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Beenenue.

B ocHOBY mnporpammsl IOJIO)KEHBI CIEAYIOIIME BY30BCKUE IUCUUIUINHBI:
«AdPpPOTUIPOMEXAHUKAY, «'mapoaspoaruHamMuKay, «/IlmHamuka MOJIETAY,
«YTpaBiieHUE JBUKCHUEM JIETATEIIbHBIX anmapaTtoBy, «/Iunnamuka JIA», «OCHOBBI
TEOPUU YIIPABICHUA», « Y IPABICHUE B TEXHUYECKUX CUCTEMAX).

Yacrs 1.

Moaenn kuakocTed W ra3oB. ['mmore3a cromHOCTH. [IpuHIun
oOpatumoct. OCHOBHBIE (PU3UKO-MEXAaHUYECKUE TapaMeTpbl M CBOMCTBa
xuakocted u razoB. CrannmaptHas atMocdepa. Pexxumbl TedeHUN KUIKOCTEH U
razoB. CHJI0BOE BO3JEHCTBUE MMOTOKA HA TEJIO.

VYcraHoBuBIIEECS W HEYCTAHOBUBINEECH JABWKEHUA. JIMHUA  TOKa,
TpaekTopus. YpaBHeHUE Hepa3pbhiBHOCTU. [locTtynarenbHoe, nedopMairioHHOE U
BpAIIATEIbHOE JBHMXKEHUS 4YacTULbBl CIUIOIIHOM cpeabl. [loTeHnuanbHOE W
BUXPEBOE ABMKEHUS. L[UpKyIIsiis BEKTOpa CKOPOCTH.

Cuiibl, TEWCTBYIONIME HA YACTUIY CIUIOIIHOW Cpelbl. Y paBHEHHS Jilnepa u
HaBre-CTokca. VYpaBHeHHME TmepeHOca TOaHOW »dHeprud. IlomHas cucrema
YpPaBHEHHUI, OMNKCHIBAIOIIAS JBWKEHUE CIUIOIIHOW cpenbl. HadanbHbie U
rPaHUYHBIC YCIIOBUSL.

OcobeHHocTu JTAHAMUKA CKUMAEMOM Cpenpl. OnHoMmepHOE
YCTaHOBUBIIIEECH
W303HTPONMYECKOE TEYEHHUE rasza, MnapaMeTpbl TOPMOXKEHUS, KPUTUYECKUE
napametpsl. Coruio
JlaBausi, pacCYETHBIA U HEPACUETHBIN PEKUMBI TCUCHHUS.

Pacnpoctpanenune cnaOblx BO3MYIIEHUNH B TOTOKE Ta3a, MOBEPXHOCTH
pasphiBa.

Knaccuduxanust pa3pbiBoB B raze. Y JapHbIe BOJIHBI U CKaYKH YIIOTHEHUS. Buabl
CKa4yKOB

YIUIOTHEHUsA. V3MEHEHue mnapaMeTpoB NOTOKA IPU NEPEXOAE YEpe3 CKAYOK
yriotHeHus1. CiiaOble pa3phIBhI B raze. BoyHbl pa3pekeHus.

MopenupoBanue u mnonobue sBiaeHud. Buasl nomobusa. Ilapamerps
noao0usi, popmyJibl
nogobusi. Kpurepuu mnomobus. [lomnoe u uactuudoe mnogodue. CrocoOb
OCYILIECTBJICHUSI MOA00USI TIPU MPOBEACHUU AKCIEPUMEHTAIbHBIX HCCIEIOBAHUM.
AsponHaMHuY€eCKHe TpyObl U
ra30IMHAMUYE€CKUE YCTaHOBKH.

[loHATHE MOTrpaHUYHOTO CJOS M OOIIME CBEACHUS O MOTPAHUYHOM CJOE.
YpaBHEeHUs
norpaHu4Horo cios. OOIue CBeJeHU 0 METOJaX pacuera mapameTpoB MOTOKA B
JTAMUHAPHOM H
TypOYJI€HTHOM MOTPAaHUYHOM CJIO€.

AdBpoAMHAMUYECKUE XAPAKTEPUCTUKU TMPOodUiied U KPbUILEB KOHEYHOTO
pasmaxa. Teopema H.E. XykoBckoro o mombemuoit cuiie. ToHkuil npodusib B
HECO)KMMAaeMOM MNOTOKe. Buxpesbie moxenu kpbuia. Ckoc motoka. MHIyKTHBHOE
conpotuBieHue. BrausiHue GopMbl Kpblla B IUJIaHE HA a’pOJUHAMHYECKHUE



xapaktepucTuku. [lomsipsl Kpblia, a’poJuHAMHUYECKOE KauecTBO. BiusHue
CXKUMAEMOCTH Ha a’pOJAMHAMHUYECKUE XapPaAKTEPUCTUKH, KPUTUUECKOE YHUCIO
Maxa. BonHoBoe conpoTuBiieHHe. A3pOAMHAMUYECKUE XapaKTEPUCTUKHU MPODUIIs
U KpblJla MpU JI03BYKOBBIX, OKOJIO3BYKOBBIX M CBEPX3BYKOBBIX CKOPOCTSX.
AspoanHaMHUKa MEXaHU3UPOBAHHOTO KpbuUla. HazHaueHwe U mpUHIUI AEUCTBUS
MexaHu3anuu. Mexanu3zaius Kpbuia (3)KecTkasi, CTpyiiHas, KOMOMHUPOBaHHAs).
['eomeTpuueckre mapaMeTpsl pro3ensika B BuIe Tena BpaieHus. Kaptuna
o0TeKaHUs IPU MAJIBIX U OOJIBIIKX yriax aTaku. HenuHelHble a3poguHaMUYeCcKue
XapaKTEePUCTUKHU.
AspoaMHaMHKa caMoJieTa B MOJIETHOM, B3JIETHOM MW  MOCAJ0YHOU
KOH(pUTypalusx.
Nurepdepennus yacreii camosiera. OCOOEHHOCTH OOTEKaHUsI ONEPEHUS CaMOJIETA.
Aspoaunamuueckas 3QQGEeKTUBHOCTh M IIapHUPHBIE MOMEHTHI pyiel. [lomsipsi,
a’pOJIMHAMUYECKOE KauyeCTBO CaMOJIETa C OTKJIOHEHHBIMU OpraHaMu YNpaBJICHUs
n 0e3 HHUX. A’POJMHAMHYECKHE XAPAKTEPUCTUKU CaMoJieTa MPU OTKIOHEHHOU
MexaHu3anuu. BiausiHue 01u30CTH 3eMJIM Ha a3pOIMHAMUYECKUE XapaKTEPUCTUKH.
[lonaTie  yCTOMYMBOCTH U  YNPABISIEMOCTH.  A3POJUHAMHYECKHUE
XapaKTePUCTHUKU,
OMpENENAIONUe MPOJOJIbHYI0 CTaTHYECKYI0 YCTOWYMBOCTh M YINPABISIEMOCTD.
AspoanHaMHUUeCcKUd MOMEHT TaHraxa. LlenTp naBnenust u ¢okyc Mo yriy aTaku.
[lonatne o  OanancupoBke  camonera.  IlpomonbHas ~ OallaHCHpPOBKA
banancupoBounas mosspa. A3poJIMHAMUYECKHME MOMEHTHI PBICKAaHUS U KpEHa.
Ad3pOAMHAMHUYECKUE XapaKTePUCTUKHU, OMPEACISIone OOKOBYIO CTaTHYECKYIO
YCTONYUBOCTD U YIIPABISIEMOCTb.
Kputnueckue pexuMbl oOTekaHus camoisiera. OOTekaHuHe camolieTa Ha
OOJBIINX yTIIaX
aTaku, CPbIB MOTOKA. JlomycTUMBIN KO3DDUITMEHT a3pOAMHAMUYECKON MOBEMHON
CHUJIBL.
ABTopoTanus ~ Kphula.  MexaHuzanus ~— Kpblia, — OpeAHa3HAauYeHHas A
MpeOTBPAIlCHUs CPhIBA
MOTOKA.
AdlpoAMHAMUYECKUE XapaKTePUCTHUKU caMmoJieTa MPU HEyCTAaHOBUBIIEMCS
JBU>KECHUH.
Metonsl  pacdyera  HECTAlMOHAPHBIX  a’POJIMHAMUYECKHX  XapaKTEPHUCTHK.
Hemndupyromniue
MOMEHTHI TAHTaKa U KpeHa. 3ana3AblBaHHUE YTIila CKOCa MOTOKA.
Oco0EHHOCTH TUTIEP3BYKOBBIX CKOPOCTEN. 3aKOH THIEP3BYKOBOTO MOI00USI.
Pacyer
a’POJIMHAMUYECKHUX XapPaKTEPUCTUK 0OHEKTOB MPU TUIIEP3BYKOBBIX CKOPOCTSX.
AspoanHaMUUYecKass KOMIIOHOBKAa COBPEMEHHBIX U  MEPCHEKTUBHBIX
CaMOJIETOB
Hcnonb3yembie a’dpoIMHAMUYECKHE CXEMbl M BUJIbI KpbUIbeB. HemocpeacTBeHHOE
yIpaBJieHue
cuiaMu. YTpaBlIeHUE OTPHIBOM MOTOKA.



YpaBHEHUSI MEXaHUKH, ONMCHIBAIOIINE IBUKEHUE [IEHTPA MACC U BpPAILICHUE
BOKPYT
eHTpa macc. YpaBHeHue Memepckoro. MHepunanbHble W HEWHEPIUAAIBHBIC
CHUCTEMBI OTCYETA.

BHemHne cunbl, AEHWCTBYIOIIME HA JIETATENbHBIA anmapar B mosere. CUcTembl
KOOp/IMHAT,

MPUMEHSAEMbIE B JUHAMUKE TOJIETA. Y PABHEHUS IBMKCHUS B MPOCKUHUSIX HA OCH
MOJIBM)KHOM

CHUCTEMBI KOOPJWHAT.

YcTaHOBHUBIIKECS PEKHUMBI TOJIETA JIETATENBHOIO amnmapara. MeTomx Tar
JKykoBckoro.

Pexxumpl moniera Ha JuarpaMMe MNOTPEOHBIX M pacrojiaraeMblx TAr. Meton
MOIIHOCTEN. Pacuet

00JlacTU  BO3MOXXHBIX PEXUMOB TOPU3OHTAIBHOTO mojiera. OrpaHudyeHus
JHAIa30Ha CKOPOCTEU.

Ha6op BeicoThl. CTaTHYECKHUI 1 NTMHAMUYECKUI TOTOJIKK CaMOJIETa.

Pacuer nanpHOCTH M TPOAOIKUTENBLHOCTH T0JIETa. OCHOBHBIE OIPEICIICHUS.
KunomerpoBslii M 4YacoBOMl pacxoabl ToIIMBa. Pacuer JanbHOCTHM mMoOJIETa
camoJera. Paguyc
JIIEUCTBHUS caMOJIETA.

ManeBpeHHbBIE XapaKTEepPUCTUKU caMoJieTa. Pacronaraembie Neperpy3ku u
OTpaHUYEHUs] Ha HUX. KpUBOIMHENHOE NBUKEHHE B TOPU30HTAIBHON MIOCKOCTH.
Bupax camoiiera. KpuBonmHeHOE ABUKEHUE B BEPTUKAIBHOM MIJIOCKOCTH.

BznerHo-nocagouHbie  XapaKTEpUCTHKH. PacdeT B3JIE€THOW JAUCTaHIUMU
camouera. Pacuer
MOCAJOYHOW JIUCTAHLMU CaMoJIeTa. YKOPOYEHHBIM W BEPTUKAIBHBIM B3JIET
camoJiera.

Meton Manmblx BO3MYyILICHUHN. JIMHeapu3auuss ypaBHEHUW JBUIKCHUA.
YupouieHus
MAaTEMAaTUYECKON MOJENN NBUKECHUS. Pa3ieneHne cuctemMbl Ha JIBE€ HE3aBUCHUMBIX
CHUCTEMBI
YpaBHEHHI, OMNHUCHIBAIOIIMX  COOTBETCTBEHHO  MpPOAOJIbHOE U  OOKOBOE
BO3MYILEHHOE JIBUKECHUE.

[IpononbHbIe MOMEHTHI adpoarnHamuyeckux cuil. okyc camouiera. [lonsarue

0

MPOJOJIBHOM CTAaTHYECKOW YCTOWYHMBOCTA. MOMEHTBI OpPraHOB MPOJOJIBHOIO
yIIpaBJIEHUS.

Hemndupyroniue npoaosibHbie MOMEHTBI. bOKOBBIE a9POJIMHAMUYECKHE MOMEHTHI.
IlyreBas u

nonepeyHass CTaTUYECKUE YCTOMYMBOCTH. MOMEHTBHI OpraHoB OOKOBOTO
yIpaBiieHUs. bOKOBbIE
nemmndupyronme MOMeHTbl. MoMeHThl cuil Tsru. [llapHupHbIE MOMEHTHI OpPraHoB
YIIPABJICHUS.

YcraHoBUBIIIEECS TPOAOJBHOE JBHXKCHUE. banaHcHMpoBKa camojieta B
TOPHA30HTAIIBHOM



nonere. [IpogonpHas craThdeckas yCTOMYMBOCTh MO CKOPOCTH. bamaHcupoBka B
KpUBOJIMHEUHOM T1oJieTe. [IpomosibHas craTudeckas yCTOWYUBOCTD IO MEPETPY3KE.
Pacxon pyuku Ha enuHuny neperpysku. [IpononbHas craTuyeckas yCTOMYMBOCTD
caMojieTa CO CBOOOJHBIM pYJIEM BBICOTHI. YCWIMSI Ha pblyarax yMpaBJeHUSI.
JlnarmazoH HEeHTPOBOK.

VYcranoBuBieecss OOKOBOE JBIH)KEHHE. banmaHcupoBka camoseTa Mpu
nocajike ¢ 00KOBBIM
BeTpoM. banancupoBka B MNPSAMOJUHEHMHOM TOJIeT€ MpU OTKa3e OOKOBOTO
nBuraress. Pexnm
OaJIaHCUPOBKH B KPUBOJIMHEHHOM MOJIET€ C KPEHOM M CKOJIbKeHUEM. Pacxomabl
MEPEMENICHHS PYUKHU U NeAaleh. Y CHIINS Ha pblyarax ynpaBJICHUS.

KpaTtkue cBeneHMss M3 TEOpUHM ABTOMATHUYECKOIrO YIIpaBieHUd. MeTonbl
pelLIeHus
TUHEeWHbIX TuddepeHnnanbubix ypaBHeHuil. [lepenatounas ¢yHKIUs TUHEHMHOM
CAY. Ilepexonnas ¢pyHkiusi. YacTOTHBIE XapaKTEPUCTUKU. DIIEMEHTAPHBIE 3BEHbBS
CAY. Kpurepun ycTOWUMBOCTH JUHENHBIX cucteMm. llokazarenn kadecTBa
MEPEXOHBIX MTPOLECCOB.

[IpononbHOE  BO3MYIIEHHOE  JBWXXEHHE. YPAaBHEHHUS  IPOAOJIBHOTO
BO3MYILIEHHOTO
JOBWOKEHUS. Y CIIOBUSL YCTOMYMBOCTH MPOJOJIBHOTO JABWXKEHUA. PazneneHue
YpPaBHEHUM.
KopoTtkonepuoanueckoe BUXEHHE. BIMsSHWE KOHCTPYKTHUBHBIX MapaMeTpPOB
CaMoOJIeTa U peKUMa MOJIETa HA MOKA3aTeNN KOPOTKOMEPUOIUYECKOTO JBHKEHUS.
VYayuimieHne XapakTEPUCTHK MPOJOJbHOM YCTOMYHMBOCTH W YIIPABISIEMOCTH
CpeaCcTBaMU ABTOMATHUKH.

BokoBoe BO3MyIlIEHHOE NBH)XKEHUE. YpaBHEHHUSI OOKOBOIO BO3MYIIIEHHOTO
JBUKEHUS.
VYcnoBust ycronunBocTu. Paznenenue ypaBHEHUW JBWXEHUS. HM301MpoBaHHOE
JIBH)KEHHE KpPEHA.
N3onupoBaHHOE ABMKEHUE pBICKaHMSA. B3aumopnencTBhe NBUKEHUW KpEHa H
peickaHusl. BrnusHue pexxuma TMojeTra Ha ToKazaTelaud OOKOBOTO JBUKEHUS.
VYaydileHre  XapaKTEepUCTUK OOKOBOW  YCTOMYMBOCTH U YHPABISEMOCTU
CpeaCcTBaMU ABTOMATHUKH.

BzaumogeiictTBue  mpoaoiapHOrO M OOKOBOTO  JIBMKEHHMU.  Buabl
B3aUMOJECHCTBUA.
NuepumoHHOE B3aMMOJECHUCTBUE. Y CIOBUS YCTOWYHMBOCTH YIJIOBOTO JBUKECHHS.
Kputnueckune
CKOpPOCTH KpEHa.

[loner camonera Ha Oonbmux yriaax arakd. OcCoOEHHOCTHM TOJieTa Ha
OoJbIIKX yTiax aTaku. KpuTuueckue pexxuMbl: CBaJIMBaHUE, IITOTIOP U JP.

Yacrs 2
Pa3znes 1. OcHOBBI 0ATUTMCTUYECKOTO MPOESKTUPOBAHUS
[Toner JIA xak ympasisiemoe ABmkeHue. llenm um 3amaum ynpaBieHUS.
Vopapnstonme cuwibl U MOMEHThl. (CrnocoObl  CO3/laHMsl  yIPaBJISIOMINX



BO3JEUCTBUM; JuHamuyeckue cxeMbl JIA. Opranbl  ynpasieHus. Mecto
O0QJUTUCTUYECKOTO M JUHAMHYECKOTO MPOEKTUPOBAHUSA B Mpolecce pa3padOTKu
KOMIUIEKca yrpasisiemoro JIA.

Cucrembl KOOpPAWMHAT, IPUMEHSAEMBIE B MEXAHUKE TIOJIETa. YTJIBI,
HCMOJIb3YEMBIE JIJIA
onpenenenust nonoxenus JIA. Mopenu aBuxenus, ¢urypsl  (popmbl)
TPaBUTALMOHHOTO OIS
3emnu. ATmochepa 3eMiIu U €€ MOJACIH. AKTUBHBIE CHJIBI U MOMEHTHI,
nercreyronue Ha JIA B
MoJIETE.

Mogens JIA kak cucTeMsbl IEPEMEHHOrO coctaBa. [[puHIMI 3aTBEpAEBAHUA.
BekropHslie
YpPaBHEHHUSI JIBMKECHHUS LEHTpa Macc JIA B pa3nuyHbIX CHUCTEMaxX KOOpJIUHAT
(MHEpIMATLHOM,
3eMHOM, MOABUXHOM). BekTopHble ypaBHEHHS BpalllaTebHOrO ABWXKeHUs JIA
OTHOCHUTEIIBHO €TO
LIEHTpa Macc.

CkansgpHble ypaBHEHUsI JIBUKEHHS LeHTpa Macc JIA B mpoekmusax Ha ocu
Pa3IMYHBIX
cucteM KoopauHar. CKaJIspHbIE YpaBHEHHUS BpaIATEIbHOIO  JBUXCHHS.
Kunematnueckue
ypaBHeHus naBuxeHus JIA (BekTopHble U ckajsipHble). [‘eomeTpuueckue
COOTHOUIEHHS.

Mognens nBuxenus neHtpa Macc JIA ¢ yueroM (GopMbl U BpallleHUsT 3€MIIH.
[lonnas monens naBuxenust JIA 0Oe3 yuera (opMbl U BpamieHus 3eMiId B
npoekuuax Ha ocu TpaekTopHoi CK. CBsi3b C ypaBHEHUSIMU CUCTEM HABEACHUS U
crabunuzanuu. WUneanbHble CBA3M Kak MeToAsl HaBenenus. Kiaccuduxanus u
CpPaBHUTENIbHBIM ~ 0030p METOAOB  HAaBENEHHS, OCHOBHBIE OCOOEHHOCTHU
COOTBETCTBYIOIIMX UM TPACKTOPHIL.

O0630p METONOB pelIeHUS YpPaBHEHUN [BIDKEHUS. YUeT 0COOEHHOCTEH
y4JacTKa TpaeKkTopuu. PazneneHwe nDpoOCTpaHCTBEHHOro JABmkeHus JIA Ha
npoaonabHoe M OokoBoe. CocrTaBieHue Mojelied IBHKEHUsS IieHTpa macc JIA.
Pacuer TpaekTopuit JIA mpu mojere mo mporpamme. lloHATHE 00 OCHOBHBIX
JeTHbIX Xxapakrepuctukax JIA. Mertonbl omnpeneneHuss CKOPOCTH, BBICOTHI M
JNAJbHOCTH TMoJieTa. JIluHaMuyeckue ypaBHEHUs ABWKEHUA LEHTpa macc JIA B
YACTHBIX CITyYasx.

[TonsaTue 00 ycTOMYMBOCTH, YIIPABISIEMOCTH U MaHeBpeHHOCTH. [leperpyska
JIA. Tlpoexunu nieperpy3ku Ha ocu paznuuHbix CK. YpaBHenus nsuxenus JIA B
TEpPMHUHAX NEPErPY30K. 3aBUCUMOCTh MEPETPY3KH OT PEXKHUMA IOJIETa, OT YIJIOB
aTaky, CKOJbXEHHS U OTKJIOHeHus pyned. Ileperpy3ku mnoTpeOHbIE U
pacnoJiaraemele. 3ajaya OrpaHUYEHHUS MIEPETPY30K.

Pa3znen 2. OCHOBBI AMHAMUYECKOTO MMPOCKTUPOBAHUS
[TocTaHOBKa 3a/1auu O peanu3aluy pacyeTHON (HOMHHAIBHOWN) TPAEKTOPUH.
[TonsTue o



HEBO3MYIIEHHOM U BO3MYLICHHOM JBWXEHUMAX. llepexonq Kk ypaBHEHUSIM
BO3MYILECHHOTO JBWKEHUsA. JIMHeapu3anus TMOJYYEHHBIX YpaBHEHUU. Meton
MaJIbIX BO3MYIIECHUH. PacmienneHne ypaBHEHMHW HAa YpPaBHEHHUS MPOJOJIBHOIO
BO3MYIIIEHHOTO JBMXKEHHS U HA ypaBHEHUSI OOKOBOTO BO3MYIIIEHHOTO ABUKEHHUS.
YpaBHeHUsT  IPOAOJIBHOIO  BO3MyLIEHHOro  aBwkeHus  JIA, wux
npeoOpa3oBaHHE U
YIIPOLIEHHS. UccnenoBanre  CBOOOJHOrO  BO3MYIIEHHOTO  JBHXKECHMUS.
XapakTepuUCTUUECKOE YPABHEHUE U €ro KOpHU. HacToTHbIe XxapakTepuctuku JIA.
Ouenka  AMHAMUYECKUX  CBOWCTB JIA 1m0  M3BECTHBIM  YaCTOTHBIM
xapakTepuctukaM. OCHOBHBIC TpeOOBaHMS K JWHAMHUYECKHM CBoMcTBaMm JIA u
MyTH WX YJOBIETBOPEHUS: JeMI(PUPOBAHUS, CTaTHYECKas YCTOWYMBOCTb,
coOCTBEHHasi 4acToTa KojeOaHuM, 7(OPEKTUBHOCTL OPraHOB YMOpPABICHUS,
CTaOUIBHOCT.
YpaBHeHus: 600KOBOTO BO3MYIIIEHHOTO ABMXKeHUs JIA, ux npeoOpazoBaHue u
YIIPOLIEHHS.
Tpu »srama B pa3BUTUM OOKOBOTO BO3MYILIEHHOTO JBHXKEHHS. YTPOIIECHUE
YPAaBHEHU IBUKCHUSL.
Pa3nenenue G0KOBOTO JBHXKEHUSI Ha JBUXKEHHUE PHICKAHUSA U HA JIBUXKEHUE KpEHA.
[lepenaTtounbie (YHKIIMM U YACTOTHBIC XAPAKTEPUCTUKHU AJISI COOTBETCTBYIOIIMX
IBW)KEHU. AHalyM3 1O HUM JIUHAMHAYECKHX CBoiicTB JIA B OOKOBOM
BO3MYILIEHHOM JBH>KEHUH.

Pazgen 3. OcCHOBBI MEXaHHKH IIOJETa KOCMHUYECKUX JIETATEIbHBIX
armnapaToB

HeBosmymiennoe nsmxenne KIIA B HbIOTOHOBCKOM LIEHTpPajJbHOM IIOJIE
TaroteHus. Mogens  mons  OpuTsxkeHus.  HbIOTOHOBCKUM — MOTEHIMAl.
dopmupoBaHUE U MOCTAHOBKA 3aAauu IBYX Tei. [lonsarue o rpaBucdepax. Chepa
NpuTsDKeHus, chepa aerctBus, chepa BausHus. CunoBas QyHKIUS.

Vupasnenune neuwxenuss KJIA B 3amaue NByX Tel U BO3MOXKHBIE IMYTH HX
WCCIIEIOBAHUS.
Nnrerpan miomanen. HWMurterpan sHepruu. HWMurerpan Jlanmaca. YpaBHeHue
opOutbl. Tumbl u o0O0mMe XapakTepUCTUKH opOuT. KemnepoBsl >1eMeHTHI
HEBO3MYIIIEHHOTO IBUKCHUSL.

Hewxenne KJIA no osmmuntudeckum  opOutam. McTtuHHas U
AKCUEHTPHUYECKAsT aHOMAJIHSL.
VYpaBuenne Kemiepa u nytu ero pemenus. J[Bmwxenue KJIA mo Kpyrosim
opbutam. Kpyrosas
CKOpOoCTb. MecTHast Kpyroeasi CKOpocTh. IlepBasi kocMuueckas CKopocTb. Tpacca
HC3, ee
MOCTpoeHue U nporHo3upoBanue. Cytounsie i cuHXpoHHbIE MC3. CrnyTHUKH
AKBATOPUAIIBHBIE U MOJSIpHBIE. ['€0CcTallMOHapHBIE CITYTHUKHU U UX TPACCHI.

JBmwxenne KJIA mo mnapabonudyeckuM U TUNEPOOTUUYECKUM OpOHUTaM.
CKOpOoCTb OTpHBIBA.
Bropas kocmuueckas ckopocTb. Bocxomsmme W HHCXOISIIME  yYaCTKH
TPAaCKTOPUHU.



OcHOBHbBIE BHJIbl UMITYJbCHBIX OpPOUTAJIbHBIX MepexoaoB. MMmynabcHbie
Mepexonbl  MEXAY KpPYroBbIMM  KOMIUIAaHapHbIMU  opOutamu. [Ipumepsi.
[Tomysmnmuncer ['omana. IlepeneTsl MeXAy KPYrOBbIMHU M JIUIUNTUYECKUMU
opobutamu. Hekommnanapuele mnepeneTbl. [lOBOPOTBI  IJIIOCKOCTH  OpOMTHI.
CpaBHHTENBHASA OLEHKA MOTPEOHBIX SHEPIEeTUUECKUX 3aTPaT.

ManeBpnl compkenust KJIA u BcTpeua amnmapatoB Ha opOute. Bo3moxHbIe
CXEMbI U 3Tanbl CONMKEHUSI. YPaBHEHUS OTHOCUTEIHHOTO JBUKEHUS allapaToB.
HauanbHble ycnoBust 1yisi o0ecrieueHus: BCTPEUHU.

Meximnanetasie  nepenetbl. DopMUpPOBAHHE  MEXKIUJIAHETHBIX  OpPOUT;
dhopMupoBaHue OpOUT
C UCIOJIb30BAHUEM T'PABUTALIMOHHBIX MaHeBpoB. Knaccudukanus u ontumuzamus
CXEM IIOJIETA.

Bo3mymiennoe asuwxkenne KJIA. OOmas xapakTepuCTHKAa BO3MYIIEHUU U
BO3MYILIEHHOTO
IBIWKEHUA. MeTon OCKyJaupyromux 2yeMeHTOB. (CocTaBieHue ypaBHEHHU
nemkeHust KJIA B
OCKYyJIMpYIOIIMX 3yeMeHTax. OOCyXIeHUE BO3MOXKHBIX METOJOB HMCCIIEJOBAHUS.
DBONIOLUS
nBwxkeHus. [lpuMeHeHue NPUONMKEHHBIX AaHAIMTHYECKUX METOoJ0B. OlleHKa
W3MEHEHUM
OCKYJIMPYIOIIUX 3JIEMEHTOB 33 OJUH BUTOK.

[elicTBue BO3MYIICHH, BBI3bIBAEMBIX HELIEHTPAJIbHOCTHIO
IPAaBUTAllMOHHOTO  MMOJA  3emid. ['eomoTeHumanm Il JaHHOW — 3aJa4H.
dopMupoBaHUE BO3MYIIAIOIINX YCKOpeHUH. Bo3MyllieHUs] 371€MEHTOB OpOUTHI;
BO3MYLIEHUSI BEKOBblE U mnepuoanyeckue. OCKyJIUPYIONIMI NeproJ 0OpaleHus.
PeanbpHas kpyroas opoura.

VYpaBuenusi aBuxeHuss B ¢popme 'amunbrona. KaHoHuueckue ypaBHEHUS.
[lepexon x
sanemeHTam J[lenoHne. Pa3neneHue nepeMeHHBIX Ha OBICTpblE M MEJJICHHBIE.
Ycpennenue
KaHOHUYECKHX YPAaBHEHHU. OBOJIIOUMOHHBIE YpPABHEHUS © HX CBOMCTBA.
OOcyxieHue TOJIyYEeHHBIX pe3yJbTatoB. [IOHSITHE COJIHEUHO-CUHXPOHHBIX U
T€OCUHXPOHHBIX OpOUTaX.

Aspoannamuueckue BozneiictBus Ha KJIA. Mogenn armocdepsl u
COOTBETCTBYIOLIUX
BO3MyIleHUM. YpaBHeHus nBuwxkeHus KJIA B OCKyJIHpyOIIHX DJJIEMEHTaX.
[IpubnuxenHass oOleHKAa U3MEHEHH »3ieMeHTOB. OOCYyXJeHHE MONyYEHHBIX
pe3ynbraroB. [loHsITHE O KPUTHYECKOW OpPOUTE, MUHUMAJIBHO-BO3MOKHOM BBICOTE
Y MUHUAMAJIbHOM MEPUOE.

Cnyck KJIA ¢ opOUTBI MCKyCCTBEHHOTO cryTHUKa 3emud. OOmas cxema
CITyCKa C
UCIIOJIb30BAaHUEM a3pOJMHAMHYECKOTr0 TOPMOXEHUs. BHeaTMOocepHBbIid ydacToK
CIIyCKA. Y4YacTOK OCHOBHOT'O a’pPOJIMHAMUYECKOTO TOPMOKEHHUS. YUaCTOK MATKOU
nocanku. Ckonp3smui cryck. [tanupyrommit cryck.



OcoO€HHOCTH CITyCKa HAa MOBEPXHOCTh 3EMIIM C JIYHHBIX M MEXIIAHETHBIX
TPaeKTOpUU
Bo3BpamleHud. [lonsatne o xopumope Bxona. Bxox c¢ rumepboamdyeckuMu
ckopoctamu. YnpaieHue KJIA Ha runepOonyeckux TpaeKTOPHUSIX BO3BPAILIECHHUS.

AHanmm3 MOMeHTOB cuJl, nerctByromux Ha KJIA. Vcnons3yemsie cUCTEMBI
KOOpAMHAT.

Mowmentsl, aeuctByromue Ha KJIA B HproToHOBCKOM mone cui. MOMEHTBI
a’POJIMHAMUYECKUX CWJI U UX allIpOKCHUManuu. MOMEHTBI MAarHUTHOTO TOJIS U CHJI
CBETOBOTO AaBieHusd. OneHka

OTHOCHUTEJIBHOTO BIIMSHUSA MOMEHTOB Pa3JIMYHBIX CHUJI.

CBoOonnoe cradbwimmnzanuonHoe aABwkenne KJIA (MC3) B HbIOTOHOBCKOM
II0JIE CHIL.

VYpaBHeHUs1 OBIKEHUS U TOJIOKeHUsT paBHOBecus. [lnockue konebanus MC3 Ha
KpyroBOH U

AIUTMIITUYECKOM  opOure. OKCIEHTPUCUTETHBIE  KOJIEOAHUS. Cucremsl
rPaBUTAMOHHOU

cradbumu3anuu MC3. Bnusaue mo06aBouHbIX (akTOpoB Ha crtabmiuzarnuio MC3.
Bnusaue

a’POJMHAMUYECKMX MOMEHTOB M CXaTHs 3€MJIM Ha BpallaTelIbHBIE JBHKCHUS
NnCs.

B3anmocBs3p mocTymarenbHOro W BpamarenbHoro aAsrkeHus HMC3 B
HeroronoBckom mone  cuin.  HMccnenoBaHuss  yCTOMYMBOCTH — IOJIOKEHHU
OTHOCHUTEJIBHOTO paBHOBECHS. BoO3MyIlIeHHOE€ JBW)XEHHE M YpPaBHEHUS B
OCKYJMPYIOIIUX AJIEMEHTax. BnusHue rpaBUTAalMOHHBIX BO3MYIIEHUN. BiusHune
adpPOAMHAMUYECKUX BO3MYILEHUM. OO6mmit ClIy4au JTUHAMUYECKU
HecummerpuuHoro MC3. Chayyailk KpyroBod U JIIMOTHYECKOH  OpOMTHI
B3anmonelicTBue OCHOBHBIX BO3MYILCHH.

CnocoObl co3maHus ympabisitomux MoMeHToB miist KJIA. VYmnpasnenue
yrioBbIM JBHkeHHEM KJIA ¢ MOMOIIBIO: pEaKTHUBHBIX JBHUIATENEH, JBUTATEIEH-
MaxOBHKOB, THPOCKOITMYECKOTO CTAOMIIN3aTOpa, MAarHUTOIIPUBO/A.

Paznen 4 AHamu3 ©W CHHTE3 JIMHEWHBIX CHCTEM AaBTOMATHUECKOTO
YIIPaBJICHUSA

OCHOBHbBIC TOHATHS TEOPUH ABTOMATUYECKOTO ympaBieHUs (ympaBieHUE,
CpeacTBa
yIpaBlieHUsl, OOBEKT YMpPABJICHUS, MEPEMEHHbIE, YIPABISIEMbIE IEPEMEHHBIE,
porpamMmma,
BO3MYLIAIOIME M ympasisoomue  BosaedcTBus).  OcHOBHas — 3ajada
aBTOMATHUYECKOro yrpasieHus. [IpuHuunel ynpasiieHus. 3aKOH yIPAaBICHUSA, €r0
CBOMCTBa, BHUJIbI 3aKOHOB ympaBieHusa. Pexumbl pabotsl CAY. IlepexonHblii
npouecc, ycraHoBuBmieecs: cocTositHue. [lokasarenn KayecTBa NEPEXOIHBIX
MPOIIECCOB U TpPeOOBaHMS, MPEAbIBIIEMblE K HHM. THUIOBBIE TEPEXOIHBIC
MIPOLIECCHI.

Maremarudeckoe omucanue JTuHEHHBIX CAY. XapakTepHble 0COOCHHOCTH
JIMHEMHBIX



CUCTEM. YpaBHEHHS JUHAMUKM M CTAaTHKHA, CTATUYECKas XapaKTEPUCTHKA
cuctembl. CiocoObl

onucanus nauHedHbix CAY. Ilepenatounas (ynkuus. YactoTHas nepenatodyHas
(byHKIHS.

YacToTHBIE XapaKTEPUCTUKU U UX B3aUMOCBS3b. XapaKTEPHbIE TOYKU YACTOTHBIX
XapaKTEepUCTUK, MO0JIOca MPONMYyCKaHusi cucTtembl. Jlorapudmuyeckue 4acTOTHbBIC
XapaKTEPUCTHUKH.

OnucaHue JIMHEWHBIX CHUCTEM U MPOLECCOB YIPABICHUS B MPOCTPAHCTBE
COCTOSIHUS.

EcrecTBeHHBIE IEPEMEHHBIE U NIEPEMEHHBIE COCTOSIHHS. Y pPAaBHEHUSI COCTOSIHHS B
HOpMaJbHOMN
dbopme. YpaBisieMocTh U HAOII0Ja€MOCTh TUHEUHBIX CTALIMOHAPHBIX CUCTEM.

OcHOBHBIE  TOHATHA  Teopuu  ycronuuBocth 10  A.M.JIamyHOBY.
XapaKTepUCTUIECKOE
ypaBHEHUE CUCTEMBI U ero kopHu. Teopemsl A.M.JIsmyHoBa 00 yCTOMYMBOCTU U
HEYCTOMYMBOCTH HEBO3MYLICHHOrO JBMXKEHUs. Kpurepun ycCTOMYMBOCTH.
Heobxoanmbie yclnoBHs yCTOMYUBOCTH.

[lepenatounass QyHkuus omuOKM M ee HaxoxjaeHue. Pacder TouHOCTH
CHCTEMBI B
ycraHoBuBIIeMcs cocTossHuu. Koaddumuentsr ommbku. CBs3b CTATUUYECKOU
TOYHOCTH CHCTEMBI C €€ mnapaMmerpamu. CTaTUYECKHE CHCTEMBI, ACTaTHYECKHUE
CUCTEMBI, OPSAOK acTtatu3Ma. [Ipunanne cucreme acratu3ma.

O6miass moctaHoBka 3agaun cuHte3a CAY u ee ynpouenue. O0630p
crioco6oB cuHTe3a CAY U ux cpaBHUTEIbHBIM aHamn3. CrocoObl BKIIOYCHUS
KOPPEKTUPYIOIIUX YCTPOMCTB B UX
cpaBHUTENbHBIN aHanu3. [lpouenypa cuntre3a CAY mnpu mocinenoBaTEIbHOM
BKJIFOUEHUH
KOPPEKTUPYIOLIETO YCTPOMCTBA. Cunres CAY npu BKJIFOUEHUU
KOPPEKTUPYIOILIETO YCTPOUCTBA B 1€ OOPAaTHOM CBSI3U U €r0 0COOEHHOCTH.

Pa3nes S AHaIN3 HETMHEWHBIX CUCTEM aBTOMATUYECKOTO YIPABICHUS
HenuneliHpIXx cucteMpl, UX KiaacCcU(UKaIUs M XapaKTepHble OCOOEHHOCTH.
Cratnueckue
HEJTMHEMHOCTH U UX (QU3NYEeCKHe HUCTOYHUKH. Meton (a30BOM IMIIOCKOCTH.
@da30BbIN TOPTPET.
OcobOenHoctu mponecca (yHKUHMOHUPOBAHUS HEIMHEHHBIX cucTeM. JluHuun
MIEPEKIIFOYECHUS.
Cucremsbl o CKONB3AIMMUM IpoueccoM. CHCTEMBI € JIOTUYECKAM YIIPABICHUEM.
Metoa rapMOHMYECKON JIMHEApU3alUH, 00I11asi XapaKTepUCTUKA, OCHOBHBIE
JNOMYIECHUS
METO/a. DKBHUBAJICHTHBIA KOMIUIEKCHBIA KO3((ULHUEHT yCWICHHS HEJIMHEWHOIO
DIIEMEHTA.
AnreOpandyeckuid 1 4aCTOTHBII METOJAbl ONpPEAESICHNU NEPUOJUUECKUX PEIICHHM.
AnreOpandeckuii M YacTOTHBIM KPUTEPUU YCTOWUYMBOCTH MEPUOJUYECKUX
pELICHUM.



Pa3znes 6. MoganbHbIi CHHTE3 IMHEHHBIX PETYJISITOPOB U HaO01aTelen
Hynu n nonrocel nepeaaTtoyHol (PyHKIMU CUCTEMBL. 3a/iadya MOJAJIbHOTO CUHTE3a
CHUCTEMBI
KakK 3ajJlada pa3MelleHus ee noitocoB. KopHeBbIe MokazaTenu kayecTtBa. BinsiHue
B3aHMHOI0
MOJIOKEHHUS HYJIEW M TIOJIFOCOB HA XapAKTEp MEPEXOAHOr0 npouecca. CTaHIapTHBIE
pacupeiesieHus] KOpHEH.

Marpuunbie  nepematounble  ¢GyHKOUU.  OCHOBHOE  COOTHOUIEHHUE
MOJAJIBHOTO yIPaBIICHUSA. YTNPABJICHHE OTACIbHBIMA MOJaMU. MHOTOMEpHBIE
CHUCTEMBI, CHHTE3 MHOTOMEPHOTO PETYIATOPA.

CkansipHoe  ympaBjieHUE TpU  HENnoiaHoM  uwHbopMauuu. Y CIOBUS
COBMECTHUMOCTH,
pasnuuHbie POPMBI UX 3aMUCH, AITOPUTM MOTYUECHHUS U (PU3UYECKUI CMBICT. YUeT
KEIIaeMOTO
pPACIIONIOKEHUSI KOPHEH TMpU  YNPaBJICHUU 1O HEMOJHOW MHOOpMaINH.
Haxoxnenue
KOA(PUIIMEHTOB JKEJIaeMOro MOJHWHOMA C YYE€TOM YCJIOBUH COBMECTHUMOCTH HU
KEIIaeMOTO
pacrnionoxkenusi kopHed. CnenuanbHas (opMa 3amucu yCIOBHIl COBMECTUMOCTH
IUISL CIydast
MHOTOMEPHOTO PETYJIATOPA, AOMYCKAIOWIETO CKAISIPHOE YIPABICHHUE. AJTOPUTM
CUHTE3a
MHOTOMEPHOTO PETyJsATOPa, NOIMYCKAIUIET0 CKaJIPHOE YIPAaBICHUE, 10 BEKTOPY
BBIXO/IA.

[IpuHIMIT OEWCTBUS, CTPYKTYypHas CXEMa W MAaTeMaTHYE€CKOE OIMCAHUE
HaO0JII0AAI0IEr0
ycTpoiicTBa monHOM  pasmepHocTH. [lonmHas HaOmOMAaeMOCTh  JIMHEHHBIX
CTallMOHApHBIX cucreM u ee kpurepuid. CrpykrypHas cxema CAY ¢
HaOII0/IAl0IINM YCTPOUCTBOM U €€ MaTeMAaTHIYECKOe
onucanue. Teopema pasneneHuss KopHed. BpiOop KopHel HaOII01ar0IIEro
YCTPOMCTBA C YYETOM
xenaeMbix kopaet CAY. PenyuupoBaHHbId HAOII01aTeNb U €0 MaTeMaTUYECKOe
OTMCAHUE.

CtpykTypHas cxemMa peaylUpOBAaHHOTO HAOMIOJAIONIETO YCTPONCTBA U €€
npeoOpa3oBaHuUe.
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