IMPOTPAMMA BCTYIUTEJBHOI'O UCIIBITAHUSA
MO KOHKYPCHOM I'PYIIIE
«DAKT ABUALIMOHHASI U PAKETHO-KOCMHNYECKAS TEXHUKA»
JJISI HOCTYHAIOIIAX B ACOHUPAHTYPY

BerynuTensHoe ucnbITaHre TPOBOJAUTCS B popMe coOece10BaHMUS.

CO6€C€,I[OBaHI/IC COCTOMT U3 TPEX JacTew:

cobeceJoBaHUE M0 COAEPIKAHUIO BBITYCKHOM KBaIM(UKALIMOHHON paboThl, BBIIOIHEHHON
IOCTYNAOIIMM IIPM OKOHYAaHUHU CIELMAIUTETa WIM MarucTpaTypsl, — B COOTBETCTBHHU C
4acThlO | HACTOsIIEH POrpaMMBI;

cobeceoBaHUE M0 OOIIETCOPETHUECKUM BOIPOCAM U3 pasfiesia, COOTBETCTBYIOLIETO
HalpaBJICHUIO Oynyleil HayyHO-UCCIEeN0BaTeIbCKOW AEATENbHOCTU MOCTYHAIOIEro, — B
COOTBETCTBHUU C 4acThio Il HacTosAmEN IpOrpaMmsl;

cobeceJ0BaHUE IO TEOPETHIECKUM BOTPOCaM, MPOGMIBHBIM JIJIsl BRBIOpaHHOW 00ydaromien
Kadeapsl, — B COOTBETCTBUU ¢ YacThio |ll (BapuaTuBHON) HACTOSIIIEH MPOTPaMMEI.

YACTDB 1

Bonpocel o BINyCKHOI KBAJIM(PUKAIUOHHOK padoTe NOCTYNAKIIero
(MarucTpartypa Win CeUuaIuTeT)

1. OCHOBHBIE MTOJIOYKEHUS.
2. HoBu3Ha.
3. AKTyalbHOCTb.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

Paszpen «MexaHuka )KHIKOCTH, I'a3a U IJIa3MbD»
YACTD |1

OOumme NOHATHA MEXAHNUKH CILIOIIHOM Cpelbl

ITonsiTHe crutomHON cpelbl. MUKPOCKONIMYECKHE, CTATUCTUYECKUE U MAKPOCKOIINYECKHE
(EHOMEHOJIOTUYECKUE METOJIbl OINMCAHHUS CBOWMCTB, B3aUMOJEHCTBUA W JBWIKEHUUN
MaTepUaIbHBIX CPE.

[Tepemennnie Diinepa u Jlarpanka. lHepianbHble 1 HEHMHEPIMAIbHbIE CUCTEMBI OTCUETa
B HBIOTOHOBCKOHN MEXaHHKE.

MmuorokomnoneHTHbele cMmecu. [loToku nuddy3un. YpaBHeHUS HEpa3pbIBHOCTH B Qopme
Olinepa 111 MHOTOKOMIIOHEHTHBIX CMECEH.

CKopocTh U3MEHEHUS XapaKTePUCTHK KUIKOM YaCTULIBI U )KUJKOro oobeMa. IHTerpanbHas
3alMCh 3aKOHOB coxpaHeHus. COXpaHEHHWE Macchl, ypPaBHEHUE HEPa3pbIBHOCTH B
nepeMeHHbIX Ditepa u Jlarpanxa.

3aKOH COXpaHEHHsA UMIylbca. MaccoBble U IOBEPXHOCTHbIE cuibl. (CBoiicTBa
NOBepXHOCTHBIX cnil. @opmyna Ko, YpaBHeHNE NBHKEHNS B HAIPSDKEHUSX. Y paBHEHUS
Olinepa. bapoTponHOCTb.

VYpaBHeHue mnpuToka Temiaa. Bekrtop mortoka Ttemna. JuddepeHnumanbHbie ypaBHEHHS
DHEPruM W MpPUTOKA TeIula. 3akoHbl TemonpoBogHoctu Dypbe. Pa3znuuHble 4YacTHBIE
MPOIIECCHI: aua0daTHIECKU, N30TEPMUYECKUH U JIp.

Obparumbie U HeoOpaTtumsble npouecchl. CoBepuieHHbI ra3. Lukn Kapno. Bropoii 3akon
TEPMOJMHAMHUKHU. DHTPONHUS U aOCOMIOTHAs TeMiieparypa. HekomneHncupoBaHHOE TEIJIO U
IPOM3BOJICTBO SHTponuu. HepaBeHcTBO nuccumnanuu, ToxaectBo I uboca. luccunaruBHas
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¢ysk1us. OCHOBHbIE MAaKpOCKOIMYECKHE MeXaHU3MbI auccumnanuu. [lonstue o npuHune
Omnzarepa. VYpaBHeHUs COCTOSIHHSI. TepMmoauHaMuuecKue MOTEHIUAIBI
JBYXIIapaMETPUUECKUX CPe/l.

3aKOH COXpaHEHMsI MOMEHTa UMITyJibca. CHUMMETpHUsI TEH30pa HaIlPSHKEHUH.

Buxpessie Teopembl. Teopema ToMcoHa o nuupkyisiuu. Teopema Jlarpanka o coxpaHeHUU
noreHuranbHocTu. MuTerpanesl Kommu-Jlarpanxka, beprymim.

[Torenuunanbhubie ABrkeHus. CBoiicTBa noteHuana. [loctanoBka 3a1a4 00 00TeKaHUU TeIl.
OOTtekanue mapa.

[IprMeHeHre METOI0B TEOPUH aHATUTHYECKUX (PYHKIHI KOMILJIEKCHOTO MEPEMEHHOIO IS
pellieHusT TUIOCKUX 3a7ad THAPOJUHAMHUKUA W a’pOJWHAMUKH: TOHATUS (YHKIIMH TOKA,
KOMIUIEKCHOTO moTeHIrana. OQHOPOIHBIN MOTOK, HICTOYHHK, BUXpeBasd Touka. O0TekaHue
tes. CtanroHapHOe 00TEKaHKE KUKOCTHIO0 KPYTOBOTO LMJIMHAPA U TPOQHUIIS.

Meton koHbOpMHBIX 0TOOpaxeHui. ['uaponnHaMmuyeckie peakliuyi Ha JBUXKYIIHECs Tema.
®opmynsl brasuyca - Yarsiruaa, Teopema XKykoBckoro. O6Tekanue riactuabl. [IpaBuiio
KyxoBckoro u Yamsiruna omnpeneieHusi HUPKYISLUUA BOKPYT KPbUIbEB C OCTPON 3aHel
KpoMmKkoii. HecTanmonapaoe o0Tekanue mpogpuiei.

MexaHuKa JKHIKOCTH

[IpuMeHeHHe UWHTErpalbHBIX COOTHOUIEHMH K KOHEUYHbIM oOOBbeMaM Cpelbl IpHU
YCTaHOBUBILIEMCS IBUKEHUU. Teopusl peakTUBHOM TATU U TEOPUS UI€AIBHOIO IPONEIIepa.
Bonnsl Ha Bone. Kunemarnueckoe 1 AMHAMMUYECKOE YCIOBUS Ha CBOOOHOM IOBEPXHOCTH
XKUIKOCTH. JInHeliHbIe BoJIHBL. BonHbl B 6acceiiHe koHeUHOH IiyOuHbI. J[MMHHBIE, KOPOTKHE
BOJIHBI.

dazoBas u rpymnmnosas ckopocts. [lucnepcus BoiH. [lepeHoc sHeprunm nporpeccuBHBIMU
BoaHamu. Teopuss Menkoil Boabl. YpaBHeHus byccunecka u Kopresera-ne-Bpusa.
Henunelinpie BosiHbl. CONUTOH

VYpaBuenus neuxenus B popme Jlarpanxa. Bomasl 'ecTHepa.

3ama4ya 0 JBMKEHUM TeJl B MICAIBHOM XUIAKOCTHU. lIprcoenHeHHbIE UMITYJIbC U MOMEHT
UMITyJIbCa. TEeH30p NPUCOEINHEHHBIX MacC. Y paBHEHHUE IBMXKCHUS 111apa.

Tenzop ckopocreit nedpopmarun. CBs3b TEH30pOB HAIPSHKEHUH U CKOpOCTel Aedopmarium.
HerotonoBa xuakocts. YpaBHenus HaBbe-Ctokca. Cpenpl ¢ IpyTUMHU PEOIOTHUECKUMU
COOTHOULICHUSAMU.

TouHble pemeHns ypaBHEHUM BSI3KOHM KUAKOCTU: AUPY3UsT BUXPEBOTO €O U BUXPEBOM
HUTH, TeueHue [lyaseisis, TeueHne Mexay JByMs BpalAOIMMUCS UWIMHApPaMH. TedeHue
B TpyO€ AJUIMNTUYECKOTO CeueHHUs. TedeHue BA3KOM )kuakoctu B auddysope. Auddysus
BUXDSI

VpaBuenuss HaBbe-Ctokca B Oe3pazmepHom Bume. Ywucma Crpyxans, Dinepa, Dpyna,
Peiinonbaca. [Togo6ue ruipoiuHaMUYECKUX SBICHUI.

[TpubnmxeHHble pemeHus npu Manbix yrciaax Re. [Ipubnmxenne Crokca n Oceena. 3aiaya
0 JBMDKEHUU c(epbl B BA3KOH KUAKOCTH B mocTaHOBKe CTOKCa.

[Mpubmmxennpie pemenuss npu Oonpimmx uucnax Re. Tepust morpancnos. Ilpumep
®punpuxca.

JlamunHapHblii morpaHuyHbld ciod. 3amaya bnasuyca. VHTerpanbHble COOTHOLIEHHUS U
OCHOBAHHbIE HAa WX HCIOJIb30BAaHUM MPUOIIKEHHBIE METOABI B TEOPUHM JIAMHHAPHOTO
MOTPAHUYHOTO CJI0s. SIBIIEHHE OTphIBA MOIPAHUYHOTO CJI0s. Y CTOMYUBOCTh MOTPAaHUYHOIO
ciost. TemnooOMeH ¢ MOTOKOM Ha OCHOBE TEOPUU MOIPAaHUYHOTO CIIOS.

['mppaBnnyeckne CKauyku B TEOPUM MEIKOM BOJBI. CBsA3b TEOPUU MEIKOW BOJABI M Ta30BOM
JTUHAMUKH.

Bnusnue cxumaemoctu Ha (opmy TpyOOK TOKa MpU YCTAHOBMBILEMCS JBH)KEHUU.
OnemeHTapHas Teopus coruia JlaBas.

VYpaBuenne Oppa-3ommepdensbaa A MITI0CKONapaICIbHBIX BA3KUX TCUCHHH.

Teopema Cksaiipa. Hess3kasa HeycroitunBocTs. Teopems! Pernes.



2.16. Paszutas TypOynentHocTh. Ocpennenue. OmbiT PeitHonmbaca. YpaBHeHust PeitHoubca.

3.2.

3.3.

3.4.

4.2.

4.3.

4.4.

5.2.

5.3.

[Tpobnema 3ambikanus. [Ipocreiimme crnocoObl 3aMbIKaHHs. DHEPreTHUYECKUN IMOAXOJ.
Huccunanuss u oOMEH 3Heprued MexIy CpeJHUM U TYpOYJICHTHBIM JBU)KEHUSIMH.
[Tonmyamnupuyeckue Teopun TypOyIEeHTHOCTH.

I'azoBast AMHAMHUKA

OnHomepHasi ra3oBasi JUHAMUKa. PacrpocTpaHeHHe MajlbIX BO3MYIIEHHH B CKUMAaEMOU
xuakoctu. BonHoBoe ypaBHeHne. CKOpPOCTh 3BYKa.

Dddekt Jomnmaepa. Konyc Maxa. Meton xapakrepuctuk. MuBapuantsl Pumana. 3agaun o
IIOPILIHE U O CUJIBHOM B3pBIBE B rase.

Bo3nukHOBeHMe ckaukoB. PemieHust ¢ pa3peiBoM. YpaBHeHue broprepca kak MoAeibHOE
ypaBHeHUE. [[puMeHEHNE NHTETPAIbHBIX 3aKOHOB COXPAHEHHS. Y TapHbIEC BOJIHBI B Fa30BOM
nuHamuke. D¢ dexT onpokuapiBaHus BOJIH. Anuabdara ['roronuo.

IInockue cranMoHapHbBIE CBEPX3BYKOBBbIE TeueHMs rasa. lTedenue IIpanaris—Maiiepa.
Kocoii ckauok ymnotHeHusi. O0TekaHne CBEpX3BYKOBBIM MOTOKOM Ta3a KIMHA U KOHYca.
[TonsitTue 06 oOTEKaHUU TeJl ra3oM C OTOLIEAIeH yAaapHOW BosHOW. JIuHeiHas Teopus
o0TekaHus TOHKUX Mpoduiiel u Tea BpamleHus. TeueHus: ¢ TUInep3ByKOBBIMU CKOPOCTSIMH.
3akoH conpoTtuBieHusi HeroToHa.

,/IeTOHaIII/Iﬂ H ropeHue

Teopust BonH neronauuu u ropenus. Ilpasuno Xyre um ero obocHoBanue. 3amaya o
CTPYKTYpE CHJIBHOTO pa3pbiBa. KadecTBeHHOE oOmucaHWe PEIICHUS 3aJladyd O pacrajie
MPOU3BOJILHOTO pa3phiBa.

Pacuer TemmepaTypbl rOpeHHss U COCTaBa MPOAYKTOB cropaHusi. OCHOBBI XUMHYECKOU
kuHeTuku. Kinaccudukarms XuMu4ecKiX peakiuii. 3akoH JIeHCTBYIOMUX Macc. KoHCTaHThI
CKOPOCTEH peakinii. JHEePTusi aKTUBALIUU, TTOPSIIOK PEAKIIUH.

CKOpOCTh HEM30TEPMHYECKOM aauabaTHYecKol peakiuu. PacmpocTpaHeHue IUIaMEHH B
OJIHOPOJIHOM TOIUTMBHO-BO3YIIHOW CMECH. 3ajlaya O HOPMaJbHOM (PpOHTE TUIaMEHH.
KoHueHTpannoHHble npeaensl pacupocTpaHeHus I1aMeHu. PacipocTpaHeHue IiaMeHu B
TypOyJIEHTHOM IOTOKE.

Huddysuonnoe ropenue razoB. CTpykTypa (akena ropeHus, (poHTaIbHAsS MOJETh
ropenus. /leronanmonnoe ropenue, aeronanus Yenmena-Xyre.

Pusuka miIa3Mpl

ONEeKTpOMarHuTHoe 1mosie. YpaBHeHMs MakcBemia B mycrore. Bsaumoneincrtsue
AJIEKTPOMAarHUTHOTO MoJis ¢ npoBogHuKaMu. Cua JlopeHa. 3aKoH COXpaHEHHUs MOJIHOTO
3apsna. 3akoH Oma. Cpenipl ¢ HaeabHON POBOAUMOCTBIO. BexkTop 1 ypaBHeHHnEe YMoBa—
[TovinTrHTa. J[>K0YNeBO TEIo. YpaBHEHUS UMITYJbCA U MPUTOKA TEIUIA JUISl TPOBOASIIEH
Cpenbl.

YpaBHEHHS] MarHUTHOM TMAPOJUHAMUKH. Y CIOBHS BMOPOKEHHOCTH MAarHUTHOTO IIOJIS B
cpeny. I[lonsaTre o nonsprusanuy 1 HaMarHUYMBaHUM KUJKOCTEH.

OcoOenHocTu u3MepeHudl B aspoauHamuike. [IpuOopbl A u3MepeHus IMOJHOTO U
CTAaTUYECKOI'O IaBJICHUs, HACAJIKU JUIs U3MEPEHM HanpaBiieHus ckopocTu. Meron Temnepa,
TEHEBOM MeTOJl BH3yalu3allUWd TOTOKOB. [lonorpaduyeckass HHTEpPEpPOMETPUS.
TepMonapsbl, BIUSHUE U3JIyYE€HUS HA TOYHOCTh U3MepeHusl. ONTUYECKUE U CIIEKTPAJIbHBIE
METO/IbI U3MEPEHUS TEMIEPATYPHI. TEPMOKPACKH.



IIpubopsbl 1 MeTOABI U3MEPEHUS

6.1. JlazepHblil 1OTIEPOBCKUI M3MeEpUTENb CKOPOCTH. Da3010IIIEPOBCKUI METOA U3MEpPEHUs
pasmepoB u ckopocreid wyactuu. Merox PIV. Merong KAPC, wmeron na3zepHoii
WHAYIUPOBAHHOHN (roopeciieHIu. AHAJIOrOBble W IU(PPOBBIE METOABl 00pabOTKHU
CIIy4aiHBIX MPOLIECCOB.

6.2. AHanoroBele W IM(POBBIE NPUOOPHI JUISI HM3MEPEHHUS CHEKTPOB, KOPpEeIAUUid |
pacnpezeneHusi BepoaTHOCTe. OmuOka M3MEpeHHs] CPEJAHEr0 3HAYEHUS U JUCIIEPCUU
CIIy4yallHOTO CHTHaJIa M3-3a KOHEYHOCTH BPEMEHU OcpeHeHus. YacToTa TUCKpeTU3aluu u
miar  KBaHTOBAaHMA MpU  aHajoro-uudpoBoM mnpeoOpa3oBaHuH. TepmMoaHeMOMeETp,
U3MepeHue TypOyIEeHTHOCTH.

6.3. OcHoBHBIE U MPOU3BOAHBIC €IUHHULIBI U3MepeHus. CucreMsl equHul] u3Mepenus. Kiacc
CUCTEM €IWHUIl H3MepeHus. Pa3MepHOCTh (U3NYECKOW BEIMYUHBL. 3aBUCUMBIC H
He3aBHCHUMBbIe pa3MepHocTu. [1-Teopema.

6.4. DieMeHTHI MOA3eMHON THUAPOAMHAMUKHU. [[OHATHE TOPUCTOCTH M MPOHUIIAEMOCTH. 3aKOH
Hapcu. OtHOCUTenbHBIE a30BbIe TPOHUIIAEMOCTH. 3a1aua baknes-JleBeperra.

6.5. Cucrema  guddepeHIUATBHBIX  ypaBHCHHM MOA3EMHOM  THUJIPOTa30qUHAMUKH.
HeycranoBuBmasicst punbtparus raza. [IppMepsl TOUHBIX aBTOMOJIENIBHBIX PEIICHUH.

Jlureparypa:
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[Tonskoga. - 2-e uza. — CII6.: U3a-Bo. C-Iletep6. yu — Ta, 2005. — 304 c.
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Paznen «Mexanuka neopMupyemMoro TBepaoro Tesaa»

YACTbD 11

Teopuss aepOPMUPOBAHHOTO COCTOSHHUS. Bekrtop mnepememenuid. TeH30p Maibix
negopmanuii 1 MaJbIX MOBOPOTOB. ['J1aBHBIE MHBAapHaHTBl TEH30pa MaJbIX Ae(opmariuii.
VYcnosus coBmectHoctu Cen-Benana. Tenszop ckopocreit gedopmariuii.

Teopus HanpsKEHHOTO COCTOsAHMs. MaccoBble U OBepXHOCTHBIE cuibl. Popmyna Komm.
Tenzop HamnpspkeHuid. CUMMETpHUSl TEH30pa HalpsDKeHUN. ['J1aBHbIE MHBapHUaHThl TEH30pa
Hanpsbkenui. Kpyrosas nuarpamma Mopa.

VYpaBHEHHE HEPA3PHIBHOCTU. YPAaBHEHUS DPABHOBECUS M [BIKCHHUS. 3aKOH COXPaHCHMS
MOMEHTA UMITYJIbCA U CHMMETPHUsI TEH30Pa HAIIPSKEHUN.

Tepmoaunamuka aegopmupyemoro tena. [lepBoe Hauano TepMOIMHAMMKHM (aKcHOMa
Oananca sueprun). HepaBencto Kiaysuyca-/{rorema. JluccunaTuBHbIE TPOLIECCHI.
Yopyroe Tteno. BelpaxkeHue Uil TEH30pa HANpsDKEHHH 4epe3  IPOU3BOJHYIO
TEPMOJMHAMHYECKOTO  TOTEHIMaNa (BHYTPEHHSS OSHEprus, CBOOOTHAs  SHEPrus
['enpmromnbia) mo TeHzopy nedopmanuu. OOoOmeHHbIH 3akoH ['yka Juist IMHEHHOTro
TepMmoynpyroro martepuana. CoKpalleHHE YHUCla YOPYTMX IMOCTOSHHBIX. CBSI3b MEXay
YOPYTHMH  TOCTOSIHHBIMH ~ HM30TPOIIHOM  ympyrol cpensl. HM3orepmuueckuil U
aguabatnyeckuid  Momaynu  ympyroctd.  OOmme  TeopeMbl  TEOpUH  YIPYTOCTH
(EIMHCTBEHHOCTH, B3aUMHOCTH, O MHMHUMyMe BSHepruu naedopmanuu). Teopema
KactuibsiHo.

ITocraHOBKa MaTeMaTHYeCKUX 3a7ad JUHEHHONW TEOPUHU YNPYTOCTH B NEPEMEILEHUSAX M
HanpspkeHusx. IlomyoOpartubiii Meton CeH-Benana. BapuanmoHHbIE ITOCTaHOBKM 3ajiad
TEOPHH YIIPYTOCTH U OCHOBBI MPsAMBIX MeTo10B (PuTna, byoHoBa-I anepkuHa).
[Tpocreiimme 3amauu TEOpUM YOPYTOCTH: nedopMalivs TOJICTOCTCHHOW TPYOBI TION
JieicTBUEM BHYTPEHHETO U BHELIHETO AAaBJICHHM, KpyueHue Opyca KpyroBoro rnonepedyHoro
CEYEHUs, pacTshKeHHe Opyca IOoJ IeHCTBUEM COOCTBEHHOI'O Beca, PABHOBECHE 3JIEMEHTA
IUTACTUHKH, TEMIIEpATypHbIE HANIPSDKEHUS B MOJION cdepe.

[Tnockue 3agaun Teopun ynpyroctu. [lnockoe HanpseHHOE U TUI0CKOE 1e(hOpPMUPOBAHHOE
coctosHus. OyHKIMS HanpsHKeHUH. MeTo Teopuu PYHKIUN KOMIUIEKCHOTO NEPEMEHHOT0
B IUIOCKOM 3axade. JlelicTBME COCPENOTOYEHHOM CWJIBI HAa TPAaHUILy YIPYIrou
MOJIYIUIOCKOCTH.

[TonsitTue o Qynkuum ['punHa. DieMeHTapHOE pelleHue MEepBOro M BTOPOro poja.
ITocTanoBKka KOHTAaKkTHOM 3anaun ['epua.

N3ru6 Oanok. BHyTpeHHssi momepeuHas cuia M BHYTPEHHMHM H3THOArOIIMM MOMEHT.
[TocTtpoeHue smop MONMEPEYHOM CUJIBI M M3TMOAIOLIEr0 MOMEHTa. ['Mmore3a IMIOCKUX
ceyeHuid. ['eomerpuueckue XapakTepuCTUKU cedeHU npu u3rube. Hopmanbhbie u
KacaTelabHble HanpspkeHuss npu usrube. dopmyna Kypasckoro. uddepennmansHoe
ypaBHEHUE U30THYTON OCH OaKH.

CrepxaeBble cucTeMbl. (CTaTHYECKM OIpPENEIMMBIE W CTaTHUYECKH HEONPEICIINMBIE
cuctembl. MeTosbl pacueTa pepm U pam.

Kpyuenue crep>kHel ¢ 3JIIMITUYECKUM MTOIIEPEYHBIM ceueHueM. [lernananms.
VYeronunBocTh crepxkHed. [loHsATHE YCTOMYMBOCTH. DHEPreTUYECKHMH METOJ aHalu3a
ycrorunBoctu. @opmyna Dilsiepa U ee NpUMEHEHHE.

Teopernueckass npoyHOCTb. OCHOBHBIE TEOPHHM MPOYHOCTH. XPYNKOE M KBA3UXPYIKOE
paspyuieHue. OHepreTuyeckuii kputepuil I'puddurca u cunoBoit kputepuit MpBuna
pacnpocTpaHeHUs TpelmMHbl B ymnpyrom Ttene. VMHBapmaHTHbIM HMHTerpasn YepemanoBa-
Paiica.

NneanbHas miacTUYHOCTh. M30TpONMHOE W KUHEMATHYECKOE YNpOYHEHHE. TeH30p
wiactuueckux Aedopmanuit. Jepopmanmonnas Tteopus miaacTUYHOCTU. IloHsiTHE O
MPOCTOM U CJIOHOM HarpykeHuw (nedopmaruu). [locTaHOBKH 3a1ad B paMKax MajbIxX



ynpyromiactuueckux aedopmaruii. Teopema o mpocToM HarpykeHuw. Teopema
€IUHCTBEHHOCTU. MeTox ynpyrux pemenuil. MeTo nepeMeHHbIX 1apaMeTPOB YIIPYTOCTH.
Teopema o pasrpyske. Ilosnas cdepa U3 uAeanbHO-IIIACTUYECKOIO MaTepHaia IOA
BHYTPEHHUM JIaBJICHUEM.

16. Teopus MIACTUYECKOTO TEYEHHUSA. ACCOLMHUPOBAHHBIA 3aKOH IUIACTUYECKOTO TEYCHHS.
Kpurepuu texyuectu Tpecka-Cen-Benana, Muzeca. Kynona-Mopa, pykkepa-IIparepa.

17. TIlnockas 3amada teopun TeueHHs. [loHATHE O JMHUSAX CKOJBXKEHHS M MX CBOHCTBax.
WuTerpains! ['enku. CxxaTue M0I0CH MEX/Y LIEPOXOBATHIMU TUIUTAMHU.

18. Jluneiinas Tteopusi Bsi3ko-ympyroctu. [IpuHmun cynepno3unuu bonbnmana. Mogens
Makcgemma u @oiixta. Sapa penakcauud W TON3y4eCcTH, (DYHKIUHM peJaKcaluud |
nossydectu. TemmeparypHo-BpeMeHHasi aHaloOrus. MeTonpl pemeHus 3anad JIMHEMHOU
TEOpUU  TEPMOBSI3KO-YIIPYIOCTU:  UHWCJIEHHBIE METOJbl, METOAbI, HCIOJIb3YIOLIUE
npeoOpaszoBanus Jlarmiaca-Kapcona; MeToqpl, OCHOBaHHbIE HA CJIEACTBUSX U3 TEOPEM O
IPOCTOM Harpy>K€HHH U MPOCTOH AeopmMarium.

19. [Ia tuma BomH B ymnpyroi cpeme. CTepkHEBas CKOpPOCTh 3Byka. KumHemaTudeckue u
JMHAMHUYECKHE YCIOBUS Ha IOBEPXHOCTH Pa3phiBa.
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Pa3nea «CucremMHblil aHAINM3, yIPaBJIeHHe H 00padoTka nHGoOpManum»

YACTD ||

1.  OcHoOBHbIE NOHATUS CUCTEMHOI'O aHaIM3a. XapaKTepHble OCOOEHHOCTH CIOXHBIX CHCTEM.
[Tporno3upoBaHre BpEMEHU CMEHBI COCTOSIHUN y CIIOXKHBIX CHUCTEM KaK MOMEHT BPEMEHHU
MU3MEHEHHUS UHTETPAJIBHBIX XapaKTePUCTHUK. [ paHUIbl IPUHIMIIA PEAYKLIIMOHU3MA.

2. OcHOBHBIE 3aJayl, METOJAbl CHCTEMHOI'0 MOJEIHpOBaHUsA. KOMIOHEHTHI CHCTEMHOTO
MOJEJIUPOBaHMs. JTanbl MoJenupoBaHus. DOpPMBI MOJEIHUPOBAHUS: CUHTE3, COOpKa,
HACTPOWKa MOJIENU, UACHTU(UKALIUS TapaMETPOB.

3. Bxopsmue, BBIXOJAIIME U YIPABJIAIOIINME NEPEMEHHBIE B CUCTEMHOM MOJEIMPOBAHUM,
3a7a4d M METOJbl arperupoBaHusi M Je3arperupoBaHus. UYyBCTBUTENBHOCTh K
YIPABISAIOIUM IEPEMEHHBIM.

4.  BpIOOp mapamMeTpoB MPH MOAEIHPOBAHWU JMHAMHUKHU CIOXKHBIX cHcTeM. MneHtudukanms
apaMeTpoB B MOJIEISIX. 3aBUCUMOCTh pe3yJIbTaTa MOJIEIMPOBAHNUS OT BbIOOpa apaMeTpoB.
YyBCTBUTENBHOCTD K ITApaMETPaM.

5. Tpybku tpaekrtopuil. CueHapHble ucciefoBanus. OnNTuUMu3anus, yMEHbIICHUE
pa3MmepHocTu. MIHTepnperalus U NpecTaBlieHue pe3yIbTaToB.

6. TpamunuoHHBIE METOABI CHCTEMHOIO aHAJIN3a CIOXHBIX CHCTEeM. MaTpU4HbIE, CHCTEMHO
JUHaMu4eckue, 1updys3Hble, CTOXaCTUYECKUE MOJIEIH.

7. JIuHelHOE MporpaMMHpPOBAaHUE - TOCTAHOBKA 3aJ1a4l. AJITOPUTM CUMIUIEKC-METO/1a.

8.  bailecoBckuil Merox. ANpUOpHBIE U AalOCTEPHOPHBIE paCIpEAEICHUs IapaMeTpoB:
HEIPEPBIBHBIN U JUCKPETHBIN CIIydau.

9.  Meroq MakCUMaJbHOIO MPaBJOINONO00US M €ro CBs3b C MAKCUMYyMOM aroCTEpUOPHOM
BEPOATHOCTH B 0ali€COBCKOM OIICHUBAaHUM B aCUMIITOTUYECKOM CIIydae.

10. Wnentudukanus napaMeTpoB MoIeel Ha IpUMepe UACHTU(DUKALMY TapaMETPOB B MOJIEIIH
NapHOW JIMHEHHOW perpeccuu ¥ OJHOPOIHOW NpoM3BOJACTBeHHOH ¢(yHkimu KoboOa-
Hyrnaca. Wpentuduxanuss mnapamMeTpoB B MOJENIM  JIMHEHHOHW  perpeccuud c
ABTOKOPPEIMPOBAHHBIMH OIMIMOKAMHU [IEPBOTO U BTOPOTO MOPSAKOB.

Jluteparypa:
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8.  Murpumuratop M. MaTemaruueckrue METO/Ibl ONTUMHU3ALUU U SKOHOMHYECKas Teopusi. M.
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14.
15.

Maiiep-1llen6eprep B. Bonbmme nannbie. PeBomronusi, KOTOpas M3MEHUT TO, KaK MBI
XKHUBeM, padotaeM u mpiciuM / Buktop Maiiep-lllenOeprep, Kenner Kykbep; mep. ¢ anri.
Wunel [Naiiatok. — M.: Mann, UBanos u ®epbep, 2014. — 240 c.
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[lIupses B.U., baes U.A., llupsies E.B. DkOHOMHKO-MaTeMaTHYE€CKOE MOJEIUPOBAHUE
ynpasienue pupmoit. M.: KomKnura, 2007. — 224 c.

YACTD I

BapuatuBHas 9acth mporpamMmbl BCTYHMHUTEILHOTO HUCHBITAaHUS MO Kadeape JOrmcTHYeCKHX
CHCTEM U TeXHOJOIruil

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

2.2.

2.3.

2.4.

2.5.

2.6.

O01mme moJIoKeHus

UncneHHbIE METOABl JJIi COMIUIMPOBAHHUS ANOCTEPUOPHBIX (PYHKIMI IJIOTHOCTEH
BEPOATHOCTEM; anroputMbl Metpomonuca — Xacrtunra (The Metropolis-Hastings (M-H)
algorithms) na ocnoBe metomoB Monte-Kapno mo cxeme Mapkosckoit nienu (MCMC,
Markov Chain Monte Carlo methods); BbIOOp COMIIJIOB ¢ MUHUMAJIbHOW KOppETSIUeH;
3aBHCUMOCTH (PPEKTUBHOCTH COMIUTMPOBAHUS OT Pa3MEPHOCTH 3aJIauu.
Henapamerpuueckue MeETOAbl CTATUCTHKU; ONTHUMANbHBIA pa3Mep OKHA; sIEpHOE
CIJIa)KMBaHKE; CKOPOCTh CXOJUMOCTH.

[TonsTre 3amaun MHOTOKpHUTEpUANbHON ontumu3anuu. [Jomunupoanue mno I[lapero,
pelieHre  3ajad  MHOTOKPUTEPHAIbHOM  onTuMu3auuu.  JlocTaTOuHblE — YCIIOBUS
CYIIECTBOBAHUS PEIICHHUS.

Ceéptku kputepueB. JluHeiiHas cBEpTka, cBEépTka ['epmeiiepa. CBEPTKM Ha OCHOBE
HIIeaIbHOU TOYKHU.

VYCIIoBUSL ONTHUMATBHOCTH B 33/1a4aX MHOTOKPHUTEPUANBHON omTuMu3anuu. J((HEeKTUBHO
BBIMYKJIbIE U HEBBIMYKJIbIC 33/Ia4H.

Y CTONYMBOCTH B 33Jja4aX MHOTOKPUTEPUAIBHONW ONTHUMM3ALUU. Y CTONYMBOCTh ITAPETOBOU
U CIIEUTEPOBOM I'PAHHII.

MeTo/1bl MHOTOKPUTEPUAILHON ONTUMU3AIMY B CUCTEMaX MOJIEPKKH MPUHATHUS PEIICHUH.
Knaccudukaius MeTo10B MHOTOKPUTEPUATEHOW ONITUMU3AIIHH.

Metoabl Data Mining

['ayccoBa Mopenb cioy4yalHBIX JaHHBIX, pasfenuMble [ayccoBbl pacnpefeneHus Hu
JUCKPUMHUHAHTHBIN aHanu3. OueHku napaMmerpoB ['ayccoBBIX pacnpeneneHuil 1o MeTony
HauOOJIBIIETO MPABAONOI00US.

Mopnenb JUCKPETHBIX JAHHBIX — JIepeBO KIacCHU(PUKalUU. ODHTPONMs, Kak Mepa
UHPOPMATUBHOCTU JUCKpeTHBIX aTpuOyToB (Information Gain). Brsibop arpubyra
paclieruieHus [epeBa Kilaccu(uKaluy Ha OCHOBE €ro HH(POPMATUBHOCTH.

JlepeBbs kinaccupuKaum a7 aTpuOyTOB ¢ HENPEephIBHBIMU 3HaUeHUsIMU. Paciieruistonye
3HaYeHUs U AMCKpeTusauus aTpuOyroB. Gini-WHIAEKC HHPOPMATHUBHOCTH JAUCKPETHBIX
aTpuOyTOB M €ro MOJU(HUKAIMS HA CITy4yail KaTeropuaibHbIX aTpHOYTOB.

O6yuenne B w™onenu baiteca. Hausnbiii baiiecoBckuii BbiBom u  baifecoBckas
KJaccupuKarus.

Meps! paccrosiHus. Mepapxuueckas kinacrepusanus. Knactepusauus Ha 3aaHHOE YHCIIO
kiactepoB. Heuetkas knacrepusanus. CrieKTpaibHas KilacTepu3anus

@DakTOpHBIN aHaU3 (CHUKEHHE pa3MEPHOCTH). AHAJIN3 TJIABHBIX KOMIIOHEHTOB Ha OCHOBE
KOBapuaoHHON MaTpuibl. OO0OIIEHHBIN aHAIN3 ITIABHBIX KOMIIOHEHT.



2.7.

2.8.

2.9.

2.10.
2.11.
2.12.
2.13.
2.14.
2.15.

2.16.

2.17.

2.18.

2.19.

2.20.

2.21.

3.2.

3.3.

3.4.

3.5.

CUHTYISIpHBIA CHEKTPaJbHBIN aHAU3 MPSIMOYTOJbHBIX Marpull (SVD-pasznoxenue) u
duKcanus panra MaTpuil. IMIUPHUECKUE OPTOTOHANbHBIE QYHKIIMU. Peanu3anus aHanmsa
[JIABHBIX KOMIIOHEHTOB Ha OCHOBE SV D-pa3noxeHus MaTpulbl JaHHbIX. OLieHKa BapHauil
IJIaBHBIX KOMITIOHEHT.

CKpbITBIE TIEPEMEHHBIE W JBAXIbl CIy4YalHbIE IPOLECCHI, ONUCHIBAEMBIE CMECSIMU
lNayccoBbix pacnpenenenuit (GMM-monens). AJATOpUTM OXHIAHUS M MaKCUMHU3ALUU
npaBaonogoduss (EM-anroputm). Onenka mapamerpoB GMM-Mozaenn 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 IpaBAoIoa06uto. Jloructuueckas perpeccus.
Marusbl ONOpHBIX BEKTOPOB (SVM—MaluHsl).

Anroputm RANSAC.

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

CHUHTYJISIpHBIN CIIEKTPAJIbHBIN aHAJIN3 MATPULl JAaHHBIX U YAAJIEHUE 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.

Ynpasienue u 06padoTka nHGopMauuu B cucTeMax ypaBJieHUs

[TIpenmer Teopun ympasneHus. OOvekT ynpasnenus. lLlens ympasnenus. Cucrtema
ynpasieHus. Buemnsas cpena. Ctpykrypa cucreMsl ynpasieHus. Iponeccsl u gyHKIuu
ynpasneHus. [[oHATHs perylInpoBanus U agjanTUBHOTO ynpasieHus. [lokasaTenn kauecTsa
ynpasnenus. Kpurepuu 3 pexTHBHOCTH U ONTUMAIBHOCTH.

Mertonbl 00paboTKM U3MEpeHHUil B cucTeMax ympasieHus. Poib m3aMepeHuil B cucremax
aBTOMATHUYECKOT0 ynpanieHus. [loHATHs curHanos u npoueccos. CrnekTpalibHast INIOTHOCTh
U KoppessiiioHHas GyHKuMs curHaioB. [lonsTue Oenoro myma.

3a/1auM OLIEHUBAHUS COCTOSIHUS 00BEKTa yIpaBlieHUs. 3a1a4i HHTEPIIOJSILUY, PHIIbTPALH
U DKCTpanossiuuu. Marematudeckas 1MocTaHoBka 3agauu guiusTpanuu. Ounstp Kanmana
JUISL TUCKPETHOTO CITydas.

3a1auu OIICHUBAHUS COCTOSIHUS 0OBEKTA yIpaBieHus. 3aaui HHTEPIOJALMHY, GUIbTpauu
U SKcTpanossiiuu. Marematuueckas 1moctaHoBka 3agaud guiusTpauuu. Owistp Kanmana
JUISL HEIIPEPBIBHOT'O CIIyYasl.

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



3.6.

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

3.7. Urpossle 3amaun ynpasieHusi. bumatpuynsie urpsl. OnTuManbHble cTpaterud. Yucreie u
cMemanHele crpareruu. Teopema Hama. PaBHoBecHas Touka.

3.8. Buibop (mpunsatue pemenuii). Knaccubukamus 3agad BeiOopa. KpurepuaabHbIN S3BbIK
onrcaHus BeIOOpa. MHOrOoKpuTepHalbHble 3a1a4n. [ pymnmoBoit BeiOop. [Tapamokc Dppoy.

3.9. JKu3HeHHBI MK NPONYKUUHU; CTAAUM U STalbl KU3HEHHOrO MMKIA; LEIH U 33Ja4u
yOpaBiICHUS JKU3HEHHBIM LMKIOM; IIOKa3aTeld KauyecTBa M3JENINS; HAJEKHOCTD,
TOTOBHOCTb, PEMOHTOIPUTOJAHOCTh, TEXHOJOTUYHOCTb, CTOMMOCTbh W3JAETHS; YYACTHUKHU
YKU3HEHHOTO LIMKJIA.

3.10. Cramus pa3paboTKu; KOHUENTyalbHOE MPOEKTHUPOBAHHE, 3CKU3HOE MPOCKTUPOBAHUE;
pa3pa0oTKa U UCIBITAHUS IPOTOTHUIIA; TEXHUYECKOE MPOEKTUPOBAHUE; KOMIUIEKCUPOBAHUE
KOMIIOHEHT U HCIBITAHHs OIMBITHOIO 00paslia; yrpaBieHHe KoH(urypamueil Ha CTajauu
pa3paboTKHu.

3.11. UudopmarnmonHas mojAepKKa H3AeNus; TpeOoBaHHS K WHOOPMAIMOHHOM IOIIEPIKKE
U3JIeNHUsl B paMKaxX CHCTEMbl YIPABICHUS YXU3HEHHBIM LUKIOM; COCTaB U CTPYKTypa
JMaHHBIX; POJb OJEKTPOHHBIX MOJENEH; JKU3HEHHBIM LWKI MOJeNel; co3laHue
MHTETPUPOBAHHON MH()OPMALIMOHHON CPEJIBI.

4. DjaeMeHTbl IKOHOMHYECKOI0 MO/IeJINPOBAHUS U TEOPUH NPUHATHS pPelIeHui

4.1. MynerunukatuBHas ¢ynkius Ko66a-/lyrnaca.

4.2. Mopenn Mapkosuna u [laprma.

4.3. Maremaruueckas mojaens Counoy.

4.4. VYpasaenue CiyLxoro.

45. Moguens Kelinca.

4.6. PaBnoBecue KypHo.

4.7. PapnoBecue Crakenbbepra.

4.8. Monens Xappona—/lomapa.

4.9. Mopgens ien CamyanbcoHa.

4.10. 3amaum wccIeI0BaHUS OTICPAIUH.

4.11. Knaccudukanus 3aa4 OpUHATHS peleHui, npeanoxentas I'. CaitMmoHOM.

4.12. Knaccudukamus MHOTOKPHTEpPHAIbHBIX METO/I0B HNPUHATHUSA peuieHui.
MHorokpurepHaabHas TeOpHs MOJE3HOCTH (OCHOBHBIE JTAIlbl).
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YACTHD Il

BapuaruBHas 4yacTe nporpamMmel BCTYIIMTEIBHOTO MCIBITAHUS 110 Kadeape CHCTEeM, YCTPOHCTB
H METOJ0B re0KOCMHYeCKOi pu3nkn

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

[puHOunbl NOCTPOEHUS] HW (PYHKIUOHMPOBAHHUSA COBPEMEHHBIX KOCMHYECKHX
HH(OPMANMOHHBIX CHCTEM

[TorsiTrst 0 KpunrorpadpuvIecKuX MeTojax 3amuThl uHpopMaruu. Kpunrorpadudeckue
MpPOTOKOJABl W anropuT™bl. OCHOBBI  KpUIITOaHaNIM3a. AmnmnapaTHble  CpelCTBa
KPHUIITO3AIIUTHI.

OcHoBHble 3a1aun coBpeMeHHbIX KHMC (criyTHMKOBBIE CHUCTEMBI CBSI3M, HAaBUTAI[MOHHBIE
cUCTEeMbI 1 HTH(GOPMAIIMOHHBIE CUCTEMBI IUCTAHIIMOHHOTO 30HIUPOBAHUS 3€MJIN ).
CHyTHUKOBBIE CUCTEMBI CBSI3U.

®dusnueckue MTPUHIUIB O00ECTIEYeHUs] KOCMUYECKOW CBsi3u. (OCHOBHBIC 3JIEMEHTHI
OOpTOBOTO M HA3eMHOTO CErMEHTOB. Buabl OpOUT KOCMHUYECKHX amlmnapaTos,
o0ecreunBaroMX CIIyTHUKOBYIO CBSI3b.

CnyTHHKOBBIE HAaBUTAIMOHHBIE cUCTeMbl. OOIIas CTPYKTypa M MPHHIMIIBI MOCTPOCHHUS
CHC. Kocmuueckuit ¥ Ha3eMHBIM CErMEHTHl. MeToAbl W3MEPEHHUS HaBHTAllMOHHBIX
napameTpoB. OCHOBHBIE HaBUTALIMOHHBbIE aNrOopuTMbL. [loHATHe 0 muddepeHnnaTbHOM
pexume ¢pynakuuonnpoBanus CHC. CHC I'N'TOHACC, GPS u GALILEO.

ChyTHHKOBBIE CHUCTEMBI TUCTAHIMOHHOTO 3o0HaupoBaHusa (/13). OOmias xapakTepucTUKa
MetonoB J[3. duszmyeckue MNPUHIUINBI (PYHKIIMOHUPOBAHUS U (U3UKO-TEXHHUUECKHE
BO3MOKHOCTH TMAaCCHUBHBIX U akTUBHbIX cucteM [[3. IloHsATHS O NpOCTpaHCTBEHHOM,
CIIEKTPATLHOM, PATHOMETPHUECKOM U BPEMEHHOM Pa3pEIICHHsIX CITyTHUKOBBIX cucTteM [[3.
CoBpeMeHHbIE CHOYTHUKOBbIE cucTembl I3  HHU3KOro, CpEeIHEr0 U  BBICOKOTO
MIPOCTPAHCTBEHHOTO pa3pelieHus. MyJlIbTHCTIEKTPAIbHBIC W THIIEPCIIEKTPATIbHBIE CHCTEMBI
3. IlpuMepsl mpuMeHEHHs CIIyTHUKOBBIX cucTeM /I3 B 3a7jauax MOHUTOPUHTA aTMOC(EPHI,
ITOBEPXHOCTU 3EMIIM, MOPEN U OKEAHOB.



2.2.

2.3.
2.4.
2.5.

3.2.

3.3.

3.4.

4.1.

4.2.

4.3.

4.4,

4.5.

CucreMHOe NPOeKTHPOBaHUE KOcMUYecKkuX HHGpopmauuoHubix cucrem (KHUC).

Apxurekrypa u uepapxus nocrpoenus KMC. Cxema nenenust. @yHKIMOHAIbHBINA aHAJIN3 U
cunre3 KHC.

MonaynpHoe — mpoektupoBanue.  I[lonarme 00  yCTOHYMBOM  NPOEKTHPOBAHUHU.
TexHonOrnueckas roTOBHOCTb.

[TonsTus 0 cucTeMHbIX puckax. [IpuHIMTBL 1 MeTO B! 0Oectieuenus HaaexHocTr KMC.
Banupanus n Bepugukanus pe3yapTaToB cucteMHoro npoekruposanust KUC.
TexHOIOrHYECKHUEe 3TAIbl YIPABICHHUS ITPOLIECCOM BBIIOJIHEHHS IPOCKTHBIX paboT: ceTeBbIe
rpaduKu, KOHTPOJIb UCTIOJIHEHUS, (POPMBI OTUETHOCTH.

Hpe}lMeT H OCHOBHBIC IIOHATHUHA KOCMHUYCCKHX I/IH(])OpMaIII/IOHHLIX CHUCTEM I[3

[TpuHIMOBI AUCTAHUMOHHBIX HccaenoBaHui. CBsA3b JUCTAHIMOHHOM HH(OpManuu c
XapaKTEepUCTUKAMU HU3y4aeMbIX SIBJIEHUN M IpoueccoB. Kocmuueckne M aBUALMOHHbBIE
CHCTEMBI AUCTAaHIIMOHHOTO 30HAupoBanus (/13). JloctonHcTBa KOCMUYECKON MH(OPMAIIH.
BeenoctynHocts. OnepatuBHOCTE. [1100a1bHOCTS.

3anauun I3 aTMocdepsbl, MOBEPXHOCTH 3eMid. 3eMJIsl KaK €JMHAasl SKOJIOTHYecKas CUCTEMA.
Ponbp nucTaHUMOHHBIX MCCIEAOBaHUM B U3YUYEHUU MPUPOJHONW Cpelbl B INIOOAIbHOM
MaciTade ¥ BO3JeHCTBUS Ha HEe aHTPOIOI€HHBIX (PAKTOPOB.

3a1aul IUCTAaHIMOHHOIO KOHTPOJISI M pa3BeAKHM OOBEKTOB HA MOBEPXHOCTU 3€MJIM U B
atMocdepe.

CoBpemennble cuctembl /(3. CucteMHBI NOAXOJ K JUCTAHLIMOHHBIM HCCIIEOBaHUIM.
[IpocTpaHCcTBEHHOE, CHEKTpajbHOE, pPAJUOMETPUUYECKOE U BPEMEHHOE pa3pelleHHe.
[TepcrieKTUBBI Pa3BUTUS KOCMUUYECKUX CUCTEM JUCTAHIIMOHHOTO 30HIUPOBAHUS.

Hpnpoua JICKTPOMArHUTHOTO H3JTy4YCHUsI. B3aumopeiicTtBue HU3JTYyYCHUSA C
BeIIECTBOM.

Teopus a1eKTpOMarHuTHOrO M3iydeHus. Y paBHeHue Makcsemia. BonHoBoe ypaBHeHHE U
ero pewenus. [lomspuszauus. [loTok sHepruu. DHepreTuueckue U (poToMeTpuuecKue
BenMUMHbL. OTpakeHHMe M IpelloMiIeHHe cBeTa. Kiaccuueckass Teopus U3Iy4YeHMS,
norjouieHus u aucnepcun. Temnosoe usnydenne. AocomotHo uepHoe Teno (AYT). 3akoHbl
Credana-bonbiimana, [1nanka, popmynsl Buna u Penes-Jxunca. 3akonsl nznydenus AT
JUIsL  Cpenbl, OTIMYHOM OT BakyyMma. 3akoHbl AYT 1 KOHEYHBIX CHEKTPaTbHBIX
UHTEepBaJIOB. M3myyarenbHas ciocOOHOCTh M paliOsIpKOCTHAs TEMIIEpaTypa.
B3aumoseiicTBue n3mydeHus ¢ BEIECTBOM B ONTHYECKOM JUarna3zoHe. Y paBHEHUE [epeHoca
W3ITy4eHUs Ul TIOTJIOLIAIOLIEH, W3Iy4darolmlell M pacCeuBaroled cpeabl. YpaBHEHHE
nepeHoca MNpu Haduuuu nossgpusauuu. Bekrop-mapamerp Crokca. IlpuGmmkenue
JIOKQJIBHOTO TEPMOJMHAMUYECKOro paBHOBecHs. CBS3b pPE3yNbTaTOB JUCTAHIIMOHHBIX
Ha0JII0/IeHUI CO CBOMCTBAMHU HAOJI0/1a€MBIX SIBJICHHM.

JlazepHOe qUCTaHIIMOHHOE 30HAUpPOBaHue. JIngapHoe ypaBHeHue 11 paccesiHus. JlunapHoe
ypaBHeHue nis  auddepeHmanpsHoro  noriomeHus. JlugapHoe ypaBHEHUE IS
Gbroopecupyronero 00beKTa.

W3nmyyaTenbHble, MOIIIOMATENbHbIE U OTpaXKaTeIbHble CBOMCTBA HEUEPHBIX TOBEPXHOCTEH.
OCOOEHHOCTH CIIEKTPAbHBIX XaPaKTEPUCTUK OTPAXKEHHS MPUPOIHBIX M aHTPOIOTEHHBIX
o0pa3oBaHMil B ONTHYECKOM Juamna3oHe crekTpa. ChekTpaibHble U pPacCeuBaIOLINe
CBOICTBAa MMHEPAJIOB, TOPHBIX MOPOJ M MOYB. CHEKTpaIbHbIE CBOMCTBA PACTUTEIBHOCTH.
XapaKkTepuUCTHUKH, CBA3aHHBIE C cOAepKaHWeM Biard. CHekTpalabHble CBOWCTBA KPUO- U
BOJIHBIX CpEl.

B3aumopeiicteue wumsnydenuss ¢ BemiectBoM B CBU-mmamazone.  OcoGeHHOCTH
JUCTAaHIIMOHHBIX METON0B 30HAMpoBaHMs B CBY-mmanasone. YyBCTBUTENBHOCTH K
FEOMETPUHM TOBEPXHOCTH. UyBCTBUTEIBHOCTh K COACPKAHMIO BOJBI. Y paBHEHHE
panuosnokanuu. OCHOBHBIE XapaKTEPUCTUKHM CHUTHaja OOpaTHOro paccesiHus. Paccesnue



4.6.

5.2.

5.3.

5.4.

6.2.

6.3.

6.4.

6.5.

W3JIY9CHUS TPUPOJHBIMH OOBEKTaMH (YIJIOBBIE U CHEKTpajbHBIE 3aBHCHMOCTH,
MOJISIPU3AIMOHHBIE XapPaKTEPUCTUKH).

[TaccuBHOE IUCTAHIIMOHHOE 30HIMPOBAHUE B CBUY-nuamazoHe. Monpenu
paaoOMEeTpUUYECKON TeMIiepaTyphl (IJ1ajkasi M IIepoXxoBaTas MOBEPXHOCTH). SIpKocTHas
TeMIIepaTypa MPUPOIHBIX 00Pa30BaHUM.

Poan aTMOC(])epLI B JUCTAHIHOHHBIX UCCJICA0OBAHUAX 3emuin

Xapakrepucrtuka armochepnl. Cocrtas. ['a3bl. Aspo3omm. O6maka. Tyman. Jlpivka. [Teperoc
M3JIyYEHHs] B PacCeMBalrolle W morjouaromeid cpene. Ilornomenne u3nydeHus razamu.
PaccessHue Ha Mosekynax rasa M yacTuiax asposois. PeneeBckoe paccesnue. Paccesnue
Mu. 3akon JlambGepra-byrepa. OnTuueckas Tomma. Mojenu a’po30JbHON aTMOC(EpHI.
Meteoposnoruueckas 1ai1bHOCTh BUTUMOCTH.

Metoapl  pacuera npo3pauHocTH arMmochepsl. Meron  "line-by-line". Meroub
MOJICJIMPOBAHUS TMOJIOC (MOAENb Dib3accepa, CTaTUCTUYECKass MOJENb WU MOJENb
Meiiepa-I'yau). OMIupudecKkue METObI C UCIOJIb30BaHUEM MoJieu noiioc ("'arperatHbiid”
Metoa, Mmozenb "Lowtran"). [IByxmapamerpuueckuii meton Kyptucca-I'oacona.
AtmocdepHas TypOyneHTHOCTh. [ludpakuuss Ha OZHOPOAHBIX 30HaX. CTPyKTypHAas
¢byuknusa. CTpykTypHas noctosHHas. Ontudeckas nepenatoyHas GyHKUUsS TypOyIeHTHON
atMocdeprl. CyuaitHast COCTABIISIONIAS JJIUTEIIBHON M KOPOTKOM dKCTIO3UIHH. 3MepeHus
TypOyJIEHTHOCTH.

SpxocTHble (paguallMOHHBIE) XapaKTEPUCTUKU 3eMid U3 Kocmoca. OTpaxkeHHOoe U
TerioBoe u3nydeHue. OONydeHHOCTh 3eMHON MoBepxHOCTU. [IpsiMoe comHeuHoe
uznydyenue. M3nydyenne HeO0CBOAa. 3aBUCUMOCTh OT BbICOTHI CoOJHIIA HAJl TOPU30HTOM U
reoMerpun HaOmroAeHus. Spkocte 3emin U3 KocMmoca. M3mydeHue OT ydacTka
noBepxHocTH. Bkiag atmocdepsl. Yuer paccessHHOTro nznydenus. OcCOOEHHOCTH MPOLIECCOB
nepeHoca u3nydeHus B atmocdepe 3emiu B uHppakpacHom u CBYU-auamnazonax.

PeFI/ICTpaHI/Iﬂ JICKTPOMATrHUTHOTO U3JTYYCHUS.

Knaccugukanus MexaHu3MoB celeKTHUBHOTO (otonpuema. @DoToHHBIE 3(PQEKTHI.
TeruoBeie  3ddexTel. DPdexTs  BOTHOBOTO B3amMOACHCTBUSA. (OCHOBHBIC  THITBI
TBEpJOTENbHbIX (oTonpueMHUKOB. Dotoamnoasl. bapbepsr [loTku. DoTope3ucTopsl
coOcTBeHHBIE U IpuMecHbIe. [IprOophI ¢ 3aps10BON HHKEKIUEH.

OcHoBbl ¢u3nku npubopoB ¢ 3apsoBoit ces3bio (I13C). [Ipuniun xpaHeHus U nepeHoca
3apsina. OcuoBuble Tunbl [13C-cTpykTyp. [lepenoc 3apsina u yactorHsie cBoiicTBa. [13C ¢
00BEMHBIM KaHAJIOM U BUPTyalbHbIN (a3oil. HeaddextuBHOCTL Mepenoca 3apsna B 113C.
TemHoBo#M TOK. MeTo/1bl BBOJA U IeTeKTUpOBaHus 3apsiaa. Jluneitnoie u Matpuunsie [13C.
XapakTepUCTUKH IIPUEMHHKOB OIITUYECKOTO U3ITy4EeHUS. CerocurnanpHas
xapakrepucTthka. KBanroBas xapakrepuctuka. KBantosas apdextuBHocTh. CreKkTpanbHas
XapakTepUCTHKa  YYBCTBUTEIbHOCTH. CHekTpanbHbIi  K03()PUIMEHT MOrIomeHHs
u3yyeHus. JJIMHHOBOJHOBAsI TPaHUIAa YYBCTBUTEIBHOCTH. AKTUHUYHBIE SHEPreTHUECKUE
XapaKTepUCTUKU. YacTOTHBIE CBOWMCTBA NMPUEMHMKOB M3JIy4EHUs, MOCTOSIHHAs BPEMEHU
¢doroorknuka. @Dynkuusa mnepeaun wmoxyiasuuu  (PIIM). Teomerpuueckas OIIM.
Huddyznas OIIM. OIIM HerdpdexTuBHOCTH nepenoca B [13C.

[ymbl.  OcHOBHbIE HMCTOYHMKM IIymMOB. IloporoBas oOdy4eHHOCTh. VYjenbHas
oOHapykuTenpHast crocoOHOCTh. CreKkTpaibHas IUIOTHOCTh LIyMa MOJYHNPOBOJIHUKOBBIX
¢oronpuemuukoB. [Ilymsr B MHOrO3neMenTHBIX [13C-oTonpuemnnkax. [lym nepenoca
3apsaa. Llym BbIxomHoro ycrpoucra. ['eomerpuueckui myMm. BimsHue oxiaxacHus.
JlocTonHCTBa B ciyyae npuemMa n300pakeHus MPU HU3KUX YPOBHSAX O0Jy4€HHOCTH.
Juckpetuzanys  M300paXeHUS ~ MHOTOJIEMEHTHBIM  (OTONPHEMHUKOM.  Teopema
KorenbHukoBa.  BusyanbHoe — mposBieHue  3ddextoB  BeIOOpkH.  Pemykums
npocTpaHcTBEHHBIX 4yacToT ¥ PIIM MHOT0odJeMEHTHBIX NPUEMHUKOB. Myap-3pQexT.
Onucanne s¢ddexra uckaxkeHus curHaiga c nomouipio "®IIM ¢a3el". TectupoBanue



7.1.

7.2.

8.2.

8.3.

8.4.

MHOT03JIEMEHTHBIX (POTOMPUEMHUKOB. Peakiins cuctemMbl Ha IPSIMOYToJIbHOM MUPY. CBA3b
c OIIM.

Teopusi JuHeilHoOH ¢uabTpanuu. CuUrHaJAbl M NOMEXHM B CHCTeMax I[puHeMa
3JIEKTPOMATHUTHOT0 U3JIy4YeHHU.

JleTepMuHUpOBaHHbIE  CHUTHANbBI, CIOCOOBI HMX omnucaHua. HHTerpam  CBEpPTKU.
[IpeoOpazoBanue Pypre U ero (yHKIMOHAIBHBIE CBOWCTBA. TeopemMa CBEPTKH U
ontuyeckas nepenatounas ¢pyakuus (OIID). Ananu3 TMHEHHBIX cUCTEM (OPMUPOBAHUS
M300paxeHus ¢ moMoIIso npeodpazoBanus Oypre. OIID ontuueckux snemeHToB. OI1D
TUMIUYHBIX JIEMEHTOB HH()OPMALIMOHHOTO TPAKTa CUCTEM JAUCTAHIIMOHHOTO 30HIUPOBAHUA.
IleHTpanbHas npenenpHas TeopeMa IpU aHalIM3e JIMHEHMHBIX cucTeM. Pesynbrupyromas
Olld.

Crnyyaiinple CUTHaJIBI ¥ CIIOCOOBI UX onucanus. Ciaydaiinele GyHKIMU U TOJs. YKCIOBbIE
xapaktepuctuku. DyHKuug pacnpeaeneHuss U (QyHKUMHM IUIOTHOCTH BEPOSTHOCTH.
CranoHapHOCTh, OJHOPOJIHOCTh, ASPrOJUYHOCTh. ABTOKOPpENALMOHHAS (QYHKIUS U
CIIEKTpaJibHasA IIOTHOCTh. KOppensiumoHHBIN U CIEKTpaJIbHBINA aHAIU3. BUbl 0THOMEPHBIX
criekTpoB. [IpeoOpazoBaHue  CHEKTpadbHON IUJIOTHOCTH  JIMHEWHBIMH  3BEHBSIMHU.
BeposTHOoCTHOE onrcanne HEMPEePbIBHBIX U300paXeHHIA.

MeTtoabl nepenayu u 00padoTkn uHGoOpMaumnu, moayqaemoii cpeaxcreamum /3.

Mertonpl nepenaun u300pakeHUil. XapaKTEpPUCTUKU CUCTEMbI Iepefaud H300pakeHuil.
Hcnonp3oBaHue Mozenel 3peHus pu KoAUpoBaHUM n300paxenuii. KogupoBanue MeTo1oM
UMITYJIbCHOW KoJ0BOM Moaynsauuu. Craructuueckoe koauposanue. KoaupoBanue c
npenckasanveMm. KonupoBanue ¢ mnpeoOpasoBaHueM. [uOpujgHOEe KOIUPOBAHUE.
MesxkaqpoBoe KOIMPOBAaHHE C YCIOBHBIM 3amerneHueM. CokxpaiieHue H30bITOYHOCTH
OMHApPHBIX N300paKEHUH.

Metoapl 00paboTku m3o0pakeHuil. Ilpencrabienne n3o0pakeHuii B 1UppoBoit dopme.
Juckperusanysi U BOCCTAaHOBJIEHHE HENPEPBIBHBIX H300pakeHUi. MartemaTnueckoe
ONKCaHHe TUCKPETHBIX M300paxxeHui. JIuneiHble onepaTopsl. Oneparop Cyneprno3uium.
JIBymepHble yHUTapHble IpeoOpa3oBanus. IIpeoOpazoBanne @ypre. Kocunycnoe
npeoOpazoBanne. CuHycHoe mpeoOpazoBanue. IIpeoOpasoBanme Apgamapa, Xaapa.
CunrynspHoe npeoOpa3oBaHue. JBymepHble MeTO1bl JUHEHHON 00padoTku. OOpaboTKa ¢
UCMOJIb30BaHUuEM TpeoOpazoBanust. Cymneprosunus ¢ npeoOpa3oBaHueM. CBepTka ¢
HCIIOJIb30BaHuEM ObIcTporo npeodpazoBanus @ypre. @PUIbTPhI HA OCHOBE PEOOPA3OBAHUS
Dypse.

OcHoBHble MOHATUS TeonHpopMmaTHKU. OOmas XapakTepUCTHKa TeOMH(POPMAIMOHHBIX
cucreM (I'MC) xak kiacca asromaruzupoBaHHblx MC. Cdepsr npumenenuss I'MC.
Knaccugukanus I'NMC no @pyHKIIMOHANBHBIM BO3MOXHOCTSAM U TEPPUTOPUATLHOMY OXBary.
Kaprorpadguueckass ocHOBa Kak CpEACTBO MHTErpallud M OTOOpaKEHUS JIaHHBIX.
Texnomorun CAIIP kak meTononorudeckas ocHoBa npoektupoBanusi I UC. Ponb u mecto
skcnepTHbIX cucteM B ' MC-texHonmorusx. MHCTpyMEeHTaIbHO-IIPOrpaMMHOE 0OecrieueHue
I'NC. TUC u web- texnonoruu. [lpumenenune nanueix [I3 B I'MC-TexHonorusx.
TexHonornueckas nemnouyka TeMatudeckoil oopadorku (TO) maHHBIX KocMuueckoro /I3.
MeTob! 1 cpeacTBa MpPeCTaBIEHUS PACTPOBBIX U300paKeHUI

MeTtoel KJaccuuKanuu JUCTAaHIIMOHHOU uH(pOpMAIIH. I'eomeTpuyeckas,
panuomeTpuyeckas 1 arMochepHast KOppeKIus. AJTOPUTMBI paCIIMPEHUS JUHAMUYECKOTO
JManasoHa — JUCTAaHIMOHHOTO  u300paxkeHusa.  IIpuMeHeHue  yCIIOBHO-I[BETOBOTO
KOJMPOBaHUS N300pakeHHUs 0 JaHHBIM CIIEKTPAJIbHBIX KaHaJIoB. MeTo 1 aHall3a IIIaBHbBIX
KOMIIOHEHTOB WM npeoOpa3zoBanue Kapynena-JIossa. IlpeoOpasoBanue Kayra-Tomaca.
[Tpu3Haky MHOTO30HANBHOM WH(pOPMaUUK (MHIEKC IOYBbI, BETETAIIMOHHBIN HHIEKC,
MHJIEKC BJIAXXHOCTU M JIp.). YUeT BPEMEHHBIX XapaKTEePUCTHK, KacKaHas KIacCUPUKALIHSL.
Mopdomerpudeckuii aHanu3 B reorpaduyeckux ucciaenaoBanusax. OOHapyxeHne 00beKTOB



omnpezeneHHol GopMmbl. HekoHTpomupyemas KiacCUpUKAUs. DKCIEPTHBIC CHCTEMBI IS
Ja"Hbex J13.
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Pa3nes «IIpo4HOCTE M TENI0BbIE PEKUMBI JIETATEIbHBIX allllapaToB»
YACTD 11

1. Kunemaruka nedopmupyemord cpemapl. ODisiepoBel W JlarpaHkeBbl  KOOPJMHATHI.
[lepememnienus. Mansie U KOHEYHBIC jAedopmanuu. Beipaxkenus aedopmanuii depes
nepemenienus. Hanpsokenus. uddepenunansupie ypaBHEHUS PaBHOBECHUS U JBUKECHHS.
['pannunsie ycnosus. @usnueckue 3akoHbl AedopmupoBanus. O600mEHHbIN 3akoH ['yKa st
M30TPONHBIX M AHU3O0TPOIHBIX MATEpUaJIOB C YYETOM TemIeparypbl. Monaenu U 3aKOHbI
neGopMHUpOBaHUS JJISl TUIACTHYECKOTO, YIPYTOMJIACTUYECKOTO M BS3KOYNPYIOro Tela.
DopMyTUpPOBKa KpaeBbIX 3a/1a4 CTATUKU U AUHAMUKH J1e(hOpMUPYEMOTO Tea.

2. TlorennmanpHast 3HEprus AeGOpMaluy JIMHEHHO YIIPyroro Teia. BapuayoHHbie MPUHIUIIBI
Jlarpamka, [lanmamOepa—Jlarpanxka, KactwibsiHo. CMemaHHBIH BapHAIlMOHHBIA TTPUHIIMII.
Teopembl B3aumHocTH, Kianelipona, KactwibsHo. Bapuanmonneie Meroas! Purna,
byonoBa—T"anépkuna, Tpedua, koneunbix snemeHToB (KDJ).

3. Ilnockas pedopmanus U MIOCKOE HANpsHKEHHOE COCTOsiHME. burapMoHndeckoe ypaBHEHHE
Ut QyHKIMY HAanpsbKeHu. BapualimoHHbIe ¥ YUCIIEHHBIE METO/IbI PEIICHUS 3a/1a4 TIOCKOTO
HAIPSKEHHOTO COCTOSHUS.

4. W3rub ToHKUX 1mactuH; AuddepeHnuanbHoe ypaBHeHUE 115l QYHKIMH POruda U rpaHuYHbIC
yCIIOBUS; BapuallMOHHAss (OPMYyIHMPOBKA 3a/ayd; BApUAIMOHHBIE W YUCICHHBIE METOJIBI
pemienus (Metonsl Putma, ByOHOBa— ['anépkuHa, KOHEYHBIX 3JIEMEHTOB, KOHCYHBIX
pa3zHocTel ).

5. Teopus nonorux 000104ek: GOpMyIUPOBKA 3a/1a4H B TIEPEMEIICHUIX U B CMEIIAHHOH (hopme
(s pyHkuuu nporuda U GYHKIMHM HANPSHKEHUN): BapUAllMOHHBIE W YHUCIICHHBIC METObI
pemieHus. I'eomeTpuuecku HeIMHEWHas Teopuss M3ruba IUIACTUH U IOJOTUX 000JI0YEK.
VYpaBHEHUS B IEPEMEILEHUSAX U B CMEIIaHHOHN dopMe.

6. CraTuueckuii W DHEPreTHUYECKUI KPUTEPUU YCTOMYMBOCTH. Y CTOMYMBOCTH CTEPIKHEH.
VY cTOMYMBOCTD IJIACTUH IPU CKATUU U cABUTE. JIMHEapr30BaHHbIE YpaBHEHUS YCTOMUHUBOCTH
000J1049eK. Y CTOMYNBOCTh HMIMHAPUIECKON 00O0JOUYKH IPU OCEBOM CIKAaTHH M TIPU BHEIITHEM
JIABJICHUU.

7. Konebanust ynpyroif KOHCTPYKLHUH KaK CUCTEMbl C KOHEYHBIM YHCIIOM CTEHEHEW CBOOOJIBI.
VYpaBHeHUsT MajblX KojieOaHui B 000OIMIEHHBIX KoopauHatax. CoOCTBEHHbIE KOjIeOaHMS.
VYpaBHeHUs B HOPMAJIbHBIX KOOPAMHATAX U UX PELICHHUS.

8. IlpomonbHble W TmONEpeyHble KojieOaHWs pPAaKeThl € OTCeKaMW M 0OakaMu, YacTUYHO
3ar0JIHEHHBIMH KUAKOCTBIO; (POPMYJIMPOBKA 3a/1a4 THAPOYIPYTOCTH U METO/IbI €€ PEIICHHUS.

9. IIpumenenne MKD k pacuéry HanpskeHHO—1e()OpPMUPOBAHHOTO COCTOSTHUSI M YCTOMUMBOCTH
KOHCTpyKUuH JI.A. OCHOBBI MEXaHUKU PAa3pyECHUsI U HAKOIJICHUS MTOBPEXKICHUN. Y CTaI0CTh
U pecypc KOHCTPYKLHUH.

10. OcuoBHOe U depeHraIbHOe ypaBHEHNE TETUIONPOBOAHOCTU. Y CIIOBHS OJIHO3HAYHOCTH.
[Tpocreiimne 3amadv CTAaMOHAPHOM TEIUIOMPOBOJHOCTH B TBEPABIX TEJIAX—IUIOCKOM,
LWIMHJPUYECKOHN U IapOBOM CTEHKaX. TermIonpoBOAHOCTb PU 0O0BEMHOM TETIOBBIICIICHUN
B OECKOHEYHOH TIOCKOH MJIaCTHUHE.

11. Metonpl pelieHUs] KpaeBbIX 3ajjad HECTAMOHAPHOM TEIIONPOBOJHOCTH. AHATUTHYECKHE
METO/BI: METOJl pa3/ielieHus] MEepeMEeHHBIX, MeTol (GyHKuuu ['puna, mpuHuun [lroamens,
TEIUIOBbIE MOTEHIMAIIBI. YHCIEeHHBIE METOBI.
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YACTD ||

1. OcHoOBBI TeOpPeTHYECKOI A3POIMHAMUKHI

1.1.

1.2.

1.3.

1.4.

1.5.

CunoBoe Bo3zelcTBHE cpeabl Ha JIBWXKYylIUecs Tena. OCHOBHbBIE MOHATHS, ONpEACIeHUS,
runoTessl. JIBumkeHue nerarenbHbIX anmapatoB (JIA) B cruomHON cpene, CUIOBOE
Bo3JeiicTBue cpenbl. OCHOBHBIE MapaMETpPbl rasza, XapakTEpU3YIOLIUE €ro COCTOSHUE.
Cxumaemoctp  rasza. Bsaskocte. I'mnmore3a  cruiomHocTH.  [71aBHBIM  BEKTOp
a>pOIMHAMUYECKHUX CHUJI, MOMEHTA, TIOHATHE O LEeHTpe AaBiieHus. O01ee BbhIpaKeHUe IS
a’pOJIMHAMHUYECKON CHJIbl (T€Opusi pa3MepHOCTE M 10A00us), a’dpOJMHAMHUYECKUX
ko3P duureHToB cuin U MoMmeHTOB. Kputepun nonobus. Yucna M u Re. Hanpspxenue
TpeHus. l'unore3sl TypOyneHTHOCTH. OOmIas XapakTepUCTUKA a’3pPOAMHAMHYECKUX
K03 PHUIIHEHTOB.

OcHOBHBIE ypaBHEHHUS COXPAaHEHHs a’dpPOJUHAMMKU. MeETOonbl MCClIeNOBaHMs JIBUKEHUS
raza. Meroabl Jlarpanxka, Oinepa. [loHsATue JIMHUKM TOKa M TPACKTOPUHU JABHXKEHUS.
JBuxenue xkuakod dvactuupl. [loTeHnuanbHOe UM BuUXpeBO€ TeueHHA. Teopema
['enpmromnbiia. OCHOBHBIE ypaBHEHHS a’poJuHaMuKH. Mccaemyemast cuctemMa GU3NIecKux
Teit. Mojenu ®uaKkocTu (rasa). YpaBHEHHs HEPa3phIBHOCTH JIIS 1-i KOMITOHEHTHI Ta3a (Jist
cmecn). Materpanbhas u nuddepennuanbHas popmsl 3anucu. Y pasHenue HaBee—Crokca.
JuddepeHnmnansabie ypaBHEHUS JBYDKCHUS HEBS3KOW KHUIKOCTH (ypaBHEHHUS Diliepa).
VYpaBHEHMsI SHEPIUU JJI1 KOHEYHOTO U OECKOHEYHO Majoro oObeMoB. Y ieibHas SHEPIus
BJOJb JIMHUM TOKa JUI HEBA3KOW JKUAKOCTH B YCJIOBUSAX aInabaTHYEeCKOTO TECUCHHS.
OO6o0uenHas GopMa 3amMcu ypaBHEHHH COXpaHEHHs a’pora3ofMHaMHUKHU. YpaBHEHHE
COCTOSIHUSI COBEPIIEHHOTO U peajbHOro raza. MiHrerpansl ypaBHeHUs ABMkeHUs. Cuctema
OCHOBHBIX ypaBHeHui. HauanpHble M rpaHudHble yciaoBHs. COBpEMEHHBIE YHCIICHHBIC
METO/Ibl pellieHus1 ypaBHeHul Dinepa, HaBbe—CToKCca U X aCUMITOTUYECKUX MOJIETIEH.
OpnHOMepHOE M33HTPONHMYECKOE YCTAaHOBMBILEECS TEUEHUE rasa. PacnpenesneHne Maibix
BO3MYyILlEHUH B ra3oBoil cpene. COOTHOIIEHHE MEXIYy CKOPOCTBIO TEYEHHs Tra3a MU
wionianpo ceueHus. Ilapamerpsl raza mpu HM33HTPONMYECKOM TedeHHHM. Kpurnueckue
3HaueHUs MapamMeTpoB. BiusgHMe CKMMaeMOCTM Ha  JIaBJI€HHE TOPMOXKEHUS.
["a3oanHamuyeckue GyHKINU.

Teopust ckaukoB ymiuoTHeHus. [Ipupona ynapHbBIX BOJIH—CKAuKOB YIUIOTHEHHS. CXeMBbI
pacueTa napameTpoB ITIOTOKA Ha CKauKe YIJIOTHEHUs. Teopus NpsMOro ckadka yrjaOTHEHUS.
CucremMa OCHOBHBIX YpPaBHEHHMM HJisi Ciy4yasi TOCTOSIHHBIX TerioeMkocteil. Pacuer
[IapaMeTpoB Tra3a Iocie CKadka yIUIOTHEHHd. lIpomecchl ynapHOro m M33HTPONHUYECKOTO
ckarusg. M3MeHeHue SHTpoOIMM Ha CKauke yIjoTHeHud. llapameTpbl TopMoxkeHHs 3a
OpsSMbIM CKauyKOM YIUIOTHEHHMs. Teopuss KOCOro ckadka YIUIOTHEHUs (IIOCTOSIHHBIE
TerioeMKocTH). CucreMa OCHOBHBIX ypaBHEHUH. YTroil HakjioHa (pOHTa CKayka
ymioTHeHHs. CKOpOCTb, JaBlI€HUE, IJIOTHOCTb, TEMIIEpaTypa 3a CKauKOM YIJIOTHEHUS.
Vnapuas nonspa. Cucrema ypaBHEHMH W allOPUTM pacueTa I[apamMeTpoB IOTOKa 3a
CKAaYKOM YIUIOTHEHHS C y4eTOM (PM3MKO-XMMHYECKUX IpeBparieHuil. BousHue ¢uznko-
XUMHUYECKHMX IpEeBpallleHui B Ta3e Ha IMapaMeTpbl TEUEHHUS 3a CKAYKOM YIJIOTHEHUS.
OTtpakeHue CKa4yKOB YIJIOTHEHHMsS OT TBEpIOM M cBOOOIHOW rpaHul. BiaumoneiictBue
CKAUKOB YIUIOTHEHMS. B3auMo1eiCTBUE CKaYKOB YIUIOTHEHHUS C BOJHOM pa3psiKEHHUS.
Metonpl XapakTepucTUK W JuHeapu3zauuu. OCHOBHOE KHHEMAaTHYECKOE YpaBHEHHE
aIPOJIMHAMUKM U METOJbl ero pemeHus. Meron Xapaktepuctuk. 3agada Komrm.
XapakTepUCTUKHU B TUIOCKOCTSIX MOTOKA U rogorpada ckopoctu. CBOICTBa XapaKTepUCTHK.
Pemennie ypaBHeHHMI XapakTEpUCTUK B IUIOCKOCTH Togorpada ckopoctu. Tumuynbie
3aJauu, pelraeMble METO/I0M XapaKTepUCTUK. UHCIeHHOe U TpaduuecKoe perieHne 3a1ay.
OOTexkaHne CBEPX3BYKOBBIM IIOTOKOM H3JIOMOB IMoBepxHOcTel (TeueHue Ilpannrias—
Maiiepa).



1.6.

1.7.

1.8.

1.9.

1.10.

Teopust MabIX BO3MYILIEHUH. JIMHeapu3alus OCHOBHBIX YPaBHEHUN TUHAMUKHU HICATHBHOTO
rasa. PemeHus 1MHeapu30BaHHbIX YPAaBHEHUM ra30BOM JUHAMUKHU.

BuxpeBoe M NOTEHUMAIbHOE [BH)KCHHE HICaIbHOM HEC)KMMaeMoM cpenbl. Buxpesbie
JIBU)KEHUS B MICAIBHOM cruiomHou cpene. Ilonsatue o mupkynsuuu ckopoctu. Teopema
Crokca. Teopema KenbBuna. Teopema I'enpmronbia. OnpeneneHue mojs CKOPOCTE Mo
3agaHHOMY momo Buxpeil. O6o6menne nons buo-Casapa. CkopocTd, MHIYIUPOBAHHBIE
BUXpEM (OTPE3KOM BHXPEBOIO IIHYpa, BUXPEBHIM KOJIbLIOM). B3anmonelicTBue BUXDS C
JIBIKyILIEWCs cpenoil. Ilnockoe nOTeHIMANbHOE IBUKEHUE WICAIBHOW HEC)KHMAEMOU
Cpepbl.

Meton mOTeHUMANbHBIX MOTOKOB. KOMIUIEKCHBINA MOTEHIMAA U KOMIUIEKCHAsT CKOPOCTb.
CBs3b IJIOCKOM W THAPOJMHAMUYECKOM 3adadyd C Teopued (GYHKIHUHA KOMILIEKCHOTO
nepeMeHHoro. IIpocreiimme IJIOCKME MOTEHUMAIbHBIE MOTOKM (IPAMOJIMHEWHBII
pPaBHOMEPHBIN MOTOK, T€YEHHE BHYTPU MPSAMOIO YIJa, UICTOYHHUK U CTOK, JHUIMOJb, BUXPb).
BecrupkynannoHHoe W LIUMPKYISIMMOHHOE OOTeKaHMs Kpyrioro muauHzapa. [lapagokc
Oitnepa—/lanambepa. CHiibl 1 MOMEHTBI, ACHCTBYIOIINE HA [FJIMH]IP TPABWIBHONU (DOPMBI.
®opmyiibl KykoBckoro—YaruibIrusa.

[Torpanuunsiii cnoii. uddepennnanbHoe ypaBHEHHE JTAMUHAPHOTO MOTPAHUYHOTO CIIOS.
JlaMrHaApHBINA MOrPAHUYHBIN CJIOM HA IUIOCKOM IJIACTHUHE B HECKHMMAEMOM IIOTOKE U IPHU
00JbIINX CKOPOCTsIX. JIaMUHApHBIN MOTPAaHUYHBINA CIOW MpH rpaaueHTe napineHus. Crnadoe
U CWJIBHOE B3aMMOJCHCTBHE. YUeT 3(pPeKTOB BTOPOro mopsiaka. [IpubmmkeHHbIe METO b
pacyera JaMUHApPHOTO MOTPaHUYHOro cios. [lepexo m1aMuHapHOrO MOrPaHUYHOTO CJIOS B
TypOyneHTHBIA. TypOyJICHTHBIH IMOTPAHUYHBIA CJIOH. YpPaBHCHHS OCPEIHEHHOTO
TypOyJIeHTHOTO morpaHnuyHoro ciosi. Hampsixenue Pelinonbaca. OTpbIB TaMUHAPHOTO U
TypOyJIEHTHOTO CcI0st. MeTOIbI SKCIIEPUMEHTAIBLHOTO HCCIIEIOBAHNUS TIepeX0/ia U OTPHIBA.
AdpoanHaMHKa THIEP3BYKOBBIX CKOpOCTEH M paspekeHHoro raza. OOmme cBoiicTBa
TUIIEP3BYKOBBIX TEYEHMH. | MIIep3ByKOBas TEOpHs MalbIX BO3MYyLIeHUM. | unep3BykoBas
teopusi HeroTona—Dby3emana. Bnusinue (u3nKo-XMMUYECKHX IMPOLIECCOB Ha OOTEKaHUe
3aTYIUIEHHBIX TE€Jl CBEPX3BYKOBBIM U T'MIIEP3BYKOBBIM MOTOKaMu. [IoHsATHE paBHOBECHBIX,
HEPABHOBECHBIX U «3aMOPOKEHHBIX» T€UeHUH. XapaKkTepHble 0COOCHHOCTH TEYEHHUI C1a00
paspexxenHoro raza. CeobomgHoMoekysspHoe ootekanue ten. Yucno Kayacena. Moaenun
B3aMMOJICHCTBHS CBOOOTHOMOJIEKYISIPHOTO MOTOKA C JIETaTEIbHBIM amlnapaToM.

2. AaponnHaMmca JETaTECJIbHbIX allllapaToB

2.1.

2.2.

2.3.

2.4.

2.5.

AsponnHamuka Kpbuta. [Ipoduinb U KpbUl0o KOHEYHOTO pa3Maxa B MOTOKE HECKHMMAEMOM
xuakoctu. Teopust ToHKOro npoduis. A3poJIMHAMUYECKHE XapaKTEPUCTUKU MPOPUIIEH.
Kppu10 KOHEUHOT0 pa3mMaxa B IOTOKE HEC)KMMAEMOM KUAKOCTH. Teopust BUXpeBOM HECYLIEH
HuTU. Teopus Hecyliel NMOBEpXHOCTH. PacyeT a’poaMHAMHUYECKUX XAPAKTEPUCTHK IIpU
6onpmux yriax ataki. OcoOeHHOCTH pactpeesIeHUs Harpy3KH Ha KPbUIbSIX pa3HoOH (hopMbl
B IU1aHe. TeopeTnyeckne U dKCIEPUMEHTAIbHBIE UCCIEA0BAHUS TOHKUX KPBUIBEB MAJIOTO
YJUTMHEHUS NpH OOJBIINX YIJIax aTaky C y4eTOM OTpbIBA MOTOKA.

[Tpodune u KpbUIO B JO3BYKOBOM IOTOKE C:KMMaeMmoro rasa. JIuneitHas Teopus Kphblia.
CBs3p MeXAy ad’poAMHAMMYECKMMH XapaKTEpUCTUKaMU Kpbula B CKUMAaeMOM H
HECKUMAEMOM ITOTOKaX.

[Tpodmiib ¥ KpbUTO MPU OKOJO3BYKOBOW ckopocTH. Kputnueckoe uncino Maxa. 3akoHBI
1o100UsI IPU OKOJIO3BYKOBBIX TEUEHUSX. A3pOIMHAMUYECKHE XapaKTePUCTUKH TIpoduieit
U KPBUILEB IIPU OKOJIO3BYKOBBIX CKOPOCTSIX.

[Tpodune u KpbUIO B CBEPX3BYKOBOM MOTOKE. TOHKAs MJIacTHHA B CBEPX3BYKOBOM IOTOKE.
JluneliHast Teopusi TOHKOro Mpouis U KpbUla KOHEYHOTO pa3Maxa B CBEPX3BYKOBOM
notoke. Merong ocobOenHocted. ToHkW TpoguiIb B THIEP3BYKOBOM TOTOKE.
AdpOoaMHAMHYECKHUE XapaKTEPUCTUKH KPbUIbEB IPU CBEPX3BYKOBOM CKOPOCTH.
AdpoaHaAMHUYECKHUE XapaKTePUCTUKU KPbUIbEB M OMEPEHUH C OTKJIOHEHHBIMH PYJIEBHIMU
MOBEPXHOCTAMHU. ADpPOIMHAMUYECKHE XapaKTEPUCTHKU KpbUIBEB C MEXaHU3alUeH.



2.6.

2.7.

2.8.

2.9.

Brnusane ¢dopmbl  kppima Ha  A(QQPEKTHBHOCTh MeEXaHU3aHMH. A3pPOAMHAMUYECKUE
XapaKTEpUCTUKU ONEPEHUs MPU OTKIOHEHHBIX pyisax. lllapHUpHBIE MOMEHTHI PYJIEBBIX
MTOBEPXHOCTEH.

AbdpoauHamMKKa Kopiiyca JieraTenbHoro ammapara. Kopnyc nerarenpHoro ammaparta npu
JTI03BYKOBBIX U CBEPX3BYKOBBIX CKOPOCTSIX. A3POIMHAMUYECKHE XapaKTEPUCTUKH KOPITYCOB
IpU J03BYKOBOM ckopocTH. OO0TeKaHne npy OKOJI03BYKOBOM ckopocTu. Kputnyeckoe uncio
Maxa. AspoauHaMHYECKHE XapaKTEPUCTHKH KOPITYCOB IMPH OKOJO3BYKOBOM CKOPOCTH.
Konyc B CBepX3ByKOBOM IOTOKE. 3aTyIUIEHHBII KOHYC B CBEPX3BYKOBOM IIOTOKE.
3a0CTpeHHOE TEeJIO B CBEPX3BYKOBOM IIOTOKE. 3aTyIUIEHHOE TEJIO BpALICHUS B
CBEPX3BYKOBOM IOTOKE. A3POJIMHAMUYECKHE XapaKTEPUCTUKU KOPIYCOB U MOTOTOHJION C
BO3yx03a0opHukamMu. O0TeKkaHue 3aTYIUICHHBIX TEJ THIIEP3BYKOBBIM MOTOKOM. BiusHue
CBOICTB peajbHOr0 ra3a Ha a3poJMHAMUYECKUE XapaKTEPUCTUKHU TE€J IIPU TUIIEP3BYKOBOM
CKOPOCTH.

Absponunamuueckas uHTepdepenuusa. [Ipupoma a’ponuHamuyeckoll HHTEp(EpeHLnH.
[TonvemHas cuna KOMOMHAIIMK KOpITyca U Kpblia. BiusHue yria kpeHa Ha uHTepdepeHIo
MEXIy KopimycoM U KpbuioM. KpecrooOpasnas komOuHanus. MuTepdepeHmus Mexmay
KpBUIOM U oniepeHueM. Opransl ynpaBlieHUs. ADpOJAUHAMUYECKUI pacdyeT pyJsei.
AdpoauHaMHUECKHUE XapaKTepUCTUKU JeTaTeabHoro anmnapata. [logbemHas cuna, 1060B0e
conpotusiieHue. [lonspel mepBoro U BTOpOro poga. MOMEHTBI TaHTaXa M pPHICKAHUS.
MowmeHT KkpeHa. A3poJMHAMHUYECKHUE XapaKTEPUCTUKH JIETATEIBbHOTO annapara co B3JI€THO-
M0Ca0uHON MexaHu3aueil. BiusHaue 3emin.

AdpoauHaAMHUECKUE XapaKTEPUCTUKU HECYLUIMX BHUHTOB BEpTOJETa U IMPOIEIUIEPOB.
Hecymuii BUHT B pexkuMax BEpTUKAIBHOTO B3JI€Ta U CHIDKEHUS. PeXUM BUXPEBOro KOJbIIA.
Camopaienue. Hecymuii BUHT B pexkuMax Kocoro ootekanus. Cuia TArH, ponyIbCUBHAS
CuJIa, MOIIHOCTh. MaxoBoe JBIkeHue yonacteil. O6ayBKa KopIyca BepToJieTa HECYIIUM
BUHTOM. Cr1ocOOBI CO3/1aHUs YIIPaBISIIOIIUX MOMEHTOB. MaeanbHblil nponennep. Kpurepun
nonobus. BuntoBbie muarpammel. B3anmMo3aBUCMMOCTD MEXAY CHIIOHN TSITU U MOIIIHOCTBIO.
ITonetneiii 1 otHocutenbHblid KIIJ[ peanbHOro BuHTAa. BuXpeBas Teopus mpomneviepa.
CoocCHbIE BUHTBHI.

3. TIpouecchl Ten1000MeHa JieTaTeJbHBIX aNMIapaTOB

3.1.

3.2.

3.3.

Tpenne u TerooOMeH. JlaMuHapHBIH TEMIOOOMEH TIPU BBICOKHMX CKOPOCTAX U
TeMIiepaTypax. 3aKOHbI OJI00MS B 3a7a4ax TeriooOMeHa. HTerpanbHble XapaKTepUCTUKI
MOTPAHUYHOTO CJOos. TermooOMeH TMpu MaibiX CKOPOCTSX B TOTPAaHUYHOM CIIOE
HecokuMaeMoil xuakoctu. Koadduumentsl Teroornaun npu 0onbmmx cKopocTsx. CBs3b
MEXIy TpeHHeM M TersooTaadeil. Ilepexon nmamMuHapHOTO TeueHHS B TypOYJIEHTHOE.
TypOyneHTHBIN TEIT000MEH MPU BBICOKMX CKOPOCTSAX U Temmeparypax. [IpubnmkeHHbIe
TEOpUU TypOyIeHTHOTrO IBMKeHUs. [IpuOnrkeHHble METOIBl pacyera TEmIooOMeHa B
TypOyJE€HTHOM MOTPAaHUYHOM CJIOE.

TemooOMeH MpH XUMHUYECKUX peaKkIusx B morpaHudHoMm cioe. uddepennunansueie
ypaBHeHUs 1 y3un 7151 JTaMUHAPHOTO MTOTPAHUYHOTO CJI0SI B CMECH PEarupyroIInX ra3os.
YpaBHeHue dHepruv. XUMHUYECKM PABHOBECHBIM IIOTPAHUYHBIA CIIOH. XHMUYECKH
HEpPaBHOBECHOE TEUCHHUE Ha KaTAIMTHYECKOU cTeHKe. PacueT TeriooOMeHa B pearupyromem
rase.

TennooOMeH Ha TOBEPXHOCTH JIETATEIBHBIX ammaparoB MPH TPEXMEPHOM OOTEKAHHH.
Tedenue B TpexMepHOM morpaHnudHoM cioe. Juddepenimanbaoe ypaBHEHHE TPEXMEPHOTO
norpaHuyHOrO cjosi. JlmHMM pactekanus. Pacder TeruooOMeHa TIpH  TPEXMEPHOM
JTAMUHAPHOM T€YEHHUH B MOrPAaHUYHOM ciioe. COBMECTHOE BIIMSIHUE BJIyBa U ILIEPOXOBATOCTH
Ha TemiooOMeH. TedeHne B OTKpBITHIX 30HaX. llorpaHudHbIe CIIOM B HEOTHOPOIHOM
BHEIITHEM ITOTOKE.



3.4. TemnoobMeH B pa3pexeHHOM ra3e. Teopusl TEIUI0O0OMEHa B pa3peKeHHOM Tas3e. Pexumbl
TEIUIOBBIX W JUHAMHYECKHX MPOIECCOB. TermooOMeH B CBOOOJHOMOJNEKYISPHOH U
MEPEXO0IHOM 00JIaCTAX TEUCHHUS.

3.5. MerTo1bl SKCIEPUMEHTAIBHOTO HCCIIEJOBAHUS TEIIO00OMEHA.

3.6. Temnonepenaua B 3J€MEHTaX KOHCTPYKIIMI JIeTaTeIbHBIX annapatoB. OCHOBHBIEC MOHATHUS
Y YpaBHEHHUS TEOPUHU TEIUIONPOBOIHOCTH. KpaeBbie ycnoBus B 3aa4ax TEILIONPOBOIHOCTH.
Metoapl perieHuss 3afad TEIJIONPOBOJHOCTU. AHAIUTHYECKHUE MeETONbl. UYucieHHoe
peleHne 3aa4u TEIIONPOBOAHOCTH MojaennpoBaHue TeMieparypHbeix nosiei. Ilepenoc
TEIUIa M3JIY4YeHHUS K JIeTaTelbHBIM amnmaparaM W BHYTPU BJIEMEHTOB KOHCTPYKLHU.
OcCHOBHBIC ONpENEICHUS W YPaBHEHHUS TEIUIOOOMEHa W3NydeHUueM. METOIbl pelieHus
YpaBHEHUU TMepeHoca H3Iy4YeHUs. TermnooOMeH Hu3IydyeHHEeM BHYTPHU IOTJIOIIAOIIEH,
M3JIy4aloUle M pacceuBarolled cpelabl. TeMmiepaTypHble II0Js B TOHKOCTEHHBIX
JeTaTeNbHBIX amnmaparax. HarpeB u oxjaxkaeHue Telna C OJUHAKOBOM MO 00beMmy
TEeMIEepaTypoil. A3poIUHaAMUYECKU HarpeB oOImMBKU. HepaBHOMEpHOE pacmpeaeiieHue
TEMIEPAaTypbl MO MOBEPXHOCTH TOHKOCTEHHOM KOHCTPYKIUHU. TemmepaTypHble MOJI B
MOAKPEIUICHHBIX KOHCTPYKIIHIX.

3.7. TemnoBas 3amuTa JETATENbHBIX ammaparoB. MeToIbl TEIJIOBOW 3amMThl. THIBI
TEIJIO3AUIUTHRIX MaTepuanoB. [lepeHoc Temsia BHYTPH TEIUIO3AIIUTHBIX TOKPBITHH.
TepMuyeckoe COMPOTUBICHUE CII0S TepMON30ALnU. HectanimonapHas TeIionpoBOAHOCTb
B MHOTOCJIOWHBIX KOHCTPYKIUAX. [IprnbOnnkeHHbIe METO/IBI pacyeTa HarpeBa TOHKOCTEHHBIX
KOHCTPYKIUH C TepMOU3OJSAUEH. AIPOTEPMOXUMUYECKOE Pa3pyIICHUE TEPMOU3OISIUH.
Metoapl HKCTIEPUMEHTAILHOTO UCCIICA0BAHMS TEIUIO3AIUTHBIX MOKPHITUM U MaTepPUAJIOB,
NPUMEHSEMbIX B JIETaTEIbHBIX ammnaparax, B YCIOBHSIX HMHTEHCHBHOTO TEILUIOBOTO
BO3JIeUCTBUS. MeTOAbl 1 OCOOCHHOCTU TEIUIOBBIX UCTIBITAHUNA KOHCTPYKIIUH JIeTaTeIbHBIX
anmnaparos.
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YACTD ||

1. Teopusi aBTOMaTH4YeCKOI0 PeryJIMpPOBAHNS U YIIPABJIEHUSA

1.1.

1.2.

1.3.

1.4.

1.5.
1.6.

1.7.

1.8.

1.9.

1.10.

1.11.

Pemenne nuddepeHnnanbHbIX ypaBHEHHH COCTOSHUS JIMHEHHBIX cucteM. [lepexomgHas
MaTpulla U MaTpu4Hasl nepexoanas GpyHKuus.

YpaBisieMOCTh JTUHEHHBIX CUCTEM C MMOCTOSHHBIMU TapaMeTpamu. KaHonuueckas gopma
ynpasisiemoctd. Ctabuinu3upyeMocTb. MaTpuuHasi rnepeiatoutas QyHKIMS U 4aCTOTHAs
XapaKTEPUCTUKA CUCTEMBI.

CBsI3b MMIYJIBLCHON TIEpeXOAHOW (YHKIIMH, NepenaToyHord (YHKIMH W YacCTOTHOU
XapaKTePUCTUKU CUCTeMbI. Hyli 1 IOMIOCH MATPUYHBIX MIEPEIATOYHBIX (YHKITHIA.
YCTOWYMBOCTh aBTOMATHYECKHX CHUCTeM. AuireOpandeckue KpUTEPUH YCTOMUMBOCTH.
I'paHnnia yCTOMYUBOCTH.

Kputepuii Payca-I'ypuna. Kputepuit Muxaitnosa u HalikBucra.

OnTumasbHOE  BOCCTAHOBJIEHHE  COCTOSIHUS — JUMHEHHBIX  cucteM. OnTumaibHbIE
HaAOJIFOJATENH.

Croxactuyeckuil moaxof K 3ajnade HabmoaeHus. HTerpanbHas KBajpaTudHas popma Kak
Mepa ONTHUMAaJLHOTO HaOIIoAaTeNs.

HuddepennnanbHoe ypaBHEHHE UISI MaTPULBI JUCIIEPCHNA OIMMOKH BOCCTAHOBIICHHS.
CTpyKTypa U YCTaHOBUBIIUECS CBOWCTBA ONTUMAILHOTO HAOIIOAATES.
JerepMuHUpOoBaHHAs 3a7a4ya JUHEHHOTO ONTHUMAIbHOIO yrnpasieHus. [loctaHoBka 3amaun
onTuMu3anuu. MHTerpanbHblid KBaAPATUUHBIA KPUTEPHUI ONITUMAIIBHOCTH.
Juddepennnanpaoe ypaBHEHHE ISl MATPUIBI ONTHMAIBHBIX KO3()PUIIMEHTOB yCHICHHS.
CroxacTuyecKkue 3a/1a4y JIMHEHHOr0 ONTUMAJIBHOTO PETYIUPOBAHMUSL.

CuHTE3  CTOXaCTHYECKOro  JMHEHMHOro  onTtumMaiabHOoro peryinaropa. Crpykrypa
ONTUMAIBHOI'O PETYJIATOPA.

2. Cay4aiinble mpouecchl

2.1.

2.2.

2.3.

2.4.

Onpenenenne cinydailHoro mporecca ((QpyHKIMH), 3aKOHOB M MOMEHTOB e€ro (ee)
pacrpeneieHus.

Buael M Tunbl Cy4alHBIX IPOLECCOB: IUCKPETHBIE, HEMPEPBIBHBIE, CTAl[MOHAPHBIE,
HOpMaJIbHbIE, MAPKOBCKHE.

Crnoxenue, 1M pepeHIrpoBaHNE, UHTETPUPOBAHNE CITyYalfHBIX IPOLIECCOB. DProJUUECcKOe
CBOMCTBO Cily4aiHbIX MpoiieccoB. CeKTpaibHas INIOTHOCTb.

[TpeoOpa3oBaHue ciy4aiHBIX MPOLIECCOB JIMHEHHBIMM U HEIMHEHHBIMH TUHAMUYECKHUMHU
cucreMaMy. MeTos KOppeNsIIUOHHOW MAaTPUIbI M CTATUCTHYECKON JIMHEAPU3aLliH.

3. Kuaaccumyeckoe BapuallHOHHOE MCUYHCIIEHHE.

3.1.

3.2.
3.3.

3.4.

3.5.

3.6.

3.7.

[TocranoBKM 3a7ay BapualMOHHOrO HcuucieHusa. OOmas ¢opma MepBoil Bapualuu.
OcHoBHasl 1IeMMa BapUallMOHHOTO NCYHMCIIEHUS.

VpaBuenus Ditnepa-Jlarpanxka, [lyaccona, Octporpaackoro.

3aauu ¢ NOJBMXKHBIM IPABbIM (JIEBBIM) KOHIIOM. Y CIIOBUSI TPAHCBEPCATbHOCTH. Y CIIOBUS
Opamana-Beiiepmpacca. OTHOCTOpOHHUE BapUaIUU.

[Tone sxcrpemaneit. ConpsbkeHHas TOUKa. Y CIIOBUE U ypaBHEHHE Skoou.

WNuBapuantHeiii uHTerpan I'unbbepra. ®ynkius Beiliepmrpacca. Heobxonumeie u
JIOCTaTOYHBIE YCJIOBUS ONTHUMAJIBHOCTH I TNPOCTEMIIEN 3aJaud BapUALMOHHOIO
ucuncienus. CHIIbHBIN U C1a0bIil SKCTpeMyMBI. Y ciioBue Jlexanapa.

BapuanuonHssle 3aaun Ha yCIOBHBIN DKCTPEMYM. | '0JIOHOMHBIE M HETOJIOHOMHBIE CBSI3U.
N3onapamerpuueckue 3a/1aum.

[Tpstmble METOBI BAPMALIMOHHOTO UCUUCIICHUS.



4.

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.
4.8.
4.9.

How =
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10.

OnTumu3anus YrnpaBJ€¢HUA TUHAMHAYCCKUMHU CUCTEMAMMU.

Maremaruueckass (HOpMyITUpOBKa 3a7ad ONTHUMAIBLHOTO YIPABICHHS JAWHAMHYECKOU
cucremon. 3agaum Jlarpanka, Maiiepa, bosibua.

Kinaccuueckuit moaxoa K ONPEAENCHHUIO ONTHUMAIbHBIX MporpamMMm. [amMuibTOHHAH.
HeoOxoaumble ycnoBHsl ONTUMAIBHOCTH B 3TOM MOJXOJE.

Uronbuateie Bapuanuu ynpasienus. [Ipunuun makcumyma [loHTpsirMHA ISl peleHus
3aJ1a4 cO CBOOOHBIM MPaBbIM KOHLIOM U (PUKCHUPOBAaHHBIM BPEMEHEM.

Bapuanuu tpaekTopun, KOHyca BO3MOXHBIX M JOMYCTUMBIX KOHIIEBBIX BapHalwii (ha30BOTO
BEKTOpA.

HeoOxonumbie yCIO0BUS ONTHMATHHOCTU MPUHIMIA MakcuMmyMma [loHTpsriHa B 3amade
Maiiepa ¢ (puUKCHpPOBAaHHBIM W HE(PUKCHPOBAHHBIM BPEMEHEM U TMOJBUKHBIM IPABBIM
KOHIIOM. ¥ CJIOBHSI TPAHCBEPCAIBHOCTH.

[Ipunmun wmakcumyma Ilontpsruna g 3agau Jlarpawka, Maliepa, bosbna ¢
OTPAaHUYCHUSIMU Ha YIPABJISIIONINE TIEPEMEHHBIE.

JMcKpeTHBIN MIPUHLIMI MAaKCUMYyMa.

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

Junamuueckoe mporpammupoBaHue. Y paBHeHue bemimana.
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YACTD I

BapuatuBHas 4acTh IporpaMMsl BCTYIIUTEIBHOTO UCIIBITAHUSA 110 Kadeape GU3NKa M0JIeTa.

1.

Pacuer ocHOBHBIX pexxumoB nojeta. OOiIrMe ypaBHEHUsI JBUKEHUS, BBIJCIICHUE YPaBHEHUN
MPOJOIBLHOTO U OOKOBOTO ABM)KEHUU. Paznenenue ABMKEHUN HA KOPOTKOIEPUOINYECKOE U
JUIMHHONIepuoaudeckoe. MccinenoBanue AMHAMUKM HEABTOMATU3UPOBAHHOIO JIETATEIBLHOIO
amnmapara B IpOJOJIbHOM KaHaje. POKyC JeTaTelIbHbIX allapaToB pa3IMYHBbIX CXEM, 3arac
CTaTUYECKON yCTOMYMBOCTH, YCTOMYMBOCTU MO NEperpy3ke u mo ckopoctu. CoOCTBeHHAas
4yacToTa U JieMI(UpoBaHUE caMOJIeTa.

HccnenoBanne AMHAMUKA HEABTOMATH3MPOBAHHOTO JIETATEILHOTO ammapara B OOKOBOM
kaHasie. M301upoBaHHbIE JABUKEHUS KpEHAa W phICKaHudA. JIBMKEHME TUNa «TOJUIAHJICKUN
urar». Kpurepuit [12,

[TpoctpancTBenHoe nBikeHue. @DOpMBbI  B3aMMOJCHCTBHUS MPOAOIBHOIO U OOKOBOTO
nsuxeHui. IHepumonHoe Bpamenue. llltonop camonera.

banancupoBka camonera. XapakTEpUCTUKH YCTOMYMBOCTH M YIPaBISEMOCTH CaMOJIETOB.
Marematuueckas Monenb Jerduka. lllkama nuiaoTaXHbBIX OLEHOK Jeruuka. OobnacTtu
MPUEMIIEMBIX XapaKTEPUCTUK YCTOMYMBOCTH U YIIPABIISIEMOCTH CaMOJIETA.

[Ipunnuner moctpoenust cucreMm ynpasienuss JIA. JlaTyuku u  CUJIOBBIE TIPUBOJBIL.
Hcnonp3oBanue B cucreMax ymopasiaeHus camosieta bIIBM u ee apxurekrypa.
Maremaruueckass Mojelb HU(PPOBONW CUCTEMbl, KBAHTOBAHUE CUTHAJIOB 10 BPEMEHU U IO
ypoBHIO. OCOOEHHOCTH AMHAMUKH [U(PPOBBIX CUCTEM.

CucreMbl yIydIIeHUS YCTOWYMBOCTH M yrpaBisieMocTd. Jlemridepsl TaHraxa, KpeHa W
pbICKaHus. ABTOMAT MpoJoiibHON ycToiunBocTu (AITY). ABTOMAT myTeBON YCTOMYUBOCTH.
[TonsiTre 006 MHTETPAIBHON CHCTEME YIIPABICHHUS.

CrpyKkTypa KOMIUIEKCA YIpPaBJICHUS CaMOJIETOM. 3aJayd aBTOMATHYECKOrO YIpaBJICHUS.
Aptormmiior. Ctabuim3aius BBICOTHI, BEPTUKAIBHOW CKOPOCTH, YIJIOB TaHTa)a, KpeHa u
Kypca. ABTOMaTH4ecKoe YympaBieHue TpaekTtopued JIA. ABTomaTHyeckoe yIpaBieHUE
IIOCA/IKOM camoJieTa.

YcroitunBocTh ABMKeHUs. OOIas MOCTaHOBKAa 3aJauyd MCCIEIOBAHUS YCTOMYMBOCTH IO
AM. JIanynoBy. Kpurepun ycroiumBoctu. YacToTHble MeTOAbl. MeToA KOPHEBOrO
rogorpada. ObecrieueHne yCTOMUMBOCTH, MOBBIIIEHUE KaueCTBa PETyIUPOBAHUS U CHHTE3
JIMHEHBIX aBTOMATHYECKUX CUCTEM. Y CTOMYMBOCTh CUCTEM C 3aIa3AbIBAHUEM. Y YET BIUSHUS
YOPYrocTH KOHCTPYKUUH JIA Ha yCTOWYUBOCTD.

HenunueliHple cuCTEMBI  aBTOMAaTHYECKOTO  pPEryJHpoBaHusA. ToOdHBIE METOABl U
npuOIKEHHBIE METONbl  WCCIIEeNOBaHUS YCTOMYMBOCTM UM aBTOkojeOaHuil. Meron
rapMoHu4eckoro 6ananca. ApTokosuebanus camosera ¢ CY.
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