MUHHNCTEPCTBO HAYKH 1 BEICIIIET'O
OBPA3OBAHUS PO
HOBOCHUBUPCKHUI I'OCYJAPCTBEHHBIN
VHUBEPCUTET
Qusndecknii paxyaIbTeT
Kadenpa obtreit pusukn

SK3AMEHAIIMOHHBIE 11 OJIMMIINAJIHBIE
BAPVMAHTDBI 3AJAY
11O JIEKTPOJAVMHAMUKE 2017-2020 rr.

VYuebnoe nocobue

HoBocubupck
2023



YK 537 (075.8)
BBK B313 a 73-4
2 360
ABTODBI:

Bastepuan sanosuu fxosses, Apryp I'puropnesuya Ilorocos,
Cranucnas Jleonnnosuy Cunnnknii, Auron Bukroposuu Boromsarkos,
Jleonun Cemenosuy Bparunckuit, Baaguvmup Anekceesua Bostonnn,
Esrennit IOpresna 2K manos, JImurpuit Muxaittopna Kazanres,
Austekcanap Bacuibesnu 3aiines, Muxauna Banosua 3axapos,
Ilerp Basepbesuu Kasmuun, Mapus CranuciasoBua KoresbHUKOBA,
Jmvurpuit Anekcanaposuy Makcumos, [lasen Jleornmosna Hosukos,
Hmurpuit Anekcanaposuu [loxa6os, Esrennii Cepreesuy Canmaios,
Aunpnpeit Apremosuu Cumonos, Bacusuit [Imurpuesny Crenanos,
Outer Anekceesny Illymakos.

D 360  Dk3aMeHAIMOHHBIE U OJMMIIAAIHbIE BADUAHTHI 3aJa4 110
sekrpouHamuke 2017-2020 rr. : yueb. nocobue / B. 1. fko-
Bies, A. I'. Ilorocos, C. JI. Cununkuii u ap.; Hosocub. roc. yH-T.
— Hosocubupck : UIIIL HT'Y, 2023. — 152 c.

ISBN 978-5-4437-1344-1

B y4aebmom mocobmn cobpanbl 3a1a41, TpeIaraBIInecs CTYIeH-
TaMm pusngeckoro dakysnbrera HI'Y Ha muchbMeHHBIX KOHTPOJIBHBIX
7 9K3aMEeHAIMOHHbLIX paboTax 1o saekTpoannamuke B 2017-2020 rr.

IIpegrazHaveHO J1J1s1 CTYIEHTOB-(OU3UKOB, UH(OPMATUKOB U [€0-
dbusukos HI'Y.

VIIK 537 (075.8)
BBK B313 s 73-4

(© Hosocubupckuii rocynapcTBeHHBIIt
ISBN978-5-4437-1344-1  yuusepcuret, 2023



OriaBijieHue

IlpeaucioBue 6
VYciioBug 3aaa4 7
2017/2018 y9eOHDBIA TOXL . . . . o o ..o 7
Kourposbuas pabora 1.1, Bapuwant 1 . . . . . . 7
Kourposbuas pabora 1.1, Bapuant 2 . . . . . . 8
Konrpombuas padora 1.2, Bapuant 1 . . . . . . 9
Kourposbnas pabora 1.2, Bapuant 2 . . . . . . 10
DK3aMeHalMOHHast pabora 1 . . . . . . . . . .. 12
Konrposbnas pabora 2.1, Bapumant 1 . . . . . . 14
Kourposbuas pabora 2.1, Bapuant 2 . . . . . . 15
Konrpomnbuas pabora 2.2, Bapuant 1 . . . . . . 16
Konrpombuas pabora 2.2, Bapuant 2 . . . . . . 18
DK3aMeHAIMOHHast pabora 2 . . . . . . . . . .. 19
2018/2019 y9eOHDIA TOXL . . . . . . ..o 21
Kourposbuas pabora 1.1, Bapuant 1 . . . . . . 21
Kourposbuas pabora 1.1, Bapuant 2 . . . . . . 22
Konrpombuas padora 1.2, Bapuant 1 . . . . . . 23
Kourposbuas pabora 1.2, Bapuant 2 . . . . . . 24
DK3aMeHalMOHHast pabora 1 . . . . . . . . . .. 25
Konrpombuas pabdora 2.1, Bapuant 1 . . . . . . 26
Kourposbuas pabora 2.1, Bapuant 2 . . . . . . 28

3



OrytaBiienue

Konrposbnas pabora 2.2, Bapuant 1
Koutponbuast pabora 2.2, BapuanT 2
DK3aMeHalMoOHHas paboTa 2
2019/2020 yuebHbIi ros
Koutposbuas pabora 1.1, Bapuant 1
Koutponbuas pabora 1.1, BapuanT 2
Konrposbnas pabora 1.2, Bapuant 1
Koutponbuast pabora 1.2, Bapuant 2
Dk3aMeHaInoOHHasi pabora 1
Konrposnbnas pabora 2.1, Bapuant 1
Koutponbuast pabora 2.1, Bapuant 2
DK3aMeHaIMOHHasi paboTa 2

Pernenus
2017/2018 yuebubIil oz
Koutposbuas pabora 1.1, Bapuant 1
Konrposnbnas pabora 1.1, BapuanT 2
Konrposbnas pabora 1.2, Bapuant 1
Koutponbuas pabora 1.2, Bapuant 2
Dk3aMeHaIMOHHasi pabora 1
Konrposnbnas pabora 2.1, Bapuant 1
Koutponbuast pabora 2.1, Bapuant 2
Konrposnbnas pabora 2.2, Bapuant 1
Koutponbuast pabora 2.2, Bapuant 2
DK3aMeHalMOHHas paboTa 2
2018/2019 yuebubIit oz
Koutposbuas pabora 1.1, Bapuant 1
Koutponbuast pabora 1.1, BapuanT 2
Konrposnbnas pabora 1.2, Bapuant 1
Koutponbuast pabora 1.2, Bapuant 2
DK3aMeHaloOHHas paboTa, 1
Konrposnbnas pabora 2.1, Bapuant 1
Koutponbuas pabora 2.1, Bapuant 2

4



Orsasiienue

Konrpombuas pabora 2.2, Bapuant 1 . . . . . . 108
Kourposbuas pabora 2.2, Bapuant 2 . . . . . . 113
DK3aMeHaIMOHHast padora 2 . . . . . . . . . .. 115
2019/2020 y4eOHBIA TOIL . . . o o v oo 122
Konrposbnas padora 1.1, Bapumant 1 . . . . . . 122
Kourposbuas pabora 1.1, Bapuant 2 . . . . . . 125
Konrpombuas pabdora 1.2, Bapuant 1 . . . . . . 127
Konrpombuas pabora 1.2, Bapuant 2 . . . . . . 129
DK3aMeHaIMOHHast pabora 1 . . . . . . . . . .. 132
Konrpombuas pabdora 2.1, Bapuant 1 . . . . . . 138
Kourposbuas pabora 2.1, Bapuant 2 . . . . . . 141
DK3aMeHAIMOHHast pabora 2 . . . . . . . . . .. 143
Criucok JuTeparypbl 151



I1peauciaosue

B namnom u3manun cobpaHbl 3a/1a4u, IPEIaraBIInecs CTy-
JeHTaM (PU3NIECKOrO M Te0JIOTO-TeOPU3MIECKOro (haKyIbTe-
ToB HI'Y Ha MOTOKOBBIX KOHTPOJBHBIX U IMHUCHMEHHBIX IK3a-
MEHAIMOHHBIX paboTax 10 3eKTpouHaMuKe B Tedenue 2017—
2020 rojoB. 3aja4u Jijisl BADUAHTOB OTOMPAJINCH BCEMU IPETIO-
JaBaTreIsaMi, BeaymuMmu Kypc. Heobxomumble 6—7 3a1ad BbI-
Oupa/uch U3 OOJIBIIIOrO YUC/Ia [IPEIaraeMblX HA KOHKYPCHOM
OCHOBE W OIEHUBAJUCH B OajuiaX B 3aBUCUMOCTHU OT TPY/IHO-
CTU: OYEHb JierKue — 2—3 6aJjia, o4enb Tpy/inbie — 67 6aslIoB.
['paHuIbI ONEHOK YCTAHABIUBAINCEH B DA/IaX B 3aBUCUMOCTH
oT Habopa 3aJa4 B BapuaHTe.

[Tpu orleHMBAHUN peITIeHnsT TMChMEHHOT'O SK3aMeHa ITPEeIy-
CMOTPEHA OIEHKA-aBTOMAT «OTJINYIHO». Jles10 B TOM, 4TO 1pu
cJavde yCTHOI'O 9K3aMeHa YIUTbIBAIOTCA pe3yJ/IbTaThl IIMCbMEH-
woro. llosyunBmmii Ha MUCHMEHHOM 3K3aMeHe OIEHKY-aBTO-
MAaT «OTJIMIHO» OCBODOXKIIAETCS OT YCTHOI'O dK3aMeHa, U eMy
BBICTABJISIETCSI UTOTOBAsI OLEHKA «OTJIMIHO» B TOM CJIydae, ec-
JIN CTYJEHT Halmcaj paboTy Ha CTYIEeHb BBIIIE <IISITEPKH».
[Ipu 5TOM 00sT3aTEILHBIM YCJIOBUEM SBJISETCS TOJIY U€HUE OIeH-
KH «OTJINIHO» 3a paboTy B CEMECTpe.



YciaoBug 3aaa4d

2017/2018 yuebubliii rof

KoHTponbHas pab6oTta 1.1, BapuaHT 1

Sagaua 1

Ilyra paguycom R ¢ yriioBsiM pasmepom,
IOKA3AHHEIM Ha pucyHKe (O ““ 60 ), pasHO-
MEPHO 3apdzKeHa C JIMHEHHON IJIOTHOCTBIO
zapsana . Hafitu sjiekTputieckoe moJje B IEHTPE KOOPAUHAT

(B Touke O). (3 6.)

Sagaua 2

Boraucaurs norok nosig E or TouedaHoro
3apsa ( gepe3 DOKOBYIO MTOBEPXHOCTH KOHY- R
ca, MMOKAa3aHHOro Ha pucyHke (3 6.)

8]

Sagaua 3

BokoBasi TOBEpXHOCTH HEIPOBOISIIETO
nuiuHIapa pagumycom R gmmboit L pasHo- [
MepHO 3apsizkeHa 3apsgajgoM (. K omgmomy n3
OCHOBAHWI IMPHUKJICEHA COOCHO HEIPOBOJIA-
mast moJsrycdepa ¢ TeM 2Ke PaJInycoM, PABHO-
MEpPHO 3apsizKeHHas 3apagoM (. HaiiTn nummoapHbii MOMEHT
HOJIy YUBIIIEiCs: cucreMbl 3apsiioB. (4 6.)
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Venosus 3a1ad

Sagaua 4

BayTpB MI0CKOT0 KOHIEHCATOPA BCTABUIN 3JIEKTPET-OPYCOK,
COCTOSIIINH T3 YACTUI] C JTUTOJLHBIMI MOMeHTaMu dg, OpHUeH-
THPOBAHHBIMHU OJIMHAKOBO U OPTOI'OHAJIBHO IIJIACTMHAM KOH-
JleHcaToOpay TUIOMAL TIACTHH S, a PACCTOSHUE MEeXKIy HIU-
v h 1 S, Yucno JacTUI] B eguHuile odbema Ng. Pasme-
PBI 3JIEKTPETa COBIMAJIAIOT ¢ pa3MepaMmu KomjaercaTopa. [lia-
CTUHBI KOHJIEHCATOPA 3aMBIKAIOT MTPOBOIHIKOM. Kakoit 3apsit
nporeder 4yepes npoBogHuK? (2 6.) Kakoe kosmaectBo Teria
BbLIeIUTCs B ipoBonHuKe? (+2 6.)

Vrasarnue. CauraTh, ITO MOTEPU IHEPIUU HA U3JTYICHUH
MPEHEOPEIKUMO MAJIBI.

KoHTponbHasa paboTta 1.1, BapuaHT 2

Sagaua 1

Hyra pagmycom R ¢ yrioBbiM pasme-
POM, HOKA3aHHBIM Ha pucyHKe (O ¢ 60 ),
PaBHOMEPHO 3apsdzKeHa ¢ JUHEHHON IJIOTHO-
CTBIO 3apsa ». HaiiTu sjiekTputieckoe moJje

B 1ienTpe Koopauuar (B rouke O). (3 6.)

Samaua 2
x o =0y cos 0
_ & Henpopoasimast cdepa pagmycom
- 5\ 2 R sapsrkena IIOBEpXHOCTHBIM 3aps-
_W+ JIOM, pacIpelesIeHHbIM 110 3aKO0Hy O “*
Op_ ~cosB (yroa O orcumrbiBaercs

or ocu Z). llenTp cdepbl HAXOAUTCS B Havaje KOOPIMHAT —
Touke O. HaiiTu mOTOK 37I€KTPUIECKOTO TOJIsI BHYTPHU chephl
4epes mwiockocThb Z ““ 0. (3 6.)



2017/2018 Konrposbhast pabora 1.2, Bapuant 1

Sagaua 3

OHO M3 OCHOBAHUIT HEIIPOBOISIIETO 111~
JmHApa pagurycoM R mmmnoit L paBHOMepHO
3apsAXKEHO 3apdAJ0M (|, a K JAPyroMy IIpUKJIe-
€Ha COOCHO HeIPOBOJIAIIas moyrycdepa ¢ TemMm
JKe PAJIIyCcoOM, PABHOMEPHO 3apsizKeHHAsT 3a-
pagom ~ (. HafiTu aunonabHblii MOMEHT IO-
JIyIUBIIIEHCs CHCTEMBI 3apsifioB. (4 6.)

Sagaua 4

B HezapsizkeHHbBI KOPOTKO3aAMKHY THIH TIJIOCKII KOHIEHCA~
TOP BCTABUJIU JIEKTPET-OPYCOK, COCTOAIINNA U3 YACTHIL C JTH-
MOJILHBIMU MOMeHTaMu dg, OPUEHTUPOBAHHLIMI OPTOTOHAIb-
HO IUIACTHHAM KOHJEHCATODPay IJIONA/b IUIACTHH S, a pac-
crostare Mexkay Humu h 1 'S. Kornenrparums gactur Ng.
Pa3mepn! aiekTpeTa cOBIAIAIOT ¢ pa3MepaMu KOHJIEHCATOPA.
Kakoit 3apsin nporeder yepes npoBoaauk (2 6.)7 Kakas pabo-
Ta COBEPINAETCA HA BBEJICHUN 3JIEKTPET-OPYCKa B KOHJIEHCATOD
(+26.)7

Vrasanue. CauraTh, ITO MOTEPU IHEPIUU HA U3JTy ICHUH
peHedPeKNMO MAJIbIL.

KoHTponbHas paboTta 1.2, BapuaHT 1

Samaua 1

BuyTrpu npoBosimeit 3a3emiennoit cde-
pbI pajmycoMm R pacriosioxkeHa mayra pajmy-
COM @ W YIVIOBOIO pasMepa O, 3apszKeHHast
¢ wnorHocTbio 3. Cdepa U jryra UMeT 06-
mwmit nentp. Haiitu noreniuman B nearpe cdepsr. (3 6.)

Samaua 2
Tok GeKHUT 110 3aMKHYTOMY ILIOCKOMY KOHTYPY, COCTaB-
JIEHHOMY U3 JyT'W OKPYKHOCTU PaJIMyCOM @ U JIBYX IIPAMBIX
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Venosus 3a1ad

YyYaCTKOB (Ha PHCYHKE M300ParKEHbI TOJCTHIME JTHHUSAMH).

/ 1) Haiiti Besmm4mHy W HampaBJIeHHe O-
s BpOQ B Touke O, ec/in ©3BECTHO, ITO I10-

. | Jig B IIEHTPE KPYTOBOI'O BUTKA PaJInyCcOM &
fo U KBaJIPATHOTO BUTKA CO CTOPOHOI 2@ 1pu
[IPOXOK/ICHUHU TAKOI'O YK€ TOKa PABHDLI COOT-

sercrBenno Bo u Byp (1 6.). 2) Boeipasurs
Bir wepes | ma. (+26.)

Samaua 3

Tox | Teuer o kouTypy ABCDEA, xak
[OKA3aHO Ha PUCYHKE (KOODMHATHI TOYEK
A, B, C, D u E paBHBI COOTBETCTBEHHO:
pa, a, 0q, p0,a,0q, p0,0,aq u pa,0,0q). Mcrnonb3ys kagmubpoB-
ky div A ““ 0 u yciaosue Ap8q ““ 0, HaliTH BEKTOP-IIOTEHIHAJT
(Az, Ay, A;) B Touke ¢ KoopuaaTamu ph, b, by, ecom b ** a.
(46.)

Sagauga 4

Komner mposoma ¢ Tokom |y Kacaercst mmo-
JIyOECKOHEUIHOH TOHKOI OXHOPOIHON ITPOBO-
JIATIEN IOBEPXHOCTU B TOYKE, VAAJEHHON HA PACCTOSTHUE @ OT

ee Kpasg. Hafitu pacupenenenne mOBEPXHOCTHBIX TOKOB iprq.

(46.)

KoHTponbHas paboTta 1.2, BapuaHT 2

Samaua 1

CHapy2Ku OT IPOBOJSINEH 3a3eMJICHHOM
cdepsr pagunycom R pacmosioxkena jyra pa-
nunycoM a ¢ 3apsiiom Q. Cepa u jryra mmeror
o6mmmit nerrp. Haiitu 3apsi va cdepe. (3 6.)
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2017/2018 Konrposbhas padora 1.2, Bapuant 2

Sagaua 2 N /]

[To 3aMKHYTOMY IJIOCKOMY KOHTYDY, CO- .
CTaBJIEHHOMY U3 JIyI'Ml OKPYKHOCTU DaJIu-
ycoM R #u XOp/pl, Ha KOTOPYIO ONUPACTCS
yroa § (Ha pHCyHKe H300pasKeHbI TOJICThI-
MU JIHASIME ), GezkuT HekoTopslii Tok 1. 1) Haiitn Besmanny
u "Hanpasjenue 1oJjsi BpOQ B 1ieHTpe OKPYKHOCTH, €CJIN U3-
BECTHO, 9TO IOJI B IEHTPE KPYroBOrO BUTKa pajuycoM R u
KBaJIPATHOI'O BUTKA CO cTopoHoit a ““ R 2 [P [TPOXOKIEHUN
Toka | pasubl coorBercTBento B u B (1 6.). 2) Boipasurs B
qepes | mwa. (+26.)

4

Sagaua 3 B L "

Tox | Teuer o kourypy ABCDEA, kax o
NOKA3aHO Ha PUCYHKe (KOODAMHATBI TOUEK x4
A, B, C, D u E paBHBI COOTBETCTBEHHO:
po, 0, aq, pa, 0, aq, pa, 0, 0g, p0, &, 0q u po, &, aq). Haiitu BekTOP-
norennuan (A, Ay, A.) B Touke ¢ koopaunaTamu pb, b, 0q,
ecim b " a.
IHpumeuarue: cnonszopars Kaaubposky div A ““ 0, a Takzke

CHYUTaThb, 9TO HA 0ECKOHEYHOCTHU BEKTOP-IIOTCHIINAJI CTPEMUAT-

A E

cst K nymmo. (4 6.)

Sagaua 4

Komen nposoma, o KoTopomMy Teder
ToK |y, Kacaercs TOHKOI OJHOPOIHOIM
HPOBOALAIIECH ITIOBEPXHOCTH, 3aHUMAIOIIEH
obnacts Z ““ 0, x € 0, y € 0 B TouKke, paBHOYJIAJEHHON Ha
paccrosinre @ oT ee KpaeB. Haiitu pacupeieseHue moBepx-
HOCTHBIX TOKOB iprq. (4 6.)
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Venosus 3a1ad

OK3aMeHauunoHHasa paboTa 1

Sagaua 1 -

B conenoun jpmnoit | ¢ ceuernmem S (1 ** -§) C 4HCJIOM
BuTKOB N BCTaBiien mpoBOSIIMl Cep/IeTHIK TOM Ke JITUHBI,
c ceyeHneM S & S ¢ MarHuUTHOI mpoHUIAeMOCcThI0 W. Haiitu
MHJIyKTUBHOCTH COJIEHOWJa &) Jjisi mocTostaaoro toka (1 6.);
6) npu cuibHOM cKuH-3bdeKTe (1epeMennslii ToK). (42 6.)

Sagaua 2

[uuHAp, OHOPOIHO 3apsizKeHHBII 110 o6bemy (ymHa h,
pajmyc @, 3apsj (), 3aKPYTUJIA € 9aCTOTON ) BOKPYT CBOEI
ocu. Haiitu MmarauTHbIH MOMeHT nusmHpa (2 6.) 1 MarHuTHOE
nosie Bprq na 6obimnx paccroguusx or muwuaapa (R ** h, a).

(+16.)

U2 1 Sagaya 3
Bsiosb ocu 11071010 IMJIMHPHYECKO-
i o POBOJHHKA PaJuycoM a reder TOK |,

PaBHOMEPHO pacIpeie/IeHHbIN 110 moBepxXHOCTH. OCh IMPOBO/I-
HUKa JICZKUT Ha IJIOCKOHN I'paHulne ABYX cpell ¢ MarHUTHLIMUA
IIPOHUIIAEMOCTAMU U1 U [lg, & IPOCTPAHCTBO BHYTPU IIPOBO/I-
HUKa 3al0JIHEHO Bo3myxoM. HaillTm pacmpeseseHne MOJIEKy-
JIIPHBIX TOKOB J Ha T'PaHUIIE IPOBOJIHUKA U MATHETUKOB.

(36.)
<+$_ Sagaua 4

v B Bo3ayxe maj maockoil rpaHuUIei
paszena «BO3JLyX-CBEePXIIPOBOIHUK> Pac-
[OJIOYKeHA HeIIPOBOJIAIIAA CIIUIA, Ha KOH-
m aX KOTOPOil HAXOAATCA OJUHAKOBBIE IO
MOJLYJIIO U Pa3Hble 110 3HaKy 3apsiabl. OMH KOHEI[ CIIUIbI Bpa-
MIAIOT BOKPYT APYroro co ckopocroio V- ¥ ¢. Haiitu, kakum
6yzer oraocuresbHoe u3Menenne (AF{F) cuibl npurskenust
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2017/2018 Dx3amenaionnas pabora 1

CIIUIIBI K CBEPXITPOBOIHUKY, €CJIN CIIUITY OCTAHOBUTL. PaccTo-
sdHUE OT CIUILI 70 T'PAHUIILI pa3ea MHOTO OOJIBINE JTHHBI
criunpl. [Torepsimu sHeprun Ha ussydenue npenedbpedn. (5 6.)

Samaua 5

Beckoneunasi B wmamnpasienun Z
(cM. PHCYHOK) MOJIOCTH C IIPSIMO-
YTOJIbHBIM CeueHrneM 00pa30BaHa CBEPX-
[IPOBOJIATIIMMEI CTEHKAMHE, OJIHA U3 KO-
TOPBIX MPEJICTABJIACT CODOI IIOCKUN IOPIIEHDb, CIIOCOOHDIH
[epeMeIaThCs 10 HapaBJIennio X. B Haua bHOM MOJIO2KEHUN
MOPIIHSA TIycTag 06JacTh UMEET pa3Mephl & a U 3all0JIHEHA
OJTHOPOJHBIM MarHuTHBIM mojieM B ““ Bge,. 3arem mopirenn
JIBUTAETCA BJIEBO JIO OKOHYATEILHOrO Tojoxkenust a{3, moka-
sanHoro myHktupom. Haiitu: 1) marauntaoe mosie B B mosto-
cru a” af3 (1 6.); 2) pabory, HEOOXOAUMYTO JJIsl IPUBEJICHNUST
HOPIIHs B KOHEYHOe mojioxkenue. (+2 6.)

R 72

Sagaua 6
JBa OMMHAKOBBIX COOCHBIX KOJIb- 'S
na paguycoM R maxomsrcesa ma pac- a

crogaun | gapyr or apyra. Haii-

TH U3MEHEHNE UX B3aNMHON UHTy K-

tuHocT AL 19, ecnm HAa OCH MEXKJTY KOJIbIIAMU OCEPEIIHE
IoOMeCTUTh mapuk paguycoM a ¥ |, R ¢ MmaruuTHO# mpoHuna-
emoctnio W. (6 6.)

Samaua 7

BOprF IIOCTOAHHOI'O Mar'HUTa
B dopMe mapa pagmycoM a 3a-
KPETJIGH TEHTPUPOBAHHBIN € HUM
BUTOK TOHKOI'O ITPOBOJIA PAJIYCOM
b, B KOTOpBIl BCTPOEH WCTOYHUK, TOMIEPKUBAIONINN MTOCTO-
saabIit TOK |. [Ilap omHOpOIHO HaMArHWYEH, TaK ITO BEKTOD
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Venosus 3a1ad

namarandeHHocTr VI BHYTpHU IIapa MepIeHInKyJIAPeH ILI0C-
KocTu BuTka. Kakyio paboTy cOBepHIIUT UCTOYHUK TOKA, CCJIU
ap moBepHyTh Ha 180 BOKDYD CBOeil OCH TakK, 4TO BEKTOD
M nomensier HanpasjeHnne Ha mporusonookuoe? Tok | cun-
TaTh CIAOLIM W He BimsomuM Ha Beamanny M. (6 6.)

KoHTponbHas paboTta 2.1, BapuaHT 1

ft) (1)
[ ) Samaua 1

BHasl ClIeKTPAIbHYIO IJIOTHOCTD CHUTHAJIA
Tpwa, samasaemoro dyuxiweit Fptq (cruromnt-
Hasl JIMHUS), HAfiTH CIEKTPaJbHYIO ILIOT-
HOCTL PP, «CUMMETPUIHOTO» CHUTHAJA
®ptg, npecTaBIeHHOrO MIyHKTUPHON KpuBoii. (2 6.)

)

W
y L E Sagaua 2
Z > Ha 6eckoHEYHO TOHKYIO IJIACTHHY
IaJaeT IO HOPMAJIM BOJIHA C KPyro-

Boit moststpusanneit. Ha Hee HaHeceHbI
rapaJsiiesbHbIe IIPOBOJIAIINE JIOPOKKHU C IIArOM, MHOTO MEHb-
M JIJIMHBI BOJIHBI, TaK, YTO BBIIIOJIHACTCA 3aKOH OMa, (HO-
BEPXHOCTHBII TOK iy ““ 0, Eg ), a HOBEpXHOCTHASL TIPOBO-
JUMOCTb aHU30TPOIHA T, “° o, o, ““ 0. Haittn xoaddumu-
€HT OTPAKEHUs] BOJIHBI 110 HHTEHCHBHOCTH. (3 6.)

ol Eocos ot 3apaua 3
13 Bozyxa Ha IJIACTUHKY C IOKa-
—E—? 3aTesieM IPeJIOMJIEHHs N, HOKPBLITYIO
IIPOCBETJIAIONINM ITOKPBITUEM, ITa/J1aeT
n z 0 HOpMAaJIu (BJOJIb OCH Z) TLIOCKAst

9JIEKTPOMAarHuTHas BOJIHA. [loKazaTe/b IPEJIOMICHUS U TOJI-
IIMHA HOKPBITUS BBIOPAHDI TaK, YTOObI OTPArKEHHO BOJHDBI HE
6610 (IIPH 9TOM TOJIIUHA HOKPBITHs BLIOPAHA MUHUMAJILHO
BO3MOXKHO{T). Ha rpanuie «Bosmyx—mokpbirues (npu z = 0)
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2017/2018 Konrposbhas pabora 2.1, Bapuant 2

ssteKTpudeckoe mojie pasno Ege, cos wt. Haiitu smexrpnye-
CKOe 110JIe B TIeHTpe HOKpbITHs. (4 6.)

Sagaua 4

JleBag wacto pz d' 00 JTHHHOTO BOJTHOBOJA TTPSIMOYTOJThH-
HOI'O CeYeHMd C naeaJIbHO IIPOBOAAIIMMU CTECHKaMU 3allOJTHEHA
JUJIEKTPUKOM C IIPOHUIIAEMOCThIo € ““ 2Pl ““ 10, a mpaBas
qactb Pz 8 09 — mycra. CiieBa, BJaju OT TpaHUIIBI, BO30OY K-
nafoT Ej1-BomHy, pacmpocTpaHsIonyiocst BJIOIL OCH Z Ha da-
crore W “° 2W11, rue Wy — Kpurndeckas. Oupenennre Ko-
s dunmeHT oTparKenus STONH BOJIHBI 10 HHTeHCHBHOCTH R oT
IPAHUIIBI Pa3Jiesa «Iu3JIeKTPUK-Irycroray. (5 6.)

KoHTponbHas paboTta 2.1, BapuaHT 2

Samaua 1

3Hast CIeKTPAIbHYIO IJIOTHOCTH CUTHATIA,
fpkq, samaBaemoro dyuknueit fpxq (cruromn-
Hasl JIMHWS), HANUTH CHEKTPAIBHYIO ILJI0T-
HocTh ®pKQ «cummerpudHOro» curaasa ®pxq, mpegcTaBiieH-
HOT'O IyHKTHPHOI KpuBoii. (2 6.)

Sagaua 2 c |

Ha GeckonevHO TOHKYIO IJIACTUHY =
[aJaeT 110 HOpMaJIi JIUHEHHO IOJIsIpHU- .
30BaHHAas BoJIHA. Ha miacruHy HaHeCeHbI apaJlieIbHbIe IIPOo-
BOZSINNE JOPOKKU C IMAroM, MHOI'O MEHBIIUM JJIMHBI BOJI-
HBI, TaK, YTO BBIIOJIHsIETC 3aKOH OMa (IMOBEPXHOCTHBIN TOK
Izy Ory E%y)’ a IMOBEPXHOCTHAs MPOBOIUMOCTb aHU30-
Tponna 0, ““ 0 , 0, ““ 0. Haiitn xoapdpuiment orpakenns
BOJIHBI 110 MHTEHCUBHOCTH, €CJIU BOJIHA HOJISIPU30BaHa IO, yI-
JIOM O K HAIIPABJICHUIO JIOPOKeEK. (3 6.)
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Venosus 3a1ad

S

Eqgcos ot Samaga 3
NE-? I3 Bo3/yXa Ha IJIACTHHKY C [IOKA3aTe-
JIEM IIPEJNIOMJICHHsI N, TOKPBITYIO IPOCBET-

Z
JIAIOIUM ITOKPBITUEM, ITaJaeT II0 HOpMaJin

(B0 OCH Z) TLIOCKast JeKTpOMarHuTHasi BosHa. [lokasza-
TeJIb IIPpeJIOMJICHU A U TOJIIIMUHA ITOKPBITU A B])I6paHbI TaK, 9TO-
6bI OTPaKEHHOI BOJIHBI He OBLIO (IPU 9TOM TOJIIINHA TTOKPBI-
THs BHIOpaHA MUHHUMAJIbHO BO3MOXKHOI). Ha rpanune «Bos-
Jnyx—Tmokpeitre» (mpu z ““ 0) sjeKTpudeckoe IMoJjie paBHO
Eoe, cos wt. Haiitn smekTpudeckoe 1oJie B TOYKE ¢ KOOP/IN-
HATON Z, paBHOW 1/3 TONIMMHBI TOKPBITUS (CM. PUCYHOK).

(46.)

Sagaua 4

JleBas wacte pz d' 00 JIHHHOTO BOJTHOBOJA TIPSIMOYTOJThH-
HOI'O CeYeHUd C naeaJIbHO IIPOBOAAIINMU CTECHKaMM 3allOJTHEHA
JUJIEKTPUKOM C IIPOHMUIIAEMOCTBIO € ““ 2, pU ““ 10, a mpaBas
qactb Pz 8§ 09 — mycra. CiieBa, BJaju OT IpaHUIIBI, BO30Y K-
nafoT Eq11-BoiHy, pacmpocTpaHsIoniyiocst BJIOIL OCH Z Ha Ya-
crore W “° 2W11, rue Wy — Kpurndeckas. Oupenennre Ko-
s dunmenT oTparKenusd STOH BOJIHBI 10 HHTeHCHBHOCTH R oT
IPAHUIIBI Pa3Jiesa «Iu3JIeKTPpUK—Irycroray. (5 6.)

KoHTponbHasa paboTta 2.2, BapuaHT 1

. Samaua 1
Koaddunment orpazkenus M Bosi-
! 2 HBI 10 UHTEHCUBHOCTHU OT IIOJIYIIPO3pad-
HOI TOHKOI macTuHKN paBeH R, a koaddumumenT mpoxoxkie-
HUsI IO UHTEHCUBHOCTH paBeH T . YacTb SHepruu MOTIoAeTCsT
B mwiactuake PR ~ T & 1¢. OM Bosina unTencusroctu lg ma-
JlaeT cJIeBa Ha JBe TaKWe TLTACTHHKU, HAXOJSIIINECsT Ha pPac-
CTOAHNU MHOI'O 60.Hb]]le HpO,ZLO.TH)HOI';I JJINHBI KOT'CPEHTHOCTU
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2017/2018 Konrposbhasi pabora 2.2, Bapuant 1

BostHBl. HaliTh, Kakasg HMHTeHCUBHOCTD TOTJIONIAETC B IEPBOIl
wiacruske. (3 6.)

Samaua 2

B nenrpe crekagHuOrO 1mapa (pa-
muyc 3R, mokazaresb MpeoMJICHHST
3/2) HaxOAMUTCsI BO3/YIIHAS IOJIOCTh
paguycom R. B menTpe nosioctu Ha-
XOJINTCA MaJjieHbKUi npeamer. Hafitu
paccTosHue OT IIPEJIMETa JI0 €ro m300-
paXKeHusi ¥ COOTHOIIEHUE MEXKJIy pa3MepaMy N300paKeHus 1
pa3mMepamu camoro mnpeamera. (3 6.)

Sagaua 3 %\3
[T1ockast MOHOXpOMaTHIECKas BOJIHA - \ Po
o a
¢ IJIMHOI BOJHBI A IajaeT IO HOpMaaIu —* - o
. " — p—7?
Ha IJIOCKWI HEIPO3PAdHbIi IKPaH ¢ OT- \
R

BEPCTHUEM B BHJIC KOJbIA C BHYTPEHHUM
cc Aa

pagmycoM Po S, TJie @ — pacCcTosgHUE JI0 TOUKH Hab/IIojIe-

nus P. Haiitn MUHIMAJIBHBINA BHEITHUNE PaJIAYC KOJIBIA P, TPU

KOTOPOM MHTEHCHUBHOCTH CBeTa B Touke P B 4 pasa OobIle,
YeM B OTCYTCTBHE 9Kpana. (4 6.)

Sagaua 4

TodednbIfi MOHOXPOMATUIECKUN UC-
TOYHWK CBeTa C JJINHOW BOJHBI A,
JIMHEHHO-TIOJIAPU30BAHHOIO BJIOJL OCH X,

HAXOJUTCS Ha PACCTOSHUN @ OT TLIOCKOCTH YZ, b — oT mmocko-
cru Xz u L pL *" @, bq — or trockoct Xy (em. pucyHok). Iioc-
KOCTU XZ u YZ — 3epkaJibuble. HaiiTu pacipejiesienne MHTEH-
cusHOCTH |pX,Y( HA MIOCKOCTH XY, €CJIUM MHTEHCUBHOCTD, CO-
3/1aBaeMasi ICTOYHIKOM B OTCYTCTBHE 3epKadl, pasHa lg. (5 6.)
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Venosus 3a1ad

KoHTponbHas paboTta 2.2, BapuaHT 2

N Samaua 1
Koaddunuent orpazkenus IM Bosi-
! 2 HBI 10 UHTEHCUBHOCTHU OT IIOJIyIIPO3pad-
HOIl TOHKOI IJIacTUHKNA paBeH R, a xoaduimenT mpoxoxk-
JIEHUsT 110 UHTEHCUBHOCTH paBeH | . YacTh 3HEPrUM MOrJIoIa-
ercst B mactuake PR © T & 1¢. OM BoJjiHA MHTEHCUBHOCTH
ly majaer cieBa Ha JBe Takue IJIACTHHKH, HAXOJSAIIHECHd Ha
PACCTOSTHIN MHOTO OOJIBITIE TPOJIOJIBHON JITMHBI KOT€PEHTHO-
ctu BosiHbl. HaiiTn, Kakas WHTEHCHBHOCTH IIOTJIOIIAETCS BO
BTOpOIi 1IacTuske. (3 6.)

R Samaga 2
B mony6eckoHEeTHOM IIPOCTPAHCTBE, 3a-
3R [IOJTHEHHOM CTEKJIOM C IIOKa3aTeseM IIpe-

JIOMJIeHUsT 3/2 HaXOAUTCS BO3JYIIHAS 10~
n=3/2 Jiocth paguycom R. Hentp mosoctu pacio-
JIOXKEeH Ha paccrosunu 3R or moBepxHOCTH CTeKja. B IieH-
Tpe MOJIOCTH HAXOAWTCA MasleHbKuil mpeamver. Habiromarennb
CMOTPHUT HA IIPEJIMET CO CTOPOHBI Bo3yxa. Haiitu paccrosmue
OT TIOBEPXHOCTH CTEKJIa JI0 M300paykKeHus IpeaMeTa U COOTHO-
HIeHe MEXKTy pa3MepaMu n300parkKeHus u pa3MepaMu CaMoro
npenmera. (3 6.)

Sagaua 3
-— Po
A a P ILmockast MoHOXpOMAaTUYIECKAS BOJTHA
AT (- S S o
9 ¢ JJIMHOWM BOJIHBI A TaJaeT M0 HOpMa-
_’ p_

JIN K IIJIOCKOCTU HEIIPO3PavIHOI'0 KOJIbIa

C BHYTPEHHUM PaJIYCOM P ““ 4/ 27‘7‘1, re a — paccTosiine Ji0

Toukn HabmoaeHnst P . Halitn MuHUMAIBHBIN BHEITHAN paIn-
yC KOJIBIIA P, IPU KOTOPOM MHTEHCUBHOCTHL CBeTa B TOUke P
GyseT Takoil ke, KaK B OTCYyTCTBHE SKpaHa. (4 6.)
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2017/2018 Dx3amenaiponsas pabora 2

Sagaua 4

Touyeunblii MOHOXPOMATHUYECKUNA WC-
TOYHWK CBeTa C JJINHOW BOJHBI A,
JIMHEHHO-TIOJIAPU30BAHHOIO BIIOJIb OCH Y,
HaXOJUTCA Ha PaCcCTOAHNU a OT ILJIOCKO-
cru Yz, b — or maockoctn Xz u L pL " @,bq — or mockocTu
Xy (em. pucynok). ITmockoctu XZ u Yz — 3epkasbuble. Haii-
TH paclipejiesienne narencusHocTn 1pX,Yy(q Ha 1miockoctu Xy,

€CJIM UHTEHCUBHOCTD, CO3/IaBaeMasi HICTOYHUKOM B OTCYTCTBHE
sepkaut, pasHa lg. (5 6.)

OK3ameHaunoHHasa paboTa 2

Sagaua 1

[Liockast MOHOXpOMATHYIECKAS BOJIHA MAAET 110 HOPMAaJIU
13 OJHOIO JIMIJIEKTPUKA B JPYTOil € IMOKa3aTeJsIMU PEJIOM-
JleHusi Ni, N2 COOTBETCTBEHHO. MarnuTHbIe TPOHUIIAEMOCTH
000UX JIUIIEKTPUKOB PABHBI €JIMHUIE, HA UX IJIOCKOW IDAHM-
lie pasfie/ia HAXOJUTCsl OECKOHEYHO TOHKHUIl IIPOBOJHIK, JUIs
Hero BbinostHsgeTcs 3akon Oma J ““ O E 0 — TIOBEPXHOCT-
Has MPOBOAUMOCTh. Haiitu ko3ddunuent orpaykenust (st
MHTEHCUBHOCTH BOJIHGI). (3 6.)

Sagaua 2
IInockast MoHOXpOMATH- N |
JecKasl BOJIHA IajlaeT IIo frlt P
HOpMAaJI Ha 9KpaH C KpyT- - ' - >
Z

JIBIM OTBepcTueM. B oTBep- | f
CTHE BCTAaBJICHA 30HHAS IILJIa-
CTHUHKA: CICTEeMa HEIPO3PAYHBIX KOHIICHTPUICCKUX KOJIEIT, 3a-
KPBIBAIOIIUX HeueTHbIe 30HbI Openes 1jist Touku P | Haxosms-
mieiicst Ha onTHYecKOil ocu Ha paccrosuun Ty or orBepcTus.
Ilepesr orBepcTHEM TIOMECTMIIN PACCEMBAIOINILYIO JIUMH3Y € Do-
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Venosus 3a1ad

kycubiM paccrostaneM Ty g 1. Onpenennts monoxkenne ho-
Kyca 00pasoBaHHOlI onrudeckoii cucremst. (3 6.)

Sagaua 3

MonoxpomaTnyeckasi BOJIHA ¢ JIJIMHOM BOJHBI A MHTEHCHB-
HOCTBIO lg mMajiaeT Ha SKpan ¢ KPyriibiM orBepeTueM. st Tou-
ku P, maxomsamieiicst 3a 9KpaHOM, OTBEPCTUE 3aHUMAET TEPBYIO
u BTopyio 30ubI Ppenes. [lepByio 30HY epeKpLLIN IPO3Pat-
HBIM CTEKJISHHBIM JIMCKOM C ITOKas3aTejeM IpejoMJieHus N.
IIpu kakoit MuHUMAJIBLHOM ToJMIUHE O JMCKA UHTEHCUBHOCTH
B Touke P Oymer makcumanbhoii? (2 6.) Yemy paBHa makcu-
MaJibHasl MHTEHCUBHOCTH? (42 6.)

El 4 "8 Sagaua 4
& 0O 0 .
i ‘l: j’ I[I/IHGI/IHO IIOJIAPpU30OBaHHasd MO-
Y7 HOXPOMATHYIECKasi BOJIHA (BEKTOD

9JIEKTPUIECKOTO TI0JIsl HAIIPABJIEH 1O HOPMAJIU K PUCYHKY) C
JUTHHO¥ BOJIHBI A 1 aMILiuTy 106t Eg najaer Ha jaBa 1usiekTpu-
YeCKUX IMapuKa (M3JIeKTPHYECKasl [IPOHUIAEMOCTh E), pac-
MOJIOZKEHHBIX BJIOJIb BOJIHOBOI'O BEKTOPa BOJIHBI. PaccrosHue
Mexky mapukaMu A{4, paguycel mapukos a pa ! Aq. Haiitu
MHTEHCUBHOCTH PACCEIHHON BOJIHBI B 3aBUCHUMOCTH OT yTJIa B
tockoctu pucyska 1p6g. (4 6.)

E@—> :N JL d Bagaga 5

10)—2 Ha mnepuomndeckyo mudpax-

1 nunonuyio perietrky u3 N meseit ¢
% : 0 nepuogoMm O majgaer JIMHEHHO IT0-
I

JIAPpU30BaHHasd IIJIOCKad 3SJIEKTPO-

5 '?‘!\ S MarHuTHasi BOJIHA C JJIMHON BOJI-

d HBI A. YTJIOBOE pacCIpeie/ieHue UH-
TEHCUBHOCTU W3JydeHust 3a perterkoil pasuo |7p0g. Haiiru
YyIJIOBOE pactpeienenne nurencusHocTn 1pBQ, ecnmm x Kpato
JUDPAKIMOHHOM PEIIeTKH TIOJHECTH 3ePKAJO (CM. PHCYHOK)
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2018/2019 Konrposbhas pabora 1.1, Bapuant 1

TaK, ITO PACCTOSIHHE OT CEPEIMHbI KpalHel 1IeJIH 10 III0CKO-
cru 3epkasa pasno d{2. (5 6.)

KYYXKOM» «CBOMN»

3amaua 6 —*
Vakuit ayd  paguonsiiydeHus Ah
OT NEePUOJANIECKOil pernerku (1e- R H
puox a) w3 N anTenn mo/KeH
a
ObITHL HaIPaBJICH JJIs PaJUOCBI3U L= S
12 N

co «CcBomM». Kax st 9TOro JoJi-
JKeH 3aBHCETh C/IBHI (a3 TOKa B aHTeHHaX @; (j — HOMEp
anrennbl)? (2 6.) Kakoe MuanmasbHoe KosmaectBo anTeHs N
HAJI0 B35Th, YTOOLI CUTHAJ IMPAKTHYECKH He MoNaJal K «dy-
JKOMY », HaxozseMycst Ha paccrosiaun Ah? (41 6.) Pasmepsr
pemerku MuHoro Menbiie Ah, Ah 1 H, R.

Samaua 7

VabTpapenaruBucTckuit ajekTpon ¢ Y " 1 nposieraet 1moc-
KWii pe3onarop jauHoil L Bmoab JuHum, mepreHauKy/asipHoit
ero miractTuHaM. B pe3oHaTope Bo30y:KIeHA CTOSYas BOJHA C
OOJIBIIUM YUCTIOM IIyYIHOCTEH U aMILUIUTY/ION 3JIEKTPUIECCKOTO
nosist B myanoctu 2Eg. OmeHnTs moTepn 3HEPruu 3JeKTPOHA
Ha H3JIy4Y€HUE W HallpaBJICHUE Ha,I/I60.H]:>H_IeI'71 NHTEHCHUBHOCTU.

(6 6.)

2018/2019 yuebubiii rox

KoHTponbHasa paborta 1.1, BapuaHT 1

Sagaua 1
B cdeputeckoii cucreme KoopanHaT IJIOTHOCTE 3apsiia 3a-
ce a2 T 270
BUCHT OT DaCCTOAHUS JI0 EHTPa KoopauHat PPrg ““ #5pg sin = /-
mpu 0 d'r d a, pprg ““ 0 mpu r g a. Haiitu HanpsizZKEHHOCTH
sstekTpudeckoro mosst Eprg. (3 6.)
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Venosus 3a1ad

Samaga 2

Kombro paamycom a 3apsizkeHO ¢

E(x)-? HEOJIHOPOJHON JIMHENHOI IJIOTHOCTBHIO

»x ““ xglsinal, coe A — yros ¢ ocbio
Ox, MpOXOISIeil 0 TuAMeTPY KOJIb-

na. Haiitn ssexrpuaeckoe nosre E(x) na ocu Ox. (4 6.)

Sagaua 3

OupeiesnTh eMKOCTh Ha €JIMHUILY JIJIUHBI (IOTOHHYIO eM-
KOCTB) IIIJIMHJIPHYECKOTO KOHJICHCATOPA, PAIIYChl 00KJIAI0K
KOTOPOro paBHbBI @ 1 b cooTBeTcTBEHHO Pa & 0Q, a AusIeKTpH-
YeCcKasd IPOHUIACMOCTD JIUSJICKTPUKA MEXKJy HUMH 3aBHCUT
OT paccToAHns 10 ocH Kak €prq “* Ltg . (4 6.)

KoHTponbHasa paborta 1.1, BapuaHT 2

Sagaua 1

B mmnmaapudeckoii cuctemMe KOOPAWHAT TIIOTHOCTH 3apsi-
JIa 3aBUCUT OT PACCTOTHHUS IO OCH KOOPAWHAT Kak Pprq ““
““ 2pycos 2 npu 0 d r d a, pprq “ 0 npu r g a. Haiitu
HAIPSZKEHHOCTD JIeKTpudeckoro moss Eprg. (3 6.)

Sagaua 2

Ha 6ombmom paccrosinnm L oT 6ecKOHETHON paBHOMEPHO
3apsiZKeHHO HUTH (JIMHEHAs TIIIOTHOCTD 3aps/ia ) HAXOUT-
¢ He3apszKeHHbBI MeTaJTmdecKuil map paguycom R pL *" Rq.
Haiitu cuity, ¢ KoTopoii map jeiicreyer Ha HUTD. (5 6.)

Sagaua 3

OrtrpeiesuTb eMKOCTD ¢(hepUIecKoro KOHJIeHCATOpa, Pa/JIi-
yChI 0OKJIQJIOK KOTOPOro paBHbI & 1 b coorsercTBenHo pa a by,
a JIM3JIeKTPUYIeCKas IIPOHUIIAEMOCTD JINIJIEKTPUKA MEKJLy HI-
MU 3aBHCHT OT PACCTOsIHWsI JIO OCH Kak Eprq “* r—i tg-. (46.)
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2018/2019 Konrposbuast pabora 1.2, Bapuant 1

KoHTponbHas paboTta 1.2, BapuaHT 1

Samaua 1

K kospiy pagmycom R, msrorossienHoMy
U3 OJHOPOJIHOU TOHKOM IIPOBOJAINENH ITPOBO-
JIOKH, B JIByX TOYKAX I[IPHUIASHBI JJINHHBIE i
IpsIMble TTPOBOJHUKH, KaK IIOKA3aHO Ha PH-
cynke. Ilo poBoHMKaM TedeT noctosiuublii Tok | (eMm. pucy-
nok). Haiitn marantHoe none By B menrpe kombna. (3 6.)

Samaua 2 z
Haittm TOK yTeduknm 4 >

| B 110CKOM KOHICHCA- 0 a x
TOpEe C KBaJPATHBIMU 3JIEKTPOJaMU pa3MepoM a - a, pac-
crosiane Mexkay miactuHamu d 1@ (em. pucynok), pas-
HOCTBb TOTEHIHa a MexKIay mractuaamMu U. ViaeabHas IpoBO-
JIIMOCTH MaTepuaia MexKJly IJIACTHHAMU 3aBUCUT OT X Kak
opxq ““ gpe %%, (4 6.)

Sagaua 3

OroJileHHBIN  KOHEIT W30 TMPOBAHHOTO
IPOBOJIA, 1O KOTOpoMy Teder Tok |, mo-
TPYZKEH B MPOBOJAIIYTIO YKUIKOCTD, 3aHU-
MaIOIIY 0 BCe MPOCTPaHCTBO. TOK U3 mpo-
BOJIa pacTekaeTcst Ha 6eckonevHOCTh. Ha
paccrostaum | 0T KOHIIA TPOBO/IA HAXOAUTCS WJIEATHHO TPOBO-
namuyii po ““ 8¢ map paguycom R pR & lq. Haiitu o6bemuyio
IJIOTHOCTBH TOKa jpr( B »xugkoctu. (4 6.)

Sagaua 4

[ToBepxnocTh HenpoBomsmeit PE ““ 1(
cdepnl pajgnycoMm R 3apsizkena 1mo 3akony
opoq ““ g( cos 6. Kakoe nrorosoe kosmde-
CTBO TETJIOTHI BBIJIEUTCS MTOCIE TOTO, Kak cdepa U3 HEITPOBO-
JISATIErO COCTOSTHUST MTEPEHIET B IPOBOISIIIIEe COCTOSTHUE, €CJIN
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Venosus 3a1ad

M3BECTHO, UTO B HE3apsizKEHHOH cdepe TaKoil Iepexos He Mpu-
BOJUT K BBIJACJICHUIO TEILIOTHI? (5 6.)

KoHTponbHas paboTta 1.2, BapuaHT 2

Sagaua 1
K xospiy pagmycom R, m3roroBieHHOMY
] U3 OJJHOPOJHOI TOHKOW IIPOBOAMIICH IIPOBO-
JIOKH, B JBYX TOYKaX IPUIAIHbI JIJIUHHBIE
IIpsiMble TTPOBOIHUKH, KaK IOKA3aHO Ha PH-
cyuke. Ilo mpoBogarKam Teder mocrosiuublii Tok | (cMm. pucy-
HOK). Haiitu marauTHOe nosie By B nienrpe kosbua. (3 6.)

1

Samaga 2

~

OroJieHHBIIT KOHEI U30JIUPOBAHHOTO

IIPOBOJa, IO KOTOpoMmy TedeT ToK |, mo-

IPY?KEH B IIPOBOJIAIILYIO KUJIKOCTD, 3aHHU-

o= MAaloOIyio cheprUYecKyIo MOJIOCTh PaJIny-

coM R BHYTpU mI€aIbHOTNO TTPOBOIHIKA,

U HaXOJUTCA Ha paccrogunn | or menTpa cdpepudeckoii moso-

cru pl & Rg. Toxk u3 mpoBoja pacTekaerca Ha GECKOHEIHOCTD.

Haiitu ob6beMHyIO ILIOTHOCTH TOKa jPr( BO BCEM IIPOCTpPAH-
cree. (4 6.)

z S3amaua 3

d G Hatitn mnoTHOCTD 3a-

0 ¢ X pgga PPZg B IJIOCKOM
KOHJIEHCATOPE C KBA/IPATHBIMI 3JIEKTPOJIAMHU pa3MepoM a  a,
paccrostnueM mexkay miactunamvu d I a (em. pucyHok), pas-
HOCTBIO TOTeHIHa a Mexay ttactuHamu U. VienbHast mpo-
BOJINMOCTB MaTepHaja MezK/Jy IJIacTUHAMU 3aBUCHT OT Z KaK
opzq “ ape %, (4 6.)
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2018/2019 Dx3amenaionnas pabora 1

OK3aMeHauunoHHasa paboTa 1

Samaua 1

Toxk | Tewer 0 3aMKHYTOMY KOHTYDY, COIEPIKAIIEMY B
KPYIVIBIX BUTKa pauycoB a u b coorsercrBento. Konrtyp 1e-
JINKOM JIE2KHUT B IIOCKOCTH PXY(. Paccrosgnue mexy napas-
JIEJIbHBIMA ITPOBOJAMH, COETUHATOMNMI KPYTJIble BUTKH, IIpe-
Hebpezknmo masto. Halitn marauTHoe nosie Bpr( B rienTpe BUT-
KOB U Ha paccrognuax I " b. (3 6.)

Sagaua 2

[To GeckonevHOMY COJIEHOUITY C KPYT-
JIBIM CEYeHHeM ILIOIAIbI0 S W IJIOTHO-
cTbio HAMOTKHU N Teuér Tok |. CHapyxu
COJIGHOM/Ia, Ha PACCTOSHUEM I OT €ro ocu
HAXOIUTCsT HEOOJIBIIOEe TeJI0 MacCchl M ¢
zapagoM (. ToK BBIKJIIOYAIOT, TAK 9TO 38 OYEHb KOPOTKOE Bpe-
MsI OH yOBIBaeT j10 Hyss. HaiiTu ckopocTsb V, IprobpeTraeMyo
TeJIOM 1I0CJIe BBIKJIIOUeHnst Toka pv 1 cg. (4 6.)

Sagaua 3 7%5 a
\
\
|

.
—
_-.
<-.
A-_.
-
|
—

Hayt Topriom 1mosry6ecKOHEIHOro COJICHOM 1A, pa-
muycoM R ma Bpicore h "' R ma ero ocu pacmo-

JIOYKEH CBEPXTPOBOISIMNI Tiap pajgmycom a ¥ h.
MaruuTtHoe 10Jie B COJIEHOHIE (JIAJIEKO OT ero TOp- R
na) pasao B. Haiitu cumy, neiicTyronyro Ha map \

co cTopoHbI costeronya. (4 6.)

Sagaua 4

Kakyio paboTy HyKHO COBEDPIINTH, 9TOOLI MIPUBECTH BO
BpAIlleHIE C YacTOTOH () BOKPYI COOCTBEHHON OCH CHMMET-
pun J€rkyo cdepy pagmycoM R, paBHOMEPHO 3apsiKEeHHyIO
sapsiiom Q? (5 6.)
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y
7 Samaua 5
7 Tlo aByM mapaJsiie/IbHBIM MeTa IIntIe-
m|l 1 / CKHUM ILTacTuHaM pasmepamu a I h 1|
4 s BJIOJIb HAMOOJIBINUX CTOPOH IPOITyCKaeT-
%‘ 4 @ csl TIEPEMEHHBI TOK B MPOTUBOOIOK-
z HBIX HallpaBJICHUAX. PaCCTOHHI/Ie MEXK/1y

wiacruaamu 2d 1 h. Haiitu paszocrb Mexky MHJYKTHBHO-
CTBIO CHCTEMBI [IPU HU3KHX YaCTOTaX TOKa (CKUH-3DGheKT cra-
6bH>i) 1 MHAYKTUBHOCTBIO CUCTEMBI IIPU BBICOKUX YaCTOTaX TO-
ka (ckun-acddexr cnbneri). (5 6.)

3amaua 6
Ha BwicoTe h mam TouedHbIM IIe-
PEMEHHBIM SJIEKTPUYICCKHUM JUIIOJIEM
d ““ dpe'®e, B MWIOCKOCTH, IHEPIEH-
JIUKYJISPHON OCH Z, PACIIOJIOXKEH COJIe-
HOWJ, CBEPHYTHIA B TOp pajuycoMm R.
~ Yucio ButrkoB B cosienouge N, 1wio-
MAJIb CevIeHnusT S p-§ ! R, hg. Haiitu 9/1C, BO3HUKAIOILYIO
B cosenon/e. (6 6.)

KoHTponbHas paboTta 2.1, BapuaHT 1
N Samaua 1

Haiitn criekTpasibHy O IJIOTHOCTD SHEP-
UM CUTHAJA, IIPEICTABJIAIONICTO CODOI

byrimo Fpxq {Em 0Daxaa

o

0, aaxad '’
nosropernyio N pasz ¢ nepuomom d. Kak nsmeHuTcst 9ra Besn-
YMHA [IPH MOLYJISIIHH HCXOJHOTO CUTHAJIA SKCIIOHEHTOf e7F0%?

(36.)
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Sagaua 2

Haiitu cremnenb mossipusanuy eCTeCTBEHHOIO (HENoJIspy-
3OBaHHoro) cBeTa B BO3jyXe pn ““ 10 mocyie oTparKeHusI IO
yruiom 0y ““ 45~ OthI.HOCKOI/I IPAHUIIBI CPEJIBI C MTOKa3aTe/1eM
npesomiennsg N ¢ 2. Crernenb MOJSIPH3AINN IPHHITD PaB-
noit K “* 2«2‘2, rae l,, |, — uATEHCHBHOCTH COOTBETCTBEHHO

S (TE) u p (TM)-nospusosannoro csera. (3 6).

Sagaua 3 y
B mycTom BoTHOBOTE KBaIpaTHOTO a
cedeHns & a ¢ UACAILHO IIPOBOIAIIN-
MI CTEHKAMHU BO30YKIEHA 3JTEKTPO-
MarauTHast BosHa. Mspecrno, uro B, o) E— - X
touke A ¢ koopaunaramu paf2, a{2, 0q
SJEKTPUYECKOE TIOJIEe HAIPABJIEHO BJOJbL OCH BOJHOBOJA U
MeHserca 1o 3akony K, “° Egcos (%t) " e,. Onpenenn-
Te 3nekTpudeckoe moje Epptq B Touke B ¢ KoopamHaraMmu

pa{4,a{4,0q. (4 6.)

Sagaua 4 ¢
NuaTepdepomerp cOCTOUT U3 UICATb-
HO OTpazKalolleil MOBEePXHOCTH (3epKaJia)
U PaCIOJIOKEHHOMN TIepeJ; HUM Ha, PacCTO-
sann | TpoBoIsITIElt MTOCKOCTH, TIOBEPX- ———D
HOCTHBIII TOK B KOTOPOH yIOBJICTBOPSET
saxony Oma, To ectb J ““ 0 E. Ilpu xa-
KX 3HAYeHUsAX O 1 | uarepdepoMerp He orpazkaer (Kodd-
dburment orpaxkenust R ““ 0) maaromiyro 1o HopMaJIu MI0C-
KyI0 MOHOXPOMATHYECKYIO BOJIHY C BOJHOBBIM BeKTOpoM k7?7

(56.

=?
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KoHTponbHas paboTta 2.1, BapuaHT 2

£, | Samaua 1
HaiiTu ciekTpaabHyIO MJIOTHOCTD CUT-
HaJja, IPEJICTaBJIAIONEro coboil QyHK-
Epsinwot, 0ataT{2
. f [¥3 7 g - ,
e e o Tt {0, T{2atarT
nosropennyio N pas ¢ nepuogom 2m{wy. (3 6.)

Samgaua 2

Haiitu cremnenp mosisipusanun eCTeCTBEHHOTO (HErmoJIsIpu-
30BAHHOIO) CBeTa B Bo3jyxe PN ““ 14 mocsie oTpazkeHust 10/
yroom 0y < 60 OTALTIOCKOI TPAHUTIBI CPENIbI ¢ TIOKA3ATEIeM
npesomiennst N < 3. CTelens HONAPU3ALIE IPUHATH PaB-

o1 e Is Ip
noit K =Ty’

S (TE) u p (TM)-nonsipusoBansoro ceera. (3 6.)

rae lg, I, — HHTEHCUBHOCTH COOTBETCTBEHHO

y Samaua 3
a B mycToMm BoIHOBOIE KBAIPATHOTO
cedeHus @ a ¢ MICAIbLHO MPOBOISIIIN-
4 MH CTEHKaMH BO30YXKIeHa 3JEKTPO-
o) B ¥ MarmuTHagd BosHA. I3BecTHO, 4TO B
Touke A ¢ koopauaaTamu paf2, a{2, 0q
SIEKTPUIECKOE TI0JIE HAIIPABJICHO BAOJL OCH BOJHOBOIA U ME-
nsgercs 1o 3akony Ea ““ Egcos (%t) “e,. Onpemenmure Mar-
unutHoe nojie Hpptq B Touke B ¢ koopaunaramu pa{4, a{4, 0g.
(46.)

KoHTponbHasa paboTa 2.2, BapuaHT 1
p L] 3 1
N R, aJavda
Haiitu pammycor unTepdepeHnon-
HBIX KoJiell HbloToHa B OTpakeHHOM CBeTe C JJIMHON BOJIHBI

)\ Ha BO3BJAYHIIHOM KJIMHE MEXKJTY JABYM ITJIOCKO-BBIITYKJIBIMA
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JUH3aMH (CM. PUCYHOK) ¢ pajamycamu KpuBu3abl Ry n Ra.

(36,

Sagaua 2

[Tnockast MMHEHHO-TI0JIAPU30BaHHAS
9JIEKTPOMArHUTHAST BOJIHA IIAJaeT II0
HOpMaJId Ha HEIPO3PadHbIil 9KpaH, B

KOTOPOM TIPOJIEIaHbI JIBA TOYEUHBIX
orBepcTud. [lepes oTBepcTUSAME TOMECTIIM TOHKHUE TIOJISTPON-
JIbI, OCH KOTOPBIX ITapaJsljIeIbHBI IIJIOCKOCTU TOJISIPU3AIIT T1a-
Jaroreil BoJIHBL. Ha MpoeKkImmoHHoOM SKpaHe, PaCcIIoIozKeHHOM
Ha GOJILIIOM ([0 CPABHEHWIO C IMUPUHON MEXKJly OTBEPCTHS-
MH) PaCCTOSHUM, HAOIIONAeTCst nHTepgEpeHINOHHAsT KapTh-
wa. Haittu BuaHocTh V uHTEpdEPEHITMOHHON KAPTUHBI, €Can
OJIMH TIOJISIPOUJ] TIOBEPHYTH Ha yroj O, a JIpyroil — Ha yroJ

B.(46.)

3angaua 3 3
all, I \\\
[T10cKas 31eKTPOMarHuTHas BOJIHA C - P
o a
JUIMHOM BOJHLI A ¥ MHTEHCUBHOCTBIO lg — -=- .
—

ajlaeT 110 HOPMaJIl Ha HEIPO3PadHbIi

0.

9KPaH, B KOTOPOM HMEETCsl KPYFIOoe IIPO- :
3padHOe OKHO pajmycoMm P “* ‘A (rme @ — paccrostHue 10
TOYKN HaOJIIOJICHNsI ), HA KOTOPOE HAKJIeeHa TOHKAasi KpyIJiast
noJIynpo3padnas (T. €. MPOIyCKAoIas OJOBUHY HHTEHCUB-

HOCTH) TUIEHKA PAJIIyCcOM Po ““ 4/ )‘7‘1 (cm. pucynok). Ompe/ie-

JIUTE WHTEHCHBHOCTH B TOUYKe Habuoaenus. (4 6.)
I f

—
-
-

Sagaua 4

[Teproguaeckas 1MeMoOIKa TOHKIX aK-
CHATBHBIX JIMH3 UMEET CJIEJTYIONINi Tepu-
oJI: cobuparorias JimH3a ¢ (POKYCHBIM PacCTOgHuEM 1 CM, IIy-
CTOIl TMPOMEXKYTOK JUIHHONW 1 ¢M, cobuparomias JuH3a ¢ ¢o-

KYCHBIM paccTogHueM 1 cM, IyCTOi MPOMEXKYTOK JIJIMHOMN X.
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[Ipu kakux 3HAYEHUAX X B cucTeMe OyieT HabJIIOATHC 2KECT-
kas doxycuposka? (To ecTb TpaeKTOPUsST BXOJSIIIETO JIyda HE
Oy/ZleT MOHOTOHHO OTKJIOHSATBCS OT OITHYECKOl ocu, a Oyjer
kosiebarbest). (5 6.)

KoHTponbHasa paboTta 2.2, BapuaHT 2

Sagaua 1

Haiitu paguycor natepdepeHImonabx Kojeli Hbiorona B
OTPaYKEHHOM CBETE C JITMHONW BOJHBI A Ha BO3JYIITHOM KJTHMHE
MEKJLy IIJIOCKO-BBIIYKJION U IJIOCKO-BOIHYTOMN JIMH3aMH (CM.
PHCYHOK) ¢ pajmycamu KpuBusabl Ry u Ra. (3 6.)

ENg Po p Sagaua 2
— -4 IL1ockast smeKTpoMaruuTHAasT BOJIHA C
— p JUIMHOI BOJIHBI A M MHTEHCUBHOCTBIO lg

ITa/laeT IO HOPpMaJil K IIJIOCKOCTH HEIIPO3PavYHOI'0 KOJIbIla C

BHYTPEHIIM paiycoM o “ 7‘2—‘1 1 BHEIIHUM PaJIyCOM

" Aa (re @ — paccrosiHue JI0 TOYKH HaOJIIOJIEHNUS ).

P

OTBepcTre B KOJIBIE 3aKPBITO TOHKO( Oy IPO3PATHOI (T. €.
[POITYCKAIOIIEH MMOJOBIHHY MHTEHCUBHOCTH) IUICHKOM (CM. pH-
cyHok ). Omupejiesiire HHTEHCHBHOCTD B TOYKE HAOJIIO/ICHUS.

(46.)

Samaga 3

R [lepuonuaeckas 1enovka TOHKIX aK-

CUaJIBHBIX JIMH3 UMeeT C.He,[LyIOH_[I/Iﬁ mepu-
oJI: cobuparorias JIMH3a ¢ (POKYCHBIM PAacCTOSHUEM 1 CM, IIy-
CTOI TTPOMEKYTOK JINHON 1 ¢M, paccenBarorias Jun3a ¢ ¢o-
KYCHBIM paccTogHueM 1 cM, IyCcTOi MPOMEXKYTOK JIJIMHOMN X.
[Ipu kakux 3HAYEHUAX X B cucTeMe OyieT HabJIIOATHCS 2KECT-
kas doxycuposka? (To ecTb TpaeKTOPUsST BXOJSIIIETO JIyda HE
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Oy/IeT MOHOTOHHO OTKJIOHATLCS OT ONTHYECKONH ocHh, a Oyjer
kosiebarbest). (5 6.)

OK3aMeHauunoHHasa paboTa 2
Sagaua 1 () -
HabmomaTens B HazeMHOI o0bcep-
BATOPUU BHUJUT KOCMUYECKUIT KOPaOJIb,
JABUZKYIIUANCA IIPAMO OT HEro CO CKOPOCTBIO V BJIOJIb OCH X,
a Tak¥Ke JaJeKyro 3Be3ay moma yriom 0 k ocu X. Ilox xakum
yriom 8 K ocu X BHJIHA 3Ta 3BE3/1a, /IS KOCMOHABTA, HAXOJIs-
Ierocsi Ha KocMudeckom kopabie? (3 6.)

Samaua 2 p
B memnpospadnoM skpaHe nmeer- ~—
¢Sl KBaJIpATHOE OTBEPCTHE, B KOTOPOE g
BCTaBJIEHA JOCTATOYHO TOJICTAsT KBAJI- I
paTHasl CTEKJISTHHAs ILIACTUHA C pPas-
Mmepamu, Kak y orBepcrus. [lokasza-
TeJIb MPEJIOMJICHUS CTEKJISTHHON ILTa-
cruabl N ““ 2. Ha skpan nagaer miockas DM BosHa 110 HOpP-
MaJji ¢ JIuHoi BosHBL A. Ha ocu Z, mpoxosineil yepes meHTp
KBa/IPATHOT'O OTBEPCTUsI, MIEPIEHINKYISIPHO IIJIOCKOCTH KPa-
Ha, B ToOuke P permcrpupyercs u3jydeHne UHTEHCHBHOCTHIO
lp. CrekystunytO IACTHHY OTIHLINGMOBAIN (CIeIaIl TOHbIIE)
CJIIYTONINM 00Pa30M: y TIEPBOil YeTBEPTH KBaApaTa TOIIIITHY

CTEKJIa YMEHBIIN Ha %, Yy BTOPO#l 4eTBEpTU — HA 28% “ %,
y Tperbeil — Ha %, y 9eTBEepTOil — Ha % “ % Kakoit crama

MHTEHCUBHOCTb B Touke P? (4 6.)

Sagaua 3

Ha nepuonuaeckyto qudpakiunonuyo pemrerky u3 2N 1e-
qeit (mupunHa 1esteir a) ¢ mepuogoM d magaer mo HOPMAJIH
mwrockasg DM Bosna ¢ ammmTynoit Eg u gmunoit soannt A. B
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mmxkare N 1meseil Betapuim npo3padible IACTUHKA TOJIIIH-
Hoit h ¢ nokazaresnem npenomsiennst N. Haiitu yriosoe pac-
npejenenne natencusioctr |pBy, orpaskennem oT MIACTUHKY
upenebpeun. (4 6.)

Sagaua 4

Sapsiyi € JBUXKeTCsT BIIOJIb OCH Z TI0 3aKOHY Zptq “* 2a”
cospwtq” cospAwtq. Haiitu ycpemgHertoe 1o BpeMeHn yIyIoBOe
pacupesiesieHne MOIHOCTH U3y YCHUs <j—é>. (46.)

Y

Sagaua 5

[lepuomutveckast permeTka U3
S YeTBIPEX OJMHAKOBBIX CHHQAZHBIX
IITBHIPEBLIX AHTEHH, OPUEHTUPO-
BAHHLIX IEPICHAUKYJISPHO ILIOC-
KOCTH PHUCYHK&, UMEET JUArpaMMy HAIIPABJIEHHOCTH H3JIyde-
HIe Ha IJIAHE BOJIHLI A, IOKA3aHHyIo Ha pucyHnke. Oupenenmnre
paccTosiHue @ MeXKJy JBYMsl coceHuMU anTeHHaMu. (4 6.)

L1 Banasa 6
O [Inockast JIMHEWHO MOJIAPU30-
e, mg <dI/dQ>(®)-? BaHHAsA SJIEKTPOMAIHUTHAS BOJIHA
= av ¢ aMIInTyn0#t Eg un 1ymmHoit BOJIHB

A IajiaeT 1o HOpPMAaJId Ha Ueajlb-
HO MPOBOJISIIIYIO TJIOCKOCTh. Ha paccrosiHum @ or Hee HaxXo-
JUTCs CBODOHBIN 3apsist € maccoit M. Haiitu ycpennentoe 1o
BPEMEHH YIJIOBOE Paclipejie/ieHne NHTEHCUBHOCTH PACCesTHHO-
ro cBeTa <j—é> B IJI0CKOCTH, TieprenuKy/aspHoii E. (5 6.)

Samaua 7

Hacruma Maccsl M ¢ 3apsiioM g
BJIeTaeT co ckopocrthio V (V. 1 ¢)
O], TPAMBIM YIJIOM B 00/acTb
TMOCTOAHHOI'O IIEPIIEHIUKYJIAPHOTO
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2019/2020 Konrposbuast pabora 1.1, Bapuant 1

marauTHOro nosg B. Haiitu morepn na nsinydenne AE, can-
Tad NX MaJIbIMHA II0 CPaBHEHUIO C KIHEeTU4eCcKOit SHepFI/Ieﬁ qa-
crurpl. (4 6.)

2019/2020 yuebublii rox

KoHTponbHas paboTta 1.1, BapuaHT 1

Samaua 1

Beckoneunbrii mnockmii cooit Tommuuet 2a p- a d z d aqg
3apskeH ¢ OOBbEMHOI MIIOTHOCTBIO 3apaia PPZq ““ PoZ. Haii-
TU HAIPSIKCHHOCTD dJIeKTpUYecKoro mojs Epz( BuyTpu u BHe

ciost. (4 6.)

Samaua 2

OIHOPOIHO 3apsizKeHHasI ¢ JIMHEHHOI
IJIOTHOCTBIO 3apsiia » HUTHL COTHYTA,
KaK T0Ka3aHO Ha pucyHke (eé u3rub ob-
pasyer IeTBEePTh OKPYKHOCTH PAJINYCOM
R). Haiitu snauenue BekTOpa Hamps- 1Y
JKEeHHOCTH 9JIEKTpUIecKoro moyist K B nenTpe 91oit 1yru.

(46.)

Sagaua 3

JByrpannblit yrosa o6pasoBan mpo-
BomATIME TTocKocTsMu Y ““ 0, X 8 0
u X ““ 0,y g 0. [Liockoctu smekTpu-
YeCKU U30JIUPOBAHbBI BIOJIb COETUHSIO-
mero pebpa, a MexK/Iy HUMH [IPIIOZKe-
Ha pasHocThb norernuasos U. BayTpenmss gactp aByrpanto-
ro yTJIa 3aIoJHEHA CPEION ¢ IUIICKTPUICCKON ITPOHUIIACMO-
cThio €. HaifTi 1oBepXHOCTHYIO INIOTHOCTD CBOOO/IHOIO 3apsi-
na opxqpx & 0q B miockoctu Y ““ 0. (5 6.)
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Sagaua 4

[Tap paguycoMm a 3apsizkeH ¢ 00bEMHOII IIOTHOCTHIO PPOY “*
Pp 0SB, rie B — yros ¢ ochio Oz, npoxoadameit yepes 1neHTp
O mapa. Haiitu snekrpuyeckoe mosie Eprg Bo Bcém npocrpan-

cree. (6 6.)

KoHTponbHas paboTta 1.1, BapuaHT 2

Sagaua 1

Beckoneunpiit mockuii cooit Tosmuan 28 p- a d z d' aqg
3apsArKeH ¢ 00bEMHON TIIIOTHOCTBIO 3apsita PPZQq ““ pPg sinpriz{ag.
Haiiti HAMpsi?KEHHOCTD JIEKTPUIecKoTo mosist Epzq BuyTpn u
BHe cyiost. (4 6.)

Samaga 2

OiHoposHO 3apsizKeHHas ¢ JInHel-
HOH IIJIOTHOCTBIO 3aps/ia > HUTHL COIHY-
Ta, KaK MOKa3aHO Ha pUCyHKe (eé m3rubd
obpazyer 4eTBepTb OKPYKHOCTU PaJIH-

1y ycom R). Haiitu 3Havuenune BekTopa Ha-
NPSIZKEHHOCTH 3JIEKTpHIecKoro nois E B menTpe 3Toit mayrn.

(46.)

Samaga 3

JByrpannbiii yroa obpasoBan mpo-
BomATIME TTocKocTsmMu Y ““ 0, X 8 0
u X ““ 0,y g 0. [lmockoctu seKTpH-
YeCKHU M30JIMPOBAHbI BJIOJIb COEIUHSIIO-
mero pebpa, a MexK/Jy HUMH IPHJIOKe-
Ha pasnocth norennuanoB U. Buemmsas wacts nsyrpanmo-
ro yIJia 3aIloJHEHA CPEION ¢ IUIICKTPUICCKON ITPOHUIIACMO-
cThio €. HaifTi 1oBepXHOCTHYIO INIOTHOCTD CBOOO/IHOIO 3apsi-
na opxqpx & 0q B miockoctu Y ““ 0. (5 6.)
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KoHTponbHas paboTta 1.2, BapuaHT 1

Samaua 1

ITo cTroponaM paBHOCTOPOHHErO TPEYTOJHHUKA CO CTOPO-
Hoit a 6exxut Tok |. Haiitn marauTHOe 10716 B B 11eHTpe Tpe-
yroabauka. (4 6.)

Samaua 2
JIBa OIMHAKOBBIX CHMMETPHYHO Pac-
ITOJIOZKEHHBIX HpOBO,ZLHI/IKa, NUMET 3a,pﬂﬂbl
01, o 1 norennmainsl @1, o coorBETCTBEH- !

Ho. Haifitm MaTpuily eMKOCTHBIX KOI(DMDUITNEHTOB TaKOil Cu-
CTeMbI IPOBOJHUKOB. (4 6.)

Sagagya 3 - . =
ITo Geckone4yHOil TOHKO IpoBOAAIIeil — fa -
IJTACTUHKE C KPYTOBBIM BBIPE30M OGEXKUT —— -

TOK, IOBEPXHOCTHAs! ILJIOTHOCTH KOTOPOI'O
Brasm oT Bhipe3a Jg ““ Joe,. Haiitu pacupenenenne Toka Ha
Beeit mwiacrune Jpr, ag. (5 6.)

a?

Sagaua 4

Ha nekoTOpoM paccTOSHUM OT I1JI0C-
KOl T'paHUIlbl pazaena JABYyX JIUDJIEK-
TPUKOB C JIUJIEKTPUYIECKUMU IIPOHUIIA- ' €,
€MOCTAMU €] U €9 HAXOJAUTCA TOUYCUHBIN 3aps ( (B cpele ¢

IpOHUIAEMOCTBIO €1 ). Haiitn morok ® HanpsizKeHHOCTH 3JIeK-
Tpuueckoro 1oJist E uepes 06s1acTh rpaHulibl (BKIOYasd Ipa-
HUILY ), UMEIOIIyIo (OpMy KpyTa € OChIO, POXOJINeii depes
UCTOYHUK, W YIJIOBOH pajuyc, BUAUMBINA U3 UCTOUYHUKA, PaB-

ubtit 0. (5 6.)
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KoHTponbHas paboTta 1.2, BapuaHT 2

Samaua 1
ITo croponam kBaipaTa co croponoit a 6exkut Tok |. Haii-
TH MarHuTHOE II0J1e B B nenrpe kBajpara. (4 6.)

Samaga 2

JlBa ODMHAKOBLIX CHMMETPHUYHO pac-
HOJIO?KEHHBIX IIPOBOJHUKA MMEIOT 3apSIbl
(1, 02 m orenrmannst ¢1, Go cooTBETCTBEH-

wo. Haiirn MATPHILY MOTEHINAIBHBIX KOI(DMUIMEHTOB TaKOM
CHCTEMBI IPOBOJHUKOB. (4 6.)

Sagaua 3

Kpyrosoit Beipe3s B 6eCKOHEYIHOI TOH-
KO IpOBOJIAIIEN TIJTACTUHE 3AII0JIHEH UJIe-
AJIBHO TPOBOIAIINM TOHKHM Juckom. Ilo
IIJIaCTHUHE 6e)KI/IT TOK, IIOBEPXHOCTHas IIJIOTHOCTH, KOTOPOT'O
Baasm oT Bhipe3a Jg ““ Joe,. Haiitu pacupenenenne Toka Ha
Beeit mwiacrune Jpr, ag. (5 6).

1‘%‘}{' Sagayga 4

£ Ha HeKoTOpOM paccTOSHUN OT ILIOC-
KOl I'paHUITbl pazjiesia JIByX IMPOBO/Is-
/o X CpeJ ¢ MPOBOANMOCTAMU 01 U O
HaXoaAuTCdA TOqequIﬁ NCTOYHUK TOKa
lp (B cpene ¢ mposogumocTeio O1). Haiitu Tok |, mporeka-
oMM Yepe3 00/1acTh TPAHUIBI, UMEIONLYI0 (GOopMy Kpyra C
OCBIO, IPOXOJAINEH Yepe3 UCTOYHUK, U yIVIOBOM pajmyc, BU-

T
&
T

JIUMBI U3 ucTouHnKa, pasHbii 0. (5 6.)
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OK3aMeHauunoHHasa paboTa 1

Sagaua 1

BuyTpu njmnnoro cosieHouIa pajinycoM a ¢ paBHOMEPHOIt
HaMOTKOM, 110 KOTOPOH Te4YeT IOCTOAHHBIA TOK, HAXOJAUTCA CO-
OCHBI ¢ HUM CepJIeYHUK TOM »Ke JJIMHBI pajuycoM b, pb & aq
C MarHuTHOW HPOHHUIAEMOCTHIO . YeMy paBHO OTHOIIEHUE
W{W wmarautHoil sHeprum, cocpejloTOUEHHON B cepJedHnKe,
K IIOJTHOW MarHuTHON sHeprun? (2 6.)

Samaua 2

[Tap pagmycoMm ¢ MAarHATHON MIPOHUIIAEMOCTBIO [ ““ cONst,
3apsi?KEeHHBINT pABHOMEPHO 110 TIOBEPXHOCTH CyMMAapPHBIM 3apsi-
Jiom Q, Bpalaercs ¢ yriioBoil CKOPOCTBHIO (W€, OTHOCUTEHHO
ocH, IpoxodIeii uepe3 1meutp mapa. Haittu nojne B Buyrpu

u cHapyxu mapa. (4 6.)
B(r)-?

Sagaua 3

Ocb 110JIyOECKOHETHOTO COJICHOUIA ¢ TO-
KoM | m 1IOTHOCTBIO HAMOTKH N TepIIeH-
JIKYJISTPHA, TTOCKOI TPaHUTIe pa3/iesa JBYX
cpe/i ¢ MAarHuTHBIMU IIPOHUAIIAEMOCTAMU |y 1 Mo, a Toper, co-
JIEHOU A HAXOMNUTCS Ha TpaHuile. BHYTpHU coleHOMIa cpejia ¢
W1 . Haittn maranTHoe nosieBpr( B 06enx cpegax Ha OOJIBIIOM
paccrosinuu I ot Topra (" - S, rue S — wiomAgb cedeHns Co-
nenonya). (4 6.)

YA

Sagaua 4

JlBa OIMHAKOBBIX MAUHUTA C MOMCH-
TaMU M1 U~ 1My, HAIPABJIEHHBIMU BJIOJIb
ocH Y HaBCTpedy APYT IPYTY, 3aKperie-
HbI Ha ocu Y B Toukax Po0,Yoeq u po, ~ Yoq.
Tpernit MarauT ¢ MOMEHTOM My, Ha-
IIpaBJIECHHBIM II0 X, PacCIOJIOXKEH Ha ocu X U MOXKET IIepeMe-
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Venosus 3a1ad

IATHCS TOJILKO BIOJIb ocu X. HaiiTu mosozkenue ycroifansoro
paBHOBECHs] MarHUTa ¢ MOMEHTOM My Ha ocu X. (4 6.)

3amaua 5
e 9 ¢ [To majteHbKOMY TIPAMOYTOJIBHOMY
(V ' Bb KOHTYPY JIUHON b u mmpunoii a re-
Iocosor iy nepemenHslit Toxk | ““ 1gcos wt.
i Haiiru 9J1C, naBoguMmyio B 60IbITOM

MIPSAMOYTOJIBHOM KOHTYPE, JIe2KalleM B IIJIOCKOCTH MaJIeHbKO-
ro cjeBa OT HEero Tak, 4TO IIpaBasd ero CTOpoHa IapaJle/ibHa
JIEBOI CTOpOHE D MajleHbKOro KOHTYpa M HAXOAUTCS Ha pac-
crostaru h ot Heé. Paccrosnns oT MaleHbKOrO KOHTypa J0

YIVIOB GOJIBIIIOrO KOHTYpa MHOro Gosiblie &, b u h. (5 6.)
H(r) - ?
r Sagaua 6

Ha nBa mayieHbKUX TPO-
BOJAINNX IIapUKa, 3aKpell-
JIEHHBIX Ha paccrogHun | apyr or apyra, HalpaBJIeHbl Y3KUe
IIYYKH 3aPs2KeHHBIX dacTull. [[1oTHOCTS wacTuil B mydkax N,
CKOPOCTBb 4acTuili V, IjIoniaab CeUeHUd IYYKOB S, 3apsi/bl Ya-
CTHUI B Iy9KaX € M €, COOTBETCTBEHHO. IIyuKn pacmpocTrpa-
HAIOTCH 110 OCHU, COCIUHAIONICH IIEHTPBI IITaPUKOB, B IIPOTUBO-
MMOJIOXKHBIX HampaBieHusx. [Ipu momajanud Ha IMApUKA 3a-
PsIIBI HAKAILIMBAIOTCsT Ha HEX. Opeenre HAIPSKEHHOCTH
marsuTHOro mojisi Hprg B maockKocTHu, TMpoXoadIneil rmocepe-

+e,n, v, s

JIIHE MezKJly IHapuKaMy HepHeHIUKYIAPHO OCH, Ha PacCTOs-
aun ot ocn. OTTajKuBaHUEM YACTHIL OT 3aps?KEHHBIX IIa-
pHKOB npeHebpedsb. (6 6.)

KoHTponbHasa paboTta 2.1, BapuaHT 1

n
Ao Samaua 1
Ha mockoe 3epkaio B Buje

vl
S
ol

JUIMHHOMN TIOJIOCKHT upuHO#H d 1ot yr-
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2019/2020 Konrposbhast pabora 2.1, Bapuant 1

JoM 0 K ero Hopmasu majaer IJI0CKas MOHOXPOMATHYECKAsT
BOJIHA, C JJIMHOM BOJIHBI A. Bapbupys pasmep d, Hafitu MuHu-
MaJIbHBIH TONEePeYHbIil pasMep CBETOBOIO IsITHA Ha dKpaHe,
YZQJICHHOM OT IIeHTpa 3epkaJsia Ha paccroguue | ** d (em. pu-
cyHoK). (3 6.)

Samaua 2

B nOpsMOyrosibHOM —BOJIHOBOJE €
UJIEATTLHO TIPOBOJANIUMUI CTEHKAMU Ce-

qerneMm a Ha b (a=3 cm, b=1 cM) pac- _ .

pOCTpaHdAeTCd BOJIHA C 9acTOTOH . “

JanHast 9acTOoTa SIBISIETCS MAKCUMAJJIBHON JIJISI OJTHOMOJIOBO-
IO peXKnMa, BOJTHOBO/IA, (TO €CTh €CJIM YacTOTy HEMHOTO YBEJIH-
9HUTh, TO C TAKON TaCTOTOH BO3MOXKHO pacipocTpaHeHnne bosee
geM ontHOI Mogibl). HailTi rpymmoByto cKOpocTh pacipocTpa-
HeHUsl Takoil BosHbL. (3 6.)

Sagaua 3

[Lrockast TuHEHHO-TIO/ISIPU30BAHHAST BOJTHA [IQJIAeT HA ILIOC-
KyIO TpaHuIily pasjiena JaByX cpeil. Kosddummenr eé orpa-
JKeHUsI 110 UHTEHCUBHOCTU PaBEH I, a COCTABJISIIONUX €€ S- U
P-BOJIH, COOTBETCTBEHHO, Iy m Iy, Haiitn yrom mexmy mmoc-
KOCTBIO TIOJISTPU3AIIUNHN TIa IAfOIIEN BOJIHBI U IIJIOCKOCTBIO ITaje-

uus. (4 6.)

Sagaua 4

Ha onny u3 aByx GECKOHEUHBIX HJIE-
AJIbHO TMPOBOJAIINX HaPAJIICIbHBIX TLIa-
CTMH HAHECEH CJIOH JU3JIEKTPHUKa C JIU-
9JIEKTPUIECKON MTPOHUIIAEMOCTBIO € TOJI-
mumnoit d. B ocraBmewmcs cioe Tosmm-
HOI @ JU3IeKTPUIecKasi IIPOHUIAEMOCTD
€ ““ 1. Ilpu xKakux a 3aJaHHAsT IaCTOTa () OKAXKETCSI Pe30-
HAHCHOI I 9JIEKTPOMATHUTHBIX KoJsiebanuii ¢ Bekropamu E
u H, napastensapivu wiactunam? (5 6.)
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Venosus 3a1ad

KoHTponbHas paboTta 2.1, BapuaHT 2

Samaua 1
Ha mmockoe 3epkaJjio B Bujie JJIAH-

HOM moJsiochl mmpuHoi d majaer 1o

BEPTUKAJIN IIJIOCKasd MOHOXpOMaTH4e-
cKas BOJIHA ¢ JiuHON BoHBI A. Hopmass 3epkasia HaKJIoHEHA,
[OJT yIJIOM Of K HAIPABJICHUIO PACIIPOCTPAHEHMs BOJHBI (CM.
pucynok). Bapeupyst pasmep d, HallTH MUHUMAJBHBIN TOIE-
pEYHBINl pa3Mep CBETOBOTO MATHA Ha dKpaHe, yIAJEHHOM OT

HeHTpa 3epkasa Ha paccrogaue | "" dcosa. (3 6.)
Y 3angaga 2
B npsmoyrosbHOM  BOJIHOBOZE €

b WeajIbHO TPOBOJISAIIUMUA  CTEHKaAMU
ceyenreMm a na b (a ““ 3 em, b ““ 1 cm)

a pacupoCTpaHdeTcsa BOJHA C 9acTOTOM
= w. /lanras 9acToTa SBIIAETCST MaKCH-
MAaJILHOM J1JIsT OJIHOMOJIOBOTO PEXKMMa BOJIHOBOJIA (TO €CThb ec-
J YacTOTy HEMHOI'O YBEJMYUTH, TO C TAKOW YacTOTON BO3-
MOZKHO PACIpoCTpaHerue 6oJiee 1em oHoN Mojb). Haditu da-

30BYIO CKOPOCTH PACIPOCTPAHEHUsI TaKoii BOJIHBI. (3 0.)

Sagaua 3

[Liiockast MuHEAHO-I0JIIPU30BAaHHAS BOJIHA [IA1aeT Ha ILIOC-
KYIO TPaHUILly pasiena IByX cped. KoadduimenT e€ mpoxox-
JIEHUsI 110 MHTEHCUBHOCTU paBeH d, a cOCTaBJIAOIINX €& S- U
p-BoH, cooTBeTcTBeHHO, Oy U d),. Haittn yrom mexy moc-
KOCTBIO MOJIIPU3aIUU TaJalOIIell BOJHBI U IJIOCKOCTBIO Iae-

aus. (4 6.)

Sagaua 4
Ha oxny 3 nByx 6€CKOHEUHBIX UJ1€aIbHO ITPOBOJIAIINX I1a-
PAJLICIBHBIX ILJIACTUH HAHECEH CJION AM3JICKTPUKA C JIU3JICK-
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2019/2020 Dx3amenaiponsas pabora 2

TPUYECKON MTPOHUIIAEMOCTHIO € TOJIIIH-
woit d. B ocraBmemcst cjioe TOJIMHOMN
a ausJIeKTpUIecKasi MPOHUIIAeMOCTb € “
1. Tlpun kakux d 3amaHHasd dacrora
OKarKeTCs PE30HAHCHOI IS 9JIEKTPOMAr-
HUTHBIX Kojiebanuii ¢ Bekropamu E u H,
napasuterbusiMe wiactuaam? (5 6.)

OK3ameHauuoHHasa paboTa 2

Sagaua 1

B mwnockoctu z ** 0 HaxoauTcs IJIeH-
Ka (TpaHCIapaHT), aMIUINTYAHbIH KO3(hMUIMEHT TPOITyCcKa-
Hust KoToporo umeer Buz TPXq ““ 17 b ~ bcosax, rme 0 a
b d' 0,5. Ha TparcnapanT ciieBa HOpMaJbHO HAJAET ILIOCKASI
MOHOXpOMaTHYeCKasl BOJIHA, aMILIUTY/1a KOTOPoil pasHa Eq, a
qumnaa Bosabl A ¥ 21m{a. Tlon kakumu yriiamu K ocu Z pac-
IPOCTPAHSIOTCST BOJIHBI Ha BbIXO/e u3 Tpancmapanrta? (3 6.)

Sagaua 2 X

Broms ocm z pacmpocTpanseTcs
y

UHTEHCUBHOCTDL KOTODPOMH, PErucTpu- ' 1 Y 3
pyeMasi B HeKOTOpoii Touke P, siexkarneii Ha ocu Z (npu z @ 0),
paBua lg. Ecin B wtockoctu Xy nmomectuts 3KpaH I ¢ oTBep-
CTHEM B BHJIE TPEX OJMHAKOBBIX CepJleueK (CM. PHCYHOK), TO
MHTEHCUBHOCTEL B Touke P cramer pasua ;. Eciau ke BmecTo
9KpaHa [ MMOMECTUTH JOMOJHUTEIBHBI K HEMY 9KpaH 2, TO
MHTEHCUBHOCTL craneT pasua lo. Hemy Oyier paBna nnTen-
cuBHOCTh |3 B TOUuKe P, ecsim BMecTo sKkpana 2 MOCTABUTH €ro
Tperb (9kpan 3)7 (4 6.)
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Venosus 3a1ad

3anaya 3
Toukast najiouka maymnoit A{2, paBHoMep-
HO 3apszKeHHad C JUHEHHON IIJIOTHOCTBIO 3a-
psAJia 3¢, BPAIAETCA C YIVIOBOW CKOPOCTHIO
W ““ 21c{A\ BOKpYI OCH, PACIOJIOXKEHHONH Ha
paccrosnun @ 1 A, Bcé BpemsI ocTaBasiCh eil
Cam napastenbHoit. Haittn yecpeanénnoe mo Bpe-
a Menu yryiosoe pactupejenenne d1{dQ wmorm-
Hoctu u3yuenust. (4 6.)

Sagaua 4

CoJtnevHblil mapyc npeJcraBiaser coOoi MI0CKYIO TOBEPX-
HOCTb M3 IIJIEHKH, XOPOIIo oTpazkaroleil ceeT. Kaxkosa mo/mx-
Ha OBITH TOJIINHA IVIEHKH, 9TOOBI TaKOil apyc MOT' BBIUTH 3a
[PeJIesIbl COJTHEYHOI cucTeMbl (TO eCTh CHJIA JIABJIEHHS COJI-
HEYHOT'O CBETA IIPEBBIIIAIa CHIIy I'PABUTAIIMOHHOIO IIPUTIZKe-
must)? Ilnornoers mmenkn 1,5 r/cm®) mommas momHOCTD 13-
ayuenns Cosmna 3,8 © 1026 Br, macca Comnma 2 ° 10%0 kr,
rpasrTanuonias moctosunas 6,67 “10° 1 Hw? /kr?. (4 6.)

vy Sagaua 5
—> a JlBa TOYeEUHBIX 3apsia MO-
L) a I'YyT CKOJB3UTH 63 TPEHUS BJIOJIb
_ X HenpoBoJsIIell CIUIBI, 3aKPeILICH-

HOIl B mIockocTd XY Imoj yryioM O K ocn X (BO/M3M Havasa
koopuHar). CpejiHee paccTosTHIE MEXKJLy 3apsiJIlaMyu PABHO a.
Boms ocn X Ha 3apsibl magaeT IJI0CKas 9JIeKTPOMArHUTHASL
BOJIHA C BOJIHOBBIM BEKTOPOM K, TOJISIPU30BAHHAsT BJIOJb Y.
Haittu ornomenne 1,{l, narencusnocreii cBera, paccesHHO-
ro BJIOJIb Oceil X U Y (MHTEHCUBHOCTH U3MEPSIOTCS Ha OHOM
U TOM K€ PacCTosHuM). B3amMozeificTBueM 3apsijioB MEXK Ly
co0oii 1 ¢ paccestHHON BOJIHOM mpeHebpedn. (5 6.)
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2019/2020 Dx3amenaiponsas pabora 2

Saga4ua 6

Henpospaanblit  6eCKOHETHBIH
9KpaH PACIOJIOKEH B TIOCKOCTH
XY . B skpane npopesano N me-
geit pPN " 10, mapa/ebHBIX OCh
Y . Hlupuna 1mesteit a, mepuoj pac-
mostoxkennst b " a. Dxpan ocserra-
eTcst SJMEKTpOMAarHuTHON BosHol Buma E ¢ Ege, ek ©H,

© Jpyroil CTOPOHBI OT KpaHa, Ha paccrosiHuun L or Hero

AL " Nb, napaanenasno ocu X JIeTuT 3apsizKeHHAsT IACTHUIIA
(3apsz g, macca M, ckopoctb V ¥ €). MakcumasbHast HHTEH-
CUBHOCTB, CO3/IaBaeMast U3JIyYeHIeM U3 mieieil Ha TpaeKTOpUun
qacTuipl, pasia lg. OneHuTh HoIHbIE TOTEPU SHEPIUU YacTh-
et Ha marygenne (AE 1 mv2). (56.)
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Perttennga

2017/2018 y«1ebHblii 10O/

KoHTponbHas paboTta 1.1, BapuaHT 1
AY
| nu 1
W3 cuvmmerpun 3ajadu  CJejyer,
UTO MCKOMOE 3JIEKTPUIECKOe 1T0JIe Ha-
npassiero 1o ocu X. [Tostomy cormac-
HO TIPUHIIUAILY CYIEPIIO3UIUU ero abco-
JIIOTHAsT BEJIMYMHA PaBHA HHTEIDAJLY
1O JJIMHE JIyT'U OT X-IIPOCKINNA 10JIei,
cozzaBaeMbix B Touke O sjemeHTap-
HBIMU 3apsA?KEHHBIMHU  OTPE3KaMMn Ha
Jiyre.

BbIIe/IiM 3J1eMenTapHblil 0Tpe3ok jmnoii RAa! B okpect-
HOCTH TOYUKM JiyTu ¢ Koopauaatamu (R, O(l). Ha mem cocpeno-
TOYEH TOYEUHBIN 3aps »Rdal, cosmarommit 8 Touke O mose

dq »Rda! sdat

dE cc ﬁer cc R2 er cc R er

X

C IpOEKInel Ha ocb X

»da!
dE, ““ ~ Z— cosa’.
* R
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2017/2018 Konrposbhast pabora 1.1, Bapuant 1

CymmapHoe 11ojie paBHO

a ?_
»x 3
R

f dE, g f cos a‘da’ “ZRsma“
o

B BexkTopnoMm BujIE
?_
» 3

E“
R

e,.

Pemenue 3amaum 2

Vckomblil ITOTOK He 3aBHCUT OT
GOpMBI TIOBEPXHOCTH, HATSIHYTOH HAa
OKPY?KHOCTb B OCHOBAHHH KOHYCA.
ITosTomy BBIGEPpEM B KadecTse Ta-
KOH IMOBSPXHOCTH YacThb CPephl Paiu-
ycoM R~ 2, orpanutennyio yKasammoi
OKpy2kHOCTBIO. [Ipnmennm dbopmymny
JUISI TUIOIIA I JacTh cephl:

S ““ 2mrh,
?_ ?_
rmer ““R 2-pamuyc, h ““ Rp 27 1¢— BoicoTa gacTu cepbi.
Berony na C(bepe oJTe HAMIPABJIEHO 10 HOPMAJU U PABHO
1o mMoxymo E °° 55 Tlosromy moTok nosns pasen
2 2 2
P“S"E“2nR 2Rp 2~ 1q% “p2”  2qma.

R2

Pemenne zagaun 3
[TockosbKy 3ajlaHHAsI CHCTEMa B IIEJIOM HeHTpajbHa, ee
JIUTIOJIBHBIT MOMEHT HE 3aBUCUT OT BBIOOpA HAYAJa KOOPIH-
mat. Ilomectum maockocts Z ““ 0 Ha rpaHuIly MeXKy IIH-
JIMHAPOM U ToJtycdepoit. UmobHbIE MOMEHT BBIMHUCISIEM I10
dopmye
d** Pg ’ Z: i q ’ Ze00e;, (1)
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Pemennsa

TJie Zo1 U Zeo — KOOPJAWHATHI «IEHTPOB TIXKECTH» NMUJINHIIPA U
cdepbl COOTBETCTBEHHO; Zc| é, a Zeo - %. Tlocnennee
MOXKHO TIOJIYIUTh 0€3 MHTEerpUpOBaHUsi, BOCIIOJIb30BABIINCH

TEM IeOMETPHUICCKUM CBONCTBOM, UTO ILIOMAIbL ChPepUIecKoit
MOBEPXHOCTH ITapOBOTO CETMEHTa JIMHEHHa II0 ero BBICOTE:

Sphg “ 2niRh. (2)
Nrak,
£ L ~ R £ q ~

Pemmenue 3amaun 4

1o 3aMbIKaHUsI IIACTUH II0JI€ B KOHIEHCATOPE MOXKHO Hai-
TH W3 IPAHUTHOIO YCJIOBUsI HA HOPMAJIbHBIE COCTABJISIFOIIIE
BEKTOpa IMOJISIPI3aIin:

AP, ** 7 Oy,

riae OCB — IIJIOTHOCTDH CBZBaHHDBIX 3apPAJ0B dJIEKTpPeTa.
BuyTpu sirekTpera

Pin ““ doho,

CHapy»K# (B IPOCTPAHCTBE MEKJLy JIEKTPETOM U ILJIACTUHAMME
KOH/ICHCATOPA.)

Pa, ““ 0.

B sjtekTpere uMeroTcst TOJILKO CBA3aHHbIE 3apsiabl. OTcio-
Jla IOBEPXHOCTHAS IJIOTHOCTH 3apsI0B Ha IPAHUIIAX SJIEKTPe-
Ta

g ““ dgnog.
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2017/2018 Konrposbhast pabora 1.1, Bapuant 1

Torzma mojie BHyTpHU 3JIEKTPETa ONPEIEsieTcsl KaK CyIep-
ITO3UIIU TI0JIell OT ABYX HPOTUBOIOJIOXKHO 3apsIKCHHBIX Oec-
KOHEYHDIX IIJIOCKOCTEH *:

Eo ““ 4oy “¢ 4T[d0n(),
a Pa3HOCTH IMOTEHIINaJIOB B 3a30P€ KOHJICHCaTOPa
Up ““ Eph ““ 4toph ““ 4ntdgnoh.

[Tocse 3aMbIKaHUS IJIACTUH PA3HOCTD ITOTCHITHAJIOB MEXK-
JIy ITACTUHAME PaBHA HYJIO. DTO O3HAYAET, UTO IOJIEe IJIeK-
TpeTa KOMIIEHCUPYETCS TOJIEM 3apsJIOB, HATEKIITNX Ha I1J1aCTH-
HBI KOHJeHcaTopa. 1IIIoTHOCTE 3TUX 3apsiioB

cec -~

o 0o ““ ~ dono,

a IIOJIHBII HATEKIINHA 3apal
Q ““So “* “Sdyng

(oTpunAaTeTBHBIN 3apsi 00pa3yeTcs Ha IUIACTHHE, B CTOPOHY
KOTOPOii HapaBJieH BeKTOP dg, IIOJI0KUTEIbHBI — Ha IPOTH-
BOIIOJIOZKHOIY).

B KOHEYHOM COCTOSIHUI T10JI€ BHYTPH KOHIEHCATOPA PABHO
HYJIIO, TIO9TOMY ¥ 9HEPrus CUCTEMbI paBHA HYJO. B Havuab-
HOM COCTOSIHUH HAIIPSIPKEHHOCTD I0JISI paBHA

Ey ““ 4ndgng,

IJIOTHOCTBH SHEPIUU paBHA

E2
L& 0 £c 2 2
W o 2ndgng,
s
LO6bemuas mwIoTHOCTD 3apsia B 3JIEKTPETe paBHa HYJIIO, ITIOCKOJIbKY
YJaCTUNbI C JUIIOJIBHBIMA MOMEHTaAMHU SJICKTPUYICCKN HeﬁTpaJIbHI)I.

47



Pemennsa

IIOJIHasA SHEPI'UA
W “* whS “ 2rthSd2n3. (1)

Cucrema «KOHIEHCATOP — 3JIEKTpeT» 3aMKHyTast. [lo3aTo-
MY Pa3HOCTb dHEPI'uil paBHa KOJUYECTBY TEIJIOTHI, BbIJICINB-
1eMycsl B TPOBOTHUKE.

KoHTponbHasa paboTta 1.1, BapuaHT 2

Pentenne 3anaunm 1

AY XoJ perreHust WJACHTUYEH TOMY,
KOTOPBII IpUMeHsLICS B 3aade 1 Ba-
puanTa 1 (cM. Ha c. 44).

TTosroMmy cymmapnoe 1moJie paBHO

Q2
oy

IJie Ipeae/ibl HHTerpupoBanud O ““ 7 d, Oy ““ .
?_
E, " Zsinad| 'Z%Sina“ -z 3
v R “a R R °

B BexkTopnoMm BujE
?_
»x 3

E“'
R

e,.

Pemenne zagaun 2
I3 3a1a4, pemaeMbIX Ha CeMUHAPAX WM BXOASAIIUX B Me-
cstuHble 3ajanus (cM., HanpuMmep, 3agaqdn 2.8, P20 u3 [1], 91
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2017/2018 Konrposbhas padora 1.1, Bapuant 2

u3 [3]), u3BeCTHO, YTO MOJIE BHYTPH 3aJ@HHOIN cdepbl 0HO-

POJIHO U paBHO *
cc — 4T[ -
E1 ?0-0 e,.

[Torok mosst gepes maockocthb Z ““ 0 paBen
4m’R?
3

IIpumenarue. TlomHBIN 3aps) cucTeMbl paBeH HyJ0. [o-
sToMy M3 TeopeMbl ['aycca ciemyeT, 9TO CHapyKu OT cdepbl

O ““ TR%’E; ““ ~ 0.

HET CUJIOBBIX JIUHU, yXOJAIUX Ha OECKOHETHOCTH. JTO 03HA~
YAeT, 9TO BCE OHU 3aMBIKAIOTCS C OJIHON Tosrycdepnl Ha Apy-
ryto. OTciofa ciejiyer, 9To B mIockocTu Z ““ 0 mo/IHbIi TOTOK
IIOJIsI CHApPYZ?KU PaBEH IIOTOKY BHYTPU C(l)epbl " OoT/IndaeTCd
OT Hero 10 3HaKy.

Pemmenne zagaun 3

[TockobKy 3ajlaHHAsT CHCTEMa B IIEJIOM HeHTpajbHa, ee
JIATIONIBHBINT MOMEHT HEe 3aBHCHT OT BBIOOpa HadaIa KOOD/IH-
mart. [Iycrs Torma mmockocTh Z ““ 0 OyaeT morpannaHOl MeyK-
Ay TAJINHIAPOM U Toaycdepoii. JIUmosbHBIIT MOMEHT BBIUHC-
JITeM 110 popMyJIe

d““pq za " q7zeage;,

T7e Zo] U Zep — KOOPAWMHATHI «IIEHTPOB TSXKECTH» OCHOBAHUST

IUIHAPa 1 ¢Pepbl COOTBETCTBEHHO. Zq1 ““ L, a Zq. ““ 7 %
(cm. pemrenme 3amadn 3 BapuanTa 1 ma c. 46).
Nrak,

(19 ‘R ‘E_ -~
d q(L 2>ez 2p2L Rae..

R 9TOMY PEe3yJIbTATy IPUBOIUAT TAKXKE PENICHUE C MOMOIIBIO ITOJIH-
HOMOB Jlexkanapa. Y1jioBasi 3aBUCUMOCTD IIJIOTHOCTH 3apsjia YKa3bIBaeT
Ha TO, YTO BBIPAXKEHUsI JIJI TOTEHIMAIA BHYTPU U CHApPYXKU chepbl co-
nep2kaT moJimHOMbBI Jlexkanapa 1-it cremenn.
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Pemenne zagaun 4

Ucxonno 3apsyn #Ha koHjencarope pasen nymio. [lome B
KOHJIEHCATOPE C 3JIEKTPETOM TAK¥Ke PABHO HYJIIO, HO OHO CKJIa-
JIBIBAETCST U3 ITOJIST 9JIEKTPETa | I10JIsI, CO3/aBaeMOro 3apsijia-
MM Ha IUIaCTHHAX KoHAeHcarTopa. Ilocmemuuil onpenessiercs,
KakK B 3ajade 4 BapuanTta 1 (cM. ma c. 48):

Q ““ S0 ** ~ Sdyng

(oTpunaTesIbHBIN 3apsiy 00pasyeTcs Ha IJIACTUHE, B CTOPOHY
KOTOPOI HaIpaBjeH BeKTOP dg, MOJTOKUTEIbHBIN — Ha, IPOTU-
BOITOJIOZKHOH ).

Koneunast sHeprust mosist CUCTEMbl «KOHJIEHCATOD — JIEK-
TpeT» MeHbIle, YeM HadajbHas. [losromy pabora BHENTHHX
CIJI Ha TIEPEMEIICHIHN JIEKTPeTa OTPUIIATE/IbHA, (JIEKTPeT BTsi-
IMBAETCs BHYTPh KoHJencaropa). CoelnHUTENbHDIH IPOBO,
CIuTaeM UuJACaJIbHbIM IIPDOBOAHUKOM, IIO9TOMY Ha JIZKOYJIEBO
TEIIO SHEPIUsi He pacxoyercs. Toria 1o 3aKOHy COXpaHEHHs]
SHeprun pabora paBHA PA3HOCTH SHEPIHHl CUCTEMBI B KOHEU-
HOM 1 Ha4YaJIbHOM COCTOAHMAX:

A W! T W, ¢ “2nthSd2ng,

rie sueprusg Wy, 3amraceHHast B 9JIEKTPETE, ONPEIC/IIeTCA TaK
JKe, Kak B 3ajade 4 BapuanTa 1 (cM. Ha c. 48).

IHpumeyarue. Tlomuplit 3apsia, TpoTeKaoNuil depes mpo-
BOJIHUK, 3/IeCh TOT K¢, UTO u B Bapuante 1. [Ipu sTom Kosute-
CTBO TEIJIOTHI, BBIIETUBINEECST Ha AKTUBHOM COMPOTHUBICHUN
IIPOBOIHUKA, OKA3LIBAETCs pa3HbIM. [IpoTmBOpevns: HET, I0-
CKOJIBKY KOJUYIECTBO TEIJIOTHI, BBIIEIAIONIEECs Ha HATPY3KE,
He 3a1aeTCsT OHO3HATHO COTPOTUBICHUEM HATPY3KWM W BEJIU-
YUHOMN MPOIIEIIIEro uepe3 Hee 3apsaa. B obieM cirydae KoJim-
YeCTBO JIZKOYJIEBA TEILIa ONMPEIE/ISIeTCT TaKyKe 3aBUCHMOCTDHIO
TOKa OT BPEMeHH.
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KoHTponbHas paboTta 1.2, BapuaHT 1

Pemmenue 3amaunm 1

[Torenmuas B IEHTPE CO3IAETCS
3apsiIaMi Ha Jayre n Ha cdepe. YUau-
TBIBasI PABHOYIAJIEHHOCTh BCEX TOYEK
IOyTu 1 chepbl OT TIeHTpa, ITOT ITOTEeH-
IHAJI BBIPpAXKaeTCsT Kak

. aox _ Q
a R’

rne Q — zapsin Ha cdepe.
[Torenruast u mosie Bcroay BHE cdephbl paBHBI HYJII0. Takoe

bo (1)

pEelleHne yAOBJIETBOPSIET ypaBHEHUIO Jlamiaca u rpaHndHbIM
yeaosusaM GpRa ““ 0, ¢dp8q ““ 0, mosToMy 1O TeopeMe euH-
crBeHHOCTH OHO BepHO. Ho m3 reopembr aycca ciemyer, 9ro
9TO BO3MOKHO, TOJILKO €CJIH CyMMAaPHBIii 3apsij] JiyTu 1 ¢hepbl
pasen HyJ0. OTcroa 3apsij Ha cdepe paBeH

Q “* " adue.

[MozxcraBuM oty dueHnoe 3HaUeHne B ypasHenue (1):
a

b0 e (17 2).

Pemenue 3amaunm 2
1) 3 3akona Buo — Casapa

LV (dCTpr, ~ rlg [
BpOg E J |I‘0 - r1|3 a

cJieJlyeT, YTO MarHUTHOE 110JI€ B TOYKe 0 X

b~
<

O mampaB/IeHO IO HOPMAJH K TLJIOCKO-
CTH KOHTYpa ¢ ToKoM. [Ipriem u3 reo-
METPUHU 3a/la4i TOHATHO, YTO BKJIAJL

o1



Pemennsa

JBYX OTPE3KOB COCTABJIACT OJIHY YEeTBEPTYIO YacThb OT IIOJIS
KBaJIPATHOIO BUTKA. AHAJIOTWUIHO BKJIAJ JYTU COCTABJISIET OJI-
HY 9eTBEPTYIO 9acTbhb OT IIOJI KPYTOBOT'O BUTKA W OTJINYAETCA
110 3HaKy OT BKJaJa JIByX OTPE3KOB:

1 ~
BpOq ** 7pBo = Bnge..

2) ITo 3akony Buo — Casapa 11oJie oT JIByX OTPE3KOB DABHO

a “e ?_
Bn ¢ 213‘ adl ce o]  ~al a ce [ 2
II c ) prT 232 ca2 2-a2 2440 ca *

0

Pemenne zagaun 3
Ha 6osbiiux paccrosgausax pado-
TaeT AUIOJbHOE IPUOJIUKEHIE:
Acm

. (1)

e m — MarHUTHBIN JTATIOJIBHBIN MO-

“r

MEHT KOHTYPa C TOKOM.
OrmpeiesiuM KOMITOHEHTBI BEKTOPa M.

“L 1~ (L 1~ 1
m ZCfr drs ZCJI‘ dr’. (2)

Buyno, 4To i-KOMIIOHEHTa BEKTOpa M IMOJIYYUTCHA, ECIIH
BBIYECTD I-KOMIIOHEHTY 13 BeKTOpoB I' i dr! mmm, 9o To 7Ke,
CIIpoenrpoBaThb KOHTYD Ha IIJIOCKOCTH, HOPMaJIbHYIO II0 OTHO-
LIEHUIO K I-i1 0CH KOOPIMHAT:

‘5| 1 —~ 1
mi = 5 | I, ai.

Warerpan npeacrapiseT coOOW YABOGHHYIO ILIOMAIL S;
GUrypsnl, MOIYICHHON MPOCIIUPOBAHIEM KOHTYpPa HAa yKa3aH-
HYIO ILJIOCKOCTD, IIO9TOMY




2017/2018 Konrposbhast pabora 1.2, Bapuant 1

3HaK KOMIIOHEHTBI M; ONpEeAe/IseTcs HAIIPABICHUEM BEK-
TOpa r%) - drllpz OT HAC, €CJIM HaIpaBJIeHue 00X01a KOHTYpa II0
XOJly 4YaCOBOI CTPEJIKM; Ha HAC — €CJIM IIPOTHUB XOJa YacOBOM
crpeniku. V3006pazkaeM MpoeKInu KOHTYPa Ha, IJIOCKOCTIX YZ,

XZ 1 XY 1 BBIYUCJIsIEM KOMIIOHEHTBI BEKTOPA 1M:

AZ ZA X ¢ 1
I 1 I
> <
a y X a a yv
. la? . 1a? 1a?

— m — m cc
T2 Y 2¢ N

[TojcraBuM KOMIIOHEHTBI M ¥ T' B ypasHeHue (1):

2
m_r a2 €z €y €2 la? 3
A “* “ 1 1 2 |““——p 11,00
r3 2cp3h2g3{2 18cp2 P o
b b b
Pemtenne zagaun 4 Y \IO

Pemmum 3amaay B 60-
Jiee oOIeM BuE, IMIPU-
JIaB  IUIACTHHE OJIHOPOJI-
HYTO KOHEIHYIO YACIbHYIO
ITPOBOJIIMOCTh o . Toku
MOI'YT T€Yb TOJILKO B IJIOCKOCTHU IIacTHHBL. [losTomy u mose

BCIOJIy BHYTpH I1acTubl E “ Ei, apaJijie;IbHO €€ TLJIOCKOCTH.

JaJtee, Ipuaa M JIACTUHE CKOJIb YTOIHO MAJIYHO TOJIIIH-
Hy h u GymeM cumrTarb, 9TO KOHEI| IIPOBOIA YTOILIEH B 00b-
eM ILTacTHHBL. Torma 3apsiioB B 00beMe IJIACTUHBI HET M OHU
MOTYT pPacIoJIaraThCsl TOJBKO Ha KOHIE IPOBO/A, HA MTOBEPX-
HOCTH ILIACTUHBI U Ha rpanute X ““ 0. Samuimem ypaBHenue
laycca mrsa munwHIAPpUTYIECKoi 00JIACTH, BKJIFOUAIONIEH KOHeIT

o3



Pemennsa

[IPOBOJIA, HO HE KACAIOLIEHCs IMOBEPXHOCTH ILJIACTHHBI U I'Pa-
aunpl X ¢ 0:

4nQ “* ffE"dS « [[E"dS “* L [[i"dS

cc h H ce Igh

)
cc
r““const

e Q — ToUedHbIT 3apsiJl, COCPEIOTOYEHHBIN HA KOHIIE TPOBO-
na. Orcioma
Iph
Q* —. (1)
4o
Tereps HaltgeM 10J€ B IUIACTUHE METOIOM U300pasKeHMit
*. Pemmenne OymeM mcKaTh Kak CyHIEpIIO3UIUIO TIOJIEH, CO3/1a-
BaeMbIX B GECKOHETHOM CJI0E C IPOBOAHMOCTBIO O TOUETHbIM
\Io 3apsoM-opuruaagiom  Q
U TaKUM IKe 3apsoM-

/' m30bpazkeHumeM, HaXO[s-

//Q aa )
e Y
/ > Y IIIMCA CUMMETPHYHO OPH-
// . ya TUHAJIY OTHOCHTEJIBHO ILJIOC-
ya / ya koctH X “ 0.
/ o (O

/. / Yuarewm, uro nosie E,,,
co3/1aBaeMoe OTJIeIbHO M-M 3apsaom (M ““ 1, 2); opueHTHPO-
BAHO 10 PAJUYCy B IJIOCKOCTH XY (IMIOCKOJIbKY TaK YK€ OPHUEeH-
TUPOBaHbl COOTBETCTBYIOITUE TOKI/I), 1 BE€JIMYNHA 3TOI'O IIOJIA
3aBUCHUT TOJIBKO OT pajiuyca (JJisi OTJEIbHOIO TOYEIHOrO 3a-
pela KapTHHa CUJIOBBIX JIMHUN TOJIST IIoJIyv9aeTcd CUMMETPpUI-
HOJi OTHOCHTEJILHO 3apsiia).

B saekrpocTaTnke He CymecTByeT OOIIErO MeToja H300parkeHwuil
«JIJIs TOKOB». 1loaTOMYy 3/1€eCh TpUMEHsIEeTCsS CTaHIAPTHBIA METOJ U300~
PaKeHUl JjIs 3apA0B U MOJIEH.
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2017/2018 Konrposbhast pabora 1.2, Bapuant 1

Bammmenm reopemy laye- < Q- /fj(r), i) /
ca, BbIOpaB B KadyecTBe o = ','/’y/’/"\"r o /

00JIACTH UHTETIPUPOBAHIST
IUJITHJIP pajinycoM I 1 BbIcoTolt N ¢ ocklo, poxosiieii depes
sapsin Q,, (Ha pucyHKe mpejcTaBieH ciydail M ““ 2 — mous,
CO3/IaBAEMOT0 3P IOM-U300PAZKEHIEM ) :
) . 2Qn,h
SﬁﬁEm ds ““ 2nr,,hE,.pr,.q ““ 4thQ,, N E,, “* r—e””'
m

Torma cymmapHoe moJie 1 MI0THOCTh TOKA, B IIJIACTUHE PaB-

HBI COOTBETCTBEHHO *

o o

2Q . 2Q ... 2Q0 . 2Qo0

E*“ —e 1 —€r9, 1 €er1
hr1 " hrg " hr1 " hrg

€,9.

[Moxcrasus Q u3 (1), moyauM JjIsi HOBEPXHOCTHOI'O TOKA

. (¥ 3 IO ~ IO
101 e e
Prd 2mr, "t 21y

r2.

[Tonyuennntit pe3ysibTar HE 3aBUCUT OT IPOBOIUMOCTU U
TOJIIIIAHBI IJIACTHHBL. [[03TOMY OH IpUMEHNM U K CJIyYalo uje-
aJIbHO MPOBOJIAIIEH MOJIYIIJIOCKOCTH.

Makoe pernenue yaosaerBopsieT ypasHeHusiM div E = 41p, rot E = 0
n div j = 0 Bciogy BHyTpH nosymiockoct © > 0 u ycsoBuio jn = 0 Bcro-
Ay Ha I'paHuIlle IIJIaCTHUHDBI. ITo TeopeMe €JINMHCTBEHHOCTHU OHO ABJIAETCHA
C€IUHCTBEHHO BEPHBIM.
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KoHTponbHas paboTta 1.2, BapuaHT 2

Pemrenne zagaunm 1

TTorenmuan BuyTpu cdepbl OgHO-
posieH (CBOMCTBO TIOJION 3aMKHYTOI
upoBozsieii 06omoukn). ITo npuanm-
Iy CYHEPIO3UNUN TOTEHINA B IeH-
Tpe cephr:

Q.¢
a R

‘50NQ1 “'EQ’

rze Q' — 3apsix, MHIAYIHPOBAHHLIH Ha cdepe.

Pemenne zagaun 2
1) CoBepIlleHHO aHAJOIMYIHO 3ajade 2
BapuanTa 2 (cM. ¢. 65) moayvaem

1 -
HpOg ** 2pBo ~ Be..

2) Ilo 3akony Buo — Casapa mosie ot ot-
pe3Ka paBHO

a 2
3 2 2_
H “ I §' %d@ ce [ %Z ce 2 2]
c - 2 3{2 c 2 - 2 ca *
“a (e27pag’) P30V P30 | e s
Pemenne zagaun 3
<IA E Ha 6Gosbiux paccrostHusix pado-
I - TaeT AUIOJbHOE IPUOJIUKEHIE:
B a 4
a Yy (e T
—> A 1
a D PR ( )
X0 . )
e m — MarHUTHBIA JUNOILHBIA MO-

MEHT KOHTYpPa C TOKOM.

o6
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I/I306pa>KaeM IpoeKINN KOHTypa Ha IIJIOCKOCTAX YZ, XZ u
XY U BBIYHCJIIEM KOMIIOHEHTBLI BEKTOpa Im:

AZ ZA a >
b1 b1 y
a a a /I
> «
a y X a XY
a2 a2 a2

2c°

m,““— m,“—, m
[MoxcraBuM KOMIOHEHTHI M U T B ypasuenue (1):

?_
A T la2 ezx ezy e L la? 2
3 203{2 2
r 2cp2b2g3{ b b 0 8ch

p~1,1,0q.

Pemenne zagaun 4

Baada peraeTcs aHaJOTHIHO 3a/a-
ve 4 BapuanTa 1 (cM. Ha c. 54). Cucrema
3aps1/I0B-N300paKeHU COCTOUT U3 TPeX
TOYETHLIX 3apsioB  BenmuuHoil  Q,

pacCIIOJIoy)KEHNE KOTOPBIX TIOKA3aHO Ha
pucynke. [Ipu sTom obecrneunBaioTcs *Q ‘Q
yeqaoBust i, ““ 0 Bciomy Ha I'paHuIe o o X
IIPOBOJLAIIECH IIOBEPXHOCTH. o o

J11s1 TTIOBEPXHOCTHBIX TOKOB TIOJTY- e «Q
YAeTCs PEIICHIe

lo <~ lo <~ o <~ o
r Iy r3
2 2 2 2
2Try 21r; 21 2mry

iprg “

ry,

IJle BEKTOPBI I'; UCXOIST U3 I-T0 3apsia B TOUKY HAOJIIOIEHUS.
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OK3aMeHauunoHHasa paboTa 1

Pemrenne zagaunm 1
a) Ilycrum o cosrenonty mocrosinubiii Tok |. Hampsiken-
HOCTBH TIOJISI BHYTPHU COJICHOUIA PACIIPEICIUTCA OTHOPOIHO IO
ero obbeMy, OyaerT HallpaB/ieHa BIOJb €r0 OCH W COCTABUT
H “* @ (10 MOXKHO TONTyunTh U3 Teopembl Crokca). Torga
BEKTOpP MArHUTHOW MH/YKIIUU B CEpJIeTHUKE OyIeT paBeH
4mipuln

B (¥ 3 H (¥ 3 .
(TR c

Cuocob 1. Dueprusi MAarHUTHOTO TOJISI C OHON CTOPOHBI

paBHa
.. LI?

2’

(1)
¢ Apyroi

(Y3 ~ (Y3 - HQ‘ IJHQ (Y3
W Vowg ~ Vuwy ““ IpS 7 sqg — Is=g2

(2)
cc p4T[nq2
8Mc?

2 - -~ -~ -
“ 22IpS 7 s T usg IpS ~ put ~ 1gsql>.

CpasunBas (1) u (2), Haxoaum

. AMNZpS ~ spu ” 1qq
|

Cuocob 2. CymMMapHBIil TIOTOK MOJISI Yepe3 BCe BUTKH CO-
JIEHOU A PaBEH

L ““4nmnNpS ~ spu ™ 1qq

4miin _ LI

c

@ ““ NppS = sqHo ~ spHogq ““ NpS ~ spp ~ 1qq

NHuiyKTUBHOCTD

4nIN2pS =~ spu ” 1qq.

L ““ 4nnNpS ~ spp ™ 1gq “* i

o8
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6) Cuyuaii cuibHOro CKUH-3(GdEKTa PABHOCUIIEH YCJIOBUIO
K “* 0, MOCKOJIBKY B 00bEM CBEPXIIPOBOIHUKA MATHUTHOE MTOJIE
TakyKe He MPOHUKAET:

.. 4mN?pS ~ sq

L
I

Pemmenue 3amaunm 2

Beigesuv nusmHipuaeckyo TpyoKy
pajmycom R ronmunoit dR. Ipu Bpare-
HAU TUJIUHJpa [0 TaKoil TpyOKe Teder
9 PEKTUBHBIN a3UMyTaJbHBII TOK C I10-
BEPXHOCTHOH IIJIOTHOCTBHIO

dJ ““ pRwdR.

DJieMeHTapHbIl MArHUTHBIH MOMEHT TPYOKU HAIpaBJICH
110 OCH TIWJIMHJIpA U PaBeH 110 MOJLYJIIO

.. h"dl"s _, hpwRdR "1R? _, mhpwR3dR
c c c '

dm

MomeHT Bcero MUINHAPA MOy INM UHTEIPUPOBAHUEM:

nthpw ( 3 nmhpwa? _, qwa?®
(X3 R R (1] (X3 . 1
m c J d 4c 4c (1)
0

[Tosrle Ha GOMBIMIMX PACCTOSHUAX OT IMJIUHIPA HAXOIUM
KaK I10JI€ MArHUTHOI'O JIAIIOJISI:

m 3pm" rqr

B s e

rjge m ““ me,, a M 3ajaercs BoipazkerneM (1).
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Pemenne zagaun 3
Pemterne q1st mosist Hy»KHO yrajarh. [Ipoanaansupyem pe-
IIeHne BHUIA

0, Raa,

BpRq “* %ea, upu R g a B obnactu 1,

%ea, npu R g a B obsacru 2.

It D10 pellerre B 00beMe YIOBIETBO-

pser ypaBHeHussiMm Makcsenna rot H
W ““ 0,divB ““ 0. Ha mrockoii rpanuie
pa3iesa BBIMOJIHSICTCS T'PAHUTIHOE YCJIO-

M2

Bue AH¢ ““ 0. I3 rparm4aHoro ycjaoBusi Ha IJIOCKOH T'paHUIE
AB,, “° 0 nosyuaem A; ““ As ““ A. Tlocrosinayio A Haxo-
JjuM 13 TeopeMbl CTOKCA JIss KOHTYPa B BHJE OKPY2KHOCTH
paguycom R @ a ¢ menTpoM Ha OCH IMJIMHIPA:

HicR H2CcR c M1 M2

C yYY€TOM BBLIIIOJTHEHU A YCHOBI/IP’I TEOPEMDBI €ITUHCTBECHHOCTHU
AP ol e
PH1 ~ M2GcR ™%
IInorHocTn MOJIEKYJIAPHBIX TOKOB Ha ITIOBEPXHOCTHU ITHUJINH-

TR

pemrenue B “* SBJISIETCS €JIMHCTBEHHO BEPHDLIM.

Jipa HAXOJUM U3 yCJIOBUS

- cc - cc 4T i~
ABrio " AHgp ““Brio " Hrui2 *° 5 Juont2 A

C

—~ cc “1“2[ - L cc H2,1PH1,2'1qI
A Jyom 2 PH1 ~ H2(Ma (1 Hl,z) Tappy ~ H2g

Pemenne zagaun 4
B nagajbHOM COCTOSHUU CIIUTIA IPEJICTABIIAET COOO dJ1eK-
TPUIECKUN W MAUHUTHBIN JUIOJb. DJIEKTPUIECKUN U0 b=
HBIII MOMEHT pPaBEH
d ** qae,
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MArHUTHBIA AUIIOJBbHBIA MOMEHT paBeH

2
wTa va
m (19 q ez L1 q eZ'
2mce 2c
Cuty Ha 9JeKTPUYECKUIT TUTTONL HAXOUM KaK CUTY B3au-
NIO,ZLGIU/ICTBI/IH MEXK/LY JIEKTPUYIECCKUM JIUIIOJIEM-OPUTNHAJIOM 1
ero n306parkeHueM:
d2 q2
F,““ "3——e, ““ “3——e..
4 p2aqt * 16a2 ~

AHa.HOI‘I/ILIHO HaXO/JIuM CUJIy Ha MarHUTHBINA JAUITIOJIb:

6m?2 Y

——e ————5e€,.
" pagt Tt 47 16c%2a2 *
[Tomnas cuna paBHa

.. 6m? ~ 3d?
p2ag*

F,, F, e,.
B KoneuHOM cocTOsSIHIM OCTaeTcst To/IbKO cua F . B oboux
CayvasX JTOMUHUPYET MPUTSZKEHIHE.
AbGcomoTHoe n3MeHenue Cuibl coprnagaer ¢ F,,. OTmo-
CATEJbHOEC M3MEHCHUE

AFZ cc - Fm Fm V2

_“_ 0 i
F. Fn F, F, o2c2°P0

Pemtenne 3agaun 5

CunraeM, 9TO0 MKy ITOPIITHEM M CTEHKAMH 3a30pa He 00-
pasyercst (JjIs1 9TOro JO0CTATOYHO, ITOOBI HA MIUPHUHE TIOPIITHSI
MEXKIy HUM U CTEHKAMU MMeJICsl KOHTAaKT XOTsl ObI B OJHOI
rouke). Torya MOTOK MArHUTHOIO OJIsT B IPSIMOYTOJIBHOM Ce-
YCHHUN COXPaHsACTCH. OTCIO,IL& B KOHEYHOM IIOJIOZKEHUU Marl-

HHUTHOE II0JIEe paBHO
B; “* 3B,.
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Pabora na mepemerniennn MOpITHS paBHA PA3HOCTU dHED-
Uil MATHUTHOTO TIOJIsl B HAYAJIbHOM W KOHEYHOM TIOJIOZKEHUM:

AW 7 Wy ““wi Vi T owpVg “-

ce BfaQ{gn B3a? L < 32%:; lB§a2L ce %-
Pemenne zagaun 6
[Tyctum 1o mepBomy kouibily TOK |. OH co3gacTt B ToUke
PACIIOJIOXKEHUS [APUKA MAIHUTHOE T0JIE
R 2 2| OH co3macT B TOYKe PacIIosio-
JKEHUS MapuKa MATHUTHOE I10JIe

2nIR?
By ““ ———.
0 cr3

DTO TOJEe CO3MACT HAMATHUYIEHHUE IIAPUKA, B PE3yJILTATE
9ero OH MPUOOPETET MATHUTHBI MOMEHT

MarauTHOe 1I0JIe HAMArHIICHHOIO MapuKa B 001aCTH, 3a-
HIMAaeMOH BTOPBIM KOJILIIOM, IIPEICTABJISICT COOOM II0JIE JUIIO-
Jis1. BeKTOpHBII MOTEHIINAJI STOr0 HOJISg PABCH

m_ r_  mR
A (X3 = (X3 —ea' (1)
r3 r3

IToToK oIS IUITOIS Yepe3 CceUeHne BTOPOro KOJIbIa PABHO
NUPKYIAIAN BEKTOP-IIOTEHIMAA, 110 KOHTYPY KOJIBIIA:

AD ** §A AT 2nR " E < opR " M o/ g e

pu - 2gr3  cr3

ce 4m2pu” 1gRYa3 I
pU - 2qcr® )
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OTcrofa HaXOMUM U3MEHEHHNE WHLYKTUBHOCTU
cAD . 4m’pu ~ 1gR%ad

AL I P~ 2qr6

rme r ““ 4/R2 7 12{4.

Pemtenne zagaun 7
,HOHO.HHI/ITG.HBH&H MOIITHOCTDB BBI-
pabaThiBAeTCs MCTOUYHUKOM TOJIb-
KO ITp1 USMCHEHUU MalrHUTHOI'O I10-
TOKa BHYTpHM KoJiblia. Ilo 3akomy

dapanesa B KoJblle BO3HUKaeT d.a.c. E 7 % U BBIpabaThI-

BaETCs MOIIHOCTh

P ““IE.

Torma st momosinuTenbHOl dHeprun W, BeIpabaTbhiBae-
MO NCTOTYHUKOM, NMeEeEeM

dW _. 1A®
dt cdt
WNurerpupys 1o t, momydaem
IAD
—

W“

Teneps Haiigem nsmenenne MarauTaoro noroka Ad. Ero
yI0OHO CUNTATh O (hOpMYyJIe

yAXO) “A§A]V["d|—,_—|

re TMUPKYJIANAS BHIYUCISETCs 110 JIITUHE KOJIbIIA.

OHOPOAHO HAMArHWYEHHBIH Iap (GOopMHUpPyeT CHapyzKu
1oJie MArHUTHOTO JIUIOJSI ¢ MOMEeHTOM m “* ‘“TTGM. BexkTop-
ITOTEHINAJT JIATIOJsT PABEH

m_r __mb m

AT T T e e
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Pemennsa

ITOCTOHEH TI0 MOJIYJIIO BJIOJIb BCEI'O KOJIBIIA.
Torna

h? b b 3 3b

Hckomast pabora paBHA

“ 5" 3 243
Aq)“anm p”mq ., 4ttm __ 4nM . 4ma ‘16naM.

16m*alM I
A (X W (X .
3bc
KoHTposnibHasa paboTa 2.1, BapmaHT 1
Pemmenue 3amaun 1

Bamnumiem npeobpazosanne Pypove ot dbyuknuun Fp~ tg:

8 -8 o
f-powg 2 S fptge “@idt < 2L { fpige’ dt -
8

8
“72 fpigei®! dt.
m -8
A
®  Eo CpaBHUBas TOJBIHTErPATb-
= il
£ HBIC  BBIPAKCHIIsI fptge u
fptge ! zameuaem, uTO WX
JIeHCTBUTEIbHBIE YACTH COBIIA-
JIQIOT, & MHUMBIE — OTJIHIAIOT-
T 0 T t

ca 1o 3uaky. [losromy Dypbe-
00pas3bl CBsI3aHBI COOTHOIIIEHTEM

f-pwq “* ’fopooq.
ITo Teopeme o casure nckombiii Pypbe-obpa3 paBeH

Fpowg < ~F pooge’®T.
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2017/2018 Konrposbhast pabora 2.1, Bapuant 1

Pemmenne zagaun 2

=

Bosny ¢ kpyrosoii nossgpusariueit
MOZKHO IIPEJICTaBUTL KaK CYIIEPIIO3U- Z Pt
OUIO JIBYX JMHEHHO TTOJIAPU30BaHHbIX

BOJIH, 9JIEKTPUYIECKHE II0JIsSI B KOTOPBIX X
OPUEHTHUPOBAHBI TI0 X U Y COOTBEeTCTBeHHO. Bojina ¢ Ey 1IIpo-
XOJUT CKBO3b IUIACTUHY 06€3 OTparkKeHus, TaK KakK 110 YCIOBHIO
9Ta BOJIHA He BLI3BIBAET B IJIACTUHE HUKAKUX TOKOB. 1 BOJI-
Hbl ¢ E, BBIIOJHAIOTCS CJICAYIONINE TPAHUIHBIC YCIOBUS

Eo " E; ““Es

Ho ~ Hy 7 Hy = 214,

C

rie uHjaeKehl «0», «1» m «2» oTHOCATCA K HaJalolieil, oTpa-
JKEHHOHN M IpOoIIe/IIeil BOJHaM COOTBETCTBEHHO.

YunrsiBas cesa3b H ““ n™ E, BbIpasuMm Bo BTOPOM ypas-
nennn H; qepes E;:

Eo " Ei ““Es
Eo~ By~ Ep ** 4.
IToncraBuMm i ““ o Es:
Eo  E; ““Ey
Eo " Ei~ E;* ¢ E,.

Pemmas cucremy ornocurenbio nenssecTHoix E; u Eg, mo-
JIyIUM

MuTeHcuBHOCTD B MAJAIONIENR TTUPKYIAPHO MOJTAPU30BaH-
HOI BOJIHE BJIBO€ BBIIIE, YeM B JIMHEHHO IIOJPU30BAHHON C
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Pemennsa

E., mosTomy

1

2(17 )’

Pemenne zagaun 3

C yquOM OTCYTCTBUA OTpa)KeHHOﬁ BOJIHBI I'PaHUYIHBIE yCJIO-
BHsI Ha BepXHEil rpaHuile NPUHUMAIOT BI

0| Eocos ot Ey ““Es " Ej

~E_? HO (13 H2\H3,

e mHaeKesl «0», «2» 1 «3» OTHOCSIT-

n Z
¢ K TaJaloleil, poIreneii u orpa-

JKEHHON OT HUZKHEW T'DAHUIIBI BOJTHAM COOTBETCTBEHHO.
YunrsiBas cssa3b H ““ ne,, — E, BeIpasum Bo BTOPOM ypas-
nennn H; qepes E;:

C penreHnueM

E; << 2 1E,.

2n2o
OnHO U3 yeaoBuii npocseTaenust onTuky — Kod ““ % Torna
[10JI€ Ha ITOJIOBUHE IJIYOMHBI IIJIEHKU PABHO

. - ~ . e ~ iT~ - i . e
E2 ezkzd{? E3e ikod{2 png " 1ge an2n2 lge EO ez(,ot

?_
ce _ 2pnoiq iwt
“ony Ege .
Briaensas JIeHiCTBUTEILYYIO YaCTh U yYUTBIBasi BTOPOE yCJI0-

BHe IIPOCBeTIeHusd PNy “ ~ N(, TomyIaem

?_ . 2
E < ncos;_;iﬁsmtho 2
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2017/2018 Konrposbhast pabora 2.1, Bapuant 1

Pemenne zagaun 4
E11-Bo/tHA pacK/IaIbIBACTCs HA YeThIpe Iockux T M-BoTHBL:

Eq1pr, tq “ Egsin Txsin Ty giPkzz" otg <«

cc & eipkxﬂi‘k‘yy‘k‘zz, wtq ~ & ezpkzxa:' k‘yy‘kzz'wtq =~
4 4

~ Eg eZp, kxx‘kyy‘kzz, wtq ~ Eqy e’Lp' kxx” kyy‘kzz'wtq
4 4 !

cc TT cc TT
riae kx PR ky D"
HampasiteHus Kaxk a0 MJI0CKONH BOJTHBI PA3JTUIHBL, HO YTOJT
IIaJeHudA O,ZLI/IH&KOBLII’I n orpejgesigaeTcd yCJIOBueM

2 >~ L2
kx Y cc

7 sin? 0.

2 ~ 1,2 cc EQ‘ EQ(((*)%I e W
Yurewm, uro K3~ Ky 3"~ (5 %+, k2. Torma

sin B, “* % 2 % 030",

[To 3axony mnpeoMICHUS
sin 92 ce ? E
n _

_ (X3 " E = H (X3
sin By F sin B, 2

, 0y << 45 .

Kosddunuent orparkenus OTIEIbHO I KAXKIOW ILIOC-
KOl BOJIHBI orrpeiesisieTcst popmytoit Openests

. P8 " B ., tgp~157g
tgpBo ~ 020 tgp75 g
[To mpunmumy cynepro3unuu TakuM KO3POUIIUEHTOM OT-

pakernus obagaer u Eqq-Bomna. Vckombrit koadpduimerT or-
pazKeHusd 110 MHTEHCUBHOCTU pPaBE€H

4

(¥ 3 2 (X3 tg2 15”
R ““C 7,(92 T <« 0, 005.
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Pemennsa

KoHTponbHas paboTta 2.1, BapuaHT 2

Pemrenne zagaunm 1
Bammmem npeobpazosanne Oypoe or hyaxmun Fp~ Xq:

8 -8
- ce 1 - ik £ — 1 iv7 T kT AT <«
1 8 - .k..
2= | fpXge "7 dx.
8
A
f G CpaBHUBas HOJABIHTEIPAJIb-
00 nple Bepaskenus TpXge *7 u
9,

fpxqe® sameuaem, Uro uX
K JIERCTBUTEIbHBIE YACTH COBIIA-
Ja0T, a MHUMbIE — OTJIMYal0T-
cd 1o 3HaKky. Ilosromy Dypbe-
00pas3bl CBsI3aHBI COOTHOIIIEHTEM

f-pkq ““ fopkq.
ITo Teopeme o caBure nckomblit Pypbe-obpas paBeH
Fpkq “* f pkge %o

Pemenne zagaun 2
y E Tlagaroryto BOJHY MOXKHO pPasJio-
——— KUTHh Ha JIBE JIMHENHO IIOJIAPU30BaH-

HbIE BOJIHBI — ¢ KOMIOHeHToi E jma-
x PaJLIEIBHOMN JIOPOKKAM, U KOMITOHEH-
toit Ex, nepnenukynsapuoit uM. Ilocaeausis BoaHa He BbI3bI-
BaeT HUKAKHUX IIPOIECCOB B ILIACTHHE W IIPOXOIUT Uepe3 Hee
6e3 orpazkenust. K neppsoii BoJiHe IpUMEHUMO PENICHHE 3a1aT1
2 BapuanTa 1 (cM. ¢. 65), OTKyIa IOy IuM

68



2017/2018 Konrposbhas pabora 2.1, Bapuant 2

E —FE
M 1> _c o1

210
KosddunpenT orpazkeHus M0 MHTEHCUBHOCTH OIIPEIC/Is-
€TCd KaK
2 2 2
EI:I:I“ EI:EICOS a . 0032a
2 2 -~ 2°
E§ E o (1 c )

2no

R“

Pemtenne 3agaun 3
Pemterne 1151 1107151 B IJIEHKe OepeM U3 3a1a91 3 BapuaHTa
1 ¢ maenTHIHbIMI ycaoBuAME (cM. Ha c. 66):

E, etk2d{3 ~ E, @ ihad{3 << pra"1a¢

i
6

-~ - i
2ann2 1ge '6 EO ezwt cc

?_
ce  3no 4 1wt
“ong Egpe .

Brraensta qeficTBUTe/IbYy10 YacTh U yYUThIBas BTOPOE YCJIO-
BHE NIPOCBEeTJIeHHsI PNy ““  N(, moIydaem

7__ 2
E “ 3ncos2§tH sin Wt EO 2.

Pemmenue 3amaun 4
H11-BoHa pack/iaabiBaeTcst Ha deTbipe mIocKuX T E-BoHbL:

Hyipr, tg  Ho sin Zxsin Ty eiPhz=" 0lg <«
cc ﬂ eipkxﬂi‘k‘yy‘k‘zz, wtq ~ @ ezpkzxa:' k‘yy‘kzz'wtq =~
4 4
=~ @ eZp, kxx‘kyy‘kzz, wtq ~ ﬂ elp' kxx ™ kyy‘kzz'wtq
4 4 !
n

rae Kk, “* g, ky, ““ 3
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Pemennsa

HampasitieHus Kaxk a0 MJI0CKONR BOJTHBI PA3JTUIHBL, HO YTOJT
aJICHUS OJIMHAKOBBIN U OLIPEJIeJISIeTCs YCJIOBUEM
k2 ~ k2
z Y ca ;a2
2 sin” Qg.

~ 2 < 2 o w?
Yurem, uro k2 kg “e (g) (%) “ =, k2 Torma

. 1 .
sin B “ %“5 030"

[To 3axony mnpeoMICHUS
?
sin® CE o 2 -
2“n“ 2n5|n92“7, 0, ““ 45 .

sin Bg

Kosddunuent orparkenus OTIEIbHO I KAXKIOW ILIOC-
KO BOJIHBI ompejiesisiercss popmystoit Ppenerst
sinp@y ~ B ,, sin15
sinp@p ~ 8,4  sin75"

E“,

[To npunmumy cyrnepro3unuu TakuM KO3POUIIUEHTOM OT-
paxkenus obaagaer u Hqi-posma. VlckoMblit K03 puimeHT or-
parKeHHsl 110 UHTEHCUBHOCTU PaBeH
sin? 15

— « 0,07.

R (X3 2 (X3
€ sin2 75

KoHTponbHasa paboTta 2.2, BapuaHT 1

Pemmenue 3amaun 1

B pmannoii 3amade HEOOXOAUMO yINTHIBATH MHOPOKPATHOE
OTpaxKeHue BOJIH B IIPOMEKYTKe MexK 1y IracTuHamu. Ilockoib-
Ky PacCTOsIHME MEXKJy ILJIACTUHAMU IIPEBLINIAET JJINHY KOT'e-
PEHTHOCTH, TO CKJIAIbIBAIOTCS MHTEHCUBHOCTU BOJIH, BO3HMH-
KaIOIIUX BCJIEICTBAE MHOIOKPATHBIX oTpaxkenuii. Ha pucynke
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2017/2018 Konrposbhasi pabora 2.2, Bapuant 1

cXeMaTU1IecKn B BU/Ie JIydell MoKa3aHbl A aloNIne, OTPayKeH-
HbIe U TPOXOSINIE Uepe3 MepBYI0 IIaCTUHY BOJHBL. [lorto-
maeMasi IJI0OTHOCTh MOIITHOCTU 3a CYEeT IMePBOTO MaIaIoIIero
Jiyda paBHa

I 'R INGS ING'S

e ML P

IL,TRA\ | TR ITR' 41 TR°
BTOPOTrO: 0
IT
Q2 “pl" R TqloTR, I,TR?

TPEThEro: \ \ \
Qs “pL”R™Tql TR,

n-ro: Q, ““pl”~ R~ TqlyT "R2" 3,

[TonHAast IIOTHOCTH MOIIHOCTH CKJIaAbIBaeTcs u3 Q1 u cym-
MBI 4JIEHOB OECKOHEUHOI NeOMeTPUYECKOI IPOrpeccuu co 3Ha-
MenaTeseM ( ““ R?, maunnaromeiics ¢ Qo:

Q“pl” R” Tqly > IOTR1I,RI;2T e p1'R'T1(1311;2R2‘TRq I
Pemrenne zagaun 2
[Tpumenum wmarpuunbiii  dhopma-
Jim3M. B kadecTBe onrmdeckoil cucre-
MBI OyJIeM paccMaTpUBaTh BOTHYTO-
BBIMYKJIYIO JIMH3Y ¢ pammycamu Ry “*

R, Ry ““ 3R u mokasaresieMm Ipe-
sgomyernust N ““ 3{2. Marpuma JMH3LL:

M“



Pemennsa

Corytacno npasuny 3nakos Ry ““ 7R, Ry ““ 7 3R. Tommu-
na qunsel d ““ 2R. Torna

~an’ 1 2R 5 4R
1°2%- o 3 3

M (X3 (X3
-n’1 - ~9n 1 ~—n" 12~ 2 7
Bp(lT3Tent) TratiTl R

[Ipenmer maxomures Ha paccrosiauu dy ““ R or jieBoit rpa-
HUNLI IUH3LL Torma paccrogume Oy OT IpaBoil IpaHuIbI 10
n306parkeHusl cIpaBa HaxXoAuM 110 (opmysie

Sdimyy Tmyy T
dy ** 7 5= “7 3 2 “73RAN0.
1Moy Moo 5 35

N3zobpazkenne HaxoanTcs Ha paccrosnnn 3R ciaeBa o mpa-
BOIl TPAHUIIBI JIMH3BI, TO €CTh TaM K€, [JIe U IIPeJIMeT.
VYBenuiueHnne paBHO

-~ cc 2 o - ~ 5 cc
K ““myidy ~ myy 9—R p 3Rq § 1.

Pemenne zagaun 3

\\;\\; I[.HSI TOI'O LITO6bI NHTEHCUBHOCTDL B
— \ o TOUKe HabJIIO/IeHnst ObLTa B 4 pas3a BbIIIIe,
— -%._.e« dYeM B OTCYTCTBHE IKPaHa, BKJIaJ] OTKPbI-
—

\ ~p-? TOrO KOJIBIIA B aMILIUTYIY BOJHBI JOJI-
A\ JKeH ObITh, KaK OT 1oJtHol 30HbI Ppene-

JId. -
o~ ce T S )4 k¢ Aa

Buyrpennuii pajgnyc Kobiia Po NoAa F orpanu-

uuBaer Ny “ % zoubl Ppenesst (3akperroii). [TosTomy BHem-

HUl pajuyc JOJKeH orpaHmdusarh Np ““ 1~ ng “ % 30HBI

DpeHesist U COCTABIATH

"Hamnas popmyna B apyrux 0603HAYEHUAX TPUBOIUTCH, HAIPEMED,
Ha c. 92 B yuebrom mocobun [6].
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2017/2018 Konrposbhasi pabora 2.2, Bapuant 1

p““a/NAa“ 4/%)@ “ 2po.

Ha pucynke mnokazaHa mgua-
rpamma Ppeness. [Tose B Touke P BiBoe mpeBbINIaeT 1Mo aM-
IUINTY/IE TI0JIE B I IAI0NIeil BOJIHE U ollepexkaeT ee 1o daze Ha

60 .

Pemenne zagaun 4

Cravajia OJIyIuM HEKOTOpPBIe 00IMue BbipaxkeHust. Ilycrs
[TOJIOYKEHUE TOUEIHOT'O NCTOUHUKA 38/Ia€TCsl KOOpAuHaTamMu PXo, Yo,
a TOJIOZKEHWe TOYKHN HabJIIo/leHus Ha kpaHe — PX,Y(. Torma
JUI JUIMHBL XOJ/ia JIyda U3 MCTOYHUKA B TOUYKY HAOJIIOIEHUS
nMeeM

r2 L2~ px 7 xo02 T py T yod?,

r ce \/LQ = pX - X0q2 = py - y0q2 e L\/l =~ p$'$0q2[;py'y0q2 <«

~ pz” 2o TPy  wod® | ey ~ pz”z00® py” yoo?
«L (1 212 ) L 2L '

Bommbr, orpaxennble oT 3ep-
KaJI, YJI0OHO OIKCBHIBATDL KaK UJy-
mue oT Todek-n3obparkenuii. [Ipo-
HyMepyemM To4YedHbIe HNCTOYHUKN
CTIEIYTIOIINM 00OPa30M:

PXo1,Yo1d ““ pa, bg, pXo2,Yo2d ““ pa, ~ bq,

PXo3, Yo3q ““ p~ a, ba, PXo4, Yoaq ““p~ @, ” bg.

TOI‘,IL& OIITUYeCKHe JJIMHDbI XO/1a ﬂyqeﬁ 13 pa3HbIX UCTOY-
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Pemennsa

HUKOB B TOYKY H&6.HIO,ZL€HI/IH MOZKHO IIPpEJACTaBUTL KaK

cc -~ axz by cc ~ “adz by

rn ro —p—, e o —F7—,
(1] -~ a"x' b” (X -~ a“ﬂ?‘ b“
Is ) Ty, ry ) ar oy,
cc ~ IQ‘xQ‘yQ‘yQ cc ~ 227927 @272
e ropX,yq ““ L % L yT

JL1s BBIYUCIEHUST CyMMapHON aMILIATY/bI BOJHBI B TOUKE
HabJTIOIeHIST HEOOXOINMO YIeCTh CKAIOK 110 ¢rasze Ha Tl, BO3HU-
KaloIuii pu orpazkernu ot miaockoct Y ““ 0 (st T E-Bosn).
CymmapHast aMILIATY/Ia PaBHA

pr’yq cc EO e'iwt (eikr1 - eikrg ~ e’ik‘T3 - e’ik‘T4) cc

cc EO eipkro'wtq (eik'axl:by P eik'axl_‘by - eikaxl:by _ eikaxl:by) ce
<< |, eiPkro” wig (e'z‘k% (e' ik - ez‘kbfy) ~

~ eax Y - by e — 4= ; - .
eh T (e kT e”‘i» 4iE( ePhro” @t cos k4 sin k%,

MHTEHCUBHOCTEL BOJIHBI paBHa:
[

1pXx, yq ﬁRetpr, qu° pX, yqu ““

“ 16 & E3 cos? (k%) sin? (k%) “< 161, cos? (k) sin (kbf) :

rae k “* 27"
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2017/2018 Konrposbhas pabora 2.2, Bapuant 2

KoHTponbHas paboTta 2.2, BapuaHT 2

Pemmenue 3amaunm 1

B nanmoit 3aade HEOOXOANMO yIUTHIBATH MHOTOKPATHOE
OTpazKeHue BOJIH B IPOMEXKYTKe MeK Ty maacTuaaMu. [Tockomb-
Ky PacCTOsTHME MEXKJy ILJTACTUHAMU ITPEBLIMIAET JJINHY KOTe-
PEHTHOCTHU, TO CKJIAJIBIBAIOTCS WHTEHCUBHOCTU BOJIH, BO3HU-
KAIOIUX BCJIEICTBIE MHOTOKPATHBIX oTparkeHuit. Ha prucynke
CXeMATUIEeCKN B BUJIE JIyUeil MOKA3aHbI M1 IA0IIIe, OTPayKeH-
Hble W IIPOXOAIINE Yepe3 BTOPYIO IJIACTHHY BOJIHBL. [lorsio-
maeMas IJIOTHOCTh MOIIHOCTU 3& CUYeT IIEPBOTO MAaJAOIIero
Ha BTOPYIO IUIACTHHY JIyda paBHA

NS

S— ITR I,TR I,TR! I,TR
LT
Qy ““pl”"R™Tql TR?, I,TR?

TPETHEro:
IDTZ\ IDT?RZ\ IOTZR“\‘
Qs ““pl " R™TqleTRY,

N-ro:

Qn ““pL” R ™ TqlgT "R*™ 2,

[TonHAsT TJIOTHOCTE MOIITHOCTH PaBHA CyMMe UJIEHOB Oec-
KOHEJHOI TeOMEeTPUIECKO MMPOrPpeccuu co 3namMeHaremeM (
R?, naunmnarormeiicst ¢ Qq:

cc 1"R™T «c p1” R™TqT
Q IOT 1~ R2 1~ R2 IO'
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Pemennsa

Pemmenne zagaun 2
Anajormano 3amade 2 BapuanTa 1
(em. ¢. 71) ¢ yaerom Rg “* 8 nomyua-

€M
L R R I
‘I n R1 n
M‘
~n_1
R 1

Cornacuo npasmiay 3HakoB R; ““ 7 R. Tommunaa jguH3bI
d“* “* 2R. Torma

~sn’ 1 2R 5 4R
1725~ ¢ 3 3
M (¥ 3 (¥
n_1 1
“m 1 g 1

[Ipenmer maxomures Ha paccrosiaun d ““ R or jieBoit rpa-
HUNLI UH3LL Torma paccrogume Oy OT mpaBoil IpaHuIbl 10
n300parkeHusl CIpaBa HAXOIUM I10 (hbopMyie

~ 5R ~ 4R
dmy "My, -5 T

dQ e — _
dima; ~ Moy

“7"2Ra0.

~

NO[—=

Nzob6pazkenne HaxoauTcs Ha paccrogauu 2R ciiesa or mpa-
BOII TPAHUIIBI JINH3GL.
VBenuieHnne paBHO

cc ~ cc 1 oo - - 5 cc
K ““mgydy ~ my R P~ 2Rq 3

Pemtenne 3agaun 3

0 ObsacTb BHYTPH KOJIBIIA COCTABJISET
0

a 1.3 2/3 uepsoit sonbl Ppenesst. Ee Brian B
nosie Ep nokazan na guarpamme Opene-

g B Bujge BekTopa Ei. Braamg B Ep or
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2017/2018 Konrposbhas pabora 2.2, Bapuant 2

obiactu orBepeTud P & I & 8 ma guarpamme Ppenens Oy-
JIeT TIPeJICTaB/IeH BEKTOPOM ég, HAIAJI0 KOTOPOIO HAXOJHT-
csl Ha OKpy2KHOCTH pajmycoM Eg (mosoxkenne sroro navasia
otmpeiesisiercst ancyioMm 30H Openerisi, YKIQIBIBAIOIINXCS B OT-
BEPCTHE PAJIIYCOM ), & KOHEI[ — B IIEHTPE ITON OKPYKHOCTH.
st Toro 49ToOBI UHTEHCUB- 1

HOCTL B TOYKE HaOIONCHUS Obl-
Jla Tako#l ke, KaK B OTCYTCTBHE
9KpaHa, CyMMa BEKTOPOB Ei u
E, jo/KHA JaBaTh BEKTOD, paB-
el o Momysaio Eg. Munummainb-
HBII BHEIIHUI paanyc KOJblla, IIpu
KOTOPOM BBITIOJTHSIETCST 9TO  YCJIO-
BUE, COOTBETCTBYET IIOJIHOMN HepBoﬁ
song Ppenenst u cocrasiser P °

““ _Aa. Torna BexTop E2 HalpaB/ieH BHHU3, & BEKTOP Ep

“ E1 Eg PpaBeH MO aMILIATY/IE TIOJII0 B OTCYTCTBUAE SKPaHa U
orcraer or Hero 1o daze na T3 (cm. auarpammy Ppenesist).

Pemenne zagaun 4

EauncrBennoe oriauvne or 3ajgadu 4
BapuanTa 1 (cM. c. 73) COCTOHT B TOM,
qro T E-BomHa Temepb oTpazkaeTcs OT
IUIOCKOCTH YZ. DTO TPUBOIUT K CJEIY-
IOH_Iel\Ay BbIPDazKCHUIO JIJIsgd MTHTEHCUBHOCTU

BOJIHDBI:
Ipx, yq “* 1610 sin? (K%) cos? (kbfy) ,

rae k “* 27"
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Pemennsa

OK3aMeHauunoHHasa paboTa 2

Pemmenue 3amaunm 1
['paruynbie ycjioBus:

EO‘El“EQ EO‘EI“EQ
N
Ho = H1 - HQ e 4?“\] n1E0 - n1E1 - nQE e 4T[O' E

Bsenem nepemennbie & ““ g—é, & ‘- E—2 Torna cucrema B

MaTpUIHON popMe IpUMET BU;:

1 1 1 - ~ °
N1 pnyT Mog
- S g g

n n, 4o n; o2

Pemenue 3amaunm 2

3onHast IIaCTUHKA (POKYCHPYET MapasIeIbHbBII Iy Y0K CBe-
Ta TaK »Ke, KaK cobuparomiast JuH3a ¢ (POKYCHBIM PACCTOSHU-
eMm Tyi. Torma nckoMmast onruveckast Cujia pacCINTHIBAETCS KaK
JIJIsT CUCTEMBI U3 C/IBOEHHBIX JIMH3:

1.1.1, ff

F f f R f’

rie mepejs f—12 [IOCTABJIEH 3HAK «-», TaK KaK JIMH3a PAaCCEUBaIO-
mast. Orciona

f.

R

Pemtenne 3agaun 3

Bes crexisiHHOrO J1CKa BKIIAL HepBOI/I 30HBI Openests co-
CTaBJIACT E1 2E0, BTOPOIA EQ ZEO (cM. nmarpammy
@penesist). JIuck npuBOIUT K CABUTY 110 (base Jist BCeX BTO-
PUYHBIX BOJIH, UCXOJSIINX U3 HepBoil 30Hbl Ppeners.

78



2017/2018 Dx3amenaiponsas pabora 2

Ha muarpammve Ppenens 3TOMY CIBUTY
OTBEYACT TIOBOPOT BEKTOPA E. orHOCHTEIb- )
o nenrpa O. s Toro 4robbl cyMMmapHbIit
BEKTOD 6bIJ'[ MaKCUMaJIbHBIM 110 aMIIJIUTY/1e, ||
yTOJI TIOBOPOTa BEKTOPA E, J0JKeH cocTas-
aaTh T (eM. quarpammy Ppenesist).

VenoBue Ha MUHUMAIBHYIO TOJIIUHY e
JUCKA \‘
A
dpn ~ 1q “© =, '
3 o
OTKYJI& E, S

A --

d (X3
2pn ~ 1q

Pemmenue 3amaun 4

[Tox neficTBueM 3JIEKTPUIECKOTO TOJIS JICKTPOMATHUTHOM
BOJIHBI TTPOMCXOJINT TOJISPU3aIus IMapukoB. Vcrmomb3ys pe-
IIEHUEe COOTBETCTBYIOMICH CTATUYCCKON 3a/1a4U, IOy YUM BbI-
pazkeHne I HaBEJICHHOI'O JUIIOJBHOTO MOMEHTa IaphuKa C
IIEHTPOM B TOYKE I':

-

€ 1 - -
de‘,tq cc - — 28.3E0 e’kaZ wiq ey cc dO e’kaZ wiq ey-

CoorsercTByIoIee BhIpazkeHue s d:
ce -~ 2 Lipkz” wig
dpr, tq dow” e ey.

ITomecTnM HAYTATIO CUCTEMBI KOOP-
JUHAT Ha CEpPeJIMHY OTpe3Ka, COeIu-
HATOIIEro MeHTPoI mapukos. [Tlapuku
U3/Iy4aloT BOJIHY C MAIrHUTHBIM I10JIEM
B BOJIHOBOII 30He, PaBHBIM COOTBET-
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CTBEHHO

H, “ di"n «c dow ezpkr k}‘cose {4~ wtq ey

“2r c2r

H, “ do"n <« dow eipkr'k% cos 0~ {4~ wtg e,

c2r c2r

CyMMapHOe MarHuTHOE I0JI€ B TOYKE HAOJIONCHUS PABHO

H “ d0‘° cospZpcos® ~

cc doco COSp2 5|n2 quzpkzr wtqe

ipkr” Wt cc
1qqe® e,

aTEeHCUBHOCTD B €IMHUITY TEJIECHOTO yTIUla PaBHA

ﬂ‘s

Pemtenne 3agaun 5

xA Kk

2 cc 2 2“d 2 29
rasa* gr°H =5 cos pZ sin” 3q.

Boumpr, oTpakeHHBIE OT 3epKa-

J1a, ya00HO ONMCHIBATH KaK HMCXO-

Nd

Ny

ngamue n3 n3obpaxkenuii meseit. C
ydaeToM ckadka 1o ¢dase Ha T, BO3-
HUKAIOIIErO IMPHU OTPAaKEHUU, aM-
9 IJINTYyAbl BCEX 3TUX BOJIH yl\/IHO—
xatorea Ha P~ 1¢. Tlocrasum B co-
OTBETCTBHUE KaxKJI0I M-ii mieun ee
n300parkeHne, HaxXoIsIeecss HUXKe

na paccrosauu Nd. Torma mose ot Takoil napbl mesei MOXKHO

3alliCcaTb KaK

Em  Em “En(l”

- kxNd _ . kxNd _ .~ kxNd
"(e 75 gl 2 )“ 2iE,, '

kde



2017/2018 Dx3amenaiponsas pabora 2

a cyMMapHOe II0Jle U UHTEHCUBHOCTDL OT BCEil pelleTKu ¢ yde-

TOM OTpaKeHusT

kxNd

EpBg < “2ie" 2> sin NS E00q <

“ 7215 sin xNUE  pog, 1p8q “* 41;pBgsin? Voxd,

Pemtenne 3agaun 6

s yeTORYINBOM CBA3M CUTHAJIBI, BBIIIEIINE C KAXKJIOT0
BuUOpaTopa, MOJKHBI PUXOJUTb B TOUKY HAOJIOICHUS C OJI-
Hoit m Toit ke dazoit. Pa3a B ToUKe HAOIIOAEHUA OT M-TO
BUOpaTOpa paBHA

Om “ Pmo b krm: (1)

rie Iy, — paccTosgHue MeXJy M-M BUOPATOPOM M TOYKON Ha-
h

omonenns. C yueToM MajoCTH IapaMeTrpa i

paBHO

9TO PaCCTOAHUEC

Fm “A/PXo - Magz = H2 ““ /x2 ~ 2xoma ~ pmag2 ~ H2 “

“ /R2 ™ 2xgma ~ pmag? « R\/l‘i Zone  Rpl T Zumag,

31ech Xo — pacCTosiHne Mo X MeXKJy KPaiHUM JIEBHIM BHOpa-
TOPOM ¥ TOUKOl Hab/roeHust ("cBonM”).

MHonyuennniit orBer 06obiiaercss Ha Ciyuail IPOU3BOILHONA ONTH-
YeCKO CHUCTeMBbI, 3epKajibHOE M300payKeHne KOTOPO MOXKHO IOJIYYUTD
caBuroM Ha paccroguue h (audpakiys rOpU30HTAIBLHOIO IIyYKa CBETA
Ha, eIV UJIH WHTEPMEPEHINsT OT SKBUIUCTAHTHO PACIIOJIOKEHHBIX CHUH-
daszubix ucrounukos). Hanpumep, B cxeme nnrepdepeHIyn ¢ 3epKaIoM
JLoiiga:

1(8) = 2Io(1 — cos X*) = 214(1 — cos(kh®)) = 4Io sin® XD

riae lp — MHTEHCUBHOCTHL HA dKpaHe B OTCYTCTBUE 3epKaJia, a L u g -
pacCTOsTHUST OT UCTOYHUKA JIO SKpaHA U 3epKaJjia COOTBETCTBEHHO.
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st TOro 9Tobnl @, He 3aBHCea OT M, JOKHO OBITh
2?2

.. _kxoma ., _k R27 HZma _, - ka1 - P2
A X

Jlnsa ananmsa curaaga, TpPUHA-
MaeMOoro "qyKuM”’, BOCIIOJIb3YEeMCS

CIIEJIYIONINM TI0AX0M0M. JInHeiKa
H BHOPATOPOB, PACIIOJIOKEHHBIX K-
BUAUCTAHTHO W U3JIyYIalOIUX C JIN-
HEHO HapaCTAIOIIMM CIABUIOM IIO
-@-@-@ daze, bopmupyer Takoe ke IoJIe,
L Kak U JudpakKIOHHAs PELIETKA.

Torma cumTaem, 9TO, KOrga 'cBO’ HAXOAUTCS B MAKCHMYyMe,
Py rKOi” TOJIZKEH OKa3aTbCsd B OsmzKaiiimeM Hysie (MUHHMY-
Me). VTak, MHTEHCUBHOCTDL U3JIyYeHUsl ONUCHIBAeTCs (hOpMy-
JIOI JIJ1sT MHTEHCUBHOCTH 38 AU(PPaKIINOHHON PEIeTKO:

sin2 k:NapsmS sin 0pq

sin2 kapsin 62 sin 0pq

1p6g9

rie By cooTBerCcTBYET CHBUrY (pas3 TOKOB COCEIHUX BHOPATO-
POB 1 OTCUHUTBIBAETCA BMECTE C 9 OTHOCHUTEJ/IbHO BePTUKaJIN
(Hopmasin K Hameil "permerke”).

PaCCTOHHHe 110 YTUIYy MEXK/1y TVIaBHBIM MaKCUMYMOM (yC.HO—

kNapsin®” sinBoq e 0)

BUE U GUIKafIIIM K HeMy HyJiio (ycJio-

2
kNapsin®” sinBp( ce
2

BUE Tl) ONpEJIEIAETCsS PABEHCTBOM
5 <kNapS'”92 S'”eoq) « k';""‘psin 00156 - —k';'a cos 836 ** T,

OTKyJa HEOOXOIUMOE YIJIOBOE PACCTOSHUE MEXKY MaKCUMY-
MOM M MUHUMYMOM HU3JIy4YEHUSA PABHO

(¥ 2T[ (¥ 3 A
08 kNacos® Nacos8’
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2017/2018 Dx3amenaiponsas pabora 2

C apyroit CTOPOHBI 3TO YIJIOBOE PACCTOSHUE COCTABJIISAET

Ahcos6
00 “ ——.
R
N3 ycmosust Naiz\ose “* Ahg’se HaXOJIUM
. RA .. RA _R? ., AR?

aAhcos28 aAh H2 aAhH?'
Pemrenne zagaun 7
Crostuast BOJTHA SBJISIETCs] CYIIEPIIO3UIIAEN TBYX BCTpEU-
HBIX BOJIH C COCTABJIAIOINIMMIU:

~

Ex cc EO eipkz'wtq - EO eip'kz'wtq cc 2|E0 Sin kZ e"i(.t)t,

H, <« HoePkz" @~ Hggif” k2" 0l <« 9E coskz e @t
Hepexo;m K ,ZLefICTBI/ITe.HbeIM BbIpazKCHHAM, ITOJIYYIUM
E.pr,tq *“ 2Eq sinkz sin wt, H,pr, tq “* 2E( cos kz cos wt.

Nckomble ioTepn SHEPTUE BhIPAXKAIOTCH (HOPMYJIOit

L{v
AE ““A { {pE ~ rB 7 Hsg* ~ pB " E¢?} dt, (1)
0

cc  2¢t 2
rae A 3m2c3y .

[IpoananmsmpyeM TOILIHTErpAIbHOE BhIPAXKEHNE:

pE ~ rB T Hse> ~ pB"Eq® ““ pE " 13 T Hsg?.

E 37 Hs*“

““ 2Epe, sinkzsinwt ~ 2EgBre, — e, scoskz cos wt “*

““ 2Ege psinkz sinwt ~ B cos kz cos wtq «

« 2Epe psinkz sin wt ~ coskz cos wtq ““ 7 2Epe, cospkz T wity.
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Pemennsa

Toryma Beipazkenue (1) npuHEMAET BU:

L

v L
AE “* 4A | EZ cos?pkz ~ wtqdt ** 4A [ E2 cos?pkz ~ w4 «
0 0

L
§ cos?pkz ~ wZgdz «
0

L

AAEG { cos?p2kzqdz
0

[

4AE?
C

cc 4E2e* o
3m%04y L,

<«

[JIe YITEHO, 9TO IPOMEXKYTOK HHTETPUPOBAHUS COJEPIKUT OOJTb-
II0€ YHC/I0 T1epuoioB dhyHKImu C0s2p2Kz(.

VemoBue 3a/1a91 COOTBETCTBYET M3TYyIEHUIO PETSITUBUCT-
CKOIT SapH}KeHHOﬁ JaCTUIbI IIPU IIOIIEPEIHOM 110 OTHOIIIEHUTO
K CKOPOCTH YCKOpEHHU. B 3TOM cirydae MaKCUMYM M3JTy YeHUsI
JIEXKUT Ha HAIIPABJIECHUU CKOPOCTH.

2018/2019 yuebHublii rox,
KoHTponbHasa paborta 1.1, BapuaHT 1

Pemmenue 3amaunm 1

B cuny cdepudeckoit cummeTpun 3aJa9mM UCKOMOE TIOJIE
HAIPABJIEHO 110 PAJMYCy, & €r0 BEJIMYNHA 3aBUCUT TOJIHKO OT
pajgmyca. Torma mpumennm Teopemy laycca mist mapa pajany-
coM I ¢ eaTpoM B Havase koopauaar. [Ipu O d r d’ a umeem

¢ EprqdS ““ 4mQpry,

Eprg~4mr? <« 4m  pprigdv !,
4mr2Eprq <© 16m2a%p, { sin QT‘Trldrl.
0
Eprq “ 4n“12# {sin 2 gr! < 2“?% (17 cos2™).
0
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2018/2019 Konrposbhas pabora 1.1, Bapuant 1

IIpu r 8 a Teopema ['aycca mpuHIMaeT BHJ,

¢ EprqdS ““ 4mQpag,

ce g 2P0 {gin 2t g1 e 40Py a 2Ma) «e
Eprq 4nT—2§sder 4mefo (17 cos 2e) “< 0,

Pemenne zagaun 2

9Ty 3a/la1y MOXKHO peniaTb MHTerpupoBaHueM II10 JIJINHEe
KOJIbIIA, HO 3/1eCh IPUBOIUTCS Oojiee U3SIIHBIN Cr1ocob. 3a-
METHUM, YTO IIOJIYOKPYZKHOCTBH C 38JaHHBIM PaCIpPeIe/ICHUCM
IJIOTHOCTH 3apsija IMOJIyJIaeTcsl, eCii U3 PABHOMEPHO 3apsi-
JKEHHOM cepbl BBIpe3aTh MOJIOCKY mupuHoit AQ (B cdepu-
YEeCKUX [EePEMEHHbIX, CM. PUCYHOK). [leficTBuTesibHO, TOrIa
s dexTuBHAS JIMHEHHAs JIOTHOCTD 3apsijia OyIeT 3aBUCETh
ot 0 kKak

.. 0dS . ga?sinBdeAg , . .
" 40 2do oasin BAQ, g ““ cal.

Cdepy moxkuO coctaputb u3 N Ta- A 5
KHX ITOJI0COK mMupuHOi AQ “ %\Tf[ KaxK-
sast. C y9aeToM IPUHIUIA CYIIePIIO3H- 0
[N U aKCUAJBHOW CUMMETPHUH 3a/[ad1 0
OTJ/IeJIbHAs T0JIOCKA OyJIeT CO3/IaBaTh
na ocu Ox moJjie ¢ X-tipoeknueit, B N
pa3 MeHblIIeit, geM 1oJte ot Beeit ccheprt *. Ho st paBHOMEpHO

sapsikennoil cdepor PAQ N 21 o Teopenme aycca moste cia-
4na (o}
ZE

>y

DPY2KH PaBHO ; & BHyTpH — Hy/10. 1109TOMY X-IPOEKIIHIO
IIOJIST OT OT,ZLe.HbHOI/I nosiockn mosry<nm 3amenoit 21 N A:

cc QA(pa 0 cc 2AQa%x) e 2asx

IXlaa: E,pxg T

"3 ckasamHOrO CIeLyeT, YTO IIOJOCKA MPOM3BOIBHON IIHPHHEL
(0 < A@ < 2T) u HOIYOKPY?KHOCTH C 3aJaHHBIM PACTIPEICTCHUEM JTH-
HelHOH MJIOTHOCTH 3aps/ia co31a10T Ha ocu OX OJIHY U TY 3Ke T-TIPOEKIINIO
nonsa Fx () ¢ TOIHOCTBIO /10 TIOCTOAHHOTO MHOXKUTEJIS.
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PaccvoTpennast oj1ocKa mpejcTaBisger co0oil OJIyOKPY K-
HOCTb — OT OKPYZKHOCTH TIOJIYIUTCA BIABOE OOJIbIIIee I0JIe:

dasr
X2

Epxq «“ 2E, pxq “*

Ilpu |X| & a E.pxq ““0.

Pemenne zagaun 3

[Iycts Ha BHyTpeHHEH 00KJIAIKE COMEPYKUTCS 3aPs C JIU-
HEWHON ITOTHOCTBIO 2¢. Torma aJieKTpudecKas WHAYKIUS B
3a30pe MexK/ly OOKJIaJKaMi papHa *

2x
Dprg ** —e,,
r
a HAIPSKCHHOCTD 3JIEKTPUYCCKOTO IOJISk

(X3 Dprq [ 2_% [
Eprq gD cty Ser

[Tamenne HaIpsIKEHUST MEXKIY OOKJIAIKAMHI COCTABUT

b L.
r““a

b b
U “ SEprgdr “ 22 fctg Zdr ““ 22 Insin -

i b
< 2xa inb ~ i ce 2xa | S a
2 (Insin 2 7 Insin1) “* 2% n 2.

sin 1

EmkocTh HA eIMHUITY AJIUHBI DABHA

b

- Db "
2aln 3-a

sin 1

»
C“_‘s
u

%HGKTPH‘{GCK&H WHIYKIUS HaXOOAUTCS U3 TeopeMbl ['aycca Tak ke,
KaK ¥ 1ojie DECKOHEYHOM MPsIMOi 3apsi?KeHHOW HUTH.
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2018/2019 Konrposbhas padora 1.1, Bapuant 2

KoHTponbHas pa6oTta 1.1, BapuaHT 2

Pemrenne zagaun 1
B cuy akcuaJIbHOM CHMMeTPUI 33J1a4i UCKOMOe 110J1e Ha-
IIPABJICHO 110 PAJAUYCy U €T0 BeIMUHNHA 3aBUCUT TOJILKO OT pa-
nmyca. Torma npumenum Teopemy laycca s HUIMHApPA pa-
muycoM R ¢ ocwro z. IIpu 0 d' r d’ a umeem
§f EpRqdS “* 4nQprg, EpRq~ 2nRh ““ 47 { pprigdV!,
cc omrt - 1 1 cc
2nRhEpRq ““ 47t § 4pg cos <&~ 2mtr'hdr

““ 411" 2mahp, { cos 2 dr',

R
ce p—apo omrl yol €c 4GP0 a i 2MR cc 9a%Pg i 2NR
EpRq ““ 4R écos dri “ 4R L sin 20 << 2980 sjn 20

ITpu R g a Teopema laycca npunumaer Bum,

{f EpRqdS “* 4nQpay,

a
EpRg “* 4mf {sin 20dr! “* 4G g sin 212 < .
0

R 21 a
Pemtenne 3agaun 2 +@_
B mosie HuTu 1map moasgpusyercsa U Mpu- e
obpeTaeT JUMOJbHBI MOMEHT, 3aBUCAIINI OT E <_L
0

BEJIMYUHBI 93TOTI'O I10JI4. HOSTO]VIy arap sgBJIsIeT- —
ca yanpyrum gunoseMm. Crnia Ha yupyruil au-
II0JIb B CJIADOHEOTHOPOIHOM TIOJIE OIIPeessieTcs 1o (hopMyie

1
F ** 2 [pdl Eq. (1)
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,ZLI/IHO.HI)H])H;'I MOMEHT HaXOJHUM, CHUUTasA I10JI€ OAHOPOIHBIM
ce 23

u pasubpiM Eg “* 2 (cm. 3agaay 2.51 u3 [1]):

d cc R3EO cc RSZ_% cc 2%R3

3 i (2)

[Moxcrasusis (2) B (1), momyaum
B 2x’R3 2:*R3 4;°R3L
F (1] @ . E (1] _ e — 2 £ — X
TRl ¢ ENR K

Pemtenne 3agaun 3
[Iycrs ma BHyTpenmeit oOKJiajke comep:kuTca 3apsa Q.
Torma saekTpuvecKast WHIYKIIAST B 3a30pe MeXKly OOKJIaIKa-

Q

Dprgq ** 28

MU paBHA

a HalIPpA?KEHHOCTD JICKTPHUYICCKOT'O I10JIf

(X3 Dprq [ g _
Prd eprq b2 36

[Tamenne HaIpsIKEHUST MEXKIY OOKJIAIKAMHI COCTABUT

b L.

cc
rToa

b b
U ** {Eprgdr == % {ctg Zdr ** & Insin Z|

. b
e« Qa (Insin® = Insin1) = 94 |p "2
< (Insin 2 7 Insin1) “* % In 2.
EmkocTs paBHaA
[ Q (X3 b2
C* = ,
U aln sin 2
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2018/2019 Konrposbuast pabora 1.2, Bapuant 1

KoHTponbHas pab6oTta 1.2, BapuaHT 1

Pemmenue 3amaunm 1

ITo sakony buo — CaBapa MarHuTHOe 110~ / y
Jie B TIEHTPe KOJIbIla paBHO A 2
_1 (lprigdCT rt B
Bp0g ““ " = [ ———.
U C J‘ ri3 X
1

Tist Bepxuero mposoga d I, mosrony 1
OH He BHOCHUT BKJIaJa B moJie. Bkiam B mmose
OT JIyT KOJIbIIA COCTAaBJISCT

C:
oy
o~

L1 AB {2 e cc
l1pc R lapc R? z

c J R3 T2 cJ R3

cc | dlR - I deR ce (U {1 -
By LV & 2 e, (AB >

cc UABL - UABL cc
< pc RZ? pc R2>ez 0.

Ocraercst BKJIaJL OT IIPABOTO MMPOBO/IA, KOTOPBI paBeH Io-
JIOBUHE TI0J1s1 OECKOHETHOI'O IPSMOTO IIPOBOJIA C TOKOM:

21 I
B (X3 B (X e (X _e .
20R”* ¢cR”~
Pemenue 3amaunm 2
[Tockosibky 1pu 3a-
JAHHOM X ITPOBOIUMOCTD
OJIHOPO/IHA [0 Z, TO Ha-

ce U
NPAZKEHHOCTD TI0JIs BCIOJly B 3a30pe pasna E “° 7.

Torna moHBI TOK Uepe3 MPON3BOJILHOE CeUeHNe PE3UCTO-
pa BBIparkaeTcs Kak

d

I “* fjpxqadx “ fopquadx “
0

aopU

- 4 da
do pl = e .
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Pemenne zagaun 3

BroisicHuM, T11e B TPOBOJSIINENR 00JTACTH MOMKET OBITh 00b-
eMHBIH 3apsan. B obbeme omHopomHoro mposoanuka P ‘“ 0 B
CHJIy YPABHEHUS HEIPEPLIBHOCTU TOKA

divj““0ndivoE ““ odivE ““ o " 4mp “* 0.

[TosTomy 3apsibl MOTYT OBITH COCPEIOTOUCHBI TOJBLKO HA
KOHIIe TIPOBOJIa W Ha TPAHUIE C UACAJIBHO IIPOBOJLAIINM IIa-
poM. 3apsiJ Ha KOHIIE IIPOBOJA HAXOIMM, 3allCaB TEOPEMY
laycca s obracT ¢ 3aMKHYTO#H MOBEPXHOCTHIO, OKPYKaio-
el KoHell IpoBOA:

anQ « fffmas «« [[mas - [ Las < L ([jus L

rae mHrerpaJi 1mo Bal\lKHyTOﬁ ITOBEPXHOCTHU 3aMCHEH Ha HWHTE-
rpaJt, u3 00JIaCTH HHTETPUPOBAHUS KOTOPOTO NCKTIOYEHA TOU-
Ka TIEPECEUeHNs C MTPOBOIOM.

Temeps 3amady o TOTEHIHATIE B
MTPOBOJIATIEH 00JTACTH MOYKHO PENTUTD
MeTOI0M U300paskeHnil CTaH I IaPTHRIM
criocobom. Onuu 3apsiji-u300pakeHune

R pacioioxken Ha paccrosaum I RT2
R OT IIEHTPA IIapa, a ero BeJHIrHa PaB-
Ha
Q! - R 0.

BTOpOﬁ 3apﬂﬂ-ﬂ306pa}KeHHe HaXOJUTCdA B IEHTPE IIapa 1
T ce R
pasen Q Q" Q™"

MPobKO IPM  TAKAX  PACIONIOKEHUNM M BEJMINHAX — 3aPSIIOB-
n300parkeHuil MOTEHIMAJ BCIOAY HA TpaHUIE IIapa OKa3bIBAETCs
OJIMHAKOBBIM U TIOJTHBIN TOK 1Uepe3 cepy paBeH HYJIIO:

I= ﬁdezG@EdS=4n(Ql+Q2)=O.

r<“rR r<“rR
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2018/2019 Konrposbhas pabora 1.2, Bapuant 2

Mckomas mIOTHOCTD TOKA paBHaA

r le, r lle,

. (%1 (%1 1
Jprq = oEprg °<|r'lez|3Q e, |r|3Q>

rze Q' u Q? 3a74a10TCsT BLIPAYKEHISIMIE, 3aIMCAHHBIMHI BBIIIIE.

Pemenne zagaun 4

M ckomoe KOMU1IeCTBO TeIIOThI OyIeM OIPeIeTsiTh KaK pas3-
HOCTH MEXKJIy HAYAJILHON U KOHEYHON JIEKTPOCTATUICCKUMM
SHEPTUSIMHU CUCTEMBI. B KOHEUHOM COCTOSTHUU CHUCTEMa, Pa3psi-
JKeHa M SHEpPrhs paBHa HYJI0. DHEPrUsl B HAYAJIbHOM COCTOSI-
HUH

.

“m § 28g,cos0 " R?sinBd6 ** 21gud.
050

Momyth IUTIOIBHOTO MOMEHTa, Cpe-

pBI
4TIR3

3

Torma nckomast SHEpTHUsT paBHA

d((

Og.

W 8n203R3.
9
KoHTponbHas paboTta 1.2, BapuaHT 2

Pemmenue 3amaunm 1
[To 3akony buo — CaBapa MaruuTHoe 1oJie B IEHTPE KOJTb-

I1a PABHO 1 1
e -1 (lprgdlTr
oog < [ P
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Jlyist BceX TOYEK BEPXHEro IPOBOJA
d [T, mosToMy OH He BHOCHT BK/IaJIa
B 1oJie. BKJaJ1 B 1I0J1€ OT JIyT KOJIBIA CO-
CTaBJISIET

1 dlR - 1 d¢R
Bip ™ 2 )pe. dlpe "

3

B 6_2 e I'T3
lipc R lapc R2 z

(X3 (UAB 21 -

cc UAB L - UAB L e cc 0
pc R? pc RZ? Z :
Ocraercst BKJIaJ OT IIPABOro IIPOBOIA, KOTOPDI paBeH I10-
JIOBUHE TI0J1s1 OECKOHETHOI'O IPSMOTO IIPOBOJIA C TOKOM:
21 I
B (X3 B (X ez (X ez.
2cR
Pemenne zagaun 2
BoisicHnM, T1e B 2KUIKOM 0071aCTH MOXKET OBITH OO BEMHBIT
3apan. B obbeme ommopomnoro mnposomauka P ‘“ 0 B cmiy
ypaBHEHUST HEIIPEPHIBHOCTU TOKA

divj““0 A divoE ““odivE ““ o 4mp ““ 0.
7 TTosToMy 3apstabl MOTYT OBITH COCPEIO-
‘ TOYEHBI TOJHKO Ha KOHIE TPOBOJIA U HA
TPaHUIEe € UICATBLHO TPOBOMIIEH 0bJsa-
CTBIO. 3apsiJi HA KOHIIE ITPOBO/A HAXO/UM,

0= zammcap Teopemy ['aycca st obacTu ¢ 3a-
MKHYTO IOBEPXHOCTBIO, OKPY2KAIOIIell KOHEIl IIPOBOJIA:

anQ « fffmas «« [[mas - [ Las < L ([jas L
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2018/2019 Konrposbhas pabora 1.2, Bapuant 2

IJle MHTerpaJl o 3aMKHYTOI 110- L
BEPXHOCTU 3aMEHEH Ha MHTEe- . N
rpaJi, u3 0bJIaCTH UHTErpUpoBa- | Q' Q’
HUsT KOTOPOI'O UCKJIFOUeHa TOY- 0 T 2
K& IePeceveHus ¢ IIPOBOIOM. 5 ,

Teneps 3aa1y 06 v1€KTPU- s
9ECKOM TI0JI€ B IIPOBOISIIEH 06-
JIACTH MOXKHO PEIIUTH METOIOM H300parKeHMil CTaHIAPTHBIM
crrocoboM. 3apsI-n300parkeHue pacioOXKeH Ha PacCTOsTHUN
! RT2 OT IEHTPa Iapa, & ero BeJIUINHa PaBHA

R

I Q

HanpsizkeHHOCTD 1107151 B TIPEJesiax YKUAKOH 001acTi paBHa

le"

r le, Q- r~ lle,
v~ le.|? Ir = I'e.|3

EpI‘q 13 Ql.

IInornocTs TOKA:

- -t
jprq cc O.Eprq cc o < r IeZ Q ~ r I eZ Ql> .

[r 7 le.]? [r 7 e, |3

Cuapyku or cdepbl BBIIOJHAIOTCH CHEPUIECCKH CHMMET-
PUYHBIE YCJIOBHSI, TIO9TOMY TOK pacIpeiesisieTcs: chepuaecKu
CUMMETPHUYIHO:

Jprq e

Pemtenne 3agaun 3
[TosHbrit TOK Yepe3 cedeHne Pe3ncTopa BhIPAXKAeTCa KakK

I ““ jpzqS ““ opzqEpzgSs,

OTKY/Ia JIJIsl HAIIPSAYKEHHOCTH 110Jist EPZ( nosrydnm

Epzq —opzqs .
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Pemennsa

Pasnoctb IIOTEHIIAJIOB MEXK/1y IIJIaCTHHaMH paBHa
d

d
cc — cc I dZ cc I dZ cc I -
v JEqudZ S fopzq S foo e oz ooaa2p1 ¢
0 0 d

z Bripazum

d z | ce opouU
0 a x —

S pl” evdg

1 IIOJACTaBUM B BbIpazKeHUE JIJId ITOJIA:

a
ooau . 1 _ ogaU . i .. au otz
17 e ogpzg 17 e g, 17 exd

Epzq

ad

[L1oTHOCTD 3apsiga HaXOMUM U3 ypaBHeHHs Makcsesa:

cc diVEqu cc GU aeGZ cc G2U - eGZ
b 17 exd 17 exd '

ppzq

OK3aMeHauunoHHasa paboTa 1

Pemtenne zagaunm 1
y Sakon brno — Capapa

I (dTpr~ rlg
b e - | I F A
// Bprg c j v 7 )3

%
O

st Touky r “° 0 maer:

Loml /11
Bo T(B a>

MaranTHbBIT MOMEHT KOHTYPa ¢ TOKOM paBeH

L IS

mee e
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2018/2019 Dx3amenaionnas pabora 1

rae S ““ mpb? 7 a?q — wiomaas 06IACTH, OrPAHUYEHHON 3a-
MKHYTBIM KOHTYPOM C TOKOM.
IIpu r ** b meiicTByeT moJjie MArHUTHOIO JUIIOJIS:

pm "~ r(r

e ~-m -
Bprq 3 3 5

Pemenne zagaun 2
Sanuiem ypaBHeHue Makcpesuia

BB
cBt’

[TogcraBum B “* rOt A u yuarem, 9TO TOPSIJIOK AEiCTBUSI
B 1 rot MOKHO MOMEHSITH B CHITY HE3ABHCHMOCTH BpPEMEHHOM

Bt
1 IIPOCTPAHCTBEHHBLIX II€PEMEHHBIX!

e~ o BA _  _BA
rotkE rotﬁnE B Ldpkq.

rotkE “< 7

B otcyrcTBHE KYJIOHOBCKOTO
BKJIa/Ia B TI0JIE

BA E
Im 13 0 E ce — -, i
| cBt ! R /Iq,m
JloMHOXKIM paBeHCTBO HAa (: \ . ’
cc -~ qBA' \\\\\\,,
cBt

JleBast gacThb Temepb NpeicTaBiasgeT coboil cuiy, aeficTBy-
TOTIYIO Ha 3apsIyKEHHYI0 JaCTHILY:

qgE

BP
E 13 F 13 -
g Bt

B cpenneit yacTy JIMHBI COJIEHOU A
2mn . 2I1Sn

A“
R °“ “¢R

eq-
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Pemennsa

Torma nmeem

BP 25SnqgBI

cc —

Bt CRBt

JIIUTeIbHOCTD TIPOIlecca MaJia, YacTHUIa He BLIXOIUT U3
HavyaJbHOro nojioxkenus. [losromy nampasienune P u E nens-
MEHHO. I/IHTerHpOBaHI/Ie YpaBHEHUA Ta€T

25nq

AP &t -
c2R

Nleg.

Koneunasa cKOpoCcTb 9acTHIIBI paBHA

& B (¥ zanl
m meR %

A%

Pemenne zagaun 3

B cBepxmipoBojiHuKe, HAXOAIIEMCS B TI0JIE TTOJTyOECKOHE-
HOT'O COJIEHOUJA, MHIYIIUPYIOTCS TOKU, U IAPUK IIPUOOpPETa-
€T MarHuTHBI MOMeHT. BHellHee 110J1e ABJISeTCsl HEOTHOPO/I-
HBIM, [TI09TOMY BO3HUKACT HEHYJIEBas CUJIa Ha MAarHUTHBIN /11~
10JTh.

Taxum obpazom, TpebyeTcsi, BO-IIEPBLIX, OIPE/ICJIUTD Mar-
HUTHBIA MOMEHT IIapUKa, BO-BTOPBIX, HAWTU CUJLY, JCHCTBY-
IOIYIO HA MATHUTHBIA JIUTIO/Ib.

[Tosre ma paccrogauu r "" @ oT KOHIA MOJIYOECKOHEIHOIO
COJICHOU, I8, PABHO *

e
BpI‘q cc me T"
r
cc BRZ? .
rae Gm =5 — «MarHuTHBIM 3apaiy.

Fem. zamany 4.24 B zamasHuke [1].
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2018/2019 Dx3amenaionnas pabora 1

o o BO
[IpuobpeTeHHblii  UIIOALHBI MOMEHT BO3b-
MEM U3 PEIleHus] 3a1a9i O CPepUIECKOM MarHe-
THKe, BHECEHHOM B OfHOpoaHoe noje Bg *:
M1~ Mo
m ““ \78.3B0.
M1~ 2H m

B mameit sagate Wy “* 0, Mo ** 1, Bg “* Bpzq ** 177%, mosTo-
My
ce - Gmd’
g7 =
JIUTOTBHBI MOMEHT 3aBUCUT OT Z, TIO3TOMY JIUIIOND YIIPY-
ruit. Cujta Ha YOPYyTUil 1unoJjib paBHa

B g’ L0 L BRI
2Bz 2z4 ¢ hs 16h5

1
(X3 . e -
F 5 Lpmdprg Bprq e,.
Pemmenue 3agaun 4
Bpamaromasicsi 3apsizkenHast cdepa IKBUBAJEHTHA HETIO-
JIBUYKHOU cpepe ¢ MOBEePXHOCTHBIMEU ToKamu. Cirydail paBHO-
MEpHO 3apsizKeHHOit cdepbl pa3obpan B 3agadnuke [l1] (cm.

Yem. zamany 5.7 B sagaunuke [1].
"o sakomy Amriepa cruma Ha cECTeMy TOKOB TTOJHOCTBIO OITPEIETSIeT-
sl pacipeie/ieHIEM STUX TOKOB IIPU JIAHHOM HOJIOXKeHNnH aumosis. Ilosro-
My BBbIpaXKEHUE JJIsi CUJIbI He M3MEHHUTCs, eCJIM PAacCMaTPUBATh IO
KaK TBep/blil ¢ (PUKCUPOBAHHBIM B TOUKE z = h JAMIOIBHBIM MOMEHTOM:
gma’

M=o

€ez.

IIpu TakoM paccMOTPEHUHU OIepaTop Habja Ha JUIIOJILHBLIA MOMEHT yrKe
HE ,HeﬁCTByET n cujia paCC‘{I/ITbIBaeTCH, KaK JJId TBep,HOI‘O JUATIOJIA:
2 2 p4
gma® 0 gm gsa® B*RY%a?

M2 02 2 2T R B ET e o

F=V(m- B(r)) =
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Pemennsa

P.45. B pazzene “Pemenne tunmansix 3agaq”). JIuneitnas mior-
HOCTH TOKOB paBHa

Qwsin®d
——e s
MR ¢
IprOOpPeTaeMblii MATHATHBI MOMEHT PaBEH
. QWR?
7e2§|
3c

marauTHoe nosie By BuyTpu u By cHapyx)u cdepbl paBHO

ce — ~ m rdr
Boprg < 713~ gk

J‘n

B1 cc 2%,

BEKTOPHBII HoTeHnmas Ha cdepe paBeH

. m R __msin
A RS RZ eq.

SHepFI/IH MarmuTHOI'O IIOJISA paBHA

o+ (A " JqdS * L  msin® - QOB - oR2 5in 6dd

I T
ce mQW . cc QQ(,OQR H. 4 cc QQ(A)QR "4 ec QQ(A)QR
e (S)sm 0do 5oz {sin® 6d6 ol et
B HNCXOOHOM COCTOAHHNUN SHepFI/IH MArHUTHOI'O IIOJIA paBHa
uHyso. ITosromy mckomast paboTa HAXOTUTCST KaK
Q%2w’R
Oc?
SHGPFHIO MATI'HUTHOI'O IIOJIA MOZKHO HaﬁTH TaKzKe qepe3
cc HB,

IIJIOTHOCTH Heprum W =T -

W'WO“

B} 427,

pr eq cc pB2 ng cc m_6 gpm;ri%QTQ -~ 6pm"rﬂgm"rq cc

2 < " " 13 2 < 2 2 (X3
cc T_s 3pm rgpm rq m 3m i(gs 0 m2 pl 3C0$2 eq

rs r6
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2018/2019 Dx3amenaionnas pabora 1

DHeprusi MArHUTHOTO TOJIA CKJIaIbiBaeTcsd n3 sueprun Wy
BuyTpu u Wy cHapyxku cdepbr:

ce H1By ce ATIR3 4m? ce 2m?
Wl 8T v 3'8mT RS 3R3 !

< [ HaBa gy, < p1 3cos?0q " 2mr? sin 8dBdr “*

n 8
- 2 = 2 (X3
o m ff 139 8drdcos@ «* oy,
6°“0r**R

cc ~ cc m_2 cc QQ(A)QR
w Wl W2 R3 9¢2  *

Pemenne zagaun 5

[Tpu crabom ckuH-3hdHeKTe TOK pacipeieseH paBHOMEPHO
110 CEYEHMIO KaK/I0# IJIACTUHBI, IPU CUJILHOM CKUH-3(bdEKTE
OH COCPEAOTOYECH B IBYX IIPUIIOBEPXHOCTHBIX CKUH-CJIOAX KazK-
Joit wractTuHbl. I B TOM M B JIpyroMm ciydae IOJe MeXKJLy
IUIACTUHAMU OJIHOPOJIHO U PABHO %, a CHApPYXKHU — HYJIIO.
910 cieyer u3 TeopeMbl CTOKCa B MPUOJIMKEHUN JIBYX Oec-
KOHEUYHBIX IJIOCKOCTEM, M0 KOTOPBIM TEKYT IIPOTUBOIOJIOZKHO
HaIpaBJIEHHbIE TOKH C JINHEWHOMN ILJIOTHOCTHIO J.

Hastee anasimsupyeM ciaydaii ciiaboro ckuu-addexra. O6b-
€MHa¢d IIJIOTHOCTH TOKa B OT,ZLe.TH)HOI'?'I IJIaCTUHE paBHAQ

a y
MaruurHoe 1101, HaBOJUMOE€ TOKOM

IIpe/JiesIeHo JINHEHHO 10 ee TOJIIIHE: Nt

/

9TOI IIJIOTHOCTH B CAMOI IIJIACTUHE, Pac- g
A
X

4

4T[J _ _ ‘ZT[J a a
Hipxg = —px " d " ag ™ —, A

a B cocedHell IJIaCTUHE

cc -~

Hapxq —
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Pemennsa

[To mpunIUIy Cynepro3uimu 0ba TOKa CO3/aI0T CJIELyIO-
IIlee paclipejiesieHue I0JIsT B IIPOCTPAHCTBE:!

0, [Xxlad ™ a

Hpxq ““{ “p)x| " d " aq, dd|x]dd ™ a

ca

ans 0d x| &d

Vdarem, 9TO JIMHEHHAs IJIOTHOCTH TOKa J “* % Torma

0, Xx|ad™ a
Hpxq ““{ 2Uplx| “d " ag, dd'|x|dd~a
214 0d [x| &d

[Ipenebperast kpaesbiMu 3¢ dpexTamu, 6yaeM CINTATh, ITO
nosie B obsactu |X| d’ h npocrpancrsa pasno myso. Torma
MOJTHYTO SHEPTUI0 MATHUTHOTO TOJIsT, WHIYIIPYEMOTO TOKOM
|, mosyuuM MHTErpUPOBAHUEM TI0 Z:

d”a 9 d”a o
cc cc panlgq® ~ partlpz” d” aqq? e
a

cc 4mdl 2 ~ 4nla31? <e 4ndl | 2 (1 ~ 1)
c2h 3a2c2h c2h 3d/ "

C mpyroit croponsr, W “* 57122, OTKY/Ia
8mdl /., . a
L2 (10 ).
h 3d
B cnyuae cumbHOrO cKUH-3d(])EKTa BTOpOE caaraeMoe B

CKODKaX, COOTBETCTBYIOIEEe HHTErPAJTY 10 TOHKOMY CKHH-CJIOIO,
CTAHOBUTCS MPEHEOPEKUMO MaJIbIM, U TOTIA

.. 8mdl
B

L
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2018/2019 Dx3amenaionnas pabora 1

Pemenne zagaun 6
st moHMMAaHus KAPTUHBI SBJICHUSI, OTHOCSIICHCA K JTaH-
HOIl 3a/ade, 3aluileM JIBa ypaBHeHusT Makcpeuia:

<« - BB
rotE BL

<<« BD
rotH Bi-

Nurerpuposanne ypaBHEHUIT 110 IIOMAN 00JIACTH, OI'Da-
HUYEHHON 3aMKHYTBIM KOHTYPOM, JlaeT

$EICT ~ L (] BdS,

§HACT £ [ DdS.

cBt

[IepBoe ypaBHenune npejacrapisger coboit 3akon Papaiest,
BTOpOE — aHaJIOrnaHOe cooTHomrerue ¢ 3amenoit EE va H u B
Ha ~ D. Tenepb cTaHOBUTCSI IOHATHBIM, YTO B CEUEHUH TOPOU-
JAJILHOTO COJICHOU 1A BO3HUKAET IIEPEMEHHBIN ITOTOK MarHUT-
Horo 1oJis, obyciosnusatonuit DJ[C na ero kilemMmMax.

BribepeMm B kauecTBe KOHTYypa MUHTEIPUPOBAHUS OKPYK-
HOCTbB, MMPOXOJLILYI0 BHYTpU cosienorga. C ydueToM akchasb-
HOIT CUMMETPpUN 3aJa91 IMUPKYJIAINA MalrHUTHOI'O IIOJIsI CBO-
JIUTCs K IIPOU3BEJICHUIO:

fﬁHdI:‘I‘ 2nRH.

B kauecTBe MOBEPXBOCTH, HATAHYTOI Ha KOHTYD, BHIOEpEM
cdepy paguycom r ¢ h2 = R2. Yurewm, uro pauajibHasi Co-
CTaBJIATONIAS TTOJIsT U0 paBHa E, “ 2dui—(§se. Torma npasas
JacTh BTOPOI'O YpaBHEHUsI 3aIIMIIETCS KaK

19 240589772 5in Bl ** 1472 | cos B sin BA **

2
2ncod sm 9 2ncoglr sm 9 2nw0§R )
Ccr cr
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Pemennsa

IIpupaBHuUBas J€BYIO U MpaBble Ta-
CTH, TIOJTydaeM

R D2
onRA ingR ,
cr

OTKY/la MarHUTHOE I10JIe B COJIeHOm e *
wdR
crd

B cuny zakona @apanest 9/1C B cosrenonge paBHa

wI:ISN __ w2dRSN ..  w2dRSN

Awmmuryna nckomoit DJIC cocrapiser

deORSN

KoHTponbHasa paboTta 2.1, BapuaHT 1

Pemtenne zagaunm 1
IIpeobpaszoBanune Oypbe 0T OAMHOTHOIO
[EHTPUPOBAHHOIO UMITYJIbCA PABHO (CM. pe-

IIeHre aHaJIOruIHOro npumepa 2.2(s) B [2]):

0 : - x L aEp . ka

i1 — —.
kle 5 Sinc 5

SNlarnuTHOE MOJE MOXKHO HANTH GBICTPEE, BBEJS BEKTOPHDI TOTEH-
muasl JJIs 3JIEKTPUYECKOro IIOJIsS JUIIOJSA 10 aHAJIOTUU C MarHUTOCTaTH-

KOIi: it
_ .. dge'PtR
=1 cr3

E =rot Ag, Torma Ag = % = C:—':fe(xlle:

BAE
CcBt

Cx.
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2018/2019 Konrposbhast pabora 2.1, Bapuant 1

[IpeobpazoBanne Pypbe OT OAUHOTHOTO TIPSsI-
MOYTOJIbHOI'O UMITYJIbCa, CMEIIEHHOT'O Ha % BIIpa- . | x

BO, IIOJIYIUM C IIOMOIIBIO TEOPEMBI O CABHUIE:

ka , aEg . ka ka

fq < Fr.et2 < TS|nc7eZ 2,
[TpumenuB Teopemy O cIBuUre K IMO- =

CJIeJOBATCJIbHOCTU 3SKBUJAUCTAHTHO Ppac-

IIOJIOZKEHHBIX IIPAMOYTOJIbHBIX MMITYJIb-

coB, mojiydauM mpeobpazoBanne Dypbe

0 X

3aJIaHHOI 110CJIeJJOBATEILHOCTH B BHUJIE 0@ a2 3
CYMMBI YJIEHOB IeOMETPUYECKOIl NPOI'PecCUuu cO 3HaMeHaTe-
em etk
- ka
£ f 1 .. aEpe'z sinc ka
k k1l = P -
1 ezkd 2p1 ezkdq 2
Ecnu mexoauplit curna MOLYTUPOBAH SKCIIOHEHTOMN eikox,
TO ero npeobpazoBanne Pypbe 3anUIIETCs KaK
8 8
f, f Fpxqetkor ¢ ke dy < f Fpxge ®F Fode gy < £
-8 -8

Bunno, uro pesynbrar nmomxydaerca samenoin K ma K 7 Ko:

Fac o 8EeTTE kT koo
k k™ ko 2p1 — ik koqdq Sinc 5 .

Pemenue 3amaunm 2

B ecrectBennom csere TE- n TM-BosHEI UMEOT OIUHA-
KOByI0 aMIuTyay. [losoxkum ee pasmnoit Ey. Torma ammanry-
et orpazkenubix TE- u TM-Bosin onpenesnsaiores dhopmyiamu
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Pemennsa

Openestst, KOTOpbIE YIA00HO 3alUcaTh B BUJIE:

TE cc -~ n1 cos 0p” no cos B2
El Eonl cosBg  ngcosBsy!?

TM ce no cos 0g” nq cos Bs
El EO ng cosBg  nicosBs”

N3 zakoHa TpeTOMIEHUST HAXOAUM YTOJT TIpeoMTeHusT Bs:

sinBy ., Ny _ . ..ny . . ..sind5 1 -
: — R sinBy ““ —sin B —D% —, B9 ““ 30 .
sinBy  no Ns 2
P - ?_
ETE cc -~ cos 45”' 22c0s30_ e 2371
1 cos45 = 2cos 30 371’
- 2_
?_ o B 1~
ETM cc 22 cos 45” cos30” “E 2
1 2cos45 ~cos 30 01‘73
CTeHeHb TIOJIAPU3 AN
2. 2= >
3= 142 - _342 2 ;P
pp371¢" ~ P17 07 47253-7 3
- 3712 3 4 2253741 o
K “* Is"Ip «c P ?3[12 ce 4723 47 3 4
Is~Ip o - 32 PONCAS
p3~1q2 ~ P~ ==0 47253~ 4 o7
p 3~ 1¢2 pl‘ij 472 3 77 3
2
2 rd
27 53- 77453 7?7 P
€c 2753 7453 ee P2 307 45307 p7 4530P2 53G e
%‘% p2”~ 3gp7"4 39" p7 4 3qp2”  3q
?_ ?_ ?_ ?_
cc 14'4"3‘?§' 14‘4"3‘?§ cc 2 3 ec _3
147473~ 37147437 3 4 2

Pemenne zagaun 3

ITockombky E, % 0, To BostHa mmeer
Tun Eg,p:

- E. ““ Epsin (?x) sin (%‘y) cos (%t) .
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2018/2019 Konrposbhast pabora 2.1, Bapuant 1

N3 ycnoBus Ha IaCTOTY BOJTHBI

.. 2TIC . T \2_ /T \2, TC 2~ .5
W — & Wpyip ““C (—m) (—n) —+/m2 7 n
a a a a

caemyer, aro auoo M ““ 0, n ““ 1, qu6o m “* 1, n “* 1, gubo
m ““ 0, n “* 2. Kpome TOro, 1o ycjaoBUIO UMEEM:

a ay ., . TIm . TIN 2me .\ .. 211C
E. (5' 5) Egsin - sin - cos <?t) E, cos <?t) ,

oTKyma m ““ 1, n “ 1.

Torma
E <a a> ““ Epsin nsin I c0S th «« Eo oS th
*\44 0> g™ a 2 a )
Pemrenne zagaun 4
[Tpu orcyTcTBUN OTPAYKEHHOM BOJIHEI X‘E
IpaHUYHbIC YCJIOBUA HA METAJIJIMICCKON E. $ k,
IJIACTUHE MMEIOT B HOH,
—_—
(X3 ~ k A‘E
EO E2 E31 0 ®‘_3
H k
H() ““ Hsy - H3 N 4—T[O'OE().
C 0—"
Yarewm, ato Hy, *“ SK.Eg: 0 e
Eo ““ E2 ~ Es, (1)
cc - ~ AN ~°
E() Es E3 TO- E().

C Jzpyroit cTopoHbI, 'PAHUYHOE YCJIOBHE Ha 3epPKaJbHOM
ITIOBEPXHOCTHU
E2 e’Lk‘l € — E3 e ikl . (2)

Cucrema ypasrennii (1) ¢ yuerom (2) npuHuMaer BHL

E, - E, g2ikl <« Eo, (3)
E; ~ Eye?* s (17 g ) E,.

C
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Pemennsa

Uckinovast u3 ypasuenuit Eg, momyanm

el
Q’Lkl (13 C
Mmoo - o’
= 2

e

Bunro, 9TO BBIpakeHHe cje€Ba JOJIKHO OBITH JIeficTBU-

TeJIbHBbIM 9IUCJIOM, 110 MOJYJIIO paBHbIM 1. 9T0 BOZMOZKHO TOJIb-

Ko, ecin - “ 1. Torna

° c . e e A -
e e T /IS T m

m“0,1,2,...
4T[ 4 1 1 =1 &=

N | >

KoHTponbHasa paboTta 2.1, BapuaHT 2

Pemtenne zagaunm 1

Dypre-TIpeodpasoBaHne OT OJIH-
HOYHOI'O CUI'HAJIA
. [ Eocoswot, “Latal
P 10 tal
) a3

BO3bMEM W3 pelneHust 3ajadn 2.2(r)

Eg

ET/2 0 T/2 [2]

Eo cos &L
fw 1 ,72 .
17 pwT{mq

)

“T"
11

Eq [Ipumensst Teopemy o CaBuUre,
noyduM tpeobpasoBanue Dypbe
onuHouHoro curuaJja fptg=sin wot,

0ataZ (casur cocrasnser 4 ):

0 T/2

- T

for “ fpie 1

Egcos L o1
4

cc I " e
T 17 pwT{mng?
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2018/2019 Konrposbhas pabora 2.1, Bapuant 2

Teopema o casure, mpuMme- kg
Hennast K mnpeobpazosanuio Dy-
pbe TOCTIEeIOBATEILHOCTH CUTHA-
JIOB, JaCT TEOMETPUUIECKYIO IPO-
rpeccuio co snamenaresem e (@7

0 t
1 0 T 2T 3T

fo fw,lm

T. Eocos &L g iwT{t
T pl~ pwT{mg2qpl ~ e w0’

Pemenne zagaun 2

B ecrectBennom csere TE- n TM-BosiHEI UMEOT OIUMHA-
KOByI0 aMIiuTyay. [losoxkum ee pasnoit Ey. Torma ammanry-
et orpazkenubix TE- u TM-Bosin onpenesnsiores dhopmyiamu
@Dpeneist, KOTOPbIE YA00HO 3aIlnCcaTh B BUJIE:

TE cc -~ n1 cos 0p” no cos B2
El E0n1 cosBp ngcosBsy?

TM cc n2 cos Bg ~ nq cos Bsy
El EO ng cos 0p  mi cosBs”

N3 3akoHa TpeTOMIEHUST HAXOAUM YTOJT TIpeToMTeHusT Bs:

in® _ _ ineo . 1 -
S!n 2uﬂﬁsmeg“ﬂsmeo“%“—, B2 ““ 30 .
sinBy Ny ny 2

?_ -
TE ce - c0560'7'2_§cos30 cc ]
El E cos60  3cos30” 2 EO’
-

ETM “E 2_§cos60”:cos30” << .
1 0 3cos60 “cos30 0

CreleHb TIOJISIPUBATIN:



Pemennsa

Pemenne zagaun 3
Pertienne mjist mosist B BosiHoBOIe OepeM u3 3aatu 3 Bapu-
aHTa 1 ¢ WICHTHYHBIMU yeaoBusiMu (M. Ha c. 104):

E. ““ Egsin (gx> sin (gy> c0S (%t) .

ce = i WBEz ec < ia> v 21 ¢ T gin Tz Y @it e«
H, e By 2HQEO g sin~rcoste

e ~—

; in Mz Y Aiot.
1Eq sin = * cos -~ '™,

H, (2,%,t) “ Egsin T cos Tsin (20ct) <« Losjn (2ey)

.

cc i WBE; cc ia® = < 2M T Nz cin MY piWt e«
Hy »?2 ¢ Bx 212 EO a aCOS a sin a e

““ iEq cos 2 sin T2 et
Hy (4, 4,t) “ ~Egcos Isin Isin (2<t) = ~ £ogin (<) .
KoHTponbHasi pa6oTa 2.2, BapuaHT 1
Pemenne 3amaunm 1

12 Warepdepenimst MpONCXOIUT MEXKILY
BosiHaMU 1 U 2, OTPaXKEHHBIMHU OT Ce-

PHYECKUX TIOBEPXHOCTEl BYX JIMH3 (CM.
pucynok). Boama 1 magaer u3 crekia
HA TPAHUILy C BO3JyXOM (MeHee OnThde-
CKHU IUIOTHON CpeIoii), MO9TOMY CKAdKa
o ¢dase He Bo3HUKaET. BosiHa 2 majaeT u3 BO3/Iyxa Ha CTEKJIO,
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2018/2019 Konrposbhast pabora 2.2, Bapuant 1

[IO9TOMY [IPH OTParKeHUN OHA UCIBITHIBAET CKAUOK 110 (hasze Ha
T. OnTudeckasi pa3sHOCTDb XOJa JIBYX JIydeil COCTaBJIsieT y/IBO-
€HHYIO TOJIIUHY BO3JLYIIHOIO 3a30pa ILJIIOC TTOJIOBUHA JIJTHHBI
BOJIHBI.

Benuuuny Bo3ayiHoro 3a- (@)
30pa HaXOIUM KakK

JANRVAVERNVAVS

A ““|0A] 7 |O:B] “*

“R; " A/JOIC27r2*Ry " y/R} " r2**

“RiTR /17 «RiTR (17 g ) < o
1

2
T
1 aHaIorudHo Ay « 5 1%

VenoBue naTEpdEPEHITNOHHONO MUHUMYMA':

~ )\ <« ~ A 2 1 ~ 1 173 cc Ri1Ro
PZANE S 11V S rT(R—1 R—Q) mA, I, m)\RI\RQ,

UHTEPGPEPEHITUOHHOTO MAKCUMYMA:

~ A «c 2 Ri1 Ry «c - A cc p2m”~ 1gAR; Ra
207 5 “mMA, T MA™ 3, Te BT e

CB RiRso

Pemrenne zagaun 2

SaHI/IH_IeM BbIpazKeHHne Jjigdd WHTEeH-
CUBHOCTH BOJIHBI, SIBJISIIOIIECS CyIiep-
HOBHHHeﬁ JABYX KOI'€PpEHTHBIX BOJIH
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C
(6yzem omyckaTh MHOKHTETb g B BBHIDAYKEHHH JJTs yCPE]l-

HEHHOTO abCoIIOTHOrO 3HadeHust BekTopa [lofinTunra & S °*
SIEP):

| “ pEy " EopE, ~Eyq ** E1E| BB, T pE, Eog pE, Big
“ly Ty T 2RetpE; “Eoqu “ 1y T 1y T 2|Eq]|E2| cos y cos @,

rie Y — yroa MexKIy ABYyMsl BeKTopamu, a ¢ “° kd—Lx — CIBUT
o raze MexKly JIBYMsl BOJHAMU.
Ecyin 3anucarh BbIpaykeHue Jjisi HHTEHCUBHOCTU B BUJIE

L ply ~ lyg <1 - 2||51I||E‘2|I‘305Y cos (p> ,
1D

TO MHOKUTEJIb TIPH COS (P 110 MOJLYJIIO paBeH BugnocTu. Jlasee
yarem, aro E; ““ Egcosa, Es “ Eqgcos 3

VAKL 2|E1]|E2| cospa™ Bq «e 2|Eg| cos a|Eo| cos B cospa”™ Bq e
[E1]? 7| E2]? [Eo|? cos? a~ | Eol? cos? B

ce 2cosacos Bcospa” B
cos? 0 cos? B :

Pemtenne 3agaun 3
‘ Dopwmyrta Jid pajguycoM M-if 30HBI
Openesst B cliydae IIOCKOH Taaroreit
BOJTHBI 2>

Pm <“ MAa.

Orciona BUJHO, 9TO JUCK 3aHUMAET
[IEPBYIO, & OTBEPCTUE — BTOPYIO IOJIOBU-
ny 1-it 3oubr @penens. Torga Ha mgua-
rpamme Ppeneist BKJIa IEPBOi 0JIOBU-
ubl 30061 Openena B nosie Ep npejcras-

= (X % o
JisieT BekTOp Eq #5+ & BTODOIf — BeK-

TOp E, ““ AB.
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2018/2019 Konrposbhast pabora 2.2, Bapuant 1

Yros OAB onupaercs Ha quaMeTp OKPY>KHOCTH, IIO9TOMY
oH mpsimoii. Torma MHTEHCMBHOCTH cBeTa B Touke P papHa

Eg 2\~ ?_
Ip “Ep““Ef T E;“ (—B)—.Z > T pEo 297 < 3E§ “* 3.

Pemmenue 3amaun 4

Paccvorpum  nipeobpazoBanue Jiyda
HA TepHoJIe ONTUYECKON cucTeMbl (Ha
PHCYHKE OTMEUYEH IIyHKTUPHON PaMKOii).

IIycth oHO ommchiBaeTcst marpurieit M:

<X1>“M<Xo>“<m11 m12><X0>
aq Qo Mo Moo Qo

Ecnu pazmoxuTh BEKTOP-CTOJIOEI] ClipaBa Ha COOCTBEHHbBIE
BEKTOPBI JIMHEHHOTO peobpa30BaHms, 3a1aBaeMOr0 MaTpU-
neit M, To meficrBue JMAaHHOW MATPUIIBI Ha BEKTOP-CTOJIOEI]
CBOIUTCS K YMHOMKEHHUIO KaXKI0rO M3 COOCTBEHHBIX BEKTOPOB
Ha cooTBeTcTByMOIIee cobcrBerHoe dncyio. A N-kpartHoe seii-
CTBHE MATPHUIILI CBOANTCA K YMHOXKEHHIO KayKJIOro m3 cob-
CTBEHHBIX BEKTOPOB Ha cobcTBerHOe unciio B crenern N. Or-
CIOJIa HETPY/IHO MOHSITH, UYTO yCJIOBHE HEYCTOWIMBOCTHU peEIlle-
HUSI 3aKJIFOTAETCST B TOM, ITO MOJYJIh XOTsT ObI OTHOTO U3 COD-
CTBEHHBIX YNCEJT IPEBBINIAET eINHUILY.

OmupegennM coOCTBEHHBIE YKCJIa JIMHEHHOro Ipeodbpa3oBa-
HUSA U3 YCJIOBUS

AT my “myg

AE 7 M| ““ 0, _ _ “0.
| | My A7 My

XapakTepUCTHIECKOE yPABHEHHIE
2 - ~ - ~ cc
AT T pmip T Mao0A T MiaMyp — MMy ““ 0
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Pemennsa

C pelleHueM

~ ~ 2
e M1 Ma2 Mmy; Moo - ~
A2 — 5 — 5 Mi2M21  M11Moo.

Marpuria npeobpa3oBaHust Jyda Ha OJHOM IIEPUOJIEe PABHA

e (o 1) (1) (e 1) (5 1)

Mpu 0 x o 2F  App “* ~ & iy /17 (&)2.

2 2
Asof® “ (%) T17 (%) ““ 1 (ycroiunBocTs).

IIpu x g 2f

2
Ay <<~ % - (%) “1a71 (HeycTofmI/IBOCTb).
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2018/2019 Konrposbhas pabora 2.2, Bapuant 2

KoHTponbHas paboTta 2.2, BapuaHT 2

Pemrenne zagaunm 1
3ajia4a [OJIHOCTBIO AHAJIOIMYHA 3a-

nade 1 BapmanTa 1 ¢ TeM OTIMIHEM, UTO
pasMep BO3AYIIHOIO 3a30pa Telepb pa-
BCEH

r2 r2 r’sR, ~ Ryq
A (¥ A 'A (¥ 3 - (¥
172 9R, 2R, 2R R,

VYenosue wHTEP)EPEHIIMOHHOTO MHU- 1
HUMYyMa: R

N
>
/
poI>
3
>
/
voI>
m
f&i : \
g

N

UHTEPGPEPEHITUOHHOTO MAKCUMYMA:

cc p2m”~ 1gAR; Ra

~ A e 2 Ry Ry e« - A
207 5 “mMA, T MA™ 3, Te I T

B RiR>

Pemmenne zagaun 2

O6ustacTh OTBEPCTUST 3aHUMAET I10JI0-
I cc - Po
BUHY> IepBoii 30ubI Ppenenst (P, A a P
“ mAa, m ““ 1). Ee Bkiag B node

—

Ep nokazan na guarpamme Opewnesisi B

Bue BekTOpa B ¢ @A
~ \42
Obnacts p & r a 8 skiovaer 3oubl PpeHesns ¢ HOMe-
pamu or 2 go 8. Ux Briag B Ep na muarpamme Ppenest
[IpEJICTaBIeH BEKTOPOM Ej, Hadaao KOTOpOro HaxouTcs Ha
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Pemennsa

- N OKpYy2KHOCTH pajmycom Eq  (mosto-
: \ KEHUE 3TOr0 Hadaja COOTBETCTBYET
/ 5 ¥ HIZKHell Tpanuiie BTopoit 30HbI Ppe-

E
| 0 .
\ 1 HeIdA), a KOHel[ — B IEHTPEe 3TOii
\ OKPY2KHOCTH.
\\\ ) Bekrop Ep pasen E; T Es, a kBa-
0 pPAT €ro BeJIMIUHLL:

Ip““E2 ““E} ™ E2~ 2E;E;cos45 **

?52\ 2 -~ ?5 2 -7 -7
ce (@5_) E2 2&;5_50% “EZ(2 2) ““ 1gp2 20.

Pemenne zagaun 3

f Briparkenne 119 cOOCTBEHHBIX dHCET
MAaTPUILI Ipeodpa30BaHUsd Jyda Ha [IePU-
0/1€ OTIITUIECKOH CUCTEMBI OBLIO TIOJIYI€HO
IIpu pelennn 3a7a4un 4 BapuanTa 1:

- ~ 2
e M1 Mo My Moo - ~
A2 — 5 — 5 Mi2Mo2;  My1Moo.

Marpuria npeobpa3oBaHust Jyda Ha OJHOM IIEPUOJIE PABHA

e D)0 )G




2018/2019 Dx3amenaiponnas pabora 2

2
Mpu Od x d4f Ap =17 & 7 iy/17 (1’ %) ,

2 2
|A12]? < (l - %) S17 (1 . %) ““ 1 (ycToitanBOCTS ).

2
IIpu x g 4f A ““ 17 % - (1 - %) “1a " 1 (meycToiiunBOCTS).

OK3aMeHauunoHHasa paboTa 2

Pemtenne zagaunm 1
SarmureMm 4-MepHBIH BOJHOBOW BEKTOD BOJIHBI, UJLyIEH OT
3Be3/IbI K KOPaOJIIO:

B Y "By 00 = Ype ~ Bk
i T - ~ Be
1 ce cc By y 0 0 kLU £ ypkm B?q
KAk 0 0 10 ||k, K,

0 0 0 1 0 0

Hamnpasyienne na 3Be3/1y B cucTeMe OTCUeTa
KOpabJIst OIPEIC/IIeTCA PABCHCTBOM:

1
] ce 'ky cc ~ ky cc
tgo kL VP BE T kxq
cc sin O
YpB " cos g’
I‘ e @ (X k:_y [X] H e (:k:_x (X3 k_x e - e
JI¢ YyITEHO, UTO —J T SINB 1 =3 T COS 0.

Bunmo, uro 8' & 0 B urTepsaze 0 & 6 & 1.
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Pemennsa

Pemmenne zagaun 2
[Tosie B Touke P omnucwiBaerca unrerpasom Kupxroda:

.. 1 EO eikR
E, ™ J —R  ¢os Yds.
O

N3 reoMeTpun ONTUYECKON CXEMBI CJAEJYET, 9TO JIO IIIH-
boBKM KaxKas YeTBepTh JaeT OJMHAKOBbII BKIa1 B 1o1e E,:

E
Ey 70.

A Im
ITocue YMEHbHICHU A TOJINHUHBI CTEK-

> lama 0 noJte Eq Ha BbIXOMIE U3 OTBEPCTHS
1 Re nonyuaer cusur no daze:

27tipl” Ngd

27tipl~ Ngd
MHO)KI/ITG.HB e A BBIHOCUTCH
nz-tioy, uaTerpajga Kupxroda, mosromy
rocjie MIngOBKH ToJie B ToUke P npmobperaer Bu,

2mipl ™ ngdy; . 2miplT Nngdy - 2miplT Nngd3 _ 27ipl” Ngdy
€ A € A € A )

EL“E," (e x

Cam o - ?_
Te 1t Te ”‘) “Eip”170pl T 200

weld

“E;” (e'i% Se !

,ZLJIH NHTEHCUBHOCTU B TOouke P 1101y 9YUM
- ?_ ?_
- 4=2 2 2 2
|1“E212‘1‘ 22 cc | la.
L E2p1? T p 0 Tl S5 1o
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2018/2019 Dx3amenaiponnas pabora 2

Pemenne zagaun 3

[Toe nudpaximoHHON pereTKN
CKJIQIBIBAETCS M3 IIOJIEl OT KaKIOh  J
meu. CjraraeMble CyMMApPHOTO TIOJIsT
yaobHo crpynmupoBarh mo N mapam
—or J-it m pJ ~ NG@-it meseit kaxgas: — Nd

~ N ~
Epksg ** 2 pE; ~ Ejong **
J1 J*N
h, n
N L ) < . < N
ce Z Ejpl ezpkde kpn 1qhqq cc pl ezpkde kpn 1qhqq Z Ej cc
=
cc N 1 1- ikNdsin® =~
pl ezpk: dsin®~ kpn~ qhqq - eelkdsme 1
TJIe 3aIlUCAHO BBIPAYKEHUE IJIsl TOJIsd TuDPAKITHOHHON PeIeT-
KHI C N HLGJIHMI/I C ydeToM, 9TO IoJje mepBoil memm Eq

cc aBp P gine ka8

’LZp

Ksampar momyisa E paBsen *
IpBg “* |Ep6q|*

ce g 0°FE, 21, Ndsin® " pn”~ 1gh 2 kaB - QM cc
4 o 0 Ccos k— sinc a m
2

Ndsin®~pn~ 1gh sin? ZNdsin®
22 sinc? 148 cos? e R T
A

a?E?

((4

I%iCHO.HI)3OBaHbI MaTeMaTUu4IeCKue TOXKIeCTBa

1+ei¢=2ei%605%7 1—ei¢_—2’Le 2 §in —.
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Pemennsa

Pemenne zagaun 4
OO6I11ee BhIpaskeHue Jijisi HCKOMOI'O yIJIOBOI'O PaCIIPEeie-
HUsI B 3aJI@HHOI reoMeTpuu:

.. xd?ysin?@
 4med
rne d “

V106HO nepenucaTh 3aKOH JIBUKEHHST 3apsifia, BOCIIOIb30-
BaBIIUCH TPUTOMETPUIECKIM TOXKIECTBOM:

zptq ““ 2a " cospwtq “ cospAwtq ““ a” cospwitq ~ a’” cospwoty,

rme W ““ W Aw, Wy ““ W~ Aw. Torma

cc -~

z“ “a’ pw?sinpwitq ™ w3 sinpwatqg,

& < e%a? "pw? sinpwitq ~ w3 sinpwstag®

“e?a? " pwisinZwit T 2wiw3sin witsin wot T wj sin? wstq.
Vcpennenne o BpeMeHN JlaeT
H 2 (13 l H 2 (13 l
xsin“pw; tay o xsin“pwstay 5
X2 sinpw1 tq sinpwatay ““ xcosp2Awtay ~ xcosp2wtay “ 0.

Ioncrasiss Xd%y B HCXOMHOE BBIPAYKEHHE, MOJIYTHM

.. €2a%pw T Awg? T pw T Awg q5|n29
gmc?

Peitenne 3agaun 5

OOr11ee BbIpasKeHue i WHTEHCUBHOCTH W3JIyJIeHUs JIu-
HEeKM W3 YeThIpeX IMITEPEBbIX AHTEHH AHAJOTUIHO CJIyYai0
AU paKIINOHHON PEIIEeTKN C YETHIPhMsI IEJISIMIA:
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2018/2019 Dx3amenaiponnas pabora 2

ty
. \ x
in2 4masin | — K 25 1
cc pN )y T
Ipeq sin2 Tla sin IO’ X
A a a a

rje B orcanThHIBaETCS OT OCH Y.
NmeeM ycsioBre TJIAaBHONO MaKCHMyMa JJjist Sin@ “ %:
masin® _, 2ma _, m
A 3A '
B unreppane 0 & sin6 a % [VIABHBIX MAKCHMYMOB HET.
Orcrona ciemyer, aro m ““ 1 *. Torma mCKOMOE PacCTOSTHIE

Pemenne zagaun 6

Kpartko omnuriem KapTuny mnpoucxoudmux mporeccos. 1o
JefICTBHEM 3JIEKTPUIECKOTO TOJIST 3apsijl IPHOOPeTaeT yCKope-
nue, a sMecte ¢ HuM 1 d %o 0. Crie1oBaTeIbHO, 3apsi] ABIACTCS
MCTOYHUKOM JIUTIOJILHOIO M3JIyYeHus. B IUIOJIBHOM H3JIyde-
HUN UMeeTCd KaK BOJIHa, UCXO/JdAad OT CaMOr'o JUIIOJIsA, TaK 1
HCITyIIIeHHAasl IUIOJEM U OTPaskeHHasd OT 3ePKaIbHON IOBEPX-
voctu. Kpome Toro, BHEITHEe T0JIe, BBI3BIBAIOIIEE YCKOPEHUE
3apAKEHHOI YaCTUIlbl, CKJIa/IbIBACTCA U3 II0JIed na/iaroneil u
OTpPayKEHHOU BOJIH:

Eept < Ege® k27 0l ~ [ giPkz" 0 <« ~9iE sinpkzge

B ciyuae m > 1 riaBHbIE MAKCHMYMbI HAG/IONAINCH ObI TAKIKE O]
MEHBIINMU yTJIAMH, JIJIsT KOTOPBIX

MSTIHG =T,..,(m—1)m
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I7le YUTEeH CKAYIOK BOJIHBI TI0 ha3e Ha Tl IPU OTPaKEeHUH.
DTO 10JIe BBI3bIBAET YCKOPEHUE YaCTUIlbI, PaBHOE *

o o« €Beat o ~ 2eE, sinpkage” "t
m m

U IpUJIACT el BTOPYIO IIPOU3BOJIHYIO OT JUIOJILHOIO MOMEHTA

.. €2Ecus .. - 2e%Egsinpkage @t
m m '

d““ex

ITose, m3my1aemMoe HEMOCPEICTBEHHO OCIIIJIIUPYIONINM 3a-
psJIOM, PaBHO

d"n e 2e? E, sinpkag pibkr” kacosa” wtg
mc2r

eq-

Wznydenune, oTpakeHHOe OT 3epKaJia,
yIOOHO TPEJICTABUTD KaK II0JI€, UCXOIs-
mee OT JUIOJIS-M300paykeHust, KOTOPBIi
OCHWJIUPYET B POTUBOdA3€e ¢ OPUTMHA~
JIOM:

2e? Eg Sinpkaq eiplﬂ“‘ kacosa” wtg

H2pr’tq o mCQr

CyMMapHOe 110Jie B BOJTHOBOU 30HE

Hpr, tq ““ Hqpr,tq ~ Hopr, tq “*

cc 2% Egsinpkaqe’PkT @8 - o cosa ~ o7 ika cos O
mc2r pe & G€a

ce die? Eq sinpkagelPkr™ wt
mc2r

q .
cospkasin ageg.

FCuna Jlopenna Fi ~ %eEext U B HEPEJIATUBUCTCKOM CJlydae IIpeHe-
OpeXKUMO MaJia.
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2018/2019 Dx3amenaiponnas pabora 2

Cpejifsis 10 BpeMeHH MHTEHCUBHOCTD B €JIUHUILY TEJIECHO-
ro yrjaa paBHa

cc 2 cc 2 4E2 in2 ]C - cc
(AL we a2 |py |2 <o 22 E0SPRG gin2pia cos o

mm?2¢3

ce 2¢Efsin® Q%a sin2 2Ta cos O
mm?2¢3 A :
Pemrenne zagaun 7
B MarauTHOM 110J1€ 3apsizKeHHasl YaCTUIa IIPUOOPETAET YCKO-
peHre U CTAHOBUTCA NCTOIHUKOM JIUTIOJILHOTO W3JIydenus. Mo
HOCTH HOTEPDb JIUIOJIHHOTO U3JIyIeHUsT OIPEIesieTcss (hOpMy-
JIOH

dE ,, 2d? ,, 29%a? ., 2q*v?’B?

— ““ const.
dt 3c3 3c3 32mc?
TOI‘,ILEL IIOJIHbIE HOTepI/I SHepFI/H/I JaCTUIIbI paBHI)I
dE
NAE ““ —/At,
dt

rae At — BpemMs HaxXOXKICHUS YaCTUIBI B MArHUTHOM IIOJIE.
OTO BpeMs COCTABJIAET IOJOBUHY II€PUOJIA JIAPMOPOBCKOTO
BpallleHUs, IIOCKOJbKY B 3a/IaHHON I'eOMETPUN YacTHUIA IIPO-
XOJUT B MAarHUTHOM II0JIe POBHO IIOJIOBUHY JIApMOPOBCKO#1 Op-

OUTHI: -
Tt
At (X3 _ (X3 —.
2 w

W3 cooTHOMIEHNS /IJTsT YCKOPEHUS TACTUIIBI HAXOIUM YTJIO-
BYIO CKOPOCTB:

gee VB L V. B
R mc R mc
Torna T
3 3 T[mC
Attt E
! 2¢*v?B2 . mmc _, 2ng3v’B
AE “ : ce

3m2c¢® 9B 3mc?
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Pemennsa

2019/2020 yuebublii rox

KoHTponbHasa paborta 1.1, BapuaHT 1

Pemtenne zagaunm 1

Cuapyxku E Haxoaurcst Kax 1oJje 6eCKOHEYHON paBHOMED-
HO 3apsizKeHHo# 1mrockoct E “° 210 |—§|ez, e 3 PeKTuBHAS
[TOBEPXHOCTHAS IIJIOTHOCTD 3apsiia

o“* f ppzadz ““ f pogdz ““0.

BuyTpu ciiog mosie paBHO

2

P
Epzq ““ Ep0gq > 4nfp0%dz1 ““ Ep0g > 2np0%.
0

e -~

W3 Epaq ““ 0 crenyer, aro EpOq 2Tppae.:
z2 72
Epzq ** ~ 2mpoa = 2mpo—- ** ” 21poa (1 - §> :

Pemenue 3amaum 2

X Ilo npuHIUIy CyHNEepIO3UINN HUCKOMOE
N\ E
R\A( ' oJIe PABHO BEKTOPHOI CyMMe IIOJIeil, co-
E o o
B 3/IaBAEMbIX IOl U Tapoil MoyOecKOHe -

HbIX HUTEH. [Iprdem mocseiHIE 1B BEKTO-

pa apyr japyra Komiencupyoor *. ITome or

1o CJIEYEeT U3 M3BECTHOI'O CBOMCTBA I0JIA MOJIyOECKOHETHOM HUTH:
B JIFOOO# TOYKE TIIOCKOCTH, HOPMAJILHOM K HUTU W MPOXOISAIIEH Yepes3 ee
KOHeI, I10JI¢ OPUEHTUPOBAHO 1101, yIJIOM 45" k mutn. Pacnonoskenue IBYX
HUATE TaKOBO, UYTO UX IOJA B 33JaHHOI TOYKE IPOTUBOIOJIOXKHBI.
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2019/2020 Konrposbuast pabora 1.1, Bapuant 1

JIYTH MOYKHO PACCIUTATH NHTEIPUPOBAHNEM KaK MTPOEKITHIO Ha
npstmyto OA:

13 2 13 2_ sin — 13

717
%Rcosada x . M, x 2

f R 4 R
0

Pemtenne 3agaun 3

JIOBOJIBHO €CTECTBEHHO WPEJIITOJIO-
KUTb, 9YTO CHUJIOBbIC JIMHUUW dJIEKTPpUIe-
CKOT'O TIOJIsI TIPOXO/SAT TIO JIyTaM OKPY K-
HOCTEIl BOKPYT' OCH Z:

EpRq ““ EpRgeq. 1 =0 x

Crietantoe TPeIIoIOKEHNE BLIJEPKUBACT TPOBEPKY Ha BbI-
nosinenue yesosuit divE ““ 0, rotE ““ 0 B o6beme u rpannd-
HBIX ycsoBHil Pyeo ““ U, Pl ¢ “* 0. Ilo Teopeme equncrnen-
HocTH perterne (1) sIBJISIeTCsI eIMHCTBEHHO BEPHBIM

"B 1efiCTBHTEIBHOCTH B yCIOBUM 33Ja4H He 331aH TOTEHIUAT Ha OCH
z. BCHE,ZLCTBI/IQ 9TOT'0 I'PAHUYIHBIE YCJIOBUS OKa3bIBaIOTCA HEIIOJIHBIMU, ITO
(dopMasIbHO He TO3BOJISIET MPUMEHUTh TEOpeMY eInHCTBeHHOCTH. [leii-
CTBUTEJILHO, €M TOOABUTDH K MOTEHIIUAY, OTBedaonemMy pemenuio (1),

8
peipazkenne Buga Y. (Amr™ + Bmr ™) sin ma, o norenrman 6yier mo-
m1

MIpeKHEMY Y/IOBJIETBOPATH ypaBHeHHIO Jlamiaca B 00beMe U rpaHuIHbIM
ycaoBusiM lx<<o = U, Ply-<o = 0 Ha rpanune.

Kazamocs 6b1, m06aBKa 3aHYINTCsI, €CJTU YTOIHUTH, UYTO B 3a30PE BaKy-
VM 1, CJI€JIOBATEIbHO, TaM He COAEPXKUTCS 3apaaoB. Ho u B aToM ciaydae
3apgaabl MOTYT BOSHUKHYTL Ha I'DAaHUIE MEXKJ/Yy 3a30pOM U JUSJICKTPU-
koM. Kpome Toro, nckazxkenne hpOpMbI CHJIOBBIX JIMHUM HEM30EXKHO MPO-
I/I3OI./’I,ﬂeT IIPU MaJIbIX 7" BCJIEJACTBUE UCKPHUBJICHUA ITIOBEPXHOCTU SJIEKTPO-
JIOB Ha, KpasX.

ITosToMy GyieM MOHMUMATH MO, 3a30POM 3ATIOJTHEHHBI BAKYYMOM IHU-
JIMHJIP MaJIOTO PaJIMyca ¢ OCbio z. Ecim 3ToT pajanyc Bce Ke MHOTO 00JIb-
e pacCTOAHUA MEXKJy 3JIEKTPOJaMM, TO CHUJIOBBIC JIMHUU II0JIA 6yﬂyT
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Pemennsa

U3 ycnousa U “* %Elqu ceryer

2U
EipRq “* , D1pRq “* H_R

U3z yenosus U “¢ 7 3T2[—RE2qu crejyer

e - 2U . 2U
E2pRq IR’ D2pRyq IR’

(1]
[LnorHOCTH €BOGOIHOTO 3apsiia B miockocTu Y ““ 0 paBHa

D2n - Dln cc -~
4m 612X

o

p3e " 1q.

Pemmenue 3agaun 4

3aJIaHHBIN AP MOYKHO IPEJICTABUTH KAK MHOXKECTBO BJIO-
JKEHHBIX OJHA B JApyryio cdep rommuunoii dr. Kaxmas cde-
pa xapaxkrepusyercd 3PDEKTUBHON TOBEPXHOCTHON IIJIOTHO-
crpio 3apsaa doprg ““ dogprqcos© ““ pgcos 8dr. Issecrho,
YTO BHYTPH OTJEIbHOI chepbl ¢ TAKUM paclpejie/IeHueM 3a-
psia hopMUPYETCs OJIHOPOHOE TIOJIE, & CHAPYZKU — TI0JIE JTH-
nosist (eM., HanpuMmep, [4] Ha c. 75):

= e 1
rar': dEprg —4"p§d’” e,

=l - cc —dp ~ dp rgr
rér!: dEprqg & -3k

rae dpprig “* 4np°r drle, — IUIOJBHBIH MOMEHT 3JIEMEHTAp-

HOiT cepbl pa;LI/IyCOM rt romumoit drl,

MPOXOJUTH BJIOJb TPAHUIIBI pa3fesa «BaKyyM — JUIJIEKTPUK» 0e3 00-
pasoBaHMsl HA Hell MOBEPXHOCTHBIX 3apSAJIOB. DTOMY CJIydard OTBEYAeT
pemtenne (1).
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2019/2020 Konrposbhas padora 1.1, Bapuant 2

Torna mosre Epr( BHyTpH 1m1apa HaxXOJIUTCH KaK

T a
cc ~ dppriq ~ dppriqraqr\ ~ ¢ 4npodr! cc
Eprq S( rpg g~ 3p stq q { dmeodr o
0 r

T 13 - 13 pe. @ 1 e
cc S ( 41‘[?[))7(‘)37‘ drlez 34T[p§r pezrfrqdrler> S 4T[p§d7‘ e,
0 r

cc — Tiport  ~ Tipopezerqr!  ~ 4mpg
33 € - 3 © 3

““ Tipy cos Bre, ~ pa ” e,

e r — KOOpJWHATA TOUKHM HAOJIONEeHUs, a WHTeIPUPOBAHIE
HPOU3BOJAUTCH 110 IMITPUXOBAHHON IIEPEMEHHOM.

[Tosre Eprq 3a npepenaMu 1mapa HaXOMUTCS KaK IIOJIE -
TOJIA C JTUITOJIBHBIM MOMEHTOM

a a
cc cc 41 13 1 ce TI 4
p édp g_p_gr drie, « Tt e,,

Eprq «“ ~ 5 3PP rar,

r5
KoHTponbHasa paboTta 1.1, BapuaHT 2

Pemmenue 3amaun 1

Cuapyxu E naxojurcs Kak 1moJjie 6eCKOHEUHOM paBHOMED-
HO 3apsizKeHHoi 1mrockoctu E ““ 2110 |—§|ez, e 3 PeKTuBHAS
[TOBEPXHOCTHAS IIJIOTHOCTD 3apsiia

o “* f ppzqdz “* f Po sinprtiz{aqdz ““ 0.
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Pemennsa

BuyTpu ciios mose paBHO

Epzq “* Equ‘4an0 sinpniz'{aqdz! *“ Ep0q~ 4poa (1 ~ cos %Z) .
0

Epaq ““ 0, orkyna mosygaem EpOg ““ ~ 8ppae,. Urak, sHyTpH
CJIOSI UMEeM:

Epzq ““ " 8ppa ~ 4poa (1 ~ cos %Z) ““ “4ppa (1 = cos %Z) .

Pemenue 3amaunm 2
o

JIBe mpsMBle HATH BKJIaJa B IOJIE He
JIAtOT (CM. KOMMEHTapuil B CHOCKe K 33/1a~

X

4e 2 BapuanTra 1, c. 122). 3apsi Ha Jyre
MOXKHO pPacCMaTPUBATH KaK CyIEepIO3M-
WO 3aPsJIOB IJIOTHOCTBIO ¢ Ha IOJIHOMN
OKPY?KHOCTHU ¥ INIOTHOCTBIO ~ ¢ HA JyTre
u3 3amaun 2 BapuanTta 1. [lose mosHOIM

OKPY?KHOCTH PaBHO HYJIIO, & II0JIeé MaJIONl Iyrd BO3bMEM U3
3asaun 2 BapuaHTa 1 ¢ 3aMeHO 3HaKa (HAIPaBJIEHUs BEKTO-
pa Eq): >
_x 2
E (1] E1 (X3 X
R

Pemenne zagaun 3
VA ¢O(R,00) [Tose nmeer Bz (cM. 3ama4dy 3
BapuanTa 1 Ha c. 123):

o=U |/

= \\ EpRq ** EpRgeq. (1)
& | BN R
[ Fe ) % U3 ycnopus U ** TEE | pR( cie-
‘\\ e /'/‘ (p=/O X' e
" o

2U 2U

s E1pRq <=, DipRq“* ==
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2019/2020 Konrposbuast pabora 1.2, Bapuant 1

U3z yenosua U ““ 7 3g—REngq caemyer

2U
EopRq ““ ~ , D e IR
[LrorHOCTB €BOGOIHOTO 3apsiia B mockocTu Y ““ 0 paBHa

D2n - Dln cc — U
4m 612X

o T .

KoHTposnibHasa paboTa 1.2, BapmaHT 1

Pemrenne zagaun 1
ITosre B TOUKe r OT KOHTYypa

C TOKOM OIPEJIENISeTCHS 3aKOHOM 0
Buo — Casapa: )
Bprqg “* J RS VA I B S R
¢ A de K B

e R — pagnyc-Bekrop n3 smementa d [ tpoBognnka ¢ ToKOM

B TOUKY HAOJIIOICHUSI.
Haiiziem 1mmoste oT oHO# CTOPOHBI C TOKOM:
e | d[CTR
Bl - 73-
c R
AB

Vno6HO 1epeiiTn K MHTErPUPOBAHUIO IO YIUIY:

cc OKdO( R “* OK

z““AB~ OKctga, dz ,
sm o’ sin o
el el
6 6

cc | OK?Z2sin® ada «c [ : ‘e

B, ““ 2 §I Oy =R §I sin ada
s s

“ ﬂpcos— cos &g «« &L,

ca cos
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Pemennsa

ITose oT BCero TpeyroabHOro KOHTYpA:

.. 181

B “* 3B, < HaIpaB/JeHO Ha HAC.

Pemenue 3amaunm 2

01 ““Ciidp1 ~ Ciado

02 ““ Co1p1 ~ Coao

O6o3na9nM C11 “ C22 e Cl, C12 e C21 “ CQ n 1nepemnun-
meM CHCTeMy B BUJE

¢©1C1 ~ $2C

$2C1 ~ 01Co g2
Haxomum nenssecrubie Cq, Co mo npasminy Kpamepa:
e DL Qb1 e Do 02O 6
N Y N A
Pemmenne zagaun 3
Bynem nckath perienue B BUJIE

C

J <0, raa

JJoe, " 24e. 47‘4'06;‘4”‘", raa

W3 rpannanoro yciaosus Jo, ““ Ji, °° 0 Haiinzem HemsBecT-
oy A:

- A - A
Jocosa ™ 2 cosa ~ 4—cosa “* 0,
a a

- Joa?

oTkymga A “ 5

[Tony4uennoe pemienne yaosiersopsieT ypapaenuto divj “*
““ 0 gy torHocTr Toka u ypasuenusm divE ““ 0, rotE “
““ 0 mys sstekrpudeckoro moJisd. C yueToM IpaHuYdHBIX yCJIO-
BUII BBIIOJIHAIOTCSI ycj10BHusA T€OpeMbl € IMHCTBEHHOCTH.
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2019/2020 Konrposbhas padora 1.2, Bapuant 2

Pemenne zagaun 4
B coorBercTBHM ¢ METOIOM H300pazKe- qu‘o
HUIT 110J1e B Cpejie 2 UMeeT BUI,
2
E (X3 q
2prq ﬁeTl

2 2¢
e q° ““ —51\252(].

Uckomblit 1TOTOK yIOOHO CUUTATH KaK
notok nojsg Ko depes uacth cdepbl pajiu-
ycoM I ¢ rieHTpoM B Touke O:

0

P J%q " 2mr?sin 6'de* “ ﬁ
PE1  €o0r €1
0

KoHTposnibHasa paboTa 1.2, BapmaHT 2

Pemnenue 3amaun 1
ITo anamorum c 3ajawueit 1 Ba-
puanTa 1 Ha c. 127 maiigeMm moJie

o a
B, or ommHOlt CTOPOHBI C TOKOM:

57
L ( OKZsin® ada .
Bi" 2| oxsenza

c OK3sin“a

\ &)
A
)

ol

3 ?
“e ! Jsin ador ““ 2l coS m- cos 3 e
c"OK cap 4 4 q

jus
4

21
ca

ITose oT Bcero KBaIpaTHOTO KOHTYpPA!
?_
.8 21

B ““4B; * = HaIlpaBJIEHO Ha HAC.
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Pemennsa

Pemmenne zagaun 2
b1 ““ S1101  S1202

&2 ““ So101 ~ S2202

O6o3na9nM 811 “ 822 “ Sl, 812 e 821 e Sg u 1epenunieM
CucrTeMy B BUIE

01S1 ~ 0252 ““ O

01S1 ~ 0252 ““ 2

Haxomum nemspectnble S1, So mo npasmiry Kpamepa:

e D1 Uh1” Qb o L Do Qb2 G2y

s 0P Ga®2 _
oA 2 q2 SN 2 o2

Pemmenne zagaun 3
By,ZLeM HNCKaThb IIJIOTHOCTH TOKa Ha IIJIaCTHHE BHE KpYyTa
KaK 00pa30BaHHYIO JIUHEHHBIM 3JIEKTPUIECKUM JIUIIOJIEM:

J ““ Ajeg, r aa.
ce ~ nA ~ 4 Aopex rqr
J“ Joe, T 243, 472'07}4‘ ® raa.

Heuwssectnyio Ag  mafiieM W3 TIPAHUYIHOIO YCJIOBUS
Eor ““ E1¢ ““ 0, paBHOCuabHOrO yemoBuo Jor “° 0:

. _ Ay
Josina 2—22 sina ““ 0,
a

cc J0a2

oTKyaa Ao 5
W3 rpanuanoro ycaosus Ji, ¢ Jop, Halimem Aq:

Ajcosa ““ Jycosa ~ Jpcosa ~ 2Jgcosa, Ay ““2Jp.
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2019/2020 Konrposbhas padora 1.2, Bapuant 2

Nrak,

J ““ 2Jpe,, r aa.

- Joa? ~ 5 Joa®cosa
J ““ Jpe, 0e, 220 27r, raa

[Tosy4yennoe perrenne yaoBiaeTBopsier ypasaenuio divj “¢
0 mis mnorsoctu Toka u ypapHenusiMm divE “ 0, rotE “*
0 sist sstekTpudeckoro noJist. C y4eToM IpaHudHBIX YCIOBUM
BBINIOJIHSIOTCS YCJIOBUS TEOPEMBI €IUHCTBEHHOCTH.

Pemmenne zagaun 4 q" 0
B coorBercTBUU € MeTOIOM M300pakeHmit * N

1oJie B cpejie 2 mMeeT BH] e

q2 / ‘j“ X
Eoprq *“ e, W‘J
r2 (5% Ez(r)
2 cc 291

rae o1 02q.
Wckomblit TOK yI0OHO CIUTATh KaK IOTOK BEKTOpa jo °
““ 09E9 uepes qacTb cdepbl pagmycoMm I ¢ IIEHTPOM B TOUKE

O:

8
cc 20109 - 2 i 14Ql << 410102 - cc
I § oo ozl " 2Mre sin 'de” * FF2apl ~ cos Bg

ce o0 -
5.=o,;P1 ~ cos 09,

rie B cuity Teopembl aycca mpunsrto, uro 41014 ““ lg.

Fewm. samauy 3.29 us samaunuxa [1].
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Pemennsa

OK3aMeHauunoHHasa paboTa 1

Pemmenue 3amaunm 1

MaruurHoe 1oJie BCIOLy BHYTPU COJIEHOHIA HAIIPaBJIEHO
napaJsuieabao ocu *. M3 reopembl CTOKca CllelyeT OJIHOPO/I-
noctb H B obbeme cosenonma. Torma sneprus B cepIAeIHUKE

paBHa

H2
w, = M2
8mn

a BO BCEM COJICHOHJEC:

cc uH2 21 ~ H_2 2 - 2
W o Tih=| 8nrtpa b=ql.

OTCIO,ZL& HEIIOCPEJCTBECHHO IIOJIy9IaeM NCKOMOE€ OTHOIIIEHUE!:

WC cc ub2

W pbZ T pa? ” b2g

Pemmenue 3amaunm 2

Bpamaromasica 3apskennas  cdepa
9KBUBAJIEHTHA HEIIOJBUXKHON C pacrpe-
JIeJIEHHBIMU 110 Hell Tokamu. BbLaeaum Ha
cdepe nonocky mupunoii add. JIuneitnas
IIOTHOCTH TOKA II0 TAKOI II0JIOCKE paBHA
Q Qw

wasin® ““ =—sin0o.
4ma? 4ma

Bynem uckath pernrenue s MOJIsA B BUJE

JpBg ““ ov “*

Bprg ““ By, r a a,

Bprq < @~ 3MRIX p g g

e JOIIYCTUThb HAJIM4Yue y MOJId PAaJUaJIbHON COCTABJISIONICH, TO
IIOTOK OIS Yepe3 IOBEPXHOCTD IUIUHIPA, COOCHOTO C COJIEHOMIOM, OKa-
ZKEeTCsl OTJIMYEH OT HyJisl, ITO MpoTuBopeunt ycaosuio div B = 0.
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2019/2020 Dx3amenaiontas pabora 1

Hewmssectrunie By 1 M malizem 3 rpaHUYIHbBIX YCJIOBHI:
- €6 m gj ~ Bo g ce AT QW i
Hor ™ Hig *° 25sinB L sin 0 i SINO,

Bon ~ Bin 273056 7 Bocos6 ““ 0,

OTKY/Ia
a’w 2QuW
m “* Qp‘i\, By “* Qiu\
CPHL — 2g capp — 2g
Pemenne zagaun 3
YV4uThiBas, 9TO B BaKyyMe CHapyXKH B(r)_?

OT COJIEHOH/Ia BJIAJIM OT €ro KOHIA perlle- ;
HEEe MMeeT BHJ IOJId TOYedHoro sapsga, M2 S/ 7 >>4/S

OyJileM UCKATb pEeIleHUue B BUJIE H I

Hprq *“ 2te,, 230,

Hprq *“ %2e,, A0,

rJle Havas0 KOODJUHAT IOMEIEHO B KOHEI[ COJICHOUIa.
Bribepem na rpanuiie pasiena HEKOTOPYIO TOUKY I ™" 'S
U 3alulieM B Heifl IpaHuvHOe yCJIOBUE Ha TaHTeHIMAJIbHLIE
KoMmIoneHTsr H:
Al Ao
r2 rz’
oTKyHa ciaeqyeT, aro Ap ““ Ag ““ A. >
Teneps paccmorpum cepy pagmycom " ‘Sc IIEHTPOM
B Ha4daJle KOOp/JAnHaT. HOTOK NHAYKIOUN MarHATHOI'O IIOJIsSA 1e-
pe3 cdepy pasen nyito. C Jpyroit CTOPOHBI 3TOT MOTOK CKJIa-
JIBIBAETCST U3 IOTOKA Iepe3 CeveHne COJIEHON I U TIOTOKA, MOJIsT
BHe cojieHouia depe3 cdepy ¢ OTBEPCTHEM B MeCTe ITPOXOXK-

JeHunsd CoJIeHOM /da:

@Bds cc qu ~ q32 e ~ 4“”101371 ~ J‘J‘ BdS cc 0-
S
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Pemennsa

Iockosbky S ¥ 4mr?, ro | T%dS « {p r%dS:
S

zal zal

ce — 4“”1[371 ~
C

21 rQT% 2npor?,

2u11Sn

oTkyma A “ ETERITIE

Urak,

2u21Sn

Bprd ™ e e

zao0,

cc 2'.11'.12[S’ﬂ & =
Bprq Cp“l\IJQqTQ T P2 eT’! zZa 0'
OrmeTnM, 9TO MOJIydeHHOe pererune pu I % O yosite-
tBOpsieT ypasHenusM divB ““ 0 u rot H “* 0. Kpome Toro, Ha
rpaHuiie paszesa BhIIoHgeTca yeaoBue By, ““ Ba,. IosTomy

IO TeopeMe €JJUHCTBECHHOCTHU OHO BEPHO.

Pemmenne zagaun 4
Cuja B3auMOJIEHCTBYST JIBYX TBEPJIbIX JUIOJIEH ¢ (DUKCH-
POBAHHBIMH OPHEHTAIUSIMU PACCUUTBIBAETCS 110 (hopMyse *:

F < 3pm1"r12qm2‘pm2”r12qm1 T pmy mogriy - 15 pmj ri20pma rizQris
5 7 .
T12 T12

BorgemnM X-KOMIOHEHTY CHJIBL ¢ ydeToM, uyTo my [d, u

mo Exi

ce QM1 Yo me < Mmi1yo M2x'T cc M1M2Yyo 2 - 2y &
Fr““3 o 15 = 03y 15X

ce M1M2Yo
7
T12

P3pyg X T 15x7q “* 3mmlpyE T Axy.

Fewm. samauy 4.26 us samaunuxa [1].
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2019/2020 Dx3amenaiontas pabora 1

A

13 reoMeTpHu 3aJa4u CJEIyeT, YTO Y)OIJ'TH
Takas K€ KOMIIOHEHTa CHUJIbI JIeHCTBYeT

CO CTOPOHBI JIUIOJSA My. [1039TOMY HCKO-

Masl CHJIa PaBHA HyJIiO Ipu X *° 7 4. ,

Kpome Toro, F, & 0 mpu |X| 8 % u m,

F. @ 0 mpu |x| & %2. [TosToMy TOIBKO

=~ Y% _
5 CUJIa Ha ')’01 -m,

B OKPECTHOCTH TOYKH X “°
paBjeHa K TOYKE paBHOBECHU:dA, TaK YTO
B 9TOU TOYKE paBHOBECHUE YCTONYUBO.

IIpumevarnue. Ha pucyHnke mokazaH BUJ, HTOTEHITNATLHOI

SHEPI'uM B3aUMOJAENCTBUA JIUIIOJIEHl C MUHUMYMOM B TOYKE YCTOI-
YUBOI'O PABHOBECHUS.

x:‘yn
Pemtenue 3agaun 5 D
Uckomast 9/1C omnpenesnsiercst 3a-
a
xounoMm Dapages: ( &-9 B
\J ’ b
e - do Iy cosmt
cdt’ iy
C

rame @ — MOTOK MArHWTHOTO IIOJIsT depe3 cedeHne OOJIBIITOro
KOHTypa IpU HPOTEKAHUM II0 MajoMy KOHTYPY Toka Iptg.
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Pemennsa

DTOT IMOTOK yJIOOHO BBIYUCIUTH, BOCIOJH30BABIIUCH CBOM-
CTBOM CUMMETPUIHOCTH B3AMMHBIX EMKOCTHBIX KO3 hurimen-
ToB. Takoil 2Ke MOTOK BO3HUKHET BHYTPH MAJIOIO KOHTYDA,
ecin Tok | myctuTh 1o Gosbitomy KOHTYpPY. llpu 3amannoit
reOMEeTPHH OCHOBHOH BKJIAJ, B MATHUTHOE I10Jie OYJIET JaBaTh
TOK, TeKyIuii 1o cropore CD (cM. pUCYHOK), KOTOPYIO MOXK-
HO CYNTATH OECKOHEUHBIM MPAMBIM IIPOBOJIOM:

]
cR’

Torma MCKOMBIH TTOTOK paBeH

e e .. 2blgcoswt, h ™ a
cbﬂ “2.ds bf—dR 2,

a nckomas D/1C

£ « 2bwl sin wt In (1 - %) _

c2
Pemtenne 3agaun 6
SanmireMm ypaBHeHue MakcBesa ¢ TOKAMUA CMEITEHU:

4_ dD

rotH ““
cdt’

[TpounTerpupyem ypaBHEHUE MO ILIOMIAINA TOBEPXHOCTH, HAa-
TSIHYTO Ha HEKOTOpbIit KOHTYD C:

{[ rot F1gs = fj;HdI__‘l‘ 42' Cdt | Das.

[onyuwmmu Teopemy Crokca Npu HAJUYUU TOKOB CMEINIEHUS.

Sapsi)i Ha MIapuKax MeHSIeTCsl CO BpDEMEHEM U CO3/1aeT B IIPOo-
CTPAHCTBE IIepEeMEHHOe JICKTPUYECKOoe I10JIe:
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2019/2020 Dx3amenaiontas pabora 1

B G o]

RZ°F R2OR

Beibepem B KkadecTBEe KOHTYpa
OKPYZKHOCTb PaJILyCcOM I C IIeHTPOM B

touke O (cm. pucynok). B 3aBucmmo-
CTH OT TOr'0o, KaKyl IOBEPXHOCTH MbI
HaTsiHeM Ha KOHTYpP, TOoK | Oymer miam He Oyaer depes Hee
nporekarb. Ecn 3a7aTh B KadecTBe MOBEPXHOCTU KPYT, TOK
qepe3 Hero MpoTeKarh He OYIeT, a MOTOK BEKTOpa ) Oyer
OIMHAKOBBIM OT 000WX IIAapUKOB. V3 cuMMeTpHuu 3a/1a4n CJie-
jyet, uro BekTop H mMmeer TOIBKO O-KOMIIOHEHTY W 3aBUCUT
TOJILKO OT I. Torma

2nrHprg “ 2 ff L7 cos 0'dS “ 2§ L cos 0! " 2mridrt <

T T
cc [ S P i 12 <«
an (S) 3R’ dr T[(S] epri2 ™ 12{4¢302 dr

ce2ml (2 2 1 cednl (1 1
c \! 2> 2{4 c 2 r2712{4 )’

oTKysa nckomoe tose Hprg < 22 <1 - 2—?;‘7%4> *.
T

"Buzno, 4To mpu r — 00 TIOJMyYAeM IOJIE HPSIMOrO MPOBOIA, & IIPHU
r — 0 H — 0. lefictBuTenbHO, Ha OOJIBIINX PACCTOAHUSX IIAPUKH IIPEJI-
CTaBJIAIOT CODOIl TOUKY C CyMMAapHBIM HYJIEBBIM 3apsJIOM, a IPOBOJ C
HEOOJIBIIIM Pa3pbIBOM — HEIPEPBIBHBIN IpoBoxg ¢ TokoM. [Ipm r — 0
uupkyssnus 1nojst H 110 oKpy»>KHOCTH ¢ MaJIbiM DPajiycoM r yObIBaeT
kax 72. Tlosromy H(r)ocr — 0.
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Pemennsa

KoHTponbHas paboTta 2.1, BapuaHT 1

Pemrenne zagaun 1

DddexTuBHAsT ATIEPTYpa 3€p-
KaJla, 3a/1a1011ad II0IIepEeYHbI
pasMep OTPayKEeHHOI'O IIyJKa,
pasua dcosB. CoorsercTByIO-
Uil pasMep MATHA Ha BooOpa-
JKaeMO#l MJIOCKOCTH, IEepPIICH/IH-

Nk 35

KYJIAPHON IIyUKY:

: Dc"‘dcose‘—I - A
sin@ dcos®’

Yenosue Ha MuHEMYM Jyist D o ke, uto u s D (Ha
SKpane D):

Dl cos®” -2 <N

dg sin 0 cos 0

N cc Al
N do \/ sinBcos28"

MuHuMaJIBHBIH pazMep

° cc AI cc D;"LZTZ cc 2 AI
Dinin 2\/ sin@’ Domin sin®  sinB Vsind’

Pemenne zagaun 2
[Tostyuum BeIpazkeHue i TpynnoBoii ckopocTu |M-sosHb
[IpH 9acToTe (. 3aKOH JUCIIEPCUN:

2
Tl m\ 2
2 ce 21,2 ~ ~ ce 21,2 ~ 2
w Ckz <a) (b) Ckz wlmmin'

[Iponuddepenimpyem paseHcTBO 10 K, :

[
dekz 2c°k,
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2019/2020 Konrposbhast pabora 2.1, Bapuant 1

Orcrona oty aum

Vi Ik

B nammeii 3a/1a9€ Wi min - W10 min

ce 2Tc x
=€ % modTOMY

?

Pemenne zagaun 3

Sajiannbe KOA(MDMUIIUEHTHI OTPAYKEHUST OTIH-

cec T cc
=, W W20 min

a

2 [e32 7 2
£ dw [¥3 C2kZ Y3 C w wlmmzn Y3 C\/l, (wlmmzn>2
cw w '

E, E
CBbIBaIOTCA BbIPAXKEHUAMU A 4 0
r cc Xsly r cc XSSly cc XSply 6
N S 1 .
xSpy XSsoY XSpoy
Cpeanee 1O BpeMeHH 3HAYEHHE BEKTOPA E,
[ToitTuara [7s1 TJIOCKON BOJIHBI 3allCHIBAETCSI >
KakK
e C 2
XSy - —E-~“.
8m

aTeHCHBHOCTN OPTOTOHAJBHBIX S- M P-BOJIH CKJIAIBIBA-

forcest. Tora

2 S~ g2 2~ 2
173 XSly 13 ESl Epl 113 rSESO rpEpl 173

E pratg®0 = ryg

2 ~E2 2 ~E2
XSoy EsO EpO EsO EpO
OTKY/Ia
r =
tg0 <,/ Z—.
rr

7C 37mc
I%BQOmin < Woimin = | = .

EZptg?6 = 1g



Pemennsa

Pemenne zagaun 4
WNiem perenne B Bujie, obecrieunBatoriem ycaosue E, 0
Ha CTEHKaX Pe30HATOpAa:

Asinp?ékzq, 0dzdd,
E.pzq *
Bsinpkpz “d " agg, ddzdd ™ a.
?_ ?_
eAcosp ekzg, 0dzdd,
H,pzq

Bcospkpz “ d~ aqq, ddzdd " a

Croii ausjieKTpUKa TOIIMHON O HaKIaIbIBaeT JOIOJIHMU-
TeJIbHbIE TPAHUYHBIC YCJIOBHUS Ha IOJIsSI HA IPAHUIE «BaKyyM
— JIUDJICKTPUK » :

Eu “ Ex, Hu *“ He. (1)
XA
I'panmansie ycaosus (1) mpuHIMAOT
BT
7 o
€ Asinp " ekdg ““ ~ B sinpkag,
7 . 2. 2 (2)
0 d  d+a z €Acosp ekdq ““ B cospkag.

Jenenunem niepsoro ypapHeHust B (2) Ha BTOpPOE TOJIydaeM
ypaBHeHHe Ha a:

?_
tgpkag ““ ~ f;—g tgp ekdg. (3)

IockonbKy wacrora 3ajana, To K ““ £ n npasast sacrs (3)

— KOHCTaHTa. TOI‘,IL& MOZ?KHO HalICaTb

?_
as ° {nm’ arctg (itg ewd>}, m“1,2,3,..
w € C
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2019/2020 Konrposbhas pabora 2.1, Bapuant 2

KoHTponbHas paboTta 2.1, BapuaHT 2

Pemmenue 3amaunm 1

DddexTuBnas aneprypa 3epkaja, 3aJaiolias oleped-
HBI pasmep oTpaskeHHoro mydka, pasua dcosd. Coorser-
CTBYIOIIUI pasMep MMATHA Ha BOOOparkaeMOil IIJIOCKOCTH, IIep-
HEHAUKYIAPHON IIyUKY:

- N
D ““dcosa~ —— :
cos3 dcosa

Venosue na munumyMm it D o 1P
ke, 9ro u it D (na skpare D): ’

Dl cosa” L A __ <K

d3 cosPcosa

N cc Al
N do \/ cosBcos?a”

MuHUMAaJIBHBIH pa3Mep .
DT e Al D2 N
man cosB’ ™" cosB  cosPB’\/ cosPB’

Pemenne zagaun 2
U3 pemenns 3agaan 2 BapuanTa 1 (cM. ¢. 138) rpynmosast

CKOPOCTb paBHA >
. 3c
Vgt
Orcrona azoBasi CKOPOCTh:
?_
U e ¢z ..2 3¢
ph =
Vg 3
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Pemennsa

Pemenne zagaun 3
E, E Sajiannbie KOIMOUITUEHTH OTPAXKEHUS OIU-
A A CBIBAIOTCS BBIPAYKEHUSIMU

cc XS2y cc XSSQy d cc XSp2y
XSoy" * XSeoy' " XSpoy’

d

Cpeanee 10 BpeMeHU 3Ha4YeHHE BEKTOPA
ITotiTuHra JJIsI IJIOCKOI BOJIHBI 3aIlMCHIBAETCS KakK
LEQ
8m

xSy

NHaTEHCHBHOCTH OPTOTOHAIBHBIX S- W P-BOJIH CKJIAIbIBA-
forcest. Torma

L XSoy .. EL TEZ L dEL T dEY . EZpd 9?6 T dyg

xSoy  EX T EX E% " Ex E2ptg? 8 ~ 1g

OTKYyZa
d, " d
d”d,

tge cc

Pemmenue 3agaun 4
X4 Kaxk momydeno B pemennn 3amaanm 4
BapuanTa 1 (cm. Ha c. 140),

2?2
tgpkag ** ~ 5—5 tgp ~ ekdg,

Q. & Cg\\\

0 d dra ; O
cc C - ?_ wa cc
de 22— [nm arctg( etg —)] m 1,23, ..
EW c
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2019/2020 Dx3amenaiponsas pabora 2

OK3aMeHauunoHHasa paboTa 2

Pemrenne zagaunm 1
SammieM 1oJie 3a ciaiiom B Buje mHTErpasa Kupxroda

B obsactu gudpaknnn Opaynrodepa:
X2
E eik(zp‘ﬁ) r
r NOY
w

fax ~ Tiax
C ygerom COS QX ““ ——*—— maTerpasn pasoupaeTcs Ha

Tpu cjlara€MbIX, KazK/J10€ N3 KOTOPbhIX COOTBETCTBEHHO COJ/EpP-

Eo"pl~ b~ bcos axqe’ ™ dx.

KT MHOXKHNTEJIN:

cc « ok cc eikxx w cc -
I ,S e dx S 2w sincpk,wa,
w
I'T3 ¢ i ok I'T3 eipkx' xgx w I'T3 H -
I <« § e "ae¥dx ** So—rr 2w sincppk, ~ aqwa,
S iPkx_ 0q |-,
cc H L ik cc eipkx‘(qu v ce i =
I3 <« § e e dx ** ot 2w sincppk, = aqwa.
S Phx0q |-,

[Tpu ycTpemieHnn MIUPUHDI CIaliia K OECKOHETHOCTH KazK-
JIBIIE MHTErPaJI IPUOOPETAeT BUJL OCTPOTO MHUKA COOTBETCTBEH-
no upu K, ““ 7,0, a.

B npubmmxkenun @paynrodepa K, ““ QT" tg 6,
orkyna tg @ “«“ ~ 3_1)1\’0' 3_1)1\'

Pemenne zagaun 2

ITo npunnuny Babune nmeem

Eo ““E, ~ Es,

rjic NIIANKONR IMOMEYeHbl BEKTOPBI Ha
KOMILJIEKCHOH IIJIOCKOCTU.
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Pemennsa

Ha muarpamme @penens Toukoir A 0bo3HaueH KOHEL BEK-

Topa E;.

OH JIEZKUT Ha OJHOM M3 BUTKOB CIUpaJid, OTBE-

qalorieM TocyeiHelt 3one @penesisi, yKJIaJIbIBAIONIEHCT B OT-
Bepctue 1. [Tockosbky Bce 30HBI PpeHesist B 9TOM OTBEPCTUU
YACTUYIHO 3aCJIOHEHBI, TO MEHTD CIUPAJU PACIOJIOXKEH HUZKE
touku C, a ee pajgnyc gaxke Jjisi HeOOIIIOro ducya 30 Ope-

Hesd Menble Eg.

OTKY/1a

JomomHuTebHBIM K 9KpaHy I
OylileT SKpaH C OJHUM CEpPIECUKOM-
orBepctueM. Ilonme B Touke P 3a Ta-
KUM 9KPAHOM OyJIeT PaBHO %él To-

raa 1o npuHimny babuie nveem

~Es,

1A~

ég “ éo - §E1

N3 tpeyronbauka AOC mosryanm

AC? ““ OA? =~ 0OC?~ 20A " OC cos ¢,

ce 0A2°
coso S0A0C

002~ AC? «« B} E3” E3

2F1"Ey

N3 tpeyronpauka BOC mosyanm

b“Eg“Bc2“§OA2‘OC2'2%é"ochm“

T EZT 2EEpH

E}~E2" Ej «c
2E1E0

-

ce 619 3127 211
—g

I>q
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2019/2020 Dx3amenaiponsas pabora 2

Pemenne zagaun 3
U3 3amaun npo Bpamamomuiics sirextpon (4.18 [2]) snaem:

d~ aw?
Hopr, tq “* qCT\/l 5|n2(¢)cos2wt1e(p,

c3r

5 2w4 2
< > |HDQ|>“ e ML cos? 0g,

rze t' ““ t 7 r{C - BpeMs W3IyUEHUS BOJIHEL, ep — eJuHUY-

HBIT BeKTOD, Hanpasaennbiii mo d — n, Hy — MarauTHOE TIOJIE

BPAIIAIONIETOCs SJIEKTPOHA B BOJTHOBOW 30HE *
Ydareno, aTo z A

prodg““x"d, “y'd, " z"d,

“0>y"d, >0 rsin6 dcoswt “ .

““ rdcos 6!, X

OTKyJIa cieyer, 9To €0s 0! “* sin 0 cos wt.

Bxnax dH B aMmmTymy mosst oT KazKIOro KycOdKa, IIa-
JIOUKH JJIMHBI 0Z OIMHAKOB 10 BEJIUMYHHE M CABUHYT 110 (hase
(B cBsI3M ¢ pa3HOCTBIO X0/1a) Ha ~ KZ COS 0, 4T0 9KBUBAJICHTHO

b3 jtekTpoMarHUTHAS BOJHA B IIPOM3BOJILHOI TOUKE IIPOCTPAHCTBA, 3J1-
JIUNITHYECKN ITOJIIPU30BaHa U 3aITMCHIBAETCA KaK

H(1,be™)e 't

Ero mruosennas sesuunna pasna H = (H cos(wt), bH cos(wt — ), a
cpenumit kBagapar (Ha) = %HQ.
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Pemennsa

N 0V
i yMHOXKeHnIo amiaTyasl dH Ha dasosblil
E n MHOKHTENb € #2088 Cynva BRia0B Beex
! KYCOYKOB paBHa:
A2
| 12
i Hpr,tq “C S e'z‘kzcose 2dz
S -2

»Csinc (& cos ) .

B ciaygae | N 0 momKanl moayanTn

Hpr, t'q N qC “ d ~ sin? 0 cos? wt!,

OTKy1a

2
aw S
C “* T\/l sin? B cos2 wt.
c2r
VcepeiHenue 110 BpeMEHH JTaeT
2,4

a’w
XC2y “*
y 2c4r2

pl ~ cos® 6q.

Orcroza moJtygaeM UCKOMOe YTJIOBOe paciipejlesieHue:

%> cc g2 e« cr <H prq> e C |2<C2>S|nC (% Ccos e) “
<« ZLwia’p1 ~ cos? Bgsinc? (& cos @)
- Vﬁfﬁ; “p1 ™ cos? Bgsinc? (5 cosH).

Pemrenne zagaun 4

CperﬂHﬂH IO BpEMEHU IIJIOTHOCTH ITOTOKa MMITYJIbCa 3JICK-
TPOMATrHUTHON BOJIHBI 3aa€TCsI BBHIPAXKEHIEM @, rjae XSy —
CpeJHAsd IIJIOTHOCTh MOIIMHOCTHU HU3JIyY€HUsd.
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2019/2020 Dx3amenaiponsas pabora 2

Cpeauit UMIYJIbC, HepegaBacMblii B €JIUHUILy BpPEMEHU
€JIMHUTIE OTPAaYKAIONIEH TOBEPXHOCTHU, COCTABJISET

ce 2XSY
C L
YTO C JAPYyroil CTOPOHBLI PABHO JABJICHUIO CBETA.

Cuja TpaBUTAIMOHHOTO IIPUTSIZKEHUsI, JIeiCTBYIOIIAsT Ha
€MHUILY TTOBEPXHOCTHU Iapyca, PaBHA

M.pd
R2 '

fg ‘sy

rjie P — IIOTHOCTH, d — TOJIIUHA, TLIEHKH.
Yeoosue yaajenus mapyca or CoJHIa:

f,ap.

CperﬂHﬂH IIJIOTHOCTH MOIITHOCTU U3JIYYCHHs Ha PacCCTOA-
mnr R or Comnia pasHa

w
Sy “ .
=Y anRre
Toryma nosryunm
2W
M.pd & —,
b 4n

OTKYJa NCKOMas TOJIIINHa IIJICHKN

2W w

da 4myM.pc  2myM.pc’

IToxcrapasiem unciennble Beanannbl B cucreme CI'C:

= 3.8"1026107 ccq104 cc
d & s53r65710 o Tssom | L 10 T om Lo
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Pemennsa

Pemenne zagaun 5

v A [Tox meitcTBEEM 3JIEKTPUIECKO-
r'o OJId TTaJAI0IEeN BOJIHBI 3aPsi /bl
COBEPIAIOT KoJiebaTeIbHbIE JIBU-
JKEHUSI BJIOJTb CIUIBI. AMILIATYIBI
KoJIeOaHMil ONMHAKOBLIE, HO BTO-
poil 3apsji onepezKaeT IIEPBbIA 1o
daze ma Benmunmy kacos a. C npy-
roif CTOPOHBI, BTOPOIi 3aps 1 HAXOINUTCsT OJInzKe * K IPUEMHUKY
cUrHaJIa: 10 ocu X Ha aCoS O, 1o ocu Y — Ha asin a. ITosromy
JIJISI BOJIH, PACCETHHBIX B 9TUX HAIIPABJICHUSX, CABHUI 110 (dase

COCTaBJIfACT COOTBETCTBECHHO

A, ““ kacosa ™ kacosa ““ 0,
A, ““ kacosa ~ kasina ““ kapcosa ~ sinaqg.

MarsuTHOE TI0J1e JTUTIOJIFHOTO U3y IeHUsT B BOJTHOBOM 30He

n

Hprq ™ cZr

[TosTOMY aMILIUTY/Ia MAIHUTHOTO HOJISI BJOJIb OCH X OIIPe-
nensiercst mpoekuueit dy, a Bross ocu Y — npoekrueit dy. st
CpeJIHUX 10 BPEMEHHU KBaJIPaTOB MOJLYyJIeil KOMILJIEKCHBIX Bbl-
paxkennit nmeeM (cMm. dopmymy (11.5) u3 [5]):

xd3
cAr2

xH2pyqy ““ 2223p1 ~ cospkapcos o ~ sin aqq “

cc 2xd2y cos? a

—1,z—Pl ~ cospkapcosa ~ sinaqg,

2 .
xH 2pxaqy “ Z%pl ~ cos0q “ 47"‘52!45;32“.

MBes orpanmvenus obmuoctr mpumem 0 < O < T1/2.
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2019/2020 Dx3amenaiponsas pabora 2

OTcroma NCKOMOE OTHOIITEHNE

ILL’ cc XH2quy cc 2tg2u

I, xH2pygy 1~ cospkapcosa ~ sinaqq

Pemenne zagaun 6
Pacupeenenne m"HTEHCUBHOCTU B MHTEPMEPEHIIMOHHOM Kap-
THHE Ha TPAEKTOPHUH YACTHUIIbI OIUCHLIBAETCS BLIPAYXKEHIEM

1 ojn2 kONX!
o kaX® | sin® =5

o RbX!
2L sin® %2

IpXlq < % " sinc

MoIHOCTE TTOTEePh Ha U3JIyUeHre CBOOOTHON 3apsi?KeHHO
JaCTUIBI B TIEPEMEHHOM SJIEKTPUIECKOM II0JI€ PABHA

BE _. 2q'E?
Bt 3m2c3’
HO yC.HOBI/HO HOTepI/I Ha I/IB.HyLIeHI/Ie MaJIbIl II0O CpaBHeHI/IIO

¢ kuHerudeckoir sueprueil. [losromy camraem VvV ““ const, u
TOT/IA TIOJTHAST SHEPTHS Ha M3TyUIeHUe 3aIuIieTcs Kak

8 8
2q4 4

2q

(¥ 2 L1 l 1

AE Im2c3 f E“ptqdt TGy f IpXigdX". (1)
o 8

Tpynsoctn ¢ urTerpupoBanneM (1) MOXKHO IIPEOJIOJIETD,
OIIEHUB MHTErpaJl ¢ XOPOHIel TOYHOCTHIO U3 CJIEILYIONHUX CO-

obpazkenuit. THTEHCUBHOCTD COCPEIOTOYEHA B TVIABHBIX JIN-

GPaKIUOHHBIX MAKCUMYMax ~* yIJIOBOW IIIPHHBI 1%[—);) B HHTEp-

A 2b

BaJIe [’ %, a]. Yucno stux makcumymos M« 22, a cpenmsis

Mpu peanbubix pasMepax ONTHICCKON CHCTEMbI BPEMsT TPOXOK ICHHST
JaCTUIEeH CBETJION MHTEePMhEPEHIIMOHHON ITOJIOCHI MHOTO OOJIbIIIE TTePHO/Ia
KojIebaHuit TepeMeHHOro moJist. [109ToMy TpOuCXOoauT ycpeTHeHne E? no
BDEMEHM, I MOYKHO 3armicaTh mof, marerpasom (£ = I(X').

A kkypaTHDIH pacder HOKa3bIBACT, UTO B HAX cocpenoroucHo ~ 90 %
WHTEHCUBHOCTU.
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Pemennsa

NHTEHCUBHOCTDH
xly « 0,45%1 « 0, 2l

(ommH MHOXKUTENb ,, 0,45 3a cuer ycpeHeHus: sinc?, apyroit
.2 kb x!
0,45 6u — 2L i
»s Y, 3a CHEeT ycpeaHeHnunsd apoou W, CBOOAIIIECHUCA K
2L
sinc? ¢ yueToMm MasoCTH apryMeHTa CHHyCa B 3HAMEHATE/E B
OKPECTHOCTH TJIABHBIX MaKCHUMyMOB *).

Torna moJrydaem OIEHKY

2q* nLg?
NAE “ ———XxIyM « 0,27 ————1,.
3m203vx yWI e @, m2c3vNak °

MPounsie pacuers: mokasbsaor, uro mpux N » 1 (sinc?) = 0,45 c
TOYHOCTBIO JI0 BTOPOTO 3HAKA TIOC/IE 3AIIATOM.
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