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I. UlIIYU JACTYP
KHUPUILI.

Jactyp V36ekucron Pecny6mmkacu Ilpesumentuaunr 2015 jimm 12
utoHaru “Onuil TabliUM MyaccacaJlapuHUHT pax0ap Ba Menaror KaipiapuHH
KaiiTa Tai€piaml Ba MaJlaKaCWHU OLIMPUII TH3UMHUHHU SHAJA TAKOMWJUIAIITHUPHIL
yopa-tagoupiapu Tyrpucuaa’tu [1D-4732-conmm, 2017 wun 7 deBpangaru
“Y36exucToH PecrnyOiMKacHHM sHAJA PHUBONIAHTHPUIN Oyifmua XapakaTimap
ctparerusicd Tyrpucuna’tu [1d-4947-connu dapmonnapu, myHuHraek 2017 wun
20 ampengarn  “OnMil  TabJIMM THU3UMHHHM SHQJAa PUBOXKIIAHTHPHIN YOpa-
tanoupnapu Tyrpucuaa’tu [1K—2909-connu kapopumaa OenrujiaHraH YCTHBOP
Baszudanap Ma3MyHUJaH KeauOd YMKKaH XOJja Ty3wiran Oynu0, y 3aMOHaBUI
Tajgabsap acocuja KadTa Tail€piam Ba Majlaka OIIMPUIN >KapaEHIApUHHUHT
Ma3MYHHHM TaKOMWUIAIITHPUII Xamjaa OJIMA TabJIUM Myaccacallapy Iearor
KaJIpJIAPUHUHT KacOW KOMIIETEHTIMIMHA MYHTa3aM OMIMPUO OOpHUILHM MakKcaj
KHWJIAIN.

Kamust Ttapakku€tu Hadakar MamJiaKaT WKTHUCOIUN CATOXUSTUHUHT
IOKCAKJIMTU OujiaH, Oanku Oy calloXMsT Xap OMp MHCOHHMHI KaMoOJI TONMILIU Ba
YUFYH PUBOXJIAHUIIINTA KAHYAIUK WYHANTUPUIITAHINTH, HHHOBAIMSJIAPHU TaJI0UK
STWITAHJIUTH OWJIaH XaM yia4aHaad. /[eMak, TabiuM THU3UMH camapaJopiIuruHu
OLLIMPHILL, NTEJArorIapHy 3aMOHABUI OMJIMM XamJa aMalnii KYHHUKMa Ba Majlakajiap
OWwiaH KypOJUIAaHTHPHIL, YET B3 WIFOp TaxpuOajapyuHU YPraHuil Ba TabIUM
aManuETUra TaaouK ATHUIN OyTyHTM KYHHHMHT J10J13ap0 Basudacuaup.

Jlactyp Ma3MyHH OJIMM TabJIMMHUHI HOPMAaTUB-XYKYKHM acocCliapu Ba
KOHYHUYUJIMK HOpMajlapH, WIFOP TabJIUM TEXHOJIOTHSJIApU Ba MEAAroruk Maxopar,
TaBIUM Kapa€Hiapuja axO0opOT-KOMMYHHKAIMS TEXHOJOTUSJIAPUHU  KYJIIall,
aMaJiuid XOPYOKUIM THJI, TUBUMIIM TaxJIWJI Ba Kapop KaOysl KWJIMIII acociiapy, Maxcyc
dannap Herusuga WIMUNA Ba aMajiuid TaAKUKOTJIAp, TEXHOJIOTUK TapaKKUET Ba
VKyB apa€HMHM TaIlIKUJ STUIIHUHT 3aMOHaBHH yciyOnapu Oyiimda cyHITH
IOTYKJIap, TMEJAarorHMHI KacOWMW KOMIIETEHTJIMTM Ba KpEaTUBJIUTH, Trio0al
NuTepHer TapMoru, MyJbTHMEIUA THU3UMIApH Ba MacodagaH YKUTHII
yCYJUIApUHM Y3JalITUpUII Oyiinya sSHru OWiIMM, KYHMKMa Ba MajlakajlapuHU
HIAKJUTAHTUPUILHYA Ha3apJa TyTaJlu.

Jactypaa MoOui KypwiMallap Y4YyH ONEpalMoOH TH3UMJIAp, WioBaJiap
CTPYKTypacH, aHJIpouJ THU3UMU Yy4yyH Java pgacTypiaml TWIH, aHAPOU]
dborinananyBun uHTEphEUCUHM SPATUIl, WIOBalap/ia XoJucajap Ba >kapa€Hiap,
MEHIOJIapHU OOIIKapHIll, MOOMJ WJIOBaJIapAa MabiyMoTiaap 0a3acu OujaH MIUIALL,
GPS xu3matu, TapMOKJIM JacTypJall, HWIIOBAHUHT CepBEp KUCMU OWJIaH WIIIAIl Ba




JSON xu3martuaan oigananun Mmyammonapu 0aéH STUIITaH.

MoayJaHMHI MaKcaau Ba Bazudaaapu
“MexaHUKaHUHT J0J13ap0 Macaaizapu’”’ MOJYJIUHUHT MaKCaJIu:

nmegaror  KajapiapHM — Kadita  Tai€épiamn  Ba  Mallaka  OIIMPHUIN  KYypCH
TUHTJIOBYMJIAPUHU MEXaHWKa COXACHAArd SHT CYHITH IOTYKJap, MyaMMmoJap Ba
yIapHU XaJl STHUII HYJIJapUHU aHHWKJAIl yCyJjapu, IIYHUHT/ACK, HaTH)XaJIapHU
aMalluid axamusTIapy Ba WIUIA0 YMKApUII OOBEKTNIapHaa KyJulall HyJutapuHH
Ypranuin XucoOIaHa Iu.

MopaynHuHT Basudacu Ma3Kyp AacTyp JOMpAcCHIa THHTIIOBUMIIApTa Ha3apwid
Ba aMajiuii MEXaHUKAHUHT J0J13ap0d MyaMMOJApUHU aHUKJIAII, TaxXJIW1 KWJINII Ba
ylIapHHU euuil ycyiiapu Oyiinya Hazapuil OuianM OepHIll Ba MyailsiH KYHUKMaiap
XOCHJI KMJIMIIT XMCOOJIaHa IH.

MoayJi 0yiin4a THHIJIOBYMJIAPHUHT OMJIIMMH, KYHHKMA, MaJIaKa Ba
KOMITMTEHTJIMTUIa KYHWIAQUrad Tajgadsaap

“MexaHUKaHUHT  Jo3ap0d  Macanaiapu’  MOJYJIUHHUHT  Y3JIAIITHPHIIL
JKapa€Hu/la amara OlMNPHUIIaIuTal Macalajiap JOUPACHIa THHIJIOBYM:

KYPCHHUHI aCOCHIl THUIIOTE3alapH, MOJEIUIapu, KOHYHJIApW, HATWXKaJIapH,
MYXUTJIAPHUHT MEXaHUK XYCYCHSTIApH, yiapJa XOCWI OYIaauran xapa¢HiapHu
OMJIMIIHU KepaK.

MaxCyC KypPCHH Y3JAlITHUPHUII >XKapa€HUJa Ha3apuil Ba aMalud MEXaHUKa
MacallalapuHd ~ MOJCJUIAIITUPUIN:  MYXUT  E€KM  SKUCMJAPHUHT  Xapakar
TEHrJaMajlapu, derapaBuil Ba OOUUIaHFUY IMIAPTIAPHU Ty3a OWIMILIAPU Ba 1Ty
acocia KyHuiIral MyailsiH MEXaHUK MacajlaHu eda OWJIMII KYHHKMAaJapura isra
OyJIMIIIAPH KepaK.

TaxpubaBuii HaTHXajdap acocuia OJIMHTAH, aMaluér/a KEHTr KYJJIaHuO
KenmuHaéTtraH ¢opMyiaJapHd TEXHMK OOBEKTiapaa XucoOjamra KyJulall,
MEXaHUKa MacaJaJlapuHi E€YHINra COHJIM XHMCOOJall YCyJJIapHH  KYJUlamn
MAJIAKACHUTA 3ra 0YJIHUIIN Kepak.

Moay/iHM TAIIKKWJI 3THII BA YTKA3WII OyiM4Ya TaBCUAIAP

“MexaHKaHUHT J0J13ap0 Macajanapu’ Kypcu Mabpy3a Ba aMaluil (ceMuHap)
MAaIIFyJI0Taap MaKIuIa oub 6opuiaau.

Kypchu yxutuin sxapaéHuja TabIMMHUHT 3aMOHaBHI MeToAJIapHu, ax00poT-
KOMMYHUKAIIUS TEXHOJIOTUSJIApU KYJUTAaHUIUIIY Ha3ap/ia TyTUJITaH:

- Mabpy3a Japciapuia 3aMOHABUN KOMIIBIOTEP TEXHOJOTHsUIapu EpJaMuja
MIPE3CHTAIIMOH Ba AJICKTPOH-TUIAKTUK TEXHOJIOTUsIIAp/IaH;

- YTKa3ujaaguraH CEMUHAp MaIlFyJoTiapJa TEXHUK BOCUTalapAaH, TECT
CYpOBJIapu, akjIui XyXyM, TYPYXJH (QUKpiall, KOJIOKBUYM YTKa3MIl Ba OOIIKa
WHTEPAKTUB TabJIUM YCYJUIAPUHHU KYIUIAIl Ha3ap/ia TyTUIaIu.

Moay/JIHMHT YKYB peskagaru 00mKa MoayJ/uiap Onjiadn OOFJIMKJINTHY Ba
Y3BUHIJINTH

“MexaHKaHUHT J073ap0 Macajaiapu’ MOAYJIM Ma3sMyHH VKyB pexkaaaru
“Tapnumaa axOOpOT-KOMMYHUKALMOH TEXHOJNOTHsIAp” YKYB MOAYIH OwaH
y3BUM OOFNaHraH XOJjjJa MEXaHHUKaHUHT J0/3ap0d MyamMMosapu Oyitnda
MEeJaroriapHUHT  KacOWi TMemaroruk Tau€prapiuk JapakaCHHH OPTTUPHINTA




XU3MaT KWJIAIH.

Moay/JTHUHT 0JIMH TABJIUMIATUA YPHU

MoaynHu — y3maliTUpUII  OpPKajlyd — TUHIVIOBUWJIAp  TyTall — MYXHUTIap,
TUAPOTEXHUK HMHIIOOTIAP, SKCIEPUMEHTA MEXaHHWKA, TEXHUKA, KypWIHII Ba
UNUIad YUMKApUIIHUHT OOIlKa coxajapujia ydpauguraH MyaMMOJApHH TaJKUK
KWINII WYJIIapUHU YPraHuIll, yIapHU Tax, I KAJIUII Ba amaiia Kyjulamra Kacoui
KOMITETEHTIIMKKA 3ra Oynaauiap.
“MexaHUKAHUHT 10J132p0 Macananapu”
Moaya 0yimn4a coatjiap TAKCUMOTH

THHIJIOBYUMHMHI YKYB IOK/JIaMacH,
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" | Kocmuk napBo3nap MEXaHUKACUHUHT
BapUallMOH MacaJlajlapH.
MexaHuK cucTeMa yCTYBOPJIUTHY Ba
2. | OOLIKapWIIUILIU, XapaKaTHU 4 4 2 2 -
OapKapOopJIAIITUPHUILHUA TAJKUK STHILL
Howunean maptiu GoFaHUIILTN
3. | OolKapuJlyBUM MEXaHHUK CUCTeMaap 6 6 2 2 2
JTUHAMHKACH.
4 BomikapuiayBun MEXaHUK cucTeManap. 4 9 9 9
" | Xapakar TeHrJiamajapu.
HedopmarusiianyBIl KaTTHK JKACM
5 MEXaHUKACUHUHT J10J13ap0 6 4 9 9 9
Macananapu. ¥YMymiiamras ['yk
KOHYHH. TepMOnIacTuK >KMCM MOJIEIH.
6 MypaKKau6 X0CCalli MyXHTJIap Ba 5 5 9 9 9
yJapja TYJKUH TapKaJTUIIIH.
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HA3APUH MAUIFYJOTJAP MASMYHHU
1-Mag3y: I'paBuTanMOH MaiIOHJIAPIATH TPAEKTOPUAJIAPHHA
ontTumMa/utamTupuil. KocMuk nmapsosjiap MeXaHUKACHHUHI BAPUALUOH
MacaJiajJapu
Mapka3zuii Ba Mmapka3uii OyaMaraH rpaBUTAIllMOH MaiiJIOH TabCUpHIa OYITaH
HYKTQHUHI AaKTUB KUCMJIAPJAru OITUMAaJl TPACKTOPUSIAPUHUHI  AHAIUTUK




€YMMIIAPUHYU aHUKJIAI WYJIAPH.
2-Magp3y: MexaHUK CHCTeMA YCTYBOPJIUIH Ba OOIIKAPUJIMIIN, XapaKATHU
0apKapopJIAIITHPHUINHU TAAKHK ITHIL
Mexanuka cucTeMa YCTYBOPJIMIM Ba OONIKAPWIMILHK, XapaKaTHUHT
OapKapoOpIAIUTUPULIHN  TaAKUK ATUIL. PerynstopHuHr ty3uwaumu. OcMOH
OAJITMCTUKACUHUHT 0ab3u Macajiajlapu.
3-Mag3y: Hougean mapt/iu 00FIaHMILIN OOIIKAPUIYBYM MEXaHHUK
cHCTeMAaJIap AMHAMMKACH
[aptinu Oofnanunuiap. bolmKapuiayBYM MEXaHHMK cucTeManap. Xapakar
TeHrnamanapu. Howugean mapmim OOFIaHUIUIAPHUHT  PEAKLUS  KyWwIapH.
BouikapuinyBun peryiasiTop Ba rapMOHHUK KOMIIAC.
4-Mag3y: /lepopManusiiaHyBYM KATTHK KUCM MEXAHUKACUHUHT
n0J13ap0 macajajgapu. Ymymiaamran I'yk KoHyHu. TepmModjiacTUK KuCM
MO eJIH.
JepopmanusianyBuM KaTTHK KUCM MEXaHUKACUHUHT J10J13ap0 Macaiaiapu.
YMmymnamradn ['yk KoHyHH. TepMO3JaCTHK KUCM MOJECIIH.
5-Mag3y: Mypakka xoccajau MyXuTJIap Moae/JIapu
Mypakkab xoccanu Myxutiaap mozeapu. Mypakkad xoccann MyxuTiapaa
TYJIKUH TapKaJIMILIH.
AMAJIMA MAIIFYJIOTJIAP
1-Amanuii MALIFYJI0T
I'paBuTaNMOH MaIOHIAPAArY TPACKTOPHAJIAPHA ONTHMAJLIAIITHPHUII
AManuii MaluFyJjoTaa SKCTpEMall TPACKTOPUSJIAPHU TOIMUINTA TETUILIH
['aMWJIBTOH TEHIIAaMaJIApUTra Kypa, aHUK Macajiajiap KypuJian.
2-AMaJIdii MAIIFyJIOT
MexaHuK cuCTEeMAa YCTYBOPJIMIH Ba 0OIIKAPWIHILN, XAPAKATHH
0apKapopJIAIITHPHUIIHH TAAKUK THII
AManga aHMK MacajJaJapHUHT XYCyCHMH €4YMMIIADUHU  YCTYBOPJIMKKA
TeKupuiAa JIAnyHOB (QYHKUMSICHMHM XO3UpJa MabjlIyM OYiraH ydra ycyjiura
TasHWIaaM (KBaapaTUK (opma KYpUHMIIUAA, OWPUHYM HHTErpajuIapHUHT
KOMOMHALIMACH KYpUHUIIKA Ba alMalITUpuiLiap épaamuna macainaHu JIsmyHoB
GbyHKIMSICH MablyM OYJTaH cucTeMara KeJITHPHIII).
3-AMaJauii MAIIFyJI0T
Hownpaean mapriu 60r1aHuIIM 00IIKAPUIYBYH MEXaHUK CHCTEMAJIAp
AUHAMMKACH
AManuii MamFynoTAa MapTId OOFJaHUIUIM CUCTEMAJapHUHI Xapakar
TEHIVIAMAJIIAPUHU  ATNENb TEHIVIaMallapyd KYPUHHUIIMIA KEJITUPUO YHMKAPHIL
MYJDKAJIJIAHTaH.
4-Amajauii MalIFyJaoT
BomkapuiayBuH MeXaHHUK cucTeMaJiap. XapakaT TeHIJIaMaJIapH.
AManuii MalFynoTna MWapTiad OOFJIaHUIIHM THUPOKOMIIAC XapakaTuiaa
amaJjra OIMpUIIl MacaJlacy KypHUIIaJIH.
5 — AMaJInii MALIFYJIOT
Ymymiaamran I'yk KoHyHU. TepMo31acTHK KUCM MOAETH
OpKUH SHeprusira KyHWIaguran alpuMm HapTiap acocuia Oup YI4OBIU




Macanaga ymymiamrad ['yK KOHYHH Ba TEPMOAJIACTUK  MOJEN KENTHpUO
YUKAPUJIA]IH.
6 — AMaJuii MalIFyJao0T
Mypakkad xoccajau MyYXUTJIapAa TYJIKUH TaAPKAJIHIIN

DNIAaCTUK-TIJIACTUK MYXWTJA IOKJIAHWUII TYJKUHIAPUHUHT TAPKAIUIINTA OUL
Macaja Kypuiaau Ba. KywlaHUII-AedopMaius JuarpaMMacH TY3WIHO, MEXaHHUK
TaJIKUH KWJINHAIN.

KYUMA MAIIFYJOTJAP MASMYHHU

Kyuma wMamFymoTiiap Moyl coxacu Oyiuda €eTakdyd OJud TabiuM
Kadenpanapu Ba WIMHI-TaIKUKOT Myaccacajlapy JlabopaTopHsUIapy Xam/ia UIiad
YUKApUII KOpXOHAJapH OyJIMMIIapuaa TaIlIKWI 3TWiaad. MasKyp MaluFynotiap
coxara ouj 1oi13ap0 MaB3ysapaa TaXpruOa-CHHOB Ba J1a0OpaTOPHUS MAIIFYJIOTIApU
XamJa TaHUUIYB aMainuéTd makuiapuga onubd Oopwiagu. LlyHuHrzaexk,
TabKUJIAaHTaH Myaccacajlap Ba KOpXOHajap €TaK4h MyTaxacCUCIapyu TOMOHUIAH
pecniyOnMka Ba XOpWXKUMWA WIMHNA MapKasjap/a coxa HWYHaIWIIWIa aMalra
OLIMPWIAETTAH UIIFOP WIMHUHN Ba aMaJIuid TaIKUKOTJIap OYinya TaxJIMJIMiA mapxJiap
OeprIIMIIIA MacKaira MyBOOHUKIUP.

Kyuma mMamFynotiap yuyH KyWnaarud MaB3yJjap TaBCHs dTHIIAIN:

1. Hounean maptinu OOFJAHUIUIM OOUIKAPUIYBUM MEXAHHK CHCTEMallap
JUHAMHUKACH.
2. Mypakkab xoccaiyu MyxXuTJiap Ba yiapja TYIKUH TapKaJUIIH.
MYCTAKWJ TABJIUM
MycTaku/ MIIHA TAIIKWI YTUIIHAHT AKX Ba MA3MYHH

TUHIIOBYM MYCTAKWJ MIIHU MYyalsitH MOJYJIHM XYCYCHUSITJIApUHU XHcoOra
OJITAH XOJIJIa KyWHaaru makyuiapaas ¢onganann0 Taiépiamiy TaBCcusl dTUIIA N

- VKyB, WIMHUN anabuérnapjaH Ba MebEPUN XyxoKaTiapAaH ¢oilaanaHuml
acocua MOAyJ MaB3yJapyHU YpPraHUIIL;

- TapKaTMa MaTepuasuiap oyiinua Mabpy3ajiap KUCMUHH Y3IaIITHPUILL;

- Maxcyc amabuérnap Oyinua momyn Oynumiiapu €KM MaB3yjlapu yCTUAa
UIIan;

- TUHIJIOBUMHUHT KacOuil Qaonusatu OwiaH OOFMMK OYiAraH MOIYJ
OYnmuMIIapy Ba MaB3yJIapHU YYKYp YpraHUIIL.

YKUTHULI ITAKJIVIAPA

Maskyp MOIyJHHM YKUTHUII >Kapa€HUJa TAbJIMMHUHI 3aMOHABUN METOIJIapH,
MeJJaroruk  TEXHOJOTUsIap Ba  axOOpPOT-KOMMYHHUKAIUS — TEXHOJIOTHsIIapy
KYJUIAaHUJIUIIN Ha3ap/la TyTUJITaH:

- Mabpy3a Aapciapujia 3aMOHABHI KOMIIBIOTEP TEXHOJIOTHsUIapU EpAamMuia
Mpe3eHTaluoH Ba uHTepdaon mnemaroruk (Axmmii xyxxkum, BeHH mmarpammacw,
KOHIICTITYaJT ’Kaj[Bajl) yCyJl Ba TEXHOJOTUsIIapAaH (oiiaJaHuIaIu;

- YTKa3uiIaJurad aMajauil MaiFyioTiapja TEXHHK BOCUTanapiaH, Tpaduk
opraHaiizepiapjaH, KeWcnapaaH QoinanaHum, TypyxJd QUKpaam, KUYUK
rypyxjap OwiaH unuiami, OJuIl-CYpOBIap/iaH Ba OOIIKAa WHTEPAKTHUB TabiIuM
yCYJUIApUHHU KYJUTall Ha3apa TyTUIadu.

"KOPUI1 HABOPAT(ACCUCMEHT)HU




BAXOJIALI ME3OHHA
opuit  HazopaT(acCHCMEHT)HM  Gaxonmamr  Y30eKHCTOH  Muumii
YHUBEPCUTETH Xy3ypHIAru Tenaror KaapilapruHH KaiTa Taiépiam Ba yJIapHUHT
MaJlakaCHHH omupuin TapMoK (MHHTaKaBUil) MapKas3uia TaCAUKIAHTaH MaKJUIapy
Ba ME30HJIAPH aCOCHU/Ia aMaJjira OIIuPaIy.
Ymby MOAyTHUHT XOpUK HA30paT(aCCUCMEHT)ra akpaTUpJiaH MaKcUMall
oat-0,8 oas.




Il. MOAVJHU VKUTHUIIJIA ®ONUIAJAHUIAINTAH HWHTPED®AOJ
TABJIM METOJIJIAPH.

“JlaBpa cyx0aTu” MeTOIH.
Alinana cron arpoduaa OepwiraH MyamMMo €KUM CaBOJUlap 03acuiaH

TaBJIMM OJyBUMJIAP TOMOHHUAAH V3 (UKP-MyJOXazaJapuHU OWIAUPHUII
OpKaJu oau0 OopHIagural YKUTHIL METOTUANDP.

“JlaBpa cyx0aTu” METOAM KYJUTaHWITAHAA CTOJ-CTYJUIAPHU JOoUpa IIaKiIua
KOWNAIITUPHINI Kepak. by xap Oup TabJIuM ONyBUMHHMHT Oup-Oupu OuiaH “Ky3
anokacu HU YpHaATHO Typuinura épaam Oepanu. JlaBpa cyXOaTHHUHT OF3aKU Ba
¢3Ma makiuiapu Mapxyaaup. OF3aku JaBpa cyx0atuja TabiuM OepyBUM MaB3yHU
Ooonuta®d Oepaau Ba TabiIuM OJyBUMJIApAaH ymly caBoil OVitmya V3 ¢ukp-
MyJioXa3aJapyuHu OWITUPHUIILIApDUHU cypaiiiu Ba aiana O0yiinad xap Oup TabiuMm
OJIyBUU ¥3 (DUKp-MyJoxazalapuHu oF3aku 0a€H sranunap. Cy3maétran TabiuM
OJIyBUMHM Oapua JTMKKAT OWjaH TUHIJIAMAM, arap MyxoKama KWIKII Jo3uM Oyiica,
Oapua Qukp-Mynoxazajgap THUHIVIAHHMO OYJIMHTaHJAH CYHI MyXOKaMa KUJIMHAIIU.
By sca Tabium onyBUMIIAPHUHT MYCTaKuUI (PUKpIaIIUra Ba HyTK MaJaHUSATUHUHT
PUBOXIIaHUININATA EpJIaM Oepaiu.
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“SWOT-Taxania” MeToau.




MeToaHMHI MaKcajau: MaBXKyJ Hazapuid OwinMiaap Ba aMalui
TaXpuOaJapHU TaXJIWJ KWINIL, TaKKOCHAll OpKaJIM MYaMMOHHM Xajl JTHII
UyJlapHU TONMMIITa, OWIMMIIAPHM MyCTaxKamulalll, TakpopJaml, ©0axoJalra,
MYCTaKWl, TaHKUJIUN (PUKpJIAIIHKA, HOCTaHIAPT TapaKKypHH MIAKJIJIAaHTHPUIIra
XU3MaT KWJIAIH.

S — (strength) * KyWII TOMOHNApII

W — (weakness) * 3aM, KyUCH3 TOMOHIAPI

O — (opportunity) * IIMKOHITATIAPI

T — (threat) * TYCHKIap

By ycymnap kenr kampoBiu 6ynu6
MexaHUKaHHUHT J0713ap0 Macaiajiapura | MexaHMKaHUHT Oapua coXajJapuHH
S TETUIIUIN yCyJUIapaH Kampal oJia iy Ba MyXHUTIIapra
(bolAaTaHUIITHUHT Ky4WId TOMOHJIAPH | TETUIUIA MOACIIAPHUHT KYTUTUTH
OwaH axxpaiud Typaju.

MexaHuK cucTeMalapHUHT
IUTACTUKJIMK COXAJIAPUIA aHUK
€YMMJIAPHU OJIUII KaTTa MyaMMO

MexaHuKaHUHT 1013ap0 Macaiajgapura
W TEruIlUIN yCyJUIapaaH
¢doii1aTaHUIIHUHT KYyYCH3 TOMOHJIApH

TYFAUPAIN.
Xap 10uM XaM YMyMHUH €4UMHU
MexaHMKaHHUHT J0J13ap0 Macaianapu aHuKJ1a0 6ymacaza, aHaJIMTUK
O dbaHuHUHT ycyiuapuaaH Goinananuin MEXAaHUKAHUHT yCyJulapu
WMKOHHUSTIAPU épaaMuia XyCyCuil e4uMJIIapHA

AHWKJIalll UMKOHHUATH MaBXY/.

MonennapHUHT TOPJIUTH Ba
T Tycuknap (Tamkm) MYXUTJIApHU TaHJA0 OJIUII
3apyparu.

“AccucMeHT” MeToau

MeTOAHMHI MAaKCaJAU: Ma3Kyp METOJ TabIuM OJYBUMJIAPHUHT OWIUM
JapaxaciHU OaxoJjall, Ha3opaT KWJIWII, Y3JalITHPUII KYpCaTKU4Yu Ba aMalluid
KYHAKMAaJapUHU TEKIIHUPUIITa WYHANTUPWITraH. Ma3kyp METOJ OpKalud TabIUM
ONlyBUMJAPHUHT Ownuml  (GaodusiTd Typiau HyHanumuiap (Tect, amainui




KYHUKMaIap, MyaMMOJHU Ba3WSTIApD MAIIKH, KUECUH TaxjIui, CHUMITOMIIAPHU
aHUKJIaI) OyiuJa Talrxuc KUJInHaIu Ba 0axomaHa u.

MeToaHu aMaJIra OIIMPUIN TAPTHOM:

“AccucMeHT” JapJlaH  Mabpy3a MaIFyJoTiapuaa Tajla0aJapHUHT EKU
KaTHAIMYWJIADHUHT ~ MaBXyJ  OWiIMM  JapaXacMHM  YpraHullja,  sHCU
MabIyMOTIapHA 0aéH KWIWIIAA, CEMUHApP, aMaluidi MaIFyJoTiapaa 3ca MaB3y
€KM MabJIyMOTIIAPHU Y3JNAIITHUPHUIL Japa’kaCUHU OaxoJialll, IyHUHTACK, Y3-Y3UHU
Oaxomam Makcaguja WHAWBHIyal IMakiagaa  (olgamaHWIn TaBCUS DTHIIAJIH.
[IIyHuHTAEK, YKATYBUYMHUHI WXKOIWM CEHIAIIYBM XamJa YKyB MakcaJJjlapuaaH
KeJnO YMKuO, aCCUCMEHTTa KyIIMMYa TONIIUPUKIAPHUA KUPUTUIIT MYMKUH.

“AccHCMEHT” MeTOIHUra MHUCOJI.

Kuécuit Taxjimia

*  ['aMUIBTOH MPUHIIUTTUHU
KYJJTAHUII COXACUHU TaX I
KWIMHT?

Tect

* 1.I'aMWJIBTOH IPUHIIUATIHAA
KaHJIal Xapakariap oup-oupu
OusaH CoOMUIITUPUIAIN ?

* A. uxtuépuit

* B. Xakukuii Ba KHHEMaTuK
MYMKHH OYJITaH Xapakariap

» C. bup HyKTaaH 4YUKyBUH

AManuii KYHHKMA

KaHOHMK anMamTupuin
aJloMaTuHU Oa)kapuIll KeTMa-
KEeTJITTUHU YU3UKIIN
AJIMAIITUPUIIAA KEITUPUHT

) TymyHuya Taxjiuiam

» T'amumibToH O¥iinya Tabcup
KMCKapMacCHUHHU U30XJIaHL...




I11. HABAPU MAIIFYJIOT MATEPUAJLJIAPH

1-map3y. TPABUTAIIMOH MAWJIOHJIAPJATA TPAEKTOPUSITIAPHUA
OIITUMAJIJIALITHUPHUILL. KOCMUK ITAPBO3JIAP MEXAHUKACHUHUHI'
BAPUALIMOH MACAJIAJIAPU.

PEZKA:

1.1.Bapuayuon macananune Kyuuauuiu.
1.2. Unmeepannaw myammonapu.
1.3 . Xycycuti evumnapru anukiawt ycyaiapu

Tasinu ubopanap: maccacu yzeapyuu HyKma, MUHUMATL KUUMAMU maiao
KUTUHYBYUU (DYHKYUOHAI, AKMUE COXANap, 6a3uc-6eKmop, eamMuibmon CUCMeMAacl,
mopmuul Ky4uHUHe KULLMamu 6a UYHAIUUU, MACCAHUH2 86aKM OPAIUUOa2U capu.

1.1. Bapyauuon MacaJaHMHT KYHHJINIIN.

Kyitnna y3rapyBuaH maccamu HykTa — kocMuk kemaHwHr (KA) dazomaru
XapakaTUHU, SbHU (PA30HMHI OUp HyKTacugaH OOIIKa HYyKTacura YTHII
MacajaCMHU »JKCTpeMal TPACKTOPUSJIAPUHM aHUKJIAIl MacallaCMHH KypuoO
yukamu3. byHniail Macana xo3upaa KOCMHK MapBO3JIap MEXAaHUKACUHUHT J10J13ap0
Macajajapujal xucoOnaHagu. Maccacu V3rapyBud MOJIMKA HyKTa Xapakar

TEeHIJIaMacu - Memuepckuii  TeHrjaamacura kypa Oy HyKTra —Xapakar
nuddepeHnnan TeHrIaMacu Kyiuaarnda 0ynaau:
M‘Z_tv=c‘1>’+|v|§. (1.1.1)

bynna M-kocmuk kema (KA) maccacu; ¢-rpaBuTanioH Te3naHum; O -

peakTuB Ky4 O0ynu0, OyHIaH KeluH Oy Ky4HU TOPTYBYH Kyd Je0 alTuO KeTammus.
YMymuil Hazapusra Kypa

gt
ByHIa v —SHUII HATHXKACHAA OTHIMO YNKASTraH 3appaIapHUHI HUCOUIL TE3JIHru:
Ve =—Ce; e-TOPTYBYH Kyd OViinab #yHanraH OMpIMK BEKTOp. ¢ HH y3rapmac aeb
xucobnmaimMu3 (KUMEBHI EKIIIFU capdiaiiiiral KOCMUK KeMajap/ia HUCOU Te3uK
¢ TOUMHIN).

Macca y3rapulilMHUHI MOXUSATHATa Kypa, dd—l\:lz—m<0 (nykra Maccacu

KaMasaM) Ba  m-macca capdu derapasanraH, O<m<m. VY xonma Kyhdumaru
muddepenHnran TeHraaMmara KejaamMus:




cm-  —
vV=—e+g,

Fov, (1.1.2)
M =-m

By epzia r-HyKTa pajuyc BEKTOPHM , V-YHHHI TE3JIHIH .

Kyitnna 6epunran gactinabku xolaTAaH AKYHUN XoJjaTra yTranjaa OJAHHJIaH
Oepwiran MabiyM (QYHKIHOHATHH MUHHUMAIIAIITAPYBYH TOPTYBUM KYyUHHUHT
HyHATMIIN Ba KMIMATHHY TOMMIITA KApaTHirad (m Ba €) BapHAIMOH MacaaaHH
KYpHuO 4YMKamus.

MunumannamtupmyBun QyHKIMOHAN cudaTtuga ogaTaa XapaKTEPUCTHK
TE3JINK

S:clnm.
M

OJINHAJIH.
by macana mexaHuk MabHOCUTa Kypa, Macca capPuHM MHUHUMAJLIAIITHPHUII

Macajacu OusiaH Oup Xl Kyura ara .
t

t t
Sz.[@dtz—fid—Mdt=—c.|.d—Mdt=cIn%.
o M oM dt s M M

MacaanyHr Kyduaumura Kypa, TOPTHII Ky4YMHUHI MYHAJIUIIM Ba Macca
capdu OOILIKapyBUM MapaMeTpiap poJiMHU Oaxkapaau. by Xomjga TOPTUI KydUHHU

MyHanuIIMHY  GENruaoBud  Ga3HC-BEKTOP ‘Z‘zl,ézi xkuputiiagu® [1] Ba

ONTUMAJUTMKHUHT 3apypuil mapTuaaH oNTUMall TpaekTopus 3 Ta KUCMJaH ubopar
OymuIy Kenub YuKaau:

e Hou toptum kyun kucmu (HT),

e Opanuk Toptuil Kyuu kucmu (OT),

e Makcuman toptui Kyuu kucmu (MT).

Crammonapiuk Ba BeiiepimTpace maptiapyuHu KyJjlaraH xoJjajaa, OW3HHHT
onTuMasl OOWIKAPYB Macajack VH TYPTUHYM TapTuOIUM €EnuKk [ aMuIbTOH
cuctremacunu HT, OT Ba MT opanuknap/ia UHTErpauiall macajacura Kejaau
[1]. Bynaa M'amMuabTOH QyHKIMACH KyHuIard KypuHuiiga Oyiaau:

,
H=) A%.
i=1
by epna A4 -Jlarpamx kynaiTyBYMIapH.
H=z(%§+a]+z;_m. (113)
by epmaru xymmmua QyHkIus — m  OomkapyB mnapameTpuHH (ha3aBuit

y3rapyBumiiap OpKajiu Kuputuimmui MymkwH [1]. Bynma 4,4,4, map v,r,M
y3rapyBumiapra Moc kKymauTyBuwiap. Macananunr nuddepeHiyan TeHriaManap
cucteMacu ['aMUJIbTOH cUCTeMAacH KYpUHUIIKMAA €3WIau Ba yIIOy KYpHUHHMILTA 3ra

! Lawden D.F. Optimal Trajectories for Space Navigation Butterworth, Washington, D.C. 2003




oynanu:
k=0 4 =-2L (i=17), (L14)
oA oX

Yerapananran macca capdu ounan xapakat kunaérran Hykra (KA maccamap
Mapka3M) XapakaTHHU ONTHUMaj  TPACKTOPHWSICMHM  TOMHUIN  MacajJacuHU
TpaBUTAIMOH MaWIOHAA JKOWIAITaH Yy3apo Oup-Oupu Owmnan HeroToH
KOHYHYHHTa Kypa TOPTHIMUMIAETIaH yd4 KUCM Macamacu cudaruma kKypud
yruKkaMu3. by Macanagaru >KMCMJIApHUHT MaccaJlappyHu MOC paBuiiga M,, M, Ba
M 1eb6 onamus. bynna M, Maccanu skucM M, mMaccaiu KUCM atpoduaa pajinycu
a Ta TeHT aitana Oyinad xapakaT Kuiagu ne0 kaOynm kmiamu3. busz kypaérran
Macanazna M(t) y3rapyBuyaH Maccanu kocMuk kema (KA) maccacu Ou3 Kapaérran
KOJITaH UKKH OCMOH JKMCMJIAPUHUHT MaccacuaaH aH4a KUYUK 4e0 KaOysl Kujiamus.
UerapanaHran y4 >KUCM Macajacura Kypa, >kucmiiapjad OMpOHTACUHUHT Maccacu
oomka M, >M, >>M HKKHUTACHHHKHUTA KaparaHja aH4ya Kuuuk Oymaau. Jlemax
Kypwia€TraH macajia JOUpaBUi dYerapajaHraH yd4 XHUCM Macajacura KeJji.
[apTnu paBumga M, Ba M, napuu Ep Ba Oii 1e0 ataiiMu3 YI1apHUHT Maccanapu
Oup-Oupura HucOaTtaH Vyia4oBIOom Ba M  Maccaii >KUCMHUHT TOPTHII
MapKasjiapura TAabCUpUHU MYK €0 KapanMus.

IOkopuna kenTupuiarad copjaialiTUpWIApHA Xucobra osiraH xohga, KA
HuHr (KA waccamap Mapka3WHUHT) XapaKaTMHU WKKUTAa TOPTUILN MaiJIOHU
Tabcuga KypuO uukamMu3. ByHUHr ydyH TEOLEHTPUK Ba HHEPUHAT X,Y,Z
KOOpJIMHATaJIap CUCTeMallapuHu kKuputamus. byHna koopauHaranap OOIIMHH €p
Mapkazuna, XY Ttekuchauk O opOurtacu Texucauruaa éraau. Hykra xapakaTuHu
MWIMHIPHUK KOOPAWHATANAp CHCTeMAacua KapaiMus.

\Fl\:a. (1.2.1)

a Oi1 opbutacu paguycu. Oif opoutacu Ouzra Mabiaym 0ynu0O, yuu Ep atpodunaru
Oypuak TE3MUTUHU N Ta TeHr 1eb onmamu3. By Xonga HyKTaHUHT KOOpAHMHATaIapu

YUYH :

x, =acosnt,
y, =asinnt, (1.2.2)
2, =0.

MyHoca0ar YypunHnu. OWHUHT TE3IUTU Vv :\/Z (u=f(M,+M,))ra TeHr
a

Kp
SKaHJIMTMHH XMCOoOra 0JIcaK,
=t ATl (1.2.3)

a’ a’

bynna 4 =fM,, 1, =fM, wmoc pasumga Oi Ba EpHUHT TrpaBuUTanUOH
aouMunnapu. buz  mMIMHAPUK  KOOpAMHATANapaa  Kapa€TraHUMU3 — YYYH
LWIMHAPUK KOOpAUHATA CUCTEMAaCH/1a

X =TrCose,

y =rsing, (1.2.4)

Z=1.




oynagu. by epna a=nt-¢.
busra wmabaymMkd, JOWpaBHi dYerapajaHraH Y4 JKACM MacaJaCHHUHT
nuddepeHIan TeHrIaManapy Kyiuaara KypuHuinga oymamu:

df _emg m 7w T-f) wF
> M TiF p* p ata’

BCKTOP KS'/pI/IHI/IIHIIaFH TCHITIaMAaHU NUJIMHAPUK KOOpAWMHATaA CUCTEMACHIA E€3UIII

y4yH KHHEMAaTHK KaTTaJMKJIapra Mypoxar Kwiamu3. HyKTaHMHT Te3JHMK Ba

TGSHaHI/IHJJIapI/IHI/I HI/IJ_H/IHI[pI/IK KOOpI[I/IHaTa cucreMmacuaaru HpoeKL[I/I}IJIapI/I

KyWHIard KypuHuiaa oyiaam:

v, =T,
V, =1, (1.2.5)
V, =17

Te3zaanuim dca
.2
L Y/
W, =1 —rg?=v, -2,
r

W, =2Fp+ 1=V, + 12 (1.2.6)
r

W, =7=V,

KYpHUHUIITA 3ra.
KA Ba Oil paguyc BEKTOpJapyuHU LWIMHAPUK KOOpPJIWHATAJIAp CUCTEMACHIa
MIPOEKIMUsIIACAK

r(r;0;z), 7(acose;asing;0). (1.2.7)
DHaM XapakaT TeHIJIaMaJapyuHHU MWIMHIPUK KOOpAWHATAIApra MPOeKInsIacak
Wl _ %el _M%Jrﬂz(acoi)? -r _ COaSZCZ),
w, :%eﬁﬂzai‘%_ ﬂfi;‘f, (1.2.8)
W, :%es ﬁ%%‘ﬂz%-

(1.2.5), (1.2.6) Ba (1.2.8) Hu xpicoOra oMb KyHUAarHIApPHA XOCH KUJIaMU3 |

2
, _om A H, V2
V,=— A ——= ——3\I—aC0Sa )——5C0Sa + —,
1 M A’l r3 p3( ) a2 r
, _ cm Hy oo Hy ViV,
V, =— A, +~2asina — ~Zsina — %, 1.2.9
S s asing - sin - (129)
cm L 2
3 M A’B F3 pS
r=v,
.V
o=-2, (2.2.10)




By epma A =e  (i=13). Busaunar macana OT opamukna Kapauranrd. Yoy
xoJsiaTa 6a3uc — BEKTOP €, KaTTaIuTH

e :% 4,(i=123) 2=|]=1 (1.2.11)
= /T(Al : 22,23). V3rapysun maccamu KA na Macca y3rapuimm
M__m<o. (1.2.12)
STHU
M =-m. (1.2.13)

Hemak om3 (1.2.9), (1.2.10) Ba (1.2.13) TeHrmamamapra sra BapHaIlMOH
Macanara kenamus? [2,4]. Arap 10KOpuIaru TeHraMaaapHu Ba

HZiﬁv.Xi : (1.2.14)
HU XHCOOTra ojcak a
2
H :ﬂl(% A—@—r—%(r—acosa)—%cosa+\/?}+
+AZ( 22+Zzasma gzsma Vl;/j A{ Ay — ﬂlz ’LI;ZJ+ (1.2.15)
+l4v1+A5VT2+16v6—1,7m.

busra wmabmymkn, [amMuibTOH cHucTeMacuaa X, =7 A = (i=17)
OYaaau. DHAU A, JTapHH TOTICAK
, v
A=4-2=1,, (1.2.16)
r
A, :l(zzvl 20V, — A,), (1.2.17)
r
A=A, (1.2.18)
2 2
A, /11(~3 ﬂ—§+v—22——3lflsr —3—/152(r—a003a)2j+
po P ,(1.2.19)
+/12(3'u§a (r—acosw)—vl\gzj—/l{&fsrz +3ﬂ2 (r—acow)j Ty ]
P r r p° r
- . 1 a 3ar
stﬂlyzsma(—z——3+ . (r—aCOSa)J+
a® p op
, (1.2.20)
+izy2(13COSa ﬂ 3a ' j+ﬁg 3, — zar —sina
p a p°

2 1. Asuzor A.I'.,Kopiryrosa H.A. BapuannoHHbie 3a1a4id MEXaHUKH KOCMUYIECKOTO mosieta. - Tamkent, 1990.
2.Azizov A.G.,Korshunova N.A. On an analytical solution of optimum trajectory problem in a gravitational field //
Celestial Mech.- 1986.- V.38. Ne 4.




. 3 .
Aq :—3212(’11—1r+ﬂ—§)(r—acosw)}ﬂu2 H232 G g +
p p

FS 5

2 | (1.2.21)
Mo M, 3zt 3u,z
+2-3 F ? F—S ,05 .
: cm
b= (1.2.22)

(1.2.9), (1.2.10), (1.2.13) Ba (1.2.16) - (1.2.22) TeHrnamamap CHUCTEMacCH
aBTOHOM OyJIMaraH cucremara kupaau. by xomnna 6uszna ¢axat 2 Ta uaTerpan 6op°
[2].

AM=c; X+ +4 =1 (1.2.23)
[IyHuHT yuyyH XyCyCHil €4MMHH TOIMII Macajacura Keiamu3. XyCcycuil e4rMMHU
TONUII ycyJulapuaan Oupu JlokmieBud metoau OYnuO HWHTErpan TYy3WIMIIU
TaxJIMJIM HATHKAacHJla Y0y CUCTEMa yUyH SIHTU XYCYCHH €UMMIIapHU OJMIIUMU3
MyMKHUH [1].

1.2. AaTerpaiiam MyaMMOCH.

Kyn COHJIN W3JIAHUIILIApra Kapamau HYKTaHUHT ONTHUMAJI
TPACKTOPHSUIADMHU aHUKJIAIl Ba XapakaTUHU OOIIKapHIl Macajacud Xo3uprada
MapKa3uii HBIOTOH MAaMJIOHM Y4yH Xam OoOIllKa MaiIoHJap YYyH XaM MyamMMO
OynmO kenMoOKIa. XO03UpPrH KyHAAa Y3rapyBUd Ba y3rapMac TOPTHUILMII Ky4H
KHCMJIapUJa aHAJIMTUK €YMMJIAPHU aHUKJIAI, aKTUB BA MACCUB KUCMJIAPHU CHHTE3
KWIKII, opOuTanapapo yuuO YTUII TPACKTOPUSIIAPUHM KYypHUII Macajaiapu
€YMJIMAaraH. Bapuanmon — macanmanm  KBagpaTtypajapra  KeITUPHUIIAAru
KUUMHYUITUKIIAPHU KYpUO YMKANUITHK.

['paBuTaiioOH MaiiIoHIapJa HyKTAaHUHT ONTUMAJ XapakaTu auddepeHiman
TEHIJIAMAJIADUHU aHATWIMK WHTErpajulall Macajajiapura Kyriad WiMHuil uiuiap
Oarunutanrad. by Typaarm wmacanamapHu €YMIN YYyH aHAJIUTUK MEXaHHMKa
YCYJUIApUHU KYJUIAIlra Xapakar KWJIWHTaH, MAacaJlaH, KaHOHUK ajJMalllTHpHUILIap
Hazapusacu Ba ['amunbsToHa-SAko0u Hazapusicu, Hérep Teopemacu, Jleman-®ue Ba
Jleu-UuBnuta ycymnapu Ba Oomkanap. ['paBuTanimoH wmalgoHAa KOCMHK
anmnapaTHH ONTHMAaJ XapaKaTH MacajaCUHU euulia KeauHaaurad auddepenunan
TEHIJIaMaJIap ~ CUCTEMAacCUHUHT  OUpPUHYM  MHTErpajulapuHU  aHUKJIAIira
OarvIUTaHTaH UIUIAp MaBXY/.

basuc-BekTop Ba YyTHII (PYHKUMACHUHM KUpUTHIIra acocianran Jloyaen
ycynu [1] aktud Kucmiiapga aHaJMTUK €YUMJIAPHM aHUKJIAll MyaMMOCHHHU HOJ,
OpajJvK Ba MAaKCHMMaJl TOPTHIIWII Ky4d KUCMJIapu yuyH 14-TapTHONIM TamMIIIbTOH
cUCTeMalapura KeJITUPHIII Ba 1Ty €MUK CUCTEMAHU WHTErpaJijiall Macajacura ojauo
KEJIWII WMKOHUHH 6ep,uH4 [1]. bynnaii €HaolIyB BapyalMoOH MacajlaHW eyuliia
FaMUWJIBTOH CHUCTEMAJIApU YYYH SXIIM KYJUIAaHWJIAAUTaH aHATUTUK MEXaHHUKa
anmnapaTtdjaH, XamjJa  Ha3apuil = MEXaHUKAHUHT  KJIACCHMK  Macaliajlapu
TEHIJIAMQJIADUHU  WHTErpajulam  coxacuaard (GyHIaMEHTal HaTwKajlap/aH

3
AzuzoB A.I'.,Kopmynoa H.A. Bapuanunonubie 3ajaul MEXaHUKU KOCMUYECKOTO TojeTa.- TankeHt, 1990.

4 Lawden D.F. Optimal Trajectories for Space Navigation Butterworth, Washington, D.C. 2003




doiinamaHuin UMKOHHHU Oepaju.

[aMUIBTOH CHCTEMacH Y4YyH KyHWujgard HHTerpauap Maexyn® [2].
Cranmonap MaiijoH ydyH 6apya Kucmiapaa » A% =h mHTerpan MaBxy/, Oy epra
h ¥3rapmac coH yuyTa KUCM y4yH xam Oup xwi. By uHTerpan OyTyH TpaekTopu
Oyinad raMUIbTOHMAHHU CaKJIaHUIINIa MOC Keidaad Ba ymly KYpUHHINTa
KEeNTUPUIIAIU:

AG+ A6+ pm=h,
Oy epna f— yTui QyHKIUACH S = ﬁ/l —2,.

HT Ba IIT kucmitap ydyH KydWuard MHTETPAITHU OJIAII MYMKHH:

M =a,,
Oy epaa a, y3rapmac. [2]. XapaKkTepuCTUK TE3IMKHI MUHUMAJUIAII Macajacu/a a,
YUKULI TE€3JIUTH C I'a TEHT

AM=c.
byHuHr yuyHy sHTH ¥V3rapyBum cudatuga XapaTepuCTUK TE3TUK MUKIOPUHU
KUPUTAMH3

cm

t
V = I—dt cIn—
o M

Yoy d(j;\/l\/l) udonanu kypud ynkamms, y (1.5) ra kypa Kyitugarura TeHr

Sl £ 0m)- M2 )
dt (M c\M
HT kucmnapuga 1, Ba M y3rapmac, [IT kucmiapuna sca KaBciapjaru udosa
HOJITa TEHT.
I[IT xucmnapuna 0a3UC-BEKTOP MHUKIOPUHU JOUMHUIIMIMHUA H(POIATOBUH
uHTerpai ypurm [2]
X+ 2+ 2 =as,
Mapxkasuii MaiiioH yuyH yii0y BEKTOp UHTErpall YPUHIU
OxA+Fx ﬂ:r =4,
VKKa CHMMETPUK MaiJoHJap Y4YyH d3ca Iy WHTErpalHUHT (akaTruHa OuTTa
TAIIKWJI 3TYBUMCH YPUHIU OYIaau
As=a.
By wHTEerpan nmuKIMK MHTETrpayid OyIaau Ba TaMUJIBTOH CHUCTEMacu TapTUOWHU
WKKU OMPIUKKA TAaCAaUTUPUIIT UMKOHUHU OEpaJiu.
Mynmait kuau6 [T kucmmapuaa dakat TypTTa yMyMUit HHTETpaja MaBxKy/I.

5
AzuzoB A.I'.,Kopmynoa H.A. Bapuaunonubie 3ajauld MEXaHUKH KOCMHYECKOTO TojeTa.- TamkeHt, 1990.




1.3. Xycycnii e4UMHN AaHUKJIAII YCYJIH.
Kypunaérran 14-raptuomu (1.2.9),(1.2.10), (1.2.13) Ba (1.2.16)-(1.2.22)

["aMHUIIBTOH cUCTEMACH YUyH OpaJIMK TOPTULI Ky4d KUCMUa (pakaT UKKHUTA

AM=c, £+ +A4=1
uHTerpan Mapxyq. LllyHnaii 9kaH XyCyCui HHTETpauiap Ba XyCyCUM €YMMIIApHU
TONMIIra XapakaT KujaaMu3. XyCyCUil HHTErpajaHu Tonumaa J(oKimeBny ycyauaan
doiinananamus. Xycycuil HHTETpalHU

F(v,,V,, A4, Ay, Ay, As ) = CONSt.. (1.3.1)
kypunuiaa kuaupamus. (1.2.9),(1.2.10),(1.2.13) Ba (1.2.16)-(1.2.22) Bapuanuox
Macana auddepeHnuan TeHraamalapura Kapacak, F (QyHKIUsSAaH BakT Oyilnua
Tyna xocuwna 0 ra TeHr. F (YHKIMSHU KaHOATIAHTUPYBUM | TapTHOIM XycCycui
XOCHJIAJIH, YN3UKIIM OUp KUHCIIM TEHIJIamMara sra Oyiamus3:

dF
* o, (1.3.2)
OF , (OF, (OF ; JOF ; JOF ; OF i o, (1.3.3)

Vi V2+
oV, v, 1 aA Y oA % oA ¢ aA

2
ﬁ(% ﬂﬁ—’u—lr—’u—zb—'uz cosa +22 ]+

ov. P p* a’ r
+£ —A +—asma—”zsma WYy +£(/12V—2—Z4j+
ov,\ M X a’ r oA r
2 2 2
+ T2~ 2, )+ %M(i‘w‘% R ]+
, I 4 r r r Yo (134)

3u,ab A wr b v
+ A, ——sina -2 | =347 =+ 5 |+ A 5]+
2( p r2 j 23 (rS p5 /15r2]
+—8F [Au,sin o i—i+—Barb +1 i(:0505——00505——361 Csin?a |+
EY Hy a2 5 24 0 2 5

+ ;- 3;12 sm a]=0.
p

b=r-acosa.
by epma  (1.3.1) wHTEerpanra  KUpMaWguraH  y3rapyBUWJIApHU
ko3 duuentiapu 0 ra teHr 6ymumm kepak. (1.3.4) nan xypunanuku v,, A, A, nap

IOKOpUJIard HWHTETpalila KaTHaIIMaugau. r,¢,z,M,4, JapHU y3 WYUra OJIyBUH

%; Ass ~i3; ig; is; 1 udonanapuu kodxpuueHtnapuau 0 ra TeHrIanmMus.
r- p r
— —ﬂ, 0, 1.3.5
A (135)
_9F (,uizsr + ”ZZSbJ+ oF yzzsar sina =0, (1.3.6)
oA\ r Yo, 04 p
OF _9F 0. (1.3.7)




Fp_F, ina—ﬁﬂ,ﬁﬁ(ﬂlasma A,acosa)=0, (1.3.8)
ov,  ov, o1, 1 oA

—F(ﬂib2 — A,absina)— %(ﬂlarbsin a—ra’rsina)=0, (13.9)
5

an OF 4+ OF 1 L OF

V
2
oV, 8 v, oA 04,
Konran xammapau xam 0 ra TEHIJIaMMu3.

AN, =22V, —A.)=0 . (1.3.10)

(1.3.11)

v oF wu
Jrﬂbsr—zjjta)L 22 (2, sina — 4, cosa) = 0.

(1 .3.6) TEHIJIaMara 3TH0Op KapaTcak, OyHJ1a UKKUTA X0daT OYJIUIIN MyMKHH:
1. z=0,

2. 2+#0; sina =0.

8F( yzb)+8F M, ar
AT p° oA p°
1-xomatna KA oif opOuTacu TEKUCIUTHAA XapakaT KWJaau. 2-xojaTaa dca

KA oit opOuTacu Tekucauruaa xapakat Kuamanau. bus

z=0. (1.3.12)
ne6 onmmb KA oit opOuTacu TeKUCIUTHIA XapaKaT KWICHH JenK. Moc paBuiiga
v,=0, 4, =0. (1.3.13)
oynanu. Kylunarnua Oenrwianiiap KUpUTaMu3:
A=AV, —24V, - A,
?w Ve g W Vs
B=h—2s 4 r2 4 r2 As r2’ (1.3.14)

C=Ab- /1,_,asm a,
D= Assina—4,cosa.
Ouau JIoKIIeBUY yCyJIUHU KyJUlam yayH X, (F) OIepaTopJiapHu KUPUTAMU3.

Y xomma (1.3.5),(1.3.7)-(1.3.11) rtenrmamanmap (1.3.14) Hm xucoOra om0,
KyWHIard KypUHHMILITa KENaau

K=y oy 0

oF
X,=—r———4=0,
*ov, 8/12‘l
st—ﬁb+£asma+aFﬂl—aFaD:O, (1.3.15)
ov, 0V, 04, 04,

X, :—ECb+£Carsma 0,

04, :
_0OF V2 oF oF oF

-—VV,+—A4V,+—A=0,

X
ry Y2 ov, " * 0 o4,




X, :ﬁijcosowﬁﬂ—jsinowﬁﬂ,4 +£B—£ﬂ—§
ov, a ov, a oA oA, 04 a

1

D=0.

X.(F)=0 onepatopiap conu (1.3.1) mHTerpanmaru ¥y3rapyBuuiap COHHIa

teHr 6yiam. (1.3.15) cucrema nerepmuuantu () ra TeHT OVIUIIHA KEpak.

A, A, 0 0 O 0
r 0 0 0 -4 0
—-b asine 0 0 A4 —ab
0 0 0 0 -Cb Carsing|=0
A -vyv, Av, A 0 0
%cow %sina A 0 B —%D

Ymly aeTepMUHaHTHU cojaanamrTupamus, ra #0 skaHIuruHu 3bpTHOOpPra
0JICaK
2,AC(A,A,rsina — Zasin® a — 4,bD — 4 A,bsina)=0.
b,A,C,D udonanapuu ¥3 ypuura Kyiiuod Kyliugarura Keaamus.
(22, — LV, + A N Ar — Aacos a — Aasina )4, cos a — (13.16)
- Asina)(A4asina - Aacosa + A,r)=0.
Xap Oup kaBc wmummarum udomanum 0 ra TeHrnad, [8] ma kenTupuiTaH
eunmIIapAaH OOlIKa XyCyCcHil ednMIIapHU OepyBUM MHBAPUAHT MYHOCA0ATIApHU
OJIMIIMMU3 MyMKHH®,

® Busaunosa D.J1., Kopurynosa H.A. MeTo/ibl ONpejieNieHns aHAIMTUIECKMX PELMIEHUI JUIS aKTHBHBIX yYacTKOB B
MoJIe JIByX HEIOJABI)KHBIX IEHTPOB// AHanuTHYecKas MEXaHUKa, YCTOHYMBOCTH M ympaieHue. Tpymsl X
Mesxaynapoanoit YeraeBckoii koudepeniun, Tom 1, Cekuust 1. AHanutudeckas mexanuka.- Kasanp, 2012, C. 192-
200




Ha3zopar caBoJsiapu:

1. Hyktanu TrpaBUTalMOH MaiaoHgard (a3oBuUd XapakaTh XaKuJaru
BapualMoH Macanaga auddepeHnran TEHrIaMalap CHUCTEeMACHUHUHI TapTUOU
Heyara TeHT?

2. UMnynbci TOPTUIIMII X0JuAa Macca cappu HuMara TeHr?

3. Hox ropTummin kyun maiiionuaa ytuil GyHKIUSICH HUMara TeHr?

4. OnTuMan TPACKTOPUSHUHT aKTUB KHCMJIApUA TOPTHUINUIN Ky4dd KaHIai
nyHanran?

5. Mapka3uii HbIOTOH MalJJOHUHUHT TOTEHIIUAJIA HUMAara TeHr?

6. DOHeprus wHTErpayiM [ aMUIBTOH CHCTEMacH TapTHOWMHM HedTara
nacatupanu?

7. UkxnATa TIUKIUK UHTETpa/uiap ['aMIIbTOH cHCTeMacH TapTHOWHW HedTara
nacantupaau?

8. Opajuk TOPTUIIUII Ky4yd KUCMUAA YTUI GYHKIIUACH HUMA TEHT?

9. Kanpait uaterpauiap MHBOJOIMs A OYnaau?

10. UuBapuant mMyHocabaTiap HuMa? YIiap WHTErpauiapjaH HuMa OuiaH
dapk Kumaau?

11. UnBomonusiia OyiraH WHTETpajuiap CcUCTeMa TapTUOMHM HeuTara
nacantupaau?

Anaduériap:

1. Lawden D.F. Optimal Trajectories for Space Navigation Butterworth,
Washington, D.C. 2003

2. Natalya.A.Korshunova and Dilmurat.M.Azimov. Analytical Solutions for
Thrust Arcs in a Field of Two Fixed Centers // «Journal of Guidance, Control, and
Dynamics» (AIAA), USA, 2014. V.37, Ne5, pp. 1716-1719.

3. Kopmynosa H.A., 3usanunoBa 3.J1. [Ipumenenue merona JlokmeBuya mnpu
ONTUMH3AIMNA TPACKTOPUN B TIOJI€ JBYX HEMOIBMKHBIX HEHTPOB // Y30EKCKHii
xypHan «IIpo6iembr Mmexanukm» ».- 2012, Ne 3.- C.3-6.

4. 3usanunosa 3.J1., Kopurynoa H.A. MeTonbl onpeneneHus: aHATUTUYECKUX
pelIeHu JUIsi aKTUBHBIX YYacTKOB B TMOJ€ JBYX HEMOJBIKHBIX IIEHTPOB//
AHanuTh4YeCcKass MEXaHWKa, YCTOMYMBOCTH M  ymnpasiieHue. Tpyasl X
Mexnaynaponnoit YeraeBckoil koHpepenuuu, Tom 1, Ceknust 1. Ananuruueckas
Mexanuka.- Kazanp, 2012, C. 192-200




2-maB3y: MEXAHUKA CUCTEMA YCTYBOPJIUTH BA
BOIIKAPUJINIIN, XAPAKATHUHT BAPKAPOPJIAIITUPUILIHUA
TAJAKUK DTHILI.

PEJKA:
2.1. Pupunuu sakuxiauiuw Oyuu4a ycmygopaux 6a OOUKaApuLL.
2.2. O0upunmazan Xapaxamuu cmaouiiau.

Tasnu wubopanap: Oowkapysuu @yukyuaiap, o020upulean xapakam
menznamanapu, JIanynoe 6yuuda ycmysopauk, acuMnmomux ycmyeopaux, 1 ypsuy
Kpumepuiicu, OOWKApPYSUYAHIUK KPUMEPUUCY, XAPAKAMHU CMAOULLau, YU3UKIU
pe2ynsmop.

2.1. BupuHYM AKMHIAIIXI OYiiH4Ya YCTYBOPJIMK Ba OOLIKAPHIII.

Hykranunr OonutanFuy Xxosatu ¢akaTriHa KaHAaWaup XaToJMK OwiiaH
amajira OIIMPWIUINK MYMKHH, Oy XaTONMK BakT YTHUIKM OWIAH OPTHUINUA EKU
kamaiuiy MyMKUH. [IIlyHUHT y4yH BapHallMoH MacajlaHUHT OJIMHTaH €4YUMIIapUHU
TYPFYHJIMKKA TEKIIUPHII 3apyp.

Hyxkranunr oraupunmMaran xapakat auddepeHiuan TeHriaMalapuHu yioy
KYpUHHULIJA E3aMU3:

r r
O = fel—(ﬂ—l+’u—2J+U—2;

_ 2_:“12+,U2(d_z). (1)

Oy epna e =% , €, = % e, = 4/1—ef —e5; f :% - PCAKTUB TC3JTAHMIII.

bupuHun MalFynoTaa OJIMHTaH XyCyCHMM XOJIJard €YUMMHH TYPFYHJIMKKA
TEKIIUPAMU3.
v, =0;
A
Dr?+ | kD-42 |;
3F r,
v, =0;
r=ry;

U, = Uy =

\

o=p, B, Gyepma f="2;




z=1,=kd;

At A-D

b=y = v -
2 )
\/[”’;—”g+ A— Dj +9r2d°F?

1 r2

A =0;
Ay = \/1_150 = A3o;
Ay =gy As = Ao =20y, A =0; A, = l\(;l

Kypunaérran xycycuii eyumiap CUH(pHUTa MOC KeJIyBUd
XapakaT cudaTtuaa Kyiuaara TeHrIiaMajJapHu OJaMu3:

v, =0;

v, = U0,

v, =0;

r=r,;

¢ = @ + P

z =1,
Bbomkapunuiap cudaruaa ymoy GyHKIUUIApHA 0JIaMU3

e; = Ao

e, =0;

e; =1- Aﬂ.zo;

fr :cm* :—N—>0.

M A
Oy epma f" = f, =—&:—i(ﬂ—§—kDJ; m=-M" N* :
Ao Az \ 1 CA

Ornupuiran xapakar ymoy KYpUHUIITa ora 0yiaam:

Ul:Xl;

L, :UZO+X2;
Uy = X3,
I’=I’O+X4;
Q=@+ Pt+Xs;
Z:Z0 +X6'

€ :/110"'“1;

€, =U,,

f=f,+u,.

oraupuiMaran

(2)

3)

(5)

Oy epma X (i :1_6) — KUYMK Ky3FaJMIIapH, ui(i =1,_3), OFIMPHUIIraH XapaKaTHU
CYHIMPHUILI Ba XaKUKHUM XAapaKaTHU NAacTypud Xapakarra sSKMHJIAIITHPUIL YYyH




KYWWITaH KymuM4a O0IIKapyBiap.
Ofaupuiran xapakar TeHTJIaMacHHH Ty3aMu3
ﬂl(ro + X4) H, (ro + X4)

X, = (fy +U, Ay +U,)— - .
[(r0+x4)2 +(Zo+X6)2]z [(d_zo—xe)2+(l’o+x4)2]z
(020+X2)2_
X \D,q + X
X, :(f0+u3)uz_l(r;ix42);
X3 :(fo +u3)\/1_(ﬂqo+ul)2 —ul - 'ul(zo +X6) _—
[(I‘O + X4)2 +(Zo + Xe)z]3
+ ‘UZ(d_ZO_Xa) i
5
[(d—zo—x6)2+(ro+x4)2]3
X4 =X1;
X5+IB:M;
I +X%,
o ©)

CrauuoHap XapakaTHUA aMalira OUIMPHUIL IapTIAPUHHU TOMAMU3

* * *2

-, yr ,ur D .
0="fre - x2 1*2 2 (.2 : *2/2+r2*’
(r +2 )3 (r Jr(d—z))3

0=0;

0=f'e; - e —+ wld-7) —;
*2 *2 *2 * \2
(r +2 )j (r +(d—z))3

0=0;

_ U

B o

0=0.

bupunun skuHmammm OYiWuya TEHrjamMajgapHu axpaTtud osamus. (6)
TEHIJIAMAJIAPHUHT YHT TapadiapuHu Katopra EIMu3:

. oF oF oF oF oF oF
% = FO)+| —— | X, 4| =— | Xy | =— | Xg+| — | Xy +| — | X +| =— | Xz +
X ), 0%, ), OX3 ), 0%, ), OXs ), OXs ),
oF oF oF
Hl— U+ — | Uy +|— | Uy +...
ou, ) ou, ) ou; ),

bupuHun skuHnammim Oyitnya TeHriaManapHu OJIaMU3:




5

2 2
x, =0y 4 {3ro{“l+ ﬂzj -D- ?20}‘4 +3r,dFXg + ol + A55Us;

r0 r-10 r20 0
X, = ——22x, + f,u,;
rO
f
X, = 3dr,Fx, + Ax, + Oﬂ“z U, + Uy 1= 220 (7)
\/1_110
X, = X,;
X Uy, .
Xg = 2 — 20 x,;
rO r0
X; = X,
dx e e =
E:Ax+Bu+g(x,u), (8)
Oy epaa
Xl
X
2 ul
= X3 .
X=| "I, G=|u,l|,
X4
u3
X5
X6

g(x,u)— x,u ra HucOaTaH OMPUHYKIAH FOKOPH TAPTHOIM XauIap.
u=0 Oynranga oFaUpHIMaraH xapakatHu JlamyHoB Oyiinua yCcTyBOpPJIMKKA
TEKIIUPUII Macajlacura sra oymamus (xi =0,i=16):
X =WX + g(x).
buprvHun  gKuH7ammMIm  OyiiMya  Ty3WIraH CHUCTEMAaHMHI  XapaKTEPUCTHK
TEHIJIAMaCUHU Ty3aMu3

W - SE| =0,

-S 28 0 R 0 3drF
- -S 0 0 0 0
0 0 -S 3dr,F 0 A
-0,
1 0 0o -S 0 0
0 I A s o
I’-0 r0
0 0 1 0 0o -S

$2(s* +52(282 —R— A)+(RA-9F?d*rZ —28%A))=0 (9)




(9) Tenrnama ukkuta HOM miam3ra sra. lllyHnai skaH, arap uiaau3iapiaH
Xed Oynmaranma OWTTacM XakuKUi MycOaT KucMmra osra Oyica, y Xojja
JIATTyHOBHUHT OMPHWHYM SKUHJIAMWIN OVHAWYa TYpPFYHJIMK XaKUJard TEOpeMacHra
Kypa OFIUPHIIMAraH XapakaT HOTYpFyH OVmaau. BYHMHT ydyH XapaKTEepPUCTHK
TEHIJIaMaaard S° HU OJAMIArd Xaa MaH(ui OYIUIIN eTapiIu:

2
S PR O T

rl r2 r-1 1 2

(10) Tenrcusnukaa oemra (u, u4,,d,K,r,) y3rapMac KaTHalIraniura cababu,

YHU TaJIKUK KWAJUII aHAJUTUK HyKTaW HazapaaH Mmypakkad. [IIyHWHT ydyH aHUWK
napamerpiap Oepunu6, MAPLELll maremaruk mnaketu Epmamuaa rpadukiap
onuuu. HoyctyBopiuk coxacu rpaduk aHUKJIaH]IH.

iy, 1y, d, K, 1, TapHu 6epud, ¥ QYHKIUSHU MapKas3jiap Yu3uFurada Oyiaran r,
macoara OOFMUKIUTH Tpadurd ONMHIXA. TOPTHINMIN MapKa3iapu Opacuaaru
Macoda MapTIM paBulla caiépanapHu Oup-Oupura 3HT SKUH OYJIraH XoJiaTuja
onuHaau. OpauHaTanap ykuaa y GyHKIUSHUHT KUMMatiapu, adcuuccanap YKuaa

’ca - r, HHUHT KuiimMaTiapu Oepwirad. ['padukiapga xap OUp YH3HK
132345 . o
k =>rg'32 s THHT 2HHK KMAMATHIA MOC KeNajgH Ba YSWHHMHI aHTHra ra:

k=1/2 ra xopa, k=3/5 ra kyk, k=2/3 ra capuk, k=3/4 ra xaBopaur, k=4/5 ra sim,
k=5/6 ra Ku3ua paHr MOC KeJlau.

Mucoin yayH KyHuIard XoJiapHu Kypuo YMKaMu3:

1) Ep-Oii e
= u, =398*10° kv’ / % R
My =U, = 49*10%kn® [ c*; 1,2 = 107 16+
d = 384400 T

1, % 10-16—\\

5,5 10717 |}
6, = 10° 174
4’ = 10° 17

2, #1017

T T T T —_——— T 1
) 2 » 107 : 4 107
-2, = 107174




2) Ep— Benepa 1 x10- 1

=, =398*10°kn® / ¢ '

1y, =, =326*10%xm® / c*; 8, > 107
d =42*10%xm.
6, % 10°
4, % 10°
2, = 10"
-2, = 10"
3) Ep — Mapc
1 =, =398*10%km® / ¢* 1,2 % 107184
w, = u, =42.8*10°xrn’ / % y
d =78*10°xkm. 1, %1071
g = 107174

6, = 107 1%+ \\
4, 1019 \

2, x 10" 154

-2, % 10717+

['paduxnapaan kypuHaAuKY, kK HU KaMalMIIWIA, TbHU MapKa3JaH KUYUK u,

napaMeTrp OWiIaH Y30KJIallraHjIa, HOYCTYBOPJHMK OOIUIaHAJAWraH MapKasJap
yu3ururada Oynran macoda Kamasau (HOYCTYBOPJIMK coXacH Kamasinau). by

o 1
MacodaHUHT MUHUMAN Kuiimatu (k =5 na) Oapya xoiutapaa 0 HUHT TaXMHUHaH

70% H#M TamKWwI Kwiaad Ba u ra Oornmmk sMmac. HoycryBopnuk coxacupa (9)
TEHTJIAMAaHUHT 0307] XaJu MaH(uil KHiiMaTra sra Ba XapaKTepUCTUK TEHTIamMa Xed




Oynmaranaa OuTTa MycOaT XakuKWid Kucmra sra Oymran euummra osra. llynmait
9KaH, OFJMPUIIMAraH XapakaT OMpUHYN SKUHIAIINII OYiinya HOTYPFYH DKaH.

2.2. OrqupuiIMaraH XapakaTHU CTA0WILJIAIIL.

(2) ormupuiIMaraH xapakaTHU CTaOWIIIAIl XaKuaard Macaja ro3ara Keiaiw,
STbHM IIyHAaK u(t,X) PETYJIATOPHU TaHJIall Kepakku, YHU (8) udomara Kyinirania
ofFAupuiMaraH xapakat JlamyHoB Oyiinua acUMNTOTHK TYPFyH OYJICHH.
ABBamambop, (8) cucrema OomKapwiIyBYaH OYJIWIMUHA TEKIIMPHUII JIO3UM.
bupunun sxuHmammm Oyindya Kyiuaard OOIIKapMIIyBYAHJIMK Ba CTaOMILIAII
KPUTEPUIMCU MaBKYyA:
dx o o
1) E:Wx+ Bu cucrtema TYIWK OomKapriyB4aH Oynamu ¢akat Ba (akat 1y
XoJaakH, arap V =|

B,WB,...W "‘1BH Wy OWiaH aHMKJIaHTaH MAaTPUIIAHUHT PAaHTH N

ra TeHr 0yica, Oy epa n - CACTEMaHUHT TApTUOU, OU3HUHT X0Jija n=6.
2) Arap V MaTpUL[@aHUHT paHTH N ra TeHT Oyiica, y X0Jy1a KyHuJard Yu3uKin
PETYIATOP MaBXKYyl

u=PX.

V MatpunaHuHr padru 6 ra tedr. lllyHnait skan (2) oFnupuiaMaral xapakar
U=PX 4M3WKIU peryisaTop Owian, (8) mard 4M3uKCcU3 §(X,u) Xaajmapra OOFJIHK
OynMaran xonjga crabwmamtupuiaan. Crabuiuiam Xakujgard macajia 4YW3UKId

SKAHJIAIIALI OMJIaH €4MJIaIu.
dx

— =(W +BP)x

dt

P TOMMMI XaKUKHI MaTpuIla IIyHAal OVIUIIN KepaKKH,
=+ 8P+ glx,u)

CHUCTEMAaHHUHT OFIUpUIMAaraH XapakaTd aCUMIITOTHK YCTYBOP OVJIUIIHU JIO3HUM,
sbHU W +BP MaTpuIlaHUHT 6apt1a X0C KUHUMAaTJIapUHUHT XAKUKUW KUCMIIapu
MaHpuit Oynuim kepak. by maptau, Macanan

0 0 0 0O 0 O
P=10 pp 0 py Py O, (11)
0 0 0 O 0 O

MaTpuIla KaHOATJIaHTHPaIH, SbHH U, =0, u, = 0.
BupuHYM SIKUHJIANIMITHAHT XapaKTePUCTHK TEHIJIaMacH YN0y KYpUHHIITa
ora:
W +BP —SE|=0

EKU1




_s 28 0 R 0 3drF
_ﬁ _S+fo pzz 0 fo p24 fo pzs 0
0 0 ~S 3dr,F 0 A
1 0 s 0 o =0 (12)
0 1 B s
rO rO
0 0 10 0 -sS

Kytinnarura sra 6ynamu3

f
s® —szo P2, +34(2ﬂ2 - Orp25 —R—Aj+33(fo pzz(A_ R)"'Zﬁfo p24)+
0

2
+s{f°p25(zﬂ +R+A)—9o|2r02F2 +R—2,82AJ+
rO

+S((9d2r02F2 - A)f0 P, +2[>‘f0p24)+£9d2r0F2 —A(R;Zﬁz)] f,p,s =0
0

(12) xapakTepuCTHK TE€HIJIaMa IOy KYpPUHUIITa KeJITUPUIIN
b,S°® +b,S° +b,S* +b,S° +b,S* +b,S* +b,S° =0 (13)
P MaTpulla IMKOH KaJiap COJJia KYpUHHUIIAA TaHIaHIu. Arap, Macaian u, =0
naH Tamkapu u,=0 (u,#20 ma) gedmnca, y xoima (13) XxapakTepucTHK
TEHTJIAMAHUHT 030]1 XaJy HOJra aijlaHagu Ba NIy TEHIJaMaHUHT OUTTa €YUMU
HOJITa TEHT OYynau.
b, (i = 0,6) korppummenTIapaan ['ypBUIl MATPUIIACUHM KypaMu3

b b b 0 0 0
b, b, b, b 0 0
0 b b b 0 o (1)
0 b b b b O
0 0 b b b O
0 0 b b, b b

Ha3zopar caBoJsiapu:

1. Ofnupunran xapakat TeHraMaaapu KaHaam Ty3uiaamn?

2. JIanyHoB OYiinya TypFyHJIMKHUHT MOXUSITH HUMaAa?

3. Arap OupuHuYM  SKUHJAIMII ~ OyiMya  cUCTEMa  XapaKTePUCTUK
TEHIJITaMaCUHUHT Xed Oyimaranga OuTTa MycOaT XaKuKUM WITU3U MaBxKy1 Oyiica,
OFIMpJIMaraH xapaxkat KaHaai oynamn?

4. bupuHYM SIKUHJIAMII OYitnya OolKapHIll KpUTepuiicu HUMaaaH ubopar?

Anaduériap:
1. Herbert Goldstein. Classical Mechanics. Pearson New International Edition.
USA, 2013
2. I'antmaxep @. P. Jlekuunm 1O aHaTUTHYECKOM  MEXaHUKE. 3-¢
n3a. M.: @dusmariaut, 2002. — C. 262. — ISBN 5-9221-0067-X.
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3- maB3y: HOUJIEAJI HAPTJIX BOFJIAHUIIJIN
BOIIKAPUJTYBYU MEXAHUK CUCTEMAJIAP IMHAMUKACH.

PEJKA:
3.1.1llapmnu 602nanuwinap
3.2.Houoean wapmau 6o2nanuuiiy cumema xapakam meH2iamaniapu
3.3.hoenanuwmnapea nucbaman 6yuamuiean cucmema

Tasinu ubopanap:rouodean boenanuwinap, wapmiau 60IAHUULIAD, 8APUAYUS,

cmaounnau
3.1.11apTau OoFrnaHuLLIAP.

Opatna MexaHUMK cUCTeMa HyKTalapura KyHWiraH OOfjaHUIUIAp MacCUB
Kywiap €paaMua aMmaira olupwiIaand Ba Oy OOfIaHUILIAp TPOC, CTEPKEH, CHPT,
Xap-XWwJ  IapHUpiap  KypuHumuga  Oynagu.  bornaHumnuiap — ocTuaaru
CUCTEMaJapHUA OOLIKApHUII Macajlach 3ca KYITUHA XO0JIap/ia TalllKd aKTUB KydJiap
éplaMua amaira omMpuiaga. AMMO IIyHIad cHCTEMalap MaBXKylIKu, Oy
cuctemManapja OOFJIaHUILIAD Maxcyc Hymnap OwiaH amMalira OUUPHIATu EKU
Oomrkaya KuWauMO aWTraHga, peakuus Kywiapu EplaMmujia CcUCTeMaZa MabiyM
XapakaTiap amaira omupuiagud. Anabuétinapra 3bTHOOp Oepaauran OVicak,
OOIIKapUIyBUM CUCTEMaJlap Ha3apHsCHJla acOoCaH SKCTpeMall TPACKTOPHsUIapHU
aHUKJAll MyXxuM YpuH Tyrana. Kyiuaa KiaccMK MeXaHuKara TErMUUId HOMJeall
OOFJIAaHMIIZIM ~ CHCTeMaJlap  Ha3apusicMra  acocllaHTaH  XoJila  HIapTiH
OOFJNIAHMIIJIADHUHT  peakiusl Kyuilapu €pAaMHaa MEXaHWK cHucTeMaliapaa
ACUMIITOTHK TYPFYH XapaKaTHH amMajra OIIMPUII MacallaCMHU KYpUO YUKAMM3.
bynga Oomkapum mapaMerpiapu cudartuga peakuus Kywiapyd KaTHAlllaJu.
bynpnait macana Oupunum 0ynub gpaniy3 mexanuru A.beren Tomonuaan Crneppu
TUPOCKOIUIApUHM YpraHumga KypuO dukwirad. Macana MOXHMSTHIa Kypa, acocu
XapakaTiaHaJUraH TUPOCKOMHMK YCKyHa Y3WHUHI HWHUIATWIMII MAaKCaJuJiaH
orumuHu Oaptapad kununpian uoopat. by macamanm xan kunumina A.beren
cucTemMara KyluuMm4a, SbHU OFUIIUTAPHU HOJITA TEHr OVJIMIN IIapTHHH KYWraH Ba
OomTKapuIn napameTpiapu cudaruaa peakius Ky@wiapuHA OJTraH. X03up/ia uImiao
YUKWITaH OONIKAPHIIyBYM MEXaHUK CHCTEMallap Ha3apusicura ybTHOOop Oepaauraxn
Oyncak, mapTiy OOFaHUILIAp MEXaHUK CHCTEMa YUyH MHBapUaHT MyHocabaTiiap
cubartuga Kapajiaad, SbHH BAKTHUHT OOIUIAHFUY BakKTUAA VPUHIA OYiraH
MyHOoca0aT OyTyH XapakaT AaBoMHuAa Oakapuiauiiu Tajnad KuiauHaau. bupuHum
HaBOaTna Houjean Oornanunuiapra terunuid Il.IlenneBe ToMoOHMIaH HILIA0
YUKWJITAH ACOCUM HaTWXKaap yCTH/Ia TyXTajJaMus3.

Mabnymku, A. bereH TOMOHMAAH wWILIa0 YMKWITAH Hazapusra Kypa
cucTtemMara KyWuWiaran OWpUHYM Typ OOFJIaHUIUIAD Opacujia, HUKKUHYU TYp
OOFJIAaHMIII peaKlMs KyWIApUHUHT OakapraH HWIUIApM HOJAra TEHr OYlaaura
KYUYUIUIap MaBXyJ, SbHU HUKKHUHYM Typ OOFJIaHMUUIAp Hjaeal OOFJlaHWIUIapAaH
noopar. bynra xypa, OyHmaii cucremamap yuyH JlamambGepa — Jlarpamxka
NPUHIMIKE Oapua MYMKHH OY/IraH KyuMIUIap y4yH YPUHIH 3Mac. Y3 y3uiaH




TYFUJIQJAUraH caBoJj, Oy Houzean OOFIaHUILIM CUCTeMaapra Teruiud HaTuxkauap
MIapT/IM OOFJIAHUIUIM CUCTEMAJIap YYyH XaM YpUHIUMHU. Arap Ouszra N moaaui
HyKTajzlaH u0opar S MexaHMK cucremMa OepwiraH Oyica, cucremara KyWWIraH
OoFNaHUILIAp HAean AeHuiIaau, arap CUCTeMa HEKTAJIapUHUHI MYMKUH OYIraH
KYUYMIUIapUAard peakiysi KyWwWIapuHUHT Oa)kapraH MILIApUHUA WUFUHIUCH HOJra
TEHT Oyica. Arap BUpTyal KydMIIapaaru Oa)kapuiraH Wil HOJIra TEHI OyiamacH,
R peakiysi Ky4rHH JOMMO MKKHTa TAIlIKWII ATYBUMTa aXkparca Oynaau. bynnaR, —
peaxiusi KyduHUHT TalIKWI STYBYUCH OYIHO, HINKaJaHUII WK OViIraH Xaugarucu

Ba R-R =p wumkamanum Kyud. Cuctemara TabCHp KWIAETraH peaKus
KYWIapUHUHT TAlIKWII dTyBYWIApU KyHUIard mapTjapHu KaHOATJIIAHTUPAIN:

1. CucteMa HyKTAJaPUHUHT Xap KaHAail BUPTYaJ KYYHILJIAPHU/A.
3N
> R&,=0
=1

2. p& BEKTOPJIAp CHCTEMAHUHT MYMKHH OyJIraH KY4YHILIapU TYIJIaMHaa
éraam Ba

3N
D R,Ox, =1#0
=1

BOHIKa‘-Ia KHJIH6 aﬁTFaHﬂa, OOoFIaHMIIT peaknusg Ky4H R HU JONMO HMKKHTa
L Ba ﬁl TAaIIKWJI STYBUYWIPIra aXXpaTuil MYMKHUHKH, 6YHI[a £ HIIKAJIaHUII Ky4d Ba

R, TAIIKWJI 3TYBYM 3ca OOFIaHUII KyduaaHn uoopar. [1](21-25)7, [2](12-16)8,[6]°

3.2.Hougeas mapt/iu OOFJIAHMILIA CUTEMA XapaKaT TeHIJIaMAaJIapu.

Ky#inna maptiau OoFaHUNUIAPHA HOWACAJUITUTH Ba OYIIATHIIMINK XHCOOTa
OJIMHTaH XO0JJIa AUHAMUK CHUCTEMaJapHUHT XapaKaTHHU KYpuO uYMKamMu3. AHUK
Macajaja mapTid OOFJaHuIIra HucOaTaH cTabWIIall MyaMMOCHHU XaJl KHJIaMU3.

®apa3 Kunamus, o6usra xomatd ¢ (i=12,..,n) yMyMialirad KoopAuHaTaiap

OWwiaH aHUWKJAHAIUTAaH TEOMETPUK OOFIAHUIIUIM MEXaHHK cucTema OepuiiraH
OyncuH. byHaa cucrtema cuctemara TabCup KMJIa€TraH yMyMiallirad Kywiap Q, Ba

CUCTEMA XapaKaTh KyWuaaru Oup-OupruHN MHKOP KUJIMAMIUTaH
f (a;,t)=0 (f, eC,; @=12,...,a) (1)
reOMETPHUK Ba
0,(0,6.)=0 (p, €C;; f=12..b)  (2)
YMYMHU X0J1/1a YU3UKCU3 KUHEMATUK OOFJIaHUIIIAp OCTUIA OYIICUH.
bornanummapra kypa, CHCTEMaHUHT MyMKUH OVJraH Ky4uIlIapu KyHujgaru
MyHOca0aTIapHU KaHOATIAHTUPAIN:

n af n a(pﬁ
250, =0, 0q;, =0
;8% & gaq-’ |

! Herbert Goldstein. Classical Mechanics. Pearson New International Edition. USA, 2013

8 T'anrmaxep @. P. Jlexuuu no aHanuTHYecKod Mexanuke. 3-¢ u3a. M.: @usmatiut, 2002. — C. 262. — ISBN 5-
9221-0067-X.
® Tennese I1. Jlekuuu o Tperun. M.: Tocrexuzaar, 1954. 316 c.
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Ba CHCTEMaHUHI XOJATUHM Kyiluaarw, y3apo OOfnuK OyiMarad
y3rapyBUMiIap OpKaJd aHUKJIAIl MyMKHH:

q; =ai(q,-,t), a =bi(q1w ps,t) (8, €C, b eC) (3)

Bynna q,(j=12...,p)- ¥3apo Oormmk G6ynmaran Jlarpamk KoopauHaTazapy,
p,(s=12,.,r) - ¥y3apo OormMK OYyiMaraH Te3NMK mNapaMeTpiaapu. KuHeMaTHK
OOFNAHUILIM  CHUCTEMalap Ha3apusicura Kkypa, &,  KOOpAWHATATAPHUHT
BapUaLUSUIAPUHU & 7, SPKUH Bapualysiap opKaiu ugoaanamn MyMKUH.

ob.
Ao, 4
s=1 a ps ( )

dapa3 kunamus, (1) GornmaHunuIap MUKMga OMPUHYM €, Taca OUPUHYU TYP
OofnaHuIIapaadn uoopar OYyicuH. Arap OWpUHYM Typ OOFJIaHUII peakuus

Kywiapued N, Ba @, -OulaH INApIM OOFJIAaHUILIAD peakhs KywIapUHU

oqQ. =

Oenrunacax ﬁi = Ni +@,. byHra xypa, Houiean OOFJIaHHUIIUTA CUCTEMa YIyH
n n
ZNidqi =0, qui5qi =7#0.
i=1 i=1
YPUHIIM Ba MAPTIIA OOFIAHUIIUIAPHUHT PEaKIUsl KyWIApUHU TyH/1all UKKUTA

@, @ TallIKWJI ~ ATYBUMTa aXpaTHIl MyMKHHKH, OyHIa @'&  BeKTopiap

CUCTEMAaHUHI MYMKUH Oynran kyuunuiap tymiamuga €raagu. Howupean
OOFJIAHMIIIIIM CUCTEMalap Hazapusicura kypa Oy TalIKWI STYyBUHJIAPHUHT
KOMIIOHEHTAJIAPH YUYH Kyﬁnz{am MyHoca6aTJ1ap YPUHIH:

8(p %
a=c+1 8q| p= c+1
D =) u, o
v=l apv
bynna Agr Mg -J1arpanK KYTIaUTyBUYWIIAPH, U, ~IIPONIOPLIUOHAIIIIUK

Kod(ppunreHT-napu.
CucTteMaHMHT XapakaT TEHIJIaMaJlapd d3ca KyWuaaru KYpUHUIITa dra
oynaau:
E(a_T)_a_T—Q N +d§
dt "oq,” o,

Bynma T-cucreMa KHHETHK OHEPrusiCM  OOFJIaHMIUIADHHA  XHMcoOra
OJIMHMaraH xojja Tysuiras. [2](25-28)%°
Peaxiust Ky4JIapyHAHT CprKTypacn aca

d 8¢
N, 2/1 +Z”aqﬂ

a b 6 m
0 =34, %ey 5, O 5y B
a=ctl 8qi st R [s R " op,

10 Tanrmaxep @. P. Jlekuuu 1o aHajauTHdeckoil Mexanuke. 3-¢ u3. M.: ®usmatiur, 2002. — C. 262. — ISBN 5-
9221-0067-X.
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3.3.boriannnuiapra HucOaTaH Oy IIATHJITAH CHCTEMA.,

OHJM cucTeMara KyWuiran OWpUHYM Ba UKKUHYM Typ OOFIaHMILIAp OuiiaH
Oupranukaa mapTiv OoFJlaHuIILIapra HucOaTaH Kynuaaru

te, (A1) =77, (y=12.....) (5)
0300007 ,1)=¢, (p=12......T)

MyHOcabaTiapHu Kuputamu3. bynia 7, Ba - TEOMETPUK Ba KHHEMATHK

mIapTiv OOFIaHMIUIAPAAH Y3JIYKCH3 OFHUIN MapameTpiapuHu Ounaupaau. by
ofunuiap cudaruna KYNruHa XoJUlapjAa MapTid OOFNaHUIUIAPHUHT — dYarl
TOMOHJIApY OJIMHAIW. ByHra Kypa CHCTEMAaHMHI KHHEMAaTUK MYMKHH OYyirax
XoJaTiapyu yuyH KyHujaru MyHocadatiapra sra 0yinaMus:

- Ai (qﬂ’ny’t) (Ai ECl)
qi = Bi (qy’ny’ pv’gp’ﬁy’t) (BI ECl)
By wMyHocabarnap wmyHmad taHinab ommHamumka 77, =17, =¢,=0 na
OYyIaTUIMaral CUCTEMa XO0JIATUHU OEpHUILIN KEepakK.
(1) Ba (2) reoMeTpuK Ba KHHEMATUK OOFJIAHUILIAPHU XHUCOOTa OJNHIN YIYH
CHCTEMA XOJIATHHU aHUKJIAUIMIaH MyHOCA0ATIAPHA  YMYMIIAIITAH 01,055+ «:0y
KOOpAUHATajgapra Ba P,.;, Py .oy---, P, TE3IUK IapaMmeTpyiapura HucOataH e4ud

onamMu3. byHra kypa, CHUCTeMaHMHI MYMKWH OViran Xojarjiapu KyWumaruda
aHUKJIAHATH:

qi = A(qj’ny’t)
Qi:Bi(qj’U71ps’§p,ﬂ;1t) (6)

Cucremara TErMIIIN yMyMJialiran KOOpAWHATAJIApHUHI BapHalHsAIapu

yiyH
0B, 0B, 0B,
o, o, + oo, +
| Z—1:8p Z—i@éf o 2—;677

MyHOca0aT YpuHIIH.
busra Mabaymku, maptiavu OOFIaHANIUIAPAH 0301 KWJIMHTaH CUCTEMA YIYH

1 577}/

Janambep — Jlarpasx mpUHIMITA Z
i=1

dt aql aql

[Ilysn TapKuanam KepakKy, Y3rapyBUWIAPHUHI BapualUsulapu OIJHUMI

OOFJIaHUIIIAPHU TYJIMK KaHOATJIAHTUPAIN
n

of n O,
C+7 5 » d+p 5 ) :5
2o o 04" ;—a.i q =do,

Jlarpamx kKynauTyBuniIapu ycyiauaan Qoiigananu0 NpUHIUITHA

f
_____ — D |0 on, + S5
dt aql aq QI i J g = z c+aO7ly ﬁzﬂ,udJrﬂ Oy

i=1




KYpHHMIIA &3UII MyMKHMH. BKM CHCTeMa Te3NaHWILIAD JHEPrusAcH S OpKalu
OYIIATHJITAaH CHCTEMa XapakaT TEHINIAMAJapMHM KyWH[Iard KYpUHUIIAA E3UII
MyMKuH:[2](68-72)1

oS n 0B, OB
= QP+ ®P, QP =NQ = P =Y oF
aps s s s E aps s E aps

n _ n !

S Q@ Q=30 B o =Sy B

8770: i=1 8770, i=1 '

o5 B i g B

n
S =Q5+ DSy, Q=00 —1, D5, =YD —-
aé’ﬂ B B d+p B E 'aéfﬂ B E 'agﬁ
By Ttenrnmamanap cucremacu (3) orunuiapra Moc MyHocaOariap OusiaH

()

Omprammkaa €k Pg,0;,77,,4;  Y3rapyBumiaapra HHCOAaTaH —TEHIJIaMaap

CUCTEMAaCHHM TallKWI Kwiagu. by TeHrmamanap cucremacuaa A, Aq,o,--Aq;
My s Mgiseobly; U, Uy,... Uy, OOIIKApHUIN IapaMeTpiaapyd pOJIMHU Oakapaiu.
Kypum kuiiuH 5MacKd, CHCTEMaHU IAPTIM OOFIaHUILIAPJIAH 0307 KHIIUII
HaTWXKacuaa OOFJIaHMIIIapra HUCOATaH OFUPHIITAH TEHTJIauajaap CUCTEMACHUHU
xocua Kuiguk. ONWHTaH TEHTJIaMaiap CHUCTEMAacH yYyH OJaTia cTabwuiam EKu
OOfNaHMIIIapra HucOaTaH ONTUMAJ CTAaOWILIAll Macajlajlapu Kypuiaiau, SbHH
OoIIKapHIll TapaMeTpiapy KyIIuMya [apTiap aocua aHUKJIaHaIH.

Macana. Texkucnumkaa >KolmamraH ¥ IUIACTHMHKA LWIMHIAPWK IIapHUP
épaamMuaa yJIaHraH X, IUCK €EpaaMuia XapakaTJIaHaIH. bynna nmuck
AJIEKTPOJIBUTATENTA YIaHTaH OYIuO, 3JEKTPOJBUTATE]l MOMEHTH IIyHAAl TabCup
KYpCaTHJIWKH, TUCK MapKa3W OWIaH IIApHUP YyJIaHTaH HYKTaJaH YTKa3WiTraH
paauyc, IapHup OWiaH IJIACTUHKA Macca MapKa3sWMHU OUPJAIITHUPYBYU TYFpU
YU3UK Opacuaaru Oypyak xapakaT JaBOMHIa 7 /2 ra TEHT Oynaau.

CucteMaHuHI XapakaT Ba MIAPTJIM OOFJIAHMIIAH Y3IyKCU3 OYIaTuirax
Xapakar TeHTJIaMaJapuHH Ty3WHT.

bupunun HaBOatna o-pB-x/2=0 maptiu OOFIAHUII aHUK Oakapuiran
xoHU KYpuO umkamu3. [llaptnu OormanumHu Oaxapwiran ne0 xucooOsacak,
CHCTeMa KHHETUK SHEPTHUSICH

T=TE)+T(z,)= %{M[dez +(0? + k2 )32 + 20RaBcos(ar — B+ 1,a%},

KYpHUHHUILTA 3ra Oynaau. YMyMialrad KOopAHHATIapra MOC yMyMJIaIiral Kydjiap

YayH
Q, =—-RFsina, Q, =-aFsinp,
D) =-D) =4, @, =D} =u
YPUHIIN.
byHra xypa cucrema xapakar TEHIJaMajapu KyHUJard KypuHUIIra ora

oynanu:,

11 Tanrmaxep @. P. Jlekuuu 1o aHajautHdeckoil Mexanuke. 3-¢ u3. M.: ®usmatiur, 2002. — C. 262. — ISBN 5-
9221-0067-X.
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M [(b? +k? )3 —bkp? |+ aF sin g =0
[M (b2 +k?+ R2)+ Il]B+ F(asin g+ Rcos B)=2u
dapa3 KujaaMu3, apTid OOFIAHUII aHUK OaKapuiIMaiIn, sS’bHU OOIIJIaHFUY
mapTiap OOFJIaHUIIIPH aHUK KaHoaTJIaHTUpManau. by xonja ymymuid Hazapusira
Kypa
a=X+n+xzl2, f=X
OFUIILTAP KUPUTAMU3.
a-p—-rnl2=n
Ba Y3apo GOFNMK OynmaraH X  Ba p¥3rapyBumiapra HHCOATaH AHHAMHUKAHHHT
YMYMUH TEHIJIaMacH
dor or dor o7
=L Q- Sa+| = - —Q, -, B =4
Ba Oy cucTemara HoJra TEHI OYJIraH €e4uMH AacCHMIITOTHK TYpPFYH OYiraH
CUCTEMaHU KyII1O

7=V (m,17), V(0,0)=0, 7(0)=7", 7(0)=7"

[M (b2 +k? + R? = 20Rsiny )+ 1, |+ [MR(R—bsin )+ 1, M (7.77) -
- MbRﬁ(ﬁ + Z,B)cosn + F[asin g+ Rcos(8+7)]=2u
[MR(R—bsinz)+1,]3+(MR? + 1,V (7,7)+ MbR3? cos 7+ RF cos(+177) = 2u
TCHIIaMaJIap CHCTCMACHMHHM XOCHJI KHJIaMH3. By TCHIIaMaJIap CHUCTCMACHOA

CUCTCMAHHUHI' XapaKaTHMHM Ba CHCTCMAHM IHAapTIIH OoryaHMINTa HHCOATaH

ACUMIITOTHUK TYPFYHJIMTUHU TabMHHJIOBYM OOIIKAPHII IMapaMETPHUHH aHMKJIAII
12 17713 12714
mymiuH.[3],[7]%,[5]

12 ipanos A.Il. OcHoBbI Teopuu cucteM ¢ TpenueM. M.: HULL «PX]I», UKH, 2011.
13 Azuzos A.I. O JBUKEHUH YIIPABISIEMBIX MEXAHMYECKUX CUCTEM C CEPBOCBA3AMU (yCJIOBHBIMU CBsA3saMu)// [IMM,
1.54. 1990.

14 Beren A. Teopus rupockonuueckux kommacos. M.: Hayka, 1967. 192 c.




Ha3opar caBosiapu:

1. Hounean Oornanuiir Huma?

2. WapTtiau 6ornaHuIn HuMa?

3. Hanam6ep-Jlarparx NpUHIUITMHAHT MEXaHUK MabHOCH.

4. CUCTEeMaHUHT MIIKAJAHUII KOHYHH.

5. bornanunuiapra HucbaTaH mapaMeTpPHUK OYIIATUII TYITYHYaCUHUHT
MEXaHHK MabHOCH.

6. Crabwnam Ba onTUMal cTabmam opacuaard (Gpapk HuUMaaan noopatr?

doiiragaHmIrad agaduéraap:

1. Herbert Goldstein. Classical Mechanics. Pearson New International
Edition. USA, 2013

2.lantmaxep @. P. Jleknuum 10 aHaTUTUYECKOM  MEXaHHMKE. 3-€
n3a. M.: @usmaraut, 2002. - C. 262. - ISBN 5-9221-0067-X.

3. UBanoB A.Il. OcHoBsl Teopuu cuctem ¢ Tpenuem. M.: HULL «PX», UKU,
2011.

4. XKypasnes B.®. 500 ner uctopuu 3akona cyxoro tpenus// Becthuk MI'TY
uM. H.O. baymana. Cep. “EctecTtBeHnbie Haykn . 2014. Ne 2.



https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%BC%D0%B0%D1%82%D0%BB%D0%B8%D1%82
https://ru.wikipedia.org/wiki/2002_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/592210067X

4- MaB3y: YMYMJIAIITAH 'YK KOHYHH. TEPMOJJIACTHK KACM
MO/IEJIN.

PEZKA:
4.1. Dnacmuxaux HA3APUACUHUHS MEHINAMANAP CUCmMeMalapu.

4.2. Ymymnawean I'yx KoHyHU.

Tasinu udopanap: >1acmuKkiuk, SHMpPONUs, UYKU IHEPeUsl, IPKUH IHEpeus,
Odeghopmayus, KyuraHuu.

4.1.91aCTUKJINK HA3aPUSACUHUHT TEHIJIaMAaJIap CUCTeMAaJIapH.
MabiayMku arap QuU3MK XMMUK >Kapa€Hiap 3bTHOOpra ojiHMaca, Kyhuaaru
TEHTJIAMAJIap DJJIACTUKJIMK HA3apUACHHWHT TYyJIa TEHIJIaMallap CHCTEMAaCHHU
TaITKAJ TAJIH.
1) y3nykcuznuk Tenrinamacu (Jlarpanx makinaa)

P\NY =Po\/g’ gszt‘gij‘ (4.1)
2) UMITyJIbCJIAp TEHTJIaMacH
p%:F‘ +Vo¥, (i,j=123) (4.2)
3) UCCUKJIMK OKHUII TEHTJIaMacu
gij A
dU =—degj+Tds (4.3)
ol
EKU
dF =20 d gy—sdT, F=U-Ts (4.3)

P

By epna p, Ba p OOIIAHFUY Ba aKTyal XOJaTAard 3U4IMK, (; Ba §;-

MCTPHUK TCH3OPHHHI OolIIaHFUY Ba AKTyaJl XoJaTaarn KOMIIOHCHTAJApH,

9-TE3NMHUK, oy Ba ¢ij-KyWIaHum Ba jaedopManus TEH30PJIAPUHUHT aKTyall
XOJIaTAarn  KOMITOHEHTalapu, | —a0coNoT  TemmepaTrypa, S —dJHTPOMHS,
U :U(S,éij,:ﬁ\'ij)— AYKU dHEprus, F = F(T,éij,:ﬁ\'ij)— DPKUH DHEPIHUSL.
dF (dU) —tyna nuddepennnan skanauruaan doigananuo, (4.3°) gan ymoy
XOJIaT TEHTJIaMaJiapy J1e0 aTaTyBUd TEHTJIUKJIAPHU OJIUII MYyMKHH.
. oF oF
Oij=pl — |, S=— — 4.4
J p( agij jT (aT jg’ij ( )
Ymymnamran ['yk konyHu. Yekcn3 kuuuk nedopmanusiiap KapajaraHia
(4.4) na p=p, Ba
N oF 00 1 od
Cij=pPor— =" S=———— (4.5)
Ogjj  Ogy Po OT

TEHIJIUK YpuHiIM Ae0 KaOyn KuUIuHAIW, s’bHU OOIUIAHFUY XMCOO CHCTEMacH Ba




Jlarpamx cuctemMacH IOKOpY TapTUOJIM KUYMK MUKIOpJap aHUKIUruaa Oup-oupura
Tenr ne0 omuHagu. Arap &, <<1, T =T +AT, AT <<T; 6ynca, 6up-Oupmux

XKMHHHT 3PKUH SHEPTUSACH YUYH yIIOy

2
=P, + o &jj +(a£] (T —T0)+1 oo Eijn +
8gij o at ), 2 8gij63k, .

1 o*® 1( o%®
J gij(T _To)"‘—[_z] (T _To)2
0 0

(4.6)
+_ —_—
2£agijaT 2\ ot

€innma ypurmm O6ynamu. bomnanruy xonaraa ¢, =0 6ynranna o, =0 Ba S=S5;,

T =T, ne6 onuHca, (4.5) ra kypa

8;() =0 [agj =—0,5
ogy ) et )y T P
ij /o 0

. 20 B 2 2
o[ ) i) e (en)
aé‘ijaé‘m 2 aé‘uaT TO aT
0 0 0

ne6 oenrunam kuputuiica, (4.6) ymoy

oynanu.
Arap

1 i o
=D, 4 AMeye, +Bley(T-T,)+ %(T “T, - pose(T=T,)  (4.8)
0
KYPUHHIIHK Onanu’>,
OpkuH sHeprussHuHT (4.8) udonacuna (4.7) ra kypa
Aijkl — Aklij Ajikl — Aijkl Aijlk — Aijkl BIJ — BIJ
TCHIJIMKJIAp Ypuriu Oynranu Tydaimn A™ Huar conu 21 tamaH, B’ HHUHT COHHU
sca 6 TamaH Kym OYioiaMaiau.JeMaK YH3WKJIM TEPMOAIACTUKIMK Ha3apusaCHIa
UXTUEPUN aHMU30TPOIN TEPMODJIACTUK KHCM 28 Ta y3rapmaciap (A”“,B”,c) Ouan

XapaKTepiaHaIu.

4.2.Ymymiaamran 'yk KOHYHH.
XKucm wuzoTpon Myxut OVyica, B3pkUH 3Heprus ¢daxkar aepopManus
TEH30PUHUHT UHBapUAHTIIApUTA OOFIUK OYJIUIIIN MyMKHH.
1 c
= E’“lz(‘gij )"':U IZ(gij )_(3}L + 2/”)“'1(‘%‘ XT _To)_E(T -To )2 — 268 (T=T,) (4.9)

0
Oy epna Il(gij) Ba Iz(eij) nedopmaiisi TEH30PUHUHT OWPUHYM Ba WKKUHYHU
uHBapuaHTiapu, A Ba u Jlame mnapamerpiapu e aTalyBYM y3rapmac
mukgopiap. FOkopunaru (4.5) Ba ymoy (4.9) dbopmynanapaaH U30TpoOn MYXHUT
yayH yMyMJamras ['yK KOHyHHM KeTu0 YUKaIH.

oy = Myle; )y +2us; —(BA+2u)a(T —T,)g; (4.10)

15 Cenos JI.W. Mexanuka cruiomnoit cpenst. T.2. M.: Hayxa, 2004 (3nektpon Bapuant), 328-329 6.




s=1(@3i+ 2u)al (¢, )+T£(T “T,)+5, (4.11)
0 0
(4.10) popmynanu &; ra HucO6aTan €4nd, ynmdy KypUHHILIA €3UII MyMKUH

1
& = E[(l"'v)aij _O-Il(o-ij )gij ]+a(T _To)gij (4-12)
By epna I(o;)- Kywianum TeH30puMHMHT OMpMHYM WHBapuautd, E - FOHT

Moayiu, v —Ilyaccon koapduiuenTu.

1(32+2u) y)
=, V=—m--:
A+ p 2(1+ u)
Arap xywianumap o; =0 6yica, (4.12) nan
& = a(T -Tq )gij (4.13)

ABHU & -IIap TeH30pu Oynanau. ByHnan « —KapanaérraH MyXUTHUHT YU3UKIHA

UCCHKJIMK KEHralum Kod(QOUIIMEHTH OJKaHIUTHHU Kypamu3. OuHau, (4.10)
TEHIVIMKHAHT YHT TOMOHWHHM HUMITyJibClap TeHriaamacu (4.2) naru o, YypHura

KYHUJICca, YU3UKIM TEPMOIIIACTUK Ha3apusl JOUpacua OMPKUHCIU U30TPOI MYXUT
yayH Jlame TeHrnamacu onmuHanu ®,

2.
2 ‘;—‘;V = poF + (A + pu)graddiviv+ AW — (34 + 24 ) gradT (4.14)
. oN . dv oV y
By epma W-kyuuIin BEKTOpH, S -V B = ne0 KaOyn KuiuHraH. MyaisH

Macaja KYy4MIll BEKTOpU OpKayiu Kyhuiarad Oyica, (4.14) TeHrnamanap cucreMacu
Ba HCCUKJMK OKUMHU TEHIJIaMacH TyJja TEHIJIaManap CUCTEMAaCHUHU TaIKWJ JTaJIH.
Arap wMacanma KywlaHMIUIapaa Kyiuica, (4.2)-uMmnyibciiap TEHIJIaMacH Ba
benpTpamMu-Mutuensr TeHIamalnapyd TyJa TEHIrJaManap CHUCTEMACHUHU TalKWII
sTaau. DcnatMa benprpamu-MuTden TeHrinamanapu aeQopMalusSHUHT OUpPTaTuK
tenrmamacunan ['yk xonynu (4.10) épaamuaa onuHaau. DIACTUK KUCMIIAPHUHT
MyBO3aHaTuUra ouj Macananapaa benpTpamu-Murtuemsn TeHIaManapu Tyna
TEHIrJaMajiap CUCTEMACUHU TaITKUII dTaJIu.

Xycycuii xoa. Arap »xapaén agnabatuk Oyiaca, seHu dq® =0, s=s, =const

0yinca, (4.11) nau T Ba &; opacuparu yndy MyHOCabaTHH OJIaMus3.

PoC
bynnan (410) ['yk KOHYHH
2 2
Oy = Aagli(£,5) 95 +2ugy; Ay =A+ (3/1+2,u2 a’T,
Lo

KYpUHUIIHA OJagyd Ba JEeMaK W30TEPMHUK Kapa€H yuyyH oJsimHrasd Jlame
TeHamanapuaa Jlame mapamerpu A YypHura A,, oinuHca erapaud Oyaanu. by

XoJ1aa Jlame TCHITIaMaJlapH TS"J'Ia TCHITIaMaJIap CUCTCMACHHHU TAIIKKJI OTalH.

16 Ceno JI.U. Mexanuka crutomnoit cpenst. T.2. M.: Hayxka, 2004 (3nektpon BapuanT) 328 6.




Hasopar caBoJsiapu:

1. bomnmanfuy xuco0® cucremacu Ba JlarpaHk cucTeMacu IOKOpPU TapTUOIU
KWYUK MUKJOpJap aHUKIUTKa HUMara TeHr 1e0 oauHaan?

2. KapanaétraH MyXMTHUHI YW3HMKJIM UCCUKIMK KEHralum Ko3pQpuimeHTu
HUMara TeHr?

3. DnacTUK JKMCMJIQpHUHI  MyBO3aHATWra OHJ  Macajajapja Kaiicu
TEHIJIaMaJIap TyJia TeHIjJaMasap CUCTEMACHUHH TAIUKHWII ATaau?

4. benbTpamu-MuTUEIT TEHTIIAMAJIapU KaliCH TEHTJIaMaJlaH OJIMHAIN?

5. Kucm u3otpon Myxut O6yica, SpKUH SHEpPTUs HUMara OoFiIuK Oymaau?

6. UM3HKIM TepMOdJIaCTUK Hazapus Joupacuaa Oup KUHCIU U30TPOMN MYXHT
YUyH KaiiCH TeHIJ1ama OJIMHAIU?

Anaduéraap:

1. Ellis H. Dill. Continuum mechanics. Elasticity, Plasticity, Viscoelasticity.
Taylor & Francis Group. USA, 2007.

2. Cemal Eringen A. Mechanics of Continua. USA, 1967, English

3. Cenos JI.U. Mexanuka crmomHoit cpeapl. T.2. M.: Hayka, 2004 (3:mekTpoH
BApHUAHT).

4. IlpuknagHas  MexaHMkKa  crulomHbiXx  cpen. 1.2, Tlom  penmak.
B.B.CenuBanoBa, MI'TY um. H.D.baymana, 2004. (351eKTpoH BapuaHT).

5. MCC B 3amauvax u ynpaxHenusix. T.1, 2. IToxg pegak. M.D.Ornut, Mock.
e, 1996.




5- ma3y: MYPAKKAB XOCCAJIM MYXHUTJIAP BA VJIAPIA
TYJKHH TAPKAJINIIIN.

/ PEXKA: \

5.1.FOknanuw (oKysuauaux) cupmu.
5.2.Uoean-niacmuk HcucmMuune Mooeuiapu.

- Tpeckanume nracmux wapmu,
- Musecnune nracmux wapmau.
5.3./Inacmuk oxkuw Hazapuscu (UHKpeMeHmal Ha3apus);

\ 5.4.Enuwok-snacmux myxumaap. /

TasgHu nﬁopaﬂap: WKJHIaHuw  cupmu, nNjaACMuKiuK, oaaacmuxKk-njiacmuk
myxumiap, énum;go;;-aﬂacmuk AHCUCMiap

5.1. IOknanum (OKyBYAHJINK) CUPTH.

ONIACTUKIMK Ha3apusICu MOJEUIapy Ba METOIAPH Kyl  amalaui
MacajanapHd Xail Kwiuira erapiau smac. Uly Tydaiinm mypakkad xoccanu
MYXUTJIAPHUHT MOJEIJIAPUHU Kapallra TYFpu KeJaaau.

TyTamr MyXUTHUHT UMKKU €KM YHAAH KYI MEXaHUK Xoccallapu bTHOOpra
OJIMHTaH MoOJeJIap TyTall MYXUTHUHI Mypakkad Mozemnapu ae0 araiaiu.
MacanaH 23JIaCTHK-IUIACTUK, EMMIIKOK-3JIACTUK, ENMHUIIKOK-TUIACTHK, 3JIACTUK-
ENUIIKOK-TIJIACTUK MyXHTJIAp.

Ma3zkyp Mypakka® MOJEIIM MYXUTJIApHUHT alipuMmiapu Xakujaa KhcKauya
TYXTanuo yTamus.

1. DOnactuk-mnactuk Myxut (31IM) monenu.

OIIM mryHmait KaTTUK )KuUcMiapra (acocaH MeTajjiap Ba KOTHIIIMAJAp) MOC
KEJIAJIUKH, yJap FOKJIAHUIN >KapaéHU JaBOMHAA IJIACTUKIMK MAPTH (AIACTUKIUK
yerapacu, OKYBUAHJIMK uerapacu) ne0 aTadyBuM MyalsiH MapT OakapuiryHra
KaJap SJacTUK JAedopManus Ba Ma3Kyp WIApTAaH CYHI OKJIAQHUIIM JaBOM
sTTUpwica ymlOy Myxutaa HadakaT IJaCTUKIMK, Oadku  TUJIACTUKIIMK
nedopmanusiiap xaM cogup Oyaaau.

byHu Kyilmparnua OMIIOK TEMUPHUHT Oup YK OYyitnad uy3unum Ba
CUKUJIMII TUarpaMMacy HaMOMMII STaaH.




&

Pacwm 1.

JunarpaMManuHr A A KHCMH YH3UKIIW 3JaCTHK JAedopmarusara Moc Keaaau
Ba o,,(A) NPONOPLMOHAIUIMK Yerapacy Jeb aramagd. AB 3ca YM3HUKCH3 DIACTHK
nedpopmanusara Moc Kenub, o,,(B) - DIACTHKIMK EKM OKYBYAHJIMK 4Yerapacu e
aTanaim.

H3ox. Tykku3 ynuoBnu KywilaHuil (azocuja Ma3Kyp uerapa HOKJIaHUII
cUpTH 110 aTanaju.

0,,>0,(B) Oynranga miactukiuk >ddekmiapu maigo Oyiaaau. Bupop
0,(C)>0c,(B) Oymram C  HyKTaga IOKCH3JaHMII  aMajra  OIIMpHIICca
auarpaMMaHuHT CEN KucMmaa snactuk gaedopmanus cogup 0ynubd, CEN kecma -
AA Ta Kapuiinb mapamien Oymamu. Juarpammaruer o,,(C)>o,(B) Kucmu
MaTEepUATHUHT MYCTaXKaMJIaHWIl KucMu Ae0 atamanu. Tyna rOKCH3JIaHUII
(0,,(N)=0) Gaxapuica xam Martepuanga aedopManus TYiaa HYKOIMal KOJIMK
nedopmarus (quarpammanuHr ON KuCMH) Kosiaau. by addexT miacTuKIuKHUHT
acocuit xycycusatuaup. Tyna IOKCU3JIAHUIIJAH CYHT CUKWIUII AehopManusicu
Oaxkapuiica, DIACTUKIMK uerapacura B, HyKTa MOC Kelnaau. YOy CHKMIIMII
5JIAaCTUKIMK uerapacd o,,(B,) ymyman oaranga o,,(B,) Tedr Gynmaiimu. Bynu
baymunrep a¢dextu ned aramamm.

Kynunua OIIM HuUHT waeanamTUpuiarad quarpammanapu Kapaitaau (Pacm
2- Pacm 6)

o A o

(o2 I (or I (o1 I

3
M
™

v
v
v

Pacm 2 Pacm 3 Pacm 4




Pacm 5 Pacm 6

Pacm 2 na wpean-miacTUK MyXUT, pacM 3 Ja YM3HKINW MyCTaXKaMJIaHyBUd
OIIM, pacm 5 Ba pacm 6 Aa YM3WMKCH3 Ba YM3UKJIM MYyCTaXKaMJaHYBYH KATTHK-
IJIACTUK MYXUTIIAp AUArpaMMacy KeITHUPHUITaH

Yoy nuarpaMmanap/ia KydJaHUIl HHTCHCUBIUTH

o :%\/3‘]2(0)_‘]12(0') :%\/(O—l_az)z +(o, _‘73)2 +(‘73 _0'1)2 (5.1)

MYXUTHHUHT KapajlaéTraH HyKTacu arpopuaard ypyHMa KywIaHUIUIAPHUHT, SbHU
MyXHUT 3appacd IIAKJIMHUHT Y3rapuilid HaTWkKacuaa Tmaigo Oynagurad
KYWIAHUIIJIAPHUHT YMYMHH XapaKTepUCTUKACH. o, =o0; - OKYBUAHJHUK yerapacu

(Ipenen TeKy4ecTH)

& =%\/3‘]2(5)_‘]12(5):%\/(51_52)2 +(‘92 _53)2 +(53 _51)2 (5.2)

By epma J,(0)J,(c) Ba J()J,(s) xyunamumm Ba gedopmarys
TEH30PJIAPUHUHT WHBAPUAHTIIAPH.

[InacTUKIUKHUHT acocui xycycusitura kypa (kKonguk aedopmanus) 9
YymaoBaM KydiaHuuiap ¢gaszocuaa myHmaaid D, COXaHHM aXpaTHIl MyMKHWHKH, arap

o' my D, COXaHHHT MYK/a €Tca, 3appa Y3UHH DJIACTHK KUCM Kabu Tytaau. byHma
D, COXaHMHT dYerapacu Y, OJACTHKIMK 4YerapacuHh OepyBYM HyKTalap
MaxMmyusian ubopar Oynaau. D, COXaHUHI 4Yerapacu X,HHM IOKJIAHWUII CHUPTHU
(MycTaxkamJIaHyBYM MaTepuaiap) €Kd OKYBYAHJIMK CUPTH (HMIea-TIIaCTHK
MaTtepuaiap) 1ed aranaiu.

Unean-nnactuk ~ MyxuT. bup VYK Oyinad uy3unumiga 3IIaCTUKIUK
(OKyBYAHJIMK) 4Yerapacd — 4y3yBUM KYyWIAHUIIHUHT 4YerapaBUi KHIIMaTW Heall-
IJIACTUK MaTepuan ydyH y3rapmac OYnaubd (mmactuk aedopmarusi MUKIOpHUTra
OOFIMK AMac), Xxapopatra T Ba alipuM (HU3MK-XUMUK napamerpiapra ( u, ) OOFINK

OynmuimM MyMKHH. bBHPOK MycTaxkamjaHyBUM MaTepuaiapia dJIACTHKINK
yerapacu T Ba g, Jiap y3rapmac Oynran xonga xam ysrapaau. LllyHu spTudopra
onmud yMyMmMuil XoiAa UAeaN-TUIACTUK Ba MYCTaxXKamJIaHyBUM MyXHTJapra
Kyhnjaaruya taspud oepuiau.

Arap T Ba g, y3rapmacnap Oynarasja:

a) Oapua nedopmarusi kapaHiapu Y4yH X, (HUKCHUpIIaHTaH MYyXUTIap
UJeaN-TNIACTUK MyXHT 11e0 aTananu (pacm 7);

0) acTuk aedopmManusiap MUKJIOPH Y3rapuily OWIIaH IOKJIAHUIIT CUPTH 2,




XaM y3rapagurad MyxXuTjiap MyCcTaxKaMJIaHyBuUd MyXuTiap aeb atanaau (pacm 8)

Wnean-mracTik MaTepraiap YIyH IOKJIAHUII CHPTH TEHIJIAMAaCHHU

f(o¥,9,,T. 44 )=0 Ba f(o",g,,T,14,5)=0 (5.3)

KYpUHUIIIA E3WIHMINA MYyMKHH. f - FOKIaHWII (OKyBUaHJIMK) (yHKOHSICH 1e0
atanaay Ba arap o' € D, Oyica f <0 med KaOys KuiInHaIu.

MyalisH TJIacTUK MaTepualap Y4YyH IOKJIaHUI (QyHKOUsIcH OepuiraH
Oymumu kepak. byHman Tamkapu smacTuK aedopManus coaup Oyiaaaurad coxaaa
(0" €D,) 57aCTUKIMK KOHYHJIAPH, KOJIAUK Je(DOPMAIMSHUHT OPTTHPMACHHH
Xamja TepMOAWMHAMUK (DYHKIMSIADHU aHWKJIOBYM KOHYHJIAp OCpUIIUINH JI03UM
oynau.

&y, (@

Pacm 7 Pacm 8

5.2. Unean-miiacTuK )KUCMHMHT MOJEJJIAPH.
WNnean-mnacTuk >KUCM YYyH Typiau Mojeiuiap Takiud stunrad. Mucon
TapyKacuJa IIyJapAaH UKKATACUHU KEJIITHPAMMU3.
Tpeckanune niacmux wapmu.
NxTuépuii 103avanard ypyHma KywiaHull o, <k Oyiranga MyxuT 3appacu

V3UHU 3JaCTHK KUCM Kabu Ba Xeu OynMmaranga Oupopra ro3adana o, =k Oyica

MJIACTUK JKUCM KaOu TyTanu Ae0 kaOyn KuwinHaau. byHnma y3rapmac MUKAOp
Oepwiran OYnuO, Typau MaTepuajiap Y4yH TypJiMua KUMaT KaOysl KWJIMIIH
MYMKHH Ba T ra OOFJIMK OYJIUIIN MyMKHUH.
yHaail KWianb MIacTUKIMK XyCYCUATH
Crmax <K (5.4)

Tmax
mapt — Tpecka maptu OaxapuiraH HyKTajJapaa HaMo€H Oymaau neb Kadyn

KWIMHAIU. byH1aH Ba Makcuman ypyHMa KydJaHuuuiap

3 1

0'2—0'3 +O' — O 61—02

o,=t , T =t , O,=1 01 >0, >0y (5.5)
dbopmynanap 6uiiaH aHUKIaHTaH Ty(alin, IIACTUKIUK XyCYCUITH
o' —o?=+2k, o’ - =2k, o°-o'=+2k (5.6)

Tenrnukinapaan xeu 6yiamaca oupopracu 6akapuiica HaMOEH OYrau.
bom kyunanunuiap ¢dasocuna TpeckaHWHT TUTACTUKIIMK IIAPTHTa MOC
IOKJIAHWIII CUPTH TEHIJIaMaCcHuHU
f =glo')-k =0 (5.3)
KYpUHHUIIIA €3U1 MyMKMH. Maskyp dasona D, ontuéknam mpusma O0ymuO, yHHHT




€KJIapy Ba KUppalapu o' =c” = TYFpH YM3MKKa Hapaien 6ynaau. Koopaunara

6ommpan (5.6) TekucaukIapraya 6ynrad Macoda /2 -kra TeHT 6ymamnm.
[Ipu3MaHuHr o' =0’ =0c° TYFpH YU3UKKA OPTOrOHA] TEKUCIMK OWJIaH

KecuMH TpeckaHuHT oNTHOypuaru aAed atamagu. YOy TEeKUCIHK OWIaH KeCHJITaH

o 2 o
npu3Ma Kuppaiapuraya Oynran Macoda 2 §'k ra TeHr Oynamu. bynnan
TpeckanuHr onTH Oypyarura MapKasd KOOpAMHATa Oommjga OyaraH /2 -k
paauyciy WYKW YU3WITaH aijaHa Ba Z\E-k paanyciu TalllKK YU3WJITaH aiiaHa

YTKa3UII MyMKHH.
Mu3zecnune niacmux wapmu.
TpeckaHUHT MJIACTUKIMK IIapTH Oyilnda »XKUCMHUHT IJIACTUKIMK XOJaThUra

o o 1
YTUIIM Yprada OOl Ky4WIaHHUII o = 5(01 +0,+03) ra 0oFIMK 5Mac. Xooyku Jloae

taxxpubanapuaa (1938if) o OKYBUAHJIMK HIAPTUTa TabCUP ITUIIN aHUKJIAHTAH.
YHaaH Talmkapu o; > o, > o, TEHICU3JIUKIAp MabiyM OYJICHH 1e0 Tanad ATHIaIu.
Jlexun xynuHYa 0ol YKJIApHUHT WYHAIMIIA MabiIyM Oyica Xam JapHUHT Kahcu
OMpH SHI KaTTa Ba SHI KUYUK 3KaHWHMU Ounmaiimui. llynapau sbTubdopra oiamd
['y6ep (1904i1), Muzec (1913i1) Ba I'enka (1921#) xylumaru KYpUHHIIMIATH
MJTACTUKIIMK MAPTUHU TAKJIU( STUIIIN:

1
Toxm :g\/(o'l_az)Z“L(o'z_0'3)2+(O'3—0'1)2 =k’ (5-7)

SbHM OKTad[pUK ypyHMa KywlaHuil r,, OMpop derapaBuii Kuilmat k'ra

TEHT OYIUINM TUTACTUKIMK mapTu cudartuga kKaOyn kuinuHaau. KeWnHpok
B.B.HoBOXHUJIOB KpUCTAJUIMK MaTepraiap/a IIacTUK aegopmanus OONUIaHUIIN
MyalssH TEKHCIMKIArd Ba MYyausiH WyHAIWINAArd ypyHMa KYyWIAHUII MUKIOPH
OWJIaH aHUKJIAaHUILIWHU KYPCaT/IH.
Kyn Taxpubanapra acocaH CHWIDKUIIIArM OKYBYAHJIMK Y€rapacu r; HUHT
OJINH YY3WIMIIIArd OKYBUAHJIMK Yerapacu o ra TEeHI HUCOaTu
T —0,55+-0,60
Ot
Mu3ecHUHT TMJIACTUKIUK IMIapTHra Kypa cod cupkuuard ymoly HucOart

T—T=i=0,57763, SbHM Taxpuba HaTWKaJlapura MOC Kenaah. XOJOyKu

o; 3

Tpeckanunr maptu Oyinya maskyp Hucoat 0,5 ra TeHr.
Mu3ecHUHT TIJIACTUKIIMK IIApTUHU Ky4JIaHWII WHTEHCUBIUTH (5.1) opkanu

ymoy
o, =0y, (5.8)

KYpUHHUILJIa  KUPUTWICA, OKYBYAHJMK  4erapacu (mpeaen  TEKY4eCTH)
2 o .
k'= O SKAHJIMTUHU KYPUILI KUNKH 3Mac.

MMU3EeCHUHT  IIJIACTUKJINK IapTUHU  Ky4WIaHHUIO TCH30pHU  ACBHATOPH




1
D, = o i g |1(O' )gij OpKaJIid Kyiuarn4da €3uill MyMKHH:

|2(Do)=§UT2 (5.9)
bynman MWU3ECHUHI IUIACTHUKIIMK [IAPTUHU MXTUEPUHA  KOOpAMHATa
cucreMacuaa
g 1 ij g 1 2
(o' -3uie) o' 20, |- 2o (5.10)
3 3 3

KYPUHHUIIIA E3VTHIINM KeTUO UMK IH.
Bom kyunanunuiap (asocuaa TAlIKWI JTYBUMIAPH o =o’=0° TYFpU
YM3WKKa TMapamien OyiaraH JOoupaBud UWIMHAPHUHT CUPTH  MU3ECHUHT
TUTACTUKJIMK IIapTH OWJIAaH aHUKJIOBYM IOKJIAHMII CUPTH OYnanu. Y0y CUPTHUHT

2
HOpMaJ KECUMH PaJnyCH 2\/; -k ra tenr, Tpecka onTuOypyarura Tamky YH3UITaH

aimana OYymanu. Opauil 4y3uinuin Ba cod CHWDKUINTA YTKA3WiTraH TakpuoOayiap
oyiinua TpeckaHuHr onTHOypuard Ba Mwu3ec JOMPACHHUHT ¥3apo KOMJIALIUIIN
pacm 9 Ba pacm 10 ga KenTUpUITaH.

/\0-3 \0-3

Pacm 9 Pacm 10

KoncTpykuimon wmarepuamnapaa VTKasuiaraHn TaxpuOanapaa, ofatna,
OKyBUaHJMK uerapacu Tpecka Ba MMU3ECHUHI IOKJIIaHUII CUPTIApH opacuia
JKoMmamran 6ymamu’’.

Kuuuk nedopmanmsinap 103 Oepranga (dmacTtuk nedopmanusgaH KaTTta,
JIeKUH y Ounan conumTtupca Oymanuran aapaxkana) DIIM nedopmanmon Hazapus
Oownan sxmu tapcudnanagu. Jledbopmarmon Hazapus Oankamap HazapusCcHa,
BAJUTADHUHT OypaJIUI HA3apUsACHA, KAIHMH KyBypiap Ba KOOWKIApPHU TaIKHK
KUIuIaa Kyutanuianu. JlekuHn ymOy Hazapusi MyXUTHUHT XYCYCHUATHHHU 5Mac,
OalkM yHAaru aWpuM XyCycui skapaéHiapHM Kailn stamu (pukcupnaiian).
Hedopmaron Hazapusira kypa S1IM aHUKIIOBYM TEHTJIaMallapH YOy KYpUHUIITa
ora:

17 Ellis H. Dill. Continuum mechanics. Elasticity, Plasticity, Viscoelasticity. Taylor & Francis Group. USA, 2007,
pp 165-168.




oy =2G{gij +(%—1jg g“}—zea)Dij (¢) (5.11)

by epna a)(gij) - WIbIOIMIMHHKMHAT TUTACTUKINK (YHKIUSACH:
3Ge —o; . 1 .
w(gi):%gio-l’ €=§(€l+82+6‘3) (5.11)

5.3. [InacTuk oKMII Ha3apusicl (MHKPeMEeHTAJl Ha3apusi).

KoncTpykuusa snemMeHTIapuia IUHAMHUK FOKJIAHUII >Kapa€HU KYIHHYA
Mypakkab Oynu0, IOKJIaHUII Ba FOKCU3JAHUII KYN MapTa KaWTapHIMIIN Ba KaTTa
nedopmarusiap  OynuImM  Ky3aTwiagud. byHAa TUIAaCTUK OKWIN  HA3apHUsCH
AKCIIEPUMEHTIApJaH OJIMHTaH HATWXalapra Kym Xoiiapja MOC Kenaad. Yoy
Hazapusra acocad [Ipanare-Peliec Tenrnamanapu S1IM Moaenunu 6epanu:

. 1]. 2G . :

z{" +[R_1}79”}+w” o). (542
di 3 o5 dgijp
A2 70 5.13
dt 2 o7 dt (5.13)

By epna mapametpnap ycTuaard HyKTa BakT OyilMda XOCHJIaHU OWIIUpPAIU;
de; - KoMK AehopMmanys OPTTUPMACH.

Karruk-mmmactuk myxut monaenn CeH-BeHaH-MU3ECHUHT TIIIACTHK OKHII
Hazapuscura kKypa ymoy

Y

=2 %p,(0) (5.14)

_ZUT

aHUKJIOBUM TEHIJIaMa OuJiaH TaBcU(IaHa M.

5.4. ENMIKOK-3J1aCTHK MYXHUTJIAP.

Kywrannm Ba npedopmanus opacujgaru OOFJIaHMINA BaKT KaTHAITaH
Matepuayiap EMUIIKOK-37IacTuK ne0 aramaau. [lonmumepnap Ba  yrmapHHMHT
KOMITO3UIIMSICH, KOTUIIManap, O€TOHJap, TOF JKWUHCIApHU, IOKOPH Xapopar
TabCUPHUAATK MaTepuauiap Ba 0. EMUIIKOK-3JAaCTUK MaTepuaiapra MHUCOI
oymau.

Maskyp Marepuauiap y4yH KyWuaaruiaap XapakTepiiu:

a) penakcanus — nedopManus y3rapmaca XaM Ky@WIaHUITHUHT Y3rapuIinm

0) cCyopalyBYaHJIMK — KYWIAHHII Yy3rapmMaca Xam AcGOopMarHusHUHT
Y3TrapHUILH.

ENMIIKOK-371aCTUK MyXUTIAPHUHT o —& JAMArPaMMACHIa IOKJIaHUII PEKUMH
(Te3nMMru) KUAJAUA TabCUp ATaaW. BoNbIMaH ENMHMINIKOK-3JIACTUK MYyXHTJapard
nedopmarus KapaHUHM TaBcU(IAl ydyH CYNEpHO3UIUs MPUHIIUAIN acoCha
Kypwiran €nuIIKOK-JIACTUKINK Ha3apuscuHU Takiud strad. YmlOy Hazapusra
Kypa pesiakcaiys Ba CyJIpaTyBUaHIuK kapaéHIapy yUYyH aHUKJIOBYM TEHIJIaMaliap
MOC paBHIIIIA

it) = g(t)—j‘g(z')Kl(t—T)dT (5.15)




g(t)z?%j&(t_r)a(f)df (5.16)

kypunumra sra. by epma K(t—7)- Tabcup (yHKUMsCH, y t—z YcuimM Ouia
KaMaroBuk QyHKIus 6yimob, K(t—7)=0,t<z.
Kynruna connapox Mmozaemiap, xycycan Makcpemn mojenu (pacm 11)

gde_do o (5.17)
dt dt 7
Ba DoiixT Moaenu (pacm 12)
oc=CGe+uée (5.18)

vnutaTunaan e,
By epma o-ypyHMa KyWIAHHMII, &- CHDKAI aedopMarmsch, r =21 -
c

peaKcarus BaKTH.

Pacm 11 Pacm 12

Ha3zopar caBoJsiapu:

1. Unean-nnacTuk XUCM Y4YyH TYypid MOJEUIap TakiauQ STWIraH. YJIapHU
alTHO yTHUHT.

2. Kyunanum Ba pgedopMmanus opacujard OOFJIAHMINIA BaKT KaTHAITaH
Martepuasiap KaHaai atanaan?

3. Tpeckanunr ontulOypuaru 0y - ...

4. Jlone Taxpubanapia HUIMaHU aHUKJIarax?

5. NnpIolvH MaacTUKIUK QyHKIUSACH OY - ...

6. FOxnanum cuptu (MycTaxkamJIaHyBYM Marepuamiap) €KM OKYBYAHJIUK
CUpTH (Maeai-IIacCTUK MaTepuasap) 1eo ...

7. TyTall MyXUTHUHT UKKUM €KM YHAAQH KYI MEXaHHUK Xoccajlapyu 3bTHOOpra
OJIMHTaH MOJIeJUIap KaHaai atanaan’?

8. Kannait mogemnap mypakkad mojermiap aed atamaau?

9. TYkKu3 Y1yoBIM KywiaHuI (pa3ocuaa yerapa Huma 1e6 aranaan?

18 Ellis H. Dill. Continuum mechanics. Elasticity, Plasticity, Viscoelasticity. Taylor & Francis Group. USA, 2007,
pp 213-216.
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3. [Ipuxknagnas mexanuka criomHbx cpen. T.2. [lox penak. B.B.CenuBanoBa,
MI'TY um. H.D.baymana, 2004. (3neKTpoH BapHaHT).




IV. AMAJIU MAIIFYJI0OT MATEPUAJIJIAPH

1-amauunii MalIFyJIoT:
I'paBuTanmoH MaiiloHIapAary TPAaeKTOPUAJIAPHN ONTUMAJLIAIITHPUIIL.
AManuii MamFysiIoTAa IKCTpeMail TPASKTOPHSUIAPHU TOIMINTA TETUILIH

["aMUIIBTOH TEHIJIaMajapura Kypa, aHuK Macajanap Kypuiaau. byHna kimaccuk
yCyJI, TPAHCBEPCAIUIMK MIAPTIAPH Ba AIKCTPEMYMH Tajdad KWInHAETraH (PyHKITHS
épramMua €MUK TEHrjamangap CHUCTeMAacH KeNTHPUO 4YHMKapwinO, sKCTpeMall
TpaeKTOpUsUIap AaHUKJIAHAIW. by THUHIJIOBUMIApra WIMUN U3JAHUILIApUTA
TErUIUIM Macajanapa 3KCTpeMall TPAeKTOPHUSUIApHUA aHUKJIAIl TaKpUOaCUHU
OILLIUPAJIH.

2-amMaJIuil MalIFyJIoT:

MexaHuk cucTEeMA YCTYBOPJIMTH Ba OOIIKAPUIHIIN, XaPAKATHU
0apKapopJIAIITHPUIIIHYU TAAKHK ITHIIL.
AManga aHUK MacajJaJapHUHT XYCYCHMH €YMMIIApUHU YCTYBOPJIMKKA

Tekmupuiaa JIamyHoB (QyHKIMSCHHU XO3WpJa MabiyM OYJraH ydra ycyjura
TasHUIaIM  (KBaApatuk QopMa KYpUHHUINNIA, OWPUHYM HHTErpAJIIAPHUHT
KOMOUMHAIMACH KYPUHMINIKA Ba adMalITUpUIILIap €paamuaa macaiaHu JlsmyHoB
byHKUuMsicM MabiayM Oynaran cucremara kentupuul). HoycTyBop Mmacananu
YCTYBOp KWJIMII CUCTEMAJa YU3HMKIM PETYJISATOp KUPUTHII HYynu OuWsiaH amanira
ommpuiagu. by sca Mabpy3aga ypraHuiraH Ha3apusHU aMaJilard KyJUTAHWUIUIIN
O0ynn0, THHTIOBUMIIApIa MAB3yHH YyKYPPOK Ypranumura épaam oepasu.

3-aMaJInii MalIFyJioT:

Hownpean maprian 0or1aHUILIM O0IIKAPUIYBYH MEXaHUK CHCTEMAJIap
JTUHAMMKACH.
AManuii MamFynoTAa MapTId OOFJaHUIUIM CUCTEMAJapHUHI Xapakar

TEHrJaMajlapuHd  ANmenab TeHrjaMajapu KYpUHMINIWAA KEATUPUO YUKapHUIIl
MYJDKaJJIaHTaH. byHJla aHUMK CHCTEMaHMHI XapakaTr TeHIJIaMalapu Macajlacula
peakiusi Kydjapu TabCHUpUIA NACTYpUN XapaKaTHU aMalira OIIUPHUIl MYyaMMOCH
Kypub uukwiagu byHaa TUHTIOBUMIAD MAPTIM OOFJIAHUIUIAPHU XaKUKHUITA
KeNTUPUII aKCMOMacWra Kypa XapakaT TeHIVIaMaJlappuHu Ba Oy mmapTiu
OOFJIAHMIIHUA aMaJira OUTUPHIN MAPTIAPUHU TaXJIUJI KAJIUII OWJIaH TaHWIIIHUIIATH.
Keitunru Oockuujma OofjalaHUIIAAH 030]] CHCTEMa XapakaTu YpraHuiuo,
TEHIrJaMajiap CUCTEeMAaCUHUHT (hapKu KYpuO YUKUIaIH.

4-amMasIuili MALIFYJIOT:
BomkapuiyBYH MexaHUK cucTeMaJiap. XapakaT TeHIJIaMaJlapH.
AManuii MamFynoTna IapTiad  OOFJIaHMIIHK THPOKOMIIAC XapakaTHuiaa

amajra OUIMpUII Macajacu Kypuiaau. ACOCU XapakaTiaHaJuraH rTMpOKOMIIACHU




Xapakar TeHrjJamalapy acocujaa, yHU Makcaaiu ¢oiananui QyHKIUsICUTa Kypa
poTOp VKMHM Xap JOUM IIMMOJHHU KYpCAaTUIIMHU aMalira OIIMPHUIN Hazaphaa
TyTWJITaH. XapakaT THIJaMajapura Kypa, aCHMOTOTUK TYPFyH XapakaTHU amaira
OLLIMPYBYM MOMEHTIIAP UKKH XUJ Y1 OUslaH TaHJIaHaIH.

S — amMaJMii MalIFyJIoT:
Ymymunamran I'yk KoHyHH. TepMo3JIacTHK :KUCM MOJEJIH.
OpKUH SHeprusira KyHWIaguraH alpuMm IIapTiap acocuia Oup YI4OBIH

Macaiaga ymymiamrad ['yK KOHYHM Ba TEPMOXJIACTUK  MOJEN KEITHpUO
yuKapuiaad. byH&Ia MyxuTra TErMIUIA AacCOCHM MEXAaHUK XYyCYCUATIApUHU
OENTrUIOBYM KaTTAJIMKIAp KYpUO YMKWJIAAM Ba MEXaHUK TaxJIWI KuiauHaau. bynaa
TUHIJIOBUMJIAp Xap OMp MOAEIHU KYJUIAHWII JOWPACH TYFPHUCHAA KYHUKMara sra
oynagunap.

6 — amaJauii MalIFyJIoOT:
Mypakkad xoccaau MyXUTJIapAa TYJIKUH TAPKAJTHIIN.
DNaCTUK-TIJIACTUK MYXWTIA FOKJIAHUII TYJIKUHJIAPUHUHT TapKaJulIura Ougl

Macajga KypwiaJayd Ba. KywlaHUII-AepopMalus AuarpaMMacu Ty3WInO, MEXaHHUK
TaJKUH KuiauHaau. @ouxT wojenura OVHCyHaAuraH MyxuTiapla TYJIKAH
TapKaJIMIINra Ouj Ba TYJKUHJIAQPUHUHT CYHYBUAHJIUTU Ba (Ha30BUN TE3JIMKHUHT
yacTtoTara OOFJUKJIUTH KaOW MYXUTHUHT aCOCHM XYCYCHSTIIapU aHAK Macaliau
kypunaau. byHaait macana TUHTJIOBUMJIAPHU OJIIMNA AJaCTUK MOJIe] OujiaH OoIlKa
MoJieJuIap opacuaaru papkKuHu TymyHuniapuaa Epaam oepau.




V. KEUCJIAP BAHKHU

Kunuuk keiic 1. “Bapuanuon MacajaHMHI KYWMJIMIIMIA TErHIIN
MYaMMOJIM MacaJia”.

MyaMMOHMHI KyWWIMIIM: bBOIIKapyBYM mapameTp dYerapajaHrad XOJiJiaru
MacajaHud dyerapajaHraH Macaja OWiaH aJIMallTHPWITaHga SKCTpeMal
TpaeKkTopusuIap oup X Oymagumu’?

TuHrIIOBYMIAp/IaH OJIMHTaH jkaBoOJap Kyhuaarnya:

1. Kyitunaran macajiaiapHUHT edumitapuia Gapk OyiaMaiau.

2. Beitepitpacc mapTtiapu O0akapuiraija TpaekTopusap Oup xui Oyiuinm
MYMKUH.

Huma yuyn OyHnai xaBoOyiap KenuO YMKAM Ba YHUHT cababu. Basusarman
YUKULI WYJIMHA KYPCATHHT.

Kunuuk -keiic 2. “IllapTiun 00FIaHMILIM CHCTEMAra TerMiIu MyJioxasa”.

MyaMMOHMHT KyWwidImn: [OpH30HTan TEKUCIWMKAA JKOWJIAIITaH IIapHU
XapakaTtu ypraHuiMokjaa. byHnaa BepTukan VK aTpoduiard aijaHMa XapakaTHU
WKKU XWJ HyJn OwiiaH amManra OMMpUIl MYMKUH. 1. TeKHCIMKHM Mabiiym Oup
KOHYH OyiiMuya xapakaTiaHuiM xucoowra. 2. Illapra kyiwiran akTHUB Ky4
xucobura. Kaiicu Oup ycynna maptiad OOFJIaHUIIHM Oa)KapwiIMIIKA — Tanad
KWInHaan?

TuHrIOBYMIIApIaH OJIMHTAH ’kKaBOOIAp KyWuaarnya:

1. bynnaii xapakatHu (akaTriHa UKKUHYM XO0JI1a aMajra OIMPHIL MyMKHH.

2. Mkkana xo4a XaM aMaira OmMpUIl MyMKHH.

Knunk -keiic 3. “YcTyBop/ank Macajaacu OMJIaH ONTHMAJ CTa0HILIaNl
MacaJiaJlapu opacujaa 0OFJINKIMK TYFpucuaa”.

MexaHuK cucTeManapiard XyCyCMH XapakaTHH YCTYBOPJIMTH Ba YHH
onTUMaJ CTabMIIIaIll Macaajlapy opacuaa Kanjaaii gpapk 6op:

Turnopumiiap TOMOHUJIAH KEJITUPUIITAH KaBoOIap Kyiuaarmiapaad uoopar
oynau:

1. by macananap Ma3MyHaH OUp XUII.

2. YCTYBOPJIMK Macajiacy ONTHMAJl CTAOWIUIAIIHA Y3 UIHUTa OJIa/IH.

Huwma yuyn OyHzaii s)xaBo6nap naiio 6ynau. bynunr acocuii cababu HUMaa.




VI. MYCTAKHNJ TABJINUM MAB3YJIAPU

MycTaKuJl MIITHA TANITKWI 3THIIHUHT MIAKJIA Ba Ma3MYyHH.

TUHTIIOBYM MYCTaKWJI WIITHH MYyalsTH MOIYJHU XYCYCHSTIApUHU XHUCOOTa
OJITaH XO0JIJ1a KyWHard makyuiapaan Gorgananu6d taiépramm TaBCHsl STUIIAIN:

- VYKyB, WIMHN anabu€TiapjaH Ba MebEPUN XyxoKaTiapaaH ¢oiigaTaHuIn
acocuza MOAYJ MaB3yJapyHU yPraHWIIL

- TapKaTMa MaTepuasuiap 0yiinua Mabpy3ajiap KUCMUHH Y3JIalITHPHILL

- Maxcyc agabuérnap Oyinua Momayn Oyaumiapu €K MaB3ylapu ycTHAA
WIIaI;

- TUHIJIOBUMHUHT KacOuil Qaonusatu OwiaH OOFMMK OYiaran Momydn
OYnuMIIapy Ba MaB3yJIapHU YYKYp YpraHUII.

MycTakui TabJIuM MaB3yJIapH.

1. Mapka3uii Hpl0TOH MaiiioHn 1a BapralimoH MacajlaHuHT quddepeHuuan
TEHTJIaMaJIapuHU C(HEepUK KOOPAUHATATIAP CHCTEMAaCHIa KENTHPHUO YHKAPHIIL.

2. Mapkazuii HpOTOH MaiiioHMIa HOJ TOPTUIIMIN KUACMIapuma Oasuc-
BEKTOPHUHT XOJaTH.

3. Mapxkasuit HproToH MaiiloHH1a OpaJTUK TOPTHIIHUII KHCMITIapHuaa 0asuc-
BEKTOPHUHT XOJaTH.

4. Op6utan yuud yTunuiapaa UMIyJIbCIN TOPTUIIHIIHYA KYJUTAIIL.

5. Houpaean GornaHumnuv cucreManapra TerHIIy agabuéTaapHu YpraHuill Ba
aHWK MacaJlajJapHH €YUIIJIa KyJUJIAIIl.

6. AHUK cucTeMasapaa cTabuIIa Ba ONTUMAII CTabHMIIIal MyaMMOJIapH.

7. DNacTUK-TUIACTUK MYXUT/IA FOKJIAHUII TYIKUHIIAPU.




VII. TJIOCCAPUM

Y30exk Tnanaaru

Nuraus3 tTnangaru

HNoopanap
MabHOCH MabHOCH
S — the angle measured from
XaKuKUu e I;/Ireﬁra “"P;Ka:miraH the direction of the
aﬂoliaaljmsl % gI/IHaH ayH C BEKTO periapsis of the orbit to
YK pary Pl the radius vector of the
opacujaru Oypyax. : :
moving point
Ep €ku Oit atpoduaa
XapakatjiaHaérraaH the most distant point
. CYHBUU YOI from Earth orbit an
Amnoreu e :
OpOUTACHHH TOPTHIII artificial satellite of the
Mapkaszuraya Oyiarat sHT Earth or the Moon
SIKUH Macoda
Ep €xu Oit atpoduaa
x??f;;??fgila}l the orbit of the point
ANOIEHTP Y YA farthest from the center
OpOUTACUHU TOPTHUII :
o of gravity
Mapkasurava Oyjiarad 3Hr
y30K HYKTacu
ANCHAATE HeprMapias sa pericentre and apocentre
HYKTAJIap aromMapkas HyKTajap
Actponomuk | Epnan Kyémraga 6ynran | the average distance
OMpJIHK ypTadya macoda from Earth to the Sun.
Kyém arpoduma the most distant point
. xapakatiaanaérran xxucMm | from the Sun orbit of a
Adeanii

opoutacunu Kyéninan
9HT Y30KJIAIlraH HYKTacu

celestial body orbiting
the Sun.

ba3uc BexkTop

TE3JIMK BEKTOpUTa MOC
kenyBuM Jlarpanx
KYNauTyBYUCH

Lagrange multiplier,
dual speed point

ZKHUCM MaCCaCuHH

product of attraction of

I'pasuraumon rpaBUTAIUS JOUMHICHTA body weight on the
napaMerp o D
KynaitMacu gravitational constant
BEKTOp yUHaru trajectory, which
BexkTop b yanA y y
HYKTaHUHT describes the end of the
rajgorpacgu

TPACKTOPUSICH.

vector




NKKnHYH
KOCMHK TE3JIUK

TIaHeTa y4yH
napaboJIMK TE3TUK

local escape velocity on
the surface of the planet

bapuuenTp

KUCMIIap
CHUCTEMaCHHMHT Macca
MapKas3u

center of mass of a
system of bodies

Nuepuuas caHoK

JMHAMUKa KOHYHJIapH
YpuHiu Oynaauran

reference system in
which the validity of the
basic laws of dynamics,
and in relation to which

cucTeMacu a material point on
CaHOK CUCTEMACH i
which no forces act
moves uniformly in a
straight line
MUKJIOP KUXATIaH equal in magnitude to
OMpIIMK Maccaau Ba the force with which
I'paBuTaIIHSA Ooupauk Macodana attract each other in
TOUMMINCH YKOWJIAINTaH )KUCMIap terms of unit mass,

opacuIaru TOPTUII
KY4H.

located at unit distance
from each other

AIICU YU3UFU

OopOUTaHUHT (POKaIb YKU

the focal axis of the
orbit

TyryH unsuru

EpHu sxBaTop
TEKHUCJINTH OWJIaH HYKTa
opOUTaACH KECUIIQJIUTaH
YU3UK

orbital plane line of
intersection point with
the plane of Earth's
equator

Jlesu-UuBura
yCyJau

["'amuiibTOH
CUCTEMACUHUHT XyCYyCHUMN
€YMMHHU TOIUI YCYJIU

determining the partial
solutions of Hamiltonian
systems method

Oru Oypuaru

opOUTa TEKUCIUTH
ownan EpHu skBaTop
TEKUCJIUTH Opacuaru

the angle between the
orbital plane and the
plane of Earth's equator

Oypuax
- MapKa3uil Kyd the plane in which the
Yi3rapmac L :
TabCUPHUAA point is moving under
Jlamac . .
XapakatjiaHraéTran the influence of a central
TCKUCJIUTUA
HYKTa TEKUCJIMTH force
TOPTHUIL MapKa3ura 3HI' . .
P p! point of the orbit closest
IlepunenTp SKUH OYJraH

OpOUTAHUHT HYKTACHU

to the center of gravity




XYCYCUW alJIaHUIIT

the rotation axis of the

IIpeneccusn . . _
(n pe ueccm,H YKHHU TPCLECCHs YK rotation of the body
pa HaKaT) arpoduaaru ainanMa around its own axis
P Xapaxkatu precession
MapKa3uu Ky4 ) _ ]
P Y intermediate portions of
TabCUpHUIa

JloyneH cnupasau

TEKUCJIUKIAru ypTa
TOPTULITA MOC KEJTYBYU
TPACKTOPUS

the thrust in the plane
case the central
Newtonian field

BeitepmTpacca
HIapTH

(byHKIIMOHATTHA
MUHYMYMTa 3ra
OYJIUIIMHUHT 3apypuid
mapTu

a necessary condition
for a weak minimum of
the functional

Mapka3suii Ky4

TabCUP YU3UFU JOUMO
MapKa3JaH yTaAuraH Ky

force whose line of
action passes through
the same fixed point,
called the center of
power

Mapxka3uit
HBIOTOH
ManuJ0HH

TOPTHUII MapKa3uaH
HyKTarada OyiaraH
MacodaHu KBaJipaTura
TeCKapH MpOMopIuoHaI
OyJraH Ky4

the gravitational field
produced by the central
force inversely
proportional to the
square of the distance
from the point of
moving to the center of
power
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