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AHHOMauyus: NaHbl papuTeTHbIE MO WHGOPMaLMOHHOW EMKOCTU, HOBU3HE N 06BLEMY pe3ynbTaThbl AOCTUXEHUI aBTOpa
B 0611aCTU KOHBEPCUKM, B T.4. KPAaTKO OTpaXkéHHbIe B ero AOKTOPCKOWN auccepTtaumm (aBtopedeparte)1986 r.

Knroyeenie cnoea, npeuMyw,ecmeeHHO Hoeble: KOHBepcUuKa /conversics, 6a3oBble CXeMbl BEHTUIbHBLIX Npeobpa3so-
BaTenen (KoHBepTepoB) anekTpoaHeprun (BBIM/BBK 33), knaccbl cxemHbix mogenen BBK,), nHTepmeToandeckuii cnocob
(anropuTtm) nccnenoBaHus (aHanmsa u Np.) BEHTUIbHBIX (C HEMMHENHBIMUW 3NIEMEHTaMM) CXEM, METO[, IKBUBANEHTHbIX peak-
unn (MOP), HoBble TeopeMbl pasnoXeHus Ans npovsBeneHns n3obpaxeHuit Jlannaca n Tabnuubl yHKULUIA ANs nocrnefosa-
TEMbHOCTU UMMNYNbCHBIX MEPEMEHHbIX. Takke pexXuMHble MOPTPEThl M KOHCTPYKLMMW ANst CXEM pa3fnnyHbiX Knaccos, dopmyrnbl/
3aKOHbI CKa4KoB, MPOGnemMa KpUTUHHOCTU (KPUTUYECKUX PEXMMOB UM COCTOSHUI, 3MeKTPOMarHUTHbIX NPOLECCOB CXeM) U pe-
3ynbTaThl €€ pelleHust Ans OecATKOB knaccoB Mogenein. Micnonb3oBaHue B y4ebHbix npoueccax, HAP, OKP, npoMbiLwneHHo-
CTAX — PagNO3NEKTPOHHOW, aBUALMOHHOW, YroNbHON, HEPTEXMMUYECKON, OPYIUX.

YacTs 1. HccaenoBaHMA BEHTHIALHHX npeodpascoBaTetiel pasJHEYHHX KJAaCCO!

B maHHO# WacTE peilleHa BTOpad IJAaBHaA 3alla4Y2 — BHIOJHEHH KOMIIJIEKCHE
ACCASNOBAHAA CTAAOHADHHX H NEPEeXONHHX SJeKTPOMArHATHHX nporecconB ( IMI
B BEHTHMJIBbHHX Ipeo0pasoBaTessaX 3JAEKTDPOSHEDI'HMH DasJM4HHX KJaccos.[22].

B nmpouecce pelieHAA paspadoTaHH OCHEeMETOLOJMOrMYECKHE OCHOBH aHAJM3E
YCTAHOBUBUMXCS M IEePEeXONHHX, HENPEePHBHHX M HMIYJBCHHX Opoueccos ( YHI,
[IHI, YW, IOV ), pemeHH BaXHhHe HayY4YHHe OPOCJAEMH OO KPUTHYHOCTH (QPH3UYEC —
KHX coCTogHH# BIl ¥ MaTeMATHYECKO# 3aMKHYTOCTH DPeKYPDEHTHHX ypaBHEHHHR yI
Ja KOMMYTAallM¥ pANa KJAACCOB BEHTHMIBHHX CXeM, paspaCOTaHH IJA TaKHX CXeM-
HHX KJACCOB 38KOHYEHHHE TEeOpHH H MEeTONUKM MHXEHEPHOI'O CHHTEe3a, B TOM Yl
cJe, MANMHHHE H C IOMOmMbY YHHBEDCAJbHHX NapaMeTpHIeCKHX Homorpamm. Hcca
LOBAHO IO YPOBHA TeOPUY U OCOCHmMEHHHX NPaKTHYECKHUX HOMOrpaMm HOBOE SABJIEHE
— YIOBOEHHE YACTOTHOR KPATHOCTH OYJAbCALUM BHXONHOI'O HaupaxeHus Bll u CcHE-
XeHHEe ee YDOBHA Oe3 BBeAEcHHA paHee H3BECTHHX CPenCcTB. flBJAeHHEe OCHapyxe-
HO aBTOPOM JKCOEPHMMEHTAABHO M 0O IepBHM OyKBam IOOHATHE "peirynjamxaima” ¥
"penyKuEA", OTpaxanuiax yYKa3aHHHE CBOMCTBA, OHO HasBaHO P-asieHueM.[1-27]

1. OCmeMeTOIOJIOTMYECKHAE OCHOBH MCCJECHOBAaHWA, CIHOCOOH,METOIH ,IPEEME

B nepBo#i wacTu paCOTH, HapAhy C CHHTE30M MHOI'OYHCJEHHHX HOBHX 0as(
BHX cxeM BII, faKTHYeCKE HCCJIeLOBAaHO BCE HX MHOrooopasue. Ho ¢ Hesrw 60-
Jee NPOCTOE BO3MOXHOCTH OINEPATHBHOI'O MX COIOCTaBJEHHA MEXIy COCo# m ¢
paHee H3BeCTHHMM, AHAJM3 CXEM BHIOJHEH OPH YOPOHIEHHHX MOHeJAX. B Takux
MOJIeJIAX He YYTEHH HapaMeTpH (PHILTPOB M BHYTPEHHHX 3JEMEHTOB - SMA, IID &
np. oigydeHHHe YOpOUEHHHE pacYeTHHe (POPMYJIH HOPAIONHH IJA OPHEHTUPOBOY =
HHX MHEEHEPHHX pacyeToB, HO IJA CoJiee Kad9eCTBEHHOTO NPOEKTHPOBaHMA OHH
TpeOyoOT yTOdHeHui. BiMAHWE TaKHX HOapamMeTpoB Ha OMI B peanbHHX BIl cymec-
TBEHHO. I[IpHBOOMT K pANy CHenUPUUHHX ABJIEeHUHR, OCOCEeHHOCTeid, peXHMOB pa-
CoTH. Kpome TOro, B nepBO 4YacT® He M3YyYEHH NEpexXOliHHE OPOIEeCCH, Xapak-
Tep KOTOPDHX HM3-3a HaJ9YUA HeJuHEHHHX 3JeMeHTOB (HD ) caoxeH mjasa MaTema-—
THY€CKOI'O ONHCaHMA, TpelyeT paszpaCOTKM &SHNEKBATHHX MaTeMaTHYEeCKHX CPEeICT
npreMoB, METOLOB.

BmecTe Cc TeM, BHIOJHATEL HMCCAEHOBaHMA, KAK OCHYHO, KaXHO# CXEeMH B
OTHEJAHbHOCTH IO KaxIOMy PeXHMy H IO BCeMy MHOroodpasmw MoneJei, o0ycJoB-
JICHHOMY IJIA JIOOO# B3 HHX pPa3sJMYHHM COYETaHMEM YYMTHBAEMHX IapaMeTpos ,
KpaiHe TPYHOOEMKO, 4Ypes3BHYallHO OOHEeMHO M IOTOMy HelleJecoo0pasHO. [[pomyk-
THBHEe OCOOCHEeHHMs, 4YTO H OCYMECTBJEHO BO BTOPO# uwacTE pacCoOTH.

ONHT aBTOpa OO H3YYEHHK DPA3JMYHHX HEJHMHEHHHX ( BEHTHJBHHX ) CTPYKTYI
OO3BOJAET CPOPMYJMPOBATH CJACHYOUHEA IATODMT M.

1.1, OCumii mosTanHH#t airopUTM EccremoBaHmi ( OAM ) BI  [45,15)

I. OCocHoBaHMe H (POPMYJMPOBKa MCXONHHX HPEMNOCHJOK. IJocTpoeHme oG-

'Npogonskenme. Hauano (cTp. 1-32) cM. B O6Lwelt 1 1-4 4.0 1 4.1 yacTax. - URL: http://www.econf.rae.ru/article/5317 v ap.
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med CxeMH 3amemeHus (MOZeJH ).

. Asamm3 cxem: I. BuGop ocHOBaHHit. [lepeBoll B 0€3pasMEpHYD CHCTEM]
IyTeM NOCTPOEHHA OTHOCHTENBHOTO U/WJH ONEPATOPHOT'O SKBMBAJGHTHOB. 2. (I
peleJeHne YACJA HE3aBHCHMHX KOHTYPOB. CocraBieHde olmeid CHCTEMH ypaBHe-
HE# (MaTemaTrueckoil Mojesm). 3. OmpejeJeHde TUOA PeXEMa ¥ TONOJOI'HH 3K-
BEBAJIEHTHHX CTPYKTyD IPE COOTBETCTByDmE# KOMOHMHAIWME OTKDHTHX BEHTUJICH
(KaOUeBHX aHAJIOroB). 4. IJocTpoesnde KOMMYTAUMOHHOI'O 3KBHBaJeHTa. 5. Pac-
9eT MCXOIHO# (1A OXHOMEPHHX CTDYKTYD) HepeMeHHO# M Ha OCHOBE R- TEOopel
6. OmpeleXerne NPOX3BOAHHX NEPEMEHHHX C HOMOmBK OIepaTopa Ri(ﬁv)=£'a@s‘
{M}. 7. NlpoBepKa KOPPEKTHOCTH De3yJbTaTOB (HAa COOTBETCTBHEE H3BECTHHM W
OuYeBHIHHEM 9aCTHHM CJAydYasM, HYJEBOMYy 3aKOHy ¥ ID.).

. Asayms gopm HmepemMeHHHX. [I[poBepKa COOJIONEHHA 38KOHOB CKAYKOB K 0]

IY. Ouenka rpaHul ¢u3v9eCKOf KOPPEKTHOCTH DEe3yJbTaTOB, BHACHEHHE KD
THYECKAX ¥ IPYIHX DPEXuMOB., Pa3paCoTKa DEXMMHHX HOPTPETOB ( KOHCTPYKLME).

Y. OupenerneHre pPEeXUMHO-3HEDPreTHYECKHX ¥ ADYrHX MOKasaTeJei.lIpoBerk

YI. PaspaGoTka aJropuTMOB M OpOrpamMM Ha IIDPHeMIeMOM A3nKe ( Aaro.
QPoprpad, [ u np.). Pemenra Ha 3BM. KOHTDOJbHHE TPOBEDKH.

JII. O6paGoTka MaWMHHHX peleHH.[[JoCTpOeHHe HOJMIDaMM MEeDEeMEHHHX, Ol
TEMAJLHHX IapaMeTpHUYEeCKMX HOMOI'DamM, OapIATrpDaMM.

Yll. PaspadoTKa ZHXEHEDHOX (B 4aCTHOCTH, MANHMHHOM ) METOZMKU MPOEKTHD
BaHmna (CHHTE3a ) CXeM, HX ONTHMH3AUUM OO DeXMMHO-PHEpPreTHIECKEM, Macco-
radapATHHM, HALEKHOCTHHM, CTOMMOCTHHM M ADYTHAM TEXHHKO~3KOHOMMYECKHM I
KasareJaM.

IX. HccrnenoBaHEd, MCOHTAHAA (HATYDHHE, HOOJYHATYPHHE, YHCJCHHHE 3KC
NePUMEHTH) fU3HYeCKO) MiH/H MAWMHHOK MOmelH, odpasrma.

B KOHKpeTHHX CJAy4Yasx OTHeJbHHE dTallH, NOLSTanH, Onepally MOIL'YyT OT -
CyTCTBOBaTh, OHTH OOBELUHEHH, MHTEDPNPEeTEDOBAHH, KOHKDETH3MDPOBAHH, pac-
IVMpeHH, CYXEHH B COOTBETCTBMHM C 3anaueil. OCHOBHaf KaHBA COXpaHAETCH.

[Ipy 3TOM Kaxghit 5Tal COLEPXMT LOBOJBHO CEePhEe3HHE OPOGJEeMH, WM
B COJIBWMHCTEE CBOEM CBOMCTBO OCMHOCTH, A HEKOTOPHX 3TaNOB, IpEHMymec!
BEHHO IJIA LleJeil MaTeMaTUYECKOI'0 AHAJM3Q BEHTMJBHHX CXEM, M3BECTeH pax
PESYABTATOB MHOTHX JIDYI'EX &BTOPOB, OZHAKO OHM HE BCETL8 OKA3WBAJHCH IO
TATOYHHMA, YTO MOCYXNaso HOMCK HOBOIO. [[0TpedoBajoChH, B YACTHOCTH, CJe
Hyomee MOHATHE.

1.2. Knacc BeHTHJBHHX CxeM. KraccHPuKalmsa cxeMHHX MozeJei Bll. C
LeJbo JOPOmMEeHHd, yAOOCTBA M ONpEeLeJeHHOCTH aHAJU3a K M3JOXEHEA BBEIEHO
IOHATHE "KJACC BEHTHJBHHX cxeM" [2-22] , HOX KOTODHM MOHMMAETCA OIpeLneJe;
Hasg COBOKYOHOCTH MJH MHOXECTBO KOHKpeTHHX BlI, OpecTaBieHHHX eNHHOHE CX
MO# 3aMemeHmd ( MOZLEJBbD ), B KOTOPYyD, KaK YACTHHE, BXOIAT MOMEJH JIOOHX B
CooTBeTCTByLIME odme#l Mozesm Kiacca. [Ipz 3TOM mApaMETPH 3JEKTDORJEMEHT
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BHYTpeHHEX BeTBell Mozesm BII odo3HavawTCsa MaJuMA (7, l,c,x,Z), a BHel-
Hell gactn ( JWIBTPOB, HArpy3kn) - Goxpummz (R, L, C,X,Z ) Oyksavm Ja-
THHCKOr'O anfaBura. [lolle3Had Harpyska BHIEJeHa CYKBOH R Ges mumercos, a
cEMBOJIOM S MONYEpKHYTa CHHYCOMNANBHOCTH NepeMeHHHX SJC LAA OTJMIMA OT
oSme# POpMH HeCHMHYCOHMIAJBHHX SJIC & um nmocroaHHHx E.

TonoJorud KJIaCCHEPUIADyeMOR MOIeJH COBNanaeT C peaJybHO# cxemol HI u
COLepXAT HamdoJee CYmEeCTBeHHWe (B OTHONEHEM pexuMa paCoTH ¥ pacueToB Bl
§,5,E,r,1,¢,R,Ls,C ~onemenTs. OHE BKBUBAJEHTHO OTPAXAWT pEaJIbHHE
ycTpoficTBa (TpaBCOpMATODH, OJOKH BeHTHJeHd, (PUIBTDH, HATDYSKY M Ip.),HO:
BOJIAA MOCTDOMTH KibYeBHe Moje® Bl ¢ JmHeiiHofl 9acTho IpE 3aMeHe DEaJbHH
(He/mHe#HHX ) BeHTWJe# LEeNOUKO M3 KIeaNbHHX, Ce3HHEPUUOHHHX KJwde# c ox
HOCTODOHHEe# HpPOBOLMMOCTBO ¥ JHMHEHHHX E c? Pnp—a.nemea'ros.

B pesyJabTaTe yIaeTcda IPOCTO, KPaTKO M HArJAZHO OCO3HAYMTH Jiodo# u3
HCCJEeLYEMHX KJACCOB CXEMHHX CTDYKTYp Bll, BHECTH HOJHYH ONDPEREJEHHOCTH O
HOCHTEJBPHO KOHKDETHO aHAJM3HPyeMO#X MOLeJH, COKpATUTh O0beM M HOBHCHTH
JIOGCTBO M3JOREHHMA M BOCIDUATEA MaTepuata 0o JioOuM Bl BHe cBA3M C ofJac
ThYD KOHKDPETHOI'O IpHMEHEHMA, HCKJIWYUTH HEDEeIKO BCTpevdalmeecs CMelMBaHKe
(myTaHuLy ) pe3ynbTaTOB aHAJH3a DasHHX MoJeJell NpH ONMCAHMM, pacyeTax #
IPOEeKTUPOBAHKY NaHHO# cxemu BEII, ofecneguTh HauboJee OPOCTHM IyTeMm HpeeM-
CTBEHHOCTH HMCCJAEHOBAHMA HUIOEHTUYHHX KJIACCOB M BO3MOXHOCTEH IDOBEDKY (H3U-
KO-MaTeMaTHYEeCKHEX pPe3yJbTaTOB OoJiee CJAOXHHX MoueJell IO paHee H3BECTHHM
pesyJbTaTaMm YIPOWEHHHX MogeJied MM OJM3KUX K HUM.

BoaMoxHue I Bl peXMMH NPEPHBUCTOIO X HENPEPHBHOI'O BHXOLHOI'O TOK3
a B HOCJeIHEeM cJydYae — C MIHOBEHHOH KoMMyTauuedl BHYTpeHHEX BeTBe# Jm0o
opE padore B ¥ —X KOMMYTaUUMOHHHX pexmmax I-ro u [[-ro poma, 0G03Ha4YeHH
Pc3, PcH, P<Ky, Pc Ky . ¥x xomOuHaumonune Moxupukamum - Pc 3g »
Pc3K, P<3H, Pc ZH, P C3BK u Ip.

BBefleHHe KJIACCOB CXEMHHX MopmeJe# M pexuMoB padoTH BII, mX TOYHHX OO(
3HaYeHu# NpM KOMOAKTHOH CHMBOJMKE MOSBOMMIO {22 ] BeckMa OPOCTO M HAIJAD
HO CHCTEMATH3MDPOBATEH ( yUODALOYATH) CyWECTBYDmEEe MHOTOOGpasde CXEMHHX
CTPYKTYyp BIl, mX u3H4YECKUX COCTOAHmE, yHMPMIADOBATH CHCTEMy HX KJAaccHpu
Kaupd, BHECTH MOJHYD ACHOCTE B EX OTJIMYUA H KOMOAKTHO IPELCTABUTE JOOHE
pesyJbpTaTH HccaenoBaHEil Bl 6e3 OOHYHOrO HyCAAPOBAaHHA HIEHTHYHHX, HO CJO
BECHO OO0BEMHHX, MHOI'OKPATHHX HOACHEHHi. |

Braromaps aTOMy, & Takxe HMCHOJb30BAHHK DaspaGOTaHHHX aBTOPOM afpex
THBHHX METOLOB M NPHEMOB, HM3JOXKEHHHX HUXE, YAAJOCH BCEI'0 JHMmb B O0BEME
HeCKOJIBKUX CTaTel moJyuuTh H H3JOKETH LA LEJOro pAla KJIACCOB BEHTWIBHH
CXeM Dpe3yJbTaTH LOOJHHX KX KCCJAeNOBaHM#, T.e. BHOOJHEHHHX IO BCEM 3TanaM
BHIeNPEBENeHHOX oOme#t MeTomurd (OAM ) - cM., Hampumep, (1,245 89,12-22,25-27],
JYMECTHO B CBA3SK C 3THM 3aMETHTH, YTO IO MHPODMALMOHHOK €MKOCTH ¥ SHAYK -
MOCTM HAYYHHX ¥ OPAKTUYECKUX LOCTUXKEHAM Kaxlad TaKasd CTAThA LIDU CPABHE-

HEM € Ipyrumy M3BECTHHMU MaTepuaiaMi (QaxTH4YeCKH aNeKBaTHA, 0O MHEHEWD pA
Ia DeIKOJLIErui#, OTHENbHOA MOHOTpaduu.
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1.3. Meromu anaymsa BI. Ing pemeHmd 3a1ady Ha 3Tale aHamsa (aTanm II
OAY ) npefIoXeH MHOIOKPATHO HCHOJb3OBAHHHA aBTODOM MHTEPMETOLMYECKHR CHO
co6, O0BeNMHADIEI COBOKYNHOCTH a(eKTUBHHX mpueMoB [1-5 940,12-24,23,25-2F]:

a) MeToj KOMMyTAUWOHHNX 9KBUBaZeHTOB_( MKD ) [1, 4%, 15-20] - CymHOCTB Me-
TOfa COCTOHT B mepexofe OT pasBeTBIEHHOH MHOI'OBEHTHIBHOE MOIeJH ( HeJH-
HelHO% CTPYKTYPH) K OZHOKOHTYpHOX JMHEHHOHE Lem¥ C SKBMBaJEHTHO-KOMMYyTa-
[AOHHHMM IIapaMeTpaMi, 4TO HO3BOJAET HOBOJBLHO OPOCTO HOJAY4UTh pelieHRe B
ofmeM BHjie B QOpMe PEKYPPEHTHHX COOTHOWEHMA, ONHOBPEMEHHO HPHI'OGHHX IJIA
Bce#l COBOKYIHOCTE m-(pasHHX CXeM JaHHOTO KJjacca (m=‘27,'1ﬁ;) opu EX paca
Te B JDGOM KOMMyTALUOHHOM pexuMe X -ro mopamka (%= I,K.). B pesyisra-
Te 3@PeKTHBHO CHUXAETCA pr,u;oenxoc'rs 4 O0BbeM (IPAMEDHO B mxkx pas).
TONEH IDH M3y4YeHHH X -X DEXEMOB MHOT'OBEHTUJBHHX CXeM. B COOTBETCTBHE C
o0meM3BEeCTHOR KJAACCHYECKOH MeTONMKO# "mpHnacoBHBAHHA", pa3padOTaHHO# B
1912 r. akan.H.J.[lanasekcn npad uenei ¢ ogHuM HO, 4HCJIO CTPYKTYp, HOLAe-
RamyX aHa M3y 34 OepHON OPOLeCCOB, ONpeneJAeTCA UUCJOM OTPE3KOB anipoK-
CHMALWA ero xapaKTepucTHKu. [Ipx nByxiuHe#Hwx ABX BeHTHJe# aHaMU3UDYOT
OGHYHO IBe pasHue MomeJd BII, mocixe 4erc "OpUOACOBHBAKNT" pENEHUA B MOMEE
TH IEePeKJIYEeHHA CTPYKTYD C IeJbl [OMCKA ITHX MOMEHTOB, a TaKXe Havalb-
HHX ycJoBHi (HY ) HI# OOCTOAHHHX HHTEI'DEDOBAHEA.

HecMoTpa Ha HaymMuge Opm K -M pexuMe k¥ omHoBpeMmenHo padoranmux IIf
MOXHO OUPAHMYMUTHCA QHAJM3OM JIMMEL OLHORX CTPYKTYPH - LJIA K -T'0° DONHHTEp-
Baja KOMMyTalu#, 3aMeHMB k¥ Ha K~ B pesyisrarax A1 k  -I0 OOIHHTEpBa-
Ja, 4TO, OpH NPOYHUX PaBHHX JCJOBUAX, UDUMEDHO B 2 pas3a CHUXAET BHKJIAIKE
7 o6sem [145].
ciayyae OJHOMEpPHHWX MoxeJsie#, K KOTOPHM OTHOCATCA HNDPaKTHYECKH BCE aHAJIM3H-
pyeMue CTPYKTypH Bll, mojesno H3 gucJa ix IepeMeHHHX HM3y4YaeMoil uLemnu BHa-
gaJjie HalTm JHUE OOHY HCXORHYW )i [4.,2,1',5',10,13,15] [IepeMeHHyn, 4epes KOTO -
Pyl OCTAJbHHE OEpEMEeHHHE, ABJADIMECA "HPOM3BOAHEMA" OT W, HAXOUATCA YXE
Ge3 omepaudd MHTETDAPOBAHHA HOCPEACTBOM oGoCmeHHoro oneparopa R'(«D) =
Z2a4ys9ul, v e 0A,, rie S=d/d, Q4 - HOCTOAHHHE, ONDEEAEMHE
CTPYKTYPO# Lend. B KaveCcTEBe UCXOIHOR HenecooCpasHo BHOMPATH DEIKETHYD
nepemensyp R, [10], T.e. He W3MeHANIyWCA CKAYKOM IpH JOOHX BAZAX BO3-
nedcTeuit. B pesyapTarTe 0GeCHEYMBAWTCA YHOOCTBO M JIPOWMEHHA,

P I = ™Y E I A R Y

C ueapn NONONHHTENBHOTO OCJErYeHHES TPYAa K CHENGHEA OGBHEMA MOJIE3HO cpa-
3y Xe BHIOM3MEHHTH HCXONHYD CXEMHYD MOJEJbH, OEpeBeld €e N0 HavaJa aHa -
JH3a U3 DasMEepHO CHCTeMH B Oe3pasMepHyw. [IpeoSpasoBaHHAA (IpHBeLEHHAA
K OCHOBaHMAM, aJredpandecKas ) MoIeJb CTaHOBHTCH OT3 (B BelleCTBEeHHOR) ma
O3 (B koMmNeKCHO# OGJACTH ) CBOENO ODArEHANA., O0ECIeYHBaEMHE yInoocTBa
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OpoABJADTCA HA Bcex atamax OAU - cocraBieHHe H pelleHHe yYpaBHEHH#A, onpe-
OeJieHde HMCXONHOH# M HPYyrux OepeMeHHHX, HAXOXOEHHEe HHTerpDaJbHHX H IPYyIrax
pacYeTHHX MOKasareJefl, cocTaBjeHUe Oporpamy ¥ peleHdMe Ha IBM, BRJID9AsA
4acTh 2Tana MHXEHEePHOI'O CHHTe3a ( OO MOMEHTa Inepexola K pasMepHHM BeJHYH
HaM, TpeCyWMAMCA AJsA BHOOpa HMJM KOHCTPYKTHMBHOI'O pacdeTa 3JEMEHTOB).

B pesyipTaTe HCCJEINOBaHWE BHIOJHAETCA MOCPENCTBOM HEKOTOPHX 0000 -
meHHHX Oe3pasMEepPHHX HapaMeTpoB - OCOCHmEHHHX [NEKPEeMEeHTOB ¥ Op., adcTparz
PYACH OT KOHKpPeTHHX TpeCOBaHU K CXeMe H pasMepHocTedl ee 3JeMeHTOB. YuC
JIO HE3aBHCHMHX [IapaMeTpoB COKpamaeTcd. MMEHHO Takue OOQOmEeHHHE napaMerp
IOJHOCTBN OHpPEAeJANT (a3mdecKHe cocTosfHuA Bll, B CBASH C 4YeM OHM Ha3BaHH
onpeneJstiomuMy [ 1,45,40,45]. [IoJb30BaHMe HEMA YLOOHO. ‘

I) PopMyJH_BJE_TeopeMu pasjoxenus (R -reopemu ). OmepaTopHH# MeTOX
(Jlannaca) - HauGoJee BKOHOMHYEH, IO3BOJAET HOJYY4Th MCKOMOe pemeHue C
HauMEHBPIMMH 3aTpaTaMid Tpyla OPA ONHOBDEMEHHOH ¢M3EYeCKOod HarAdmHOCTH. O
JAYAA ero Mopmpukaumit ( J-, Z—- 4 Op.) -— HEIOPHUHIMOHAAbHH., HeZOCTaTOK METO
Ja - HeOOXOLUMOCTh MHTEIrDAPOBAHMA OPH IEPEXOohe H3 KOMIJIEKCHOX B BemecT-
BEeHHYD 0CJacTh — KOMIEHCHDPYyeTCA HaJu4ueM IOTOBHX, paHee paspaCoTaHHHX
TaGJ4l, COOTBeTCTBHUA. PelleHus ynpomawTCA HPH NPOCTHX NOJDCAX Sy, 9YTO COPa
BeIJMBO LJA OOJBUAHCTBA PealNbHHX TEXHHYECKHX 3a1ad, B ToM uqucJje no HI.
Opurusan R (1)) no nsobpaxeHmo F ($ )IOJydanT C MOMOmB H3BECTHO# QopMy
JH Das3JIOXeHUA - IepBOoil Teopemn XeBucaiiza. OHa KacaeTcs o,nnocpynmuonam;—
HOI'O M300paxeHHd. Bce IPaKTHYECKHEe 3ala4yd CBA3AHH C nponssenenuemtx H30

Opaxenut F (S) = I;IPi(S’) HQI(S)/&L(S). vie I.1,.

ABTOpDOM NOJY4YEHH @opMme ( TeOpeMH ) PasJIOXEeHHMA H COOTBETCTBHA, 0000
mMeHHHe Ha 3TOT cayyai (4510 17] :

Ui (59
5 . . ——— exp (S A :
MF6) 2 ZRi); RWI=ZE 3:(5,,) P(Sy; ’}}ﬁ‘sfoi)' (1)

N3 HEX, KarR 4YacTHHE, NOJNYy4YaTCA MHOT'HE H3BECTHHE ¥ HOBHE TEOPEMH: nepBa
% CoJjee ymoOHaA Mouupuraumsa BTOPO# Teopem XeBucadnza, POpMyJH BKIKYECHHA,
TeOpeMH BEHeCTBEHHO# CBEepTKU HJM YMHOXEHHA HM300paxeHHi# (TeopeMn bopeusda
1 1p.), H3BeCTHHe B OoJsee CJOXHOR, MHTerpasbHO# popme, mpyrue [10 ] .

[JoMEMO OPOCTOTH MCHOOJBH30BAHHA, R~ TeOpeMH NaikT peleHue B ABHOM 3aM
KHYTOM BHIOEe, OPH HEOOCPEeACTBEHHOM BHIEJECHHM YCTAHOBHBUeHCA B mepexomHoi
yacTeif. ALZUTUBHOCTH (OpMyJ OCOOEHHO COBMECTHMA C apAPMETHYECKHEM LIDHMHLIH
oM He#dcTBHs COBpPEMeHHHX JBM.

e) Ipyrue OpUeMH KacawTCA BHOOpA 4YHCJA QHAJIE3HDYEMHX NepHOLOB, HC—
NOMB30BAHEA CBOMCTB CHMMETpPAM BeTBell, ompemeseHms HY ¥ Op. [4,4,51042 154

B mrore ymaerca pesKo COKpPaTHTh OOBEM BHKJSINOK, YMCTBEHHHX 3aTparT,
Tpyna, BpeMeHH, NOJYyYaTh CPABHUTENBPHO NPOCTHE, KOMIAKTHHE, (U3HMYECKH KO
PeKTHHE H JIeTKO HATepPIpPeTHPYONHECHs, HMHPODMALUMOHHO EMKHe pesy.m;'ra'ru. Bo

BCEM 3TOM aBTOD HEONHOKPATHO yOeHMJCA B NPOLECCE KOHKPETHHX MCCJENOBSHH
MHOTWX KJACCOB BEHTUJBLHHX CXeM, T.€. ODH DENeHNA BHABHTAEMHX ZASHBD 381a"

Teopema pa3ziiokeHus: " iFioC Z,- F; (9). IIPou3BEAEHMIO M30BPAKEHNIT COOTBETCTBYET CYMMA OPHIHHAJIOB.

3akonsr ckaukon: Xj,y J {Rj, Ry} =0, IRe JR(3)=RS»)-RS), Xj,vJd {ijuy} =0, Viv,j}.
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1.4. Asaymm3 dopd MepeMeHHHX ¥ MX NPOBEDKa. HeCMOTPA Ha BaxHOCTS ,
DaHHE# 3Tan OAM OGHYHO B JMTEepaType He BHIOJHAETCA. lpuBoxumue QOpMH o€
PeMeHHHX B OCHOBHOM BeChMa 3CKH3HH, 38 HCKJNYEHHEM IPOCTEHUMX, OYEBUOHLL
ciyd9aeB. CJeNCTBHE STOrO - Kak OpaBWIO, HETOYHOCTH, MCKAKEHUs, OWMOKY ,E
TOM UHCJe NPHHUMOAANBHHE [4,12-22252]].

AHaIM3 NEepeMeHHHX OCYmEeCTBJAKNT IPH HAJMIUM MATEMATHYECKAX BHDAEE-
Huli, DOJyYeHHHX B OPOLECCe DemeHMA MaTeMaTHYecKUx Mozesedr - atam II OAM.
AHayms $opM mepeMeHHHX - 3TO IpPexie BCEro MOHCK OCOOHX TOYEK, 3HAUYEHHA
IepeMeHHHX B HEX, 3HakKa, asn MJIM MOMEHTa BpeMeHH, BHABJEHHE XapaKTepa
H3MEHEHMS KPUBHX MERILY 3THUMHA TOYKAMH, OLEHKA HapameTpAYecKoll MUHAMUKE
gopm # Ip. K O0COGHM OTHOCAT, B YaCTHOCTH, SKCTPEMAJBHHE TOYKA ( MAKCHEMYM
MAHHMYM), aMIJIATYOH, OeperaCH, H3J0OMH, CKauKH. BaxeH npu aTOM eNUHHE 1A
BCEX IepeMeHHnX MacwmTal. OCmHOCThL MacuTada AOCTHI'aeTCA MCOOJb30BEHHEM
Ge3pa3MepHHX CXEMHHX MozeJsell X OCOCmEHHHX OnpeesdnmuX napameTpoB. B pe:
3yJbTaTe CTPOATCA, B TOM YUCJe Ha Iucniee, "CBA3aHHHE" NOJArpaMMb ( KOOI
pamms ), IDpuYeM Kak npu (UKCHDOBAHHHX IapaMmeTpax, TaK M OTpaxawuyue napa-
MeTPHYECKYl LMHAMUKY NPOLECCOB ( IapAHArpaMMH ) [1,25-27_]. Takwe dopmu mepe
MeHHHX Hamdosee ofmu, (uM3nUeCKH HamboJgee OPOCTO HHTEPHPEeTHPYEeMH IO OCO-~
OHM 3HEUEHMAM ¥ MO IMHaMMKe, YIOCHH, HAIJIAAHH OO B3amMMOCBA3AM U JusHvec
KO#f CYMHOCTH.

AHaym3 fopM mepemMeHHHX LeJeC000pa3eH,B YacTHOCTH, MeTomaMmm Iudfepet
IWaJBHOA IeoMeTpH: C IOpPUBJEYEHKEeM (PyHHAMEHTAJBHHX 3aKOHOB 3JIEKTDOTEXHHUK]
1 OPyTEX OpuemoB (cmocoC (PH3MKO-MATEMATHUECKOrC aHaJmsa).

Ha Bcex sramax OAM, B ToM yucJje Ha HaHHOM sTame OMA gopMm mepeMeHHE:
apxuBaxHOfl ABJAETCA OPOBEPKA pPE3yJabTATOB. lIpodaemMa OGBEKTHBHOTO KOHTPOJI
WM HopMaM30BAHHOE NPOBEPKHM MATEeMATHYECKHEX De3yJhTaTOB aHasusa IMI pas-
JUYHHX (yHKLUMOHaJNBHHX ycTpoiicTe (@Y ) BV, mpexze Bcero BIl, Kak LOMHHAHT-
HO ompelesARIMX MacCy, radapuTH, HAZERHOCTh, CTOMMOCTH, (PaKTHYECKHM He Of
BemeHa B JMTepaType oo BUI.

AKTyaJBHOCTH 33IQYK M €e MOCTAHOEKE OCYyCJOBJEHA OpexIe BCEro TeM,
4TO KayeCTBO ( KOPPEKTHOCTEH) pe3yJbTaTOB MaTeMaTHYeCKHX MozeJsefl mpemompe-
feJsieT, B HTOr'e, KaYeCTBO ¥ 3QPEKTHBHOCTE CO3JABaEeMHX HA EX OCHOBE METO-
LOB ¥ METONWK HMHEEHEPHOrO cuHTe3a BUI (B T.4. HA 3BM ), KaK cAeNCTBEE, 3&
BACANEX OT HAX NOCJELYOMMX Pe3yJbTATOB KOHKDETHHX OPaKTHYEeCKHX paspacoTo
HX MacCo-radapuTHHX, CTOMMOCTHHX, HAUEXHOCTHHX M Apyrux TII.

B coorBeTcTBEE C 3anaueit aBTOPOM NPELJOXEHH HEKOTODHE OPOCTHE (HODMS
JII30BAHHHE KOHTDOJb-IIPMEMH, Gasupyliecs Ha (yHNaMeHTAJbHHX 3aKOHOMEDHOC
TAX TeOPHH HeneR ¥ OCBEKTHBHHX (MBMYECKHX NPUHUMNAX. [IpHeMu anpoCHAPOBAHH
Ha MHOr¥MX KOHKDETHHX De3yJbTaTax, K&K CBOMX, TaK ¥ Ha ONYCJMKOB&HHHX LDy
ramu apropamu ( [1,1523], orueTs no HUP "MH3®", "Komrpoms", M., HIMP, 1977,
1980, roc.per.kk 51388, X85020). 3TuM ycTaHOBJEHa PadoTOCIOCOCGHOCTh, OO
JIE3HOCTH, B3PPEKTHBHOCTE IPHUEMOB.
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CymHOCTh M NPAKTHYECKOe 3HAYECHHE HEKOTOPbIX KOHTPOJIb-IPHEMOB.

[JpakTrdecKkasd 3HAYAMOCTH HIEOJOI'HH KOHTPOJA COCTOAT B TOM, 4TO IPO-
BepKa KOPPEKTHOCTH DE3yJbTATOB OCYMECTBJAETCA Ha DaHHE# cTamus HUCCAemo-
BaHmif, NO3BOJAEeT H30exXaTh IOrpemHOCTel ¥ OmMMOOK, KOTOpHE, Kak Ipa-
BUJIO, He BCEr[a OYEBHMAHH ODH HCIOJH30BAHAM DASIHMYHHX MATEMATAYECKEX all-
napaToB, OCOOEHHO HMIPOKO HEHSBECTHHX HJHE CJOXHHX.

K wucay opmManr3oBaHHHX KOHTPOJb-~IPUEMOB OTHECEHH, B YaCTHOCTH, CJ
Iyomee nmomomenma [1518,19,23) :

a) CyMMa CKauKOB J{R j’RQ} nponoHEX R, j BT DOmePeTHHX ane—
PEMEHHHX TONOJOrMYeCKOX CTPYKTYPH B JWOOX MOMEHT BDEMEHHM DaBHA HYJD.

Orcwona OJag JoOOoro ysJja X KOHTypa CTPYKTYDH, B YaCTHOCTH, [JA TOKOB
A J’ y3Ja H HaupaxeHui U'A KOHTYpa BJEKTDUYECKOHA Hemd

ZAR R0 Bu{guy) -0 (2
me R € IRW)=R() - R, {3} eN.

6) M3 ompexmeJieHEs PHAXATHON IepeMEeHHOl RP cIenyeT: Jer 0,V (3

B) I3 (3) BHTEKaeT, B YACTHOCTH, YTO Ipu HyJeBux HY (mmmekc 0) me
peMeHHasa R71 B MOMeHT 1= O KOMMyTal#u CTPyKTyDH BCeTIA4 DaBHA HYJD

r) Tak Kak R,-, YAOBJIETBOPAET YCJOBHAM HENPEPHBHOCTH, TO C YYETOM
TeopeMu Jle#iOHMIa-HENTOHA ¥ ypaBHEHUA NEePHOLUYHOCTH RP noJayvaem gas YHII

u YUI: cpennee (no dinepy-dypre) 3a HepuoOR 19:11 3xageHne K nepsoit mpoms-
BOIHOHK R;., [IepeMeHHOMH RP BCer'la paBHA HYJD

R =R,= o0t fR(d =0, (5)
9TO OYeBHAHO. OTCDIA, B JaCTHOCTH, {UL,‘)IC} =0. (6)
[lpe Bce# mMpoCTOTE M OUEBHIHOCTH, POPMyJH (2-6) OHO3BOJNAKNT, KAK CBOE
Iro pola "JAKMyCOBHE" DEaKTHUBH, OCBEKTHBHO OLEHHTH LOCTOBEDHOCTH DE3yJb-
TaTOB HE3aBUCHMO OT MCIOJb3yEeMOI'0 MaTeMaTHYeCKOro ammnapara, 4To CymecT-
BEHHO CHHXaeT ymepd W OOCJAENCTBHMA OT PaSJMYHHX ONMOOK, OCHADYKKBAEMHX
OOHYHO He cpasy JHOO He BCeria.

I.5. OpfexTH E CYmHOCTH METOHOB, OPUEMOB, CpPEeNCTB, HMCHOJb3YyEMHX &B:
TOpOM Ha Apyrax aranax OAM, aHamormums [ 1-27],

2. MeTon SKBMBANEHTHHX Deakiuit. Iing pacueros YUI » LI OpeAJOXeH
IPOCTOA AHANMTHIECKHA METOX, HA3SBAHHHI METONOM SKBHBAJEHTHHX peaxmuii (M31
[4.5,10,{5‘]., JOCTOMHCTBA AHAJNMTHYECKAX METOINOB OTHOCHTEJHHO YHCJHEHHHX odme-

W3BECTHH: OOCMHOCTH Pe3yJbTATOB, 9KOHOMUYHOCTH NPOTDAMMHHX M BHUMCJMTEIDH -
HHX CDEACTB NpPH HCHOJB30BAHME IJBM, Ip.
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CornacHo M3P peakmus R (19, N ) mmeitHo# mmccmmaTHBHOK Hemu ?x -To
HOpALKA Ha MEepUOAMYECKYD IOCJENOBATEJBHOCTH MMIOYJIBCHHX BO3IeidCTBHE & (17,'7
IPOM3BOJHHOZ QOPMH DpeNCTaBHMa CYNepoosduuedl Tpex cocTaBaiouux - puc.IE

- HeNpepHBHO# R(O") , OOycloBJeHHOX pearumei#l menu Ha Bo3zedcTBEE N-
TO IMOYJABCA OpPH HyJNeBHX HY (HMHIEKC HOJD),

~ HenpepHBHO-HMIYJIbCHOMR Rn" (1,97,71), o0yCJOBJEeHHO# MecTHHME HY,T.e.
3amacoM SHEPrdM B DEAKTHBHOCTAX OT HOeficTBHMA mpomemmux 7 =T -1 aMoyJssca

- HEeNpepHBHO# R= (13‘,11,), o0ycJaoBIeHHO# oOmumu nja Bcero VI HeHyJde-
BEMA HY - nepBOHAvYaJAbHO# Heprueil B PeakTHMBHOCTAX, HAKOIJIEHHOH K MOMEH-
Ty o0mero MOAKJIOUEHNA LeNZ K HCTOYHHKY MMIOYJBCHOI'O BO3NeHCTBESA,

R,n) = R(W)y + R _(F.n) + R (¥ 1) (7

Kax HempepHBHaf, Tak # MMIYJbCHAsA peaKUdM OpPeICTABUMH B II€JIOM IBY-
M COCTaBJAKOFME - OpE HyJeBHX HY # oOycJoBJieHHO# HeHyJeBuME HY JmCO B
BHIE NEepPexONHO# ¥ YCTaHOBHBHEEHCA COCTABJAKIMX

R(¥,n)= Ry(wwn) + Ryhn) = R(B)y + R(n).. (s

Peaknun R(‘l})o. R_-_ (1.9',TL) HaxoIAT JIOOHMHA MeTOoIaMy Teopum Lenei , i
Tom wmeae mo R-gopMysam. Peaxums R,.(h, M) He comepzur ycranoBmBmExcs
COCTaBIADIEX, T.K. nzoopaxenne & (S )py KOHEUHOro uiCJa (LaYRM) EMIYJAbCO]
ABJsAeTcA Leaoil JyHKUMe# M He COIEpPEUT OocoOeHHocTeil. IloaTomy Rn_(-\?w,n,)
- 3T0 nepexonuad peakuud Rp(1%,M). B wacTHocTH, 4JA Lemn CO CTPYKTYp-
HuM KoadpuuuenroM W (S) = qw(,s‘)/ 3w(5') opg R_(, n)= 0u3 (I)caenye:

= . _ Uy (S3)

R,-@n)=R (> n)c&s) W) ;A;E’XP(S}@), A;-E(Sg)g;v—“% (9

HaGop roroBux m3odpaxeHuit £ (S = An€ (s )‘“ KOHEYHO# MaYKH MMOYJIb-
CoB (Hampmmep, Tacu.2 opr Aqn = [1 - exp (- Snlzzr)]/[(1+s'2)(1- exp
(-s ‘01!: 1) naa namGosee pacmpocTpaHeHHHX B o6jacT® Bl fopm [4,5,915], yI
pomaer pacueT R, .(%,M) u B nexom R (1h,M).

TaGaumna 2

¥ | dopma navKku EMOYJIBLCOB N3oCpakeHre navyku MMIOYJIBCOB

1 . -
1|e c,_lnunur,;ﬂ" 26, &) =5 14+ exp(-5sn8,))th(s6,/2)

1 O=Jr/m S cos @ +sinf cths@

2 O}IZI&IIILWM, E6)= T 52 (1- exp(-5728))
LN Aass, m=2 [ 2(5)) =1+ exp(-55%) - 2(1-K)exp(-ST/2)x
K = n

< ofgz"%i (sinatchsec + Scosac shso

1IN NG54 m=6 | Z(S)n = 0,5K s (1= eXp-ST/3P{3 (1 + expl-S5/3))

7 _ra
N ,Sz oc =[0,77/2] + (exp(-Sx) - exp(=ST/2N(SP * p,),
« By=27%/3 ¥ P,z Ksin(% +eK)+ s’m(!:,,‘— +eC), pzzKCOS(f o)+ cos(fyf*"f :

X

MpopomxeHue (—>4Y.22) crneayerT.
© PenuH A.M. 1966. 1985, 1986, 1990, 1992, 2004. 30.8.2009. 18.1, 22.4.2010

40



