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OIITUKA

1. T'eomerpuueckas onrtuka. [Ipuaiun depma, 3aKOHBI PETOMIICHUS H
otpaxenus. [lonHoe BHyTpeHHEe oTpaxkeHHe. ONTHYECKHE HHCTPYMEHTHI: Tele-
CKOII, MUKpOCKoT. [IoHATHE 0 reoMeTpHUecKuX adeppanusx. JIeMeHTHl (OoTo-
METPHU: APKOCTh HCTOYHNKA, OCBEIIEHHOCTh H300PaKEHHS.

CoBpeMeHHbIE TPUMEHEHHS T€OMETPUIECKON ONTHKH B IIPEIEIe KOPOT-
KUX JUTMH BOJIH: PEHTI'€HOBCKasi MUKPOCKOIINS, MPOCKIIMOHHAsI PEHTI€HOBCKAs
auTorpadus, pEeHTT€HOBCKasi aCTPOHOMHS, MUKPOAHAIN3 C MPOCTPAHCTBEHHBIM
paspeleHUEM.

2. BomHoBas omnTHkKa. BomHOBOe ypaBHEHHE, MOHOXPOMATHYCCKHE
BOJTHBI, KOMIDICKCHASI aMILTUTYAa, ypaBHeHHe [ enpMrobna, miockue u chepu-
YECKHUE BOJIHBI, I0Ka3aTellb NpesoMIIeHNs, (ha30Basi CKOPOCTh PACIPOCTPAHEHHS.
[lonspuzauusa cBera: JUHEHHasA, KpyroBas W dJjuIMNTHYecKas. EcTecTBeHHbIN
cBeT. Ctenenp nossipuzanuu. @opmynsl @penens, yroa bprocrepa.

Hepenstusucrckuii apdexr JJomnepa, mouck sK30IUIaHET.

3. ducmepcus mokasarens MPeOMIICHHs, KJlacCHIecKasl TSOpHsl UCTep-
CHUH, HOpMaJIbHAsl ¥ aHOMaJibHas mucrepcud. KoMmIeKkcHas AUdIIeKTprIecKas
MPpOHUIIAEMOCTb U KOMIUIEKCHBIN ITOKa3aTeNb MpeIOMJICHUS, CBA3b MHHMMOM 4a-
CTH C MOTJIOIIEHUEM CBeTa cpefiod. 3aTyxarolue BoJIHbI, 3akoH byrepa. [Toka-
3aTeNb MpejoMIIeHUs Ta3Mbl. PagnoBOMHBI B MOHOC(EPE W NalbHSS pajro-
cBa3b. I'pynmoBas ckopocTs. PacmpocTpaHeHne BOTHOBOTO IakeTa B HEOJHO-
ponHo# cpene. Pa3znnyHble quana3zoHsbl IJIMH BOJIH, X 0COOEHHOCTH. MeTamare-
pHabL.

4. TlpuHIMI CyNEepHO3ULIUH W HHTep(hEpeHINsT MOHOXPOMATHYECKUX
BoJIH. BugHOCTh Moo, mupuHa nonockl. [IpocBetiienne ontuku. CtaTuctiye-
CKas IpUPO/ia U3ITyUYeHUs] KBa3UMOHOXPOMAaTHIECKOH BOIHBI. BpemeHHas kore-
PEHTHOCTB, (DYHKIMSI BpEMEHHOW KOT€PEHTHOCTH, CBSI3b CO CIIEKTPAJIbHOM MH-
TEHCUBHOCTEIO (Teopema BuHepa—XuHunHa) 1 ¢ BUAHOCTBIO. OrpaHNYeHIE Ha
JIOITyCTUMYIO Pa3HOCTD X0/1a B IBYXJIYUEBBIX HHTEP(HEPEHIIMOHHBIX CXeMaX, CO-
OTHOLIECHHUE HEONPEAEIEHHOCTEH.

5. Wntepdepernns npH HCTOIH30BAHUH MPOTSIKEHHBIX HCTOYHHKOB.
IIpocTpaHCTBEHHAsT KOT€PEHTHOCTh, PAINyC KOTEPEHTHOCTH, (DyHKIHS Tpo-
CTPaHCTBEHHON KOTEPEHTHOCTH, CBSI3b C pacHpe/elieHneM WHTCHCUBHOCTH H3-
JTydeHus: 0 UCTOUHHKY (Teopema Ban Lurrepra—Ilepuuke). OrpannyeHus: Ha
JIOITyCTUMBIE pa3Mephl HICTOYHHUKA U allepTypy UHTEPPEPEHINH B IBYXIYICBBIX
cxemax. Jlazepbl Kak UICTOUHHUKH U3TTyYEHUs! C BBICOKOI BpEMEHHON U POCTpaH-
CTBEHHOM KOT€PEHTHOCTHIO.

6. Iudpaxuus Boad. [Tpuanun [olireaca—®penens. Jludpakaus Ha TOH-
KoM akpane. [ pannunsie yciioBus Kupxroda. BomHoBoit napamerp. Judpaxips
®penens. 3amaun ¢ 0CEBOH CHMMeETpHeE, 30HbI Ppenens, cnupans Openens.



30HHBIE TUIACTUHKH, JIMH3A. Mcronap30BaHMEe 30HHBIX IUTACTUHOK JUIsl (DOKYCH-
POBKH PEHTI'€HOBCKOrO M3iy4deHus. Judpakiys Ha TONOJIHUTEIHLHOM dKpaHe,
matHo [lyaccona. Jlndpakuus Ha cucTeMe JOIOIHHUTENbHBIX 3KPaHOB, TeOpeMa
Babuns. {udpaknus vHa kparo, crmpans KopHto.

7. udpakuus Opaynrodepa. Ceerooe moie B 30He DpayHrodepa kak
npeodpaszoBanue Oypbe rpanuuHoro mois. Judpaxius OpayHrodepa Ha e,
TudpaKIMOHHas PacXoauMOCTh. JIM(paKIMOHHBIN Tpeaen pa3pelieHus Teme-
ckoma M MHKpockorma. [Tone B GokaxpHOHN INTOCKOCTH JIMH3BL, ITONEPEYHBIC H
MIPOAOJBHBIE pa3Mephl POKATHHOTO IIATHA.

8. CriekTpasibHble IPUOOPHL: NpU3Ma, U(PaKIHOHHAS pelEéTKa, HHTEep-
¢depomerp Pabpu—Ilepo. XapakTepuCTHKH CIIEKTPAILHBIX IPHOOPOB: pa3peria-
I0IIast CIIOCOOHOCTH, 00JIaCTh JUCTIEPCHH, YITIOBas AUCIIEPCHSL.

WnTtepdepeHnys B TOHKUX IUICHKAX ¥ MHOTOCIOMHBIX CTPYKTYpax, 3ep-
Kajia ¢ BBICOKMM KO3 (QHUIEHTOM oTpaskeHusl. VIcKycCTBEHHbIE MHOTOCIIOMHBIE
CTPYKTYPBI 17151 OTPaXKEHUS MATKOTO PEHTTEHOBCKOTO W3Ty4deHus. PaqnorexHu-
YEeCKUE aHAJIOTH TU(PPAKIIMOHHBIX PEIIETOK.

9. [puHuune! ¢pypbe-ontuku. Metox Panes pemenus 3agaum nudpak-
LIMH: BOJIHOBOE I10JI€ KaK CYIEPIO3UIHS TUIOCKUX BOJH Pa3HBIX HAIpaBIICHUN
(mpocTpaHCTBeHHOE (hypbe-pas3iioKeHne), COOTHOLICHHE HEOoNpeIeIéHHOCTEN.
Hudpaxuust OpeHens Ha NEPUOAMIECKHX CTPYKTYpax (3PeKT camopenpoayk-
mun). Teopus A0GOe (HopMUPOBaHHS ONTHYECKOTO H300PaKECHHUS, MPHUHITHUIL
JBOWHO Iudpakuuu. Aneprypa, nojioca mporyckaHus NPOCTPaHCTBEHHBIX Ya-
CTOT ONTHYECKOW CHCTEMBI, CBS3b C pa3pellarliei criocooHocThio. Paspermaro-
11asi CocoOHOCTh NPH KOTEPEHTHOM U HEKOTEPEHTHOM OCBEICHHUH.

10. Mpuamuner romorpaduu. ['omorpamma I'aGopa. [omorpamma c
HaKJIOHHBIM OIOPHBIM ITy4KoM. Paspemrarommiasi criocoOOHOCTH TOJIOTPaMMBI.
Ycnosue bparra—Bynega. O6pEMHAS ToIOTpaMMa, 00bEMHAs pelIéTKa B Peru-
CTpUpYIOIIEH cperie.

[IpencraBnenue o ronorpaduueckoii MUKpOCKOIIMH OMOOOBEKTOB U roJI0-
rpadudeckoil HHTepHEepOMETPHHN.

11. Kpucrannoontuka. J{uxpousm, noysipouisl, 3aKkoH Maitoca. [{BoitHoe
Jy4YETPEIOMIICHAE B OJJHOOCHBIX KPHCTAJIAX, Pa3JIOKECHUE BOJHBI HA OOBIKHO-
BEHHYI0O M HEOOBIKHOBEHHYI0. B3aumHuasi opuenranus BektopoB K, E, D, B,
HarmpaBieHue Bektopa [loiHTHHTa, OOKOBOIT CHOC CBETOBBIX ITyYKOB B KPUCTAJI-
nax. HTepdhepeHIIMOHHBIE SIBIICHUS B KPUCTAUTHUECKUX TUIACTHHKAX. [ToHATHE
00 uckyccrBeHHoi anm3orponuu. D¢ dekts Dapanes, Keppa u [Toxkensca n ux
TIPUMEHEHNE.

12. Paccesinue cBera. DQQEKTUBHOE CEYCHUE pacCesHHs, TuarpamMma
HaINpaBJICHHOCTH, MX 3aBUCUMOCTb OT JUIMHBI BOJIHBI U OT pa3Mepa pacceuBaro-
myX 4yactul, PaneeBckoe paccesiHue (paccesHue Ha (QIIyKTyalusx IIOTHOCTH).
[Monsipuzanust paccessHHOTO CBETa.



13. Henwuueiinble onTuueckue sBieHHs. HenmHelHas mnonspuanus
cpenbl. OIeHKN HHTEHCHBHOCTH CBETOBOM BOJIHBI, IIPH KOTOPBIX HAOMIOJAt0TCS
HenuHeHbe 2QdexTel. HaBenenHoe nBynydenpenomieHne. [ eHepains BTOpoi
TapMOHUKH, (a30BBIii CHHXpOHM3M. OmnTndeckoe BBIIpsAMICHHE. CHMMETPHS
Cpenbl ¥ TeHepanys BTopoil rapMoHukd. CaModoKycHpOBKa, KpUTHYECKAS! MOIII-
HOCTh CaMO(OKYCHPOBKH, MEJIKOMAcIITaOHast caMO(OKyCHPOBKa.

[oHsTHE 0 KOMOMHAITMOHHOM PacCEsSHUH CBETa U BHIHYKJICHHOM pacce-
ssHud ManpenpimramMma—bpuiniosHa.

14. PacnpocTpaHeHHe 3JEKTPOMArHUTHBIX BOJIH B cBeToBojax. I'panu-
€HTHBIE CBETOBOJIbI M CBETOBOBI C PE3KUM H3MEHEHUEM MOKa3aTels pesioMIe-
Hus. JlomycTuMmas yriosas anepTypa. Tumnsl BonH. OJHOMOJOBBIE 1 MHOIOMO-
JIOBBIE CBETOBOJBI. PasleeBCkoe paccesHue Kak NMPUYMHA 3aTyXaHUs CBETOBOM
BOJIHEI B cBeTOBOAaX. [IpuMeHeHne U1 BEICOKOCKOPOCTHOH cBsi3u. O0acTs Hy-
JIEBOM TUCIEPCHH. Y IBTPAKOPOTKHE UMITYJIBCHI.
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3AJAHHME 110 ®U3UKE

JJISl CTYICHTOB 2-T0 Kypca
Ha BeceHHmii cemectp 2020/2021 yueGHoro rona

Ne Tema ceMHHAPCKHX 3amauu
Jara .
ceM 3aHATHH 0 | 1
[puamun @epma. ['eomer- 14 1.29 1.15
01.02- 1 | pwieckas onTika 1 Hie- Oi 1.22 Tl
06.02 MeHTH poTomeTpun. OnTu- 0o 19 T2
YeCKHe MHCTPYMEHTHL. 1.56 1.57
3akoHbBI OTpaxkeHus, Gpop- o1 254223 | 2.1
08.02— Myasl @penens. [onsapusa- 2.26 2.20
13.02 2 nust. [lotok sHEeprun U AaB- ;1?;7 2.29 2.27
JIeHHE CBETa. ' 2.42 2.45
10.2 10.8 10.21
15.02- 3 Hucnepcus. da3oas u 10,5239 10.43 10.24
22.02 IpyIIOBasi CKOPOCTH. or 10.75 10.35
1 1077 | T3
33 3.5 3.16
01.03- 4 HuTtepdepeHmus MOHO- 0 3.10 3.11
06.03 XPOMATHYECKHX BOJIH. 0 3.18 3.20
T4 3.35
HemoHoxpomatnaeckuit 01 4.10 4.9
08.03- 5 | CBET, BpeMEHHas Kore- 4.2 411 5.13
13.03 pentHoOCTS. [IpocTpan- 5.3 5.14 5.23
CTBEHHAsl KOTEPEHTHOCTh 02 5.20 5.30
01 6.15 6.16
15.03- 6 Hudpakuus Openes. 0o 6.20 6.31
20.03 30HHBIE TIACTHHKH. 6.59 6.50
6.1 6.43 6.64
Hudpakius GpayHro- 75 7.16 7.10
22.03- 7 ¢epa. Paspemaromas cro- 01' 7.48 7.53
27.03 COOHOCTB ONTHYECKHUX WH- 0o 7.54 7.59
CTPYMEHTOB. 7.83 7.33
8.2 8.39 8.37
Szgif 8 | CnekTpaibHble NPUOOPLL. Zl géi fil-é !
2 878 | T6




2883_ 9 KontponbHas pabora (110 rpynmnam)
12.04— 10 Craua 1-ro 3amanus
17.04
Judpaxiust Ha CHHYCOU- 1 9.1 9.11
19.04- 11 anbHBIX peméTkax. Jne- | %2 9.15 9.17
24.04 f/{ HTEI § . he-ONTHKH 3 9.22 9.28
CHTEL QYPRE-OMTHIHL. 9.26 9.79
01 9.32 9.33
26.04— 0 9.35 9.36
0105 | 12 | Fonorpadus. og 9.45 9.40
9.52 9.78
[Mosstpusarust cBeTa. 11.17 11.9 11.13
27.04— 13 |5 N o111 11.16 11.60
02.05 J'IKCMCHTLI PUCTAJLIOOT 11.12 1154 1180
THi ' 1128 | 11121
P 01 11.125 11.88
03.05— " 9aCC€$[HI/Ie cBeTa. o 11.89 11.90
08.05 JICMEHTHI HeJTUHEUHOU X 11.126 11128
OITHUKH. 3
T8 T7
10.05-
15.05 15 Craua 2-10 3a/J1aHus.
17.05- .
22.05 16 3auér.

Ipumeuyanue
Howmepa 3amau yka3zans! no «COOpHHKY 3aa4 110 odmeMy Kypey ¢usuku. Y. 2.
OnextpruectBo u Maretn3Mm. Ontuka / moz pen. B. A. OBunnkuna (4-e w31,
uchp. u gom.). — Mocksa : ®uzmatkuura, 2017». Kypcusom ommeuenwl 3a0auu,
Komopwle HeobX00UMo bpams U3 HO8020 U30AHUSL.

Bce 3amaun o6s3aTenbHbI U1 cAauM 3alaHus. B kaxnoil Teme ceMuHapa
3a/a4y pa30uTHI Ha 3 TPYIIIEL:

0 — 3ama4m, KOTOPHIE CTYNEHT JOJDKEH PENIaTh B TEUSHUE HEJENN AJIs IO~
TOTOBKH K CEMHUHApY;
I — 3amauun, pekoMeHJOBaHHBIE sl pa30opa Ha ceMuHape (ITPero aBaTellb

MOXET pa30OHuparb Ha CEMUHapax W JpYyrue pPaBHOLCHHBIC 3aJa4d IO
CBOEMY BBIOODY);




II — 3amaum 1 CaMOCTOSTEIBHOTO PELICHHS; UX PEICHHUS JOIDKHBI OBITh
0(OpMIICHBI CTYICHTaMH B OTAEJIBHBIX TETPAJAX M CAAHBI NIPEIOAaBa-
TEIT0 Ha IPOBEPKY.

3agaum rpynnsi 0

Cemunap 1
°1. Ha puc. mnoka3aHbl MONOXEHHE IJIABHOM
ONTHYECKOH OCH TOHKOM JIH3BI LL' ¥ X0 MPOXOAIIETOo
ckBo3p Hee snyda ABC. Haiimure moctpoeHmeM XoI
NIpOU3BOJIBHOrO yya DE 3a nuH301.

02. TlonoxuTenbHOU NHH30H € (OKYCHBIM paccTosiHMEM F  cosfaercs
n3obpaxxeHne o0beKTa Ha dKpaHe. Kakomy yCIIOBHIO JIOJKHO YJOBJIETBOPSATH
paccTosiHue OT 0OBEKTa 10 PKPaHa, YTOOBI 3TO OBLIIO BO3MOXKHO?

Cemunap 2
01. BbIpa3suTh UHTEHCHBHOCTD ILUIOCKOM 3JIEKTPOMArHUTHOMN BOJIHBI, PacIpo-

CTpaHHIOH.IeﬁC?[ B HEMarHUTHOM Cpeaec C MmoKasaTeJIeM MNPEIIOMIICHUA N, YEPE3
AMIUIMTYY BEKTOPA HANPS?KECHHOCTH JJICKTPUYCCKOT'O 1TOJI BOJIHBI EO'

Cemunap 3
1. KoHueHTpamusi >1eKTPOHOB B HIMKHHX CJIOSIX HOHOc(Eephl paBHA

N ~ 1,5 - 10% cm~3. Kakue 31eKTpOMAarHUTHbIE BOJNHBI OYAyT HCHBITHIBATh OT-
paXeHHe MIPU BEPTUKATBHOM PaJO30HANPOBAHIH HOHOChEPHI?
Omegem: v < 10 MI'y (1 > 30 m).

Cemunap 4
01. Ha 3KpaH IIagar0T ABE IIJIOCKHUE BOJIHHBI C paBHBIMI/I aMIIJIn-

Tyaamu A 1oJ ManbIMU yriamu @q, = +0,01 pan. JInuna BoaHs!

A = 500 HM, HOpMaJTh K 3KpaHy ¥ BOJIHOBBIC BEKTOPEI BOJIH JIS)KAT
B OJIHOH TUIOCKOCTH, CM Ha 3kpane. Onpenenante mupuHy HHTEP-
(hepeHIMOHHBIX MOJI0C (CM. pHC.).

Omeem: 25 MKM.

92. Ha TOHKYIO IUIEHKY € TIOKA3aTeJeEM MPENOMIIEHHS N MAIaeT My40K Oenoro
cBera nox yriaom 6 k HopManu. [Ipn xakoit MUHUMaBHOW TOMMIKHE by, U B
Kakoii 1iBeT OyJeT OKpalleHa IUIEHKa B OTPa)KEHHOM CBeTe?

Cemunap 5
1. B aByxilyueBOM HMHTEP(PEPEHIIOHHOM OIBITE HCIOJb3YETCS HCTOYHHUK



cBeta ¢ JunHOM BonHbl A = 500 HM 1 mupuHoii ciektpa A1 = 10 HM. OueHure

MaKCHMaJIbHO JOIYCTUMYIO Pa3HOCTb X012 JTy4deil Ay ,x ¥ MAKCHMAIBHOE YHCIIO

MHTEP(HEPEHINOHHBIX MOJIOC My, KOTOPBIE MOKHO HAOMIOATh B 3TOM OIIBITE.
Omeem: Apax ~ 25 MKM, My, .4 ~ 100.

92. Haiijute anepTypy MHTEp(EPEHIUHU B ONBITE ¢ GUIPU3MOM C TIPETOMIIS-
IOLIMM YIJIOM @ U MOKa3aTeseM MPeIOMIIEHUs N, €CJIM UCTOYHUK U MIOCKOCTh
HaOJI0CHUS PACIIONIOKEHBI HA OJTMHAKOBBIX PACCTOSHHUSAX OT OUTIPH3MBL.

Cemunap 6
1. llens mupuasl b = 1 MM ocBelIaeTcs MapalledbHEIM ITy4KOM CBETA C

mumrHON BOMHBL A = 500 HM. OueHuTte, Ha KaKOM PacCTOSHUH L OT mmienu HeoO-
XOJMMO pa3MECTHTh SKpaH, YTOObI HaOMoAaTh Ha HEM qudpakunio Openens.
Omeem: L ~ 1 m.

02. Ha upucoByo auadparmy ¢ IEpeMEHHBIM PaJMycOM OTBEPCTHS, PacIio-
JIOXKCHHYIO Ha PACCTOSHUM L OT KpaHa, mafaeT CBET ¢ [UIMHOW BOiHBI A. Jlua-
(hparMy moCTENEHHO OTKPBIBAKOT, HauuHast ¢ R = 0. [Ipu xakom paauyce R uH-
TEHCUBHOCTB CBETA B LIEHTPE IKpaHa BIEPBbIE 0OPATHTCS B HOJb?

Cemunap 7
01. Yepes ManeHbKOe KPYIJIO€ OTBEPCTUE IPOXOAMT MOHOXPOMATHUECKHUI

MapaJuleJIbHBIHN ITyHYO0K CBETa M CO3/[aeT Ha yAAJIEHHOM 3KpaHe TU(PaKINOHHYIO
kaptuHy ®PpaynHrodepa. Bo ckonbko pa3 M3MEHHTCS OCBEHIEHHOCTH B IIEHTpE
9KpaHa, €CIM YBEIUYNTh JUAMETP OTBEPCTHS BIBOE?

Omeem: yBenuuurcs B 16 pas.

02. Mnockas cBeToBas BojiHA Audparupyer Ha MieaM ¢ MUpUHOH b = 104,
rae A — qiuHa BoJHbI. OIIEHHTh OTHOIIEHWE WHTEHCHBHOCTEHM HYJIEBOTO U
MepPBOro TU(PPaKIHOHHBIX MAKCUMYMOB.

Omeem: 1, /1, = 0,05.

Cemunap 8
1. Ha muQpakudoHHYIO peIleTKy, HMeromyto mepuon d = 10 MM, HOp-
MAaJIBHO MAJaeT CBET OT JKeATOTo aydiera Hatpus (1, = 5890 A, A, = 5896 A).
O1eHNTe YIIIOBOE PACCTOSIHUE MEXIY MaKCUMyMaMu ¢ BO BTOPOM IOPSIIKE
(m = 2).
Omsem: 8¢ ~ 1,2 - 10™* pan.

2. Nudppaxumonnas pemérka ¢ nepuogom d umeer pasmep D = 103d B
HallpaBJICHUH, NEPIICHINKYIIPHOM IuTpuxaM. IllnpuHa mpo3payHbX ITPUXOB
peuéTKy paBHA IMOJOBUHE neprona. OnpenenuTe MakCUMalbHYIO pa3peniao-
IIYI0 CLIOCOOHOCTH PEMIETKH B CIIEKTpax 1-To U 2-T0 MOPSAAKOB.

Omsem: R, = 103, R, = 0.
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Cemunap 11
01. TInockas BOJIHA C JIMHOMN BOJIHBI A pacpocTpaHseTcs B

IUTOCKOCTH XZ TOJ{ YTJIOM & K OCH Z. 3alMIINTE paclpeieiIcHIe
KOMIUIEKCHOHM aMIUIUTYZABI BOJIHBI 1 HMHTCHCUBHOCTHU B IUIOCKO-

— . pad
ctu zZ = 0. Haiit pa3HoCcTh a3 Mexay KOIeOaHUIMHI B TOUKAX EI L
z=0wuz=L,nexamux Ha OCH Z (CM. pHC.).

02. PeméTka ocBemaeTcs HOPMaJIbHO MaJIalolIel IIIOCKOW MOHOXpOMaTHuye-
CKOM BOJIHOM C aMIUIUTYAON A. YKaXuTe MpOCTPaHCTBEHHbIE YaCTOThI U aMILIH-
TYIbl IJIOCKUX BOJIH 32 JU(PAKIMOHHON PEIEéTKOM, MpOo3pavyHOCTh KOTOPOW
7(x) = cos?(Qx).

03, Ouennre IIMPUHY MPOCTPAHCTBEHHOTO CIEKTPa IUIOCKUX BOIH Ak, mpH
Iu(paKIUK IIOCKOH MOHOXPOMATHYECKOI BOJIHBI Ha LIS MIUPUHOH b.

Cemunap 12
01. ToyeuHblil HCTOYHUK C JUIMHOMN BOIHBI A PACIIOJIOKEH B Hauajle KOOPIU-

Hart. [Tonp3ysce mapabosmuecKuM IpUOIMKEHIEM, HATH pacripeaeeHine KOM-
IUIEKCHOM aMIUTUTYABI 1 MHTEHCUBHOCTH B IUNIOCKOCTH X = L.

92. TosorpaMMy TOYEYHOTO HCTOYHMKA, HAXO/ISIIETOCS HA PACCTOSHUH L OT
(doTomacTUHKY, 3amucaiu mo cxeme ['abopa Ha mmHEe BomHBI A. [me Oymyt
HAaXOIUThCSI MHAMOE U JCHCTBHUTEIbHOE M300paXKCHHS, €CIIM BOCCTAHOBJICHUE
rOJIOTPaMMBbI IPOU3BOUTH CBETOM C JJIMHOW BOJIHBI 217

03. IMoyeMy OpU HOJYYEHHUM roJOrpaQUuecKux H300pakeHuil 0OBEMHBIX
00BEKTOB MPAKTUYCCKUI MHTEPEC NPEACTABIAIOT TOJBKO MHHUMBIE H300paxe-
Hus? TIosSICHUTE OTBET C MOMOIBIO CXEMAaTHYECKOI'O PHCYHKA.

Cemunap 14
1. Tlone3ysick (opmysioii Pases, ounenute KO3(PUIMEHT NpOIMyCKaHUs

CBETa CJOeM BO3JyXa TOJIIMHON 8 KM B aTMmocdepe BONM3M NOBEPXHOCTH
3emun, Ui (BYX JutnH BostH: A =400 um (uonerossiii ceer) 1 650 HM (KpacHBIH
cBeT). [Tokasateb NpeoMIIeHHs BO3lyXa IPUHATH paBHbIM 1 — 1 = 2,9 - 1074,
Omesem: Tyyo = 0,7, T799 =0,95.
02, JlazepHblif Iy4OK HPOXOAUT CKBO3b CJA0OMOMIOIIAKOILYIO KHIAKOCTH
(MHTEHCHUBHOCTH ITyYKa MaKCUMaJIbHA Ha eTo ocH). KakoB 3HaK BO3HUKAIOIIEH B
SKMIKOCTH JIMH3EI?

03. MosneKybsl HEKOTOPOH KHAKOCTH MMEIOT PasHYIO MONSAPH3yeMOCTh MO
pasHbIM ocsM. Kak Oy1yT OpUEHTHPOBATHCS MOJIEKYJIBI B TI0JIE€ CBETOBOM BOJIHBI:
MaKCHMAJIbHOM TOJIIPU3YEMOCTHIO 110 HAMPABJICHHUIO E wm MEePHEHAUKYIISPHO
E? OTBeT 060CHOBATD.
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TexcTroBbIE 3a1a4YH

T1. a) YV HEKOTOpOTO OIM3OPYKOTO YEIIOBEKA HAaNbHSSA TpaHHIIa 00JIaCTH, B
KOTOpPOH OH BHIHUT HPEAMETHI PE3KO, HAXOAUTCS Ha PACCTOSIHUU Ly OT Tiasa.
OuKH KaKoi ONTHYECKOW CHIIEI D eMy ClieyeT HOCHTB, YTOOBI 3Ta TpaHHIIa Tie-
pemectunach B Oeckoneunocts? IlpoBectn pacuer mist Ly = 0,5 M.

0) Y HEKOTOpOro NaabHO30PKOTO UEIOBEKAa OJIKHSASA TpaHHMIa 00JacTH, B
KOTOPOI OH BUIMT MPEIMETHI PE3KO, HAXOAUTCS HA PACCTOSHHUM L, OT riasa.
OuKM KaKoW ONTUYECKOM CHIIBI €My CJICAYeT HaleTh, YTOOBI 3Ta TPAHUIIA MTEpe-
MECTHJIACh B «IIOJIOKEHUE HAWIy4Iero 3peHus» Ly, = 25 cm. [IpoBectu pacyer
st Ly =1 m.

Omeem: a) D = —2 ontp, 6) D = +3 aop.

T2. Haiiti T uaeanbHONH (OPMBI TOBEPXHOCTH ILIOCKO-BBITYKIION JIMH3HI
U1 POKYCHPOBKH apaIIeIbHOTO ITyYKa B TOUKY (chepa. rumepdora, mapadona
unu ap). JInHza pacrnonoskeHa MmiIocKOM MOBEPXHOCTHIO K INIOCKOMY BOJTHOBOMY
¢dponry.

T3. (2019) [MapamtenbHbIi TyYOK U3TYICHHS ATUTEIBHO-
cteio 100 dc u cpenneit amuHO# BomHBl A = 500 HM QoKy-
CUPYETCS MOJIOKUTEITLHOW JIMH30U TOJMIUHON L = 6 MM B
LEHTpe U ONM3KON K HYJI0 Ha Kpasdx. [Iydok 3amosHseT BCio
nuH3y. [lokazaTens npeaoMaeHus MaTepuana THH3s n = 1,7,
TPYIINOBas CKOPOCTh B CTEKIE Uy, = 0,55¢. Ouennuts 1m-

TEJNBHOCTh UMITYJIbCA B (DOKYCE JIMH3BI.
Omeem:. T =~ 2,4 11C.

T4. (2019) Ilaparomras Ha Ounpusmy Ope- E® 3
Hesst O riockast MOHOXpoMaTHdeckas JMHEHHO Mo-
JSIpU30BaHHAs BOJIHA CO3AA€T Ha MIOCKOM JKpaHe O
MHTEP(HEPEHINOHHYIO KapTHHY C IIUPUHOH T0JIOCHI
A. TInockocTs MajieHus NEPIEeHAUKYIApHA MIOCKO-
ctu akpaHa. Ilome E BomHBI KojeOiercs mapai-
JICITLHO TUTOCKOCTH TaaeHus. JimnHa Bonus! A. Omnpe-
JienuTe BUAHOCTH V MHTEp(epeHINOHHON KapTHHBL.

2

Omeem.V =1 _%(X)z .

i3

T5. Cnektpanbhas munus H, atomaproro Bojopona (A = 6563 A) umeer
TOHKYIO CTPYKTYPY B BHJE ABYX «CYOJIMHUIT» B MHTEpBaje AIUH BoJH 04 =~ 0,16
A. Kaxkoit jomxna 6b1Th MUHEMAaNIbHAs Ga3a untepdepomerpa ®abpu—Ilepo L ¢
KO3 (HUITMEHTOM OTPAKESHHS 3epKall TI0 UHTCHCHUBHOCTH p = 0,9, 94TOOBI ¢ ero
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TIOMOIIBI0 MOKHO OBIIIO 0OHAPYXKHUTh TOHKYIO CTPYKTYpY JuHuu? Otpenenure
TakKe [UII TaKoro wWHTepdepoMeTpa: IUCIEPCHOHHYIO o00macts A4,
HalpaBJieHHue Ha OJIDKaWIINKA K LEHTPY MaKCUMyM 6, H YIJIOBYIO JUCIIEPCHIO
d6 /dA BO6mm3m Hero. B meHTpe KapTHHEI — CBETIIOE TATHO.

Omsem: L = 0,4 MM, AL =54A,0, =2,3°,D=4-10"3 AL,

T6. CoBpemenHsle (OTOIH-

onbl  00ecneunBalOT OTPOMHBIN 3, ¢oto-
JMAITa30H JIMHEHHOCTH, 10 11 mmo- a Anon

PSOKOB 10 HHTCHCHBHOCTH CBETa, ~ "

TO €CTh B 3TOM JAHWamna3oHe (poTo- 3, - / Visvep.
TOK JIMHEHHO 3aBHCHT OT HHTCH- < S B [ cxema
CHUBHOCTH CBETa, MAaJaloIIero Ha .

¢doroanon. ITO MO3BOJISIET M3Me- = -\

PATH OYCHb MAaAJIbIE MHTCHCHUBHO- A

CTH MOJYJIMPOBAHHBIX 110 aMIUIH- Wnrepepenu-
TyJie CBETOBBIX CUT'HAJIOB Ha (hoHe J1asep > OHHas kapThHa

ropaszio 0osee MOIIHOW MOCTOSH-
HOW 3aCBETKH.

W3znyuenne xopomo cTabmin3upoBaHHOTO HEIPEPBIBHOTO Jiazepa C UIMHOM
BosHbI 0,6 MKM TpoItyckaeTcst 4epe3 uHrepdepomerp MaiikenbcoHa, B KOTOPOM
OJTHO W3 3epKai 31 MOXKET KOJIeOaThCs ¢ MaJoOi aMIUITYIOH a. 3epKaiio 32 9yTh-
YyTh HAKJIOHEHO, TaK 4TO B INIOCKOCTH (POTONPHEMHHKA MOTYYAIOTCS JOCTATOTHO
mmpokue (Oompire pasmepa (GOTONpHEeMHHKA) HHTEp(EpPCHIMOHHBIC MOJOCHL.
CMerienue 3epkaia 31 MPUBOJUT K CMEIICHHIO HUHTEP(PEPEHIIMOHHBIX IOJIOC.
OueHnTe MUHUMAIBHOE 3HAUEHHE 8min AMIUTUTYIBI KOJIEOAHUH, KOTOPOE MOXKHO
H3MEPUTH TAHHOW CXEMOM, €CJIM N3MEPUTENILHOE YCTPOICTBO MO3BOJISIET 0OHAPY-
KUTh NEPHOMUECKHe Kojlebanus (POTOTOKa, cocTapistomue senuuuny 1020 or
BEJIMYMHBI TOKA B MAKCUMYMe HHTep(epEeHIIMOHHOM KapTHHBL. B kakoM mecTe 1H-
Tep(hepeHINOHHOI KapTHHBI (B MAaKCUMyMe, MUHUMYME MHTEHCHBHOCTH WM B
JPYroM MecTe) CIeAyeT pacnoiaratb (OTOJHOJ Ul MOITy4eHHsT MAaKCUMAIIbHOM
YyBCTBUTEIBHOCTH?

Omeem: amin = 1078 cm.

T7. Kpucrann Hro6aTa nutHs 00J1alaeT CHIBHOW HEINMHEWHOCTHIO M JO-
BOJIBHO 4acTO HCIHOJb3yeTCs AJsl TeHepaluy BTOpoil rapmoHuku. Ilokazarenu
MIPETOMIICHUS 1IsI OOBIKHOBEHHOH M HEOOBIKHOBEHHOM BOJIHBI 3TOTO KPHUCTALIA

o dane
CHJIBHO 3aBHCAT OT TeMIlepaTypsl. J[i1si HeOOBIKHOBEHHOM BOJHEI e 54-
dng

107°(°C)™", a ans obbikHoBemHoit —°=37,9-107° (°C)™". Ouennure,

HACKOJIbKO HaJ10 UBMCHHUTH TCMIICPATYPYy KpUCTAJla, 4TOOBI HHTEHCUBHOCTE I'e-
HEpalnun BTOpOﬁ rapMOHHMKHU CTaJia paBHOﬁ HYJIIO. C‘IHTaﬁTe, 4YTO 1O UBMCHCHUA
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TeMIiepaTypsl OBUIO JOCTHIHYTO YycioBHE (Da30BOr0 CHHXPOHHW3MA, UIMHA
BOJIHBI HaKadkd paBHA A = 1 MKM, a [nHa Kpuctamia [ = 1 cM.
Omeem: 8T = 1.54°C.

T8. Haiitn mpomnyckanme atMoc(hepoil CONHEYHOTO W3IYUYCHHS BO BpEMs
Bocxoza. Crenatp pacuet st kpacHoro (A = 700 uM) u ¢uoneroBoro (A = 400
HM) IIBeTOB. ATMOC(epy CUMTATh H30TEPMHUUYECKOM, IIOTEPH, HE CBA3aHHBIC C P3-
JIEEBCKHM paccessHueM (ITbLIb, 00J1aKa, ....), He yIUThIBaTh. [lokazaTens mpeinom-
JeHust atMocdepbl BOJIM3HM NOBEpXHOCTH 3eMin paBeH No = 1,0003.

Omeem: mist & =400 M loullo = 5,310, mnst A = 700 M loullo = 0,27.
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Abcomorno waTerpupyembie gpyukiuu. Jlemma Pumana. Tpuronomerpude-
ckue psaapl Pypbe misa abcorOTHO MHTErpupyeMbrx ¢yukimit. CrpeMienve
K Hya0 koaddunmentoB @ypoe. [IpencraBienne 9acTUIHON CyMMBI PSIa
Oypbe maTerpasiom ¢ gapom lupuxse. Ilpwamun nokammzamuu. Jlocrarot-
HbIE yCaoBus cxomumoctu panoB @ypbe B Touke. PaBHOMEpHAsT CXOIUMOCTH
psimoB @ypoe. [lounennoe muddepeHImpoBanne 1 WHTEIPUPOBAHNE PSIIOB
Oypoe. Topsnok yobiBanus ko dunmentos @ypoue. s noroka O. B. Be-
COBA: OIEHKA CKOPOCTH CTPEMJIEHHS K HYJII0 OCTATKA TPHTOHOMETPHIECKOIO
psaa Oyppe. Pagx Oypbe B KOMILIEKCHOR (opme.

Cymmuposanue psiyioB @ypbe MeTo oM cpenaux apudmerndeckux. Teopembr
Beiitepirpacca 0 mpubimKeHnn HEIPEPBIBHLIX (DYHKIINH TPUTOHOMETPUYe-
CKUMU ¥ ajaredpadvyeCKUMU MHOMOY/IEHAMMU.

Merpudeckrue W JUHEHHBIE HOPMHPOBAHHBIE TPOCTpaHCcTBa. CXOauMocTh B
METPHYIECKHX IMPOCTpaHCTBaX. [logHbIe MeTpuYIecKne MPOCTPAHCTBA, MOJIHBIE
JMHEeHbIE HOpMUPOBaHHbIE (6aHAXOBLI) TPOCTPAHCTBA. [LOJIHOTA IPOCTPAH-
crBa Cla, b]. HenomHoTa TpOCTPAHCTE HENPEPHIBHLIX Ha OTPe3Ke DyHKImi ¢
HHTErpaJbHBIME HOpMaMu. CpaBHEHHE HOPM: CpaBHEHHE PABHOMEPHOH CXO-
JUMOCTH, CXOANMOCTEIT B CpeHeM U B cpeamneM KpaaparudaoM. IlosHbre cu-
CTeMbl B JHHEHHBIX HOPMHPOBAHHBIX NPOCTPAHCTBAX. JId mOTOKA
B. 2K. CakbaeBa: IOoJTHeHHE METPHIECKOrO IPOCTPAHCTBA; MOIOTHEHHE JIH-
HEITHOr0 HOpMHPOBAHHOIO IPOCTPAHCTBA; TeOPeMa O IHOHIOJIHEHHH.

BeckonednoMepHbie €BKINIOBBI MPOCTPAHCTBA. Psaa @ypbe 0 OpTOHOMHUPO-
BaHHOM cucTeme. MuHNMAIbHOE CBOHCTBO KO3 durimentoB @yphe, HepaBeH-
crBo Beccensi. PaBencrBo IlapceBanga. OprornopmupoBannbiii 6asuc B 6ec-
KOHEYHOMEPHOM €BKJIUJOBOM MpOCTpancTBe. [MiabbepToBBl MPOCTPAHCTBA.
Heobxomaumoe 1 ocTaTOMHOE yCAOBHE TOIO, 9TOOBI MOCTEI0BATEIHHOCTD UH-
CeJI SIBJIAJIACH TIOC/IE0BATEILHOCTHIO KO3 PutmeHToB Pyphe dIeEMEHTa IUTb-
OepToBa IPOCTPAHCTBA ¢ (PUKCHPOBAHHBIME OPTOHOPMHUPOBAHHBIM 0OA3UCOM.
CBsi3b TIOHSITHIA TOJTHOTHI W 3aMKHYTOCTH OPTOHOPMUPOBAHHON CHCTEMBI.
Tpuronomerpuueckue psinbl Pypbe ans GyHKIMA, abCOJIOTHO UHTETPUPYe-
MBIX ¢ KBagparom. [lomHOTa TPUTOHOMETPUYECKON CrcTeMbl, paBeHCcTBO [lap-
ceBaJis. llomHoTa cucTembr mosmmHOMOB JlexaHmpa.

CobGcTBEHHBIE WHTETPAJIBL, 3aBUCAINNME OT TapaMerpa, ux cpoiicrsa. Hecob-
CTBEHHBIE MHTErPAJIBL, 3ABUCAIIIE OT apaMeTpa; PABHOMEDPHAA CXOIUMOCTb.
Kpurepuit Kommu paBHOMEpPHO# CXOAMMOCTH HECOOCTBEHHBIX HHTErpaJioB. [Tpu-
snaku Beitepmrpacca n Hupuxie. HenpepoiBHocTh, mud dpepeHinpoBanne u
HHTErPUPOBAHUE TIO MapaMerpy HecOOCTBEHHBIX wHTerpasioB. Ilpumenenue
TEOPUH WHTETPAJIOB, 3aBUCSIIAX OT MAapaMerpa, K BBIYUCICHUIO OMPEIeseH-
Hbix waTerpasioB. Uuarerpansr dupuxie u Jlannaca. Unrerpasnsr Ditmepa —
ramma u 6era pyukmun. Beipaxkenne 6era-pyHKIMN depe3 raMMa-QyHKIHIO.
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. Narerpan @ypre. [lpencrasmenune dynkiun narerpasom Pypne. [Ipeobpa-
zoBanne Qypbe abCOMIOTHO HHTErPpUPYEeMOi (DYHKITUH U CBOMCTBA €10 00pa3a:
HEIMPEPBIBHOCTD, CTPEMJIEHNE K HY/I0 HA beckonedHocTr. POpMysbl obparie-
uus. [IpeodpazoBanne @ypbe MTPOU3BOIHON U TPOU3IBOAHA TPEOOPAZOBAHNS
dypne.

. IIpocTpancTBo ocHOBHBIX (hyHKINH [ M MPOCTPAHCTBO OOOOIEHHBIX (PYHK-
it D'. CxonumocTs B npocrpancTse 0600umennbix Gynkuuii. Peryisphibie u
CUHTYJISIpHBIE 0000IeHHbIe (DyHKINN. [lenbra-pyHKIms. Y MHOKEHHE 0000-
meHHoN ¢yHKINN Ha HeckoHeuHo auddepennupyemyo. JTuddepennmrposa-
Hue 0000IeHHBIX DYHKITHI.

JIureparypa

Ocnosnasn

. Becos O. B. Jlekiuu 1o maremarudeckomy anauuly. — Mocksa : @usamaraut, 2014, 2015,
2016.

. Heawnos I'. E. Jlekiuu o maremarudeckomy aHanudy 4.2 —Mocksa : MOTU, 2011.

. Kyodpasuyes JI. JI. Kypc maremarudeckoro anaau3a. — b-e udg. — Mocksa : [Ipoda, 2003.
. Ilemposuy A. FO. Jlekuuu mo MmaTematudeckomy ananusy. 1. 3. Kparusie uaterpass. Fap-
MOHM4YecKuil anauns. — Mocksa : MOTH, 2018.

Tep-Kpuxopos A. M., Illabynun M. M. Kypc maremarwmdeckoro aHajam3a.— MoOCKBa
DuzmaTaut, 2003.

. Hxoeses I. H. Jleknuu 1mo MaremarudecKoMy aHaiuzy. d.2,3.— Mocksa : PusmMaTiur,
2004.

Jonoanumensbras

. Huxoavcrkuti C. M. Kypc maremarudeckoro anasmsa. 1.1,2.— 5-e uzg. — Mocksa : Pus-
mataut, 2000.

Quxmenzoavy I. M. Kypc nuddepeHIIIaIbHOTO U HHTETPDAJIBHOIO HCYUCJIEHHUS. — 8-€
u3a. — MockBa : @uzmariaut, 2007.

3AJTAHUA

JIureparypa

. CO60pHHK 3ajad MmO MaTeMaTHdecKoMy aHamu3y. HWHTerpansl. Panwr: ydebHOe mOCO-
6ue/mox pex. JI.JI. Kyapssuesa. — Mocksa : @u3maraut, 2003. (qurupyercs — C2)

. COOpHHK 3324 10 MATEMATHIECKOMY aHa u3y. DyHKINN HECKOJBKUX IEPEMEHHBIX: yIe0-
HOe mocobme/nox pex. JI.JI. Kyapsinesa. — Mocksa : @u3mariut, 2003. (murupyercs —
C3)

3amMeuanusa

. 3agaun ¢ NOAYEPKHYTHIMA HOMEPAMHU PEKOMEHIOBAHO pasobpaTh HA CeMU-
HAPCKUX 3aHATUAX.

*
. 3ajadu, OTMEYEHHbBIE |, SIBJIAIOTCS HEOOA3ATEIbHBIMY JIJIS BCEX CTYJIEHTOB.
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ITEPBOE 3A/IAHUE
(cpok craun 15-20 mapra)

I. Tpuronomerpuydeckue psajabl Pypbe

1.

II.

C.2. §22: 1(5); 11; 14; 30; 42; 45 B kax0M mpumepe nocrpoiite rpaduk
cymMbl psizia @ypbe u ucciaepyire psiji Ha PABHOMEDPHYIO CXOJIU-
mocTh Ha R.
C.2. §22: 23%; 65; 67; 68; 72; 110; 111(4;3).
Cxonaresa mu papaoMepHO psaabl Pypoe byukmun f(z) = e, x € [0;7/2] mo
cucTeMaM:
a) {sin(2k — L)z};2 ;3 6) {sin2kx};- ;
B) {cos(2k — 1)z}, ; r) {cos2kz}ye 7

TTocTpotiTe rpadukn CyMM 3TUX PSAIOB.

. He Boraucasa kosdgpdunuentos @ypbe, OnpeaesnTb MOPAI0K X yObIBaHUA

a) z'%  6) 2% ) (22 — 720 1) (7% - 2?)sin? .
C.2. §22: 115; 121. C nomompio paBercTsa [lapceBasis BeraucnTe CyMMbI
o0 oo
1 1
PAIOB: Z H, Z E
n=1 n=1
C.2. §16: 47%(2); 48(1; 3).
@ yHKIIMOHAJbHbIE IPOCTPAHCTBA
Hokaxkure, ato ecau f — dbyHKuus, HenpepbiBAas Ha oTpeske [a,b], a {fn} —
NOCJIE0BATEIBHOCTD (DYHKIMIH, HEIPEPBIBHBIX HA [a, b], TO MEXKTy PA3HBIME

BUJAMU CXOAUMOCTH UMEIOTCH CBSI3M, YKa3aHHbIe B cxeMe (11pU LepeyepKHy-
TOi CTPEKe IPUBECTH KOHTPIIPUMED ):

CXOIUTCS “— | CXOmUTCS MO | 4/— | cxoAmTes 1Mo
PABHOMEPHO K f nopme Lo K f nopme L1 K f

T T4 T

’ {fn} cxommrcs noroueuno x f ‘

C.3. §18: 97; 98*,

w o0
Jokaxwure, uro cucrema dynkuuit {z"}, " HOIHA B HPOCTPAHCTBAX

Cla,b], CLy[a,b], CLs|a,b).
C.3. §19: 116; 126*.

Homma s cucrema byukuuit {x, 2%, ...2?* 1.} B npocrpancrse: a) C([1;2]);
6) B npocrpancree C([0;1])?
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6. Ilonna ym cucrema {cos(2k — 1)z}, , B mpocTpaHcTEBe:
a) C[0;7/2]; 6) C[0;2]?

BTOPOE 3A/JTAHUNE
(cpok coaan 10-15 mas)

I. CobcTBenHbIEe MHTETPAJIBI, 3aBUCLINIE OT ITapaMeTrpa
C.3. §13: 2(5); 14(2); 17; 18*%(2).
§15: 1(3).
I1. Heco6cTBeHHBIE HHTEIPAJIBI, 3aBUCIIINAE OT MapaMeTpa
C.3. §14: 1(1) — uccremoparsb Takke mpn « € (1; 400).
1(2) — nccnenosare rakxke npu o € (0;1)
C.3. §14: 6(3, 4); 7(3, 5, 6); 8(2).

1. Beruucaure uarerpansr Jupuxie u Jlannaca:

+oo . +oo +oo .
S ax cos axr X s ax
dz, = da, S
T 14+ =z 1+
0 0 0

C.3. §15: 1(4); 2(4); 3(2); 5(2); 6(1, 4, 5); 13(4); 15(4).
C.3. §16: 7(4); 9(3); 12(9); 10*(3).
I11. NaTerpan ®@yprne. IIpeobpasoBanue Pyphbe
C.2. §12: 248; 254.
C.3. §17: 1(3); 2(4); 5(2); 6(1); 7(4); 8(1,5); 14(1,3); 17*(1).
IV. O6obGirennbie dyHKINN
C.3. §21: 58%; 60.
2. Jokaxure, uro B D’ cpaBenIuBbl paBeHCTBA!
a) al—ig}o ﬁtﬁ =7d(x); 6) al_i)rgo é sin 2 = 7d(x).
C.3. §21: 71; 75%; 77%; 84.
3. Haiinure 5 D’
lim xiﬁ
§—+0 (22 4 £2)?
4. Vopocrure B D' BhIpaskenust:

a) (8% + xcosx)d(x); 6) ( sine _ oj LL‘) 8 (x); B) 6“25”(95).

1422

CocraBuresnb 3aaHusa a1 d.-M. 1., mpodeccop C. A. T'purierko
19




YTBEPXK/IEHO
IIpopekTop mmo yuebuoit pabore
.A. Boponos
15 auBapa 2021 r.

ITPOI'PAMMA
110 JUCHUIIJIMHE: AI/IQI!QI!EQEH!!I/I&HBHBIE YpaBHEeHUA

110 HAIIPpaBJIECHHUIO

nomgroroku: 01.03.02 «IIpuknaanad MaTeMaTHKa M HHOOPMATHKAY,

03.03.01 «ITpukjiajible MareMarTuka U QU3NKa»>

09.03.01 «MndopMaTnka ¥ BLIYACANTEIbHAT TEXHUKAY,
16.03.01 «Texuuteckas dbu3uKa»,
27.03.03 «CucTeMHbIN aHANIW3 U YOIDPABICHUE»

(bI/I3TeX—H_IKO.HbIZ AJid BCeX gl)I/IBTeX-IJ_IKOJI

Kadeapa: BbICITIeii MaTeMaTHuKN

KypC: 2

CEMECTD: 4

TpynoéMKoCcTb:

Teop. Kypc: 6a30Basg 9acTh — 4 3a9eT. eJ1.;

mekinn — 30 J4acos Dk3amen — 4 ceMecTp

OPAKTUYECKHNE { CEMUHAPCKNEe

3apgaTusa — 30 JacoB
J1a00paTOPHDIE 3aHATU — HET

BCEI'O AYJINTOPHBIX YACOB — 60 Camocrogrenbias paboTa:
Teop. Kypc — 90 gacoB

IIporpaMMy u 3aJaHUE COCTABUIIN:
. d.-M. 1., npodeccop A. M. Bumaes
a. 7. H., mpodeccop A. E. YMuor
a.d.-m. 1., mpodeccop C. E. 2Kykopckuii
K. d.-m. H., gonenr B. F0. Hybunckas
K. d.-M. H., gorenr A.FHO. Cemenon
K. d.-m. H., gorenr O. A. IlsipkoBa
IIporpaMma mpuHsiTa Ha 3acegannu Kadeapbl
BoIciieil Mmaremarukn 19 vHosOpsa 2020 r.

Sasemyromuit kadeapoit
1. d.-M. H., Tpoheccop I'. E. Usanos



1. OcHoBHbIE MOHSATHUHA, TPOCTelime TUIBI JudhepeHInATBHBIX Yy PaB-
Henwmii. OcHOBHBbIE TOHATHSA. llpocreiinine TUIBI ypaBHEHUI TEPBOrO IO-
PANKa: YpABHEHUS C PA3MEJISIONAMUCT TEPEMEHHBIMU, OJHOPOIHbBIE, JTUHEH-
HbIE, YpaBHEHUS B MOJTHBIX quddepennuaiax. NHTErpupyomumii MHOXKUATETb.
VYpasuenune Bepuyninm nnn Pukkaru. Merosn BBesenus mapaMerpa st ypas-
HEHW TEPBOTO MOPSIKA, HE PA3PEIIEHHOr0 OTHOCHTEIBHO TTPOU3BOIHOM.
Metoapl HOHMKEHMS MOPSAKa TuddepeHnanbHbiX ypasaennii. Mcnonb3o-
BaHWME OHONAPAMETPUYECKUX TPYMI Mpeobpa30oBaHUl I MOHUXKEHUS TI0-
panka auddepeHIranbHbIX ypaBHeHui (10 yCMOTPEHUIO JIEKTOPA).

2. Jluneitabie nuddepeHnmuaabHble YpaBHEHUI U JUHEHHbIe CUCTEeMbI

anddepeHITNATLHBIX YPaBHEHUH ¢ MOCTOAHHBIMU Ko3d bumeHTa-
mu. @opmyna obIero perenrsi JUHEHHOTO OJHOPOAHOTO YPABHEHUS N-TO
mopsaka. OThICKAHUE PEIeHusT INHEHHOTO HEOTHOPOTHOIO YPABHEHHUST B CJIY-
Jae, KOr/ia MpaBasi 9aCTh yPABHEHU SIBJISETCHd KBA3UMHOIOYJICHOM. Y DaBHE-
Hue ditepa.
®opmysia 00IMIEro pemreHns JUHEHHONR OTHOPOAHON CHCTEMbl YPAaBHEHHH B
c/lydae MPOCTBIX COOCTBEHHBIX 3HAYMEHWH MATPHUIbl KOI(MPUIMEHTOB CHCTe-
Mmbl. Teopema 0 IpUBEIEHUN MATPULBL JTUHEAHOIO TPEObpPA30BAHUS K XKODIA~
HOBO# (hopme (6e3 mokazarenbcrsa). PopMysa OGIIETO pereHus JTUHEHHOM
OJTHOPOJHOM CHCTEMBI B CJIyYae KPATHBIX COOCTBEHHBIX 3HAYEHUN MATPUIIHI
k03¢ urmenTos cucreMbl. OTBICKAHNE DEIIEHVs JHHEHNHON HEeOTHOPOIHOU
CHUCTEMBI YPABHEHU B C/TyYae, KOTIA CBOOOIHBIE UJIeHbl YDABHEHUS SBJISTIOT-
sl KBa3UMHOTOWIeHaMt (6e3 T0Ka3aTeabCTBa).
MarpuyHas 9KCIOHEHTA ¥ €€ UCIOJIb30BAHNE JIsT TIOIyUeHusi (GOPMYJIbI 00-
IIIET0 PEIeHns U pernennst 3a1a49u Koy nis TuHERHBIX OHOPOIHBIX U HEO -
HOPOIHBIX cucTeM ypapHenwuii. [Ipeobpazosanne Jlannaca u ero npumenenve
JUIST pellieHns JTUHEeHHBIX AudhepeHrimaabHblX YPABHEHUN € TOCTOSHHBIMY
ko3 dunuentamu (110 yeMOTpeHuIo JekTopa). VccaeqoBanie KpaeBbIxX 3a,1a4
JUTsT IMHEHHBIX yPABHEHW BTOPOrO MOPSIKA, IPY HAJTUYIUN MAJIOrO MapaMeT-
pa mpu crapiieil Ipou3BOIHON (0 YCMOTPEHHIO JIEKTOPA).

3. DuleMeHTHI BapuanuoHHOro ucauciaesus. OcHouble nousaTnst. [Ipocreii-
mas 3a/a49a BapHAIFOHHOTO MCYNCIeHHU. 33/a9a CO CBOOOTHBIMU KOHIIA-
MH, 3871898 11 QYHKIUOHATIOB, 34BHCAIAX OT HECKOJBKUX HEU3BECTHBIX
dbyakumnii, 1 331898 Aaa QYHKIMOHATIOB, CONEPKAINMX TPOU3BOIHBIE BHIC-
IIUX MOPSIKOB. YCTOBHBI 9KCTPEMYM: H30IEPUMeTPHYecKas 33/1a49a, 3a,1a9a
Jarpamzka (6e3 10Ka3aTEIBCTBA).

4. Bagava Ko, Teopema cyiecTBOBaHNA U € INHCTBEHHOCTH PEIICHIS 33,7~
un Ko a1 HopMaabHO# cucTeMbl AndPepeHITNAIbHBIX YPABHEHHA U /T
YPABHEHHS N-T'0 MOPIIKA B HOPMAJILHOM BHE. Teopembl O MPOJOTKEHUH
pemenng. XapakTep 3aBUCHMOCTH pellieHns 3aja4u Konm OT mapaMeTpos

21



U HAYAJIBHBIX JAHHBIX: HEIPEPBIBHOCTD, mudbepeHnupyeMocTs (6e3 JoKka3a-
TenbeTBa). Jasada Ko g ypaBHEHU I€PBOro MOPSAIKa, He PA3pelieH-
HBIX OTHOCHTEJIbHO pom3BoaHoi. Ocoboe pernenue.

5. ABToHOMHEHBIe cucTeMbl auddepeHTIaAIBPHBIX yYpaBHeHui. OCHOBHBIE
MIOHATHS W CBOMCTBa (pa30BLIX TpaekTopmit. Kimaccudukaimss Moa0KeHnH
paBHOBeCHS JIMHEHHBIX ABTOHOMHBIX CHCTEM YDPABHEHU BTOPOIO MOPIIKA.
Xapakrep noBeenusi (hba30BbIX TPAEKTOPHUI B OKPECTHOCTH TIOJOXKEHUS PAB-
HOBECHS JIBYMEDPHBIX aBTOHOMHBIX HEJIMHEHHBIX CHCTEM YDABHEHWH. YCTOM-
YUBOCTH M ACHMITOTHYECKAs YCTOMYHMBOCTH TIOJIOXKEHUS PABHOBECHS aBTO-
HOMHO#T cucreMbl. JIocTaToqHbIE YCAOBUS ACHMITOTHIECKON YCTOHTHBOCTH.

6. IlepBble MHTErpasbl U JUHENHbIE OGHOPOAHbIE YPAaBHEHUA B 9acCT-
HBIX IIPOU3BOSHBIX IIepPBOro nopaaka. Ilepsoie uarerpasior cucrem oObIK-
HOBEHHBIX nudbepeHnmaibHbIX ypapaenuii. Kpurepuii mepsoro naTErpasa.
Teopema 0 duCTe HE3ABUCUMBIX TIEPBBIX WHTETPAJIOB.

@opmyna OOIIEro perreHns JUHEHHOTO OMHOPOIHOTO YPABHEHUST B YACTHBIX
TIPOM3BOIHBIX TIepBOro nopsaka. IloctanoBka 3amaam Kot A71s TaKuX ypas-
nennit. Teopema cymecTBOBaHUS M €IMHCTBEHHOCTH pelenus 3amaan Korrm.

7. JIuneiiabie nudrepeHnabHbIe yPAaBHEHNUSI U JINHEMHBIE CHCTEMBI
andpepeHInaTIbHBIX YPaBHEHUI ¢ IlepeMeHHbIMu Koad purmenra-
mu. Teopema cyIecTBOBaHNS U €IMHCTBEHHOCTH perenns 3aaaau Kormm st
HOPMAJIBHBIX JIMHEHHBIX CUCTEM YPABHEHUN U /s JIMHEHHOTO YPABHEHUS N-
r'0 MOPSIIKA B HOPMAJIBHOM BH/IE.

OynmaMeHTAIBHAS CUCTEMA U (DYHIAMEHTAIbHAS MATPUIA PEIEHU JTnHEH-
HOI OTHOPOHON crucTeMbl ypaBuenuit. CTpyKTypa OBINero perenus JuHek-
HOI OIHOPOIHOM U HEOTHOPOIHON cucTeMbl ypasuenuii. Onpenenurens Bpon-
ckoro. ®@opwmyna JlnyBumaa—Ocrporpaackoro. Meron Bapuanyy MOCTOSTH-
HbIX nin popmysta Koimm 1js TuHefiHoi HeoAHOPOAHON CHCTEMBI YPABHEHMIT.
CrencrBus niis JinHEHHBIX ypaBHeHUil n-ro nopsiaka. Teopema IlTypma u
CJIEZICTBUSA U3 HEE.

Vpasuenue Beccens u HekoTopble cBoiicrBa ero perrenuil (10 yCMOTPEHHIO
JIEKTOPa). ACHMITOTHYECKOE TIOBeeHe pereHuil npu GoabIInX 3HAYeHUIX
apryMenTa (110 yCMOTPEHUIO JIEKTOPA).

JIureparypa
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1. Howmpsazuwn JI. C. O6piKHOBeHHBIE nud depeHnnaabHble YpaBHeHus. — VxkeBck : Perymsp-
Has ¥ XaoTudeckas gunamuxu, 2001.

2. Quaunnos A. ®. Bpegenue B Teopuio auddepeHnuasbHbIX ypaB-HeHuil. — MockBa
VYpCC, 2004, 2007; — Mocksa : KomKnura, 2007, 2010, http://bookfi.org/book/791964.

3. Cmenanos B. B. Kypc nuddepennnanpHbx ypaBHenuit. — Mocksa : JIKI, 2008.
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4. Pomanro B. K. Kypc nuddepeHnnaabHbIX yPABHEHANR X BaPHAUOHHOIO HUCUUCTICHUS. —
Mocksa : Jlaboparopusi 6a30Bbix 3HaHuit, 2000—2011.

5. @edoprok M. B. ObbikuHoBenuble guddepennuanbabie ypasHerus. — Cankr-IlerepOypr :
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Mocksa : ®uzmarrns, 1985.

10. Kynwuos JI. II., Hukxonaes B. C. Kypc jeknuil o teopunu OOBIKHOBEHHBIX auddepeHin-
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11. Unamosa B. M., ITuprosa O. A., Cedos B. H. [Iuddepennmaibubie ypaBuenus. MeToms
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3AJIAHUSA

JIuTepaTtypa

1. C6opHuk 3amad 1o guddepeHIUAIbHEIM YPAaBHEHUSIM H BapUAIMOHHOMY HCYUHCJIEHUIO
/nox pen. Pomanko B. K.. — Mocksa : ®usmaraut, 2003. (murupyercsa — C)

2. Quaunnos A. ®. Co6opumk 3aga4 10 guddEepeHInaTbHBIM YpaBHEeHUIM. — MOCKBA
Mxesck : 2005; — Mocksa : MI'Y, 2011; — Mocksa : JIKI, 2008. (uurupyerca — @)

3ameuyanunsa

1. 3agaun ¢ MOTYEPKHYTHIMU HOMEPAMU PEKOMEHIOBAHO pa3odpaTh Ha CEMU-
HAPCKUX 3aHATUAX.
*
2. 3aja4uu, OTMEYEHHbIE , ABJSIOTCA HeOOS3aTeIbHBIMU ISl BCEX CTYIEHTOB.

ITEPBOE 3AJTAHUNE
(cpok caaan 15-20 mapra)

I. Bagaua Kommn
C. §5: 26; 28a.
C. §6: 306; 49.
D.: 1065; 1066; 1067*.

1. Jokasark, uro mpu « > 0 moboe pemenne ypasuerus y = |y|* HE MomxeT
OBITh IPOIOKEHO Ha OGeCKOHEUHbIH HHTepBaa (—o00; +00).
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2. Paccmorpers ypasuenme y'2 — (y + 1)y’ +y = 0. [lokazats, 910 mpsmas
y = 1 ABjageTca ITUCKPUMHUHAHTHBIM MHOXKECTBOM JJIsl 3TOO yPaBHEHHs, HO
He sABJAeTcA pernenueM. 1lokazaTs, 9To Yepes KaxKIyio TOUKY IpaAMoi y = 1
IPOXONAT ABE HHTerpaJbHble KPUBLIC YpPaBHEHHS, HMEIoMue OONIyIo Kaca-
TenbHy10. PemuTh Kpaesyo 3a1ady:
v?—(y+1)y +y=0, y0)=0, y(2)= e Uz06pasurh rpacdbuK momy-
YEHHOTI'O PEIIeHHs.

I1. JInneiinbie ypaBHeHUus ¢ mepeMeHHbIMU KO3 duimmeaTaMmu
D.: 649; 664; 667; 668*; 673; 678.
®@. §22: 47%; 59.
C. §9: 10; 31; 53; 64; 68(a).

3. Jlokaszarh, uto ypaBHenue Beccens x2y” + 2y’ + (22 —v?)y = 0, roe v = const

ua (0;00), HE MOXKET UMETD JIBYX JINHEHHO HE3aBUCUMbBIX PEIIeHU, OrpaHu-
YEeHHBIX B OKPEeCTHOCTH HyJId BMECTEe CO CBOUMH IE€PBBIMU IIPOU3BOIHBIMH.

IT1. Teopema ITITypma
®D.: 723; 725%; 726.
C. §10: 2; 3; 6.

4. Jlokaszarb, 94TO JH000E HETPUBMAILHOE pemenne ypasuerns iy —2zy’ +y = 0
Ha uHTEpBaje (—00;400) uMeer He GoJiee TpeX HyJeil.

5. Jlokazarb, 9TO:

a) mrofoe HETPUBHAJILHOE DellleHne ypaBHeHns Beccesns

22y +ay + (22 =)y =0, v =const
uMeeT BECKOHEUHOE YMC/I0 HyJel Ha npomexyTke (0, +00);
6)* paccrosHUe MEXK Ly [OCAEN0BATEIBHBIMU HYJIAMY | Ly 41—y | 1I060r0 yKa-
3aHHOTO BBIIIE PEITeHnsd CTPEMUATCS K T TPH N — +00.

IV. UccaenoBanue moBegeHuda (pa30BLIX TpaeKTopuii

Bo Bcex 3agadax st GOKYCOB M y37IOB OIIPEJENTUTD, SBJISIOTCS JTH OHU YCTOM-
YUBBIMH WJIH HEYCTONYUBLIMU.

D.: 964; 972*; 973; 974; 975; 978%*.

C. §13: 9; 15; 39; 44; 45.
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BTOPOE 3AJAHUNE

(cpok caan 3-8 Mas)

1. HepBI)Ie HHTErpaJibl 1 MX HMCIIOJIb30OBaHUe OJIA peIJ_IeHI/Iﬁ aBTOHOM-

HbIX CHUCTeEM
C. §14: 12.

D.: 1149.
1. Haiitu nepsbie nHTErpabl ypapuenuit. cnoan3ys ux, HCCaea0BaTh MOBeIe-
HUe TpaeKTopuil Ha (Ha3oBoil MJI0CKOCTH.
a) ¥ +sinz=0; 6)i—x+ax?=0.
C. §16: 5; 26.
II. JIuneiliHble OHOPOJHBIE YPABHEHUS B YaCTHBIX ITPOU3BOAHBIX TIEp-
BOT'O TIOPSIJKA
C. 8§17: 5; 16; 22; 79; &3.
2. B obmactu z >0, y >0, =z > 0 nHaiiTu Bce peleHns ypaBHEHUA

ou ou  x® —xy? Ou

22 Loy — 4 T =
(x +y)(’9x+ xyaer 3, 0

u penmuts 3amaay Komm u = 22 mpn 3% — 2% = 1.
IT1. BapuaiiuonHoe ucYuCIeHUE
C. §19: 21; 45; 72; 105.

3. Uccmenopars Ha 3KCTpeMyM (DYHKIIMOHAT, OMPEAETUB 3HAKU TTPUPAIIEHNST

2

/ <2yy’ Y () - 123;) dz, y(1)=3, y(2)=1.

x 2
1

C. §20.1: 9; 12.

4. UccnenoBarh HA SKCTPeMyM (DYHKIMOHAJ, OPE/IETNUB 3HAKN ITPUPAIIEHUS

2
/(2y+yy/+x(y’))dac, y(1) = 1.

C. §20.2: 5.
C. §20.3: 2.
C. §21: 1.

5. Cpeun BCex KPUBBIX HA HUIHHApE T2 412 = 1, COeIMHSIONUX TOUKH (1,0,0)
u (0,1,1) HaliTH KPHUBY HAMMEHBINEH IIUHBI (TEOME3MIECKYH) KPUBYIO).

CocraBuresnb 3a0aHUs a1. d.-M. H., npodeccop, A. M. Tep-Kpukopos
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1. OcHoBHbIE MOHSATHUHA, TPOCTelime TUIBI JudhepeHInATBHBIX Yy PaB-
Henwmii. OcHOBHBbIE TOHATHSA. llpocreiinine TUIBI ypaBHEHUI TEPBOrO IO-
PANKa: YpABHEHUS C PA3MEJISIONAMUCT TEPEMEHHBIMU, OJHOPOIHbBIE, JTUHEH-
HbIE, YpaBHEHUS B MOJTHBIX quddepennuaiax. NHTErpupyomumii MHOXKUATETb.
VYpasuenune Bepuyninm nnn Pukkaru. Merosn BBesenus mapaMerpa st ypas-
HEHW TEPBOTO MOPSIKA, HE PA3PEIIEHHOr0 OTHOCHTEIBHO TTPOU3BOIHOM.
Metoapl HOHMKEHMS MOPSAKa TuddepeHnanbHbiX ypasaennii. Mcnonb3o-
BaHWME OHONAPAMETPUYECKUX TPYMI Mpeobpa30oBaHUl I MOHUXKEHUS TI0-
panka auddepeHIranbHbIX ypaBHeHui (10 yCMOTPEHUIO JIEKTOPA).

2. Jluneitabie nuddepeHnmuaabHble YpaBHEHUI U JUHEHHbIe CUCTEeMbI

anddepeHITNATLHBIX YPaBHEHUH ¢ MOCTOAHHBIMU Ko3d bumeHTa-
mu. @opmyna obIero perenrsi JUHEHHOTO OJHOPOAHOTO YPABHEHUS N-TO
mopsaka. OThICKAHUE PEIeHusT INHEHHOTO HEOTHOPOTHOIO YPABHEHHUST B CJIY-
Jae, KOr/ia MpaBasi 9aCTh yPABHEHU SIBJISETCHd KBA3UMHOIOYJICHOM. Y DaBHE-
Hue ditepa.
®opmysia 00IMIEro pemreHns JUHEHHONR OTHOPOAHON CHCTEMbl YPAaBHEHHH B
c/lydae MPOCTBIX COOCTBEHHBIX 3HAYMEHWH MATPHUIbl KOI(MPUIMEHTOB CHCTe-
Mmbl. Teopema 0 IpUBEIEHUN MATPULBL JTUHEAHOIO TPEObpPA30BAHUS K XKODIA~
HOBO# (hopme (6e3 mokazarenbcrsa). PopMysa OGIIETO pereHus JTUHEHHOM
OJTHOPOJHOM CHCTEMBI B CJIyYae KPATHBIX COOCTBEHHBIX 3HAYEHUN MATPUIIHI
k03¢ urmenTos cucreMbl. OTBICKAHNE DEIIEHVs JHHEHNHON HEeOTHOPOIHOU
CHUCTEMBI YPABHEHU B C/TyYae, KOTIA CBOOOIHBIE UJIeHbl YDABHEHUS SBJISTIOT-
sl KBa3UMHOTOWIeHaMt (6e3 T0Ka3aTeabCTBa).
MarpuyHas 9KCIOHEHTA ¥ €€ UCIOJIb30BAHNE JIsT TIOIyUeHusi (GOPMYJIbI 00-
IIIET0 PEIeHns U pernennst 3a1a49u Koy nis TuHERHBIX OHOPOIHBIX U HEO -
HOPOIHBIX cucTeM ypapHenwuii. [Ipeobpazosanne Jlannaca u ero npumenenve
JUIST pellieHns JTUHEeHHBIX AudhepeHrimaabHblX YPABHEHUN € TOCTOSHHBIMY
ko3 dunuentamu (110 yeMOTpeHuIo JekTopa). VccaeqoBanie KpaeBbIxX 3a,1a4
JUTsT IMHEHHBIX yPABHEHW BTOPOrO MOPSIKA, IPY HAJTUYIUN MAJIOrO MapaMeT-
pa mpu crapiieil Ipou3BOIHON (0 YCMOTPEHHIO JIEKTOPA).

3. DuleMeHTHI BapuanuoHHOro ucauciaesus. OcHouble nousaTnst. [Ipocreii-
mas 3a/a49a BapHAIFOHHOTO MCYNCIeHHU. 33/a9a CO CBOOOTHBIMU KOHIIA-
MH, 3871898 11 QYHKIUOHATIOB, 34BHCAIAX OT HECKOJBKUX HEU3BECTHBIX
dbyakumnii, 1 331898 Aaa QYHKIMOHATIOB, CONEPKAINMX TPOU3BOIHBIE BHIC-
IIUX MOPSIKOB. YCTOBHBI 9KCTPEMYM: H30IEPUMeTPHYecKas 33/1a49a, 3a,1a9a
Jarpamzka (6e3 10Ka3aTEIBCTBA).

4. Bagava Ko, Teopema cyiecTBOBaHNA U € INHCTBEHHOCTH PEIICHIS 33,7~
un Ko a1 HopMaabHO# cucTeMbl AndPepeHITNAIbHBIX YPABHEHHA U /T
YPABHEHHS N-T'0 MOPIIKA B HOPMAJILHOM BHE. Teopembl O MPOJOTKEHUH
pemenng. XapakTep 3aBUCHMOCTH pellieHns 3aja4u Konm OT mapaMeTpos
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U HAYAJIBHBIX JAHHBIX: HEIPEPBIBHOCTD, mudbepeHnupyeMocTs (6e3 JoKka3a-
TenbeTBa). Jasada Ko g ypaBHEHU I€PBOro MOPSAIKa, He PA3pelieH-
HBIX OTHOCHTEJIbHO pom3BoaHoi. Ocoboe pernenue.

5. ABToHOMHEHBIe cucTeMbl auddepeHTIaAIBPHBIX yYpaBHeHui. OCHOBHBIE
MIOHATHS W CBOMCTBa (pa30BLIX TpaekTopmit. Kimaccudukaimss Moa0KeHnH
paBHOBeCHS JIMHEHHBIX ABTOHOMHBIX CHCTEM YDPABHEHU BTOPOIO MOPIIKA.
Xapakrep noBeenusi (hba30BbIX TPAEKTOPHUI B OKPECTHOCTH TIOJOXKEHUS PAB-
HOBECHS JIBYMEDPHBIX aBTOHOMHBIX HEJIMHEHHBIX CHCTEM YDABHEHWH. YCTOM-
YUBOCTH M ACHMITOTHYECKAs YCTOMYHMBOCTH TIOJIOXKEHUS PABHOBECHS aBTO-
HOMHO#T cucreMbl. JIocTaToqHbIE YCAOBUS ACHMITOTHIECKON YCTOHTHBOCTH.

6. IlepBble MHTErpasbl U JUHENHbIE OGHOPOAHbIE YPAaBHEHUA B 9acCT-
HBIX IIPOU3BOSHBIX IIepPBOro nopaaka. Ilepsoie uarerpasior cucrem oObIK-
HOBEHHBIX nudbepeHnmaibHbIX ypapaenuii. Kpurepuii mepsoro naTErpasa.
Teopema 0 duCTe HE3ABUCUMBIX TIEPBBIX WHTETPAJIOB.

@opmyna OOIIEro perreHns JUHEHHOTO OMHOPOIHOTO YPABHEHUST B YACTHBIX
TIPOM3BOIHBIX TIepBOro nopsaka. IloctanoBka 3amaam Kot A71s TaKuX ypas-
nennit. Teopema cymecTBOBaHUS M €IMHCTBEHHOCTH pelenus 3amaan Korrm.

7. JIuneiiabie nudrepeHnabHbIe yPAaBHEHNUSI U JINHEMHBIE CHCTEMBI
andpepeHInaTIbHBIX YPaBHEHUI ¢ IlepeMeHHbIMu Koad purmenra-
mu. Teopema cyIecTBOBaHNS U €IMHCTBEHHOCTH perenns 3aaaau Kormm st
HOPMAJIBHBIX JIMHEHHBIX CUCTEM YPABHEHUN U /s JIMHEHHOTO YPABHEHUS N-
r'0 MOPSIIKA B HOPMAJIBHOM BH/IE.

OynmaMeHTAIBHAS CUCTEMA U (DYHIAMEHTAIbHAS MATPUIA PEIEHU JTnHEH-
HOI OTHOPOHON crucTeMbl ypaBuenuit. CTpyKTypa OBINero perenus JuHek-
HOI OIHOPOIHOM U HEOTHOPOIHON cucTeMbl ypasuenuii. Onpenenurens Bpon-
ckoro. ®@opwmyna JlnyBumaa—Ocrporpaackoro. Meron Bapuanyy MOCTOSTH-
HbIX nin popmysta Koimm 1js TuHefiHoi HeoAHOPOAHON CHCTEMBI YPABHEHMIT.
CrencrBus niis JinHEHHBIX ypaBHeHUil n-ro nopsiaka. Teopema IlTypma u
CJIEZICTBUSA U3 HEE.

Vpasuenue Beccens u HekoTopble cBoiicrBa ero perrenuil (10 yCMOTPEHHIO
JIEKTOPa). ACHMITOTHYECKOE TIOBeeHe pereHuil npu GoabIInX 3HAYeHUIX
apryMenTa (110 yCMOTPEHUIO JIEKTOPA).
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3AJIAHUSA

JIuTepaTtypa

1. C6opHuk 3amad 1o guddepeHIUAIbHEIM YPAaBHEHUSIM H BapUAIMOHHOMY HCYUHCJIEHUIO
/nox pen. Pomanko B. K.. — Mocksa : ®usmaraut, 2003. (murupyercsa — C)

2. Quaunnos A. ®. Co6opumk 3aga4 10 guddEepeHInaTbHBIM YpaBHEeHUIM. — MOCKBA
Mxesck : 2005; — Mocksa : MI'Y, 2011; — Mocksa : JIKI, 2008. (uurupyerca — @)

3ameuyanunsa

1. 3agaun ¢ MOTYEPKHYTHIMU HOMEPAMU PEKOMEHIOBAHO pa3odpaTh Ha CEMU-
HAPCKUX 3aHATUAX.
*
2. 3aja4uu, OTMEYEHHbIE , ABJSIOTCA HeOOS3aTeIbHBIMU ISl BCEX CTYIEHTOB.

ITEPBOE 3AJTAHUNE
(cpok caaan 15-20 mapra)

I. Bagaua Kommn
C. §5: 26; 28a.
C. §6: 306; 49.
D.: 1065; 1066; 1067*.

1. Jokasark, uro mpu « > 0 moboe pemenne ypasuerus y = |y|* HE MomxeT
OBITh IPOIOKEHO Ha OGeCKOHEUHbIH HHTepBaa (—o00; +00).
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2. Paccmorpers ypasuenme y'2 — (y + 1)y’ +y = 0. [lokazats, 910 mpsmas
y = 1 ABjageTca ITUCKPUMHUHAHTHBIM MHOXKECTBOM JJIsl 3TOO yPaBHEHHs, HO
He sABJAeTcA pernenueM. 1lokazaTs, 9To Yepes KaxKIyio TOUKY IpaAMoi y = 1
IPOXONAT ABE HHTerpaJbHble KPUBLIC YpPaBHEHHS, HMEIoMue OONIyIo Kaca-
TenbHy10. PemuTh Kpaesyo 3a1ady:
v?—(y+1)y +y=0, y0)=0, y(2)= e Uz06pasurh rpacdbuK momy-
YEHHOTI'O PEIIeHHs.

I1. JInneiinbie ypaBHeHUus ¢ mepeMeHHbIMU KO3 duimmeaTaMmu
D.: 649; 664; 667; 668*; 673; 678.
®@. §22: 47%; 59.
C. §9: 10; 31; 53; 64; 68(a).

3. Jlokaszarh, uto ypaBHenue Beccens x2y” + 2y’ + (22 —v?)y = 0, roe v = const

ua (0;00), HE MOXKET UMETD JIBYX JINHEHHO HE3aBUCUMbBIX PEIIeHU, OrpaHu-
YEeHHBIX B OKPEeCTHOCTH HyJId BMECTEe CO CBOUMH IE€PBBIMU IIPOU3BOIHBIMH.

IT1. Teopema ITITypma
®D.: 723; 725%; 726.
C. §10: 2; 3; 6.

4. Jlokaszarb, 94TO JH000E HETPUBMAILHOE pemenne ypasuerns iy —2zy’ +y = 0
Ha uHTEpBaje (—00;400) uMeer He GoJiee TpeX HyJeil.

5. Jlokazarb, 9TO:

a) mrofoe HETPUBHAJILHOE DellleHne ypaBHeHns Beccesns

22y +ay + (22 =)y =0, v =const
uMeeT BECKOHEUHOE YMC/I0 HyJel Ha npomexyTke (0, +00);
6)* paccrosHUe MEXK Ly [OCAEN0BATEIBHBIMU HYJIAMY | Ly 41—y | 1I060r0 yKa-
3aHHOTO BBIIIE PEITeHnsd CTPEMUATCS K T TPH N — +00.

IV. UccaenoBanue moBegeHuda (pa30BLIX TpaeKTopuii

Bo Bcex 3agadax st GOKYCOB M y37IOB OIIPEJENTUTD, SBJISIOTCS JTH OHU YCTOM-
YUBBIMH WJIH HEYCTONYUBLIMU.

D.: 964; 972*; 973; 974; 975; 978%*.

C. §13: 9; 15; 39; 44; 45.
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BTOPOE 3AJAHUNE

(cpok caan 3-8 Mas)

1. HepBI)Ie HHTErpaJibl 1 MX HMCIIOJIb30OBaHUe OJIA peIJ_IeHI/Iﬁ aBTOHOM-

HbIX CHUCTeEM
C. §14: 12.

D.: 1149.
1. Haiitu nepsbie nHTErpabl ypapuenuit. cnoan3ys ux, HCCaea0BaTh MOBeIe-
HUe TpaeKTopuil Ha (Ha3oBoil MJI0CKOCTH.
a) ¥ +sinz=0; 6)i—x+ax?=0.
C. §16: 5; 26.
II. JIuneiliHble OHOPOJHBIE YPABHEHUS B YaCTHBIX ITPOU3BOAHBIX TIEp-
BOT'O TIOPSIJKA
C. 8§17: 5; 16; 22; 79; &3.
2. B obmactu z >0, y >0, =z > 0 nHaiiTu Bce peleHns ypaBHEHUA

ou ou  x® —xy? Ou

22 Loy — 4 T =
(x +y)(’9x+ xyaer 3, 0

u penmuts 3amaay Komm u = 22 mpn 3% — 2% = 1.
IT1. BapuaiiuonHoe ucYuCIeHUE
C. §19: 21; 45; 72; 105.

3. Uccmenopars Ha 3KCTpeMyM (DYHKIIMOHAT, OMPEAETUB 3HAKU TTPUPAIIEHNST

2

/ <2yy’ Y () - 123;) dz, y(1)=3, y(2)=1.

x 2
1

C. §20.1: 9; 12.

4. UccnenoBarh HA SKCTPeMyM (DYHKIMOHAJ, OPE/IETNUB 3HAKN ITPUPAIIEHUS

2
/(2y+yy/+x(y’))dac, y(1) = 1.

C. §20.2: 5.
C. §20.3: 2.
C. §21: 1.

5. Cpeun BCex KPUBBIX HA HUIHHApE T2 412 = 1, COeIMHSIONUX TOUKH (1,0,0)
u (0,1,1) HaliTH KPHUBY HAMMEHBINEH IIUHBI (TEOME3MIECKYH) KPUBYIO).

CocraBuresnb 3a0aHUs a1. d.-M. H., npodeccop, A. M. Tep-Kpukopos
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Cnyuaiiabie cobbrtusi. Anrebpa cobbiruil, o-anrebpa. JlocToBepHoe, HEBO3-
MOXKHOE, TPOTHBOIOJIOYKHOE, HECOBMECTHOE COOLITHSI.

Axcuomarnka Koamoroposa.

Knaccuweckoe onpenenenne BeposiTHoCTH. ['eomeTprdeckast BeposiTHocTh. Cra-
TUCTHYECKAS WHTEPITPETAITUS BEPOATHOCTH.

Teopema, CI0KeHUs BEPOSITHOCTEHH.

YcemoBuas BeposaTHOCTH. HezaBucumbre cobbrtus. Teopema yMHOKEHUS.
Qopmyna ogHo BepoaTaocTu. Popmyna Baifieca.

[TocnenoBarenbHOCTD HE3ABUCUMBIX ucnbiTanuii. Cxema Bepuysmu, momuao-
MUaJIbHadA CXeMa. HpeﬂeﬂbeIe TeOpeMbl OJIsA CXEMbI BepHyJIJH/IZ JIOKQJIbHAA
Teopema Myappa—J/lammaca, Teopema Ilyaccona.

[enun MaproBa: OCHOBHBIE MOHSATHSI ¥ CBONCTBA. JProgudecKasi TeOpeMa.
Cayuaiinble Bemannbl. OyHKIMs PACIPE/IETEHUs, €€ CBOMCTBA.
Cayuaiiabie BekTOpbI. OyHKIHS PaCIpeesieHus, ee CBOWCTBA.

OcHoBHBIE pacnpefeneHus: OnHOMuanbHOE, IlyaccoHa, paBHOMEpHOe, HOD-
MasbHOe (OJHOMEPHOE U MHOMOMEDHOE).

YucnoBble XapaKTEPUCTUKN CAYIANHBIX BeIUUNH. MaTemMaTniecKoe OXKUIA-
Houe, ero ceotictBa. Kosapuanmonnasa maTpuria, ee cBoiicTBa. MOMEHTHI U UX
CBOICTBA. DHTPOMNUs. Y PABHEHNE JTUHEIHON PErpecCun.

OyHKIMH cIyIalHOTO apryMeHTa. MeTos nuHeapH3aum.

IToceroBaTETLHOCTH CIYYARHBIX BEJIUIHH, CXOJUMOCTE MO BEPOATHOCTH W
CXOAUMOCTD 11O PaCIpenesIeHurO.

Hepasencrso Mapkosa. Hepasencrso HeOnrmésa. Hepasencrso Yepnosa.
Bakon 6osbuiux yucesn (Mapkosa, Yebpuuésa, Xunuuna, Bepuayiiim).

Xapakrepuctrdeckas PYHKINI U €€ CBOWCTBA.

Henrpanbras npenenbuas Teopema. Unrerpaasuas reopema Myaspa—Jlamnaca.
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I.

IIEPBOE 3A/IAHUE
(cpok caauu 15-20 mapra)

Komb6unamnusa cobbrruii. BeposaTHocTHOe mmpocTpaHcTBo. Kitaccuue-

CKoOe€ oIIpe/JieJieHrne BepOATHOCTHA. I‘eOMeTpI/I‘-IECKaSI BEpPOATHOCTDb

1.

2.

3.

4.

IIycrs A, B u C — npousBosibabie cobbiTust. Halitu Boipazkenus Jjist COObITHIA,
cocrosdmmux B ToM, uro u3 A, B u C:

a) mnpowsonum A u C, no B ne nupousonio;

6) 1pou30HLIo XOTd OBl OJTHO U3 ITUX COOLITHIL;

B) IIPOM3OIIIO JIBA U TOJBKO JIBa COOLITHS;

I') HU OIHO cOObITHE HE POU3OLLIO;

) npou3ouuio He 6osee 0QHOIO COBbITUS.
Konona urpanpubix kKaprt (36 auctos, 4 MacTu mo 9 KapT B KaxKI0i) TIia-
TebHO neperacoBana. Haynauy 6epyr 6 kapt (6e3 Bosspaienus ). Onucarsb
BEPOSTHOCTHOE ITPOCTPAHCTBO, 3 TAKXKe HAUTH BEPOSITHOCTD TOTO, YTO CPEIH
ITUX KAPT:

a) OKaXKeTCs KOPOJIb IHK;

6) OKaXKyTCsl IIPEJCTABUTENU BCEX MACTEil;

B) Oyzer poBHO 4 KapThl OIHON MaCTH.
Momnera Opocaercs [0 Tex 1mop, MOKa ABA Pa3a MOAPT OHA HE BBIIAIET OITHON
u TOit Ke cTopoHoi. KazkmoMmy BO3MOKHOMY HCXOmy, Tpebyioiemy n 6poca-
HUli, OPUIUIIEM BEPOATHOCTL 27", Quuinure BEpOATHOCTHOE IPOCTPAHCTBO
U HafiauTe BEPOATHOCTH CJAEOYIONINX COOBITHI:

a) ONBIT OKOHYUTCS JIO CEAbMOr0 OPOCAHUS;

6) morpebyercs YeTHOE YUCIO OPOCAHUIA.
B n KoHBEpPTOB pa3mOXkKeHO MO OAHOMY MHUCHMY N aapecaram. Ha kaxkmowm
KOHBEPTE HAYAA41y HAIUCAH OUH u3 N aapecos. Haiitu BeposgTHOCTD Py, TOTO,
9T0 XOTd Obl TPH MHCHMA OTIPABATCS 10 HA3HAYEHUIO. BhrYucauTs mpeesn
Dp, TIpU N —> OO.
OnpenenuTs BEPOATHOCTH TOTO, YTO KODHHM KBAJIPATHOTO yPABHEHUS
22 + 20z + b = 0 BelleCTBEHHBI, €C/IM PABHOBO3MOMKHBI 3HAYEHHS KO3(-
dunumenros B kBazpare |a| < 1, |b| < 1. KakoBa BEpodTHOCTD TOrO, UTO IPU
YKA3aHHBIX YCJIOBUSX KOPHU YpPaBHEHUsI OyIyT TOJOXKUTETHHBI]
Ha mockocTs, pa3InHOBAHHY IO MAPAJIETbHBIME JTUHUSIMA, PACCTOTHIE MEXK-

ny koropbiMu L, Opocator urny mymbbl | < L. Onuinure BEpOSTHOCTHOE
npocrpancTBo. KakoBa BEPOATHOCTH TOTO, YTO ULJIA, EPECeYeT JNHUIO?!
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II. YcaosHas BeposaTHOCTh. HezaBucumbie cobbiTus. IlociemoBaTesrb-
HOCTh HE3aBHCHUMBIX HcCIbITanuii. PopMmysaa MOJHON BepOdATHOCTH.
IMenmu Mapkosa

7. Ha maxmartuyo m0cKy Haymady crapsar gase jazpu. Cobbitme A — maabu
TIOIAJIN HA KJIETKH PAa3HOro mBeTa, cobbitue B — Jaapm modboT ApyT Apyra.
Berauncants yenosabie epostaoctu P(A|B) u P(B|A).

8. JIBa crymeHTa OGpOCAIOT MOHETY W 3alHMCBIBAIOT PE3yIbTaThl OpockoB. Ilep-
BBIA BBIMT'PBHIBAET mpu nogpaennn cepuu I'T'P, BTopoii npu mogBIeHnn cepumn
PIT. Haiitu BepOATHOCTD BBIUTPHIIIA, BTOPOrO UI'POKA, T.€. ONPEIE/UThL Be-
posiTHOCTH TOTO, uTO cepus PI'T mossurca pambie cepun I'T'P.

9. PaccMmarpuBaeTcs 3/I€KTPHYIECKAd IEIb, COCTABICHHAA U3 JIAMITOYEK II0 CJIe-
OYIOMIEH cxeMme:
1 3 4

O o=
:

Kaxas u3 saM HE3aBUCHUMO APYT OT APYTra IIEPETOPAET C BEPOATHOCTHIO P.

KakoBa BepogaTHOCTH TOTO, 9TO Bed 1emb neperoput! KakoBa yciaoBHas Be-
POSITHOCTH TOTO, 9TO JAMIIOYKa 2 MEepPeropesna, eciau BCA MENb meperopemna’
KakoBa ycjioBHaS BEPOATHOCTH TOTO, YTO JAMIIOYKA 3 EPETOPesa, eCin U3-
BECTHO, YTO BCA TENb [EPEropesa, a JaMIovYKa 2 He mneperopesna’

10. ¥Ypna comepxkut 5 Oespix u 6 depHbix mapos. Hayna4dy m3Biekaercs map,
[IOCJIE YET0O OH BO3BPAIIAETCS B YPHY BMECTE C 3 IIIapaMu MPOTUBOIIOIOZKHOTO
nsera. O6osmaamm A;, i = 1,2, cobpiTHe, COCTOAIIEE B TOM, 9TO IIPH i-M
uzBsievenun (6e3 BO3BpalleHus) Wapos u3 310l ypHbl Oyaer orMedeH Gesibiit
map. Haiitu BepogTaOCTH:

a) P(4;),i=1,2; 6) P(Ai[As);  8) P(A1A).

11. [opHOIPRKHUK CILyCKAETCS C TOPBI [10 TPACCE, KOTOPAsS UMEET 712 IIOBOPOTOB.
C BEPOATHOCTBIO P OH MAJIAET HA KAXK/IOM MOBOPOTE HE3ABUCUMO OT [TAI€HUN
Ha Apyrux noBoporax. OupeaesuTsh BepOIATHOCTh TOTO, UTO:

a) k-ne nmamenue GyzeT HA M-M [OBOPOTE;
6) 3a BpeMsd CllyCKa IOPHOJIBRKHUK yrajer He Gosee 3 pas.

12. B kpyr Bumcan paBHOCTOPOHHU TPEYTOJIBHUK, B KOTOPLIH Brucan Kpyr. Ha
31y obnacts Haymady 6pocaror 5 Touek. Kakosa BeposdTHOCTH TOTO, 9YTO POB-
HO TPH TOYKH TONAIYT BO BHYTPEHHUI KPYT, a B 06J1aCTh BHE TPEYTOJbHUKA
nonajier xors 6bI ONHA TOYKA.
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13. O vHAKOBBI JIU IMAHCHI HA YCIIEX ¥ TPEX YeJIOBEK, €CJIU MEePBOMY HAJI0 IMO-
JIYIUTh XOTsl Obl OHY IMIECTEPKY TpU OPOCAHWM WIPAJBHONI KOCTH 6 pa3,
BTOPOMY — HE MEHee NBYyX IecTepok mpu 12 6pockax, a TpeTrbeMmy — He Me-
Hee Tpex ImecTepok mpu 18 6pockax?

14. B onnom yueGHOoM 3aBemennu ody4darorcsa 100 crymenton. lenb poxmeHus
HayJIa4vy BbI6paHHOFO CTYyACHTa TPUXOJUTCA Ha OHpe,ZLeJIeHHbeI JEHb Toda C
BEpOsATHOCTHIO 1/365 st Kaskmoro u3 365 aueit. Haitrn:

a) BEPOATHOCTb TOIrO, YTO HAli/lyTCs POBHO ABA CTYAEHTA, UMEKOLIUE JIEeHb
pOXKieHus 1 arpesis;

6) BEPOATHOCTL TOI'O, Y4TO HARAYTCH XOTsd Obl 1BA CTYJAEHTA, UMEOLIUe AeHb
pOXKJIeHUs 1 anpers.

IIpoBecru Bce pacdersl 0 OUHOMUAIBHOMY 3aKOHY PACIPEESIeHUs, 10 JIO-
KaJbHO} Teopeme Myaspa—J/lamraca u o reopeme Ilyaccona. CpaBaurs pe-
3yJILTATHI.

15. HaiiTu npemenbHoe pacupeeseHue CUCTEMbI, €CIH €6 Ha9aIbHOe COCTOSHUE
(1,0,0,0), (0,1,0,0) mua cayuas a) u (1,0,0), (0,1,0) musa cayuas 6).

0.2 N o
O IN® (3

16. Ha ocHOBaHMM MHOTOJETHUX HAOIIOMEHUI 33 MAPTOBCKOMN IMOTOM0H BBIAB-
JIEHBI CJIeTYIONINe 3aKOHOMEPHOCTH:

— HHUKOIJA He OBIBAET ABYX ACHBIX IHEH TTOIPSII;

— €eCJI¥ CeTOJIHS SICHO, TO 3aBTPa C OAWHAKOBOH BEPOATHOCTHIO TOHIET T0K b
WUV CHET;

— ecsiu cerofias cHer (MJIM JIOXK/Ib), TO € BEPOATHOCTHIO % IOr'0JIa He H3Me-
HUTCS, €CJIU BCE K€ OHA W3MEHUTCH, TO B IOJIOBUHE CJIYYIAa€eB CHET 3aMeHsI-
eTCd 0K IEM WIH Ha00OPOT, U JIUIID B IOJJOBUHE CJIy9IaeB Ha CJIeLYIOITni

JIeHb OyIeT sCHas MTOroa.

HaiiTi BepOATHOCTH SCHOM TIOTOABI depe3 TPH JHs MOCae HAoxkad. Haiiru
BEPOATHOCTDH TOTO, UTO MEPBBIA J0XK b Oymer 8 Mapra, ecau 1 MapTa sCHO.
HaiiTu mpegenbHOe pacupeaesenne CHCTEMBI.
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BTOPOE 3AJAHUNE

(cpok caaun 10-15 mas)

I. Cuayw4aaiiabie Benuuwmabl. Coirydaiiapie BekTOpbl. DPyHKIUN
OT ciiyJafiHbIX BEJIMYUH

1. Ilycrs cayuaiinas permanaa £ nveet dbynknmo pacnpenenenns F(x). Haiitn
GbYHKIMY pactpenesenns CAeAyIONIX CIyYallHbIX BeJTMIrH:

a)2—4& ©6) &1 +6; 1) 1/(E+1)%(8 # 1)

2. Cucrema coayqaiinbix sesmdud (£, 7)) IMEET IIOTHOCTE pacupeaenenus p(z,y).
Haiiru qynkuuu pacupejeienns U JIOTHOCTH PACIPEICICHUS CJIe Ly IOIMX
ColydafiHbIX BEJIUYMH:

a) (=¢+3n, 6)¢=¢&/n

3. HaiiTu n0THOCTD pacipeneerust 9acTHOro &/n u cyMMbl € + 1), eCu Ciry-
JafHble BEJIMIUHBI HE3aBUCUMBI U UMEIOT:

a) PABHOMEPHOE DACIpeseneHne Ha orpeske [1,2[;

1,
6) crammapTHOE HOpMasbHOe pacnpenenerue (a = 0,0 = 1).

4. Cnyuaiiabiii BekTop (£,7) uMeeT HOPMAJbHOE DPACIPENENCHUE C BEKTOPOM

-1
1 2
HOCTb MOIAJaHNs BEKTOPA B 001aCTh %+ y2 —r+y+ay <l

1 2
CpeHuX ( 1) U KOBAPUAIIMOHHON MaTpUIIE ( > Haiitu BeposiT-

5. Jlarymika coBepiiaeT aBa IPbIRKKA, KazK/Iplil — Ha MeTp. Hanpasierue mpbixk-
KOB BBIOMpAETCs Hayra . B KadecTBe caydaiiHol BeININHBI BOSbMEM PACCTO-
AHUE MEXKAY HaYaJIbHBIM IIOJIO?KEHHUEM JIANYINKHW U KOHEYHbIM ITOJIOZKCHUEM.
Haiitn mIoTHOCTE pACIIpee/IeHusI, MATEMATHICCKOE OXKHUIAHUE U TUCIIED-
CHUIO 3TOI caydaiinoit Beanuunsl. [TocTponts rpaduk GyHKIMM pacipesene-
HUA.

6. JIBymMepHOe pacrpejesieHue CaydaliHbix BeJTUUuH & U 1) 33/1aeTCsl C TIOMOIITHIO
TaOIAIIBI

JNE] 1[0 2
1 [ 1/5] 0 |[1/5
1 0 | 1/5 [1/5
2 [1/10 [1/10 | 0

BoISCHUTE, 3aBUCAMBI WIH HET CIydaiinble Bemdaunel & u 7). Hajitn:
a) M, Mn, DE, Dn, cov(€,n), kK03 dDUTIUERT KOPPETATAN W KOBAPUAIMOH-
HYIO MaTPHILY;
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II.

6) 3aKoH pacupeneseHus U (PYHKIUIO PACOPEIEIeHUs TPOU3BeneHud §1);
B) ypaBHEHUE JIMHEHHOI perpeccuu.

ILiorHOCTH COBMECTHOrO pacnpeenetus p(x,y) Besuann £ U 1 onpejenser-
ca paeactsamu p(x,y) =c(z+y) mpn 0< <1w0<y <1lwup(z,y) =0
B OCTaJIbHBIX Ciydasx. Haiiru:

a) MOCTOSHHYIO C;

0) MIOTHOCTHU pacrpelenenus & u n;

B) M&, Mn, DE, Dn,cov(€,n), KoadbdumuenT Koppeasinyun U KOBAPUAIIMOH-
HYIO MaTPHILY;

) IJIOTHOCTH PACHPEIEIeHUs U MOCTPOUTh (byHKIMIO pacupeaenenus min (€, n);

J) ypaBHEHHEe JIMHEHHOH Derpeccuu.

XapakTepuctudeckiie (YHKIMA. 3aKOH OOJIBIIIUX YHCEJ.

IlpenenpHbIe TEeOpEMBI

8.

Haiisnre 3aKOHBI pACTIPE/IENIeHNsT, KOTOPBIM COOTBETCTBYIOT CJIEIYIONTIE Xa-
pakTepucTuueckue byHKIUH:
a) e~ cos®3t; 6) 2(1 — cost)/t2.

Boruuciure xapakTepucTuieckue (hyHKIUI I CISIYIONINX 3aKOHOB Pac-
TIpe/IeNIeHUST:

1
(14 22)’
6) HOPMAJBHOTO PACTpeeTeHns ¢ napamerpom a = 0.

a) pacnpesenenus: Kommm: p(x) = (—o0 <z < 00);
Jljist BceX BapUAHTOB ONPEIEJUTh XapPAKTEPUCTUIECKYIO (DYHKIIUIO U 3aKOH
n
pacupeenennd ciaydainoil seuauust ) = | Y. & | /n B npeanonoxkeHun o
k=1

HE3ABUCUMOCTH &k

10. CrymeHT moydaeT Ha 3K3aMeHe 5 ¢ BepoaTHOCTHIO 0.1; 4 — ¢ BEPOSITHOCTHIO

0.4; 3 — ¢ BepositrHOCTHIO 0.3 U 2 — ¢ BeposgTHOCTHIO 0.2. 32 BpeMmst 0byUeHust
ou crmaet 40 sx3amenoB. HaliTu cuMMeTpUYHbIE TIPEAETbl, B KOTOPBIX C Be-
POSTHOCTBIO, Ou3Koil K 0.94, JeKuT cpequuil 6aI CTyIeHTa:

a) ¢ HOMOIIbLIO HepaBeHCTBA UebhIéna;
6) ¢ HOMOIIbIO NEHTPAJIbHON NPEIEIbHON TEOPEMBbI.

11. Ouenuth BEpOATHOCTD, 4TO npu 4500 TOAOPACHIBAHUSAX UIPATIBHON KOCTH

uudpa 6 Beimager He Meree dem 680 pasz u He Gosee yem 730 pas. Oupese-
JIUTH TOYHOCTH OIEHKH.
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12. IlocienoBaTeTbHOCTH HE3ABUCUMBIX CITYIAMHBIX BEJIMIUH {§n} 3aJaHa 3a-
KOHOM pachpenenaeHus:: &, TpUHIMAET 3HAYEHUsI 1, —N 1 0 ¢ BePOSITHOCTSMHI

1
TRV ul— ™ coorBercTBeHHo. Boimomnen au 3BY mns sroit mocnenosa-
TEABLHOCTH?!

13. Cayuaiiubie BeUYWHBI & HE3aBHCUMBI M MMEIOT MMOKA3aTETbHOE PaCIpe-

nenenme ¢ mapamerpom A = 2 (p(x) = 2e2%,x > 0). Haiftu npenemsr mo
et +ef? . et }
u

BEPOATHOCTH TIPU N — 0O TOCIEI0BATETHHOCTEH {
n

{6(£1+§2t---+§n ) }

14. Cayuaiinble BeTUYUHBI §j; HE3ABUCHMBI U OJMHAKOBO PACTIPEIETEHDI C TLIOT-
noctoio p(x) = (1 — cosz)/mz?, (—oo < x < oo). Haiitm mpenemsnoe

n
(mpm n — 00) pacHIpeesieHne CAYIARHON BETMINHBL 1) = (Z fk) /n.
k=1

15. Coay4aiinble BeqWMYUHBI & HE3aBHCHMbBI M PABHOMEPHO DPACIPEIETEHBI Ha
nnarepsate (—1,2). Hafitn npenensabiii ( mpu n — 00) 3aKOH PACTIPEIETCHAS
n

> (26 —1)

CJIydaiiHOl BeJMYUHbL 1) = “—

1
2yn

CocraBuresnb 3a0aHUs K. d.-m. v., nonenr C. 1. 2Kusoros
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12.

13.

14.

15.
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Cnyuaiiabie cobbrtusi. Anrebpa cobbiruil, o-anrebpa. JlocToBepHoe, HEBO3-
MOXKHOE, TPOTHBOIOJIOYKHOE, HECOBMECTHOE COOLITHSI.

Axcuomarnka Koamoroposa.

Knaccuweckoe onpenenenne BeposiTHoCTH. ['eomeTprdeckast BeposiTHocTh. Cra-
TUCTHYECKAS WHTEPITPETAITUS BEPOATHOCTH.

Teopema, CI0KeHUs BEPOSITHOCTEHH.

YcemoBuas BeposaTHOCTH. HezaBucumbre cobbrtus. Teopema yMHOKEHUS.
Qopmyna ogHo BepoaTaocTu. Popmyna Baifieca.

[TocnenoBarenbHOCTD HE3ABUCUMBIX ucnbiTanuii. Cxema Bepuysmu, momuao-
MUaJIbHadA CXeMa. HpeﬂeﬂbeIe TeOpeMbl OJIsA CXEMbI BepHyJIJH/IZ JIOKQJIbHAA
Teopema Myappa—J/lammaca, Teopema Ilyaccona.

[enun MaproBa: OCHOBHBIE MOHSATHSI ¥ CBONCTBA. JProgudecKasi TeOpeMa.
Cayuaiinble Bemannbl. OyHKIMs PACIPE/IETEHUs, €€ CBOMCTBA.
Cayuaiiabie BekTOpbI. OyHKIHS PaCIpeesieHus, ee CBOWCTBA.

OcHoBHBIE pacnpefeneHus: OnHOMuanbHOE, IlyaccoHa, paBHOMEpHOe, HOD-
MasbHOe (OJHOMEPHOE U MHOMOMEDHOE).

YucnoBble XapaKTEPUCTUKN CAYIANHBIX BeIUUNH. MaTemMaTniecKoe OXKUIA-
Houe, ero ceotictBa. Kosapuanmonnasa maTpuria, ee cBoiicTBa. MOMEHTHI U UX
CBOICTBA. DHTPOMNUs. Y PABHEHNE JTUHEIHON PErpecCun.

OyHKIMH cIyIalHOTO apryMeHTa. MeTos nuHeapH3aum.

IToceroBaTETLHOCTH CIYYARHBIX BEJIUIHH, CXOJUMOCTE MO BEPOATHOCTH W
CXOAUMOCTD 11O PaCIpenesIeHurO.

Hepasencrso Mapkosa. Hepasencrso HeOnrmésa. Hepasencrso Yepnosa.
Bakon 6osbuiux yucesn (Mapkosa, Yebpuuésa, Xunuuna, Bepuayiiim).

Xapakrepuctrdeckas PYHKINI U €€ CBOWCTBA.

Henrpanbras npenenbuas Teopema. Unrerpaasuas reopema Myaspa—Jlamnaca.
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I.

IIEPBOE 3A/IAHUE
(cpok caauu 15-20 mapra)

Komb6unamnusa cobbrruii. BeposaTHocTHOe mmpocTpaHcTBo. Kitaccuue-

CKoOe€ oIIpe/JieJieHrne BepOATHOCTHA. I‘eOMeTpI/I‘-IECKaSI BEpPOATHOCTDb

1.

2.

3.

4.

IIycrs A, B u C — npousBosibabie cobbiTust. Halitu Boipazkenus Jjist COObITHIA,
cocrosdmmux B ToM, uro u3 A, B u C:

a) mnpowsonum A u C, no B ne nupousonio;

6) 1pou30HLIo XOTd OBl OJTHO U3 ITUX COOLITHIL;

B) IIPOM3OIIIO JIBA U TOJBKO JIBa COOLITHS;

I') HU OIHO cOObITHE HE POU3OLLIO;

) npou3ouuio He 6osee 0QHOIO COBbITUS.
Konona urpanpubix kKaprt (36 auctos, 4 MacTu mo 9 KapT B KaxKI0i) TIia-
TebHO neperacoBana. Haynauy 6epyr 6 kapt (6e3 Bosspaienus ). Onucarsb
BEPOSTHOCTHOE ITPOCTPAHCTBO, 3 TAKXKe HAUTH BEPOSITHOCTD TOTO, YTO CPEIH
ITUX KAPT:

a) OKaXKeTCs KOPOJIb IHK;

6) OKaXKyTCsl IIPEJCTABUTENU BCEX MACTEil;

B) Oyzer poBHO 4 KapThl OIHON MaCTH.
Momnera Opocaercs [0 Tex 1mop, MOKa ABA Pa3a MOAPT OHA HE BBIIAIET OITHON
u TOit Ke cTopoHoi. KazkmoMmy BO3MOKHOMY HCXOmy, Tpebyioiemy n 6poca-
HUli, OPUIUIIEM BEPOATHOCTL 27", Quuinure BEpOATHOCTHOE IPOCTPAHCTBO
U HafiauTe BEPOATHOCTH CJAEOYIONINX COOBITHI:

a) ONBIT OKOHYUTCS JIO CEAbMOr0 OPOCAHUS;

6) morpebyercs YeTHOE YUCIO OPOCAHUIA.
B n KoHBEpPTOB pa3mOXkKeHO MO OAHOMY MHUCHMY N aapecaram. Ha kaxkmowm
KOHBEPTE HAYAA41y HAIUCAH OUH u3 N aapecos. Haiitu BeposgTHOCTD Py, TOTO,
9T0 XOTd Obl TPH MHCHMA OTIPABATCS 10 HA3HAYEHUIO. BhrYucauTs mpeesn
Dp, TIpU N —> OO.
OnpenenuTs BEPOATHOCTH TOTO, YTO KODHHM KBAJIPATHOTO yPABHEHUS
22 + 20z + b = 0 BelleCTBEHHBI, €C/IM PABHOBO3MOMKHBI 3HAYEHHS KO3(-
dunumenros B kBazpare |a| < 1, |b| < 1. KakoBa BEpodTHOCTD TOrO, UTO IPU
YKA3aHHBIX YCJIOBUSX KOPHU YpPaBHEHUsI OyIyT TOJOXKUTETHHBI]
Ha mockocTs, pa3InHOBAHHY IO MAPAJIETbHBIME JTUHUSIMA, PACCTOTHIE MEXK-

ny koropbiMu L, Opocator urny mymbbl | < L. Onuinure BEpOSTHOCTHOE
npocrpancTBo. KakoBa BEPOATHOCTH TOTO, YTO ULJIA, EPECeYeT JNHUIO?!
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II. YcaosHas BeposaTHOCTh. HezaBucumbie cobbiTus. IlociemoBaTesrb-
HOCTh HE3aBHCHUMBIX HcCIbITanuii. PopMmysaa MOJHON BepOdATHOCTH.
IMenmu Mapkosa

7. Ha maxmartuyo m0cKy Haymady crapsar gase jazpu. Cobbitme A — maabu
TIOIAJIN HA KJIETKH PAa3HOro mBeTa, cobbitue B — Jaapm modboT ApyT Apyra.
Berauncants yenosabie epostaoctu P(A|B) u P(B|A).

8. JIBa crymeHTa OGpOCAIOT MOHETY W 3alHMCBIBAIOT PE3yIbTaThl OpockoB. Ilep-
BBIA BBIMT'PBHIBAET mpu nogpaennn cepuu I'T'P, BTopoii npu mogBIeHnn cepumn
PIT. Haiitu BepOATHOCTD BBIUTPHIIIA, BTOPOrO UI'POKA, T.€. ONPEIE/UThL Be-
posiTHOCTH TOTO, uTO cepus PI'T mossurca pambie cepun I'T'P.

9. PaccMmarpuBaeTcs 3/I€KTPHYIECKAd IEIb, COCTABICHHAA U3 JIAMITOYEK II0 CJIe-
OYIOMIEH cxeMme:
1 3 4

O o=
:

Kaxas u3 saM HE3aBUCHUMO APYT OT APYTra IIEPETOPAET C BEPOATHOCTHIO P.

KakoBa BepogaTHOCTH TOTO, 9TO Bed 1emb neperoput! KakoBa yciaoBHas Be-
POSITHOCTH TOTO, 9TO JAMIIOYKa 2 MEepPeropesna, eciau BCA MENb meperopemna’
KakoBa ycjioBHaS BEPOATHOCTH TOTO, YTO JAMIIOYKA 3 EPETOPesa, eCin U3-
BECTHO, YTO BCA TENb [EPEropesa, a JaMIovYKa 2 He mneperopesna’

10. ¥Ypna comepxkut 5 Oespix u 6 depHbix mapos. Hayna4dy m3Biekaercs map,
[IOCJIE YET0O OH BO3BPAIIAETCS B YPHY BMECTE C 3 IIIapaMu MPOTUBOIIOIOZKHOTO
nsera. O6osmaamm A;, i = 1,2, cobpiTHe, COCTOAIIEE B TOM, 9TO IIPH i-M
uzBsievenun (6e3 BO3BpalleHus) Wapos u3 310l ypHbl Oyaer orMedeH Gesibiit
map. Haiitu BepogTaOCTH:

a) P(4;),i=1,2; 6) P(Ai[As);  8) P(A1A).

11. [opHOIPRKHUK CILyCKAETCS C TOPBI [10 TPACCE, KOTOPAsS UMEET 712 IIOBOPOTOB.
C BEPOATHOCTBIO P OH MAJIAET HA KAXK/IOM MOBOPOTE HE3ABUCUMO OT [TAI€HUN
Ha Apyrux noBoporax. OupeaesuTsh BepOIATHOCTh TOTO, UTO:

a) k-ne nmamenue GyzeT HA M-M [OBOPOTE;
6) 3a BpeMsd CllyCKa IOPHOJIBRKHUK yrajer He Gosee 3 pas.

12. B kpyr Bumcan paBHOCTOPOHHU TPEYTOJIBHUK, B KOTOPLIH Brucan Kpyr. Ha
31y obnacts Haymady 6pocaror 5 Touek. Kakosa BeposdTHOCTH TOTO, 9YTO POB-
HO TPH TOYKH TONAIYT BO BHYTPEHHUI KPYT, a B 06J1aCTh BHE TPEYTOJbHUKA
nonajier xors 6bI ONHA TOYKA.
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13. O vHAKOBBI JIU IMAHCHI HA YCIIEX ¥ TPEX YeJIOBEK, €CJIU MEePBOMY HAJI0 IMO-
JIYIUTh XOTsl Obl OHY IMIECTEPKY TpU OPOCAHWM WIPAJBHONI KOCTH 6 pa3,
BTOPOMY — HE MEHee NBYyX IecTepok mpu 12 6pockax, a TpeTrbeMmy — He Me-
Hee Tpex ImecTepok mpu 18 6pockax?

14. B onnom yueGHOoM 3aBemennu ody4darorcsa 100 crymenton. lenb poxmeHus
HayJIa4vy BbI6paHHOFO CTYyACHTa TPUXOJUTCA Ha OHpe,ZLeJIeHHbeI JEHb Toda C
BEpOsATHOCTHIO 1/365 st Kaskmoro u3 365 aueit. Haitrn:

a) BEPOATHOCTb TOIrO, YTO HAli/lyTCs POBHO ABA CTYAEHTA, UMEKOLIUE JIEeHb
pOXKieHus 1 arpesis;

6) BEPOATHOCTL TOI'O, Y4TO HARAYTCH XOTsd Obl 1BA CTYJAEHTA, UMEOLIUe AeHb
pOXKJIeHUs 1 anpers.

IIpoBecru Bce pacdersl 0 OUHOMUAIBHOMY 3aKOHY PACIPEESIeHUs, 10 JIO-
KaJbHO} Teopeme Myaspa—J/lamraca u o reopeme Ilyaccona. CpaBaurs pe-
3yJILTATHI.

15. HaiiTu npemenbHoe pacupeeseHue CUCTEMbI, €CIH €6 Ha9aIbHOe COCTOSHUE
(1,0,0,0), (0,1,0,0) mua cayuas a) u (1,0,0), (0,1,0) musa cayuas 6).

0.2 N o
O IN® (3

16. Ha ocHOBaHMM MHOTOJETHUX HAOIIOMEHUI 33 MAPTOBCKOMN IMOTOM0H BBIAB-
JIEHBI CJIeTYIONINe 3aKOHOMEPHOCTH:

— HHUKOIJA He OBIBAET ABYX ACHBIX IHEH TTOIPSII;

— €eCJI¥ CeTOJIHS SICHO, TO 3aBTPa C OAWHAKOBOH BEPOATHOCTHIO TOHIET T0K b
WUV CHET;

— ecsiu cerofias cHer (MJIM JIOXK/Ib), TO € BEPOATHOCTHIO % IOr'0JIa He H3Me-
HUTCS, €CJIU BCE K€ OHA W3MEHUTCH, TO B IOJIOBUHE CJIYYIAa€eB CHET 3aMeHsI-
eTCd 0K IEM WIH Ha00OPOT, U JIUIID B IOJJOBUHE CJIy9IaeB Ha CJIeLYIOITni

JIeHb OyIeT sCHas MTOroa.

HaiiTi BepOATHOCTH SCHOM TIOTOABI depe3 TPH JHs MOCae HAoxkad. Haiiru
BEPOATHOCTDH TOTO, UTO MEPBBIA J0XK b Oymer 8 Mapra, ecau 1 MapTa sCHO.
HaiiTu mpegenbHOe pacupeaesenne CHCTEMBI.
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BTOPOE 3AJAHUNE

(cpok caaun 10-15 mas)

I. Cuayw4aaiiabie Benuuwmabl. Coirydaiiapie BekTOpbl. DPyHKIUN
OT ciiyJafiHbIX BEJIMYUH

1. Ilycrs cayuaiinas permanaa £ nveet dbynknmo pacnpenenenns F(x). Haiitn
GbYHKIMY pactpenesenns CAeAyIONIX CIyYallHbIX BeJTMIrH:

a)2—4& ©6) &1 +6; 1) 1/(E+1)%(8 # 1)

2. Cucrema coayqaiinbix sesmdud (£, 7)) IMEET IIOTHOCTE pacupeaenenus p(z,y).
Haiiru qynkuuu pacupejeienns U JIOTHOCTH PACIPEICICHUS CJIe Ly IOIMX
ColydafiHbIX BEJIUYMH:

a) (=¢+3n, 6)¢=¢&/n

3. HaiiTu n0THOCTD pacipeneerust 9acTHOro &/n u cyMMbl € + 1), eCu Ciry-
JafHble BEJIMIUHBI HE3aBUCUMBI U UMEIOT:

a) PABHOMEPHOE DACIpeseneHne Ha orpeske [1,2[;

1,
6) crammapTHOE HOpMasbHOe pacnpenenerue (a = 0,0 = 1).

4. Cnyuaiiabiii BekTop (£,7) uMeeT HOPMAJbHOE DPACIPENENCHUE C BEKTOPOM

-1
1 2
HOCTb MOIAJaHNs BEKTOPA B 001aCTh %+ y2 —r+y+ay <l

1 2
CpeHuX ( 1) U KOBAPUAIIMOHHON MaTpUIIE ( > Haiitu BeposiT-

5. Jlarymika coBepiiaeT aBa IPbIRKKA, KazK/Iplil — Ha MeTp. Hanpasierue mpbixk-
KOB BBIOMpAETCs Hayra . B KadecTBe caydaiiHol BeININHBI BOSbMEM PACCTO-
AHUE MEXKAY HaYaJIbHBIM IIOJIO?KEHHUEM JIANYINKHW U KOHEYHbIM ITOJIOZKCHUEM.
Haiitn mIoTHOCTE pACIIpee/IeHusI, MATEMATHICCKOE OXKHUIAHUE U TUCIIED-
CHUIO 3TOI caydaiinoit Beanuunsl. [TocTponts rpaduk GyHKIMM pacipesene-
HUA.

6. JIBymMepHOe pacrpejesieHue CaydaliHbix BeJTUUuH & U 1) 33/1aeTCsl C TIOMOIITHIO
TaOIAIIBI

JNE] 1[0 2
1 [ 1/5] 0 |[1/5
1 0 | 1/5 [1/5
2 [1/10 [1/10 | 0

BoISCHUTE, 3aBUCAMBI WIH HET CIydaiinble Bemdaunel & u 7). Hajitn:
a) M, Mn, DE, Dn, cov(€,n), kK03 dDUTIUERT KOPPETATAN W KOBAPUAIMOH-
HYIO MaTPHILY;
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II.

6) 3aKoH pacupeneseHus U (PYHKIUIO PACOPEIEIeHUs TPOU3BeneHud §1);
B) ypaBHEHUE JIMHEHHOI perpeccuu.

ILiorHOCTH COBMECTHOrO pacnpeenetus p(x,y) Besuann £ U 1 onpejenser-
ca paeactsamu p(x,y) =c(z+y) mpn 0< <1w0<y <1lwup(z,y) =0
B OCTaJIbHBIX Ciydasx. Haiiru:

a) MOCTOSHHYIO C;

0) MIOTHOCTHU pacrpelenenus & u n;

B) M&, Mn, DE, Dn,cov(€,n), KoadbdumuenT Koppeasinyun U KOBAPUAIIMOH-
HYIO MaTPHILY;

) IJIOTHOCTH PACHPEIEIeHUs U MOCTPOUTh (byHKIMIO pacupeaenenus min (€, n);

J) ypaBHEHHEe JIMHEHHOH Derpeccuu.

XapakTepuctudeckiie (YHKIMA. 3aKOH OOJIBIIIUX YHCEJ.

IlpenenpHbIe TEeOpEMBI

8.

Haiisnre 3aKOHBI pACTIPE/IENIeHNsT, KOTOPBIM COOTBETCTBYIOT CJIEIYIONTIE Xa-
pakTepucTuueckue byHKIUH:
a) e~ cos®3t; 6) 2(1 — cost)/t2.

Boruuciure xapakTepucTuieckue (hyHKIUI I CISIYIONINX 3aKOHOB Pac-
TIpe/IeNIeHUST:

1
(14 22)’
6) HOPMAJBHOTO PACTpeeTeHns ¢ napamerpom a = 0.

a) pacnpesenenus: Kommm: p(x) = (—o0 <z < 00);
Jljist BceX BapUAHTOB ONPEIEJUTh XapPAKTEPUCTUIECKYIO (DYHKIIUIO U 3aKOH
n
pacupeenennd ciaydainoil seuauust ) = | Y. & | /n B npeanonoxkeHun o
k=1

HE3ABUCUMOCTH &k

10. CrymeHT moydaeT Ha 3K3aMeHe 5 ¢ BepoaTHOCTHIO 0.1; 4 — ¢ BEPOSITHOCTHIO

0.4; 3 — ¢ BepositrHOCTHIO 0.3 U 2 — ¢ BeposgTHOCTHIO 0.2. 32 BpeMmst 0byUeHust
ou crmaet 40 sx3amenoB. HaliTu cuMMeTpUYHbIE TIPEAETbl, B KOTOPBIX C Be-
POSTHOCTBIO, Ou3Koil K 0.94, JeKuT cpequuil 6aI CTyIeHTa:

a) ¢ HOMOIIbLIO HepaBeHCTBA UebhIéna;
6) ¢ HOMOIIbIO NEHTPAJIbHON NPEIEIbHON TEOPEMBbI.

11. Ouenuth BEpOATHOCTD, 4TO npu 4500 TOAOPACHIBAHUSAX UIPATIBHON KOCTH

uudpa 6 Beimager He Meree dem 680 pasz u He Gosee yem 730 pas. Oupese-
JIUTH TOYHOCTH OIEHKH.
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12. IlocienoBaTeTbHOCTH HE3ABUCUMBIX CITYIAMHBIX BEJIMIUH {§n} 3aJaHa 3a-
KOHOM pachpenenaeHus:: &, TpUHIMAET 3HAYEHUsI 1, —N 1 0 ¢ BePOSITHOCTSMHI

1
TRV ul— ™ coorBercTBeHHo. Boimomnen au 3BY mns sroit mocnenosa-
TEABLHOCTH?!

13. Cayuaiiubie BeUYWHBI & HE3aBHCUMBI M MMEIOT MMOKA3aTETbHOE PaCIpe-

nenenme ¢ mapamerpom A = 2 (p(x) = 2e2%,x > 0). Haiftu npenemsr mo
et +ef? . et }
u

BEPOATHOCTH TIPU N — 0O TOCIEI0BATETHHOCTEH {
n

{6(£1+§2t---+§n ) }

14. Cayuaiinble BeTUYUHBI §j; HE3ABUCHMBI U OJMHAKOBO PACTIPEIETEHDI C TLIOT-
noctoio p(x) = (1 — cosz)/mz?, (—oo < x < oo). Haiitm mpenemsnoe

n
(mpm n — 00) pacHIpeesieHne CAYIARHON BETMINHBL 1) = (Z fk) /n.
k=1

15. Coay4aiinble BeqWMYUHBI & HE3aBHCHMbBI M PABHOMEPHO DPACIPEIETEHBI Ha
nnarepsate (—1,2). Hafitn npenensabiii ( mpu n — 00) 3aKOH PACTIPEIETCHAS
n

> (26 —1)

CJIydaiiHOl BeJMYUHbL 1) = “—

1
2yn

CocraBuresnb 3a0aHUs K. d.-m. v., nonenr C. 1. 2Kusoros
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1. PaBHOBecHe, yCTONYNBOCTDH, ABU>KEeHNE BOJIN3U YCTOWINBOTO
MOJIOXKEHUS PaBHOBeCUS

OmpesienieHne MOJOXKEHNsT PABHOBECHsI. YCJIOBUS PABHOBECHUS CHUCTE-
MbI C UI€ANbHBIMY CBA3sAME (IPUHIUI BUPTYAJIbHbIX II€PEMEIEHHMIT).
VYcii0Bust paBHOBECUsE TOJIOHOMHbIX cUCTeM (B TeépMUHAX OOOOLIEHHbBIX
cHiI).

Ompenenenne yCTONIUBOCTH, ACAMITOTHYECKOM YCTOWIUBOCTH U He-
YCTOWYMBOCTH IOJIOKEHHSI PABHOBeCUs. TeopeMbl IPSMOrOo MeTOJA
JlamyHoBa M1 aBTOHOMHBIX CHCTEM: TeOpeMbl JIamyHoBa 00 yCTOl-
YUBOCTU W aCUMIITOTHYIECKOHN yCTONYIMBOCTH, Teopema UeTaeBa o He-
ycroiiauBocTr, Teopema bapbamuna—KpacoBckoro 006 yciaoBumsx
ACUMIITOTUYECKON yCTOWYUBOCTU U HEYCTONYUBOCTH.

Teopewma Jlarpanxka—/lupuxire 00 yCTOWYIUBOCTA PABHOBECHST KOHCED-
BATUBHBIX MEXAHUIECKUX CHCTEM. YCJIOBUS HEYCTONIMBOCTH KOHCED-
BATUBHBIX CHCTEM IO KBAaJAPATUIHON YaCTH MOTEHIUATLHOW SHEpP-
ruu. Yciaosue Maunesckoro—deraeBa yCTOWYUBOCTH «CIISIIETO BOJIY-
kay Jlarpamxka. diementsl Teopun Karacrpod. Kpusast paBrnosecuii.
OcHoBHbIe TUTTBI OUdYPKAIUH B TMHAMAYIECKUX CUCTEMAX. BiusiHne
TUPOCKONWYECKUX U IUCCUAMIATUBHBIX CUJI HA YCTOWYMBOCTH PABHOBE-
cus. Teopema 06 aCHMITOTHYECKON YCTORYIUBOCTH CTPOrO JUCCHIIA-
TUBHBIX CHCTEM.

Ilepsoiit meron JlamymoBa wmcciaemoBanus ycroiramBocTu. Teopema
JlamynoBa 06 ycroftumBocTu 10 smHEHHOMY Tpubankenuio. Kpure-
puii Payca—T'ypsuna (6e3 mokasaresnbcrsa). IBa cueHapus norepu
YCTOMYMBOCTHU: JUBEpreHnus u QJiarrep.

Maubie KOj1e0aHMsT KOHCEPBATUBHBIX CUCTEM BOJIM3U YCTONIHUBOTO TO-
JIOXKEHUsI DaBHOBeCHUsl. YpaBHeHHe 4YacToT. [yiaBHble (HOpMAaJbHBIE)
koopauaarbl. Obree pernenue. Ciydail KpATHBIX KOPHE.

Brorayxnennbie KoiebaHus JIMHEHHON CTAIMOHAPHON CHUCTEMBI IO
JefiCTBHEM TapMOHUYECKHUX CHJTI. JacTOTHBIE XapaKTePUCTUKU. ZIBite-
HUS PE30HAHCA U AHTHPE30HAHCA. Peaknus JuHeHHON CTanoOHaAPHOM
CHCTEMbI HA HETapMOHMYECKOE BO3/eliCTBHE.

2. ¥YpaBaeHuda 'amnabToHa, BapualiuoHHbIe IIPUHIUIHI,
WHTErpaJibHble MHBAPUAHTHI

Ilepemennnie Tavunbroma. @ymknusa [amumabrona. Kanommdeckme
ypasuenusi 'amusibrona. IIpeobpazosanme Jlexkannpa ypasaenuii
Jlarpam:ka B ypaBHenusa lammabrona. ®@yukmua lamMuiabToma s
KOHCEPBATUBHONU CUCTEMBI.
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IlepBbie uaTerpatbl raMusibToHOBbIX cucreM. Ckobku Ilyaccona. Teo-
pema Arobu—Ilyaccona. Ilonmkenne nopsanaka ypaBuennii l'aMuinTo-
Ha B CJIy4ae [MUKINIeCKUX KOOPAUHAT U Jjist 0000IIEHHO-KOHCEPBATHB-
HBIX CUCTEM. Y paBHEHUS Y UTTEKepa.

IIpeobpa3oBanue JarpaHKuaHa MPU 3aMeHe KOODJIUHAT U BPEMEHH.
Teopema dvmu Hérep.

Heiicrsue o Namunbprony. Bapuarmusa neiicteusa mo Famuasrony Ba-
puanuonublit npuHimn [aMuabrona.

Nurerpanbubie uaBapuantel [lyankape—Kaprana u ITyankape. O6-
paTHBIE TEOPEMbI TEOPHUN MHTErPATLHBIX MHBApHAHTOB. Teopema JIn-
YBUWLIS 00 MHBAPUAHTHOCTH (Da30BOro 00beMa TaMUJILTOHOBON CH-
crembl. Teopema JIn Xya-uzKkyHa 00 HHTErpaJIbHbIX HHBAPUAHTAX [1ED-
BOI'O MOPSKA TAMHUIBTOHOBBIX CHCTEM.

. Kanonn4deckue nmpeobpasoBaHud.
VYpaBuenue 'amuabrona—kobu

Kanonnueckue npeobpaszoBanusi. JIOKaabHbINA KpUTEPHit KAHOHUIHO-
cru. Kpurepuit KAHOHHYHOCTH B TEPMUHAX [IPOUBBOJAAIINAX (DYHKIHIA.

ITpeobpazoranusi, gomyckaworine (g, G)-omrcanne (CBOOOIHBIE TPE0O-
pasoBanus). IIpaBuia npeoOpa3oBaHus raMUIBTOHUAHOB DU KAHO-
HAYECKUX Mpeobpa3oBanusx. Pa30BbIil MOTOK raMUJIBTOHOBBIX CH-
CTeM Kak OIHOIIapaMeTPUYECKOe CEMEHCTBO KAHOHUYIECKHUX IIpeodpa-
zoBanwmii. Teopema JluyBusis o coxpanennu ¢gazoBoro oobema. Co-
xpanenue ($ha3zoBOro 00beMa raMUIBTOHOBON CHCTEMBI.

. ,Z[I/IHaMI/IKa TBepaoro TreJja B I/I,E[eaJIbHOﬁ HecKHNMaeMoii
KNJIKOCTN

Vpasuenus Kupxroda. Famunsronosa dopma ypasuenunit Kupxro-
da. [IprcoenuaenHbIE MACCHI ¥ TPUCOEIMHEHHBIE MOMEHTHI WHEPIIHH.

JIureparypa

Tanwmmaxep @.P. Jlekiuu 1Mo aHAJTIUTUYECKON MeXaHUKe. — 3-e W3,
— Mocksa : @uszmaraut, 2001.

2Kypaeaés B.D. OCHOBBI TEOPETUYIECKON MEXAHWKWH. — 2-€ W31, —
Mocksa : ®usmaraut, 2001; 3-e u3n. — Mocksa : @uamariaut, 2008.

Mapxees A.Il. Teoperndeckasi MeXaHUKa: YIeOHUK JJI YHUBEPCUTE-
toB. — W3xd. 3-e, ucnp. — Mocksa : Uzn-Bo «Perynsipnas u xaoru-
qeckasg nuHaMuKay, 2001.
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. Ameavkun H.H. Tunamuka TBepaoro rtesa: ydeb. mocobume. — 2-e
n3a. — Mockra : MOTU, 2010.

. Ameavkun H.U. Jlarpan:keBa n TaMHJIbTOHOBA MEXaHUKA: y1ued. mo-
cobue. — Mocksa : MOTU, 2014.

. AHxosenxo I'.H. Kparkuit Kypc Teoperudeckoil mexanuku. — MocCKBa :
BUHOM. Jlaboparopust 3nanwmii, 2006.

. Sxosenxo I'.H. Kparkuit Kypc aHaTuTHIeCKOi nuHaMuKn. — MockBa, :

BITHOM, 2004.

. Tpyxan H.M. Teoperuteckas MexaHuka. MeTomawKa perenns 3a71a9:
yueb. mocodne. — Mocksa : MOTU, 2010.

IlepBoe 3amanue
(cpok caaau ¢ 22 no 27 mapra 2021 r.)
Kourposnbuas pabora ¢ 15 mo 20 mapra 2021 r.

. PaBHoBecue. IIpuHIINTT BUPTYaJbHBIX IIepeMeIlleHmit
14.10, 14.23, 14.36, 14.42

. IIpamoii meroa JIamyHoBa B T€OPUU yCTOMYNBOCTHU JIBUXKE-
HUHA

17.25

T1. Ucnons3ysa npsiMmoii MeTof JIAMyHOBa, TOKAYKUTE, 9TO HYJIEBOE
MTOJIOYKEHVE PABHOBECHUSI CHCTEMbI ACUMIITOTUYECKH YCTOUINBO

& =—fi(z) - faly), §=fa(x) = faly),

rae  fi(z) — upousBosbHble riajgKue (DYHKIUH TAKUE, YTO
sgn(fi(2)) = sgn(2)-
T

y
Yxasanue. @ynxuus Jlanynosa V(z,y) = [ f3(2)dz + [ fa(z) d=.
0 0

T2. Uccnenyiite Ha yCTOWIHMBOCTD CUCTEMY
=2 —12° y=-ax—vy>+1°.
T3. Uccnenyiite Ha yCTOWYIHBOCTDL CUCTEMY
P=ay—a®+y, =2 -yt
T4. Uccnenyiire na ycroiiuusoctsb cucremy (a, 8 > 0)

&= —(z—By)(1 —az® —by?), §=—(y+az)(l-ar®—by).
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10.

11.

12.

YcToiiumBoCcTh paBHOBECHS KOHCEPBATUBHBIX CHUCTEM
15.15, 15.18, 15.21, 15.23

Ma.m)Ie KOJ'IeGaHI/ISI KOHCEepBAaTUBHBIX CHUCTEM
16.1, 16.11, 16.33, 16.47, 16.64, 16.107

. Acumnrornueckas yCTOﬁ‘-IPIBOCTb JANUCCHUIIAaTUBHBIX CHUCTEeM

17.2,17.8, 17.11 (a), 17.20, 17.28

Beinyx/1ennble KosrebaHust
18.3, 18.17, 18.31, 18.37, 18.62

Vraszanue. 1lpu pemenvnn 3amaunm 18.39 mcnonb3yi#iTe HOpMATbHBIE
koopauHaTel. OTIeapHO paccMoTpuTe cayuail w? — 3k2w? + k* = 0.

BTopoe 3amanne
(cpoxk cmaum ¢ 10 mo 15 mast 2021 1)

Kourpouabpaas pabora ¢ 3 mo 8 mag 2021 r.

q)yHKI_II/ISI FaMPIJ'IbTOHa N KaHOHHNYEeCKHNEe ypaBHEHUNA
19.1, 19.9, 19.15, 19.19, 19.35, 19.77

IlepBrie naTerpassl. Ckoboku Ilyaccona
20.1, 20.15, 20.16, 20.30

IMpuanun FamuabToHA
21.2, 21.4, 21.12, 21.14, 21.33

I/IHTeraJIbHI)Ie NHBapuUaHTbI
22.5, 22.15, 22.24, 22.32

Kanonnyeckne npeobpazoBanus

23.1, 23.2, 23.48, 23.116

VYpaBuenune 'amuabrona—kobu

24.1, 24.22, 24.60, 24.63, 24.109

T5. Ha mockoctu paccMarpuBaloTCs /iBa OJUHAKOBBIX HEIO/IBHK-
HBIX TPABUTAIMOHHBIX IEHTPA, KOTOPBIE JAEHCTBYIOT HA MACCHBHYIO
TOuKy M, KOTOpas MOXKET JBUTATHCA 063 TPEHUs MO0 PACCMATPUBAE-
Mmoii mnockoctu. CocraBbre u permure ypasaenue [avmunbrona- Axkobu
JIJISI 9TON CHCTEMBI.

Vxasanue. Bocunonb3yiiTech JUIMITUYECKHMMHU — KOODAMHATAMHU:
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& =r1+ry, n =r —ry r; — paccroguue or Touku M 10 i-ro
HIPUTATHBAIONIETO IEHTPA.

Howmepa 3ama4 B3sror u3 coopunka [araunkuii E.C., Tpyxan H.M.,
Xanykaes FO.U., dxosenko I"H. C60pHUK 3a/1a4 110 aHAJIUTHYECKO
Mexanuke. — 2-e m31. — Mocksa : Hayka, 1996; 3-e m3a1. — Mocksa :
Ouzmatmut, 2002.
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