MHMWHOBPHAYKHN POCCHUU
®eepasibHOE TOCyapCTBEHHOE O10IKeTHOE 00pasoBaTe/bHOe yupekieHue
BbICLIEr0 NPOgeccHOHAILHOI0 00pa3oBaHusl
«CAMAPCKHUI TOCY/JIAPCTBEHHBIN ADPOKOCMHUYECKUU
VHUBEPCHUTET uvenn akagemuka C.I1. KoposieBa (HaUHOHAIbHbBIH

HcC/1e10BaTebCKHIl YHHBEPCUTET)»
(CT'AY)

IMPOI'PAMMA BCTYIII/ITEJILH FO 9K3AMEHA

no Hay4Ho# cneuuaabHoctu 05.07.03
«[TpOYHOCTD 1 TEMJIOBbIE PEKUMBI JICTATEIILHbIX alllapaToBy

Camapa 2012




[IporpaMma BCTYNMTENBHOrO 9K3aMeHa B aClMpaHTypy MO Hay4HOH
crietpanbHocTd  05.07.03  «[IpoyHOCTH M TEIUIOBBIC PEKUMbI JIETATEIbHBIX
anmapaToBy CocTaBleHa Ha OCHOBE MPOrpaMM y4eOHbIX AUCIUHMILIMH MO OCHOBHBIM
00pa30BaTeIbHBIM [IPOrpaMManM  BBICIIETO MPOPECCMOHATBHOTO  00pa3oBaHusl
150301.65 «JluHamuka ¥ OpodYHOCTh MatuHy», 160801.65 «PakerocTpoeHue»,
160802.65 «KocMmuueckde JeTaTelbHbIE AalapaTbl M Pa3roHHbIE OJIOKNY,
160201.65 «CamoIieTo- U BEPTOJIETOCTPOCHHUEY.

CocTaBuTe b IPOrPaMMbl BCTYIIHTEIBHOIO JK3aMeHa: JOKTOp  (PH3HKO-
MaTeMaTHYecKux Hayk, nmpodeccop Xpomos Anekcanap Mropesuu.

[TporpamMma BCTYIHTEIILHOIO 5K3aMeHa yYTBep:KIeHa Ha 3ace/laHuu Kadepsl
KOCMHYECKOr0 MallIMHOCTPOSHHSI, TPOTOKOJ A/ 1 a5 34 ofes era 20127,
/

7

{

2, Z/,
/471 3aBenyrowmit kadenpoi /<€

H. Kupunnun




1. CTATUYECKHU OIIPEAEJIMMBIE CTEP)KHEBBIE CUCTEMBI

1.1 Pacuernas cxema ¢epmbl. CriocoObl oOpazoBanus ¢epm. HeoOxoanmeie ycroBust
FEOMETPUUECKON HEU3MEHSEMOCTU CTEPKHEBBIX CHUCTEM C LIAPHUPHBIMU Yy3JlaMu. MeTozbl
MCCJIEOBAHMSI TEOMETPUUECKON HEU3MEHSIEMOCTH CTEP/KHEBBIX CUCTEM C IIAPHUPHBIMU Y3JIaMU
(MeTox MOCTPOEHMSI, METOJ pa3pyLIEHMs, METOJ HYJIEBBIX HArpy30K, METOJl 3aMEHbI CBSI3EH).
Omnpeznenenue ycuinid B CTepKHAX (hepM (MeTo BhIpE3aHHsl Y3JI0B, METO]l 3aMEHBI CBSI3€H).

1.2 PacuerHast cxema paMbl U KOMOMHHPOBAHHOW cUCTeMBl. OmnpeiencHHe JMITHUX

CBA3EN.

2. MATPUYHBIM METO/I IIEPEMEILEHUI J1J11 CTATUYECKU

HEOITPEAEJIMMBIX CTEPXXHEBBIX CUCTEM

2.1 TloHaTHe O MaTpULE >KECTKOCTH YHpPyroro Ttema. Martpuua mnpeoOpazoBaHUs
KoopauMHAT. MaTpuia >KeCcTKOCTH ()epMEHHOro 3JEeMEHTa B MECTHOM M o0mieil cucremax
KoopauHaT. Marpuma xectkoctu ¢depMbl. OnpeneneHne y3JI0BBIX NEpEeMEIIeHN U yCHIni B
CTEP)KHAX (PepMBI.

2.2 TlpencraBneHue MATPUIBI JKECTKOCTH Opyca B MECTHOH CHUCTEME KOOpIMHAT B
OsiouHO-mUMaroHaibHOM  (opme.  OmpeneneHue OJOKOB — MaTPHIlbl, COOTBETCTBYIOIIMX
PacTsDKEHUIO-CKATHIO, KpydeHHto U u3ruly Opyca. IIpeoOpazoBaHue MaTpulbl KECTKOCTH
Opyca k obmeit cucreme koopauHaT. OnpeneneHre y3JI0BbIX MEpeMENIeHI. YUET BHEY3JI0OBOM
Harpy3KH.

3. OCHOBHBIE YPABHEHM S JINHEMHOM TEOPUU YIIPYTOCTH

3.1 I'umnore3bl IMHEHHOW TEOPUU YIIPYTOCTH.

3.2 Teopus HanpspkeHuil. VccrnempoBaHue HANpsHKEHHOTO COCTOSIHUSI B TOYKE YIPYTOTO
Tena. TeH30op HampspkeHuM. [7naBHble HanpspkeHHs. VIHBapHaHTBI TEH30pa HANPSKEHHM.
Juddepenunansubie ypaBHeHUs paBHOBecus. CTaTH4eCcKHe rPaHUYHbIE YCIOBHSL.

3.3 Teopuss nedopmarnuii. Tenzop nedopmanuii. CBs3b MEXKIy KOMIIOHCHTAMH
nedopmaruu u nepememenusimu (popmyssl Komm). YenoBust coBmecTHOCTH e opmariuii.

3.4 O600mennsnii 3akoH ['yka. 3akon ['yka B ¢popme Jlame. MaTtpuunas ¢hopmMyIupoBKa
3akoHa ['yka.

3.5 CxeMsl pemieHus 3a1a4 TEOpHH ypyrocTu. Pemenue B nmepeMerienusix. Pemenue B

HAIPSOKCHUAX.

4. [IJIOCKAA 3AJAYA TEOPUU YIIPYTOCTU

4.1 Ilnockas nedopmarus U 0000IIEHHOE TIOCKOE HANpsSKEHHOE cOoCcTosiHuE. Perienue
TUTOCKOM 3a7[a4l TEOPUH YIIPYTOCTH B HANPsDKEHUIX. DyHKIMS HATPSHKSHUH.

4.2 OCHOBHBIE COOTHOIICHHUS IIIOCKOM 3aJadd TEOPUH YIPYTOCTH B MOJSPHBIX
KOOpAWHaTax. PemieHue TUTOCKOW 3aaud TEOPUH YIPYTOCTH B TPUTOHOMETPHYECKUX psIax.
3agaya Jlame. 3amadya O KOHIIEHTpAlMM HANPSHKEHUH B IJIACTUHE C OTBEPCTHEM NIpU €€
pacTsHKEHUH.

5. OHEPTETUYECKHUE TEOPEMbBI. BAPUALIMOHHBIE METO/IbI

5.1 PaboTa craTuyecku MpHIOKEHHON BHEIIHEN Harpy3ku U e€ Bapuauud. [lorennuman
BHEIIHUX CwiI. JlomojmHWTENbHAs paboTa BHEIIHUX CHI W €€ Bapuanus. J{omoIHUTEeTbHBIN

MOTEHIAT BHEIIHUX cun. IlorenmmanpHas »sHeprus AedopMalMKl  yIPYroro Tena,



JIOTIOJTHUTEIIbHAS SHEPTUs AehOpMaIiK, UX BapHUaIUH.

5.2 Bapnannonnoe ypaBHeHue Jlarpamwka. [IpuHIMIT MHHUMyMa TIOJIHOM >HEPTUU
ynpyroi cucremsl. Teopema Jlarpanxka. Bapuanmonnoe ypaBHeHue Kactumnpano. [IpuHnmn
MUHHMMYMa IIOJIHOM JONOJIHUTEIBHOM DSHEpPruM ynpyrou cucreMbsl. Hawano HaummeHblnen
pabotel. Teopema Kactumnbsno.

5.3 Meron Purna. Meton byonoBa-T"anepkuna. [Ipumepsr npuMeHeHHss 000MX METOI0B
K pacyery OaJoK.

6. METO/] KOHEYHBIX DJIEMEHTOB

6.1 OcHOBHBIC JOMYIICHUS METOJa KOHEUYHBIX 35IeMeHTOB. llepemenienns, negopmanuu
U HAIpPsDKEHUS B KOHEYHOM JIeMeHTe. MaTpuia )KeCTKOCTH KOHEYHOI'O JJIEMEHTA, IPUBEICHUE
pacupeneneHHON BHEIIHEH Harpy3Ku K SKBUBAJICHTHBIM Y3JIOBBIM CHUJIaM.

6.2 Marpuma »ecTkocTd ympyroro tena. OmnpeneneHUe Y3JIOBBIX TMEPEMENICHUN U
HaIpsKEHUN.

6.3 [TocTpoeHne MaTpHIlBl JKECTKOCTH IUIOCKOTO TPEYTOJIBHOTO KOHEYHOTO 3JIEMEHTA.
[IpstMOyTrONbHBIA IUIOCKMM KOHEYHBIM 3JIEMEHT ¢ OWIMHEHHBIM TMOJEM I[EepeMEIICHUN.
[IpAMOYTroJIbHBIN IIOCKA KOHEYHBIN JIEMEHT C JIMHEUHBIM MOJIEM HANIPSKECHUI.

6.4 COBMECTHOCTh KOHEYHBIX JJIEMEHTOB. BHYyTpeHHHE Y3IIbl U TOAKOHCTPYKIIHH.

YeTpIpéXy3JI0BOM H30IIapaMETPUYECKUN KOHEYHBIM JJIEMEHT.

1. BAJIOUHASA TEOPUA TOHKOCTEHHbBIX KOHCTPVYKIIUH
1 EE ITPUJIOXKEHUS

7.1 OcHoBHble runoTe3bl. OrnpenenceHUe HOPMANbHBIX HaNpsHKEHUH npu  u3rude
TOHKOCTEHHON KOHCTpyKIuH. KacarenbHble HalpspDKEHHS B TOHKOCTEHHOM KOHCTPYKLUHU C
OTKPBITBIM KOHTYpOM cedeHusl. LleHTp n3ruba cedeHus ¢ OTKpPBITHIM KOHTypoM. KacaTenbHbie
HaNpsDKEHUST B TOHKOCTEHHOW KOHCTPYKLHHU C OJHO3aMKHYTHIM KOHTYPOM CEuUeHHus. YTpyrue
NepeMEeNIeHHs] B TOHKOCTEHHBIX KOHCTPYKIMSIX C OJHO3aMKHYTBIM KOHTYPOM.

7.2 KacarenpHble HAINPSHKCHHUS B TOHKOCTCHHBIX KOHCTPYKIHSX C MHOTO3aMKHYTBHIMHU
ceyeHusIMHU (MpocTor u3rud, cBoOoHOE KpydueHue). LlenTp n3ruba ceyeHus: ¢ MHOT03aMKHYTHIM
KOHTYPOM.

7.3 TeMrieparypHbIe HAMPSHKEHUS B TOHKOCTCHHBIX KOHCTPYKIIHSX.

7.4 3aaya o "BKIIIOYEHHUH" YETHIPEXTIOSICHON MaHeNu B paboTy.

7.5 CrecHéHHOE Kpy4YeHHE TOHKOCTEHHOW KOHCTPYKIIMH C OTKPBITBIM KOHTYpPOM
CEYEHUS.

7.6 Pacder HOPMATBHBIX W KacaTeIbHBIX HANPSDKEHUW MPH U3THOe M KPYYCHHH KpbLIa
camoJerTa.

8. M3rMb U YCTOMYMBOCTb IJIACTUH

8.1 3akoH ['yka a1 opTOTpOITHOTO yrpyroro Teina. OCHOBHBIC TUITOTE3bI TCOPHH H3THOa
wiactul. [lepememnienus, nedhopMaluy U HaIpsDKEHUS B MJIAaCTHHE Npu e€ u3rude. BHyTpenHue
yCUJIMSL 1 MOMEHTHI B miacTuHe. /{uddepennuansuoe ypaBHeHHe n3rubda niacTuHbl. ['paHnyHbIe
ycioBus. Pemenne 3amaum 00 wm3rumbe CBOOOMHO OMEPTOM IJIACTUHBI B JIBOMHBIX
TpUroHoMeTpuueckux psaax. [loTeHumanbHas sHeprusi u3ruba riactuHbl. Metox Putna u
meroa byOHoBa- ["anepkuna B 3aa9ax n3ruda miacTH.

8.2 CooTHOMIEHUs TeOpUH M3ruba MIACTUH B MOJSPHBIX KOOpAMHATaX. Pacder KpyribIx



IUTACTHH HA U3TUO B TPUTOHOMETPUYECKHX pAgax. OceCUMMETPUYHBIN U3THO KPYIJIBIX TUIACTHH.

8.3 uddepennmansHoe ypaBHEHHE MPOIOILHO-TIONEPEYHOTO M3rHba MPsIMOYTOJIbHOM
IUTACTHHBI. Y CTOMYUBOCTH CBOOOIHO ONMEPTOI MPSIMOYTOJIBHOM TUIACTHHBI IIPU CKATUU B OJTHOM
HanpaBneHuu. [loteps ycTOMYMBOCTH TUIACTMHOM nipu ciaBure. Pabota moAKperiéHHON
IIJIACTUHBI I10CJIE TIOTEPU YCTOMYMBOCTH OT CXKATHUS U OT CIIBUIA.

8.4 IlpumeHeHue MeTo/la KOHEYHBIX 3JIEMEHTOB K pacueTy IulacTHH. [IpsMoyroisHbIN
KOHEYHBIH 3JIEMEHT IIJIJACTUHBI, OCHOBAHHBIN HA TMIIOTE3€ MPSMBIX HOPMAJICH.

YeThlpexyrojibHblli KOHEYHBIM AJIEMEHT IUIACTUHBI C HE3aBUCHUMOM amlpoKcUManuen
JIMHEHHBIX U YTJIOBBIX IIEPEMELICHUN.

8.5 OmnpeneneHne >KECTKOCTHBIX  XapaKTEPUCTUK KOHCTPYKTUBHO  OPTOTPOITHBIX
IIJIACTHUH.

8.6 I'mmore3sl Teopuum TPEXCIOWHBIX IUJIACTUH C  JIETKUM  3aIOJHUTENIEM.
JuddepennnansHoe ypaBHEHHUE TPOAOIBHO-TIONEPEYHOTO M3ruba TPEXCIIONHONW TUTACTHUHBI C
NE€rkuM 3anojaHuteneM. Hecummerpuunas gopma notepu ycTOHUMBOCTH TPEXCIONHBIX MJIACTHH.
CummerpuuHas Gopma NOTepU YyCTOMUMBOCTH TPEXCIOWHOM MJIACTUHBI C JIETKUM 3aII0JHUTENIEM.

9. DJIEMEHTbI TEOPUUN OBOJIOYEK BPAIIIEHMA

9.1 OcHOBHBIE COOTHONIICHUS OE3MOMEHTHOH TEOpHH OOOJOYEK BpAaIIEHUS MpU
OCECHMMETPUYHOM Harpy:xeHuu. Pacuer o00JI0UKH, 3aMKHYTON B BEpLIMHE, HA PAaBHOMEPHOE
BHyTpeHHee aBieHue. [lepemenienus 00004ex BpaleHusl.

9.2 MowmeHTHas TeOopUs NWIMHIPUYECKHX OO0O0JOYEeK TMpPH  OCECHMMETPHYHOM
Harpy>XeHuHu.

9.3 YcTOWYMBOCTh IWJIMHAPHYECKOW OOOJIOYKH BpAIICHUS MPH OCEBOM CHKATHH.

Y CTONYMBOCTD IMIMHAPUIECKON 000JI0UKH, HATPYKEHHON HAPYKHBIM JTABJICHHEM.
10. KOJIEBAHUS KOHCTPYKILIMIA JIETATEJIbHBIX AIIIIAPATOB

10.1 IMpoxonwHBIe KOeOanus Kopiryca JIA.

10.2 KpyrunbHble Koe0aHus Kpbljla CaMoJIETa.

10.3 M3rubHnbIe KoJIeOaHus Kpblia cCaMoJETa.

10.4 I3rubHO-KpyTHUIIHHBIE KOJEOaHHsI KpblJIa CaMOJIETa.

10.5 Pacuér amHAMHYECKOTO TIOBEICHUS KOHCTpyKmmu JIA ¢ TOMOmBbIO MeToja
KOHEUHBIX DJIEMEHTOB. MaTpuyHOE ypaBHEHHE JBIDKEHHSI KOHCTPYKIHH. Martpumbl macc
KOHEYHBIX 2J1IeMeHTOB Opyca. CoOcTBeHHbIE KosebaHus. OpTOrOHaIBHOCTh COOCTBEHHBIX (POPM
Kosie0aHuM.

11. PACUYET IPOYHOCTHU KOPITYCA JIA

11.1 Omnpenenenyrie BHYTPEHHHUX CHIIOBBIX (PaKTOPOB B ceUeHUAX Kopiryca JIA.

11.2 Pacuér kopmyca JIA B paifoHe OONBIIIOrO BBIpE3a.

11.3 Pacuér pepmeHHBIX 0TCEKOB Kopiryca JIA.

114 Pacyér CHIOBBIX IIIMIAHTOYTOB.

115 Pacuer 6akoBbIX O0TceKOB Kopiryca JIA Ha MPOYHOCTb U YCTOHYMBOCTb.

12. HAT'PEB KOHCTPYKIHWUN JIETATEJIBHOI'O AIIITAPATA

12.1 Ompenenenuie TeMepaTyp B 3JI€MEHTaX KOHCTPYKIIUHL.

12.2 BepxHaue mpenenbl TeMIepatryp Ui BBICTYIAIOMIMX YacTeld M KPOMOK armapara Ipu



OOJBILIMX CKOPOCTSIX MOJIETA.

12.3 Pacnipenenenue TemMiiepaTypsl B IIMHAPHUYECKOM OaKe, 3aIMTOM JKHKOCTBIO.

124 PacnipenerneHue TeMIiepaTypbl B CTPUHTEPE IOAKPEIICHHOTO KOPITyCa.

125 Omnpenenenne MoTpeOHONW TONIIMHBI — TEIUIO3AIIUTHOIO  CJIOS  KOCMHYECKOTO
anmapara.
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