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PEJIEMUHbBIE CUCTEMbI PET'YJIMPOBAHUSA TOKOB
3JIEKTPOABUTATEJIEN

A. T1. 3AVILIEB, P. K. TAUMK, JI. B. BOJIbIHEL]

(TTpeacrasnena HayuHo-TexHHueckuM cemuHapom HHMHM ASM npu TIIH).

Ksacc IMCKpeTHBIX aBTOMATHUECKHX CHCTEM OTKPBLIH pesiefiHble peryJs-
TOpPBI, 00/1aJalolIHe TAKUMH [IPEeUMYILeCTBAMH, KaK IIPOCTOTA CTPYKTYPHOH CXeMBbI,
BBICOKOE OBICTPOJEHCTBHE, BO3MOXKHOCTb MOJyUeHHs OO/NbIINX KO3(PpHIHEHTOB
nepejaud CpaBHUTEIbHO MPOCTBIMH cpeAcTBaMu M Ap. OHM Haumwin HaunGoJibliee
pacnpocTpaHeHHe B cHcTeMax aBTomaruyeckoro perysauposanusi (CAP) nanps-
JKEHHSI CaMOJIETHBIX U aBTOMOOMJIBHBIX T€HepaTOpPOB MOCTOSIHHOTO TOKa U JI0 T0-
cJleJIHEr0 BpeMeHH mnouTH He npumeHsiiuch B CAP TOKOB asekTpojBuratesei.
OO6bsicCHsSIeTCST 3TO TeM, YTO Harpys3ka reHepaToOpoOB IOCTOSIHHOTO TOKa, Kak Ipa-
BHJIO, 00J1aJ1aeT 3HAUNTEeJIbHOH HHAYKTHBHOCTBIO, UTO 00ecrieunBaeT CpaBHHUTE/b-
HO HeOOJIbLIOH yPOBEeHb NyJ/bCAallMH BBIXOAHOH BEJIHUMHBI B NPOLECCe Peryaupo-
BaHHs, B TO BpeMsl KaK HHAYKTUBHOCTb CHJIOBOTO KOHTypa 3JeKTpOJBHUraTesel
IIOCTOSIHHOTO TOKa He3HAUHTeJIbHA, ¥ IPHMeHeHHe peiefiHbIX peryastopoB B CAP
TOKOB 3JIEKTPOJIBUTaTesell NpebsiBAsieT BecbMa KecTKHe TpeOOBaHUS K JIHHA-
MHYECKHM CBOHCTBAM BCEX 3JIEMEHTOB peryJsitopa (AaTYMKM TOKa, yCTPOHCTBA
cpaBHeHHs1, ycUaIUTeTH U T. 1.). C nosiBjieHneM 6€CKOHTAKTHBIX 3JIEMEHTOB (Ha-
yyHas OT AaTUHKOB U KOHUAsl CUJIOBBIMH PeryJIHpPVIOIUMH 3BEHbSIMH) PEOJ0JIEH
OCHOBHOH HEJIOCTATOK peJIeHHBbIX PEeryasiTOPOB — CPaBHHUTEJbHO HEBBICOKHH CPOK
Cay2KOBl, UTO OTKpPBIBaeT HIMPOKHE IepCleKTHBBl NIPUMEHEHHS] MX 151 yKas3aH-
HBIX LleJIeH.

OnHuM M3 TaKMX NPUMEHEHHH siBisieTcsi pa3paboTaHHasi HayUHO-HCCJIeN0-
BaTeJILCKUM HHCTHUTYTOM aBTOMATHKM U 3JIEKTPOMEXaHUKHU NpH TOMCKOM NOJIH-
TeXHHUYECKOM HHCTHUTYTE COBMECTHO C TPEeANpHUsITHEM CHCTeMa CTaOM/IH3aliH
MYCKOBOTO M TOPMO3HOI'O TOKOB CepHecHBIX 3JeKTpoaBurateneii. Ha puc. 1
npejicTaBieHa cXemMa CHJIOBOIO KOHTYypa, a Ha pUC. 2 — yIpolleHHass O6JI0K-CXe-
Ma, Ha KOTOPbIX 0603HAUEHO:

bY — 6q0K ynpaBJaenus;

PO — peneliHbIll 3/1€MeHT;

3/ — 31eKTpoJBUTaTe/b;

JIT — naTuuKH T10Ka;

TK — THPHUCTOPHBIH KJIIOU.

PerynupoBanue Beaercss NyTeM LIYHTHPOBAHUS peNE€HHBIM 3J1€MEHTOM
(Harpumep, THpHUCTOPHBIM KioueM TK) n06aBOYHOrO CONPOTHBJEHHSI B LeNH
SAKOpsi WK OOMOTKH B030y:Kaenusi. Hanpsazkenune obpatHoit cBsisu U;, npomnop-
IIHOHAJIbHOE TeKYIeMy 3HaueHHIO TOKa i, CPaBHUBAETCSI C 3TAJOHHBIM HarpszKe-
HueM (ycraBkoi) U,, nponopuHoHaJbHBIM TpeOyeMOMY 3HAueHHIO TOKa sKOpS,
B ycTpolictBe cpaBHeHHsi. [lo npuumHe, yKasaHHOH BbIlle, 3TO YCTPOHCTBO
JIOJIZKHO 00J1a71aTh BBICOKMM OBICTPOJEHCTBHEM H BBIOJNHSITHCS HA 3JE€KTPOHHBIX
npubopax. Bce peanbHO cylecTBylolHe YCTPOHCTBA CPABHEHUS] HMEIOT HEOJHO-
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3HaYHyl0 (NeTJIeBYIO) CTATHUYECKYI0 XapaKTepHCTHKY «BXOJ — BHIXOA». Yacrto
TaKyl0 XapaKTePHCTHKY OTHOCAT K peJiefHOMY 3JeMeHTy. Ec/H THpHCTOPHBIH
KJII0Y NPHCOeJUHEH NapaJljieIbHO 100aBOYHOMY CONPOTUBJIEHHMIO B IIENH IKOpS,
TO 3a BBIXOJHYIO KOOpAMHATY F peslefiHOro JeMeHTa MOXKHO NPHUHSATH BEJHUYHHY
CONPOTHBJIEHHS, KOTOPOe CKAauKOM BO3pacTaeT J0 7y, €CJAU TOK, YBeJIHYHBAsICh,
JIOCTHUTaeT HEKOTOPOTO 3HAUEHHUST iy, U CKAYKOM I1aJ1aeT J0 Hy 151, €CJIH TOK, yMeHb-
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I11asiCh, JIOCTHTaeT HEKOTOPOTO 3HAUEHHUS ipyin. [IOCKONBKY cTaTHUecKasi Xapakre-
PHCTHKA peJsIefiHOTO 3JieMEeHTa HEeOJHO3HAYHa, PeXKHM aBTOKOJeOaHHH SIBJISETCS
XapaKTePHBIM PEXUMOM paboThl CHUCTeMbl. THPHUCTOPHBIH KJIIOU sABJSETCSA IIpa-
KTHYECKH Ge3bIHEPIIHOHHBIM 3BEHOM, MO3TOMY IMOpSIJIOK CHCTEMBI JlazKe INPH yue-
Te paccesiHUs U BJIUSIHUS BUXPEBBIX TOKOB PaBeH JIBYM, a caMa CHCTeMa SIBJIseTCs
IJIOXUM (DHJIBTPOM BBICIIHX FaPMOHHK, YTO 3aTPY/IHSIET ee UCC/e0BaHHe OJHHM
M3 XOpOIIO Pa3BUTHIX YACTOTHLIX MeTOJ0B. IIpu nepek/ioueHHH pesieiHOro 3Je-
MEHTa MPOMUCXOAUT CKAuKooOpa3HOe H3MeHeHHe CYMMapHOIO COINPOTHBJEHHS
CHJIOBOTO KOHTypa, a CJIeloBaTeIbHO, U Ko3(uuueHToB AuddepeHInanbHOro
ypaBHeHHsT cucTeMbl. [To3TOMY A/l MCC/eJOBaHHSI KBa3HyCTAHOBUBIIUXCS IIPO-
11€CCOB 11eJ1ecO00pa3HO NPUMEHHTb MeTO]| (ha30BOH MIOCKOCTH.
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Jla1s1 0HOTO M3 COCTOSIHHH THPHUCTOPHOTO KJIIOUa CHCTEMa OMHCBHIBAETCS CJIe-
JAYIOIUMH JuddepeHHaTbHBIMI yPaBHEHUAMHU:

di di :
de—;+Mf+rzt-:—Uc~Eg; ] "
di di :
Ll{d_;(+Ma+rKlK:O‘ I

[Ipu stom npexanosaraercs, YTo peryaupyeMblil 00beKT CBSI3aH ¢ GOJIbIIUMH
MaccaMHu M, KpoMe TOro, IyJbCallii ToKa sikopsi He npeBbimaioT 10%. 1o nos-
BOJISIET IIPM PACCMOTPEHMHM JUHAMHUECKHX 3JeKTPOMArHUTHBIX IMPOLECCOB He
YUHUTBIBATb U3MEHEHHe CKOPOCTH, a CJeJ0BaTeNbHO, U NPOTHBO 3. J. C. JBH-
ratejisi 1 He yUUTHIBATb HEJMHEHHOCTb XapaKTepUCTHKH JIBUTATEJS.

[Ipunsatel caenyouie ob6o3HaueHusi (puc. 1):

Ly — HHAYKTUBHOCTb OOMOTKH SIKOPSI C YUETOM OOMOTKH JIONOJHUTEJIbHBIX

NOJII0COB, OOMOTKH BO30Y2KJIEHHUSI M DPACCESHUS IVIABHBIX IOJIOCOB;

L, — MHIYKTHBHOCTb KOHTYPa BUXPEBBIX TOKOB;

M — Ko3(pULIHEHT B3aUMOMHAYKIMHM MeK1y OOMOTKOH BO30Y:KIEHHs H

5KBHUBAJIEHTHbl KOHTYPOM BHUXDPEBBIX TOKOB;

ry — ofllee CONPOTUBJIEHHE CHJIOBOIO KOHTypa AJAsl JAHHOTO COCTOSIHHS

THPHUCTOPHOTO KJIIOUA;

r, —COIPOTHUBJIEHHE KOHTYpa BUXPEBLIX TOKOB;

U, — nanpsizkeHue NHUTAIOIIEH CETH;

E, — npoTuBO 3. 1. C. ABUraTess.

Jlnst neBoamyuienHoro jBuxkenusi (dU./dt= 0) cuctema (1) moxker ObITbH
CBeJleHa K ypaBHEHHIO:

y |
i—f—a% i, )
rjae a, b, f — nocTOsIHHbIE BeJHUHHBI.
ypaBHeHHe HHTErpaJibHbIX KpHBBIX
dy _ f—ay—bx 3)

dx y 2

110 KOTOPOMY MOZKET OBITb IOCTPOEH (hpa30BbId MOPTPET CHCTEMbI /IS OJHOTO U3
COCTOSIHMH peJiefiHOro 3semMeHTa. JlonoJHuB ero (asoBbIM MOPTPETOM AJd JpPY-
rOro COCTOSIHMSI PeJIeHHOr0 3/eMeHTa, HeTPYAHO IOJNYYHTb YeTKO BbIpazKeHHBIH
npefeabHblil LMKJ. [lapameTpsl aBTOKOM€6aHHH MOIYT OBbITb HaHJeHBI MO IHpe-
JIeJIbHOMY 1LIMKJy, OO0 onpejiesieHbl 60siee TOUHBIM MEeTOJAOM — MeTOJ0M TOoueu-
HBIX TNpeoOpa3oBaHUH.

BenuunHa aMIuiMTyZl aBTOKOJIeGAHUH ONpeNessieTcss STHM METOJOM IO BHI-
pakeHHIo

(X,)Zi _ (p2)"2 (Yo + Py %) P (3)
(P1)P* (Yo + P2 X%0)"2 9
rae
P1, Py — KOPHH XapaKTepUCTHUECKOTO ypPABHEHHsI CHCTEMbI;
X , Yy — HauaJibHble 3HAQUE€HHS TOKa AKOpsA U €ro HepBof/’I HpOHSBO}IHOIjI Ha

JIMHUH TIePEKJ/IOUEHUsS DPeJIeHHOro 3JeMeHTa.
IIpu sTom npeanosnaraercst nepeHoc Hayajga KOOPAHHAT B «OCOOYIO» TOUKY.
JInuTebHOCTh  MOJYTIEPHOJOB t; aBTOKOJIe0aHHI OINpeae/IsieTCsi BbIparKeHHeM
f— 1 1 P2 (Yot Py Xo) (4)
.=
Pa—pP1 P1 (Yot P2 Xo)y
IPH 3TOM TaKKe IPeAIoJaraercst NepeHoC Hayajaa KOOpPJAHHAT B «OCOOYIO»
TOUKY.
ABToKOsI€6aHHsT HOCAT $IPKO BBIPAXKEHHBI pesaKCallHOHHBIA XapakTep,
a npejebHbIH UK/ HeCHMMETPHYEH, YTO O0YCJOBJIMBAETCS, C OJHOH CTOpPOHHI,
TEKYILIUM 3HAUE€HHEM IIPOTHBO 3. . C. ABUraTesas U C IPyrod — CKauKooOpa3HbIM
H3MeHeHHeM KO3((dULHEeHTOB AH(pQepeHIlHalbHOTO YpPaBHEHHUSI CHCTEMBI IIpPH
NepeKIIoueHHH pesqeidHoro saementa. [lostomy BHYTpPH IpejleibHOrO LMKJA Be-
JIMYHHBl aMIVIMTYA M JAJIMTEJbHOCTH I10JyNE€PHOJOB aBTOKOJeOaHHH cJelyeT
HaXOAMTb OTJEIBHO JJ151 OTKPBITOIO H 3aKPBITOTO COCTOSAHUH THPHUCTOPHOTO KJIIO-
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ya, a pa3Max MyJabCalluil U NepHO] aBTOKONeOAHUH HAXOAUTh KaK CyMMY aMILJIH-
Ty U TOJyNEePHOJ0B COOTBETCTBEHHO.

KatoueBoit s/1eMeHT MOKeT ObITh BKJIIOUEH MOCJAe10BaTeTbHO B CHJIOBOH KOH-
typ. Ilocne pasrona jaBuratensi 10 €CTeCTBEHHOH XapaKTepHUCTUKH THPHCTOP-
HBIH KJIFOU NP UCOEMHSIeTCSs NapaJije/bHO 0OOMOTKe BO30y KIeHHs, U JaJbHeHIIni
pPa3roH OCYIEeCTBJAsIeTCs MyTeM IJIaBHOro ocnaabgeHus nonasd. B pexume auHa-
MHUYECKOT'O TOPMOXKEHHSI ¢ caMOBO30Y2K/IeHHeM THPUCTOPHBIH KJIIOU BKJIIOUAETCS
nocJe[0BaTesibHO B TOpMO3HOH KOHTYp. Ocobennoctbio CAP siBisiercsi T0, uTO
Jloruka paboThl pesieHOTO 3JIeMeHTa OCTaeTcsi HeM3MEHHOH He3aBHCHMO OT pe-
JKUMa paboThl 3JI€KTPOJBUTATes: AJ151 YBEJIHUEHHS TOKA SKOpPs He0OXOQMMO OT-
KPBITh KJIIOU U JJIS1 YMEHBUIEHUS] — 3aKPHITh.

PexkuMm JHHAMHUECKOI'O TOPMOKEHHUS C CaMOBO30YKIeHHEM CepHeCHBIX JBH-
ratejeil siBJIsIeTCsl TIPOCTEHIIIM pexKUMOM TopMozKeHHs1. Co3/laHue peielHbIX CH-
CTeM peKyIepaTHBHOTO TOPMOXKEHHS ¢ caMOBO30yzKAeHHeM TATOBLIX JABHraTesel
[0CJIEIOBATEILHOTO BO30Y KJIEHUS MpeJACTaB/IseT 3HaUUTeNbHbIe TPYAHOCTH, TakK
KaK HeoOXOJHUMO NPUHHMATh ClielHajJbHble Mepbl /s o0ecrneueHust yJIOBJIETBO -
PHUTENLHOTO MEPEeXOHOT0 Mpollecca NPH CKauKooOpasHbIX H3MEHEHUSAX Hamp sxkKe-
HUsSI KOHTAKTHOH ceTH. ['opa3no mpoiie o6ecrneyuTb YJIOBJIETBOPHUTENbHOE Ka-
YeCTBO TEPEeXOJHBbIX MPOLECCOB MPH PeKylepaTHBHOM TOPMOXKEHHH C He3aBUCH-
MbIM BO30Y2KJIeHHEM TATOBBLIX ABUrareseil. Kpome toro, npu G0IbIIHX CKOPOCTSX
JIBH2KeHU ST HeOOXOAMMO OrpaHMYMBaThb TOPMO3HOH TOK IO MOTEHLHAJNbHBIM YCJO-
BUSIM Ha KoJlleKTope jABHratened. Takas cucreMa peKynepaTHBHOTO TOPMOKe-
Husi Obwia paspaborana B HUM ASM npu TIIM coBmectHo ¢ mnpeanpusitiem
u onucana B [3]. AHanu3 M CUHTe3 peJeHHbIX CHUCTEM peryJupoBaHHsI TOKa
SIKOpsl JIBUTaTe/eil M3MeHeHHeM TOKa BO30yzKJIeHHMs 3aTpyJHHUTe/]eH, TaK Kak
Jlayke TIpU NpUMeHeHHH Oe3blHepLHOHHBIX 3/J1€MEHTOB yNpPaBJIeHHs CHCTeMa OIlU-
chiBaeTcsi JqudpepeHIHalbHbBIM ypaBHEHHEM UYE€TBEPTOrO INOPsAAKA H COJAEpKHT
HECKOJIbKO HeJIMHEeHHOCTel (pesiedHbIi’ 371eMeHT, HacChlllleHHe, H3MEHEeHHe I10-
CTOSIHHBIX BpeMeHH, IPOH3BeJeHHe KOOPJHHAT CHCTeMblH T. J.). Tak Kak pery-
JIUPYeMbIH OOBEKT CBA3aH ¢ OOJBIIUMH MaXOBBIMH MAacCaMH, TO 9JeKTPOMeXaHHU-
yecKasl TOCTOSIHHAsi BPeMeHHM Ha HeCKOJbKO MOPSAAKOB IPEBOCXOAUT 3JEKTpO-
MarHuTHBIE. [locieiHee 06CTOSATENBCTBO TO3BOISIET UCCIE0BATh OTAENbHO 3JeK-
TPOMAarHUTHbIE H 3JEKTPOMEXaHHYeCKHe IPOIEeCChl, T. €. JeKTPOMarHUTHLIE
NPOLECCHl HCCAeAYIOTCS NIPH HEU3MEHHBIX CKOPOCTSAX JABHKEHHs, a 3JeKTpoMe-
XaHWYeCKHe Mpollecchl HCCAeAYIOTCS MO TVIaAKOH COCTaBJAIONEH TOKA.

[lpu ynpaBieHuH ABUraTesieM CO CTOPOHBI OOMOTKH BO30Y:KJIeHHS CHCTeMa
SIBJISIETCS] XOPOIIUM (DUIBTPOM BBICOKHX 4aCTOT, TO3TOMY AJI51 HCCAENOBAHUS 3JI€K-
TPOMAarHUTHBIX IPOLECCOB B IepPBOM NPHUOIHKEHHH (0OCOOEHHO aBTOKOJeOaTeNb-
HBIX PEKHMOB) MOXKHO HCIIOJIb30BaTh METOJ FapMOHHUYECKOH iHHeapu3auuu. ITo-
CKOJIbKY p€KUM aBTOKOJeOaHUH JJIs peNeHHBIX CHCTeM C HeOJHO3HAUHOH Xa-
pPaKTEePUCTHKOH peeHHOro 3jeMeHTa SABJAETCS €IHHCTBEHHO BO3MOXKHBIM, TO
onpeJiesieHHe aMIJIUTY/Ibl U YaCTOThbl aBTOKOJeOAHHH BBIXOJHOH KOODAMHATHI CH-
CTeMBI pelaeT 3a7auy UCCJAeA0BAHHS 3JI€KTPOMAarHUTHBIX KBa3HUyCTAHOBHUBLIUXCS
npoieccoB. [IpoBenem aHann3 KBa3nyCTaHOBHBILUXCS NPOLECCOB B YIIOMSIHYTOH
BbILIIE CUCTEMe, CTPYKTypHas cXxemMa KOTOPOH Ilocsie TapMOHMYECKOH JMHeapH3a-
I[UU TpeJcTaBjaeHa Ha puc. 3. IloBegeHne cUCTeMbl ONUCBIBAETCS CJAEAYIONIeH CH-
cTeMoi quddepeHIaNbHBIX YpaBHEHHUI:

AU
T2 (Tup+ 1) = AT T +(To+ Tyt To) p + 11;

Al,-K,=AE(T,p+ 1),
22 AT+ 1);

AU, —AU AB 1% (1)

YA ’

o b
¢ = arcsin -+ ;

AUy = AI-K, Ky
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rae
U, — HanpsikeHHe Ha OOMOTKe BO30YXKJEHHS;
I, — TOK BO30YKJ€HUsI JIBHTATEIS;
E — 5. 1. c. BpalleHus JBHrare/s;
[ — TOK sIKOpsi IBUTATeIS;
Uy — BBIXOJHOEe HanpszKeHHe BBIYMCIHTETBHOTO YCTPOHCTBA;
T, — TOCTOSIHHasI BpeMEeHH KOHTypa BUXPEBBLIX TOKOB;
Ty — nocTosiHHAsi BpeMeHH, 00yCJIOBJIE€HHAs MHIYKTHBHOCTBIO, pPacCesiHHs
IJIaBHBIX ITOJIIOCOB;

I ‘ I
- W = fiy W = W; —p—
alUf
U
L A e e f——-d u, |
Puc. 3

T\, — TOCTOsIHHAsi BpeMEHH HaMarHWYeHHs TJ1aBHBIX I10OJIIOCOB;

ry — COINPOTHBJIEHHE LeNH BO30yXKIEeHHUS;

r, — COIPOTHUBJIEHHE SKOPHOH LelnH;

B — amnuiuTy/ia BBIXOJHOIO HaIpsiKeHHsl peJeHHOro 3/JeMeHTa;

b — 1osI0BHHA 30HBI HEOJHO3HAYHOCTH PEJEHHOTO 3J1eMeHTa;

A — amniuTyjJa nepBoH rapMOHMKH aBTOKOJIe0aHHH Ha BXOJ€ PeNeHHOro

3J1EMEHTa;

K,, K; — Ko3(puuueHTsl nepeaaud JaTuyuka TOKa SKOPSI U BBIYHCIHTE/b-

HOTO yCTPOHCTBA COOTBETCTBEHHO.

Cynurasi aMnauTyny A, U 4acToTy W, aBTOKoJeGaHHH Hanp sizKeHHsi Ha BXOJe
pesIeliHOro 3J1eMEeHTa CHCTEeMBl B [1epBOM HPHOIHKEHHH PABHOH aMIIUTY/Ie H ya-
CTOTe aBTOKOJeOaHMH 5TOH Ke BeJMYHMHBl TapMOHHMYECKH JHHeapH30BaHHOMH
CHCTEMBI, HaxojsAlleHcss Ha TpaHULle YCTOMYMBOCTH, IJs ONpeieeHuss A u
W, MOKHO NPUMEHHTb MeTOJ, KopHeBoro rogorpada. Ilepenratounas ¢pyukuus pa-
30MKHYTOH CHCTEMBI 3aITHILIETCS

Ky K(4)
Vo) = T T Tk T p T T T T 1 @
rae
K, — xos(¢uuueHT ycujaeHus: JUHEHHOH 4YacTH
CHCTEeMBI;
4B  —i® . b .
K(A) = m A ¢ M @ = arcsin- — rapMOHHYECKHH KO3(pHLHEHT Iepeiaun

peJIeHHOr0 3J1eMeHTa.
YpaBHeHHe KOpPHEBBIX rojorpagoB 3arnuuieTcs
3
‘W
¢+ =

L

,
arc tg —= = + =7, (3)
1 pi
rjie
p; — NOJIIOCHl NTepeaaTOYHON (GyHKIHUH (2).
3HaueHHe rpaHUYHOro KoshhHuiueHTa yCHIEHHS ONpPeIeNTUTCs

3 —

i=1
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3ajnaBasicb HECKOJBKHMH 3HAUeHHSIMH ©, 10 (3), (4) U BbIpaxkKeHHIO I/
K (A), onpenensiem 3aBucHMOCTL ®, = [, (K;) u 4, = fs (Ky), puc. 4. Tlo
MOJIyYEHHBIM 3aBHCHMOCTSIM MOKHO AJ1s1 pa3pabOTaHHOH CHCTeMbl ONPEJIENUTH
BEeJIMUMHBI A 0 0, UM IPH CHHTE3€e CHCTEMBI 110 KeJlaeMbiM A, U ®, ONpeleTHTh

W, ¥ H,

!

K

Puc. 4

Heo6xoaumbiil K (JI). Ilpu moacTaHoBKe YHCJEHHBIX NapaMeTPOB CHCTEMBI pe-
3yJIbTaT PAaCcyeToB COBIAJAeT C IKCIEePHMEHTOM ¢ TouHOCTbIo 10—15% .
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