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OBOBIIEHHBIE /IN®PEPEHIIMNAJIBHBIE COOTHOIITEHM 1
HA CKAYKE VIIVIOTHEHUNA

A. JI. Axpuanos
(CubT'AY nm. akamemura M. @. Pemernesa,
Cubupckuit dbemepayabublii yHUBEpCHTET, I. KpacHOsSPCK )

Jaercs BbIBOL, 06001TeHHBIX Au(PepPeHITNATLHBIX COOTHOIMIEHUH Ha, KPUBOTHHEHHOM CKat-
Ke YIJIOTHEHUS B HEPABHOMEDHOM ITOTOKE Bs3KOT'0 TEILIOMPOBOIHOTO COBEPIIIEHHOTO Ta3a.
Baskue ciaraembie TTPU 3TOM YUTEHBI B NPUOJUKEHUU CIBUTOBOTO CJIOST C ACUMIITOTHYE-
ckum nopsiakom O(1). B mporecce BbIBOIA COOTHOIIEHU T IPUMEHSAETCS CUCTEMA, CUMBOJILHBIX
npeobpazoanuit Ha IBM. OKOHYATETBHO COOTHOMICHNS 3AUCAHBI B MATPUYIHON (dopme ¢
MAJIBIM [APAMETPOM TIPU CTAPIIMX MPOU3BOIHBIX U HeJuHeHHbIX dieHaX. Koadduiumenrst
COOTHOIIIEHUI B CHJIy WX POMO3JIKOCTH HE HPUBOJATCS. B OpeserbHOM HEBI3KOM CIIydae
obodmenabie guddepeHImaIbHbBIe COOTHOIIEHN TOXKISCTBEHHO COBIAIAIOT C W3BECTHBIM
PEe3yJIbTATOM.

Kmouesvie caosa: kpuponunelinpiii ckadok ymiaoraenus (CVY), Ba3Kuii TeNI0NPOBOIHbILI
COBEPIIEHHBIN ra3, CABUIOBBIN CJIOH, cxeMaTu3alusd CKadKa MOBEPXHOCTbIO CHJIBHOIO Ia30-
IUHAMUYIECKOTO PA3PhIBA, CUCTEMA AHAJUTUIECKUX CUMBOJIBHBIX Mpeobpa3oBannii Ha IBM,
0606menubie quddepeHnuaababe cooTHomenus (ycaoBus) Ha kpuBomuneiinom CV, acum-
OTOTUYECKUIN TOIXO, MAJIbIN TapaMeTp, MpeaeIbHbI HEBA3KUN CIydail, KpaeBoil addexr,
JIonosiHuTebHAs auddepeHuaIbHas CB3b, BUXPEBas MOJIEIb B3ANMO/IEICTBYS, AHATUTHU-
4ecKoe pelieHue.

BBenenue

Huddepentmanbubie coorrorenus (JIC), BuimosHstromnmecs Ha (ppOHTE KPUBOIMHEHHOTO CKAYKa, YILIOT-
nenust (CVY), paccmarpusatorcst B paborax [1—9], npudem B [2, 3] a1 Mozen ngeasbHOr0 COBEPIIEHHOIO
ra3a COOTHOIIEHUs MOJyYeHbl B Haubojee obOIeil m ymo0HOI TpUM pernieHnu MpPaKTUYecKuX 3ajad (op-
me. IMpubamxennsie JIC ¢ uckiaouenubiM kpaesbim addekrom 3a CV nomyuensr B [6]. [IpumenurensHo
K HeCTaIlMOHAPHBIM razoguHaMudeckuM tedenusiv JIC Ha JBUTAIOMIEHCS C YCKOPEHWEM KPUBOJIMHEHHO
YJIApHOU BOJIHE TIOJyYeHbI B [4].

B macrosiuieit pabore, sIBJSIOIIENCsT NPOJOIKEeHHeM ncciaenoBannii [5—9|, maercs BBIBOL acHMITOTH-
veckux JIC, Boinonssgionmxcs Ha, dpponre KpuposuHeiinoro CV NPOHUKAIOMIEr0 B BLICOKOIPAIUEHTHBII
BUXPEBOI MOTOK BS3KOTO TEILIOMPOBOJHOTO COBEPIIIEHHOTO Taz3a. [/ IpuIaHus 643KuM CTaTaeMbIM PAH-
TOBBIX OTHOIIEHUI C TMOC/IeAYIOIeil BIOPAKOBKON aCHMITOTHYECKHA MAJIBIX YJIEHOB [I€JIAeTCS [TOIOTHU-
TEMBLHOE TPEITOMOKEHNe OTHOCUTETHFHO CTPYKTYPhI TA30IMHAMUYECKOTO TEUEHUs: ITO CIBUTOBBIN CJIOM
(CC), nepecekaemsrii pporrom CV.

OcHOBHbIE JOITYIIEHUST

[IpuBemem momyieHus, UCHIOIB3yeMble B HACTOLAIIEN paboTe HA HTAane MOCTAHOBKU 33Ja4d, B MaTEMa-
TUYECKUX BBIKJIQJKaX U B XOJ€ BBIYNCJIEHUIA:
J1. Ta3 cunraercst COBEpIIEHHBIM, a cIBUTOBOe Teuenue (mo obe ctoporbl CY) — nByMepHBIM (ILTOCKasT
WLJTH OCeBas CHMMETDHS) CTAIIHOHAPHEIM CBEPX3BYKOBLIM JAMIHAPHBIM IpH 6o1bmmx (> 10%) umcrax
Peitnonbaca.
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2. CY cxeMaTu3upyercs MOBEPXHOCTHIO CUAbHO20 24300UHAMUY%ECKO20 DA3PVIG.

3. CropasesuBo nozparc.aotlinoe COOTHOIIEHNE MACIITA00B MPOU3BOMHBIX B 00JACTIX [VIAJKOCTH (BHE
CV ([2)) capurosoro revenusi.

W3 mepedncenHbIX TOMYINEHnit B HEKOTOPOM O0OOCHOBAHUY HYKIAIOTCS JIUIIH IBA TMTOCTETHUX.

C ounoii croponbl, nzsecrHo [10, 11], uro BHyTpeHHsisi cTpyKTypa cuavhozo CY He Moxer ObIThH j10-
CTOBEPHO BOCIPOM3BE/ICHA JaKe B paMKaX MOMHEIX ypasrennii Hapre—Croxca! (YHC). Kpowme Toro, mpu
YUCIEHHOM MOJIEJMPOBAHUY YIAPHO-BOJHOBBIX TEUYEHWI C UCIOIB30BAHUEM MEMOJ08 CKB03H020 CHEMG
(mampumep, [12—16|) Bcerma mpuUCYTCTBYET TOBBIMIEHHAS JOKAIbHAS OMMOKA AMMPOKCHMAINN B OKPECT-
HOCTH CKAdJKa, & TJIABHOE, He MCIIONb3YeTCs eCTeCTBEHHAs MIAIKOCTh (ppornta CV B KacaTeIbHOM HATPAB-
nernn. C Apyroii CTOPOHBI, IPUMEHEHHEe BBICOKOTOUYHOTO Memoda évideserus paspuieos [17, 18,12, 3] mius
MOJIETUPOBAHUS TEUEHWH BA3KOTO TEIJIOMPOBOIHOTO Ta3a, HECMOTPS HA UMEIOMIUHCA OTIEIbLHBIN OMBIT
[13—16, 19, 20, 7—9], He siByIsieTCst OOIIENPUHSTHIM.

Crnemyer OTIENBHO YIOMSHYTH BAYKHYIO JIIsT HACTOSIINX WCCIETOBAHUN pabOTy AHAJIUTUIECKOTO Xa-
pakrepa [19], rme CY B 3ajadue 00TeKaHNs PABHOMEPHBIM MOTOKOM BSI3KOTO TEILJIOTPOBOJHOIO Ta3a Teja
masioro pajuyca (uncio Peiinonbica, kak tmmyt asrops [19], canmxkanocs gaxe g0 15) cxemarnsupo-
BaH? MOBEPXHOCTBHIO CHILHOIO TA30JIMHAMUYECKOrO PA3pbiBa. AHAJMTHYECKOe peIeHue B JAHHON 3ajaue
UIIeTCd NCKJIIOYUTE/JIHBHO B L[eHTpa.JIbHOﬁ TOYKE 3a IPAMBIM KpHBOﬂHHeﬁHbIM CY, TIPU 3TOM HUCTIOJIB3YIOTCA
KaK CUMMETPHUsT TEUEHUsl, TaK U CHeuMUIHOe JIJIs JaHHON 3a/a9u CUJIBHOE JOMyIleHue: "m3MeHeHue 1o
KOOpJIMHATAM BEJIMYNH BA3KUX HAMPSKEHUN W TOTOKA TeIa CUNTAETCA MAJBIM B CPABHEHUH C CAMWMMU
srumu BegumauHaMu' . OYeBUIHO, 9TO B CAydae, PACCMATPUBAEMOM B HACTOsSIIEH paboTe, Tjie B KaUeCTBe
HATEKAIOIIEero HepaBHOMEPHOTO MOTOKa, Gepercs BBICOKOrpaaneHTHRIN BuxpeBoit CC, mocmegaee gomyiie-
HUe OKa3bIBaeTcda HempuemyieMbiM. C apyroit cropownbl, B mpou3BoibHoM CC oTcyTCcTBYeT m Kakas-/ubo
JIOTIOJTHUTETbHAS (K TIOCKON MM OCEBOI CUMMETPUH) CUMMETPUST T€IEHMUS.

B monme3y /13 MoxkHO ckazarh ciemyromiee. Hampumep, u3 paborer [21] (cM. TakKe NpHBEIEHHYIO B
Hell 00mmpHyio Gubanorpaduio) ciaegyer, uTo ypasHeHus: Tuna ypaaenuii norpanuanoro caos (YIIC)
MOTYT MPUMEHATHCS KaK BOJM3W TOUKW OTPBIBA, TAK W JIJIsT pacdeTa HEKOTOPHIX OTPBIBHBIX TedeHmii. B
[21] momyduero xopolmee coryacue pemreHuii mo JAHHBIM YDABHEHUSM C DEIIeHWsIME HA OCHOBE IMOJTHBIX
YHC u ¢ pesyabraramu pusnaeckoro skcrnepuMenta. CJieoBaTe/IbHO, MOTPAHCIONHBIE OIEHKU BETUINH
(mampumep, [22]) TpoIOIKAIOT OBITH CIIPABEJIUBBIMU U B CJIydae BO3MYIIEHHOIH 3aa49u, 9T0, B 9aCTHOCTH,
nmokaseiBaeT obocunoBamuocTh JI3. Bosiee Toro, B macrosimeit pabore mcmnonab3yrorca Oosiee obime, dem
VIIC, ypaBuenns s onucanus Asvzkenuss B oonactsx riaagkocru (sae CY J12) ¢aBurosoro revyenwus.

B pesyabrare aBropom mosydenst obmme JIC, BeimonmHsiomuecs Ha kKpubonnmeiinom CY B HepaBHO-
MEPHOM TI0TOKE BSI3KOI'O TEIJIONPOBOAHOIO COBEPIIEHHOro rasda [5, 7], cBs3bIBaiolue MPOM3BOJHBIE OT
ra30QMHAMUAYECKUX BeaudIuH 1o obe cropoubl CY c ero kpuBu3HOil. B orimdme or cBoero "HEBI3KOTO
npeamecrsennuka’ [1—3, 6] qaHHBIE COOTHOIIEHUS SIBJISIFOTCST TPUO/IMIKEHHBIME ACUMIITOTUYECKUMU Bbl-
paxkenusmu 1pu Reg, — 00 (Tounee, npu (Rey) ' — 0), HOCKOIBKY TIPM MX BBIBOJE /I OrPAHMYEHMs
YHCTAa BABKUX CIATA@MBIX YIEePKUBAIOTCS JIUIIb WIEHBI ¢ aCHMITOTHYeCKHM mopsiakom masgocta O(1)
(em. 13). B cayuae (Rey) ! = 0 momyuennbie B mactosmeit pabore JIC TOXIECTBEHHO COBMAIAIOT C
HOJTyIeHHBIME B |2, 3].

BriBoa cooTHOmIEeHmit

PaccmoTpum CBEPX3BYKOBOE JBMZKEHHE BS3KOTO TEILIONPOBOAHOTO ra3a npu bobmmx ([I1) uncoax Req,
¢ obpazosanunem B mose tedenus CY u CC. zBectHo (Hanpumep, [14]), gTo Tommmnbl 9Tux obpa3oBanuii
TOC/IE COOTBETCTBYIOIIEr0 00e3pa3MepPUBAHNS BEJIMYWH UMEIOT Pa3HBIH aCHMITOTHYECKUI MaCIITad mpu
Reso — 00, a umenno: rommmuua CC §, ~ e = (Reoo)l/2 — maaviti napamemp, Tommuna, CY g ~ g2 —
obparuoe unciao Peitnonsaca. Takum obpasoM, B 3aJade IPUCYTCTBYIOT TPH JUHEHAHO HE3ABUCHMBIX MAC-

mraba: 1, €, €2, npuaem 1 >> € > €2 npu e — 0 (emHMIIA COOTBETCTBYET XapakKTepHOMY pasmepy L

! Iipyroe, Bo3MOKHO, 6O/Iee TIPABIIBHOE HASBAHIE STHX yPABHEHMH — yPABHEHHS BA3KOT0 TEILTOMPOBOJHOTO CZKIMACMOTO
rasa.
2 .
CoOCTBEHHO TEPMUH CTEMAMUIAUUA 3ANMCTBOBAH U3 YKA3AHHON PAbOTHI.
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O

CobCcTBeHHBIE CHCTEMBI KOOpAWHAT, CBA3aHHbIE CO CKAYKOM YIIJIOTHEHUA U JAHUER TOKa

3a/1a4n). YUNThIBas JaHHYIO "BUIKY' MaciTaboB, NCKIIOUAM HAMMEHbBIINI 13 HUX, cxeMaru3uposas CY
MaTeMaTnyeckoit moepxHocThio ([12). Ilomyunm cOOTHOIIEHMsI, BBIMTOJHSIIONMECS HA JTAHHONW MOBEPXHO-
CTH.

PaccmarpuBast cranmoHapHbIil (pU3MIECKUil MPOIECC TPOXOXKIeHus raz3a depe3 CVY B MI0CKOCTH WO'ii,
(fis — mopmaas kK CY B rekymeit Touke O, W — BEKTOD CKOPOCTU HAOEraloIero moToKa B TOW YKe TOUKE;
CM. PDUCYHOK), BBeJeM Jisi ckadka (cm., Hanpumep, [20, 14]) BHyTpeHHue pacmsanymoie OPTOrOHATBHbIE
KOODJMHATEL Ngo = Ng/ds, Tso = Ts/Rs. 31ech 05 — xapakrepublii macmradb gmusabl (toamuab) CY B
HOPMAJIbHOM HAIPABJICHUN (B HAIPABICHUN OBICTPOrO M3MEHEHWs Ta30JMHAMUIECKUX (DYHKIWi); T —
KOOD/IMHATA, B KACATEJILHOM Hanpasjieaun Ts; Rg — pagmyc kpusnsuabl CY (Rg ~ 1 mam Rg ~ §7). Tlepe-
xXonst B crarumoHapubix Y HC, mepenucanubiX B TMEPEMEHHBIX Tso, Mo, K Mpeaeny mpu € — 0 U yunThiBagd
JIMIIb TVIABHBIE WIEHBI B pazjoxkenuu 1o ( = d;/Rs, numeem

a(pV) 0 L oU ov 20V 1\ _

e 0 Fnn (pVU 5. \ane "o ) " %39 |) 7%

9 , w2/ ov _oU U\
e (PV TP [5 (2—3% - a—> “CaTwD =0 0

1
P " oU v o/ oV  _9U\ A Oh
o P 290V Ao

One (pV s, [U <8nso + <8750> +V3 ( One <8750> T G s

20V ou
(055 Vi )]) =

Bueck U u V — npoekmun ckopocti W COOTBETCTBEHHO B HANPABICHUSX Ty U Mg, W2 = U? + V2, p —
p
—; ¥ — mokasaresb

b
(y=Dp
M39HTPOIIBI, Y = Cp/cy; A — Koabduiment rertonposogaoctu, A/¢, = pu/Pr (Pr — uncmo Mpawgraa); ¢ —
"prikmouarens” (t = 0;1; 2 = t), yanToiBarommii mpy ¢ = 1 YacTh BAKHUX HAIPAYKEHMI, OCTAIONIEXCA OT
nuddepeHIMpoBaHnsi TOTOKOB OCHOBHBIX BEJIMYNH B HampaBjeHun Ts B ucxomabix ¥ HC. B mganbreiinem
st ynporiennst 3amucu nosoxum ¢ = 0, rorma B (1) u cnexyromumx u3 (1) nHTErpasbLHBIX COOTHOIEHUSX
OCTAHYTCsl Te ¥Ke BsI3KHe KOMIOHEHTHI, uTo u B [23|. Hampuwmep, B coorHoImenusx, npuBegeHubix B [20],
IPOM3BOAHBIE B HAMTPABJIEHUU Ts BOODIIE MCKIIOIEHBI.

MJIOTHOCTE; p — asjienne; H — monmas sutanemus, H = h+ W?/2 roe h =

IIpuvem CTeneHHoft 3aK0H BA3ZKOCTH: [/ foo = (h/hoo)?, 1/2 <w < 1.
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B ornmune or maremarwueckux uccaenosannii Bexkepa [24] (cm. takske [25]) B Hacrosimeii pabore
BHyTpeHHsIs1 CTpyKkTypa CVY IpeacTaBiseT BTOPOCTENEHHbI HHTEpec, MO3TOMY, IpomHTerpuposas (1),
BEpHEMCSI K IIPEsKHUM KOODJIMHATAM Tg, Ns. L[IpoBemst obe3pasmepuBanie BeIUIHH

Ng _ 1) — 1% — h
Ng L’ P ,Ooo’ Woo’ W2 )
=_oT _+ _ P -1 _ < h )w

(T — abcomoTHas Temneparypa), nepsble maTerpasbl (1) mpeacraBuM B BUE CJAEAYIONIMX TTPEIETHHBIX
COOTHOIIICHU:

ﬁV:pV:M;
i | (e 5) 7 (@Z—z—i)%(si)] -

1 ou oV 2.0V 0oU 1 [ oh
=pVH— U + +V-12 — + — =F.

Reso ons 0T 3\ Ons, Ot Pr \ On,

31ech u B JasibHeliieM depra B 0003HaUeHNN Oe3pa3MepHBIX BEJIUYUH OMyINeHa, a HAJCTPOIHBIM CUMBO-
jgom "7 " nomeuensl razoguHamMudeckue sejudunbl 33 CV.

OrpaHnunBasgCch JBYMEPHOCTHIO (TLIOCKOI WJIM OCEBON CHUMMeTpHeil) BHEITHEro TeYeHs, mepeiigem Jio-
KaJIbHO B €CTECTBEHHYIO CUCTEMY KOOPIMHAT (§, 1), CBA3AHHYIO C JIMHUEH TOKa U HOPMAJIBIO K Heil (cM. pu-
cyHOK). C yueToMm TOro, 9TO KazK/I0e M3 HAIpPAaBJIeHuil §, 7 TepnuT pa3peiB npu mepexoje uepes CY (/12),

KOMITOHEHTBI CKOPOCTEfi M MPOU3BOJHBIE OT HUX JJisl BSI3KUX UJI€HOB B (2) B HOBOIl cucTeMe KOOpJUHAT
3aIMCHIBAIOTCS CIEAYIONMM 06pa3oM (B KadecTBe mpuMepa Tolbko B nomyobaactu 3a CV):

-~ = ~ ~ Q
V = —Wsinao; U =W coso; o=0-06, Q=Q(71s); Kw:;l—;
Ts
v d/W,AH? Cdo\| AU _aw (o 0
dns dng sma dng ’ dns  dng cosa
gy " . 3)
d_V—_ aw inA+[/j K _ﬁ . d_U—d _|_[7
drs dTy Sma Y dr ’ dry  drg cosa dTS
dd 9D oD dd 9D oD
.~ on CoSO — o sin o, i sing + — 57 008 0, {W 6’}

Kowmmonents ckopocreit V', U u npoussoanbie ot vux 10 CV 3anuceiBaiorcst anaaornano. B dbopmynax (3)
HCITOTB30BAHBI CIeIytolnue 00o3HadeHust (CM. pUCYyHOK): W — MOJLyJIb CKOPOCTH; 0 — OCTPBIH yIOI MEZKTy
Wu QY (mexay 8§ u 7s); 0 — amamormunsiii yron 3a CY (mexay Su 7s), 0 = o0 — 8, B = 0 — 0, rae
B — yron mpenomiieHust BekTopa ckopoctu Ha CV, a 6 u o — YIJIBI HAKJIOHA COOTBETCTBYIOIIMX JIMHUHI
toka K ocu OX pmekaprosoit cucrembr koopaunar X O0Y; K, — npomonbuas xkpususua CY (B ormame
OT paJuajbHONl KpuBU3HBI 1/y B ocecmmmerpudroM ciaydae). Oce OX nnbo sSBASETCS OCBIO CHMMETPUH,
anbO JIEXKUT B IJIOCKOCTH CMMMETPHUU TedeHusi. X = sign (o) (CM. PUCYHOK) onpeje/sier ceMeiicTBo, K
KOTOPOMY HpuHAJIeRUT TOT win uHoilt CV (XapaKTepucTuka) B MPeIeJbHOM HEBSI3KOM CTAIHOHAPHOM
cilydae, KOIJIa, yPaBHEHUs JBHYKEHHs MMEIOT ruiepOoamdyeckmii Tun: ¥ = +1 aaa ocaosroro CVY, x = —1
JLJTIsT OTPaYKEHHOH XapaKTePUCTUKU MTPOTUBOTIOIOKHOTO cemeiicTBa 3a CV.
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Coornomtennst (2) ¢ yuerom (3) mnst momyobaacru 3a CVY zanumryrcst Tak:

JPN . n (dU a4V
=pV =pV; I, = M0 - L + );

Reso \ dng d_Ts

- o2f.av dU .7 P
L, =MV +p— (252 =), =L Z 4
n +p Reoo3<dns 7 G (4)
~ W? I,—p ~ o 1 dh
E=M|h- " LU - =
( 2 + P )+ Res Pr dng

IIpu BeIBOZE cooTHOMmIEHMI (2)—(4) HE OroBApUBAJICS ACHMITOTHIECKHUIT TOPSIOK BXOJSIINX B HIX IIPO-
M3BOAHBIX, T. €. (pakTHIecku cTpyKTypa Tedenns g0 CY n 3a HUM. YUUTHIBAs, ITO B KaIeCTBE HEBO3-
mymierHoro teuennst paccmarpusaercs CC, npoananusupyem (4) ¢ mMOMONIBIO MOTPAHCIONHBIX OIEHOK
BesinanH /I3 ¢ yuerom paspsiBa mociegaux Ha CV:

06 ow .
W, h, W h 9, 3 Ds 1; O~¢, e=Rex e mapamerp;
OW Oh 0°0 00 oh 1 O*W 9*h 0?0 9*h 1

Ty Ty s < "~ T, T s a5y s~ ~Y—F 1 T. .
OnOn’ on2 o0’ On e On2’ On2 0n2’ on2 &2 A

(5)

BamMeruM JIHIIb, 9TO I CUMMETpU3aliui OmneHoK (5) orHocurebHo cTopoH CY MaOCTHIO BeTHIUHBI 6
yI00HO HE MOIB30BATHCS.

C yuerom (5) BugHO, uT0 coorHorenus (3), (4) comepxkar muddepeHraIbHbIe 4IEHbI, HMEOIINe MOPsi-
nox masoctn O(g) m O(e2?) mpu Res — 00, IPUOIIKEHHO YIHTHIBAIONIIE BA3KOCTD H TEILIONPOBOIHOCTE
cpenpl (ciaraemble ¢ MHOKUTENeM 1/Res, @ ~ 1). Ilpu orbpaceiBannu ux u3 (4) nosydaiorcs o6brd-
HEIE Yycaosua na wocom CY, W, CIeI0BATeIBHO, TIOMHBIE? COOTHOMeEHHs (4) MOIYT pacCMATpHBAThCH KakK
06006ULEHHYIE COOMHOUWEHUA HYAe8020 nopadka. Hampumep, B muddepennmanpibix YIIC yaepruBatoTcst
JMIIb daeHbl nopsizka magocru O(1) [1, 22, 14, 16].

[Ipomuddepentnupyem maccy M, TanreHnuaabuyo I 1 HOPMAJbHYIO [, KOMIIOHEHTBI UMITYJIbCA, SHEP-
ruto F B nonueix coornomenusax (4) saons CV w = 74 ¢ MOMOMIBIO CIEAYIOMUX ONepaTopoB (B KA4eCTBE
npumepa Toabko 3a CY):

dd 9D oD . o~ ~
v COST + —— 5 Sino, ® = {W,0,p,h}, D # o;
do 0 06 . Q) -
%—Kw—<%COSO’+aﬁSIDO’>, Kw—%, Q=0+oc=0+

JI1st MCKTIO9eHrsT MPOUBBOIHBIX M0 HANPABJEHUAM S 1 § n3 poauddepeHnnpoBaHHbIX CooTHOMEHMIt (4)
ucronb3yem napaboausosannvie YHC (IIVHC), sanucannbie /s BEKTOpa 3aBHCHMBIX TIepeMeHHBIX @ =

= (W,0,p, h)T B (s, n)-koopaunarax (B KauecrBe mpumepa — 3a CV):

I GO S )
Js_ on y A’y—l/f;’
oW _ o5 1 0 [, oW
W os 05 F5 + Reoy’ 07 (y Fom |’
~ 6)
00 o5 1 49 (00 (
2 i 1) 7.
W %= "o " Rewyt 300 (y “W8ﬁ> ’

4
3
—~ ~ —~\ 2
—oh  —op 1 |10 (0 . (oW
Wz =W Rewye [Praﬁ (y “’aﬁ) tyH ( o )

3Be3 0TOpacHBaHMS KAKIX-TUG0 UIEHOB.
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31ech 6 = 0 cooTBeTCTBYET TIOCKOMY, 0 = 1 — ocecuMMeTpUIHOMY Caydaio TedeHus. [logpasymeBaercs,
a0 oz (6) "ckpoiBaerca" u ananornunas cucrema IIVHC mo CV, mpu stom YIIC, agekBaTHbIe TEUCHUIO
mepes cKaukoM, nosydaiorca n3 [TYHC ympormennem paguaabHOT0 ypaBHEHUS WMITYJILCOB 0 PABEHCTBA
Ip

— = 0. [Ipu orbpackIBaHIM U3 TOTO K& YPABHEHUs JIUIIH BI3KOTO UIEHA TTOTYINM TaK HA3LIBAEMBIE Ypa6-

on

nenus 643k020 ydaprozo caos (YBYC) (nanpumep, [14]). UssecrHo, 4ro ormunrensHoii geproiit YBYC
SIBJTSIETCST YTOOCTBO COTIPSIXKEHUS BASKUX W HEBSBKHUX YYACTKOB TeUeHWdA. B psijie caydaes, KOrma Tpedy-
eTCsl OTTEHUTH JeiicTBIe (DAKTOpa BA3KOCTU-TEILTONPOBOIHOCTH UCKTIOUATENHHO B MEXAHU3ME YIApPHOTO
nepexoja, nmeer cMbicyi BMecto YBYC ucnonb3oBarh 6osiee mpocThie ypaBHeHus Jityiepa. OTMerum, 9To
BBIOpaHHAS JIOKAJIbHASI CHCTEMA KOODAMHAT (8, 1) HambO/Iee MOAXO/ISIA He TOTBKO JJIst 3aIUCH HEBSI3KIX
JC [1—3], o n st 3anmcu ynpouenubix ypasuenuii tuna [INVHC (6) (manpumep, [26]).

Beipazus u3 (6) Bekrop Pz = (Wg, §g, Das ﬁg)T U TIOJICTABUB €ro B MpoauddepeHnnpoBaHHbIE B0
dbponra obobIenHbIe cooTHOIIeHNsT (4), momyunm ms nosyobsactu 3a CY BbIpayKeHUsl, HE COMEPKAIINE
MPOM3BOIHBIX N0 §. AHaIormuHas MpoueAypa Bbimoanserca u aas noayodaactu go CV. Kak yxke ormeda-
JIOCh, B XOJIe BBIMIOJTHEHUS BCEX MOJICTAHOBOK CPEIH BA3KUX ciaraeMbix cormacHo (5) B JIC ymepuBatoTcst
b atensl nopsaka O(1) — ciaaraemble, cogeprkaniye HOPMaJbHbBIE POU3BOJHBIE BBIINIE BTOPOTO TO-
psaka, OyayT aHHyIMpOBaHBI. BarXHO, UTO HEBA3KHUE CIAra€MbIe MMPU TOM OCTAIOTCA 0e3 KaKuX-a1udho
M3MEHEHUN He3aBUCHMO OT UX ACHMIITOTHIECKOTO MACIITaba.

[Tomy9ennbIit TAKAM MTyTEM OKOHYATENILHBINT MATEMATHIECKIH 00BHEKT OTpeenM Kak obobusernvie JJC
na CY B Bs3koM TemaonpoBogaoM rase B npubmxennn CC (OLCC), koropsie, B ormane ot (4), caemy-
eT PacCMaTPUBATL Kak 0bobuennvie coommowenusd nepsozo nopadka. OJCC cBsa3bBalOT HOpMaJIbHBE (K
JIMHUAM TOKa.) IIPOU3BOAHBIC TIEPBOTO-BTOPOrO MOPAAKa OT Ta30AMHAMHWYCCKUX BEJIUYUH I10 O6e CTOPOHBI
CY c ero kpusmzuoit K,,. B npemenpuom neBsazkoMm ciayuae B OJCC burypupyior Julih mepBbie Tpo-
u3BOMHBIE. B 00Iem ciryuae mepsble TPOu3BOAHBIE 0T razoguHamudeckux BenuunH BxogsaT B OJICC yxe
HEeJIMHENHO.

Hecmorpst Ha mpuMenerre yKa3aHHBIX BhINIe acuMmroTudeckux ymuporennit, OJCC mpeacraBasior co-
60ﬁ KOHEYHbIE, HO HEKOMITaKTHBIC MaTEeMaTUYECKNE BbIDazKEHHA, B CBA3M C YeM B IPOIECCe UX BBIBO-
1A JIOJIKHA TPUMEHSITHCS Ta WM WHAST CUCTeMa anasumuyeckur npeobpasosanutd na YBM (REDUCE,
"Maple" u 1. m.). Bosee Toro, npaktudeckuii ombIT paboThl ¢ MOZOOHOTO POTA CHCTEMAMU MOKA3BIBAET,
Y9TO Pa3yMHBbIEC C TOYKH 3PEHUAd KOJIMUYIECTBa C/lara€MbIX MaTEMaTHYE€CKUE ypDaBHEHUA N HKO6I/Ia.H K HUM
yAaercs TMONYYIATh JIUITh s (PUKCUPOBAHHBIX 3HAYEHUN Ta30MHAMUYIECKUX KOHCTAHT, HATPUMED s
y=T7/5, w=1 Pr=1

Orpanmunmcst 0HON n3 Bo3MOKHBIX ya00ubIX (hopm sammcu OJICC B Bume cucremsl ypasHenuii (Ko-
9 OUIUEHTE B CHTy UX TPOMO3IKOCTH HE MPUBOIATC):

N S N
aj (‘I)j)ﬁ + b; Ky + Cij (‘I’j)n + dz'& + €2 [6ij ((I)j)ﬁﬁ + fZqup + 9ij ((I)j)nn + NZ] =0, (7)
® = (W,0,p,1)";  ij=1,....4,

rae
6=00=1; =Rex)s  Ni=N((%) ,(2),.8,0,K,).
, . 420
B (7) mpmveneno cymMMupoBaHUE IO HOBTOPSIOIIEMYCSI HHIEKCY j; Benmanua K, = T2 IIPEJICTABJISET
w

coboit npousBoanyio ot kpususabl CV; BekTop N saBHO 00beInHSIET BCE HEJIMHEHHBIE craraemble (Ipoun3-
BeJICHUsI MJIAJIIINX TPOU3BOIHBIX U KpUBU3HEI). DyHKIMOHATBHBIE MATPUITEI (BEKTOPBI) KO3(hDMUIEHTOB

A,...,G (B panpreiimeM mpocTo KO3(MMUIMEHTDI) CI0KHBIM 06PA30M 3aBUCAT OT TA30[MHAMUIECKUX Be-
JimauH 10 06e croponbr CV.
Baxno, uTto B Henaskom ciydae (¢2 = 0 B (4) u (7)) xosadbdumments A,...,D B (7) mocte cootr-

BETCTBYIOIINAX [TOMYyCTUMBIX IIPEOOPA30BAHUN B TOYHOCTU MPUBOAATCA K AHAJOTHIHBIM KO3 duimenTam,
MOJTyYeHHBIM B |2, 3|, re ucnonb3oBana apyras (yao0Has /I HEBA3KOTO CJIydasi) TPYIINa 3aBUCHMBIX e~
pemMenHbIX. Takum 06pa30M, B 9ACTHOM CIydae KOHEUHBIN pe3y/IhbTaT MPUBEIEHHOIO0 B HACTOMIIEH pabore
BBIBO/JA B TOYHOCTHW COBITQ/IAE€T C W3BECTHBIM PaHee Pe3yIbTaTOM.
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AHann3 cooTHOIIIEeHU

[Ipoanamusupyem OJCC (7) ¢ Touku 3peHust WX MPAKTUIECKOTO MCIOIb30BAHMsI, MOJArasi, 9To Kodyd-
dbunmentor A, ..., G #a gapnbii Moment (B ganaoi Touke CV) yiKe BBIYMCICHBI M Ta30UHAMUIECKUE
mapaMerpsl o 00e croporbl CY yA0BIETBOPSIIOT JTUO0 OOBITHBIM, MO0 0OOOIIEHHBIM COOTHOIIEHUSIM HY-
neBoro nopszka (4). Tasomunamudeckuii mporecc B kacaresbHoM K CY HAPABICHUHN CIMUTACTCS [IATKUAM.
Torma cucrema verbipex (i = 1,...,4) ypasuennit (7) cogepxut 10 HEM3BECTHBIX BEJWHUUH: 8 HOPMAJIb-
HBIX MPOM3BOIHBIX TEPBOTO-BTOPOTO TOPSIIKA OT TazonmHaMudeckKux Benndaud 3a CVY, ero KpuBHU3HY H
npou3BOAHYI0 OT Hee. IIpomsBomgabie oT Tex ke Beqmunn B HeBodmyineHnoM CC (mo CVY) momararor-
Cs1 UBBECTHBIMU: TJIQKOE PaCIpejiesieHne ra30uHaMUIeCKUX MapaMeTpoB momnepek #Heposmytnenuoro CC
MOJKET UMETh JIHO0 aHAJIHTHYECKOE MPEICTABICHIE, JTHO0 MOJXOIAIILYIO TapaMeTPU3amio? .

Hna 3ambikanus (7) He0OX0AMMO 3a7aTh KaKyo0-mmb0 n3 npoussognbix 3a CY mim nx komObunanmio. B
YJaCTHOCTH, B Ka49eCTBe TaKOBOI MOYKEeT 6LITI) HUCIIOJIb30BaHa JOIIOJTHUTE/IbHAA ﬂH@(bepeHHHaﬂbHaﬂ CBAd3b
[27|, nckmogaromas kpaesoit addekt 3a CY [6]. B stom ciyuae cucrema (7) CTAHOBUTCS OJHO3HATHO
paspermmoii 0OTHOCUTEILHO IPou3BoAHbIX 38 CVY B J11000i €ro pac4eTHoil TOYKe U MOXKeT ObITh YUCIEHHO
OPOWHTErpUpOBaHa BI0Ib ero ¢dbponta [6—9|. Ilpum 3TOM BaKHO, UTO COOTHOIIEHUS HYJIEBOTO MOPSIIKA
Ha CVY (B wacTHOCTH, OOBIYHBIE COOTHOIIEHWSI HA KOCOM CKadke) B JIIOOOIl ero pacyeTHoil Touke OymyT
BBITTOJTHATLCS aBTOMATHYIECKH (!) M MO3TOMY MOTIYT NPHUBJIEKATHCA B XOJI€ PACUETa, HAMPUMED, C HEIbIO
JTOTTOJTHATETHHOTO MTOTOYETHOTO KOHTPOJIST TOUHOCTH BBIYHCIEHUIA.

Bamernm, 9TO yKazaHHas BbIe TpoMo3akocTh Koaddumentos OJCC (7), He mO3BOMUBIIAS B PAMKaX
HaCTOHH_Leﬁ pa6OTbI 3alnCaTh UX B dBHOM BUJIE, HE ABJACTCA NMPENATCTBUEM K MPAKTUYECCKOMY IIpUMeE-
uernnio OJCC: mocte 3ambikanmust (7) TMOMyUeHHAs CHCTeMa PabOUNX ypaBHEHUIl, BBITOTHSIIONMXCS BIO/Ib
CY, u skobuan K Heil jerko koMmnuaupyorcst B Fortran-cpese.

B uacriom crywae €2 = 0 cucremsr (4), (7) paspemaroTcs aHa uTHIECKH B SBHOM BUJIE, TAK 9TO MOJTY-
YAIOTCS U3BECTHBIE B jinTeparype (Hanpumvep, [1—3|) maremarndeckue dbopmyiisl. VX ucmons30Banme mpu
IUCIEHHOM MOIE/JIMPOBAHNN B TPOIIECCE MMOCTPOEHUsT 0O0OIIEHHOTO perennst TuddepeHnnaIbHON 3a1aTm
[28, 29, 3| MoxkeT paccMaTpPUBATHCS KaK AJbTEPHATHBA U3BECTHOMY UHCIEHHOMY METOY XapaKTEePUCTHK
(mampumep, [30]) u TO3BOIZET TPOBOIUTH BBIJEIEHNE MHOXKECTBA MOBEPXHOCTEN pa3pbiBa HA HECOTIACO-
BaHHOW ¢ HUMU (TIPOU3BOMBLHOI) pa3HOCTHON cerke. CxOxKne YaCTHBIE BBIYMCINTEIBHBIE MPOIEAYPHI HA
CY, obbequHeHHBIEe ¢ TEMU WJIH WHBIMI KOHEYHO-PA3HOCTHBIMHU aJITOPUTMAMU, OMUCAHBI TakKe B [31].

B obmewm ciyuae (€2 # () BaKHO IOMHATD, 9TO BA3KME caaraeMble B (7) BO3HUK/IM MO JIBYM HE3aBUCH-
MBIM OPUYMHAM: &) U3-32 y4era (pakTopa BI3KOCTU-TEMIONPOBOJHOCTH B MEPBOOOPA3HBIX COOTHOIIEHUIX
ua CV (4); 6) uz-3a yuera manaoro ¢pakropa B audepeHIna bHbIX YPABHEHUAX B [VIAKONH OKPECTHOCTH
CVY (6). CnemoBarespHO, TP MATEMATUIECKOM MOJEIMPOBAHUM yAapHBIX mporeccoB Ha ocaose OJICC
(7) mas BBISIBIEHWS BK/IAIa YKA3AHHBIX OTIETHHBIX BAZKUX KOMIOHEHTOB IIEJI€CO00PA3HO PACCMATPUBATH
KaK COBMECTHOE, TAK W Pa3esbHOe WX BJIWSIHNE HA KOHEUHBIN pe3y/TbTAT BBIUNC/TEHIA.

3akJiroueHue

CymurectBento, 1ro moaydentbie B Hacrosimei pabore OJCC (cm. takxe |5, 7|) mO3BOMSIOT MOCTPOUTD
HOBYIO CTAIIMOHADHYIO 643KY10 Mmodeav B3aumogeiicTeusi ckauka n CC [7T—9]|, obobuatoniyto u yydria-
ouyio surpesve modeau [6, 32|. Hanpumep, B [6], nocrpoennoit Ha ocHoe nesaskuxr JIC, uucno Peii-
HOJb/ICa (DUTYPHUPYET HEesIBHO KaK BHEIIHUil mapameTp, ompejesstontuii monepednbie Macmrtadbl CC (B
YaCTHOCTH, TEIJIOBOH) M KOMIIOHEHTY CKOPOCTH HEBO3MYIIEHHOIO TedeHusi. B Bsi3koii mozesn [7—9| na
ocaoBe OJICC Hapsiy ¢ TakKuM BXOXKJIEHUEM (PAKTOpP BABKOCTU-TEILIOMPOBOJIHOCTH MPUCYTCTBYET sIBHO
U TTO9TOMY YACTUYHO, & B P CIYIAEB 3HAUUTETHHO, OMpeIeseT CTPYKTYPY BO3MYIIEHHOTO TEUCHWSI.
BbI‘II/ICJII/ITQJIBHbIﬁ IKCIIEPUMEHT IMOKa3bIBACT, YTO MPU ONPEACIEHHBIX IMapaMeTpaX TE€YEHUdA Hey4YeT NJIN
y9eT JaHHOTO (DAKTOpa B SBHOM BHE TPU pacdeTe BO3MYIIEHHOTO TEYEHUs B CJIO€ MPUBOIUT K JIBYM
BHAYUTENHHO PA3INIAIONIAMCST MATEMATHIECKAM PEIeHNsIM 3a,IadMn.

Agrop riayboko 6maromapen mpodeccopy U. . CodporoBy 3a 06Cy K aeHe BEIYUCIUTETHHBIX ACIIEKTOB
JAHHOI paboThI B MEPHUOJ, €6 CTAHOBJIEHNUSI, a TAK¥KE BRIparXKaeT baromapHocTs mpodeccopy B. K. Anmgpe-
eBy 3a BHUMaHWE K pabore u 1ennbie 3amedanus u npodeccopy B. H. VckoBy 3a npuobiienne aBropa K

*HanpuMep, ¢ MOMOIIBIO KYCOUHO-KYOMIECKOro CILIaMHA.
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O600mennbIe quchbgepeHnaIbHbie COOTHOIIIEHUST Ha CKAUKe YILJIOTHEHHS

y,[[a.pHO—BOJIHOBOI;'I TeMaTUKe B IIEPUOJ O6y‘{€HI/IH B MHCTUTYTEC U aCIUPAHTYPE, MOCTOAHHOE BHUMaHUE K
IPOBOAMMBIM HCCA€JOBaAHUAM M HayIHOE PYKOBOICTBO.
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