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§ 1. nocTaHOBK'I aa.ga<nr 

npocTeitUI8SI MO.genbH8SI CHCTeMa, p{lCCM8TpHBll.9Mll.SI B TeOpHH CBepXIIpOBO.gH

MOCTH, XapaKTepH3yeTCSI r8MHnbTOHH8UOM 1 B KOTOpOM OCTll.Bneuo B38HMo.geftcTBHe 

'18CTHU niillib C tlpOTHBOIIOnO>KHbiMH HMIIynbC8MH II Ctll!Hll.MH: 

H·fT(f)~;ar ~v ftA.({).A.(tJaj~; a_,, a.,, 
11.11 

r.ge ! ::. ( p, s) 1 s: ± i p - BeKTOp .HMIIynhca. npu cpHKCHpOBll.HHII V-- L3 

Px == 
~'Ji ~1( l1i 

LJ 
Jt Pff = ---r:- n3 p'l. nl .x ' ) Lt 

-fltx , n) I 11- -'1; 
uenbie qucn.a. 

-I~ (-p,-s). 
.HaKOHeu 

T (f)= 
p~ 

2hJ. ~I rae ~,.o - XliMU'IeCKUti noTeuuuan., 

J ~ I p"-
~If: /.). anst -.rl (f)= ~m, 

0, I 
p~ 

anst ~ />6 ~Jn. 

II M9TO.ga KOMIIeH-
' 

C8UIIH Otl8CHbiX .llHarpaMM IIpliBO.gl!T B .ll8HHOM cnyqae K OlllJI H8KOBOMy p~synbT8Ty. 

eo,ne,~ T?~o, B 38M9TKe [2] 6binO tl0Kll.38H0 1 'I TO raMHnbTOHIIll.H Tll~8 /1.1/ 
.. • l ~.. l • . ' • ·' .! t ; " • ' ·l ' ~ '· ~ • • • • • . 

npe.gcTaBnsteT caM no ce6e 6onbwoii MeTo.guqecKIIii uuTepec 1 TaK KaK a.gecb Mbi 

~~~/~~M 1 0~~; II3 • ~~-~~~~u H~MHOrli~ ~OnHOCTbiO pe~~-9MbiX 38ll8~·· CT8THCTII'19CKOii: 
~.,~·~ ;-;~)'.' ' '--~-·-~i~J ··.::\ 

c: .. ,:·: ... ·'· ··· .:,.,,· ·,__r:· ··· (:]::Lt.:,· 

B YIIOMSIHyToii 3aMeTKe 6btn0 yeT a HOBneuo, 'ITO .gnSI 9T01t sa.gaqu M bi MO.>KeM 

IIony'IHTb 8CHMII'I'OTH'I9CK~ ';O'IHOe JnpH: y ~00~ ,/'~bi~a~~~~~~ ~~o6o.g.~oit au~pru~~ 
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SToT peaynbTaT TaM 6bm aaiinea cnenyiOlllHM o6paaoM: raMHnbTOHHaH 11.1 I 

oco6biM cnoco6oM paa6HaancH aa nae 'ISCTH H 0 H J.-/J.. • 3ana'Ia c raM:nbTOHH-

aaoM H, pewanacb TO'IHO • .[lnH y'IeTa BnHHHHH H
1 

npHMeaHnacb TeopH,H aoa-
~' 

MYlll9HHH. noKa3biBanOCb 1 'ITO n106oii fi--6-IMI ~mea COOTBeTCTBYIOlllero paanO}K9HHH 

CTSHOBHTCH SCHMllTOTR'I9CKH Man hiM npH V- co 
1 B C.BH3R C '<19M H nenanOCb 

aaKniO'IeHHe o ToM, 'ITO BnHHHReM M1. Mo}Kao Boo6me npeae6pe'Ib, nocne npe.-

nenbaor'~ nepexona Y ..-,. oo • .PaayMeeTCH, paccy}Knemt:H TaKoro pona ae MoryT 

npeTeanoaaTb aa MaTeM.aTR'IecKyiO cTporocTb, ao aano onaaKo nonqepKHYTb, 'ITo 

B aana'IaX CT8TRCTH'I9CKOA cpH3HKH 'i8CTO HCnOnb3yiOTCH eme 6onee rpy6bie npue

Mbi. BecbMa pacnpocTpaaaeabiMH, aanpuMep, HBnHIOTCH npu6mt:}K9HHbie .MeTonhr, oc

HOBSHHbie Ha H36RpaTenbHOM CyMMHpOBSHHR B K&KOM-TO CMbiCne "rnaBHbiX 'In9JIOB" 

pHna TeopHR B03MYlll9HHA 1 npH'I9M OCTanbHbie 'In9Hbi1 XOTH OHH na}Ke R He CTpe-

MHTCH K ayn10 npH v __,.. 00 
1 OT6paCbiB810TCH. 

C6MaeauH a cnpaaennnaocTn peaynbTaToB aaMeTKR [2] aoaauKnu u a casrau 

C TeM 1 'ITO pa3nH'IHbi9 llOllbiTKU HCnOnb30B8Tb .06bi'IHYIO niiarpaMMHYIO T9XHHKy 
_r---] I+ I 

cl>eiiaMaHa 16ea y'IeTa "aaoManbHbiX cnapHB8HHH 0 u,l . q,l ' eli I a; . K KOTOpbiM 

npuaonuT KaHOHH'IecKoe U , 1T - npeo6paaoaaHuel ·ae naaanu· O}KRnaeMoro pe-

aynbTaTa. 

Eonbwe Toro, B pa6oTe [3] 8BTOp, OCHOBbiB8H9b Ha CYMMUpOBSHUU H9KO

Toporo Knacca nuarpaMM cl>eAHMaHa, nonyqaeT pew eHne npuHuunua:nbHO oTnuqaoe 

OT peweHHH, nony'I9HHOrO B CTSTbHX 

BepHbiMH. 

[1] , [2] , n C'IRTaeT sTH nocnenHHe ae-

B CBH3H c TaKHM nono:>t<eHneM, B pa6oTe [4] 6bma nayqeaa ueno.'IKa aaue

nnsriOmnxcsr ypaBH9Hl:IH nnH cpyHKUHii rpnaa 6ea npHM9H9HHH TeOpHH B03MYlll9Hlt:ii. 

3necb 6bmo noxaaaao, 'ITo c;PyaKunn rpuHa nnst raMRnbToanaaa f.lo ynosneTao

pHIOT acea SToA ·uenO'iKe ypaaaeann nnsr To'Iaoro raMunbToanaaa M = f./
0 
+ H

1 i 
c owH6KoA nopHnKa V . STHM nonTaep}KnaiOTC51 peaynbTaTbi aaMeTKU [2] 
n BbiHansr:eTcH "aescpcpeKTHBHOCTb" no6aaKu Hi • 

OnHaKo MO}KHo cTaTb u aa 'IHCTo MaTeMaTn'IecxyiO TO'IKy apeanH. K aK Tonb

KO Mbi cpuKcnpoaanu raMUnbToauaa, cKa}KeM B cpopMe /1.1 I, Mbi HMeeM y}Ke 

anonae onpeneneaay10 MaTeMaTnqecxyiO aana'Iy, KoTopyiO u cnenyeT pewaTb 

cTporo, 6e3 KaKux-To 6bi .Hu 6bmo "cpuauqecKux npennono}Keaufi ". M hi ae non}K-

Hbl 

TO' 

HO 

c 

'IIIC 

no1 

TH 1 

Mil 

noJ 

6o; 

po 
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nH 

TO] 

nc 
Te: 

. HOI 
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5 

Hbi Tor.o.a y.o.onnernopSIThCSI TeM, 'ITO npH6nu*eHHbte Bbtpa*eHHSI y.o.aeneTnopmoT 

i 
TO'IHhiM ypaBH9HHSIM C norpeWHOCThiO ttOpS:!.O.Ka v 1 H HaM cne.o.yeT OtteHHTh paa-

HOCTb. Me*.O.Y caMbiMH TO'IHbiMH u npu6nH*eHHbiMH Bbrpa*eHHSIMH. 

HMeSI BBH.ll.Y nonuoe npogcaeuue eonpoca o noee.cr.eHHH .cr.unaMH'IeCKoii cucTeM bi 

C raMHJlbTOHHaHOM 11.1 I, Mbl H CTaHeM B HaCTOSIWeii pa6oTe HM9HHO Ha TaKyiO 

'lllCTO MaTeMaTII'I9CKYIO TO'IKY 3p9HHSI. 

Mbi 6y.cr.eM nsy'laT& raMnTouuaa /1.11, npu TeMnepaType • H cTporo 

E- Eo 
Me*.O.Y iianMeHhWliMH auepre-noKa)KeM1 'ITO OTHOCHTen&HaSI pa3HOCTb 

Eo 
Tlt'I9CKIIMH ypOBHSIMit Ho 1 a :raK*e Me*.O.Y cooTpeTCTBYIOLUHMH cpyHKIIHH-

Mil rpuua CTpeMIITCSI K. Jt:):'niO. nplt v ~ ()0 It no~y'IHM Ha.o.ne)KaLUite oueHKI! .ll.Jlf.l 

nopH.O.Ka yobiBaHitSI. 

VIa MeTo.o.n'leCKHX coo6pa)KeHnft HaM 6y.cr.eT y.cr.o6uo paccMaTpueaTb uecKon&Ko 

6onee o6ruuft raMHn&TOHHaH, co.cr.ep*amuii: qneahl, npe.cr.cTaBnf.IIOLUite HCTO'IIIHKH .o.nSI 

pO)K.lleHHSI H yHH'ITO)K9HIISI nap: 

j.{. f T(/) a; a,-:J) f jt If} ( ac, af + o.; ~n-
11.21 

1. -
2V L l (f) .A (f') a.lt a-~ a f' a..j)' f,f' - t - t , 

r.cr.e ).) napaMeTp, KOTOphlfl Mbi 6y.cr.eM C'IHTaTh fiOJlbWHM HJlH paBHbiM HyniO. 

3aMeTHM, 'ITO cnyqaft ).) < 0 paccMaTpHBaT& He Ha.o.o, TaK KaK .oH npueo-

.O.HTCSI K cny'la 10 }) "'? o· TpHBHanbllbiM H3M9H9HHeM K.aJlH6pOBKH cpepMH-onepa-

Topoe:· 

6y.cr.eT paCCMaTpHBaTbCSI IICKniO'IHT9JlbliO H3 . 

TeX COOopa)l{9lJHii: 1 'ITO OH npe.cr.cTaBJlSI9T HHTepeC .llnf.l llOHIIMaHH51 CHTyaiiiiH B peanb• 

HOM cnyqae V=O 

. . ,llnSI npe llllPHHHMaeMOI"O HCCJl9.llOBaHBSI HaM He 6y.cr.yT Hy)KHbi Te KOHKpeTHbie 

ceoii:cTBa cpyHKIIHfl ft. (f) , T (f) , 0 KOTOpbiX I"OBOpHilOCb BbiLUe. 
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BnonHe "aocTaTOT.JHO 6y aeT BbirionHenue cneayromux o6mux· ycnoanii: 

1 I ¢yHKU~H .A{ f)• r {f) ~mecTB~lll~bi, Kycotino' HenpepbiBHhi, o6nanaiOT 

ycnoBHSJMH CHMMeTpHH!. 
. . .. · ..• >:;;;.· :.'·.· --.--·· .• :• .. · .. •( .P) ·.· .. . ··(f) 
~-~;{~f)~ :-:_.f;(fJ~. ~ -t; ~ T · .. 

2/ _j_ (J.F pa:s~ciMe~~o o'~~~HHt.te~a ~o aceM rrpocTpaHcTae, 

3/ 

41 
.fi/11-

v-oo 

.T{f) ~-·oo 
"fM' If/-+. Oo 

_L ,Lj.Jl (f)/L U>w.,t v t v ~00 
. .A.?. ( IJ __Ll: 

zv r -v' 4~ (f)x+ r~({J · 
anSI aocTaTOT.JHO ManbiX IIOnO>KHTenhllbiX X. 

npeacTaBHM H ( i, ~) a· BHae 

'}["' '}fo +Hi' 

> i 

fl" 

11.31 

rae · 

'}t = 2: T (I)~~+ ap ~ i -~ .;L (l){(v+(SJ~I ~ +{JhG) a; 4;}-+ IG!~v f t t ' •t t t . ~ /1.4/ 

'J./ i ~- tv (f l(f) fCJ:f- vc/)(1 jL ( fJ ~,'1-Vb ). /1.6/ 

rae 6 - aexoTopoe. KOMnneKcnoe t.tHcno. 

3aMeTHM, t.tTo ecmt G onpeaenHTh H3 ycnoanSJ MHHHMyMa nan:Menhwero 

co6cTaeHHoro 3Hat.teHHSJ ~ o 1 a H 1 oT6pocHTh, To Mbi npnaeM K xopowo H3-

BeCTHOMy npn:6nn:>KeHHOMy peweHHI01 paccMaTpHBaaweMyCSJ B ynOMHHaBWHXCSJ pa6o-

TaX [1] 1 [2] 1 . [4] ·• H'awa 3aaat.ta 3aech 6ya~T cocToSJTh a aaxo:m.aennH 

oueHOK 

KnoneHD 

M 

nepexo.z: 

1. 

ro raMI 

H noKa:r. 

neitcTB 

a TaK>K 

IIOSTOM~ 

CneaoB 

2. 

weMy c 

npH nrof 

n: 
THpyiOT 

T.JT06bi 
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OllBHOK .ZlnSI OTKnOHBHHSI MHHHManbHbiX C06CTB9HHbiX 3Ha'JBHHii 1/
0 

, 'J{ U .ZlnSI OT-

KnOHBHHSI COOTBBTCTByiOLUHX cPYHKllHii J.pHHao 

M bi noKa:>KeM, 'ITO 3TH OTKnoael!HB 6y11yT liC'!eaaTb B npouecce. npe.Zlenbaoro 

nepexo11a V- co • 

§ 2. 06LUH9 CBOtiCTBa raMHnbTOHHaHa 

1. B STOM naparpaciJe Mbl ycTaHOBHM HBKOTOpbiB 06LUHe CBC?HCTBa MO.llBnbH0-

1"0 raMHnbTOHHaHa 
:11. 

/1.2/. PaccMoTpHM qncna aanonaenns 

n,f- = o:r~~
H IlOKa:>KeM 0 'ITO pa3HOCTli /'V,-11,.:_~ SIBnSIIOTCSJ HHTBl"panaMH .llBH:>KBHHSI. 

n eiiCTBHTBnbHO t 

a-_1 wf .C rif ~ n,_t )-{ n-1- ~~) ~~ a.f =O, 

~+ ~i (nf-H:f)-{n,l-n,_l) a-; ~"f= 0 · 

11 ( i 1-~~).- -( /1,1 ~ ~.,) 1r~ o. 
IlOSTOMY 

Cne.lloBaTenbao, tt ( fl,{ (-t; ) - n-_1 (t)) = 0. 12.11 

2. noKa:>KeM, 'ITO .ZlnSI' BOnHOBOii cPYHKllHH . cp H t COOTBeTCTBYIOLUBii HaiiMBHb

weMy co6CTB9JIHOMY 3Ha'leHIIIO raMJinb.T.OHliaHa. '}{ ,. MO:>K eM nonO:>KilTb: 

/2.2/ 

npu nro6oM /· • 

nns .llOKS3aTenbCTBa SToro .llOilyCTHM o6paTHOe. TaK KaK. (n.f- n_/) KOMMy-

THpyiOT c :J.l Ia .llPYr c .llPYI"OM I, Mbl ncer 11a Mo:>KeM Bbi6paTb cp 11 TaK, 

'IT06bi OHa SIBnstnaCb C06CTB9HHOii cPYHKilHBft JlnSI BCeX STHX onepaTOpOB 



06o::iHa'IHM qepe3 I< o , I(.,. , K_ 1 . cooTeeTcTeeaao1 coeoKynHOCTb nn.aeK-

coe f• .ana KOTOpbiX 

( nr- 11,_,) cPH-::. 0 ~ € Ko 

( n,4- 11-.J~ i) cP~ ~ 0 . f e K+ 
. ' . ' 

(iif-~l:;i)~O ··. · · ·· .. 
. . . 

, {~ K-

Hawe .llODYill9HHe CBO.llHTCSI K TOMy, 'ITO MHO)K9CTB8 K+., K- ae nycTbte, H 

x/ 
"'ITO { cP·~ ~ cpH) {a < f* 'f<( >. 

·H· . 

.llnSI n1060A <i>YHKUBB cp 
noTpe6yeM .z1anee, '1To6.bl tf y.aoeneTBOpMa .aononanTenbHblM ycnoBHSJM: 

f~~r~;:~~l) r -= o ·· 
f;(:~~}~t:/~:~~: :: ,·~:·'·~ · :• ... •· . .. · 1 

/2.3/ 

3aMeTHM Tenep&, 'ITO ecna / € K t , To 
...:JI 

a ecmr {E K_ 
n.,-J .. i ; 11t.j :. 0) 

, 

t TO 

noaTOMY cp N 

nl :... o j. n-_( .. L 
MO)KHO. npe.acTaBHTb B UH.ll9 npSJMOrO npOH3B9.ll9HHSI 

cp,., = <f>l(o cp K.t- cp I{-·, 

r.z1e. 

cfJK. ~ n s ( .. ri) o ( ,._,); </>c ~~~( "'t) 1 ("-ri ), 
a q, 1(. 

0 
HBnf!T~~ 'cPYHKUHeft ;~nbKO TeX fv { , Y KOTOpblX f..e I(., 

..h.., =F(·· n,;. ·)·:. <.. cJ>; cJ>" )'-:i PeKo. 't' "o ... t ... J o . o t .. . . 

x/ 
,..~.,. CHMeonoM 

UHA 't' Jl r 
.1( 

( cP lff> 6y.lleT o6o3H&'l&T&. cKanHpHoe. npoH3Be.lleHHe <i>YHK-

<'.~ 

3aMe1 

DOS TO 

ecnn 

Cne.a' 

~ 

J.1 CT 



a, H 

/2.3/ 

-· ,--------------------

9 

3aMeTHM aanee, qTo .. 

noaTOMY. 

a_4 a1 ?r (""I- i)· a ( n-_1) = o ; 

~; ~; g ( rtt -.i) o (ft_f) ::.O j 

C-tfa,l 3(~,) d(n,_f-1)-=o ~· 

oi.9i d ( n-1) a r~,-l)c: 0 j 

~~ ~ 4> /{+ cf> I(_= 0 j ctt/ ~; cp 1<+. 4> I(_ = 0 

ecnH f E /{ + HliH J< - • 

CneaosaTenbao, 

11 cp H : { L T {f)+ ~ T (f) + 'E T (f.) fl, f. - ~ r: jL q J ( 4~ a.;+ a,; ~,+ ) -
/€1(+ /tK- ~~K., t~K 0 1" t 

- : v '[ r:,. j. (f) A (f') a; a:f IA:f' a_f} cf>H. 
f€Ko {EK" · 

11 cTano ObiTb 

* . 
< ct H ~ ct> H > -= .~ r ( f J + ~ r (f) + 

tE K+ .. f€t<-

+ < 4<. { r: r {f) nr -~ ~ .A-1) (~~ af +a;~~,)-
/eKo {E:Ko , 
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Paa.lleJIHM Tenepb MHO)KecTao K+ + l< _ Ha .llB8 MHO*ecTBa Q+ H Q-
K.,. -r K_ = Q+ + Q-

T8KHM o6pa30M, 'ITO B Q + BOii.llyT Te HH.lleKcbi I na K + + K_ , .llJISI KOTOpbiX 

T(l) ~·o 1 a a Q._ -Te na K+ + 1-<- • .llJISI KOTOpbiX T ( -1) < 0 . 

BBII.llY cnMMeTpmi T {!) = T(-{) HH.lleKC 1 BXO.llHT B Q+ HJIH 

Q_ Bcer.lla O.llHOBpeMeHHO C -f. 
ViMeeM 

( <P: }{ cpH> = L.. I Tf/J( - 2. IT( IJI + 
I€Q+ /t:.Q_ 

+ ( q,;o f L T ( ~) nt - i L ¥-{ a_l at + a; Q~tJ-
{C. K0 fc Ko 

-tv·[ L ~(/)A ( f'} a; a~f a_,, af' J <bKo). 
Je, Ko f'C: I< 0 

nocTpOHM Tenepb cpyHKUHIO f T8K)Ke B BH.lle npOCTOrO npOH3Be.lleHHSI
0 

UOJIO

)KHB: 

'f:: cJ>Ko cpQt 'Pat_) ~ 

r.lle 

cp = n J'(n{)J'(n.,); 
Qt {EG+ 

¢ = n S(nr1) S(n_,-1). 
Q- /c~-

/3JleCb HMeHHO Cyl!leCTBeHH0 0 'ITO 1 O.llHoapeMeHHo c - / npHHB.llJie)KHT 

a+ HJIH a_ I. JlnH TaKoii cpyH~UHH: 

( f * 1i. tf '7 = - 2 [ I T(f }I+< eft~ r_ T(f} n1- i 2_ WJ " 
(€ q_ l<o f6Ko 2. (E. Ko 2. 

x(a_1a1 +a~q~)-· 1vL [A(/) l\(f1a;q;ql'aljcPI( 7- 2L[ 'A,_[f) 
2 {6Ka f'cKo· 

0 
V /c Q_ 

Ka1 

c ,_ 
.IlOilO 

Haw 

non 

Ka1 

wei 

r 
ycJli 

na) 

He:: 

Kpo1 

TaK 

e.llHI 



OTOpbiX 

nono-

:>KHT 

11 

K 8K BH.UHO: 

C .npyroil: CTOpOHbi IJO C8MOMy CIJOCo6y IJOCTp09HlHI 'f Y.UOBn9TBOpBeT BC9M 

.norronHHTenhHbiM ycnoBHBM 131, H Mbi npHwnH K npoTHBope'IHIO c 121. TaKIIM o6paaoM, 

H8W9 yTB9p:>K.U8HHe .UOK838HO, J.13 yTaep:>K.neHIIB 12.21 B 'I8CTHOC'rH BbiT8K89T
1 

'ITO 

rronHbift HMnynhc .nmr cf>'Jl. paBeH Hynro 

L f n1 .. ¢
11 

= ; l;.f{n1- n_1) 4>11 - o. 
r - ' >'!lflf 

12.41 

K aK BH.UHO H3 paHee cKaaaHHoro, co6cTBeHHyro ¢YHKUHIO cP .nnB HBHMell'b-

wero C06CTB9HHOI"O 3H8'19HHB JL. Mbl MO:>KeM BCer.na HCK8Th B Knacce tPYHKUIIil: 

r . ' no.n 'IHH8HHbiX .nononHHTenhHbiM ycnoBIIBM 12.3 I. 

3aMeTHM 1 'ITO .nnB 9TOI"O CIJ8UII8nhHOI"O Kn8CC8 'f , y.noaneTBOpBIOlUHX 

ycnoBIIIO , 12.3 I raMHnhTOHHaH :H. 
naynn. 

PaccMOTpiiM onepaTOphl: 

MO:>KeT 6biTh Bbipa:>KeH qepe3 8MIJnHTY.Ubi. 

H eaaancli:Mo oT .nononHIITenbHbiX y~noanil: HMeeM: 

I* 1'. 

KpoMe Toro, BBH.ny .nononHHTenhHhiX ycnoanil:: 

TaK K8K nr H "-1 O.UHOBpeMeHHO nn6o o6a paBHbi Hynro, nn6o o6a paBHbl 

8.UIIHIIUe. 
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HTaK, Ha paccMaTpn:aaeMoM Knacce /2.3/ onepaTopbi /,{ C{ SI Bn SI IOTC SI 

aMnnHTY.ll8MH naynH. Ha 9TOM Knacce cpyHKUHii 1"'8MHnbTOHH8H /1.2/ HMeeT BH.ll: 

; ~ 'A{!){ gt t;}- ~ L. Aft) A(t1 B( ~I'· 
{>o {>o 

H= ~f2.. T(f}B1gl_ 
(>O 

/2.5/ 

f',o 

M hi Bbl.llenHnH Knacc HH.lleKcoa ( > 0 , 'IT06hi ace onepaTopbi -G1 GbmH paa-

nH'IHhi, T8K K8K !,{. = ~,_, o raMHnbTOHH8H T8KOI"O THUS p~CCM8TpHBancSI B. H8Weii 

pa6oTe [5} • 

§ 3. OueHKa co6cTBeHHO!"'O 3Ha'leHHSI raMHnbTOHHaHa /1.2/ caepxy 

PaccMoTpHM Tenepb ·aonpoc o6 oueHKe caepxy MHHHManbHOI"'O co6cTBSHHO!"'O 

3Ha'leHHSI raMHnbTOHHaHa 1{. • By neM HCXO.llHTb H3 npencTaaneHHSI raMHnbTOHHaHa 

'11. B BH.lle 11.21. 06oaHa'IHM qepea E71 HaHMSHbwee co6cTBeHHoe 3Ha'leHHe 

1"'8MHnbTOHH8H8 .1l /1.2/ H qepe3 f 0 (5} H8HMeHbWee C06CTB9HHOe 3H8'leHHe I"8MHnb• 

TOHH8H8 '}[0 /1.4/.· 3aMeTHM, 'ITO' OnepaTop 111 ~ 0 H UOTOMy MHHHManhHOe co6-

CTBeHHOe 3H8'leR_He !"'8MHnbTOHH8H8 1/. 0 6onbW9 MHHIIManbHOI"'O C06CTBeHHOI"'O 3Ha

'leRHSI I"8M HnbTOHH8H8 '}(.:: 'H. 
0 
+ ']{1 

fo (5} ~ £11 fil' 1;3.11 

npn: nro6oM G" 

T aKHM o6pa3oM 1 MHHHManbHbie co6cTBeHRhie 3Ha'leHHSI ra.MHnbTORIIaHa 1£
0 

Ma>KopHpyroT MHHHManbHOe co6cTBeRHoe 3Ha'leHHe 1{ • Hannyqwasr oneHKa 

nony'IHTCSI npH 5 , naroweM min E0 {5} • 

nepeftneM Tenepb K Bbi'IHCneHHIO C06CTBeHHbiX 3H8'leHHft I"8MHnbTOHII8H8 1t
0 

• 

CoaepwaSI cooTBeTCTByromee KaHOHH'lecKoe npeo6paaoatmue, nnaroHanH3yromee 

KBanpaTH"'HYIO cpopMy Jlo /1.4-/ , nony'IHM To>KnecTao: 

1lo =- [ JAjl) {~+ 5)[~+a) + i 2 {1 J' (a;u4 + a.~1fi){u1 a, T i1( a~1 J T 
I 

+tv {G"*G- ~ f[JA 2(f} (~ .. 5"}(~~~) r T1(1)' -T(I)]j, /3.2/ 

l"'.ll9 

rne 

O'IeBII.ll 

-u - I 

0TCIO.ll€ 

6y .llYT I 

CJ 

Qq 9Bll.ll 

B pe3yJ 



OTCSI 

BH)l: 

12.5/ 

>I"O 

'IHaHa 

~ co6-

aHa-

'() 

ueHKa 

/3.2/ 
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r.lle 

1.{( == !r2. ./1 + = Tf!/ · : 
V ~~2 (.1}(~ + 6*)(~ t ~J + T 2(IJ' 

lf. = -e.(t}/
1

_ TfiJ · 
(. 12: f ~~2(1}(~~C5~){~-tG"}-+ T 2

(/} 

A (f) ~ E (IJ I X({)/ E. (1) = s i g n ~ ( f J . 

Qq eBH.IlHO: 

U{-1]= U{-fL 

- L{ - B91U9CTB9HHO, iJ" - KOMllJI 9KCHOo 

r!..l = u I 0 I ., i/"1 a~ I 

C(i;: u,a1 :., v:ta-1 
fiy.llyT ciJepMHOHHbiMR, 

Cne.lloBaTeJibHO, Bbipa)KeHne .llJISI }l 0 MO)KHo nepenRcaTb B BR.Ile: 

/3,3/ 

13.4/ 

/3,5/ 

/3.6/ 

1{o::: '[ J A2{1) (~+ &*)(~+ s) .,_ T 2 {1f c<i o(-1 + /3.7/ 

+i..v{ G*S.- .i L_[J(~ ... 6~)(~-~~}·~~(I}+T2{!f -T{fJ)]. 
_2 . v 4 . 

QqeBR.IlHO~ qTQ min Ho 6y)leT .llOCTRI"aTbCSI .llJISI qncen aanOJIHeHRSI d.{ d.. .f.= 0 0 

B pe3yJibTaTe, .llJISI SHeprRR OC!IOBHOI"O COCTOSIHHSI I"8MRJibTOHH8Ha 'J{o nonyqaeM: 

/3.8/ 
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Dnst yny•nueH:ast oueHKII E'Ji csepxy Mbi non:>KHbi B3HTb Min f 0(6J 

Cneny_eT paccMoTpeTb oTnenhHO cnyqa:a: ~,. 0 :a ~:;:>0 

1. C.TJ..J::'iaii ~ = 0 "' 

nono:>KHM 

X= G~~ >O 
Torn a 

Eo (G) :: f V F (5~G), 
rne 

F ( x) = X - ~ 2_ U ~ y {) X f- T2 
( 4 - T ( ~) j . 

- .. ,_/, 
I' 
\ 

1 
B 9TOM cnyqae 

1 
K8K B:liilHO :li3 ycJIOBHSI MHHHMYM8 1 MO:>KHO orrpeneJIHTb TOJibKO 

Monynh S 1 no ne ee ¢aay. 

VIMeeM 

{ N(1-) I 

F'(i<)::: 1- 2V 7 ~ A2 [1) X+ 1'" 2 (~) 

1 L A' f,f) )3 
F"(x):: w ~ {vA~ft]x+rrzUJ ~ 

' 

KaK sHnHo 

p'1(x)">O & o~x~o.:o 

H rroaToMy F'(x) Mo:>KeT HMeTb B aToM HHTepsane ne 6onhwe onnoro KOpHSI, 

np:aHHM8Sl BO BHiiM8Hlfe CBOHCTB8 cPYHKUlfll ~(!) 
IIMeTb: 

u rr'fl} /eM. § 11, 6yneM 

F'(o) < 0 F'(()DJ ~ o. 

VI, cnenoaaTenhHO, B HHTepaane 0 < X < oo cywecTByeT onno eniiHCTBeHnoe 

pewenue ypasneHIISI 

F'()() = 0, 

KOTopoe H peanuayeT a6con~THhlil MHHHMyM. 

TaKHM o6paaoM, OKOH'iaTeJibHO: 

(o<X<oo). "i.. m in F ( ~<) -;;. -E Fl 
2 . 

/3,9/ 

2. l 

If 3 

KoJ 

If 

no 

I".llE 

J.1M 

BBH. 

Blf.ll 

no< 

lliOT 
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2. Cnyqa:if v >o 

/oqeBH.llHO, 'ITO X > 0 I 

H 38M9THM 1 'ITO 

K opH IO a.n ecb, KaK Beer .ua, npHnHChiBaeM aHaK + • Tor .na 

Gi-...J=.fXeif. 
. J 

s-v+J=Re·if 
H 

5 Jt S = ( ~- ~) 2. + i ~ .fX (I- un tp) . 
TOJibKO 

noaTOMY 

£0 {5}:: v F (x) .J. V V U {-t- .'OS'('), 
/3.10/ 

2. 
r.ne 

F[x) = (IT- ~ )2 - ~ f{bt(f)x +Tz{{;'· ~ T{1)J. 
11MeeM .nanee: 

F'(x) = J ..1_ I Aztll 1- --rx 2V I ~2(1} X -t f1(f) ' { 

('( x) _L ...L. L ~It {J_) 
::: +-

( ~z ft)x I+ 'r2(t))%. roro KOpHl1. 2 X 3fz. Ltv 4 
6y.neM 

BBH.llY TOrO, 'ITO 

F" (x) '7 o 
IHCTB9HH09 

BH.llHM, 'ITO F' {x) He Mo>KeT HMeTb 6onbwe o.nHoro KopHSI B [ o, 0.:1] • Ho 

F 1{o}=-~ F'{oo),..1. 

noaToMy cymecTByeT X 0 . B HHTepBane 0 < Xo < 00 • .ll1Il1 KOToporo F'(1ji)::.O. 
KaK paa npH aToM aHa'leHHH X0 cpyHKUHl1 F{") HMeeT a6co-

1IIOTHhri!: MHHHM YMo 

/3.9/ 
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VIa 13.101 B:rr.aHo, 'ITO e.a:rrHCTBeHHO B03MO*HbiH Bbi6op G 
:.UIIH a6C01JIOTHOMY MHH.HMyMy, 6y.aeT 

X.:: Xo 

f = 0. 

TaKnM o6paaoM 

St~ = fi. G'=fi"---l 

YJTaK, B .aaHHOM cnyqae I ~ > 0 lorrpe..aennTcH n cpa3a 0 
.ll01I)KHO 6b!Tb B8UleCTBeHHbiM • 

YJMeeM T8K)K9 

V min F(x) > ['J{ 
2. 

(o< X< 'C)o). 
·, 

t COOTB8TCTByiO-

13.11 I 

• K aK BH.anM, G" 

13.121 

npoCTbie C006pa)KeHHH, HCII01Ib30B8HHbie B pa 6oTe [2] , IIOK83biB810T , 'ITO B cpop-

My1Ie 11.31 .llOII01IHHT91IbHbiH '!1IeH '}(- '}{. 0 "" 111 He 9cpcpeKTHBeH rrpn V- 00 • 

0.aH8K0 1 CTporoe ycT8HOB1IeHil:e 9TO!'O CBOHCTB8 38Tpy.aHHeTCH TeM, 'ITO Mbi HMeeM 

T01IbKO oueHKY ;Bepxy .anH E 1-f H He nMeeM aHanornqnoii oueuKn cunay. Bbxno 6bi 

B006Ule )Ke1IaTe1IbHO 8HHY1IHpOB8Tb '!1IeH a\ .. 

{L. AU} aj qi -'fS*) (l ~(f) a_f at - V G). 
f I . 

OTO!'O MO)KHO 6h!1IO 6b! ,.a06HTbCH, B3HB 38 s ne '!Hcno, a orrepaTop 

'-' =~fA{{) q_fq!· 
Ho c orrepaTopoM H91Ib3H .aenaTb KaHoHnqecKHX rrpeo6p~30B8HHH OT cpepMHOHOB a 
K cpepMHOH8M 0( • Mbl O..llHaKo IIOCTapaeMCH o606UlHTb TO)K.aecTBO 13.21 Ha 

TaKoii cnyqafi. Hatio HaM T01IhKO 6y.aeT rrpaBH1IbHO ycTaHoBHTb rropH.aoK orrepaTo

poB. YJMeHHO T8KHM IIyT9M Mbi H .llOKa)KeM TeopeMbi 0 TOM• qTo C IIOMOUlb!O 1io 
MO)KHO II01Iy'IHTb aCHMIITOTH'IeCKH TOqHoe pellleune .ll1IH 'J{ IIpH v- ca • 

Ll 

npe*..aE 

H., 
H9KOTO 

BMeCTo 

~·~ .. 

·~~..ae 
.(~ 
~J;'-6 

p 
Bl 

QqeBn..a: 
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§ 4. OueaKa co6cTBeHaoro aaaqeaHH raMHnbTOHHaHa CHH3Y 

nnn TOrO, qTo6bi nonyqHTb OU9HKY raMHnbTOHHaHa 11.21 CHH3y, o6o6IUHM 

npem.ne Bcero TO:>K.Ll9CTBO /1.31 T8KHM o6p830M, qTo6bi o6paTHTb B Hynb qneH . 

H1 11.51. 3To MO:>KHO c.nenaTb, paccMaTpHBan IS' 
H9KOTOpblll onepaTOp L. . 

He KaK C- qHcno, a KaK 

/4.1 I 

BMeCTO c - qHcna r~ of f5~¥}( J .. 5) BB9Ll9M onepaTOpbi: 

~ I( :: { L + ~} { L~ 1 .J) + p2 
; 

~ + ) 2 K = {L .. ~}{L -t~ t j3, 
14.21 

.":.;: ~Lle f5 - H9KOTOpan KOHCTaHTa, 

_;..· ~ . Bse.neM Tenepb onepaTOphi: 

~":Y\6 

PI = if ~~K ~2(1} t T2( /)I + T({) .. 
14.31 

~ · -7fl {.J1o.·w. r•r1J'- 'fit/· * r~.. d J · 

e ~ =- Mf.J(L+~J 
~ f 7. 14.4/ 

~f r: f/~K ~2(/),. rz(lj + T({} j 14.51 

.• 

/4,6/ 
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n pHHHM8SI BO BHHM8HIIe, qTQ .llJlSI mo6oro onepaTopa 

aecTBo: 

j: , liMeeT MeCTO TO>K-

J+ F(Jl+)J = J4 J F(r•J) 14.7 I 

Bbipa>KeHHe 14.61 MO>KHO .38llHC8Th B BHne: 

'?1Cf;f = {L++ ~}{L-tv}"2f-{JK'N{J)+T2U)' -T{f)j= 

;. { {{K t.'(l) • T1({j - T(f)} - fi )Ji< ;..'(!)• r'M -r(!J. 
14.8/ 

Yl'MeSI B BH.llY B aanhneii:weM npnMenenHe neMM hi JI. /eM .npnno>KeHHe cpopMynhi 

A 9-101, HanHweM: 

Cf;+1 ~( = ~ { {A2(f} {K + ~ }r TY1}.- T{!J}- f {J AY/J(Kt ~5) + TZ[-t/-
14.9/ 

-~~[I) K+ Tf1i}- ~I J K ~YIJ + T1.fff· ~ T{{)l. 
~ ~K l . J 

3aMeTH.M, qTo BTopoii: qneH cnpaBa ue ~ oTpuuaTeneH, a .S. - Bepxnstst rpanh Bhipa-

. menHSI .i L I A(/}}2 

v J 

KpoMe Toro, HMeeM 

v 2. J ~ ( /) 12 < s . 
I ~ 

/4. 101 

~, = ; l f(K~ ~J~~w ~ ntiT rrtJJ-; mK•¥JA'14J + Pfli 

- J K A2{t) + Tz(~Jj. 14.11 I 

Pac1 

Yic 

s 

3aM 

H CJ 

11nr. 
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TO Tom- PaccMoTpHM Teneph *opMyrry 

14.1 I Q = f (a{ p~ + a-i~f ){ P4al +'VIa:/)· 14.121 

-1 ., 

YJcnOITh3Y5l paBeHCTBO q,~ ~ .: q,_l 1f n 14.41, no.nyqaeM : 

. 

Q = 2ai p;a1+ L.a4~~t1 a}-J. ¥J{(L+.,.Jja_1q1+aia-f(Uv)l + R1 f · I 1 ~.J , 14.131 

14.141 

14.81 

~· 
pMyrrhi 

3aMeTIIM, 'ITO 

14,151 
....., 

)-
14.91 u cnenoBaTenhHo: 

h Bbrpa-

Ylnn, B cnnyl 14.91 n 14.11 I , nMeeM: 

14. I 01 f f a1 P1 + a_i Cft~J [ P; a, +cvr a~iJ + 

+ f fa{ { J(~+ ~} t.'(f) + T[{)- J KA'({}+ T'(I/J af + 

14.11 I 
+ { f 0 1 { [(K+ VJ A'( I}+ T'({) - ~ KV[J) ~ T'(t)Jaf + 
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+; ~ at:f~ fJ K A'(!} tT'((), - T/{)J a~

-ff a{ { J(l(• ~} AY{/ f- T'(,f). + T(~)Ja1 -

-f f a1{ J (1< • #)A'({)+ T'(t} - T(f}j qi_ + 

=:- i { L+L 1- i{L+l/)j + R1 • 

Bae.aeM o6o3Ha•IeHHSI: 

V L+L = 
2 

14.111 

-'~ 1 = ; f aj[ f{l<t ~)ii~Ti ~ I KA'+ r'Jat: /4,18/ 

l1z-; f ~ a,iJ(KtY-)Al+ r~..: I K}l2 +T1 Jq; 14.191 

/. v 

A3 • ft a~fK U K~'·T'- Tja4. 
4ii!' 

" 

·Tor.aa a cHny neMMbi IT I A 9-101 

VITaK 

£l ~ 0 
1 

A-t > 0 ; 4 2 "> 0 ; 4 3 ~ 0 · 

£1+ A1+ .1 1 +.1~- f1 a~fJ(Kt~}At+T2 ~ Tj a1-

-; t a { [ J ( K +. ~} A z + r 2 
- T J a; + f L/ L :::. 

=-ffL.,.L+v(L+L+))t R1 . 

' 

14.201 

14.21 I 

14.221 

no1IOJlO 

Tor .a a 

Ho 

-
1 

··~·· 

+ . 

:: 
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, , I 

14.1 7 I 
R, • ~ 7 aj [J(K • Vi A' +rla1- <i.fJ(K+ ~)A; tTzj 14.231 

R 3 = f 7 qd J( Kt ~5)A' ~ T,.ai,~o{J(Kt V)A' f rJ 14.241 

14.25 I 

4.181 

4.191 

'4. 201 
Ho 

tL.a{q1 {~(KtSl}A~fr~ + Tj+ 
~ ' v ' 

14.211 

- ,.+;_'[ Q!a4 {{(k+2s)Al+T2-Tj= 
f. . ' . -- ' v ' --- c' 

14.26/ 

<1.221 
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CTano ObiTh 

Q +A-t+ llz.~ £\~- R1-J~2- R3 "*"-~ (L./L-~JJ)+ 

.. f v r L L + - -&. r t J r K;. ~)f. Ti _ r n = 

;:> L T(~} a~ a1 
I 

' I - ' -r { L~~- ~ v(L+L_~)j= 

=:r L T(1-} al a1 - ~ ~- ~- (a_ 1 a-1 +a; a~1)-
~ t . . 

- .1.. 2. A (J} A( f'} a+1a ~~_q_ 1, a{' ~ 1i . -
2.V If 

VfTaK, OKOH'IaTenhHO oy.ueM RMeTb: 

1{. ~ :Lvf LL/- v1 1 [J (K 1 
25)A2(()+-TYii- TftJ]] + · 

2 I f v . 

+ Q .f. A .. + £12 .. L13- R ... - R1- R 3 .,.. ¥ (11L''"[_,- L L-1}. 

/4.27 I 

/4.28/ 

CooTHOilleHHe /4.28/ npe.ucTa BnHeT To)K.uecTBeHHoe npeoopasoBaHRe raMRnhTOHRaHa 

/1.2/. nepBbiii 'lneH cpopMynbi 

KacaeTcH qneHOB R1 , R2 , 
/4.28/ oy.ueM p8CCM8TpliB8Th K8K rnaBHbiii, 'ITO 

R 3 , To Mbi noKa)K-eM, 'lTD OHR. acRMnTOTR'I~cKH 
Manhi, a 'lneHbi Q , L\ 1 , Lll. , Ll3 onycTHM. TaK KaK OHR nono)KHTenhHbi /4.21 r, 

TO Mbl nony'IRM OUeHKY .UnH . .)( · CHH3y. 

nerKO fiOK838Th, 'ITO llpll J"I'8Te /2.2/ 

- R ... + v_ {L~ L- L L +) = - i. 2 A2
[ 1 l 

2. . . V I 't)' /4.29~ 

r.ue, cornacHo /4.10/ , ~ 2. A~{{}~ S. nanee B CRny neMMbi IV IHepaBeHCTBO 

A-30/ 
. I 

l 

r.ue 

VfTaK 

B8HCT: 

+· 

Ho S 

H8ii.UE 

.f.j 

.2. 

ViM eel 

nonO)J 
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/4.30/ 

/4.27/ rne 

c ~ JL. _j_ r 1 ~r1J1 2 (1. PtrJJ I~ L IAIJJI+ ~J ) f rt dt. 
11 

V 1 2 ~ L I X{t) (,_ V T ftl J (1tt/ /4.311 
'A'- {I) 

YJTaK, nnSI nro6otl HOpMtrpoBaHHoA rpym{unu ¢ B cuny /4.21/ uMeeM Hepa-

BeUCTBO, 

(¢~H. <P/ ~ .. (s+ c)+ 

+tV<¢*( Lt.!- ~ t [J [(L. u)(t.+ ,~j, p'• ~J ~'+ Tlk/- Tk}]) 4>) 

Ho s H c He 38BHCSIT OT j> • noaToMy, COBepwaSI npenenbHbiH nepeXO.ll J3 7 o, 

/4.28/ <<P~1l¢> > -(2s+c)+ 

+; v <<!>~ILL· i ~s-f 7 [ J[(L••){L'••)' v J >.~({}• rrr/- T(1J]j 4> >. 
/4.32/ 

YJMeeM .aanee: 
nbTOHR8H8 

.I1!:, 'ITO 

TH'IeCKH 
LL+: (L+J)(e+.J)-~{L+.J,L/+vJ o~-v 2 

bHbi /4.21 ,•, L L/ + ~ = . f { L + v) { L 1 
t v) + -V.J - ~ f{ 4+_ J ~ L + + ~) j + /·. 

/4.33/ 

nono:m:nM 

/4.29~ 
/4.34/ 

iaBeHCTBO 
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Tor.lla 

L 1..+ + ~5 
:: ( rx- v )2 

.,. v 1 z rx- r ~ t ~ J - ( 1./., ~) J. 14.351 

Ho no neMMe I /A, 1-2/ B3SIB B HepaBeHCTBe 

S = L + v j"~:: 1./.,J 
nony'UIM 

d ( L 1Y) ( 1.: • ~) • { - ( L d) -( L+ • ~) > 0. 14.36 I 

TeM 6onee 

2JX- (L1~} 4 (L-to~~)? 0. 14.37 I 

Pac.cMoTpiiM cPYHKUIIIO F' (t.) 13.11 I : 

F(x):: { rx- vY- ~ 2 [ f K~l(f) + Tl{l) ~ T{{}]. 
I 

Tor.lla ci:>opMyny 14.32 I Mo)KeM 3anncaTb a BII.lle: 

~ 

< q,*J{ <P> ~ - (2 S+ c)+ f V < <P~ F'(X} <P > + 

+Vf<cJ>*{2ff- {~+J-tC~v)J<P> > 
14.381 

> -(2s+ 0 r tv< <t>* F(X) ¢ ), 

I".lle X - onepaTop, onpe.lleneHHbiil: · cooTHOWeHneM /4.34/. 

nycTb . E 71 - HaiiMeHblUee co6cTB9HHOe 3Ha'IeHae J-1 , <PH - COOTBeTCTBy-

IOlUaSl COOCTB9HH8SI cPYHKUIISI. nycTb .llanee Ello - HanMeHblUee co6cTB9HHOe 

sHa'!eHne H0 • VfMeHHO 13.11/: 

E H = Y min F (x). 
0 2. 

nycTb a6C01JIOTHblil: MIIHIIMYM .llOCTIII"aeTCSI Y F'( 1() ,. 
X=- Xo~ C 

npn 

14.391 

YfMe, 

0TCI 

CilCT 

aHa 

3aME 

KOHe 

HOI"O 

Hast 

Ha o 

raMil 

'Jil 

IT.e. 

B03b: 

Tor.o 



/4.351 

/4.36 I 

/4.37 I 

/4.38/ 

:lTCTBy• 

14.391 
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/4.40/ 

0TciO.ua, npHHHMan Bo BHHMaHHe, 'ITO 9Hepru:n cHcTeMhi nponopuHoHanbHll Oo'beMy 

CHCT9Mhi 1 nonyqaeM OKOH'IllTSnbHYIO. OUSHKy .llnSI COOCTBSHHhiX 3Hll'l9Hlffi f'llMHnbTOHH-

aHa }{ /1.2/ 

< 2.s .. ' 14.41 I 

v =· v 
3aMSTHM, 'ITO C 14.31 I H. 5 1 B COOTBSTCTBHH C ycnOBHSIMH § 1, OCTlliOTCSI 

KOH9'1HhiMH npH v ~ 00 o nosToMy pa3HOCTb COOCTB9HHhiX 3Hll'l9HHfi npHonH>KSH

HOf'O NlMHnbTOHHllHll 'Jio 11.41 H TO'IHOf'O f'8MHnbTOHH8Hll 'J{ 11.21, OTH9CSH-

HllSI K OO'bSMY CHCT9Mhi 1 yohiBaeT KllK 
..J_ 
v npH V ·~oo • TaKHM oopaaoM, 

Hll OCHOBllHHH 9TOf'O peaynbTaTa MO>KSM 38KniO'IHTb, 'ITO peWSHHS npHonH>KSHHOf'O 

raMHnbTOHHaHa 'li 0 I 1o41 .uaeT acHMnTOTH'leCKH TO'! Hoe peweH:ne raMHnbTOHHaHa 

'Ji 11.21 n!m V - oo • 0 

noKa>KeM Tenepb, 'ITO onepaTop X 14.341 c llCHMnTOTH'l9CKOfi TO'IHOCT,b!O 

IT.e. c TO'IHOCTbiO ; I, MO>KeT paccMaTpHBaTbCSI KaK c '!Hcno • ..Qns · s·Toro 

B03bM9M nrooyiO HOpMHpOB8HHYIO cpyHKUHIO 4> , T8KYI0 1 'ITO 

14.421 

Tor.ua Ha ocHoBaHHH 14.381 , 14.401, 14.421 HMeeM: 

14.43 I 

e = 2 (2 s + c + c1 ) . 



----------~--~---- ------
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3aMeT:nM ansr aanbHeiiwero, "'TO o6a "'neaa a neaoii 'lacTH /4.43/ nono:lKHTenbHhi, 

B 'l8CTHOCTH 1 B BH.llY nono:lK:UTenbHOCTH BTOporo cnaraeMOJ"O B neaoii 'laCTH Hepa

BeHCTBa 14.431 /eM. neM~y I A 1-2/ t nony'laeM: 

< cP * ( F (X) - F ( C 2)) cD > · ~· 
HO 

. .. 

F (X) ~ F (C 2
) = i F11(I) (X.- c2)

2 

L 
v 

r ,, ) ~ -t ..i.. 
(x = 2 x31z. 4 : } (X ~:m+T'/1))''• ; 

OTero a a nonyqaeM: 

< ¢*".1 X- czJ2 ~) L. e 
= d.·V .. 

14.44/ 

/4.45 I 

~ F~{5) ~ O:..=-ConshOt4.461 

/4.47 I 

113 /4.46/ :u cneayeT, "'TO onepaTop X c ac:uMnToT:n'lecioa TO"'HOCTbiO l'-fO:lKeT 

. paCCMaTpHBaTbCSI KaK . C - "'HCno. 

MO:lKHO nony"'HTb 6onee r.ionayro :ua¢opMau:uro OTHoc:u-. . + .Llnsr cny'laH 4 >.o 
TenbHO MaTeMaT:n'lecKoro o:m:uaaHH:SJ onepaTopoa L , L.; • HMeaao, Mhi noKameM, 

"'TO cpeaaee KBaapaTH"'HOe oTKnoaea:ue anSI onepaTopa 

aCHMnTOTH'leCKH M ano npH v~oo. 

HMeeM oqeanaaoe aepaaeacTao 

( OC- c)1
= 

(x-cz)z 
( rx .. c)'" 

O~croaa, :ucnonb3ysr /4.47'/, nony'laeM: 

<~*(fX-ctct>> ~ 
nono:lKHM no onpeaeneHHIO 

<¢*[X cf> / = Co. 

!: j_ (X- cz)2 cz . 

I. -
o( C2V 

L OT BenH"'HHbl C /4,39/ 

14.48/ 

/4.49/ 

/4.50/ 

Tor a a 

)leiicT 

Yl'3 ou 

HaKoH 

nono; 

TOJ".lla 

y'leTe 

Henan 

-::. 
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TenbHbi, Tor.lla npH y"leTe 14.491 
1 Hepa-

14.51 I 

14.441 
!J.eitcTBHTenbHO, T8K KSK 

14.521 

14.45 I Ma oueHKH 14.51 I cne.llyeT oueaKa .llnst MaTeMaTH"l9CKoro O:lKH.ll8HHst onepaTopa X : 

14.531 
•014.461 

HaKoaeu, H3 cpopMyn 14.511, /4.521nony"laeM ouenKy .llnst paaaocTH (C-C. 0 )

2 
: 

14.41 I (c-eo? ~ e 14.541 
~,zy 

IO:lKeT 
nonO:lKHM Tenepb 

3 = L-~-v J.,_::. L++ ~, 
14.551 

THOCH-

>Ka:>KeM, 

: 14.391 
TOr.lla ,llnst Cp9,llHero KB8,llp8TH"lHOrO OTKnOHeHHH ,llnst ~ 

y"leTe 14.341: 

OT c O HM99M npH 

< <i> * ( c 0 - J) ( (0- t) cp > ~ 

14.481 ~ C: ~ < <P "* X ct> / - Co < cf> * { J -t J + J cP / · 14.561 

Mcnonb3YSJ aaTeM 14.531, I 4.431 nony"laeM: 

( d> * (Co- J )(Co- J+) cP "> ?: 2 Coz + fcfv - (; o \<I>*(J +! +) q / = · 
14.491 '\ 

~<<1>*{2fX.- {J-tJ1jcJ>>Coto<* S. 14.57 I 

14.501 
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TaKHM o6pa30M' IJ.n,SJ. HHTepecyiOIUeti Hac BenH'IHHhl < <P * ( c- J) (c- rf) 4> > 
nonyqaeM cneiJ.yiomyiO oueHKy: 

< <P~ ( c- 5) (c-J+) <:P >= 

= <<P*(C-C0 -rCo-!){C~Co+Co~J+}<P>·~. 

~ 2 {C-Co)z+ 2 <cP"*_{C0 - J)(t0·-J+}c:P/ ~ -

s. ~ i 2.eco . 2 .e " <onst 
+ - = 

- ot. c2v ~v o( cz.v v 
( I = Ct:>VI-)t) 

0TMeTHM 1 'ITO nony'leHHaSJ. OUeHK8 I'OIJ.Ha TOnbKO npH ~ > 0 

IlHT B 3H8MeHaTenb. npaBOti '18CTH HepaBeHCTBa /4,58/. 

I -v 

0 TaK K8K ~ 

/4.58/ 

BXO-

CKa)KeM cettqac aecKonbKO cnoa no noBOilY nony'leHHhiX 3IJ.eCb pesynbT8TOB, 

nycTb ~ = 0 • ToriJ.a, KaK Mhl BH.rienn, IJ.nSJ. copTOSJ.HHti co cpeiJ.Heti ::lHeprnea, 

· E P L.,L 8CHMnTOTH'IeCKH 6nM3KOfi K H8MMeHbWeti Ji t onepaTOp C 8CMMnTOTH'Ie-

CKOfi. TO'IHOCTbiO paBeH C - 'IHCny c 2. • 3TH COCTOSIHHSJ. 1 OIJ.H8K0 1 He o6naiJ.aiOT 

noiJ.o6HhiMH cBoticTBaMn IJ.nst caM nx onepaTopoa L n f.: . PaccMoTpHM cocTostHne 

d>H c HanMeabweti aHeprnea E 11 • Boo6me roaopst, MO)KeT npeiJ.cTaBHTbCSJ. cnyqati 

BhipO)KIJ.eHnst, TaK 'ITO Mhi 6yiJ.eM nMeTb ae OIJ.HO cpfi , a HeKoTopoe nnHetiHoe 

B03MO)!{HhiX cocTostHnti c Toti )Ke HanMeHbweii aHeprnea EH • Maoroo6pasne { cl>., J 
nocKOnbKY onepaTop N = 2. o.+-1 a/. , npeiJ.cTaBnstiOIUHti nonHoe qncno 

'lacTHU B a a weM cnyqae (-J=o} , TO'IHO KOMMyTnpyeT C 1-f 1 B · 9TOM MHOJ:'O-
I 

Mhi aceriJ.a MO)KeM HafiTn TaKoe cf>H , IJ.nSJ. KoToporo N 
tYo 

o6pasnn f cbk J npn-

HHMaeT He~oTopoe onpeiJ.eneHHoe 3Ha'leHne ToriJ.a oqeBHIJ.HO 

< ct>~' L cl>') = o · <<4>~' L-+ ¢.'>: o. 
li k I H H 1 

CneiJ.oBaTencHo, L He MO)KeT npHHHMaTb IJ.a)!{e npn6nn)KeaHoro onpeiJ.eneHHoro 
,.~..r ... L.,. 1 

3Ha'leHHSI B COCTO~HHH •k t H60 B npOT~BHOM cnyqae ~ IJ.nSJ. 9TOJ:'O COCTOSJ.-

HHSJ. oKasanocb 6hi npn6nn)KeHHO paBHhiM 0, a He , C 2 

Pc 

qecKn 6 

ecTeCTB 

L L + 
I 

Ta 

HanpHM€ 

B 

Bbip83HE 

Ho 

noToMy 



/4.58/ 

Bxo-

ynbTBTOB. 

TOTII'Ie-

5na.naiOT 

~OCTOSIHHe 

H cnyqafi 

prn:ea [ H • 

! qn:cno 

!.,{ MHoro-

npn:-

maoro 

:OCTOSI-

\ 
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PaccMoTpn:M Teneph MHoroo6paan:e [ d>} cocTOSIHUti c saeprn:eii, acn:MnToTn:-

'ieCKH 6nn:aKoil K E H. · TaK KaK L1 Lf npn:6nn:mea.io KOMMyTn:pyroT c H , TO 

ecTeCTBeHHO O:>KH.ll8Th , 'iTO B f <1:> J MO:>KHO. Bbi6paTb T8KYIO cP.. 1 .llnSI KOTOpOJ:i 

L L + c acHMnToTn:'iect:oti TO'IHOCThiO npn:an:MaiOT onpe.neneHHbie aaaaean:S!. 
l 

TaK n: o6cTOHT .neno B .neJ:icTBHTenhHOcTn: • .QaHHhiM cBoilcTBOM o6na.naeT, 

HanpHMep, ¢Ho - cocTOHHHe c aan:MeHhlllel1 saeprn:eii .nnH · Ho . 

B caMOM .nene, KaK Mhi BH.nenn:, <PHo onpe.nenHeTcH cooTHollleHHHMH 

c< 1 cP=>-O~ z.se 
. . + 

c1. 1 =- u1a4 - ~~ a_1 
~ 

u, 1 J1 T(/l = + 
~ ~A2(1} (2 T r2ur 

11"1 = gfl+- T{/_l 
{Az(1}cz + T2(1} {2 

Bb!p83HB L, qepe3 cpepMHOIIbi + 
0( 1 o<. , ual1.n eM: 

Ho 

1 /t.[{}/ ~ c 
j_ l urv/ c .:: 

2V ~ h'f!l c'. T'{,f) 
= lA 

' v -1 
IIOTOMY 

( cf> =o ( L +-C) ( L -C) cf>ffo > < const 
v 

< ct> H~ ( L- c) ( L +- c}. d> H 0 > "' 
COtHt 

- v 



l 
I 
t r 
i 

l 
t 

' 

I 
l 
l 
~ 

ty' 

.Ilnst <:j:> Ho , ~ II L + rip1I61lii:>KeHHO paBHbi (_ I-1MeHHO 9TO 06CTOSITe1lbCTBO II 

o6yciiOBIIno ycriex rip1I6nii:>KeHHoro MeTo.ua, B KOTopoM Mbi raMIIllbTOHIIaH H c To'!-

Hb!M 38KOHOM coxpaHeHIISI N .3aMeHSieM H0 , anst KOToporo ;V yme He SIB-

llSIIOTCSI TO'IHbiM IIHTerpallOM LlBII:>K9HIIH. 

Teriepb BII.llHO TaK:>Ke, 'ITO ripii61lii:>KeHHhiH MeTo.u MO:>KHO 6brno 6br ccpopMynii-

p0B8Tb TaK, 'IT06bi 38KOH coxpaHeHIISI N cpopMallbHo He Hapywancst • .Ilnn 9Toro 

H8Ll0 6binO 6bi BB9CTH BMeCTO cpepMIIOHOB 0(, ~ 

L + 
d..!= U.f.a1 - v-1 (C/ a_ I 

8Mri1liiTYLlhi: 

y LlOBlleTBOpSIIOUllle riepeCT8HOBO'IHbiM COOTHOWeHIISIM LlllSI 

TII'!ecKo:H TO'IHOCTbiD. Tor.ua ol.f. yMeHbwaeT N' Ha 

cpepMH-aMIIlliiTYLl C 8CIIMriTp-, 

1, a. ~~ yBenii'IIIBaeT /V 
H8 9LliiHIIUY• TaKIIe 8Mri1liiTYLlbl HMeiDT aua:noriiii c 8MII1liiTYLl8Mll 

84 :;; a~ 
fH.. a/, 

0 

BBe.ueHHbiMII B TeOpiiii CBepxTeKy'leCTM [6] IIpii BbiLlelleHIIII KOH.lleHC8T8. 

+ 
Boo6rue' HMeeTCSI CII1lbH8SI 8H81l0I'IISI Me:>K.uy 8Mri1lHTYLl8MII Q<) I ao Ll11SI 

Eo3e KOH.lleHcaTa n aMrinHTy.uaMII L L.,. 
I B paccMaTpnBaeMoM cnyqae. 

Kor.ua Mhi BKlliD'IaeM B 1{ 'lneH c IICTO'IHHKaMH nap {.J) 0) , oriepaTopbi 

, L.,. e u 

J-4 I C eli 'Ia C :>K e H8'11IH8 IDT ripiiHiiM 8Tb C 8CIIMriTOTII'19CKOII TO'IHOCTbiD Oripe.ueneH-

Hbl9 3H8'1eHHH LlllSI COCTOSIHHH C 9.Hepr1Ieii, 6nH3KOH K 1{ 

3.uecb riony'laeTCSI aHanornst c Teopiieii cpeppoMarHeTII3Ma B ll30TpOriHOH 

cpe.ue. npii OTCyTCTBIIII M8f'HHTHOI'O riOllSI H8IIpaBneHJ:e OCH H8M8f'HII'IeHHSI HeOripe

.ueneHHOo npii BKJliD'IeHHII M8r'HIITHOI'O riOnSI; CK01lb .yf'OLlHO cna6oro, Ll9HCTBYIDruero 

riO Oripe.ueneHHOMY H8rip8B1leHHID1 BeKTOp H8M8f'HH'IeHIISI HeMe.ll1l9HHO YCT8H8B11l!B89TCSI 

HMeHHO riO 9TOMy H8rip8B1l9HliiD. 

3aMeTIIM, H8KOH9U, 'ITO ll3 COOTHOllieHIIH 

L"' L - C1 (v=o)-

J-+L ;>.c ..J o~ L~-C (i ~ o) 

MO:>KH< 

·LlllSI 

anSI r 

TRria, 

"'MC1ly 

K yeT 

E 

UHtJ r1 
Cll~LlOI 

Mli1lbT< 

CTBYIDI 

v-
F 

BO BHH 

0TKYLll 



>CTBO H 

e He sm-

opMynu-

JI>I <noro 

C 8CHMIITD

BaeT/'I 

3paTophr 

)IIHOH 

feorrpe-

ny10ruero 

IHBaeTC>l 
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M O)KHO IIOK838Tb 1 "'TO H KOppeJISIUHOHH hie Cpe.UHHe 

· llJISI raMHJlhTOHHaHa H 
anSI raMHnbTOHIIaHa 11 0 

8CIIMIITOTH"'eCKH. p8BHhi;.COOTBeTCTByiOIUHM cpe.UliiiM 

9TO KacaeTCSI BCeX cpe.nHIIX Ll,8HIIOI'O . 

TFIII8 1 a IIpll ~ :: 0 t pa3yMeeTCSI 1 TOJlbKO Tex, .. y, KOTOphiX "'UCJlO Q 

"'Hcny Q + , T.e. cpe.nnux oT TaKnx o~epaTopon, KoTophre .coxpansrJOT 

K ycTanonneHn 10 9THfi cnoii:cTn M hi ceii'<rac n nepett'.neM. 

' "" 
§ 5. cf>yiiKUHH rpHH8 LlJlH CJ1y"'8Sl 

paBIIO 

N. 

B 9TOM · naparpacJ>e Mhi 3aiiMeMcSI acnMnToTn"'ecKIIMn ouenKaMH .unn 

UH';_I rpHH8 II KOppenSIUIIOIIIlhiX cpeaHUX B cnyqae ~ > 0 • Vf3 9THX oueiiOK 6y.ueT 

CJl~.llOB8Tb 1 "'TO pe;lli8IIHe ypaBH8HHH LlJlSI rpHHOBCKUX cPYHKUHH, IIOCTpOeHHhiX 118 ra

MHJlbTOHII8He Jl 0. /1.4/ , 6y.ueT aciiMIITOTII"'ecKII Mano oTnu"'aTbCH oT cooTneT

CTByJOruHx peru eHHfi anSI .TaKoro MOLl enhHoro raMHJlhTOHnana .1{ I 1.2 I npii 

v~oo 

of 

PacCMOTpHM ypaBHeiiHSI .unn:m.eHHSI .llJ'ISl onepaTOpOB a { I Q! 
BO BHHM8HHe 11.21, IIOJIY'IUM: 

l dat = 
eli T (J) ~~ - .tL (f) ~; ( v + L ) 

L daJ =

oli 

0TKY.ll8 HMeeM TaK:m.e: 

i J;ar · T (t} ~f+ A (f)a-f (Y+L) 

i <iff ;-T (fJ ~i-1 (f) (v+~ +)a1. 

• npHHUM8SI 

15.1 I 

/5,2-f 
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nono:>«:RM /eM. /3.3/ u /3.11 I 1: . 06paT 

U = _i_ J 1 f T({) . 
. ~. Ji . { cz.~z{(}+ Tl({) . 

/5,3/ 

1r.=-~v- TU} : 
0TKY.ll 

f ff 1 {c.zl\Y,{)+T2{4)' 
B BB9.ll9M HOBbie cJ>epMMOHHbi9 aMnnRTY.llbi: 

cit + . . I = ul ~~ + v; a_~ . /5,4/ n noTe 

VfMeeM 

· d~: U · daf . dal-
~ dk= ~~ d;t+lft~ oti- 3aiiMe 

VfMee1 ' 

= U1 {-T(fJa{ +Am(v+t/)<kf }+/Jf{T(f)aq+ ~JJ = 

+~(f) ctJ (v+t)}=-af { T(f) u1-J {!fl[j {vt-0}r 

+ {.n_m(vtL}a~ + r (f) If}~: 
-a,; { r ( r J u1 -A, a J Vf c} T 

+ { 4 (f) CUf + T (f) 1Jf }qf + fl1 , 
Ho T~ r.lle 

R _ R. (1) rt) . < ( 
I - I + R.,l 

/5.5/ n .llan 

R/·''= u1)., (f J ( t./ + v- c) a-_1 
R./Y-::. Uj l {f)~; ( '-' + JJ-c). 



15,31 

15,41 

L)J = 

15.5/ 
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. 06paTHM Tenepb BHHM8IUie H8 H81IH'!He TO:lK,ll9CTB: 

T a) ut-A (f) 1f C=VC ~A~(f).,.1'1 (f) I uf 

T(tJ Uj rl(fJ u1c :- /c ~J,(fJ t r~ro 7lf . 
0TKy .a a Cll9.ll yeT) 'ITO: 

H nOTOMY 

...; 

j ~ :!_ /;..__----., + 
v wr;F - yc~l" (f)+T~(f) cl.,/ =-- R,f · 

3aiiMeMCSI ceiiqac oueHKaMH. aenH'IHH, castaaHHbiX c R
1 
R~. 

YfMeeM: 

= 2U{. 'A~tJ<<:P11*(L"~J -c.)a_.fq~~ (L+J-.c)ct>H/ r 

+ 2-u-; NIJ < d>: a4 (L+J-c){ L++ J- c J a1 ct>H >. 

Ho T8K KaK I a-<{. q~i I § 1 . TO 

. < d> Z ( L \ J - C) a_{. q_1 { L + ~-C) cP") ~ ( cp: ( L t + ~ ~C) { L+ J -C) 4>H ) 

H .aanee a c any I A.l.BI: 

15.61 

15.7 I 

15.81 



VfTaK: 
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~ ~ t (<!>~a~ (L++J-c)(L·PJ-c)a4 cpH>= 

·=.{? -t <ct>: (L1 o~J-c)a~a1 (Ltv-c}d>H)< 

~ ~ + < c/l~ ( L+ +~-c) ( Lt ~-c) cP11 / 

( cp: R4R; cP/i).). 2~YI}<ct>: (L~+~-c)(L+v-C)<PH)+ /5.9/ 

+ 2 'Al ( 1} tr} f:J- . 
Coaepweaao aaanorH'IHO nony'IHM: 

(cb: R~R-td>tt) ~ 2.At(/}<<:P: (L+-~.-c)(L++v~C)4>">+ 

t 2~2 (1) U/ ~ · f.-

Ho, KaK 6bxno paaee noKaaaao /eM. /4.58/ /: 

< cf> :(H ( L "tv -c) ( L + v -c.) <P > < .I. 
k - v 

< cJ> Jf ( L + ~ - c) ( L + + ~ -c) <P. ) " .! . 
k If v 

noaTOMy, BBO.llH OOCTOHHHYIO 

r= 2(T-t2S), 

MO>KeM aanHcaTb: 

< ¢: R ~ R; cl>k I i f /A({){~; (<f>: Rj R1<tr> < J I A(/}/t. 
' 

1!3.101 

/5,11 I 

/5.12/ 

lla.nHM 

.ll biii H3 

c orpaf 

noKa:x<• 

iloKaaa 

no aTOM 

r.ne 



~ /5.9/ 

/5,11 I 

/5 .. 12/ 
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naaHM erue HeCK01lbKO Gonee oorun:e oueHKH. PacCMOTpHM orrepaTOpb! 

Llb!H H3 KOTOpb!X . SIB1ISieTCSI mmei'IHOH KOMOHH8UHei1 onepaTopoB a I 

noKa:>KeM, qTo 

iloK838T9JlbCTBO. 3aMeTHM npe:>KLl~ Bcero, qTo 

La~ - a4 L ::: o i 

I L a'r a'f /.,I '- 2 tW.I ; 
noaTOMy, H8llpHMep, 

rae 

cott.sf 

v 

/5.13/ 

/5.14/ 

/6,15/ 
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CTano 6biTh 
AHanor: 

J < d>; Af1 ... (L.,J-c)Aii··· {1./~J-c) A{i···· ¢1111 & c~st + 
/5.16/ 1<1 

+IA!t/ ... j Atkl <ct>: (L+J-c)(L-f-1 J-C)cpk/: ~rt. 
VIa coo 

AHanorRqHo noxaahlBaeTcH u qTo !l0K83bl 

3l 

I< <i>~ A14 ... (L+ "~ J- c.J A!j ... (L., v- c)~(, ... <Pu /} < c;st . /5.17 I ypaBHeJ 

• I 
(. -
' YIMeeM nanee npu yqeTe /6.16/, /6.17/: 

I< <P: A-f 1 ••• (L-~~-c)A4j ... (L-~ J-C)Af; ... <P~t>l <. 
npuqeM 

~ C~st ~ l<<P11~(L+J-C)Aj1 ... AI" (Ltu-cJ.<:t>~ I]< BcnoMu 

~ 

• 

; ~st + ~ ( <1>.* {(L1 J -c) Af, ... A 4,AI,. .. fit. ( L •.v -c )j<P. ~ x /5.18/ cnenye 

x{<<P: (L-f., v-c)(L+J-c)cl>u / ~ 
Hanuwe: 

< c~~st + I A1J: ./A1,.j [( 4J: {L tJ~c) {Et--~ J~C} 4>u) ( cP: ( L~., J-c)(L +J-c)<P,7; < 

Cot\ sf 
·.:J 

< 
+.E 

v C npyr 

HaUMeH 

naeT: 

:11 
L 



15.161 

15.17/ 

15.181 
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15.191 

Yfa COOTHOll19Hlfii 15.161, 15.171, 1[',181, 15.191 If CneLlyeT cnpaBeLlnHBOCTb 

LlOKa3biBaeM hiX HepaBeHCTB 15.15 I, 

3aiiMeMcH Tenepb oueHKaMH LlnH KoppenHUHOHHhlX ¢YHKUHii. Hcnonb3!H 

ypaaaeHHH 15.7 I, 6yLleM HMeTb: 

i ft < cP: ~~ {i) O(t cPH ~~- V C2 AY/J-+ T_z(/} (_c/>:_ci.~ ftl ~(~k ) f 

+ < <P: R 1 (f) r~- f- <P,. I 
npH'IeM, KaK ace!"Lla 

BcnoMHHaH, 'ITO H3 ypaBHeHHH 

cne!lyeT 

J (f} 
H8llHllleM: 

t 
iSl:t 

=: :J f o) e + e ' JJ. t f e ·' sz. t R (t) oft , 
0 

15. 20/ 

15.211 

C LlPY!"Oii cTopOHbi, pas cf>H ecTb co6cTaeaaaH ¢yHKUHSI H , cooTBeTCTByror.uaH 

HaHMeHbllleMy co6cTBeHHOMY aaa'leHHIO e!"o, o6bi'IHoe cneKTpanhaoe np8LlCTaBneaHe 

!laeT: 

15.221 
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npn"'eM 
00 

'JI ?: o u j J I (ll) J J ~ 1 . 
t) 

/5.23/ 

nonomRM 

1 

/, /£} = J w z ( 2- w Jz e- l w t d uJ . 
/5.24/ 

0 

K aK BR.z:tH o, aTa cpyHKunn perynstpHa Ha ace:ll aemecTBeHHo:ll ocn. 11 HTerpnpoBd.HReM 

no "'aCTSIM HeTpyaao y6e.z:tRThcn, "'To anSI f t/ ~ oo ~{f) y6hmaeT cornacao 

oueHKe: 

/-A f+J I ~ 

noaToMy RHTerpan 
oO 

Cortrf 

I tt3 

J It h {t)/ dt 
-00 

OK83hJBaeTCSI KOH9"1HhiM 0 

nonO:>KRM! 

R A2(t)., T2(1} .: ,Q 

H SaMeTRM 1 "'TO 

~ 
; 

2J2. 

~ (Q t): ~$ f ~2.(2.n.-vr e-iut Jv. 
I) 

. no TaKOMy CUOC06y . UOCTpoeHHSI BR.z:tH0
1 

"'TO 
oD 

1 A ( S2 t) e -;I) t J t = o. 
-l>o 

.z:tmi '-J > 0 

R UOTOMy B CHny /5,22/: 

..., 

f ( <l>~t * <X +t (I} o( 1 ¢11 ) -A ( .Q t} d t =- D . _.,.. 

/5,25/ 

{5.26/ 

/5,27 I 

/5.28/ 

/5,29/ 

/5,30/ 



15.23/ 

15.24/ 

!:lHHeM 

0 

5.25/ 

5.26, 

i.27/ 

i,28/ 

. 29/ 

,30/ 

39 .. 

YIMeeM noaToMy Ha /5.21/: 

( d>: ·o( ~ eX 4 ip~ ) r e i B t .fJ { J)_ t) d t= 
. . -0<' /5.31 I 

= -{It (Sl t)e 102 t { (e .;.fl.t(.<t>: R.{ {fjo(1 4>. >dt. )olt. 
-~ . 0 . 

Ho 

/5,32/ 

00 t 

< ct>: o<ic<1 <P") < ;;, J I ft(.llt)j{f I( 4>: R4(ij,x4<fl,>/Jtjc/t. /5.33/ 
. -00 - C) 

Ho BBH.!lY /5.12/ 

I< cP: Rl «4 cP, II ~ [l<cPH* R I Ri 4>, 11/<<P: o<"!j ~{ cPH 'J} < 

~ I f) 1: I A{J}/ ( < ct>: "'"~ rf! <ip]f. 
Cne.noaaTenbHO 

-
= ~ _L r~ r'f! '(I a-c ( f l ( < <~>: ol~ rif 4>, > J t 'AftJI . 

/5.34/ 
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0TciO..Qa nony•niM p5In oueHDR. B CH.ny HepaBeHcTBa WBapua H Toro, 'ITO 

I qi a{ I ~ 1 ' H /5.35/ HMeeM 

I ~ + .,. I ( cP H ct. f~· ·· o(/s ~1 e ... ci.11 ¢If) < 

I f (" A-.. * + .i . * t + </> < I 5 . 36 I 
-' V \ '+'H c/..1., · · · o( Is rX {s ... d {., cf>li 'l< c/>H 0(,9-t"' ~i ~ £ · .. o(3_, HI = 

~ J < cpk~ c<}i cX~4 cpk >< ct>; o<;1 cxs" 4>k; <( Cot~ sf ----. v 
VJMeeM T8K)Ke: 

.l( 1 .( J<""' .X f .,. <P. )/ <P.* .,. rh) £ I<¢" IJ(/, · ·· o({r <t>;? = '+'" ell • ... o<f~r rX.4,.., ... 0({. • \ · H "Vrd..f ,"H /5,371 

V < cf>H* o( ~r o<(s <PH) ~ Cot1rf 
(V' 

< 
H 

I < A.~ + + <P ) } .( r( """'* 4 ....._ < Cottst 
'i-' H 0( {., · · · ()( {s fi = V ~ '-~-'11 o( (<~ cX-/1 '+'H ) -...e JV /5.38/ 

CpaBHHM Teneph cpe..QHHe 

< ¢: l11~· ... u,r <PH I 
/rae 'JJ. 1- ;: a I H.llH =a~ I c COOTB9TCTBYIOIUHMH cpenHHMH. Bbi'IHC.Il9H

Hb!MH ncxong ns raMH.IlhTOHliaHa 1-{0 , B KoTopoM no.no)KeHo: 'I) f 5.:: C. 
Ll:nSI YLl06CTBa 6y..QeM 0603H8'!8Th Cpe..QHHe 9TiiX TlinOB COOTB9TCTB9HHO: 

< Jj_ /1 • .. l( /s' / H 
OueHnM Benn'lnHy. pasHocTn: 

"' < 'JlJ., ··· J14s >Ho · 

< 11.~-~· .. 'JJts )k- < JJ{.,··· 'JJ..ts fHo /5.39/ 

CKa)KeM HecKO.IlhKo cnoB o ToM, KaK Bbl'lliC.Il5IeTcsr 

< llj., ... u/s )'Ho . 
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M bi nonb3yeMeSI cpopMynaMH: 

1i 38T8M llp!iBODHM npO!i3B8D8Hii8 

K eyMM8 npO!i3Bene HRH HOpM8JibHOrO T!ina, y KOTOpblX Bee 

0( • TaK KaK Bee qneHbiQ;Tn:na 

PaBHhi Hynio, Mbi H nony'IaeM BbipameHHe nnH ( 
1 11 " 1

{ ...., · <M. -t •• • vU 5 / Ho 

np!iM8HHM STy :>Ke rrpouenypy DJISI BhlqHeJI8HHSl 

< 'JJ1-~ ··· 'JJ.~s )H · 

eTOSIT BnepenH 

15.401 

KaK BnnHo paaHOCTb 15.40/ BCSI o6ycJIOBJieHa qJieHaMH, rrponopu!ionanhHbiMH 

< o( • • · o( ) H J. < o( { • · · 0( ) H 1 15.41 I 

KOTOpbl8 B OTJI!iqHe OT 15.40/, B006IUe rOBOpSI, He paBHbl HyJIIo. Ho DJISI B8JIIftiHH 

15.41 I HMeiOTeSI oueHKR 15.361 - 15.381. noaTOMY HMeeM: 

15.42 I 

PaeeMoTp!iM Terrepb nByxBpeMeHHbie K 1DppenSIUHOHHbie cpyHKUHH H noKa:>KeM, qTo 

pa3HOeTH 

paBHbl HJIH a 4 1 

-1-
HJIH Q -(. 
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1 ace 6ynyT orpaHH'-IeHbi no MonyniO aenH'-IHHaMH nopnnKa -

Vv OllHOii CTOpOHbi! 

• 3aMeTHM 1 '-ITO C 

<.ri.~(i} .. , 'X.t{t)JJ.{m(r;).. · 'JJ{h/1:})H
0
=0, 15.441 

a c npyron 

I < eX{_, (t! ... cf..!J·It} JJ!fltlr:J ... l{lh (?:)>H J < 
15.45 I 

<. J ( ,j.i,{f} 1Xf)t} >u ( tir'ilr~ = l<o<{, r/.1, \ (U/1)r), , 

rne 
I-

-ur = ... rX lj /f) JJ1t>1 (t) ... U J .. It) 
TaK '-ITO 

I< o< {JtJ ... o<1, ftJ Ut ... lt) ... 'JJ.t.fd/, /9 <o~.i,ci.p! ~'- 15.461 

noaTOMy HaM H8ll0 TOnbKO ycTaHOBIITb, '-ITO pa3HOCTII TlfiTa 

<eX /t {f) ... cXItft) Ut.~Jt:} ... ll lh /1:}~ -(d../_,(t} ... ulh {r-} >Ho 
6ynyT orpaHu'-IeHbi no MonyniO aenH'-IHHaMu nopnnKa .1_ • nono>KUM . Vv 

<~,_,(t} ... cXfc (t) u,rnrr:) ... Ut~fr)>H;: r(t-'l:). 15.47 I 
If 

VIMeeM B cuny /5. 8/· 

L d r(H}_ { Q({.}• ...• Q (leV. r(t-?) = Ll {t-z:), 15.181 

( 

rne 
Q (I}= J cz )..~(1.} + rz(l-} 
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Ll (t-7:)::: 11 1 {t-t) + ... -r lle (t-1:} 

L\ 1 {t-f:) =- < Ri_, {tJ-xtlftJ ... «teft} Ut"Jr:}. · · d.l.f" (r:} >11 

. . . 

Ho 

141 {t-'L)/ ~ {«{)t} ... o<{s- 1 (t} R{Jt} .. · d..fe(i)r!.{effj. .. RJs~J ... rx.j_,{f}~ I( 

X J \ cUJ" { 1:) ·. · llir>1-(t:} U f., (t}. · • l/.1" (t'}/H ==: 

H ITOTOMY , HB OCHOB8HIOf 1,5.15/: 

Const 

fV 
15.49/ I L\s (t-T)j f. 

Cn eaoBaTenbHO: 

/A{t-T)/ L * rne .S == C.on.S f . /5,50/ 
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Ho n:a /5,48/ n:MeeM 

r (t- z) =; r { o} e- i. { S2(/1) 1- ... + S2. (/,)} (t-1:) 
+ 

/5,51/ 

t-1:' 

+ex P[£- i [ S2_(f<J + . Sl!f,J} (t-t:g{J e i (J2.(.{.) • ... '.Q.((,)l wJ.(w]dwj). 
() -

0TKy.aa, B cuny 15.50/ 

I r ( t- r:) - r (o) e -i [ .Q.({.)+ ... + .Q. (!<}] (t-t:} I ~ Jv 1 t- 1:) 
/5,52/ 

Ho c .apyroii cTopoHu 

( c/..1-t (t}, • · eX{~ {f) ... d..J.I'" ('L} • • · dJ.jh (z-}/H
0 
= 

= e -i [ Sl(l,)+ .... Q..((,)](t- 'l) < "-{, ... O((t 'J..{,.., ... :Mt. >ffo . . 

/5,53/ 

YfTaK, no /5,52/, /5~53/: 

21 "" I < cx1,{1} .. . o<Mt J Utj<J:U.tJ1:}?, -A «.t, It} ... r~.f, lt/Jfftl ... 2fj/t)~/::, 
0 

s . 
L. -lt-tl+l/o({···O(J lf, ... JJ,>-(oc,, .. cx(·'J./; ... JJJ'- { = JV' \' 1 ;t t"" t., H · t-t e 1"" f"' "Ho · 

Ho BO BTOpOM ~JleHe npaBOH ~8CTH CTOHT p83HOCTb O,llHOBpeMeHHhlX cpe,llHliX, H, 

{ KaK paHee 6b!Jl0 llOK838HO /eM, /5.42/ I' OHa MaJKopnpyeTC$1 ~JleHOM nop51,llK8 rv . 
TaKnM o6pa3oM ycTaHaBnnBaeM .llll51 .llBYXBpeMeHHbiX cpe.aHnx, ~To: 

I< J3 J)t ) .. . ~ i/f )Uf,.I'C} ... u,JtJ~-< 'f>.r. (t} ... hk}Uj}r) ... Ut.f't} >,! ~ 
< G: G 
= rv lt-1:( + rv ; /5,54/ 

G"', G2 ::: c.ons t. 

II 

!" 

a 

T1 

H 
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3TH OU9HKII MO)KHO q6o6IUIITh If H8 cny'Iaii S -BpeMeHHbiX KOppe11SIUIIOHHbiX 

cpenanx: 

(1) - (jJ (iJ 
./j (t}- d../

1 
(t} ... Jle (t} 

H 

u;i) (tJ p8BHO H11II a; (t}. 

noK8)K eM, 'ITO: 

f( Ts (is) .. · ~ {t1) /H- < ~ {ts) · .'' ~ {t1) /H) ~ 

< 
rne 

( Ks lts-ts-1}+, .. + K2 lt1-t1l t Qs} 

rv 
K. = C.onst 1 

J 
Qs:::. Const. 

/5.55/ 

/5_56/ 

/5.571 

UoKa3aTe1lhCTBO nerKO ocyruecTBIITh MeTonoM IIHny<KUHII. nonyCTHM, 'ITO 

3TH COOTHOIU9HIISJ B9pHbi nns:r S -1 BpeMeHHbiX cpenHHX, II noK8)K9M UX nns:r 
-

, S -BpeMeHHbiX. Paccy*nas:r KaK n B nByxBpeMeHHOM cnyqae, mrnHM, 'ITO !.lOCTa-

TO'IHO 6yneT noK838Th /5,56/ .nns:r 

J?r (t} = cX.f-, (t} · .. o( I e (t} . 

Ho mrna 
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C ,npyr'OH CTOpOHhi, H8 OCHOBe /5.8/, /5.15/ li paccym,neHJIH, ycTHI!OI1!1BWHX 

HepaBeHCTBO /5.52/, y6e,nHMCSI, 'ITO 

{ < ?s { t 5) ~ _1 ( t s -1) .. . ~ { t1J ~ - e x p {- i { 0L .(1 f.+,Q 1 e ) { t s- t s -1)} x 

<(/)! )(j) I) (j)'J I< x Ys its-1 1s-1 ( ts-1 • · · 'J-1 {t1 ~ = 
(S) f 

2. a e l(t :::. c.o(ls 

(5} 
1<., I t s - t s- r/ 

rv 
15.59/ 

T aKHM o6pa3oM 

I< ~s (ts) ... ~(i1)>H-\ J;ftr) ... 1~ (t1)>H / < 
. . . 0 -

(S J 

K 1 I is- is-d + / < (/) ( } , 11 ( ') 1 1 { } JV Js ib.'JS·1 ts-1 ··• ~1 f1 >H 
<: 

/5.60/ 

-< Ps {is-1} 1;.1 {ts-t} · · · ~ {ft} >Ho \ · 

Ho BTopoH: 'Inea B npaBoii 'IBCTH npe.ncTaBnSieT pa3HOCTb KoppenSIUliOHH~X cpe.nanx 

c ( s- t) BpeMeH8Mli 0 ,nnSI KOTOpb!X TIO .nonymeHH~1 UpHHSITb!e OUeHKH yCT8HOBne-

Hbl, noaToMy-To OHH OK83biB810TCSI BepHb!Mli H ,nnSI J -BpeMeHHhlX Cpe,nHHXr 

VITaK, Hca .naeT acHMTITOTH'IeCKoe npn6nrrmeHrre .nnSI Bcex KoppenSIUHOHHhiX cpe.nnnx 

THna: 

( ~ (ts} .. . ~ { f1} / . 

. Cne.noBaTenbHO, TaKoe me YTBepm.neHHe HMeeT MecTO H .nnSI cpyHKUHH rpnaa, 

UOCTpOeHHb!X Ha OCHOBe paCCM8TpHB8BlliHXCSI onepaTOpOB. 

npHMe'IaHHe. 

3aMeTHM 1 

Consf · 
'ITO B oueaKax cTenean npn6nn:>KeHHSI Mhi MornH nony'IHTb Be3,ne 

, ecnrr 6bi B onpe.nenenrrn ~ , ·v:r , H
0 

BMeCTO nony'IeHHhlX v 
Cond 

rv c 3aMeHrrnrr 6b! Ha 

c =-<L-~-~/.: '( u < L+iy)tt 
/5,61/ 

T 

T< 

cs 

n 

Bl: 

)!{ 

H 

Bh: 

a 

Ji· 
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TaK KaK oqeaRnHo /eM. fit. 58//: 
I 

Co11sf -, v 
To ace oueHKR TRna /5.12/, /5.15/, /5.35/ ocTaiOTCH cnpaaennRBbiMR. LlooaanHroT-

CH eme HOBbie none3Hbie COOTHOWeHHH: 

. 
I < A /-t • .. R .( .. . A I h >H I ~ 

Conri /5.62/ 

v ... 
~ 

LlnH RX noKaaaTenhCTBa nocTaToqHo pacKpbiTb Bbrpam:eHRH: 

/5.63 I 

+ 
Bblp83RB BCe Q R Q , qepe3 . o( o(+ 

• Torna Bbrpa:>KeHnH /5 •. '33/ Mo-

:>KeM npencTaBUTb CyMMOH qneHOB TRna 

< o( 4-.. • o( ~,., 

< ( L + ~ - c-~) .. . oc > ~~ 
. 
), 

< c(: . . . ( L f J - (1) >H 

< o(+ ••• (L +.,..y- c.,) /
11 

/6.64/ 

1 
H KOMMyTaUHOHHbiX qneHOB fiOpHnKa v • /PaBeHCTBO HyniO nocnenHHX nayx 

Bbipa:>KeHHli /5.64/ cnenyeT 113 /5.61/ I. npuMeHHH K /5.64/ HepaBei!CTBO 

a TaK)l{e 

11 · noKa3biBaeT /5.62 I. 
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BocnoncayeMcSI Tenepb · STHMH .n:ononHHTencHhiMH- cooTaomeHHSIMH, PaccMoTpHM 

BhipallieHHSI 

< o<i., • • · o("~/n > 1 

0'19BHJJ:HO He 38BHCSlllJH9 OT t • noaToMy 

cl + "* olo! + + <£. + drit-
o[- < o(! ... rl.. .I ' ~ <- .j., • • • fi.J " + ... + eX 1 .. • - /, " :::: 0 t ., T,/ft c{t Tn/H i' oft /11 . 

Cne.n:oBaTencao, Ha 15.7 I nony'IIIM 

( .Q r !~) + . . . -~ Q r r .. ) J < o< ;1 · · · o<i, >H = 

::: < R.f.··· ot.i .. /1-1 + ••• +<eX~ ... Rl,. >H. 
Ho, B cuny /5.62/: 

l<R t < i R ,. 11-'D 11 • . • eX Itt) + ... + rX.f.,:.. . lh > . ~ v 

II ITOTOMy 

+ I" ]) 1<"'{, ... "'{.> "" 'V{Q(f,)• ... ·d2(f.)) 

· 0TKy.z:ta, nepexo.n:SI K conpSillieHHhiM Benn'IHHaM: 

.( J) 
I< c<f, ... "'PI ""' v ( rl(f.J,. ... ,. Q (I.J) 

' 

'D ::. Const 

/5.65/ 

/5.66/ 

/5.67 I 

/5.68/ 

/5.69/ 

BocnoncaoBaBlliHCb HOBhiMH HepaBeHCTBaMH /5.68/, /5,69/ BMecTo cTaphiX /5,37 I 

/5,381 Ia 15.361 COXpaHSieM/, Mbl H MOllieM ITOK838Tbs 'ITO HMeeT MeCTO HepaBeH

CTBO 

31 

u 

K 

n 

Vi 

rl 

n 

r.z: 
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18/ 
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Consf --· v /5.70/ . 

38M9HHIOIU99 HepaBeHCTBO /5.42/, 

Ananorir<iHBie yny"lllleHn:H· ouenoK MoryT 6biTb BbmonneHbi .unH Bcex KoppenH-

UHOHHblX Cp9.UHHX panee paccMaTpn:BaBlllliXCH TlillOB, 

M hi ne 6y.ueM 3.ll9Cb .uaBaTb o6ruero .uoKa3aTenbCTBa,. Orpann:"in:McH· ouen

Koit pa3HOCTH: 

/5,71 I 

nono>KRM 

~ (t-7:) = <rXf~(t) ... oe;~ (1:}/H 
Ho • ~ 

/5,72/ 

VJMee-.·1: 

/5,73/ 

r.ue 

Ll.H =- ~ <0(1)t} ... R1j (f) ... eX/eft} lX;_,(rr) •.• o<3?. (1:)>H. /5.74/ 

J 

.Un:cpcpepeHuHpyH /5.74/ no '1: , nait.ueM 

/5.75/ 

r.ue 

-... 
l ,, 

I . 

j 
j; 
! ,• 
~' 

i 
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Ho BBH.llY /5.15/ : 

l3(t-1:)f< ~ 2ge Q = c.onst. 
/5,77 I 

· nosTOMy H3 /5,75/ 06bi':!Hb!M nyTeM nony'IHM /eM. HanpH:r>19J:l
0 

/5,48/ - /5,72/ /: 

I LlH (t-7:)- AH{o)exp{i[Sl{g_,)+ ... +Q{g'l.)]{t-t}}/ < 

~ Q /t-f"/. - v 
Ho B CHny /5,62/ H /5.74/ : 

3Ha'IHT 

I Ll k (o)} < § - v ~""'~ = Const 
~.. . 

I 4 H { t- t) ) L. Q 1 + Q I t-7: I 
v 

no.ocTaBHM STy oueHKy B /5.73/. HaA.oeM: 

\ rH (f-'C')- rk{o)e:<p{i[,Q({i)+ ... 1 Sl..(fe)l(1:-t)J/.( 

~ Q1 ld-1:/ t Q (t-7:/2
; -

C .opyroA CTOpOHbl v 
rHo (t-'t) = ~o (o) ex p { i [cQ(f.}+ ... -~-Jl(I;J] (r- tij. 

3H8'IHT: 

I rH (t-7:)- ~0 (t-tJI < I rH {o}-17,,[o)l+' 

+ G..,lt-tJ + Q It- tr f 
v 

Ho, no /5.70/ : 

\ rk coJ- r~Jo) I::: ! <o~.11 ... o<J,_ ~;i ... O(;'t >k-

/5.7 8/ 

/5.79/ 

/5,80/ 

/5,81/ 

/5,82/ 

/5,83/ 

/5.84 

vh 

OUE 

I 
Oll' 

/c: 

pe: 

3T 

on 

nH 

l'J 
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YfTaK 

I< o( {
1 

{+}_. •• ci..f, (t} ex; .. [ttl~ .. o(;'t (1:}/11 

Qz+ G11t-tl+ Gz.lt-tlf 
v 

Paeey>Kaast aanee no sToil: exeMe, 

I 

fY 
ao oueHK8X flOBhleHTb nopstaOK 

HeTpyaHo nesae B paHee nony'ieHHhlX 
.f .. 

v 

§ 6 ¢yHKUHSI . rpHH8 an 51 eny'i8SI 

B npeahiayweM naparpaci:>e Mhi nony'iHnH see HeooxoaHMbie aeuMnToTH'ieeKlle 

oueHKH anst cPYHKUHH rpHH8 B ~nyqae J. :;>0. • noeKOHbKY .. HeKOTOpbie oue~KH 
/eM. /4,58//, KOTOpblMH Mbl nonb30BanHeb B § 5, npll . V = 0 He HMeiOT eMbiena, 

pesynbTSThi sToro naparpacl:>a He nepeHoeSITest HenoepeaeTBeHHO Ha enyqal\ ~ = 0 • 

8ToT enyqail: TpeoyeT eneuuanbHoro paeeMoTpeHHst. 

TaK KaK Tenepb L H 

onpeaeneHHbiX 3Ha'ieHHil: B H8HHH3WeM SHepreTH'ieeKOM eoeTOSIHIIH 

nll'iH8 aT paHee 

/6.1 f. 

rae 

1: 

I 
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8 TII aM nJliiTY Ll bl y LlOBJleTBOpSI!OT nepecTaHOBO'JH hiM COOTHOW eHHSIM LlJlSI cp epMu-

aMTIJlHTYLl He TO'JHO, a JliiWh C aCIIMTITOTIItJeCKUM np1I6Jlii:>KeHIIeM, 

H ~M Heo6xonHMO 6yneT nnst nonytJeHust oueHoK ycTaHOBIITh pstn HepaBeHcTB, 

PaccMoTpuM, B "npe:>Kne Bcero, Bbipa:>KeHHe 
. . " .,_ 

L. J2 (f.} tXf d-t '. 
B KOTOpOM 

. J1 (f)== i C'- ).2{1-J+ TZ{f) /6.2'/ 

VfMeeM, pacKpbiBast no c!JopMyne /6.1./ : 

+ J . t 1./ 1{ t IJ -} L.. J'2. (·f-Jotf ol-/ ~ L-JL(fl]Ufaf+'lf(-ca-t u~o.e+ ~tt-1 -c = 

:t ·+ · ~ iJ +- . + 6 ~ + -1- .,_ L } 
= .:L J4 (-f H Uf tlf t\~ ~ "'1. c tt_f ~f C: t Uf 'l>t r_:a-f a,+ U{l'f_ltftLe c . 

Ho 
f:' 

:l L..,. + ,.J.-
2-JLJ (-?J ·Vf T tL_ta.-t c:-: · 

=£JL[-{-}~z ~1-aftfJ ~ +L-&i(-?J ~ tL -(!,:! 
2. + =-LJ1({)1lf C<f t~J . rx + L JlJ {1-J 1hz j.~+~ 

c~ ~ I c:{ 

llanee, TaK KaK 

TO 

(! ;l (fl 
u!v-f-==- 2JbffJ' 

J1 f + !J } + -L~(f.J{U{tf-f e Ct...jai+.lA(l1f~a_f c -= li ~.L. 
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Cn e.uoBaTellbHO: .,_ . 

L J1(-f)d/o<-f-= f- J1(1-J{ LA}a.!j A.f -.v-; lt~ Lc~ ltf- j + 
. . 

+ 
+Z-~[f)'v; 'c~-Y Lt 6 = 

2' I 

= f- J1 I 1-J l u f- '11{ Jaf o .. r f- J1 (-fJ v-J c!j tuc: c~ !4 + 

+ x_,n,[f.}'IJ-f s~- VL/U. 

Ho 

J1{ -?J l ut- v-/J = T{ f) 

H llOTOMy 

H, cne.uoBaTellbHO, 
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+ .l 
+ l.L- c:z :t LJ L- C } 

+L_ J1 (-?) '?J-f { Clf- (':I. tif - '{}--? t 2. . • 

YJMeeM C .upyroit CTOpOHbi 

Cz. r -LJ1{/-J1J-i+L,_Q£-f}v/= 

:l v 2 .t 1T { l 1 :l ~ )..2[f!.J J 
= c . T- L-J2 [f) 1Af 'IJ-~ ==- z e- ~v {!, L_ Tfe:~x·(IJ+r~rt-Jj= 

= 11 C:t T'[c}); 
2 

r.ue t{~l):: C2
-} ZJb{{-} 'IJ-;. , 

IloaToMy 

H -==za {f-J d; of.t_-_ w- +. ¥ {~/Lr t 2
) T'( C') + 1' l r:z;. 

r.ue ~ 

/6.3/ 

t- .t · Lf-' nl . 2.{ +~b-e 2 u-L..} 
#=~2-Lfh(f-J?Jr 14 1'2. a,-rv-1- r.fl. . /6.4/ 

Ho no CBOeMy onpe.ueneHRIO C2. nBmteTcn KOpHeM ypaBHeHan /eM. /3.8/ I 

Cf'[ x}-= 0. 
KpoMe Toro, 

< <?: H c/JH. > L 7 { C!
2
}. 

CTano 6biTb 

< f: L.JS1 ({}4 d_f cpH > ~ 
·L- < cf: 1»- cfu / · /6.5/ 

a 

c 

r 

1 

( 
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3aiiM8MCSI Tenepb OU8HKOH Cp8.UH8I'O 3H8'18HIISI w- , 05paTIIMCSI K onpe.ueneHIIIO 

aMnnrrTy .u o( 16.1 I. YJMeeM 

Tor.ua 

16.7 I 

05paTrrMCSI Teriepb K cpopMyne 1&.41 rr HanrrweM: 

1AJ- = 1#1 + 1v!_ + ~ ' 
2. + 

. 2 + C- 0 IJ a. _ 
1Al1 = L-J1 (-?)1J! '/At o({- {!/" f -

1 t 

= L J2, ( t) 1J-f 14f df 4_f C-c~ J, + . 

+ LJ2 (-{) 1r( 1tf 4 ~A~fl a~f L 
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~ 

r 
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I 

\ 

. .· 1 . + 

l 
1 + C- r,L 

w1 = Z JL {) 'lJ f ~ { e. 2. a f = 
t . 

=L_ .Jl.l{j'!Yf ~t !lf c.~~L + L.JLlf) 1J{ ~-; ~i!) o:_t L 
. 2. L+ C.~ L+L 1 C2

- J.tL 
. 'W-, <L_ .n. (fJ 'l}d- ,~t ol_f l'' Qr "'r p~ } ~ 

11..t{ ~+!J L+u} =-LJ1l'f-J1Jf -e· ct. ol_f_ d_r ~ a~+ 
-r 1 + 

+ L. J1l{l '\}{ {-If{~ ( ~ -,L.~~ )lJ-t ~ + ar'-tl -

-vf c"-c~b }+L_J2,[{)'1}{ ~ (c"-5LJ ~4o1+ 

till~ 

Ha~HeM Tenepb ~ueHHB8Tb cpenHHe 'W:j , ~ , ttv; . nnn ur BCC

nOJ'Ib3yeMC5I paHee noKa38HHbiM Hepa.BeHCTBOM /4,47/, KOTOpoe HanHweM B BHne: 

/ ~-f (C~LtL) rh > .L- _!i_ '1.1" G-=C.D~t 
<........ IH C 2 't'W - V , ~ · · 

+ /6.8/ 

< ...h ~ f C 2- L!.; ) ..h > L _{z_ 
I K \. C2. - 't"H - V . 

YIMeeM: 

* *' t 1 J/b . I< ~H 'W-1 tH> I£ L J1(fJ11f ufl< ~~ d~ Qf e-~· o/") l + 
1 t +- + rh > ..illlf_lL L_ 

t L J1l f)"~ 1{{ I< ~~ J f ~f L 't'~ l v e 1 -

c 

( 
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.-----' c 

L L J1 (_{) uf Ut k ~:«io.t o.t~# ~H> J< <)>: ~ r.'-e~L r ~~~ >+ 
+-.:;:;- n fJ) 2. ·'<th* ,+ I ,h x· J.* t t I ,h 1]A(~)f L . 

L- wLJ \.1' 1J ~ 1A{ Y· 't'M "'~ "'l 'I'M '¥11 ~ ll~~ Q_~ u 'rK) V e :z. -

! :----------. 

..L .LJL({) 'llf "4 ( tY V< <t>;d;.(f c\>M) + 
. + fr L...a ({ )1J1 uf 

11 "i!ll/ Ll if< .P; J; J1 4>" > b. 

. L Y<~:LJ)J~4.1d>H/{V~~J2,(f)1t;1.\f + 

+ ·f/f~ Vtt-J1l{l~f~~ IH{JI' J. 

CnenoBaTenbHO 
) 

;c-

oe: 

6.8/ CoBepweaao aaanorH'IHO, aattneM: 
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~- ~ La./ Q~+ llf ~ ) ~ ~ - ~ L 
3Ha'IIIT fcM. Bbip8)K8HIIe AnSI .1\_r

3 
f:. 

L\·="" "' U) ,. 1 ·{. 11. l} fel ~+h)l . . . .) z L~urbJ - T LH.J l"t Lrt . -. vr c l - e:- Lrl-:f Qf + Ctfd-F -'lJr ~-~ =-

. -fJ1L{J~{if{flc·-c~LJt- ~{ c\fL }-.... 
. . · · · .· 4-"-'b+(tiLt~ G+L . . ... . . . 4·re.t~ CL)~ 

. 7L J1l-tl~t:r;·L ,, eli .J~,~hiA'#l1lr eL 1 ·• · .... :. f .. ·: · .. ···· .• .. , .. ' . ., .. ·: .. { ..... ··. . .. ' ... 
.. ...• ,··.:~~. 

u noToMy I eM. I A.18/ / 

< ~: Ll ~·> S.f-J1(~w;<i f (!.lif~n ~K> = 

= '- tfJ1l{)~~ >NfJ<~:fl1:-tfllf-qf'i!.f')t~.)'~ 
~ ~ l!:L_L .LJ1l{) lt.~ _LL--,A1 l{') L- ~Mt. 

L,'f v ~ { v -t' 

H aii.z:teM TaK)Ke: 

. '3 ~ J! ( + L ~ . UJ.·). rh ·> . {=- J1 ({)11>~[ \~K c ~J-~ J~1 C1 l.tfj'" L CDM-t-

. "fS1li)i~~l;< ~;f{(\~0) ~c(fcPk> ~. 

1 
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YlTaK, co6rrpaH Bbipa>KeHHH .unH ~ , ?AJ'i , 'l..<.J:3., , uaii:.ueM 

rae < f: w-~H>L '01 V<:~:T~({)ol;a~cj)H) +t_, 

T1= ~W,)t ) Yi-= w.v.>t. 
~ 

TOI".ll8 

H 

/6.9/ 
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r.ne 

R = ( 1;: + y 01 + f I t= 1A M t. 
~. 

M bi MO:>KeM nepeitTH Teneph K paCCMOTpeHHIO ypaBH9HHi1: .llBH:>KeHHSI. npH J = 0 
H3 YP.aBHeHHit /5.1/, /5.2/ - HMeeM 

. da~ ( + L l , ~ r t) at -l (f) q, f 
/6.10 I 

c 

i d$;! • T &J q-f tl {f) a{ L. 

noaTOMY 

. au ~ ~ ! - + L 1 
t J..t "'V L- Al{l 1 T l1l Q_f + Al~lllr af + H 

+ :fL>-L{)o._t { il{lo.¥- Alflll~f L 1 = 

= V L->-l{)'T\{kt o.t+ VL X'L{JLQ+t nr a, f ~;) ~ =-

= f:LAl{Jiltlo.-f o.~ + ~ L~Ci)(a.~ Ct.r a.{ o.~) L = 

~ . 

= y 'l AL{)Tli)4-_{ o,{ + 

+ tL. t({)l~ o.1 ~- i) ~. 
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I 
I 

I 
I 
I 

I ~aMeTHM Tenepb, 'ITO 

-Hlfl1'l~)'U{'\}{t+ h1 l{) (H{-1) L = 

=Xl{) Tl{) L+A:"(f)l~- rl{) -1) L = 0. 
J1l{) . . J1l{) I 

cne.aoBaTenbHO 

' 
I 

· olL 1J tj) 
1. ttt = 1 + i 

~1"' t 2.. A({J1't'tJ{ lLJlll t ~ 'IJ{t} 
/6.11/ 

~t = t2:3l.f-Jli{. ~- ~~) lL 
Ho, BBH.llY /6.7/. 

. L 
a._f a~ + u.f 'lJ{ C:: -=-

= { ur ~f t llj ~~ {--) ( \,(~ cl~ ~ ,~ o(1 t) + 1-lllf t i!y ~ r ~-~ ~f +tvj}rt = 

~ r1 ?. t h t h d d.t l.! + =-u~ ~fo({- <IJ{ £X~ c: o(~f -r- u~,~ -f ~ -e 

I 
+ L\f 'llf ot; ~otf+ ~-~a~+ a,_f ~f- ~~ ~+'U(1~r~-= /6,121 

1 J.. d. ,/ Jt . i) ..L-
' = 1Af -{ {- ~~q,~ lcLf -f + -f d_f- ~ 
I 1 + L t b + L cl J. l. )+ 
I - l7 ~ o( ~ c o(_f c + u~ 'b ~ l ol t c d f + -~ -~ e . 
I 
' 

I + ~~f (A~+ Q_~ ~f -~-f ~~. 
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MMeeM aanee: 

i . t T L . ) I Lt 0' + ) + c{_f d_~ + cL~d-f- i = (.-1Jf a~ c + 1{f CLf r ~rc_-ai + Uf a_f 
t . 

+(-. 'lJftLt~tlt4Qf J(-1Jf Ctf g + tt{f Ct~) - { -= 

:t t G Lt + '- t t L t ft + 
=-'JJ{ a{ ~a~ 'U{ Cl{ Qf- CU{IJ{QR c~- U{IJ~ a-rc Clt 

L+ +L t+ ++!J lf 1 + v? T ~ av~ Y + ~ a._f ~e- ttt ~r~l a;~ Y- Uf1J~c~ a_f- 1- = 

=11~11i ~L+~.L+~,!l.f+"'4 ~~+tt/-i-Uf 71la!U 11_(-~( ~)-
. lf L+-- ~11 (a_f c- c Ll~) Glf · . · 

H fi09TOMy 

+ t 1 
o/_f.c{-f+~fJ-f"P""' 1 =-

.t 2. t }/·{ q) ( t + ) =V' ~7J~ Llf 1! 1- ~ ct,- 1!,1 Q_J 14 + 
+ '111 tL - c 1 + 11' 'IJ B ~ II • H ( -t) +; 

.f cl .'+ ~ .'t "'1- V 
/6.13/ 

+ Uf'IJf ~ ~ H{-?) . 

MMeeM, cneaoBaTenhHo: 

<~:\IJ1 \b; ~~~t L>Hl rl+luf<t\"tlr dr ~~ ~H>-
. t 

-t f~lfW(~l< %,4 {?J; k l~ ~-~,~~de+-'f ~)} lb~ ~H)-
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I 
l 
l 
I 
i 

63·. 

npHHSIB BO BHHM8HH9, qTo 

<c#:J-fJl ~~ ~H~: <t: o(~ 1:}: J~ ¢.)+ 

+ < ~: J._d o£{ r./J~ - 1{): Ji) ¢H), 
-

Mbi MO)K9M y6e.llHTbCSI OTCIO.ll8 0 ,Ha OCHOB8HHH /6.8/ H /6.9/, qTO 

TaKHM *e o6pasoM Mo*eM nonyqn:Th 

/6.14/ 

/6.15/ 

I : . • ~ 
l .. 
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. u . + + . ~ 
-14 'lrf TaCt- J-t + Ctf ~ r+ ~? a~ - ~?. ~~-= 

+ - 2. 1+-1 
.t t + t.l.J 1 t-++ )/..J ,_ C-wu 

= Ufclf tit ?J? ?:l,~-t .(_t J_t d..r 1 e-- 'l!f 7- -
1 L+ + L + + u L+- + 

-'Vt yot.-t c<_~ -e- 14- f) to!~ ol.:...t -e- u~ "ie "-t J.f-

+ + t -+ o..f ~ f + ~ f Glf - ~? ~ ~ . 

YfCXOLlSI OTCIOLlB H HepaB9HCTB 16.81 , 16,9/, MO:>t<eM YCTBHOBHTb, 'iTO 

~- -t- rj < cpH tJ" ro1. ~-H; L- -v ~ ~ U)Mt 

/ lh* 11\t 'dJ rh > ~ _!}_ 
<--. 't H 'cfJ~ i I H . v 

' 

Ho 17.1~:PT {~P)f f~ ~~> ~; ) 
~* rl!J I JA.Q_)+ th. "'-, L L. 

<rH ·o~vt LoLt \f Y ~ Y 

r-==- UJMt 

16.161 

18.17 I 

./6.181 

. 06paTHMCSI onSITb K ypaaaeHHSIM LlBH*eHHSI /6.J.i/. Y'fHTbrBaSI /6.1 I, 16.21, n-onytfHM 

;d.·--~ i ft. r t{f ~ + 'l! { f a_f) = 
I +- t -f-

= 'Un. i. ~ +~.ol!_ 1 ctav=t + ~, i ~ ~-=-
\ oiJt r C. ~t r dt c 

= 1Af{-T[f)Qf+ ~(+J L/-Q_{ }+ 
t 

,t .· + } · dL ~ + rufyfrt1J a_t + ~ ({J Of L +rut 2 ott c = 
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' t . t- . 

=- uH rr(~JUf -AW Yf ¥} + ~ j UfAl{) c + 'T'(f-1 ~} l{.f + 
+ 1J; i d It a-, = 

~ o{t c 

=- ~ { T[~J ur-- A[.f-J 'lJi C} + 
r · ~ t r 

+ t { L!tAlflt +1'(fl'I1f} ar a +~H{J'll~ c-~ h + !J-~ i ~ ~ . 
Ho /eM, /5,6/ I·. ...J 

1-tf t\({-) G+ ~( -f~ "-/ = & L{ )"" t 
. . . /6,19/ 

l7 I 1l+114- Al{) 11-~ t = Jtl{) 14 
no~m 0-"Y i ~ + J1 (f) 4 -=-itt 

+ · C1 L.tL + + 
rL<e Rr -!lf Alf),./ -G +- ,f (!b1 + 9)1.) ~l ' 

I G. ?.of 

8/ 

VfMeeM .llarree . . t 

< <r: rtf Rtf H> b. ~ < ~: c '---l"IJ d.f a+ l '=-t b 4> HI}-'-(J) v; + 
+ 1< ~~ ~~ (ro1+~1) cwt +9JiJ-~-i-¢ H> rvl L 

IM 

L U%(f} 'IJj < ~: ( c' b:U]~ ~ • > + . c 
+ !1. '11$ < t: { ~1 ( i!l1 t lJli )[ ror + ())~) ~-1 -

. .,_ 

~(m(Htl~.) Q-~c.~-f:. L (}): + ~r) ;~ H > + 
* . + + ~.t · + ;t < ~H (~1+<;;{)1) lU)1 + ~.t) ¢ H> ~~. 



Yf TaK:>Ke 

<~=~Rf~H>L-
*" + l. /l..J)"- . 

L ~ < ~ H Ctf ( e -; Ctf ~ ~ > g( f) 1t1 + 
1~ + t . + tt < ~: l (()1 + ()) .() ( 9:11 + ())1) <PH> = 

=9--Kttf <~! {4 (~th)(0£L)~-(e~tL)~~(~)}~? 
2 t 1 . 

.2 2 < * r c- L b)\"' ) ~ < * +. + A1 ) +~ >:. 111 · ~H.~ e- 'PK +1 c.t . ¢H (~1+IDt)(ro~+ro,t)~H . 

0TCIO.!l8 cne.!lyeT, 'ITO ~ 

<qt~n{ ~H>L 17iV I 
<cf~ R{ Rt<PH/L ~; -t . rae 

~ 

S= (A)~-t /6.211 

YJMest ypaBHeHHSI /6,ZO/. H aepaaeacTBa /6. ;;,.t( Mbi ·Mo:>KeM noBTOpHTb y:>Ke 

.!lOCnOBHO HBUHI paCCY:>K.!leHHSI H3 npe.!lbi.!lYlllero naparpacpa, I'.!le Mbi paCCMaTpHBanH 

cnyqaa V > 0 . Mbr nony'IHM Tenepb /eM. 5.35//: 

l. . t""" i 

<::( o~f «~ ~.> L t f .. l·w (_Qh (-rJ-tfk). /6.~~·, 

no cpaBHeHHIO c HepaBeHCTBOM /6.9 I Mbi HMeeM 3.!leCb cy.mecTBeHHbiil nporpecc. 



HepaBeHcTao /6.0/ noKa3biBaeT,. '!T···o·.~.th. H_*_.di_·~.·. J. tk_lfl\.._ 
ecTb aenH'lHHa nopH.llKa j_ , · HepaaeHcT~o :!e t/ 7. 2;,1 v. -1 I 

B Cp9.llH9M llnH t 
nOK83biB89T 1 'ITO 9TO 

Bbipa>KeHHe npH KS>KllOM f 6y.lleT nopH.llKS -

113 J 6:21/· ~hi cefi'laC >Ke MO>KeM nony'lHTb~U9HKH llnH• 9P9llHl'IX 1 OTHOCHIUHX-

CH K OllHOMY BpeMeHH. 

t 
nycTb ···Jv,l ~ paBHO _(1/ HnH Q.J .• PaccMoTpHM Te onepaTopbi: 

)JI~ ll~~. I·. 2lfK) 
KOTOpble COXpaHHIOT 'lHCnO 'ISCTHU. noKa>l{eM, 'ITO 

. . U>tt~t-
1 < u~~ /Jf~.···.ulK~ -<u~(u,t ... u,K ~ol 6 . vv· 

L '·--

3SM9THM Tenepb, .. 'ITO • <PK. ~ .flf, •. YllOB~·eTaop~eT X~~?:~HSIM /2.S /: 
··.:~·~·,\ ,·' ~. 17 ... ~ ~.,..:~ • ,.: I -..:1-.:,;_":~' '- 1'','"', I;-:~·-'~~;~-·~;,"~·<:_ • 

:·.·.(a_~ a~- a:.1 (l~_p) $ ~o·:·· i _;.·:··:· :·· .. ·_. :. 

MOryT 6biTb npHBell9Hbl K CyMMe 'lneHOB THna 

<::... ~ ~ ... ~1 ~} ... _i_ k a h ... ~ 
~ll~: -!-}·) ± lJ- J ±:.:. k ' ~ce pa~n,H'l~bio p~~!~f~~CH ,;'l~9~n~ HH.ll9KCO~. 
paBHO TyT '!Hcny HH!le~coa h. ·. 0'leBHllHO Ta:K:>Ke

7
'!To: 

/ + ++ () '-.-
~ .. -~a.r·· a.~-~~ ... {L_Jt"'-~·: . ..rHo-

- It~t "y~a~Ilfu~ ~) 
H·aM HSllO cne.lloBaTenbHO TOnbKO ycTaHOBHTb, '!To: 

l I . . 

/6.22/ 

/6.23/ 
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Ha oeHoBaHHH paHee exaaa!IHoro,· /eM. /6J12/, /6.13/, /6.16/ l aaMeTHM, 'ITo: 

L _ ,_ rJ rJ ·• · r i. · 2. -r ~2.(/J t. + 1- ) 
o.._k o.\..* ruht?k~ -1{ k Lt_~"\".~ rt<k ~~t l~~ ~k a:k -c'" ~1- a;_af- C!.~ l!.t )( 

:z. L\ -e 2. t llA tkl} L _ t!;'- c1.+ ~ oc+-~ + 
"a.k+~ e?- +Uk"kllJ..Q.k . V ~ " k e, -It e, 

/6.24/ 

+ t{~ \ lJ.t ~ ~k + .ck ol_k ~) + ~ ~l ~I. + 11 ;.1 ~h-'- '!:-~ ~h 
H 

HC 

+ ·~· 1 + · ~if~ L . H u u· 
_o.~Q{. -ttJ-~ _- 'Ltf ~t4- 'lf{ "Ed-lcL~ e -'L<~~J~c{-1 e, --'U.pt'jcc!/~t 0 

I+- \:'( ) .. . - ,:,. -c2. 
2. LJ ~ + /\' + . +. ' - '' . - • 2. 1.1 b ~ .,. . +' C { %> 'T ~~~a: I~ ( 1-~t3 a,- qt O..t) a.f + 1f7+ 't ~~'lea.f }t 

Hi 

+ + +- -
taf~l+~1 ai -~~ ~~· p /6.25/ 

0' 

+ 
By .z:t eM Tenepb nepe.z:tBHraTb d. 

Ltb c.z · 1 C2. fHanpHMep 1 BXO.z:tSII..UHe B 'l 
K KaKoft. 

K neBoft o6xna.z:tKe, a oL 
+ 

I ~ I K O,z:tHOli H3 HHX 

- K npaBoft, · 

- Bee paBHO 

-q• 

Tax KaK HH.z:teKebi t{, :!:~, ± l Bee pa31IK'l:Hbi 1 TO KOMMyTaTOpbi, B03-

.f HHKaiOI..UH9 B np~ueeee STHX nepeeTaHOBOK 1 6y .z:tYT B91IH'IHHaMH nOpSI.z:tKa v • 
Y''IHTbiBaSI fiOCTOSIHHO npHM9HSI9MOe HepaBeHeTBO: 

l<~rB>\ ~ Y<AA+>< B+B>' 

a, 
6 

Mbl BH.z:tHM, 'ITO KaK T01IbKO o<:_t ;,KOeHeTeSI"' 1I9B01i 06Kna.z:tKH H1IH . ot._ "'KoeHeTeSI' 

npaBoft o6xna.z:tKH :unu /./ L- C} oKa:>KeTeSI y O.z:tHoft :ua HHX,- TaK eeftqae 

- .(l.rH·Ut :>Ke M bl fi01IY'IHM B91IH'IHHy nOpSI.z:tKa M anoeTH He HH:>Ke, '191'-f 'IV' 
Cne.z:toBaTenbao: 

cc 

p 

nc 
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/6.26 I 

~ I 
Ho, •mcno ~ panHo qncny h , nepecTaHo~Ka L c l/ conepwaeTcH c Toq-

HOCTb!O no 'IJ19HOB nopHnKa t . noaTOMy 

< " '1.- l! ~ 111 n ... JL "-> 
... V\'V} -c··· ~hv\\ e,···A( 

OTJIH'I8!0TCH OT ~t h f 
~ 'lA~-v; rv1Ak "'k <~) >. 

Ha 'IJieHbi nopHnKa L . C npyroii cTopOHbi v 
< (!lJt;: 

OTJIH'Ia!OTCH OT enHHHUbi Ha B8J1H'IHHY nopHnKa He HH}!{8 
1 -'IV 

vfTaK HepaneHcTno /6.23/; a cnenonaTenbHO,H /6.22/ noKaaaHo. 

nepeiineM Tenepb K neyepeMeHHbiM KOppeJIHUHOHHbiM cpenHHM H llOK8}K9M 1 

'ITO noo6we 

1< 03~~(t:) ... 05~e[t)j dJ~4 l'l) ... JJ~~trr)~ 
. ,. JJ ~ )~'-:? r. L t-7:) + K 1 

~<f5f-tlt) ... ~~tl-t);dJ~1tc)... ~K 't iio I b lf\i . 
. K'= U>.-v..t· K. "-:::U?Mt. . . ) 

3necb '0?){ 1 dJ~. paBHo 0... unu ll+ • Mbi npennonaraeM, KaK 

/6.27 I 

ecerna 

B naHHOM cnyqae, 'ITO onepaTop 

COXpaHH8T 'IHCJIO 'I8CTHU. 

B cuny ynoMHHaBWHXCH paHee nononHHTenbHbiX ycnoenii, KOTOpbiM y noeneTno

pHIOT ¢1< H ~Ho IICCnenyeMbi9 cp'enHHe C UOMOIUblO YCT8HOBJ19HUH "'npaBHJ1bHOT'O 

nopHnKa" onepaTopon, MO}!{HO npunecTn K cyMMe qnenon Tuna: 
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<. ... a."f(t)~lt) ... a;lt)~;tt:) ... ~k(-t) a.klt) ... 

t + .. l + . 
. . . u~e(t-) ... a.~(t) ... (X~,(~)~~~('t; ... a.~'C't-)a1"r Lrc-) ... 

:· . . ~ ~ ltt) O..J; L'C).-. QIC., L't:).- · c{~ ('t) .• ·> , 
r.ae •mcno onepaTopoa a. H 

± 9, ace pasnH'IHbi Me:m.ay 

+ k' +Q
1 

Me:m.ay COOOii. - r1 

ct O.llHHaKOBO "H r.ae HH.lleKCbi ± f , ::!:~ 
co6oii, paBHo KaK H HH.lleKcbi t: f' , :!: 9' 

16.281 

'±h,"!;.K., 
+ I I l• 

t-k , 

BBH.llY yKaSaHHOii BOSMO)KHOCTH CBe.lleHHSI HaM .llOCTaTO'IHO .llOKa38Th Hepa

BeHCTBa 16.27 I .anst cpe.aHHX THna 16.281. 

+ + + . 
BocnonhsyeMCSJ .llJISJ "'nap" - a. a ' a.. {1,' • a, a_ cpopMynaMH 16.241 I 16.251 • 

a .llJISI ,.O.llHHO'IeK"' £l. , a,f·_ cpOpMynaMIJ 16.71. 

By.aeM Teneph nepe.llBHraTh o(t ( t) H J}(tJ LLt)- c:l. .BJ19BO, a ot.(i:) 

H Ll(t') lJ ['t)- C1 
- BnpaBo. BBH.llY no.aqepKHyToro Bbii.Ue pa3JIH'IHSI IIH.ll9KCOB, 

fiOSJBJ1SJI01UH9C~ KOMMyTaTOpbi/ a Bee nepecTaHOBKH Mbi Be.aeM JIHI.Uh Me:m.ay aMnnu

TY.llBMH, OTHOCSilllHMHCSI K O.llHOMy H TOMY :me BpeMeHHA-oy.ayT .aaBaTb BeJIH'IHHbi 

nopSI.llKa ~ • 3aMeTHM 1 'ITO KaK TOJlbKO . ~+ {t) HJIH 'J./l t)Llf)- c;z. "'KOCHYTCSI.; 

neBoa CKOOKH HnH oll-E=) HnH L/ (tf:)L(t}-C "'KocHyTcH" npaaoii cKoOKH , TaK 
. 1 

ceA'Iac :me Mb! nony'IHM aenH'IHHbi no KpaiiHeii Mepe nopH.aKa Vir . HaM, cne.ao-

BaTenbHO, OCTaHeTCSI fiOK838Tb JIHI.Ub, .'ITO HepaBeHCTBO THna 16.27 I HMeeT MeCTO 

.llJISJ cpe.llHHX BH.aa: 

r(-t-'t) = 
/c.. + + + + . 16.291 

= -(oLf-1 L-t) ... o1. /e l t). f.J. ( t) ~' [i)[ 9•['C") L"-t('t:) ol.g i&J ... ol.~'t. (t:)/. 

BocnonbsyeMcst cefiqac ypaBHeHiiHMH .llBH:memist 16.191 H cooTHOI.UeHHHMH 

16.11 I, 16.181, 16.201, 16.21/, .aaromHMII Heo6xo.aHMbie oueHKH. Hatl.aeM 

i e ~ ~-r>- f .n. u~J + ... + J1 (-ie)} r,. L t- 'L) -:- t. l t-'!:). 
npH'IeM . G r t /6 (t- t") I~ rv ) •. r.ae \.T -:: ~UJ . 

o~ 

nc 

c 

• 
'lie 

T~: 

n 
'I' 
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0Tcroaa, nocKonhKY 

nonyt.tHM: 

16.301 

C .llpyroil CTOpOHhi 

16.311 

.. 
4HOCKOnhKY 

l 
, + +. l(+tj.+~,+K-t 

r Ho t-'t") =- <ol-:f
4
lt) .. ;J.~t l-«=) oL~,. l't") ·· · ..l J'l ('tJ>· C. . • 16.321 

TaKHM oopaaoM: 

l rH lt-1.')- rHo l t-'"G) l ~ 

L- / f! l ) n I. ) I +. (;. {t-Tl 
-, H o -ltfolo Yv /6.33/ 

- I / oL. "- I k ( I +)'f:t q .. I JC. + + 
- ~ ~..... ~e. Ll w . lJ ol' 1 .. . ti '" ~ -

- IC·h:-c-f-~+q1 . l .,.. + G{t -1:') 
C. < cl{4 ... o(fl cl~• . .. o/3"- ~o } +. YV . 

nycTh cpeaH HH.lleKCOB {-t' ... ) {.e ecTh napa O.llHH8KOBbiX, Toraa. aaMet.taSJ, 

'ITO 
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:t -rl!_) +- L ) . 
c!# = (~a:f + ~ a._f e.. Cu,,a-4+ ~ ~-~ "T =-

2. + LJ .._ L { fl + ~ a +a a+ L } =-~ ~t e~f~- +~~ lA_~ I" ~ ~ -1 c: = /6.34/ 

~ + . . 

- 1!! ~~ (L.a.~~ -Q~~ L )L- iv ~d a.:/al + al 12~d ~ = 

. <])-2. \ ({) + a { 1\ Q 
~ .t.. ·e2 v -~ af L 

~ 
6y .neT nopSI.nKa 1[ , BH.llHM, 'ITO 11 <. · -~ 6ypeT aToro me rropSI.nKa, CooT-

BeTCTByroruee <. ... ~o rrpocTo paBHo Hynro. To me. nonomeHHe ecTecTBen-

HO B03HHKaeT B TOM Clly'lae, ec~m Cpe.nH lfH,lleKCOB . ~1 ... 9-tt. 
eCTh XOTSl 6bi 

O,llHa napa O,llHHaKOBbiX lfH.lleKCOB. fO 

nycTb .nanee, cpe,llH HH,lleKCOB t"J) ... ) ~.(! 
~ j , KoToporo HeT cpe.nH ~1) •.• ) ~'t. • Tor.na MomeM nepe.nBHHYTh oL/. K 

npaBofi CK06Ke B < .. ·>u , rronyqag /no .nopor:e/ KOMMyTaTopbr nopSI.llK~· t , 
8CTh XOTSl 6hl O,llHH HH,ll8KC 

H y6e,llHMCS1 B pe3JllhTaTe, t{.TO <(_ .. ~ OKameTCSI, B .llaHHOM cnyqae, BeJIH'IHHOfi 

_1_ • Cpe.nHSISI me / ""---::.. nOpSl,llKa MallOCTH He HHme 
Vv '-· .. /Ho B .llBHHOM cnyqae 

TO'IHO paBHa HJlllO. 

T a me CHTyauHSI nosnrrKaeT, ecnu cpe.nu 

HH,lleKC, KOTOporo HeT B {-t). • .• )4(....! 
~-f) • • · ] ~'t. eCTh XOTH 6br O.llHH 

TaKHM o6pa3oM,HaM ocTaeTcSI p~ccMoTpeTh cny'lafi, Kor.na 

1 I ace J-1, ... ) -{e. pasnn'IHhr. 

21 CoB~KynHOCTh ~ 4 , ... J ~'r- ecTh Ta me coBoKynHOCTh { ... , .. . ,~e, Ho, 

MomeT 6biTh 38HyMepoBaHH8SJ B .llPYf'OM nop.H,llKe, 
) . 

3aMeTHM T::lneph, 'ITO B npaBO:li 'l8CTH /6.33/ Mbi MO meM JCT8HOBIITh 0 npa

BHllhHhlll IIOp.H,llOK 0 H 3aMeHHTh 
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ua 

EcTeCTBeHHO, "'TO B < ... ~0 TaKyiO 3aMeHy COBepwaeM TO"'HO, a B < ... ');., 
c owu6~on npnHstToro nopstaKa acHMllTOTH"!ecKofi ManocTH. 

3aMeTHM ewe, "'TO llOCKOnbKY onepaTOpbl BHyTpH < ... > COXpaHSIIOT 

•mcno "'acTHU ) k: +X 1 aon>KHO paBHSITbCSI <}- + q_ 1 • 

nponaseaeM aaMeny: 

· 11 nepeueceM K npaBOit 06KnaaKe. npn 9TOM COBepWUM norpeWHOCTb llOpstaKa 

3aMeTnM, aanee "'TO 

_1 
v· 

/6.35/ 

TaKHM o6paaoM, na /6.33/ nony"'HM 

/6.36/ 
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H o nocxonbky ace I paa rr:a:qnbz: 

< oL ~1· .. ci..(.~ J4.~ .. . oLt ~0 -

- <ol-f.., ~:>w., --<.ot.~2..oLt >u"o·· · <-4~···4e>wo;: 1_ • 

B < .. ·;::::;; TaKoe pacnpe.aen.en:a:e TaKX<e MoX<eT ObiTb ocymecTaneno, paay

MeeTcSI · ne Toqno, a c ·AOnycTHMoi!: ac:a:MnToT:a:qecKoi!: norpewnocTbro. 

11 TaK, naw e .aoxaaaTenbcTao a'axonqeno. 

TaKX<e KaK :a: .anSI cnyqaSI J > 0 Mb! Morn:a: Obi nonyq:a:Tb ananor:a:qnbze 

OUeHKR CTeneHH aCRMfiTOTRqeCKOI'O npR01JRX<eHRSI R .llnSI MHOI'OBpeMeHHbiX KOppenSI

UROHHbiX cpyHKURfi. Ha STOM 3.lleCb OCT8HaBnHB8TbCSI He oy.aeM. 4HT8Tenb MOX<eT 

Tenepb ace cro.aa OTHOCSill.lRecSI Bhzq:a:cnen:a:SI npoaecTu caM no paapaooTaHHblM Bhlllle 

cxeMaM. KaK u a cnyqae 

M oX<eT OhiTb noabzwen c 

v>o 
~t
'V\T 

fiOPSI.llOK 

.ao 

ManOCTR B p8C9M8Tp:a:aaeMOM cnyqae 
~~ .......... v ecn:a: Mbl a raMHnbTORHane 

H fiOCTOSIHHYIO 
u ~ aaMeHHM na aen:a:q:a:ny fl' 

I oTnHqa romyroc.si oT C., 

C- 1 ~ {<Lt l./H 
aooome roaopH, na aen:a:qHHhi nopSI.aKa . .L 'fV I. 

Ha .llOK83aTenbCTBe 9Toro 3aMeqaHHSI Mbi a.aecb OCTaHaBnRB8TbCSI ne oy.aeM. 

HC 

n< 

HI 

r 

.lJ 

cp 

r; 

0 

H 
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:npxmomeHue A. 

B H8CTOHIUeM pa3,lJ.ene npHBO,lJ.HTCH ,lJ.OK838TenbCTB8 HeKOTOpbiX COOTHOWeHHfl: 1 

6 
xl Bee paccMaTpHBaeM!.Ie ·a.D.ecb onepaTophi npe.D.-

ucnonb3yeM biX B., pa oTe • · -
nonaraiOTCH ToTanbHO HenpepbiBHbiMH , TonbKO c TaKoro po.D.a onepaTopaMH Mbi u 

HMeeM ,q:eno B OCHOBHOM TeKCTe. 

neMMa 1. 

nycTb onepaTop · ~ - yaoBneTBOpHeT Y;CnOBHIO: 

~~~+- ~+~ l~ -~ ' I A.l I 

t--=-1 . r.D.e S - •mcno, ' HnH;Ji1 Tor .D. a -HM eeT MecTo HepaBeHCTBo: 

, I v + s· +-51. ~ l+-- E (j+~ )~0. ·v . IA.21 

e .lloKa3aTenbCTBOo .llonycTHM o6paTHOe 1 TOI".ll8 H8fl:,lJ.eTCH T8K8H HOpMHpOB8HH8H 

cpyHKUHH ~ , qTQ 

{ !t y ~ i-~ + ~ - €:- ( 1 + ~~) } f -

f >O. 

0TCIO.D.a: 

IA.31 

xl 
YcnoBHMCH o6o3HaqaTb HOpMy cpyHKUHH cne.D.yiOIUHM o6pa30M 

ll41l 
H HOPMY onepaTopa ~ 

[[~ \l~ 1. 



. . 16 

npHM9M Te.nepb BO BHHMaHHe, 'ITO ecnH 

)K9HHble onepaTOpbi, TO 
.Alf: P.>~· H Jl H B - caMoconpsr-

< lf*v42 tf> ~ <~* p.,!).•lf> . 
~ 

Y'IHTbiBast I A.41 H I A.l I, 6y.neM HMeTb: 

< \!*(2.V'f~+. ~· -t .rY\f>-==<'e~(~+~+)2

'f>~ 

~ 2. <'e*(j'f"t+ ~+'f) 'f >-·< ~~ (.1":..~)(~- ~+) ~>L 

IA.41 

IA.BI 

~ i<~· c~·('+'r'-)J'f>, .c..~ 'f*cos+'l+ ~ +-~t'5) r> = 

~A<:~* (.~rj +t-) .lf /, 
'ITO HeB03MO)KHO npH f > .Q 

·TaKHM o6paaoM, aepaaeacTBo I A.2/ .llOKa:'laao. to 

CnencTBHe • VfMeeM TaK:me, Meagsr ponb ~ · H ~ + 

r-----. 

~ v~'++f:- __ . t_ c~_+1+J ~o. IA.6! 

AaaTiorH'IHO .noKa3biBaiOTCSI H aepaeeacTBa: 

.fl V ~leT+ _L _ t l' ~ .'\+) 2-
~). 'r 1. .,o /A~7 I 

' . 

!Z v~t3 + *'' ~ (: (!r~-.~+) ? 0 . . 
v 1.. 

I A.81 _ 

·. 
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JleMMa Il 

nycTb ~ YrtOB1JeTBOpSieT YC1IOBKIO: 

IA.91 

Toraa · 

>-o, IA.lOI 

rae Jl. - BemecTBeHHoe , C - •mcno. 
13' 

.lloxaaaTelJbCTBo. .llonycTHM o6paTHoe. Toraa HaiirteTcSJ TaKaSJ HOpMHpOBBHHaSJ 

ci>:YHKUKSJ . 'f , '!TO 

IA.lll 

0Tcroaa: 

I A.121 

aocno1Jb30BaBwHcb I A.4 I, nonyqaeM 

I A.l31 

'!TO H9B03MO:>KHO UpH f > 0 • 

Cn en CTBKe • Vi 3M9HSJSJ ponb onepaTopoa ~ H ~t ' nonyqaeM: 

I A.141 



/6I"V I 
· 0 < (}),.b +f~ -t (H'T)(~+~)}(t-h~- I . 

1 
oHcrua.teaolta.u::> 

. ~ 7 \i+~ -~1~1 . 
elt...Io.t 

-t-A 
c; 7 (})~'< ~-r 

OIHaouo.A .tasdoa.tauaolt~ (}1Y cr.to.Au 

IS I"V I 

ILI"VI 

wu»<:ouou 

. ·I I awwau :x auHa»<:ouudu 

/Sl"V I . 

o~ ,:if+ (.l'+~.~J .. Yfi -iltf +( .l" + 4 +;UJ .Y t . 
a»<::xe.t waawu •euou& -"J. atqHHaa.toatnaa -y ' p uuog 

SL 
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neMMa III /o6o6meHHe neMMbi II/. 

nycTb ODSJTb 

r~r~- ~1-~ \ b. ~ . 
;- . 

PaccMoTpHM onepaTopbi U J dA c HopMoi\ 

. }:Ulc(1;.J:U-r/b1; 

Ill~ + ~ JJ +- '5 +~a.! t-y I L !f . /A.20/ 

1;::7 

Tor.z:r;a 

d~~t+ ~·- E(~aAr+?J'i't) 20, 
/A.21/ 

rae 

1J OKaSaTenbCTBO, 

.QonycT·HM o6paTHOe, TOr.z:r;a Haii.z:r;eTCSJ TaKaSJ HOpMHpOB8HH8Sl tf . , 'lTO 

I A.22t 

: 0Tcro.z:r;a 

( ~ Vf''?.++ ill + p )~-=- E l~ ll++ Jl~+ )~. v . I A.23/ 

CTano 6biTh, cornacHo I A.41 

< ·t l1v''l~+-+ ~;/+ f )'"'f> = <'e*(~ al+~~tf.f> = 

=fl.< 'f* 1 ~ 1i ~·~++ JJ ~+~ ~+ Jtp>-<~"'"('aA+_ ;u~+)(~~t 5lf +; cp>6 
. . . ' I A-1.4/ 

L i<'f~{~:(/.Uft+~~t~JAtfY>. . 
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H o nocKOllbKY no ycnoBHIO r {J.A/ ~ J. . , . /cUt } L 1 
1 HMeeM (tU7LI I L 1 

H, C1I9.0: OB8T91IbHO 1 

< lf*5 J1 +cU ~+lf"/ ·~< \f*1 ~+\f)< I A.251 

.Llanee, npHHHMaSI Bo BHHMaane IA.201 H IA.251, 6y,aeM HMeTb: 

< te* u~t-~ ~t'f> ~ < 'e~~+:u :u+r lf> + 
+ < 'f* f ;)A~+~ ;u +- ~+ :Ll c:u+ ~} y > ~ <'f'\'~+cU ~:~ lf'/ +- IA.261 

+ ~ S,<'f*~+~'f)' + ~ .,;<'f*~~1-'f)+ .{(-f+S)= 

= <'(>*()~++ ~(f-t-s)) 'e>. . v 

noaToMy; yttHTbiBaSI I A.241, MO>KeM aanncaTb' 
. ~ 

; 

< \f*('-\/~1+-t- J~/ '+.f)st'f>Lit<lf~(T~-r+ s~ )'f/. 
/A.27 I 

H 0 TaKoe HepaB9HCTBO npH r > 0 . H9B03MO>Kao, 'ITO H .ll0KB3biBaeT YTB9p>K,ae

HHe I A.211 neMM bi III. 

npHlJO>KeaHe K 1I9MMe III. 

nonO>KHM 

·~ ~ ~ + y I :U-=-Q}. 

Tor.o:a 
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/JA~t~JJ+-~tuut~/ =1~ (Lt+v) (k+~Jaf -[~++v)a~a;(LJ+~J)= 

= I Q~ (l/ + v) ( L + \))a.~ -(1/ -1-V ro.~ l ~ t ~) af + 

t ( 1..++ v) r.t' l u + v) r.tJ - (It +V) o.1 ~~.; (I.. H) I L · 

L. (II./-+V){/6 af fl + jo.' L/- L+~ I} ~ 

-6(11..\+v)t/~t~Ji, 

r.ae /eM. onpe.aeneHue iA-.17// 

,~, L t-t1H{Jjl 
TaK KaK I Q~ \ L 1. . noaToMy, cornacHo I A.21 I 

noJlOJKIIB )J :::- i{).~ , llOJlY'IHM TSKJKe 

iV(L+vJU}+v)+ ~ {s+(ILI.·hJ)!ti~~JI}-
- E {c" H)a.a--:- C<a c~..++V) } > o. 

1. . 
fleMMa lY. 

f3 :1. ~+ ~s nycTh ~ - BeiUeCTBeHHOe 'IliCJlO J. = r v 

' I A.29/ 

• Tor.aa 
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I V{(b+~) ( u++~)+ ti'"} A.1({) + cr''({) o./-
- ~ v_:.{(-~t-V)-t h-i"+-\)-~ +-d..,.-}-A-1-( {....,.--) +-cr-:~::-( i---,) I L- ~ ' 

rlle s~ . orpaHHqeaa npH \f ___:;.. £>o • 

/To me aepaaeacTBo HMeeT MecTo, ecnH B I A.301 ·B3SITb 

IA.30! 

Q+ 

4 BMeCTO a~ I. 

H 

,D OKS3a TenbCTBO, 

n 
PacCMOTpHM DpOH3BOnbHYIO HOpMHpOBSHHyiO 'P H COCTSBHM BbipameaHe 

~lf{~toL9>NfJ+ 'l'lU) (Qt +at;-( at +/lfJV(Qu~ ,W{J+'I''W }r! = t;, /A.31, 

rlle 

Q= (~+v)(Lt+ v). 
O· 

lJ.nSI paccMoTpeHHSI BbipameaHSI I A.31 I aocnonbayeMcSI cnellYIOillHM TomllecTaea-

HbiM COOTHOWeHHeM: 

l>o ~ ,,-;::; _ ''¥ ==. _L j{ ~ - -} vw dw, V :t V ;to :fr ;t
0 
+ w ~ + tU 

rlle ~0 
0 

npo~raaonbaoe nonomHTenbaoe qHcno. 3aMeTHM TaKme, qTo 
~ 

·- j .B+s-J-= f (As-s»)+, 
rlle J H f3 onepaTOpbi. Torlla 6y.lle~ HMeTb: 

f-

1>o 

4 . fA ~l(f) { f + 11,. 1 . 
~ = ~ ~~-wlQ+«,>N~J+T1lf)+oo Q(€tJ+a:t)-(~tlif) Q~+ti'AtiJ +'l'(~)+w lf>~ &w · 

0 

Ho 

Q af- a~ Q-=- ( ~ + v) { Lt a.f- qf L/}, 

~-~""'" V f Al{l af a!r , t a.e -a,L/=- t A(f) i 1 
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H , cne.aosaTenhHO, 

' +-
Q( a.{+ a;)~(o.~ +~~) ~=-

= - ~ X l{)(L+1l) o.:{ +t-X[{) a_f ( Lt +V) · 

DoaTOMY 6y.aeM HMeTb 

I~\= l t \ = 

- ,_ ~~ \f)JJ;( .. t 1 (LJ+v) a!t- cte(Lt+~) 1 'fl VLJ o{rJ} 
- ;lj' ~.('((!l+oi'J~(f)+ '1"(-f)+<V i (~"'~J.'(f)tTlf;+',J I 

0 . . 

OTciO.aa, ytiHTbtBaSI I A.29/ II s:so.aSI HOBYIO nepeMeHHYIO IIHTerpHposaHHSI, nonytiHM 

2 :z.+ 2.S 
Ho no ycnoBHIO neMMbl d.. = r y H noaToMy 

~ ( 

VQ+ t (s+ ~ \~llJ0(1LI+ 11) z 
~ 2 ··'r'l•O -t. i IAL{)\(\Ll+ lJ) _ 

G + oL + . !?- L {) v -



=1Q+cJ.1+ T•cn. 1/i+ i/Hfl/(IL/+IIJ < 
. A1

l{) V VQ + Vot 2+ vT.2Ci) 
)!-(f) 

I • I 

1 'a 2 T2 

( {)- . \ '· 1 + ) A l{) \ ( l L I+ v) < . ...::::: v + ol.. t )?({) v i_ 1'2(-.fJ 
. S + i V A2 ({.) 

<:: (1 + /A({lJOLI~vJ ) { 2 . 'T'_ .1.(-{) 1 
. 1~ +V tp (jl. Q + J.. + ... , A- • 

nolJO)KHM: 
I . )..=l(-.f.) 

Tor a a 

A = Q + c). .t + ry:t (-?) >- J.. 2_ 

A.tl{) ~ . 

I c/ L 41ACf)/~ (i + I )\(·OIQ~I~ v) Jf~{Q VA lf)ff otr. 
co :JrV ~s+yT.(fJ . (.1\.+rr)i 

\~tn 
' 0 

PaanomHM Tenepb cPYHKUHro ~ 
no co6cTBeH~hiM cPYHKUHSIM onepaTopa A . 

lf= L. CA \fA i 2::.-IC.A \'l. .. - 1. 
nony'IRM 

I~<( w:. 1 'f> ff J:t: 2:_/CAiiJoo {i\_T olr = 
o . (/\.+c) 1\. o (A+'t')~ . 

=:L/C liJo-Vtrlf =Joof[~ 
A A . (1 + t.)!!. -. 

0 
0 



.. 
! 
I 

VITaK, npu np01!3130JlbHOlt HOpMIIpOBBIIHOlt cpyliKUIIU lf 

rae 

Ho onepaTop 

SpMUTOB U, CJ19.0:0138T9JlbliO, 

Coaapweuuo ananoru'luo aoKaSbiBaeM, 'ITO 

Ho 

VI CTllJIO Ob!Tb 

'ITO I! TpeoOBBJIOCb .0:0Kl138Tbo 

VIs j)J} L S { BbiTeKaeT ] ~ t I ~ S ~ , oTKy aa au.a:aa cnpasG.a:nu

BOCTb .a:onommTenbuoro yTnepm.a:emHI neMMbi. 
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n pHno>KeaHe s 

0 npHHUHne ocna6neuHg xoppenguHH 

B aawiix neKuiigx *0 npHHuHne ocnaoneHHSI xoppenguHli II MeTo.ae xaaaH-

cpeaaH x" Obili ccpopMynapoaaa npHHuHn OC1J801J8Hlfg KOppeliSIUIIti Mem.ay "18CTH-

Il8Mlf llliSI CHCTSM a COCTOSIHHH CT8TIICTII"'8CKOrO paBHOBSCHSI. 3TOT llpHHiliiil cpopMy

liHpOaalJCSI cnea yromHM o6paaoM: 

K o ppenstUHOHHbie cpyHKUHH 

<.JJ1 (X1)t.) ... l.J5 (xs,t$ ) ... Uh("~n1-cn).>, lB. I.! 

rae .Us (><s,is) - noneaast cpyaxuast ~ (X s, is) IIliii tp+(ts,Xl) 
pacnaaaeTCSI Ha npOH3ae.aeHH8 KOppeliSIUIIOHHbiX cpyHKUIIli 

< u1 (x1,t1) ... Us,f (Xs-t,t~-i ))-< :Us:H tx~f1,tfH ) ... ~J x", t,) :> IB.21 

8C1Jlf coaoxynHOCTb TO"'SK x1, ... , X~ 6ecKOH8"1HO Y.ll81ISI8TCSI OT coaoxynHOCTII To-

"'SK Xs-t-
11 

... 
1 

X"' npii cpHKciipoaaaHbiX apeMeaax t.,f--t:t.1 ••• 1:~ ... t". 

3aMeTHM, "'TO a TOM C1IY"'88, 8C1JH B KOppeliSIIliiOHHbiX cpyHKiliiSIX "'HC1J8 onepa-

Topoa pom.a eaHSI II YHH"'TO)KSHHSI He paaHbl , TO ycpeaHSHHe <:,, > Hy)KHO 

llOHHM8Tb B CMbiC1J9 KB83IICp8.llHlfX 

CIIcTeMa c Mo.aenbHbiM raMHllbTOHHaHoM stanaeTcst o.aHHM II3 pe.aKIIX cnyqaea, 

KOrlla npstMbiMH paC"'8T8Mlf MO)KHO yoeaiiTbCSI B Cllp8B8ll1IIIBOCTH npiiH[lH!la OC1J80-

1J8HHSI xoppengunn. H·nme, ocaoBbiBastCb aa npeabillYlll'liX acHMnToTH"'ecxnx oueaKax, 

Mbi H noKameM STo. 

PaccMoTpHM .anst aToro "'aaxyyMHbie" cpe.aane, cocTaaneHHbie na npona-

B8ll8HHli ll01J8BbiX cpyHKilHli a npOCTp8HCTaeHHOM npeaCT8B1I8HHH: 

1p t-t X) =-_LL_ lX (t) ti({~x) 
- 1 '{V' ({<o) ~ . 

1 + ) -l.(-f·x) 
~+ (t,x)-= ''V" z_ cxf lt -t · , 

y v (~)~ ' 

IB.31 

~ 

[ 

r 

~ 

K 

q 
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3necb f npencTannSieT coBoKynHOCTh IIMnynbca n cnnua 

M IIpOB8HHe r~ 0, f < 0 0603HalJaeT CYMMHpOB8HIIe ITO 

6"=± j ~f. x.)-: (i:, i:) YfMeeM 1 Hanpn:Mep, 

npn 

.1_ 2:_ /CV. I t.w-e i~ (x- x') 
V (f>o) f 

V ~ Do npH6nn:m.a-<eTCSI K HHTei'pany 

1 · j ·,_ i{-(x-x'J 
l2.n )'3 I '~>-f l ~ d t 

3TOT HHT9I'pan a6coniOTHO CXO.USIIUHi\CSI, ITOCKOnhKY 

npo Bbip8}KeHne 

1 ; { (x-x'J 
.L_..e 

V ("f>o) 

------···-· ---~------------:-. 

(~,~J , npnqeM cyM

( npH ¢IIKCIIpOB8HHOM 

Mbi CK8)K eM TaK:m.e, 'ITO OHO npn:6iut:m.aeTCSI K "nenbT8 ¢yHKUUU": 

KOI'.U8 

OnHaKo cei\qac Mbi, pa3yMeeTcSI, npnnHChiBaeM cnoBaM "npenen ", ."cxonnM'ocTa. 
.. -::::: L /.- ,··. ·"' _ >; t/_/ :.·· ~-:! _ ··!-.f ~.~-~- '. ( ~· "·/ j ~ .;1 _ 

¢yHKunit" y}K e npyi'oit eM bien; a 'nMea~ito: CMbiCn ;· 'n'pnHSI'f:biil ·' B~cieopilini o6o6meHHhiX 

¢yHKUHii. 
. ~· 

' 

HanoMHHM 3necb, 'ITO 3Ha'IHT 

J .. 
. '. ~ ' 

··. . ~ .. ,,, \ ,-
COOTHOIUeHne: 

lB. 51 
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HnR 

/ { X(, ... ,Xe) ~ fim- Jv {x:1., ... , Xe) 
v~OQ 

B 9TOH T.eopHR. 

PaccMoTpHM Knacc e l~ 1 tt) / (~1 '1..) - nono*HTenhHhre 'mcna/ 

HenpepblBHblX H aeorpaHH'IeHHO .llHcpcpepeHuHpyeMbiX cpyHKUHH {(X~, .. . ,:l~) T8KHX 
1 

tt-ro. Bo aceM npocTpaacTae Ee TotteK {Xf, ... ,Xt ~ 

{ /xJ• ... + !x.!}"'/4 (x,, .. ,x~}"co~{;; [/xI +/t 1}1(/ us,+ ... + se h. j f eonn ' +... e n. s, ~., Se 
v :x, ... ""'e. 

cJ.. =- O,L .. , rr, 
o(, == 0, 1, ... , ~·i S, + ... + Se:: 0, 1, ... 

1 
fJ, 

Tor.lla, ecnu Mhi MO*eM cpu~cupoBaTh nonom,uTenhHhre ttucna ~ 1 II(, TaKRM o6pa-_ 

30M 1 'ITO .llnSI BCSIKOH cpyHKURH lv H3 Knacca C ( CJ-.1 "f,) 6y .lleT: 

S J-v ( :t" ... :fe) / v- (:x:,J ... Xe )ofx, ... ol Xe-+ J k (x,. .. X.e )f {:t1, ... Xe }clx J., ••• ol xe. 
. . . 

Mhi 6y.lleM roaopHTh, 'ITO HMeeT MecTo o6o6meaaoe npe.llenhHOe cooTaoweaue IB.BI. 
nJ t- . 

K aK Mbl TOnhKO 'ITO BH.llenu, cpe.llHRe OT npon:aBe.lleHRH T l t, x) 'i' ( t) X) 
.. , 

MOI'YT CO.llep)K8Th o6o6meHBbie cpyHKUHR. nosToMy C,Q.OTB9TCTBYIOlllHe npe.llenhHbie 
; 

COOTHOWeHHSI 1 npH v ~ OQ 1 Mbl .llOn)KHbi 6y.lleM llOHRM8Th B CMbiCne TeOpRH 

o6o6meHHblX cpY:HKURH. 

PaccMoTpHM Bbipa*eHHe: 

_j_ + i/O<cX.r.) < ~lt" x-1)'l'+lt2.,~.e.)>= V :L<.a.~lt")~,(t,.)'/~ ~0:-G'!) r: ' o"~ ( {'~ •t t . l~ ;t 

VfMeeM 

f~ tx~- :(!.) .< 'l'~l-t11 ~·1~ ~ l t2.,){.~.)) o\x 1 .-

1 + ~ 
= -v 2..<.Qt Lti) <lf lt2.)> { (1-) t(Qj-tYJ.) 

(f>~ . 

r.lle ~ i(~·x) 
~ ( {) = J t lx) .e. tAx • 
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B::HIB 'li1CJ1a 41 't B K.TJacce tl ~I "t) . , K KOTOpOMy npi1H8DJ1e:>Ki1T ~ (.;\) 
M bl MO}KeM no611TbCH TOT'O, 'IT06b! 

l:lf} 
y6biBana np11 ~~ ]---?> ~ 6biCTpee mo6ofi cTenemi • HaM snecb nocTa-

TO'IHO 6yneT J111Wb o6ecne'li1Th, 'lT06bJ: 

Torna, saMe'laH, 'ITO cornacHo 16.361 

f< Q~(t1) Qf Lt1))H -.<etf lt~) lA~ Lt2.) ~o \ L-
• l1'lP . 

~'\ s -= c...Ontf · 
) :J_ I 

51. 

LK 

IB.61 

H o HenocpencTBeHHbiM Bbi'IIICneHIIeM y6e:>KnaeMcH, '!To: 

<~t4,x1)lp;.(-tt X!.)'>. -V~ 2-lL.tflt£i&.(fJ(trtt)+~-f.{x1-x~)tf(v~-v':i) 
' ~ 1 1to _(-.{'~ . 

II ITOTOMy, T8K)l{e B 0606lUeHHOM CMbiCJJe: 

<( 'tlt-t, Y-1) 'f;.tt1,X2.)~ -
' .:t.. .H 

- J l \A~ \1 txr \-1 Jh({)l-t.ctt) + 1 H1'-1'-X1) ~ elK" S ( G'i' -v;.) ~ o 
IE.7 I 

. v~~ 
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Ha /B.6/ H /B.7 I HMeeM OKOH'IaTenhao: MOI"Y 

v~ ~<!f.;l t,, x,) I( ( t 1 , xtl,>. ---:-
Bene 

= f I u{·l1 tXp {- i& L·O l t'\-tL) + i; { (x~~X!!) }·d il" t (O:-~) = 
IB.B! 

. . 

-{l'.lt1-tt, x1-x._)- 'F [ tct,, x, -'-'x._)} 0 ( 6741.) /B.9/ eCTh 

lllt, x)-= jup ~-i J1l-f.Jt+ i{ x}· dK :·. . 
3aMe 

'f(t,x) = J!~flt4~{-i&,({)t'+ i{x} d~ 
. Cosepw 9HHO aaanOI"li'IHO nony•nt:Mx/ I nos~ 

tim <'Y~(t,_,x,_) ~.j.t~ 1 X.,)):==-'fl-t~.-t-t>X1~X~)cf(~-or) ts.to, 
~~ . .. ·. . 

PaccMoTpHM Tenepb 6uaapHbie Bbipa:>K~HHSI: 

<'¥ tt1, X-t)\I'ttt1 ~t.)\}'t(ttx9 tp+(t~, X~)>.· f> 

HMeeM 

. <\flt11 X-!)t!'ttt, x,_)\}'t(t~ X~) tf(t~, ~~J> -=:: 
/B.ll/ 

·={:t2:<a.~clif) £li~lt!)~t lt'~) Q!i (-\:~)/ ~p {if4~+if,_x~-~gtxi-i 71X~}. 

TaK KaK nonahiA HMnY:nhc coxpaa.HeTcH, a .rlnSI. ~'H lilt q}HdJ 
BH.llHM, 'ITO Bbipa:>KeHHH .· 

< ) + L' + l r >·. CA4-t ( ~" Q~f. l tt.) ~~t -E~) a.~1 t -1) . 

oa pasea aynro, · 

IB.l2/ 

x/ . 
'3TO npe.QenbHOe COOTHOW.8HHe HMeeT M8CTO 'TSK:>Ke H B 06bi'IHOM CMbiCne 

BBH.lly a6coniOTH01t CXO.llHMOC'TH HHTerpana,. onpe.QenSIIOW:8r;''? if: {i/x) . 
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MoryT ObiTb oTnHttHbi oT aynSJ, . nHlllb ecnH 

/B.13/ 

BcnoMHHM Tenepb, ttTo no /2.1/ n: /2.2/ 

+ n,f ~ Q,l a-~.· 

eCTb HHTerpan ,llBH>K9HHSJ H 'ITO ¢H l L( cp~o). ·. · Y.ZlOBfieTBO]lSJeT ;.ZlononHHTenbHbiM 

(n~- Yl_f)cp = o. 
3aMeTHM l HSKOH9II, 'ITO . 

(l1~- YL~) Q.{ =.(X-tt.{ ll'l~-YL~)-.1~1~~)-+ d' ({+{)}. 

nosToMy /npH filOOOM { /: 

· .... 

=< { 1+hi lt")+ n_{l~~)t 0.(4 l·t.,) Clf,_ltrl ~'- t-E{l4• t~~i.?-= 

. < (\~il*·) {1+t1tlt()-~~[t.) -~({-f.)+~({+..f.~)}I).~2.(\:JQ3t(-\:~)'1f (-t:~>>= 

= ~f-tlt•) O.f,_l-\:t){ 1+ )l~ lt1)-lt.f(tt)-d'(4-fc}+ ri'H+f&)- !P(f-4t)+ J1(~+..fL)} X 

X 0.12.lt~ a.-;4 lt~)> -= . . . -



= < Qf1 (t~) a.~;t (t2.) o.;;t Lt"2..) o..;1 (t~) X 

X { 1+ hf-)'Lf- 01({-/i)+ rf>({+fi) +O'(f+/t)- cP(f -~~.)+ 

+ cP(-f-~,_) -P({+~t) + lfl(~-?1)- J1({ +~~)})-== 

= i 1-~l-t--{~)+Jl({+{-t)-01(~-~2-)+0({+~.t.) + 

+ cP({ -~,_) - ~tf+~f.) + Pl{ - ~-~)- Jl(-t + ~.,) } X . 

X < Q{1 ( t.) a.f, [ t£.)' ~t [ t'!) o.;
1 

[ tj J>. 
e 
" 

3To Tom.aecTao noKa3biBaeT, IJTo BenHIJRHbi /E.l2/, MoryT ObiTh OT1IRIJHbi 

OT Hyng 1IHWb , 9C1IH .ll1ISI 1!!000!'0 t : 
-&({-{-t)+ ~({+{~)- 6J({-{R.)+ Jl({.+{f_) + 

+ ~({-~g_) -ll(f+ ~i.) + Ol(f-~i) -Jl(f + ~1) = 0. 

3To COOTHOW9HHe BM9CTe C /6,13/ Bbin01IHSI9TCH 1II!Wb B C1I9.llYlOUlRX cnyttaHX: 

f1 ---=/ !l = 0 i ~ 1 + ~fl. . 0 
/E,l4/ 
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{1= ~1 IE.15 I 

1-~ =- ~2. ) +9..-=:. ~1. IE.161 

KpoMe Toro B IE.151 II IB.l61 Mbi Bcerna MO:>KeM cqiiT8Tb, qTo 

IB.111 

B caMoM nene .a 
en,- 11-~) Cia (~) /l.; (t~) ~H = /l.; (~) /l.3 ( t; )( f1' -n-3 + ~) fu = 

CYTb TOnbKO ±1. II 0 II, 

cnenoBaTenbHO, nocnenuee paBe-ucTBO B03MO:>KHo niiillb npii BbinonueHHH 16.17 I. 

VfTaK, M bi Mo:>KeM npiiBeCTII IB.ll I K cpopMe: 

r 
" !l: 
i! 

I 

;i 
'i 
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3aAMeMCSJ Tenepb npe.aenbHbiM ,nepexo.aoM v~ t:><J 

C[~1 1) tPYHKUHti ""- [ X J ~) H tflHKCHpyeM ·~ 
ft ~ !{({,~)·\ L- V!l~t, 

f,t 
..- J i(-fx+~1J) ~({,9)= l(x,~)~ dy.d~. 

• PaccMoTpHM Knacc 

, "(, TaK, 'ITOObi 

I t' nocKOnhKy /eM. /5.56/ I npH tflHKCHpOB8HHbiX t1J t1, tf., 1 

lzttttb)Q' ltt)~t·t{)t{; L~~)~-

nf I f .t C.Ohht -< Q~(.·b) ll~ltthl~ lt1) .a~ ("t"t)~o \ ~ ff , 

Mbi HMeeM: 

I f-!.tx, ~ 1 { rH l t1, t., t~ It~ I X,~)- ~.(io,,t,,t;, t~ I x, ~) 1 olx d~ l L. 

L.. e.o~st O 
- 'Iff;' ~ } e. 

v V V....:Po- • 

'l.OCl r (t1,tf.,t~,t~ I x,~) == . 
+ + i (-.fx+~y) = _1 2_ < ll{ (t ~) et4 HtJ Cll ( t'1) ct4 lt~>>..e · 

V'- 1·} o o 

({."*,.. ) 
f-t-cftO 

nony'IaeM T8KHM 06pa30M 0000ll.{9HHbie npe.aenbHbie COO'rHOW9HHSJ: 

rH Lt-rltt,t~,t~) y.,.-~~) )(1-'1!,)- r;..,tt .. , tt,ti;t~ I X eX.~) '1-t -X~) -'i- 0 . 
y__:;;. Co 

Ho npstMoe Bbi'IHcneaHe TaK *e, KaK a cny'Iae IB.41, .aaeT: 

~o (tt,t1,t~,t~, X 1-x~,x!l-x~) = 

r; 

HI 

c 
q 

1 
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~ -{t. ~-1!,_, xc ~~l. -t(t,-t;, x.-x~ }{Altf ~x_,-x; )-H tct:,Y:..- xl) }Of.-1. )• 
~ . ~ b (6l-Oi) 

rne J1l{) onpe.nensteTcSJ cooTHoll!eHIIeM /6.2' I a ll ( t- 1'1.) II· T(t,x) cooT~ollle._ 
HIIeM /E.9/. 

Cne.uoaaTenbHO, 

l I I I I) 
"'r.T.t.._VV\ rw t1~i,t!.;l", X,c~t,;Xt-'lCt =. 
v~oo 

-=- '6 (t1-t~~-~- X~)- fli1-t~ )){1-ll~) t X 

x {A lti"t;, )<
1
- 'X~) -1 (t,_-ti, )(t.- X~)} I ( a;-61)f ( 61-US:') 

Coaepll!eHHO aHanorii'IHO nocTyniiM II c .upyriiMII qneHaMII, BXO.llSIIlliiMII B npaayro 

'!8CTb paBeHCTBa /E.18/. nonO>KII¥ Tenepb 

r _,JLt{)t -i{ x -r 

~t,~) =- j\\{'\~{ t ' dK-= 

- ( c.~(:f) -i..U.l{)t-1.~)( -~~ 
- J !t U1l"t) .Q 01 K 

/E.20/ 

Torna MO>KeM H8DIIC8Tb o6o6meHHOe npe.uenbHOe COOTHOllleHIIe B BII,ne: 

_, 

' 
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. fAW1 <1f.Jtf,X1)l]l(tt,Xi)tp~(t~,X~) lp+~t~,~~)~ = V-?>oo ~ Ill ~ ~ k 

= ~l t1- t 2, X1-Xt) i~ tl-t~, ~~-X~) o ( 6'( +6;.) 6 (GV,' + rY1) -t-
.t J, /6.21/ 

-t-o'(u;-..c;) b'(~~{ ~ lt(-t~ J X1- X1)-J(tr~1r1-x~) }{A (tt-tt, Xt-X~)- J(t:iti1x2--X~)}-

-o(v,-~)~(~-l),'r~ tf:.ct~ 1 )(1-X~l- t (1:1-tt x1-X~) H~(tf-t~) x~.-x~) -"f (tft~, X£ X~)} . 

CoBepw eaao aaanoriPIHbre cpopMynbr nonyqa IOTCH II anSI .upyrnx nopH.llKOB 

pacnono:>K8HHH onepaTOpHbiX cpyHKUHH ty , tpt 

Ha npnMepe nony'Ieaaotl: cpopMynbr IB.21 I Mbi ~fO:>KeM nponnnrocTpnpoBaTb' 

npHHUHn OCnaoneHHH KOppenSIUHH. 

Ha.uo TOnhKo aaMeTHTh, .'ITo npn cPHKcnpoBaaaoM t 

'flt,x) -~o 
lX\-?> oo 

ffi(t, x) ~ o 
\X\~~ 

6.(:l:Jx)~o x; 
p<\ --;. C>Q 

IB.221 

/B.23/ 

xl CaM a cPYHKUHH ~ lt, X) - o6o6w:eaaaH. 3To cooTaoweaue TaK:>Ke paay-
MeeTcH HM88T M8CTO B 0000ll{8HHOM CM biCne. 



---

I 

I 

¢HKCHpyeM BpeMeHa t1) ti) t~) t"~ 
X"- X~ > Xi.- ti, 

OcTarrbHhle npocTpaHCTBeHHhle pa3HOCTH 

B7 

H hpOCTpaHCTB9HHhle pa3HOCTH 

-. 

y cTpeMl;(M K 6ecKOH9'1HOCTH. Tor.ua paccM.aTp.HBaeMaH cpyHKUHH 

6y.ueT pacna.uaTbCH Ha npOH3Be.ueHne: 

/E.24/ 

{A lt1-t~, x"- x~) -1=lt~t~, )(1- x~) }{Al-t2 -t'i, Xscx'~)- ~ (~,.-t~> X1- x':1.) 14 (~-V:)J< 
paBHoe /eM. ~E.8/ /. . X 0 ( ~ -6":) 

/E.25/ 

PaccMoTpHM Tenepb .upyroa cnoco6 ocna6neHRH KoppenHURH. 

CHoBa cpHKCHpyeM Bpe~eHa t1,tt, t~) t~ H npOCTpaHCTB9HHhle pa3-

HOCTH: 

OcTanbH~e npocTpaHCTBeHHhle pa3HOCTH 
. I I I XI x1-x"> xi-xi., x,-x!., Xt- 1 

ycTpeMHM K 6ecKoHe'IHOCTH. Tor.ua paccMaTpHBaeMaSI epyHKUHH /E.24/ pacna.uaeTcSI 

Ha npOR3B9,ll9HRe 

~ (tcti, xi- X.t) ~ (t~ -t'", xi- .x~) i>G;. cp~ a'(U:+Vi)" 
l( 0 (~'+6":) 

/E.26/ 

II 
:! 
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£t(t,-tt, i\c x .. ) = th1 < ~Lt1,l<1)1P,.lt,, x,) ),;' 
v~oo . 

f (-t'i-t)x'1-X~) = ~ < tr:(~/~~)~Jt~JX~)>u . (" v--!) £)Q 

IB.27 I 

TaK, 'ITO Mbi nMeeM pacna.ueHne IB.241 Ha nponsBe.q:eHIIe cpe.uHnx: 

l' h1 < 1!J [ t 1, x1) !J'Lt2, x.) >tim ('l':.L ti, ~~ 1 lf;,c t~, x~) > 
T, 'I ~ v "' I v..:;:.C>"' ~PO 

IB.281 

YcTaHOBJieHHbie HaMn cooTHOllleHIIH /B.251 
IIJIII /5.28/ li HBJIHIDTCH B Ll8HHOM 

cnyqae Bhlpa~eHneM npnHunna ocna6neHnH KoppenHunn IB.21. 

npn V:O 

< 'Plt1, x1) ti' lt!t1 Xq_)'/u-=- o 
. H 

Il COOTHOW9HliH /5.27/ MecTa He liMeroT. B 8TOM Clly'Iae, 0LlH8KO, Mbl MO~eM 
BBecTn "KBasn-cpe.uHne" 

<. o/vv ( {;,) x:) <p ~ ( f-t, Q;.t) h, ~ fuu 
I ' ~ J).J.O 

v~o 

~ < o/6" (t, xJ <p~ {t~, :t~J > ::-
V+oa I " 

I 6.29 I 

~ c/J02. {~-t:tJ x: 1 -x~) t(~+o;_) 
u BMecTo nponsBe.ueHnH cpe.uHnx IB.281 B3HTh cooTBeTcTByroruee nponsBe.ueHne 

"KB83II-cpe,llHliX ". nony'IeHHb!e Bb!We COOTHOWeHHH npe,llCT8BJIHIDT co6oro lilllliDCTpa

UliiD o6mero npHHuuna ocna6neHHH KOppenHuun. 

nonb3YHCb CJiy'laeM, Bb!pa~aro CBOID liCKp9HHIDro 6naro.uapHOCTh ..Q.H. 3y6ape

By, C.B.TH6nnKoBy, IO.A.UepKOBHHKOBy n E.H.5lKoBneny. 

PyKonncb nocTynnna B ns.uaTenbcKnfi oT.uen 
26 MapTa 1960 rona. 
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