®denepajibHOE TOCYyIaPpCTBEHHOE AaBTOHOMHOE 00pa3oBaTeibHOe

10 AMCIMILINHE:
10 HANPABJICHHUIO:
npo¢uib NOArOTOBKHU:

Kypc:
KBaJIU(PUKALMSA:

YupeikaeHnue BbICHIETo 06pa303a1mﬁ

«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
Maremarudeckue MOJEJIN MEXaHUKH CIUIOIIHBIX CPe
Nudopmarnka u BIYUCIUTETbHAS TEXHUKA

Maremarndeckoe MOIEIMPOBAHUE U KOMIIBIOTEPHBIE TEXHOIOIUU
Ouzrex-mkona [Mpuknagnoit Maremaruku 1 MapopmaTiku
kadeapa BIYUCITUTEIHHON QU3NKU

4

Oakanasp

CemecTpbl, POPMBI TPOMEKYTOUHOM aTTECTAIUH:

7 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

8 (Becennnii) - uddeperurpoBanHblii 3aueT

AynutopHbIX yacoB: 120 Bcero, B TOM 4HCIIE:

neknuu: 60 Jac.

cemuHapsbl: 60 yac.

nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.

Bcero gacos: 180, Bcero 3au. en.: 4

KonmnuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 2

[Iporpammy cocrasuin:

M./I. Bparun, kauu. ¢us.-Mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl BeIMUCIUTeNbHON Gusuku 27.03.2022



AHHOTANMA

Kypc mocsmieH u3ydeHHI0 ypaBHEHHs1 Diijiepa, HHTerpaia bepHymm Ui HeC)KMMaeMOW JKUAKOCTH U JUIs
angnabaTuvecknx TedeHud, ¢opme TpyOok Toka, uHTerpana Komm-Jlarpanxka, TIOCKHX O€3BHXPEBBIX
YCTaHOBUBIINXCS TCUCHEHHH WICATBHOW HEC)KNMAEMOW KHUIKOCTH, KOMIUICKCHOTO MOTEHIUANA O0TeKaHHS
IWINHAPA M JPYTUX KIIOYEBBIX (PyHIAMEHTAIbHBIX IOHATHH COBPEMEHHOW TuapoanHaMuku. llenbio
JTMCUUIUIAHBL SIBJISETCS OCBOCHHE COBPEMEHHBIX METOJOB MAaTeMaTH4eCKOro MOJCITHPOBAHHUS MEXaHUKU
cIiomHbIX cped. K 3amayaM AMCIMIUIMHBI OTHOCSTCA H3y4eHHE Oa30BBIX IPUHLIUIIOB COBPEMEHHBIX
MOAXO0B MaTeMaTHYECKOTO MOJAEIMPOBAHMS K 3aJadaM MEXaHUKH CIUIOIIHBIX Cpel, BKIIOYas 3aladyu
THAPOAVHAMMKH, Ta30BOM JWHAMUKU U TBEPAOro Ae(opMHpyeMOro Teiaa M OCBOCHHME METOIOB DPEIICHUS
NPUKIAJHBIX 33/1a4 C HCIOJIb30BAaHUEM MAaTeMaTHYEeCKOro armapara OOBIKHOBEHHBIX AU (PepeHINaIbHBIX
ypaBHEHUH, ypaBHEHNH B YaCTHBIX MTPOM3BOAHBIX M TEH30pHOTO aHann3a. CTyAeHTHI OcIe OKOHUYaHMS Kypca
OymyT 3HaTh TPHHLOUIBI MOCTpOeHHs Maremarmdeckux wmoneneii MCC, OCHOBHBIE MaTeMaTH4ecKue
MOCTAHOBKU 3aad THIPOJMHAMHKH, T'a30AMHAMUKUA M TeOpuH ynpyroctu. OHM OyayT yMeTb BBIBOJHTH
OCHOBHBIC YpaBHEHHs 3aJa4 MIPOJHHAMHKH, T'a30JHUHAMHUKH U TCOPUHU YIPYTOCTH, HCIOIH30BaTh 0a30BbHIC
NPUHIMIBI MaTeMarndeckoro mozaenupoBanus B MCC mpu pemeHMH 3a1ad M BIageTh MaTeMaTH4eCKUM
anmaparoM BKJIIOYasi OOBIKHOBEHHBIE U (epeHInaIbHbIE YPAaBHEHNUS, YPAaBHEHUS B YaCTHBIX MMPOU3BOIHBIX,
TEH30PHBII aHAJIU3.

1. lean u 3apa4n

].le.]'lb AUCHUIIINHBI
OcBocHue COBPCMCHHBIX METOAOB MATEMATUICCKOIO0 MOACIIMPOBAHNSA MEXaHUKU CIIJIOIIHBIX CPEI.

3agaun AUCHMIIHHBI
N3y4yenne 0a30BbIX IPUHIUIIOB COBPEMEHHBIX ITOIXO0B MaTEMAaTUYECKOTO MOJICIMPOBAHUS K 3a/1a4aM
MEXaHUKH CIUIOIIHBIX CpeiA, BKIIOYAs 3aJaud THIPOIWHAMHKH, Ta30BOM IUHAMUKA W TBEPAOTO
nedopmupyemoro Ttena. OCBOEHHE METONOB pEIICHHsS TNPHUKIAAHBIX 337ad C HCHOIb30BaHUEM
MaTeMaTH4YeCcKOro amnrapara OOBIKHOBEHHBIX JU(QepeHINaTbHbIX YPaBHEHUH, YPaBHEHUI B YaCTHBIX
IIPOU3BOJIHBIX U TEH30PHOI'O aHAIM3A.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kon 1 HanmeHnoBaHne KOMITETEHITUN NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH
YK-1 CriocobOeH oCyIIecTBISTh ITOUCK, VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl pPEUICHUS
KPUTHUYECKUN aHATN3 ¥ CUHTE3 MHPOPMAITUH, 3a/1a491, OOCHUBACT UX NIPCUMYIMCCTBA U HCTOCTATKH
HPUMEHSATH CUCTEMHBIN MOAXO 1Jist petienns | YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
MIOCTABJICHHBIX 33/1a4 (dhopmupyeT cOOCTBEHHBIE CYKICHHS U OLIEHKH

[IK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.3 CrnocobeH mnpuMeHSTh TeopeThueckue W (W)
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U |IKCIIEPHUMEHTAJIbHBIE METOIBI UCCICOBAaHUN K KOHKPETHOU
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN Hay4HOW 3aJa4e M HWHTEPIPETUPOBATH  IOJIYYCHHBIC
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO | PE3yJIbTaThl

aHAJIN3UPOBATh HAyYHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!
[Ipunnune! noctpoenus: maremarudeckux moaeneit MCC.
OcHOBHBIE MaTeMaTu4YeCcKue MOCTAHOBKHU 3ajad TUAPOANMHAMUKY, TA30JUHAMUKH U TEOPUH YIIPYTOCTH.
YMETB!
BoBogUTE OCHOBHBIE ypaBHEHHsI 3alad TUAPOAUHAMUKH, Ta30AMHAMHUKM M TEOPUH YIPYroOCTH,
UCTIONIb30BaTh 0Aa30BbIE MPUHIUIIBI MaTeMaTHuecKoro MoaenupoBanus B MCC npu pemeHun 3a1ad.
BIIAJICTh!
MaremaTH4ecKUM amnmapaToM BKJIIOYasi OOBIKHOBEHHbIE TU(pepeHIInanbHble YPaBHEHNS, YPABHEHHS B
YaCTHBIX MPOU3BOAHBIX, TEH30PHBIN aHAU3.



4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.

No Tema (pazmen) TUCITUTUIHHEL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora

1 VYpaBuenus Oinepa. 2 2 2
Nurterpan bepHymim st HeC:KUMaeMOMR

2 xuakoctu. Muterpan bepHymm mns 2 2 2
annabaTn4ecKux TeYCHUil.

3 dopma  Tpybok  Toka.  HMHTerpaiu 2 > 2
Komu-Jlarpamxa.
[1nockue Ge3BuUXpEBbIE yCTAHOBUBIIUECS

4 TEUCHUS AAcaIbLHON HECOKMMaeMOH 2 2 2
AKHUJKOCTH.

5 KomrmuiekcHblii  moTeHIMan oOTEeKaHUs ) 5 )
LWIMHApA.

6 Merton KOH(GOPMHBIX 0TOOPaKEHHIA. 2 2 2

7 ®opmyna Yannsiruna-bnasuyca. 2 2 2

] Buxpessie JIBU>KCHUS UJeaJIbHON ) ’ )
KHUJIKOCTH.

9 Omnpenenenre BEKTOpa CKOPOCTH IO ) 5 )
33JaHHOMY IIOJIF0 BUXPSl U IUBEPIeHIIMH.

10 3aMKHYyTas cucTeMa ypaBHEHUH s ) ) )
HBIOTOHOBCKOM KHIKOCTH.

11 HuccunaruBHas GyHKLIUS. 2 2 2

12 TouHble peIIeHHsT CHUCTEMBI  BS3KOH ) 5 2
AKUJKOCTH.

13 TedueHre BA3KOM KUAKOCTH TPU OOJIBITHX ) ’ )
yucnax PelHomnbaca.

14 | YpaBHEHHS TEOPUH YIPYTOCTH. 2 2 2

15 VYpaBHEHUS TEPMOYIIPYTOCTH. 2 2 2
Teopus nedopmanuii. Tensop

16  |medpopmammn Komm  I'puna. Tensop 4 4 4
nedopmannu AbMaHCH.
JuHaMuyeckue BEJIMYUHBI u
JUHAMUYECKUE YPaBHEHUS MEXaHUKHU

17  |cruom-HOM cpedpl. 3aKOH COXPaHEHUS 6 6 5
Maccbl. YpaBHEHHE HEPa3pbIBHOCTU B
nepeMeHHbIX Diiepa u Jlarpanxa.

18 |Teopema komuYecTBa ABHKEHUSI. 2 2 4

19 Teopema 00 HW3MEHEHHWM  MOMEHTA 4 4 4
KOJIMYECTBA JIBUKCHUS.

20  |Teopema >KUBBIX CHIL. 2 2 4
Teopema WMIYyIbCOB U MOMEHTOB

71 KOJIMYECTBA JIBUXKECHUS B HHTETPajbHON 4 4 4
¢opme. TeHzop IUIOTHOCTH TOTOKA
HUMIIYJIbCA.

22  |llepBoe Ha4amO TEPMOAMHAMHUKHY. 4 4 3

23 |Bropoe Hauano TepMOAMHAMHUKH. 4 4 2




Wtoro wacos 60 60 60

[TonroToBka k 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 7 (OceHHmi)

1. YpaBuenus Ditnepa.

OCHOBHBIE OHATHS U IPUMHHEHHE.

2. Unterpan bepHymmn ans Hec:kumaemoll >kuakoctr. MHTerpan bepuymnu st aguabarnyeckux
TEYECHUM.

BriBon nHBapuanToB bepHyIuH Ui HECKUMAEMOW KUJAKOCTH U aIna0aTHIeCKUX TeUSHUH.
3. ®opma Tpy6ok Toka. MaTerpan Kommu-Jlarpamxka.

BrIBON, OCHOBHBIE IOHATHS U IPUMHHEHUE.

4. IInockre 6e3BUXPEBBIC YCTAHOBUBIIUECS TEUCHUS UACATHHON HEC)KIMAEMOM YKHUIKOCTH.
OCHOBHBIC TTOHATHSI O TUIOCKUX O€3BUXPEBBIX YCTAHOBUBIITNXCS TCUCHUSX.

5. KoMIuiekcHBIH MOTeHIMAN O0TEKAHUS IIMIHHIPA.

Hcmonb3oBanne MeTOIa KOMILUIEKCHBIX ITOTCHIMAIIOB JIJIS 33]]a4M OOTEKaHUS IMIIHHIPA.

6. MeTon koHGOPMHBIX 0OTOOpaKeHUH.

[TonsiTne o wMerome KOH(POPMHBIX OTOOPAXKEHHWA ¥ €ro HWCIOJNB30BAHWE IS OIHMCAHHUS
THAPOTUHAMUYECKUX TEUCHHM.

7. ®opmyna Yannsiruna-bnasuyca.

Beieog popmyssl Hammsirnaa-biaysuyca u ee aHamus.

8. BuxpeBble ABM)XEHUS UCATbHON KUIKOCTH.

AHanus 1 npuMepbl BUXPEBbIX TEUEHUN UI€aIbHOM KUIAKOCTH.

9. OnpeneneHue BEKTOpa CKOPOCTH 110 33JaHHOMY I10JIFO BUXPSl U TUBEPrEeHLINY.
BsIBOI MaTeMaTHYECKON 3aBUCUMOCTH U €€ aHAIIU3.

10. 3aMKHYyTas cucTeMa ypaBHEHUH 1711 HhBIOTOHOBCKOM KUIKOCTH.

BriBOI cucTEMBI ypaBHEHUH AJIs1 HBEOTOHOBCKOW KUJKOCTH, UCCIIEIOBAHUE €€ CBOUCTB.
11. IuccunaruBHas GyHKITUS.

[MonsiTre 06 OMMCaHUM TUCCUTIATUBHBIX MPOIIECCOB.




12. TouHble pemeHus] CUCTEMBI BA3KOM JKUIKOCTH.
IIpumepsl MaTeMaTH4eCKUX IIOCTAHOBOK 3ajiad, JOIIyCKAIOIUX TOYHbIE PELLICHHS] U UX aHaJIu3.
13. Teuenne BA3KOM KHUIKOCTH TPH OONBIIMX unciiax PefiHonbca.
AHanu3 XapakTepHBIX OTIUYWHN TEUESHHUs BI3KOU KHUJIKOCTH TpH Oonbmx ynciax PefiHonbca.
14. YpaBHEHUS TeOpUU yIPYTOCTH.
OcCHOBHBIE IOHATHUS U yPAaBHEHUsI TEOPUH YIIPYTOCTH.
15. YpaBHEHUS TEPMOYIIPYTOCTH.
OcHOBHBIE OHATUS U YPAaBHEHUs TEOPUHU TEPMOYIIPYTOCTH.
Cemecrtp: 8 (Becennuit)
16. Teopus nedopmanuii. Terzop nepopmanuu Ko [puna. Tenzop nedopmarm AnpmaHcu.
duznueckull CMBICII KOMIIOHEHT TeH3opa aedopmanuu. TeHzop ckopoctelr aedopmarnym,
(pU3NYECKUIT CMBICT €T0 KOMIIOHEHT.
VYpaBuenue coBmectHocTH nedopmanmii Cen-Benana. Pacmpenmenenme ckopocTeit B KUIKOU

yactuue. Teopema I'enbmromnsiia.

17. lunamuyeckue BEIUYMHBl U AMHAMUYECKHE YPaBHEHMsI MEXaHUKU CIUIOLI-HON cpelbl. 3aKoH
COXpaHEHHUsI Macchl. YpaBHEHHE HEPA3PhIBHOCTH B MEPEMEHHBIX Jitniepa u Jlarpamxa.

MaccoBsle U MOBepXHOCTHBIE cuibl. Hampspkenne Ha momazake. IlpuHnun HampspkeHns Komm.
3aBUCUMOCTh BEKTOpa HANPSKEHUS OT OPUEHTALMU IJIOMAAKU. TeH3op HampsokeHuil. Puzndeckue
COCTAaBJISIOIINE TEH30pa HaIpsLKeHUH. TeH30pHas MOBEPXHOCTh TEH30pa HAIPSHKEHUH, TIIaBHBIE OCH
U TJIaBHbIE KOMIIOHEHTHl TEH30pa HAIPSDKCHUM, HMX MEXaHWdecKuil cMblcia. MakcuMasbHble
KacaTebHbIC HAPSKEHUS.

18. TeopeMa KOIMUYECTBA ABUKCHUS.

VYpaBHEHUS ABMKCHUS CIUIONIHOM CPE/Ibl B HANPSDKECHHUSX JIUISI KOHEYHBIX 00BEMOB CIUTOLTHOM Cpe/Ibl
u B nuddepeHnu-ansHon popme.

19. Teopema 00 M3MEHEHUN MOMEHTA KOJIMYECTBA JBHKEHHUSI.

CummMmeTpusi TEH30pa HalpsDKEHUM B cilydyae OTCYTCTBHUsS BHYTPEHHMX MOMEHTOB KOJIMUYECTBA
JBWKEHUS M BHYyTPEHHUX MACCOBBIX U IOBEPXHOCTHBIX Tap.

20. Teopema >KUBBIX CHUIL.
Pabota BHyTpeHHHX TOBEPXHOCTHBIX CHJI. 3aKOH COXPAHECHUS MEXaHWUYECKON SHEPTHUH.

21. Teopema WUMITyICOB U MOMEHTOB KOJIIMYECTBA JBMKCHHS B HMHTETpalibHON (dopme. Ternzop
IJIOTHOCTH MOTOKA UMITYJIbCA.

Onpenenenne oOIIEH CUIIBI peakuu MOMEHTa M "oTnaBaemMoi" mOTOkoM 3Hepruu. Cuia peakuuu
XKHUJIKOCTH, Tekymied B TpyOe. [lapagokc JlamamOepa. 3ajada o KOCOM HaTEKaHWW IUIOCKOH CTpyH
HEC)KUMAEMOM JKUAKOCTH Ha CTEHKY. YPaBHEHHS JBIKEHHS B IEpEMEHHBIX Jlarpanka.

22. IlepBoe Ha4ano TEPMOANHAMHUKHY.



3aKOH COXpaHEHHS SHEPrMU. YPaBHEHHME SHEPIMH M ypaBHEHHE NPUTOKA TeIUia Ui CIUIOMIHON
cpeabl 7Sl KOHEYHBIX 00bEMOB U B Ju(epeHIransHon popme.

23. Bropoe Hayaio TEpMOJUHAMUKH.

OOparumble ¥ HeoOpaTHMble Ipouecchl. lIpiMeHeHHe BTOPOro Hadala TEPMOIMHAMHUKU K
HEoOpaTUMBIM TpolleccaM B MPOM3BOJIBHBIX Cpe/aX, coAeprKallee MOHATHE SHTPONUU. ToXIecTBO
I'm60ca. YpaBHeHue OanaHca SHTPONHU JJIsi KOHEYHOTO HWHJIWBUAYAIBHOTO 00bEMa CIUTONIHON
cpensl. luddepenimanbaoe ypaBHEHHE BTOPOTO 3aKOHA TEPMOAMHAMHKH. [IpOM3BOACTBO SHTPOITUH
32 CYET BS3KOCTM U TEIUIONPOBOAHOCTH. HeoTpuuaresbHOCTh KOI(PPHUIMEHTOB BS3KOCTH U
TETUIONPOBOIHOCTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VuebHas ayquTopHsl, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIUHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Teopernueckas ¢usuka [Tekcr] : B 10 T. T. 6 : ['maponunamuka : y4e0. mocoOue Jist By30B : peK.
M-Bom ob6pazoBanus Poc. ®eneparuu / JI. J1. Jlannay, E. M. JIndmmun ; mox pen. JI. I1. ITutaeBckoro
.— 5-e m3j1., crepeoTHIl. — 3-€ u3l., nepepad. — M. : dusmarnut, 1986, 1988, 2003, 2006 .— 736 c.

JomnonHurensHas aureparypa

1. Teopetnueckas ¢usuka [Tekcr] : B 10 T. T. 7 : Teopust ynpyrocts : yue6. nocodue ans By3os / JI. 1.
Jlanmay, E. M. JIudmmur .— 4-e u3n., ucnp. u mon. — M. : Hayxka, 1987 .— 248 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

crec.mipt.ru
lib.mipt.ru

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLeCTBICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npexycmorpeno
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

PexomeHryeTcst ¢ MCIONB30BAHUEM OCHOBHOW M JTOTIOJHHUTEIBHOM JUTEPATypbl OCBOCHUE CIECAYIOIINX
TEM.

JlononHUTENBHBIE YKa3aHUS IIPUBEACHBI B PEKOMEHAYEMONW METONMYECKON JIUTEPATyPE.
Mukpockonuiyeckoe (IMHAMHYECKOE), KWHETHYECKOe (CTaTUCTHYECKOE) M MAaKpOCKOIMYECKOe

(ruapoarHaMudeckoe u (HEHOMEHOJIOTHUECKOEe) OMUCcCaHne (PU3NIECKUX CHUCTEM, COCTOSIIIMX M3 OYEHBb
OOJIBIIOrO YHCIA YaCTHII.



OcnoBubie THnmoTe3sl MCC: rumnore3a CIUIOIIHOCTH, (GU3NYEeCKH OECKOHEYHO Majblii 00beM,
CBKJIMJIOBOCTh  MPOCTPAHCTBA, abOCOJMIOTHOE  BpeMs, MexaHuka HbrOTOHa,  Kilaccuueckas
TEPMOIMHAMUKA, SJICKTPOJAWHAMUKA MarTepuaybHbIX cCIUiomHbeix cpea. [Ipeamer MCC. OcHoOBHbIC
pasaenst MCC: ruapoavHaMuKa, ra3oJUHAMUKA, (U3UKO-XUMHUYECKas Tra30JMHAMUKA, MarHUTHAs
THIPOJMHAMKKA, paadallMOHHAs Ta30[JMHAMHKA, TEPMOYIIPYrOCTh, TEOPUS IUIACTHYHOCTH H
nosn3yuyecty MetamuioB. Peomorusi. Metoast MCC. Ponb MaTeMaTHUeCKOro aHain3a. ACUMIITOTHUECKHE
MeTO[bl. POJIb YHCICHHBIX METOMIOB, YHCJICEHHOTO MOJCIMPOBaHHS C TmpuMeHeHneM OBM B
coBpeMeHHBIX uccnenoBanusx mo MCC. CBs3b ¢ SKCIEPUMEHTOM. BBIUKCIUTENbHAS THAPOIMHAMUKA,
BBIYMCIIMTENIbHASI TEOPHS YIIPYTOCTH, BEIYUCIUTENIbHAS (QU3UKA U T.11.

Kparkast uctopusi BOSHUKHOBEHHSI TEH30PHOTO HcuHciaeHus. Heo0XoquMocTh MpUMEHEHNUs] TEH30PHOTO
anmapara B MEXaHUKe U pu3uke. 3aJa4i TEH30pHOTO HCUUCICHHUS.

I.1. Cucrempr xoopaunar. KacarenbHblii (OCHOBHOWM) M B3auMHBIA Oasuchl. [loHatue TeH3zopa u
MPaBWIIO IPE0OPa30BAHUS €70 KOMIOHEHT

CucreMbl KpHUBOJMHEHHBIX KOOPAWHAT B EBKJIMAOBOM MpocTpaHcTBe. JIOKanmpHBIM (OCHOBHOM)
KacareslbHBI 0a3uc B TPEXMEPHOM EBKIMIOBOM IPOCTpAaHCTBE. B3auMHBIN (CONpPSIKCHHBIH,
Ou-opTOrOHANBHBIN) Oasuc. OOBeM mMapauieNenuIieaa, MOCTPOSHHOTO Ha BEKTOpPax OCHOBHOTO H
B3auMHOTO 0Oa3ucoB. J[Ba crmocoOa BbIYMCIIEHHS B3amMHOTO Oaszuca. CoxpaHEHHE OPUCHTAIMH IPH
nepexojie K B3auMHoMy 0asucy u o0patHo. PaznoxxeHne ocHOBHOTO 6asnca 1Mo B3auMHOMY M 00paTHO.
bazucHple MaTpuIbl KacaTelbHOTO ¥ B3aHMMHOTO 0a3uMCOB, B3aUMHO OOpaTHBIE MaTpHIIBL.
JuckpumuHanT 6azuca. @opmynsl s 00BEMOB MapauIENENUNEa0B, MOCTPOCHHBIX Ha BEKTOpax
0asucoB. B3anmMHbIll 0azuc oOpasyeT TpOWKYy HEKOMIUIAHAPHBIX BEKTOPOB. PaznokeHne OSCKOHEYHO
MaJIOTO BEKTOpa 10 OCHOBHOMY (KacaTeJbHOMY) M B3auMHOMY 0a3ucy. HeronoHoMHOCTH KOOpAMHAT
OECKOHEYHO Majloro BEKTOpa BO B3auMHOM Oasuce. [lpenctaBieHne NpPOM3BOJIBHOTO BEKTOpA B
OCHOBHOM U B3aUMHOM Oa3ucax. KoBapmaHTHBIE M KOHTpaBapHaHTHBIC KOMIIOHEHTHI BEKTOpA.
OpToroHanbHBIE W TapajulebHBIE NPOCKIWU BekTopa. Pu3nueckue KOMIIOHEHTHI BekTopa. CBs3b
MEXIy KOBapMaHTHBIMH M KOHTPAaBapUAHTHBIMH KOMIIOHEHTaMM BekTopa. Omepauus HOAHATHA U
OITyCKaHHWs WHJIIEKCOB Y KOMIIOHEHT BekTopa. CKalsipHOE NpOM3BEACHUE IBYyX BEKTOpPOB. JlnmmHa
BeKTOpa. Yron Mexnay nByMms Bekropamu. CumBonbl JleBu-UuButa. BexrtopHoe mnpousBeneHue
0a3zucHbIX BekTOpoB. Dopmyiel oOpamieHusi. BektopHoe mpousBeneHne IByX BEKTOpPOB. CMeIIaHHOE
npousBereHue. Ilnomanu 31eMEHTApHBIX KOOPAMHATHBIX IIOMIAZAOK B TPEXMEPHOM EBKIIHIOBOM
npoctpancTBe. OOBEM  AIEMEHTapHOTO  KOOPAMHATHOTO  Tapauienenunena. KoBapuaHTHbIE
KOMITOHEHTBI OPT-HOPMaJIM K 3JIEMEHTapHOM IUIONIA/IKe IPOM3BOIbHON opueHTtanuu. [IpeoOpazoBanue
koopauHar. [IpeoOpa3oBaHHe KOHTPBapHUAHTHBIX KOMIIOHEHT OECKOHEYHO Majoro IMEpeMEIeHHs W
ocHOBHOTO 0Oasuca. @opmynbl mpeoOpa3zoBaHUsi KOMIIOHEHT 0a3ucHO# Marpumbl. [IpeoOpazoBaHue
KOBApPUAHTHBIX KOMIIOHEHT OECKOHEYHO Majloro BEKTOpa MEepeMElICHUs W B3auMHOro 0Oasuca.
* AbuHHBIE OpTOTOHANBHBIE TpeoOpa3oBanus. OnpeeneHue cKauiapa, MPUMEPbl TEOMETPUIESCKUX U
(U3MUECKUX BEJIWYHH, MPEOOpasyIoMUXCcs KaKk KOHTPaBAPHAHTHBIE M KOBapHAHTHBIC KOMIIOHEHTBI
BekTopa. Ilonmanuele (nuagHble, TpUAAHbIE W T.J.) MPOU3BEAEHHS BEKTOPOB Oasuca. OmpeneneHue
TEH30pa BTOPOTO M Oojiee BBICOKOTO paHra. Merpudeckuid TeH3op. *OmnpezieneHue IMCeBIOTEH30pA.
OKBHUBAJIEHTHOCTh B TPEXMEPHOM IIPOCTPAHCTBE AHTHCHMMETPUYHOTO TEH30pa BTOPOTO paHra
aKCHAJILHOMY BEKTODY.

1.2. Tenzopnas anredpa

YMHOXKEeHHE TeH3opa Ha 4ucio. CioxeHue (BblYMTaHME) TeH30poB. Onepanuyu CHMMETPUPOBAHUS U
aJIBTEPHUPOBAHUS TEH30pPOB BTOpOro panra. HeompezaeneHnHoe (IoiMagHOE) YMHOXKEHHE TEH30DOB.
Omepanun cokparieHust uHaekcoB. CKajsipHOe Npou3BeneHUe (CBepTKa) TeH3opoB. [IpencraBieHue
KOMITIOHEHT TE€H30pa Yepe3 CKaJsIpHOE MPOU3BEACHNE TEH30pa U 0a3UCHBIX BEKTOPOB. J[BoliHas cBepTKa
ten3opoB. Ciien TeH30pa Broporo panra. Onpenenurens TeH3opa. OOpatHeiii TeH3o0p. HyneBoit TeH3op.
*(QOpaTHbI TeH30pHBIN Npu3HaK. *CoOCTBEHHBIE BEKTOPHI H COOCTBEHHBIC 3HAYEHUSI CHMMETPUIHOTO
TEH30pa BTOPOTo paHra. MIHBapuaHThl CHMMETPHYHOTO TeH30pa. *CBOMCTBA COOCTBEHHBIX BEKTOPOB M
COOCTBEHHBIX 3HAYEHHH CHMMETPUYHOro TeH3zopa. [IpencraBieHune TeH30pa B OPTOHOPMHUPOBAHHOM
0a3uce COOCTBEHHBIX BEKTOPOB.

1.3. Ten3opHsIil aHaIu3



[TpousBomHBIE OT 0A3MCHBIX BEKTOPOB 10 KO- U KOHTPAaBAPHAHTHBIM KOOpAMHATaM. JlepHBalliOHHEIC
(hopMyIIbI KO- U KOHTpaBapHUAHTHBIX 0a3MCHBIX BekTOopoB. CuMmBonbel Kpucroddens 1-ro u 2-ro pona,
UX CBOKMCTBA: CHUMMETpHs, NMPABHJIO IMOTHATUS M OIyCKAaHUS WHICKCOB ((OpPMYJbl B3aHMHOCTH) Y
cuMBoiioB Kpucrodderns, mpons3BogHble OT KOMIOHEHT METPHUUECKOH MaTpHUIBI 4Yepe3 CHMBOJIBI
Kpucrodddens, ceeprka cumBonos Kpucroddens 2-ro poga (cokpamenssie cumboiibl Kpuctoddens),
cumBoibl Kpucropdenss B kpuBonnHeiHOH cucteme koopauHat. Kosddunuentsr Jlame. Omnepanus
Ha6mna—"'amunsroHa, Mpou3BOAHBIE OT CKajsipa, BEKTOPa, TEH30pa MO0 KPHUBOJIMHEWHBIM KOOPIHHATAM.
Kopapuantnoe muddepennupoanne. CBOHCTBO KoBapHaHTHOTO Ju(depeHIUpoBaHus Oa3uCHBIX
BEKTOPOB M KOMIIOHEHT METpH4ecKoro Tenzopa. ToxxaectBo Puyum. ['pagueHT, AuBepreHus, poTop,
nariacuad, *OWTapMOHUYECKHH OmNepaTop B MPOM3BOJILHONW KPWUBOJIMHEWHOW CHCTEME KOOP/HMHAT.
Teopema Octporpaackoro—I'aycca. Teopema Crokca.

I.  Teopus nedpopmauuii. Terzop nedopmanmm Komm Ipuna. Tenzop aedopmanum AnbMmaHCH.
duznueckuil CMBICI KOMIIOHEHT TeH30pa JiedopManuu. TeH30p cKkopocTel aedopMaiuu, GU3nIecKuii
CMBICII €Tr0 KOMIIOHEHT. YpaBHeHHE coBMecTHocTH Jnedopmannii CeH-Benana. Pacnpenenenme
CKOpOCTeH B kHUIKOM yacTuue. Teopema I esbMrosbua.

II. /lunamuueckue BeNWYMHBI M AUHAMUYECKHE YpPaBHEHHS MEXaHUKU CIUIOIIHOW cpeabl. 3aKkoH
COXpaHEHHs MacChl. YpaBHEHHE HEpa3pbIBHOCTH B MepeMeHHbIX Ouiepa u Jlarpamxa. MaccoBeie u
MOBepXHOCTHBIE cuibl. Hampspkenume Ha momanke. [lpunuoun nanpsbxenus Komm. 3aBucuMocThb
BEKTOpAa HAINPSDKEHUsI OT OPUEHTALUMH IUIOWAAKUA. TeH30p HanpsokeHud. PU3UYECKUE COCTAaBISAIOLINE
TE€H30pa HanpskeHW. TeH30pHas NOBEPXHOCTh TEH30pa HANpPSDKEHHWH, IVIaBHBIE OCH M IJIABHBIE
KOMIIOHEHTBl TE€H30pa HalpsDKEHUH, MX MeXaHUYeCcKUd CMbIci. MakcuMmaibHble KacaTelbHbIe
HaNPSKCHHUS.

Teopema KonndecTBa IBMKEHUS. YPaBHEHUS ABIDKCHHS CIUIOMIHON cpenbl B HANPSKEHHAX IS
KOHEYHBIX 00bEMOB CIUIONIHOM cpelibl U B tuddepeHmanbaoi Gopme.

Teopema 00 U3MEHEHMH MOMEHTA KOJIMYECTBA ABMXEHUsA. CHUMMETPHS TEH30pa HANPSLKEHUH B CiIydae
OTCYTCTBUSL BHYTPEHHUX MOMEHTOB KOJMYECTBA JIBUKEHUS M BHYTPEHHUX MAacCOBBIX M
MTOBEPXHOCTHBIX Tap.

Teopema xuBbIX cuil. PaboTa BHYTPEHHUX MOBEPXHOCTHBIX CHJI. 3aKOH COXpPAaHEHHS MEXaHHYECKOU
SHEPIUH.

Teopema UMIYJIECOB 1 MOMEHTOB KOJMUYECTBA JBUKEHHS B MHTErpanbHON Gopme. TeH30p IIIOTHOCTH
notoka umnynbca. Onpenenenue o0meil cuiibl peakiid MOMEHTa U "0TAaBaeMO' MOTOKOM SHEPTHH.
Cuna peakium XHJIKOCTH, Tekymied B TpyOe. [lapamokc Jlamambepa. 3ajgada o KOCOM HaTeKaHUH
IJIOCKOHM CTPYHM HEC)KMMAEMOH JKUJIKOCTH Ha CTEHKY. YPaBHEHUS IBH)KEHUS B IEPEMEHHBIX Jlarpanxka.

III. IlepBoe Ha4aIO TEPMOAMHAMUKU. 3aKOH COXPaHEHHs SHEPruH. YpaBHEHUE DHEPIUU U YpaBHEHUE
MPHUTOKA TETIA JIJISl CTITIONTHOM Cpelibl Uil KOHEYHBIX 00heMOB U B tuddepeHnnanbHoi Gpopme.

IV. Bropoe nauano tepmonuHamuku. OOpaTuMble 1 HeoOparuMele mpouecchl. [IpuMeHneHne BToporo
HaJaja TepMOIMHAMUKHN K HEOOpaTUMbIM IpoLieccaM B MPOU3BOJIBHBIX CPElax, CojaepiKaliee MOHATHE
suTpormu. ToxnectBo ['mbOca. YpaBHeHue OanaHca 3HTPONUHU AJS KOHEYHOIO HHIWBUAYAJIBHOTO
oObeMa cruiomHON cpenbl. JluddepeHnmansHoe ypaBHEHHE BTOPOTO 3aKOHA TEPMOJIUHAMHKH.
[Ipon3BOACTBO SHTPONMMM 32 CYET BI3KOCTH M TEIJIONPOBOAHOCTH. HeoTpuuarensHOCTH
K09(D(PUITUEHTOB BSI3KOCTH M TEILIOMPOBOIHOCTH.

V. VcnoBusd Ha TOBEPXHOCTAX CHJIBHOTO paspelBa B CIUIOIIHBIX cpefax. TaHreHIHMAIbHBIE
(KOHTaKTHBIE) pa3pbIBbl U yapHble BOJIHBL. CKauKy pa3psKEeHUs. YCIOBUS Ha [TOBEPXHOCTSIX CHJIBHOTO
pas3pbiBa B uaeabHOM Taze. Aauabara [ toronno.

VI. 3aMKHYTBIE CHUCTEMBl ypaBHCHHU JUIsl KIACCHYECKHX MOJEJel CIUTOMHON cpenbl. WneanpHast
KHUIKOCTb M Tra3. BHyTpeHHAs M cBOOOAHAs »HEPrHs KaK TEPMOJMHAMHYECKHE ITOTEHIIMAIIbI.
VYpaBHenus Ditniepa A WAealbHOW HEC)KUMAeMOM KUAKOCTH U Uil OapOTPONHBIX ABMKEHHH Tasa.
I'pannunbIe yCa0BUSL.

Wurerpan bepHymm s Hec)KuMaeMo# JKUJKOCTH B mone TsokecTH. [loHsitue o xaButamuu. TpyOka
[Mnro—Ilpanamns. [JuHamMu4ecKoe ¥ THAPOCTAaTHIECKOE AABIICHNUE.

Unterpan bepHymm s agnabarnyecKuX TEUYEHHH COBEPIICHHOro rasza. IlapaMeTpbl TOPMOMKEHHS.
Uncno Maxa. MakcumanbHasi ckopoctb. Dopma TpyOOK TOka B HEC)KMMAeMOW M CIKUMAaeMOH
xunkoctd. Como  JlaBams. OueHka BIMAHUS —~ CXKHUMAaeMOCTH TPH  YCTAHOBHUBIIMXCS U
HEYCTaHOBUBLIMXCSI JBUKEHUSX.

Nurerpan Komm—Jlarpamxka. [locranoBka 3ajad 0 MOTEHIIHANBHBIX JBUKCHHUSIX MACATBHON KUAKOCTH
u raza. OnpeneieHre JaBJIeHHUS.

I'mppocraruka. YpaBHeHHE paBHOBECHS KUAKOCTH. PaBHOBecue OaporponHoit xuakoctu. CymMmapHast
CHJIa U MOMEHT, JIEHCTBYIOIINE Ha [TOKOSILEECs B HEITOABUKHOM KUAKOCTH TeJl0. 3aKoH ApXumena.



[Mnockue Oe3BUXpEBbIE YCTAHOBUBIIMECS TCUCHUS HACaTbHON HECKUMAEMOU KHUIKOCTH. DyHKIHS
TOKa, MOTEHIHUan ckopocTed. KOMIUIEKCHBI NMOTEHHIMAan M KOMIUIEKCHAs CKOpOCTh. PaBHOMEpHBIN
MOCTYIaTeJIbHBIN MTOTOK, UICTOYHUK, CTOK, BUXPb, 1y0ieT, o0TekaHue yria. KoMIuieKkCHbIH NOTeHIan
oOTtexanusa nuiauHApa. Meton koH(OpMHBIX oTOOpaxkeHui. OO0TekaHue npoduist ¢ OCTPOH KPOMKOM.
[Mocrynar Yamneiruna—KykoBckoro. @opmyna mast nupkymsiun. ©opmynsl Yarsiruaa—brnazuyca as
OTIpeJieJICHUs] [IaBHOTO BEKTOpa M IVIABHOTO MOMEHTA CHJI JAaBJICHUH, AEHCTBYIOIIMX Ha MPOQWIb.
Teopema JKykoBckoro. be3oTpbiBHOE 00TeKaHNE IIACTUHKU TIO/ YIVIOM aTaku. [JTaBHBIA BEKTOp CHI U
[JIaBHBIA MOMEHT.

Buxpessie nprkeHus ujeanbHou xuakoctH. Teopema Tomcona. Teopema Jlarpanxka o 6e3BUXpeBOM
JBWXECHUH XUAKOCTH. Teopema [enbmronbia. Teopema 0 coXpaHEeHHH BHUXPEBOHM JuHUH. Teopema o
COXpaHEHWH HMHTEHCHUBHOCTH BHXpEBbIX TpyOOok. Teopema bbepkHeca O BO3HMKHOBEHHU BHUXPEH.
VYpaBuenue s Buxps. YpaBHenue @Ppuamana. YpaBHeHue [enbmrosbiia. OmpeneneHne BeKTOpa
CKOPOCTH TIO 33IaHHOMY BUXPIO U AMBEPreHUMH. EqMHCTBEHHOCTD pemeHus IoCcTaBlIeHHoM 3aaaun. O
pelLIeHn: paccMaTpUBaeMOi 3a/1auu B orpaHM4YeHHON oOmactu. CKOpOCTH, MHIAYLHPYEMbIe BUXPEBOM
Hutbto. @Dopmyna buo—Casapa. BuxpeBas mNOBEpXHOCTb, IOBEPXHOCTh pa3pbiBa KacaTeJIbHBIX
ckopocrtell. BuxpeBoi cioil.

VII. 3aMKHYTBIE CHUCTEMBl ypaBHEHMH JUIS KJIACCHUYECKHX MOJENIeH CIUIOMHOW cpenbl. JlnHelHas
BSI3KOCTh (HBIOTOHOBCKAs) >KHUAKOCTh. OO0OIIeHHBIH 3akoH HbIOTOHA Ui TeH30pa HAIMPSHKCHHM.
Koaddunuent Bsazkoctu. O0bemHbI k03 dunuent Bsazkoctu. ['unoresa Crokca. YpaBHeHne HaBbe
Crokca. 3akoH @ypbe. KoadpduumeHT TennonpoBogHOCTH. YpaBHEHHE YJHEPTUN U YPaBHEHUE MIPUTOKA
tera. JuccunaruBHast ¢yHkuus. CKOpoCTh BO3pacTaHHs SHTPONUU IPU HEOOPATUMBIX MPOLIECCaXx,
HEOTpULIATENbHOCTh K03 PULIEHTOB BSI3KOCTH u TEIUIOIPOBOAHOCTH. JIunelinele
(heHOMEHONOTUYECKUE YPaBHEHUS TlepeHoca Uil TepMoAMHaMUYeckuXx notokoB. [Ipunuun Onzarepa.
[locTaHoBKa HauaNbHBIX W TPaHUYHBIX ycloBuid s ypaBHenudd HaBbe—Ctokca. HeoOparumocTb
JBYDKEHUH BSI3KOH JKUAKOCTH. 3aBUXPEHHOCTh TEUCHUH BSI3KOW KUAKOCTH. TOUHBIC PEIICHUS] CUCTEMBI
ypaBHEHUH BA3KOM >xuaKocTH. TeueHre Mexay ABYMs NapajuleIbHbBIMU INIOCKUMHU CTEHKAMHU, TEUEHHUE
Kystra. HecraunonapHble OmHOMEpHBIE TEUEHHUS: pa3MbIBAHWE HA4aJbHOIO TaHTCHIUAIBHOTO
pa3pbiBa, JBM)KEHUE BA3KOM JKUAKOCTH B IIOJIYIPOCTPAHCTBE, BO3HUKAIOIIEE OT JBUKEHUS TPAHULIBI
nonympocrpancTBa. JAuddysus TouedHoro Buxps. 3amada O CTPYKType YIApHOH BOJIHBI, pELICHUE
bekkepa.

TedueHns: BSI3KOH KHUJIKOCTH TMPH OONBIIMX 4YKcliax PeliHonbjaca. YpaBHEHWE MOTPAHUYHOTO CIIOS.
3anaua biasnyca o morpaHMYHOM CJI0€ Ha MJIOCKOM IIIaCTUHE.

VIII. 3amMKHYTBIE CHCTEMbl YpaBHEHHUH U KJIACCHUECKUX MOJeNel CIuomHoi cpeabl. Y3oTpomnHas
JIMHEeWHO-ynpyras cpena. 3akoH ['yka.

VYnpyrue nocrosiaabie Jlame. Moayns ynpyroctu FOnra, kosddunuent Ilyaccona, Monyiab 00beMHOTO
cxkarust. X ¢usndeckuii cMbici. YpaBHEHUS TEOPUH YIPYTOCTH B HANPSIKCHUSX. YPaBHEHUS TEOPUH
ynpyroctu B nepemMenieHusix (ypasnenue Jlame). [loctaHOBKa HadalbHBIX U TPAHUYHBIX YCJIOBHU JJIs
ypaBHeHHI Teopun ynpyroctu. [lpunnun cynepniozunuu pemenuil. [Ipunnun Cen-Benana. Teopema
CIMHCTBEHHOCTH PELICHMS 3ajad CTAaTHKH YNPYroro tena. PacTspkeHWe W YMCTBIA M3rM0 LWIMHApA.
Kpyuenue nununapa. PapHoBecue 110100 11apa U I0J0r0 LUIMHIpPA IOA JeHCTBUEM BHYTPEHHEIO U
HAPY>KHOTO JAAaBJICHHMA.

[locTaHoBKa AMHAMHYECKUX 3a/1a4 TEOPHU YIIPYTOCTH.

VYipyrue BoiHBI, IPOIOJIBHBIE U ITONEPEYHbIE BOJHEL Il0BEpXHOCTHBIE BOJHEI Pases.

VYpaBHEHUS TEPMOYIIPYTOCTH.

IX. Metons momobuss u pasmepHoctH. Il-Teopema. JIBmKeHHE MaTeMaTHYECKOTO MAasTHHKA.
Hcreuenne TsKenon >KUAKOCTH Yepe3 BOAOCIUB. JBIKeHHE KMAKOCTH B TpyOax. J[BukeHue Tena B
MKHUJKOCTHU. 3a7]a4a O CUJIBHOM B3pbIBE. 3aKOH JBY)KEHUS YJApPHOU BOJIHBI IIPU CUJIBHOM B3pbIBE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

npopuiIb NOArOTOBKHU: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
Kadeapa BEIYUCIUTEIBHON (PU3UKU

Kypc: 4

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
7 (ocennuit) - JInddepeHmpoBaHHbIi 3a4eT

8 (Becennnii) - JluddepennupoBanubliii 3aueT

PaszpatGoTunk: M.J. bparus, kana. ¢pu3.-Mat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHNN K KOHKPETHON
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3ybTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare nzydeHus AUCHUTLTUHBI «MaTeMaTiHueckre MOJIelTd MEXaHUKH CILIONTHBIX CpeJ» 00ydYaronuics

JIOJDKEH

3HAThb:

[TpunaIUIBEI TOCTpOeHUs MareMaTuieckux moxaeneit MCC.
OcHOBHBIE MaTeMaTHYECKHE TOCTAHOBKH 3aa4 TUAPOAUHAMUKH, TA30IWHAMUKA U TEOPUH YIIPYTOCTH.

yYMeThb:
BbIBOIUTE OCHOBHBIE ypaBHEHUS

3aJay TUAPOJMHAMUKH, Ta30[MHAMMKM M TEOPUM YIPYIOCTH,

HCIOJIB30BaTh 0a30BHIE MNPUHIUIIBI MATCMAaTUYCCKOTO MOJACIIMPOBAHNUA B MCC OpHu pCHICHUU 3a/1a4.

BJIaJeTh:

MareMaTr4ecKuM anmaparoM BKIIIO4as OOBIKHOBEHHbIEC 1U((epeHInalIbHbIe YPAaBHEHUS, YPABHCHHUS B
YAaCTHBIX IPOU3BOHBIX, TEH30PHBINA aHAIU3.

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO




Hepeqenb THIIOBBIX KOHTPOJbHBIX BOIIPOCOB IO TUCHUIIJINHE

MaTtemaTHuyeCKHe MOJdeJIN MeXaHUKH CIJIOIIHbIX cpen

Ocennuii cemecTp

1. KpuBoamHeiinbie koopanHaTbl. OcHOBHO¥ (kacaTejabHbIi) 0asuc ¢;(i=12,3) B
TPeXMEpPHOM NPOCTPAHCTBE.
®yHgamMeHTaIbLHAS MATPHLA ‘ 9i; \

a) MOCTPOUTh KOOPIMHATHBIC IMHUU M KOOPUHATHBIC TOBEPXHOCTH,
0) HaliTH IKOOMEBHI MaTPHIIBI TIPEOOPA30BAHMI KOOPINHAT,
B) HAMTH BEKTOPHI OCHOBHOT'O (KaCaTEJILHOT0) U B3aUMHOTO JIOKAJIbHBIX 0a3HCOB,

r) HalTH (yHIAMEHTAIbHYIO MaTpUILY ‘ 0;; |, OOparHyr0 K Hell Marpuiy ‘ gij ‘ u K03)QUIHECHTHI

Jlame auist crieAyromuX nNpeoOpa3oBaHuil OT IEKAPTOBOH CUCTEMBI MPSIMOYTOIBHBIX KOOPIHHAT ( X, Y, )
K KPHUBOJIMHEHHOM cUCTeMe KOOpANHAT (Xl, x? , X3) B CJICAYIOIINX 3a]a4ax.
1.1. Hunuaapudeckas cucTeMa KOOpANHAT:
x=x"cos x?, y=x'sinx*,z=x*(x'=r, xX*=¢, x*=12)
(0< x' (o0, 0<x? (27, —oo(x® ().
1.2. Chepuueckas cucreMa KOOp/IUHAT:
x=x"sin x*cosx?®, y=x'sin x’sin x*, z=x"'cosx’
(xX'=r, x*=0, x’=p),
(0< x' (0, 0< X< 7, 0< ¢ (27).

1.3. EcrecTBeHHas cucTeMa KpUBOJMHEHHBIX KOOPIMHAT, CBs3aHHAs C IUIOCKOM KpuBod OC,
3a1aHHoM cBoMM paguycom kpuBusHel R (S)=0'N kak dyukums mvns gyru S. [Tonoxkenue touku M
Ha MJIOCKOCTH ONpeAesIeTCs JUIMHONH HOpMaln

(s, 1) i

o
GI‘

M N =n « kourypy OC, npoxosiieii yepe3 Touky M, wu mmunoi qyru ON = S, OTCUHTHIBAEMOMN OT

Hekotopoi Touku O koHTypa A0 ocHoBanus HopMaid N. Yron MNC — npsamoii. Haiitu kosdduureHTs
JJame HyunH,,

1.4. BriBectn popmyny g=0, = det H 9 H:V 2’
rae V1 =0, (gz X gs)

1.5. Haiiti V, st cucTeM KOOpAMHAT, yKa3aHHBIX B 3aqadax 1.1, 1.2.



2. Bsaumublii (conpsukennbiil) 6asuc_g' (i =1, 2, 3) naxoaures u3 yeroBuii_g' g, =4, .

2.1. HOKaBaTI), YTO €CJIM Ha OCHOBHOM WM B3aMMHOM 0a3ncax MMOCTPOUTH MapaJlICJICIIUIICAbI C O6’I)CMaMI/I,
COOTBCTCTBECHHO PaBHbBIMU

_ 1 |a1 2 3
Vi=8,(9,x0) » V' =g"- (g% xg*)

TO peOpa OJHOTrO M3 HUX OYyAYT MEPHEHIMKYJSPHBI TPaHsIM APYroro M HA00OpoT. MoAymu BEKTOPOB
OCHOBHOIo 0Oasuca PaBHBL 06paTHBIM SHAUYCHUAM TMapaUICIbHBIX WM BBICOT MapaJuICJICIUIICAA,

MOCTPOCHHOTO Ha BEKTOPax B3aMMHOTO 0a3wuca.
2.2. IIpoBepuTh, YTO B3aUMHBIN OA3MC MOXKHO BBIYHCIISTH 10 (OpMyJIe

ox' . ox'. ox'_
I+ ]+ K,
OoX oy 0z

e 1, ], K — opTel npsiMoyronbHOIt 1eKapTOBOI CHCTEMBI KOOP/IMHAT.

g'=Vx'=

2.3. I[OKaBaTI), 4710 00BEM napajuieienuriea, IoOCTpOCHHOI0 Ha BEKTOPaxX OCHOBHOI'O 6331/103, paBcH

Vi = \/det‘ 9ij =9,

a Ha BEKTOpax B3aMMHOTO 0a3uca paBeH

Vl‘=\det‘gij ‘E\/E'

2.4. Pa3noxuTe BEKTOp @ TO TpeM TMPOW3BOJIBHO 3aJaHHBIM HEKOMIUIAaHAPHBIM BEKTOpaM

3
a,.d,.d, azz a; &
i=1

Haiiti k09))UIMEHTBI (¢, Yepe3 BEKTOPBI ', B3AMMHBIE BEKTOPAM  d;

2.5. Vicnionb3ys OCTPOEHHUS B3aMMHOTO 0asKca, OnpeaesnTs Bektop D, ymoBnerBopsrormmii
YPaBHEHUAM

b-a=c (i=12,3),

rae Eii — 3aJIaHHBIC HCKOMIIJIAHAPHBIC BEKTOPBI, ; — 3aJJaHHBIC HeﬁCTBHTeHBHBIe qucia.

i
3. KoBapuantHble_(a; ), KOHTpaBapuaHTHbIe (a') KOMIIOHEHTHI BeKTOpa d=a' g, =a; g'

3.1. HOKaSaTL, YTO KOHTPABAPHUAHTHBIC KOMIIOHCHTBI a’ BCKTOpa d MOXHO HaWTH WK U3
NnapauiCjIbHbIX COCTABJIAIOMINX Cll|§l~ | BCKTOpa a 1o HaIllpaBJICHUSIM OCHOBHOI'O 6a3I/ICa, nim H3

i

OpPTOTOHAITBHBIX TIPOEKIINH ‘ — BEKTOpa d Ha OCH B3aUMHOTO 0asmuca.
=1
g'|

3.2. Iloka3aTb, YTO KOBapHAHTHBIE KOMIIOHEHTHI  d;

;i MOXHO HaAWTH COOTBETCTBEHHO IO napauiCjIbHbIM

gl | BCKTOpa Ez, 0 HaIpapJCHHUAM B3aUMHOI'O Oasmca nmubO IO OpTOrOHAJIbHBIM

COCTaBJIAIOIIUM @
i
NPOEKIMAM —— BEKTOpa d Ha OCH OCHOBHOTO 0asuca g;
g
ik
ik ik
3.3. Tlokasarp, uto § = ——, rae G " — anrebpanyeckoe JONOIHEHUE MATPULIBI g -

4. CxajsipHOe H BEKTOPHOe NPON3BeJeHNe BEKTOPOB.
ij i k
Cumsouibl Jlepn-Uugnra_¢e, ;, . IACKPUMUHAHTHBIE TEH30PbI (MATPHUILBI)_E;;, , ek i ura

4.1. BeiBecTn OpMYITBI JJIs1 BEKTOPHBIX MPOU3BENICHHN 0a3HCHBIX BEKTOPOB

g Xg]‘ =Sijk gka gixgj =e'lk gy » Tae cumBonbl € =G '(gj xdy ), eijk:gi '(gj ng) .



4.2. Vcrione3yst hopmyiy €; i /P = 26£ , BBIBECTH (POPMYIIBI 0OpaIieHus
1 _— -
di =5 Siik g'xg*, g ZEEIJ g;xdy-
4.3. [l IpoU3BOJIbHBIX BEKTOPOB a=a' Ji, b=b' g, C= c' 0, BBIBSCTH BBIPAXKCHHS IJI1 BEKTOPHOTO

npoussesienus dxb=a’ b’ 3; gh=ab I ¥ g, u cMemanHoro npoussexcHus

1 2 3

. a, a, a, a' a’ a
a-(BxC):a”kaibjck:(bl b, b, =.gb" b’ b.
g c, C, C, ¢t ¢* ¢

4.4. BoiBecTH (OpMyly IS JBOIMHONO BEKTOPHOTO NpomsBefeHus ax(bxc)=b(a-¢)—c(a-b),
WCTIONB3YS IepBYI0 (popmyiry 3amaun 4.3.
4.5. IIpoBepuUTh TOKAECTBO g; X gi =0.
4.6. Beraucnuts, HCmonb3yst GopMymsl 3a1auu 4.1, TUI0IIa u SIeMeHTapHBIX KOOPAMHATHBIX TUTOMAI0K —

TUIOIIA/I0K TIApaJIeIOrPaMMOB, IOCTPOCHHBIX TONapHO Ha BEKTOpax g  d x' (no i ve cymmupoBats!) (i
=1,2,3), dog, =-/gg" dx’dx* (i=j=k=i).
4.7. BerauciuTh 00beM SIIEMEHTAPHOTO KOOPAMHATHOTO Mapajutenenunena (dV = \/E dx'dx?dx? ).
*4.8. PaccmotpuM anementapHsiii terpasap P P, P, P, pe6pa
KOTOPOTO €CTh BEKTOPBI

PP =§,dx!, PPz =§,dx* PPs=g,dx°’

C 0OIIMM Ha4YaJioM B TOYKe P.

F1
OGo3HaunM uepe3 d ;) IUIOLIA/b KOOPAMHATHON rPaHy TeTpadapa x'=const, d G () — ILIOLIANb

T'paHn Pl P2 PS y ﬁ——nl gi =n; gl — CIMHWYHYIO BHCHIHIOKO HOpMAJIb K Fl F2 F3 . HOKa3aTB, qTOo
do ; . ..

i

() i iJy

ﬂg dG(n)

5. [IpeoGpazoBanue koopauHat. Onpenenenne TeH30pa

[
n=n g,,roe n;=

Hapsiny ¢ cucreMoil KpUBOJIMHENHBIX KOOPIUHAT (Xl, X2, X 3) OyzeM paccMaTpUBaTh HOBYIO CUCTEMY
xoopmurar (Y, y?, y°), ceasannyro co crapoit opMymamMu mpeoGpazoBaHus
i ifyl 2 3
y' =y (x5, x5, x7), *)

O6J'Ia,£[aIOH_H/IMI/I CBOICTBaAMHU HCIIPCPBIBHOCTH, )_II/I(b(l)CpeHI_[I/IpyeMOCTI/I 1 B3aUMOOJHO3HAYHOCTH.



* o o ij
5.1. JTokasaTh, 4TO SIIeMEHTH! hyHIAMEHTANBHOH MAaTPHIIBL g ; ; M 06paTHOH MaTpuusl g '/, a TaKKke
snementsl §; =0 ;=0 ABIAOTCA KOMIOHEHTAMH OJHOTO H TOTO XE TEH30pa BTOPOro paHra
_ gl _ i _
G=0,;00=9"9,0;=
=079,9'=06/9'9g; - merpuueckoro Tensopa.

*5.2. Tlokasate, 4TO ONpPECTUTENIh MATPUIBI CMELIAHHBIX KOMIIOHEHT TEH30pa BTOPOTO paHra sBIISCTCS
WHBapUaHTOM IpeoOpa3oBaHus KoOpAUHAT (*) .

5.3. IlokasaTe, 4T0 OCHOBHAs KBaJapaTuyHas GpopMa g ; j dx' dx’ aBnsercs HHBAPUAHTOM IO
OTHOIIICHHUIO K TIpeobpa3zoBanuio (*)

(9 dx'dx! =g';;d y'dy") , rme 0, — MeTpuuecKas MaTpHIa B CHCTEME KOOPIHHAT yhy?ye.

54.Tyers (X, x2, x®) — nudepenmpyemas dynkims koopaunar x . Jlokasars, 4To

of .
-~ (i =1, 2, 3) npeobpasyrores npu npeobpazoBarmy (*) Kak KOBAPUAHTHBIE KOMIIOHEHTBI BEKTOPA.

2
0D

5.5. BeisicHUTB, 00pa3yroT M BETHUHHBI 7@ ax KOMIIOHEHTHI TE€H30pa BTOPOI'O paHra, eciiu
X X

D (Xl, X%, X 3) — nBax1pl auddepeHupyemast GyHKIHA.
5.6. Jlokasats, 4TO CHMBOIBI €, ;i H elrk (cM. 1. 4.2) SBASIOTCS COOTBETCTBYIOLIMMHU KOMITOHEHTaMH

TEH30pa TPEThEro paHra (JUCKPUMHUHAHTHBIN TEH30D).

*5.7. Tewsopy T=T"' g; g ;j B BBIOpAHHOM CHCTEME KOOPJMHAT IIOCTABUM B COOTBETCTBUE TPH 00BEKTA

U'=T" g, mm T/=T" g, koTophic B BHIOPaHHOI CHCTEME KOOPAMHAT MOXKHO H300pa3HTh B BH/IC

BEKTOPOB ' mmu T/ ¢ KOMIIOHEHTaMH, COCTaBJIEHHBIMU U3 CTPOK (CTONOLOB) MaTpuibl Tenzopa 1 .

Haiiti mpeoGpa3oBanus BeNMuuH ' 1 BbIpasuTh Ten3op T vepes ' u T/ . Boipasuts T/ uepes ¢/ . B
KakoM cinydae T ' = T'?
6. Tenzopuas ajireépa
6.1. TTokasaTh, 4TO €CJIM TEH30p BTOPOTO PaHra CHMMETpHuHbI, T.e. ecmu T/ =T7', 10 T, =T,
TV =T".

=T
*6.2. Tlokasats, utoT 2, T W nNpous3BONBHAS CTENEHb N CHMMETPHYHOrO TEH30PA €CTh TAKKe
CUMMETPUYHBIN TEH30D.

6.3. Tlokasath, 4TO CKaJSIPHOE YMHOXKECHUE BEKTOPa HAa TEH30p MoauuHsieTcs npasuiy ad -7 = T T a , TIe
Tl - TPaHCHOHUPOBAHHBII TEH30P BTOPOTO PaHra.
6.4. Hemnocpencreenno HIPOBEPUTH clletytomme npaBuiIa TPAHCIIOHUPOBAHUSI:

(T-S)=ST-T™ (T-$.Q)"=Q"-S™-T".
6.5. Jlokazarp, 4TO ABOMHOE CKaJIspHOE IPOU3BEACHHE (IBOWHAs CBEPTKA) TEH30POB BTOPOTO paHra

T:S=T"S ji ABISICTCS] HHBAPHAHTOM (CKJISIPOM).

6.6. Boisectn gopmyne: G : T=T" , T:G=T" ,G:G=3.

*6.7. MI3BJedn KBaJpaTHBIIA KOPEHb U3 TEH30pa 1 =

O N W

2
3
0

© O O

6.8. I[OKaBaTI), 4YTO B PpPE3YJbTATC MOJHOI'0 CBCPTBIBAHUA TCH30pad, HMMCIOMICTO OJAWMHAKOBOC YHUCIIO
KOBAapHaHTHBIX U KOHTPAaBApPHUAHTHBIX MHIACKCOB, IMOJIYYaCTCs CKaJIsap.



*6.9. Jlokasatk, 4TO detHTin = detHT" i

BTOPOTO paHTa eCTh NHBAPHAHT.

, T.C. OIIPCACIUTECIIb CMCIIAHHBIX KOMIIOHCHT TCH30pa

7. IIpousBoaHbIE OT GA3MCHBIX BeKTOPOB. CHMBOJIbI Kpucroddens. Kopapuantnoe u
KOHTpaBapuaHTHoOe 1uddepeHiupoBanue

00;; .1 4005 dln./g
7.1. Jloka3aTb paBEeHCTBA b= +0T.,., Il ="glh 30 1k = N2
¢ p ox ik, j jk,i jk 2 g an ik ox !

k
7.2. Hokazatph, dro mpu mnpeoOpazoBanuu (*) cumBonsl Kpucroddens 2-ro poma mpeodpasyroTcs 1mo

a B 27 k
3aKOHY F:(j :(axi 8X. L, + G'X j oy .
oy' oy’ oy'oy' ) ox”
7.3. YcTaHOBHTH 3aKOH TpeoOpazoBanms cUMBONIOB Kpucrtoddens 1-ro poma mpu mpeodpazoBaHuH
KoopawHAaT (*).
7.4. TlpoBepuTh, YTO Ui OPTOTOHAIBHOM CHCTEMBI KOOpAUHAT AJisi cUMBOJIOB Kpucroddens umeror
MECTO BBIPaKCHHS

_ k . . k . _ 1 6gii - k
Lk =T =0(i# jzk=i), I}, =—=—-(i k),
2 OX
og: . . 1 0. . 10Ihg. .
i = A ';(Iij),ri:(:—— Ll1ri:<:* k”(lik)-
2 OX 20, OX 2 0OX
*7.5. JlokazaTp, 9YTO KOBapHAHTHBIC MPOM3BOIHBIE KOMIIOHEHT BEKTOpA SIBISTIOTCS COOTBETCTBYIOIIAMU
da*  oay
KOMITIOHCHTAMHU TCHBOpa BTOpOFO paHra. HpOI/ISBOHHHe —, — HC ABISKOTCSI KOMIIOHCHTAMUA
ox* ox*

TEH30pA.

7.6. Tloka3aTh HEMOCPENCTBCHHBIM BBIYHCICHHEM, YTO TPH KOBAPUAHTHOM JUD(HEpEeHIMPOBAHUM
KOMITOHEHTBI METPHUCCKOT0 M JUCKPUMHUHAHTHOI'O TEH30POB CIICAYET PacCMAaTpUBaTh KaK MOCTOSHHBIC
(memma Puaan):

ik i ikl
7.7. Tlo onpenenenmo diva=V-a, divT =V-.T, rota=Vxa.
IToka3ats, 9TO

diva=v,a' =}6i‘ (/g a'),

divT =V, T §.§ \/_ax (\/_T”kgj'gk),

a i
I’Ota:VIaJB gk_@TB
div (T -v)=divT -v+T-VV.

7.8. Ilokazats, uto omepatop Jlamiaca B KpUBOIMHEHHON CHCTEME KOOPUHAT UMEET BH]T

i jk

9

2 H ij i
Ap=(V-V)p =Vip=divVp=g""V\V,p=V V'p=

-vvo= e 55

7.9. IlokazaTh, 4YTO OUrapMOHUYECKUH ONIepaTop B KPUBOJIMHEHHON CHCTEME KOOPAMHAT UMEET BUJL
2 gh i) ki
Ap=Vp=9"9" V,V,V\V, 0



7.10. TIposeputs, uto div(-PG)=-V P, tne P - cxanapuas GyHkuus, G — METPHUECKHIi TEH30.
7.11. IIpoBepuTh caeayoIUe PaBEHCTBA!
rotr=0, dvr=3, dr-Ve=de,

. . 12,
V- (Txr)=(V-T)xr+g'-(Txg"),, V-(rxf):—r-(VxT).7 12. Berecrit opmyny

2

V-W:V(\/Zj—rothV.

7.13. TIpoBEPUTH TOKIECTBO d'w(T-\7)=\7 divT +T:e,

1 )
rie € — TeH30p CKOpOCTeH JedopMaliui ¢ KOMIIOHCHTAMH, €;; = E(V‘ vV, +V;v j) , vV=v,g -
BEKTOP,

T — CcUMMeTpHYHBIH TEH30D.

7.14. Jloka3aTh TOXKIECTBO ax (V x 5) =Vb-a-a-Vb.

7.15. Ilokas3ars, 9TO
di\/[— PG + 1'divvG + 2,ue] = —Vp+ (i + u)Vdivy + uAv,

A 1 . T . ,
rae €= E Vv + (VV) — TEH30p CKOpocTel nedopmMalum, (4 U f — NOCTOSAHHBIC KOG GHUIHUEHTEHI.

8. Kunemartuka aedopmupyemMoi CIJIOMIHOM cpeabl

8.1.Tlone ckopocTeli B 5iIepOBEIX NEPEMEHHBIX B JIEKAPTOBOM CHCTEME KOOPIMHAT X, X,, X5 HMEeT
BU/]
v, =—kx,, v,=kx, v,=0 (k=const).
HatiTu: TeH3op ckopocTeii aedopmarinii; BEKTOp BUXPSI CKOPOCTH; BEKTOP MEPEMEIICHUS; TCH30P MaJIbIX
nedopMaruii.
8.2. KomnoneHThI TeH30pa fedopmaiuii € ; ;B JIEKapTOBOM CUCTEME KOOPJMHAT UMEIOT BU/L
gpp=a, &y =8y =£33=b, €3=¢3=0.

Haiitu nmone ckopocteil B 1eKapTOBOM CUCTEME KOOPAUHAT.
8.3. HaiiTu BbeIpaxkeHHe TEH30pa CKOpocTed aedopMaliuii yepe3 BEKTOP CKOPOCTH B OPTOTOHAJILHOU
KPHBOJIMHEHHOM cUCTEME KOOpAUHAT.



BecenHuii cemectp

3AJIAHHUE 1

1. Mertonsl nogobust u pazmeproctu. [I-teopema. JIBrkeHHE MaTeMaTHUECKOTO MasTHHKA,
UCTEUCHUE TSKEJION KUAKOCTU Yepe3 BOJOCIUB, IBHKEHHUE KHUAKOCTH B Tpybax (MIIP — c. 28—
47, bupkrod. 'maponunamuxka, 1. 4, 5).

2. JIB>KeHUe Tella B )KMJIKOCTH, 3a/1a4ya O CHJIbHOM B3pPbIBE, 3aKOH pacnpocTpaHeHus
ynapHo# BosHbl (MIIP - c. 47-53, c. 247-255; C.T-.1, c. 447-451; JLJI. — c. 558-563).

3. Unterpan bepHymim Uil HEC)KUMAEMOU KUAKOCTU. VIcTedeHne KUAKOCTH M3 OTBEPCTHS.
TpyOka ITuto-ITpanaris. JluHamMmudeckoe U TUAPOCTATUYECKOE JaBJICHUE. SIBIIEHUE KaBUTALUU
(C.—T.11,¢. 22-37).

4. Teopema KoJM4YecTBa JIBUKEHHUS B MHTErpajbHOM BuJe. Kocoll ynap ABymepHOH cTpyu
HEC)KMMAaeMO# KUAKOCTU O TUIOCKYIO CTeHKY. [ muccupoBanue miockoit miactunku (C. — Y. 11,
c. 54-60, KKP, 4.1 — c. 65-72). [Tapanokc danambepa (C. — T. 22 ,c. 71-76, c. 204-206).

5. Onpenenenue BekTopa o ero Buxpio u pacxoxaenuto (C. — T. Il , c. 277-288, Kounn H.E.
BekTopHoe mcumciieHue M Hadaia TeH30pHOro ucumcieHus. — M.: Hayka, 1965. — C. 209-240,
B.A. lllanxgep)

6. Ilmockoe Oe3BUXpEBOE JBUKEHHE HICATbHOM HEC)KMMaeMoil X uakoctd. llpuMeHenue
(GyHKIMI KOMIUIEKCHOTO MEpeMEHHOTo. ['napomexannueckoe uctoiakoBanue gpynkmiuit (JI. — c.
196-207; KKP- Y. | —c. 129-142. B.A. Illannep).

7. becuupKynsSIMOHHBIE U IUPKYISIHOHHBIE 00TeKeHus: kpyrioro munuuapa (JI. — c. 207—
215; KKP.- Y. I, ¢. 237-251).

8. [Ipumenenune Metoja KoH(pOpMHOTr0o oToOpaxkeHus. O6Tekanue unca u miaactuHku (J1. —
c.222-233, KKP- Y .1; c. 257-261, 267-274, B.A. lllannep).

3AJTIAHHUE 2

1. JlamuHapHO€ ABMYKEHHE BA3KOM >KUIKOCTH B TpyOe. 3akoH [lyaszeitns

(JI. — c. 469-480).

2. Mud¢ysus Todeqnoro Buxps u Bsi3koit xkuakoctu (JI. — C. 526-534).

3. 3amaua bexkkepa 0 CTpyKType YyIapHOW BOJHBI B Bs3koM kumkoctu (Mmwzec P.
Maremarnueckast TeOpusi T€UEHUN CxkuMaemMou xuakoctu. — M., 1961, — C. 155-176; JI. — c.
610-617).

4. BonHOBbIE JBHXEHHS HJiealbHON kuakocTH. 3afgava Komm—Ilyaccona. Ctosune BOJHBI,
NPOTPECCUBHBIC BOJIHBI, rpymmoBas ckopocTb (K.P. —c. 401-424).

5. dedopmarun 1 HanpspKeHUs, BO3HUKAIOIIME B KPYIJIOH TpyOe (1oJIoM Iape) u3 ynpyroro
MaTepuraia moJ Bo3ieicTBUeM BHyTpeHHero u BHemHero nasienus (C.- T. Il , c. 339-347, T. V
,c. 33-34).

6. MakcuMmanbHble KacaTenbHble Hanpsokenust. (b. - ¢. 60-63)

7. Ympyrue BOJHBI B M30TpomHOH cpene. IlpomonbHble W MONepedHble BOJIHBI,
noBepxHocTHbIe BoHBI Panest (C. — T. 11, ¢. 403-413).



3. [lepevyeHb TUHMOBBIX KOHTPOJIbHBIX 3aJaHUI, HCMOJIb3YeMbIX JJI5l OIIeHKH 3HAHMI, YMEHUH,
HAaBBIKOB VTOroBas arrectanus mpou3BOIUTCS B BUIE AUPPEPEHINPOBAHHOTO 3aUeTa.
JuddepeHunpoBaHHbIif 3a4€T MPOBOIUTCS IyTEM OpraHU3alMi OMpoca, MPOBOAUMOIO B YCTHOM
dopwme. [lepedeHb KOHTPOIBHBIX BONPOCOB: 1. DeMEeHTHl TEH30pHOTO HcunciaeHus: KpaTkas
UCTOPHS BOSHUKHOBEHHUS TEH30PHOTO HcuucieHus. Heo6XxoauMocTh mpuMeHeHHs TEH30pHOTO
anmapara B MeXaHuke u ¢pusuke. 3agaun TeH30pHOro ucuuciaenus. 1.1. Cuctembl KOOpAMHAT.
OcHOBHOH ¥ B3aUMHBIN 0a3uCHl. [IoHATHE TEH30pa U IPABHIIIO MIPEOOPA30BAHUS €TI0 KOMIIOHEHT
CucteMbl KpUBOJIMHEHHBIX KOOPJMHAT B €BKIIMIOBOM MpocTpaHcTBe. OCHOBHOM (JIOKAJIBHBIH,
KacaTeJIbHbII) 0a3KC B TPEXMEPHOM €BKJIMI0BOM mpocTpancTBe. Koaddurpents! Jlame. B3anMHbIii
(compspxkeHHBIH, OMOPTOrOHANBHBIN) 0a3uc. /IBa crmoco0a BEIYHMCICHUS B3aUMHOTO Oa3uca.
CoxpaHeHne OpUEHTAINH IIPU TIepexo/ie K B3aUMHOMY 0a3ucy u oopaTHo. PasnoxeHne oCHOBHOTO
Oasmca 1o B3anMHOMY 0a3ucy 1 00paTHO. basucHbIE MaTPHUITbl OCHOBHOTO M B3aMMHOTO 0a3MCOB, X
B3aMMOO0OpaTHOCTh. [IuckpuMuHaHT 6azuca. @opmysibl 411 00BEMOB MapauIeICIUIE 0B,
IIOCTPOEHHBIX Ha BEKTOpax 0a3zuco. HekoMIulaHapHOCTh BEKTOPOB B3aUMHOT0 Oa3uca. Pasnoxenue
0ECKOHEUHO MaJIOro BEKTOpa 110 OCHOBHOMY U B3aUMHOMY Oa3ucaM. HeroioHoMHOCTb KOOpAUHAT
0EeCKOHEUHO MaJIOro BEKTOpa BO B3aUMHOM 0Oa3zuce. [Ipumeps! cucteM KpUBOJIMHEWHBIX KOOPMHAT,
JUISL KOTOPBIX HE CYILECTBYET KOBapHUAHTHBIX KOOpAUHAT. [IpencTaBienne npor3BOJIbHOTO BEKTOpa B
OCHOBHOM U B3auMHOM 0azucax. KoBapraHTHbIE 1 KOHTpaBapHUaHTHBIE KOMIIOHEHTHI BEKTOPA.
OpToroHaibHble U apajuIeIbHbIE IPOEKIUHU BeKTopa. Pu3nueckne KOMIOHEHTH! BeKTopa. CBs3b
MEX/1y KOBApUAHTHBIMU M KOHTpaBapUaHTHBIMU KOMIIOHEHTaMH BekTopa. Onepauus MoaAHATUS U
OITyCKaHUs MHIEKCOB y KOMIIOHEHT BeKTOpa. CKaJlIpHOE IPOU3BECHHUE IBYX BEKTOPOB. J{IrHa
BEKTOpa. YTOJI Mexay 1ByMs Bekropamu. Cumsoil Jlesu—UuBuTel. BekToOpHOE ITPOM3BEIEHUE IBYX
BekTOopoB. CMemanHoe npousseieHye. [1nomany sneMeHTapHbIX KOOPIMHATHBIX IUIOIIA0K B
TPEXMEPHOM €BKJINI0BOM IpocTpaHcTBe. OObEM 3J1€MEHTApHOI0 KOOPIUHATHOTO
napauenenuneaa. KopapruanTHble KOMIIOHEHTHI OPT-HOPMaJIM K 3JIEMEHTApPHOM IUIOIIAIKe
npou3BoJbHOI opuenTtanun. I[IpeoOpasoBanue koopauHar. Ilpeo6pazoBaHne KOHTpaBapHAHTHBIX
KOMITOHEHT O€CKOHEYHO MaJIoro MepeMelIeHus] 1 OCHOBHOTO 0azuca. @opMyibl mpeodpa3oBaHus
KOMITOHEHT 0a3ucHoi Matpuiibl. [IpeoOpa3oBaHie KOBapHAHTHBIX KOMIIOHEHT O€CKOHEYHO MaJIOTO
BEKTOpa MepeMeIIeHus 1 B3auMHoro 0asuca. A ¢uHHbIE, OPTOroHaJIbHBIE IPE0OpPa30BaAHUS.
[Monuanxeie (quagHbIe, TPUAJHBIC H T. J., TAKKE TECH30PHBIC MM HEOIPEICIICHHBIC) TPOM3BEICHUS
BEKTOPOB Oa3uca. OnpeneneHue TeH30pa Kak UHBAPUAHTHOTO 00bEKTa — JIMHEWHON KOMOMHAIMU
HOJIMAHBIX IPOU3BEICHUM BeKTOpoB Oa3uca. Panr tenzopa. @opmyiibl mpeodpa3oBaHusi KOMIIOHEHT
TeH3opa. OnpezaeneHne TeH30pa Kak 00beKTa, KOMIOHEHTHI KOTOPOTO MPeodpasyroTces 1o
TEH30PHOMY 3aKOHY. DKBUBAJICHTHOCTb JBYX OIpeJiesieHui TeH3opa. CKajsp Kak TeH30p HYJIEBOTrO
paHra, BEKTOp Kak TeH30p MepBOro panra. [[pumMepsl CKalsIpHBIX, BEKTOPHBIX, TEH30PHBIX BEJTMYMH B
reomeTpun u pusnke. Merpuueckuii TeH3op. JuckpuMuHaHTHBIN TeH30p. OnpeneneHue
NICEBAOTEH30pa. DKBUBAJIEHTHOCTh B TPEXMEPHOM MPOCTPAHCTBE AaHTUCUMMETPUYHOTO TEH30pa
BTOPOT'O paHra akcuaabHOMy BekTopy. 1.2. TenzopHas anredpa YMHOXKEHHE TEH30pa HA YHCIIO.
CrnosxeHue v BbIYMTaHUE TeH30poB. Onepaluuu CUMMETPUPOBAHUS U aJIbTEPHUPOBAHUS TEH30POB
BTOpOro paunra. [lonuangnoe ymHoxkeHue TeH30poB. Onepanus cokpamienus naaekca. CkansipHoe
npousBezieHue (cBepTka) TeH30poB. [IpecTaBieHie KOMIIOHSHT TEH30pa Yepe3 CKaSIPHOE
NpoM3BeIeHNE TeH30pa U 0a3UCHBIX BEKTOPOB. Ciiell ¥ ONpeeanTeNb TEH30pa BTOPOTrO PaHra.
OO6pamienne TeH30pa BToporo panra. MaBapuanTs! TeH30pa. CoOCTBEHHBIE BEKTOPHI, COOCTBEHHBIE
3HA4YeHWs], TJIABHBIE OCH ¥ TJIABHBIE KOMITOHEHTH CHMMETPHUYHOTO TEH30pa BTOPOTO paHTa, uX
cBoiicTBa. [IpeacraBnenne TeH30pa B OPTOHOPMUPOBAHHOM 0a3uce COOCTBEHHBIX BEKTOPOB.
OOpatHBIi TEH30PHBIN MTPU3HAK.

1.3. Tenzopuslit ananu3 [Ipou3BoHBIE OT OA3UCHBIX BEKTOPOB M0 KOHTPABAPUAHTHBIM KOO IH-
Hatam. CumBoasl Kpuctoddens neporo u Broporo pozaa, ux ceorctsa. CUMMETPHUSI CHUMBOJIOB
Kpucrtoddens Broporo posna no HuxHUM uHAekcam. [IpaBuiio NogHATHS U ONyCKaHUSI HHIEKCOB Y
cumBoioB Kpucroddenst (popmyra B3aumuocth). Beipakenue s cumBonoB Kpucroddens uepes
MPOU3BOHbBIE OT KOMIIOHEHT MEeTpruecKkoi Matpullbl. CBepTka cuMBoioB Kpuctoddens Broporo
pona (cokpamieHabie cumBoIbl Kpuctoddens). Onepatop «Habna» ['aMuibToHa, MPOU3BOIAHBIC OT
CKaJspa, BEKTOpa, TeH30pa M0 KPUBOJIMHEHHBIM KoopanHaTaMm. KoBapuantHoe
nuddepeHnrpoBanme, ero cBoiicrsa. CBONHCTBa KOBapUaHTHOTO Ju(depeHnnpoBaHus 6a3UCHBIX
BEKTOPOB, KOMIIOHEHT METPHUYECKOTO ¥ TUCKPUMHUHAHTHOTO TeH30pOB. JlemMa Puuuu. CBsi3b



€BKJINJIOBOCTH IPOCTPAHCTBA € IEPECTAHOBOYHOCTHIO KOBAPUAHTHBIX MTPON3BOAHBIX. [loHATHE O
teHn3zope Pumana—Kpucroddens u pumaHOBBIX IpOCTpaHCTBaX. BoipaskeHus 1is rpaiveHTa,
JTUBEPreHIINH, POTOPA, JIalulacuaHa, OMrapMOHUYECKOTO ONepaTopa B MPOU3BOJIbHOM
KpUBOJIMHENHOM crucTteme koopauHaT. Teopema ["aycca—Octporpanckoro. Teopema CTokca.

2. Kunematuka 1eopMHupyeMoil CIIJIOMIHON CPeIbI

2.1. CiocoObl onrcaHus JBMXKEHHUS CIUIOIIHOM cpebl [1o1X0/1pI K OMMCaHuIO ABMKEHHUS CIUIOIIHOMN
cpenapl Diinepa u Jlarpanka. [ToHsITHE )KUIKONM YaCTHIBI. 3aKOH ABUKEHUS CPEJIbI.
[TpoctpaHcTBeHHBIC (DIICPOBBI) U MaTepHaibHbIe (JIarpaHKeBbl) KoopAUHATHI. [lepexos oT
MEpPEeMEHHBIX Disiepa K mepeMeHHbIM Jlarpamka u 00paTHO. DKBHBAJIEHTHOCTh TIOJIXO0B Diiiepa u
Jlarpanxa. MecTHast 1 MHAUBUAYaIbHAs IPOU3BOJHAS N0 BpeMeHH. CKOPOCTh U YCKOPEHUE,
BBIpKEHHUS 1151 HUX B TIepeMeHHbIX Disepa u Jlarpanxka. Tpaekropus >xunkoid yactusl. Jluauy,
MOBEPXHOCTH, TPYOKHU TOKA.

2.2. Tenzop aedopmarmii [Ipeobpa3oBanue Manoil YaCTHIIBI IPU MPOU3BOJILHOM IEPEMEIIEHUN
cpenpl. Tensopsl nedopmanuii ['puHa 1 AJTbMaHCH B JarpaHXKEBBIX KOOPAMHATAX, MEXaHUUCCKHUI
CMBICIT X KOBapUAaHTHBIX KOMIIOHEHT. [ JTaBHBIE OCH U TJIaBHBIE KOMIIOHEHTHI TEH30POB Ae(popmanuii
I'puHa u AnbMaHCH, CBSA3U MeXAy HUMU. OTHOCUTEIbHOE U3MEHEHHE 00beMa IpU
nepopmupoBanun. KomrnoneHTs! TeH30poB nedopmanuii ['puna u AnbMaHCH B 3iI€pOBBIX
KoopauHartax. Bekrop nmepemenienus. BoipaxeHus a5 KOMIOHEHT TEH30pOB AedopMariuii uepes
IIPOM3BOHbBIE OT KOMIIOHEHT BEKTOpa MepeMeIlIeHUs. | eoMeTpuuecky JMHeHas MEeXaHHKa.
YpaBHEHHsI COBMECTHOCTH sl KOMIIOHEHT TeH30pOB nedopmannii. Ypauenus CeH-Benana.
®opmyna Yesapo.

2.3. Ten3zop ckopocteit nedopmarmii TeHzop ckopocTeit neopmaliiuii B 1arpaHKeBbIX U dJIEPOBBIX
KoopAnHaTax. BeipaskeHus 11 KOMIIOHEHT TeH30pa CKOpocTell nedopmaniuii uepe3 mpou3BOJAHbBIE OT
KOMIIOHEHT BEKTOpa CKOpocTH. CKOPOCTh OTHOCUTEIHHOTO U3MeHeHus: oobema. Teopema Komm—
I'enbMrosnbia o pacipeaeneHu CKOPOCTeN B OKPECTHOCTH MTPOU3BOJIBHONW TOUKH CIUIOUTHOM Cpebl.
3. luHaMu4yecKkue ypaBHEHHUS MEXaHHUKH CIUIONIHBIX CPe]

3.1. 3akoH coxpaHeHUs] MacChl Y paBHEHHE MACChl B HHTETPAIbHON (popMe AJIsl TarpaHxeBa u
iiepoBa 0OBEMOB CILIOUIHOM Cpeibl. Y paBHEHHE Macchl B uddepeHuanbHoi popMe, ypaBHEHHE
Hepa3pbIBHOCTU. OIHOMEpHBIE JBMKEHUS COKMMAEMOI cpeibl, JIarpaH)KeBa MaccoBasi KOOpAWHATA.
3.2. 3aKOH cOXpaHEHUs KOJIMYeCTBa JABIKEeHUs 3akoHbl HproTOHAa. MaccoBble M TOBEPXHOCTHBIE
cuibl. [Ipumepsl cuil, IEHCTBYIOIIUX B CIUIOLIHOW cpee. BexTop HanpshkeHuid. Y paBHEHHE
KOJIMYECTBA JIBIKEHHS B MHTETPATbHON (hopMe /IS JIarpaHKeBa u SiIepoBa 00bEMOB CILTONIHOM
cpeabl. @opmyna Koiu a1 BeKTOpa HaNpsiKEHUH.

TenzopHanpspkeHU. MexaHn4eCcKUHCMBICTIETOKOMITOHEHT. Y paBHEHUEKOJIMUECTBA JIBUXKEHUS B
mubdepernmaibHoON hopMe, ypaBHEHHS JTBUKCHHUS.



3.3. 3aKOH coOXpaHEHHUsI MOMEHTa KOJu4ecTBa ABIKeHUs] COOCTBEHHBIIT MOMEHT KOJINYECTBA
JBUKEHUS CpeJibl, ero (pu3nyecKuil cMbIcia. MaccoBble M MOBEPXHOCTHBIE Maphbl CHJI, UX MPUMEPHI.
VYpaBHeHHEe MOMEHTA KOJIMYECTBA IBUKEHHS B UHTETPAIbHOM (popMe JIsl TarpaHkeBa U diliepoBa
00BeMoB crutourHou cpeasl. @opmyna Komm 1151 BeKkTOpa MOMEHTHBIX HarpsbkeHui. TeHnszop
MOMEHTHBIX HamlpsDKEHUH. Y paBHEHHE MOMEHTA KOJIMYECTBA IBMKEHHS B U depeHInanbHON
dopme. YpaBHEHHE COOCTBEHHOTO MOMEHTA KOJIMUYEeCTBA ABMKeHUA. CUMMeETpHs TeH30pa
HaNpsDKEHUH KaK CIIEeICTBHE PABEHCTBA HYJII0 COOCTBEHHOIO MOMEHTA, MACCOBBIX M MMOBEPXHOCTHBIX
nap.

3.4. Teopema >KUBBIX CHJI Y paBHEHHE KMHETUICCKOW YHEPTHH B MHTETPAIIBHOMN opme s
KOHEYHBIX 00BEMOB CIIONIHON cpenpl U B nuddepennmansHoii hopme. Pabota BHYTpeHHUX
MOBEPXHOCTHBIX CHJI, €€ CMBICI. BripaxkeHne it paboThl BHYyTPEHHUX TOBEPXHOCTHBIX CHII B
cliydae uaeanbHOM KUIKOCTH.
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3.5. 3akoH coxpanenus sHepruu. [lepBoe Hayao TEPMOJIUHAMHUKHI

DHeprusi CUCTEMbI Kak (DyHKIUS ee COCTOsIHUS. Y paBHEHHE cOCTOsAHUS. [loHsATHE BHYTpEeHHEH
SHEpruu. Y paBHEHHE SHEPIUU B UHTETPAILHOM (popMe AJIs IarpaHkeBa U 3iaepoBa 00beMOB
crutomrHo# cpenbl. @opmyna Ko i KomudecTsa Temia 1 J00aBOYHOW YHEPTUH, IPOXOIAIINX B
€MHUILY BPEMEHH Yepe3 €IMHUYHYIO IUIOIIAJIKY C 3a/laHHOM HOpMasbio. BekTop nmoroka Tema.
Bekrop notoka go6aBounoii sueprun. AuddepenimansHoe ypaBHeHHE SHEPTUU. Y paBHEHHUE
BHYTpeHHEH sHeprun (ypaBHEHUE MPUTOKA TEIUIa). Y paBHEHUE MPUTOKA TEIIa B HETIOIBIKHOM
cpene, U1l KOTOpoil BBINOJHEH 3aKOH Dyphbe, CBEIEHUE €ro K YPaBHEHUIO TEIIONPOBOAHOCTH.

3.6. Bropoe Hauaso TepMOIMHAMUKU

DopMyIHPOBKH BTOPOTO Havasia TepmoanHaMuku o Kinaysuycy u no Tomcony. Beunsie neurareinu
IIEPBOTrO ¥ BTOPOIO POJA, UX HEBO3MOXKHOCTL. [ToHsATHE dHTpOnMK. POpMyIUPOBKA BTOPOrO Havasa
TEPMOJANHAMUKY C UCIIOJIb30BAHUEM MOHITHS SHTPONUH. [I[pUTOK SHTPOINKHU U3BHE U IPOU3BOJICTBO
SHTPOIUU BHYTpH cucteMbl. OOpaTuMble U HeoOpaTuMble npolecchl. Bropoe Hauano
TEPMOJIMHAMUKH JJI1 KOHEYHBIX 00bEMOB CIUTOIIHON cpeabl. AuddepennunansHoe ypaBHeHHE
sHTponuH. [Ipon3BoaCcTBO FHTpONUHU B IpoLEcCaxX BA3KOCTU U TEIJIONPOBOAHOCTH. TE€H30p BI3KUX
HanpspkeHuil. HeoTpunareabHOCTh KOO PHUIMEHTOB BI3KOCTH M TEIUIONPOBOIHOCTH KaK CIIE/ICTBUE
BTOPOro Hayasa TepMoarHaMuku. [Tonarue HekomneHcupoBanHoro remia. Hepasencrso Knaysuyca
JUISI CIUIOLIHBIX CPEeNl.

4. YcnoBus Ha MOBEPXHOCTSX CHIIBHOTO Pa3pbiBa B CILIOUIHBIX CPEAax

[ToBepxHOCTH pa3phiBa B CIUIONIHBIX cpenax. CHIIbHBIC U cliadble pa3phIBbL. [I[prMepsl CHITBHBIX
pa3pbIBOB. IOBEPXHOCTH pa3jieNa ABYX Pa3HbIX CPell, yAAPHbIE U B3PHIBHBIC BOJIHBL. Y CIIOBUS HA
MIOBEPXHOCTSX pa3pblBa KaK CIEICTBUS MHTETPAIIBHBIX 3aKOHOB coxpaHeHus. [IponssBoacTso
SHTPONHH Ha TIOBEPXHOCTX pa3pbiBa. Kimaccudukanus CUIbHBIX pa3pbIBOB. TAHTEHIIHAIBHBIE,
KOHTAaKTHBIE PAa3pPbIBbI, yIaPHbIE BOJIHBI.
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5. XKuzakocTtu ¥ ra3el B MEXaHUKE CIUTOLIHBIX CPel

Onpenenenue KUIKOCTEN U ra30B B MEXAHHUKE CIUIOLIHBIX CPell, OTCYTCTBHE KacaTeIbHbIX
HanpspKeHUH B cocTossHuu nokos. [lonsarue nasnenus. ['mapocratuka. 3akon Ilackans. 3akoH
Apxumena.

6. 3aMKHYTBIE MOJIENT! B MEXaHUKE CIIOUIHBIX CPeJl

6.1. neanbHble )XKUAKOCTH U Ta3bl TeH30p HAMPSDKEHUN MIeanbHON xKUAK0oCcTH. CucTeMa ypaBHEHUIH
Diinepa, ee 3aMKHYTOCTh. Buj ypaBHeHuit Diiniepa npu yueTe MacCOBBIX HICTOYHUKOB TeIjia U
IIPOLIECCOB TEIUIONPOBOAHOCTH. KOHCEpBaTHBHAS 3alluCh ypaBHEHUH Dilniepa, ee 3HaueHue. TeH3op
IUIOTHOCTH MOTOKA UMITYJIbCa. Y paBHEHUE SHTPOIUU IS UieadbHON XUIKOCTH. OOpaTUMOCTh
JBWKEHUN UIEANbHON )KUAKOCTU. I paHUYHbBIE YCIIOBUA HAa TBEPAOU MOBEPXHOCTU. Y paBHEHUS
Diinepa B 6apOTPONTHOM M HEC)KMMAEMOM cllydyasix. Y paBHeHUs JBMKeHUA B hopme ['pomexn—
Jlamba. YpaBHEHUE COCTOSHUS COBEpILIEHHOT0 Ta3a. Aauadata [lyaccona. Murerpan bepuymiu.
DyHKIUSA JAaBIEHUS 1)1 HEC)KUMAEMON XKUAKOCTH U COBEpLIEHHOTO raza. urerpan bepHymnu s
HEC)KUMAEeMOM KHUIKOCTU: TpyOKa [Into—



[TpasaTiisd; IMHAMUYECKOE ¥ TUAPOCTATUYECKOE JaBJICHUE; ABIICHUE KaBuTaluu. MaTerpan
BepHymn 1151 COBEpIIEHHOr0 ra3a; MakCUMallbHasi CKOPOCTh M TEMIIEpAaTypa TOPMOKEHHUS; OLIEHKA
BIIMSTHHSI CKUMAEMOCTH TIPY YCTAaHOBHBILIEMCS IBM)KEHUH,; (hopMa TpyOOK TOKa B HEC)KUMAEMON U
cKMUMaeMol kuakocTsx; corio Jlasans. [lapagoke Janambepa. BuxpeBbie 1BMKEHUS UACATBHOM
JKUJKOCTU. YpaBHEHUE IUHAMUKHU BUXpsl. YpaBHeHusa @puamana u ['ensmromnsua. Teopema
Tomcona. Teopema Jlarpanxa. Teopems! ['enbmroinbua. Teopema beepkueca 06 o6pa3oBanuu
Buxpeil. CKopocTH, HHAylIMpyemMbie BUXpeBoi HuThi0. @opmyna buo—Casapa. Buxpesoii cioi.
[ToTennmanbHbIe IBUKEHUS WeanbHOM kuakocTu. [lorennman ckopoctu. Muterpan Komm—
Jlarpanxa. Onpeznenenue 1aBiaeHMs 110 3aJaHHOMY IOTEHLMAIy CKOPOCTH. 3ajayda o
pacupoCTpaHEHUH MAJIbIX BO3MYILIECHUH KaK PUMEpP MOTEHUUAIBHOIO ABMKEHUS UI€aIbHON
KHUIKOCTH. AKYCTHYECKOE TPUOIIIKEHHE.
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AnabaTHYHOCTh paclpocTpaHeHus 3Byka. JIuHeapuzanus ypaBHeHU Ditiepa 1o BO3MYIICHUSIM,
CBEJICHHE X K BOJHOBOMY ypaBHeHHUI0. CkopocTs 3ByKa. Yucio Maxa. [1nockue 6e3BuxpeBbie
YCTaHOBUBLIMECS ABUKEHUS UACAIBHON HEC)KUMAEMOM )XKUIKOCTH. Y paBHeHue Jlarmiaca Ha
MOTEHIMAJI CKOPOCTH, IMHENHOCTh 3aJJa4y U IPUHLUI cyneprno3unu. OyHKIKS TOKA.
COOTHOIICHUS! ME¥KTY YAaCTHBIMU IPOU3BOAHBIMH MTOTEHIIMATA CKOPOCTH U (DYHKIIUU TOKA 110
KoopauHartam, ycnoBus Kommn—Pumana. [IpuMmenenne Teopun GyHKIUI KOMIUIEKCHOTO
nepeMeHHoro. KoMIuiekcHbIi NOTEHIMal U KOMIUIEKCHas: CKOpocTb. [Iprumeps! mpocTeimmx
TE€YEHU: paBHOMEPHBIN MOTOK, UICTOYHUK, TOYEUHBIN BUXPb, BUXPEUCTOYHUK, JAUIIOJIb.
KomrmekcHple moTeHIMaabl 00TeKaHus IUIHHIPA U IUTACTUHBL. MeTo1 KOHPOPMHBIX OTOOpaKEeHU.
OOrekanue npo¢uis ¢ ocTpoit 3aaHel KpoMKoH, noctynat Yamsiruna—>XKykosckoro. @opmyina
JU1s1 TUpKyJsiudd. @opMyiisl YaribiruHa JUist onpeAesieHrs II1aBHOr0 BEKTOpa U IIaBHOTO MOMEHTa
CHJI 1aBJIeHUH, neiicTByrommx Ha mpo¢mis. Teopema XKykoBCkoro o nobeMHON Cuile Kpblia.
Buxpesas npupoja noabeMHO#N cuiibl. [IOHSITHS )KUIKOTO Kpbljla U MPUCOEAUHEHHOTO BUXPSI.
BonHoBbie NBUKEHUS UI€ATbHOM KUIKOCTH MO JEHCTBUEM CUJIBI TSXKECTH, UX MOTEHIUAIbHOCTD.
3anaya Komm—Ilyaccona. Ctosiune BOJIHBI, IPOrPECCUBHBIE BOJIHBL. [ pyminoBas CKOpOCTb.
CootHomenue Panes. *OgHoMepHbIE IBUKEHUS COBEPILIEHHOIO ra3a. 3ajadao nopise. Boana
pa3pekeHus, KOHTaKTHBIN pa3pbIB, ynapHas BoiHa. Anuabdara ['toronno. 3agaua Pumana o pacnane
MIPOU3BOJIBHOIO Pa3phIBa.

6.2. JIuneitHo-Bsi3KKe (HPFOTOHOBCKHE) KUAKOCTH U ra3bl OnbiT HetoToHa. TeH30p HanpsHKeHHH
JIMHEHHO-BA3KOM (HBIOTOHOBCKOI) JKUIKOCTH. HEHBIOTOHOBCKHE KUAKOCTH. YTIPOIIEHHE TEH30pa
BSI3KHX HAIIPSDKEHUH B ciiydae n30TporHoi sxuakocta. Koadduuumentsr Baskoctu. Korspdunuent
CIBUI'OBOM BA3KOCTH U KO3(pPUIIMeHT 00bEMHOM BA3KOCTH, UX CBSI3b C IIPOIIECCAMU pellaKCalliy
pa3iIMuHBIX cTeneHel cBoOoabl. [laBnenne B Bs3koi xunkoctu. ['unoreza Crokca. Yucmo
(kpurepwmii) PeiiHonb/ca, ero MexaHndeckuii cMbICIL. 3akoH Dypbe 1 k03D dunueHT
tertonpoBoaHocTd. Yucno (kpurepwii) [panaris. [Torstre 06 0OMMX TUHEHHBIX
(EHOMEHOJIOTHYECKUX YPAaBHEHUSX MIEPEHOCA ISl TEPMOJANHAMHYECKUX TOTOKOB. [IprHIMNI
Omn3zarepa.
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Cucrema ypasHeHuit HaBbe—Crokca—®Pypbe, ee 3aMKHYTOCTb. HeobpaTMMOCTb ABMMXKEHUI BA3KON
XUAKOCTU. [paHUYHbIe YCI0BUA Ha TBEPAOM NOBEPXHOCTU. TOYHbIE pelleHna ypaBHeHUn HaBbe—
Crokca. JlTamnmHapHoe ABuxeHne BA3KOM XUAKOCTM B TpyDax, 3akoH yaseinna ana kpyrnon tpybbl.
MoHAThe o TypbyneHTHOM ABuKeHUW. OnbIT PeltHoNbAca. HecTaumoHapHble ABUXKEHNA:
pa3mblBaHWE HaYaIbHOTO TAHTEHLMANbHOTO Pa3pbiBa; ABUMKEHWE B NONYNPOCTPAHCTBE, BbI3BaHHOE
ABUXKEHMEM ero rpaHuLbl; pesakcaLma TOYeYHOro BUXPA; PeaKkcaLmna BUXPen KOHEUYHbIX
pa3smepos. 3agava bekkepa ocTpyKType GpPOHTa yAaPHOM BO/IHbI B BA3KOM TEMONPOBOAHOM
CoBepLUEeHHOM rase. [lBuxKeHune BA3KOW XNAKOCTU Npn 6oablumnx yncnax PeriHonbaca,
npubankeHne norpaHmyHoro cnon MpaHaTtna. 3agadva baasmyca o norpaHMYHOM C10€e Ha NI0CKOM
nnactuHe. *[lBUXKeHNe BA3KOMN XMUAKOCTU NPU Masbix Yncnax PeiHonbaca, npnbnunxermne CTokca.
Teopema egmHCTBEHHOCTU. TOUHOE peLueHne ana TBepaon cdepsbl, 3akoH CTOKca ANA cunbl
conpoTmBaeHunsa. YTouyHeHHoe ypaBHeHWe O3eeHa. 6.3. JInHeiHo-ynpyrue cpeabl OnpeaeneHue

ynpyrou cpeabl. 0606LeHHbIM 3aKOH 'yKa, TEH30P HaNPSAMXKEHUN NMHENHO-YNpyroi cpeapl. Cnydai



N30TPOMHON NMHENHO-YNPYroi cpeabl. Ynpyrue noctosHHble Jlame. Moaynb HOHra, KoapduumneHT
MyaccoHa, moay/ib 0OBEMHOIO CXKaTUA, UX MEXAaHMYECKUI CMbICa. MaKCcUMMa/ibHbIe KacaTeslbHble
HanpsaXeHnA. Cuctema ypaBHEHWUIA IMHENHOM TEOPUM YNPYTrOCTM NPU N30TEPMUYECKNX NPOLLECCAX,
ee 3aMKHYTOCTb. YpaBHeHuA Hasbe—/lame. [MOCTaHOBKA rpaHMYHbIX YCIOBUI B 3aa4ax TEOpUm
ynpyroctu. MpuHumnn cynepnosnymn. Teopema eANHCTBEHHOCTU PeLLEHMA CTAaTUYECKNX 3a4au
Teopum ynpyroctu. MpuHumn CeH-BeHaHa. YyeT TemMnepaTypHbIX HAaNpAXeHU u gebopmaunii.
CooTHoweHus Aioamena—HeimaHa. ToyHble peweHUa ypasHeHu Hasbe—J/lame. PacTsrkeHue,
YUCTbIM U3rNb, KpyyeHMe LmManHLpa. PaBHoOBECKHE NOAOTO LWapa U NOA0r0 LMANHAPA Noga,
OEeNcTBMEM BHYTPEHHETO U HAPYKHOTO AaBAEHWUI. YNpyrue BoaHbl. [poaosibHble M nonepeyHble
BOJIHbI. [TOBEPXHOCTHbIE BO/IHbI Panes. MepeyeHb TMNOBbLIX 33434 NPUBEAEH B AOMNONHUTENBHOM
daiine «KoHTposibHble Bonpockl MaT.Moa.MCC.pdf» 4. Kputepuun oueHnsaHua OLeHKa «OT/IMYHO
(10)» BbicTaBnAETCA CTYAEHTY, MOKA3aBLLUEMY BCECTOPOHHUE, CUCTEMATU3NPOBAHHbIE, INyHoKMe
3HaHUA y4yebHOM Nporpammsl ANCUMUNANUHBI U YMEHWNE YBEPEHHO NMPUMEHATbL UX HA NPAKTUKE Npu
peleHnn KOHKPETHbIX 3aga4, cBO60AHOE M NPaBUAbHOE 060CHOBaHME NPUHATbIX PeLIEHN;
OLEeHKa «xopowo (7)» BbICTaBNAETCA CTYAEHTY, €CN OH TBEPAO 3HAaeT MaTepuan, rPamoTHO U No
CYLLECTBY M3/1araeT ero, ymeeT NPUMEHATb NOJy4YeHHble 3HaHWA Ha NPAKTUKE, HO AOMNYCKaeT B
OTBETE UN B pPeLleHnn 33434 HEKOTOpble HETOYHOCTU; OLEHKA KyA0BNEeTBOPUTENbHO (4)»
BbICTAB/IAETCA CTYAEHTY, NOKa3aBwemy GparMeHTapHbINA, Pa3pO3HEHHbIM XapaKTep 3HaHUN,
HeAO0CTaTOYHO NMpaBu/bHble GOPMYINPOBKM 6A30BbIX NOHATUN, HAPYLWIEHUA IOTUYECKOM
nocnefo0BaTEIbHOCTU B U3/10XKEHUN NPOrPaMMHOro MaTepuana, Ho NPy 3TOM OH BlageeT
OCHOBHbIMM pasgenamu y4ebHom nporpaMmbl, HEOBXO04MMbIMU ANA Aa/IbHENLEro obydyeHna
MOXKET NPUMEHATb NOJIYy4EHHbIE 3HAHWUA NO 06pa3Ly B CTaHAAPTHOM CUTYaLMN; OLEHKA
«HEeya0BNETBOPUTENbLHO (2)» BbICTaBAAETCA CTYAEHTY, KOTOPbIW He 3HAeT 6o/bLUein YacTy
OCHOBHOTO COAEeP!KaHMA y4ebHOM NporpaMmbl AUCLMNMHBI, 40MNYCKaeT rpybble oWwWnbKM B
dopmMyINpPoBKax OCHOBHbIX MOHATUIA AUCLUMNINHBI U HE YMEET UCMOb30BaTb NOyYEHHbIE 3HaHMWA
Nnpu peLleHnmn TMNOBbIX NPaKTUYECKNX 3a4a4.2 BapuaHT 5. MeTtoauuyeckue matepuansl,
onpegensaowme npoueaypbl OLLeHUBAHUA 3HAHUIA, YMEHUN, HaBbIKOB U (MK) onbiTa
AeatenbHoctn MNpu nposeaeHun anddepeHUMPOBAHHOIO 3a4eTa obyyatoLemycs NpesoCcTaBAAETCs
He meHee 30 1 He 6osee 60 MUHYT Ha NOArOTOBKY. ONPOC 06YYaKOLLErOCA HE AO/IKEH NPEBbIATDL
0.5 acTpoHomMMuecKkux Yacos. Bo Bpema npoBeaeHMA NTOFOBOM aTTecTaumm obyyatowmecs MmoryT
No/1b30BaTbCA NPOrPaMMOM ANCUNMNINHDBI. YUMTbIBAOTCA OLEHKM 33 3a4aHNA, BbINOJHEHHbIE B
NMUCbMEHHOM BUAE B TEYEHUN CEMECTPA.



