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OBIIASA XAPAKTEPUCTHUKA PABOTBI

AKTyallbHOCTB TeMbl AuccepTanmuu. B HacTosmee Bpems B KeIpreiscrane
NPUHSTHL CYHIECTBEHHBIE MEpHl 110 IOBBIIICHHIO MOTEHIMAjda PErHOHOB B 00JIacTH
MPOMBIIJIEHHOT'O ¥ TPAXKIaHCKOTO CTPOUTENBCTBA, Pa3BUTHS JOOBIBAIOIIECH TOPHOPYAHON
IPOMBINIICHHOCTU (YT, NPHUPOJHBIX KamMHeW u T.1.). Pa3Butue cTpourtensctBa Hu
PEKOHCTPYKIIHST aBTOMOOMIIBHBIX JOPOT MpeRycMOTpeHs! B mporpamme IIpaBurtenscTa
KP.

3HAUNTEIbHBI O0BEM CTPOWTEIBHBIX M PEMOHTHBIX paldOT BBIIOJHIETCS C
MIOMOIIBIO PYYHBIX MAIIMH ¥ MEXaHU3HPOBAaHHBIX HHCTPYMEHTOB, PEIHA3HAYCHHBIX IS
BBIITOJTHEHHS TEXHOIOTHUECKHUX ONepanuii Mpu KPaTKOBPEMEHHOM BO3ICHCTBHU YIAPHBIX
Harpy3ok Ha OOBEKT. MexaHW4YecKne yIapHble MEXaHW3MBI O00JagaloT HU3KOH
JIOJTOBEYHOCTHIO M3-32 BBICOKOM HHTCHCHUBHOCTH YAAPHBIX HArpy30K, 3HAYHUTEIHHO
MIPEBBIIAIOIINX CTaTUUYECKUE HArpy3KH, IeHCTBYIOIIMX Ha HX 3JeMeHTH. lloaTomy
000CHOBaHME KOHCTPYKTHBHOW CXEMbl MEXaHHW3Ma, IJie PEaKTUBHbIE CHJBI OT YyAapa,
paspyluaioe caM MEXaHH3M, MUHMMAlbHBI, M CO3/JaHHE Ha OCHOBE 3TOW CXEMBI
KOHCTPYKLIMH yIapHOIO yCTPOMCTBA SIBIISETCS aKTyallbHOM 3a1adeil.

CpsA3b TeMbl JucCCepPTAlMM ¢ KPYNHBIMH HAYYHBIMH NpOrpaMMaMH
(mpoeKkTaMH) U OCHOBHBIMHM HAY4YHO- MCCJEA0BATEeJbCKMMHU padoramu. CBsA3b TEMBI
IUCCepTallMl € KPYHNHBIMH HAayYHBIMH [POTpaMMaMH M OCHOBHBIMH HAyYHO-
HCCIEeN0BAaTEIbCKUMH paboTaMu: AaHHAs padoTa BBHIIOJHEHA B COOTBETCTBUH C IIAHAMU
HayJIHO-HCCIeoBaTeNbCcKkuX pador MHcturyta MammaoBeaenuss HAH KP mo mpoexTam:
«TexHUKa W TEeXHOJIOTHS ISl IPHOPUTETHBIX OTPAcIeil MPOMBIIUIEHHOCTH KbIprbI3cKon
PecniyOomuku» (2015 — 2017 rr.), «Pa3paboTka HMITOPTO3aMEMIAIONICH TEXHUKH H
TEXHOJIOTHI A NMPHOPUTETHBIX OTpacieil mpomsimieHHocTH Keipreizcrana» (2018 —
2020 rr.), «H cciaemoBaHue, CO3IaHUE W  COBEPIICHCTBOBAHWE JHEPro- H
MaTepHajocOeperaommux  MamuH ¥ O0OpyAOBaHHS OIS IPOMBIIUIEHHOCTH,
CTPOMTENBCTBA U CENBCKOro Xxo3stiicTBay (2021 — 2023 rr.).

Hear m 3agaum ucciaenoaHus. ILlenblo pa®oTel SABISIETCS HCCIIEAOBAHUE
JUHAMUKH yIApHOTO MeXaHHM3Ma mepeMeHHOil cTpyktypel (MIIC) ¢ nuHamMuueckoi
CBSI3bI0 U BBISIBIICHUE 3aKOHOMEPHOCTEH, Ha OCHOBE KOTOPBIX MOXKET OBITH OCYIIECTBIECH
NPOTHO3 M BHIOOpP pAlOHAIBHBIX IApaMETPOB KOHCTPYKIMH PYYHBIX yIapHbBIX
MEXaHU3MOB,  OTJIMYAIOIUXCA  MHPOCTOTOM,  MOBBILEHHOM  HAJEKHOCTBIO U
JIOJITOBEYHOCTBIO.

3ajgaum uccrieg0BaHUs:

— 0030p ¥ CpaBHUTEJNBHBI aHAIM3 CXEM pYYHBIX YAApHBIX MEXaHU3MOB JUIS
pa3pymeHus 1 00pabOTKH MPUPOITHOTO KaMHS U APYTUX TBEPIABIX MaTePHAIIOB;

— paspaboTka KIaccu(pUKAINH PYIHBIX YIAPHBIX MEXaHU3MOB;

— PpaccMOTpeHHEe METOJIOB TEOPETHYECKOTO MCCIIEOBAaHUS KNHEMATHKN, KHHETOCTATHKH
1 IWHAMHKH yJIaPHOTO MEXaHU3Ma MePeMEHHON CTPYKTYPHI C THHAMHUYIECKOH CBS3BIO;



000CHOBaHME M Pa3pabOTKa KOHCTPYKTHBHON CXEMBl PYYHOTO YAapHOTO MEXaHHW3Ma
MIEPEMEHHOMN CTPYKTYpPhI C TMHAMHYECKOH CBS3bIO;
0030p ¥ aHamM3 aHaJUTUYECKUX METOJOB HCCIICAOBAHUA KHHEMATHKH PYYHBIX
yAapHBIX MEXaHU3MOB;
COCTaBJIEHUE MAaTeMAaTHUYECKON MOJIETN ABUKEHUS YAAPHON MacChl;
pa3paboTka METOJUKU U aJITOPUTM pacueTa TeOMETPUYCCKHX MapaMETPOB yIapHOTO
MEXaHu3Ma;
HCCIIEIOBaHUE KHHETOCTaTUKM M YCTAHOBJIICHHE JIMHAMUYECKHX XapaKTEPUCTHUK
YAApHOr0 MEXaHU3Ma NEPEMEHHOM CTPYKTYpPBI C AMHAMUYECKOU CBS3BIO;
pa3paboTka KOHCTPYKIHH PYYHOTO YAApPHOTO MeXaHH3Ma IEPEMEHHOW CTPYKTYPHI C
TMHAMHWYECKOH CBA3EIO;
pa3paboTka METOIWKH TIPOBEICHHUS SKCIICPUMEHTAJIBHBIX HCCICIOBAHUA PYyYHOTO
yaapHoro MIIC ¢ quHaMH4YecKo# CBA3bIO;
aHalu3 pe3yJbTaTOB 3KCHEPUMEHTAIbHBIX HCCIEJOBAHMNM U  COIOCTAaBJICHUE
TEOPETUUECKUMH TAHHBIMH.
BBIPAOOTKA PEKOMEH/IAIINII 110 COBEPIIICHCTBOBAHUIO KOHCTPYKIIHH.

Hayunasi HoBU3HA padoThI 3aKITI0YAETCS B!
JIOTIOJTHCHUX ~ KJIACCU(UKAIIMA PYYHBIX YAAPHBIX MEXaHH3MOB IO XapakTepy
mpeoOpa3oBaHus CTPYKTYPHI;
pa3paboTke MaTeMaTHYECKOW MOJIENH yIAPHOTO MEXaHN3Ma C TUHAMHYCCKON CBSI3BIO,
YUYHUTHIBAIOLIEN MOMEHT CHUJI UMITYJIbCA IPU ABMXKEHUH MEXaHU3Ma BO BpEMs OTCKOKA
YyAapHOI Macchl M BEIXOJIE €€ Ha Iepru()epHro BpaleHHUS;
pa3paboTKe METOIUKH ONpEACICHUS KHHEMATHYSCKUX, KHHETOCTATHYCCKUX W
JIMHAMHWYECKUX XapaKTEPUCTUK yIapHOTO MEXaHU3Ma, MO3BOJISIOLIEN ONPEAEIUTh €ro
palroHaJIbHbIE TapaMETPHI.

IpakTuyeckasi 3HAYUMOCTH MOJTYYEHHBIX Pe3yJIbTATOB:
pa3paboTaHa WH)XCHEpHAsh METOAMKA OIPEACICHHS pPANUOHANBHBIX IapaMeTpOB
YIapHOTO MEXaHN3Ma IIePEMEHHON CTPYKTYPHI C THHAMHYCCKON CBSI3BIO;
pa3paboTaHa KOHCTPYKIHUS SKCIIEPUMEHTAIBHBIX 00pa3lloB JIBYXMACCOBOTO YIAPHOTO
MIIC ¢ guramMuyeckoil cBs3bio ¢ sHeprueit yaapa 50 u 100 x;
pa3paboTaH CTEHJ AJs MPOBEACHHS IKCIEPHUMEHTAIBHOTO HCCIICAOBAHHS YIApHOTO
MIIC ¢ nuHAMHYECKOMH CBA3BIO;
pa3paboTaHbl PEKOMEHIANMH [0 OOECICUCHHIO YCTOMYMBOW pabOThl yIapHOTO
MeXaHu3Ma.

OcCHOBHBIE MOJIOKEHHS TUCCEPTAINH, BHIHOCHMbIE HA 3aIIUTY:
Pactmpennas kinaccupuKanys pPYYHBIX yOAPHBIX MEXaHH3MOB, IO3BOJISFOIIAS
OTIPENICITUTh MECTO MEXaHU3MOB IIEPEMEHHOM CTPYKTYPHI.

MaremaTryeckas MOJEIh JIBYX MAacCOBOIO YyIAapHOTO MeXaHW3Ma IepeMEHHON
CTPYKTYPBl C JMHAMHYECKOW CBS3bI0, OIUCHIBAIOIIAS JBIDKCHHE 3BCHBCB Ha
pa3MYHBIX (a3zax paboYero MUKIIA;



- Ipouecc OTCKOKAa yNapHOH MacChl, ONPENCISIONIA  3aKOHOMEPHOCTh
JIBUJKEHUS YAApHOH MacChl B MOMEHT COYAapEHUs U MOCTe Hero;

- BBIXOJ] YIAAapHOH Macchl B NpeayJapHOE IOJ0XKEHUE, ONPEeAeISIOMUN pekuM
BBIXOZIa YAAPHOH Macchl Ha MepH(EPUIO BPAILICHUS.

3. Meroauka KHHETOCTATHYECKOTO aHAJIW3a YIAPHOTO MEXaHW3Ma C JUHAMHYECKOM
CBSI3pI0 IIPM HEPABHOMEPHOM BpAIICHUH KPHBOIINWIA C yIETOM BIHMSHHUS KOJCOaHMS
YTJIOBO# CKOPOCTH BEIYIIEr0O 3BEHA HA PEAKTUBHBIC CHIIBL.

4. Meroauka pacdera mapamerpoB pydHoro yaapaoro MIIC ¢ nuHamMm4YecKol CBS3BIO,
MO3BOJIAIOINAS ONPENENIUTh PALIMOHAIBHOE COOTHOLICHUE JJIUH 3B€HbEB KPUBOIIUIA U
1IaTyHa.

JInunbIii BKJIAJ cOMCKATEJIS.

Bce pesynbrarhl, IpelcTaBieHHbIE B AMCCEPTALIOHHOW pPadoTe U HMMEoLIHe
Hay4YHYIO HOBU3HY, IIOJIy4€HBl aBTOPOM MO PYKOBOJICTBOM HAYYHOTO PYKOBOJHUTEII.

B coBmectHbix pabotax [1-11, 16] YcybanueBy XK. npuUHAIICIKHUT MOCTAHOBKA
3aauu Mccae0BaHus, a coapTopaM DnukOaeBy K.T. u Paiteimb6abaeBy T.O. — momorns B
BBIOOpPE HM3MEPHUTENBHON amnmapaTypbl, pa3paboTke padodero mPOEKTa YAAPHOTO
MEXaHM3Ma U TeXHUUYECKas MOAIEP)KKa IKCIIEPIMEHTAIBHBIX NCCICAOBAHNUI.

B pa6orax [12, 14, 15] Epemsnamy B.D. mpuHamiIe:KuT NOCTaHOBKA 3aqadd
UCCIIEOBaHMS, a TaKXKe OKa3aHWE IIOMOINM TP COCTaBJICHHN MaTEeMAaTHYECKOH Mojenn
yIapHOTO MeXaHu3Ma 0e3 y4yeTa BHEUTHHX CHIL.

Anpodanus pe3yJabTaToB HCCJIeI0BaHMI. OcCHOBHBIE ~ pE3yJBTATHI
JIMCCEPTALMOHHON paboThl 00CYyK/IeHbl Ha KoH(pepeHuusx: MexIyHapoaHas HaydHO-
npakTryeckas koHpepeHuus «Teopust MalMH U pabovnX MPOLECCOBY, NOCBsMEHHas 80-
geruto A.B. ®@pomnosa (MMam HAH KP, r. bumkek, 2016 r); X MexayHapoaHas
KOH(EpEeHIIMsT MOJIO/IBIX YYEHHBIX U CTY/AeHTOB «COBpEMEHHbIE TEXHHKA U TEXHOJIOTHH B
Hay4YHBIX WHcciaenoBaHusax» (Hayunas crammus PAH, r. bumkek, 2018 r.);
MexnyHapoqHass HAy9YHO-TIPAKTHUYeCKas KOH(EpeHIHs «AKTyaJbHbIE IPOOIEMBI
nHopmaTtuky, MexaHMKH W pobororexHukH. LludpoBele  TexHomormm B
MammHOcTpoeHnn» (MMam PK, r. Ammarter, 2018 r.); pecrryOnukaHCKast JETHSS IIKOIA
MOJIOABIX YYEHBIX-MEXaHUKOB, MOCBSMEHHas 75-nmetuio mpodeccopa C. AbapanmMosa
(OmTY wum. ApprmreBa, . Om, 2019 r.); MexayHaponHas HaydHO-IIPaKTHYECKas
KoH(pepeHus «AKTyanbHbie mpodsieMbl Mexanuku mamui» (MMA HAH KP, r. bumikek,
2019 r.); koHpeperuus Monoasix yueHeIx Kutas u crpan Epasum (KJC IIOC, r.
Iexun, 2019 r.); VII MexnyHnaponHas cereBasi Hay9HO-TIDAKTHUYECKass KOH(EPEHIHs
«/lHTETpallMOHHBIE  TPOIECCHI B HAyYHO-TEXHHYECKOM H  00pa30BaTeIbHOM
mpoctparctBe» (KI'VCTA wum. Hcanosa, r. bumxkek, 2021 r.); IX mexayHapomHas
Hay4uHo-TIpakTrueckas kKondepenuus (HUL MC, r. Cankr-IlerepOypr, 2021 1.);

MexayHaponHas HaydHO-TIpakTHueckas KoH¢pepeHmms «Teopuss mMammH u pabodmx
mporieccoy (MMA HAH KP, r. bumxek, 2021 r1.); MexayHapogHas Hay4HO-
npakTrdeckas kKoHdpepennusa «Hayka, oOpa3oBaHue, MHHOBAIIMHM U TEXHOJIOTHUHU: OLEHKH,
mpobaemsl, mytu pemenus» (MMA HAH KP, r. bumkek, 2022 r.); MexayHapogHast
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HaydHO-TIpaKTH4ecKast  KoH(epenmms  «Teopust  MammH W aBTOMAaTH3aIUA
TEXHOJIOTHUECKUX TMpoueccoB», mnocesmenHas 100-netnio akagemuka O.[l. AnumoBa
(UMA HAH KP, r. Bumkek, 2023 r.); MexayHapoaHas Hay4HO-IpaKTHYECKas
KoH(epeHIUsT «AKTyalbHbIe NPOOJIEMBI M NEPCIIEKTUBEI Pa3BUTHsI (DyHIaMEHTAIBHBIX U
MPHUKIAIHBIX HAyK B 9noXxy mdposusanum» (OwTY, r. O, 2024 1.).

IMonHoTa oOTpakeHWsi pe3yJbTATOB AMccepTamuu B myosmmkamusix. [lo
pe3ynbTaTaM BBIITOJHEHHBIX HCCIIEAOBaHUM OmyOsmkoBaHO 16 medaTHBIX padoOT, B TOM
grcie 3 - B 3apyOekHBIX m3naHmsax Bxoaanmmx B 6a3y PUHLI, 1 — exuHOMMYHAS.

Crpykrypa M o0beM auccepramum. JluccepranmnoHHas pabdoTa COCTOHMT W3
BBEJICHHS, IIATH TJIaB, 3akimoueHus u Ilpumoxkenms. Copepxur 139  crpanui
MAaIIMHOIIMCHOTO TeKCTa, BKIodatomiero 9 tabmwi, 79 pucyHKOB, OmOIHOTpaddecKuit
cricok u3 70 HamMeHOBaHHUH U 13 pHUIIoKeHNUH.

OCHOBHOE COJEP)KAHUE PABOTBI

Bo BBeaennn nana oOIas XxapakTepucTUKa paboThl, 00OCHOBaHA aKTYalbHOCTb
TeMbl, C(OPMYIUPOBaHBI LENb U 3aJa4d HWCCICJOBAaHMS, H3JI0XKEHBl OCHOBHBIC
MOJIOXKECHHS, BBIHOCHMBIE Ha 3alllUTy, OTpakeHa HaydHas HOBM3HA M HaIPaBICHUSA
MIPAKTUYECKOIl peau3ay pe3ynbTaToB UCCIIeIOBAHMUS.

B mnepBoii riaBe paccMoTpeHa 00NacTb NPUMEHEHUS PYYHBIX YyIapHBIX
MEXaHHU3MOB TaKHX KakK: TOPHOE JeJI0, CTPOUTEIBCTBO, JOPOKHO-PEMOHTHBIC PaOOTHI,
nepepaboTka KaMHS W TEXHOJOTMYECKHE TIIPOIECCHl B MAIIMHOCTPOCHHH, TIE
LeNIeco00pa3Ho MPUMEHEHHE PYYHBIX MEXaHWYECKHX YAApPHBIX MEXaHH3MOB, KOTOpBIC
XapaKTepU3yIOTCSI SKOHOMUYHOCTHIO M MOOMIIBHOCTBIO. biiaronmapst cBoei KOMITakTHOCTH
U TIOPTATUBHOCTH, 3TH MEXAHM3MbI MOTYT HCIIOJIb30BAThCS B PA3IMUHBIX YCIOBHSAX M HA
pa3HbIX 00BEKTaX.

YaapHble MEXaHU3MBI MO0 MPUHIUITY PaOOTHI, KOHCTPYKTUBHOMY HCIIOJHEHHUIO,
IIPUBOAY, 00JIaCTH NMPHMEHEHHs H T.J. BecbMa pa3sHooOpa3Hbl. Cpeau HUX CYHIIECTBYIOT
MeXaHHYeCKUe yIapHble MEXaHU3MBI OCTOSHHON (PUCYHOK 1) M IepeMEeHHON CTPYKTYPHI
(pucynok 2). IlocnegHue oOTAMYAIOTCS TeM, YTO B Tpolecce paboThl Pa3IMuHBIMH
crnocobamMy (KMHEMAaTHYECKH, AMHAMHYECKH, TEOMETPUYECKH H JAp.) 3a OAMH IHKI
MEHSIOT CTPYKTYpy — C HOCTOSHHON Ha MEpEeMEHHYI0 M 00paTHO, T.€. MEHSIOT CTENEHb
TIOJIBHXKHOCTH.
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B) KynucHe1il MexaHm3M r) KynmaukoBbrif ynapHbIi MeXaHHU3M

Pucynox 1 — MexaHU3MbI TOCTOSTHHOI CTPYKTYpPBI

B MexaHn3aMax HOCTOSIHHOW CTPYKTYpBI M3-3a HAIMYMUS JKECTKUX CBS3EH MEKIY
3BEHBSIMH MpU TMepefade 3HEPrHH yJapa OOBEKTY pEakTHBHAs CHJIA MpefacTcs
UCTIOJTHUTENIFHOMY OpPraHy W IOCIEIYIOIIMM 3BEHBSM, YTO OTPHUIATEIHFHO BIMSECT Ha
MIPOYHOCTH, JOITOBEYHOCTH U HA/IC)KHOCTh MEXaHH3Ma.

VYiapHble MEXaHM3MbI IIEPEMEHHOH CTPYKTyphl OTJIMYAIOTCA TEM, HYTO
HETIOCPECTBEHHO Iepes Mepenadeii SHeprui MEHSIOT MOIBIKHOCTh C JBYX Ha OIHO 32
CYET YIPYTOCTH NPYKUHBI (PUCYHOK 2 a), YIPYTOCTH C)KUMaeMoi cpelsl (pUCYHOK 2 O, B)
WM WHEPIUOHHBIX CHJI yapHOM Macchl (PUCYHOK 2 T), a B MOMEHT Nepeaul 3HepruH,
Pa3phIBAIOTCA JKECTKHUE CBSI3U MEX[Y 3BEHbSIMHU, U ACHCTBUE PEaKTUBHOM CHIIBI Ha OIIOPHI
MUHHUMAJIBHBI, YTO yBEIMYUBAET JOJTOBEYHOCTh TAaKUX MeXaHU3MOB. [Ipu mambpHeimem
JIBIDKEHUH BEIyIIEero 3B€Ha MEXaHHW3M BHOBH BO3BpallacTcs B IEPBOHAYAJIbHOE IBYX
MIOJIBI)KHOE COCTOSIHUE.
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a) yIapHBIA MEXaHHU3M C 0) yIapHBIA MEXaHHU3M C
MEXaHHYECKUM 3aMBIKaHHEM CHJIOBBIM 3aMBIKaHHEM

B) yJlapHBIIl MEXaHU3M C T) YAapHBIA MEXaHU3M C
KMHEMaTUYEeCKUM 3aMBIKAHUEM JUHAMUYECKUM 3aMBIKAHUEM
Pucynoxk 2 - MexaHU3MBbI IIepEMEHHOI CTPYKTYpPBI

Paspaborana xmaccupumkamus pPydHBIX YAAPHBIX MAaImIMH 10 Hambosee
OTIMYAIOIIMMCSL TIPHU3HAKaM, KOTOpas IIOKa3bIBaeT, UYTO W3MEHEHHE CTPYKTYPHI
MEPEeKITIOYEHNST MEXaHH3MOB OCYIIECTBIACTCS pPa3sHBIMH CIIOCOOAMH TaKUMH Kak:
MEeXaHHYeCKUM (PHUCYHOK 2 a), KHHEMaTHYECKUM (PHUCYHOK 2 B), CHJIOBBIM (PHUCYHOK 2 0)
1 TWHAMHYECKIM 3aMBbIKaHHEM (PUCYHOK 2 T).



Cpenu HuX Hamboyee TIEPCIICKTHBHOW C TOYKM 3pEHUS] HAAEKHOCTH W
nonroseuHoctd  spnsercs MIIC ¢ guHamudeckodt cBa3pro. Yaapaeimu MIIC ¢
JUHAMUYECKON CBA3bI0 3aHMManuCh Takue yueHHble kak: [.C. Murpenko, B.H.
Errpados, A.A. PrikoB, B.®. Xon, B.B. Bunorpanos, I'.K. Illpeiibep, I.M. Copokumn, T.
A. Tonsuckas, M.S. lamun, B.B. Bonsiakun, B.K. Mamxocos u np.

Astopamu I'.C. Murpenko, B.H. Esrpados, A.A. PrikoB, B.®. Xon Obun
COCTaBJIEHbl MaTEMAaTHYECKUE MOJCIU [BIDKCHHMS IBYX MAacCOBbIX MexaHu3MoB. Ha
OCHOBE ypaBHeHMM Jlarpanxa BTOpOro poja, mpeanonaras, 4To cymma AEHCTBYIOLIUX
MOMEHTOB CHJI paBHa HYyNI0O W TIpeHeOperas CHIaMU CONPOTHBIEHUS, 3aMicann
YPaBHEHHMS B CIEAYIOLIEM BHIE:

drar) ot _g

dt\ og, ) om "
drar)_ar _g

dt\ 0@, ) 0o,

rme ¢ U @, — O0DOOIIEHHBIE KOOPAMHATHI

KpUBOIIMIIA M IIATYHA; ¢y U ¢ — O000OLIEHHbIE

CKOPOCTH KpMBOLIMIA M INaTyHa; I — KMHETHYecKas
SHEprus MEXaHH3Ma.

Y/iapHOTO BO3OYIUTEIs W  OKOHYATENBHO MOJYYMIHA CIETYIONINE
EHTPOOEKHOTO THITA BBIP@KEHHS IBUKEHHS KPUBOILMIIA M IIATYHA:

Pucynok 3 - Pacuyernas cxema

G (35 +2355 +2mI7 +2mIF )+ 3 (355 + i3 )+ 2mb] i sing, +
+2mll , ¢ cos @, +mll ,,sin @, +ml ,@? cosg, =0; )
¢'512(J53 + mI22)+¢22(J63 + mI22)+ mhl ,@;sing, —mhl ,¢? cosg, =0,

rae Il’ |2 — COOTBCTCTBCHHO JIMHBI KPUBOLIWUIIA U HIATyHA, Q‘_ nu ¢)2 - YIJIOBBI€ YCKOPECHU A

KpUBOILIMIIA M LIaTyHa, M — yAapHas Macca, Jp U J;; - MOMEHTHI MHEPLUM KPUBOLIMIIA

OTHOCHUTENIBHO ocH BpamieHnsa O u 00ifka OTHOCHTEIHHO IIEHTpa Macc B.
B.K. MamxocoB pemast ypaBHeHue (1) mpeayoXuia MaTeMaTHUECKylH0 MOIEhb

JBHXXCHUA I_HaTyHa:
(/‘Jziq‘)l,fz(cosw—cos%), (3)

rae ¢l_ yrioBas CKOpPOCTb pOTOpa, ¢ — YIroJl HOBOpOTa HiaTyHa OTHOCHUTEIIBHO

KPHBOILNIIA, (g — HA4aJIbHOE MOJI0)KEHHE IIaTyHa.
Berienpusenennslie 3aBucuMoctH (2) 1 (3) ObIIM MOTyYeHbl aHATUTHYECKUMH U
9KCTIEPUMEHTAIbHBIMU METOIaMH.
OjiHaKo, ITH MaTeMaTHYECKHE MOJIEIH, MPE/JIOKEHHbIE MU, HE COOTBETCTBYIOT

PCaJIbHOCTHU, T.K. B HUX HE€ YYTCHbBI: MOMCHT CHUJI MHEPUHU Mpu . ,Z[BI/I)KyIIII/Iﬁ MOMCHT
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M()e. , MOMCHT COIIPOTUBJICHUSA Mc , KOTOPbIC CYIIECTBCHHO BJIMAIOT HA 3aKOH ABUKCHUS

yZIapHOI Macchl U CaMOro MEXaHHU3Ma.

Bo Bropoii rnaBe «MeTogbl MW METONOJOTMSA HCCIEIOBAHHS YAAPHOIO
MeXaHH3Ma» PpACCMOTPEHBI BOINPOCHI HCMOJB30BaHUS METONOB KHHEMAaTHYECKOTO,
KHHETOCTATUYECKOT0, TUHAMUYECKOTO M SKCIIEPUMEHTAIBHOTO MCCIEIOBAHUA B 3a7adax
KOMIUIEKCHOTO HCCIEIOBAHMS YJAPHOTO MEXaHU3Ma IEPEMEHHOW CTPYKTYpBI C
JUHAMUYECKON CBA3bI0. OO0BEKTOM HCCJIeI0BAHUA SBISIETCA YHApPHBI MeXaHU3M
MEPEMEHHOI CTPYKTYphI ¢ TUHAMHUYECKOH CBA3b0. IIpeaMeToM Mccaen0BaHHSA SIBIISIOTCS
3aKOHOMEPHOCTH U3MEHEHHUs CTPYKTYpPhl MEXaHU3Ma B T€UEHHUE [MKJIA U B3aUMOJeHcTBUE
3BEHbEB MEXaHU3Ma C Y4ETOM HHEPIMOHHBIX U BHELUTHUX HArpy30K.

B Tperpeii ruaBe «McciienoBaHne KHHEMATHMKH YJAapHOTO MeXaHH3Ma
NnepeMeHHOif CTPYKTYpPbl ¢ JAMHAMHYECKOH CBSI3bI0O» DPAacCMaTpPUBAETCS KUHEMaTHKa
YAapHOTO MEXaHU3Ma, KOTOpas XapaKTEpU3YIOTCS TpeMs CTaJusMH JABWXKECHHA — 3TO
JIBIDKEHUE 3BEHbEB MEXaHH3Ma BO BpeMsl OTCKOKa 0olika (Tociie COyaapeHust), IBUKEHHE
3BEHbEB BO BpEMs pACKPHITUS INaTyHa (BBIXOJA YAapHOH Macchl Ha nepudepuro
BpallleHUs) M COBMECTHOE JBI)KEHHE KPHBOIIMIIA M IIaTyHa, Kak OJHO 3BEHO
(BBICTpaMBaHME OCHM KPMBOIIMIA U IIaTyHAa B OJHY JMHMIO). [IpH 3TOM B mepBBIX IBYX
CTamusAX MEXaHW3M SBISETCS IBYX MOJBIDKHBIM, a B TpeThe CTaguM IEPEeXOIUT B
OJHOIIOJBIYKHBI MEXaHHU3M (B pe3yJbTaTe 3aMbIKaHUS).

Jna onucaHus MaTeMaTH4eCKON
MOJENU JBUXKEHUS  YAapHBIX
Macc MEXaHHM3Ma COCTaBIIEHA
pacueTHass cxema (pHCYHOK 4),
KOTOpas  COCTOMT U3  Tpex
3BEHBEB — KpHBOIIHUMA (POTOpa)
AA" nnvnoit l;, maryna AB
JuHHON |, W BTOpOrO IIATyHA
A'B pommoii 1, roe touxkn A u A’

ABIIAIOTCS HIapHUPAMH.
Kpuormmmn Bpalaercs c

PEAN YIJI0BOI CKOPOCTBIO ¢, ,
Pucynok 4 — Pacuetnas cxema ygapHoro MIIC IIOJIO’KEHHE KpHBOILIMIIA
C IMHAMHYECKOH CBA3BIO JUIA IBYX YIapHEIX Macc orpeesseTcs yriaoM @ -

/
Ilomoxenne OepBOro ILiaTyHa ONPEACIACTCA YyIJIOM ¢, , a BTOPOro maryHa Yyrjiom (723

. -/
(CM. PUCYHOK 4), CJICA0BATCIIPHO UX YIJIOBas CKOPOCTb - ¢, U (B Macch IIaTyHOB M U

m’ COCPEOTOYEHBI B TOUKE B U B, a macca KpuBommmna B Touke O.
CocTaBieHO  ypaBHEHHE JBW)KEHHMS  paccCMaTpUBaeMOro  MeXaHH3Ma ¢
UCTIONb30BaHUEM ypaBHeHHe Jlarpanxa 2-poja:



E ﬂ —ﬂ+a—H:Mog _ch
dt\ 0¢y ) O¢, O¢y
dfor) ot oamr_y, ()
dt\ 0¢, ) Op, O, !
df ar or ol
o |t =Ms
dt\ 0¢; ) 0¢; O, !
rae goé u ¢§— 0000IIIEHHbIE KOOPAMHATBI U CKOPOCTH COOTBETCTBEHHO BTOPOTO

matyHa; /] — NOTeHIMAIbHAs SHEPTUsI MEXaHU3Ma.

[lonydeHna oOmas Mmaremarudeckas Mozenb (5), AAsS pasIUYHBIX CTaIuil
JIBIDKEHHUS] MEXaHM3Ma, Ha OCHOBE ypaBHeHus Jlarpamka 2-poaa ¢ ydeTtoM Bcex (HakTopoB
OKa3bIBAIOIINX BIUSHUE HA €r0 KNHEMATHYECKHE XapaKTePUCTHKY:

Jiy + m|12¢1 +mhly@, cos(p, — @) — mlllz(bzz sin(p, —¢) + m/|12¢1 +
+m/I1I£¢£ COS(‘PQ -o) - mlll |£¢£2 Sin(goé —@)=Mn- (R01”L,.Kk + Ryphyy ko + Rl3rl4/.mk);

ml;@z +mhl,@ cos(p, — ) + m|1|2¢12 sin(p, — @) + mgl,sing, =

:((pi“pl)\/]llz +|22 =2hl, (@, — @) - mhy; ®)
152435 +m'ly 1563 cos(e; — 1) + m'LIse sin(g; — 1) +m'gly sin gy =
= (94 )W +12 — 20t cos(h — 1) - 'y

raue (pé - YIIOBOE YCKODEHHME BTOPOrO MIaTyHa; J; — MOMEHT HHEPLUH

KpUBOILINIIA OTHOCHUTCIIBHO OCHU BpaIllCHUSA; R01_ pCaKkThuBHAsA CUJIa B OHOpE 0, r

y.K

paauyc nangsl kpusomuna; K — kodpduiueHT TpeHus KadeHusi; R, M R,- PEAKTHBHEIE

1. /
cunbl B maphupax A u A'; 1w r' — pamuycsl nandsr marynos; h; u h — meo cumbt

y.u Y.

. 5 pl
uHepuuii P 1 P, OTHOCHTENBbHO apHUpoB 4 ud

YcTaHOBIIEHO, YTO ypaBHEHHUE (5) aHATUTHYECKOMY PELISHHIO HE MOIaéTces, TaK
KaKk B 3aBHCUMOCTH HaxOJIATCA HECKOJbKO HEHM3BECTHBIX IIEPEMEHHBIX, KOTOpBIE
YCIOKHSIOT ee pemeHue. Ilpu aHaIUTHYECKOM pELIEHUH MPHUHATHIE JOMYIICHUS
(IBMXKyIINH MOMEHT, MOMEHT COIPOTHUBIICHNS 1 MOMEHTHI CHJI MHEPIMH) ITPUPABHEHHBIE
HYJIIO, OIISATh NMPUBEAYT K YpaBHEHHIO CBOOOIHOTO KoyiebaHus. Eciam mpupaBHATH 3TH
MOMEHTHI, KakOMy TO YHCJIOBOMY 3HA4YCHHIO, TO 3TO TOXE HE OYIeT IOJHOCTHIO
OTHCHIBATH JBIKEHHE yIApHBIX Macc, TaK KaK BCE CHJIBI U MOMEHTEHI, JIeHCTBYIOINE Ha
MeXaHU3M, B3aMMO3aBUCHMBI I MEHSIOTCS B K&KIOM TTOJI0KEHUH MEXaHU3Ma.

IIpu uccnenoBaHuy yaapHBIX MEXAaHU3MOB 32 HA4aIbHOE YCIOBHE IPUMEHSIOTCS
TIOJIOKEHHSI M CKOPOCTH OOliKa Iocje OTCKOKa, 3a/laBaeMble, KaK MpPaBUIIO, UCXOIS U3
IIPaKTUKU. B HamieM e cilyyae BEIMYMHY OTCKOKA OJHO3HAYHO CKa3aTh TPYAHO, TaK KaK
maTyH ¢ Maccod (yZapHHUKOM), TPHCOEAMHEHHBIH K KPUBOIIMIY HIAPHUPHO, MOXKET
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OTKJIOHUTBCSI HA HEKOTOPBIH YroJI IO MHEPIUM OT MMITYJIbCa yJapHOM CHIIBI, KOTOPBIH B
CBOIO OYepeAb 3aBHCHT OT MHOXECTBa (aKTOPOB, TaKMX KakK: CKOPOCTb M BpeMs
coylapeHusi, Macca W KOHQUrypauus CcOyAapseMbIX TeJl, CWJIa COIPOTHBICHUS
JIBUYKEHUIO.

HccnenoBanus npolecca OTCKOKa YAApHOH Macchl OT BOJIHOBOJA U BBIXOZa €€ Ha
yIapHYI0 MO3UIHKIO 32 OJAMH LUK PACCMOTPEHBI ABYMS CIOCO0aMM: C yY€TOM MOMEHTOB
UMITyJIbCa CHJI 1 MOMEHTOB CHJI MHEPLHHA, U C Y4eTOM KO3 QHIHEeHTa BOCCTAHOBICHUS
CKOPOCTH.

B nepBom crnocobe, mpu HAJIMYUK MOMEHTa UMITYJIbCa CHJI COCTaBJICHO CHCTEMa
YpaBHEHHH [BIDKCHMS KPHBOIIWIA M INATyHAa B MOMEHT yJapa W IIOCIE€ HEro,
MHTETPUPOBAHMEM MO BPEMEHH MOIYyYeHBI YIJIOBas CKOPOCTh M YIIBl IIOBOPOTa
KPHBOILINIIA U IIATYHa B MOMEHT yJapa:

doy M, = Po(h+h) =Rtk

dt I, oeict .
% _ _Pyolz + R12 . I’u.m . k + mghz t T ey ( )
dt I
L _Pyd(ll+12)_ Roi 1, K,
o= | t
1
0<t<t,., ©)
_ _Pyolz + R12 . I’ulm . k + mghz 2 o
P, = | t
2
M II0CJIC COyapCHUA:
dt I,
2 tcoyd. sts< tmax. (8)
M — m(a}l * 602) rhut.o k= mth - RlZ : ru.m -k
dt I
M, £majlh, , —Roy -1, -k ,
n= | t
2 ' twy(). <t< tmax. (9)
m(a)l * 0)2) rhm.() * mth B R12 ) ru.m -k t2
Py =

P
/
rae |1 - unHa kpuBomuna OA (pucyHOK 7).

IIpu BBIUMCIEHHAX CKOPOCTH OTCKOKA yIapHOW Macchl B MOMEHT COYAApEHUs
BTOPBIM CIOCOOOM, KOTJja YYHUTHIBAETCS KOA(PQUIIMEHT BOCCTAHOBJIEHHE CKOPOCTH, a He
Yepe3 MOMEHT CHJI UMITYJIbCa PacyeThl BBITIBIAT CIIEAYIONIMM 00pa3oM:

B MOMEHT yzapa:
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vV, =-V-k, (10)
rae K, — xKo3(pdUIHEHT BOCCTAHOBJICHHE CKOPOCTH, BEIMYMHA, KOTOPAas 3aBHCHT OT
cBOliCTBa 00pabaThiBaeMOro 00beKTa.

CKOpOCTL IaTyHa B MOMCHT COYJapC€HU ONPCACTIACTCA KaK:
®, = _om. (11)

A yron noBopoTa IaTyHa OnpeieseTcs Kak:
P =0 'tcoy(). 12)
JBuskeHHe yAapHOH Macchl HOCIe OTCKOKA ONpeleNseTcs, KaK U IPU MepBOM

croco6e 1o 3aBucuMocTsIM (8) u (9).

B dgactHOM Cjlydqac IIpUHHUMAAg KPUBOLIUIIBI, KaK JHUCK MacCbl KOTOPBIX

12
ml
COCpEaTO4YCHbI HA OCH BpAIllCHU: |, :711/1 MIATYHBI, KaK CTEPKEHH, MACChl KOTOPBIX

2
ml;
COCPCAATOYCHBI HA UX CB060,Z[HLIX KOHIIax: |2 = T OIPCACIIACM ABMKEHUE KPUBOIIUIIA

W IIaTyHa B MOMEHT H ITOCJIE COyIapeHus (PUCYHKH 5 a 1 0).

1807

a) 2 0)
Pucynok 5 — Kapruna nonoxeHus 0oiika 3a 0JJUH LUK IOCIE COYAapeHus C
HUHCTPYMEHTOM

a) C y4eTOM MOMEHTOB UMITyJIbCa CHJI 1 MOMEHTOB HHepLuii, 6) ¢ yueTom
k03¢ hHUIHeHTa BOCCTAaHOBICHNS CKOPOCTH

Pemenve ypaBHeHMH moKa3asio (PUCYHOK 5 a) B MOMEHT COYJapeHHs] KPHBOLIMII
OCTaHABJIMBAECTCSI W MEHJET HalpaBlieHWE BpalleHUss B O0OpaTHYI0 CTOPOHY [0
OIPEIENEHHOTO Ipajyca u3-3a NEHCTBUS MOMEHTA UMILYJIbCA CUJIbI Py, HAaIPaBICHHOTO
HPOTUB BpAIIEHUs KPUBOILMIA. 3aT€M, HOCJIE TOTO, KOrJa JeHCTBUE MMIIYJIbCa CHIIbL Py
[IOTaCUTCsl, KPUBOILIMII BHOBb HAauyMHAET BpalIAThCs II0 4YAaCOBOM CTpENKE 3a CUeT
JBHKYILETO MOMeHTa MaxoBuka. IllaTyH e ¢ y#apHOM Maccoi Mocie OTCKOKa
IIPOJIOJKAET IIOBOPOT NPOTUB YACOBOM CTPEJIKHU, U YCIEBAET COBEPIUUTH IPUMEPHO OJIUH
000pOT BOKPYr OCH IIapHUpa A TpH HE MOJIHOM ITOBOPOTE KPUBOMIHMA. 3aTeM, IO

o / o
JCUCTBUEM CUJIbI MHEPIIUN P:K IaTyH MCHACT HAIIPaBJICHUC BPAICHNUA Ha 10 YaCOBOU)
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U yZJapHas Macca CTPEeMHTbCA K nepudepun BpameHus. [Ipu TOCTIKEHUH KPHBOIIHIIA
MIOJTHOTO TOBOPOTA, (IIOKAa3aHO IITPUX IYHKTHPOM) IPOUCXOAMT ONEPEKESHUE BpalleHUS
maTyHa ocu KpuBommmna. Ilpum nmanpHeliieM BpamieHMM KPHBOILIMIIA INATYH JHOO
YBEJIMYHMBAECT 3TO ONEPEKEHUE, JHOO OTCTAaeT, U B TAKOM IMOJOXCHUU JIBUKETCS 10
COyJIapeHHUs C HHCTPYMEHTOM.

Kak BumHO M3 pucyHka 5 0) MmoBeieHHE IIaTyHa aHAJIOTMYHO PAacCMOTPEHHOMY
BhIIIE City4aro. OTian4ue 3aKI04aeTcs B TOM, YTO 37eCh KPUBOIIUII [TOCIIE COyIapeHuUs He
MCHSET HalpaBICHHE BpAIICHWSA, TaK KaK B 3TOM CIydae B pacdyeTax HE yJacTBYIOT
MOMEHTBI CHJI UMITYJIbCa OTHOCHTEIBHO OMOps! O 1 mapHupa A.

[IponcxomuT HEONMpENENIEHHOCTs IIOJIOKEHUS IIaTyHa OTHOCHTEIBHO OCH
KPHBOIINIIA, YTO HE 00ECTIeUnBaET HAJEKHOCTh NTEPEAAUH SHEPTHH.

[TosToMy 11l yCTpaHEHHSI 3THX HEIOCTaTKOB HEOOXOAWMO OTPaHWYUTH YTOJ
MIOBOPOTAa INATyHA OTHOCHTENBHO OCH KPHBOIIWIA IIOCIE OTCKOKa M (HUKCHPOBATH
MOBOPOT IIATyHa OTHOCHTEJILHO KPHUBOLINIIA TIPH BBIXOJE Ha Nepudepuio BpalleHus. ITo
MOYKHO JJOCTUYb BBEJICHHEM B KOHCTPYKLHUIO OTPaHUYHTEIICH BpallleH!s IaTyHa.

yh oy J1st paccMOTpeHMsl BbIXOJA YIApHOM Macchl Ha
- nepudepuio (ymapHyto MO3HIIUIO) CoCTaBJIeHa
MareMaTudeckas MOJEeb [IBW)KCHMS MEepBOM yIapHOU
MaccChl, C y4eTOM HIDKE IPHUBEICHHBIX JOMYyLICHUH, a
TaKKe Ipennosioras, 4Yro BTOpas IIOJOBHHA YAAPHOTO
MexaHn3Ma (BTOpas yIapHas Macca) ABIDKETCS TakKe
KaK ¥ nepBast MoJoBHHA (PUCYHOK 6):
1) ®w; = CONSt, T.. KPHUBOUIMI BpAIIACTCS
PaBHOMEpHO; _
it 2) Cuna wHepuuu P', 3aBHCHT TONBKO OT ) W
HOPMaJIBHOTO  COCTABJISIIOIIETO  YCKOPEHHSI ~ MacChl
Pucyrok 6 — Pacuernas cxeMa  1yocprenpio navana KOOD/IMHAT;
YHapHOTo MEXaHM3Ma JUL 3) LleHTp TSDKECTH IIAaTYHA COCPEJOTOYEH B TOUKE B;
OAHON yNapHOM MaCChI 4) Jswxenue O6oiika B Hayane LKA HAYUHAETCA C
OMPEIENICHHOT0 (PUKCHPOBAHHOTO MOJNOKEHHSI.

OTHOcuUTeNbHAs YIioBas CKOPOCTb ﬂ/d'[ ¥ yroj MeXIy KPHBOLIMIOM W InaryHom /3

OIIPEACIISICTCS KaK:

3 +,)r —gh
96 _ o+ ((:01 . :) ,hl 2)(ti—ti1) (13)
dt 1 +1; —2l,1,cos g
3((@ +@,) - gh, )(t ~t.,)°
/> +12 - 211, cos B

rae 3, — Yrojl OPeIbIIyIIero MOJ0KEHNS MEKIY KPUBOIIHMIIOM M LIATYHOM; (U, —

p= ﬂi—l + (14)

Ha4daJIbHas1 CKOPOCTH IIaTyHa.
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VYrnoBast ckopocTh yaapHoit macchl (13) B yron Mexay KPHBOIIMIIOM M IIATYHOM
(14) 3aBUCAT OT YIJIOBOM CKOPOCTH KPHBOIIWIIA, JUTHHBI KPUBOIIKIIA M MIATYHA, IJIEYa CHJIBI
WHEPLUH U CUITBI TSHKECTH, HO HE 3aBHCAT OT YAapPHON MacChL.
B 2pa N3  anamm3a  KHHEMATHKH
YIApHOTO MEXaHU3Ma, BBUIBICHO, YTO
BBIXOJ] Y/IapHOH MaccChl B IMpeayJapHoe
nonoxenne (f=180%) 3a omun o6opor
KpHUBOIIMIIA JJIS BCEX COOTHOILICHUH
JUTHH 3BCHBEB TIPOUCXOJUT B WHTEPBAJC
0 90 180 270 360 350465 iy 7pad n1:750'1000 00/mnH (pHCyHKH 7! 8)

PucyHOK 7 - JluarpamMma 3aBUCHMOCTH YTJia Hnst HOCICAYIOMIETO
PACKpBITHS IIATYHA OT yIyla HOBOPOTa uccienoBatii - W NMPOCKTHPOBAHIT
kpuBomMmna mpu N; =700 06/MuH. YAApHOTo  MEXaHHMsMa  IICPEMCHOU

Py CTPYKTYpPbl C AMHAMHYECKOM CBA3BIO,
180 = YUUTHIBAsL, YTO MAKCUMAJIBHO JIOMYCTHMA
| <A CKOPOCTh  COyA@peHUs s apHBIX

80— oo y/ P yAap AL ynap
10| 20 P MalllMH HE JIOJDKHA IPEBBINATh 8 M/C U
R 224

sl s // ‘ TpeOOBaHWS K  PYYHBIM  yZapHBIM
60 “”f”,f MallliHaM B OTHOIIEHMM HX Beca U
0| - rabapuTOB, NPUHATH COOTHOLIEHHE JUIMH

— !

0 90 180 270 360 ¢repad  3BEHBEB yJIAapHOTO MexaHu3ma |,/ |1 =0,67.

Pucynok 8 - JluarpaMma 3aBHCUMOCTHU B  uerBeproii riaBe i

yIri1a pacKpbITHA IIaTyHa OT yriia

ompeneieHuss ACHCTBYIOIIMX CHJI  HA
noBopota kpupoiuuna npu N;=1000 06/mMuH.

3BEHBSX MEXaHU3Ma, MPOBEAEHBI
KHHETOCTaTHYECKUEe W IMHAMHUYECKHE HCCIEOBaHUS yOapHOTo MexaHu3Ma. OrnpeneneHbl
PEaKTHBHBIC CHJBI B IIAPHUPAX M OIOpPE MEXaHU3Ma M YCTAHOBJICHO, YTO B MOMEHT yjapa,
BO3HHKAOIIAsl peakTuBHas cuia BospactaeT 10 77 kH (npu A = 50 [orc) u 100 kH (npu 4 =
100 /), HO wH3-3a KOHCTPYKTHBHOW OCOOCHHOCTH YyJapHOTO MEXaHW3Ma, MOMEHT
CO3JaBaeMblil TOM CHIIOW MpPAaKTHYECKH HE BO3JIEHCTBYET Ha OINOPY YHApHOTO MEXaHU3Ma
(Bemyumii Bai).

YCTaHOBIIEHO, YTO KOTZIa MEXAHU3M HMeEET OJHY yAapHyl0 Maccy (PUCYHOK 9 a), To
peakruBHas cwia Ha omope O (Rp) HOYTH HE WM3MEHSCTCS, a KOrJa MEXaHH3M HMeeT
CHMMETPHYHO PaCHOJIOKEHHBIE YAapHbIe MacChl (PUCYHOK 9 0), peakTHBHas cuiia Ha omope O
CTPEMUTCS K MUHUMYMY U TOJIBKO B MOMEHT yZiapa BO3pacTaeT 0 3HAYUTEIbHbIX BEIUYUH.

DTO MOXHO OOSICHHTH TEM , YTO CHMMETPHYHO PACIOJOKEHHBIE YAApHBIE MACCHI
obecrieunBaloT OANAaHCUPOBKY BPAIIASIOIIMXCS SIEMEHTOB MEXaHU3Ma, IPH 9TOM CHIDKAeTCs
Harpy3ka Ha omope O. KpUBONMHEHHBIH y4acTOK AuMarpaMMbl OOBSCHSETCS TEM, YTO Ha
JTAaHHOM Y4acTKe OJJHa yJapHas Macca HaXoIMTCs B (paze pacKphITHs, a BTOpas yaapHas Macca
yKe 3aHsIa MpeaylapHyo MO3WIHio (BhIILIA Ha nepudepuro). Ha ygactke B 135° - 180° u
315" - 360° mpsiMas IHHEMA QEATPAMMBI O3HAYACT YTO OGE YHApHBIC MACChl BBIIITH Ha
niepudeputo.
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RH R, - peakuns ua wapuupe A —— Ry; - peasuns na mapunpe A
= =Ry, - peaxms Ha onope O —— Ryg - peaxus ua mapuupe A’
7740J Rop -pe ! 7 R IIT == Rg; pesis a onope O
" T 77400 77330 77390 7390
1400 1380 - ',.' ',.' !7
1400 L
=+ <
1200 4 1200 1
I 1
B E
10004 r)(',(_.i? - 1000 s Ay ity ’-/(‘ .
800 800
7/ N “
AY
600
600 \ 1 \ |
\ | |
400 \ \ \
400 \\ — |
200 \ N
4 !
200 N ~d,
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Pucynox 9 — I'paduk 3aBUCMMOCTH peakTUBHBIX cUll Ry, Ryp Riz OT yrila moBopora
KpuBomuna ¢, npu 4 = 50 Ix
a — OJIHO MacCCOBBIIl MexaHu3Ma; O -ABYX MacCOBBIM MEXaHU3M
C yderoM Bcex AEHCTBYIOIIMX CHJI HAa MEXaHH3M OBUIM ONpeAeNeHBl HCTHHHOE
3HAQUEHUE U3MEHEHUs YIJIOBOH CKOPOCTU BEAYLIErO 3BE€HAa OT yIJa IOBOPOTa KPUBOIIMIIA,
KOTOPBI puBeieH Ha auarpame 10.

wich po1s 3neck  HaOmomaeTcsl  JiBa
LUKJIa BPAIICHUA KPUBOLIMIIA. IIE€PBbINA
78,5\_‘- \ - One OUKJI - TEPEeXOJHON Mpolece, BTOPOH
/\ ) IUKJI — YCTaHOBHUBINMIiCS pexuMm. B

55,4 = - 1 et =1 =/ e Y p
\ =1 IIEPEXO0HOM nporecce ocie
sos ] COyIapeHus MepBON yAApHOM MaccChl €
' BOJIHOBOJIOM, yrioBas CKOpPOCTh
> KpUBOLINIIA CHIKaeTcs bit)

0 45 90 135 180 225 270 315 360 45 90 135 180 225 270 315 360 (;, 2pad

OIPEJICIICHHOTO MUHHMAJIBHOTO

W,.—Tipu M, = 2,28k, w/uc —npum, = 9,36 ke
Pucynok 10 — I'paduik 3aBUCUMOCTH @ OT ¢y,
npu 4 = 50 e

3Ha4YeHHs. ITO MOXKHO OOBSICHHUTH TEM,
YTO MpH OTCKOKE TMEepBOM ymapHOH
Macchl MATyH Bpamaercs B 00paTHYIO
CTOPOHY BpallleHHs KPHUBOIIMIA (CM. PUCYHOK 5 a). A B yCTAaHOBHBIIMMCS DPEXHME
MOBTOPSIETCS AHAJIOTMYHAs KapTHHA, TOJBKO INPH 3TOM B pabOTy BCTyNaeT BTOpas
ynapHas macca. HaGmoaetcss HepaBHOMEPHOCTh BpAIllEHHUs BEIYIIIETO 3BEHA.

YcTaHOBIIEHO, TaKkKe, YTO NMPH Macce MaxoBHKa He Oosiee 3 Kr, M3MEHEHHE
YIJIOBOM CKOPOCTH KPHBOIIMIIA KOJeOJieTcss B OONBIIOM MHTEpBaje 3HaYeHHH (PHCYHOK
10). Ilpu yBenu4yeHMH Macchl MaxOBHKa, KoJicOaHHE HM3MECHEHHH YIJIOBOW CKOPOCTH
KPHUBOIIMIIA yMEHBIIAETCS, M JUarpaMMbl YIJIOBOH CKOPOCTH BBIJIAIAT Oojee
criaaxeHHbIMH. OJTHAKO YBEJIMUCHHE MAcChl MaXOBHKa MPUBOJHUT K YTSDKEJICHHUIO OOIIEH
Macchl y/lapHOro MexaHusMma. [loaToMy BBIOOp JOIDKEH OCYLIECTBIISICTCS HCXOJIS M3
aMILIUTY/IbI KOJIeOaHUH CKOPOCTH MaXOBHKa YAapHUKA.
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B mnsToii riaaBe mpuBeneHa pa3paboTaHHas KOHCTpYKmus (pucyHok 11) u
METOJIMKA 3KCIEPUMEHTAIBHOTO HCCICIOBAHMS, PE3YJIbTAaThl SKCIIEPUMEHTA YAApHOTO
MIIC ¢ nuHaMHYecKOi CBsI3bIO U 00JIaCTh MPUMEHEHHUS YAaPHOTO MEXaHU3Ma.

OcHoBHOH LEJTI0 9KCIIEPUMEHTAILHOTO
uccnenosanust ynapHoro MIIC ¢ guHaMHYecKO# CBS3bIO,
3aKJIOYaeTcsi B NPOBEpPKE pPabOTOCIIOCOOHOCTH MallIHHBI,
ONIpPEACTICHNH €€  JWHAMUYECKHX  XapaKTepPUCTUK |
YCTaHOBIICHHE BBIXOJa yIAapHUKA B MPeIyJapHOE TOI0KEHUE
3a 0IMH 000pOT POTOpA.

Jns  SKCIepUMEHTANBHOTO — HCCICIOBAHUS  OBLI
pa3paboTaH  SKCIIEpUMEHTaNbHBIN  cTeHA.  IIpoBemeHBI
SKCIEPUMCHTANBHBIE HWCCIEHOBaHHA o0pa3ma  yAapHOTO
Pucynok 11 — Viapuelii  Mexanusma NEPEMEHHOM CTPYKTYypbl ¢ JAWHAMUYECKOM

MEXaHU3M CBSI3bIO, PE3YJIbTATHI B KOTOPBIX OTPakKeHbI B Tabuuie 1.

Tabmuna 1 - Pe3ynbTaTsl 9KCIEPUMEHTAIBHBIX U3MEPEHUH NPH Pa3JINYHBIX JABICHHUAX B
HaropHOM MarucTpaiy THAPOMOTOpPa

Hau. nep X 6euUUn Boixoonvie napamempuol
Cpennee | U3meHenus Pacxon [Temneparyp Uucio I/I3M6Heﬂfle CkopocTh Oneprus | Yacrora Koadd.
naBlieHME| JaBICHUS YIIIOBOH  |cOyHapeHust HEpaBHOMEPHO
macna, amacna, | 060poTOB, ynapa, ynapa,
Macia, Macia, - © 06/ cnfnc;gocm , T I'n CTH X012
MIla MIla ", 1/c M/C MalluH, O
3 2,7-3 8,5-11 51 260 40,12 4,012 13,52 8,66 1,202
4 4-4,16 7,9-12,2 32 330 56,14 5,614 24,67 11 1,41
5 5-53 6-8,1 35 360 77,97 7,797 49,24 12 1,83
6 6-6,2 9 35 370 80 8,0 54,84 12,33 1,84
7 6,9-7,1 7,181 40 380 81,84 8,184 56,46 12,66 2
8 8-8,2 6,5-11 30 390 87,55 8,755 65,31 13 2
9 8,96-9 7,3-9.8 23 420 92,31 9,231 69,02 14 1,72
10 9,05-10,1 7,9-10,2 55 450 98,97 9,897 79 15 1,74

AHanu3 BBIXOJHBIX MapaMmeTpoB ObUT MPOBEJEH JJSl BCEX 3HAUEHWH JaBIEeHUN
paboueil )KuAKOCTH THAPOTIPUBOAA B quana3one 3-10 MIIa. 3neck ke 1151 HarJSIIHOCTH, B
KayecTBE TIpUMepa, Ha pHCYHKe 12 TpuWBEICHBI TMOKa3aHWA ocHowuiorpada,
(UKCUPYIOMETO W3MCHCHHS BEIWYWHBI  HANPSOKCHUS  DJICKTPUYECKOTO TOKa B
3aBHCHUMOCTH OT BPEMEHH IpH pabodueM IaBICHUH B HATOPHOW MaruCTpalid THIPOMOTOpa
P =5 MlIla.

U.MV

B Linit

t. MC

Pucynok 12 — I'paduk 3aBucumoctu U(t) Pucynok 13 — T'omorpad w1(e:)
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A H3menenue BCIIMYUHEBI
i HaHp}I)KeHI/Iﬁ TOKa B 3aBUCHMOCTHU OT
BPEMCEHHU COOTBETCTBYCT U3MCHCHUIO

- 7\ D yraoBoir ckopoctu kpuBommma. C

MIOMOILI0  TaPUPOBOYHOTO TIpaduka

) 12 o HU3MEHEHUs HaInpsHKeHUH TOKa

' P g 7 T Bo g W L MC NEePEBOAUTCSA B YIJIOBYIO CKOPOCTh
i) Fil3 180 5 70 ar: m,—%é’—h-'ﬁb 2pad

T w5 # & | KpHBOIIMIIA dYepe3 MpeoOpa3oBaHue

Pucynox 14 - I'paduk 3aBucumoctn @; OT ¢; YacTOThl BpAalllCHUs] KPHUBOIIMIA, Ha

npu P =5 Mlla OCHOBE KOTOPBIX, OBUI IOCTPOEH

rogorpad (pucyHok 13) u nuarpaMma 3aBUCHMOCTH YIJIOBOH CKOPOCTH OT yIjla IOBOPOTa
KpHBOIIHIA (PUCYHOK 14) /17151 MeXaHU3Ma B IEJIOM.

Kak u B mpemsigymem ciydae, u3 romorpada (pucyHok 13) m muarpaMMel
(pucyHoK 14) HarmsmHO BUAEH XapakTep M3MEHEHHs YIJIOBOH CKOPOCTH, KOTAa IMOCIHe
COyJapeHHsl INepBOH yHapHOH MacChl, yIJIOBas CKOPOCTh KPHBOIIMIIA CHHXKACTCS [0
MHHHAMAaJIBHOTO 3HAYCHUS, 3aTEM BHOBb YBEIMYMBACTCS 33 CUCT KPYTAILIETO MOMEHTa
Beaymiero Bana. JIOCTUTHYB BHOBb KakOro-TO MAaKCUMAaJbHOIO 3HA4YeHUS (MOMEHT
COyAapeHHUsl yAapHOI Macchl C ONMOPOH Mocie OTCKOKAa), CKOPOCTh BHOBb CHMXKAETCS 3a
CYET TOPMOKEHHS KPUBOIIHUIIA, CHUKASICh BHOBB JI0 KAKOT0-TO MUHUMAJILHOTO 3HAYCHHS.
Jlanee cKOpPOCTh KPUBOIINIIA BHOBb YBEITHYUBACTCS A0 MAaKCHMAaIbHOTO 3HAYEHUS U MPU
@1 = 173° ypmapmas Macca 3aHMMaeT MpeAyJapHylo To3uimio. Jlajgee mpouecc
MIOBTOPsIETCS, TaK Kak B paboTy BCTymaeT BTOpas yJapHas Macca.

C umenblo OHEHKHM JOCTOBEPHOCTH TPHHATHIX THIIOTE3 M JIOMYIIEHUH
MIPUCOCTABIIEHNH MaTeMaTHYECKOH MOJEIH yIapHOTO MEeXaHW3Ma IPHUBE/ICHO CPaBHEHHE
TEOPETHUYECKHUX M SKCIIEPUMEHTAIBHBIX HCCIICTOBAHUM.

Ha pucynke 15 npuBeneHbr
JUarpaMMbl  3aBUCHMOCTEH  yriia
packpeITHs  IIaTyHa OT  yIya
NOBOPOTa KPHUBOILIMWIIA, HalCHHBIC

180
150

120 | I —
- n= 700 o6/,
90

i
27 o, pacuetHbiM Tniytem. I3 aHanuza
60 4 11000 06w, o
3 - n=750 06/, ¢ 3TON }:[I/IanaMMI)I BHUIHO, qToO
30 VHEMOM HIMENIL
6 - n=260 o6/, - IMOJIHOC PACKPBITHUE MIaTyHa 3a OJWH
0 20 180 270 360 450465 @, apad

000pOT KPHUBOIIUINA TPOUCXOJUT
IIPY 4acTOTe BpaIleHHs KPHUBOIIMIIA
ng > 750 ob6/mMuH (c yueToMm

Pucynoxk 15 - Jluarpammsl 3aBUCUMOCTEN
0
£ OT @iIIpH Pa3IUyHBIX Ny U ¢,=3

H3MEHEHHS (7).

Ho skcnepuMeHTaNbHbIE Pe3yibTaThl MOKa3bIBAOT (pUCYHOK 15, muHus 6), yto
MOJIHOE PACKPBITHE IIATYHA 332 OJMH 00OPOT KPHUBOILIHUIMA MPOUCXOIMUT Mpu 4actote 260
006/MuH u Oonee. DTO OOCTOATEIBCTBO MOXHO OOBSCHHTH TE€M, YTO NpPU MPOBEICHUH
IKCIEPUMEHTOB IIOCIE COYAAPEHHsSI YAAPHON MAacChl C BOJHOBOAOM HMEIIO MeCTO e
COyJIapeHure ¢ BEAYIIUM BAJIIOM H, BCIICICTBHE Yer0 BO3HUKAII BTOPUYHBIH OTCKOK.
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C moMoIIp0 BEICOKOCKOPOCTHOH BUICOCHEMKH ObLIa MOMydeHa KapTHHA paOOThI
yaapHoro Mexanusma (puCyHok 16), rie BuaHO, 4to mpu yrie ¢; = 1737 Bropas yaapHast
Macca BcTymaer B pabory (Ipou3BOAWT  coynapeHue). YUTo  moATBEpxkKIaeT
NepBOHAYAILHOE MPEATIOI0KEHHE.

' DKCIEPUMEHTAIIBHO OBLIO

1 — xopmyc; YCTaHOBJIEHO, 4TO, TMpPU COYAAPEHUH

2 — 1-it ynapHUK; MPOUCXOTUT KoJiebaHue YIJIOBO#

3 — 2-ii ynapHuK; CKOPOCTH ~ KPHBONIMNA B  OONBIIHX

4 — rupoMoTop. MHTEPBAIaX 3HAYCHHH, T.C. @ = const.,

Pucynok 16 — Kaptuna Bbixoja 6oiika 1 HEPaBHOMCPHOCTR JIBHKCHIA

MEXaHH3Ma IPHBOJUT K HM3MCHCHHIO
JIEUCTBYIOIINX CHJL.

[TosToMy OBLIO ONpPEAENEHO YINIOBOE YCKOPEHHME BEIYLIETO 3BCHA MEXaHU3Ma
rpapudeckum aupdepeHnInpoBanreM rpaduKa 3aBUCHMOCTH W3MEHEHHs YIJIOBOW
CKOPOCTH OT yIya noBopoTa Kpusomnna (@) (pucyHok 17), KOTOpPBI MO3BOIMI

Ha yIapHYIO MO3ULIUI0

OIIPEAC/INTG  BCIUYUHY TaHT CHINAIBHON COCTaBJIﬂIOH.[eﬁ JIIMHEHHOTO YCKOPCHUA
KPpUBOIINIIA, 4 TAKXC HWCTHHHYIO BCIWYMHY W HAIIPpaBJICHUC CHUJIbBI MHCPUUU, KOTOpLIP‘I
CBOIO OoUepeAb AaJI BOBMOXKHOCTD IIPOBECTHU yTO‘IHCHHLIfI KHHETOCTAaTHICCKUU pacyer.
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Pucynok 17 — JlnarpaMma U3MEHEHUS @1 U Pucynox 18 — I'paduk 3aBuCHMOCTH
€1 0T @1 Ro1, Ra1, Rz 0T 901

U3 rpaduka (pucynox 18 a) BumHO, 4TO peakTHBHBIE CHIbI Ri, Ri3 B mapHupax 4 u
A' ouTH He M3MEHSIOTCS, 4 peaKTHBHAS CHTa Rop B onope O I10CiIe COyIapeH s CHIKACTCS 110
MHUHUMAJIBHOTO 3HAYEHHS 70 CIEAYIOIIEro COyJapeHus. ITO MOXKHO OOBSCHUTH TEM, YTO BO
BpeMs ylIapa peaKkTUBHAas CHJIa pPE3KO TMOBBIMIAETCS, HO TYT M€ CHI)KaeTcs 3a CYeT
0COOCHHOCTH KOHCTPYKLIUH MEXaHU3MA.

AHanu3 auarpaMMbl PeakTHBHBIX Cuil (pucyHOK 18 0) mo3BossieT ckas3aTh, 4TO 3a
OIIMH 00OPOT KPHBOIIMIIA PEAKTUBHBIC CHJIBI B IIapHUpax 4 U A  MOBTOPSAIOTCS, YTO MOXHO
OOBSCHHUTH TEM, YTO CHMMETPUYHO PACIIONOKEHHBIE YIapHBIE MAaCChl OaaHCHPYIOT JIBHKCHUE
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yaapHoro MexaHusMa. ClielyeT OTMETHTh, YTO B MOMECHT HAHECEHHUS yJapa PeaKTUBHBIC CHIIBI
HE3HaYHUTETbHO BO3PACTAIOT, HO 3TH PEAaKTHUBHBIC CHIIBI HE YCTICBAIOT IEepeIaBaThCs OMOpe, TaK
KaK BpeMs COyJapeHusl yJapHUKa ¢ BOJIHOBOIOM COCTaBIIET BCEro JIHIIb 256 wmkc, T.e. 256-10°
Sc. PeakTHBHbIC CHJIBI, ONPE/ICNCHHBIC C YYETOM HEPAaBHOMEPHOCTH YIIOBOH CKOPOCTH
BEJIYIIETO 3BeHa (PUCYHOK 18 0), 3HAUUTENIBHO OTIMYAIOTCS OT HEPBOHAYATBEHO MOTYYCHHBIX
pe3ynbTatos (pucyHok 19 a), korma momyckanock, 4T0 @, = const. OTO MOXKHO OOBSICHUTH

TeM, 4TO KoJIeOaHUE YIIOBOI CKOPOCTH BEIYIIETO 3BEHA CYLIECTBEHHO BIUSET HA BEIUUUHY U
XapaKTep WM3MEHEHHsS CHIIBl WHEPIHM, a CHIBl HHEPIMH, B CBOIO OYepenb, BIUAIOT Ha
PEaKTUBHBIE CUJIBI B KUHEMAaTUIECKUX I1apaX MEXaHH3Ma.

Mop.H Huarpamma MIPUBEIECHHOTO
MOMEHTa (pucyHOK 19)
HArJSIJHO — MOKas3bIBaeT,  UTO
IEpBOHAYATIBHO  ITIOJIy4EHHBIE

pesyneTatsl M,, (pucyHok 19 a)

035 90 T8 160 25 270 315 309rwad 9% w ne T Ppad HaAMHOT'O MCHBIIIEC, yeM
a) —TIpH @, = const.; 0) —TIPA g = const. TIOJTy9eHHOE M,, npu

YTOYHEHHOM pacyeTe (PUCYHOK
19 6). D10 MOXHO OOBSICHHUTH
TeM, 4TO B IIEPBOM cCilydae He ObUIM YUYTEHbl HEPAaBHOMEPHOCTb U MOMEHT TPEHUS B
KAHEMAaTHYeCKHX TapaX MeXaHW3Ma. A NMpU yTOYHEHHOM pacyeTe OBbUIM YYTeHBI HM3MEHEHHE
YIJIOBOM CKOPOCTH BEyIIEro 3B€Ha U MOMEHT TPEHHS B KUHEMAaTHYECKUX I1apax MEXaHH3Ma.

N3 sxcnepuMeHTaNbHO TOTYYEHHON JUarpaMMbl KPYTSIETO MOMEHTa (PUCYHOK 19
6) MOKHO 3aKJIIOUUTh, 4TO IpU paborte yaapHoro MIIC BelnuuHA MPUBEIEHHOIO KPYTSIIETO
MOMEHTa KoJieOleTcsi B 3HAUMTEIBHOM HMHTEpBajle, YTO COMNIACYEeTCSl € TEOPETHYECKUMH
BelYMciIeHUsAMH. ClefoBaTeNbHO NpH IpoekTupoBanuu yaapHoro MIIC ¢ punammuyeckoi
CBA3bI0 HEOOXOAUMO YUHUTHIBATh TAHTE€HIIMAJIBHBIE COCTABIIIOMINE CUII MHEPLUHU YAAPHBIX
Macc.

Pucynox 19 — I'paduk 3aBucumoctu M,, oT ¢,

PyuHoli ynapHBI MEXaHU3M IEPEMEHHOU CTPYKTYPBl C JIMHAMUYECKOU CBS3bIO
MOJKET TPUMEHATHCS B Pa3NMYHBIX 00JACTAX IPOM3BOJCTBA, TAaKUX KaK: FOpPHOE AEJI0
(pa3pymieHue U packanblBaHHE KaMEHHBIX HETabapHTOB), CTPOUTENBCTBO (YIUIOTHEHHE U
PBIXJIEHHE TPYHTOB, JEMOHTaX (YHIAMEHTOB, NMEPEKPHITHH, MEPEropojoK), AOPOKHO-
peMOHTHbIE pabOTHl (BCKpPBITHE T'PYHTOBBIX, ac(aibTOBBIX M I[EMEHTOOETOHHBIX
MOKPHITHI), TlepepaboTka KaMHs (KOJIKa, pacIleIUleHHe, OydapIupoBaHHE), a TaKkke
MalIMHOCTPOEHHE.

YHuBepCcanbHOCTh U BBICOKast 3 (EKTUBHOCTD yJIapHOTO MEXaHH3Ma JEJal0T ero
BOCTPEOOBaHHBIM HMHCTPYMEHTOM JUIsl PEIICHHs 3ajad, CBA3aHHBIX C BO3JECHCTBHEM
JTUHAMUYECKHUX Harpy30K B Pa3IHIHBIX chepax.

OCHOBHBIE BBIBO/bI

B auccepranmonHoif paboTe pelleHa akTyalbHas 3ajada  HCCIICIOBAHUS
TUHAMUKHA YAAapHOTO MEeXaHW3Ma IMEpPEeMEHHON CTPYKTYPHI C JHHAMHYECKOHW CBS3BIO0 H
BBISIBJICHBI €T0 OCHOBHBIE 3aKOHOMEPHOCTH JIJIsl BEIOOpa pallMOHANBHBIX MTapaMeTpOB IpHU
MIPOEKTHPOBAHNH YAAPHOTO MEXaHN3MA.
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10.

Pa3paboTtana kmaccuukanus pPydHBIX YHZApPHBIX MAIIMH, [TO3BOJMBINAs BHIOMpAThH
cxemy yaapHoro MIIC ¢ nuHaMudeckoil cBA3bl0, y KOTOPOH peakTHBHBIE CHJIBI Ha
OIIOPBI MUHUMAJIBHBI.

[TpoBeneH 0030p M aHaNM3 AHAJIUTHYECKHX METOJOB MCCIICOBAHHMS KUHEMAaTHUKU
ynapaoro MIIC ¢ auHamuueckod CBA3bIO, KOTOPBIA BBISBHJI UX HEJOCTATOYHYIO
HU3Y4YECHHOCTD.

BbIOpaHbl METO/BI TEOPETUYECKOI'0 HCCIIeIOBaHUsT KWHEMAaTHKH, KMHETOCTATUKU U
JUHAMUKH yJAPHOTO MEXaHU3Ma MIEPEMEHHOM CTPYKTYPBI C JUHAMUYECKOH CBA3BIO.
Pa3paboTansl MaTeMaTH4eCKHE MOJENH, OIHMCHIBAIOIINE 3aKOHOMEPHOCTH ABHKEHUS
YHAapHOH Macchl MeEXaHU3Ma MPU pPa3NH4YHBIX DHEPIUAX YyAapa, MHO3BOJSIOIUE
ONPENENINUTD MapaMeTPhl MEXaHU3MA.

PazpaboTana MeToguKa W aNrOPUTM  pacyeTa, IIO3BOJSIONINE  ONpPENCIUThH
palMOHAIbHBIE TAPAMETPHI YIaPHOTO MEXaHU3MA.

HccnenoBanust KHHETOCTAaTMKM M JOuHaMuku yraapHoro MIIC ¢ auHammuueckon
CBS3bI0, I03BOJIWIN ONPEACIUTh 3HAUEHUS PEAKTUBHBIX CWJI, KOTOPbIE ISl JaHHOIO
MeXaHH3Ma MUHUMAaJIbHBI U3-32 KOHCTPYKTHBHON OCOOCHHOCTH MEXaHU3Ma.
Pa3zpaboTaHa KOHCTPYKLMSI W H3TOTOBJICH AKCIIEPUMEHTAIbHBIH 00pa3el py4HOTro
yaapHoro MIIC ¢ quHamMu4ueckoi CBSI3bIO.

B mensx mNOATBEpXKIEHHS TEOPETUYECKUX pPe3yIbTaTOB pa3paboTaHa METOAMKa
MIPOBEACHUS dKCIIEPUMEHTAIBHBIX UCCIEI0BAHUI.

IIpoananusupoBaHbl ~ pe3ynbTaThl  AKCHEPUMEHTAIBHBIX  MCCICIOBAaHUN U
COMOCTAaBJIECHBI C TEOPETHUECKUMH JAHHBIMHU:

JKCHEPUMEHTAIBHO TOATBEPXKIEHO, 4YTO NPEANOKEHHAs KOHCTPYKLHSA YAApHOIO
MeXaHH3Ma ABJsIeTCS PaboToCIIOCOOHOIH;

YCTAQHOBJICHO, YTO YacTOTa BpaIlleHHs pOTOpa B mporecce paboThl HE MOCTOSHHA, U
KoyebaHne YIIoBOI CKOPOCTH BEAYyILEro 3B€Ha NMPOUCXOAUT B MHTEpBajle 3HAUECHUI
ko3 dunueHTa HepaBHOMepHocTr ¢ = 1,127 — 1,91;

OIPEJEIICHbl BEJIMYMHBI PEAKTUBHBIX CUJI B OIIOPE U LIAPHUPAX MEXAHU3MA C yYETOM
HEPAaBHOMEPHOCTHU YaCTOTHI BPALLEHUS pOTOpa.

Pa3paboTaHbl peKOMEHIAIMH [0 COBEPIIEHCTBOBAHUIO KOHCTPYKIINH.

MNPAKTUYECKHUE PEKOMEH/JAIIN

[lpy mpoeKkTHpOBaHMM YHAAPHOTO MEXaHW3Ma PEKOMEHIYeTCS HCIOJIb30BaTh
MPEUIOKECHHYI0  HH)KCHEPHYIO METOAMKY Ui ONpPEICIICHHs  PalMOHAIbHBIX
napameTpos yaapaoro MIIC ¢ tuHaMHU4ecKoil CBA3BIO.

Ipu CO3JIaHNHN YIapHOTO MEXaHHu3Ma 1eJIeCO00pa3Ho HCITO/IL30BAaTh
cOaaHCHPOBAHHOE PACIIONOKCHHUE YAAPHBIX MAaccC, 00ECIeYMBAIONICe MUHUMAIIBHBIC
KoJIeOaHus MeXaHu3Ma.

Jliist CTaOMIIBHOTO PACKPBITUS yIAPHOW MACChl PEKOMEHyETCS IIPHHSATH COOTHOIICHHS
JutnH 3BeHbeB |,/1;=0,67, a vactoty Bpauienus kpupoinuima N;>750 06/MuH.
Pesynbrathl muccepTalliOHHOW pabOTBI MOTYT OBITh HCHOJB30BaHBI B YYEOHOM
mpolecce BY30B IPH IOATOTOBKE WHXKEHEPHBIX KaJpOB. B YacTHOCTH, METOAMKH
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OTIpe/IeICHNs] KWHEMATHKW, KHHETOCTATHKH W IuHaMuKH yxapHoro MIIC yxe
BHEPCHBI B YUeOHBIN mporecc KBIPrbI3cKOro aBHAMOHHOTO WHCTUTYTa uM. U.
AOnpanMoOBa, YTO MOATBEPIKICHO COOTBETCTBYIOIUM aKTOM.
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PE3IOME

aucceprannu Keinardexooii Hyp:xaman Hyp:xkanoBubl Ha Temy: «/{nHamunka
yIapHOT0 MeXaHH3Ma MepeMeHHOl CTPYKTYPHI ¢ THHAMUYECKOH CBA3bI0», HA
COHCKAHMe YYeHOIH cTeleHH KaHAMIATa TeXHHYeCKUX HAyK MO0 CIelHaJIbHOCTH
05.02.18 — Teopust MeXaHU3MOB U MALIUH

KutoueBble cj10Ba: ygapHbI MEXaHM3M; MEXaHU3M IEPEMEHHOW CTPYKTYpHI;
TUHAMAYecKas CBS3b; KPUBOIIHII (POTOp); MATYH; 00eK; yIapHas Macca; MaTeMaTHdecKas
MOJIETIb; PACKPBITHS IIaTyHA U JIp.

OO0beKT wuccAeTOBAHMSA: YIAPHBIH MEXaHW3M TIEPEMEHHOW CTPYKTYPHI C
JIUHAMHUYECKOM CBS3BIO.

IIpenmer ucciefoBaHMs: SABISIOTCS 3aKOHOMEPHOCTU WU3MEHEHMSI CTPYKTYPBI
MCXaHH3Ma B TCUYCHUC IHMKJIA H B3aHMOZ[eI>iCTBPIe 3BCHBCB ME€XaHU3Ma C Y4YE€TOM
HWHEPLUUOHHBIX U BHCITHUX HArpy30K.

Heabio pabdoThl sIBJsSieTCSl MCCIEAOBaHUE JMHAMUKU YAApPHOTO MEXaHH3Ma
nepemeHHoit  ctpyktypsl  (MIIC) ¢  nuHaMu4eckoW  CBSI3bIO U BBISIBJICHUE
3aKOHOMEPHOCTEH, Ha OCHOBE KOTOPBIX MOXET OBITh OCYIIECTBJICH NPOTHO3 M BHIOOP
palOHAIBHBIX TAPAMETPOB KOHCTPYKINHU PYYHBIX YAAPHBIX MEXaHH3MOB, OTIHYAIOIINXCS
MOBBIIIEHHOH Ha/Ie)KHOCTBIO.

MeToapl HcC/IeI0OBAHUS M aNmaparypa: HCCIICIOBaHUE BBIMONHIOCH Ha
OCHOBE AHAINTHYECKUX PACUCTOB KMHEMATHKH, KHHETOCTATHKHA M JHUHAMHUKU YAApPHOTO
MeXaHH3Ma. DKCIICpUMEHTAJIbHBIE UCCIEOBaHMS MPOBOAMINCH HA CO3JaHHOM CTEHJEC B
WmwxenepHoM 1eHTpe «Ackateur». [Ipu n3MepeHHsX HCIIONIb30BaHbI TaxoreHepartop /[-
25T, ¢ TOTPemHOCThI0 HM3MepeHusi He Oonee + 1; ocuwmrorpap UTD 2120 GEL;
na3epHbld  OeckoHTakTHBI Taxomerp DT2234C; wusmepurenbHblii npubOp pacxoza
KHUIKOCTH, Temreparypbl u gasienust Turbinen-Durchflussmesser Serie: PTQ; xamepa
BBICOKOCKOPOCTHOM BHIEOCHEMKH.

IMosxy4yeHHbIe pe3yabTaThl M UX HOBH3HA 3aK/II0YAETCH B
JIOTIOJTHEHUN ~ KJIacCU(UKAMK  PYYHBIX yJapHbIX MEXaHHW3MOB IO  XapakTepy
peoOpa3oBaHus CTPYKTYPHI;
pa3paboTke MaTeMaTHYecKOH MOJAENM yJapHOTO MeXaHW3Ma C JAWHAMUYECKOH CBS3bIO,
YUUTHIBAIOIIEH MOMEHT CHMJI MMITyJbca IPH JBM)KEHHHM MEXaHH3Ma BO BpEMsS OTCKOKa
yZIapHOH Macchl U BBIXOJIE €€ Ha MepU(epHIo BpaICHHS;
pa3pa60TKe METOAUKHU OIIPEACIICHNA KNMHCMAaTHYCCKUX, KHHETOCTATHYCCKHUX )5
JUHAMHYECKUX XapaKTepUCTUK YAApPHOrO MEXaHH3Ma, MO3BOJIIONICH ONpeIeNuTh €ro
panMoHalIbHbIe TApaMeTpPHI.

CreneHb HCHOJIL30BAHUSI: CO3[@H JKCIIEPUMEHTAJbHBIH O0pasen yaapHOTro
MEXaHH3Ma, pa3pa60TaHa MCTOJMKa pacdye€Tta IAMHAMHUKH YIapHOr'o0 JABYXIIOABHXKHOTO
MeXaHM3Ma, KOTopast MOXeT OBbITh BHE/IpeHa B y4eOHBIH mporecc.

O0s1acTh MPUMeHEeHHUs: TOpHast OTPacib, CTPOUTENBCTBO, JOPOKHOPEMOHTHBIE
paboThI.
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05.02.18 — ™MexaHM3AepAMH KaHA MAIIMHAJAPABIH HA3aPUATHI ATUCTHUTH
00KHYA TEeXHHKAJIBIK WJIHMIEP KaHauaaTbiHa Tajankep Keinatoexosa Hyp:xaman
Hyp:kaHoBHAHBIH «/[HHAMUKANBIK 0aWJIAHBINITYY TY3YMY 63r6pYJIMe COKKY
MeXaHH3UMIHUH THHAMHKACHD TEMAJATbI THCCEPTANUSIIBIK HIITHH

BUJIAUPMECHU

TyiiyH ce31ep: ypry MeXaHu3M; Ty3yMY €3TrepyjMe MEXaHU3M; AMHAMHUKaJIIbIK
OaiylaHblll; MHpU MyyHaK (poOTOp); TI9K; Ypryd; ypry Macca; MaTeMaTHKaJIbIK YITY,
TI3KTHUH a4bUIBIIIBI X.0.

HN3uigee 00beKTH: TUMHAMHUKAIBIK OalIaHBIITYy TY3YMY ©3TepYIMe COKKY
MEXaHU3M.

H3unnee 6yomy: KYYJIYK KaHa THIIIKBl KYYTOPAY 3CKE aIyy MEHEH MEpYEMANH
KYPYIIYHI® MEXaHU3MIUH TY3YMYHYH €3T6pYLIYHYH MBIH3aM YEHEMAYYJIYKTOpY jkKaHa
MEXaHH3M 3BCHOJIOPYHYH 63 apa apaKkeTH.

N makcatbl:  JMHAMUKaJIBIK  OalmaHBINTYy — TY3YMY  ©3repysiMe
MexaHu3MUHMH (TOM) nuHaMHKAachlH WM3WIAE6 XaHa MBIH3aM YeHEeMAYYIYKTepIy
AHBIKTOO YKaHa aJlapJblH HETM3HUH/E KOT0py HIIEHUMAYYIYTY MEHEH aiiblpMaaHraH Kojl
COKKY  MEXaHM3MIEPIWH  TY3YIAYIIYH  JOJ000pPIOOA0  PAalMOHAILYy  ©J46M
MYH©3/16M6JI6pYH O0JDKOII00 KaHa TaHI0o.

H3unnee bIkMajdapbl ’kKaHAa annapaTypa: W3WIAE6 COKKY MEXaHW3MHHUH
KHHEMAaTHKAaCHIH, KHHETOCTaTHKAChIH XKaHa JMHAMHKACHIH AHATMTUKAIIBIK
3CeNTeeNepAyH HETH3HHIE XYPIy3yaay. DKCIEepUMEHTAIABIK M3WIAeenep «AcKaTeln
HHKEHEePJUK O00opOOpyHAa TY3YIreH CTeHIIE XKypry3yiay. Omuee yuypyuma [-25T
TaxoreHepaTopy KOJJIOHYJITaH, 61466 KaTackl + 11eH ammaran; ocumuiorpadg UTD 2120
GEL; nazepauk xonrakrcb3 Taxometp DT2234C; CylOKTYKTYH arbIMbIH, TEMIIEpaTypaHbl
’kaHa OaceiMabl emueeuy acman Turbinen-Durchflussmesser Serie: PTQ; »koropky
BIJIITaMJIBIKTarsl BUJIEO KaMepa.

AJIBIHTaH JKbIHBIHTBIKTAP JKaHA AJAPABIH )KAHBLIBITbI:

- KBIHMBUIABI ~ ©3TOPTKYYTYH TY3yMy OOIOHYa KOJX Ypry MeXaHU3MJIEpAWH
KJ1acCH(MKAIMSACHIH UIITEI YbITYy (63repMe TY3YJIYLITOry MEXaHu3MIep);

- IMHaMUKaJbIK Oainaneiityy TOMIYH COKKY MacCachlHBIH MaTeMaTHKAJbIK MOJEINH
UILTET YBITYY;

- COKKYy MEXaHM3MIWH KHHEMAaTHKaJIbIK, KHHETOCTATHUKANbIK JKaHa IHHAMHUKAJBIK
MYH63/16MeJIOpYH aHBIKTOOHYH JXaHa aHBIH ONTHMAJAYy ©6J4eM MYHe3/eMeJepYH
OeNrMIeeHYH YCYIIYTyH HUIITEI YBITYY;

Kongonyy mHream:  ypry MEXaHU3MUHHH OSKCHEPUMEHTANJBIK MOJAEIH
TY3YJAY, 9KM KbIMMBUIAYY MEXaHM3MJIUH JUHAMUKACBIH ICENTO6 YCYIIYTy HIITEIHII
YBIKTHI, a1 OKYY IPOIECCHHE KHPTU3MINIIA MYMKYH.

Kosgonyy TapMarel: TOO KeH OHAYPYIIYHIO, KypYJIIyI, KOJIOHL00 UIITEPH.
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SUMMARY
of the dissertation of Kynatbekova Nurzhamal Nurzhanovna on the topic:
""Dynamics of the impact mechanism of a variable structure with dynamic coupling”,
for the degree of Candidate of technical Sciences in the specialty 05.02.18 — theory of
mechanisms and machines

Keywords: impact mechanism; mechanism of variable structure; dynamic
coupling; crank (rotor); connecting rod; firing pin; impact mass; mathematical model;
connecting rod opening, etc.

The object of the study is a shock mechanism of variable structure with
dynamic coupling.

Subject of research: there are patterns of changes in the structure of the
mechanism during the cycle and the interaction of the links of the mechanism, taking into
account inertial and external loads.

The aim of the work is to study the dynamics of the variable structure impact
mechanism (VSM) with dynamic coupling and to identify patterns on the basis of which a
forecast and selection of rational design parameters of manual impact mechanisms
characterized by increased reliability can be made.

Research methods and equipment: the research was carried out on the basis of
analytical calculations of the kinematics, kinetostatics and dynamics of the impact
mechanism. Experimental studies were carried out on a stand created in the Engineering
Center "Askatesh”. The following were used for the measurements: tachogenerator D-
25@G, with a measurement error of no more than + 1; oscilloscope UTD 2120 GEL; laser
non-contact tachometer DT2234C; measuring device for liquid flow, temperature and
pressure Turbinen-Durchflussmesser Serie: PTQ; high-speed video camera.

The obtained results and their novelty consist in:

- addition to the classification of manual percussion mechanisms by the nature of
the transformation of the structure;

- development of a mathematical model of a dynamically coupled impact
mechanism that takes into account the moment of momentum forces during the movement
of the mechanism during the rebound of the impact mass and its exit to the periphery of
rotation;

- to develop a methodology for determining the kinematic, kinetostatic and
dynamic characteristics of the impact mechanism, which makes it possible to determine
its rational parameters.

Degree of use: an experimental model of the impact mechanism was created, a
method for calculating the dynamics of a two-motion impact mechanism was developed,
which can be introduced into the educational process.

Scope: mining, construction, road repair work.
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