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BBEOEHUE

Ilenbp HacTosiIET0 Yy4eOHOro MocoOUs: B KpaTKoM, 000O0IIeHHON
(opMe U3N0XKUTH BOIMPOCHI TEOPUH U TPAKTUUECKOTO MPUMEHEHUS DJICK-
Tpuueckux Mamud (OM). B HacTositiee Bpemsi OM SBISAIOTCS HEOThEM-
JIEMOM YacThIO BCEX MPOU3BOJICTBEHHBIX M TEXHOJOTMYECKHUX MPOILIEeC-
COB. YIpaBisitoTCsA DM, Kak npaBuiIo, JIEKTPOHHBIMU cpeacTBamu. 11o-
ATOMY JUJISl CTICLIUATIMCTOB MO MPOMBIILICHHON 3JEKTPOHUKE AUCUUTLIN-
HbI «DJIEKTPUYECKHE MAIIUHBD) SABJISETCS OCHOBHOW B YYEOHBIX IJIaHAX
WHKEHEPHOU OATOTOBKH B BY3ax.

OOmupHBIN nepeueHb UMeroUIehcs y4eOHOU aUTepaTypsl no OM
TPYJHO WCIOJb30BATh HJI1 OOYYEHUS WHXKEHEPOB CIEIUaIbHOCTH
210106 (rmpoMmbllIEHHAs 3JIEKTPOHUKA) 1O ABYM NMPUYMHAM: UMEIOIIasi-
Csl IUTEpaTypa NnpeaHa3HayeHa sl CIEeUUAIUCTOB APYroro npodus; B
OnOIMOTEKaX MO MECTY y4eObl CTYACHTOB 3TOW JINTEPATYPbl MOKET BO-
00111€ HE OBITH.

B ToMCKOM rocynapcTBEHHOM YHUBEPCHUTETE CUCTEM YIPaBICHUS
u paanodsiekTpoHuku (TYCYP) aucuumiamHa «IJEKTpUUYECKUE MaIlllu-
HbD» U3Y4YaeTCsa CTYJECHTAMU B 7 CEMECTPE.



NMPOrPAMMA OUCLUMITUHDbI
OJNEKTPUYECKUE MALLUUHbI»

1. OOmue Bompochl JIEKTPUUECKUX MalinH. OCHOBHBIE 3aKOHBI,
ONpEeIETAIONINE TPUHIIUI ICUCTBUS, YCTPOMCTBO U PEXKUM PabOTHI AJIECK-
Tpudyeckux Mamud (OM). [Ipunuun odparumoct OM, ux odIIKEe CBOM-
CTBA U KJacCU(PUKAIUS 110 UCTIOTHEHUIO.

2. DJIEKTpUYECKUE MAIIMHBI MOCTOSSHHOTO TOKA. YCTPOWMCTBO M
npuHun aerctBus. Knaccudukamnus no cnocodam Bo30yxkaeHus. Oc-
HOBHBIE XapAKTEPUCTUKU T€HEPATOPOB HAINPSKEHUS! TOCTOSITHHOTO TOKA!
XOJIOCTOTO XO/a, BHEIIHAS U ApYyrue. MexaHn4ecKkre U CKOPOCTHBIE Xa-
PAKTEPUCTUKHU JABUTATENS MOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30YX-
nenueM (JIIIT HB). BuusHue mnapaMeTpoB  HampsOKEHUW U
CONPOTUBJICHUHN LIENH AKOPs, MOTOKAa BO30YKICHHS HAa MEXaHUUYECKHUE
xapakrepuctukun  JAIIT  HB. OTnuuuTeNnbHble  OCOOCHHOCTH
xapaktepuctuk JIIIT mociaenoBaTenbHOr0 U CMEIIAHHOTO BO30YXKACHUS.
ITyck, TopMO3HBIE pexumbl U peryiaupoBanue ckopoctu IIT HB, ero
IUHAMHUYECKUE  XApAKTEPUCTUKU. EauHCcTBO M paznuuue OM
MOCTOSIHHOTO TOKa B UCITOJIHEHUSIX TEHEPATOPOM U JBUTATEIIEM.

3. Tpexdaznnsie acunxponuble asurarenu (Al). YcrpoiictBo u
OPUHLUIN JIEUCTBUSA, MEXaHUYECKHE, CKOPOCTHBIE U TMHAMUYECKHE Xa-
PaKTEpUCTUKH, BIMSHUE MapameTpoB uemned AJl Ha pexxuMbl padOTHI U
xapakTepucTuku. IlyCk, TOpMO3HbBIE PEXHUMBI, PETYIUPOBAHUE CKOPO-
ctu. [lepexonubie nmporeccol A/l

4. CUHXPOHHBIE JIEKTPOMAIIMHBI. Y CTPOMCTBO, MPUHIUAN JEUCT-
BUSI, MEXaHUYECKHUE XapaKTEPUCTHKHU, MYCK, PETYIUPOBAHUE CKOPOCTH,
00J1aCTH MPUMEHEHUS.

5. Jlpyrue 37eKTpUUEeCKUE MAIIMHbI: CIICIIHA3HAYCHUS, IS CUCTEM
aBTOMATHUKHU U T. J., KPATKUE CBEJCHUS 00 UX UCTOJIHEHUH, CBOMCTBAX U
XapaKTePUCTHUKAX.

6. DnexTpuueckrue MallMHBI B CHUCTEMaxX aBTOMATUYECKOTO PEry-
mupoBaHust (CAP): o0oOmieHHble (YyHKIIMOHAIbHASA W CTPYKTypHas
CXEMbI, IMepeJaTOYHble (PYHKUIHUH, TpPEOOBaHHS K CTAaTUYECKHUM H
JUHAMHYECKUM XapaKTEPUCTHUKaAM B cucteme, ux ooecreuenue B CAP 3a
CYET OOpaTHBIX CBSI3€M M ONEPALMOHHBIX YCUJIMTENEH — pEeryjasTopoB
BBIXOJIHBIX KOOpPJIUHAT.



1 OBLWME 3AKOHbI
ANEKTPUHECKUX MALUUH

B 1821 rony anrnuiickuii yuenslii Makc @apajieid yCTaHOBHII BO3-
MO>XKHOCTh ITPE0OpPa30BaHusl AJIEKTPUUECKON SHEPTUN B MEXAHUYECKYIO U
Ha000poT. OH ke co37an NEepPBYIO Ja0OPATOPHYIO MOENb JIEKTpUYe-
CKOro nasurarens. PoccHUiiCKue HHKEHEpBI-YYEHbIE CO31ad IPOMBIII-
JIeHHbIE 00pa3ibl AekTpoaBuraTeneit nocrossHuoro toka (b.C. Sxodw,
1838 r.) m snexktponBurareneit mepemenHoro toka (M.O. lonmBo-
JloopoBosibckuii, 1890 r.).

B nacTosimee BpeMs snekTpuueckue MamuHbl (OM) n1oBeneHbl 10
BBICOKOTO COBEPILEHCTBA W YPE3BBIYAKHO Pa3HOOOPa3Hbl MO HCIOJIHE-
Huto. OnHako Bce OM UMEIOT OJIMHAKOBBIE (PU3MUECKUE 3aKOHBI U SIBJIC-
HUSI.

LleHTpanbHBIM 3aKOHOM 711 DM SBIIsIeTCS 3aKOH 3JIEKTPOMATHUT-
HOM MHAYKIHUHU, OOBSCHAIOIIMA TPUPOY MpeoOpa3oBaHUs MEXaHUYe-
CKOM SHEPruH B JIEKTPUUYECKYIO M HA000POT. DTOT 3aKOH (OPMYIUPYET
JIBa CBOMCTBA B3aUMOJCHCTBHUS MAarHUTHOTO TOJII U SJIEKTPHUUYECKOTO
IPOBOIHUKA.

1. Ecnu npoBOAHUK MepeMelaTh B MArHUTHOM T0JIe, TO B HEM OY-
JET HAaBOAUTHCS AeKTpoaBkymas cuia (3.J1.C.) mpsMonponopiuo-
HaJIbHO TUIOTHOCTH ToJis (MHAYKIMU B), njivHe mpoBOAHUKA B 1oJie [ U
CKOPOCTH NIEPEMENIEHUS U

E[B] =B [Ta]-v[m/c]-I[m].

2. IIpoBOAHUK C TOKOM, IMOMEIIICHHBII B MarHUTHOE IoJie, OyaeT
BBITAJIKUBATHCA C DJIEKTPOMArHUTHOU CUJIOW, MPSMOIPOIIOPIIMOHATIBHON
UHAYKIMH, TOKY U JJIMHE MPOBOJHUKA B OJIE

Foy [H] =B [Tn]-1[m]-IA].
YKa3aHHbIEC SIBJICHUSA CYIIECTBYIOT OJJHOBPEMEHHO U B3aMMOCBS3a-
HbI. JIeiCTBUTENBHO, B IBUKUMOM JICKTPOMArHUTHOW cuiion F), mpo-
BOJITHUKE C TOKOM 00s3aTesIbHO HaBeaeTcss MarHuTHBIM nosiem DJIC. Ec-

JIM K€ TIPOBOJAHUK MEpEMENIAETCs B MOJIE MEXaHUYeCKo cuiion Fy, pa-

v HaBeneHus (reHepupoBanus) B HeM DJIC, TO mpu 3aMbIKaHUU LIEMU
OPOBOJHHUKA TOABUTCA TOK, KOTOPBIA B MarHUTHOM I0Ji€ OOYCJIOBHUT
AIEKTPOMATHUTHYIO CUITY, MPEMSATCTBYIOUIYIO IBUKEHHIO.



He umeer 3HaueHUsA, 4TO NMEPEMEIIAECTCS — MArHUTHOE IOJIE WIH
OPOBOJHUKHN, BaXKHO HMMETh OTHOCUTENBbHOE mepemenieHue. OTcrona
MHOT000pa3rue KOHCTPYKTUBHBIX UCTIOJIHEHH DOM.

Ha puc. 1.1, a ctranqmoHapHBIM SBIIAETCS MAarHUTHOE MOJIE TIOJIFOCOB
N — §, BHYTpH 3TOr0 MOJIsI BPAIIalOTCA NPOBOJAHUKHU B Ma3ax Bpallaro-
Ierocsi UWIMHAPA-POTOpA. Tak BBIMOJHSIOTCS MAIIMHBI MOCTOSHHOTO
toka. Ha puc. 1.1, 6 ctaunoHapHo 3aKpernseHbl TPOBOJIHUKHA OOMOTOK
CTaTopa U €CJIM OTHOCUTEIbHO HUX BpalllaTb MarHUTHOE IIOJE, CO3J]a-
BaeMoe mnojrocamu N — .S poropa, TO B 3TUX OOMOTKax MHAYLHPYET-
Ci CUHYCOMJAJIbHOE HampsbkeHue. [lomydnm reHepatop NEpEMEHHOrO
HaIpPsHKCHUS.

MOXHO COEIMHUThH CTATOPHBIE OOMOTKH B MHOTO()a3HYIO CUCTEMY,
HarpuMep — B Tpexdas3Hylo, Kak nokaszaHo Ha puc. 1.1, B. 3nech umeer-
csi 3 0OMOTKH, CABMHYTBIE B IPOCTPAHCTBE MO OKPYKHOCTU CTAaTtopa Ha
120°, cm. ux Havana 4, B, C u KOHLBI X, ), z. B 3Tux oOMOTKax Bpa-
maromuecss nomoca N — S OyAyT co3aaBaTh OJIMHAKOBBIE CHHYCOM-
nanenbie DJIC, cnBunyThie Ha 120°, mpuuem BekTopa 3tux I/C Bpa-
IAI0TCSl CHHXPOHHO (OAMHAKOBO) C TI0JIEM POTOpA.

Ecnu B anekTpomaliunae Ha puc. 1.1, B Ha Kax1yr0 U3 0OMOTOK CTa-
TOpa NMOJAaTh CUHYCOUAAJIbHBIE HANIPSKEHUA, CABUHYTHIE Ha 120°, To Oy-
JET CO3/1aHO BPAILAIOIIEECS C YIIIOBOM CKOPOCThIO 277f MAarHUTHOE MOJIE
CTaTOpa, OHO YBJIEYET 3a cOOOM MmocTosiHHOE nojie N — § poropa u M
CTAHET CHHXPOHHBIM (POTOp BpAIIa€TCsi CHHXPOHHO C IOJIEM CTAaTOpa)
JIBUTATEIIEM.

[IIupoxko pacmpocTpaHeHbl acHHXpOHHBIE OM Ha puc. 1.1, r. Y Hux
HET MOCTOSHHOTO MATHUTHOT'O NMOTOKA, HET SIBHO BBIPAYKEHHBIX MOJIIOCOB.
da3Hble CUHYCOUJAIbHbIE HANPSKEHUSI OOMOTOK cTaTopa TpaHchopMu-
pPYIOTCA B OOMOTKH POTOpa W, €CIU 1€Nb POTOPHBIX OOMOTOK 3aMKHYTa,
TO B HUX MPOTEKAET TOK, 00ECTICYMBAIOIINN KPYTAIIUA MOMEHT. Potop
(Bpalaromascs 4acTb MarHUTHOW CHCTEMbI) PACKpPYYMBAETCS, HO €ro
CKOPOCTb HE€ JIOCTUTaeT CKOPOCTH BPALICHHUS IOJS CTATOPA, MHAYE HE
Oynetr TpaHcopmaluy HaNPsHKEHUs B OOMOTKH pOTOpPa, UCUE3HET TOK U
KpyTsmas cuia (MOMEHT). [IoCKOIbKY pPOTOp BpaIllA€TCsl ACUHXPOHHO
(HE OJAMHAKOBO) C IOJEM CTATOpa, MAIIMHY HAa3bIBAIOT ACHMHXPOHHOI.
Ecmu porop Takoii DM moOAKpy4YMBAETCS BHEIIHHUMHU CHIIAMH JI0 CKOPO-
CTU OOJIbIIEH, YEM CKOPOCTh MAarHUTHOTO MOJSl CTaTOpa, TO ACUHXPOH-
HOCTh BpAILICHUN COXPAHSETCS, HO TOK B POTOPE U CTATOPE MEHSIET CBOE
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HAIIPaBJICHUE;, W3JIUIIKK MEXaHUYECKONM SHEpPruu, TIPEBPAIICHHOW B
AJIEKTPUUYECKYIO, TEHEPUPYIOTCS B MUTAIONIYIO CE€Th. ACMHXpOHHas OM
U3 JIBUTATEJILHOTO peKUMa pabOThI MEPEXOJIUT B T€HEPATOPHBIIA.

N3noxeHHble PUHIMIBI UICTIOJIHEHUST DM IeMOCTpUPYIOTCS TIPO-
CTEUIIMMHU PUCYHKaMU. PeabHble KOHCTPYKIIUU BBITVISIAST 3HAUUTEIHHO
CJIO’KHEE: YMCJIO Ma30B ¢ OOMOTKaAMHU JIOCTUTA€T HECKOJBKHUX JIECATKOB,
YBEJIMYMUBAETCS] YUCIIO Tap MOMOCoB N — §, moirykoibla Ha puc. 1.1, a
OpEeBpaIIaloTCs B KOJUIEKTOP M3 MHOKECTBA IUIACTHH M0 Mape Ha Kax-
IYI0 CEKIIMI0 OOMOTKM SIKOps (3TO JENIaeT MyJbCallMUd BBIXOJHOIO Ha-
NPSDKEHUS Ha MIETKaX He3aMETHBIMM) U T.JI.

VY CTpoilCTBO, MPUHLIMI JEUCTBUS, PEKUMBI PAaOOTHl U OCHOBHBIE
XapaKTEPUCTUKU OCHOBHBIX THUHOMCIOIHEHUM OM Oynyt Oonee moj-
pPOOHO PAacCMOTPEHBI B MOCIEAYIOIIUX pa3jenax. BeiienuM moka Jdiib
o0s13aTeNbHbIC 1S JTF0O0HM 3JIEKTPUYECKON MAIIMHbI TTOKA3aTeu.

1. Hanuuue 31eKTponpoBoOdIeld cpelibl (TPOBOAHUKOB OOMOTOK)
Y MarHUTHOTO MOJS, UMEIOIIMX BO3MOXKHOCTh B3aUMHOT'O (OTHOCUTENb-
HOTO) TIepEeMEICHUS.

2. Ilpu pabore DM Kak B peXUME T'€HepaTropa, TaKk U B PEKUME
JBUTATENsI HAOMIOJIAeTCsl 00Ho8pemenno: nuaynmpoBanue J/[C B npo-
BOJHUKE, MEPECEKAIONEM MarHUTHOE MO0JIe, U BO3HUKHOBEHHE CHIIBI,
JEHCTBYIONIEH HAa MPOBOJHUK B MATHUTHOM TOJI€, TIPU MPOTEKAHUU IO
HEMY TOKa.

3. B3aumHoe mnpeoOpa3oBaHHE MEXAaHUYECKOW M DJICKTPUYECKOU
SHEPIUil B AJEKTPUUYECKONW MAIIMHE MOXKET MPOUCXOAUTH B JIFOOOM Ha-
paBJEHUU, TO €CTh OJIHA U Ta k€ DM MOXKET ObITh KaK F€HEpPaTOpOM,
TaK Y JIBUTATEJIEM. DTO CBOMCTBO DM Ha3bIBAIOT 0OPAMUMOCHIbIO.

4. KOHCTPYKTUBHO OOJIBIIMHCTBO JIEKTPUUECKUX MAIIUH TTOCTPOEHO
Ha MPUHLMIIE BPAILIATENIbHOTO ABMXKEHHSI UX MOJBUKHOW YaCTH — POTOPa,
AKOPSL.



2 ANNIEKTPUYECKUE MALLUUHBI MOCTOAHHOIO TOKA
2.1 YCTpOMUCTBO M NpUHLMUN AeUCTBUA

B ynpomeHHOM BapuaHTe YCTPOWCTBO JJIEKTPUYECKOM MAIUHBI
noctosinHoro Toka (OM IIT) moka3zano Ha puc. 2.1. CrarmonapHuyto (He-
noABwxkHY) yactb OM IIT coctapisitotr ctatop (C) ¢ 3akpenieHHbBIMU
Ha HEM MarHUTHHIMU noarocaMu (MII), ouH U3 KOTOPBIX ceBEpHBIH (V)
U Ipyroil — 10xHbId (). [Tap MarHUTHBIX MOIOCOB N — § MOXKET OBITh
HeckoJbko (1, 2, 3 .. . n B 3aBUCUMOCTH OT Pa3MEPOB U MOITHOCTH Ma-
IIMHBI), HA PUCYHKE MOKa3aHa oAHa napa. CTaTop U MarHUTHBIE TOJIIOCA
BBITIOJIHAIOTCS U3 (PEPPOMATHUTHOTO MaTepuasa ¢ BHICOKOM MarHUTHOMN
NPOHUIIAEMOCTBI0, TO €CTh — MAaJIbIM CONPOTHUBJICHUEM MArHUTHOMY
NOTOKY (HE FOAMTCS YyT'yH, aJIIOMUHUM, OpOH3a U JIpyrue Hedeppomar-
HUTHBIE MaTepualibl). MarHUTHBIE MOJIFOCA MOTYT OBITh BBIIIOJIHEHBI U3
CIEUHUAILHOIO MArHUTHOTO MaTepuana ¢ COOCTBEHHbIM MarHUTHBIM I10-
JIEM, HO 3TO I0pPOro u 6e3 obecreueHus peryJupoBaHusl MAarHUTHOTO T10-
ToKa. [IoCTOSTHHBIE MATHUTBI UCIIOJIB3YIOTCA B CIIEIIMAIIMHAX MAJIOH (10
HeCKOJbKUX KBT) MomHocTu. B 6oabmmacTBe DM IIT MarHuTHBIN 10-
TOK CO3JIa€TCsl aMIlEpBUTKaMU OOMOTKU B030yxaeHus (OB), pacmoio-
xeHHou Ha MII; perynmupoBanue Toka OB MO3BOJAET U3MEHATH MOTOK
OM mi1aBHO B CTOPOHY €T0 YMEHBIIEHUS.

Hpyras gyacte marauTHOM cuctembl OM IIT sBisieTcss moaBHKHOM,
Bpainaoleicsa. Beinonnserca oHa Toxe u3 GeppoMarHiTHOrO Marepuasia
M KpemuTCd Ha Bajly MallMHbL. B oTiiMume OT craropa, Bpallaromascs
4acTh MarHUTOMPOBO/IA BCEr/ia COOMpAETCs (IIUXTYETCs) U3 TUIACTUH TOJI-
nHoM 0,35+0,5 MM, MOKPBITBIX U30SIIUOHHBIM JIAKOM. JTO YBEJITUYUBACT
COIPOTUBJIICHUE BUXPEBBIM TOKaM, BO3SHHUKAIOIIUM B TOJBHUKHOM MarHH-
TOINPOBOJIC TIPHU NepecedeHrr MarHuTHOro nojst OM. IloaBuxHyIO 4YacTb
MarHuTHOM cuctembl DM Ha3zbIBatoT Axopem (cM. A Ha puc. 2.1). IToBepx-
HOCTH SIKOPSL 1 MarHUTHBIX MOJIFOCOB Pa3JIENeHbl BO3AYUIHBIM 3a30pOM
(HECKOJIbKO MUJUIUMETPOB), UYTOOBI HE ObUIO MEXAaHMYECKOTO COMPHUKOC
HOBEHMSI TIPU BpallleHUU sIKops. Ha NMOBEPXHOCTH AKOpS BBIMOIHSIOTCS
nasbl (IT51), B KOTOpBIE 3aKiIa/IbIBAIOTCSl MPOBOJHUKK 0OMOTKH. Ilape ma-
30B COOTBETCTBYET OJHA CEKIIMSI OOMOTKH SIKOpS, Ha4ajio M KOHEI 3TOH
CEKIIMH BBIBOJATCS HA TJIACTUHBI KOJUIEKTOpa K (3T MIIACTUHBI U30JIUPO-
BaHbl MEXJy cO0OM M OT Baja MamuHbl). [Ipu BpaieHun oOMOTKH
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SAKOPS B MArHUTHOM TIOJIE B KaXJOM CEKLIMH HABOJUTCS CUHYCOMIAJIbHAS
anektpoaBuxkyias cuia (3J1C), koTopasi cHUMaeTcs ¢ miactTud K depes
KOHTaKTHbIC IETKH (puc. 2.2). KoiekTop sSBIsSeTCs] MEXaHUYECKUM BbI-
npsmureneM nepemeHnor J/C sxops. Uem Oomblie cekuuii 0OMOTKH U
IJJACTHH KOJUIEKTOPA, TEM MEHbUIE IyJIbCALWN BBIIPSIMIICHHOTO Hamps-
xeHua. Takum oOpa3oM, 0OMOTKa SIKOpsi, BpamjaeMas B IOCTOSSHHOM
MAarHUTHOM TM0JI€ BHEUIHUMU MEXAaHWYECKUMH CUJIaMU (MapoBasl WIU
TUAPOTYpOUHBI, JABUTATEb BHYTPEHHETO CrOpaHUs, BETPOJBUIATEIb,
AIEKTPOJBUTATENb WIM JPYTHE BPALIAIONIME IMPUYUHBI, HAIPUMED, OT
KMHETUYECKUX U TOTEHIIMAIBHBIX YHEPTU ) MPEBPAIIACT MEXaHUYECKYIO
DHEPIUI0 B JJIEKTPUYECKYIO C HANPSKEHHEM ITOCTOSHHOTO TOKa. OM
CTaHOBUTCS T€HEPATOPOM HANPSDKEHUS, a MPU 3aMKHYTOM HAa HArpy3Ky
LEMH IETOK — IeHEPATOPOM DIJIEKTPUUECKON MOIITHOCTH.

Ecnam depe3 MIETKM U KOJJIEKTOP K OOMOTKE SKOpPS MOJIBECTH Ha-
NPSIKEHHUE TTOCTOSIHHOTO TOKA, TO B 3TOM 0OOMOTKE OyAeT MpOoTeKaTh TOK
U TI0 3aKOHY DJIEKTPOMATHUTHOM MHAYKIMU «ITPOBOJHHUKH C TOKOM, ITO-
MEIICHHBIE B MArHUTHOE II0JI€, BBITAIKMUBAIOTCS C ONPEACICHHON DJIEK-
TPOMAarHUTHOM CUJIOW» SKOPb OYJET BpallaThCs C KPYTSIIUM MOMEHTOM,
PaBHBIM MPOU3BEACHUIO 3TOW CHJIBI HA PAINYC OT €€ BOZHHUKHOBEHHUS 10
OCH BpalleHusi. DM CTaHOBUTCS 3JEKTPOJBHUIATEIEM, MTPEBPAIIAIOIINM
AIEKTPUYECKYIO YJHEPTUIO B MEXaHUUYECKYIO.

CBoiicTBa reHepaTopa W ABUrateis B 000 OM mpHCYTCTBYIOT
OIHOBPEMEHHO. Bcerga B NpOBOJHMKAX MPOTEKAET TOK, CO3JAIOLINI
AIEKTPOMArHUTHYIO CHIIY JBHMOXKEHHS (JBUTaTellb) WJIM CONPOTHUBIICHUS
(renepatop). Bcerna Bo Bpaiaromuxcsi B MarHUTHOM IT0JI€ MPOBOJIHU-
Kax 00OMOTKHU sikopst HaBoauTcst DJIC, KkoTopas onpeaensieT BEIUYuHy U
HarpasJieHue 3ekTpoMarauTHo cuibl. Ecnu 3/IC axopst Gosibliie Ha-
npsikeHus (MOTeHIMasa) Ha MIEeTKaX, AIEKTpOMAaIInHa SIBJIAETCS reHepa-
TOPOM, €CJIM HA00OPOT, TO JBUTATEIIEM.

BBuay Hanuuusi AByX XapakTepHbIX pekUMOB padoTel OM IIT —
T€HEPATOPHOTO M JIBUTATEIBHOIO, CIECAYET pa3jvuyaTh W JBa NPUHLHINA
UX pabOTBHI.

Ilpunyun pabomut 31exkmpozenepamopa HANPAIHCeHUA
HOCMOAHHO20 MOKA

B oOMoTKe sikOps, BpaliaeMoil B TMOCTOSIHHOM MAarHUTHOM IIOJIE
BHEIIIHUMU CHJIaMH, HaBoguTca J/[C, nponopiyoHaabHasi CKOPOCTH Bpa-
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IICHMSI, MTHAYKIIMA MarHATHOTO TIOJISl M JJTMHE MPOBOJHUKOB siIKopsi. Hape-
nerHast IJ1C cHUMaeTcs MIETKaMU C KOJIJIEKTOpa (MEXaHUYECKOTO BBINPSI-
MUTEJS) U TOABOUTCS K MOTPEOUTENIO JIEKTPOIHEPruM (Harpyske). Pas-
HUIAa MeX Ty reHepupyemoit DJ1C u HanpsokeHUeM Harpys3Ku, JejIeHHas Ha
COIIPOTHUBIICHUE SJICKTPHUUECKOH IEH, ONpeAeisieT TOK reHepaTopa. Pery-
mupys DJIC, nanmpumMep — 4epe3 MOTOK 3a CYET TOKa OOMOTKUA  BO30YK-
JCHHS, MOXKHO PETryJIMpOBaTh OTIABAEMYIO DJICKTPOIHEPTHIO.

Ecmn mo kakmm-nmubo npuumHam OJ[C MammHBI  OKa3bIBaeTCS
MEHBIIIC HAIPSDKCHUS HArpy3KH, TO TOK SKOPS MEHSICT HamlpaBjICHUE U
AJIICKTPOTCHEPATOP MEPEXOJUT B JIBUTATCIIBHBIA PEKUM PaOOTHI, TTOMO-
ras MeXaHW4YeCKUM CHjIaM BpalaTh Ball.

Ilpunyun deiicmeus Inekmpoosuzamensn NOCMOAHHO20 MOKA

K 00MOTKE AKOpsi yepe3 IMIETKHM U KOJUIEKTOpP MOABOAMTCS HAMps-
KEHHUE MOCTOSTHHOTO TOKA, YTO 00ECMEeUUBAET MPOTEKAHNE B MPOBOIHU-
KaX 3TOM OOMOTKH 3JIEKTpUYECKOro Toka. [Ipy Haamymm MarHuTHOTO
NOJISI TOK OOMOTKH SIKOPSI CO3/1a€T 3JIEKTPOMATrHUTHYIO CUITY U KPYTSIIUI
MOMEHT, Bpalllarolui SsKopb. Bo Bpaiaromnieiicss B MarHuTHOM 10Jie 00-
MOTKe sikopa HaBoguTcsa DJ]C oOpaTHOW MONSIPHOCTH MPUIOKEHHOMY
HanpspkeHuo. Jta DJ1C ABnseTcss BHyTPEHHUM PETYISTOPOM TOKA JBU-
raTensl U KPYTAILIETO0 MOMEHTA, KOTOPbIE B YCTAHOBUBILEMCS PEXKUME
OynyT He OoJsiee, ueM TpeOyeTcs JJIsl YpPaBHOBEIIMBAHUS MEXaHUUECKOIO
MOMEHTA COITPOTUBIICHUS Ha Baiy. Perynupys HanpsbkeHHE Ha MIETKax
AKOPS, UM MarHATHBIM TIOTOK, MOXHO PETYJIUPOBATH CKOPOCTh U OTHA-
BaeMyl0 MOIIHOCTh ABuratens. Ecam mo kakum-nmu6o npuunHam 2J[C
AKOPSI CTAHOBUTCS OOJIBIIE MPUIIOKEHHOTO K HEMY HANPSIAKEHUs, TO JBU-
raTellb NEPEeXOAUT B PEKUM reHepaTopa U TOK B 0OOMOTKAX SAKOPSI MEHSIET
HaIlpaBJICHUE, CO3/1aBasi TOPMO3SIIHAIN MOMEHT HA Bajly BPaIlCHHUS.

2.2 Knaccudukauma 3M NT no cnocobam Bo36yKaeHUA

DNEeKTpUYECKUE MAIIMHBI MOCTOSIHHOTO TOKA HMMEIOT HECKOJIBKO
KpUTEpUeEB Kiaccupukanuu, o0s13aTeIbHbIA U3 KOTOPBIX — CIOCO0 CO3-
JaHWs MarHUTHOTO MOTOKAa. B 3aBUCMMOCTHM OT HMCHOJIHEHHS OOMOTOK
BO30YX/I€HUS, CO3JAIOIINX MAarHUTHBIN MOTOK 3JEKTPOMAIIUHBI, U CXEM
BKJIFOUEHUSI 3TUX OOMOTOK MO OTHOILLIEHUIO K OOMOTKE SIKOpS pa3inyaror
OMIIT ne3aBucuMOro — puc. 2.3, a, napauieabHOTro (IITYHTOBOTO) —
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Pue.2.3. Cnocober  bozbysrcgerua 4AT

Cropoemreate  xaparmepvemury cw=P(r):
1- gna  cocem a,o,6.
2- g4 cxemsr 2.

3-gua cxemer 0.
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puc. 2.3, B, IOCIEA0BATEIBHOTO (CEpUECHOI0) — pUC. 2.3, T U CMEIIaH-
HOTO — puc. 2.3, 1 Bo30yxaeHus. YacTHBIM cllydyaeM HE3aBHCUMOIO
BO30Y’KJICHUS SIBJIIFOTCS 3JIEKTPOMAIIMHBI ¢ TIOCTOSSHHBIMA MarHuTaMu —
puc. 2.3, 0.

OOMOTKH BO30YXJ€HUS, BKIFOUAEMbIe HE3aBUCHUMO OT LM SIKOPS
WU TIApAJJIETbHO K UCTOYHUKY MUTAHUS SKOPSI, pACCUMTAHbl Ha Majbie
TOKM W TIOBBIIICHHBIC HAINPSIKCHUS, UMEIOT OOJBIIOE YHCIO BUTKOB,
00JbIII0E BHYTPEHHEE OMUYECKOE COMPOTHUBJICHUE U MOBBIINIEHHYIO WH-
OYKTUBHOCTb. OOMOTKHM BO30YKJACHUS, BKJIIOYAEMBbIE MOCIEI0BATEIBLHO
C LIETIbI0 OOMOTKH SIKOPSI, pACCUUTHIBAIOTCS HA OOJIBIIIME TOKH, JTOJKHBI
UMETh HE3HAUMUTEIbHbIC 3HAYEHUS OMHUYECKOIO CONPOTUBIICHUS U WMH-
TYKTUBHOCTU. PaznuyHbie CrOCOOBI CO3JjaHMS MarHUTHOTO TOTOKa CY-
IIECTBEHHO BJIMSIOT Ha (PYHKIIMOHAIBHYIO CBSI3b MEXKIY CKOPOCTHIO
BpaIleHUs @ , TOKOM SKOps [ ¥ KPYTSIIUM MOMEHTOM M 3JIeKTpOIBUTA-
Tejel mocTosHHoro Toka (puc. 2.3, ¢). Ilpu Hanuuuum OOMOTKH TO-
CJIEIOBATENIBHOTO BO30YKJIECHHSI MOMEHT JBHUIraTelisi MPONOpPLUUOHATIECH
KBaJpaTy TOKA SIKOPS U BO3MOXHO OOECIEeYEeHUE IMOCTOSHCTBA MOIIHO-
CTH Ha Bally aABurarens: P = - M = const. DTO BaXHO, HAIpUMEP, IJIs
MEXaHU3MOB MOJIbEMA TPY30B U 00paOOTKH MeTaLIOB pe3anuem. OnHa-
KO TIOCJIEOBATEIbHOE BO30YXKJICHUE MNPUBOAUT K HEIMHEWHON CBSI3U
MEXJy MOMEHTOM M CKOPOCTBIO JBMIaTelisl, YTO JIJII MHOTHX JJIEKTPO-
MEXaHUYECKUX CUCTEM HempuemiieMo. HezaBucumoe uiu napauiebHOe
BO30YXKJIeHHE 00€CIeYMBAET BBICOKYIO JIMHEHHOCTh MEXaHUYECKUX Xa-
paktepucTuk. B nanHoM yueOHOM nmocobuu OyayT paccMoTpensl OM IIT
TOJIBKO C He3a8ucumvim BO30YKICHUEM.

2.3 OCHOBHbIE XapaKTepPUCTUKU reHepaTopoOB HanNpsiXKeHUsA

[TpyHIMNIMATBHAS CXE€Ma IeHepaTopa HE3aBUCHUMOTO BO30YKIACHUS
nokaszaHa Ha puc. 2.4, a. [loTeHIIMOMETp, BKIIOYEHHBIN B LIEMb BO30YXK-
JCHHMSI, TaeT BO3MOXKHOCTh perysimpoBath Hampsbkenue U, u Tok [, 00-
MOTKH BO30yxaeHus1 OB, a ciie1oBaTebHO, OCHOBHOM MAarHUTHBIM MOTOK
MamuHbl . [IoTEeHIIMOMETP MUTAETCS OT HE3aBUCHUMOI'O MCTOYHUKA Ha-
MNPSHKEHUSI TIOCTOSIHHOTO TOKA: aKKyMYJISITOPa, BBIIPSMUTENS WU JIPYTo-
ro re’Heparopa IMOCTOSHHOTO Toka. llepemenieHue ABUXKKa IMOTEHIMO-
METpa OTHOCUTEIIBHO CPEAHEW TOYKHU MO3BOJISICT IIABHO PETYJUPOBATH
TOK BO30Y)XJCHHS OT HYJIEBOIO 3HAYCHUS U M3MEHSET €ro MOJISIPHOCTb,
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Pue. 2.4
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oOecreunBas MJIaBHOE PETYJIMPOBAHUE BBIXOJHOTO HAMPSHKEHUS C U3Me-
HEHUWEM 3Haka. ['eHepupoBaHME >HEPruyM BO3MOKHO JIMIIbL IPU Bpa-
HIAIOLIEMCS IKOPE MAIWHbI, IPUYEM CKOPOCTh 3Ta JOJKHA ObITh HOMU-
HaJIbHOM IO MacnopTy W MOCTOSTHHOM. Eciu ecTh mpoOsaeMbl ¢ He3aBH-
CUMBIMU MCTOYHHUKAMU SHEPTUU ISl LEeNH BO30YXIEHUS, TO OOMOTKY
BO30YXX/I€HUSI C PETYJIUPYIOUIMM PEOCTATOM MOAKIIOYAIOT MapaieIbHO
akopro re”eparopa. [Ipu sTom obOecrneunBaeTcs MpPoOLECC CAMOBO30YK-
J€HMS 32 CUET OCTAaTOYHOI'O MarHUTHOrO 1mojs (2+3% OT moJIHOTO MOTO-
Ka), HO HEeJb3sl OyJeT 00ecrneunBaTh PEryJIupOBaHUE BBIXOJHOTO HaIpsi-
KEHUS OT HYJS U U3MEHATH €ro MOJAPHOCTh 0€3 MEePEKII0YEHUs BXO/I-
HBIX [IPOBOJIOB SIKOPSI.

Ha npakTtuke reneparopsl HamnpsikeHus noctosHHoro toka (I'TIH)
yalie BCEro MPUMEHSIOTCS KakK MpeoOpa3oBaTeId HANPSHKEHUS Iepe-
MEHHOI'O TOKa B MOCTOSAHHOE. [IpUBOAMMBIMU ABUTATENSIMU 31ECH CIIy-
AT aCMHXPOHHbBIC MJIM CUHXPOHHBIC AJIEKTPOMAIINHBI, UMEIOUIUE CTa-
OWJIBHYIO CKOpPOCTb, HE 3aBUCSIIYIO OT MUTAIOUIETO NEPEMEHHOIO Ha-
npsixeHusa. Harpy3koil Takux TeHEpaTOpOB SBIISIIOTCS DJIEKTPOXUMHUYE-
CKHE YCTAHOBKHU (TaJIbBAHOMOKPBITHS, JIEKTPOJIU3, 3apsiKa aKKyMyJis-
TOPOB), CBAPOYHBIEC arperaThbl U JBUTaTEIN MOCTOSIHHOTO TOKA.

Baxupimu cratnyeckumu xapaxkrepuctukamu ['TIH sBasroresa xa-
PaKTEpUCTHKA XOJOCTOr0 XoAa M BHelHsAss. O0e OHU CHUMAIOTCS OMBIT-
HO Y IPUOJIMKEHHO MOTYT OBITh TOCTPOEHBI PACUETHO.

Xapakmepucmuka xo010cmozo xooa

OTta xapakTepucTtuka orpaxaer 3aBUCUMOCTh JJIC saxops I'TIH ot
TOKA WM HamnpspKeHUsT OOMOTKM Bo30yxkaeHus (puc. 2.4, 0). Ecmu
IPU  BpAIIAOLIEMCS C HOMUHAJIBHON CKOpocThro sikope I'TIH mmaBHO
yBeJIM4MBaTh HarpsokeHne Ha OB u 3aMepsiTh BBIXOJHOE HAIPSIKECHUE
IIETOK IPU OTKJIKOYEHHOW HAarpys3ke, TO IOJy4YHMM XapaKTEPUCTHKY Ha
puc. 2.4, 6. B 1ieioM oHa HelMHEHHAas, UMEET MeTJIeo0pa3Hblii BUJ, UYTO
OOBSICHICTCSI CBOMCTBAMH KPHUBOW HaMarHWYMBaHUS MarHUTOIPOBOIA
I'TIH. Cravana 3/IC nHapactaeT npsMONPONOPIUOHAIBHO HAMPSKEHUIO
ooMoTku Bo3Oyxnaenus U, (toky I,), 3aT€M MarHMTOIIPOBOJI HACHI-
maercs. [Ipu ymensmennn U, 1o vyns u 1o —U ,,, .., IC Oyner u3me-
HATHCS 1O HUCXOAsAIEH BeTBU 2. OOpaTHOE U3MEHEHNE HAMPSIKECHUS Ha
OBor -U,,,, no +U,, . 1aCT BOCXOSAIIYIO BETBb 3. 3HAUCHUE \U mak‘
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COOTBETCTBYET ‘EMK‘ =12F,. Hanuuue DJIC npu U, =0 oObsicHsIETCS
OPUCYTCTBUEM OCTATOYHOIO MAarHUTHOIO IOTOKA, 4 MPUCYTCTBUE ABYX
BETBEU KpUBOU E = (p(U 6) Y IUIOIIAJIb €€ METIM — IOTEPsAMU Ha recre-

pe3uc. O6suHo £ ., coctaBiget 2+3% ot HomuHanbHOU DJIC E, u

MIMPUHON TETIM MOXKHO MpeHeOpeub, BBEIS AJIA MPAKTHUECKOTO MOJIb-
30BaHUs yCpEeNHEHHYIO0 KpuBylo 4. HomunanbHbie 3HaueHusa J/C u Ha-
npsiKEHUs BO30YXKAEHUS TeHepaTopa HAXOAATCs B Ipeeax JUHEUHOro
ydacTka KpuBoM 4. OTHOLIEHHUE 3TUX BEIMYMUH Omnpeaenser Kordhdpuuu-
eHT nepenaun (ycuienus) I'TIH mo Hanpsixenuro

KMH = UH .
6H
[IpubnmxeHHy0 xapakTepuctuky 4 Ha puc. 2.4, B, Ha3bIBaIOT Xa-
PaKTEPUCTUKON X0JI0cTOro Xoja (cokpamieHHo XXX). Ee MoxHO mipei-
CTaBUTh YPAaBHEHUEM MPSIMOU JINHUU
E=K, U, wm E=K,R,-i,. (2.1)
Xonoctoit xon I'TIH nmoapazymeBaer pexumMm pabOThI, KOTJia LEMb
AKOPSA PA30MKHYTA, HET TOKA Harpy3KH.

Bunewnue xapakxmepucmuxu I'l'H

BHenHss xapakTepuCcTUKA MpeACTaBiIseT co00il 3aBUCUMOCTh Ha-
IOpSIKEHUS Ha BBIXOJIE (HA IIETKaxX SKOps) reHepaTropa OT TOKa Harpy3Ku:

U=f (I ) [Ipy cHATHM AAHHBIX JJISI TOCTPOEHUS 3TOW XapAKTEPUCTUKH
AKOPh T€HEpaTOpa BPAIIAIOT C MOCTOSSHHOW HOMWHAJIBHOW CKOPOCTBHIO,
TOK BO30YXIeHUsS [, TOIep)KUBAIOT HEU3MEHHBIM, TOK HArpys3ku /[
u3MeHs 0T oT 0 10 2/, (a1Ba HOMUHAJILHBIX 3HAYCHUS) C TIOMOIIBIO PEO-
crata R, Ha puc. 2.4, a unu 3a cuer nporuBo J/C. BeixogHoe Hampsi-
xeHne U U3MepstoT 1o BOJITMETPY VI, TOK Harpy3ku [ — aMIiepmer-

pom A/. Beerna U < E, Tak KaK €CTh MOTEPH HANPSHKEHUS HA COMPOTHUB-
JICHUM B 1IeTTM OOMOTOK sIKOpsi R, :

U=E-R_I. (2.2)

B uenom, eciiu nmpeHeOpedb UCKaXEHUEM MTOTOKA TOKOM Harpys3kH,

BHEIIHsS xapakTtepuctuka (BH) siBinsieTcs nmpsiMoil TUHUEH 1O BhIpaXke-

HUo (2.2), npoxoasiiel He yepe3 Hayaino koopauHat U, [ — puc. 2.4, B.

[TockonbKky KaxxaoMy 3HaueHuo I, = const coorBercTBYyeT cBosi BH, TO
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UMEETCS MHOXKECTBO ATUX XapaKTEPUCTUK, TPOXOJAT OHU MapaJIICIbHO.
Haknon BH k ocu abcmucc (’K€CTKOCTh) OLIEHMBAETCS HOMHHAJIbLHBIM
M3MEHEHHUEM HaMpsKEHUsI TeHEpaTopa MpHu cOpOCe HArPy3KU:

AU ~-100%,

HoOM
0

Jlis TeHepaTropa HE3aBHUCHMMOro Bo3Oyxkuenus npu [, =1, umeeM
AU, =5+10% ot Uy =E,,.

C yMmeHbIIIEHHEM TOKa BO30YKJEHHSI OTHOCUTEIbHBIE MOTEPU Ha-
npsiKeHus Bo3pactatoT. [IpuMeHeHneM oTpuiaTeabHONM 0OpaTHOM CBA3U
[0 HAIPSDKEHUIO MOYKHO MCKJIIOYHATH BHYTPEHHUE MOTEPU HANPSHKEHUS
reHepaTopa U BHEIIHUE XapaKTEPUCTUKUA OyAyT rOpU30HTAIbHBIMU, a0-
COJIFOTHO KECTKUMMU.

Ilepeoamounan ¢pynkyua I'ITH

B cucremax aBromMaTnueckoro peryiaupoBaHus Hamnpspkenus ['TIH
NPEJCTABIISIOT 3BEHOM C (PYHKIIMOHAJIBHOW CBS3bI0 (HE€peaaTOYHOM
dynkuueit) mexay BbixogHor DJ{C u BXOAHBIM HANPsHKEHUEM BO30YXK-
nenuns U

dl
Ug'KuH:Ea U6:]6.R8+L3 d; :[8R6(1+Tg°p),

rne R,, L, — aKTUBHOE CONPOTHUBJICHHUE W WHIYKTUBHOCTH OOMOTKHU
BO30YX/ICHHUS;
L@
T, = — — nocrosinHas BpemeHu OB;
R

6
p — oneparop Jlannaca.

W (p)
UG KMH E
— — — —
1+7,-p
a) 6)

Puc. 2.5
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[lepenaTounas (yHKIMS UMEET BUA
_E__ UK, _ K, 23)
Py, Ug-(l+T6-p) 1+T,-p’ '

Urak, I'TTH npencrasiser coboi anepuonueckoe 3BeHO MEPBOTo
nopsaaka ¢ koddduimenToMm nepeaaun K, ¥ 1ocTossHHON Bpemenu T, .
Ecnu k oOMOTKe BO30YXJIEHUSI MPUIOXKUTHL CKAaYKOM (CTYIIEHYaTO) Ha-
npsixenue U, To BbhixomHas JJC Oyaer HapacTtaTh MO 3KCIOHEHTE,

JIOCTUTHYB yCTaHOBUBLIErocs 3Hauenuns £, ., =U,-K, 3a Bpems

nepexoAHoro mpoiiecca f,,,, npuMepHo pasuoe 571, (puc. 2.7, 0). @op-
myna s [T

t

E=E,|l-¢e"

y

2.4 MexaHMn4YeCcKne xapaktepucTUK1 aBurartens
NOCTOAHHOIO TOKa C He3aBUCUMbIM BO30YyXaeHuem

Jo i + [IpuHnMnuaibHas  dJEKTpUYECKas

I CXeMa JIBUTraTessi MOCTOSIHHOIO TOKa C He-
3aBUCUMBIM B030yxaenuem (AIIT HB)
MoKa3zaHa Ha puc. 2.6.

I R n 31ech TPUHATHI 0003HAYEHUSA:
LA U, E — nanpsbxenne nuranus v DJC sKo-
I pA;
I, L,, R,, I, — WHAYKTUBHOCTb, OMHYE-

CKOC COIIPOTHUBJICHUC U TOK SKOPSI;

R,, R,, — noGaBOYHBIC COIPOTHBIICHHSI
il MOCJIEIOBATENIbHOE U IIIYHTUPYIOLEE B 1ie-

U AKOPS;
OB @D, I,, R, — NOTOK, TOK U CONPOTHUBJIC-
Q_]gm_il_o HUE 00MOTKHU BO30yxaeHust OB.
R ITo 3akoHaM DJJIEKTPOTEXHUKU IIPU
_® , ¢ @ = const UMeeM:

u=I,-R,+1,-R,, (2.4
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E+IR,+L,J-p=1I,R,,,

(2.5)
I,=1+1,. (2.6)
3nech p — oneparop Jlamiaca.
Pemrast coBmectHO (2.4) + (2.6), moay4um:

_U-IR, -

“ R,+R,’ 2.7)

_U+IR, )

" R,+R, (2:8)

E=U R (R + R R j I-L -1 2
Rn +Rm A n Rm +Rn K P. ( 9)
1o 3aKOHY PIEKTPOMArHUTHOM UHAYKIIHAHN:

E=K - & o, (2.10)
M=K -®-1, (2.11)
rie  ® — YIJIOBas CKOPOCTh (YacTOTa) BpaIlleHUs IBUTATEJI,

M — BIeKTPOMAarHUTHBIA KPYTALIUKA MOMEHT,

K — KOHCTPYKTUBHBIN KO3(P(OUITUEHT IEKTPOMAITUHBI

k=P N

2n a’
p — YHUCIIO Map TOJIIOCOB,

N — 4uCI0 TPOBOJIHUKOB OOMOTKH SIKOPS,
@ — 4YHCJIO MapaJuleNIbHbIX BETBEH OOMOTKH SKOPS.

YJIO6HO IIOJIb30BaThCA OTHOCHUTCIBbHBIM 3HAUYCHUEM MAIHUTHOI'O
ITIOTOKA:

ITOKAa3bIBAOIICTO, KAKYI0 4aCTb MarduTHBIA HOTOK DM cocTaBIsAET OT-

. D,
HOCUTEJIBHO €ro HOMHMHAJbHOM BelauuuHbl. Torma K@ -—L =

H
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=K®, -, =c- D, rne penmnunHa ¢ = K®, nerxo onpejensercs 10

NacHOPTHBIM JaHHBIM OM:

U,-R,1, [B ] 519
C=——"-—"7"—— - Cl. .
o (2.12)
Tenepp nonyunm
E=c- @, o, (2.13)
M=c-®,-1,. (2.14)

B MNCPCXOAHBIX PCKUMAX ABUIATCIIA CIACAYCT CIIC IMOMHUTL O
TPCTHEM 3aKOHC MCXaHUKHN

J_rMiMC:iMj:Jd—m+oad—J, (2.15)
dt dt
rne M . — cratudeckuii MOMEHT HAarpy3KHd Ha Baly,
M ; — nunamudeckuil (yCKOPSAIOWIMHA, MM 3aMeIAIOLINiA) Mo-
MEHT,

J — MOMEHT MHEPIIMU Ha BaJly ABUTATENS KT M.
Ecmm J = const, To

dow
M;=J—=Jop. (2.16)
dt
Bripaxxenus (2.9), (2.13), (2.14), u (2.16) no3BoOJAIOT AJi YCIOBUS
@ = const, J = const COCTaBUTb CTPYKTYPHYIO CXEMY 3aMEIICHUS JIBU-

raTciis.
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B ycranoBuBmmxcs pexumax, koraa p=0, OyaeM HUMETh CIeayro-
M€ CTATUYECKUE XAPAKTEPUCTUKHU JIBUTATEIIA:

a) ckopoctayro © = f(1,)
_UK, , R,+R, K,

(D_E_ . , (2.17)
0) MEXaHUYECKYIO O = (p(M )
o= Bu_ Rt By K (2.18)
cD, (C.@*)2

Xapaktepuctuku (2.17) u (2.18) upe3BbI4aliHO BaXKHBI JIJIs1 aHAJIU-
32 pEeKUMOB palbOThI ABUTATENs (MYCK, TOPMO3HBIE PEKUMBI, PETYIUPO-
BaHUE CKOPOCTH, OMPEACIICHHE MOIIHOCTH, MOTEPh SHEPTUU U Ip.), MO-
3TOMY (POPMYJIBI UX OOBEACHBI JIJISl BHIICIICHUS U3 TEKCTA.

B 3aBucumocTu ot 3HaueHuii nmapamerpos U, K, R,, D, xapak-
TEPUCTUK 10 BhIpKEHUAM (2.17) u (2.18) MokeT OBITh OOJIHIIIOE MHO-
&ecTBO. JJ11 CpaBHUTENBHON UX OLIEHKH TpeOyeTcsl oaHa U3 HUX — 0Oa-
30Bas. B anekrpoMexaHuke 0a30BOM MEXaHWYECKOW WM CKOPOCTHOM
xapakrepuctukou IIT HB cuuraror Ty, KOTOpas moay4aercs Mpu HO-
MUHQJIbHBIX 3HAYEHUAX IMUTAIOMIETO HANPSIKECHUS (U =U H) U TIOTOKA

BO30YXKJICHUS (di: ®H) C OJHOBPEMEHHBIM OTCYTCTBHEM J00aBOYHBIX
COIIPOTHUBJICHUM B LENU AKOPS (Rn =0, R, = OO). Takue xapakrepucTu-

KM Ha3bIBAaIlOT ecmecmeeHHbIMU .

: (2.19)

o, =y s (2.20)
e_ C CZ- .

Bce MexaHudeckue u CKOPOCTHBIC XapaKTCPUCTUKHU ABJIAIOTCA

u

MIPSAMBIMU JIMHUAMHA, TIPOXOAAIIUMHU YCPEC3 TOUKY ) = C HAaKIJIO-

*
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R, +R K R, +R K
HOM K ocu abcuucc Aw =1, —*—"—*=M ”—”2“‘ Y 106HO cTpO-
c D, (C @*)
UThb OTH XapaKTEPUCTHUKHA B OTHOCHUTEIIbHBIX €AUHHUIIAX:
1) 1 M )
w, = ) I* :_ﬂ, M* = 5
Poc L Mo (2.21)
R = R ys npu  p _ u,,/.
W R H " IH ’

rne [1,, M, — HOMUHAJIbHBIC MACIIOPTHBIC 3HAYCHUS TOKA K MOMEH-
Ta JBUTATEII,

w,,=U,/c. (2.22)

s TOCTpOEHUsI UCKOMBIX JIMHEWHBIX XapaKTEPUCTUK JOCTATOUYHO

IBYX TOYEK, HalpUMep, ¢ KOOpAUHATAMU O ,; TpUA [, =M, =0 1 O,

npu [, =M, =1. EcTecTBEHHbIE XapaKTEPUCTUKHU BCETJA KECTKHE, TaK

Kak Aw,, =002+0,1. PaccMOTpUM HCKYCCTBEHHBIE MEXaHUYECKHUE Xa-

PaKTEPUCTUKN OTHOCHUTEIILHO €CTECTBEHHON IPU M3MEHEHUSIX MapameT-
poB U, D,, R,, R, KaxJa0ro B OTACILHOCTH.

Mexanuueckue xapaxmepucmuxu /[IIT HB ona paziuunvix
HANPANCEHUU AKOPA

31ech (USUH)z const, ,=1, R,=0, R,= o, K, =1. Baxno,
yto M, =1,, NO3TOMY MEXaHUYECKHUE U CKOPOCTHBIC XapaKTEPUCTUKH B

OTHOCUTEJIBHBIX €IUHULIAX coenadarom. Buipaxenus (2.17) u (2.18)
IIPX OTOBOPEHHBIX BHIIIE YCIOBUAX MOTYYatOT BU/I;
a) st GU3NUECKUX BEIIMYUH

U R,,

®=;—1-Z, (2.23)
U R

m:z—M_§Q (2.24)

0) 1JIs1 OTHOCUTENIBHBIX BEIMYHH
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rae Ruﬂ* zRuﬂ ']H/UH .
Kax Bugno, npu U = var cKOpPOCTb X0JI0CTOrO X0/1a

U
000:%, (D*O:a’

MCHJCTCS IMMPOIMOPLHHUOHAIBHO HAIIPAKCHUIO SAKOPs, a HAKJIOH XapaKTCPpHU-
CTHUK

Ao, =1-R,/c=M-R,,[c*, Ao, =(I,=M,)R

Yt

OCTAaeTCsl HEM3MEHHBIM U TaKHUM K€, Kak y xapakrepucTtuk npu U =U .
Bce uckyccTBeHHBIE MEXAHUUYECKUE U CKOPOCTHBIE XapaKTEPUCTUKU IIPU
Pa3IMYHBIX HANPSOKEHUAX KOS (U <U H) = const TPOXOAAT Tapall-

JIEIbHO — pHC. 2.8.

(O U u,)u,)... U,

UC
™~ Aw,,
PH ™
U= v] L
i |
—>
D=, 0
a) 0)

Puc. 2.8

[Ipu TTaBHOM M3MEHEHUUW HAMNPSIKEHUS SKOPS TaKUX XapaKTepH-
CTUK OyJeT OECKOHEYHO MHOTO, 4TO oOecneuuT dPHEKTUBHOE PEryiu-
pPOBaHME CKOPOCTH JIBUTATENA KaK MOJl Harpy3Koi, Tak u 0e3 Hee (Ha xo-
JocToM xo1y). HensmeHHOCTh TOTeph MOITHOCTH IIPU OJJTMHAKOBOM TOKE
B SIKOpE



25

_ 72
AP,=1-R,,

XapaKTepu3yeT pEryJIMpOBaHUE CKOPOCTH HAIMPSHKEHUEM SIKOPS Kak

AHEPreTUYECKU BBHITOJIHOE.
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Cnenyer OTMETUTh, UTO JJISI M3MEHEHUS BEJIWYMUHBI HAMPSKECHUS
SAKOPSI HEOOXOIUM CIICIIUANIbHBIM HCTOUYHUK — PETYISTOP, HAIpUMeEp —
peryJIMpyeMbIi BBITPSMUTEIL MEPEMEHHOIO HAMPSHKEHUS WIIH DJIEKTPO-
MalllMHHBIA reHeparop (cM. PH Ha puc. 2.8, a). TU peryisaTopbl Ha-
OPSIKEHUST UMEIOT BHYTPEHHEE OMHYECKOE COMPOTUBIICHHE R, YBEIU-
YUBAIOIIIEE COMPOTUBIICHUE IIETIH SIKOPSI

Rzpz = Rﬂ + Rea
MOATOMY HAaKJIOH MEXaHUYECKHUX XapaKTEPUCTUK MPU MUTAHUM SKOPS
JBUTATENSI OT UHAUBUAyaIbHOTO PH Oyner 0obIlie eCTECTBEHHOU B

(R, +R.)/R, :(1+R% j pas.

OObIYHO R, com3aMepuMo C R ,, I0O3TOMY €CTECTBCHHAS MEXaHHYE-
CKas XapaKTepUCTHKA JBUTATENs OyAeT MpUMEPHO B 2 pa3a KecTde Xa-
PAKTEPHUCTUKH C PETYIISITOPOM HAIPSHKCHHS SKOPS.

[TonmkeHne HANPSHKEHHUE SKOPSI MCTIOIB3YeTCs TaKKe JUIsl OrpaHu-
YeHHUsS MyCKOBOI'O TOKA JBHUTATENs JOIMYCTUMBIM 3HauYeHHeM /,,, KOTO-
po€ HM3BECTHO 3apaHee. MUHHMMaJIbHOE HAIpSOKCHHE B Hadaye ITycKa
JIOJKHO OBITH HE OoJiee

U,<I,5(R,+R.).

ITo mepe pasroHa agsuraresns 10 HY)KHOU CKOPOCTH, HANPSKEHUE
SAKOPs MOBBIIAKOT, HAIIPUMEP — aBTOMATUYECKU yepe3 PH nponopuuo-
HaJIbHO CKOPOCTH IpH [, , = const .

Mexanuueckue xapaxmepucmuxu /[IIT HB ona paziuunvix
3HAYEHUU MAZHUMHO20 NOMOKA

31ech XapaKTEPUCTUKU cTposATcs npu @; =const, U=U,, R,= 0,
R,= o, K, =1. MexaHnueckue U CKOPOCTHBIC XapAKTEPUCTUKU B OT-
HOCHUTEIIbHBIX €IMHUIIAX HE COBINAJIAIOT, TAK KaK

M,=1, ..

HNmeeM BbIpakeHUs:

a) 11t GU3NUECKUX BEIIMUYUH

UH Rﬂ
o= -1 , (2.26)
c-D, c-D,
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U R,
C°®* (C’@*)Z’

(2.27)

0) 111 OTHOCUTENIbHBIX BEJIMYHH

., z%*_l* R%*’ (228)
W, = /@* _M* R%z . (229)

Kak BUAHO W3 TPUBEACHHBIX BBIPAKEHUM, CKOPOCTH XOJOCTOTO

U
Xoma W, =""/ 5 , ®s= %5 00pamHONPONOPUUOHATIbHA TIOTOKY, a
* *
HAKJIOH XapaKTePUCTHK K OCH aOCIUCC YBEITUYUBACTCS C YMEHBIIICHHUEM
@, . OTMETHM, YTO peaJbHO MOTOK MOKHO TOJHKO YMEHBIIIATh OTHOCH-
TEIHbHO HOMHHAJIBHOTO 3HAYCHMS, TaK Kak nmpu @ > P, (COOTBETCTBYET
I, > 1) obMoTKa BO30OYKACHHs OYIeT HArpeBaThCs OOJIbIIe TOMYCTH-

MOW TEMIIEPATYPHI.
Mexannueckue u ckopoctHeie xapakrepuctuku AIIT HB musa tpex
3HAYCHUW MarHUTHOIO NOTOKa @ MoKa3aHkl HA puc. 2.9.

W w

Puc. 2.9



27

[l1aBHO yMeHbIlIasg MarHUTHBIM IIOTOK OT €r0 HOMUHAJIBHOW BEJIU-
YHUHBI MOXHO IUIABHO PETYJIUPOBATH CKOPOCTH JABUTATEIISI HA XOJIOCTOM
XOAy W MOJ Harpy3Kou B CTOPOHY €€ YBEJIMYCHUs HAJl 3HAYCHUSIMU Ha
€CTECTBCHHOW XapaKTEPUCTUKE. J[OMOIHUTENIBHBIX OTEPh MOIIHOCTH B
eNY AKOps WM3MEHEHuEe @ He JaeT, Tak Kak npu [ =const umeem

2
AP =17 -R, = const. OqHako, ycJIOBUsI KOMMYTallMM Ha KOJUIEKTOpE (HE

JOJDKHO OBITh MCKPEHHS) U JAOIMYCTUMOW MEXaHWYECKOW MPOYHOCTH OT
IEHTPOOEIKHBIX MOMEHTOB HE pa3pelialoT yBEIUYHMBATh HOMHHAIBHYIO
ckopocth JIIT Gonee yeM B 2 paza (s crnergBurareneit B 3 pasza). [Ipu
ATOM MOMEHT Harpy3kM Ha BaJly ABUTATENS JOJDKEH YMEHBIIAThCH,
yJIOBJIETBOPSISI TPEOOBAHUIO

M, <M, ®,,

MHA4Y€ TOK SIKOPS MPEBBICUT HOMUHAIBHOE 3HAYECHHUE, YTO NPUBEAET K
neperpeBy 0OMOTKHU AKOPSI.

CkopocTp pABUTaTeNs NpPU MNOCTOSSHHOM MOMEHTE Harpy3ku
M . = const, MOXET MEHATHCS HPAMONPONOPUUOHAILHO TIOTOKY D, 4TO
OYEBUIHO U3 XAPAKTEPUCTUK O = f (M ) Ha puc. 2.9, a, pacnoy0KEeHHBIX
npaBee 0o0JacTU UX mepecedeHusa. Takoe peryaupoBaHUE HE HCIOJb3Y-
€TCsA, TaK KaK BO3MOKHO JIMIIb IPU HArpy3Kax, HAMHOI'O INPEBBIIAO-
IIMX JOMYCTUMbIE HOMUHAJIbHBIC 3HAYCHHS.

Ha mnpakThke HCKYCCTBEHHBIE MEXaHUYECKUE XaPAKTEPUCTUKHU
JIIT HB ¢ HeHOMHUHAJIbHBIM MarHUTHBIM ITOTOKOM HCIIOJIB3YIOT ISl Pe-
IYJIUPOBAHUSI CKOPOCTH CTAHKOB MPU YUCTOBOM 00pabOTKE MOBEPXHO-
CTEU AeTajiel, CKOPOCTH MOJbEMHBIX MEXAHU3MOB ITPU NOABEME JIETKUX
IPY30B U JPYTUX ClIydasix, KOTJla MOXHO pad0oTaTh ¢ MOCTOSIHHOM MOIII-
HOCThIO P. =®, M . = const .

Mexanuueckue xapaxmepucmuxu /[IIT HB npu 0oooasounom
nocied08amenbHOM CONPOMUEICHUU 6 UenU AKOPA

BhIpaskeHus, ONMKMCHIBAIOIINE YKA3aHHBIC XapAKTEPUCTHKUH HUMEIOT
BT
U R, +R U R_+R
o=—"-]1"—"" o=""l-M2 " (2.30)

c c c c?
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o, =1-(M, :]*)(R,Z+Rn)]—”. (2.31)

UH
OOmui BUJI TaKMX XAPAKTEPUCTUK B OTHOCUTEIBHBIX €IUHUIIAX
noka3ad Ha puc. 2.10, 6. x Ha3pIBaOT peocTtaTHbIMU. CXxeMa peocTar-
Horo peryinupoBanus JIIIT HB noka3zana Ha puc. 2.10, a. B Hell 1OJKHBI
BBINIOJHATHCA ycnoBuss U =U,, ®=®,, R, = (0oTcyTcTBYyeT). Mexa-

HUYECKHUE U CKOPOCTHBIE XapaKTEPUCTUKU COBITANAIOT, TaKk Kak M, =1,.

Puc. 2.10

PeoctaTHble MEXaHMYECKHE XapaKTEPUCTUKU 00JIaJaloT CleIyIo-
IIIUMHU CBOMCTBaMHU.
I. CkopoCTh XOJOCTOrO XOJa HE 3aBUCHAT OT BEJIUYUHBI R

n

(O)0=7H, ® « 21)

2. ObecnieunBaercst Xopolasi BO3MOKHOCTh OrpaHUYUBATh ITyCKO-
BOM TOK, €CJIM 3TO HEJIb35 CJIETaTh 3a CUET HAIIPSIKEHUS SIKOPSL:

U
< H

I, < .
"R, +R,
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3. ObecnieunBaeTcsi BOBMOKHOCTh PETYJIMPOBATh CKOPOCThH JIBUTA-
TEeJIsl PU Harpy3kax, OJIM3KMX K HOMUHAIbHBIM (TOYKH 1, 2, 3 Ha
puc. 2.10,0). D10 4acTo MCHONB3YETCSI, KOTJa HAMpsSHKECHUE MH-
tanus sikopst 11T He perynupyercs (3JI€KTpOTPAHCHOPT, MOIb-
€MHUKH, CTaHKHU, OBITOBBIE TTPUOOPHI U JAp.). PeocTtaTHoE pery-
JMPOBAHUE CKOPOCTH BO3MOXHO TOJBKO BHU3 OT 3HAYEHUM Ha
€CTECTBEHHOM XapaKTEPUCTUKE M C CYIIECTBEHHBIMU JOMOJHHU-
TEIbHBIMU MTOTEPSIMUA MOITHOCTH

AP=1%-R,.

4. HaxknoH peocTaTHbIX MEXaHUYECKUX XaPAKTECPUCTUK YBEIUYH-
Ba€TCs IIPONOPIMOHAIBEHO COIIPOTUBIIEHHUIO SIKOPS, TaK KaK
R,+R,

Ao =M —-2

Aw, =M, R ..
c

’

OTO NPUBOJIUT K HECTAOWJIIBHOCTH CKOPOCTH MPU NU3MEHEHUSIX
MOMEHTA HArpy3Kd U OTPAHWYMBAECT PEANBbHBIM JUAIA30H PETy-
JMPOBAHUS CKOPOCTH ABUTATENs HE OoJiee, YEM 6 mpu pa3a BHU3
OT HOMUHAJIBHOTO 3HAYECHHSI.

Peocmammnoie mexanuueckue xapaxmepucmuxu /[IIT HB
npu 0ONOJHUMENbHOM UWIYHMUPOBAHUU AKOPA OMUYECKUM
conpomuenenuem R,

[IpuHIMNIMATBHAS CXEMa JIBUTATENS U €T0 MEXAHUYECKUE XapaKTe-
PUCTUKH JJIsI ITOTO CIIydasl MoKa3aHbl Ha puc. 2.11. YpaBHeHus xapax-
TEPUCTUK UMEIOT BU/JL

U, R,+R,-K,

w=—""-K, -1 , (2.32)
C C
U R, +R,K

o="0 K, MR (2.33)
C C

o, =K,-(M,=I1)R,+R.K,), (2.34)
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Kak Bunno u3 popmyin (2.32) — (2.34), HaKJIOH XapaKTEPUCTUK K
OCH a0CIIMCC YBEJIMUUBACTCS C YBEIMUYCHUEM BEIIMUMHBI COTPOTUBIICHUI
R, uR,

RZM
Aw=R,+R, ——,
R,+R,
HO TIOSIBJISIETCS BO3MOKHOCTh PErYJIUPOBATh (YMEHBIIIAThH) CKOPOCTh
JIIBUTATEJIsl HA XOJIOCTOM XOAY:

U R
(DOZ CH Rm _l:an Z(DOe'Kzua (Do* :KW'

KecTkocTh XapaKTEPUCTHUK BBIIIEC, YEM MPU PEOCTATHOM PErYJIH-
pPOBaHUHU TOJBKO 3a c4eT R, — CpaBHHTE XapaKTEpUCTHUKU 1 U 2 Ha

puc. 2.11. D10 pacmmpseTr auana3oH peryJIupoBaHUsl CKOPOCTH JIBUTa-
TEJs IO/ HArpy3Koi 110 1:6, XOTs mOTepH MOIIHOCTH YBEIIMYUBAIOTCS:

AP=(1+1,)°R, +I2R,

MexaHn4eCcKue U CKOPOCTHBIE XapAKTEPUCTUKU B OTHOCUTEIIbHBIX
€IMHUIIaX COBIIAAIOT, TAK KaK
M I-c
M, I, -c

H H

M, = =1..

JInsl CpaBHUTENBHOW OLEHKH PEOCTATHBIX XapPaKTEPUCTHUK C IIYH-
TUPOBAHUEM SIKOPA U 0e3 Hero Ha puc. 2.11,0 moka3aHsl:
MEXaHMYECKAs XapaKTepucTuka 1 ms ciyvas R, = A[O M ], R, =x;
XapakTtepucTtuka 2, korna R, =4, R,, =B ;
rpaHuvHas xapakrepuctuka 3, npu R, =0 (IKOpb 3aKOpPOUECH).

IToka3zaHbl TaKKE CEMENCTBA XapaKTEPUCTHK:
a) mis y3na I, korna R, = B = const u R, uamenstoT ot 0 10 4;

0) nus y3na Il, korma R, = A = const u R, uamenstor ot B 10 0.

Toukamu Ha BepTukaim M ,=1, =1 1OKa3aHbl BO3MOKHBIEC 3HA-
YEHUS CKOPOCTU ABUTATENSA IPU HOMUHAJIBHOM HArpys3Ke.
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Puc. 2.11

Jl1st gBATATENEe MaJod MOIIHOCTH, KOTJa MOXHO MCIOJIb30BaTh
IIOJI3yHKOBBIE PEOCTAThI, BO3MOYKHO IJIABHOE PETYJIMPOBAHUE CKOPOCTH

JIBUTATENd MO CXeMe Ha puc. 2.12,a ¢ ceMECTBOM XapaKTEPUCTHUK Ha
puc. 2.12,0.

— 14

§2 v=0, > Z i

P L o \\\b

a b \\\

OB b \\\\ I, =M

i S
—
D, ) 6) a

Puc. 2.12.
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Takoe peryampoBaHue 4acTO UPUMEHSIOT B 3JIEKTPONPUBOJAX YCT-
pPOICTB OBITOBOrO Ha3HAUY€HHUs (ILIBEITHBIE MAIIMHBI, MBLIECOCHI, AEPEBO-
oOpabaTbIBarONIME CTAHKU, JETCKUE UTPYIIKH, BEHTUJISITOPHI U JIP.).

2.5 OTnnuymTenbHble 0COOEHHOCTU MeXaHU4YeCKUX
xapaktepuctuk OMNT nocnegoBaTtenbLHOro n
CMeLlaHHOro Bo30yxaeHus

Co3pganue marnutHoro mnoroka JIIIT 3a cuer mociemoBaTelbHO
BKJIFOYEHHOM B LEMb SAKOPSI OOMOTKH BO30YXIEHUS CYIIECTBEHHO MEHSI-
€T CBOMCTBAa MEXaHUYECKUX XaPAKTEPUCTHUK M MPEXKAE BCETO — AEIAECT
ux HennHeMHbIMU. Paccmorpum BapuanT BKiroueHuss OB mocnenosa-
TEJIBLHO ¢ 0OMOTKOM sikopst (puc. 2.13, a).

eme oK. bogd.

075, 3
0,5 2
[
0,25} W, = @,
1 s ] 1] L M*
g 6,5 1 1,5
a) 0)
Puc. 2.13

Jns  eCTeCTBEHHOM MEXaHUYECKOM XapaKkTEepPUCTUKH, KOraa
U=U,,R,=0, R, =0, R, =0, UMeeM

H

I,

M=c-I? e c=
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Kak BUAHO, MOMEHT ABUTATENS MPOMOPIIMOHANICH K8adpamy TOKa
akopsi. ECTeCTBEHHBIE CKOPOCTHBIE MU MEXAaHWUYECKHUE XapaKTEPUCTUKHU
UMEIOT BBIPKCHUS

U R
®=————" — CKOPOCTHas, (2.35)
c-I ¢
U R,

W=

- — MEXaHHU4YECKasl. (2.36)
JM/c ¢

Bripaxkenust (2.35), (2.36) saBuasdwoTCs cunepboonamu, x0T HEIU-
HelHble KpuBble. CpaBHeHHe Ha puc. 2.13, O €CTECTBEHHBIX MEXaHUYe-
CKUX XapaKTEPUCTHK: JIMHEMHOW | JuIsl IBUTATENS C HE3aBUCHUMBIM U HE-
JIMHEWHBIX 2 — TOCJEeI0BATEIbHOE BO30YKI€HHE, 3 — CMEIIaHHOE BO3-
OyXJeHUE, TOKA3bIBAET UX PE3KOE OTIIMYHE.

CoBpeMEHHBIE JBUTATENH MMOCIECIOBATENBHOIO U CMEIAHHOTO BO3-
OyXJeHusl IPU HOMUHAJIIBHOM TOKE HArpy3Ku MMEIOT 3HAYUTEIbHOE Ha-
CBIILICHUE MarHuTHOM cuctembl. [loaToMy runepOoInyeckas 3aBUCH-
MOCTb MOKET CYIIECTBOBATH JIMIIb ISl 3HAUYEHU MOMEHTOB M < M, .

[Ipy MOMEHTax nBUTaTelsl, MPEBBIIAIOIMINX HOMHHAIbHBIE 3HAYCHUS,
MAarHUTHBINA TIOTOK CTAHOBUTCS MPAKTUYECKHU MOCTOSHHBIM U MEXaHUYe-
CKHE XapaKTepUCTUKH MPUOOPETAIOT JIMHEHHBIN xapakTep. Takum oOpa-
30M, BeIpaxkeHus (2.35), (2.36) He oTpakaloT JIOCTOBEPHO PEKUM pado-
Tel JIIIT ¢ mocnenoBaTenbHO BKIOUYEHHBIMU OOMOTKAMH BO30YXKICHUS.
EcTecTBeHHbIE MEXaHUYECKUE XAPAKTEPUCTUKU CHUMAIOT HA 3aBOJAX-
U3TOTOBUTENSAX SKCIEPUMEHTAIBHO, JAIOT B MACHOPTE JJISI KaXI0u ce-
puu JBUrateiaeii B OTHOCUTENBbHBIX €IuWHUIaX. Pacuer MCKYyCCTBEHHBIX
XapaKTEePUCTUK BeneTcs rpado-aHATUTUUECKUMH METOJIAMH.

Bo3HnukaeT Borpoc, mouemMy npu MHOKECTBE IPOOJIeM Jisi uccie-
JOBAaHUSI U MPUMEHEHHMS SJIEKTPOMAIIUH ¢ OOMOTKaMHU MOCJIEI0OBATEIb-
HOT'O BO30YK/I€HUSI OHU BCE JK€ BBIITYCKAIOTCS U IPUMEHSIIOTCS ?

BrintycKk ¥ IpUMEHEHME IBUTaTeNIed MOCIEAOBATEIBHOIO U CMe-
maHHoro Bo30yxaeHus (o ornomenuto k 1T HB cocraBnsier He 60-
nee 20%) oOBACHSETCA YHUKAIBHOW MPUEMHUCTOCTBIO (KPYTSIIUN MO-
MEHT MPOMOPIMOHATIEH Kéadpamy TOKa SIKOPsi), U BO3MOXKHOCTBIO pado-
TaTh C MMOCTOSIHHOW MoTpedsieMoi (M oTaBaeMoii) MolHoCThI0. Cyliie-
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CTBYIOT MEXaHHU3MbI IS KOTOPBIX YKa3aHHbIE TPEOOBAHUS SIBIISIOTCS
IIEHTPAJIbHBIMU.

[IporpamMmma u3ydaeMoN AMCHMIUIMHBI HE MpeaycMaTpUBaeT MOj-
pOOHOE M3Y4YEHHUE BOMPOCOB IMPUMEHEHUS JJICKTPOMAIIMH TOCIIEA0Ba-
TEJILHOTO M CMEIIAHHOTO BO30YKJICHUS, TIOATOMY OHM Jajiee HE M3Jlara-
IOTCA.

2.6 Nyck ANT HB

Jlns 3amycka (Hayana BpalleHUs) JBUrartessi MOCTOSHHOIO TOKa
HE3aBUCHUMOTO BO30YK/I€HHSI HEOOXOAMMO HAJIMYNE MAarHUTHOTO MTOTOKA,
KEJaTeIbHO HOMUHAJIBHOTO, U HaNpsiKeHUd sikops. O0s3aTeNbHO Cley-
€T 103a00TUThCSI 00 OrpaHMYEHUH MYCKOBOI'O TOKa B Mpelenax J0Imyc-
TUMOTI'O 3HAYEHUS.

[To ycnoBusIM HOpMaJIbHOM KOMMYTAIIMU TOKa SAKOPS Ha KOJUIEKTO-
pe (OTCYTCTBUE UCKPEHHMS) U HOPMAIbHOM MEXaHUYECKON HAarpy3ku (OT-
CyTCTBHUE Jie(popMalvi Bajia ABUTATENS) MAKCUMAJIbHBIN TOK SIKOPS J0JI-
’KEH MPEBBIIIATH KPATKOBPEMEHHO (HECKOJBKO CEKYH]1) CBO€ HOMUHAJIb-
HOE 3HaueHue He Oosiee uem B 2+3 pasza. KoadduimeHt kpaTtkoBpeMeH-
HOW TOKOBOM INEpPEerpy3ku A, sl KaXKIO0ro THUIIOMCIIOJHEHHS 3JIEKTPO-

ABUT'ATCIIA 4AC€TCA B €TI0 HaCHOpTHBIX JAHHBIX 3aBOJIOM-HU3I'OTOBUTCIICM .
Ay =11, (2.37)
HpI/I BKIIFOUCHHUHA HKOpH JABHUTI'aTCJIsI HA HOMHWHAJIBHOC HaprDKCHI/IC

TOK mycka Oyner coctaBisith (10+20) 7,, BBUAY MajJOro OMHUYECKOTO

CONPOTUBJICHUS OOMOTKH SIKOpsl. TaKo TOK Ha3bIBalOT TOKOM KOPOTKO-
IO 3aMbIKaHHS

I K 37 UH / R;z >
OH HCIAOITYCTUM JIsI ABUTATCIIA.

HYCKOBOﬁ TOK MOXHO OI'paHH4YUTb OJOIIYCTUMBIM 3HAYCHHUCM 34
CUCT IMOHMKCHUA HAIIPSKCHUA AKOPA 10 U aun AWM BBCACHUA aKTUBHOI'O

COIIPOTHUBJICHUA ITOCJICAOBATCIIBHO B ILICIIb AKOPA R 0

I,=A,1,=U,,,.,/R,, U,,=MI, R

MUH H A
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U
=—" _R_.
e

I,=71,=U,/(R,+R,), R

[Ipu Bpamenun nsurartens nossurcs OJC, yMeHpIIaromas TOK
AKOPS

[=—= (2.38)

O3TOMY IO MEpPE€ pa3roHa MOYKHO IOBBIIIATh BPEMEHHO MOHUKEHHOE
nHanpsbkenue U ,,,, WM yMEHbIIATh BPEMEHHO BBEJEHHOE COMPOTHUBIIE-
HUE R, , OCYLIECTBIISIS 3TO B (PYHKIIMU CKOPOCTH IJIABHO WJIM CTyIEHYa-
TO, aBTOMAaTUYECKHU WJIM BPYUHYIO, 00€CTIeurBasi TEM CaMbIM BBIXOJ IBHU-
raTenisl Ha €CTECTBEHHYIO MEXAHUYECKYIO XapaKTEPUCTHUKY.

ITpumepsr nycka JIIT HB ¢ orpannuenuem Toka siKOpsl B Ipere-
nax 1, ,=1; <A; -1, nokaszaH Ha pucyHkax 2.14+2.16 (cXeMbI U Tpaek-
TOpUM pabOYUX TOUEK HA CKOPOCTHBIX XapaKTEePUCTUKAX).

Ha puc. 2.14 noka3aH cTyneH4YaTbld PEOCTATHBIN MYCK B TPH CTY-
nenu. Ilpu moakaro4YeHHONW K NMHUTaHUIO OOMOTKe BO30yx)ieHus OB,
o0ecreunBaroeil HOMUHAJIBHBIM MarHUTHBIA MOTOK @, IKOPb JBUTra-
TENs MOJKIIIOYAETCs K UCTOYHUKY HOMUHalIbHOTO Hamnpspkenus U =U,,
MEePEeBOAOM KJIF0Ua-KoMMyTaTopa K B mojoxkeHnue 1. B 3ToM nonoxeHun
yCKOBOM TOK OYyJIET OrpaHUYMBATHCS BKJIFOUEHHBIM MOCJIEA0BATENBHO C
SKOpeM compoTuBieHueM R = R1+ R2+ R3, cocrosamum u3 3-x CTy-
nener R1, R2, R3. BenuunHa BCEro myCKOBOTO COMPOTUBIIEHUS OINpE/ie-
asietrcs o hopMmyiie

R _ Y - R 2.39
"o, e (2.39)

JIBuraTtenb HAYMHAET PA3TOHATHCA IMPU JOMYCTUMOM ITYCKOBOM TOKE
I, =A;I, o xapakrtepuctuke 1. Eciii HE MEHSThH IMONOXKCHHE TIepe-

Kiouarens K., TO CKOpoCcThb ABUraressi OyAeT Bo3pacTaTh Ha MEPBOM UC-
KYCCTBEHHON XapaKTePUCTHKE B HANpaBIEHWU 10 KoopauHaTel (1,

® .; ), TJA€ MPOIECC Pa3rOHA 3aKOHYUTCSA, TaK KaK TOK SIKOPSI CTAHET paB-
HBIM TpeOyeMOoMYy JIjIsi HECEHHUS Ha Bayly Harpy3ku Toky /. (ycTaHOBHUB-
niemMycsi, ctaTudeckomy). M3Mmenstoiieecss 3HaUeHUE TOKa SIKOPS OIpe-
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nensiercst popmynoit (2.38), ToO €CTh — OH YMEHBIIAETCS 0 MEPE BO3-
pactaHus
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OJC E =c-®.YeM MeHblIIE pa3HULIA MEXKIY TEKYIIIUM 3HAYCHUEM TOKA
I ¥ OXUJaeMOM YCTaHOBHBIICHCS €ro BEIWYUHOW /., TeM MEHBIIEC JU-
HAMUYECKUMN YCKOPSAIOIWIMKA MOMEHT JIBUTATEIA U MPOLECC pa3rOHa UJIET
BCE Me/JIeHHee (110 AKCIOHEHTE). {11 paBHOMEPHOrO pa3roHa C MOCTO-
SHHBIM YCKOPEHUEM HY>KHO 00€CIeUrBaTh MOCTOSTHCTBO ITYCKOBOTO TOKA
I, = const, 4T0 BO3MOXKHO, €CJM IUIABHO OOPATHOIPOIOPIIMOHATIBHO
CKOPOCTH yMeHbIIaTh R, . IIpu cTyneH4aToM yMEHBIIECHUH COMPOTHUB-
JIEHUS ITYCKOBOI'O PEOCTaTa JKEJIATEIbHO BKIOYATh CTYNEHU MPU HEKO-
topoM ToKe {5 = 1,21 . u uem Onmxe 3uauenue [, k 1|, Tem nyuie.
BeIKITIOU€EHME TIEPBOM CTYIIEHH ITyCKOBOI'O peocTara Ipu Toke 1,
(Touka a Ha puc. 2.14, 0) epeBOAUT ABUTraTEb Ha CICAYIOIIYIO UCKYC-
CTBEHHYIO XapaKTEPUCTUKY 2, HO OpOCOK TOKa SIKOpSA HE JOJHKEH Mpe-
BBINIATh BBIOPAHHBINA JOIMYCTHMBIH ITyCKOBOW TOK /. DTO BO3MOXHO,

€CIIM XapaKTEepPHCTUKA 2 MPOMAeT yepe3 Touky a' (cm. puc. 2.14, 6), aB-
JSIIOIIYIOCS TIEPECCUeHUEM TOPH30HTAIM M3 TOYKH @ M BepTuUKamu [;.

VYKa3aHHOE YCIIOBHE BBIIIOJIHSETCS COOTBETCTBYIOUIUM PACUYETOM BEIH-
YUHBI CONMPOTUBIICHUS NIEPBOM CTyneHU R; (HMke OyAeT Mmoka3zaHo, KaK

9TO CJIEeJIaTh).

Hrak, nmocie pa3roHa JABUraress Ha NEPBOM PEOCTATHOU MEXaHU-
YECKOW XapaKTEPUCTHUKE A0 CKOPOCTH B TOUKE @ HEOOXOJIUMO MEPEKIIO-
yaTenb K MepeBecTH B MOJIOKEHUE 2, YTO OOECIEUUT BBIKIIIOYEHUE CTY-
neHu R,. JIBurartens MpOJOKUT Pa3rOH Ha XapaKTEPUCTUKE 2 MO Tpa-

extopun a' — b. Ilpu ckopoctu B Touke b (TOK cTaHET paBHBIM [,)
HY’KHO BBIKJIIOYUThH CTYIIEHb R,, mepeBens nepekirodarens K B MOJ0-

xeHue 3. JIBuraTenb BBIMAECT Ha XapaKTEPUCTHKY 3 M MPOJOJDKUT pas-
TOH TI0 TpaeKTOpuu b’ — ¢. B ToUKe ¢ BBIKIIOYACTCS TOCIETHSS CTY-
NeHb MyCKOBOTO peoctara R, (K B MoJIOKeHUH 4) U JBUTATENb BBIXOJIUT
Ha CBOIO €CTECTBEHHYIO XapaKTepUCTUKY 4, 3aKaHUMBasi pa3roH IO Tpa-
eKTopuu ¢ —> ®,. , . [lokazannasa Ha puc. 2.14, 0 TpaekTopusi pasroHa
JABUTATENI MO MEXaHUYECKUM XapaKTEPUCTHKaM BO3MOXKHA MPU COOT-
BETCTBYIOILLIEM PacyeTe CONPOTUBIEHUN R;, R,, R; (TMOSCHSETCS HUXKE)
¥ aBTOMAaTHM3MPOBAHHBIX KOMaHJIaX Ha MEPEKII0UEHNEe CTYIeHEeW B TOY-
Kax a, b, c. TouHoe obecrieyueHre AuarpaMmbl IyCKa 4eJIOBEKOM BpYU-
HYI0 HEBO3MOJKHO, MOATOMY (YHKIIMU TIepeKitouatesst K Ha MPaKTHKE
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BBIMOJIHAKOT J3JIEKTPOMATHUTHBIE alaparbl, WIA [OJYIIPOBOJAHUKOBBIE
KJIFOUH, YIIPABIISIEMbIE CUCTEMOM aBTOMATUKHU YIIPABJICHUS IBUTATEIIEM.
OtmeTnM, 4eM MeHbIIe pasHula Mexay /[, u I,, Tem 0onblie Oyner
CTYIIEHEN ITyCKOBOI'O0 PEOCTAaTa, 4TO YCIOKHAET cucTeMy Inycka. OnHaxo,
IIOCKOJIBKY MOCJEA0BATEIBLHOE COIPOTUBIIEHUE B LIENU SKOPS MOKHO,
KpOME I1yCKa, UCIIOJb30BaTh JIsl PEryJIMPOBAHUS CKOPOCTU JIBUTATEIIA
0T HArpy3KO#, TO Ha MPAKTUKE YUCIIO CTyNeHeN R, MOXeET ObITh 5+6 n

Oonee. B namem npumepe B cxeme Ha puc. 2.14, a mokazaHa CTyIEHb
RO, xoTOpas HE MyCKOBAasl, UCITOIB3YETCS OHA JJISl TIOJYYEHHUS PEryJin-
pPYEMOI CKOPOCTH ® ., HE 00ECTIEYMBAEMOI COPOTUBICHUEM ITYCKOBO-
ro peocTrara.
MOXHO C BBICOKOW JOCTOBEPHOCTBIO PACCUMTATh BPEMS ITyCKa
JBUTATEIIS:
J

s )] O =

rie J — MOMEHT MHEpLUM Ha Baly JIBUraTeis B Ko-m° (IOIDKEH ObITh
U3BECTEH),
I., ®, — yCTaHOBHBIIIHECS 3HAUYCHUSA TOKA M CKOPOCTH,

¢ — DJIEKTPOMAILIMHHAs TTOCTOSIHHASL.
Hanpumep, npu peocTaTHOM ITyCKE IPEABAPUTEIBHO YCTaHOBJIEHO:
AJIIEKTPOMAILIMHHA NOCTOsIHHAA ¢=1B-c, Tok I; =1004, TOK mepekito-

2
yenuss [, =504, moment wuHepuun J =0,8 ke-m”, TOK Harpysku

I. =354 u COOTBETCTBYIOIAS €My CKOPOCTb Ha €CTECTBEHHOW MEXaHU-
yeckoii XxapakTepuctuke ® . =100 p/c. Torna BpeMs mycka OyeT paBHO

0,8-100
[ =

" T T100+50)05 351

Pacyer BeMYUHBI CONPOTUBIIEHUN CTYIIEHEH IIyCKOBOI'O peocTara
BBINOJIHAETCS B CIEAYIOLIEH M1OCIIEN0BATEIIbHOCTH.
1. Onpenensiercst 3Ha4yeHUE MyCKOBOTO TOKa [; M 00Iee compo-

TUBJICHUE TTyCKOBOTO peocTaTta R,



371€Ch 00BIYHO nmpuHUMaroT 1, = A1, (A; 3amaHo)

UH
R,=—"—R, 1o (2.39).
]1

2. Haxomutcss KO3 (UUMEHT COOTHOUIEHUSI TOKOB IycKa [; W Te-

x_ll_ R,+R, S 4
I, R, (2.42)

TJI€ M — YUCJIO CTYIIEHENW PEOCTaTa.
Bo3moxeH ciydai, Korjaa 4ucio CTyleHer m He 3a1aHo. Toraa Be-

pexiitoueHus /,

JTHYUHON A 3aar0TCs MPeABapUTEILHO, MPUHUMas [, = (1,2 - 1,4)1 .

19 A
7\’ — I+ H — 1
"o(12+14), 12+14° (243)
3aTeM OonmpeaesaeTCs YUCIO CTYIICHEN m
] R,+R,
- i 2.44
m =

np

U TIOJIyYEHHOE m OKpYIJIsieTcss 7o Onmxkaiiero uenoro uucia. Heobxo-
TUMBIA ST JaJbHEUIIMX pacyeToB MapaMeTp A HaXOIUTCS OKOHYa-
TEIbHO MO HANJAECHHOMY C OKPYTJIEHUEM m U3 BhIpaxkeHus (2.42).

3. Onpenenstorcsi 3HAYEHUS COIMPOTUBIICHUN KaXJOW CTYIICHH
mycKoBoro peocrata (puc. 2.17).



41

g -U, + 5
Ri’l
1
l@l | I I -
R1 R2 R3 R,

OB

oY\ o
> & Puc. 2.17

®opMyJIbl 111 pACUETOB CTYIEHEN R, , Kak ¥ GpopMyisl 1uist A, m,
JIOKa3aHbl B JIMTEpATYpPE M0 dJIeKTponpuBony [ 3, 4 u 1p.]

R1=R,(1L-1), |
R2=R,-MA—-1)=R, -},

R3=R,-2*(A-1)=R, -1, (2.45)
R, =R,-\"'=R, -\

Ilpumep pacuera myCKOBOTO peocTara.

NmMeem nBuratenb HE3aBUCHUMOTO BO30YKIECHHS ¢ HOMUHAJIbHBIMU
JAHHBIMU 10 €r0 MACIIOPTY:

U,=220B, I, =10A, P, =1,87 xBt, 1,=0,85, conpoTuBicHHe
axopsa R ,=1 Om, nonmyctumas neperpyska no Toky A;=2,5.

Paccuurars COMpOTUBIIEHHE IYCKOBOTO pEOCTaTa M €ro CTYICHHU.
Hucio cryneHen yCTaHOBUTh.

Pacuem.

1. Onpenensiem 3nauenus 1, =1, R,:

H

U 220
R,=— " R =" 1288 1=78 Om.
"=, 25410 M
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2. OnpenenseM K03(p(HUIIMEHT COOTHOIIEHUSI TOKOB ITyCKa U Nepe-
KITIOUEHUS A TPU HEU3BECTHOM YMCIIE CTYIIEHEH ITycKa .

s Hayaa npuHUMaem
A 25
}\' n = ! = ’ = 2
Po12+14 125

OmnpenensieM 4ucio CTyNeHen mycka

Xt Ra 1478
R, 71 0944

m = = = =
lg2 0301

3,14
Igh,,

[Tpuaumaem m =3.

Haxonum TpeOyeMoe 3HaueHUEe A NOpu m =3 1O BBIPAKECHUIO
(2.42):

R

A

R +R
x:i/ ¥ n:i/l+17’8:2’065'

3. Haxonum conmpoTHUBIICHUS KaXXI0M CTyIeHH peocTtaTta 1o (2.45):
R1=R,(A—1)=1-(2065-1)=1065 Om,
R2=R,-MA—1)=1-2065-1065=22 Om,
R3=R, - 3*(A—-1)=R2-1=22-2065=4,543 Om.

IIpy mpaBUIIBHOM pacyeTe AOJLKHO YIAOBJIECTBOPATHCS TOMXKIECTBO:
R1+ R2+ R3 = Rn. IIpoBepsiem:

1,065+2,2+4,543=7,8.
Bce npaBuinbHO, Tak Kak pacCUMTaHHOE COIPOTUBIEHUE R, =7,8
Owm.
Ha puc. 2.16,a,0 noka3aHbl NpUHIMIUAIBLHBIE CXEMbBI aBTOMaTHYe-
CKOM CTa0MJIM3alMU [IPU Pa3roHE JBUTATEINS IIyCKOBOIO TOKa [, = const .
B cxeme puc. 2.16,a crabunuzaiuysi 00eciequMBaeTCs PEryasaTopoM

HAIIPSAKCHUA PH ) IIOBBIIITAOIIUM HAIIPAKCHUC ABUTaTCIIsA oT

U,m=1-R, no U, c obecneuennem [, = const 10 BbIXOJIa HA €CTECT-
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BEHHYI0 MEXaHWYECKYIO XapaKTEPHUCTHKY. YTNPABICHHUE BEAETCS Olepa-
HUOHHBIM ycunuTesneM OV ImponopuuoHaIbHO-UHTEIPUPYIOIIEr0 TUIA
(xnacc 1) yepe3 BO3eHCTBUE HA HETO PA3HUILLI 33/IaI0IIEr0 HAIPsIKe-
Hus U, ¥ HanpsokeHUs OTPUIATEIhHOW OOpaTHOW CBSI3M TIO TOKY
U,.=I-R,-(U,=1,-R,).llpu U, .2U, obecneuunsaercs I, = const.
[Tociie MOHMKEHUSI TOKA ABUIATENsi Ha €CTECTBEHHOM XapaKTEPUCTHKE
(/ < I,) onepallMOHHBIN YCUJIMTENIb HE MEHSET CBOETO BBIXOJAHOIO CHI-

Haja u HanpsbkeHue ¢ PH nopaeTcsl Ha IBUTaTeNlb HOMUHAIIbHBIM (IIepe-
craet Bo3pactarb ot U ,,,,,).

B cxeme Ha puc. 2.16, 0 npuHIMI KOHTPOJISA TOKAa [, COXpaHsAeTcs,
HO PETyJIMPYETCS BEIMYMHA R, 3a CUET JIIMTEIbHOCTH KOMMYTALMU 3TO-
IO COIPOTUBIIEHUS TPAH3UCTOPOM V'T.

OOecrieunBaeTcH:
Rn, = Rn(1—y),

I7ie Y — OTHOCUTEIbHAS MPOJIOIKUTEILHOCTh BKIFOUEHHOTO (OTKPBITO-
ro) COCTOsIHUA Tpansucropa VT;
l ¢ — MPOIOJIKUTEIBHOCTD BKIIFOUEHHOTO COCTOSIHUS VT

T = %[ — nepuoa kommyrtauuu VT,

S =1+2 k'l — 9acToTa KOMMYTaIHH.

[Ipr BBIXO/E HA ECTECTBEHHYI) XApaKTEPUCTHKY TOK JIBUTATEIS
CTAHOBUTCSI MEHbIE [; U TPAH3UCTOP OCTAECTCS ITOCTOSIHHO BKJIFOYECH-

HeIM (Y =1, Rn; =0).
2.7 Topmo3sHbie pexumbl OMNT

DJIEKTPUYECKYIO CUCTEMY, PUBOAUMYIO B JIBUKEHHE BJIEKTPOJIBU-
raTeyieM, TOPMO3ST ANEKTPUUECKUMU CIIOCOOAMH U MMPUMEHSIOT MEXaHHU-
YECKUWA TOPMO3 JIMIIb ISl YJIEPKAHUS CHUCTEMBbI B COCTOSIHUM ITOKOSI.
DHEprus Ha TOPMOYKEHHUE MPEBPALIAETCS B TEIUIO, PACCEUBAEMOE B OK-
PYKAIOUIYIO CpPeAy, WM F'€HEPUPYETCs KaK 3JIEKTpUUecKasi sHeprus (re-
HEpaTOPHbIEC PEKUMBI paOOTHI ABUTATENS ) B TUTAIOUIYIO CETh.
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Nmeercs 3 BUaa 3JIEKTPUIECKOTO TOPMOKECHUS

— NPOTUBOBKJIIOYEHHEM, KOT/Ia JBUTATEIb pa3BUBAET MOMEHT, MPO-
THUBOTOJIOKHBIA HAITPABJICHUIO IBHKCHUS;

— JIMHAMHUYECKOT0 TOPMOKEHMS, KOTJa JBUIaTellb OTKIIOYEH OT
CETH, BpaIllaeTCs MOTEHIHAIbHBIMU (KHHETUYECKUMU) CUJIaMH U pado-
TaeT FreHepaTOPOM Ha aKTUBHOE COMPOTUBJICHUE;

— TEHEepaTOpHOE TOPMOXKEHHUE C PEKyIepalueldl SHEPruu B CETh,
3nech DJIC nBuraresns O00JblIE HANPSIKEHUS SIKOPS, TOK MEHSIET HAIIpaB-
JieHue, oOecreunBasi TOPMO3SIIUN TBHKEHUE MOMEHT U T€HEPUPOBAHUE
SHEPIrUU B CETh.

CxeMbI CUJIOBOH 1IETH M MEXaHUUYECKHUE XapaKTEPHUCTUKU TOPMO3HBIX
PEKUMOB JBUTATEIsl MOCTOSHHOTO TOKA C HE3aBHUCHUMBIM BO30YXKIIEHHUEM
noka3ansl Ha puc. 2.18 u 2.19. 3xecek mys koopamHat M, ® NEpBBIA U Tpe-
TUW KBaJPAHTHl XapaKTEPU3YIOT OeuzamesibHbvle PEKUMBbI padboThl: [ —
nBUxkeHUE «Brnepeny, Il — neuxenune «Hazan». Ksagpantel Il u IV co-
OTBETCTBYIOT TOPMO3HBIM PEKUMAM.

Pesrcum RpoOMUBOBGKJIIIOYEHUA

Habmrogaercs B 2-X ciryvasx.

1. PabGoraromiemMy ABUraTelll0 MEHSAIOT HaIpPABJICHUE KPYTAIIETO
MOMEHTa 0€3 OCTaHOBa (MEHSIOT CKAaYKOM IMOJSPHOCTh HaIpsKEHUS
SAKOpSl WM HampaBJIeHWE TOKa BO30YXIeHus1) — KkBajapadT II, ydacTok
MEXaHMYECKOW XapakTepucTuku 1-+3 Ha puc. 2.18, a.

2. JIBAratenb HE MOMKET IMPEOJIOJETh AKTUBHBIM MOTCHIUATbHBIN
MOMEHT Ha BaJly, U MOTEHIMAJIbHBIC CUJIbl PACKPYUYHBAIOT €r0 B MPOTH-
BOIOJIO)KHYIO CTOPOHY, IIOKa HE HACTYNHUT PABHOBECHBIA PEXKUM
M =M, — xBazgpant IV, oTpe30K MEXaHMYECKON XapaKTEPUCTUKHU

3'+4 Ha puc. 2.18, a.

Pexxum mpotuBoBkitodeHust (ITK)ocymecTBisiercs ajist ObICTPOro
TOPMOKE€HUS, HAIPUMEP — OCTAHOBKHU TPAHCHOPTHBIX YCTPOWCTB, C U3-
MEHEHUEM HAIIPABJICHUSI MOMEHTA OCyuecTBIAOT 1t JIIT usmMenenu-
€M MOJIIPHOCTH HAMPSIKECHUS SKOps. MI3MEHeHHe HalpaBJICHUS MOTOKA
HE OCYIIECTBJISIOT M3-3a OOJIBIION MHEPIIMOHHOCTH OOMOTKHU BO30YXkIe-
HUs. B MOMEHT peBepca HanpsHKEHUS TOK KOPSl OyAeT O4eHb OOJIBIINM,
€CJIM €r0 HE OrPaHUYUTh. MaKCUMAIbHOE 3HAYEHUE ITOTO TOKA COOTBET-
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CTBYCT ClIy4daro, Korga pe€BEpC OCYIICCTBIICH IIPpU pa60Te oe3 HarpyskKu
Ha €CTECTBEHHOU XapaKTCPUCTHUKCE:
o, _—E-U, 2,
p maxk R = R - K.3.e.

A A

ITockonbKy 1, 4 AOCTUTACT NBYKPATHOTO 3HAYEHMS TOKa ITycKa

JIBUTATENIS HAMPSAMYIO, TO JJIS €r0 OrPaHUYCHUS JOMYCTHMBIM 3HAUCHH-
€M HY)KHO BKJIIOYMTBH IIOCICIOBATENBHO C sSKOpeM peoctaT R, , ¢ co-
IPOTHBJICHUEM B JIBa pa3za OOJBIINM, YeM Yy ITyCKOBOrOo peocrtata R, .
Heo0Oxoammo odecrieunThb
B 2U,,

" R,+R, .’

4TO MOTpeOyeT BKIIOYCHHUS CYMMApHOT'O COIPOTHBIICHUS TPH peBEpCe
R

n K:
2U

R, .= . ]” -R,=2(R,+R,)-R,=2R, +R,. (2.46)
|l

Kak BugHO, mIpu peBepce MOCIeA0BaTEIbHO C OOMOTKOU SIKOps
J0JIKHA ObITh BKJIIOYEHA JOMOJHUTENbHO K ITYCKOBOMY PEOCTaTy CTY-
TeHb conpoTuBieHus R,

R,=2R,+R,-R,=R,+R,. (2.47)

B pexxrMe nmpOTUBOBKIIIOYEHHS 3a CUET peBEpca JABUraTesb pado-
taeT BO II-M kBajgpaHTe Ha MEXaHWYECKOW XapakTepuctuke 1-2-3-o,,

(puc. 2.18, a). [Ipu OTCYTCTBMM HArpy3Kd TOPMOKEHHE HAYMHAETCSA B
TOUYke 1, COOTBETCTBYIOLIEH KOOpAMHATAM MAKCUMaJIbHOM Hayalb-
HOM CKOpOCTH ®,,, =®,, W MAaKCUMaJIbHOMY Ha4aJlbHOMY TOP-

MO3HOMY MomenTy My =—A,M,. Eciu nBUrareib Harpy’keH Mo-

MEHTOM M ., TO IPOLECC TOPMOKEHUS MPOTUBOBKIIOUCHUEM HAYMHAET-

Csl C TOUKHU 2 Tpu 00siee HU3KUX 3HAYCHUSIX O u M

Hadu Tyuauy

Korga npouecc TopmoxkeHus 3akoHumiics (Touka 3 Ha puc. 2.18,a,
rae ® =0), gBUrarenp OTKIIOYAIOT OT CETH M Jaliee 3alyCcKaroT B 00-
paTHOM HAaIPaBJICHUH, €CIIM 3TO TpeOyeTCsl, WIH yIEPKUBAIOT B COCTOS-
HUAM TIOKOSI MexaHndeckuMm Topmo3zoM. Pexum IIK ¢ peBepcom ecezoa
nepexoonblil, 3aKaHYNBACTCS MPUHYIUTEIIBHO OTKIIFOUEHUEM JABUTATENS.
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Pue. 2.78
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JIns NUHEWHOW MEXAaHWYECKOM Xapaktepuctuku pexuma [IK u
M . = const nnuTEeNBHOCTH TPOIIECCA TOPMOXKEHHUS ONPEACISICTCS 10

bopmyiie

M Tyau T M.
tnszMnK-lnMT Y (2.48)
KOH
rje — HayvaJbHbIH MOMEHT TOPMOXKEHHUS JBUTATENs (B TOUKAX
TH ay
1 wnm 2),
T.,, — KOHCUHBIH MOMEHT TOPMOKCHHUS JBUTATENS (B TOUKE 3),

T, . — 2IeKTpoMexaHUYecKas MOCTOSHHAS BPEMCHH MEXaHUIECKOU
XapaKTEPUCTUKHU MEPEKITI0UEHUs (peBepca).

J
(R, +R, )

nkK

N3MeHeHne CKOpOCTH 1 MOMEHTA JBUTATENSI UAET IO DKCIIOHEHTE.
MoxHO BEIUUUHY [, , ONPEAEIUTh NPUOIUKEHHO:

~ L, .
o = M, +M; )05+M, P (249)

Ha4 KOH

TopMO3HOI peXUM ITPOTUBOBKIIFOYEHUEM B IV KBagpaHTE MOKHO
HAOII0J1aTh y JIBUTATENIed MEXaHMW3MOB MOIbEMa-CIycKa Ipy30B. B naH-
HOM CJIy4a€ MOMEHT Harpy3ku M , Bcerja akTUBHBIN, TO €CTh HE MEHSIET
CBOEro 3HaKa (rpy3 TSHET BHU3), U BCErJa HANpaBJIeH MPOTUB MOMEHTA
neuraresns. [I[pumepom Takoro pexunma siBisieTcs Touka 4 Ha puc. 2.18,a.
3/1ech IBUTaTeNlb BKIIOUYEH Ha MOJBEM Ipy3a U paboOTaeT Ha peoCTaTHON
MEXaHHYECKOW XapakTepuctuke o,, — 4. llpu HyneBou ckopocTh B

Touyke 3’ MOMEHT JBHUTIaTesl MCHBIIC aKTUBHOIO MOMEHTa rpys3a M .,

NOJbEM HEBO3MOXKEH U I'Py3 PAaCKpy4yMBAeT JABUraTeib B OOpaTHOM Ha-
npaBiieHud. B Touke 4 HacTtynaer paBHOBecue MomMeHTOB M =M . c
00€eCTeYeHNEM MOCTOSHHOM CKOPOCTHU CITyCKa —® .4, TO €CTh — JIBUTra-
TEIb IMOATOPMAXMBACT MANAKOIIUN TPy3, HE JaBas €My YCKOPSTHCS.
JmuTenbHOCTH Tpolecca nepexoaa B paBHOBeCHbIN pexuM [IK ¢ koop-
IUHATAMUA TOYKH 4 OIpeensercss NPUMEPHO YETHIPbMS 3HAYCHUSIMU
AJIEKTPOMEXAHUYECKOW IOCTOSAHHOW BPEMEHU PEOCTATHOM XapaKTepu-
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CTUKU O ,,— 4. [IlpudeM 3Ta JUIMTETHLHOCTh HE 3aBUCUT OT €ro Hauasa
Ha XapaKTEePUCTHKE (TOUKH © ,,, 2', 3' u apyrue Ha puc. 2.18, a).

XapakTepHbIMU OCOOEHHOCTSAMH TOPMO3HBIX PEXKHUMOB MPOTH-
BOBKJIFOUEHUEM SIBIISIFOTCSL:

1) MOMEHT U CKOpPOCTb JBUraTessi UMEIOT MPOTHUBOIOJIOKHbBIEC 3HA-
KH;

2) nBUraTeNb HE OTKIIIOYAETCS OT HANPSKEHUSI, TUTAIOIIETO SIKOPb,
U nompeod.iaem SHEPTUI0, HEOOXOAUMYIO JIJI TOPMOKEHUS;

3) sieKTpuyecKasi SHEPrusi TOPMOXKEHHUS MPEBPAIIACTCs B TEIIO-
BYIO U BBIENSAETCS (C MOJTHOM €€ MoTepeii) Ha aKTUBHOM CONPOTUBJICHUU
LEIH SIKOPS

)
AP, =I1;(R,+R,.),
Wn K APIY]{ ’ tn K
4) TOpPMOXEHHE MPOTUBOBKIIOYECHUEM SIBJISIETCS DHEPreTUUYECKU

HEBBITOJIHBIM, TaK Kak TpeOyeTcs OpaTh SHEPTUI0 W3 CETH U TEPATHh €€
0€3BO3ME3IHO.

; (2.50)

ﬂunamuuecxoe mopmodricenue

B 3TOoM pexmme sSKOpb ABUTATENS OTKIIOYACTCS OT HAIPSIKESHUS
IMUTAHUS W 3aMBIKA€TCS Ha aKTHUBHOE COMPOTHBIICHHE MPH HEU3MEHHOM
noroke Bo30yxkacHuss @, (puc. 2.18,0). DICKTPOABIIKYIIAS CHJIA JIBH-

ratess, CTaBIIEr0 TENeph I€HEPATOPOM, BpaIlaeMbIM MEXaHUYECKUMU
CHJIaMHU, 00€CTIeYUBaEeT B LEMH SKOPS TOK, CO3/IAI0IINIA Ha Baly TOPMO3-
HOW MOMeHT. OmnpejiefieHue «IMHAMUYECKOE TOPMOKEHHE» TPOUCXOIUT
OT CJIOBA «JIMHAMO», UTO 03HAYAET «T'€HEPATOPY.

MexaHndeckrue XapakKTepUCTUKU TeHepaTopa ¢ HE3aBUCUMBIM BO3-
Oy>XII€HUEM SIBJISIOTCS MPSAMBIMUA JTUHUSMHU, IPOXOSIIMMHI Yepe3 Haua-
70 KoopauHaT , M (puc. 2.18,0). Hakyion ux onpenensiercs ConpoTUB-
JICHUEM IIeTH SIKOPS

R,+R R, +R
@:_].ﬂ—dmz_M.ﬂ—dm, (2.51)
C CZ
rie R,, — 100aBOYHOE COIPOTUBIICHUE SKOPS MNPU JUHAMUYECKOM

pexuMeE.
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Benuuuna R,, nomxkHa OOECHICUUTHh JTOMYCTUMBIN TOK SKOpS B
caMOM HEOJaronpusTHOM PEKHUME, a HMEHHO — KOTJa MepeBOJ] IBUTa-
TeNIl B PEXKUM «IMHAMO» OCYILECTBISETCS Ha XOJOCTOM XOJy MpHU HO-
MUHAJIBLHOM HaNpsDKEHUH SKOpsl (IPU CKOPOCTH ®,, Ha €CTECTBEHHOM

XapaKTEePUCTUKE):
—E U
Lyom =211, = =- —, (2.52)
R,+R,, R,+R,,
OTKYyJia
U
Ry,=——-R,=R,. 2.53
om ﬂv]]H A n ( )

CornacHo ¢gopmyiie (2.53) B KaueCTBE CONMPOTUBIICHUS IS PEKH-
MOB JIMHAMUYECKOTO TOPMOKEHHUS (A. T.) MOKHO MCIIOJIb30BATh MYCKO-
BOU peocTar R, , cienaB HEOOXOAMMBIC TIEPEKITFOUSHUS TIETTH SIKOPSI.

B mnpouecce TOpMOKEHUS TOPMO3HOW MOMEHT 3JIEKTPOMAIIWHBI
CYILIECTBEHHO yMEHbIIAeTcs, B Oombleld mepe, yeM B pexxkume [IK. ITo-
ATOMY COINPOTUBJIEHUE R ;, 11€I1€cO00pa3HO YMEHbIIATh IPSIMOIPOIOP-
UOHAJIBHO CHIKAIOLIEUCS CKOPOCTH IIJIaBHO (HAPUMED, AIEKTPOHHBIM
KOMMYTaTOPOM) MJIA CTYNEHYATO. UNCI0 MEXaHUYECKUX XapaKTEPUCTUK
OpU CTYNIEHYaTOM U3MEHEHUU MOMEHTA 1. T. OyJeT TAKUM K€, KaK U IpH
IyCKe, €CJIM UCIIOIB3YETCsl PACCUMTaHHBIN UL ITycKa peoctaT R, .

JIIUTENBbHOCTH MPOLIECCOB J. T. PACCUUTBHIBAIOTCS TAK K€, KaK MPHU
yCKeE:

My +M,
KOH
rac I — HOMCD peOCTaTHOfI XAPAKTCPUCTHUKU ITYCKa,
T, — COOTBETCTBYIOLIAS 3TOM XapaKTEPUCTHKE JJIEKTPOMEXAHHU-

1

YyecKas MMOCTOsTHHAS BPEMEHU.

[TpubnmkenHo obmiee BpeMsi MEPEXOIHOro Mmpoiecca I.T. MpHU
MHOTOCTYIIEHYaTOM TOPMOKEHUHU J10 ocTaHoBa (puc. 2.18,0) HaxomsT U3
BBIPKECHMUSI



= W, . (2.55)
M, (A, +2)-05+M, Hav

JluHaMuYecKoe TOPMOKEHHE YacTO MCIOJIb3YIOT, KpOME OCTaHOBA
JABUTATENSA, I TOATOPMAKMBAHMS DJICKTPOMEXAHUYECKUX CHCTEM,
IBIKUMBIX TOTCHITMAIBLHBIMA WM KUHETHYECKUMH MOMEHTAMH: JIBHU-
KEHHE TPAHCTIOPTHBIX YCTPOWCTB IOJ YKJIOH, OIyCKaHHE TPY30B METO-
JIOM CBOOOJIHOTO IMAJCHHS U JAPYyrue ciaydad. 37eCh TOPMO3HOH MOMEHT
JBUTATENIS — YPaBHOBEIIMBAET aKTHBHBIE MOMEHTBI CHCTEMBI, 0OecIIe-
quBas JBWKCHHE C TIOCTOSHHOM CKOPOCTBIO, NMPHYEM CKOPOCTh ITY
MOKHO OOECIIeUHUTh BEChMa MaJIOM; KaK 3TO MOKa3aHO Ha puc. 2.18,0
Ttoukamu 3, 4 (kBaapanr Il, nprwkenue nox ykioH) u 3', 4 — (kBagpaHT
IV, ciiyck rpys3a).

I'enepamopuvie mopmo3nule pexcumol

XapakTepHbIMU IPU3HAKAMH ITOTO PEKUMA SBIIAIOTCA:

1) nBurarenp He OTKJIIOYAETCS OT CETU U HE MEHSAET HalpaBJICHUS
BpallCHUS;

2) CKOpPOCTh JIBUTATelsl 0OJIbIlIE CKOPOCTH MACAIBHOTO XOJIOCTOTO
X0/1a

o > , TO €CTb (COCD*-CZE)>U,

cdD,

npesbiieane DJIC Haj NPUIIOKECHHBIM HANPSHKEHUEM TEPEBOAUT JBU-
raTeiib B PEKUM FeHepaTopa;

3) CKOPOCTh M KPYTAIIUA MOMEHT JABUTATENIs, CTABIIEro TeHEpaTo-
pOM, BCErga pasHoHampaieHbl: BO II-M KBajgpaHTE CKOPOCTh MOJIOXKHU-
TeJbHAsg, MOMEHT OTPULIATENbHBIN, B [V-M KBagpaHTe CKOPOCTh OTPHUIIA-
TEJIbHAsA, MOMEHT ITOJI0KUTEIIbHBIN.

VYkazaHHble TTpU3HAKK (MOKHO MX Ha3BaTh MOKa3aTesIMHU) reHepa-
TopHOTO TopMoxkeHus (I'T) obecreunBaroT Mpeodpa3oBaHUE B AJIEKTPO-
MAIIMHE KUHETUYECKON U MTOTECHUUAIIbHOW SHEPTUU IBUKUMON CUCTEMBI
B DHEPIHUIO AJIEKTPUUYECKYIO C OTJauel (pekyrepaiueii) ee B MUTAIOIIYIO
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CeTh pyruMm norpedurensaM. [Ipu 3Tom snexkTpomaininHa o0ecreuyrnBaeT
MEXaHUYECKOW CHUCTEME HWJIM PAaBHOMEPHOE IBHXKEHHE, WIH OBICTPBIM
OCTaHOB, I10 KenaHuto orneparopa. Pexxum I'T B cpaBHEHUH C TOPMOKe-
HUSIMA JUHAMUYECKUM W MPOTHUBOBKIIOYCHHEM SIBJISCTCS HAWITYUIIUM
[0 HEPTeTUKE: IHEPTUS HE OTPeOsieTcs, a HAOOOPOT — OTJAETCS.
[IpuBeneM yeThipe MpuMepa reHepaTOPHOTrO TOPMOKEHUS DJIEKTPOMEXa-
HUYECKUX CUCTEM.

1. TlogkpyyuBaHue ABUTrATENsl BBIIIE CKOPOCTH XOJOCTOIO XOJa
TPAHCIIOPTHBIM YCTPOMCTBOM, JABUKYIIMMCS O] YKJIOH (TpaMBau, TPOJI-
JeHOYCHhI, JIEKTPOKAPHI, JIEKTPOIIOE3/1a).

31ech NMOTEHIMAJIbHBIE CUJIBI MAacC MPEOJ0JIEBAIOT CUJIBI COIMPO-
TUBJICHUS JBU>KCHUIO, MOKPBHIBAIOT MOTEPHU B JIBUTATENIC U PACKPYyUHBA-
I0T €ro /10 ckopoctu, koraa IJ{C cTaHOBUTCS OOJIbIIIE HAMPSIKEHUSI KO-
ps. DJeKTpuyecKass MallllHa MEPEXOJUT B T'€HEPATOPHBIN PEXHUM, TOK
MEHSET HANpaBJE€HUE U CO3/1A€TCS TOPMO3HOM MOMEHT, O0OECIeYnBalro-
M paBHOBECHOE COCTOSHME, KOrJa MOTEHIIMAIbHBIE CHJIbI YpaBHHUBA-
10TCsl ¢ TopMo3sauMU. [Ipu 3TOM HacTynaer paBHOMEPHOE JIBUKEHUE.
CKOpOCTh TPAHCHOPTHOI'O YCTPOMCTBA CTAHET HECKOJIBKO OOJBIIE TOH,
KOTOpas ObLIa 10 JIBMKEHUSI 1OJ] YKIJIOH, HO Oy/ieT ctabuibHOM. M3numi-
KM MOTEHIMAIBHON 3HEPryu, MPEBPAILCHHBIE B AJIEKTPUUECKYIO, TTOCTY-
[T B MUTAIOIIYIO CETh, OYIYT UCMOJIb30BAHbI APYTUMHU MOAKIIOYECHHbI-
MU K HEll TOTPEOUTEISIMH.

Ha puc. 2.19 Toukamu 1, 2, 3 0603Hau€HO paBHOMEPHOE JABUKEHHE
TPAHCIIOPTHOTO YCTPOKCTBA MO POBHOM MECTHOCTH WJIU «B TOpy» (ABHU-
raTesbHbIN pexxum). Toukamu 1'; 2, 3’ 0003HaYEHBI pEXKUMBI paOOTHI HA
TEX K€ MEXAHMYECKHX XapaKTepuctukax A, B, C, HO npu JeHCTBUU IO-
TEHIUAJIbHBIX CUJI HAKJIOHHOM MECTHOCTH, KOT/la IBUTATeNlb MOJKPYYEH
MUMU JI0 CKOPOCTEH BBIIIE, UEM ), D¢, O3, U CTAI TEHEPATOPOM, TOJI-

TOPMaKUBAIOIM CUCTEMY.

2. BropsiM pacnipocTpaHeHHbIM cirydaeM [T sBisieTcss moakpy4u-
BaHHUE JIBUTATEJ BBIIIE CKOPOCTH XOJOCTOrO XOJila CBOOOJHO Majaaro-
IIUM TPY30M MOJBEMHOIO YCTPOMCTBA (IMOABEMHBIE KpaHbl, JTUDTHI,
IIIaXTHBIC KJICTH).
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E-U>0
~w, M

Pue. 2.79.
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311eCh Ipy3 pacTOpMakKMBaeTcs (CHUMAETCS MEXaHWYECKOE YAEp-
’KMBaHUE I'Py3a) U JIBUraTellb BKIIOYAIOT TOKE B HAIIPaBJICHHUM CIIyCKa
(MexaHuueckue xapaktepuctuku D, F Ha puc. 2.19). Cuctema ¢ ycko-
peHrEM HaOUpaeT CKOPOCTh, ITOKA 3Ta CKOPOCTh HE CTaHET OOJIBIIE CKO-
POCTH XOJIOCTOrO X04a (TOYKH — gy WIN —®(s). B IV kBanpanTe nsu-

raTeiab NEPEerJIeT B TEHEPATOPHBIA PEXKUM, TOK W3MECHHUT HAIPABIICHUE,
MOMEHT CTaHET MPOTUBOIOJIOKHBIM JBUKEHUIO U CUCTEMA HAYHET IOJ-
TOPMa)KUBATHCS, 3aMEIIIAThCA. B Toukax 4, 5 yCTaHOBUTCS paBHOBEC-
HBbIM peXuM. Perynupyst HanpspKeHHUE SIKOpsl, MOKHO IUIABHO PETYJIUPO-
BaTh CKOPOCTbh CITyCKa Ipy3a ¢ MpeoOpa3oBaHUEM MOTEHIIUAIBHON SHEP-
T'MU B DJIEKTPUYECKYIO U BO3BPATOM €€ B CETb.

3. Tpetuit npumep I'T — pe3kuit, CKaukoM, MEPEBO ABUTATEIS U3
paboThl HA MEXaHUYECKON XapaKTEepPUCTUKE C BHICOKUMHU YPOBHSMH CKO-
POCTH HA XapakTEPUCTUKY C MEHbIIMMH CKopocTsamu. Ha puc. 2.19 mo-
Ka3aH MEPEBOJ JBUTATEIS CTYIIEHYATO, CKAYKOM, C XapAKTEPHUCTUKU A
Ha XapakTepucTuky B u notoM Ha C.

[Ipu OBICTPOIl CMEHE XAPAKTEPUCTUK CKOPOCTh HE MOKET MIHO-
BEHHO M3MEHUTHCS, BBUAY UHEPLUHUU CUCTEMBI JBHKEHUS, TOITOMY, Ie-
pPEXOJI C MPEXKHEN MEXAHMYECKON XapaKTePUCTUKUA HA HOBYIO OyJeT Ui-
TU CKA4KOM I10 TPACKTOPUU 20pu3onmanbhou nuHuy. Hanpumep, nepe-
XO/Jl C XapaKTePUCTUKU A Ha XapaKTEPUCTUKY B OyJeT UJITU C TOUYKHU 2 B
Touky 1" (paboTta ¢ Harpy3Koii), UM C TOYKHA (®j;, B TOUKy 1""' (pabora

0e3 Harpy3ku). [Ipu nepexojie ¢ XapakKTEPUCTUKU B Ha XapaKTEepUCTUKY
C BO3MOXHBI TpaeckTopuu 1 — 3", unun ®y; — 3'". Ha HOBBIX Xapak-
TEPUCTUKAX B MOMEHT MEPEKIIOYEHUSI CKOPOCThH JBUTATENSI OKAXKETCS
OoJbIlIE TOJIO)KEHHONM CKOPOCTU XOJIOCTOTO X0Ja (CpaBHHUTE CKOPOCTH
Ttouek 1" u 1" ¢ wy;, wm ckopoctu Touek 3’ u 3" ¢ my3). ITO NpUBE-

IeT K ycioBuro E > U, nBurarenb CTaHET I€HEPATOPOM, IOATOPMAKHU-
BalOLMM CHCTEMY, Ha Y4acTKax HOBBIX XapakTepucTuk Bo Il kBagpanTe
1" = 1" — wy; u 3" = 3" — ®y;. Kunernueckas s3ueprus macc reHepu-

PYETCs B CE€Th KaK 3JIEKTpUYECKasl.

IlepeBoa nABUrartesis Ha MEHBIIYIO CKOPOCTh C HCIOJb30BAHUEM
pexuma I'T He TOKEH MPUBOAUTH K BO3HUKHOBEHHUIO HEIOMYCTUMOTO
TOPMO3HOI'O MOMEHTa, MpeBhImaromero —A ;M ,. 3a 5TUM JIOJDKHA CJie-
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JUTh aBTOMAaTHKa, YEJIOBEKY-OMepaTopy 00ECIeUUTh yKa3zaHHOE Tpebo-
BaHUE TPYIHO.

B cucremax aBromaruyeckoro perynuposanus IIT HB moxHO
obecnieunTh o4eHb dPGHEKTUBHYIO ocmaHoseKy cuctembl B pexume ['T.
JI71st 3TOrO0 HampsiH>KEHUE AKOps CHavalla CKauKoOM MOHUKAIOT 10 BETUYHU-
HbI, YTOOBI OPOCOK TOKa U TOPMO3HOI'O MOMEHTA HE MPEBbIIIAJ JOIMYC-
TUMYIO KPaTHOCTb A ; OT HOMHHAJILHOTO 3HAYCHHUS. 3aTE€M HalpsIKEHUE

IJIJABHO YMEHBIIAIOT MPONOPLUUOHAIBHO CHHUXKAKOLIEUCA CKOPOCTH, OT-
CJIeKHMBas MPU ATOM CTAOMJIM3ALUIO TOKA, MOKA JABUTaTEIb HE OCTAaHO-
BUTCS. Takoe TOPMOKEHHUE TTOIYHYaETCsl CAMbIM OBICTPBIM 110 CPABHEHUIO
C JApPYTrMMHU CIOCOOaAMU U OYEHb BBITOAHBIM HEPTreTUYECKH, TaK Kak
MOYTH BECh 3allaC KUHETUYECKOW YHEPTUM OyJlIeT MepeaH B CETh B BUJIE
AJIEKTPUYECKOM.

4. I'enepaTopHble TOPMO3HBIE PEKUMBI HAOJIIOJIAIOTCA U UCKYCCT-
BEHHO CO3/AI0TCS MPHU PadOTe ANEKTPUUYECKUX MAIUH HA OJHOM Baiy.
Takue cucTeMbl B UCHBITATENIbHBIX J1a0OPATOPUSAX 3aBOJIOB U B jJadbopa-
TOPUSIX YUEOHBIX 3aBEICHUN  HCIOJB3YIOTCS Il  DKCIEPUMEHTaJb-
HOTO (ONBITHOTO) CHSATHUS MEXaHMYECKHUX XapaKTEPUCTUK HCIBITYe-
MbIX aBurareneit. [imsa nmpumepa Ha puc. 2.20, a moka3aHbl JBE DIEKTPU-
YECKHUE MALIWHBI IOCTOSHHOI'O TOKA, BAJIbI KOTOPBIX COCAUHEHBI KECTKO
yepe3 MypThl cuerienns. OnHa u3 Mamud UM sBisieTcss UCIIBITYeMOi,
npyras HM — Harpy3o4Hoi.

B xaudecTBe UCMBITYEMOU MAlIMHBI MOXKET OBITh IBUTATENb JIFOOOTO
TUMOUCIIOJIHEHUS JJIEKTPUYECKUM, B TOM YHUCIE IEPEMEHHOIO TOKa, a
TaK K€, HallpuMep, JABUTaTelIb BHYTPEHHETO CropaHus, mHeBMoO U Ap. Ha
pucynke nokasad JIIT HB. Harpy3ounas mammna HM Bcerga nmocro-
SHHOTO TOKa C HE3aBUCUMBIM BO30YK/ICHUEM.

Jlo ucneitanuss MMM 3amyckaercs U BBIBOJAMTCS HAa UCHBITYEMYHO
MEXAaHUYECKYI0 XapaKTEPUCTUKY. 3aTEM IPU HOMUHATIbHOM TIOTOKE
Bo30yxnenuss HM 3amepsieTcsi HanpsKeHUEM SIKOpsSI HArpy304HOM Ma-
muHbl U, ,, mo BoasT™eTpy V1. Ilaketnuk IIK mpu 3TOM pa3oMKHYT.

To4HO TakuM K€ yCTaHABJIMBAIOT HaNpsbKeHUe peryisitopa PH, 3amepss
ero no BonbT™MeTpy V2. Hanpsixenue U, HampaBiaeHO BCTPEYHO Ha-

npsokennto HM. Tlpu pasenctse U, ,, u U pn MakeTHuK IIK MoxHO

3aMKHYTb (ToKa B ienu HM npu 3ToM He OyzieT) ¥ HayaTh HUCHBITAHUS.
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Usmensercs senmuunna U ,, u AJI KaXKA0I'o €ro 3HAUYCHUA U3MCPAIOT TOK

DH
I, ,, u ckopocth ® no natuuky ckopoctu JC. Eciu nanpsixenne HM
00ecreunBaeT €l MEXaHUYECKYIO XapaKTEPUCTUKY, JICKAIYIO BBIIIE Xa-
pakrepuctukn MM, TO HCmbITyeMas MallnHa MOAKPYYMBACTCS BBIIIE
CBOE CKOPOCTH MJICAJIBHOTO XOJOCTOTO X0Ja, paboTaeT B T'€HEepaTop-
HOM pexuMe U OyZIeT 3aMepeHa CKOPOCTh YPOBHS 68 — 8 ' MIPU KPYTSIIEM
MoMeHTe UM, paBHOM

‘_MG‘:(]HM_IXXG).C

9

TJ€ ¢ — JIEKTPpOMAlIUHHAsA NOoCTOssHHass HM.

PH

Puc. 2.20
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IIpu nonmkenuu HanpspkeHuss PH Huxke ypoBHsI, YCTaHOBJIIEHHOIO
no 3ambikanus 1K, Mexannueckasa xapakrepuctuka HM Oyner nexatb
Huxe xapakrepuctuku M. Teneps yxxe HM Oyner paborath B renepa-
TOPHOM TOPMO3HOM pexume, nogkpyuusaemas M. Jlatuuk ckopocTtu
3aMepsIeT IIPU ITOM CKOPOCTh TOPU3OHTAIMN d — @' C MOMEHTOM JIJISI TOY-
KU d, PaBHBIM

M, =(-1,,|+1,..) ¢

N3mensist iaBHO HanpsikeHre PH B OoJbInyto Wi MEHBIIYIO CTO-
POHY OT YCTaHOBJICHHOTO 3Ha4yeHus A0 3aMblkaHus [IK, MOXHO CHATH
J000€ YKCIIO TOYEK MEXAHMYECKOM XAPAKTEPUCTUKU UCIBITYEMOW Ma-
IIMHBI B IBUTATEIIbHOM U T€HEPATOPHOM PEXUMAX.

OrpaHHYMBIINCH YETHIPHMS NPUBEICHHBIMUA TUIIOBBIMU U PACIIPO-
CTPaHEHHBIMU CIIy4asiMU T€HEPATOPHBIX TOPMO3HBIX pexumoB 11T HB,
OTMETUM, YTO HX BCTpeyaerca ropaszno Oosbiie. [Ipy BO3MOXKHOCTH
HY>KHO MCIOJIb30BaTh UMEHHO 3THU PEXKUMBI, KaK camble BbIOAHbIE. Ha-
JUYUE PETYTUPYEMbIX HCTOUHUKOB HAIPSKEHUS IS LIENel sIKopst U 00-
MOTKHU BO30Y>KJI€HHSI BO MHOTOM CIIOCOOCTBYET nojryuenuto ['T.

2.8 PerynupoBaHue ckopoctu OMNT HB

PaznuyaroT HEABTOMATUYECKUM U aBTOMATHYECKUM CIIOCOOBI Pery-
nupoBanus [IIT. B niepBoM cityyae U3MEHEHUE CKOPOCTU OCYILIECTBIISA-
€TCA 3apaHee PACCUMTAHHBIM H3MEHEHHEM MapaMETPOB JIBUTATENS —
HaIPSHKEHWs, MArHUTHOTO MOTOKA WJIM aKTUBHBIX COIPOTUBIICHUM LEIH
AKOpsA. B manpHeneM CKOPOCTbh U3MEHSETCS 110 MEXAHUUYECKOW Xapak-
tepuctrke (M.X.) B COOTBETCTBUHU C HArpy3kou. Takoe peryjampoBaHue
€11E€ Ha3bIBAIOT MAPAMETPUUECKHM.

Bmusanue nmapamerpos JAIIT HB na ero M.X. onucaHo B paszgene
2.2.4, rne moKa3aHo, 4TO BO3MOYKHOCTH PETYJIMPOBAHUS B 3HAUYUTEIIbHOU
Mepe 3aBUCAT OT KPyTU3HBI (3kecTKOoCcTH) MX u crnoco0oB M3MEHEHUsI
apaMeTpOB.

[TpuHIIMNIMATLHO BO3MOXKHBI 4 CIIoco0a PeryjaupoBaHus CKOPOCTH
JIIT HB:
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1. BHu3 ot ocHOBHOU ecTecTBEeHHOM MX Xa cueT yMEHbIICHUS Ha-
OPSKEHUS AKOPSL.

2. BBepx OT €CTECTBEHHOM XapaKTEPUCTHKH 3a CUET YMEHBIICHHS
TOKa BO30yxaeHus. [Ipu 3TOM yBenmnueHrne CKOPOCTU JIONMYCKAETCS HE
OoJiee yeM B 3 pasa.

3. BHU3 OT €CTECTBEHHOM XapaKTEPUCTUKU ITPU HATUYUN HATPY3KH
3a CYET IOCJIEAOBATEILHO BKIFOYEHHOIO B LIE€Nb AKOps peocrara. Uem
OOJbIIE €ro CONPOTUBJIEHUE, TEM HUXKE CKOPOCTh. [Ipu oTcyTcTBHM Ha-
I'PY3KH CKOPOCTh TAKUM CIIOCOOOM PETYJIMPOBATH HEBO3MOKHO.

4. BHu3 ot ecrectBeHHOW MX Ipy M3MEHEHUU MTapameTPOB OJIHO-
BPEMEHHO BKJIIOUYEHHBIX 2-X PE3UCTOPOB — IIYHTHPYIOILIETO SIKOPh R,

M TI0CJICIOBATEIBHOIO COMPOTUBICHHUS R ,. 3/1ech peryarupoBaHHe BO3-

MOKHO Kak 0€3 Harpy3ku, Tak U IpU €€ HaJTUYUHU.

IlimaBHOE TTapaMEeTpUYECKOE PETYIUPOBAHUE CKOPOCTU BO3MOKHO
IpU HAJIMYUM CHEHUATBHBIX PETYJISITOPOB HANPSKEHUS SIKOpSI U 0OMO-
TOK BO30YKJICHHUS, @ TAKKE KOTJa PE3UCTOPHI MPEJACTABIIIOT COOO0M peo-
CTaThl MOJI3YHKOBOTO THUIIA.

[ToBTOopum (opmyny mexanuudeckor xapaktepuctuku JIIT HB,
XOpOILIO OTPAXKAIOLIEH BIUSHUE IAPAMETPOB ABUTAaTEIsl HAa €ro CKO-
pPOCTB:

0=|0, =% - AQ):MRW WK
c- D, c? @f

3JIECh: (®; — CKOPOCTh XOJIOCTOrO X0/a (0e3 Harpy3Kku), KoTopas oopat-
HOMPOMOPIIMOHATIbHA MarHUTHOMY TOTOKYy @ , , TIPOIOp-
[IMOHAJIbHA HamNpsDKeHHUIo sikops U U pe3ucTUBHOMY KO3(]-
¢unuenty K ,;
K, = —RW <l;
R,+R,

A® — CHUXEHHE CKOPOCTHU TOJ BO3JIEHCTBUEM MOMEHTA JBHUTA-
Tenst M B yCTAaHOBHUBIIUXCS PEKUMaX, PABHOIO MOMEHTY Ha-
rpy3ku Ha Baiy M .; 9em OOJbIle CONPOTHUBIICHUE B IICTIH
SAKOps ¥ MeHbIIe MoTok @, <1, Tem O0JbIlIe CHUKEHUE CKO-
POCTH IO/ HArpy3Koil, TeM «msirue» MX (0osblie ee HaKJIOH
K ocu adcicc M).
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BakHpIMM MOKa3aTeasaMu JJIs OLIEHKHA CIOCOOOB PEryIMpOBaHUsA
CKOPOCTH 3JIEKTPOABUTATEIIA SIBJITFOTCS:
— Juamna3oH (Mpenenbl PEeryjaupoBaHUsl) — OTHOIIEHUE MAaKCH-

MaJIbHOW CKOPOCTH IIPM HOMHUHAJIBHOM TOKE Harpy3sku o, .., K MAHH-

MaJIbHOU CKOPOCTH IIPH TAKOM XKE€ TOKE O ;... 4 »

— IUIABHOCTh PErYJUPOBAHUSA WA KOJIUYECTBO CTYIEHEW CKOPOCTH
BHYTPHU Jvana3oHa PeryJupoBaHus;

— YKOHOMMYHOCTb CUCTEMBI PEryJIMPOBAHMS, YUUTHIBAOLIAS [OTEPU
DHEPIUM, NIEPBOHAYAILHYO CTOMMOCTD U OKCIUTYaTALMOHHBIE PACXObl PEry-
JIMPYIOLLMX YCTPOKCTB;

— JIOIyCTUMOCTh MOMEHTA JABUIATENA IO YCIOBUSAM HarpeBa IpU
MU3MEHEHUSAX CTATUYECKOr0 MOMEHTA Ha Bayly B (DYHKIIMH CKOPOCTH.

Ha mniepBbIil ¥ LIEHTpabHBIA MOKA3aTENIb — JIUAIA30H PETYJIUPO-
BAHUs CKOPOCTH, CUJILHOE BJIMSHUE OKa3bIBaeT KpyruzHa MX Uem msr-
Yye 3Ta XapaKTEpUCTUKA, TEM MEHBIIIE JUAIla30H

ﬂ — (DMCZK. H

('O.MMH. H

OOyc/IOBIEHO 3TO YCTAHOBJIEHHBIM [IJISl 3JEKTPOMEXAaHUYECKHUX
CHUCTEM TpeOOBaHUEM: Ha HUYKHEM YPOBHE CKOPOCTU ® ... , U3MECHEHHUE

Harpy3ku Ha 120% He AOHKHO NPUBOJIUTH K U3MEHEHHSM CKOPOCTH
Toxe Oosee +20% [3, 9]. HemocTarouHas >XKECTKOCTh MEXaHHYECKOM
XapaKTEPUCTUKU HE TO3BOJISIET IMOJYYUTh JAUAINA30H PETyJIMPOBAHUS
CKOpPOCTH HampsiKeHHeM sikopst 6osiee yeM 15+10. PeoctatHbie xapakTe-
PUCTUKH €le Msrde, 3/1eCh JUana3oHbl JOCTUTAlOTCs HE Oojee 3 jyist
YUCTO PEOCTATHOTO U 67 JJIsi pE€OCTaTHOTO C ITYHTUPOBAHUEM SIKOPSI.
Jlnana3zoHbl peryaupoBaHusi a0 50 cuuTaroTcs HU3KMMU. Mexa-
HU3MBI 110/1a4 CTAHKOB METaJIJI000padbOoTKH TpeOyroT auamna3oHoB oT 100
mo 1000. Otu nmmama3oHbl U gaxke O0ojiee BBLICOKHE JOCTHUTAIOTCS, €CIIU
JAIIT HB perymupyercss aBTOMAaTUYECKUMHU CHUCTEMaMHU YIIPABIICHUS
(CAY) co crienraibHBIMU OOPATHBIMU CBSI3IMH IO MOMEHTY M CKOPOCTH
JBUTATEINs, 00€CTICYMBAIOIIMMU NPAKTHYECKU aOCOJIOTHO KecTkue (0e3
CHIDKCHUN CKOPOCTH) MEXaHUUYECKHUE XapaKTEPUCTUKU JICKTPOMEXaHU-
YECKOU CUCTEMBI, IPUBOJUMON B JIBUKEHUE DIIEKTpoABUTaTelieM. B Ta-
KMX CUCTEMAax JIOMOJHUTENIbHBIE 3aTpaThl HA MPUMEHEHUE CIICIIHATbHbBIX
PEryJIATOPOB HANPSDKEHUS SIKOPS U OOMOTOK BO30Y’KJICHHSI OIpaBiaHBbl,
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TaK KaK MapamMeTpU4eCKUMHU Croco0aMu OOJIbIIME HUANa30Hbl PEryJiu-
POBaHMS CKOPOCTH HE JJOCTUTAFOTCA.

HecmoTtpst Ha ykazaHHbBIE HEIOCTATKU MapaMETPUUYECKOIO PEryJIMpoBa-
HUS (MaJblil TManasoH, TPYAHO JOCTUraeMasl IJIaBHOCTh, TTOTEPU SHEPIUH)
OHO Ha MPAKTUKE IIUPOKO MPUMEHSETCH.

ONEeKTPONPUBO/IbI TPAHCIIOPTHBIX YCTPOMCTB, OABEMHHUKOB, TJIaBHBIX
JBYO)KEHUN METALIOPEKYILMX CTAHKOB, MHOTHE YCTAHOBKHU JAEPEBOOOPAOOTKU
1 OBITOBOTrO Ha3HAUEHHS TPEOYIOT JUANA30HOB M3MEHEHUsI CKOPOCTH B TIpe-
nenax or 3 go 10. Bonee Toro, ykazaHHbIe 3JEKTPONPUBOJIBI padOTAIOT HA
HIKHUX YPOBHSIX CKOPOCTH KPAaTKOBPEMEHHO, YTO HE JIA€T 3aMETHBIX MOTEPh
sHeprun. [IpuemneMbiM SBISIETCS CTYIEHYATOE MEPEKIIIOUYEHHUE CKOPOCTEH.
3neck napamerpudeckoe peryauporanre ckopoctu 1T HB 3a cuer peocta-
TOB B LIETIH SKOPSI U B LIEMH OOMOTKH OYyJIET MTPUMEHSTHCS BBULy CBOEH IPO-
CTOTBI UCTIOJIHEHUSI Y SKCILTyaTalliy, BHICOKOW HAIKHOCTH U JICIICBU3HBL.

2.9 NepexogHble xapakrepuctuku OMNT HB

B npenpiaymmx pazzaenax paccMoTpeHsl peskumbl padotst AT HB B
YCTAHOBUBILIMXCA PEXUMAX, KOIJa MEPEXOAHBIE MPOLECCHl CUUTAOTCS 3a-
KOHUMBIIMMUCS. OIHAKO W3MEHEHHS COCTOSHUM B JJIEKTPOMEXAHHUYECKUX
cucreMax (OMC) He MPOUCXOASIT MTHOBEHHO, MTOCKOJIbKY CYILIECTBYIOT HAKO-
NUTEIN SHEPIUM, 3a/ICP/KMBAOIINE W3MEHEHUS BEJIMYMH TOKA, MOMEHTA U
CKOPOCTH MO TNPUYHMHE MPOUCXOSIINX IPOLECCOB HAKOIUIEHUS M OTIHAYr
DHEPIUU B €€ HAKOIUTENSX. TaKOBBIMUA HAKOIUTEISIMU SBJITFOTCS: JUIS DJIEK-
TPUYECKOW SHEPIrUM — HMHIYKTUBHOCTA M €MKOCTH, JIJISI MEXaHUYECKOU —
MAacchl 1 JUIs TEIUIOBOM — TEIUIOEMKOCTh MACChl. JJIMTENTbHOCTh HAKOIIICHUS
Y OTAAYM DHEPIUM XapaKTEPU3YeTCsl MOCTOSSHHBIMUA BPEMEHN KAXKIOTIO THUIIA
Hakormrens. [Ipu moctkeHnn 4-X 3HAYEHWM JTHX MOCTOSHHBIX BPEMEHU
NEPEXOIHBIN ITPOLECC B COOTBETCTBYIOIIEM HAKONUTENE 3aKkaHuuBaercs. Ca-
MOM OOJIBILION CYUTAETCA MOCTOSIHHASL BPEMEHU HAKOIUTENS TEIJIOBOM SHEP-
rvud. HarpeB n oxnakaeHue IBurartesist JUIMTCS JECATKA MUHYT. [[pyrue npo-
LECChI JUIITCA HE 0osiee HECKONBbKUX CeKyHII. [103TOMy TEIIoBbIE MTPOLIECCHI
paccMaTpHUBAIOTCS OTIEBHO. EMKOCTHBIE HAKOITUTENIM SHEPIHMH MMEKOT Ca-
MbIE MaJIbl€ IOCTOSTHHBIE BPEMEHH, [IO3TOMY UMH IIPEHEOPEratoT.

Ha nepexonusie mporiecchl (III1) snekTponBurareneii, B TOM YHCIE
JIIT HB, cymiecTBeHHOE BIMSHUE MOTYT OKa3aTh AJIeKTpoMexannieckas 1,
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M JieKTpoMarauTHast 1, mocTosHHbIE BpeMeHu. [Ipu 3tom, ecim 17, 607b-
me 7', B 4eTbIpe U OoJIee pasza, TO MOCICAHEN MPEHEOPEratoT U MePEXOTHbIC
NPOLIECCHl CUMTAIOT AKCHOHEHIMAILHBIMHU, 3aKAHYMBAIOIIMMUCS 32 BpEMs
AT ,,.

Bonpocsr III1 anextpoasurareneid B CAY SBISIOTCS NpeAMETOM OT-
JIETTBHOTO PACCMOTPEHUA. 3ajaueil Hallero y4eOHOro IocOOMs SIBIISICTCS
KPaTKO MOSICHUTh MEPEXOTHBIE PEKUMBI JIBUTATES], 00JIIAt0LIET0 MACCOM Ha
BTy (MOMEHTOM HWHEPIMU) U MOCTOSHHOM BPEMEHW MHIYKTUBHOCTH LU
skopsi. Hecomzmeprumo 00IbIyto (B JECATKU pa3) MOCTOSHHYIO BPEMEHU 1ie-
N1 BO30Y)KICHUSI TAKXKE OCTaBUM TOKAa O€3 BHUMAHHUS, KaK M TEIIOBYIO
UHEPLIMIO.

Crpykrypayro cxemy HAIIT HB wa puc. 2.7. npu
D, /D, =D, =const MOKHO NPe0OPA30BATH 110 TEOPUM ABTOYIIPABJICHHS
(TAY) k TumoBomy Buay Ha puc. 2.21.

x=U 0=AU

A =
N/ > o W J >
o 5= zar ] T
~Uoc=-L
Woc(p) <
Puc. 2.21

[lepenaTounble PyHKIUHU 3BEHHEB 3TOW CTPYKTYPhI ONHCHIBAIOTCS BbI-
PaKECHUSIMU

= R (2.56)
o T op+l
R, /(c®,)
Wy == = (2.57)
cD,
Woel) = s (2.58)

22)
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rae

R,=R,+K ,R,,

RW
K,=—"“—
R,+R,
Taszz/sza
R
T, :‘].Lz.
(c-®*)
ITo mpaBunam TAY nonyyaem
W pas (0) =W o () W 1(0) Woetn)-
R
UM, (T, p )
WyplU Wopy ~M.]_e@. " (ca.y
(D(p)= f(p) (») cl_ * . (2.59)
L+ W () T, p(T,p+1)+1
U-C-®, T
——— M.p
Woln) R

M, =—""—+M, =— +M
» "W ) ¢ TMP(Tgp N 1)+ 1 c- (2.60)

pas

ITepeBoa omepatopHbIX BbIpaxkeHuit (2.59), (2.60) Bo BpeMeHHbIE
sapucumMocTH o(¢) u M (¢) He npeacTaaser ocoOkIx TpyaHOCTEH [3].

B GompmmucTBe citydaeB mus JAIIT HB mmeer mecto 7, >>1T .

D10 obecrnieynBaeT anepruoUUYECKUil XapaKkTep MepeXOHbIX MPOIECCOB
U3MEHEHUs CKOpPOCTH U MOMeHTa asuraressi. Ha gnmurensHocts TIIT mo-
CTOsSIHHasi BpeMeHU 1 , 3aMETHOTO BJIMSIHUSI HE OKa3bIBAET, PABHO KaK U

Ha MaKCHUMAaJIbHOE 3HAYCHHUE MCCIICYEMbIX BEIUYUH (ITyHKTUPHBIC KPU-
Bble Ha puc. 2.22, 0). JliurensHocts III1 onmpenensiercs, B OCHOBHOM,
AIEKTPOMEXAHUYECKON MTOCTOSHHON BpeMeHU 1), JTa MOCTOSIHHAS TPsi-
MOIIPONOPIIMOHAJIbHA MOMEHTY MHEPIIMU Ha Bajy JABUTaTess J U JKecT-
KOCTH MEXaHUYECKOW XapaKTePUCTUKHU:



61



61

Aw, R,
T,=J- =J =, (2.61)
AMl. (C@* )
rae 1T ,,;, — nocrosiHHas BpeMeHu M.X., Ha KOTOpPOW HJIET NEePEXOIHbIN

nporuecc.
Ecnu nepexoHbIi Mpouecc He MPephIBAECTCS, TO OH 3aKaHUYUBAETCS
OpUMEPHO (MOrpemHocTs 2%) 3a Bpemst

tnni ~ 4TM i°
TOK HKOpSI, MOMCHT, CKOpOCTB U «CKOJIBXKXCHHC» (OTHOCI/ITCJ'IBHOC
A®
CHUIXCHUC CKOpOCTI/I A(D* = —) JABUT'ATCIIA HpI/I Mc = const 5 @ = const

ol
U3MEHSIOTCS 110 YKCIIOHEHIIUAIbHOMY 3aKOHY — BBhIpaXkeHHe (2.62).
B noarBepxkaeHue BhIllI€ U3JI0KEHHOTO, Ha puc. 2.22, 0 MoKa3aHbl
nepexoaubie npoueccel mycka IIT HB Ha peocTaTHON XapaKkTEpUCTUKE
npu M . = const. IIlyHKTUPOM OTMEYEHBI KPUBBIE IS Ciyyas, KOrjaa

AIIEKTPOMArHUTHONM TOCTOAHHOM BpemeHu 71, He mpeHedperaror.

Crnowmnsie kpuBble orpaxaror [1I1 nmpu HanuyMm TOIBKO AIEKTpOoMEXa-
HUYECKOW MHEPIIUU C TOCTOSTHHOM Bpemenu 1 ,.

t/T

31 4

Puc. 2.22

BrIpaskeHus 1151 pacueToB MEXaHUYECKHX MpoIieccoB, koraa 1, = 0,
B 00IIIEM BUJIE TIPECTABISAIOTCS HOpMYIIon
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¥(t)= yc[l - e_l/TMJ + Vuau o T . (2.62)

31ech MEPEMEHHOU y(t) MOET ObITh TOK I, MOMEHT M, CKOPOCTh ® B

3aBUCUMOCTH OT TOT'0, YTO CJIEAYET PACCUYUTHIBATH U CTPOUT.

[To MexaHunuyeckoil xapakrepuctuke, Ha kotopou uuer I (puc.
2.22, a), Hy’)KHO YCTaHOBHUTb HauyallbHOE ), ,, WU YCTAaHOBUBILIEECS .
3HAYEHUS UCCIICTYEMOM BEJIMYMHBI, 4 TAKXKE MTOCTOSHHYIO BpemeHnu 1 ,,;
st atod M.X. 1o BeipakeHuto (2.61). [Ipu HanmuuuM yKa3zaHHBIX JaH-
HBIX UCTOJIb30BaHUE PopMyIibl (2.62) HE BBI3BIBAET TPYJHOCTEH.

Ecnu HyXHO onpenennTs BpeMsi JOCTUKEHUS HEeyCHaHO8U8ULeco-
A 3HAUEHHs ); MCCIedyeMol BelumuuHbl, To u3 (2.62) mpu y(t) =y,

IOJIy4YUM
¢ =T, 2w Ye (2.63)
Vi =V
Ilpu y,,, =Y. cAeQyeTr NpUHATH
tan =4T,.

B psine 35eKTpoOMEXaHUYECKUX CUCTEM IOCJIE OTKIIOYEHUs JABUTa-
TN UJET MPOLECC TOPMOXKEHUSI «CBOOOIHBIM BBIOETOM», TO €CTh CHUC-
TeMa OCTAHOBUTCS, KOI'/Ja 3alac KUHETUYECKOU dHEPIUU U3PACXOIYETCs
Ha MOTEpPU TPEHUA ABUXKYIIMXCS dacTed. Bpems sToro «BbiOera» ornpe-
JES0T 110 hopMyIie

J
Leg = "Wyay s (264)
Mc
rae @, ,, — HadalbHas CKOPOCTh TOPMOMKEHMS,
Mc — CTaTI/IquKI/Iﬁ MOMCHT Ha Baﬂy ABUTATECIIA,

J — MOMEHT MHEPLIMU CUCTEMBI KIM .

IIpusenem npumep pacuera nepexoansix npoueccos AT HB mia
CJIEAYIOIIETO IUKJIA €ro paboThl: PEOCTATHBINA MYyCK B 3 CTyNeHU 0€3 Ha-
IPY3KH, TIPUEM HOMHUHAIBHOW HArpy3ku, cOpoc Harpy3ku (3aKOHYEHa
noJsie3Hasi pabora), TOpMOKEHHUE MPOTUBOBKIIFOYEHUEM JI0 OCTAHOBKH C
HaJIO)KEHUEM MEXAaHUYECKOr0 TOPMO3a.
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Takol LUK XapakTepeH JJIs TJIABHOIO MPUBOJA TOKAPHOI'O CTaH-
Ka.

o pacuera nepexonubix nporeccoB (IIII) u mocrpoenus: ux rpa-
(UKOB MOJKHBI OBITH PAaCCUMTAHBl MEXAHUYECKUE XapPaKTEPUCTHUKH,
oOecreunBaroIIne 3aJaHHbIA LUK padoThl aBurarens. Cuuraem, 4TO
3TO caenaHo (puc. 2.23,a) U MOIyUYCHbI TaHHBIE:

My=A/M,, M,=,LM, M =0,
M, =AM, -M =-05A,M,.
R, =780wMm, R, =3270mMm, R, =1,07 Om,

R,.=16,6OMm, R,=10wm.

kou T

o, =81 p/c, ®, =139 p/c, w3 =171 p/c, o, =220 p/c.
oc =0y =200p/c, A;=2,5 ,h, =2.
J=0,1xr-m?, M, =20Hwm, C =1B-c.
Kak paccuutbiBaloTcst mpuBeAeHHbIE BbllIe noka3aread M.X. onu-
CaHo B pazjerne 3.

Pacuem unmepeanoe kpuswvix I111

1. OnpenenstoTcs nocrosiHHble BpeMenn MX (Ha puc. 2.23, a me-
XaHUYECKUE XapaKTePUCTUKH 0003HadeHbl: 1,2,3 — peocTaTHbIC MycKa,
e — ectecTtBeHHas, [IK — nmpoTuBoBKIIIOUCHU).

R, +R 1
TMIZJM:(),N’EH =088 c,
02 12
R, +R 327 +1
Tyo=J 2 —2=0,17 =043 c,
c 1
R, +R 1 1
TM3 =J n3 s _O, 1 ,O7+ 20’21 C’
02 12
R 1
TMezj—;—O,l—z—O,lc,
c 1






§
Puc. 2.23
2. Onpenenstores ayutenbHocty I qis mycka 1o (2.63).
J{n1s1 mepBOM CTYIIEHU:
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AM, -0

M, -M,

A 2,5
3 A=In"L=In===0,223,
ACCh 2,2 5

IMpunsito M . =M , =0, Tak Kak myck JABUraTeas HacT Oe3 Ha-

IPY3KHU.
[Tonyuyaem ¢, =0,88-0,223=0,2 c.
Ha cnenyrommx AByX CTyIEHSX BEIMYMHA A HE MEHSIETCS, TIO3TOMY

ty=T,,-A=043-0223=0] c,
ty=T,5-4=021-0223=005 c.

3. JlimarenbHoCcTh IIII KOHEWHOrO ATama mycka Mmociie BhIXOJa Ha
ecTecTBeHHY0 M X

t,=4-T,,=4-01=04 c.
4. CymmapHO€E Bpems ITycKa

t,=t +t, +t;+t,=02+01+0,05+04=0,75 c.

5. Bpems npuema u cOpoca Harpys3KHu.
OHO 0JIMHAKOBO, TAK KaK 3TO MPOUCXOJUT HA OJHOW M TOU K€ €cC-
TeCTBEHHOM M.X. C MOCTOSAHHOW BpeMeHu T, ,.
t,,=t. =47 ,.=01-4=04 c.

nH

6. JUIMTENTbHOCTh MpOLECCa TOPMOMKEHUSI B PEXKUME MPOTHUBOBK-
JTHOYEHUS:

_MHattT _Mc
tT :TMT’H( '11'1 - =
_MKOH.T _Mc
A, M -0 -2
=T, . In—1"" 76— 121 ¢,
~05-A,M, -0 ~0,5-2,5

Iocmpoenue cpaguxoe 1111
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[IpenBaputenbHO BBIOMPAIOTCA MAcIITaObl I MOMEHTa M, CKo-
pOoCTH @ W BpemeHu f. HanOonplmMu 3HAYEHUSIMU STUX BEJIMYUH SIB-

asroTest My, @y, ut, ,= 1,25(tn +i, et tm).
Kpusbie M (t) U a)(t) CTPOATCS OTHAEJIBHO, KaK MOKA3aHO HA PUC.

2.23, 0, B. Ha ocsix opauHaT oTKIaabIBaroOTCs 3Hadenuss M, M,, M .,
U ®y, O, O, Oy, ©. 3 3TUX TOUEK IPOBOJATCS TOPUIOHTAIIH.

[To ocsam abcuuce ¢ OTKIIAIBIBAIOTCS pacYETHBIE BPEMEHA NEPEXO/I-
HBIX MPOLIECCOB U MPOBOAATCS BepTUKaAIU. [lepeceuenuss ropuzoHTanei
U BEpPTUKAJEH AAl0T HaYaJIbHbIE U KOHEUHbIC 3HAYCHUSI U3MEHSIOMINXCS
BO BPEMEHM BEIMYMH. TeKyllne KOOpJAUWHATHL @ U M MOXHO ompeje-
auTh 110 popmyre (2.62), omHAKO ITOrO JeaaTh He cienyeT. JloctatouHo
COCIMHUTh TOYKHM HadaJdbHBIX M KOHEYHBIX BenuuuH [T mpubmvkeH-
HBIMU KPUBBIMHU SKCIIOHEHIIUAJILHOTO XapaKTepa.

B koneunoM utore nosydarcs rpaduku Ha puc. 2.23,0,8. Mamns-
HBIM crocoOoM, ¢ nomoiibio [IBM, ctpouth Takue rpaduku Heleaeco-
00pa3Ho, OTpeOyeTCst OOJIbIIIE BPEMEHHU.

[IporpamMma ¢ mpuMepOM MOCTPOCHUS TUarpaMM MEPEXOAHBIX MPO-
neccos AIIT HB npusenenst B [Ipunoxenun 4.

2.10 OnpepeneHne notepb U KoacpcpunumeHTa
nornesHoro AencTBud

ITorepu momHOCTH 3nekTpoasurarener, B tom yucie JAIIT HB,
onpeaessitorcs: koddgduimentom mnojesHoro aeiicteus (KIIM), Homu-
HaJIbHOE 3HAYECHUE €r0 1, JAeTCS B MACHOPTHBIX JAHHBIX.

OO01mmue HOMUHAJIBHBIE TTOTEPH MOITHOCTH AJICKTPUUYSCKOM MAaIIlH-
HBI ONPEACIISIOTCS 10 (popmyIie

1-n,
n.

rae P, — HOMHHaJIbHAs TaCIOPTHAS MOIIIHOCTb,
n,, — HomuHanbHbIA KII/I.

HanomMHuM, 4TO HOMMHAJIBHBIM PEKHUMOM CUYHUTAIOT padoTy OM
Ipy MPSIMOM BKJIFOYEHUHM B CETh C HOMMHAJIBHBIM HAIPSIKCHUEM, MPU
ATOM OTCYTCTBYIOT JI0OABOUHBIE COMPOTHUBJICHUS B CHUJIOBOM II€MH, Mar-
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HUTHBIA MOTOK M TOK HAarpy3Ku oOeCIeUMBAIOTCS HOMHHAIBHBIMH, TO
€CTh — HE BBI3BIBAIOIIMMHK HarpeBa CHJIOBBIX IIETICH U IIeTIel BO30YKIe-
uus 6osee 75°C.

OO01mue moTepyu MOIIHOCTA MMEIOT JIBE COCTABJIISIOIIUE: ITEPEMEH-
HBIE U IIOCTOSTHHEIE.

[lepeMeHHBIC 3aBHCAT OT TOKa HArpy3KH, IMOCTOSHHBIE — BKIIIO-
YaroT MOTEPH MOIITHOCTH HAa BEHTWIAIMIO, HA TPCHUE B MOAIMIMITHUKAX U
MIETOK O KOJIJIEKTOP, TUCTEPE3UC M BUXPEBBIC TOKU, MOTEPU B OOMOTKE
BO30YXKICHHUS.

J171s1 HOMMHAJILHOTO PekKuMa pabOThl MOXKHO 3aIHCaTh

AP, =AP, . +AP (2.58)

Hnep Hnoc-

Homunansubeie nepemennsie norepu AIIT HB onpenenstorcs ox-
HO3HAYHO:

72
AP, ., =12 R, (2.59)
OcTanpHOEe 0CTAaeTCI HOMUHAIILHBIM ITOCTOSHHEBIM IMOTCPAM:
2
APHnOC:APH_APHnep:APH_IﬂHRiI‘ (260)

3necy AP, onipenensiercs 1o (2.57).

B ycioBusX, OTIIMYAKOMIKUXCA OT HOMUHAJIBHOIO PEXKUMA, COCTAB-
JIAIOLINE TTIOTEPh U3MEHSFOTCS.

ITepemeHHBIE HE 3aBUCAT OT CKOPOCTH, HO MEHSIOT CBOE 3HAYECHUE
IPONOPITMOHAILHO KBajapaTy MoMmeHTa Harpy3ku M . =c-D.1,. Tlo-
CKONbKY [, =1, —1,,, TO IOACUYET 3TUX IIOTEPH HE ABIAETCSA POCTHIM:

APinep:];%iRﬂ +113Rn +1131Ru,l> (260)
U+IL,R,
" R,+R,
_U—]ﬂRn
rae ““R,+R,’
M
l1,=1,-1,= —
c-D, |
(2.61)

ITocTossHHBIC IMOTCPHU IMOYTH HC 3aBUCAT OT HAI'PY3KH, IIOITOMY HUX
KN Ha3bIBAKOT IMOCTOSAHHBIMHU COCTABJIAOIINMH, HO OHH CIIOKHO 3aBUCAT
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OT CKOPOCTH: MOTEPU HA TPEHUE OT CKOPOCTH HE 3aBUCHT, IOTEPU HA
TUCTEPE3UC MPOMOPLUHOHAIBHBI CKOPOCTH, TOTEPU HA BUXPEBBIE TOKU U
BEHTWISIIHUIO MPOMOPUHOHANBHBI KBAaAPATy CKOpocTH. llocne mimrens-
HBIX HMCCJIEHOBAHUMN DIEKTPOMEXAHUKHU COTJIACUIMCHh CUUTATh IMOCTOSH-
HbIE MOTEPH MPONOPUUOHAIBHBIMA KBAJpPaTy CKOPOCTH JBUTATENA, IO-
CKOJIbKY MOTE€pPU Ha BUXPEBBIC TOKH M BEHTWISIIMIO BCErja Inpeodiiaia-
10T. [lonyuaem:

COC- 2
APinoczAPHnoc'£ ZJ s (262)
@,

rae @.; — ckopocth Ha M. X. nipu 3aganHom M ..
Benumuuny K11/ B HEeHOMUHAJIBHOM PEXUME HAXOAT 10 (hopMyIie

_ . M,
@i Mc + APinep + APinoc
3)1605 APin ep>s AP

(2.62) c yuetom (2.61).
Bpewms Ha BBIYHCICHUS MOKHO YMEHBIIIUTh, €CIIM BOCITOIH30BaATh-
Csl BBIPOKCHHUSMH, B KOTOPBIX CHACNIaHBI MPOMEKYTOUHBIE MpeoOpa3oBa-

(2.63)

n;

ONPEACISIIOTCS IO BhIpakeHUsIM (2.60) u

inoc

HUA:
2 2
AP = (M"j 1 (1+R” K j+U X (2.64)
inep Hnep MH @3 R,l w Rm ) .
w.,;, UK, M, I, R,+RK,
= et St L , (2.65)
o, vo, M, U, @2
" 2.66
771' _PH ny ’ ( . )
APinep+ APinoc
rae A=
Wi Mc ’
W, MH
(2.67)
AP;, ., — 10 BEIpaXEHHUIO (2.64),

AP
®;/®, — 110 BeIpaxeHuro (2.65).

— 110 BbIpaxkeHuto (2.62),

inoc
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Ilpumep onpenenenns KIIJ nns JIIT HB, paGoratomiero B HeHO-
MHUHAJIbHOM PEKHUME.
Jst ITTT HB u3BeCcTHBI HOMUHAJIBHBIE JAHHBIE:

U,=220B, I,=10A, o,=100p/c, P,= 18«Br,
n,=0,82, R,=20m, A, =2,5.

Omnpenemuts KIIJ[ nBurarens, padoraromiero npu M . =0,5M , Ha
MCKYCCTBEHHBIX MEXaHUYECKUX XapaKTEPUCTUKAX:

a) Ipy NOHMKEHHOM Hanpsbkenuu sikopsa U = 0,5U ,;

0) npu motoke Bo30yxkacHus 0,8 D, (P, =0,8);

B) IPU HAJIMYHMM B CWJIOBOW LIEMH IMOCJIEAOBATEIBHOTO PE3UCTOPA

R, =10 Om;
) IPU HaJMYUU B CWJIOBOW Iienu pesuctopoB R, =R, =10 Om
R
K, =—"%—=0)5).
(Ku R,+R, )
Pewenue.
1. OnpenenstoTcsi HOMHHAIBHBIE TTOTEPU MOIIHOCTH M MX COCTaBIISIO-
IIue:
1- 1-0,82
AP, =P, -~ Tt _18.10° . 082 _ 395 Br;
n, 0,82
AP, ,.,=1I, R, =10"-2=200 Br;
AP, ,,.=AP,—-AP,, ,,=395-200=195 Br.

2. OnpenenaroTcss HEHOMUHaJbHbIE notepu npu M . =0,5M , Ha Kax-
noit u3 M.X. 1o ycioBusm a, 0, B, T mpuMepa.

Ycnosuea: U=05U, (P, =1, R, =0, R,=0, K, =1).

w

2 2
M 1 R UK
APinep:APHnep(—Zj E(l—'__anj-i_ w —
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2
~200-( iz(“% j 10”1 500.0,25+0=50 Br.
0, U K, M, I, R,+RK,
@, U @* MH UH djf )
20,5_1_0’5 10 (2+0-1)2075_070455:0,455_
! 220 U1

2
APin oc:APHnoc(aC;)—i) 2195'(0,455)2 =404 Br.

APinep-l_APinoc 50+404

A = = . :397,4
0, M, 0455-0,5 Br.
a)H MH
P 1800
n,=—"——= ~ (0,819.

P, +A 1800+397,4

B nocnenyromux pacyerax MUCXOJIHbIE BBIPAKEHUSI B OOIIEM BU/JIC
HE TOBTOPSIIOTCS, 3aNUCHIBAIOTCS JIMIIIb YUCICHHBIE COCTABIISIIONINE BXO-
TIAIINX BEJINYHH.

Ycnosue 6: o, =08, U=U,, R,=0, R,=o, K, =1.

AP, ,=200(0,5)* - : (1+9 1)+o~781BT
(0.8)° 2

) 1 1 2 1
il 5. 10 2F0 s 0071~1 18
0,8 220 (0,8)2 )

0

@,

781+ 271,5
AP, 0o =195 1187 = 2715 Br, 4=t "22=5926 Br

1
n, =—300 757,
1800 +592,6
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Ycnoeues: R,=10,U=U,, ©,=1, R, =o, K, =1.

w w

AP

inep

:200.(0,5)2 -%-(H%-l} +0=300 Br.
1

@i _1_qs5.1Y (2”0'1):1—0,273:0,727.
o 2ol 1

H

3004103

AP; . .=195.0,727* =103 Br, 4= 7705~ 1109 Br.
1800 + 1109

Ycnoseue2: R, =R, =10 U=U,, ®&,=1, K, =0,5).

1 10- 220° -
=200-(0,5)2-—-(1+ 020’5j+ 02 _ 1754 2420=2595 Br.

AP
12 10

inep

@ ;

1-0,5 1 :
D 05 0 2+10-05
220

=042 |

b

W,

2
APinoc:APHnoc(aC;)—ij 2195'0,422 =344 Br.

4.4
U PP 3 ol e
042-0.5
1
n. 800 0126

T 1800+ 12521

JI71s1 cpaBHEHMS TTOJTYYEHHBIX PE3YIbTATOB 3alUIIEM UX TAOJIMYHO.
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@ ;
o, APiyep| APinoe A n IIpumeyanue
Bapuant
TprMEpa - Bt Bt Bt - P, =1800 Bt
a 0,455 50 40,4 397.4 | 0,819 AP, =395 Br
0 1,18 78,1 271,5 | 592,6 | 0,751 n, =082
B 0,727 300 103 1109 | 0,619 | AP,,.,=200Br
r 0,42 2595 34,4 12521 | 0,126 | AP = 195Bt

Hnoc

JlaHHBIC TAOIUIIBI MOJATBEPXKAAIOT TECOPETUYECKHUE TOJIOXKEHUS O
TOM, 4TO noTepu MomHocTH U KIIJ[ nBurartenss nocTOSHHOrO TOKa C He-
3aBUCUMBIM BO30YKJICHMEM 3aBUCSIT OT MOMEHTA Harpy3ku M . u mapa-

METPOB, peryiupyrouux ckopocts: U, @,, R,, R,,. IIpu BeIxoae nBU-

ratensa u3 HoMuHaibHOro pexxuma ero KIIJI Bcerma ymensiaerca. Hau-
OOJIbIIIME MOTEPU MOIIHOCTH HAOII0MAIOTCS MPHU BKJIOUYEHUU J00aBOY-
HbIX pe3uctopoB. OcodenHo Huzkuil KIIJ[ momyvaercs npu peoctaTHOM
PEryJIMPOBAHUHN C ITYHTUPOBAHUEM SIKOPSI.
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3 NPUMEP BbINONHEHUA UHOVUBUAYANBLHOIMO
3AOAHUSA Ne 1 (M31)

B unauBunyansHoMm 3amanuu Nel (M31) paccuumThiBaroTCsl mapa-
metpel JAIIT HB cormacHo teopernueckum mosioxkeHusm riaassl 2. Co-
nepxkanue U31 npuBeneno B Ilpwinoxkenun 2. Kaxaplii MCHOJTHUTEIb
MOJIy4aeT CBOU MCXOJHBIC JAHHBIC, KOTOPHIA BBIOMPAIOTCS U3 TAOJIMIIBI
[12 B ITpunoxenuu 2.

[Ipumep WLIFOCTPUPYET COAEPKAHUE Omyema O BBIIOJIHECHUN
N31. ®opma TUTyIBHON cTpaHUIlbl (JicTa) oTueTa AaHa B [Ipunokenuun
1.

B npuBeneHHOM NpuMepe Hymepamusi pa3iesion, GopMys, PUCYH-
KOB CJlieJlaHa TaK, KaK 3TO JOJLKHO ObITh B oTdeTe. Haunnaercs mpumep
C IIEPBOM CTPAHHUIIBI OTYETA MOCJIE TUTYJIBHOI'O JIUCTA.

1. CoaepxaHue MHAUBUAYyaribHOro 3agaHus
no BapuaHty Ne34

HUcxoaHbie 1aHHBIE

I[BI/IFaTeJIB INOCTOAHHOI'O TOKAa C HE3aBUCHUMbIM B036y7KJICHI/IeM
NMECT HOMUHAJIBHBIC TaHHbIC:

HampspkeHue sikopst U, [B] .. ..o o 120
TOK IKOPS £, [A] - oo 115
oTHaBaeMast MOIIHOCTE P, [KBT] ...... .. .. ... .. ... .. .. 11,3
KO3(DPULINEHT MONEZHOTO JEUCTBUA 7], « o« v ov v eee e e e eee e e 0,82
CKOPOCTB BpallleHus 7, [00/MHH] .. ... ... ... ... ... .. ... ...... 685
Heperpy304Hasi CHOCOOHOCTB MO TOKY A « oo v i 2.4
COIpOTHUBIIEHHE enu sikopst R, [OM] ... ... ... ... . . .. ... 0,1
MOMEHT MHEPIUN Ha BTy J] KIM2 ] ..ottt 2,6
Paccuurath

1. ITapametpsl i1 ectecTBeHHOM M X
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2. COHpOTI/IBJIeHI/ISI AJI1 aBTOMAaTHYCCKOI'o IIyCKa ABUTATCIISL C TO-
KOOI'paHUYCHHUCM IIPpHU YHCJIIC CTyneHeﬁ m, paBHOM onpecacInTb

3. ConpoTuBIEHNE JUHAMUYECKOTO TOPMOXKEHHS B OJTHY CTYIICHb.

4. ConpoTuBiieHUE JJIsl peBepca (MPOTUBOBKIIOYEHUE), B TOM YHC-
Jie ero J00aBKy K CTYIIEHSIM ITyCKOBOI'O PEOCTaTa.

5. Hanpskenue axopsi, JOIyCTUMOE I IIPSIMOIO IyCKa.

6. HauanpHbId TOPMO3HOW MOMEHT JABUTATEIA, PU YMEHBIICHUH
CKauyKoOM HamnpsbkeHus sikopst Ha _ 30 %. Onpenenuts OpeaeabHo J10-
yCTUMOE 3HAYEHHUE 3TOTO TOHMKECHUSL.

7. I[Tapametpbl MX nBuratenss ¢ HCHOMUHAJIbHBIM MAarHUTHBIM T10-
TOKOM JISl YBEJIMYEHUSI HOMUHAIIbHOM ckopoct Ha _ 40  %. Onpene-
JUTHh TPU 3TOM JOMYCTUMOE 3HAYEHHE JJIEKTPOMArHUTHOTO MOMEHTA
P HOMUHAIILHOM TOKE SIKOPSI.

8. Ilapamerpst MX nBuraresns, oOeClEUUBAIOIINE YMeEHbUICHUE
€ro HOMHHAJIBbHOW CKOPOCTH B __4  pa3a Npu HOMHHAJIBHOM TOKE SIKO-
pA.

9. OTKJIOHEHUSI CKOPOCTHM HAa MEXaHMYECKUX XApPAKTEPUCTHKAX C
napaMeTpaMy IO MYyHKTY 8 MpU W3MEHEHUSIX MOMEHTA Harpy3ku Ha +
20% OT HOMMHAJILHOTO 3HAYEHUS.

10. ITorepu momuoctu u KIIJ[ nurarens npu paboTe ¢ HOMH-
HaJIbHBIM MOMEHTOM Harpy3ku Ha MX ¢ mapamMerpamu Mo IyHKTam 7 U

8.

IMocTpouTts

1. MexaHnuecKue XapaKTEPUCTUKHU: €CTECTBEHHYIO, PEOCTaTHOIO
MyCKa, TMHAMUYECKOTO TOPMOKEHUS U TPOTUBOBKIIOYECHUS.

2. HUckycctBenHble MX ¢ mapamMeTrpaMu JABHUTATENs ISl YCIOBUM
IIyYHKTOB 6 1 7.

3. BpemeHHbIe AuarpaMMbl U3BMEHEHUSI MOMEHTa U CKOPOCTHU JBH-
raTens Jyisl IIUKJI0B PaOOThI:

a) myck 0e3 Harpy3ku (BXOJIOCTYIO), IPUEM HaArpy3ku, padorta npu

HOMHUHAJILHOM Harpys3ke, cOpoc Harpy3ku, TOPMOXKEHUE MPOTH-

BOBKJIFOUEHHUEM J10 OCTAaHOBKH;

0) myck, paboTa, AMHAMUYECKOE TOPMOKEHHUE B OJHY CTYIEHb JI0

OCTaHOBKHM — BCE MIPU HOMUHAJILHON Harpyske.
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Jlnst quarpaMM ONpeaeauTh JIUTEILHOCTH TMEPEXOIHBIX IPOIleC-
COB Ha KaXJIOM CTYNEHM MyCKa, U IycKa B 1IeJI0M, MpueMa u cOpoca Ha-
I'PY3KH, TOPMO3HBIX PEKUMOB. OTIEILHO YCTAHOBHTH BPEMS TOPMOIKE-
HUSI «BBIOETOM» 0€3 HArpy3KH.

PelweHune BOonpocoB, noctaBneHHbIX B U31

1. IlapaMeTpbI U BeJIMYMHBI, ONIPeeJISII0IINe eCTECTBEHHY 0
MEXAHUYECKYH0 XapPAKTEePUCTHKY

KpoMe macnopTHBIX HaHHBIX JIBUTATENS A ecmecmeennonu MX
HEOOXOJMMbI 3HAYEHHUSI CKOPOCTH HJICAIBHOTO XOJOCTOTO XOoJa @, .,
AJIEKTPOMArHUTHOIO HOMUHAJIBLHOTO MOMEHTa M ,, M 3JIEKTpOMAIIMHHOMN
IIOCTOSIHHOM C.

OnpenensieM 3TH BETUYHAHBI:

" U,_I,-R, 120-115-0]

c ~1,77
1.1. o 6126 Bce,
n n
®w, =—-2r=—"-=6126 .
e @u ="co 0.55 ple
U 120
2. w,,=—=——=678 )
1.2 = . 177 p/c
1.3. M,=1,6-¢=155-1,77=204 Hwm.

Kpome HalijleHHBIX BEJIMYMH B MOCJIEAYIOIIUX pacyeTax MoTpedy-
I0TCSI.

1.4. HoMuHanpHBI MOMEHT HA Bajly JIBUTATEIS

v =P _113-10°
" w 61,26

H

=184,5 Hwm.

1.5. MoMeHT X0JI0CTOr0 X0J1a
M, =M,-M, =204-184,5=19,5 Hwm.

XX
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1.6. MOMEHT XOJIOCTOrO X0Jia B JOJISIX U MPOILIEHTaX OT HOMUHAJIb-
HOTO 3JIEKTPOMarHuTHOIO MOMEHTA
v M. 195
x % -
M 204

H

Mo, =M,,-1002 =00956-100=9,56%.

=0,096,

MOMEHT X0JIOCTOr0 X0Jia OOYCIIOBJICH COMPOTUBJICHUEM TPEHUIO B
MOAIIUITHUKAX U MIETKaX, MOTEPSAMU Ha THCTEPE3UC U BUXPEBBIE TOKU U
a’POJIMHAMUYECKUM COMPOTHUBJICHUEM BEHTHIISIIUH.

1.7. KoagduimeHT kecTKoCTH ecTecTBeHHOM MX

ﬁe%:Awy%:w.loo%:
a)oe
- 61,2
_ o786l 6:-100=9,6%,
67,8

EcrectBenHass MX Haliero JIBUrareias OTHOCUTCA K KaTeropuu
(CKECTKHX», TaK KaK >KECTKHE (C BBICOKHUU CTAOMJIBHOCTBIO CKOPOCTH)
noixHbl uMeTh 3% < 10% (npu apyrux nokazatensx MX cuurtaror

MACKUMU).
CtpouTcs ecTeCTBEHHAsI XapaKTEPUCTHKA I10 JIBYM TOYKaM ¢ KOOp-

auHaTamMu @ ,,, M =0 u M ,, o, . Ilokazana Ha puc. 4 u puc. 5, o6o-
3Ha4YeHa OyKBOH e.

2. PacyeTr cOonpoTuBJIEHUN IIYCKOBOTO Pe0CTaTAa
2.1. BeiOupaem BenMUHUHY IIyCKOBOI'O TOKA /| 1O KPUTEPUIO
I, <A,1,.
Ipunumaem [, = A;1, =24-115=276 A.
2.2. 3agaeMcsi TIPEIBAPUTEIBLHO TOKOM MEPEKIIOUYECHUS CTYICHEU
I, =2(12+14),.
Ilpuanumaem 1,,, =1,251, =125-115~144 A

2.3. OnpenensieM MOJTHOE CONMPOTUBIICHUE ITYCKOBOTO peocTara R,
o ¢hopmyine (2.39)u3z [ 1 ]:
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U, 120
R,=—%—R, =-——-01=0435-01=0335 Owm.
I, 276

Ilpumeuanue: 3nech 1 Janee yKa3bIBalOTCS (POPMYIIBI TEOpPETHYEC-
CKHUX pa3zjziesioB nmocodus [ 1 ].

2.4. YcTaHaBIuMBaeTCsA YMCIIO CTYIEHEH mycka m, popmyna (2.44):
R, +R, 1, 0335+01

R
- A 01 _0638 _,
Ig A, , 1g1,92 0,283 ’
I, 276
A, =—=""=192
Py 144

OkpyriasieM TOJYy4E€HHOE JpOoOHOE 4YuciIo m =268 10 1eI0ro
m=73.

2.5. OnpenensgeM TouHOE 3HAUeHUE KO3 uimeHTa A ¢ yTOUHEeHH-
€M BEJIMYHMHBI [, IPOTHB MPHHATOTO /,,,, .

ITo dopmyie (2.42) nonydaem
/1:1_1:’”\/12” +R, zi/o,335+0,1 _163
I, R,
2.6. PaccuuTbiBaeM COINPOTHUBIICHUSA CTYIIEHEH IyCKOBOI'O pPeoOcTa-
Ta, 0003HAUYEHHBIX B cxeMe Ha puc. 1; dopmyisl (2.45):
R, =R,(2-1)=0]1(1,63-1)=0,063 Om,
R,=R;-A=0,063-163=0,103 Owm,
Ry =R, -12=0]103-1,63=0,168 Om.
[IpoBepka npaBUIILHOCTU pacueToB. [J0MKHO OBITh:

b
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0,063 + 0,103 + 0,168 = 0,334, norpemtHocts 0,3%.

/Q/_UH +/®/
—— 1

< R, q
—

Rl R2 R3 Rp

Ryg
OB
Puc. 1

3. ConpoTuBJjieHne 1Jjisi JMHAMUYECKOT0 TOPMO:KeHus R,

MakcuMalibHOE €0 3Ha4YCHHE JOJIKHO OBITh HE MEHBIIIEC BETMYHHBI
myckoBoro peoctata R,. CorinacHo gopmyie (2.53), umeem:

U
R, =———-R_ =R, =0,335 [Owm].
0 A1 [OM]

H

4. Pacuer CONPOTHBJICHUS JJIA PEKUMA IPOTHBOBKJIIOYCHH S

Benuuuna Bcero conporusiienus pexuma 1K, hopmyna (2.46):
2U,

nK _Rﬂ:2Rn_Rﬂ:
IIH

=0,335-2+01=0,77 Om.
Ero cocraBinsroias, kak 100aBka K R, :

R,=R,,—R,=077-0335=0435 Owm.
ITomyueno R, > R,, Tak kak mo (2.47) R, =R, + R .

5. Hanpsiaxkenue sikopsi, 10IYCTUMOE ISl IPAMOIo MycKa ABHU-
rareis (2.37):

U,mi=41,R,=24-115-01=27,6 B.
OHO HOJKHO OBITh MEHBIIIE HOMUHAIBHOTO B

U, /U, =120/27,6=435 pas.

MUH
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6. Topmo3HOWI MOMEHT [JABHMIaTeJia IPH CKAYKOOOPa3HOM
YMEHbIICHUH HOMHMHAJIBHOTO HanpsizkeHus Ha 30%

JIaHHBIX B UCXOJHOW MH(OpPMAIIMU HEAOCTATOYHO, YTOOBI PEUINTh
3aJa4y OJIHO3HAYHO, TaK KaK He ACHO, Ha kakoit MX paboTan aBUrareib
0 YMEHBIICHHS HANPSIKECHHUS.

bynem cuutath, yTO OH paboTan Ha ecmecmeennon MX, s KO-
TOPOW BhINIONHANOTCA yeaosus U =U,,, @, =1, R, =0, R, = .

DJTa XapaKTEpUCTHUKA SIBIISIETCS CaMOM J>XECTKOM OTHOCHTEIBLHO
ApyIruX, UCKycCTBEHHBIX MX Yem xecTye XapaKTEpUCTUKA U YEM
MEHbIII€ HAarpy3Ka, TeM OOJIbIIE TOJTYKH MOMEHTA JIBUTATENS MIPU PE3KUX
MU3MEHECHHUSX HAIMPSHKEHUS SIKOPSL.

[ToCKONBKY CKOPOCTh HE MOXKET H3MEHSTHCS MIHOBEHHO W3-3a
WHEPLMOHHOCTU CHUCTEMBI, TO IMOCIE CTYNEHYAaTOrO0 YMEHBIICHHS Ha-
npsiokerus sikopst Ha 30% moxxHo ipu M . =0 3anucats:

o —o _U=070, Y, R,

a oe T’
C 02

0,7U,, c?
+
C R

A

Monyunm M7, =| —@,,

ITocne noacTaHOBKM YMCJICHHBIX 3HAYCHUM BEJIMYMH, HalJIeM
0,7 120) 1,77
1,77 01

MakcuManbHO AOMYCTUMBIH MOMEHT JIBUTAaTEIsl IO YCIOBUSIM

KOMMYTAIIMU PaBEH
My, ,=A1;-M,=24-204~490 Hwm.

JlenaeM BBIBOJ: PE3KOE CHI)KEHHE IUTAIOIIETO HAIPSDKCHUS HC-
ciaeayemoro npuratens Ha 30% npu padoTe ero BXOJIOCTYHO MPUBEIET K
TOJTUKY TOPMO3HOTO MOMEHTa, OonbiieMy B 636/490 = 1,3 paza, yeM J10-
ITyCTHUMO.

NMiutroctpanus niepexona Ha HOBYHO MX € €CTECTBEHHOW XapakTe-
PUCTUKH IIPU YMEHBIICHUM CKauyKoM HamnpspbkeHus Ha 30% moka3aHa Ha
puc. 2.

M, = (—67,8 + = —636 Hwm.
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f - T I |
\\T.i_‘f"/}/’T*gpﬂ — 1 C()ae,x. l
Q '\k | _.?NCJ\
i) ad 0,8 £ _ Uy

DU
0’6 0’70” 7
\42
0,% !
2,2 !
311 2,2, 0 | Mox
-4 -3 -24 -2 -7 05 1 1,5 2
-MT#a B MT*J
Puc. 2

XapaKTEpUCTUKNA TIOCTPOCHBI B  OTHOCUTEIBHBIX  €IMHHUIIAX
M,=M/M,, o,=0/o,.

EctrectBennasi 1 m uckyccrBeHHas 2 MX nmpoxoasT napajuiebHO
CO CIABUIOM OTHOCHUTEJIBHO CKOPOCTEW HMJACATBHOTO XOJIOCTOrO XOJla Ha
0,3 enuaunbl. [lpu nepexone U3 TOUYKHA XOJOCTOrO X0Aa @ , 4 IO TOpH-
30HTAJIM B TOUKY a Ha UCKyccTBeHHOM M X nonyyaem —M 7, , = —3,1, 4To
Oonbiie gomycTuMoro 3Haduenus M r.,,,=2.4. Ilpu padore ¢ HOMH-
HaJIbHOM HArpy3KOM MEepexoM W3 TOYKU @, =09 B TOuky 6 mpu
~M 7, s =—2,2, 4TO JOyCTUMO, TaK KaK MEHbIIIE, 4eM 2,4.

OueBUHO, YTO MOKA3aTEIU JJIsi Ha4aJdbHOIro 3HaueHus: —M r mpu
CTYIICHYaTOM YMCHBIICHUN HAMNPSDKCHUS H3-3a NapaJUICIbHOCTH Ha-
JajgpHOU M mocaeayrnmx MX He OyayT 3aBUCETh OT TOrO, Ha4ajCs Ju
OpOILIECC C  €CTECTBEHHOM  XAapakKTEpUCTUKH, WIX C JPYIou,
napasieIbHOM ISl HEE.

Ha Bomnpoc o ToMm, Kakoe U3MEHEHHE HaNPsIKEHUsI HE BBI3OBET OPO-
CKa MOMEHTA JBUTATENS BBIIIE JOMYCTUMOTO 3HAYEHHUS, MOXKHO OTBE-
TUTh, peIlasgi COBMECTHO ypaBHEeHUs MX JJi1 NEPBUYHOTO HANPSHKEHUS
akopst U; ¥ 1 NOHMKEHHOTO CKa4ykoM 110 U, , cuuTas 4To CKOPOCTh B

MOMEHT U3MEHEHUS HANPSIKEHUS He MEHAECM CA.
OTHU ypaBHEHHS UMEIOT BU/L:
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U
Y1 ys
0)1 - M 1 2 (1)
c C
U R
_Us ys
Wy =———=M;)—-. (2)
c C
3necy M | — MOMCHT JBHTIaTejIsd 10 M3MCHCHUS HaPsHKCHU,
M 5> — MOMEHT JBHTAaTCIsd IIPU CTYNCHYATOM IIOHMKCHHMU Ha-

npsbkenus ot U, no U,, B pacuerax Hy)KHO YUYUTBIBAThb €T0 3HAK «1T» WU
«». Bpmauras (2) u3 (1) npu o, = ®,, noay4um
U -u, AU

R
=— =M, -M,)—=Z
=y )

C
R 5
AUf)on:(Ml _M2) z . (3)
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HaunOGonpmum 3nauenue AU Oyzaetr npu M, — 0, TO eCTh B peXHU-
Me XoJocToro xona. Benmunna M, momxHa ObITh He Oonee A ;M . Ilo-
sTomy (popMyia (3) 3anuiercs: B BUAE

R,
AU&OI’Z:Z’[MH . (4)
c
s nanaeix 31 no (4) nonyuum

1
AU, =24-204- U

~27,7 B.

9

B MMPOLCHTAX OT HOMUHAJIBHOI'O HAIIPAXKCHUA SAKOPS 9TO COCTABUT

AU
T 00n 100% = 27,7
U 120

H

-100=23%,

Uraxk, nnsa JAJIT HB ¢ HomunansabiMu nanabsiMu 101t U3 1 nepexon
¢ MX c OonbmuM HampsikeHueM Ha MX ¢ MEHBUIMM HalpsyKEHUEM
JIOJKEH COMPOBOXAATHCS MOHUKCHUEM HAMPSDKEHUS SIKOPSI CKAYKOM HE
oonee yem Ha 27,7 B. CornacHo (4), yem xkectue MX, TO €CTh — MEHb-

e R U » TEM MCHBIIIC I[OHYCTPIMBIfI CKAQYOK ITOHMKCHUS HAIIPSAKCHUA.

7. Illapamerpsl uckyccTrBeHHOM MX nipu @ < @,

OmnpenensieM KpaTHOCTb YMEHbIIEHNUS HOMHHAJIbHOTO MAarHUTHOIO
NOTOKA JIJI YBEJIMYEHUSI HOMUHAJIBHOM cKOpocTH Ha 40%.
[Ipy HEHOMHHAIBLHOM MarHUTHOM IMOTOKE YpaBHEHHE CKOPOCTHOM
XapaKTEPUCTUKU UMEET BU/T
U R,

W= —1I- ,
c-D, c D

()

I[J'ISI IMOCTAaBJICHHOT'O YCJIOBH UMCCM:
I=1,,0=140,U=U,.
N3 BeIpaxkeHus (5) mosrydaem:
U,—1,R, _120-115-0] -0
c-ldow, 177-14-6126

. —
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Ha HoOBOW Mexanmueckon xapakrepuctuke npu @, =0,71 cko-
POCTB HIEATBHOIO X0JIOCTOIO X0/1a @ , 4 IOIy4aeT 3HAYEHHE

U, 120
W, 5= = =95,5 p/c.
T, 1,77-071 pre
Jst toxa 1, monmydaem
U, R 120-115-0,1
op I, — = =86,3 pl/c.

e @, "o, 071177

MoMeHT Harpy3ku Ha Bajly JABHUrarTens JoJbKeH ObITh mpu [ =1, He
oomee M, =M ,,-® , =184,5-0,71=131Hwm.

8. Mapamerpbrlr MX aBurartesisi, 00E€CIEUNBAIONINE YMEHBIIICHUE
€ro HOMMHAJIbHOW CKOPOCTHU B 4 pa3a Npyu HOMHUHAIBHOM TOKE SIKOPSI.

YMEHBIIUTh HOMUHAIBHYIO cKopocTh [IIT HB MoxHO mpemsa
croco0amMu: YMEHbIIIEHUEM HANPSKEHUS AKOPS, BBEIEHUEM J0OaBOYHO-

IO COIPOTUBIIEHHUS R, B LieNb SKOPs, BBEACHUEM I10CIEHOBATEIBLHOIO
CONPOTUBIIEHUSA R, C OJHOBPEMEHHBIM LIYHTUPOBAHUEM SIKOPS PE3U-
cropoM R,,. Kaxgomy ©3 yKa3aHHBIX BapuaHTOB  OyAyT

w
COOTBETCTBOBATH BBIPAKEHUS UCKYCCTBEHHBIX M X

U R

o=—-M—, (6)
c C
U, R,+R,

0=t -M ()
c C
U, K R.+R K

o =—" wo_ Af 2 2n m. (8)

c C

ITo Beipaxkenusim (6), (7), (8) cinemyer ompeaenuts 3HadeHus U,

R, m K, mnpm coorBerctByromux R, u R, o0ecrneduBaromux

®=025w0, mpu M =1, -c.

8.1. Pacuer HamnpspbkeHUs SIKOps, 00€CIIEUHBAIOIIETO YMEHBIIICHUE
HOMHMHAJIbHOM CKOPOCTH B 4 pasa.
3anuceiBaeM ypasuenwue (6) npu @ = 0,250, M =M, =1, -c:



U R, U-I,R,

C C C

[Tonyuaem
U=025w,-c+1,-R,.
OnpenensieM BeTUYUHY TPeOyeMOro MOHUKEHHOTO HAMPSHKCHUS:

U=025-61,26+115-0,1=38,6 B.

DT0 HaIpsKEHUE 00€CIIeUYnBACT CKOPOCTh HMJICATBLHOIO XOJ0CTOIO
XoJa:

8.2. BemuunHa MOCIEI0BATENBLHOIO COMPOTUBJICHUS, O0ECTIeUH-
Baromias npu M =1, - ¢ 3nauenne o = 0,250 ,,.
ITo BeIpaxkeHuto (7) noaydaem

U
025w, =—-1,
c c

R,+R,

9

OTKyZa ompeaensercsa napaMerp R, :
U
Rl’l = |:(_H = a)oej — 0’250)H:| i _R}Z =
c I,

=(67,8-025-6126)- L77
115

-01=0,806-0,1=0,706 Om.

CKOpOCTB X0J0CTOr0 X0Aa HE 3aBUCHUT OT R, , IOITOMY

®,,=0,,=678 plc.

o

8.3. 3nauenuss R, u R, obecneunBaromme ® =0250, mpu
M=M,=1,-c.

PemnTh 3Ty 3aiady OAHO3HAYHO, MOJIB3YACH (hopmynorn MX (8),
HEBO3MOXKHO, TaK KakK JIBE MIEPEMEHHBIE, CBI3aHHBIC YEPe3
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O ©)
R,+R,

MOTYT NPUHUMATh PA3JIUYHbIE COOTHOUIECHHUS, HEOOXOAUMOE U3 KOTOPBIX
He onpezensiercs no (§). JlonoJHUTENbHBIM YCIOBUEM JJI PEIICHUS T10-
CTaBJICHHOW 3aJa4¥ MOCIYXHUT TpeOOBaHUE JIEKTPOMEXAHUKH OOecIie-
yuBaTh i1 MX HWKHETO YPOBHS PETYIUPYEMOU CKOPOCTH KECTKOCTb,
JAIOIIYI0 OTKJIOHEHHSI CKOpOCTH He OoJiee yeM Ha 20% mpu M3MEHEHUU
MOMEHTA Harpy3Ku B TAKOM K€ Mpejiesie OT HOMUHAJIBHOTO 3HAYCHUST —
pazaen 2.8 B yueoHom nocoouu [ 1 ]. Kemaemas uckycctBeHHass MX,
oOecreunBaroIias BbIII€ YKa3aHHOE TPEOOBAHUE U MPOXOSIas 4epe3
3a/IaHHBIE KOOPJIMHATBHI @, M, HUKHEro Auana3oHa peryJupOBaHUS

ckopocTtH 1 : 4, nokazana Ha puc. 3. /[Jiss Hee MOXKHO 3anucaTh:

a)om:a)oe'Kma (10)
Do — Oy 02w iH
= , 4TO JaeT @,, =20 ,,, (11)
M, 02M |,
CosmectHoe pemierue (11) u (10) maer
20 ;
K, = - = (12)

v

[Tocne moactaHoBku B (12) 3HaueHnit ®;, =, /4=1531 p/c u
ve= 078 p/c momyanm
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2:1531

w

=0452.

)

Tenepsp, cornacHo BeipaxkeHuto (8), mist Touku K Ha MX (puc. 3),
MOJTYYUM

12M

oe’ zu) 3
C

08w, = (a)

om =@ - (Rﬂ +RnKzu)- (13)

IToncraBisieM B (13) u3BeCTHBIC BETUYMHBI:

1,2-204
08-1531=678-0452 - 2222 (014 R, -0452),
L77
12,35=30,62 - 7,8 - 35,24R ,,
10,57
=103 Owm
" 350a 0 OM
Benuuuny R, HaxoauM, ucnoiib3ys Gopmyny (9):
K
R, =R, —u_—03- %2 _ 4547 om.
1-K,,  1-0452

CKOpOCTh MAECAIBHOIO XOJOCTOr0 X0J1a @,,, , COOTBETCTBYIOLIAs
K, =0452 6ynaer paBHa:

®,, =0,,K,=678-0452=30,6 p/c.

9. Pacyer u3mMeHeHMH CKOpocTH jBurarens Ha MX ¢ mapamer-
paMH, YCTAaHOBJICHHBIMU B M. 8, IPH YBEIWYEHUM MOMEHTA Harpy3ku Ha
20% OT HOMHUHAJIBHOTO 3HAYCHUS.

OTH pacyeThl MO3BOJSIOT YCTAHOBUTH MPHUTOJHOCTh KaXKJIOrO U3
3-X pacCMOTPEHHBIX CIIOCOOOB PETYJIUPOBAHUS CKOPOCTH B 3aJaHHOM
nuanasone 1 : 4. Ecau uzmenenne moMeHTa Ha £20% 0T HOMHUHAJILHOI'O
3HAYEHUsI IPUBEJET K U3BMEHEHUIO CKOpOCTH Oojiee, ueM Ha 20%, TO BbI-
OpaHHBIN cIOCO0 PEryJIMPOBaHUS MPUMEHSITHCS HE MOXKET KaK HEy/OB-
JICTBOPSAIOIINM YCTAaHOBJICHHOMY B 2JICKTPOMEXaHUKE TPEOOBAHHUIO.

JIs1 pelieHus MOCTaBICHHOM 3a/laul HEOOXOAMMO IO BBIPAKEHHU-
am (6), (7), (8) nHaliTu 3HaveHus ckopocTe w,, ®@,, ©®, TpU

M =12M , v cOOTBETCTBYIOIINE OTKIOHEHHUS UX OT @ ,;, =15,31p/c.
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BrinosiHsieM HEOOXOAUMBIE PACUETHI.

9.1. Jlita MX npy NOHMKEHHOM HaIpPsHKEHUH

R
0, =w,,~12M, 2 =218-12.204- L ~218781=14 p/e
u ou H 2 2 9
c 1,77
- 1531—14
Aw %= " P 100% =221 "1 100 = 8,6%.
. 1531

lH

9.2. Ina MX ¢ mocnenoBaTeIbHBIM COIPOTUBICHUEM R, = 0,706
OM, HaliICHHBIM B II. 8.2.

R, +R 1
0, =w,,~12M, 3 678 12.004. W07 _ 70 6348 pre
2 2 ?
C 1,77
- 15314
Aw, Vo= L= Pn 1000, = 131 =%8 06 6660
o 1531

IH

9.3. Jlns MX ¢ nobaBounbsiMu conpotuBicHusmMu R, =0,3 Owm,
R, =0,247 Omopu K,, =0,452 (onpenenens B 1. 8.3).

R, +R, -K
®, =0,, —12-M, ———*=
c

30612204 20202 506 1842122 e,

177°

1531-122

Aw,, %= " Pu 1009 = 100 = 20%,

a)iH

Pe3ynbpTaThl pacdyeToB MOKa3bIBAIOT, UTO U3 TPEX CHOCOOOB mapa-
METPUYECKOTO PETYIUPOBAHUS CKOPOCTH BHU3 OT €CTECTBEHHOU MX He
MOXKET 00EeCIeunTh 3aJaHHbIM Juana3oH perynaupoBanusa 1 : 4 peocrat-
HBIM PETyJIMPOBAHUEM 0€3 IIYHTUPOBAHUS SIKOPA.

OT1oT cnocol He obecrnieunBaeT TpedyeMoi xectkoctd MX, u nipu
U3MEHEHUAX Harpy3ku Ha 120% OT HOMMHAJIBHOTO 3HAYEHUSI CKOPOCTH
IBUTATENsT OyleT WM3MEHAThCs Ha 68,6% Bmecto gomycTuMbIx 20%.
HaumeHbIue OTKJIOHEHHUST CKOPOCTH HaOmrojaaroTcss Ha MX ¢ moHU-
KEHHBIM HarpspkeHueM — 8,6%.
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10. IlocTpoeHne MEXaHUYECKUX XapPAKTePUCTUK

Bce MX, UCKYCCTBEHHBIE M €CTECTBEHHbIC, ABISItOTCS st JIIIT
HB npsiMbIMu TMHUAMUA, TOITOMY CTPOSTCS OHU O 0gyM TOYKAM: OJHA
C KOOpAMHATaMU @ = w ,;, M =0, apyras — ¢ koopauHaTaMu @ = @ ;,,,

M =M ,. ITpunsaro ctpoutb MX B OTHOCUTEJIBHBIX €MHULIAX:
w,=o/o,,, M,=M/M,, I,=11, U, =U/U,,
@* :@/@H > Ri* :Ri/RH ,» TAC RH :UH/[H .

Beipaxxenuss MX B OTHOCUTEIIBHBIX €MHUIIAX UMEIOT BU/I:

HNCKYCCTBCHHBIC!:
o U 4y Rt R Ky,
=g, Ku—M. e :
o UKy = 1(Rye + RuK )
D, ’
C€CTCCTBCHHAAI:

o,=1-MR_,=1-1,R ., tne M,=1,.
B U31 Ttpedyercs nmoctpouts MX ¢ mapamerpamu, pacCUMTaHHBI-
MU B pazzaenax ordera 1+8. XapaKTEpUCTUKU PEOCTATHOrO MycKa, JIH-
HaMUYECKOT0 TOPMOKEHHUS U POTUBOBKIIFOUECHUS ITIOCTPOECHBI HA pHUC. 4.
31ech BBIOpaHbl MacCHITaOBI: JUIsi CKOPOCTU M, =50 Mm/en, mias Mo-
MEHTa U TOKa m,,, =20 Mm/en. OcTalbHbIC XapaKTEPUCTUKH TTOCTPOCHBI HA

%

puc. 5. 3aeck m ,, =100 mm/en, m,,, =80 mm/en. [TocTpoeHys BBITOIHSITUCH
CJIETYFOLLIUM OOPa30M.
10.1. EcrectBennasa MX O0o3HaueHa Ha puc. 4 u puc. 5 OykBo# e.
B nauane xoopauHaT umeem @, . =1, IpM HOMUHAIBHON Harpys-
_ 6126
ve 078
ectecTBeHHass MX NMpOXOAUT 4epe3 TOUKYy Ha OCH OpJIUHAT @,, =1 c

@,

ke M, =1, =1 nonysum @, = =09. Takum oOpasom,

@

HaKJIOHOM K ocu abcuuce Aw, . =1-09=01 npu M, =1,

10.2. XapakTepucTHKH PEOCTATHOIO MYCKa (ITIOCTPOCHBI HA PUC.
4 cripaBa OT OCH OpJMHAT).

Brimonsum noctpoerne MX peocTaTHOTrO CTYIEHYATOro Mycka
YUCTO rpauyeckuM crnocodbom, Kak 3To pekomenayercs B [ 2 |. Ilpen-
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BAPUTENILHO BHIOMpaeTca MaciuTab koopauHar @,, M, (ykasaH B KOH-

ne nynkra 10). Uem Ooubllie pa3mepbl, TeEM ToOYHEE OYAYT pe3yJbTaThl
rpaguyeckux noctpoeHuil. [locTpoeHus BBITIONHSIOTCS B CIEAYIOIIEM
NOPSIKE.

[IpoBomATCS BEPTUKAIM MPU 3HAYECHUSX, COOTBETCTBYIOIINX KpaT-
HOCTSIM TOKOB IyCKa W MEPEKIIFOYECHUS:

I
Ap=—t=1I,=24,
IH

A, 24

A 163

) =

b

Touka f Ha ocu abcumce (3aech M, =A; =24, 0, =0)u [ na
OCU OpIMHaT coeauHseM npsamon. [lepecedyenue 3Toi npsAMOil ¢ BEpTU-
Kanpto A, =1,47 naer Touky a, U3 KOTOPOW MPOBOAMUTCS TOPHU30HTAIb
10 TepecedeHus ¢ Beptukaibio A; =24 (touka a’). CoeqMHCHUE TOUCK
a’ n [ (Ha ocu OpAMHAT) AAET CJICAYIOIIYI0 PEOCTAaTHYIO XapaKTepUCTH-
Ky, IepecedeHne KOTOpOi ¢ BepTHKaiapio A, maer Touky b. I'opuzon-
Tajlb U3 TOYKHM b IpU HEPECeYeHMU C BEPTHUKANLIO A; Haer Touky b’
PeocrtatHas xapakrepuctuka / — b’ pu nepecedyeHuu ¢ BEPTUKAIbIO A,

B TOYKE C JA€T BO3MOXKHOCTb IMPOBEPUTH MPABUIBHOCTH MOCTPOCHUS
PEOCTaTHBIX XapaKTEpUCTUK. Eciin Bce mpaBUIIbHO, TO MEPECEUEHUE TO-
PU30HTAIM U3 TOYKH C C BEPTUKAIBIO A; TOJKHO IPOU30UTH HA E€CTECT-

BeHHOW MX B Touke ¢', OTKIIOHEHHUS jJomyckarorcs + 5%. B mammx mo-
CTPOEHUAX HA PUC. 4 ITO YCIOBHUE BBITTOIHAECTCSL.

Kaxnas xapakTepucThka peocTaTHOIO IIyCKa MMEET CBOE COIpO-
TUBJICHUE

R, =R, +R,=0335+01=0435 Om,
an - Rnl - R3 - 0,435 - 0,168 = 0,267 OM,

3uauenus R,, Ry, R,, R; onpeneseHsl BoilIe B 11. 2.6.
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Conporusnenus R,;, R,,, R,; OyAyT UCIOJIB30BaHbI HUXKE I

nl»

ONpeNIeTICHUs AJEKTPOMEXaHUYECKUX MOCTOSAHHBIX BpeMeHu T ,,; Mexa-

HUYCCKHUX XapaKTCPUCTHK PEOCTATHOI'O ITyCKa.
JIIS TIpOBEpPKH IOJIyYaeMbIX rpad)UuecKH 3HAYCHHH CKOPOCTH B
TOYKaX a, b, ¢ onpenenum ux pacdetHo. [Ipu 3ToM HCIONB3yeM CBOWCT-
Ba PCOCTATHBIX MEXaHUYCCKHUX XapaKTCPHUCTHK:
a) npu 3Hauenusx M, =M ,, =1, Bcerna

Aw, . =R

ysi* s

@ jyx :1_Ruﬂi*;

0) npu 1r000M ApyroM MOMeHTe, Hanpumep M, = A,, BBIIIOJIHSAET-

Csl TOXK/IECTBO
l-w,, Ao,
Ay 1

Ortcrona nmonydaem

Ru}zi
0 =1= =0 (14)

H

[Tonw3ysick BeipakenueMm (30), onpeaensieMm

R

o, =1- ”1-/12:1—0’435-1,47=o,29,
R, ,043
R 2

©,, =1—- "2-/12=1—0’ 67-1,47:0,624,
R, ,043
R 1

w,, =1- "3-/12=1—0’ 63-1,47:0,77,
R 3

3meck R, =U, /I, =120/115=1,043 Om.
['paduyecKy MOTyYEHHbIE 3HAYEHUS @ 4o, @ py, @ . JOIKHBI OT-

JUYaThCsl OT pacueTHBIX He Oojiee, ueM Ha +5%. B BBINOJIHEHHBIX MO-
CTPOEHUSX Ha pUC. 4 3TO 00EeCTIEUEHO.
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[To 1aHHBIM 3HAYEHUN CKOPOCTH HA PUC. 4 JJIs1 pEOCTATHBIX XapaK-
Tepuctuk npu M . =1 MOXHO clienaTh BBIBOJI, YTO CTYIICHH IIYCKOBOI'O
peocTaTa 00ECreynBaloT HEOOJBILION AMAaNa30H PEryJIrupOBaHUs CKOPO-
cTi. MUHUMAaJIbHOE €€ 3HAYCHHE IPU MOJHOCTHIO BBEAEHHOM PEOCTATE
(xapakrepuctuka ¢ R ,;) paBHo 0,6®,, 4TO MEHbIIE HOMUHAILHON
CKOpPOCTH Bcero quuib B 1,5 pasa.

st nomyyeHus OOJbIIEr0 Avana3oHa MOTPeOyeTcsl BKIIOUYECHHE
JOTIOJIHUTENBHOTO CONpOTUBIeHU. Hanpumep, BKIIFOUEHNE B LEMb KO-
psi yCKOBOT'O peoctara R, BMECTE CO CTYIICHBIO peBepca R, obecrednT

NYHKTUPHYIO XapaKTEPUCTUKY Ha PUC. 4 CO CKOPOCTHIO B TOUKE O, PaB-
HOM 0,2 en. To ecTb HOMHHAIBHYIO CKOPOCTb MOHO TOHU3UTH B
0,9 :0,2=4,5 paza.

Emie onuH BBIBOA: MYCK ABUTATENS TPU HOMUHAJIBLHOM Harpys3ke B
OJIHY CTYIEHb HE JIOMYCKAETCs, TAK KaK BBIKJIIOUYEHHE BCErO IMyCKOBOTO
peocTaTa cpa3y MPUBEAET K HEIOIMYCTUMOMY OpPOCKY TOKA. DTO OYEBU-
HO, €CJIM U3 TOYKHU b " TIPOBECTU FOPU3OHTAIb JO MEPECECUEHUS C €CTECT-
BEeHHOU MX.

10.3. Mexanudeckue XapaKTEPUCTUKU MOPMOZHBIX PEHCUMOE:.
JMHAMHUYECKOTO U IPOTUBOBKIIFOYEHHUS.

IToka3zaHbl B MpaBOi 4aCTH OT OCU OpPAMHAT Ha puc. 4.

XapakTepucTuKa AuHaMuueckoro topmoxenus T npu makcu-
MaJIbHOM CONPOTHBIEHUU R ,,, = R, sBjseTcs mpsmoii TuHKUEH, mpoBe-

JICHHO} Yepe3 KoopauHatel Touek d (@ ,,, =1, =M ,, =—-4;)n0.
Xapakrepuctuka npotuBoBkitoueHus 11K npoBoautes yepes Tou-
kud(®,,, =1,-M,, =—A;)u-M =-051; mpu @, =0.

ConpoTuBiieHUs B 1IENU SKOPsA, 00€CIEUNBAIONINE 3TH XapaKTepH-
CTUKH, UMEIOT 3HAYCHUS

o AT: Ry, =R, + R, =0,435 Om,

m [IK: Ry =2R, + R, =2-0335+01=0,77 Om.

* nNKO %

10.4. MexaHu4yecKHe XapaKTePUCTHKH, O0OECIEUMBAIOIINE TIPU
HOMUHAQJIBHOM TOKE HArpy3kKM YMEHBIICHHE CKOPOCTH JBUrarens B 4
pasa.
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Pe3ynbrarel MOCTpOCHUN NOKa3aHbl HAa puc. 5. Toukamu i npo-
BEACHUS MPSIMBIX JIMHUM UCKYCCTBEHHBIX MX SBJISIOTCS: HA OCU OpJIU-
HaT @ .« U O,,, Ha BepTukamu M ,, =1 (Touka A).

3HaueHus O ,; pacCUUTaHbI BhIIe (pa3aensl 8.1+8.3):

®,4=955pl, ©,,=218 p/c, 0,,=0,,=678 p/c, ®,, =300

p/c.
B oTHOCHTENBHBIX 3HAYCHUSX MOTYYAEM:
0 21,8
_ _ _ ou __ "o . _
Dppy =Ope, =1, Doy, = o 678 =032, w,,,.. =K, =0452.

oe
OTHOCUTENBHAs CKOPOCTh B TOUKE A:
_ 6126
4.678

@

H
w =
nA*
4w

= 0,226,

oe

Jlis puc. 5 BwIOpaHBI MacmTaObl: M., =80 mwm/en, m,, =100
MM/€E]I.

10.5. Mexann4yeckasi XapaKTepPUCTHUKA C OCJIa0JICHHbIM MarHuT-
HBIM ITIOTOKOM @, =0,71.

Crpourcs 1o To4kam @, 4, 1pu M, =0 (och opauHaT) U @ g, ,
npu M, =M ,, =1 (Touka B Ha puc. 5).
PaccunTbiBaeM TpeOyeMble 3HAUEHUSI OTHOCUTEIbHBIX CKOPOCTEH:
®,p, =1/D. =1/0,71=141,

M R .
M- 1412 0,0296:
D, 0,71

3nech R,, =R, /R, =0,1/1,043 = 0,096 .

@y, =D, 1,41-0,19=122,

IToctpoennas MX nokaszaHa Ha pucC. 5 ¢ HOMEpoM 4.

11. IMorepun mommuoctu u KIIJ[ nBuratens Ha HCKYCCTBEHHBIX
MX ¢ mapamerpamu, YCTAaHOBJIEHHBIMHM B paszaenax 7/, 8. OTH xapakre-
PUCTUKHM IOKa3aHbl HA pUC. S.
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Iu4decKkoro mocoodus [1].

rae

(18)

2 2
M 1 R U°K
‘“%”:AR””(ij'@2b+E£K%%'R =

A u

2
@ .
_ ci
APinoc_APHnoc( j s
COH

n, = Mca)ci
i )
Mca)ci +APinep+APin0c
1 -
APH:PH nHa
My
_ 72
APHI’lep_IHRE’
APHI’IOC:APH_APHI’lep'

{11 pacdyeToB MCHONB3YIOTCS BbIpakeHUs u3 pazaena 2.10 mero-

(15)

(16)

(17)

(19)
(20)

s BeipakeHuid (15)-(19) moTpeOyroTcsi HOMUHAIBHBIC JaHHbBIC
HCCIIETyEMOTO JIBUTATEJIS:

P,=113xBt, n,=082, I, =115 A, o, =6127 p/c,

R,=010m, ¢c=177B-¢c, M, =1, -c=204 Hwm.
ITo ycnmoBusim 31 M, =M, ,=184 Hwm.

11.1. HomMuHaneHbIE IOTEPH HA ecTeCTBEHHON MX.
ITonnsie:

1— _
T _113.10° 1= 282

APH = PH
n, 0,82

= 2480 Br.

ITepemennsie:

AP,,,,=I1>-R,=115*-0,1=1323 Br.

Hnep

IlocTosTHHEBIE:
AP = AP, — AP =2480-1323=1157 BT.

Hnoc Hnep
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11.2. ITorepu momuocty u KIIJI Ha MX ¢ nOHMKEHHBIM HaIps-
xenueMm sikopsa (U =386 B, &,=1, R, =0, R,=w, w,=0250,,
M,=M
5 ¢ Homepom 1.

CornacHO UCXOJHBIM JaHHBIM, BeIpakeHus (15) u (16) momyyaror

P.=M .o, =025P,). XapakTepucTUKa MOKa3aHa Ha PHUC.

H 6

BUJT
AP = AP =1323 Br,

un ep Hnep

025w,

2
AP, .. =APHW( j =1157-025% =72 Br.

H

Kak BHIHO, MepeMEHHBbIE COCTABIIAIOUIME MOTEPh HE 3aBUCAT OT
HaIPSKEHMS], €CJIM Harpy3Ka He MEHSIETCSI.
Koadduunent noneznoro aeiicteus no (17):

_ P.=M, 0.=025P, 2826 B
025P, + AP + AP 2826+1323 +72

unep un oc

r}u ’
3necy P, =025P, =113-025-10° = 2826 Br.
ITo pe3ynbTaTaM pacuyeToB BUIHO, YTO OOIIME MOTEPU MOITHOCTHU

PU MMOHW>KEHWH HANPSDKEHUS YMEHBIIWINCh OTHOCUTENIBHO HOMUHAIIb-
HbIX 3a cuer AP, .. YMEHBIIMBIIAXCS MPONOPLIUOHAIBHO KBaJpaTy

ckopoctd. OgHAKO, OTHOCHUTEIBHOE 3HAYEHUE OTJaBaeMoOW K IOTpeo-
nsgemon MmomHoctd B Bune KIIJ Toxe ymenwsmmiocs 1o 0,67 mpoTus
0,82 (momunansueii KITT), Tak kak P, = 0,25P, .

11.3. ITorepu momrHoctu u KIIJI na MX ¢ peoctatom R, (xapak-
TEPUCTUKA 2 Ha puC. J).

3nece U=U,, @,=1, R,=o, R,=0,706 Om, 0, =0250,,
P.=025P, =2826 BT.

PaccunThiBaeM HEOOXOAMMBIE MOKA3aTENH, UCTIONB3YS BhIPAXKEHUS

(15), (16), (17).

R
APnnefAPHne,,(HR—”j =1323-(1+ 0,706

" j =10663 Br.

b
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2
025
AP —APHMC( wj ~1157-025% = 72 Br.

nnoc
a)H

P, =025P, - 2826 021
P+ AP, oy + AP, . 2826+10662+72

[IepeMeHHbBIE OTEPU 32 CUET MOTEPh B pe3ucTtope R, odeHb 00ib-

Mn =

mue, 10,7 kBt. OHn B 3 pa3a BbIlIe OTAaBa€MoOM MOIIHOCTH 2,8 KBT.
Ot1o 06ycnoBuino auskuit KI1J1, Bcero 0,21.
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11.4. ITorepu momuoctr u KIIJI Ha MX peocTaTHOro peryiaupo-
BaHUS C UIYHTUPOBAHUEM SIKOpS IMPHU MapaMeTpax, pacCUUTAHHBIX B II.
183. U=U,=120 B, &,=1, R, =03 Om, R,=0247 Owm,
K,=0452, o.=02w,, M,0,.=3124 Br). XapakrepucTka moxa-
3aHa Ha PUC. 5 C HOMEPOM 3.

[To BeIpaxkenuto (14) nonydaem

2
AP = 1323(1 + % : 0,452) + 120" - 0452

w nep

=3117+26351=

= 29468 Bt = 29,5 kBT,
AP =AP__ =72 Br.

unoc nnoc

[lepeMeHHBIE TIOTEPU MPEBBIIAIOT IMOJE3HYK OTJaBAEMYIO MOII-
HOCTH B 29,5/2,83 =10,4 pas.
_ 2826 _ 2826 ~ 0,09
2826+ 72 +29468 32366
Ouenb Oonbime notepu U kpaitne Huzkuil KIIJ[, mostomy B goc-

TUTHYTOM JMaIa30HEe MOHMKEHUSI HOMUHAJIbHON CKOPOCTH 1 : 4 MOXKHO
padoTaTh TOJIBKO KPATKOBPEMEHHO.

um

11.5. ITotepu momHocty U KIIJI nBurarenss Ha MX ¢ ocinabiien-
HBIM TIOTOKOM (XapakTepucTuka 4 Ha puc. 5).
HcxonHbie JaHHBIE PACCUUTAHBI B I1. /:

v=U,, o,=071,w,=140,,R,=0,1=1,, R, =x,

2 2
M 1 R UK
AP(Dnep:APHnep(—Zj E(I—FR_”KWJ—F R w:

w

A

Hnep-

2

Le o) 1

=APHMP( n j —(1+0)+0=AP
I,c-1 D2

Kak BuHO, mepeMEeHHBIE MOTEPU HE 3aBUCIT OT U3MEHEHUS MOTO-
Ka, TaK K€, KaK U MPU U3MEHEHUSAX HAIPSKEHUSI, €CJIU TOK Harpy3Ku OC-
Tajicsa HEeM3MeHHbIM. B Hamem ciydae, korna /. =1, umeeM
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APy, ., =AP,, ., =1323 Br.

Hnep

IIpu ocnabieHHOM TIOTOKE JJIsi  OOecleyYeHUs  YCIOBUS
I,=1, =const HEOOXOMMMO YMEHBIUTHL MOMEHT Harpy3ku M ., co-

0JIr0/1as1 PAaBEHCTBO
Mc:[H°C°CD*> (21)

MHaue JIBUraTeb OyAeT neperpeBaThCsl.
ITo ycnouto (21) nonyunm

M, =M, @, =M, -071="5.071.

@,

Pa3BuBaemas Ha BaJly MOHIHOCTb OCTAHCTCA HOMHH&HBHOﬁ, TakK
KaK MOMCHT YMCHBIIHJICA POBHO BO CTOJIBKO pa3, BO CKOJIbKO YBCINYH-
JJaCb CKOPOCTh:

M 14=M,0,=P, =113 kBr.

9

C

ITocTosiHHAs coCTaBIAIOLIAs ITOTEPh

4w,

2
AP(Dnoc:APHnoc'( j :11571:42:2268 Br.

Benmuuuna KITJ[ mo ¢popmyne (17)
B 11300 _11300~0
11300+ 2268 +1323 14891

KoadpduimeHT mosie3Horo AeWCTBUS YMEHBIIUICS OTHOCHUTEIBHO
HOMHHAaJIbHOTO 3HaueHus (0,82 3a cUET yBEJIMYEHHUS TOCTOSSTHHOM COCTaB-
JIAIOWIEN TIOTEPb.

No

11.6. 3axmrouenne no pacueram KII/I.

1. [Torepu momHOCTH U BennurHa KIIJ[ gBurarens orauyaroTcs ot
HOMMHAJIbHBIX MACIIOPTHBIX 3HAYEHUH BO BCEX CIIy4asiX, KOrJa Harpy3ka
U CKOPOCTh CTAHOBSITCS HE HOMUHAJIbHBIMU. MI3MeHEeHUa uayT BCceraa B
XYY CTOPOHY.

2. Ha nokazarens KIIJ npexae Bcero BIMAET BEJIMYMHA OT/IaBac-
MOM II0J€3HOM MOIIHOCTH. YUeM MeHbIIe 3Ta MOIIHOCTb, TEM MEHbBIIIE
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KO3(DPUIUEHT MONE3HOTO ACUCTBUS, TaK KaK YACIbHBIN BEC MOTEPH MPU
ATOM BO3paCTaeT.

3. IIpyu oAMHAKOBBIX 3HAYEHUSX MOMEHTA HArpy3Ku M CKOPOCTH, a
CJIEIOBATENIbHO M MOIIHOCTH Ha Bally JABUTATENsSl, HAMOOJbIINE MOTEPH
HAOJII0JJAl0TCSl TPU PEOCTATHBIX CHoco0ax perynvpoBaHusa. Jaxe mpu
HEOOJIBIIIOM JWaIa30He CHU)KEHUS HOMHHAJIBbHOU ckopocTu A0 1 : 4 Be-
nununHa KIIJI cocraBiser ve 6omee 20%.

4. Haunbonbiue notepu MomHocTd U HauMmeHbluid KI1/[ nabmo-
JAI0TCsl TIPU PEOCTATHOM PETyJIUPOBAHUU C JOMOJHUTEIbHBIM IIYHTHU-
poBanueMm axops. 3aeck KIIJ[ MoXeT cocTaBisATh HECKOJIBKO MPOIEHTOB
(B 1. 11.4 on paBen 9%).

12. JluarpaMMbl nepexoanbix npoueccos M, (¢), w,(t) ansa muk-
JIOB pa0OThI ABUTATEIIA:

a) myck 0e3 Harpy3ku, MIpUEeM HOMHUHAJIbHOW HAarpy3ku, cOpoc Ha-
IPY3KH, TOPMOKEHHUE MPOTUBOBKIIIOUEHUEM JO OCTAHOBKU;

0) myck, paboTta Ha ectrecTBeHHONM MX, TMHAMHYECKOE TOPMOKE-
HUE — BCE IIPU HOMUHAJIBHOW HAarpy3Ke.

Jlo mocTpoeHusi AuarpaMMm OIpPEAEieEM JJIUMTENbHOCTH MEPEXOJI-
HBIX MPOLECcCOB. [ 3TOro HY’KHO pacCUUTaTh JIEKTPOMEXAHUYECKUE
NIOCTOAHHBbIE BpeMeHu 1 ,,; w1t MX, Ha KoTopbIx npoucxonst I1I1.

12.1. [locrossHHbIE BpeMeHn M X.
J11s1 eCTECTBEHHOM XapaKTEPUCTUKMU:

R, 01
Te=J - —2=27-——=086-01=0,086 c.
c 1,77
J{1s1 XapakTepUCTUK PEOCTATHOT'O ITYCKa:
R 0435
T, =J —2-=27-—"=086-0435=037
c 1,77

Rn2
T ,=J > =0,86-0,267=0,23 c,

Rn3
T,s=J ~2=086-0164 =014 c,



98

3nauenus R, R,,, R,; onpenenensl B 11. 10.1.

nl»

{711 TOPMO3HBIX PEKUMOB:

R
T yom=J —2%=086-0435=037 c,
C

R
T =J ’;K=O,86-O,77=0,66 C.

MR K
c

3uauenus R,,, u R, , onpezaencHsl B pa3acnax 3,4.

12.2. JnmutensHoctu 111 onpenesnstoTcss mo BeIpaKEHUIO
M -M
tni:TMiln e C*. (22)
*XKOH M c*
JI1s1 X0JI0CTOr0 X0/1a ABUTaTess, padoTaroliiero 0e3 Harpy3ku, pa-
Hee paccyuTaHo (MyHKTHI 1.5, 1.6):

M, =20 Hw, M ,=0]1.

X

Jlnst pacuetoB no gopmyiie (22) umeem

M, ,=M,,=0]11,
OmnpenensieM BpeMs pa3roHa 0e3 Harpy3Ky Ha MepBOi CTYICHU:
M, -M

tnIZTMI'ln = :TMI'A:
2% c*
=037 IHM =0,37-In1,68=0,37-0,41=0,152 c.

1,47 -0,11

3aech u Wi apyrux MX peocTtaTHOro mycka BeludnHa 4 OJvHa-
KOBa:

M, -M._., A, =0,11
n _ _

A=1 nZl
M, -M_, A, —0]l1

b

Bpemena pa3rona Ha BTOpOW U TPEThEU CTYNEHX IyCKa:
t,o=T,,-4=023-041=0,094 c,

ts=T, -A=014-041=0057 c.
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Bpewms 3aBepiieHus mycka Ha ecteCTBEHHOU M X, a Takyke BpeMeHa
npueMa u copoca Harpy3Ku:

fy o=ty =1, =4T . =4-0086=0344 c.

ne

Bpems TOpMOKEHHS TPOTUBOBKIKOYECHUEM:

M, M
tnK:TMnK'ln b GLAp
_MnKKOH*_M)OC*
24-011
— 0,66 1n’—0’1 ~0,66-0,63 =042 c.

CyMMapHoOe BpeMsi ITycka 0e3 Harpy3Ku:
to=t,+t,+t5+1t,, =0152+0,094+ 0,057+ 0,344 = 0,647 c.

12.3. JmurensHoctu 111 npy HOMUHATBEHON HATrpy3Ke.

B3nece M . =M, , M _.=M,, =1.

Paccuntannbie B 1. 12.1. mOCTOSSHHBIE BPEMEHH OCTAIOTCA MPEK-
HHAMHU, TaK KaK Harpy3ka Ha HuX He BiuseT. JnurensHoctu [T onpene-
JISIFOTCS T10 BhIpakeHuto (22). BpeMeHa pa3roHa 1o Harpy3koi Ha Kaxx-
JOM CTYIIEHU ITyCKAa:

Ml* _MC*
tnlzTMl ln :Al :0,37111
M2* - ok

3)1er Ml* :2«[, M2* :/12.
t =T -4 =023-129=0297 c,

2,4-1

=0,37-1,29=10,48 ¢,

b

tl’l3 :T.M3 'Al =0,14'1,29=0,18 C,

twe=4-T,,=4-0086=0344 c.
CymmMapHoe Bpemsi MycKa MO Harpy3KOu:
t,,=048+0297+ 0,18+ 0,344 =13 c.
BpeMst nuHaMU4EeCKOTrO TOPMOKEHUS B OJIHY CTYIICHb

-M - M 4_
om HAY x Cx 20,086°hl 2,4 1

=0,086-125=011 c.
_Mdm KOH % Cx

-In

tam:T
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12.4. JInuTenpHOCTh LIMKJIOTPaMM JIJIsi BbIOOpa MaciiTtaba BpeMme-
HU:
JUTSI ITUKJIOTPaMMBbI TTyCKa ¥ TOPMOKEHHS 0€3 Harpy3KH
Lo :(tn0+tnp+tc s+, ) 12=

= (0,647 + 0,344 + 0,344 + 0,42) - 12=1,76-12= 2] ¢;

IUIS1 TAKJIOTPAMMBI ITyCKa U TOPMOKEHUS O] HATPY3KOU
ty, =, 1y, 1L2=013+011)-1,2=169 c.

UH
Maciirab BpeMeHM Uil TIOCTPOCHHSI JarpaMM BBIOMPAETCs OJIMH:
m, =380 mm/c.

12.5. JlnarpamMmbl HOCTPOEHBI HA pUC. 6 U puUc. 7.

Ha »Tux amarpamMmax 3KCHOHEHIIMAIbHbIC YYACTKU HE PACCUUTHI-
BAJIUCh, HAPUCOBAHBI IPUOITUKEHHO.

[To quarpamMmaM MOKHO CJi€JIaTh BBIBO/IBI.

1. Ilyck aBuraresnsi BXOJIOCTYIO HJET B 2 pasza ObIcTpee, YeM IoJ
Harpy3koit (0,647 c u 1,3 ¢, COOTBETCTBEHHO).

TopmokeHue — Ha00OpOT, 10 Harpy3Kou UJeT ObICTpEE.

2. OO1iee BpeMsi MEPEXOTHOIO MpoIecca Ha KaKJI0W U3 pacCMOT-
PEHHBIX IIUKJIOTPaMM pabOThl ABUTATENSI MAJIO OTIMYAETCS, TaK Kak I0-
cie OBICTPOro IyCKa BXOJIOCTYIO HJIYT CPABHUTEIIHLHO MEIJICHHBIE IPO-
Iecchl MpueMa U copoca Harpy3kd, OTCYTCTBYIOIIME MPU MOCTOSHHOM
Harpy3ke Ha Baiy. Ha nuarpammax puc. 6 Bpems 111 nomygaercs naxe
Oonblie, yeM Ha auarpammax puc. 7 (1,76 ¢ u 1,41 ¢, COOTBETCTBEHHO),
XOTsI BO BTOPOM CJIy4ae pa3roH UJIET MeJICHHEE.

3. Ilpu 3HAUUTENBHBIX CKAuYKaXx MOMEHTA JBUTATENsl MPHU MyCKe U
TOPMOXEHUU U3MEHEHUSI CKOPOCTHU UAYT IUIABHO.

BoiBoabl 110 pe3ynbratam BeinoaHeHus U3 1.

1. Bce pacuersl He BBI3bIBAIM 3aTPYIHEHUN, TAK KAK BBIIOJIHSIUCH
0 TTPOCTHIM (popMyIIaM.

2. JluneitHocTh Mexannueckux xapakrepuctuk IIIT HB oGecme-
YUBaeT OBICTPOE UX rpaduyeckoe N300pakKeHUe o ABYM TOUKAM.

Huanazon 1 : 4 gocTuraercs JNUIIb NPU NOHUKECHUU HAIPSIKEHUS
akops. Y mpu peocTaTHOM PEryaIupOBaHUM C AONOJHHUTENBHBIM ITYHTH-
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poBaHueEM sikops BO BTopoM cirydae KIIJI aBurarens ctaHOBUTCA KpaiiHe
HU3KUM, Bcero 9%.
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3. Jlua orpaHuyYeHHs] MyCKOBOTO TOKa € TpeOyemMoil KpaTHOCTHIO
A; =2,4 OT HOMMHAJIBHOTO, TPEOYETCSI BBECTH B LIEMb SKOPS MOCJIEI0BA-

TeabHoe conpoTusiieHue 0,335 OM. 310 B 3,35 paza OoJibIlle COMPOTUB-
JIEHUS SIKOPS C COOTBETCTBYIOIIUM YBEIMYEHUEM MMOTEPh MOLTHOCTH MPHU
nycke. Takoe ke OrpaHM4YeHHE TOKa MOKHO OOECIEUUTh MOHMKEHUEM
HarnpspkeHus sikopsa 10 38,6 B, ToO ecTh yMEHbIINTHL €ro B 3,1 paza ot
HOMHUHAJILHOTO 3HaueHus. [Ipu 3TOM JOMOJHUTENBHBIX NOTEPHh MOIIHO-
CTU HE MPOUCXOJIUT, HO TPEOYETCA CHEUHAIbHBIN PEryIsATOp HaIpsKe-
HUSIL.

4. Tlyck nBuratens B OJHY CTyNE€Hb IIPU HOMHHAJIBHON HArpys3ke
HEBO3MOJKEH, TaK KaK MPH BBIKJIIOYEHUU IYCKOBOTO peocTaTa OpOCOK
TOKa MPEBBICUT JIOMYCTUMOE 3HAUCHHUE.

5. ConpoTuBIEHUE IyCKOBOIO peocTaTa R, MOXET 00eCeUuTh pe-

I'yJIMPOBAHUE CKOPOCTHU IPU HOMUHAIBHOM Harpy3ke 10 0,6 oT ckopocTn
Ha ectecTBeHHOM MX Jlns mosydeHus Oojiee BBICOKOTO JUarna3oHa
HY>KHO TMPEIYCMOTPETh €1IE CTYNEHU MOCIEA0BATEIBHOIO CONPOTHUBJIE-
HUA 100aBOYHO K ITYCKOBBIM.

6. PeocTaTHOE peryanpoBaHuE CKOPOCTH MPHUBOJUT K OOJBIINM
NOTEPSM MOIIHOCTH, IMPEBBIIAIOIIMM ITOJE3HYI0 MOIIHOCTh Ha Bally
nBUTATENs (B Hallell KOHTPOJbHOUW padote B 3 u Oosee paza). [loatomy
TaKO€ PEryJIUPOBAHUE JIOJKHO OBITh HEMPOAOKUTEIBHBIM.

7. IloBBIIIEHHE CKOPOCTHU BBEPX OT HOMUHAJIBLHOW 34 CYET YMEHb-
IIEHWS] MATHUTHOT'O MOTOKA BO3MOJKHO JIMIIb [P MOMEHTAaX Harpy3kH,
MEHBIINX HOMUHAJIBHOTO 3HAY€HHS. B KOHTpOJbHOW paboTe MOBbIIIE-
Hue ckopoctu Ha 40% TpeOyeT CHUKEHHS MOMEHTa Ha BaJly JBUTaTelIs
B 1,4 paza. lnaue TOk SIKOpsA CTaHET OOJIbIlIE HOMHUHAJIBHOTO U SKOPb
OyZeT nmeperpeBaThCs BhIIIE JOMYCTUMON TeMIIEpaTyphl.

8. Ilpyn pe3KkoM CHMKEHHUM HANPSKEHHS SIKOPS WU YBEIHMYECHUU
NOTOKA BO30YKJICHUS JIBUTATENb MEPEXOAUT B TEHEPATOPHBINA PEKUM C
OpOCKOM TOPMO3HOI'O MOMEHTA, KOTOPbI MOXET ObITh HEJIOMyCTUMBIM.
Jlns nBurartesns ¢ macnopTHbIMU JaHHbIMHA B U31 ckauku HanmpsikeHHs
AKOPS HE TOJDKHBI TPEBBIIATE 25% €ro HOMMHAJIBHOTO 3HAYCHUS.

Ilpumeuanue. B paznene 3 (nmpumep BwinosHenuss M31) nmpuso-
JIUTCS MHOTO BapUaHTOB pacueTa pexumMoB padotsl JIIT HB (BapuanTthl
MyCKa, TOPMOKEHHUSI, PETYIUPOBAHUS CKOPOCTH) MEXAHMYECKHX XapaK-
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tepuctuk, KIIJI u np. Ilpenooasamenv umeem npaso ymeHbuiumo
o0beM padoT B 3aganun. Hanpumep:

— pacyeTr TOJIBKO OAHOM MEXAHUYECKOM XapaKTEPUCTUKHU, IMPOXO-
JAIIEN yepe3 TOUKy A Ha puc. S;

— pacuet KII/] Tonpko st OMHOM M3 pACCUUTAHHBIX UCKYCCTBEH-
HbeIX X

— TIOCTPOCHHE AMArpaMM NEPEXOIHBIX MporeccoB M. (1), @x(t)

TOJIBKO JIsI BAPUAHTOB «a» HUJIN ((6));

— BO3MOJKHBI U JIpYTM€ BapHUaHThl COKpaIlleHUsI 00beMa BBITIOJIHE-
ausg N31.

13. JIuTeparypa.

1. O0pycnuk B. Il. Dnexrpuueckue mMamuHbl: Y4eOHOe mocoOue
w1, — Tomcek: TYCVYP, 2007.

2. Mockanenko B. B. Dnekrpuuecknit nmpuBoa. — M.: Beicmas
mkoiaa, 1991. — 419 c.
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4 TPEX®PA3HbIE ACUHXPOHHbBIE OBUTATEJIU

ACHHXPOHHBIE 3JICKTPUYECKHE MAIIUHbI UCIOJIb3YIOTCS TOJIBKO B
KauecTBE JABUTATENEH, TaK KaK B pEKUMaxX reHepaTopa 3JIEKTPOIHEPTUH
OHM CYIIECTBEHHO YCTYNalOT CUHXPOHHBIM DOM.

Acunxponssie apuratenu (AJl) Moryt ObITh OJIHO(pA3HBIMU, ABYX-
¢dazapiMu, Tpexda3sHbIMU U MHOrogasHbiMU. Hamnydmmmu TeXHHKO-
SKOHOMHUYECKUM TOKazaTelnsiMu o0nafatotr mpexgaszuvie AJl. IlorTomy
B JJAHHOM IOCOOMU OYyTyT paccMOTpeHbl A/l TONbKO Takoro Kiacca.

4.1 YCTPOMUCTBO M NPUHLMUN 4EeUCTBUA

VYrpolieHHbl BapuaHT ucnojaHeHus tpexdasnoro AJl nmokaszan Ha
puc. 4.1. JIBurarenb UMeET HEMOABUXKHYIO (CTAlMOHAPHYIO) YaCTh —
CTATOPHYIO M Bpamjaroirytocsi — potop. CrtaropHas 4acTb COCTOUT W3
CTAHUHBI, B KOTOPOH pa3MeEIleH CTaTOp U3 AJIEKTPOTEXHUUYECKON CTaju.
CraTop mmMXTyeTcs U3 ITAMIIOBAaHHBIX IUIACTUH TONMHOU 0,35 MM WiH
0,5 MM 7151 yBETTMYEHHUS CONPOTUBJICHUSI BUXPEBBIM TOKAM MarHUTOMPO-
BoAa. B crarope uMeroTcs masbl, KyJa 3aKiiaplBaeTcsi 0OMOTKa cTaTropa.
Ha puc. 4.1 Takux ma3oB nmoka3aHo 6, peajabHO JJIsI Kaxa0i (pa3pl 0OMO-
TOK CTaropa MpeayCMaTpUBAETCA HE OJIHA Mapa IMa30B, a 3HAYUTEIbHO
Oonbliie, HapuMep 8, 12 u Oojiee B 3aBUCMMOCTH OT MOIITHOCTU JIBUTa-
tens. B tpexdazubix A/l da3Hbie cTaTOpHbIE OOMOTKH CMENIEHBI MPO-
CTPAHCTBEHHO MO OKPYKHOCTH cTatopa Ha 120°.

Ecam oOMOTKM COEIMHEHBI MOCJIEIOBATENIbHO U K MECTaM COEIu-
HEHUS «KOHEIL — Hayajio» MOJABOAMTCS HAIpPSKEHHE MUTAIOUIEH CETH,
TO TAKO€ COEAMHEHUE HA3bIBAIOT CXEMOM TpeyroyibHUK (A ). Eciu KoHIbI
OOMOTOK COEMHEHBbI B OJIMH y3€Jl U HaIpsSHKCHUE MUTAHUS TOJABOJAUTCS
K HayajaM, TO TaKyk CXEMY Ha3bIBaIOT 3Be3M0MA ).

Pomop A]l Toxe coOupaercs U3 IMITAMIIOBAHHBIX IJIACTHUH 3JIEK-
TPOTEXHUYECKON CTajau ¢ Ma3zaMH, KyAa 3aKjIaJbIBalOTCS OOMOTKHU IO-
dazno. Ilocne coenunenus pa3HbIX 0OMOTOK pOTOpa B 3BE31y, WU Tpe-
YTOJIbHUK, KaxkJas ()a3za BBIBOAUTCS Ha KoJiblla (MEIHbIC WU OpPOH30-
BbIE€), PACMOJIOKEHHBIE HA BAJIy IBUTATEINSl C AIEKTPUUECKON U30JIALIMEH
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oT Bama. JlocTym Kk 0OMOTKaM poTopa O0ECTIeUNBACTCS Yepe3 CKOJb3S-
IIMe I10 KOJIbIaM IIEeTKU. Eciii He TpeOyeTcs yIpaBisiTh JBUTaTEIeM CO
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CTOPOHBI POTOPA, TO MOKHO BBITIOJIHUTH POTOPHBIE 0OMOTKH 0€3 BBIBO/A
Ha KOJIblIa, 3aMKHYB UX HAaKOPOTKO. B 3TOM ciiydyae 0OMOTKHU poTopa je-
JalT JUThIMU. Takol jaBuUTaTeNnbh Ha3biBalOT AJl ¢ KOPOTKO3aMKHYTHIM
poTtopoMm, oH B 1,5+2 pa3a nemesine apuratens ¢ (pa3HbIM poTopoMm, 0o-
JIe€ HAJIC)KHBIU U MPOCTOU.

CoenuHeHre CEKIMl OOMOTOK CTaTopa, BCTPEUHOE WM MOCJIEI0-
BaTEJIbHOE, OMPEEISET YUCIO Map MOJOCOB p MAarHUTHOTO MOTOKA JIBU-
ratensi. BapuaHThl CO€MHEHUS JIBYX CEKIMM TMOKas3aHbl Ha puc. 4.2.
BrinyckaroTcs 1BUTaTEIM C YKMCIOM Map MojocoB oT 1 10 6 (Bcerna 1ie-
JI0€ YHUCJIIO).

ANt ySs biatds b ANY Y TSt
H,
H, ¢ o ) oK, Hi ‘N K& ) R}@
l K, H, / ,
Iig 1qu
O 4 D=2 x O o4 =1 oX
Puc. 4.2

Cmanuna AJl, B KOTOPOU 3aKpEIUIAECTCA MarHUTONPOBOJ, CTATOPA C
00OMOTKaMHU, BBITIOJHAETCS U3 HEMAarHUTHOTO MeTailia, Oosee JeeBoro —
AJT'OMUHUN WM 4yTyH. MeXay HENOIBMKHOM 4aCThb0 MATrHUTHOW CHC-
TeMbl A/l (cTaTop) M MOABUKHOM (POTOP) UMEETCS BO3IYIIHBIN 3a30p B
npenenax 1+5 mm.

Ipunyun paoomuert AJ/]. K o6MoTKaM cTaTopa MOJBOJAUTCS CUHY-
CoudanbHoe HANPSHKEHUE CO CABUTOM 1O yrity 120° most kaxkaou u3 3-x
da3. 910 obecreunBaeT MarHUTHBIN MOTOK JIBUTATENs, BPAIAOIITUNICS C
YaCTOTOM HaIpsDKEHUs MUTAKOUIEd ceTu f;. YIioBas CKOPOCTh Bpale-

HUA OTOI'O IOTOKA W paBHa
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= 2—@7(1, (4.1)
P
IJI€ p — YUCIIO Tap NoJII0COB N — S MAarHUTHOTO MOTOKA.

Bpamaronieecss MarHuTHoe 1oJie TpaHc(HopMUpyeT B OOMOTKH PO-
topa D/IC u ecnu 3TH 0OMOTKH 3aMKHYThI (HAKOPOTKO MJIM HAa J00aBOY-
HOE COINPOTHUBIICHUE), TO B HUX OyJET MPOTEKATh TOK, CO3AAIOIINM Mar-
HUTHBIA MOTOK POTOpa. DTOT MOTOK OOECTICUMBAET JIEKTPOMATHUTHYIO
CUJIy M KPYTAIIMI MOMEHT, OO€CleurBalolne BpallleHUEe poTopa B Ha-
NOpaBJICHUM BPAILEHUS MArHUTHOrO IMOTOKa cTaTopa. B ABUraTenbHOM
pexuMe, Korja Hy»KHO IIPEOJI0JIeBaTh Harpy3Ky Ha Bally, CKOPOCTh Bpa-
[IEHUS1 POTOpa @ BCET/a MEHbIIE CKOPOCTH BpalleHHUs MOTOKA cTatopa
@, YTO U ONPEIEISAET KIacC ABUTATENS — ACUHXPOHHbBIH. ACUHXPOH-

@

HOCTh CKOPOCTH BpaIlEHUs] POTOPA U MAarHUTHOTO MOTOKA CTaTOpa SIBJISI-
€TCsl LEHTPAIBHOM OCHOBOM mpuHiumna acucteus AJl. Ero HaswpiBaroT
OPUHLUIIOM CKOJBXEHUS — CKOPOCTh POTOpa MPOCKaIb3bIBAET (OTCTA-
€T) OT CKOPOCTH BpallleHHs] MAarHUTHOrO MOTOKa (1moiist) crtatopa. Eciou
HEe OyZEeT 3TOro «IpocKaib3blBaHUS» (OTCTaBaHMs), TO B OOMOTKax po-
Topa He OyaeT HaBoauthea DJIC, He OyaeT Toka ¥ He OyJeT KPYTSAILIEro
MOMEHTA JUIsl pabOThI C HArPY3KOM Ha Bayly ABUTATENS.
Bennunna ckoibxeHus S sBIsSETCA BaXHbIM napamerpom A/l

§=-"0— (4.2)

371ech W, — YIJOBasi CKOPOCTh BPAILEHUS] MATHUTHOIO TIOTOKA (TIOJIS

cTaropa),
® — YTJ0Basi CKOPOCTh BpAIICHHUS POTOpA.

4.2 dneKkTpoTtexHu4yeckue nokasarenu Al

DJieKTpuyecKasi CxeMa 3aMeIlleHUs aCHHXPOHHOIO JBUTaTeNs aHa-
JIOTUYHA CXEeMe 3aMelleHus TpaHnchopMartopa HanpsikeHus. [IpuHaro ee
MPEJICTABISITh U1 00HOU (hazer AJl Ipy COCTMHEHUN CTATOPHBIX U PO-
TOPHBIX OOMOTOK MO cxeMme «3Be3aay. [lokazaHa ata cxema Ha puc. 4.3.
31ecs 0003HAYEHO:
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X,, X}, — WHIYKTUBHBIC COMPOTUBJICHUS IICTICH CTaTOpa U poTopa
OT IIOTOKOB PACCESIHUSA,

R,, R, — aKTHBHBIC CONPOTUBIICHUS OOMOTOK CTaTOpa U POTOPa,
COOTBETCTBEHHO;

X,, R, — WHIYKTUBHOC M aKTHBHOE COIPOTUBICHUS TOKY Ha-

MarHu4yuBaHus [ s

S — mapameTtp CKoJIbXKeHus 1o popmyie (4.2);
U, — (}a3Hoe HanpsKkeHne cTaTopa.

R
1—
R =Rj1=S
S
U,
o °
a)
G‘Xl O-zX’ 2pr
b G'Rl I 2 (o) R2
! 1YY _e2 /YN — g
I o’R} - =R’
— e YY\_* S
| I |
R, X
U, 3%
R

0)

Puc. 4.3
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[TapameTpbl BTOpUYHON 1IeNH (OOMOTOK POTOpa) B CXEME 3aMelle-
HUS OPUBOAATCA C y4E€TOM KOA(PPULIHMEHTOB TpaHChHOpMaALMKU HAIpsKe-
HUA K, U TOKA K; :

Wl ‘K . .
061 w K m
Ke — ’ Kl — 1 061 1 ) (4.3)
Wy " Kp62 Wy *Kygo "My

3necb: Wy, W, — 4YHCJIa BUTKOB OOMOTOK CTaTopa U poTopa B OJIHOM (ha-
3€;
K,61> Kog2 — KOHCTPYKTUBHBIE OOMOTOYHBIE KO3(DPUIHEHTHI,
OHM Oe3pa3MepHbIC U MO BEJIIMYMHE UMEIOT 3HAUEHUs B Mpejerax
0,85+1;
my, M, — 4Ucio (a3 craropa u poTopa.
B otnuuwme ot TpancdopmaTopos, rie

Kr :Ke:Ki:WI/W2>

kod(puruenTsl TpaHcpopmanun AJ[ 06€3 MOMOJHUTENIBHBIX K YHUCIaAM
BUTKOB CBEJCHUN OMpPEAEIUTh HEBO3MOXHO. 3HAYEHUS K, U K; IIPUBO-
nsTcst B karanorax uis AJl, wim cpa3y narotcs 3HaueHus R, X5 ¢ npu-

HsITHEM ycnoBus [ = 1.
Ecmu x, n x; U3BBECTHBI, TO

r_ r_ .
RZ_RZ'Ke'Kia XZ_XZ KeKi,

12':12/’%» E;=FE, =E,-K,.
Ha puc. 4.3 nokasansl 2 BapuaHTa cxem 3amenieHus AJl: a) T-00-

paszHas, 0) I'-o0pa3Has. J[Jis npakTUUYECKOro NMpUMeHeHus 0ojee yaooHa
[-o0pa3Has cxema, y KOTOPOM HaMarHMYMBAIOIIUA  KOHTYp

Z,=R,+ jX, BbIHCCCH Ha BXOJIHBIC 3aXHMbI. UTOOBI IpH 3TOM Ha-

MaFHI/I‘II/IBaIOHII/Iﬁ TOK [ L HC M3MCHUJI CBOCT'O 3HAYCHUS, B 9TOT KOHTYP

IIOCJIEAOBATEIIBHO BKJIIOYEHBI CONPOTUBJEHUS cTatopa Ry u X;. Ilomy-
YeHHAasl TAKUM 00pa3oM cxeMa yJI00Ha TeM, YTO COCTOUT U3 JABYX Iapali-
JICTIBHBIX BETBEH: JUIsl HAMarHMYMBAOIIEro ToKa /,,  pabovero Toka / 5.
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Tox HamarHu4MBaHus /,,, OH K€ SIBISICTCS TOKOM [}; XOJOCTOrO

xoma Al mpu S = 0 (1, = [,;), HE 3aBHCHUT OT Harpy3KH Ha Bayly JBUra-
TEJIsI, OTPEIEISIETCS 10 KPUBOM HaMarHUYMBAHUS MArHUTHOW CHCTEMBI

M BO MHOIO pa3 MEHbIlIE HOMHUHAJbHOIO TOKa crtatopa. Hampumep,
npu
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HOMHUHaJbHOM (Da3HOM HampsbkeHuu craropa U, Korjga MarHUTOIPO-

BOAbI AJl HaCBHIIICHBI,
1,=(01+02)1,,.

[Ipu yMEHBIIICHUH HANpPsDKEHUS, KOTJa KpUBas HaMarHUYWMBaHUS
MMEET JIMHEWHBIN (HEHACBIIICHHBIN) y4aCcTOK, TOK HAaMarHU4nuBaHus (X0-
JIOCTOTO X0ja) yMmMeHblnaercsa B 1,5 u 6omnee paza. [Toaromy 6e3 ocoboit
MOTPEIIHOCTH BMECTO [} =/ ,+1,, MOXHO IpuHUMATh [; = [;.

Pacuer mapametrpoB pabouero koHtypa ['-00pa3Hoil cxembl 3ame-
HIEHUs1 TPeOyeT YTOUHEHUS, YTO JOCTUTAETCS BBEJICHUEM B PacUETHBIC
dopmynsl ko3pdunmenta o (puc. 4.3,0), NpeacTaBIsAIONIETO COO0M OT-
HoureHne Hanpspkenus cetu U, k DJIC craropa £ npu naeanbHOM Xo-

aocmom xooe [2, 5]. O6sr4HO cootHomenue o =U,/E, mano ormiuya-

ercs ot enuHuibl. g aurareneii 3 kBt u 6onee o =1,05+1,02, nus
nBuratene Menbiie Momuoctu o =1,05+1,1. Iloatomy, ¢ 1enbo 00-
JICTUYCHMSI aHaIW3a BBIPAKEHUN, XapaKTEPU3YIOIIMX CBOWCTBA AaCHH-
XPOHHBIX JBUTATEJICH, W YIPOIICHHUS MPAKTHYECKUX PACUCTOB MPUHU-
MalT o =1. Bo3HuKaronme mpu 3ToM HETOYHOCTH HE TIPEBBICST 3HAUE-
HUMW, JAOMYCTUMBIX MPH TEXHUYECKUX pacuerax. Hampummep, mis Toka
potopa [} 3ta ommbKa He npeBbimaet 5%.
Bocnonb3oBaBmuck ['-00pa3Hoil cxeMol 3aMmerieHus Ha puc. 4.3,0
U IpUHAB © = | 3amuineM BbIpaKeHHEe TOKa B paboueM KOHTYpe
' Ul
I = : (4.4)
Ry + R, + R (1= 8)/ST +(x, + x3)°
| TR+ 2(_)/ +(1+ 2)

O6o3HauuB X;| + X, =X, — cymMMapHO€ HHIYKTHUBHOE COIpPO-

TUBJEeHHE cuiaoBoi 1ienu AJl (0OBIMHO MMEHHO OHO JaeTcs B KaTajlorax,
CHSITOE OIBITHO), U YYUTHIBAS, YTO

Ry +R; (1-S)/S = Ry/S.

I0JIy4yaeMm
Ul
I} = ; , (4.5)
\/(Rl +Ry/S) +X;
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Bripaxxenue (4.5) sBISETCS OJHUM M3 LIEHTPAIbHBIX, TaK KaK OIl-
penensier Apyrue GopMyIibl AJIEKTPOMArHUTHBIX Tokazateneit AJl. OHo
MOKa3bIBAET, UTO TOK pOTOpa sBisgeTCS (yHKIMEW ckoyibxeHus S. [Ipu
S = 0 Tok poropa paBeH Hymo u [; =1,. Ilo Mepe yBeIM4CHUs CKOJIb-

kenus [, pacter u pu S = 1 (ABUraTenp HE BPALIACTCS) TOCTUTACT Be-
JIMYUHBI TOKA KOPOTKOTO 3aMbIKaHUS

[éK:Ul/\/(R1+R2,)+XI%' (4.6)

[Ipu oTcyTcTBUU N0OOABOYHBIX COMPOTUBIEHUW B IIENU POTOpa U
CTaropa W MPH HOMHHAJIBHOM 3HAYCHUW MUTAIOMIETO HAIPSKCHUS
U, =U,, TOK HENOJABWXHOTO poTopa B 4+8 pa3 NMpEeBOCXOIUT HOMHU-

HaJIbHOE 3HAYCHUE.

[To cBoemy xapakrepy (QyHKIHs [/ (S ), KOTOPYIO Ha3bIBAKOT TOKO-
BOM WIH CKOPOCMHOU XAapaKTEPUCTUKOU AJl, SBIISIETCS YACTBIO 21UN-
ca.

Momnocts P, morpebnsiemas JBUTaTelieM W3 CETH, YaCTHUYHO
pacxoayerca Ha norepu. OcTaBiasics 4acTh IpeoOpa3yeTcst B dJIEKTPO-
MAarHUTHYIO MOUTHOCTb P, , ONpenessaonlyo MoJIe3HyI0 padoTy:

2 '
mUj R;

P, =m(1}) - RS/S = =2
> =m(13)" R/ (R, +R}/S)? +x2 S

(4.6)

B cBoto ouepenb, 2JIEKTPOMAarHUTHAsE MOIITHOCTh MOYKET OBITh OIl-
peneneHa Kak

Pz :M'a)o,
P, m; -UL-Rj-S

OTKYyJia M=—-= ,
®, a)o[(RlS + Ry + X2 -Sz]

4.7)

rae M — sneKkTpoMarHuTHbIN (KpyTsauuii) MoMeHT Al
DNEeKTPOMAarHUTHBIH MOMEHT aCHHXPOHHOIO JBUTATENs IO BBIpA-
KEHHIO (4.7) ABNAETCS CIOXHOM (pyHKImei M (S) OT CKONbKEHHS, HMe-
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€T SKCTPEMAJIbHbIC YYACTKU. DTy (YHKIHIO HA3BIBAIOT MEXAHUUECKOU
xapakmepucmukou AJl. Ona nokazana Ha puc. 4.4.

Jlnst onpesiesieHnsT BEIMYMHBI KPUTHUECKOTO CKOJBKEHUS S, , CO-
OTBETCTBYIOIIETO MaKCUMAJIbHOMY MOMEHTY B TOUYKE SKCTpEMyMma Kpu-
Bori M (S ), HEO00XOAMMO B34Th MPOU3BOAHYIO OT (4.7) U IPUPABHATH €€

Hymo: dM /dS = 0. ITonyuum:

S =+ R

[ToacraBuB 3HadeHue S, 1o (4.8) B BhIpake€HHE DIICKTPOMArHHT-

(4.8)

HOro MoMeHTa (4.7), nocie npeoOpa3zoBaHU MOIYYUM BBIPAKEHHE MaK-
CUMAJIBHOTO (KPUTUYECKOr0) MOMEHTa B H- M:

2
M. =+ my -Uj - p

47y’1(iR1 1 |R? +X,§)'

B (4.8) u (4.9) 3HaKk MIIOC COOTBETCTBYET JIBUTATEILHOMY, a 3HAK
MHHYC — I€HEepaTOPHOMY PEKHMY pPaOOThl ACHHXPOHHOW MAIIIWHBI.
Jlia AJl oOmero HazHaueHus:t R; HamHoro messliue X .. ITpeneo-

(4.9)

peKeHue BeNMYMHON R, JaeT ynpolleHue BblpakeHuit ans S, u M

R !

S . =+—% 4.10
¥ (4.10)

2

LM Ul -p
T 47#1 'XK .
[Ipu nycke nBuratens o =0, S=1 u corynacHo (4.7) momyyarort

3HAYEHUE MTyCKOBOTO MOMEHTA

M

12

(4.11)

m -U2-R}-p
M, = 1°Y1 ,22 - (4.12)
27;f1l(R1+R2) +X°

B uHXEHEpHOI NpaKTUKE HCHOJIb3YETCS BBhIpaKEHHUE MEXaHUYe-
ckoil xapaktepuctuku (MX), 3aicaHHOE B BUJIC
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O 2M  (1+95,)
S /S+S/S, +28,°

(4.13)

e y=R,/R}.
(4.14)

Bce Boipaxkenus ot (4.4) no (4.14) 3anucaHbl 41 ciiydasi, Korja B
LEMNsAX CTaTopa U pOTOpa HET JOOABOYHBIX CONMPOTUBIICHHI. TeM He me-
HEEe, MEXaHUYECKUX XAPAKTEPUCTUK OYyJIeT MHOTO, €CJIM MEHSIOTCS 3Ha-
yenust U,, f;, p. Eme Oonbuie BapuantoB MX Oyzaer npu BBEICHUU

100aBOYHBIX COMTPOTUBIICHUIA.

JI1s aHanm3a BO3MOXKHOCTEH MEXaHWUYECKHUX XapaKTEPUCTHK B pe-
KUMaxX MyCKa, PEeryJIMPOBaHUSI CKOPOCTH U IJIEKTPOMATHUTHOTO TOPMO-
xeHust A/l ux cpaBHuBaroT ¢ 6a3oBoit MX, KOTOpYIO Ha3bIBAIOT ecHie-
CMEEHHOU.

Ecmecmeennas MX nonyuaemcs npu 6vlnojiHeHuu yclio6uil: Ha-
npsdceHue U YaAcmoma Nnumanwezo0 HanpsaNiceHus HOMUHAIbHbIE
(U, =U,, fi= 1) 6 uenix cmamopa u pomopa omcymcmasyom 000a-
B0YHbIE CONPOMUBIEHUS, Hem UCKANCEHUU uiu oobpwiea ¢asz 6 cucmeme
(noanas cummempust pasz NUManus).

EcrectBennas MX saBnsgercss He TOIBKO 0a30BOM UIA aHAIM30B
pPEXUMOB padoThl AJl, HO U camMOil BBITOAHOM MO YHEPTETUUYECKUM IMOKa-
3aTesiAM, TaK KaK Ha 3TOM XapaKTepHCTHKE 00eCrneurBalOTCs Hanbosee
BBICOKHE 3HA4YEHUsI KOA(DPUIIMEHTA TOJIE3HOr0 AEUCTBUS U KO3 huUiiu-
€HTa MOIIHOCTH.

AHau3 ¥ TocTpoeHne Mexanmdeckux M (S) u ckopocTHBIX /) (S)

XapaKTEPUCTUK IPHUHATO OCYIICCTBIATh B OMHOCUM E/IbHBIX 3HAUCHUAX
BenuuuH 15, M , @, xoraa

M*ZM/Mua a)*:a)/a)oea ]2,*;]1*:]1/111%» (415)

rne M ,, I,, — HOMHHaJIbHBIC 3HAYCHHUSI MOMEHTA U TOKa ctatopa A/l,
®w,,=27f},/p — CKOPOCTh HAEATHLHOI0 XOJOCTOro xoma AJl mpu HO-
MHHAJIbHON YacTOTE.
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B oTHOCHUTENBHBIX €AUHUIIAX XAPAKTEPUCTUKHA OIKCHIBAIOTCSA BBI-
PAKECHUSIMU:

vy M, 1+ 95, Ry
M, S /S+S/S.+2)8,° (4.16)
o, :i(l—s), (4.17)
1n
' 2 2
L, =1, = Y s. (R1+R2/S”)2+x’< —. (4.18)
Uy [(Ri+Ry5)-S +Rs +R3y| + (X, +X,) -8

3nmech R,,, R;y, X ) — BO3MOXKHBIC T0OABOYHBIC COMPOTUBIICHUS.

JItobas MX acCMHXpPOHHOTO JBUratTessi CTPOUTCS B CIEIYIOLIEM
HNOPSIKE.

1. Onpenensitorcs 3Hauenuss M ., S,, 7, COOTBETCTBYIOIIHUE JIaH-
HOM XapaKTEPUCTHUKE.

2. o Beipaxkenuto (4.16) onpenensierca BenuuuHa M, Juis 3Have-
HUH S, BEIOMpaeMbIX B Ipeaenax oT —2S, mo S =2 ¢ onpeacieHHbIM
[1aroM.

Hnsa nsurarensHoro pexuma MX crpoutrca npu S =0-+1. Ilpu
5TOM MOXHO BBIOpAaTh OTrpaHUYEHHOE 4uciao koopauHat: S =0; §,;

1-5, : S=(1—S,<)'%; 1 (7 Touek).

Baxxnbsim nokazatenem st A/l siBisgercss Ko3QPUUIHUEHT MOIIHOCTH
COSQ, Ile ¢ — Yyroja MeXay BeKTopamu HamnpsbkeHus U; u Toka [, B

055,.;S8,.:;8=

obmoTtkax cratopa. dopmyna st 3TOro KodphuilmeHTa uMeeT BUJ
[1,2]:
Ry + Ry /S
\/(Rlz +R£2/S)2 + X5
3/1eCch 3HAaK X yKa3bIBACT, UTO HYXKHO YUYUTHIBATh JOOABOYHBIE CO-
MPOTUBIICHUS, €CJIM OHU UMEIOTCS.

CosQ = (4.18,a)

4.3 EcTecTBeHHble MexaHMN4YecKasi U CKOpOCTHas
xapaktepuctukmn Al
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ypaBHeHI/IH 9TUX XAPAKTCPHUCTHUK, COACPIKAIINX OTJINYMUTCIILHBIN
HNHJCKC «&» — €CTECCTBCHHAA, UMCIOT BU/I:

JUISL MEXaHUYECKOM XapaKTePUCTUKH
2j‘M (l+7/'S1<e )

o = , 4.19
S, /S+5/S, +27S,, .19
roe y, = R /R5;
IU11 CKOPOCTHOM XapaKTEPUCTUKU
R +R,/S Y +X?
Il*e :S ( 1 2/2 H) ZK 5 +110*. (420)
(R -S+Ry) +(X,)-S

3necy S, ,, V. ONPEHCISIOTCS MPEABAPUTEIIBHO IO (opmysiam
(4.8), 414)upu U, =U,,, f1 = fiu; Ay =M . ,/M, — naercs B cipa-
BOUYHOM JINTEPATYPE.

3HaueHus S, ,, ¥ . MOXKHO ONpEACTUTh 0e3 MaHHBIX s R/, RS,
X ,., KOTOpbIE PEIKO MPUBOIATCS B CLIPAaBOYHOM JIUTEpATYpE.

[Mpunumaercst R, = R;, y .= 1 (ycnoBue makcumansHoro KIT/[) u
BenuuuHa S, , Beruucisgercs mo (4.19) npu M, =1, S =S,,, uto npu-
BOJUT K opmyiie

SHllM w2y +25, (A —1)—1]
ke 1-25,(Ay —1)

4.21)

[Tpu 3navenmsax S, =0,02+0,1, 1,, =17+ 2,5 Boipaxkenue (4.21)
npuoOperaer 0oJiee MPOCTON BU/L:

S. =128, (AM +4/22 -1 ) (4.22)

Jlns nBurateneit MoutHocThio npuMepHo 10 kBt u Oonee, koraa
R, = (O,l + O,2)X «» MOJKHO MpeHeOpeyYb aKTUBHBIM CONPOTUBIICHUEM CTa-

TOPHBIX O6MOTOK H I10JIb30BATHCSA BBIPAKCHUAMUA
22y,
M, = ,
SKe /S + S/SKe

S. = SH(AM + A, —1 ) (4.24)

(4.23)
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Bemuuuna S, B chnpaBounukax i AJl IPUBOAUTCS, HO €€ He
TPYAHO PACCUUTATH

S, =loe” (4.25)

oe

rje 71, — HOMHUHaJIbHasl CKOpocTh AJl B 00/MuUH,
n,, — CUHXPOHHAs cCKOpocTh A/Jl.

o

Hina f; =50 I'u 3Hauenus 7, , coriaacHo Gpopmyie
_ 60/

n, 00/MHH,
P

cocrasistor: 3000, 1500,1000, 750,600,500, COOTBETCTBEHHO YHCIY
nap nomocoB p =1, 2, 3, 4, 5, 6. Ot 3Ha4eHus: couamepumsl ¢ #,,. Ha-

npumep, eciiu AaHo 1, = 690 o6/MuH, TO Onmxkaiiiiee 3Hauenue 1,= 750
00/MUH (1, HE MOXKET OBITh MEHBIIIE 7, ) U MOJYUYUM

750 — 690
S, =———=008.
750
VYTII0BBIE CKOPOCTHU MEPECUNUTHIBAKOTCS 1O CKOPOCTSAM K, , U N,
21
o, =—-n..,=n, /955,
oe 60 oe [ e/ (4-26)

w,=n,/955.

s pacyera CKOPOCTHBIX XapaKTEPUCTUK [, (S) 10 BBIPAKECHUIO
(4.20) HYXHO 3HATh IMapaMeTpPhbl CONPOTUBICHUN OOMOTOK R, Ry, X, u
BennunHy [,,. Eciu 3TH 1okaszarenu He HalJeHbl B CIIPAaBOYHOW JIMTE-
patype, To npuaumaercsa 1o = 0,2/,, a 3HaUeHUsA CONPOTUBICHUI pac-
CUUTBIBAKOTCS — CM. pazjaen 4.5.

O6uwmit B ecTecTBeHHBIX XapakTepuctuk M, (S) u I,,(S), mo-
CTPOCHHBIX [IJI1 OJHOTO M3 YACTHBIX CiydaeB mapamerpoB AJl
(Ay =2,2, S, =03, [,, =02, S, =01) nokasan Ha puc. 4.4. 3nech
NYHKTUPOM O0O3HAYEHBbI 3KCIIEPUMEHTAIbHBIE (OINBITHBIE) XapaKTepH-
CTUKH, CIUIOIIHBIMUA JIMHUSMU — pacueTHble. Kak BUJIHO, OINBITHBIE U
pacueTHbIe KpUBBIE OTIHYarOTCsI mpu S > S, ., 9TO OOBSACHSICTCS He-
JUHEUHOCTAMH, HE YYUTHIBAEMBIMU IMPOCTHIMU BbipakeHusMu (4.19),
(4.20): rucrepesuc, BUXpPEBbIE TOKHU, (popMa Ma3oB U JIp., KOTOPBIE IJIs
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pOTOpa CTAaHOBATCS 3HAYMTEIBLHBIMU IIPU OOJIBIIIOM CKOJbKeHHH. Hau-
OoJbIlIee PacXOKJACHUE OMBITHBIX W PACUYCTHBIX XapaKTEPUCTHUK Ha-
omonaercs y AJl ¢ nuthiMu
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Pue. 4.4

Puc. 4.6
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oOMoTKamu poTtopa. 3aech omnbdka MoxeT ObITh 10+20% [2]. Omgnako,
dbopmyibl (4.19), (4.20) He TepsItOT CBOEr0 MPAKTUUYECKOI0 3HAYCHUS,
TaK KaK IPU CBOCH IIPOCTOTE OHU MMO3BOJISIIOT MPOU3BOAUTHL MHOTHE pac-
YeThl U JieaTh 0000111eHus 0 cBoiicTBax u padbote A/l.

B nemoM, Mexannueckue xapaktepucTuku AJl, B ToM ducie ecre-
CTBEHHBIC, SIBIISIOTCS CIOXHBIMHA KpuBBIMH. IIpn 3Hauenumsx S < S,

OHH SIBJISIFOTCS IIOYTH JIUHCUHBIMU:

2M ,
M==-S w=w,(-S5). (4.26,a)

5
K

IIpu § > §, MX 0nu3ku K napaodoaam.

CKOpOCTHbIE XapaKTepucTuku 1, (S ) 0m3Kku K hopMam aLiunca.

OcHoBHbIe pabouue pexumbl AJl ompeaessitorcs TUHEUMHON ya-
CThI0O MEXaHUYECKUX U CKOPOCTHBIX XapakTepucTuk. [loaTomy morpeni-
HOCTH HEJTMHEMHBIX Yy4acTKOB it S > S, MOTYT cKa3aThCs JIMIIb MPU
pacuerax MEepeXOJHbIX MPOIECCOB (IMYCK, peBEpPC, TOPMOKEHHUE), KOTO-
phIe SIBJISIIOTCS HEMPOJOHKUTEILHBIMU M HECYIIIECTBEHHO BIIUSIONIUMU
Ha UHTErpaIbHbIE PE3YIbTATHI.

[TapaMeTpbl €CTECTBEHHBIX XaAPAKTEPUCTUK Mo, Sies My, L1nes 119
SABJISIFOTCS 0a30BBIMU JIJIs1 pACUETOB JPYrux mnokazareneit A/, B Tom duc-
Jie — COMPOTUBJIEHUN OOMOTOK CTatopa U poTopa.

4.4 KatanoxHble aaHHble ALl

B cnpaBouHMKax WIM KaTajlorax aCMHXPOHHBIX JBHUraTeied s
K]I00 MX TUIOUCIIOJHEHHS! TMPUBOJATCS CIEAYIOIINE HOMHUHAIbHBIE
JaHHBIE:

P, — MoOIIHOCTH ABUTATENS NMPU HOMHHAIBHOM 3JIEKTPOMAarHuT-
HOM MOMEHTE M,, ¥ HOMUHAJIbHOW YTJIOBOM CKOPOCTH (0,

17, — K03 (DUIIUEHT MOJIE3HOTO JICUCTBHUS;

N, — CUHXPOHHAsl CKOPOCTh B 000pOTax B MUHYTY (00/MHH);

S, — ckonbxeHue B % ;

U, — nuneiinoe nanpsukenue (U, =Uy, /«/5);

I11,0/11, — KpaToHCTH ICKOBOIO TOKA JJIsi €CTECTBEHHBIX XapakK-
TEPUCTHK;
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COS®, — KO3 PUIIMEHT MOIITHOCTH;
M, ,/M, =2, — neperpy3ouHas cliocOOHOCTb 110 MOMEHTY;

M,/M,=A, — KpParHOCTb IIyCKOBOI'O MOMEHTa OTHOCHTEILHO

HOMHUHAJILHOIO 3HaUeHUs (1151 ecTrecTBeHHOU MX);
f1, — YacToTa HaIpsHKCHHS CTaTopa.

ACHHXpOHHBIC JIBUTATEIN BBIMOJHSIOTCS OOIETr0 MCIIOJIHEHUS M
CIIeIMaILHOr0 (KpaHOBBIE, IIAXTHBIC, METAJUTYPruyecKue, dKCKaBaTop-
Hble U 1p.). OTHOcUTENbHBIE (Oe3pa3mepHbie) nmokazarenu AJl 3aBucAr
OT TUIIOMCIIOJHEHUSI, HOMUHAJILHOM MOIITHOCTA M CHHXPOHHOW CKOpPO-
CTH.

AJl ocHoBHOrO HcnosHeHUs 4A 1 AVl uMeroT HaubOJIbIIUN YIETb-
HBIM BEC IO BBIMYCKY. Brimyckarorcss MomHocThI0 OT 0,025 1o 400 kB,
Bcerja Hu3koBoibTHBIE (10 600 B). [l cBenaeHus mnpuseneM 000OIIEH-
HBIC MOKa3aresm cepuu 4A.

MomHocTh, KBT S, % 1,% CosQ, A Aoy | e /1,
0,1+1 10+6 55+75 | 0,6+0,75 | 1,7+2,5 2 3,5+5
1+10 6+3 75+88 |0,75+0,86 | 1,8+2,2 2 5+7

6oiee 10 3+1,5 88+94 | 0,75+0,02 2 14+12 67

Hpyrue napamerpbl AJl, Takue KaKk CONPOTUBJIECHUA OOMOTOK (ak-
THBHBIC U MHIAYKTHUBHBIC), K03 urments! Tpanchopmarmii K, u K; u

APYTUE, MOKHO HAWTH JIMIIb B CIELUAIBHON CIIPABOYHOW JUTEPATYPE,
WM 3alpPOCUTh 3TU JAHHBIE y 3aBOAA-U3rOTOBUTENSA. CONMPOTHUBIEHUS
MOKHO 0€3 0C000i OTPEIIHOCTH ONPEACITUTh PACUETHO.

4.5 NMpubnuxxeHHbIN pacyeT CONPOTUBIEHUN OOMOTOK
poTopa u ctaTopa

Pacuer Oyner AOCTaTOYHO TOYHBIM, €CJIM H3BECTEH IapaMmeTp
y = R,/R;. Eciu 9T0T mapameTp HEM3BECTEH, TO MPUHUMaeTcs y =1,

YTO JIOIYCTUMO, Tak Kak Jyist A/ obmiero ucnonnenus y = 0,8 +1,2.
W cXOMHBIMU BBIPAKCHUSIMHA SIBJISIFOTCS:
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Ske Ulqu /Ilne

v JS2 (1+27,)+1
rIe R =Ry,
(4.27,a)

RI

4.27)

U 2
X, = \/( ]lqb”J -[Ry(1+7.)]" (4.28)

1ne

3nech S, , ompenensercs mo dhopmyie (4.22) wim (4.21).

IMociienoBaTe LHOCTH pacyera:
onpenensiercss S, , 1o (4.22), 3arem R 1o (4.28); o (4.27) HaxoauTcs
X . ¥ TIOCTIeTHAS BenManHa R, =y - R;.

IIpumep pacuera.
B McXOIHBIX TaHHBIX U3BECTHO:
Uipn =220 B, 1,,,=50 A, n, =900 0o6/mun, 4, =2,y =08.

Tpebyercs onpenenuts s Al snauenns X ., R, R).

Pacuer.
1. HoMuHAaIbHOE CKOJIbXECHUE

s _ny—n, :1000—900:0’ |

n, 1000
2. KpuTnyeckoe CKOJBKEHHE €CTECTBEHHOM MX MO BBIPAKEHUIO

(4.22):
S. =128, (AM +y A2 —1): 1,2.0,1(2“/22 —1)z 0,45.

3. BenuumHa aKTUBHOTO CONPOTHUBJIEHUS OJHOM (ha3bl poTOpa
(MpUBEIEHHOTO K CTATOPY):

S eVign /line _ 045-220/ 50
JSZ (1+27)+1 /0457 (1+2.08)+1

4. IngyKTUBHOE CONPOTUBIIEHHE 0OMOTOK (ha3bl:

R; = =16 [Om].
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Unig)’ 220\’
X, = [llln:bj —[R2’(1+;/)]2 = (Ej —[1,6(1+0,8)]2 =333 [Om].

5. AKTHBHOE compoTUBJICHUE (Da3bl cTATOpA:
R, =R} -y=16-0,8=128 [Om].

Oteer: X, =333 Om, R, =128 Om, R; =1,6 Om.

4.6 UckyccTBeHHble MexXxaHU4YeCcKkue XxapakTepucTuku
TpexdasHbix ALl

3HaHHE WX CBOMCTB M BO3MOYKHOCTEM OYEHb BAXKHO IS OLICHKH
PEXKUMOB IyCKa, PEBEpPCa, TOPMOKEHUS U CHOCOOOB PETYIUPOBAHUS
CKOPOCTH AaCHHXPOHHBIX JABUTaTrelied. HMcKyccmeeHHblMu CUYUTAIOTCS
Bce MX ¢ Henomunanonvimu napamerpamu AJl.

Huwxe OyayT paccMoTpeHbl HamboJsiee paciupoCTpaHECHHBIE Clydau
UCKYCCTBEHHbIX MX, KOrja €CTeCTBEHHBIN pexuM padoTel AJl Hapyia-
€TCsl 32 CUET U3MEHEHHUS MapaMETPOB €ro CHIIOBBIX IIENEl (cTaropa Win
poTopa).

HckycCcTBEHHBIE MEXAHWYECKHE XAPAKTEPUCTUKU OIMHUCHIBAKOTCS
BeipaxkenueM (4.13)npu S, =S, , M. =M, ,,. v =7 .

2M;<u(1+Si<u7/u)

S 9
i+ A28 LT

K U

rne M, ,, S.,, V., JOIKHBI ObITh ONPEIEICHBbI MPEABAPUTEIHHO C

Y4E€TOM U3MEHEHUI NTapaMeTpoB Leren ctatopa u poropa AJl.

4.6.1. UckyccrBennsie MX npu U, # U,

B naHHOM citydae MEHSIETCS TOJIbKO HampshKeHUe cratopa (TO eCTh
4acTOTa MUTAIOUIETO HANPSKEHUS OCTAETCS HOMUHAJIBHOW) U 100aBOY-
HbIE COTPOTUBIICHUSI OTCYTCTBYIOT.

CornacHo BeipaxeHusim (4.16), (4.18) OyaeM UMETh:
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Yu=Y.=1,S8, =S:., ®,,=®, 0T HANPSKEHUS HE 3aBHUCHIT.

U\’
MKu:MKe b
UIH
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KpHTquCKHﬁ MOMEHT IIPONOPIIUOHAIICH Keaopa,m Yy HAIIPsSDKEHUS CTAaTopa,
I lu = I le —U s
11

TOK MPSAMOIIPONOPIIMOHATICH HANIPSKEHUIO CTATOpA.
BelpaxkeHus: uckyccmeennvix XapakTepucTUK AJl B OTHOCUTEIb-
HBIX €IMHUIIAX 3aMMCHIBAIOTCS B BUJIC:

2

20, ((]]1 (1+S,,)
M,, = = 5 , (4.29)
S/S,, +K 428

S KU

U, (R, +R}/S,)" +X2
2

U \| (Ry +R}/S)” + X

Xapaktepuctuku M, :gp(S), 1, :w(S) 1o BbIpakeHUsIM (4.29),
(4.30) nmokazaHsl Ha puc. 4.5.

N3 npuBeneHHoro Ha puc. 4.5 ceMencTBa XapakTEPUCTUK BUIHO,
YTO KPUTUUYECKOE CKOIBKEHHE S, OCTACTCS HEU3MEHHBIM, HE MEHSETCS
CKOpPOCTh XOJIOCTOTO Xoaa (@ ,,=®,), KpyTU3Ha XapaKTEPUCTUK He-
3HAUUTENIIbHO BO3pPACTA€T MPU TOHWKEHUU HANPSKEHUA, YTO HE
MO3BOJISICT PEryJupoBaTh ckopocte npu M . =M ,. Bo3MoxHOCTH

PEryIUpOBAaHUS PACIIMPSIOTCA TOJBKO Ipu M . =", meperpysodnas

CHOCOOHOCTh A PE3KO YMEHbIIAETCS — MPONOPLUOHAIBHO KBaApaTy
YMEHbIIICHUs HampsokeHus. HarpuMep, yMeHbIlleHHe MTyCKOBOTO TOKa B
2 pasa, 3a CYET COOTBETCTBYIOIIETO MOHM)XEHHS HAINpPsHKEHUS CTaTopa,
YMEHBIIIAET MaKCUMaJbHBIM W IYCKOBOM MOMEHTHI B 4 paza. OTO HE
MO3BOJISIET PEeaIM30BaTh 3aIMyCK JABUTATENS PU HOMUHAJILHON Harpys3Ke.
[loHmkeHne HamNpsOKEHUS MOXKET TPUBECTH K OMPOKHJIBIBAHHIO
(ocTaHOBKE) JBUTrarTesisi, padOTaIOIET0 C HOMUHAJIBHOW Harpy3Kou.
Hanpumep, mpu A, =2 u CHWKEHHM HanpsokeHus cet Ha 30%,

y 2
MaKCHMaJbHbIH MOMeHT yMmeHbmutcs go 0,77 -4, =049-2=098 or
M, m nBuraTenb OCTaHOBUTCH.
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VY4uThiBas BBIIIE U3JI0KEHHOE, CIEIYET MOMHUTb, YTO PErYJIUPO-
BaHHUE PEKUMOB padboThl A/l 3a cueT W3MEHEHHUs MUTAIOIIETO HaIpsKe-
HUS 11€JIECO00PA3HO JIMIIIb B YACTHBIX CIydasiX: KOI/1a OrpaHUYEHUE Mmyc-
KOBOI'O TOKa Ipu 3amyckax A/l ocyiecTBisieTcs: 6€3 Harpy3ku Ha Baly U
KOT/Ia PEryJMPOBAHUE CKOPOCTH HANPSKEHUEM CTaTopa BEAETCS MpH
MOMEHTaX Harpy3Kd, YMEHBIIAIOMIUXCS C TOHWKEHUEM CKOPOCTH

4

K
M. =M, [a)—J , Tne K =1 (BEHTUIATOPHI, KOMIIPECCOPHI, HACOCHI U

H

Jp.).

4.6.2 UckycCcTBeHHBbIE XapAKTePUCTUKH IPH 100aBOYHBIX
CONPOTHUBJIEHUSX B CTATOpE

B mpakTtuke snekTponpuBoda ObIBaeT HEOOXOAMMO OTPaHUYHUTH
YCKOBOM TOK KPYMHBIX JBUraTenei, YTOObl UCKIIOYUTh BOSHUKHOBEHUS
HEJOIMYCTUMOIO JIJI MUTAIOLIEH CEeTH MaJeHUsl HampsHKeHus. ITo odec-
NEYMBACTCS BKIIOYEHUWEM B LIEMb CTATOPA JABUTATENS] CUMMETPHUYHO B
Kaxayto (a3y akTUBHBIX R, WIM UHAYKTHUBHBIX X[, HOOaBOYHBIX CO-

NPOTUBIICHUN. DTH CPEJCTBA MCIOJB3YIOTCS TakXKe i1 YMEHbIIICHUS
IIyCKOBOTO MOMEHTAa CPAaBHUTEIBHO HEOOJBIINX JBUTATENICH, UYTOOBI
CMSITUUTH yJIapbl B Mepeaadax U 00ECleunuTh MIaBHOE YCKOPEHHUE MeXa-
HU3Ma. DGPEKT OT BKIHOUCHHS TOOABOYHBIX COMPOTUBICHUN HOCTHUTIa-
€TCsA TaKOW e, KaK W OT IMOHM)XEHUs HampsikeHus craropa. OcobeH-
HOCTb CXEM C J00aBOYHBIM COMpOTHUBIIEHUEM (R, uiu X,,) 3akioya-
€TCs B TOM, UTO HAIPsOKCHUE Ha BXOJE JBUTATENs sBisieTCs QyHKIIUEH
TOKa U IO MEPE YMEHBIIICHUSI MyCKOBOrO TOKAa HaIpsHKEHUE Ha 0OMOT-
Kax cTaTopa pacrer.

PaccuuThiBalOTCSI MCKYCCTBEHHBIE MEXAHUYECKHE M CKOPOCTHBIE
XapaKTEPUCTUKU MO BhIpaxeHusiM (4.16)—(4.18) npu napamerpax:

a) U1t 100aBOYHOr0 aKTHBHOI'O COMPOTHBICHUS R,:

R!
: (4.31)
\/X R1+R1())
R, +R
y, = e (4.32)

R;
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UL
M, , = . (4.33)

2(00(\/)(3 +(R +Ry) £ (R, +Rw))

0) 7151 100AaBOYHOTO MHIYKTUBHOTO COMPOTUBIICHUS X |,

R;
S. .= - : (4.34)
\/(XK +X1y) + R}
Yu=7e :Rl/Rz’ — HE 3aBHUCHUT OT X@, (4.35)
UL
M, = (4.36)

2w, (\/(XK +X,,) +R? J_rRl) |

Kak BugHO M3 npuBeAeHHBIX (OpMyJ, 70OABOYHBIE COMPOTUBIIE-
HUA Ry 1 X|, YMEHbIIAIOT KPUTUYECKUE 3HAUYECHUSI MOMEHTA U CKOJIb-

weHus. ckycctBeHHble M X ISt OJTHOTO M TOT'O K€ ITYCKOBOI'O MOMEHTA
M, mokazaHbl Ha puc. 4.6. 31ech: XxapakTepuctuka 1 obecrnieunuBaeTcs
100aBOYHBIM COMPOTUBIICHUEM R;,, XapaKTEpUCTUKA 2 — COMPOTUBJIE-
HUeM X, U XapaKTePUCTHKAa 3 — 3a CYCT MOHMKCHMS HaIPsKCHUS
craropa. CKOpOCTh XOJIOCTOIO X0Jla @, KaK U NPU U3MEHCHUU HaIpsi-
JKEHUSI, He MEHAETCS, TaK KaK @ =27, /p.

BennunHa compoTUBIICHUH, BKIIIOYACMBIX B IIEIb CTATOpa, OIpeE-
AeIsIeTcs 3aJaHHbIM 3HAYCHHEM ITYCKOBOrOo ToKa. JlomycTuMm, HEo0Xo-
JUMO UMETh ITYCKOBOM TOK, HE IIPEBBIIIAIOITIM HOMUHAILHOE 3HAYCHUE
Oostee ueM B o pas, To ectb 1, = aly,. Torma

U

H
\/(XK +X,)" + (R +Ry,)
rae X,, R, — coOctBeHHble conpotuBiaeHus A/ll:

X,=X,+X,, R, =R, +R)}.

n n =

(4.37)

N3 Beipaxkenus (4.37) nomydaem:



2
Ry, = [Ul”j X% R, (4.38)
a[ 9

2
X = (Ul”j ~R?>-X . (4.39)
a[ K K

4.6.3 UckyccTBeHHBbIE XapAKTEPUCTUKH IPH 100aBOYHbBIX
CONPOTHUBJICHUSX B LIENX POTOPA

BriiroueHne CUMMETPUYHBIX AKTHBHBIX CONPOTUBIICHHM R,, B

LEIb POTOpPA IMIMPOKO HUCHOJIB3YETCA I OTPAHUYECHUSI IIYCKOBOTO TOKA
U JJI1 YMEHBIICHUS )KECTKOCTA MEXAHMUYECKUX XapaKTEPUCTHUK C LIEJIbIO
pPEryJIMpOBaHus CKOPOCTU. B OTIENBHBIX CilydasX aKTHBHOE CONPOTHB-
JICHUE IIYHTUPYIOT UHAYKTUBHBIM. YHMCTO MHIYKTUBHOE COMPOTUBIICHUE
B LIETISIX POTOPA HE UCIIOJB3YIOT.

[Ipu 1100aBOYHBIX AKTUBHBIX COIPOTHUBJICHUAX poOTOopa Oyaem
UMETh

¢ _ RI+RY a0
K U ) .
w/x,% + R,
— Rl
" TRy Rsy (4.41)
M, =M, ., —orR,ne3aBucur,
U
L, =aly, = = , (4.42)
\/XKZ +(RK +R£0 )2
2
r_ UlH _XZ —R 443
20 74| x e (4.43)

1u

Mexannueckue xapaktepuctuku AJl npu Hanuuuum R;, cTposiTCs
no BeIpaxenuto (4.16) ¢ yuerom Sy, ¥ ,,, My, 13 popmyn (4,40), (4.41).
Onwu nokaszansl Ha puc. 4.7. Kak BUHO, YMEHBIIIEHUE MyCKOBOTO TOKA,

BbIpaKeHHOTO (hopMyiioit (4.42), HE YMEHBIIIAET, a YBEIIMUMBAET ITYCKO-
BOM MOMEHT, TaK KaK
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SK uERZ,()a Mn Emll_’:—;j“l; (444)

K U
HpI/I SK u =1’ MI’Z :MK e

HaknoH MexaHWYeCKHX XapaKTEepPUCTUK MPSMOIPOINOPIIHMOHAICH
AKTUBHOMY COINPOTUBJICHUIO POTOPA
R, +R),

R, ’

YTO MO3BOJISIET PEryJIUPOBaTh CKOPOCTh AJl Mo Harpy3Koil ¢ TaKUM Ke
apexkToM, Kak CKOPOCTh JABUTATElsl MTOCTOSSHHOTO TOKa 3a CYET IocIe-
JIOBATEJIbHOTO COMPOTUBJICHUS B IICMIH SIKOPSI.

Ha cxopocTh X0JI0CTOro X04a @, aKTUBHOE CONPOTUBIIEHUE POTO-

S =S, (4.45)

pa BIUSHUSA HE OKa3bIBacT, MOATOMY Bce MX peoCcTaTHOrO peryimpoBa-
HUS BBIXOJISIT HA OCH OPJIUHAT U3 OJHOW TOUKU @, =1,

VYkazanHoe cBorMcTBO MX A/l IMPOKO UCITONB3YETCS HA MTPAKTHUKE
JUIsl TIycKa (CTYNEHYaToOro WM IUIABHOTO) U PETYJIMPOBAHUS CKOPOCTH
ACUHXPOHHBIX nBurartened. [IpuMeHstoTCs 1Ji1 3TOro MaIllluHBI ¢ (¢as-
HBIM POTOPOM, XOTSI OHU U JIOPOKE KOPOTKO3AMKHYThIX A/I.

ITyck AJl ¢ mo4Tu TNMOCTOSHHBIM MOMeHToM M , =M, , MOXHO

o0ecreunTh, €ciu 100aBOYHOE aKTUBHOE COMPOTHUBJIEHUE B POTOpE 3a-
IIYHTUPOBATh UHAYKTUBHBIM X ,,. XapaKTEPUCTUKHU MJI ITOrO Ciydas

oKasaHbl Ha puc. 4.7, a.

~U,; a)oea)
~~~~~ M.(S)
M (S)— T Lu(S)
Y20 [lu(S) |
' ¥
T £T) £ ]

! ! II'. [lnu “".[1”@
l ¥ R
0 Mne Mnu Mall

Puc. 4.7,a
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B MomenT mycka udactora 3/[C u TOoka poTropa MakCHMajbHasi,
paBHAa 4YacTOTE MUTAIOIICH CETH, MOATOMY J00aBOYHOE HUHAYKTHBHOE
CONpOTHUBIICHUE X 5, SABJISETCS OOJIBIIUM

Xoo=20f5 - Ly,

U TOK IPOTEKAET, B OCHOBHOM, I10 MapaJUIeIbHOMY aKTUBHOMY COIIPO-
TUBJICHUI0O R,,. Ilo Mepe pasronHa JaBHrareis 4acToTa TOKa pOTOpa
YMEHBIIIAETCS, YTO MPUBOJUT K aBTOMATUUYECKOMY IIJIJABHOMY YMEHBbIIIE-
HUIO BEIIMYUHBI X 5, MOYTH J0 HYJIS, KOT/Ia 3TO CONMPOTHUBJICHUE IpaK-
TUYECKU 3aKopadyuBaeT R,,. [Ipu onpeneneHHom pacuere BeIUUuH R,
u X5, MOXXHO 00€CTICUHNTh IMOYTH MOCTOSHHOE 3HAYECHHE ITyCKOBOT'O MO-
MEHTa, OJIU3KOE K BeIM4UuHe M . .

NHAYKTUBHOCTH B IIEMIA POTOPa BKJIOYAIOTCS PEJKO, TaK KaK OHU
SABJISIFOTCS JOTOJHUTEIBHBIMU JIOPOTOCTOSIIIUME 3JIEMEHTAMHM, a MOCTO-
SHCTBO ITYCKOBOI'O MOMEHTa MOKHO OOECIIeUUTh 0€3 HUX, OCYIIIECTBIISSA
aBTOMAaTUYECKH YMEHBIIIEHUE ITYCKOBOTO PE3UCTOpa MO MEpE pas3roHa
JBUTATES.

4.6.4 UckyccTBeHHbIE MeXaHMYeCKHE XapaKTepucTuku A/l
npu f, # fi,

UccnenoBano [4,5] HECKOJBKO yclioBU paboThl AJl nmpu HEHOMU-
HaJIbHOM YacTOTE HANPSHKEHUS M TOKA cTaTopa, HallpUMeED:

a) f, = var, Uy =U,, = const;

6) f, = var npu U,/ f; = const;

B) f; = var npu E,/ f; = const u np.

Haumnyymum  cuumraerca  yclIOBHE  «B»,  OOECHEYMBAIOLIEE
M., =M, , =const, ®@=const. OmHAKO, 3TO YCIOBHE MOXKET OBITH
BBINIOJIHEHO B 3aMKHYTBHIX cucTeMax peryiaupoBaHusi AJl ¢ oOpaTHoil
CBsI13b10 110 ckopocTu uin IJC, uto TpedyeT NPUMEHEHUS CTIeIIUaIbHbIX
JATYMKOB.

VYcnoBue «a» sABiseTcss HanboJiee MPOCTbIM, HO MOXET OBITh pea-
JM30BaHO NPU HEOOJBUIOM JIMANa30HE U3MEHEHUs f;, TaK KaKk IpH Ma-
JBIX YaCTOTaX YMEHBIIAETCS COOCTBEHHOE UHAYKTUBHOE COITPOTHUBIICHUE
AJl, 4TO NPUBOAUT K CYIIECTBEHHOMY YBEIMYEHHUIO ITyCKOBOI'O TOKa.
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[lpu fi< 1 T'n umeem X, =0, I}, =U% ~(10+20)],,, kaK y ABHTa-

TeJICH MOCTOSTHHOTO TOKA.
Ha puc. 4.8. mokasansl MX korma f| # fi,, U; =U,, =const.

st X MOCTpoeHus: HY>KHO B BbIpaxkeHue (4.16) BBeCTH cleAyromiue
napaMeTphbl:

R’ X2 4+ R?
SK = 2 ZSKe' . 1 R (446)

B C AT N C VAR

rae fi, = fi/ /i, — OTHOCHTeNbHAS YACTOTA.

Yu=Ye=R{/R5—> OT 1 HE 3aBUCHT.
(4.47)

M, = 1” . (4.48)

I, = | 4.49
U s R o

Uepes nokazatenu ectecTBeHHbIX MX (opmyisl (4.48), (4.49) 3a-

IIHUCBHIBAKOTCA B BUJIC:
] JX2+R? £R,

he o n ) + R £r,

M, =M, - , (4.50)

X2+R?

Iy, =1y - (X f)2+R2'
A K

4.51)

CKOpOCTB XOJIOCTOI0 XoJ4a U3MCHSACTCA ITPOIOPILIMOHAIBHO YaCTOTC fl .

a)ou = 0)06 ) fi* 5 wou* - f‘l* *
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Bmusuue yactorel Ha MX npu U; =U,, = const xopoio mpo-

cMatpuBaercs 1o puc. 4.8. YnpasieHue pexxumamu padbotsl A/, B ToM
YHUCJIe — PEryJMpOBaHUE CKOPOCTHU, TyTEM M3MEHEHHUS TOJIBKO YaCTOThI
NUTAIOMIET0 HANPSKEHUS HCIOJIb3YETCd Ha NMPaKTHKE PENKO, TaK Kak
€CThb MPOOJIEMBI ITyCKA JIBUTATEIIS.

Haunbonee pacnpocTpaneHsl criocoObl YaCTOTHOTO PETYJIMPOBAHUS
AJl npu yenosuu U,/ f; = const. MexaHudeckue XapakTepucTuku AJl

Py OJTHOBPEMEHHOM M3MEHEHUU YaCTOThI U HAMPSXKEHUS cTaTopa C yc-
nosueM U,/ f| = const onuceiBatoTcs BipaxenueM (4.16) ¢ mapamerpa-

ma S, ,, M. ,, v, 0o bopmyaam:

X2 +R}
(XK .fl*)z +R12 ’

yu:ye:Rl/RZ'a (447)

[ o) 2
+
iM :iMKe .fi*. X]{ +R1 —Rl Ul .

N \/(X . )2 +R2+R Y

(4.46)

K e

(4.52)

7151 MyCKOBOTO TOKA:

U, X2+R?
]ln zllne : U : B . (453)
L (XK-fl*) +R2

K

Jlia ckopoctu:
a):a)ou(l_s); a)ou :a)oe°fl*
CornacHo (4.52) u (4.53) neperpy3ouHas crocooHoctb A/l mo mo-
menty M ,, ¥ IyCKOBOM TOK M3MEHSIOTCS Majio. MexaHn4ecKue Xapak-

tepuctuku AJl 1uist BapuanTa U,/ f = const nokaszaubl Ha puc. 4.9.

OO6paTuM BHUMaHHUE HAa TO, YTO MEXAaHUYECKHUE U CKOPOCTHBIE Xa-
PAKTEPUCTHUKH CTPOSITCS BCerjaa B koopauHarax M, w — puc. 4.8, 4.9.
s xaxnporo 3HaueHuss M, (s) mo (4.29) HY)KHO HaAWTH CKOPOCTh

@, :ﬂ*(l—S).
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4.6.5 [Ilpyrue uckyccrsenubie MX A/l

K apyrum crnocobam mosiydeHusi UCKYCCTBEHHBIX XapaKTEPUCTHUK
AJl oTHOCSATCS: U3MEHEHHE YHUCia Map MOJIOCOB, MUTAHUE CTATOpa Ha-
OPSIKEHUEM JIBYX 4acTOT — OJIHA HEeperyJupyemasi, Apyras peryiaupye-
Mast (A/l 1BOMHOrO MUTaHUS C IByXOOMOTOYHBIM CTATOPOM), PETYIUPO-
BaHME TOKa POTOpa B IEKTPOMEXAHMYECKHX KACKAAAX, UMITYJIbCHOE
pEryJIMpoBaHUE MApaMETPOB (KOMMYyTalUs ILIeNeil cTaTopa U poTopa B
peXKUME BKJIIOUYEHO-BBIKIIIOUEHO), PETYJIMPOBAHUE TOKA POTOpPA B AJIEK-
TPUYECKUX Kackajgax u Jp. B Hacrosimiee Bpems yalie HCHOJIb3YHOTCS
NEPBbIN U MOCIEAHUIN CIIOCOOBDI.

[lepekiiroueHue ynciia nap MoJiroCcCoB MHUPOKO UCIOJIB3YETCS B CTa-
HOYHBIX JJIEKTPONPUBOAAX. 3AECh MPUMEHSAIOTCS AaCHHXPOHHBIE JIBUTA-
TEJIU C KOPOTKO3aMKHYTBHIM (JIUTHIM) POTOPOM U JIBYMsI OOMOTKaMH CTa-
Topa. [lepextoueHne CeKIuil Kaxa0i u3 0OMOTOK MO3BOJISIET CTYIIEHYA-
TO PEryJIUPOBATH CKOPOCTh JIEKTPUUECKUM CIOCOOOM, 3aMEHSISI UM Me-
XaHUYECKUE CUCTEMBI peryaupoBanus. Hanpumep, s AByX BapUAHTOB

BKJIIOUEHHUS CeKIUil (a3Hoil oOMOTKH cCTa-
to TOpa, MOKa3aHHBIX Ha puc. 4.2, OyayT MOJy-
_ YeHbl MEXaHMYECKHE XapaKTCPUCTUKU Ha
puc. 4.10. JKecTkoCcTh (CKOIBXEHHUE) U Tie-
perpy3ouHasi ClocoOOHOCTh MO MOMEHTY Xa-
— PAKTEPUCTUK HE MEHSIOTCS, W3MEHSETCS
CHHXPOHHAs CKOpocTh , =27xf;/p. Ce-

PUMHO BBIMTYCKAIOTCS 3JIEKTPOJIBUTATEIN Ha
0 IY; 2,3 u 4 ckopoctu. Hanmpumep, npu 1Byxo0-
MOTOYHOM CTaTOpeE, Korja Kaxaas u3 oOMo-
TOK HMEET CEKIHWHU IS TEePEeKIIOUYCHUN,
MOKHO Ha OJHOM OOMOTKE MOJy4uTh p = 2 U 4, Ha JApyroi 3 u 6, 4To
o0ecreyuT CUHXpOHHBIE ckopocTu 7, = 1500, 750, 1000, 500 06/mMuH.

v

Puc. 4.10

PerynupoBanue Toka u 9J1C poTopa Bo3MoxHO auiib y AJl ¢ ¢az-
HbIM poTopoM. Kpome Toro, aTo peryaupoBaHue TpeOyeT MpUMEHEHUS
CIIeIIMAIbHBIX JICKTPOHHBIX YCTPOUCTB. Ha mpakTuke MMEOT MpUMEHe-
HUE ACUHXPOHHO-BEHTUJIBHBIE KacKaJlbl 10 cxeMe Ha puc. 4.11. 3nece B
IIEMIH POTOPa BKJIFOUEHBI HEPETYJIUPYEMbIN BBIPSIMUTENIb B U HHBEPTOP
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U, TeHepupyrOIUN Y3HEPTUIO0 OT MOLIHOCTHU CKOJIBKEHUS POTOpPA B CETh.
[Ipu 3ToM BempsimnenHas DJ{C poropa cpaBHuUBaeTca ¢ mpoTuBo-2/C
CETHU, PETYIIUPYEMOU UHBEPTOPOM £,,.

JI71st cornacoBaHus HANPsHKEHUST CETH U HANIPSDKEHMS LIEMU pOTopa
npeaycMoTpeH Tpanchopmarop 7p.

B acunxponHo-BeHTHIbHOM Kackaje (ABK) Mexanuyeckue xapak-
TEPUCTUKU MOTYy4YaroTCs OJU3KkUMU K MX, mosydaeMbIM IPU YaCTOTHOM
peryaupoBanuu ¢ yciosueM U,/ f; = const. 31ech CKOPOCTh XOJIOCTOTO

X0/1a PErYJIUPYETCs MO 3aKOHY

Eu
®,,=0, I—E (4.55)
do
L 4
Ip
u
1y
_—
Lo E,
(YY)
Puc. 4.11

HccnenoBanus nokaszanu, uto ABK nmo BO3MOKHOCTH perynupoBa-
HUSL CKOPOCTH AJl M TEXHUKO-DKOHOMHYECKUM IOKAa3aTEIsIM yCTYMAloT
CHUCTEMaM YaCTOTHOTO pEryiupoBaHusa. Bo-nepBbix, TpeOyeTcss npume-
HEHME JBUTaTeNe ¢ (pa3HBIM POTOPOM, KOTOphIE B 2 pa3a nopoxke AJl ¢
KOPOTKO3aMKHYThIM poTopoM. Bo-BTopsix, ABK He oOecnedyuBaror
OOJBIIMX AMANA30HOB PETyJIUpoBaHus ckopocTu. IIpu J > 3 ymensbIia-
ercst KIIJ u koappuUHEeHT MOIIHOCTH, TOK B LIEMU POTOpa CTAHOBUTCS
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npepbeiBUCTEIM. MontHocte ABK penko npessimaer 10 kBt. Ucnosnb3y-
IOTCSI OHM KaK 3JIEKTPONPUBOJIBI OABEMHBIX YCTPOMCTB, BEHTWIATOPOB,
HAcOCOB, KOMIIPECCOPOB M TypOOMEXAHU3MOB.

4.7 MNyck n peepc ALl

[Iyck U peBepc aCUHXPOHHBIX JIBUTATEIEd MOMXET BBINOJHITHCA
OPSIMBIM BKJIFOUEHHEM CTaTOPHBIX OOMOTOK Ha HOMHHAJIbHOE HaIpsixKe-
HUE TMUTAIOIIEH CETH MPU 3aKOPOUYEHHBIX OOMOTKax poropa. BosHu-
KAIOIINM IYCKOBOW TOK, B 4+8 pa3 MpEeBBIIAININNA HOMUHAJIBHOE 3HA-
YeHue, JJIsl IBUTaTeNe He OMaceH, NOCKONbKY A/l HE MMeeT KOJuIeKTopa
(HeT mpo0JIeM KOMMYTAIlMK) U MaJiasl JJIMTEIbHOCTD Mpoliecca Mmycka (He
0oJ1ee HECKOJBKUX CEKYH/) HE NPUBOAUT K MEPErpeEBY OOMOTOK.

He onmacen qs AJl u npsimoit peBepc, TO €CTh U3MEHEHUE HalpaB-
JICHUS BpalleHUs JABUTATENsl ¢ MAKCHUMaJbHON CKOPOCTU «BIIEPEI» 10
MaKCUMaJIbHOW CKOPOCTHU «Ha3aJ», Ui Hao0opoT. PeBepc ocyiiecTBis-
€TCs MEPEKIIOYEHUEM JIBYX JTIOOBIX (pa3 MUTAIOIIETO HAMPSKEHUS — CM.
puc. 4.12.

[Tycku u peBepchl AJl MOTYT MOBTOPATHCS, HAIIPUMEP — C Xapak-
TEPHOU JJIsI CTAHKOB IIUKJIMYHOCTBIO 5+10 MuH. Bce acuHXpOHHBIE ABU-
raTelid BBINOJHEHBI TaK, YTO MPSIMbIE TYCKU U PEBEPCHI OHU BBIICPKHU-
BAalOT HOPMAJIbHO, HE TMEPErpeBarOTCsA, JaXXe €Ciau padoTaloT ¢ HOMHU-
HaJIbHBIM MOMEHTOM Harpy3KH.

He oonyckaemcsa nipsamoit nyck u peBepc A/l B IByX ciiydasix:

1) mepexoiHbIe MPOIIECCHI MycKa (peBepca) 0KUIAIOTCS 3aBEOMO
3aTSHKHBIMU, UTO XapaKTEpPHO, HAIPUMEp, JJIA AIEKTPOIPUBOIOB TypOO-
MEXaHU3MOB (BEHTHJIATOPBI, KOMIIPECCOPBI, HACOCHI U ApP.), UMEIOIIUX
OOJIbIIIME MOMEHTBI MHEPIIUU; B IAHHOM CJIy4ae JUIMTENIbHas Meperpys3Ka
10 TOKY OyZIeT neperpeBaTb OOMOTKH JIBUTATENIS;

2) MOILIHOCTh JIBUTATEIsl COM3MEPUMA C MOIIMHOCTBHIO MUTArOIIEH
CETH; HE JOoIycKaeTcs npsiMoil myck AJl, eciam ero MOIHOCTh NpeBbIIIa-
eT 20% MOIIHOCTA MCTOYHUKA MUTAHUS, TAK KaK B 3TOM Clydae MOTEpHU
HaIPSHKEHUS] BO BHYTPEHHEM COMPOTUBJIEHUU MCTOYHUKA OT IYCKOBOTO
Toka AJ] OynyT OTpULIATENIbHO CKa3blBaThCA HA JIPYTUX MOTPEOUTEIAX
SHEPIUH.
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Puc. 4.12

B oroBopeHHBIX cily4asix IyCKOBOM TOK MOHWXAKOT A0 2+2.5 3Ha-
YEHUI HOMUHAJIBHOI'O TOKA 3a CUET ITIOHUKEHUS HAIPSKEHUS, €CIIU €CTh
PEryJIATOp HANPSIKEHUS; 32 CYET T00ABOYHOTIO aKTUBHOT'O COIMPOTHUBIIE-
HUA B LeNH poTopa, ecinu A/l ¢ ¢a3HbIM pOTOPOM, U BBEJICHHEM B LIETIb
CTaTopa aKTUBHOI'O WM WHIYKTMBHOI'O COIPOTUBIIEHUN, KOrJIa POTOP
KOPOTKO3aMKHYTBIN.

Pacyer mapamMeTrpoB, OrpaHUYUBAIOLINX IIYCKOBOM TOK, BBIITOJHS-
€TCsl 110 HUKE IPUBEICHHBIM (POpMYyIIaMm.

IToHMKEHHOE HANPSKEHUE ITyCKA:

1
Uln - UIH — 0’ (456)

raie U;, — HOMHMHaJbHOE HAIPSHKEHUE CTATOPa;
Iy, ., — TIyCKOBOM TOK JuIsl ecTecTBeHHONH MX (J1aeTcs B macmopT-

HBIX WM KaTaJdO0KHbIX JaHHBIX AJ]);
I, o — JOMYCTUMBIN ITYCKOBOM TOK
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Iln():Olea

a — KPATHOCTB ITYCKOBOI'O TOKa K HOMUHAJIbHOMY 3HAYCHUIO.

dopmyIibl 111 J00ABOYHBIX CONMPOTUBIICHUN MPUBEJICHBI B pasje-
nax 4.6.2 u 4.6.3:

2
Ulnj 2
R, = - X: —-R 438
1o (Ole K Ko ( )
2
U
Xy = ( l”j ~-R?>-X,, (4.39)
ol |,
U 2
Rj, = l”j ~-X?-R,. 4.43
20 [OJIH K K ( )

BaxHO MOMHUTH, YTO MPU OTPAHUUYEHUSX ITYCKOBOTO TOKA 3aIyCK
AJl Ipy HOMUHAILHOM MOMEHmMe HAZPY3KU BO3MOKEH JIUIIb B CIIy4yae
BKJIFOUEHHUS J00aBOYHOI'O COINPOTHUBIICHUS B LIETIbL poTOpa (CM. pasaen
4.6.3), korja myCKOBOM MOMEHT HE YMEHBIIAETCS, @ HA00OPOT YBEIUYHU-
Baetcs (puc. 4.7). Ilpu apyrux crocob6ax TOKOOTPAaHUYEHUS MYCK J10JI-
EH OCYIIECTBIISITHCA BXOJOCTYIO, WM MPU HArpy3Kax, 3aBUCSIIUX OT
CKOPOCTH:

M.=M, +MH(ﬂj . (4.57)

@,

4.8 Topmo3Hble pexumbl Al

ACHHXpOHHBIE ABUTATEIM, KaK W JABUTATEIM MOCTOSHHOTO TOKa
UMEIOT 3 pa3HOBUIHOCTU 3JIEKTPUUECKOTO TOPMOKEHUS: IPOTUBOBKIIIO-
YEeHUEM, T€HEPATOPHOE C PEKyIepalueil SHEPTUU B CETh, TEHEPATOPHOE
0e3 pekynepaiuu (IMHAMUYECKOe).

Ha puc. 4.13 nokazansl MX ¢ ydacTkamu i1 TOPMO3HBIX PEXKU-
MOB MPOTHUBOBKIIIOUEHUEM (BBIICTICHBI «OGKUPHBIMIY JIMHUSAMHM). JIMHEH-
HbIE XapaKTepUCTUKH, 0003HaueHHbIe 11 (MpOTUBOBKIIOUEHHS] UCKYC-
CTBEHHBIE), MOTYT OBITH TOJIy4€Hbl Y AJ] TIpU BKJIIOYEHUU B IIEMb POTO-
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pa 100aBOYHOIO AaKTUBHOTO COMpOTHBIEeHMS. YdacTok IIE — mpoTu-
BOBKJIFOUCHHME HA €CTECTBEHHOU M X.

PexxrMbl MPOTUBOBKIIIOUEHUSI HA yyacTke b — ¢ B IV kBajapanre
XapaKTEePHBI ISl 3JIEKTPONPUBOJIOB MOIBEMHBIX YCTPOUCTB. JomycTum,
JABUTATENIh pabOTal HA €CTECTBEHHON XapaKTEPUCTUKE B PEXKUME «I10]Ib-
€M Ipy3a», YTO COOTBETCTBYET TOUKE a B nepeom kBaapante. Oneparop
NPUHUMAET PEUICHUE OMYCKaTh IPy3 CO CKOPOCTHbIO B TOUKE C B Uemi-
éepmom KkBajpanre. [y oOecrneueHuss 3TOro pexuMa Orneparop AaeT
cxeme ympabiienuss AJl komMaHIy Ha BKIIOYEHHE B ILIENb poTopa J100a-
BOYHOIO aKTHMBHOTO CONPOTHUBJICHUS, OOECIEYMBAIOLIECTO HCKYCCTBEH-
Hyt0 xapakTtepuctuky [IM (BeamumHa 3TOro CONPOTUBIICHUS 3apaHee
paccurMTaHa M CTYNEHb C 3TUM CONPOTUBIECHUEM B AJIEKTPUUYECKOU CXe-
me AJl npexycmotrpena). [locie BbIOTHEHUS KOMaHAbl JBUraTeIb UMeE-
eT KPyTAIIUHA MOMEHT B Touke a'"’ Ha xapaktepuctuke [11 (MrHOBEHHO
CKOPOCTbh, OBbIBIIasi B TOYKE @, HE MOXKET U3MEHUTHCSA U3-3a MHEPIUOH-
HOCTH MEXaHU3Ma MOJIbeMa). ITOr0 MOMEHTa SIBHO HEIOCTATOYHO IS
noabeMa rpy3a U CUCTEMa HAaUMHAET 3aMEJISATHCS J1a MOJHOTO OCTaHOBA
B TOYKE b. 37€Ch ONATh AKTUBHBI MOMEHT Tpy3a (Ipy3 BCEraa TSHET
BHM3) OOJIbIIIE MOMEHTA JBUTATENsl, U IPy3 HAUYUHAET PACKPYyYMBATh
JIBUTATEIh B OOpATHOM JJIsl €0 MOMEHTA HampaBjieHuu. B Touke ¢ ABU-
raTellb YypaBHOBECUT MOMEHT I'py3a U HACTYMAET PABHOBECHOE JIBUXKEHUE
C MOCTOSIHHOM CKOPOCThIO cniycka. Ha yuacmke b — ¢ dsueamens épa-
waemcs nNPoOmMue OBUNCEHUS BPAWYAIOULE20CS MACHUMHO20 NOJIS CIMAmMO-
pa, €o30a6as MOPMO3HOU MOMEHM OJisl AKMUBHO Oetcmseyiouje2o no-
MEHYUAIbHO20 MOMEHMA HACPY3KU.

Pexxumbl npomueoeknouenusn Ha yiactkax a' — b’ u a”" — b"
BO ¢mopom xBanpante puc. 4.13 Bo3HukaroT npu pegepce AJl. Eciu
Py yCTAaHOBUBIIEMCS JBH)KEHUU OJHOTO HAIpPABIICHMS, HalpuMmep —
BIIEpE/l, TIOMEHATh MECTaMH JABE (pa3bl MUTAIOUIETO HAMPSHKEHUS! CTaTo-
pa, TO ecThb BKIIOUUTH AJl /sl IBHXKEHUS Ha3all, MOMEHT JBUTATENS
CKAQuKOM HM3MEHUT CBOE HampaBjeHUE U OyAeT HaIpaBlIeH MPOTUB MeEp-
BOHAYaJbHOTO ABWKEHMS. CHCcTeMa HAYHET 3aMeUISIThCA MPU ACHCTBUU
TOPMO3SIIEr0 MOMeHTa M7, TIPEACTABISAIONIEr0 OO0 CyMMy MOMEHTa
OPOTUBOBKIJIIOUEHUS ABUrarens M, 1 MOMEHTa CONPOTUBIICHUS HArPy3-
Ku M,:
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My=M, +M,.
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Pue. 4. 13

Puc. 4. 14

Pue. 4.15
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[Iporecc 3amemyienus OyieT NpoAOIKATHCS 10 MOJTHOW OCTaHOBKH.
Jlanee nBuraTenb HaYHET Pa3TOHATHCS B OOPATHOM HAIpPABJICHUH, €CIH
€ro MOMEHT OKa)KeTcd OOoJibIlle MOMEHTAa Harpy3Ku, WM OyAeT HEemo/-
BH)KHBIM, €CJIM MOMEHT 3JIEKTPOMArHWTHBIM MEHBIIE MOMEHTA Harpys-
ku. TOpMOkKEHNE TPOTUBOBKIIFOUEHHUEM C peBepcoM A/l sABIsSETCS OYEHD
3(PEKTUBHBIM M caMbIM OBICTPBIM OTHOCUTEIBHO APYIHMX CIOCOOOB
AIEKTPUUYECKOTO TOPMOXKEHHUS. ODTOT CHOCO0 YacTo MPUMEHSETCS B
TPAHCHOPTHBIX YCTPOMCTBAX ISl aBAPUMHOIO OCTaHOBA. [ JaBHBIM He-
00CMAMKOM MOPMO3HBIX pedxcumos A/l ¢ npomugogkutouenuem a6asem-
csl nompeoienue SHepeuU U3 cemu, KOmopas npespawiaemcs 8 menjio-
8Y10 U 6€3803Me30HO MepPsLemcHl.

MexaHnueckue XapakTepUCTUKH Ha puc. 4.14 wuoCTpupyroT
TOPMO3HBbIE peXUMBI A/l ¢ pexyrnepanuen YHEprun B CETh. Y YaCTKHU Xa-
PAKTEPUCTHUK, TIE€ BO3MOXHBI 3TH PEXKWMBI, BBIJCICHBI KUPHBIMHU JIV-
HUSIMU. Y4acTku @' — 1 u b'—b" BO3MOXKHBI IPU TIOJKPYUYNBAHUH JIBU-
raTensl NOTEHUHAIbHBIMA CHJIAMHU JO CKOPOCTEH, MPEBBIMIAIOIINX CHH-
XPOHHBIE 3HAYEHUs. DTO XapaKTEPHO ISl TPAHCHOPTHBIX YCTPOMCTB,
ABWKYIIMXCS oA YKJIOH. Hampumep, B Toukax a wuiau b, TpaHCHOPT
(TpaMmBai, 3IEKTpOKap U Ap.) JIBHXKETCS MO POBHOM MOBEPXHOCTH, JIBU-
raTeiib IPEOJ0JIEBAET MOMEHT corporuBienus M.. Ilpu nepexome Ha
HAKJIOHHYIO MOBEPXHOCTbh MOSIBIIACTCS HOMEHUUATbHbIIL MOMEHN CHC-
TEMBl OT CHJI 3€MHOI'O IPUTSKEHUS, KOTOPBIA IMOMOTAET JIBUTATEIO
IpeoAoJIeBaTh HArpy3Ky Ha Baiy. [Ipu onmpeneneHHOM HAKIIOHE OBEPX-
HOCTHU MTOTEHIMAIbHBIA MOMEHT HPEOIOJIEET BCE MOMEHThI CONPOTHUBIIE-
HUS CUCTEMBI U OYyJEeT JOCTATOYHBIM il ee yckopenus. [lonkpyunBae-
MBIl IBUraTelb NPU CKOPOCTH, OOJBIIEH ®,, CTAHOBUTCA T€HEPATOPOM,
ero O/1C npeBbIlIaeT HaNpsKEHUE MUTAIOINIEH ceTH, (pa3a Toka cTaTopa
n3mensercs Ha 180°, MOMEHT nBUTaTENsl CTAHOBUTCS OTPULATEIBHBIM H
B YCTaHOBUBIIEMCS PEKMME YPAaBHOBEIINBAET IMOTCHIIMAIBHBII MOMEHT
CHUCTEMBI.

B nogbpeMHBIX YCTPOMCTBAX MPH CITYCKE Ipy3a U BKIOUeHUHu A/l B
HaIIPaBJICHUM CIIyCKa Oy/ieT HaOJII0JaThCsl PEXKHUM, aHAJIOTUYHBINA OMU-
CaHHOMY BbIlI€. B Toukax ¢ u ¢’ TOpMO3HON MOMEHT ABUratens, pado-
TAOUIEr0 B PEKUME I'€HEPATOPA, YPABHOBEIIMBAET NOTEHIHAIBHBIA MO-
MEHT rpy3a. [Ipu 3ToM U30BITOK NOTEHIIMATBHON SHEPTUU TEHEPUPYETCS
B IMUTAIOLIYIO CETh U 0OECIIEYNBAETCS PABHOMEPHOE JBUKECHHUE.
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Pexxum pekynepanuu >HEPTUM C MOATOPMAKUBAHUEM CHCTEMBI
OyneT HaOMIOaThCA MPHU CTYNEHYATOM IepeBoje ABuraresis ¢ MX Bbi-
COKOr'0 YpOBHSA CKOPOCTH Ha MX MEHBIIET0 YPOBHSI CKOPOCTH 3a CUET
NOHWKEHUS YacCTOThl MUTAIOMIETO HANpPsiKEHUs (YaCTOTHOE PEryJIhpo-
BaHUE), IEPEKITIOUCHHS CTATOPHBIX OOMOTOK Ha 0OJIbIlIEe YKCIIO Tap Io-
mocoB W BBeaeHus npotuBoDIC B mens poropa (aCMHXPOHHO-
BEHTWIbHbIE Kackajbl). Hampumep, nsurarens paboTan Ha €CTECTBEH-
HOM XapaKTEPHUCTUKE B TOUKE a Ha puc. 4.14. 3areMm B 3JEKTpUUECKOU
cxeme AJl mpowusBeleHbl MEPEKIIOYEHUs], 00ECIEUYNBAIOIINE HUCKYCCT-
BEHHYIO XapaKTEPUCTUKY MOHMKEHHOM CKOPOCTH C LIENBIO MOJYy4YECHUS
CKOPOCTH YCTaHOBHUBUIIETOCSl ABHXKEHUS MPU TOM K€ MOMEHTE HArpy3KH
B Touke b. Tpaektopus ABWKEHUS pabodeil TOUKU HA HOBOM HUCKYCCT-
BeHHON1 MX Oyzner ciuenyromas. CHayajga CKaukKOM IO TOPU3OHTAIH
JIBUTATEIb MEPEXOJUT HAa HOBYIO XapaKTEpUCTHKY B TOUke a”. 3aTem
UJIET MEePEXOAHbIN Mpoliecc 1o Tpaekropuu a” —b' —b" —b. B Touke b
HACTylnaeT paBHOBECHBIN pexxuMm. Ha yuactke a” — b"” ckopocTh aBura-
TeNsl O0JIbIIE CUHXPOHHOM, pab0OTaeT OH B TEHEPATOPHOM PEXKUME C pe-
Kymepale n30bITka MOIHOCTH AP; = (a),. - a)o) M ; B cetb. Ecniut mo-

cie nepeBoaa A/l Ha uckycctBeHHY10 M X MOHMKEHHOTO YPOBHS CKOPO-
CTH MPOJOJKATH MJIABHO CHUXKATh YacCTOTY, WJIM YBEJIMYUBATH TPOTUBO-
OJIC poropa NmpoNnOpHUOHAIBHO CHIXKAIOMIEUCS CKOPOCTH, TO PEXUM
PEKYIIEpaTUBHOTO TOPMOXEHUA OyAeT 00ecreurMBaThCsl A0 OCTAHOBKHU
CUCTEMBI.

Ha puc. 4.15 noka3zansl MexaHu4yeckue xapakTrepuctuku A/l B pe-
KUMAX OUHAMUYUECKO20 MOPMOodHceHus. [Ins odecniedeHus: 3TUX PexKu-
MOB CTaTOPHYIO OOMOTKY ABUTATENS HYKHO OTKJIIOUUTH OT MUTAIOIICH
CETH W TMOAKIIOUHUTh K MCTOYHUKY HAMNPSHKEHUS MOCTOSHHOIO TOKAa —
puc. 4.16.

B oOmotky potopa AJl, eciu nBuratenb ¢ (pazHbIM POTOPOM, MO-
KeT OBITh BKJIIOUCHO J00aBOYHOE COMpOTHBICHHE R,,. IlocTosSHHBIN
TOK /,, IpOTEKasi MO OOMOTKaM CTAaTOpa, CO3Ja€T HEMOABUKHOE B MPO-
CTpaHCTBE MarHuTHoe mnose (Bo30yxaaer A/l). [Ipu Bpamienuu potopa B
HeM HaBojutcs DJC, moa AelcTBHEM KOTOPOMl B 0OMOTKax poTopa Ipo-
TEKAeT TOK, CO3JAIOIIMM MarHUTHBIM IIOTOK, TaK)XE€ HEIOJABM)KHBIN B
[IPOCTPAHCTBE. B3auMOAEHCTBUE TOKA POTOpa C PE3yJAbTUPYIOLIMM Mar-
HUTHBIM TI0JIeEM A/l co31aeT TOPMO3HOM MOMEHT, 3a CUET YEro JIOCTUTaeTCs
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Puc. 4.16

adexT TopMokeHus. J[Burarenb padoTaeT B peKUMeE reHeparopa Hesa-
BUCUMO OT CETH MEPEMEHHOr0 TOKa, MPeoOpa3oBbIBas MEXaHUYECKYIO
SHEPIUIO JBHXKCHUSI B DJIEKTPUYECKYIO, KOTOpas pacCeUBAECTCS B BUIE
TerJia B LMK pOTOpa.

CxeMbl coeIlMHEHHSI 0OMOTOK CTaTtopa MpHu MOJKIIOYEHUN UX K UC-
TOYHUKY TMOCTOSTHHOTO HAMNpsHKEHUST UMEKT 5 BapUAHTOB, U3 HUX JIBa
HanOoJIee PacpOCTPAHEHHBIX M MPOCTHIX MOKa3aHbl Ha puc. 4.16 ¢ un-
nexkcamu 0,B. MakcumanbHOE 3HAYEHUE MOCTOSHHOTO TOKAa I, OTHOCH-

TEIbHO HOMHUHAJIBHOTO TOKa (ha3bl CTaTopa 3/1eCh KE YKaA3aHO:

3
6) ]n S\/;Ildma

B) ]n S\/Ellqbﬁ-

CpenHepacyeTHO Il BCEX BapHaHTOB BKJIFOUEHHS OOMOTOK CTa-
TOpa MPU MUTAHUU TOCTOSTHHBIM TOKOM ITPUHUMAIOT:

1, <130,. (4.58)
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B Teopum 35ekTpuUeCKHX MAIIWH U 3iekTponpusBoaa [1, 2, 3, S u
Ip.] WA peXKUMOB JUHAMUYECKOTO TOpMOKeHU A/l naercst ypaBHEHHE
MEXAHUYECKOW XapAKTEPUCTUKHU:

M =M 4.59
- v Vix’ ( . )
V., V
31,7 X,
rac MK = s
2-0,{X, +X3)
(4.60)
R+ R,
K=o, 4.61
X, +X; (4.61)
v="— @, — otHOCHTEbHAS YIJI0Basi CKOPOCTh,
@
V., M, — 3Hauenus v u M B Touke nepernba MX
Iz, I, -z
X, =2"2=1"2=(10+5)
o U s
Sneck v=1, 1,=(01-02)1,,, 2 =+/(x;)* +(R,) .
X} =05X,, (4.63)

@, — CHUHXPOHHAs CKOPOCThb JJIA €CTECTBEHHOU M X
IlIpumeuanue: Ui TOYHBIX PacueToB X, SBIACTCS NEPEMCHHOU U

HEJIMHEMHOW BEJIMYMHOW, ONPENEAETCd IO KPUBOM HaMarHWYMBaHUS
MarHuTHou cucremsl AJ[ U, = go(] u )

MexaHnyecKue XapaKTEepPUCTUKH, OIUCHIBAEMbIE BbIpaKEHUEM
(4.59), nokazansl Ha puc. 4.15. 3nece MX, o603HaueHHble Uppamu 1,
2, COOTBETCTBYIOT CIydaro, KOTJla HET JOOABOYHOTO CONMPOTHBIICHUS B
uenu poropa, npu 3rom [, > [,,. XapakTepucTtuka 3 COOTBETCTBYET

INOCTOSSHHOMY TOKY /,; TP HaJWM4MH B LIENH POTOpPA JOOABOYHOIO CO-
npoTUBJICHUS R,,.

JlnHaMu4ecKue TOPMO3HbIE pexuMbl A/l HCTIONB3YIOTCS Ui YCKO-
pPEHUs OCTAaHOBKM Bpallla€MOM JBUTATEIIEM CUCTEMBI U U1 CILyCKa Ipy3a ¢
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MaJol CKOPOCTBIO B MTOJABEMHBIX YCTPOMCTBAX — CM. TOUKH C, ¢’ Ha PUC.

4.15.
4.9 BknroyeHue TpexdasHoro ALl B ogHoasHylo ceTb

B ObITOBOI MpakTHKe UCIOIL30BaHus Tpexdasubix AJl He Bceraa
IPUCYTCTBYET Tpex(aszHas CeTh NMEPEeMEHHOro HamnpsikeHus. [Ipu ogHo-
dasznoit cetu Tpexdasubie AJl paboraroT g0cTaTOYHO dPEHEKTUBHO, HO
noTpeOyeTcsi BKIIOUYEHHE B IeMb OOMOTOK CTaTopa KOHIAEHCATOPOB.
CxeMbl BKJIIOUEHHSI CTaTOpHBIX 00MOTOK AJl moka3anbl Ha puc. 4.17.
3/1ech pOTOpHBIC IIETIM HE TMOKa3aHbl, MOCKOIbKY AJl ObITOBOrO Ha3zHa-
YEHUSI UMEIOT JIUThIE POTOPHBIE OOMOTKH.

Puc. 4.17

3naueHue padoueit emxkoctu Cp ( MKD) MpU YaCTOTE MEPEMEHHOTO
toka 50 I'1 onipenensercs o Gopmynam:
11 cXembl Ha puc. 4.17,a

C,=28001,, /U, =13P,[UL,, (4.64)
115t cxeMbl Ha puc. 4.17,0

C,=48001,,, /U, =24P,[UL, . (4.65)
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3necy 1¢n — HOMHUHAIBHBIA (asHbli TOK craropa, A; U, — HOMH-

HaJIbHOE HampsbKeHUe ojHodaszHou cetu, B; P, — MOIIHOCTb JBUTaTe-

s, KBT.

Ecnu nyck aBurartesisi OpOMCXOAUT IPU 3HAUYMTEIIBHOW HArpys3Ke
Ha BaJly, TO HapajuleibHO paboueil eMKOCTH ClIeAyeT BKJIO4YaTh HA Bpe-
M ITyCKa JOMOJHUTENBHYIO ITYCKOBYIO EMKOCTh C,,

C,=4C,. (4.66)

B sTOoM ciiyyae myckoBOiM MOMEHT OyJeT 0o0Jibllie HOMHUHAJIBHOTO
MOMEHTA JBUTATES.

Hamnpsbkenne KOHIAEHCATOPOB JOKHO MPEBBINIATh HANPSKEHUE
cetd Ha 15%. Eciu Ha xopiyce BbIOMpaeMoro KoHjaeHcatopa (OH J10J-
KEH OBbITb HE AJIEKTPOJIMTHYECKHUM) yKa3aHbl €MKOCTh M HaNpsHKEHUE
NOCTOSIHHOTO TOKA, TO IIPU UCIOJIb30BaHUU TaKOTO KOHJIEHCATOPA B CETH
NEPEMEHHOI0 TOKa €r0 JOMYyCTUMOE HAINPSKEHUE CIEAYET YMEHbBIIUTH B
2 pa3a.

OuyeBUIHO, YTO MO MapaMeTpy €MKOCTH, a CJIEIOBATEIbHO, U IO
KOJIMYECTBY MPUMEHSAEMBIX KOHJEHCATOPOB, LEIECO00Pa3HO UCIOJb30-
BaTh CXEMY BKJIIOUEHHUS CTATOPHBIX 0OMOTOK Ha puc. 4.17,a (3Be3110i1).
Ecian 0OMOTKHM IPUMEHSIEMOT0 JIBUTATENS BKJIIOYEHBI B TPEYTOJIbHUK, TO
UX CIIEIyET MEPECOCTUHUTD B 3BE31TY.

[Ipu ucnons3zoBanuu Tpexdaznoro AJl B ogHOPa3HOM KOHJIEHCA-
TOPHOM PEXKUME €ro moJIe3Hass MOIIHOCTh OOBIYHO HE IIPEBBIIIAET
70+80% HOMMHAIILHOW MOIIIHOCTH I10 MACIIOPTY.

4.10 XapakTtepuctmka cnocoboB perynmpoBaHus
ckopocTtu TpexcasHoro All

st Tpexda3HbIX aCMHXPOHHBIX JIBUTATENE B HACTOSIIEE BpEMs
UMEIOT MIPAKTUYECKOE MPUMEHEHUE CEMb CIIOCOOOB PETYIMPOBAHUS CKO-
poctu (Cc 4yacTHBIMM MoAMUKANUAMU UX Oojbiine). [lepeuncium 3Tu
CIIOCOOBI TT0 PEUTUHTY MPUMEHSIEMOCTH U 3(HDPEKTUBHOCTH:

1. YacToTHOE peryaupoBaHue, KOrJa U3MEHSIOT YacTOTy U Halps-
JKeHUe cTaropa 1o 3akony U,/ f; = const.

2. PerynupoBaHue HanpsH>KeHUEM CTaTopa.
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3. PerynupoBanue 3a cuer no6aBounoi 3J[C B menu poropa —
ACUHXPOHHO-BEHTUJIbHBIE Kackaasl (ABK).

4. VIMniybCHOE PETYJIUMPOBAHUE, HANPUMEP — OOECIICUCHHUE pe-
KHMa «BKJIFOYEHO-BBIKJIIOUEHO» JJIs1 0OOMOTOK CTaTopa.

5. PerynupoBaHue U3MEHEHUEM BEJIMUYUHBI JOOABOYHBIX aKTUBHBIX
COIPOTHUBJIEHUH B LIEMIA POTOPA.

6. 3a cUeT NEPEKITIOYCHUS YUCIIa Map MOJTIOCOB.

7. PerynvupoBaHus B 3JIGKTPOMAIIMHHBIX KacKajaxX ¢ IPUMEHEHUEM
AJIEKTPOMAIIIMH MMOCTOSHHOTO TOKA.

[To TEXHMKO-3KOHOMHUYECKHUM IOKa3aTeJIsIM NEPCIIEKTUBHBIMU CUH-
TAKOTCS NEPEblil, 6MOPOIl Y uiecmoil CriocoObl PEryJIMPOBAHUS CKOPO-
ctu AJl.

Bce Bo3MokHBIE cIOCOOBI U3MEHEHUsT CKopocTu A 00ycIoBIEHbI
BBIPAKCHUEM

a):a)o(l—S):
2nf [ — Esps S
=l =—| 1 F—=2 ||.1=| §=M—X
0=, E, M. )| (4.67)
e SKQERZ,_FRZ,O'ﬁH,
Xe A
(4.68)
3-U2 Uy, Y
M, = ; 19 ~ (0,25 —2 f} p.  (4.69)
2 0)0:7% - X i ﬁ K

K
p Jun
Bripaxxenue (4.67) uMeeT ABE COCTABIISIIOIIME: CUHXPOHHYIO CKO-
pocTb ®, U ckoapxkeHue S. [lo-pasHOMY BIMSIOT HA 3TH BEJIMYMHBI Ma-

pamerpsl asurarens. [I[py MoMeHTax ABUTATENs, JAIOIMIUX CKOJIbXKECHHS
10 BEJIMYMHE OOJIbIIINE, YEM OHU MOTYT OBITh Ha €CTECTBEHHOW MEXaHU-
YECKOM XapaKTEPUCTUKE, PETYIMPOBAHUE CKOPOCTH CTAHOBUTCS JHEPre-
TUYECKHU HEUEIECO00pa3HbIM M3-32 PE3KOr0 YMEHbIIEHUS KO3(PUIueH-
ta MomHocTH U KIIJ. ITosTomMy 3(eKTUBHBIMU SBJISIIOTCS JUIIb CIO-
cOOBI pEryJIMpoBaHMsl CKOPOCTU Yepe3 MapaMeTphl, BIUSIONIME HA CHH-
XPOHHYIO CKOPOCTb.
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Bo3moxxHbI 1Ba BapuaHTa u3MeHEHUs1 CKopocTh AJl — cTymneHua-
TOE W IIJIABHOE MPU COOTBETCTBYIOIIMX BapUAHTAX U3MEHECHUA MMapaMeT-
pPOB, BIMAIOUIMX Ha CKOpocTh. [ImaBHOE peryaupoBaHue TpeOyeT Mpu-
MEHEHUS CICIUAIBHBIX PETYISTOPOB, BBHIMOIHAEMBIX, KaK MPABUIO, Ha
BJIEKTPOHHBIX YCTPOMCTBAX — TPAH3UCTOPHBIX, TUPUCTOPHBIX U MP.
HNmeromune nmpu 3TOM MECTO JONMOJHUTEIbHBIE 3aTPAThl CPEACTB BCEraa
ONpaBJaHbl U OKYIMAKOTCA 3a CYET MOBBIMICHUS] MPOU3BOAUTEIIBHOCTH U
YJIYUYILIEHHUS] KAYECTBA TEXHOJIOTMYECKUX MPOLIECCOB, 00ECTIECUMBAEMBIX B
CHUCTEMAX C peryaupyembim A/l.

Ha puc. 4.18, 4.19 noka3aHbl BApHaHTbl COBPEMEHHBIX CXEM JJICK-
TPOHHOTO ympaBjeHus TpexdazHbiIMu AJ[ ¢ BO3MOXKHOCTbIO IIABHOIO
pEeryJaupoBaHus CTaOMIBLHOM CKOpOCTU. CXEMbl BKJIIOYAIOT THUIIOBBIE
AIEKTPOHHBIE OJIOKW OMPEAEIEHHOrO (YHKIIMOHAIBHOTO HA3HAYCHHS.
O0s13aTeNIbHO JOJIKHBI KOHTPOJIUPOBATHCS CKOPOCTh M TOK JIBUTATEIS
COOTBETCTBYIOIIMMHU JaT4MKaMH: HaTYUK ckopocTu JIC M matymk Toka
JIT. BapuaHThbl UCIOJHEHUS dTUX JAaTYMKOB MHOIOOOpa3HbI, HO Ha BHI-
XOJI€ Y HUX BCEr/a HANPSKECHHUE MTOCTOSHHOTO TOKA, MTPONOPIUOHAIIBHOE
CKOPOCTH WJIM TOKY JBuratens. Eciam paTtyuku 1u@poBbie, TO OHU CO-
nepxkat uudpo-aHaJIOroBbIM Mpeodpa3oBaTesb, MPEoOPa3yOLIUI KOJIbI B
HanpsbkeHue. CuoBor 1enbio A/l ynpapiisieT MoaynpOBOJIHUKOBBIN
npeoOpazoBatenb IIII, kOTOpbI cam yNpaBiseTcss MOCIEA0BATEIbHOU
LENbIO U3 AJIEKTPOHHBIX YCTpOHCTB: BY — 0650k ynpasnenus, PT — pe-
ryasarop Ttoka, PC — perymstop ckopoctu. Perynstoper PT, PC sBns-
IOTCSl OTIEPAIIMOHHBIMUA YCHJIMTEISIMUA C 00OpaTHBIMU CBSI3IMU 110 RC —
nenu (MponopuruoHaIbHO-UHTErpUpytomue yeuaurenu kinacca [114). Ha
BXOJbI 3THX YCHIINTENEN MOJAIOTCS KOMaHIHbIe curHansl U, U, u cur-
HaJIbl OTPULIATENILHBIX 00paTHBIX cBsi3eil Mo ckopoctu U,. u Toky U,,.
OTpuuarenbHble CBSI3U CTAOMIM3UPYIOT TpeOyeMble 3HaUYEHUSI I0MyCTH-
MBIX TOKOB (CTaTOpa U pOTOpa) U CKOPOCTU JBHUraTelsi. Y POBEHb HEOO-
X0IUMON ckopocth AJl ycTaHaBIMBAaeTcs BEIMYMHOW 33JAIOLIETO Ha-
npsokeHust U,;, BeIMYrHA JOMYCTUMBIX TOKOB — COIPOTHUBIICHUEM R,,,,.
Cucrtema aJieKTpoHHOTO ympasiieHus: AJ[ paboTaeT Tak, 4TO 3aJaHHBIN
yepe3 U, ypoBE€Hb CKOPOCTU ABUTATENS OOECIEUMBAECTCS HEU3MEHHBIM
IpA BCEX MOMEHTaX Harpy3Ku, HE MPEBBIIIAIONIMX JOIMYCTUMBIC 3HAYE-
HUsi. TOKH B cTatope W poTOpE MPU 3TOM NPONOPIHUOHATBLHBI MOMEHTY
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Harpy3ku, HO HE MOTYT IPEBBICUTh YCTAHOBJIEHHOE AOMYCTUMOE 3HaYe-
HUE, YTO KOHTPOJIUPYETCS OTPULIATEIILHOW 00PaTHOM CBA3bIO MO TOKY.

B cxeme Ha puc. 4.18 noiaynpoBOogHUKOBBIN npeodpazoBaresns 111
MOXET OBbITh MpPeoOpazoBaTEIeM YacTOThI, PErYISATOPOM HaIPSKEHUS
WM MPOCTO KOMMYTaTOPOM, BKIIFOYAKOIIMM W BBIKJIIOYAIOMINM CTaTOP
OpU CKOPOCTSX JBUTATENA, OTIMYAOIIMXCA OT 3aJaHHOTO 3HAYEHUS.
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ITpu 3ToM cxemorexHuueckue ucnosneHus 11 OyayT pasHbIMuU ¢ cyliie-
CTBEHHO pa3HbIMU TEXHUKO-d)KOHOMHUYECKHMMH IOKa3zarelsaMu. Peryns-
TOpPBI YAaCTOThI TPEOYIOT MPUMEPHO B 3 pasa OOJBLIEr0 KOJIUYECTBA CHU-
JIOBBIX 3JIEMEHTOB, YE€M PETYJATOPbl HANPSKEHUS, WIH KOMMYTaTOpPBI.
COOTBETCTBEHHO BO3PACTaET U CTOMMOCTh. JTO OOCTOSITENHCTBO MPUXO-
JUTCSI YYUTHIBATh MPU BBIOOpE criocoba peryiaupoBanusi ckopoctu AJl.
VYHuBepcanbHbI U KaXXYIIUICS JIy4IIMM YacCTOTHBIM crioco0 HE Bceraa
1eecoo0pa3Ho MPUMEHSTh M3-3a JOPOTOBU3HBI PE0OpA30BATEIIA.

Mexannyeckue xapakTepucTuku Ha puc. 4.18, 4.19 npencraBneHbl
IUTSL WIUTFOCTPALlMA BO3MOXHOCTEH peryaupoBaHus cKopocTd Al B ayek-
TPOHHBIX CHUCTeMaX. BHYTpH 30H, BBIAEICHHBIX LUITPUXOBKOM, 3a1aHHBIN
JBUTATEIII0 YPOBEHb CKOPOCTH @; Oyaer olecrneunBaTbesi ¢ abCco-
JIOTHOM CTaOMIBHOCTBIO (0€3 OTKJIOHeHUH ). HIKHUI 1 BEpXHUN ypOB-
HU 30H ONPEACIISIOT JUANa30H PeryJIupoOBaHus.

Ha puc. 4.18 nmokaszaHbl 30HbI BO3MOKHOTO PETYJIUPOBAHUSA CKOPO-
ctu AJl ipu criocobax 3TOro peryJinupoBaHusi: a — 4aCTOTHBIN, O — Ha-
OPSIKEHUEM CTAaTopa, B — HMMIYJbCHBIM MO MPUHLMIY «BKIIOYEHUE-
OTKJIIOYEHHE» OT CETH 0OMOTOK cTaTopa. Kak BuaHO, IiybOKO€ peryiu-
POBaHKME BO3MOXKHO JIMIIIb MPU YMEHBIICHUH YaCTOThl HAIPSIKEHUS CTa-
Topa. B mpuMeHsieMbIX cucTeMax 00EeCreyrMBarOTCs JUara3oHbl CHUMKE-
Husa ckopoctyu B 1000 pa3 u Oonee. [Ipu perynupoBaHuu HampsKEHUS
CTaTOpa, WU B PEKUME «BKIIOUEHO-BBIKIIOUEHO», JJIUTEIbHAS padoTa
AJl co CKOpOCThIO, TOHMKEHHOM OoJiee ueM B 3 pasa, CUMTACTCS Helle-
Jecoo0pa3HON H3-3a CYIIECTBEHHOIO (B HECKOJBKO pa3) yXYALICHUS
HSHEPIreTUYECKUX MOKa3aTeNel: CHIXKAITCS KOA()(PUIMEHTHl MOIIHOCTH
Y TIOJIE3HOTO ACHCTBHUS, YBEIIMUUBAIOTCS TOTEPU MOIIIHOCTH JIBUTATEIS.

Ha puc. 4.19 nokaszana cucrema 1 MEXaHHYECKUE XapaAKTEPUCTHKH
AJl, perynupyemoro 3a cueT J00aBOYHOTO aKTUBHOTO (OMHYECKOI0) CO-
OPOTHUBJIEHUS B LENU pOTOpa. 3/€Ch T00ABOYHOE COMPOTUBJICHUE Ry
BKJIFOYEHO HE B KaXIYI0 (Dazy 0OMOTOK pOTOpa, a MOCJE BBIIPAMUTENS,
YTO HE MEHAET CYTH BONPOCOB, U3JIOKEHHBIX B noapaszeine 4.6.3. Ilomy-
MPOBOJHUKOBBIN KJIIOU, HAIIPUMEP — TUPUCTOP, 3aMBIKAET U Pa3MbIKAET
pusucrop R, ¢ wacroroir f, =1+2 kI'n. IIpu 3TOM DKBHMBaJEHTHOE

3HAYEHUE KOMMYTHUPYEMOI'O CONPOTHUBIIEHUS 3aBUCHUT OT CKBAXHOCTHU
KOMMYyTaluu ) :
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R231< = R2()(1 - 7/) 5
rae ¥ =t [,

{, — IJIMTEIbHOCTh 3aAMKHYTOT'O COCTOSTHHS KJIFOYa.

[Ipu OTCYTCTBHMU OTpULIATENBbHBIX OOPATHBIX CBSI3EU MO CKOPOCTU U
TOKY OOECIEUMBAIOTCS MEXaHWYECKUE XapaKTEPUCTUKU Ha puc. 4.7.
IIpy HanM4YuK yKa3aHHBIX CBA3EU B CXEME JJIEKTPOHHOI'O YIIPAaBJICHUSA
AJl Ha puc. 4.19 Oyayt obGecrnieunBaThCsS a0OCOIIOTHO JKECTKUE MEXaHU-
YECKHE XapaKTePUCTUKH ISl 3aJaHHOM CKOpoCcTH @ ;. Crabuiu3anus
CKOPOCTH OOECIIEYMBAETCSl OTPULIATEIILHOW OOpaTHOM CBS3BIO IO CKOPO-
CTH, MAKCHUMAaJbHBIA TOK U IPONOPIIMOHAIBHBI €My MOMEHT JBHUIATEIIS
OTPaHUYMBAETCS OTPHULIATEIILHOW OOpaTHOM CBA3BIO MO TOKY. B 1enom,
ynpasiieHUe pexxumaMu AJl OCyIIECTBIISIETCSA YEPE3 YNPABICHUE CKBAXK-
HOCTBIO ¥ . IIpu BBIXOAE HA HMCKYCCTBEHHYIO MX, COOTBETCTBYIOLLYIO
MOJIHOCTBIO BKIJIIOUEHHOMY R,,, KJIIOY IEpecTaeT KOMMYTHUPOBAaTh 3TO
conpotupiieHne (y =0) u crabunmzanusi CKOPOCTU Mpekpamaercsa. AB-
TOMAaTU3WPOBAHHAS CXEMA IUIABHOTO PETYJIUPOBAHUS CKOPOCTU HA PHC.
4.19 He HCKIIIOYAET HEIOCTATKH W3BECTHBIX PA30MKHYTBIX CHUCTEM, a
MMEHHO: HEBO3MOYKHOCTh PETYJIIMPOBAHUS CKOPOCTH HAa XOJOCTOM XOIy
(0e3 Harpy3ku) M yXyIUIEHUE JHEPTeTHUUECKUX MOKa3aTelel Mo Mepe
yMEHbIIEHUsA YPOBHS ckopocTu. [Ipu ckopoctsax menpmux 0,3 @, nim-
TenbHasg padora AJl Ha NMOHMKEHHOM YPOBHE CKOPOCTH CTaHOBHUTCS
HPKOHOMHYECKHU HE BBITOJHOM (KpaTKOBpeMeHHas padbora npu ; < 03w,

JIOTyCKAeTCs).

O060011IeHHO MO cnoco0aM peryJaupoBaHUsl CKOPOCTU Tpex(asHbIX
AJl B MHXEHEPHOMN MPaKTUKE IPUHSTHI CIEAYIOIINE PEKOMEHIAIUH.

1. Jlyyuwum, yHuBEpCaAIbHBIM, YHEPTETUYECKU YAOBIECTBOPHUTEIb-
HBIM CIIOCOOOM peryjiaupoBaHus ckopoctu A]Jl sBiseTcs H3MEHEHUE
Yacmomol u Hanpadxcenusa cmamopa (0OTHOBPEMEHHOE) TIPU BBINIOJIHE-
HYUM 3aK0HOB U,/ f; = const wmu E, / f| = const . Tlpn nuana3oHax pe-

IYJIMPOBaHUs, MPEBBIIAIONINX COOTHOLIEHUE |:3, u nnurensHON padoTe
Ha HIJKHEM YPOBHE CKOPOCTH ATOT CIOCOO HE MMEET ceOe allbTepHATH-
Bbl, HECMOTPSI HAa OTHOCUTEJIBHYIO JTIOPOTOBU3HY PETYJISTOPOB YACTOTHI.
Cnoco6 He Tpedyer npumenenust AJl ¢ ¢a3sHbIM pOTOPOM, KOTOPBIE B
1,5+2 paza nopoxe MaluH ¢ KOPOTKO3AMKHYTBIM POTOPOM.
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2. Ins TypOOMEXaHU3MOB (BEHTUIISITOPBI, HACOCHI, KOMIIPECCOPHI,
HEeHTpU(dyru, a’poJIMHAMUYECKUE YCTAHOBKH U Jp.), KOTOPHIE HE Tpe-
OyIOT peryaupoBaHMsi CUHXPOHHOW ckopocTh AJl UM yHOBIETBOPAIOTCA
IMAra30HOM PETYJIMPOBAHUS CKOPOCTH B mipeaenax 1:1,5+2, noctatouno
UCIIOJIb30BATh CIIOCO0 PETYIMPOBAHUS TOIBKO HANPAMCEHUEM CHIAMO-
pa. Perynsatopsl HanpspKeHUs B 2+3 pas3a JSUIEBIIE PEryJIATOPOB YaCTO-
Thl, SHEpPreTUYecKue Mokaszarenu AJl mpu peryimpoBaHUU CKOPOCTH
TypOOMEXaHU3MOB COXPAHSAIOTCS BBICOKUMH, HE TPEOyEeTCsl IPUMEHEHHUS
JIBUTATENEH C (Da3HBIM POTOPOM.

3. PerynupoBanue CONMPOTUBIICHUS B LENU POTOPA U ACUHXPOHHO-
BeHTWIbHbIE Kackalbl (ABK) MOXHO OpuUMEHATH ISl MOABEMHBIX H
TpaHCHIOPTHBIX MexaHu3MoB ¢ npuopureroM ABK. Ilpu nuanazonax pe-
ryaupoBaHus 10 1:3 3T CUCTEMBI 110 TEXHUKO-3KOHOMUYECKHUM IOKa3a-
TEJSIM COMOCTABUMBI C CUCTEMAMM YAaCTOTHOI'O PETYJIUPOBAHUS, XOTS U
UCIIOJb3YIOTCS TOJILKO JJIs IBUTATeNel ¢ Pa3HBIM POTOPOM.

4. BapuaHThl UMITYJIbCHOTO YHPaBJEHUSA B LEMU CTATOpa JOMYC-
KArOTCS TOJBKO 1A A/l ¢ KOPOTKO3aMKHYTBIM POTOPOM MOIIHOCTBIO 1O
1 xBT.

5. PerynupoBaHue NEPEKIIOUYEHUEM YMCIIA T1ap TOJKOCOB HUMEET
BBICOKHE TEXHUKO-3KOHOMUYECKHE MOKAa3aTeNn, XOTd U TpeOyeT npume-
HEHUs CIEUHAIBHBIX KOPOTOKO3aMKHYThIX AJl ¢ oOMOTKamu craropa,
MO3BOJISIFOIIUX TIEPEKIIFOUEHUE UX CEKIUM. BO3MOXHO NMPUMEHEHUE B
CHUCTEMax dJIEKTPONPHUBOJIOB CTAHKOB (METAJJIO- U JIEPEBOOOPAOOTKH),
KOI'/Ia JIOMYCKAETCsl CTYNEHYATOE PEryJIMpOBaHUE CKOPOCTH (YacTO CO-
YETaeTCs C JOMOJHUTEIbHBIM MEXaHUYECKUM PETYJIUPOBAHUEM ).

6. KackagHoe 3JeKTpOMaliMHHOE PETryIMpOBaHUE CKOpocTH A/l ¢
KOPOTKO3aMKHYTBIM POTOPOM, TJI€ PETYJISITOPOM SIBISIETCS AJIEKTpOMa-
[IMHA TOCTOSHHOTO TOKA, IPUMEHSIETCS B CBEPXMOIIHBIX (OOBIYHO BBI-
COKOBOJIbTHBIX) 3JIEKTPOIPUBOIAX, OT JACCATH U 00Jiee ThICAY KUIOBATT
(IBIMOCOCHI U HarHeTaTeau Bo3ayxa KpynHbix TOL).

B 3akiroueHre no HACTOSIIEMY pa3Jey OTMETHM, YTO UHKEHEPY-
AIEKTPUKY CO CHEHHANM3ALUEN IO TPOMBIIIIIEHHOM 3JIEKTPOHUKE B CBO-
€l MPOM3BOACTBEHHOMN JCSITEIBbHOCTH MPUXOAUTCS 3aHUMAThCA B OCHOB-
HOM CHCTEMaMH aBTOMaTtu3aluu Majnoul momHocth: 0,5+2 kBT u pexe
— 10 10 xBt. Ecnn aBTOMaTH4YeCcKre yCTPOMCTBA TAKOW MOIIIHOCTH TpeE-
OyroT oOecreueHus! ABUKEHHUM C TJIaBHO PEryJIMpPyEeMOM CKOpPOCTBIO, TO
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3]1€Ch CJIEIyEeT BEPUTh JOKA3aHHOMY MH>KEHEPHOM MPaKTUKOW (pakTy —
B PErYJIMPYEMBIX MAJIOMOIIHBIX 3JEKTPOIPUBOAAX JIYUIIUM JBUTraTEIEM
ABJSIETCS TpeX(a3HbIi aCUHXPOHHBIM C KOPOTKO3aMKHYTBIM POTOPOM,
pEeryaupyeMblii TPAaH3UCTOPHBIM MPEOOPA30BATENEM YaCTOThI CO 3BEHOM
IIOCTOSIHHOI'O TOKA U IIUPOTHO-UMITYJIbCHOM MOAYJIALMEN HAIPSKECHUS.
JItoOble Ipyryue cUcTeMbl, B TOM YHUCJIE Ha JIBUTATENSIX MTOCTOSIHHOTO TO-
Ka, OyAyT XyXe M0 TEXHUKO-2KOHOMUYECKUM MOKA3aTEIISIM.

4.11 NepexoaHble npoueccbl ALl

VY acCMHXpPOHHBIX JIBUTATEJNIEH, KaK Yy 000 3JIEKTPUUECKON Malllu-
HbI JIPYrOr0 TUIIOUCIIOJIHEHUS, UMEIOTCSA JIBA BHUJA HAKOIMUTEIIEH JHEP-
MU, BIUSIOIIUX HA JJIMTEIBHOCTh DSJIEKTPOMATHUTHBIX MEPEXOIHBIX
POLIECCOB: UHIYKTUBHOCTH U Macchl. THEPIIMOHHOCTE OOMOTOK CTaTO-
pa U pOTOpPA XapaKTEPU3YETCA DIICKTPUUECKON MTOCTOSIHHON BpeMeHU T,
WHEPLMOHHOCTh MACC Ha Baly ABUIaTEls — JJIEKTPOMEXAHUYECKOMN 1O-
cTossHHOM BpeMeHnu 7. J{ns nuHenHbix yyactkoB MX, korma S < S, , Al

MMEET YIIPOUIEHHYIO CTPYKTYPHYIO cxeMy Ha puc. 4.20.

S K Ky w
0y Aw| ToP+1 |M “M;| T p

Puc. 4.20

OO6p1unO T, >> T, ¥ IEpeXOHbIE MPOLECCHI MPOTEKAIOT MO AKCIIO-
HEHTe C JUIMTENbHOCTBIO ,, =47, . JInsd JTUHEWHOro ydacTKa €CTeCT-

BeHHON M X

Ao w S w, S
T =J —=J—2"X.05 =J 2" .
M NY; Y, 7M1 Y, (4.70)

K H

rae J — NPUBEICHHBI MOMEHT UHEPIIMH Ha Baly ABUTATENA, KT-M-.
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Ha Henmunernpix yyactkax MX aiieKTpoMeXaHu4decKas IOCTOSTHHAs
BPEMEHHU SBJIETCS BEJIMUMHOM IIEPEMEHHON U pacyeT NEePEXOAHBIX PO-
LIECCOB YCIOXKHAETCA. B MHKEHEPHOU MPAKTHUKE YacTO NMPUMEHSIOT Ipa-
(ho-aHATUTUYECKHUE PACUETHI.

ITokaxxem 3TO Ha OpUMEpPE pacyera U NOCTPOCHUS IEPEXOIHBIX
IPOLECCOB ISl MOMEHTa U cKopoctru AJl, 3amyckaemMoro npu MnocTosH-
HOM MOMEHTE Harpy3ku M . = const. [locTpoeHUs] moOKa3aHbl Ha PUC.
4.21.

B macmitade jj1si OTHOCUTEIBHBIX 3HaUeHU M, U ®,, S cTposTcs
MeXaHW4eCKas XxapakTepuctuka u M, . B Touke mepeceveHus S5, COOT-

BETCTBYIOLIEH KOOpAMHATaM @, , M. , OyJeT yCcTaHOBUBIIAsCS padoTa

Cy?
nBUraTens nociue mycka. Orpe3ok ocu opauHat ot 0 10 o, pazouBaeTcs
Ha OJIMHAKOBBIE OTPE3KU Aw®, = AS, YUCIO0 KOTOPBIX paBHO m. B Hamem

npuMepe m =35, sl aHAJTUTUYECKOTO Mauwunnozo pacuera (cm. Ilpu-
JokeHre 5) MOKHO B3sITh m =20. M3 Todek neiaeHus OpAuHAThl Ha CO-
CTaBJISIFOIIME OTPE3KU MTPOBOIATCS TOPUIOHTAIIM JI0 TepecedueHuss ¢ MX —
CM. ToukH 1, 2, ..., m=35. HenmuHelHbIe YacTU pa3Aei€HHON TOPU30H-
TaaMud MX yCpeaHSAIOTCS, YTO JIA€T YCPEAHECHHOE 3HAYEHUS MOMEHTOB
neuraresnst M g ctynenuaroid MX (cwm. puc. 4.21):

M, =05(M,+M.;). (4.71)

Hanpumep, Mexy Toukamu 2, 3 noryqyum
My, =05(M.,+M.;).

Tenepp MOXKHO ONpENENUTh BpemMeHa pasroHa AJl Ha kaxaom y4a-
CTKE cTyreHyaron MX:

AS -
Aty =J M (4.72)
(Mi - M*C)MH
*C p
A .
At =J 50



AS -
Atz :J a)o R
(M*zc p—M*C)MH
AS -
Ats :J a)o
(M*Sc - M*C)MH

[TonHOE Bpems mycka paBHO CyMMe Af; :

t=Y Al . (4.73)
i=l1

B Hamem npumepe
t, = At +At, + Aty + Aty + Atls.

ITocTpoeHune KpUBBIX IIEPEXOAHOIO IpoLecca a, (t) uM, (t) MOoKa-
3aHO Ha puc. 4.21, 0.

3nech Mactadbl 11 @,, M, OCTAlOTCS TaKUMHU K€, KaK I Me-
XAaHUYECKON XapaKTEpUCTHKHU; [JIsl BPEMEHHM MaciuTad BbIOMpaeTcs ¢
OpHUEHTAIMEN Ha MAaKCUMAJIbHYIO JUIMTEIBLHOCTD IEPEXOAHOrO Mpolecca,
PaBHYIO .

ITocnenoBaTebHOCTh MOCTPOCHUM CIICAYIOIIAS.

1. OTknaapiBaroTCA Ha ocHu adcuMcce ¢ 3Ha4eHUs BpeMeH Af;: Af,

At,, ..., At;_,, . na kaxnoro orpeska At; IpOBOAATCS BEPTUKAIIM.

2. Ha aTux BepTUKaISIX HaXOAATCS TOYKH, COOTBETCTBYIOIIHE 3HA-
YeHusIM @,; =1-AS, M,; (cM. mocTpoeHue Touek Ha puc. 4.21, 0). Be-

au4yuHa M, O6epercs misg Touek 1, 2, 3 ... m Ha MEXaHUYECKOU XapakK-

Tepuctuke puc. 4.21, a.

3. Ilonmyuennsie Touku 1, 2, 3 . . . m COEAUHAIOT IUIABHOW KPHUBOM.
BynyT nosnydensl rpaduku @, (t) uM, (t)

B onvcanHOM BBIIIE MOPSIAKE MOKHO PACCUMTATh U MTOCTPOUTH I1€e-
PEXOIHBIC TTPOLIECCHI JISI CKOPOCTH U MOMEHTA JBUTATE B TOPMO3HBIX
pexxnmax. Ha puc. 4.22 310 cnemnano mis pexxuma TUHAMUYECKOTO TOP-
MO>KEHHS.
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B TOpMO3HBIX pexuMax TUHAMHUYECKUA MOMEHT JBUTATENs paBeH
CyMMe MOMEHTOB JIBUTATENsl U Harpy3ku, To ecTh popmyny (4.71) cie-

AYCT IPUMCHATDb CO 3HAKOM AJir0C B 3HAMCHATCIIC!
AS o,

p+M*C)-M

Atyp =J (4.73)

(M ic H

[TpuHLMIBl Tpado-aHATUTUYECKOTO pacyeTa MepexXoIHbIX Mpolec-
coB A/l MOXHO UCIOIB30BaTh JJIA MOJYyYEHUs] POPMYNT YUCTO aHATUTH-
YECKUX PACyeTOB. DTH PACUEThl JIyYIll€ BCErO BBINOIHATH HAa DBM c
nomoIeio cucteMbl Mathcad (cMm. Ilpunoxkenue 5).
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5 MPUMEP BbINONHEHUS MHOMBUOYANBHOIO
3AOAHUS Ne2 (U32)

B 132 paccunTtsiBatoTCs mapaMeTpbl U XapaKTEPUCTUKHU Tpexdas-
HOro AJl COrjmacHO TEOPETUYECKUM IMOJIOKEHHUSM TJIaBbl 4 HACTOAILETO
yueOHoro nocobus. Coxaepxxanue M32 qis Bcex UCTONHUTENEH OJIUMHA-
KOBO (mpuBeAeHo B [Ipuinoxenuu 3), oTAM4aroTCs JUIIbL UCXOAHBIE TaH-
HbI€ BapUAHTOB KOHTPOJIbHOW. Kakablii MCIIONHUTENb IMOIY4YaeT CBOM
BapuaHT 132 1 BBINKUCHIBAET B COACPKAHUE 3aJaHUd HEOOXOIUMBIE HUC-
XOJIHbIE JaHHBIE JJI 3TOr0 BapuaHTa u3 Taduuibl [Ipunoxenus 3.

[IpuMep WUITIOCTPUPYET COAEpKaHUE OTYETA O BHIIOJTHEHUU 3a/a-
HUA. B mpuBeneHHOM MpuMepe HyMmepalus pas3iesoB, GOpMys, PUCYH-
KOB CJieJlaHa TaK, KaK 3TO JOJIKHO ObITh B oTuere. HaunHaercs npumep
C MEPBOM CTPaHUIIBI OTYETA MOCJE TUTYJIbHOrO Jiucta (dhopMma J1aHa B
[Tpunoxenun 1).

NuauBuayaabHoe 3aganue Ne 2, papuant 12

1. HomunaabHble JaHHbIe A/l

Hanpsixenue cratopa U, / UpgsBoooooiin, 380/220
Yacrora HampsbkeHus cratopa fi,, [m............ 50
Mommnocts P, kBr....... ... o oo 2
HomunaneHslil TOK ¢a3zel ctatopa [, A.......... 4,8
KpaTtHoCTh myckoBOro TOKa 1y, /11, o v vvvn 5
Ileperpy3o4Hasi CIocOOHOCTb IO MOMEHTY, A, ... ... 1,9
CkopocTb BpalieHus 7,, 00/MUH . ... ............ 2780
Koadduuuent Mmomuocta cos@,, . ................ 0,86
MOMEHT HHEpIUH poTopa J, KIM> . . .. ..o, 0,1

2. Paccuurarpb

2.1. [TapaMeTpsbl ¥ BEIMYUHBI €CTECTBEHHOM MX; 3amucarh 1o HUM
dopmyny sToit MX
2.2. CompotuBnenus ooMoTok R, R), X|, X;.
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2.3. [Tapamerpsl u Gopmynny uckycctBeHHoM MX npu nycke AJl ¢
OrpaHMYEHUEM IYCKOBOTO TOKa B mpeaenax /4, /1, =1.8 3a cueTR J -

2.4. ITapameTpsl u popmysibl MX AMHAMUYECKOTO TOPMOKEHUSI.

2.5. Tlapametpsl U GopMysibl UCKYCCTBEHHBIX MX mpu 4acToTax
Siwae/ fin= 12 v fi,u/fi,= 0.8 g 3aKkoHA peryIMpoBaHUS
U,/ f; = const.

2.6. Bpems npsMOro mycka M JTHHAMHYECKOTO TOPMOYKEHUS IPH
MOMeHTe Harpysku M . /M, = 0.6.

2.7. Bpems npuema 1 cOpoca Harpy3ku Ha ectecTBeHHOM MX

2.8. Bpems TopMoOKeHHUS 10 OCTaHOBA CBOOOJHBIM BBIOECTOM MPHU
3aJIaHHOM B ITyHKTE 2.6. MOMEHTE HAarpy3Ku Ha Bajly JIBUTATEIIS.

2.9. Bxognyro momHocTh 1 KII/ nBurarens Ha ectectBeHHOM MX
IPY HOMHHAJILHOM MOMEHTe Harpy3ku (M . =M ).

3. llocTpouTsh

3.1. Mexannueckue xapakTepucTuku AJl B OTHOCHUTEIBHBIX €1IU-
HUILIAX C IapaMeTpaMu, PACCYMTAHHBIMU B ITyHKTAX 3aj1anus 2.1+2.5.
3.2. Jluarpammsl a1 Mmomenta M, (t) u ckopoctu o, (t) mpsmoro

mycKa U TUHAMUYECKOro TopMoxkenus ipu M . / M, = 0,6.

Pemenune BOnpocoB, nocraBjaeHHbIX B 32

1. ITapaMeTpsbl U BeJIMYUHBI ecTecTBeHHOH MX

1.1. HoMuHaIbHOE CKOJIBbXKEHUE
g n, —n, 3000-2780
" n 3000

o

rae 1y = 3000 o6/MumH, Kak OnmKaiiias BeIWYMHA K 3HAYSHHIO
n, = 27380 06/MuH.

= 0,073,

1.2. YrnoBeie CKOPOCTH:

Mo 2T 19.55=314
0o =" =1y/9,55 =314 pan/c — cuHXpOHHA,

w, =n,/955=2780/9,55=291 pan/c — HOMHUHAIILHAS.
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1.3. HomMuHaisHBI MOMEHT JIBUTATEIISA
M,=P,/w,=2000/291=6,87 H-M.

1.4. Kputrueckuii MOMEHT
M, ., =M, -1,=678-19=13,05 H-m.

B OTHOCHTENBHBIX eAUHULAX BemmunHa M., =M, /M, =1,,=19

ABJIICTCA HOMHUHAJIBHBIM ITapaMCTPOM AI[, IMPUBCACHA BbINIC B HMCXO/-
HBIX JaHHBbIX.

1.5. Kputnueckoe CKOJIbKEHUE

S.=12-S, (/IM + A2 —1)=1,2-o,073(1,9 +4/1,92 —1)z 0,312,

Omnpeneneno 1o Gopmysie (4.22) 1TaHHOTO y4€OHOTO TOCOOUSI.
1.6. YpaBHeHue ectecTBEHHOM MX B OTHOCUTEIIBHBIX €UHUIIAX:
2:2,(1+58, )
T S/S, 48, /S +2S, )

o,=1-S5.

2-19(1+0312)~5
" S/0312+0312/S +0,624°

(D

EcrectBennas MX no ¢popmyse (1) moctpoena nanee Ha puc. 1.

1.7. IlyckoBOoM MOMEHT Ha ecTecTBeHHOM MX ompenensercs mo
BbIpaxkeHuto (1) mpu S =1

M., .= > =121
1/0312+0,312/1+0,624

[Tockonbky M., ., > 1, nBUTaTenp 3amyCTUTCS NPU HOMUHAIBHOM

*n e

MOMEHTE HArpy3KH.
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2. ConporunjieHue 00MOTOK

2.1. CymMapHO€ MUHAYKTHBHOE COMNPOTHUBIEHHE 00MOTOK AJl mpu
nomymeHuu R, = R;.

U 1-52
X, =X +X,="—1~. L
IIKe 1+3SK€

dopmylia oydyeHa IIpyu COBMECTHOM PEIICHUM BbhlpakeHuu (4.27)
u (4.28) yueObHOTO 1ocoous.

I, /I, =5 W3BeCTHO 10 WCXOAHBIM MJAHHBIM, OTKYyIa
I, ,=1, -5=48-5=24A.

=766 Owm.

220 | 1-03122
[Tonmygaem, X, = : 3
24 \1+3-0312
X, =2X5=05X,=05-766=383 Om.

2.2. AXTUBHBIE CONIPOTHUBJICHUS.
4
R;

B dopmyne Sy o == npunnumaeM R} = R,.
VX L+ R
R, XS

— (R, =Rj) ="K ke

[Monyuaem S, .= F7——= .
VX2 +R? J1-82,
7,66-0,312

\1-03122

3. IlapameTpsbl McKyccTBeHHOM MX npu orpaHu4YeHHH IyCKO-
BOI'0 TOKA 3a cueT R,

R =R, = ~2,52 Om.

3.1. BenuuunHa 700aBOYHOIO COMPOTUBJICHHUS B LIEMHU CTAaTOpa s
TpedyeMoro 1o 1. 2.3 3agaHusg KOHTPOJIbHONU TOKOOTPAaHUYECHUS

[11’1 = 1’811H = 1,8 . 4,8 = 8,64 A;



220)°
_ (@j _766% —2-252=2428—504=1924 Oum.

3.2. Kputnueckuii MOMEHT

v v X2 +R! +R,

M X2 e (R 4R, + Ry, + R,

(J7,66% +2,52% +2,52)- M, Y

_ -0,23 .
V7,667 +(2,52 +19,24)* +19,24 + 2,52

*Ke

Kak BuIHO, MaKCHUMaJbHBIH MOMEHT JIBUTATEIIs] TIPU BBEIACHHUMU B
I[eTb CTaTopa J100aBOYHOTO aKTUBHOI'O COMPOTUBIEHUS R, =19,24 Owm

YMEHBIIUTCA B 4 pa3a v COCTaBUT BCETO
M, =M, -023=19-025=0,44.

*KU *Ke

3.3. Kputnueckoe CKOJIbXEHUE
_ R} _ 2,52
- \/X,f + (R, + Ry’ \/7,662 +(252+1924)°

S ~011,

OTHOCHUTEJBHO S, , YMEHBIIUJIOCH ITOYTH B 3 pasa.
3.4. ITapamertp 7 ,:

Ry +Ry, 252+1924
R} 2,52

}/u = 8,63

3.5. YpaBHEHHE HCKYCCTBEHHOW MEXaHMYECKOW XapaKTEPUCTUKH
npu R, =19,24 Owm:

_ 2M*1< u(l+7/u'SK u) _
e SK u/S+S/SK u+27/uSK u_
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2-0475(1+8,63-011)
C011/S+S/011+2-863-011

1,85
M*u = . (2)
011/S +S/011+19

Xapakrepuctuka M *u(S ) no ¢opmyine (2) mocTpoeHa jAajiee Ha
puc. 1.

4. IlapameTpsl MX THHAMHYECKOT0 TOPMOKECHU S

4.1. NHAyKTUBHBIE CONPOTHUBIEHUS KOHTYpa HaMAarHUYWMBaHUS

X,
_ £Z£~]1H.Zé~ r_ r\2 r\2
R TR R G
X, =10-+/3,83% +2,522 =458 Om.
3nece X =3,83 Om, R} =2,52 OM paccuuTaHbl B MyHKTax 2.1,
2.2.

4.2. MakcumanbHbIi (KpUTHYECKH) MOMEHT MX AMHaMUYECKOTO
TOPMOKEHHUS

3L X,p 3.487.458

M
T 2.0, 2-314

=5,04 H-m.

B oTtHOCUTENBHBIX 3HAUEHUSIX
M, r =M, /M, =504/687~0,734.
BBI/II[y MaJIOCTHU 3TOr0 MOMCHTA, YBCIMYHMBACM C€Io0 A0 3HAYCHMHA

M .. r =15. Jonyckaercst yBenuuuBath M, r 10 A, 3a CUET IIOCTO-
SHHOI'O TOKa craropa [1, 2].

4.3. Kputuueckasi OTHOCUTENbHAsI CKOPOCTh Mpu R,y =0:
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Ry 252

Vi o= W4y = =0,055~=0,06,

ar 45,

4.4. Kputrnueckass OTHOCUTEIbHAsI CKOPOCTh MPU T0OAaBOYHOM CO-
OPOTUBIICHUU B IIENU POTOPA.
[Mpuaumaem Vv, , =04, Tak kaKk MOKHO BBHIOMpATh JII000€ 3HaUe-

HUE OT V, , 1o 1.
Jlns obecnieuenust v, , =04 norpedyercs 100aBOYHOE COMPOTHUB-
JIEHUE B Kaxayto (pa3zy poropa:

Ryy=ve Xyr —R;=04-458-252=158 Om.

Jlo6aBOUHOE COMPOTHUBIICHUE OOJbIIE COOCTBEHHOTO COMPOTHUBIIC-
HUA a3bl poTopa B

R},/R5 =158/2,52~ 63 pas.

4.5. Belpaxxeane MX 1TMHaMUYECKOT0 TOPMOXKEHUA NpU R5, = 0:

M, 2.15=3
T — :M*Tl(v)'
v, Jv+v/v,, 006/v+v/006

M*Tl = (3)

4.6. Beipaxxenne MX IMHAMHYECKOTO TOPMOXKEHUS NIPU HATMYUU
Rz’a:
2M ., ¢ 3
K — = M*T2(V) .
Ve JV+V/iv., 04/v+v/04

M.ry = (4)

XapakTtepuctuku 1no ¢popmynam (3), (4) moctpoensl Ha puc. 1 cie-
Ba OT OCH OpJIMHAT.

S. [TapameTpsbl uckyccTBeHHBIX MX nipu /| # /1,

CornacHo 3aJjaHuI0 Ha KOHTPOJIbHYIO pa0oTy (IyHKT 2.5) paccuu-
THIBAEM JTH TAPAMETPHI JUIS BBIONHEHUs yenosus U,/ f, = const; uc-

MOJIB3YIOTCS BhIpakeHus (4.46), (4.47), (4.52) yueOHOro mocoous.

5.1. Ay mOHMXKEHHOM 4acToThl f1,,,, / f1, = f1+ = 0.8, mony4aem:
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X2 +R?
S *:S =
kfl K e 7 5
(‘ka‘l*) +R1

2 2
—0312. | 0022350100,
(7.66-08)" +2,52°

Y s =7 e =Ri/R3 =1 (se sacur ot f£,);

VX2 4R +R,

(XK .fl*)2 +RE +R, )

M, =M, e'fl*\/

7662 +2,522 42,52

=M
J(7.66-08) +2522 +252

:0,8 -

*K e

=093-M

XK @

5.2. JInst IOBBIEHHON YaCTOTHI f],, 4/ f1n = fox = 1,2:

7,66% +2,52°
Sy 20 =S (| —o 2 ~0264=085-S
(7.66-12)" +2,52

K €»

}/fZ*:}/ezl;

V7,662 +2,52% +2,52

= 1,06M
J(7,66-12) +2,522 +2,52

Mkf2*:f2*'M*Ke' *Ke -

N3 pacueroB B myHkTax 5.1, 5.2 BUAHO, YTO P U3MEHECHUU Yac-
ToThl Ha 20% u obecneuenun U,/ f; = const, MOMEHT KPUTHYECKHNA
u3MeHWIcs Bcero Ha + 6%. Jlnsg pacdeTtoB HCKyCCTBEHHBIX MX 3TUMH
U3MEHEHUSIMU IIPeHeOperaeM U MpUHUMaEM

MKfl*:MKfz*:M :1,9

*Ke

[TonTBepaIWIINCh ¥ TEOPETUYECKOE MOJIOKEeHUE paszaena 4.6.4, yrto
SK u = SK E/f* *
5.3. Beipaxxenus aiig MX nipu f] # f1,,.
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IM o (14,11 4)

M, (S)= =
1( ) S/Skf1*+SKfl*/S+2SKfl*
o 2-19(1+038)
 S5/038+038/S +2-038"
524
a(S) = ’
1(5) $/038 +0,38/S +0,76
®,(S):= fi.(1-8)=08(1-5). (5)
TG A Y
*7 _S/Skf2*+SKf2*/S+2.SKf2* .
48
M o(S):= $/0264 +0264/S + 053’
©.(S) = f.(1-8)=12(1-5). (6)

6. Bpemsi npuema u cOpoca HArpy3Ku Ha ectecTBeHHOH MX

Onpenensiercss yemovipbma HNEKTPOMEXAHUYECKUMH ITOCTOSTHHBIMU
BPEMEHU MEXaHUYECKON XAPAKTEPUCTUKMU:

th :tc H:4TM7
4.70): T 05— Sre®
rae 1o (4.70): w =0, AM. =M
12-314
Monyuaen: 7,=05-01.221251 o3¢,
1,9-6,87

t,, =t, ,=4-036=144 c.

nH



165

7. BpeMsi TOpMO:KeHUs1 BbIOErOM

te6 ZJwHaq =Ct)c ’
M, =M,
rae a)cza)O(I—SC), Sc:SH.Mc.
MH
[Tonydaem S.=0073-06=0,044,

o, =314(1-0,044)~ 300 p/c,

(=012 73
0,6-6387

8. Bxognast momiHocTh M KII/I ecrectBennoin MX

Bxoanast MOIITHOCTB:

KoadduireHT nosie3Horo 1eMcTBUs:

P
P,=Py -cosQ, 1n,>n,="—""—"—.
Py -coso,
2
n, :—OOO =0928~=093.
3168-0,68

9. JlNIMTEJIbHOCTH MPSIMOTO IyCKA MO/l HATPY3KOM

@opmyIbl pacuera npuBeAeHsbl B pazaene 4.11 yueOHoro nocoous.

Bpems nycka.
t, =) At, (i), (7)
i=l1

AS - @0,
(MpS(i)—Mc)- Mn

(8)

rae At, (i) :=J-
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_l—Sc

m

MpS (i) = 0,5(Mp(i)+ Mp(i - 1))

AS

Sc :=Mc-Su

5
Mp(i):z ,
I—AS-Z+ 0,312 10,624
0,312 1-AS-i
Mp(i—l):: >

1-ASG-1) 0312
+ +
0312  1-ASG-1)

i=1,2... m

w,i=AS-i

0,624

)
(10)

(11)

(12)

(13)
(14)

Pe3ynbTaThl pydyHOIo pacyeTa Ipu m =S5 mpuBeAcHBI B Tabauiie 1.

B cucreme Mathcad moxuno npunumate m > 20 (cm. IIpunoxenue

Tabnuua 1
i 1 2 3 4 5

Sy 1 0,81 | 0,62 | 043 | 0724

S, 0,81 | 0,62 | 043 | 024 | 0,044

M. (S) | 12 1,39 | 1,62 | 1,84 | 1,85

M. (S;) | 139 | 162 | 1,84 | 185 | 06

M, (i) | 13 1,5 1,73 | 1,84 | 1,23
At c 1,26 | 097 | 0,77 | 0,7 | 138

is € 1,26 | 223 3 3,7 | 5,08

o 0,19 | 039 | 058 | 0,76 | 0,94
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t, =35lc.
10. Bpemsi fTMHAMHUYECKOI0 TOPMOKEHUA

Pyunblie pacueTsl BeayTces 1o hopMyiam:

3

Vi =(1—SC)(1—E) mpui=1,2,3,...,m, m=S5.

m . [
vi=(1—SC)(1—i)
m
oM,
M*T(Vi—l)_ :

vk/vi—l + Vi—l/vk ’

2M
M ) = *x T
*T(Vl) VK/Vi+Vi/VK’

M .7 cp(i) =0,5 (M*T (Vi—l) +Mer (Vi))’

1-S
Av = =, S.=M,.-S,,
m
Aty =J AV &,
i —Y° s
(M.p o +M,.)-M,
i=m
tr = 2 Aty

i=1
31eCh U3BECTHEL:

S.=0044, M, =687 Hwm, a, =314 pan/c, M,, ;=15,

J =01 KI-M-.

Ve :0,4 IIpu Rza 750, VK = 0,06 IIpu Rz() :O

(15)

(16)

(17)

(18)

(19)

(20)

21)



168

Pe3ynbpTathl pyyHOro pacuera npu m =5 MPUBEACHBI B TAOIHUILIE 2.
Jlnst mamuHHOrO pacuera B cucreme Mathcad cm. npumep B [lpu-
JIOJKEHUU 5.

Tabnuua 2
i 1 2 3 4 5
Vi 0,96 0,77 | 0,58 | 0,38 | 0,19
v, 0,77 0,58 | 038 | 0,19 0
M.po(vie)| 1,02 1,18 | 1,38 | 1,5 1,2
M.o(v;) | 1,18 1,38 1,5 1,2 0
Miryep 1,1 1,3 1,45 | 1,35 1,1
Aty 0,51 0,46 | 0,42 | 045 | 0,51
tr: 0,51 097 | 1,39 | 1,84 | 2,35
tr =2,35¢c.

JlanHbie Tabmuil 1, 2 WUCHONB30BaHbI JJIsl MOCTPOCHUS JUarpaMmm
NEPEXOIHBIX MPOLIECCOB HA PHUC. 2.

Ilpumeuanue. B otuere NpuBOAATCS AaHHBIC 110 OJJHOMY CIIOCOOY
pacdyeToOB — MAIIMHHOMY, WM PYYHOMY. PydHOU SIBISIETCS PEIKUM HC-
KJIFOUCHUEM, KOTJa HET BO3MOKHOCTHM HCIOJb30BaTh JOBM. Ilpu ma-
IIMHHOM BapuaHTe TaOiuibl 1, 2 HEe NMPUBOAATCS. 3alUCHIBAIOTCS BbI-
YUCJICHHbIE 3HAYEHUS f,, f; W NPHUBOAATCS KOMIIbIOTEPHBIE TpadUKU

auarpamMM MepexoHbIX MPOLECCOB.
11. IlocTpoeHne MEeXaHUYECKHX XAPAKTEPUCTUK

Crpositcss MX 1o BeipaxkeHusm (1)+(6), 3anucanHbiM BbIle. Pac-
4yeThl U rpaUKu Jy4lle BBINOJHATH ¢ nmoMouipio OBM. Jlydiie Bcero
nosib3oBaThes cucteMon Mathcad nist cpenst WINDOWS-95, Bepcusimu
Mathcad 6.0 u Mathcad Plus 6.0. Hanpumep, nisa pacdyera u mocTpoe-
HUS YKa3aHHBIM MAlIMHHBIM CIIOCOOOM ecTecTBeHHOM MX 1o BbIpaxe-
HUIO (1) HA AKpaHe MOHUTOPA HYHO 3aMKCaTh:
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S=1-i/m i=12...m m:=20
w, =1-8
Me:=— 03?12
+ — + 0,624
0312 S

Jlanee gaeTcsi KOMaHJa Ha pacyeT, BeaeTcs padoTa ¢ rpaduuecKumM
IPOLECCOPOM, BBIBOASTCS PE3YJIbTATHI HA I€YATh
[Ipu 6e3mamuHHOM (pydHOM) pacuere MX MOCTaTOYHO paccyu-
TaTh 5 TOYEK I 3HAYEHUH nepeMeHHbx S, =1—i/m, v;=1-S, = o,
npu m =35. JIONOJHUTEIbHBIMU TOYKaMH OYIyT
S=0, M=0; S,, M,; S,, M.

Pesynbpratel pyyHoro pacuera MX no BeipaxkeHusim (1)+(6) npu-
BEEHBI B TA0OIMIIE 3.

Tabnuua 3

i 0 1 2 3 4 5 -

S; 1 0,8 0,6 0,4 0,2 0 S,
®, =V, 0 0,2 0,4 0,6 0,8 1 Ve
M. (S) | 121 1,4 1,63 1,85 1,76 0 1,9
M, (S) | 0,167 | 0.2 025 | 032 | 043 0 0,47
M. (v) 0 0,83 | 048 | 044 | 03 0,21 1,5
M .pa(v) 0 1,2 1,5 1,38 1,2 1,03 1,5
My (S) | 139 1,57 1,76 1,9 1,64 0 1,9
o, f, 0 0,06 | 032 | 048 | 0,64 0,8 0,4
M,(S) | 1,05 1,23 1,48 1,78 1,84 0 1,9
@, f 0 024 | 048 | 0,72 | 0,96 1,2 0,94

MexaHndyeckue XAPAKTCPUCTHUKHU 110 JaHHBIM Ta6J'II/II_[BI 3 moKa3aHbl

Ha puc. 2.
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W= | 8
’,2 \‘1\ M*_?
AH010 \
1 0,810,2
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12. /luarpaMMbl nepexXOAHbIX MPOLECCOB

[Ipyn mMammHHOM pacyeTe TpauKu BBIBOJATCS Ha dKpaH W paclie-
yaTbiBatoTCsl 0e3 npobieMm. [Ipumep 3amucu dhopmyin ajisi pacuera Kpu-
BBIX IEPEXOJHBIX MpolieccoB B cucteme Mathcad nan B paznene 4.11
METOJIMYECKOro mocoodus [ 1 ].

[Ipn Oe3MalIMHHOM pacyeTre AuarpaMmmbl CTPOSITCS MO TOYKaM C
naHHbiMU Tabmun 1, 2. TlomydeHHBIE TOYKH COCIUHSIOTCS IIJIaBHBI-
MU KpHUBBIMHU. sl JaHHON KOHTPOJIbHOW paOOThl TUarpaMmMbl miepe-
XOJIHBIX MPOLIECCOB MO PE3yJbTaTaM «PY4YHOr0» pacyeTa MOKa3aHbl Ha
puc. 2.

Jluteparypa, UCHoOJIb30BAHHAA NPH BBINOJHEHUH KOHTPOJIb-
HOM padoThI Ne2

1. O6pycnuk B. II. Dnexkrpuueckue MamuHbl: Y4eOHOe ocoone. —
Tomck: TYCVYP, Tomck, 2007. — 207 c.

2. Kaigman M. M. Dnekrpudeckne MammHbel. — M.: Beicmas mkomna.
1990. — 463 c.

3. IpsixonoB B. I1. Cucrema Mathcad. CnpaBounuk. — M.: Panuo
U CBs3b, 1993. — 128 c.

4. OukoB B. ®@. Mathcad Plus 6.0. ayi1 CTyI€HTOB U HMH>KEHEPOB.
— M.: Komnsrotep Ilpecc, 1996, — 238 c.
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6 CUHXPOHHBbIE U OPYTUE 3JIEKTPUYECKUE MALLUUHDbI
6.1 CUHXPOHHbBbIE 3fIeKTPOMALLUUHbBI

CHUHXpOHHBIE MAlIWHBI SIBIISIIOTCS 0ECKOANeKmMOPHbIMU MalllHA-
MU TEpEMEHHOro Toka. [lo cBoeMy YCTpONCTBY OHHM OTJIMYAIOTCA OT
ACMHXPOHHBIX KOHCTPYKIHMEW POTOPA, B KOTOPOM CO3/IA€TCSI TOCTOSIHHOE
MarHuTHoe nose. [1o cBolicTBaM CMHXpPOHHBIE MAIIMHBI OTINYAIOTCS a0-
COJIFOTHOM CTaOMIBHOCTBIO YacTOThI (CKOPOCTH) BpalllEHUs] pOoTOpa Mpu
mo0o0i Harpy3ke. HacToThl BpallleHUusi MArHUTHBIX TMOJIEH cTaTopa U po-
TOpa CUHXPOHHBI (OJIMHAKOBBHI).

CHUHXpOHHBIE MaIllMHBI OOPATUMBI U MOTYT pabOTaTh Kak B PEKH-
M€ reHepaTopa, Tak U B pexkuMme aBuraresis. CUHXPOHHBIE T€HEPATOPHI
COCTaBJISIFOT OCHOBY 3JIEKTPOTEXHUYECKOTO OOOPYIOBaHMS 3JIEKTPO-
CTaHIMU, T.C. IPAKTUUYECKU 6CA IJIeKMPOIHEPIUA 6blpadamovléaemcs
cunxpounuvimu 2enepamopamu (CI'). MomiHocts coBpeMeHHbIX CI
JOCTUTAET MUJIJIMOHA KUJIOBATT U Oojiee. Cunxponubie aurarenu (CJI)
NPUMEHSIIOTCA TJIAaBHBIM 00pa3oM ISl MPUBOJA YCTPOMCTB 00160l
morHoctd ot 100 go 12500 kBT (Hacockl, MOPITHEBBIE KOMIIPECCOPHI,
MenbHULBL U JIp.) Beimyckatotcss C/] cienuanbHOro UCIIONHEHUST HA Ma-
aeie MomHOCTH OT 10 BT 10 10 xBT. DT MamnHbl TPUMEHSFOTCS B YCT-
pOICTBaX aBTOMATHUKH, MPUOOPHON TEXHUKH M aBTOMATU3HUPOBAHHOTO
AIEKTPONPUBOA, HAMPUMEP — CTAHOYHOTO M C YKMCJIOBBIM MPOrpaMM-
HbIM yrpasieHueM. CJ] 6onee skonHoMmuunbl, yem AJl: umeror Ha 1+2%
Boiie KIIJI, koadduimeHT MOIHOCTH OIM30K K eauHuUIle (cos@ =1) u
MOKET ObITh omnepexaromuM. B nocnennem cioydae CJ/[ BeIIOMHSET J10-
NOJIHUTENIbHbIE ()YHKIIMM MOBBIIIEHUS KOA3()PUIKMEHTa MOIIHOCTH 3JICK-
Tpoceren, nutaromux C/I.

YCTpoiicTBO M NPUHLMI AeHICTBUA CHHXPOHHBIX MAIUIUH
Hawubosee pacripocTpaneHbl CHHXpOHHBIE MamuHbl (CM) ¢ ucmoJi-

HEHHEM, MMOKa3aHHbIM Ha puc. 6.1. B cTaHMHE W3 HEMAarHUTHOrO MarTe-
puana (4yryH Wid alllOMUHUN) KPEMUTCS HEMOABUXKHAS YacCTh CHIAmMOp
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MarHuTHOM CHCTEMBI CM, IMUXTOBAHHAA U3 INIACTHH 3JICKTPOTCXHHYC-
ckou ctanu. B CTaTopC MMCHOTCA I1a3bl, KyJad 3aKJIIAAbIBAOTCS ITPOBO/-
HUKHU
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CIMAHURA
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OOMOTKHM TiepeMeHHOro Toka. CrtaTtopHas oOMOTKa MHOro(daszHas, Kak
npaBwio — TpexdazHas. MHorodazHocTs HEOOXoaUMa JJIsI CO3JaHUs
spawarouiezocsa MarautHoro nojig CM. 1o ucnionuenuro cratop CM He
OTJIMYAETCA OT CTaTOpa aCUMHXPOHHBIX MalnH. CTaTOpHBIE OOMOTKH CO-
EANHSIOTCS 110 CXEME «3Be3/1a» (KaK MPaBUIIO), WIH «TPEYTOJIbHUK.

B porope CM co3naercsi MOCTOSHHOE MarHUTHOE TOJIE C OIpee-
JIEHHBIM 4HCJIOM Tap p nomtocoB N — S. Ha puc. 6.1 nokazan potop ¢
OJIHOM MapoM MOJIOCOB p =1, UMEIOTCS UCTIOJHEHUS pU p =2, 3,4 U

0osee. MarHUTONPOBOJ, POTOPA MOXKET ObITh CIUIOIIHBIM, TO3TOMY PEI-
KO BbINONHsETCA muxToBaHHBIM (C/] ¢ 4yacTeiMu myckamu). Y MallivH
MaJIOi MOILHOCTH I10JIF0Ca POTOPA BBINOJIHAIOTCA U3 CIIELMAJIbHOIO Mar-
HUTHOIO MaTepHalla, MMEIOIIEr0 COOCTBEHHOE MAarHuTHoe mnoje. J[ns
apyrux CM NOCTOSAHHBIM MAarHUTHBIA MOTOK CO3AAeTCsi OOMOTKaMu Ha
KaXXJ0M IIOJIFOCE, Yepe3 KOTOpbIE IIPOIYCKAeTCsd nocmoannwii ToK. Ha-
yaja U KOHIbI ’TUX OOMOTOK BBIBOJIATCS Ha 2 KoJiblla (MeAHbIE, OpOH30-
BbI€ WJIM JIATYHHBIE), PACIIOJIOKEHHBIEC HA BaJy MAaIllMHbI U U30JIMPOBaH-
HbI€ OT Hero. [IoCcTOSIHHBIN TOK K 0OMOTKaM BO30YKACHUS MTOABOAUTCS K
KOJIBLIAM Yepe3 CKOJB3AIIUE 110 HUM LIETKH.

[Ipu BpameHun poTOpa BHEWIHMM MNPUBOJIOM MArHUTHBIM MOTOK
potopa OyIeT HMHAYUHUpPOBATh B OOMOTKAax CTaropa CHHYCOWJAJIbHBIC
O/J1C u CM OyzneT BBIONHATh (PYHKIIUU 2eHepamopa dIEeKTPOIHEPTUH.

Ecaun x oOMOTKaM cTtatopa MOABECTH CHHYCOMJAIBHOE HaIpshKe-
HUE, TO 3TH OOMOTKH, BKIIFOUEHHBIE, HApUMEp, B 3-X (Pa3Hyl0 CUCTEMY,
CO3Ja1yT Bpallaroleecss MarHuTHOE I10JI€ IIEPEMEHHOIO TOKA C YIVIOBOU
CKOpPOCTBIO

r€ f; — 4acToTa MUTAKOUIETO CTATOP HAIPSKEHUS,

p — YHCIO map MOJCOB POTOpa.

Bpamaromeecs MarHuTHOE MOJIE CTATOpPA CUEIUIIETCS C MOCTOSH-
HbBIM MarHUTHBIM MOJIEM pPOTOpa, OOecIieunBasi BpallleHUE poTopa CO
CKOPOCTBIO BpAIlICHUS TOJIA CTaTopa. ITa CKOPOCTh HE 3aBUCUT OT MO-
MEHTa Harpy3kKu Ha Bajy JBUTATENS, €CJIM 3TOT MOMEHT HE IPEBBIIIACT
2--3 3Ha4YC€HUs HOMUHAJIBHOW BeJIMYMHBL. B onrcanHom pexume CM sB-
nsercs osuzamenem (CJI).
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Benuunna KpyT4I1ero MOMEHTA JBUTaTeNsl 3aBUCUT OT yria 6 me-
XKy BEKTOpaMHM MAarHuTHBIX IIOJIEM cTatopa W poTopa. Makcumym
sToro MomeHta Oyner npu 6 =90°. Ilpu 6 > 90° marHuTHOE mMoJe
CTaTOpa HE B COCTOSIHUU «TSIHYTH» 3a COOOM MOJI€ pOTOpa U IBUraTENb
«OIIPOKU/IBIBAETCS», T.€. OCTAHABJIMBAETCS.

MakcuMalbHbI KpyTAUi (31eKTpoMarHuTHbeiii) MoMeHT CJI xa-
pakTepu3yercsi Ko3(P(UIIMEHTOM MEPErpy304HON CIOCOOHOCTH MO MO-
MEHTY A ,,:

jy/l/l = MMLZK/MH .

OtoT K03pdunmMeHT Takxke Kak y A/l nexut B npenenax 2+3 u
IPUBOJUTCS B TACTIOPTHBIX, MM KaTAJIOXKHBIX JaHHBIX C/I.

Ecou C/] moaxkpyurBaeTcss BHEUIHUMH CHJIAMH M BEKTOpP MOJIA PO-
TOpa HAYMHAET MO YIiIy 6 onepexcamsb BEKTOp MOJI CTaTOpa, TO JBUra-
TEJb IEPEXOUT B 2EHEPAM OPHBLIL PEKUM.

KoHcTpykTuBHBIE ucnionHeHUs1 potopa CM, 0cOOEHHO, €ciii OHU
UMEIOT MaJIyl0 MOIIHOCTh, BeCbMa MHOrooOpasHsl. Hampumep, potop
MOXET UMETh HESABHO BBIPAKEHHBIE TOJIIOCA U BBITIOJHATHCS KaK pOTOP
AJl; oH MOKeT OBbITh CIUIOIIHBIM U3 (PpeppOMarHeTuka B BUJIE LIWIMHAPA;
B HacTosiiee Bpems pacnpoctpaHeHnbl CJI Manoil MOIIHOCTH, Tle 00-
MOTKH, CO3JAI0IINE MEPEMEHHOE U TTOCTOSHHOE M0JIE MATHUTHOM CUCTE-
MBI, PACIIOJIOKEHBI HA CTATOPE, @ POTOP BBIMOJIHIETCS B BUJE HEIINXTO-
BAaHHOTO IWJIMHJIpa ¢ 3yOlaMu, KaxkJaas mapa KOTOPbIX COOTBETCTBYET
guciy nontocoB p. IlogpodHoe uzyuenune coilctB CM y4eOHOI Tpo-
rpaMMOil HE MPETyCMOTPEHO, PEKOMEHIYEM C HUMHU IMO3HAKOMHUTHCS C
MIOMOIIBIO TEXHUYECKOU JIUTEpaTyphl [ 2, 5, 6 1 ap.].

OcHoBHbIe cBOMicTBa CJI

1. CkopocTh BpallleHHs] aOCOJIOTHO MOCTOSIHHASL U OMpPEAEIISIeTCS
TOJIbKO YaCTOTOM MUTAIOLIEro HaIpsDKEHUs ctatopa f,. PerynmpoBath
3Ty CKOPOCTb MOYKHO M1OJIbKO PeZyauposanuem f .

2. PeBepc (u3MeHeHue HampaniieHus: Bpanienus) CJI ocyiiecTBiisi-
ercs, Kak u miua AJl, u3MeHeHueM Mops/iKa dyepeoBaHus (a3 craropa
(M3MEHEHHEM Ha OOpAaTHOE MOJOKEHUS JBYX IMOJBOJSAIIMX ITPOBOJOB
SHEPIUM K cratopy). PeBepc nomyckaercst ToibKo nocie octaHoBku C/I,
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uHaue OyayT HEIONMyCTUMbIe OpPOCKM TOKa cTaTopa, KoJjieOaTesbHBIC
IPOIECCHl U IPYTUE OTPUIATEIIbHBIC SIBJICHHUS.

3. DJIEKTPUYECKOE TOPMOKEHUE IOMYCKACTCS TOJbKO JTUHAMUYE-
cKoe, aHajorugHoe g AJ.

6.2 lpyrme anekTpuyecKkme MallUHbI

OOBIYHO OHM MCTIOJIHSIOTCS KaK JBHUTATENH JJIS CHCTEM aBTOMATH-
KM, TPUYEM WHIUBUIYAJIBHO 110 Ha3HAYCHUIO. Teopus v MpaKkTHKa dJIeK-
TpPOJABUTATEICH CIECIUAIBHOTO Ha3HaYeHUs (QyHIAMEHTaIbHO H3JI0KEHA
B pabote [10]. Ilepeuncnensl Hanbosee YacTo MPUMEHSIEMbIE B CHUCTE-
Max aBTOMAaTHKH CIICIJIBUTaTeNd: ofaHOoda3Hble KoHAeHcaTopHble AJl,
YHUBEPCAJIbHBIC KOJIJICKTOPHBIC JBUTATEIM, BEHTUJILHBIC JIBHUTATENIH,
MCIIOTHUTENbHBIC IBUTATENIM TTOCTOSHHOTO TOKA U IIarOBbIC IBUTATEIIH.

Cxema onHodazHoro koHjieHcaropHoro AJl mokasana Ha puc. 6.2, a.

(0] U 1 t o) U~y o @ A
N
— U~ ’
C == jOB \ 4
_ a AN v
4 \ U Y
>
U,
AN oy \
o 1o A 0 AT
a) 0)

Puc. 6.2

DTOT ABUTATENIb BCErJa UMEET KOPOTKO3aMKHYTHIA pOTOp U 2 00-
MOTKM cTtatopa. OnHa OB (oOMoTKa BO30YKACHHUS) IMOJKIIOYAETCS K
NUTAIOLIEN CETH IEPEMEHHOIO TOKA ¢ HampsbkeHueM U, f,, apyras OV

(0OMOTKa ympaBieHUs1) K TOW KE€ CETH, HO Yepe3 aBTOTpaHchopMarop,
NO3BOJISIIOIIMI PEryJIMpOBaTh HampsbkeHHue Ha oOmoTrke OV (MOXHO
BMECTO aBTOTpaHC(opMaTopa HCHOJIb30BATH PETYNIATOPBI JAPYTrOro HC-
NOJIHEHUS, HAallpUMEp — dJIEKTpoHHbIE). Ha crarope oOMOTKHM pacrio-
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JIO’KEHBI TPOCTPAHCTBEHHO oA yriioM 90°. Jlns obecrieueHus Bpalaro-
[IErocss MarHUTHOTO TOJISl B 1eNb 0OMOTKA OB BKIIIOYAETCs KOHJCHCA-
Top C. KonaeHncatopusie oaHodasHbie AJ[ MMEIOT MEXaHWUYECKUE Xa-
pPaKTEpUCTUKU Ha puc. 6.2, 0. Kak BuaHO, peryaupys Hanpsokenue U,
Ha 0OMOTKe OV MOXXHO IJIaBHO PETYJIMPOBATH CKOPOCTh JIBUTATEINsl KakK
10T HArpy3KOM, TaK U HA XOJOCTOM XOAy. MOIIIHOCTh CEPUMHO BBIITYC-
KaeMbIX ogHOGa3HbIX KoHAeHCAaTOpHBIX AJl nocturaer 40 kBT, HO yaiie
BCETO 3TO MAIIMHBI MajgoMmoliHeie 50+500 BT, mupoko npuMeHsieMbIe B
yCTpPOMCTBaX OBITOBOM TEXHUKH.

VYHuBepcanbHble KOJJIEKTOPHBIE JIBUTATENIA MOTYT paboTaTh OT Ce-
TE€ MOCTOAHHOTO M TEPEMEHHOr0 TOKa, 00Jjajasi peryJupOBOYHBIMU
cBoiicTBaMu 1 MX aBUTATENEH C TOCIEA0BATEIbHBIM BO30YKICHUEM.

[ITaroBeie ABUTATENM UMEIOT OAWH WIM JBA MOJOCA POTOpA HA MO-
CTOSTHHBIX MarHMTax M HECKOJIbKO MOJI0COB OOMOTOK cTtatopa. Ilepe-
KJIOYasi CTYNEHYATO HaINpsHKeHUE Ha OOMOTKaxX CTaropa MOKHO MOBO-
paduBaTh poTOp IaroBo Ha yriel 0,5+1° ¢ Hy»KHOM 4acTOTOM Bpalle-
HudA. O0ecrieunBaeTcsi TOUHOE KOHEYHOE TMOJIOKEHUE pOoTopa IMocie 3a-
JAHHOTO KOJIMYECTBA [IAaroB €ro NEPEMEIICHUS.

OueHb pacHpoOCTPaHEHbl ABHUIATENIM NEPEMEHHOTO TOKA C BEH-
TUJIBHBIM YIPaBJI€HUEM 4Yepe3 OOMOTKH cTaropa. POTop MalivMHBI BbI-
nonHsiercss kak 'y CJl, yacto 3TO mapsl MOJOCOB U3 MAarHUTHOIO Mate-
pralia, a BpAIIAOIIEECs MATHUTHOE MOJIE CTATOPa PETYIUPYETCS DIICK-
TPOHHBIM PETYJIATOPOM YACTOTHI M HaNpsiKEHUs Tpex(da3zHoil 0OMOTKH
craropa.

[Ipu HEoOxoaumocTH paboTaTh ¢ DM cnenuasbHOrO0 Ha3HAYEHUs
Jy4lIe BCEro MOJYYUTh O HUX pa3BepHYyThIe cBeAeHus B padote [10].
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7 ANNIEKTPOABUIATEJIU B CUCTEMAX SJIEKTPOINMPUBOOA
7.1 OnpegeneHue NOHATUA INTIEKTPONPUBOL

DNEKTPONPUBOJT SBISIETCS JJICKTPOMEXAHUYECKUM KOMILJIEKCOM,
00EeCIIeYMBAIOIINM TEXHOJIOTHYECKUE TPOIECChl CBSI3AHHBIC C JIBHIKE-
HUSIMA — TIEPEMEILICHUSMH C 33JJaHHON TOYHOCTBHIO M OBICTPOJCHCTBU-
eM.

DNEKTPONPUBO]T BKITFOYAET CIICAYIOIINE OCHOBHBIE COCTABIISAIOIINE:

— 2J1eKmpoodsuzamesib, OOCCICUUBAIOIINN JBUKEHHE pPaboyvero
MEXaHHU3Ma;

— nepeoarowiue ycmpoiicmeo (I11Y), cBA3BIBAIONINE 3JIEKTPOIBU-
raTelib ¢ paboYyuM MEXaHU3MOM.

Hanpumep: peaykrop, auddepenuuan, jJeHTa WA 1Elb, KPUBO-
IIUITHO-JIATYHHBIA MEXaHHU3M U Jp.;

— npeoodpazoeamenb CUIOBOW 3JIEKTPUUYECKOW HHEPTHH, OOecte-
YUBAIOIINKN BCE PEXUMBI pabOTHI JBUTATENS: MYCK, PEBEPC, PEryIUpPO-
BaHHUE CKOPOCTH, TOPMOKEHHE M Jp.; B KauecTBe npeoOpaszoBareneit
NPUMEHSIOTCS] TPAH3UCTOPHBIC WIIM TUPUCTOPHBIE PETYISATOPHI YACTOTHI,
HATPSIKEHUS WM TOKA JIBUTATEJIS;

— cucmema ynpaeieHusa JIBUTATENeM, BKIIIOYAIOIas JaTYMKA KOH-
TPOJISi CKOPOCTH, JIEKTPOMAarHUTHOTO MOMEHTA, TOKa, JBUYKEHUS JIBUTa-
TeJIsI, OOpaTHBIC CBSI3H JJI1 KOHTPOIUPYEMBIX BETUUNH, YCUITUTEIN U PE-
TYJISITOPBI, MUKPOIIPOIIECCOPHI U JIp.

TunoBasi (GyHKIMOHATBLHO-CTPYKTYpHAs CHCTEMa aBTOMAaTUYECKO-
ro ynpasieHus (CAY) anekTpoaBurartesis npeacTaBieHa U pacCMOTPEHA
B pazjene 7.5 1aHHOTro y4eOHOTO MoCco0us.

DNEKTPONPUBOJIBI SIBISIOTCS OCHOBHBIMU TIOTPEOUTENISIMH  DJICK-
TPO3HEPTUH, IPUMEpPHO 65% OT BbIpabaThiBaeMoro oobema B Poccuu.

7.2 MNepeparowiee yctpomcTso (MeX3BEHO)
aneKkTponpuBoaa

DNEeKTpOJABUraTeb PEAKO CBSI3aH HANMPIMYIO C padOYuM MEXaHU3-
MoM. TakuMu peAKUMHU IPUMEpPaMU SBJSIOTCS HAaXKJAYHBIA KPYT, CBEp-
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JI0 JIEKTPOAPENU WM CBEPJIMIIBHOTO CTaHKa. B mojgaBisomumx cirydasx
TpeOyeTcsi CorylacoBaTh CKOPOCTh OBICTPOXOJIHOTO 3JIEKTPOJIBUTATENS C
TUXOXOJHBIMH MeXaHu3MaMu. Macca U CTOMMOCTh 3JIEKTPOJBUTATENS
0o0paTHO MPOIMOPIIMOHAILHBI KBAJIpaTy €ro CKOPOCTH, MOATOMY IO TEX-
HUKO-DKOHOMHYECKUM TOKa3aTesIM CEPUHHO BBIITyCKAEMbIC JBUTATEIU
UMEIOT HOMUHAJIbHYIO CKOpPOCTh BpaiieHusi ue oonee 400+500 o6/mMuH.
MexaHu3Mbl, HA000POT, SBIAIOTCS TUXOXOJAHBIMU — UM TpeOyeTcs Mmpu
MaJiol CKOpPOCTU 00ecrieyuBaTh OOJBIINE CHIIBI U KPYTSAIIUE MOMEHTHI
Harpy3ku. MHOTrMe MeXaHu3Mbl TPEOYIOT OOeCriedeHUs] TMHEHHBIX JBU-
KEHUH, a AJICKTPOJIBUTAaTEIN UMEIOT, KaK MPaBUIIO, BpalllaTeIbHOE JIBU-
KEHHE.

Ha pucynke 7.1 moka3aHa KHHEMaTHKa CBSI3U JICKTPOIBUTATEIS C
paboYuMM MeXaHHU3MaMH.

Iy
On
21 [y PMaMMajM
\ I §
Opl :
Py, My, Jy | |
( | |
| |
e | [l
Iny | | v
| mj :
: |
L |
Iy
Puc. 7.1

Ha puc. 7.1 caenansl 0003HaYEHUS:

JI — 2JIEKTpOABUTATEIIb.

ITV1, I1Y2 — nepenaroniyue ycTpoicTBa, cBsizbiBaromue J[ ¢ pado-
yuM MexaHuzmoM (PM).

ITY1 — nmpeobpazoBaTeinb BpaliaTeIbHOTO ABHUKCHMUS.

[1Y2 — npeobpa3oBareisib BpalllaTeIbHOTO ABUKEHUS B MOCTYIA-
TEIbHOEC, TUHEHHOE.

Nv1> Ny, — KILI nepenaromux ycTpoucTs.

Iry1» Iyo, — ME€PENATOYHBIE YHCIIA IIEPEJAIOIINX YCTPOUCTB.
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OKBUBaJICHTHOE (00BEAUHEHHOE) Tepenaroniee ycrpouctBo IV
IMEET IT0Ka3aTeIIn
Iy = Iny1 Iny2s
Ny = Nyt " Nioy2
BenuuuHbl Ha Bajly ABUTATENs BBIJCISIOTCA MHIEKCOM «/[», Ha Ba-
Jy BpalleHus: pabodyero MexaHusma HHACKCOM «My.
Py, My, ®y, J; — MOLIHOCTb, KPYTSIIUH MOMEHT, yIJ0Basi CKO-

POCTb U MOMEHT UHEPIIUU JIBUTATEIIS.
By, My, ®y, Jyy — MOIIHOCTb, MOMEHT Harpy3ku (COIpPOTHBIIE-

HUs), YIJIOBasi CKOPOCTh M1 MOMEHT MHEPILIMU Ha Bajy (OCH) BpallCHUS
PM.
Benuuuna J,; BK/IIOYAaeT MOMEHT WHEPLUU JMHEUHO CO CKOPO-

CTBIO Ly, ABHXKYILIEUCS MACCBI 1 .

IIpu pacyerax peXUMOB pPabOTHI JBUTATENSI B CUCTEME DJIEKTPO-
IIPUBOJIAa HY>KHO ITPUBECTU BCE BeIMUMHbI PM K Baiy nBuraress.

VY npuBeICHHBIX BEIWMYMH UHACKC «M» MeHsieTcs Ha uHIeKCe «C» —
cTaTHUYEeCKas BEIMYMHA.

bynyr nony4ensl 3Hauenuss B, M, oc, J¢.

B ycTaHOBUBLINXCS peXKHUMAX BBITIOJHSAKOTCS TOXKIECTBA:

IIpuBeneHue BEJIMYMH OT MEXAHU3MA K BaJIy JBUIATENS BBITIOJIHS-
€TCs Ha OCHOBE 3aKOHa OaJlaHca MOIIHOCTEN

Pc:PJl:PM/nny (7.1)

M 3aKOHa OajaHca SHeprui

2 2
Jo o _ Jy oy

7.2
5 5 (7.2)
2 2
Tupn @ _ Oy (7.3)
2 2
Bemuuuna J (MpuBEIEHHON MacChl K OCH C YIJIOBOM CKOPO-

np.m
CTBIO ();) BXOJIUT B COCTaB Jy;:
JM = J(DM + an.m .
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3necy J,y — coOCTBEHHBI MOMEHT uHepuuu PM Ha Bamy Bpa-
IIIEHUSI CO CKOPOCTBIO ().
Cnedyem 3namp, 9TO MOMCHTBI MHEPLMH ABHrarens Jy u pabo-

yuX MexaHu3MoB PM ONpCaACIAOTCA SKCIICPUMCHTAJIbHO HA 3aBOAAX HU3-

FOTOBUTEIISAX U 3HAYCHUSX UX B KI-M> JAFOTCS B MACIIOPTHBIX JAHHBIX []
u PM.

7.3 OcHOBHbIe BbipaxeHus (hopmynbl) npuBeaeHUsA
BennyuH PM K Bany aBurartens

B ycranoBuBIIEMCs pekuMe (3aKOHUMJIMCH MEPEXOIHBIE MPOIIEC-
Chl) UMEEM
oq =0c, Mg=Mc, Py=PFP.unp. (7.4)

31eCh BEIUYMHBI C UHAEKCOM «C» — CTaTMYECKUMU, YCTaHOBUB-
HIMICA SIBJSIOTCS IPUBEACHHBIMU (HIepecunTaHHbIMU) 0T PM k Bany /1.

7.3.1 ®@opmyJibl npuBeAeHUs BeJIM4YuH 0T PM K Basly IBUrartesis

Mna mownocmu:
P = Py /N3 — JHEPTHsA HOCTYMAET OT JIBUTATElIs.

Pc:PM/T]M3- (7.5)

Pe =Py -Myz| — (7.6)
sHeprus noctymnaer or PM (pekynepaius 3anacoB SHEPTUU B CETh).
Jna momenma:

Mc -0 =My 'COM/T]NB-

M M
M= Ov T (7.7)

MMz Oc  Mms " Ims

Oc = O
. _ W =Yg
3nech hpg=—""".

(7.8)

JIna momenma unepyuu no (7.2)



Jo=M (7.9)

B yCTaHOBUBHIUXCS PEXKUMAX PAOOTHI I10Ty4aeM

Jy — CYMMapHbIi1 MOMEHT UHEPLIUU Ha BaJly DJIEKTPOIABUTATEIIA.

7.4 MexaHn4ecKkue xapaktepmucTUKu pabo4mx
MexaHU3MoB

Paboune mexanuszmbl (PM) HMEIOT CBOM MEXaHUYECKHUE XapaKTe-
puctTukn M- = @(®¢ ), ABIAIOIIKAECS HAarpy3KOH M JIEKTPOIPHUBOJA.

HNunekc «C» 0003HaYaeT NPUBEACHUE ITUX XapPAKTEPUCTHUK K BTy DJICK-
TpoABUTaTessa. Bua 3TuX XapakTepUCTUK B OTHOCHUTENBHBIX €AMHHUIIAX
MOKa3aH Ha puc. 7.2.

M=

1.2 + /
10 +-—-—-- o — /
08| s
0.6 |
1

0.4 | 3 ,
0.2 -

© 02 04 06 08 1 12 14 M

Puc. 7.2

CornacHo HoMepam M X Ha pUCYHKE MTOSICHUM HX CBOMCTBA!
MX1 — MOMEHT Harpy3Ku HE 3aBUCUT OT CKOPOCTH WU 6cez0a Ha-
npaenen npomué O6uiceHusa (MOMEHTHl CONPOTUBIICHUS TPEHUIO:
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TPAHCHOPTHBIE YCTPONCTBA, METAJIJIO- U JEPEBOOOPaOATHIBAIOIIINE CTAH-
KM U Ap.). 31ech Mc = const.

MX2 — MOMEHT Harpy3KH He 3agucum Om CKOpOCHIU VI HE 3A6U-
cum om HANPAaeieHusa epauieHusn:. NOJAbEMHBIE YCTPOICTBA (KpaHBbI,
audTel 1 Ap.). 3aech Toxke M = const.

MX3 — MOMEHT Harpy3ku ImpsmMo OpONOPLMOHATIEH CKOPOCTH:

Mo =My —. (7.11)
Wy
TUNUYHBIM PUMEPOM TAKOW HATPY3KU SBIIAIOTCS T€HEPATOPHI Ha-
MIPSIKECHUS.
3nece u nanee naekc «H» o3HauaeT — HOMUHAJIBHOE 3HAYEHUE.
MX4 — MOMEHT Harpy3ku NponopIHOHAJTIEH K8adpamy CKOPOCTH,
TaK Ha3bIBaeMasi 6EHMUNAMOPHAA HATPY3KA.

2

Wy
MXS5 — Harpy3ka mypoomexanuzmog. HACOChI, KOMIIPECCOPHI,

a’pPOJIMHAMUYECKHUE YCTPONCTBA, pabOTaIOIINE HA nPOMUBOOAsIeHUE.

o

Wy
3nech o > 2, HalpUMep, ISl HACOCOB HE(PTSIHBIX CKBAXKHUH O > 6.
Mexannueckue xapaktepuctuku PM U anekTpoaBurarenu BCeraa
paccMaTpUBaKOTCS COBMECTHO — KaK YCTAHOBUBILUXCS PEXKUMAX, KOT1A
M n= M, Tak ¥ B JUHAMHYECKUX PEXKUMax, Korna M n#* M.

7.5 TunoBas cTpyKTypa anekrTponpusoaa

ITokaszaHna Ha puc. 7.3, COIEP>KUT 3BEHbSI U 0OpATHBIE CBSI3HU:
[1IT — npeoOpazoBaTenb NEPEMEIICHUS B HAITPSKEHUE.

PIT — perymaTop nepeMenieHus.

PC — peryasitop CKOpOCTH BpaIllEeHUs AJIEKTPOIBUTATEIIS.
PM — perynsTop 3JIeKTpOMarHUTHOTO MOMEHTA JABUTATEIIA.
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[T — npeobpazoBareiib, ynpaBJsSiONIUi JBUTATEIEM.



| WKO)
U3(D U3M
PM _ Mc
6 I PTI PC Uko 11 © n M
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Wom |
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Puc. 7.3 — Crpykrypa 06061enHoit IMC

v8l
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J[1 — snexkTpuyeckast 4acTh JIBUTATEIIS.

JI2 — MexaHu4eckast 4acTh JIBUTATES.

MM — HUCHOIIHUTENBHBIN MEXAHU3M.

OCM — orpunarenbHasi oOpaTHas CBSI3b 10 MOMEHTY.
OCII — otpunarenbHas 0OpaTHas CBSI3b M0 MEPEMEILICHUIO.

KC — koMmeHcaTtop BIHSHHS CKOPOCTH (0 Ha MOMEHT JJIEKTPO-
asuratens M, obOecnieuuBaeT no0HcumenvHyro OOpaTHYIO CBS3b IO
CKOPOCTH.

KM — koMrieHcaTop BIMSHUS MOMEHTA ABUTaTesss M Ha €ro cKo-
POCTh ®, OOECIIEUUBAET HOJI0HCUM ENbHYI0 OOPATHYIO CBS3b IO MOMEH-
Ty.

Kaxnoe 38eHo CAY u oOpaTHbIE CBSI3M UMEIOT CBOIO MEpeaaTou-
Hy10 (QyHKIUIO B oniepatopHoi hopme W(p).

Crpykrypa OMC Ha puc. 7.3 IBII€TCI OJMHAKOBOW KaK IS IBU-
raTeyicl MOCTOSSHHOTO TOKA, TAK Y JIJIsS JBUTATEJIEd IEPEMEHHOTO TOKa. B
nepBoM ciyyae npeobOpaszoBatenb 11 Oyaer perynupoBaTh HampsiKEHUE
SKOPS, BO BTOPOM — YaCTOTY HaMNPSIKEHUS CTaTopa.

Crpyktypy OMC Ha puc. 7.3 Ha3bIBalOT CUCTEMOM 3JIIEKTPOIPHUBO-
1A HOOYUHEHHO20 pPezynupoeanus. 31eCh KaXIbIM U3 peryisTopoB PM,
PC, PII ynpaBnsier cBo€l BBIXOJHOM KoopauHatou: M, o, Lppx COOT-
BETCTBEHHO. [Ipu paboTe OJIHOTO U3 HUX JIPYTUE AGMOMAMUUECKU TiE-
peKIIIoYaroTcsl Ha KOA(PPUUUEHT nepenadyu, paBHbIM eduHuye, u 1mpo-
MyCKaloT yepe3 ce0s JUIb BXOJHbIC YIPaBISoNMe curnaibl: Uy, Us,,
Us. Cucrtema Ha puc. 7.3 mpeacTaBiieHa Il aHAJOTOBBIX HEMPEPHIB-
HBIX BEJIMYMH, HO OHa 0e3 0COOBIX MPOOJIEM BBINMONHSACTCS Il HUppO-
BBIX JIUCKPETHBIX CUTHAJIOB, €CJIM BKJIFOYNUTh aHAJIOTO-IIM(POBBIEC U 1TUD-
po-anasnorossie npeoopazoanu (ALl u LIAIIl). I'nasnas 3adaua cuc-
mempl: 00eCTICUUTh TpeOyeMble MEXaHMYECKUE XapaKTEPUCTUKHU (CM.
puc. 7.4), TpeOyeMble MOKa3aTeld KayecTBa MEPEXOHBIX MPOIIECCOB U
OBICTpOACHCTBHE. ITO 3aBUCHUT OT apaMETPOB MEPEIATOYHBIX (PYHKIIHI
PErYIATOPOB U Henell 0OpaTHBIX CBSI3EH.

CaoiictBa 1 ocooeHHocTd MX Ha puc. 7.4 XOpoIio onucaHsl B [5].
ActaTtusm (a0CoJOTHAS KECTKOCTh y4acTkoB MX) onpesensercs: Halu-
YUEeM MHTErPUPYIOLIEro 3B€Ha B KOHTYpe peryaupoBanus (U, [N, TTU]]
peryistopsl). Hanpumep, Ha puc. 7.4, 2 B KOHTypax peryJvpoBaHUs
CKOPOCTH M MOMEHTa pabotaroT perynsatopsl kiacca II. J{na MX Ha
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puc. 7.4, 6 B KOHType pPEryJIMpOBAHUS CKOPOCTH — PETYIATOP Kilacca
I1, B KOHTYpE peryJmpoBaHus MOMEHTa — perysrop kiacca 111.

(OVE M=

Puc. 7.4 — MexaHnueckue XapakTepUCTUKA aBTOMAaTU3UPOBAHHBIX
ANEKTPOIPUBOJIOB MO CTPYKTYpeE Ha puc. 7.3
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NMPUNOXEHUE 1

CBe,quvm O HaAnBuayasnibHbIX 3agaHUAX U TpGGOBaHVIﬂ
K UX BbINOJIHEHUIO

[To yyeOHOMY IUIaHYy H3Y4YEHMS AUCHUILUIMHBI «DJIEKTPUUYECKHUE
MaIlMHB TEpe] KOMIIbIOTEPHBIM IK3AMeHOM TPEOYETCS BBINOJHUTH
0ea vHauBuayanbHbiX 3ananus — W31, U32. Ilepoe naer mpakTuye-
CKHE€ HaBBIKM pacuera MapaMeTPOB U XapaKTEPUCTUK ABUTATENS IMOCTO-
SHHOTO TOKa. BTopoe mpecneayer Ty ke 1eiab sl Tpex(pasHbIX acHH-
XPOHHBIX JBUTATEIICH.

ITo oboum 3a1aHUsAM COCTaBIISIETCA TEKCTOBBIM oTueT. K ax3aMeny
CTYJICHT JOMYCKAETCA MPHU 3aYTEHUM PE3YJIbTATOB BBIMOJHEHUS O00UX
3aganui. Conepxkanue 31 u 32 uznoxeno B [Ipunoxenusix 2, 3. Jlns
BCEX HCIOJHUTENEH OHO OJWHAKOBO, OTJIWYACTCS JIWIIb MapaMeTpaMH
MCXOJIHBIX TAHHBIX B 3aBUCUMOCTH OT BapHAHTA.

Kak Bb1OMparoTcs HE0OXOAUMBIE MTapaMeTPhI /i1 BApUAHTOB 3aj1a-
HUM, yKa3aHo B [Ipuiioxennsx 2, 3.

TpeGoBaHUA K BBINOJHEHUIO 3aIaHUI

OdopmieHue pe3yabTaTOB BBITIOJHECHHS 3aaHUN HE PErJIaMEHTH-
pyercs. OT4ET MOXKHO MPEJCTaBJISITh B HAITMCAHHOM OT PYKH WIIM TIe-
4aTHOM BapHaHTaX II0 JKEJIAaHWIO MCIOJHHUTENA. BakHo cobmonaTh
OCHOBHBIE IIOKa3aTelld OT4YeTa: aKKypaTHOCTh, HYMEpallHs CTpaHHMII,
PUCYHKOB U TaOIuWIl, BBHINOJHEHHE PHCYHKOB C MaciiTabamu,
JOCTAaTOYHBIMU JIJII WX XapaKTePUCTUK. BrIMogHAeMbIe JIEHCTBUS
JOJDKHBI  COTIPOBOJKJIATHCS aHAJIM30M IIOJYyYEHHBIX pe3yJbTaToB. B
KOHIIE OT4YeTa MPUBOIUTCA CIIMCOK HCIIOJIL30BAaHHON JIUTEpaTypHI.
[IprMephl BBITTOTHEHUS KOHTPOJBHBIX PabOT MPHUBEICHBI B pa3jenax 3,
5 nacilormyesapcOmerO (WUOKRY) HY)XHO BBINOJHUTHL B CIIEIYIOIICH

dbopme:
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TOMCKHH TOCYJAPCTBEHHBIA YHUBEPCUTET CHUCTEM
YIIPABJIEHUA U PAIMOIJIEKTPOHUKU (TYCYP)

Kadenpa npombinuiennou snexkrponnku (IIp3J)

NupnBuayanbHoe 3a1aHue Ne
M0 AUCIUIIINHE «DJEKTPUUECKUE MAIITUHBI)

Bapuant Ne

BBITTOJIHWJI
CTYAEHT I'PYIIIbI
HWBanos U. U.

« » 200 .
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NMPUNOXEHUE 2

CopepxaHue u BapmaHTbl NapamMeTpoB
nHauBuayanbHoro 3agaHua Ne1 (U31)

COJIEP/KAHHUE
HcxoaHbie JaHHBIE

I[BI/II‘aTCJII/I ITIOCTOSIHHOT'O TOKa C HC3aBHMCHUMBIM B036Y)KI[CHI/ICM HUMCCT HOMMU-
HaJIBHBIC JaHHBIC!

Hanpspkenue skopst, U, , B . ... ..o oo o oo
TOKSAKOPA, [, A ...
MOIIHOCTE, P,,KBT. ... ... ... ... .
KO3(DPULINEHT MOJIE3HOTO AEUCTBUS, 1], « « o v v eev e e e e
CKOPOCTb BPAIlEHUs, 7, OO/MUH . . . .. ...... ... ..o,
HEPErpy304Hasi CIOCOOHOCTb MO TOKY, A, .o ...
COIIPOTHUBIICHHUE LENH IKOpsA, R, OM . ... ... ... ... .. ....

MOMEHT MHEPIIMHU Ha Bamy, J , 0 i

Paccuurarn

1. ITapameTpsl 175 ectecTBeHHOM MX

2. CompoTtuBieHUs JUIsl IIyCKa JBHUraTessi ¢ TOKOOTPAHWYEHUEM IIPU YHUCIIE
CTYyII€HEU m, PAaBHOM . . . . .

3. ConpOoTHUBIIEHUE TUHAMHAYECKOTO TOPMOKEHHUS B OJIHY CTYIEHb.

4. ConporuBneHue sl peBepca (MPOTUBOBKIIOYEHHE), B TOM YHUCIIE — €T0
100aBKy K CTYIEHSIM ITyCKOBOT'O peocTaTa.

5. Hanpsxkenue skopsi, JOIyCTUMOE I IIPSIMOIO IIyCKa.

6. HauanpHbIil TOPMO3HOKM MOMEHT JBHUraTessl NMPU YMEHBIICHUN HANpsHKe-
Hus sKopst ckaukom o U/U, =. .. .. OnpenenuTs NpeAEnbHO AOIMYCTUMOE 3HaYe-

HHC 3TOI'0 HAIIPSKCHU.
7. HapaMeTpLI MX ABUTATCIIA C HCHOMUWHAJIBHBIM MArHUTHBIM ITOTOKOM JJISA
YBCIIMYCHUA CKOPOCTHU B a)*d) =00 ... pas. OHpCI[eJ'II/ITB IIpu 3TOM OOIIYCTUMOC

3HAYCHUC 3JICKTPOMATHUTHOT'O MOMCHTA IIPU HOMHUHAJIbBHOM TOKC AKOPA.
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8. [NapameTpsr MX aBurarens, o0ecrneurBaoIe yMEHbIIEHUE €r0 HOMU-
HaJIBHOW CKOPOCTU B /[ = ... .. pasa Ipy¥ HOMUHAJIBHOM TOKE SIKOPSI.

9. OTKIIOHEHUE CKOPOCTH HAa MEXaHMUYECKHUX XapaKTEPUCTHKAX C IMapaMeTrpa-
MU 110 TyHKTY 8 Ha 1£20% OT HOMHHAJIIBHOTO 3HAYEHHUS.

10. ITorepu momuoctu u KIIJI nBurarens npu pabote ¢ HOMUHAIBHBIM MO-
MEHTOM Harpy3ku Ha MX ¢ nmapameTpamu no myHkTam 7 u 8.

IMocTpouTsh

MexaHuueckre XapakTepUCTHKU: €CTECTBEHHYI0, PEOCTaTHOrO MycKa, IMHa-
MHUYECKOTO TOPMOKEHHS U TIPOTHBOBKIIIOUCHHUS.

HckyccrBennbie MX ¢ mapaMmeTpaMu JJis YCJIOBUM ITyHKTOB 6 U 7 3aaHUS.

Bpemennbie quarpaMMbl M3MEHEHHSI CKOPOCTH M MOMEHTAa JBUTATENS IJIS
IIUKJIOB pa0OTHI:

a) myck 0e3 Harpy3ku (BXOJIOCTYIO), MPUEM HArpy3Kku, pabora Mmpu HOMHU-
HaJbHOW Harpyske, cOpoc Harpys3ku, TOPMOXEHHUE MPOTUBOBKIIOUEHHEM /IO OCTa-
HOBKU;

0) mmyck, padoTa, TMHAMUYECKOE TOPMOKEHHUE B OJHY CTYIECHb JO OCTAaHOBKH
— BCE NPU HOMUHAIbHOU HATPY3KE.

Jlist tuarpaMm onpeeianTh JJIUTEIbHOCTH MePEXO0IHbIX MPOIECCOB: HA KaX-
JI0 CTyNEHU IycKa, mycKa B 1I€JIOM, IIpremMa U cOpoca Harpy3ku, TOPMO3HBIX pe-
KUMOB. OTIETbHO YCTAaHOBUTH BPEMsI TOPMOKEHHUS «BbIOETOMY 0€3 Harpy3KHu.

Ilpumeuanue: pazpeiiaercsa NOCTPOUTh OJNH BapUAHT AUArPaMM IO YCIOBH-
SIM a WK 0, 10 BBIOODY.
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Tabnuua [12 — Jlannbie ana BapuantoB U31

Howmep Bapuanrta KP npu
3HAYECHUSAX apaMeTPOB

m 3 |ompene- | 4
JUTh HomuHanbHbBIC JaHHBIC
Jo 104 26 |12
KI-M
u/u, |08 0,7 0,6
@ | 1,5 1,4 1,3 | U, I, P, R, n, n, | 4;

D 3 4 5 B A kBr | Om | oO/Mun | — —
1 18 35 | 110 7 0,5 2,1 800 0,65 2
2 19 36 | 110 | 12,3 1 0,76 1600 |0,74 | 2
3 20 37 | 220 8,5 1,5 1,48 | 2240 0,8 | 2,5
4 21 38 | 440 7,8 2,5 7,8 1000 | 0,73 | 2,5
5 22 39 | 110 46 4 0,1 1500 0,79 | 2
6 23 40 | 220 | 31,2 | 55 0,6 1500 0,8 | 2,5
7 24 41 | 440 23 8,5 1,12 | 2240 |0,84| 2
8 25 42 | 110 | 15,6 | 1,1 0,9 750 0,64 | 2,5
9 26 43 | 220 | 10,9 1,6 | 2,38 1000 | 0,67 | 2,5
10 27 44 | 440 | 7,18 | 2,4 4,5 1600 | 0,76 | 2,5
11 28 45 | 110 | 18,2 1,3 0,8 800 0,65 2
12 29 46 | 220 | 12,6 | 1,8 2,4 1000 | 0,65| 2
13 30 47 | 440 9,7 3,4 3.4 1500 0,8 2
14 31 48 | 220 40 7,5 | 0,24 1500 [ 0,85 | 2
15 32 49 | 110 82 7,5 0,1 3000 | 0,83 2,5
16 33 50 | 220 | 22,2 4 0,78 | 2200 |0,81| 2
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17| 39 51| 120 | 115 | 11,3 | 0.1 685 10,82 | 2.4

Br100op mapamerposB nis Bapuantos U31

Kaxnpiii ucnonHuTens, pacnonaras HomepoM Bapuanta M31, BcTaBisieT B
TEKCT COJICp)KaHMS 3aJlaHUsl UCXOJIHbIEe JaHHble W3 Tabmuubl [12 Tlpunoxenus 2.
YacTth nmapameTpoB, KOTOPbHIE SIBIISIIOTCS HOMUHAJIBHBIMU JTaHHBIMUA A, BBIIUCHIBA-
€TCSl U3 TOPU3OHTAILHOM CTPOKH TaOJMILI ClpaBa OT HOMepa BapuaHTa. Jpyrue
MapaMeTphbl BBIMUCHIBAIOTCS M3 BEPTUKAIBHBIX CTPOK, PACIIONOKEHHBIX BBIIIE HO-
Mepa BapuaHTa. Hampumep, mis Bapuanta 34 (B Tabiuiie 3TOT HOMEpP BBIJCIICH) B
BEPTUKAIBHOM CTPOKE UMEIOTCS CBEICHUS: YUCIIO CTYNEHEN IyCKOBOIO peOcTaTa m
(1711 MaHHOTO BapUaHTa €ro HYXXHO OMPENENIUTh), KpaTHOCTh YMEHBIIICHUS HaIps-
xenus skops U/U, =0,7 s myHKTa 6, KPaTHOCTH YBEIMYEHHS CKOPOCTH OCIIal-

JIEHUEM II0TOKa BO30 KIACHHUA O . =14 JJIs1 ITYHKTA & 1 MOMEHT UHE MWW HAa BaJl
@ s

nBuraTens J =2,6 Kr-M IS HCXOHEIX TaHHBIX.

[IpoBepuTh MpaBUILHOCTH BbIOOpA MapameTpoB U3 Tabauuel 112 nus cBoero
BapUaHTa MOXXHO Ha mpumepe pacueroB M31 mo BapuanTy 34, npuBEAEHHOMY B
pazzese 3 HacTOsIIero y4eOHOro nocoous.
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NMPUNOXEHUE 3

CopaepxaHue ¥ napamMmeTpbl UHAUBUAYANbHOIoO
3apaHua Ne2 (N32)

NunuBunyansuoe 3amanue No2 (M32) mpecneayer 1eib MoaydYeHUs MpaKTU-
YECKMX HABBIKOB MO pacyeTy IMapaMeTpOB U XapaKTEPUCTUK Tpex(a3HbIX aCHH-
XPOHHBIX JIBUTATEIICH.

Conepxanue 3amaHusi JUIsi BCEX HCIIOJHHUTENIEH OJWHAKOBO, OTIMYAIOTCS
JUIITbL WCXOJHBIC MapaMeTphbl, 3HAYECHHWE KOTOPBIX 3aBHUCUT OT BapHUaHTa 3aJIaHUS
(cm. Tabnuiy I13 gannoro Ilpuioxenus). B uznaraeMplii HUXKE TEKCT COJICPIKAHUS
3amanuss Ha KP2 HeoOXxoauMple mapaMeTphbl BBIMMCHIBAIOTCS HCIIOJHUTEISMH W3
Tabymue! 113.

Conep:xkanue 32

1. HomunajbHble 1aHHbIe Al

HanpspkeHue craropa Uy, / Ugp-B.ooo 380/220

4acToTa HaNpsbKeHus cratopa fi,, . ... ... .. ... 50
MOIIHOCTE P, KBT ... ... .. ... . .
HOMMHAJIbHBIN TOK ¢haswr cratopa [, A................. .
KPATHOCTb TTYCKOBOTO TOKA 1}, /11, o vooeeeeeeee i,

NEPErpy304Hasi CHOCOOHOCTb IO MOMEHTY . . .« oo v v v e v e ..

CKOPOCTb BPAILEHUS 7,, O0/MUH . . . . .. ..ot
KO3(DPULUEHT MOIIHOCTH COSP ), « v ovveve e e e e

MOMEHT MHEPIHH POTOPA J , KIM” . . ..o oot

2. PaccuurTartn

2.1. TlapameTpsl U BeTUYMHBI €cTeCTBEeHHOM MX; 3anucath 1o HUM Ghopmyiry
aton MX
2.2. ConpoTuBiieHUs] OOMOTOK.
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2.3. [Tapametpsl u popmyny uckycctBeHHot MX npu mycke AJl ¢ orpanu-
YeHHEM ITyCKOBOTO TOKa B mpeaenax Iy, /I, =..... 32 CYET . . . ..

2.4. ITapameTpsl 1 popMynibl MX AMHAMUYECKOTO TOPMOXKEHHUS.

2.5. Tapametpsl 1 GopMyIIBl HCKYCCTBEHHBIX MX npu yactoTax fi,, ../ fi1, =

..... v fim Sy = - ... g 3akona U,/ f| = const.
2.6. Bpemsi mpsMOro IMmycka U JUHAMUYECKOTO TOPMOYKEHHS TIPY MOMEHTE
Harpysku M /M, = .. ...

2.7. Bpems npuema u copoca Harpy3ku Ha ectecTBeHHOM MX

2.8. BpeMs TOpMOXKeHHUS 10 OCTaHOBAa CBOOOIHBIM BBIOETOM IPH 3aJaHHOM B
MyHKTE 2.6 MOMEHTE Harpy3Ky Ha BaJly JBUTATEIIS.

2.7. Bxoanyto momHocTs U KIIJI nBurarens Ha ecrectBeHHO MX mpu Ho-
MHUHAJIBHOM MOMEHTE Harpy3ku (M . =M ).

3. IlocTpouTs

3.1. MexaHnuyeckue XapakTepUCTUKA A/] B OTHOCUTENBHBIX €AUHULAX C Ia-
paMeTpaMu, paCCUMTaHHBIMU B IMyHKTax 2.1+2.5 3aganus.
3.2. Imarpammsbl 1yt momeHta M *(t) U CKOPOCTH a)*(t) IPSIMOTO IIyCKa U

JMHAMHWYECKOTO TOPMOXKEHHS IIpu M / M,=.....

Br100op mapameTpoB u3 tadaunsl 113

st koHkpeTHoro BapuanTta M32 mapaMerpbl B TEKCT COAEpKaHUs 3adaHUs
BBITIMCHIBAIOTCS U3 Tabsuibl [13 ciexyrommm oOpazom.

W3 ropusoHTanbHON CTPOKM CIpaBa OT HOMEpa BapHaHTa OepyTcsi HOMH-
HaJbHbIE JaHHbIe A/l

W3 BepTHKaIBHON CTPOKU BBILLIE HOMEpA BAPUAHTA BBIITUCHIBAIOTCS MapaMeT-
pBI I YCIOBHUH pacudeTa mo pasneny 2 coxaeprkanus 3ananus Ha KP2. Hanpuwmep,
st Bapuanta 12 (B Tabn. 113 BbiaeneH >KUpHBIM HIpUGTOM) U3 BEPTUKAIHLHOM
CTPOKH BBINUCHIBAIOTCS: JJIA MyHKTa 2.3. — MapamMeTp OrpaHUYeHUs ITyCKOBOIO
TOKa R M KpaTHOCTb O3TOrO0 TOKA OTHOCUTEIBHO HOMMHAIBHOM BEIMYUHBI

I1,,/1,, =18; nns nmyHkra 2.5. — KpaTHOCTH U3MEHEHUs YacTothl f1, ../ /1, =12,
h MMH/ f1, =08; nna nyHkToB 2.6 M 3.2 OTHOCUTEIBHOE 3HAYEHUE MOMEHTA Ha-
rpysku M . /M, =0,6.

Conepxanue 3ananus 32 ¢ npocTaBleHHBIMU NIapamMeTpaMu ISl BApUAHTA
12 mpuBeaeHo B pazziene 5 HaCTOSIIEr0 METOAMYECKOro MOCOOMUs.
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Tabnuua [13 — Jlanubix pist BapuantoB N32

Howmep Bapuanta KP2 npu 3Haue-
HUAX [TapaMeTPOB

Crnoco0

OrpaHu. Riy| Ry Xy | U< U, HomunanbHble aHHbIE

TOKa

I,/I, |18 2|23 | 25

Siwae i | 1,2 LA 13| 15

S Frw |0,8]0,7]0,75| 0,65 | P, M| Tug| Au|coson] T | Bef

M.,/M, [0,6]0,7| 0,8 1 kBT | 06/MuH | A | — - K1“2-M -
1 | 18] 35 52 1 2700 | 2412208701 55
2 119] 36 53 1,9 | 2750 | 4.4 (2,2]|0,86|0,18| 6,5
3 120 37 54 3,5 2780 | 7,7 {2,2]10,86|0,35| 6,5
4 |21 | 38 55 6,3 | 2800 |10,3(2,2]0,86|0,75| 7,5
5122 39 56 11 2840 | 24 12,4089 (1,25| 7.5
6 [ 23] 40 57 16 940 26 12,11085|0,2]| 6,5
7 (24| 41 58 22 910 43 12,11092| 04 | 6,5
8 | 25| 42 59 28 920 55 12,1(0,91]0,45] 6,5
9 26| 43 60 1,2 600 44 | 2 0,64 0,1 4
10 | 27 | 44 61 6 690 169 2 | 0,7 | 0,6 | 6
11 | 28| 45 62 0,6 660 2512 10,63(0,04| 4
@ 29 | 46 63 2 2780 | 48 11,9]0,86 | 0,1 5
13 | 30 | 47 64 5 2900 11 {1,8(0,8910,18| 7,5
14 | 31 | 48 65 7,5 720 |14,312,2]0,78 (0,15 5
15 32| 49 66 0,775 1370 | 2,2 {2,2/0,720,15| 5
16 | 33 | 50 67 10,775 695 2,7 11,710,621 02| 4
17 | 34 | 51 68 2,2 720 6,2 [2,2]10,7110,25| 6

[Tpumeuanue: 1u1st Bcex BapuaHToB U, /U 1 =380/ 220 B, f}, =50 I'y,
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U,/ f, = const.
NMPUNOXEHUE 4

NMpumep mawmHHoro noctpoenus MM OANT

ﬂﬂarpaMMbl nepexoJHblIX IPpOHECCOB
[oCTOAHHBIE BpEMEHU

2CTECTBEHHAA XapaKTepUcTMKa T _ = J.E T. . =0934
Mo 2 MC
¢
PEeoCTaTHLIA MYCK
Ry + Ry
Ty =1 —— T, = 7975
.
R, -Rs+ Ry
TM2 = J_—z"'-“‘— TM2= 5.193
C
Ry~ Ry~ Rs + Ry
T3 =17 5 T,3 =3382
¢ s
Rn—Ra—R4—R5+ Rs[
TM4 =] 5 TM4 =2.202
¢
Ry -Ry-R3-R4-Rs+ R,
Tys5 =) - T,ys = 1.434
C
TOPMO3HBIE PEXUMBI
Ryt Ry
AUHAMUYECKOE TOPMOXEHWE TMM = J.—2 Tmm = 7975
c
npo‘ruaoamroueulue : Rae -
Totng = J-—Z- Ty = 15.016
C

BpeMs nepexogHoro npouecca bes Harpysxku

M = Mxx%]

tﬂijz TMJIT‘“-{ T [ﬂsz 18.179 (OPUSHTUPOBOYHO, T.K. TOPMOIHOW @oueﬂr 3aBUCUT OT CKC

xx%

=
™ Tone| 1™ Txx% t =9659 KOHEL TopMOxXeHus -0.5,
X MK ("'051[ 2 Mxx%) MKX

BPEMA NepexonHOro NpoUecca NOJ, HarpyaKol

M-
|
tnﬂﬁerﬂfm[_ll_o] ey = 3.233

l -1

1
to, =T, -lnf —— to.. = 6.088
NKH MAR ( 05 A; - I):| TkH
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Luxnorpamma finn peocratHore nycka Ges Harpyakw, npuwema M cbpoca Harpyakm,
TOPMOMEHWA APOTUBOBKIIOYeHNEM B3 HArPy3Ku

MOMEHTR! NEPSKNIoHEeHNR CTYNeHeR

7\‘1 - Mxx%

th1 = TyprIn| ———— tyy = 2.245 spema paboTe! | CTyneHw nycka
A= Myxop
Ay - M

(g =T,z I Txx% 1y = 1.462 BpeMA paBoTei Il cTynenu nycia
A= Mo
Ap— M

tg3=Tya 0 1 T xx% 13 = 0.952 epema paboTol Il cTynexw nycka
A= Mxx%
A — M0

4:=TyyqIn S Txx% 14 =062 epemA pabotsl IV cTynenu nycka

A= Mxx%
AM—M e

tys = Tysln 4 Txx% tys = 0.404 BpemMA paboTel V CTyneH:u nycka
A= Mxx%

e = Tme'l“(L) tge = 2797 BPEMS BEIX0OAA HA PEXUM C eCTECTBeHHORA M. X
0.05 (5% 30Ha YCNOKOBHUS)

tho =ttt + 3+ g+ ns+ e [hp = 8481 obuiee spema nycka (Gea Harpysxn)

NPOMEXYTOUHBIE COOTHOLLEHUS ANs rpachnkos

NEPEX0] OT WHTEPEANOR K SAMHOMY BDEMEHN

o=t l2:=lnl+tn2 t32=I"l+tn2+(n3 I4I=tnl+[n2+ln3+(n4 [5:=[n]+ln2+ln3+ln4+[n5
) = 2245 ty = 3.708 ty= 4.00 ty= 528 tg= 5.034
U @My, o
wiMy = .2 Oy olMoed 0= 1.062
[ (:2 0y

COOTHOLLEHWS BNIA KYCOYHOR annpoKcumaumn

-t -t
MM 6T = (Mo - Mo e T M, oft, T,tp)=1-¢ T
M) = IMA,6T,0) if tey (1) = o o{t, T, ,0) | cTyneHs nycxa
M{h 6T ty) iy st<t o1(1) = {@g—0glt) ol Typ. 1) + wlty))  Ferynene nycea
My M.t Tyg3. B) if pstey ao(t) = (wxx—ml(tz))‘w(ﬂms’fz) +aty) Il erynens nycrs
MA 6 Totg) i tyst<ty 03(0) = (0~ 05{tg)} 0t Tygg t3) + anfts) IV cTynens nyex:
My{3,t, Tys ) if 1y s et 04(0) = (04~ 03 4)) ot Tys.tg) + @3(ty)  V cTynens nycka
My 2.t Tygeots) if ts <1< 10
10 o) = (wxx— “’4(‘5)) m(t,TMt,ts) + m4(t5) BbIXCA HE PEXKN
TMe . . [H
(1- M)\t - + Mo, if 1056<15  wg(M) :=wxx[] —M-R,,U—J npuem u cBpoc
M1 Ty, 15) if 152 t<20 !
- t+20 - t+20
Ty T
(A1 + Mggode ™" - Myyo, otherwise ag(t) =2ae T - NPOTUBOBKIIGH




200

(I]x{[) = (i)o{l) if t< l]
(Ui{t) H.ll.‘st{lz
m:).(t‘] if t2 St< t3

m4(1) if tySt<ty

1:=24
(D4(l} lf t4 <t < ts Given
os5(t) if t;<t<10 nt)=0

ogMD) if 1051<20 Koutett := Find(1)

a(t) otherwise e BT 4 Koneu = 30.408 KOHeL| TOpPMOXeHW

Huknorpamma 1

Lo Koten

M (1)

[0 N{”

OTHOCHTCIBHLIC MOMEHT H CKOPOCTEL

HpeMs.,

(el



I_.luxnorgamma AnA PeoCTaTHOrO NYCKa U ANHAMWUYSCKOIrS TOPDMOXKEHUA 1100 HaT

MOMEHTBI IEPEKMIoYEHNS CTYNeHe:

M- ]

t]'ll = TMl'lﬂ l___{] I]'[l =4.978
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NPOME¥yYTOUHLIE COOTHOLUEHUA ANS rpadyKoB
Nepexog 0T UHTEPBANOB K AMHOMY BPEMEHM
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3KOH

Bpemst paboTe: | cTyneHn nycka

ppema paboTe Il cTynenn nycka
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BpemMa pabotel V CTyfReRKn Nycka

BpPEMA BbIXOAA Ha PEXUM C eCTECTREHHOR M.X,
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AUuHaMU4eCcKoe TOPMOXEeHe

| cTyneHs nycka
IF crynere nycka
Il cryneHs nycka
IV cryneHL nycka
I eTyneHs nycka

BLIXOA Ha PEXUM
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t:=25

Given w/(t) = 0 Koneu :=Find(t)
Konen = 28.761

t:=0,0.01..30
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3aRJa04YeHue

Pacuer anexkTponpuBoja MOCTOSIHHOTO TOKa IO METOJUKE JTaHHOW KOHTPOJIbHOM paboTh
MIOKa3bIBAET, YTO OOJIBIIMHCTBO COOTHOUIEHUH M MOCTPOEHMM TOBOJIBHO npocThl. [Ipu usBect-
HOM HAaBBIKE U MOHUMAHUU JOMYIIEHUNA U CYTH MPOLIECCOB, MPOUCXOISIINX B IBUraTese MOCTo-
STHHOT'O TOKA, 3Ta METOJIMKA MOKET UCII0JIb30BaThCS B MHKEHEPHOMN MPAKTUKE JUIsl OLIEHOYHOTO,
«B yMe», aHaJIM3a PEKUMOB M TPAaHUYHBIX YCIOBUN pabOThI 3JEKTPONPUBOAA, O€3 CI0KHBIX pac-
YETOB U BBIKJIAJIOK, YTO COCTABIISIET BaXHYIO KOMIIOHEHTY MHXEHEpHOro MbliuieHus. Koneuno,
9TO HE OTMEHSET YMEHUs MPU HEOOXOAUMOCTH ONEepUpoBaTh 0o0Jiee CTPOIMMH U MOJIHBIMU MO-
NeNIIMU, C MpuBJIedeHnEeM U depeHIIMaTbHOIO UCUUCIICHNS U UHTETPATIbHBIX TPeoOpa3oBaHmil,
HO B IIPAKTHKE 3KCIUTyaTalluu Takasi HeOOXOIUMOCTbh BO3HUKAET PEJIKO.

B nannoii paboTe HET TaKUX pa3BEpHYTHIX OOBSICHEHUH U BBIBOJOB, KaK B METOJINYECKOM
ocoOuu, MOCKOJIbKY OHA MPAKTUUYECKU LIETUKOM (32 UCKIIOYEHHEM MOCTPOECHMS LIUKIOTPAMM)
MMOBTOPSIET pacueT, MPUBEIACHHBIN B MOCOOMU M UTO-IMO0 HOBOE CKazaTh TPyAHO. B mporpamme
Mathcad cnauana ObUT TOBTOPEH pacyeT MpUMepa, a 3aTeM IMOJICTABIICHBI JJAHHBIC CBOETO BapH-
aHTa C HEKOTOPOH KOPPEKTHPOBKOW pacuera. HekoTopoe 3ameniaTrenbCTBO BbI3BAJ PAacyeT MO-
tepp MomHocTH U KIIJI, roe mis moreps MOmHOCTH B nipuMepe BbinoaHeHus KP ucnons3yercs
Mc=My, a gns g KI[{ — M=Myg, 10 Tex nop, noka s He MOHSJ, YTO B pacuyeTax HESIBHO MPHU-
CyTCcTBYeT ycioBue lg=1y uia Bcex pexumoB. Kpome Toro, B mpumMepe ais pacuera AJIUTENbHO-
CTH JIMHAMUYECKOTO TOPMOXKEHMSI MMOYEMY-TO HCIOJB3YeTCs MOCTOSIHHAsI BPEMEHU €CTECTBEH-
HOUM XapaKTepUCTUKM JBurarens (ctp. 86), yTo Ha MO B3I SBJISETCS OMIMOKON, HA caMOM
nene

M, =M —2,-1 3.4
Ly =T In v, ooy I, — =T, In ﬁ ~0.37In 3_1 ~0.44 c.

om kow* c

Koneuno kadecTtBeHHas KapThuHa HUKJIOrpaMMbl HC MCHACTCA, HO MOJKHO CACJIaTb BBIBO/,
qTO 151 6BICTpOI\/’I OCTAaHOBKH ABHUIaTCJIsd HAa XOJIOCTOM XOAY JIydlI€ HMCIOJb30BaTh MPOTHBOBK-
JIOYCHHEC, a IIPU HAJIMYWHU Ha Bally MOMCHTA HArpy3Ku BBIT'OAHEC IMPHUMCHATHL JHHAMHNYCCKOC
TOPMOXKEHHUE (BpeMsi TOPMOKEeHHsI 0Jn3K0). Bo Bcex ciyuasx mydmie (HO JTOPOXKE) peryiupo-
BaTb CKOPOCTb ABUTIATCIIA HAIIPAXKCHHUEM Ha AKOPE C BO3SMOXKHOCTBIO obOecnieueHus JUHaAMHU4YC-
CKOTI'0 HJIM PCKYIICPATUBHOT'O TOPMOKCHUA C ITIOCTOAHHBIM TOKOM SKOps, a IIpH HGO6XOI[I/IMOCTI/I
TIIyOOKOPETYTHPYEMOT0 TPUBOJIA JOTIOIHUTEIHHO HCIOIB30BaTh MX C ocitabiieHHeM IMOTOKa
BO30OYXKICHHUS.
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NMPUNOXEHUE 5

NMpumep mawmHHOro nocrtpoeHus MM AL
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A.]II‘OpI/ITM pacuera Ha 9BM NMEPEXOAHBIX MPOHECCOB NJA ACHHXPOHHOI'0
ABHUTIATEJIsA

dopmyia pacyera MOMEHTA JIBUraTesIs MpH ITycKe

1 —
1:=0,1..m m := 100 AS = S¢ Sc := Sn-Mc
m
1+ Sk
Mp; = 2-Mk-
1 - AS- Sk (4.74)
+ + 2-Sk

Sk 1 -AS-i

®opmysa pacueTa MOMEHTA JABUTaTels MpU TMHAMUYECKOM TOPMOKEHUHU

1—Sc
Av = — AV = 6.96x 1073 i=0.,1.m-1 (4.79)
MKT-2
MT; := : (4.76)
1-Sc—Av-1 N vk
vk 1—Sc—Av-i

MTy, == 0 - nocneaHuii MOMEHT paBeH HyJIIO, T.K.
JBHUTATENb MOJTHOCTHIO OCTAHOBHJICS.

CpenHre MOMEHTBI JBUTATENS IIPU MyCKe 1:=1,2..m

b

MpS; := 0.5~|:Mpi + Mp(i—l):l (4.77)

CpeI[HI/Ie MOMCHTBI ABUIaTCJIsd IPpHU JUHAMHUYICCKOM TOPMOXKCHUN

MpT; = 0.5~|:MT1 + MT(i_l)] (4.78)
IIpupamnienue BpeMeHU IPU ITyCKe
AS -0
Atpj = J- (4.79)
(MpSi - Mc) ‘Mn
Atpm = Atpm—1 T.K. ipx MpS 6nm3kum k Mc, Atpm mosy4yaeTcsi Henmpapaomno100H0 00IbIIUM
[Ipupanienue BpeMeHu npyu JUHAMHUYECKOM TOPMOKEHUN
Av-©0
AT =1 (4.80)

(MpT; + Mc)-Mn
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Bpewms mycka

m
tp == Z Atpj tp = 0348 (c¢)

i=1

Bpems Topmokenus

m
{T := Z AT tT=0337 (¢

i=1
Omnpenenenne BpeMEHHbBIX HHTEPBAJIOB MPH ITYCKe

tppo := 0 - HAa4aJI0 BPEMEHHOI0 HHTEPBaa MIyCKa

i
tpp;i == Z Atpj

i=0

OHpC)IeJ'IeHI/IC BPECMCHHBIX UHTCPBAJIOB IIPU JUHAMHUYCCKOM TOPMOKCHHUU

tTTy := tp-1.1 - HayaI0 BPEMEHHOTO MHTEPBAIA TOPMOKCHUS

1
{TT, := Z AT + tTT,

i=0

oj := AS-1

[Toctpoenue rpaduka i:=0,1..m

(4.81)

(4.82)

(4.83)

(4.84)

(4.85)



207

tTT top; 4T T, topy

Puc. 4.23

IIpumeuanue: BO BCEX BBIIIENPHUBEIECHHBIX (OpPMYJIaxX HCHOIb3YEeTCS HIDKHUM HHJEKC
(Mpi, 1 — HIOKHUN UHAEKC), OH CTaBUTCS IMyTeM Ha)kaTusl KiaBuiuy "[" (JieBast KBaJpaTHas CKOOKa).
g moctpoenust rpapuka HeoOxomumo HaxkaTh Shift+2. Ha mosiBuBIIEMcs rpaduke uepes
3amaTyro 3a7aTh (QYHKIMU HAa OCH OpAMHAT M NEpeMeHHble Ha ocu abiucc. Jlanee HeoOX0IUMO
3amathk mpeaenbl moctpoenus: rpaduka. I[locme wero MathCad aBTomMaruuecku mpuBeneT B
COOTBETCTBHE KaKJI0W (PYHKIIMU CBOIO MEPEMEHHYIO, IIOCIIE 3TOTO MOCTPOUTCS JKeJTaeMblil rpaduK.
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