ITPOI'PAMMA BCTYIIUTEJIBHOI'O HCIIBITAHUA
O KOHKYPCHOM I'PYIIIE «PAKT MATEMATHUKA U MEXAHUKA»
JJIAA MOCTYHAIOIIUX B ACITMPAHTYPY

Hacrosimass mporpamMma BCTYNUTENBHOTO HCHbITaHUA 1o HampasieHuio «01.06.01.
MaTtemMaTHKa U MeXaHMKA» B COOTBETCTBUU C MPABUJIAMH IPUEMA B ACTIUPAHTYPY.

BerynurensHoe ucnbiTaHHEe MPOBOAUTCS B (popme cobeceroBaHUSI C MOCTYHAIONIMM B
acnupantypy Ha omgHo u3 kKadenp ¢usrex-mkonsl PAKT (mo HampaBieHUIO MNPUEMHOU
komuccnn M®OTH) 1o HampaBieHHIO OyIaylIed Hay4dHO-HCCIIEI0BATEIbCKOW JCSITSIBHOCTH
MOCTYMAIOLIETO.

COGGCGI{OB&HI/IG COCTOUT U3 TPEX JacTeH:

cobeceZloBaHUE IO  COJACPKAHHIO  BBINYCKHOM  KBaJM(UKAIIMOHHONW  paboTHl,
BBIIOJIHEHHOM MOCTYMAIOUIMM I[P OKOHYAHUM CIELUAJIWTETa MM Marucrparypbl — B
COOTBETCTBUHU C yacTbio | HacTosmel IIporpammer;

co0eceoBaHne MO OOIIETEOPETUUYECKUM BOMPOCAM M3 pa3jiesia, COOTBETCTBYIOLIETO
HANpaBJICHHOCTH OyIymieil HaydYHO-MUCCIEI0BATEIBCKOW IESTEIbHOCTH MOCTYMAIOMIEro, — B
cooTBeTCTBUH ¢ yacThio || HacTosmei [Iporpammer;

cobeceZl0BaHUE 110 TEOPETHUECKUM BOIIPOCaM MPOGUITBHBIM Il BRIOpaHHOW 00yJaromei
Kadeapsl — B cooTBeTcTBHH ¢ yacThio || (BapuaruBHoit) HacTosei [IporpamMmel.

B pamkax konkypcHoii rpymnmbl «®AKT MartemaTuka M MeXaHMKA» MPOBOISATCS
BCTYNIUTEIbHBIE HCIBITAHUA 1O  CJICAYIOUMM  HaNpaBIEHHOCTSM  Oyaylmied HaydHo-
HCCIIEI0BATENILCKON JEATEIIbHOCTH ITOCTYIAIOIIETO B ACIIUPAHTYPE:

«MexaHHUKa KHJAKOCTH, ra3a U IJ1a3Mbl»;

«Mexanuka aeopMupyemMoro TBepaoro Tejaa;

«Teoperuyeckasi MexaHUKAy,

«MartemaTn4eckoe MOJeTHPOBAHUE, YUCTECHHbIE METOAbI U KOMILIEKCHI IIPOrpaMM»;
«CucTeMHBI aHAJIN3, yHIPaBJIeHHe U 00padoTKka HH(popMALKH (110 OTPACIISIM)»;
«AJpPOMHAMHKA U NMPOLECCHI TENJI000MEHA JIeTATEIbHBIX ANNAPATOBY;
«IIpoYHOCTB U TEIJIOBBIC PEKUMBI JIETaTeAbHbIX aAlllIAPATOBY;

«/luHamMuKa, 02JUINCTHKA, YIIPABJICHHE IBHKEHHEM JIeTATEIbHBIX ANNAPATOB.



YACTb 1

Bomnpocekl 10 BbINYCKHOH KBATH(PUKAMOHHON padoTe MOCTyNaKLIero
(MarmcTparypa Wi CIIEIHaINTET)
1. OcHOBHBIE TOJOXKEHUS.
2. HoBu3sHa.
3. AKTyalabHOCTS.

Paspen «MexaHuKa )KHIKOCTH, I'a3a U IJIa3MbD»
YACTD 11

1. OOumue MOHATUS MEeXAHUKHU CIJIOLIHON Cpebl

1.1. TlonsTue crulOmHOM cpenbl. MUKPOCKONMYECKUE, CTaTUCTUYECKHE M MaKpPOCKOIHMYECKHE
(EHOMEHOJIOTHYECKHE METOJbl ONHCAHHUS CBOMCTB, B3aUMOJICHCTBUI © JIBWKCHHUI
MaTEepUaIbHBIX CPE.

1.2. Ilepemennsie Diinepa u Jlarpamka. MiHepuuaabHble 1 HEMHEPLUUAIBHBIE CUCTEMBI OTCUETa B
HBIOTOHOBCKOW MEXAHHKE.

1.3. MHorokomMrioHeHTHbIE cMecH. [lotoku nuddy3mn. YpaBHeHUsT HEpa3pbIBHOCTH B (opme
Dlinepa 111 MHOTOKOMIIOHEHTHBIX CMECEH.

1.4. CkopocTh U3MEHEHUSI XapaKTEPUCTUK JKUJKON YacTULbI U KUAKOro oobema. HTerpanbHast
3allUCh 3aKOHOB coxpaHeHMs. (CoxpaHEeHHME MacChl, YPaBHEHHME HEpa3pbIBHOCTH B
nepeMeHHbIX Diiepa u Jlarpanxa.

1.5. 3akoH coxpaHeHuss uMmMynbca. MaccoBele U MOBEpXHOCTHble cuibl. CBoiicTBa
NOBEPXHOCTHBIX cuil. Popmyna Kommn. YpaBHeHue NBUKEHMS B HANPSIKEHUAX. Y PaBHEHUS
Oitnepa. bapoTponHocTs.

1.6. YpaBuenune mnputoka Temiaa. Bekrop moroka Terua. uddepenumansheie ypaBHEHUs
SHEPruyM W IPUTOKA TeIUla. 3aKOHbI TeronpoBoaHOocTH Dypbe. Pasnuunble yacTHBIE
MPOIIECCHI: aAMa0aTUIECKH, N30TEPMUYESCKHIA U JIp.

1.7. O6patumbie u HeoOpaTtumble mporecchl. CoBepiieHHbli ra3. Lukn Kapho. Bropoii 3akon
TEPMOJMHAMUKHU. DHTPOINHUS M a0COJIOTHAs Temiieparypa. HekoMmmneHcupoBaHHOE TEIUIO U
IPOM3BOJICTBO 3HTponuu. HepaBeHcTBO auccunanuu, ToxaectBo ['mb66ca. JuccunaruBHas
¢yHkus. OCHOBHbIE MAaKpOCKOIIMYECKHUE MEXaHW3Mbl Juccunanuu. [loHsTue o npuHuune
Omnzarepa. VYpaBHeHUA COCTOSIHUS. TepMonnHamuueckue MOTEHLIAAJIBI
JBYXIIAPaMETPUUYECKHUX CPEII.

1.8. 3akoH coxpaHeHHss MOMEHTa UMITyJIbca. CHMMETpHs TEH30pa HANIPSKEHUH.

1.9. Buxpessie Teopembl. Teopema Tomcona o nupkyssinuu. Teopema Jlarpanka o coxpaHeHHH
noreHuuanbHoctu. MuTterpansr Komm-Jlarpanxa, beprysmn.

1.10. TIlorenumansHble ABWXeHUs. CBoiicTBa mnoreHrmaia. IloctaHoBka 3amad 00 0OTEKaHUU
tes. OOTekaHue mapa.

1.11. IlpumeHeHue METOJOB TEOPUM AHATUTHUECKUX (YHKIHI KOMIUIEKCHOTO NMEPEMEHHOTO
JUIS pellieHHs] IOCKUX 3a/1a4 THAPOJMHAMUKHM M a3pOJMHAMHMKH: MOHATUS (YHKLUHU TOKAa,
KOMIUIEKCHOTO moTeHnuana. OQHOpOAHBIA MOTOK, HCTOYHUK, BuXpeBas Touka. OOTekaHue
teis1. CtanoHapHOe 00TEKaHHE )KUKOCTBIO KPYTrOBOTO LIMIMHPA U MPOdUIIs.

1.12. Mertox koH(OPMHBIX OTOOpaXeHHWU. [ MapONMHAMHYECKHE PEaKIH Ha BHKYIIHUECS
tena. @opmynsl bnasuyca - Yannsiruna, teopema JKykoBckoro. OOTekaHue IJIaCTUHBI.
[IpaBuno XXykoBckoro n HarmelrnHa onpeaeneHus HUPKYISAIAA BOKPYT KPBUIBEB C OCTPOM
3aaHel kpoMkoi. HectanmonapHoe o6tekanue npoduiei.



2. MexaHuKa ;JKHIKOCTH

2.1. IlpumMeHeHne MHTETPAbHBIX COOTHOUIGHHH K KOHEYHBIM OO0BbEMaM Cpeabl IpH
YCTaHOBUBIIEMCS IBWKEHUU. TeopHs peakTUBHOM TATH M TEOPUsS UACAIBHOTO MIPOIIeIuIepa.

2.2. Bonnbl Ha Boje. KunemaTnueckoe U JMHAMUYECKOE YCIIOBHSI Ha CBOOOJHON MOBEPXHOCTH
KuakocTy. JImHeiHbie BoJHBI. BoJIHBI B 6acceliHe KOHEUHOH TIIyOuHBI. [|TMHHBIE, KOPOTKHE
BOJIHBI.

2.3. ®azoBas u rpymnmoBas ckopocTb. [lucnepcus BoiH. IlepeHoc sHepruu MporpeccUBHbIMU
BoaHamu. Teopust wmenkoi Boabl. YpaBHeHus byccunecka u Kopresera-ne-Bpusa.
Henunelinpie BosiHbl. CONUTOH

2.4. Ypasuenus aswkenus B popme Jlarpanxka. Bonnsl ['ectHepa.

2.5. 3ajaya 0 JBWXKEHUM TeJ B MJEAIbHOM kuIkocTu. [IprcoennHeHHble UMIYJIbC U MOMEHT
uMIyiabca. TeH30p NpUCOEIMHEHHBIX Macc. Y paBHEHHE ABUKEHUS LI1apa.

2.6. Tensop ckopocreii aedopmani. CBs3b TEH30POB HAIIPSHKEHUN M CKOPOCTEH JedopMalium.
HerotonoBa xuakocts. YpaBHeHus Haspe-Crokca. Cpenpl ¢ IpyrMMH pEOJOTMYECKUMU
COOTHOILLIEHUSIMHU.

2.7. Tounsle pemieHUs] ypaBHEHUN BSI3KOW >KUIAKOCTH: AU(PQPY3Usi BUXPEBOTO CIIOSI U BUXPEBOU
HUTH, TeueHue [lyazeiins, TedeHre MeKay JByMs BpalQlOLIMMUCS HWINHApaMu. TeueHnue B
TpyO€ SJUIMNITUYECKOTO cedeHHs. TedeHue BS3KOH xumkoctu B muddysope. duddys3us
BUXDSI

2.8. Ypapuenuss HaBbe-Ctokca B Oe3pasmeproM Bume. Uwcia Crpyxams, Diinepa, ®pyna,
Peitnonbaca. [TonoOue ruipoJUHAMUYECKUX SIBICHUM.

2.9. IlpubmmkenHble penenus npu Manbix ynciax Re. [Ipubmmkenue Ctokca u Oceena. 3amgaya
0 JBIDKEHUU c(epbl B BA3KOH KUAKOCTH B ocTaHOBKe CTOKCA.

2.10. IIpubnmxennele pemenus npu Oosbmux uncinax Re. Tepus morpancnos. [Ipumep
®pupapuxca.

2.11. JlamuHapHBIM TOrpaHWYHBIA cinoil. 3agaya bmasmyca. MHTerpaibHble COOTHOLICHUS U
OCHOBAHHbIE Ha HUX MWCIHOJb30BAHUU NPUOJIMKEHHBIE METOABl B TEOPUU JAMHUHAPHOTO
MOTPAaHUYHOTO CJIOS. SIBIEHUE OTphIBA MOIPAHUYHOIO CJIO0SA. Y CTOMUMBOCTH IOTPAHUYHOTO
ciost. TemnooOMeH ¢ MOTOKOM Ha OCHOBE TEOPUU MOIPAaHUYHOIO CIIOSL.

2.12. TwunpaBnuveckre CKaukH B TEOPHH MEJKOH BOJbI. CBS3b TEOPHH MEJKON BOJBI U Ta30BOM
JUHAMUKH.

2.13. BnusHMEe CXHUMaeMOCTH Ha (GopMy TpPyOOK TOKa INMPH YCTAaHOBHBIIEMCS IBMKEHUH.
OnemeHTapHas Teopus coruia JlaBas.

2.14. VYpasuenue Oppa-3ommepdernbaa Iuist TUIOCKONapaIeNbHBIX BI3KUX TEYCHUH.

2.15. Teopema Cksaiipa. Hesizkas HeycToitunBocTb. Teopemsl Pernes.

2.16. Pa3Buras TypOyneHtHocTb. Ocpennenue. OnwiT PeitHonbaca. YpaBHenus PeiiHombiaca.
[Tpobnema 3ambikanus. Ilpocteiimme crnocoObl 3aMbIKaHUS. DHEPreTHUYECKHH MOIXOM.
Huccunanust 1 oOMeH »3Heprue Mexay CpeaJHUM U TypOyJEHTHBIM JIBUKCHUSIMH.
[Tonysmnupudeckue Teopuu TypOyIeHTHOCTH.

3. TazoBasi AMHAMHUKA

3.1. OmHoMepHasi Ta3oBas JAMHAMHUKA. PacrpocTpaHeHHe MallbiX BO3MYIICHHH B CKHMAaeMOM
xuakoctu. BonHoBoe ypaBHeHne. CKOpPOCTh 3BYKa.

3.2. Ddodext Jommrepa. Konyc Maxa. Meron xapakrepuctuk. MlHBapuanTsl Pumana. 3amgaqn o
MIOPIIHE U O CUJIBHOM B3pBIBE B rase.

3.3. Bo3HukHOBeHNE CKaukoB. PemreHus ¢ paspeiBoM. YpaBHeHHE broprepca kak MoJENbHOE
ypaBHeHue. [IpuMeHeHrne HHTETpaIbHBIX 3aKOHOB COXpPAHEHUs. Y JApHBIE BOJHBI B ra30BOU
nuHamuke. D dexT onpokuapiBaHus BOJIH. Anuabdara ['roronmo.

3.4. Ilnockue cTalMOHApHBIE CBEPX3BYKOBbIE TeueHHs rasza. Teuenue IIpanaris—Maiiepa.
Kocoii ckauok ymnoTtHeHus. OOTekaHHe CBEPX3BYKOBBIM IOTOKOM ra3a KJIMHa M KOHYca.
[Tonstue 06 oOTekaHMM TeN ra3oM C OTOUIeAIIeH yaapHOM BoJHOH. JIMHelHas Teopus



o0TeKaHMsl TOHKUX Npoduiel u Ten BpameHus. TedeHus: ¢ TUIEeP3BYKOBBIMU CKOPOCTSIMHU.
3akoH conpoTuBieHns HproToHA.

4. JleToHaumusi ¥ ropeHHe

4.1.

4.2.

4.3.

44.

Teopus BonH neroHanuu u ropenus. IlpaBuno XKyre m ero obGocHoBanue. 3amada o
CTPYKTYpE CHUJIBHOTO pa3pbiBa. KauecTBeHHOE OIMCAaHME PEIICHUs 3aJladyd O pacrnaje
IIPOU3BOJIBHOTO Pa3phIBa.

Pacuer TemmepaTypel ropeHHsi U COCTaBa MPOJAYKTOB cropaHusi. OCHOBbI XUMHUYECKOU
kuHeTHKU. Knaccuukanus XUMHYEeCKUX peakinid. 3aKoH JeHCTBYIOMUX Macc. KoHcTaHThI
CKOPOCTEH peakinii. JHEeprusi aKTUBALIUU, TTOPSIIOK PEAKIIUH.

CkopocTb HEM30TepMHUYECKON aauadaruyueckoil peakiuu. PacmpocTpaHeHue miamMeHH B
OJIHOPOJHON TOIUITMBHO-BO3AYIIHOW CMecH. 3ajaya O HOPMaJIbHOM (POHTE IUIAMEHHU.
KoHLeHTpannoHHbIe Npeaenbl paclpoCTpaHEeHUs ITUIAaMEHU. PacnpocTpaHeHue IUIaMEeHU B
TypOYJIEHTHOM TOTOKE.

Huddysuonnoe ropenue ra3zoB. CrpykTypa (akena ropeHusi, (QpoHTanpHas MOJIEINb
ropenus. [leronanmonnoe ropenue, aeronanus Yenmena-Xyre.

5. ®Ou3HKa MJIa3Mbl

5.1.

5.2.

5.3.

OnexkTpoMarHuTHOe mojie. YpaBHeHus Makcsemia B mycrore.  Bzammopelictehe
AJIEKTPOMAarHUTHOrO moJisi ¢ npoBoaHuKkamu. Cuna JlopeHna. 3akoH COXpaHEHUs MOJIHOIO
3apsaaa. 3akoH Oma. Cpenpl ¢ HacalbHOM MPOBOIMMOCTBIO. BEKTOp 1 ypaBHEeHHE YMOBa—
ITolinTHHra. [[X)O0YyJI€BO TEmIO. YpaBHEHUS UMITYJIbCA M MPUTOKA TEIUIA JUIsl MPOBOMSIIECH
CpeJBl.

YpaBHEHHs] MarHUTHOM THMAPOAUMHAMUKH. Y CJIOBHS BMOPOKEHHOCTH MAarHMTHOIO IIOJIA B
cpeny. I[lonsaTtue o nonspusanuyu 1 HaMarHUYMBaHUM KUJKOCTEH.

OcobeHHOCTH HM3MEpeHHid B a’ponuHamuke. [IpuOopel ans W3MEpeHHs TIONHOTO U
CTaTMYECKOT'0 JABJICHUS, HACaKH JJI M3MEPEHMs HanpasieHus ckopoctu. Meton Temepa,
TEHEBOU METO/1 BU3yalu3aluu NOoTOKOB. ['onorpadguueckast unreppepometpus. Tepmonapsl,
BIUSHUE M3JIYYEHHMs] HA TOYHOCTb H3MepeHHs. ONTHYECKHE U CIEKTPAJIbHBIE METOIbI
MU3MEPEHMS TEMIEPATYPBL. TepMOKpacKy.

6. IlpuGopbl M MeTOABI H3MEpeHus!

6.1.

6.2.

6.3.

6.4.

6.5.

JlazepHblil JTOTIJIEPOBCKHI M3MEpUTENh CKOPOCTH. PDa3010MICPOBCKUII METOA M3MEpEHUs
pasmepoB u ckopoctedt wactui. Merong PIV. Meron KAPC, wmeron masepHoi
UHIYLIUPOBAHHOW  (MIIOOPECIICHIIMU. AHAJIOroBble W LHU(POBBIE METOABI 00pabOTKH
CIIy4alHBIX IPOILIECCOB.

AnasioroBsle M 1UGPOBbIE NPUOOPHI JUISI H3MEPEHHUs CIEKTPOB, KOPPESALUMA U
pacmipenieneHusi BeposiTHOCTeH. OmuOKa W3MEpEeHUs CPeAHEro 3HAYCHUS M UCIICPCHH
CJIy4yalfHOTO CHTHaJa M3-3a KOHEYHOCTH BPEMEHM OCpelHEHHus. YacToTa IHMCKpeTH3aluu U
n1ar KBaHTOBaHUs MPH aHaJIoro-uudpoBoM npeoOpa3zoBaHuH. TepMOaHEMOMETD, U3MEPEHNE
TypOYJIEHTHOCTH.

OcHOBHEBIE T OPOU3BOJHBIC CAWHHUIIBI U3MCPCHUS. CucreMsl CAWHUIL U3MCPCHUA. Kiacc
CHUCTEM €IMHUI] u3MepeHus. Pa3MepHOCTb (U3MUECKOW BETMYMHBL. 3aBUCHUMBIE U
HE3aBHCUMBIE pa3MepHOCTH. [I-Teopema.

DneMeHThl NOJ3eMHON TUAPOIUHAMUKH. [IOHATHE MOPUCTOCTH M NMPOHUIIAEMOCTH. 3aKOH
Hapcu. OtHOCUTENnbHBIE (ha30BhIe TPOHUIIAEMOCTH. 3a1aua baknes-JleBeperra.

Cucrema Qg depeHIraIbHbIX ypaBHEHUH MOJI3€MHOMU THJIPOTa30MHAMUKHY.
HeycranoBuBmiasicst puibtpanus raza. [Ipumepsl TOUHBIX aBTOMOJIEIBHBIX PEIICHUH.
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Pazgen «Mexanuka 1epopMupyeMoro TBepaoro Tejia

YACTH 11

Teopus nepopmupoBaHHOTO cOCTOsHHS. Bekrtop mnepememenunii. TeH30p Majbix
negopManuii 1 MajbIX MOBOPOTOB. ['JlaBHBIE MHBAapUaHTHl TEH30pa MalbIX JAe(hOpMarlHid.
Ycnosus comectHocTr CeH-Benana. TeHzop ckopocteit nedopmaruii.

Teopust HaNPSHKEHHOIO COCTOSAHUA. MaccoBble M NOBEPXHOCTHBIE cuibl. Dopmyna Komu.
Tenzop HanpspkeHuid. CUMMETpUsl TEH30pa HaNpsHKeHWH. [ 71aBHbIe MHBAPUAHTBI TEH30pa
Hanpsbkenui. Kpyrosas nuarpamma Mopa.

VYpaBHEHHE HEPa3pbIBHOCTH. YPAaBHEHHUS DPABHOBECUS U JBWKCHMS. 3aKOH COXPAHEHHUS
MOMEHTA UMITYJIbCA U CHMMETPHUsI TEH30Pa HAIIPSKEHUN.

Tepmonunamuka aedopmupyemoro tena. IlepBoe Havano TepMOOMHAMUKM (aKcMOMa
Oananca sueprun). HepaBencto Kiaysuyca-/{rorema. JluccunaTuBHbIE TPOLIECCHI.

Yopyroe Teno. BelpaxkeHwe I TEH30pa  HANOpPsDKEHUH  4epe3  NPOU3BOAHYIO
TEPMOJMHAMHYECKOTO  TOTEHIMana  (BHYTPEHHsISI  SHEprus, CBOOOAHAs  DHEPrus
['enpmronbia) nmo TeH3opy aedopmanuu. OO6oOmeHHBbIH 3akoH ['yka ans JnHeiHHOro
TepMoynpyroro Marepuana. CoOKpalleHHE Yucia YIpPyrux HOCTOSHHBIX. CBs3b MEXIY
YIPYTUMH [TOCTOSIHHBIMH H30TPOIHOM ynpyroi cpessl. M3orepMuueckuil u aguadbaTuuecKkuit
Monynu ynpyroctu. O01ue TeopemMbl TEOPUH YIPYTOCTH (€JUHCTBEHHOCTH, B3aUMHOCTH, O
MUHMMYMe sHepruu aedopmanun). Teopema Kactunbsno.

IlocTaHOBKa MaTeMaTH4YeCKMX 3aJa4 JMHEHHONM TEOPUM YIPYIOCTH B IIEPEMEIICHUAX U
HanpsbkeHusx. [lomyoOpatnbeiii meron CeH-Benana. BapuannoHHble MOCTaHOBKHM 3a7ay
TEOPUU YIIPYrOCTU U OCHOBBI NPsIMbIX MeToA0B (Putna, byoHosa-I"anepkuna).

[Ipocreiimue 3amaun TeOpUM YHOPYrocTu: naedopMaryst TOJICTOCTEHHOW TpyObl 1OA
JEIICTBMEM BHYTPEHHETO M BHEILLIHEIO JABJIEHUH, KpyueHHe Opyca KpyroBoro rnonepeyHoro
ceueHusl, pacTsbkeHue Opyca moJ JeiicTBUeM COOCTBEHHOI'O Beca, pPaBHOBECUE 3JIEMEHTa
IUTACTHHKH, TEMIIEPaTypHbIE HANIPSKEHUS B MOJION cdepe.

[Tnockue 3anaun Teopun ynpyrocti. Ilnockoe HanpspkeHHOE M IUIOCKOE J1e(OPMHUPOBAHHOE
cocrosiHus. OyHKIMA HanpsbKeHU. MeTor TeopuH QyHKIMI KOMIUIEKCHOTO IEPEMEHHOTO B
IIJIOCKOM 3a7aue. JleicTBrUE COCPEIOTOUYEHHON CUIIBbI HAa TPAHUILY YIPYTOU MOIYIIJIOCKOCTH.
[Tonsitue o pyukuu I'punHa. dnemMeHTapHOE pelieHre NepBoro u BToporo poja. [locranoBka
KOHTaKTHOM 3axauu I'epua.

N3ru6 Oanokx. BHyTpeHHss mnonepeyHass cuia M BHYTPEHHU HW3ruOaroluii MOMEHT.
[Toctpoenue »smop MOMEpeyHOW CHIBI M W3THOAIOLIEr0 MOMEHTa. ['mmore3a MIIOCKHX
cedyeHUd. ['eomeTpuueckue XapaKTepUCTHKU ceyeHUl npu wus3rube. HopmanbHble u
KacaTelbHble HampsbkeHuss npu usrube. Popmyna XKypasckoro. uddepenunansHoe
ypaBHEHHUE U30THYTON OCH OaKH.

CreprxHeBble cucTeMbl. CTaTUYECKH OIPENEINMBbIE U CTATUUECKH HEONIPEAEIUMBIE CUCTEMBI.
Mertoasl pacuera pepMm u pam.

Kpyuenue crep>kHel ¢ 3JUIMITUYECKUM NONEPEYHbIM ceueHueM. [lernananus.
VYcroituuBocth crepkHed. lloHATHe ycTOMYMBOCTH. OHEpreTMUECKUd METOJl aHalIu3a
ycronunoctu. @opmyna Dilsiepa U ee IpUMEHEHHE.

Teopernueckass mpodyHOCTb. OCHOBHBIE TEOPUM MPOYHOCTU. XPYNKOE W KBAZUXPYIKOE
paspyuenue. OHepreTuueckuil kpurepuii ['puddurca m cunoBoit kputepuit HpBuna
pacnpocTpaHeHus TPEIMHBI B yrpyrom teine. MiuBapuanTHbIi naTerpan Yepenanosa-Pailica.
WNneanbHas IUIACTUYHOCTB. M30TpomHOE M KUHEMAaTH4YecKoe yIpo4yHeHue. TeH3op
wiactuyeckux aeopmanuii. Jlehopmannonnas teopus miaactuuHoctd. [loHsiTHE 0 TpOCTOM
U CIIO)KHOM HarpyxeHuu (nedopmaruu). IlocTaHOBKM 3amad B paMKax MallbIX YIpyro-
iactuyeckux nedopmanuii. Teopema o mpocToM Harpy:keHHH. Teopema eIMHCTBEHHOCTH.
Meron ympyrux peueHuii. Meroj NEepeMEHHBIX IIapamMeTpoB YIPYroctu. Teopema o



16.

17.

18.

19.

N W

no

pasrpyske. Ilomas cdepa U3 uaeanbHO-IIIACTHYECKOrO MaTepuaiga IOJ BHYTPEHHUM
JTABJICHUEM.

Teopusi MIaCTUYECKOTO TEYEHHUS. ACCOLMHMPOBAHHBIA 3aKOH IIJIACTUYECKOTO TEUYECHHS.
Kpurepuu texyuectu Tpecka-Cen-Benana, Muzeca. Kynona-Mopa, pykkepa-IIparepa.
[Inockas 3amaya Teopuu TeueHus. lloHATHE O JIMHUAX CKOJIBKEHUS M MX CBOMCTBax.
Wurerpains! ['enkn. CxxaTue M0I0CH MEX/1Y LIEPOXOBATHIMU IUIUTAMHU.

JluneitHasgs Teopus Bs3KO-ynpyroctu. IlpunHumn cynepno3uuuu bonbsimMana. Mopenb
MakcBemma u  @oiixta. Sgpa pemakcauud M TON3Yy4YeCTH, (PYHKIUHU pellakCcalud |
noyzyuectd. TemmepaTypHO-BpeMeHHasi aHajorusi. MeToapl pemieHus 3afad JTUHEHHOU
TEOpPUU  TEPMOBSI3KO-YIIPYIOCTU:  YHUCJIEHHBIE  METOJbI, METOJbI,  HCIOJb3YIOIIHE
npeoOpaszoBanus Jlammaca-Kapcona; Meronbl, OCHOBaHHBIE Ha CJIEACTBHUSIX W3 TEOPEM O
POCTOM Harpy>K€HHH U MPOCTOH AeopmMarium.

JlBa Tuma BoinH B ynpyroi cpene. CrepikHeBas CKOpoCTh 3Byka. KuHemaTuueckue u
JMHAMHYECKHE YCIOBUS Ha IOBEPXHOCTH Pa3phiBa.
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1. AkcHOMATHKA KJacCHYeCKOH MexaHnkn. KuHeMaTHuKa TOYKH

1.1. Tloctynatsl K1accuuyeckoil MexaHukH. 3akoHbl HbtoToHa. MIHEpIanbHble CUCTEMBI OTCUETA.

1.2. IlpeobpazoBanus ['amunes. [lonsiTue 00 WHBApUAHTHOCTH M KOBAPHMAHTHOCTU ypPaBHEHUH
MEXAHUKH.

1.3. Tpaekropusi, CKOpOCTb, YCKOpeHHE. EcCTecTBEHHBINH (COMPOBOXKIAIOMINNA) TPEXTPAHHUK.
Pa3nojxeHne CKOpOCTH M yCKOPEHUS B OCSIX TpeXrpaHHMKa. KpuBOJIMHENHBIE KOOPAUHATHI
TOYKU. Pa3nokeHne CKOPOCTH M YCKOPEHHS TOYKH B JIOKAJIHOM 0a3znce KpUBOJIUHEHHBIX
koopauHat. Koaddurmentsr Jlame.

2. KunemaTuka TBepaoro treja (KHHEeMATHKAa CHCTEM 0TCYeTAa)

2.1. TBepnoe Teno. PaznokeHue NBUKEHHS Tella Ha MOCTYNATEIbHOE IBM)KCHUE M BpAICHUE
(IBYDKEHHE C HETIOBHYKHOM TOUKOM).

2.2. CriocoObl 3aJaHKs OPUEHTAIMU TBEPJOTO Tela: Yribl Diiiepa, MaTPUIIbl HAMPABISIONIIUX
KOCHHYCOB. AnreOpa KBaTepHHOHOB. KBaTepHHOHHBIH CrOCOO 3amaHMsi OpPUEHTALUHU
TBepAOro Tena (mpucoeAuHeHHoe oToOpaxenue). Ilapamerpst Pogpura—IamunbroHa.
KBarepHnonHsie (hOpMyJIbl CIIOKEHHSI TOBOPOTOB.

2.3. Kunematuyeckue ypaBHEHHS BPAIllaTEIbHOTO JIBUKEHHSI TBEPJOrO Tella B KBAaTEPHUOHAX
(ypaBuenust Ilyaccona). Teopema Oiinepa O KOHEYHOM IIOBOPOTE TBEPJAOrO Teja C
HEMOJIBI)KHOW TOYKOH. VYTioBas CKOPOCTh M YIJIOBOE YCKOPEHHE TBEpAOro Tena.
Pacnpenenenue ckopocreid U yckopeHUi B TBepAoM Tene (dpopmyssl Ditiepa u PuBaibca).
JBuxenne cBobogHOro TBEPAOro Tena. KunemaTuueckuii BUHT.

3. KumHeMaTHka CJI05KHOTO IBU:KECHHS

3.1. CnoxxeHre CKOpPOCTEH M YCKOPEHUU TOYEK B CIIOKHOM JIBIDKEHUH. BBIYHCIICHUE YTIIOBOU
CKOpPOCTH U YIJIOBOI'O YCKOPEHHUS TEJA B CII0KHOM JIBUKEHUM.

4. OcHoBHbIE TEOPEMbI IMHAMHUKHU

4.1. OnpeneneHus: BHEIIHUE U BHYTPEHHUE CHUJIbI, UMITYJIbC (KOJUYECTBO JIBUKEHHUS), MOMEHT
uMIyiabca (KMHETUYECKHMI MOMEHT, MOMEHT KOJIMYEeCTBA JBWKEHMSI), KHHETUYECKas
SHEPIrus, LEHTP MAcC, MOMEHT CUJIbI, 3JIeMEHTapHast paboTa U MOIHOCTh CHJIBI.

4.2. Teopembl Kenura mnsi KUHETHYECKOH OSHEPrMM W MOMEHTa HMITyJIbca. Teopembl 00
U3MECHEHUU HUMITYJIbCA, MOMEHTa HMIIYJIbCa M KHHETHUYECKOW JHEPIMM B WHEPLUAIbHBIX
cucreMax orcuera. KoHCepBaTUBHBIE CUCTEMBI, 3aKOH COXPAaHEHHUs JHEPTHH.

4.3. HeunepuuaibHble CUCTEMbI OTCYeTa, CUibl MHepUUH. OCHOBHBIE TEOpEMbl JWHAMHUKHU B
HEMHEPLUAIbHBIX CUCTEMAX OTCYETA.

5. JIBMKeHHe MAaTEepHATbHOM TOYKH B HEHTPAJIbHOM IOJI€

5.1. 3akoHbl coxpaHeHHs (TIEpBbIE WHTETpaNbl IBMXKEeHUS). Y paBHeHnue bune. [lone BcemupHOro
TATOTECHHS. Y paBHEHUE KOHMYECKUX CEUEHUM. 3amaya AByX Tei. 3akoHbl Kemepa.

6. JluHaMHKa CHCTEM NMEPEMEHHOT0 COCTaBa

6.1. [TorsiTHE O cHCTEME TIEPEMEHHOTO COCTaBa M €€ MaTeMAaTHIECKON MOJICITH.



6.2. Teopembl 00 M3MEHEHWU KOJIMYECTBA JBMKEHMS U KUHETHMYECKOIO MOMEHTA JUIsl CUCTEM
IIEPEMEHHOI0 cocTaBa. YpaBHeHue Memepckoro. PeaktuBHoe nBmxkeHue. dDopmyna
InonkoBckoro.

7. JIMHAMHKA TBEPAOIro Tejia

7.1. 'eometpusa macc. TeH30p MHEPLUMM U 3JUIMIICOMJ MHEPLUHM TBEPAOIO Teya. InaBHBIE ocu
uHepuuu. [IpeoOpa3zoBaHue TeH30pa MHEPLMHU IPU MOBOPOTE U MApauIEIbHOM IEpeHOCe
oceil. Teopema I'roirenca—IlITeitnepa s TeH30pa HHEPLHH.

7.2. Kunetnueckuifi MOMEHT M KHUHETMYecKass »JHeprus TBepaoro Ttena. JluHamuyeckue
ypaBHeHus Oiinepa. Ciywail Diinepa; nepBbleé HMHTETpalibl JBUKEHUS; T'€OMETPUUYECKUE
unrepnperanuu [lyanco n Mak-Kynnara.

7.3. JIBI>KeHHE TUHAMUYECKH CUMMETPUYHOIO Telia B ciydae Diiliepa; mapaMeTpbl CBOOOIHON
peryssipHoii npeneccun. Cimydait Jlarpanska; nepBble HHTErpabl JIBUKECHUS.

7.4. ®opmyna JIsi MOMEHTa, IMOAJEP/KUBAIOLIETO BBIHY)KJIECHHYIO PETYISIPHYIO IIPELECCUI0
JUHAMUYECKH CUMMETPUYHOIO TBEPAOIO Teja.

8. JlarpaH:keBa MeXaHHKa

8.1. [NonsiTme Mexanmueckoi cBs3u. Kiaccudukanus cpszeil. BupTyalbHbIE MepeMeIIeHUS.
OO11ee ypaBHEHHE JUHAMUKU /7151 CHCTEMbI MaTE€pUAIbHBIX TOUYEK C UI€ATbHBIMU CBA3SMU.

8.2. Kondurypanmonnoe MHOTrooOpa3ue roJIOHOMHON CHCTEMBI ¢ KOHEYHBIM YHCIIOM CTENEeHEH
cBoOonbl.  O00OIIeHHBIE KoOpAWHATHL. YpaBHeHus Jlarpawxka. OOO0OIIEHHBIE CHIIBL.
[ToreHnmanbHbIE, THPOCKONMYECKUE, TUCCUTIATHBHBIE CHIIBI. KpuTepuili moTeHIHaaIbHOCTH
CHIL.

8.3. YpaBuenus Jlarpamka B cilydyae NMOTCHIMANBHBIX CHJI; (QyHKUus Jlarpamka (Jarpanxuan
CHUCTEMBI).

8.4. YpaBHenus Jlarpanka B HEHMHEpLHUANbHBIX cHuCTeMax oTcueTa. CBOICTBa ypaBHEHMMH
Jlarpanxa: KOBapHMaHTHOCTb, HEBBIPOXKACHHOCTh (NPUBEACHHWE K HOPMAJIBHOMY BHIY
Komm).

8.5. CTpykTypa KHHETHYECKOH oSHepruu. IlepBele WHTErpajbl JarpaHkKeBBIX CHCTEM:
LUKJIMYECKHE HHTETpajbl, 00001eHHbII nHTerpasi sHeprun (Marerpai Ilennese—Ako0n).

9. PaBHOBecHe, yCTOHYHBOCTD, IBHKCeHHE BOJIM3H YCTOMYHUBOIO 110JI0KEHUS PABHOBECHSA

9.1. Ompenenenne TOJIOKEHHUSI PABHOBECHSA. YCIIOBUSI PAaBHOBECHS CHUCTEMBI C WACATHHBIMH
CBA3AMU (IIPUHLMUI BUPTYaJbHBIX MEpeMeIleHuil). YCIOBUS paBHOBECHS T'OJOHOMHBIX
CUCTEM (B TEpMHUHAX OOOOIIEHHBIX CUII).

9.2. Onpenienenne  yCTOMYMBOCTH, ACUMOTOTHYECKOW yCTOWYMBOCTH M HEYCTOHYHMBOCTHU
MOJIO’KEHUsI paBHOBecus. Teopemsl npsiMoro Merona JIsmyHoBa JIsi aBTOHOMHBIX CHCTEM:
TeopeMbl JlamyHoBa 00 YCTOWYMBOCTM M AaCHMOTOTHYECKOM YCTOMYMBOCTH, Teopema
YeraeBa 0 HEyCTOMYMBOCTH, TeopeMa bapOammua—KpacoBckoro 00  yCIOBHUSX
ACUMITOTUYECKOW YCTONYMBOCTH U HEYCTOMYMBOCTH.

9.3. Teopema Jlarpamka—/lupuxie 00 yCTOWYMBOCTH  paBHOBECHS  KOHCEPBATHBHBIX
MEXAHUUYECKUX CHUCTEM. YCIOBHS HEYCTOMYMBOCTHM KOHCEPBATHBHBIX CHCTEM IO
KBaJPAaTUYHON YaCTH MOTEHIMaIbHOM sHeprun. [lonstue o Oudypkanuu. Ciaydaun morepu
YCTOMYMBOCTH JUIsl CUCTEM C MOTEHLMAJIOM, 3aBUCAIIMM OT MapameTrpa. BinsHue
TUPOCKOMMYECKUX M JUCCUMATUBHBIX CHUJI HAa YCTOMYHMBOCTH paBHOBecusa. Teopema 00
ACUMITOTUYECKONW YCTONYMBOCTH CTPOTO IMCCUIIATUBHBIX CHCTEM.

9.4. IlepBeiii  Meton JIsmyHOBa WCCIeMOBaHUS yCcTOWYWBOCTH. Teopema JlsmyHoBa 00
YCTOMYMBOCTH 1O JIMHeHHoMy mnpubmmwkenuto. Kputepuit Payca—I'ypeuma (6e3
J0Ka3aTenbCcTBa). J[Ba clieHapusi MOTepy YCTOMUYMBOCTH: AUBEpreHuus u garrep.



9.5. Marbie konebanusi KOHCEPBATUBHBIX CUCTEM BOJU3HM YCTOMYMBOTO TTOJIOKEHUSI PABHOBECHUS.
VYpaBHenue uactor. ['naBHBIe (HOpManbHBIE) KoopauHatbl. OOmiee pemenue. Ciydait
KpaTHBIX KOPHEM.

9.6. BeinyxkeHHble  KoneOaHUs JUHEHHOM CTallMOHAPHOW CHCTEMBI MOJA  JACHCTBUEM
rapMOHHMYECKUX CHJI. HaCTOTHBIE XapaKTepUCTUKH. SIBIeHue pe3oHaHca. Peakuys JIMHEMHON
CTallMOHAPHOM CHUCTEMbI HA HEFapMOHHYECKOE BO3AECHCTBHE.

10, ypaBHeHHH FaMI/IJ'IBTOHa, BapHallMOHHBbIC IPUHIUIIbLI, HHTCI'PAJTbHBIC HHBAPHUAHTBI

10.1. Tlepemennnle [I'ammnpToHa. @DyHknus [amunbroHa. KaHoHWYECKHe ypaBHEHUS
['amunbrona. IlpeoOpazoBanue Jlexxanapa ypaBHenuit Jlarpamka B ypaBHeHus I aMmiibToHa.
@yukiusa ["'aMuIbTOHA 1711 KOHCEPBATUBHOW CUCTEMBI.

10.2. [IlepBble uHTErpanbl TaMMWIBTOHOBBIX cucTeM. CkoOku Ilyaccona. Teopema SkoOu—
Ilyaccona. IloHmkeHue mnopsaka ypaBHeHHWd [‘amuiabTOHa B Cilydae IUKIWYECKHX
KOOpJMHAT U AJ1s1 0000IIEHHO KOHCEPBATUBHBIX CUCTEM. Y paBHEHUST YUTTEKEpa.

10.3. [etictBue mno ['amunbToHy. Bapmamus nelictBus mno ['amunsTony. BapuanumonHbIN
npuHUMn ['aMmIbToHA.

10.4. IlpeobpazoBanue narpaHkKuaHa IpU 3aME€HE KOOpAWHAT M BpeMeHU. Teopema DMmu
Herep.

10.5. HUnterpanvubie uuBapuanthl Ilyankape—Kaprtana u Ilyankape. OOpaTHble TeopeMbl
TEOPUU WHTETPAIbHBIX WHBAapUAHTOB. Teopema JInmyBwiis o0 MHBapHAHTHOCTH (Pa30BOTO
o0bemMa raMuIbTOHOBOM cuctembl. Teopema JIun Xya-wkyHa 00 MHTErpajJbHBIX HHBapHUAHTaX
MIEPBOTO MOPSAJIKA TAMUIIBTOHOBBIX CUCTEM.

11. Kanonnuyeckue npeodpazopanusi. YpasHenue I'amuiabTona—Axoomn

11.1. Kanonuueckue mnpeoOpa3oBanus. JlokanpHBIA KpuUTepUil KaHOHMYHOCTH. Kpurepuii
KaHOHUYHOCTH B TEPMHUHAX MPOU3BOISIINX (PYHKIIHIA.

11.2. TIpeobpazoBaHusi, JOMYCKAIOIINE (@.9)_ onucaHue (CBOOOJHBIE TPEOOPA3OBAHUSA).
[lpaBuna mnpeoOpa3oBaHUs TaMIJIBTOHHAHOB TIPH KAHOHMYECKHX IPEOOpa3OBAHMSIX.
@®a30BbIif MOTOK TraMMIBTOHOBBIX CHCTEM KaK OJIHONIApaMeTpUYEecKoe CeMeHcTBO
KaHOHMYECKHUX IpeoOpazoBaHUil.

11.3. VYpaBuenue I'amunbrona—Skoou. [lonuelit uHTErpan ypaBHeHus I 'amumiibToHa—SKoOU M
€ro HCIIONB30BaHME B 3a7aue WHTETPHPOBAHUS YPaBHEHUU JBIDKEHHS TaMUJIBTOHOBOM
cucteMsbl. Citydan pazJieNieHus IepeMEHHBIX.
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1. MaremaTH4YeCKHE OCHOBBI

1.1

1.2.

1.3.

1.4.

1.5.

1.6.
1.7.

1.8.
1.9.

OcHOBBI TeopuH TmpenenoB. Teopema o HesBHOW ¢yHkuun. Popmyma Teitnopa.
OcHOBHBIE TEOpPEMBI HHTErPaJbHOIO HCYMCIEHHUS (3aMEHa IEPEMEHHBIX, METO]
UHTETPUPOBAHUSL 10 YaCTsAM, MHTETPUPOBAHHUE pallMOHAIbHBIX (QyHKuMi). YncnoBbie
psaabl  (IpU3HAKW CXOJMMOCTH 3HAKOIOCTOSHHBIX U 3HAKOIEPEMEHHBIX PSIOB).
OyHKnUoHANbHBIE  psAnbl.  CreneHHble  psAabl.  Psaapl  Dypbe  (BBIYHMCICHHE
K03 PHULIIEHTOB).

Matpuubsl u omnpenenurenu n-ro mnopsaka. KoopauHaTel BekTopa B Oasuce.
[IpeoOpa3oBanue KOOpAWHAT BEKTOPOB IpU CMeHe Oas3mca mpocTpancTBa. Omepanuu
HajJ MaTpullamMud. TeopemMa o panre maTpuibl. OOliee pelieHue CHUCTEMbl JHMHEHHBIX
ypaBHeHH. OAHOpPOIHBIE CHCTEMBI (TMPOCTPAHCTBO pELICHUN, (yHIaMEHTAIbHBIC
cuctembl petieHuil). CoOOCTBEHHbBIE BEKTOPBI U COOCTBEHHBIE YK CIIa MATPHUIIBI.

@opMynbl 3aMEHbl KOOpPAMHAT IMpPU MEpexoje OT OAHOM JEKapTOBOW CHUCTEMBI
KOOPJIMHAT K APYroi. BeluncieHue CKamspHbIX NMPOU3BENCHUN, JUIMH OTPE3KOB, YIJIOB.
JIunuu u noBepxHoctu 1-ro u 2-ro nopska.

Teopembl cCylIecTBOBaHUS U €JUHCTBEHHOCTH pewieHus 3agaun  Komm g
muddepeHIManTbsHOr0 ypaBHEHUSI U HOPMalbHOUM cucTeMbl. JInHeliHOe ypaBHEHHE N-TO
nopsinka. [locTpoeHue oOMmIEro pemieHus JIMHEWHOTO YypaBHEHUs. HeomgHopoaHbie
nuHelHble cucTteMbl. JIuHelHble cuctembl AU(QPepeHInaNnbHbBIX YpaBHEHUH C
MOCTOSTHHBIMU K03 purimentamu.

OcHoBHBIE ypaBHEHHUSI MaTeMaTHUeCKON (DM3UKU: ypaBHEHHE TEIUIONPOBOJAHOCTH,
ypaBHeHus Jlammaca w  IlyaccoHa, BOJHOBOE ypaBHEHHME. YPaBHEHHE IEpeHOca
M3JIy4eHHMs B TMOIVIOUIAIOLIEH, H3dydaromed M pacceuBaromieit cpeae. KoppekrtHas
[IOCTaHOBKA KPAeBbIX 3a/au.

Pelenne 0HOPOIHOTO YpaBHEHUS TEIJIONPOBOAHOCTH HA MIPSIMOIL.

OO0mue mnpeacTaBlIeHUs O HEKOPPEKTHO TIIOCTABJIEHHBIX 3ajadax. YpaBHEHUs
@pearonsma  |I-ro u ll-ro poma. Mertoasr  perymspuzanuu  (A.M. OGyxoBa,
A.H. TuxoHOBa, CTATUCTUYECKOMN PETYIISIpU3AIUN).

O6mas cxema metona Pypbe Uil OrpaHUYEHHBIX 00IacTel.

CrnyualiHple cOOBITHSI M Cciy4yallHble BEIUYMHBI. AKCHOMAaTHYECKOE OIpEIesIeHNE
BEPOSTHOCTH COOBITHSA. YCIIOBHBIE BEpOSTHOCTH. He3aBUCHMMOCTb COOBITHHA. 3aKOHBI
pacmpeneleHnss M 4YMCIOBBIE XapaKTEPUCTUKU CIydyalHBIX BENWYMH (Iucnepcus M
MaTeMaTHYecKoe OkuaaHue). Bpibopka M MeToabsl ee mpeacTaBieHHs. YucioBble
XapaKTEepUCTUKU BBIOOPOYHOTO pacipeneiaeHus (Mojia, MeiMaHa, cpeHee, JUCIIepCus).
HepasenctBo UeObliena.

2. OOuue BONPOCHI BHIYUCIUTENbHOI MATEMaTHKH

2.1.

2.2.

2.3.

UucnenHoe  peuieHue CUCTEM  JIMHEHHBIX anreOpanvyeckux  YpaBHEHMH.
ObycnosneHHocTs. Ilpsimble MeTonbl pemieHust (BapuaHThl Mmerona [aycca, MeTon
nporoHku). MtepanoHHble METO/bI (METOJA MPOCTOM uTepauuu, uaes YeObImeBCKuX
UTEPALMOHHBIX METO/IOB U JIp.).

Pemenne cucreM HeNMHEMHBIX anreOpanyeckux ypaBHEHUH. MeToapl CeKyIIHX,
Herotona. Teopema o cxomumoctu Mmeroga HproToHa. Meron mpocCTBIX WTepanuii,
aHaJIU3 CXOJUMOCTH.

Yucnennoe nugdepeHuupoBaHue: OCHOBHBIE alllPOKCUMAIMH 1-X U 2-X MPOU3BOIHBIX.
OmmOka anmpokcumanuu, omuOka OkpyriaeHus. ONTUMAaNbHBIA IIAr YUCICHHOTO
Qg epeHIpoBaHus.



2.4.

2.5.

2.6.

2.7.

UucneHHoe  WHTErpUpOBAHUE: kBagparypasie  Gopmynsl  Hprorona-Koreca,
kBagpatypHbie popmyisl ["aycca. Onenka ommbku naTerpuposanus. [Ipasuno Pynre.
Mertoapl TMOMCKa OKCTPEMYMOB (YHKIIMH MHOTHMX TI€pPeMEHHBIX. [ paJueHTHBIN,
ITOKOOPAMHATHBIN U CIIy4alHBIN CITYCK.

Uucnennoe wuHtTerpupoBanue 3agaun  Komm g cuctem OIY. Ilpocreiimme
Pa3HOCTHBIE CXEeMbI M HX peanu3anus. Ommoka anmpoKCUMAaIMi, KPUTEPHH MaJlOCTH
mara cerku. Meroasl THna PyHre-KyTTel, OCHOBHas KOHCTPYKLMS, aJITOPUTM
peanusanuu, YCTOMYHMBOCTb. T€OpEMBbl O CXOAUMOCTH. JIMHEHHbIE MHOTOLIArOBBIE
cxeMmbl (Aamca). AJrOpUTM pelieHus, alpOKCUMAIIHS, CXOIUMOCTb.

Kpaesbie 3anaun ans cucrem OZY. Jlunelinbple KpaeBble 3a7auu, UX PELIEHUE METOJOM
dbyHmamMeHTaNbHOM cucTeMbl. CBeCHUS JIMHEWHON KpaeBOH 3amaud K 3amadam Korm.
Henunetinbie kpaesbie 3anaun s cucreM OJ[Y. Meton «ctpens0b1», Mmeton HeroTona.

MeTtoabl peuieHnust ypaBHeHm‘/i B YaCTHBIX ITPOU3BOJAHBIX

3.1.

3.2.

3.3.

3.4.

3.5.

YucieHnsie METO/1bI peueHus YpaBHEHUI TUIEepOOTYECKOTO THUIIA.
Xapakrepuctudeckas Gopma ypaBHeHHH. KoppekTHas MOCTaHOBKA KPAaEBBIX YCIOBHUH.
CxeMbl U1 MPOCTEMIIEr0 YypaBHEHHsS IE€pEeHOoca: AallpOKCUMALMs, YCTOMYUBOCTD,
MOHOTOHHOCT.

YucneHHble METO/ABI PEIICHUs ypaBHEHUH MapaboinyecKoro Tuma. SIBHbIe U HEsSBHBIC
cxembl. [Iporonka. CnekTpajiibHas  yCTOMYMBOCTb.  JIBymMepHOE  ypaBHEHHE
TerionpoBogHocTu. I[lpobnema pemieHuss ypaBHEHUH Ha BepxHeM cioe. Meroa
IIEPEMEHHBIX HAIpPABJIECHUM B JBYMEPHBIX M B TPEXMEpHBIX 3ajadax. Meron
NIEPEMEHHBIX HAIpaBJICHUM C cepuedl mnapaMeTpoB. MeToJ paclIenyeHusi, CXEeMbl C
HCKJIFOYEHHBIM ITPOMEKYTOYHBIM CIIOEM.

Cxema «kpect» ansa ypaBHeHus [lyaccona. Pa3HocTHas anmpokcumanusi ypaBHEHHI
[lyaccona. Meroa mnpocThix wuTepanuii, ommOka, HeBsizka. CHeKTpajbHBIM aHalu3
CXOJIMMOCTH IIPOCTBIX UTEPALUH.

HenuHelinble ypaBHEHUs B YaCTHBIX NPOM3BOJHBIX, UX PAa3HOCTHAs AIlIIPOKCHMALUS U
peanu3anys COOTBETCTBYIOIMX cXeM. CXeMbl ¢ HETMHEMHOCTBIO Ha BEPXHEM M HIDKHEM
cioe, ux peanuzanus (Meroa HploToHa ¥ MPOTOHKH).

CnexkTpanbHbld MNpPU3HAK YCTOMYMBOCTH UM TMpaKTHKa €ro mnpuMmeHeHus. l[IpuHnmn
3aMOpOXEHHBIX Koa(pduunenToB. YcnoBue ycroiunBoctu Kypanrta-Opunpuxca-Jlesu.
Y CTOMYMBOCTH 110 HaYaJIbHBIM JaHHBIM U KPAEBbIM YCIOBUSIM.

MarteMaTH4yecKoe MOJdCJIMPOBAHUE B IIPUKJIAIHBIX 3aJaYax

4.1.
4.2.
4.3.
4.4,
4.5.
4.6.

4.7.

[Tonstus  momenmu. Bunbt  moneneit.  llemm  mogenupoBanus.  OcoOEHHOCTH
BBIYMCIIUTEIIbHBIX MOJEIIEH.

Knaccudpukanuu 3amgay MoAeIMpoBaHUs, MaTeMaTH4ecKUX Mojened. /[unamuueckue
MOJIENIM CIIOXKHBIX CHCTEeM, HMX (opManuzanus W peanus3alus Ha KOMIIBIOTEpE.
OOBEKTHO-OPUEHTUPOBAHHOE MOJICTTUPOBAHUE.

YpaBHEHME HENTPEPBIBHOCTU. Y paBHEHUs Dijiepa, bepHyu s uaeanbHOU KUAKOCTH.
VpaBuenne HaBre—Crokca i BA3KOM KUAKOCTH. [IorpaHUYHBIN CION.

OnHOMepHOE ABM)KEHHE CKMMAEMOT0 Tra3a. XapakrepucTuku. ViHBapuanTsl Pumana.
YuciieHHbIE METO/BI PEIICHMs 3a7a4 MEXaHWKHW CIUIOIIHOM cpenpl. Muesa mocTpoeHus
pa3HOCTHBIX cxeM. KoHcepBaTHBHbBIE METOABI.

VpaBuenuss Makcsemna. [lomspuzanma. IloTok sHeprum. OHepreTnyeckue H
doromerpuueckre BenMuuHBL. OTpakeHHe, TPEIOMIEHHE U paccesHUe CBeTa.
Kitaccnueckast Teopust M3Iy4eHHUs, MOMVIOLWIEHU U JAUCHEPCHH. TeruioBoe M3IIydeHHeE.
3akonsl Credana-bonbimana, [lnanka, popmynsl Buna u Penes-/xunca.



4.8. B3auMojeicTBUE H3Iy4eHHUS C BEIICCTBOM. YpaBHEHHE IEpPEHOCA H3IyUYCHHUS IS
MOTJIOIIAIOIIEH, M3NyJaromeil W pacceuBatoiei cpeabl. IlpubnmkeHue I0KaIbHOTO
TEPMOJIMHAMUYECKOTO  paBHOBeCHsA.  YpaBHEHME  paauonokanuu.  OCHOBHbIE
XapaKTEepUCTHKN CHUTHaJa o00paTHOTO paccesiHUst (YTJIOBbIEe M CHEKTpaJbHbIC
3aBHCUMOCTH, MOJISIPU3ALMOHHBIC XapaKTEPUCTUKH).

Jlureparypa

MartemaTH4ecKue OCHOBBI

1. Bbecor O.B. Jleknuu mo MareMaTH4eCcKOMY aHaIu3y: B 2 4.: yuel. mocooue. — M.: MOTU
(Y. 1, 2004 — 328 c, Y. 2, 2005 -215 c.).

2. TlerpoBckuit N.I'. Jleknuu mo Teopun OOBIKHOBEHHBIX AU(B(PEpEeHIMATBHBIX YpaBHEHUM.
M.: Hayka, 1970 1.

3. Hmnarosa B.M., IleipkoBa O.A., CenoB B.H. [luddepenimanpapie ypaBHeHHS. MeToabl

pemennii. M.: U30. MOTHU. — 2012. 140 c.

Ypoes B.M. YpaBaenus: matematudeckoi ¢puzuku. M.: UD "fyza" 1998 r. — 373 c.

5. bexnemumes /I.B. Kypc ananutuueckoil reoMeTpuu U JuHeiHon anreopsl. U3n. 12-e, ucnp.
M.: ®dusmariur, 2009. — 312 c.

6. BopoBkoB A.A. Teopus BepostHocTeil. M.: Hayka, 1984.

bopoBkoB A.A. Matemaruueckas craructuka. M.: Hayka, 1984.

8. TuxonoB A.H., Apcennn B.S1. Meronb! perienusi HEKOPPEeKTHBIX 3aaa4d. M.: Hayka. 1979 r.
—288c.

&

~

OO0ume BONpoChl BHIYMCIANTEIbHOH MATEMATHKH

1. TlerpoB U.b., Jlo6anoB A.M. Jleknuu Mo BBIYMCIMTENBHOM MaTemaTuke: yded. mocobue.
M.: Unrepuet-YH-T Undpopmarmonnsix Texunomnoruit; BUHOM. JlaGopatopus 3nanuii, 2006
—523c.

2. baxsanos H.C., Xunkxos H.Il., KoOenbkoB I'.M. YuciaeHnsle MeToAbl. S5-¢ u3a. — M.:
BMHOM. JlaGoparopus 3nanwmii, 2007 — 636 c.

3. ®enopenko P.I1. Benenue B BerunciauTenbuyo Gusuky. — M.: Hayka, 1994.

Metoabl pellieHHs1 YPAaBHEHH B YACTHBIX MPOU3BOAHBIX

1. ®enopenxo P.I1. Beenenue B BRIUUCIUTENBHYIO (U3HKY. — M.: Hayka, 1994.

2. Maromenos K.M., Xonogo A.C. CeTOYHO-XapaKTePUCTHUECKUE UUCICHHBIE METOJIbL. —
M.: Hayka,1988.

MarteMaTu4eckoe MoAeJIMPOBaHHE B MPUKJIATHBIX 327a4ax

1. Camapckuii A.A., MuxaiinoB A.Il. Marematuueckoe wmoaenupoBanue: HWaen. Mertonsl.
[Tpumepst — 2-e uza. — M.: @usmariur, 2002 — 320 c.

2. Jlanpay JIJ., Jlupmu E.M. Kypc Teoperndeckoit pusukmu, T. 6: I'uapoauHaMuxka.

3. UynuukoB A.M. MartemaTudeckne METOAbl HEIMHCHWHONH MuHAMHKU. — M.: ®u3mariur,
2000 — 296 c.

4. Ilosenrepar P.A. JlucraHuuoHHOe 30HAUWpOBaHHE. MoJeau U METOoAbl 00pabOTKH
u3zo0paxxenuii. M: Texnocdepa, 2010 — 560 c.


http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%BC%D0%B0%D1%82%D0%BB%D0%B8%D1%82
http://ru.wikipedia.org/wiki/2009_%D0%B3%D0%BE%D0%B4
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BapuaruBHas yacTe mporpamMMbl BCTYMUTENBHOTO UCHBITAHUS MO KadeapaM HH(POPMATHKH H
BBIYHCIUTEIbHOH MaTeMaTHKH, JIOTHCTHYECKHUX cHCTEM " TeXHOJIOT U,
TEPMOTrHAPOMEXaHHUKH OKeaHa

1. I[OHO.TIHI/ITGJIBHLIC BOIIPOCHI BBIYHCJINTEIbLHOH MaTEMATHKH

1.1. ’Kectkue cucrembl OOBIKHOBEHHBIX auddepeHimanbubix ypaBHenuin (OJY). Uucnennsie
MeTOoAbl pemeHus. A — ycroiiuuBble, A(0) — yCTOWYMBBIE METOJbl, ACHMITOTHYECKAs
YCTOMYUBOCTb.

1.2. Metoasl tuna PyHre-KyTThl, OCHOBHasi KOHCTPYKLMs, alIrOpPUTM  peaau3alui,
YCTOMYUBOCTh. TeOpemMBbl O CXOAMMOCTH TPU Pa3HBIX NPEAIOKEHHSIX O marpuie fx(x).
AHaiu3 B IpOCTPaHCTBE HEONPEAEICHHBIX KO3(hPULINEeHTOB.

1.3. Jlunelinpie MHOTOIIArOBBIC cXeMbl (Anamca). CXeMbl IS POJOHKEHHBIX CUCTEM (CXEMBbI
OOpemikoBa). ANrOpUTM, CXOAUMOCTb, AaHAIM3 B IPOCTPAHCTBE HEOINPEIEIEHHBIX
K03 PHUIIEHTOB.

1.4. Tlpumepsl METOAOB pELIEHUs ypaBHEHMH I'unepOoJudecKkoro tuma. ['MmOpHiHbIe CXEMBI.
CpaBHEHHE METOJIOB B IIPOCTPAHCTBE HEOIPEIEIIEHHBIX KO (HUIIMESHTOB.

1.5. Pemienus ypaBuenuit Ilyaccona metomom cetok. Pa3sHocTHas anmpokcumanusi ypaBHEHUMH
[lyaccona. Meton mnpocThiXx uTepanui, omuoka, HeBs3ka. CHeKTpaldbHBIM aHAIHU3
CXOAMMOCTH MPOCTBIX HTepanuil. BbIOOp ONTHMMAaIbHOIO HTEPALMOHHOIO IapamMeTpa.
MeTton UeObIeBCKOro YCKOPECHHSI, aHAJIM3 yCTOMYHMBOCTH, YCTOHYHMBBIC MEPEHYMEpaIiu
UTEPAaLOHHBIX [1apaMETPOB.

1.6. MeTo nepeMeHHBIX HampaBlieHHH pemienus ypaBHeHus [lyaccona. CrieKTpaibHBI aHATIN3
cxoauMoctu. BpiOop onTuManbHOro MTepanMoOHaNbHOTO napamerpa. OlieHKa 4yucia
urepanui. MeTo nepeMeHHbIX HallpaBJIEHUM C CEpUEH ITapaMeTpoB.

1.7. Metoapsl mOMCKAa SKCTPEeMyMOB (YHKIMHA MHOIMX IE€pEeMEHHBIX. [ 'palueHTHBIH,
ITOKOOPIMHATHBIN U CIIy4alHBIN CITYCK.

1.8. [TocranoBka HekOppeKTHBIX 3anad. Ilpumepsl. KauecTBeHHOe ommcaHue moaxona K MX
pemenuto. Ponb anpuopnoil mHpopmanuu. Ilpumepbl — HHTErpajdbHOE ypaBHEHHE 1-TO
poza, oOpaTHas 3a/1a4a TEMIONPOBOAHOCTH.

2. DJeMeHTDI IlHCerTHOﬁ MaTeMaTHuKMH. I_II/ICerTHI)Ie AJIroOpuTMBI.

2.1. DnemeHThl Teopuu anroputMoB Mamunel TeiopuHra, Mamubbel [locta, HOpManbHbIE
anroputMbl MapkoBa. OLIEHKH CJI0KHOCTH anroputMoB. NP—1oyiHbIe 3a1a4n (aIropuTMBl).

2.2. AnroputMbl COPTUPOBKH. «bBbICTpast cOpTHpOBKa», MOUCK JAEJICHHEM IO0NOjaM, CIUSHHUE
OTCOPTHPOBAHHBIX MACCUBOB.

2.3. Anroputmbl Ha rpadax. Ilonarue rpada. OcoOble kiaccsl rpados. Ilouck Ha rpadax B
HINPHHY, B TITyOUHY. AJTOPUTMBI IONCKAa MHHUMAIIBHOTO ITYTH.

3. IMapajanejibHble BHIYUCIEHUS

3.1. MHoromponeccopHple W pachpelesieHHble CUCTeMbl. W3IepKKM U BBIMTPHINI TpU
peanu3anuy napauieIbHbIX U BEKTOPHBIX BHIYUCIICHHI.

3.2. Monens mepemaun coobmenuii MPL. Monens nepemnaun manneix PVM. JIBe mapaaurmsl
napauieIbHOTO TPOTrPAMMHUPOBAHMS: TTAPAIIETN3M JaHHBIX U TTapaJUIeIN3M 3a/1a4.

3.3. Tpu yacTu mapajieNbHON MPOrpaMMBI (MapajuieNibHas, ocIe0BaTeNbHAasI, 0OMEH JaHHBIX ).
CuHXpoHHU3aIHsI TTPOILIECCOB, PABHOMEPHOCTH 3arpy3ku mpoiteccopoB. O630p mporpaMMHBIX
CPEICTB JIJIsl pacnapalijieIMBaHusl.



3.4. Knaccel 3amad, KOTOpble MOXXHO 3((PEKTHBHO BEKTOPHU30BaTh M paclapaieuBaTh.
O06paboTka OTHOMEPHBIX U IBYMEpHBIX MaccuBOB. HayuHble 3amaun. Boruncienus B y3nax
CETOK U PEIIETOK.

4. O0bEKTHO-OPHEHTHPOBAHHOE IPOrPAMMHPOBaHHE

4.1. Conepxanre 00BEKTHO-OPHEHTUPOBAHHON Mozenu. [loHaTHs abCcTpakiuy, WHKANCYIALNH,
noauMopdu3mMa, THIU3ALKU U UX Peau3alus B A3bIKax MPOrpaMMHUPOBAHUSI.

4.2. Nukancynsauus. Monuukaus 1 ONTUMHU3AIMS TPOrpaMM ITPHU MOMOIIY HHKATICYIISIIH.

4.3. HacnenoBanue. IloBropHoe wucnonb3oBanue koja. Ilomumopdusm Kak — CpeacTBo
obecrieyeHus pacumpsieMocTs rnporpamm. [lonarue unrepderica.

4.4, TlonssiTue cBOWCTB W coObITHi (properties and events) B OOBEKTHBIX TEXHOJOTHSX.
Arperanus. CoxpaHsieMocTb 00BEKTOB (persistence).

4.5. lmarpammbl ~ kjaccoB.  [loHSATHST M OpPUHOMIBL  OOBEKTHO-OPUEHTUPOBAHHOTO
POCKTHPOBAHUS.

4.6. CASE — cpenctBa 1 MX UCIIOJIB30BAHUE JUIsl aBTOMATH3AIIUN ITPOCKTUPOBAHUS IIPOTPAMM.

Jlureparypa

DJieMeHThI TUCKPETHOH MaTeMaTHKH. J{ucKpeTHbIE AJITOPUTMBI.

1. Axo A., Xonkpodt ., Yapman JI. 1. CTpyKTypbl JaHHBIX U aJTOPUTMBL: yuel. mocooue.
— M.: U3nareabckuii noM «Buibsamcey, 2007.

2. Kuyt J1.3. HckycctBo mporpammupoBanus. Tom 1: OcHOBHble anropuTmbl (3-¢ u3m.,
2007). Tom 3: CoptupoBka u nmouck (2-e uzf.). — M.: U3natenbckuii 1om «Buiabsmey.

IMapajiesibHbIe BHIYHCIEHUSA
1. Ounproc [.P.  OCHOBBI MHOTONOTOYHOrO, TMApPALICIBHOTO U  pacupeneiaéHHOro
nporpammupoBanus. — M.: M3agarenbckuii nom «Bunbsimey, 2003 — 512 c.

O0BeKTHO-OPHEHTHPOBAHHOE IPOrPAMMHUPOBAHHUE

1. BbyuI'. OOBEKTHO-OpUEHTUPOBAHHBIM aHaNM3 U MPOEKTHPOBAHHE C IPUMEPAMU
npunoxxkenud Ha C++, 2-e u3nanue, mep. ¢ anri., M.: M3garensctBo bunom, CIIG.: HeBckuit
nuainext, 1999 r.

2. Bennpos A.M. CASE-texnonoruu. CoBpeMEHHBIE METO/IbI U CPENCTBA IPOEKTUPOBAHUS
MH(OPMALIMOHHBIX CHCTEM.
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BapuaTtuBHas 9acTh IporpaMMbl BCTYMUTEIBLHOTO HCIIBITAHHS 10 Kadeape CHCTEM, YCTPOIiCTB
M METOJ0B re0KOCMHYECKOH (PH3UKH

1.1.

1.2.

1.3.

14.

IIpenmer ¥ OCHOBHbIE OHATUA KOCMUYECKUX HH(POPMAIIMOHHBIX cucTeM /13

[TpyHIMITBI AWCTAHIIMOHHBIX HcchenoBaHuil. CBsi3p MUCTAHIMOHHOW WHMOpPMAUKA C
XapaKTePUCTUKAMH HM3y4aeMbIX SBJIEHWHW W TMporeccoB. KocMudeckne W aBHAIMIOHHBIC
CHUCTEMBI TUCTaHIIMOHHOTO 30HaupoBanus (/13). JlocTtomHcTBa KOCMUYECKOW MH(OpMAITUU.
BceenocrynHocts. OniepatuBHOCTD. ['7100a71bHOCTS.

3amaun /I3 atMocdepbl, MOBEPXHOCTH 3eMiIM. 3eMJIs KaK €IMHAas dKOJIOTMYecKas CHCTeMa.
Ponp AMCTaHIIMOHHBIX HCCIEAOBAaHUN B HM3YYEHUM MPUPOJHON Cpelbl B TJI00aTbHOM
MaciTabe ¥ BO3JICHCTBUS HA HEE aHTPOIIOTCHHBIX (PaKTOPOB.

3ajaun JUCTAHIIMOHHOTO KOHTPOJS M pa3BelKd OOBEKTOB Ha MOBEPXHOCTH 3E€MJIU U B
atMocdepe.

CoBpemennbie cucteMbl JI3. CHUCTEMHBIM MOIXOJ K JAMCTAHIIMOHHBIM HCCIICIOBAHUSIM.
[IpocTpaHCTBEHHOE, CIIEKTPAJbHOE, pPaJAMOMETPUUYCCKOE W BPEMEHHOE paspelicHue.
[lepcniekTUBBI pa3BUTHSI KOCMUYECKUX CUCTEM JUCTAHIIMOHHOTO 30HIUPOBAHMS.

2. llpupoaa 371eKTPOMArHUTHOIO U3JIy4YeHus1. BzaumopenicrBue U3j1y4eHHs ¢ BeleCTBOM.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

Teopus 3MEKTPOMArHUTHOTO U3Iy4yeHUs. YpaBHeHUe MakcBemia. BonHoOBoe ypaBHEHHE U
ero pewenus. llomspuszaums. [loTok sHeprum. OHepreTnueckue U (HOTOMETPUUYECKUE
BenuuuHbl. OTpaxeHue u mnpenomsieHue cBeta. Kiaccuueckass Teopus H3IydeHUS,
MOTJIONICHHS U Aucnepcu. TermmoBoe uznydenue. AocomoTHo uyepHoe teno (AUT). 3akoHbl
Credana-bonbumana, [Inanka, popmynsl Buna u Penes-/[xunca. 3akonsl uznyuenuss AUT
JUIsL Cpelbl, OTJIMYHOW OT Bakyyma. 3akoHbl AUYT Ui KOHEYHBIX CIEKTPaJbHBIX
uHTEepBaoB. M3inydarenbHasi ClIOCOOHOCTh U PaUOSIPKOCTHAS TeMIlepaTypa.
B3aumojeiicTBue u3yyeHus ¢ BEUIECTBOM B ONITUYECKOM Juana3zoHe. Y paBHEHUE IIEpeHoca
W3IIy4eHUs U1 TOTJIOLIAIOUIEH, W3Iy4arolled W pacceuBarouleil cpenpl. YpaBHEHHE
nepeHoca NpuU Haauuuu nosspuszauuu. Bekrtop-mapamerp Crokca. [Ipubnmxenue
JIOKQJIBHOTO TEPMOAMHAMUYECKOTO paBHOBecusA. CBA3b pE3yJbTaTOB JAMCTAHIMOHHBIX
Ha0JII0/IEeHUI CO CBOMCTBAMHU HAOJI0/1a€MBIX SIBJICHHM.

JlazepHOe QUCTaHIIMOHHOE 30HAUpPOBaHuE. JIngapHoe ypaBHeHUe 11 paccesHus. JlugapHoe
ypaBHeHHe uid  JuddepeHanbHoro  norniomeHus. JlumapHoe  ypaBHeHue Ui
GroopecupyIonero 00ObeKTa.

W3myuaTenbHble, MOTIIOIATENbHBIE U OTPaXKaTeJIbHbIE CBOWCTBA HEYEPHBIX ITOBEPXHOCTEH.
Oco0eHHOCTH CHEKTPaJbHBIX XapaKTEPUCTUK OTPAKEHUsI MPHUPOJHBIX M AHTPOIOTIEHHBIX
o0pa3oBaHUil B ONTHYECKOM Juamna3oHe crnekrpa. CHeKkTpalbHble M paccerBarollue
CBOICTBa MHHEpAJIOB, TOPHBIX MOpPoJa U MoYB. CHeKTpajbHbIE CBOICTBA PAaCTUTEIbHOCTH.
XapakTEepUCTUKH, CBSA3aHHBIE C cojlepykaHneM Biard. CHEKTpalbHbIE CBOMCTBA KpHO- U
BOJIHBIX Cpe/l.

B3aumopneiictBue  u3nyuenuss ¢ BemectBoM B CBY-nmamasone.  OcobeHHOCTH
JUCTAaHIIMOHHBIX MeToJ0B 30HAMpoBaHus B CBY-gmanazone. YyBCTBUTEIBHOCTH K
FEOMETPUM TNOBEPXHOCTH. UYUyBCTBUTENBHOCTH K COJEP/KAHUIO BOJBL. YPAaBHEHHE
panuonokanud. OCHOBHBIE XapaKTEPUCTUKU CHUTHala oOpaTHOro paccesHus. PaccesHue
U3IY4YEeHUS TNPUPOAHBIMH OO0beKTaMu (YIJIOBBIE M CHEKTpalbHblE 3aBUCHUMOCTH,
MOJIIPU3ALMOHHBIE XapaKTEPUCTUKN).

[TaccuBHOE nucTaHIMOHHOE 30HAMpoBanue B CBU-nnanazone. Mozaenu paguoMeTpuiecKkon
Temrneparypbl (TJlajkas U IIepoxoBaTas MOBEpXHOCTH). SIpkocTHas TemIieparypa
HIPUPOJHBIX 00pa30BaHUM.



3. PoJab armocdepbl B IUCTAHIHUOHHBIX MCCIEAOBAHUAX 3eMIH

3.1.

3.2.

3.3.

3.4.

Xapakrepuctuka atmocepsl. Cocras. ['a3bl. Asposzonn. O6maka. Tyman. Jpmvka. Ilepenoc
U3ITy4eHHUsl B pacceuBarolleld u morjomatonieit cpene. [loriomenne m3nydeHus razamu.
Paccesnue Ha Monekynax rasa M yacTulax a’po3oiis. PeneeBckoe paccesnue. PaccesHue
Mu. 3akon Jlambepra-byrepa. Ontudeckas Toima. Mojenu a’spo30JIbHOM aTMOCHEPHI.
MeTteoposnorndeckas 1aabHOCTb BUIUMOCTH.

Mertoapl  pacuera mpo3pauHocTH  arMocdepel. Merox  "line-by-line". Mertomabl
MOJIEJIMPOBaHUS 10J10C (MOJIEb Dib3accepa, CTaTUCTUYECKask MOJIENb UM MoJesb Meliepa-
['yau). DMnupuveckue METONbI C MCIOJIB30BaHMEM MoJieiu ToJioc ("arperaTHbI" METOI,
mozenb "Lowtran"). JIByxnmapamerpuueckuilt meron Kyprucca-I'oacona.

ATMochepHass TypOyieHTHOCTh. [udpakuus Ha ogHOpPOAHBIX 30HaX. CTpyKTypHas
¢ynkuus. CtpykTypHas noctosiHHas. Ontudeckas nepefarouHas GyHKIUS TypOYIeHTHOU
atMocdepsl. CirydaifHasi COCTaBIISAIONMIAS JUTUTSIIBHOW U KOPOTKOW AKCIO3UIHMH. V3mMepeHus
TypOYJIEHTHOCTH.

SpxocTHbIe (paaualMOHHbIE) XapaKTEePUCTHUKU 3eMIu U3 KocMoca. OTpa)KeHHOE U TEIIOBOE
uznyyenue. OOnaydeHHOCTh 3eMHOM noBepxHOCTH. llpsmoe conHeuHoe WU3Iy4YeHHUE.
Wznyuenue HeGocBoja. 3aBUCUMOCTh OT BBICOTHI COJIHIIA HAJ TOPU3OHTOM U T€OMETPUU
HaOmoneHus1. SIpkocth 3eMian u3 Kocmoca. M3iaydeHue OT ydyacTka MOBEpXHOCTH. Bkian
atMocdepsl. YueT paccesHHOTo nznydeHusi. OcoOeHHOCTH MPOIIECCOB MEePEeHOCca U3ITyUeHUs
B atMocdepe 3emin B nH(ppakpacHom u CBY-auanazonax.

4. Perucrpaums 3JIeKTPOMATHUTHOTO U3JTyYeHHSI.

4.1.

4.2.

4.3.

44.

4.5.

Knaccugukarus MexaHU3MOB celeKTHBHOTO (otonpuema. @oronnsie 3¢ dextol. Temmonbie
3¢ ¢exTel. O¢pdexTsl BOIHOBOro B3auMojeicTBUsA. OCHOBHbIE THUIBI TBEPAOTEIBHBIX
¢oronpuemHukoB. dotoauonsl. bapbeppl loTku. @orope3ucTopbl COOCTBEHHbBIE U
npuMecHsle. [Tpubopsl ¢ 3apsa0BOM HHKEKIKEH.

OcHoBbl pu3uku npudopoB ¢ 3apsaoBoii csa3pio (I13C). [IpuHnMn XpaHeHUs W TepeHoca
3apsana. OcnoBuble Tunbl [I3C-cTpykryp. Ilepenoc 3apsna u yacrotHsie cBoiicTBa. [13C ¢
00BEMHBIM KaHAJIOM W BUPTYyalbHBIA (a3zoii. HeaddexrnBHOCTh TIepenoca 3apsaa B [13C.
TemnHoBoM TOK. MeTo bl BBOJA M JETEKTUPOBaHus 3apsiaa. Jluneinsie u Matpuunsie [13C.
XapakTepUCTUKH MIPUEMHUKOB ONITUYECKOTO U3JTy4EHUSI. CaerocurHaiabHast
xapakrepucTtuka. KBantoBas xapaktepuctuka. KBanroBas spdextuBHOCT. CrieKTpanbHas
XapaKTepUCTHUKAa  YYBCTBUTENBbHOCTH. CHEKTpalbHbIM  KOA(PGUIMEHT  MOTJIOUICHUS
U3TydyeHus. /[NMHHOBOJIHOBas TrpaHMIa YyBCTBUTEIBHOCTU. AKTMHHYHBIE YHEPrETHUECKUE
XapaKTepUCTUKU. YacTOTHBIE CBOMCTBA MPUEMHHKOB H3JIY4YE€HUs, MOCTOSHHAs BPEMEHU
doroorknmuka. @Dyukuus mnepenaun wmonymsauuu (PIIM). Teomerpuueckas OIIM.
Huddysnas OIIM. OIIM weaddextuBHocTH nepenoca B [13C.

Iymbl. OcHOBHBIE HMCTOYHUKM IIyMOB. [loporoBas 00dy4eHHOCTb. Y JelbHas
oOHapyxuTeNnbHas crnocoOHOCTh. CrHekTpajbHas IJIOTHOCTh IIymMa IOJYNPOBOJIHUKOBBIX
¢oronpuemnukoB. llymbr B MHOrosnementHelx [13C-poronpuemnukax. Ilym mepenoca
3apsga. lllym BeIXomHOro ycrporctBa. ['eomerpuueckuil mym. BinsHue OXJIaxaeHUs.
JloCTOMHCTBA B Cilydae nmpuemMa u300paskeHus! IPH HU3KUX YPOBHIX 00TYy4E€HHOCTH.
Juckperuszanust  M300pakeHHUs  MHOTOAJIEMEHTHBIM  QoronmpueMHuKoM.  Teopema
KotenbHuKoBa. BusyansHoe IIPOSIBIIEHUE 3¢ pexToB BBIOOPKH. Penykuus
MpocTpaHCTBEHHBIX YacToT W DIIM MHOTO’IeMEHTHBIX TNPUEMHUKOB. Myap-3¢hdexr.
Onucanue s¢dekra uckaxeHus curHaga c¢ nomompio "OIIM ¢azer". TectupoBanue
MHOT03JIEMEHTHBIX (POTONMPUEMHUKOB. Peakiius cucTeMbl Ha MPSIMOYrojbHOM MHUpPY. CBS3b
¢ OIIM.



5. Teopuss JmHeiiHol ¢uabTpanuu. CurHajabl M IOMeXH B CHCTeMax IpueMa

5.1.

5.2.

IJEKTPOMArHUTHOI'0 U3IYyYCHUSA.

JletepMuHUpOBaHHbIE  CUTHANBI, CHOCOOBI WX  omucaHus. VHTerpan  CBEpTKH.
[IpeoOpazoBanue Pypbe U ero (yHKIHOHAIBHBIE CcBoiicTBa.  Teopema CBepTKH W
ontuyeckas nepenatounas ¢yHkuus (OIID). Ananu3 muHEHHBIX CHUCTEM (HOPMHUPOBAHMS
n3o0paxkeHus: ¢ nomouibio npeodpazoBanuss Pypee. OIID onTuueckux snemeHtoB. OIID
TUMIUYHBIX AJIEMEHTOB MH()OPMALIMOHHOTO TPAaKTa CUCTEM AUCTAHIIMOHHOTO 30HAUPOBAHMSL.
enTpasnibHass npenenbHas TeOpeMa IPU aHAJIU3€ JIMHEHMHBIX CHUCTEM. PesynpTHpyromas
Ollo®.

Crnyvaiinple CUTHAJBI U CcIIOCOOBI ux onucanus. Ciydaiinele QyHKUIUU U 1ois. YucioBble
xapaktepuctuku. @OyHKuug pacnpeaeneHuss U (QYHKIMM IJIOTHOCTH BEPOATHOCTH.
CranoHapHOCTh, OIHOPOJHOCTH, 3PTOAWYHOCTb. ABTOKOPPENSALMOHHAS (QYHKUIUS |
CHEKTpaJibHas MIIOTHOCTh. KOppesIMOHHBINH U CIIEKTpallbHbIN aHanu3. Buabl ogHOMEpHBIX
cuektpoB. [IpeoOpa3oBaHue  CHEKTPadbHOW  IUIOTHOCTH  JIMHEWHBIMH  3BCHBSMH.
BepostHocTHOE onrcanne HeMPEePbIBHBIX U300paXeHHI.

6. Metoanbl nepeaayu u 00padoTku nHPOpMaLHH, IOJy4YaeMoii cpeacTeamu /13.

6.1.

6.2.

6.3.

6.4.

Mertonbl nepenaun M300pakeHUil. XapaKTEpPUCTHKH CUCTEMbI Mepeadyd H300paxKeHUH.
Hcnonp30Banue Mojeneil 3peHus pu KoJupoBaHuu n3odpaxkenuii. KogupoBanue metogom
UMIYJIbCHOW KoJgoBOH Mopaymsiuuu. Cratuctudeckoe kojaupoBaHue. KoaupoBanue c
npenckasanneM. KoampoBanume ¢ mpeoOpasoBanumeMm. [ uOpumHOE  KOJMpPOBAHHE.
MexkaqpoBoe KOAMPOBAaHUE C YCIOBHBIM 3amenieHueM. CokpaleHue H30bITOUHOCTH
OMHApHBIX N300paKEHUH.

Metonpl 00paboTku n3o0pakeHuil. IlpencraBienne m3o0pakeHuid B HUGPOBOM (GopMme.
Juckperuszanusi U BOCCTAHOBJIGHHE HENPEPHIBHBIX H300pakeHU. MaremaTuueckoe
ONKCaHHE JUCKPETHBIX H300paxkeHui. JIuneitHble omeparopsl. OnepaTop CynepHno3HIIUU.
JlBymepHbIe yHUTapHbIe mpeoOpa3zoBanusa. [IpeoOpazoBanme Dypre. KocunycHoe
npeoOpa3oBanue. CunycHoe npeoOpa3oBanue. IIpeoOpasoBanue Apnamapa, Xaapa.
CunrynspHoe npeodpa3oBanue. J[BymepHble MeTo/bl JIMHEHHON 00paboTku. OOpaboTKa C
UCMONb30BaHUuEeM TnpeoOpazoBanus. Cymeprnosunuss ¢ mnpeodpaszoBaHueM. CBepTka c
HCIIOJIb30BaHuEM ObIcTporo npeoOpazoBaHus Pypre. OUIBTPHI HA OCHOBE IPE0OPA30OBaHUS
Dypse.

OcHoBHble TOHATHA TeouHpopmartuku. OOmIas XapaKTepUCTHKAa I'€OMH(OPMAIlMOHHBIX
cucreM (I'MC) xkak kmacca aBtomarusupoBaHHbix WC. Coepsl npumenenus [UC.
Knaccudukanus 'MC no ¢pyHKIMOHATBEHEIM BO3MOKHOCTSIM U TEPPUTOPUATIBHOMY OXBaTy.
Kaprorpadguueckass ocHOBa Kak CpEACTBO HHTErpallud M OTOOpaKeHHsI JaHHBIX.
Texnomorun CAIIP kak meromonoruyeckas ocHoBa npoektupoBanus [ MC. Ponb u mecto
skcnepTHbIX cucteM B I'MC-texnonrusx. MHCTpyMeHTaIbHO-IPOrpaMMHOE OOecrieueHne
I'MC. TUC u web- Ttexnonoruu. Ilpumenenue pannsix J3 B I'MC-texnomorusx.
TexHonornueckas nenouyka tematuueckoi oOpabotku (TO) nmanHbIX KOcMuyeckoro /JI3.
MeTto/ibl U cpesicTBa IPEICTaBICHUS PACTPOBBIX N300paKeHUN

Metoael KJ1accu(puKauu JUCTAaHIIMOHHOU uHpOpMaLUH. I'eomeTpuueckas,
paaroMeTpuyeckas U aTMocepHas KoppeKuusa. AJIroOpuTMbl paclIMpPeHUs] TUHAMUYECKOTO
JMana3oHa JUCTaHIIMOHHOTO n300paxkeHus. [IpuMeHeHne ycioBHO-I[BETOBOTO KOJHPOBAHHUS
M300paXkeHHsl M0 JaHHBIM CIIEKTpajbHBIX KaHaoB. MeTo/ aHann3a riaBHbIX KOMIIOHEHTOB
win npeoOpazoBanne Kapynena-JlosBa. IlpeoOpasoBanune Kayra-Tomaca. IIpusnaku
MHOTO30HAJIbHOM HMHpOpManuu (MHAEKC IOYBBI, BETE€TAlMOHHBIA WHAEKC, HHJIEKC
BIOKHOCTH U [Jp.). YYeT BPEMEHHBIX XapaKTepUCTHUK, KacKaaHas Kiaccudukanus.
Mopdomerpuyeckuii aHanu3 B reorpaduueckux uccienoBanusx. OOHapykeHrne 0ObEeKTOB
omnpeneneHHol ¢Gopmbl. HekoHTponupyemas kinaccupuKaius. DKCHEPTHbIE CHCTEMBbI IS
naHHbIx [13.
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YACTHD Il1

BapuaTtuBHas yacTh NmporpaMMbl BCTYMHMTEIBHOTO HCHBITaHUS MO Kadeape KOMIBbIOTEPHOIo
MO/JEJHMPOBAHUSA

N

3a7aun 4HUCIEHHOTO MOJEIMPOBAHUS B MEXaHUKHU CIUIOIIHBIX cpel. OOnacTé HaydHOTro
UUHAYCTPUAIbHOTO IPUMEHEHHUS.

[{ukn MmoenupoBaHus OT MOCTAHOBKY 3a7jau J0 MOCTIPOLIECCUHTA.

Knaccudukanus u cTpykTypa COBpEMEHHBIX MTPOrpaMMHBIX KOMILIEKCOB. Kputepun oneHku
BO3MOXHOCTeH. [IpobneMHO-OpHEeHTUpOBaHHOE TecTHUpoBaHME. PeecTp poccuiickoro
MIPOrpaMMHOTO 00eCTIeUeHHS.

KoHcTpykTOpCKass M aJanTHUpOBaHHAs TE€OMETPUYECKAss MOJEIb. | €OMETpUYECKH
npernpoueccuHr. TUIbl pacyeTHbIX ceTOoK. TpeboBaHMs K PacyETHOW CETKE C TOYKH 3PEHHUS
o0ecreyeHnss TOUHOCTH PEICHHS.

Pacuetnas w™oxens. HMcnonb3oBaHue KpUTEpUEB TMOAOOMST U CBOMCTB CHMMETPHH.
MogenupoBaHue CTallMOHAPHBIX U HECTALMOHAPHBIX IIPOLECCOB. THUIIOBBIE KIIACCHI 3a1a4.
Opranu3zanys pacuera Ha MHOTOIIPOIIECCOPHBIX cucTeMax. MaciTadupyemMocTh.


http://files.lib.sfu-kras.ru/ebibl/umkd/54/u_program.pdf
http://www.autex.spb.ru/
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Paznen «CucteMHblii aHaIU3, ynipaBJjieHue U 00padoTka nHdopmanmum»
YACTD 11

OCHOBHBIC TIOHATHUSI CUCTEMHOIO aHalM3a. XapaKTEepHbIE OCOOCHHOCTH CIIOKHBIX CHCTEM.
ITporHo3upoBaHue BpPEMEHU CMEHBI COCTOSHMM y CJIOXKHBIX CHUCTEM KAaK MOMEHT BPEMEHU
WU3MEHEHUS UHTErPAIIBbHBIX XapaKTEPUCTHUK. | paHULIbI IpUHIMIIA PELYKIUOHU3MA.

OcHoBHBIE 3aJa4M, METOABl CHCTEMHOIO MOJEIMPOBaHUA. KOMIIOHEHTBI CHCTEMHOIO
MOJENUPOBaHMs. OTambl MojaenupoBaHus. DOpMbI MOAETHPOBAHUA: CUHTE3, COOpKa,
HACTPOMKa MOJIENU, UICHTU(UKALUS TapaAMETPOB.

Bxopsmue, BBIXOIAIIME U YIPABIAIOLIME IIEPEMEHHBIE B CHUCTEMHOM MOJEIMPOBAHMM,
3aJja4d U METOJIbl arPETUPOBAHUA U Je3arperupoBanusi. YyBCTBUTEIBHOCTD K YIIPABIIAIOIIUM
IIEPEMEHHBIM.

Bei0op mapameTpoB Ipu MOJETUPOBAHMM JWHAMHUKH CIIOKHBIX cuUcTeM. MaeHTudukarus
napaMeTpoB B MOJAEIAX. 3aBUCHMOCTh Pe3yJibTaTa MOJICIUPOBAHUS OT BbIOOpa MapaMeTpoB.
YyBCTBUTENBHOCTD K IIAPAMETPAM.

TpyOku  tpaektopuii. CreHapHble  ucciepoBanus. OnTtumuzanus,  yMeHbILIEHHUE
pasmepHocTu. MHTEpnpeTanys 1 NpeaCcTaBiIeHUuEe PE3yJIbTaTOB.

TpaguuuoHHBIE METOABI CHUCTEMHOIO aHaJIM3a CIOXKHBIX CUCTEM. MarpuuHsle,
CHUCTeMHOMHaMU4ecKne, T dy3Hble, CTOXaCTUIECKHE MOJIEIH.

JIuneiiHOe IporpaMMUpPOBaHUE - IOCTAHOBKA 3a/1a4d. AJITOPUTM CUMILIIEKC-METOAA.
baiiecoBcknii MeTOZ. ANpPHOpPHBIE M aNOCTEPUOPHBIE pPACHpPENEICHUs MapaMeTpOB:
HENPEPBIBHBIN U IUCKPETHBIN CIIyYau.

MeTolT MakCUMaJIbHOTO IPaBAOION00MSI M €ro CBSI3b C MaKCUMYMOM aIllOCTEpUOPHOM
BEPOSITHOCTH B 0alieCOBCKOM OLIEHMBAHUU B ACHMITOTHYECKOM CIIydae.

Wpentudukanys mapaMeTpoB MojIejeld Ha IpUMepe UACHTHU(PHUKAIIMA TapaMeTPOB B MOJICIH
MapHON JTUHEHHON perpeccuu U OAHOPOIHON Mpoun3BoAcTBeHHON (pyHKIMK Kob66a-/lyriaca.
Wnentudukamnus mapaMeTpoB B MOJIENIN JHHEHHONW PETpecCHH C aBTOKOPPEIMPOBAHHBIMU
OLIMOKaMHU IIEPBOTO U BTOPOI'O MOPSIIKOB.
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YACTHD Il1

BapuatuBHas 4acTh MpOrpaMMbl BCTYNHUTENBHOTO HCIBITAaHUS MO Kadeape JIOrHCTHYeCKHX

CHUC

1.
1.1.

1.2.

1.3.

14.

1.5.

1.6.

1.7.

1.
1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

TE€M U TeXHOJOIrui

O01mme moJoKeHus

UncneHHbIE METOABl Ui COMIUTUPOBAHHUSA AllOCTEPUOPHBIX (YHKIHUH IUIOTHOCTEH
BEPOSATHOCTEM; anroputMbl Metpomonuca — Xactunra (The Metropolis-Hastings (M-H)
algorithms) Ha ocHoBe MeronoB Monte-Kapno mo cxeme Mapkosckoir nenu (MCMC,
Markov Chain Monte Carlo methods); BpIOOp COMILIOB ¢ MUHHUMAJIbHOW KOpPPENSIIMEH;
3aBHCUMOCTH 9(PPEKTUBHOCTH COMIUTMPOBAHUS OT Pa3MEPHOCTH 3aJIauu.
Henapamerpuueckue METOAbl CTAaTUCTUKM;, ONTHMAJbHBIA pa3Mep OKHa; sIepHOe
CIJIa)KMBaHKE; CKOPOCTh CXOJUMOCTH.

[TonsTe 3amaun MHOTOKpUTEpUANbHOW ontumuzauuu. JlomuHupoBanue 1o Ilaperto,
pelieHre  3aad  MHOTOKPUTEpPHUAJbHOM  onTuMu3auuu.  JlocraTouHble — yCIOBUS
CYIIECTBOBAHUS PEIICHHUS.

Ceéptku kpurepuen. Jluneinas cBEéprka, cBéprka ['epmeiiepa. CBEPTKM Ha OCHOBE
HIIeaIbHOU TOYKHU.

VYCIioBUSL ONTHMAIBHOCTH B 3a7jadyaX MHOTOKPHUTEPHAIBHON ONTHMH3AaUUU. DPPEKTHBHO
BBIMYKJIbIE U HEBBIMTYKJIbIC 33/Ia4H.

Y CTONYMBOCTS B 33/1a4aX MHOTOKPUTEPUAIIBHON ONTUMHU3ALMH. Y CTOWYUBOCTh TAPETOBOU U
CJIEUTEPOBOM IPaHULI.

MeToapl MHOTOKPUTEPHATEHON ONTUMHU3AIUH B CUCTEMaX TOJICPIKKU MPUHSATHS PEUICHUN.
Knaccugukarus MeTo10B MHOTOKPUTEPUATBHON ONTHMHU3AINH.

Metoanl Data Mining

layccoBa Mojens ciaydyalHBIX JaHHBIX, pas3JeiluMble [ayCCOBBI pacmlpeneneHus u
JUCKPUMHHAHTHBIA aHanu3. OLeHKHU nmapaMeTpoB ['ayccoBBIX paclpeAesieHHil o METOLy
HanOOJIBIIIETO MPABIOMOI00USI.

Mogenb TUCKPETHBIX JaHHBIX — JepeBO Kiaccuukamuu. DHTpomus, Kak Mepa
MH(OPMAaTUBHOCTH JUCKpeTHbIX aTpuOyTtoB (Information Gain). Bsibop arpudyra
paclieruieHus epeBa Kiaccu(uKaluu Ha OCHOBE ero HH(POPMATUBHOCTH.

HepeBbs knaccuduKaiuy st aTpuOyTOB C HEMIPEPHIBHBIMU 3HAYCHUsIMU. Pacmernisitomme
3HauUeHUs W JUCKpeTH3anusi aTpuOyToB. Gini-UHAEKC HHPOPMATUBHOCTU JMCKPETHBIX
aTpuOyTOB M €ro MOAN(UKALIKS Ha ClTydall KaTeropHalbHbIX aTpUOYyTOB.

OOyuenne B wmonenu baiteca. Haunbiii baiiecoBckuit BbiBom u  baifecoBckas
KJ1acCHU(pUKaIuSs.

Mepni paccrosaus. Mepapxuueckas kinactepusauus. Knactepuszanusa Ha 3aJlaHHOE YHUCIO
kiactepoB. Heuetkas kimacrepuzanus. CiekTpanbHas KjacTepu3aus

@DakTOpHBIN aHANU3 (CHUKEHUE PA3MEPHOCTH). AHAIU3 TJIABHBIX KOMIIOHEHTOB HAa OCHOBE
KOBapuannoHHON MaTpuIlbl. OO0OIIEHHBIN aHAIN3 TJIABHBIX KOMIIOHEHT.



1.7.

1.8.

1.9.

1.10.
1.11.
1.12.
1.13.
1.14.
1.15.

1.16.

1.17.

1.18.

1.19.

1.20.

1.21.

CUHTYISIpHBIA CHEKTPaJbHBIN aHAU3 MPSIMOYTOJbHBIX Marpull (SVD-pasznoxenue) u
¢dukcanys paHra MaTpul. DMIUPUUECKUE OpTOroHaNbHbIe QyHKIMK. Peannu3anus ananmmza
[JIABHBIX KOMIIOHEHTOB Ha oOcHOBe SVD-pa3noxxkeHuss wmarpuubl JaHHbIX. OLieHka
BapHalMii I[NIaBHBIX KOMIIOHEHT.

CKpbITBIE TIEPEMEHHBIE W JBAXIbl CIy4YalHbIE IPOLECCHI, ONUCHIBAEMBIE CMECSIMU
lNayccoBbix pacnpenenenuit (GMM-monens). AJATOpUTM OXHIAHUS M MaKCUMHU3ALUU
npaBaonogodus (EM-anroputm). Ornenka mapamerpoB GMM-Mozaenu MocpeacTBOM
AnropuT™Ma  OXMAAHUSA M MaKcHMu3auuu rnpasaonogobus (EM-amropurma) wu
KJIaCTEpU3ALIHSL.

AHanu3 ciy4JailHbIX HPOLIECCOB HA OCHOBE CKPBITHIX MapKOBCKMX MOJENEH ¢ KOHEYHBIM
YUCJIOM COCTOSIHUH U ['ayCcCOBOM SMHUCCHEN. ATOPUTMBI IPSIMOU M OOPAaTHON PEKYPCHH.
Anroputm Butep6mu.

Jluneitnas perpeccusi 1o MaKCUMaJIbHOMY IpaBaonoaoouto. Jloructuueckass perpeccus.
Marusbl ONOpHBIX BEKTOPOB (SVM—MaluHsl).

Anroputm RANSAC.

ITepcentpoH u HelipoHHble ceTu. Camoopranusyromuecs kapTsl KoxoHeHa.
BelipneT-npeoOpa3oBanre BpeMeHHBIX psaoB. CTalMOHapHOE UCKPETHOE BEUBIET-
peoOpa3oBaHue U yAaJIEHUE OKPALIEHHOIO ITyMa U3 BPEMEHHBIX PSAIOB.

CHUHTYISIpHBIN CIIEKTPAJIbHBIN aHAIN3 MATPULl JAaHHBIX U YAAJEHHUE IIyMa U3 BPEMEHHBIX
psanoB (merox «I'ycenunay). OOHapyKeHHs BHE3AIIHBIX U3MEHEHUN BO BPEMEHHBIX psax.
[Iporuo3upoBanre BpEMEHHBIX PSAJIOB.

JunamMmuueckoe BhIpaBHUBaHHUE BpeMEeHHBIX psiioB (DTW).

Jluneitnple nuHamudeckue cuctembl u ¢uibTp Kanmana. Crinaxusarens Payxa. Onenka
[IapaMeTPOB JIUHENHBIX TUHAMHUYECKUX CHCTEM.

Henuneiinpiii punstp Kanmana. Panuansabie 6asucHbie ¢yHkiuu. OlieHKa MapaMeTpoB
HEJIMHEWHBIX JUHAMUYECKHUX CHCTEM.

OO6HapyxeHre NaTTEepPHOB BO BPEMEHHBIX pPSAaX W METOJbl CHIDKEHHUS Pa3MEPHOCTH
IIPOCTPAHCTBA TOUCKA

MHoromepHsble cily4ailHble BEIUYUHBI ¢ He ['ayccoBbIMU pacnpenencHusMu. JInHelHas
MoOJieJb CMEIIMBaHUS U AHaJIU3 HE3aBUCHUMbBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX
psanoB (He ['ayccoB daxtopublii aHanuz). AnroputMel FastiCA n SOBI s BeiaeneHus
CTaTUCTUYECKU HE3aBUCUMBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX PSIIOB.

2. YunpaBjieHue U 00padoTka HHPOPMAIMH B CHCTEMAX YNIPaBJIeHUSs

2.1.

2.2.

2.3.

2.4.

2.5.

[TIpenmer Teopun ympasneHus. OOvekT ynpasnenus. lLlens ympasnenus. Cucrtema
ynpasieHus. Buemnsas cpena. Ctpykrypa cucreMsl ynpasieHus. Iponeccsl u gyHKIuu
yrpasieHus. [IoHsaTHA perynupoBanys U alalTUBHOTO ynpasiieHus. [Iokazarenu kadecTa
ynpasnenus. Kpurepuu 3 pexTHBHOCTH U ONTUMAIBHOCTH.

Mertonbl 00paboTKM U3MEpeHHUil B cucTeMax ympasieHus. Poib m3aMepeHuil B cucremax
aBTOMAaTU4YecKoro ymnpasieHus. IloHsaTuss curHaioB u mpoueccoB. CrekTpanabHas
IUIOTHOCTb U KOppesIMOHHAs (yHKIMS curHanoB. [lonstue 6enoro myma.

3amaul  OLIEHWBAHUSA COCTOSIHMSI OOBEKTa yNpaBiIeHWs. 3aJaud HHTEPHOJISALUH,
GuIbTpalu M SKCTpanmoisaluMu. MaremaTuyeckas IOCTaHOBKAa 33434  (pUIbTpaIMy.
®unetp Kanmana 111 [uCKpeTHOTO ciydast.

3amaun  OLIEHUBAHMS COCTOSHMSL OOBEKTa yIpaBlieHHs. 3aJaud  HUHTEPIOJSAINH,
bunbTpaMM M SKCTpamojisiuuu. MaremaTtuyeckass NOCTAHOBKa 3a/ladd  (UIIbTpaIUH.
®wibtp Kanmana a1 HenpepeIBHOTO Citydast.

OnTtumansHoe ympasienue. Kimaccudukanus 3agad ONTUMaIbHOTO yIpaBieHHus. Meton
MHOXUTenen Omnepa-Jlarpanxka. IlpuHumn wmakcumyma IlonTpsiruHa.  Teopema
pazneneHus. JINHEMHBIA PETyIsATOp.



2.6.

2.7.

2.8.

2.9.

Urposeie 3amaun ynpasieHud. MaTpuudbie Urpbl. OntumanbsHble cTpaterud. Yucteie u
cMelanHble crpareruu. Teopema Hentmana.

Urpossle 3agaun ynpasieHus. bumarpuuneie urpsl. OntuManbHble cTpateruu. YucTtele u
cMemanHele crpareruu. Teopema Hama. PaBHoBecHas Touka.

Brei6op (mpunstue pemenwnii). Knaccudukanus 3amad BbiOopa. KputepualbHBINA S3BIK
onrcaHus BeIOOpa. MHOrOoKpuTepHalbHble 3a1a4n. [ pymnmoBoit BeiOop. [Tapamokc Dppoy.
JKU3HEHHBIM LUK MPOAYKLMH; CTaJuM M HTalbl JKMU3HEHHOIO LMKJIA; LEIM U 3370a4d
yOpaBiICHUS JKU3HEHHBIM LMKIOM; IIOKa3aTeld KauyecTBa M3JENINS; HAJEKHOCTD,
TOTOBHOCTb, PEMOHTOIPUTIOJHOCTh, TEXHOJIOTMYHOCTh, CTOMMOCTb H3IENIHs; YYaCTHUKH
YKU3HEHHOTO LIMKJIA.

2.10. ctanus pa3paOOTKH; KOHLENTYaJbHOE IPOEKTUPOBAHHE, AICKU3HOE MPOCKTUPOBAHUE;

pa3paboTKa U UCIBITAHUS MPOTOTHUIA; TEXHUIECKOE MPOCKTUPOBAHUE; KOMIUICKCUPOBAHUE
KOMITOHEHT M WCIBITAaHHUS ONBITHOIO 00pasia; yrpaplieHHEe KOH(QUTypalued Ha CTajuu
pa3paboTKHu.

2.11. uadopmanioHHasl TOJACPKKA H3ACIHs; TpeOOBaHUS K HH(POPMAIIMOHHOW IOIJIEPIKKE

3.

3.1.
3.2.
3.3.
3.4.
3.5.
3.6.
3.7.
3.8.

3.9

U3JleIUs B PAMKax CHCTEMbl YIIPABICHUs JXU3HCHHBIM LUKIOM; COCTaB M CTPYKTypa
JAHHBIX; POJIb DJJEKTPOHHBIX MOJEJEH; JKU3HEHHBIM LUKI MOJENEH; CO3JaHue
MHTETPUPOBAHHON MH()OPMALIMOHHON CPEJIBI.

9J1eMeHThI YKOHOMHYECKOI0 MOAC/IMPOBAHUA U TCOPUHA IIPUHATHUS pemeHm‘zi

MynpsTunnukarusHas pynkuus Ko66a-/yrnaca.
Mopenn Mapkosuna u [lapmna.
Marematuueckast mozens Coloy.

VYpasnenue Ciynkoro.

Mopens Keiinca.

PaBHoBecue KypHo.

PaBHoBecue Crakensbepra.

Monaens Xappona—/lomapa.

Mogens nen CamyaibcoHa.

3.10. 3amaum wiccneI0BaHUS OTICpAIUH.
3.11. Knaccudukamus 3aa4 OpUHATHS peleHui, npeanoxentas I'. CaitmoHOM.
3.12. Knaccudukamus MHOT'OKPUTEPUAIBHBIX METOJI0B HPUHATHUSA peuieHui.

N

MHOFOKpI/ITepI/IaHBHaH TCOPpH IMOJIC3HOCTH (OCHOBHBIG 3TaHH).
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YACTHD Il1

BapuaruBHas yacTh nporpaMmbl BCTYIUTENBHOTO UCTIBITAaHUA 10 Kadeape cUCTEeM, YCTPOMCTB
U METOJ0B Ie0KOCMHYEeCKOH (PU3UKH

1.

1.1.

1.2.

1.3.
1.4.

1.5.

1.6.

2.

2.1.

[IpuHuUNbl NOCTPOEHUS] M  (PYHKUHOHMPOBAHHUS COBPEMEHHBIX KOCMHYECKHX
HHGpOPMANMOHHBIX CHCTEM

[Tonstust o kpunrorpadpuyeckux MeToaax 3amuTbl uHpopmanuu. Kpunrtorpaduueckue
MPOTOKOJIBI U aNTOpUTMBL. OCHOBHI KpUTITOaHAIM3a. ATITIapaTHBIE CPEACTBA KPUTITO3AITUTHI.
OcHoBuble 3amaun coBpeMeHHbIX KMC (cyTHHKOBBIE CHCTEMBI CBSI3M, HABUTAIIMOHHBIC
CUCTEMBI 1 HH(POPMAIIMOHHBIE CUCTEMBI IUCTAHIIMOHHOTO 30HIUPOBAHUS 3€MJIN ).
CHyTHUKOBBIE CUCTEMBI CBSI3U.

®dusnyeckue TMPUHIUIBI O0eCreYeHUus: KOCMHYECKOW CBsi3M. (OCHOBHBIE DJIEMEHTHI
OOpTOBOTO ¥  HA3eMHOTO CErMEHTOB. Bujabl OpOUT KOCMHUYECKHX  ammapaTos,
o0ecreunBaroINX CIIyTHUKOBYIO CBSI3b.

CryTHUKOBBIE HaBHUTAlMOHHBbIE cUCTeMBL. OOIMas CTPyKTypa M IPUHLHUIBI TOCTPOCHUS
CHC. Kocmuueckuit W Ha3eMHBIM CETMEHTHI. MeETOIbl U3MEpPEeHUs] HaBUTAI[MOHHBIX
napameTpoB. OCHOBHBIE HaBUTAIIMOHHBIE anropuTMmbl. [loHsTHE O AUddepeHInaTbHOM
pexume dpynakuuonnpoBanus CHC. CHC I'N'TOHACC, GPS u GALILEO.

CIyTHHKOBBIE CHUCTEMBI JUCTAHIIMOHHOTO 30HAMpoBaHus ([[3). OOmas xapakTepucTuka
MetonoB JI3. ®dwusmyeckue npuHUUNBI (YHKIUOHUPOBAHUA U (PU3UKO-TEXHUUYECKHE
BO3MOKHOCTH TAaCCUBHBIX M akTUBHBIX cucteM J[3. TloHATHS O HpPOCTPAHCTBEHHOM,
CIIEKTPATLHOM, PATUOMETPUUECKOM U BPEMEHHOM pa3pelIeHUsX CIyTHUKOBBIX cucteM /JI3.
CoBpeMeHHbIE  CHOYTHHKOBbIE cucTeMbl J[3  HHU3KOro, CpEeIHEro U  BBICOKOTO
MPOCTPAHCTBEHHOTO pasperieHuss. MyabTUCIIEKTPATbHBIE U THUIIEPCIEKTPATbHBIE CHUCTEMBI
3. [Ipumepsl nprUMEeHEHUs CIIYTHUKOBBIX cucTeM J[3 B 3aauax MOHMTOpHUHTA aTMOC(hepHI,
ITOBEPXHOCTU 3EMIIM, MOPEN U OKEAHOB.

CucremMHOe NPOEKTHPOBaHUEe KOcMUYecKHX HH(popMannoHHbIX cucteM (KHUC).

Apxurekrypa u uepapxus nocrpoenus KUC. Cxema nenenusi. @yHKIMOHAIBHBIN aHAINU3 U
cunte3 KHC.



2.2.

2.3.
2.4.
2.5.

MonaynsHoe — mpoektupoBaHue.  I[loHsitue 00 ~ yCTOMYMBOM  MPOEKTUPOBAHUHU.
TexHosmornueckasi TOTOBHOCTb.

[TonsiTHS O cCUCTEMHBIX prcKax. [IpuHIMIBI 1 MeToIBI 0Oecnieuenus HaaexHocTu KNUC.
Bamunanus u Bepudukanus pe3ynpTaToB cucteMHoro npoekruposanust KUC.
TexHonornyeckre 3Tamnbl YIpaBleHUs POLIECCOM BBIMOIHEHHS IPOEKTHBIX paboT: ceTeBbIe
rpaduKu, KOHTPOJIb UCTIOIHEHUS, (HOPMBI OTYETHOCTH.

3. Ilpeamer U OCHOBHBIE NIOHATHS KOCMHYECKMX HH(POPMALMOHHBIX cucTteM /(3

3.1.

3.2.

3.3.

3.4.

[TpuHIMITBI AWCTAHIIMOHHBIX HcchenoBaHuil. CBsi3p MUCTAHIUOHHOW WH(MOpPMALUHA C
XapaKTepUCTUKAMU H3yYaeMbIX SIBIEHUH M mpoueccoB. KocMuyeckue M aBUAIMOHHBIC
CUCTEMBI JUCTaHIIMOHHOTO 30HaupoBanus (/13). [loctomHCTBa KOCMUYECKON HH(DOpMAIIHH.
BcenocrynmHocts. OniepatuBHOCTD. [ 7100a1bHOCTD.

3anmaun /I3 arMocdepsl, TOBEpXHOCTH 3eMIIU. 3eMIIsl KaK eIuHasi IKOJIOTHYecKasl CHCTeMa.
Ponb AMCTaHUIMOHHBIX HCCIENOBAaHUM B W3YYEHHUU MPUPOJHOM Cpeapl B TI00aTbHOM
MacmTale 1 BO3JeHCTBUS Ha HEe aHTPOIIOT€HHBIX (PAKTOPOB.

3amaul TUCTAHIIMOHHOTO KOHTPOJS M pa3BelKu OOBEKTOB Ha IMOBEPXHOCTH 3eMJIM U B
aTMocdepe.

CoBpemennbie cucteMbl J[3. CUCTeMHBIH MOAXOA K JAWCTAHIIMOHHBIM HCCIIEIOBAHUSM.
[IpocTpaHCTBEHHOE, CIEKTpPalIbHOE, PAJTUOMETPUUECKOE U BPEMEHHOE pa3pelLIeHHE.
[lepcrieKTUBBI Pa3BUTUSL KOCMHUUYECKHUX CUCTEM JUCTAHIIMOHHOTO 30HIUPOBAHUS.

4. Ilpupoaa 3J1eKTPOMAarHUTHOTO U3jay4eHusi. B3anmoneiicTBue u3jiyuyeHns ¢ BelIeCTBOM.

4.1.

4.2.

4.3.

4.4,

4.5.

Teopust 2JIEKTPOMarHMTHOrO M3JIy4deHHs. YpaBHeHHe Makcgeiia. BonHoBoe ypaBHEHUE U
ero pemenus. [lomspuszanms. [loTok sHepruu. DHepreTuueckue U (HOTOMETpPUUYECKUE
BenuuuHbl. OTpaxeHue U mnperomsieHne cBeta. Kiraccuueckass Teopus HU3Iy4CHHUS,
norjouieHus u nucnepeuu. Temnooe uznydenue. Ad6conoTo yepHoe teno (AYUT). 3akoHsbl
Credana-bonbumana, [Inanka, popmynsl Buna u Penes-/[xunca. 3akonsl uznyuenuss AUT
Uil cpeibl, OTIMYHOM OT Bakyyma. 3akoHbl AUT s KOHEUHBIX CIEKTPaIbHBIX
uHTEepBaoB. M3nydaTenbHas ClIOCOOHOCTh U PaTUOSIPKOCTHAS TeMIiepaTypa.
BzaumopeiicTBue W3ydeHHS ¢ BEIIECTBOM B ONTHYECKOM JIHANa30HEe. Y paBHEHHUE MEPEHOCA
M3JIy4eHHUS] [Jis TOTJIOLIAINIECH, HW3JIyYallle M pacceuBarolled cpeabl. YpaBHEHUE
nepeHoca NpH  Haduuuu Tojspusanuu. Bekrtop-mapametp Crokca. [lpubnuxenue
JIOKaJIbHOTO TEPMOJMHAMMYECKOTO paBHOBecUs. CBsI3b pe3yibTaTOB JUCTAHIMOHHBIX
HaOJIOZICHUH CO CBOMCTBAaMH HAOJI01aeMbIX SIBJICHUH.

JlazepHoe auctaHMOHHOE 30HAMpOBaHue. JIunapHoe ypaBHeHue 11 paccesiHus. JlunapHoe
ypaBHeHue i AuddepeHnuansHoro  norjiomieHus.  JlumapHoe  ypaBHEHUE IS
droopecupyromero 00beKTa.

W3nydarenbHble, MOTIIOMIATENIEHBIE U OTpaXKaTeJIbHbIE CBOMCTBA HEYEPHBIX MOBEPXHOCTEH.
Oco0eHHOCTH CHEKTPATbHBIX XapaKTEPUCTUK OTPAKEHUs MPHUPOJHBIX U AHTPOIOTCHHBIX
00pa3oBaHUil B ONTHYECKOM JuamnazoHe crekTpa. CHeKTpadbHbIE M PACCEHBAIOIINE
CBOMCTBa MHUHEPAJIOB, TOPHBIX MOpoA U MoYB. CHEKTpaJibHbIE CBOMCTBA PACTUTEIBHOCTH.
XapakTepuCTUKH, CBSI3aHHBIE C cojepxkaHueM Biaru. CHeKkTpajabHbIE CBOWCTBA KPHO- U
BOJHBIX CpEJ.

B3aumopeiicteue wm3nydenmss ¢ BemectBoM B CBU-mmamazone.  OcobGeHHOCTH
JUCTAHLIMOHHBIX METOJI0B 3oHaupoBaHus B CBU-amanazone. YyBCTBUTENBHOCTH K
TEOMETPUHM TIOBEPXHOCTH. UYBCTBUTENIBHOCTh K COJEPKAHHUIO BOJBI. YpaBHEHHUE
paaguonokanud. OCHOBHBIE XapaKTEPUCTUKHU CHTHANIA OOpaTHOTO paccesHus. PaccesHue
W3JIY9CHHUS TPUPOTHBIMH  OOBEKTaMH (YIJIOBBIE W CIEKTPAJbHBIE 3aBUCUMOCTH,
MOJISIPU3AMOHHBIE XaPaKTEPUCTUKH).



4.6.

[TaccuBHOE nucTaHMoOHHOE 30HANMpoBaHKe B CBY-nnanazone. Moaenu paiuoMeTpudecKkon
TemMneparypbl (TJlagkas ¢ I[IEepoxoBaras IOBEPXHOCTH). SIpKocTHas TemIieparypa
MIPUPOTHBIX 00pa30BaHMIA.

5. Poam aTMOC(l)epLI B JUCTAHINUOHHBIX HCCJICA0OBAHUAX 3emuin

5.1.

5.2.

5.3.

5.4.

Xapakrepuctuka arMmochepnl. CocraB. ['a3sl. Aspozonu. O6naka. Tyman. [[pmvka. [lepenoc
U3JIy4CHHMS B pacCeuBarolIe M norijomarpomei cpexe. Ilormomenne usinydeHus rasamu.
PaccessHue Ha Mollekynax rasa M yacTuiax a’po3ois. PeneeBckoe paccesnue. Paccesnue
Mu. 3akon JlamGepra-byrepa. Ontudueckas Tomma. Mopaenu a’po30iabHONW aTMOCheEpEl.
Meteopomnoruueckas 1aibHOCTh BUTUMOCTH.

Metoapl  pacdera mpo3padyHocTH — arMmocdepel. Merox  "line-by-line".  Metomabl
MOJIeJIMPOBaHUs ToJioc (MoJienb Dnb3accepa, CTaTUCTUYecKasi MOJIENb UM MoJiesib Meiiepa-
['ynu). DMnupudeckue METOJIbl C UCIOJIb30BAaHMEM Mojienu moJioc ('arperaTHulil" meTon,
mozenb "Lowtran"). JIByxmapamerpudeckuii Metoa Kyprucca-I'oncona.

Atmocdeprass TypOyneHTHOCTh. Jludpakuns Ha OxHOpOIHBIX 30HaX. CTpyKTypHas
byukuusa. CtpykrypHas nocrostHHas. OnTuueckas nepeaarouHas QyHKIHS TypOylIeHTHOMN
atMochepsl. CinydaitHasi COCTABIIAONIAS JUTUTSIIEHON M KOPOTKOHM dKcro3uiinu. M3mepenus
TypOyJIEHTHOCTH.

SpxocTHble (painalMOHHbIE) XapaKTEPUCTUKU 3eMIIU U3 KocMoca. OTpakeHHOE U TEIJI0BOE
uznydenue. OOmydeHHOCT, 3eMHOM moBepXHOCTH. lIpsmoe comHeuHOe WU3Iy4YeHHUE.
N3nyuenune HeOocBoja. 3aBUCUMOCTh OT BbICOTHI COJIHIIA HaJ TOPU30HTOM U T'€OMETPUHU
HaOmoieHus. SIpkocth 3emiid U3 KocMoca. M3iydeHue oT ydacTka MOBEpXHOCTH. Bxian
aTMocdepsl. Yder paccesHHOro n3nydeHns. OcoOEHHOCTH MPOLIECCOB MEPEHOCA H3ITyUSHHS
B atMocepe 3emnu B undpakpacHom 1 CBYU-nnanazonax.

6. PeFI/ICTpaHI/Iﬂ JICKTPOMArHUTHOT0 U3JIYyICHHUS.

6.1.

6.2.

6.3.

6.4.

6.5.

Knaccugukaius MexaHU3MOB celeKTUBHOTO oronpuema. @otoHHble 3¢ deKkThl. Tenaopble
apdektl. DhdekTel BOIHOBOrO B3auMOACHCTBUSA. (OCHOBHBIC THIBI TBEPIOTEIBHBIX
¢oronpuemnukoB. dDotomauoasl. bapeepsr loTtku. Porope3ucTopsl COOCTBEHHBIE U
npumecHsble. [Ipudopsl ¢ 3aps10BON HHKEKIUEH.

OcHoBbl pu3uku mpubopos ¢ 3apaaoBoit csa3bio (I13C). IlpuHnmn xpaHeHus ¥ nepeHoca
3apsnaa. OcHoBuble Tunbl [13C-cTpykTyp. [lepeHoc 3apsna u yactotHble coiictBa. [13C ¢
00BEMHBIM KaHaJIOM M BUPTYalbHbIM ¢azoi. HeaddextuBHocTh nepenoca 3apsana B [13C.
TemHoBo#M TOK. MeTo/1bl BBOJA U IeTeKTUpOBaHus 3apsiaa. Jluneitnoie u Matpuunsie [13C.
XapakTepUCTUKH IIPUEMHHUKOB ONTUYECKOTO U3ITy4EHUS. CBerocurnanpHas
xapaktepuctuka. KBanroBas xapaxkrtepuctuka. KBantosast a¢p¢dexktuBHOCTh. CrHieKTpaabHas
XapakTepUCTHKa  YyBCTBUTENBHOCTU.  CHekTpaibHbIl  KO3(D(UIMEHT  MOTrJIOIIEeHUs
u3yyeHus. /[NMMHHOBOJIHOBAs rpaHMIlAa YYBCTBUTEIBHOCTU. AKTMHUYHBIE YHEPreTHUYECKHE
XapaKTepUCTUKU. YacTOTHBIE CBOMCTBA NMPUEMHHUKOB W3JIYy4E€HHs, MOCTOSIHHAs BPEMEHHU
¢oroorknuka. @Dynkums nepenaun wmonymsauuu (PIM). Teomerpuueckas @IIM.
Huddyznas OIIM. OIIM HerdpdexTuBHOCTH nepeHoca B [13C.

[ymbl.  OcHOBHbIE HUCTOYHMKM IIymMoB. [loporoBasg  oOJyd4eHHOCTb. Y JenbHasd
oOHapykuTenbHast CnocoOHOCTh. CHeKkTpaibHas IUIOTHOCTh IIyMa MOJYIMPOBOJHUKOBBIX
¢doronpuemuukoB. llymbr B MHOroanemeHTHbIX [13C-dotonpuemnukax. llym mepenoca
3apsna. Illym BbeIxomHoro ycrporcrsa. I'eomerpuueckuii wmym. BiusHHE OXJIaKICHUS.
JlocTonHCTBa B ciyyae npuemMa n300pakeHus MPU HU3KUX YPOBHSAX O0Jy4€HHOCTH.
Juckperuzanms  M300pakeHHsT ~ MHOTO3JIEMEHTHBIM  (oTormpueMHuKkoM.  Teopema
KorenpHukoBa. BusyansHoe IIPOSIBIICHUE ¢ dexToB BBIOODKH. Penykuns
npocTpaHcTBEHHBIX 4acToT ¥ PIIM MHOros’jneMeHTHBIX NPUEMHHMKOB. Myap-3¢QexT.
Onucanmne s¢dexra uckaxeHuss curHana c nomoupio "®IIM  da3el". TectupoBanue
MHOT'03JIEMEHTHBIX (POTONPUEMHUKOB. Peakiiusi cucreMbl Ha NMPSMOYrojibHOM MHpPY. CBsi3b
¢ OIIM.



7. Teopuss JuHeiiHoi ¢uabTpanuu. CuUrHAJIBI M TIOMeXH B CHCTeMax IpHeMa

7.1.

7.2.

IJEKTPOMArHUTHOI'0 U3IYyYCHUSA.

JleTepMuHUpOBaHHbIE  CUTHANBI, CHOCOOBI WX  omucaHus. MHTerpan  CBEpTKH.
[IpeoOpazoBanue Pypbe U ero (yHKIHOHAIBHBIE CcBoiicTBa.  Teopema CBepTKH W
ontuyeckas nepenatounas ¢yHkuus (OIID). Ananu3 muHEHHBIX CHUCTEM (HOPMHUPOBAHMS
n3o0paxkeHus: ¢ nomouibio npeodpazoBanust Oypoe. OIID onTuueckux snemento. OID
TUMIUYHBIX AJIEMEHTOB MH()OPMALIMOHHOTO TPAaKTa CUCTEM AUCTAHIIMOHHOTO 30HAUPOBAHMSL.
enTpasnibHass npenenbHas TeOpeMa IPU aHAJIU3€ JIMHEHMHBIX CHUCTEM. PesynpTHpyromas
Ollo®.

Crnyuvaiinple CUTHAJBI U crtocoObl ux onucanus. Ciydaiineie GyHKIUM ¥ 1o, YucaoBble
xapaktepuctuku. @OyHKuug pacnpeneneHuss U (QYHKIMHM IJIOTHOCTH BEPOSTHOCTH.
CranoHapHOCTh, OIHOPOJHOCTH, 3PTOAWYHOCTb. ABTOKOPPENSALMOHHAS (QYHKUIUS |
CHEKTpalibHas MIIOTHOCTh. KOppesiMoHHbIH U ClIeKTpalbHbIN aHanu3. Busibl olHOMEpHBIX
cuektpoB. [IpeoOpa3oBaHue  CHEKTPaTbHOW  TUIOTHOCTH  JIMHCWHBIMH  3BCHBSIMH.
BepostHocTHOE onrcanne HeNpepbIBHBIX U300paKeHUI.

8. Mertoanb! nepegaun u 00padoTKu HH(pOpMaNH, oJy4aemoii cpeacrBamu /3.

8.1.

8.2.

8.3.

8.4.

Mertoabl nepenaun M300pakeHUH. XapaKTEpPUCTHUKU CUCTEMbI Iepefadyd H300pa)KeHu.
Hcnonp30Banue Mojeneil 3peHus Mpu KoIupoBaHuK n3o0paxkenuil. Koaupoanue MeTogom
UMIYJIbCHOW KoJgoBOH Mopaymsiuuu. Cratuctudeckoe kojaupoBaHue. KoaupoBanue c
npenckasanneM. KoampoBanume ¢ mpeoOpasoBanumeMm. [ uOpumHOE  KOJMpPOBAHHE.
MexkaqpoBoe KOAMPOBaHHE C YCIOBHBIM 3amMerieHueM. CokpaiieHue H30bITOYHOCTH
OMHApHBIX N300paKEHUH.

Metonpl 00paboTku n3o0pakeHuil. IlpencraBienne m3o0pakeHuid B HUGPOBOM (GopMme.
Juckperuszanusi U BOCCTAHOBJIGHHE HENPEPHIBHBIX H300pakeHU. MaremaTuueckoe
ONKCaHHE JTUCKPETHBIX H300paxkeHui. JIuneiHble onepatopsl. OnepaTop Cyneprno3HILIUU.
JIBymepHble  yHMTapHble InpeoOpa3zoBanusi. IIpeoOpazoBanne @ypre. KocunycHoe
npeoOpa3oBanue. CunycHoe npeoOpa3oBanue. IIpeoOpasoBanue Apnamapa, Xaapa.
CunrynspHoe npeoOpa3oBaHue. J[BymepHble MeTO/bl JIUHEHHON 00paboTku. OOpaboTka ¢
UCMoNb30BaHUueM TnpeoOpazoBanus. Cymeprnosuinus ¢ npeodpazoBaHueM. CBepTka ¢
HCIIOJIb30BaHuEM ObIcTporo npeoOpazoBaHus Pypre. OUIBTPHI HA OCHOBE IPE0OPA30OBaHUS
Dypse.

OcHoBHble TOHATHA TeouHpopmartuku. OOmIas XapaKTepUCTHKAa I'€OMH(OPMAIlMOHHBIX
cucreM (I'MC) xkak knacca aBTomartusupoBaHHbIXx WMC. Coepsl npumenenus ['MC.
Knaccudukanusa 'NMC no ¢pyHKIIMOHATBEHEIM BO3MOKHOCTSIM U TEPPUTOPUATIEHOMY OXBaTy.
Kaprorpadguueckass ocHOBa Kak CpEACTBO HHTErpallud M OTOOpaKeHHsI JaHHBIX.
Texnomorun CAIIP kak meromonoruyeckas ocHoBa npoektupoBanus [ UC. Pons u mecto
skcnepTHbIX cucteM B I'MC-texnonrusx. MHCTpyMeHTaIbHO-IPOrpaMMHOE OOecrieueHne
I'MC. TUC u web- Ttexnonoruu. Ilpumenenue pannsix J3 B I'MC-texnomorusx.
TexHonornueckas nenouyka tematuueckoi oOpabotku (TO) nmanHbIX KOcMuyeckoro /JI3.
MeTto/1bl U cpesicTBa IPECTaBICHUS PACTPOBBIX N300paKEHUN

Metoael KJ1accu(puKauu JUCTAaHIIMOHHOU uHpOpMaLUH. I'eomeTpuueckas,
paaroMeTpuyeckas U aTMocepHas KoppeKuusa. AJIroOpuTMbl paclIMpPeHUs] TUHAMUYECKOTO
JMana3oHa JUCTaHIIMOHHOTO n300paxkeHus. [IpuMeHeHne ycioBHO-I[BETOBOTO KOJHPOBAHHUS
M300pakeHusl M0 JaHHBIM CIIEKTpPalIbHBIX KaHaoB. MeTo aHaian3a Ii1aBHbIX KOMIIOHEHTOB
win npeoOpazoBanne Kapynena-JlosBa. IlpeoOpasoBanune Kayra-Tomaca. IIpusnaku
MHOTO30HAJIbHOM HMHpOpManuu (MHAEKC IOYBBI, BETE€TAlMOHHBIA WHAEKC, HHJIEKC
BJIOKHOCTH U Jp.). YYeT BPEMEHHBIX XapaKTepUCTHK, KacKajaHas Kiaccudukanus.
Mopdomerpuyeckuii aHanu3 B reorpaduueckux uccienoBanusx. OOHapykeHrne 0ObEeKTOB
omnpeneneHHod Gopmbl. HekoHnTponupyemas kiiaccuukanus. DKCHEpTHbIE CUCTEMBI JUIs
naHHbIx [13.
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HanpasJaennocts 05.07.03
IIpoYHOCTD U TENJIOBBIE PEKUMBI JIeTaTeJbHBIX aNapaToB

YACTHD 11

Kunematuka gedopmupyemoit cpeapl. OiinepoBel u  JlarpaHXeBbl  KOOPIWHATHI.
[lepememnienus. Mansie U KOHEYHBIE jAedopmanuu. Beipaxkenus nedopmanuii depes
nepemenienus. Hampsokenus. uddepenunansubie ypaBHEHUsS PaBHOBECHUS U JBUKECHHS.
['pannunble ycioBus. Pu3nmveckue 3akoHbI nedopmupoBanus. OO000mEHHBIN 3akoH ['yka
JUISl U30TPOIHBIX U AaHU3OTPOITHBIX MAaTE€pPUAJIOB C yUYETOM TeMIeparypbl. MoJieau 1 3aKOHBI
neGopMHUpOBaHUS IJISl TUIACTHYECKOTO, YIPYTOMJIACTUYECKOTO M BS3KOYNPYIOro Tela.
DopMyTUpOBKa KpaeBbIX 3a/1a4y CTATUKU U AUHAMUKH J1e(hOpMUPYEMOTO Tea.
[TorennmanbHas sHEprus AeGopMauy JIMHEHHO ypyroro Tena. BapuaoHHble TPUHIUIIBI
Jlarpamka, [lanmamOepa—Jlarpanxka, KactwibsiHo. CMemaHHBIH BapHAIlMOHHBIA TTPUHIIMII.
Teopembl B3aumHocTH, Kianelpona, KactwibsHo. Bapuanmonneie Meroas! Purna,
byonoBa—T"anépkuna, Tpedua, koneunbix snemeHToB (KDJ).

[Tnockas nedopmarus U IIIOCKOE HANPSDKEHHOE COCTOSIHWE. burapmMoHudeckoe ypaBHEHHE
Uit (GYHKOUU HampspDKeHUd. BapuanmoHHBIE M YHMCICHHBIE METOMABI PEIICHUs 3ajad
IJIOCKOT'O HAPSPKEHHOTO COCTOSHUS.

W3ru6 toHkux mnacTuH;, auddepeHMaNbHOe YpaBHEHHME Ui (QYHKIMM Mporuda u
IpaHUYHBIC YCIOBHS; BapUallMOHHAs (OPMYIMPOBKA 33/1a4M;, BapUAIlHOHHBIC U YHCICHHBIC
MeTobl penieHust (Metonsl Putia, byoHnoa— ["anépkuHa, KOHEUHBIX 3JIEMEHTOB, KOHEUHBIX
pasHocTeit).

Teopust monorux o6o104ex: (GopMyIHpOBKAa 3a7aud B MEPEMEUICHUSX M B CMEIIAaHHOU
dopme (s GyHKIUM Tporrba u (YHKIUH HANPSHKEHUH): BapUAIlMOHHBIC W YHCIICHHBIC
METOJbl pemieHus. ['eoMeTpuueckd HeNWHEWHas Teopus u3ruba IUTAaCTUH U TOJOTHX
00oJoueK. YpaBHEHUS B IEPEMEIICHUAX U B CMEIIaHHOM (popme.

Cratuueckuil M HHEPreTUYECKUd KPUTEPUM YCTOWYMBOCTU. Y CTOWYUBOCTH CTEpPIKHEH.
YCTONYMBOCTh IUIACTUH NPH CXAaTUM M cABure. JIMHeapu3OoBaHHBIE YpaBHEHUS
YCTOHYMBOCTU 000JI04EK. Y CTONYMBOCTh UIMHIPUUYECKON 000IOUKH MPU OCEBOM CXKATHH U
IIPY BHEILLIHEM JIaBJICHUH.

Konebanus ynpyroif KOHCTpYKLUMH KaK CUCTEMbI C KOHEYHBIM YHCIIOM CTENEeHeW CBOOOJBI.
VYpaBHeHust Manblx KosieOaHuM B 000OMEHHBIX KoopauHaraX. CoOCTBEHHbIE KojeOaHUS.
YpaBHEHNS B HOPMAJIBHBIX KOOPAWHATAX U UX PELICHHUS.

[IpononpHBle W mMoOmnepeyHble KoyeOaHUs pakeTbl € OTCeKaMH U 0OakaMM, YaCTUYHO
3aM0JIHEHHBIMHM  JKUJKOCTBIO; (POPMYJIMPOBKA 3aJaud TUAPOYHNPYTrOCTH U METOJbl ee
pelieHus.

[Tpumenenne MKD k pacuéry HanpsHKeHHO—A€()OPMUPOBAHHOTO  COCTOSIHHS U
ycroiunBocTd  KOHCTpyKuuid JILA. OCHOBBI MEXaHUKM pa3pyeHHUs U HaKOIUICHMS
MOBPEXKICHUN. Y CTAIOCTh U PECYPC KOHCTPYKLIHUMN.

OcHoBHOe uddepeHaIbHOe ypaBHEHNE TEeIIONPOBOAHOCTU. Y CIOBHS OJAHO3HAUYHOCTH.
[Ipocreiimne 3aga4yM  CTAlMOHAPHOM TEILIONPOBOAHOCTH B TBEPABIX TeEIaX—IIJIOCKOM,
IWIMHAPUYECKOM W IMIapoBOM  cTeHKaxX. TemjaompoBoIHOCTE  HpuU  O0BEMHOM
TEIUIOBLIAEIIEHNN B OECKOHEYHOH IIOCKOH ILIACTHHE.

MeTtonbl pelieHuss KpaeBbIX 3a7ad HECTALMOHAPHOW TETUIONPOBOJHOCTH. AHAIUTHYECKHE
METOJIbl: METOJ pa3JelieHHs IMEepeMEeHHbIX, MeToJ GyHKiuu ['punHa, mpunuun Jlroamens,
TEIUIOBBIE MOTEHIMAIBI. YNCIEHHBIE METOBI.
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A3poIMHAMHKA H NPOLECCHI TENJI000MEeHa JleTaTeJIbHBIX aNNapaToB

YACTHD 11

OCHOBBI TEOpPETHYECKOH AIPOAMHAMHUKHI

CuiioBoe BO3/CHMCTBUE cpeibl Ha ABMXKYyluecs Teia. OCHOBHBbIE MOHSTHS, OMPECICHUS,
runore3bl. JIBukeHue neraTenbHbIX amnmapatoB (JIA) B cruomHOR cpene, CHIIOBOE
Bo3zelicTBUE cpeapl. OCHOBHBIE MapaMeTphl rasza, XapaKTEPHU3YIOIIUE €ro COCTOSHUE.
CxumaemocTh  ra3za.  Bsskoctb.  I'mmote3a  cruiomHocTH.  [JaBHBIA — BEKTOpP
a’POJIMHAMUYECKUX CHJI, MOMEHTA, TOHATHE O LIEHTpe AaBieHus. OO0Iiee BhIpaKeHUE ISt
aIPOIMHAMUYECKON CHUJIBI  (TE€opusi pa3MEpHOCTE U MOoJo0usi), a’dpOJUHAMUYECKHX
ko3 duureHToB cuin u MoMmeHTOB. Kpurepuu momobusi. Uncna M u Re. Hampspkenue
tpeuus. [umoressr TypOyneHTHocTH. OOmIas XapakTepUCTHKA a’pOJMHAMUYECKUX
KO3 PHUIIHEHTOB.

OcHoOBHbBIE ypaBHEHUS! COXPAHEHUS adPOAMHAMHUKN. MeToIbl HCCleI0BaHUs IBUKECHHUS ra3a.
Meroast Jlarpanxa, Dinepa. [loHsTHe JIMHUM TOKA W TPACKTOPUM JBWXKEHUA. JIBUKeHUE
xKuako vactunbl. lloTeHuumanbHOoe W BuxpeBoe TeueHus. Teopema ['enmbMmrombia.
OcHoBHBIC ypaBHEHUs a’poiauHaMuku. Mccrmemyemas cucrema ¢usmueckux Ten. Mojenn
KUAKOCTU (ra3a). YpaBHEHHUS HEPa3pbIBHOCTU JUIsl i-il KOMIIOHEHTHI rasza (AJis CMecH).
Wnrterpansaas u auddepenumansHas ¢opmel 3anucu. YpaBHenne Hasre—CTOKCa.
Huddepenunansupie ypaBHEHUS ABWKEHHUS HEBA3KOM >KuUAKOCTU (ypaBHEHHsS Oiiepa).
YpaBHEHHS SHEPTUU ISl KOHEYHOTO U OECKOHEYHO Majoro o0ObEeMOB. YAenbHas dHEPTHS
BJIOJIb JIMHUM TOKa JUIS HEBSI3KOM KHUAKOCTH B YCIOBHUSX aIua0aTHMYecKOTro TEeUEHUS.
OO6o6menHass ¢opMa 3amUCH YpaBHEHUW COXpaHEHUS adpora3oJMHaMUKH. YpaBHEHUE
COCTOSTHUSI COBEPIICHHOTO U peallbHOro rasza. MHterpansl ypaBHeHus asrkeHus. Cucrema
OCHOBHBIX ypaBHeHUM. HavanbHble W rpanuudnble yciioBus. COBpEeMEHHBIC YHCICHHBIE
METO/IblI pellieHus ypaBHeHUu Ditnepa, HaBbe—CTOKCa 1 X aCUMIITOTUYECKUX MOJIEIEH.
OnxHOoMEpHOE HM3IHTPONMMYECKOE YCTAHOBHBIIEECS TeueHUE rasza. Pacrpesenenune Maibix
BO3MYLIEHUN B Tra3oBoil cpeae. COOTHOLIEHHE MEXAY CKOPOCTbIO TEUEHHsI rasza |
Iomaasio cedyenus. [lapameTpbl raza npu H3’HTpONUYECKOM TeueHuu. Kpuruueckue
3HAQUEHUs  NapaMeTpoB. BiusgHME  CKUMAaeMOCTH HAa  JIaBJIIEHHE  TOPMOYKEHUS.
["a3oaquHamuyeckue GyHKINU.

Teopust ckaukoB yrmioTHeHHs. [Ipupoaa ynapHbIX BOJTH—CKAuKOB YIUIOTHEHUA. CXeMbl
pacyeTa mapamMeTpoB MOTOKA HA CKAuKe yIUIOTHEHUs. TeopHs MpsSMOTO CKavKa YIUIOTHEHUS.
Cucrema OCHOBHBIX YpaBHEHHMM [UIsi cCiy4yash NOCTOSHHBIX TeIuloeMKocTen. Pacuer
nmapamMeTpoB Ta3a IOcje CKauka yIioTHeHus. [Iporecchl ymapHOTO M U3PHTPOMHYECKOTO
cxaTtusi. V3MeHeHHe SHTPONMM Ha CKayke yIuloTHeHuda. IlapameTpbl TOpMOXXeHHsS 3a
NPSIMBIM ~ CKQYKOM  YIIJIOTHEHUsI. Teopusi KOCOro CKayka yIUIOTHEHHUs (TIOCTOSIHHbBIC
TeruioeMKocTH). CucremMa OCHOBHBIX YpaBHEHHMI. Yron HakioHa (poHTa cKauka
ymioTHeHus. CKOpOCTb, JaBJIEHHE, IJIOTHOCTh, TEMIEpaTypa 3a CKAaYKOM YIJIOTHEHUSI.
Vnapnas mnonsipa. Cucrema ypaBHEHUH M aJTOpPUTM pacyeTra MapaMeTpoB IOTOKa 3a
CKaYyKOM YIUIOTHEHHUS C y4eTOM (PHU3UKO-XMMHUYECKUX TMpeBpaiieHuid. Bnusnue ¢usuko-
XUMUYECKUX TIPEBpaIleHUH B Tra3e Ha MapamMeTpbl TEUEHHUs 3a CKAYKOM YIUIOTHEHUSI.
OTpakeHHE CKAyKOB YIUIOTHEHHS OT TBEpIOM W CBOOOJHON rpanmil. B3aumonelicTBue
CKa4KOB YIUIOTHEHHUS. B3auMoielicTBUE CKaYKOB YIUIOTHEHUS C BOJTHOM pPa3psKeHUS.
Meroasl XapakTepucTUK U JuHeapu3auud. OCHOBHOE KHHEMAaTUYECKOE YpaBHEHUE
AOPOJMHAMUKH W METOJIbI ero pemeHus. MeTton xapakTtepucTuk. 3amada Komm.
XapakTepUCTUKH B TUIOCKOCTSX MOTOKA U rogorpada ckopoctu. CBOHCTBA XapaKTEPUCTHK.
Pemenue ypaBHEeHU XapaKTEPUCTHUK B TFIOCKOCTH rojorpada cKkopocTd. TUITHMYHBIE 3a7a49H,
pelaeMble METOJIOM XapakTepucTuK. YucieHHoe u Tpadudeckoe pelieHHue 3aaad.
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OOTekaHne CBEPX3BYKOBBIM IIOTOKOM H3JOMOB TOBepXxHOcTel (TedeHue [Ipanarims—
Maiiepa).

Teopus Manbix Bo3MylleHHi. JInHeapu3anus OCHOBHBIX YPaBHEHHUI JUHAMUKHU HU€ATbHOTO
rasa. Pemenuns nuHeapu30BaHHbIX YPAaBHEHHUM ra30BOM JUHAMUKH.

BuxpeBoe M MNOTEHUMAIbHOE IBUKEHHUE HJCAIBHONW HEC)KMMaeMoil cpenbl. Buxpesbie
JBW)KEHUS B UACaIbHOW crulomHou cpene. [loHsTtue o nupkynsauuu ckopoctH. Teopema
Crokca. Teopema KenbBuna. Teopema ['enbmronbia. OmnpenesieHHe MOJsS CKOPOCTEH IO
3agaHHOMY mono Buxpeil. O6oOmenue nons buo-CaBapa. CxopocTH, MHAYIHPOBAaHHBIC
BUXpeM (OTPE3KOM BUXPEBOIO IIHYpa, BUXPEBBIM KOJIbIIOM). B3aumopeilicTBue BUXDS C
JIBIKyILIEWCs cpenoi. Ilnockoe NOTEeHIMANbHOE ABUKEHUE HIACAIBHOW HEC)KUMAEMOU
Cpepbl.

Meton MOTEeHIMAIbHBIX MOTOKOB. KOMIUIEKCHBIM TMOTEHIHAT M KOMIUIEKCHAs CKOPOCTb.
CBs3b IUIOCKOM W THAPOJMHAMHYECKOW 3a7adydl C Teopued (QYHKIUHA KOMIUIEKCHOTO
nepemeHHoro. [lpocreifine 1UIOCKME MOTEHIUMAIbHBIE TOTOKM  (TIPSIMOJIMHEUHBIN
PaBHOMEPHBIN MOTOK, TEUEHUE BHYTPHU MPSAMOTO YyIiia, UCTOUHUK U CTOK, JUIONb, BUXPh).
BecrupkynaunoHHOe W LUPKYJISAIHOHHOE OOTeKaHWs Kpyriioro IpumHapa. lIlapamokc
Oiinepa—/lanam6epa. Cuiabl 1 MOMEHTHI, JEHCTBYIOIINE HA HUWIHHP MPaBUIBHON (OPMBIL.
®opmyiibl KykoBckoro—YaruibIrusa.

[Torpanununsiii cnoii. [duddepenunanbHoe ypaBHEHHE JaMHHAPHOTO MOTPAHUYHOTO CIOS.
JlaMrHapHBIN NOTPAaHUYHBIA CJIOM HA IUIOCKOW IUIACTUHE B HEC)KMMAEMOM MOTOKE U TP
0OJBIIMX CKOPOCTSX. JIaMUHAPHBIN MOTPaHUYHBIN CIOM MpH rpaaueHTe nasienus. Crnadoe
U CHWIIbHOE B3auMojeiicTBue. YueTr 3¢ ¢dexToB BToporo mopsaka. [IpubnmkeHHbIe METOIbI
pacuera JIJaMMHApHOI0 HorpaHu4Horo cios. [lepexon J1aMUHAPHOTO MOTPAaHUYHOTO CJIOS B
TypOyneHTHBIA. TypOyNneHTHBIH TIOTPAaHUYHBIA  CIIOH. YpaBHCHHS  OCPEIHCHHOIO
TypOyJIeHTHOTO TmorpanuyHoro ciosi. Hampsixenue Pelinonbaca. OTpbIB TaMUHAPHOTO H
TypOyYJIEHTHOTO CcI0st. MeTOIbI SKCIIEPUMEHTATIBLHOTO HCCIIEIOBAHMUS TIEPEX0/1a U OTPHIBA.

1.10. AbpoauHaMuKa TUIIEP3BYKOBBIX CKOPOCTEH W pa3pekeHHOro rasza. OOmue cBOMCTBa

TUIIEP3BYKOBBIX TEYEHMH. | HMIep3ByKoBas TEOpPHs MajblX BO3MYIIECHHU. [‘mrep3BykoBas
teopust HproToHa—Dby3emana. BiusiHue (QU3MKO-XMMHMUYECKMX MPOLIECCOB Ha OOTEKaHue
3aTYIUIEHHBIX TEJI CBEPX3BYKOBBIM U THIIEP3BYKOBBIM MOTOKaMH. [IoHSATHE paBHOBECHBIX,
HEPAaBHOBECHBIX U «3aMOPOKEHHBIX» T€UEHUH. XapaKTepHble 0COOEHHOCTH TeUeHUH crnalo
paspexxenHoro raza. CBobomHOMONIEKYIsipHOEe oOTekanue Tei. Yucno Kuyncena. Monenu
B3aUMO/IEHCTBHS CBOOOTHOMOJIEKYJIIPHOTO IOTOKA C JIETATEJIbHBIM alapaToM.

2. A3p0[ll/IHaMl/IKa JETATECJIbHBIX alllilapaToB

2.1.

2.2.

2.3.

2.4.

AsponnHamuka kpbuia. [Ipoduiab M KpplJI0O KOHEYHOIO pa3Maxa B IOTOKE HEC)KHMMaeMOM
xuakoctu. Teopust TOHKOro mpodumis. A’poAMHAMUYECKHE XapaKTEPUCTUKH Mpoduiei.
Kppu10o KOHEUHOTr0 pazMaxa B IOTOKE HECKUMAEMOU KUAKOCTU. Teopus BUXpEBOil Hecylen
HuTU. Teopus Hecyliel NMOBEPXHOCTH. Pacder a’poaMHaMHUYECKMX XapaKTepUCTHUK IPH
6onpmux yriax araku. OcoOeHHOCTH pacrpeaeeHHsl Harpy3Kd Ha KPbUIbsX Pa3HON (pOpMbI
B IIaHe. TeopeTudeckue M 3KCIEPUMEHTAIbHBIE UCCIEAOBAHUS TOHKUX KPBLJIBEB MaJoro
YJUTMHEHUS NpHU OOJBIINX YIJIax aTaku C y4eTOM OTpbIBA MOTOKA.

[Tpodune U KpbUIO B J103BYKOBOM IOTOKE CXXMMaeMmoro rasa. JIuHeiiHas Teopusi KpbLia.
CBs3p  MeXAy a’poAMHAMMUYECKMMHU XapaKTEpUCTHUKAMU Kpblla B CXKUMAcMOM U
HECKUMAEMOM ITOTOKaX.

[Tpodmiib 1 KpbUIO MPH OKOJIO3BYKOBOM ckopocTH. Kputmueckoe umcio Maxa. 3akoHbI
101001l IPU OKOJIO3BYKOBBIX TEUEHUSIX. AIPOJUHAMUYECKNE XapaKTePUCTUKHN Npoduiien u
KPBUIbEB IIPU OKOJIO3BYKOBBIX CKOPOCTSX.

[Tpodune 1 KpbUIO B CBEPX3BYKOBOM IOTOKE. TOHKas MJIaCTHHA B CBEPX3BYKOBOM IOTOKE.
JluneliHast TeopHsl TOHKOro Mpoduis W KpbUla KOHEYHOTO pa3Maxa B CBEPX3BYKOBOM
notoke. Meronq ocoOenHocted. ToHkmid Tpodwib B  THUIEP3BYKOBOM  IOTOKE.
AdpOoaMHAMHYECKHUE XapaKTEPUCTUKHU KPBUILEB IPU CBEPX3BYKOBOI CKOPOCTH.



2.5.

2.6.

2.1.

2.8.

2.9.

A3pOoIMHAMUYECKUE XapPAKTEPUCTUKHA KPBLIBEB M ONEPEHUH C OTKJIOHEHHBIMHU PYJIEBBIMHU
MOBEPXHOCTAMH. A3pOAMHAMUYECKHE XapaKTePUCTUKU KPBUILEB C MeXaHu3auue. Bnusaue
dopMbl KpblTa Ha 3(PPEKTUBHOCTH MEXaHM3AMH. AJ3POJMHAMUYECKUE XapaKTePUCTUKU
ONEPEeHUs IPU OTKIIOHEHHBIX pyisixX. [llapHupHbIe MOMEHTBI PYyJIEBBIX TOBEPXHOCTEH.
AsponvHaMHMKa Kopllyca JerarelibHOro ammapara. Kopryc serarenbHOro ammapara npu
JTI03BYKOBBIX M CBEPX3BYKOBBIX CKOPOCTAX. A3POAMHAMUYECKUE XAPAKTEPUCTUKH KOPITYCOB
IIPU J103BYKOBOM ckopocTu. OOTekaHne Mpu OKOJI03BYKOBOW ckopocTu. Kputrueckoe unucio
Maxa. AdpoJMHaMHUYECKHE XapaKTEPUCTUKU KOPIYCOB IPH OKOJIO3BYKOBOM CKOPOCTH.
KoHyc B CBEpX3BYKOBOM IOTOKE. 3aTyIUICHHBI KOHYC B CBEPX3BYKOBOM IIOTOKE.
3a0CTpEHHOE TEJNO0 B CBEPX3BYKOBOM IIOTOKE. 3aTyIUIEHHOE TEJIO BpalleHUs B
CBEPX3BYKOBOM IOTOKE. A3pOJAMHAMUYECKUE XAPAKTEPUCTUKU KOPITYCOB M MOTOTOHJIOJI C
BO3ayx03a00pHuKamMu. OO0TeKaHue 3aTYIJICHHBIX TEJ TUIEP3BYKOBBIM MOTOKOM. BiwmsiHue
CBOMCTB pEaJbHOIO ra3a Ha a’pOJIMHAMHYECKUE XapaKTEPUCTUKU TEJ IPU TMIEP3BYKOBOM
CKOPOCTH.

Asponunamuueckas uHTepdepenuus. Ilpupona alspoauHamuueckoil uHTEpdepeHIn.
[TonpemMHas critla KOMOMHAITMY KOPITyca U Kpbuta. BrusiHue yriia KpeHa Ha HHTepEepeHITUI0
MeXIy KopmycoM u KpbUioM. KpecrooOpasnas komOunanusa. WHTepdepeHIus MexIy
KpbUIOM U omniepenreM. OpraHsl yrpaBieHUsl. ADpOIUHAMAYECKUN pacyeT pysiei.
AdpoauHaMHUECKHUe XapaKTepUCTUKHU JieTaTenpHoro amnmapata. [lonbemnas cuia, 1060Boe
conpotuBiieHue. [lomsipel mepBoro u BTOPOTro poja. MOMEHTHl TaHTaXa W PBHICKAHUA.
MomeHT kpeHa. A3pOIMHAMUYECKUE XapaKTEPUCTHUKH JIETaTEIbHOTO anmnapara co B3JIETHO-
MOCaJOYHON MexaHu3auuen. BausHue 3emiin.

A3pOIMHAMMYECKUE XAapAaKTEPUCTUKU HECYIIMX BHUHTOB BEpPTOJIETA U IPOIEUIEPOB.
Hecymuit BUHT B pekrMax BEPTHUKAIBLHOTO B3JI€Ta U CHUKEHUA. PeXXHM BUXPEBOTO KOJIBIIA.
CamoBpamienue. Hecymuii BUHT B pexumax kocoro ootekanus. Cuiia TATH, MPOIyJIbCUBHAS
CWJIa, MOITHOCTh. MaxoBoe nBmxkeHwue jomacteid. O0qyBKa KopIyca BepTOJETa HECYIIUM
BUHTOM. CriocOOBI CO3/1aHus YIPABIAIOIIUX MOMEHTOB. MneansHbiil nponeiep. Kputepun
noobusi. BuHTOBBIC qUarpamMmbl. B3anM03aBHCHMOCTh MEXKIY CHUIIOW TSATH U MOIIHOCTBIO.
[Tonetnpiit u otHocuTenbHbll KIIJ[ peanbHOro BHHTA. BuxpeBas Teopus mpomeiepa.
CoocCHBIC BUHTHI.

3. IIpomecchl Tenji000MeHa JieTaTeJbHBIX aNlapaTos

3.1.

3.2.

3.3.

Tpenne u TtemnooOMmeH. JlamMuHapHBIM TEmIO0OOMEH TIPU BBICOKMX CKOPOCTSAX U
Temreparypax. 3akoHbl 1101001 B 3aauax TernjgooOMeHa. MIHTerpanbHble XapakTepUCTUKU
HNOTrpaHUYHOro ciosi. TemnooOMeH NpH MallbIX CKOpPOCTAX B IOIPAaHUYHOM  CJO€
Hec)kuMaeMoit sxuakoctu. Koadduuuents! temnooTnaun npu 60abmmux ckopoctax. CBs3b
MEXIy TpeHueM u Temiootnadeid. l[lepexon naMumHapHOro TeyeHUS B TypOYJIEHTHOE.
TypOyneHTHBIM TemIoo0MeH MpH BBICOKMX CKOPOCTSAX M Temmeparypax. [IpuOimkeHHbIE
Teopun TypOyiaeHTHOro JBwkeHus. [IpuOnmkeHHble MeETOAbl pacueTa TEIIo0OOMEHa B
TypOyJIEHTHOM MOIPaHUYHOM CIIOE.

TemiooOMeH MpH XMMHMYECKHUX peakIusX B MOrpaHu4HoM cioe. JuddepeHnuanbHble
ypaBHeHUs TUGPYy3Un A5 JJaMUHAPHOTO MOTPAHUYHOTO CJI0Sl B CMECH Pearupyronmx ra3os.
VYpaBHeHHEe OHepruv. XHUMHUYECKH PABHOBECHBIM IOTPAHUYHBIM CIIOM. XUMHUYECKU
HEpaBHOBECHOE TEUEHUE HA KaTAIUTUYECKOH cTeHKe. Pacyer TemiooOMeHa B pearupyromuem
rase.

TenmooOMeH Ha MOBEPXHOCTH JIETAaTEJIbHBIX aIlllapaTOB IMPH TPEXMEPHOM OOTEKaHUU.
Teuenue B TpexMepHOM norpaHuvHoM cioe. uddepennmanbioe ypaBHEHUE TPEXMEPHOTO
NOrpaHUYHOro cios. Jluaum pacrekanus. Pacdyer TemooOMeHa Tpu  TpeXMEPHOM
JaMUHApHOM T€YEHHUH B MOrpaHUYHOM ciioe. COBMECTHOE BIMSIHHUE ByBa U IEPOXOBATOCTH
Ha TeriooOMeH. TeueHHe B OTKpBITBIX 30Hax. [lorpaHu4Hble CIOM B HEOJHOPOIAHOM
BHEIIHEM ITOTOKE.



3.4.

3.5.
3.6.

3.7.

[HEN

TennooOMeH B pa3pekeHHOM rase. Teopus TErIooOMeHa B pa3peKeHHOM Traze. Pexumbl
TEIUIOBBIX W JUHAMHYECKUX TIporieccoB. TemrnooOMeH B CBOOOJTHOMOJICKYJISPHOU U
MEPEXO0IHOM 00JIaCTAX TEUCHHUS.

MeTo/1bl 3KCTIEPUMEHTAIILHOTO MCCIIEA0BAaHUS TEINIOOOMEHA.

Tennonepenaya B a71eMEHTaX KOHCTPYKIM JeTaTeNbHbIX annaparoB. OCHOBHBIE MOHATHS U
YPaBHEHUsI TEOPUHU TEIUIONPOBOIHOCTH. KpaeBble yciioBus B 3ajadax TEIJIONPOBOAHOCTH.
Metonbl pemeHus 3a1ad  TEIJIONPOBOJHOCTH. AHAIUTHYECKHE METOoNbl. YwuclieHHOe
pelIeHne 3aJayd TEIIONPOBOAHOCTH MozjenupoBaHue TemmnepaTypHbix mnosied. Ilepenoc
TEIJa M3JIy4eHHs] K JIeTAaTeIbHBIM amnmaparaM W BHYTPU 3JEMEHTOB KOHCTPYKLUU.
OcHOBHBIC ONpEAETCHUS M YpaBHEHHs TEIJI00OMEHa H3Iy4eHHeM. MeTOoIbl pelieHus
ypaBHEHUU TepeHoca u3NydeHHUs. TeriooOMeH H3JIy4eHHEeM BHYTPH IOTJIOMIAOIICH,
U3JIy4amoulel M pacceMBarolierd cpenpl. TemmeparypHele 1I0JII B TOHKOCTEHHBIX
JeTaTeNbHBIX anmapatax. HarpeB u oxijaxkaeHue Tella € OJMHAKOBOM Mo 00BeMy
TEMIIepaTypoil. A’poJMHaMUYeCKUll HarpeB oOmuUBKUA. HepaBHOMepHOE pacrpeneneHue
TEMIIEpaTypbl IO MOBEPXHOCTU TOHKOCTEHHOM KOHCTpPYKUMHU. TemrepaTypHble NOJIA B
MOAKPEIUICHHBIX KOHCTPYKIIHSIX.

TennoBass 3amMra JeTaTeNIbHBIX ammapaToB. MeToabl TEIIOBOM 3amMThl. THIbI
TEIJIO3AIIUTHRIX MarepuaioB. llepeHoc Temia BHYTPU TEIIO3AUIUTHBIX MOKPBITHM.
Tepmuueckoe CONpOTUBIEHUE €01 TepMouszoiaunu. HectanmonapHas TemionpoBOJHOCTh
B MHOTOCJIOWHBIX KOHCTPYKIHX. [IpubauxeHHbIe METOIbI pacueTa HarpeBa TOHKOCTCHHBIX
KOHCTPYKIUH C TEPMOU3O0JSLUEH. A3POTEPMOXHUMHUECKOE pa3pylLIEHUE TEPMOU3OJSALHUU.
Metoapl SKCIEPUMEHTAIIBHOTO HUCCIEAOBAHUS TEIUIO3AIIMTHBIX TMOKPBHITUNA U MaTEpHANIOB,
NPUMEHSAEMBIX B JIETATEIbHBIX anmaparax, B YCIOBUAX MHTEHCUBHOTO TEIJIOBOTO
BO3JIeUCTBUS. MeTObl 1 OCOOCHHOCTU TEIUIOBBIX HCIIBITAHUN KOHCTPYKIIMM JIETaTEIbHBIX
armaparos.

Jlureparypa

. Asporunpomexanuka: Yueb. g By30B / E.H. bongapes, B.T. [ly6acos, IO.A. PepkoB u ap.

M.: Mamunoctpoenue, 1993.

©CoN A

10.

11.
12.

3apy6un B.C. TemmneparypHble M0 B KOHCTPYKLHUAX JIETaTEIbHBIX anmnapaToB. M.:
MammnocTtpoenue, 1978.

Kouun H.E., Ku6ens U.A., Poze H.B. Teopernueckas runpomexanuka. T. 1, 2. M.:
duszmarrus, 1963.

Kpacnos H.®. Asponnnamuka. Y. 1, 2. M.: Beici. mkouna, 1980.

Kpacnos H.®. OcHoBbI aspoauHamuueckoro pacuera. M.: Beicu. mkona, 1981.
Jlomsuckumit JI.I'. Mexanuka >xuakocty u raza. M.: Hayka, 1973.

JIynes B.B. I'unep3BykoBas aspoaunamuka. M.: MammzocTtpoenue, 1975.

JIsikoB A.B. Teopus termnonpoBogHoctu. M.: Beici. mkona, 1967.

OcHOBBI IpUKIaAHOM asporazoanHamuku. Y. 1, 2 / H.®. KpacHoB u ap. M.: Beici. mikoina,
1991.

OcHOBBI TemIONEpe aun B aBUALIMOHHOM 1 pakeTHO-kKocMuueckoit TexHuke / [Tox pea. B.K.
Komkuna. M.: Mamunoctpoenue, 1975.

Tennosas 3ammra / FO.B. [Tonexaes u np. M.: Dueprus, 1976.

[nmuxTtunr I'. Teopus norpannunoro cinost. M.: MHoctp. n-pa., 1975.



Pasnen «/lunamuka, 0aJJMCTHKA, YIIPaBJeHHe ABHKEHHEM J1eTaTeJIbHbIX allllapaToB
YACTD 11

1. Teopust aBTOMaTH4Y€CKOI0 peryJIMpOBaHUs U YIIPABJICHHUS

1.1. Pemienue auddepeHnnanbHblX ypaBHEHUN COCTOSHMS JUHEHHBIX cucteM. llepexomnas
MaTpHlla U MaTpUyYHas nmepexoaHas (pyHKIHsI.

1.2. YopaBnsieMocTh JIMHEHHBIX CUCTEM C MOCTOSHHBIMHM Napamerpamu. KaHnonuueckas ¢opma
ynpasisgeMmoctu. CrabunusupyemMoctb. MaTpuuHasi nepefarodHas (QyHKIHS M 4acTOTHAas
XapaKTePUCTUKA CUCTEMBI.

1.3. CBa3p WMMITyIBCHOM TMEpeXOAHOM (YHKIMM, MepesaToyHor (YHKIMM M YaCTOTHOH
XapaKTePUCTUKHU cucTeMbl. Hyll 1 MOII0Chl MaTPUUHBIX IEPEeIaTOYHBIX (PYHKIIHA.

1.4. YcToH4MBOCTh aBTOMATHYECKUX CHCTeM. AlreOpandeckue KpPUTEPUU YCTOWYMBOCTH.
['panuna ycToiymBOCTH.

1.5. Kpurepuii Payca-I'ypsuna. Kputepuit Muxaiinosa u Halikucra.

1.6. OnTumanbHOe  BOCCTAaHOBJIEHHME  COCTOSIHMSI — JUHEHHBIX  cucteM.  OnrumasnbHbIe
HAOJIFOATENH.

1.7. CroxacTuveckuii moaxoa K 3ajade HaOmoaeHus. VHTerpanpHas kBaapaTuaHas Gopma Kak
Mepa ONTHUMAaJbHOTO HAOMI0AaTEes.

1.8. IuddepennmanbHoe ypaBHEHHE ISl MATPHUIBI JUCHEPCU OMIMOKH BOCCTAHOBJIICHHUS.
CrpyKTypa 1 yCTaHOBUBIIMECS CBOWCTBA ONTUMAJIbHOIO HAOIIO1ATENs.

1.9. JlerepmuHrpOBaHHas 3a7aya JIMHEHHOTO ONTHMAIBHOTO yrpasieHus. [locTaHoBKa 3amaun
ontuMu3anuu. HTerpanbHbIil KBaApaTUYHBIA KPUTEPUN ONITUMATBHOCTH.

1.10. duddepenumanbHoe ypaBHEHHE IS MATPHUIBl  ONTUMAIBHBIX KO3 duImeHToB
yeunenus. CToxacTuyeckue 3aauyl JUHEHHOT0 ONTUMAJIBHOTO PETYIMPOBAHHUS.

1.11. CuHTe3 CTOXaCTHYECKOTO JIMHEWHOrO0 ONTUMajdbHOTO perymsropa. CTpykTypa
ONTUMAJILHOTO PETYIATOPA.

2. Cay4aiiHble pouecchl

2.1. Onpenenenue ciay4aiiHoro mpouecca ((yHKIMM), 3aKOHOB M MOMEHTOB ero (ee)
pacmpeneieHusl.

2.2.Bunpl M TUNBI CllydyallHBIX TIPOLIECCOB: JIMCKPETHBIEC, HEMpEpPBbIBHBIC, CTAIMOHAPHBIE,
HOpMaJIbHbIE, MAPKOBCKHE.

2.3. Cnoxenue, nuddepeHurpoBaHre, HHTErPUPOBAHUE CIyYalHbBIX MPOLIECCOB. DProguuecKoe
CBOMCTBO Cily4aifHbIX MpoieccoB. CeKTpaibHas INIOTHOCTb.

2.4. IlpeoOpazoBaHue CiydallHBIX IMPOLECCOB JMHEHMHBIMM W HETMHEWHBIMU JUHAMHUYECKUMHU
cucreMaMy. MeTos KOppeIsIIUOHHOW MAaTPHUILbI M CTATUCTHYECKON JIMHEAPU3aLiH.

3. Kuaaccuveckoe BapHallMOHHOE HCYHCJICHUE.

3.1. [TocraHoBKM 3amad BapwalnMOHHOTO wucunciaeHus. OOmas ¢opma TEepBOi BapHAINU.
OcHoBHast 1IeMMa BapHallMOHHOTO NCYUCIICHUS.

3.2. Ypasuenus Ditnepa-Jlarpamnxka, [Tyaccona, OcTporpaackoro.

3.3. 3a1auM ¢ MOJBMXKHBIM NpPaBbIM (JIEBBIM) KOHILIOM. Y CJIOBHSI TPAHCBEPCAJIIbLHOCTHU. Y CIIOBUS
Opamana-Beiepmpacca. OqHOCTOpOHHUE BapHaLIUH.

3.4. Ilone >kctpemaneil. ConpsikeHHast TOUKa. Y CIIOBHE U ypaBHeHUE SIko0u.

3.5. uBapuantHeiii wHTeTpan [mnsbepra. DyHkums Beiiepmrpacca. HeoOxommmbie wu
JIOCTaTOYHBIE YCJIOBHUS ONTUMAJIBHOCTH JJs MPOCTEHIIEH 3ajadyd  BapHaLMOHHOIO
ucumncienus. CUIbHBIN 1 ca0bIid SKCTpeMyMBl. Y crioBue Jlesxkanpa.

3.6. BapuanuonHnsle 3a/1a4d Ha YCJIOBHBIN 3KCTpeMyM. ['0OJIOHOMHBIE M HETOJIOHOMHBIE CBSI3H.
N3omapamerpuyeckue 3a1auu.

3.7. IIpsiMble METO/1bl BAPHALIMOHHOTO UCUHCIICHHUS.
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OnTuMu3zanus YupaBJicHUA TMHAMHA4YC€CKUMH CUCTEMAaMMU.

Marematnueckass (GOpMyITUpPOBKA 3aJad ONTHMAJIBHOTO YIPABJICHUS JUHAMUYECKOU
cucremoil. 3anauu Jlarpanxa, Maiiepa, bosbiia.

Knaccuueckuit moaxoA K ONPEACTICHHI0 ONTUMAJIbHBIX MpPOrpaMM. [ aMUIIbTOHUAH.
HeoOxoaumble ycnoBHsl ONTUMAIbHOCTH B 3TOM MOJXOJE.

Uronbuateie Bapuanuu ynpasieHus. [lpunnun makcumyma [loHTpsiruna st pemieHus
3aJ1a4 cO CBOOOHBIM MPaBbIM KOHLIOM U (PUKCHPOBAHHBIM BPEMEHEM.

Bapuarnuu TpaekTopun, KOHyca BO3MOXKHBIX M JOMYCTUMBIX KOHIIEBBIX Bapuanuii (pa3zoBoro
BEKTOpA.

Heo6xoauMble ycinoBHsi ONTHUMAaJIBHOCTA TpHUHIMIA MakcumyMa [loHTpsiruHa B 3aaaue
Maiiepa ¢ (uKCUpOBaHHBIM M HEPUKCHPOBAHHBIM BPEMEHEM U TOABMXHBIM IPaBbIM
KOHIIOM. Y CJIOBHSI TPAHCBEPCAIbLHOCTH.

[Ipunimn Makcumyma I[lonTpsruna mna  3agay  Jlarpawka, Maliepa, bosbia ¢
OTPAaHUYCHUSIMU Ha YIPABJISIIONINE TIEPEMEHHBIE.

JMcKpeTHBIN IPUHLIUI MAaKCUMYyMa.

Mertoapl pelieHus AByXTOUEUHBIX KPaeBbIX 3a/1a4: HpI0TOHA, TPOTOHKH.

Junamuueckoe mporpammupoBaHue. Y paBHeHue bemimana.
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YACTD I

BapuaruBHas 4acTh IporpaMMsl BCTYIIUTEIBHOTO UCIIBITAHUSA 110 Kadeape GU3NKA M0JIeTAa.

1.

Pacuer ocHOBHBIX pexxuMoB nosieta. OOmIMe ypaBHEHUsI IBUKEHUS, BbIICICHUE YPaBHEHUM
IIPO/IOJIBHOTO U OOKOBOTO JBHXKEHUH. Pa3nenenue nBukeHUH Ha KOPOTKONEPUOAUUYECKOE U
JUIMHHONIepuoauuyeckoe. VccnenoBanue NMHAMUKA HEABTOMATU3MPOBAHHOIO JIETATEIBHOTO
anmnapara B IPOJOJIBHOM KaHayle. DOKyC JIETAaTEIBHBIX allllapaToB Pa3IWYHbIX CXEM, 3aIac
CTaTUYECKON yCTOMYMBOCTH, YCTOMYMBOCTU MO NEperpy3ke u mo ckopoctu. CoOCTBeHHAas
4yacToTa U JeMI(pHUPOBAHUE CAMOJIETA.

HccnenoBanne AMHAMUKA HEABTOMATH3MPOBAHHOTO JIETATEILHOTO ammapara B OOKOBOM
kaHaje. M3onupoBaHHBIE IBH)KEHUS KPEHAa U PBICKAHMA. J[BHJKEHUE THIA «TOJUIAHICKUN
mary. Kpurepuii A2,

[IpoctpancTtBeHHoe aBKeHHE. DOPMBI B3aMMOACHUCTBUS TMPOJOJIBHOIO M OOKOBOTO
nBwxenuid. Muepumonnoe Bpamienue. Llltonop camonera.

baancupoBka camosiera. XapakTepUCTUKM YCTOMYMBOCTH U YIIPABISEMOCTH CaMOJIETOB.
MaremaTtuueckass Mmojnenb Jerdnka. [llkama nuwioTakHbBIX OLEHOK JieTyuka. OO6nacTu
IPUEMJIEMBIX XapaKTEPUCTUK YCTOMYMBOCTU U YIIPABIIIEMOCTH CaMOJIETA.

[Tpunuuner noctpoenuss cuctem ynpasiaeHus JIA. JlaTuuku W CHIIOBBIE IIPUBOJBI.
Hcnons3oBanne B cucremax ynpasieHus camonera bBIIBM u ee apxurekrypa.
MaremaTtuueckast Moeiab UU(PPOBON CUCTEMBbI, KBAHTOBAaHHE CUTHAIOB II0 BPEMEHHU M 10
ypoBHIO. OCOOCHHOCTH AMHAMUKH I (PPOBHIX CHCTEM.

Cucrtembl ynyyllleHUs YCTOMUMBOCTM M YHpaBisieMOCTH. Jlemmdepsl TaHraxka, KpeHa U
pbickaHus. ABTOMAT MpoosibHON ycToiuuBoctH (AIIY). ABTOMar myreBol ycTONYHMBOCTH.
[ToHsiTHE 00 MHTETpATBbHON cUCTEME YIIpaBICHHUS.

CtpyKkTypa KOMIUIEKCA YIPAaBJIEHUS CAMOJIETOM. 3aJayd aBTOMATHYECKOIO YIPaBJICHHUS.
ABronunor. Crabuiu3anus BBICOThI, BEPTUKAIbHOM CKOPOCTH, YIJIOB TaHIa)ka, KpeHa U
Kypca. ABTOMAaTHyeckoe yrpasieHue TpaekTtopuedl JIA. ABToMaTuueckoe yIrpaBieHHE
IIOCAKON caMOoJIeTa.

VYcroituuBocTh ABMKeHUsA. OOIas NMOCTaHOBKA 3aJaud MCCIIENOBAaHUS YCTONYMBOCTH 11O
AM. JIanynoBy. Kpurepun ycroliumBoctu. YacToTHble MeTOABI. MeTox KOpPHEBOIO
rogorpaga. ObecrieueHne yCTOMUMBOCTH, MOBBIIIEHNE KaueCTBa PETYJIUPOBAHUS U CHHTE3
JUHENHBIX ABTOMAaTUYECKMX CUCTEM. YCTOMYMBOCTH CHUCTEM C 3ala3[blBaHUEM. YUeT
BIIMSIHUS YIIPYTOCTH KOHCTPYKIMH JIA Ha yCTOWYUBOCTb.

HenuneliHble  CUCTEMBI  aBTOMAaTMYECKOIO  peryinvpoBaHus. TouHble METOABI W
NpUOIMKEHHbIE METOJbl  HCCIIEOBaHUS YCTOMYMBOCTM UM aBTOKojeOaHuil. Meron
rapMoHu4eckoro Oanaxca. ABrokosiebanus camosera c CY.
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bromrenc I'. C., Crynnes P. B. Aspoaunamuka camornera. J[MHaMuKa poI0JIBHOTO U
O6oxoBOTO ABMKEHUS. —M.: MammnocTtpoenue, 1979.

I'ycepkos IO. I1., 3araiinos I'. 1. Ynpasnenue noserom camosieToB. — M.: MamuHocTpoeHnue,
1980.

bromrenc I'. C., Crynnes P. B. Jlunamuka camonera. IIpoctpancTBeHHOE nBMKEHUE. — M.
Mammunoctpoenue, 1983.

AdpoauHamMuKa, yCTOWUMBOCTD U YIIPABIsIEMOCTh CBEPX3BYKOBBIX caMoiieToB. [loa pex. I'.
C. bromrenca. — M.: Hayxka, 1998.



