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BBEAEHHE

Bce u3BecTHBIE B HacTOsilLee BpeMsi MEXaHHYeCKHe 6eCCTyneHYaThIe Nepe-
Jau¥ N0 NPHUHIHANY IeHCTBHS NENAT HA PPUKUHOHHEE A HEPPHKIMOBHER,
Bo (pHKIHOHHBIX nepenayax Bpaufaomui MOMEHT C BeyIIEro Baja Ha
BeJOMBIH NepelaeTcsl HempepeiBHO 3a CUeT CuJl TpeHus. [las Takux
nepefay XapakTepPHHl OTCYTCTBHE KoJeGaHu# YI/IOBO CKOPOCTH BELOMOTG
Basia, 6ECIIYMHOCTh PaGOTHl, HU3KHH yPOBEHb JAHMHAMHYECKON HarpykeH-
gocty. ONHAKO HCIIOJb30BAHHE B KAUECTBE OCHOBHHEIX CHJI TPEHHS Orpa-
HUUXBaeT NpPHUMEHeHHe NOJOOHHIX Iepefay B TsHXKEJIOHArDYKEHHBHIX
NpHUBOAAX.

Ot HebpUKUHOHHHIX Nepeflay, pabOTAIMHX HA OCHOBe 3alelJIeHHS,
caeoBalio Obl 0XHMAATh CTaGHJIBHOCTH YCTAHOBJICHHBIX IepefaTOYHBIX
OTHOIUEHHH, BLICOKHX JOJIOBEYHOCTH H HArpy30UHOH CIOCOGHOCTH.
Q[HAKO M3BECTHHIE B HACTosiee BpeMd nepefayd C FHOKOA CBS3BIO —
[enHbie BapHaTOPH — OTJIHYAIOTCA CJAOXKHOCTBIO KOHCTPYKUHHM H Tpe-
6y10T OTHOCHTENbHO GOJBMIMX 3aTpar mpy uarotobnendu [24]. Kpome
TOro, HeMHbIE BAPHATOPH HE TO3BOJSIOT Peajn30BaTh G€3 NOMOHHTENb-
HHIX YCTPOHCTB «CTONOBBIA» DEXHM, ABAAIOMHUACT DPabounM pPERUMOM
pAja MalIHH H MEXaHH3MOB (TPaHCHOPTHBHIX, CTPOMTENbHBIX H Ip.).

Ilo croco6y (OpPMHPOBaHHs CHJIOBOrO [OTOKA MEXaHudyeckue Gec-
CTymeHYaTHe fepefayl MOXKHO.-YCIOBHO Dasie/lnTh HA nepejavr-Henpe- -
PLIBHOTO AEHCTBHS U HMIY/IbCHbIE. BNUMITYJIbCHBIX MEpejauax (MMIyJbC-
HHIX BapHaropax, HHEPUHOHHHIX TpaHcdopmaropax, CpeaH KOTOPHIX
MMEIOTCs] TaKie, NPUHUMI ASHCTBHS KOTOPHIX OCHOBAH HA 3alENJICHUH)
CHJIOBOHl MOTOK C BeAYIIEro Baja Ha BeJOMBbIH nepenaercs OTAEbHBIMH
aMIyJabcaMu. 10 00yClOBAHBAET NOBHIUCHHYI0 HEPABHOMEPHOCTH Bpa-
IIeHUS MCIOJHHUTENbLHBIX OPTaHOB ¥ OJHOBDEMEHHO Ompene/seT CTHOCH-
TEeNbHO BLICOKHH YPOBEHb JHHAMHYECKON HArpyxXeHHOCTH BCEro nNpuBOAA.
B uTore DHLIUTPHIL N0 HATPY30YHOH CrOCOGHOCTH OKa3biBAeTCs Kak INpa-
BUJIO HEBEJHK.

EcTecTBEHHO BO3HHK BONPOC: HENb3S JIU CO3JaTh TAKYIO «THOPHIHYIO
MeXaHHUeCKyIo nepefauy, NPHHLUN IeHCTBHSA KOTOPOH Obi1 Obl OCHOBAH
Ha 3alerieHHy (KaK Y MMIYJIbCHEIX Ilepefau), a CHJAOBOH NOTOK mepe-
JaBajics 6Bl ¢ BELYLIEro BajJa Ha BEJIOMEIH HENpPEPHBHO (Kak y (QpHKUH-
ouHnbx)? HcciegoBasus B 3TOM HanpaBA€HHM MPUBENH K CO3LAHHIO
MEXaHHYeCKHX OeccTyneHYaThiX HehPHKLUHOHHBIX Nepefauy HenpepuiB-
Horo fmefictsusa [11]. DTH nepemaynu KOMNAKTHHL M OPOCTHl B H3roTOBJE-
HHM. JIJIS HUX XapaKTepHB BHICOKAf HArpys3ouHas CNOCOGHOCTb H IUH-
poTa AHanasoHa (QYHKIHOHAIbHEIX BOSMOXKHOCTEH. B 3aBuHCHMOCTH OT
KOHCTPYKTHBHOTO HCHOJNHEHHS CHCTEMBl YNPaBJICHHS MOXHO IOJTYYHTh
aBTOMAaTHYECKY10, [OJyaBTOMAaTHYECKYIO HJIM Nepefavy ¢ pyYHbIM yNpaB-
neHueM. Bapepupys cxemamu npeofpasoBarelsiedl, MOXKHO PeajH30BaTh
Jo60H 3aKOH JBHXKEHHA BEIOMOrO Bajia: OT PAaBHOMEPHOILO BpalleHHSA
10 3HagonepeMeHHBIX KoJseOanuii. Ilocmepuuit Hambosee xKelaTesleH
B CJIyyae MCMOJb30BaHHA GeccTyneHuaTol nepefiauyd B npHBOAe GypPOBHIX
MallliH, CBEPJAHJIbHEIX CTAHKOB H Jp.

[a. 1 sanucana A. Y. Jleonosmm, ra. VII, XI u XII — o6oumu aB-
TOpamMH COBMECTHO, octajbHbie — A. @. JlyGpoBCKHM.




F'aasa I

OcHOBHBIE THMBI MEXaHHYECKHX GeccTyMeHHaThiX mepejat

1. NPUHUMNO JENUCTBUS MEXAHWYECKHUX BECCTYNEHYATBIX
NEPEJAY (BAPHATOPOB). KJIACCH®HKALHA

Us Bcero muoroo6pasusi MEXaHHYECKUX OECCTYNEHYATHIX Mepefay Hau-
Gosblliee pacrnpoCTpaHEHHE NOJYYHAH (PUKUHOHHBIE H HMIYJbCHHE.
Haun6onee npocTeIMH 1O NPHHIHNY AEHCTBHA SABIAIOTCA (QPUKYUOHHbIE
6eccrmynenwamole nepedasu. K HUM OTHOCAT nepellaud ¢ FHOKOR CBSSBIO
(pemeHHBIE) H C HEmocpeJCTBEHHBIM KOHTAKTOM (J1060BEIe, TOPOBHE, Ila-
poBbie u Ap.) [24]. Ha puc. 1, a npuBejeHa cxema ¢pHKUMOHHOH Gec-
CTYyneHuaToOll mnepefaun C HenoCpeiCTBEHHHIM KOHTAaKTOM BeiyIero n
BEIOMOI0 KoJec, Ha puc. 1, 6 — cxema GPHKUHOHHOHA (KAHHOPEMEHHOH)
6eccTyneHyaToH nepejaun ¢ rHOKOH CBA3bio. Bpamaromuii MoMeHT nepe-
AaeTcs OT BeAyIIEro Bajga K BEIOMOMY C MOMOINBIO CHJ TPEHMS, BO3HH-
KaolliX B 30HaX KOHTaKTa BelyIero u BejgoMoro kojaec (puc. 1, a
WIH peMHsA co wmKuBaMH (puc. 1, 6). IIpu OTCYTCTBHH TpPEHUA MERAY
pabourMy TeNaMH (PUKUMOHHEIE Mepefayd HepaGoTOCIOCOGHE!.

Ecnu cuuraTs, 4To B HEKOTOPOH TOUKe A NPOCKANL3BIBAHHE MEXIY
BEAYIIUM H BEJIOMBIM KOJIE€CaMH OTCYTCTBYET M, CJEIOBATEJbHO, JHHEH-
HBle CKOPOCTH OOIIMX TOYEK BEAYILErO0 W BEJOMOTO KOJeC, HaXOAAMHXCA
B KOHTAaKTe DPaBHHI, TO NOJNYYHM

W17y = ely, (I)

Tle @3, ®s — YIJOBBIE CKOPOCTH BELYIIEr0 H BEJOMOI0 KOJEC; Iy, Fy —
pazxycel BeAyllero H BeIOMOrO KOJIEC,

U3 Bripaxenus (1) BHAHO, YTO H3MEHEHHE PAIHYCOB TOUEK KOHTAKTa
NPHUBOJMT K M3MEHEHHIO YIJIOBOj CKOPOCTH (0, BEJOMOTO Baja 2 npH He-
H3MEHHOH YIJIOBOH CKOPOCTH ®; BeAylero Bajaa I. YIJIOBYI0 CKOPOCTH
perymipylor nepeMellieHHeM KoJeca | BIOJb €ro OCH BpalleHHS
(puc. 1, @) uM W3MeHEeHWEM NOJIOXKEHHS PEMHSI OTHOCHTEIbHO LIKHBOB
(puc. 1, 6) npu oCeBbIX mepeMelleHHsIX KOHHUECKHX AUCKOB. ITocnenuui
NPUHIIHN PEryJHPOBAHUST CKOPOCTH H OJHOBDEMEHHO Bpallalomlero
MOMEHTa NMPHMEHSIOT BO BceX (PHKUMOHHBEIX mnepefauax.

®OpuKHHOHHbIE (ecCTyneHYaThie nepejauyd OCYLIECTBJAIOT npec6pa-
30BaH¥e Bpalaiolliero MOMeHTa HenpeprIBHO, UTO CENyeT OTHECTH K Tpe-
HMYIIECTBaM 3THX mepefay. OJHAKO MX KHHEMAaTHUYECKHE XapakTepH-
CTHKH He BCerja yJoBJIeTBOPSIOT TPEGOBAHUAM, NPEABABIAEMbIM K NPH-
BOJaM MallHH U MeXaHH3MOB, B yacTHOCTH, 3TH nepefadu HE No3BOJAIOT
6e3 JIONOJNHMTEJIbHBIX YCTPOHCTB peasM30BaTb CTOMNOBBIH PEXKUM, NPl
KOTOPOM BeJOMBIH BajJ OCTaeTcss HENOABMKHBIM BO BpeMsi BpalleHHS
Beaymero, Opna u3 HauGoJee NPOCTHIX CXEM UMNYAbCHbIX nepeday
npuBeJieHa Ha pHC. 2,

Bpamensue xpusommuna / yepes WATYH 2 H KOPOMBICJIO 3, 3aKPeIIeHHOe HA HAPYXKHOM
ofofiMe 4 mexanuama CBOGOZHOTO XOAa, Nepefaercss Ha BejoMubill Baa 5. 3a ofnH o60poOT
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kpuBowmnuna ;A KOPOMEICIIO COBEpIIaeT OAHO KoneGaHKe: NOBOPOT Mo YACOBOH CTPEIKE Ha
yroJ, COOTBETCTBYIOmuU#A Ayre Bl?l, H TIPOTHB 4aCOBOM CTPEJKH Ha TaKoil xke yroj. Ilpu
OBOPOTE KOPOMBICJA N0 YacOBOH CTPeJIKe DONHKH 3aKJIMHHBAIOTCS H TIPOHCXOAUT Mepe-
71a4a HMITYJIbCA BPAIIAIOIIETO MOMEHTA Ha BeJOMEH BaJl. IIpu noBOpOTE KGPOMBICAA TIPOTHB
4acOBOH CTPEJIKH MPOMCXOAMT BHIKMIOUEHHE MexaHusma csoboxHoro xoaa (MCX) u kopo-
MBICJIO BpAIllaeTCsl He3aBHCHMO OT BeloMoro Basa. TakuMm o6pasoM, 3sa OfHH 060POT Kpu-
BOIIMMA TepefaeTcss TOJBKO OAMH HMINYJbC Bpalaloliero MoMenTa. Bepommblit Bam npu
3TCM BpAIAETCH HEDABHOMEDHO; AJIS YMEHbLIEHHS HEPaBHOMEPHOCTH HCIOJBL3YIOT He-
CKOMbKO TapajjenbHo ycramasiauBaeMbix MCX, kpuBomunsl J/ KOTOPBIX NOBEPHYTHL
OJIHH OTHOCHUTEJBHO APYTOIO Ha ONpelesNeHHB YroJ.

Ilpu noCTOAHHOM YIVIOBOH CKODOCTH KpHBOLINNA / KOPOMEICHIO pea-
JIH3YeT OLWH CKOPOCTHOH PE€XKMM, H B 3TOM CMBIC/IE mepejaua siBJAsSETCA
peIyKTOpOM. ITO YTBEPXKAEHHE CIPABELJMBO MNpPH HCHOJL30BaHHH
OGLIYHO NPUMEHSEMbIX KECTKHX 3BeHbeB. EC/aM ke HMCnoab3oBaTh JHO-
CTAaTOYHO yNpyTHe 3B€HbS, TO NPH ONpeNENIeHHBIX 3HAYEHHAX napame-
TPOB MEXaHH3Ma MOXHO 06ecrmednTb pafoTy B OmpelenesHoi cOnact
CKOPOCTHBIX PEXHMMOB BEJIOMOTO Bala.

Jlas peryJqupoBaHHA 4YacTOTHl BPAlICHHs W BPAIlaOLIEro MOMEHTa
Ha BEJOMOM BaJly MCIOJNbL3YIOT Pas3JHyHble YCTPOHCTBAa. B YacTHOCTH,
waTyd AB Moxer ObITh COCTaBJE€H M3 JBYX 3BEHbEB, COCIHHEHHBIX
wapHupHO. B 3TOM ciyyae pery/aHpoBaHHE OCYMIECTBJSETCA, Hampumep,
yNpaBJ€HHEM OLHUM M3 3THX 3BEHbEB HJIH CBA3HIBAIOIIMM MX LIAPHUPOM.
PasnuuHpie KOHCTPYKUHH HMOYJbCHBIX BAPHAaTOPOB HPHBEJEHH B m. 2.

NMnysnpCHEE BapuaTophl, KaK K (PHKLHOHHBIE, HE SABJSIOTCA aBTO-
MaTHYeCKHMH [0 CBOEH NpUpPOAEe, H IS aBTOMATHYECKOIo PeryJaHpoBa-
HHSl CKOPOCTHHIX pPExHMOB HEOOXOJHMa YyCTAaHOBKA JONOJHHTEIbHBIX
aBTOMAaTHYECKHX YCTPOHCTB.

B orauune OT (PPHKUMOHHBIX, VMIYJAbCHEIE BapHaTOPHl nepejaroT
Bpamapmui MOMEHT Ha BEAOMBIH BaJ UMnyJbcaMd. [IpH HECKONbKHX
MEXaHH3MaX, PAGOTAOMHX NapajyIebHO CO CHBHIOM Ha HEKOTOPHIA
yron no ¢ase, BpaliaomHA MOMEHT B O0JAacTH MaJbiX nepejaToYHBIX
OTHOIUEHWH NepeflaeTcs Ha BEIOMBbIH BaJ HeNpepHBHO, ONHAKO KoJeba-
HUSA Bpalllaollero MOMEHTa H OTNpeAeJeHHas HepaBHOMEPHOCTb BpallieHus
BEJIOMOT'O Baljla HMEOT MecTo.

HMnyabCHas npHpofia nojaul Bpaliaiolilero MOMEHTa Ha BLIXOXHOH
BaJ B OJIHHX CJIyyasax BpelHa, a B IPYTux nojesHa. Eciu 3a BapHaTOpOM
B MallliHE YCTaHOBJE€HAa TpaH-
CMHCCHs, HMeloWas  AJIHHHYIO
KHHEMAaTHYECKYl0 ULEenoyky, TO
HMnyJbCHAass  nojaya Bpama-
lomero MoMeHta  6yler cCno-

Puc. 1. CxeMnl (pHKLHOHHBIX repefad Puc. 2. UMnyJabcuas nepefaya




CO6CTBOBATh BO3HMKHO-
BEHHIO KPYTHABHBIX KO-
JeGanuit u OyAeT Bpen-
HOM pJisi TPAHCMHCCHH.
Ecin 3a BapuaropoM
YCTaHOBJCH pabouni
OpraH (MM TOJNBKO HeE-
KOTOpEIE 3JIeMEHTH TPaH-
CMHCCHH), a TeXHOJOTH-
yeckuii mpoilecc Jomy-
CKAaeT UMNYJbCHYIO IPH-
poay moRaud Bpama-
IOIler0 MOMEHTa, TO He
CTOMb  BA)HO, KAaKo#
Bapuarop (MMOYJbCHHIE MM HENPEPHIBHOTO JEHCTBH:) ClIelyeT HC-
nonn3oBath. HakoHen, And psAfa TEXHOJOTHYECKHX IPOUECCOB, HANpPH-
M€p paspyILIeHUs M MOrPYSKH PasJHYHBEIX MOPOA, PE3aHHs HEKOTOPHIX
MarepuanoB ® T. L., (OPMHPOBAHHE HMIIYJbCHOTO (BuGpaIIHOHHOTO)
3aKOHA JBH)KEHHA paGouero OopraHa NPeAnoyTHTENbHO. B stoMm cay-
yae nejsecoo6pasHa ycTaHOBKAa HMIYJbCHOrO BapHAaropa.

B ycTpoiicTBe M1060H HMMIYJIbCHOH GeccTymeHYarTod nepejaid He-
TPYRHO BBLIIEJAHUTh [Ba OCHOBHBIX M€XaHuW3Ma: eHepaTop HMMIyJ/bCOB H
Bunpamutens. Ha puc. 2 resepaTopoM HMNyJbCOB SBJSETCH YETHIPEX-
ssenHnK 0;ABO0,, BumnpsaMuteneM — poaukoBei MCX. T'egeparop um-
Iy/IbCOB HA3HIBAIOT TaKke npeoSpasyromum Mexamusmom [22]. B ka-
YeCTBe reHepaTopa HMIYJbCOB OOLIYHO NPHMEHSAIOT .pHIYAXHEIE, KyJai-
KOBHIe, 3yGUaTO-phIYaXKHBIE H IJIaHETapHLIE MEXaHH3MBI, HO MOTYT
6BITh  HMCIOMb30BAHH ~MEXaHHM3MBI JOGOTO MPHHIMNA  AeHCTBHA.
Ha puc. 3 mnpusenennl fABe INpPOCTHE CXEMBI, B KOTOPBIX TreHeparo-
poM [I/IMIinJIbCOB ABJASIIOTCH YCTPOHCTBA Ha OCHOBE 3JEKTPOMArHH-
ToB [22]. :

Puc. 3. UMnyabceble mepefadud € 3J€KTPOMaTHHUTHLHI-
MH TeHepaTopaMH MMIIYJbCOB

Hapyxnasn ofofiMa 2 (puc. 3, @) MexaHnsMa CBOGOMHOIO XOAa JKECTKO COeJIMHEHA
¢ sikopeM 4 3/JeKTpoMaruuTa, [lepeMernbIi TOK nofaercs Ha OOMOTKH §. 32 ofino xoneba-
Hue AIKOpb M HapyxHas ofoiima MCX coBepirator paGounit H X0JHOCTO# XOAE!, Nepefapas
HMTIYJIbC BpAamAiomero MOMeHTa HA BefoMuill Ban /. Bydeps 3 pocnpuuuMmalor H racar
yAapHble Harpy3KH IpH KoJeGaHHAX fKops. DT1a mepefavya peaiusyer OfMH CKOpOCTHOH
pexuM, LS H3MEHEHHS YACTOTHL BpAIUIEHUS BeJOMOTO BaJa HEOOXOLHMO BBECTH COOT-
BETCTBYIOUIME  YCTPOACTBA, HANpuMep JJAd  PeryaupoBaHHsl  yria  TOBOPOTa
axopst 4.

Y BapmaTopa, MOKA3aHHOTO HA pHC. 3, 6, BelloMHIt Bal [ MPHBOAUTCH B JBHXKEHHE
¢pukioHHOH MydTOH 2, KOTOpas 3aTATHBAeTCS HA BaJy C NMOMOLIBIO KAaTYIIKH JEKTPO-
MarHuTa 3, BTArHBAamomeil cepllednHK. VIMIy/Ibchl MOMEHTa Ha MYGTY 2 1 CBSI3aHHHIA C Hell
pHIYar 4 TepefaloTCsi ¢ NOMOIbIO CEpleUHHKA, BTATHBAEMOIO B KaTYIUKY 3JCKTPOMarHu-
Ta §. DnekTpoMarsuTH 3 H 6 cpabaThiBAIOT ONHOBpEMEHHO. FIMNYbC BpaAIAIOMEro MOMEHTA
fepefiaeTcsi Ha BeJlOMBIl BAJl IPH BTATHBAHHH CEPAEUHHKOB B KaTYLIKH 3JIEKTPOMATHHTOB .
BoaepaT phiuara 4 B TpexHee NOJOXKEHHE, COOTBETCTBYIOmee cBOGORHOMY XOAY, OCYIHe-
CTBASIETCS TPYXKHHOH 5. PeryimpoBanue aMIVIHTYAE KojeGanmii puiuara 4 ¥ COOTBET-
CTBEHHO YAaCTOTH BPAIUICHHST BEIOMOIO Baja MOMET OCYUIECTBJSTLCS 32 CUET H3MEHEHHS
XoZla cepAeuHHKA B KaTywke. JJis CHMKeHHS HEPABHOMEDHOCTH BpAILEHHS BELOMOTO
BaJla Ha HeM YCTaHAaBJMBAIOT MapajiebHO HeCKOJIbKO MY(PT, BKAOUAIOMIUXCA C HEKOTO-
PHM CABHIOM OfHAa OTHOCHTEJbHO APYrof. IMociefHM#l NPuMep NOKas3bBAeT, HACKONBLKO
NPOCTEIM MOxkeT GbiTb IeHepaTOp HMIYJALCOB H CaM HMMITYJBbCHBIH BapnaToOp.
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B xauecTBe BHINPAMH-
Tesqefl B UMTYABCHBIX
BapuaTtopax  HCNOJb3YIOT
(HPUKLUUOHHEIE, HedpPHK-
HHOHHEIE ¥ KOMOHHUPOBaH-
gpie MCX pasHbX KOH-
CTPYKTHBHBIX HCMNOJHEHHH
[20, 22, 2].

Pa3sHOBHAHOCTBIO  HM-
OyJALCHBIX BapHaTOPOB 5B-
JISIOTCH HHEPLMOHHEIE TPAH-
copMaTopel  BpallaoNIero
MOMEHTd, KOTOPBHIE TaKxKe
BK/IIOYAIOT TIEHepaTop HM-
NyJbCOB M BHIIPAMHTENH,
nEpefaroT Bpamafomnﬁ MO pyc. 4. Mnepmmomnnit TpaHchopMaTop Bpauia-
MEHT Ha BeIOMBIl Bajl HM-  jomero momenta Bamku
nyascamu. OnHako oHM
CYIIECTBEHHO OTJHYAIOTCA HO PAAYy CBOHCTB OT ONHCAHHBIX BapHaH-
TOB, NO3TOMY HX BBHIIENAOT B oTienbHyio rpymny. Ha puc. 4 noxka-
3aH HHEPHHOHHHHA TpaHCHOPMATOp BpalLAOIIEr0 MOMEHTa [Jisi TPAHCHOPT-
HEIX MalluH, nperioxenssii M. @. Bamxu [A. c. 153817 (CCCP)I.

Benymuit MaXoBHK 2, 3eCTKO CBA3AHHBIA C Bely MM BaJoM I, IPUBORUT B ABHKEHHE
NoCpeACTBOM IIaTYHOB 12 rpysosuie 3geubs I1. [locrennne ¢ moMoubo 11a pHKONOALIHIT-
HHKOB YCTaHOBJIEHH Ha SKCIEHTPHKaX /0, KOTOpbleé 3aKpelJIeHbl HA TPOMEXYTOUHOM
Bany 9. Ha npomexyTouHOM BaJly yCTaHOBJEHE BHYTpeHHHE 060HMEI 6 H 7 MEXaHH3MOB
ceobogHoro xofa. Hapyxuas obofima 8 mepsoro MCX cBsizaHa ¢ KOPIycoM Nepeaud.
Hapyxuas obofiMa sToporo MCX —c BelOMEIM MaXOBHKOM &, KOTODHIH COEJUHEH C BEJIO-
MBIM BaJIOM 4 H MOXeT ObITb 3aTOPMOXKEeH JIeHToH 3,

IIpu BpameHyy BEAYIEro MaXOBHKa 2 HHEPIHOHHBIE CHJIBL IPY30BHIX
3BEHbEB CO3JAIOT HAa NPOMEXYTOUHOM Baysy 9 3HaKoNepeMeHHHH Bpa-
mawowui MoMeHT. IIpsaMoll UMNyJbC MOMEHTa (NpU JeHCTBUH KOTOPOIO
NIPOMEXKYTOYHHIA Ba/l CTPEMHUTCS NMOBEPHYTHCA B HANPaBJCHHH BPaIIEHUs
Bajia apurarens) nepepaercs yepes MCX sa Bepomblll MaxoBHK 5. Ilpu
IefictBUM OO6paTHOrO HMHYJbCa MOMEHT BOCHPHHHMAaeTcs KOPNYCOM
nepexauu.

Takum oOpasoM, B KayectBe reHEpPaTOpa HMIYJbCOB B ONHCAHHOH
nepejade Mpl WMeeM MeXaHHU3M, HCHOJb3YIOIUHA CHJIb MHEPLHH, B Ka-
yecTBe BhIpaMuTesnss — poaukoBsie MCX. IIpu oTCyTCTBHY KOPIYCHOrO
MCX nepepaya ne TpancopMupyeT Bpaujaromuil MOMEHT; OHa paboTaer
XaK Mydra, nepenaBas MomeHT nsuratens [21].

Jns uHepIHOHHOro TpaHCpopMaTopa XapakTePHHI TpH pexuma pa-
6OTHI: CTOMOBHIH, TpaHCPopManHH MOMEHTa M JUHAMHYECKOH MYQTHL.
CronoBuifi peKUM COOTBETCTBYET 3aTOPMOXKEHHOMY BEJOMOMY MaxOBHKY
npu pa6orawomem asurarene. Kopnycsoih MCX u MCX maxoBuka 3,
3aKJIMHMBAIOIIHECS NPU BPAINEHHH NPOMEXKYTOYHOrO Bajia B pasHbIX Ha-
NpaB/eHUAX, YAEPKHBAIOT NPOMEXYTOUHBIH Bajl B HEMOJBUKHOM CO-
CTOSHMH. [py3oBHe 3BeHbs OGKATHIBAIOTCA IO HEMOABHKHBIM 3KCIEH-
TpukaM. BO3MOXKHOCTH OCYINECTBJEHHS CTONOBOIO pexMMa sABJSEICH
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BaXKHEIM IIPEMMYINECTBOM MHEPUHMOHHBIX nepefad, TaK Kak NMpPH PESKHX
OCTAHOBKAX MAIUHHB NPUHYAHTEIbHAS OCTAHOBKA JBHIaTe/]sl HE NpoO-
HCXOJHT.

PexuM TpaHCHOPMAIMH MOMEHTa XapakTepusyercss pas/IMYHBIMH
CpefHMMH YIJIOBBIMH CKODOCTSIMHM BpAllleHHs BEIOMOro MaXOBHKa, COOT-
BETCTBYIOIIMMH HEKOTOpOMY NepeiaTounomy uucay. Ha stom pexume
TpanchopMarop paGoraer uukiaudecku. [ToqHOMY muKIy paGoTel TPAHC-
dopMaTopa COOTBETCTBYIOT CJIEIYIOLIHE yYIACTKH: Pa3roHa NpOMexyTod-
HOT'O BaJ1a [OA AEHCTBUEM HHEDPIHOHHHIX CHJI I'PY30B J0 yIJIOBOH CKOPOCTH
BEJOMOI'0 MaXOBHKa; COBMECTHOTO JBHXXEHUS IPOMEXYTOUHOrO Bana
U BEJOMOI'0 MAXOBHKa; TOPMOXKEHHS IPOMEXYTOYHOro Bajga O OCTa-
HOBKH; BBHICTOSl IPOMEXXYTOUHOTro Baja. IIpu pasroHe mpoMeXyTOYHOrO
Baja 1O YIJIOBOfi CKOPOCTH BEJOMOr0 MaxoBHKa xopmychoit MCX He
NPENsTCTBYeT STOMY IBHXKEHHIO H coBepiiaer cBoGoameit xofd. MCX
BEJIOMOTO MaXOBHKA TAKXKE€ COBEPIIAET CBOOGOAHHH XOX, MOCKOJABKY YIJI0-
Bas CKOPOCTb BEJJOMOI'0 MaxXOBHKa 00JIblI€, YeM Y IPOMEXYTOYHOTO Basa.
Pasroy npoMeXyTOYHOrO Baja 3aKaHYMBAeTCs, KOTAa ero yryosas CKoO-
pOCTb CTAHOBHTCSI DaBHOH YIJIOBOH CKODOCTH BeJIOMOrO MaXOBHKa,
B 3TOT MOMEHT BKJIIOYaeTCs MEXaHW3M CBOGOAHOTO XOJia BEJOMOTO Ma-
XOBHKA, MMIyJhC MOMEHTa Iepefaercs Ha BeloMulli MaxoBuk. Kopmyc-
HOl MEXaHH3M COBEpILAET MO-NPEXHEMY CBOGOAHHIA XOA. YYacTOK Co-
BMECTHOI'O JABHIKEHHsS MNpPOMEXYTOYHOTO Bajlla M BEJOMOTO MaxoBdKa
3aKaHUMBAETCH, KOIJia Ha NPOMEXYTOUHBIH Bal HAuMHaeT NEHCTBOBAaTb
06paTHBIA MMNYJAbC OT MHEPUMOHHBIX CHJ T'DY30BHIX 3BeHbeB. [Ipome-
JKYTOUHBbIA BaJ HauuHaer TopMo3uthcsi, MCX Bemomoro MaXoBHKA BhHI-
kaouaercd. [locje OCTAHOBKHM HpPOMEXKYTOUHOTO Baja HHEPLKOBHBIE
CHJIbI TPY3OBHIX 3BEHbEB 3aCTaBJAIOT €ro BpalaTtbcs B o0paTHOM Ha-
npaBJieHuH, HO BiJYaeTcs kopnycHoft MCX, npenarcTBYIOUHHA 3TOMY
noBopoty. [IpomexyTounbIfl Baj OCTA€TCH HENOABHKHBIM IO OKOHUAHHSA
JeficTBHS O6PAaTHOIrO HMIY/IbCa MHEPUUOHHBIX CHJ IPY30B. 3aTeM WHKJI
HOBTOpAETCA.

Tocsie BbIXO/Aa HA pPEXUM AMHAMHYECKOR My(QThl ABHIKEHME TPaHC-
(opMaTopa Mo yyacTkaM IpeKpallaercd, W BeAylIUHA MaXOBHK, TPy30Bble
3BeHbsl, NPOMEXYTOUHHIH BaJ, BEIOMHIH MaxOBMK BpawmaTCs Kak
OIHO I&J0e CO CpPEeNHel yIJIOBOil CKOpOCTbIO ABHraresds. Benencrsue
BO3MYILleHH# (Ha BXOJe H BHIXOJE) Ha YCTAHOBUBILEECS JIBHXKEHHE 3BEHbEB
HaKNagBBaoOTCA KoJeGanusi, [IpH ycraHOBHBLIEMCS JIBHKEHMH (CpPELHHE
CKOPOCTH BeJyIIEro ¥ BEJOMOrO MAaXOBHKOB NOCTOsiHHBI) BhiXxogHO# MCX
nepefaeT TOJbKO MOMEHT JABUraTe/ifl, KOTOPHIA 3HAYHTEJbHO MEHbIIE
MaKCHMAaJIbHOTO II€pPEJABAEMOr0 MOMEHTa Ha DPEXHMe TPaHCHOpManuH.
Kopnycuoit MCX Ha pexume IuHaMuueckoit My¢dThl pasoMkuyT. Beaen-
CTBHE 3HAUHTEJIbHOM PasTpy3KH MEXaHH3MOB CBOGOJHOIO XOIa M MaJblX
OTHOCHTE/IbHEIX IIE€DEMEIIEHHA 3BEHbEB DPEXHM JHHAMHYECKOH MY(TH
OKasblBaeTcs HauGojee GJaronpHATHHIM.

ViHepuyonHble TpanCGOPMATOPH BPAIAIOMEr0 MOMEHTa MO CBOeH
TPUPOAE SABJSIOTCS aBTOMATHYECKHMH NepeiauaMu, He TPeOGyoluMH
KaKHX-1H60 JONONHHTENbHEIX aBTOMATHUECKHX ycTpoiicts. Uem Gonblue
MOMEHT CONpPOTHBJIEHHS Ha BHIXOJE MNeEpelayu, TeM MeHbllue YIJIoBasg
CKOpPOCTb BEAOMOIO MaXOBHKAa H YIJOBasi CKOPOCTb, JOCTHTaeMas Mpo-
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MEXYTOUHBIM BaJOM, H TeM 60J/ible B KaXJIOM HUKJIE HMNYJbC MOMEHTa
cO CTOpOHBI TpaHchopmaropa Ha BefoMOM Baay. Takum 06pasoM, CKo-
pOCTb H BPALIAIIMA MOMEHT HA BELOMOM Bajy aBTOMAaTHUECKH H3Me-
HSIOTCH B 3aBHCHMOCTHM OT MOMEHTA CONPOTHBJCHHS HAa BHIXOLE.

B orauuHe 0T HMNYJbCHBHIX BapHATOPOB HHEPUHOHHBIC TpaHcdopMma-
TOpbl 0GECHEUUBAIOT ABTOMATHYECKOE PETyJHPOBAHHE BPAIAIOLIEro MO-
MEHTa B HIMPOKOM IHANA30HE MepefaTOYHBIX OTHOLIEHHH — OT pexuma
3aTOPMOXKEHHOTO BEIOMOro Baja 10 npsMoi nepejauu. Ha pexnme
npaAMOi mepefadYd (IMHAMHYECKOH MYQTH) HHeDUHOHHBIH TpaHcopMa-
TOp paGoTaeT Kak ynpyras My¢Ta ¥ 3HAUHTENbHO CHHXKAET KPYTHJbHbE
Kose6aHUA B TPaHCMHUCCHH.

CoBOKYNIHOCTb BaXXKHHIX INPEHMYINECTB WHEPUHOHHEIX TpaHcdopma-
TOPOB — NPHPOLHLIA aBTOMaTH3M, PEryJHpOBaHKe BPAIIAIOEero MOMEHTa
M CKOPOCTH B IUHPOKOM JHanas’soHe, BO3MOXXHOCTb BBIXOJA HA PEXUM
IMHAMHIECKOR MY(TH H Ip. — BBIIEAAIOT HX H3 KJacca MMIYJbCHHIX
nepexay.

Kaaccupuranuio MEXaHHYECKHX OGECCTYNEHYaThIX Iepefay MOXKHO
NpOBECTH MO pPa3nuYHBIM npusHakaM. Ilo Xapakrepy Bpamiaromero mo-
MEHTa Ha BBIXOJE nepelayd NOAPAs[eNislOT HAa HUMNYJbCHbLIE H Hemlpe-
peiBaoro nefictBus. K mnepepayam HempepuIBHOTO JEHCTBHS OTHOCHT
¢pHKIHOHHBIE GecCTylneHuaThle nepefaud (KJIHHOPEMEHHHIE, JIOGOBEIE,
TOpPOBEIE U T. I.), K HUMIYJbCHBIM — HMITYJbCHBE BAPHATOPH M HHEP-
IHOHHBIE TPaHCPOPMATOPHI.

ITo tuny yupaBnienus GecCTyneHYaTble Nepefauu MOTYT GBITH aBTO-
MAaTHYECKHMH H DeryJupyeMbiMH. ABTOMaTHYECKHMH NO CBOeH mpupoge
ABJSIOTCA HHEPLUMOHHBbIE TpaHCopMaTopbl. Boobule, jio6as GeccTyneH-
yaras nepejauya MOXeT OHITb CAelaHa aBTOMATHYeCKOH 3a cyer ycra-
HOBKH NONOJHUTEJbHOH CHCTEeMBI aBTOMATHYECKOTO DEryJHPOBaHHSA.

ITo Tvny HCnonb3yeMslX B llepeaye CHJI MOXKHO BBIIEJNHTH (PPUKIK-
OHHEBIE, HeDPHUKIHOHHBIE H KOMOHMHHPOBAaHHHE nepenaud. K kombuuupo-
BAHHEIM OTHOCAT HEpefadyH, KOTOpbie B DaBHOH Mepe HCIONb3YIOT H
HOpMaJibHbIe CHJIBl U cuibl Tpenus [20). Takumu, Hanpumep, sBASIOTCS
nepenauy, onHcaHuble B kHHre [21].

MoxHo mpoBecTH KJIaCCHOHKALMIO GECCTYMEHYATHIX MEXaHHYECKHX
nepejay y no APyrHUM IHIpH3HAKaM.

2. UMMITYJbCHBIE BAPUATOPDI

Hunyavcuoul sapuamop poajiHoz0 mund npuBeieH Ha pHC. b.

Benymuit kpusomun /, BLIMOJNHEHHHA B BHAE 3KCUEHTPHKA, MepejlaeT BpAllEHHE
uepes 3BeHbs 2, 4, Kopomulcyno § ¥ MCX na Beflomblil BaJ.

CKopocTHO! ¥ CHIIOBO# pEXHUMBI Ha BEOMOM Baly H3MEHSIOTCS C 110-
MOIWpBIO apHHpa J, NepeMeliaeMoro BRoJb 3BeHa 4. Ias npupauus
BeIOMOMYy BaJly DPaBHOMEDHOIrO BPAIEHHA HCIOJb3YIOTCH HECKOJIbKO
TAKHX MEXaHH3MOB, YCTaHaB/JIHMBAEMbIX Napa/yeJbHO H UMEIOUIMX NOBEp-
HYThHIE Ha onpeJeJeHHBId YroJ OJHH OTHOCHTEbHO APYroro 3KCHEH-
TPHKH 1.

_Bapuamop ¢ npeobpasyouumn mexanusmom — xorebaowelica Kyau-
cod (puc. 6) paspa6oran B OLECCKOM TEXHOJOTHUECKOM HHCTHTYTe MH-
WeBOH npomslmsieHHOCTH uM. M. B. Jlomonocosa [22].




Ha Bepymem Bany 4 Bapua-
TOPA, COCAHHEHHOTO BTYJOYHOH
mydroit 12 ¢ Basom uaHIEBOTO
9JieKTpoABuratesaa I3, ycraHo-
BJEHE HAa IINMOHKAaX HANpaBJs-
Iomie BTYJAKA & u 9, NOBEPHYTHE
OIHA OTHOCHTEJIBHO JAPYyrofi Ha
180°. Ha 3Tux BTY/K4X NOABHKHO
(Ha WNOHKAaX) yCTAHOBJEHHI JKC-
UEHTPUKH 7 H 8 ¢ IIapHKOMOA-
WIHMHAKAMH 6, HApYXKHHIE KOJb-
1A KOTOPHIX HAXOAATCH B NA3axX
Kyauc [4 wm [7. Beaymuit Ban 4
onmMpaeTcs Ha MOMIUHIHHKH Kaue-
HHSI, CMOHTHDOBAaHHHE B JBYX
craxaax 3 u 10, conpsKeHnsble
C OTBepCTHSMH Kopnyca [1.
Kynucer 14 u 17 BHUOMHEHB 32 OJHO IeJNOe C HADYXKHOH ofoiiMoll posukosoro MCX,
BBe3/(0YKH /5 KOTOPOTO 3aKpelVieHsl Ha BEOMOM Bany 6.

Bpauenue or Bana aJexkTpoaBHrarTe/s Nepeiaercsi BeAylleMmy Baiy,
SKCLUEHTPUKAaM M HIApUKONMOAIIUIHUKAM, IOCJeRHHE COO6LAT KoJe6a-
TeJbHOE ABHXKEHHe KyJucaM, a 3areM uepes MCX Begomomy Badgy.

YacroTa BpallieHUs BeJOMOI'O Bajla PeryJHpYyerTcsi H3MEHEHHEM 3KC-
HEHTPHCHTETA 3KCUECHTPUKOB, OCYIIECTB/SEMbIM PYKOATKOR I, 3a0CTpeH-
HEIfl KOHeLl KOTOpOH NPHBOAHWT B ABHXKEHHE B Ty WY HHYIO CTOPOHY
sy6uaToe KoJjieco 2, YCTaHOBJIEHHOE Ha ONOpaX, PaclloNOKEHHHIX B KOp-
nmyce H KpHIIKe Kopmyca (mofofHO XpamoBoMy mexanusmy). Koseco 2,

Puc. 5. HmnyabcHulii BapuaTop  pHIYaXKHOIO
THNIA
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Puc. 7. Bapuatop YIBA ¢ ponukostiMe MCX

uMeoiiee pe3b6030€ OTBEpCTHE, NpH ABUKCHUU nocpeacTeoM PYKOATKU
HaBHHYMBAETCS HAa Pe3bGOBOH XBOCTOBHK CTaKaHA 3 U IEpeMeliaeT Be-
)IyH_LI/lﬂ BaJl BMECTE C €ro OonopamMu H BTYJKaMHu B GCEBOM HanpaBJICHUH.
Tak xak WapUKONOJLIUNHHKHE 6, a CJIeN0BaTENbHO, U 3KCHEHTPHKH He
HMEIOT BO3MOXKHOCTU HNEpEeMelaTbCsi B CCEBOM HanpasJIEHUH (npensrr-
CTBYIOT peGOPJBI KYJIHC), TO MPOHCXORUT OCEBOE NEpEMENEHHe BIYIOK 5
U 9 OTHOCHTEIbHO SKCHEHTPHUKOB U TE€M CAMBIM H3MEHHAETCS SKCHEHTPpHCH-
TET TIIOCJIEAHHUX.

Bapuamop HBA c¢ poauxosstmu MCX OTHOCUTCS K KyJAauKOBHIM
Bapuatopam (puc. 7). '

Ha Begyimem Bany /3 HaXOASTCS TPH SKCUEHTPHKA 4, CMEMIEHHHE IPYT OTHOCHTENbHO
npyra sa 120°. Ha 3KcUeHTPHKAX 3aKpeIJIeHb INADHKONOAWHNHHRM 15, 3Besfouka 5
Ha BeJloMoM Baly /6 ssisercs ofmeil AJs Tpex poankopsx MCX, ma HAPYXKHHX 00601-
Max 4 KOTODHIX PACTIOJIOKEeHE KOpoMbicaa /0. TToCTOSIHHBIA KOHTAKT KODOMBICE C HOA-
munauKamy_ 15 ofecneunBaercss NPYXHUHAMH [2, 3aKDeNICHHHIMH Ha xopnyce / u Ha
HTEIPAX 8. POMHKE 7 HMEIOT HHANBHAYJIbHEHA TOLXHM C NOMOIIbIO IIYHXepoB 9 u npy-

#uu. s ysenmuenus foaropeysocTd MCX npHMeHeHH BCTaBKM 6 H3 CTANH mXx1s,
3aKpen/eHHble Ha 3Be3JOUKe,

Ilpu Bpamenuu BeAyIEro Bajia SKCUEHTPHKY MPHBOASAT B ABHKCHHE
Kopomsbicia. TIoBOPOT KOpombic/ia NPOTHB YacOBOM CTPEKHM BHISHIBAET
34KNMHUBAHHE DOJIHKOB, HMNYJbC MOMEHTA II€PeNaeTCs HAa BeNOMbIM
Ban. OGpaTHBIA XOA (CBOGOAHBIM XOJ MeXaHusMd) OCYIIECTBASAETCS MOJ
AefAcTBueM npYKuHBEL 12.

HactoTy BpalleHHsI BEIOMOTO Bajla DETyJAHPYIOT C [OMOLLbIO poI-
4ara 3. Pbluar BO3JEHCTBYET Ha XBOCTOBHKH 2 KODOMBICEN, OrpaHHYHBas
HX XOL. B pesyabTare amminTyna KoJeGamuil KOPOMBICE] CHHMKAETCH,
Ha BEJOMBIH BaJ IePEefaeTcsi MeHbIIMH HMIYJbC MOMEHTa W 4YacToTa
BpalneHus BEJOMOTO Basna yMmeHbliaercsi. Eciu prmuar 8 He ‘Kacaercs
XBOCTOBHKOB 2, KOpOMbic/a /0 MMEIT MAaKCHMaJbHYIO aMIIHTYLY KO-
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Puc. 8. Bapuatop MBA ¢ mukpoxpamosuiMu MCX

ne6anuii. Hem Goabme Bo3jefcTBHE phuara § HA XBOCTOBHKH 2, TeM
Gonbile Yrosi NOBOPOTA 3KCHEHTPHKOB I[4, KOTOPOMY COOTBETCTBYET
PaspbiB KOHTaKTa MEXJY KOPOMBICJIOM H MOAMIHIHUKOM. [Jocie BriGopKy
8a30pa MEXJy NOJAUIHNHHKOM 3KCIEHTPHKA M KOPOMBICJIOM NPOHCXOLUT
yAapHoe BK/oueHHe. [lJsi CHUXKEHHS H3HOCA KOPOMBICEJ OT yHapHBHIX
HarpysoK mpHMeHeHbl BCTaBku /I. HcmosbsoBanue Tpex 3KCUEHTPHKOB
u cootsercTBeHHO TpeX MCX nosponsier CHU3HTL HEpAaBHOMEPHOCTb Bpa-
IEHHS BEJOMOIr0O BaJja.

Kak Buano, B Bapuarope MBA mnpuMenen renepartop HMmyJibCOB
KyJIauKOBOTO THNA U B KayeCTBE BHINpAMUTeNeH — poaukoBrie MCX.
Hcnonbsyembie B Bapuaropax MBA posmkosbie MCX mpencrapisior
HauGoJIee PacIpOCTPAHEHHYIO KOHCTPYKLHMIO C BHYTPEHHEH 3Be3fOUKOf
H CO BCTAaBKaMH, 3aKDENJIEHHHIMH Ha 3Besjlodke. KOHCTPYKuuM ¢ BHY-
TPEHHEeH 3Be3JI0UKO# Gosiee MPEANOYTHTENbHbI, YEM C HapPYKHOH 3BE3J04-
KO#1, TaK KaK OHH NPOLIE B U3TOTOBJICHHH H HMEIOT GOJIbLIYIO KOHTAKTHYIO
NPOYHOCTb NPU OAHHAKOBHIX PasMepax M MaTepHasax.

BceraBku 3Besgouku us cranu HUIX15 umeoT pocraTouno 6OJBLIYIO
tBepAOCTh (HRC 60 ... 62). Hecmorpsi Ha 3T0, MEXaHHM3MBI BBIXOAST
M3 CTPOsi (HAaYHHAIOT NPOGYKCOBLIBATH) HMEHHO H3-332 WX H3HOca. [las
MOBBIIEHUS] JOJIIOBEYHOCTH MEXAHH3MOB C BHYTPEHHEH 3BE3JOYKOMH
PEKOMEHAYeTCA HCIOML30BaThb BCTaBKH H3 TBepporo cmiasa TI15KS,
YBEIHYHBATh YHUCJIO POJIMKOB M NMPHMEHSATb BCTABKH HE C IJIOCKOH pabo-
yeil MOBEPXHOCTbIO, @ CO CHEHUANbHBIM NPOQUIIEM, MPH HCHOJb30BAHHH
KOTOpOT'0 yroJl 3aK/JMHHBAHUS CYLIECTREHHO HE H3MEHSETCS C H3HOCOM
Mexanusma [22].

Bapuamop HBA ¢ mukpoxpanosemu MCX BrIy¢KaeTcs cepuitHo ANs
sabpacmiBaTeneli TomauBa. KOHCTpykuusi Bapuatopa He H3MEHHJACh,
TOJbKO GJIOK posnkoBbiXx MCX 3ameneH Ha 610K MHKpoxpanoBmix MCX

(puc. 8).

Ha muirmet BeloMoro Bana / mocaxensl XpamnoBHE KoJeca H3 CTadH 45, HMeEIOUue
64 sy€a, iuamerp 65 MM, mwar 3,2 MM, BbicoTa 3y6a 1,2 M. Ynpyrue mraMnoBaHHbIE NJa-
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CTHHBl § HMEIOT NJIEYHKH, KOTODHe BCTABJSAIOT B OTBEPCTHA GOKOBLHIX Kosern 2. Bokoprie
KOJIBIA YACPKHUBAIOTCA OT OCEBOIO NepeMEIeHHs BRICTYIIaMH KoJec 6. Hapyxkuoe koabno
8 3aKaTo MeXAy GOKOBEIMH KOJBLAMH 2, KOTOpLIE CTSTHBAIOT BHHTaMH 7. Phiuar KOpo-
mbic/ia [0 H XBOCTOBHK 8 npuBapuBanT K Koably 3. LITHIph 4 CAYXKHT RIS KpemeHus
NPYXKHHB, CBA3AHHOH C KOPNycoM BapHaTopa M NOMXKuMawuledl kopommicao [0 x mox-
UIHTHAKAM 3KCUEHTPHKOB. YNpyrue MIacTHHb & HONKHMAIOTCS K XPANOBHKY NPYKH-
HaMH 9, KOTOPHIE OXBATHBAIOT ILIACTHHY, OTHGAIOT 3aTHUIOK MJIACTHHM M YHHPAKTCA
B KopIyC. VX KOHIH 3aBONAT MeKAY 0ChIO IIACTHHE H KoprycouM. [IpyxKuna ue npukpen-
JleHa K Kako#-n1n60 NETANH M YNepPXKUBAETCS B 3aJAHHOM MOJOKEHHH AeHCTBYIOUHMH
CHJIaMH H CHJIaMd TpeHHsi. KOHCTPYKIuS MOJKHUMA NACTHH BecbMa NPocTa H AOCTATOYHO
HaJlexxHa B pabore.

Yacrora BpameHnus: Beaylero sajna Bapuatopa 300 mMun~!, BegoMoro
0 ... 20 mun~!, MakcHMa/bHbLIA BpAIIAOUKHA MOMEHT Ha BEIOMOM Baly
100 H-m.

Muxkpoxpanosoit MCX Bapuatopa MBA no cpaBHeHUIO ¢ POJHKOBHIM
MMEET MEHbLIYIO MacCy 3a CUET HCKJIOYEHHsI MacCHBHOH 3Be3JJOUKH, DO-
JIHKOB M HAPYXKHOHA O6OHMBI, MPOILE B M3FOTOBJIEHHH, B HEM HCIIOJAb3YIOT
MeHblIIe JIETMDOBAHHOH CTaJIH, U3 KOTOPOH H3TOTOBASIOT TOJBKO IJa-
cruibl. Cujla MOJXKKMMa KOHIA IVIACTHHBI K XpANoBOMY KOJIECY COCTaB-
asier 10 H. Herpyzno noxcuutaTh, YTO NMOTEPH NPH XOJOCTOM XOAE
HesHauuTeJdbHBl. JloAroseynoctb MHKpoXxpanosoro MCX 3HauuTenbHO
gosible, 4yeM y ponukoBoro. Ilo pesysbTaTaMm HalIHX M 3aBOACKHX
HCIIBITAHUR J0JIroBedHOCTb poaukoBhX MCX cocraBmia 500 u, muKpo-
xpanoBuix — 4000 u [20]. Mukpoxpanosoii MCX serko BmHchbIBaeTcs
B raGaputhl POJHKOBOrO MEXaHH3Ma H HMeeT 3amac AJsi YCTAHOBKH
JOTOJIHUTENbHBIX TUIACTHH, YTO MOXKET MOBBICHTb pecypc. Y pOBEHb
3BYKOBOIO JaBjeHuss MuUKpoxpanosoro MCX, 3amuToro maciom, JHUILIb
HEMHOTO BBIl€, YeM Y POJIHMKOBOTO, M HAXOAHTCS B IpelesaX HOPMHI.

Bapuamop pupmer «Cumno undycmpuasoxo» (SInouus), npuseneH-
bt Ha puc. 9 [22], ofecneunBaer GeccTynmenuaroe peryJHpoBaHHe
4acToThl BpamieHus B AuamasosHe 0 ... 25 muu~L.

Ha sepymem Bany / (puc. 9, @) Hacaxeubl 1eTHpe SKCIEHTPHKOBHIX JHCKA 2, CABH-
HYyTHE Ha yroa 90° OfHH OTHOCHTENBHO APYroro. DKCUCHTPHCHTET MOXKHO DEr'yJHPOBATH.

Ha sejomom Bany 9 Ha wmnonke ycTamoBieHb! 3Be3fouku [0 pomnkosux MCX. Hapyx-
Hele 060MMBI MeXaHH3MOB CBOGOJIHOTO XOJa 06pa3yIOT OAHO NEJOe C KOPOMBICJaMH 4,
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Ha KOHIe KOTODHIX HAa MOMIMHIHHKAX Kaye-
HHS CMOHTHPOBAHH poaukd 3, NMepeKatH-
Balomuecs npH paborte BapuaTopa no pado-
YHM HOBEDPXHOCTAM SKCHEHTPHKOBBIX JAHC-
KoB 2. B oTBepcTHe Bepyuwero Baaa [ mo-
MEIEH PEeryJAHPYOmKH Bajduk 7, KOTOPHIK
CONpATAETCH CBOEH LHIHHAPHIECKOR YaCThio
c BasoM ]. Bammk npuxKuMaer K BHHTY 6
npyxuua 8. Ha sBanuke 7 (puc. 9, 6}
HMEIOTCS CKOIICHHHE JHICKH; Ha HHX NOMe-
mensl cyxapu 5 (puc. 9, 8) ¢ jpuckamu 2.

YacroTa BpaleHHs PEryJaUpyercs nyTeM 0CeBOro mepeMeleHus pery-
JIUPYIOIIEr0 BajJxKa [OBOPOTOM BHHTA 6, YTO NPUBOAHT K PafAHATbHOMY
nepeMelliennio CyxapeH, a cleloBaTesbH0, K H3MEHEHHIO JKCIEHTPUCH-
TeTa JAMCKOB. Perysmpyiomee ycrpo#icTBO ofecmeynBaeT B IPCLECCE
peryJupOBaHHsl OJMHAKOBBIH 3KCHEHTPHCHTET BCEX HUCKOB.

B Bapuarope uCHONb30BAH KYJAYKOBBIH IeHEpPAaTOpP HMIYJ/IbCOB,
TI03TOMY €ro OTHOCAT K BapuaTopaM KyJaukKoBOT'O THIIA.

Tenepamop umnyaocos (npeobpasyrwouyuli mexanusm) KYAauKoso20 6a-
puamopa mokasau Ha puc. 10 [18].

Mexanusm colepXHuT BelymHit Kynauox I, poauk 2, xavaiomuiics Tonkartean BC,
HOABHKHYIO onopy E u xopomeicsio CD, cBA3aHHOE C BELYIINM 3B€HOM MeXaHH3Ma CBOGOJ-
Horo xoia. Omopa E coflepKHT Kauyaiomeecs 3BeHO 3, B PAaCTOUKE KOTOPOTO CBOGOIHO
nepememiaercss BAOJMb CBoeH ocu TosxaTesb BC. Onopa MoxeT GbiTh NEpeIBHHYTA Cle-
HHAAbHEIM DErYIHDPYIONIMM MEXaHHSMOM BJOJb Hampasasiomux 4. B pesyibrate mepe-
MellleHus onops E H3MeHSeTcs aMIIHTYAa KavyaHHs Kopomwbiciia CD mu TakaM 06pa3oM
peryaupyercs mepeflaTOYHOE OTHOILEHHE BapHATOPA.

Bapuamop sybuamo-poancnozo muna [22]1 npuBenen ma puc. 11.

Ha sepymuit Ban 3 mocnefoBaTejbHO HacaxKeHB! OZHA HAa APYTYIO CIeAylomue Xe-
Tajn: SKCIEHTPHKH 4 H 5, MAPHKONOAMMIHUE 2 H BuCK / ¢ KOJbUEBLIM masoM. B mas
IHCKa BXOXMT POJHK 6, BpamialomAiicsd Ha KPHBOLIKIHOM Najblie phlyara 7, JKeCTKO
3aKPEIVIEHHOT0 HA NTPOMEXYTOYHOM Baay 8, NMpaBof HacTbIO KOTOPOI'O ABJISETCH BHYT-
pennss obofima MCX. Hapyxuas o6ofiMa BrNOJHEHA B BHJE 3y6YaToOro BeHla 9, Haxo-
Asuerocs B NMOCTOSHHOM 3aUENJEHHU € 3y6uatuiM Kosecom [0, KeCTKO 3aKpelIeHHOM
Ha BejloMom Baay I11.

Puc. 10. Cxema resepatopa HMNYJbCOB
KYJIauKOBOT'O BapuaTopa

B Mexanusme mepenauu MMEIOTCS HSTb OJAMHAKOBBIX IPYIM, COCTOS-
IUX M3 Jerajed 6, 7, 8§ u 9, pacnoJoXKeHHHIX BOKDPYT OCH Iepefauu
Ha PaBHBIX PacCTOAHMAX JAPYT OT apyra.

Benymu#i Ban 3 NpHUBOAMTCS BO Bpall€HHE HENOCPEACTBEHHO OT
BaJa 3JIEKTPOABUTATE/NsT H COOOINAeT BpalliaTeJbHOe IBHKEHHE CHCTEME,
COCTOAIIEH M3 IKCUEHTPUKOB 4, 5 H BHYTDEHHEro KOJbLa MIAPHKOMOZA-
mynuuka. Juck I npH KOHUIEHTPHYHOM DACIOJOXKEHHH OTHOCHTEIbHO
OCH BEIyWIErO Bajia HEMOABMKEH, TaK KaK CyMMapHBIH MOMEHT TpPEeHHsA
MEXAY POJHMKAMH 6 H HX OCSIMHM NIPEBOCXOJHT MOMEHT TPEHHs IIapHuKo-
MOAUIMITHHKA.

[ToBopoToM 3KCUEHTpHKA 4 OTHOCHTENbHO Baja 8 M IKCUEHTpPUKA 5
JIOCTHraeTcsi U3MeHeHHe SKcUeHTpucurera Aucka /. Ilpu Hamumuum skc-
IEHTPHCHTETa JHCK COBEpIlaeT CJAOXKHOE IIOCKOMapasieabHOe MIBU-
XeHue, BHI3BIBaA KOJeGaHWs pBHIYAroB 7, KOTODHIE yYepes MeXaHH3MbI
CBOGOZHOI'0 X012 U 3yGuaThie kosieca 9 u 10 coobuiaror spaniesue sany /1.
Baarogaps Hanu4uio nsTH CHCTeM, COCTOSIIUMX U3 jerasedt 6, 7, 8 u 9,
BeNOMBIE Bas /] 3a KaxAbi#i 0GOPOT BeAYIIEro Baja MOJydaer NocjAeno-
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Puc. 11. Cxema Bapuatopa 3y6- Puc. 12. HMnyJbcHe#l Bapnarop ¢ aBTOMAaTHue-
4aTO-PHIYAXKHOTO THNA CKHM YIpaBJIeHHEM

BaT¢/JbHO 32 paBHBIE NPOMEXKYTKH BPEMEHU NATH MPEPLIBUCTHIX Bpauia-
TeJbHBIX JBHXEHHH — NATb HMIYJbCOB. DTH HMNYJbCHL B Tako# mepe
NepeKpLIBAIOT APYT APYra, YTO 0GYC/IOBAHEAIOT HE TOJBKO HENPEPHIBHOE,
HO H JIOCTaTOYHO paBHOMEDHOE BpallieHHE BEIOMOro Baja. AMIUIHTYZAA
KoJeOGaHui phYaroB 7 OXHO3HAYHO CBSI3aHA C H3MEHEHHEM 3KCIEeHTPHCH-
Tera AMCKa I, Bo3pacras C ero yBeJuYeHHeM H yOhBasg C YMEHbILCHHEM.
IIpn usMeHEHHMH aMIIUTYAbl KoJieGAaHUH H3MEHseTc YroJ MOBOPOTA
BEAOMOI'O BaJia 3a OAHH HMMNYJbLC, a CJACAOBATEJIbHO, M 4YaCTOTa Lero He-
MpEePLIBHOTO BPAIiCHUS. ITnaBubIM H3MEHEHHEM 9KCUCHTPHCHUTETA MOXKHO
JO6GHTbCs 6ECCTYNeHYaToro peryaupoBaHus YaCTOTH BpPaIIEHUs BEJOMOTO
Baia B Auanasoue 0 ... 1000 muul,

Hunyavcroud eapuamop ¢ a8moMamu4ecKum YnpasaeHuem mpuBELEH
Ha puc. 12. [TepenaTounoe oTHOIIEHYE U3MEHSETCS B HEM aBTOMAaTHYECKH
B 3aBHCHMOCTH OT COMNDPOTHBJIEHUS HA BEAOMOM BaJgly.

Benymuit Ban 9 ¢ nOMOMmBIO SKCUEHTPHKA 8 W' INAPHHPHO 3aKPEMJIEHHOTO HA MOCTENK-
HEM 3KCLEHTpHKa 7 nepéiaer ABuxenue oboiime /1. O6oiima yepes priuary 13 u MIACTHHEL
12 npuBOXMT BO BpallleHHE XPANOBOE KOJIECO 5, PACHOJOKEHHOe Ha BEJOMOM Bafly 6.
Tractuns /2 ¢ nOMOMBIO PHYATOB /4 HMEIOT CBsA3b C KopmycoM 4 BapuaTopa. OTHOCH-
;mm;oe TOJIOKEHHE IKCHEHTPHKOB ONpefieisercsa NPYXKHHOH 2, cBsi3biBaroulell phuaru

" 3.

HMsmenenue compoTuBJEHHS Ha BEJIOMOM Baly NPUBOAKT K Aedop-
MaUWM NPYHHHBI, OTHOCHTEJIbHOMY IIOBOPOTY 3KCHUEHTPHKOB 7 U 8§ H
H3MeHeHMI0 X O0Ilero skcueHtTpucurera. B pesysabrare mensiores xox
1acTHH I2 ¥ COOTBETCTBEHHO YTJIOBas CKOPOCTH BEJIOMOro Baja. YBe-
JHYCHNE CONMPOTHBJICHUA OﬁYCJIOBJIHBaeT CHUXKEHHE 3SKCUCHTPHCHUTETA
H CKOPOCTH Bpamenusa BEIOMOro BaJa.

[ Pasjyunble KOHCTPYKLUHH HMMITYJAbCHEIX BApHATOPOB ONHCAHH B KHHI€
22].

3. UHEPUMOHHBIE TPAHC®OPMATOPbl BPAINAIOIIEIO
MOMEHTA

OnnuMM M3 NMepBHIX HHEDPIHOHHBIX Nepefay, mpeiioxkeHHuX B 20 ...
30 rogpl Geimn nepenaun CmouraH, Xo66ca, Yammepca [21]. Tepenaua
Cnontan noxoxa Ha nepepauy Bamxku (cM. n. 1) ¥ npuHnMnuanbHO
OTJHYaeTCA OT Hee HAJHYMEeM YNPYTHUX 3JEMEHTOB, PAacloJOXKeHHHX
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MEXIy HapyxKHOH oGoiimMoH kopnycHoro MCX H MacCuBHBIM Bpaiia-
O HMCSI TEJIOM.

Ilepedaua Xo66ca (puc. 13) 6bia paspaGoTaHa Aisi NpHUMEHEHHS
Ha TpPy30BHIX aBTOMOOH/IAX ¢HPMH «Moxcaef» (AHraus).

Benymuit Bas [ nepefaun H3roTOBJIEH 33 OXHO LEJIOE C IEPeAHEH KPHIIKONA BEAYIIErO
Maxopuka 2. Beaymufl mMaxoBuk pa3GopHBIH, B HEM HaXOASATCA MOMMLHUNHUKH Kauevus,
B KOTODHIX YCTAHOBJEHB OCH CaTeNAHTOB 4. Ha oCAX KpoMe CATEVINTOB 3aKpelJeHH
HeypaBHOBelleHHbe Ipy3Hs 8. Ocb, CaTeNJUT 4 i HEYPABHOBCIIEHHRE IPY3 3 COCTABATIOT
rpysosoe 3peHo. CaTeMuTH 4 HAXOAATCHA B 3aUEMVIEHWH C LEHTPAJbHOH ImectepHed 5,
YCTaHOBJICHHOR HAa KapJaHHOM Baly 8 aproMoOuag. Ilepefaua Br/iOYaeT oMK MEXAHH3M
CBOGOAHOIO XOJd, COCTOALIHH H3 BHYTPEHHEH 0COHMB 9, 3aKperyieHHOH Ha KApAAHHOM
Bajy, pabounx Teq 7 H HapYXHOH OGOHMEI 6, CBA3aHHOR ¢ KOPIYCOM NepefauH.

[Tpu BpameHHHu BeAylero MaxoBHKa IPy30BbIe 3BeHbsl B 3aBUCHMOCTH
OT IOJIOXKEHMs CaTe/VIHTOB CTPEeMATCA BpAlllaTe LEHTPaJdbHYIO Ile-
CTEpHIO 5 H KapAaHHBIH Baj 8 TO B HANpaBJeHUH BPAIIEHHS BaJa ABH-
raresis, TO B IPOTHBONMOJIOXKHOM. I[IpsAMOi uMITybC MOMeHTA mepejaercs
Ha TpaHCMHCCHIO aBToMOGHAsA. Ilpu nmeficTBHM o6paTHOro MMmyJabca
nepefHui KOHell KapAaHHOTO Bajla CTPEMUTCA NOBEPHYTHCS B HalpasJe-
HHM, MPOTHBONOJIOXKHOM BDIIEHHIO Bajia JABUraTe]s. STOMYy MOBOPOTY
npensarcreyer MCX. Kak BuilHO, mepeiHHH KOHel| KapJaHHOTO Bania
COBEpINAET MPEPHIBUCTOE IBUKEHHE, KOTOPOMY IPHCYIUU PA3rOHBI, TOP-
MOXKEHHs, BBICTOH. 3aJHMA KOHELl Bajia NpPH DAaBHOMEDHOM JBHIKEHHU
aBTOMOGHMJIsl COBeplLIaeT paBHoMepHoe Bpamienue. CiefoBaresnbHO, Kap-
JaHHBIH BaJsl BHIIOJHSAET (QYHKIHH TOPCHOHHOTO BaJaa. Ilis criaxuBaHus
HEpaBHOMEDPHOCTH BpAllEHUs KapJaHHOTO BaJja Ha ero 3agHeM KOHIE
YCTAHOBJIEH MaxoBHK I0.
Ilpu HEBHICOKOH YacToTe BpallleHHsl JBHIATE/si MOMEHT HHEPLHOHHBIX
CuJl TPY30BBIX 3BEHbEB, NPONMOPHHOHAJIBHBIA KBafpaTry YIJOBOH CKO-
234 5 10 poCTH, OKAa3BIBAETCHA He-
GOJIbIINM, ¥ aBTOMOGHJIE
yIAEpXKHUBAETCA Ha MeECTe
C [OMOHbIO TOPMO30B.

ﬂﬁ i \é( Kapaanusiit Basi npu 310M
6yner 3akpyueH Ha He-

/it

g

1
A

%2

\

1

i S

Puc. 13. Tlepenaua Xo66ca
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Puc. 14. Tepenaua Yanmepca

GOJIBLIOA YroJ M OCTAHeTCA HENMONBHXKHBIM, eClIu KecTKocTb MCX
JOCTaTOYHO BesHKa. IIpH GOJbIIOM CONPOTHBJEHHH ABHUKEHHIO aBTOMO-
OuJisl yCTAHABJHMBAETCS PEXHMM TpaHCOpMAlMM MOMEHTA, XapakTepu-
3yeMblil HUKJAMYECKOHR paborTolt nepenaun. IIpu HeGONBLIOM COMpOTHBJIE-
HHY (MOMEHT CONPOTHBJ/IEHHS HA KapJaHHOM Baly He NPEBHIIAET MOMEHTA
JBMTaTeNs) NPOHCXOAUT NEpexox Ha npsmylo mepepauy. Heypasrose-
HIEHHBIE TPY3hl 3aHUMAIOT MOJOXKEHHE, GIU3Koe K KpaliHemy. MaxoBuk 2,
HEYPaBHOBELICHHbIE IPYSHl 3, CAaTeNIHTH 4 ¥ HEHTpaJNbHas IIECTepHsS 5
BpAIIAIOTCsA KaK OAHO LEJIoe C HeGOJBIIHMY KOJIeGaHUAMH APYT OTHOCH-
TEJBHO Jpyra.

Ha yx/one aBTOMOGH/Ib MOXET YAeDHHMBATbCA OT JBHKEHHS Ha3aj
MEXaHH3MOM CBOGOAHOro Xoja. IlociefHuil BBITONHEH pEBEPCHBHLIM.
On ycranas/iuBaercs B IOJIOXKEHHE MEPEJHEr0 MJH 3ajJHETO XOAA C IO-
MOWIbIO T'HAPABJHYECKOTO LHJIHHADA, KOTOPBIH YIPABJASETCS 30JI0THH-
KOM, MPHBOJHMBIM B JEHCTBHE pPBHIUATOM.

Ilepedaua Yarmepca (puc. 14) npeanasHaueHa, [0 MHEHHIO U306pe-
TaTtesst, AJI1 YCTAHOBKH HA AaBTOMOGHJb.

Conneunas mecrepssi /, 3aKpenjieHHas Ha BeAYIIEM Baly 2, IPHBOAHT B ABHIKEHHE
caresuinTH 4. [locnefiHHe MMEIOT HEYPaBHOBEIUGHHBIE TPY3bl H BpAIIAIOTCA HA OCHX BO-
Iuaa 3, xotopoe uepes daaner, /2 cBsS3aHO C HAPYXKHbIME obofimamu IByx MCX: 10 u 11.

HYTpeHHsa obofima 5§ MCX 11 sakpensiena Ha BefloMOM Bany 7. BuyTpernsas ofofima 6
MCX' 10 cBsisana c iecTepHell 8, Haxofsimelcs B 3alleIIeHHH ¢ pefikol 9.

Ilpu Bpamennn Beymero Bana caTe/IuTH 4 C HeypaBHOBEUICHHBIMM
Ipy3aMH CO3Jal0T 3HAKONEpPeMEHHbIH MOMeHT Ha Boawie J. Ilpsmoi
umnysabe yepes MCX 1/ nepepaercss Ha Begombift Ban 7. O6parubifi
HMIYJIbC U€pe3 MeXaHH3M CBOGoAHOro xoza I0, mwectepHio 8, peiiky ¢
¥ mopiiHy I3 BOCIPHHHMMAETCS YNPYTHMH 3JIEMEHTaMH, 3anacCamouiiMH
NOTeHNHaNbHYIO 3Hepruo. Hakoniennass sHeprHs pacxopyercs npu
HeACTBHH NpPSIMOTO HMIYJbCa.

Uukn paGoTh mepenaud CKJAAALIBAETCSl M3 DPasroHa Bomuia 3 10
YTJI0BOH CKOPOCTH BEZOMOI'O Bajla 7, COBMECTHOIO JBHXKEHMsI BOJAMIIa
H BejOMOr0 Bajla, NPH KOTOPOM Ha BEIOMBIE 3JIEMEHTHl Mepelaercs
HMnyabc MOMEHTA, TOPMOXKEHHS BOAMJA JI0 OCTAHOBKM H JNBHIKEHUS ero
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