IMPOTPAMMA BCTYIUTEJBHOI'O UCIIBITAHUSI
MO KOHKYPCHOM I'PYIIIE
«®AKT HTHO®OPMATHUKA U BBIYUCJUTEJBbHASI TEXHUKA»
JJISI HOCTYHAIOIIAX B ACOHUPAHTYPY

Ha BcTynuTensHOM HCHBITAaHUM OYAYT 3aJaHbl BOIPOCHI MO BBIMTYCKHOW KBaJIM(UKAITMOHHOU
pabote (uyacth I), Bompochl U3 pa3zerna, COOTBETCTBYIOLIETO HAIPaBICHUIO OyAylield HaydHO-
UCCJIEI0BATENbCKON JeATeNIbHOCTH nocTynatomero (dacte II), u teopernueckue BOonmpocel Mo
npoduitro BeIOpaHHOH 0a30Boi Kadenpsl (dacts I11).

YACTb 1

Bonpockl 10 BbINYCKHOI KBATU(PUKANMOHHOM padoTe (MArHCTPaTypa WM CIIEMAJIUTET)

1.
2.

OCHOBHBIE OJIOKEHUS.
HoBu3zna.

3. AKTyaJbHOCTb.

1.2.

1.3.

1.4.

1.5.

1.6.
1.7.

1.8.
1.9.

Pasznen «MatemaTuyeckoe Moie TMPOBaHUE, YHCJIEHHbIE METOAbI
U KOMILJIEKCHI POrpaMm»
YACTD I

MartemaTu4ecKkue OCHOBBI

OcHoBbl Teopuu npeaeno. Teopema o HesBHOU pyHKUIMU. Dopmyna Teitnopa. OCHOBHBIE
TEOPEMBbl UHTETPAJIbHOTO MCUYMCIEHUS (3aMEHa MEePEMEHHBIX, METOJ] MHTEIPUPOBAHUS 110
YacTAM, WHTEIPUPOBAHUE pAlMOHANBHBIX (YyHKIMI). YwuciaoBble psabl (MPU3HAKH
CXOJMMOCTH 3HAKOIOCTOSIHHBIX U 3HAKOIEPEMEHHBIX PsA0B). DYHKIMOHAIBHBIE PSIbI.
Crenennsie psaabl. Psaabt @ypbe (Beruncienue kodhGUireHTon).

Martpuupsl  womnpenenurend n-ro  nopsaka. KoopauHatel  BekTOopa B Oaswmce.
[IpeoOpazoBanre KOOpAUHAT BEKTOPOB IpU cMeHEe Oa3uca mpocTpaHcTBa. Onepanuu Haf
MarpuiamMu. Teopema o panre wmarpuipl. OOIIee penieHue CHUCTEMBbl JIMHEHHBIX
ypaBHeHM. OpHOpOIHBIE CHCTEMBbl (IPOCTPAHCTBO pelleHull, (yHIaMeHTaIbHbIE
cuctembl petieHuil). CoOCTBEHHbIE BEKTOPBI U COOCTBEHHBIE YK CIIa MAaTPHUIIBI.

DopMmyibl 3aMEHBI KOOPAMHAT MIPH NMEPEXOJE OT OJHOU IEKapTOBOM CUCTEMbI KOOPAMHAT K
Ipyroii. BeluncieHME CKaJSIpHBIX MPOU3BENCHHUM, UIMH OTPE3KOB, YIVIOB. JIMHUM H
MOBEPXHOCTHU 1-r0 U 2-T0 mopsiaKa.

Teopembl  CylIecTBOBaHMSI W €IMHCTBEHHOCTHM peumieHus 3anaun  Komm s
T depeHMaIbHOr0 ypaBHEHUsI U HOPMajbHOM cucteMbl. JIMHeliHoe ypaBHEHHE n-TO
nopsinka. [locTtpoeHue oOmiero pemieHusi JHUHEWHOro ypaBHeHHs. HeomgHopoaHbie
JAvHeWHble cucTeMbl. JIuHelHble cucTeMbl U depeHIuaNbHbIX  YpaBHEHUH ¢
MOCTOSIHHBIMU KO3 (hULIIEHTaMHU.

OCHOBHBIE ypaBHEHHS MaTeMaTHYeCKOM (U3MKH: ypaBHEHHE TEIUIONPOBOIHOCTH,
ypaBHeHus Jlamaca u IlyaccoHa, BOJTHOBOE ypaBHEHHE. Y paBHEHUE MEPEHOCA U3TyUCHUS
B MOINVIOINAIOLIEH, W3Iy4yaroulell u paccenBarouieil cpene. KoppekTHas mocTaHOBKa
KpaeBbIX 3aj1au.

Pemenune oqHOPOIHOTO YpaBHEHHUSI TEIJIONPOBOJHOCTH HA MPSIMOM.

OO6mue npeacTaBieHUs: 0 HEKOPPEKTHO MOCTaBJICHHBIX 3ajjauax. Y paBHeHUss Opearonbma
I-rom II-ro poma. Meronsl perynspuszauunun  (A.M. O6yxoBa, A.H. TuxoHoBa,
CTaTHUCTUYECKOM peryisipusaiun).

O6mas cxema metona Oypbe Uil OrpaHUUYEHHBIX 00JIacTel.

CrnyuaiiHple COOBITHS W CllydailHble BEJIMYMHBI. AKCHOMAaTHYECKOE OIpe/eeHHe
BEPOSITHOCTH COOBITHS. YCIIOBHBIE BEpPOSTHOCTU. He3aBHCHMOCTH COOBITHH. 3aKOHBI
pacrpeieieHuss U YHWCJIOBbIE XapaKTEPUCTUKH CIy4dallHbIX BEJIWYUH (Iucnepcus u



2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

3.2.

3.3.

3.4.

3.5.

MaTeMaTU4ecKoe OKujaaHue). BpiObopka u MeToapl ee mpeiacTaBieHHs. YuUCIOBbIe
XapaKTePUCTUKU BBIOOPOUYHOTO pacmlpesesieHus (MOAa, MeIuaHa, CpPeIHee, IUCIICPCHS).
Hepasencto YeOrnIena.

O01mme BONPOCHI BHIYMCIUTEIbHON MaTeMATHKHU

UncneHHOe pelIeHue CUCTEM JIMHEHHBIX alreOpandeckux ypaBHeHHH. OOYyCIOBIEHHOCTS.
[Tpsimble MeToABI pelieHus (BapuaHThl Metofa ["aycca, metos mporonku). Mrepanonnele
METO/Ibl (METOJ] IPOCTOM UTEpaLuy, ujes YeObIEeBCKUX UTEPALIMOHHBIX METOJOB U Jp.).
Pemenue cucreM HeMMHEHHBIX alTreOpanyecknx ypaBHeHUH. MeTonbl cexymmx, HproToHa.
Teopema o cxomumoctu Merona Herorona. Meron nDpoOCTBIX HTepauui, aHaIU3
CXOJIUMOCTH.

Uucnennoe nuddepeHpoBaHue: OCHOBHBIC aNMPOKCHUMAIMKA 1-X U 2-X TPOU3BOIHBIX.
Ommbka anmpokcUMalnuu, OmuOKa oxkpyrjaeHus. ONTUMAaNbHBIA AT YUCIEHHOTO
Qg epeHIpoBaHus.

YucneHHoe MHTErpupoBaHue: KBajaparypHbsie popmyisl Hetotona-Koteca, kBaapaTypHbie
dopmynel ["'aycca. Onenka ommOku nHTErprpoBanus. [Ipasmiio Pynre.

MeToapl MOMCKAa OJKCTPEeMyMOB (DYHKIMI MHOTHUX TEpeMEeHHBIX. ['paaueHTHBIN,
ITOKOOPAMHATHBIN U CIIy4alHbIN CITYCK.

UYucnennoe unrerpuposanue 3agaun Komm mna cucrem OY. Ilpocreiiue pazHOCTHBIE
cxeMbl M uX peanuzauusa. OmmuOka anmnpoKCUMalMM, KpUTEPUM MajOCTH Ilara CETKH.
Metonst Tuna Pynre-KyrTbl, OCHOBHasi KOHCTPYKLHS, QITOPUTM pealU3alui,
ycTouuBocTh. Teopembl 0 cxoaumocTH. JIMHelHble MHOromaroBele cXeMmbl (Anamca).
AJTOPUTM pELICHHUS, AalIPOKCUMAIUs, CXOJUMOCTb.

KpaeBbie 3anaun ansa cucrem OJY. JluHelinble KpaeBble 3a7aud, UX PELIEHHE METOJOM
dbyHnamenTanbHOl cucteMbl. CBeleHUs JTMHEWHON KpaeBOoM 3amauu K 3amadaMm Komim.
Henunetinbie kpaebie 3anaun as cucreM OJ1Y. Meton «ctpens0bi», Mmeton HeroToHa.

MeTtoasbl pelieHHs] YyPABHEHUI B YACTHBIX IIPOU3BOIHBIX

Yucnennsle METO/BI peleHus YpaBHEHUN runepOoJINIeCcKOro
tumna.Xapakrepuctuueckasidhopma  ypaBHeHH. KoppekTHass TOCTaHOBKa  KpaeBBIX
ycnoBui.  Cxembl Uil NPOCTEMINEr0  ypaBHEHHs IEPEHOCA:  AlIPOKCHMALUS,
YCTOWYHUBOCTb, MOHOTOHHOCTb.

YucineHHble METO/bl pELICHHs] ypaBHEHMH mMapaboindeckoro Tuma. SIBHble U HEsSBHBIE
cxempl.  IIporonka. CrnektpanbHasg  ycroiuMBOCTh.  JIByMepHOE  ypaBHEHHE
TeronpoBoAHocT. [Ipobnema perieHuss ypaBHEeHMM Ha BepxHeM cioe. Mertoa
IIEPEMEHHBIX HAMPABICHUN B JBYMEPHBIX M B TPEXMEPHBIX 3agadax.Meroa nepeMeHHBbIX
HaIlpaBJICHUN C cepuel MapaMeTpoB. MeToj pacllenaeHus, CXEMbl C HCKIIOUYEHHBIM
IIPOMEKYTOUHBIM CJIOEM.

Cxema «xpect» mia ypaBHeHus Ilyaccona. Pa3HocTHas anmpokcuManus ypaBHEHUN
[Tyaccona. Meton mnpocThIXx wuTepanui, ommubOka, HeBsa3ka. CHEKTpaabHBIN aHAIU3
CXOJIMMOCTH IIPOCTBIX UTEPALUN.

HenuHelinble ypaBHEHMsI B YaCTHBIX IPOM3BOJHBIX, UX PA3HOCTHAs alIIPOKCHMALMS H
peanu3anys COOTBETCTBYIOIUX cXeM. CXEMBI ¢ HEITMHEMHOCTBIO HA BEPXHEM U HUKHEM
cioe, ux peanuzanus (Meroa HploToHa ¥ MPOTOHKM).

CnexTpanbHblii NPU3HAK YCTOMYMBOCTH M IIpaKkTUKa ero mnpuMmeHeHus. [IpuHiumn
3aMOpPOKEHHBIX KO3 duirenToB. YcioBue ycroitunBoctd Kypanrta-Opunpuxca-Jlesu.
Y CTONYMBOCTH 110 HaYaJIbHBIM JJTAHHBIM U KPA€BbIM YCIIOBUSM.

MarteMaTu4eckoe MOAeJIMPOBAHME B MPUKJIATHBIX 32a49aX
[Tonsstus  momenu. Buaer  mopeneir. Ilenmm  mopenmupoBanus.  OcobeHHOCTH
BBIYMCIIMTENLHBIX MOJIENIEH.



4.2.

4.3.
4.4.
4.5.
4.6.

4.7.

4.8.

Knaccudukanum 3amad  MoaeaMpoBaHMs, MaTeMAaTHUYECKUX Mojenel. JlmHamudeckue
MOJIETM CIIOKHBIX CHUCTEeM, UX (opMmalu3anus U peanu3anus Ha Komnbiotepe. OObEeKTHO-
OPUEHTHUPOBAHHOE MOJIEIUPOBAHUE.

YpaBHeHME HETPEPHIBHOCTH. Y paBHEHUs Diepa, bepHyiu uist uneanbHON KUAKOCTH.
VYpaBaenue HaBbe—CToKCa 114 BA3KOU )KUJAKOCTH. [lorpaH4HBIN CIIOM.

OpnHoMepHOE ABM)KEHHE COKMMAEMOT0 raza. Xapakrepuctuku. MuBapuantel Pumana.
YuciieHHbIE METOJbl PELICHUs 3aJad MEXaHUKHU CIUIOIIHOM cpenbl. Mnes mocTpoeHus
pa3HOCTHBIX cxeM. KoHcepBaTUBHbBIE METO/IBI.

VpaBuenus MakcBewia. Ilonmspuzamusa. IloTok  sHepruu. DHEpreTudeckue U
doromeTpuueckne BenmuuuHBL OTpaxkeHuWe, TNpeIOMIEHHE U pPacCesHUe CBETa.
Kiaccnueckast Teopusi M3NydeHHs], MOIJVIOLNIEHUS W Jaucrepcuu. TemioBoe H3IydeHue.
3akonsl Credana-bonbumana, [lnanka, popmynsl Buna u Penes-/[xunca.
B3aunMopeiicTBue u3NydeHHs] € BELIECTBOM. YPAaBHEHHE II€pEHOCAa W3IY4YEHUs MJis
MOTJIONIAIONICH, W3JIyJaIlned M pacceuBaromieil cpensl. [lpubnrkeHue JTOKAIBHOTO
TEPMOJIMHAMUYECKOTO paBHOBECHS. VYpaBHeHue PaauOIOKALINH. OcHOBHBIE
XapaKTEPUCTUKU CUTHAJIA OOpaTHOTO paccesiHus (YIJIOBbIE U CIEKTPaIbHbIE 3aBUCUMOCTH,
MOJIIPU3ALMOHHBIE XaPAKTEPUCTUKN).

Jlureparypa

MarteMaTH4YeCKHE OCHOBBI

1.

2.

o
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M.: Hayka, 1970 1.

Hnatoa B.M., IleipkoBa O.A., CenoB B.H. Jluddepennmansupie ypaBHenus. MeTosl
pemennii. M.: Uzn. MOTU. — 2012. 140 c.
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M.: ®dusmariur, 2009. — 312 c.

bopoBkoB A.A. Teopus BepositHocTeil. M.: Hayka, 1984.
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OO0ume BONpoCchl BHIYMCIANTEIbHOH MATEMATHKH

1.

2.

3.

[TetpoB U.b., Jlo6anoB A.M. Jlekuu 1o BBIYMCIUTENBHON MaTeMaTuke: ydyed. mocoOue.
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2006 — 523 c.
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MeToab! pelieHusi ypaBHEHHUI B YaCTHBIX NPOM3BOIHBIX

1.
2.

®enopenko P.I1. Beenenue B Berancnurensuyio pusuky. — M.: Hayka, 1994.
Maromenos K.M., XononoB A.C. CeTOYyHO-XapaKTepUCTUUYECKUE YHUCICHHBbIE METOMbl. —
M.: Hayka,1988.

MartemMaTH4ecKoe MOAC/IMPOBAHUE B IPUKJIAHBIX 3a/la4Yax

1.

2.

Camapckuit A.A., Muxaiinos A.Il. Marematnueckoe monenuposanue: Waeun. Metonsl.
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2000 — 296 c.

[loBenrepar P.A. JluctanimoHHoe 30HAUpOBaHWE. Mopaenun U METoAbl 00pabOTKH
uzoopaxenwuii. M: Texunocdepa, 2010 — 560 c.



YACTD I
BapuatuBHas uyacTb MporpaMMmbl  BCTYHNHUTEIBHOTO  HCHBITaHUS 1O  Kadeapam

I/IH(l)OpMaTI/IKI/I H BBLIYHMCJIHTEJILHOM MaTeMaTUKH, JIOTUCTHYCCKUX CHUCTEM H TeXHOJIOFHﬁ,
TEPMOTHAPOMEXAaHUKHU OKEaHA.

1.

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

2.2.

2.3.

3.2.

3.3.

3.4.

JlonoJIHUTeIbHBIE BONPOCHI BHIYMCIUTEIbLHOH MaTeMATHKH

’Kectkue cucrembl 00bIKHOBEHHBIX nuddepeHnuanpabix ypapHenui (O1Y). UuciaeHusie
METOJbl pelieHus. A — ycToluuBble, A(0) — YCTOMUYMBBIE METOABI, ACUMITOTHYECKAs
YCTONYUBOCTb.

Meroasl Tuna Pynre-KyTTel, OCHOBHas KOHCTPYKLMS, QITOPUTM pealu3alui,
ycToiunBocTh. TeopeMbl 0 CXOAMMOCTU IPU pasHbIX MPENTOXKEeHUAX o Martpuue fx(x).
AHaiu3 B IPOCTPAHCTBE HEONPEACTICHHBIX K03(PULIneHTOoB.

Jlunelinple MHOTOLIAroBble cXeMbl (Afamca). CXxeMbl 7151 IPOJOJIKEHHBIX CUCTEM (CXEMBI
OOpenikoBa). ANTOPUTM, CXOJUMOCTb, aHAJINW3 B IPOCTPAHCTBE HEONPEAEICHHBIX
K03 PHUITUEHTOB.

[TpuMepbl METONIOB peIICHUs] ypaBHEHUH THIIEpOOTUYECKOro Tura. [ 'MOpHIHBIE CXEMBI.
CpaBHEHHE METOJI0B B ITPOCTPAHCTBE HEOIPEEIIEHHBIX KO (PUIIMEHTOB.

Pewenns ypaBuenuii Ilyaccona MeronoM cetok. PasHocTHas anmpoxcumanusi ypaBHEHUN
ITyaccona. Metonq mnpocTelXx wuTepauuid, omuOka, HeBsi3ka. CHeKTpalbHbIM aHanu3
CXOJMMOCTH TPOCTBIX HTepanuii. BpIOOp ONTHManbHOTO HWTEPALMOHHOTO TapameTpa.
Meton YUeObIIeBCKOIO YCKOPEHUs, aHAJIN3 YCTOMYMBOCTH, YCTOMUUBBIE NEpPEeHyMepaluu
UTEPALMOHHBIX I1apaMETPOB.

Meton mnepeMeHHBIX HampaBieHWil pemeHus ypaBHeHus Ilyaccona. CrekrpanbHbIN
aHaIN3 CcXoauMocTU. BbIOOp oNTHUMallbHOTO HTEpalMOHANbHOrO mnapamerpa. OlieHKa
qucia urTepanuil. Meros nepeMeHHbIX HAalIPABIICHUN C CEpUEN ITapaMeTpOB.

Metoapl TOHWCKa HKCTPEeMYMOB (YHKIMI MHOTHX TIEpEeMEHHBIX. [ pajneHTHBHIH,
IIOKOOPAMHATHBIN U CIIy4alHBIN CITYCK.

IToctanoBKa HEKOppeKTHBIX 3anad. [Ipumepsl. KauecTBeHHOE ommcaHue NMoaxoja K MX
pewennto. Ponb ampuopnoit undopmanuu. [Ipumepsl — HMHTErpaibHOE ypaBHEHHE 1-TO
pona, o6paTHas 3aJa4ya TEeIIONPOBOAHOCTH.

DJIeMeHThI JUCKPETHOH MaTeMaTUKH. [[McKpeTHbIE aJITOPUTMBI.

OnemeHTsl Teopuu anroputMoB Mammebel Teropunra, mammbbel Ilocra, HOpMmasbHbBIE
anroputMbl  MapkoBa. OLIEHKM  CIIO)KHOCTH  anroputMoB. NP-monHble 3amauu
(anmropuT™BI).

AnropuTMbI COPTHUPOBKHU. «bBBICTpas cOpTUpOBKay», MOKMCK JAEJIECHUEM I0NO0JIaM, CIUSHUE
OTCOPTUPOBAHHBIX MACCHUBOB.

Anroputmbl Ha rpadax. [lonstue rpada. Ocobslie knaccsl rpagos. [louck Ha rpadax B
HIMPHHY, B TTyOUHY. ANTOPUTMBI IOWCKa MUHUMAJIBHOTO MYTH.

ITapajuiesqibHbIC BHIYHCICHHSA

MHOronpoueccopHble M pacnpeiesieHHble CHUCTEMbl. M3JEpKKM W BBIATPHINI TPH
peann3anyy NapajuIeIbHbIX U BEKTOPHBIX BBIUMCICHHUMN.

Monens nepenaun coobmenuiit MPI. Monens nepenaun nanueix PVM. JIBe mapaaurmsl
NapauIeJIbHOrO MPOrpaMMHUPOBAHM: apajIEIN3M JaHHbIX U Iapajuiean3M 3a1au.

Tpu dwactu mnapamienbHOM mporpaMmsl (HapajiesibHas, IOCIENOBaTeNbHasA, OOMEH
naHHbIX). CHHXpOHM3aLMs MPOIIECCOB, PaBHOMEPHOCTh 3arpy3ku mpoueccopoB. O630p
MPOrPaMMHBIX CPEJCTB AJISl pacnapajieMBaHus.

Knaccel 3amad, koropele MOXHO 3()()EKTHBHO BEKTOpU30BaTh W pacHapajieuBaTh.
OO6paboTka OJTHOMEPHBIX U ABYMEPHBIX MaccuBOB. HayuHble 3amaun. Beraniciienus B yznax
CETOK U PEILETOK.



4,  OO0beKTHO-OPHEHTHPOBAHHOE MPOrPaAMMHPOBAHHUE

4.1. Copnepxanue 00BEKTHO-OPUEHTHPOBAHHOM MOJIEIIN. ITonsTus abcTpakuuuy,
UHKANCYJIALUY, [oiuMoppusma, THNM3aLMM M WX  peajnu3alus B s3bIKax
[IPOrPaMMHUPOBAHUS.

4.2. Wukancynsauusa. Moaudukanus 1 ONTHMHU3AIKS IPOTPaMM P TOMOIIY HHKATICYIISIHH.

4.3. Hacnemoanume. IloBropHOe wucnons30BaHue Koma. llomuMopdusM Kak CpelCcTBO
obecrieueHns pacimupseMocTy nporpamm. [lorsrue narepdetica.

4.4. Tloustne cBOWcTB M coObITHH (propertiesandevents) B OOBEKTHBIX TEXHOJOTHSX.
Arperanus. CoxpaHsaeMOoCcTh 00BEKTOB (persistence).

45. Jlmarpammbl  kiaccoB. [IoHATHS W TOPUHOMIBL  OOBEKTHO-OPUEHTUPOBAHHOTO
HPOEKTUPOBAHUSL.

4.6. CASE — cpencTBa 1 MX UCIOJIB30BAHUE JIUIsl aBTOMATH3AIMH [TPOSKTUPOBAHUS IPOTPAMM.

Jluteparypa
JJieMeHThI IMCKPEeTHOM MaTeMaTUKHU. /{UCKpeTHbIE aJIrOPUTMBbI.
1. Axo A., Xonkpodt ., Yneman J[.JI. CTpyKTypbl TaHHBIX U aJTOPUTMBL: y4ued. mocodue. —
M.: U3natensckuit joM «Buabsamcy», 2007.
2. Kayr 1.D. UckycctBo mporpammupoBanusi. Tom 1: OcHoBHBIE anroputmsl (3-¢ u3ad., 2007).
Towm 3: CopTupoBka u nmouck (2-e uza.). — M.: Usnarenbckuit nom «Bumbsmey.

[MapajiesibHbIe BHIYHCIEHUSA
1. DOuaproc.'P. OcHOBBI = MHOIONMOTOYHOTO, TMApAJUICJIBHOTO W  PACIPEACIEHHOTO
nporpammupoBanus. — M.: M3ngatenbckuii qom «Bunbsmcy, 2003 — 512 c.

O0beKTHO-OPHEHTHPOBAHHOE IPOrPAMMHMPOBAHHUE

1. Bbyul. OOBEKTHO-OPHUEHTUPOBAHHBIH aHAIW3 W IPOEKTUPOBAHHE C IMPUMEPAMHU
npunoxenuit Ha C++, 2-¢ uzganue, nep. ¢ anri., M.: M3garensctBo bunowm, CII6.: HeBckui
nuainext, 1999 r.

2. BenapoB A.M. CASE-texnonoruu. CoBpeMeHHbIE METOJBI U CPEACTBA MPOCKTHUPOBAHUS
WH()OPMAIIMOHHBIX CUCTEM.



YACTD I

BapuatuBhas yacTb HpoOrpaMMbl BCTYMUTEIBHOTO HCHBITAaHUA MO Kadeape CHCTeM,

YCTPOMCTB M METOI0B reOKOCMUYeCKOoil PU3NKM.

1.

1.1.

1.2.

1.3.

1.4.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

IIpenmer ¥ OCHOBHbBIE MOHATUS KOCMUYECKUX HH(OPMAIMOHHBIX cucTeM /I3
[TpyHIMIIBI AUCTAHIIMOHHBIX HccienoBaHuil. CBs3b JUCTAHIIMOHHON WHQOpMAIMH C
XapaKTepUCTUKAMU HU3y4aeMbIX sIBIIEHUN U mpoieccoB. Kocmuueckne W aBHAllMOHHBIC
CHUCTEMbl  JAWCTaHIIMOHHOrO  3oHAupoBanus ([3). JlocTtoumHcTBa  KOCMHUYECKOU
uHpopmanuu. Becenoctynnocts. OnepatuBHOCTh. [ 106abHOCTD.

3anmaun /I3 atMocdepsl, MOBEpXHOCTH 3eMIIH. 3eMJIsl KaK eArHasi IKOJIOTUYECKasi CUCTEMA.
Ponb nUCTaHIMOHHBIX HCCIEIOBAaHUN B HM3YUYEHUU MPUPOTHONU Cpellbl B IIOOATBEHOM
MmacmTale 1 BO3JIeHCTBUS Ha HEe aHTPOIIOT€HHBIX (PAKTOPOB.

3amaul IUCTAaHIMOHHOTO KOHTPOJS M Pa3BeAKHM OOBEKTOB HA MOBEPXHOCTU 3€MIIM U B
atmocdepe.

CoBpemennbie cucteMbl [[3. CucTeMHBIM MOAXOJ K AUCTAHIIMOHHBIM HCCIICIOBaHUSM.
[IpocTpaHCTBEHHOE, CHEKTPaJbHOE, PATUOMETPUUYECKOE U BPEMEHHOE pa3pelleHUe.
[TepcrieKTUBBI Pa3BUTUSL KOCMHUECKUX CHCTEM JUCTAHIIMOHHOTO 30HAHUPOBAHUS.

IIpupona 3JeKTPOMATHMTHOrO u3Jay4YeHHusi. B3aumopeiicTBHe U3JIyYeHUS] C
BelleCTBOM

Teopus 3IEKTPOMAarHUTHOTO U3IyueHus. Y paBHeHue MakcBeia. BoiaHoBoe ypaBHeHHE U
ero pemenus. [lonspuzanus. [loTtox sHepruu. DHepreTudeckue U (POTOMETPUUECKHUE
BenuuuHbl. OTpaxeHue M mpenomiieHue cBeTa. Kiaccuueckas Teopus H3IydYEHUs,
MOTJIOMICHUST W JAucHepcuu. TersoBoe wu3inydeHue. AOcomoTHo uepHoe Teno (AYT).
3akonbl Credana-bonbimana, [lnanka, dopmynst Buna u Penes-/[xunca. 3akoHb
manydenuss AUT st cpenbl, oTiimuHOM OT Bakyyma. 3akoHbl AUT st KOHEYHBIX
CHEKTpalIbHBIX ~ WHTepBajoB. M3myuaTenbHas  CIIOCOOHOCTh U PagHOSIPKOCTHAS
TeMIreparypa.

B3auMmopeiicTBue U3JIy4eHUS C BELIECTBOM B ONTHYECKOM JIMANA30HE. YpaBHEHHE
MEepEeHOCca M3IYyYECHUSl Ui MOTJIOMIAONIECH, H3IyYalomed M PACCEUBAIOLIEH CpEJbl.
VYpaBHeHHe TiepeHOoca TIpU HaIuMuuu nossipuzanuu. Bekrop-napamerp  Crokca.
[TpubnmxeHne JOKAIBHOTO TEPMOJAMHAMHYECKOTO paBHOBecHs. CBSA3b PpPe3yJbTaTOB
JTUCTAHIIMOHHBIX HAOIIOACHUI CO CBOMCTBAMU HAOIIOJaeMbIX SIBICHUU.

JlazepHoe JHMCTAaHUMOHHOE 30HIWpPOBAaHMWE. JIuaapHOe ypaBHEHHWE Uil PACCESHUS.
JInpapHoe ypaBHeHue ansa quddepeHIansHoro nornomenus. JlugapHoe ypaBHeHHe Ams
Groopecupyromero 00beKTa.

N3nyyarenbHble, NOTIOUMIATENBHBIE U OTPAKATEIbHBIE CBOMCTBA HEUEPHBIX ITOBEPXHOCTEN.
OCc00EHHOCTH CIEKTPATBHBIX XapaKTEPUCTHK OTPAKECHHUS MPUPOJHBIX M aHTPOIOTEHHBIX
o0pa3oBaHMil B ONTHYECKOM Juamna3oHe crekTpa. CHeKkTpalabHble U PacCEUBAIOIINE
CBOMCTBAa MHHEPAJIOB, TOPHBIX MOPOJ U MOoYB. CrieKTpajibHbIE CBOWCTBA PACTUTEIHLHOCTH.
XapakTepucCTUKH, CBA3aHHBIE C cojep:kaHueM Biaru. CrHekTpaiabHble CBOWCTBA KpUO- U
BOJIHBIX CPEI.

Bzaumopeiicteue wusnyuenuss ¢ BemectBoM B CBU-mmamazone.  OcoGeHHOCTH
JTUCTAaHIIMOHHBIX MeETOJ0B 3oHmupoBaHus B CBY-nmmamazone. UyBCTBUTENBHOCTH K
T€OMETPUUA TOBEPXHOCTU. YyBCTBUTEIBHOCTH K COACPKAHUIO BOJbBlL. YpaBHEHHUE
paauonokanuu. OCHOBHBIE XapaKTEPUCTUKU CHUTHaiIa oOpaTHOTO paccesHus. PaccesHue
U3ITy4eHUs] TPUPOJHBIMU OOBEKTaMu (YIJIOBBIE U CIHEKTPalbHBIE 3aBHUCHMOCTH,
MOJISIPU3AIIMOHHBIC XaPaKTEPUCTUKH).

ITaccuBHOE JHUCTaHIMOHHOE 30HAMpPOBaHUE B CBY-guanasone. Moaenu
pagoOMETPUUYECKON TeMIlepaTyphl (IJ1aaKas ¥ IIepoXxoBaTas MOBEPXHOCTH). SpKocTHas
TeMIepaTypa IpUPOIHBIX 00pa30BaHHUIA.
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Poan arMmocdepbl B IUCTAHUMOHHBIX UCCIEA0BAHUAX 3eMJIH

Xapakrepuctuka armochepsl. CocraB. ['a3pl. Asposzonu. Ob6naka. Tyman. JlpiMka.
[lepenoc u3ny4yeHus B paccerBarollell u norjioujaromen cpene. [lornomenue u3nydeHus
razamu. PaccesHue Ha MoJekysax raza M 4acTUlax al’po3ossl. PeneeBckoe paccesHue.
Paccesane Mu. 3akon JlamGepra-byrepa. Onrtumueckas Ttoima. Monaenu a’po301bHOM
aTMocdepsl. MeTeoposIoruuecKas 1albHOCTh BUIMMOCTH.

Mertoapl pacuera mpo3padHocTH armochepsl. Merox  "line-by-line". Meroubrl
MOJIEJIMPOBAaHUS M0JIOC (MOAENb Oib3accepa, CTATUCTHYECKAas MOJENb WM MOJENb
Meiiepa-I'yau). DMIupuvecKue METObI C UCIIOJIb30BaHUEM MOJIeH ToJioc ("'arperatHpii"
MmeTon, mozeinb "Lowtran"). JIByxnapamerpuueckuii metoq Kyprucca-I'oncona.
AtMocdepHas TypOyneHTHOCTh. [udpakiuus Ha omHOpoAHBIX 30HaX. CTpyKTypHas
¢ynkuus. CTpykTypHas nocrossHHas. OnTuueckas nepeaaToyHas GyHKUus TypOyIeHTHOM
atMoceprl. CrnywaiiHas cocTaBistonias JUIMTEIbHOM W KOPOTKOM  SKCIIO3UIIUU.
N3mepenus TypOyIeHTHOCTH.

SpxocTHble (pagualliOHHBIE) XapakTEepPUCTUKU 3eMiau U3 KocMmoca. OTpakeHHOEe U
TerioBoe u3nydeHue. OOmydeHHOCTh 3eMHON moBepxHocTH. llpsiMoe comHedHOe
usnyyenue. M3nydenue He60cBOAa. 3aBUCUMOCTh OT BbICOTHI COJNIHIIA HaJl TOPU30HTOM U
reoMerpun HaOmoAeHus. Spkocte 3emin U3 KocMoca. M3nmydeHue OT ydwacTka
noBepxHocTu. Bkmaxg atmocdeprl. VYuer paccesHHoro wusnydeHus. OcoOEHHOCTH
NpOIIECCOB TepeHoca u3NMydeHus B atmocdepe 3emum B uHPpakpachom u CBU-
JTuana3zoHax.

Perucrpanus 3JIleKTpOMarHMTHOT0 M3J1y4eHHS.

Knaccudpukamuss MexaHu3MoB celeKTHBHOTO (oTtonmpuema. @DotoHHBIE 3(PPEKTHI.
TemnoBeie 3hdexTsl. DPdexTst BoTHOBOro B3auMozeicTBus. (OCHOBHBIE —THUIIBI
TBEPIOTENbHBIX (oTonpueMHUKOB. Dotommonbl. bappepsr [loTkn. PoTOpEe3UCTOPHI
coOcTBeHHBIE U TpuMecHbIe. [IprbophI ¢ 3apa10BOM HHKEKIUECH.

OcHoBbI U3k pudopoB ¢ 3apsnoBoit cBs3pio (I13C). [IpuHIMI XpaHeHUs U EpeHoca
3apsana. OcHoBHele Tunbl [I3C-ctpykryp. Ilepenoc 3apsiaa u yacroruele coiictBa. [13C ¢
00BbEMHBIM KaHAJIOM M BUPTyalbHBIN (ha3oit. HeaddextuBHOCTh epeHoca 3apsna B [13C.
TemnHoBoOM TOK. MeTo1bI BBOJA U JETEKTUPOBaHus 3apsiaa. JInnelinsie u Matpuunsle [13C.
XapakTepUCTUKH IIPUEMHUKOB ONTUYECKOTO U3ITy4eHUsl. CerocurnanpHas
xapakrepucTtka. KBanroBas xapakrepuctuka. KBanrosas a¢pdexruBHoCTh. CrieKTpanbHast
XapaKTepUCTHKAa  YYBCTBUTENBHOCTH. CHeKTpaldbHbIH  KOIPGUIMEHT IOIJIOMEHUs
n3irydeHus. JUIMHHOBOJIHOBAs TPAaHULA YyBCTBUTEIBHOCTU. AKTHHUYHBIE SHEPIeTUYECKHE
XapaKTepUCTUKU. YacTOTHBIE CBOMCTBA NMPUEMHHMKOB W3JIy4€HHUS, MOCTOSIHHAs BpEMEHU
doroorknuka. @Dynkuusa mnepegaun wmoxyisiuu  (OIIM). Teomerpuueckas OIIM.
Huddysnas OIIM. OIIM HeapdextuBHocTH nepenoca B [13C.

Iymbl. OcHOBHBIE HMCTOUYHUKM ImIyMoB. IloporoBas oOiyueHHOCTb. VY jaenbHas
oOHapyxuTenbHas crnocoOHocTh. CreKkTpanbHas MIOTHOCTH LIyMa IMOJYIPOBOJHHUKOBBIX
¢doronpuemnukoB. [llymbr B MHOrosnemeHTHbIX [13C-poronpuemuukax. [llym nmepenoca
3apsga. Lllym BeIxomHoro yctpoiictBa. ['eomerpuueckuii myM. BiusiHMe OXJIaXKIeHHS.
JloCTOMHCTBA B Cilydae npuemMa u300paskeHus! IPH HU3KUX YPOBHIX 00TYy4E€HHOCTH.
Juckperuszanust  M300pa)KeHHs]  MHOTORJIEMEHTHBIM  (oTonpueMHUKOM. Teopema
KorenbHukoBa.  BusyanbHoe — mposiBaeHue — 3¢¢dexkroB  BbIOOpkH.  Pemykims
MPOCTPAaHCTBEHHBIX YacToT M DPIIM MHOro3JeMeHTHBIX TPHEMHUKOB. Myap-3¢ddexrT.
Onucanue s¢p¢dexra uckaxkeHus curHana c nomoimpio "®IIM ¢dassl". TectupoBanue
MHOT03JIEMEHTHBIX (POTONMPUEMHUKOB. Peakiins cuctemMsl Ha IPSIMOYToJIbHOM MUpY. CBA3b
c OIIM.
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Teopusi JuHeitHoM ¢uabTpanmuu. CHUrHaJdbLI M NOMEXM B CHCTeMax MpHeMa
3JIEKTPOMATHUTHOI0 M3JIy4YeHHUS.

JleTepMuHUpPOBAaHHBIE  CHUTHANBI, CIOCOOBI MX omMcaHusa. MHTerpaim  CBEpPTKHU.
[IpeoOpazoBanue Pypre U ero (yHKIHMOHAIBHBIE CBOWCTBA. TeopemMa CBEPTKH U
ontuyeckas nepenatounas GpyHkuus (OI1D). Ananus TMHEHHBIX cucTeM (GOPMHPOBAHUS
M300paxeHus ¢ MoMoIIsI0 peodpazoBanus Oypre. OIID onruueckux 3nemeHToB. OIID
TUMUYHBIX ~ JJIEMEHTOB ~ MH(QOPMAIIMOHHOTO  TpakTa  CHUCTEM  JIUCTAaHIMOHHOTO
3oHaupoBanus. lleHTpanpHas mnpenenbHas TeopeMa NpU aHAIM3€ JUHEHHBIX CHCTEM.
PesynbTupyromas OI1D.

CrnyuaiiHbple CUTHAJIBI M CIIOCOOBI WX onucanus. CiydaitHbie GyHKIIUU U T0Js. YUCIIOBBIC
xapaktepuctuku. DyHKuUg pacnpeaeneHuss U (QyHKUMHM IUIOTHOCTH BEPOSTHOCTH.
CrannoHapHOCTh, OJIHOPOJHOCTH, JIPrOJAUYHOCTh. ABTOKOPPEISAIUOHHAS (QYHKIUS W
CHEKTpajbHas IUIOTHOCTh. KoppensuumoHHBIM M  CHEKTpaJbHBIA  aHanu3. Bumsl
OJIHOMEPHBIX CIEeKTpoB. [IpeoOpazoBaHue CHEKTPATbHOW IUIOTHOCTH JIMHEWHBIMH
3BeHbsIMHU. BeposTHOCTHOE OMKCcaHNue HEMPEPBIBHBIX U300paKeHUI.

Metoasbl nepegayu u 00padoTkn nHpoOpManmu, moayqaemoii cpeacreamu /3.
Mertonpl nepenaun nU300pakeHU. XapakTEpPUCTUKU CUCTEMBI Iepefadun H300pakeHUH.
Hcnonp3oBaHue Mopeneil 3peHuss MNpu KOoAUpoBaHUU u3o0paxkeHuil. Koauposanue
METOJIOM  HMMIYJIbCHOW  KOJIOBOM  Monynsuuu. CTaTUCTHYECKOE  KOJUpPOBAHUE.
KomupoBanue c¢ mpeackazanuem. KoaupoBanwe ¢ mpeoOpazoBanueM. [ubpuanoe
KoAupoBaHUe. MexKaipoBoe KOJIMPOBAHHWE C YCIOBHBIM 3amelneHueM. CokpaiieHue
M30BITOYHOCTH OMHAPHBIX U300paKEHUH.

Mertonbsl 00paboTku m3obOpakenuid. [IpencraBnenne n3o0pakeHui B mUppoBoi (dopme.
Juckperuszanyisi ¥ BOCCTAaHOBICHHE HENPEPBIBHBIX H300pakeHuil. MaTtemaTnueckoe
ONHMCAaHUE TUCKPETHBIX m300pakeHui. JImHelHbIe oneparopbl. OnepaTop Cymepro3uiiiy.
JIBymepHble yHUTapHble MpeoOpasoBanus. lIpeoOpazoBanue @Dypre. Kocunycnoe
npeoOpazoBanne. CuHycHOoe mpeoOpazoBanue. [IpeoOpasoBanme Apamapa, Xaapa.
CunrynspHoe npeoOpazoBanue. JBymepHble METOAbI TUHEHHONW 00padoTku. OOpadoTka ¢
UCIob30BaHueM TmpeoOpa3zoBanus. Cymepno3unus ¢ mpeoOpaszoBanueM. CBepTka ¢
UCMOJb30BaHUEM  OblcTporo  mpeoOpazoBanuss @Dyppe. DuibTpsl Ha  OCHOBE
npeobpazoBanus Oypoe.

OcHoBHbIe MOHATUS TeonHpopMaTHKU. OOIIas XapaKTepUCTHKA TeOMH(OPMAIIMOHHBIX
cuctreM (I'MC) kak kmacca aBromarusupoBaHHbix MC. Cdeprt npumenenuss ['MC.
Knaccudpukanus [MC mo ¢yHKIMOHAIBHBIM BO3MOXKHOCTSIM M TE€PPUTOPUATHBHOMY
oxBary. Kaprorpaduueckas ocHOBa Kak CpEJICTBO MHTETpalil U OTOOPAKEHUS JaHHBIX.
Texnonorun CAIIP xak meroponorundeckas ocHoBa npoektuposanus ['IC. Pois u Mecto
skcniepTHhIX cucteM B ['MC-texnonrusx. UHCTpyMEHTAIBHO-TIPOTpaMMHOE 0OECTICUCHHE
I'NC. TUC u web- texHomoruu. Ilpumenenune nansueix /13 B ['MC-TexHOIOTHAX.
TexHomornueckas 1enouka Tematudeckoil oopadorku (TO) manupix KocMuueckoro JI3.
Mertoabl 1 cpeacTBa NpeACTaBICHUS PACTPOBBIX U300paKeHUI

Mertonbl KJIacCU(PUKaUU JIMCTAHIIMOHHOMN nHpopManuu. I'eomeTpuueckas,
paagromeTpudeckas U aTMochepHast KOPPeKIHs. AITTOPUTMBI paCIIMPEHUS] TUMHAMUYECKOTO
Iuamna3oHa  JUCTAaHIMOHHOTO  u300paxkeHus.  [IpumeHeHHE  yCIOBHO-I[BETOBOTO
KOAMPOBAHUS N300paKeHUS 110 IAHHBIM CIIEKTPAIBHBIX KaHaIoB. MeTol aHa/IM3a TI1aBHBIX
KOMITOHEHTOB wWin TipeoOpa3zoBanue Kapynena-Jlossa. IlpeoGpazoBanune Kayra-Tomaca.
[Tpu3Haku MHOTO30HANBHOW WH(MOpMANUK (MHAEKC TOYBBI, BETETAIIMOHHBIN WHIEKC,
MHJEKC BJIQXXHOCTHU U JIp.). YUEeT BPEMEHHBIX XapaKTePUCTHK, KackaJHas Kilaccuukaius.
MopdomeTrpudecknii ananu3 B reorpadpuieckux uccienoBanusax. O6HapyxeHne o0beKTOB
onpeneneHHo Gopmel. HekonTponmupyemast kinaccudukanusi. IKCIEPTHBIE CUCTEMBI IS
Ja"HbeIx J13.
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YACTD I

BapuatuBhas uyacTh MporpamMMbl BCTYNMTEIBHOTO HCHBITAaHMS MO Kadeape BBICOKHX

TEXHOJIOTUM B 00ecrevYeHNH 0e30IACHOCTH KU3HeAeATeIHLHOCTH.

1.

10.

11.

UpesBbiuaiinas cutyanus. Mcrounuku YC. ABapuu. [loTeHImanbHO OMacHbIE OOBEKTHI.
Puck Bo3nukHoBeHus YC. 3onbl UC. Monurtopusr. [IporHosupoBanue BOSHUKHOBEHMS U
pazButuss YC. llenw, 3amaun, oOBEKTBI M CyObekThl MoHuUTOpHHTa YC. TepmuHbl U
OIpEIEeIICHUS.

[Tpuponubie moxapbl. OCHOBHBIE HampaBiieHUs pPaOOT MO HAOIIOJEHUIO 3a IMOXKapHOM
OMACHOCTBIO IOTOJHBIX YCJIOBUM, JEHUCTBYIOIIMMM OdaraMu JIECHBIX IN0XapoB. OCHOBHbIE
STanbl OLIEHKH JIECONOoXKapHOW oOcTaHOBKM. HaydHo-meToguueckoe M MHPOPMAIIMOHHOE
o0ecrieyeHHe  MPOTHO3UPOBAHMS  JICCOMOXKAPHOM  OOCTAHOBKM M TOAJCPKKH
yIpaBieHUYeCKUX  pemieHud.  DOU3MKO-TEXHHYECKHE  OCHOBBI  AJIEKTPOMArHUTHOTO
MOHHUTOPHHTA JIECOMOKAPHOH 00CTAaHOBKU

OcHOBBl  OpraHu3ali padoT 1O HAOIIOACHHUIO, MPOTHO3Y 3EeMIETPSICEHUH M UX
IIOCJICICTBUM M pPEArupoOBaHUI0 HA CEUCMUYECKHE M TIE€OAMHAMUYECKUE BO3JCUCTBUS.
Hayunbie OCHOBBI MpPOrHO3a 3E€MIETPACEHUH. DOTambl TMPOTHO3a  3EMIICTPSICEHHI.
Opranuzanus cereil HaOMIOAEHUS U IPOrHO3a 3EMJIETPACEHUS.

4. CocraB u crpoenue armocdepsl. CoctaB Bo3ayxa BOIM3U 3eMHOM moBepxHocTU. CocTaB
BO3/yXa B 00Jiee BBICOKHX CJIOsIX atMocdepbl. BoasHo# nap. YpaBHEHHS COCTOSIHHS CyXOTO
U BJIQKHOTO BO3AYyXa. XapakTepUCTUKU BIAKHOCTH BO3/lyXa U CBSI3b MEXKAY HHMH.
[TpuaIMIE! KeneHus aTMOocdephl Ha ciou. Tpomocdepa, ctparocdepa u mezocdepa.
OcHoBHbBIE 3aKOHBI cTaTuku atMmocdepbl. JlaBnenue Bo3myxa. Cuibl, AeHCTBYIOLIHE B
aTMocdepe B COCTOSHUU paBHOBECHs. YpaBHEHHE CTaTHKH atMocdepsl. bapomerprueckas
dopmyna. bapuueckas crymnenb. BepTukanpHbiii Macmtad armocdepsl. ['eomoTeHua.
AOCOI0THAs ¥ OTHOCUTEJIbHAS BBICOTA.

[lepBoe Hauano TEepMOAMHAMUKH NPUMEHUTENBHO K atMmocdepe. Anunabatuueckue
nporeccel B atmocdepe. Cyxoamnabatmueckuii mpouecc. IHTpornus. [loTeHIuanbpHas
temneparypa. Kputepuum  ycToMuMBOCTH  aTMocdepbl MO  METOAYy  YacTHUIIBL
Bnaxnoagnabatuyeckuil mporecc. YpaBHEHHE NEpBOrO Hayajla TEPMOJUHAMHUKU JUIs
BIaKHOaAMabaTuyeckoro mporecca. TepMmoaunHamuueckue rpaduku. Crpartudukanus
atMoc(eppl 1O OTHOIIEHHUIO K BIIAXHOAAUA0ATUYECKOMY M CyXoaJauadaTHuecKoMy
JBUKECHHIO YaCTHUIIBI.

Pamnanmonnsie mporeccel B atmocdepe. Mzmydenne Comnia. 3aKOHBI  HU3ITyYSHUSI.
PacnipenienieHne  COJMHEYHOro TeIIa HA 3€MHOM IOBEPXHOCTH B IPEAINOJIOKEHUU
orcytcTBUsl atMmocepnl. Ilpsmas conHeunas paauanus. PaccessHHas W cymmapHas
panuanus. Anb0eno.

W3nyyenne 3eMHONH TMOBEPXHOCTH U arMmocdepsl. M3mydeHne 3eMHOM IMOBEPXHOCTH.
Wznyuenue atmocdepsl. PaanannonHblii OamaHc 3eMHOM MOBEPXHOCTH. PaguanuoHHBINA
Oamanc armocdepsl. Paguanmonnsiii 6amaHc CHCTEMbI 3eMHasi TOBEPXHOCTH - aTMocdepa.
JlamuHapHOe U TypOYJIEHTHOE COCTOsSIHHE aTrMochepsl. XapaKTepUCTUKU TYpOYJIEHTHOCTH.
KonBekTUBHBIH M TypOyJeHTHBIH TOTOKM Temula. YpaBHEHUWE TPUTOKAa Temia B
TypOyneHTHOM atMmocdepe. OCHOBHBIE CBEICHMS M3  CTaTUCTHUUECKOW  TEOpuH
TypOyneHTHOCTH. OnpeaeneHue NPU3eMHOro ciios U ero TonauuHa. @opmyssl [Ipanaris u
Pocou.

Pacnpenenenne Ttemmeparypbl BO3[yXa MO BBICOTE€ B IMOTPAHUYHOM CJIO€ aTMOC(EpHI.
Pacnpenenenne Temmeparypsl B Tpomocdepe, crpatochepe u mesochepe. Brnushue
MaTepUKOB M OKEaHOB Ha paclpejesieHue Temieparypbl B armocdepe. OCHOBBI TeopHUH
pacripesiesieHus TeMIepaTyphbl Bo3/lyXa 110 BeicoTe. MIHBepcun TeMiiepatypsl B aTMocdepe.
Pacnpenenenne xapakTepUCTUK BJIAXXHOCTU IO BBICOTE B MPHU3EMHOM CJIO€, Tporocdepe u
ctpatocdepe. Konnencanus u cybnumanus BOAsSHOTo napa B atMocdepe. Mcnapenue. Snpa
KOHJICHCAllUU. SIapa 3aMep3aHu.
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Ob6naxka u Tymansl. duznueckue ycioBusi 00pa30BaHMs, XapaKTEPUCTHKHU U KIaCCU(PHUKALIHS
tymaHoB. ®a3pl Boxel B oOnakax. Kmaccudukanus obnaxoB. Pusndeckue INPOLECCH
00pazoBaHus 00JIaKOB.

Buast ocagko. OOpa3zoBanue ocaakoB. Poct kamens myrem konaencauuu. Koarymsiusi.
Ponb TBepaoit gassl B 00pazoBaHuu ocankoB. PopMHUpOBaHUE Irpaja.

Cunpl, neiictBylomme B aTMocdepe. YpaBHEHHS IBMXKEHUS TypOyJIeHTHOH armocdepsl.
bananc sueprun B atmocgepe. [lapamerp (uncio) Puuapacona.

@poHTHl ¥ UUKIOHBL. Bo3gymmubie wmaccel. ATmocdepubie  (ponThl. LlukiaoHB U
AQHTULIUKJIOHBI.

ATtmochepHoe anekTpudecTBo. Monuzamus atMmocdepsl. DIEKTPHUUECKOE MOJIE TPOTIOC(EpHI.
I'po3oBbIe pa3psaabsl. MexaHu3M 00pa30BaHMs IEKTPHUUECKUX 3apsAA0B B IPO30BBIX O0JIaKax.
DJEeKTpUYECKOe MoJIe ¥ MEXaHNU3M 00pa30BaHMs MOJHUH B IPO30BBIX 00JIaKax.

Crioco0Ob1  ynpasineHus aTMochepHbIMH Ipoueccamu. PaccesHue TymaHoB. PaccesHue
00J1aKOB.

CperncTBa ynpasiieHHs: aTMOC(hepHbIMU ITporieccaMu. Mereorponsl. CpeacTBa, OCHOBaHHbIE
Ha UCIIOJIB30BAHUN XUMHUYECKUX PeareHTOB. VIOHHbIE TeHEePaTOPHI.

Jlureparypa
bynanenkoB C.A., Boponos C.U., I'y6uenko IL.I1. u np 3amura HaceneHUs U TEPPUTOPUI B
ype3BblYAHBIX cUTyalusX., o ped. Paneesa M.U. - Kanyra: I'Y «O06auzaar», 2001,480c.
Karactpodbsr u denoBek: KH. 1. PoccuiicKuii OMBIT NMPOTHBOJCHUCTBUS YpPE3BbIYAWHBIM
cutyauusMm llox pen. FO.JI. Bopo6sesa.- M.: ACT - JIT/, 1997. - 256 c.
Kauano C.A. u np. MHbopManmoHHbIE TEXHOJOTHH MPEIyNPEXKICHUS WU JIMKBUAALUN
ype3BblUaiHBIX ~ cuTyaluil.  YuyeObHoe  mocoOue.  Akajgemuss  TrocyAapCTBEHHOU
npoTtuBonoxapHoi ciy:x6s1 MUC Poccuu, M:2006r.
bapper 3., Kypruc JI. Beenenue B kocmuueckoe 3emnesenenue. - M.: "IIporpecc”,1979.
VmakoB K.3., Kanenquna H.O., Kupun b.®. u n1p be3onacHOCTh XKU3HEAEATEIBHOCTH.. - M:
N3-Bo MockoBckoro ropHoro yausepcureta, 2000, 430 c.
Bopo6seB FHO.JI. OcHoBbl (hopMHpOBaHHMS M pealld3allMd TOCYIapCTBEHHOW IOJUTUKH B
00JacTu CHMKEHUSI PUCKOB 4pe3BbIYalHBIX cUTyaluil (MmoHorpagus) M.: ®UJ| «/lenosoit
skcrpeccey, 2000. c.248.
Iap6yx C.B., I'epmienzon B.E., Kocmuueckue cucteMbl TUCTAHIIMOHHOTO 30HIUPOBAHUS
3emmu, M. U3n. Au b, 1997 1.
MarseeB JI.T. ®usnuka armocdepsl. U3ganue tpetse, nepepadboTaHHOE U JOMOTHEHHOE. —
Cankr — IetepOypr: I'mnpomereonsaar, 2000.
Kauypun JILI. ®usudeckue OCHOBBI BO3JIECUCTBHS Ha aTMOC(EpPHBIE MPOIIECCHI.
OkcnepuMeHTanbHas (usnuka atmocdepsl. JlonmymeHo [‘ocynapcTBEHHBIM KOMUTETOM
CCCP mno HapogHoMy o00pa3oBaHMI0O B KaydecTBe YydeOHMKa /Jisi CTYACHTOB BY30B,
oOyyaromuxcst mo cnenuainbHocTu “Meteoposiorus”.. — Jlenunrpaa: I'mapomereounsnar,
1990.
I'OCT P 22.0.03-95. be3onacHOoCTs B upe3BbUalHBIX cuTyauusx. llpuponnsie
ype3BblYaiiHble cuTyauuu. TepmuHbl u onpenenenus. — M.: HIIK wu3garenscTBo
cTaHAapToB, 1995.
N3menenne moroasl demoBekoM. [IpoOieMbl HalMOHATBHOM TIOJUTHKH B  00JaCcTH
npupoaHeix pecypcos. llepeBon ¢ anrmmiickoro M.M. Illeitnuca. Ilox pemaxuumen M.II
Masuna. — M.: U3narensctBo “IIporpecc”, 1972.
Masun W.IL., IlImerep C.M. OBJIAKA: ctpoenue u ¢usuka obpasoBanus. — JIeHUHTpas:
I'mppomereonsnar, 1983.
[ToapeszoB FO.B. «IIpobiemHbIe acneKThl MCCIEAOBAHUM 1O aKTHBHBIM BO3JCHCTBUSAM Ha
atMocdepHsie mporecch». KypHan «l[IpobmeMbl 0€30macHOCTH W YPE3BBIYANHBIX
cutyauuii», Ne 3 3a 2015 rog.



14.

15.
16.
17.
18.

19.
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Jlxon @. Sur. Pobororexnuka. JI.: Mammuaoctpoenue, 1977r.

Kammep 1O.IO., Xapkesuu A.E. ApapwuiiHpie paOOoThl B ouarax MOpaxeHHs. -M:
Oueprouszaat, 1990, 287 c.

CnpaBouyHuku criacarenis, kauura ¢ 1 mo 12. - M: «ABuauzaar», 1995-2001 r.r.
[HNaxpamanbsH M.A. OneHka CceMCMMUYECKOIO pHUCKa U MPOTHO3  IOCIEACTBUN
3eMJICTPSICEHUN B 3aJja4ax CIaceHUs HaceleHus (Teopus W mpakTtuka). - M.: BHUU I'OUC,
2000r.-190c.

[Taxpamanbsin M.A., AkumoB B. A., Ko3noB K. A. OueHka npupogHoil U TEXHOT€HHOM
6e3onacHocTu Poccun: Teopust u npaktuka. - M.: ®UJI "enosoit skcnpecc”, 1998r.- 218c.
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Pa3znen «CucreMHbIii aHAIN3, YIPABJIeHHe U 00padoTka uHGOpMaAUN»
YACTbS I

MartemaTu4eckoe MOACTHPOBAHUSA ¥ ONITUMHU3 AU

OcHOBHbBIC TIOHATHSA CUCTEMHOI'O aHAJIN3a. XapaKTepHbIe OCOOEHHOCTU CIIOKHBIX CHUCTEM.
HpOI‘HO?;I/IpOBaHI/IC BPEMCHH CMCHLI COCTOSTHHUH Yy CJIOKHBIX CUCTEM KaK MOMCHT BPCMCHH
M3MEHEHUSI MHTErPAJIbHBIX XapaKTEPUCTHK. [ paHULIbI IpUHIMIA PEIYKIUOHU3MA.
OcHOBHBIE 3aa4y, METOAbl CHUCTCMHOI'0 MOACIIMPOBAHUS. KoMmoHeHTBI CcHCTEMHOTO
MOJICTIUPOBaHUS. OTanbl MojenupoBaHus. PopMbl MOJEIMPOBAHUS: CHHTE3, COOpKa,
HACTPOIKa MOJIeNH, UACHTU(DHUKAINS TApaMETPOB.

Bxopgsmue, BBIXOAAIIME U YIPABISAIOIIME MEPEMEHHBIE B CUCTEMHOM MOJEIMPOBAHMH,
3aladyi MW MCTOAbI arpCrupoBaHvd W AC3arpCrupOBaHUsA. I’IyBCTBI/ITG.HBHOCTB K
YIPABJISIIOLIUM [IEPEMEHHBIM.

Bri6op mapaMeTpoB npu MOJSIMPOBAHUH JTUHAMUKH CIOXHBIX cUCTeM. MaeHTudukanms
napaMeTpoB B MOJENAX. 3aBUCHMOCTb pe3ysibTaTa MOJEIMPOBAaHUS OT BbIOOpa
napameTpoB. UyBCTBUTEIBHOCTD K ITApaMETPAM.

TpyOku  Tpaektopuil. CueHapHble uccienoBaHus. OnTUMH3aLUs, YMEHbIICHHE
pasmepHocTu. MHTEpnpeTanys 1 NpeaCcTaBIeHUuEe PE3yJIbTaTOB.

TpanuLMOHHBIE METOJbl CHCTEMHOI'O aHaJIM3a CIOXHBIX CHUCTEM. MarpuuHsle,
CHUCTeMHOIMHaMu4eckne, T y3Hbe, CTOXaCTUYECKUE MOJICIIH.

JIuneliHoe IpOrpaMMHUPOBAHKE - TIOCTAHOBKA 3a/1a4d. AJITOPUTM CUMIUIEKC-METO/A.
baitecoBckuii MeToN. ANpPUOpPHBIE M alOCTEPUOPHBIC pPACHpPEEICHUs] MapaMeTpOB:
HEIPEPHIBHBIN U AUCKPETHBINA CITy4au.

Mertoa MakCHMaJIbHOTO TPaBAONOAO0USI M €ro CBsI3b C MAaKCUMyMOM aloCTEPHOPHOI
BEPOATHOCTH B 0ali€COBCKOM OIICHHUBAHHH B ACHMIITOTUYECKOM CITydae.

Wnentudukanyss mapameTpoB MOJEICH Ha NpUMepe HWACHTH(PHKAIMK IapaMeTpoOB B
MOJIeJIM TAapHOW JIMHEHHOW perpeccud M OJHOPOJHOW MPOU3BOJCTBEHHOW (YHKIIHH
Ko66a-/lyrnaca. Wnentudukanuss mapamMeTpoB B MOJEIW JIMHEHHOW pErpecchd ¢
ABTOKOPPENMPOBAHHBIMH OMIMOKAMHU IIEPBOTO U BTOPOTO MOPSAKOB.

Jlureparypa
An¢punato B.C., EmenbsnoB A.A., Kykymkun A.A. CUCTeMHBII aHanU3 B yNpaBiICHUH.
M.: ®unancel u ctatucTtuka, 2006.- 386 c.
Aoku M. Beenenue B MeToApl onTUMH3anuu. OCHOBBI M MPUIIOKEHUS HEJIMHEHHOTO
nporpammupoBanusd, M.: Hayka, 1977. - 344 c.
AdanacreB M.IO. HccrnenoBanue omepanuii B SKOHOMHUKE: MOJEIH, 3a/Jayu, perieHus /
M.IO. Adanacses, b.I1. CyBopos. — M.: Un¢pa-M, 2003.
Bacunber @.I1. YncneHnHble METOBI pelIEHUs dKCTpeMallbHBIX 3amad. M.: Hayka, 1988. -
552 c.
I'enoBanu B.A., bputkoB B.b, Jlyoosckuit C.B. CCCP u Poccus B rinobanbHON cucTeMe:
«1985-2030» (Pe3ynbTarhl ri00anpHOrO MojenupoBaHusi). MockBa, KHIKHBIH a0M
«JIu6poxomy, 2012. - 320 c. (bynymas Poccus).
3aituenko O.I1. Mccnenosanue onepanuii. K.: Boima mkosma. 1988. - 552 c.
3enpHep A. baiiecoBckue meroas! B akoHoMeTpuu / Ilep. ¢ anrn. I'. I'. Tluporosa u 0. IL
®enoposckoro; C npenuci. [lepeBogunkos. — M.: Ctatuctuka», 1980. — 438 c., ui.
WuTpunurarop M. MaTtemaTudyeckre MeTOIbl ONTUMHU3ALNANA U YKOHOMUYECKas: Teopust. M.:
Atipuc npecc, 2002. — 576 c.
Kpotos B.®. u ap. OCHOBBI TEOpUH ONTUMAIBHOTO yripasieHusd. M.: Beicimas mkona, 1990.
—430c.
Jlaroma b.A. OnTumanbHoe ynpaBieHrue B 9KoHoMuKe. - M.: @uHaHCh U ctaTucThka, 2003.
-192c.
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Maiiep-lllen6eprep B. bonbmme nannple. PeBomtonus, KoTopas H3MEHHT TO, KaK Mbl
xuBeM, pabotaeM u MbiciuM / Bukrop Maiiep-1llen6eprep, Kenner Kykbep; nep. ¢ aHrim.
Wunel [Naiiatok. — M.: Mann, UBanos u ®epbep, 2014. — 240 c.

Moucees H.H. Maremaruueckue 3agauu cucreMHoro ananusa. M.: Hayka, 1981, 487 c.
Ocunos I'.C. Jlekiuu o uckycctBeHHOMY MHTEIUIEKTY. - M.: KPACAH/, 2009. - 272 c.
[Tontpsarun JI.C. u n1p. Matemarnueckasi TEOpUsl ONITUMAIbHBIX IporeccoB. 1969. 384 c.
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YACTHD Il
BapuatuBHas uyacTh  mporpamMmbl  BCTYIUTEIBHOIO  HUCHBITAaHMA 1O  Kadenpe

JOTUCTHYECKHUX CHCTEM U TEXHOJOTHH.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

O01mme MoJI0KeHU s

YucneHHble METOIbI JIs COMIUIMPOBAHMS alOCTEPUOPHBIX (YHKIMI IUIOTHOCTEH
BEpOSTHOCTEH; anroputMbl Metpomonuca — Xactunra (TheMetropolis-Hastings (M-H)
algorithms) na ocHoBe meromoB Moute-Kapno mo cxeme Mapkosckoi nenu (MCMC,
MarkovChainMonteCarlomethods); BBIOOp COMIIOB ¢ MHHHMAIBHOW KOPPEISAIUCH;
3aBHCUMOCTH 3(PPEKTUBHOCTU COMILUIUPOBAHUS OT PA3MEPHOCTH 3aJIaUH.
Henapamerpuueckre MeTOJAbl CTATUCTUKM; ONTHMAJbHBIA pa3Mep OKHA; sIEpHOE
CIJIa’KMBAHUE; CKOPOCTh CXOJAMUMOCTH.

IlonsTe 3amaym MHOTOKpUTEpPHAIbHOW onTumusanmu. JlomunupoBanue mno Ilaperto,
pelieHre  3aJad  MHOTOKPUTEpPHAIbHOW  onTuMM3auuu. JloctatouHble  ycioBus
CYILECTBOBAHUS PELICHMUSL.

Ceéptkn kputepueB. JluHelHass cBEprTka, cBEpTka ['epmeiiepa. CBEPTKM HaA OCHOBE
UJICaJIbHOW TOYKH.

VYcnoBUS ONTHUMANBHOCTU B 33[a4aX MHOTOKPUTEPHATBHOM onTHUMH3AIMHU. DPPEKTUBHO
BBITTYKJIbI€ U HEBBIMTYKJIBIC 3a0a49H.

VYcToiuMBOCTh B 33J1Ja4aX MHOTOKPUTEPUAIBHOM ONTUMHU3aLUU. Y CTOWYUBOCTh ITAPETOBOM
Y CIEUTEPOBOM IPAHUIL.

MeTtoabpl MHOTOKPUTEPHATIBHOM ONTHMM3AUMU B CHUCTEMAax MOJAEPKKH MPUHATUA
pemenuii. Knaccudukanus MeTo0B MHOTOKpUTEPUATbHON ONITUMU3ALINH.

Metoab1 DataMining

['ayccoBa Mozenp ciaydallHBIX JaHHBIX, pa3feluMble ['aycCOBBI paclpenencHus u
JTUCKPUMHUHAHTHBIN aHanu3. OLeHKH napamMeTpoB ['ayccoBbIX pacnpeneneHuil 1o METoay
HauOOJIBIIETO MPABAONOI00US.

Mopnenb JHUCKPETHBIX JAHHBIX — JIepeBO KIacCU(PUKaUU. ODHTPONMs, KaKk Mepa
UHPOPMATUBHOCTU  JTUCKpeTHBIX aTpuOyTroB (InformationGain). Beibop arpubyra
pacIernyieHus 1epeBa Kiaccudukaii Ha OCHOBE €ro HH(POPMATUBHOCTH.

JlepeBbs kinaccupuKaum 17t aTpuOyTOB ¢ HETIPEphIBHBIMU 3HaUSHUSIMU. Pacieruistonye
3HaueHUsT M JUcKpeTru3aunust arpuOyroB. Gini-uHJIEKC WHGOPMATUBHOCTU AMCKPETHBIX
aTpuOyTOB M €ro MoIU(UKAIs Ha ClTyyail KaTeropuaabHbIX aTpUOYTOB.

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

Meps! paccrosiHus. Mepapxuueckas kinacrepusanus. Knactepusauus Ha 3aaHHOE YHCIIO
knactepoB. HeueTkas knactepuzanus. CrieKTpanbHas KilacTepu3anus

@DakTOpHBIN aHaU3 (CHUKEHHE Pa3MEPHOCTH). AHAJIN3 TJIABHBIX KOMIIOHEHTOB Ha OCHOBE
KOBapualoHHON MaTpHibl. OOOOIIEHHBII aHAIN3 TTIABHBIX KOMIIOHEHT.

CUHTYNSIpHBIN CHEKTpajbHBIA aHaAIW3 MPSAMOYroibHbIX Marpull (SVD-paznoxenue) u
¢duKcanys panra MaTpul. DMIUPHUUECKUE OPTOroHaNbHble QpyHKIMK. Peanu3zanus ananuza



2.8.
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3.4.

3.5.

3.6.
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IJ1aBHBIX KOMIIOHEHTOB Ha OCHOBe SVD-pasnoxeHuss maTpulbl AaHHBIX. OIlleHKa
BapHUallii IJIABHBIX KOMIIOHEHT.

CKpbITBIE TIEPEMEHHBIE W JBAaXIbl CIy4YalHbIE IPOLECCHI, ONUCHIBAEMBIE CMECSIMU
[NayccoBbix pacnpenenenuit (GMM-monens). AJTOpUTM OXHAAHUS U MaKCUMHU3ALMHU
npaBaonogodust (EM-anroputm). Ornenka mapamerpoB GMM-Mozaenu MmocpeacTBOM
AnropuT™Ma  OXMAAHUSA M MakcuMu3auuu rnpasaonogobus (EM-amroputma) wu
KJIaCTEpU3ALIHSL.

AHanu3 ciy4JaiHbIX HPOLIECCOB Ha OCHOBE CKPBITHIX MapKOBCKMX MOAENEH ¢ KOHEYHBIM
YHUCJIOM COCTOSIHUH U ['aycCOBOM dSMHCCHEN. ANTOPUTMBI IPSIMOU B OOPAaTHOW PEKYPCHH.
Anroputm Butep6u.

Jluneitnas perpeccusi 1o MaKCUMaJIbHOMY IpaBaonoaoouto. Jloructuueckas perpeccusi.
Marusbl OnOpHBIX BEKTOPOB (SVM—MaluHsl).

Anroputm RANSAC.

ITepcentpoH u HelipoHHble ceTu. Camoopranusyromuecs kapTsl KoxoHeHa.
BelipneT-npeoOpa3oBanrie BpeMeHHBIX psaoB. CTalMOHapHOE JUCKPETHOE BEWBIET-
peoOpa3oBaHue U yAAJIEHUE OKPALIEHHOIO IITyMa U3 BPEMEHHBIX PSAIOB.

CHUHTYJISIpHBIN CIIEKTPAJIbHBIN aHAIN3 MATPULl JAaHHBIX U YAAJIEHHUE IIyMa U3 BPEMEHHBIX
psanoB (merox «I'ycenunay). OOHapyKeHHs BHE3AIIHbIX U3MEHEHUN BO BPEMEHHBIX psax.
[Iporuo3upoBanrne BpEMEHHBIX PSAJIOB.

JunaMmuueckoe BhIpaBHUBaHHE BpeMEeHHBIX psiioB (DTW).

Jluneitnple auHamuueckue cuctembl U GuasTp Kanmana. CriaxkuBarensPayxa. Ornenka
napamMeTpoOB JUHEHHBIX TUHAMUUYECKHX CHCTEM.

Henuneiinpiit punstp Kanmana. Panuansabie 6a3ucHbie ¢yHkiuu. OlieHKa MapaMeTpoB
HEJIMHEHHBIX JTUHAMUYECKUX CHUCTEM.

OO6HapyxeHre MNaTTEepPHOB BO BPEMEHHBIX pPSAaX W METOJbl CHIDKEHHUS Pa3MEPHOCTH
IIPOCTPAHCTBA TOUCKA

MHoromepHsble cily4aiHble BEJIWYUHBI C HE ['ayCccoBBIMU pacupeznencHusmMu. JInHenHas
MOJIeJIb CMEIIUBAaHUS U AHAJIU3 HE3aBUCUMBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX
psanoB (e ['ayccoB daktopubiii ananuz). Anroputmbl FastiCA u SOBI mns Beinenenus
CTATUCTUYECKU HE3aBUCHUMBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX PSIOB.

Ynpasienue u 06padoTka nHGopMauuu B cHcTeMax yNpaBJIeHUs

[TIpenmer Teopun ympasineHus. OOvexkT ynpasnenus. lLlens ympasnenus. Cucrtema
ynpasieHus. Buemnsas cpena. Ctpykrypa cucreMsl ynpasieHus. [lporneccsl u gyHKIuu
ynpasneHus. [loHaTus perynupoBaHus U agjanTUBHOrO ynpasieHus. [lokasaTenn kauecTBa
ynpasnenus. Kpurepuu 3 pexTHBHOCTH U ONTUMAIBHOCTH.

Mertonbl 00paboTKM U3MEpeHHUil B cucTeMax ympasieHHs. Poib m3aMepeHuil B cucremax
aBTomMaruyeckoro ympasieHus. [lonsTuss curHasoB u mpoueccoB. CrekTpanbHas
IUIOTHOCTb U KOppesMoHHas GyHKIMs curHanoB. [Tonstue 6enoro myma.

3amaul  OLIEHMBAHUSA COCTOSIHMSI OOBEKTa yNpaBieHWs. 3aJaud HHTEPHOJISALUH,
GWIbTpau M SKCTpanoisaluu. MaremaTuyeckas IOCTaHOBKA 3a4a4M  (pUIbTpaIMH.
®unptp Kanmana 1151 JUCKpEeTHOTO ciydast.

3aaun  OLIEHUBAHMS COCTOSIHMSI OOBEKTa yIpaBiieHHs. 3aJaud  HUHTEPIOJSALMH,
bunbTpaMM M AKCTpamojisiuuu. Maremartuyeckass NOCTAHOBKa 3a/add  (UIIbTpaIUH.
@wibTp Kanmana a1 HenpepeIBHOTO Citydast.

OnTtumansHoe ympasienue. Knaccudukanus 3agad onTUMaIbHOTO yrpasieHHs. Meton
MHOUTenen Omnepa-Jlarpanxka. IlpuHumn wmakcumyma IlonTpsiruna.  Teopema
pazneneHus. JINHEMHBINA PErymsaTOp.

Urposele 3amaun ynpasieHus. Martpuunbsle urpsl. OnTuManbHble cTparerud. Yucteie u
cMemaHHele crpareruu. Teopema Heitmana.

Hrpossle 3anaun ynpasiaeHus. bumarpuunbsie urpsl. OnTuManbHble CTpaTeruu. YucTele U
cMemanHele crpareruu. Teopema Homa. PaBHoBecHas Touka.
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10.

Bei6op (mpunsitue pemenwuii). Knaccudukanus 3amad BbiOopa. KpuTepuanbHbBINH S3BIK
onucaHus BeIOopa. MHOrokpuTepuansHbie 3aa4n. [ pynmnosoii Beioop. [lapagoke Oppoy.
KU3HEHHBIM LMK NPOAYKLMM; CTaIUM M STalbl >KMU3HEHHOIO LUKIA; LEId M 3aJa4u
yIpaBJICHUS JKU3HEHHBIM IIMKJIOM; T[IOKa3aTeNd KadecTBa W3JENHSA; HAJEKHOCTb,
TFOTOBHOCTb, PEMOHTOINPHUIOHOCTh, T€XHOJIOTUYHOCTh, CTOMMOCTb H3JEIHs; YYaCTHUKH
KU3HEHHOTO LIUKJIA.

CTagusi pa3pabOTKU; KOHUENTYyaJbHOE IPOEKTUPOBAHUE; ACKU3HOE IPOEKTUPOBAHUE;
pa3paboTKa U UCTIBITAHUS MTPOTOTUIIA; TEXHHUECKOE MTPOSKTUPOBAHNE; KOMIUIEKCHPOBAaHHE
KOMIIOHEHT M HCHBITAaHHWs ONBITHOrO 00pa3sla; ylpasieHHe KOH(Urypanuei Ha craauu
pa3paboTKHu.

UHPOPMALIMOHHAs TOAJIEPKKA H3JeNus; TpeOoBaHMs K HHGOPMALMOHHON MNOJIEpIKKe
U3JeNUsl B paMKax CHCTEMbl YIPABJICHUS >KU3HEHHBIM LMUKIOM; COCTaB M CTPYKTypa
JAHHBIX; PpOJb JJIEKTPOHHBIX MOJEJEH; JKU3HEHHBIH LUK MoJenei; co3laHue
MHTETPUPOBAHHON MH(POPMAITMOHHON CPEIbI.

DJIeMeHTbI IKOHOMUYECKOI0 MOJIeJHPOBAHNS ¥ TEOPUH MPUHATHUS pPelIeH Ui
MynpsTunnukarusHas pynkuus Ko66a-/yrmnaca.
Mopenn Mapkosuna u [lapmna.
Marematuueckas Mmozeins Coloy.
VYpasnenue Ciynkoro.
Mopens Keiinca.
PaBHoBecue KypHo.
PaBHoBecue Crakensbepra.
Monaens Xappona—/lomapa.
Mogens nen CamyaubcoHa.
. 3a1aum MccIe0BaHus ONepaluil.
. Knaccu¢ukanus 3agad npunatus pemenuit, npepioxxentas I'. CaitmonoMm.
. Knmaccudukanus MHOTOKPUTEPHATBEHBIX METO/I0B TPUHSATHS peIICHHIA.
MHorokpurepuaabHas TEOpUs MOJE3HOCTH (OCHOBHBIE 3TAIlbl).

Jlureparypa
PJL. Kunu, X. Paiidpa [IpunsTHe pemieHH Npu MHOTMX KpPUTEPUSX: MNPEANOUYTEHHS U
3amenieHus. M.: Pagno u cBs3b, 1981.
O.U. JlapuueB Teopus u Mmeronsl npuHsaTus pemenuil. M.: Jloroc, 2002.
[ponos C.B. MHoromepHbIii cratuctuueckuil ananus. bapnayn: M3n. Anrtaiickoro I'Y.
2003.
bammakoB A.U., bammakoB M.A. HHTemnekTyanbHble WH(GOPMAIMOHHBIE TEXHOJIOTHU:
Y4yebnoe mocobue. M.: Uzn-Bo MI'TY um. H.3. Baymana, 2005. 304 C.
Ko63aps A. U. IlpuknagHas maremaTuyeckas CTaTUCTHKA. {7 MH)KEHEPOB M Hay4yHBIX
pabotauKOB. - M.: ®DUIMATIIUT, 2006. - 816 c. - ISBN 5-9221-0707-0.
Beenenue B skoHomeTpuky / Jlxeiimc Ctok, Mapk YotrcoH; mep. ¢ aHri.; noa Hayy. Pen.
M.IO. Typynnesoit. — M.: Uzparensckuit nom «/lemo» PAHXul'C, 2015. — 864 ¢. — (Cepus
«AKaIeMUUYECKUN YUYECOHUKY).
MuxkposkoHOMeTpuKa: MeTo/ibl U ux npumeHenus. Kuura 2 / 3. Konun Kamepown, IlpaBun
K. TpuBenu; nepeson ¢ auri.; nox Hay4H. Pex. b. /lememeBa. — M.: U3narensckuii jom
«demo» PAHXul'C, 2015. — 664 c. — (Cepust «AKageMUYeCKU YICOHHUKY).
ABTOMaTH3UpOBaHHbIE HH(OpPMAIMOHHBIE TEXHOJOTMM B H3KkoHomuke / Ilomg pen.
I'.A. Turopenko. M.: Komnerorep, KOHUTH, 2008.
Baponos B.B. u np. ABromaru3zanus ynpasienus npeanpustueM. M.: Madpa-M, 2000.
Mapk /I., Makl'oysn K. Merononorust CTpyKTypHOrO aHaiau3a M IOPOEKTHUpOBaHMs. M.:
MeraTexnonorus, 1993.
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YACTD I

BapuatuBhas yacTb HpoOrpaMMbl BCTYMUTENBHOTO HCHBITAHUS IO Kadeape CHCTeM,

YCTPOMCTB M METOI0B reOKOCMUYeCKOoil PU3NKM.

1.

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

2.2.
2.3.

2.4.
2.5.

3.2.

3.3.

3.4.

IIpuHOunbl nOCTPOEHUsT W (PYHKIUOHMPOBAHHUSA COBPEMEHHBIX KOCMHMYECKHX
HHG(pOPMAIMOHHBIX CHCTEM

[TonsTust o xpunrorpadpuveckux MeTogax 3amuThl uHGopMmanuu. Kpunrorpadpuueckue
IPOTOKOJBI M anropuT™Mbl. OCHOBBI ~ KpUNTOaHanu3a. AmnmnapaTHble  CpeAcTBa
KPHUIITO3AILUTHI.

OcHoBuble 3a1aun coBpeMeHHbIX KMC (CiyTHHMKOBBIE CUCTEMBI CBSA3HM, HaBUTallMOHHBIE
CUCTEMbI U1 HH(POPMAIIMOHHBIE CUCTEMBI JUCTAHIIMOHHOTO 30HAUPOBAHUS 3EMIIH).
CIlyTHUKOBBIE CUCTEMBI CBSI3H.

Ouznyeckue MNPUHIUINB O00eCrnedYeHuss KOCMUYeckoi CBA3U. (OCHOBHBIE 3JIEMEHTHI
OOpTOBOrO M HA3eMHOIO CErMEHTOB. Buapl o0pOUT KOCMHUYECKMX allaparos,
o0ecreynBaroINX CIyTHUKOBYIO CBSI3b.

CnyTHUKOBBIE HAaBUTAaLMOHHBIE cucTeMbl. OOLas CTPYKTypa U NPUHLMIIBI TOCTPOCHUS
CHC. Kocmuueckuil M Ha3eMHBIM CerMeHTbl. MeTonbl M3MEpeHHs HaBUTallMOHHBIX
napaMerpoB. OCHOBHbIE HaBUTALMOHHBbIE aIropuTMbl. lloHatne o muddepeHunansHOM
pexxume ¢pyaknuonuposanus CHC. CHC I'JIOHACC, GPS u GALILEO.

CHnyTHUKOBBIE CHCTEMBI JMCTAaHIMOHHOTO 30HaupoBaHus (/13). OOmas xapakTepuCcTHKa
MetonoB JI3. Dusnyeckue NpUHIUNBI (YHKIIMOHUPOBAHUS U (UBUKO-TEXHUUECKUE
BO3MOXXHOCTH TacCUBHbIX M akTuUBHbIX cucteM /[3. IloHsTHS O NpPOCTPaHCTBEHHOM,
CIIEKTPAJIbHOM, PaJIUOMETPHUUYECKOM M BPEMEHHOM pa3pELICHUAX CIHYTHUKOBBIX CHUCTEM
3. CoBpemeHHBIE CIIYTHUKOBBIE CHCTEMBI J[3 HHU3KOro, CpeaHero u BBICOKOTO
MIPOCTPAHCTBEHHOIO pa3pelieHusl. MyJlbTUCIIEKTPAIbHBIE U TUIEPCIIEKTPAIbHBIE CUCTEMBbI
3. Ilpumepsl mnpuUMEHEHUS CHOYTHUKOBBIX cucteM J[3 B 3amagyax MOHHUTOpPHHTA
aTMoc(depsl, TOBEpPXHOCTU 3eMJITH, MOPEH U OKEaHOB.

CucreMHOe NPOEKTHPOBaHHE KOCMUYeCKUX HH(popmannonubix cuctem (KUC).
Apxurekrypa u uepapxus nocrpoenns KMC. Cxema nenenus. @yHKIMOHAIBHBIN aHAIN3
u cunre3 KHC.

MonynbHoe  mpoektupoBanue.  [lonstue 00  yCTOWYMBOM  NIPOEKTHPOBAHHH.
TexHonornueckas rOTOBHOCTb.

[TonsiTust o cucreMHbIX puckax. [IpuHuuner u MeTo bl obecrieuenus HaaexHoctu KUC.
Banupanus n Bepudukaius pe3yapTaToB cucteMHoro npoexkruposanust KUC.
TexHonornueckne HTambl YIPaBIECHUS MPOLIECCOM BBIIOJHEHUS MPOEKTHBIX paloT:
ceTeBble rpauKH, KOHTPOJIb UCTIONHEHUS, (DOPMBI OTYETHOCTH.

IIpenmer u 0OCHOBHBIC NOHATHA KOCMUYEeCKHUX HHGOPMAaIMOHHBIX cucTeM /13
[TpyHIMIBI AMCTAaHUUOHHBIX HccienoBaHuil. CBs3b JAMCTAaHIMOHHON HWH(pOpMAIMHU C
XapaKkTepUCTUKAMHM HM3y4aeMbIX SIBIIEHUA M mporeccoB. Kocmuyeckne U aBUAllMOHHBIE
CHUCTEMBbl  JHWCTAHIIMOHHOTO  3oHAWpoBanus  (/[3). JlocTomHCTBAa  KOCMHUYECKOU
uHpopmanuu. Beenoctynnocts. OnepatuBHOCTh. [1100anbHOCTS.

3amaun /I3 atmMocdepsl, TOBEpXHOCTH 3eMITH. 3eMJIs KaK eruHasi SKOJIOTHIECKasi CHCTEMA.
Posib AMCTAaHIMOHHBIX MCCIEOBAHUN B W3YYEHUHM TPHPOTHONW Cpeabl B TII0OATBHOM
MaciTade 1 BO3JIEHCTBUS Ha HEE aHTPOIIOTEHHBIX (PaKTOPOB.

3amaun AMCTAHIIMOHHOTO KOHTPOJSL M pa3BeAKHM OOBEKTOB Ha MOBEPXHOCTH 3eMJIU U B
atMocdepe.

CoBpemennbie cucteMbl J[3. CucTeMHBIH NOAXOJ K JUCTAHIMOHHBIM HCCIIEIOBaHUIM.
[TpocTpaHcTBEHHOE, CHEKTpallbHOE, pPaJIMOMETPUYECKOE U BpPEMEHHOE pa3pelleHUeE.
[TepcrieKTUBBI Pa3BUTUS KOCMHUUYECKHUX CUCTEM JUCTAHLIMOHHOTO 30HAUPOBaHUS.
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Ilpupona 3JIeKTPOMATHUTHOTrO WU3JydYeHusi. B3aumopeiicTBue H3JIy4YeHUs1 ¢
BelIeCTBOM.

Teopus 3IEeKTPOMArHUTHOTO U3IydeHus. Y paBHeHue Makcgeia. BoaHoBoe ypaBHeHuE U
ero pemenus. [lonspuszamms. [loTok sHepruu. DHepreTudeckwe U (oTomMerpuueckue
BenuuuHbl. OTpaxkeHue M IHperomieHue cBeTa. Kiaccuueckas Teopusl H3Iy4YEHUs,
MOTJIOIICHUST M JAucrnepcuu. TemnoBoe wuzinydeHue. AoOcomtotHo yepHoe Teno (AUT).
3akonsl Credana-bonbiivana, [lnanka, dopmynsr Buna u Penes-/[xunca. 3akoHbI
manydenuss AUT mist cpenbl, oTiimuHOM OT BakyyMma. 3akoHbl AUT juisi KOHEUHBIX
CHEKTpaJIbHbIX ~ UHTepBajoB. M3myuarenbHas  CIIOCOOHOCTh U PagUOSIPKOCTHAs
TeMIieparypa.

B3auMopeiicTBue U3JIy4eHHs] C BEIIECTBOM B ONTHYECKOM JHamna3oHe. YpaBHEHHE
MEpEHOCa M3JIYYECHUS I MOrJIOMIAIOIICH, H3JIyYaroled M PACCEUBAIOLICH CpEJBbl.
VYpaBHeHHe 1niepeHoca IpU HAIMYMKA nossipu3anuu. Bekrop-napamerp  Crokca.
[IpubnmxeHne JIOKaIbHOTO TEPMOJAMHAMUYECKOTO paBHOBecHs. CBs3b pPE3yJbTaTOB
JTUCTAaHIIMOHHBIX HAOIIOJICHHUM CO CBOWCTBaMU HAOIOJa€MBbIX SIBJICHUIA.

JlazepHoe aucCTaHUMOHHOE 30HAWpoBaHue. JlumapHoe ypaBHEHUE HJisi PaCCESHHUS.
JInpapHoe ypaBHeHue miia quddepeHIransHoro nornomenus. Jlugapnoe ypaBHeHHe IS
(daroopecupyromero 00beKTa.

W3nyyarenbHble, MOTIOMIATENbHBIE U OTPAXKATEJIbHBIE CBOMCTBA HEYEPHBIX MOBEPXHOCTE.
OC00EHHOCTH CIEKTPATBHBIX XapaKTEPUCTUK OTPAKCHHUS MPUPOJHBIX M aHTPOIOTEHHBIX
o0pa3oBaHMil B ONTHYECKOM Juamna3oHe crekTpa. CHeKkTpalbHble M pacCeHBalOIIHe
CBOMCTBAa MHHEPAJIOB, TOPHBIX MOPOJ U MOYB. CIEKTpaabHbIE CBOMCTBA PACTUTEIHLHOCTH.
XapaKkTepuCTUKH, CBSA3aHHBIE C cojep:kaHueM Biaru. CHekTpaibHble CBOWCTBA KPUO- U
BOJHBIX CpEJl.

Bzaumopeiicteue usnyuenuss ¢ BemectBom B CBU-nmumanazone.  OcoGeHHOCTH
JTUCTAaHIMOHHBIX METOM0B 3oHaupoBanHus B CBY-nuamazone. YyBCTBUTENBHOCTH K
FEOMETPUMU TOBEPXHOCTU. YYBCTBUTENIBHOCTh K COACPKAHUIO BOJAbL. YpaBHEHHE
pamuoniokanu. OCHOBHBIE XapaKTEPUCTHKU CHTHajga oOpaTHOro paccesHusi. PaccesHue
U3ITy4eHUs] TMPUPOJHBIMU OOBeKTaMu (YIJIOBBIE U  CHEKTPalbHBIE 3aBHUCHMOCTH,
MOJISIPU3AIIMOHHBIC XaPAKTEPUCTUKH).

ITaccuBHOE JHUCTaHIMOHHOE 30HIUPOBAHNUE B CBY-guanasone. Monenu
pamuoMeTpUUeCKO TeMIiepaTypbl (TJaaKas W IIepoxoBaTas MOBEPXHOCTH). SpKocTHas
TeMIepaTypa IPUPOIHBIX 00pa30BaHHUIA.

Posb aTtMocdepbl B AMCTAHIMOHHBIX HCCJICAOBAHUAX 3eMJIH

Xapakrtepuctuka atmoceprl. CocraB. ['a3bl. Aspozonu. Ob6maka. Tyman. JlpMka.
IlepeHoc u3ny4yeHHUs B paccenBarolled U noriouaromen cpene. Ilornonienue usnydeHns
razamu. PaccesHre Ha MoOJeKynax rasa M yacTuuax a’posoiis. PeneeBckoe paccesHHeE.
Paccesnue Mu. 3akon JlamGepra-byrepa. Onrtudeckas Ttonma. Mojenu a3po30JbHOM
atMocepsl. MeTteoposoruueckas 1aibHOCTh BUIUMOCTH.

Metonel  pacuera mpo3pauHoctd  atMmoctepsl. Merox  "line-by-line". Meroasr
MOJIEJIMPOBAaHUS MOJIOC (MOJAENb Oib3accepa, CTATUCTHUECKas MOJENb WM MOJENb
Meiiepa-I'yan). Omnupudeckue MeETOJIbl C  HCIOJb30BAaHUEM  MOJETH T10JIOC
("arperatubrit" Metron, monens "Lowtran"). JIByxmapamerpudeckuii meron Kyprucca-
I'ogcona.

AtMocdepHas TypOyneHTHOCTh. [ludpakimus Ha oAHOPOAHBIX 30HAaX. CTpyKTypHas
¢ynkuus. CTpykTypHas nocrosiHHas. OnTuueckas nepefaToyHas GyHKUIus TypOyJIeHTHOM
atMoceprl. CrnyuaiiHas coOCTaBisfOIIasl JUIMTEIBHOM ©  KOPOTKOM  SKCIIO3MIIMU.
N3mepenus TypOyIeHTHOCTH.

SpxocTHble (pagualliOHHBIE) XapakTEepPUCTUKU 3eMiIu U3 KocMmoca. OTpakeHHOe U
TerioBoe usnydeHue. OOmydeHHOCTh 3eMHOM moBepxHocTH. IlpsMoe conHedHoe
usnyyenue. M3nydenne He60cBoAa. 3aBUCUMOCTh OT BbICOTHI COJIHIIA HajJl TOPU3OHTOM U



6.2.

6.3.

6.4.

6.5.

7.1.

7.2.

reometpun HaOmoaeHus. Spkocte 3emMiaum u3 KocMoca. M3nmydeHwe OT ydacTka
noBepxHocTu. Bxiag artmocdepbl. Yuer paccesHHOro wu3inydeHus. OcoOeHHOCTH
MPOIIECCOB TepeHoca u3iaydeHuss B atmocdepe 3emnu B wuHbpakpacHom u CBY-
Jyana3zoHax.

Perucrpanusi 3JIeKTPOMArHMTHOI 0 U3J1y4CHHS.

Knaccugukamuss MexaHu3MOB celeKTHBHOTO (oTtonpuema. @DoToHHBIE 3(PPEKTHI.
TemnoBeie 3ddexTsl. DPdexTst BoaHOBOro B3aumozeicTBus. (OCHOBHBIE —THUIIBI
TBEpJAOTENbHBIX (oTonpueMHUKOB. Dotommonabl. bappepsr [loTkn. DoTOpE3UCTOPHI
coOcTBeHHBIE U TpuMecHbIe. [IprudopsI ¢ 3apsa10BOI HHKEKIIUEH.

OcHoBbl ¢usuku npudbopoB ¢ 3apsinoBoit cBsa3bio (I13C). [Ipunnun xpaneHus U nepeHoca
3apsiga. OcHoBHble TUIbl [I3C-cTpykTyp. Ilepenoc 3apsina u yactotHsle cBoiictBa. 113C ¢
00BEMHBIM KaHAJIOM M BHPTYyalbHBINH (hazoil. HeaddexTuBHOCTH TIepenoca 3apsaa B [13C.
TemHOBOI TOK. MeTO bl BBOJIA U J€TEKTUpOBaHUs 3apsaaa. Jluneitnsie u maTpuunsie [13C.
XapakTepucTUKu MIPUEMHUKOB ONTHYECKOTO W3IIy4YCHHUS. CerocurnanpHas
xapaktepucTtuka. KBanroBas xapakrepuctuka. KBantosas agdextuBHOCTh. CrieKkTpasibHas
XapaKTePUCTUKA  YYBCTBUTENHHOCTH. CHEKTpanbHBIA  KOA(P(OUIMEHT  IOTJIOMICHUS
u3lydeHus. J[TMHHOBOJIHOBAs PaHULA UYYyBCTBUTEIbHOCTU. AKTUHUYHBIE SHEPreTUUECKUE
XapakTepUCTUKU. YacTOTHBIE CBOMCTBA MPUEMHUKOB HW3JIYYCHHS, IMOCTOSHHASs BPEMEHU
doroorknuka. @Dynkuusa mnepegaud wmonyasuuu  (OIIM). Teomerpuueckas OIIM.
Huddyznas OIIM. OIIM HespdexTuBHOCTH nTepeHoca B [13C.

[ymbl. OcHOBHbIE HMCTOYHMKH IIyMOB. [loporoBas oOdy4eHHOCTh. Y enbHas
oOHapyxuTenbHas crnocoOHocTh. CrieKTpanbHas MIOTHOCTH LIyMa IOJYHPOBOAHUKOBBIX
doronpuemuukoB. [lymbr B MHOrO3neMeHTHBIX [13C-doTonpuemnnkax. llym nepenoca
3apsga. Lllym BeixomHoro ycrpoiicrtBa. ['eomerpuueckuii myM. BiusiHMe OXJ1aKIeHHS.
JlocTonHCTBa B ciyyae npuemMa u300pakeHus MPU HU3KUX YPOBHSIX OOJIyYEHHOCTH.
Juckpern3anys  M300paKEHUST  MHOTOJIEMEHTHBIM  (OTONPHEMHUKOM.  Teopema
KorenbHukoBa.  BusyanbHoe — mpossienue  3pdexkrtoB  BeiOOpkH.  Pemykims
MPOCTPAHCTBEHHBIX 4acTOT W DIIM MHOr03JeMEHTHBIX MPUEMHHUKOB. Myap-aQQekT.
Onucanne s¢pdexra uckaxkeHuss curHaiga c¢ nomoupto "®IIM daszel". TectupoBanue
MHOTO?JIEMEHTHBIX (POTONMpHEMHUKOB. Peakius cucTeMbl Ha MPSIMOYTOJBHYIO MHpY.
Css3b ¢ OIIM.

Teopusi JsmueiiHoil ¢uabTpanuu. CurHagsl M NOMeXHM B CHCTEMax [pHeMa
3J1eKTPOMATHUTHOI0 M3J1y4YeHMUsl.

JleTepMUHUpPOBAaHHBIE ~ CUTHAJBI, CIOCOOBI MX  omucaHus. VIHTerpanm  CBEpPTKH.
[IpeoOpazoBanne Dypre u ero (QyHKIIMOHAIBHBIE CBOMCTBAa. Teopema CBEPTKH U
onrtuyeckas nepenarounas gpyakuus (OIID). Ananuz TUHEHHBIX cUcTeM (POPMUPOBAHMS
n300pakeHus ¢ MoMoIkio npeodpazoBanusi Pypre. OIID onTuveckux smementoB. OID
TUIMYHBIX ~ DJIEMEHTOB  WMH(GOPMAIlMOHHOTO  TpakTa  CUCTEM  JIUCTAaHLMOHHOTO
30HaUpoBaHus. lleHTpanbHass mnpezenbHas TeopeMa IpPU aHaIU3€ JUHEHHBIX CHCTEM.
Pesynsrupyromas OIl®.

CrnyuaiiHbple cUTHaJBI M criocoObl ux onucanus. CiyyaiiHble QyHKIUU U 1oJisl. YucioBsle
xapaktepucTuky. @OyHKIUSA pacrpeneneHuss U (YHKUUU IJIOTHOCTH BEPOSTHOCTH.
CrannoHapHOCTb, OJIHOPOJHOCTb, 3PrOJAUYHOCTh. ABTOKOPPENSUMOHHAA (YHKUIUS U
CHEKTpajibHasl IUIOTHOCTb. KoppensunoHHBIH M CHEKTpalbHBIA  aHamu3. Bunuel
OJTHOMEPHBIX CHeKTpoB. [IpeoOpa3oBaHue CHEKTPAIbHOM TIJIOTHOCTH JIMHEHHBIMU
3BeHbSMU. BeposTHOCTHOE onucaHne HEMPePhIBHBIX N300pakeHH.

Metoab! nepenaun u 00padoTkn HHPOPMALKH, OJTy4aeMoii cpeacrBamu /3.

Metoapl nepenaun nM300paxeHHi. XapaKTepUCTUKUA CHUCTEMbI Mepeiavyd M300pa’keHuH.
Hcnonb3oBanue Mojeneil 3peHus IpH KOIUpOBaHMM u300paxenuil. KomupoBanue
METOJIOM  HMMMYJIbCHOW  KoJIOBOM  monynsuuu. CTaTUCTHYECKOe  KOIUpPOBAHUE.
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KomupoBanue ¢ mpenckazannem. KomupoBanue c¢ mpeoOpazoBanueMm. [ubpumHoe
KoJupoBaHue. MeXKaJpoBOe KOJIMPOBAaHUE C YCIOBHBIM 3amenieHueM. CokpalieHue
M30BITOYHOCTH OMHAPHBIX H300paKEHUH.

Metonbsl 00paboTku m3obpakenuid. [IpencraBnenne n3oOpakeHuit B 1mudpoBoit dopme.
Jluckperuszaiyisi ¥ BOCCTAaHOBJICHHE HENPEPBIBHBIX H300paxeHuil. MaremaTuueckoe
OTNKCaHKNE TUCKPETHBIX M300paxeHui. JInuneinble onepaTopsl. Oneparop Cynepro3uiium.
JIBymepHbIe yHUTapHble mpeoOpasoBanusa. IIpeoOpaszoBanue @Dypre. KocuHycHoe
npeoOpazoBanne. CuHycHoe mpeoOpazoBanue. [IpeoOpasoBanme Apamapa, Xaapa.
CunrymsipHoe nipeoOpa3oBanue. J[BymMmepHbIe METObI JIMHEHHOW 00padoTku. OOpaboTKa ¢
UCIIONIb30BaHMEM TmpeoOpazoBanms. Cymepro3uiuss ¢ mpeoOpazoBanuem. CBepTka C
UCIIONIb30BaHUEM  ObicTporo  mpeoOpazoBanust @Dypre. DuiubTpsl Ha  OCHOBE
npeodpazoBanus Oypoe.

OcHoBHble MOHATUS TreonHpopMmaTuKu. OOmIas XapaKTepUCTHKAa TeOMH()OPMALIMOHHBIX
cucreM (I'MC) xak kmacca asromarusupoBaHHbix MC. Cdepsr npumenenuss ['MC.
Knaccupukanus ['MC no ¢yHKIMOHAIBHBIM BO3MOXKHOCTSIM U T€PPUTOPUATBHOMY
oxBary. Kaprorpaduueckas ocHOBa KakK CPEICTBO MHTETPAIlUM U OTOOPaKEHUS JaHHBIX.
Texnomorun CAIIP kak meTononoruyeckas ocHoBa npoektupoBanust ' UC. Ponb u mecto
skcnepTHhIX cucteM B [MC-texnonrusx. MHCTpyMEHTaIbHO-TIPOTpaMMHOE OOecrieueHue
I'MC. TUC u web- texnonmoruu. Ilpumenenwe nanubix /I3 B I'MC-TexHOmormsx.
TexHomoruueckasi 1enouka tematuueckoir oopadorku (TO) mannbix xKocmuyeckoro J13.
MeTo/b1 U CpeacTBa MPECTaBICHUS PACTPOBBIX U300paKEHUI

Mertoubl KJIaCCU(UKAIAN JIMCTAHIIMOHHOMN uH(popmaIuu. I'eomeTpuueckas,
panguomeTpuyeckas U arMochepHast KOPPeKIusl. AJTOPUTMBI paCIIMPEHUS] JUHAMUYECKOTO
IUarna3oHa  JUCTaHIUMOHHOTO  u300paxkeHus.  lIpuMeHeHHWe  yCIIOBHO-I[BETOBOTO
KOAMPOBaHUS N300paKEeHUS 0 IAHHBIM CIIEKTPAIbHBIX KaHaIoB. MeTo1 aHa/IM3a II1aBHBIX
KOMIIOHEHTOB Win TipeoOpa3zoBanue Kapynena-Jlospa. IlpeoOpazoBanue Kayra-Tomaca.
[Tpu3Haku MHOTO30HANBHONW WHGOPMAlMU (MHIEKC TOYBBI, BETETAI[MOHHBIN HHIEKC,
WHJICKC BIQXHOCTH U JIp.). YUET BPEMCHHBIX XapaKTePUCTHK, KacKaJHas Kiaccuurarus.
Mopdomerpudeckuii ananus B reorpaduyeckux rcciaenoBanusax. OOHapyx eHne 00bEKTOB
onpeneneHHo Gopmel. HekonTponupyemas kinaccudukanus. IKCIEPTHBIE CUCTEMBI IS
JaHHbeIx J13.

Jlureparypa
I'ap6yx C.B., I'epmienzon B.E., Kocmuueckue cucteMbl TUCTAHIIMOHHOTO 30HIWPOBAHUS
3emmu, M. U3n. Au b, 1997 1.
Mexepuc P. JlazepHoe aucraniuonHoe 3oHaupoBanue: M.: Hayka. Ilep. ¢ anrm. 1987,
550 c.
l'oncanec P., ByncP. Iludpoas  ob6pabotka  u3zoOpaxkenmit. Mzmanue  3-e,
ucnp. u gonoix. [lep. c anrn. M.: Texnocdepa, 2012 — 1104 c.
[Ipatt V. Hudposas obpadborka mzodbpaxenuii: Ilep. ¢ anrn.—M.: Mup, 1982. Ku.l —
312 c.,Kn.2-479 c.
3anman3oH JI.A. [IpeobpazoBanue @ypre, Youmia, Xaapa U X IPUMEHEHHUE B YIIPaBJICHUH,
CBSI3U U JIpyrux obmactax. 1989 r. - 496 c.
Kamkwun B.b. Iudposas o00paboTrka a’pokocMuveckux wu3o0paxenuii. Bepcus 1.0
OnexTpoH. yueb. nmocodue / UIIK Cubupckoro ¢enepanpHoro ynusepcutera. KpacHospck.
2008.http://files.lib.sfu-kras.ru/ebibl/umkd/54/u_program.pdf.
PertoB C.M., Kpasnos FO.A., Tatapckuii B.l1. Beenenue B cTaTUCTHUECKYIO paauou3uKy.
Yacts 2. Ciyuaiinsle nosist. M.: Hayka. 1978. 398 c.
Yangpa AM., Tom C.K. JluctaHmMOHHOE  30HAMPOBAaHWE W  TreorpapuvecKue
uHpopmanronuble cucteMsl. Ilep. ¢ anrn. M.: Texnocdepa, 2008 — 312 c.
Hocog IO.P. - TlpuGopsr ¢ 3apsimaoBoil cBs3bio. M.: Pagmosnextponuka u cBsizb, 1989 —
342 c.



http://files.lib.sfu-kras.ru/ebibl/umkd/54/u_program.pdf

10.

11.

12.
13.

14.

15.

JlazoBckuii JI.LH. TlpuGopsr ¢ 3apsimoBoii cBsizbro. 2002. DiexkTpoHHash BEpCHS KHHUTH
http://www.autex.spb.ru .

[loBenrepar P.A. JluctanimoHHoe 30HAUpOBaHWE. Mopaenun U METoAbl 00pabOTKH
uzoopaxenuii. M.: Texnocdepa, 2010. — 560 c.

I'ymu P.M. Atmocdepnas panuanusi. OcHOBBI Teopur. M.: Mup. 1966 — 552 c.

Jlno Ky-Han. OcHOBBI paguianiioHHBIX TporieccoB B armocdepe. JI.: 'mapomereounsnar.
1984. - 376 c.

Axymenkos FO.I'. Teopuss u pacuer oNTHUKO-IEKTPOHHBIX MpubopoB. M.: Jloroc.1999 r.,
480 c.

Kozonepos B.B.,  Konapanun T.B.,  ImutpueB E.B. = Temarmueckas = oOpaboTka
MHOTOCIIEKTPAJbHBIX W THUIEPCIEKTPAIbHBIXaIPOKOCMUYECKUX H300paskeHuid. YueO.
mocobue. M.: MOTU, 2013- 224 c.


http://www.autex.spb.ru/

Paznen « MHHOBALIMOHHBIE TEXHOJOTHH B A3POKOCMHUYECKOM AeSITeJIbHOCTH
YACTSD II-111

HporpaMMa OpUCHTHPOBAaHAa Ha Ka(bellpbl CHICNUAJIBHBIX JIETATC/IIbHBIX anmaparoB M

ABHAIIMOHHBIX I/IH(l)OpMaIlI/IOHHO'I/II}Mepl/ITeJIbHLIX CHUCTEM, Hpmc.nazmoi/i MEXaHUKH H

UHGOPMATHKH.

1. MaremaTu4eckoe MoJeTUPOBaHHE

1.1. Tlomarus wmomemu. Bunbet  wmopmeneit. Ilenmu  monmenupoBanus.  OcoOEHHOCTH
BBIUMCIUTEIbHBIX MOJEIEH.

1.2. Knaccudukauum 3amad MOAETUPOBAHMSA, MaTEeMAaTHUYECKUX Mojened. JluHamuueckue
MOJICNIA CJIOKHBIX CHCTEM, HMX (opMaiu3anuss M peanusanuss Ha kommbtorepe. OO-
MO/JICJINPOBAHUE.

1.3. VYpaBHeHue HenmpepbIBHOCTH. Y paBHEHUs Ditniepa, bepHyum ams uneanbHOM KUIKOCTH.

1.4. VYpaBuenne HaBre—CTOKCa [71s1 BA3KOM KUAKOCTH. [lorpaHUYHBIN CIIOMH.

1.5. OpHoMepHOE IBMKEHUE CKUMAEeMOro rasza. Xapakrepuctuku. MiuBapuantel Pumana.

1.6. YucnenHble MeTObl PELICHMs 3a/lad MEXAaHUKU CIUIOIIHOW cpensl. Maes mocTtpoeHus
pa3HOCTHBIX cxeM. KoHcepBaTHUBHBIE METO/IBI.

2. DJaeMeHTHI IMCKETHOH MaTeMaTHKU. J{uCKpeTHbIe AJITOPUTMBI.

2.1. DnemeHThl Teopuu anroputMoB Mammnbel Telopunra, Mamubbel [locrta, HOpMmangbHBIE
anroputMbl  MapkoBa. OLIEHKM  CIIO)KHOCTH  anropuTMoB. NP-monHble  3amauu
(aropuTM™MBI).

2.2. AnropuTMBl COPTUPOBKH. «BBICTpas COPTUPOBKa», NMOUCK ACICHHEM IIOMOJaM, CIUSHUE
OTCOPTHUPOBAHHBIX MACCUBOB.

2.3. Anroputmbl Ha Tpadax. [lonsrue rpada. Ocobbie kiaccer rpados. Ilouck Ha rpadax B
HIMPHHY, B INTyOUHY. AJITOPUTMBI IONCKAa MUHUMAJIBHOTO ITYTH.

3. JIuHaMu4ecKHe CTPYKTYPBI JaHHBIX

3.1. TlonsTust nuHammuueckux oOobekToB M Kyud (heap). bazoBwie omepamuu paboThl ¢ Kydei.
C6opxka mycopa.

3.2. JluHamMHuYEeCKHe MAaCCHBBI M CITUCKH, BapHAHTHI peann3annu. Ouepenp u cTek. JlepeBbs.

3.3. Orobpaxenuss (map). Peanuszauus otoOpaxeHuil uepe3 OuHaApHBIE JEepeBbS M XOIII-
TaOJINLIBI.

4.  IlpUMHUMIBI HOCTPOEHHUS] COBPEMEHHBIX ONIePAIMOHHBIX CHCTEM

4.1. Tlpoueccsl. CriocoOsl pa3aenenus pecypcon. Ilpegorspamnienre TynukoB. OOMeH JaHHBIMU
MEXIy MPOIIECCaMu Yepe3 COOOIIEHUs U OOIIYI0 00JIaCTh MaMsITH.

4.2. Tloustue ouepenu cooOmeHuil. [IporpammupoBanue, ynpasiasiemoe coObITUIMH. Moaenu
ACMHXPOHHOTO YyIIpaBJIeHHUs Ipolieccamu, cetu lletpu.

4.3. aiinoBas cucrema. [lonsarusa ¢daitna u karanora. CHHOHUMBI U CCBUIKH, UX Ha3Hau€HHE.
CereBbie (pailioBbIE CUCTEMBI.

4.4. Cucremsl 6e3onacHocTd. [loHATHs monb30BaTens (useraccount), TPymHN MOJIb30BaTENEH.
Hasnauenwne xxypuainos (log).

5.  CereBble TEXHOJIOTHHU

5.1. Kommnsiotepusie cetu. CemuypoBHeBas moaens OSI. O030p MpOTOKOTIOB pa3HBIX YpOBHEH
B JIOKaNbHBIX ceTsx (Ha npumepe Ethernet). PDU (cermenTsl, makeTsl, Kaapbl, OUTHI).

5.2. HHTepHeT, ero CTpyKTypa MNpoTokojoB, IP—agpeca u nomenHsle umeHa. IlpuHIUMIBI

OpraHu3aluu 31eKTpoHHON nouTel, WWW 1 npyrux cepBHCOB MPUKIATHOTO YPOBHSI.
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ITapajuiesibHbIE BHIYHCICHHA

MHOronpoueccopHble M pacHpeieleHHbIE CHCTeMbl. M30ep:KKM W BBIMIPBII IIPU
pean3alyy NapajuIeIbHbIX U BEKTOPHBIX BBIUYUCIICHUN.

Mogenps nepenaun coobmennit MPL. Mogens nepenaun ganaeix PVM. JIBe mapaaurMel
[apaJuIeJIbHOTO MPOrPpaMMHUPOBAHUS: IIapaJUIEIN3M JAHHBIX U NapajuIeInu3M 3a1a4.

Tpun uactm mnapauienbHOW mporpammsl (HapajjieibHas, IOCIENOBaTeNIbHAs, OOMEH
naHHbIX). CHHXpOHM3aLUs HPOLECCOB, PABHOMEPHOCTh 3arpy3ku mpoueccopoB. O030p
IIPOTrPaMMHBIX CPEACTB I pacnapaljIeIMBaHus.

Knaccel 3agaud, koTopele MOXHO 3()()EKTHBHO BEKTOPU30BaThb U paclapajjiesiuBaTh.
O06paboTka OJHOMEPHBIX U IBYMEpPHBIX MaccuBOB. Hayunsie 3aaun. Berarcnenus B yzinax
CETOK U PEILIETOK.

O0BbEeKTHO-OPUEHTHPOBAHHOE IPOTPAMMMPOBAHUE

Conepxxanue 00BEKTHO-OPUEHTUPOBAHHOM MO/IEJIH. [TonsTus a0CTpaKIuu,
UHKANCYMAUMK, noiuMmMopdu3Ma, TUNU3AUMM W WX  peaju3amuss B fA3bIKAaX
HpOrpaMMHUPOBAHUS.

WNukancynauusa. Moaudukanus 1 oNTHMU3ALUS IPOrPaMM IIPH TOMOIIN UHKATICYJIALUY.
Hacnenosanue. IloBropHoe wucnonp3oBanue kozxa. IlomumoppusM Kak CpelncTBO
oOecnieueHus pacumpsieMoctu nporpamm. Ilonarue unrepdeiica.

[Tonsitue cBoiicTB W coObiTuil  (propertiesandevents) B OOBEKTHBIX TEXHOJIOTHSX.
Arperanus. CoxpaHseMOCTh 00bEKTOB (persistence).

Juarpammbl  kiaccoB.  [loHsiTus u  OpuHUMIBL  OOBEKTHO-OPHUEHTUPOBAHHOIO
HIPOEKTHUPOBAHHUS.

CASE — cpencTBa 1 UX UCHOIB30BAHUE JIJIsl aBTOMATH3AIIUMH ITPOSKTUPOBAHUS ITPOTPAMM.

ba3bl 1aHHBIX

CYBJ u ux ornuuus ot daitnoBbix cucreMm. Jlornueckas u Qusumyeckas CTPYKTypa
nanHbiX. CpencTBa 00ecieueH s [IEJIOCTHOCTH TaHHbBIX. TpaH3aKIuu.

Untepdeiicer nocryna k CYBJ] (s13p1xu b/, mporpaMMHubie HHTEpQEICHI).
Knuent-cepBepHble U TpEXypOBHEBBIE aApXUTEKTYphl paboThl ¢ 0a3aMM JIaHHBIX.
Ha3nauenne mnpomexyrouHoro ciosi. [Ipumep TexHosoruu Ha 0aze cepBepoB
MIPUIIOKEHU .

PensimmonHass Mojienb NaHHBIX: TOHATHS JIOMEHOB, aTpHOYTOB, KOPTEXKEH, OTHOIIECHUH,
kiroueil. Hopmanu3zanus gaHHbIX: 2-51 ¥ 3-51 HOpMaJIbHbIE (DOPMBI.

Omnepanuu pensuoHHON anreopbl. OrpaHUYeHHs HEJIOCTHOCTU B PENISALIMOHHON MOJIENH.
S3p1ik SQL 1 ero mogMuoxkecTBa. CBsi3b s3b1Ka 3ampocoB DQLc pensiinonHo# anreopoi.
Xpanwnumia ganabixu OLAP.  CpaBuenue ¢ omepaunonHeiMu  bJ[  (OLTP).
Jenopmanusanus. MHOroMepHasi MOJieib JaHHbIX. BuTpuHel ganHbIX. X ncnonae3oBaHue
B KaUECTBE MPOMEKYTOYHOTO CJI0S B TPEXYPOBHEBOM apXUTEKTYPE.

CASE-cpenctBa W WX WCHOJB30BaHWE JUISI TPOEKTHpoBaHWs 0a3 maHHBIX. ER —
JUarpamMmBbl.
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