Hbi80 TO MO:>KHO 6yneT HCITOllb30B8Tb /10/ .[lliSI H8X0)i(.[l8HHSI l!I060f'O , npn 

KOTOpOM til =j. ox 1
• TaK K8K " npencTaBliSI8T co6oA H86op 'IHC8ll 

1 II • , , ~~ JD •I ,o 
.. , ... ,,,,d,.•J.c\.,·"3.-""j .. , ... ""'-•d",~·'-1"' 

38llHW8M K8K npo·n3BeneHne cnenyromnx npoeKuHOHHbiX onep8TopoB 

P.J 'P. 'P.. p . . lj) .... J• JtJ,... J"'k) '%· 'R,. rp., 'P . ., 
-(M\_ J.- Jta. 

,. 
rp '" J·- ) ,. 

neB8SI nonoBHH8 KoTopwx neAcTByeT cneBa Ha ~ d~< - I onep8TOpbr 

KOH8'IH0f'O COCTOSIHHSI/ li np8B8H - Cllp8B8 /onep8TOpbl H8'I8llbHOf'O COCTOSIHHSI/, 

x/ 
,. 

YK8~8HHblM B p83.[18ll8X 2 H 3 M8TOL10~ MO.:>KHO Bbi'IHCliSITb TOllbKO Te 1-
onep8TOpbl1 K KOTOpb!M cymecTBYIOT ;f -onep8TOpbl 0 X8p8KTepH3Y8Mbl8 

TeMH .:>Ke 3H8'!8HHSIMH R ... ... R~ 1 .R: 1 ••• 1:_ ,. ... K8K Mbl yBHDHM 

Ll 8llbW8 1 HM88TCH Cp8BHHT8llbHO H8MH0f'O d- -onep8TOpOB 1 .[lliSI KOTo-

pb!X 9TO yCJ:IOBHe He. Bblll0l!HH8TCH, 3TH CliY'l8H p8CCM0Tp8Hbl B p83.[18ll8 4, 
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npHMeHHB aTo IIpOH3Be.ueHHe K I 101' rrony'IHM 

,. 
C, . o ""( • • 

< .. ···J4 .... d-'····a·-
. " 

:: ~·4 ~0b''' Pa·4*- £(:~) ~~· ~·: ••• Pa·A~ 
/11 I 

B rrpaBoft qaeTH /11/. Mhi orryeTHM. orrepaTopbi P.("···· 'P.t, H 'P.t/, ... 'P.(~ J ,. 
TaK KaK aTH orrepaTopbi, .uefteTBy st Ha 21. l ~ t . 1 • f. • 

1 
• " o 

4. •"' ""'"' X4'\. ••"' 4 \ll J " ••• """' 41. • • • '{1 'Wit. J 
oqeBHLlHO .uamT e.uHHHUY /sTo ene.uyeT Herroepe.ueTBeHHO na onpe.ueneHHst npoeK-

UHOHHoro onepaTopa/. To )Ke eaMoe HMeeT MeeTo .unst 'f'.c
4

• 
1 

•.. P.(~ ,'Pt .. "' .. p, o 
~ .,._ •a. I . ..-4_ • 

HarrpnMep, ,. 
a . ~.R • ... 1 ..... j 1. 0••• 1.::... =-'{ .. " ~ ..... .t" .... j 1/ ... f.:. 112/ 

B .uanhHefiweM HaM rroHa.uo6HTest enenyiow:ee eBoiieTBo onepaTopoB P 

·~·"L J:tt ~ 1t,· PJ~4 eenH 1. 2..: ) 113/ 

r.ue .: I .Ia,. = 1 ,2, ••• ~ • TeM )Ke eaMbiM eBofteTBOM oona.uamT Ha'IanhHbie 

p -orrepaTOpbio 3TO MO)KHO Ll0K838Th ene.uyiDW:HM -..,.., ..... ~r #._.. 
o6paaoM. TaK KaK .unst ~2c' 

Bb!pa)KeHHe i:_ -l k. -t- i G ~ .£ ci + ~ " +-I. 6" _, lt.=... ~ It=·· .... _, 
.unst 

-;-'> 

J tl.. eo.uep)KHT 

lu• H 1 KpOMe TOro, Bee jl( KOMMYTHpyiDT e (5 H Me)K.uy 

" 
eo6oii, 'ro 

[ 
: tr> ~ l4lJ_ - [ 11\ ~,.l ; .'"u J .:. )(.A; , a"L -- •• , .x(, 

, rs"t j tt) 
t ~ ..Ct' ) 1141 

. rs~ 
rae tj $ 1 t - eyTh HH,lleKehi .ueKapTOBbiX KOMJIOHeHT H ~ 

~ 2. ~~ 

rronHo 
4 

aHTHeHMMeTpH'IHhifi TeHaop. Yia-aa I 14/ 1.4. ,· H J~~ 
/eM. ra. § 8/ H HMeiDT OLlHOBpeMeHHO eo6eTBeHHb!e 3Ha'IeHHSI 1 T,e, 

e.z:uiHH'IHhift 

KOMMYTHpyiDT 

HMeeT MeeTO 

I 131. 

C IIOMOW:biD /13 I MO)KHO rrpaByio eTopoHy /11 I nneaTh B BH.Ue 

A 

~A ~" Pi•1. Pe"1. · · · Pa·.~ lt~ 11. ( ~ ~) ~"~ Pa·4~ · · · · '1-?e .. o 'Pi/ /15/ 

3.ueeh Mbl Henonh30BanH TaK)Ke /12/. 3Ta *OpMa 38IIHeH HaM JI03BOnHT 3H8'IHTenh

HO ynpoeTHTb IIpaByiD eTOpOHY - /11/. Boo6w:e rOBOpst 1 BeSIKHfi IIpOeKUHOHHblft orre

paTOp MOMeHTa HMIIynhea MO)KHO 

THJia rr l I~ 1)\.("1.+"> J 
"'*1 

Bb!pa3RTh B BH,lle 6eeKOHe'IHOrO IIpOH3Be.ueHHSI 

, r.ue 'Y\,.. rrpnHHMaeT Bee uenbie I nnn nony-
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u enbre/ .i . Ta-

KaH 3aiiHCb, ecTeCTBeHHO , aey.ao6aa; II09TOMY Mbl Teiiepb IIOKa:tKeM, 'ITO B IIpOH3-

r.ae tt' . - .R. . + ' u"' - AI - z. 

orrepaTop Pa~i MO:tKeT 6hiTb 3aMeaea orrepaTopoM 

__,. _.., 
lu·+ 1 + 6·fc 1• + 

Ra·. = 
41 

• B cnyqae 

H orrepaTopoM 

__, -
1~,·- 6· ,4 .. 
2 e.ti +1 

B cnyqae 

. 
JleficTBHTenb.Ho, .ansr 3a.aaaaoro f.,.,· . MO:tKeT J'.ct' 

J TaK 'ITO 8 , MO:tKHO BCer.aa IIHCaTb KaK .. 
"''" 

.aeficTByeT aa aero KaK HyMepuqecKHfi ¢aKTop 

_ _, '1. -tL j 

OrrepaTop c;.R.. = r -.e - 7i 
f (f+-1)- .er.e.,.,J - ~ = 

PaccMOTpHM, narrpuMep, rrepBbiH qneH crrpaBa, 

116a/ 

/166/ 

I 17/ 

~Ce.+L)(e+n -~{t49 -~ == ,e /ua.a eKCbi y 
..... 7i' a H -"' IIpll 9TOM OIIyllleHbi/, 

AHaTJOrH'IHOJ .anH BTOporo qneaa CIIpaBa HMeeT MeCTO COOTHOll!eHHe 

noaTOMy, YMHO:tKaH /17/ Ha 

B,.:= 
-tA& 

/18a/ 

R.'l·. '(;;;,.-u ., ..(4.1 

~~) • f) 4 
'\ . ::. -t,(;--. uA• }._ 

pd . 
-{ ~· /186/ 
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TaKIIM oopaaoM, aaMeHIIB B /15/ see 

see,. ~:o Hf Rio x/, II IICrronbayH cHoBa /12/ 

y J I ~ II c_ 

P.· l H a cooTBeTcT sy roruiie f2 f II 

II /13/ 1 IIOJ1y'!IIM 1 OIIyCKaSI IIH.[leKCbl 

" ~ J: e /1.,1 ~·) 12. · 12• · o.f •o d.. ~·1. ... 12.J4"" ~a44M. Q ;0 
a4 /19/ 

ecnii c. =I oxxl. 

OcTanocb Bhi'HICniiTb Koa¢qmuiieHT e.. . 

3 I Bhi'!HcneaRe KoacpcpRuReHTa 

BocnonbayeMc~ ycnoBReM HOpMRpOBKR yrnoBhlX orrepaTopos: 

J" ' f "+ ,. /cl' (2J\~~-1)-:. (t("ltr d-... 1: tr' ~· P,_. 2 (~:)P._ ~ ~ P,_ £ c~:) ~0 P.,o) 

r.ue tr eCTb. wnyp TOJ1bKO no nepeMeHHhiM HOBoro CIIIIHa II I co.uepm.HT B 

ceoe 1 KpOMe IIHTerpana, TaK:>Ke wrryp no nepeMeHHhiM CTapb!X CIIIIHOB, fl. eCTb ,. 
rrpoRase.ueHRe scex KOHe'!HhiX npoeKUROHHhiX onepaTopos fi?- npouecca, ?. 11 'P.. 11 

L I .. 

fio RMeiOT 8H8J10rR'fHOe 3Ha'!eHR8, YfCI10J1b3YSI CBOHCTB8 wrrypa npOI13B9LleHRH 

onepaTopoB 11 ~~= ~ . . J 3 liMe eM 

x/ 

xx/ 

-
HaqanbHhie R - onepaTopbi HMeioT, 5naro.uapSI apMRTOBOCTR f .. :. H G 

1 
TOT m.e CaMbiA BIILl 'ITO II KOH9'!Hhl9 /cM,npuno:>KeHRe 2/, 0.UH8KO. B 

npaKTR'!eCKIIX Bhi'fiiCJieHRSIX cpi13H'!9CKIIH CMbiCn IIM9IOT TOJ1bKO CJ1y'f.8II 

C IW\..= 1 IIJ1H 2~ T,K, B 9J19M9HTapHhiX npoueccax OOJ1bWe '!eM .use qac-

TIIUhi He CT8J1KIIB810TCH 1 Toeo B Ha'!8J1bHOM COCTOHHIIII He MO:>KeT ObiTb, 

ttocne CIIIIHOpli38UIIII 1 OOJ1bW9 'IE:IM. OLliiH OpOIIT8J1bHhiH MOMeHT II LlBa 

CniiH8~ KpoMe To.ro, MO:>KHO IIOK838Tb /eM, npHJ10:>K9HII9 2/ 1 'ITO nepBaSI 

ouepauiiH cnpasa Rft..- SIBmieTcH RanRwHeii: , TaK 'ITO B 5onbWRHCTBe 

cnyqaeB MO:>KHO OOOHTIICb COBCeM 6es H8'!8J1bHhiX R. -orrepaTopOB, 

no.uqepKHeM, 'ITO orrepaTopbl Rf. l •... R(·- Mem..uy coooii: He KOMMYTRpyiOT, 

XOTSI cooTBeTcTsyrowRe liM P~·1 1 •• · P~)·- KOMMyTHpyiOT, TeM ae Meaee, 

BhiopaHHhi:ii a ¢opMyne /11 I nopH.uoK~·~~···JS,(R 1 aaanorR'!Ho., ~f.~, ... Pa··o I 
cyrueCTBeHeH .UJIH Bb!BOLla /19/, T,K, TOJ1bKO npll HeM BBHLlY /13/ MO)K-

HO oopasosaTb rpyiiiihi TRna R· . Ae . IRnR ,cooTseTcTBeHHo, ·p,._ p.... I 
• V(l (I • <AI Jt~ 

II IICIIOJ1b30B8Tb cpOpMyny /18/, 
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/20/ 

C llOMOlllblO /}8/ MO:>KHO t{ P, pt. 38llliC8Tb B Bli.ll8 

R ... H, Pn ... R( n. n. n. on Q~ 0.( 'P 
-t.ol ~"" ~f.t 4- I<.Jc fC.ata.•·· j<.d4- n ..... f-t...._ n.ca.··· JH~ • 

3TO Bb!pa:>K 8HH8 MO:>KHO Bbi 1-IHCnHTb, ecnH cPOpMyny 

Ra .. P. . . R ,, ... : 
H .tu-t.t q4•+·• /211 ~· 4 

• (.. = 1' 2, 3, 'tr\.-1. 
KOMMyTHpyeT CO BC8Mii 

c ,(:Z.,· /cornacHo /16//, 

np!i aTOM HCnOnb3yeTC51 TO 

z:-4 H, cneno-

'JR.: eCTb HyMepH 1!8CKH8 KOacP-

npHMeHHTb nocTeneHHO nmi 

o6CT05IT8nbCTBO, 'ITO ~.t\ 
BaTenbHo, co BceMH R3·,~.,. 
c!:>HuneHTbl, npHBenenHbie B Ta6nHue 1. DoKa3aTenbCTBO ct>opMynbi /211 naeTcH B 

nplinO,KeHHii 3, 

Ta6nuua 1. 

JAt'tA ::. 14.-iA + " 3~•'+-t jll'H-
A =-

'l- -2. 

""'' .,. ·~t.= llci+4 +.R,.--+2){/,,·H-t~,·+-1) -J,.H(/,·44 +1) X-.::. -UciH -.f,;){fu·u-lc,·-.f)-.f,41 (/,·u+1 ·-
~ 

I 2((,j.p +1) (ll,,.-f.-1) . II ' 2 PAI+A (2.R(,' t 1) ·-. .. ....._ 

~.c·.t 
I 

,..~~ =- (R.;H -1 •. ·}( l .. ·H-/,,·+4)+f,-. .. (i,·,;'1 - - (l.I,:,A+.(.c..J{Jt;u+f.,.,·+~-.f.-..(R,;,~-t . -""'-< .... ,, ' 
Jt .. :: . ' 

·- 2(1.,.;~" +4) (ZR.c.-+1) 2 £ ...... (zt~.· +4) .. ·-
~-,--~ -- ''" ·-·-- ~ -- .. .. ·-·-

~, _______ ._ ____ 

TaKHM Cll0C060M HCKnlO'l8'8TC51 113 KOHe'IHOI"O COCT051HH51 BCe R -onepaTopbi 

n .11 

KJ"- • KpoMe nocnenHero 
H3 HaqanbHOI"O - BCe !?, -onepaTOpbi KpoMe 

Vl3 :3THX Jl.BYX O.llHH, CKa)KeM I2.J4~ , H3nHWeH li MO)KHO 6e3 H8I"O 060iiTHCb 

/cM,llpHnO:>I<eHHe 2/, no9TOMY BMeCTO /20/ Mbl 6yneM HMeTb 
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1. . f tf)+ ~ fc{ {2fH~tA):. :X,. ... ~"'." ')( .. 0 
••• 'lt~_ 4 fr P,.o J- P,_ Qi•""- f=t £ P~.o , 

--
nporropulfOH8JlbHbiH 6' ,jA_ 'IJleH B 12a(- /eM. /16/ I rrplf rrpoBeneHHH. wrrypa He-

qeaaeT If OeTaeTeH TOJlbKO 

2(1,._ +"} 
2.. R,,.,.. + -1 

2 R. .. -. 
7-RA .... +A 

rrpn 

rrplf 

. n ,., 
d"""'- : ;(""'- + i ) nnR 

a 4"'" 
A' ~ ). .. 141\.- i . 

06a 9Tlf Bblpa:>KeHlfH MO:>KHO 38Illfe8Tb K8K 
2 f·- .. ~ 
'lA'\A.+ 4 

nosTOMy, lfMeH B BliDY , 

'ITO 

J 
A I' 

'Jto t i:p'- p'- 'J. ~o :. I "' ,. :J+ I. = 2.f.c..,.. +1) 

IlOJlY'IlfM OKOH'IBTenbHhlH peaynhT8T 

~---------------------------------

( e I ==- { ~-~ .. · 4l"'." 'X.: . . . ()l~-4 
¢838 K09cPcPlfUHeHT8 C. OeTaeTeH HeorrpeneneHHOH 0 HO OH8 DJlH H8X0)J{DeHlfH ,. 
rronHoro Ha6opa J -orrepaTopoB He Ba:>KHa. YpaBB:eHrre /19/ rrepeH:neT Terrepb B 

II. 

f'-( .l4 ' .. R...._ J·,4,~ ···J;"'" • ~' ~ • •o • • .,· d 11 Jx4 ... x..., J• J<z. ... J'""' 
--

/22/ 

~ t" + .... 0-;- + 
- ":'" ••• ~ 4 ..... " - 0 0 • o. o.~Jn .... 3 R ·~~ f·J .. J .... R,.._ ... I,..,. ~',)• . 1' :R, .. x..._-t,z.·· .... , 4 - u'' - ~ ~ ... ~"&. ••••• KAA.-A 

! :!: :t 
n .• n···R·· KJt""-"'··· ~J•U. ,J• 

V o o (J ;f,. . dt, . . . ll..._ .... 

. 
VI H.ll. eKe + lfllii 

llfnlf 1 + 1/2 nnlf 

y orrepaTopoB R oepeTeH B 38BllelfMOeTH OT 3Ha'IeHlfH J 
i.. -1121. 

4. AHanlfa peaynbTaTOB 

npaKTlf'IeeKOe 3H8'IeHlfe cPOPMYJlbl /22/ B TOM 1 'ITO OH8 
~ . 

HBHbiH BlfD d- -orrepaTopoB, eeJllf H3BeeTeH IlOJlHbiH H800p 

Il03BOJ1HeT H8HTH ,. 
if -orr epa TopoB, 

0 

KOHe'IHO, Ilplf rrpeDI10JlO:>KeHlfH 1 'ITO HII ODlfH lf3 K08cPcPHUIIeHTOB ~ , ~ He paBeH 

·. 
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HYJIIO, OaHaKo, MO:>KHO nerKO y6eaHTbCH B TOM, 'ITO nro6oe ll3 ae, ;}t
0 

paBHO HY~IO 

TOJlbKO IIpH H8JIO :>K eHHH HeBbiiiOJIHIIMbiX Y'\CJIOBHH H8 KB8HTOBbie <iHCJI8 MOMeHTOB J -
rrpouecca, T,e, TOJibKO Toraa, Koraa J -orrepaTOpbi He cymecTByJOT, 

DeiiCTBHTenhHO, na Ta6JIHUbi 1 Mbi Bnau:M, 'ITO rrpn 1: "!UaTen'" · 1" l
1 

.fi+-t H f.ci-+4 H rrpn /.f 4 i -f.-.,/ ~ ifi"H !:. £,,· -1- .f. (-4-4 Bceraa +c)(:· 

60JibWe HYJIH, "'"~(.~ 0 _/paBeHCTBO TOJibKO rrpH f.tr"+-4 ::.e,,·-ft"H )
1 

-}(~.-~ 0 
/paBeHCTBO TOJibKO IIpH ,f,oti.f.-1 = 1..,· +-li4-..f /) -}l~':! 0 /paBeHCTBQ TOJibKO 

rrpn £,,·+' = £.·,..c -.f•i I, Ho -~+.. . cooTBeTcT_ ByeT cny'laJO 1· -11 ..,.. A • .. g1•+-A -:t.u'+4 -:; 
• 0 _!, --+ ""' J1i =-{ ci 1- T8K 'ITO .)(. 4• =· 0 TOJlhKO rrpll 

T,e. Koraa 6b!JIO 6b! H8 

Hll:H, CneaoBaTeJibHO, COOTBeTCTByiDlllee 
.... -

HO, ~~· "" 0 TOJihKO rrpH 

II Jl_ 1• "'"' 0 TOJihKO IIpli 

= a'ti t: 1..--+:. + 1 J 

60Jihlll e M8KCHM8JlbHOI'O CBOe('O 3H8'le:_ 

To:>KaecTBeHHO paBHO HYJIJO, AHanornq-

a· A i+ 1 ~ .e 4 •• .. 4 - { :: P. .. H - .e 4 •• - t -=- .t "' ... .( -a·· .. - ,.. .: ( a~.· - .e. •·H 1 ' 

T,e, OIIHTb TOJibKO Toraa, KOI'AB 1 
rr pearrono :>K eHne t_, /= 0 He npHBO.UllT HH K K8KH M orpaHifT.J:eHHSIMa 

OcTanocb paccMoTpeTb cnyqan, B KOTOphiX He BhiiiOJIHeHo rrpearrono:>KeHne, 

caenaHHoe rrpu: BbiBoae ¢opMYJI.fi /11 i I eM. ciiocKy Ha cTp, 9/. Hannque T<;.KHX 

CJTy'laeB CBH38HO C TeM, 'ITO if - OIIepaTOpbi, H3 KOTOpb!X Bb!BOAHTCH. J -orre

paTOpbl, IIOA 'IIIH~IOTCH YCJIOBIIIO COXp8H8HHH IIOJIHOI'O MOMeHT8 HMIIYJibCa i, 44·= f/-..) 
1 -orrepaTopoB KOTopoe anH Heo6H38TeJibHOo B 60JiblllllHCTBe cnyqae·B XOTH OAHO 

IIOCJie CIIHHOpH38UHH TepHeT CMblCJI, HO aa:>Ke TOI'A8 MO:>KeT 8TOT 

38KOH IIpOHBHTbCH K8K orpaHII'!eHI'e B03MO)KHb!X 3H8'leHHH 1..,,1'1
1 
... ,(M. 1 1-c~ f/1 • .. ~~ .. 

KOTOpb!e CMblcJia He xepH!OT, 3TO IIpiiBOAHT ·K TOMy,. 'ITO He BCe J. -orrepaTOpbl 

MO:>KHO BbiBeCTH H3 i -orrepaTOpOB IIyTeM, YK838HHbiM B rrpeabiAyiurrx rraparpaciJax, ,. 
BoabMeM CHa1:Jana cnyqafi 1)\.::.-tM, = ,{ , B KOTopol\1,. ace :f. - orrepaTopbi 

CBH38Hbl YCJIOBHeM 1,., = .(-ttl , Me:>Kay TeM KBK AJIH J - OIIepaTOpOB,.cymecTBY!OT 

' n..L,( O JJD J • II,/ ·• nD .( 
q eTb!pe B03 MO )J(HOCTif: ~A ~ ~A .I i. :.. a'4 .:: -{_. .± 'i. H 1 <4:. o(.,t "i_ .: J" ~ .C -t + i., 
nepBbie aaa cnyqaH YLIOBJieTBOpH!OT YCJIOBHIO 14: I,/) II II08TOMY MO:>KHO Boc-

,c·.::epHBX i.ll.:CJIC> 

flli5J!Hr:·, ;--· ;, . ~,.,. ______ ----"---·--. 
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II011b30B8TbCSl cpopMyllol\ 1221 1 HO B .upyrHX .UBYX cpopMyna 1221 HeiipHMeHHMa, ,. 
TaK KaK He cywecTayeT TaKoe ,/! , .unSI KOToporo .f.~ :.1..4° ~ -f • Tor.ua Hy:m:Ho 

. • 11 ,1 •O 11 o I 
nocTynaTb cne.uyrolUHM o6pa30M IB03bMeM rrpHMep a.c-:. ... ,.+'i. ~ , .. : .c.,. - z.. 

0 ,. 
eCliH 14 - npOCTOI\ op6HT81lbHbiH MOMeHT 1 TO YMHO)!{HM . d- -orrepaTOp .UliH 

1: 

J t AO J - _, -a4: J.c+i,. -:.f.,= .t .. + ~ CIIpaBa_ H! S'· t-' t r.ue r - HMIIY.~bC, COOTBeTCTByiO-

lUH:A MOMeHTY 1: . OnepaTop G"·f'-' He .uonm:eH MeHHTb ~" loH cKanHpl, 

- IJD 
HO .U011:>KeH MeHHTb qeTHOCTb OTHOCHTellbHO f 1 T.e. MeHSlTb ,-{.A ,.Ha e,UHHIIUY 1 

onepaTop :f acne.ucTBHe qero 6y neT 
·o no A J• = x: .. - i . AHanorH'IHO, 

np~ 

• 1J A ·D 110 I 
nony'IHM H3 c)' .... ~.-'i.-=- 3• = -t.c-i. yMHo:m:eHHeM • 11 .f ·o n • J 

1\"0:..{4-i,.. ... ~ 4 :: .(;4 1- z 
R..A TOme IIpOCTOH op6HT8llbHbiH MOMeHT, TO MO:>KHO Toro - -0 ... -

H8 ~·r cnpaBa. EcnH 

m:e .aocTH'Ib -. rryTeM yMHomeHHH Ha fO·i cneaa. Cny'laH, Kor.ua KaK ,/.,,. 1 TaK H 

R, - cno:>KHbie MoMeHTbi, HY:>KHO paccMoTpeTb OT.U enbHO. TaK KaK BCHKaH ::me-

MeHTapHaH peaKUHSl HM99T B H8'18llbHOM COCTOSlHHH He 6onee .UBYX '18CTHU IW\. ~ '}_ 
0 J 

TO R.A MOrliO B03HHKHYTb TOllbKO K8K CliO)!{eHHe IIpOCTOrO op6HT8llbHOrO MOMeHTa 

c KaKHM-HH6y .Ub cnHHOM 1 12, 11 HliH 6onbw e I B cnyqae SI.upal. B TaKOl\' cnyqae 

MO)!{HO l 11tJ IIOBbiCHTb HliH IIOHH3HTb H8 e,UHHHUYt IIpn:MeHHB onepaUHIO 

_.,. -c;. v+ _, ") _, _,. 
r.ue - o ., i .. +le " • 

_I{~ .. r..· (l Ct: •A) -R.; ( e;.A l·L~ ( R;•AV -1(, f:rl·•J+,;u: «J...f~ 11 "'~ •1.{ 1: [L~~_,"J. 
H N - HOpMHpOBO'IH8Sl rro~TOSlHHaSI. 06 aToM 6y.ueT pe'lb B cne.uyiOweii CT8Tbe. 

"*" 
npn:Be,UeHHbiH M9TO.U MO:>KHO npHMeHHTb TaKme Tor.ua, KOr.Ua 1'1\.- 'i 1 

F 1. PaaHHUa TOllbKO B TOM, 'ITO npH It\=,....,.= 1 TaKHX HcKniO'IHTenbHbiX 

HliH ,. 
"J. 

onepaTopOB Cp8BHHT91lbHO MHOrO I ,UBa II3 qeTbipexl, Mem.uy TeM K8K IIpH I)\. .j. 1 

HliH IW\. + 1 OHH BCTpeqaroTcB cKopee n:cKliiO'In:TenbHO; UeiicTBn:TenbHo, MO:>KHO 

y5e.UHTbCH B TOM, 'ITO TOllbKO Tor.ua 1 Kor.ua 

• """'." A 

J· .. ::. '"""' - i :: 
" • '. M'X A 

I·. ·' I l .. -.fa. I- .(l ' - .... -.( ..... f 

~~ ..... - -:;-.;(.~ ~ + i : 
' . ~ 0 ,(.. ~-~.,. + . . . + I..-. + 1 

2.. 1 

HliH Kor.ua 

. Mu ·A \- /} +--:. 
. Cl •"" - <....... z::. 1.11 t 11. + .... +R. ... 1 .... z._ 

,f 

l. 

, 0 IJ • ttu't\. A ) I . ., 11 I 1. • \ A lAAN- ~ A.,t-.- i-:., ... l/"-.fl- -J~ - ... - NJ>. - 2_ 

123al 

1236/ 



He cyrueCTByeT COOTBeTCTBYIOIURH 
0 

I J A.M. • DeiicTB:H:TenbH0 1 B nepBOM cnyqae aaKOH coxpaHe-
. ....·~ 11• M~&r J ~ M4lr o o ..... ""' .A 

HRH Tpe6yeT i.e~ : .(.A- + 'I 1 BO BTOpOM OllHTb .C, -A - ~~ 
If"'- - .. - ' 

qTo npOTIIBOpeq:H:T 38KOHy ·cno:lli:eH:H:H HaqanbHbiX MOMeHTOB. 

5. np:H:Mepbi 

1. W a yrno BbiX onepaTopoB peaKURR 
1 pBBHbiX 

/24/ 

MO:lli:HO nyTeM Cll:H:HOp:H:38URR BhlBeCTll yrnOBhle onepaTOphl nnH peaKURR 

17'-t¥- 11
1-t-¥ 1 

• B aTOM cnyqae fk.::MA: 4 n cpopMyna /22/ npRHRMaeT 

BR.O. 

r.o.e 

sepxHero 3HaKa nonyqnM cornacHo /16/ 

--) 

l = 

.l+" + 6. z 2 l+-1 

2.!+-t 4 Tr = fj (fi)' 

. ['"' ~ J -\ <J, ~r 3To nacT 

/1. 

J { J - --un :rr (t.+") !I.e+ 4. (Q·[rt e 

) 

lfrr 

BbrqncneHne naeT 

/25a/ 

/256/ 

3Tn Bbipa:lli:eHHH cosnanaiOT c yrnoBbiMR onepaTopaMn, nonyqeHHbiMR PnTycoM 

/eM. [i] cpopMyna /8/ I. KpoMe Toro, aaKOH coxpaHeHRH nonHoro MOMeHTa J': i 0 

• I I ""-1 .O.OllYCKaeT T8K:lli:e KOM6:H:H8URR J : <(. ± ~:. <(. + i. /coxpaHeH:H:e BHyTpeH-

Hefi qeTHOCTR Me30HOB Mbi np:H: STOM He yq:H:TbiB8eM/ 1 Upll KOTOphlX II3MeHHeTCH 

op6nTanbHbiH MOMeHT. CooTBeTCTBYIOIUHe liM yrnoBbie onepaTopbi MO:lli:HO nonyqHTb 

I cornacHo MeTo.o. y, Hano :lli: eH HO MY B npenbrnyrueM naparpacpe/ nyTeM YMHO:lli:emrH 
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~~ ~~ 

./25 a,o/ Ha b•p cnpaaa, HnH /qTo 9KBHBaneHTHo/ Ha G•t cneaa. 8KBHBanenT-... ""' _... . 

HOCTb YMHO)KeHHSI H8 S•r CIIpaBa H Ha rO•t cneaa MO)KHO IIOK838Tb 0 HCIIOJ1b-

3YSI cne.uyiOlUHe OOlUHe cPOPMYJ1bl ,llJ1SI IIOJ1HHOMOB JlemaH.upa 

ri 91 = 
..t.+-1 

~+~ 
1 

~-A + 
2.(+A '2.l+ -1 

/26a/ 

( 11 )f,' 1. (i.i~) 

( 11+4 - ~-A) r·~ -t1 t = 2£+tf /266/ 

( F·i~- -1) ~ "~ l F-i fl' = 1 ( R + 4 J 91 /26a/ 

[5] 
fCM,H8IIpHMep 0 CTp, 1325/, nonylf.HBWHeCH BbipameHHSI COBII8,ll8IOT 1 38 HCKJ1IOTf.e-

H.HeM 3H8K8
1 

C onepaTOp8MH 0 IIpHBe,lleHHbiMH B CT8Tbe [lJ 1 cPOpMyna /8'/, 

2. Yrnoabre onepaTopbr .unH npouecca 

I I I 
Ji • + 11-z.. - rr_. + 11i. -r .173 

H Me lOT BH.Ll 

:1 =- ~ cip M-f l«f- 'i (r,·) 'i ( ,·) \/ * 
~'~r '- ,., '1 ~ ,.._r '1. f' 1 '<. {'I) ( r·) 

' 
/27/ 

r.ue L=- fJt+fp 1 JrJ. +1.~-/fJ .... , { •(Jl-~~~/coxpaHeHHe qeTHOCTH OII51Tb He yqHTbJBaeT-

x/ 
CSI I. l-13 HHX, HCIIOJ1b3YH yK838HHblii MeTO.Ll CIIHHOpH38UHH, MO)KHO rronylf.HTb 

yrnoahle onepaTopbl anSI rrpouecca 

AI I I All :Jr -f IV ~ Jrt +1T,_ + IY , 

xl [:2] M hi nonbsyeMCH HeKoTopbiMH o6osHalf.eHHHMH, aae.ueHHbiMH a : .... - .... rl lf 1 t'" eCTb e,ll HHHTf.HbJe BeKTOpbi, napaJIJ1eJ1bllbie, COOTBeTCT BeHHO, 

OTHOCHTeJ1bHOMY H8Tf.8J1bHOMY H .LlBYM OTHOCHTeJ1bHbiM KOHelf.HbiM HMIIynb

CaM, CooTBeTcTBT:lllHe HM HMnynhc-MoMeHTbi o6o3Half.HM, B oTnHTf.He oT 

J -- -[2 
1 

qepe3 £• 
1 

Q( H .fp COOTBeTCTBeHHO, Tf.TOObl He IIYT8Tb HX C 

aae.ueHHbiMH B HacToHmeii cTa_T~e o6o2.JJ:a'leH~H-~,!H· Bae.ueHbi T8K)Ke cne-
.LlYIDlllHe COKpameHHH: lf= tf". r 1 1 'Pv ~ [Py pl ::. r- F'{f'rJ 
~rn.2,._Bbl~ onepaTopbr cTaTbH L2] 6y.uyT o6osHalf.aTbCH pHMCKHMH uH¢paMH 

1, 11 HJ1H 111 /HoMep T80J1HUbi/ H IIOpH.LlKOBbiM HOMepOM orrepaTopa B ---- - __, 
Ta6n. Hue. H anpHMep ( 0 ffJ . _.. 'P. (i} I ) . 
(I4) :. {4vYlf-a. -tp t~ - ~ 6 · Y ~f~ / , 

r .Ll e f, 38BHCHT OT ( ;;. r) 
. ~ I 



Ecnu, B qacTHOCTH, ~o< "' 0 unu 1, To .non->KHbi nonyqHTI:.CH onepaTopbr, npu-

Be.neHHbie B Ta6nuuax 1, 11, u 111 cTaTI:.H 
12 

• HanpHMep, .nnH {"' 1, L=/;3 
/27/ npHHHMaeT BH.U 

X ;,(2~~1) 13 
-f/ITT)~yR"{eof-1) 

A 
/28/ 

-!{ MO.>KHO nonyquTI:. yrnoBoii onepaTop /11.8/, onpe.ne-

JieHHbiH KB8HTOBbiMH qHCJI8Mli 

-( no { 
J=-L-7:-=-"C-"f. _. 

Cne.nyH cflopMyne /22/, /11, 8/ .non->KeH 6biTI:. paBeH Bbipa->KeHHIO 
..... - ...; Rr ,.... 

Cne.nyeT H8IIOMHHTI:., qTo B .U8HHOM CJiyqae CIIHH 1/2 CKJI8.UbiB8eTCH B KOHeqHQM 

~ 

cocTostHHH c .rronHbiM op6uTaJII:.HbiM MOMeHTOM L 

MOMeHTOB HI'p810T 0 COOTBeTCTBeHHO, 

1-fi pa>.nen CT8T'I:.H/. noaTOMY 

L - f}.J!_ 
.2.LH 

, T.e. paBHO 11 a pOll!:. 

li -- -J"" L -1-_fG" lcM.TO.>Ke 

TaK K8K B Haw eM rrpHMepe L: p; =eo • npliTOM 

~ • T;;' ~ l . r.- ;> l L = -' L 'j. ';) r - L L rr. .... n 

ecTI:. 

H 1 CT8JIO 6b!Th 1 

/29/ 

3TO .nefiCTBHTeJII:.HO COBIIa.naeT C /11.8/. 

3. B cne.nyiOrueM rrpHMepe paccMOTpl:IM cnyqafi .npyroii CBH3H KOHeqHbiX 

MOMeHTOB HMrryni:.ca, Kor.na orrpe.neneHo He L , a ~~ (~ '= ( +frs} 
B aToM cnyqae p~nh MOMeHTOB l:l j 12 HI'p810T, COOTBeTCTBeHH0 1 -l:l • Harrpl:!Mep, orrepaTop /111 10/, orrpe.neneHHbiii KBaH--TOBbiMH qHCJI8Ml:l 
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r" ~~- t = r- i 
. 3 

-~"1 .-~ ...... 'i. 
) tl J if 

e "':: ~~ 

.ll01l:>KeH 6biTb 0 COI'118CHO c!JopMyne /22/, paBeH · 

r.ue 

I{ 

+ 
R~= 

_i_ R+ - ~ 
...p;:~ i" R1 t , 

.to~+-1 +s-~ 
f. f,. -4-1 = 

2 _._ -;..£; 
3 

-
) "Rl 

+ 
~ 

_ [1-L~'(x1-l.)""' .f~ u~ +1) 
= 

XL l2 -l'.,t-+-1) 

-=- L- ~:C 

:: 

:!. L-t-1 

'2. {7 ~ -1 

-3 fj3 

3aMeTRM 1 'iTO npoeKUROHHhiH onepaTOp R~ coBna.uaeT c R; . 0 KOTOpOM ll1118 

pe'ib B npe.llhl.llYilleM npRMepe, T8K 'iTO .ll11Sl Bbi'iRC1leHRSI /111 10/ .llOCT8TO'iHO 

-1 + - -
no.ueitcTBOBaTb onepaTopoM y+ R~ Ha /11 8/. J.1MeeM x- o"-

- D' 1 - o \ . y,- - 1 ;> r - \ ff ~ ..... r.- of Q' -- -- Ql G·,,~. 1..!!.o\ = -c L'i)~ ·'i- 't..!!. a = ?<iJ f. ti\'}'y "f + 2.~~ f·tr. -;.,_ -
'Z (J.,..) .ft>(.f(} -t-t) {"> ~ ~ 

. ;) -If)'' -- -- -- _ .... )Q' . ~D ~~ G)ff -- -nl IJ L 
- c 'li Tt" - {G"·'l r·n -'t t 11 rp{l - r:;.,r t·Pr .1~ - ~-~ 'r ~~ 1 

H 

-o+ 1-81. . ./3 i(·r~· 1)-o-. r -~ -- -· ... --"'~ 1..!! 1 ~ ~ .t "'-~,.- r.,·~ - I, ~SOil f"' - r;-.2_ f•TI + 
lljv r 3 "(,. (~,. +-t) fl 

0 ..., ..., .. -)(()I ("" ... _,..:. ...., _, 7J2) {.)I/ l 
+ ~ Q·J· 2.1! J ~"' +- 3 ~>·fr r;·, _c;-., 'l ;-~ I /30/ 

YMHO:>Kast aTo Bbtpa:>KeHne Ha W.>c Mhi U011Y'iHM HCKOMbiH 

yrnoBoii: onepaT_c>J)_ ~- .uoJ?>01lbHo npocToii:--c!JopMe;·-Biinilo; -i:rTo ·aTH-Bbt'incneHHSI He rrpe.a

cTaBnstroT 6onbll1HX Tpy.uHocTeii: n MO:>KHo HX npoBO.llHTb rro'iTH aBToMaTH'iecKH. C 

.upyroil: CTOpOHhi 1 .llOK838Te1lbCTBO 9KBHB81leHTHOCTH I101ly'ieHHOI'O pe3y1lbT8T8 H Bbipa· 

:>KeHHSI /111 10/ HeCK01lbKO 6onee C110:>KH0 0 npe:>K.ne. BCei'O He06XO.llHMO npHBeCTH -
/30/ K BR.llY 
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H 38TBM H8ll0 ITpHMBHHTh ¢opMy1Ihl H3 BBKTOpHoro HCqHC1IBHHH H HCIT01Ih30B8Th 

CBOHCTBa IT01IHHOMOB ne:>KaHnpa 1261. PeaynbTaT COBrranaeT c 1111 101 c Toq-

HOCTh!O llO 3H8Ka. 

npH1IO:>KBHHe 1 

CooTHoweHne 1101 MO:>KHO noKaaaTh, ncrronhayH cnenyiDlllYID ¢opMyny: 

IAl.ll 

I eM. HarrpHMep)
3J ¢opMyna 12.191 I. Ecnn BMBCTO ITOllCTSBHTh KOHBqHoe 

COCTOHHHB ~ -rrpouecca 

I {I · · ·.e.... ell .. e,.. , /"\ ) 
• 

I t\ - KOMITOHBHTa IT01IHOro MOMBHT8 I H BMBCTO 
lL ""t r31. - CITHHOp l{r> 

TO IAl.J/ rrpHMBT BHll 

I A 1.21 

KeT-BBKTOpb! CrrpaBa OITHCb!B810T COCTOHHHH 1 B KOTOpb!X MOMBHT CK118ll biBS lOT-

:t.r:! _. n ,_., 
CH CO CITHHOM !!.. ~ B IT011Hb!H MOMBHT ~,.... -:::... \:: 4, 4 "'i. S •· 4To6bi rrony-

qJiTh CrrpaBa BBKTOphl KOHeqHoro COCTOHHHH ~ -rrpouecca, OITHCbiB88Mble KB8HTO-

Bb!MH qHC118MH 
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Heo6xo.llHMO npoaecTH cno:>K.Hoe yHHTapHoe npeo6pasoBaHHe, ocywecTBnHIOWee nepe-. 

XO.ll OT npe.llCT8BIT8HHSI f..,.,_.·· · f,'\1. K np8.llCT8BIT8HH!O 1~ }h. . . . . 11 ~-1 
3TO npeo6pa30B8HH8 HM88T BH.ll 

l R .., •• ~ .... R,'l- .. .t,.,.. ~ 1, ... ~+r)::. 

= i: U ( .(~ .. Q ... ; ,h .. ~ ..... -l ~. ~ ...... ~ ...... ., ... )· \i., ~ ( ,. . .r., ~· .. ·;J, .... ~· ... / , 
1-,1 .... 1•-1 

I A 1.3/ 

I'.ll8 u - M8TpHU8 npeo6pa30B8HHSI. ,DnH H8C B8:>KHO TO, 'ITO OHa H838BHCHM8 OT 

M +/"- • B cny-qae 'lt. = } OH8 paBH8 8.llHHHU8 H npH ~=2 

U(~,q'2~rtt~.1··..)-=- \}Lz.P,t~1)(2''"""1) 'vv1~1fd,,.{;e,'Z.~,)J 

r.lle \..) - K09cPcPHUH8HT PaKa. B o6weM cny-qae ee MO:>KHO nHcaTb KaK npoHsBe.ae

HHe HecKonhKHX npeo6pasoBaHHH PaKa. 

To :>Ke caMoe MO:>KHO HanHcaTh .lliTSI Ha'!anhHbiX coCTOHHHii. VIMeSI BBH.llY, 'ITO 

n106oa KeT-BeKTop I~'""-) MOMeHTa HMnynhca r2. H 81'0 KOMllOH8HTbl 1~ 

npeo6pa3y!OTCSI KOHI'p8.llH8HTH0 C 6pa-B8KTOpOM 

/ l ~1-"'-<...1·-'IH. f 1 ) 

Mbl sanHweM I A 1.2 I .lliTH Ha'!anhHbiX cocToHHHH cne.llyiOWHM o6pasoM: 

i" +!.-1-\-t- 'I} I'L L -;- J • . a n<> (J o l / f l -\ ".f, .. P .... .-,. •. ,..,!'\ <......1/'-

= L. C. e;: .. -M f-r 
A" • a..... ~ •- -M-J'• 

')~ .... - M-r < n. C
0 r ... .f •. 0 A~ ... J M+t I (-1 ) < 1 ... r.,. lz. .-- <) • 

I A 1.2' I 

B .ll8IThHeiiweM Mbi 6y.lleM y:>Ke nonbsoBaTbCH coKpaweHHbiMH o6osHa'IeHHHMH 

L , 1 , L" , 1° KaK B naparpa¢e 3. AHanorH'IHOe npeo6pasoBaHHIO IA1.31 

npeo6pa30B8HH8 .lliTSI cny'IaH H8'I8ITbHbiX COCTOSIHHH HM88T BM.ll 

zt: tf• ... ,M+r\: L U"(L"l-}:1; .... ~;-) z~ 0 ,M·?\ IA1.3'1 

~·~· .... j: ..... 

npHMOe npoH3Be.aeHHe /A1.21 H IA1~2'1 H CYMMa no M H I .ll88T 
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R• 4 C 1 ..... ~M 'i. ·r 
1;;... -(M·t;· ) 

flesaSI 'laCTb cooTHoweHHSI aaeT npH ..("""=~:.,.. , cornacHo onpeaenemuo 121, 

npSIMoe npoH3BeaeHHe 't. -onepaTopa Ha eaHHH'IHYIO MaTpHuy. Cnpasa MO)KHO 

cyMMY no M H -1 npeo6pa3osaTb K cyMMe no A ;::. M +r H no j 

KpoMe Toro Hcnonb3yeM csoficTBa CHMMeTpHH KoscjlcjJHuHeHTOB Kne6wa-ropaaHa 

I eM., HanpHMep, ts] 12.206 I I. TaKH M nyTeM npHseaeM cooT How eHHe K BH.llY 

CyMMa no 

nosTOMY 

r OT npOli3B9.ll9HliSI '}t1,_ c- .KOSciJcilliUli9HTOB CBO.llliTCSI K 

Xl~~) -:. L L f l t ~~~ Jt )(l~t 1~,.. Jtt 
i·.,.. JA 

HnH, cornacHo IA1.31 H IA1.3'1 

L u (l t 11·· ~1 .. ) Uoll"-1 ~"-~· .j,:. .. a, .. ) L \:\ .lt.)(loJt\ 
~~-- ~:..... . .A.. . 
1• . -j.~'K-1 .. :; . 

CyMMa no aaeT Ia cHny I yrnoaofi onepaTo~ 

3THM COOTHOW9Hlf9 1101 ,ll0K838HO. 
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np:a:no:m.eHHe 2 

DoKa:m.eM, 'ITO B Bbipa:m.eHHM 1191 onepaTop .R 11 ~ :a:3n:a:weH, T.e. uoKa-
dl""-

:m.eM COOTHOWeHMe 

"' 
R~, ... t. ~~) R~~- R~,- ;( to 1) . 

I A2.li 

npe:m.ue Bcero HY:lli.HO yoeLJ.MTbCSI B TOM, 'ITO npoeKUMOHHbie onepaTOpbl Ha'l:anbHOro 

COCTOSIHHSI MMelOT OLI.HH8KOBYIO <}JopMy K8K onepaTOpb! KOHe'IHOro COCTOSIHMSI. TaK 

KaK KoHe'IHbie onepaTopbi ueiicTayiOT cneBa Ha KeT:-BeKTOpbi H Ha~anbHbie - cnpaBa 

H8 opa-BeKTOphl, TO H8'l:BnbHhle nony'l:aTCSI H3 KOHe'l:HhlX nyTeM BpMHTOBB COITpSI:m.e-

HHSio noaTOMYt HaUpHMep 1 
'~ ··":_( 

-
R~. -=-

~?- "f+~+ 

'lP"' +1 
_,. 

OuHaKo, BBHLI.Y apMMTOBOCTM onepaTopoB 
s II 

.f_"' 
HMeeM 

R~. = 
e"- ~-? 

.2 e"-1-1 I A2.21 

DnSI uoKa3aTenbCTBa I A2.1 I B o6meM BHue, He3aBHCHMO oT KOHKpeTHoii <}Jop-

Mbl Z , yuo6Ho 6yueT nepeHeCTH onepaTop R -~· B (]1"-
IA2.11 HB neBylO CTOpOHY 

~ 

R -1 • DnSI eToro HY:lli.HO 
<J1"' 

t 3aMe-/_ H Bhl'IHCnHTb ero npOH3BeLI.eHMe C 

HHTb Bbipa:m.emreM _... T 

1 1= L ln..) (<.~IJ) 

rue 

,. 
(L.""'\) eCTb KeT-BeKTOp,-B03HHKWllR ll3 /. "'- \ nyTeM 38MeHbl KQnOHH 

.... , 
:a: cTpo'l:eK. B KB:>KLI.OM KOHKpeTHOM npeucTaBneH:a:n t 'IHCneHHO COBITBLI.BeT 

.... 
c t. 

xl 3aMeTMM, 'ITO B npaKTM'l:eCKHX Bbi'IUCneHHSIX, KOrLI.a [o npeLJ.CTaBnSieTCH 

C I10MOIUblO LI.M<}JcpepeHUMBnbHb!X onepaTopoB, HeOOXOLI.HMO Bb!pa3:HTb .('·u 

qepe3 ~.cLVL~, .1 He qepe3 V=~, TaK K~_K Ra·- ueiicTByeT c:,rpaBa. P:BHLI.Y ~-
o6meH3BecTHoii TO:lli.LJ.eCTBeHHOCTH "'>!<. = _.;> HMeeM f!,: .. <[r"txVJ~ _i[v-;._n.J 

R._ :o-::. to-t il~.\Jc;- 'noeTOMY MO)K~O TO)~;; 38ITHC8Tb o+ _ f*-o\- tG{V-fi1 
f 2f"~1 "~·. ---~ ---;:_Q -+-\ 
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3aruuueM ~I B cne.uyromeM mr.ue: 
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~ =- ~ c-~) -.w.. r~ > r-1\M.> 
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r.ue 

npeoopa30B8Hlie - I A2.41 MO)KeT Ob!Tb 38ITiiC8HO K8K 

r.ue u B aaweM rrpe.ucTaBneann nMeeT BII.U 

v I 
AN-IA.U 

) 
1..-MA

(-~ 

Ii 00118.[{ aeT Cll e.u yrow IiMii CBOHCTB8MII: 

I 

l-M4. 
(-A) 

- -------------------

I A2.31 

I A2.4/ 

IA2.5/ 

/A2.61 

I A2.7 I 

) 

H eTpy.uao Bn.ueTh, 'ITO I A2.3 I ecTh I ae HOpMHpoBaHHaSJ I cKanHpHaSJ Klleow-rop.ua-
~ 

HOBCKaSJ KOMOHHSUHSJ KeT-BeKTopoB ( M.l..) H I AU..) , KOTOpbie SJBliSJIOTCSJ coocTBeH-

HbiMH BeKTOp8Mli COOTBeTCTBYIOlliHX orrepaTopOB MOMeHT8 IiMITYllbC8o MO)KHO ITOKa-

GSTb rryTeM Bbi'IHClleHHSJ MSTpH'IHbiX 9lleMeHTOB, 'ITO B rrpeo6pa30B8HHOM IIpOCTp8HCTBe 
.._ 

""" ~ ~ 
/m)orrepaTOp MOMeHT8 HMITYllbC8 paBeH- _,<.: 0 r.ue 
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9HCTBHTenbHO 
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I A2.9/ 

• flO) --le""+i~., _ .... )----1-

'::. \[{1+1k1--1)t 1- ""-) _ L e: + .e; ) ..... ~, ..... 
r ., 

tt.·,.-,~;J= -l-e:-if~)"-'·1, .... 
'=' ~ 

TO eCTb l_":-~0 
--·\,,.. 

nosTOMY MO:>KHO /A2.1/ 3aiTHCaTb B BH.ll9 

• ,-v ""'I 

R l~~ (~~) R~··~ t = R. t' 
~ 4..... J /A2.10/ 

,...., 
r.n.e Rl. HMeeT BH.ll /ao3hMeM, HanpHMep, cnyqait ;•-

.;•. - eQ -+ ~ ;· 
64"" - ..... 2 • 

"'Jot' 

R1··- = 
t'OJ ---e~ ... +1 +s.e;._. 

t. e:-... +1 

11. -rt ... -t-1 - ;-. R • , .... 
.2 .p,.::_ +1 

"'' 
Ba:>KHO Tenepb 

o6pa30M KaK 

~n·onepaTopa 

T0 1 qTo on epa Top -~f.:. .ll eitcTByeT Ha 
~~ ,.., ... , 
G'•f-1,. Ha ;( • JleilCTBHTenbHO, 't SIBmieTCSl C06CTB9HHOH cPYHKUH-

r O.lJ.HHaKOBbl M 

r"- rr + P:J1 
- ,.. 1-

c coocTBeHHbiM 3HaqeHHeM, paBHbiM Hynro. VIc-

nonb3YSI Tenepb cPOPMYlxY 

x/ 
,_._ +T T' 

B o6meM cnyqae 6y.neT A= U A U . JleitcTBHTenbHO, H3 \o.) =AlB> HMeeM ......, ,_, 
111) = UA+TUT 1 e.-) • 8To npeo6pa3oBaHHe Ha3biBaeTcst B nnTepaType npocTo 
"conpst:>KeHHe" /eM. [6] I. BBHAY HanHqHSI spMHToBa conpst:>KeHHSI, oHo Henn-

HeilHo: ~t-.+tB = o..*A + e'*B _ ....... / G'-,~>1 ,\>~ _!!8.llO paccMaTpHBaTb KaK KOMnneK

CHbie KOScPcPHUHeHTbi, TaK qTo· 6.( =/= -~-1 (=G·t'J I. O.n.HaKo, B cnyqae R10..-
HenRHefiHast qaCTb npeoopa30B8HHSI y:>Ke npoBe.neHa, T,K, 'R.;•,_ .n.eitCTByeT Ha 

. q ~ T~~ 

6pa-BeKTop: .(a.\ R~~-= <-'1 • 0Tcro.na H H3 /A.2.5/ cne.n.yeT I~)::. UR~·-U Jo..>_ 
nosTOMY MO:>KHO B ./ A.2.9/ paceM aTpHB8Tb np HMO KOMITneKCHbi9· KOM6HH8UHH 

OT i.,_ , .fy ~A- .fl 
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L"' - i. .1 c LL -?tt+i 1 -i u,-+<-i ~( = (--1) vL(L·H) ._ r 

., 
~ ..pi 
L A == Q II, cne.oonaTeJibHO , 

""' 
Ho ecnli Tenepb a 'R j~,.. 38M8HiiTb ---no 

- '3•r. 11k Ha 1 TO ITOJIY'lli M B MeCTO 

on epa Top 1?1, .... TaKrrM o6pa3oM, anSI .ooKa3aTenbCTBa I A2.91 .oocTa-

TO'IHO .ll0K838Tb COOT HOW 8Hiie 

I 8.lll1HU'IHbie MaTpHUbl MO:>KHO BKJIIO'IHTb B HJ!H k~ I. Ho 

' 
9TO eCTb 

cooTHoweHHe, BbiTeKaroruee rrpSIMO H3 onpe.oeneHHSI npoeKUHOHHoro onepaTopa. 

nmiJIO:>K eHHe 3. 

LloKa)l{eM cooTfiomeHHe 

13.1 I 

1:1 Hafi.oeM SIBHb!H Bl:!.ll ")-{.: • Cne.oySI cpOpMyJiaM 1131, 1}81 H liCITOJ!b3ySI OCHOBHOe 

CBOHCTBO rrpoeKUHOHHhlX OrrepaTOpOB 

MO:>KHO neayro 'laCTb 13.1 I ITOCTerreHHO rrpHBeCTH K BULlY 

LlnH .ooKa3aTeJibCTBa I A3.1 I HY)KJIO paccMoTpeTb Bbrpa)l< eHne · 

\) p 
~ { ""~ ', ~, ' ~ ~ .. ' 

H orrpe.oeJIHTb 0 KaK OHO .ll8HCTByeT Ha rrpOI13BOJibHy!O BOJIHOBYIO cpyHKUHIO. npoeK-

UHOHHwe orrepaTopw p H 
1·\· ;.\ COXpaHS'l lOT li3 JI 1060ii cpyHKUiiH TOJ!bKO 

p 
( 
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TaKyro qaCTb 1 KOTOpaH HBnHeTCH C06CTBeHHOH 

-?.2 -2 
!lJyHKUHeH onepaTOpOB i1i•~ • e1lH 

~.2.. -
H t ~ C C06CTBeHHbiMH 3HaqeHHHMH }4 t+1(-}~i+-t+-1) ) -€1,· .. ,{f4i•tH) 
H 3/4 COOTBeTCTBeHHOo noaTOMY aa,n:aqa CBO.UHTCH K BbiqHcneHHID MaTpHqHOI"O 

aneMeHTa. 

~ . ..... ~ . 
(t1.: .fi_..,-R,,·fi z }u•1f '0•( f-<.., ~<•1 lfi<-1 i: ~., .... > 

[4] 
HBHbiH BH.U aTOI"O aneMeHTa naH B , cjJopMyna /3.101 I. npH aTOM TOnbKO Tpe6yeT-- - ~ -...,.._, -

CH 1 qTo6bi U KOMMYTHpOBano -C .(1 ~ H .f-fi - C .f,:+1 • 8TO neficTBHTenbHO 

BbinOnHHeT.CH 1 TaK qTO COI"naCHO ynoMHHYTOH !lJopMyne HMeeM: 

-< t .. ( e,+1 .t1i.•1-~- 11.::+1 1 ~ • .e1i l.f4, f,., 14,H ~ ~ ...... > 

1 ~ 4 \ I ~I II I 'l) J tJI 41 11 I D I > - :f L::_._-- (~fi. (~:.l i G i C.4£ t&+1 i ""d [i+1 t1i+t i t ti \ e.fi t i+" (,; .. " • 

(,~· .ei.1 
. t 11l1of t1"'t'\+1)- ~1~+1 ((lt+1+1)- ~} 

BBH.UY nuaroHanbHOCTH cJ H ';£ ~o_ t_f-ir --H$-i+J CYMM8 CBO,UHTCH K O,UHO-

MY •weHy: 

t<.t-ti .('+-tlt(il 14i (Lt-11>< ~~it;,._. t.,iH ~ ~.;, i tfi ~i•1 tfiH> • 

• { i1i+o~lf•\•1 + 1) - /1i."t1 ( ftt+1 + 1) - ~} 

OcTaBwHecH MaTpHqHbie aneMeHTbi BbiqHcnHM no ¢opMyne /3.86/ B \
4

] , 

nonyqHM 

< "' ' L'-~ tL t ..... ~ ! (i : t41 { iu 2. / -::. .2. 

(t .. , -t, .... fo\
1 
.. \ f •. ~ t •. t. e. > _ t.dt.,+f} -e.,+., {R,+-1+1) + e.,, .. iP,i.•-t+1J 
. . . . . I.... ·~·· - Q. fli.,-1 ('t.f,·.,1 +-1} 

• 
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TaKHM o6paaoM 

Tenepb MO%H0 1 MCXOLl5l H3 cPOpMyn /18a/ M /186/, 38llMC8Tb neByiO CTOpOHy 

/A3.1/ KaK 

rne B 6epeTc9 BepxHee aHa'feHHe nng BepxHero aHaKa y 

H HM%Hee - LlJHI HH%Hero. BHLlHO, 'ITO, B 38BHCMMOCTM OT Bbi6opa 

nonyqaeM paaHbie aHa'feHM5l x, . KpoMe Toro, aHa'feHMe Xc: aaBHCHT TO>l<e 

6 . - 0 • + "/ OT Bbl Opa '}_,if-1 - '{-f<of. 1 - /2, 

Bbi'IHCnMM B Ka'feCTBe npMMepa 

- + T.e. 'YC.t' • J.1 MeeM 

f~;. ( f11t 1) --f.:,., fi&H 7 1} + t~.-4-, (ft,·~~ + 1} 

(!l.-i.iL1} zluH (f.,1.,+-1) 

,.2 .f.,· (f1,-H -t1)- ./_,; {~~~:!.-~i- /;,1 {/,·q "i'/) ···f,, .• , {t.,·~/ +.f) 

2 ( l i'1;+1)(f1; H) 
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8TO MO)KHO npo~e 38UliC8Th K8K 

• + 
X. -= 

' 
-~4.:-f,,·~· )(l~,·-f(lH·.f} -f .f.l4-i (/,·..,·1-1) 

2. ( iu,., +1) (2. .t(, + 1) 

. +++- .... 
'iTO COBU8.ll89T c TaonHueii 1. no.no6HbiM o6pa30M Bbi'iliCnHIOTCH X,· ~ )-{., ..... x, .. 
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