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HpaKTI/IKa IMPOCKTUPOBAHHUA, OBKCITyaTallUM MW HCCICAOBAHHA IIJIIAHCTAPHBIX
MEXaHU3MOB IO3BOJIWIIA pa3pabOTaTh psiJi MEp, HANPABJICHHBIX HA CHIKCHHE MX
BI/I6p0aKTI/IBHOCTI/I, B TOM YHCJIC, 3@ CHCT CHUXCHUS ypOBHeI\/JI BO3MYyIIAOOUX CHJI
MyTeM WX B3aMMHOH KOMIICHCAIMH. B cTaThe M3II0KEHBI HEKOTOPBIE MPHUMEPHI
WCIOJIb30BAHUS 3TOTO IOAXO0Ja B 0O0JACTH OOOPOTHBIX M 3yOIOBBIX YacCTOT.
Onnako ux 3QdekTuBHOCTh HE OyAET pealiM30BaHa MOTHOCTHIO 0€3 COOI0IeHUS
PaBHOMEPHOCTH CTAaTUYECKOI'0 HArpy >XKEHUs 3aleIUICHUN Kak I10 [apaJule/IbHbIM
MOTOKaM MOIIHOCTH, TaK W 10 IIWPHHE 3yOuaThIX BEHIOB. /I CyIOBBIX
IUIaHCTAPHBIX HEpcaaqd 3TO OCO6€HHO AKTyaJIbHO B CBA3U C GOHLH_II/IMI/I B€CaMUu
KoJIeC, HEPaBHOMEPHO HarpyKaroluMHu 3amneruieHus. [loaTomy B cTaThe
c(OpMYJIUPOBAHO TMPEATOKEHUE MO0 KOHCTPYHPOBAHUIO IJIAHETAPHBIX Mepenad,
o0ecrieunBaroIee pasrpy3Ky 3aleIUICHHd OT BO3JCHCTBHS BECOB KOJEC M TEM
CaMBbIM CITIOCOOCTBYIOIIIEE CHIKEHUIO BHOPOAKTUBHOCTH TNIAHETAPHBIX TIEpeiad.

KntoueBble cioBa: BHOPOAKTHUBHOCTH, IUIAHETAPHBIA PENyKTOp, CTaTHYecKas
Harpyska.

BBEJEHUE

OgauM W3 HauMeEHee 3aTPaTHBIX IyTeH CHIDKCHHS BHOPOAKTHBHOCTH 3yOUYaThIX
MEXaHU3MOB SIBJISIETCS YMEHBIIICHHNE WHTCHCUBHOCTH MCTOYHHUKOB BO30YXKICHUS BHOpAITUil.
[Ippy 5TOM TIOBBIIICHHE TOYHOCTH Hape3aHWs 3yObeB HWMEET BIIOJHE €CTECTBECHHBIC
OTpaHWYCHUS, HAKJIAIbIBAEMbIE TEXHUYECKUMH BO3MOXKHOCTSIMU CTAaHOYHOTO O0OPY/IOBaHUS
M, K TOMY JK€, HE SBIACTCS IOCTaTOYHO S(PPEKTUBHBIM CPEACTBOM, €Clu aehopMaIius
3JIEMEHTOB MEXaHW3Ma IPEBBINIAECT MOTPEIIHOCTh UX M3TOTOBJIEHUSA. B cBs3u ¢ 3TUM Oosee
JIOTUYHBIM TIPEACTABIISETCS TOBBIIIEHHE S(PPEKTUBHONM TOYHOCTH Tepenad MeToJaMu
B3aMMHOM KOMIICHCAIIMK TIOTPEIIHOCTEH, AchopManvii W BO3MYIIAIOIIUX CHJ, YEMYy B
MOCJIETHEE BpeMs YACISUIOCH OOJIbIIIOE BHUMAHUE.

1. IPUMEPBI B3BAMMHON KOMITEHCALIMY BO3MYILIAOIIMX CHJI

B o0nactu 0OOpPOTHBIX YACTOT CHWXKCHHME YpPOBHEW BHOpAIMii BO3MOXKHO METOJaMH

ypaBHOBemIMBaHUsA. [IpuMeHuTeNnbHO K 3y04aThiM mepefgayaM 3TO  O3HAa4yaeT He
TPaJUIMOHHYIO OallaHCHMPOBKY, a B3aMMHYI0 KOMIICGHCAI[MIO CHJI HebalaHca M CHJ,

00yCIIOBJICHHBIX MEPBOI TAPMOHUKON KMHEMAaTHYECKOW MOTPEIIHOCTH 3y04aThIX BEHIIOB.
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PacueTHble wMcclenoBaHMS Ha MOJENH, COCTOSIEH W3 mapbl 3yOuyaThIX —KOJIEC,
YCTAHOBJICHHBIX B ONOpax CKOJIBKEHMs, MTOKa3alH, YTO MONEepeyHble KoyeOaHus Koieca, Ha
KOTOPBI yCTaHABJIMBAETCS TPy3, MOTYT OBITh TIOHW)KEHBI B 5—7 pa3 NpU COXPAaHCHHUHU
YpOBHEW BUOpAIMK Ha COMPSHKEHHOM KoJIece.

OxcnepuMeHTasbHas nposepka Ha cteHae MMAII PAH c mapoil konec mokasaia, 4To
CHIDKEHHE BHOpaIMK Omop 3y04aToro poTopa B pe3yjbTaTe YPaBHOBEIIMBAHUS COCTABHIIO
4-6 n1b. CpaBHUTENbHO HEBBICOKAs 3(P(PEKTUBHOCTh OOBSICHAETCS PA3IUYHOM NPUPOIOiM
BO3MYUIAIOIMX CHJI. BpAILAIOUIMNICA BEKTOp LEHTPOOEKHOW CHIIBI — B MEPBOM Ciydae U
IOCTOSIHHO OPUEHTHPOBAHHBIH 110 JIMHUM 3aLEIUIEHUS] BEKTOP KUHEMaTHYECKON MOIPEIIHOCTH
— BO BTOPOM.

B 1utaHeTapHpIX MeXaHU3MaxX TOJOXKEHWE B KOPHE MEHSETCs, TIIOCKOJIbKY H3-3a
B3aUMOJICHCTBHS C CaTEJUTUTAMU BEKTOP KHHEMAaTHYECKOW TOTPEIIHOCTH HEHTPAILHOTO
KoJIeca TaKK€ BPAIaeTCsl C €r0 0OOPOTHOM CKOPOCTHIO, YTO MO3BOJISIET, B CIy4ae MACAIbHON
«IUTaBAIOIIE» MOJABECKM LEHTPAJbHOTO Kojeca Ha 3yOuaThix Mydrax, mnomepeuHOH
KECTKOCTBIO KOTOPOH MOXKHO TIpeHeOpeuyb, TOJHOCTHIO CKOMIIGHCHPOBATh Ha HEM
HH3KOYAaCTOTHBIC BO3MYIIAIOIINE CHIIBI BO BCEM Jiana3oHe yactor (puc. 1).
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Puc. 1. B3anmuast koMIieHcaIusi BO3MYIIAIONIUX CUJI B CITy4ae HiealbHON «IaBaoleii»
MOJABECKH IIEHTPAJIBLHOTO KoJeca

[Ipy HaIMYMU MONEPEYHOW >KECTKOCTH IMOABECKU (MM OMOpP) B3aWMHAsi KOMIICHCALMS
BO3MYILAIOIIUX CHJI BO3MOXKHA Ha OZHOM CKOPOCTHOM pEXKHME, Ha OCTABHBIX PEXUMAax
adpdext magaer (puc.2). D10 00BsCHAETCSA CcieayromMM oOpa3oMm. B obmem ciyuae y

LEHTPAIBHOTO KOJIECA MOJKHO BBIIENMTh TPU XapakTepHbix uentpa (puc. 3): O, — UEHTpP
Tsokectd, O,,, — LEHTP HavalbHOH OKpPYKHOCTH 3y0OuaToro BeHILA (LEHTP yCTaHOBKU

JieTall Ha cTojie 3y0ooOpabaThiBatomiero cranka ), O,, — ICHTP BpAILCHUs, 3aJaBacMbIi
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ONOpaMH HIIH YIIPYTO# MOABECKOM. OUCBHIHO, YTO BPALICHHE Kojleca OTHOCHTENBHO O, He

BBI3BIBACT I_IeHTpO6e)KHHX CHUJI, a BpalllcCHUC OTHOCUTCIIBHO OKuH HC MMPUBCACT K MOABJICHUIO

KMHEMaTU4YeCKOW TMOTpemHoCcTH. PeanbHO IeHTpanbHOE Kojleco OyJeT BpamaThes
OTHOCHUTEINBHO IIeHTpa O, KOTOPBI aBTOMAaTHYECKH YCTaHABIMBAETCS TaKUM 00pa3oM, 4TOObI

— —

yopyru€ BOCCTAaHABJIMBAKOIIHUE CHIIBI B OIIOpax F u 3anemieHusx F

on A TaKKe

ueHTpoberxHast cuna F 5 ObuIn OBl ypaBHOBCIICHBI HA LICHTPAIBHOM KoJjiece. IIpu aToM

= = 2

F6 =MEs0°,

qun = 0’ 5k3a14 ncekuu '
Fon = kon on !

rac eu6, €.n U €,, COOTBETCTBEHHO BEKTOpa YKa3aHHBIX LICHTPOB OTHOCUTEIBHO LICHTPA

BpamieHusi O, ks,au, K,, — JKECTKOCTb 3alleIUIeHHs1 ¥ orop, N, — YHCiIo carewuToB. Ha

IPOM3BOJILHOM pPEXUME I0 @ MOXXHO TOA00paTh YPaBHOBEIIMBAIOUIME TPy3bl TaKUM

o0pa3oMm, 4ToOs! 1ieHTp BpamieHus O coBnanai ¢ O, (puc. 4).

A=2,4371,E=.0380 (7.137)
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Cp. kB. ypoBeHb BubOpanuu (1b)
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Puc. 2. B3anmHasi KoMIieHcaIusi BO3MYILIAIONIUX CUJI PU HATUYUH
MONIEPEUHOM )KECTKOCTH OIOP

ITockonbky Ifuﬁ :IEKMH u €, =0, To B0o30yxneHus BuOpauuii He mpousoiaer. Ilpu
U3MEHEHHH (@ PAaBHOBECHE CHJI HApYIIUTCS M LEHTP BPALICHUS OyJEeT CMEIIAThCs, MOSBUTCS
cuna Ifon =k,,E,,,» 9TO TpHBeNeT K BO30yXaeHHI0 BHOpammii. B ciydae wnpeambHON
«mnaBatomieit» noxasecku K, =0 u Bo30yxaeHuss He OyaeT BO BCEM JAUANa30HE .

OKCIepUMEHTAIbHO 3aMEepeHHbI MakcuManbHbli 3(dexT Ha crenae MMAII cocraBui
20 nb.
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[Ipu ycraHOBKe Kojec Ha 3y04aThix Mydrax pamnuoHaidbHas cOopka mocienaux [1]
00eCTeunT B3aUMHYIO KOMIICHCAIIMI0 KHHEMATHYECKUX TTOTPEITHOCTEH KOJIEC U cCaMHUX My (T,
a TaKXe IEHTPOOCKHBIX Ccuil. Mertoauka CcOOpKHM TMpeArojaracT 3amMepbl BUOpauu
MeXaHW3Ma MpPH JABYX PAa3JIUYHBIX YIJIOBBIX TOJOXKCHUSAX MOIYMY(PT C IOCIEAYIONIHM
PACUCTHBIM Pa3BOPOTOM HMX HA YIOJ ¢p B OIITUMAJIBLHOC MMOJIOKCHUC:

: 2
t9gp =2l 5 sin(py — @2) I(1-115),
0
Il,Z = L1/L2, 0< Do <180 y

rae Ly u @ cooTBETCTBEHHO YPOBHU U (pa30BbIN Yrosl BUOpaLUK IpH i-OM 3aIyCKe.

Puc. 3.

CxeMa BO3MYIIAIOMINUX CHUII,
JNEHCTBYIOIINX HA IEHTPATHLHOE KOJIECO

Puc. 4.

YpaBHOBENIMBAaHUE BO3MYILAIOIINX CHII
Ha LEHTPaJIbHOM KOJIeCe

DxkcrniepuMmenTanbHas npoBepka Ha cteHae UMAII PAH mokaszama cHmXeHHE ypOBHEH
BUOpanuii B cpeaaeM Ha 10 nb mpu pacdeTHOM 3HAYECHUH YTIIa Pa3BOpOTa MOITyMYyQT.

B oGmactu 3yOIIOBBIX YacTOT B CiIy4ae KOCO3yOBIX KOJieC B3aWMHasi KOMITCHCAIIUS
BO3MYIIAIONIMX CHJI OCYIIECTBIISIETCS BBIIIOJIHEHUEM IPOTOUYEK Ha BCIO BBICOTY 3yObeB
napajuieIbHO TOpIAaM KOJIEC M OTCTOSIIMM OT HHUX W JAPYyr OT Jpyra Ha pacyeTHHIC
paccrosiaus [2]. TIpu 3TOM Kakaas 4acTh 3y04aToro BEHIIA SIBISETCS CaMOCTOSITEIbHBIM
UCTOYHUKOM BO30YXKICHHSI BUOpalnid, TEHCTBYIOMUM ¢ (a30BBIM CIBUTOM 110 OTHOIICHHUIO
Ipyr K Jpyry. OKCIEpPUMEHTAJIbHO 3aMEpPEHHBbIM I(PQEeKT Ha aBTOMOOWMIBHON KOpOOKe
nepenay cocrabui 10-12 ab (puc. 5).

B kaxmol 1uiaHeTapHOM CTYNEHH B3aUMHYI0 KOMIICHCALIMIO BO3MYIIAIOIMIUX —CHJI

obecreunT pacyeTHOE YHUCIO 3yObEeB IIEHTPAIBHBIX KOJIEC ZUK, 3aBHUCIIIlEE OT YHCIa

CaTCJIJINTOB nc .
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Z, =kn 7', 1<Z'<n -1

BOBMYIJ_IaIOH_[I/IC CHJIBI B KaXXIOM j-OM 3alCIITICHUHN HeﬁCTBYIOT CO CABHUI'OM IIO (I)ase

0j =27 N/ JZ' u nx cyMMapHOe BO3/IEHCTBIE NPH yKa3aHHBIX 3HAYEHUAX Z' MUHUMAIBHO.

B peanbHbIX nepegauax CHUKEHHE ypoBHEH BuOpanuu coctabiseT B cpennem 10 nb.
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Puc. 5. CHuxenne ypoBHsl BUOpalii Ha 3yOLIOBBIX YaCTOTaX 7Sl KOCO3YOBIX KOJIEC C
nporoukamu. CrieKTp BUOpanuii KOCo3yObIX KOJIEC C POTOYKAMHU

2. OBECIIEYEHUME CUMMETPUU CTATUYECKOI'O HAI'PY>KEHMA

B npuBeneHHBIX YACTHBIX NPUMEPAX HCIOIB30BAHHUS KOMIIEHCALIMOHHOTO METOAA
BO3MO)KHA IIOJIHAas B3aMMHas KOMIIEHCAIMsl Bo3MyInarommx cuil. OAHako, Kak CleayeT u3
U3JI0’)KEHHOT0, Ha MPAKTHKE OHA HE PealM3yercsl MOJHOCThIO. DTO OOBSICHSETCS, B MEPBYIO
odepelb, HEPaBHOMEPHBIM PAaCIpPEACIICHHEM CTaTUYECKOM HAarpy3Ku Kak IO IapaJuleIbHbIM
NOTOKaM, TaKk M IO IIMPUHE 3yOyaThIX BEHIIOB, MOCKOJIbKY IMpPHU MEPEMEHHOW BO BpEMEHU
JKECTKOCTHU 3aLEIICHUN CTATUYECKUE HArPY3KH SIBISIOTCS COCTABIAIOIIMMH BO3MYILAIOIIMX
cwi. C oAHON CTOPOHBI, 3Ta HEPAaBHOMEPHOCTH BbI3BAHA IMOTPEIIHOCTSIMH HM3TOTOBJICHUS U
cOOpKM TUJTAaHETAPHBIX CTYNEHEH, KOTOpble MOTYT OBITh CKOMIIEHCHPOBAHBI CEJIEKTUBHON
cOOpKOIi CATEJUTUTHBIX Y3JI0B C UCIIOJIB30BAHUEM KOMILIEKCHOTO TOYHOCTHOTO napamerpa [3]
WIN YCTaHOBKOW CaTEJJIUTOB HA SKCIEHTPUKOBBIE BTYJIKH, Pa3BOpayMBaeMble IpU COOpKe O
pe3yiibTaTaM TOYHOCTHBIX 3aMEPOB.

C apyroii CTOPOHBI, ISl CYJOBBIX MEXaHHU3MOB OOJIBIIYIO POJIb UTPAIOT U OOJBIINE Beca
KOJIEC, HEPABHOMEPHO HAIPY’KAIOIIME 3aLCIUICHUs CaTEeIJIMTOB. BecoBble Harpy3ku MEHbLIE
[0 BEJIMYMHE MO CPAaBHEHMIO C TepeaBaeMbIMU pabOuMMH yCUJIMSIMU, OJHAKO, BBI3BAHHBIC
MIOCJIEIHUMH BO3MYLIAIOLIME CWJIBI B3aUMHO KOMIICHCUPYIOTCS HAa3HAYEHUEM pPacyeTHOIO
yuciaa 3yObeB HEHTPAIBHBIX KOJEC, KaK YKa3aHO BBIIIE, a peajbHbIe BO3MYILIAIOIINE CHIIBI
TEHEPUPYIOTCS BECOBBIMHM HAarpy3KaMu B 3alCIUICHUSAX U OCTAIOTCS MOCTOSHHBIMU Ha BCEX

pexxuMax padoTHlI.

B. N. Anapxos, M. A. lywkoBa
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[IpoBeneHHble  pacueTHbIE  UCCIEOOBAHMS  IMOKa3aJd, 4YTO TMpPU  CHEIHAIBHO
CKOHCTPYMPOBAaHHOW MOJBECKE IIEHTPAIBbHBIX KOJIEC, CATEINIUTOB U BOJUIIA MOKHO JOOUTHCS
pa3rpy3KH 3alleIUICHU OT BECOBBIX HAarpy3ok. JlJIsi 3TOro >KeCTKOCTH YHPYTrOW IMOJBECKU
KOJIeC W BOJAWJIA JIOJDKHBI OBITh WJIM MPOMOPLUOHANBHBI WX BecaM, WM O0ecleyuTh
CMEIICHUE COJIHEYHOM IIEeCTEpHU W OSMHIMKIA MOJA JACHCTBUEM HX BECOB Ha paBHbBIE
BeIMUMHbI, HO moja yriaoMm 180°—2« oTHOCUTENbHO BOAWIA, TAE @ — YTOJN TOPLEBOTO
3alleTJIeHHsI KOJIeC.

Ha puc. 6 mpencraBieHbl B3aUMHBIE IOJOKEHUS T€OMETPUUYECKOW ocHu peaykrtopa O,
COJIHEYHOH mmecTepHH S, anmiukia | u Boauina H, COOTBETCTBYIOIIME 3TOMY YCIOBHIO. Takoe
MOJIOKEHUE MOXKET OBITh JTOCTUTHYTO Ha3HAYCHHEM pACUYETHBIX BEJIMYUH KECTKOCTEH
MOJBECOK W JIOTIOJHUTEIBHON KOPPEKTHUPOBKOM B3aMMHOTO TOJIOKEHHS KOJEC M BOIWIA C
MOMOIIBIO 3KCIEHTPUKOBBIX BTYJIOK, YCTAaHABIMBAEMbBIX B MOJIIMIHUKAX BoAmia. B obomx
CIIy4asix MCKIIIOYAETCS «IJIABAHHME» LIEHTPAJIbHBIX KOJIEC B HU3KOYACTOTHOM JHMAra3zoHe NP
BpaIllCHWW BOJMJIA U MX KOJeOaHWs Ha 3yOIOBBIX yacToTaX. [lomoxurensHbiii 3hdekT 3Toi
pexoMmeHmanuu  oOycioBieH — ciexyromuMm. Ecim Beca  Kojec  BOCIIPHHHUMAIOTCS
WCKIIIOUUTENIbHO MX TMOJBECKOM Ha YNPyrux My(prax wWiId ocsX, TO TNPU KECTKOCTH
MOCJICTHUX, MPOTIOPIIMOHAIBHOM BEcaM, IIEHTpa BCEX KOJEC COBMAAYT. Tak Kak MpH STOM HE
BO3HHMKHET JIOMOJIHUTEIHHON Pa3HO3a30pPHOCTH B 3aIICTUICHUSX OTHOCHUTEIBHO HCXOIHOTO
MOJIOKEHUS, TO 9TO, KaK CJEACTBUE, HE MPUBEACT K Pa3sHOHATPYKEHHOCTH 3alleTlICHUH.
AHanornyHas KapTUHA IO Pa3HO3a30pPHOCTU OyJET U MPU BBHIMOJHEHHWU BTOPOTO YCIOBUS
B3aWMHOTO MOJIOKEHUs oceit kojiec (puc. 6), KoTopoe IomycKaeT OOJIBIIYI0 CBOOOAY BHIOOpA
KECTKOCTEH IMOJABECOK KOJIEC, HO Ul MOAOOpa MX HapaMeTpoB TpeOyeT HCHOIb30BAaHUS
OBM. TakuMm oOpa3om, uisl BBIIOJHEHUS TMOCTaBIEHHOM 3ajaud HEoOXOoJuMa yCTaHOBKa
AJIEMEHTOB TJIAHETAPHOTO Psijia Ha YIPYTOM MOJBECKE C paCUYETHOM JKECTKOCTHIO.

COBOKYMHOCTh TEPEYHUCIICHHBIX TMPEIJIOKEHUM TO3BOJIUT CYIIECTBEHHO TOBBICUTH
PaBHOMEPHOCTh CTaTUYCCKOTO M JMHAMHUYCCKOTO HArpy)KEHUS 3yOUaThIX 3alCIUICHHM, YTO

IpUBENET K JaJIbHEHIIEMY CHI)KEHUIO BUOpalMii IJIaHETAPHBIX MEXAHU3MOB.

Puc. 6. PGKOMCHI[yeMBIe B3aUMHBIC ITOJIOKCHUSA TCOMETPHUICCKUX LIECHTPOB KOJIEC
IJIAHETAPHOT' O psAda

B. N. Anapxos, M. A. lywkoBa
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3AKIIIOYEHUE

1.

Metoapl B3aMMHOM KOMIIEHCAIIMM TOTPEIIHOCTEH M3TrOTOBJICHUS 3yOuaThIX mHepeaay u
BO3MYILIAIOIIUX  CHJI  SIBISAIOTCS  3((EKTUBHBIM  CPEACTBOM  CHIDKEHMsS — HUX

BUOPOAKTUBHOCTH.

2. Pe3ynpTaTMBHOCTHP METOJOB CYIIECTBEHHO IOBBIIIACTCS MPU COONIIOJIGHUU CHUMMETPUU
Harpy>KeHus 3y04aThbIX KoJec.

3. BrIpaBHUBaHHE Harpy3ku 1O MapajUICIbHBIM IOTOKaM MOITHOCTH BO3MOXHO 3a CYET
pasrpy3kd 3alelyIeHuH OT BOCIPHUATHS BECOB KOJEC NPH PACUETHBIX 3HAYCHHSIX
’KECTKOCTEH MX MoBecoK (ommop).
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