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AHHOTANNA

IIpennoxen HOBBIH cnocod ¢opmMooOpa3oBaHUsl TOBEPXHOCTH OTBEPCTHS, LWIMHAPA HMITYJIECHO-
yIapHBIM J1e(OpMHPOBAaHUEM B MarHUTHOM moinie. PazpaboTaHa.KOHCTPYKIMS WHCTPYMEHTA JUIS OTAEIOYHO-
YIpOUHSIOmEeH 00paboTkHu. BhIMonmHEHO MaTeMaTHYEeCcKOE \MOJEIHPOBaHME: IIPOIIECCa COBMEIIEHHOW YIpod-
HSIOIIEH 00pabOTKH UMITYJIECHO-YIapHBIM 1e(OPMHUPOBAHIEM U BPAIIAIOMIIIMCS MATHUTHBIM ITOJIEM, TIPH KOTO-
poM obecriednBaeTcsi KOMOMHUPOBAaHHOE YHEPTeTHIECKOE-BO3ACHCTBHE Ha 30HY 00paboTku. [lomydensr anamu-
THUYECKHE 3aBUCHMOCTH JUIS ONIPEEIICHNS] KHHETOCTATHYECKUX XapaKTEPUCTHK NMPUBOIHBIX U Ae(hOPMUPYIOIINX
IIapOB UHCTPYMEHTA.
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Abstract

A new method for the formation of the surface of a cylinder bore by impulse-impact deformation in the
magnetic field is suggested: The tool for finishing-strengthening treatment has been designed. The mathematical
modeling of the process of combined strengthening treatment by impulse-impact deformation and a rotating
magnetic field has been done, in-which ‘a‘combined energy action on the area of treatment is produced.
Analytical dependencesto determine Kinetostatic characteristics of driving and deformation balls of the tool have
been received.
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Beeoenue BEPXHOCTH LIWJIMHIPOB 00ECIEUYNBAIOT Me-
TOJAMH IOBEPXHOCTHOIO IJIACTHYECKOIO
negopmupoBaHus Ha (UHHUIIHBIX OIEpa-
LIUAX TEXHOJIOIMYecKoro mpormecca. Jlus
peann3ali TEXHOJIOTHI MOBEPXHOCTHOTO
IUIACTUYECKOro Je(OpPMHUPOBAHUS TPUME-
HSIOT PAcKaTHUKHU >KECTKOIO U YINPYroro
tunoB. Haumbosee nepcrneKTUBHBIM SBIIS-
€TCsl yNPOYHEHUE IOBEPXHOCTU ILMJINHA-
POB pacKaTHUKaMH yHpyroro tumna, odec-
NEeYMBAIOIIMMH CTAaOWJIbHBIE CUJIOBBIE Ma-
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ManuHOCTpOUTENIbHAS IIPOMBIIII-
JEHHOCTh M3TOTOBJIAET IIWJIMHAPHI, HC-
HOJIb3yeMbI€ B IMHEBMO- U THMAPOCHCTEMAX
PasMYHBIX MallMH M MEXaHU3MOB, K Ka-
YECTBEHHBIM XapaKTEPUCTUKaM BHYTPEH-
Hell paboueil MOBEPXHOCTH KOTOPBIX
HPEIbABISAIOTCS BBICOKHE TPEOOBAHMS.

[loBpIIEHNE KAaYECTBEHHBIX M DKC-
IUTyaTallMOHHBIX CBOMCTB BHYTPEHHEH IIO-
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paMeTpsl Mpoliecca U BbICOKHE KaueCTBEH-
HBIC XapaKTEPUCTUKUA MOAUPHUITUPOBAHHO-
r'0 MOBEPXHOCTHOTO citost [1, 2].

OpHako TpajAULIMOHHBIE TEXHOJIOTHH
MOBEPXHOCTHOTO TIJIACTUYECKOro zaedop-
MHUpPOBaHUS B ONPEJECICHHON Mepe ucuep-
Najgl CBOM TEXHOJOTMYECKHUE BO3MOKHO-
cTH. B cBA3M ¢ 3TUM 0OJBIION HAYUYHBIN U
PAaKTHYECKUI UHTEpeC MPEJCTaBIAIOT CO-
BPEMEHHbBIE TEXHOJIOTUU IOBEPXHOCTHOTO
IUIACTUYECKOTO J1e(OpMHUpPOBAHUS C KOM-
OMHMPOBAHHBIM BHUJIOM JHEPTreTUYECKOTO
BO3JICHCTBUSL HAa YMNPOUHAEMYIO MOBEpX-
HOCTb JI€TaJlM, IO3BOJISIOUINE TOTYYUTh
MOIU(DULIPOBAHHBIT MOBEPXHOCTHBIH
CIIOW C YHUKAaJIbHBIMU CcBoOMcTBaMu [3, 4].

K uncny mepcrneKkTUBHBIX OTHOCHUTCS
TEXHOJIOTHUSI COBMEUIEHHON YIPOYHSIOLIEN
00pabOTKH BHYTPEHHEHW MOBEPXHOCTH IIH-
JUHAPOB HUMITYJIbCHO-YAAPHBIM PACKAThI-
BaHMEM MW BpamarumMcs (MMOCTOSHHBIM
WIA TEPEMEHHBIM) MArHUTHBIM TOJIEM,
MO3BOJISIIONIAs COBMECTUTh B OJIMH TEXHO-
JIOTUYECKUM Tepexo]] TPU OINepaluu: Y-
pOUYHEHHE MOBEPXHOCTHOIO CJIOS JAeTaiu
HUMITYJIbCHO-YJapHBIM packaTbIBaHUEM,
MOAU(UKAIIMIO TOBEPXHOCTHOTO CJIOSL Jie-
TajJu BpaIAlOUIUMCS MAarHUTHBIM HOJIEM
WHCTPYMEHTa, (OPMHPOBaHUE Ha MOBEPX-
HOCTH  J€Talyd  MAacJIOyAepKUBAIOLIETO
Mukpopenbseda. [Ipu 37oM coBMeneHre BO
BPEMEHHU MPOIECCOB MArHUTHOIO ' UM-
yJIbCHO-YapHOLO e OopMHpPYIOIIETO
BO3JICHCTBUI HA JIOKAJIbHBIM YyHacTOK IMO-
BEPXHOCTH HWIMHIpAa O0OecHeYrBaeT Mo-
TuUKaLUIo . CTPYKTYpHl HU_(pa3oBoro co-
CTaBa YHPOYHEHHOFO CJ0s, HUMEIOUIYIO
TEXHOJIOTMYECKOe-3HaYCHUE U MOBBIIIAIO-
IO SKCIITyaTalldOHHbIE XapaKTEPUCTUKU
noBepxHocTH [5; 6].

Oo0vexkm uccinedosanui

COBMEIICHHYIO YNPOYHSIOIYI0 00-
paboTKy BHYTpEHHEH TOBEPXHOCTH IIH-
JAUHApPA UMITYJIbCHO-YAAPHBIM pacKaTbIBa-
HHEM U BPAILAIOIIMMCS MarHUTHBIM I10JIEM
OCYILECTBIIAIOT KOMOMHHUPOBAHHBIM HHCT-
PYMEHTOM, NpeACTaBIEHHBIM Ha puc. 1.
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WHCTpYMEHT CONEPKUT: OmpaBky 1;
maioer 2, 3, oOpa3yromue KOJIbIEBbIC Ka-
Mepsl 4, 5, coeMHEHHbIE MEXIy co0oii;
nedopMupyromMe Mmapbl 6; MPUBOIHBIC
mapel /; MAarHUTHYIO CUCTEMY JUISI OKPYK-
HOTO TIEPEeMEIICHUS TTPUBOIHBIX IIApOB 7,
BKJTIOYAIOIIYI0 MarHUTONPOBOIHBIN JUCK 8,
o6oiimbl 9, 10 U TMOCTOSHHBIC THIHHIPH-
yeckre marguthl 11, 12. Konsresas kame-
pa 4 BBIIOJHEHA OTKPHITOW, U B HEW CBO-
0O0JTHO PaCIOJIOKEHBI  AehOPMHUPYIOIINE
mapel 6. [IpuBoaHbIE TIaphl 7 yCTaHOBIIE-
Hbl B KOJBIEBOM Kamepe 5.C BO3MOXKHO=
CTBIO PAJMATBLHOTO M OKPYKHOTO IepeMe-
IIEHUs, B3aUMOJCUCTBHUS ¢ JaedopMHUpPYIO-
mmme mapamu’ 6. Hunmmaapryeckue mo-
cTostHHbIC MarHuThl 11, 12.pasmenieHsl B
aKCUaNbHBIX, OTBepCcTHsIX 000iM 9, 10 u
KOHTAKTHUPYIOT TOPLIAMH C MarHUTOIPO-
BOOHEIM AUCKOM 8. CHIOBLIE JTUHHH Mar-
HUATHOI'O TOJISl OT. [JTUHIPUIECKUX TTOCTO-
sHHbIX MarHuToB 11, 12 mpoxoasrt uepe3
MAarHUTOIIPOBOJHBIN TUCK 8 M 3aMBIKAIOT-
cs Ha_MpuBOIHBIe Imapel /. BcmeactBue
ATOTO 'Ha TPUBOIHBIC MAapbl 7/ JEUCTBYET
MarHiTHOE MOJIe HHCTPYMEHTA.

NucTpymMeHT cHaOXeH MarHuTHOMN
CUCTeMOM JUIsi HaMarHW4YMBaHHs TOBEpX-
HOCTHOI'O CJIOS JCTajd, BKJIIOYAOIICH
KOJbIIeBble MaruurompoBoasl 13, 14,
BTYNKH 15, 16, MOCTOSHHBIC IWIMHIPUIC-
ckue MarHuTel 17, 18, ycraHoBneHble ¢ pas-
HOMEpPHBIM YTJIOBBIM IIIAarOM B aKCHATBHBIX
oTBepcTHAX BTYNOK 15, 16 u B3aumosneiict-
BYIOIIIME C TOPIAMH KOJIBIICBBIX MAarHHUTO-
npoBosioB 13, 14. Brynku 15, 16 u kosnblie-
Bble MarHuTorpoBonasl 13, 14 3akperuieHsl
Ha maibax 2, 3 COOCHO ompaBke 1, cuMMeT-
PUYHO KOJIBIIEBOM Kamepe 4 WHCTpyMEHTA.
Omnpaska 1, maiiosr 2, 3, oboiimer 9, 10 u
BTynkd 15, 16 BBINONHEHBI U3 HEMAarHUTO-
MIPOBOJTHOTO MaTepHaa.

YupouHstoiyo 00paboTKy ocyIecT-
BISIIOT ciemyronm obpa3om. Ompasky 1
WHCTPYMEHTA 3aKpeIUIsSioT B INMHUHIENE, a
mwaHAP 19 — B TEXHOJIOTHIECKOM TPUCIIO-
coOseHnn Ha crose ctanka. OCh IIMUHICA
CTaHKa COBMEIIAIOT C OChI0 OOpabaThiBae-
MOTO OTBEpCTHSI.
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6)

Puc. 1. Cxema coBMEUICHHON YIIPOYHSIONICH 00pabOTKN BHYTPEHHEH MOBEPXHOCTH HIIAHAPA UMITYIIbC-

HO-YIapHBIM PAaCKaTbIBAHWUEM U BpallarOIMUMCs MarHUTHBIM IIOJIEM. a — OOIIMiA BU CXEMBI], O — MOINEPEYHOE CEYECHUE KOM-
OMHMPOBAHHOTO HHCTPYMEHTA
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NHCTpyMEHT BBOAST B OTBEPCTUE U
COBMEUIAIOT  IUIOCKOCTh  PACIIOJIOKEHUS
TCOMETPUYECKUX IICHTPOB Ae(opMupyro-
mwmx mapoB 6 ¢ Toprom mumuHApa 19. Un-
CTPYMEHTY COOOIIAIOT BpallleHHe U Tepe-
MEIIAIOT C MojavYeid S BAOJb YIPOUHICMOM
MOBEPXHOCTH.

Ha noBepxHocTHBIN cioit deppomar-
HUTHOW JeTalM JACHCTBYET Bpallarolieecs
MarHuTHOE T0JI€ OT MOCTOSIHHBIX IIWJIMH/I-
pudecknx MarHutoB 17, 18, KoHIEHTpH-
pPyeMBIX B 30HE 0OpabOTKH IMOCPEICTBOM
KOJIBLIEBBIX MAarHUTONPOBOAOB 13 11 14.

Ilon pedictBMEM — BpalarOLIErocs
MarHUTHOTO TOJISl OT MOCTOSIHHBIX IIMJIUH-
npudeckux MarautoB 11, 12 mpuBonmHbIC
mrapel / MOJNYYalOT OKPYXKHOE TMepeMerie-
HUE BJIOJIb KOJBIEBOW KaMepbl S UHCTPY-
MEHTa M MEePUOANYECKU B3aUMOJIEHCTBYIOT
¢ 1e(pOPMUPYIOLTUMH IIapaMu 6, KOTOpEIE,
B CBOIO O4Yepe/lb, NepealoT SHEPTUI0 UM-
MyJIbCHO-YAapHOTO B3alMOJICHCTBUS
BHYTPCHHEH HAaMarHU4eHHOW II0BEPXHO-
ctu nunuHapa 19, ocymectBiss ee mia-
ctudeckoe neopmupoBanue u GopMUpPys
Ha HEeW MHKpopenbed B BHJE CONPSIKCHHS
MOBEPXHOCTEN TMOJIydaeMbIX JyHOK. Co-
BMEIICHHE BO BPEMEHU METOA0B YNIPOUYHe-
HUSl TIOBEPXHOCTHOTO CJOS IuiuHapa 19
UMIYJIBECHO-YAAPHBIM  JIe(hOpMHUpOBaHHEM
¥ BpalllaloIMMCSl MarHUTHBIM TOJIeM ‘UH-
CTPYMEHTA I03BOJISIET. MCIOJIB30BaTh I0-
JIO’KUTENIbHOE BIIMSHUE TIPOLIECCOB IPYT HA
JIpyra U MOJYYUTh MOBEPXHOCTH C OCOOBI-
MU (QU3NKO-MEXaHUYECKUMH CBONCTBaMH,
KOTOpBIC _HEBO3MOXKHO. “00CCIICUUTh W3-
BECTHBIMU METOJAMHU  IOBEPXHOCTHOI'O
MJIaCTUYECKOT 0 JIehOpMUPOBAHHS.

[Ipouece-.COBMENIEHHON yIIPOYHSIIO-
et o0paboTKy . BpallaloIIUMCs MarHuT-
HbIM TMOJEM M HUMITYJbCHO-YAAPHBIM Jie-
GbOopMUPOBAHUEM OCYIICCTBIIICTCS Mar-
HHATHO-MEXaHUYECKOU CHUCTEMOI, B COCTaB
KOTOPOM BXOZST. YCTPOWCTBO HAMarHU4u-
BaHMS TOBEPXHOCTHOTO CIIOSl  JIETaJlu;
BpAILIAIOIIMKACS HAMArHUYEHHBIN MarHUTO-
MPOBOAHBINA JMCK MHCTPYMEHTA, MPHUBOI-
HbIC U JIehOpMUPYIOIIKE IIAPhl, YCTAaHOB-
JICHHBIE B COOOIIAIONTUXCS KOJBIICBBIX Ka-
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Mepax HHCTPYMEHTa C BO3MOXKHOCTBIO
B3aUMOJCUCTBUSA; YIIPOUHSAEMBIN LIUIUHAP.

Ilocmanoexka 3a0auu uccieooeanus

B Hactosiiee Bpemsi OTCYTCTBYIOT
TEOPETUYECKHE OCHOBbI KHHEMAaTUKH U
JUHAMHUKU TIpoliecca COBMEIICHHON 00pa-
OOTKM HUMIIYJIbCHO-Y/IapHBIM PaCKaThIBa-
HHAEM W BpPAILAIOIIMMCS MarHUTHBIM IIO-
JIEM, 4TO BBI3BIBAET 3aTPyAHEHUE NpPU Ha-
3HAYEHUH PEXKUMOB KOMOMHUPOBAHHOTO
YIPOYHEHHUSI ¥ IPOTHO3UPOBAHUN (PU3UKO-
MEXaHWYECKUX CBOWCTB (M IapamMeTpoOB
MUKpopenbeda (popMupyeMoil MOBEPXHO-
CTU. B cBsI31 ¢ YTUM aKTyaJIbHOM SIBISETCS
pa3paboTka MaTeMaTHYECKOW MOJENIU Me-
XaHUYECKON CUCTEMBI, PeaTU3yIONIel mpo-
1ecC KOMOMHUPOBAHHOM yIPOUHSIONIECH
00pabOTKU TOBEPXHOCTH LMJIUHIPA HM-
IyJIBCHO-YAApHbIM pacKaTbIBAHUEM B Mar-
HUTHOM I10JIE.

Ocnoenasn wacmo

BbInofTHUM MaTteMaTu4eckoe MoJie-
JUPOBaHNE paccMaTPUBAEMOM MArHUTHO-
MexaHn4deckon cuctemsl. [Ipu paspaboTke
MaTeMaTUYEeCKOM MOJIETM BBEAEM  Clie-
JYIOITUE Oy IICHUS:

— OpPOJOJIbHAsE OCh  HMHCTPYMEHTA
pacroyioxeHa BEpTUKAIBHO, a TMepeMerie-
HUE TPUBOAHBIX U AeHOPMHUPYIOIIUX IIa-
POB OCYIIECTBIISIETCSI B TOPU30HTAIHHOM
IJIOCKOCTH;

— paccMmaTpuBaeM ABUKEHUE OJHOTO
MPUBOJIHOTO W OJHOTO AEPOPMHUPYIOLIETO
miapa, rmojarasi, 4YTo BCe NMPUBOJHBIC U Jie-
(dhopMupyOIIKe Mapbl HHCTPYMEHTa HaXo-
JISITCS B OJJMHAKOBBIX YCIIOBUSX;

— HCCIIElyeM JBUKEHUE MPUBOJTHOTO
mapa B IJIOCKOCTH, HOPMaJIbHOW OCH Bpa-
meHus: OZ UHCTPYMEHTa B CUCTEME KOOp-
nuHatT Oxy;

— NPUBOAHON U JedhopMUPYIOIIKE
mapbl paccMaTpUBaeM Kak MaTepHabHBIC
TOYKHA Maccoil M; ¥ My, NMOMELIEHHBIE B
IIEHTP c(hep COOTBETCTBYIONIUX PAJNYCOB;

— Mar"HuTHBIM B3aUMOJCHCTBUEM
MPUBOHBIX U 1e(HOPMUPYIOMINX IIAPOB, a
TaK)K€  MarHUTHBIM  B3aUMOJICHCTBHUEM
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UJCHTUYHBIX IIApOB APYT C APYroM IIpe-
HeOperaew;

— MAarHUTOINPOBOJHBIA JTUCK HHCT-
PYMEHTa MMEeT HaMarHWYCHHBIA MOBEPX-
HOCTHBIN clloi ToimuHoH h ¢ ogHOpOA-
HBIMH MarHUTHBIMU XapaKTEPUCTUKAMH;

— MAarHUTHBIM B3aMMOJICHCTBHEM
nehopMUPYIOLIUX IIAPOB C HaMarHUYeH-
HOW BHYTPEHHEH MOBEPXHOCTHIO LIUIHH]IPA
npeHedperaem;

— IIPU OTPBIBE MPUPOTHOTO MIapa OT
MarHUTOMPOBOJHOTO JHCKA WHCTPYMEHTa
OCH KOOpJIWHAT MPUBOJHOTO IIapa CMe-
IIAIOTCS OTHOCHUTEILHO OCei KOOpIUHAT
MarHUTONpPOBOAHOIO JHCKAa Ha CKOJb
YTOJHO MalbIil yToJ, BEIMYHUHY KOTOPOTO
HE YYUTHIBACM.

BoeimonHuMm mocneoBaTteabHOE MO-
JIeIMPOBaHUE UMEIOLIUXCS B MPOIIECCE CO-
BMEIIIEHHOW yMpOYHSOMmEH 00padboTKu
da3 IBMKEHHS TPUBOJAHOTO U jaedopmu-
PYIOIIETO IapOoB.

1. Mooenuposanue  Osuixcenusn
npueooOH020 wiapa om nepugepuiinou
HOBEPXHOCMU MAZHUMONPOBOOHO20 OUC-
Ka 00 eé3aumooeiicmeusn c oeghopmupyio-
WAUM WLapOM.

PaccMoTpuMm ABMKEHHE MPUBOIHOTO
11apa OTHOCUTENIBHO MOABMKHBIX OCEH KO-
opauHat OXiY1, CBSI3aHHBIX € TICHTPOM
Macc MPUBOJIHOTO Iiapa (CUcTeMa KOOPIH-
HaT OXy cBs3aHa C LEHTPOM MacC MarHU-
TOIPOBOAHOTO AKCKA) (puc. 2).

3anuiieM OCHOBHOE YpaBHEHHE JU-
HAMUKHA OTHOCHTEIHHOTO JIBFDKEHHUS IPH-
BOJ/IHOTO 1lIapa.

O T
+56‘c+ﬁTp+6k+ﬁM) (1)

rae M; — macca TIPUBOJHOTO Iapa; a, —
OTHOGUTEIBHOE YCKOPEHHE IIEHTpa Macc
MPUBOAHOTO Mmapa, G — cuila THKECTH

NPUBOAHOTO Mmiapa (JIGKHUT B IJIOCKOCTH,
HEePICHANKYJIIPHONW TUIOCKOCTH YEPTEexKa);
N — HOpMaJIbHas PeaKIus, AeHCTBYIOMAs
Ha MPUBOJHOM IIAp CO CTOPOHBI MOBEPX-
HOCTH Iai0Obl WHCTpyMeHTa (JISKHUT B
IUIOCKOCTH, MEPHEHIUKYJSPHON IUIOCKO-
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ctu uyeprexa). Cuibl G uN ypaBHOBeE-
IIUBAIOT APYT JIPYyra; de, — HOpMajbHas
COCTaBJIAIOLIAs TEPEHOCHOM CHJIbI WHEpP-
oy,

DO, = mo’X ; 2)

®e; — KacaTelbHas COCTaBJLAIOLIAsl Mepe-

HOCHOW CHJIbI MHEPLINH,
O, =mer, ; (3

® — YTJIOBasi CKOPOCTh BpAIlCHUS] MarHu-
TOMPOBOAHOTO JaucKa ¢ (MpH  yCTaHOBHB-
eMcst peskuMe @ =condt, & = 0, er.=0 );
Iy — HadaJgbHOE pAceTOSTHUE MEXKIY Treo-
METPUYECKUMHA, [IEHTPaMH _'MarHUTOIPO-
BOJAHOTO MHHUCKAa W TPHBOIHOTO IIApa;
My = I + ¥ I, I's — paguycbl IPpUBOJHOTO
1apa ‘¥ MarHUTOMPOBOIHOTO JHUCKAa COOT-
BETCTBEHHO, ﬁTp — CWJIa TPEHUS CKOJIbXKe-
HUSE. TPUBOJHOTO MIapa O ITOBEPXHOCTH
[Tafi0bI,

B =N = fmg Y (4)

\& 1gwl>'<Z+y2

rue T — koo dunreHT TpeHUs CKOIbXKEHUS
MIPUBOJIHOTO IIapa O MOBEPXHOCTH MIAHObI
UHCTPYMEHTA; \/, — BEKTOp OTHOCHTEJb-
HOW CKOpOCTHM TpuBOAHOrO mmiapa;, V. —
MOJ1yJIb BEKTOpa OTHOCUTEIBHON CKOPOCTH
NIPUBOJHOTO IIapa; @y — KOPHOIMCOBA

CWJIa MHEPLUM. 3HAYEHMs] KOPUOJIMCOBOU

ciwibl uHepuuu @k B MPOESKUUAX HaA

ocH X, Y-
D =2mM0y , ©)
D, =-2m;oX ; (6)
Fv — CWIa MarHUTHOTO TIPUTSKEHHUS

IPUBOJHOrO I1apa K nepudepuitHol mo-
BEPXHOCTH HAMArHW4YEHHOI'O MarHUTOIPO-
BOJHOTI'O JMCKa.

PaccmoTpuM cuily MarHMTHOrO MpH-

TSKEHMsI IPUBOJHOIO mapa Fy B IIPOEK-

HusAX Ha OCH KOOpAHWHAT X, y B COOTBETCT-
BHH C pHUC. 3.
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6)

Puc. 2. Cxema JBWKCHMS IIPUBOJHOTO IIAPA. a — B MOMEHT €r0 OTPBIBA OT NepHU(EpHItHOH MOBEPXHOCTH MarHATONPO-
BOJHOTO JHCKa; O — IOCIIe ero OTphIBa OT MAarHUTOIPOBOJHOIO JHCKA M HMepeMeleHus K nedopMupyomeMy mapy; 1, 2 — IpuBogHON U
JehOpMUPYIOIIHI IIapbl COOTBETCTBEHHO; 3 — IONEPEYHOE CEYEHHE HAMArHHYEHHOTO BPAIIAIOMIErocsi MAarHUTOIPOBOIHOTO JIHCKa
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Puc. 3. PacuetHas cxema OIMpPCAC/ICHNA BCIIMYUHBI MAarHUTHOM CHIJIBI, ﬂeﬁCTByIOHleﬁ Ha HpHBOZ[HOﬁ map

Pa300beM y4acTOK HaMarHHYEHHOTO
CJIOSl MArHUTOIPOBOHOTO JUCKA, OrPaHuU-
YCHHBIA IPOU3BOJBHBIM YIIIOM 2\, Ha
MHO)KECTBO YYaCTKOB, KaXIbI U3 KOTO-
PBIX MPEACTABIAET COQOM 3IeMEHTAPHbIN
HIOCTOSIHHBIA MarHuT. Tak Kak paccTosiHue
MEX]ly TCOMETPHUECKUMH [IEHTPAMH TaKo-
r0 DJIEMEHTapHOI0-MarHuTa W AIPHBOIHOTO
Imapa MpeBbIITaeT pa3Mephbl CAMOTO MarHu-
Ta, TO CIPAaBEAIUBEI HOPMYIIbI [7]:

dFMX(rm,e,a) ) ‘?’Hopmlpmz v
d¥ Anr?

m

x[2cos0eos(0— o) —sindsin(0— o) ];

dFMy(rm,e,a) _
dy -

3l'lopmlme :
=——T N2 gn(0—a),
47tr|f1 (0-a)

nim
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dFMX(rmie,(X) :%L];‘szx

4nr,,

x[2c0s6cos(6— o) —sinBsIN(6— )| d¥'; (7)
dRyy (1, 0,0) =

= HoPwiPr g g)aw, (9

4nr,,

rae o — MarHuTHas — [OCTOSHHaf,
Lo = 4n - 10" TH/M; Pm1 — MATHATHBILT MO-
MEHT 3JIEMEHTAPHOTO MOCTOSHHOTO Mar-
HHUTA, Pm2 — MarHUTHBIA MOMEHT MPHBOJI-
HOTO M1apa; 0 — yroj cMemeHusi MpUBOJI-
HOTO I1apa OTHOCUTEIBHO ocH Opxm (CM.
puc. 3); o — yroJj, OomnpeaessrOIIni MoJIo-
KeHue Bektopa P, [7],

(3cosesin6j _
a=arctg] ————

: 9
3cos?H-1 ©
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I'm — PACCTOSIHUE MEXy T€OMETPUICCKUMHU
LEHTPAMHU 3JICMEHTAPHOTO IOCTOSIHHOTO
MarHuTa ¥ NpUBOJHOTO IIapa.

Cornacuo puc. 3 u3 AOyCB cneny-
€T, 4TOo

_ 0,B

_— 10
" o, (10

rze Ok — yroi, onpeaensiomui MoJ0KEeHHE

panuyca-BeKkTopa COEIHMHAIOLIETO

m )
reOMEeTpPUUYECKHUE LIEHTPhl KpalHero jie-
MEHTapHOTO MMOCTOSTHHOTO MarHuTa U Mpu-
BOJIHOTO I1apa.

13 AOCB naxomum O,B:
h
0,,B=0C-cos¥ —r3+E:
(11)

h
=x-cos‘Pk—r3+§.

MarHuTHBII MOMEHT 3JIEMEHTAPHOTO
MTOCTOSIHHOTO MarHuTa OMpPeAesieM IO 3a-

BHUCHUMOCTH [ / |
[ 3
2

pml=2—HO :

(12)

rae B u h — BenmnunHa MarHUTHON MHIYK-
[IMW ¥ TOJIIMHA HAMAarHHYEHHOTO TTOBEPX-
HOCTHOTO CJIOSI MarHHTOTPOBOTHOTO AUCKA
COOTBETCTBEHHO.

MarHuTHbplf 'MOMEHT MNPUBOJHOTO

mapa [7]
(13)

r7e | — MarHUTHasi MPOHHUIIAEMOCTh Cpe-
161, H — HanmpsKEHHOCTh MAarHUTHOTO TTOJISt
B TOYKE,-ONPENeonell MoJI0KeHHE Ieo-
METPHYECKOTO [IEHTPA IIPUBOIHOTO MIApa.
[Tpu onpeneneHun npeaensoB MHTET-
pupoBanus BeipakeHuil (7) u (8) yuuThi-
BACM, YTO BEIMYMHA MAarHUTHOM CHJIBI,
JICUCTBYIOLIEH HA MPUBOAHOM 1IAp, 3aBHU-
CHUT OT PAcCTOSIHUSI MEXIYy I'eoMeTpude-
CKUMH LEHTPaMHU 3JEMEHTapHOTO MOCTO-
SHHOTO MarHuta ¥ npuBojHOro mapa. C
JOCTaTOYHOM CTENECHBI0 TOYHOCTU IpEIes
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MHTETPUPOBAHUS.  NPUHMUMAEM  PABHBIM
+¥, . U3 AOCB cnenyer, 4to
. I
¥, =arcsin——, (14)
oC

rae W — yron, onpenensromuii nonoxe-
HHE KPalHHEro dJIEMEHTAPHOIO IMOCTOSIHHO-
ro MarauTa (Jis IPOM3BOJILHOTO SJIEMEH-
tapHoro nocrosiaaoro Maraura Wy = WV ;
Ok = 9).

VY CTaHOBUM 3aBHCUMOCTh MEXIY YT-
gamu Wy u Ok Jlnsa aToro- paccMorpum
KpallHMM 110 PacCIIOJIOMKEHUIO 3JIEeMEHTap-
HBIN TOCTOSHHBINA MarguT (CM. prc. 3).

N3 AOCB‘cnenyer, uro

CB=0C-sin¥, .
Boipazum CB 13 AOMCB:
CB=0OwmB-tgo, .
Torpa yron ¢ onpenenurcs Kak
-SinY
0, = arctg OC-sSny (15)
M

[Ipoekmn CyMMapHOH MarHUTHOMN
CWJIBI, JEUCTBYIOIEH HAa IPUBOAHOU IIAp
CO CTOPOHBI pPacCMaTPUBAEMBIX DJIEMEH-
TapHBIX IOCTOSHHBIX MarHUTOB MAarHUTO-
MIPOBOJIHOTO JucKa, Ha ocu Ox u Oy:

Fvix
dF. = HoPraPra
5 Mx 4rt
Yk 1
x I —-[2cosOcos(0 - o) -
—¥'m
—sndsin(6—o)]d¥; (16)
Fv
’ _ 3oPmiPm2
J dRy, =——"—=x
0 4nt
Yk
1 .
x [ Zsin(0-o)d¥=0. (17
—¥'m
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IIpn wuHTErpUpPOBaHUM BBIPAKCHUN
(16) u (17) yuutbiBaeM 3HaAueHHs IMapa-

METpOB d, 0, I'm 1 OB, cBeeHHBIX B cHC-
temy (18):

b 4% 1
><J- 2cos0cos(0 — o)d¥;

"y
0 rm
(3cosesine)
o =arcty| ———— |;
0,B
_OMB.
™ cosO’

OMB:x-cos‘P—rl+g.

Tax xak yron ¥ = f(x), To BBeHEM
cienyroiiee 0003HaYCHHE:

Fux = MAFw(X), (19)
rjie A — IOCTOSIHHAS BENMYKHA,
A= 3PPz (20)
27[: H ml

[Tocne mnpeoOpa3oBaHMi 3aMUIIEM
ypaBuenue (1) B Tipoeknusx Ha OCH KOOp-
nuHat OXY B .dopme Komm:

X =0°X + 2my'=
X
ARt
- . y
V= 220x — fg——.
X2+ 2

[Mpu pemenun cucremsl (21) mero-
JaMH YUCICHHOTO HWHTETPUPOBAHHUS Clie-
JyeT CcoONI0oNaTh KpaeBble YCIOBHS KOOp-
JMHAT IEHTPa MacCc M CKOPOCTU IPHBOJI-
HOTO I1apa:

— HavyaJbHbIC
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t=to; X =Xo;y =0;

X=Xo:Y=Yo: m:rl+r3 ,
— TEKyIIHe
t=t;x=x;y=0;
X=X;Y=Y;JX5+y5=x;
— KOHCYHBIC

t=t; X=xqy=0;

X=X V=Y 1 Xg Bk =X s
rae to, tk, Xos Xk, Yoi Yo Xg » Xy s Vo Vi
BpeMsi, KOOPAWHATHI IECHTPA TIPHBOHOTO
mapa U MPOEKIIMH CKOPOCTH HPHUBOTHOTO
mapa Ha ocr. OX u Oy B HAYAIbHBINA U KO-
HEYHBIA "MOMEHTHI (a3bl ABIKEHHS IPH-
BQIIHOTO. Iapa OT. MarHUTOIPOBOTHOTO
JUCKa 0 B3aUMOACHCTBHUS C JedopMu-
PYIOIIMM IIAPOM COOTBETCTBEHHO.

IIpys ‘UMCIEHHOM MHTETPUPOBAHUU
clemyer-Co001aTh YCIOBHE

JXE+YE <OC, o

rme OCmax — MakCHMajbHO BO3MOKHOE
paccTosiHue MEXIY TeOMETPUICCKUMHU
[IEHTPaMHU MArHUTONPOBOTHOTO JHUCKA U
MPHUBOAHOTO Imapa (OmpeaesseTcss KOHCT-
PYKLMEH HHCTPYMEHTA).

2. Mooenuposanue e3aumooeiicm-
U NPUBOOHO20 U Oedopmupyrouiezo
wapoe.

Bpamasice ¢ yrimoBoil CKOpOCTBIO
BJIOJIb KOJIBLIEBOM KaMepbl HMHCTPYMEHTA,
MPUBOJHOM IIap MEPUOAMYECKUA B3aUMO-
JeUCTBYeT ¢ Ae(QOPMUPYIOUINM IIAPOM.
[Ipu 3TOM cuMTaeMm, 4TO UMEET MECTO KO-
COM IEHTPaIbHBIA yaap (MMITYJIbCBHI CHIIBI
HaAmpaBlIeHbl TIO0 JIMHUHM, COEIUHSIONIEH
r€OMETPUUECKUE LIEHTPBhl B3aUMOJEHCT-
BYIOIIIMX IIAPOB), & B 30HE B3aUMOJICHCT-
BU LIAPOB YJIAPHOE TPEHUE OTCYTCTBYET.

Jis viccnenoBaHus yJapHOTO B3aUMO-
JEUCTBUSI TPUBOAHOTO MIapa ¢ jAedopMu-
pytommum mmapom (puc. 4) onpeneanm Kodgh-
(UILMEHT BOCCTaHOBJICHUS TP yaape [8]:
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K= 9% (22)
tgat,

rae K — xo3¢dunreHT BOCCTaHOBIICHUS;
0l1, Ol — YTJIBI IAJICHUS U OTPaXKEHUS MPH-

BOJIHOTO IIIapa, paBHLIE YIJIaM (vclAﬁ ) u

(Ug" —1N ) coorsercrenno (V — Bek-

TOp CKOPOCTH ILIEHTpAa MacC INPUBOJHOIO
mapa B MOMEHT Hadana yaapa; Uy — Bek-

TOP CKOPOCTH IEHTPa MAacC MPHBOJHOIO
mapa B MOMEHT OKOHYaHMs yaapa); N —
BEKTOP HOPMAJIH, MPOBEACHHON K MOBEPX-
HOCTH TPHBOJHOTO U Je()OPMHUPYIOIIETO
IIAPOB B TOYKE UX COMPUKOCHOBEHHUSI.

Puc. 4.~Pacuernas cxema yAapHOrO B3aMMOJCHCTBHS IPHBOAHOIO IIapa ¢ Je(QOPMHUPYIOLIMM IIapoM:
1 — npuBoaHOii wap; 2 — redopmupyroruii map; 3 — MonepeyHoe CeueHNe HaMarHHYEHHOTO BPAILAIOIIEr0Csi MArHUTOIIPOBOIHOTO IHCKA

OnpenenuM  TPOCKIMH  CKOPOCTH
ITPUBOJIHOTO I1apa Ha OCH N U T B HayYalb-
HbIIi MOMEHT yJapa MPUBOJIHOIO Imapa o
nehopMUPYIOLIUH 1mIap:
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vy, =(Vo+Y¥,)SNy, — X, COSY,;
Vi, = (Ve + ¥, ) COSY, + X, Siny,, (23)

rie Ve — MEPEHOCHAash CKOPOCTh IIEHTpa
MPUBOAHOTO 1mIapa, Ve = ® - OC.
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\Y
tgo, = Vh =
1n

_(0-OC+y,)siny, — X, Cosy, (24)
(o-OC+y, )cosy, +X, Siny,

Torga yron otpaxeHus

_ (0-OC+y,)siny; — X, cosy, _1, (25)

2 (o-OC+y,)cosy, +x 9ny, K

Ie Y1 — Yrodl MexXIy HOpMalblo N U
ocsto Oy; X ,Y, — IPOEKIUH BEKTOpa
CKOPOCTH LIEHTPa Macc MPUBOAHOTO IIapa
Ha ocu Ox u Oy B MOMEHT yzapa.
CornacHo puc. 4, yron y1 =7y — /2.

N3 Ttpeyronbauka OCoC cnenyer,
9TO

a’+b?-¢c?
Yy = arccos——————
2ab

rrea=0C = f(hl); b= CCo; ¢ = 0OC,.
[na onpenenenns OC 3anumem pa-
BEHCTBO

OCo—r2+h1:OC+r1,

OTKyZa
OC=0Cqy—2—r1+ hy, (26)

rae y — Tynoit yros tpeyroibHuka OCoC;
h; — HaTST MeXIy NpUBOIHBIM U jaedop-
MHPYIOIIUM Mapamu (BEITHUNHA TICPEKPHI-
THsI BEPUIMH KOHTAKTHPYIOIINX TAPOB).
3anuieM [IPOEKIUU CKOPOCTHU IIEH-
Tpa Macc 1e)OPMHUPYIOIIETO JI1apa Ha OCH
nurt.
V, =V,C0sP , (27)

rne Vo — CKOPOCTh IIeHTpa Macc jehopMu-
pyromiero.mapa; 3 — yroia Mexmy mpsMoi
OCop u HOpMaIIBIO N.

13 TeopeMbl CHHYCOB CIIEIIy€eT, YTO

snp _ siny
OC OC,
OTKyZa
np = OCsiny
OC,

Mawunocmpoenue

W3 Tpuronomerpudeckoit GopmyIibl

cosf =+/1-sin’p .

ITpoeKnuu BEKTOpa CKOPOCTH LIEHTPa
Macc MPUBOTHOTO U Ae(OPMHUPYIOIIETO
[I1apoB Ha HOpMaJib N B KOHIIE yaapa [8]:

Uy =V T K(Vgy — V) 0 (29)
Uy, =V + K(Vg = Vo) » (30)

'€ Ven — CKOPOCTh LICHTPA-MaCcC CUCTCMBI,

_ MyVan & MoVon (31)

cn

rae Mg, My = Macchl NPUBOAHOTO U Jie-
(bopMHPYIOWIELo IapOB COOTBETCTBEHHO.

Tak KaKk BEKTOPBL YIa@pPHOI'O UMITYJIb-
ca /HampaBieHbl MO OO0Iel HopManu N K
MOBEPXHOCTSAM COYIAPSIOIINUXCS 111apoB, TO
IPOCKIIMHY BEKTOPA CKOPOCTH LIEHTpa Macc
MIPUBOHOTO U 1e(HOPMHUPYIOIIETO IIapoB
Ha KacaTeJIbHYI0 T JI0 M IOCie yaapa oc-
TalOTCs HEN3MEHHBIMMU:

Vlr = ulr ; V2‘t = UZT ’ (32)

rae Uy, Up; — IPOEKIMHU BEKTOPA CKOPOCTHU
[EHTpa MacCc MPUBOJHOTO U AedopMu-
PYIOILETO IMIapOB HAa KacaTEJIbHYIO T MOCJIE
yJiapa COOTBETCTBEHHO.

Torna

tge, == - (33)

u1n

AOBCOIOTHBIE CKOPOCTH MPUBOJIHOTO
U Ie(OPMHUPYIOIIETO MAPOB MOCIE yaapa:

Uy = U, + U (34)
u, =Jud +U2, . (35)

3aknrouenue

B cratbe mpencraBieH HOBBIA CHO-
co0 ¢dopMooOpa3oBaHusT BHYTPCHHEU I10-
BEPXHOCTH IWIMHJAPA HUMITYJIbCHO-YIap-
HBIM PAaCKaThIBAHUEM B MarHUTHOM IIOJIE.
Pa3paborana KOHCTPYKIIMS KOMOWHUPO-
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BAHHOT'O JIBYXPSTHOIO MarHUTHO-JWHAMHU-
YECKOr0 HMHCTPYMEHTa [UIl OTJIEJIOYHO-
ynpouHsitomied  00opabotku. [lomydeHsr
cucteMsbl auddepeHInanbHbIX YpaBHEHHH,
OINHMCHIBAIOLINE KUHEMATUKy JBU)KEHUS
NPUBOJIHOTO Iapa M €r0 B3aUMOJICHCTBHE
¢ AeGopMUpYIOIIMM I[IApOM TP COBMeE-
[ICHHON yHpO4YHSIOIEed o00paboTke uM-
NYJbCHO-YAAPHBIM  PACKATBIBAHUEM U
BpAILIAIOIIMMCSI MarHuTHbIM nosiem. Haii-
JICHbl HaydajbHble M KOHEYHBIC YCIIOBHS

pPEHLUATIBHBIX YPABHEHUN U OIPEACIICHUS
KMHEMATUYECKUX XAPAKTEPUCTUK IPHUBOJI-
HOTO 1Iapa IIPU Pa3IudHbIX PEKUMaAX KOM-
OMHMPOBAHHOW OTACIIOYHO-YIPOUHSIOICH
00pabOTKH W KOHCTPYKTHUBHBIX IapameT-
pax MAarHUTHO-JIMHAMUYECKOTO HHCTPY-
MeHTa. [lonydeHbl aHamUTUYECKHE 3aBU-
CUMOCTH [UIsl OIPENENICHUsI CKOPOCTU Jie-
¢bopMupymoIero mapa B MOMEHT €ro
B3aUMOJICUCTBUS C YIPOYHAEMOH BHYT-
PEHHEN MOBEPXHOCTHIO LIWIMHPA.
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