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ITPUMEHEHUWUE BAPUAIIMOHHBIX ITPTHIINIIOB MEXAHUKN
AJId ITOCTPOEHN A JMCKPETHDBIX 110 BPEMEHUI
PA3HOCTHBIX MOJIEJIEN TA3OANHAMUKI.

8. COXPAHEHUE ®A30BOTIO OB bEMA 1 KAHOHNYHOCTN
B HE{IBHBIX KOHEYHO-PASHOCTHBIX CXEMAX

FO. A. Bonmapenko
(POALI-BHUNDD)

Joxka3biBaerca coxpanenue ($Ha30Boro o6beMa M KAHOHHIHOCTU (raMHJIBTOHOBOCTH) B
KOHEYHO-DA3HOCTHBIX CXEMaX JIArPAHKEBOW ra30BOH AWHAMUKH, MOCTPOEHHBIX IMOCJIEI0BA-
TEJIbHBIM BaPHAMUOHHBIM METOIOM, UCIIOJb3YIOUUM IUCKPETHYIO O BPEMEHH M IIPOCTPAH-
ctBy (OPMYJIMPOBKY HPHHIMIA HauMeHbIIero naeficrBus [ammibroHa—OcCTporpasickoro.
[IpuBenen npuMep KOHEYHO-PA3HOCTHBIX CXEM, KOTOPBIE HE YHAETCH MOCTPOUTDH MOCIEI0-
BaTEJIbHbIM BAaPUAIMOHHBIM METOJAOM M B KOTOPBIX JJI MPOU3BOJILHOTO IIEPEMEHHOTO IATra
M0 BPEMEHHU TpH JIFOO0M CIocobe BBIOOpA CKpuimbir ODODIIEHHBIX KOOPAMHAT U CKPbLMLLL
0DOOIIIEHHBIX UMITYJIbCOB HE COXPaHdAeTCd (DA30BBIA O0BEM W TEM CAMBIM HE COXPAHSETCS
KAQHOHUYHOCTb.

Karouesvie caosa: narpankeBa ra3oBasi NUHAMHUKA, OPUHIUI HAUMEHBIIErO IeHCTBHULI,
BapHUAIMOHHBIE PA3HOCTHBHIE CXEMbI, HedBHBIE DA3HOCTHBIE CXEMBI, CXEMBI C 8eCaMu, Iepe-
MEHHBIA Imar mo BpeMenu, ¢ha30Bblil 00beM, KAHOHUYHOCTD, CKPbIIMbLE TIEPEMEHHBIE.

BBenenue

Hacrosmas pabora siBIgeTCI HEIOCPEICTBEHHBIM IPOZOJIZKeHIeM paboTel [1| u mocBsineHa W3ydeHUIo
CBOWCTB COXpaHEHWs KAHOHWYHOCTH M (ha30BOr0 00beMa B HESBHBIX KOHEYHO-DA3HOCTHBIX CXEMAaX ra30-
BOIl IWHAMUKH B IepeMeHHBIX Jlarpanxka (manHag pabora cocrasiger ¢ [1| exuHOe menoe u pasjesneHa
Ha JIBe CTAThbH TOJBKO WM3-3a OrpaHWdeHuii mo obbemy). (OCHOBHOE BHUMAHWE YAEIAETCS CPABHUTEIb-
HOMY M3Y9YEHUIO HESBHBIX KOHEYHO-DA3HOCTHBIX CXEM, IIOCTPOEHHBIX MOCJIEI0BATEIbHBIM BAPUAIMOHHBIM
MeronoM (2, 3|, u Gosee TpPaJUIUOHHBIX KOHCTPYKIMI, MMEIOMIUX BTOPO MOPSAOK ANNPOKCHMAIUH IO
BDEMEHHN.

[TocremoBaTenbHBIA BapUAMOHHBINA METOZ [2] OCHOBAH HA UCIOIB30BAHUU AUCKPETHON OZHOBDEMEHHO
[0 BPEMEHH U HPOCTPAHCTBY annpokcuManun GpyHKIHOHAJIA JeHCTBHS CIUIOMHOM cpep! [4]; Beraucienue
YCJIOBUI CTAIMIOHAPHOCTH TAKOTO KOHEYHOMEPHOTO (byHKIIMOHAJIA IIPUBOJUT CPa3y K KOHETHO-PA3HOCTHBIM
cxeMaM. DTO OTIMYAeT MeTOJ| [2] OT BapHAIMOHHOrO MMOAXOAA, IPEIJIOKEHHOro B [5]|, B KOTOpOM HC-
HOJIB3YIOTCA JAMCKPETHBIE AHAJIOTH (DYHKIMOHAJIA NEHCTBUS B HENPEPBIBHOM BPEMEHU JJIS MOCTPOEHUS
nuddepeHnnanbHO-PA3HOCTHBIX CXEM, & KOHEYHO-PA3HOCTHBIE CXEMbI CTPOATCS 3aTEM Ha OCHOBE IIPUHITH-
I1a TOJIHOK KOHCEPBATUBHOCTH.

OrnuuurenbHad 0COGEHHOCTh HEABHBIX BAPUAIMOHHBIX CXEM COCTOMT B TOM, YTO MOCJIEIO0BATEIHHBIN
BapPUAIMOHHBI METOJ| IPUBOJUT B KOHEIHO-DA3HOCTHOM yPABHEHWH I CKOPOCTU K HECTAHIAPTHBIM KO-
s dunmerTam, KOTOpbIE 3aBACAT OT XapaKTepa IIEPeMEeHHOCTH IIara 110 BpeMeHu. [Ipu mepeMeHHOM miare
[0 BPEMEHU HE YAAJ0Ch HAfTH TaKuX KOHCTPYKIWHA TUCKPETHOrO (DyHKIMOHAJA NeHCTBUSA, KOTOPbBIE IPU-
Bozuu Obl K HESBHOMY yPaBHEHHIO [l CKOPOCTH C HOCTOosHHBIM BecoM § = 1/2. B [3] mokazaso, uro
B MHOT'OMEDPHBIX KOHEYHO-PA3HOCTHBIX CXeMaX, KOTOpPble MMOCTPOEHBI MOCJIEeI0BATEIbHBIM BAPUAITOHHBIM
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MEeTOZOM, IPU WHBAPUAHTHOCTH JefiCTBUA OTHOCUTEIHHO BPAIIEHNI BHITOJTHEH 3aKOH COXPAHEHUT MOMEH-
Ta KOJIMIECTBA, JBUKEHHA. B TO Ke BpeMd HedBHAA KOHEIHO-PA3HOCTHAA CXEMA C IMOCTOAHHBIM BECOM
6 = 1/2 upu HPOM3BOIILHO [EPEMEHHOM LIare II0 BPEMEHH HapyLIaeT dTOT 3aKOH coxpaHeHms. Ho aro
HU4Iero He O0bACHAET B OMHOMEPHOM CIIydae.

Copepxkanne maHHOH pabOThI — M3ydYeHUE CBOMCTB COXPAaHEHUs KAHOHUYIHOCTH W (Pa30BOr0 00beMa.

. , dgy _ OH
Hanomuum ux cmeica [6, 7, 1]. Oupexpensromnieil XapaKTepUCTHKOM TaMHJIBTOHOBBIX CHCTEM P
Pk

d OH
% = —a—qk, k=1,...,K, asiagercd KaHOHUIHOCTHb (Pa30BOr0 IMOTOKA (q(l),p(l)) — (q (t,q(l),p(l)),

p (t g, plt ))) T. . COXpaHeHHe CUMILIeKTHIECKOH CTPYKTypHl w? = dpAdg. OTobpazkenue g:(q(l),p(l)) —
( ( M pM) ) p? (q(l),p(l))) OymerT KAaHOHUYECKHM TOTZA W TOJIBKO TOT/A, KOryia Marpuna Axobn

YAOBJIETBOPAET PABEHCTBY

GToJoG=J, J= : (1)

DTO PABEHCTBO HCIOJb3YeTCs B Ka9eCTBE OLPEAesIeHNs KAHOHUIHOCTH [7], Takue MaTpPUIbl HA3bIBAIOTCH
cummtektrdeckumu. 13 (1) caemyer coxpanenue dazoBoro oobeMma (Teopema JInmyBuiiis), SKBUBAJIEHTHOE
D (q(2),p(2))
D (q(l),p(l))

BCe UCIIOJB3YEMBIE B TEKCTE d)yHKHHH apenanosaralTcd 40CTaTOYIHO IVIAJKUMA (I/IMeIOT CTOJIBKO HEIIpe-
PBIBHBIX IPOM3BOHBIX, CKOJIBKO 9TO HEOOXOAMMO O XOAY BBIYHCIIEHUIT) 6€3 JOMOIHATENbHBIX YTOIHEHIA.
LH&FI/I IO BPEMEHU BCErAa IMPEANOJIAraloTCd OrPAHUYCHHBIMU CBEPXY HEKOTOPBIMU 3HAQYECHUAMU, KOTOPbBIE
00€eCIIeYnBAIOT Pa3PEIINMOCTh HEABHBIX PA3HOCTHBIX YPABHEHHN W CyNIECTBOBAHUE BCTPEYAIONIUXCS IIO
XOJly U3JIOKEHUs OOPATHBIX OmepaTopos. lIpeamosaraercs, 9TO B KOHEIHO-PA3HOCTHBIX yPABHEHUAX It
CKOPOCTH OTCYTCTBYIOT BA3KHNE W NHBIC JUCCUIIATUBHBIC I HEKOHCEPBATUBHBIC CHUJIBI. KOHe‘-IHO-paBHOCTHI)Ie
ypaBHEHHUd Jjid BHYTPEHHE SHepruy He pacCMaTPUBAIOTCA, BMECTO HAX CUYMTAETCH, 94TO 3aJaHa ABHO 3a-
BUCUMOCTDH 9HTPOIIMA OT BPDEMEHH W HOMEDPaA d9YeNKN — UMEHHO 3TO UCHIOJIB3YETCA B CTAHAAPTHBIX d)OpMy—
JMPOBKaX IIPUHIWIA HAMMEHBIIErO JefCTBHs /Uil CIUIOMIHBIX cpex [4].

B Tekcre ncnonp3yiorcs nonaTua u 0603HAYEHNUS, BBEIEHHBIE B IpeAbLaAyei pabdore [1].

pasenctsy det (G) = =1.

1. CoxpaHeHne KAaHOHUYHOCTH 1 (baBOBOI‘O 00beMa B HEIBHBIX KOHEYHO-PaA3HOCTHBIX CXeMaX
C IIOCTOAHHBIM B€COM, IIOCTPOEHHBbBIX IIOCJIeA0BATEJIbHBIM BapuAallMOHHBbIM ME€TOA0M

Onpe;ermM JIar'PaHZKEBY pa3HOCTHyIO CEeTKY KaK COBOKYIHOCTH Y3JIOB CETKU C MHOXKECTBOM HOMEDOB

—

Y = {~v}, ¢ xoopaunaramu Z = {Z., v E y} u cropoctamu U = {U., v E y} 7 COBOKYIIHOCTH S9€eK

A = {a}, BepmuHbI KOTOPBIX ABIAIOTCA y371aMu ceTku. B sdefikax a € ¢l oupezesensl TepmoguHaMude-
CK¥I€ BEJMYUHBL: IJIOTHOCTH P, YAEIbHBINA 06beM 1y = 1/pq, sHTpONNS enunaunbl Maccel Hy, BHyTpeHHSSA
SHEpPrus eJIWHUIBI MACCHl €, W JIABIEHUE P,; COOTBETCTBYIOIINE CETOYHbIE (DYHKIUU TPUHAIIEKAT TPO-
crpaucTBy cerounbrx GpyHKmuit Hg. [laa cerounsix GpyHKIuUi Thma KOOPAUHAT U CKOPOCTEil, 0Opa3yro-
XX OPOCTPAHCTBO CeTOYHBIX (pyHKuuit Hy, HapaBHE ¢ BEKTOpHbIME Obo3HadeHuAME (co "cTpemkamu')
6yeM HCHOIb30BaTh CKAJIApHbIe 0603HadeHus (6e3 "crpemok"), Torma Bce KOOPAMHATHL BCEX Y3JI0B CETKH,
T. €. BCe CTelneHn cBOOObI, HyMepyem or 1 mo K:

Z":{Z;‘:yey}:Z":{Z,'::kEY}EHy, k=1,2,... K.
B mpocTpancTBax cerounbix dpyuknuit Hy u Hg MCIOAB3YIOTCA CKAJIPHBIE IPOU3BEICHUST
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HpI/IMeHeHI/Ie BapHAIUOHHDBIX IIPUHITUIIOB MEXaAHUKHU Jid NOCTPOEHUA AJUCKPETHBIX IIO BPEMEHH . . .

<Q(1), Q(2)>H = 3" MAQQR, Ql) — {ng> a€ H} € Hy;
acd
(60,62) =3y (80,6 = S0y olo®, 50 = {0y e v} = ol ke V) e By @)
veY key
(0.) =T (@) =T, = (e vy = o) ke v < Hy,
yeY key

e Jepes Mf, acdn My , ¥ € Y, obo3HaUEHBI HE 3aBUCAIINE OT BPEMEHHU IOJIOXKUTEIbHBIE MAaCChI

SY€EK U y3JI0B CeTKHU cooTBeTcTBeHHO. Dymkiua 2, = Q, (Z) BBIpakaeT o0beM dueiku o € 4 gepes
KOOpAWHATHI €€ BEPIINUH.
PaccmoTpuM HEIBHYIO KOHEYHO-PA3HOCTHYIO CXeMy C MOCTOSHHBIM BecoMm 0, 0 < 0 < 1,

n+l _ 7n
Z’Y Z’Y

_ Tn rn+1 .
s = (-0 Uy +0U7, v ey (3)
e ()
77=77(Z)= T nazna(Z)z MA a € 4; (4)
i+l _ fin An—1/2 SN\ Apnt+3/2 i1\ nt
A = 05 GRAD (Z )p ~ (1) T3 GRAD (Z )p . (5)

9Ta KOHEIHO-PA3HOCTHASA CXEMa CTPOHUTCS MOCJIEI0BATENbHBIM BAPHAIMOHHBIM METOIOM M3 yCJIOBUS CTa-
[MOHAPHOCTH JUCKpPeTHOro GpyHKIMOHANA Jeficrud [2, 3]

A=Y ar (K (ﬁ") _E" (n")) =Y A (% <U‘”, ﬁ">y - <1H, e(n", H”)>H), (6)
n n
rae mar maTerpupoBanund At" ompenened (gpopMysoi

A" = A2 4 (1 — ) A2, (7)

[Ipu BbrUuCIIeHUH ycroBuii crarmonapHocTH fnefictsus (6) u BbIBOe U3 HUX ypaBHeHud (5) ypaBaenud (3)
U 3aKOH COXPaHEHHs MaccChl (4) MCIOIB3YIOTCI B KAUECTBE CBA3€ll U JOMOJHATEIHHO IPUMEHIIOTCI COOT-
Homenus [5, 8, 2, 9]

de(n, H,c) = —p(n, H,c)on; (8)
5" = DIV (Zn) 57", 67" ¢ Hy, "€ Hg;
o0 (Zn) (9)
- - 1 o -
n __ n n __ n .
577a_DIVa(Z)5Z _M§Z< 2 ,5Z7>, acd;
yeY Y
Oeq (n2, HY
pn:{pgzpa(nZ,Hg):—%:OKEH}GH;{. (10)

Pasznocrueiit anamor GRAD(Z) : Hg — Hy muddepenmuansroro oneparopa p * grad onpenenen dbop-
MyJoi

(GRAD (Z") Q)VzGRAD., (Z") Q:—M%y 3 Qa({m;#, veY, Q={Qalpcq € Ha. (11)
acd Y

Teopema 1. Paccmompum 8GPUGUUOHHYIN HEABHYINO KOHEWHO-PASHOCTVHYIO CTEMY C NOCMOAHHBIM 6€-
com, onpedeaernryro ypasrenuamu (3)—(5). Ipednosostcum, 4mo npoussosbHaA 348UCUMOCTVG IHMPONUL
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eQUHUYLL MACCHE O BPEMEHU U HOMEPE AvelKy 3adana cemounoli gynkyuetd H™ = {HI : o € 4} € Hgq,
6 ypasHenuu O0as ckopocmu (5) omcymemeyem 6a3Kocmb, a 0asAeHUe 3A8UCUM OM YIEeAbHO20 00BEMA
u 3adannoti anmponuu no gopmyae (10). Onpedeaum ckpwuimovie 0606weHHbIe KOOPOUHAMDL U UMNYALCDL
Y3408 cemry BopMYAaMU

3 ) oE" (Z7)
ZOn — 77 L 9(1-9) At"‘1/2At"+1/2AaT; (12)
@ = MY = {a@t = MYy iy eV} ery, A=(MY)":Hy - Hy. (13)

Tozda 6 sKx6UBAAEHMHOT PAZHOCMHOT CTEME OAA CKPHIMBIT 0000ULEHHBIT KOOPIUHAM U 0O0OUEHHDIT UM-
NYABCOS COTPAHAEMCA KAHOHUNHOCTNG U (a306bil 065eM 6 mom cmbicae, wmo mampuya dxobu GEONH1/2 =

9 (Z_'(G)n+17 ,u—)’n—i—l)
T (Z(e)n, wn)

Jlpyrue cuocobbl Onpeesieans CKPBITHIX 0000IIEHHBIX KOOPAWHAT U CKPBITHIX O0OOIIEHHBIX UMITYJIBCOB,
ornmunsle oT (12) u TakKe obecmednBaroIe COXpaHEHNE KAHOHUIHOCTH, IPUBEEHBI s Gosee obuiero
cIydas B TeopeMme 3.

ydosaemeopsem (1), a axobuan paser edunuye.

JokazareabcrBo Teopems 1. U3 (11), (4) u (10) caegyer coorHOUEHNE

MY o GRAD (Z") P = M;#, (14)
B (Z") —E (Z"t") - <1;{,e (77 (Z") H”)>H =3 Mie, (77a (Z") ,Hg). (15)

acd

IToncranoska (14) u (13) B ypasuenns (3) u (5) maer

Zn+1 _ Zn
e = Ala-e@ e, (16)
Gt — gn An—1/2 aEn(Z’n) Ant3/2 aEn—l-l(Z"n-i-l)

Atn+1/2 - = Atn+1/2 32" - ( - ) Atn+1/2 (‘)Zn-I-l . (17)

KoopauHATBI U UMITYIBECH BEPXHErO CJIOS IO BPEMEHU IPU OJHO3HAYHONW Pa3pelIMMOCTH PA3HOCTHON cxe-
mbt (3)—(5) aBIAIOTCH OHO3HAYHBLIMU (DYHKITAME KOODAMHAT U HMITYJIbCOB HUYKHErO CJIod, T. . Z" 1 =
= Zntl (Z”, 117") o ot = gt (Z”, 117"). uddepenmuposanmem ypasreruit (16), (17) mo Z" u

OTHEIbHO 1O wW"

fAxobu omeparTopa mepexoma

IOJIy9IuM CUCTEMY YETBIPDEX JUHEHHBIX ypaBHeHHﬁ AJIA OJIOYHBIX KOMIIOHEHT MATPHUIIBI

0 (Z”“) - i 9 (") -

W — Iy = A" T2 40 W,

2 ppin® T Z) g e PE(E) 0(2)
) (Zn) (agn) (aZn-i—l) ) Zn)
% = At"2A0 |(1-6) Iy + 9%] ;

O g a2 0(2)

9 (") (0271)’ S0
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Periernne sToit cucTeMbl IMeET BHT

b Zn+1
( _ ) _ (Bn+1)*1 _PRA L2 A2 (Bn+1)*1 o Ao d?E"; (18)
o ()
Zn+1
M — AgnL/2 (Bn+1)*1 o A: (19)
d (wn) ’
=n+1
) (wq ) — (11— 0) A2 R (Bn+1)_1 — A28, (B"“)_1 o Ao d’E™; (20)
o ()
—=n+1
7351(“16”)) = Iy — (1 — 6) At T2 A H3/252 Frtl o (B THo 4, (21)
o*E" (Z7)
roe 0?E" = — 2 yu BBeneHO 0GO3HAYEHTE

S\ 2
(077)
9 (Z(G)n)
BM =TIy +0(1—0)At" YV2A Y240 B0 = —— 2~ (22)
o(2)
OrparmunmMcsa ciaygaem 0 < 6 < 1, korma 6(1 — ) # 0. Torma dopmynsr (18)—(21) npuruMaroT Buj

) (Z_’n+1, w'n+1)

) (Z", wn) 1
75 (B (Iy —6B") Agn+1/2 (Brit) T g
= 1 n 11,0, 1 n 1 " _1
~ Ant1/2 (B +1A) [5 (B - IY) + 1-9 (B"™ — Iy)] 9 [(B +lA) A—(1-0) Iy]

Teneps maOromepHoe npasmio aAudHepeHupoOBaHnus CIOKHON (PYHKIINU TA€T BhIPAKEHUE JJId MATPHUIIBI
Sxobu

) (Z_’(B)nJrl, wnJrl) P ( (O)n+1, w'n+1) ) (Z_’n+1, wnJrl) (3 ( (6)n wn) )
()

(e]

Z
9 (Z"'(o)n7 u‘)’n) 0 ( _’n+17 u—;n+1) 9 (Zn7 u‘)’n)

gntl 0) 9 Z’n+1,wn+1) ((Bn)l 0)
= (o] (0] =

0 ) o(Zna) 0 I
1T19 (Iy —6B™) (B") ™ At™/2 4
= 1 i1 1 1 1
NS (B™4) [5 (B™H = Iy)+ 7—5(B" = fy)](B") . i [(B"“A) A—(1-0)Iy

Ucnons3oanne cumverpuarocTa Marpur, B o A u Bl o A, a taxxe roxaects (B")T = A~1oB"0 A
u (B"H)T = A1 o B! o A naer

(6‘ (Z(e)"+1) ) g ) 9 (wn+1) - ( 9 (wn+1) )T . 0 (2(9)n+1)
0

*(o)n) 9 (wn) 0 (Z(o)n) 9 (wn)
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= ﬁ ((B")*I)T o [Iy —0 (B")T] o [(B"HA)*1 oA —(1—9) Iy] +
+ 79(11_ 5 ((Bn)*l)T o [(1 — ) (Bn+1)T +6(B")T —Iy] o (B"“A)fl oA
() [ =] b () e
= % ((Bn)ﬂ)To [(Bn+l)T o (Bn+1A)—1 oA—TIy+ Q(Bn)T} _
_ % ((B")—l)To [(A—an“A)o (B"14) ATy +0 (Bn)T} _ % ((Bn)—l)To[e (Bn)T} I
AHa.TIOI‘I/I‘IHBIMI/I 60.]'[66 IPOCTBIMHU BBIYHUC/IIEHUAMU IIPOBEPAETCA CIIPABEAINBOCTH PABEHCTB
0 (Zi’)nﬂ) T O 9 (uj’"“) N (ujn+1) T O 9 (Z(j)nﬂ) o o
0 (Z((’)") 9 (2(9)n) B (Z(e)n) 9 (Z(o)n)
o (Z(G)n+1) T 5 (u—;n—l-l) 5 (u‘jn"‘l) T j (Z’(o)n_H)
0 (wn) ° A (wn) _< 3 (wm) ) OWZO- (25)

COBOKYIHOCTDH MATPUYHBIX PaBeHCTB (23)—(25) sKBHBAJIEHTHA YCIOBHIO CHMILIEKTHIHOCTH (1).

B ciyaae (1 — 0) = 0 umeem B" = Bl = [y, Torma cuMIUIEKTHYHOCTH MaTpuIbl SIKOGH, ompeze-
nennoit popmymnamu (18)—(21), nocie nogcranosku § = 0 mwiau § = 1 B (18)—(21) nposepsiercs coBcem
IPOCTO. DTO 3aBepIIAET JOKA3ATEIHCTBO TEOPEMSI 1.

®opmyma (12) mus CKpbITBIX 000ONIIEHHBIX KOOPAWHAT MOJYYEHA UHME2PUposakuem omeparopa (22).
ITpoucxoxgenne 3TOro omeparopa OObIACHIET CIIELYIOIUH Pe3yIbTaT.

JIemma 1. ITyecmov dasa 6apuayuornot KonewHo-padnocmuol cremos (3)—(5) ewnoanernv. npednoaootce-
Hus meopemv, 1 u 0606wennbil umnyave cemku onpedeser popmyaot (13). Toeda 6 sxeusasernmmol
pasnocmnot cxeme (16), (17) npu 0 # 0 u 0 # 1 dasoswiii 0bsem He coxpansemcs, mounee, AKObUAH
HEAUHETH020 PA3HOCMHO20 ONEPAMOPA NEPEToda 8 0bulem cayuae He Paser edUuHUYE, OH PABEH

D (Zn"'l,u_)’n"'l)  det (B™)
D (Zn,wn) ~ det (Bn+1)7

2de onepamopv, B™ : Hy — Hy u B™': Hy — Hy onpedeaensi popmy.aroti (22).

Jloka3aTe bCTBO 3TOH JIEeMMBI CBOJUTCA K BBIYHACJICHUIO OIPEIENUTEId MATPHUILI ¢ KOMIIOHEHTAMHE
(18)—(21). Beikmazku omycTuM, Tak KaK OHH B T€PMUHAX OIPEAETUTENIEH MOBTOPIIOT BBHITHCIICHUS, WC-
[OJIb30BAHHBIE MIPH JOKA3ATENbCTBE TEOPEMBI 1.

2. HecoxpaneHnue ¢da3oBoro oo6'bemMa mpu rmepeMeHHOM ITIare mo BpeMeHu
B HEABHBIX KOHEYHO-Pa3HOCTHBIX CXeéMaX BTOPOro mopdAaakKa allpOKCuMalluy 110 BpeMeHHA

Paccmorpum B ciayuae 6 = 1/2 HesBHBIE KOHEYHO-PA3HOCTHBIE CXEMBI BTOPOTO MODSAKA ANIPOKCHMA-
UM [0 BPEMEHW, KOTOPbIE OTIMYAIOTCA OT BaPUAIMOHHON KOHEYHO-pasHOCTHOH cxembl (3)—(5) TobKO
yPaBHEHHEM JIJIf CKOPOCTH, KOTOpoe BMecTo (5) nMmeer BuL

e = 560D (2957 - omap (7)), o

[Mosry9eHHOE MOCIEAOBATENBHBIM BAPUAMOHHBIM METOIOM KOHEIHO-PA3HOCTHOE ypaBHeHue (5) nmpuHEMA-
er Buz (26) TOJBKO HPU IOCTOSHHOM IIAre IO BPEMEH! At"t1/2 = const. [Ipu mepeMenHOM IIIare mo
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HpI/IMeHeHI/Ie BapHAIUOHHDBIX IIPUHITUIIOB MEXaAHUKHU Jid NOCTPOEHUA AJUCKPETHBIX IIO BPEMEHH . . .

BPEMEHH KOHEYHO-DA3HOCTHOE yPAaBHEHHE i CKOpocTH (26) He yoajoch MOJYYUTH HOCIEI0BATEIbHBIM
BapPUAIMOHHBIM METOIOM.

Onpenenenune 1. Bydem 2080pumsv, 4mo noanas EHYMPENHAA FHEP2UA (15) CYUWECTEERHO t HeAuHetHo

3a6UCUM OM KOOPOUHAM Y3406 CEMKU, ECAU OAf NOMU 6CET 7™ u dan nowmu ecex Z" # Z” Zntl _
—Zn=0 (At"+1/2), BHINOAHEHO YCAOBUE

) °E (7)) o°B(Z7)

Az T AC (970)" (071

=0 (1) £0. (27)

Ha nmpumepe Teopemsl 1 BEIHO, 9TO COXpaHEHHE KAHOHAIHOCTH # (ha30BOTO 0OBEMA YIAETCA yCTAHOBUTD
He I TeX KOOPAWHAT, KOTOPBIE IPUCYTCTBYIOT B MCXOAHOM pa3HOCTHOM cxeMe (3)—(5), a /g HEKOTOPBIX
ckpoiThix KoopauuatT (12). ITosTomy npn m3yuennn HecoxpaneHus Ha30BOro 00beMa HaJ0 PacCMATPUBATH
MIIPOKHH KJIACC CKPHITHIX MEePEMEHHBIX.

n (X)n

Omnpenenenne 2. Koopdurnamos ZX)n UMNYADCHL W Y3408 CEMKEU HA3BIBGEM CKDPHIMBLMU 00600~
WEHHBMU KOOPOUHAMAMY U CKPLIMBLMU 0000UEHHBIMY UMNYALCAMY, €CAYU BHINOAHEHVL cCAedytoujue 06a
ycaosua. Bo-nepswz, ckpuimoie 0606uwerHbie K00pOUHAMDBL U CKPBIMDBLE 0000WEHHbIE UMNYALCDL ABAANOM-
CA 00HO3HAYHBIMY JOCMAMOYHO 2AG0KUMU PYHKUUAMU OM 00BUHLT KOOPIUHAM Y3408 CEMEKU, OM UM-
nYAbLCO8 Y3408 cemku, onpedesernu popmyaol (13), ezamux ¢ 2(N + 1) nocaedosamesvHroir wazo6 no
8pEMEHU OAf HEKOMOPO20 Purcuposarrozo wucaa N > 0, u om coomeemcmeyUUT Waz08 No 8PeMeHy,
m. e.

ZOOn — 4(X) ( Fm(N) gm(N). Atn+1/z,(N)) :

GXn — (X )(Zn( ), (), Agnt1/2,(N )),

ZnN = {zn N Zn—N+1 ...,Zn,...,Zn+N+1}; (28)
W = {agn N g N gt N

AHL/2,(N) {Atn+1/2 N Atn+3/2 N ”‘,Atn+1/27n_,Atn+1/2+N}_

Bo—emopbwc, CKpbulmdvle 0606U4€HH’bl/€ noop&unamw U CKpovimboie 0606@LQBHHM€ UMNYADCDL MAAO OMAUHAIOMCA
om 00bIYHBLT noopt?unam Y3008 CEMKU U UMNYADBCOB (13) 68 MoM CMblcae, 4Mmo cnpaeed/tuebt acumnmo-
muvecrue npeacmae,/zemm

ZOOm = 7" 4+ "0z, + (1) Oz + ...

GEn = g 4 " Ow,1 + (7'”)2 Owa +...;

Oz = Oz (200, @m0 A H12(N) | =1,

Ow,p = Owge (Zm), @ (); A+ /2N | =1,

™M=r (At"+1/2’(N)) ;

min { AFY2N | AfHZENY < o (A U2N) < max {AfHY2N L AmHL/2ENY
Cne;:yroumﬁ pe3ynbrar 06’]351CH1F[8T, movieMy, Ha nemeﬁ B3IVIAN, bosee ecTeCTBEHHAL AIIIPOKCHMAIA II0

BpeMeHnu (26) xyiKe, 4eM HOJIy9IeHHOE IIOCJIEJOBATEIHHBIM BAPUAMOHHBIM METOJOM KOHETHO-DA3HOCTHOE
ypasaenue (5) qys @ = 1/2, KOTOpOE BBINIAAUT MEHEE eCTeCTBEHHBIM.

Teopema 2. PaccmMompum HEASHYI KOHEYHO-DAZHOCTHYNO CTEMY 6MOP020 NOPAOKA ANNPOKCUMAUUL
no epemenu, onpedeaennyro ypasuenuem (3) ¢ @ = 1/2 u ypasnenuamu (4) u (26). IIpednososcum, wmo
NPOUZBOALHAA 3ABUCUMOCTID IHMPONUY eOUHUYDL MACCHL OM, BPEMEHU U HOMEPA A%ETUKY 3a0aHa cemouHoll
dynxyued H™ = {H} :a € d} € Hg, 6 ypasuenuu dan ckopocmu (26) omcymemeyem easkocmo, a
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FO. A. Bouzxapenxko

dasaenue 3asucum om ydeavrozo obsema u 3a0annol anmponuu no gopmyae (10). Daszoswil obsem 6
maxol paznocmmol creme 06aadaem caedyroUUMU C80TCMBAMU:
1. B sx6usanrenmmotl pasdHocmuol creme 0as 00b4HbBT KOOPOUHA Y3408 CEMKU U 0Af 0000UWEHHDLT

umnyavcos (13) axobuan onepamopa nepexoda (Z",t?)“) > (Z"“,ID’"“) paser

D(Z ) | ae (o)
D(Znan)  det (BXT)

2de

B —Iy++ (Atnﬂ/2)2 Ao

i rE (Zn) . Hy — Hy. (31)

- \2
2. Jlaa 1106020 onpedesenus crpumus 0606wennms xoopduram ZM u ckpumms 06o6wennos um-
nyavcos WX yzi06 cemru 6 cayuae cywecmeenno nesunetinot 346UCUMOCTIU NOAHOT 6HYM-
pennets anepeuu (15) om xoopduwam y3aoe cemru npu NepemMeHHOM wiaze No epemery Pas3oswill
00BEM HE COTPAHAEMCA 8 TOM CMbICAE, YMO, B000WE 2080PA, OAL MAKUT 0000UEHHBIT KOOPOIU-
HAM U 000OUWEHHBIT UMNYALCO8 AKOOUAH PAZHOCTHO20 ONEPAMOPE NEPeTrodd (Z(X)",ID’(X)") —

—|

— (Z(X)"“,w(x)"H) 8 YCAOBUAT 00ULE20 NOAONHCEHUS (M. €. NPU HEMPUBUAALHOM OBUHCEHUU,
Z(X)n+1 =(X)n+1
D (Z( n+ ,w( yn+ )

D (Z(X)n, wmn)

£1.

oMAUNAGHOULEMCA O COCTMOAHUA noxon) HE paseH e&unuue:

JokazareabcrBo Teopewms 2. [Tocae nepexona B (3) gus 6 = 1/2 u B (26) k 06061mEeHHEOMY
nmnyiabey (13) u npumenenus (14) pasHOcTHasg CXeMa IPUHAMAET BHT

Atn+1/2 = EA (wn + l[)%+ ) ) (32)

ot — gn 1 <8En (Zn) HEN+1 (Z_'n-i—l))

YR Sy iy A %)

[Monaras, aro Z"tt = Znt! (Z”,ID’") n gt = gt (Z”,d)’”), muddepeHnupyeM 3T ypaBHEHHS IO

Z™ 1 orgenbHO Mo W" M ¢ yderoM obosnauennii (31) amanormuno (18)—(21) momyuaem dopmyibl mis

KOMIIOHEHT MAaTpuisl Zlkobu omeparopa mepexoza:

9 Zn+1

o) (B2 ™o (20 — BY); (34
) (Z”)

Zn+1

o0\7) (Z ) = At"H/2 (BrH) o 4, (35)
0 (wn) - '

9 (wnﬂ) 2 -1 n+1)—1 n n+l

a(Zn) = Apripd o (B™1) "o (2Iy — B} — B™); (36)

9 wn+1 - n -1 n

ﬁ - A 1 o (B_+1) o (2Iy - B_+1) o A (37)
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HpI/IMeHeHI/Ie BapHAIUOHHDBIX IIPUHITUIIOB MEXaAHUKHU Jid NOCTPOEHUA AJUCKPETHBIX IIO BPEMEHH . . .

Marpuna fxobu ¢ 6aounsivu kKommonenTamu (34)—(37) umeeT pas3iokeHHe HA MHOMKATEIH

o(2) o (2)

9 (Z_’n+1,u—)'n+l) 9 (Zn d (wn) Iy 0 (BE.H)—I 0
> = \, = 1 _ X
a (Zn7 wn) 8 (wn+1) a (u_j’i+1) 0 Atn+1/2 A_l 0 (BZ+1) '
" Iy 0 Iy 0 2ly — B} Iy Iy 0
oIy Iy 0 B! —2Iy —Iy 0 A¢tl/24

Orcroma ¢ nomorpio dpopmynsr [lypa mis ompegenuress GJOYHON MaTPUIBI CPa3y MMOJYyYaeM pPaBEH-
crBo (30) mepBoii YacTH TEOpeMSI 2.

[lepeitmem k moka3aTesbCTBY BTOPOI, MTOrOBOM ¥ CaMOi IVIABHOM dacTu TeopeMbl 2. Tak Kak 371eCh
TOKA3bIBAETCH TOJBKO OTPHUIATENbHBIN PE3Y/IbTAT, JOCTATOYHO YCTAHOBUTH €r0 B KAKOM-HUOYIh TIaCTHOM
caydae. OrpaHmdYmMCcH CIyd9aeM HOCTOSHHOW (TO4YHee, He 3aBHCAINEl OT BPEMEHH W HOMEpA ILIara IO
BPEMEHHU) YHTPOIHUM.

Bymem meficrBoBaTh OT IPOTUBHOTO. JlomycTrM, mjid MpEMeEpa, 9TO CYIIeCTBYIOT HEKHE CKPBIThIE 0606-
IIEHHbIE KOOPAMHATHI U CKPBIThIE 00O00IIEHHBIE UMITYIbCHI CIEIYIONIEr0 BUIA:

7(X)n — (Zn—l7 wn—l, Z", w", Zn—l—l7 wn—l—l, Zn+2,wn+2; Atn_1/2, Atn+1/2, Atn+3/2) :

(38)
wXn — 174 (Zn—l,wn—l7 Zn, w", Zn-l—l,wn-i-l7 Zn—|—27 wn+2; Atn_1/2, Atn+1/2, Atn+3/2) 7
IJIg KOTOPBIX TOYHO BBIMOJIHEH 3aKOH COXpaHeHHsd (pa3oBoro obbema B popme
D (7(X)n+1 w(X)n+1
( ’ ) =1 (39)

D (2, w(¥)n)

[IpuBemeHHOE HUIKE JOKA3aTEILCTBO, KaK OyIeT BHUIHO, MOBTOPAETCA W JJid OOJBIIErO YUCJA CJIOEB IO
BpeMeHH, omnpenendionmx B dopmynax (28), anamoruuusix (38), cKpbITble 0000NIEHHBIE KOODAMHATHI U
CKPBITBIe ODOOIIEHHBIE WMIYJIbCHI, JIUIIb OBl TUX CJIIOEB IO BPeMeHH ObLIO (PUKCHPOBAHHOE KOHETHOE
YHUCIIO.

C moMouIpI0 HEIMHERHBIX OMEPATOPOB, PA3PEIIAIONNX CUCTEMY KOHETHO-PA3HOCTHBIX ypaBHeHuit (32) n
(33), ckpBITBIE OGOOIIEHABIE KOOPAUHATHI ¥ CKPBITHIE 000OIIEHHBIE MMITYJIbCHI (38) BCerma MOXKHO 3aMucaTh
B BHjIE CJEAYIOIMUX (PyHKIHOHAIBHBIX 3aBUCHMOCTENA:

Z(X)n — > (anl,wnfl; Atnfl/2,Atn+1/2,Atn+3/2) :

40
wXn — 174 (Zn—l,wn—l; Atn_1/2,Atn+1/2,Atn+3/2) ) ( )
O6o3HaIIM ( x) x) )
D (Z\3)n '\ n _ _ _
5 T —F (Zn N 1/2,Atn+1/2,Atn+3/2) _ (41)

C moMOIIpI0 MHOIOMEPHOTO MpaBumiia, AudepeHuPOBaHUs CAOKHBIX (PYHKINHA TOJLyIaeM

- 9 (zn 1, wn 1)

) (Z(X)nJrl, w(X)n+1) ) (Z(X)nJrl, w(X)n+1) PIARTD) 9 (Z(X)n, w(X)n) -1
9 (Zz0m wXmy ~ (2", wr) ° B (Zn—1, wn—1) ° :

[Moxcrasus croma (41), (30) u (39), mosyaum pasercTBO

det (BM71)  F(Zn 1wl A Y2 AgTL2 ) Ap3/2)

det (B™) ~ F (Zn,wr; Atntl/2 Agnt3/2 Agn+5/2)

- 11 -



FO. A. Bouzxapenxko

KoTOpoe ¢ yderoM (31) 3amumiem B Bue
F (Zn,wn; Atn+1/2,Atn+3/2,At"+5/2) F (anl,wnfl; Atnfl/2,Atn+1/2,Atn+3/2)

1 5 82En (Zn)> - 1 82En (Zn—l) .
det [ Iy + = (Atr—1/2)" 4o ——= 2 2 (Am-1/2\2 4 22\ 2 T
e ( vy ( ) o (82”)2 det | Iy + 1 (At / ) Ao (82”‘1)2

(42)

B ypaBrenun (42) mpaBas 9acThb HE 3aBUCHT OT At"5/2 3paunt, m neBas 9ACTH NOIIKHA HE 3aBHCETD
or At"*5/2 Tlostomy dymkmua F (Z7, w™; AtVT1/2, AtV3/2 At"+5/2) | crogmasg cresa B (42), nomxma

we 3asucers or At"1t5/2. Orcioma dymxuns F (Z”’l,wnfl;At"’1/2,At"+l/2,At"+3/2) B (41) Takxe

Jo/KHA He 3aBuceTs or At"13/2. C y4eToM 3Toro ypapHeHue (42) npuHUMAET BUJ

F (Zn, w"; Atn+1/2, Atn+3/2) B F (anl, wnfl; Atnfl/2, Atn+1/2) (43)
1 5 92E™ (Zn)) - 1 H2En (Zn—l) .
det | Iy + = (Atn=1/2)" Ao ——2 - ~1/2)2 - = J
e ( y+g ( ) o (82”)2 det | Iy + 1 (Atn / ) Ao (82"‘1)2

Bnech mpasas gacte He 3asucuT or At"1T3/2 3mauut, m nesas wacTh moukHA He 3aBmcerh or At"13/2,
Mostomy dbynxmus F (Z",w"; AnL/2, At”+3/2) cieBa B (43) Takxke goKHA He 3aBucerh or A"T3/2,
Orcroma byarnua F (Z”‘l, w1 A2 At"+1/2) TaKzKe JOIKHa He 3aBucerh or At" /2. Cnenosa-
TeIbHO, ypaBHeHuE (43) npmHUMaeT BuL

F (Z",w"; At"+1/2) B F (Z"_l,w"_l; Atn_l/z) (44)
1 2 82En (Zn)) N 1 32En (anl) ’
det | I “(Atn1/2) " Ao ——— L - n—1/2)2
) ( vl ) e (92m)° det { Iy 7 (A1) A (@2n-1)?

I[IpuMeHsis AHAJOTHYHbIE PACCY K IHUS I He3aBACHMOTo aprymenta At" /2 B ypasmennn (44), momy-
qaeM, dUro Jyaknua F (Z”,wn;At”+l/2) JOIKHA $BHO He 3asmcers or At"Tl/2 g byHaRITIA

tn—1/2

F (Z”‘l, w1l Al 2) Tak¥XKe JOJIKHA He 3aBHCETh IBHO OT A . OTUM AOKA3aHO, 4TO

F (Zn717wn71;Atnfl/27Atn+1/2,Atn+3/2) —F (anl7wnfl) _ (45)
Yemosue (29) mua CKpBITHIX 060OIEHHBIX KOOPAUHAT U uMITyabCoB (40) 3amumem B Buge

9 (20 ) [ Iy Ae120; A0, (46)
a(Zn—l,wn—l) Atn71/203 Iy+Atnfl/2O4 ’

rme marpunel O = O (271wt A1/ 2) Tax»ke MOTYT 3aBHCETh OT IIara MO BPEMEeHH, HO OTHOCH-
repHO caabo. B cumy (45) onpemenurens marpunbt (46) coBceM He 3aBHCHT OT MIATOB MO BPEMEHW, W OT
At"~1/2 g gacTrOCTH. I[l05TOMY HEpE[ BEIYHCICHHEM ONpPEIEIHTENIs MOXKHO B (46) mepeiitm K mpegery
At"1/2 5 10, u Torma momydaem

Iy + At" 120, At 1/20,

F(z" 1w = det =
Atn71/203 Iy + Atn71/204
' Iy + At" 120, A" 120,
= lim det =
Atn=1/2— 40 At=1205 Iy 4+ AtY20,
' Iy + At 120, A 120,
= det lim =1.
Atr=2o40 | AETL204 Iy + At"=1/20,
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HpI/IMeHeHI/Ie BapHAIUOHHDBIX IIPUHITUIIOB MEXaAHUKHU Jid NOCTPOEHUA AJUCKPETHBIX IIO BPEMEHH . . .

Tem cambiv mokazano, uro F(Z"1 wn~l) = F(Z™ w") = 1. Torma u3 (42) u (45) momyamm

1 n-1/2)2 PE"(ZM) 1 n-1/2)2 o*E" (Z™1)
det (Iy+4 (arm172) Ao ) = det( By (arm172) Aoy |- D

Vcnomssys pasnoxenne det (I +cA4) =1+ etr (4) + O (£2), || < 1, momyzaem

1 n—1/2\2 o*E" (2*) _ 1 n—1/2\2 o*E" (2%) n—1/2\4
det (Iy+4(At ) Ao 077 _1+4(At ) tr| Ao 07+ +O((At ) )

At"1/2 5 10, k=n—1,n.

[Toxcrasum 3w BRIpakenus B (47) u nowyaum

82En AL 82En Zn—l 2
tr{Ao (2>— ( 2) =0 (At”*lﬂ) :
(0Zm) (0Zn-1)
9TO MPOTHBOPEYUT MPE/IIONOKEHAI0 TEOPEMBI O CyIIECTBEHHON HenmHelHOCTH (27) mOoMHON BHyTpeHHEeR
SHEPrUH. JTO MPOTHUBOPEYNE 3aBEPIIAET JOKA3ATENIHCTBO TEOPEMBI 2.

3. CoxpaHeHue KAHOHUIHOCTHU U (pa30BOro o6 bema B HEABHBIX KOHEYHO-PA3HOCTHBIX CXEMaX
C MIepEeMEeHHBIM ONEPATOPOM KMHETHYECKOI 3Hepruu,
HOCTPOEHHBIX II0CJIEA0BATEIbHBIM BapUAIlMOHHBIM METOJ0M

I n —
Paccmorpum amasor cxemsr (3)—(5) mis mepemeHHOro omeparopa KHHETHYeCKO# sHeprum Tj =
= Txg (Z”) : Hy — Hy, 3aBucamero or koopguuar y3ios cerku [9, 10]. [dasa mocrosuuoro Beca 6,

0 < 6 < 1, mocse10BaTeIbHBIM BAPUAMOHHBIM METOAOM IOJIydaeTcda cxema [11]

Z$+1 — ZZL Fn n+1
Q (Zn L (Z”)
77"277(2")2 AT nZzna(Zn)— T, a€d; (49)
«a
TK (Zn+l) ﬁ'n+l _ TK (Zn) U"n
Atn+1/2 -
Atn_1/2 =\ o Atn+3/2 i1\ nd
Atn71/2 N I Atn+3/2 N . .
R 5169 Y N 5109 +1 +1
+ 0 D (Z”,U”) + (1= 6) T D (Z" ,on ) . (50)

—

31ecb BEKTOp DK) (Z”, U ") € Hy ecTp 4acTHad BapHAIWOHHAA ITPOW3BOJHAA KMHETHIECKON SHEPTHUH

. 1 N = =
K (U ) = 3 <TK (Z ) U,U >y 10 KOOPJMHATAM, OIpeeeHHad POPMYIIOi

(B (70,07),5), = (42 (i (2" +e0) O, 07) ) vieHy. (51)

Ypasrernne (50) momydaerca u3 yCaoBus CTAIIMOHAPHOCTH JUCKPETHOTO (DYHKIMOHAJA JeCTBUSA

A=Y ar (K” (U‘”) _E" (77")) ZAt”(% <TK (Z") o [7”>y - <1;{,e (77",H”)>H) (52)
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¢ At™ u3 (7); coornomenus (8)—(11) u ypasuenus (48), (49) ncmonp3yoTca Kak CBA3M.
Bapuanuonuas npon3BogHas KHHETHIECKON SHEPIUA 110 CKOPOCTH AT BbIparkeHue (IIOKa elle He CKPbI-
TOro) 06OBIEHHOrO UMITYJIbCA HEsIBHONW KOHEYHO-pa3HOCTHOMH cxembl (48)—(50):

" = MY Ty (Zn) on = {wg — MY (TK (Z") (7")7 o= y} € Hy. (53)

O6o3Ha4nM )
A" =A(Z") = (MY 0Tk (Z2") : Hy — Hy. (54)

Omneparopsr A" B mpoctpancTse Hy(y) ¢ TPUBHATBHON METPHKO# (2) — CHMMETPUTHBIE U TIOJOXKATETHHO
oupezenennsie. Kunerndeckas sneprus u3 (52) ¢ ygerom (53), (54) upumer Bus

n ny __ n ,.n _1 vy n V=Ll n _ n _1 n n ,.n
K (w)_K(Z,w)_2<(M o Tk (2™ o MY) " w™, w >y—2<A(Z)w,w >0(y). (55)
N3 (51) u (54), (55) monxygaem
0K (Z™,w"™)
Y (K)(pn ny _ _ ) .
MYDE) (77 w™) S (56)
0K (Z",w™)
C momompio (53)—(57) u (14) xomewno-pazuocrHas cxema (48)—(50) npurumaer Buf
zptt — zn OK (Z"w™) 0K (Z™t' w" )
W_u—e) Ju +0 Pt , k=12,..K, ke, (58)
wz+1 - wz B Atn_1/2 OE™ (Zn) Atn+3/2 HE"T1 (Zn+1)
Apntl/2 T AmtL/2 oZp —(1— Ant1/2 BZ,?H -
n—1/2 n ,.n n+3/2 9K (zn+1l ntl
At 10K (27, u") At (2 w) 1,2,..K, keV. (59)

Antl/2 - gzn ( Agn1/2 ozt ’
OueBuIHO, 9TO JJId TOJIHOW YHEPTUH (paSHOCTHOﬁ byHaKIIIT Fa,MI/IJII)TOHa,)

HY (27, w) = K (27, w") + B" (Z7) = %<A(Z") w",w">0(y) + (tme(n(27), ) (60)

ypasuerng (58), (59) npuanmaror eme Gojee eCTeCTBEHHBII raMUIBTOHOB BHJ,

Zn+1 _zn H (Z7 o™ (‘)Hn+l Zn+1, n+1
Atn+1/2 own Jwntl

whtl —wr AY2 9H (27, W) AH3/2 gHL (Z L ) 6
N RN e YA - (1= Apn+l/2 9Zn+1 (62)

Hnsa manbreiimero koukpernsrit Bug (60) pasroctHOlt dyHknun [aMuiasToHa HE BasKeH.

Teopema 3. Paccmampusaem BaPUAUUOHHYIO HEABHYN KOHEWHO-DA3ZHOCMHYIO CTeMY, OnpedeseHHy0
ypasnenuamu (48)—(50). Ilpednorazaem, wmo 3a8ucumocmsv IHMPONUU eQUHULLE MACCHL OM BPEMENY U
Homepa aueliky 3adana cemounot gynkyuetd H" = {HP : o € 4} € Hg, 8 ypasuenuu das ckopocmu (50)
omcymemsyem 8A3K0CMYb, & 0ABAEHUE 3GBUCUM OM YIeAbHO20 006eMa U 3a0AHHOT IHMPONUU NO POpMY.Le
(10). Onpedeaum crpovimoie 0606uwerHbIE KOOPOUHAMDVL U CKPBIMBLE 000OUEHHDBIE UMNYALCH HOPMYAGMU
(¢ oboznavenuamu (53) u (60))

> n OH" (27, w™)

- OH (Z7, wh
ZV=7" 4 ¢ " = w" — " ( w)

Own ’ ozn (63)
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Jlas caedyrowux deyxr sapuanmos evibopa koapduyuernmos ™ u " 6 (63):

ey =+ (1 —0) A2 5R) = A (64)

el = —OA"TVZ 5y = — (1—6) At (65)

6 IKBUBAAEHMHOU PAZHOCTIHOU CTEME OAA CKPVIMBIT 0000ULEHHBIT KOOPOUHAM U CKPOIMBLL 0000UEHHBIT
~n+1/2
UMNYADCOB COTPAHACNCA KAHOHUYHOCTL U Pa308bil 00B6eM 8 MOM CMBICAE, WMo mampuya dxoou G =
7n+1 ~n+1
0 (Z , W
= ydosaemeopsem (1), a axobuan paser edunuye.

o(2n )
0%, 0%
Hoxkasarenbcrso. M3 (63) ¢ momompio oboznauenuit 9°H® = 22 Thw | (82H”)T,
ang agjw
O’H" (Z™, w™) O’H™ (Z™, w™) T O’H" (Z™, w™)
Oy = T @ Ouz = gunggn V%0 = (Ouz)", 037 = T (agn) | TeyTReM
0 (Z",E" o0 )

Ypasrerus (61), (62) ompenenstor onmoznaumbie dynxmun 2" = Zn (27 wn) mw T = w (27, wh).
[Tpoguddepennmposas ypasrerus (61) u (62) no Z" m oTmenprO 1O W™, MOMYYUM YETHIPE JTHUHEHHBIX
ypaBHEHUA I OJIOIHBIX KOMIIOHEHT MATPHUIBl YIKOOM, KOTOPBIE 3aNUIIEM B BUE

(9 (Zn-i—l7 wn-i—l)

R =3" 67
© 8 (Zn7 wn) Y ( )
rie
9Atn+1/2 0
Rl = Iy — oJo 82Hn+1;
0 (1 —6) Atnt3/2
(68)
(1—0) Atnt1/2 0
Sm :I2y+ OJ032Hn.
0 oA~/
Torma w3 MHOrOMEpHOro mpaBuia AudQepeHnuPOBAHAA CIOXKHBIX (DYHKITII
~ ~ ~ -1
~n+1/2 o (Zn+1’ﬁ5n+l) o (Zn+1,ib'n+1) 8(Z"+1 wn-l-l) o (Z”,ﬁ;”)
G = = ’
o(nan)  2@TLw ) "oz T\ 9z
¢ momompio (67) u (66) momyunm
~ntijz O (Znt gntt B
G = ( _ ) _ Qn-l—l o (Rn+1) 1 0o S"o (Qn)—l ) (69)
o(2n,an)
Yeaosue (1) cuvmnekrnaroctn marpunsl kobu (69) mpeobpasyercsa x Bumy
_N\T _
(o (R ) o (@) o To@m) o (™) Tosm = (@) 0 To@  (70)
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FO. A. Bouzxapenxko

B marpuunom ypasrenunu (70) MOXKHO n30aBUTHCA OT OOPATHBIX MATPUI] AByMs crocobamu Bbibopa Q™:
ZUIsl 9TOr0 MOXKHO B3aTh miu Q" = S™, wnm Q" = R™. U3 cpasuenus (66) c (68) caexyer, aro mepsbiii
Bapumaar Q" = S™ coorsercrByer BhIOOPY KO3(dumuentos (64) B dbopmyne (63), a BTOpOit BapmaHT
Q"™ = R"™ coorBercTByeT BbIOOPY K03 Dunumentos (65).

B o6onx sTux cayuaax (70) npespamaerca no CyTH B OJMHAKOBBIE yDABHEHUS:

Q"=5" = (Sn+1)T o Jo Sl — (Rn+1)T oJo Rn+1; (71)
Q"=R" = (") oJoS"=(R" oJoR" (72)
[psaMbivu Berauctenusavu u3 (68) ¢ yaerom csoiictsa J? = —J moiygaem paBeHCTBO
0 7
(R)T o JoR" = J + [(1 — §) AtnTY/2 _ gAn—L/2 Zw ) 4
n
- 0
wZ

+60(1—0) A" Y2AC292H o J 0 9PHM = (S™) 0 J o ST,

U3 KOTOPOTO CJIEJyeT CIPABEJIUBOCTD cpasy AByx BapuanToB — (71) m (72) ycioBus coOXpaHEeHUs KaHO-
HrgaocTH (70). DTO 3aBepIIaeT IOKA3aTEIbCTBO TEOPEMBI 3.

Heob6xomuMocTh MCIIOIB30BaHUA CKPBITHIX O0OOIIEHHBIX KOODAMHAT W/UJIA CKPBITHIX O0OOIIEHHBIX HM-
IyJIbCOB JIsd COXpaHeHus ¢a30Boro obbema, u TeM Gosee /i COXpaHEHWs KAHOHWYHOCTH, BBHITEKAET W3
CJIEIYIOIIETO yYTBEPIKICHUS.

Jlemma 2. Ilycmo 0as 6apuayuonnotli Kowewno-padHocmuol cremv, (48)—(50) ewnoanenv. npedno-
A0oHCENUA Meopemor 3 U 0000uernl umnyave onpedesen popmyaot (53). Tozda 6 axsusasenmmol
pasnocmmoti cxeme (61), (62) npu 6 # 0 u 0 # 1 dasoswili 0bsem He coxpansemcs, mounee, AKOOUAH
HEAUHETHO020 PA3HOCMHO20 ONEPAMOPA NEPEToda 8 0bulem cayuae He Paser eduHUYE, OH PABEH

D(zn-l—l,wn-i-l) B det (Bn)
D(zZn,wn)  det(Bntl)’

(73)
20e onepamopwv. B" : Hy — Hy u B"!: Hy — Hy onpedeaens dopmyaots

B = [Iy + (1 - 6) At"™1/297 ] o

_ (74)
o {Iy — OAEL20n 46 (1 — 0) A TY2AMF207 [Ty + (1 — 6) Atnt1/2gn ] a:zw} :

JlokazareapCTBO 9TOrO yTBEPXKIeHUS B CUILy ypaBHeHud (67) CBOAUTCA K IPOCTOMY BBIYHCIIEHHIO OLpe-
nemurenedt marpur (68), orHOmenne koropeix maer dopmyast (73), (74).
B caygae equHUYIHOrO omepaTopa KuHEeTHIeCcKOoi sHeprun Ty = [y, paccMaTpuBaeMoro B pa3m. 1, umeem
", = 0%, =0, 0;, = A, n Torga Tpancnoruposanue (74) maer (22).

3akJroueHne

OcHoBHble pe3ynbrarsl pabors [1] u maHHON paboTs! ciremyromue.

Bo-nepBhIx, 118 BCeX PacCMOTPEHHBIX KOHEIHO-PA3HOCTHBIX CXeM, HOCTPOEHHBIX IIOCIEIOBATEIbLHBIM
BapUAMOHHBIM METOIOM, JOKA3aHO COXpaHeHHEe KaHOHUIHOCTH U (hazoBoro obbema. CoxpaHeHme KaHO-
HIYHOCTH O3HAYAET, 9TO MATPHILI IKOGH OImepaTopoB mepexofa Pa3HOCTHON CXeMbl SBJIAI0TCA CAMILIEKTH-
9eCKUMHU MATPULIAME, KOTOPbIE 00Ia1ai0T Hab0pOM IIOJIE3HBIX JJId IPAKTUKY CIEKTPAIbHBIX CBOHCTB [12],
TECHO CBA3AHHBIX C YCTONYIMBOCTBIO.

Bo-BTOpEIX, 118 GOIBIITHCTBA PACCMOTPEHHBIX KOHEYHO-PA3HOCTHBIX CXeM KAHOHHYHOCTb H (Pa30BbIil
06beM COXPAHSIOTCS TOJIBKO /Ul HEKOTOPBIX CKPOIMbLIT KOOPAMHAT U/ Ul CKPbimbie UMILyIbcoB. Heobxo-
JIMMOCTH MCHOJIb30BAHUSA CKPBITBIX KOOPAWHAT U CKPBITHIX MMITYJIbCOB CYIIECTBEHHO OTIMYAET MOJIyYEeH-
Hble pe3ysIbTaTel oT [7].
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HpI/IMeHeHI/Ie BapHAIUOHHDBIX IIPUHITUIIOB MEXaAHUKHU Jid NOCTPOEHUA AJUCKPETHBIX IIO BPEMEHH . . .

B-Tperbux, m0Ka3aHO, YTO B HEABHBIX KOHETHO-DA3HOCTHBIX CXeMaX C IIOCTOSHHBIM BecoM # = 1/2
(B ypaBHEHHAX sl KOOPAWHAT W JJIsi CKOPOCTH) ISl MPOM3BOJBHOTO MEPEMEHHOTO IIAra, 110 BPEMEHH
npu J06oM crocobe BBIOOPA CKPBITHIX 00OOIIEHHBIX KOOPAWHAT W CKPBHITHIX OOODOMIEHHBIX MMITYJIHCOB HE
coxpansgerca ¢a30Bbiit 0bbem. Tem Oosiee He coOxpaHAeTCd KAHOHHIHOCTH. TakKue KOHEIHO-PA3HOCTHBIE
CXEMBI HE yIaJI0Ch MOCTPOUTDH MMOCIEI0BATEIbHBIM BAPUAIMOHHBIM METOIOM.

10.

11.

12.
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