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

Hacrosmass mporpamMma BCTYIUTENBHOTO HCHBITaHUS 1O HampaBieHuio «24.06.01.
ABHAIIHOHHAST W PAKeTHO-KOCMHUYeCKasi TeXHHKAa» pa3paboTaHa B COOTBETCTBHUH C
MpaBUJIaMU TIpUEMa B aCITUPAHTYPY.

BerynurensHoe ucnbiTaHHe MPOBOAUTCS B (popme cobeceoBaHUSI C MOCTYHAIOIINM B
acnupaHTypy Ha omgHoi m3 kKadenp ¢usrex-mkoasl GAKT (mo HampaBieHHWIO MPUEMHON
komuccun M®DOTH) 1o HampaBieHHIO Oyaymied HaydHO-HCCIIEN0BATEIbCKOW JCSITEIBHOCTH
MOCTYMAIOLIETO.

COGGCGI{OB&HI/IG COCTOHUT U3 TPEX JacTew:

cobeceZloBaHUE IO  COACPKAHUIO  BBINYCKHOM  KBaJM(UKAIIMOHHONW  paboTHl,
BBIIOJIHEHHOM MOCTYMAIOUIMM IpPH OKOHYAHUM CIELUAINTeTa MM Marucrparypbl — B
COOTBETCTBUH C yacTbio | HacTosel [Iporpammer;

co0eceoBaHne MO OOIIETEOPETUYECKUM BOMPOCAM M3 pas3fesia, COOTBETCTBYIOIIETO
HAMpaBJICHHOCTH OyIymieil HaydYHO-MCCIEI0BATEIBCKOW IESITEIBHOCTH MOCTYMAIOMIEro, — B
cooTBeTCTBUH ¢ yacThio || HacTosmei [Iporpammsr;

cobece0BaHUE 110 TEOPETHUECKUM BOIIPOCAM MPOPMIBHBIM ISl BRIOpaHHON 00yJaromeit
Kadeapsl — B cooTBeTcTBHH ¢ yacThio || (BapuaruBHoit) HacToseit [IporpamMmel.

B pamkax konkypcHoii rpynnbl «®AKT ABHAIMOHHAST M PAKETHO-KOCMHUYeCKAasi
TEeXHHUKA» IIPOBOAATCA BCTYIUTEIbHBIE HCHBITAHUA 110 CIEAYIOLIMM HAIPaBICHHOCTIM
Oynyiieil Hay4HO-UCCIIeJOBATEeIbCKOM 1eATeIbHOCTH MOCTYIAOIIEr0 B aCIIUPAHTYpE:

o «MexaHHKAa JKHIKOCTH, I'a3a M MJIA3MbI»;
«MexaHnunka geopMupyeMoro TBepaoro Tejay;
«CucreMHbI aHAJIN3, yHIPaBJIeHHe U 00padoTKa HH(popMALMH (110 OTPACISIM)»;
«A3POAMHAMMKA H MPOLECCHI TEIJIO00MEHA JIeTATE/IbHBIX allllapaToB»;
«IIpoYHOCTB H TEIJIOBBIC PEKUMBI JIETATEIbHbBIX ANIIAPATOBY;
«/InHamuka, 0a1JIMCTHKA, yIIPaBJIeHUE IBMKEHUEM JIeTaTeIbHbIX ANNAPATOB).



YACTb 1

Bomnpocel 10 BbINYyCKHOH KBAJTHGUKAIMOHHON padoTe MOCTyNawmero
(MarmcTparypa Wi CIIEIHaINTET)

1. OcHOBHBIE OJIOKEHUS.
2. HoBu3Ha.
3. AKTYyaJbHOCTb.

Paszngen «Mexanuka AKHUJIKOCTH, I'a3a " IJIa3MbI»

YACTD 11

1. O0mme NOHATHSA MEXaHUKH CILUIONIHOM Cpebl

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.
1.9.

1.10.

1.11.

1.12.

[TonsiTre cruomHOM cpelpl. MUKPOCKOIMYECKHE, CTATUCTUYECKUE U MaKPOCKOIINYECKUE
(EHOMEHOJIOTHUECKAE METOJbl OINUCAHUS CBOWCTB, B3aWMOJCUCTBUNA ¥ JBUKCHHMA
MaTEpUaIbHBIX CPE.

[Tepemennbie Diinepa u Jlarpanka. lHepiuaibHble 1 HEUMHEPIMAIbHbIE CUCTEMbI OTCUETA
B HBIOTOHOBCKOW MEXAaHHUKE.

MHuorokomnoneHTHble cMmecu. [lotokn auddysun. YpaBHeHHs HEpa3pbIBHOCTH B Gopme
Dlinepa 111 MHOTOKOMIIOHEHTHBIX CMECEH.

CKOpOCTh HM3MEHEHHSI XapaKTePUCTHUK JKUIKOM YacTHIBI M KHIKOTO oObema.
WuTerpanbHasg — 3amuch 3aKOHOB  coxpaHeHus. (CoxpaHeHME MaccChl, YpaBHEHHE
HEPa3pbIBHOCTHU B IIEPEMEHHBIX Dilnepa u Jlarpanxa.

3aKOH COXpaHEHHsA MMIyJlbca. MaccoBble U IOBEPXHOCTHbIE cuibl. (CBoiicTBa
noBepxXHOCTHbIX cuil. @Dopmyna Komu. VYpaBHeHHME JBHXKEHUS B HAIPSIKCHUSX.
VYpaBHenus Ditnepa. bapoTponHOCTb.

VYpaBHeHnue mnputoka Temaa. Bekrop moroka Tterna. AuddepenunanbHbie ypaBHEHHS
SHEPruy M INPUTOKA TeIUla. 3aKOHBbI TEIUIONpoBOAHOCTH Dypbe. Pa3znuuHble 4acTHBIE
IPOIIECCHI: aAMa0aTUIECKH, N30TEPMUIESCKHIA U JIp.

Ob6parumbie U HeoOpaTtumsle npouecchl. CoBepuieHHbIH ra3. Lukn Kapro. Bropoii 3akon
TEPMOJMHAMUKHU. DHTPOMNHUS U aOCOIOTHAs TeMiieparypa. HekomneHncupoBaHHOE TEIIO U
IPOM3BOJICTBO SHTponuu. HepaBeHcTBO nuccumnanuu, ToxaectBo I ' udoca. [uccunarupHas
¢yHk1us. OCHOBHbIE MAaKPOCKOIIMYECKNE MEXAaHU3MBbI Auccunanuu. [lonstue o npuHiune
Omnzarepa. YpaBHeHUs COCTOSIHHSL. TepmoauHamMuueckue MOTCHIUAIBI
JBYXIIAPaMETPUUYECKHUX CPEII.

3aKOH COXpaHEHMsI MOMEHTA UMITyJIbca. CUMMETpHSI TEH30pa HaIIPSHDKEHUH.

Buxpesbie Teopembl. Teopema TomMcona o uupkynsuuu. Teopema Jlarpanxka o
COXpaHeHHMHU noTeHuuanbHocTH. MHTerpansl Komm-Jlarpanka, beprymn.
[TorenunanbHble aBwkeHus. CBoiicTBa moteHuuana. [locraHoBka 3amay 00 oOTekaHUM
tes. OOTekaHue mapa.

[IpyMeHeHre METOI0B TEOPUH AHATUTHUECKUX (PYHKIMI KOMITJIEKCHOTO MEPEMEHHOIO IS
peleHns IUIOCKUX 3a1ad TUAPOJAWHAMHMKU M a’pOJUHAMUKM: MOHATUSA (YHKLUUHU TOKa,
KOMIUIEKCHOTO noTeHuana. OQHOpOIHBIN MOTOK, HICTOYHUK, BUXpeBas Touka. O0TekaHue
tes1. CtanoHapHOe 00TEKaHHE )KUKOCTBIO KPYTOBOTO LIMIMHPA U MPOdUIIs.

Meton koHGOpMHBIX 0TOOpaxeHuH. [ uaponnHaMuyeckue peakiiuy Ha IBHXKYIIUECS Tela.
@®opmynsl  brnazuyca - YammsiruHa, Teopema JKykoBckoro. OOTekaHHME IUIACTHHBI.
IIpaBuno JXXykoBckoro m YamubirmHa oOmnpeneneHuss LUPKYISLUUNA BOKPYI KpPBUIBEB C
ocTpoii 3aiHel kpomkoil. HectanimonapHoe o6Tekanue npoQuiei.



2. MexaHuKa KHUIKOCTH

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

2.12.
2.13.
2.14.

2.15.
2.16.

[IpuMeHeHHe WHTErPalIbHBIX COOTHOIICHHH K KOHEUYHBIM O0beMaM Cpeibl MpH
YCTaHOBUBLUEMCS JIBUKEHUU. TeopHsi pPEaKTUBHOW TITM M TEOpUS HUACAIBHOTO
Iporesepa.

Bonnbl Ha Boge. KunemaTuueckoe U TMHaAMUYECKOE YCIOBHsI HA CBOOOIHON MMOBEPXHOCTH
*)uakoctu. JluHeliHble BOJHBL. BomHbI B OacceliHe KOHEYHOU TyOWHBI JIJIMHHBIEC,
KOPOTKHUE BOJIHBI.

dazoBas u rpymnmnosas ckopocTb. [{ucnepcus BoiH. IlepeHoc aHepruu nporpeccuBHBIMU
BojgHamu. Teopusi Menkoil Boxabl. YpaBHeHuss byccunecka u KopreBera-ae-Bpusa.
Henunetinbie BoHbl. COMUTOH

VYpasuenus newkenus B popme Jlarpanxka. Boxasr ['ecTHepa.

3amaya 0 JBMKEHUM TeJl B UICAIbHOM >KMIKOCTH. IIpucoennHeHHblE UMITYJIbC U MOMEHT
uMITysbca. TeH30p MPUCOEIMHEHHBIX MacC. Y paBHEHUE IBMKEHUS 111apa.

Tenzop ckopocreit redopmarin. CBsI3b TEH30POB HAIPSHKEHHU U CKOPOCTEH Aedopmariuu.
HprotonoBa xuakocts. YpaBHeHus Habe-Ctokca. Cpeapl ¢ IpyTMMHU PEOJIOTHYECKUMU
COOTHOLLIEHUSMHU.

TouHble pemieHNs] ypaBHEHHUM BSI3KOH KuAKocTU: AUQY3Us BUXPEBOTO CIOS U BUXPEBOM
HUTH, TeueHue Ilyaseiins, TeueHne Mexay JByMs BpallQlOIUMUCS HWIMHIpaMU. TedeHue
B TpyO€ SJUIMNITUYECKOTO ceueHus. TedueHue BA3KOM kuakoctu B quddysope. duddysus
BUXPS

VYpasuenuss HaBwe-CTokca B 0Oe3pazmepHom Buae. Yucma Crpyxans, Dinepa, @pyna,
Peifinonbaca. [logodue ruapoIMHAMUYECKHX SBICHUH.

[Tpubmmkennble pernenus npu Manbix yucnax Re. Ipubmmxenune Crokca u OceeHa.
3anaua o ABWKEHUH c(epbl B BA3KOM KHUIKOCTH B TocTaHOBKe CTOKCA.

[Tpubmmkennble perienus npu Oonbiiux uyuciaax Re. Tepust morpancnos. Ilpumep
®punpuxca.

JlamuHapHbIil norpaHuyHbli cinoi. 3anadya bnasmyca. MHTerpanabHble COOTHOLIEHUS U
OCHOBaHHbIE Ha MX HCIOJIb30BAaHUM NPUOIMIKEHHBIE METOAbl B TEOPUU JIAMUHAPHOIO
MOTPAHUYHOTO CJI0s. SIBJIEHHE OTPhIBA MOTPAHUYHOTO CJI0SI. Y CTOMYMBOCTH MOTPAHUYHOIO
cnost. TernnooOMeH ¢ TOTOKOM Ha OCHOBE TEOPUU OTPAHUYHOTO CIIOSL.

['mppaBnuyeckue CKauyku B TEOPUU MEIKON BOJbI. CBsA3b TEOPUU MEIKOW BOABI M Ta30BOM
JTUHAMUKH.

Bnusaue cxumaemoctn Ha (opmy TpyOOK TOKa MPH YCTAHOBUBIIEMCS JIBHYKEHUH.
DOnemeHTapHas Teopus coruia JlaBas.

VYpasuenne Oppa-3ommepdenbia s IIOCKonapaieIbHbIX BI3KUX TEUSHUH.

Teopema Ckpaiipa. Hess3kas HeycroitunBocTs. Teopemsl Pernes.

Pa3zBuras TypOynentHocTh. Ocpennenue. OnbiT PeliHonbpaca. YpaBHenus PeitHonbica.
[Tpo6nema 3ambikanus. Ilpocreiimme crnocoObl 3aMblKaHUs. DHEPreTHYECKHM MOIXO.
Huccumanuss 1 OOMEH SHeprued Mexay CpeIHUM U TypOYJIEHTHBIM JBIKEHHUSMHU.
[Toryamnupudeckrie Teopun TypOyIeHTHOCTH.

3. Ta3oBasi IMHAMHKA

3.1.

3.2.

3.3.

3.4.

OpnHoMepHas razoBas JuHaMHKa. PacnpocTpaHeHue MallbIX BO3MYIIEHHM B CKHMaeMoOU
x’uakoctu. BonHoBoe ypaBHeHne. CKOPOCTB 3BYKa.

O dexr Honmiepa. Konyc Maxa. Meron xapakrepuctuk. IHBapuanTel Pumana. 3agauun o
MIOPILIHE U O CHJIBHOM B3pBIBE B rase.

BosnukHoBeHne ckaykoB. Pemienus ¢ paspeiBoM. YpaBHeHue broprepca xak MoJeiabHOE
ypaBHeHue. [IprMeHeHHe WHTErpalbHBIX 3aKOHOB COXPAaHEHHsA. YJIAapHbIE BOJHBI B
ra3oBoil tuHamuke. ekt onpokuIbIBaHUs BOIH. Annabara ['toronuo.

IInockme crannoHapHbBIE CBEPX3BYKOBBbIE TeueHMs rasa. Tedenue IIpanaris—Maiiepa.
Kocoit ckauok ymnotHeHus. OOTekaHHe CBEPX3BYKOBBIM IMOTOKOM Ta3a KJIMHA U KOHYCA.



[TonsiTie 00 0OTEKaHWW TEN Ta30M C OTOIICAIICH ymapHOW BoiHOW. JIMHEiHas Teopws
o0TeKkaHus TOHKUX MPOoUIIeH U Tel BpalleHus. TedeHus ¢ TUTIEP3BYKOBBIMU CKOPOCTSIMHU.
3akoH conpotuieHuss HprotoHa.

4. JleToHalusi U TOpeHHe

4.1.

4.2.

4.3.

4.4,

Teopuss BonH neroHauuu U ropeHus. IlpaBmio XKyre m ero obGocHoBaHue. 3amada o
CTPYKType CUJIBHOrO pa3pbiBa. KauecTBeHHOe omucaHuWe peHIeHHs] 3aJaud O pachaie
IIPOU3BOJILHOTO Pa3phIBa.

Pacyer Temmeparypbl ropeHuss ¥ cocTaBa MPOAYKTOB cropaHus. OCHOBBI XHUMHUYECKOMN
kuHeTHkH. Kiaccupukanuss XMMHYECKHX peakuuid. 3akoH JIEHCTBYIOIIMX — Macc.
KoncTaHTbl ckOopocTel peakiuid. JHEPrusi akTUBALMM, OPSAIOK PEAKIIUH.

CKopocTh HEM30TEPMHUECKON aauabaThyeckoil peakuuu. PacrnpocTpaHeHue IUIaMeHU B
OJIHOPOJHOM TOIUIMBHO-BO3JYLIHOW CMecH. 3ajadya O HOPMaJbHOM (POHTE IUIAMEHHU.
KoHuenTpanmonsbsle Ipeenbl pacupoCcTpaHeHus IlaMeHu. PacripocTpaHeHne IiaMeHu B
TypOyJIEHTHOM HOTOKE.

Huddysnonnoe ropenue razoB. CTpykrypa (Qaxena ropeHus, (GppoHTaIbHAs MOJENb
ropenus. JleroHanimonHoe ropenue, aeroHamnus Yenmena-Kyre.

5. ®du3zuka miasmMsl

5.1.

5.2.

5.3.

DNeKTpOMarHuTHOEe Toyie. YpaBHeHus MakcBemmia B mycroTe. B3aumopeiicTtBue
AIEKTPOMArHUTHOTO Mo ¢ npoBoaHukamu. Cuna JlopeHna. 3aKoH coXpaHEHHsI MTOJIHOTO
3apsiia. 3akoH Oma. Cpenibl ¢ uaeabHON MPOBOJAUMOCTHIO. BekTOp U ypaBHeHHE Y MOBa—
[ToitTuHra. />xoyneBo Temao. YpaBHEHHUS UMITYJIbCA M MPUTOKA TEIjia JUIsl MPOBOISIICH
CpEeJBbl.

YpaBHeHHs] MAarHUTHON THAPOJMHAMHUKU. Y CJIOBHUS BMOPOKEHHOCTH MAarHUTHOTO MOJIA B
cpeny. IToustue o noJripu3aliiu 1 HaMarHn4MBaHuu )KI/IIIKOCTGI;'I.

OcoOenHoctu wu3MepeHud B aspoauHamuike. [lpubGopbl A uU3MEpeHus IMOJHOTO U
CTaTUYCCKOI0 JaBJICHUA, HACAAKH [JII HU3MCPCHHA HAIIPaBJICHHUA CKOPOCTH. MGTO]I
Tennepa, TeHeBOM MeTOJ BH3yallU3alluU MOTOKOB. ['onmorpaduueckas uHTEphEepoMeTpHsl.
TepMonapLI, BJIMAHUEC U3JTYYCHHA HAa TOYHOCTb MU3MCPCHUS. Onrudeckue u CIICKTPAJIBHBIC
METOJIbI U3MEPEHUs TeMIepaTyphl. TepMOKpacKu.

6. IIpuGopbl U MeTOABI U3MePeHUsl

6.1.

6.2.

6.3.

6.4.

6.5.

Jla3epHblil TOTIIEPOBCKUN U3MEPUTENL CKOPOCTH. Da30q0mIepOBCKUII METOI U3MEPEHUS
pasmepoB u ckopocreir dyactuu. Metonq PIV. Meronx KAPC, wmeron nasepHoi
WHIYIIUPOBAHHON (ITIOOpECICHIIMU. AHAJIOTOBbIE W IU(PPOBBIE METOIBI 00padOTKU
CIIy4alHBIX MPOIIECCOB.

AHaznoroBsle U 1u(ppoBble TPUOOPHI AN H3MEPEHUs CIEKTPOB, KOppensiuuid u
pacripeniesieHust BeposiTHOcTed. OmmoOka HM3MEpeHHs CPEJHEro 3HAa4eHUs U JIUCHEepCHH
CIIy4ailHOrO CUTHaJIa M3-3a KOHEYHOCTHU BPEMEHHU ocpenHeHus. YactoTa qucKpeTu3auuu u
miar KBaHTOBAaHWUA TPU  aHANIoOro-udpoBoM mpeoOpa3oBaHWH. TepMoaHEMOMETD,
u3MepeHue TypOyIeHTHOCTH.

OcCHOBHbBIE U TIPOU3BOAHBIE €IUHUIIBI U3MepeHus. CucteMbl enunul] uaMepenus. Kiace
CUCTEM eIMHHULl u3MepeHus. Pa3mepHOCTh GU3NYECKOW BENMYUHBL. 3aBUCUMBIE H
He3aBHCHUMbIE pazMepHocTu. I1-Treopema.

DJIEeMEHTHI TOA3EMHON TUAPOJNHAMUKH. [IoHATHE MOPUCTOCTH M NMPOHUIIAEMOCTH. 3aKOH
Hapcu. OtHOCUTENbHBIE (a30BbIe TPOHUIIAEMOCTH. 3afaua baknes-JleBeperta.

Cucrema  muddepeHIMATBbHBIX  ypaBHEHHWH  TOA3EMHOM  THUAPOTa30dMHAMUKH.
HeycranoBuBmasics ¢punbrparus raza. [Ipamepsl TOUHBIX aBTOMOJIENBHBIX PEIICHUH.



oA~

Jlutreparypa

Bamnanaep C.B. Jlekiuu o runpoaspomexanuke: Yueb. [Tocooue/ [Tox pex. H.H.
[MTonskosa. -2-¢ u3a. — CI16.: U3n-Bo. C-Iletep6. yu — ta, 2005. — 304 c.

Cenos JI.. Mexanuka crutomnou cpenpl. T. 1. 4-e uzn. — M.: Jlanw, 2004, 1.1 536¢, u 12.
— 584 c.

Kouun H.E., Kubens 1.A., Poze H.B. Teopetuueckas ruapomexanuka. Y. I, II. M.:
duszmarrus, 1963.

Jlangay JI.JI., Jludpmmun E.M. I'mapoaunamuka. 3-e u3a. M.: Hayka, 1986.

[Ipanaras JI. 'mapoaspomexanuka. PXJ1, 2000.

VYuzem [x. JIuneiinbie u HenMHENHHbIE BOJIHBL. M.: Mup, 1977.



10.

11.

12.
13.

14.

15.

Pa3nen «Mexanmnka 1e¢opMupyeMoro TBepaoro Tejaa»

YACTD 11

Teopus nepopmupoBaHHOTO cOCTOsHHS. Bekrop mnepememenunii. TeH30p Majbix
negopManuii 1 MajbIX MOBOPOTOB. ['JTaBHBIE MHBAapUaHTHl TEH30pa MalbIX JAe(OpMarlHid.
Ycnosus comectHocTr CeH-Benana. TeHnzop ckopocteit nedopmaruii.

Teopus HanpsHKEHHOrO COCTOSIHMS. MaccoBble U MOBEepXHOCTHbIE cuibl. @opmyna Komm.
Tenzop HanpsbxkeHuil. CuMMeTpusi T€H30pa HampsKEHWH. [ 7aBHbIE MHBapHUaHTHl TEH30pa
HanpspkeHuid. KpyroBas nuarpamma Mopa.

VYpaBHeHHE HEpa3pbIBHOCTH. YPAaBHEHUS DABHOBECHUS U JBHUKEHUS. 3aKOH COXPAaHEHUS
MOMEHTA UMITYJIbCA U CHMMETPHUSI TEH30pa HAIIPSKEHUH.

Tepmogunamuka aedopmupyemoro Ttena. IlepBoe Hawano TepMOIUHAMUKH (aKcHOMa
Oananca sueprun). HepasenctBo Kiaysuyca-/lrorema. /luccunaruBHbie IpOIECCHI.

VYopyroe Teno. BelpaxkeHue A TEH30pa  HANPSDKECHUM  4epe3  IPOU3BOJHYIO
TEPMOJMHAMHYECKOrO0  TOTEHUHWana (BHYTpEHHSI  DHEprusi, CBOOOJHAS  DHEPIus
['enpmronbia) no TeH3opy Jnedopmauuu. OO000mIeHHBbIM 3akoH ['yka miisg JguHEHHOro
TepMoyrpyroro martepuana. CokpalieHue uuciaa YOPYrux IOCTOSHHBIX. CBs3b MEXAy
YIOPYTUMHU [TOCTOSSHHBIMM U30TPOITHOM ynpyroi cpenpl. 3orepmuueckuii u aanabaTHuecKuii
Monynu ynpyroctu. O01ine TeopemMbl TEOPHH YIPYTOCTH (€AMHCTBEHHOCTH, B3aUMHOCTH, O
MUHUMYMe sHepruu nedopmannn). Teopema KactumibsHo.

[locTaHOBKa MaTeMaTUYECKHX 3aJa4 JMHEHHONM TEOPUM YIPYIrOCTH B MEPEMELICHUSIX U
HanpsokeHusx. IlomyoOpatHeiii mMeron CeH-Benana. BapuanuoHHblE NOCTaHOBKHM 3ajad
TEOpPHUU YIIPYTrOCTH U OCHOBBI MpsIMbIX MeToA0B (Putna, byonoa-I"anepkuna).

[Tpocreiimme 3amaud  TEOPUU YOPYroCTH: Jaedopmamusi TOJCTOCTEHHON TPyOBI TIOJ
NeCTBHEM BHYTPEHHETO M BHEIIHETO JaBIIEHUH, KpyuyeHue Opyca KpyroBoro rmornepeyHoro
CEUEHHUs, pacTshkeHue Opyca moj JeHCTBUEM COOCTBEHHOI'O BeCa, PAaBHOBECHE 3JIEMEHTa
IUTACTUHKH, TEMIIEpAaTypHbIE HAMIPSHKEHUS B MOJIOH cdepe.

[Tnockue 3agaun Teopuu ynpyroctu. Ilnockoe HanpsxeHHOE U MI0CKOE 1ehOopMUPOBAHHOE
coctosHus. OyHKIMS HapspKeHUH. MeToa Teopun GyHKIUH KOMITJIEKCHOTO TIEPEMEHHOTO B
IJIOCKOM 3axade. JleicTBrEe COCPETOTOUEHHOM CHIIBI HA TPAHUILY YIIPYTOM MOJIYIUIOCKOCTH.
[Tonstue o pynkuuu I'puna. DnemMeHTapHOE pelieHre nepBoro 1 BToporo poja. [locranoBka
KOHTaKTHOM 3anauu ['epiia.

N3ru0® Oanmok. BHyTpeHHss momepedyHas cuila W BHYTPEHHMH W3rHOAOMIMA MOMEHT.
[TocTpoeHue Hmop MOMEPEYHON CHJIBI W HW3TMOAIONMEro MOMEHTa. [ umore3a TMIOCKHX
ceueHHi. ['eoMmeTpuyeckne XapakTepUCTUKU cedeHHH mnpu wu3rude. HopmanbHble u
KacatenbHble HampstkeHuss npu usruoe. dopmyna Kypasckoro. [duddepennunanbaoe
ypaBHEHHE U30THYTOM OCH OaJIKH.

CrepxneBble cucTeMbl. CTaTUYECKH OIPEEINMbIE U CTATUUECKH HEONPEAETUMbIE CUCTEMBI.
Mertonpb! pacueta hepm U pam.

Kpydenune crepkHEN ¢ JUIMIITUYECKUM ITONIEPEYHBIM ceueHueM. Jlerurananus.
VeroiunBocTh cTepkHei. [loHATHE yYCTOMYMBOCTH. ODHEPreTHUYECKHl METOJ aHaiu3a
ycroiunBoctu. Gopmyna Ditniepa 1 ee NpuMEHEHHe.

Teopetnueckasds npodHOCTb. OCHOBHBIE TEOPHUM NPOYHOCTH. XPYNKOE M KBAa3HUXPYIKOE
paspyuienue. OHepreTuueckuil kputepuit ['puddurca u cunosoit kpurepuit Hpsuna
pacnpocTpaHEHHs TPEIMHBI B ynpyroM Tene. MiaBapuantHelil narerpan Yepenanosa-Paiica.
NneanpHass mmacTudHOCTh. M30TpomHOE W KMHEMATHYECKOE yNpodyHEeHWe. TeH3op
iactTuueckux nedopmanuii. Jlepopmarmonnas teopus miactuyHocTd. [loHsITHE O TpOCTOM
U CIOXHOM HarpyxeHun (aepopmanmu). IlocTaHOBKM 3amad B paMKax MallbIxX
ynpyromiactuueckux — jaepopmanmii. Teopema o0 mpocToM HarpyxeHuu. Teopema
€IMHCTBEHHOCTH. MeToj| ynpyrux pemeHuii. MeToJl nepeMEeHHbIX MapaMeTPOB YIPYTOCTH.



16.

17.

18.

19.

1.
2.

3.
4

10.

Teopema o pasrpy3ke. Ilomas cdepa wu3 wuAeaTbHO-IIACTUUECKOTO MaTepuaia IMoj]
BHYTPEHHUM JIAaBJICHUEM.

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.

Jluneitnasgs Teopus Bs3KO-ynpyroctu. IlpuHuun cynepno3uuuu bonsumana. Moaenb
MakcBemma u  @oiixta. Sgpa pemakcauud M TON3Yy4YeCTH, (PYHKIUHU pellakCcalud |
noyi3ydyectd. TemmeparypHO-BpeMeHHas aHajorusi. MeToasl pemnieHusl 3aqad JIMHEHHOM
TEOpPUU  TEPMOBSI3KO-YIIPYIOCTU:  YHUCJIEHHBIE  METOJbI, METOJbI,  HCIOJb3YIOIIHE
npeoOpaszoBanus Jlammaca-Kapcona; Meronbl, OCHOBaHHBIE Ha CJEACTBHUSIX W3 TEOPEM O
POCTOM Harpy>K€HHH U MPOCTOH AeopmMarium.

JlBa Tuna BonH B ynpyroil cpenme. CrepkHeBas CKOpocTh 3ByKa. KuHemaTuueckue u
JMHAMHYECKHE YCIOBUS Ha IOBEPXHOCTH Pa3phiBa.
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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 TAPAMETPAM.

TpyOku  tpaektopuil. CreHapHble  ucciepoBaHus.  OnTtuMmuzanus, yMeEHbILIECHHUE
pasmepHocTu. MHTEpnpeTanys 1 NpeaCcTaBiIeHUuEe PE3yJIbTaTOB.

TpaguuuoHHBIE METOIBI CHCTEMHOIO aHAIM3a CIOXKHBIX CHUCTEM. MaTpu4HBIE, CUCTEMHO
OUHAMuYeckue, updy3Hble, CTOXaCTUYECKHE MOJIEITH.

JIuneitHOE 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.
Wnentudukanus mapaMeTpoB B MOJEIN JHHEHHONW PErpeccH ¢ aBTOKOPPETMPOBAHHBIMHU
OLIMOKaMHU IIEPBOTO U BTOPOI'O MOPSIIKOB.

Jlureparypa
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YACTHD Il1

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

1. OOumue mosoxeHus

1.1. YwucnenHele METOABI IS COMIUIMPOBAHUS AINOCTEPUOPHBIX (DYHKIHMI IJIOTHOCTEH
BEPOATHOCTEM; anroputMbl Metpomonuca — Xacrtunra (The Metropolis-Hastings (M-H)
algorithms) Ha ocHoBe meronoB MonTe-Kapino no cxeme Mapkosckoit nenu (MCMC,
Markov Chain Monte Carlo methods); BeIOOp COMIUIOB ¢ MHHHMAJIBHOM KOPpEISAIUEH;
3aBHCUMOCTH (PPEKTUBHOCTH COMIUTMPOBAHUS OT Pa3MEPHOCTH 3aJIauu.

1.2. Henapamerpuueckue METOAbl CTATUCTHKH; ONTUMAJbHBIH pasMep OKHa; sAepHOE
CIJIa)KMBaHKE; CKOPOCTh CXOJUMOCTH.

1.3. Tlonstue 3amaud MHOroKpuTepuaiabHON ontumuzaiuu. JlomuHupoBanue no Ilapero,
pelieHre  3ajad  MHOTOKPUTEPHAIbHOM  onTuMu3auuu.  JlocTaTOuHble — YCIIOBUS
CYIIECTBOBaHMS PELICHHUS.

1.4. Ceéptku xputepueB. JluneilHas cBépTka, cBEépTka ['epmeiiepa. CBEPTKM Ha OCHOBE
HIIeaIbHOU TOYKHU.

1.5. VYcnoBus onTHMaibHOCTH B 33/1a4aX MHOTOKPHTEPHAIBHON onTuMu3anuu. DddexTuBHO
BBIIYKJIbIE U HEBBIITYKJIbIE 3aJa4H.

1.6. YcToH4MBOCTH B 33a7ja4aX MHOTOKPUTEPHUAIBHOW ONTHMU3ALNHU. Y CTOWYMBOCTH TAPETOBOM
U CIIEUTEPOBOM I'PAHHII.

1.7. Meroasl MHOTOKpUTEpUAIbHOM ONTHUMM3ALUMM B CUCTEMaX MOIJAEPKKH IPUHATUS
pemennii. Kimaccugukaiys MeToJ0B MHOTOKpUTEPHATLHON ONTUMH3ALINN.

2. Metoasl Data Mining

2.1. TayccoBa Mojenb CIy4allHBIX JaHHBIX, pa3AenuMble [ayccoBBI pacmpeneneHus u
JUCKPUMHUHAHTHBIN a”anu3. OLEeHKN NapamMeTpoB ['aycCcoBBIX paclpeneneHuil 0 METONy
HanOOJIBIIIETO MPABIOMOI00USI.

2.2. Mopnenb JAMCKPETHBIX JaHHBIX — JEpeBO KiaccuuKauuu. ODHTpONMs, Kak Mepa
MH(OPMATUBHOCTH JUCKpeTHbIX aTpuOyroB (Information Gain). Bribop arpubyra
pacuieneHus aepeBa KiaccupuKaluy Ha OCHOBE €ro HHPOPMATUBHOCTH.

2.3. JlepeBbs kimaccuukanuu st aTpuOYTOB ¢ HEMPEPHIBHBIME 3HAUYCHUSIMH. Pacmienstomnme
3HaYeHUs M JMCKpeTH3auus arpuOyroB. Gini-WHAEKC HWHPOPMATUBHOCTH TUCKPETHBIX
aTpuOyTOB M €ro MOAN(UKALIKS Ha ClTydall KaTeropHalbHbIX aTpUOYyTOB.

2.4. OOyuyenne B wMonenu baiteca. Haunbiii baiiecoBckuit BbiBom U baifecoBckas
KJ1acCHU(pUKaIuSs.

2.5. Meps! paccrosinus. Mepapxuueckas kinactepuzanus. Knacrepusanus Ha 3aJaHHOE YHCIIO
kyactepoB. Heuerkas kimacrepuzanus. CrnekTpaibHas KJIaCTEPU3aLNs

2.6. dakTopHBIN aHAIN3 (CHIDKEHHE pa3MEPHOCTH). AHAIN3 TJIaBHBIX KOMIIOHEHTOB Ha OCHOBE
KOBapuannoHHON MaTpuIlbl. OO0OIIEHHBIN aHAIN3 TJIABHBIX 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.

CUHTYISIpHBIA CIIEKTPaJbHBIN aHAIM3 TPSIMOYTOJbHBIX Matpull (SVD-pasznoxenue) u
¢buKcanys panra MaTpul. DMIUPUUECKUE OPTOroHaNbHbIe QyHKIMK. Peann3anus ananmza
[JIABHBIX KOMIIOHEHTOB Ha oOcHOBe SVD-pa3noxxkeHuss wmarpuubl JaHHbIX. OLieHka
BapHalMii I[NIaBHBIX KOMIIOHEHT.

CKpbITBIE TIEPEMEHHBIE W JBaXIbl CIy4alHbIE MPOLECCHI, ONUCHIBAEMBIE CMECSIMU
lNayccoBbix pacnpenenenuit (GMM-monens). AJATOpUTM OXHIAHUS M MaKCUMHU3ALUU
npaBaonogodus (EM-anroputm). Ornenka mapamerpoB GMM-Mozaenu MocpeacTBOM
AnropuT™Ma  OXHAAHUSA M MaKcHMu3auuu rnpasaonogobus (EM-amropurma) wu
KJIaCTEpU3ALIHSL.

AHanu3 ciy4aiHbIX HPOLIECCOB Ha OCHOBE CKPBITHIX MapKOBCKMX MOAENEH ¢ KOHEUYHBIM
YUCJIOM COCTOSIHUH U ['ayCcCOBOM SMHUCCHEN. ATOPUTMBI IPSIMOU M OOPAaTHON PEKYPCHH.
Anroputm Butep6mu.

Jluneitnas perpeccust 1o MaKCUMaJIbHOMY IpaBaoIoao6uto. Jloructuueckas perpeccusi.
Marusbl ONOpHBIX BEKTOPOB (SVM—MaluHsl).

Anroputm RANSAC.

ITepcentpoH u HelipoHHble ceTu. Camoopranusyromuecs kapTsl KoxoHeHa.
BelipneT-npeoOpa3oBanre BpeMeHHBIX psaoB. CTalMOHapHOE UCKPETHOE BEUBIET-
npeoOpa3oBaHre U yAaJleHHe OKPALIEHHOrO IIyMa U3 BPEMEHHBIX PsI0B.

CHUHTYJSIpHBIN CIIEKTPaJIbHBIN aHAJIN3 MAaTpPULl JaHHBIX U yAAJEHUE LIymMa U3 BPEMEHHBIX
psanoB (merox «I'ycenunay). OOHapyKeHHs BHE3AIIHBIX U3MEHEHUN BO BPEMEHHBIX psax.
[Iporuo3upoBanre BpEMEHHBIX PSAJIOB.

JunamMmuueckoe BhIpaBHUBaHHUE BpeMEeHHBIX psiioB (DTW).

Jluneitaple nuHamudeckue cuctembl U GuinbTp Kanmana. Crinaxusarens Payxa. Onenka
[IapaMeTPOB JIUHENHBIX TUHAMHUYECKUX CHCTEM.

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

OO0nHapyxeHrue NaTTEepPHOB BO BPEMEHHBIX psAAaX M METOAbl CHIDKEHUS Pa3MEpPHOCTH
IIPOCTPAHCTBA TOUCKA

MHoromepHsble cily4ailHble BEIUYUHBI ¢ He ['ayccoBbIMU pacnpenencHusMu. JInHelHas
MoOJieJb CMEIIMBaHUS U AHaJIU3 HE3aBUCHUMbBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX
psanoB (He ['ayccoB daxtopubiii ananu3z). Anroputmel FastiCA u SOBI s BeigeneHus
CTaTUCTUYECKU HE3aBUCUMBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX PSIJIOB.

3. YnpasjeHue u 00padoTka HH(OPMAIUH B CHCTEMAX yIPaBJeHHA

3.1.

3.2.

3.3.

3.4.

3.5.

[TIpenmer Teopun ympasneHus. OOvekT ynpasnenus. lLlens ympasnenus. Cucrtema
ynpasneHus. Buemnss cpena. Ctpykrypa cucremsl ynpasieHus. [Ipoueccel 1 pyHKUINN
yrpasieHus. [IoHATHA perynupoBaHus U alalTUBHOTO ynpasiieHus. [Iokazarenu kadecTa
ynpasnenus. Kpurepuu 3 pexTHBHOCTH U ONTUMAIBHOCTH.

Mertonbl 00paboTKM U3MEpeHHUil B cucTeMax ympasieHus. Poib m3aMepeHuil B cucremax
aBTomMaruyeckoro ympasieHus. [lonsTuss curHasioB u mpoueccoB. CrekTpanbHast
IUIOTHOCTb U KOppesIMOHHAs (yHKIMS curHanoB. [lonstue 6enoro myma.

3amaul  OLIEHWBAHUSA COCTOSIHMSI OOBEKTa yNpaBiIeHWs. 3aJaud HHTEPHOJISALUH,
GuIbTpauu M SKCTpanoisaiuu. MaremaTuuyeckas IMOCTaHOBKA 33Ja4M  (PUIIBTpAIIUH.
®unetp Kanmana 111 [uCKpeTHOTO ciydast.

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

OnTtumanbHoe ympasienue. Knaccuduxarus 3agad onTUMaNbHOTrO yrnpasieHus. Meton
MHOXUTenen Onnepa-Jlarpanxka. Ilpunumn wmakcumyma IlonTpsiruna.  Teopema
pazneneHus. JINHEMHBIA PETyIsATOp.



3.6.

3.7.

3.8.

3.9.

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

Urpossie 3anaun ynpasieHus. bumarpuunbsie urpsl. OntuManbHble cTpaTeruu. Yuctoie u
cMemanHele crpareruu. Teopema Hama. PaBHoBecHas Touka.

Brei6op (mpunstue pemenwnii). Knaccudukanus 3amad BbiOopa. KputepualbHBINA S3BIK
onucaHus BeIOOpa. MHOTOKpHuTepHalibHbIe 3a1a4u. [ pynmoBoii BeiOop. [Tapamoke Ippoy.
JKU3HEHHBIM [MKJI MPOAYKUUHU; CTAAUM M JTalbl XKU3HEHHOrO LMKIA; LIETH U 3a/1adyd
yOpaBiICHUS JKU3HEHHBIM LMKIOM; IIOKa3aTeld KauyecTBa M3JENINS; HAJEKHOCTD,
TOTOBHOCTb, PEMOHTOIPUTOJAHOCTh, TEXHOJOTUYHOCTb, CTOMMOCTbh W3JAETHS; YYACTHUKHU
YKU3HEHHOTO LIUKJIA.

3.10. ctagust pa3paOOTKH; KOHIIETITyaJlbHOE MPOEKTUPOBAHHE, SCKU3HOE NPOCKTUPOBAHUE;

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

3.11. uadopmarnmoHHas MOIJEp)KKa H3Ienus; TpeOoBaHHUS K HHGOPMAIIMOHHOW IOMIJIEPIKKE

4.

4.1.
4.2.
4.3.
4.4.
4.5.
4.6.
4.7.
4.8.

4.9

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

9J1eMeHTbI 3KOHOMHYECKOTI0 MOACTUPOBAHUA U TCOPHUHN NIPUHATUH pemennifl

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.

4.10. 3amaum wccIeI0BaHUS OTICPAIUH.
4.11. Knaccudukanus 3aa4 OpUHATHS peleHui, npeanoxentas I'. CaitMmoHOM.
4.12. Knaccudukamus MHOTOKPHTEpPHAIbHBIX METO/I0B HNPUHATHUSA peuieHui.

N

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

Jlureparypa

P.JI. Kunu, X. Paiida Ilpunsarue pemienuii npu MHOIMX KPUTEPUSX: NMPEANOUYTEHUS U
3amenieHus. M.: Pagno u cBs3b, 1981.

O.U. JlapuueB Teopust u MeTonbl npuHATUS pemienuil. M.: Jloroc, 2002.

Hponos C.B. MHoromepHslii cratuctudeckuil ananus. bapuayn: Usn. Anraiickoro I'Y.
2003.

bamvakoB A.W., bammakos M. A. MHTennekTyaibHble HHPOPMALMOHHBIE TEXHOJIOTHH:
Yyebnoe mocobue. M.: U3n-Bo MI'TY um. H.D. baymana, 2005. 304 C.

Ko63ape A. 1. [Ipuknagnas MaTeMaTHuecKasi CTaTUCTHUKA. J[J1s1 MHKEHEPOB U HAYUHBIX
paboTHUKOB. - M.: DUIMATIINT, 2006. - 816 c. - ISBN 5-9221-0707-0.

Beenenue B sxonomerpuky / Jxxelimc Ctok, Mapk YOoTcoH; iep. ¢ aHriL.; noq Hayd. Pen.
M.IO. Typynueoit. — M.: M3natensckuii qom «Jleno» PAHXul'C, 2015. — 864 c. — (Cepus
«AKaIeMUYECKUN YIEOHUKY).

MukposkoHoMeTpuKa: MeTo bl U ux npumeHeHus. Kuura 2 / 9. Komun Kamepon, [Tpasun K.
Tpuseau; nepesBon ¢ aHriL; nmoa Hay4H. Pen. b. /lememesa. — M.: M3narensckuii 1om «/leno»
PAHXuI'C, 2015. — 664 c. — (Cepust «AxkageMU4ecKuil y4eOHUK)).



10.

11.

12.

13.

14.

15.

16.

ABTOMaTH3UpPOBaHHbIE HH()OPMALIMOHHBIE TEXHOJIOTUU B SKOHOMUKe / [Tox pen.

I'.A. Turopenko. M.: Komnsiorep, KOHUTH, 2008.

baponos B.B. u np. ABTomaTtu3zanus ynpasiaeHus npeanpustaem. M.: Uadpa-M, 2000.
Mapk /1., MakI'oysn K. MeTomonorust CTpyKTypHOTO aHaJIM3a U IPOEKTUPOBaHus. M.:
MerarexHonorus, 1993.

KocsikoB A., CBut Y. u ap. Cucremnast unkenepus. [Ipunuuns! u npaktuka. Ilep ¢ anra.
noj pea. B.K. barospuna. — M.: JIMK Ilpecc, 2014.

[[TanamoB A.C. MHTErpupOBaHHas JIOTUCTUYECKAs NOJAEPHKKA HAYKOEMKON IPOAYKIIUU —
M.: Yauepcuretrckas kaura, 2012.

A6nounukos E.N., ®omuna 10.H., Canomaruna A.A., I'ycensuukoB B.C. Metozsl
yIpaBieHUs )KU3HEHHBIM ITUKIJIOM IPHUOOPOB U CUCTEM B PACHIMPEHHBIX MPEINPHUITHSIX.
Vuebnoe nmocodue. CII16: CII6I'Y UTMO, 2009.

[Toropenos, B.1: Cucrema u ee »u3HeHHbIN IUKI: BBeAeHUE B CALS-TexHomoruu: yueonoe
nocobue, M-Bo oOpa3oBanus u Hayku Poccuiickoii @eneparun, banruiickuii roc.
texunuyeckuit yH-T "Boenmex", CI16: BI'TY, 2010.

Caatu T.JI. [IpunsTHE pelIeHU TPH 3aBUCUMOCTSIX U OOPATHBIX CBA3AX: AHATUTUYECKUE
cetn. — M.: URSS, 2016. — 360 c.

Jlapuaer O. U. BepbanbHbiii ananm3 pemrennii. — M.: Hayka, 2006. — 181 c.

YACTHD Il1

BapuaruBHas yacTh nporpaMmbl BCTYIUTENBHOTO UCTIBITAaHUA 110 Kadeape cCUCTeM, YCTPOMCTB
U METOJ0B Ie0KOCMHYEeCKOH (PU3UKH

1.

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

[IpuHuUNbl NOCTPOEHUS] M  (PYHKUHOHMPOBAHHUS COBPEMEHHBIX KOCMHYECKHX
HHGpOPMAIMOHHBIX CHCTEM

[TonsTust o xpunrorpadpuveckux MeTogax 3amuThl uHbopMmanuu. Kpunrorpadpuueckue
OPOTOKOJMBI M anropuT™Mbl. OCHOBBI ~ KpUNTOaHaiIu3a. AmmnapaTHble  CpeAcTBa
KPUIITO3AILUTHI.

OcHoBuble 3a7aun coBpeMeHHbIX KUMC (cyTHHMKOBBIE CUCTEMBI CBSA3HM, HaBUTallMOHHbIE
CUCTEMBI U HHPOPMAIIMOHHBIE CUCTEMBI JUCTAHIIMOHHOTO 30HIUPOBAHUS 3EMITH).
CIyTHHKOBBIE CUCTEMBI CBSI3H.

dusnueckue MNPUHLUIBI 00ecredyeHus: KOCMUYecKoil cBsa3u. OCHOBHBIE 3JIE€MEHTHI
OOpTOBOrO M HA3eMHOr0 CErMEeHTOB. Buabl o0pOUT KOCMHUYECKMX amnmnapaTos,
o0ecrneynBaroINX CIyTHUKOBYIO CBSI3b.

CnyTHUKOBBIE HAaBUTALMOHHBIE cucTeMbl. OOas CTPYKTypa U MNPUHIMIBI TOCTPOCHUS
CHC. Kocmuueckuii W Ha3eMHBIM CErMEHTbl. MeTonbl W3MEpEeHHs HaBUTallMOHHBIX
napaMmerpoB. OCHOBHbIE HaBUTALMOHHBbIE alropuTMmbl. lloHatue o muddepeHunanTsHOM
pexxume ¢pyakiumonupoanuss CHC. CHC T'JIOHACC, GPS u GALILEO.

CrnyTHUKOBBIE CHCTEMBI JMCTAHIIMOHHOTO 30HaupoBaHus (/13). OOmas xapakTepuCTHKa
meTonoB J[3. Dusnyeckue NpUHIUNBI (GYHKIIMOHUPOBAHUS W (UBUKO-TEXHUUECKUE
BO3MOXXHOCTH TacCUBHBIX M akTUBHbIX cucteM /[3. IloHsTHS O MpPOCTPaHCTBEHHOM,
CHEKTPAJIbHOM, PaJTUOMETPUUYECKOM M BPEMEHHOM pa3pelICHUAX CHYTHUKOBBIX CHCTEM
3. CoBpemeHHbIE CHOYTHUKOBBIE CHUCTeMBbI J[3 HHU3KOro, CpEeIHEr0 U BBICOKOIO
MIPOCTPAHCTBEHHOTO pa3peiieHusl. MylbTUCTIEKTPAIbHbIE U TUIEPCIIEKTPAIbHBIE CUCTEMBbI
3. Ilpumepbl mNpUMEHEHUS CHOYTHUKOBBIX cucTeM J[3 B 3amadyax MOHHMTOpPUHTA
aTMocdepsbl, TOBEPXHOCTH 3eMIIH, MOPEN 1 OKEaHOB.



2. CucreMHOe NPOEKTHPOBaHUE KOocMHUYecKUuX HH(popMaunoHHbIX cucteM (KHUC).

2.1.
2.2.
2.3.

2.4.
2.5.

Apxurekrypa u uepapxus nocrpoenus KMC. Cxema nenenus. @yHKIMOHAIBHBIN aHAIN3
u cunre3 KHC.

MonaynsHoe — mpoekTtupoBanue.  [loHstne 00  yCTOWYMBOM  IPOEKTHPOBAHHU.
TexHonOrnueckas roTOBHOCTb.

[TonsTus 0 cucTeMHbIX puckax. [IpuHIMTBL 1 MeTO B! 0Oectieuenus HaaexHocTr KMC.
Banupanus n Bepugukanus pe3yapTaToB cucteMHoro npoekruposanust KUC.
TexXHOJOrMYECKHe STambl YIPABICHUS TPOLIECCOM BBIMOJHEHHUS MPOEKTHBIX paloT:
ceTeBble I'pauMKU, KOHTPOJIb UCTIOIHEHUS, (POPMBI OTYETHOCTH.

3. l'[pe):[MeT H OCHOBHBIC ITOHATUA KOCMHUYICCKHUX I/IH(l)OpMaIII/IOHHLIX CHUCTEM IL?D

3.1.

3.2.

3.3.

3.4.

[TpyHIMOBI AUCTAHUMOHHBIX HccaenoBaHui. CBsA3b JUCTAHIMOHHOM HH(OpManuu c
XapaKTEepUCTUKAMU HM3y4aeMbIX SIBJIEHUI M mpoueccoB. Kocmuueckne M aBUALMOHHBIE
CHUCTEMBbl  JUCTAaHUMOHHOTO  3oHAuMpoBaHuss  ([3). JlocromHcTBa ~ KOCMMUECKOH
uHpopmanuu. Beenoctynnocts. OnepatuBHOCTh. [1100anbHOCTS.

3anauun I3 aTMocdepsbl, MOBEPXHOCTH 3eMid. 3eMJIsl KaK €JMHAasl SKOJIOTHYecKas CUCTEMA.
Ponbp nucTaHIMOHHBIX MCCIEAOBAaHUNW B U3YYEHHWU NPUPOJHON cpeabl B TI100albHOM
MaciTade ¥ BO3JeHCTBUS Ha HEe aHTPOIOI€HHBIX (PAKTOPOB.

3a1aul IUCTAaHIMOHHOIO KOHTPOJISL M Pa3BeAKUM OOBEKTOB HA MOBEPXHOCTU 3€MJIM U B
atMocdepe.

CoBpemennble cuctembl /(3. CucteMHBI NOAXOJ K JUCTAHLIMOHHBIM HCCIIEOBaHUIM.
[TpocTpaHCcTBEHHOE, CHEKTpajbHOE, PATUOMETPUUYECKOE U BPEMEHHOE pa3pellieHHe.
[TepcrieKTUBBI Pa3BUTUS KOCMHUUYECKHUX CUCTEM JUCTAHLIMOHHOTO 30HAUPOBAHUS.

4. Hpnpona JJICKTPOMATrHUTHOTO U3JIYUICHUS. B3aumopeiicTBue H3JTYy4YC€HUS C BEIICCTBOM.

4.1.

4.2.

4.3.

4.4,

4.5.

Teopus 3IEKTPOMAarHUTHOTO U3IyueHus. Y paBHeHue MakcBemia. BoaHoBoe ypaBHeHUE U
ero pemenus. [lonsgpuszanus. [loTok sHepruu. DHepreTuueckue U (poToMeTpuuecKue
BenuunHbl. OTpakeHue M ImpenomiieHue cBeTta. Kiaccuueckas Teopusi HU3Iy4YEHMS,
noryomeHuss U aucnepcuu. TemoBoe wu3nmydeHue. AOcomoTHO uyepHoe Teno (AYT).
3akonsl Credana-bonbiivana, [Inanka, dopmynst Buna u Penes-/[xunca. 3akoHbI
manyuenuss AYT pns cpensl, ommyHOW OT Bakyyma. 3akoHel AUT nns KoHE4HbIX
CHEKTpaJIbHbIX ~ MHTepBajoB. M3myuarenbHass  CIIOCOOHOCTh U PagHOSIPKOCTHAs
TEeMIEPATypa.

B3anmopneicTBue W3IydeHUsT C BEUIECTBOM B ONTHYECKOM JAMana3oHe. Y paBHEHHE
[EPEeHOCAa M3JIY4YeHUs [UI IOTJIOLNAOIIECH, H3JIYy4arolel W pPAaCCEUBAIOLLEH CpEapbl.
YpaBHeHHe TnepeHoca MpU Haluuuu nonspusauud. Bexrtop-mapamerp Crokca.
[TpubnuxeHrne JOKaJIbHOTO TEPMOJMHAMUYECKOTO paBHOBecHs. CBs3b pe3yJlbTaToOB
TUCTAHIIMOHHBIX HAOIIOIEHNUI CO CBOMICTBAMI HAOIIOIAEMBIX SIBICHUM.

JlazepHoe JUCTaHIMOHHOE 30HAMpOBaHME. JIMmapHOe ypaBHEHHE [UIsl PACCESHUS.
JInnapHoe ypaBHeHue g quddepeHInanbHoro noriaomeHus. Jlugapuoe ypaBHeHue ajs
Gbroopecupyronero 00beKTa.

N3ny4arenbHble, MOTIIOMATEIBHBIE U OTPAXKATEIBHBIE CBOMCTBA HEYEPHBIX MOBEPXHOCTEM.
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
BOJHBIX CpEZl.

B3aumopeiicteue wumsnyuenus ¢ BemiectBom B CBU-mmamazone.  OcoOeHHOCTH
JUCTAaHIIMOHHBIX METON0B 30HAMpoBaHMs B CBY-mmanasone. YyBCTBUTENBHOCTH K
TEOMETPUHM TOBEPXHOCTH. YyYBCTBUTENIBHOCTh K COACPKAHUIO BOJABL. Y PaBHEHHE
panuonokanuu. OCHOBHBIE XapaKTEpUCTUKHM CHUTHAja OOpaTHOro paccesHus. PaccesHue



4.6.

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

[TaccuBHOE IUCTAHIIMOHHOE 30HIMPOBAHUE B CBUY-anana3zone. Monpenu
paaoOMEeTpUUYECKON TeMIiepaTyphl (IJ1ajkasi M IIepoXxoBaTas MOBEPXHOCTH). SIpKocTHas
TeMIIepaTypa MPUPOIHBIX 00Pa30BaHUM.

5. Poanb aTMOC(l)epLI B JUCTAHINHUOHHBIX UCCIICAOBAHUAX 3emun

5.1

5.2.

5.3.

5.4.

Xapakrepuctuka armocdepsl. CoctaB. ['a3el. Asposzonu. Ob6maka. Tyman. JlpiMka.
IlepeHoc u3nydyeHus: B pacceUBarolle U noriowmarumen cpeae. [lornomenue u3nydeHus
razamu. PaccesHue Ha Molekynax raza M 4acTulax a’posois. PeneeBckoe paccesHue.
Paccesnue Mu. 3akon JlamGepra-byrepa. Ontuueckas Toima. Mojeind a’po30JbHOM
atMocdepsl. MeTeoposoruueckas 1albHOCTh BUAUMOCTH.

Metoapl  pacuera npo3pauHocTH arMmochepsl. Merox  "line-by-line". Meroub
MOJICJIMPOBAHUS TOJIOC (MOJAENs Oib3accepa, CTATUCTHYECKas MOJENb WM MOJENb
Meiiepa-I'yau). OMIuUpuYecKue METOIbI C UCIOJIb30BAaHUEM MoJIeu noiioc ("'arperatHbiid”
MeToa, Mmozenb "Lowtran"). JIByxmapamerpuueckuii meton Kyptucca-I'oacona.
AtmocdepHas TypOyneHTHOCTh. [ludpakums Ha OFHOPOAHBIX 30HaX. CTpyKTypHas
byukusa. CTpykTypHas noctosHHas. Ontudeckas nepenatoyHas GyHkuus TypOylIeHTHOM
atMocdeprl. CiydaifHast COCTaBISIOINAS JUIMTENBHOM W KOPOTKOM  DKCIIO3UITUH.
H3mepenus TypOyIeHTHOCTH.

SpxocTHble (pagualiOHHBIE) XapakTEPUCTUKU 3eMiIu U3 KocMmoca. OTpakeHHOEe U
TerioBoe u3nydeHue. OONydeHHOCTh 3eMHOM MoBepXHOCTH. [IpsMoe comHedHoe
uznydyenue. M3nydyenne HeO0CBOAa. 3aBUCUMOCTh OT BbICOTHI CoOJHIIA HAJl TOPU30HTOM U
reoMerpun HaOmroAeHus. Spkocte 3emin U3 KocMmoca. M3mydeHue OT ydacTka
noBepxHoctu. Bxiaxg armocdeprl. VYuer paccesHHoro wusnydeHus. OcoOEHHOCTH
MPOLIECCOB TepeHoca u3iyueHus B arMmocdepe 3emnu B uHppakpachom u CBY-
Jyana3oHax.

6. Perucrpanus 3JIleKTpOMATHUTHOI'O U3JTy4YeHUsl.

6.1.

6.2.

6.3.

6.4.

6.5.

Knaccudpukamuss MexaHu3MoB celeKTHBHOTO (oTtonmpuema. @DotoHHBIE 3(PPEKTHI.
TennoBble 3¢¢extel. D¢pdexTl BonHOBOro B3auMmojaeicTBus. (OCHOBHBIE THUIIBI
TBEPAOTENbHBIX (QoTonpueMHukoB. Doronuoxasl. bapbeprl IlloTku. ®otope3ucTopsl
cOOCTBEHHBIE U TpUMecHBIe. [Ipubopsl ¢ 3aps10BON MHIKEKIIUEH.

OcHoBbl ¢u3uku npudopos ¢ 3apsnoBoil ces3pio (I13C). [IpuHuun xpaneHus u nepesoca
3apsiga. OcHoBHble TUIIBI [I3C-cTpykTyp. llepeHoc 3apsna n yacrotHsle cBoiicta. [13C ¢
00BbEMHBIM KaHAJIOM M BUPTYyalbHBIN (ha3oil. HeaddexktuBHOCTh Mepenoca 3apsna B I13C.
TeMHOBO# TOK. MeTOo bl BBOJIA U JIeTEKTUPOBaHUs 3apsiaa. Jlunelinsie u marpuunsie [13C.
XapakTepUCTUKH IIPUEMHUKOB ONTUYECKOTO W3JIy4CHMUS. CerocurnanpHas
xapakrepucTtuka. KBanroBas xapakrepuctuka. KBanroBas s3gppextuBHOCTb. CrieKTpanbHast
XapaKTepUCTHUKAa YYyBCTBUTENbHOCTH. CHEKTpaidbHbIH  KOA(P(GUIUEHT TIOIJOIEHUs
n3irydeHus. JJIMHHOBOJIHOBAs TPAaHUIA YyBCTBUTEIBHOCTU. AKTHHUYHBIE SHEPIeTUUECKHE
XapaKTepUCTUKU. YacTOTHBIE CBOMCTBa NMPUEMHMKOB W3JIyUY€HUs, IOCTOSIHHAs BpPEMEHU
doroorknuka. @Dynkuusa mnepegaun wmoxyisiuu  (OIIM). Teomerpuueckas OIIM.
Huddysnas OIIM. OIIM weaddextuBHocTH nepenoca B [13C.

HIymel. OcHOBHBIE HMCTOYHUKM IIyMoB. IloporoBas oOiyueHHOCTb. VY jaenbHas
oOHapyxuTeNnbHas crnocoOHOcTh. CreKTpanbHas MIOTHOCTh IIyMa IMOJTYHNPOBOAHHUKOBBIX
¢doronpuemuukoB. [llymbr B MHOrosnemMeHTHBIX [13C-poronpuemuukax. [llym mepenoca
3apsiga. lyMm BeIXOgHOTrO yctpoictBa. ['eomerpuueckuil mym. BinsiHue oxiaxiaeHus.
JlocTOMHCTBA B Cilydae nmpuemMa n300paskeHusl IPH HU3KUX YPOBHIX 00Ty4EeHHOCTH.
Juckperuszanust  nM300paKeHHs]  MHOTORJIEMEHTHBIM  (oTonpueMHUKOM. Teopema
KorenbHukoBa.  BusyanbHoe — mposiBieHue — 3¢¢exkroB  BbiOOpku.  Pemykuwms
POCTPaHCTBEHHbIX 4acToT U PIIM MHOrosneMeHTHBIX NpPUEMHUKOB. Myap-3¢dexT.
Onwucanue s¢p¢dexra uckaxkeHus curHana c nomoipio "®IIM ¢dassl". TectupoBanue



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

7. Teopusi JauHeiiHoili ¢uabTpanmuu. CuUrHaJbl M TOMeXH B CHCTeMax mpHeMa

7.1.

7.2.

JICKTPOMArHUTHOI'0 U3JIYICHUS.

JleTepMuHUpOBAaHHbIE  CHUTHANBI, CIOCOOBI MX omMucaHusa. VHTerpai  CBEpPTKHU.
[IpeoOpazoBanne @Dypre u ero (yHKIHMOHAIBHBIE CBOWCTBA. Teopema CBEPTKH U
ontuyeckas nepenatounas ¢pyakuus (OIID). Ananu3 TMHEHHBIX cUCTEM (OPMUPOBAHUS
M300paxeHus ¢ MoMoIIs0 mpeodpazoBanus Oypre. OIID onrtuueckux 3nemeHToB. OIID
TUMUYHBIX ~ JJIEMEHTOB ~ MH(QOPMAIIMOHHOTO  TpakTa  CHUCTEM  JHUCTAaHIMOHHOTO
30HaUpoBaHus. lleHTpanbHas mpenesnbHas TeopeMa IPU AHAIU3E JIMHEMHBIX CHCTEM.
PesynbTupyromas OI1O.

CrnyuaiiHbple CUTHAJIBI M CIIOCOOBI WX onucanus. CiydaitHbie GyHKIIUU U T0Js. YUCIIOBBIC
xapaktepuctuku. DyHKUUg pacnpeaeneHuss W (QyHKUMHM IUIOTHOCTH BEPOSTHOCTH.
CranoHapHOCTh, OJHOPOJHOCTH, SPrOJUYHOCTh. ABTOKOPPEISIMOHHAS (QYHKLIUSA H
CIEKTpajbHas IUIOTHOCTh. KOppesisiuoHHBIM W CHEKTPAJbHBIA  aHanu3. Buasl
OJIHOMEPHBIX CcHeKkTpoB. IIpeoOpa3oBaHue CHEKTPaJIbHOM TUIOTHOCTH JIMHEWHBIMU
3BEHbsIMHU. BeposITHOCTHOE OMKCaHNe HEMPEPBIBHBIX U300paXKEHUI.

8. Metoasl nepenayu u 06padoTku uHPpopmaum, moaydaemoii cpeacrsamu /13.

8.1.

8.2.

8.3.

8.4.

Mertonpl nepenaun U300pakeHU. XapaKTepUCTHUKU CUCTEMbI Nepefayd H300pakeHuil.
Hcnonp3oBaHue Mojenell 3peHuss Npu KoaupoBaHuM u3oOpaxkenuil. Koauposanue
METOZIOM  HMMIIYJIbCHOH  KOomoBOM  Monynsuuu. CTaTHCTHYECKOE  KOAMPOBaHUE.
KomupoBanue c¢ mnpenckazanueMm. KoaupoBanume ¢ mpeoOpazoBanueM. ['ubpumgHoe
KO/AMpOBaHUE. MexXKaJpoBoe KOAMPOBAaHME C YCIOBHBIM 3amelieHueM. CokpaiieHue
M30BITOYHOCTH OMHAPHBIX N300paXKEHUH.

Metonapl 00paboTku m3o0pakeHuit. IlpeacraBnenue uzobpakeHuit B 1udpoBoi dopme.
Juckperusanysi U BOCCTAaHOBJIEHHE HENPEPBIBHBIX H300pakeHUi. MartemaTnueckoe
ONKCaHHe TUCKPETHBIX M300paxxeHui. JIuneiHble onepaTopsl. Oneparop Cyneprno3uium.
JIBymepHble yHUTapHble IpeoOpa3oBanus. IlpeoOpazoBanue @ypre. KocunycHoe
npeoOpazoBanue. CuHycHoe mpeoOpasoBanue. [IpeoOpa3zoBanme Apnamapa, Xaapa.
CunrynspHoe npeoOpa3oBaHue. JBymepHble MeTO1bl JUHEHHON 00padoTku. OOpaboTKa ¢
UCMOJIb30BaHUuEM TpeoOpazoBanust. Cymneprosunus ¢ npeoOpa3oBaHueM. CBepTka ¢
UCIIONIb30BaHUEM  ObicTporo  mpeoOpazoBanHust @Dypbe. @DUIbTppl Ha  OCHOBE
npeoOpa3zoBanus dypoe.

OcHoBHble MOHATUS TeonHpopMmaTHKU. OOmas XapakTepUCTHKa TeOMH()OPMAIMOHHBIX
cucreM (I'MC) xak kiacca asromaruzupoBaHHblx MC. Cdepsr npumenenuss I'MC.
Knaccupukanus I'MC no ¢yHKIMOHAIBHBIM BO3MOXKHOCTSIM M TEPPUTOPUATBHOMY
oxBaTy. Kaprorpaduueckass ocHOBa Kak CpeJCTBO MHTETPallil U OTOOPaKECHHs JTaHHBIX.
Texnomorun CAIIP kak meTononorudeckas ocHoBa npoektupoBanusi I UC. Ponb u mecto
skcnepTHbIX cucteM B [MC-texHonrusx. MHCTpyMeHTaNbHO-IPOrpaMMHOE oOecrieueHue
I'NC. TUC u web- Texnomoruu. Ilpumenenwe nanubix /I3 B T['MC-TexHONOTHSIX.
TexHonornueckas nemnouyka TeMatudeckoil oopadorku (TO) maHHBIX KocMuueckoro /I3.
MeTob! 1 cpeacTBa MpPeCTaBIEHUS PACTPOBBIX U300paKeHUI

MeTtoel KJaccuuKanuu JUCTAaHIIMOHHOU nHpOpMaINH. I'eomeTpuyeckas,
panuomeTpuyeckas 1 arMochepHast KOppeKIus. AITOPUTMbI PACUIUPEHUS JUHAMHYECKOTO
JManasoHa  JUCTAaHIMOHHOTO  u300pakeHusa.  IIpuMeHeHue  yCIIOBHO-I[BETOBOTO
KOJMPOBaHUS N300pakeHHUs 0 JaHHBIM CIIEKTPAJIbHBIX KaHaJIoB. MeTo 1 aHall3a IIIaBHbBIX
KOMIIOHEHTOB WM TnpeoOpa3zoBanue Kapynena-JIossa. IlpeoOpasoBanue Kayra-Tomaca.
[Tpu3Haky MHOTO30HANBHOM WH(pOPMaUUK (MHIEKC IOYBbI, BETETAIIMOHHBIN HHIEKC,
MHJIEKC BJIAXXHOCTU M JIp.). YUeT BPEMEHHBIX XapaKTEePUCTHK, KacKaHas KIacCUPUKALIHSL.
Mopdomerpuyeckuii aHanus B reorpaduyeckux ucciaenoBanusix. OOHapyx eHne 00bEKTOB



[EEN

11.

12.
13.

14.

15.

omnpezeneHHol GopMmbl. HekoHTpommpyemas kitaccupukamus. IKCIEPTHBIC CUCTEMBI IS
Ja"Hbex J13.
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Pasnen «IIpoYHOCTD M TEIUIOBBIE Pe;KUMBI JIeTATeJAbHBIX ANNAPATOB»
YACTD 11

1. Kunematuka pedopmupyemMoir cpeabl. OinepoBbl u  JlarpaHxeBbl KOOPAWHATHI.
[Tepememnienusi. Manbsie u KoHeuHble aedopmanuu. Beipaxenus nedopmanuii uepes
nepemenienus. Hanpsoxenus. Juddepennuansiple YpaBHEHUS pPaBHOBECUS M JIBH)KCHUSI.
I'pannunbie ycinoBus. dusndeckue 3akoHbl AehopmupoBanus. O000mEHHBIN 3aKkoH ['yka
JUISL U30TPOIHBIX U aHU30TPOIHBIX MAaTEPUAJIOB C YYETOM TeMIepaTypbl. Mosieau 1 3aKOHBI
nedopMUPOBAHUS JJISl IJIACTUYECKOTO, YIPYroIIaCTUYECKOrO0 M BS3KOYIPYTOro Teja.
DopMyIMpOBKa KPaeBbIX 33Ja4 CTATUKU U TUHAMUKH Ae(POpMUPYEMOTo Tea.

2. TlorenumanpHas sHeprus aedopmanuu JMHEHHO yrpyroro Tena. BapuanuoHHble TPUHIIUITBI
Jlarpanxa, [lamamOepa—Jlarpanxka, Kactwibsno. CMelIaHHBIA BapHAMOHHBIA MPUHITHIIL.
Teopembr B3ammHocTu, Knanelipona, Kactunbsino. Bapuarmonneie wmeroast Putna,
BybnoBa—T anépkuna, Tpedna, koHeuHbix amemeHTOB (KD3).

3. Ilnockas nedopmanus M IVIOCKOE HANPSDKEHHOE COCTOSIHME. burapmMoHuueckoe ypaBHEHHE
Uit (GYHKOUU HalpspDKeHWd. BapuanmoHHBIE M 4YMCICHHBIE METOMABI PEIICHUs 3ajad
IJIOCKOT'O HAPSKEHHOTO COCTOSHUS.

4. W3ru® ToHkMX I1acTuH; auddepeHnranbHoe ypaBHeHUWEe A (QyHKUMM mporuba u
IpaHUYHBIC YCIOBHS; BapUaIlOHHAs (GOPMYIMPOBKA 3a/1a4M; BapUAIIMOHHBIE M YHCICHHBIC
MeToIbl penieHust (Metonsl Putia, byonoa— ["anépkuHa, KOHEUHBIX 3JIEMEHTOB, KOHEUHBIX
pasHocTeit).

5. Teopust momorux oOosiouek: (HOpPMYIHPOBKA 33/a4dl B TEPEMEIICHUSX U B CMEIIaHHON
dopme (s GyHKIMM Tporrnba u (YHKIIMU HANPSDKEHWI): BapUAIlMOHHBIC M YHCICHHBIC
METOJbl pemieHus. ['eoMeTpuueckd HeNMHEWHas Teopus u3ruba IUTAaCTUH U TOJOTHX
00oJ0ueK. YpaBHEHUS B IEPEMEIICHUAX U B CMEIIaHHOH (opme.

6. Crathueckuil M DHEPreTUYECKUN KpPUTEPUU YCTOWYMBOCTU. Y CTOMUMBOCTH CTEp>KHEH.
YCTOMYMBOCT, IUJIACTUH MNpU  CXKAaTUM H  caBure. JInHeapu3OBaHHBIE YpaBHEHUSA
YCTOHYMBOCTH 000JI04EK. Y CTONYMBOCTh UIMHIPUYECKON 000IOUKH MPU OCEBOM CXKATHH U
IIPY BHEILLIHEM JIaBJICHUHU.

7. Konebanus ynpyroi KOHCTPYKIIMH KaK CHUCTEMBI C KOHEYHBIM YHCIIOM CTENEHEH CBOOOIbI.
VYpaBHeHust Manblx KosieOaHuM B 0000MIEHHBIX KoopauHaTax. CoOCTBEHHbIE KoyieOaHUS.
VYpaBHEHHs B HOPMAJIbHBIX KOOPAMHATAX U UX PELICHUSI.

8. IlpomonbHbIE W TONEpeYHbIE KOJEOaHWsT PAKEThl C OTCeKaMH H 0OaKaMH, YacTUYHO
3aM0JIHEHHBIMHM  JKUJIKOCTBIO; (POPMYJIMPOBKA 3aJaud TUAPOYHPYTrOCTH U METOJbl ee
pelieHus.

9. Ilpumenenne MKD k pacuéry HanpsHKeHHO—AE()OPMUPOBAHHOIO  COCTOSHUS U
ycroiunBocTd  KOHCTpyKUuid JILA. OCHOBBI MEXaHUKM pa3pyeHHUs U HaKOIUICHMS
MOBPEXKIACHUN. Y CTAIOCTh U PECYPC KOHCTPYKLIUMN.

10. OcuoBHOe U depeHraIbHOe ypaBHEHNE TETUIONPOBOIHOCTU. Y CIIOBHS OJIHO3HAYHOCTH.
[Tpocreiimne 3amadv CTAalMOHAPHOM TEIUIONMPOBOJHOCTH B TBEPABIX TEIAX—IUIOCKOM,
HAJTUHAPUYECKOW W I[IApOBOM  CTEHKaX.  T[emIonmpoBOJHOCT, Mpu  OOBEMHOM
TEIUIOBBIZICICHUH B OECKOHEUHON TIOCKOM TUIACTHUHE.

11. Metonpl pelieHUs] KpaeBbIX 3a7ad HECTAIMOHAPHOW TEIIONPOBOJHOCTU. AHATUTHYECKHE
METO/BI: METOJl pa3/ieIeHus] MEepeMEHHBIX, MeToJ (QyHKuuu ['puna, mpunuun [lroamens,
TEIUIOBbIE MOTEHIMAIIBI. YHCIeHHbIE METOBI.
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Paznen «A3p0)_'ll/IHaMl/IKa 1 NMpoueCcChl Tem1000MeHa JieTaTeJIbHbIX anmapaTron»

YACTD 11

1. OcHoBbI TeopeaneCKoifl AIPOANHAMHUKHU

1.1.

1.2.

1.3.

1.4.

1.5.

CunoBoe Bo3jelcTBUE cpebl Ha JIBIXKYyIuecs Terna. OCHOBHBIE MOHSTHS, ONMpeeseHus,
runoTe3bl. J[BrkeHuwe JeraTenbHBIX anmapatoB (JIA) B CIUIOMIHOM cpene, CHUIIOBOE
Bo3JeiicTBie cpenbl. OCHOBHBIE MapaMeTphl rasa, XapakTepU3YIOIIUE €ro COCTOSHUE.
Cxumaemocts  raza. Bsskocts. ['umoreza  crmomHocTtu.  ['naBHBIE  BEKTOp
a’POIMHAMUYECKUX CUJI, MOMEHTA, MIOHATHE O LeHTpe AaBieHus. OO01iee BbIpaXeHHe IS
a>pOIMHAMUYECKON CHJIBI (TEOpUsl pa3sMEpHOCTEH M 1O0A00Hus), a’pOJUHAMHUYECKUX
kod(durmenToB cuim 1 MoMeHTOB. Kputepun momo6usi. YUucna M u Re. Hampsokenue
Tpenus. l[umore3sl TypOyneHTHOCTH. OOIIas XapaKTepUCTUKA adpPOAMHAMUYECKHX
K03 PHUITUEHTOB.

OcHOBHbBIE ypaBHEHUS COXPAaHEHMs a’dpOJUHAMMKU. METOIbl MCCleOBaHUs JIBHKEHUS
raza. Meroawl Jlarpawxka, Ounepa. I[loHsTHe TUHUM TOKa W TPACKTOPUU JBUIKCHHUS.
JBuxenne >kuakod uyactuubl. [loTeHIManbHOe ¥ BUXpEBOE TeueHusd. Teopema
['enpmromnbiia. OCHOBHBIE ypaBHEHHs a3poJuHaMuKH. Mccnenyemas cuctemMa pU3MUEcKuX
Ten. Momenu KuAKoCTH (Ta3za). YpaBHEHHS HEPa3phIBHOCTH JUIs - KOMITOHEHTBHI rasa
(mns cmecn). MaTerpanibaas u nuddepennuansraas Gopmel 3anvcu. YpaBHeHne HaBbe—
Crokca. [uddepeHunanbupie ypaBHEHHUS BUKEHUS HEBSI3KOW JKUIKOCTH (ypaBHEHHS
Diinepa). YpaBHCHHs YHSPTHH JJII KOHEUHOTO U OECKOHEYHO MaJIoro 00beMOB. Y IelIbHAS
SHEprusi BAOJb JIMHUM TOKa MAJsl HEBS3KOW JKHJIKOCTH B YCIOBUSAX aIuabdaTHUYecKOro
tedeHus. OOoOmeHnHas (opma 3amucu ypaBHEHUH COXpaHEHHUS a’pora3ouHaAMHUKH.
VYpaBHEHHE COCTOSIHHSI COBEpIIEHHOTO U pealbHOro rasa. MHTerpaibl ypaBHEHUS
nBukeHus. CucreMa OCHOBHBIX ypaBHeHUH. HauanbHble W TpaHUYHBIE YCIIOBUS.
CoBpeMeHHbIE YMCIICHHBIE METOMBI pelleHus] ypaBHeHui Jiinepa, HaBre—CTOKCa U HX
ACHUMITOTUYECKUX MOJICIICH.

OpHoMepHOE M3PHTPONUYECKOE YCTAaHOBHBIIEECS TeUeHHE Trasza. PacmpenerneHue Majbix
BO3MYyILleHUH B ra3oBoil cpene. COOTHOIIEHHE MEXIy CKOPOCTbIO TEYEeHHs Tra3a MU
mIomaap0 cedeHus. IlapameTpbl raza mpu M33HTPONMYECKOM TedeHuu. Kpurtuueckue
3HaueHUs MapamMeTpoB. BiusgHHe CKHMaeMOCTHM Ha  JIaBJI€HHE  TOPMOKEHHS.
["azogunamuueckre GyHKINU.

Teopust ckaukoB ymiuoTHeHus. [Ipupoaa ynapHbBIX BOJIH—CKAuKOB YIUIOTHEHHS. CXeMbl
pacuera mapaMeTpoB TMOTOKA Ha CKayke YIUIOTHEHUs. Teopus NpsIMOro CKayka
ymioTHeHHs. CHcTeMa OCHOBHBIX YPaBHEHUH Ui Ciydasl TOCTOSIHHBIX TEMJIOEMKOCTEH.
Pacyer mapameTpoB rasa 1mocie ckauka yruloTHeHus. llpomeccesl ynapHoro u
U33HTPONUYECKOro ckaTusl. M3MeHeHue sHTponuu Ha ckauke yruioTHeHHs. [lapamerpsl
TOPMOKEHHUS 3a TPSAMBIM CKauyKOM YIUIOTHEHUs. Teopus KOCOro CKayka YIUIOTHEHHUS
(mocrosinHbIe TerutoeMkocTH). CHcTeMa OCHOBHBIX YpaBHEHHUN. YTOJ HakjioHa (poHTa
CKauka yioTHeHHs. CKOpOCTb, JAaBJI€HHE, IUJIOTHOCTh, TEMIEparypa 3a CKauyKoOM
VIUIOTHEHUs. YapHas noispa. Cucrtema ypaBHEHHH M aJITOPUTM pacueTa NMapameTpoB
MOTOKA 332 CKAYKOM YIIJIOTHEHHUS C Y4eToM (M3UKO-XUMHYECKHX MpeBpaiieHuii. Bausaue
(GU3MKO-XMMHUYECKUX TIpPEBpallleHuii B ra3e Ha MapaMeTpbl TEYeHUs 3a CKauKoM
yrminoTHeHus. OTpakeHue CKauykoB YIUIOTHEHUS OT TBEpAOM M CBOOOJHOM TpaHUII.
B3auMozeiicTBHE CKauKOB yIUIOTHEHHUA. B3auMoaelicTBue CKauyKoOB yIUIOTHEHUS C BOJHOM
pa3psLKEHHUS.

Metoapl xapakTepucTHK U JuHeapu3anuu. OCHOBHOE KHHEMAaTHUECKOE YypaBHEHHE
aYPOJMHAMUKM M METOJAbl €ro penieHus. Meron xapakTtepucTuk. 3anaya Komn.
XapakTepUCTUKH B INTIOCKOCTAX MOTOKA U rogorpaga ckopoct. CBOMCTBAa XapaKTEPUCTHK.
Pemenne ypaBHEeHMII XapaKTEepHCTUK B IUIOCKOCTH Togorpada ckopoctu. TumnuyHbie
3aJa4i, perraeMble METOJIOM XapaKTepUCTHK. YHCIeHHoe U rpaguueckoe pelieHue 3a1ay.



1.6.

1.7.

1.8.

1.9.

1.10.

OOTekaHne CBEPX3BYKOBBIM IIOTOKOM H3JIOMOB TMOBEepXHOCTEH (Teuenue Ilpanarims—
Maiiepa).

Teopus ManbIx BO3MylIeHMM. JIMHeapu3anMss OCHOBHBIX YPaBHEHHMU JIMHAMHUKU
UJICAIBHOIO ra3a. Pemenus InHeapu30BaHHbIX YPAaBHEHUM Ia30BOM JUHAMUKH.

BuxpeBoe M NOTEHUMAIbHOE [BH)KCHHME HJCAIbHOM HEC)KMMaeMoM cpenbl. Buxpesbie
JIBU)KEHUS B MICAIBHOM cruiomHou cpene. Ilonsatue o mupkynsuuu ckopoctu. Teopema
Crokca. Teopema KenbBuna. Teopema I'enpMronbia. OnpeneneHue mojisi CKOPOCTEe mo
3agaHHOMY momo Buxpeil. O6o6menne nons buo-Casapa. CkopocTd, MHIYIUPOBAHHBIC
BUXpEM (OTPE3KOM BHXPEBOIO IIHYpa, BUXPEBBIM KOJIbLIOM). B3aumonelicTBue BUXDS C
JIBIKyILIEWcs cpenoil. Ilnockoe nOTeHIMaNbHOE IBUYKEHUE WICAIBHOW HEC)KUMAEMOU
Cpepbl.

Meton moTeHUMaNbHBIX MOTOKOB. KOMIUIEKCHBINA MOTEHIMAT U KOMIUIEKCHAs CKOPOCTbD.
CBs3b IJIOCKOM W THAPOJMHAMUYECKOM 3adadyd C Teopued (GYHKIHUA KOMIUIEKCHOTO
nepeMeHHoro. [Ipocreilimime MIOCKME MOTEHIMAIbHBIE MOTOKM (IPAMOJIMHEWHBII
pPaBHOMEPHBIN MOTOK, TEYEHHE BHYTPU MPSAMOIO YIja, HCTOYHHUK U CTOK, AUIOJb, BUXPb).
BecrupkynannoHHoe W UUMPKYISIMMOHHOE OOTeKaHMs Kpyrioro mwinuHzapa. [lapagokc
Oiinepa—/lanambepa. Cuibl U MOMEHTBHI, ACHCTBYIOUIME HA IWIMHIAP MPaBUIBHOM
dbopmbl. Dopmyisl XKykoBckoro—Yaribiruta.

[Torpanununsiii cnoii. IuddepennnanbHoe ypaBHEHHE JaMHUHAPHOTO MOTPAHUYHOTO CIIOS.
JlaMrHaApHBIN MOrPAaHUYHBIN CJIOM HA IUIOCKOM IJIACTUHE B HECKHMMAEMOM IIOTOKE U IPHU
00JbIINX CKOPOCTSIX. JITaMUHApHBIN MOTPaHUYHBIN CIOW MpH rpaaueHTe napineHus. Crnabdoe
U CWJIBHOE B3aMMOJCHCTBHE. YUeT 3(PEeKTOB BTOPOro Mopsiaka. [IpubamkeHHbIe METOIBI
pacdera JaMUHApPHOTO MOTPaHUYHOro cios. [lepexo 1aMuHapHOrO MOrPaHUYHOTO CIIOS B
TypOyneHTHBIA. TypOyJICHTHBIH IMOTPAHUYHBIA CJIOH. YpPaBHCHHS OCPEIHEHHOTO
TypOyJIeHTHOTO morpanuyHoro ciosi. Hampsixenue Pelinonbaca. OTpbIB TaMUHAPHOTO U
TypOyJIEHTHOTO CI0st. MeTOIbI SKCIIEPUMEHTAIBLHOTO HCCIEIOBAHNUS TIEpeEX0/ia M OTPHIBA.
AdpoanHaMHKa THIEP3BYKOBBIX CKOpOCTEH M paspekeHHoro raza. OOmme cBoiicTBa
TUIIEP3BYKOBBIX TEYEHMH. | HMIIep3ByKOBass TEOpHs MalbIX BO3MYyLIeHUM. I unep3BykoBas
teopusi HeroTona—Dby3emana. Bnusinue (u3nKo-XMMUYECKHX IMPOLIECCOB Ha OOTEKaHUeE
3aTYIJIEHHBIX TEJl CBEPX3BYKOBBIM M THUIEP3BYKOBBIM MOTOKaMHU. [[oHATHE paBHOBECHBIX,
HEPABHOBECHBIX M «3aMOPOXKEHHBIX» TEUYEHHH. XapaKTepHble OCOOCHHOCTH TEUYCHHM
cnabo paspexenHoro rasza. CBoOomaHoMonekynsapHoe ootekanue ten. Yucno Kuyncena.
Monenu B3auMoIeHCTBUSI CBOOOTHOMOJIEKYIIIPHOTO MOTOKA C JIETaTeIbHBIM allapaToM.

2. AaponnHaMmca JETaTeJIbHbIX allliapaToB

2.1.

2.2.

2.3.

2.4.

AsponnHamuka Kpbuta. I[Ipoduinb ¥ KpbUI0O KOHEYHOTO pa3Maxa B MOTOKE HECKMMAEMOM
xuakoctu. Teopust ToHKOro npoduis. A3poJIMHAMUYECKHE XapaKTEPUCTUKU MPOPUIIEH.
Kpputo KOHEYHOro pasmaxa B IOTOKE HEC)KMMaeMoW kuakoctu. Teopus BUXpeBOH
Hecymed HuTH. Teopust Hecymed NOBEpXHOCTH. Pacder  a’spoaMHaMHUYECKHX
XapaKTepUCTHK NMpH OOJbIIMX yriiax aTtakd. OCOOEHHOCTH pacIpelesieHUs] Harpy3Ku Ha
KpBUIbSAX pa3HoOM (opMbl B IutaHe. TeopeTuueckrue U SKCIEPUMEHTAIbHBIE UCCIIEI0OBAaHUS
TOHKHMX KPBUIbEB MAJIOTO YJUIMHEHUS NMPH OOJIBIINX YIJIax aTaku C y4€TOM OTphIBA MOTOKA.
[Tpodune 1 KpbUIO B JO3BYKOBOM IOTOKE CKMMaeMmoro rasa. JIuneitHas Teopus Kphblia.
CBs3p MeXAy a’poAMHAMHUYECKMMM XapaKTEpUCTUKAMU KpbUula B CKHMAaeMOM H
HECKUMAEMOM ITOTOKaX.

[Tpodwmiib M KpbUTO MpPU 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 ocoOenHocted. ToHkW TpoguiIb B THIEP3BYKOBOM TOTOKE.
AdpOoaMHAMHYECKHUE XapaKTEPUCTUKH KPbUIbEB IPU CBEPX3BYKOBOM CKOPOCTH.



2.5.

2.6.

2.7.

2.8.

2.9.

A3pOoIMHAMUYECKUE XapPAKTEPUCTUKHA KPBUILEB M ONEPEHUM C OTKIOHEHHBIMU PYJIEBBIMU
MOBEPXHOCTAMH. ASPOJMHAMHYECKUE XAPAKTEPUCTUKU KPBUIbEB C MEXaHU3alMEH.
Bnusnue ¢opmbl kpbuta Ha A(QPEKTUBHOCTH MeXaHU3aluU. Ad’poJWHAMUYECKHE
XapaKTEPUCTUKHU OIEPEHUSI NPU OTKJIOHEHHBIX pyJiax. LIlapHUpHBIE MOMEHTBHI PYJIEBBIX
MMOBEPXHOCTEH.

AsponnHaMHuKa Kopllyca JieTaTeslbHoro ammapara. Kopmyc jieraTeiabHOro armaparta Mnpu
JIO3BYKOBBIX M CBEPX3BYKOBBIX CKOPOCTSX. AJpOAMHAMUYECKHE XapaKTEPUCTUKU
KOPIYCOB TMpPHU JI03BYKOBOM CKOpOCTH. OOTeKaHHE TMpU OKOJO3BYKOBOM CKOPOCTH.
Kputnueckoe umcio Maxa. As3poJMHAMHYECKHE XapaKTEPUCTUKH KOPIIYCOB MpHU
OKOJIO3BYKOBOH ckopocTh. KOHyC B CBEpX3BYKOBOM IOTOKE. 3aTyIUIEHHBIH KOHYC B
CBEPX3BYKOBOM IIOTOKE. 3a0CTPEHHOE TEJIO B CBEPX3BYKOBOM IOTOKE. 3aTYIUIEHHOE TEJO
BpalICHUs B CBEPX3BYKOBOM IMOTOKE. A3POJUHAMUYECKHE XAPAKTEPUCTUKU KOPIYCOB U
MOTOTOHJION € Bo3Ayxo3abopHukamu. OOTekaHue 3aTYIUICHHBIX TeJl TUIEP3BYKOBBIM
MIOTOKOM. BiusiHME CBOWCTB pEeaJIbHOTO ra3a Ha a’pOAMHAMHYECKHUE XAPAKTEPUCTUKHU TEIl
IIPU TUIIEP3BYKOBOM CKOPOCTH.

AsponumHamuueckas uHTepdepenius. [lpupona a’spoauHamMuuecKod HHTEPEPEHIIHU.
[lonpemHass cuna KoMOWMHAIMM KOpryca M KpbUia. BiusHue yrima KpeHa Ha
UHTEp(EepeHMI0 Mexay KopmycoM U KpbuloM. KpecrooOpa3zHas koMOuHanus.
Untepdepeniuss Mexay  KpbuloM  H omepeHueM.  OpraHbl  ymnpaBJieHHS.
AdpoIMHAMUYECKUH pacueT pyJieH.

AbdpoaHaMHUECKHE XapaKTepUCTHKH JieTaTeabHoro anmnaparta. [logbemuas cumna, 1060Boe
conpotuBiieHue. [lonspel mepBOro u BTOPOro poja. MOMEHTBHI TaHTra)Xka W PHICKAHUS.
MomeHT KpeHa. ASpOAMHAMUYECKHE XapaKTepUCTUKHM JIETATEJIbHOTO amnmapara co
B3JIETHO-IIOCAI0YHOM MeXaHu3auuen. Binusaaue 3emnu.

A3pOoIMHAMUYECKUE XApPAKTEPUCTUKU HECYLIMX BHUHTOB BEPTOJETA M IPONEIUIEPOB.
Hecymmuit BUHT B peXuMax BEPTHUKAJIBHOIO B3J€Ta W CHM)KEHMs. PexxuM BUXpEBOro
konbila. CamoBpamienue. Hecymuii BUHT B pexumax kocoro obrekanus. Cuna TArw,
MPOIYJBLCUBHAS CHJIa, MONIHOCTh. MaxoBoe aBrkeHue jomacteil. OOmyBka Kopiryca
BepToJieTa HecylmuM BUHTOM. CrocoObl co3aHusl YIPaBIAIOMIUX MOMEHTOB. W neanbHblit
npomnemep. Kputepun momoOus. BuHTOBbIE nuarpammbl. B3anmmo3aBUCUMOCTD MEXIY
cuiao TAru u MomHocThio. [loneTHwlii M otHOocuTenwbHBIM KIIJ[ peanbHOro BUHTA.
Buxpesas teopust npomnesniepa. CoOOCHbIC BUHTHI.

3. Ilpouecchl Tenio00MeHa JieTaTeJbLHBIX ANNAPATOB

3.1.

3.2.

3.3.

Tpenne u TerooOMeH. JlaMuHapHBI TEIVIOOOMEH TIPU BBICOKHMX CKOPOCTAX U
TeMmreparypax. 3akoOHbl TOJOOMs B  3ajayax  TermiooOMeHa. MHTerpanbHble
XapaKTEepUCTUKU MOTPaHUYHOro ciosi. TemnooOMeH mpu MalbIX CKOpPOCTAX B
HNOTPaHUYHOM CJ0€ HeckKuMaeMod kuakoctd. KoaduiueHtsl TemnooTnauu mnpu
Oonpmux ckopocTsax. CBsi3p MexAy TpeHueM u Temiootnayeit. [lepexon amMuHApHOTO
Te4eHUsI B TypOyneHTHoe. TypOyneHTHBI TEINIOOOMEH IpPH BBICOKUX CKOPOCTSAX H
temneparypax. llpubGnuxkeHHsle Teopuu TypOyJaeHTHOro JBUXKeHHs. I[IpubnnxeHHbIE
METO/IbI pacueTa TeII000MeHa B TYpOyJIEeHTHOM MTOTPAHUYHOM CJIO€.

TemiooOMeH MpH XUMHUYECKHUX peakUusX B MorpaHudyHoM cioe. [luddepennuanbuble
ypaBHeHHS JUPPY3UN AT JJAaMHUHAPHOTO TOTPAHMYHOTO CIIOSI B CMECH pearupyromux
ra3oB. YpaBHEHHUE SHEPIMU. XMMHUYECKH PaBHOBECHBIN MOIPAaHUYHBIN CIOW. XUMHUYECKH
HEpaBHOBECHOE TEUeHHEe Ha KaTajduTudyeckoil creHke. Pacuer TermooOMeHa B
pearupyrouiemM rase.

TenmooOMeH Ha TOBEPXHOCTH JIETATENBHBIX allapaToB NpPU TPEXMEPHOM OOTEKaHUH.
Teyenne B TpexXMepHOM TMOrpaHudHOM cjoe. JuddepernuanpHoe ypaBHEHUE
TPEXMEpPHOI0 TMOrpaHuyHOro cios. JluHum pacrekanus. Pacuer TemnmooOMeHa mpH
TPEXMEPHOM JIAMUHAPHOM TEUYEHUHU B MOrpaHUYHOM cioe. COBMECTHOE BJIMSHHE BIyBa U



3.4.

3.5.
3.6.

3.7.

=

©CoN A

10.

11.
12.

IIEPOXOBAaTOCTH Ha TemooOMeH. TedeHune B OTKPBITHIX 30Hax. IlorpaHuunble cion B
HEOJIHOPOJHOM BHEIIHEM IIOTOKE.

TennooOMeH B pa3zpekeHHOM rasze. Teopus TEIIOOOMEHa B pa3pexeHHOM rasze. Pexxumsl
TEIUIOBBIX W JMHAMUYECKUX IPOIECCOB. TermiooOMeH B CBOOOTHOMOJICKYISIPHON H
HEepexoAHOM 00IacTAX TeYeHus.

MeToap! 3KCTIepUMEHTAILHOTO UCCIIEA0BAHMS TEINIOOOMEHA.

Tennonepenaya B 37eMEHTaX KOHCTPYKLUI JleTaTeabHbIX annaparoB. OCHOBHBIE MOHATHS
U ypaBHEHMs Teopuu  TemjonpoBogHocTtu. KpaeBble  ycioBus B 3a3jauax
TEIUIONPOBOAHOCTH. MeToAbl pelleHus 3aJad TeIIONPOBOJHOCTH. AHaIUTHUYECKUE
MeToAbpl.  YucleHHOe  pelleHue  3aJadd  TEIUIONPOBOAHOCTH  MojenupoBaHue
TemreparypHeIx nosieil. [lepeHoc Tema U3IydeHMsl K JeTaTelbHbIM aniaparaM U BHYTpU
AJIEMEHTOB KOHCTpYKIHMH. (OCHOBHBIE ONPENEICHUS M yPaBHEHUS TEIUIOOOMEHA
u3aydeHueM. MeToapl pelleHus ypaBHEHHMH niepeHoca u3inydeHus. TerooOMeH
W3JIyYEHHEM BHYTPU IMOMVIOIIAIOUIEH, M3JIYYalIled W  PacCeuBaIOLIEH  Cpelbl.
TemmneparypHble 101 B TOHKOCTEHHBIX JIETaTENIbHBIX amnnaparax. Harpes u oxnaxiaeHue
TeJla ¢ OAMHAKOBOW MO 00BEMY TeMIeparypoil. A3pOAMHAMUYECKHUN HarpeB OOIIMBKH.
HepaBHOoMepHOe pacnpeseneHue TeMIepaTypbl IO TOBEPXHOCTH  TOHKOCTEHHOM
KOHCTpyKUuu. TemneparypHble MO B NOJKPEIVIEHHBIX KOHCTPYKIUSX.

TennoBass 3amMTa JETaTENbHBIX amnmaparoB. MeTojabl TEIUIOBOW 3amuTbl. THIIBI
TEIUIO3AlUTHBIX MarepuanoB. [lepeHoc Temyna BHYTPU TEIUIO3AIUTHBIX MOKPBITHH.
Tepmuueckoe COIIPOTHUBJICHUE CI10sI TEPMOU3OJIALHH. Hecranuonapnas
TEIUIONPOBOAHOCT B MHOTOCIOMHBIX KOHCTpYKIUAX. IIpnbnukeHHble METOABI pacuera
HarpeBa TOHKOCTEHHBIX KOHCTPYKUUH C TEpMOM3OSALMENH. A3pOTEpMOXUMHUYECKOE
paspylieHue  TepMOU3OISALUMU.  MeToabl  SKCIEPUMEHTAIbHOTO  MCCIIEI0BaHUs
TEIUIO3AILUTHBIX MOKPBITUI M MaTepuasoB, IPUMEHSIEMbIX B JIETaTEJIbHBIX allaparax, B
YCIIOBUSIX MHTEHCUBHOTO TEIJIOBOI'O BO3JEHCTBUSA. MeTonbl U OCOOEHHOCTH TEIUIOBBIX
UCTIBITAHUN KOHCTPYKIIMH JIeTaTeNIbHBIX aIlapaToB.

Jlureparypa

Absporuapomexanuka: Yueb. 1 By3oB / E.H. bonnapes, B.T. /ly6acos, }O.A. PeixoB u jp.
M.: Mamunoctpoenue, 1993.

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

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

Kpacnos H.®. Asponunamuxka. Y. 1, 2. M.: Beicu. mkomna, 1980.

Kpacnos H.®. OcHoBBI adpoauHamudeckoro pacuera. M.: Beicur. mkona, 1981.
Jlowmsuckumit JI.I'. Mexanuka >kuakocty u raza. M.: Hayka, 1973.

JIynes B.B. I'unep3BykoBas aspoanHamuka. M.: MammHocTtpoenue, 1975.

JIsikoB A.B. Teopus temnonpoBogHoctu. M.: Beic. mkona, 1967.

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

OcCHOBBI TemIoNepeaun B aBUALlMOHHON U pakeTHO-KocMuyeckoit TexHuke / [Tox pea. B.K.
Komkunna. M.: Mamunoctpoenue, 1975.

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

[nuxTtunr I'. Teopus norpannunoro cinos. M.: MHoctp. n-pa., 1975.
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1. Teopus aBTOMaTH4eCKOI0 peryJMpoOBaHNs U yIPaBJIeHHSA

1.1.

1.2.

1.3.

1.4.

1.5.
1.6.

1.7.

1.8.

1.9.

1.10.

1.11.

Pemenne muddepeHanbHbIX ypaBHEHUH COCTOSHUS JUHEWHBIX cucteM. Ilepexoanas
MaTpHlla U MaTpUYHas nmepexoaHas (pyHKIHsI.

VYrpaBisieMOCTb JIMHEHHBIX CUCTEM C IOCTOSHHBIMU napaMeTpamu. KaHoHndeckas gpopma
ynpasisgeMoctu. CtabunusupyeMocts. MaTpuuHas nepearodnas QyHKIUS ¥ 4acTOTHAs
XapaKTEPUCTUKA CUCTEMBI.

CBsi3b MMIYJIbCHOM NEPeXOAHON (YHKIMH, MEpeJaToyHOr (YHKIMH M YaCTOTHOU
XapaKTepUCTUKH cucTeMbl. HysM 1 moIroChl MATpUYHBIX NTEPEJATOUYHBIX (QYHKIUI.
YCTOHYMBOCTh aBTOMATHYECKUX CHCTEM. AJreOpanyuecKue KPUTEPUU YCTOWYHBOCTH.
['panuna ycToiymBOCTH.

Kpurepuii Payca-I'ypsuna. Kpurepuit MuxaitsioBa n HalikBucra.

OnTumasbHOE  BOCCTAHOBIEHHE  COCTOSIHUS — JUMHEHHBIX  cucteM. OnTuMalbHBIE
HAOJIFOATENH.

CroxacThyeckuii MOAX0A K 3aaa4ye HaOmoaeHns. aTerpanpHas kBaaparndaas Gopma Kak
Mepa ONTHUMAJIBHOI0 HaOJII01aTeNs.

Huddepennnanbaoe ypaBHEHHE UISI MaTPULBI JUCIIEPCHNA OIMUOKH BOCCTAHOBIICHHS.
CrpyKkTypa 1 yCTaHOBUBIIMECS CBOWCTBA ONTUMAJIbHOIO HAOIIO1ATEIs.
JerepMuHupoBaHHAas 3a7a4ya JUHEHHOTO ONTHUMAIbHOIrO yrnpasieHus. [locranoBka 3agaumn
ontuMu3any. HTerpanbHbIi KBapaTUYHbIA KPUTEPUN ONITUMAJIBHOCTH.
Juddepennnanpaoe ypaBHEHHE ISl MATPUIBI ONTHMAIBHBIX KO3()PUIIMEHTOB yCHICHHS.
CroxacTuyeckue 3a1auy JINHEHHOTO ONTUMAJIBHOTO PEryJIMPOBaHUS.

CuHTE3 CTOXaCTMYECKOro JHUHEHHOro  omnTuMaibHOro peryindaropa. CTpykTypa
ONTUMAJILHOTO PETYJIATOPA.

2. Cay4aiinble mpouecchl

2.1.

2.2.

2.3.

2.4.

Onpenenenue ciydailHoro mnpouecca ((pyHKIMH), 3aKOHOB M MOMEHTOB ero (ee)
pacrnpeneneHusl.

Buasl W Tumel ciaydalHBIX IPOLECCOB: JTUCKPETHBIE, HENpEpPBhIBHBIC, CTAllMOHAPHBIE,
HOpMaJIbHBIE, MAPKOBCKHE.

Cnoxenue,  auddepeHIUpOBaHHE,  UHTETPUPOBAHUE  CIy4YaWHBIX  MPOIECCOB.
Oproanyeckoe CBOMCTBO CllydalHbIX MpoleccoB. CrekTpaabHas IIOTHOCTb.
[TpeoOpa3oBaHue ciy4aiHBIX MPOLIECCOB JIMHEHHBIMM U HEIMHEHHBIMH TUHAMUYECKHUMHU
cucreMaMy. MeTos KOppesiIuOHHOW MAaTPULIbI M CTATUCTUYECKOW JIMHEAPU3aLU Y.

3. Kuaaccumyeckoe BapuallHOHHOE MCYHMCIIEHHE.

3.1.

3.2.
3.3.

3.4.

3.5.

3.6.

3.7.

[TocranoBKM 3ajay BapualMOHHOrO HcuucieHusa. OOmas ¢opma nepBoil Bapualuu.
OcHoBHasl 1IeMMa BapUallMOHHOTO NCYHMCIIEHUS.

VpaBuenus Ditnepa-Jlarpanxka, [lyaccona, Octporpaackoro.

3amaun C TOABWXKHBIM TIpaBbIM (JIEBBIM) KOHIIOM. YCJIOBUS TpPaHCBEPCAIbHOCTH.
VYcnosus Opamana-Beiepmpacca. OIHOCTOPOHHUE BapHaIUU.

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

WuBapuantHbiii uHTerpan Iunpbepra. @ynkuus Beliepmrpacca. Heobxonumeie u
JIOCTaTOYHBbIE YCIOBUS ONTUMAJIBHOCTH Uil TPOCTEMINEH 3aJaud BapUALMOHHOIO
ucuncienus. CHIIbHBIN U CIa0bIil OKCTpeMyMBl. Y ciioBue Jlexanapa.

BapuanuonHssle 3a7aun Ha yCIOBHBIN DKCTPEMYM. | '0JIOHOMHBIE M HETOJIOHOMHBIE CBSI3U.
N3onapamerpuueckue 3a1auu.

[Tpsimble METOBI BAPUALITMOHHOTO MCUUCIICHHUS.



4.

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.
4.8.
4.9.
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10.

OnTumu3anus YrnpaBJ€¢HUA TUHAMHAYCCKUMHU CUCTEMAMMU.

Maremaruueckass (HOpMyTUpOBKa 3a7ad ONTHUMAIBHOTO YIPABICHHS JAWHAMHYECKOU
cucremon. 3agaum Jlarpanka, Maiiepa, bosibua.

Kiaccuueckuii moaxoa K ONPEACNICHUIO ONTHUMANbHBIX MporpamM. [amMuinbTOHHAH.
HeoOxoaumble ycnoBHsl ONTUMAIBHOCTH B 3TOM MOJXOJE.

Uronbuateie Bapuanuu ympasieHus. [Ipunuun makcumyma [loHTpsiruHa JUist perieHus
3aJ1a4 cO CBOOOHBIM MPaBbIM KOHLIOM U (PUKCHUPOBAaHHBIM BPEMEHEM.

Bapuauuu TpaekTopuu, KOHYCa BO3MOXHBIX M JIONYCTUMBIX KOHIIEBBIX BapUalUi
¢dazoBoro BeKTOpA.

HeoOxonumbie yclIoBUS ONTHUMAIBHOCTH MPHHIHIIA MakcuMmyma [loHTpsriHa B 3amade
Maiiepa ¢ (PUKCHPOBAHHBIM W HE(PUKCHPOBAHHBIM BPEMEHEM U TMOJBUKHBIM IPABbIM
KOHIIOM. ¥ CJIOBHSI TPAHCBEPCAIBHOCTH.

[Ipunmun wmakcumyma Ilontpsaruna s 3amgad  Jlarpawka, Maiiepa, bosba ¢
OTPAaHUYCHUSIMU Ha YIPABJISIIONINE TIEPEMEHHBIE.

JMcKpeTHBIN MIPUHLIMI MAaKCUMYyMa.

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

Junamuueckoe mporpammupoBaHue. Y paBHeHue bemimana.

Jlureparypa

. Ilyraues B.C. Teopus ciayqaitabix Gynkuuii. M.: ®uzmarrus, 1960.

Jlennunr J[x.X., bartun P.I'. Cinyyaiinble mporeccsl B 3a7jauax aBTOMaTHYECKOIO
ynpasienus. M.: 31-Bo HHOCTpaHHOM JuTepaTypsl, 1958.

CaemnukoB A.A. [Ipukiansbpie MeTO/IbI TEOpUM CiaydaiiHbIx QyHkumid. M.: Hayka, 1968.
Moucees H.H., Banunos 1O.I1., Cronsposa E.M. Metoas! ontumuzauuu. M. U3a. Hayka,
1981.
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Moucees H.H. Unucnennbie METOIbI B TEOPUHU ONTUMANBHBIX cucteM. M. M3n. Hayka, 1971.
[HonTpsrun JI.C., bontsauckuii B.I'., 'amkpenuaze P.B.,Mumenko E.®. Maremaruueckas
TEeOopus ONTUMAJIBHBIX MporeccoB. M3, ®duzmarrus, 1961.



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.

Jlureparypa

bromrenc I'. C., Crynnes P. B. Aspoaunamuka camornera. J[MHaMuKa pOIOJIBHOTO U
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