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BBEJAEHUE

OKCKaBatop — OTO  CIOXKHBIM ~ MEXaHU3M, KOTOPBIM  COIEPHKHUT
MHOT'OJIBUTATENbHBIN IPUBOJ IO CUCTEME «T€HEepaTop — ABUraTens» (nanee I'-11) ¢
OJIHUM TOHHBIM JBUTaTEJIEM aCUHXPOHHBIM WJIM CUHXPOHHBIM, HA BAJIy C KOTOPBIM
HaxOJSTCA TEHEpaTopbl HAIopa, MOAbEMa W IOBOPOTA, MHOTAA Ha Bajy e€IlIe
HaXoAUTCS W BO30yauTeNnb. ['eHeparop Hamopa MUTaeT JBUTATeNb HAMOPHOIO
MEXaHHW3Ma, TEHEPaTOp NOAbEMa NUTAET OAUH WJIM JBA IBUTATENS TOAbEMA, YUCIIO
KOTOPBIX 3aBUCUT OT 00beMa KOBIIIa HKCKaBaTOpa, TeHepaTop MOBOPOTA, KOTOPHIH
OUTaeT JBa, JUOO TPU WIM 4YeTbIpe, MPUYEM KaXKIblil JABUraTelb HMEET
COOTBETCTBYIOIIMI peaykTop. ['OHHBIM ABUTaTENh, TE€HEPATOPHI U BO3OYIUTEIb
HA3bIBAIOT IMATHUMAIIMHHBIM IpeoOpa3zoBaTenbHbIM arperatoM. Cuctema ['-/] nHa
HEKOTOpPBbIX HJKCKaBaTopax B Poccum u 3a pyOekoM 3aMeHEHa Ha CHCTEMY
«TUPUCTOPHBIN mpeoOpazoBatenb — asurarensby (TII-J[) rmaBubix mpuBojgoB. B
Poccun Ha nBaamatuky6oBbeix skckaBaTopax JKI'-20 Buenpena cucrema TII-/1.

[IpuBog mnepemeHHoro Toka B Poccum ObUT TOJBKO B  OINBITHOM
MPOM3BOJICTBE  paspaboran  B.U. KmroueBeim ¢ cucremont  HITY
(HenocpeACTBEHHBIN mnpeoOpazoBaTenb yacTtoThl). Ha KpacHosipckom 3aBoje
TsOKENbIX — dKkckaBaTtopoB  K3TD, Obun paspaboran  mpuBon — [TH-AJ]
(«mpeoOpa3oBaTenab 4YaCTOThl — ACHMHXPOHHBIM JBUTATENbY») C JAEBITHU(AZHBIMU
JIBUTATENIIMU Ha sKckaBaTopax DKI'-12,5.

B Poccum nHa mpenmpusitusx MunnBeta Ha skckaBatopax OKI'-4,6 Obuta
BHenpeHa cuctema TII-J[, a 3aTtemM ee cHoBa 3aMeHwi M Ha cucrtemy [-/[. 3a
pyoOexoM HEOOJBIIIOE YUCIO HKCKABaTOPOB ocHarleHbl 1o cucteme TII-J[ u ecTh
HKCKaBaTOPbI, OCHAIICHHbIE TPUBOAOM nepemMeHHoro Toka [TY-A/].

Paccmorpum  skckaBarop OKI'-8. OH wumeeT 3IIEKTPUYECKHN MPUBOJ
MOJIHONMOBOPOTHBIN. [IpeaHazHauen aig pa3paObOTKU U MOTPY3KU B TPAHCIIOPTHBIE
CPEICTBA WIM B OTBAJI IOJIE3HBIX MCKOMAEMBIX M MOPOJ BCKPBIIIM HAa OTKPBITHIX

TOpHBIX paboTax B YEPHOM M IBETHOM METaUIypruy, MPOMBIIIIEHHOCTH



CTPOUTENBHBIX MATEPUAIOB, YIOJBbHOW IPOMBIIUIEHHOCTH, a TaKXke I
BBIMIOJIHEHHUSI  OONBIIMX OOBEMOB  3eMJISIHBIX pabOT B MPOMBIIIJICHHOM
ctpoutenbscTBe. OkckaBatop OKI-8M (Pucynox 1) cocroutr wu3 pabodero
o0opy/nOBaHusA, TMOBOPOTHOM IIaTGOPMbI C  YCTAHOBJICHHBIMH Ha HEH
MEXaHU3MaMH M XOJIOBOM Tenexku. Pabouee oOopynoBaHue BKIIIOUAaEeT B ceOs
CTpENy, PYKOSTh, KOBII C MOJBECKOW, MEXAHW3M OTKpPBIBAHUS JHUIA KOBIIA U
noaBecKy crpensl. lllapHUpHO-COWIEHEHHAas CTpena COCTOMT U3 HIKHEW U
BEpXHEM CeKIuH CBapHOM KOHCTPYKIMU TpyOuaroro cedeHusi. Crpena
BOCIIPMHAMAET HArpy3KH OT KOBIIA C PYKOSITBIO M NEPEAAECT UX HA IOBOPOTHYIO
wiatropMy M TOABECKY CTpeibl. PyKosTh coequHEHa CO CTpPEeNol MOJIBUKHO
KQ4aroUMCs CEJIOBBIM MOAMMUITHUKOM. KoBII MoABeIIeH Ha MOABEMHOM KaHATE,
orubarorieM rojioBHbie 0J10ku Ha crpene. [logBecka cTpesnbl mMapHUPHO COSAMHEHA
C JBYHOIOM CTOMKOM, IE€pEeNarolIed Harpy3Khd OT CTPEbl HAa MOBOPOTHYIO
maThopMmy.

[ToBopoTHas mnaTdopMa CIy)KUT OCHOBAaHHEM JJisi YCTaHOBJICHHBIX Ha HEU
MEXaHU3MOB PKCKaBaTopa 1 pabouero 000py10BaHUs U COCTABIISIET BMECTE C HUMU
MOBOPOTHYIO 4YacTh 3KCKaBaropa. Pama moBOpOoTHOM miaropmbl SBISETCS
OJIHOBPEMEHHO KOPITyCOM IPOTHBOBEca IKckaBaTtopa. Ha moBopoTHOI matdopme
YCTaHOBJICHBl MOJbEMHAs JieOeqKa, MEXaHW3M I[OBOpPOTa, HamopHas Jjelelka,
KOMIIpEeCcop, Ky30B JKCKaBaTopa, KaOMHAa MalIMHHCTAa C OpraHaMH YIpaBJICHUS.
[ToBopoTHas matgopma onupaeTcss Ha POJIMKOBBINA KPYT, JSKAIIUN Ha KOJIBIIEBOM
penbce XOMOBOW TEJIEKKH, U COEOUHSAETCS C XOMOBOM TEIEKKOW LEHTPAIbHOU
nandoit. XoaoBas TelekKa CIYKUT OINOPOW BCell Bpallaroleiicss dYacTu
sKckaBaTopa. KOHCTPYKTMBHO XOZOBas TEJIE)KKAa COCTOMT W3 HWKHEW pambl
CBAPDHOM  KOHCTPYKLIMHM, TYCEHMYHOIO  XOJd,  XOJOBBIX  MEXaHHU3MOB
WHIUBUyaJIbHOTO MPUBOJAA T'YCEHUI] U 3y04aToro BEHI[A C POJIMKOBBIM KPYTOM.
Hamopublii  MeXaHW3M  CIOYXKUT I8 COOOIIEHUS  PYKOSATH  BO3BPATHO-
NOCTYNaTeNbHOTO JABM)XKEHHUA. MexaHu3M COCTOMT U3 HANoOpHOM JeOenku u
kaHatoB. JleOeaka wHMeeT NTPUBOA OT DJIEKTPOABUTATEIN, COECIUHEHHOTO C

penyktopoM GpUKIIMOHHON My(pTON IpenearHOro MoMeHTa. Ha BBIXOHBIE Bajbl
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peaykTopa HacakeHbl Oapabanbl. TopMOKeHHE HATOPHOTO MEXaHU3Ma TP padoTe
OCYILIECTBIISIETCA MPOTUBOTOKOM. i 3aTOpMakKMBaHUS MEXaHHW3Ma Haropa IMpu
OCTAHOBKE MAIIIMHBI TPEIYCMOTPEH KOJIOJIOYHBI MHEBMATUYECKU TOPMO3
MexaHu3Ma noabeMa. [1oabeMHbI MEXaHU3M CITY>KUT JJISl OJIb€MA U OIYCKaHUS
KoBIIa. MeXaHu3M COCTOMT U3 TMOJBEMHOW Jebeaku M KkaHaToB. JleOenka
MPUBOJAUTCA B JBWKCHUE JBYMS DJIEKTPOJIBUTATEIAMHU, COCIUHEHHBIMHU C
peaykTopoM AByMs ynpyrumu Mydrtamu. Ha BBIXOgHBIE Bajbl PEIyKTOpa
HacaXeHbI 0apabaHbl, HA KOTOPHIX KPEISITCS MOAbEMHBIE KaHATHI.

TopMokeHHE TMOABEMHOTO MEXaHHW3Ma TMpU PpadOTe OCYIIECTBIACTCS
NpPOTUBOTOKOM. JJii 3aTOpMakKMBaHUSI MEXAaHU3Ma IMOJbEMAa IPU OCTAHOBKE
MallluHbl U OOECTOYMBAHUU DJKCKaBaTopa MPEAYyCMOTPEHBI JiBa KOJIOJIOYHBIX
MMHEBMAaTUYECKUX TOPMO3a, CBS3aHHBIX C TOPMO30M MEXaHUM3Ma Hamopa.
[ToBOpOTHBIM MEXaHU3M DHKCKaBaToOpa CIYXKUT [ BpaILCHUS ITOBOPOTHOM
maTGopMbl ¢ MexaHu3MaMH M pabouuM obOopyaoBaHuem. I[IpuBoa moBopota
OCYILIECTBIISIETCA JABYMSI OJMHAKOBBIMM MEXAaHU3MaMH, KaXAblii W3 KOTOPBIX
COCTOMT U3 JICKTPOJBUTATENS U peaykTopa. Ha BepXHEM KOHMYECKOM KOHIIE BaJia
KQXJIOrO0 AJIEKTPOABUTATENSl YCTAHOBJIEH TOPMO3HOM IIKUB JJISI KOJOJOYHOIO
TOpPMO3a, TPEAHA3HAUYCHHOTO IS 3aTOPMaKMBAaHUS MEXaHU3Ma IOBOPOTA MPU
NepeIBIKCHUHN dKCKaBaTOpa, Ha CTOSIHKE W MPU aBapUitHOM 00eCTOYMBAHUM, a Ha
HIDKHEM KOHIIE 3aKpeIvieHa IIeCTEpHS, SBISAIOMIAsca BeAylEed IIecTepHen
penykropa 1moBopoTa. KOHCOJIBHBIM BBIXOAHOM Bajl pPEAyKTOpa 3aKaHYMBACTCS
OCTYHKOBOW IIIECTepHEW, CIEIMJICHHOW C HEMOABMKHBIM 3y0UaThIM BEHIIOM,
pPACIoOJIOKEHHBIM  Ha  HIDKHEH  paMe  XOJOBOM  TEJEKKH  IKCKaBaTopa,
[THeBMaTHUeCKasl CXeMa CIYXKHUT JJIsl YIpaBJIeHUs TOPMO3aMH IMOBOPOTA, MO beMa
¥ Hamopa, o0JyBa CXaThIM BO3AYXOM 3JIEKTPOOOOPYJOBAaHUS U MEXaHU3MOB,
yOpaBieHUsT BXOJAHOM JIECTHHUIICW, TMOJAUM CHUTHajda U TPUBOAA Pa3JIMYHOIO
MMHEBMATUYECKOTO MHCTpYMEHTa. B0O31yx HarHeTaeTcss KOMIPECCOPHOM CTaHIIUEH,
KOTOpasi coCTOUT u3 KoMmrpeccopa BB-O7/8 ¢ nmpuBooM OT 3€KTpOABUTATENS U
JIBYX TIOCJIEIOBATEIbHO COCAMHEHHBIX BO3MyXOCOOpHUKOB. OOmMii o0beM

BO3yxocOopHukoB 47 1. Ha BcacwiBaromiem naTpyOke KOMIpeccopa yCTaHOBIICH
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BO3AyWHbI ¢uibTp. Ha HarHerarenpHON TpyOe mepen BO3IyXOCOOPHUKOM
YCTaHOBJICHBI MACJIOOTACIIUTEIb CO CITYCKHBIM KPaHOM M OOpaTHBIN KilamaH.
XO0JI0BOM MEXaHU3M CIYXUT ISl TiepeMmenieHus skckaBatopa OKI-8 u
COCTOMT U3 DJJEKTPOABHUTATENsl, TOPMO3a, pEAyKTopa H OOpTOBBIX THepenad
IYCEHUYHOTO XOJa. OJEKTPOJBUraTelb YCTAHOBIEH Ha KOPIYCE pPEIyKTOpa,
KOTOPBIM MPUKPEIUIEH K TYCEHUYHOM pame, U COCAUHEH C HHUM 3JIaCTUYHOM
My(pTOH, cryKameld OJHOBPEMEHHO TOPMO3HBIM IIKUBOM 3JIEKTPOMArHUTHOTO
TopMo3a. HOBBIM B MpakTHKE  OTEYECTBEHHOTO U 3apyOeKHOro
HKCKaBaTOPOCTPOCHHS U1 MAIMH JIaHHOTO KJacca SBJSETCS yCTaHOBKA
pa3leapbHOTO TPHUBOJA HAa KAXKIAYK TYCEHHMIly MeXaHu3Mma Xoja. 3y0daTsie
nepeadyd BCEX MEXaHW3MOB 3aKIIOYCHBI B IBUICHETIPOHHUIIAEMBIC MAaCIISTHBIC
BaHHBI, @ WX BaJIbl CMOHTHPOBAaHbI Ha TOJMIUITHUKAX KadeHHs. MeXaHU3MBI,
pacrojio)KeHHbIE Ha IOBOPOTHOM IiatgopMe (KpoMe HAMOPHOTO), 3aKPBITHI
METaJUTMYECKUM KY30BOM, KOTOPBIH CHAaOXXEH NMPUHYAUTCIBHOW BEHTHIISAIUCH U
BHYTPCHHUM oOcBemieHueM. [logHsATas Haa Ky30BOM KaOWHA MAIlIMHHUCTA
obecrieynuBaeT XOpouryr0 0030pHOCTh, MPOCTOPHA, TePMETU3UPOBAHA, CHAOMXEHa
CHUCTEMOU OTOIUJICHUS, BEHTUISIIIUA U 000TpeBa CTEKOJ. DKCKABATOP MMEET Pl
BCIIOMOTATEJIbHBIX MEXAaHM3MOB, OOCCIICUMBAIONINX BBHITIOJHEHUE PEMOHTHBIX M
MOHTaXHBIX paboT. B ciaydae HeoObxoaumocTu skckaBaTtop IKI-8U moxkeT ObITH
nepeodopyaoBaH B skckaBarop DKI-4y umm DKI-6,3yc. Jlns sToro HeoOxoaumo
TOJIBKO MPOU3BECTH 3aMeHY pabodero o0opyAoBaHHs (CTpENbl, pyKOSITH, KOBIIA,
noABeCKu cTpenbl). OCHOBHBIE Y37bI YHU(DHUIIUPOBAHBI C COOTBETCTBYIOUIUMU
y3namu 3kckaBatopa OKI'-4y, OKI-6,3yc. Kaxnplii skckaBaTop cHaOxaetcs
KOMIUJIEKTAMM MHCTPYMEHTAa M 3allaCHBIX 4acTed. Macca HHCTpyMEHTa W
npucnocoonennii 1040 kr, 3amacHbIX Yacteil (MmexaHuudeckod vactu) 7400 kr,
3amacHoro ajekTpoodopyaoBanusi 1300 kr, mnpoTuBoBeca (3aBOJOM  HE

nocrasisetcs) 27-33 T.
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1 MatemaTn4eckoe onucanue 00beKTa yrnpasJeHHs 3JIeKTPONPUBOAA

Konmapmero MexaHm3ma

1.1 Daexrpuyeckasi 4acTh 3JIEKTPONPHUBOIA KONMAKIIEr0 MEXaHM3MAa

IKCKaBaTopa

Haunbonee pacnpocTpaHeHHbIM Ha DJKCKaBaTOpax B HACTOSIIEE BpeMs
SIBJISIETCSL AJIEKTPONPHUBOJ MO CUCTEME «TE€HEpATOp-ABUTATEIb», TJE T€HEepaTop
SBIIAETCS BpalIaoIIUMCs npeoOpazoBaTeiIemM WIH yIpaBIISIEMbIM
npeoOpaszoBareneM, MpeoOpasyloluM TEPEeMEHHOEe  HamNpsKeHHE CeTH B
peryJMpyeMoe 1o BEIUYMHE MTOCTOSTHHOE HanpsKeHue. [ 1]

OyHKIIMOHAIbHAS CXEeMa JJIEKTPONPHUBOJA IO CHCTEME «reHepaTop-

JIBUTATENh» N300pakeHa Ha pucyHke 1.1.

292 OBT’ OB
7y A
o—| R, |
Uy TB UB ua
] v L i
y —»

Pucynok 1.1 — ®yHKiMOHaNbHAsg cxeMa JIEKTPOIPUBOA 110 CUCTEME «T'€HEPaTOp-

JABHUI'aTCJIIb»

[Ipu pa3paboTke cHCTEMbl ABTOMATHYECKOTO YIPABIEHUS HEOOXOIUMO
COCTaBJICHHE MAaTEMaTHYECKOM MOJEIN JJIEKTPONPUBOAA, HAYMHAIOLIIEECH C
pazOuenust (QyHKIMOHAJIBHOM CXEMBbI AJIEKTPOIPUBOAA HA CTPYKTYpHbIE 3BEHbS,
KOTOPOE€ BBINOJHAIOT TakuM 00pa3oM, YTOObl CTPYKTYpHOE 3BEHO MOJAENU

cozepkaio He 0oJiee OAHOM MOCTOSTHHON BpEMEHH.
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OOMIENPUHATHIM SBJISICTCSI BBIICIICHNUE CIEAYIOMNUX CTPYKTYPHBIX 3BEHHEB
AJIEKTPOIIPUBOIA paboUuero oprana skckaBaropa (pucyHok 1.2):

— TUPUCTOPHBIN BO3OyauTenb TB mist mutanust oOMOTKH BO30YKIESHUS
reHeparopa;

- reHepaTop I, SIBJISTFOIITAMCST AIIEKTPOMEXAHUYECKUM
npeobpazoBareeM, MUTAOIUM dJIEKTpoaBUraress [1;

— aKopHas uenb ALl nBurarens;

— BpAIAIOIINECS] MACChl SIKOPS IBUTATENs U JKECTKO CBSI3AHHBIX C HUM
3JIEMEHTOB — 3BeHO M1 («1epBas maccay);

— yIpyroe 3BeHO Y3, CBA3BIBAIOIEE BaJ JIBUTATEIISI M pabOUYMil OpraH;

— JBHOKYIIAsICS Macca KOBIIA ¢ TPy30M — 3BeHO M2 («BTOpasi Macca).

B GonpmMHCTBE Cily4yaeB UCIOIb3YETCs CAeAYIOIIas cxema:

) 4 ,g

Y3 M2

Pucynok 1.2 — CtpykTypHas cxema 00beKTa yIpaBieHUs

Hecmotpst Ha TO, 4TO TUPUCTOPHBIA BO30OYAUTENh — NUCKPETHBIA 3JIEMEHT,
IIPU CHUHTE3€ OH IPUHHUMAETCA KaK alepruoOJUYeCKOe 3BEHO C NEepPeaaTOYHOU

byukiuent [2]:

KB
Tp+1

B

W,,(p) = (1.1)
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rie K, =K, lLJJBH =10-%(’)5=38,5 — KO03(h(UIHEHT Mepeaadyd THPHUCTOPHOTO

YH

BO30YIUTEIIS;
U, — HOMHUHAJILHOE HAMPsOKEHHEe 0OMOTKH BO30Y K/ICHUS TeHEPaTOopa;
U, — HOMHHAIIbHOE HAIIPSHKEHUE YIPABICHHUS;

Kt — ko3 uiment GpopcupoBku reHepaTopa.

K -10-382_3g5
10

T =T L= 0,01 ¢ — mocTosTHHASI BpEMEHU TUPUCTOPHOTO BO30OYIUTEIIS.

K, 385
r,-p+1 0,01-p+1

WTB(p) =

JIns muTaHus TPUBOJHBIX JABUrATENIEM NPUMEHSIOT TreHepaTtop. AKopb
reHepaTopa KECTKO CBS3aH C POTOPOM TOHHOTO JIBUTATEJNs, UMEIOIIETO JKECTKYIO
MEXaHUYECKYI0 XapaKTePUCTUKY. ITO OO0ECIEYMBAET TOCTOSHCTBO YaCTOTHI
BpamieHusa  akops. [losToMy  MexXxaHMYeCKuMe CBOWCTBA TE€HEpATOpa  HE
YUYUTBIBAIOTCS.  JJEKTPUYECKHME CBOMCTBA TEHEpaTopa, XapaKTepU3yeMble
MHAYKTUBHOCTBIO L,

¥ CyMMapHBIM compoTuBicHHeM R sSKopHOW wnenu

I r

reHepaTropa, pacCMaTPUBAIOT MPHU COCTABIEHUN MaTEMATHYECKOIO ONMCAaHUs 3BEHA
«IKOpHAsI LIeTIbY.

Takum o0pa3oMm, Mmpu MaTeMaTHYECKOM OIMCAaHUM TeHepaTopa Kak 3BEHa
HKCKABAaTOPHOTO 3JIEKTPONPHUBOJA HamOOIee BaXKHBIMU SIBIISIIOTCA CBOWCTBA WU
napamMeTpbl 1enu Bo3OyxkaeHus. Yactora BpallleHHs SKOpsT TeHepaTopa

MPAKTUYECKA MOCTOSIHHA M paBHAa HOMHHAJIbHOU ®_ , nmostomy JDJIC renepartopa

TH ?
€. ompemeNnseTcs TOIbKO BETMYMHON MarHUTHOTO rmotoka @ . MarHuTHBIH NOTOK
CO3/1aeTCst TOKOM BO30Y:kaeHust |, . CBsI3b MEX/y OTOKOM M TOKOM BO30YKIEHUSI
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HEJIMHEWHAS U 33Ja€TCS XapaKTEPUCTUKOM XOJIOCTOrO X04a. B HEKOTOPBIX Ciaydasx
XapaKTEPUCTUKA XOJIOCTOTO XOJa N'eHEpaTOpa HEU3BECTHA, B 3TOM CIIy4ae MOXKET

OBITH OTpe/esieH JMHEHHBIN KO3(PGUIIMEHT YCUICHUS TeHepaTopa:

K - LIJ _Y, (12)

rac U_ — HOMHHAJILHOE HAIIPSKEHUE TEHEPATO a,
TH

IBH — HOMHUHAJIBHBIU TOK B036Y)KI[CHI/IH regeparopa,
N — 9UCio HBHFaTeﬂeﬁ;

U m HOMUWHAJILHOC HAIIPSKCHHUC ABUTATCIIA.

K = 200 _ 19,3103
29

r

JlnHaMuYecKkrue CBOWMCTBA TeHEpaTopa OMpPENeNsiOTCS ypaBHEHHEM OanaHca

HaIpsHKEHUH B 1IeNU BO30YKIEHUS reHeparopa:

u =R + LB% =R, 1+ Rip)iB, (1.3)

B

rae R — conporuBiieHre 0OMOTKHM BO30YKICHUS;
B

L, — MHIYKTHBHOCTH OOMOTKH BO30YKICHNUS,

BBeaem o003HaueHNE TOCTOSTHHON BpeMEHU BO30YKICHHsI TeHepaTopa:
T == (1.4)

TOoraga.

15



. 1/R,
i, = u,
Tp+1

r

(1.5)

Takum  oOpa3zom, TollydaeM  TepelaTouyHyl0  (GYHKUIHUIO  OOMOTKH

BO30Y>KJIEHHsI TeHepaTopa:

1/R
W, (P) =Tp:1 (1.6)

T

rie R, — comporuBieHrne OOMOTKH BO30YXKICHHUsS T€HEpPaTopa, MOXET ObITh

PaCCYUTaHO CICAYIOIINUM 06p8,30MI

R =Yu (1.7)

rae U, — HOMUHANIBHOE HANPsDKEHHE OOMOTKH BO30Y)KICHHS TeHEPATOpa;

|, — HOMUHAIIBHBIN TOK BO3OYKICHHs FeHepaTopa.

R _385 =1,3276 Om
29

B

[TocrosiHHAs BpeMeHH BO30YXICHUs TeHepaTopa |, ompeaensercss us3

KpUBOM HAMarHW4YMBaHUS HA JINHEMHOM YYacCTKe.

T =2,0718¢

W (p)o_L/L3276 0753
T 20718- p+1  2,0718- p+1

C yuerom 3aBucumocted (1.2) m (1.3) mepematounas (yHKuus 3BeHa

«reHEpaTop» UMECT BU!
16



K. /R

W (p) = : 1.8
(p) Tpil (1.8)
19,3103/1,3276 14,5453
W.(p) = =
2,0718p+1  2,0718p+1
Crnenyroliee CTPYKTYpHOE 3BEHO — SIKOpHas ILElMb — OINpeaenser

ANIEKTPUYECKUE CBOWCTBA CXEMbl 3amenieHust (pucyHok 1.3) reHepatopa u

IIPHUBOAHOI'O SJICKTPOABHUIATCIIA.

Ra.ll La a eﬂ
_i’l_l _/
a u, .
1 ~ C_\
| I | u
Ra-r La.r e,

Pucynok 1.3 — Cxema 3aMeleHus sSskOpHOU 1IENU CUJIOBOTO MOJTYJIst

ANEKTPOIIPUBOAA

VYpaBHenue Oananca HaNPsHKEHUN SKOPHOU IETTH UMEET CIICAYFOIIHI BU:

di
e —e =i R +L —* 1.9
T pis a a a dt ( )
W3 ypaBHeHHs OanaHca HanpshDKeHUN sikopHoi e (1.9) nomydaem:
L, ..
e.—e =R, 1+ R“ D)i, (1.10)

a

N3 ypaBuenus (1.10) noixyyaeM nepeaaTtoyHyro GyHKIUIO IKOPHOU LETH:

17



1/R,

, 1.11
T.p+1 ( )

W,.(p) =

rac Ra — IIOJIHO€ COITPOTHUBJICHHUC HKOpHOﬁ OCIu,

a

L .
T = Ra — OJICKTPOMArduMTHas IMOoCTOsIHHAsA BPEMCHU AKOPHOUW LCIIN,

a

La — INOJIHAA UHAYKTUBHOCTb HKOpHOﬁ OCIIN.

[TpuBenem pacyeT NOJHBIX 3HAYEHUIN COMTPOTUBIICHUS U UHIYKTUBHOCTH JIJIsI
cuctemsl I — 1.

CornpoTuBiieHHE IKOPHOH 1IEMTU

R,=nR,+R,, (1.12)

rzae N — 4ucio ABUraTellei;
R,, — CONMPOTHBICHHE SIKOPHOIT [IETTH IBUTATEIIS;
R, — conpoTHBIeHHE SIKOPHOI IIeNH TeHepaTopa.

COHpOTI/IBHeHI/Ie HKOpHOﬁ O ABUTaTCIIA

R, =L124(R, +R

Aang

)+Ii, (1.13)

ITH

rae R, — compoTuBIeHHUE SIKOPS IBUTATEIIS;
R, — CONPOTHBIICHHE TOMOIHUTEIBHBIX TOIOCOB IBUTATEIIS;

| . — HOMMHAIbHBIA TOK SKOPHOM LIENHN JBUIATENS.

R, =1,24(0,0039 +0,00325) + 7—20 =0,01115 Om

CornpoTuBIIeHHE IKOPHOM LIENU T€HEepaTopa
18



R,=1L24(R, +R_ +R

Kor

)+ (1.14)

T'H

rae R, — comporuBienue siIkopsi reHepaTopa;

R

e — COIIPOTUBIICHUC NOIIOJIHUTEIIbHBIX ITOJIFOCOB I'€HEPATOPA,

Rxoz — COIIPOTHBJICHHUC KOMHCHC&HHOHHOﬁ OOMOTKH regeparopa,

|, — HOMUHAJBHBIN TOK SIKOPHOM LIEIIH TeHEePaTopa.

R, =1,24(0,0075+ 0,00163 + 0,00516) + é =0,0132 Om

R,=2-0,01115+0,0132 =0,0355 Om
NHayKTUBHOCTH IKOPHOW LETH

L,=nL,+L,, (1.15)

rae La;l — UHAYKTUBHOCTb SIKOPHOW LIEMU JIBUTATEIS;

L, — MHIYKTHBHOCTB SIKOPHOM 1€ TeHepaTopa.

ar

NHIyKTUBHOCTD IKOPHOM LIENU JBUTATEIS

06U,
R KO

JH TH

(1.16)

rac Uby — HOMHHAJIbHOC HAIIPsSKCHUEC HKOpHOﬁ OCI ABUTATCIIA,

Pn — UHUCIIO ITOJTHOCOB;

21N
o, = GOHH — HOMHUHAaJIbHAs YIJI0Basi CKOPOCTh JBUTATEJIS;

nﬂH — HOMUHAJIbHAA 4aCTOTAa BPAIICHWA ABUTATCIIA.
19



o = 2mn,,  2m-740

) =77,4926 ¢
" 60

06270
“4.77.4926-760

=0,0011461 I'n

NHIyKTUBHOCTD SIKOPHOM LIENM T'E€HEPATOPa

Lar = UFH '
o1

TH TH

rae U, — HOMHHAIbHOE HAIPSDKEHHE SIKOPHOM LIETTH T'eHepaTopa;

Pn — YHCIIO TIOJTIOCOB;

2nn,,
® =
TH 60

— HOMMHAJIbHAS YIJIOBAasi CKOPOCTh F€HEPATOPA;

N, — HOMUHAJIbHAS YaCTOTa BPAILEHUS T'€HEPATOPA.

_ 27-1000

TH

=104,72 ¢

. __ 560
" 4.104,72-895

=0,0014937 I'n

L,=2-0,0011461+0,0014937 =0,0037859 I'n

T - 0,0037859 _0,1067 ¢
0,0355
1/0,0355 28,169
Wﬂu(p) =

0,1067-p+1 0,1067 p+1

20
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[Tpu nocrosinnoM notoke IJIC nBuraresnst nponopuuoHaIbHa CKOPOCTH:

e =C.o, (1.18)

rac Ce — DOJICKTPOMAaruruTHasd KOHCTPYKTHBHAA IIOCTOAHHASA OSKBHUBAJICHTHOI'O

JIBUTATEJISI, KOTOPAsk BEIYUCIISETCS TI0 opMyIie:

C — n JAH JAH an (1'19)

oy 270-760-0,0011152

i = 6,7497
77,4926

1.2 MexaHn4yecKkas 4acTh 3JIeKTPONPHBOAA KOMAOIIEr0 MeXaHu3Ma

IKCKaBaTopa

CrnenyrommM  CTPYKTYpHBIM 3BEHOM  SIBIIIETCA MEXaHUYECKas 4YacTb
ABUraresid. BBIXOOHONM KOOPAMHATOM CTPYKTYpPHOTO 3BEHA <«GSIKOpHAs LIETb)»
ABJIAETCSI TOK SIKOpS HSKBUBAJEHTHOIO J[IBUraTeis. 3HAYEHUE TOKA OIpPEAEIIsIeT

MOMCHT, paSBHBaeMLIﬁ ABUI'aTCIIEM.

M, =kd,i, (1.20)

Wiy (Ipy HOCTOSTHHOM MarHUTHOM MTOTOKE)

M, =C.i

I M ao!

(1.21)

rae C, — JMeKTpoMeXaHW4ecKass KOHCTPYKTHBHAs TOCTOSHHAS KBHBAJICHTHOTO
neuratens. [Ipu pacuerax B cucteme CHU 3nieKTpoMexaHUdecKass KOHCTPYKTUBHAS

21



IIOCTOSIHHAsI YHCJICHHO PaBHA JJICKTPOMATHUTHOM KOHCTPYKTHBHAS ITOCTOSHHOU

neurarenst C, =C,=C, rae C — KOHCTPYKTHBHAsI TIOCTOSIHHASI YKBHUBAJCHTHOIO

JIBUTATEIS.

VYpasuenue (1.21) MOXHO NIpeACTaBUTH B BUJIEC TIEPENATOYHONU (PYHKIINU:

() =MP)_ (1.22)
i,,(P)

3anuiieM OCHOBHOE YpaBHEHHE TUHAMUKH:

do
M,-M, =J— (1.23)
dt
VYpaBuenuto (1.23) cooTBeTCTBYET nepenarouHas GyHKIHS:
® 1
W (p) =Pl (1.24)

M,(p)-M,(p) Jp'

rae M — NpUBENCHHBIA K Bajly JBUTaTeIsi MOMCHT B YNPYIOW CBSI3H MEXKIY

IIEPBOU ¥ BTOPOU COCPEIOTOUYCHHBIMU MACCAMM;

J, — cyMmapHbBIi MOMEHT HWHEpPIMH SKOped JBHUTaTeIed U IKECTKO

2 2
CBSI3aHHBIX C HUMHU MeXaHu3MoB, ke-M°, J, =39,1ke-m".

1

W, (p) = 901p

VYopyroe 3BE€HO MepefacT IBHKYIIMI MOMEHT JABUrareiss K padouemy

oprasy.
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BXonHOM nepeMEeHHON CTPYKTYPHOTO 3JIEMEHTA «YNPYroe 3BEHO» SBIISIETCS

Pa3HOCTb YII0BOM CKOPOCTH Baja ABUIaTelsd (0, U IMPUBEACHHOU K BaJly ABUrATEIIA
YIJIOBOM CKOpOCTH pabodero opraHa ,. Mexay NpUBEIEHHBIMHU YTJIOBBIMU

CKOpPOCTAMM ABHUIaTCIIsA WU pa6oqero OopraHa BCCraa BBIIIOJHACTCA COOTHOIICHHEC

0)0;1 - O)ly = 0‘)2;1 '

B obGnactu ynpyrux nedopmaiuii cripaBeyiuB 3akoH ['yka, Ha OCHOBaHHUH

KOTOPOI0 MOKHO 3aIIMCaTh YPABHCHUSA YIIPYTIOIO0 3BCHA:

My:012((p1 _(P2)+BBT(C‘)1 _C‘)z)!

Py =0y, (1.25)

0, = ®,.

e C, — Ko3(pPHUIUMEHT KPYTHIILHOM )KeCTKOCTH ynpyroro 3sena, (H - m)/ pao;
@, ¥ O, — YIJIOBOE TIEPEMEIIEHHUE TIEPBOI M BTOPOil COCPENOTOYEHHBIX MACC;
B,, — koodpduumnent Buyrpennero aemnduposaunus, (H - m-c)/ pao.

B cooTtBercTBuM ¢ cuctemoii (1.25) nepenaTtounasi pyHKIMs yOIpyroro 3BeHa

paBHa:

_ M  _B.P+c,
o, (P) —,(p) p

W, (p) , (1.26)

e C, = 1554,6 (H - m)/ pao

Koadduirent Buyrpennero nemmduposanus npuaumaem 3, =0,05C, .

B, =0,05-1554,6=77,73
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VYpaBHEHUE JABWKEHUS BTOPOM COCPENOTOYEHHOW Macchl (KOBII C

PYKOSITBIO) UMEET BU/L:

do

M -M =J,—2, (1.27)
oo dt

rac M ¢ - HpI/IBeI[eHHHﬁ K Bally ABUTAaTCIIsI MOMCHT COIIPOTUBJICHUA,

NPUIOKEHHBIN K paboueMy oprasy;

H-m, J, — npuBeneHHBI K Bajy JBUTATENIsi MOMEHT HWHEPIHH BTOPOI

2
MAacCCBI, K2+ M".

[lepenaTounast GyHKIMS 3BEHA paBHA:

®,(P) 1

W) =) —M(p)  Tp

(1.28)

[IpuBeeHHBIA K Bajy IBHraTelii MOMEHT HHEPIIMH BTOPOM Maccel J, =

4,414 k2 m°.

1

W, (p)= m

1.3 JIByX - ¥ 0IHOMACCOBAsA JIeKTPOMEeXaHNYeCKHe CUCTEMbI
KOMAIIIEero MeXaHu3Ma 3KCKaBaTopa

Taxum 006pazom, NOTy4EHbI IepeAaTOuHble PYHKIUU CTPYKTYPHBIX 3BEHBCB
oObekta ympaBieHus. OObeAuHssE mnepeaTodyHble  (QYHKIUH, COCTAaBUM
CTPYKTYPHYIO CXE€MY JIBYXMacCOBOH 3JIEKTPOMEXaHHMYECKONW CHUCTEMbI (PUCYHOK

1.4) Tumna «reHepaTop — ABUTATEIbY.
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Pucynok 1.4 — CTpyKkTypHas cxema JIByXMacCOBOM 3JIEKTPOMEXaHUYECKOM

CHUCTCMBI

W3 ypasuennit (1.2), (1.3), (1.9), (1.18), (1.21), (1.23), (1.25), (1.27)
mojay4acM MaTCMaTU4YCCKOC OIIMCaHUC HBYXMaCCOBOﬁ C—)JIGKTpOMCX&HH‘IGCKOﬁ

cuctembl ¢ mpuBoaoM ['-J1 B Busie cuctemsl nud@epeHuanbHbIX YpaBHEHUM:

e - 8 _ala _0‘)1’
d L, ° L “ L
doy _C,; 1, (1.28)

dM 0 0
dty =C12(031—032)+BBT(0)1—c02j,
do, 1

Eciu npeneOpeub ynpyrumu CBsI3sMH B Iepefadax, TO IOJydaem

CTPYKTYPHYIO CXEMY OJIHOMAacCOBOM 3JIEKTPOMEXAHMYECKOW CHUCTEMBI (PUCYHOK

1.5).
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Al

B

Uy K,
e o E———
T, -p+1

K. IR, | ®
T,-p+1

1R, | L
Pem—

T,p+1

MZ

1

J;P

Pucynok 1.5 — CTpykTypHas cxema 0JJHOMAacCOBOM 3JIEKTPOMEXaHUYECKON

CUCTEMBI
Maremaruyeckoe OITMCaHUE OJHOMAacCOBOU AIEKTPOMEXAHUYECKOU
CHUCTEMBI THIIAa TEHEPATOP — JIBUTATEIIb UMEET BUJL;
di R .
8 — __6|6+ B uy

dt L, L,

di K . R.. C

4 — a (1.29)

- rle__la__(’oZ’
L ¢ L L

do,
dt

_1
JZ

Takum 06pa30M, B 3aBUCHUMOCTH OT ueﬂef/i HCCIICAOBAaHUA H CTCIICHU

YHOPOIICHUS MCXAHMU3M IIOJbCMaA JSKCKaBaTOpa MOXKET OBITh MMpCACTaBJICH

Pa3INYHbBIMHA CTPYKTYPHBIMHA CXCMaMu, KOTOPEIC COOTBCTCTBYIOT

MaTeMaTUYECKUM MOJIEJISIM OJIHO- UJIU ABYXMACCOBOM cucTeM. [3]
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2 CuHTe3 cuCTeM NMOAYMHEHHOT0 peryJIupoBaHusl

['maBHO#t 3ajmaueld  ANEKTPONPHUBOAA SABISAETCS  OBICTPOJACHCTBHUE TMpHU
COOTBETCTBYIOIIIEM XapakTepe TMEePEeXOJHOr0 Ipoiecca. OTHUM TpeOOBaHUSIM
OTBEYAIOT CUCTEMBI MTOAYUHEHHOIO PETYIMPOBAHUS KOOPAUHAT 3JIEKTPOIPUBOJA.
KoopanHaTel KOpPpEKTUPYIOTCSA IMOCIEAOBATEIbHO, HAUMHAS C BHYTPEHHUX, INpHU
3TOM BHYTPEHHUI KOHTYp MOAYHUHSIETCS BHELTHEMY. [4]

PaccmMoTpuM  KIacCHYECKYH0 TPEXKOHTYPHYIO CHUCTEMY IOAYMHEHHOTO
pEryJMpPOBaHUS U HETPAUIIMOHHBIE JIBYX-, UETBIPEX- U MATHKOHTYPHBIE CUCTEMBI

IOAYMHEHHOTO PETYJINPOBAHMS.

2.1 TpexKOHTYpHas cCHCTeMA NOAYMHEHHOI0 PeryJIupOBaHUSs

Knaccudueckolh  sBisieTcss  TPEXKOHTypHas  CHCTeMa  MOAYMHEHHOTO
pEryIMpoBaHMs TOKa BO30YXKJEHHUS, TOKA SKOPHOM IEH U CKOPOCTH JBUTATEIS,
NpUMEHsieMass K OJITHOMAacCOBOMY OOBEKTY PEryJupOBaHMUsI, MPEJCTABICHHAS Ha
pucynke 2.1. OHa sBisieTCsl KJIACCHMYECKOM, T.K. Kaxaash MOCTOSIHHAsT BPEMEHHU

KOMIICHCHUPYCTCA OTACIILHBIM PETYJIIATOPOM.

Wyl®) - M,
)
|
WD) [ T :
o |
e 3 Z TR |= TR |la 1
- 1 (p) (P (D) === e —E gy . —a |l —_—
& B -»@* B e Lot [Lptd d T,ptl = Jor @,
M
¥
o [ C’e -
km -
k -

ac

Pucynok 2.1 — CtpykTypHas cxeMa TPeXKOHTYPHON CUCTEMbI TOAYHHEHHOTO

peryJupoBaHUs
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a) KoHnTyp TOKa BO30Yy:KaeHUs

PTB TB OBI'
U,y K 1R | L

WornP)™| T p+1 [T T p+1 T

k |

OTB

Pucynok 2.2 — CTpyKTypHas cxema KOHTypa TOKa BO30YKIEHUS

O0o03HauuM mnepeAarouyHyro (YHKLIHUIO PEryasTopa ToKa BO30YKICHUS
W,m(p). HexommeHcupyemyro HOCTOSHHYIO BpEeMEHM IPHHUMAeM PpaBHOU
IIOCTOSIHHOM BpeMeHM Bo30yautens, T.e. 1,=713,=0,0lc, 4To cmpaBemmMBO mpH
O€3MHEPLIMOHHOM JAaTYUKE U PETYIIATOPE.

[lepenatounas GyHKIMS pa30MKHYTOrO KOHTYpa TOKa BO30YKIEHUs

K, 1/R
W =W W_ (p)W k. =W = = , 2.1
pas.TB ( p) pTB ( p) TB ( p) OBI' ( p) OTB pTB ( p) Tup + 1 ﬂp + 1 OTB ( )
U 10 .
rne k= % =59 = 0,3448 — xo3pduireHT o00paTHOW CBA3M MO TOKY
BO30YKJICHHUSI,

U,;; — HanpsbKeHHe 3aJlaHus 10 TOKY BO30YKJI€HHsI, pABHOE HOMUHAIBLHOMY
HaIIPSKEHUIO YIIPABIICHHUS;
| — HOMHHAJBHBIN TOK BO30YXACHUS TeHepaTopa.

XKenaemas nepenaroynasi GyHKUIMS pa30MKHYTOI'O KOHTYpa

1

ZTHp(THp +1) 2)

Wp)::S.TB( p) =

[IpupaBHUBaeM >KelaeMyl0 U peallbHyl0 IepeJaToyHble  (DyHKIHUU
Pa30MKHYTOI'O KOHTYypa
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1 K, 1/R

B

=W 2.3
ZTHp(YLp+1) pTB(p)Tup+1Trp+1 (23)

CokpatuB o0e dYacTu Ha (Tu p +1), HaXOJIUM TepeaaTouHy0 (DYHKITHIO

peryisropa
R(T.p+1 RT R T 11
W, (p-llptt)  RL R T 11 (2.4)
2Tu KBkOTBp 27—;1KBkOTB ZTHKBkOTBp Zpil—l Z‘El_,p
II u
rme T, =2T Kk, /R, = 0’02'1;)2257-((3),3448 =0,2c.
W, (p) = 20718 + 1 -£=10,359+5l
P 0,2 0,2 p p

[TomydenHslii  peryasitop MPOMOPLIMOHAIBHO-UHTETPAIIBHBIN (IT-

pEryJsaTop).

[lepenaTounas GyHKIMS 3aMKHYTOT'O KOHTYpa TOKa BO30YKICHUS:

W (PW,, (P)W,,,. (P)

W, (P) = : (2.5)
1 +WpTB ( p)WTB ( p)WOBF ( p)kOTB
1/k 1/k
W, (p) = e 2 K 25)
T, p(T,p+Y)+1 2T, p+1

0,3448 2,9

W3KTB ( p) = ]7/ =

©2.0,01p+1 0,02p+1
O6o3naunm 27,=7,,=0,02 c. — HEKOMIIEHCHPYEMBIE ITOCTOSHHbIE BPEMEHH
BTOPOTO KOHTYDA.
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0) KoHTyp TOKa IKOpHOII Henu

CTpykTypHash cxeMa KOHTypa TOKa SIKOPHOHM ILienu TMpejcTaBieHa Ha

pucyHke 2.3.

—— W @] - —==—-

U, e L [IR | I
WpT(p) *®>W3KTB(p)_> KF *(?—» Ta p+]_
€

O

\ J

k

oT

A

Pucynok 2.3 — CTpykTypHasi cxema KOHTYpa TOKa SIKOpHOM Lienu

Jlis cuHTe3a peryniaropa Toka npeHeOperaeM obpaTHoi cBs3pio mo JD/1C
naBurateist (B JajbHEHIIEM MBI y4TeM €€ JSHCTBUE NPU MOMOIIM KOPPEKLIUH IO

OJ1C), Toraa nepeaaToyHasi PyHKIMS pa30MKHYTOTO KOHTYpa

Whas.ox (P) =W, (PIW, ., (PIW,,, (P)K K, (2.7)
U 10 .
re k= I - =ﬁ=0,00658 — KO03(pUUUEHT O0OpaTHOW CBSI3M MO TOKY

cron
SIKOPHOU LIETH;

U,, — HanpspkeHue 3aaHusl 110 TOKY SIKOPHOM IIeMH, paBHOE HOMUHAIBHOMY
HaMNpsHKEHUIO YIIPABJICHUS;

| ¢1on — CTOTIOPHBIN TOK SIKOPSI IBUTATENSI.

XKenaemas nepenaroynast GyHKIHS Pa30MKHYTOIO KOHTYpa

1
Zszp(szp +1)

Wp)EI:S.Tf{ ( p) = (2'8)
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[IpupaBHUBaeM >KelaeMyl0 U pealbHyI0 TNepeJaTouHble  (PyHKIHUU

Pa30MKHYTOT'O KOHTYpa

1 1/R ~ 1/k

W T ( p) . o KrkoT (2'9)
2T,0(T,p+1) ™ ' T,p+1T,p+1

Haxonum nepegatounyto GyHKIHIO pETyasaTopa

k R(Tp+1) T 11
W (p)=—2 (1.p )=—"+ — (2.10)
2T KFkOT 7-;/12 T;IZ p
—_ =~
IT n
rae T, =2T Kk, /RK,, = 2: 0’002 62%518;%50658 =0,4152 c.
W (p)= 0 1067 1 1 = =0,257+2, 408%
0, 4152 | 0,4152 p p

[lomy4yeHHBI  peryisaTop  HOpONOpUUMOHAIBbHO-UHTErpanpHeiii  (11HU-

peryusarop).

[lepenaTounas GyHKIUS 3aMKHYTOTO KOHTYypa

W, (PW,, (W, (P)K, 17k 17k,
1+W (W, (PIW, ., (P)K K 2Tu2p(T2p+1)+l 2T2p+1

3KTB T oT

W, (p) = (2.11)

1/0,00658 151,976
2.0,02p+1 0,04p+1’

W3KT$I ( p)

O6o3naunm 27,,=T7,5=0,04 c.
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B) KoHTyp ckopocTH

B onHomaccoBoil cucteme HeT cymmaropa 2. A T.K. pe3yJibTaTbl CUHTE3a
OJJHOMAacCCOBOM CHUCTEMBI MBI 3aT€M pACOPOCTPAHAEM Ha JBYXMAacCOBYIO
AIIEKTPOMEXAHUYECKYI0 CHCTEMY, TO (PaKTUUYECKH CYIIECTBYET BHYTPEHHEE
BO3MYILAKOUIEE BO3AEHCTBUE IO yIPYromy MOMeHTy. M nipu cuHTE3€ perynstopa
CKOpPOCTH MbI NpeHeOperaeM M B JajbHEHIIEM JOJKHBI YYECTh IMPHU IMOMOIIU

KOPPEKLMH IO YIIPYTOMY MOMEHTY.

e N e R
u
£Q@W_ (o)W, ) C,

k |

0oC

Pucynok 2.4 — CTpykTypHas cxeMa KOHTypa CKOpOCTH

K ;c—x03QpuieHT oOpaTHON CBA3M IO YIJIOBOM CKOPOCTH JBUIaTe,

R T ;
“w, 71,4926

U,. — HampspKeHUe 3a/1aHusl 110 CKOPOCTH JIBUTaTelNsl, pPABHOE HOMUHAIBHOMY
HaIIPSKEHUIO YIIPABIICHHUS;

wﬂH — HOMHUHAaJIbHAasA yIjioBass CKOPOCTb ABUTATCIIA.

[lepenaTounast GyHKIUS pa30MKHYTOTO KOHTYypa CKOPOCTH
Wpa3.c ( p) :Wpc ( p)W;;l ( p)ngT ( p)koc (2 12)

Kenaemas nepenatounast GyHKIHS pa30MKHYTOT'O KOHTYpa

1

2.13
2T .p(T,5p +1) (2.13)

Wi (P) =
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[IpupaBHUBaeM >KelaeMyl0 U pealbHyI0 TNepeJaTouHble  (PyHKIHUU

Pa30MKHYTOT'O KOHTYpa

1 C,. 1k
= Wpc ( p) = = oC (2 " 14)
2T :p(Tsp +1) JopT,p+1
Haxonum nepenatounyro (yHKLIHUIO PETYIATOpA
k.,J
W =—0 X = 2.15
" ( p) 2Tp3CMs koc " ( )
0,00658- 43,514
Wpc( p) = = 1
2-0,04-6,7497-0,129
[Tomy4yeHHslil peryasTop nponopuuoHanbHbii (I1-perymstop).
IlepenaTouHas GyHKIUSA 3aMKHYTOTO KOHTYpa CKOPOCTH
W W_(p)W
W ()= e (PWPW(P) Uk, Uk, 54
1+Wpc( p)W;l( p)W3KT( p)koc 2Tp.3p(Tp3p +1) +1 2T}13p +1
1/0,129 7,752
W31<c ( p)

T2.0,04p+1 0,08p+1

YuteMm cymiecTByomyo o0paTHyio cBs3b 1o D/]C nurarens. BuyrpeHuuit
KOHTYp OOBEKTa peryaupoBaHHs HEOOXOJUMO KOMIIEHCHUPOBATh BBOJIOM
aHAJIOTMYHOM OOpaTHOW CBSA3M, HO C MPOTUBOMOJIOKHBIM 3HAaKOM. [lepemarounas

GyHKUIHST KOMIEHCUPYIOIIEH MOJI0KUTEIbHON 00paTHOM CBSI3W MPH MoJlaye ee Ha

PETYIATOP TOKA BO30YKICHUS
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- Ces
W (P)= oy 217)

r 3KTB

YTouHeHHass mepenatodyHas (GYHKUMS 3aMKHYTOTO  KOHTypa TOKa

BO30YXKICHUS:

17k 1/0,3448 2,9

W3KTB ( p) = g

2T§p2+2T“p+1 2:0,01°-p*+2-0,01p+1 0,0002p° +0,02p +1

C k 2T2k0TBCeS 2T kOTBCes k Ces
Wlw(p):—e:("TB (2ij2+2Tup+l):—“K pi+ MK p+ °;2 (2.18)

T T T T

2.0,01%-0,3448-6,7497 , 2-0,01-0,3448-6,7497  0,3448-6,7497
W, (p)= p+ p+

19,3103 19,3103 19,3103
W (p) =0,000024 p* +0,002410 p +0,120521

Takum 00pa3omM, BBOJUTCS MOJIOKUTENIbHASI 0OpaTHAs CBSI3b MO CKOPOCTH U
€€ TIEPBOI U BTOPOU MPOU3BOAHBIM C COOTBETCTBYIOIIMMU KOdhhummeHTamu.

Yyrem BnusHUE BHYTpPEHHEH OOpAaTHON CBS3U IO YIPYrOMYy MOMEHTY.
[lepenaTtouynast pyHKIMS KOMIEHCUPYIOUIECH MOJIOKUTEIbHOW OOpaTHON CBSI3M Ha

PETYJISTOP TOKA SIKOPHOU LIENU

1 Kk k k
W = = —QT? oL p? QT ot py_or 2.19
Ky( p) CMSWSKT ( p) pn2 CMS p pn2 CMS p CMS ( )
W_ (p)=0,0008 0,006°8 p*+0,04 0,006°8 p+ 0,00658 =0,78-10°p* +3,899-10° p +9,749-10™
! 6, 7497 6, 7497 6, 7497

Takum 00pazom, 4TOOBI CKOMIIEHCUPOBAThH BIUSIHUE BHYTpPEHHEN 0OpaTHOM

CBSI3M IO YIIPYTOMY MOMEHTY, HEOOXOJMMO BBECTH HA PETYJISATOP TOKA SKOPHOU
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OCIIM CUTHaJIbl ITOJIOZKHUTCJIIbHBIX O6paTHbIX CBsI3EH MO yupyromMmy MOMCHTY, €ro

NEPBON U BTOPOI MPOU3BOJHBIM C COOTBETCTBYIOIUMU KO3 (HULIUEHTAMH.
2.2 JIByXKOHTYpPHAasi CHCTeMa MOJYMHEHHOI 0 PeryJJMpoOBaHUsA

Ha pucynke 2.5 npencraBieHa CTpYKTypHasi CXeMa JIByXKOHTYPHOM

CUCTCMBI ITOJYHUHCHHOT'O PCTYJIMPOBAHNA.

W, (p)

A

We(P)

1 K
Pucynok 2.5 — CTpykTypHas cxema AByXKOHTYPHOW CUCTEMBI IOJYMHEHHOTO

PEryJIupoBaHUs

a) Kontyp Toka sikopHOil menu

CrpykTypHas cxeMa KOHTypa TOKa SIKOPHOM LenH TMpeAcTaBieHa Ha

pucyHke 2.6.

—— = — W] — — — — = ™
| — = — —LCH (j
u,, K K/R_ e, 1R_P ¥

WP 7551 7| T pri T p+l
' eIl C ()] ' 1]
e — H -
J¢

I
.y |— S

Pucynok 2.6 — CtpykTypHasi cxema KOHTypa TOKa SIKOPHOM Lienu
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HexommneHcupyeMyl0  INOCTOSHHYIO ~ BPEMEHM  NIPUHUMAeM  PaBHOU
IIOCTOSIHHOM BpeMeHn Bo3Oyautend, T.e. 1,=7,=0,01lc, yto cnpasemBo INpH
O€3MHEPLIMOHHOM JIATYUKE U PErYISITOPE.

[IpeneOperaem o6patHoil cBsi3pio o D/IC, Torna nepegarouynast GyHKUIUSA

Pa30MKHYTOT'O KOHTYpa

W (P) =W (PIW,, (PIW,,. (PIW,, (P)K K, (2.20)

3T

. . U
rae Kor — ko3 puiueHT 06paTHOM CBA3M 10 TOKY AKOPHOH HenH, k= ;

CTOoIn

U, — HanpspKeHUe 3aJaHus 110 TOKY SIKOPHOM L€, PpABHOE HOMUHAIbHOMY
HaIIPSHKEHUIO YIIPABIICHHUS;

| ¢1on — CTOTIOPHBIN TOK SIKOPSI IBUTATENSI.

K, , = Yy :£:0,00658

o 1520

CTOIT

Kenaemas nepenarounas GyHKIUS Pa30OMKHYTOTO KOHTYpa

1

. 2.21
2T, p(T,p +1) (2.21)

W (P) =

[IpupaBHUBaeM KellaeMyl0 U peajbHYI0 MEpeJaTOUYHYI0 (PYHKIHUIO

Pa30MKHYTOT'O KOHTYpa

1 K, 1/R, 1/R

W, (p) + K k (2.22)
ZTHZp(TuZp +1) P

Tp+1Tp+1T p+1 " °

Haxonum nepegatounyto GyHKIHIO pETyasaTopa
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:RBRa(TFp+1)(Tap+1):TF+Ta T.T

W,.(p) LIS P, (2.23)
' 2T KK K,.p I, T.p T,
— —— [ —
I n A

rae T,=27T, K, K, K, | (R;-R,)=2-0,01-38,5-19,3103-0,00658/ (1,3276 -0,0355) = 2,0759 c.

ITony4yeHHbIN peryJsTop IIPOIIOPLUOHAIBHO-UHTETPAIBHO-

muddepenumansubiii (ITWMJ-perynsarop).

T.+7, 1 T.-T, —2’0718+0’1067+ 1 +2,0718-0,1067'

Wi (p) ==+ ——+ P

T, 20750 2,0759p 20759  ©

W, (p)=1,049+ 0,482 + 0,106
p

[lepenaTounas GyHKIUS 3aMKHYTOTO KOHTYypa

W, (PW,, (PIW,,. (P)KW,, (P) 1/k
Woern(P) =1 =— o (2.24)
+WpT( p)WTB ( p)WOBF ( p) KFWSIH( p) kOT 2Tl,[p + 2Tup + 1
1/k
W, (P) ~ TS (2.25)
WPt
0,00658 151,976
WSKT}Z ( p) = ]7/ =

2.0,01p+1 0,02p+1

O6o3naunm 27,=7,,=0,02 c.

0) Kouryp ckopoctu

B onnomaccoBoii cucteme HeT cymmaropa 2. A T.K. pe3yJibTaTbl CUHTE3a

OJHOMACCOBOM CHCTEMBl MBI 3aT€M pPAaclIpoCTpaHseM Ha JIBYXMAaCCOBYIO
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IEKTPOMEXAHUYECKYI0 CHCTEMY, TO (PaKTHUECKH CYIIEeCTBYeT BHYTPEHHEE
BO3MYIIAIONIEE BO3JEHCTBHUE MO yIPYroMy MOMEHTY. M mipu cHUHTE3€ perysitopa
CKOpPOCTH MbI NpeHeOperaeM M B JajbHEHIIEM JOJKHBI YYECTh MPHU IMOMOIIU

KOPPEKLMH 110 YIIPYTOMY MOMEHTY.

e N e

W QW@ C,

k |

0oC

3C

Pucynok 2.7 — CTpykTypHas cxema KOHTypa CKOpPOCTH

raie K,.— xodpduiiueHT oOpaTHOW CBSI3M MO YIJIOBOW CKOPOCTH JIBUTATEINS,

K= =19 _g190;
@, 17,4926
U3C — HapspKCHUEC  3aJaHUsd 110 CKOpPOCTH  ABUTATCIIA, PaBHOC

HOMUHAJIbHOMY HalpsHKEHUIO YIPaBIICHUS,

@,y —HOMHHAJIbHAA yIijIoBas CKOPOCTb ABUTATCIIA.

[IpeneOperaem BHYTpeHHEH OOpaTHOU CBS3bIO, MO YHPYrOMYy MOMEHTY,
KoTopasi (U3MYECKH CYIIECTBYET, KOIJAa MEpexoAuM K JIBYXMaccOBOMU
IIEKTPOMEXAHUYECKON CUCTEME. ITO BIHMSIHUE Mbl YUTEM B JIaJIbHEUILIEM.

[lepenaTounas GyHKIMS pa30MKHYTOIO KOHTYpa CKOPOCTH

C, Uk, |

W,..(p) =W_.(p) (2.26)
P P J.p T}12 p+1

Kenaemas nepenatounast GyHKIHS pa30MKHYTOT'O KOHTYpa

W (p) = —— (2.27)
pene 2T (70 +1)
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[IpupaBHUBaeM KelaeMyl0 U peajbHYI IMepeaaTOuYHyl0  (YHKIIUIO

Pa30MKHYTOT'O KOHTYpa

1 C, 1/k
=W_(p)—" oK (2.28)
2T Zp( H2p+1) Jep T,p+1

Haxonum nepegatounyto GyHKIHIO peTyasaTopa

K, Js
2T ,C. .k

MS 0OC

W, () = = Ky (2.29)

0,00658- 43,514
2-0,02-6,7497-0,129

Wi (P) =K pe= =8,221

[Tomy4yeHHslil peryasTop nponopuuoHanbHbii (I1-perystop).

[lepenatounas GyHKIMS 3aMKHYTOT'O KOHTYpa CKOPOCTH

W, (p)= W, (W, ()W, (P) 1/k,, Uke  (230)
1+W [(PIW, (PIW,, (P)K, 2Tp.2p(Tp,2p+l)+1 2T 2p+1

1/0129 7,752

W ~ —
e (P~ s i1 0.04p 11

YuteMm cymiecTByromyo oopaTHyio cBsi3b 1o D/]C nurarens. BuyrpeHuuit
KOHTYp OOBEKTa peryJupoBaHHs HEOOXOJUMO KOMIIEHCHPOBATh BBOJIOM
aHAJIOTMYHOU OOpaTHOW CBSA3M, HO C MPOTUBOMOJIOKHBIM 3HAKOM. Ilepemarounas
GyHKUIHST KOMIEHCUPYIOIIEH MOJO0KUTEIbHON 00paTHOW CBSI3U NP MOJayYe €€ Ha

PETYJISITOP TOKA SIKOPHOU LIENU
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Co (T, p+D)(T,p+DR,

W,.(p)= (2.31)
KBKerT(p)
T p+1)(T p+1 T KKk T,.Ck (T p+1
Wke(p):Ces( up )( rp )RB u2- BT OTp — n2es OT( pp )p (232)
K,K, Tp+D(T.p+YRR, R, (T,p+])
W (p)_0,02-6,7497-0,00658-(0,01p +l). ~0,0009-(0,01p+1) _
. 0,0355-(0,1067 p +1) P=0,003788 +0,0355
0,000009p + 0,0009
W, (p) = . -

0,003788 +0,0355 ©

YuyremM BHYTPEHHIOIO OOpaTHYH CBS3b 10  YIOPYroMy MOMEHTY.
[lepenaTtounass PyHKIMS KOMIICHCUPYIOIIEH MOJIOKUTEILHON OOpaTHOM CBSI3U IO

YIPYrOMy MOMEHTY, 3aBOAMMAs Ha PETYJIATOP CKOPOCTH

1

W, (p)= (2.33)
2T .k
W (p)= 225 (T2, p? 42T, +) 2.34)
>
2-0,02-0,129
w = : . 2-0,02°- p*+2-0,02- p+1
Ky(p) 43514 ( p p+1)

W, (p) =9,488-10° p° +4,744.10° p +1,186-10

Takum 006pa3om, 4TOOBI CKOMIICHCUPOBAThH BIUSIHUE BHYTPEHHEH 0OpaTHOMU
CBSI3U TI0 YIIPYTOMY MOMEHTY, HEOOXOJIMMO BBECTH HA PETYJATOP TOKA SIKOPHOU
IENU CUTHAJBI TOJOXHUTEIBHBIX OOpaTHBIX CBS3€H MO YINPYroMy MOMEHTY, €ro

NEPBOM U BTOPOI MPOU3BOJTHOM C COOTBETCTBYIOIUMHU KOA(P(HUITUEHTAMH.
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2.3 MHOrOKOHTYpHBbI€ CHCTEMBbI IOAYMHEHHOT'0 PeryJIupPOBaHUS

OpHOMaccoByl0  CHCTEMY,  Kak  IpaBWIO,  paccMaTpuUBalOT B
[pEABAPUTENbHBIX pacueTax MpU CUHTE3€e, a JAIbHEHIIMI aHaau3 IPOBOJAT IS
JIByXMAaCCOBOW 3JIEKTPOMEXAHUYECKON CUCTEMBI, KOTOPAsl BKIKOYAET CTPYKTYPHYIO
CXEMY JABYXMAacCOBOM CHCTEMBI M JJIEKTPUYECKOW YacTH 3JIEKTPOIPHUBOJA IIO
cucteme I'=/I. JIByxmaccoBasi CTpyKTypHasi cxema 00beKTa yrnpaBieHHUs 0e3 yuera

NENUCTBUS BHYTPEHHETO JeMI(hUpOBaHUs N300pakeHa Ha pUcyHke 2.8.

Ce ¢
TB I e LI M1 vy3 M2
Pl .
le Ks N K.J/R, 1/R, _Ia> C. 1 . C12 1
T.p+1 [T.p+1|e: T.p+1 Jiplo, p Jop @2

My

Pucynok 2.8 — CTpyKTypHasi cxema JIByXMacCOBOM 3JIEKTPOMEXaHUYECKOM

CHCTCMBI

Jlist  aByXMaccoBoro oOBEKTa PETYIMPOBAHUS MOTYT HCIIOIB30BATHCS
MHOTOKOHTYPHBIE ~ CHUCTEMbl MOAYMHEHHOTO  PEryJUupOBaHusl, T. €. OT
pPEryJIMpOBAHUSL CKOPOCTH JIBUTATENSI MEPEXOAUM K PETYIMPOBAHUIO CKOPOCTH
MexaHusma. [Ipu STOM UIsi CHHTE3a pETYJISITOPOB BPEMEHHO MpeHeOperaeM
nepekpecTHbiMU cBsi3siMU 1o DJIC, ynpyromy MOMEHTY M CKOPOCTH MEXAHU3Ma,
KOTOpbIEe OyAyT KOMIIEHCUPOBAThCS B AanbHeiieMm. Cucrema 3yeKTporpuBoaa B
ATOM CIydae MOXKET OBITh YETBHIPEX- MO0 MATUKOHTYpPHASI C JOMOTHUTECIHHBIMU
peryiasaTopamu ynpyroro momenra PM, u ckopoctd BTOporM Maccel PC
(MCTIOTHUTEIPHOTO MEXaHW3Ma), Ha KOTOphI€ TOCTYIMAIOT CHUTHAJIBI OOpaTHBIX

CBSI3€H M0 3TUM KOOPJIMHATAM C COOTBETCTBYIOIIMMU KO3hUlineHTamu. [5]
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2.3.1 YeTbIpexKOHTYPHAasI CUCTEMA MOJYMHEHHOI 0 PeryJMpoOBaHUsA

JUis JIByXMaccoBOTO OOBEKTa pEryJupOBaHUS MOTYT HCIOJIb30BATHCSA
MHOIOKOHTYPHBIE ~ CHCTEMBI  IIOJYMHEHHOI'O  PEryJupoOBaHus, T.6.  OT
pEeryaupoBaHusl CKOPOCTH JIBUraTessl IIEPEXOJUM K PETYJIHPOBAHUIO CKOPOCTH
MexaHu3ma. I[lpm 3TOM JUId CHHTE3a pEryJATOpOB BpPEMEHHO IpeHeOperaeM
NepeKpPECTHBIMU CBsI3siMH 110 DJ[C, ynpyroMmy MOMEHTY M CKOPOCTH MEXaHHU3Ma,
KOTOpbIe OyAyT KOMIIEHCUPOBaThCs B JayibHelmeM. CucreMa 3J1eKTpOIpHUBOJa B
3TOM ClIlydae MOKET OBbITh YEThIPEeX- JUOO MATUKOHTYpPHAs C JOMOIHUTEIbHBIMU
peryistopaMu yrnpyroro MomeHta PMy wu ckopoctu BTOpodl Maccel PC;
(MCTIONHUTENBHOIO MEXaHU3Ma), Ha KOTOpbIE IOCTYNAIOT CUTHAJIbl OOPAaTHBIX
CBSI3€H MO 3TUM KOOPAMHATAM C COOTBETCTBYIOIIUMHU KO3(PPUITUCHTAMH.

YeTbIpeXKOHTYpHAs! CUCTEMA MOJYMHEHHOTO PETYIMPOBAHUS OTINYAETCS OT
ISATUKOHTYPHOH OTCYTCTBMEM KOHTYpa TOKAa BO30YXKIEHMSI, UTO JIE€JAET CUCTEMY

0onee ObicTpociicTBytoLIeH. Ee cTpykTypHas cxema rmokasaHa Ha pucyHke 2.9.

e 17
X Y T | R %=L [T .
-—@-n- sz(z:) -—@-l- Ww(z:) +®-|- W) +®+ Ww(p) +Tp+l - | -

T Tap"'l

k

b

P

2

E1E] ELE]

Pucynok 2.9 — CTpykTypHasi cxema 4eThIPEXKOHTYPHOU CUCTEMBI IOTYMHEHHOTO

peryJIMpOBaHUS
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a) KonrTyp Toka sikopst

AHanoruyeH pacCMOTPEHHOMY MpPU CHUHTE3€ ABYXKOHTYPHOU CHCTEMBI

IOAYMHEHHOTO PErYJIUPOBAHUS, IOITOMY

[lepengatounast GpyHKLMS peryasiTopa

T,+T, 1 T-T, 20718401067 1  20718-01067
T. T.p T, | 20059 207595 20759

p

W, (p)=1049+0,4822+ 0106
P

[lepenaTounast GyHKIMS 3aMKHYTOTO KOHTYpa TOKA AKOPS

1K,, _1/0,00658 151,976

W3KT;7(p): =
2T,p+1 0,02p+1 0,02p+1

O6o3naunm 27,=7,,=0,02 c.

0) Kontyp ckopocTu ABurarteis

r—————r———ny(p)———T—MyH

i?-»wpcl(p)

Pucynok 2.10 — CtpykTypHasi cxeMa KOHTypa CKOPOCTH JIBUTaTENs

W__(p)p C,

e
<
%Z -
_<_|
=]
ve

A

ocl

[lepenaTounast GpyHKIUS pa30MKHYTOTO KOHTYypa CKOPOCTH JIBUTATEs
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Uk, Cup 235

W =W W W (p)k , =W —Ms
pas.cl(p) pcl(p) 3KT(p) n(p) ocl pcl(p)-l—uzp_l_l le ocl

XKenaemas nepenaroyHasi GyHKIHS Pa30MKHYTOI'O KOHTYpa

1
W (P) = : (2.36)
P 2T“2p(Tu2p +1)

[IpupaBHuUBaeM KellaeMyl0 U peajbHYI0 [EpeJaTOUHYI0 (PYHKIHUIO

Pa30MKHYTOI'O KOHTYpa CKOPOCTH JIBUTATENIs

L w (e My (2.37)
2Tp2p(]112p +1)

JpT,p+1 oc!

0
Haxonum nepegatounyro GyHKIHIO PETYIATOPa CKOPOCTH ABUTATENS

kOTJl

W SEELL o B 2.38
pel ( p) 2Tu2CMskoc1 P! ( )
U., .
rie K, =K., =K, =—+=0129 — kosddurent obparHoii CBSI3U 10 CKOPOCTH
O,
JABUTATEIS.
W (p)= 0,00658-39,1 _ 7387
’ 0,04-6,7497-0,129

[Tomy4yenHslii peryasTop nponopuuoHanbHbii (I1-perynstop).

[lepenatounas GpyHKIMS 3aMKHYTOT'O KOHTYpa CKOPOCTH JIBUTaTENst
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W W (p)W,
W (p) = (DWW (P) Mk WK (g gg)
1+Wpc1(p)W;l(p)W31<T( p)K,., 2T ) p(szp +1)+1 2Tp.2p +1
1/0,129 7,752
W31<c1 ( p) = =
2-0,02p+1 0,04p+1
O6o3naunm 27,,=T1,5=0,04 c.
B) KoHTYyp MOMeHTa ynpyroro
] 9
u v [, |M
= Wpy(p) '>W3K01(p) % :
Q) r
kOy <
Pucynok 2.11 — CtpykTypHas cxema KOHTypa MOMEHTa yIIpyroro
[Tepenatounas GyHKIHS pa30MKHYTOTO KOHTYpa YIPYroro MOMEHTa
W, (9) =W, (D, (PIW, (K, =W, (p) et E 2.40
pas-yp_ pyp el \P y3p oy — pypTu3p+lp oy" ( )
Kenaemas nepenatounast GyHKIHS pa30MKHYTOT'O KOHTYpa
W2, ()= o (241)
Py 2T“3p (Tu3p + 1)

[IpupaBHUBaeM KellaeMyl0 U peajbHYI0 [EpeJaTOUHYI0 (PYHKIHUIO

Pa30MKHYTOT'O KOHTYpa
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1 17k, [P

=W,,(p) o (2.42)
2T.p(Tap+1) ™ Tep+lp ™
Haxonum nepenatounyro (yHKLHIO PETyIATOpa
W, (p) = o=k (2.43)
py 2Tu30125k0y py
Wy (P) = 9,129 =1,0642
Y 0,08-1554,5-0,0009747
[Tomy4yeHHslil peryastop nponopuuoHanbHbii (I1-perymstop).
[lepenaTounast GyHKIMS 3aMKHYTOTO KOHTYpa MOMEHTA YIIPYroro
W W W 1/k 1/k
W3Ky( p) — py ( p) 3kcl ( p) y3 ( p) — oy ~ oy (244)
1+Wpy ( p)W31<C1 ( p)Wy3 ( p)koy 2T HSP(T;JJP + 1) + 1 2T},L3p + 1
1/0,0009747 1025,954
W, (p) = = )
2-0,04p+1 0,08p+1
u, 10 )
rae K = =0,0009747 - xoadduimeHT 0OpaTHOW CBSI3U MO

“"M__ 10259544

CTOIl

MOMEHTY yIIPYyromy;

U3y — HAIIPpsKCHUEC 3aJaHus 110 MOMCHTY YIIPYTOMYy, paBHOC HOMHUHAJIIbBHOMY

HaNPsHKEHUIO YITPABJICHUS;
M 1on — MAKCUMAIIBHBIA MOMEHT, COOTBETCTBYIOIMN CTOIIOPHOMY 3HAYCHUIO
TOKa SIKOPHOM LIETIN.

O6o3naunm 27,3=1,4,=0,08 c.
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r) Kontyp ckopoctu padodero mexanusma

u3c2
—~<T>->Npcz(|0)—> W, (p) o
k

-
oc2|

[
VNS

Pucynok 2.12 — CtpykTypHasi cxema KOHTypa CKOPOCTH pabouero Mexanusma

[lepenaTounast GpyHKIUS pa30MKHYTOTO KOHTYypa CKOPOCTH

L k.. (245

Wpas.cz ( p) : pc2 ( p) 3Ky ( p)Wl/lM ( p)koc2 ch( ) 1 J oc2

XKenaemas nepenaroynasi GyHKIHS pa30MKHYTOIO KOHTypa

1
2T 4p( Pl4p+1)

Wp):&cz ( p) = (246)

[IpupaBHUBaeM KellaeMyl0 U peajbHYI IMepeJaTOuHyl0 (YHKIIUIO

Pa30MKHYTOT'O KOHTYpa

k
C(p)— ¥ K. (2.47)
2T, (4p+l) pez p

Haxonum nepegatounyto GyHKIHIO peryasaTopa

k,,J
Wi (P) = ==k, (2.48)

ndtoc2
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W (p)= 0,0009747-4,414 _ 0.208
b 2-0,08-0,129

[TonyuenHslit perynsaTop nponopiuroHanbHbii (I1-perynsarop).

[lepenatounas GyHKIMS 3aMKHYTOT'O KOHTYpa CKOPOCTH

W, (PW,, (PIW,,, (P) 17k, 17K,

W3Kc (p) = = I~
’ 1 +Wpc2 ( p)W3Ky ( p)WMM ( p) koc2 2T },14p(T|,L4p + 1) + 1 2Tu4p + 1

(2.49)

1/0129 7,752

W - -
w2 (P) 2.0,08p+1 0,16p+1

YuteMm cymiecTByromy oopatHyro cBsi3b 1o JJ]C nuratens. Buyrpenuuit
KOHTYp OOBEKTa peryaupoBaHUs HEOOXOAMMO KOMIIEHCHPOBATh BBOJAOM
aHAJIOTUYHOU OOpPaTHOM CBSA3HM, HO C MPOTHUBOIMOJIOXKHBIM 3HaKOM. [lepenaTounas
GYHKUIHST KOMIEHCUPYIOIIEH MOJOKUTEIbHON 00OpaTHOW CBSI3U MPHU MOJayYe €€ Ha

PETYJISITOP TOKA SIKOPHOU LIENU

C (T, p+1)(T.p+ 1R,
Wi (p) = p (2.50)
K,KW,.(p)

T p+1)(T.p+1 T KKk T,.Ck (T p+1
Wke(p):Ces( up )( rp )RB u2- BT OTp — u2es OT( pp )p (251)

K,K, (T.p+)(T,p+)RR, R, (T,p+])

W, (p)  £.02:6.7497-0,00658-(0,01p+1)  _ 0,0009-(0,01p+1) _ 0,000009p+0,0009
ke - ) )

0,0355-(0,1067 p +1) P = 0,003788+0,0355 © ~ 0,003788 +0,0355 ©

Yuyrem BHYTPEHHIOIO OOpaTHYIO CBSI3b IO  YINPYrOMY MOMEHTY.
[lepenaTounas GyHKIMS KOMIIEHCUPYIOLIEH MOJIOKUTEIBHON 0OpaTHON CBSA3U IO

yIPYroMy MOMEHTY, 3aBOJIMMasi Ha PEryJsiTOp CKOPOCTH
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1

W, (p)= (2.52)
T C W, (pW,.(p)
2T .k
W, (p)= 5 277, 27,1+ (2.59)
>
W, (p)= 22920029 5 6 022 p2 42.0,02- p+1)

43,514
W, (p)=9,488-10"° p* + 4,744-10° p +1,186-10"*

YuTeM BiMsSHUE BHYTPEHHEH 0OpaTHOW CBSI3M MO CKOPOCTH BTOPOW MAacChI.
KomrieHcupyomyo CBsi3b MO CKOPOCTH BTOPOM MACCHI 3aBOJAMM Ha PETYIISITOP

yIpyroro MOMEHTA.

W, (p)= (2.54)

Wt (PIW,, (P)

YTouHeHHass TmepenaTouHas (QYHKIHMS 3aMKHYTOTO KOHTypa CKOpPOCTH

JABHUT'AaTCIIA.
1/k

W,.(p) = o (2.55)
2T ,p(T,p+1)+1
K K K

W, (p) = k°C 2T2, p* + kOC 2T,,p+ kOC (2.56)

py py py

0,129 0,129 0,129

W (p) =222 2.0 022 p% + 222 2.0 02 + 2222

(P =062 P T 0642 P 0642

W._,(p)=0,97-10" p>+0,485-102 p + 0,121
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2.3.2 IIATUKOHTYPHAs CUCTEMa MOAYUHEHHOI0 PeryJIMpoBaHUsA

CtpykTypHas  cXema  NSTUKOHTYPHOM  CHUCTEMbl  IOJAYUHEHHOIO

pEryIMpOBaHUs PEACTaBIEHA HA pUCyHKe 2.13.

a) KoHTypbl TOKa BO30YKI€HHUS U TOKA SKOPHOM 1Lenu
OTH KOHTYphl aHAJOTUYHBI PACCMOTPEHHBIM MPHU CUHTE3E€ KIACCUYECKOU
TPEXKOHTYPHOU CUCTEMbI TOJTYMHEHHOTO PETYJIUPOBAHUS, TOITOMY:

— nepeAaTovHble (PYHKIIMH PETYIATOPOB uMetoT Bu (2.4) u (2.10):

:Trp+1: 2,0718p+1:10’359+5£’

W
P.T.B( p) -I-Hlp O, Zp p

_0,02-38,5-0,3448

rie T, = ZTyKBkm IR, 13276 0,2¢.;
W (p):Tap+1: 01067p+1_ 1 oer, 5 40gt
pr T,p 0,4152p ’ T p

re T, = 2T,K K, /RK,, = 2-0,02-19,3103-0,00658

0 o = =0,4152 c.
te 0,0355-0,3448

— nepeJaTouHble PYHKIIMH 3aMKHYTBIX KOHTYPOB TOKa BO30YXK/ICHUS U TOKa

aKopst UMeroT BU (2.6) u (2.11):

1/k 1/k
WS.K.T.B ( p) ~ ﬁ ; WB.K.T.H( p) ~—20T
up +1 2T“2p +1
0,3448 2,9 1/0,00658 151,976
W3KTB ( p) = ]7/ = W3KT$I ( p) _

T2.0,01p+1 0,02p+1 T2.0,02p+1 0,04p+1
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Pucynok 2.13 — CtpykTypHas cxema NATUKOHTYPHOU CUCTEMBI TOAYMHEHHOTO

pETyIUPOBaHUS
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0) KoHTyp ckopocTu aBUraTes

O06o03HauuM MepenaTouHyo (QYHKIUIO peryisaTopa CKOPOCTH JABUTaTeNs

Wp.cl (p)

M

— — — qW S — My

| +(P) —?- M

u3.Cl \ 1 ®
‘/Vp.Cl(p)-»WS.K.T(p) ." J p >
1
MY
ko.cl <

Pucynok 2.14 — CtpykTypHasi cxema KOHTypa CKOPOCTHU JIBUTATENs

rie K, . — KoadGumeHT oOpaTHOM CBSI3U IO CKOPOCTH JIBUTATEIIS;

U 10

— 3.cl

k = —
' o 77,4926

A.H

=0129, rme U, - HanpsKeHWe 3aJaHUs II0

CKOPOCTH ABHUTIAaTCJIs1, pPABHOC HOMUHAJIbHOMY HAIIPSI’)KCHUTO YITPABJICHUA,

Oy y — HOMHUHAJIbHAA YIJ10Bas CKOPOCTh JABUTATCIIA.

[Tepenarounas QyHKIHS pa30MKHYTOTI'O KOHTYpa CKOPOCTH:
Wpa&cl ( p) :Wp‘cl ( p)W3.K.T ( p)Wu ( p) ko.cl (257)

XKenaemas nepenaroynasi GyHKIUS Pa30MKHYTOI'O KOHTYpa:

1

. 2.58
2Tu3p(Tu3p +1) ( )

Wpt:s.cl ( p) =

[IpupaBHUBaeM KelaeMyl0 U peajbHYI IMepeaaTOuYHyl0 (QYHKIIUIO

Pa30MKHYTOT'O KOHTYpa:
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1 VY 1/k,. C

a(P) ==k, (2.59)
2T .p(Tap+1) " Tap+ldp

n

Haxonum nepegatounyro GyHKIMIO peTynaTopa:

k,.J,
W =—2 = 2.60
p.cl ( p) 2-|- CMkO o p.cl ( )
W (p)= 0,00658-39,1 3694
> 2-0,04-6,7497-0,129
[Tomy4yeHnHslii peryasTop nponopuuoHanbHbii (I1-perynstop).
[lepenaTounast GyHKIUS 3aMKHYTOTO KOHTYpa CKOPOCTH:
W W
W (p) = et M (ML) 261
1+W l(p) 3KT(p)Wﬂ(p)k()C1
17k, 17k,
W, (P) = (2.62)
T .p(T, p+1)+1 2T, p+1
1/0,129 7,752
W,.(p) = =

2.0,04p+1 0,08p+1

O6o3naunm 27,3 = 7,4 =0,08 c.

YuteMm cymiecTByromyo oopaTHyro cBs3b 1o JJ]C nurarens. Buyrpenuuit

KOHTYp O0OBEKTa peryaupoBaHHs HEOOXOJUMO KOMIIEHCHUPOBATh BBOJIOM

QHAJIOTUYHOU O6paTHOﬁ CBsA3HU, HO C IIPOTHUBOIIOJIOKHBIM 3HAKOM. HepezlaTquaﬂ

(GYHKIMS KOMIEHCUPYIOIIEH MOJIOKUTETbHOW 00paTHON CBS3M MpH IOJave €€ Ha

PETYIATOP TOKA BO30YKICHUS
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—_ Ces
WKe(p)——K W (p) (2.63)

r 3KTB

YTouHeHHass mepenarouyHas (GYHKUMS 3aMKHYTOTO  KOHTypa  TOKa

BO30YXKICHUS:

17k 1/0,3448 2,9

W3KTB ( p) = g

2T§p2+2T“p+1 2:0,01°-p*+2-0,01p+1 0,0002p° +0,02p +1

C k 2T ZkOTBCeS 2T kOTBCeS k Ces
WKe(p)=—T<°TB (2T§p2+2THp+l):—”K P+ MK p+ "T( (2.64)

T T T T

2.0,01%.0,3448-6,7497 , 2-0,01-0,3448-6,7497  0,3448-6,7497
W, (p)= po+ p+ =

19,3103 19,3103 19,3103
=0,000024 p? + 0,002410p + 0,120521

Takum 00pa3omM, BBOJUTCS MOJIOKHUTENIbHASI 0OpaTHAs CBSI3b MO CKOPOCTH U
€€ TIEPBO U BTOPOU MPOU3BOAHBIM C COOTBETCTBYIOIIMMU KOdhhumreHTamu.

VYyrem BnusiHMEe BHYTpPEHHEH OOpaTHON CBSI3M MO YNPYrOMYy MOMEHTY.
[lepenaTtouynast GyHKIMS KOMIIEHCUPYIOIIECH MOJIOKUTEILHON OOpaTHON CBSI3M Ha

PETYJISTOP TOKA SIKOPHOU LIENU

1 k k k
W, (p)= =—————=2T?% o p? 4. 2T , —o p 4 —or 2.65
® ( p) CMSW3KT ( p) uz CMS p u2 CMS p CMS ( )

0,00658 , 040,00658 +0,00658

p°+0,

6.7497 57497 p 67297 0,78-10°p®+3,899-10° p+9,749-10™*

W,, (p)=0,0008

Taxum oOpazom, YTOOBI CKOMIEHCUPOBATh BIHUSHUE BHYTPEHHEH 0OpaTHOM

CBSI3U IO YIPYroMy MOMEHTY, HEOOXOJIMMO BBECTH HA PETYJATOP TOKA SIKOPHOU
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OCIIM CUTHaJIbl ITOJIOZKHUTCJIIbHBIX O6paTHbIX CBsI3EH MO yupyromMmy MOMCHTY, €ro

NEPBON U BTOPOI MPOU3BOJHBIM C COOTBETCTBYIOIUMU KO3 (HULIUEHTAMH.

B) KoHTYyp ynpyroro momeHra

O6o3HauuM TepenaToyHy0 (GYHKLIHMIO PETyJisiTopa MOMEHTAa YHpyroro

Wp.y (p)

()
T =l i S
- I C12 My
Wp-y(p) *W&K.cl(p)*?* —p
(O)) r

Koy

Pucynok 2.15 — CtpykTypHasi cxema KOHTypa MOMEHTA yIIPyroro

rie  k — Ko3(pduuUEeHT O0OpaTHOM CBA3M 1O MOMEHTY YIPYIOMY;

U 10

3y

k =
M 10259,544

CTOII

=0,0009747, rne U,, — HampspkeHWe 3ajaHus IO

MOMEHTY yHPYTrOMY, PAaBHO€ HOMUHAIBHOMY HANPSKECHUIO YNpaBiACHUs, M on —
MAaKCUMAJIbHBII MOMEHT, COOTBETCTBYIOLIMKA CTONOPHOMY 3HAYEHUIO TOKa
SIKOPHOM LIENN.

IIpeneOperaeM BHYTpEHHEH 0OpaTHOM CBS3BIO IO CKOPOCTH BTOPOM MaccChl,
KOTOPYIO YYTEM B JaJIbHEUILIEM.

[lepenaTounast GyHKIUS pa30MKHYTOTO KOHTYpa yIIpyroro MOMEHTa:

Wiy (P) =W, (PIW, i (PIWy 5 (P)K, (2.66)

Kenaemas nepegatounas GyHKIHS pa30MKHYTOTO KOHTYpa:
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1

2.67
2T..p(Tup+1) (267)

Wp)alfg,y( p) -

[IpupaBHuUBaeM KellaeMyl0 U peajbHYI [EpeJaTOuHYI0 (YHKIHUIO

Pa30MKHYTOI'O KOHTYypa:

1 1/k,., ¢
—W,, (p) st S

A (2.68)
2T 4p( u4p+1) Tur+tlp

0.y
Haxonum nepegatounyro GyHKIMIO pETyaaTopa:

kOC
Wp.y(|0)=—2T C;‘k =k, (2.69)

nat12ftoy

0,129

=0,5321
0,16-1554,5-0,0009747

W . (p)=

[Tomy4yenHslii peryasTop nponopuuoHanbHbii (I1-perynstop).

[lepenaTounast GpyHKIMS 3aMKHYTOTO KOHTypa MOMEHTa yIpPyroro:

Woy (W, (P)Wy 5(P)

(2.70)
L+ W, (PIW, . (P)Wy 5 (P)K,

WS.K.y( p) =

1/k,, 1/k,,

W = 2.71
ey (P)= 2T, p(T, 4p+1)+1 2T 4p+l (271)

1/0,0009747 1025,954

W (p) = _
w (P) 2.0,08p+1 0,16p+1

O6o3naunm 27,4 = T,5=0,16 c.
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r) Kontyp ckopoctu padodero mexanusma

O06o03HauuM mepeaaTOuHy0 (YHKIHIO PETyJisiTopa CKOPOCTH padoyvero

mexanuzma W, o, ().

120\
Us 2 1 o,
WP-CZ(p) > W3.K.y(p) B >

Jz p

ko.cZ <

Pucynox 2.16 — CTpykTypHasi cxema KOHTypa CKOpOCTH pabodyero MexaHu3ma

rae K, — xo3ddummerr oOpaTHOH CBSI3M MO CKOPOCTH pabodero MexaHu3Ma,
o =—%=0,129, rge U, — HampskeHWe 3alaHUA 10 CKOPOCTH pabodero
e
MeXaHH3Ma, PaBHOC HOMHUHAJIEHOMY HAIPSDKCHUIO YIIPABIICHUS;
®, x — HOMUHAJIbHAS YTJI0Basi CKOPOCTh JBUTATEIIS.
[lepenaTounass (QyHKIUMS pPa3OMKHYTOrO KOHTypa CKOpOCTH pabodero

MCXaHH3Ma.

1

WPa3‘02 ( p) : p.c2 ( p) 1 sz 0.c2"

(2.72)
XKenaemas nepenarounas GyHKIUS Pa30MKHYTOTO KOHTYpaA:

1
2T usp+1)

Wpfs.cz(p) - (273)

[IpupaBHUBaeM KellaeMyl0 U peajbHYI IMepeJaTOuHyl0 (YHKIIUIO

Pa30MKHYTOT'O KOHTYpa:
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Haxomum mnepenarouHyro  (QyHKIMIO  PEryisitopa  CKOPOCTH

MCXaHuU3Ma.

k,.J
Wp.c2(p) :#: k

u5 to.c2

p.c2

0,0009747-4,414
2-0,16-0,129

W, ,(p) = - 0,104

[TonyuyeHnHslii peryastop nponopuuoHanbHbii (I1-perysrop).

Ilepenarounass (QyHKIOMS  3aMKHYTOTO KOHTypa  CKOPOCTHU
MEXaHU3Ma:
W W W
W, (p)= b2 (PIW,.., (PIW,.,, (P)
1+W, o (PW,,, (PW, . (P)K,
1/k 1/k
WS.K.C2 ( p) — 0.c2 ~ 0.c2
2T sp(Tsp+D)+1 2T ;p+1
1/0,129 7,752
W31<c2 ( p) = =

2.0,08p+1 0,32p+1

(2.74)

pabouero

(2.75)

pabouero

(2.76)

2.77)

VYuTteM BiMsSHUE BHYTPEHHEH 0OpaTHOW CBSI3M MO CKOPOCTH BTOPOW MAacChI.

KoMrieHcupyroniyro CcBs3b CKOPOCTH BTOPOM MacChl 3aBOJMM Ha PETYJATOP

yIpyroro MOMEHTA.
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1
W3.K.cl ( p) Wp‘y( p) |

W, ..(p) = (2.78)

YTouHeHHass mnepeAaToyHas (QYHKUUS 3aMKHYTOTO KOHTypa CKOpPOCTH

JIBUTATEJIS:
1/k
W, (P) = ol (2.79)
2T 3p(T,p+1) +1
K K K
W, (P) = 10527, 7 42T, p+ 22 (2.80)
p-y p.y p.y
0,129 0,129 0,129
W () =222 2.0.042 2 + 2220 9.0.04p + 222
(P =053 P 05321 P 05321

W._,(p)=7,758-10" p? +1,939-1072 p + 0,242

Takum 006pa3om, 4TOOBI CKOMIIEHCUPOBAThH BIUSIHUE BHYTpPEHHEN 0OpaTHOM
CBSI3U IO CKOPOCTH BTOPOM Macchl, HEOOXOIMMO BBECTH Ha PETYJSATOP MOMEHTa
yOPYroro CUTHaJbl MOJOKUTEIBHBIX OOpPATHBIX CBSI3€H IO CKOPOCTH BTOPOU
Macchbl, €€ TEPBOM W BTOPOM MPOU3ZBOAHBIM C  COOTBETCTBYIOIIMMU

K03 PUIIEeHTaMH.

BriBoa k pa3aeny 2:

Ecnu paccMaTpuBaTh AIEKTPOIIPUBO] KakK OJTHOMAaCCOBYIO
AJIEKTPOMEXaHUYECKYIO CHCTEMY, TO MOXXHO IPUMEHUTh TPEXKOHTYPHYIO HWIIN
JTBYXKOHTYPHYIO CUCTEMY MOJYMHEHHOTO PETyiIupoBanus. B ciydae mpumeHeHus
JBYXKOHTYPHOM CHUCTEMBI IO JYMHCHHOTO PETYJIMPOBAHUS PETY/IATOP TOKA JIOJDKCH

uMmeTb cTpyktypy IIM]/I-perynsitopa. Kpome TOro, 1js MNOBBINIEHUS KadyecTBa
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YIPABJICHHUS] MOTYT OBITh MPUMEHEHBI, COBMECTHO WM PA3JCIbHO, apaICITbHBIC
koppekuuu 3/]C nBuratenss ¥ MOMEHTa yIpyroro.

Ecnu paccMaTpuBath AIEKTPOINPUBOJ KaK JIByXMAaCCOBYIO
AIEKTPOMEXAHUYECKYI0 CHUCTEMY, TO HYXHO HPUMEHATh MHOTOKOHTYPHYIO
CUCTEMY MOIYMHEHHOTO PEryIUpOBAHMUSL: YETBIPEXKOHTYPHYIO WIH
MATUKOHTYPHYIO. JIaHHBI MOAXOJ TMO3BOJISIET OT PEryJIMPOBaHUS CKOPOCTU
JIBUTATEIId TMEPEUTH K PEryJIUPOBAHUIO CKOPOCTHM MexaHuszma. Ilpu stom mid
CUHTE3a PEryJIATOPOB BPEMEHHO INpeHeOperaeM MepeKPEeCTHBIMU CBS3SIMU 10
DJIC, ynpyromy MOMEHTY M CKOPOCTH MEXaHH3Ma, KOTOphIE HEOOXOIUMO

KOMIIEHCUPOBATH B TaJIbHEHIIEM. [6]
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3 HccaenoBanue IMHAMHUKH 3JIEKTPONPHBOAA C MOCJIEA0BATEIbHOM

KOppeKIHel KOOPAUHAT

JIyist  GONBITMHCTBA DJIEKTPONPHUBOJIOB JIOCTATOYHO, YTOOBI TPHUBOA OBLI
OBICTPOJACUCTBYIONINM, HO MPH ITOM IEPEPEryTUPOBAHNE BBHIXOAHOW BEITUYHHBI
ObuT0 HEOONMBIIMM. B cucTeMax NOJYMHEHHOTO PETYJIUPOBAHMS KOOPIUHATHI
KOPPEKTUPYIOTCSI  MOCTEAOBATeIbHONW, HA4YMHAs C BHYTPEHHUX, IMPH ITOM
BHYTPEHHUN KOHTYp MOMYUHSETCS BHEMmHeMy. KOHTypa pacCUMTBIBAIOTCS TIO
METOJIMKE «TEXHMYECKOTO ONTUMYyMay, T.C. 3a/JaBasCh >KEJIAeMOU TepenaToqHOn
(GyHKIMEH KOHTYpa, ONIPEAEIAIOT NEPEeaTOUHYI0 (PYHKIHIO peryisTopa. [7]

B nannoit pabote s MexaHu3ma ImoabeMa dkckaBatopa OKI-8U
pPacCMOTPEHBI TIEPEXOAHBIC TMPOIECCHl JBYX- W TPEXKOHTYPHOM CHCTEMBI
nogunHeHHoro peryiaupoBanus (CIIP) BHyTpeHHHX KOOpAMHAT OOBEKTa

yIpaBJICHUs, MOJydeHHbIe ¢ momotibio makera MATLAB Simulink.

Tabnuua 2.1 — JIByxxkoutypuas CIITP

cmon? yImax?! nn !

0,1 3,7289 6,9
0,2 3,71274 6,9
0,3 3,6419 6,9
0,4 3,4762 6,3
0,5 3,2330 6,3
0,6 2,8949 6,3
0,7 2,6390 6,0
0,8 2,4455 6,0
0,9 2,2934 5,7
1,0 2,1699 5,2
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Tabnuna 2.2 — Tpexxontypnas CIIP

Tcm(m € M

0,1 3,6492 6,2
0,2 3,6527 6,2
0,3 3,9757 6,2
0,4 3,4632 6,2
0,5 3,2747 6,2
0,6 2,9748 6,2
0,7 2,71204 6,2
0,8 2,5246 59
0,9 2,3862 59
1,0 2,2698 9,5

yXmax ' o.e. t,m ,C

Jliis Toro yto Obl OPOCOK TOKa SIKOPHOHM IENMM HE MpPEBBILIA] CTOMOPHOE
3HaYeHHE UCIOJb30BaHA OTCEYKAa IO TOKY SKOpHOH uenu. PaccmoTpensl
IEepexoAHble  NPOLIECCHl  BJIEKTPONPUBOJA €  CHUCTEMOM  MOJYMHEHHOTO

pEryJIMpPOBaHKUs IPU TEMIIE CTOINOPEHUS | or 0,1 mo 1 ¢ marom O,l.

cmon
OcuusiorpaMmbl - IEPEXOJHBIX MPOLIECCOB JBYX- W TPEXKOHTYPHOW CHUCTEM
MOJTYMHEHHOT'0 PETYJIMPOBAHUS MPECTaBIeHBI B puioxkenusx I' u 1.

OueHka oCIMIUIOrpaMM M 3HAYEHHI MEPEXOJHBIX MPOLECCOB MOKa3aja, YTo

IIpHu YBCIIMUYCHUHN Tcmon YBCIINYNBACTCA 6BICTpO,ZICﬁCTBPIC CUCTEMbI 1 YMCHBIIAIOTCA

Opocku ynpyroro MomeHTa. Haunmyumuii pe3ynabTaT B mjiaHe ObICTPOAEHCTBUSA U
OTpaHUYEHUS] YIOPYroro MOMEHTa y JBYXKOHTYPHOM CHCTEMBbI MOJYMHEHHOIO

pEryJIMpoBaHus MMOKa3aja OCIUIIOrpaMMa MEePEXOAHBIX MporeccoB mpu 1, =1

cmon

¢, t,=52cC.
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Pucynok 2.17 — OcuumiorpaMmMbl IEPEXOIHBIX MPOLIECCOB JIEKTPOMEXAHUYECKON
CHCTEMBI C IBYXKOHTYPHOI CHCTEMO! MOAYMHEHHOTO peryaupoBanus mpu 1, =1
Hauxynmmin pesynpbrar 'y JABYXKOHTYPHOM CHUCTEMBI ITOJYUHEHHOIO

perymapoBanuss mpu 1, =0,1c¢, t,,=6,5¢c.

cmon

Pucynok 2.18 — OcuumiorpaMmMel IEPEXOIHBIX MPOLIECCOB JIEKTPOMEXAHUYECKON

CHCTEMBI C IByXKOHTYPHOU CHCTEMOM IO TYNHEHHOT0 peryiupoBanust mpu 1, =0,1

cmon
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AHAJIOTUYHO JIs1 TPEXKOHTYPHOU CHCTEMBI TOJTYMHEHHOTO PETYIMPOBAHNUSA:

Haunyummii pesynmsrarnpu 1, =1¢, t,; =55¢C.

cmon

Pucynok 2.19 — OcuninorpamMmsl EPEXOJHBIX TPOLIECCOB AIEKTPOMEXAHUYECKON

CHCTEMBI C TPEXKOHTYPHOU CHCTEMOM IO {YMHEHHOTO peryIupoBanus npu 1, =1

cmon

Hauxymummii pesynsraropu 1 =0,1 ¢, t,;, =6,2C.

cmon

Pucynox 2.20 - OcumiiorpaMmbl IEPEXOIHBIX MPOIIECCOB JIEKTPOMEXAHUYECKOM

CHCTEMBI C TPEXKOHTYPHOM CHCTEMOM MOIYMHEHHOrO peryiupoBanus npu 1 =0,1 ¢

cmon
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CpaBHHMBass  JBYX- M  TPEXKOHTYPHBIE  CHUCTEMBl  MOJYMHEHHOTO
peryJiMpoBaHUs, MOXHO CHeNaTh BBIBOA, 4YTO OoJjiee OBICTPOJICHCTBYIOIIEH
ABIIAIOTCA ~ JBYXKOHTYpHass CHCT€Ma IIOJYMHEHHOIO PpEryJUpOBaHUs IIpU

HauOobIIeEM |

cmon

MeHee OBICTPOACHCTBYIOIIEH — JABYXKOHTYpHas IMpH

HauMEHbIIEM |

cmon *

Taxke  IBYXKOHTYpHas  CHCTEMA  ITOJYMHEHHOIO

pEeryJiMpoBaHUs Jy4llle BCET0 OrPaHUYMBAECT OPOCKHM YNPYyroro MOMEHTa Npu

HauOONBIINX 3HAYCHUAX |

cmon *
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3AKVIIOYEHHUE

B BoInyckHOM KBau(UKAIIMOHHON paboTe ObUTH MPENCTABICHBI PE3YIbTaThl
UCCIIEOBAHNSI JUHAMHUKH JJIEKTPOMEXAHUYECKOW CHUCTEMBl MEXaHU3Ma MOAbEMA
JKCKABaTOpa C pa3IMYHbIMM CUCTEMAaMHU YIOPABJICHUS DIIEKTPOIPUBOAOM -
CHUCTEMaMU MOJYUHEHHOTO PEryJIMPOBAHMUS.

B nacrosiee Bpemsi Ilapk skckaBatopoB B Poccum mpumepHo Ha 80%
W3HOUIEH, TOJIbKO B XaKACUM MMEETCS HECKOJIBKO pa3pe3oB: M3bIXckuid paspes,
UepHoropckuii  yrojpHbli  koMOuHatr, «Paspe3  CrenHoit», Copckuii
MOJIMOICHOBBIM KOoMOMHAT u ap. OrpaHudyeHue IWHAMUYECKHUX Harpy3ok B
AKCKaBaTOpPaX IMO3BOJUT TMOBBICHUTh HAAECKHOCTh pabOThl M  YBEJIUYUTH
MPOU3BOJUTENBHOCTh. Ha  3KkckaBaTopax  CEpUHHO  MPUMEHSIOT  TOJBKO
MOJICPHU3UPOBAHHBIE CHUCTEMBbl TMOJUMHEHHOTO pEryJupoBaHus Mpodeccopa
B.M. KntoueBa — cnenuduyueckre CUCTEMbI, B KOTOPBIX BHYTPEHHUM KOHTYpOM
SBJISIETCSI KOHTYP TOKA SIKOPSI, @ BHEIIHUM — KOHTYP HUTAIOLIEro HanpskeHus. Mx
MOYHO OTHECTH K CHCTEMaM I10CIEA0BATEIbHON KOPPEKIIUU.

Henocratkom cructeM MOAYMHEHHOTO PETYJIHPOBAHUS ABISETCA CIOXKHOCTH
CHUHTE3a B pe3yjbTaTe MOSBUBILEHCS HEOOXOIUMOCTH KOMIIEHCAIUU BHYTPEHHHUX
oOpaTHBIX cBsizeil. Peann3oBbIBaTh JaHHbIE KOMIIEHCAIIMM Ha MPAKTUKE TaKKe

CJIOXKHO.
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HPUJIOKEHHUE A

KaranosxHble TaHHBIE SKCKaBaTOpa MpUBEACHBI B Ta01. Al.

Tabnuna A.1 — Texuuyeckue xapaktepucTuku s3KckaBaTopa DKI-8U1

DJIeMEeHT XapaKTepPUCTHKHU [TapameTpbl
IKCKaBaTOpa
OKT-81
EMKOCTb KOBIIIA, M° 8
Macca KoBIIa, T 15.6
JlmuHa cTpensl, M 13.4
JmuHa pyKosiTH, M 11.5
Macca pykosiTH, T 10.4
MakcumanbHasi BBICOTa YEPIIAHbsI, M 13.3
MaxkcuMalbHBIN painyC YEPIaHbs, M 17.5
MakcuMalIbHBIM BBUIET PYKOSATH, M 11.1
BricoTa ocu nsIThI cTpenbl, M 5.01
Bricota HanopHoro Bana, M 8.31
Yron HakJIOHa CTPENbI, IPa. 47
JlnameTp rosioBHOro 0JI0Ka CTPEIIbl, M 1.6
Junametp OapabaHa Mo beMHOM JTeOEaKN, M 1.4
JuameTtp HanopHoro 6apabaHa, M 1.2
MakcumalibHasi CKOpOCTb MO beMa KOBIIIa, M/C 0.94
MakcumaiibHasi CKOpOCTb Haropa, M/c 0.45
MakcumanbHO€E yCuiIKe B KaHate (Konaromuid Mexanusm), KH 784
MakcumanbHO€ yCUIMe B KaHaTe (HanopHbIi MmexaHnusMm), kH 350
PacueTHast mpogoKUTENbHOCTD LIMKJIIA TIpU ToBopoTe Ha 90°, c. 23
IlepenaTounblie YncIa MEXaHU3MOB
Haropa 41
noabeMa 25.41
MOBOPOTA 268.7
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HNPUJIOKEHUE b

KaranoxHple JaHHBIC JBUTATENI U IT'eHepaTopa npuBeeHbl B Ta0d. b.1.

Tabmuma b.1 — CBegenust o mapaMmerpax JICKTPOIPUBOAA MOAbEMa IKCKaBaTOPa

OKT-81

HaumeHnoBanue O6o03HaueHNE I'eneparop JIBurarenn
Tun - I'TID 450-1000 | AI12-82A
KomnyectBo, mT. - 1 2
MomHocTh, KBT - 450 190
Hamnpsoxenue, B Ua e Ua 560 270
Tox HOMUHAIBHBIN, A Lo lan 895 760
Toxk cTonopHsbIi, A — lan - 1520
VYrioBas CKOpocTh, paj/c Opqty O 104,72 77.4926
ConpoTusinenue sikopsi, Om Ry Rax 7.5x107° 3.9x10°°
Conporusnenue gononnurensusix | R, R 1.63x10°~° 3.25x10°°
moatocoB, Om
ConpoTuBieHne Reors Reox 5.16x10™ -
KOMIIEHCAIITMOHHOW 00MOTKH, OM B B
Hanpspxkenue Bo30yxaenus, B U, - 38.5 85
Tok Bo30yxneHus, A .. - 29 195
ConpoTuBieHne 0OMOTKU R,, - 1.3276 4.359
B030yxeHus, Om
YuCII0 moJII0CoB, MIT. Pry Pa 4 4
Yucno BUTKOB Ha MOIIOCE, IIT. N, — 300 450
HomunanbHbIi noTok moiiroca, BO | Q. 5.78x107° —
MOMEHT UHEPINH, KM~ - Ju - 17
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HHPUJIOKEHUE B

vz ||

1

1 — 6apabanbl MOABEMHOM JIeOeaKH, 2 — TOJOBHBIE OJIOKH CTpPEIbl, 3 — OJIOKH MOJABECKU KOBIIA, 4
— YPaBHHUTEIIbHBIC MTOYOJIOKH CTPEJIBI, 5 — AIEKTPOABUTATEh, 6 — My(]Ta nmpeaenpHOro
MOMEHTa, 7 — KOPILYC peAyKTOpa.

Pucynok B.1 — Kunemarnueckas cxemMa MexaHu3ma nogabema skckasaropa OKI'-8U1
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NPUJIOKEHHUE I

OcuuijiorpaMmMbl - MePeXOHBIX  MPOIECCOB  IJIEKTPOMEXaHUYeCKOM

CHCTEMBI € IBYyXKOHTYPHOI CHCTEeMOH MOJYNHEHHOI'0 PeryJJMpoOBaHUA

Pucynox I'.1 — OcumiimorpaMMbl EPeXOIHBIX MPOIECCOB NPU T crop = 0,1 €

Pucynok I'.2 — OcumimorpaMMbl NEPEXOIHBIX MPOUECCOB HPH T crop = 0,2 €
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Pucynox I'.3 — OcumimorpaMMbl EPEXOIHBIX MPOLECCOB HPU T crop = 0,3 €

Pucynok I'.4 — OcuumiorpaMMbl TEPEXOIHBIX TPOLIECCOB TIPH T oy = 0,4 ¢
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Pucynox I'.5 — OcuuiimorpaMMbl EPEeXOIHBIX MPOLECCOB HPU T crop = 0,5 €

Pucynok I'.6 — OcuuiorpaMMbl TEPEXOIHBIX TPOLIECCOB TPH T ¢pop = 0,6 €
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Pucynox I'.7 — OcuuiimorpaMMbl IEPEXOIHBIX MPOLECCOB HPU T crop = 0,7 €

Pucynox I'.8 — OcuuiimorpaMMbl EPeXOIHBIX MPOIECCOB HPU T crop = 0,8 €
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Pucynox I'.9 — OcuuiimorpaMMbl EPEeXOIHBIX MPOLECCOB HPU T crop = 0,9 €

Pucynox I'.10 — OcuumninorpaMmsbl EPEXOJHBIX MPOLECCOB MPH T oy = 1 €
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HNPUJIOKEHHUE /]

OcumiorpaMMbl  MEPEXOHBIX MPOIECCOB  JJIEKTPOMEXaHHYECKOI

CHCTEeMBbI ¢ TPEXKOHTYPHOH CHCTEMOii MOAYHMHEHHOT0 PeryJIMpoOBaHus

Pucynok /I.1 — OcuuiinorpaMMbl MEPEXOAHBIX MTPOIECCOB MPHU [ ¢rop = 0,1 €

Pucynoxk /1.2 — OcuuiniorpaMmbl MEPEXOAHBIX MPOIECCOB MPHU [ ¢ron = 0,2 C
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Pucynok /1.3 — OcuuiiorpaMMbl MEPEXOAHBIX MIPOIECCOB MPHU [ ¢ron = 0,3 €

Pucynok /1.4 — OcuuiiorpaMMbl EPEXOAHBIX MPOIECCOB MPH [ ¢rop = 0,4 C
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Pucynoxk /1.5 — OcuusniorpaMMbl EPEXOAHBIX MPOIECCOB MPHU [ ¢ron = 0,5 C

Pucynok /1.6 — OcuuiiorpaMMbl MEPEXOAHBIX MPOIECCOB MPHU [ ¢ron = 0,6 C
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Pucynoxk /1.7 — OcuuiniorpaMMbl EPEXOAHBIX MPOIECCOB MPHU [ ¢ron = 0,7 C

Pucynoxk /1.8 — OcuuiinorpaMMbl MEPEXOAHBIX MPOIECCOB MPHU [ ¢ron = 0,8 €
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M,

F ——rerre——v; s = —

Pucynoxk /1.9 — OcuusiorpaMMbl EPEXOAHBIX MPOIECCOB MPHU [ ¢ron = 0,9 €

Pucynox /.10 — OcumiiorpaMMbl EPEXOIHBIX MPOLIECCOB MPHU [ ¢rop =1 €
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BakanaBpckast paboTa BBIMOTHEHA MHOM CaMOCTOATENbHO. Vcronb30BaHHBIC
B paboTe MaTepuaibl U KOHUEMIMU U3 OMyOJIMKOBAHHON HAyYHOM JIUTEPATYpPHI U
JIPYTUX UCTOYHUKOB UMEIOT CChUIKU HA HUX.

Otnevarano B 1  sx3emruisipe.

bubmuorpadus 25 HauMeHOBaHHUE.

« »

(mata)

['nyxoB B.B.
(moamuce) (®UO)
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