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I. BBe.1teue 

BoJII,IIIHHOTBO 88,llall M8.T8M8.T.Hll8OI<OI gJ.Ha.HI<.H H8 pemamoa TOll

HO. lllfl np.e:6JmllteHHoro BIRHOJ18HR!I HOROM!il ~. B 88.B.HO.HMOO

TH OT Toro, 1t8RHMlil YPaBH8lmllll.H OH.H Onp8,It8JllDlTOSi, dHJll[_paspado

TaHH pasHoodpasHHe M8TOJt!i aIIIIpOI<Ol!Ma.Itd_. Bo MHOr.HX CJly1la/ll. · 

TaI<.H8 M8TO.ltli llOSBOJllll)T HalT.H .HOI<Ouyll ~ 0 ,ltOOTaTOiiHOI 

OT8II81ll,I) TOllHOOT.I. 0,JtHaI<O .JtJlll ropas,ItO doJu.mero 1DICJI8 p88JII,HHX 

Wl3ztl8OI<.HX 88,ltall MaT8M8.Tlll8ORaR: WoPM3'Jll!l)OBR8. npodJleMH HaOTOJlliKO 

OJIOJEHa, l!TO 7.1ta8TOSi onp8,ll8JUIT:& JI.HID:& H80ROJU,KO nepBHX np.1dJill

&8Hd RS.KOI-JWdO .l!T8P8UHOHHOI npo~8.JlYl)li, 0 OXO,ll.l!IMOOTH KOTOpol 

lilJ1.I Hllll8ro H8 .HSB~OTHO, lilJ1.I TOllBO,H3B8OTHO, l!TO OHa paOXO.Jtl[TOSi. 

Ilpe~aeMhdt B HaOTOJIUl81 OTaT:&8 8JII'Op.l!TM B!RHOJI8HRII <PYHI<Ud 
npe,JtHasHaiieH l!M8HHO ;rI,1lJI TBJtl!X. OJIOlllWX Cl!TYauidt• AJiropHTII npe,ll

OTaBJlll8T oodol BapHaHT M8TO,Ita llOOJI8,ltOBaT8Jll,HliX np.adJm&ewd, 
das.apyD!ldoa Ha JIBHOM HOIIOJU,30BSHHH yOJIOBRR: OXO,ItHMOOTll H Ha 

rpymIOBHX OBOICTBax peKypp8HTH!U: OOOTHOmeHl!I, BUT8KaDII.HX HS 

YOJIOBRR: dHOTJ)OI CXO,ll.l!IMOOT.H, 

2. ~PMYJWpOBRS. M8TO,Ita 

,ItonyoTHM, HII!8TOSi q,yHKUl!Ji /t/J nepeMeHHol IE 6 . 3Ta 

q,yHKIUUI MOZ8T 88,lta.BaT:&OSi KaKIDI-JIHdO ~qxllep8HUH8Jll,Hml, HHT8r

p8Jll,ma.t lilJ1.I JilldHM ,Itpyrm.l yp~H8Wl8M, KOHKP8TH8/l npl!pO,lta KOTO

poro ;rI,1lJI Hao cehao despas.u,ma. Ilpe,ItIIoJiaI'aeToa TOJUoRO, ,rro 

STO ypa.BH8Hll8, ,ItOllOJIH8HHO8 O00TB8TOTBYJXltl!MH rpaHHllltl:WH H Ba-

118JII,BlD,ll[ yOJioBl'UIMH, .HMeeT e,ItKBoTBe·HHoe pemeue, TOiiHoe B~aae

oe ;rI,1lJI ROTOporo, BM8,It0TB.18 OJIOZHOOTH S8,lta1DI, HalTII B8BOSMOZ

BO. lllfl np16JmzeHHoro onpe,1t8Jl8Wlll .HOKOMOI g}y'HKIU[II XOT8JI00:& dH 

IIOO'l'pO.HT:& TaROI M8TO,It, KOTOpHI npHBO,IUtll dH'K IIOOJI8,ll0BaT8JI:&BOO-

. TK { f n l8l ~ ( h = 0, I' 2' ••• ) , PaBHOM8pHO OXOJtlDll81lOSi Ba 6 . 
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,Ulili paBHOMepHO cxo~ettCII llOCJie,ItOBaTeJU,HOCTH HMeeTCII TO'IKa 

HaCU1Itemm n = & , Ha'll!Haa: C KOTOpott,npH~eHHe fh (9) C 

3a.D;aHHO:lt TOllHOCTI,I) £5 prumo KCKOMO:lt iPYH~ /<8) .iµm Bcex 

9 .HS MHOJEeOTBa 6 . B ,Itam.He:ltmeM 6y;zteM IDICaTI, 

(2.I) /h {f) ~ /lg) , ( h ~ !) :, 

IIO.lij)a3j'MeBaH npK 9TOM, llTO 

(2.2) I 
/lfJ 

f. £$,, (h~$,! E G). 

KpoMe Toro, IIOCROJI!,Ky no yCJIOBHll ypaBH8IDie, 3a.D:aJ:Xll8e /t/) , 

npe,ItIIOJUU'aeTCII HaCTOJII,KO CJIOlKHllM, 'ITO y~aeTCII pacctmTaTI>_ 

Jlllllll, H8CKOJll,KO nepBWC npH6.7nmemrlt fn (j) , HeO6XO,ItHMO IlOTPe6o

BaTI, ,ItOCTaTOllHO 61:lCTPOH CXO,ItHMOCTH noCJie,ItOBaTeJU,HOOTH { flt. (f) J , 
'ITO61:l yze nepBHe HeJi,Itemme npHCSJmllemm C HymIOI TOtmOCTI,D 

annpOKCIDOlpOB8Jll! KCKOMylO ~- ,ll;mt Kall!,I(O:lt sa.n:aruroil noOJie,Ito

BaT8JU,HOCTJI f lh (8) J Ma.KCHMaJU,HO 61:lCTPaa: cxo,ItHMocTI> OTBe'!aeT 

MHHHM8JI:&HOI TO'Il<e HaCl:lllleHIDI :, = 0 • YCJIOBH8 61:lCTPeilllleil cxo

,ItHMOCTB MODO sanHCaTI> B qiopMe 

(2.3) .D. (8) :! f. (g) ( t1t,-n -::, o) , 
1111+t1 "' , 

9KBHBSJI8HTHOI nepBOMY RS npHBe,IteHHl:lX BWil8 paB8HCTB (2.I) npH 

~= 0 • 

EcT8CTB9HHO, CBO!CTBO (2.3) CSy;zteT Bl:lIIOJIRIIT:&CII He .iµm 

npOJit3BO.lll,HOI IIOCJI8~OBaT8JII,HOCTK. ,Ulili Toro, llT06H o6ecne'IHT1, 

Bl:lIIOJDl8Hll8 yOJiomm (2 .3), BBe,IteM ,ItOIIOJIHl![TeJIJ,HyD IIOCJie~oBaT8.lll,

HOCT:& { "G, t9> J . ~ oh(81 CSy;zteM Hasl:lBaT:& ynpaBJlllllll.HMH, 

IIOCKOJll,Ky .a:x _I(8JII, - ·IIO,ItIIpaBJI.flTl, Ha K8llf,ltOM mare h = 0, I, 2 ••• 
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OCHOBHYJ) noCJie,noBaTeJII,HOCTI, f f II l~) 1 Ta.K, '!T06ll Bll!lOJIHIIJIOCI, 

yCJIOBH0 6HCTJ)0ilmeil CXO,IJ;RMOCTH (2.3). OTO 03HaqaeT, B ~CT

H00CTH, qTO BC/ut00 npR6JIIDJt0HlI0 fr. la) CTaHOBRTC/I q,yH~OHaJIOM 

fn (8, lft If)) OTHOCRTeJU,HO ynpa.BJilIIOOleii ~ ~ft (9) • CJie,noBa-

TeJll,HO, CTJ)O.ffllla/IC/I noCJie,noBaTeJII,HOCTI, /lllJIII0TC/I llOCJI0,IJ;OBaTeJII,-

1!0CTI,JO <pyll~OHaJIOB In (a, 2 .. <al) , ,nJDl ltOTopott CY1118CTBY8T TOq

Ka HaCl:llll8IUm S , 1tor,na B YJta3a.HHOM Blllll8 CMllCJI0 (2.I) cnpa

B8,JµKBO paB0HCTBO 

(2.4) /Jg, ril8)) ?i f(f) , 

a ynpaBJil!IOOlR0 IJlYl{KIUill onpe,ne.IDIJOTC/I YCJIOBR0M 6llCTJl0lllll0H cxo

,IJ;RMOCTII ( 2. 3) , npIDiRM8I<l!lHM B,M 

(2 .5) f (8, iM-th {8)) ~ f,.,, (g, i.,.(8}) .) { "'11 1\ ~ 0 ) . 
m-tn 

YCJIOBR8 6HCTJ)e:ll:mefi CXO,IJ;RMOCTR (2.5) npe,nCTaBJI!I0T co6ofi 

peKYI)p0HTHOe COOTHOllleHIIe, CBil3h!Ba!OOl00 pa3JIRqHll0 'UI0Hll noCJie

,IJ;OBaT0JII,HOCTR. Ha 3TOro COOTHOW8HRl:l MOlltHO BHB0CTR BaJKHOe 

rpynnoBoe CBOHCTBO, ltOTOpoe Mll cettqac yCTaHOBfilvi. 

Onpe.neJIRM 1!JyH~ 8 (-I} ypaBHemteM 

c2.6) lo (t, i.<8>> = I 

BBe.neM o6oaHaqeH1!e 

-
(2.7) '"(.f.) = (. (8l#> 1 ?,.(Qlll)) 

4 
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,IT.7m q,yHICIUU! (2.7) YCJIOBB:0 (2.5) npRo6peTa8T B.lf,I( 

c2.8> ! (I) = j_ ( fJ , ( 1'11, n ">-- o > 
l!l+n '" 

H3 (2.6) R (2.4) BllT0lta.llT paB8HCTBa 

c2.9> 1
0 

U.J =I, ..P! rn ~ lt1>) 
RrpaJOlllH0 pOJII, I'pamtqHRX YCJIOBB:ii ,nJilI peKYI)p8HTHOro COOTHO!ll0HH/I 

(2.8). IloJiaraJI B (2.8) m = o , HMeeM 

l, (I-> ~ lo ( 1-i =I. 
IIo,ncTaBJIJIB I ::f '"{II o6paTHO B npaByio qacT.b (2.8), no~eM 

(2.10) f._ (!) ~ / ... ([.(fJ) 
1 

{rn1 n~o). 
111+1'1 "' 

PeeyppeHTHOe COOTHOill0HR0 (2.10) B:MeeT qx>pMy Ta.K Ha3llBa8MOro 

aBTOMO,IJ;eJII,HOro npeo6paaoBawm. Ta.KRM o6paaoM, YCJIOBB:0 6llCT

pe:llmeii CXO,IJ;ID.iOCTR (2.5) Olta3HBa0TC/I ,IJ;OCTaTO'Illl:lM ,nJIII CBOHCTBa 

aBTOMO,IJ;0JI.bHOCTR (2.10), HO, KOHe~o. He He06XO,nRMllM. 

IlOCTJ)ORM aHaJIRTB:qec1toe npo,noJillteHRe CBOHCTBa aBTOMO,IJ;eJII,

HOCTH (2.10) Ha~ Henpepl:ll!HO M8HRJOOUIXC/I RH,n0ltCOB • .rr.,m 
sToro BBe,neM nepeMeHHyJJ 

(2.II) -t = e" " ) 

YDPa.BJllllOOlYID q,yH~ 

(2.12) ~ ( t., I 8 ) : ~ t1 ( 9) 
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R 3~8M8HT IlOCJ18~OBaTeJII,HOCTR 

(2.13) f(tn ,8, ?(t,,,g)) = Pn(e, r.,{ql) 

IIpo~oJDJtRM cpyHKlijm ( 2. 12) R ( 2. 13) Ha O6.nacT:r, Henpepwmott nepe

MeHHo:lt i ED, oo) , npoxo.nmnei qepea Bee .zurcKpeTmie aHaqerum 

(2.II). Alia.noroM qJyliKiijm (2. 7) NISI HenpepHBHOtt nepeM8HHOtt t
HBJIJi8TCH q,ymtnl!!i 

(2.14) / {t,f) = #{(f(f), "i(fj f.(IJJ) 

I'pamrnme yCJIOB.IUI (2.9) rrepeXO,ni!T B paBeHCTBa 

(2.15) f t~f-) = f, 1t~ .f) = f (1) · 
I 

HenpepHBHO8 npe~cT~emrn yCJIOBM aBTOMO~8JII,HOCTR (2.10) IIpR

HRMa8T Blflt 

(2.16) f {tt, I-)=/ (t, I(~/))~ (l,t ~I) . 

CooTHomeHJD> ( 2. 16) HeTPY.nHO npB,ItaT:r, .zurqxI>epemum.1II,HyIO ifJOPMY 

(2.17) 

B KOTOpOI 

3 f {t, t) = 0 (f (t/)) , 
'J l+i t-

c2.rn> ra>= 'o~ f (ij -f) I 
t=f 
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YCJIOBR8 aBTOMO~eJII,HOCTR (2.16) NISI 1i8IIp8pHBHOro 0606111erum 

RT8paD;l![OHHOH npou;e.zzypH 6wro C4JOPMYJIRPOBaHO B pa6OTe [ 1]. Ilo 

CBoett CTPYKTYP8 ypaBHeiiRe (2.17) ~eHTR'llIO ypaBH8HmO penopMa.Jm:-

3aD;l![OHHOtt rpymm NJSI mmapRaHTHOro aa~a B RBa.HTOBott·TeopRR 

IIOJm [2] , r~e (2.18) arpaeT pOJII, qiyHKiijm I'eJL1I--Mamm-Jioy. 

IlpO.HHT8rpHpOBaB (2.17), MOEHO IIO~TI, 

/l!) 

·J "~ = g-n . 
(2.19) .1 rcy) 

T. lSl n 

HaIIOMHHM, '!TO 3KBmlaJI8HTHHe ,Iij)yr ,Iij)yry ypaBHemm (2.16),, (2.17) 

li (2.19) 6WIR IIOJIY'!8Hll KaR CJie~CTBRf.l YCJIOBM 6UCTP8IDil8H CXO

~OCTR (2.5). 

Ji}m Toro trro6u MO.lK.HO 6WIO KOHCTPYKTRBHO BOCIIOJI!,3OBaTbCH 

IIMyqeHHUMl[ ypaBHeHRf!MH, Heo6xo~o j'MeT:r, Haxo.zurT:r, qiymanm 

I'8.1L7I--Mruma-Jioy (2.18). EepsI IIpOR3BO~ no IIepeMeHHOH t, 
BCIIOIIHllM', trrO q,yRKD;Rf.l (2.14) 3aBRCRT OT f Ka.K :rrpmi!O, Ta.K R 

qepea YIIpa:BJl.'IDIIYD q,yRKD;RRJ ? = 'l ( t, 9) ' IIO3TOMy 

'df =l? tJ + 0'Jr) ~ 
'ot u f>c 'lJt 

i. t 

Tait Ka.KB KOH8'!HOM C'!8T8 MU j'M88M BU'!RCJISITI, TOJII,KO M8M8HTU 

RT8paD;l![OHHOtt IIOCJ18~OBaT8JII,HOCTR (2.13) NISI ,IUlCKp8THUX 3Ha'!e

Hd t = t-., , TO CJ18~8T Bepeyuca: K ,IUlCKp8THOMy npe~CT~erum 

(2. 7) • Ilp:a: 8TOM IIpO.1!3BO~8 IIO f Ha.ztO aIIIIpOKC.i!MRpOBaT:r, KOH8'!

HlilMII pasHOCTJDm, BU6HpaJI NISI IIOCJie~, HanpRMep, ~yxTO'!8'!

HUtt mad.non [3] • TaKHM o6pasoM, NISI q,yHKiijm I'eJL11-Ma.HHa-Jioy 

(2.18) IIO.nytm8M IIp.H6Jmx8HHO8 Blij)Bllt8HR8 

7 



(2.20) 0 (f) ~ 
M 

O (a i )- /. (i, i") ~- ?,. R_ f) (11?: ) ;~ ,, " " + - r,, q, " > 
S-n 'ct,. S-h 

B ItOTOpOM h ~ & J 9 = a (P-) 
1 

1-., = 'l,. (g-{fl)) 

Ha JI3Blt8 peHOpMI'pymIOBHX npeo6pa30Ba.wtii (2.16), .wm (2.17), 

llCKOMaJI ~ f (8) , It ItOTOpOit no nOCTPO8HlDO CXO,ItllTCJI 

nOCJl8;n;OBaT8.III,HOCTI, f fn (g, fn(f)) 1, H831:lBa8TCJI H8IIO,ItBmmOit HJm 

~capoBaHHOit TOtJKOii. YpaBH8Hll8 (2.17) noK83HBaeT, -crro Heno;n;

BmKHOit TO'!It8 COOTB8TCTBY8T HJJII, cpyH~ (2.18); noaTOMY pa

B8HCTBO 

0.·· (/) =C ~ {t: Li~~) 
~J . 

,!µIll Blij)8llt8HM (2.20) fil'PaeT pOJII, ypaBH8IDifl Ha ynpaBJifflleyl) qiyHK-

~ t,.(8)' o6ecne'll!Ba.Deyl) H8l!6HCTP8Amyi:) CXO,ItRMOCTI, paCCMaTPll

BaeMoit noCJ1e;n;oBaT8JII,HOCTll. 

CqiopMJ'JmpyeM o6IllYll cxeMY npmeHemm npe;n;.naraeMoro a.nro

pxTMB.. H3 npll6Jlllllt8HHOro pememm ypaBH8HRil Ha qiRKCllpOBrumyl) 

TO,my a, (I) = c onpe;n;eJilieM ynp8,BJJ./lllleyD q,ymmllXl ?., (8) , KO

Topyio no;n;cTaBJIII8M B IIOJIHOe Blij)BX8Hll8 (2.20). lfHT8rpllpyJI, C 

Hai;n;SHHOft cpyIIR.I~e:ii reJJJI-Mamm-Jioy, ypaBH8Hll8 (2.19)' no;ryqaeM 

l!CKOMyD cpyH~ f (g) • 

3. R1IJmcTPan;wI M8TO;n;a 

Jvm Toro i:rro61:l H8 TOJII,KO IIpO.IIJlJIJ)CTPllpOBaTI,, HO ll o~eHRTI, 

norpemHOCTI, npe;n;.naraeMoro MeTo;n;a, paaJMHO Bl:l6paTI, aa.na-qy, HMeD

IIIYI> To-.moe pemewrn. 

PaccMOTPRM aa,na-qy Ha co6cTB8HHl:l8 aHatiemm ,!µIll onepaTopa 

(3.I) H 
, d ~ /')'I w.i ~ a. f 

= - -'- - + - :it + )\/!I :x am ch? Q. , 

8 

·~ 
.,, 

J 

\'" 

• 

B KOTOpOM m , W , ~ - nOJIODT8JII,Hl:l8 ItOHCTaHTl:l, :r: e (- .... , -+00). 

B KBallTOBO:lt M8XaHlllt8 onepaTOp (3.I) HB31:lBa8TCJI-rru.mJII,TOIDia-

HOM 8.HI'apMOHll'i8CitOro OCIJ;RJL]IJITOpa, aero Ha.HM8HI,ID88 co6CTB8H-

HO8 3Ha'l8Hll8 - aHeprzeit OCHOBHoro COCTOJIHRJI. TO'!HO8 pemeHRe 

,!µIll ;n;aHHott 3B,Ita_tm 6WIO nOJIY"'I8HO 'lllCJl8HHO [4]. H3B8CTHO Tait-

xe, 'ITO TeopRFI B03MyllleHR:lt no cTeneHJIM i) ,!µIll ·co6cTBeHHHX 

3H8'!8Hll:lt onepaTopa ( 3. I) npllBO,ItllT R PJI:n:aM', pacXO.wmtRMCJI npll 

Bcex aHatiewmx i\ > o • 

B Ka'i8CTB8 H8'iaJII,HOro npH6.7Im!teHllfl B M8To;n;e IIOCJie;n;oBaT8JII,

HUX npz6.7Im!tewrlt BO3I>MeM onepaTop 

.L d l m ""•:;. 2 
(3 2) H ::: - - + - -- X • • a.rn d-x. 2 9 

BBe;n;eM 6eapaaMepHHe B8Jlli'lllHl:l 

(3.3) 
E" 

ec.a> =-;:;- ~ ~" 
9=- i!=-) -w•'· -w 

IIO,Iij)B3JM8BM no;n; E Ha.HMSHI,mee co6cTBeHHoe aHatieH.He onepaTopa 

(3.I). B ;n;am,HeHIIIeM IlM8HHO ecg-) .HBJIJI8TCJI lICROMOii qzymcr~rnn, 

a i! = Hf) llI'paeT pom, ynpaBMIOOleft ~. KOTopyio Ha.no 

no;n;o6paTI, Tait,. i:rro61:l no;ry-qaeMBJI IIOCJle;n;oBaT8JII,HOCTI, CXO;n;wia.CI, 

MaKCmla.lII,HO 6HCTPO, B COOTB8TCTBlllI C IIOCTPO8ImlIMH npe;n;H.ICYllle

ro nyHKTa. 

HamleHI>mee co6cTBeHHoe sHatieHRe onepaTopa (3.2) pasHo 

"'9c /J. , CJI8;n;OBaT8JII,HO, 

c3 •4) e..o·c.a,i-) = f i! · 

Ilpe;n;cTaBJUIJI onepaTop (3.I) B BH;n;e 

H = Ho -t- o H .1 { 6 H = H - Ho ) 
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JI np.lD(8WUI Teopmi B09Mylll8mnt no CT8Il8Rmr! fl /.I , B nepBOM 

Il0.PR',I(lt8 .HM80M 

(3.5) e1 <a, ¾l = 33 n + i 3 
'H.2 

BTopott IlOPfIJtOK T80pml B09Mylll0HJI:it ,D;a8T 

(3.6) 

3(3 3 l 
ea<g,~J = ~2 ~+3i-'i )-{r7n-~3) -6/J.. 

ft, 'l S" 

• 

YpaBHeHJie Ha quIKCiq)OBaHHYJl TO'IJRY (. . . (I) -= o MOl!tHO pemaT1, ,, 
C pas.mrimo! CT8Il0HI,D TOTJHOCTH H ,nJl1I pasma: 9Ha~emni ~eK-

COB i , i . B CBOD o~epe.ItF,, qJyB.Kll)ll) (2.20) Ta.IO!t0 MO.lKHO 

BH6paTI, III>• pasma: ~8KCax ~ , & • ECT0CTB8HHO, IIPH pasmu 

BH6opax Ilwry,umTCSI H OTJmll8.lll!U!0CfI ,IIJ)Yl' OT ,IIJ)yra allnpOKCHMa

nim Rc1t0Mo! 4JYHEUl!R e (8) • Hne 611fYT paso6paml pasH!le Ba

PHaHTH Taitl!X annpoKC~ H Hafi.IteHa TO'DIOCTI, Ral!UtOro H3 HIDC, 

BgpJSHT I. B JtaHHOM CJiylrae ypaBH8HlI0 (2.6), onpe,11;0JI1ID

mee 'PYBRinm 8 <I-) , mJeeT BH.It 

(3.7) eo ca,~,= -f- • 

YpaBH8JIH8 Ha qillltClq)OBaHHyD TO'IJRY BOSI,MeM B qx>pMe 

(3.8) ou,ll-> = o. 

IlOJiarM; ,no YIIPaBJIIIDllaJI ~ He M8Bll:8TCSI IIPH H3M8Hemm 

HOMepa np11[CiJnD!8HIDI OT ll = 0 JtO n = 1 , T. e. 

10 

t 
J 
.'.1 

j 
) 
\ 

(3.9) 1-.-=1.-,::c., 

HS (3.8) R (2.20) H8XO,ItHM 

(3.IO) e,cg,tJ -€.<f~"'' =o. 

YpaBH8HlI8 (3.8), RJIH (3.IO) SIBJI.li8TCSI ypaBH0HH8M Ha qumcxpo

Bamtyl) TO'IJRY H onpe.D;0JIII0T ynpaBJJJlllllYI) ~ "l-(8) Tait, 

1ll'06H o6ecne"ll[B8JmCI, HaH6HCTp82mail CXO,ltHMOCTI, paCCMaTpHBB.8-

MO! IlOCJI8.D;OBaT8JII,HOCTH npHCl.mD!emnt. 

YCJIOBRII Ha.R6HCTpeilmett CXO,ltHMOCTH Tmra (3.IO) 6wm 

cqx>pMyJIB:pOBaHH aBTOpoM@, 6] H nos~ee paCCMaTpRBaJIIICI, TB.Kllt8 

B pa6oTax [?,8]. O~aKO B 3THX pa6oTax [5-8] Ha.ii.z(8HHall qiymt

ItiUI "1 f/) IlO.D;CTaBJ11IJiac1, B HyJI8B08 npHCl.mD!eHlie, B HameM ~e 

tl0 {J, i-) = e0 (9, U/J) , H Ha 3TOM npone~a BH'mCJiemnl 3aK8.H1DI

B8JIS.CI,. B IlO,IOCO,D;e lite, H3JiaraeMOM B HaCTomneil CTaTI.e, onpe,11;e

Jl8JIH8 YIIPaBJIIIDlleil lilYHRnim - TOJIJ,ltO nepBwt mar. ,UaJiee TO'DIOCTI, 

B1:Al!ICJI8mnl MOJK0T 6HTI, cymecTBeHHO y~eHa sa c~eT HCllOJll,90-

Bamm peHOPMaJIH3anHOHHHX ypaBHemnt (2.17) Tt1llI (2.19). 

YCJIOBHe (3.10) IIPH ~eTe (3.4) H (3.5) .D;aeT 

' (3.II) 'i! -~ -38 =o. 

STO 11[ 8CTI, JIBliwt BH.D; YPaBHeHIDI Ha YIIPa.BJimlIIYD q,yH~ ~ (t) • 

IlO,JtCTSB.mJI •C,J B COOTBeTCTBYIIJle8 npHCi.mD!8HH08 Bup01tel1H8 MIi 

9H8l)l'D OCHOBHOro COCTOJDDi!DI, 61,ll8M l!IM8~I, 

e,. (g) :. C2,.(9, l{4>) 
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~KD;ml feJL7I-Mamra-Jloy (2.20) npR h ~ -t , E= :t R YCJIOBRR 

(3.9) HMeeT Bll,lt 

(3.I2) 
r,11 (I-) = e:J. (g<h) - e,{QCI->) , 

r.zte j(/.) 38,I(aeTCSI ypaBH8HR8M (3.7). lICIIOJll,Syf.[ (3.5),(3.6) 

R (3.II), RS (3.I2) no;ryqaeM 

sPt/2-1; i 
(3.I3) 01i ( f..) = -

39'1 /23 

liHTerpllPYJ'I (2.I9) c (l)Yl:IKIUie.ii (3.13), IlpRXO~ R ypaBHemno 

(3.14) 
4e

2
(9J -t [ 1 :e,xp ---

e 2.<1>-1 1te'l1J -1 

1 

l~{JJ-1 
- _:£] 

l:J. 

B KOTOpOM ?f$) OJ:n,8,It8M8TCSI ypaBH8HH8M (3.II). Ha.azteHHoe 

, 

JPaBH8Wl:8 (3.I4)' Sa,I(aJJlll88 ::meprmo OCHOBHOro COCTOJllm/i ezy) 

H8CJIOlKHO pel!IRTI, 'IJRCJI8HHO R CpaBHHTI, paCC'IJRTaHH!:l8 SHatiemm C 

TO'TilliMII pesyJII,TaTaMR [4]' IlOJiy'Iemrar.m IlpR H81Iocpe,ItcTB8HHOM 

pemeHHR ypaBHeHHSI lllpe~epa. IIpoBO'Aff TaROe cpaBHemre, y6eJK,IJ;a

eMCSI, 'ITO IlpH H860JllillllIX BeJllI'IRHax nepeMeHHoii 3 ~ i ypaB

H8HH8 ( 3. I4) .ztaeT qiymcnmo e lJ) C ,ItOCTaTO'IHO Bl:lCOROii TO'l

HOCTI,ll, OXOJIO O,It!Ioro IlpOU8HTa, HO _c YB8JIR'l8HR8M j TO'IHOCTI, 

yxy,mnaeTCSI. MrutCHMaJII,HaJI OWR6Ra, cooTBeTCTByuqaJI ! - oo , 

COCT8.BJIJl:8T 12 %, 'ITO, BnpO'leM, TOllte H8 TaR Y1I. IIJIOXO, eCJIH 

BCIIOMHllTI,, 'ITO npOCTaJI TeOplm BOSMylllemn!: B006~e He HMeeT CMl:lC

Jia HR npa xaKHX 9 7,., o. f 
BapgaHT 2. PacCMOTPHM cpymmmo (,~ (./) , 38,I(aBaeMYJD Bl:l-

pallt8Wl:8M (2.20). 06osHa'IRM a,~ i! • IlpH6.mut8HHOe SHa'leHHe 

12 

'AM H81IO,ItBl!lltHO! TO'IRH mutn;eM> saeyJifIJI HS BCD qiymcnmo 0,,1 (/.) , 
a TOJII,KO ea BTOpoe CJiaraeMoe, TO 9CT1, IlOJiaI'aJI 

(3.I5) 
'o 

'H e, (9, H=o 

CorJiaCHO (3.5), 3TO ,ItaeT ypaBH9HH8 

l 
(3.16) 2 -l -6J =O > 

onpe.ztemmilee ynp~ (l)Yl:!KU1IIO "tll) • B Ra'leCTBe c!Jymru;im 

feJIJI-1Jruma-Jloy BOS!,M9M · 

(3.17) oc.JI)-= e, (f(/J) - ec(f<h) J 

r.zte 9tll sa,ItaeTCSI ypaBHemreM ( 3. 7). IIo.ztcTaBJifIJI B ( 3. I7) Bl:l

pallteHHSI (3.4) H (3.5), IlOJIY'laeM 

(3.IB) 
. 2 

do,(/) = - 4'1 -1 
re/'-

lIHTerpllPYJ'I ( 2. I9) c (l)Yl:!KIUl:8.ii ( 3. I8) , HaxO'AH:M 

(3.I9) 
z~{I) +op(11a)-1 

et.a> = . [ 1 
qa 

f e-xp (1Jl) -> 

r.zte 'tlt) onpe,IteM8TCSI ypaBHeHHeM (3.16). CpaBHHBaJI '!HCJI8H

Hl:l8 SHa'!emm ~ (J) npli p8.3Hl:lX j , paCC'lHTaHH!:le IIO q>OPMYJI8 

(3.I9), c TO'l!HHMH SHa'lemil!MH [4], y68llt.zta8MCSI, 'ITO MaRCHMaJII,HaJI 

OWR6Ra. npa6.mutewm (3.19) COCTaBM8T 6 % npH Jlll61:lX 9e[o,eo). 
YpaBHewm THIIa (3.I5) HCIIOJll,30BaJIHCI, KacySJIJIOM [9] H -

CT8B8HCOHOM ~o] H 6wm H8.3Ba.Hll yCJIOBH8M Mmlllli!aJll,HOii 'lYl3CTBH-

13 



TeJII,HOCTll. B l'IX pa6oTax ~ l-(9) ' H~8HHM H3 (3.15)' 

llO,I(CT8BJllIJlaC:& B e, (8, 1(9)) ' Ha 'ISM Bl:l"lRCJI9HIDI H 3aRa.H'll!BaJIHCI,. 

B HanI9M Jlt9 llO,I(XO,I(e, BO- nepBHX, ,I(a9TCSI o6OCHOBaHH8 paayMHOCTll 

TaKoro npR6JmllteHIDI, nocJtoJII,ey rrolt8.3aHO, no yCJIOBRe MmmMaJII,

Hoil tJYBCTBRT9JII,HOCTH (3.15) SIBJIII9TCSI tJ:aCTHHM CJIY"Ia9M ypaBH9Hrul 

Ha H8llO,I(BIDKHyl) TOtJKY, BO-BTOpmc, mrltzteHHoe npR6JmllteHHO9 Bupa

llt9HH9 ,ItJili H9llO,I(BJD!tHOll TO"lltR ,I(8Jl99 peHOpMRpyeTCSI C llOMO!llI>D ypaB

Hem peHOpMBJm3a,nllOHHOll rpymm (2.I?),(2.I9). TaKaSI ,I(OllOJlllH

TeJII,Ha/1 nepeHOp?.mpOBlta llO3BOJ11!9T CYl!l8CTB8HHO YJIY"lllllITI, TO'IHOCTI, 

BWUICJieHJilt • 

BapHaHT 3, Ynpa.BJlfIJOOtYlOCWHKIUm 6y]J;eM CHOBa onpe.I(eJIHTI> 

H3 yCJioB.aa: (3.15), a sa CWHKnHJD feJIJI-Mamta-Jloy npHMeM 

(3.20) 0 l 1-J = 
O!I. 

e.:i..(9lh) - l!c{f{./JJ 

~ ' 
r.zte 3£/.) 3a,I(a9TCSI ypaBHeHHeM· (3.8). C YtJ:8TOM (3.5) ll (3.6) 

CWH:ittnm (3.20) np.1mnMaeT Bll.It 

(3.21) Oo'J. £l> = -
( 

,2 :I. ;i ) 
13 4/-1) +fJ(ff-t 

toao I .3 

HHTerpaJI (2.19) IIpH qiy111~ ~3.2I) ,I(aeT 

[ 1te 2l3l -1] '\!'Xp ( 1! ) {fl+ 1'3 c~J(fl -1] S = 

(3.22) ,~ ] t : [i\9>-1] { (:J + 13[ t,l-{I) -1 j 

CpaBHeHHe 'll!CJiemmx sHatJeHJilt e1.1J c TO"lHHMI! pesyJII,Ta'!ru.m [4J 
lIOita3HBaeT, 'ITO MaKCID&IJll,HruI onm6Ita,ItJili npR6JmllteHM (3.22) paBna 

4 % • 

14 

BapHaHT 4. BO3I>M9M <WliimIDD (2.20) npll l'I = I, & = 2. 

Ynpa.B.1Ililllzy'J CWHKnHJD Hait.IteM1 3a.HyJDm BTopoe CJiaraeMoe B .v ( /.) , 
Uu. 

TO 9CTI, H3 YCJIOBM (3.15). IlpH 3TOM 

(3.23) Oa (I)-= e,.(8<11)- e,(9t-lJJ 1 

r.I(e Q(IJ 3a.I(a.I(HM ypaBHeHHeM 

(3.24) e1 lf) = / . 

OTCID,I(a, YtJHTHBM (3.6) H (3.16), llM98M 

(3.25) '{,:,. (I} = 
(aa ./\st/tola_/_,,.) ~ 

f).38 (It!+ /tqi-3') 
3 

!1HTerpxpYJi (2.19) c CWHKIUlell (3.25), Haxo,I(llM 

3,U~g} + 8 eq) J t6ei.(~) -~' -t'J. = 

9 [ 2 ;i{j) -1] 

(3.26) { . 6' . 
= e-x.p -~·. 

32e~9J+6ef._j) ✓ f6eJ.(qJ-3
1

-f~ 

9../3 

t:J(!J-1 
-,; 1-

1IHCJieHHoe pemeHHe ypaBH8HWI ( 3. 26) ,I(aeT e.(J) c TO"IHOCTI,ID He 

xyxe o, 8 % Alifl Bcex 3 . 
BaPJaHT 5 I 3a,Ita,I(HM <WHKIUm 8 l I-) ypaBH9HH9M 

(3.2?> · eo<a> =I_; 
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a yIIp8BJl!UJllYI) qiyH~ ~(9) -YCJIOBR6M (3.15), TO 8CTI, ypaB

H8HlI8M (3.16). Tor.n;a ,JµIll. (Pymw;a:a (2.20) IIPR I'\ = l, 3 = 2 

RM86M 

(3.28) K',.1 a> = ea, (9(f)) - e, (9(/,J) • 

IIo.n;cTa.BJIRJI cX>,Ita (3.5) R (3.6), HaxO,ItRM 

(3.29} ~:i lll = 
!l J. 

('II -t) 

'ffi f 3 

Eepsr RHT8rp8JI (2.19) c qiyH~ell: (3.29}, IIOJiy'ia.8M 

(3.30} 
ije

1(9)-1 

4~, 2(8)-1 

= e').p[_!. 
ltea(J)-1 

f 

/fe,J.t,J-1 

- _.,] 
:J.Jt 

r.n;e e1 it> orrpe.n;eJiffeTCSI Bupa.JKemreM ( 3. 5) • PemaJI 'lllCJieHHo 

ypa.BHeHRe (3.30} n: cpaBIDIBM H~eHHHe sHatremm e[J) c Rs

BecTHHMR TOtJ:HHMI! peme:imm.m 8-1. rrp.lDCO,Itl!M x BHBO)C", tJ:TO MaK

CRMaJll,HBJI OmR6Ka rrpR6JIIDJtemm (3.30) He rrpeBHII1a8T 0,09 % IIpR 

JID6HX f/ 6 [p,oo) . 
4. 38.RJil)tJ:8HR8 

Paso6pamme rrpRMepH IIOKa3HB8DT, tJ:TO, KaK H CJI8,ll;OB8JIO o,m

,n;aTI>, TOtJ:HOCTI, rrpe,n.naraeMoro no,nxo.n;a 38BRCRT OT Toro, HaCKOJll,

KO y;I{atJ:Ho BH6paHa <ro'HKUWI reJL1I-Mruma-Jioy. BrrpotreM, CRTyamm 

BllOJIH8 8CT8CTB8HHa R xopomo R3B8CTHa ,ItJilI pasJmtJ:HHX rrpRM8H8H.lrlt 

M8TO,Ita p8HOPMI'PynIIH [1, 2], r.n;e yKaSaHHaJI ~ rrpa.KTRtJ:8CKR 

Bcer.na MOJK8T 6HTI> orrpe.n;e.neHa Jm111I, IIpR6Jnm8HHO. PapcMOTI)6HHH8 

BHIIl8 BapHaHTH ll03BOJUIJ)T C4JOPMY.7mpOBaTI> 3BPRCTRtJ:8CK08 rrpa.Bltllo: 

TOtJ:HOCTI, M8TO,Ita IIPR O,nHOH R TOH xe yIIpaBJUIDl!8H ~ T8M BHIIl8, 

tJ:8M 6om,me CYMMS- RH,It6KCOB n+~ B dlVlUtllH]il I'eJIJI-MaHHa-Jioy (2.20}. 

16 

0,nHa.KO Ba.JltlIO, tJ:TO KaK 6u rpy6o HR 6Wia. aIIrrpOKCID.mpOBaHa 
. . 

qiyHKUWI (2.20}, T8M He MeHee Ha.lDCy;I{mafI TOtJ:HOCTI, COCTa.BJiffeT 

OKOJIO IQ%, tJ:TO ,ItJilI MHormc qilr3RtJ:8CKIDC sa,natJ: BllOJIHe ,ll;OCTaTOtJ:HO, 

IlpR y,n;atJ:HOM BH6ope qJyll~ reJIJ.I-Ma.HHa-Jioy TOtJ:HOCTI, MeTo,n;a 

.n;ocTRraeT O,l %. 
Hapl!,Ity C xopomell: TO'!HOCTI,ID U8HHOCTI, rrpe.It,110X8HHOro aJII'OpHT

Ma COCTORT .II Bero rrpocTOT8. )lJJ.R: ero p8a..7IlI3auHR ,ll;OCTaTO'!HO 

.RM8TI, Iq)OM8 BH6paHHoro HyJieBoro IIpR6JI.wK8HIDI .IICKOMOH qiyHKI.tWI 

erqe TOJIJ:,KO ,n;Ba ,n;pyrruc IIOCJI6,D;OBaTeJIJ:,HllX rrpH6JIIDKeHIDI. 
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