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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

12



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
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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).

JIureparypa

Ocnosnas

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.

22



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 :
Jlanw, 2003.

6. Ymnoe A. E., Ymnose E. A. OCHOBBI TeOpun OOBIKHOBEHHBIX AuddepeH-
IMaIbHBIX ypaBHeHuil. — Mocksa : MOTU, 2016, http://www.umnov.ru.
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7. Teavpard U. M., @omun C. B. Bapnanmonnoe ucuuciaenne. — Mocksa : @Puzmarrus, 1961,
http://techlibrary.ru/bookpage.htm.
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9. Tuzonos A. H., Bacuavesa A.b., Ceewmnukos A. I. J[luddepennnanbusie ypaBHEHHUS. —
Mocksa : ®uzmarrns, 1985.

10. Kynwuos JI. II., Hukxonaes B. C. Kypc jeknuil o teopunu OOBIKHOBEHHBIX auddepeHin-
aJbHBIX YpaBHeHUi: yuyeO6HOe mocobue. — Mocksa : MOTU, 2003.

11. Unamosa B. M., ITuprosa O. A., Cedos B. H. [Iuddepennmaibubie ypaBuenus. MeToms
pewenuii. — Mocksa : MOTU, 2007, 2012.

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.

24



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. 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 yCTONYIUBOCTH, ACHUMITOTUYECKONW YCTOWYHUBOCTH U
HEYCTONYMBOCTH [IOJIOXKEHUS PABHOBeCH:A. TeopeMbl IIPAMOrO METOAA
JlamyHoBa M1 aBTOHOMHBIX CHCTEM: TeOpeMbl JIamyHoBa 00 yCTOl-
YUBOCTU W ACUMITOTUYECKON YCTOHYMBOCTH, TeopeMma YeraeBa O
HeycroiiunBocTu, Teopema Bapbarmmra—KpacoBckoro o0 ycaoBumsx
ACUMIITOTUYECKON yCTOWYUBOCTU U HEYCTONYUBOCTH.

Teopewma Jlarpanxka—/lupuxire 00 yCTOWYIUBOCTA PABHOBECHST KOHCED-
BATUBHBIX MEXAHUIECKUX CHCTEM. YCJIOBUS HEYCTONIMBOCTH KOHCED-
BATUBHBIX CUCTEM 0 KBAAPATUIHON YACTH TTOTEHITHATHLHON SHEPIHH.
Tonsirre o Gudypranuu. Ciaydan moTepu yCTORIUBOCTH JIJIsi CUCTEM
¢ IIOTEHIMAJIOM, 3aBUCAIIMM OT apamerpa. BimsiHue rupockonuye-
CKUX ¥ JUCCHUMATHUBHBIX CUJI HA YCTONYMBOCTH paBHOBecusi. Teopema
00 aCHMIITOTHIECKON yCTORINBOCTH CTPOrO JUCCHATTATUBHBIX CHCTEM.

Ilepsbiit meron Jlanynosa uccienoBanus ycroitausoctu. Teopema
JlanyHnoBa 06 ycroiiumBoCcTH O JinHEHHOMY TpUOIMKeHni0. Kpure-
puii Payca-T'ypsuna (6e3 mokasarenbcrsa). IBa cueHapus norepu
YCTONYMBOCTH: IUBEpPreHnust u QJiarrep.

Maunbie Ko1e0aHUST KOHCEPBATUBHBIX CUCTEM BOJIM3U YCTONIHBOTO MTO-
JIOXKEHUsSI PABHOBECHUsl. Y paBHEHWe 4acToT. lyiaBHble (HOpMAaJbHBIE)
koopauaaThl. O0mee pemntenue. Cirydail KpaTHBIX KOPHEHA.

Burayxaennabie Koe0aHUsS JIMHEHHOW CTAIIMOHAPHON CUCTEMBI IO
JeficTBUEM TapMOHWYECKWX CUJI. JacTOTHbIE XapaKTepUCTUKH. AB-
JeHre pe3oHaHca. Peakius JWHEWHON CTallMOHAPHOM CUCTEMbI HA
HETapMOHUYECKOe BO3JIeiCTBHE.

2. YpaBueHusa 'amuiabToHa, BapualiuoHHbIEe TIPUHIIUIIHI,
VHTerpaJibHble THBAPUAHTHI

Ilepemennsle lavmnbrona. @ymkmua lammabrona. Kanommdeckme
ypauenusi lamumiaprona. [IpeobpazoBanme Jlexkanapa ypaBaeHuii
Jlarpamxka B ypaBuenusi lamuibrona. @yukmus [amunbrona mis
KOHCEPBATUBHOU CUCTEMBI.

IlepBbie uaTerpasipr raMmuabTOHOBBIX cucteMm. Ckobku [Tyaccona. Teo-
pema Axobu—Ilyaccona. Ilonmkenune nopsaka ypasuennit I'aMuibTo-
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Ha B CJIy4ae [UKJINIeCKIUX KOOPINHAT U A1 0000IIEeHHO-KOHCEPBATHB-
HBIX CUCTEM. Y paBHEHUS YUTTEKepa.

Heiicrsue mo Famunbrony. Bapuamus geiictBusa mo Famunbrony. Ba-
puanuonublit npuHimn [aMuabTroHa.

IIpeobpa3oBanue jJarpankKuaHa Mpu 3aMeHEe KOODINHAT U BPEMEHH.
Teopema dvmu Hérep.

Nurerpanbusie waBapuanThl [lyankape—Kaprana u [lyankape. O6-
paTHBIE TEOPEMbI TEOPUH WHTErPAIbHBIX MHBAPUAHTOB. Teopema Jlu-
YBULIS 00 MHBAPUAHTHOCTH (Ha30BOro 00beMa TaMUJILTOHOBON CH-
crembl. Teopema JIu Xya-d:kyHa 06 HHTErpATHHBIX HHBAPUAHTAX TIEP-
BOI'O MOPSIJIKA TAMUIBTOHOBBIX CHCTEM.

. Kanonn4deckue nmpeobpasoBanuda. Y paBHeHUEe
TamuniabpToHa-AK06M

Kanonnueckue mpeobpas3oBanusi. JIOKaIbHBIN KpUTEPUH KAHOHUIHO-
cru. Kpurepuit KAaHOHUIHOCTY B TEPMUHAX TPOU3BOAANINX (DYHKIIHIA.

ITpeobpazoranusi, gomyckaworine (g, G)-omucanne (CBOOOIHBIE TPE0O-
pasoBanus). IIpaBuia npeodpa3oBaHus raMUIBTOHUAHOB MIPH KaHO-
HAYECKUX peobpas3oBanusx. Pa30BbIil MOTOK raMUJILTOHOBBLIX CH-
CTeM Kak OJHOIIapaMeTPUYECKOe CEMEHCTBO KAHOHUYECKHUX IIpeobpa-
30BAHUM.

Vpasuenne lamvunbrona—fAxodbu. [lonHbiit wHTErpans ypaBHEHUs
TamunbroHa—KOOM M €ro MCIOMb30BaHWE B 3a/a49e WHTEIPHUPOBa-
HUsl YPABHEHUI NBMKEHWS TaMUJILTOHOBON cucrembl. Ciydam pas-
JleJIeHUs] [IePEMEHHDIX.

Jlureparypa

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

2Kypaeaés B.D. OCHOBBI TEOPETUYIECKON MEXAHWKWH. — 2-€ W31, —
Mocksa : ®usmaraut, 2001; 3-e u3a. — Mocksa : @usmataut, 2008.

Mapxees A.Il. Teoperndeckasi MeXaHUKa: YICOHUK JJI YHUBEPCUTE-
toB. — W3xd. 3-e, ucnp. — Mocksa : Uzn-Bo «Perynsipnas u xaoru-
deckas nuHaMuKay, 2001.

. Ameavkun H.H. JTunamuka TBepaoro rtesa: ydeb. mocobme. — 2-e
u3xa. — Mocksa : MO®TU, 2010.

28



. Ameavkun H.H. JlarpaHkeBa U raMHJIbTOHOBA MEXaHUKA: y4ued. mo-
cobne. — Mockra : MOTH, 2014.

. Hrxosenko I'.H. Kparkuit Kypc TeopeTmdeckoil Mexannku. — MockBa :
BUHOM. Jlaboparopus 3uanuii, 2006.

. Axosenxo I'.H. Kparkuit Kypc aHamuTr9ecKoil nuHaMukn. — Mocksa, :

BIHOM, 2004.

. Tpyxan H.M. Teoperutdeckas MexaHuka. MeTonmka perenns 3a7a9:
yueb. mocodme. — Mocksa : MOTU, 2010.

3ATAHUS

IlepBoe 3amanne
(cpok ciaau ¢ 22 1o 27 mapra 2021 r.)
KonaTpoasHasi pabora ¢ 15 o 20 mapra 2021 r.

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

. IIpamoii meton JIamyHoBa
T1. Ucnons3yst upsimoit meron, JIsmynoBa, mokaxkure, 910 HyJIeBOE
MTOJIOYKEHWE PABHOBECHUSI CUCTEMbBI ACUMIITOTHYECKH YCTOWINBO

i =—fi(x) = f2(y), 9= Fs(x) = faly),

rae  fi(z) — nupousBosbHble ruajgkue  DYHKLUMM TAKUE, YTO
sgn(fi(2)) = sgn(2).
xT

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

T2. Uccnenyiite Ha yCTOWIHUBOCTDL CUCTEMY

a'c:2y37x5, y:fxfy3+y5.

T3. Uccnenyiite Ha yCTONYIMBOCTH CHCTEMY
i=ay—a2®+y° p=a"—y"
T4. Uccnenyiire na ycroituusocrsb cucremy (o, 8 > 0)

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

11.

12.

AcuMnTorndeckas yCTOMYNBOCTD AVICCHIIATUBHBIX CHUCTEM
17.2,17.8, 17.11 (a), 17.20

YcToiidmBOCTh paBHOBECHS KOHCEPBATHUBHBIX CHUCTEM
15.2, 15.15, 15.18, 15.21

. Mansble KoJsiebaHust KOHCepBaTUBHBIX CUCTEM

16.11, 16.33, 16.47, 16.64

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

IlepBrie naTerpassl. Ckoboku Ilyaccona
20.1, 20.18, 20.30, 20.37

IMpuanun FamuabToHA
214, 21.12, 21.14, 21.33

I/IHTeraJIbHI)Ie NHBapuUaHTbI
22.5, 22.15, 22.22, 22.24

Kanonnyeckne npeobpazoBanus

23.2, 23.37, 23.98, 23.107

Meron Axobu

24.18, 24.22, 24.60, 24.63

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. — 4-e u3a. — Mocksa : Puzmaraut, 2018.
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YTBEPXJIEHO
IIpopexTop no yue6HOi padoTe
A.A. BopoHoB
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110 IUCLHUIIINHE: DKOJIOTI U
o HarpasiieHHo moarotoBku: 03.03.01 «IIpukanHple MaTeMaTrka U Gr3ukay

¢usrex-mkona: PIOM

AenapTraMmeHT XUuMHUH

Kypc: 2
ceMecTp: 4

N

TpynoeMKoCTb:

Teop. Kypc: BapUaTHBHAs 9acTh — | 3ad4eT. e

nexuun — 30 yacoB DK3aMeH — HET
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3aHSTHS — HET
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nenapramenta xumuu 19 oxrsopst 2020 r.

PykoBoauTelnb qenapraMeHTa XuMHun
. @.-M. H. A. B. Mutun



3agauu Kypca

IIporpamma Kkypca @O JUCHMIUIMHE «OKOJIOTHSA» COCTaBleHa i
cryaeatoB MOTH Ha ocHOBe (prm3mdIecKoro moaxona K MOHUMAHHIO OOITIX
3aKOHOB B3aHMOJCHCTBHS dYelOBeKa M Onocepsl, OCHOB MPUHIUIOB U
MEXaHN3MOB, 00ECTICUNBAIOIINX YCTOHINBOCTh IIPHPOTHON CPEIBL.

Kypc HOCHT 00meoOpa3oBaTenbHBIN XapakTep M HWMEET CBOCH IeNbIo
MO3HAKOMHTH CTYJICHTOB C HOBBIMHU CTPAaTETHAMH IO COXPAHEHHIO 3KOCHCTEM,
0€30mMacHbIMI  TEXHOJIOTHSIMU ~ YTWJIM3AIMM MPOMBIIUICHHBIX M OBITOBBIX
OTXOJIOB, & TAKXKE C TEXHOJOTHSMH BO30OHOBIISIEMOW SHEPTETUKH.

B oannom xypce paccmompen wupoxuu Knacc A6neHuti: BOSHUKHOBEHHE
JKU3HH Ha 3emJe, COBpPEMEHHble TeopuHM oOpa3oBaHus BceneHHoil,
3aKOHOMEPHOCTH  (OPMHUpPOBAaHUsI  KJIMMAara, MPHPOAHBIX  IPOLECCOB,
00yCIaBIUBAIOIINX KPYTOBOPOT BELIECTB B MPUPOJIE.

Han ananuz 0CHOBHBIX (PAKMOPO8 MeEXHO2EeHHO20 Xapakmepa: PE3Koe
M3MEHEHHE KIMMaTa IUIaHEThl, HCTOIIECHHUE YTJIEBOJIOPOIHBIX HCTOYHUKOB M HX
QIBTEPHATHBA, aKTYaJIbHOCTh COXPAaHEHMS IIPECHOTO BOJHOTO OanaHca
IUTAaHETHI, BAXXHOCTh YCTOMYMBOTO PA3BUTHA AJISI OMOTHI IUIAHETHI HAa MpHUMeEpe
PacTUTEIFHOTO 1 )KHBOTHOTO MHpa U JIp.

Kypc opreHTHpOBaH Ha CTYJECHTOB, CIICIHATH3NPYIONINXCS HA MpoOiieMax
BHEAPCHUA W KOMMEpLHUAINU3aAlUun }IOCTI/I)KCHI/Iﬁ COBpeMeHHOI‘/'I HayKn H
BBICOKHX TeXHOHOFHﬁ, ONTUMU3AINU UCIIOJIB30BaAHUSA TPUPOAHBIX PECYPCOB.

YcBoeHue conxepkaHHs JAaHHOTO Kypca JOJDKHO CHOCOOCTBOBAThH
(hOPMUPOBAHHUIO IMPOKOTPOPHUIHHBIX 3HAHHUH, MMO3BOJIIIOIIMX PEIIaTh 3aaun
HKOJIOTHYECKOW 3aJOJDKEHHOCTH W HCTOIIEHHS MHPOBOTO IPHPOIHOTO
KaluTajla 4elOBeYeCKOW LUBHIM3aLueld Uit (OPMUPOBAHUS YCTOHYMBOTO
GayaHca OKpy»KaloIieil cpempl.

Conep:xxanue Kypca

1. ®opmupoBaHHE 3KOJIOTUM KaK HAYKW W HAy4IHBIE MapagurMbl XX Beka.
DKOJIOrH4ecK0e MUPOBO33PEHUE U SKOHOMUKA.

2. Opranmsm u cpena obutanusi. ['omeocras. Konuemniuu (opmupoBaHus
OUOJIOrMYECKUX CHCTEM: OT KIETOYHOIO YPOBHS JI0O KOMILIEKCHBIX
MHOTOKJIETOYHBIX ~OpraHu3mMoB. DakTopbl cpepl: aOHOTHYECKHE U
OHMOTHUYECKHE.

3. KpyroBopoT OCHOBHBIX OHOTrE€HHBIX 3JIEMEHTOB B mpupoje. [IpupomaHbie
LUKJIBI YTIepoa, a3oTa, ¢pocdopa.

4. Kiraccuueckue TOHSATHA SKOJOTHUH: AWHAMEKA, KOHKYPEHIHSA, CTPYKTypa
TIOTYJISATIHA.
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10.

11.

12.

HpI/IKJla)IHaH OKOJIOT'Hs: MCXaHHU3MBbI peryisnun IPpUPOAHBIX n
AHTPOIIOTE€HHBIX DKOCUCTEM.

PasznooOpasue skocucreM. I[IpHHOWMIIBI HOPMHPOBAaHHMS W 3arpsA3HEHHSA
OKpYXarolleu cpenspl.

YenoBek Kak BepHmIMHA OmoNOrH4eckoidl »sBomronmu. Ero pomps Kak
co3jaressi COBPEMEHHBIX TEXHOJOTMH W paspyLINTENsl CBOCH Cpembl
oOuTaHus.

OcHOBHBIE cpenbl OOWTaHMA: BO3AyX, BOjAa, TMouyBa, Ouora. Mx
XapakTepucTUKa M 3Ha4YeHue Juisi (OpPMUpPOBaHUS Hooc(hephbl. YUeHUe
BepHaackoro.

OCHOBHBIE TEXHOTEHHBIC W IPUPOAHBIC KPU3UCHI, W3MEHSIONINE OOJIHK
iaHeTsl. dpakTanbHble TEOPUM U MapaMeTphl MHAMKATOPOB COCTOSHHSA
OKpYXKalomIeH cpepl.

[IpaBoBOEe M TOCYNapCTBEHHOE PETYIHPOBAHUE COCTOSHHSA OKPYXAIOLIEH
cpembl. OKOJOTHYECKHH KOJEeKc. MEeXIyHapoAHbIE COTNAIICHHUS II0
9KOJIOTMYECKON O€30MacHOCTH.

DKOHOMUYECKUE ACHEKThI MPHUPOAONOIB30BAHMS. JHEPronoTpediicHne u
6uocthepa. MOHUTOPHHT 3/I0POBbSI YEIOBEKA KaK OTPAKEHHE COCTOSIHHS
OKpY>Karomieit cpepl 1 06pasa KU3HH.

['1o0anbHBIl  9KOJNOTMYECKUIT  cJel] YelIOBEYeCKOW  I[MBUIIM3ALMH.
MexaHu3Mbl IPOrHO3UPOBAHUS COCTOSIHUS OKPYKAIOLIEH Cpeabl.

CoBpeMeHHbIE MHHOBAIIMOHHBIE HKOJIOTMYecKHe MpoekTsl 1 Hobenerckue
MIPEeMUH B 00JaCTH SKOIOTHH.

Jlureparypa

OcHoenas
Tpyxan D.M., Eecmagwes A.U. [u op.] BBeneHne B 9KOJOTHIO M 3KOJOTHYECKYIO
6e3omacHOCTb: yueOHoe mocobue. — Mocksa : MOTH, 2009. — 202 c.

Tpyxan O.M. Beenenue B 6no¢pusuky: yued. mocoobue. — Mocksa : MOTH, 2009. —
240 c.

Tpyxan O.M. BBenenne B OMO(QU3HWKY SIEKTPOMArHUTHBIX BO3AEHCTBHIL: yuel.
rmocobue. — Mocksa : MOTH, 2012. — 100 c.

Tpyxan 3. M. BBenenue B 3KoJOTHIO. Te3HUCHI, ONpeneNeHns, BOIPOCH], 3a/1adH,
otBeTsl. YacTts I : yu.-meron. mocobue — Mocksa : MOTU, 2017. — 48 c.

Tpyxan 3. M. BBenenue B 3kosioruto. Te3ucwl, ompeneneHus, BOIPOCHI, 3a1a4H,
otBeTsl. Yacts | I: yu.-meToz. mocobue. — Mocksa :: MOTU, 2017. — 48 c.
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Tpyxan O. M. BBeneHue B 3KOJIOTHUYECKYIO Oe30omacHOCTh denoBeka. Yactp |.
Buo¢usnyeckie OCHOBBI HKOJOTHUECKON 0E30MacHOCTH 4elaoBeka. Te3Hchl : yd.-
meto. mocoore — Mocksa : MOTU, 2018. —48 c.

Tpyxan O. M. BBeneHue B 3KOJIOTHUECKYIO O€30MacHOCTh 4enoBeka. Yactp 2.
Bompockl W OTBETHI, CIpPaBOYHBIE MaTEepPHANBl, CIHCOK PEKOMEHIYEeMOM
JIATEPaTyphl : y4.-MeTo]1. ocobue — Mocksa : MOTH, 2018. — 48 c.

Hononnumenvhas
Lorcupapo [orc. E. OcHOBBI XMMHUH OKpY)Karolied cpensl / mep. ¢ aHria. B.J.
Topukosa; moj pea. B.A.VBanoBa. — Mocksa : ®usmarur, 2008. — 640 c.

Ooym IO. Dxonorus: yueOHoe mocodue it By3oB. — Mocksa : Mup, 1986. — T. 2.
-376c¢.

Moucees H.H. W30panHble Tpyabl. MEXIUCUUIUIMHAPHBIE —HCCIICIOBAHUS
riobanpHbIX pobsieM. — Mocksa : Talineke Ko, 2003. — T. 2. — 264 c.

bpunkman D. @usndeckue NPOOIEMBI OKOIOTHUH: YydeOHOe mocodue. —
Honronpynustit: Uzgarensckuit Jom "WUaTtemnext", 2012. — 288 c.

Tonoosckas JI.®. Xumus OKpyXaromel cpepl: ydeOHHUK I By30B. — MoCKBa :
Mup — BUHOM. JIa6. 3nannii, 2008. — 295 c.
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I[TPOI'PAMMA

o aucuumuHe: IIpakTHKA NPOrpaMMHPOBaHHs ¢ McHoab3oBanuem C++
o HarpasieHuo: 03.03.01 «[IpuknagHble MAaTEeMaTHKA U QU3HKa»
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3aHATHS: — HET JIBE KOHTPOJBHBIE paOOTEI
jaboparopHble 3aHsaThs: — 60 yacoB CamocrosrensHas pabora — 120 yacos

BCEI'O AYIUTOPHBIX YACOB - 60

IIporpammy u 3aaHue COCTaBUIIN: accucrent U. C. Makapos

[Iporpamma npuHATa Ha 3aceqaHUU Kadeapbl
WH(POPMATUKHU U BEIYUACIUTEIIEHOW MAaTEMaTHKH
23 mrons 2020 r.

3aBeayromuit kadeapoit
K.(.-M.H., J01I. H. 1. XoxmoB



IToBropenue. CranmaptHas Oubnunorexa. bubnmorekn Boost.
Hpyrue Oubmmorexu. Hactpoiika mpoekta B IDE Microsoft Visual Studio.
Oransl )KU3HEHHOTO IUKJIAa MporpaMMHOro obecrneuyeHus. CucremMa KOHTPOJIS
Bepcuit GIT. SmartGit. Continuous Integration u Continuous Deployment.

WnrennexryanbHble ykazatenu. Amnokaropsl. UtepaTopsl. Kareropuun
utepaTopoB. OCOOCHHOCTH HCIONB30BaHUSA UTeparopoB. Kiacc ratio.
Bubmmorexa chrono. WutepBan Bpemenn. MoMmeHT BpeMeHH. Omoxa. Yackl.
Pa3paboTka XpoHOMeTpa /I U3MEPEHUSI BpDEMEHHU BBITIOIHEHHMS OJI0Ka KoJia.

IMocnenoBarensHbie KOHTeWHepsl STL. array, vector, deque, list,
forward list. CnennanbHbie KOHTEHHEPBI. AanTepbl KOHTEHHEPOB. stack, queue,
priority queue. butoBoe MHOXecTBO. valarray. Iukmmueckuit Oydep Boost.
Mmuoromephsiii MaccuB Boost. Koprex. ['ereporeHHble KOHTEHHEPBHL.

AccormatuBabeie  kouTeiHepsl STL. MuoxectBo. OtoOpakeHwHe.
JBycToponHee otobpaxenue Boost. Heymopsimouenueie konrteiinepsr STL.
Xom-Tabmuma. Xsm-¢pyakuusa. CrnocoOsl  pa3permieHus Koumsuit. Metox
nernouek. Meto oTKpbITO# aapecaruu. Pexamuposanue. Boost Multi-index.

Anroputmel STL. Htepatopbsl. Amantepsl utepaTopoB. MTeparops
BcTaBKU. IloTOKOBBIE HTepaTOphl. DPYHKIMOHAIBHBIE OOBEKTH, (YHKIHH U
nsimoa-pynxunu. Knaccudukanus anropurmo STL. ['enepanms cirydaiiHbIX
gucen. Seed. I'eneparop. Pactpenencaue. Boost Graph Library.

Oo0pabotka Texcta. Ctpoku. VHTepHAIIMOHAIM3ANUS U JIOKATHA3AIHS.
Jlokanu. ®auersl. KoaupoBanune u Habopbl CUMBOJIOB. MHOro6aiTOBBIE U
mmpokue KoxupoBkd. Cranmapt Unicode. PerymsipHble  BBIpa>keHUS.
I'pammaruka perynspubix Beipakennit ECMAScript. [TocTpoenune nartepHoB.

Bubmmorexka 10Stream. Mepapxus Ki1accoB MOTOKOB BBOZA-BEIBOJA.
Bydepuzanusa. ®opmaruposanue. Manumyssitopsl. PaifiioBble TOTOKH BBOJA-
BbIBos1a. CTpOKOBBIE IOTOKM BBOAA-BbIBOJA. bubimoreka filesystem. ITyTs.
Omnepannu ¢ qupexropusiva. @opmats oomena ganHpIME. JSON. XML.

IMapannensHoe nporpamMupoBanue. OpraHuzanus Napaulenu3Ma.
MHoronorouHoe ucnonHenue. KonrekctHoe nepekmoueHre. oHOBbIE 3a1a41.
PazpaboTka mapautenbHbIX nporpamMM. CHHXpDOHHOE UM aCHHXPOHHOE
UCTIONTHEHUe. MexaHu3M Oynymmx pes3ysbTaToB. [lapanenbHble aqropUTMBI.
ITyn noTokoB.

IIpumuTtuBel  cunHXpoHu3amuu. CoOCTOSHHE TOHKH. MBIOTEKCHI.
I'panynsipHocTh OIOKMPOBKH. B3anMoOnoKHMpoBKa. YCIIOBHBIC I€pPEMEHHBIC.
[TorokoOe3omacHble CTPYKTYpHI JAHHBIX ¢ OyiokupoBkamu. Ctek. Ouepenb.
Mopnenb namsiTH. ATOMapHbIe THITBL JAHHBIX. ATOMapHbIE OIEPaLHH.
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Mexmnporneccaoe B3aumoseitcteue. Boost Interprocess. Shared
memory. Memory mapped files. Ynpasnsemas pasaensemas namsats. Co3nanue
KOHTCHHEPOB B pasleiseMoii mamsTH. AHOHMMHBIE M HMCHOBaHHBIC
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