IMPOTPAMMA BCTYIUTEJBHOI'O UCIIBITAHUSI
MO KOHKYPCHOM I'PYIIIE
«DAKT ABUALIMOHHASI U PAKETHO-KOCMHNYECKAS 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 6a30Boi Kadenpsl (dacts I11).

YACTb 1

Bonpocekl 10 BbIYCKHOI KBATU(PUKANMOHHOKH padoTe (MArucTpaTypa Wid Crenuaaurer)

1. OcHOBHBIE MOJIOKEHUS.
2. HoBuzna.
3. AKTyaJbHOCTb.
Paznen «MexaHHKA 3KHIKOCTH, I'a3a U IJI1a3MbD»
YACTHUA I1I-111
[Iporpamma opueHTHpoBaHa Ha Kadeapsl (HU3MYECKOH MeXaHHMKH, TeMmJIOBbIX
MPOIECCOB, NPUKJIATHOHT MEXaHUKH, TEPMOTrHIPOMEXaAHUKHU OKeaHa, KOCMHYECKUX

JeTaTeJbHbIX allllapaToB.

1.
1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.
1.9.

1.10.

O01mue NOHATUA MEXAHUKH CIUIOLIHON Cpeabl

[TonsaTue cruiomHoN cpeabl. MUKPOCKONMUYECKUE, CTATUCTUYECKUE U MAKPOCKONMYECKUE
(EeHOMEHOIOrMUeCKUe METObl OINUCAHUS CBOWCTB, B3aUMOJCUCTBUNA U JBUKCHHIM
MaTEepUAIbHBIX CPE/I.

Ilepemennbie Ditnepa u Jlarpanxa. MlHepuuaibHble U HEMHEPUUAIbHBIE CUCTEMBI OTCUETA
B HBIOTOHOBCKOW MEXAHUKE.

MmuorokommnoneHTHble cMecu. [ToToku auddysun. YpaBHeHHs] HEpa3pbIBHOCTU B (hopme
DOlinepa 111 MHOTOKOMIIOHEHTHBIX CMECEH.

CkopocTb HM3MEHEHHs] XapaKTEepPUCTUK JKUIKOM YacTUIBI M JKUJIKOTO oObema.
WnTerpanbHas 3amuch 3akOHOB  coxpaHeHusi. (CoxpaHeHHE MacChl, YypaBHEHHE
HEpa3pbhIBHOCTH B MIEPEMEHHBIX Diepa u Jlarpanxa.

3aKoH COXpaHeHusi HuMIyJbca. MaccoBele U TOBEpXHOCTHbIE cuibl. CBOMCTBa
NOBEepXHOCTHhIX cuil. Popmyna Komm. VYpaBHeHHe ABUMKEHUS B HANPSHKCHUSX.
VYpaBuenus Ditnepa. bapoTpornHocTs.

VYpaBHeHue mnpuToka Temia. Bekrtop mortoka Ttemna. JuddepeHnumanbHbie ypaBHEHHS
SHEPTUM W TPUTOKA TeIula. 3aKOHBI TerIonpoBoaHOCTH Dypre. PaznuunHbie YacTHBIE
MPOIECCHI: aAnabaTUIeCKuil, U30TEPMHUUECKUN U JIp.

O6parumbie 1 HeoOpaTuMble mporiecchl. CoBepuienHsbid ra3. [{ukin Kapuo. Bropoit 3akon
TEPMOJMHAMHKHU. DHTPOINHUS U a0COMIOTHAs TeMiieparypa. HekomneHcupoBaHHOE TETIo U
MPOM3BOICTBO PHTponU. HepaBeHcTBO nuccumnanuu, ToxaecTBo [ nooca. JuccumarnuBuas
¢byHkus. OCHOBHBIE MAaKPOCKOMMYECKHUE MEXaHU3MBbI auccumnaiuu. [loHsTue o mpuHIune
Omn3sarepa. YpaBHeHust COCTOSIHUS. TepMoguHamMu4eckKue MOTEHIINAIbI
JIBYXITApaMETPUUECKUX CPEL.

3aKOH COXpaHEHHs] MOMEHTA UMITyJibca. CUMMETPHS TEH30pa HAINPSKEHUH.

Buxpessie Teopembl. Teopema TomcoHa o wnupkymsauuu. Teopema Jlarpamxka o
coXpaHeHnHu noreHuuanbHocTH. MHTerpansr Kommu-Jlarpanxa, beprymim.
[TorenuuanpHble aBrkeHus. CBoiicTBa moteHmuana. [locraHoBka 3amad 00 oOTeKaHHH
ten. ObTexanue mapa.



1.11.

1.12.

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.

[TpruMeHeHHEe METOI0B TEOPUN AaHATTUTUYECKUX (QYHKINN KOMIIJIEKCHOTO IIEPEMEHHOTO IS
peleHns IUIOCKUX 3a1ad TUAPOJWHAMHMKH M a’pOJUHAMMKH: TMOHATUS (YHKUUHU TOKa,
KOMILJIEKCHOTO noTeHuana. OIHOpOJHBIN OTOK, HICTOUHUK, BUXpeBast Touka. O0TekaHue
tes. CtanroHapHOe 00TEKaHUe KUAKOCTHIOKPYTOBOTO LIMIMHPA U MPODUIIAL.

Merton koH(pOpMHBIX 0TOOpakeHul. ['MapoaAMHAMUYECKHEe peaKLuy Ha IBMOKYILUECS Tena.
@opmynel  brnasuyca - Yameirmaa, teopema JKykoBckoro. OOTekaHHMe IUIACTHHBI.
ITpaBmiio JXykoBckoro u YarublrMHa ONpPENENeHHs LMPKYJISALMH BOKPYT KpPBUIBEB C
OCTpoii 3a/iHel KpoMKkoii. HectanimonapHoe o0Tekanue mpoguiei.

MexaHuka »KUIKOCTH

[IpuMeHeHHe UWHTErpalbHbIX COOTHOIIEHHMH K KOHEYHBIM O0beMaM cpelbl IpH
YCTAaHOBUBILIEMCSI JABW)KEHMM. Teopus pEaKkTUBHOM TIrM W TEOpUs HJCAIIbHOTO
Iponeepa.

Bonnsl Ha Boje. Kunematnyeckoe 1 AMHAMMUYECKOE YCIOBUS Ha CBOOOJHOM IIOBEPXHOCTH
)Kuakoctd. JluHeitHbie BoJiHBI. BosiHBI B OacceliHe KOHEYHOW TIIyOWHBI. J{TuHHBIE,
KOPOTKHE BOJIHBI.

dazoBas u rpymnmnosas ckopocts. [{ucnepcus BoiH. [lepeHoc sHeprun nporpeccuBHBIMU
BoaHamu. Teopuss Menkoi Boabl. YpaBHeHus byccunecka u Kopresera-ne-Bpusa.
Henunelinpie BosiHbl. CONUTOH

VYpaBuenus nuxenus B popme Jlarpanxa. Bomusl 'ecTHepa.

3ama4ya O JBMKEHHUM TEJl B MICAIBHOM >KMIKOCTHU. lIprcoenHEeHHbIE UMITYJIBC U MOMEHT
UMITyJIbCa. TEeH30p NPUCOEIMHEHHBIX MacC. Y paBHEHHUE IBMXKCHUS 111apa.

Tensop ckopocreit nedopmarn. CBsi3b TEH30pOB HAIPSKEHUM U CKOpOCTel Aedopmaruu.
HerotonoBa xuakocts. YpaBHenus HaBbe-Crokca. Cpelpl ¢ IpyrUMHU PEOJIOTMYECKUMU
COOTHOLLIEHUSMH.

TouHble pemeHns ypaBHEeHUN BS3KOH KUAKOCTH: AU Py3usi BUXPEBOTO €01 M BUXPEBOU
HUTH, Teuenue Ilyaseisis, TeueHne Mexay JByMs BpalLAOIUMUCS LWIMHAPaMU. TedeHue
B TPpyO€ SJUIMIITUYCCKOTO CeUCHHs. TedeHne B3Kou Kuakoctu B quddysope. Auddy3us
BUXDSI

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

[TpuOmmkenHble permieHus npu Manbelix yucinaxRe. IlpuOmmxenune Crtokca n Oceena.
3anaua o ABMXKEHHM cepbl B BA3ZKON *KUIKOCTU B ocTaHOBKe CToKcA.

[Ipubmmxennpie pemenus npu  Oonbmux uuciaxRe. Tepusmnorpancnos. Ilpumep
®punpuxca.

JlamunHapHblii morpaHuyHbld ciod. 3amaya bnasuyca. VHTerpanbHble COOTHOLIEHHUS U
OCHOBAaHHbIE HAa WX HCIIOJIb30BAaHUM MPUOIIKEHHBIE METOABI B TEOPUH JIAMHHAPHOTO
IIOTPAHUYHOTO CJ0s. SIBIIEHHE OTpBIBA TOIPAHUYHOTO CJI0sI. Y CTOMYMBOCTD MOTPAHUYHOIO
ciost. TermnooOMeH ¢ MOTOKOM Ha OCHOBE TEOPUU MOIPAaHUYHOIO CIIOSL.

['unpaBnuyeckue cKauku B TEOPUM MeNKOW BOJbl. CBSI3b TEOPUU MEJIKOW BOJIbI U Ta30BOM
JTUHAMUKH.

BnusHue cxumaemoctu Ha (opMmy TpyOOK TOKa MpU YCTAHOBMBILEMCS JIBH)KEHUU.
OnemeHTapHas Teopus coruia JlaBas.

VYpaBuenne Oppa-3ommepdenbaa A MIT0CKONapaICIbHBIX BA3KUX TCUCHHM.

Teopema Cxkaaiipa. HeBsizkast HeycToiiunBocTh. Teopemsl Penest.

Pa3Butas typOynentHocTh. Ocpennenue. OnbiT PeifHonbaca. YpaBuenus PeitHonbaca.
[Tpobnema 3ambikanus. IIpocreiimme crnocoObl 3aMbIKaHHUs. DHEPreTHUYEeCKUH IMOAXOJ.
Huccunanust 1 OOMEH SHeprued Mexay CpeIHUM U TypOYJIEHTHBIM JBH)KEHUSMHU.
[Tonysmnupuyeckue Teopuu TypOyIeHTHOCTH.



3.2.

3.3.

3.4.

4.2.

4.3.

4.4.

5.2.

5.3.

6.2.

I'azoBasi AMHAMHUKA

OpnHoMepHas razoBas JUHaMHKa. PacnpocTpaHeHHE MalbIX BO3MYIIEHHMHM B CKMMaeMOM
*)uakoctu. BonnoBoe ypaBHeHue. CKOpOCTh 3BYKA.

Oddext Hommiepa. Konyc Maxa. Meron xapakrepuctuk. MuBapuanTsl Pumana. 3agauu o
MOPILHE U O CUJIBHOM B3pBIBE B rase.

Bo3nukHoBeHHe ckaukoB. PemeHus ¢ paspbiBoM. YpaBHeHue broprepca kak MoJienbHOE
ypaBHeHue. [IpuMeHeHHe WHTErpalbHbIX 3aKOHOB COXPAaHEHHsA. YJIapHbIE BOJHBI B
ra3oBoii tuHamuke.dddekT onpokuapiBanus BoaH. Anuadara ['toronuo.

[Imockue cranmoHapHbIE CBEPX3BYKOBbIE TeueHUs rasza. Teuenue [lpannrns—Maiiepa.
Kocoii ckauok yruiotHeHusi. OOTekaHHE CBEPX3BYKOBBIM IIOTOKOM T'a3a KJIMHA M KOHYCA.
[TonsiTue 00 OOTEKaHWM TEJN ra3oM C OTONISANICH ymapHOW BoJiHOW.JIMHEiHas Teopus
oOTeKaHHsI TOHKUX Tpoduieil u Ten BpameHnus. TedeHns ¢ THIep3ByKOBBIMUA CKOPOCTSIMH.
3akoH conpoTtuBieHuss HproToHa.

JleTOHAMA ¥ TOPEeHHe

Teopuss BonmH nperoHanuu u ropenus. IlpaBmio JKyre um ero obGocHoBanue.3agada o
CTPYKTyp€ CHUJIBHOrO pa3pbiBa.KauecTBeHHOE omucaHME pELIEHUS 3aJaud O pacnaie
MIPOU3BOJIBHOTO pa3pbIBa.

Pacuer temmneparypbl ropeHus M cocraBa IPOAYKTOB cropanus. OCHOBBI XMMHUYECKOMN
kuHeTukHu. Kriaccudukamuss XUMUYECKHUX peakiuil. 3akoH JeHCTBYIOIIUX  Macc.
KoHcTaHTbl ckopocTel peakiuil. DHeprusi akTUBaLMK, TOPSAJOK pPEeaKLUU.

CkopocTh HEM30TepPMHUYECKON amuabaThyeckoil peakuuu. PacmpocrtpaHeHue IUIaMeHU B
OJTHOPOJTHOM TOIUTMBHO-BO3AYIIHOW CMecH. 3agadya O HOPMAJIbHOM (POHTE IUIAMEHH.
KoHlLeHTpannoHHble npeaensl pacupocTpaHeHus I1aMeHu. PacnpocTpaHeHue iaMeHu B
TypOYJIEHTHOM TOTOKE.

Huddysuonnoe ropenue razoB. CTpykrypa (axena ropeHus, (poHTaIbHAS MOJEIb
ropenus. /leronanmonnoe ropenue, aeronanus Yenmena-Xyre.

Du3uKa mJIa3Mbl

ONEeKTpOMarHuTHoe 1nosie. YpaBHeHMs Makcsemia B mycrore. Bsaumoneiictsue
AJIEKTPOMAarHUTHOTO MoJis ¢ npoBogHuKaMu. Cua JlopeHia. 3aKoH COXpaHEHHUs MOJIHOTO
3apsfa. 3akoH Oma. Cpelpl ¢ HaeabHON POBOAUMOCTBIO. BexkTop 1 ypaBHeHHnEe YMoBa—
[TovinTHHTa. J[7K0YNeBO TEMI0. YpaBHEHHUS UMITYJIbCA U MPUTOKA TEIUIA JJIs1 MPOBOSILIECH
CpeJBl.

VYpaBHeHHs] MarHUTHON THAPOJMHAMHUKU. Y CIOBHUS BMOPO’KEHHOCTH MAarHUTHOTO MOJIA B
cpeny. I[lonsaTre o nonsprusanuyu 1 HaMarHNYMBaHUM KUIKOCTEH.

OcoOenHocT wu3MepeHuM B aspoauHamuike. [lpubopbl a8 H3MEpeHUs MNOJHOTO MU
CTaTMYECKOTO [JaBJICHMS, HACAaIKM M1 M3MEPEHHUs HAIlpaBICHUs CKOPOCTH. Merox
Teniepa, TeHEBOM MeTOJ BU3yallM3allu MOTOKOB. ['onmorpaduueckas uHTEpdhepoMeTpHsl.
TepMonapsl, BIUSHUE U3JIyYE€HUs HA TOYHOCTh U3MepeHus. ONTUYECKUE U CIIEKTPAJIbHBIE
METO/Ibl U3MEpPEHUs TeMIepaTypsl. TepMoKpacku.

IIpudopsl U MeTOABI N3MEPEHUS

JlazepHblil TOTIEPOBCKUM M3MEPUTENL CKOPOCTH. Da3010MmIepoBCKUil METO U3MEPEHUS
pasmepoB u ckopocrei wyactuu. Meroxg PIV. Merong KAPC, wmeron naszepHoit
UHIYLIUPOBAHHOW (PIIIOOPECICHIMU. AHAIOroBble M LU(PPOBBIE METOIbl 00pabOTKU
CIIy4alHBIX IPOIIECCOB.

AmnanoroBsle ¥ 1udpoBble MpPHOOPHI JUII H3MEPEHUs CIHEKTPOB, KOPpesuil Hu
pacnipeienieHusi BepoATHOCTeH. OmmoOka M3MEpeHMs] CPEJAHEr0 3HAUYeHUs W JUCIIePCUU
CIIy4ailHOTO CUTHaJIa M3-3a KOHEYHOCTH BPEMEHHU ocpenHeHus. YactoTa AUCKpeTU3aluy 1
oiar KBaHTOBAaHMSA MpU  aHajoro-uudpoBoM mnpeoOpa3oBaHuH. TepmMoaHeMOMeETp,
U3MepeHue TypOyIEeHTHOCTH.



6.3. OcHoBHBIE U NPOU3BOAHBIE €IWHULIBI U3MepeHus. CucreMsl equHuUl] u3Mmepenus. Kiacc
CHCTEM €IMHUI] u3MepeHus. Pa3mepHOCTh (HU3MUECKOl BENMWYMHBL. 3aBHCHMBIE U
He3aBHCHUMBbIe pazMepHocTu. [1-Teopema.

6.4. DieMeHTHI MOA3eMHOI rUAPOAMHAMUKHU. [IOHATHE MOPUCTOCTH M MPOHUIIAEMOCTH. 3aKOH
Hapcu. OtHOCUTenbHBIE (ha30BbIe TPOHUIIAEMOCTH. 3a1aua baknes-JleBeperra.

6.5. Cucrema  guddepeHIUATBHBIX  ypPaBHEHWH  MOA3EMHOW  THUAPOTa30MHAMUKH.
HeycranoBuBmasicst punbtparus raza. [Ipumepsl TOUHBIX aBTOMOJIEIBHBIX PEILICHUH.
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5. Ipanarns JI. I'uppoaspomexanuka. PXJI, 2000.
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Pazngen «Mexanuka neopMupyemMoro TBepaoro Tesaa
YACTbD I1-111

[Iporpamma opueHTHpOBaHAa Ha Kadeapbl TeopeTHYecKOW M JIKCIEePUMEHTAIbHOI

(u3uKkM reocucTemM; NPUKJIATHOH MEXAHUKH.

1.

10.

11.

12.
13.

14.

Teopus nehopMHPOBAaHHOTO COCTOsHHMs. Bektop mnepememennii. TeH30p Majbix
negopManuii ¥ MajbIX MOBOPOTOB. | J1aBHBIE MHBAapHUaHTHl TEH30pa MajbIX JehopMarui.
Ycnosus copmectHocTH CeH-Benana. TeHnzop ckopocteit nedopmaruii.

Teopust HaNPSKEHHOrO COCTOAHUA. MaccoBble M MOBEPXHOCTHBIE criibl. Dopmyna Komm.
Tenzop nHanpsbkeHuil. CUMMETpUsT TEH30pa HanpsbKeHUW. [ 71aBHbIE MHBApUAHTHI TEH30pa
Hanpsbkenui. Kpyrosas nuarpamma Mopa.

VYpaBHEHHE HEPA3PBIBHOCTU.YPABHEHHUS DPABHOBECHUS W JIBWKEHHUSA. 3aKOH COXPaHEHUS
MOMEHTA UMITYJIbCA U CHMMETPHUsI TEH30Pa HAIIPSIKEHUN.

Tepmonunamuka nedopmupyemoro tena. IlepBoe Hayaiao TepMOAMHAMUKU (akcMoMa
Oananca sueprun). HepaBencto Kiaysuyca-/{rorema. JluccunaTuBHbIE TPOLIECCHI.

Yopyroe Temo. BelpaxkeHue 1 TEH30pa  HANpsDKEHMM  4epe3  IPOM3BOJHYIO
TEPMOJMHAMHYECKOIO  IOTEHIMana (BHYTPEHHsII  OHEprusi, CcBOOOAHAs  3HEPrusd
['enpmronbia) mo TteHsopy aedopmanuu. OOoOmeHHbIM 3akoH ['yka g JuHEHHOTO
TepMmoynpyroromatepuana. CokpalleHue 4Yucia YHOPYIMX MOCTOSHHBIX.CBSI3b MEXIy
YOPYTHMH  TIOCTOSIHHBIMM ~ M30TPOIIHOM  ympyrol  cpenpl. M3orepmuyeckuit u
aguabatnyeckuid  Momynu  ympyroctd.  OOmme  TeopeMbl  TEOPHH  YIPYTOCTH
(EIMHCTBEHHOCTH, B3aUMHOCTH, O MHMHHUMyMe 3Hepruu jaedopmanuu). Teopema
KactuibsHo.

ITocraHOBKa MaTeMaTH4eCKMX 3a/1ad JIMHEHHOW TEOpUU YNPYTOCTH B IEPEMEUICHMSIX U
HanpspokeHusx. [lomyoOparnbiii meron CeH-Benana. BapuannoHHbBIE NOCTAaHOBKU 3ajay
TEOPHH YIIPYTOCTH U OCHOBBI NPsAMBIX MeTo/10B (PuTna, byOHOBa-I anepkuHa).

[Tpocreiimme 3amayu  TEOPUU YIPYrocTH: jgeopMarisi TOJICTOCTEHHOW TPyObI TIOJ
JieicTBUEM BHYTPEHHEIO M BHEIHEro JaBJICHUH, KpydeHue Opyca KpyroBoro mornepeyHoro
CEYEHHUs, pacTsbkeHue Opyca IMoj JAeWCTBUEM COOCTBEHHOI'O BECa, PAaBHOBECHE AJIEMEHTA
IUTACTUHKH, TEMIIEpaTypHbIE HANIPSLKEHUS B MOJION cdepe.

[Tnockue 3agauu Teopuu ynpyroctu. [lnockoe HanpsKeHHOE U MIIOCKOE 1ehOpMUPOBAHHOE
coctosHus. DyHKUMA HanpskeHud. MeTos Teopun (PyHKIMI KOMIUIEKCHOTO EPEMEHHOTO
B IUIOCKOW 3amade. JlelicTBHME COCpPEIOTOYEHHOM CWJIBI Ha TPAaHMIy YIpPYrou
MOJIYIUIOCKOCTH.

[Toustue o ¢yHkuuu ['puHa. DleMEHTapHOE pelleHHe IEepBOro M BTOPOro poja.
ITocTanoBKa KOHTAaKkTHOM 3anaun ['epua.

N3ru6 Oanok. BHyTpeHHsAs mnomepeyHas cuja M BHYTPEHHUH HW3TMOAIOIIMNA MOMEHT.
[TocTtpoeHue smiop MonepedyHOM CHUibl W H3TUOAIOLIero MOMeHTa. ['Mmore3a MIOCKHUX
ceueHuid. ['eomerpuueckne xapakTepucTUKU cedeHH npu wusrude. HopmanbHble u
KacaTelbHble HampspkeHuss npu usrude. Popmyna XKypasckoro. Juddepenunansuoe
ypaBHEHUE U30THYTON OCH OaKH.

CrepxaeBble cucTeMbl. (CTaTMYECKM OINpEAEIUMBIE U CTaTUYECKH HEOIPEAEIUMBIE
cuctembl. MeToabl pacyeTa pepm U pam.

Kpyuenue crep>kHel ¢ 3JUIMITUYECKUM NONEPEYHbIM ceueHueM. [lerananus.
VYceronunBocTh crepxkHed. [loHATHE yCTOMYMBOCTH. OHEPreTHYECKHM METOJ aHalIu3a
ycronunBoctu. dopmyna Dilsiepa U ee NpUMEHEHHE.

Teopernueckass  IPOYHOCTH. OCHOBHBIE ~ TEOpUHM  MPOYHOCTH.  XPYIKOE W
KBa3MXpYyNKoepaspyueHue. Duepretuueckuii  kputepuitl puddurca n cumoBoit kputepuii
HpBrHa pacnpocTpaHeHUsT TPEIIMHBI B yOpyroMm Tene. VIHBapHMaHTHBIA HWHTErpal
Yepenanosa-Paiica.



15.

16.

17.

18.

19.

N

N

NneanbHass mimactuyHOCTh. M30TpomHOE W KMHEMATUYECKOE YIpodyHeHue. TeHsop
iactTuueckux aepopmanmii. Jlegopmannonnas teopus miactuuHoctu.IloHsTHE 0 TPpOCTOM
U CIIO)KHOM HarpyxeHuu (nedopmaruu). [locraHoBkM 3amad B paMKax MallblX YIPYro-
iactuueckuxaepopmanuii. Teopema o mpocTom HarpyxeHuu. Teopema eITMHCTBEHHOCTH.
Meron ynpyrux pemeHud. MeToa NepeMEeHHBIX MapaMeTpoB YIpyroctu. Teopema o
pasrpy3ke. Ilomas cdepa u3 wHIEaTbHO-TUIACTHYECKOTO MaTepHajga IOJ BHYTPEHHUM
JIaBJICHUEM.

Teopuss  MIACTUYECKOrO0  TEUeHUS.  ACCOLMUPOBAHHBIM  3aKOH  IUIACTHYECKOIO
teuenus. Kpurepun tekydectu Tpecka-Cen-Benana, Muzeca. Kynona-Mopa, pykkepa-
IIparepa.

IInockass 3amaya Teopuu TedeHUs. lIoHATHME O JMHUAX CKOJBXKEHUS M MX CBOWCTBAX.
WuTerpains! ['enkn. CxxaTue M0I0CH MEX/1Y LIEPOXOBATHIMU IUIUTAMMU.

Jluneitnas Teopus BsizKO-ynpyroctu. IlpuHnun cynepno3uuuu bosbimana. Mogenb
Makcgemma u  @oiixta. Sapa penakcanuu ¥ HOJA3ydecTH, (YHKIMHM pelakcauuud |
nossydectu. TemmnepaTypHO-BpeMEHHasi aHajorus. Meroabl pelmieHus 3a1ad JIMHEWHOU
TEOPUU  TEPMOBS3KO-YIPYrOCTH:  YHUCIEHHBIE  METOJbl, METOJbl, HUCIOJb3YIOIIHE
npeoOpaszoBanusa Jlamnaca-Kapcona; meroabl, OCHOBaHHbIE Ha CIEACTBHUSIX W3 TEOPEM O
IPOCTOM Harpy>KeHHH U MPOCTON AedopmMarim.

JBa Tuna BonH B ymnpyroi cpene. CrepxHeBas CKOpocTh 3ByKa.KuHemarunueckue u
JMHAMHYECKHE YCIOBUS Ha MIOBEPXHOCTH Pa3phiBa.

Jlureparypa
®eonocwes B.M. Conporusienue marepuanon: Yueb. i By3oB. 10-e uzn., nepepal. u Jo1.
- M.: U3n-Bo MI'TY um. baymana, 1999. - 592 c.
Jleii6enson JI.C. Kypc teopun ynpyroctu. Mocksa Jlenunrpan : OI'M3 T'oc. u31-Bo TexH.-
TeopeT. JuT., 1947.
Nnerommna A A. ITmactnanocts, 'TTHU, 1948 .
Cenos JI.U. Mexanuka crutomHou cpensl. T. . 4-e uza. - M.: Jlans, 2004, 1.1 536¢, u 12. -
584 c.
Unwromun A.A., Tlo6enps b.E. OcHOBBI MaTeMaTHYECKON TEOPUH TEPMOBS3KOYIPYTOCTH.
M.: «Hayxa», 1970.
Pa6orrnoB FO.H. Mexanuka aedgopmupyemoro tBepaoro tena. - M.: Hayka, 1988. - 712 c.
Tumomenko C. I1., I'yapep k. Teopus ynpyroctu: Ilep. ¢ anrn./ITox pen. I'. C. Hlanupo.-
2- u31.- M.: Hayka. 'maBHas penaknus GU3NKO-MaTeMaTHIeCKoOu ureparypsl, 1979, 560 c.
Kongaypos B.U., ®oproB B.E. OcHOBBI TEpMOMEXaHUKH KOHJAEHCUPOBAaHHOW cpennl. M.:
HN3n-80 MOTU. 2002.
Mocksutun B.B.ConpoTuBieHue BS3KOYNpYTrux MaTepHalioB (IPUMEHUTENBHO K 3apsaMm
Ha TBepAOM TorumBe).- M.: u3n-Bo «Haykay, ['maBHas penakiust Gpusmko-mMaTeMaTuuecKon
autepatypsl, 1972 1.
Manunaun H.H. [TpuknagHas Teopus mIaCTUYHOCTH U MOI3YyYECTH. Y UEOHUK AJIs CTYJE€HTOB
By30B. U31. 2-e, nepepad. u pom. -M.: Mammnoctpoenue, 1975
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Pasznesn «CucreMHbli aHAINM3, YIPaBJIeHHe U 00padoTka uHGOpMAUN»
YACTbS I

MartemaTu4eckoe MOAeTHPOBAHUA M ONITUMHU3 AU

OcHOBHbBIC TIOHATHSA CUCTEMHOI'O aHAJIN3a. XapaKTepHbIe OCOOEHHOCTU CIIOKHBIX CHUCTEM.
HpOI‘HOSI/IpOBaHI/IC BPEMCHH CMCHLI COCTOSTHHUH Yy CJIOKHBIX CUCTEM KaK MOMCHT BPCMCHH
M3MEHEHUSI MHTErPAJIbHBIX XapaKTEPUCTHK. [ paHULIbI IpUHIMIA PEIYKIUOHU3MA.
OcHOBHBIE 3aaa4y, METOAbl CHUCTCMHOI'0 MOJACIMPOBAHUA. KoMmoHeHTBl CHCTEMHOTO
MOJICTIUPOBaHUS. OTanbl MojenupoBaHus. PopMbl MOJEIMPOBAHUS: CHHTE3, COOpKa,
HACTPOIKa MOJIeNH, UACHTU(DHUKAINS TApaMETPOB.

Bxopgsmue, BBIXOAAIIME U YIPABISAIOIIME MEPEMEHHBIE B CUCTEMHOM MOJEIMPOBAHMH,
3aladyd MW MCTOABI arpCrupoBaHud W AC3arpCrupoBaHUsA. qYBCTBI/ITCJIBHOCTB K
YIPABJISIIOLIUM [IEPEMEHHBIM.

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

TpyOku  Tpaektopuil. CueHapHble uccienoBaHus. OnTUMH3aLUs, YMEHbIICHHE
pa3MmepHocTu. MIHTepnperalus U NpecTaBlIeHUE pe3yIbTaToB.

TpanuLMOHHBIE METOJbl CHCTEMHOI'O aHaJIM3a CIOXHBIX CHUCTEM. MarpuuHsle,
CHUCTeMHOMHaMU4ecKue, T dy3HbIe, CTOXaCTUYECKHE MOJIEIH.

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

Mertoa MakCHMaJIbHOTO TPaBAONOAO00US M €ro CBsI3b C MAaKCUMYyMOM aIllOCTEPUOPHOM
BEPOATHOCTH B 0ali€COBCKOM OIICHHMBAHUH B ACUMIITOTHYECKOM CITydae.

Wnentudukanyss mapameTpoB MOJEICH Ha NpUMepe HWACHTH(PHKAIMK IapaMeTpoOB B
MOJIeJIM TAapHOW JIMHEHHOW perpeccud M OJHOPOJHOW MPOU3BOJCTBEHHOW (YHKIIHH
Ko66a-/lyrnaca. Wnentudukanuss mnapamMeTpoB B MOIETH JIMHEHHONW pErpeccu c
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. Baenenue B MeTonsl onTuMu3anuu. OCHOBBI M MNPUIOKEHUS HEIMHEWHOTO
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. YncnenHble METOIBI pelIEHUs dKCTpeMallbHBIX 3a1ad. 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. MccnenoBanue onepanumii. K.: Boima mkomna. 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.
WNuTpumurarop M. MaTemaTnyeckne MeTOAbl ONTUMHU3ALNKA U DKOHOMHUYECKask Teopus. 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. PeBomronusi, KoTopas HW3MEHHT 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.
[lIupses B.U., baes N.A., lllupseB E.B. DxoHOMHKO-MaTeMaTHYECKOE MOJCIMPOBAHUE
ynpasienue pupmoii. M.: KomKnura, 2007. — 224 c.

YACTHD Il

BapuatuBHas 4YacThb  NIpOrpaMMbl  BCTYNHTENBHOTO  MCHOBITAaHHS 1O  Kadeape

JOTHCTHYECKHX CHCTEM M TE€XHOJIOTHH.
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2.4.

2.5.

2.6.

2.7.

OO0mme moJ10KeHUs

UucneHHbIE METOABI IS COMIUTMPOBAHUS allOCTEPUOPHBIX (DYHKIUK IIOTHOCTEH
BEPOATHOCTEM; anmroputMbl Merpomnonuca — Xactunra (TheMetropolis-Hastings (M-H)
algorithms) Ha ocHoBe meronoB MonTe-Kapino no cxeme Mapkosckoit nenu (MCMC,
MarkovChainMonteCarlomethods); BbIOOp C€IMIUIOB ¢ MHUHHUMAaJIbHOW KOppEJSIUei;
3aBHCUMOCTH 2(PPEKTUBHOCTH COMIUTMPOBAHUS OT Pa3MEPHOCTH 3aJIauu.
Henapamerpuueckue METOJbl CTATUCTUKHU; ONTUMAJIbHBIA pa3Mep OKHa; sJAEpPHOE
CIJIa)KMBaHKE; CKOPOCTh CXOJUMOCTH.

[lonsiTe 3amaum MHOTOKpUTEpHANbHOW onTuMmu3auuu. JlomunupoBanue no Ilaperto,
pelieHre  3ajad  MHOTOKPUTEpUAIbHOM  onTUMu3auMu.  JlocTaTOuHblE — YCIIOBUS
CYyILIECTBOBAHUS PELLICHHUS.

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

VYCIIoBUSL ONTHMANBHOCTH B 33/1a4aX MHOTOKPHUTEPUANBHON omTuMu3anuu. J((HEeKTUBHO
BBIITYKJIbI€ U HEBBIITYKJIbIE 3aaUH.

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

Metobl MHOTOKPUTEPHAIBHOM ONTHMHU3ALIMM B CHCTEMax MOAJEPKKU TNPUHATHUS
pewmennii. Kimaccugukaiys MeTo0B MHOTOKPUTEPHATILHON ONTHMU3ALINH.

Metoawl DataMining

['ayccoBa Mopenp ciayyailHBIX MJaHHBIX, pas3fenuMble [ayccoBbl pacmpeleneHus Hu
JUCKPUMHUHAHTHBIN a”anu3. OLEeHKN NapamMeTpoB ['aycCcoBBIX paclpenesneHuil 0 METONy
HanOOJIBIIIETO MPABIOMOI00USI.

Mogenb TUCKPETHBIX JaHHBIX — JepeBO Kiaccuukamuu. DHTpomus, Kak Mepa
MH(OPMAaTUBHOCTH JUCKpeTHbIX aTpuOyroB (InformationGain). Beibop arpudyra
pacuieneHus aepeBa KiiacCu(pUKaluy Ha OCHOBE €ro HHPOPMATUBHOCTH.

JlepeBbst knaccudukanuu aas aTpuOyToOB ¢ HEMPEPhIBHBIMU 3HaUeHUsAMU. Paciienstone
3HaYeHUs M AUcKpeTu3auus arpuOyroB. Gini-WHAEKC HWH(POPMATUBHOCTH TUCKPETHBIX
aTpuOyTOB M €ro MOAN(UKALIKS Ha ClTydall KaTeropHalbHbIX aTpUOYyTOB.

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

Meps! paccrosiHus. Mepapxudeckas kinacrepusanus. Kinactepuszanus Ha 3aJaHHOE 4YHCIIO
knactepoB. HeueTkas knactepuzanus. CrieKTpanbHas KilacTepU3alius

@DakTOpHBIN aHaIN3 (CHUKEHHE Pa3MEPHOCTH). AHAJIN3 TJIABHBIX KOMIIOHEHTOB Ha OCHOBE
KOBapuannoHHON MaTpuIlbl. OO0OIIEHHBIN aHAIN3 TJIABHBIX KOMIIOHEHT.

CUHTYJISpHBIN CHEKTPaJbHBIN aHAINW3 NPSAMOYTONbHBIX Marpull (SVD-pasznoxenue) u
¢dukcanus paHra MaTpuil. OMIUPUUECKUE OPTOroHaNbHble QyHKIMU. Peanusanus aHanmza
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IJ1aBHBIX KOMIIOHEHTOB Ha OCHOBe SVD-pasnoxeHuss maTpulbl AaHHBIX. OIlleHKa
BapHUallii IJIABHBIX KOMIIOHEHT.

CKpbITBIE TIEPEMEHHBIE W JBAaXIbl CIy4YalHbIE IPOLECCHI, ONUCHIBAEMBIE CMECSIMU
lNayccoBbix pacnpenenenuit (GMM-monens). AJATOpUTM OXHIaHUS M MaKCUMHU3ALUU
npaBaonogodust (EM-anroputm). Ornenka mapamerpoB GMM-Mozaenu MmocpeacTBOM
AnropuT™Ma  OXMAAHUSA M MakcuMu3auuu rnpasaonogobus (EM-amroputma) wu
KJIaCTEpU3ALIHSL.

AHanu3 ciay4JailHbIX IPOLECCOB Ha OCHOBE CKPBITBIX MapKOBCKUX MOJENIEH ¢ KOHEYHBIM
YHUCJIOM COCTOSIHUH U ['ayCCOBOM SMHUCCHEH. AJTOPUTMBI IPSIMO M OOPAaTHON 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.

CHUHTYISIpHBIN CIIEKTPaJIbHBIN aHAIN3 MAaTpPULl JaHHBIX U yAAJECHUE LIymMa U3 BPEMEHHBIX
psanoB (merox «I'ycenunay). OOHapyKeHHs BHE3AIIHbIX U3MEHEHUN BO BPEMEHHBIX psax.
[Iporuo3upoBanrne BpEMEHHBIX PSAJIOB.

JunaMmuueckoe BhIpaBHUBaHHE BpeMEeHHBIX psiioB (DTW).

Jluneitnple auHamuuyeckue cuctembl U QuiusTp Kanmana. CriaxuarensPayxa. Ouenka
napamMeTpoOB JUHEHHBIX TUHAMUUYECKHX CHCTEM.

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

OO6napyxeHre NaTTEpPHOB BO BPEMEHHBIX pSAAaX W METOJbl CHIKEHUS Pa3MEpPHOCTH
IIPOCTPAHCTBA TOUCKA

MHoromepHsble cily4aiHble BEIUYUHBI ¢ He ['ayccoBbIMU pacnpenencHusMu. JInHeiHas
MOJIeJIb CMEIIUBAaHUS U AHAJIU3 HE3aBUCUMBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX
psanoB (e ['ayccoB daktopubiii ananuz). Anroputmbl FastiCA u SOBI s Beinenenus
CTATUCTUYECKU HE3aBUCHUMBIX KOMIIOHEHTOB MHOTOMEPHBIX BPEMEHHBIX PSI/IOB.

Ynpasienue u 06padoTka nHGopMauuu B cHcTeMax yNpaBJIeHUs

[TIpenmer Teopun ympasineHus. OOvexkT ynpasnenus. lLlens ympasnenus. Cucrtema
ynpasneHus. Buemnss cpepa. Ctpykrypa cucrteMsl ynpasieHus. [lpoueccel u pyHKUINN
ynpasneHus. [loHaTus peryampoBanus U afanTuBHOrO ynpasieHus. [lokasaTenn kauecTBa
ynpasnenus. Kpurepuu 3 pexTHBHOCTH U ONTUMAIBHOCTH.

Mertonbl 00paboTKM U3MEpeHHUil B cucTeMax ympasieHHs. Poib m3aMepeHuil B cucremax
aBTOMaTuyeckoro ympasieHus. [loHsaTus curHanoB u mnpoueccoB. CrekTpaiabHas
IUIOTHOCTb U KOppesIMOHHAs (yHKIMS curHanoB. [lonstue 6enoro myma.

3amaul  OLIEHMBAHUSA COCTOSIHMSI OOBEKTa yNpaBieHWs. 3aJaud HHTEPHOJISALUH,
GWIbTpau M SKCTpanoisaluu. MaremaTuyeckas IOCTaHOBKA 3a4a4M  (pUIbTpaIMH.
®unptp Kanmana 111 [uCKpeTHOTO ciaydast.

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

OnTtumanbHoe ympasienue. Knaccudukanus 3amad onTUMaNbHOrO yropasiieHus. Meton
MHOUTenen Omnepa-Jlarpanxka. IlpuHumn wmakcumyma IlonTpsiruna.  Teopema
pazneneHus. JINHEMHBINA PErymsaTOp.

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

Wrpossle 3anaun ynpasiaeHus. bumarpuunbsie urpsl. OntuManbable cTpaTeruu. YucTole u
cMemanHele crpareruu. Teopema Homa. PaBHoBecHas Touka.
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Bei6op (mpunsitue pemenwuii). Knaccudukanus 3amad BbiOopa. KpuTepuanbHbBINH S3BIK
onucaHus BeIOOpa. MHOrokpuTepuaibHble 3aaa4un. ['pynmnosoii Beioop. [Tapagoke Sppoy.
KU3HEHHBIM LMK NPOAYKIMM; CTaAMM W ITalbl >KU3HEHHOI'O LUKJIA; LEIM WU 3aladu
yIpaBJICHUS JKU3HEHHBIM IIMKJIOM; T[IOKa3aTeNd KadecTBa W3JENHSA; HAJEKHOCTb,
TFOTOBHOCTb, PEMOHTOINPHUIOHOCTh, T€XHOJIOTUYHOCTh, CTOMMOCTb H3JEIHs; YYaCTHUKH
KU3HEHHOTO LIUKJIA.

CTagusl pa3padOTKU; KOHUENTYyaJbHOE IPOEKTUPOBAHHUE; ACKU3HOE IPOEKTUPOBAHUE;
pa3paboTKa U UCTIBITAHUS MTPOTOTUIIA; TEXHHUECKOE MTPOSKTUPOBAHNE; KOMIUIEKCHPOBAaHHE
KOMIIOHEHT M HCHBITAaHHWs ONBITHOrO 00pa3sla; ylpasieHHe KOH(Urypanuei Ha craauu
pa3paboTKHu.

UHPOPMALIMOHHAS TOAJIEPKKA M3/eNHs; TpeOOBaHUS K HMHGPOPMALMOHHOM HOIAEpIKKe
U3JeNUsl B paMKax CHCTEMbl YIPABJICHUS >KU3HEHHBIM LMUKIOM; COCTaB M CTPYKTypa
JAHHBIX; PpOJb JJIEKTPOHHBIX MOJEJEH; JKU3HEHHBIH LUK MoJenei; co3laHue
MHTETPUPOBAHHON MH(POPMAITMOHHON CPEIbI.

DJiIeMeHTbI IKOHOMUYECKOI0 MOJIeJTHPOBAHNS M TEOPUM MPUHATHS PeleHni
MynpsTunnukarusHas pynkuus Ko66a-/yrmnaca.
Mopenn Mapkosuna u [lapmna.
Marematuueckas Mmozeins Coloy.
VYpasnenue Ciynkoro.
Mopens Keiinca.
PaBHoBecue KypHo.
PaBHoBecue Crakensbepra.
Monaens Xappona—/lomapa.
Mogens e CamyaibcoHa.
. 3a1aum Mccae10BaHus Onepauil.
. Knaccu¢ukanus 3agad npunatus pemenuit, npepioxxentas I'. CaitmonoMm.
. Knmaccudukanus MHOTOKPUTEPHATBEHBIX METO/I0B TPUHSATHS peIICHHIA.
MHorokpurepuaabHas TEOpUs MOJE3HOCTH (OCHOBHBIE 3TAIlbl).

Jlureparypa
PJL. Kunu, X. Paiidpa [lpunsTHe pemeHui! mpu MHOTMX KpPUTEPUAX: MPEANOYTEHUs 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. HNHTemiekTyanabHble HH(OPMAIMOHHBIE 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 YoTcoH; mep. ¢ aHriL.; moj Hayd. Pen.
M.IO. Typynuesoit. — M.: U3natensckuii nom «/leno» PAHXul'C, 2015. — 864 c. — (Cepus
«AKaIeMUUYECKUN YUYECOHUKY).
MuxkposkoHoMeTpuKa: MeTobl U ux npumeHenus. Kuaura 2 / 3. Konun Kamepown, IlpaBun
K. TpuBenu; nepeBox ¢ aHri.; nox HayuH. Pex. b. [lememesa. — M.: U3narensckuil 1om
«demo» PAHXul'C, 2015. — 664 c. — (Cepust «AKageMUYeCKU YICOHHUKY).
ABTOMaTH3UpOBaHHbIE HH(OpPMAIMOHHBIE TEXHOJOTMM B H3KkoHomuke / Ilomg pen.
I'.A. Turopenko. M.: Komnsrorep, FOHUTH, 2008.
Baponos B.B. u np. ABromatu3zanus ynpasinenus npeanpustuem. M.: Magpa-M, 2000.
Mapk ., Makl'oysn K. Meronosoruss CTpyKTypHOro aHaiau3a M IMPOEKTUpoBaHusA. M.:
MeraTexnonorus, 1993.
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YACTD I

BapuatuBhas yacTb HpoOrpaMMbl BCTYMUTENBHOTO HCHBITAHUS IO Kadeape CHCTeM,

YCTPOMCTB M METOI0B reOKOCMUYeCKOoil PU3NKM.
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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, TOBEPXHOCTU 3eMJTH, MOPEH U OKEaHOB.

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

MonynbHoe  mpoektupoBanue.  [loHstue 00  yCTOWYMBOM  IPOEKTHPOBAHMU.
TexHonornueckas rOTOBHOCTb.

[TonsiTust o cucreMHbIX puckax. [IpuHuuner u MeTo bl obecrieuenus HaaexHoctu KUC.
Banupanus n Bepudukaius pe3yapTaToB cucteMHoro npoexkruposanust KUC.
TexHonornueckne HTambl YIPaBICHUS IPOLIECCOM BBIMOJHEHUS MPOEKTHHIX paloT:
ceTeBble IrpauKU, KOHTPOJIb UCTIOIHEHUS, (POPMBI OTYETHOCTH.

IIpenmer u 0OCHOBHBIC NOHATHA KOCMUYEeCKHUX HHGOPMAaIMOHHBIX cucTeM /13
[TpyHIMIBI AMCTAaHUUOHHBIX HccienoBaHuil. CBs3b JAMCTAaHIMOHHON HWH(pOpMAIMHU C
XapaKTepUCTUKAaMU H3YyYaeMbIX SIBJIEHUN M IpoueccoB. Kocmuueckne M aBHALMOHHbBIE
CHUCTEMBbl  JHWCTAHIIMOHHOTO  3oHAWpoBanus  (/[3). JlocTomHCTBAa  KOCMHUYECKOU
uHpopmanuu. Beenoctynnocts. OnepatuBHOCTh. [1100anbHOCTS.

3amaun /I3 atmMocdepsl, ToBepXHOCTH 3eMiIH. 3eMJIs KaK euHast YKOJIOTHYeCcKas ChucTema.
Posib AMCTaHIMOHHBIX MCCIEOBAHUN B H3YYEHUH TPHUPOTHON Cpeibl B TII00AIBHOM
MaciTade 1 BO3JIEHCTBUS Ha HEE aHTPOIIOTEHHBIX (PaKTOPOB.

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

CoBpemennble cucteMmbl J[3. CucTemHBI MOAXOX K JUCTAaHIIMOHHBIM MCCIIEI0BAHUSM.
[TpocTpaHcTBEHHOE, CHEKTpallbHOE, pPaJIUOMETPUYECKOE U BpPEMEHHOE pa3pelleHue.
[TepcrieKTUBBI Pa3BUTUS KOCMHUUYECKHUX CUCTEM JUCTAHLIMOHHOTO 30HAUPOBaHUS.
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Ilpupona 3JIeKTPOMATHUTHOTrO WU3JydYeHusi. B3aumopeiicTBue H3JIy4YeHUs1 ¢
BelIeCTBOM.

Teopus 3JIEeKTPOMAarHUTHOTO U3IydeHus. Y paBHeHue MakcBesuia. BonHoBoe ypaBHeHME U
ero pemenus. [lonspuszamms. [loTok sHepruu. DHepreTudeckwe U (oTomMerpuueckue
BenuuuHbl. OTpaxkeHue M IHperomieHue cBeTa. Kiaccuueckas Teopusl H3Iy4YEHUs,
norjionieHusl u gucnepcuu. TermnoBoe usmydeHue. AOcomorHo uepHoe Tenmo (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.

B3auMozeiicTBuEe U3JIydeHHs C BEIIECTBOM B OITHUYECKOM JHWaIla3oHE. YpaBHEHUE
MEpEHOCa M3JIYYECHUS I MOrJIOMIAIOIICH, H3JIyYaroled M PACCEUBAIOLICH CpEJBbl.
VYpaBHeHHe 1niepeHoca IpU HAIMYMKA nossipu3anuu. Bekrop-napamerp  Crokca.
[IpubnmxeHne JIOKaIBHOTO TEPMOJAMHAMHYECKOTO paBHOBecHs. CBs3b pPE3yJbTaTOB
JTUCTAaHIIMOHHBIX HAOIIOACHUI CO CBOMCTBAMU HAOJIOJaeMbIX SIBICHUM.

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

W3nydarenbHble, OTIOIMIATEIbHBIE U OTPAXKATEIbHBIE CBOMCTBA HEUEPHBIX TIOBEPXHOCTEM.
OC00EHHOCTH CIEKTPATBHBIX XapaKTEPUCTUK OTPAKCHHUS MPUPOJHBIX M aHTPOIOTEHHBIX
o0pa3oBaHMil B ONTHYECKOM Juamna3oHe crekTpa. CHeKkTpaibHble U PacCEUBAIOLINE
CBOMCTBAa MHHEPAJIOB, TOPHBIX MOPOJ U MOoYB. CreKTpaibHbIE CBOMCTBA PACTUTEIHLHOCTH.
XapaKkTepuCTUKH, CBSA3aHHBIE C cojep:kaHueM Biaru. CHekTpaibHble CBOWCTBA KPUO- U
BOJHBIX CpEJl.

Bzaumopeiicteue usnyuenuss ¢ BemectBom B CBU-nmumanazone.  OcoGeHHOCTH
JUCTAaHIMOHHBIX METOJ0B 3oHaupoBanHus B CBY-nuamnazone. YyBCTBUTENBHOCTH K
F€OMETPUM TOBEPXHOCTH. YyYBCTBUTEIBHOCTh K COAEPXKAHUIO BOJAbL. YPaBHEHHUE
pamuoniokanu. OCHOBHBIE XapaKTEPUCTHKU CHTHajga oOpaTHOro paccesHusi. PaccesHue
U3ITy4eHUs] TMPUPOJHBIMU OOBeKTaMu (YIJIOBBIE U  CHEKTPalbHBIE 3aBHUCHMOCTH,
MOJISIPU3AITMOHHBIE XaPAKTEPUCTHKH).

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

Posb aTtMocdepbl B AMCTAHIMOHHBIX HCCJICAOBAHUAX 3eMJIH

Xapaxtepuctuka atmoceprl. CocraB. ['a3pl. Aspozonu. O6maka. Tyman. JlpiMka.
IlepeHoc u3ny4yeHHUs B paccenBarolled U noriouaromen cpene. Ilornonienue usnydeHns
razamu. PaccesHue Ha MoJlekynax raza M 4acTUlax a’po3ois. PeneeBckoe paccesHue.
Paccesnue Mu. 3akon JlamGepra-byrepa. Onrtudeckas Ttonma. Mojenu a3po30ibHOM
atMocdepsl. MeTteoposoruueckast 1albHOCTh BUAMMOCTH.

Metonel  pacuera mpo3pauHoctd  atMmoctepsl. Merox  "line-by-line". Meroasr
MOJIEJIMPOBAaHUS MOJIOC (MOJAENb Oib3accepa, CTATUCTHUECKas MOJENb WM MOJENb
Meiiepa-I'yau). DMnupudeckre METOAbI C UCMOJIF30BaHUEM MOJIeNH mooc ("'arperaTHerii"
MmeToJ, mozenb "Lowtran"). JIByxnapamerpuueckuit meron Kyprucca-I'oacona.
AtmocdepHas TypOyneHTHOCTh. Jludpakuus Ha OFHOPOAHBIX 30HaX. CTPyKTypHas
¢byuknusa. CTpykTypHas noctosiHHast. Ontuyeckas nepenatouHas GyHKIus TypOyIeHTHON
atMocdeprl. CrydaifHast COCTaBISIOIIAS JUIMTENBHOM M KOPOTKOM — SKCIO3UITUH.
W3mepenus TypOyIeHTHOCTH.

SpkocTHBIE (paJMalMOHHBIE) XapaKTePUCTUKU 3eMiIu U3 KocMoca. OTpaxkeHHOe WU
TerioBoe u3nydeHue. OOydeHHOCTh 3eMHOM MoBepxHOCTU. [IpsiMoe coiHeuHoe
uznydenue. M3nyuenne HeOocBoAa. 3aBUCUMOCTh OT BbICOTHI COJIHIIA HaJ TOPU30OHTOM U
reoMerpur HaOmoAeHus. Spkocte 3emiaum U3 KocMoca. M3imydeHwe OT ydacTka
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noBepxHocTu. Bxmam armocdeprl. Yuer paccesHHOoro wuznmydeHus. OcoOeHHOCTH
IpOIIECCOB TepeHoca u3NydeHus B atMmocdepe 3emnu B uHPpakpacHom u CBU-
Jana3oHax.

Perncrpanust 371eKTPOMarHuTHOT0 H3J1y4eHHS.

Knaccugukanus MexaHH3MOB CelNeKTHUBHOTo (oronpuema. DoToHHBIE 3(PPEKTHI.
TermoBeie  3ddexTel. DPdexTs  BOTHOBOrO B3amMoAeHCTBHS. (OCHOBHBIC —THIIBI
TBEpIOTENbHbIX (oTonpueMHUKoOB. dDotomuonasl. bapbepsr IloTtku. dDoTope3ucTopsl
coOcTBeHHBIE U IpuMecHbIe. [TprOopshI ¢ 3aps10BON HHKEKIUEH.

OcHoBBI pusuku npudopoB ¢ 3apsAnoBoit cBsa3pto (I13C). [IpuHIMN XpaHeHus U TepeHoca
3apsina. OcuoBuble Tunbl [I3C-cTpykryp. Ilepenoc 3apsiga u yactoruslie cBoiicTBa. 113C ¢
00BbEMHBIM KaHAJIOM M BUPTyalnbHBIN (ha3oit. HeaddextuBHOCTh MepeHoca 3apsna B I13C.
TemHoBo#M TOK. MeTo1bl BBOJa U J€TEKTUpOBaHus 3apsiaa. JIunelinsie u Matpuunsie [13C.
XapakTepuCTUKU IIPUEMHHUKOB OIITUYECKOTrO U3JTy4EHUs. CaerocurHanabHas
xapakrepucTtrka. KBanroBas xapakrepuctuka. KBanrosas sgpdexruBHoCTh. CriekTpaibHast
XapakTepUCTHKa  YyBCTBUTEIbHOCTH. CHekTpaibHbli  K03()(ULMEHT moriaoumeHus
u3yyeHus. JJIMHHOBOJIHOBAsI TPAHUIA YYBCTBUTEIbHOCTU. AKTUHUYHBIE SHEPreTUUYECKHE
XapakTepUCTUKH. YacTOTHBIE CBOMCTBA NMPUEMHMKOB HU3JIY4EHUs, MOCTOSIHHAs BPEMEHU
¢oroorknuka. @Dynkuusa mnepegaun wmoxyiasuuu  (PIIM). Teomerpuueckas OIIM.
Huddyznas OIIM. OIIM nesddextuBHocTH niepenoca B [13C.

[ymbl.  OcHOBHblE MCTOYHMKM IIymMOB. IloporoBas o0Ony4eHHOCTb. Y enbHast
oOHapyxuTenpHast crnocoOHOCTh. CreKTpaibHas IUIOTHOCTh LIyMa MOJYHPOBOJHUKOBBIX
¢oronpuemnukoB. llymsr B MHOro3nemenTHbIx [13C-poTonpuemnukax. llym nepenoca
3apsna. Illym BbixogHoro ycrpoiictBa. ['eomerpuueckuit myMm. BrausiHue oxnaxaeHus.
JlocTonHCTBa B ciiyyae npuemMa u300pakeHus IPU HU3KUX YPOBHSAX O0JIy4€HHOCTH.
Juckperusanys  M300paXEHUS ~ MHOIOIEMEHTHBIM  (OTONPHEMHUKOM.  Teopema
KorenpHukoBa.  BusyanpHoe — mposiBienune — d¢d¢exkroB  BbiOopku.  Pemykuums
npocTpaHcTBEHHbIX 4yacToT ¥ PIIM MHOrosjneMeHTHBIX NPUEMHUKOB. Myap-3pQexT.
Omnwucanne >¢pdexra uckaxeHus curHana c¢ nomompbo "®IIM ¢dassr". TectupoBanue
MHOI'OJIEMEHTHBIX (POTONPHUEMHUKOB. Peakiusi cuUCTeMbl Ha MPSAMOYTOJBHYIO MHpY.
Cas3b ¢ OIIM.

Teopust Juneiinoit ¢uabTpanmu. CurHagabl W T1NOMeXH B CHCTeMax MpueMa
3JIEKTPOMATHUTHOI0 M3JIy4YeHHU.

JleTepMuHUpPOBaHHBIE ~ CHUTHANIBI, CIOCOOBI MX omnMcaHusd. MHTerpas  CBEpPTKU.
[TIpeoOpazoBanue @Pypre U ero (yHKIHOHAIBHBIE CBOMCTBAa. TeopemMa CBEpTKU H
ontuueckas nepeaarounas Qynkuus (OIID). Ananus nuHEHHBIX cucTteM (HOPMHUPOBAHUS
n300paxeHus ¢ momolinsio npeodpazopanus Oypre. OIID ontuueckux smemeHToB. OI1D
TUNUYHBIX ~ AJIEMEHTOB  MH(QOPMAIMOHHOTO  TpakTa  CHUCTEM  JIUCTAaHIMOHHOTO
3oHaupoBaHus. lleHTpanpHas InpenenbHas TeopeMa IPU aHAIU3€ JUHEHHBIX CHUCTEM.
PesynsTupyromas OIID.

Crnyyaiinbple CUTHaJIBI U cIIOCOObI UX onucaHus. CiyyaiiHble QyHKIMM U 11oJis1. UncaoBble
xapaktepuctuku. @DyHKuug pacnpeneneHuss M (QyHKUUHM IUIOTHOCTH BEPOSTHOCTH.
CranoHapHOCTh, OJHOPOJHOCTh, AIPrOJUYHOCTh. ABTOKOPpENALMOHHAS (YHKIUS U
CIEKTpaJpHas IUIOTHOCTb. KOpperisiuoHHBIM W CHEKTPAJBHBIA  aHauu3. Buasl
OJTHOMEpPHBIX cHekTpoB. IIpeoOpa3oBaHue CHEKTPaJbHOW IUIOTHOCTH JIMHEHHBIMU
3BeHbsIMH. BeposTHOCTHOE OMKCaHNe HEMPEPBIBHBIX U300paKEHUH.

MeTtoabl nepenayu u 00padoTku uHGoOpMaunu, moayuaemoii cpeaxcreamu JI3.

Mertoapl nepenaun M300pakeHUH. XapaKTepUCTUKU CHUCTEMBI Iepegadyd H300paKeHHH.
Hcnonp3oBaHne Mojenedl 3peHuss Npu KoaupoBaHuM u3o0paxenuil. Koauposanue
METOJOM  HMMIYJIbCHOW  KOMOBOM  monynsauuu. CTaTUCTHMYECKOE  KOAUPOBAHUE.
KomupoBanue c¢ mpenckazanneMm. KomaupoBanme ¢ mpeoOpaszoBanueM. [ubpumgHoe
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KOAMpOBaHUE. MeXKaJpoBoe KOAMPOBAaHHE C YCIOBHBIM 3amelieHueM. CokpalleHue
U30BITOYHOCTH OMHAPHBIX N300paKECHHA.

Metoapl 00paboTku m3o0pakeHuil. Ilpencrabienne n3o0pakeHuii B 1uppoBoit dopme.
JluckpeTu3anMss M BOCCTAaHOBJIGHHE HENPEPBIBHBIX H300pakeHUil. MaTtemaTndeckoe
ONMCaHHe TUCKPETHBIX M300paxkeHui. JIunelinbple oneparopsl. Oneparop Cyneprno3uium.
JlBymepHble yHUTapHble TnpeoOpasoBanus. IlpeoOpazoBanme @Dypre. Kocunycnoe
npeoOpas3oBanue. CunycHoe mnpeobOpa3zoBanue. IIpeoOpasoBanue Apnamapa, Xaapa.
Cunrynsipaoe npeobpasoBanue. J[BymepHbIe METOIbI JIMHEHHON 00paboTku. OO6paboTKa ¢
UCrosib30BaHueM InpeoOpazoBanus. Cymneprnosunus ¢ npeoOpasoBanueM. CBepTka ¢
UCTIOJIb30BaHUEM  ObicTporo  mpeoOpazoBanust Dypre. DuibTpsl Ha  OCHOBE
npeoOpa3oBanus Dypoe.

OcHoBHble MOHATHA TeonH(popMaThku. OOmas XapakTepUCTHKA TeOMH(OPMAIIMOHHBIX
cucreM (I'MC) xak kimacca aBromatusupoBaHHbix HMC. Cdepsr npumenenuss ['MC.
Knaccugpukamus TMC no (yHKIMOHAJIBHBIM BO3MOXKHOCTSAM U TE€PPUTOPUATBHOMY
oxBaTy. Kaprorpaduueckass ocHOBa Kak CpeICTBO MHTErPallMM M OTOOPAXKEHUS JIaHHBIX.
Texnomoruu CAIIP xak meTononoruyeckas ocHoBa npoektupoBanusi I UC. Ponb u mecto
skcnepTHbIX cucteM B ['MC-texHonrusx. MHCTpyMEHTaIbHO-IIPOrpaMMHOE oOecrieueHue
['NC. TUC u web- texnonoruu. Ilpumenenme namnpix /I3 B ['MC-TexHOIOTHAX.
TexHonornueckas nemnouyka TeMatuueckoil oopadorku (TO) manHbIX KocMuueckoro /I3.
MeTto/1b1 U cpelIcTBA PEACTABIECHUS PACTPOBBIX U300pakeHUI

Meronpl  kiaccupuKanMM  AUCTAHIIMOHHOM UHpOpMaLUH. ['eomeTpuyeckas,
pazuomeTrpuyecKas U aTMoc(epHasi KOppeKIus. AJTOPUTMBI PACHIUPEHUS JHHAMUYIECKOTO
JMana3oHa  JUCTaHIMOHHOIO  u3o0paxkeHus.  IlpumeHeHue  yCIIOBHO-I[BETOBOT'O
KOJAUPOBaHUS N300pakKeHUS 10 JAHHBIM CIIEKTPAIbHBIX KaHaJIOB. MeTo/1 aHanu3a riaBHbIX
KOMIIOHEHTOB WM npeoOpa3zoBanue Kapynena-JIospa. IIpeoOpasosanue Kayra-Tomaca.
[lpu3Haku MHOTO30HANBHONH HHGOPMAIMK (MHICKC MOYBBI, BETETAIIMOHHBIN WHIEKC,
UHJIEKC BJIQXXHOCTU U JIp.). YUeT BPEMEHHBIX XapaKTEePUCTHUK, KacKaaHash KIacCUPUKALMSL.
Mopdomerpudecknii aHaiu3 B reorpadhudeckux rccienoBanusiax. OOHapyxeHne 00beKTOB
onpeneneHHol Gopmbl. HekonTponupyemas kiiaccudukanus. DKCIEPTHbIE CUCTEMbI IS
naHHbIx /3.
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Pazgen «IIpo4HOCTD M TEIJIOBbIE PE:KMUMBI JIETATEIbHbIX ANNAPATOB»
YACTD I1-111

HporpaMMa OpUCHTHPOBAHAa Ha Ka(beapm HpI/IKJ]a)IHOﬁ MEXaHUKH, KOCMHYCCKHX

JEeTaTeJbHBIX alllIapaToB, IPOYHOCTH JIE€TATC/IbHBIX AIIIIAPAaTOB.
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OCHOBBI TEOpETHYECKOH AIPOAMHAMUKHI

CunoBoe Bo3zelcTBHE cpeabl Ha JIBWXKylIuecs Tena. OCHOBHbBIE MOHATHS, ONpEAcIeHUS,
runoresbl. J[BmkeHue nerarenbHbIX anmapaToB (JIA) B CIUIOMIHON cpede, CUIIOBOE
Bo3JeiicTBue cpenbl. OCHOBHBIE MapaMETpPbl rasza, XapakTEpU3YIOLIUE €ro COCTOSHUE.
Cxumaemocth  rasza. Bsaskocte. I'mmore3a  criomHOCTH.  [7MaBHBIM  BEKTOp
a’pOIMHAMUYECKHUX CHUJI, MOMEHTA, TIOHSATHE O IeHTpe AaBieHus. OOmiee BrIpakeHUe IS
aIPOIMHAMUYECKON CHUJIBI (TECOpUS pPAa3MEPHOCTEH U MOA0OMS), a’POJAMHAMUYECKUX
ko3P duureHToB cuin U MoMeHTOB. Kputepun nonobus. Yucna M u Re. Hanpspxenue
Tperust. l[umore3pl TypOyiaeHTHOCTH. OOmIas XapaKTepUCTHKA adpPOJUHAMHYECKHX
KO3 PHUIIHEHTOB.

OCHOBHbBIE ypaBHEHHMSI COXpPAHEHHUs a3pOJAMHAMHUKUA. MeToabl MCCIeAOBaHUS JBUKEHUS
raza. Meroasl Jlarpanxka, Oinepa. [loHsATue JIMHUKM TOKa M TPACKTOPUU JABHXKEHUS.
JBuwxenue xkunko wactunpbl. lloTeHunasibHOE U BUXpeBoe TeueHHs. Teopema
['enpmromnbiia. OCHOBHBIE ypaBHEHHS a’dpoAMHAMUKH. Mccnenyemas cucreMa (pu3muecKkux
Ten. Mogenu KuakocTu (rasa). YpaBHEHHUS HEPa3pbIBHOCTHU MJs - KOMIIOHEHTHI ras3a
(mns cmecn). MaTerpanbaas u nuddepennuansraas Gopmel 3amucu. Y paBHeHne HaBpe—
Crokca. [luddepeHunanbHpie ypaBHEHHUS IBUKEHHUS HEBS3KOM JKUAKOCTU (ypaBHEHHUS
Diinepa). YpaBHCHHSI YHEPTHH JJII KOHEUHOTO U OECKOHEYHO MaJIoro 00beMOB. Y IelIbHAS
SHEprusi BAOJb JIMHUM TOKa /sl HEBS3KOW JKHJIKOCTH B YCIOBUSAX aIuabdaTUyecKoro
teueHus. OOoOmeHHas ¢opma 3amUCH YpaBHEHUH COXpPAHEHHUs a’pOra3oJWHAMHKH.
VYpaBHEHHE COCTOSIHUS COBEPIIEHHOIO M pealbHOro ras3a. VHTrerpaibl ypaBHEHUs
nBukeHus. CucreMa OCHOBHBIX ypaBHeHUH. HauanbHble W TpaHUYHBIE YCIIOBUS.
CoBpeMEHHbIE UNCIIEHHBIE METOMBI pelIeHUs ypaBHeHHH Ounepa, HaBre—CroKca u ux
ACUMIITOTUYECKUX MOJIEIIEH.

OpnHOMEpHOE M33HTPONNYECKOE YCTAaHOBMBILEECS TEUEHHE Tras3a. PacmpeneneHue manbix
BO3MYyILlEHUH B ra3oBoil cpene. COOTHOIIEHHE MEXIy CKOPOCThIO TEYEHHs Trasa MU
ionanplo cedeHus. [lapamerpsl ra3a npu U33HTPONUYECKOM TeueHUH. OTHOCUTEIbHBIE
ckopoct (M, [ [0 Cr) u ux B3aumocBsa3b. Kputnueckue 3HaueHus napameTpos. BiusiHue
C)KMMAEeMOCTH Ha JIaBJIeHHe TOpMOoXkeHus. ['a3oquHaMudeckue QyHKIMH.

Teopust ckaukoB ymiuoTHeHus. [Ipupona ynapHbIX BOJIH—CKAUKOB YIUIOTHEHHS. CXEMBbI
pacueTa mapaMeTpoOB IIOTOKa Ha CKadyKe YIUIOTHEHUsA. Teopus mNpsAMOro ckadka
ymioTHeHHs. CHcTeMa OCHOBHBIX YPaBHEHUH Ui Ciydasl TOCTOSIHHBIX TEMJIOEMKOCTEH.
Pacyer mapameTrpoB rasa 1mocie ckauka yruloTHeHus. Ilpomeccesl ynapHoro w
U33HTPONUYECKOro ckaTusl. M3MeHeHue sHTponuu Ha ckauke yruioTHeHHs. [lapamerpsl
TOPMO>KEHHS 3a NIPSIMBIM CKauKOM YIUIOTHEHUs. Teopus KOCOro CKayka YIUIOTHEHUS
(mocrosinHbIe TeruioeMkocTH). CHcTeMa OCHOBHBIX YpaBHEHUW. YTOJ HakjoHa (poHTa
cKkayka YyIuloTHeHus. CKOpoOCTb, JaBJIEHWE, IUIOTHOCTb, TEMIIEpaTypa 3a CKauKoM
yIUIOTHEHUs. YapHas noisipa. Cucrtema ypaBHEHMH M alrOpUTM pacuera MapameTpoB
MOTOKA 32 CKAaYKOM YIIJIOTHEHHS C Y4eTOM (PU3MKO-XMMUYECKHUX NpeBpaiieHuil. BnusHue
(GU3MKO-XMMHUYECKUX TIpPEBpallleHuii B ra3e Ha MapaMeTpbl TEYeHUs 3a CKauKoM
yminoTHeHus. OTpa)keHue CKauykoB YIUIOTHEHHS OT TBEpAOH M CBOOOAHOHN TpaHUL.
B3aunMopeiicTBHE CKauKOB yIUIOTHEHHU. B3auMoaelicTBue CKauyKoOB yIUIOTHEHUS C BOJHOM
pa3psLKEHHUS.

MeToapl xapakTepucTHUK U JuHeapu3auuud. OCHOBHOE KHHEMAaTUYECKOE YpaBHEHHE
a)pPOJAMHAMUKM M METOJbl €ro pemeHus. Meron xapakrepuctuk. 3agada Komm.
XapakTepUCTUKH B INIOCKOCTAX MOTOKa U rogorpaga ckopoctu. CBOICTBa XapaKTEPUCTHUK.
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Pemenue ypaBHEHMI XapaKTepUCTUK B TUIOCKOCTH rojaorpada CKOpOoCTH. THIUYHBIC
3aJaunpeniaeMble METOJIOM XapaKTepUCTUK. YnclieHHOe U rpaduyecKkoe pelieHue 3aaad.
OOTexkaHne CBEPX3BYKOBBIM IIOTOKOM H3JIOMOB IOBepxHOcTel (TeueHue IIpanarims—
Maiiepa).

Teopus ManbIx BO3MylIeHMM. JIMHeapu3anuss OCHOBHBIX YPaBHEHHMU JIMHAMHMKU
UJICAIBHOIO ra3a. Pemenus inHeapu30BaHHbIX YPAaBHEHUM Ia30BOM JUHAMUKHU.

BuxpeBoe M NOTEHUMAIbHOE [IBH)KEHHME HJCAIbHOM HEC)KMMaeMOM cpelbl. Buxpebie
JIBU)KEHUS B MICAIBHOM CIulomHOW cpene. llonsarne o nupkynsauuu ckopoctu. Teopema
Crokca. Teopema KenbBuna. Teopema I'enpMronbua. OnpeneneHue mojsi CKOPOCTEH o
3agaHHOMY Moo Buxpeil. O6o6menne nons buo-Casapa. CkopocTd, MHIYIUPOBAHHBIE
BUXpEM (OTPE3KOM BHXPEBOIrO IIHYpa, BUXPEBBIM KOJbIIOM). B3aumopeiictBue BUXpPS C
JIBIKyIIEWcs cpenoil. Ilnockoe NOTEHIMANbHOE IBUKEHUE WICAIBHOW HEC)KHMAEMOU
Cpenpbl.

Meton moTeHUMaNbHbIX MOTOKOB. KOMIUIEKCHBIM MOTEHIMAT U KOMIUIEKCHAs CKOPOCTb.
CBs3b IJIOCKOM W THAPOAMHAMUYECKOM 3adadud C Teopued (GYHKIHUHA KOMIUIEKCHOTO
nepeMeHHoro. [Ipocreilimime IJIOCKME MOTEHUMAIbHBIE MOTOKM (IPAMOJIMHEWHBII
PaBHOMEPHBIN MOTOK, TEYEHHE BHYTPU MPSIMOTO YIiia, HCTOYHUK U CTOK, AMIIOJb, BUXPB).
becuupkynsnoHHOE W LMPKYJIALUOHHOE OOTEeKaHMsl Kpyryioro uuiausiapa. Ilapagokc
Oiinepa—/lanambepa. Cunbl U MOMEHTBHI, NCHCTBYIOIME HA UWIMHAP MPaBHIBHON
dbopmbl. Dopmyisl XKykoBckoro—Yaribirusa.

[Torpanununsiii cnoii. AuddepenunanbHoe ypaBHEHHE JTAMUHAPHOTO MOTPAHHUYHOTO CIIOSI.
JlaMrHaApHBIN MOrPAHUYHBIN CJIOM HA IUIOCKOM IJIACTUHE B HECKHMMAEMOM IIOTOKE U IMPHU
00JbIINX CKOPOCTSIX. JIaMHHApHBIN MOTPAaHUYHBIN CII0M MpU TpaaueHTe aasineHus. Ciaboe
U CWJIBHOE B3aMMOJCHCTBHE. YueT 3(pPeKTOB BTOPOro mopsiaka. [IpubmmkeHHbIe METOIbI
pacdera JaMUHApPHOTO MOTPaHUYHOro cios. [lepexo m1aMuHapHOrO MOrPaHUYHOTO CJIOS B
TypOyneHTHBIA. TypOyJNeHTHBIH IMOTPAHWUYHBIA CJIOH. YpaBHCHHS OCPEIHCHHOTO
TypOyJIeHTHOTO morpaHnuyHoro ciosi. Hampsikenue Pelinonbaca. OTpbIB TaMUHAPHOTO U
TypOyJIEHTHOTO CclI0st. MeTOIbI SKCIIEPUMEHTAIHLHOTO HCCIIEIOBAHMUS TIEPEX0/1a U OTPHIBA.
AdpoauHaMHKa THIEP3BYKOBBIX CKOpPOCTEH M paspekeHHoro raza. OOmue cBOMCTBa
TUIIEP3BYKOBBIX TEYeHUH. [ MIep3ByKoBass TEOpHUs MajblX BO3MYyILIEHUH. ['Mnep3BykoBas
teopust HproroHa—by3emana. BrnusiHue Qu3MKo-XMMHYECKHX MPOLIECCOB HAa OOTEKaHUe
3aTYIUIEHHBIX T€J CBEPX3BYKOBBIM U T'MIIEP3BYKOBBIM MOTOKaMU. [IoHsATHE paBHOBECHBIX,
HEPAaBHOBECHBIX U «3aMOPOKEHHBIX» TeUeHUH. XapakTepHble OCOOEHHOCTH TEUEHHIt
cnabo paspexenHoro rasza. CBoOomHoMonekynsapHoe ootekanue ten. Umcno Kuyncena.
Mozenu B3auMozeicTBUS CBOOOAHOMOJIEKYISIPHOTO MTOTOKA C JIETATEIbHBIM alapaToM.

AJpOIMHAMMKA JIeTATeIbHBIX ANNApaToB

Aspoaunamuka kpbuia. [Ipodune v KpbuUlO KOHEYHOTO pa3Maxa B IMOTOKE HEC)KMMAeMOMN
KUIKOCTH. Teopusi TOHKOro mpoduis. A’poauHAMUYECKHE XapaKTEPUCTUKHU Hpoduieil.
Kpbuto kOHEYHOro pasmaxa B IIOTOKE HEC)KMMAEMOW KUAKOCTU. Teopus BUXpEBOU
Hecyniell HUTH. Teopuss Hecylled MOBEpPXHOCTU. Pacuer  a’poJMHaMHUYECKUX
XapaKTepUCTUK NpU OOJbIIMX yriiax ataku. OCOOEHHOCTH pacHpelesieHusl Harpy3ku Ha
KPBUIbSIX pa3HO#l Gopmbl B maHe. TeopeTuueckrue M 3KCIEepUMEHTAIbHbIE HCCIIeI0BAHUS
TOHKHUX KPbUIbEB MAJIOTO YAJUHEHUS MPHU OONBIINX YIaX aTaky ¢ y4€TOM OTphIBa MOTOKA.
[Tpodwmiib ¥ KpbUIO B JO3BYKOBOM IOTOKE CXXHMMaeMmoro rasa. JInHeiliHass Teopusi Kpblia.
CBsi3p MEXAYy a’poAMHAMHUYECKUMH XapaKTEepUCTUKaMU KpbUla B CXKHMaeMOM H
HEC)KMMAaEMOM MOTOKaX.

[Tpoduns u KppUTO MpPU OKOJIO3BYKOBOH ckopocTh. Kputnueckoe umcio Maxa. 3akoHbI
000U IPU OKOJIO3BYKOBBIX T€UEHUSAX. AIPOJANHAMHYECKUE XapaKTEPUCTUKH Mpoduieit
U KPBUILEB MPU OKOJIO3BYKOBBIX CKOPOCTSIX.

[Tpoduib 1 KpBIIO B CBEPX3BYKOBOM MOTOKE. TOHKAsI MJIACTHHA B CBEPX3BYKOBOM IOTOKE.
JluneitHast Teopust TOHKOrO MpoGMiIsi M KpbUla KOHEYHOI'O pa3Maxa B CBEPX3BYKOBOM
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notoke. Merong ocobOenHoctel. ToHkuit mnpoduiasr B THIOEP3BYKOBOM  TIOTOKE.
A3poIMHAMUYECKUE XapaKTEePUCTUKU KPBUILEB MPU CBEPX3BYKOBOU CKOPOCTH.
A3pOIMHAMUYECKUE XaPAKTEPUCTUKN KPBLIBEB M ONEPEHUN C OTKIOHEHHBIMHU PYJIEBBIMU
MOBEPXHOCTAMH. ASPOJIMHAMHYECKUE XAPAKTEPUCTUKU KPBUIBEB C MEXaHU3alMECH.
Bnusnue ¢opmbl kpbuia Ha A(QPEKTUBHOCTH MeXaHU3alUU. Ad’pOoJWHAMUYECKHE
XapaKTEPUCTUKHU OIEPEHUSI NPU OTKJIOHEHHBIX pyJsax. LllapHUpHBIE MOMEHTHI PYJIEBBIX
MMOBEPXHOCTEH.

AsponrHaMHuKa KopIlyca JieTaTeslbHoro ammapara. Kopmyc neraTenbHOro ammapara mpu
JIO3BYKOBBIX UM  CBEPX3BYKOBBIX CKOPOCTAX. ASPOJMHAMUYECKHE XapaKTEPUCTUKHU
KOPILyCOB IpU J03BYKOBOM cKOpocTH. OOTEKaHHME IpU OKOJO3BYKOBOW CKOPOCTH.
Kputnueckoe umcio Maxa. A3poJMHAMHUYECKHE XapaKTEPUCTUKH KOPIIYyCOB IIpHU
OKOJIO3BYKOBOM ckopocTh. KoHyCc B CBEpX3BYKOBOM IOTOKE. 3aTyIUIEHHBIH KOHYC B
CBEPX3BYKOBOM IIOTOKE. 3a0CTPEHHOE TEJIO B CBEPX3BYKOBOM IOTOKE. 3aTYIUIEHHOE TEJO
BpaIICHUSI B CBEPX3BYKOBOM MOTOKE. APPOJUHAMUYECKUE XAPAKTEPUCTUKH KOPITYCOB U
MOTOTOHJION € Bo3Ayxo3abopHukamu. OOTekaHue 3aTYIUICHHBIX TeJl TUIEP3BYKOBBIM
MOTOKOM. BiusiHME CBOKCTB pPEajbHOIO ra3a Ha a’pOJMHAMUYECKHE XapPAKTEPUCTHKU TEll
IIPU TUIIEP3BYKOBOM CKOPOCTH.

AdponmHamudeckas uHTepdepenius. [Ipupona a’spoauHaMHUECKON HHTEPEPECHIINH.
[lonpemuass cuna kKoMOWMHAIMM KOpryca M KpbUia. BrnusHue yria KpeHa Ha
UHTEpEepeHMI0 Mexay KopnycoM U KpbuloM. KpectooOpaznas komOuHaLus.
Untepdepeniuss Mexay  KpbuloM  H omepeHueM.  OpraHbl  ymnpaBieHHS.
AdpOoIMHAMUYECKUH pacueT pyJieH.

AbdpoaHaMHUECKHe XapaKTepUCTUKU JeTaTeabHoro anmnaparta. [logbemuas cumna, 1060Boe
conpotuBiieHue. [lonspsl mepBOro u BTOPOTrO poaa. MOMEHTBI TaHra)xa WU PHICKAHUS.
MomeHT KpeHa. ASpOAMHAMUYECKHE XapaKTepUCTUKHM JIETATEJIbHOTO amnmapara co
B3JIETHO-IIOCAI0YHOM MeXaHu3auuen. Biusaue 3emu.

A3pOIMHAMMYECKUE XApPAKTEPUCTUKU HECYLIMX BHUHTOB BEPTOJETA M IPONEILIEPOB.
Hecymmuit BUHT B peXuMax BEPTHKAIBHOIO B3JI€Ta M CHW)KEHHUA. PeXuUM BUXPEBOro
konbila. CamoBpamienue. Hecymuii BUHT B pexumax kocoro obrekanus. Cuna TArwy,
MPOIYJILCUBHAS CHJIA, MOIMHOCTh. MaxoBoe nBMXeHHe Jjomactei. OOayBka Kopmyca
BepToJieTa HecylmuM BUHTOM. CrocoObl co3aHusl YIPaBISIOMINX MOMEHTOB. W neanbHblit
npomnemep. Kpurepun mnomoOus. BuntoBbIe nuarpamMmbl. B3ammMo3aBUCHMOCTH MEXIY
cuiao TAaru u MomHocThio. [lonetHwlii m otHocuTenwbHbIM KIIJ[ peanbHOro BHHTA.
Buxpesas teopust nmpomnesniepa. CoOOCHbIC BUHTHI.

IIpoueccnl Tem1000MeHa JIeTaTeJbHBIX ANNIAPATOB

Tpenue u TerooOMeH. JlaMUHApHBIA TEMIOOOMEH TIPU BBICOKMX CKOPOCTAX U
TeMIiepaTypax. 3akoHbl TOJOOMS B  3amavyax  TeriooOMmeHa.  MHTerpanbHbIC
XapaKTepUCTUKU TOTPAaHUYHOTO ciosi. TemnooOMeH TMpH MalbIX CKOPOCTSAX B
MOTPAHUYHOM CJIO€ HEC)KUMaeMou JkuakocTh. Kod(phuIUeHTHl TermiooTAauu Mpu
Oonpmmx ckopocTsax. CBs3p MeXAy TpeHHeM U TersiooTaaueil. Ilepexon mamuHapHOTO
TeueHuss B TypOyJneHTHOe. TypOyleHTHBIM TEMI000OMEH TpPHU BBICOKUX CKOPOCTSAX H
temneparypax. l[lpubmmkeHHble Teopuu TypOyJIEHTHOTO JBUXKeHHs. [IpubnuxeHHBIC
METO/Ibl pacueTa TerI000MeHa B TypOyJICHTHOM MOTPAaHUYHOM CJIOE.

TemooOMeH TMpH XUMHUYECKUX pPEaKIUsX B morpaHudHoMm cioe. Juddepennmansueie
ypaBHeHUs TUDPy3uu I TAMHUHAPHOTO TOTPAHUYHOTO CJIOS B CMECH PEarupyromux
ra3oB. YpaBHEHHE DHEPruu. XMMHUYECKA PABHOBECHBIN IMOTrPAaHUYHBIN CIOW. XHUMHYECKU
HEpaBHOBECHOE TEYCHHME Ha KATAIUTUYECKOW CTeHKe. Pacuer TemimooOMeHa B
pearupyromeM rase.

TennooOMeH Ha TOBEPXHOCTH JIETATEIBHBIX ammaparoB MPH TPEXMEPHOM OOTEKAHHH.
Teuenne B TpexMepHOM morpaHuyHoM crnoe. JuddepennumanbHoe ypaBHEHHE
TPEXMEPHOTO TMOTPaHUYHOTO cios. Jluaum pacrekanusa. Pacuer TerumooOmeHa mpu
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TPEXMEPHOM JIAMUHAPHOM TEYECHHUHU B NOTPaHUYHOM cioe. COBMECTHOE BIMSHHME BIyBa U
IIEPOXOBAaTOCTH Ha TemiooOMeH. TedyeHue B OTKPHITHIX 30HaX. llorpaHuyHble ciou B
HEOJTHOPOJHOM BHEIIIHEM IIOTOKE.

TernmooOMeH B pa3pekeHHOM rasze. TeopHs TeIIooOMeHa B pa3peKEHHOM rase. PesxuMel
TEIUIOBBIX M JMHAMHUYECKUX IpoueccoB. TemiooOMeH B CBOOOJHOMOJIEKYJIIPHOM U
MEPEXOTHON 00JIACTIX TCUCHHS.

MeTobl 3KCIIEpUMEHTAIBHOIO UCCIIEI0BAHUS TEMII000MeHa.

Temtonepenaya B 371€MEHTaX KOHCTPYKLMH JIETAaTENbHBIX anmnapaToB. OCHOBHBIE MOHTHS
U YpPaBHEHMs  TEOpUM  TEILIONpPOBOAHOCTH. KpaeBble  ycnoBusa B 3ajadax
TEIUIONPOBOAHOCTH. MeToapl pelleHuss 3ajad TEeIUIONPOBOJHOCTH. AHAIUTHYECKUE
MeTonpl.  YuClleHHOE — pelleHue  3aJa4d  TEIUIONPOBOAHOCTH  MonenupoBaHue
TEeMIIepaTypHbIX Iojei. [lepeHoc Tera n3nydeHus K JeTaTesIbHBIM almapaTtaM U BHYTpU
9JIEMEHTOB  KOHCTpYKIMH. OCHOBHBIE ONpEAEICHHUS M ypaBHEHUS TEIUI0OOMEHa
U3IydeHueM. MeToApl pelIeHusT ypaBHEHHWH IiepeHoca H3iIydeHus. TemnooOMeH
U3Iy4EHUEM BHYTPU IONVIOINAMOIIEH, H3JIydalolled W  pacCeuBaIOIEH  Cpensbl.
TemnepaTypHble 10JI1 B TOHKOCTEHHBIX JIETAaTENIbHBIX ammaparax. Harpes u oxmnaxiueHue
TeJa ¢ OAMHAKOBOW MO 00BbeMy TemImeparypoil. A3poaMHaMUYeCKUN HarpeB OOIIMBKH.
HepaBHoMepHOE pacnpeneneHue TeMmIeparypbl 110  IOBEPXHOCTH  TOHKOCTEHHOM
KOHCTpyKUuu. TeMneparypHble MO B NOJKPEIUIEHHBIX KOHCTPYKLUSAX.

TennoBass 3ammra JIeTaTeNbHBIX aNIaparoB. MeToapl TEIUIOBOW 3alUThl. THUIIBI
TEIUIO3AIUTHBIX MarepuanoB. [lepeHoc Tema BHYTPU TEIUIO3AIUTHBIX MOKPBITHH.
Tepmuueckoe CONPOTHUBIICHHE cnos TEPMOU30JIALUU. Hecrannonapnas
TEIUIONPOBOAHOCTh B MHOTOCJIOMHBIX KOHCTPYKIMsIX. IIpnOnmkeHHble METOABl pacyera
HarpeBa TOHKOCTEHHBIX KOHCTPYKUUH C TEpPMOHU3OJSIIMEH. AIPOTEPMOXHUMHUYECKOE
paspyluieHMe  TEepMOM3OJSIIMM.  MeToapl  SKCIEPUMEHTAJIbHOIO  HCCIEIOBaHUS
TEIJIO3aLUTHBIX NOKPBITUA M MAaTEPHUANIOB, IPUMEHIEMBIX B JICTATEIbHBIX aIlllaparax, B
YCIOBHUAX HMHTEHCHBHOTO TEIUIOBOIO BO3AEHCTBH. MeToabl U 0COOEHHOCTH TEIUIOBBIX
UCIIBITAHUN KOHCTPYKIIMH JIETaTEIbHBIX aIlllapaToB.

A3po¢pusudeckuii IKCIepMMeHT. AJpoAUHAMUYECKHEe TPYObI M CTeH/bI

[TpuHIMOBI MOJAENMPOBAaHUS YCIOBMM OOTEeKaHMs JieTaTelbHbIX amnmapatoB (JIA) B
Ha3eMHbIX JabopaTopHbIx yciaoBusx. [lapamerps! nonodus Re, M, Pr, St, ...
Asponunnamuueckue Tpyosl (AJ[T). Tunsl aspoauHaMuyeckux TpyO MajibIX J03BYKOBBIX
ckopocteil. OcobeHHocTH oOTekaHust mojeneil JIA B 103BYKOBBIX a’pOJAMHAMUYECKUX
TpyOax. BiusHHe MHAYKIMH CTEHOK Ha a’3pOoJMHAMUYECKHE XapaKTepUCTUKHU. CrocoObl
yYMEHbILIEHUsI UHAYKIUHU. Vcronp30BaHne Teopur MOTEHIMATbHBIX TEUEHUH AJis pacuera
3JIEMEHTOB JI03BYKOBBIX TPYO M MHIYKIIUU CTEHOK.

TpaHc3ByKOBBIE a’spoguHamMuueckue TpyObl M uX Tumbl. CrocoObl BOCIIPOU3BEICHUS B
A/IT HatypHbIX uncen Re nonera.

Csepx3BykoBele AJIT. BonHoBoil 3amyck. OCHOBHBIE 3/1€MEHTHI cBepX3BYKOBBIX AJIT.
[Tpo6nema koHAeHcanuu Biary u Bo3ayxa B AJIT.

I'unep3BykoBbie AJIT. Tumbl runep3ByKoBbIX TpyO. VYaapHble U HMITYJIbCHBIE
a’poIMHAMUYECKHE TPYOBI.

OcHoBHbIE (PU3UKO-XMMHUECKHE MPOLIECCHl B BEICOKOTEMIIEpaTypHOM Bo3ayxe. [IpoGiembl
penaKcallMOHHBIX SBJICHUH NpuU OOTEKaHWH MoOJeNied M TNpH TEUEHHUSIX B COIUIAX.
BrIcokoTeMIiepaTypHbI€ YCTAaHOBKH: AJIEKTPOJIYTOBBIE HAarpeBaTeNM ra3a, IUIa3MOTPOHBI,
MI'JI - yckopurenu rasa.

MertpoJiornyeckue 0OCHOBbI H3MEPEeHUH
U3mepenus kak crnocod momydeHus nHpopmanuu o6 okpyxaromem mupe. Pons JI.U.
MenzeneeBa B pa3BUTHN OTEYECTBEHHON METPOJIOTHH.
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CrpykTypa HHGOPMALMOHHO-U3MEPUTEIBHOIO KaHajda M XapaKTEepUCTHKAa OCHOBHBIX
JJIEMEHTOB.

AJMTHBHAs MOZEIIb CUTHAJIA U IOMEXH.

[TpeoOpaszoBanue u3MepsieMon (PU3MIEeCKON BEIMUUHBI B AICKTPUICCKUI CUTHAI, TATUYUKH.
dusnueckue SBICHMS, JIeKallMe B OCHOBE IPeoOpa3oBaHMs JAaTUUKAMU H3MEpSEMbIX
(U3NUIEeCKUX BETUYMH.

[IpeoOpa3oBaHue CUTHAJIOB B HM3MEPHUTEIbHOM KaHasle. CHEKTpajbHbIE XapaKTEPUCTUKU
curHanoB. CHeKTpbI ClIydyallHbIX CUTHAJIOB, IIIyMOBas 110J10Ca KaHaa.

TexHUKa U METOAUKA A3POPU3UYECKUX U3MEPEeHUIT

[TorpemtHocTn  u3MepeHuil. CoydaiiHble IOTPEIIHOCTH  W3MEpPEHUH, HCTOYHMKH,
KONW4YecTBeHHass  oneHka. CiydailHple  IOIPEIIHOCTH  KOCBEHHBIX — M3MEpPEHUM.
JvHamuyeckue norpeHoCTy U3MEpeHui. JJMHaMUYeCKrEe MOTrPEMTHOCTH U3MEPEHU.
Cr1pyKTypa U3MEPUTENBHOIO KaHaja U XapaKTEPUCTUKHU 3JIEMEHTOB.

VHBEpTUPYIOIIUI YCUIIUTENb IEKTPUYECKUX CUTHAiIOB. HewmHBEepTUpPYIOIUK YCUIMTEIb
NIEKTPUUECKUX CHUrHaioB. JluddepeHuuanpHblii yCUIUTENb IEKTPUUECKUX CHUTHAJIOB.
[udposoii uHTErpaTOP.

QWIBTp HU3KOM 4acTOTHI NEPBOro mnopsaxka. OuiapTp HU3KOM 4acTOTHI BTOPOrO HOPAIKA.
[udposoii GpUIBTP MEPBOTO MOPSIKA.

Jluckperusanysi HENPEPHIBHBIX CUTHAJIOB IO BpeMeHH. CHEKTp AHUCKPETHOTO CHUTrHala.
BoccranoBiieHHEe QUCKPETHOTO CUTHANIA, YCIOBHE TOYHOCTHM BOCCTAHOBJICHMs. Teopema
KorenbHukoBa. KOppeKTHOCTh BOCCTaHOBJIEHMsI JUCKPETHOIO CUrHana. Jluckpernsauus u
BOCCTAaHOBJICHUE CUHYCOUIaJIbHOTO CUTHAJIA.

M3MepeHue mynbCUPYIOUIMX [JaBJICHUM, OCHOBHBIE TpeOOBAaHUSA K XapaKTepUCTUKAM
JATYMKOB. JIMHAMMUYECKHE XapaKTEPUCTUKH NAaTYMKOB JJISi U3MEPEHMs IYJIbCUPYIOIIHX
napieHuil. YactoTHele M (a30Bble HMCKaKEHHs, BO3HHUKAIOIIME TP H3MEPEHUU
NyJbCUPYIOLIUX [aBJICHUN JaTuvKamMu. BiusHue BO3AYIIHOIO KaHaja Ha YacTOTHBIE
XapaKTEPUCTUKU AATYUKOB JJIsl U3MEPEHMSI ITYJIbCUPYIOINX J1aBICHUMH.

H3mepenne cyMMapHBIX H pacnpee/JIeHHbIX 23POANHAMHYECCKHX HAIPY30K

Ocu xoopauHat. AspoarHaMudeckue K03 PUIMEeHTHI.

VYnpyrue 31eMeHThl TEH30METPUYECKHX BECOB JJIi U3MEPEHUs MpOJI0JbHON, OOKOBOM,
HOPMAJIBHOW a9POJIMHAMHUYECKUX CHJI | MOMEHTOB TaHIa)a, KpeHa W PhICKaHMUSL.
[IlecTUKOMIIOHEHTHBIE BHYTPUMOJIEIBHBIE BECHI, BIUSHUE TEMIEPATYphl U METOJBI
CHIDKEHUS TEMIIEpaTypHOH NOTPEIIHOCTH.

JlnHamnueckne XapaKTepUCTUKHU BECOB.

Pa3BuTHe MHOroTO4YEUHBIX NPUOOPOB MAJISl ONPENEIICHUS PpacHpeleeHUs] AABJICHUS I10
MOJEIISAM.

MuHuaTIOpHbIE BHYTPUMO/IETIbHBIE JaTYUKH JABJIEHUS, YCTPOUCTBO, IPUHLIUIT JEHCTBUS U
OCHOBHBIE XapaKTEPUCTHKHU.

JaTuuky U1t n3MepeHus MyJIbCalluil TaBICHHUS.

be3npeHa)kHbIII  MAHOPAMHBI  METOJA  ONPENEJICHUS  PACIpENEICHUs  J1aBJICHUS.
JIroMMHECHEHIIUA KpacUTeleH, XapaKTepPUCTHKH JIIOMUHECLIEHTHOIO IpeoOpa3oBaTels
nasyieHus. [IpyHIMIBI BO30OYKACHUS U PETUCTPALIMH JTIOMUHECHEHIINUH.

HN3mepenne reMnepaTrypsl H TeIJIOBbIX I0TOKOB

KoHTakTHBII ¥ OECKOHTAaKTHBIA METOABl HW3MEpPEHHsI Temmeparypsl. H3mepeHue
TEMIIEpaTyphl I'a30BBIX TOTOKOB, MHEPLIUOHHOCTb IIPUEMHUKOB TEMIIEPATYPHI.

Onrrueckre METOAbl M3MEPEHMS TEMIEPATYpPbl Ta30BbIX ITOTOKOB M TEMIEPaTyphl
IIOBEPXHOCTU MOJEIIEH.

Meron perynspHoro pexuma. KamopuMmerpuyeckne MaTdyMKH TEIUIOBBIX ITOTOKOB.
MukpokanopumMeTpsl c AHU30TPOIHOU TEIJIOU30JIALIMOHHON BTYJIKOM.
TepMouyBCTBUTENBHBIE TOKPBITHSL.
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N3MepeHne TEMIOBbIX TOTOKOB B THUIIEP3BYKOBBIX YCTAHOBKAaX KPaTKOBPEMEHHOIO
NENCTBUSL.

Teopust aBTOMAaTHY€ECKOI'0 PEryJIMPOBaHUsA U YIIPABJICHUA

Pemenne nuddepeHnranbHblX ypaBHEHMH COCTOSHUS JIMHEHHbIX cucreM. Ilepexonnas
MaTpHIla U MaTpUYHas nmepexoaHas (pyHKIHsI.

VYrpaBisieMoCTb JIMHEHHBIX CUCTEM C IIOCTOSHHBIMU napaMeTpamu. KaHoHndeckas gopma
ynpasisgeMmoctu. CtabunusupyeMocts. MaTtpuunasi nepefaroutas GyHKIHS W 4aCTOTHAs
XapaKTEPUCTUKA CUCTEMBI.

CBsi3b MMIYJIBCHOM NEPeXOAHON (YHKIMH, TNEpPeJaToyHoOr (YHKIMH M YaCTOTHOU
XapaKTepUCTUKH cucTeMbl. HysM 1 IOIr0Chl MATPUYHBIX NTEPEJATOUYHbIX (QYHKIUI.
YCTOHYMBOCTh aBTOMATHYECKUX CHCTEM. AJreOpanyuecKue KPUTEPUU YCTOWYHBOCTH.
['panuna ycTo4ymBOCTH.

Kpurepuii Payca-I'ypsuna. Kpurepuit Muxaitsioa nu HalikBucra.

OnTumMalbHOE  BOCCTAHOBJIEHHE  COCTOSIHUS — JUMHEHHBIX  cucTteM. OnTuMalbHBIE
HaOJII0AaTeNH.

CroxacTuyeckuii moaxo K 3aaauye HaOmoaeHus. HTerpaiabHas kBajgpatudyHas GopMma Kak
Mepa ONTHUMAJIbHOTO HAOI0AaTENs.

JuddepenunanbHoe ypaBHEHUE JUIsI MaTPULbl JUCIEPCUNA OIIMOKM BOCCTAHOBIICHHMS.
CrtpyKTypa ¥ yCTaHOBUBILMECS CBOWCTBA ONITUMAJILHOTO HAOII0AATES.
JletepMuHupOBaHHas 3a/1a4a JMHEHMHOIO ONTUMAJIBLHOTO ynpasieHus. IlocranoBka 3amaun
onTuMu3anuy. MHTerpasbHbld KBaAPATUYHBIA KPUTEPHUM ONITHMAIBHOCTH.
JuddepenunanbHoe ypaBHEHHE JIIs1 MATPULbl ONTUMAIBHBIX KO3()PULIMEHTOB yCUIICHHUS.
CroxacTtuyeckue 3a1a4u JINHEHHOTO ONTUMAJIbHOTO PEryJIMpPOBaHUS.

CuHTE3  CTOXacCTMYECKOrOo  JHMHEHMHOro  ONTUMaibHOro  peryisaropa. Crpykrypa
ONTUMAJIBHOI'O PETyJIATOpA.

Cay4aiinble npouecchl

Onpenenenne cinydailHoro mporecca ((QpyHKIMH), 3aKOHOB H MOMEHTOB e€ro (ee)
pacnpeneneHus.

Buzpl ¥ TUIIBI CiTydaiiHBIX TPOLIECCOB: IUCKPETHBIE, HETIPEPhIBHO3HAUHBIE, CTAllUOHAPHBIE,
HOpMaJIbHBIE, MAPKOBCKHE.

Cnoxenue,  auddepeHUUpoBaHHE,  UHTETPUPOBAHME  CIY4YalHBIX  IPOIECCOB.
Dprouyeckoe CBOMCTBO CIIy4alHbIX MporeccoB. CriekTpaabHas MIIOTHOCTb.
[TpeoOpa3oBaHue ciy4aiHBIX MPOLECCOB JIMHEHHBIMM U HEIMHEHHBIMH TUHAMUYECKHUMHU
cucreMaMy. MeTos KOppeNsIIUOHHOW MAaTPHUIbI M CTATUCTHYECKON JIMHEAPU3aLliH.

O01mas Teopust U3MepeHU i

TodyeyHsle MeTOABI OLIEHKM TMapaMeTpoB  pachpeneieHuit  (MeToag  MaKcuMyMa
MpaBI0N0/1001sl, METOJ MOMEHTOB, METO/I HAMMEHBIINX KBaJIPaToB).

JloBepuTENBHOE OLIEHUBAHUE TAPAMETPOB HOPMAJIBHOM JINHEHHOW PETPECCHUM.

[TonsiTne cTaTucTUyecKoi rumoTe3sl. OOIIMI METO/ TOCTPOSHUSI KPUTEPUEB COTIIACHS.
OOw1ast MHEHHas TMIoTe3a HOpMaJIbHOM perpeccu. ONTUMAaNbHbIE OLIEHKH H3MEpSIeMbIX
CKaJISIPHBIX BEJIMYMH C U3BECTHBIM 3aKOHOM PACIIpe/IeTIeHHUS.

[TonsTHEe O IM(PPOBBIX METOJAX aHAU3a BPEMEHHBIX Psl0B ((puiabTpamms, criakKuBaHHe,
OIIEHKa KOBapUallMOHHON QYHKIMH U (PYHKIIUHU TUIOTHOCTH CHEKTPA).

[TocraHoBKa 3amauM  IUIAHUPOBAaHUS  OKCIEPUMEHTAa IO  OLEHKE [apaMeTpoB
PErpecCUMOHHON MOJIEIH.
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JleTHble uccie10BaHUSA
. Ponp neTHBIX MccienoBaHU B CO3JaHUM aBUAIMOHHOW TeXHUKH. OTnepexaroniue JeTHhIE
UCCIIEIOBaHMs 1O (POPMHUPOBAHUIO OCHOBHBIX KOHLEMIUN CO3JaHUSl TMEPCHEKTUBHBIX
JIeTaTebHBIX amapaToB.
HccnenoBanuss mno mpoOieMaM — a’pOJAMHAMUKH, YCTOWYMBOCTH, YIPaBISIEMOCTH,
MaHEBPEHHOCTH u Jp. Jleraromue 1abopaTopuu, CaMOJIEThI-aHAIOTH, JICTAFOIINE MOJICITH.
HNudpopmanmonHoe obecriedeHre JETHOrO SKclepuMeHTa. M3mepurenbHbIE CPEaCTBa.
HeoOxomuMebIii cocTaB M3MEPSIEMBIX MMApaMETPOB M XaAPAKTEPUCTUKH HWH(OPMAIIMOHHO-
U3MEPUTENIbHBIX CUCTEM TP PA3IUYHOTO POJAA JETHBIX UCCIIEI0OBAHUSX.
OcCHOBHBIC THUITBI JAaTYUKOB TEepBUYHONW HHPopmaruu. CTaTU4YecKHe U TUHAMHUYCCKHE
XapaKTePUCTUKHU JATYUKOB U UX BIMSHUE HA METOIMKY BBIIIOJIHEHUS IKCIIEPUMEHTA.
Cucremsl coOopa u nepenaun nHGOpMaUU. PainoTeXHUYECKUE W OMTUYECKUE CPEACTBA
BHEIIHETpaeKTOpHBIX u3Mepenuii (BTHN).
Hcnonp30BaHnEe CITYTHUKOBBIX TEXHOJOTHUH M JICTAIONIUX CAMOJICTHBIX HM3MEPUTEITHHBIX
KOMILJIEKCOB B ri100ainbHbIX cuctemax BTH.
Hogseie nHpopmanroHHbie TEXHOJIOTHH: 0a3bl JAHHBIX, 0a3bl 3HAHWH, WH()OPMAIIMOHHO-
CIIPaBOYHBIE U SKCIIEPTHBIE CUCTEMBI. | T00anbHbIe HHPOPMAIIIOHHBIE CETH.
ObecnieueHne 0€30NaCHOCTH JIETHOTO 3KCIIEPUMEHTA. TEXHUYECKUE CPEACTBA U METO[bI
MOBBILICHHS OE30MACHOCTU TOJIETOB: CUTHAIU3AaTOPbl M WHIUKATOPHI OMACHBIX PEKUMOB;
BEIOOp OTpaHWYEHUN Ha MapaMeTphbl IABWKCHHS; ITOCIICIOBATCILHOCTh BBITIOJHEHUS
pexxuMoB. OcoOble yKa3aHUs SKUTIAKY.
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Pa3znes «A3poauHaMHUKa U MPOLECCHI TEMJI000MEeHA JIeTATeJIbHbIX aNapaToB»
YACTbS I

[TporpaMmma opueHTHpOBaHA Ha Kadeapsl a3podu3nIECKOro U JEeTHOT0 IKCIePUMEHTA,
razoBoi JMHAMHMKH, TOpPeHHS W TeIJI000MeHa, TeOpeTHYEeCKOH M TMPHUKJIATHON
a3POruIpoMeXaHuK, KOMIIbIOTEPHOT0 MO/1eJIUPOBAHNS, (PU3NKH 10JIeTA.

1.  OcHoBbI TEOpETHYECKON A3POAUHAMUKH

1.1. Cunosoe so3deiicmsue cpedvl Ha Osudcywuecss meaa. OCHOBHbIE NOHAMUSL, ONpeOeeHUs,
eunomesul. JIBI>KEeHUE JeTaTenbHbIX annaparoB (JIA) B criomHoil cpene, cCuiioBoe BO3/IEHCTBHE
cpensl. OCHOBHBIE MapaMeTphl raza, XapakTepusyrolue ero cocrosHue. CKUMaeMOCTh rasa.
Bsskocth. I'mmore3a cCriomHOCTH. [JIaBHBIM BEKTOp a’pOAMHAMHYECKHX CHJI, MOMEHTA,
NoHATHE O IeHTpe naaBieHus. OOmiee BbIpaKEHUE I adPOAMHAMHYECKON CHIIbI (Teopus
pasMepHOCTEeH U 1Moxo0us), a3pOJMHAMUYECKUX KOA(PPHUIMEHTOB CHJI U MOMEHTOB. Kpurepuu
nonobusa. Ywmcima M u Re. Hanpsokenume tpenms. I'mmortessl TypOyneHTHOcTH. OOmmas
XapaKTEPUCTHKA a9POAUHAMHYECKUX KOIPPHUIIMEHTOB.

1.2. Ocnosnvie ypasnenus coxpanenus aszpoouHamuxu. MeToabl UCCIEAOBAHUS IBUKCHUS
raza. Meroas! Jlarpanxa, Ditnepa. [loHsiTHe TUHUM TOKAa U TPAGKTOPUU ABWXKEHUs. [[BrkeHue
*Kuako yactunpl. [loTeHunanbHoe U BuXxpeBoe TeueHus. Teopema ['enpmronbua. OcHOBHBIC
ypaBHEHHsI a’poauHaMuKku. Mccnenyemas cuctema Gu3ndeckux Tes. Moaenu >KuaKocTH (rasa).
VpaBHEHUS] HEPa3pbIBHOCTH Ui I-ii KOMITOHEHTHI Ta3za (mias cmecd). HHTerpaibHas |
muddepennmanbaas  Gopmel  3ammcu.  YpaBHenne Hasbe—Crtokca. uddepenunanbubie
YpaBHEHHUS [BIKEHUS HEBS3KON XKUAKOCTU (ypaBHEHUs Dilnepa). YpaBHEHHs] dHEPrUH s
KOHEYHOTO W OECKOHEYHO Majoro OOBEMOB. YjAenbHas SHEPrusl BAOJNb JUHUHM TOKAa IS
HEBS3KOM JKUAKOCTH B yCIOBHsX anuabatuyeckoro TedeHusa. OO6oOmeHHas ¢dopMa 3amucu
YPaBHEHUH COXpaHEHMsI a’pora3ofMHAMHMKH. YPaBHEHUE COCTOSHUS COBEpLIEHHOIO U
peanbHOTO ra3za. IHTerpanel ypaBHeHus ABMWKeHHA. (CucTeMa OCHOBHBIX YpaBHEHHUH.
Havanbhble u rpanuunble ycnoBus. COBpEMEHHBIE YUCIIEHHBIE METOJbl PEIECHUS YpaBHEHUMU
Oitnepa, HaBbe—CTOKCa U MX ACUMIITOTUYECKUX MOJICIICH.

1.3. OonomepHoe uzsumponuueckoe ycmanogusuieecss meyeHue 2asa. PacrpeneneHne Maibix
BO3MYILEHUH B razoBoil cpene. COOTHOLIEHNE MEXAY CKOPOCTBIO TEUEHHS raza M IIOLIAAbIO
ceuenus. [lapamerpsl raza npu u3sHTponuueckom TeueHuu. OTHocuTenbHble ckopoctu (M, [ [
Cr) u ux B3auMocBsA3b. KpuTudeckue 3HaueHus NapamMeTpoB. BiusHue c)xuMaeMoOCTH Ha
JaBJIeHHE TOpMOKeHUs. ['a3oquHamMuueckue QyHKIUY.

1.4. Teopus ckauxoe yniomuenus. Ilpupoga yaapHBIX BOJH—CKAyKOB YIUIOTHEHHS. CXxeMbl
pacuera napameTpoB MOTOKa Ha CKAayKe YIUIOTHEHUsS. Teopusi MpsMOro CkKayka YIUIOTHEHUS.
CucreMa OCHOBHBIX YPAaBHEHMM IS Cilydas IOCTOSIHHBIX TEIJIOEMKOcTed. Pacuer mapamerpos
ra3a nocjie ckauka yrioTHeHus. [Iporecchl yiapHOro u U33HTPONUYECKOro cxxkatus. Vi3meHenue
DHTPONMM HAa CKadKe YIUIOTHEHMs. [lapameTpsl TOpMOKEHUS 3a MPSAMBIM CKauKOM YIUIOTHEHHS.
Teopust KOcoro ckauka yIUIOTHEHHUs (MOCTOSIHHBIE TeruioeMKkocT). CucTtemMa OCHOBHBIX
ypaBHEHMH. YTron HakiloHa (poHTa ckauka YyIiioTHeHHsA. CKOpOCTb, JaBJIE€HHE, IUIOTHOCTb,
TEeMIepaTypa 3a CKauykoM YIJIOTHEHHus. YnaapHas nosspa. Cucrema ypaBHEHM M alrOpUTM
pacyera mapaMeTpoOB IIOTOKA 3a CKAauyKOM YIUIOTHEHHS C Y4YeToM (U3UKO-XUMHUECKUX
npespatieHnii. BnusHue Gu3NKo-XMMHUYECKUX MpeBpallleHuil B ra3e Ha rmapameTpbl TEUeHHs 3a
CKAauKOM YIUIOTHEHHUs. OTpa)keHHe CKauKoOB YIUIOTHEHHUS OT TBEpJIOW M CBOOOJHONM TpaHMII.
B3auMopeiicTBue CKayKOB YIUIOTHEHUsA. B3auMMoIeHCTBHE CKauyKOB YIUIOTHEHHMS C BOJIHOM
pa3psLKEHHUS.

1.5. Memoowvr xapaxmepucmux u auxeapuzayuu. OCHOBHOE KHHEMAaTHUECKOE YypaBHEHHE
a)pPOAMHAMUKM M METOABl ero pemieHus. Metonq xapaktepucTuk. 3agada  Komm.
XapakTepUCTUKH B IUIOCKOCTSIX MOTOKa W rojorpada ckopoctu. CBoMCTBa XapaKTEPHUCTHUK.
Pemtenne ypaBHEHHMI XapaKTepHUCTHUK B IUIOCKOCTH Tojgorpada cKopocTd. THUNHMYHBIE 3a/aud



pelaeMble METOJIOM XapaKTepucTHK. YUucneHHoe U rpaduueckoe pemienue 3anad. OOTekaHue
CBEPX3BYKOBBIM IIOTOKOM HM3JIOMOB MMOBEpXHOCTEH (Teuenue [Ipannris—Maiiepa).

Teopuss manbIx BO3MyILIEeHUW. JIMHeapu3anMsi OCHOBHBIX YPaBHEHUW IWHAMHMKU HJI€AJIBHOTO
rasa. Pemenns nuHeapu30BaHHbIX YPAaBHEHUM ra30BOM JUHAMUKH.

1.6. Buxpesoe u nomenyuanivhoe O08UdCEHUE UOCANbHOU HeCcHcUMaeMmol cpedvl. BuxpeBbie
JBIDKEHUSI B UJleaIbHOM crutoutHoi cpene. [lonstue o mupkynsauuu ckopoctu. Teopema Ctokca.
Teopema KenbBuna. Teopema ['enbmroisbia. OnpenesieHUE MOJsS CKOPOCTEH MO 3aJaHHOMY
noiito Buxpei. O6o6mmenne nonst buo-Casapa. CkopocTy, HHIYIIUPOBAHHBIE BUXPEM (OTPE3KOM
BUXPEBOIO IIIHYpa, BUXPEBBIM KOJbIOM). B3aumonelicTBue BUXpS C JABHXKYILIEHCS CpEIoOH.
[1;mockoe noTeHnuManbHOe JBUKEHUE UICATTbHOM HEC)KUMAEMOM CPEJIbI.

Meton noTeHIMaIbHBIX MOTOKOB. KOMIIJIEKCHBIM MOTEHIHAT U KOMIUIEKCHAss CKOpocTh. CBs3b
IUIOCKOW W TUAPOJMHAMUYECKON 3aJa4d ¢ Teopued (QYHKIUH KOMIUIEKCHOTO IEPEMEHHOTO.
[Ipocreiimme TUIOCKHE TOTCHIMAIBHBIC IMOTOKUA (MPSAMOJIUHEHHBI pPAaBHOMEPHBIH IOTOK,
TEUEHUE BHYTPU MNPSIMOTO YIJIa, UCTOYHHUK M CTOK, AMIOJb, BUXPb). becUUpKyIsIIMOHHOE U
MUPKYJSIITUOHHOEe 00TeKaHus Kpyrioro mwmHapa. [lapamokc Dunepa—/lanambepa. Cunbl u
MOMEHTHI, JCUCTBYIOIIUE HA LUIUHADP TMpaBuibHOW Qopmbl. Dopmynbl  KykoBCKOTO—
Yanueiruxa.

1.7. Hoepanuunwiii crou. AuddepeHnnansHoe ypaBHEHHE JJAMHUHAPHOTO TIOTPAHUYHOTO CIIOS.
JlaMuHapHBII NOrpaHUYHBIA CJIOM Ha IUIOCKOW IJJACTUHE B HECKUMAEMOM IIOTOKE W IpHU
00abImIMX CKOpOCTSIX. JIaMHHApHBI NOTPaHUYHBIA CION IpH rpaaueHte nasiaeHus. Cnaboe u
CUJIbHOE B3auMo/ieiicTBue. YueT 3¢ dekToB BToporo nopsjaka. [lpubnmkenHsie METOAbI pacuera
JaMHHApHOTO IOrpaHu4Horo ciuosi. Ilepexon mnaMMHApHOrO MNOTPaHMYHOIO CJIOSA B
TypOyneHTHBIN. TypOyleHTHBIN MOrpaHUYHbBIN CII0I. YpaBHEHUSI OCPEAHEHHOTO TYpOYJIEHTHOTO
norpanuyHoro cnosi. Hampsixenue PeitHonbrnca. OTphIB TaMUHAPHOTO U TYpOYJIEHTHOTO CIIOSI.
MeToabl SKCIIEpUMEHTAIILHOIO UCCIEA0BAHUS NIEPEX0Aa U OTPhIBA.

1.8. Aspoounamuka eunepsgykosvix ckopocmeil u paspexcennozo eaza. OOmme CBOWCTBA
TUIIEP3BYKOBBIX T€UEHUU. [ Mnep3ByKkoBasi TEOpUsl MallbIX BO3MYILEHUN. | unep3BykoBasi Teopust
Heiorona—Dby3emana. Biusaue Qpu3nKo-XMMHUYECKHUX MPOIECCOB HAa OOTEKaHWE 3aTYIUICHHBIX
T€Jl CBEPX3BYKOBBIM M T'MIIEP3BYKOBBIM NOTOKamu. [IOHATHE paBHOBECHBIX, HEPABHOBECHBIX U
«3aMOpPOKEHHBIX» TEUEHUH. XapaKTepHble OCOOCHHOCTH TEUEHUH c€1ado pa3pexeHHOro rasa.
CBoOonHomonekynsipHoe oOTekanue ten. Ywucno Kuyrncena. Mopenu B3auMoneiCcTBUS
CBOOOHOMOJIEKYJISIPHOTO TIOTOKA C JIETAaTEJIbHBIM aIlllapaToM.

2. A’poaMHAMHKA JIeTaTeJbHBIX aNlapaToB

2.1. Aspoounamuxa kpvina. [Ipodunb M KpbUIO KOHEUYHOTO pa3Maxa B MOTOKE HEC)KUMaeMOM
KUAKOCTU. Teopusi TOHKOro mpoduist. ASpoAMHaAMUYECKUE XapaKTepUCTHKH mpoduineii. Kppiio
KOHEYHOI'O pa3Maxa B IOTOKE HEC)KUMAEMOW XUAKOCTU. Teopusi BUXpPEBOW HECYLIEW HUTH.
Teopust Hecymiell MmoBepxHOCTU. Pacuer a’polMHAMUYECKHX XapaKTEPUCTHK HpPHU OOJBIIMX
yriax ataku. OcoOEHHOCTH pachpeesieHUs Harpy3Kd Ha KpbUIbsX pa3HOW (OpMBI B IUIAHE.
TeopeTnueckre U IKCIIEPUMEHTAIIbHBIE UCCIIEI0BAaHUSI TOHKUX KPbUIbEB MAJIOTO YJUIMHEHUS NPU
OOJBIINX yIiIaX aTaKH ¢ y4ETOM OTpbIBa OTOKA.

[Tpodune 1 KpbpUTO B JO3BYKOBOM IMOTOKE CKMMaeMoro rasa. JIuneitHas teopust kpouia. Csi3b
MEXIY a’pOAMHAMHUYECKHMH XapaKTEPUCTUKaMU KpbUIa B CXHUMAcMOM M HEC)KHMaeMOM
MOTOKAX.

[Tpoduib n KpBUIO IPU OKOJIO3BYKOBOM ckopocTH. Kputnueckoe uncino Maxa. 3akoHbI 000U
IIPU OKOJIO3BYKOBBIX TEUEHUSX. ADpOIMHAMUYECKNE XapaKTEPUCTUKH NMPoPUIIel U KPbLIbEB MpU
OKOJIO3BYKOBBIX CKOPOCTSIX.

[Tpodune U KpbUIO B CBEPX3BYKOBOM MOTOKE. TOHKasl IJjacTMHAa B CBEPX3BYKOBOM IIOTOKE.
JluneliHast TeOpHUs TOHKOTO MPOQHIIS U KpbUIa KOHEYHOTO pa3Maxa B CBEPX3BYKOBOM ITOTOKE.
Meton ocobennocteil. Tonkuit mpoduiab B THIEP3BYKOBOM MOTOKE. A’3pOAMHAMHYECKHE
XapaKTEPUCTHKHU KPBUILEB IPU CBEPX3BYKOBOI CKOPOCTH.



AdpoaHAMHYECKHE XapaKTePUCTHKU KPBUILEB M ONEPeHHH C OTKIOHEHHBIMU PYJIEBBIMU
MOBEPXHOCTAMH. ASPOJMHAMUYECKHE XapaKTEPUCTHUKU KPBUIbEB C MeXaHu3auueu. BausHue
dopMbl Kpbula Ha OS(PPEKTUBHOCTH MeXaHH3ALUH. ASPOJMHAMHYECKHE XapaKTEPUCTUKH
ONEPEHUS IPU OTKIIOHEHHBIX pyisiX. [llapHupHbIEe MOMEHTHI PYJIEBBIX TOBEPXHOCTEH.

2.2. Aspoounamuxa xopnyca remamenvHoz2o annapama. Kopmyc nerareiabHOro amnmnapara mpu
JI03BYKOBBIX U CBEPX3BYKOBBIX CKOPOCTSX. A3POJIMHAMUUYECKUE XapPAKTEPUCTUKUA KOPIYCOB MpU
JI03BYKOBOH CKOpocTH. OO0TeKaHHe IPH OKOJIO3BYKOBOM ckopocTd. Kputnueckoe uncio Maxa.
AdpOoaMHAMHUYECKUE XapaKTEPUCTUKU KOPIIYCOB IIpU OKOJIO3BYKOBOH ckopocTH. Konyc B
CBEPX3BYKOBOM IOTOKE. 3aTyIJICHHBIH KOHYC B CBEPX3BYKOBOM IMOTOKE. 3a0CTPEHHOE TEJIO B
CBEpPX3BYKOBOM IIOTOKE. 3aTyIUIEHHOE TEJO BpalleHUsT B CBEPX3BYKOBOM  IIOTOKE.
AdpoaHaAMHUYECKHE XapaKTepUCTUKU KOPIYCOB H MOTOTOHJION C BO3AYyX03a0OpHUKAMHU.
OOTekaHue 3aTyIUICHHBIX TEJ TUIEP3BYKOBBIM MOTOKOM. BiMsiHuEe CBONCTB peaibHOro raza Ha
A’POIMHAMUYECKUE XapaKTEPUCTUKH TEJ IPU TUIIEP3BYKOBOU CKOPOCTH.

2.3. Aspoounamuueckas unmepghepenyus. llpupona a’>poAMHAMHYECKON HWHTEPPEPEHIIHH.
[TonpemHas cuiia KOMOMHAIMKM KOpIyca W KpbuUla. BiusHue yria kpeHa Ha MHTephEepeHIHIo
MEXIy KOpIrycoM u KpbutoM. KpecrooOpaznas komOuHarus. MHTepdepeHIns MeXIy KPbUIOM U
onepenrieM. Oprassl ynpasieHUs. ASpOJIUHAMUYECKHUI pacyeT pyneil.

AdpoauHaAMHUECKUE XapaKTEepUCTUKH JeTareiabHoro anmapara. [logbemHas cuna, jgo0oBoe
conpotusiieHue. [lonspsl nmepBoro U BTOporo poga. MoOMeHThI TaHTaka W pbICKaHUS. MOMEHT
KpeHa. A’poAMHAMMUYECKHUE XapaKTEPUCTUKU JIETATEIbHOIO ammapara co B3JIETHO-II0CA0YHON
MexaHu3anuen. BisHue 3emiu.

2.4. Aspoounamuueckue XapakmepucmuKky HeCywux 6UHmMos 6epmojema U NpOneilepos.
Hecymuii BUHT B peXHMax BEPTHKAIbHOIO B3JI€Ta U CHUKEHHS. PeXXUM BHXPEBOro KOJIbLA.
Camospamenue. Hecymuii BUHT B pexkumax Kocoro obOtekanus. Cuiia TiIru, MpomyibCUBHas
CWJIa, MOIIHOCTh. MaxoBoe nBmwkeHue Jjomacteil. OOayBKka Kopmyca BepTojieTa HECYLIUM
BUHTOM. CriocoObl co3aHMs yNpaBisONIMX MOMEHTOB. MneanbHblit npomnemiep. Kpurepuu
nonobusi. BunToBbIe AuarpamMmbl. B3anmo3aBUCUMOCTD MEXKIY CHUJIOW TSITM U MOUIHOCTHIO.
[Tonernsiit u otHOCcUTENbHBINA KII/[ peansHoro BunTa. Buxpesas Tteopus npormnesiepa. CoocHble
BUHTHI.

3.  Ilpoueccsl Tenjioo0MeHa JieTaTeJbHbIX ANNAPATOB

3.1. Tpenue u mennooomen. JlaMUHAPHBIA TETJIOOOMEH TIPU BBICOKMX CKOPOCTSIX U
Temreparypax. 3aKkoOHbl HOJOOMS B 3ajayax TeriooOMeHa. VHTerpajbHblE XapaKTEPUCTHKH
MOTPaHUYHOTro ciiosl. TernynooOMeH Mpu MajblX CKOPOCTSIX B MOIPAaHUYHOM CJIO€ HEC)KMMAaeMOM
KUAKOCTH. KoapduimenTs! TerooTaayn npu 00JbIuX CKOpPOCTsaX. CBsI3b MEXIY TPEHHUEM U
teriootnadeit. [lepexon namMmuHapHOro tedeHus B TypOysneHTHoe. TypOyneHTHBIH Ternioo0MeH
IPU BBICOKUX CKOPOCTSX M Temmeparypax. [IpubmmkeHHble Teopuu TypOyJIEHTHOTO JIBUKEHHUS.
[TpuOam>XeHHbIE METO/IBI pacyeTa TeIIooOMeHa B TypOYJIE€HTHOM MOTPaHUYHOM CJIOE.
TennmooOMeH mNpu XHMMHUYECKUX peaklusX B HorpaHudyHoM cioe. Jluddepennuanbabie
ypaBHeHUs 1updy3un Uil TJaMUHAPHOTO MOTPAHUYHOIO CJI0S B CMECH pearupyromux Ia3oB.
YpaBHeHue odHepruu. XUMHUYECKH PABHOBECHBIM  MOTPAaHUYHBIA  CIHOW. XHMMHUYECKH
HEPAaBHOBECHOE TEUEHHE Ha KaTalUTU4YeCKOl cTeHke. Pacuer TeriooOMeHa B pearupyrouiem
rase.

TemiooOMeH Ha MOBEPXHOCTH JIeTaTeNbHBIX allllapaToB MpU TPEXMEPHOM 00TekaHUU. TeueHue B
TPEXMEpHOM TOorpaHuyHOM cioe. JuddepenianbHoe ypaBHEHHE TPEXMEPHOTO MOrPaHUYHOTO
cnos. Jlunun pacrekanus. Pacuer TemiooOMeHa Hpu TPEXMEPHOM JAMHUHAPHOM TEUYEHUH B
norpaHu4HoM ciioe. COBMECTHOE BIIMSIHUE ByBa U IIEPOXOBATOCTH Ha TeriooOMeH. TeueHue B
OTKPBITBIX 30HaX. [lorpaHu4HbIE CIOM B HEOJHOPOAHOM BHEIIHEM MOTOKE.

TenmooOMeH B paspekeHHOM Tasze. Teopus TemaooOMeHa B pa3peKeHHOM rase. Pexumbl
TETJIOBBIX M JUHAMHUYECKUX MPOIECCOB. TermiooOMeH B CBOOOTHOMOJICKYIIPHON U MIEPEXOHON
00JacTSIX TEUCHUSI.

MeTo1b1 SKCIIEpUMEHTAIBLHOTO UCCIIeI0BAaHUS TEIJIO00MEHa.



3.2. Tennonepeoaua 6 s1emenmax KOHCMpYKyuu Jjaemamenvhvlx annapamog. (OCHOBHBIE
MOHATHUA W  YpAaBHCHHA TCOPUHU  TCIJIOIMPOBOIHOCTH. KpaeBLIe ycioBusa B 3aadax
TEIUIONPOBOAHOCTH. MeTonbl pelieHus 3a1ad TeIUIONPOBOJHOCTH. AHAINTHYECKUE METOJBI.
UYucneHHOE pellleHHe 3aJauyd TEIUIONPOBOAHOCTH MoJenupoBaHUE TEMIEPAaTYPHBIX MHOJEH.
[lepeHoc Terna u3MydeHUs K JIETaTEJbHBIM amlaparaM U BHYTPU 3JIEMEHTOB KOHCTPYKIIMH.
OcHOBHBIC OTpEJCIeHUsT W YPaBHCHHS TEIUIOOOMEHA W3Iy4eHHEeM. MEeTOoNbl pelieHus
yYpaBHEHMH 1miepeHoca u3NydeHHsd. TemnooOMeH U3Iy4eHHEeM BHYTPH IOIVIOIIAOLIEH,
M3JIy4aroUle M pacceuBaroled cpenbl. TemmneparypHble 108 B TOHKOCTEHHBIX JIETATEIbHBIX
anmaparax. HarpeB u oxyaxiaeHue Tela € OJMHAKOBOM IO 00BEMY TeMIIEpaTypOM.
AbspoauHamMuueckuil HarpeB oOwUMBKM. HepaBHOMEpHOE pacupeleneHue TeMIepaTypbl IO
IIOBEPXHOCTH TOHKOCTEHHOW KOHCTpyKuuu. TemmepaTypHble TOIsI B MOAKPEIIEHHBIX
KOHCTPYKIUSAX.

3.3. Tennosasa 3awuma nemamenvHulX annapamos. MeTonbl TEIIOBOM 3amuThl. TuIisl
TEIUIO3AIUTHBIX ~ MarepuasioB. IlepeHoc Temsia BHYTpUM  TEIUIO3ALUTHBIX  MOKPBITHI.
Tepmuueckoe CONPOTUBIEHUE €0 TepMousossauuu. HectanmoHapHas TemIONPOBOAHOCTh B
MHOTOCJIOMHBIX KOHCTPYKIHAX. HpI/I6JII/I)KeHHBIC MCTOABI pacy€Ta Harpe€Ba TOHKOCTCHHBIX
KOHCTPYKLUH € TEepMOM30JALUeH. ASpPOTEPMOXUMHMUYECKOE pa3pylIeHUEe TEePMOHU3OJISALMH.
MeTOIIBI OKCIICPUMCHTAJIILHOT'O HMCCICAOBAHUS TCIJIO3aIUTHBIX HOKpI)ITI/Iﬁ n MarcpuajioB,
IPUMEHSEMbIX B JIETAaTEIbHbBIX allaparax, B YCIOBUSAX MHTEHCUBHOIO TEIJIOBOTO BO3JEHCTBHUS.
MeTtoap! 1 0COOEHHOCTH TETUIOBBIX HCIIBITAHUI KOHCTPYKIIUHN JIETATEIBHBIX allllapaToB.
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Teopust aBTOMaTH4Y€CKOI0 PeryJ1MPOBaHUSA M YIIPABJICHUSA

Pemenne nud¢depeHnnanbHbIX YpaBHEHHH COCTOSHHUS JIMHEHHBIX cucteM. [lepexomHast
MaTpulla U MaTpu4Hasl nepexoanas GpyHKuus.

YpaBisieMOCTh JTUHEHHBIX CUCTEM C MMOCTOSHHBIMU NapaMeTpamu. KaHoHuueckas gopma
ynpasisiemoctd. Ctabuian3upyeMoctb. MarpuuHas nepeiaroutas QyHKIMS U 4acTOTHAas
XapaKTEPUCTUKA CUCTEMBI.

CBsI3b MMIYJIBCHOH TIEpeXOAHOW (YHKIMH, NepenaTouHor (YHKIMH W YacTOTHOU
XapaKTePUCTUKU CUCTeMbI. Hyl 1 IOMIOCH MATPUYHBIX MIEPEIATOYHBIX (YHKITHIA.
YCTOWYMBOCTh aBTOMATHYECKHX CHUCTeM. AuireOpandeckue KpUTEPUH YCTOMUMBOCTH.
I'paHnnia yCTOMYHUBOCTH.

Kpurepuii Payca-I'ypBuna. Kputepuit Muxaitnosa u HalikBucra.

OnTumanbHOE  BOCCTAaHOBJIEHHE  COCTOSIHUS  JIMHEHHBIX  cucrteM. OnTuMalbHbIE
HAOJIFOJATENH.

Croxactuyeckuil moaxoA K 3ajnade HabmoaeHus. HTerpanbHas KBajpaTudHasi popma Kak
Mepa ONTHUMAaJLHOTO HAOI0AaTes.

HuddepennnanbHoe ypaBHEHHE UISI MaTPULBI JUCIIEPCHNA OIMMOKH BOCCTAHOBIICHHS.
CTpyKTypa U YCTaHOBUBIIUECS CBOMCTBA ONTHUMAJILHOTO HAOIIOAATEIS.
JerepMuHUpOBaHHAs 3a7a4ya JUHEHHOTO ONTHUMAaIbHOIO yrnpasieHus. [loctaHoBka 3amaun
onTuMu3aluu. MHTerpaibHbld KBaAPATUYHbIN KPUTEPHUI ONITUMAIbHOCTH.
Juddepennnanbaoe ypaBHEHHE ISl MATPUIBI ONTHMAIBHBIX KO3()PUIIMEHTOB yCHICHHS.
CroxacTudecKkue 3a/1a4 JIMHEHHOr0 ONTUMAJIBHOTO PETYIUPOBAHMUSL.

CuHTE3  CTOXaCTMYECKOro JMHEHMHOro  omnTtuMaiabHOro peryinaropa. Crpykrypa
ONTUMAIBHOI'O PETYJIATOpA.

Kuaccnyeckoe BapuanuoHHOE HCYHCICHHE.

[TocTaHOBKM 3anauy BapualMOHHOTO HcuMcieHus. OOmas ¢opma nepBoil Bapualuu.
OcHoBHasi JeMMa BapUAlMOHHOTO MCUMCIEHHA. YpaBHeHMs Oinepa-Jlarpanika.
VYpasHenue OcTporpaackoro. 3aiayd ¢ MOJABHKHBIM MPABbIM (JIEBBIM) KOHILIOM. Y CIIOBHUS
TPaHCBEpPCAIBHOCTU. YcaoBus OpamaHa-Belepmpacca. OIHOCTOPOHHHE BapHallMH.
[Tone skctpemaneil. ConpspkeHHass Touka. YcioBue U ypaBHeHHe SkoOu. DyHkuus
Beitepmrpacca.CunbHblif 1 crabblif 3kcTpemMyMmbl. HeoOXoaumble U JIOCTaTOYHBIE
YCIOBHS ONTHMAJIbHOCTH JUI MPOCTEMIIEH 3aJadyd BapUALMOHHOIO MCUYUCIICHUS.
VYcnosue Jlexxanapa. BapuanyoHHble 3a1a4d Ha YCJIOBHBIM DKCTPEMYM. ['OJIOHOMHBIE U
HEr0JIOHOMHBIE CBsI3U. M30mapaMeTrpudeckue 3a1auu.

Hpunuun makcumyma IloHTpsiruHa [os 3a4a4  ONTUMM3AIMU  YIPABJICHHUS
JUHAMMYECKMMH CUCTEMAaMMU.

Marematudeckass (GopMyaupOBKa 3ajad ONTHMAJbHOTO YIPABICHHS JUHAMUYECKOU
cucremon. 3amauu Jlarpamka, Maiiepa, bonbua. Knaccuueckuit moaxom K
OTNIPENICTICHUIO ONTUMAJBHBIX MporpamMMm. [amunbToHHMaH. HeoOXxomumble yCIOBHUS
ONTUMAJIBHOCTH B 3TOM mnoxaxonae. HWrompyareie Bapuauuu ynpasieHus. [IpuHuumn
Makcumyma [loHTpsiTMHA [JIS pemieHusl 3ajad CcO CBOOOJHBIM TPaBbIM KOHIIOM H
(bUKCUpPOBAaHHBIM BpeMeHeM. Bapuanuu TpaeKTOPUUM W KOHYC KOHIIEBBIX BapHAaIlHid
¢dazoBoro Bektopa. HeoOxoamMbie yCIOBHS ONTUMAIBHOCTA B TPHHIIUIE MaKCHMyMa.
[Tpuammn makcumyma [loHTpsAruHA B 3amadax ¢ (PUKCUPOBAHHBIM U HEPUKCHPOBAHHBIM
BpEMEHEM W  MOJBW)XHBIM  TPaBbIM  KOHIOM. YCIOBHUSI TpPaHCBEPCAIbHOCTH.



HenpepsiBHOCTh TaMusibTOHUAHA. Y cioBue Jlexanapa — Knebma. [Ipuanmun makcumyma
ITonTpsiruna nus 3apad Jlarpanka, Maliepa, bosbia ¢ pa3aM4HbIMA TUIIAMM YCIOBUM Ha
YIPABJICHUE U TPACKTOPHIO. [JMCKpETHBII NPUHIMI MaKCUMyMa. DHEPreTUUECKUI MOAXO0
U METOJl CUHTYJSIPHBIX BO3MYIUEHMHM Il ONTHMAJIbHOTOIJIAHUPOBAHUS TPAEKTOPHI
CaMOJIETOB P PELICHUH TPAHCIIOPTHBIX 3a]a4.

MeTtoasbl pelieHus ABYXTOYEYHBIX KPaeBbIX 3a/1a4.

Meron Hsiorona, wmetonabl mnporonku, AOpamoBa, KpsuioBa-UepHoycbko. Meton
IIPOTOHKU ISl JIMHEHHO-KBAJIPAaTUYHOW 33Ja4d ONTHMAJIBHOIO YIpPaBJIECHUS. Y paBHEHUE
Pukxkaru.
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