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HNHITHUH KAJIIIBI MYHO31O0MOCY

JluccepranMsHbIH TEeMACBIHBIH aKTYaJayyJayry. A3bipkbl yuypaa Keipreiscranna
OHOp JKall jKaHa >KapaHJbIK KypyJyll, KEH Ka3blll allyydy TOO-KE€H eHep KailblH (Kemyp,
TaOUTBIN TalTap .0.) OHYKTYPYY >KaaTblHAa PETMOHIOPAYH MOTEHIIMANIBIH KOTrOpYyJIaTyy
OOIOHYA OJIyTTYy 4Yapajap Kepyiaay. ABTOMOOWIb JKOJIOPYH KypyyHy >KaHa
PEKOHCTPYKLUMUIOOHY OHYKTYpYY KP ©OkMeTyHYH nmporpamMmacsiHa KapairaH.

Kypynym »xaHa OHJ00 HWIITEPUHUH OJNYTTYY KOJ6My OOBEKTKE COKKY
KYKTOMIOPAYH KbICKA MOOHOTTYY TAaaCHUpPUHIE TEXHOJOTHSIIBIK  Olepanusiap/sl
aTKapyyra apHajraH KOJI MalllMHaJapJblH jKaHa MeEXaHWKaJallThIPbUITaH aclanTapiblH
KapJaMbl MEHEH  aTKapbuiaT. MeXaHMKalblK COKKY  MEXaHU3MJIEpH  ajap/blH
DJIIEMEHTTEPUHE TaacHp OTKEH CTaTHKAJbIK JKYKTOMIOPIAOH Kblija >KOropy OOJTOH
YKOTOPKY MHTEHCUBJYY KYKTOMIOPAOH yJilaM TOMOH OBIIIBIKTHIKKA 33.

OmoHIyKTaH, MEXaHM3MIUH KOHCTPYKIMSIIBIK COJIOKOTYH HETU3/100, MbIHIA
MEXaHU3M/IMH ©3YH JKOK KbIJITAH PEAKTUBAYY KYUYTOp MUHUMAIYY >kaHa OyJl COMOKOTYHYH
HETU3MHJIE COKKY TY3YJAYLIYHYH KOHCTPYKIMSICBIH TY3YY aKTyalayy Macene Ooymn
caHaJar.

JucceprauMsHbIH TEMACBIHBIH HPU WIMMHMHA nporpamMmajiap (101000pJiop)
’KaHAa HerM3ru WIMMUI - M3WJ1/160 UIITEPH MEeHeH 0ailJIaHbIIIbI.

JluccepTalvsiHbIH TEMAChIHBIH UPY WIMMHI ITporpaMmalnap >kaHa HErM3rv WiIMMU-
u3wingee umrTepu MeHeH Oaitmasbimbl: Oyn wm KP YUAHBIH MammHataanyy
WHCTUTYTYHYH WINMHMU-U3WII166 UILITEPUHUH TUIaHJapblHA bUIabIK aTKapbuirad: "Keiprei3
PecnyOnMKachlHBIH ©HOp KallbIHBIH APTHIKYBLIBIKTYY TapMaKTapbl YUYH TEXHHMKa >KaHa
texHosorusa" (2015-2017 xok.), "KbIprei3cTaHABIH ©OHODP >KAUBIHBIH aPTHIKYBLIBIKTYY
TapMaKTapbl YUYH UMIIOPTTY aJIMAIUTHIPYYUy TEXHUKAHBI )KaHa TEXHOJIOTHsUIapAbl UIITEI
ypiTyy" (2018-2020 x0k.), "OHep kal, KypyJyll >KaHa ailbul 4apOachl YUYH SHEPTHUSHBEI
YKaHa MaTepHANIbl YHOMI00UY MalluHAIAPAbI KaHa KaOayylapabl U3WIAee, TY3YY KaHa
epkyuaetyy" (2021 — 2023 xk.).

MakcaTbl :KkaHA U3WJI106 MacesesepH.

Nmtun  makcaTsl JUHAMUKAIBIK OailIaHBIITYy ypMa TY3YMY ©3repyJiMe
Mexanm3MuHuH (TOM) nuHaMUKachlH M3WIIOO >KaHA >KOHOKOMIYTY, >KOTOPYJIaThUITaH
UIIEHUMAYYJIYTY KaHa OBIIIBIKTHITEI MEHEH aiiblpMajiaHTaH KoJI ypMa MEXaHU3MIACPUHUH
KOHCTPYKITUSUTAPBIHBIH PAIMOHANIBIK ©JTY6OM MYHO36MOJIOPYH OOJDKOII00 JKaHa TaH00
UIIIKE allibIpbliia TYpraH MbI3aM YeHEeMIYYIYKTOpYH Ta0yy Ooym caHamar.

HN3unpnee macenenepu:

- TaOWTBIM TamITapbl )kaHa Oalllka KaTyy MaTepHalgapabl TaIKajaoo KaHa UINTETYY YIYH
KOJI COKKY MEXaHHU3MJICPUHUH COJIOKOTTOPYH CATBIIITHIPMAITYY CEPENTOoe KaHa Talg0o0;

- KOJI COKKY MalllMHaJap/IbIH KIaCCU(PUKALMSICHIH UIITEM YbITYY;

- JMHAMHKAJBIK TY3YMY ©3TepyJiMe COKKY MEXaHU3MUHUH KHHETOCTATUKACBhIH >KaHa
JTUHAMUKACHIH N3WI0OHYH BIKMAJIAPBIH Kaparl YbIryy;

- y3aK TyOOJYKTYY *aHa UIICHUMAYY KOJI COKKY MEXaHU3MUH TY3YY YUYH, THHAMUKAJIBIK
OaiNIaHBIITYy KON COKKY TOMIOyH KOHCTPYKUUSIJIBIK COJOKOTYH HETM3[06 >KaHa
UILITEMN YBITYY;



- KOJI COKKY MEXaHU3MJECPAWH KMHEMATUKAChIH M3WIIOOHYH AHAIUTHUKAJIBIK YCYJAapblH
CEpeIToo XaHa TaL00;

- COKKY MacCCaCbhIHbIH KbIIMBUIBIHBIH MAaTEMATUKAJIBIK YITYCYH TY3YY;

- COKKY MEXaHU3MMHMH HETHU3IM ©JY6M MYHO3J16MeJIOpYH YCYJIAYTyH >aHa 3CENToo
AJITOPUTMUH UILUTEI YBITYY;

- JMHAMHKAJIBIK OalllaHbIITYy COKKY TOMIOyH KHHEMaTHKAChIH, KWHETOCTATHKACBHIH
’KaHa TMHAMMUKAJIBIK MYHO3/16MOJIOpYH U3UIII00;

- JIMHAMUKaJBIK OalyIaHBIITYyY KOJI COKKY TOMAYH KOHCTPYKIUSCHIH UILTEM YbITYY;

- JIWHAMHKAJBIK OalIaHBIIITYy KON COKKY TOMIYH SKCIEPUMEHTTHK H3HWII00JIOPIY
XKYPIY3YY YCYIAYTYH UIITEIN YbITYY;

- DKCHEPUMEHTTUK W3WIAOOJOpAYyH HaThIKAJIApbIH TAJJ00 JKaHA HAa3apUATTBIK
MaaJIbIMaTTap MEHEH CaIIbILITBIPYY;

- KOHCTPYKLMSIHBI KaKIIBIPTYy OOIOHYA CyHYIITAp/Abl UILITEM YBITYY.

NumuH uiaMMui sKaHbUIbITbI:

- TY3YMYH ©3repTYyHYH MyHe3y OOlOH4Ya KOJI ~ COKKY  MeXaHU3MAECPUHUH
KJIACCU(DUKAIUSACHIH TOITYKTOO;

- COKKY MAacCCaHbIH apTKa CEKHMpYY JKaHa aiJlaHyy >K39K JKaKKa YbITBIIIbI YYypyHIArbl
MEXaHU3MIUH KbIMMBUIBIHBIH CEPIWITHY HWWMH KYYTOPYH OCKE QJIraH JUHAMHMKAJIbIK
OaliIaHBIITYy COKKY MEXaHU3MIUH MAaTEMAaTUKaJbIK YITYCYH UILUTEN YBITYY;

- COKKYy MEXaHM3MIUH PalUOHaIAYyy ©J46M MYHO3JI6MOJOpYH aHBIKTOOTO MYMKYHIYK
OepreH KMHEMAaTUKAJIbIK, KUHETOCTAaTHKAJbIK jKaHAa JUHAMUKAIBIK MYHO316MeJIepYH
AQHBIKTOO YCYJAYTYH UIITEN YbITYy MEHEH.

AJIBIHI'aH KbIHBIHTBIKTAPABIH MII KY3YHAOTY MAAHHUCH:

- JMHAMMKAJIbIK OalIaHBILITYy TY3YMY ©3r6pyJIMe COKKY MEXaHW3MHUHHUH palUOHAIIYY
©JIYOM MYHO3/16MOJIOPYH aHBIKTOOHYH UHXECHEPAUK YCYIAYTY UILTEIINUI YbIKTHI;

- cokky sHeprusicsl 50 xana 100 [Ix 60aroH AMHAMUKAIBIK OalIaHBIIITYy 9KH Maccalyy
cokky TOMyH sKCiepUMEHTAABIK YATYJIOPYHYH KOHCTPYKIUSCHI UIITEINIT YbIKTHI,

- JIMHaMHKaJbIK OalIaHbIITYy COKKY TOMy 3KCNEpUMEHTTHK U3UJIAO6 KYPIY3YY YUYH
CbIHaMa WIUTEJINII YbIKTHI,

- COKKY MEXaHU3MUHUH TYPYKTYYy MILTEHIMH KaMChI3 KbUTyy OOIOHYA CYHYIITAp UIITEIHI
YBIKTHI.

JluccepranMsHbIH KOProOro YbirapblLiral Heru3ru #o000J10py:

1. Ty3ymy e3repysiMe MeXaHU3MJEPAUH OPAYyH aHBIKTOOTO MYMKYHIYK OepreH KoJj
COKKY MEXaHU3MIEPANH KEHEUTUITEH KI1acCU(PUKALHSICHI.

2. WNmree mnMknIMHUH ap KaHnad ¢azajgapblHIArbl KbIMMBUIBIH CYpPOTTOTOH
JUHAMMKAJIBIK OalIaHbBIITYy TY3YMY €3repyJMe SKH MaccajblK COKKY MEXaHU3MUHHUH
MaTeMaTUKAJIBIK YITYCY:

- COKKY MAaCCaHbIH apTKa CEKUPYY HPOLIECCH, KarbUIbIILYy YYypPYHAArbl )KaHa aHJaH
KUHWH COKKY MaCCACBIHBIH KbIIMBUIBIHBIH YJITYCYH QHBIKTAWT;

- COKKY MAacCCacCbhIHBIH alJIaHYy 99K JKaKKa YbII'yy IIApTTAMbIH AHBIKTOOYY COKKY
aJJIbIHAATHI a0aJra YbITIIIbI.



3. PeakTuBAyy KydTepre JKETEKTO6YY TOTOOHYH OYypUTYK BbLIJIaMIbITBIHBIH
TEPMENYYCYHYH TaaCUPHUH 3CKE alyy MEHEH MMPU MYYHAKTBIH TE€TU3 dMEC allaHyyCyH/a
JUHAMMKAJIBIK OalIaHBIIITYy COKKY MEXaHU3MHHUH KHHETOCTATUKAIBIK TAJII00 BIKMACHI.

4. Wilpyu MyyHaK jkaHa TI3K TOrOOJOPYHYH Y3YHIYKTapblHbIH palUuOHAILYY
KATBIIIBIH aHBIKTOOTO MYMKYHJIYK O€preH JMHAMHUKAJIBIK OaMIaHBIIITYy KOJI COKKY
TOMayH e;14eM MYHO310MOJIOPYH 3CENTOO BIKMACHI.

N31eHyY4YHYH KeKe CaJbIMBbI.

Juccepranmsuiblk MINTe OCpUITEH XKaHA WIMMHKM JKaHBUIBIKKA 33 OOJTOH OapIbIK
HaThIIDKaIap UIMMUN KETEKYMHUH )KETEKTOOCY MEHEH aBTOP TapaObIHAH aJIbIHTaH.

buprenemken smrekrepae [1-11, 16], XK. VYcyOanuere u3minee MaceleCUHUH
Koronytry, ain smMu aBropiomrop K.T. Dnukbaesre xana T. O. PaiibimbabaeBre — enuee
anmaparypachlH TaHI00, COKKY MEXaHU3MHHUH KyMYIII4y T0JIOOOPYH UINTEN YbITYY >KaHa
AKCIIEPUMEHTAIBIK U3WIII06JI6pIe TEXHUKAIBIK KOJIJ00 KOPCOTYY TaaH IbIK.

Owmrektepae [12, 14, 15] Epemsiai B. 3. uzungee MacenecHHUH KOKOIYITY, OIIOHIOM
9JI€ THIMIKBI KYYTOPIy 3CKe andacTaH COKKY MEXaHHM3MUHHUH MaTE€MaTHUKAJBIK YITYCYH
TY3YYTe kapaam Oepyy TaaHJbIK.

N3uniageenepayH HATbIKAJIAPBIH  anpodauusioo. JluccepranusiblKk HIITHH
HETM3TH JKBIUBIHTBHIKTAPBl KOH(pEpeHIusuiapaa Ttankyynanasl: A.B. ®ponoBayn 80 x.
apHairad "MaluuHanapblH JKaHa JKyMYII4Yy IPOLECCTEPAUH Ha3apusiThl" 371 apaliblK
winMui-ui xy3yHuery konpepenuus (KP YAusin UMarn, bumkex 1., 2016-x.); X-uy
KAl OKYMYIITYYJapJblH JKaHa CTyAeHTTepauH "Wnumuii usunpeenepaery 3amanoOamn
TEXHUKa jKaHa TexXHosorusuap" sn apanblk KoH(epeHuuscsl (PMA waumuii yopnony,
bumkek 1., 2018-x.); "MaanbIMaTThlH, MEXaHUKAHBIH >KaHa POOOTOTEXHUKAHBIH
aKTyannyy Kemreinepy. MammHa Kypyyaarsl caHapunTuk Texnonorusuiap" (MMam PK,
Anmatel 1., 2018-k.); C. AOgpaumoBayH 75 K. apHairaH Xail OKyMYLITYY-
MEXaHUKTEPAUH pecnyOnuKanbIk sxaiikel Mmexteon (OmTY). Anpruesa, Omr 1., 2019-x.);
"MamuHaIapIblH MEXAHUKACBIHBIH AaKTyalIyy Macenejaepu” 37 apaiblK WIMMHUK-HII
xky3yHaaery kordepenius (KP YUA UMA, bumkek mr., 2019-x.); Keitaii kana EBpazus
OJIKOJIOPYHYH Kall oKyMymtyynapbiHbiH KoH(pepenuscel (IUIKY KK, Ilexkun .,
2019-x.); "UnuMuii-TeXHUKAIBIK KaHa OMIUM Oepyy MEUKWHIUTUHIETH WHTETPALUSIIBIK
mporieccTep” 31 apaiblk TapMaKTHIK WIMMHA-uII Ky3yHaery koHpepenuus (KMKTAY
uM. Mcanosa, bumkek 1., 2021-x.); KP a1 apanbik unumuii-ui xy3yHIaery KoHpepeHus
(MC VUL, Cankr-lIlerepOypr m., 2021-x.); "MammMHamapIplH JKaHa KYyMYyIIYy
IPOLECCTEPANH HA3apUATH" 371 apaiblk WIMMHA-UII Ky3yHaery koHdepenmus (KP YA
Wwma, bumkek mr., 2021-x.); On apaiblk WIMMUR-HIN KY3YHAOTY KoHbepeHuus "Mmum,
OunuMm  Oepyy, WHHOBaLMsAJap »aHa TEXHOJIOTHsap: 0aalioosop, KeWreusnep, yedyy
xonaopy "(KP YUA MUMA, bumkek m., 2022-x.); Akanemuk O. 1. AnumosayH 100 x.
apHalraH "MamuHanap Ha3apusATbl  JKaHAa  TEXHOJOTMAJBIK  IPOLECCTEPIH
aBTOMATTAILTHIPYY' 3J1 apayblKk WIMMUN-UII Ky3yHaery koHpepenuus (KP YUA NMA,
bumikex 1., 2023-x.); "Canapuntemtupyy I00pyHAa (yHIaMEHTAAbIK jKaHa KOJJIOHYY
WIMMIEPAN OHYKTYPYYHYH aKTyalllyy KeWrennepy ’kaHa MEpCHEKTUBAIAPHI" 3J1 apaJIbIK
M-y xy3ysuaery kongepenuus (OmTY, Omr mr., 2024-x.).



JluccepTalUsiHbIH KbIHBIHTBIKTAPbIH 0achLIMAJIAPIA YATBLIBIPYYHYH TOJYKTYTY.
ATKapbUIraH HW3WIA66JIOPAYH >KbIMBIHTHITBI OOlOHYa 16 Oacma WIlM, aHBIH WYMHIE 3 -
PUHII 6a3acwiHa kupreH yeT UK 0aceuiManapaa, 1 — skeke apblsiaHraH.

JluccepTanusiHbIH - CTPYKTYpPachl JKaHAa KeJeMy. /JluccepTalMsuiblk WII  KUPHIL
ce31eH, Oeml 0emyMaeH, KOPYTYHIyJAaH *aHa THUpKeMmeaeH Typar. 137 Oapakran Typras
MaIllMHKara 0achbUIraH TEKCTTEH TypaT, ara 9 tabmuia, 79 cypert, 70 arambimraH Typras
oubamorpadusIbIK TH3ME KaHa 13 THpKeMe KUpeT.

HNIHITUH HETU3I'N MASMYHY

Kupumyyae WIITHH >Kalmbl MYHO316MecYy OCpHITEH, TEMaHBbIH aKTyalayyJIyry
HETU3/ICNITCH, M3WIIO0HYH MAaKCcaThl KaHa MacelleiepH aHBIKTaJIraH, KOProoro KOKJTaH
HETW3TH  KOOOJopy  OasHmanraH, WIAMHANA O KaHBUIYYJIyTy JKaHa  W3WIIOOHYH
HATBIMKAJIAPBIH HIII )KY3YHO UIIKE alllbIPYYHYH OarbITTapbl YarbUIIBIPBUITaH.

Bupunuyu 6Ganta TOO-KEH, KypYJIyll, >XOJ-OHIOO HWINTEpU, MAaIlUHA Kypyy
TEXHOJIOTHSUTBIK JKapasHaapa, Tall Kadpa WINTETYYA® KOJI COKKY MEXaHU3MICPUH
KOJIZIOHYY JKaaThIHAA TaJKyyJaHaT, OyJ jKeple YHOMIYY XaHa MOOWITYYJIYTY MEHEH
MYHO3105I0T, Oyl ydypiapAa MEXaHUKaJblK KOJ COKKY MEXaHM3MJEPUH KOJJIOHYY
MakcaTKa bUIaWBIKTYy Oomyn caHanat. YakaH jkaHa KeuMmMe OONTOHAYKTaH, Oy
MEXaHU3MJIep ap KaHAald mIapTrapia jkaHa ap KaHgal OOBeKTHIepAe KOJNAOHYIYILY
MYMKYH.

Wi npuHIMOU, KOHCTPYKIUSUTBIK aTKAPBUIBIIIBI, UIITETKAYH, KOJJIOHYY YKaaThl kK.0.
OOIOHYAa COKKY MEXaHM3MIEP ap TYPAYY. AnapablH apackiHIa TypykTyy (l-cypeTt) kana
©3repyJIMe TY3YMAYY MEXaHHMKAJIBIK COKKY MeXaHu3mjuepu Oap (2-cyperT). AKBIPKbLIApHI
ap KaHaau KOJIJAOp MEHEeH (KMHEeMAaTHUKAJbIK, JUHAMUKAIBIK, TEOMETPHUSUIBIK K.0.) WIITOO
IPOIECCUH IE OMpP IUKI YIYH TY3YM TYPYKTyyJaH ©3repMere jkaHa Kaipa apTka e3reper,
0. a. KBIUMBUITYYJIYK Aapa)kachl ©3ropeT.

TypykTyy TY3yMIyy MeEXaHU3MJEpP/E, COKKY OJHEPrHsChIH OOBEKTKE OTKOpYI
OepyyZle TOTOOJIOPIYH OPTOCYHJAa MUKEMCHU3 OalaHBIILITAp OONTOHIYKTaH, PEaKTHUBIYY
KY4Y aTKapyydyra jkaHa KUHHMHKH TOTOOJOPro Oepuiier, Oy MEXaHW3MIWH OCKEMIWTHHE,
OBIIBIKTHITBIHA KaHa UIIICHUMYYIYTYHO TepPC TAAaCUPHUH THHTH3ET.

a) Uiipu MmyyHaKk-TepMeITruy 6) Uiipu MmyyHak-Ty3 *KbLTMa
COKKY MEXaHU3M MEXaHU3M

B) Kynucanbik MexaHusm r) YPpUyKTYyy COKKY MEXaHHU3M
1 — cypet — TypyKTyy TY3yMIayy MEeXaHU3M/IEP



Coxky Ty3ymy esrepyiMe mexanusmuepu (TOM) sueprusi OepuinddpauH anabiHaa
CEePHIITHYTUH UHUKEMIYYIYTYHOH (2-a-CypeT), KbIChbUIYyYy4dYy YOMpOHYH HMIUKEMIyYTYyTYHOH
(2-6, B-cypeT) e COKKY MAacCachlHbIH HWHEPUHUSIBIK KYYTOPYHOH (2-r-CypeT) yiam
KbIMBUIAYYJYK Japa)acblH SKUJEH OUpre ©3repTKOHAYTY MEHEH alblpMajaHat, ajl dMHU
sHeprus Oepyy ydypyHZa TOrOOJOPAYH OPTOCYHIArbl KaTyy OailaHbliTap y3YyJeT jKaHa
TasHbIYTApra PEaKkTUBIYY KYUYTYH TaacCHpU MUHUMAIIYY, Oyl MbIHAAM MeXaHU3MIEPIUH
OBIIIBIKTHITBIH KOTOpYJiaTaT. JKeTekTeouy TOrOOHYH aH/JaH apKbl KbIMMBUIBIH/IA MEXaHU3M
Kaifpa OallTankbl 5KU KbIMMBUIAYY a0ajiblHa KalTapbLiar.

ﬁl
a) MEXaHUKAJIBIK TyTallyy 0) KY4TYK TyTauryy
COKKY MEXaHU3M COKKY MEXaHU3M
B) KUHEMATUKAJIBIK TyTalllyy ') IMHAMUKAJIBIK TyTallyy
COKKY MEXaHU3M COKKY MEXaHU3M

2 — cypeT — ©O3repyJiMe TY3YMAYY MEXaHU3MIEP

Kon cokky MmamuHamapAbplH Kbliia — aifblpManaHrad  Oenruiiepu  OOrOHYA
KJIaCCU(UKAIUACHI HINTEJMI YbIKKAH, all MEXaHU3MIEpPAUH TY3yMY ©3repYYCYHYH
KOTOPYJIYIIy TOMOHKYAOU ap KaHJAaW KOJIAOpP MEHEH HIIKE allbIphlIaapblH KOPCOTOT:
MEXaHUKANBIK (2 a-cypeT), KHHEeMaTuKaiblk (2 B-cypeT), kyd (2 O-cypeT) >kaHa
JMHAMUKAJBIK TyTamyy (2-cyper).

AnapablH HWYMHEH WHICHUMAYYJIYTY KaHa Y3aKk TyOeIyKTYyIyK KarblHaH
JUHAMUKaIbIK Oainaneiutyy TOM Oonyn cananar. /[luHaMuKaiblk OalIaHBIIITYY COKKY
TOM meneH MbIHIAN OKyMyInTyyiaap ui xyprysres: I.C. Murpenko, B. H. EBrpados, A.
A. PeixoB, B. ®. Xon, B. B. Bunorpagos, I'. K. Hlpeiiéep, I'. M. Copoxun, T. A.
[Monsackas, M. {. ammn, B. B. Bonekun, B. K. ManxocoB x.0. y.C. alleKTCHUIIIKEH.
yl B Asrtopnop I'. C. Murpenko, B. H.
Esrpados, A. A. PrikoB, B. ®. XoH 3xu
MaccajablK MEXaHU3MJIMH KBIMMBIIBIHBIH
MaTEMaTUKAJIBIK  YATYJOPYH TY3YLIKOH.
JlarpanxapiH SKUHYHU Typaery
TEHJICMECUHUH HETH3WHJIE, KY4YTOPAYH
UIITeNl  JKaTKaH  MHUMH ~ KYYTOPYHYH
cCymMMachl Hejre Oapabap nem JcemnTerl,
KapIIBIIBIK KOPCOTYY KY4TOpYH aybai

3-cypot- bopbopro ymrynyy4y Typaery aj0aii, TEeHJAEMeIepIh TOMOHKYI61
COKKY KOONTOHAYPIYUTYH 3CENTOO CONOKOTY  sa3nIliKam’




dfar|_or _,
dt\ 0¢y ) op
1)
dafor|_or _,
dt\ o¢, ) Op,
MBIHAA @ KaHa @, — I/II>'IpI/I MYYHAKTBIH JKaHa TO9KTHH JKaJIlblJIaHT'aH

KOOpJMHATTAphl; ¢y JKaHa ¢@,— UHAPU MYYHAaKThIH JKaHa TIIKTUH >KaJlblIaHTaH

BULIAMJBITBI; T — MEXaHU3MIMH KUHETUKAJBIK YJHEPTUSCHI.
AKBIpbI, HPH MYYHAaKTbIH KaHAa TI3KTUH KbIMMBUIBIHBIH TOMOHKY TYIOHTMAJIApbl
AJIBIH/BI:

¢f(J o +2J5p +2mlf + 2m|22)+g2522<J6B + mI22)+2mI1I > SINQ, +
+2mlyl , ¢ cos g, + mll ,, sin @, +mll , ¢ cosp, =0; (2)
3 (Jg + M3 )+ 33 (355 +MlZ )+ mll 55 sin @, — k], cos, = O,

kaiina l; |, — Tmemenyynyryne »xapaiia, Miipu MyyHaKThIH )KaHa TIIKTUH Y3YHAYTY, @ U

¢, - uiipu MyyHaKTBIH jKaHa TAOKTUH OypuTyK bUIAaMIaHyycCy, M — COKKy Macca, J p U

J;p - O alinanyy oOryHa KapaTa UMpU MYYHAaKTBIH >XaHa B COKKyYTYyH MAacCCaHBIH

06opbopyHa Kaparta Kyy HUHHKYYOpY.
MamkocoB (1)-4v TEHIEMEHU Ye4YYY/le TIIKTUHH KBIHMBLIBIHBIH MATEMAaTHKAIIBIK
MBIHJIall YATYCYH CYHYIII KbUITaH:

(p:igb_L\/Z(COS§0—COS(pO), (3)
Kaiija @;- WApH MYYHaKTbIH OypuTyK BUIJAMIBITBL, ¢, — HHPH MyyHaKa
CANIBIIITHIPMANTYy TIIKTHUH aiiianyy Oypuy, @o — T?9KTHH OaIlITanKbl a0abl.
XKoropynarsl ke3  KapaHiapuiblkTap (2) kaHa (3)  TangooONyK ~ JKaHa
HKCIIEPUMEHTAIIIBIK bIKMaJiap MEHEH aJIbIHTaH.
bupok, anap cyHyi Kpuirad OyJl MaTeMaTUKAJbIK YJTYJIOP YbIHIBIKKA JaJl KEIOEHT,

aHTKeHU anap: Mp Kyy KY4yHYH WHHMH KY4YYyH, M, KbIAMBUIAATKBIY WHWH KY4YH, M,
u "

KapIIbUIBIK UWMH KYYYH 3CKE ajblHOaraH, ajap o3 y4ypyHZa COKKY MacCaHbIH KbIIMBLI
MBbIi3aMbIHA jKaHA MEXaHU3M/IUH ©3YHO OJIyTTYYy Taacup 3TET.

JKHHYH 0anTa "COKKY MeXaHHM3M/HM U3WII00 BIKMAJIApPhI KaHA YCYJAYYyJayry'
JUHAMHKANBIK Oainaneiityy TOMpay KoMIiekcTyy wu3winee Maceneinepu OoroHYa
KMHEMAaTHKaJIbIK, KUHETOCTATUKAJIBIK, TUHAMUKAIBIK JKaHa SKCIEPUMEHTAIbIK HU3UIIJI00
BIKMaJIapbIH KOJIJOHYY Macelelepy Kapabl.

N3un160HYH 00bEKTHCH — IMHAMUKAJIBIK OalIaHBIIITYy COKKY TY3YMY ©3repyJiMe
MEXaHU3M.

N3unneenyH npeaMeTu MIUH KYYTOPAY JKaHa THIMIKBI KYUYTOPAY 3CKE alyy MEHEH
IUKJIIMH KYPYLIYHI® MEXaHU3MAMH TY3YMYHYH ©3repyYy Mblif3aM 4YeHeMIYYJIyKTepy
’KaHa MEXaHU3MIMH TOTOOJOPYHYH €3 apa apakeTTeHyycy Oosyn caHaiar.



YuyHuy Oanrta "'IUHAMHKAJBIK OalVIaHBIIITYY COKKY TY3YMY 63repyJiMe
MEXaHM3MUHUH KHUHEMATHKACHIH WU3WII00'" COKKY MEXaHU3MUHHUH KHHEMAaTHUKAaChIH
KbIUMBUIABIH Y4 OacKblybl MEHEH MYHO3[OJTOHYH KapauT - Oyl MeXaHW3MIWH apTKa
CEKUPYY YUYYpPYHAArbl MEXaHU3MJIUH TOTOOJOPYHYH KbIMMBUIbI (COKKyZaH KHIMH),
TIOKTUH aYbLIyy Yy4ypyHJarbl TOTOOJIOPIYH KbIMMBUIBI (alJaHyy MI9K KaKKa COKKY
MAaCCaChblHBIH UBITHIIIBI) aHa Oup TOroo KaTapbl HUPH MYyyHAaK MEHEH TIIKTHH
OupreynenKex KbIMMbBUIbI (MAPU MYYHAKTBIH OTYy MEHEH TIIKTHH OHMp canTa TU3WIUIIH).
Byn yuypna, OupuHYHM KU TanTa, MEXaHU3M KU KbIMMBUIYY, aJl MU YUYHUY 3TarTa oup
KBIUMBUIJTYY MEXaHU3MI€ OTOT (TyTallyyHYH HAaThIIKACBHIH/IA).

MexaHnu3zMauH COKKY
MaccajaapbIHbIH KBbIUMBUTBIHBIH
MaTEMaTUKAJIBIK MOJETUH CYPOTTOO
Y4yH 3centee cxemacel (4 — cyper)
TY3YJI'6H, aJl Y4 TOrOOAOH TyparT - |y -
AA WP MYYHaKkThIH (POTOPIIYH)
y3yHOyTY, |l - AB TI9KTHUH y3yHIyTY
’)KaHa |2/ - A'B' oxumum  TokTHH
Y3YHAYTY, all xepae A xKaHa A
YEKUTTEpU MIapHUp OO0JIyn caHaiar.
Niipu MyyHaK ? OypuTyK

4 — cypeT — DKu Maccallyy IMHaMUKAJIbIK
OaitaHbpIITYy COKKY TOMIYyH 3CenTUK cXeMachl

bULIAMIBIKTA amaHar, 15071071
MYYyHaKTbIH abanbl ¢, Oypd MeHeH

/
AHBbIKTAaJarT. BI/IpI/IH‘II/I TIIKTUH a0aIbl 05 6yp'-I MCHCH aHBIKTaJIaT, 3KUHYU TIDKTUKU P,

Oypu (4-cypeTTy KapaHbI3), OLIOHYH cecOeOMHEH ¢, »KaHa goé anapaeiH OypUTyK
BULIAMABITEL. M skaHa M’ TIIKTEPAUH Maccajapel B xaHa B YEKUTTEPUHJIE, AJI SMU UUPHU
MYYHAKTBIH Maccacbl O YEeKUTTEPUH/IE TONITOITOH.

Kapasbinn sxaTkan MexaHW3MIWH KbliMbUIbI Jlarpanykanan 2-Typaery TEHIEMECHH
KOJIZIOHYY MEHEH TY3YJITOH:

d 81" —6T+8H:M()8 _ZMC
dt\o¢y ) O¢y O '
.dfaT or ol v (4)

— |~ + =Mp
dt\ 0@, ) Op, O, !

d( oT or oIl /
prd oyl oy ey b L
dt{ 0¢; ) 0p) Og; '

. / . /
Kapga @2 JKaHa (02— S9KMHYMU TI3KTHUH IJKaJIIbUJIaHIaH KOOPAWHATHI JKaHa

BULIaMJIBIThI; /] — MEXaHU3MIUH MOTEHIUAIIBIK YHEPTHSICHI.
MexaHnu3MIMH KBIMMBUTBIHBIH ap KaHJai stanTtapsl Jlarpamkanbeia 2-Typuery
TEHJIEMECUHUH HETM3UH]IEC, aHBIH KHUHEMATHKAJIBIK MYHO3I0MOJIOPYHO TaaCUP TYY4Y



OapabIK (paKTOPIIOpAY ICKE allyy MEHEH JKaJIlbl MATEMATUKAIBIK YIIYCY (5) ajbIHIaH:
313+ MIE G +Mlyly@, C0s(, — 1) — Mblygds sin(g, — @) +m'I7 G +
+m/|1|£¢é COS((”é —¢)— m/|1 |£¢é2 Sin((pé —p) =M, n- <R01”u.;<k + Ryot, ok + Rlsrul.mk);
Ml 3, +mhyl, @ cos(e, — @)+ Mll,@f sin(p, — @) +mgl, sin g, =
=(p3+ )12 +1 =21, (9, — ) - mhy;
1535 +m'ly 133 cos(@; — @) + MLl sin(g; — ) +m' gl sin g, =
(3 W 12 costal g ity

Kauja (pé - DKMHYHM TIIKTUH OypuTyK bULIAMIAHyycy, J; — HUpPU MYyHaKThIH

(5)

aiiJlaHyy OryHa KapaTa KYY WHHH KYy4y, Ry - O TasHBIYBIHIArBl peakTHBAYY Kyd4, I, —
UHpH MyYyHaKTBIH paauycy; K — cypyiayy tepmenyy koaddurnuentu; R, xaHa R ,- A kaHa

/ . /
A ponmosiopyHaarsl Kapuel Kyudrep; I KaHa I, — TOOKTHH MYYHaKTapblHBIH

Y.
pamuycrapsl; h; sxana hl/— A xana A’ nommonopyHa kapara P kaHa P Kyy Ky4TepyHYH
UHMHKYYTOPY.

bapaGapapikTe! (5) aHaMUTHKAIBIK Y€4YY MYMKYH 9M€C JIeTl TaObUIraH, aHTKEHU Oyl
KO3 KapaH[blJa, aHbIH YEUYUMHUH TaTaalJaHTKaH Oup Heue Oenrucus esrepmesiep Oap.
AHaIUTUKAIBIK YeUUME HOJITre TEHENUN KaObUI alblHTaH 00KOMOJAOP (KBIMMBUIIATKBIY
UIUMHKYYY, KaplibUIBIK WHAHMHKYYY JKaHa HWHEPIUS KYY KY4YyTOPYHYH HWHHHKYYTOPY)
KalipaslaH 3pKUH TEPMEIYYHYH TEHJEMECHUHE albll KejeT. Jrepae Oyl MHUH KydTepay
Kalichl OMp CaHMIbIK MaaHUTe TEHECEK, aHaa OyJl 1a COKKY Maccallap/iblH KbIMMBUIBIH TOTYK
CYpPOTTOO0OMT, aHTKEHH MEXaHW3MIE€ TaacHp 3TKEH OapHbIK KYy4Tep >KaHa WHUH KY4Tep
Oupu-OMpUHE KO3 KapaH/Ibl )KaHa MEXaHU3M/IMH ap Oup abanbiHIa ©3reperT.

Cokky MexaHU3MJIEpAU HU3UIAeee, OalllTankbl IMIAPT YYYH, 3PEXKE KaTapbl HII
KY3YHYH HaThliKanapblHa HETU3JENIIeH, COKKY4YTyH apTKa Cekupyy alaibl jkaHa
BUIIAMIBITEI  KOJIOHYJAT. bu3muH ydypaa, apTka CEKMPYYHYH YOHIYTYH TaK auTyy
KbIBIH, aHTKEHH TIIK MEHEH MaccCaHblH (COKKYYTYH) WMHpU MyyHaKKa JOIIIO MEHEH
KOIIYJyIIy, TIK COKKY KYYYHYH HMHMHKYYY KYY KYYYHYH Taacupu OOIOHYA K33 Oup
Oypuka OON KETHUIIM MYMKYH, all ©3 Ke3eTrMHAE KONTereH (akTopJopro Ke3 KapaHIbl:
KarbUIBIITYYHYH BUIIAMIBITHI )KaHa yOaKThICHI, KarbUIBIIIYYydy 3aTTaplblH Maccachl KaHa
TY3YJIYUIY, KbIMMBLIra KapIIbUIbIK KOPCOTYY KYUy.

TonkyH 6TKepTy4YTeH COKKY MacCaChIHBIH apTKa CEKHPYY KapasHbl KaHa aHbIH Oup
MEpPUMMJIETH COKKY aOallblHa YBITHIMIBIH H3WII00 3KU >KOJI MEHEH Kapaliabl: COKKY
UUMHKYUYTOPIYH KaHa KYY KYUYTOPYHYH WMHMHKYUYTOPYH, JKaHA BUIJAMJIBIKTHI KaJTbIOBIHA
KENTHPYY KOOPHUIIMEHTHH 3CKE allyy MEHEH.

bupuHun BIKMana, COKKY KYUYYHYH HMMHKYYYHYH KATbIIIyyCy MEHEH KarbUIBIIIYY
KaHa aHJaH KUWWHKA ydyplaarbl WHUPH MyyHaK j>KaHa TIIKTHH KBbIMMBUIIAPBIHBIH
TEHJEMEJICPUHUH TYTyMJaphl TY3YJTOH jkKaHa YOakbIT OOIOHYA WHTETPAllMSIAHBIN UHPH
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MyYHaK MEHEH TIIKTHH KarbUIBIIYy YUypyHAArbl OypUTYK BUIAAMIBITHI JKaHA aislaHyy
OypduTaphl aJbIHTaH:

dt I
! 0<t< tcoy(). (6)
dt 1,
" |
1
0<t<t, 7
Py = t
|2
’KaHa COKKYJaH KUWHH:
dt |1
2 tcoyc) <t <tmax (8)
d(02 _ m(a)lia)Z) rhmo—mgh _R12 Y. -k
dt 1
h = I
1
2 tcoy(). <t Stmax. (9)
m(e £w,) rh,,+mgh, =R, -k ,
Py = I t
L 2

rre |l/ - OA wiipy MyyHaKTBIH Y3yHIyTY (4 - cyper).

Karpinpinryy yOarbiHIa COKKY MacCaChbIHBIH BULIAMJBITBIH SKHMHYM bIKMa MEHEH
ACENTOO/0, KYUYTOPYHYH UHUUHKYUIY apKbUIyy SMeC, BUIIAMIBIKTBHI KalbIObIHA KEATHPYY
KO2((PUIMEHTH 3CKE ATTBIHBIIT ACENTOOJIOP TOMOHKYIOH 0O0JIOT:

COKKY y4ypyHJa

vV, ==V -k, (10)
Kaiiga K, — BUIIaMIBIKTBI KajdblObIHA KEATHPYY KOI()(MHUIMEHTH, HMINTCTHIUI >KaTKaH
OOBEKTTHH KaCUETHHE KO3 KapaHIbl YOHIYK.
T29KTHH KarbUIbIIYy YIypYHIArbl BUIIAMIBITHI MBIHAH aHBIKTAJIAT:

0, = Jon. (11)

|2
AJ1 5MU T3KTHUH aillanyy Oypuy MbIHAAi aHBIKTaJaT:

P =y tcoy&. (12)
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CoKKy MaccaHbIH apTKa CEKUPYYAOH KUHMHKHU KbIMMBUIbI OMpUHYM bIKMaAail sie (8)
*aHa (9) Kke3 KapaHIbUTBIKTAp O0IOHYA aHBIKTAJIAT.

Ozreue ydypnaa, WMpH MyyHaKTbIH Maccachl aijlaHyy OTyHJAa TONTOJITOH IHUCK :

ml;2 . mi;
Il:T ’KaHa TIKTEPIUH Maccajapbl OOII ydTapblHa TONTOJTOH e3eKTep: |, :?
KaTapbl KaObLI albIHBII, MMPU MyYHAaK MEHEH TIOKTHH KarbUIbIIYY >KaHa aHAaH KUUUHKA
ydypJapJarsl KbIMbUIBIH aHBIKTalObI3 (5 a j)xaHa O cypeTrepy).

Tennemenepay 4YedyyHYH HATBIMDKAChl, Karbuielllyy ydypyHma (5 — cypet) wuiipu
MyYHaK TOKTOM, MHPU MYYHAKTBIH KbIMMBUIbIHA Kaplllbl OarbITTajJraH COKKY KYYYyHYH
UIUMHKYYYHYH TaaCUpPUHEH yjaMm aiiaHyy OarbITbIH TECKEpH *aka Oelrumiyy rpagycka
YEHUH O3rOPropTKOHYH KOPCOTKOH. AHJAaH KMIMH, KadyaH P,, COKKy KYYYHYH Taacupu
OUKOHI0, MMpU MYyYyHAaK KalpagaH KbIMMBUIIATKBIYTHIH WHUHKYYYHYH ICEOMHEH caat
xebecn OoroHYa Kaiipa aitmana OamraldT. TIsk 00CO COKKYy Maccachbl MEHEH apTka
CEeKHUPYYIOH KUWHH caat >ke0eCrHe Kapllibl OypyJlyyHY YJIAHTAT jkKaHa UUPU MYYHaK TOJIYK
Oypynbaranma, T3K A JONIIOHYH OTYHYH aillaHachIHAAa OOJDKOJ MEHEH OuMp aiinaHyyHY
Kacooro yiryper.

AHJaH KUHWH, KYY KY4yHYH TaacUpH acThIH/A TAIK ailylaHyy OarbIThiH "caat jxebecH
OoroHUYA" ©3repTeT KaHa COKKY Macca aillaHyy k39K JKarblHa yMmTynar. Wilpu myyHak
TOJIYK OypyJylIKa >KETKeHIe (YEKUTTYY CBhI3bIK MEHEH KOPCOTYJTOoH) TIIKTHH Oypyayycy
UIPU MYYHAKTbIH OTYHaH aJiJbira O3yM YbIrar.

Witpn MyyHaK aHIaH apbl alaHTaHza, T9K OyJ 03yl YBITYYHY >KOTOpyJaTaT ke
apTTa Kajart kaHa Oy abana Kypal MEHEH KarbUIBIIIIKAHTa YeWHH KbLIaT.

270°

5 — cypeT — COKKYyUTyH aclain MEHEH KarbulyyAaH KHHUHKYA Oup MepuemMIery a0aiblHbIH
Cypoty
a) COKKY KYYyHYH MHHHKYYYH aHa KYY KY4dYHYH HHMHKYYIYH 3CKE allyy MEHEH,
0) PUIIAMIBIKTHI KAJIBIObIHA KENTUPYY KOIPPUIIMEHTHH ICKE alyy MEHEH

S5 - 0) cypeTTeH KepyHyln TypraHjaail IIaTyHIyH XYPYM-TypyMmy >Koropyna
TaJKyyJaHraH ydypra okuioul. AMWbsIpMmachl, Oyl >KepjAe KarbUIbIIIYyAaH KUWUH HHPH
MYYHaK aijaHyy OarbIThIH ©3repTIONT, aHTKEHH Oy ydypaa scenteesiepre O TasHbIYbIHA
aHa A ONIIOCyHa KapaTa COKKY KYUYyTOPYHYH MHUHKYYTOPY KaThILIIIAMNT.

Witpy MyyHaTbIH OryHa KapaTa TI9KTHH alaiblHaa Oenrucusguk Oap, Oy
SHEPIUsIHBI OEPYYHYH UILIEHUMIYYJIYTYH KaMChI3 KbIJIOAMT.
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OmonaykTan, Oy KeMUYMWIMKTEPAU KOy YUYH, apTKa CEKHpPIeHJIeH KUWWH, UHpH
MYYHaKThIH OTyHa KapaTa TIIKTUH ailllanyy OypUyH YEKTee >KaHa TI9K allaHyy >KI9K
KaKKa YblKKaHAa OypyJyyCyH UHPH MyyHaKTBIH OypyJIylIyHa KapaTa OeKUTyy Kepek. byra
KOHCTPYKIUSTA TIOKTUH ailllaHyyCyH YEKTeTHUTepAUd KHPTH3YY AapKbUIyy >KETHUIIYYTe
00J10T.

CoOKKy MaccachIHBIH JK39K KaKKa YbITBIIIBIH
(cokky abanblHa) KapOO YUYH COKKY MEXaHU3MHHUH
SKUHYU KapbIMbI (3KUHYHM COKKY Maccachl) OMpUHYN
YKapbIM CBISIKTYY 3JI€ KbIMMBLIAANT Jen 00JKOIIOoN,
OLIOHIOU e TOMOH/IO KEJITUPWITEH
00XXOMOJAOPAY ICKE allyy MEHEH OMPUHYU COKKY
MAaCCaHbIH KBIMMBUIBIHBIH MaTEMAaTHKAJbIK YJTYCY
Ty3yireH (6-cypet):

1) w; = const, 6.a. niipn MyyHaK TeTU3 aliJIaHAaT;
) P'y KXYy Kydy, KemMm 4YbITbIIIBI GOIOHYA 1
’aHa OalTankbl KOOPAWHATKA CAIBIILITHIPMATYY
MacCaHbIH bUIAM/IaHYYyCYHYH HOPMaJyy Ty3YY4YCYHOH KO3 KapaH[ibl;
3) TIIKTUH 00OpAYK OOpOOPY B YEKUTTE TONTOJIIOH;
4) mepueMaMH OalITaNBIIBIHIATE COKKYHYH KBIUMBUIBI OCNTHIYY OUp TYPYKTYY
aOanman Oamrrasar.

6 — cypeT — bup Maccanyy cokky
MEXaHU3M/IMH ICENTOO CXeMachl

d%t CANBIITHIpMANYy OypUTYK BUIIAMIBIK KaHa HMHUPU MyyHaK MEHEH TIIKTHH

oprocyHarsl /3 6ypd MbIH/Iall aHBIKTAJIAT:

3((a)1 +@,) rh - ghz)

ap _ _
dt " TP 221 cos B (t-t) (13)

3|(o, + o, 2rhl—gh2 t—t, ?
B=p+ (( ) )( ) (14)

12 2 /

l,*+1; —2l/1,cos g
Kaiina [, ,— MApU MyyHaK MEHEH TPOKTHUH OPTOCYHIArbl MypyHKY abaliblH Oypdy;

W, — TIOOKTHUH OaIlTanKbl bIIAaM/bITBI.

B. epao

Cokky  MaccachlHbIH  OypuTyK
putIamMAbIrel  (13) kaHa wulipy MyyHaK
MEHEH TI3KTHH opTocyHaarsl Oypu (14)
uiipu MYYHaKTBIH OypuTyK
BUIIAMBITBIHAH, HWHPU MYyyHaK MEHEH
TIIKTUH Y3yHAYTYHaH, KYy Kydy >jKaHa
TapTbUTyy KYYYHYH UWHUHACPUHEH KO3

180
150
120
90
60
30

—
450465 @, zpad

7 —cypet — n; =700 aily1./MyH. Y4YH T39KTHH

0 20 180 270 360

aitanyy OypuyHYH aubUIbIIIBIHBIH
UipU MyYHaKTbIH Oypyiyy OypuyHaH
KO3 KapaH/bUIbIK AMarpaMMachl
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KapaHbl, OMPOK COKKY MaccachblHaH Ke3

KapaH/ibl 3Mec.
Cokky

KMHEMAaTUKAChIH

MCXaHU3MHWHHUH
TAJI10040, COKKY



MaCCaChIHbIH COKKYTa YeHUHKHU a0alira YbITBIIIbI, OAPIBIK TOTOOJOPAYH Y3yHIYKTaphIHBIH
katermrs! yays (f=180°) n;=750-1000 aiin./mMun HHTEpBaIbIHAA GOI00PY aHBIKTAILIHI (7, 8-

cypeTTep).

5, v | JlnHaMUKaIIbIK OalIaHBIIITYy TY3YMY
180 o ©3repyIMe  COKKYy  MEXaHU3UMUH
150 , ‘ | - % 1 aHJaH apul 17163781 03 (<15) JKaHa

1-1L,/-05 3 y % p
120 — 211 =067 < J0JI000PJI00 YUYH, COKKY
3-Iyl=1 2+
90 | 4-1x] —1,7/ MalllMHAJIAPABIH MaKCUMAJYy JKOJI
go | 32 OepuiIreH COKKY BULIAMABITEL 8 M/C
30 // KaHa KOJI COKKY MalluHajapra
— ajapapIH caJMarbIHa JKaHa
0 90 180 270 360 @ 2pad P

eJIU6OMIOPYHO Kapara TajanrtapiaH
almnooro TUMHUII SKEHUH JCKE aJblIL,
COKKY MEXaHU3MJIUH TOTI'00JOPYHYH

8 — cypet — ny = 1000 aitn./MyH. YIYH
TIOKTHH aiilanyy OypUyHYH aybLIbIIIBIHBIH
uiipu MyyHaKThIH Oypynyy OypuyHaH

/
Y3YHAYKTapbIHbIH KarelbiH o/l =
K63 KapaHIbUIBIK JHarpaMMachl 1

0,67 xaObL1 a1a0BI3.

TepTyHuy 0anTa MeXaHU3MAWH TOTOOJIOPYHO apakeT STKEH KY4YTOpJy AaHBIKTOO
YUYH, COKKY MEXaHHU3Te€ KHHETOCTATUKAJIBIK JKaHa JUHAMUKAJIBIK U3WII00JIep KYPIry3YJ1y.
MexaHu3MIUH JOMIIOJIOPY JKaHa TasHBIUBIHJATBl PEAKTUBAYY KY4YTOp KaHa COKKY
yaypyHaa maiiga 0onron peaktuBayy Kyd 77 kH (A = 50 JIx) sxana 100 xH ro(4 = 100
JIKx) YeWHnH KOTOpyJial TypraHJbIlbl AaHBIKTAJITaH, OWPOK COKKY MEXaHU3MHUHUH
KOHCTPYKIMSUIBIK ~ ©3rOUOYTYHOH yliaM, Oyl KY4TeH TY3YJIreH HWWMHKYY COKKY
MEXaHU3MUHHH TasTHBIYBIHA (PKETEKTOOUY BaI) IIIPJIMK TaaCUp ITICIIN aHBIKTAJTaH.

R H I+R12 - PeaKIus Ha MapHApe A

—— R, - peaxuus ma maprupe A

77390 — Ry 3 - pearums na maprmpe Al
’L— R.Hi == Ry~ peaxmus na onope O

= =Ry, - peaxtms a onope O
77400

1400 1380 77400 977390 977390 77390
+ 1400 ¢ ?
1200 +
== . 4 1200
1000 2(,N’—"r‘ s 1000 % R X"" A ’./'(.' v
[
800 ;/. 800 >< l‘ i
N ‘\\ \
600 600 \\ R \ :
400 \\ : \\ ‘\ |
400 ~ | v \ |
N \ |
200 AN N I
200 N N
0 45 90 135 180 225 270 315 360 45 90 135 180 225 270 315 3€07P1> 2pad
0 o o
. a INMepBbIit 06opoT Bropoii o6opoT
a) 90 180 270 360 ¢ 200 6)

9 —cyper —A4 =50 [Ix yaypnarsl, Roi, Ri2 Ri3 peaktuBayy KyurepyHyH uitpu
MYYHaKTBhIH @1 aiilaHyy OypuyHaH Ke3 KapaHjbl rpaduru
a — OUp MaccablKk MEXaHU3M; O — 3KHM MaccallbIKk MEXaHU3M
Kauan mexanusm O6up cokky maccara 33 6oiaronio (9 — a cypet) O TassHBIYBIHIATHI
PEaKTUBAYY KY4 JIPIPIUK ©3repOeiT, ajl SMU MEXaHU3M TEHTapanTyy KaWralThlpbUIraH
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COKKY MaccachiHa 33 001roH0 (9 - cypeT) O TasHBIYBIHIATH PEAKTHBIYY Ky MUHHMYMTa
YMTYyJIaT ’KaHa Karbulblllyy y4ypJa raHa OJlyTTyYy YOHAYKTapra KeTepyJier.

JluarpaMMaHbIH UAPH CHI3BIKTYY Y4YacTOry OMpHMHYM COKKY Macca adyy (aszachiHIa
TYpraHJbIrbl MEHEH, ajl MU 3KHMHYU COKKY Macca COKKY aJlIbIHAArbl abajabl 33JIeTeHAUTU
(mepudepusira upikkad) MeHen Ttymymaypymter. 135° — 180° sxama 315° - 360°
YYaCTOKTOPYHJla JMarpaMMaHblH TYy3 CBI3BITBI 3KM COKKY Macca TeH mnepudepusira
YbIKKaHBIH OUJIIUPET.

MexaHnu3mre Taacup OTKEH OapIblk KydTepay 3cke anyy wmeHeH 10-rpadana
KEJITUPWITEH >KETEKTOOUY TOTOOHYH OypuUTyK BUIJAMIBITBIHBIH YBIHBITHl MaaHUCHUHUH
uiipu MyYHaKTbIH alijlaHyy OypuyHa KapaTa e3repyuly aHbIKTaIbl.

Byn xepje KpUBOIMNTHH PKU ailflaHyy MepuuMHU OalkanaT: OMpPHUHYA MEpPUYUM -
OTKOOJ XKapasH, SKMHYM MEPUYUM — TYpPYKTyy MIapTTam. OTKeesl xapasHaa, OUpUHYU
COKKY Macca TOJIKYH ©TKOPTYY MEHEH KarbUIbIIIKAaHAaH KUHHH, HHPH MYyHAKTBIH OypUTYK
BUIIAMIBITEl OENTuiIyy OMp MUHUMAIAYy MaaHWre 4YeMH TOMOHIeoNT. MyHy OupuHun
COKKYy Macca apTKa CEKHPreHJe, TIIKTUH HUPH MYYHAKTbIH alIaHYyCYHYH TECKEpHU
JKarblHa ailllaHar naen TYWYHAYpce 00J0T (5- a cypeTTy KapaHbIi3). Al 3MH TYpPYKTYY
maprramja OKIIONI YJIrYy KaWTajaHaT, OLIOJI 3JI€ ydypAa JKMHYM COKKYy Macca HIIKe
kupuieT. JKeTekroouy TOTOOHYH TCHOITYOMCY3/YY aijlaHyycy OaiKamar.

o1k P Owonpoit 1€,
KYYJIOHTKYYTYH Maccachl 3

78.5 Oue KI'1aH anmnaraHzaa, 150500}/
\ /\ MYYHAKThIH OypuTyK

S S N . e . NN U 0 WV BUTIAMTBITBI 4OH
\\ > HHTEPBAIIArkl  MAaHUJIEP/IC

26,8 ol ©3repyYIIyI Typaapebl
anpiktasapl (10 —  cyper).

0 45 90 135 180 225 270 315 360 45 90 135 180 225 270 315 360 %epad KYYHVOHTKYLITYH MaC\C,aCLI
KoOolToH CaMbIH,

Ope— My = 2,28k y1ypya, KPUBOILMIITHH OypuTyK

W'ye —M,, = 9,36 ke ydaypna BUTIAMIBITBIHBIH

10 — cyper — A =50 [Jorc yaypnarst O3TOPYYCYHYH  TEPMETyYCy

1 JIMH @171€H KO3 KapaH/Ibl rpauru A335T KAHA GypuTyK

BUIJAMBIK JMAarpaMMaliapbl KbIMakKail KepYHOT. BUPOK, KYYJIOHTKYUTYH MacCaChIHBIH
KOOOMYIly COKKY MEXaHW3MUHUH KaJlllbl MacCachbIHBIH 0O0p OOJyLIyHa ajblll KeJerT.
OmoHayKTaH, TaHI00 KYYJIOHTKY4TYH BUIJAMBITBIHBIH TEPMENIYYCYHYH
aMIUIMTYJAChIHBIH HETU3UH/E KY306re alllbIpbuUIar.

BemmHum  Ganmra  uvmTenun  YblKKaH ~— KOHCTpykuus — (l1-cyper)  kaHa
HKCHEPUMEHTTUK HM3WIJ0OHYH METOIMKAChl KaHa JUHAMMKAJIBIK OalIaHBINTYy COKKY
TOMayH SKCHEpUMEHTUHYH HATBIMKaJapbl KEATUPHUITEH.
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JInHaMuUKabIK OailyIaHBIIITYy TOMayn
AKCHEPUMEHTAJABIK M3WIAOOHYH HETM3rM MakcaTbl MAallWHAHBIH
UIITEIINH TEKWEPYY, AHBIH JUHAMUKAJIBIK MYHO3/16MeJIopYH
aHBIKTOO >KaHa POTOPAYH Oup aillaHyyCyHJa COKKYyra KapIlbl
COKKYYTYH YbITBIIIBIH OPHOTYY OOJIyIl caHaJIar.

OKCINEPUMEHTANJIBIK U306 YYYH SKCIEPUMEHTAJIbIK
ChlHAMa WUIITENUN YbIKKaH. JIMHaMUKAaIbIK OailIaHBIIITYy TY3YMY
©3repyJIMe COKKY MEXaHH3MUHHH YJTYCYHO JKCIEPHUMEHTAIBIK

W3WIZO6J6p  JKYPTy3YJdyIl,  HaTbliXKanaapbl 1-rabnumana
qarbUIABIPBIITaH.
11 — cypet — Cokky
MCXaHU3MH
1 — rtabnauma — TUAPOMOTOPAYH OAachiM JIMHMSACBHIHIAATBHI ap KaHAal OackIMaapiarbi
AKCIEPUMEHTAIJIBIK 6T460JIOPIYH HATHIMKaJIaphl
O320pmo yoHOYKmapovin amanvluivl Yvi2yy napamempnepu
Opro Maii . . Bbypuryk | Karsuisr MamuH.
VI Mynan . Alinany Cokky | Cokky
., |0achIMBIHBI Maiipin BUIIAMBIK | LTYYHYH KypyurynyH
Maii KEPEeKT y CaHsl, HHEPTIHUSAC |KBIILTHI
H Temrepar TBIH  |BUIaMIBI TEHOIYOMCY
Oackt e3repyuy o ypacs, t° 00/vm e3repyury | TI'bl o ol 3IYK
ﬁlb'}’a MIla A/un o™ 1e|  we Jox T k030 d.,
3 2,7-3 8,5-11 51 260 40,12 4,012 13,52 8,66 1,202
4 4-416 |7,9-12,2 32 330 56,14 5,614 24,67 11 1,41
5 5-5,3 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 | 7,1-8,1 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 |905101| [ | 55 | 450 | 9897 | 9897 | 79 | 15 | 174

AJBIHTaH €J1Y6M MYHO3JeIy4TepAy TalJ00 THAPABIUKAIBIK KbIMMbBUIIATKBIYTHIH
KYMYITIy CYIOKTYTYHYH OachIMbIHBIH 3-10 MIla nuama3onyH Oapaplk MaaHWIEpU YUYH
KYpPry3ysireH. bym okepme wMucanm karapel KepceTmMe Oepyy YuyH 12-cypertrte
TUAPOMOTOPAYH 0achlM MarucCTpajbIHAArbl )KyMYIIUy OackiMa yOaKbITKa jKapalia JIeKTp
TOTYHYH YbIHAIYyCYHYH YOHJYTYHYH ©3TepYUIYH Oelrmieedy OcIuuiorpadThiH
KopcoTKyuTepy Keartupuiared P =5 Mlla.

UblHamyyHyH YOHIYTYHYH YOakbITKa KapaTra e3repylly MHpPU MYyYHAKTBIH OypuTyK
BUTIAMBITHIHBIH ©3TOPYIIYHO Tyypa KejeT. TapupoBKaiblk rpadUKTUH KapJaMbl MEHEH
TOKTYH YBIHATYYJAPBIHBIH ©3repyyCy HHpH MYyyHaKThIH OypuTyK bUIIaMJIbITEIHA
KOTOPYJIyIl, aHblH HeruzuHje rojgorpad (l14-cyperT) kaHa OypuTYK BUIAAMABIKTBIH UHPU
MYYHaKTbIH aiijlaHyy OypuyHaH Ke3 KapaHIbUIBITBIHBIH auarpammachkl (14-cyper)
YKAIMBICEIHAH MEXaHU3M YUYH Typry3yJraH.
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oc

BY Limit

200nVBw Ch2  OFF M
| CHI 7

12 — cypet — U(t) rpaduk ko3 KapaHbLIBITBI 13 — cypet — w1(p1)eomorpadsr
ol h MypyHKy y4dypAarslaan a1e,

rogorpadran (13-cyper) xKaHa
oy A o~ JarpaMMajiad (14-cyper) OypuTyK
e BUIAAM/IBIKTBIH  ©3rOPYY MYHO3Y aubIK

\/ \/ \/ KOPYHYII Typar, MbIHIAa OUPUHYU COKKY
i L% Macca KarbUIBIIIKAHJIAH KUWWMH  Hilpu

S e MYYHaKTbIH OypuTyK BUIIAM/IBITBI
14 —cyper — P =5 Mlla yuypaarsi MHUHHMAJIYy MaaHWTe YCHHH TOMOHIOWT,
®LHH ¢1/1eH KO3 Kaparjib! rpagurn aH/JaH KUHUH KETEKTeeuy OK TOJIFOOYTYH
UUMHKYYY MEHEH Kaiipa kebeieT. Ko Oup Makcumaniyy MaaHure Kaiipa >keTkeHae (apTka
CEeKMPIeH/ICH KUWUH TasHbIY MEHEH COKKY MAaCCaHbIH KarbUIILyy YUypy), HMpU MyyHaKThIH
TOKTOTYCYYHYH JCEOMHEH bUIIaMJIBIK Kaiipa K33 OHp MUHUMAIAYyy MaaHWre 4YeuuH
TOMOHIOUT. AHAAH KHIMH, WAPU MYYHAKThIH BULAAMABITB KalpaJaH MaKCUMAIIYY
MaaHWTe YEeWHH >KOropyJaiT »xaHa ¢; = 173° yuypaa COKKy Macca KarbUIBIIIKAHTa
YEHMHKN MO3UIMSHBI 33JI€UT. AHJaH KUIHUH, IpolLecc KalTalaHaT, aHTKEH! SKUHYU COKKY
Macca UIIKe KUperT.

CokKy MeEXaHMU3MUHUH MAaTeMaTHKaJblK MOJCIWH TY3YYA© KaObLI ajbIHTaH
KOPOMOJIJIOPIYH KaHa O0XKOMOJAOPAYH TYYpasbITblH 0aajoo MakcaThIHAA TEOPUSIIBIK
YKaHa IKCMIEPUMEHTANIBIK U3WI0616pAY CaIbIIUTHIPYy O0JIyN caHasar.
15-cypetrre ocentee Koy

B, epad
180 MEHEH TaOBbUIraH UUPU MYYHAKTBIH
150 (V)
20 [ | _ alianyy Oyp4yyHaH TIOKTHH adybLIyy
% | o cana | | OypuyHyH KO3 KapaHIbLUTBIK
3 - n=900 ob/mui.
60 14-n ob/snm, 1
” ;, 1000 o | JrarpaMmaiiapbl KeITUPWITeH. byn
FomaatD ot JuarpaMMaHbl TaJlgO0OJO0H KOPYHYII
T—— 19
0 90 180 270 360 450465 @y, 2pad TpraH,ZIaI/I, KpI/IBOHII/IHTI/IH 6I/Ip
15 — cypeT — ap kaHmail N xaHa ¢)2=30 ydypAarsl  alllaHyyCyHIa —IIaTyHAyH — TOJYK
SHBIH @11CH KO3 KapaH/Ibl IUarpaMMachl aubUIBIIIBl UMPU MYYHAaKTBIH Np >

750 aiun./mMuH aiina"yycyHaa 00J0T
(w2 e3repyycyH 3cke anyy MeHeH). Bupok skcnepuMeHTan bk Hateiixkanap (15 - cyper, 6-
camn) Mipu MYYHaKTbIH OMp allaHyyCyHJAa TIOKTHUH TOJYK aubUIbIIbl 260 ailn./MyH. ke
aH/aH Kell buIJaMJbIKTa OOJIOpYH KepceTyn TypaT. byn skarmaiiipl SKcriepuMEeHTTEpAU
KYPIry3YYA®, COKKY MAacCaHbIH TOJIKYH ©TKOPI'Yd MEHEH KarbUIbIIYyCyHaH KUIWH, aHBbIH
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OK TOJIT0OY MEHEH KarbUIBIIYYCYHYH HATBIKACBIH/IA SKUHYN apTKa CEKUPYY OOJITOHIYTY
MEHEH TYLIYHAYPCO OOJIOT.

I — Koropky BUIIAMIBIKTAT bl
1 — Tynky; Bujeorpadus MEHEH COKKY MEXaHU3MHUHUH
2 — 1-9u COKKYy; UINTENIMHUH CypeTy anbiHTaH (16-cyper),
3 — 2-4U COKKY; MbIHIA @1 = 173° OSKHMHYM COKKY Macca

4 - TUAPOMOTOP  WINKE KUpHIIET (Karsuibliryy 06o050T). byn
Oarranksl 00’KOMOJITYy TACTHIKTAMUT.

16 — cypet — COKKYUTYH COKKY MO3HUsChIHA Kamputeiiyy  yaypynpa — widpu
YEBITYY CYPOTY MYYHaKTbIH OypuTYK BUIIaMIbITBIHBIH
MaaHWIEPUHUH YOH apajblKTa e3repyuly,

0.a., @, #const. DKCIEPUMEHTTEH aHBIKTAJIraH, MEXaHU3M/IUH  KbIMBUIBIHBIH

TEHOIYOMCY3AYTY Taacup 3TKEH KYUYTOPAYH ©3rOpYILIYHO AJIbII KEJIeT.

OmoHIyKTaH, MEXaHU3MJHUH >KETEKTOOYY TOTOOCYHYH OYpUTYK BUIIAMIAHYYCy
UUPU MYYHaKTbIH OypuTyK BUIIAMIBITBIHBIH ©3TOpPYYCYHYH aillaHyy OypuyHaH Ke3
KapaHapl rpadurud rpadukanbik AU QepeHIranIooOHyH Heru3uHae aHbikTanabl (17-
CYPOT), OIIOHIOW 3j¢ MHPU MYYHAKTBIH CBI3BIKTYY BUIIAMJIaHYYCYHYH TaHTCHIHAJIBIK
TY3YYYYCYHYH YOHAYTYH aHbIKTaraHra >aHa KYY KYYYHYH YbIHBII'bl YOHIYTYH >KaHa
OareIThIH aHBIKTOOTO, ajl ©3 KE3€THMHJE TAaKTaliraH KUHETOCTAaTHKAJIbIK 3CENTOOHY
KYPry3yYyre MyMKYHIYK Oep/iu.

e Tl B 52412 6) R H A ++F;- penama e mapaape A’
a1 =———R,o - PEAKINA E IIAPHApPE A
k asp] === Ro1 - peaxuma e omope O
2.57 A
) T
RH & - i

Jeop | =+r*Ry; - pearapia B mapuupe A 1800
=T}, - PEAKINA B IIapHHpE A 1

==—==Fg - O
. Ry, - pearamna B omope .
R.
R Rz /
1200 1200
R, }

"

m'>< o0
e00 &0 Moo
TN I

et
45 80 135 180 225 270 315 260 P, Zpad

0745 80 135 80 w5 =0 315 w0 P Pad

a—, = const. yaypyH/ia

0 —w, # const. yaypyHaa
17 — cypeT — w; MEHEH &1 11H
(1T€ Kaparta e3repyy
JTrarpaMmMachl

18 — cypet — Ro1, Ro1, R31 v @110
K63 KapaHJibl rpaduru

Aud nonmonopyHaarsl Ryp Riz peakTuBayy KydTep I33piuK e3repyioei, ail sMu

O TtasgHBIMTArbl Ry peakTUBIyY Ky4dy KUHWHKH COKKyra 4YeHWH MHUHUMAJIYy MaaHWUTre
yeiinH TemeHnelreny rpadukter (18 a-cyper) kepyHym Typar. MyHY KarbUIbIIIyy
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y4ypyH/a peaKTUBIYY KY4Y KECKUH YKOropyJamn, OMpOK MEXaHU3MAUH KOHCTPYKUHUSCHIHBIH
©3re4eIYI'YHOH yJIaM Aapo0 TOMOHIOMT Jen TYLIyHAYpce O0JIOT.

I'paduxtu Tammoo (18 a-cypert), milpu MyyHaKkThIH OWp alnaHyyCyHIa A >kaHa A
JOTIIONIOPYH/IATbl PEAKTUBAYY KYUTOp KalTajgaHat Jien aiTyyra MyMKYHIYK OepeTr, MyHY
TEHCAJIMAaKTyy >KaWramkaH COKKY Maccajlapbl COKKY MEXaHU3MHUHUH KbIMMBLUIBIH TEH
CaJIMakTaWT Jen TYWIYHAypyyre Oomnot. benruneil keryydy Hepce, KarbUIbIILYy ydyphaa
peakTUBAYY KyuTep Oup a3 keOeier, OMpok Oys peakTHBAYY KY4Tep TasHbIYKAa ©TYYTe
YIrypOeiT, aHTKeHHU TOJKYH ©TKOPIYY MEHEH COKKYHYH KarbUIbIIIYy YOakKbIThl OOJITOHY
256 Mxc, 6.a. 256107,

XKetekToouy TOrooHyH OypUTYK BUIAAMJIBITBIHBIH TEHCAIMAKCBI3BITBIH ICKE alyy
MECHEH aHBIKTAITaH peakTuBayy Kydrep (18-cyper), @, =const. nmen OOKOMOJIIOHYII

anradkel albiHTaH HaThlbkamapaad (18-CypeT) Kelitna aiibpMaliaHar.

MyHy XKeTeneedy TOTOOHYH OYpPYTYK BUIIAMJIBITBIHBIH TEPMEIYYCY KYY KYYYHYH
©3repYYCYHYH YOHAYTyHa >kKaHa MYHO3YHO OJYTTyy TaacUp OTKEHIUTM MEHEH
TYIIYHAYPCO OOJOT, all SMH KYY KY4TOpY ©3 KE3eTHH]IC MEXaHW3MJWH KHWHEMaTHKAJIBIK
JKYNTapbIHIATbl PEAKTUBIYY KYUTOPIre TaacHp JTET.

e | . 3 Kentupuiren WHAWHKYYTYH

M H @ JarpaMMachl (19-cyper)

i N AT ayKbI QJIBIHTaH M,,

2 o [ | HaTblibkanapel  (19-a  cyper)

i [l 1| " R TaKTaJraH ACENTOO 10
BT W N a N e T ST e

ametaral M, (19-6 cyper)
KaparaHja ajujga KaHya a3
19 — cypet — M,,THH @1/1cH KO3 KapaHIbI rpapuru OKEHUH a4ybIK KOPCOTYII Typar.
MyHy OupHHYM ydypJa MEXaHU3MIUH TEHOTYOMCY3AYI'YH JKaHa  KUHEMAaTHKAaJIbIK
KYOTApJbIH CYPYJYY MMMHKYYYH 3CKE€ aJbIHTaHbl MEHEH TYLIYHAYpPCO O0JIOT. Al 3MH
TaKTaJIraH 3CENTOe]® KETEKTOeUY TONOOHYH OYpUTYK BUIAAMJBITBIHBIH ©3repylly KaHa
MEXaHU3M/IMH KHHEMAaTHKAJIbIK XKy TapbIHAArbl CYPYJYY UHMHKYUYY 3CKE aJbIHTaH.

Tonroouy MMMHKYYYHYH SKCIIEpUMEHTTEH allbIHTaH AuarpaMmmMachkinan (19 6-cyper),
cokky TOM wuiuren ’xaTkaHaa KEITUPWITEH TOJITO0YY MHMHKYYYHYH UYOHAYTY OJYTTYY
UHTEpBaJ/ia TePMENET JeM >KbIUBIHTHIK Yblrapyyra 00J0T, OyJ TEOPHUSUIBIK 3CENToesopreo
nraiiken kenet. Jlemek, AMHaMUKaIbIK OalnaHpITyy cOkKy TOMay 101600piooao CoKKy
MaccaJapbIHbIH KYY KYYTOPYHYH TaHT€HLIUAIIBIK TY3YYUYCYH 3CKE allyy Kepek.

JluHaMuKanblK ~ OalIaHBIITYy TY3YMY ©3TepyJIMe KOJ COKKY MEXaHH3MH
OHJIYPYIUTYH ap KaHJail TapMaKTapbhlHIA KOJAOHYJIYIy MYMKYH: TOO-KE€H MIUTEpU (Taml
HerabapuTTepId TaJKaloo KaHa Oenyy), Kypydyml (TOMypakThl HBIKTOO >KaHa
KyMIIapTyy, (QyHIaMEHTTepAH, >kKalyynapiabl, TOCMOJOPAY IEMOHTaXk/00), KOJI-OHI00
umTepu (KpIPTHIIITHI, ac(ambTThl )kKaHa IEMEHT-0eTOH xKaOyyJapelH auyy), TallThl Kaipa
umteryy (0eiyy, Ty3/106) OLIOHIOH 3Jie MallluHA KypYYy.

CokKy MEXaHU3MUHHUH ap TapanTyyJyry *aHa >KOTOpPKY HaThIIDKaIyyJIyry aHbl ap
KaHJall TapMakTapAarbl JUHAMHMKAJIBIK >KYKTOMIOPAYH TaacHUpd MEHEH OaililaHbIIIKaH
MaceJeNepau Yeuyy YUyH KepeKTYYy KypaJl Kbuiar.

a) — o, = const. yuyHJa; 0) — @, # const. yaypyH/aa
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HET'M3T'Y )KBIMBIHTBIKTAP ) KAHA TIPAKTUKAJIBIK CYHYIIITAP

JluccepTalMsibIK MINTE JWHAMUKAIBIK OaMIaHBIITYy TY3YMY ©3TOPYJIMO COKKY
MEXaHU3MHHUH TUHAMHUKACBIH M3WI06 KaHa COKKY MEXaHM3MHUH HILITEN YbIryy OOIoHYa
capaMXaJilyy MapaMeTpJepuH TaHII00 YYYH aHBIH HErM3rd MOJIEJIJEPUH ayblll OepreH
aKTyaJlyy Macese 4YeUnIIH.

1. Kon cokky MammHanapIbplH KIaCCU(PUKALUACH MINTENUI YBITHIN, TasHbIYTApTa
KapIibl Ky4Tepy MUHUMAJAYy OOJTOH AMHAMUKAIBIK Oaitnaneiutyy TOMayH cxemachiH
TaHJ00r0 MYMKYHIYK Oep/iu.

2. Junamukaneik Oaimanbintyy TOMayH KUHEMaTHKAacChlH — M3WIIOOHYH
AHAINTUKAJIBIK METOJIOpYyHAa Cepel calyy >KaHa TajJo0 XXYPry3YJIreH, an alapiblH
YKETUILICH3 U3WIJCHI€HIUTUH aHbIKTaraH.

3. JluHaMuKanbIK OalIaHBINTYy TY3YMY ©3TOpPYJIMO COKKY MEXaHU3MHHHUH
KMHEMATHUKAChIH, KHHETOCTATUKACHIH KaHA JMHAMUKACHIH TEOPHUSIIBIK U3HUII06 BIKMAJIAPhI
TaHJIaJIbIN aJIbIHTaH.

4. Ap xaHJgal COKKY SHEPTHsUIapblHIa MEXaHU3MJIMH MapaMeTpJEPUH aHBIKTOOTO
MYMKYHAYK O€preH COKKY MAacCCAChIHBIH KbIMMBUIBIHBIH YJITYJIOPYHYH MaTe€MaTHUKaJIbIK
MOJENIEPU UILTEIIUIT YbIKTHI.

5. COKKy MEXaHU3MHUHHUH TE€OMETPHSUIBIK TMapamMeTpiepUH SCENTeo METOAUKACHI
’KaHa aJITOPUTMU UILTEJINIT YBIKTHI.

6. [Qunamukanbik OainaHelTyy CcOKKy TOMuOyH KHHETOCTATHKACBIH JKaHa
JUHAMHUKAChIH H3WII66 MEXaHU3MIUH KOHCTPYKLMSUIBIK  ©3reYeJYTYHOH  YJiaM,
pEaKkTHBAYY KY4TepIyH MaaHWIepu Oy MeXaHW3M Y4YYH MHHUMAIIYy OSKEHJIUTHH
aHBIKTOOT'O MYMKYHIYK Oepu.

7. JluHaMHKaIbIK OalIaHBIIITYy KON COKKY TOMIyH KOHCTPYKIMSCHI >KaHa
DKCHEPUMEHTTHUK YJIT'YCY UIITEIUI YBIKTHI.

8. TeopusnbIK  KBIMBIHTBIKTAPABl  BIPACTOO  MAaKCaTbIHAA OKCIEPUMEHTTHK
V3WIIO6JIOPAY KYPry3YY METOAUKACHI MIITEIUI YbIKTHI.

9. DkcneprMEHTaNABIK W3WIIOOJOPAYH KbIMBIHTHIKTAPl TaIAAHBIN, TEOPHUSIIBIK
MaaJIbIMaTTap MEHEH CAJIBIITHIPBUIIBL:

"  MEXaHU3MJIMH CYHYIITAJIraH KOHCTPYKIMSCA  MIIKE JKapaMllyy JKEHH
HKCHEPUMEHTAIABIK TYP/1® TACTHIKTAJIIbI;

" W yYypYHAA POTOPAYH aWJIaHyy BUIAAMIBITEI TYPYKTYY 3MEC JKaHA KETEKTOOUY
TOTOOHYH  OypuTyK  BUIJAMABITBIHBIH — TEPMENYYCY TEHOITYOMCY3YAYK
koapumenTunuH 6 = 1,127 — 1,91 untepBansinga 60J100py aHBIKTAIIb;

"  PpOTOPIYH aMJIaHYyy BUILIAMABITBIHBIH TEHOIYOMCY3YIYKIYTYH 3CKE ajlyy MEHEH
MEXaHU3MIUH TasHBIYBIHJATHI jKaHa JOMIIOJOPYHJArkl PEaKTHBAYY KYUYTOPAYH
YOHAYKTaphl AaHBIKTAJIJIBI.

10. KoHCTpyKIHMSHBI KAKIIBIPTYY OOIOHYA CYHYIITApP WUIITEITUI YBIKTHI.
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PE3IOME
aucceprannu Kninaroexooit Hyp:kamaa Hyp:kaHoBHBI HA Temy: «{uHamMuka
YAAPHOT0 MEXaHU3MA MEePEeMEHHOM CTPYKTYPbI ¢ JUHAMHUYECKOH CBA3bI0», HA
COMCKAHME YYCHOM CTeNneHN KAHANAATA TEXHUYEeCKHUX HAYK 10 CIIeNHAIbHOCTH
05.02.18 — Teopusi MeXaHU3MOB U MAIIIUH

KuiroueBble cioBa: yJqapHbli MEXaHW3M; MEXaHU3M IEPEMEHHON CTPYKTYpBHI;
JMHAMUYECKass CBA3b; KPHUBOIIMII (pOTOp); IIaTyH; OOeKk; yJaapHas Macca;
MaTeMaTUYeCcKasi MOJENb; PACKPBITUS IaTyHa U Ap.

OO0beKT mccjIe0BaHUA: YAAPHBIA MEXAaHU3M NEPEMEHHOW CTPYKTYphl C
TUHAMHAYECKOU CBA3EIO.

IIpeaMer wucciaenoBaHMsI: SBISIOTCS 3aKOHOMEPHOCTH W3MEHEHUS CTPYKTYpHI
MEXaHU3Ma B TEYEHHE LUWKJIAa U B3aUMOJCIHCTBHME 3BEHHEB MEXAHH3Ma C YYETOM
VHEPLMOHHBIX U BHEIIHUX Harpy3o0K.

Henbo padoOTHI ABJAETCH HCCIECIOBAHWE IMHAMHMKU YIAApPHOIO MEXaHU3Ma
nepeMeHHo  cTpykTypel (MIIC) ¢ auHaMu4eckod CBS3bIO H  BBISIBICHHUE
3aKOHOMEPHOCTEW, Ha OCHOBE KOTOPBIX MOXET OBITh OCYILIECTBJIEH IPOTHO3 U BHIOOD
pallOHAJIBHBIX  IAPaMETPOB  KOHCTPYKLIMHM  PYYHBIX  YZapHBIX  MEXaHU3MOB,
OTJIMYAKOLIUXCSI IOBBIIIEHHOW HAJIEKHOCTBIO.

MeToabl HCCIeI0OBAHMS M AaNNaparypa: HCCIEAOBAaHUE BBIIOJHIOCH Ha
OCHOBE aHAJUTHUYECKUX PACYETOB KUHEMATUKH, KHHETOCTATUKUA U TUHAMHUKHU YJApHOTO
MeXaHu3Ma. DKCIIePUMEHTAJIbHbIE UCCIIEJOBAHUS IPOBOIUIUCH HA CO3/IaHHOM CTEHJIE B
NuxenepHoM LeHTpe «Ackaren». [Ipn uaMepeHusx ucnoyib30BaHbl TaXOTeHepaTop /{-
25[°, ¢ morpemHOCThI0 u3MepeHHs He Oonee + 1; ocummmmorpag UTD 2120 GEL;
Ja3epHbIii OecKOHTakTHBIM TaxomeTp DT2234C; m3meputenbHbII mpubOp pacxoia
KHUIIKOCTH, Temreparypsl u gasieHus Turbinen-Durchflussmesser Serie: PTQ; xamepa
BBICOKOCKOPOCTHOM BUAEOCHEMKH.

Ilosry4yeHHbIe pe3yjibTaThl U HX HOBM3HA 3aK/JII0YAETCH B:

JIOTIOJIHEHUU ~ KJIacCU(UKALUMU PYYHBIX YJApHBIX MEXaHU3MOB IO  XapakTepy
npeo0pa3oBaHus CTPYKTYPHI;

pa3paboTKe MaTEMaTUYECKON MOJENM YAAPHOTO MEXaHU3Ma C JTMHAMHYECKOU CBS3bIO,
YUUTBHIBAIOIIEH MOMEHT CHUJI UMITYyJIbCa MPHU JIBIXKEHUM MEXaHU3Ma BO BPEMsI OTCKOKa
yIApHOM MacChl U BBIXOJIE €€ Ha epu(epuio BpallleHHUs;

pa3paboTke METOAMKUA ONpeAesieHus KUHEMAaTUYeCKHX, KHHETOCTaTUYECKUX H
JUHAMUYECKUX XapaKTEPUCTUK YJapHOTO MEXaHW3Ma, MO3BOJISIOLIEH ONPEAEIIUTh €ro
palMOHAJIBHBIE TAPAMETPHI.

CreneHb MCHOJIb30BAaHUS: CO3JaH SKCIEPUMEHTAJBHBIA 00pa3elr] yaapHOro
MeXaHHU3Ma, pa3paboTaHa METOJMKa pacyeTra AMHAMUKH YIapHOTO JABYXIOJIBHUKHOTO
MEXaHU3Ma, KOTOpasi MOKET ObITh BHEIPEHA B yueOHBII mpo1ecc.

ObsacTh MpUMEHeHMsI: TOPHAsI OTPAciib, CTPOUTEIBCTBO, JOPOKHOPEMOHTHbBIE
paboThI.
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05.02.18 — MexaHM3AEpAMH JKaHA MALIHHAJIAPABLIH HA3apUATHI aAJAMCTUIH
00IOHYA TeXHUKAJBIK WINMAEp KaHaAuaaTbiHa Tanankep KbiHaTOexkoBa
Hyp:xaman Hyp:xaHoBHAHBIH «/HHAMHKAJBIK 0alJIAHBIIITYY TY3YMY 63repyJiMe
COKKY MEXaHM3MMHUHUH THHAMHMKACH» TeMaJarbl IUCCePTANUSVIBIK HIITHH

BUWJIJIUPMECH

TyityH ce3nep: ypry MEXaHu3M; Ty3yMy ©3repyjMe MEXaHU3M; TWHAMHUKAIIIBIK
OailylaHbIl; UApH MyyHaK (pOTOp); TI3K; ypryd; ypry mMacca; MareMaTHKajblK YIry;
TIOKTUH aYbUIBIIIBI K.O.

N3unnee o00beKTH: IWHAMUKAIBIK OAMIaHBINITYy TY3YMY ©3TOPYJIMO COKKY
MEXaHU3M.

N3nnanee Oyromy: KyyJIyK jKaHa THIIIKBI Ky4TOpAY 3CKE alyy MEHEH MEpUYEeMIUH
KYPYLIYHII® MEXaHU3M/IMH TY3YMYHYH ©3T6pYIIYHYH MbIi3aM YEHEMAYYJIYKTOPY >KaHa
MEXaHU3M 3BEHOJIOPYHYH 63 apa apaKeTH.

N makcaThl: TMHAMHUKAJIBIK OQMJIaHBIIITYy TY3YMY ©3repyJiMe MEXaHU3MHUHUH
(TOM) nuHaMUKachlH M3WIA©6 >KaHa Mbli3aM YEHEMAYYJYKTOpAY aHBIKTOO >KaHa
QJIapAplH HETU3UHJAE >KOrOpy MIIEHHMIYYJYTY MEHEH albIpMaJIaHraH KOJ COKKY
MEXaHU3MJIEPAUH TY3YJIYIIYH A0JI000pI00A0 PAlMOHANIYY ©J1Y6M MYHe316MeJIepYH
00JIKOJII00 KaHa TaHII00.

N3unngee bIkMasiapbl KaHa anmaparypa: U3WIAee COKKY MEXaHW3MHHHH
KMHEMAaTUKAChlH,  KWHETOCTATHUKACBhIH  aHa  JAWHAMUKACBIH  aHAJUTUKAJIBIK
ACENTOOJOPAYH HETM3UHIE KYPry3yiaay. DKCIEPUMEHTANIbIK U3HII06J0p «ACKaTelD)
WHXKEHEPJIUK OOpOOpyHIa TY3YJATOH CTEeHIJE KYpry3yiaay. Omuee yuypynaa J-25T
TaxOoTeHEepaTopy KOJIIOHYJITaH, ©juee Kartackl = lneH ammaral; ocuwuiorpadg UTD
2120 GEL; nazepauk koHTakTchi3 TaxomeTp DT2234C; CyrOKTYKTYH arbIMbIH,
TeMIlepaTypaHbl >kaHa OackiMibl endeeuy acnan Turbinen-Durchflussmesser Serie:
PTQ; sxoropky puILIaMIBIKTarbl BUACO Kamepa.

AJIBIHTAH KbIABIHTBIKTAP KAHA AJIAPJbIH )KaHbLIbITbI:

- KBIUMBUIABI  ©3TOPTKYUTYH TY3yMy OOIOHYa KOJ YpPry MeXaHU3MJIEpIuH
KJIACCU(PUKALUSACHIH UIITEI YBITYY (63repMe TY3YJIYIITery MEXaHU3M/IIED);

- TMHAMHKaJIBIK OaitnaneiTyy TOMAyH COKKY MaccachlHBIH MAaTEMATHUKAIIBIK MOJICIIMH
UIITEN YBITYY;

- COKKY MEXaHU3MJIMH KHHEMATHKaJIbIK, KHHETOCTATUKAJIBIK »aHa JUHAMUKAJIBIK
MYHO3/16MOJIOPYH aHBIKTOOHYH aHa aHblH ONTHUMAJyy ©J46eM MYHe31eMeJIepYH
O€JITMIeOHYH YCYJIIyTYH UIITEN YbITYY;

Konponyy mHream:  ypry MEXaHU3MHHHH SKCHEPUMEHTAIIBIK MOJEIH
TY3YJly, KU KbIAMBUIIYY MEXaHU3MJIHUH JIMHAMUKACBIH 3CENTOO YCYJIIYTy UIITEIUI
YBIKTBI, a1 OKYY MPOLECCUHE KUPTU3MUIUIIN MYMKYH.

Koaponyy Tapmarsl: TOO K€H OHAYPYLIYHIO, KyPYIYIl, >KOJIOHI00 UILITEPH.
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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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