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OB1lIASI XAPAKTEPHCTHXA PASOTHI

AKTYaZsHOCTS PaBoTsl 0dycloBieHa IHMUPOKHM BHEZPCHHEM ACRHXPONHLIX
AMEKTPOIIPUBOAOB. 0coDeHHO A KPaHoBbIX MCXAHH3IMOB, C BKAIOYCHHEM B DOTODHVIC
Hens Jpoccesis ¢ PerynaTopom uinm Oes #ero JUia TaxsX ApHBOROB MIPOKC HCIONGH3Y-
€TCA Ha3BaHue APOCCENbHLIA ACHHXDOHHLIT JICKTPOUPHBOR

B >1ov nanpasaeruu paboraer paa opranusauuil: Noprozasonckoee oonenunense
(r Yeanbunck), Jluneuxuil MeTauIypraieckuil 3aBof ¥ Apyrue [ opRO3aBOJACKOC 00D~
enuncuune (I30) 3a nepnoa ¢ 1996 — 2066 r ycraHoBARO ric PoccHH 1 crpasad G-
Hero 3apyOenba Oonee 5500 nycnosoix Apocceneii. B nacromnee spevs 30 paboraer
¢ 22 xpaHOBEIMH 3aROJaM¥ 110 Poccuu ¥ crpaHaM QmuxuHero sapybexsa: Kuposcxuit
3aBOJ JKENE3HONOPONKHHIX KpaHos, Husenerpoackuil 3380 OaWEHALIX KpauoB, Xaps-
xoBckuit 3apoa I1TO, 3aBoa “HKM3” r. Kpamaropcex, [lapnogapckuii xpasossii 3asoz,
Tawxenrcknit 3a80x “TlogseMHux™ u ApyTHE.

Hurepec K 3TUM pelicHHAM, HECMOTPS Ha NOTEPH JHCPTHY CKOJLIKSHRA, HES CTHM-
KACTCH, Tak KaX NOTY4YCHHE AU3KMY NOCAAOTHBIX CKOPOCTel npu Bribope cnabuHil Ka-
HAaTOB, CBEPAHH3RHX CKOPOCTES AIS TOYHOR OCTAHOBKH KpPaHOBHIX MEXaHH3MGB C
GCHHXPOHHBIMM JIICKTPOABHTATENsME OCTaETCA aKTyansuod 3agavedl.  UYactorHo-
peryJnpyemsie SCHHXPOHHBIE DICKTPONPHBOAE MOIYT OBTh (PHUMCHEHN HE BO BeeX
cIy4asx, Tak Kakh 3TOMY BPENSTCTSYIOT arpecCHBHLIE YCHOBMA OKpyEame# Cpsasl,
OTPAHHYECHHE HO TEMIICPATYPHHIM DEXBMAV. HeoOXOAMMOCTh BHCOKGH XsaHQuKaunz
0BCITYKMBAIOWETO NEPCOHATA M BRICOROH CTOHMOCTHIO IpeodpasopaTeneit JacToThL

Boapmoit 3KiaT B KCCASAOBAHAE JPOCCENLHOTO MIEKTPOHPHBOLA BHECHH ClCHY4-
aucte JOmHo-Ypaibckore recyaapcreennoro ynusepcutera (I0VplY), sansmancs
TOOPETHYECKHM PacueToM Jpocceisi H paspafoToll perymupyeMuiX JAPOCCERbHBIX
INECKTPOHPHBONCE

Hecnmorps #a Gomsmioll obnem mposenenuszX paber B obacT® RpoCeeHHOID
SMERTPORPYBOLE, BONPOCH L0 BHOOPY MON(HOCTH IBHIGTEAS KaK ANS APOCCENLHOIC
HEPEUYIHPYEMOre IICKIPUNPABCIA, TAK B AMH RPOCCEHMBHOrO PeryimpycMOro 3iex-
TPOHPUBOLE, @ TAKKE BORPOCH! PACBIBPEHRs MIANas0Ha PEry ARPOBAHNASA CKOPDOCTH IpE-
BOJA He OCRCINCHEL

Ileasse pabornt sBagercs paspaboTia MCTOREK BMOOpDA MOIMHOCTR 3ACKIPOIBH-
FaTens B COINAHME CHCTEME] YIPABAEHUA JPOCCCbHLM JLICKTPOHPUBOAOM ¢ YayHiied-
HHIMY PEryJipoBCYHBIMHE XaPaKTCPHCTHKAMY A% KPAHOBLIX MEXAHUA3IMOB

Jins nocTiokeHAA HOCTARISHNHOMR BEIH PEIAIHICEH CHERYIOUME 32/ IR"

— auanu3 ecodeHHOCTeH pexEMOR paboThi 4 KGPAKTEPHCTHK HEDEryJHpyeMsr d
PEryIMpPYeMbIX APOCCENBAHS SMCKTPOIPHBOAOB KPAHOBHX MEXAHH3MOB H pa3padoTxa
SIIHOU MECTOOUKHE OHEHKY HaTPeRd INCKTPOABHTATCNCH;

~ CO3jaH#e MATEMATHYCCKON MONCIHA ADOCCENLHOID IMEKTDOIPARDIAA C© pery.d-
TOPOM CKOPOCTH, 00CCHCUARAIOHEI PACTET CTATHIECKAX W RUHAMAICCKHX XADAKTEDH-
CTHK JAPOCCENHHOTO IMEKIPONPHUBOAA C YISTOM OTEPs MOUROCTH B CTATOPHOHR # po-
TOpHOHR HENax,



— paspaforka Ha Oase co3fanHol MareMaTHdecKoH MONCIM HIDKEHEPHOH METONH-
KH pacyeTa AONYCKaeMO# MOIIHOCTH JJIEKTPOABHIaTeds APOCCEABHOIO ACHHXPOHHOro
HEPery MpyeMoro dJeKTponpasoaa,

— TEOpETNYECKHUE M IKCNCPUMERTAILHEIE HCCICTOBAHNA HArpeBa 3NEKTPOABHIraTe-
1% PerynupyeMoro APOCCENBHOTO SNCKTPONpHUBOZA C LUENBO paspalbOoTKH pexoMeHna-
I#i 00 pacyery ero AOMyCKaeMOol MOIMHOCTH,

— pa3paGoTKa U IKCHCPHMCHTAIbHOS HCCHCKOBAHUE HOBBIX CIPYKTYP PeryiaTopoB
CKOPOCTH, MOBBIUAIOINMX [HMaNa30H DPEryiMpoBasus CKOPOCTH HPOCCENLHBIX ACHH-
XPOHHBIX IMEXTPONPHBOKOB,

|~ pa3paboTKa M IKCOEPHMEHTANGHBIC HCCIEXOBaHHUS CRCTEMB! ABTOMATH3ALMY
CIIyCKa PY30B € YUETOM HENOCTOMHCTBA KO3pHIIHEHTA TPEHIA KPAHOBOTO MEXaHHIMa
nogbeMa

Hay4soe 3payenne pe3yabraros paborsl

1. Buepsaie Ui ZpOCCENBHOTO MEKTPONPUBONZ CO3JAHA METOJNKA # MATeMaTH-
geckas MOAeNb JUIA pacyeTa HATpesa H BHI0Opa MOMIHOCTH MCHONBHTENBHOTO 3NEKTPO+
IBATATENA OJI8 PEryIHPYSMBIX B HEPEryHMpyeMBIX YICKTPONPUBONOB, YUUTHIRAIOMAS
A3MCHEnYs [apaMeTpos APOCcens B el poTopa B Ipouecce paboTsl JnexTponpusoja.

2. Ha ocHOBe TeOpPeTHYECKUX H SKCICPHMEHTANLHEIX HCCACNOBaHUil TemmepaTyp-
HBIX peXXuMoB paboThl UCTIONHUTEABHOrO INEKTPOARUIATC/IE BIEPBRIC OlpeaeneHa 06-
AacTh NPEMEHCHAN HEPETYHHPYSMBIX ¥ PEryIMpDYEMbIX HPOCCEIBHBIX EKTPOHPUBO-
0B

3. Pa3paboTalsl ¥ 3KCHEPHMEHTANRHO HCCHEHOBaHEl HOBBIC NPHHIUAK IFOCTPOE-
HUS TUPHCTOPHBIX DPETYSIATOPOB, BIIIIOYACMBIX B LeNb POTOpa ABHratTens, obecuevd-
BAIOUIHX PaCIIppEHue JHANA30HA PEryIHPOBAHMI CKOPOCTH JPOCCENBHOTO INEKTPo-
puBOLa

4. PaspalboTaH anropuT™ ¥ Ha €10 OCHOBE CO3[aHa HORAS CHCTEMA aBTOMATH3AUUM
YIIpaBHeHHS CIfyCKOBEIME DEXHMaMH pabOThl ADOCCENBHOTO MIEKTPONPHBOAA Kpaso-
BEIX MCXaHU3MOB TI0IBEMa i

Haygsnbie DONOKCHAR 4 PE3YRLTATH], BLIROCKMEIE HA 33 IATY

1. Marematsyeckass MoZens ¥ HPOI PAMMA PacyeTa 3ACKTPOMEXAHHYECKHX napa-
METPOB M XapaKTEepHCTHK aCHHXPOHHOIO 3REKIPOHPUBONA C APOCCENEM B POTOpHOit
henH.

2. MeTon nossilieHHE AOUYCKaeMOof MOLIROCTH WIEKTPOABUIATSNS NI PEryimi-
DPYEMOro acHHXPOHHOTO SNEKTPONPUBOA C ApAcCeNeM B POTOpHOR uenwH.

3 Ilpwanunsl DOCTPOSHHS PETYIATOPOB CKOPOCTH, NOBLHIRAIONIAX ARAMA3CH PEry-
JTHPOBAHHSE CKOPOCTH APOCCENbHOTO 3CKTPONPHBOLA

4 AJropuT™ H CTPYKTypa CHCTEMBE aBTOMATH3AIHA YHPABJISHES CHYCKOM (PY30B
HOOBEMHEIX MEXaHU3MOB.

Hecroseprocrs ¥ ofccuoBanmocYh pe3yinTaToB pabersl obecneyuractes co-
NOCTABNEHAEM PAcUeTOR, NONYYEHHBIX ¢ TOMOIILIO MATEMATHYECKON MOLSNE H PCATD-
HBIX HCHBITaHKH BIeKTpONpHBoga

Ipaxraveckoe 3Ha%eHEe PpaGorni 3a0TIOYAETCS B CHENYIOINEM

- paspafoTasa IporpaMma OpoBePOYHOr( paciera MOMHOCTH ACHONHUTEIHHOIC
SMEKTPONBUTaTElL, @ TAKKe EPOBEAEHB! HCCIENOBAHAS CTATHYECKHX ¥ JHHAMHIECKHX
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XapaKTCPUCTHK ¢ YUCTOM PEanbHbIX NapaMETpoB Kak HEPErYIHPYEMbIX, TaK ¥ Peryiu-
PYEMBIX APOCCEIBHBIX 3IEKTPONPUBOROB,

— paspaboTana METOAMXA PacueTa ZONYCKaeMOH IO YCIOBHSM HArpesa MOLIHOCTH
INEXTPOABHIATENS PErYAHPYEMBX H HEPETYAHPYEMBIX APOCCEIBHBIX JICKTPOIpPHBO-
IoB,

— OpeAnokKeHa CXeMa CHIOBOH YacTH APOCCENBHOTO MIEXTPONPHBONA HAa OCHOBE
NOCTIEJORATENLHO BIIIOYEHHONO aKTHBHOIO COLPOTUBIECHHS M APOCCENS B LEMH POTO-
pa, ofecneunsaiomas IIOBBIHICHHE TONYCKaemoll N0 YCIOBHAM Harpesa MODIHOCTH
SNEKTPONBHTATENS,

— paspaboTasbl ¥ BHEIPEHB! CXEMbI APOCCEJILHOTO 3JEKTPONPHBOLA C IPELo-
KEHBBIMH HOBBIMH THPHCTODHEIMH PEryJsTOpaMy B poTopHoji nens, obecneunpatonme
PacIIEpERne AHana3oHa peryiuposanus (natedr PO Ne2300169),

~ NPEANOKCHA ¥ TEXHHIECKH DEalli30BaHa Ha NeHCTBYIOWEM 00BeKTe CHCTEMa aB-
TOMATH321MA CHYCKOBLIX DEXHMOB PaloTH KpaHOBOT0 MEXaHU3Ma NOTbEMa

Jimunniii BRI2A aBTOpA:

— CO3NaHa MaTeMaTHIecKas MOJENE B HPOrpaMMa pacuera JEKTPOMEXaHHUeCKHX
DapaMeTPoB # XapPaKTEPHCTHK ZPOCCENHHOTO 3REKTPONPHBOAS;

~ paspaborana METOMKA pacdeTa JONYCKaeMOol 110 yCIOBHSM Harpena MOIBOCTH
BPEKTPOABUTATENSA PETYIHPYEMBIX W HEPETYAHPYEMBIX APOCCENLHBIX 3ACKTPONPHUBO-
JIOR;

— paspafoTas MeT0] MOBKILICHAS HONYCKAEMON MOIMIHOCTH 110 YCIOBHAM Harpesa
SIEKTPOABHTATENS JTA PETYIMPYEMOro APOCCENBHOTO SIEKTPOPHBO/IA;

— pa3paboTansl NPHAIMNL HOCTPOCHMS DPEryisIOpPOB CKOPOCTH, NOBBIIIafOIIdeE
JA4NIA30H PEryIHPOBaHus CKOPOCTH SHEKIPONpPUBOIA, -

— pa3paboTaH ATOPHTM ¥ CTPYKTYpPa CHCTEMB! aBTOMATH3AUNH YIPABICHH CILyC-
KOM rpY30B HOTbEMHBIX MCXAHU3MOB

AnpobGauna paborst. OcHOBHbIE TEOPECTUYECKHE TIONOKESHHA B PeIyNBTATH! JHC-
cepranuoyBoil paboTH NoxNamsBaHCE ¥ ofcyxnanuce Ha'

- EKeroAHLIX HayuyHO-TpakTHiecKMX Kombepernmax IOxao—Ypansckoro
rocynapcreensoro yuusepenrera (r Yensbunck, OYpl'Y, 2004 —~ 2007 rr ),

- Mexnpysapognofi  kouwdepennmn  «[lepcnexTHBBI  PBIHKZ  IOABEMHEBIX
COOpYXeHull B KOHTeKeTe HHTerpamuoHHsx nponeccoB EDII, BTO r EC» (r. Onecca,
Vxpanna, 20-23 mas 20051),

- MexayHaponHofi YeTHIPHANUATOM  HAYYHO-TEXHWYECKOH  KondepeHunH
«QnexTponpaBoaE Hepemennoro Toka» (r Exarepunbypr, VI TY~-VIIY, 2007),

- MexayaapogHo  ogMHHAaXIaTod  KOH(pepeHmEH  «OJNEKTPOMEXAHMKA,
INEKTPOTEXHONOTHH, 3NEKTPOTEXHHYECKHE MATEpHalbl B KOMIOHEHThE», MKI33~
2006 (ICEEE-2006), (18-23 ceuta6ps 2006 r KppiM, r AnymTa)

Hy6asxanun Tlo teme auccepraimn onybaukosano 6 nayuHex pabor B nepuo-
IPYeCKUX H3RAHWIX, B COOPHRKAX Hay4$HBIX TPYJAOB # B COOPHHKAX TE3NCOB ROKJIANOB
Hay4HO-TeXHWYECKHX KonqieperuHi

Crpyxrypa E ofhem paioTil. JARCCEPTAINA COCTOUT M3 BBEICHHAS, IATH I'iaB OC-
HOBHOTO TEKCTA 00beMOM 126 CTpaHH, 33KIIOMCHHA, CITHCKA JATEpaTyphl B3 155 Ha-
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BMenoBanwil, onpore npmioxkenus. Obmnii 06bvem auccepraumnu 140 cTpaHuy, BKILO-
yz9 63 pacyaka B 18 1abmmn

ABTOp BEID@KaeT SNAroAapROCTs HaydHLIM KOHCY/IbTaHTaM BopucoBy Anekcaun-
py Muxaiinosudy B Jipauepy I enramuio MipanoBi'ry 3a HEOUSHHMYIO [TOMOLIb APH pa-
6oTe Han aHuccepTauue

OCHOBHOE COJEPXAHME PABOTHI

Bo BrerenmE 060CHOBaHa aKTyanbHOCT paboOTEL, chopMyMpoOBaHb! LENH ¥ 3a-
AAYM HCCNENOBAHHMN, YKA3aHE! HAYYHAS HOBH3HA W APaKTHYECKas HEHHOCTH Pe3yibTa-
T0B paboTwi.

B nepsod FlaBe paccMOTPEH JIpOCCENb KaK CPEACTBO (QOPMHMPOBAHMS HYCKO-
TOPMO3HBIX PEAHMOB M KaK CPSACTBO PErVIKPOBaHHA CKopocT burn BeinonHen ob3op
METOAVK BHIOOpa INEKTPOIBUIATENS iR IEKTPONPHMBOIOB KPAaHOBEIX MEXaHu3Mos B
pe3yabTare OLINO ONpeZeneHo, YTo OTCYTCTBYIOT METOIHKH OHEHKH 3HCPIeTHYECKHX
DoKz3aTelledl JPCCCENBHEIX 3TEXTPONPHEBOIOB, HEOOXCHMMBIX TPH BHIOOPE IEKTPO-
RBUTaTencl JUI% MEXaHW3MOB C NIOBTOPHO-KPATKOBPEMEHHBIM peRMMOM paboTsl [Ipu-
MeHASMbIE METOIHIM BRG0pa IACKTPOABUTATEICH A4 YRA3AHHBIX YCIIOBHH HEBOTMOMXK-
EO ECHONB30BATH ANY APOCCETBRBIX MMEKTPONPHBOIOR 063 NONOMHATETRHEIX HCCIeI0-

BaH#i.
Be wsropoii raase paccUHTHI-
BRIOTCH  XAPaKTEePHCTHKM  aCHHXPOH-
HOTO JMEKTPONPHBONE C JAPOCCEITEM
L1...L3 n peryasropoM CKOpocTH B
1 poTopHOHM HemH, CXeMa KOTOpOro
npueeneHa Ha puc 1 (Ha cxeme noka-
—Y"\%  3ag0 ynpaBieEHEe THPHCTopoM VSI,

vosy YOD2BICHHE OCTATHHEIMA  THPHCTO-
paM¥ GHATOTHIHOE)

Ll Yipu pacyerax Gulym NPHEATH
CHREIyIOHEe JOMyINCHHIS

— MANIWHA BMEeT IUIankuil BO3nyUIHeH
» 3330p, BCC DapaMeTIphl €¢ JpHeHHE], a
HanpsKEHHA HAa BHBOJAX CHHYCOR-
Puc 3 Cxema APOCCEIBHOIC PEryipyeMoro JAANBHRI,
MEXTPONPHBOAR — KaxABH THpHCTOP B $a3ax poTopHo#
Henk 3aMEHEeE Ha Pe3sHcTop conporuRiienneM Rt. DTo cONpoTUBIEHHE, B 3aBUCHMOCTH
OT TOro, OTKPSIT THPACTOP Wik 3aKPBIT, IPHAEMACT 3Ha9CHHAE,
1t = 0,001 Om (Tupmcrop OTKPHT),
rt = 100 xOm (Tupucrop 3akpriT)
Cxema 3amemeHus ¢ YMETOM JONYMes i npefcTaBliesa Ha puc 2
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Puc. 2. Cxeya saMeiucuns ¢ y4eroM R0Nymenut

Jis cxeMEl saMetIeHAs 33MHCEIBACTCA CACTEMa VPABHCHBH NS CTaTOop2 # DOTOP2.

a¥,
1 —A=u, i, on,
%&—un—in-rl,
d¥.
< Tr“ cTie T
di d:bﬂ (f”+t:*-v}"x‘ ‘a'ﬂu-b'm“‘n é'z*‘fnpi‘ L “"”m 2, @
dﬁ’b d:c =i {,-24.; )4-]_ b mb"ﬂ""‘n’éﬁ‘”ﬂ?)'{‘m"&‘_’n'm’
[ s ol i P S

FHe U, Uy, nc MrHOBEHHLIE IHaITCHES HaNpmReHuH Tpex a3 crarops;
¥, ‘I‘B, ‘I’t, ¥, ¥, ¥ - mreEOBCHANIEC IHaYCHRS HOTOROCHEINCHBE (a3 cratopa ¥

DOTOPA COOTBETCTBEHHO;
£, =1, =T =T — aKTHBHOE COnpoTHRICeHAe (asr 0OMOTEH CTaTopa;
I, =1, = 1, =1, — aKTHBHOE CONPOTHENEHHE @a3nr ODMOTEE POTODa;

= 2 e .
n= £,k ° — apuseneHBoe aKTHBROE CONPUTHBACHHAE $a3bl 0OMOTKH POTODE:

T
ap

=r
ap

*kf — OPHBCACHEOE ZKTHBROE CORNOTHEICHAS HPOCCEI;

Lm— NPUBCRCHEAR ANAYKTRBHOTTS 0OMOTRE APOCCEIS;
Pemenste crcreMu AnddepeHIBantoHX YPasHCRHER OCYIHCCTBASCTCE METOAOM
Pyuwre Kyria 4 BOPAAKR:

[ @, =i, LM g H M, M M, M
‘I‘ =i, M +RB'L1 +Hi My, + M LM M,
lI’{: =i, Mg, +ig-Mey #ip Ly 43, -Me, i, -Me, +1 M,
¥, 8, =1, Moy Mo b1y Mg Mg i -(Moc-Myc e (23
1,y My Lo M M)
1T, =i, (Maa—Mon )iy oMo Bhc—Moc)
D Py LM, L)
P ¥ =i, (MM My, (Mp—Mp i -(Moc—Mgc

L L -(Mn-Lz)*‘i, '(Ma,“Mab}*ic LM}
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Tokw, DpoTexaloUixe Yepes TAPHCTOP, HAXOAAT Mo Jaxonam Kupxroda.

io=i+i_,
1 =1 Fig, {3)
L“’ ra+i -rb+i rc=g,

e M, = M e = Mg, = My, =M, =M =M, ~ B3auMHble BREYKTHEHOCTH
MeXy moGhMY m;yrvm obMoTKamM¥ cTaropa,

M, =M_=M =M, =M =M, =M, ssaumusec ux.ayxmxxocm MEXZRY B0~
OBIMH ABYMS OGMOTKaMH poTOpa;

M, M, M, M, M, M, M. M, M, - BsaaMuse THIYKTUBHOCTH MEK-
LY COOTBETCTBYIONEMY (DasaMu cTatopa # poTopa,

M, .MMM, M, M M, M, M. - ssaavise 2aRIYKTHRHOCTH MEX-
Y COOTBETCTRYIOHINMY a3aMH poTopa H CTaTopa;

L,, L, — ©SAYKTUBHOCTE 0GMOTOK €TAaTOPa # POTOPA COOTRETCTBEHHO

Jns pemenns ypaBHensil cuctem 2 u 3 ucnons3yercs metof Kpamepa. Onpere-
TAIOTCH TOKK 1, 1y, 1, 1, 1, 1, B TOxu, HmpoTexatoumie Yepes TUPHCTOPS I, 1., 1,

MruoBeRHBIE 3HAYCHIA HAUPMKCHUA HA KONBMAX Kaxno# dass paropa.

_a¥, d¥ R
mb dt mb _.ll .r2+lb'r2’
e = d:il:b - =i+, T, @)
&%, d¥v, . . .
V=g g Rt
Hanpsoxenus ynpasieuws KOXIHM THPHCTOPOM
1 U
Uya =k Uac * kmb “Uau}
{ 2
U, ()
Uy, = pm'Uoc’*'k_"U }
w2
U r 3 Urca
Ye© kpot U6C+k -UM
4 w2

rae k, — xosbdumuenT TpanchopMaluy HOHIDKAIONEre Tpanchiopmaropa TV nema
yupassresus Tupucropamy {pac 1);
kpm ~ K0P GUIHEHT TOTCHIROMETPA 335aHHUS,

U, —Banpskenue o6paTHOR CBA3N, /
U, an — HAAPOKEHHE 33 NaHH



3NeKTpOMArHuTHEHE MOMEHT ACHHXDOHHOIO LBHIaTelNid ompepelisiercs mo Qop-

Myze
M= 2p{(¥cp) 1, H¥ 5~ ) ¥~ %) i) ©®
343
OKCHEepEMERTAILHEIE B DACCUMTaHHbIC NIO HaHHOH MareMaTH9ecKoli MOZENH Me-
XaHHJYeCKHe XapaKTepHCTHKH ieKTponpusoxa i apurarens MTF 111-6 ppu pas-
JOFTHBIX BanNpmOKeHNSX 3anaans Usay IPeICcTaBieHbl Ba puc 3.
M, -M, o,
TlerpemBoCTh pacueToB COCTARIET S <10% Paspaboranmyic MaTeMaTHIECKYIO
H
MOIenh MONHO PEeKOMEHIOBaT: A DacueTOB APOCCENHFHOTO PEryNHPYeMOro achH-

XPOHHOTO YTEKTPORPEBOJIA.

STY Xe MOACIb MOXHO HC-

(]
© NONB30BaTh 1M HEPEryNH-
16 -
.-'-""Pm\ Soren | _ _ oo | DYEMBIX JIPOCCENBHBIX 3MiCK
X ‘mx},w SEETRea ™ TpONpUMBOHOB, ecM THDH-
o Ny CTOPH! HCKIHONHTS ¥ COCIU-
Unsat "X BHTH B 3Be3/ly KOHIb oOMO-
[ SSS—— TOK JPOCCend
= "
02 S L S Y B  Tpernedt  riaBe
| TS Wa|  Opefnaraertcs METOMHUKA
0 5.2 o4 oh e N ]
Uspaz OUleHKM Harpesa MEKTpo-
-5,2] %-—&.::N Apuraress HEperyHpye-
vy ama— e a2 . MOr0  APOCCENHHOIO 3IeK-
—ry s
My TpouprEoRa, padoTaromero
Ml 6e3 “eTKoro HMIIHYECKOro
Puc 3 PacueTnsic ¥ JKCIEPHMEHTAIBHDIC MEXZHAUCCKHE pexmMa paboTH
XAPAKTCPHMCTHKY JICKTPOIPEBOLA
Vines sawpouaercs B
® CREAYIOMEM 3
1% 7 Ty w40 a) BRIOupaeTcs yepeaHeHHEH
] * 270 pesxumM paboThl
W /r
T 1 — KONHYECTBO IWMKIOB 3a 4ac
o8 7 - oOLIgHO HAXOAMTCA B HHTEpBANe OT 6
oer ) i , 1o 60, npuAmMasTCs pasHEM 30,
’ Z / L —  MOPOZOIKHTENHLHOCTS  LHKAZ
- [L/ i \ opraumaetcs 120 ¢
9.2 ; —~ YMHTBIBaf, YTO OCHOBHOH TIpO-
i \ td JOIDKETENHHOCTRI0 paboThl  ABASETCH
o 1 Zé 3) 4 5 § pexuM [IB = 40 %, To Bpems paboTh B
P E— — THHKJTe OPHHAMAETCS paBHbiM 48 ¢,
(o] Ilponecc paﬁo‘ru B TeHCHHE OQHOIO _ . - 2
BEmOuCHRRC BGOpOM CRaBUFS: KARATA IpH OPHHEMAETCS YHCHO BKIOYCHHH
1BKT=53 ¢ pasubIM 9. Bpems 0fHOro BRMOYCHHSA

3.3 c(puc. 4)



Ha mepsoM y9JacTke OPOUCXOIMT BHOOP CHAOHHLI KaHaTor {B TOMMKOBOM PENH-
me}. Jianee uaer pasroH BBUTaTens 16 YCTAHOBURIICHCH €KOPOCTH, paboTa B YCTEHO-
REBNIEMCE PEXHEME ¥ TOPMOKEHHE HPOTHROBEMOYeRueM Ha Boe yxa3aHHBle onepa-
HYR YXOUHT 5,3 c. JiBRrarens Apu 3ToM padoTaeT ¢ HOMuHAIbHelH HArpy3Koi,

O} 1% APHEATOrC VCPeRHERHOTe BAPHANTa ORHOTE BKDOYCHHS (Avek, pabora Ha
YCTZHOBHBHICHCHE CKODOCTH B TOPMOMKEHRE). PACCUHTLIBAIOTCS NOTEPH JHEPFMY B €Ta-
TOpE, POTOPE X CYMMAapHEIE I KOHKPETHOTO PacCMaTpHBAacMerc ABUFATEN 33 ORHO
BEIIOYEHHE" ‘

B} IO KAaTANOKRHEIM RAHABIM DaccMaTpPHBAEMOro JNCKTPOMBHIATE/N DACCYHTRIRA-
i0TCH pomYcKacMble motepk P B JBATaTenc Upm €ro HenpepiHoit pabote ¢ momu-
HaWLHOH Harpyv3kod api 1B =40 %; .

T} paCCTHTHIBASTCH YHCIO BXIIOYCHHUI B Wac, IPH KOTOPOM NMOTEPH SHEPTHY B IABH-
rarene SYAYT PaBHE: HOTEPNM AOHYCKIEMEIM;

Z) TaK KaK THCIO BKTHOYEnHili M3BECTHO, TO ONPEHCHSeICE BpeMs [Iay3 MeIy
BKHOYCHESME K ONPERCIACTCA HOAYYCHHaA HOHYCTEMaE NPOJODKUTCHBHOCTD BKIDO-
seans [IB % © y9eToM gIMCHEHM® YCHOBHMI OXAmKACHUS ABMTaTens IpH Dyc-
KE/TOPMOXEHAN H HAY32X, H IKBUBATCHTHE HO HATPERY TOK Bpu noxydeHsom FIB.

e} ecnx paccamTanree [1B ormuaercs or [IB=40%, 10 cHbKaercs B pacuete 3Ha-
YeHpe CTATRYECKOro MOMEHTA TaknM 00pazox. 9rodsl 3pavcuns pacyersoro [1B momy-
uiTE pasasiM 40 %. Hanee ne dopuyne (7). onpenensercs, Ha CKOIPKE YMEHBINACTCH
HORYCTHAMAaR MOMHOCTL Ba BATY:

A = Praso ~Pael_ i Mruso e 'Mspf, M
i Prs D00 Mo

rae P, — pacdeinoe 382YCHREC MOMIHOCTH OPH YMEHBINEHHM CTRTHYECKOrO MO-
MEHT2;

3} IPE OPEESTOM YCPEARCHEOM PEKaMe ABRTATEHs MOXKET He HPainr Uo HArpesy
H IIpE PEOCTRTHOM YHpaBRenHE (IpH HVCKe B HECKOMbKO crynereil ). [loatoMmy cpanue-
HHE CHMKEHME JOHYCTHMOE MOMHOCTH HYXHO NROBCAHTH HE C KATAAOXKHOE MOIIHO-
<thio gpH IIB = 40%, a ¢ Jonycrmmoll MOIIHGCTRIO IPY PEOCTaTROM YHpaBieHnu. s
3TOro pacderTsl IO WYHKTaM I}, K) K €) BPOoBOIATcE OPH YIPaBNCHEY PEOCTATOM

¥} PAcCIMTHIBACM ROOYCTUMYIO MOMEBOCTs HPH APOCCIHHOM YHPasieHMH Ad
JaHHOrC ABHEraTeNd IO POopMyle

P =P {18, A} ®)

Yipennaracmas MeTogwka NDOBEPKE AOHYCTHMOH ¥3 YCHOBHH HAarpesa MOIMHOCTH
INEKTPOABHATaTCHR AEMONCTPEpPYETCE Ha npEmepe npurareins 4MT200LA6 Beiio po-
JIY1€HO, ¥TO NPE OJHHX H TeX e YCROBWSIX PabOTEHL FOMYCTHMAS MOIHHOCTh IJEKTPO-
IBHraTeyid OpH HBCHONG30BAHAE AKTUBHEIX COGPOTHRIcHME npE BLiOpaHHOM nuKAe
cHFxaeTcs Ha 15 %. a ApE Bcnome3o3anuE Apocceln# ma 40 %. T.e. sonycramas Momm-
HOCTE ABAIaTElY OpH BKIIOYCHAE APOCCEIE CHUDRAETCS NC CPABHEHWIO C PEOCTATHLIM
ynpasHReHMEM CHEXaeTCs Ha 25 %. JToT pesyAnTaT cheAyeT YURTHBATE OPH HCTIONL30-
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BaHMK JPOCCENS B CYHIECTRYIOIMX 3NEKTPONPHBOIAX U NIPH NPEABAPHTEILHOM Bhibope

JNEKTPOABHTATENA JIA KOHKDETHOIO MEXAHN3ME

Bimesenne ApoCCEAs CBA3ARO € YMEHLIICHUEM COSQ M NO3TOMY CHMDKEHME I0-
mycTaMOlt MOMHOCTY Hen3bewHO B AanHOM CIfydae BO3MOMHL! JIBa BaDUaHTa UCTIONb-
3QRaHUsS RAHHOIC JPOCCENbHOTO INEKTPOABRIaTeNs

Ilepsifi BapuaHT — BINTH 3IACKTPONBUIaTElh OONbUICH MOUIHOCTH, #MeES BBHUAY,
YTO CHEDKEHHNE JOIYCTHMOIl MOUIHOCTH HpH HPOCCENBHOM YIPaBACHNMN COCTARISET No-

N

[

MapaxreprcIMKa

T} EcrecTsemian mexannueckan

26
' Z7 B

B e

W w=40

Wuso

! 2

|/

I\
\

N LA

;
]
;
|
i

s

d
3} Npu srrosenav B yens
=7

)

s Gy

NV

W0 -8 [

95

0,
3
T,
!

i
h
'

Q \1,5 TEE
i
!

1

ot

Puc. 5. Mexanuteckue XapakTepuCTHKY dAEKTPOIIpUROaz

panka 25% Pazymeercs, 9o
OH JoKeH ObiTe  CHOBa
EpoBEpeH Ha warpes Ilpm atoM
COXpaHSeTCs MNPOU3BOIMTENb-
HOCTh MEXaHM3Ma

Bropoii sapuant — yme-
JMNEeHNe WICHa BHTKOB IPOC-
eend. IlpE H3MeHEHHMH gHCIa
BHTKOB, KoTopoe obbrupo He-
NIONb3YeTes NPH HANAAKE OpH-
BOKA, OPOKCKONMT HaMeHesue
OYCKOBOT'O MOMEHTa {puc 5},
H3MCHEHHE  YCTaHOBUBIHEHCH
CKOPOCTH HepeMenacMoro

rpy3a, HO YMEHLIIAKOTCH TOKY JBUTATERy, 3, CIeAOBaTENbHO, A ero Harper Ilpr w = 70
BHTKOB HPOCCENs Opito YCTIROBNEHO, YTO PacCCMATPUBAEMbl B IPHMEpE JBHUIATEND He
neperpeBacEed Npy NPUHATOM YCPERHEHHOM pexuMe pabotst Ho cinexyer ydects, 410
OpH 3TOM NPOHCXOANT CHIKEHWE TYCKOBBIX MOMEHTOB (DHC 5), YBEIUYHMBACTCH BpEMA
IYCKZ B TOPMOXKCHHS, CHEUKCHHC YCTAHOBMBIHEHCH CKOPOCTH M B HTOIS CHEXeHHE
TpPOH3BOARTERLHOCTH KpaHa

B xoHKXperHOM ¢iy4ae NPOSKTHPOBIIMK NPUHHMEET PElleHUe e HCAQIB30BaHMIO
TOTO UMM WHOTO BAPUAHTA

B meTBepTOl riaBe LA OHEHKY JHEPrETHMHMECKHMX BO3MOXKHOCTEH XPOCCEIbHOIO
PEFYAUPYEMOTO 3eKTpoipuBoaa Opli NpoBeAcH KCHEPUMEHT. NP KOTOPOM CONOCTa-
BUJIM HArpeE OOMOTOK 3NEKTPONBHrarTesii NpY HCIOJL30BAHMI APOCCENABHOIO U peo-
CTATHOTO DETYIYPYEMOTO acHHXPOBHOID MeKTPOHPHBOLA JKCITEpAMEHT HOKA3aM, 4To
HArPeE ABETATENS HPM JPOCCENBHOM PETYIMPOBAHMM 3HAYUTENLHO BHILIE, YeM MpH
PEOCTATHOM, OCOGEHHO NpH paboTe B PeXHME CHYCKa IDy3a B KPaHOBBIX MEXaHH3MaX

nogeeMa

Kax ¥ B npensayineM pasfesie, OPOBONMIOCH COMOCTaBlieHue MOTePs B NEKTPO-
FBHUTATENEe FAPY Pa3nbIX CrFoco0ax PEryAMPOBAHMS, HO NPH OAMHAKOBAIX 33laHHBIX pe-
yaamax paboTel. PacueTsl BpoBoAMIHCE [T eKTpoasurarens AMT200LA6 no paspa-
SOTAHHON MOJENY JXPOCCENBHOTO 3JIEKTPORPHBORE

Jin® peoCTATHOFC pery/MpoBaHus CKOPOCTH OBIAM MpOBENEHBI CAENyIOUKe pac-
$€Thi — PACUeT NOTEph JHEPTHM B CTATOPE, POTOPE H CyMMapHsie 3a 1 ¢ B yCTaHOBHB-
HIeMCs PEKMME TIPH BBEJEHME B Lelb POTODS PAamINgHbX 3HAUEHUMM J0OABOUHEIX CO-
BPOTHBIEHAN, HO DK COXPAHERHN MOMEHTA HATDY3KH, PaBHOTO ROMEHAIBHOMY

i1



X2pakTepHCTHKR HOTEPh HPERCTABICHE: Ha puc. 6 a.

AW, Brec W Br*c
' ‘Ei N ! 4000 wnm’
* 4 T Povopa
i % P 13m0 A w40
- 3000
T 2500
¢ Mr : I -W Xw
i I ﬂ_ﬂ;: 1 - o ‘?‘}L T 1
T N\
i i ‘oﬂ‘ &‘ : ~ 1000 i :
! L= - { 500

- e T I 50 T .ﬁ——m—h‘,‘——ﬁﬁ&%
a) 6)
Pac. 6. HameucHue NoTeph 3HEPTHA B 3MCKIPOIBHIATENE IpH BIHOYCHRY B IS
poropa conpoTusasHus (2) 1 xpocceas (6)

JUIs apoccensROro perynapoBalus GLNH HPOBENCHS aHAIOFHYHEe PACUeTs: NpY
BKIOYEHHH Jpoccesis ¢ Waciiom BuTkoB w =48, [Npu ykasarnom 4ucsie BUTKOB paccyu-
THBAINACH NOTEPH 34 | C NpR pashnix HanpmkesEnsx sanaumwi U,, ) 8 yCTanOBUBIIEMCH

pexaMe paboTHE ¢ BER3MEeHHOR Barpy3kol pasHoll HOMHAANEHOMY MOMEHTY HRHrare-
na. Kaxznomy U, coorsercTaoBana CBos YCTaHOBMBIIWECS CKOpOCTH (prC. 6 6).

Conocrapnenne XapaKTepuCTHE PHC. 6 2 € X2paKTepuCTHKaMH prc. & § BOKashBa-
er

— DOTCPE HPE JpPOCCEIREOM pPeryiEpoOBauny GROPOCHE cymecrnenno Gomime,
gemM OPE PEOCTATHOM DErYIHpOBaEHM DPM ONHHAKOBLIX pexmmax pabersi [lpu apec-
celie ¢ YECH0M BUTKOE 40 B pexuMe TOPMOXKEHNE EPOTMBOBKIBOYERREM npY @ = ~106
pan‘c MOIDROCTh IOTeph coctaskla W = 3857 Br*c, aro 8 2,9 pasa Gomsiue, 4eM BpH
PEOCTaTROM PEFYIRPOBAHNEN;

— IpE SPOCCENbHOM PEryIHPOBARUN TIOTEPH B ABUIRTETC CYINCCTBEHHED YREIm-
BaIOTCH OPH BEH3MEHHOM CTATHYECKOM MOMEETE HpH CHIDKEHER ckopoctu. Iipe apec-
cene ¢ TACHOM BUTKOB W = 40 M3MEREHHE CKOPOCTH OT & = 93 pan/c ABHIaTebHOTO
peX@EmMa 10 CKOPOCTH @ = —106 pal/c ApHBOIZHT K YBCHHICHMIO IOTEPh B IBUIaTENe B
3 pasa. Jro OGLACHAETCH YRENWICHUCM HAIYKTHBHOM COCTaBIAIOEEH TOKa POTOpE,
BEI3BAHHCIO YBERMYCHHEM 9aCTOTHI TOKAZ DOTODa 3ICKTPONBMIATENA, IPH CHICKCHHM
CKODOCTE ¥ HpH NEepexoie B PeiKuM TOPMOKEHHS TPOTHROBKIBOYEHUCM.

AHanH3 10KaIsBAcT, YT0 ANX COXPAReHNs ROMYCKASMOE MONIHOCTH MEXaHu3Ma H
aATEIbHOE PaboThl ABETaTEN% Ha BOHMKECHHOR CKOPOCTE MOMEOCTE VCTAROBISHEOrD
IICSKTPORBHIATERS CHEAYET YBEIFINTL B 23 pa3a. lloaromy Moxer BRTH pesh O IpH-
MEHEHHW PEryNMpYEMOre APOCCEARHOF0 YIEKTPONPHBOJ2 FOLKQ IS YCTAHOBOK, KO-
TOpEIe TPEOYIOT KPETKOBPeMERHOTC CYHIECTBCHBOTO CHEKEHMA CKODOCTH, & GCHOBHBR
paboTa QCYMIeCTBAAETCH Ha MAKCEMANFELIX CKOPOCTIX.

JA% CHIKCHAA TOTEPS B MEKTPONBArareie HeO0GXONHMO YMEHBIATH TOK 3HeK-
TPOHBHTATEN% ¥ B JaCTHOCTH €r0 MEXYKTHBHOHR COCTaBasmiomell Do BOSMOXHOCTH HpH
JOMYCTHMOM CHIDKEHHH MOMEHTA. BO3MOXHE! NBa BapHARTA JNOCTHKEHHA NOCTaBicH-
HOH 3371a9m:

— YBCTAYCHuUE TACHA BHEROB 0OMOTEY IPOCCENd, BKMOYEHHOIO B Uellb POTOPa;
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— BKHOUCHAE TIOCHCHORATENEHD C 60MOTKOH APOCcCens aKTUBHBIX CONPOTARBIICHYE
Bmusnpe u3MEHEHNY WACH2 PUTKOR JDOCCENT H2 MEXZHWYSCKHC XAPAKTCPHCTHKE
SACKTROAPHBOAA HPY Apoccese ¢ w = 40 g ¢ w = 7} BUTKOB HDEICTABNCHO Ka PHC. 7

1) Sipw sxmoseien 8 e
20T oot

i
noarc

E «e 135

Puc 7. Mexauuqecrue XapaxrcpHCTHRE Puc. 8 Hasicacnue uoreps 8 3neRTpogBUraTaie
OPE APOCCSILHOM PErYIHDORZHAH

Ysennuenue TICHA BHTKOB 00MOTKH Apoccemi ¢ 40 3o 70 sATKOB TIPUBOAYT K
YMEHLIIEHUO I0TEPh B Jmuratene npx @ = —106 pag/c B 1,5 pasa {pmc. 8). Cuenyer
BOMEUTD, 970 YBETHICHHC BICHA BUTKOB RPOCCENA APWBOEWT K YMEHBIUCHHIO HyCKO-
BOIO MOMEHTA MEeKTpoABAratess (pac 7), K CHIDKEHAIO AUHAMNNCCKHX CBOMCTE SMeK-
TPONPHROAA, H K YMEHEIISHWIO CKOPOCTE IAEKTPOUPHBOTA Ha £CTECTBEHHOH APOCCETh-
POl XaPEKTEpUCTARE ¥ K CHINKCHWO RPOH3BOMUTEHbNOCTY MEXaHM3MA C TaKHM 3ACK-

~u ° “TPOOPHEOAOM.

: Bropo#i BapmadT CEIOKEHHS
’ 1OTEPh B MACKTPOABATITIAL HPER-
i pouraTessuee. IIps ysemmucumy
: 9HCHA BHTKOB ADOCCENIN HDOACKO-
I 4 RUT BEHOYCHEE KOMILIEKCHOTO
! : " COMPOTHBICHEA B POTODHYIO LEHE,
GOMLIYIO FOJEO B XKOTODOM CO-
CTaBIMET WHIYKTHBHOEC CONPOTHE-
. Berge. [Ipn sRDOYCHAR aKTHBHEIX
SOHPOTHRVICHHE I~ HOCICHAOBA-

Puc 9 Cxema sxmonenms Prc 10 Mexaaaueckue v = -
RPOCCENA # HOFABOTHOTO  XAPAKTCPECTWSH JMeKTpospisoaa TolbHO C KAXNOH OOMOTROH Jpoc-
COHPOTHRICHHN cels HE TONLKO YMSHBLIIAeTCH TOK
poTopHOl Hemu, HO ¥ BOBLHIACTCH €70 AKTHBHAA COCTARAMIOMIAs, T.€. YBEEIYHBACTCS

COSQ POTOPHOH HeHUd.
Bxinogen#e NOCACEOBATERLHO B Helh POTOPA APOCCENE 4 CONPOTHEIEHUS NOKasa-

HO Ha pHC. 9

{Ipr BxEOUCHUN DOCHENOBATENLHEO ¢ APOCCENCM AKTHBHOTD COXPOTHBACHHS MOX-
HO NOROOpaTh ro 3WaYeHHne TaxkuM, TTO0H UpH DycKe ORI MAaKCHMAIHHRN MOMEHT
(prc 10). [l ere pacuera HeoOXOMHMO HaliTH CONDOTUBRACHES T, HPH KOTOPOM Me-

XARUYECKas XApAKTENHCTHKA HMEEST IXCTpeMyM apa © = 0.
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Bsina nonyuena GopMyna pacyeTa 3HAUCHMS I, PR KOTOPOM OyAeT MaKCHMamb-

HEif HVCKOBOH MOMEHT:
= 6]
Lion STy + 2, COSP, ~Xy~Z . SHIG, .

Jins paccmarpusaenoro npuratens 4NMT208L A6 pacueTHOe 3HAYCHHE J00ABOYHO-
ro CORPOTHBACHAS LA APOCCENst ¢ W = 40 BHTKOB COCTABASET Iyon = 0,1 OmM. Mexanu-
ueckas XapaKTepHCTHKa DY BKHOYSHHH B UENb POTOpa Apoocend # A00aBoaHOro co-
npotusnenna r, = 0,1 Om npencrasneda #a pac 7, (XapaKTepucTHra 3).

Ha puc 11 a npeacrasnedsy pacyeTHsIC 3HAYEHIN HOTEPh SHEPIUM IPH BKIIOUE-
H4M B ISHb POTOPA APOCCENs OPH SWHCHIE BATKeS W = 40 ¥ H00aBOYHOr0 CONPOTHRNIC-
HUR

Brée -
THipusxuoemsr a uone |
Felviters= Y 3

b ¢

1) M axnioners 8 uens
POTORA AIROCSENR

2) Tipu Bxmonsm B U8ns

8

|

|

|
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T

|

2 SxATOernod
) Fipn auens 1
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1{:
g

e
i
t
'

v
i
i
h
!
'

-150 ~10¢

Puc. 11 Pacuernsic 3HA%YCHUA NOTEPH JHEDTUN APH BIUHOYEHUY B Uelb POTOPA SDOCCERE H
nobasounero ConpumBacHUa Ion=(0.1 On (a) 1 t1on=0,2 Om (6}

Asnanns xapaktepgerax puc 11 a goxazan, 970 CyMMapHEC HOTEPY YMEHBIHINCE
opumepo 853 7... 10 % Tlycxopoit MOMEHT Hpy TOM HE TONBKO HE YMCHBHINICH, a
yaenmuincs Ba S %

Afanu3 [OKazwl, Yre 3KCTpeMyM QyuKuuy NI, ) He AMEET APRO BHPAKEHHOrO
K3, 2 AIMCHACTLA HIABHO W RambHellilec YBCHHYCHHC CORPOTHBACHUR B POTODHOH
1eny OPUBOIUT K MCHLLIEMY FYCKOBOMY MOMCHTY, HO NPy 3TeM OYAYT CYMIECTBEHEO
VMCHBIHAIOTCH TOKH, a CHeOBATEeNpHO, B HATPEB WICKTPOABHIATENA. YBOIWICHHE CO-
IPOTHBACHHS T TakaM 00pazeM, YT06%i TyCKOBOH MOMEHT ST DABHSIM TYCKOBOMY
MOMEHTY Ha €CTCCTBCHHOH APOCCeAbHON XapaxTepHCTHKe APY KOOUYECTBE BHTKOB W =
40. {7axoe paBEHCTBO UMEET MACTO IIPH 0= 0,20m)

TlpusonuT X ymMeHLmerIHO CYMMApPHSIX HoTeps npuMepso #a 20 . 25 % upu co-
XpaHCHUR UBAMHYECKUX CBOHCTS TAKUX Me, KaK Ipy apocceie ¢ w = 46 6¢3 gomosmn-
TemsRBIX conpoTHBieHud (puc 11 6)

B msroi raase Obinn pazpaboTans! i NONBITAHA THPHCTOPHLIC PETYIASTODEl €KO-
POCcTH Ha ApyTol saeMeHTHOH Gase ¥ ¢ ApyTHME UpHHOHNaMY QOPMEPOBEHEN HANDE-
KEHUR, NO3BOAMONINE HIMCHATD YITH PECYIHPOBaHEs THPUCTODOB B HpejensX oT § Jo
180° Tam xe npescTaplesa ABTOMATAINIMNA CHYCKA HOTHEMHEBIX OISDatuii.
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pHC
(GYHKUMOHANbHAY CXeMa HpejiaraeMoro
3NEKTPONPHBOLA PEryAATOPE CKOPOCTH C

12 IpencTasieHa
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L ! : $160C
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: == D
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Puc 12 OynwinonaTisliag CXCMA POTOPHLIX HencH
JPOCCETHHOTO 2 TEKT POIPHBOARA € Pl Y THIOROM
CKOpOCTH

nxaeobpasaniv wanpaxenuem CHOY

DACKTPONpHBOL C TaKMM pPeryis-
TOPOM COCTOMT H3 aCHHXPOHHOTO IBHIa-
Ttens M1 ¢ dasusiM poTopoM, oOMOTOK
npoccens L1 L3 u tupucropo VS,,
VSies VSca

CxeMa YHpPaBICHUS THPHCTODAMH
COCTOHT M3 Tpex TpPaHCPOPMATOPOB
TV, FVie, TV, Gnoka Gopmuposanns
obpatnoil ceaam (BPOC), tpex Gnokor
(ncdazno) BhICHEHNA NOJIOKHTENbBOH
noaysosisl Banpsxenns (bBITH) mexny
COOTBETCTBYIOIMME XONbLAMU DOTOPR,
Tpex 6noxos HopMuposaus mHI000pa3-
woro  Hanpswenus  (BOPII),  Tpex
cymmaTopos X, Tpex DIoKoB cpaBHeHHS
HanpSKEHHS OMOPHOTO C HATPIIKCHHCM

3angina B ynpasaesns tapacropavu (BCYT) u Gaoka 3aganust CKOPOCTH 3JEKIpo-

meurartens (B3)

Cxema pug 12 yemenmHo uchnitana B neboparopuy aa Jnextpoxsurarene 3 5

~Lf

|

| KBT u Ha KpaHaX NpOMbLIHI-

on JIEHHbIX NPEANPUSTH

Puc 13 ®ynrumoHaIbHas CXEMa IPOCCENLHOIO
3NEKTPONPUBOZA C HIVMEHAEMOH IKECTKOCTHIO
MeXaHHYECKOH XapaKTepHCTHKH

: bnaropaps bonbmedl xe-

CTKOCTH MEXBHWYECKHX Xa-
PaKkTEpHCTHK ZuanaszoH pery-
JTHUPOBAHMUS CKOPOCTH TaKOTO
3NEKTPONPUBOLA YBEIHYKBa-
ercaao 15 1.

Ha puc 13 npencrasnesa
DYHKUMORaNbHA cxeMa
peryasrop2 CKOpOCTH C B3-
Mengemoll KECTKOCTHLIO Me-
ISHMFECKOR XapaKTeps-
CTHKE JIPOCCENBHOTO 3JIEK-
TPOIPHBOZA

DIeXTPONpPHBOL COCTOMT
¥3 aCHHXPOHHOTO JABHraTens ¢
dazupM POTOpOM Mi,
gpoccenms L1 . L3 (6nox

HIP), TupucTopos B potoproi nenu VS1, VS2 u VS3 (6nok BT), coenunennsix 8 Tpe-
YPONLHHK, B CHCTEMBI yiIpaBieHus Tupuctopamy CY.B ¢80 ouepeib, CHCTEMa YIIP2B-
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Jenns cocrout (odazno) u3 6ioxa obparnoit ces3n (OC), o HaupsHKEHNIo Ha poTope,
GrioKa OEpEeNeeHEs TPOXOTKHTEALHOCTH NONYBOIBE HANPUKCHHUS Ha KOAbUAX poTopa
{BOITIT), 6noka pacuera yria ynpasinenus a tupucropams (BPY), yana Beigenenns no-
rosKaTeNBHON noxysonus (YBIL), dopMrpoRarens yapasmuomEx uMiyiscos (GYH),
wcTounmKa matanus (MII) # 6roka 3aganus sanpoxenns (B3H)

OcoDeRHOCTEI0 PACCMATPHBACMOTO PEryIATOpa SBJBCTCH BBEJICHHE FONONHM-
TembEoro nanpmxerns Ay, 3a5af0Iero MecTKOCTh MEXaHHUECKOH XapaKTepHCTHKH

Sapubii ciioco® ynpasrenns BIONORAET B CeBf onpeneneHre NPOJOKETEILHOCTH
TIONYNEPONa HanpsHKeHNs Ha KOJLHAX POTOPA typ W pacyeT yriia YNPaBleHMA ¢ H Mo-
MEHT2 BEJBOYEHHS fpx; KOKIOT0 THPHCTOpa Pacuder 3THX HapaMeTpoB NPOM3BORMTCH
10 QOPMYIam:

U +AU_ U (10)

el

a=180

(1D

a
tog=——=t
BKJL 180 B

Jianenli OpeHMn yupasneHus ofecneumsaer nwHelnOe perynupoBaHEE Yria
VRpaBACHES THPHCTOPA B auanasonc ot 0° ao 189° npu nsmesenns Harpy3KH Ha pazy
SNEKTPORBUTaTENsR, CYLIECTBEHHO NOBHINAS JKECTKOCTh MEXaHWYECKOH XapaKTepH-
CTHKE.

fipr U, < U, yron ynpaslen#s & YCTRHABIHBACTCH PaBHbIM 180", TeMy COOTBEI-
CTBYET HOJNHOCTHIO 3aKphIToe cocroxnme tupucropos. Ilpe Uy, > (U, + AU)) yron

YAPABICHAS O YCTARABIMBACICS DaBHBIM O, IDH 3TOM THPHCTOPB! HONHOCTHIO OT-
KPHTEL B OCTaNBHEIX CHYYasX yron o pacCUMTHBAIOTCS Do popmyne (18) brarozaps
SMHEHAOH 3aBACHMOCTH YIiia YOPaBIeHHA & OT H3MECHCHHA Uoc MEXaHHYEeCKHe XapaK-
TEPHCTRKH MMEIOT JIEHCHAbIE XapakTep. AHanason perysmpoBasys cKopocTs ao 15-1

Perynstop ckopocTH Onil yCHemHO peayM3oBaH Ha Tpex (s xaxuoH $a3sl oT-
menbHO) MEKpoxourpomiepax ATmega8535 ¢mpwer ATMEL Peryasrop cxopocTH
CPMEHTAPOBAH HCKIIONMATENLHO Ha PEANM3alifio Ha POTPaMMUPYeMbIX YCTPoiiCTBax

Jpoccenbaniit aCHAAPORHIH EKTPOIIPHBOL, PEAM3YIONHEH PeryHpOBaHAe CKO-
POCTR ¥ SBTOMATHIROAIO CHVCKO-HOTHLEMALIX peuUMoB PeOOTLI APOCCETHLROTO
3JeKTPONPABONE KPAHOBEIX MEXaRHIMOB (puc 14), sxmouaer B cebs pesepcop PT,
DEPeICHOYAONME CTATOPHLIE HEHH 3HeKTpoxBHraTens MI, zpoccens (MHIYKTHBHEIC
peoctarsi) L1...L3, perynsrop ckopocte PCT, marumx ofpatsoll ces3m no Banpsmke-
HEs Ha Kombnax poropa JOC, mporpamMmpyemsiit KOHTpoIEp (MUKPOKOHTPOIIED)
TIK, xomarpoanmapar KA w 6nox nutanas BI1

(Obecnedenye KYCKO-TOPMO3HBIX PEXHMOB OCYIIECTBISETCH JpoccerneM, co3fanue
TOHIKEHERX cKopoctel — PCT, pesepc asurarens — pesepcopoM THpucTopHemM PT, a
VAPaBJEHAC PEBEPCOPOM H PEFYIATOPOM CKOPOCTH OCYIISCTRIMETER HpOIPsMMHpYe-
MBiM KoRTponnepom K
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[lpuEIAT aBTOMATHIANUHE COCTOMT B cregyromes. Hezasucuwo GT MaceH rpy3a
INEKTPOABHTATENE BIIIIOYACTCA Ha CHOBOM CHYCK, ¥ €CJH IPY3 NPEONOACBACT MOMEHT

~Uf TpeHHMs, TO CHCTEMa aBTOMAaTH3ALAH
1o OCyHIECTRIISET TepeKmoucHTe
QL INEKTPONBHIATLNA B PEKHUM TOPMO3IHOIO

2 cn.ym

B cAI0BOM CHYCKE OMYCKaHUE rpy3a
NpPOUCXOANT IOX KCHCTBHEM ABYX MOMSH-
TOB. MOMEHTA, CO3/1aBaCMOTO JBUTaTENCM
X MOMEHTa, pa3sieaemoro rpyzom. ilox
AeACTBHEM ITHX MOMEHTOB 3HAWATENHHOC

-2232@!;“ YBENHYHABACTCH HACTOTA BPalICHKA HBHIA-
soraly =)= Teni B HANPABASHUM CHYCKA, CACTEMA 38~
el TOMATH3AUHM KOHTPOIUPYET 3TY CHTYa-
KAlp=— ::HK 1 IO M, €CNM IPY3 HPEcJONCBacT MOMEHT
:"__:15 Um‘CBwy ) TpeHns, NPOH3BOMHT NEPEKIIDYCHHE pe-
A BEpcopa CTaTOpHOH IielH <O CHYCKa Ha

Puc 14 ®yuxuuonassuas CxeMa xjexrponpusona [TOABEM H paboTa ABUTATENS OCYIHECTRILL-
ercs B pexame TODMOXSHU S

IPOTHBOBKIIOUEHHEM. B pexxnMe TOPMOKEHUS BO3MOXKHO YMEHSIICHAE CKOPOCTH
CIIyCKa IPy3a B CTPEMJICH#C K OCTEHOBKE 3Hexrpoasuratens. s uckmodeHus ocra-
HOBKM 3NEKTPOABHUTATEI CHCTEMA NEPEKMOTRT ABYTaTedb T PEKAMA TPOTHBOBKIIONE-
HUS BHOBDL Ha CUNOBOH coyck [lostemy rpy3 ¢ HeSomsmiol Maccoll 6yAeT omycKarscs
TIONEPEMEHHO TO B CHIOBOM, TO B TOPMO3HOM peiuMax.

Cnocol aBTOMatTHzauuA YCHCINHC HCNbiTas B nabopatopnu. B kagecrse [IK
BCROTH30BAMCE OPOTPaMMAPYeMil MARpokoHTponnep ATmegaBS533.

SAKJQOYEHRE

~ Ha ocHOBaHWE BBINOJHEHHHIX TEOPETHYCCKMX H HNPAKTAYESCKMX MCCHEROBAHHM
peliesa aKIyaibHad 3afaua pa3spaboTkyd METONBK BeIOOpa MOMIHOCTH JMEKTPOABATATE-
Jif A cOo37aHyd CHCTEMbl YHPaBICHUS POCCENbHEIM 3NEKTPONPMBOIOM C Yy HOCHHEI-
MH pPeryiipoBOZHLIMHA XapaKTCPUCTURKAMY I KPAHOBLIX MEXAHH3MOB.
QcHoBHBIe Pe3yIbTATH RUCCEPTAIEOHHON paboTH 3aKMOMatoTed B CHeNVIOMEM

1 PazpaGorada matemarayecKad MOZCAb aCHHXPOHHOIO JICKIPONPHBOI2 € APOC-
cerneM, THPHCTOPaMH ¥ CHCTEMOH YOpaBieHUs B POTOPHOR UelH AUl [IABHOTO Deryv-
POBAHKA FacTOTH! Bpamesnd dexTpogsuraTens. OcoOcHHOCTLIO MOIETH ABAAETCH
YieT Y3MECHEHH TapaMeTpoR JPOcCens NPH H3MEHESHHM CKOPOCTH SHEKTPOARUTATE RS
TIPOEcCOB BKIMIOYSHHS THPHCTODOB HPH HOBOM €n0CO0e peryHpPOBadis CKOPOCTH.

2. Paspabotanc nporpamMuoe obecrieuesye ik pacdeTa NeXTPOMEXaHAHeCKuX
TIPOHECCOB QPOCCCABHOI0 aCHHXPOHEOIC JEKTPOIPUBOAA B CTATHASCKEX U AAHAMHYE-
CKHX PEXHMAX, a TAKOKE JOMyCTHMOH MOMHOCTH KOHKDETHOI'D JEKTPOABHIATENA KaK
AN peryJHPYEMEIX, TaK B HeperyIupyeMEIX IpHBROIOB
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3. llpennoxen cnocod NHOBLILICHAS RONYCTHMON MOIIHOCTH APOCCEABHbBIX Pery-
TUPYEMEBIX JMEKTPOUPHBOLOB, OCHOBAHALIE HA BKIIOYCHHN NOCHCAOBATENBHO C 0OMOT-
KaMyl Jpoccelis SKTHRHBIX CONPOTHRICHUHN

4. Tipennoxensl HOBHIl CTIOCOG B YCTPOHICTBO PerynmMpOBanus CKOPOCTH NPOC-
CEALHOTO ACHHXPOHHOTO MEKTPONPHUBOLA, 0DECHCHHBAIOUHEE NOBLINEHHUE KECTROCTH
MEXaHHUYECKHX XapDAKTEPHCTHK B PacliupCHye AHANA30HA PErynHpOBIHUS CKOPOCTH
(HOBH3HA PELeHH 3aLUMUICHA nareHToM PP Ne2300169)

5 TlpeanoxeH APHHLEG 3BTOMATH3AUUH CHYCKOBBIX OTIEpaldi NOABEMARX Ve-
XAHU3MOB, YYUTHIBAOUME HIVCHCHHE MOMCHTZ TPCHHA B MEAZHU3IME NPH TPOranuy ¢
MeCTa i HPH H3MCHEHHU CKOPOCTH CHYCKa
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