KoHTpoJbHbIe 32/1aHUs 1JI51 CTYI€HTOB INCTAHIMOHHOT0 00yUYeHus!
rpynmn

27.03.02 YmnpapjeHue KauecTBOM
2 cem koHTp Nel, sk3ameH

OCHOBOI1 7151 M3y4YeHHUs Kypca (pU3NKHU CTYASHTaMH JUCTaHIIMOHHOMW ()OPMBI 00YUEHHS SIBIISIOTCS METOINYECKHE TI0co0us,
COCTaBJICHHBIE JIISl CAMOCTOSATENILHON MOATOTOBKYU CTYIEHTOB K 3Kk3aMeHaM. [[J1g u3yueHus BOIPOCOB, KOTOPHIC HE OCBEIIEHBI B
METOJMYECKHX MOCOOHSX, HEOOX0IMMO 00paTUTHCS K CIIEHATIbHON YUeOHO! JITEepaType, HalpuMep:

1. «Kypc puzukn» A. A. Jletnag, b. M. SIBopckuit,
2. «Kypc obmeit pmuxm» U.B. CaBenbes 1.1, 2, 3.,
3. «Kypc pu3ukmn» T. 1. Tpodumosa.

WM IPYTHM y4eOHUKaM, ITpeJHa3HauYeHHBIM U N3y4YeHHS Kypca o0miel (PM3UKH B BBICIIAX YICOHBIX 3aBEICHUAX.
JJ1s IOATOTOBKY K pEIICHUIO KOHTPOJIBHBIX PadoT IpeaiaraeM H3y4InuTh CIeAYIOINe YIeOHbIe TOCOOHS:
1. «PyKOBOJCTBO K PEUICHHUIO 3aad 110 Kypcy o0mier Hu3nkm» E.B. @uprasr,
2. «Bce pemenns k «CO0pHUKY 3a1a4 1o o0memMy kypey ¢pmukm» B. C. BompkeHmTetH»
E.H. Uzepruna, H.U. [letpos T.1, 2,
3 «COOpHHUK 33aJ1au C PCIICHUSIMI) B.M. I'na ackoit, I1.1. Camoiinenko,
4 «3amavyHuK IO HUUKE» A.Tl'. UeptoB, A.A. BopoObéB.

Iporpamma kypca GU3NKM ISl CTYAEHTOB AUCTAHIIMOHHOIO0 00pa3oBaHMS.

Kaxaplil CTYIeHT JOJKEH UMETh paclieyaTKy MporpaMMBbl Kypca (H3HKH, KOTOPYIO HEOOXOAUMO CAMOCTOSTEIBHO H3YyYHTh,
YTOOBI YCIEIIHO OCBOUTH YYeOHBII MaTeprall, He0OXOIMMBI A1 PeIeHNs KOHTPOJIbHBIX 3alaHUi U CIauH 3a4ETOB U
9K3aMCHOB.

Bomnpocs! cocTaBjieHbl 114 cJleylolleil IPOrpaMmbl:

2 ceMecTp: KOHTpoJjbHas Ne 1, sk3ameH.

Mexannka MaTepHaJbHON TOYKH M TBepIOro Teja
OcHogHble ROHAMUA U 3AKOHBL 08UNCEHUA.

Mexanuka u e€ pasaesnsl. OCHOBHBIC TOHATHS: MaTepranbHas TOUKa, MEXaHU4YecKas CUCTeMa, TepeMelleHue, MyTh,
MTHOBEHHAsI U CPEIHSS CKOPOCTH, YCKOPEHHUE, TAHTeHINAIbHAS M HOPMallbHast COCTABIISIONIAs ycKopeHus. CBA3b MEeX Iy
BEKTOPaMH JIMHEWHBIX U YIJIOBBIX CKOpOCTel U yckopeHui. [leprox u yactora odpamenus. [loctynarensHoe 1 BpamareiabHOe
JBIDKCHUS. Y paBHEHHS MOCTYIIATEIbHOTO M BPAIIATEILHOTO ABHKCHHUSL.

Wnepuws, macca, nMiyibe, cuia. 3akoHsl HetoTona. Critbl B IpHpoJIe: CHila TPaBUTAlMOHHOTO B3aUMOJACHCTBYS, CHIIa
TSDKECTH, CHIIBI TPEHUS, BEC, CHIIBI PEaKIH OIIOPHI 1 HOPMAJIbHOTO JAaBJIeHHs, ciina Apxumena. [Inactiudaeckas u yrnpyras
nedopmanmy, BUIB! yIpyroi negopmanun. 3akoHbl 1'yka Juist pa3IMdHbIX BUAOB YIIPYroi JeopMaliH.

WueprpanbsHble 1 HEMHEPIMAIbHbIE cUCTeMbI 0TcuéTa. Cunbl nHepIy. CpaBHUTENIbHAS XapaKTepUCTHKA KIIACCHYECKOH 1
pensaTuBuCTCKOM Mexanuku. [IpeoOpazoBanus ["anunes u npeodpazoBanus Jlopenna. Cneactsus u3 npeobpasosanuii JlopeHia.
IToctynatsr DHHIITEHHA.

3aKoHbl U3MEHEHUA U COXPAHEHUA.

Pa6ora. Momnocts, KITJ]. Kunerndeckas, moTeHIanbHast U TIOJIHAs MeXaHW4Yeckas sHeprun. KoHcepBaTuBHbIE 1
JIVICCUTIaTHBHBIE CUJIBI U cUCTeMbl. CBSI3b KOHCEPBATUBHON CHIIBI C TOTCHIMAIBHOM SHeprueil. 3aKoH U3MEHEHUs 1
NPEeBPAIICHNS SHEPTHUH, 32KOH U3MEHEHNS TTOJTHOM MEXaHN4YEeCKON SHEPTHH CUCTEMBI TEJI, 3aKOH COXPaHEHHsI OJTHON
MEXaHWYECKOH SHEPTUH CHUCTEMBbI Tell. BHeITHNEe 1 BHYTpEHHHUE CHIIbI. 3aMKHYTast MEXaHW4ecKas CHCTeMa. 3aKOHBI H3MEHEHUS
HMITyJIbCa MEXaHHUECKOI CHCTEMBI 1 3aKOH COXpaHEHHs UMITyJIbca MEXaHHUYECKOH crcTeMbl. Teopema 0 KHHETHIeCKOH
SHEPrUH ¥ TEOpeMa MOTEHIIHATBHON SHEPTHH.

VY nap, Buzpl ynapoB. 3anuch 3aKOHOB COXPAHEHUs JJIs1 a0COJIIOTHO YIIPYToro 1 a0COIIOTHO HEYNPYTOTo yAapoB.

Teepooe meno Kak cucmema wacmuy

AGcomoTHO TBep o€ Teo. LIeHTp Macc u EHTp THKECTH Tella. 3aKOH JIBUKEHHS LIeHTpa Macc. MOMEHT CHJIBI
OTHOCHUTCIIBHO HeHO[[BH)KHOfI TOYKH U HCHO}:[BI/DKHOf/'I ocu. MomeHT HMHEPUHU U KWHCTUYCCKAd DOHEPT'HUA BpallarOICTOCA
TBEépAoro Tena. CoOCTBEHHBIE U TJIABHBIE OCH M1 MOMEHTHI MHepiuu. CoOCTBEHHbIE MOMEHTHI MHEPIIUY PA3INIHBIX TETl.
Teopema Ilteiinepa.

OCHOBHO 3aKOH JTUHAMUKH BPAIIaTEIGHOTO JBIKECHUS. MOMEHT UMIYJIbCca MaTepHaIbHOM TOUYKH M a0COFOTHO TBEPJIOTO
TeJa OTHOCUTEIFHO HETIOABIKHOM TOYKH U OTHOCUTEIBHO HEMOIBI)KHOM OCH. 3aKOH U3MEHECHUS MOMEHTA UMITYJIbCa
MEXaHUYECKOW CUCTEMBI TEJl H 3aKOH COXPAaHCHHUsI MOMEHTA HMITYJIbca MEXaHHUYECKOW CUCTEMBI Tell. PaboTa criibl mpu
BPAIICHAN TBEPAOTO TeJa BOKPYT HETIOIBUYKHOM OCH.

Koneoanusa u 60not

Konebanus, Bubl KoNieOanuii. 3aryxaromue 1 He3aryxaromme konebanus. [lepuonndeckne konebanus. CBoOOIHBIC U
BBIHYXICHHBIC KOHe6aHI/IH.

I'apmonnueckne konebanus. Juddepennmanbaoe ypaBHEHHE TapMOHUIECKIX KoyteOaHuit u ero pemenue. [ padux
rapMOHUYeCKHX Kosebanuil. [TonsTie 00 aMImuTye, yacTore, ¢ase, mepruoe.

JuddepennnansHoe ypaBHEHHE CBOOOIHBIX 3aTYXAIONNX KoJiebaHuH 1 ero pemenne. [ paduk 3aTyxaronmx KoaebaHuil.



[TonsTHe 0 KO3 PHUIICHTE 3aTyXaHUs, IEKPEMEHTE U Jorapu(PMUIECKOM IEKPEMEHTE 3aTyXaHUsl, BpEMECHH peslakcaluy 1
JIOOPOTHOCTH KOJIEOATEITHHOW CUCTEMBI.

JnbdepennmansHoe ypaBHEeHHE BEIHYXICHHBIX KoseOaHuii 1 ero pemrenue. [loHATHE 0 pe30oHaHCe.

[TonsTe 0 MasTHUKe. MaTeMaTndecKkuid, GU3nMIecKuil, 00OPOTHBIN U NPYKUHHBIN MasTHUKH. [lepron konebanuii s
STHX MasATHUKOB. [IpuBeneHHas MrHA QU3MUECKOTO MAsSTHHKA.

CrnoxxeHne TapMOHHYECKIX KoJIeOaHUil 0OTHOTO HampaBieHUs. MeTo BEKTOPHBIX qUarpaMM. bueHws.

CrnoxeHHe TBYX B3aUMHO MEPIICHAUKYIISIPHBIX TapMOHHUECKHX KoJieOanus. durypsr Jluccaxy.

Bonna. Mexannueckas BonHa. [lonepednslie 1 MpoaonbHbIe BOJIHBL. DPOHT BOJIHBL, BOJHOBAs TOBEPXHOCTb, OHATUE O
Oerymeit u crostueit BosiHe. [lnockue u cepuueckue BoaHbI. J[JTMHA BOJIHBL, HEPHOA U YAaCTOTA BOJHEL.

JuddepennmanpHoe ypaBHeHHE BOJIHBI (BOJHOBOE YpaBHEHHE). Y paBHEHUS IUIOCKOW Oerylei rapMOHHYECKOH BOJIHBI.

VYpaBHeHue crosgueil BoyHbl. [IoHATHE 0 MyYHOCTAX U Y3JIaX CTOSYEH BOJIHBI.

[MonsaTue o rpynmoBoii u pazoBoit ckopocTr BodH. JJucmepcns BoiaH. CKOPOCTH PaCHpOCTPAaHEHUS BOJTH B pa3IMIHBIX
cpenax.

®u3nyeckre 0CHOBBI MOJIEKYISPHO-KMHETHYECKOH TeOpUuM
Hoeanvnuiii 2a3

OCHOBHBIE ITOJIOXKEHHSI MOJICKYIAPHO-KNHETHUECKOH Teopuu. [TorsTie 00 naeansHOM raze. OCHOBHBIE ypaBHEHUS
MOJIEKYIIPHO-KHHETHYecKoi Teopun. CteneHn cBoO0 b MoKyl CpeaHsisi SHEpIus TEIIOBOTO ABUIKEHHS MOJICKYJIBI.
AOGconoTHas TeMIeparypa.

MakcBeIIOBCKOE pacipeeieHle MOJIEKyJI o ckopocTsiM. [loHsTne o Hanbonee BeposTHOM, cpeaHeil apudmeTnieckoii u
Cpe/Hel KBaJpaTH4YeCcKOi CKOPOCTSX TEIIOBOTO JIBIKEHHUS MOJIEKYJ HACAIBHOTO Ta3a. bapomerpuueckas Gpopmyia.

VYpaBHeHue Menpeneena - Knaneiipona. M3otepmudeckuil, n306apruueckuii, U30XOpUUECKHH, afua0aTHBIA 1 MOJUTPOIHBIH
nporieccsl. OCHOBHOE YpaBHEHHE COCTOSIHMSA HJICAIbHOTO ra3a U ero 3alKch AT Pa3IuuHBIX H3o0mpolieccoB. CMech ra3oB.
3akoH JlanpTOHA AJI1 CMECH T'a30B.

Peanvnuiii caz

PeanbHeble ra3sl. YpasHeHne Ban-nep-Baanbca 1t peansHoro rasza u ero aHanus. Kputnaeckoe cocTosHHE rasa.

BHyTpeHHS 3HEpPrUs peaabHOTO Tasa.
Aenenus nepenoca

D¢ heKTUBHBIN AHaMETp MOJIEKYIbI. YHCIIO CTONKHOBEHHH U CPEeIHSA NTMHA CBOOOTHOTO IIpobera MoJeKyi. SIBIeHus

nepeHoca B razax: 1u(dy3us, TEIUIONPOBOJHOCTh U BI3KOCTb.

PuznuecKkue 0CHOBBI TEPMOANHAMHUKH
Hepeoe Hauamno mepmo@uua.uuku
TepMOL[I/IHaMI/I‘IeCKaH CHUCTCMaA. BHyTpeHHSIH OHEPrus CUCTEMBI. KonunuecTBO TEIIOTHI. TCHHOGMKOCTI), BUbI
Tem10EMKOCTH. CBS3b TEINTIOEMKOCTH K BHyTpeHHeﬁ OHCPIruu € YUCIOM CTCTICHEH CB060,I[LI MOJICKYJI.
HepBoe HavaJI0 TCPMOJANHAMUKH U €TO IPUMCHCHUC K PA3JIMYHBIM U30IIPOLECCCaAM. Pa6ora HACaJIbHOIO ra3sa.

Bmopoe nauano mepmoounamuku
O6parumMsble 1 HeoOpaTuMble poriecchl. Kpyrossie nporneccs!. [IpuHnnn neiicTBus TerioBoi MammHel. MneansHas
teruioBas MamrHa Kapuo u e€ KI1J.
OHTponus. Bropoe Hauano TepMOJMHAMUKH U €T0 CTaTHCTHYECKUH CMBICIL.

DJIeKTPOCTATHKA.

DIEeKTPOCTATUIECKOE 0JIe, €T0 OCHOBHBIE CBOIICTBA M XapaKTEPUCTHKH. | paduueckoe H300pakeHHEe JIEKTPOCTATUIECKOTO
I10JIsA. CUJIOBBIC IMHWUH U 3KBUIIOTCHIIMAJIH.

Toueunslii anekTpudeckuii 3apsaa. HanpsykeHHOCTh M MOTEHIHAT HETIOABIKHOTO TOYeUHOTro 3apsiaa. 3akoH Kymnona.
[IpuHIUNO cynepno3uuy A1 IEKTPOCTATHYECKUX TOJIEH.

[NoTeHanbHast 3HEPTUS ANEKTPOCTATHIECKOTO B3aUMO/ICHCTBHS TOUEYHBIX 3apaoB. PaboTa 3/1eKTpocTaTHIeCcKOoro MmoJst
MO0 NEPEMEIEHHIO TOYEUHOT O 3apsiia.

[TpoBoHUKY U ANAIEKTPUKH. Bubl nuanekTpukoB. [IpoBOTHUKY M AMIEKTPUKH B 3JIEKTPOCTATUUECKOM ToJIe. TeopeMa

Octporpazckoro-I'aycca Ui 3J1€KTPOCTaTUYECKOTO MOJIsl HEMOBM)KHBIX 3apsA0B B BAKYyME U B BELIECTBE.

DIEeKTPOEMKOCTh YEIUHEHHOI'0 IPOBOJHUKA U KOHJEHCATOpa. Buabl kKoHAeHcaTopoB. PopMyIsl U1 pacyera
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BJIEKTPOCMKOCTHU MIJIOCKOT'0, HUIMHAPUICCKOTO 1 C(bepI/I‘IeCKOFO KOHACHCATOPOB. Bunsl coequHeHus KOHACHCATOPOB. q)OpMyJ'IBI

JUTSI OTIPEJIEICHUSI EMKOCTH OaTaper KOHIEHCATOPOB. DHEPTHUS DIIEKTPUIECKOTO MOJIS YeIUHEHHOTO MMPOBOTHUKA U
KoHzeHcaTopa. O0beMHast IIOTHOCTH YHEPTHUHU IIEKTPUIECKOTO OIS,
DnexTpudecKuid AUmoiab. HanmpsskeHHOCTh M MOTEHIIUAT TOYEYHOTO TUTIONS.

ITocTOAHHBII 3JIEKTPHYCCKHUIH TOK

OnexTpudeckuil TOK. [I0CTOSHHBIN AIEKTPUUECKUH TOK U €70 OCHOBHBIE XapaKTEPUCTHKH: CUJIA TOKA U MIOTHOCTb TOKA.
Conporusnenue nposoanuka. IlocaenosaTenbHoe U MapauIebHOE COETUHEHUS IPOBOJHUKOB.

3akonsl OMa u J[xxoynsa-Jlenna. Pabota 1 MOIITHOCTB MOCTOSIHHOTO 3JIeKTpuuecKkoro Toka. [Ipasuna Kupxroda aist pacuera
JNEKTPUUECKUX LIeTIel OCTOSHHOTO TOKA.

MaraunTHOe 1oJie
MarsuTHOE TI0JIe, €T0 OCHOBHBIE CBOMCTBA U XapaKTEPUCTHKU. | padraeckoe n300paskeHre MarHUTHOTO TIOJIS: CHIIOBBIE

JMHUH BEKTOpa MarHUTHON MHIYKIMH. [I0TOK BEKTOpa MarHUTHON WHIYKIINH.



3akon bruo-Casapa-Jlamiaca. [IpuHIMI Cynepno3uIMy AJ11 MAaTHUTHBIX T0JIel. MarHUTHOE 1T0JIe TIPSMOJIMHEHHOTO
MPOBOJIHHUKA C TOKOM KOHEYHON 1 OECKOHEUHOH JUIMHBI, OECKOHEYHO JIMHHOTO COJICHOU/AA ¥ TOPOHUA C TOKOM, B LICHTPE
KPYTOBOT'O BUTKa C TOKOM.

Cuiel AMniepa u Jlopenna. /IBikeHne 3apspKCHHBIX 9acTHIl B MATHUTHOM 1oJie. B3anmopeiicTBre AByX mapayuienbHbBIX
MPOBOIHHUKOB C TOKOM. PaboTa MarHUTHOTO MOJIA 110 NMEPEMEICHUIO IPOBOJHIKA U KOHTYPa C TOKOM. MarHUTHBIHA
MEXaHUYECKUN MOMEHT, NEUCTBYIOLIMM Ha KOHTYP C TOKOM B MAarHUTHOM IIOJIE.

JlnamarseTuky, napaMarHeTHKy U (heppoMarHeTuku. MIx 0coOEHHOCTH M OCHOBHBIE XapaKTEPUCTUKH. 3aKOH MOJHOTO TOKa
JUI MarHUTHOTO I10JIS1 B BAKYyME U B BEILIECTBE.

JIeKTPOMarHeTu3M

OmnbiTel @apajes. SIBneHne IeKTPOMarHuTHOM nHAyKIy. 3akoH Dapazest Ui 3JeKTPOMarHUTHOW HHyKImHU. [IpaBuio
Jlenna. SIBneHue caMOMHAYKIIUY U B3aUMHOM MHAYKIMU. HIYKTUBHOCTH KOHTYpa U COJICHOUJA. DHEPIUs MArHUTHOTO MOJIS
KOHTYypa M COJICHONA C TOKOM.

IlepemMeHHBI 1eKTPUYECKUH TOK

[lepemMeHHBIH 3JEKTPUUECKUN TOK U €r0 OCHOBHBIE XapaKTEPUCTUKU. Llenb nepeMeHHOro ToKa TONbKO ¢ aKTUBHBIM
COINPOTHUBJICHHUEM, C UACAITHFHON EMKOCTBIO U HACANBHON HHAYKTUBHOCTHIO. 3aK0HBI OMa M BEKTOPHBIC JHArPaMMBI AT TAKHX
uenei. Llens nepeMeHHOTo TOKa, COAEpIKallasi MOCIeI0BAaTENBHO COEINHEHHBIE AKTUBHOE COIPOTUBIIEHHE, EMKOCTD 1
MHIYKTHBHOCTbH. 3akoH OMa M BEKTOpHAs Anarpamma Juis Takoi LeTH. SIBeHIe NocIef0BaTeNbHOTO U MapaliIeIbHOT O
pe30HaHca B IIENH MePEeMEHHOTO TOKa.

Onrruka
Humepghepenyusa ceema

BonnoBast mpupoja cBeta. MOHOXPOMATHYECKUE M KOTEPCHTHBIC BOJIHBI. SIBJIICHHE HHTEPPEPEHIMU CBETA. Y CIIOBUS
YCHJICHHS U ocliabiicHus cBeTa mpu uatepdepennuu. OneitT FOura. MHTepdhepeHims cBeTa B TOHKHX IJIEHKAX: MOJOCHI PABHOTO
HaKJIOHA U TOJIOoCcH! paBHOH TonmieHsl. Konbiia HeloToHa.

Hugpparkyus ceema
Judpakmus ceera. Judpakimus @perens u @paynrodepa. [Ipunmumn [roitrenca-Openens. Meton 30 Operens.
Judpakius Openenst Ha HEOOJIBIIOM KPYTJIOM OTBEpCTHH U ucke. Audpakiusa PpayHrodepa Ha 01HON M MHOTHX MIEIAX.
JudpaxunonHas pemieTka 1 €€ OCHOBHbBIE XapaKTepUCTHKH. Bunbl nudpakunonnsix penrerok. @opmyina qudpakunoHHOR
pELIEeTKH.
Judpakiust peHTTCHOBCKUX BOJH Ha KpHcTauinyeckoi periérke. @opmyna Bynega — bparros.
Bsaumooeiicmeue ceema c geujecmeom
[Mornomenue cBera. 3akoH byrepa. Paccesinue cBera. 3akon Penest. [lucniepcust ceera. Dddext BaBunosa — UepeHkosa.
Dddexr Jomrepa. Dpdext Komnrona.
Ilonapuzayuu ceema
SIBnenue nonspu3anyy cBeta. EcTecTBEHHBIH U MOIAPU30BaHHBIN cBeT. Bubl momsipusann. CTerneHp NoNspr3anm.
CriocoObI OMY9YeHNUS TIMHEHHO MOJIIPU30BAHHOTO cBeTa. 3akoH bprocrepa. 3akon Maimoca.

Tennoesoe uznyuenue
TerutoBoe n3myuenne. OCHOBHBIE XapaKTEPUCTHKH TEITIOBOTO M3IydeHHs. AGCOIIIOTHO YepHOE TEJIO, Cepoe TEJO U UX
OTIIMYMS OT peabHbIX Tesl. Mozenb abcooTHO YepHoTro Tena. KpuBble TeruioBoro u3imydeHus abCoI0THO YEPHOTO Tela.
3akoHsI TeruoBoro u3nyuenus: Kupxroga, Credana-bonbumana, Buna, Panes-/{xunca, [Tnanka.

Domorghhexm
SBnenue ¢pororddexra u ero Bunbl. 3akoHb! BHENIHEro GpoToaddexra. YpaBHeHue DiiHiuTeHa 11 poTodddexra. [Tonstue
0 paboTe BbIX0JIa U KpacHOi rpanute Gotodddexra.

AToMmHas u saepHas puznka. DuU3nKa 31eMeHTAPHBIX YaCTHLL

SIBneHne paguoakTUBHOCTH. 3aKOHbI paJoakTHBHOCTH. OO03HAaYEHNE aTOMHBIX sIep.
Buasl pagrioakTHBHBIX U3Iy4eHUH 1 UX cBolicTBa. KocMudeckoe usyueHue.

CoBpeMeHHbIE IPEACTABICHHS O CTpoeHNH aToMa. COCTaB aTOMHOTO Aapa. MaccoBble U 3apsA0BbIe YUCa. SIIepHbIE CUIIBL.
JedexT Macchl 1 SHEprust CBsI3U s/pa. SaepHble peakiuy U X OCHOBHBIE THIIBI.

KopmyckynsipHO-BOJIHOBOH Tyanu3M cBOICTB BemiecTBa. Bonus! ne bpoitns.
CootHomenne HeonpenenéHaoctei I eitzenoepra. Bpemernoe u crarmonapuoe ypasaenus llpenuarepa. BonHoBas GyHKIWS 1
€€ CTaTUCTUUYECKUN CMBICIIL.

ITpunuun [aynu. IToHATHE O KBAHTOBBIX YHMCIIAX.
[IpuHINT HEPa3NTUIMMOCTH TOXKAECTBEHHBIX YacTull. @epmuonsl 1 0030HBI. Pactipenenenne @epmu - upaka n

bose - OitHmreiina.
DneMeHTapHbIe YaCTHIBI M THITBI MX B3anMozelcTBuil. Kimaccudukanms snemeHTapHbIX yacTul. KBapku.



Tpeﬁonaﬂuﬂ K BBIIIOJITHEHUIO KOHTPOJBbHBIX 3alaHui

CTyzeHT DOKEH PeIIUTh AECSITh 33/1a4 TOTO BAPHAHTa, HOMEP KOTOPOTO COBIAAACT C MocieaHel nnppoi Homepa ero
3a4ETHOI KHIDKKH. KaTeropudecku 3ampeniaercss M3MEHSITh YCIIOBHS 3aJad WIN 3aMEHATh YCIOBHUS 334a4, B3SATHIX W3 IPYTHX
BapuaHTOB. PabGoThl, BEIMONHEHHBIE € HAPYIICHUSMH, IPHHUMATHCS HE OyayT.

[Tpu BBINOTHEHUH KOHTPOJIBHBIX 3aJJaHUH CTY/ICHTY HEOOX0ANMO PyKOBOICTBOBATHCS CIIETYIOIINMHE MPABHIIAMU:

1. KoHTposbHBIE 3a/1aHMs BBIIIOJHSIOTCS B OOBIYHOW INKOJIBHOM TeTpaay, Ha OOJI0XKKE KOTOPOH NMPHUBOJATCS CBEICHUS 110
crieiyronieMy oopasiy:
Cryaenr
BI'TY um. B.I'. lllyxoBa
Amnpgpees W. I1., rpynna YKn-211
HOMep 3a4éTHOI KHIKKH 257321
Anpec: r. Boaoraa, Coserckas ya., 4, kB. 1
KonrpoabHnas pabdora Nel
Bapuant Ne 1

2. KoHTponbHOE 3ajaHMe BBINOJHSETCA 4epHUIaMu. g 3amedaHuil mpemopaBaTens ocTaBisitoTcs moyisd. Kaxnas 3amada
JIOJDKHA HAYMHATHCS C HOBOM CTPAHMIIBI. Y CIIOBUS 3a/1a4 MEPENUCHIBAIOTCS 0€3 COKpaIleHHH.

3. Pemenus MOIDKHBI CONMPOBOXIATHCS MOSCHEHUSMH, PACKPHIBAIOIIUMH (M3MYECKUI CMBICT MPUMEHSEMBIX (GOpMYyN HIIN
3aKOHOB.

4. HeoOxoaumo pemuTh 3a1auy B 00IIeM BHJE, T.€. BBIPA3UTh HCKOMYIO BEJIMUMHY uepe3 OyKBEeHHbIE 0003HAUCHUSI BEJIUYUH,
3aJIJaHHBIX B YCJIOBHH 33]auH.

5. IoncraButh B OKOHYATENbHYIO (hopMyry Bce BenW4MHBI, BhIpaxkeHHbIe B cucteme CH. IIpomsBecTd BBIYUMCIICHHS U
3aIcaTh OTBET.

AJITOpUTM pelieHHs 3224 N0 PU3UKe

B Buay TOro, 4ro yHuBepCalbHONM METOIUKHU pEIICHUs 3a]a4 HE CYNIECTBYET, HIXKE MPHBOAMTCS MPHUMEPHBIA alTOPHUTM,
KOTOpBIil oOerynt Bam perieHue 3anau no ¢usmke.

1. BHuMarenbHO NpPOYMTATh 3a7ady. YCTAHOBUTH B OOLIMX YepTax YCIOBHUS 3aJaydl U KaKUM (HU3MYECKUM 3aKOHaM OHH
OTBEYAIOT.

2. Crenarb KpaTKylo 3aIlUCh YCJIOBHS 3a/1auu. Bee naHHbIe 3a71a4u BBIpa3uTh B eMHMIAaX cuctemsl CH.

3. Craenarp 4YepTeX, CXEMy WIM PHCYHOK, MOSCHAIOIIME YCIIOBHE 3a/add. YKa3zaTh Ha YEPTEKE BCE NAHHBIE W HCKOMBIC
BEIMYMHBI 33]a4H.

4. Hanmcate ypaBHEHHE WM CUCTEMY YpaBHEHUH, 0TOOPaXKaIOMNX MPOUCXOSIINN B YCIOBUH 3a1a4M (PU3UUECKHUI Tporiecc.
[Tpn HE0OXOMMOCTH BEKTOPHBIE YPABHEHHS 3aITMCATh B IPOSKIMSIX HA OCH KOOPAWHAT

5. Hcnonb3ys ycnoBus 3a7ady U 4EpTEK, MPeoOpa3oBaTh NCXOAHBIE PABEHCTBA TaK, YTOOBI B KOHEYHOM BHIE B HUX BXOJIMIN
JMIIb YIIOMSTHYTHIE B YCJIOBHSIX 33/1a41 BEJIMYMHBI ¥ TaOIMYHbIC TaHHBIE.

6. Pemuth 3amauy, NONyYdB OKOHUaTenbHYyl (opmyiny B OykBeHHOM Buzae. I[IpoBepuTh pa3MEpHOCTH IOJY4YEHHOTO
PaBEHCTBA U €CJIM OHA COBIAAACT, IOJCTABUTH B HEE MCXOJHbIE JaHHbIE U NPOU3BECTU BbluMcieHUs. [IpoananusupoBars
MOJIyYEHHBIH Pe3yJIbTaT U 3aIIMCATh OKOHYATENIBHBII OTBET.



BOIPOCHI AJIAA HOAT'OTOBKH K OK3AMEHY

1. Knaccuueckast MmexaHuka u eé pa3aeiibl: KHHEMAaTUKa, THWHAMUKa, CTaTUKa. OCHOBHBIC TIOHSATHS MaTepuajibHasg TOYKa, CUCTEMA

0TCYETa, TPACKTOpUs, IYTh, ICPEMECIICHUEC. CpeZ[HSISI 1 MI'HOBC€HHAs CKOPOCTH. YCKOPGHI/IC.

at?

2. TlocrymaTtenpHOE JIBHXKCHHUE. Y paBHEHUS MOCTYMATEIBHOTO ABHXKCHUS: [ = T, +Vot+ , V=V, + at.

3.  BpamarenpHoe nBWXeHHE. [IBHXKCHHE MaTepHAIbHON TOYKH MO OKPYKHOCTH. YTOI IIOBOPOTA, YTII0Bask CKOPOCTh, YTIIOBOE

yckopenue. [lepuon u yactora BpamieHus. CBs3b MeX1y JTUHEHHBIMU U YIJIOBBIMU BEIMYMHAMU. Y paBHEHHS BPAIIaTEIILHOTO JIBUKECHUS:
2

Q=% @, ia)ti%,a)=i w,t et

4.  Cuna. Macca. 3akoHbl HproToHa.

5. Cubl B MeXaHHKe: CHJIa TPaBUTAI[IOHHOTO B3aNMOJICHCTBHSI, CHIIA TSDKECTH, BEC, CHIIA YIIPYTOCTH, CHIIBI TPEHMS, CHIa ApXUMea.

6. Cucrema MaTepHalbHBIX TOYeK. VIMITyIbC MaTepHaIbHON TOYKH M CHCTEMbBI MaTepUaIbHBIX TOUEK. 3aKOH N3MEHEHUS UMITYJIbCa U

3aKOH COXPaHEHHMS HMITyJIbca. AGCOIIOTHO yIpyTuii ¥ aOCOTIOTHO HEYIPYTUH yIaaphl.

7.  Mexannueckas paboTa HOCTOSHHON 1 epeMeHHo# cuibl. Mommuocts. KIT/.

8.  Buubl MexaHMUECKOI SHEPrUU: KHHETHYECKAs, IOTEHIHANIbHAS, [TOJIHAS MEXaHUYEeCKast. 3aKOH H3MEHEHUS IIOJTHOH MEXaHWYEeCKOi

SHEPTUM U 3aKOH COXPAHEHUs MTOJHON MEXaHUUECKOM SHEPTUHU.

9.  Mexanunueckue konebanus. JuddepenipansHoe ypaBHeHHE TapMOHHIECKHX KoJeOaHuii 1 ero peuieHue. ['paduk u OCHOBHbBIC

XapaKTePUCTUKU FAPMOHUUYECKUX KONeOaHUii: aMIUTUTyJa, IMKINYecKas 4acToTa, HauaabHas (a3a koaeOaHuit.

10. Mexanuueckue BOIHEL [nddepeHnnanbHoe ypaBHEHAE BOJIHEL Y paBHEHHE INIOCKOW TapMOHMYECcKOi BOIHBL. ['pahuK BOIHEL

®azoBasi CKOPOCTh BOJIHEIL, JUTMHA BOJIHBI, BOJHOBOE YHCIIO.

11. MonekyaapHO-KUHETHYECKasl TeOpHs ra3oB. M ieanbHblii ra3. 3aKOHBI HeaIFHOTO Ta3a.

12. Tepmonunamuka. OCHOBHBIE IIOHSATHS: BHYTPEHHSS SHEPTHsl, KOJIMYECTBO TEIUIOTHL. PaboTa naeanbHOro rasa.

13. TlepBoe Hauayo TepMOAUHAMUKH. [IpUMEHEHHE IEPBOTO Hayala TEPMOANHAMUKH K PA3IMYHBIM H30IIPOLIECCAM: H30TEPMHYECKOMY,

H300apUIeCKOMY, H30XOPHUIECKOMY, ainabaTHOMY.

14. Tpunnun peiictBus temosoro apurarens. KI1/] rermosoro asurarens. Lukn Kapro u ero KIT/.

15.  Cuipl MEXMOJIEKYIIIPHOTO B3aUMOJICHCTBHS B pealibHBIX ra3ax. Y paBHeHHe BaH-nep-Baansca s pealsHOTO ras3a u ero aHau3.

16. DOmnekrpocraTtuka. DnekTpuyeckoe noise. HampsskeHHOCT M MOTEHIHAN SJIEKTPOCTATHYECKOTO OIS BUIIBI SIEKTPHYECKUX 3apsIoB.

3aKOH COXpaHEHUs AEKTPUIECKOTo 3apsiaa. 3akoH KymoHa.

17. T'paduueckoe n300paxkeHHE IMEKTPOCTATHICCKUX MOJICH: C TOMOIIBIO CHIOBBIX JIMHUH M SKBUIOTEeHIManed. CHITOBEIE IMHUH U

SKBHUITOTSHIMAIN TOYEYHOT0 3apsiaa. [IpuHIHUI Cyrepno3unny Iyt SIEKTPOCTaTHYECKOro o1, HanpshkeHHOCTh U MOTEHIHAN TOYEYHOTO

3apsa.

18. TloreHumanbHast SHEPTUS SIEKTPOCTATHYECKOTO B3aUMOACHCTBHS TOUCHYHBIX 3apsijoB. Pab0oTa 3JIEKTPOCTATHUECKOTO OIS 110

TIEPEMEICHUIO TOUETHOT0 3apsa.

19. TIocTostHHBIN NMEKTPHYECKU TOK. XapaKTePUCTHKH JIEKTPHYECKOr0 TOKA: CHJIAa TOKA, BEKTOP IFIOTHOCTH TOKA. DIICKTPOABIIKYIIASL

cuia 1 HampspkeHne. 3akoH OMa UIs y9acTKa LEeTH U 3aMKHYTOH IeTTH.

20. 3axon /Ixoyuns - Jlenna. Pabora u MormHOCTh Toka. KITJ] ricTouHmKa ToKa.

21. MarnuTtHoe nose B BaKyyMe. BekTop MarHuTHON MHIYKIIMY U BEKTOP HANPSHKEHHOCTH MarHUTHOTO T10Jisi. CHIIOBBIC JIMHUN

MarHUTHOTO 1oJIsL. [IpHHINT Cynepno3nuIMy JUIsi MAarHUTHOTO MOJIst. MarHUTHOE MoJjIe MPSMOJIMHEWHOr0 IIPOBOAHUKA C TOKOM OECKOHEYHOM

JUIHBI M B IEHTPE KPYTOBOTO BUTKA C TOKOM.

22. Cwuna Ammepa u cuna JlopeHna.

23. MaruurHslii ToTok. PaboTa crir MarHUTHOTO TOJIS IIPY NTEPEMEIeHIH IIPOBOIHUKA M KOHTYpa ¢ TOKOM B MAarHUTHOM IIOJIE.

24. DnexTpoMarHUTHBIC BOJHEL 11IKana 3IeKTpOMarHUTHBIX BOJIH.

25. Omruka. Bumumelii cBet u ero npupo/a. BomHOBBIE 1 KOPIYCKYJISIpHBIE CBOWCTBA cBeTa. POTOH. DHEPrusi, Macca U IMITYJIbC (POTOHA.

26. BoiHOBBIE CBOiCTBa CBeTa: sIBICHUE HHTEP(EpEHINH CBeTa. Y CIIOBUSI YCHIICHUS U OCIabIeHus CBeTa IPH HHTephepeHInH.
Omneit FOHra. MHTepdepeHnus cBeta B TOHKUX IUIEHKAX: OJIOCH! PAaBHOTO HAKJIOHA U ITOJIOCHI PABHO TOJIIIEHEL.

27. BoxHOBBIC CBOICTBa cBeTa: siBieHUe qudpakiuu cBeta. Judpakius Openens u Opaynrodepa. [Ipunnun [roiirenca — Openerns.
JudpakiponHas perierka u e€ OCHOBHBIE XapaKTepUCTUKU. Bupl audpakinonHbix pemerok. @opmysna nudpakioHHOR
peTIeTKH.

28. BoxHOBBIE CBOIiCTBa CBETA: SBICHUE MOJSIPU3AINH CBETa. ECTEeCTBEHHBIN 1 MOSIPU30BaHHEIN cBEeT. CTETeHb MOISIPU3aIHU CBETA.

Crioco0pl oTy4eHust TMHEIHO MOJIIPU30BaHHOTO cBeTa. 3akoH bprocrepa n 3akoH Maimoca.

29. KopmyckynspHbIe CBOMCTBA CBETA: TEIIOBOE U3IyUEHHE, €0 XapaKTEPUCTHKH M OCHOBHBIE 3aKoHHL: Kupxroda, Credana —

Bboneimana, Buna, Panes — [lxxunca u Ilnanka. KpuBsle TeII0BOro u3imydeHus.

30. KopmyckynsapHasie cBoiicTBa cBeTa: hoToaddext. 3akonsr CroneToBa a5 BHemIHero Gotodddekra. YpaBHeHne DUWHIITEHHA s
BHerHero ¢potodddekra. [Tonsatre o padbote BbIXxoa U KpacHOi rpanuiie Goroaddekra.

31. KopmyckymsipHO - BOJHOBOM JyaH3M CBOMCTB BellecTBa: Tunore3a 1ae bpoisa. Bomasl ne Bpoiins. CooTHomeHNe HeonpeaeaeHHOCTe !

[eiizenbepra u ux GU3NIECKUI CMBICIT.

32. CoBpeMeHHBIE peACTaBIeHHs 0 cTpoeHnr atroma. OG03HaYeHe aTOMHBIX siIep.

33. SIBneHme pagnoaKTHBHOCTH. 3aKOH PAaIMOAKTHBHOTO paclazaa. Buasl paqroakTHBHBIX H3IydeHHH: o, B 1 ¥ — m3aydenus. Vx npupona

¥ OCHOBHBIE CBOICTBA.

34. DneMeHTapHbIC YaCTHIbL. BUIBI 3/IeMEHTAPHBIX YACTHUIl U KX OCHOBHBIC CBOHCTBA.



Kontpoasnas Ne 1 Bapuant Ne 0

1. Touka JBHXKETCS 110 OKPYXKHOCTH pagnycoM R =4 M. 3aKOH ee JBHMKEHHS BHIPAXKACTCS ypaBHeHHeM S = A + Bt?, rae
A =8 M; B = - 2 m/c’. HaiiTi MOMEHT BpeMeHH t, KOr/1a HOPMaIbHOE YCKOPEHHE TOUKH a, = 9 M/C*; CKOPOCT V;
TaHTCHIMAIBHOE a; M IIOJHOE & YCKOPEHHMS TOYKH B 3TOT MOMEHT BPEMEHH.

2. MaxoBuk, IMeIOmni BIA AucKa pammycoM R =40 cM u Maccoit 50 Kr, MOKeT BpamaThcsi BOKPYT TOPU30HTAIBLHONW OCH.
Ha »Toit ocm xecTko 3akpenyneH mKUB paguycoMm I =10 cwm. [To xacaTesbHOW K IKUBY NMPUIIOKEHA
noctosaHas cuna F = 500 H. YUepes ckoIbKO BpeMeHH MaXOBUK PACKPYTHUTCSA N0 9acTOTH N = 1 06/c?

3. Illapuk maccoit 50 T, MpUBA3aHHBINA K KOHITY HUTH JUTHHOM |; = 1 M, Bpamraercs ¢ gactoroii Ny = 1 06/c, onmpasics Ha
TOPU30HTAIIBHYIO INIOCKOCTh. HUTH yKopadunBaeTcs, mpuOImKas MapuK K OCH BpamleHHUs A0 paccTosHuA 1, = 0,5 m.
C kakoi yacToToi N, OyzeT npu 3ToM BpamaTthes mapuk? Kakyio paboty A coBepmraeT BHEIIHSS CHIA, YKOpAadUBast
HUTH? TpeHHeM IapuKa o0 MIOCKOCTh NpeHeOpeys.

4. ]JIBe mpyXUHBI )KecTKOCThIO K; = 300 H/Mu k, = 500 H/m ckpemneHsl mociemnoBaTeabHo. Onpeneuts pabory
M0 PaCTsDKEHHUIO 00€UX TPYKHMH, €CIIM BTOpasi MpyKuHa Obina pactsayta Ha Al=3 cm.

5. Touka coBeplmaeT rapMOHHYECKUE KojJeOaHUI. B HEKOTOPHIl MOMEHT BPEMEHHU CMELICHHE TOYKH X = 5 CM,
2 " N

ckopocTh ee V =20 cM/c u yckopeHue a = -80 cM/c”. HaifTu nukinyeckyro 4acToTy M nepuoj kosuebanuii; ¢dasy

KoJebaHuil B paccMaTpuBaeMblii MOMEHT BPEMEHH W aMIUIMTYAY KoJeOaHuM.

6. Cosepmwas nuka Kapho, ra3 ornan oxJyiagutelto 2/3 TEIIOTHI, MOJYyYeHHOH OT HarpeBareis. OnpeneauTtsb
TEeMIEPaTypy OXJIAAUTENs, ecliu TeMmneparypa Harpesatens T; = 425 K.

7. Kucnoponm wmaccoit m = 2kr 3aHuMaeT o0beM Vi = IM° W HAXOIUTCA MOJ AaBIECHUEM p1 = 0,2 MIla. I'a3 6511
HATPET CHAYasIa PH MOCTOSHHOM AaBICHHH 10 o0beMa V, = 3M°, a 3aTeM IpH MOCTOSHHOM 00beMe 10 AaBICHHS
p2= 0,5MIla. Haifitu: 1) mu3smeHeHue BHyTpeHHEeH »Heprun AU raza; 2) coBepIIeHHYI0 UM paboTy A ; 3) KOINIeCcTBO
TetioThl Q,mepenanHoe razy.

8. JIBa 0AMHAKOBBIX METAJUIMYECKHX 3aPsDKCHHBIX IIapa HaXoAaTcs Ha paccTossHuH = 60cM. Cuita OTTanKuBaHUs MIapoB

F1 =70 mxH. ITocxe Toro xak mapsl IpUBEIN B CONMPUKOCHOBEHHE W YAAIWIH IpYyT OT Apyra Ha MpeXxHee PacCTOsHHE,
CHJIa OTTAJKHBAHUSA BO3pocia U ctana paBHoH  F, =160 MxH . Berauciuts 3apsast Q; u Qp, KoTopble OBLTH Ha mapax
JI0 UX CONPUKOCHOBEHH. /InaMeTp IapoB CYUTATh MHOT'O MEHBIINM PAcCTOSHUS MEKIY HIMH.

9. Ilpu BHemHeM compoTuBieHUU [I;=3 Om cuna Toka B e |, = 0,3 A, mpu conpoTUBICHAN r, =5 OM cunia Toka
1,=0,2 A. OnpenenuTh CUIy TOKa KOPOTKOI0 3aMbIKaHus HcTouHuKa D/[C.

10. IleprneHAMKyJIsIpHO  MarHMUTHOMY  TOJIO  HampspkeHHocThlo H =104 A/M  B0O30yXHIEHO 3JeKTpHUUECKOe
nosie  HanpspbkeHHocThIO E = 1000 B/cMm . [lepnieHquKynsipHO 000UM IOJISIM IBUXKETCS], HE OTKIOHSISICh OT
IPSIMOJNIMHEITHON TpaeKkTopuH, 3apsixkeHHasd yacTuna. OnpeneauTb CKOPOCTh V YACTHUIBL.

11. VYrom a Mex1y INIOCKOCTSIMU IMPOIYCKaHMUs MMOJISIpU3aTopa U aHau3aTopa paseH 45°. Bo CKoibKO pa3 yMEHBIIUTCS
WHTEHCUBHOCTB CBETA, BHIXOJSIIETO U3 aHAIM3aTOpa, €CIIM YroJ YBEJIHIuTh a0 70°7

12. Temmeparypa Bepxuux cioeB Coinnua pasHa 5,3 kK. Cuntas CosHIle YepHBIM TEJIOM, ONIPEAEIUTh JUIUHY BOJIHBI A ,
KOTOPOM COOTBETCTBYET MAKCHMANIbHASI CIICKTPAIbHAS INIOTHOCTh DHEPTETHIECKOH CBETUMOCTH (I 7)max COMHIIA.

13. Omnpenenutb padboTy BBIX0Ja 4 IEKTPOHOB M3 HATPHsL, €cin KpacHas rpanuna goroaddexra Ag = 500 HM.

14. Omnpenenuts yrou 0 paccesinust poTOHA, UCTIBITABIIETO COYIaPEHUE CO CBOOOIHBIM 3JIEKTPOHOM, €CIIM M3MEHEHHE JUINHBI
BOJIHBI A\ TIPU paccessHUU paBHO 3,2 MM.

15. Omnpenenuts THAMETPHI CICAYIOMHUX aep: 3) 6429Cu; 4) 125508n.




KonTposabHas Ne 1 Bapuant Nel

1. JIBe MaTepuaabHBbIC TOYKH JBMXKYTCS COTJIIACHO YPABHEHHSIM: X1 = A1t+Bt2+Ct3PI X, = A2t+th2+Ct2, rae A1 = 4 m/c;
B, =38 M/c?; Ci=-16 M/ A, =2MCc;B,y= - 4M/02; C =1 M/c%. B Kakoit MOMEHT BpeMeHH { yCKOpPEeHUS 3THX TOYeK OyayT
oMHAKOBbI? HaliTH CKOPOCTH Vi U V, TOUCK B 3TOT MOMCHT.

2. Yepe3s HemoABWKHBIHN 010K Maccoii 0,2 KT TepeKUHYT IIHYP, K KOHIIaM KOTOPOTO MOJBEMEHbl IPYy3bl MaccaMHu
m;= 0,3 kr u M, =0,5 kr. OnpenenuTs cuibl HaTsDKeHHs HYpa T1 1 T, 0 00€ CTOpOHBI 6J10Ka BO BpeMs JBHIKEHHUS
rpy30B, €cliM Maccy 0JOKa MOXXHO CUYMTATh PABHOMEPHO pacrpeieJIeHHOH no o6ony.

3. V3 npy>KMHHOTO MUCTOJIETA BBICTPEIIMIM B TOPU30HTAIBHOM HAMPABJICHUH MYJIbKOM, Macca KOTOpo# paBHa 5 r. XKecTkocTh
npyxuHsl K = 1,25 kH/m. [Ipyxuna 6bu1a cxxata Ha Al = 8 cm. OnpeienuTh CKOPOCTH IMYJIBKH MPH BBIICTE €€ U3 MHCTOJETA.
Tpenrem npeHeOpeysb.

4. Touka cOoBepIIaeT rapMOHHUYECKHE KOIeOaHUs, ypaBHEHHE KOTOPhIX HMeeT B X = Asinot, rie A=5cm; o =2 ¢
Haiitu MoMeHT BpeMeHU (OIMKaWImKil K Havajny oTcueTa), B KOTOPHIH NOTEHIUANIbHAS YHEPTUS TOUKH
I1 = 10"* ]Ik, a BosBpamaromas cuna F = 5°10°H. Onpenennts Takxke dasy KoxeGaHuil B 5TOT MOMEHT BPEMEHH.

5. Ompenpenuts Maccy M; oxHOW MOJeKydsl cepoyriepona CS,. [IpuHHMAas, 9TO MOIEKYIHI B KUIKOCTH HMEIOT
mapoobpasHy GopMy U PacooKeHbI BILIOTHYIO APYT K APYTY, ONPEAEIUTh AuaMeTp d MOJIEKyIIbL.

6. OmpenmenuTth TeMIepaTypy Tasa, €CIHM CpEOHAS KHHETHYECKas SHEPTHS <®Wpocr> MOCTYNATEIBHOTO ABUIKEHUS €ro
mosexkyn pasHa 2,07 ~10 2! k.

7. Temmit maccoit m=Ir Obm1 Harper Ha AT =100 K mnpu mocrosHHOM maBnernu p. ONpenenuTh:
1) xommyecTBO TerwoTel Q, mepemaHHOe Tazy, 2) pabory raza A mnpu pacmmpeHus; 3) mnpupamenne AU
BHYTPEHHEW SHEprHH rasa.

8. B BepmmHax KBampaTa HaXOISATCS OIMHAKOBBIE 3apsasl Q = 3- 10°Kn kaxaelil. Kakoil orpuniaTenbHblil
3apsa Qi HYKHO NMOMECTHTH B IICHTPE KBajJpaTa, YTOOBI CHJIa B3aMMHOTO OTTaJKHBAHUS MOJIOKUTEIbHBIX 3apsI0B
Obl1a ypaBHOBEIIEHA CUJION MPUTSHKEHUsT OTPHUIATEIHHOTO 3apsaa’

9. Ewmxocts miockoro kouaencaropa C = 100 n®d. Jlusnektpuk - papdop. KoHaeHcaTop 3apAauig 10 pa3HOCTH
noteHnuainoB U = 600 B 1 oTkiIr0umIIM OT HCTOYHUKA HaNpspkeHust. Kakyio paboTy Hy»KHO COBEPIINTh, YTOOBI BHIHYTh
JIMDJIEKTPUK U3 KOHJeHcaTopa?

10. /lBa GecKOHEYHO JJMHHBIX NPSAMBIX MPOBOJHUKA CKPELICHBI O] NPSAMBIM yriioM. [1o mpoBoAHNKAM TEKYT TOKH
1,=80 A ul,=60 A. Paccrosiaue mexay npoBonaukamu d = 10 cMm. Onpenenuth HHIYKIHIO MATHATHOTO MOJISI B TOYKE,
Jexxaneil Ha ceperHe 00Iero NepruneHJuKyaIspa K IPOBOJIHUKAM.

11. PaccrostHue Ar,; MeXay BTOPBIM U NIEPBBIM TEMHBIM KoJbIlaMi HbI0TOHA B 0TpaskeHHOM cBeTe paBHO 1 MM. OnpenenuTts
paccTostane Alyp g MEXLy AECSTHIM M JEBATHIM KOJIBIIAMH.

12. B gactuuHO MOJAAPU30BAHHOM CBETC aMIUIMTY/ld CBETOBOI'O BEKTOPA, COOTBCTCTBYHOIIIAA MaKCHMaJIbHOW MHTEHCUBHOCTH
cBeTa, BN = 2 paza Ooublie AMIUIATY AbI, COOTBGTCTByIOH.[Gﬁ MHUHIMAJIbHON HMHTCHCHUBHOCTH. OHpeZ[eJ'II/ITL CTCIICHBb
MNoJAApU3a P cBerta.

= 2
13. Omnpenpenuts Temnepatypy 7, Ipu KOTOPOH SHepreTHIeckas CBETUMOCTh R, uepHoro Tena paBHa 10 kBt/m” .

14. Ha moBepXHOCTB TUTHA MaaeT MOHOXpoMaTmuecKuit cBeT (A = 310 HM) UTOOBI IpeKpaTUTh SMUCCHIO DIIEKTPOHOB, HYKHO
MPWIOKHTH 3aJIeP >KUBAOILYI0 pa3HOCTh noTeHmanos U e meree 1,7 B. Onpenennts paboTy BbIXxoJa 4 31€KTpOHA C
TIOBEPXHOCTH JIUTHSL.

15. Omnpenenuts SHeprur0 E , Maccy m v UMITyNbC p (HOTOHA, KOTOPOMY COOTBETCTBYET JITMHA BOMHBI A = 380 HM




KonTposabHas Ne 1 BapuaHTt Ne2

1. Komeco pagmycom R = 0,3 M Bpamaercs coriacHo ypaBHennio ¢ = At + Bt®, rae A = | pan/c; B = 0,1 pan/c’.
OrnpeiesIUTh MOJHOE YCKOPEHHE TOYEK Ha OKPYKHOCTH Kojieca B MOMEHT BpeMenu t = 2 c.

2. UYepes Omok panumycoM R = 3 cM mepekuHyIH MHYP, K KOHIaM KOTOPOTO MPUBS3aHBI TPy3bl Maccamu My = 100 T u
m, = 120 r. [Ipi 5TOM rpy3bl IPULIIK B ABHKEHHE C yCKOpeHHEeM a = 3 M/c?. OnpeaenuTh MOMEHT HHEPIHH
6noka. TpeHue npu BpalleHUU HE YUYUTHIBATh.

3. TIpyxuHa xecTkocThio K = 10° H/M Gbita ckaTa Ha X; = 5 cM. Kakyio Hy’&HO COBEPIINTh paboTy, 4TOOBI CxKATHE
OPYKUHBI YBEJIUUYUTH 0 X, = 15 cm?

4. lap maccoii 200 T, ABMKYIIUHCS cO CKOpOcThIo 10 M/c, ynapsieT HenmoABMXKHBIH map mMaccoit 800 r. Yaap npsmoii,
LEHTPaJbHBINA, a0COMIOTHO ynpyruid. OnpenenauTh CKOPOCTH MIapOB MOCIE yaapa.

5. A30T HarpeBacs Mpu MOCTOSIHHOM JaBJICHUH, IPUYEM €My OBLJIO COOOIIEHO KOoam4YecTBO TemioThl Q = 21k]/Ix.
Onpenenuts paboTy A, KOTOPYIO COBEPINHI NMPH 3TOM ra3, u usMeHeHue AU ero BHyTpeHHEH 3HEPTUU.

6. Kakas 101 ®; konmudecTBa TEIUIOTHI i, TMOABOIMMOTrO K HACATFHOMY ra3y MpU H300apHOM HPOIECCe, PACXOIyeTCs
Ha yBenmdeHue AU BHYTpEHHEH SHEPTHH ra3a U Kakas 101 © Ha paboty A pacmupenus? PaccmorpeTs Tpu cityuas,
eciu ra3: 1) oqHOaTOMHEIN; 2) NBYXaTOMHBIN;

7. JlBa rapMOHHMYECKHX KOJEOaHUs, HAIPABICHHBIX 10 OJHOM MPAMON, HMEIOUINX OAUHAKOBBIE aMILTUTYIBl 1
MEePHUOJIBI, CKIAJBIBAIOTCS B OTHO KoJiebaHWe TOH e aMIIuTynpl. HaliTh pa3HOCTh (a3 CKIaJpIBaeMbIX KOJIeOaHUH.

8. Ha GeckoHEYHOM TOHKOCTEHHOM TminHape quamerpoM d = 10 cM paBHOMEpHO — pacmpeneneH  3apsa  C
MOBEPXHOCTHOW  IIOTHOCTBIO G = 1 MrKi/m? . OnpenenuTs HANPSHKEHHOCTH MOJISL B TOYKE, OTCTOSIIEH OT MOBEPXHOCTH
IWJIMHAPAa HA a = 5 cM.

9. Ha xonnax meanoro nposoja jiuaoil | = 5 M nonaepxupaercs HanpspkeHue U = 1 B. OnpenenuTs IIOTHOCTh TOKA B
MIPOBOJIE.

10. KopoTkas kaTymrka IIomaabio IomepedHoro cedenus S = 150 CMZ, conepxxamas N = 200 BUTKOB mpoBoJa, 1O
KOTOPOMY TEUYET TOK cujoii | =4 A, momereHa B 0 JHOPOJHOE MaTHUTHOE moJie HanpspkeHHOCThI0 H = 8000 A/m  Haiitu:
1) MarHUTHBIN MOMEHT p,, KaTyIIKH; 2) Bpamaouuil MoMeHT M, nefiCTByIOINI Ha KaTyIIKy CO CTOPOHBI ITOJIS, €CJIH OCh
KaTYIIKH COCTABIIET yToJl ¢ = 60° ¢ TMHUAMH HOJIS.

11. BBIYHCIUT pagUyC pPs MATOU 30HBI DpeHes A1 MI0CKOTr0 BOJIHOBOIO (poHTa (A = 0,5 MKM), €CITi TOCTPOCHUE ICIaeTCs
JUTSL TOUKU HAOJIFOICHHUS, HaXOsielcs Ha paccTostHud b = 1 M OoT poHTa BOJIHEL.

12. Ily4oxk cBeTa, UIyLIUH B BO3AYXE, IaaeT Ha MOBEPXHOCTH KUAKOCTH MOJ YIIIOM o = 54°. OnpeaenuTs yroi NpeaoMIIeHHs
B myuka , eciii OTpa)KEHHBII MYYOK MOJHOCTBIO MOJISIPU30BaH.

13. C mOBepXHOCTH CaH MIOMANbI0 S = 2 cM” pu Temnepatype T =400 K 3a Bpems t = 5 MuH H3/1y4aeTcst SHeprus
W = 83 JIx. Onpenenuts k03QGUIMCHT TEIJIOBOTO U3YUCHHUS € CAXKH.

14. Ha noBepXHOCTh MarHus MajgacT MoHOXpoMaTHyeckuii cBeT (A = 350 M) UTOOBI PEKPATUTH SMUCCHIO JJICKTPOHOB,
HYKHO TIPHIIOKUTH 3aIePKUBAIOITYI0 Pa3sHOCTh moTeHIanoB U He meHee 2 B. Onpenennuts paboTy BEIXOOa 4 3IEKTPOHA C
MOBEPXHOCTH MarHusl.

15. VYxaxuTte, CKOJIBKO HYKJIOHOB, IPOTOHOB, HEUTPOHOB COZEprKaT Cleayronme sapa: 1) 32He; 2) ]O5B




KonTposabHas Ne 1 BapuaHt Ne3

1. JIBWKeHUS ABYX MaTepUalbHBIX TOYEK BRIpAXAIOTCSI YpaBHEHUsIMH X; = A; +Bt+ Clt2 " X, = Ay +Bot+ Czt2
rae A1=20wm; Bi=2wm/c; C;= -4 m/c?; A,=2m;B,=2m/c; C,=0,5 M/c’. B kaKkoif MOMEHT BPEMEHHU CKOPOCTH ITUX
TOYEK OyAyT OAUHAKOBHEI? UeMy paBHBI CKOPOCTH M YCKOPCHHSI TOYCK B ’TOT MOMEHT?

2. Ilepuon obpamenus T MCKycCTBEHHOTO cnyTHHKa 3eMiH paBeH 2 4. Cuunras opOUTY CHYTHHKA KPYroBOH,
HalTH, HAa KaKOH BBICOTE HAJ MOBEPXHOCTHIO 3€MJIHU JBUKETCS CHYTHHK.

3. lllapuk maccoii 100 r cB0OOAHO MaNaeT C BHICOTHI 1 M Ha CTaJIbHYIO IUIMTY M MOANPHITMBaEeT Ha BeIcOTy 0,5 M.
OnpenenuTh UMNyabc p (IO BEJIWYMHE M HANPaBJICHUIO), COOOIEHHBIH MINTON NIAPUKY.

4. Twups, NONOXKEHHAsI HA BEPXHUU KOHEI[ CIUPaNbHO# MpyXuHbI, ckumaet ee Ha Al = 2 mm. Ha ckonbko coxxmeT
NpPY>KUHY Ta )K€ TUPs, YIaBIias Ha KOHEIl MPYKUHBI ¢ BRICOTHL h = 5 cM?

5. MarepuanbHas TOYKa y4acTBYET OJJHOBPEMEHHO B JIBYX B3aMMHO NEPICHIUKYISIPHBIX KOJICOAHUAX, MPOUCXOASIIIUX
; ; -1 _q -1

corjacHo ypaBHeHHsIM: X = A; Sin ot uy = AySin oyt tme Aj=3 em; 0;=1¢"; A; =2 cm; 0 = 1 ¢ Onpenenutsb

TPAEKTOPHIO TOUKH.

6. B 6amnone emkocthio V = 11,2 1 HaXOAUTCS BOJAOPOJ MPH HOPMATBHBIX YCIOBUsAX. [locie TOro kak B 0ajioH
OBLIO TOTIONHUTEIBFHO BBEACHO HEKOTOPOE KOIMIECTBO T'ellis, JaBIIeHHE B OayutoHe Bo3pocio 1o p = 0,15 MIla, a
TeMnepaTtypa He u3MeHnuachk. OupeaenuTs Maccy relus, BBEJCHHOTO B OAIIIOH.

7 . Ta3 cosepmaet kit Kapro. Temmeparypa HarpeBatens T, = 475 K, oxmaaurens T, = 260 K. I[Ipu n3otepmuaeckom
pacmpennu ra3 copepmmi padboty A = 100 k. Onpenenuts repmudeckuid KI1/] nukmna, a Takxke temioty Q,
KOTOPYIO Ta3 OTHAeT OXJALMUTEII0 IIPH HM30TEPMHUCCKOM CIKATHU.

8. 3apsx paBHOMEPHO paclpeleseH Mo 0eCKOHEYHOH MIOCKOCTH C MOBEPXHOCTHOM

2
wioTHOCThI0 6 = 10 HKi/M*. Onpenenuts pasHOCTh MOTEHIHATIOB IBYX TOYEK MOJIS, OJHA M3 KOTOPBIX HAXOAUTCS Ha
IJIOCKOCTH, a Jpyras yJajleHa OT Hee Ha paccTosiHue o = 10 cM.

9. Ilo mpoBoauuKy conpotuBieHneM I =3 OM TeueT paBHOMEPHO BO3pacTaroliuii TOK. 3a BpeMst t = 8 ¢ B mpoBOIHUKE
BhIeniIack temiaora Q = 200/x. Omnpenenuts 3apsn (|, NOPOTEKIIMHA 3a 3TO BpeMsl IO MPOBOJHUKY. B MOMEHT
BpEMEHH, MPUHATHIH 3a HaUaJbHBIN, TOK B IPOBOAHUKE OBUI paBeH HYIIIO.

10. DneKkTpOH OBMKETCS B OMHOPOJHOM MAarHUTHOM MOJIe IEPHEHANKYIIPHO JIMHUAM HHAYKIMU. Onpexenuts cuiy F,
JICHCTBYIOIYIO Ha 3JIEKTPOH CO CTOPOHBI II0JIS, €CJIM UHIYKIUS I10JIS B =0.1 T, a paauyc KpUBU3HBI TPAEKTOPUH
R=0,5cm.

11 Ha nudpakiuuoHHyo pemeTky, cojepxairyto N = 100 mrpuxoB Ha 1 MM, MagaeT HOPMAJILHO MOHOXPOMAaTHYECKUH CBET.
3purenpHas TpyOa CleKTpoMeTpa HaBeleHa Ha MAKCUMYM TPeThero nopsiaka. YtoObl HaBecTH TpyOy Ha APYroil MaKCUMyM TOTO
JKe TTOpsIKA, €€ HY’)KHO MOBEPHYTH Ha yron Ag = 20°. OnpenenuTs [UIMHY BOJHBI A CBETA.

12 VYron o MeXIy INIOCKOCTSIMU NPOIYCKaHUs NMOJIsIpU3aTOopa U aHanu3aTopa paseH 30°. Bo CKOJIBKO pa3 YMEHBIIUTCS
MHTECHCUBHOCTB CBETA, BBIXOMSIIETO U3 aHAIN3aTOPA, €CIIM YToJl YBEIHIHUTh 10 60°7

13 Ha kaKyo JJIMHY BOJHBI Ay IPUXOAUTCS MAKCUMYM CIICKTPaJIbHOM INIOTHOCTH SHEPTeTUYECKON CBETUMOCTH (I, T)max
YEpHOTro Tela npu Temneparype t = 0°C?

14 Omnpenenuts 3HEpruio £ , Maccy m ¥ IMITYJIbC p POTOHA, KOTOPOMY COOTBETCTBYET JUTHHA BOJHEI A = 580 HM

15 3aBpems t =4 cyr pacnasiocs k = ¥ HayanbHOTO KOJIMYECTBA SIZIEP PAJHOaKTHBHOTO H30TOMNa. OnpeneuTs Iepro
nonypacnana Ty;.
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KonrpoabHas Ne 1 BapuaHt Ne4

1. MarepuainbHas TOYKa ABIDKETCS 110 OKPYKHOCTH paguycoM R = 2 M cornacHo ypaBHeHuio  x = At + Bt%, rue
A=8wm/c; B=-0,2 m/c®. Haiitu CKOpPOCTH V, TAHTEHIIMAJIbHOE a,, HOPMAJbHOE a, U MOJHOE a YCKOPEHUS B MOMEHT
BpemeHn t =3 c.

2. HckyccTBeHHBIH CHYTHHK oOOpamaercs BOKPYr 3eMid 10 Kpyrooi opoute Ha BeicoTe H = 3200 kM Han
NOBEPXHOCThIO 3emiuu. OnpenenuTs TMHEHHYIO CKOPOCTh CIIyTHHKA.

3. Illap maccoil M; = 2 KT ABMIKETCSI CO CKOPOCThIO Vi = 3 M/C M CTaJIKUBaeTCs C mapom maccoi 4 kr,
JBHXKYIIMMCSI €My HaBCTPEdY CO CKOPOCTBIO V, = 4 m/c. OnpenenuTh CKOPOCTH IIapoB MOcie IIPSIMOT0 [IEHTPaIbHOTO yaapa.
Ynap cuutaTh aOCOJIOTHO YIIPYTHM.

4. Ha kpato ropuzoHTaJIbHOH T1aTHOPMBI, HMeroleld GopMy nucka paanycomM R=2 M, crouT uenoBek. Macca
mwiatdopmel M = 200 kxr, Mmacca yenoeka M = 80 kr. [Inardopma MokeT BpamaTbCst BOKpYr BEpTHKAJIbHOH OCH,
npoxoasimeit uepe3 ee ueHtp. [Ipenedperas TpeHueM, HaliTH, C KAKOW YTJIOBOH CKOPOCTHIO OyAeT Bpamarbces
miaatdopmMa, €CIH YeJOBEK OYIeT HATH BIOJb €€ Kpas cO CKOPOCTHIO V = 2 M/C OTHOCHTEIBHO MIAT(HOPMBL.

5. Touxka coBepmiaeT OJHOBPEMEHHO JIBa TApMOHUYECKUX KOJIeOaHUS, TPOUCXOIANINX IO B3AUMHO
MepHeHANKYISIPHBIM HaPaBICHUAM H BBIpa)KaeMbIX ypaBHEHISIMH: X = A; cosmit u

y=Azcosoy(t+1), THE Ay=4 CcM; ©1 = T C'l; Ar=8cM; =1 c?t , t =1c. HaliTu ypaBHEHHE TPAEKTOPHUU IO KOTOPOH
IBHXKETCS TOYKA.

6. Bomopox 3anmMaer oobem V1= 10 M° IIpM JaBIICHAH 1 = 0,1 ITa. I'a3 Harpenu npu NOCTOSTHHOM OOBEME 10 TaBIEHUS
P P p P P

p2 = 0,3 MIla. Onpenenuts n3menerne AU BHyTpeHHEH SHEpruu ra3a, paboTy A, COBEpIICHHYIO Ta30M, U TerioTy Q,

COOOIIIEHHYIO Ta3y.

7. BoasHo#l map pacmupsieTcs NpH TOCTOSHHOM jAaBiieHuH. OmpenenuTh paboTy A pacmiupeHwus, eciu napy
nepenano koJuuecTBo TermaoTel AU = 4 kJ[x.

8. Dunektpon ¢ sneprueid T = 100 3B (B 6eCKOHEUHOCTH) JBUKETCS BJOJIb CHIIOBOM
JMHUHU [0 HAMPABJICHUIO K MOBEPXHOCTH METAIUIMYCCKOM 3apsukeHHO# cdepsl paguycom R =5 cm. Onpenenuts
MHHHUMAJBHOE PACCTOSHME, HAa KOTOPOE IPUONU3UTCS 3JIEKTPOH K MOBEPXHOCTH cdepsl, ecan 3apsagee Q = - 1 uKu.

9. Tlo mpoBonHUKY conpoTuBieHreM R =3 OM Teder Tok, cuiia KOToporo Bo3pacraer. KonnuecTBo TemioTsl Q,
BBHIJICNIMBIIIEECS B TPOBOHUKE 3a BpeMsi t = 8 ¢, paBHO 200 [Ix. OnpenenuTs KOJIHMYECTBO ISKTpUUYECTBA (], MPOTEKIIee 3a
9TO BpeMsl 10 IPOBOAHUKY. B MOMEHT BpeMeHH, NPUHATHIN 32 HaYaJIbHbIM, CHJIAa TOKA B IPOBOJHUKE PAaBHA HYJIIO.

10. Anbda-yactuiia, HaXOAICh B OJHOPOJHOM MAarHUTHOM MoJjie uHAyKImed B = 1 T, qBuxeTcs M0 OKPYKHOCTH.
Onpenenuth CUTy | SKBHBaJICHTHOTO KPYTOBOTO TOKA, CO3/IaBAEMOT0 IBIDKCHHEM  allb()a-qacTHIIBL.

11 Ha rpans kprcTa/ula KAMEHHOH COJM MaAaeT MapauIeIbHBIN ITyd0K PEHTT€HOBCKOTO M3ITydCHUS
(A =147 nm). Onpenenuts paccrosiuue d MeXKIy AaTOMHBIMH IJIOCKOCTSIMU KPHCTAJLIA, €CIIH AUPPAKIHOHHBI MaKCUMYM
BTOPOTO MOPsIIKa HAOIFOMaeTCs, KOTIa H3IydeHue nagaet mox yrioM 0 = 31°30' Kk HoBepXHOCTH KpUCTaIa.

12 Ha xaxo#f yriioBO# BRICOTE ( HaJ TOPU3OHTOM JOJDKHO HaxoIuThes COINHIlE, YTOOBI COTHEYHBIH CBET, OTPAKEHHBINA OT
MTOBEPXHOCTH BOJBI, OBUT MOJTHOCTHIO MOJIIPH30BAH?

13 C noBepXHOCTH ca)ku Iomaaso S = 1 cM’ npu Temmeparype T =500 K 3a Bpems t = 6 MHH U3ITydaeTcs SHEPTUS
W = 80 JIxx. Onpenenuth k03QPHUINCHT TEIIIOBOTO U3ITYyICHHUS € CAXKH.

14 Ha moBepXHOCTP KalHs MaJaeT MOHOXpOMaTHIecKui cBeT (A = 250 HM) UTOOBI IpeKpaTUTh SMUCCHIO DIICKTPOHOB, HYKHO
MPWIOKUTH 3aJIep KUBAIOILYI0 pa3HOCTh noTeHImanos U He meree 2.5 B. Onpenennts paboTy BbIxoaa 4 31€KTpOHA C
MOBEPXHOCTH KaJusl.

15 VYxkaxwure, CKOIBPKO HYKJIOHOB, IIPOTOHOB, HEHTPOHOB COAEPIKAT CleIyromue sapa: 1) 5426F e 2) 10447Ag;
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KonTtponbnas Ne 1 BapuaHt Ne$S

1. MarepuanbHas TOYKA JBHKETCS NPAMOIMHEHHO. YpaBHeHHE ABMKEHHS uMeeT Bua X = At+Bt®, rae
A = 3 m/c; B = 0,06 m/c®. Haiiti cKOpOCTb V H YCKOPEHHE TOUKH B MOMEHTHI BpeMern t; = 0 u t, = 3 ¢. KakoBsl
CpeHUe 3HAYCHUsI CKOPOCTH U YCKOPEHHUs 3a IepBbIe 3 C IBUKEHUS?

2. CniourHod OJHOPOAHBIA NMCK KATHUTCS MO TOPU30HTAIBHOMN IIOCKOCTH CO cKopocThio  V = 10 M/c. Kakoe
paccTosiHie MPOIAET AUCK A0 OCTAHOBKHU, €CJIIM €ro mnpeaocTaBUTh camoMy cebe? KoaddunueHT TpeHus mnpu
JIBIDKeHHH Jicka paseH 0,02.

3. Teno maccoii 0,2 Kr cockaynb3bIBaeT 0€3 TpeHUs ¢ TOPKH BbicoTod 2 M. HaiiTn n3MeHeHne umnynbsca Ap Tena.

4. Ha Tenexke, CBOOOJHO ABHKYLIEHCS O FOPU30HTANIbHOMY IIYTH CO CKOPOCTBIO 3 M/C, HAXOJIUTCS YEIOBEK.
UenoBeK NPHITaET B CTOPOHY, IPOTUBOTOIOXKHYIO JIBHKCHHUIO TEIEXKHU. [locie MpBIKKa CKOPOCTh TEJIEXKKH
U3MEHHIAach U cTana paBHOU 4 m/c. OmpenenuTs TOPU30HTANBHYIO COCTABISIONIYI0 CKOPOCTH UYEIOBEKa
P IPBDKKE OTHOCUTEIBHO TeneXKu. Macca Tenexxku 210 kr, Mmacca gemoBeka 70 KT.

5. Touka y4acTByeT B ABYX B3aUMHO MEPICHIUKYIISIPHBIX KOJIEOAHHSX, BBIPAKAEMbBIX YPABHCHUSIMU: X =ACOS®] U
y = Agsinot tme A; =2 cm; Ap =3 cM; o1 = 20,. HaliTu ypaBHEHHE TPaeKTOPHH TOUYKH.

6. B 6ammone emxoctsio V = 20 1 HaxoauTcs aproH nox nasierneM p; = 800 kIla u remmeparype T,;= 325 K. Korma
u3 O0ayutoHa OBIIIO B3ATO HEKOTOPOE KOJHMYECTBO AaproHa, JaBieHHe B OaloHE IOHM3WIOCH [0 p; = 600 klla, a
temneparypa ycranoBmiack T, = 300 K. Onpenenuts Maccy M aprosa, B3aToro u3 OajuioHa.

7. OHpe,HeJ'II/ITL CpCAHIOI0 KUHETUYCCKYIO SHCPIUIO <pram> BpalaTCJIbHOT'O JBUKCHUA OJIHO MOJICKYJIbI IBYyXaTOMHOTI'O
rasa, €CJIM CyMMapHasi KHHCTUYCCKas OHCPTUA MOJICKYJI OJTHOI'O KHWJIOMOJIA  OTOro raza U= 3,01 Mﬂ)K

8. Paccrosinue d Mmexay aBymst TouednbiMu 3apsaamMu Q; = - 180 uKin u Q, = 720 uKun paBuo 60 cM. Onpenenurs TOUKY, B
KOTOPYIO HY)KHO MIOMECTHUTh TpeTHit 3apsan Q3 Tak, 4TOOBI CUCTEMA 3apsII0B HAXOUIach B paBHOBecHH. OMpee/iuTh
BEITMYMHY W 3HAK 3apsjia.

9. Comnporusnenue 1 =5 OM, BOJIBTMETP ¥ UCTOYHUK TOKA COCIMHEHBI apaiiieilbHo. BoabTMeTp noKa3biBaeT
HanpspkeHue U; = 10 B. Ecnu 3aMeHuTh conpoTHUBieHHe Ha I, = 12 OM, TO BOJIBTMETpP NMOKAXKET HANpPsHKCHUE
U, = 12 B. Onpenenuts 3/IC u BHyTpeHHEE CONPOTUBICHNE UCTOUHNKA ToKa. TOKOM uepe3 BOJBTMETP MpeHeOpeub.

10. Ilo mpoBOIHHMKY, COTHYTOMYy B BHUJAE KBajpaTa co cTopoHoii a = 10cwm, Teuer Tok | =20 A. Ilmockocth
KBaJpaTa NepIeHANKYIIpHA MATHUTHBIM CHJIOBBIM JHHUAM mond. Onpenenuts paboty A, KOTOPYI HEOOXOIMMO
COBEPLINTH ISl TOTO, YTOOBI YAAIUTH MIPOBOAHUK 3a peaesl mois. MarautHas uaaykuus B = 0,1 Tin. [Tone cuurath
OJJTHOPOJHBIM.

11 Kaxko# mmunst || myTs ipoiimeT ppoHT BOIHBE MOHOXPOMATHYECKOTO CBETA B BAKYYME 3a TO K€ BPEMs, 3a KaKoe OH
OPOXOAUT MyTh [UIMHOM I, =1 M B cTekine (N = 1.5) ?

12 Crenenp nossgpuzauuu P 4acTUYHO-TIOISIPU30BAHHOTO cBeTa paBHa 0,5. Bo CKonbKO pa3 oTianyaeTcss MaKCUMalbHast
WHTEHCUBHOCTH CBETA, MIPOIYCKAEMOT0 Yepe3 aHAIN3aTOP, OT MUHUMAJIBHOH?

13 MakcuMyM CHEKTPaIbHON IIOTHOCTH SHEPTETHYECKOH CBETUMOCTH (I T)max APKOHU 3BE31bI APKTYp MPUXOIAUTCS HA JUTHHY
BOJIHBEI Ay = 600 HM. [IpuHMMasi, 4To 3Be3/1a M3JTy4aeT KaK YepHOE TeJI0, ONPENeNIUTh TeMueparypy 7 MOBEpXHOCTH 3BE3/IbL.

14 Ha nmoBepXHOCTh MarHus nagaetT MOHOXpomatuueckuii cBet (A = 350 um) UTOOBI MPEKPATUTh IMUCCHIO SJICKTPOHOB,
HYKHO TIPIJIOKUTH 3aJIePKUBAIONIYI0 pa3HOCTH nmoTeHIuanos U He meHee 1.2 B. Onpenenuts paboTy BeIxoaa 4 37eKTpoHa ¢
TMOBEPXHOCTU MArHus.

15 Onpenenuts SHepruro £ , MacCy m U UMITYJIbC p pOTOHA, KOTOPOMY COOTBETCTBYET JUIMHA BOJHBI A = 480 HM.
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Kontpoabnas Ne 1 BapuaHT Ne 6

1. JIBe MaTepualbHBIC TOYKH IBHXYTCSA COTIACHO YPAaBHCHUAM X = A1+B1t+C1t2 Xy = Ao+ Czt2 raoe A;=10 m;
Bi1=32wm/c; Ci= - 3 M/c?; A,=5m;Cy=5 M/c?. B Kakoii MOMEHT BpPEMEHHU CKOPOCTH 3THX TOUYEK ONUHAKOBEHI?
YeMy paBHBI CKOPOCTH U YCKOPEHUS TOYECK B 3TOT MOMCHT?

2. MaxoBuk paauycoM R = 10 cMm HacaxeH Ha FOPU3OHTAJIbHYIO0 och. Ha 0001 MaxoBWMKa HaMoTaH WIHYD, K
KOTOpOMY IpuBsA3aH Ipy3 Maccoil 800r. Onyckasice paBHOYCKOPEHHO, Ipy3 mpoilen paccTosiHue S = 160 cM 3a
Bpems t = 2 ¢. OnpenenuTs MOMEHT MHEPLIHUU MaXOBHKa.

3. Mereoput Maccoid m = 10 kr majgaeT U3 OECKOHEYHOCTH Ha MOBEPXHOCTH 3emMuu. Onpenenurs padbory,
KOTOPYIO COBEPIIAKT NPHU 3TOM CHUJIBI TPABUTAIMOHHOIO NOJs 3eMIH.

4. Illap maccoit My = 6 KI JBMXKETCS CO CKOPOCTBIO V =2 M/C U CTAJIKUBAETCS C IIApOM Maccoil M, = 4 Kr, KOTOPBIH
JIBIDKETCS] €My Ha BCTpEUy CO CKOPOCTBIO V, = 5 M/c. HaliTi ckopocTb I1apoB Moclie MpsiMoro HeHTpaibHoro ynapa. llaper
CYUTATh a0CONIOTHO YIPYTUMU.

5. JlBe TOYKM HaXOAATCS HA MPSIMOI, BIOJIb KOTOPOI pacrpoCTpaHsIOTCs BOJIHBI O ckopocThio V. = 50 m/c. [lepuon
konebanmii T = 0,5 ¢, paccrossHIe Mexy ToukaMu X = 50cm. Haliti pa3HocTts a3 A@ xonebaHnil B 3THX TOYKAX.

6. BBuECINTE IIIOTHOCTH P KUCIIOpPOJIA, Haxoasmerocs B 6amione mox nasieaneM p = 1 MIla npu Temmepatype T = 300 K.

7. Azor wmaccoit 200r pacmupsiercs uzoTepMudeckn 1pu temneparype T =280 K, mpudem o0pem rasa
yBenuunBaeTcs B 2 pa3a. Haiitu: 1) m3menenne AU BHyTpeHHEH sHepru rasa;
2) cOBEepLICHHYIO NIPU pacIlIMpPEeHHH ra3a pabory A ; 3) Konn4yecTBO TeIIOTH Q, MOIYYSHHOE Ta30M.

8. OmpenenuTs HANPSHKCHHOCTH TOJIS, CO3aBACMOTO 3apsAI0M, PaBHO MEPHO PacIpeeSICHHBIM IO TOHKOMY IPSMOMY
cTepkHio ArHOM | = 10 cM B Touke ¢ MTUHEHHON MIOTHOCTHIO 3apsaa T = 100 uKi/m, nexamieit Ha NpOAOIKCHHH
OCH CTEepXHS Ha paccTosHHM a = 10 cM oT Ommxkaimero xoHna. ONpeneianuTs TaKXKe CHITY, NSHCTBYIOIIYIO B 3TOH TOUKE
Ha To4yeuHbli 3apsn Q = 10 vKu.

9. ComporuBnenue 1 =5 OM, BOIBTMETP U UCTOYHUK TOKA COEAMHEHBI TapajljiebHO. BoNbTMETp MOKa3bIBaeT
HanpspkeHue U; = 10 B. Ecnu 3aMeHuTh conpoTHUBIeHHE Ha I, = 12 OM, TO BOJIBTMETpP NMOKAXKET HANPsHKCHUE
U, = 12 B. Onpeaenute DJIC 1 BHyTpEHHEE CONPOTUBIIEHUE UCTOYHUKA TOKA. TOKOM 4epe3 BOJILTMETP NMpeHeOpeyb.

10. Cuny TOKa B KaTyIlIKe PAaBHOMEPHO YBEJIMUYHMBAIOT IpH momoinu peoctara Ha Al =0,5 A B cexyuay. Haiitu
cpennee 3HayeHune DJ[C caMOMHAYKIIMY, €CIM MHAYKTUBHOCTD KaTymku L = 2 MI'H.

11 Panuyc p4 yeTBepTOi 30HBI DpeHens IS MIOCKOTO BOJIHOBOTO ()poHTa paBeH 3 MM. ONpeaenuTh paauyc pg HIECTOM 30HBI
DpeHens.

12 VYron bproctepa €, npu NaJieHUH CBETa U3 BO3yXa Ha KPUCTAJUI KaMEHHOM conu paBeH 57°. OnpeaenuTs CKOpOCTh CBETa B
9TOM KpHUCTaJLIE.

13 Ha kakyo JJTHHY BOJHBI Ay MPUXOAUTCS MAKCUMYM CIIEKTPAIBbHOMN IIOTHOCTH SHEPTETHUECKON CBETUMOCTH (I} T)max
YEpHOTro Tena npu temneparype t = 10°C?

14 Ha moBepXHOCTh HaTpHs MagaeT MoHOXpoMatudeckuii cBeT (A = 300 HM) UTOOBI IPEKPaTHTh IMUCCHIO YJICKTPOHOB,
HY’KHO NPWJIOKHTH 3aJIep KUBAIOILYI0 pa3HoCcTh noTeHmanos U He menee 2 B. Onpenennts paboTy BbIXxoja 4 31€KTpOHa C
TOBEPXHOCTH HAaTpHsl.

15 3akakoe BpeEMs t pacnaaacTcsa Y4 Ha4aJIbHOT'O KOJIMYCCTBA AACP paAUOAKTUBHOI'O U30TOII4d, €CJIN IIEPHUO/ €T0 ToJIypaciajia
T, 12 = 72 9?
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Kontpoabnas Ne 1 Bapuant Ne7

1. Touka ABIXKETCS 10 OKPYXHOCTH pagnycoM R = 4 M. 3aKOH ee JBMKCHHS BBIPAXKACTCs ypaBHeHHeM S = A + Bt?, rie A
=8 Mm; B = - 2 m/c?. HaiiTi MOMEHT BpeMeHH t, Kor/ia HOpMaIbHOE YCKOPEHHE TOUKH a, = 9 M/c®; CKOPOCTB V;
TaHTCHIMAIBHOE a; M IIOJHOE & YCKOPEHHMS TOYKH B 3TOT MOMEHT BPEMEHH.

2. Juck pagmycoMm R = 20 cMm m Mmaccoit m = 5 kr BpamaeTcs ¢ yactotoif N = 8 06/c. [Ipu TopMoOXKeHUHN OH
octaHoBHICS depe3 Bpems t = 4 c. Onpenennuts TOPMO3SIIHANA MOMEHT M

3. TIpyxmuna xectkoctbio K = 10* H/m cxara cuoit F = 200 H. Onpexennts paGoTy BHEIMIHEH CHIIHI,
JOTIONHUTENBHO CKUMAKIIEH 3Ty npyxuHy eme Ha Al =1 cm.

4. Ha xxene3HOOOpoXHOW miatdhopMe ycTaHOBIEHO opyane. Opyame KeCTKO CKpEIIeHo ¢ miIaTtGopmMoii.
Macca nnatdopmsl u opyaus M = 20 T. Opyamne npou3BOIUT BEICTPET MO yriioM o = 60° K TWHUU TOPHU30HTA B
HampaBJeHUH nyTH. Kakyro ckopocTs Vi mpuodpeTaeT miatdhopma ¢ OpyIueM BCIEACTBUE OTHAa4YH, €ClIM Macca cHapsazaa 50
KT ¥ OH BBIJIETAET U3 KaHaJla CTBOJIA CO CKOPOCThIO Vo = 500 M/c oTHOCHTENbHO 3emin?

5. MarepuasnbpHas TOYKa OJJHOBPEMCHHO YYaCTBYET B IBYX KOJICOAHUAXK, IPOXOASAIIUX O OJTHOW MPSIMO¥ U BhIPaKaeMbIX
ypaBHeHUsAMHE X1 = ASiN o1t; X, = A,C0Sw,, tae A= lem; Ay = 2 em; 0= =1 ¢. Haiitu aMIuIUTYny A
Pe3yABTHPYIONIETO KOJIeOaHuUsl, €ro YacTOTy V M HadalbHYI0 a3y ¢¢. HamucaTh ypaBHEHUE NBHKCHUSL.

6. Bo3ayx, HaxomuBmmiics mop aaeieHueM p;= 0,1 MIla, Obut amnabaTHYECKH CKAT A0 AaBieHUs p, = 1 Mlla.
KakoBo Oynet naBieHue ps, KOTAa CXKATHIA BO3IYX, COXpaHssi 00beM HEU3MEHHBIM, OXJIaUTCS 0 MEPBUYHON
TeMneparypsi?

7. Kucnopon npu HeusmennoMm nasienuu p = 80 klla narpeBaetcs. Ero o0beM yBennuuBaeTcs ot
V=1M 10V, = 3. Omnpenemnts m3MereHrne AU BHyTpeHHEH YHEPTUU KHACIOpoaa, paboTy A, COBEPIICHHYIO HM TIPH
pacHmpeHny, a TaKxe Temiory Q, cooOIeHHy o rasy.

= " = 2
8. TlapamrenbHO OECKOHEYHOHN IIOCKOCTH, 3apSKEHHOM ¢ MOBEPXHOCTHOHN IUIOTHOCTHIO 3apsina o = 1 mMxKu/m*,
pacnosnokeHa OECKOHEUHO JIMHHAS psAMasi HUTh, 3apsHKCHHas ¢ IMHeWHO! mioTHocTho T = 10 HKi/M. Onpenenuts cuiy,
JEHCTBYIONIYIO CO CTOPOHBI INIOCKOCTH Ha €AMHHILY JJIMHBI HATH.

9. B npoBoxnuke 3a Bpems t = 10 ¢ mpu paBHOMEpHOM Bo3pacTaHuu Toka ot |; =0 g0 |, = 2 A Beigenmiach Temiora
Q = 2 k/Ix. HaiiTi conpoTHBICHHUE I TIPOBOTHHUKA.

10. 3apsokeHHas dYacTHIIAa MPOILIA YCKOPSIONIYI0 pa3sHocTh mnoreHuuanoB U = 104 B u Bierena B CKpelIeHHBIE 1O
npsAMbIM yriaoM snektpudeckoe (E = 100 B/m) u marautHOe (B = 0,1 Tir) mons. OnpenenuTs OTHOIICHUE 3apsaa YaCTHIIEI
K €e Macce, eCld, IBUTasCh MEePICHANKYIAPHO 000UM IOJISIM, YaCTHIIA HE UCIIBITHIBACT OTKIIOHEHHH OT NPSIMOJIHMHEHHON
TPaeKTOPHH.

11 Kako# qmunst |; myTs npoiiaer GpoHT BOIHEI MOHOXPOMATHUYECKOTO CBETA B BAKYYME 32 TO XK€ BPEMsl, 3a KAKOE OH IPOXOIUT
myTh JyuHoM |, = 1000 cMm B Boge (N = 1.33) ?

12 Tly4ok ecTECTBEHHOI'O CBETa, HIYIIUN B BOJIE, OTpAXKaeTCs OT IPaHU aiMasa, MOTrpy>KeHHoro B Bofy. IIpu kakom yrie
MAJCHUS €, OTPAKEHHBIN CBET MOJHOCTHIO MOJISIPU30BAH?

13 TIpuHuMas KO3(QQPUIMEHT TeIIOBOro u3iydeHus B yris npu temneparype T = 600 K paBubim 0,8, onpenennts
HHEPTETHUECKYI0 CBETUMOCTH R, yIiIs.

14 Ha nuHKOBYIO INTACTHHKY ITaJjaeT MOHOXPOMATHYECKUH CBET C JUIMHOW BOMHBI A = 220 HM. OnpeienuTs MaKCUMabHYIO0
CKOPOCTB Vimax POTO3IEKTPOHOB. PaboTa BEIX0O/1a 5JIEKTPOHOB U3 IIMHKA paBHA 4 5B.

15 OHpeI[CJ'II/ITL MAaKCHUMaJIbHOC U3MEHCHUC JJIMHBI BOJIHBI 1P KOMIITOHOBCKOM pPACCCSIHUHN HA CBO6OI[HLIX DJICKTPOHAX.
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KonTposabHas Ne 1 BapuaHT Ne§8

1. Touka JBHMKETCS MO MPAMOi cormacHo ypaBHeHHIO X = At + Bt?, rae A = 6 m/c; B = 0,125 m/c’. Onpenenuts

AS

CPEIHIOI0 CKOPOCTH < E > TOYKH B MHTEpBaJie BpeMeHn oT ty =2 c mot, =6 c.

2. TIpyxwuna xectkoctbio k = 10° H/M cxara cunoit F = 100 H. Onpegenuts pa6oTy BHEIIHEH CHIHI,
JOMOJHUTENbHO CKUMAKIIEH 3Ty npyxuHy eme Ha Al =10 MM,

3. Illap, nBUraBIIMiCS TOPU3OHTAIBHO, CTOJIKHYJICS C HEO ] BIKHBIM IIAPOM U riepenat eMy 64% cBoel KUHETHIECKOH SHEpIUn.
[11apb1 aOCOJIIOTHO yIIpYTHe, YAap NpsMOM, IEHTpaJIbHbIH. Bo CKOJIbKO pa3 Macca BTOpOro Iapa Oolbliie Macchl IepBoro?

4. JlBe npyxunsl xecTkocThi0 Ky = 1kH/M u k; = 3 kH/M ckpemnenst napannenbno. OnpeaeanTs NOTCHIHAIbHY IO
JHEPTHI0 JAHHOW CHCTEeMBbI pu abcomoTHOH nedopmannu Al = 5 cm.

5. Touka coBepmaeT rapMOHHYECKUE KOIEeOaHUsA, ypaBHCHUE KOTOPBIX UMeeT BUI X = A sinot, riae A = 5cum;
0=2c¢.B MOMEHT, KOTJ]a Ha TOYKY JicHCTBOBaJIa Bo3Bpamatomias cuia F = +5 MH, Touka obnanana moTeHIHAIBHOM’
sneprueit [1=0,1 mJlx. HaiiTu 3TOT MOMEHT BpeMeHH [ ¥ COOTBETCTBYIOIIYIO eMy a3y ® KoeOaHus.

6. T'az 3anumaer oobeMm V = 1 1 nox nasnenueM p = 0,2 MIla. OnpenennTs KHHETHYECKYIO SHEPTUIO MTOCTYIIATEIBHOTO
JBIDKCHUSI BCEX MOJIEKYJI, HAXOASIINXCS B JAHHOM 00BEME.

7. B umnmHApe mox mopurHeM HAXOAWUTCS a30T, UMeromuil Mmaccy M = 0,6 xr u 3aHUMaromuit 00seM Vy = 1,2 M npu
temnepatype T1= 560 K. B pe3ynpraTe HarpeBaHus ra3 pacIupuiIcs 1 3aHs1 00beM V, = 4,2 M°, npidem Temiepatypa
ocraiach Hem3MeHHOH. Halitn m3menenne AU  BHyTpeHHeW SHEpruM Trasa, COBEPIICHHYIO UM paboTy A, | TEIUIOoTY,
COOOIIEHHYIO Ta3y.

= 5
8. DNeKTpoH ¢ HaYaIbHON CKOPOCTHIO Vo = 3-10° M/C BiIeTeN B OHO POAHOE JIEKTPUIECKOE TI0JIE€ HANPSKEHHOCTHIO

E = 150 B/m. BekTop HadanpHOH CKOPOCTH MEPICHANKYISPEH JIMHUSAM HaNPSOKEHHOCTH dJIeKTprYeckoro mos. Hafitu: 1)
CHITy, AEHCTBYIOIIYIO HA JIEKTPOH; 2) YCKOpPEHHUE, MPHoOpeTaeMoe 3JEKTPOHOM; 3) CKOpOCTh IeKTpoHa yepes t = 0,1 Mkc.

9. Cwua ToKa B IPOBOIHUKE conpoTuBieHneM R = 12 Om paBHOMepHO yObIBaeT oT lg = 5A 1o | = 0 B TedeHHe BpeMeHH
t = 10 c. Kakoe kosinuecTBo TemnoTsl Q BbIIENsSETCS B 9TOM IPOBOJHMKE 3a YKa3aHHBIH NPOMEKYTOK BPEMEHHU?

10. Ilo npoBOAHMKY, COTHYTOMY B BUJIE NPSIMOYTOJIbHUKA CO cTopoHamMu a = 6 cM u b = 10 cm, TeuyeT Tok cuioii [ = 20 A.
Onpenenuth HanpspkeHHOCTh H M MHAYKIMI0 B MarHUTHOTO 1OJIsE B TOUKE NepecedeH s AuaroHaieil npsiMoyrojbHHKa.

11 JludpakunoHHas perieTka ocBelleHa HOpMaJIbHO MaIal0IIMM MOHOXPOMAaTHYECKUM CBeTOM. B nudpakunonHoit kaptune
MaKCHMYM BTOPOTO MOPsIKa OTKJIOHEH Ha yroi @1 = 14°. Ha kako#t yron ¢, OTKJIOHEH MaKCUMYM TPEThero mopsiika’?

12 Kakoii HauMeHbIIeH CKOPOCTBIO V JOJKEH 00J1aJaTh 3JIEKTPOH, YTOOBI B Cpelie ¢ IoKa3areneM npenomienus n = 1,60
BO3HHKJIO YepPEHKOBCKOE M3ITyueHHue?

13 MO>HO YCIIOBHO NPHUHSTH, 4TO 3eMJIs U3ITydaeT Kak cepoe Teno, Haxosmeecs npu teMmepatype T = 280 K. Onpenenuts
2,
K03 (PHUIMEHT TEIIOBOTO M3TyUCHHS € 3eMJIH, €CIIH dHEPreTHIecKas CBeTUMOCTh M, ee moBepxHOCTH paBHa 325 kJx/(M™ u).

14 Ha noBepXHOCTb Maruus rnagaeT MoHoXpoMaTtuieckuii cBet (A = 350 M) UTOOBI MPEKpaTHTh SIMUCCHUIO JIEKTPOHOB, HY)KHO
NPWIOKHUTH 3aJIep>KUBAOILYI0 pa3HOCTh noTeHmanoB U He menee 2 B. Onpenenuts paboTy BbIXo/a A 3/IEKTPOHA ¢
MOBEPXHOCTH MarHus.

15 VYxaxure, CKOJbKO HYKJIIOHOB, IPOTOHOB, HEUTPOHOB COJIEPKAT CleAyromue sapa: 1) 5426Fe;
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KonrpoabHas Ne 1 BapuaHt Ne9

1. Touka OBMXETCS O OKPYKHOCTH panuycoM R =4 M. 3aKk0oH ee JABMKEHHUS BHIpaKaeTcs ;’paBHeHI/IeM s=A+Bt’, re
A =8 m; B = - 2 m/c?. Haiiti MOMeHT BpEMEHH 1, Koryia HopMajbHOE YCKOPEHUE TOUKH a, = 9 M/C”; CKOPOCTH V,
TaHTeHINATIBHOE &, U NOJTHOE & YCKOPEHHsI TOYKH B 9TOT MOMEHT BPEMEHHU.

2. Tlepuon obpamenus uckyccTBeHHOTOo cnyTHHKa 3emiau T = 50 muH. Cunrtas opOUTY CIIyTHHKA KPYTOBOM.
HaiiTu, Ha Kakoil BEICOTE HaJl TOBEPXHOCTHIO 3€MJIM JBUXKETCS CIYTHUK.

3. Juck pammycom R=20 cM 1 Maccoii T=7 KT BpaIllaeTCs COIIACHO ypaBHeHMIO ¢ = A+Bt+Ct*, rie A=3pax;

3 -~ -~ o~ -~
=- 1 pan/c; C=0,1 pag/c’. Haiitu 3aKoH, 10O KOTOPOMY MEHSIETCSI BpAIIAIOLINI MOMEHT, EUCTBYIOIHNI Ha JIUCK.
OnpenenuTs MOMEHT cul M B MOMEHT BpeMeHH t = 2 c.

4. CHapsn, AeTAIHNA CO CKOPOCThIO Vo = 500 M/c, pa3opBajcs Ha [Ba OCKOJKa. MeHBIINH OCKOJIOK, Macca
koToporo coctaBiseT 20 % oT obmel mMaccsl CHapsjaa, MoJeTed B MPOTHUBOIOJOXKHOM HalpaBIE€HUU CO
ckopocThio Vi = 200 mM/c. OnpenenuTs CKOPOCTh Vo OOIBIIOTO OCKOJIKA.

5. Todka yyacTByeT OJJHOBPEMEHHO B JIBYX B3aMMHO MEPICHANKY JISIPHBIX KOICOAHHUSIX, YPABHEHHS KOTOPBIX: X = Assinmt
ny=Agsinot, tne A;=2cem; Ay =1cm; 0=, = 1c! Hammcars ypaBHEHHE TPACKTOPHH TOYKH.

6. Cocyx emkoctsio V = 0,01 M° comepsKuT a30T Maccoif | T i BOZOpoa Maccoii | r mpu Temmeparype T = 280 K.
OrnpeenuTh TaBJIeHHE P CMECH ra3oB.

7. Ta3 copepmaeT uuki KapHo. AGcostoTHas TeMIiepaTypa HarpeBarells B 3 pa3a BbIIIe, 4eM TeMIIepaTypa OXJIaJuTels.
Harpesarens nepenan razy Q; = 41,9 k/Ix temmotsl. Kakyro paboty coBepmmn ras?

8. JIBa mapmuka Maccoi M = 1 r KaXABIil MOABEIICHH HA HUTIX, BEPXHUEC KOHIBI KOTOPBHIX COCIMHEHBI BMECTE.
Humuna xaxmpoit uute | = 10 cMm . Kakue oanHakoBbIe 3aps/ipl HAJ0 COOOMIMTE MApUKaM, YTOObI HUTH Pa30IUIUCh HA YOI
o= 60°?

9. Cuna Toka B npoBoanuke conpoTtuBienueM =100 Owm paBHOMepHO HapacTaeT OT lop = 0 10 lIn.c= 10 A B TeueHue
Bpemenu t = 30 ¢c. OnpeaenuTh KOJUISCTBO TEIIOTHI Q, BBIICIUBIIICECS 32 3TO BPeMs B MPOBOTHUKE.

10. DNeKTPOH ABMKETCS MO OKPYKHOCTH B OJHOPOJHOM MarHHTHOM IOJe HampskéHHOCThIO H =2,5-10% A/m.
Ompenenuts nepuon T oOpamieHus 3IEKTpPOHA.

11. Ha myTu cBETOBO# BOJIHBI, HAYLICH B BO3IyXe, MOCTABIIN CTCKIISHHYIO IIACTUHKY TomuHo#i h = 2 mm. Ha ckosbko
W3MEHHUTCS OTITUYECKas JAJIMHA MYTH, €CITM BOJIHA MaJIaeT Ha IJIACTHHKY MoJ yrioM 45°7?

12 B yactuuHo TOJIAPU30BAHHOM CBETC aMIUIMTY/Jla CBETOBOI'O BEKTOpA, COOTBECTCTBYIOIIAA MaKCHUMaJbHON MHTEHCUBHOCTHU
cBeTa, B N = 3 pa3a OoJiblle aMILUIUTY b, COOTBETCTBYIOLICH MUHUMAaIbHONW HHTEHCUBHOCTH. ONIpeNIeNUTh CTEIICHb
noJyisipusanuu P ceera.

13 Tlotok snepruu @, U3TydaeMblil U3 CMOTPOBOI'O OKOIIIKA IUTAaBUIIBHOM Neun, paBeH 34 Bt. Onpenenuts Temneparypy 7'
TeH, eCIIM IUIOMIAIh OTBEPCTHA S = 6 M’

14 Ha moBepXHOCTB JIUTHS MagaeT MOHOXpoMaTideckuii cBeT (A = 310 HM) UTOOBI IpeKpaTUTh 3MUCCHIO AIEKTPOHOB, HYKHO
MPWIOKUTH 3aJIeP KUBAOILYI0 pa3HOCTh noTeHmanos U e menee 1,7 B. Onpenennts paboTy BbIXxoaa 4 31€KTpOHA C
TIOBEPXHOCTH JIUTHSL.

15 Onpenenuts AMAMETPHI CICAYIOMIHMX siaep: 1) 83Li; 2) 2713A1;
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ITo kmHEMaTHKE MaTepHaHBHOﬁ TOYKH YaliC BCCro BCTPCUAIOTCA 3aa4U Ha CIICAYIOIINC TCMbI:

Ha COCTaBJICHHE YPaBHEHUI MOCTYIATEIEHOTO JABMKCHUS,
Ha COCTaBJICHHE YPaBHEHUH BPAILATEILHOTO IBHKEHHS,
Ha olpelieliecHHe CPeIHEeH CKOpOoCTH,

M0 KHHEMATHUKE CII0KHOTO JIBUKCHUS,

[0 KHHEMATHUKE OTHOCHUTEIIBHOTO IBIKCHHS.

DR W=

CXEMA PEILIEHUA 3AJAY 110 KUHEMATUKE MATEPUAJIBHOM TOUKE
1  CpenaTs 4epTéx K 3aade, HAa KOTOPOM OTMETUTh HadaJbHbIE KOOPAUHATHI T€J U HallpaBJIEHHUs] BEKTOPOB UX Ha4aJIbHBIX
CKOPOCTEH U YCKOpEHHH (Ha4ano KOOpIUHAT OOBIYHO MOMEIIAI0T B HAUYaJIbHOM TOYKE JBHKSHUS Tella Wi OgHoro u3 Tei. [Ipu
BBIOOpE HANPaBJICHUH KOOPAMHATHBIX OCEH CIIeyeT yIUTHIBATh HAIPABJICHNE BEKTOPOB IIEPEMEICHIH, CKOPOCTEH B yCKOPEHMUIT
TEN).
2 3areMm AENalOT aHAJOTHYHBIC YEPTEKH IS XapaKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(POPMAIIHS B YCIIOBHU
3aJa4H.
3 3anmcare ypaBHEHUS OBIDKCHUS IS KaKAOTO Tella B IIPOEKIMAX HA OCH KOOPAMHAT CHadala B 00IIEM BUIE I HAYaJIbHOTO
MOMEHTa BPEMEHH, a 3aTEM Ul XapaKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(OpMALHs B yCIIOBHH 3a/1auH.

2 =
at v, =%y, tat
X=xXx *ov T+
0 — Yox
2
i) 1
a,t°
—+y + +
Y=Y, gy 12— 0 =+o tat
y oy = 7y
HpI/I H€O6XOL[I/IMOCTI/I JOIIOJIHUTH CI/ICTeMy CHeHy}OH_H/IMI/I ypaBHeHI/ISIMI/I CBsA3U:
2 2
0" —v; =2aS - eCJIH IBUKEHHE PABHOYCKOPEHHOE,
2 2
0"~y =—2aS - eC/m IBIKCHUE PABHO3AMEUICHHOE.

4  PemmTs MOMy9YEeHHYIO CHCTEMY YPAaBHEHHUH U HATH penieHne 3a1a4du B oomieM (T.e. OykBeHHOM Buae). IIpoanammsupoBats
MOJTy4YEHHOE PAaBEHCTBO.

5 IIpoBepuTh pa3MEpHOCTB 3TOTO PABEHCTBA M €CIIM OHA COBIIAAACT, OACTABUTH B OKOHUATEIIFHOE YPaBHEHHE YNCIIOBEIE
3HAYEHM JIAHHBIX B YCIOBHUHM 33/1a4M BEJIMUHH, IPEABAPUTEIHHO NIEPEBEISI UX B OHY U Ty XK€ CHCTEMY CIMHHIIL.

CXEMA PEIIEHNWA 3AOAY ITO KUHEMATUKE BPAIIIATEJIBHOI'O ABMKEHMA
1 Cpuenatp uepTéx K 3aaue, Ha KOTOPOM OTMETHTH HaualbHOE MOJIOKEHNE MaTepHaIbHOW TOYKH U HAaNpaBlieHHE €€ BEKTOPOB
CKOPOCTH M IIEHTPOCTPEMHUTENBHOTO yCKOPEHUSI.
2 3areMm caenaTh aHAJOTUYHBIE YEPTEKH JIJIsl XapAKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh MH(POPMAIIHS B YCIOBUH
3aJ1a4n.
3 3ammcaTh ypaBHEHHE BpalIaTeIbHOTO JBIDKEHHUS CHadaja B 00IIeM BHJIE JIsl HAYaJbHOIO MOMEHTA BPEMEHH, a 3aTeM I
XapaKTepHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(OPMAIKs B YCIOBUH 33a4N:

2

p=*q@, ia)otirgT

w=tw,tet,

rJe: ()9 U () — yroi HOBOPOTa PaAUyC — BEKTOpa B HayalabHbII MOMEHT BpeMeHH t = 0 C U B IpOU3BOJIBHBII MOMEHT
BpeMmeHu 1.
4  Tlpu HeoOXOIUMOCTH 3allMCcaTh YPAaBHEHUsI CBSI3W MEXKIY YTJIOBBIMU U JIMHEWHBIMY BETMUHHAMH,
XapaKTEepU3YIOIUMHU KHHEMATUKY MaTepUaibHOM TOUKU:

S=opr
2z

v=wr 0= ? =2zn

2

v 2
a =—=wTr=wov
yc

r
5  PewmuTh MONYYEHHYO CHCTEMY YPaBHEHHMIT W HAliTH pelueHne 3a1aqu B obuieM (T.e. 6YKBeHHOM BHze). [IpoaHatn3nposarsb
TIOJIy4EeHHOE PABEHCTBO.
6 TIpoBepuTh Pa3MEPHOCTH STOTO PABEHCTBA M €CJIM OHA COBIAJIAET, MOJICTABMTH B OKOHYATENBHOE YPABHEHHE
YHXCJIOBBIC 3HAYCHUA JAHHBIX B YCJIOBUH 3aJIa4U BEJINYUH, IPEABAPUTECIILHO NIEPEBEAA UX B OAHY U TY K€ CUCTEMY CIUHUII.
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CXEMA PEIIEHUWSA 3AJJAY [TO KUHEMATUKE CJIOXKHOT'O IBUXXEHU A
Ecnu B 3a1aue paccMaTpuBaeTcs IBUIKEHHE Tela OJJHOBPEMEHHO OTHOCHUTENBHO JIByX CUCTEM OTCYETA, OJJHA M3 KOTOPBIX
YCJIOBHO MPUHUMAETCS 32 IIOJIBHXKHYIO», & IPYTas 32 «HEMOBIKHYIO» (HAPUMeEp, YeTOBEK UIET M0 JIBHKYIIEMYCS BATOHY
WK TIEPEILTBIBACT PEKY), TO CKOPOCTh WU MEPEMEIICHUE TeJa ONPEACIISIOTCS IO CISAYIOMIEMY MPABHITY:
Bexmop cxopocmu meaa omuocumenbHo HENOOBUNCHOU CUCTEMbL KOOPOUHAM PABEH BEKIMOPHOU CYMME CKOPOCHU NOOBUINCHO UL
cucmembl KOOPOUHAM OMHOCUMENbHO HENOOBUNCHOU NIIOC CKOPOCTb Meld OMHOCUMENbHO NOOBUICHOU CUCTHEMbL KOOPOUHAM.
(ananozuunoe npasuno OJist nepemMewyeHutl).

Sa6c = Snep + Somu

rze:

CKOPOCTh TeJla OTHOCUTENBHO HEMOABIKHONW CHCTEMBl KOOPJMHAT Ha3bIBAeTCS a0CoJIIOTHOI CKOPOCTHIO 0 6
abce

CKOPOCTB TIO/IBV)KHON CHCTEMBI KOOPANHAT OTHOCHUTEIBHO HETIOIBIDKHOM Ha3bIBACTCSl NMEPEHOCHOH CKOPOCThIO Unep

CKOPOCTB T€J1a OTHOCHTEIHHO MOJBIKHON CHCTEMBI KOOPAMHAT HA3bIBACTCS OTHOCHTEJIbHOMH CKOPOCTHIO U

CXEMA PEIIEHNA 3AHAY 11O KUHEMATUKE OTHOCUTEJIBHOT'O IBM>KEHU A

Ecnu B 3agaue paccMaTpuBaeTCs ABMKEHUE IBYX HE3aBUCUMBIX JPYT OT Apyra Tell, ABWKYIIHUXCS B OJHOU U TOU e CUCTEME
KOOpAMHAT (HallpuMep, ABHKEHUE BCTPEUYHBIX MOE3I0B U T.1.), TO CKOPOCTh WIIM IepeMeeHHE OJJHOTO Tea OTHOCUTEIIEHO
JIPYroro ONpeAeIstoTCs 10 CAEAYOIEMY IPAaBUILY:

Bexmop omnocumenshot ckopocmu 06yx men U, paser 6eKmMOpHOU pAZHOCMU UX AGCOIOMHbIX CKOPOCMEL.

(ananocuunoe npasuio O nepemenjenu)
0 1= Uz -0

P - CKOpPOCTb BTOPOI'O TE€JIa OTHOCUTCIILHO IEPBOI'0

1

S,,=5,—-S, - nepememenue BTOPOro Tena OTHOCHTENBLHO IEPBOTO

CXEMA PEILIEHUA 3AJAY HA OIIPEJIEJIEHUE CPEJIHEM CKOPOCTU

Crenyer pa3nuyaTh: - CPEIHIOI0 CKOPOCT 110 MEPEMEIICHUI0 < 0 > (BenMYMHA BEKTOpHAs)

- CPEIHIOIO ITyTEBYIO CKOPOCTh < v > (BenmM4MHA CKaJsApHAs)

Cpenneil CKOpOCTHIO IO MEPEMEIICHUIO HA3hIBAETCS BEKTOPHAS BEJIMUWHA, PAaBHASI OTHOIICHHUIO MEpEeMEIleHHUs Tela
3a KaKON-Tub0 MpOMEXYTOK BPEMEHH K BETHYMHE 3TOTO MIPOMEKYTKA

Rl

I

<*>_AF_F1+F2+...+Fn
At U+t +.t

0

n

—

obwee

Cpe,Z[Heﬁ HyTeBOﬁ CKOPOCTBIO HAa3bIBACTCA CKAJISIpHAA BCJIMYUHA, paBHAS OTHOIICHUIO ITYyTH HpOﬁﬂeHHOFO TCJIOM 3a
KaKoii- Tnbo MIPOMEIKYTOK BPEMEHH K BEJIMIMHE 3TOI'O IIPOMEIKYTKaA

<v>—§— S;+S,+...+8§,
S A R

Oco0bilii cryyaii: Eciu Terno 3a paccMaTpruBaeMBblil IPOMEKYTOK BPEMEHH JIBUKETCS] B OHOM U TOM K€ HAIIPABIICHHUH C
OJHUM U TEM K€ 110 BEIMUYMHE U HANPABIICHUIO YCKOPEHHUEM, TO CPEIHIOI CKOPOCTH TeJa 3a 3TOT IPOMEKYTOK BpEMEHU

0,+0
1 2
MOJXHO OIIPEACIIUTD 11O (I)OpMyJ'IGZ < 0 > = T , TIC 7.71 u '02 = 9TO Ha4daJibHasg U KOHCYHAsA CKOPOCTU TEJia HA 3TOM

y4JacTKe.
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CXEMA PEIIEHNS 3AJJAY HA TMHAMUKY TIOCTVYITATEJIBHOI'O IBWXXEHUWA
1 Crenatpb 4epTex K 3aaade, Ha KOTOPOM:
- HAPHUCOBATH BCE TEJIa, pACCMATPUBAEMBIC B 3a/1a4e,
- HAPHUCOBATh BCE CHJIBI, JICHCTBYIONIUE HA KAXK0€ TEJIO, U, €CIIH BO3MOXKHO, YKa3aTh HAMPABIICHHUS YCKOPCHUN KaXKJOT0 Tela.

2. L[J'IH KaXXa0ro 1ejia 3anucarb BTOpOﬁ 3akoH HrloTOHA cHavaja B BEKTOPHOM BUJC E Fi = ma , 4 3aTEM B IPOCKUHUAX Ha

OCH KOOPJIMHAT, AJIsl YETO CHavaa:
- IS KOKZIOTO TeJa BBIOpaTh YAOOHYIO CHCTEMY KOOPANHAT (Ha4aJlo KOOPJAWHAT OOBIYHO IIOMEIIAIOT B IIEHTPE THKECTH TENa,
a O/IHy M3 KOOPJIMHATHBIX OCEH HANpPAaBILIIOT 10 BEKTOPY YCKOPEHUSI 3TOTO TeNa),

- IUISL KOKZIOTO TEJa PacTIMChIBAIOT CBOE BEKTOPHOE yPaBHEHHE B MIPOCKIMAX HA KAKAYIO OCh C YUETOM 3HAKOB NMPOCKIUH CHIL
3.  PemalroT Noiy4eHHYIO CUCTEMY YPaBHEHUH.

(He00X0JMMO MOMHHTB, YTO YHCIIO YPABHEHUH JTOJDKHO OBITH PABHO YMCITy HEU3BECTHBIX. ECiN ypaBHEHUH AMHAMUKA
OKa)KeTCs He IOCTaTOYHO, TO MOJIYYECHHYIO CUCTEMY JOMOJIHAIOT YPAaBHEHUSIMY KMHEMATUKU WM 3aKOHAMU U3MEHEHUsS U
COXpaHECHHUS).

Ecnu B 3agaue TpeOyeTcs HaAWTH Bec Tesla UM €r0 CUIIy HOPMAJIbHOTO IaBJIEHUS, TO CIEAyeT IOMHUTD, YTO 110 TPEThbeMY
3akoHy HbI0TOHA OHH paBHBI 110 BEJIMUMHE, HO IPOTHUBOMOJIOXKHBI [I0 HATIPABJIECHUIO CHJIE PEaKIH OIOPHI.

CXEMA PELIEHUS 3AJAY HA IMHAMIKY PABHOMEPHOT'O JIBIDKEHU ST MATEPUAJIBHOM TOUKU
ITO OKPY>KHOCTHU

1 Cpuenatb 4epTéx K 3a/1a4e, HA KOTOPOM HAPHCOBATH TEJO, JBIKYIIEECS MO OKPYKHOCTH, U BCE CHJIbI, ACHCTBYOIIHE Ha
HETO.
2. clemyeT MOMHHTH, YTO TEJIO ABUKETCS PABHOMEPHO MO OKPYKHOCTH MOCTOSHHOTO Pajnyca TOJIbKO B TOM CIydae, eCIu
PaBHOJCHCTBYIOIAS BCEX CHIL, JICHCTBYIOIINX HA TEJO, HAIPABIICHA 110 PAJNYCY K LEHTPY 3TOI OKPYKHOCTH. JTa cHia
COO0O0IIaeT Ty IEHTPOCTPEMHUTEIBHOE YCKOPEHUE, KOTOPOE TaK e HAlpaBjicHa K IIEHTPY OKPYKHOCTH, II03TOMY:
- ocb OX HAMPaBIAIOT M0 HAMIPABICHUIO [ICHTPOCTPEMHUTEIBHOTO YCKOPECHHUS, (TO €CTh K IIEHTPY OKPYKHOCTH, IO KOTOPOil OHO
JIBUXKETCSI).

- 3aMKCHIBAIOT BTOPOI 3akoH HproTOHA cHauana B BEKTOPHOM BHJIE E F, =ma , asarem B nmpoexuusx Ha ocu KOOpAMHAT,
y.c

2
0 2
rme a =—=woT=w?.
y.c.
r
3. pemIarT MOIYYEeHHYIO CHCTEMY YpaBHEHUH.

(Tipu HE0OXOAUMOCTH €€ TOTIOTHAIOT YPAaBHEHUSMH JBIDKCHUS C YIETOM UTO S= pr, v=owr, 0=27N=—

YToObI MPaBUIILHO OIPENEIUTh KOJIMYECTBO CHJI, ICHCTBYIONIMX Ha TEN0, HEOOXOAMMO TPUICPKUBATHCS CIIECIYIOIIETO
npaBHiIa:

CKOJIBKO TeJ U PU3NYECKUX TOJIeil eCTBYET Ha JaHHOE TeJI0, CTOJILKO U CHII (TUTIOC CHIIBI TPEHHS M CONPOTUBIICHHUS, €CITN
OHH €CTh II0 YCIIOBHIO 3a/1a4H)

CxeMa pelieHus 32124 HA 32aKOHbI COXPAHEeHUS] UMITYJIbCA
1. Cpenats pUCYHOK, Ha KOTOPOM YKa3aTh TeJla pacCMaTPUBAEMOI CHCTEMbI U HAIIPaBJICHHUSI UX BEKTOPOB CKOPOCTEH HITH
MMITYJIbCOB HETIOCPEJICTBEHHO NEPe B3aNMO/ICHCTBHEM.
2. 3areM cpenaTh aHAJIOTUYHBIN PHCYHOK Ui MOMEHTA HETTOCPECTBEHHO MOCIIE B3aNMOJICHCTBHSI.
3. IIpoananu3mpoBaTh paccMaTPHBAEMYIO CUCTEMY:
- €CIIM CHCTeMa TeJl 3aMKHYTa (TO eCTh BEKTOpHAs CyMMa BCEX BHEITHHUX CHJI, JEWCTBYIOIIUX Ha TEJIa CHCTEMBI paBHA HYJIIIO),
TO 3aIMCaTh 3aKOH COXPAHEHUS UMITYJIbCA JJISl 9TOM CHCTEMBI B BHIE

(Z pi )()oemu.wn)eﬁmeuﬂ (Z p' )nowle 63aUMOOeliansusi

- €CJIM CUCTEMA TEJI HE 3aMKHYTA, TO 3allMCaTh 3aKOH UBMCHCHHUA UMITYJIbCa IJIs 3TOI CUCTEMEI B BUAC
_bgHemHll.x — R
(> B ). at =

I[.]Iﬂ HE3AMKHYTBIX MEXaHUYECCKHUX CUCTEM 3aKOH COXPAaHCHUNA UMITYJIHCA MOKHO IPUMEHUTH B CJICAYIOIIHUX CIyYasaXx:
a. Ecmm IMMPOCKIIMU BCEX BHCIIHUX CHUIJI, HeﬁCTByIOHlHX Ha CUCTEMY, Ha Kakoe-11u00 HalpaBJICHHUE B MIPOCTPAHCTBC PABHbBI
HYJIIO, TO Ha 3TO HAIIPABJICHUEC BBIIIOJHACTCA 3aKOH COXPaHCHUA NPOCKIINU UMITYJIbCA,

( TO ecTh, eciu Z Fqoe" =0 = (Z Pyi )Ha%me = (Z Py )KoHevwe )

(0OBIYHO TaKOM OCHIO ABISIETCA TOpHU3OHTANBHAA 0ch OX)
6. Ecnu BHyTpeHHHE CHIIBI TIO BETTMYUHE MHOTO OOJIBIIIE BHEITHUX CHJT (HAIIpUMeEp, pa3pbiB cCHapsaa), TH00 OYeHb Mall
MPOMEXXYTOK BPEMEHH, B TEYEHHE KOTOPOTO ICHCTBYIOT BHELIHWE CHIIBI (HAPUMED, YAAP), TO 3aKOH COXPaHEHHS UMITYJIbCa

KO HeYHo e plﬂ'{(l.’lbfme

MOJKHO IPUMEHUTH B BEKTOPHOM BHzae, ( TO €cTh ‘ E ﬁl) = ﬁi )
Ha4ajivHo e KOHeYHo e

Caenyer NOMHHUTB, YTO BCE CKOPOCTH WM HMIYJIbCHI TeJl CHCTEMBbI I0JKHbI ObITh 3aIHCAHBI OTHOCHTEIbHO OJHOMH 1
TOI ke CHCTeMbl KOOPAUHAT

4. BriOpats yno0HYyIO CHCTEMY KOOPIMHAT M 3aIKCaTh MOJyYEeHHOE BEKTOPHOE YPaBHEHHUE B MMPOSKINAX HA BEIOpAHHEIE
OCH.

5. Pemmts momydeHHYIO CHCTEMY ypaBHEHHUH.
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Cxema pelleHHsI 3224 Ha 3aKOHbI COXPAHEHHs YHePIruu
1. nenath pUCYHOK, Ha KOTOPOM YKa3aTh T€JIa pACCMATPHBACMOM CHCTEMBI U HAIIPABIICHUS X BEKTOPOB CKOPOCTEH B
Ha4yallbHOM MOJIOKCHUH, a 3aTEM IS IPYTUX MOJIOKEHHUH, O KOTOPBIX €CTh HH(opManus B 3a1ade
2. BrIOpaTh HayaIBHBIA YPOBEHBb OTCYETA MOTCHIMAIBHOM SHEPTHU
3. Ilpoananu3upoBaTh paccCMaTPUBAEMYIO CUCTEMY:

- €CJIM Ha Tela CHCTeMBbI JeficTByIOT TobKo Koncepsatusnbie cunet ( F 0 F, F F o F )

HJIK BCC HeﬁCTByIOHIHe Ha CUCTEMY HCKOHCEPBATUBHBIC CUJIbL pa60Ty HC COBCpLIAIOT, TO 3alIUCATh 3aKOH COXPAaHCHU MOJIHOM
MEXaHUYECKOU OHEPIruu:

E =F

HA4ajibHAA KOHeuHas

- €CJIM Ha TC¢J1a CUCTCMbI L[eﬁCTByIOT HCKOHCEPBATUBHBIC CUJIbI, TO 3aITUCATh 3aKOH U3MCHCHU DHEPTUUN IJIA 3TOI CUCTEMEI B

BUJIE
HEKO HCep 8AMUGHDIX __ _
: :Ai - EKOHEllHa}l EHatta.fleaﬂ

CieayeT NOMHHUTD, YTO BCe CKOPOCTH TeJI CHCTEMbI A0JI’KHbI ObITh 3aIICAHBI OTHOCHTEJILHO OJHOI U TOI 5e CHCTeMbl
KOOpPANHAT
4. PemuTth NOJYYEHHYIO CUCTEMY YPaBHEHHIA.

CxeMa peuieHds 32124 110 TEPMOJAMHAMUKE
- ecu cocmosnue 2a3a He u3MeHaemcs, To 3anncath ypasHeHue Menpeneesa — Knaneiipona:

m
PV =VvRT = —RT
7]
- ecu 6 3a0aue paccMampueaenmcs HeCKOIbKO COCIMOARWIL 2a3a, TO JJIsl KAXKIIOTO COCTOSIHUS 3alicaTh ypaBHEHHE
MenneneeBa — Knaneiipona (wiu ypaBHeHue Knaneiipona, ecim Macca rasa He U3MEHSETCs
PV, _ PV,
T T,
- eclu macca 2aza 0cmaémces NOCMOAHHOU U 00UH U3 RAPAMEMPOS 2434 He USMEHAECHIs, TO 3aITUCATh YPABHEHHS

COCTOSIHHS VISl JAHHOTO M30IIpoIiecca:
uzorepmudeckuii mpouecc (1. e. T = const): PV = const 3akon boiinst — Mapuotra.

) ¥ peIIUTh MOJTyYSHHYIO CHCTEMY yPaBHEHHH.

o]
M30XOpUYECKHi Tporecc (T. e. V = const): = Const zaxon [lapmns.

T
N v N
n3o6apraeckuii mpouece (1. €. P =const): — = CONSt 3akomn I'eii — Jlroccaxa.

- ecu 6 3a0aue paccMampueaencs cmMech 2a308, TO PellicHne 0OBIYHO HAYMHACTCS C 3aITiCH 3aKoHa J{ambToHa It 3TON
CMECH Ta30oB

pamcu :pl +p2 +"'+pn’
a 3aTeM I10 YPaBHCHHUIO Menneneena — KnaneﬁpOHa ONPEACIIAIOT IMapurAaJIbHOC JaBJICHHUEC KaXXI0T0 ra3a CMEeCH

m.
PV, =ViRT s = —RT
i
IIpu HeoOxoMMMOCTH 3anucaTh ypaBHeHHe MeHzaeneeBa — KianeiipoHa /i1t Bceit cMecH ra3oB B BUE:

Vs RT g = st RT

pawecu cvecu ¥ cmecu cmecu cvecu "

cmecu cmecu cmecu ”

cmecu
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®opMyJIbI H 3aKOHBI, KOTOPbIe MOTYT BaM moHag100MThHCS NPH pelieHHH KOHTPOJILHBIX padoT

KHWHEMATHUKA

[oso%eHne MaTepHaIbHOM TOUKH B IPOCTPAHCTBE 3aaeTcs paanycoM-Bektopom: [ = Xi + )j + zk , [M]

riae 1, J,K — enunuunsie BexTops Hanpasienuit (opTe1); X, V, Z — KOOPIAMHATHI TOUKH.

. r - - — M
MrHoBeHHas ckopocts U0 =—=01+0 ] +0 k , | —
(0| S y z c

dx dy dz

T'ne 0 =—",0,=—~,0,=—= - IPOEKUUH CKOPOCTH V HA OCH KOOPJIHMHAT.

dt Y dt * dt
Mopnyns ckopocTu 0=, fvi + ZJ; + UZZ

— d%} - - — M
MrroBeHHOe yckopenne d =—=a il +a j+ak,|—
d y : c?

do do, do
= a = z

Tnea =—>*,a
*odt Y dt f 0 dt

Monyns yckopeHus a=, /af + aj + 8.22

YPaBHeHI/ISI NMOCTYHNAaTCJIbHOI'O ABUKCHUA:

- MPOEKIUH yCKOPEHHUS a Ha OCH KOOPJIMHAT.

at’
— X =
X=%x *ov t+ 5 v, =ty *fat
r F—Jr*t+aﬁt2 afz 57 45
= —F~— = y=xy + + : = = =+ +
0 0 > y _yo_voyt_ 5 v=7,+at v, _voy_ayt ;
2
a1 +u  +
2=47, %0, 14— v, =%v,, +at
2 2
0 —7U, = 2aS - €CIIM IABIKCHHE PAaBHOYCKOPEHHOE,
v° — Z)g =-2aS - €CIIM ABIKCHHE PaBHO3AMEIICHHOE.
7 ao
YrioBas ckopocTh = e , pag
dt c
. do pao
VriioBoe ycKopeHHe &=—, >
dt c
TTosHOE yCKOpEeHHe MaTepHaIbHON TOUKU IPH KPUBOJIHHEHHOM JABHKCHHH a=a,+a
Moaysib HOIHOTO YCKOPEHHE MaTepHaibHON TOYKH [PU KPUBOJIHHEHHOM JIBHKCHHH a= af + af
et
VpaBHEHHS BPAIATENBHOTO JBUKCHNUS: p=t@,Twt* 7 : w=tw,tet
CBs13b JTMHEMHBIX M YTJIOBBIX BEITHYHH:
t N 1 27 v’
T=—:n=—; T==;0="-=27n;S=9r; v=0r; 8, =—=0T=00
N t n T r
KunemaTnKa CJI05KHOTO JIBUKEHHS: 5a6c = 5nep + 50}11]-! ; Sa6coﬂiomyoe = SnepeHocnoe + SomHocumeﬂbHoe
KuHeMaTika OTHOCHTEBHOTIO ABHKCHHS: 521 = ?72 — 51; S,,=S,-S5,
CPEHsIsl CKOPOCTB MO MEePEMELICHHUIO: CpeJiHsIsL Ty TeBasi CKOPOCTh
<5>_Ar_rl+r2+...+rn <7)>:§:Sl+82+...+8n

At 4t 4t t L+t +. .+t
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JIMHAMUKA MATEPAAJIbHON TOYKA

D> F =ma
3aKOHBI _ - Hrerorona:
12~ txn
Mm
- cuia rpaBUTALIMH ngag =G >
r
- CHJA TSKECTH ﬁmm = m(j
- CWJIa YIPYTOCTH lfynp =—kX
JKECTKOCTH CHCTEMBI MPYXKHH MPU UX MOCIIEI0BATEILHOM COETUHEHUH k= |(1 + kl +...+ kn
1 1 1 1
JKECTKOCTH CHCTEMBI MPYXKHH MPU UX MapaUICIbBHOM COETUHEHUH —=—4+—+...—
k Kk k "
- CHJIa TPEHUS CKOJIbKEHHS F,=#N
- cua Apxumena Fope = P,.9Vr
PABOTA, MOIIIHOCTD, KIIJI. BUAbl DOHEPTUMN.
5 - . | ke m
- UMIyJbC MaTepPHaIbHON TOUKK p=muvu, = [H . c]
C
- UMIYJbC CHCTEMbI MATEPHAIBHBIX TOUEK ﬁwcmmm = z f)l.
2
mo
T = , [ ,bec]
2
11 =mgh,

KHHETHYCCKas SOHEPrus
NOTCHIMAJIbHAA SHCPTUA MaTepHaJ'IBHOfI TOYKH, HOZ[H;ITOI71 Ha BBICOTY h oTHOCHTENBEHO

11 =mgh,,

[ o]
HYJICBOI'O YPOBHA oTcuéTa HOTGHHI/IaHBHOﬁ OHEPIrun
NOTCHIIMAJIbHA SHEPTUA HpOTSDKéHHOFO TCJa, NIOAHATOIO0 Ha BBICOTY h otHOCHTENBEHO

[ Zore]
HYJIEBOT'O YPOBHA OTCYETA NOTEHIIMAIBHOW SHEPTUU
rae hc - BBICOTA LIEHTPA TSAKECTHU Tejla OTHOCUTEIBHO HYJIEBOTO YPOBHS OTCUETA MOTEHUMAJILHON SHEPTUN.

. K x°
- MTOTEHIMAIbHASL YHEPTHUS YIPYTO e(POPMHUPOBAHHOHN MPYKIHEI Il = T , [ ,ﬂofc]
5 Mm
- MOTEHLMAIbHAas SHEPTUs T'PABUTALMOHHOTO B3aUMOIEUCTBUS H=-G—, [ﬂ.?fc]
r
- MOJIHasi MEXaHU4ecKas SHeprus E=T+11, [ ﬂofc]
5 . ~ dw
- CBSI3b CUJIbI C IOTEHLIMAIIBHON DHEPIUEH F= —grad W=——
A= I Fds, [ ,Z]afc]

MexaHu4yecKast paboTa CHIIBI
MexaHuueckasi paboTa MOCTOSHHOI 110 BeuunHe U Hanpasienuto cunel - A= FSCOSar | [ ﬂofc]

N :TA’ [B:]

Cpe)lHHH MEXaHUYECCKas MOIIIHOCTH
N =Fovcosa , [Br]

MI'HOBC€HHAas MCXaHUYCCKas MOIIHOCTb

noJiesHas

3ampadennas N3ampawennwl

noJjiesHas

ko3 dunment nonesHoro aericreus (KI1JT)



22
3AKOHbBI I3SMEHEHU A 1 COXPAHEHU A B MEXAHUKE

. — GHewHUX o= =
- 3aKOH W3MEHEHWs UMITYJIbCA MEXAHUIECKOH CHCTEMBI F A R
3aKOH COXPAHEHHs UMITYJIbCA 3AMKHYTOM MEXaHUYECKOM CUCTEM ‘ E p. ) = E P
HaudaivbHoe KOHeuHo e
- 3aKOH M3MEHEHHs MOMEHTA HMITyJIbCa ( E M e ) ‘At = LKOHMW el
- 3aKOH COXPAHEHWS MOMEHTA UMITYJIECA 3aMKHYTOH CHCTEMBI ( E L ) = ( E L )
HadanibHoe KOHeuHoe
. v HEKOHCep 6aMmMu6HbIX __
- 3aKOH M3MCHCHHS NOJTHON MEXaHNYECKON SHEpruu A =E. cuan = Eavanman
- 3aKOH COXPAaHEHUS MOJHON MEXaHMIECKOH SHEPTHH E iionan = E orenan
- Te€OpeEMa O MOTEHIHATILHOU SHEPTHH A}concepsamuemoﬁ == (H KOHeuHass 17 Haqaﬂbya;z)
TeopeMa 0 KHHETUIECKO SHEPTUU E A =T, o =T oo
- 3aKOH JABWDKEHUS LIEHTpa Mace E Fi =ma, ,

- 3aKOH JBYDKCHHS LIEHTPA Mace
3aMKHYTOH CUCTEMBI eciu ZF;GHWWX =0 = a =0 = 514 L const

y.m

3anuch 3aKOHOB COXpPaHeHHUs H U3MEHEHMsI TPH A0COJIIOTHO YNIPYTOM M a0COTIOTHO HEYNPYroM yAapax:

§ B B B B mo:  mo, mol mo;
AOCONIOTHO YIIPYTHIA yIap: mo, +mo, =muo, +M,v, 5 + 5 = > + >
2 2 2
M % ., M% m, +m,)o Q
AbGcomoTHO HeynpyTHit yaap: M. 0 -+ M, D, (m +m ) + = +
2 2 2 AJ
JTMHAMMKA TBEPJIOT'O TEJA

MOMEHT CUJIBI OTHOCUTEIBHO HEMOABUKHON TOUKHU M = [rF] , [H . M]
Moaysb MOMEHTa CUJTbI OTHOCUTEIBHO HETIOIBMXKHOW TOUKHU M =Frsina , [H . M]
MoMeHT UMITyJIbCca TeNIa OTHOCUTEIBHO HEMOIBUKHOM TOUKU L= [F f)] , [ Loic - c]
Mopaynbs MOMEHTA UMITYJIbCA TEJNA OTHOCUTENIBHO HENOABUKHON TOUKU L= p sina, [ ﬂofc . c]
MoMeHT uMnyabca TBEPAOro Tella, BPalaoIerocsi OTHOCUTENBHO HEMOABIKHONW OcH =lw, [,ZZD{C c]

) y l 1o®
Kunernueckas sHeprus TBEPJOTO Tela, BPAIIAOIIErocsi OTHOCHTEIBHO HEMOBIKHON ocH T= [ ﬂ.?fc]

5 mv* 1o’
Kunernueckas sHeprus TBEpAOro Tena, BPALIAOMErocs OTHOCUTENIBHO OCH, T= > + T ,
[ o]
JBIDKYILEHCS MOCTYNATENbHO

) - dL

OCHOBHOE ypaBHEHUE TUHAMUKH BPalIaTENbHOTO IBMXKEHUS TBEPIOrO Tena M = E wu M =lg,
Teopema IlTelinepa | = |C +ma?
MoMeHT HHepIHMH MaTepUaIbHON TOUKH | = mR2 , [KZ . Mz]
OnemeHTapHast paboTa MOMEHTA CHJI IIPU BPALIeHUH TeJla BOKPYT HETIOABM)KHON OCH dA=M zd Q, [ ,ZZOfc]

PaboTa MOMEHTa CHJI IIPY BPAILIeHNUH Tella BOKPYT HEIOABUKHON OCH A= J. M Zd Q, [ ﬂofc]
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OJITHOPOJHBIH | OJHOPOJHBIA TOHKUI | OJHOPOAHBINA TOHKUH | OIHOPOIHBIH OJITHOPO/IHBIN OJTHOPOIHBIN
TOHKHUH 00py4 JUCK PaJUycoM | TOHKHUH JUCK CILIOLIHOMI map OJHOPOIHAS
CTepIKeHb IJINHOII | u pammycom R IIAHIP paguycoM R cepa
TOHKOCTCHHBI panuycoMR panuycom
LHWIHHAD R
pamycoMm R
: | |
1
: B : '
1 1 1 |
ﬁl ( g '_)I §> %‘ I -
1 1 1 |
:
[ 1 R
I | : R : R : n !
. . X ; !
! 1 1
! 1
! 1
! 1
1
1
ml? ) R mR? mR? 2 o1 _2R?
| =— l=mR? |, _M | = | = | =<mR 3
12 5 4 2

KOJEBAHUSL Y BOJIHBI
x = Acos(at + ¢, )

- ypaBHCHHE TapMOHHYCCKHX KOJICOAHUIT

dx . M
- CKOPOCTB TeJa IPH TapPMOHUYECKHX KOJIECOaHUIX = a =—AwsIn (a)t + (po) y
C
do )
- YCKOpEHHUE TeJa MPH TapMOHIYECKUX KOJeOaHUIX a= E =—Aw” C0oS (a)t + (00) e
C
2
mo® 1 .
- KHHETHUYECKast SHEPTHs KOJICOMOIEHCs TOUKH T= 5 = E mAZa)OZ sin’ (a)ot + (0) ) [ ,bec]
kx* 1
- HOTEHIUAJIbHAS SHEPTUsl KoJeOutoIeiics TOUKu 11 = 7 = E mAza)g cos’ (a)ot + qp) , [ ﬂ.?fc]
2 2
N KX MO _ 1 2 2
- IOJTHAs] MEXaHWYECKast SHEpTusl KoJeOIoImecs TOukn E=T+lI=11 =—2=T =—32"=—mA°w
max 2 max 2 2 0
- i pepeHnnanbHOe ypaBHEHHE TapMOHMYECKHX KOJleOaHNi X+ 0)02 x=0

- muddepeHnraIbHOe YpaBHECHHE CBOOOTHBIX 3aTyXaIOIIUX KOJIeOaHUit X+20 X+ a)g x=0

- muddepeHnraIbHOe YpaBHECHIE BEIHYKICHHBIX KOJeOaHMA X+28 X+ a)g X=X, COS Qt

- JIEKDEMEHT 3aTyXaHHUsl = Lt) =’
A(t+T)
A(t)
- Jorapu(pMHUIECKHUil 1eKPEMEHT 3aTyXaHHs A=INn——2—= ﬁt
A(t+T)
. I
- TepHoJl KoJIeOaHUH MaTeMaTHYeCKOro MasiTHIKA T=2x_|—, [c]
9
m
- mepuoj KojeOaH!i MPY>KHHHOTO MasTHUKA T=2n ? , [C]
. J
- TepHoJl KojeOaHui (PU3NIECKOro MasiTHUKA T=2x _d ) [C]
mg

T =27r«/E , [c]

- AMIumTya pe3yIbTHPYIONMETo KoleOaHus, IIOIyJalomerocs IpH CI0XKESHNH IBYX TapPMOHIYECKUX KOJIeOaHIH 0IMHAKOBOTO
HaIpaBJICHUS U OJUHAKOBOW 4acTOTBI:

nepuon 3JICKTPOMAariuTHBIX KoJieOaHui B KoJieOaTeIbHOM KOHTYpE

Afm = A"+ A4; +24,.4,c08(p,— )
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- HavanbHas daza pe3ybTHUpYIOIIEro KouedaH s, 0oJyYaionerocs Ipyu CI0KEHHHU JIBYX FapMOHHYECKUX KOJIeOaHui
OJIMHAKOBOT'0 HAIPABJICHUSA U OAMHAKOBON YaCTOTHI:

_ Aism(P1+ AZSin§02
A cosg, + A, cose,

- YpaBHEHHE TPACKTOPHUH JBIDKCHUS TOUKH, yIACTBYIOIIEH B ABYX B3aMMHO NEPIICHANKYISIPHBIX TAPMOHNIECKUX KOIEOAHUSIX
OJIMHAKOBOM 4aCTOTHI:

X2 y y2
— —2—-C0S +—_sm
A? AB ¢ B? ¢

27 o
— = BOJIHOBOC
v

- YpaBHEHHE MIOCKOH rapMoHHYecKoi Oeryeil BoHbI f(X,t) = ACOS(a)t —kx+ @, ), rne K= 7 =
YHCII0

T
CBs3b MEXTY PAa3HOCTBIO (ha3 KoJleGaHuil ByX TOUEK BOJHBI H paccTosHueM Mexay Humu A = KAX = — ( X, — X1)

- CKOPOCTb IPOJIONBHOM 1 TOTIEPETHON BOJIH B TBEPABIX TEIaX U oo = ’— wonep = ’

5 yRT [ M }
- CKOPOCTb TIPOJIOJIBHOMN BOJIHBI B Ta3€ v ==, | —
npoo
U c
OCHOBBI MKT
N m
- KOJIMYECTBO BEIIECTBA V=—=—, [MOJlb]
Ny u
- oCHOBHbIE ypaBHenust MKT: p=— n<E > p=nkT, [Ha . C]
3 M ()
- CpeHsAA KMHETHYECKAs HEPTHUS TIOCTYNATENLHOTO IBUKEHHS MOJIEKYJT UIEATBHOTO Ta3a E E = 5 [,ZZ:HC]
2kT 2 RT
- HawuboJiee BEPOATHAS CKOPOCTh TETUIOBOTO JBMKEHUS MOJIEKYJT UIEATBHOTO Ta3a
m, H
3kT f
- CpeHsAs KBaIPaTHIHAS CKOPOCTh TEIIOBOTO JIBUKEHHS MOJIEKYJT MIEAIbHOTO ra3a
m
TEPMOJAUNHAMMKA
m
- 3akoH Menpeneesa — Kianeiipona PV =vRT =—RT;
u
PV, PRV, PV
- 3akoH Knaneiipona — = wm —— = CONSt , ecom M = const;
T, T, T
- 3aK0oH JlansToHa Peoweey =P1+ Py T+ Dy
- IapLMabHOE JABICHHE | — 0 rasa CMecH PV =ViRT, 0w =—RT....
i
A -
- KI1JI TerioBoro gBuratens n = e — Q-Q
Q Q
T, 1 T 2
- KII /I nneansHOM TemoBoi MamuHb! (MammHE KapHo) n= T
1
- IepBOE HAYaJI0 TEPMOJAMHAMHUKH Q=AU+A, [ ,ZZ:)!C]
- BHYTPEHHSS SHEPIHsl MIEAIbHOTO ra3a U=——RT, [ ,Zbic]
2 u
- M3MEHEHUE BHYTPEHHEH DHEPTHH HIEALHOTO ra3a AU =——RAT , [ ﬂ.?fc]
U

rae  1=3 s OJHOATOMHBIX Ta30B, | =5 Ui IByXaTOMHBIX ra30B , | =6 st TpEX U 6oiee aTOMHBIX ra30B



- paboTa ueanbHOTO ra3a IpH H30XOPUIECKOM MPOIecce:
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ecu V=const, .o 4=0

A= pAV
- paboTa ueanbHOro raza IpH n300aprUyecKoM Iporecce ecim  p = CONSt, To m
A=—RAT
Y7
m \
A=—RT-In-%
_ M 1
- paboTa uaeasbHOrO Ta3a MPHU H30TEPMUIECKOM IIPOIIecce ecm 1 = const, To
m P
A=—RT -In—=+
H P,
- ypaBHeHue Maliepa R= Cp — C\/
) ) i Hone
- MOJISIpHAs TEIIOEMKOCTD HJI€alIbHOTO Ta3a MPH HOCTOSIHHOM 00BbEMeE C, =-R, —_—
2 monb- K
. i+2 Lowce
- MOJIpHAas TETIOEMKOCTD HI€AIbHOTO Ta3a MPH HOCTOSIHHOM JIaBICHUN Cp = R,
2 mons- K
) ) iR | Je
- yJIenbHas TeINIOEMKOCTh UIeaIbHOTO ra3a IpH MOCTOSIHHOM 00BEMe C, =—-——,
2 u ke K
) i+2R e
- yZIenbHas TEIIOEMKOCTb HI€aIbHOTO Ta3a PH HOCTOSIHHOM JIaBJICHHN b= -,
2 u |ke-K

- CpeAHsisl IJIMHA CBOOOTHOTO Mpodera MOJIEKyI HEaIbHOTO Ta3a

- KOJIMYCCTBO TCIIJIOTHI HCO6XO[[I/IMO€ JJIA Harp€BaHus BCUICCTBA
- KOJIMYECTBO TCIJIOTHI, BBIACIIAIOIICCCH IPU CrOPAHNH BCIICCTBA
- KOJIMYCCTBO TCIIJIOTHI HCO6XO[[HMO€ JUIA TIJIaBJICHUA BEIICCTBA

- KOJIMYECTBO TCIIJIIOTHI H€O6X0,I[I/IMO€ JJIA UCmapCHUs BCIICCTBA

- 3akoH Puka

- 3axkoH HproToHa

- 3aKk0H Dypbe

- 3aKoH Hpiotona JUJIA BA3KOT'O TPEHUSA

- ko3 punmeHT TUPPy3un

- K03 HULKEHT BI3KOCTH

- KO3 GHUIHUEHT TETIONPOBOIHOCTH

- CpeaHEee YUCJI0 CTOJIKHOBEHHUI MOJICKYJI HJACAJIbHOTO ra3a 3a 1 CCKYHAY

1
<I>:\/§7z'd2n
chm(tz _t1)v [ﬂ-?fc]
Q=am, [[oxrc]
Q=Am, [,Z]afc]
Q=Lm, [,ZZofc]

m:—Dd—'DSt
™
PZ—U%—XSt
T
Q:—/ldd—XSt
F:—nd—:
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JIEKTPOCTATHUKA
) _ |/l
- CWJIa JJICKTPOCTATUYCCKOI'O B3aUMOACUCTBUA IBYX TOUCHYHBIX 3apsA10B FKy,'l = —2
er
1 Ha’ 2@ Foaasme _ Eooup
e k — — 9 109 . : 80 — 885 10 12 = ; c= s.earyyme 6.6aKyyme
472.80 K/l M 8.6eujecmee 8.eeujecmee
. - F H B
- HaIpsLKEHHOCTD 3JIEKTPUYECKOTO OIS E=—, | —|=|—
q LKz M
11
- NOTCHIHUAT BJICKTPOCTATUYCCKOTO ITOJIA @ =, [B]
q

- OPpUHIOUI CYHNEPIIO3UIIUUN JIA DJICKTPOCTATUICCKOTO MOJIA

E=E +E,+..+E =Y E
P=Q AP, +.. 40 =0

- cwuia, ICHCTBYIOIIAs HA TOUCUHBIH 3aps] B SJICKTPHUECKOM I10JIe

- NOTCHIHUAJIbHAA SHCPIUd TOUCHHOIO 3apaaa B 3JICKTPOCTATUICCKOM IIOJIC

- NOTCHIHUAJIbHAA SHCPIUA 3JICKTPOCTATUICCKOTO

BSaHMOﬂeﬁCTBHH JABYX TOYCYHBIX 3apsa10B

- HaHpH)KéHHOCTL SJICKTPOCTATHUYICCKOI'O IMOJIA TOYCHHOTI'O 3apsaa

- MOTCHOHAJI SJICKTPOCTATUYIECKOI'O IO TOYECYHOT'O 3apsaa

- HaMPSKEHHOCTh AEKTPOCTATHYECKOTO TI0JIS PABHOMEPHO 3apsKeHHOH GecKoHeuHol mockoctn E = ———

H B

Kn M

- pa60Ta CHJI JICKTPUYCCKOTI'O MOJI 1O IEPEMECIICHNUIO TOUCTHOI'O 3apdaaa

F=qE,[H]
I=qp, [x]
H:kqqu, [ﬂf)fC]
er
=k [ |2
&r Kn M
q
=k—, |B
¢ er - [B]
1o
2 g,

A317 = q (¢Hattaﬂbnbni - wkonew—tblﬁ) LA A917 = _(H navanenan H KOHeuHas )

- 3aKOH COXpAaHCHUS IJICKTPHUICCKOIO 3apsiaa

- CBs13B MCIKAY HaHpﬂ)KéHHOCTLIO QJICKTPOCTATUYCCKOI'O IMOJIA U MOTCHIUAIOM

- Teopema Octporpazackoro — ['aycca aist 3JIEKTPHUYECKOTO MOJISI B BAKYyMeE

MATI'HETHU3M
- CBSI3b MarHUTHOM MHJIYKUUU U HAIIPSDKEHHOCTH MarHUTHOT'O I1OJIS

- MPUHIUIL CYTICPIO3ULHUU JJII MAarHUTHOTO TTOJIA

B,.=B+B,+...+B, H
- 3akoH buo — Casapa — Jlamaca
- 3aKOH IOJIHOTO TOKa JUII MarHUTHOTO IOJIS B BAKYyME

- 3aKOH ITOJIHOT'O TOKa JJIsI MAarHUTHOTI'O I10JISI B BEIICCTBEC

- TeopemMa Faycca JJIA MAaroHuTHOI'O ITOJIsA

ZQi = ZQi

E__SP__

E= e grade
o=pES=2Y4
S 80
B =y,uol:| : [Tﬂ]

H,+H, 4.t H,
déz lu/uo ' |[dr3xf]
4 r
. N
$Bdl =1,
L k=1
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. |
- MarHMTHOE T10JI¢ NPMOIMHEIHHOr0 GECKOHEUHO JIMHHOTO IPOBOIHMKA C TOKOM B = g4y —— [T ]Z]
2rr
- MarHuTHOE TOJIE B IIEHTPE KPYTOBOTO BUTKA C TOKOM B =y —. [T ]Z]
2R
- MarHuTHOE 1oJe OGECKOHEYHO JUTMHHOTO COJIEHOU 1A C TOKOM B = pp,In= pyul T [T JZ]

- MAarHuTHOE I0JI€ MPSIMOJIMHENHOIO IPOBOJHNUKA KOHEYHON AJIMHBI C TOKOM B= M — (COS o —CO0S ﬂ ) , [T ]Z]

4 a
y g _ Mo |
- MAar"HuTHOE IO0JIE [0 CEPEANHE NPSIMOIMHENHOTO IPOBOIHUKA C TOKOM =——C0S, [T ]Z]
27 a
N 2
- WHAYKTHBHOCTH COJICHOMJA L= ,u,uonz\/ = L, |_ S, [F H]
. . F = My 141, |
- CHJIa MAarHUTHOTO B3aWMOJEHCTBHUS IBYX NapaIUIeIbHBIX MPSIMOIMHEHHBIX TIPOBOJIHUKOB C TOKOM aon — 2— -
T r
- cuna Ammepa dF, =1 [d| B:|, IJie MOJLYJIb CHITBI dF, = IBdlsina
- cuna Jlopenia F,=q [\7 B} , IJIe MOJLYJTb CHIIBI F,= |q|vB sina
- MEXaHMYECKUH MarHUTHBIM MOMEHT, IEUCTBYIOIIUM Ha KOHTYP C TOKOM B MarHUTHOM I10JI€
M = [ f)m B:I s rZ€ MOZyJIb MOMEHTA CUJIBbI M= P Bsinag =IBSsina
- MOTOK BEKTOpa MAarHUTHON HHIYKIINU ®=BScosa
- COOCTBEHHBII MATHUTHBIN TOTOK KOHTYPa U COJIEHOHIA C TOKOM D cober — LI
- U3MCHEHHE COOCTBEHHOTO MAarHUTHOTO IMOTOKA KOHTYpa M COJNICHOUIA C TOKOM
AcDco60T = Lal AD = ®K0H61{Hblﬁ - @Haqaﬂbﬂbnl
- paboTa CHJI MArHUTHOTO TIOJIS TI0 IEPEMEIICHHIO MTPOBOTHIKA MM KOHTYPa C TOKOM AMn = AD, [ ,ZZD!C]
AD
- DJIC napykuuu (3akon dapajest) & =—-— [B ]
umno At
- DJIC uHAYKIMK, BOZHUKAIONIAS B IBIKYIIEMCS] B OJTHOPOJTHOM MAarHUTHOM TOJie EMH 5 =B l| sina, [B ]
PSIMOJIMHEWHOM TIPOBOJTHHUKE
_ d @co6cm _ dl
- DIC caMOMHIYKIUK gcaM =" =—1 [B]
dt dt
LI?
- SHEPrusi MarHUTHOTO MOJIsI IPOBOJIHUKA U KOHTYpPA ¢ TOKOM WMn = T , [ﬂ.?fc]
2
) B upH
- 00BEMHAs TIOTHOCTH SHEPTHHA MAarHUTHOTO ITOJIS W = =
" 2uu 2
0
MOCTOSTHHBIN TOK
dg
CHIIa TOKa | =—
dt
.
IJIOTHOCTbH TOKA J=—=
S
A
3J1C WCTOYHHKA TOKA E=—
q
. U
3akoH OMa JJIs yJacTKa dJIEKTPUIECKON IeTTH | = E
&

3akoH OMa JJ1s1 3aMKHYTOM 3J1eKTpUYeCKOM Lenu | =—
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3aBHCHMOCTb CONPOTHUBJIEHHUS METAIUIIMYECKOTO MPOBOIHUKA OT €T0 Pa3MEPOB R= pg
3aBHCHMOCTb CONPOTUBJICHUS METAIITMYECKOTO MPOBOIHUKA OT €r0 TEMIIEPATyphI R =R, (l+ at)
3aBHCHMOCTB y/IETLHOTO COMPOTHBIIEHUS METAJLTMYECKOTO TIPOBOHAKA OT €10 TEMIIEPATYPBI £ = Po (l+ at)
2
2
paboTa MOCTOSHHOTO TOKa A=qU =1Ut  wm A=I1"Rt=—t, [ﬂ.?fc]
U 2
2
MOIIHOCTb ITOCTOSHHOTO TOKA P=1U WIH P=I"R=—, [BT]
U 2
2
3axon Jlxoynst — JleHua Q=1Ut Wi Q=I°Rt= ?t , [ﬂ.?fc]
A
aﬂc 8 _ CMOPOHHUX
q
+ A
CMOPOHHUX KYJIOHOBCKUX
HANpsKEHHE U= d x

HAPsPKCHUC Ha KICMMax UCTOYHHUKA TOKa
IIoJIC3HaA paGOTa HUCTOYHHKA ITOCTOSIHHOI'O TOKa

3aTpaveHHas (mojHas) paboTa UCTOYHHMKA MOCTOSTHHOTO TOKa

TI0JIC3HAas1 MOIIHOCTh UCTOYHHKA ITOCTOSIHHOT'O TOKaAa

3aTpavYCHHAsA (HOJ’IHaH) MOIITHOCTh HCTOYHHKA ITIOCTOSAHHOI'O TOKa

KII[I ncrounuka Toka

EMKOCTb yeMHEHHOTO MPOBOHUKA
EMKocTh yequuéHHO# npoBosmeii cdeps (1apa)

EMKocTh KOHIEHCaTOpa
EMKOCTB MI0CKOro KOHAEHCaTopa

3J'IeKTpI/I‘I€CKa$[ €MKOCTbh C(I)CPI/I‘ICCKOFO KOHJACHCATOopa

DnexTpudeckas eMKOCTh IMITHHAPUIECKOTO KOHACHCATOpa

OHeprus MMEeKTPHYECKOT0 MO yeANHEHHOTO IPOBOAHNKA
OHeprust 371eKTPUUECKOro Nodsl KOHJEHcaTopa

O0BEMHAS MIOTHOCTh OHEPIrUuM SJICKTPHUICCKOTO OJIA

U, =e—Ir=IR, [B]
Avoresnan = WYuem = U et [,ZZD!C]

A3ampal¢eHHa;z =0&=1&Et nm
2
2 2
= =17 (R+r
A:'ampalleHHa}I R + r ( )
noaesHas — % = IUMCm , [BT]

—_— S’ampa'-teHHaﬂ I g
- i

[Br]

3ampadenHas t
77 — AnO]leS’Hdﬂ — noJjiesHas
3ampaquHaﬂ 3ampaquHaﬂ
c=4
Q
C =4meg,R
c-_—49 _4
o-p, U
C- £E,S
d
_dn &g, Rle
R,—R,
ee |
C=2r—2
In—=2
1
Co’ qp ¢
W, =LE_D T e
M2 2 2C [ /o]
CU* qU ¢°
W = ==, HC
M2 2 2C [ /2]
_&,E° _ED [ [
2 2 M
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HOCHG[[OBaTCJ'H)HOC COCAMHCHUC ITPOBOJHHUKOB Hapa)menLHoe COCAMHCHUEC TPOBOJIHHUKOB
1 1 1 1
R6 =R +R,+...+R, =4 - 4=
O\
U “ _ U +U " +U Roﬁm R1 RZ Rn
o = Y1 st n _ — — —
I‘”” Lo | Uy, =U;=U,=...=U,
oGy L2 I =1+l 4.+,
U 06wy
| = Ui | _ obuy §] U
== = I _ i I _ ooy
Ri [ R i R - R
obuy i by _
[
HOCHe[[OBaTeJ'H)HOC COCIMHCHHUEC KOHACHCATOPOB Hapaﬂﬂeﬂbﬂoe COCAMHCHUEC KOHACHCATOPOB
1 1 N 1 N 1 c Cic c
=t —+...— =C,+C,+...+
[ 1 2 n
Coﬁu; Cl CZ Cn U U U U
— o6y =Y =Y =... =Y,
Uy =U U, +...+U,
q =0 +0,+...+q,
=q =0, =...= obuy
q,, =%h=0 d,
q q o0y
C = G; C _ _ ooy Ci=—r C =
i T -, Ui 06wy U
Ui obwy U obwy
ooy

IIpaBuia Kupxroda ajs ueneii NoCTOSIHHOI0 TOKA
Ilepsoe npasuno Kupxzogha
n
AnrebOpandeckas CyMMa CHIJI TOKOB, CXOJSIIITUXCS a y3J1€, paBHa HYJIIO, T.€. Z | i = 0
i=1
Bmopoe npasuno Kupxzogha
B 1060M 3aMKHYTOM KOHTYpE, MPOHU3BOJILHO BHIOPAHHOM B Pa3BETBJICHHOM AJICKTPUUECKOI Lieny, aiaredpanyeckas cymma
MajicHuil HanpspkeHuil (mpou3BeaeHUH CUI TOKOB J Ha CONpOTHBIEHHE R) Ha OTJENBHBIX y4yacTKax LEMH 3TOTO0 KOHTypa

n m
paBHa anrebpanyeckoit cymme DJIC Ek, BeTpeuaromuxcest B KOHTypE: Z iR = Z &
i=1 k=1

IIpumenss 3akonnl Kupxroda neodxonumo:

1. OmnpenenuTdb YMCIIO FNEKTPUUECKHUX Y3JIOB M HE3aBHCHUMBIX KOHTYPOB B CXeMe

¥Y3/10M Ha3BIBACTCS MECTO COSAMHEHUS TPEX U OoJiee POBOIHUKOB.

KonTtyp — 310 1100231 3aMKHYyTasl LIETb.

He3aBucuMblii KOHTYP — KOHTYp, KOTOPBIH COIEPIKUT XOTs ObI OJIHY HOBYIO BETBb. BETBh — y4acTOK IIETIH OT y37a 10 y3Jia
2. [Tlepen cocraBieHueM ypaBHEHHI POU3BOJIBHO BRIOPATh U YKA3aTh CTPEIIKAMHU HA YEPTEKE:

a) HaTpaBJICHUE TOKOB (€CJIM OHH HE 3aJ[aHa 110 YCIIOBHIO 33Ja4M) BO BCEX CONPOTHUBIICHUSIX, BXOIIINX B IIEIb, YUUTHIBA,
YTO OT y3J1a JO y3ja TeYET OAMH U TOT XKE TOK;

6) HarpaByieHHE 00X0a KOHTYpa.

3. Tlpu cocraBiieHHH ypaBHEHHH N0 NepBOoMY 3akoHy Kupxroda cuurath TOKH, MOIXO/SIINE K Y3I1y, TOJIOKUTEIbHBIMH, a
TOKH, OTXOJAIINE OT Y3JIa - OTPULIATEIIbHBIMH.

Yucno ypasnenuii, cocmagnsaemslx no nepeomy 3axony Kupxzogha, oonscno ovimo nHa eOunuuyy meHsvule uucia y3noe,
cooeprcamuxcsa 6 yenu.

4. [Ipu cocraBneHNN ypaBHEHHIA 110 BTOPOMY TipaBriry Kupxroda ciemyer cauTars:

a) TaJeHWe HAMpKCHWS Ha yJacTKe Iend (T.e. MPOU3BEACHHE |.R) BXOAUT B YpaBHEHHWE CO 3HAKOM ILTIOC, €CITH
HaTpaBJICeHHE TOKa B JaHHOM YYacTKE COBIANACT C BHIOPAHHBIM HaIpaBJICHHEM 00Xo0Ja KOHTypa, B IPOTHBHOM CIydYae
NpOU3BEIECHUE | . R BXOJIUT B yPaBHEHHUE CO 3HAKOM MUHYC;

6) O/IC & BXOAWT B ypaBHEHHE CO 3HAKOM IUIIOC, €CJIM OHO IOBBIINAET MOTEHIMAN B HalpaBJIeHUH 00XoJa KOHTypa: T.e.
ecly Tpu 00X0/Jie KOHTYpa BHYTPH MCTOYHHMKA TOKA MPUXOTUTCS MATH OT MHHYCAa K IUTIOCY, B IpoTHBHOM ciydae DJIC ¢
BXOZUT B yPaBHEHHUE CO 3HAKOM MHHYC.

Yucno ne3agucumvlx ypasHeHUil, KOmopvie mMozynm 0blmb cocmaegneHvl no eémopomy 3axkony Kupxzogha, paeno uucny
He3a6UCUMBIX KOHMYPOB, UMEIOUWUXCA 6 UenlU.

g coctaBieHns ypaBHEHHH MEPBBI KOHTYP MOXKHO BBIOpaTh MPOM3BOIBHO. Bee criemyromue KOHTYpHI clieyeT BEIOMpaTh
TakuM 00pa3oM, YTOOBI B KaXKJIbI HOBBIH KOHTYP BXOAMJIA XOTS OBl O/THA BETBb IIEIM, HE YYaCTBOBABINas HH B OJHOM W3
paHee UCIIOIb30BAaHHBIX KOHTYPOB. IIpon3BoIbHO BEIOpaHHOE HaNpaBiieHHEe 00X0Ja 0 KOHTYypaM HE W3MEHSETCs JI0 KOHIA
pelenus 3ana4uu.

Ecmu npu pemieHnn ypaBHEHUH, COCTABICHHBIX BEIIICYKa3aHHBIM CIIOCO0OM, MOTYYCHBI OTPUIIATEIEHBIC 3HAYCHUS CHIIBI
TOKa WJIM HAPsDKEHHUs, TO 3TO 03HAYAET, UTO TOK Yepe3 JaHHOE CONMPOTUBIIEHUE B IEUCTBUTEIbHOCTH TEUET B HANPABICHUH,
MIPOTHBOIOJIOXHOM BEIOPaHHOMY.




NEPEMEHHBIN TOK

| U
Db dexrrBHOE (MK ISHCTBYOLICE) 3HAUCHUE CHIIBI TOKA U HAMTPSKCHHUS | =M ,u =_m
2 AN
I

3akon Oma JUIA NENHU IEPEMEHHOT0 TOKA TOJIBKO C aKTUBHBIM COIIPOTHUBJIICHHUEM

3akon Oma JUTA 1I€NH IMEPEMCEHHOT'O TOKaA € uacaabHOM UHAYKTUBHOCTbH I =

VHAyKTHBHOE COMPOTUBIECHUE X =wlL

3akon OMa Ui IIETH TIEPEMEHHOTO TOKA C UIACATLHON EMKOCTBIO | = a)CUm =

EmkoctHOE COIPOTUBJICHUC XC =

3axon OMa AJ1s menu MepeMeHHOT0 TOKa C MOCIIeI0BaTeIbHO COSANHEHHBIMHA

AKTHUBHBIM COIIPOTUBJICHUCM, EMKOCTBIO B UHAYKTHUBHOCTBIO

2 1.
TonHoe CONpOTHBIEHHE (MM MMIIEIAHC) HEMH MepeMEHHOr0 ToKa Z=,|R°+(wL——)

7 L
C,I[BI/I]" CI)aB MCIKAY CHJION TOKA U HAIPSAKCHUEM B LICIIHA IICPEMCHHOI'O TOKaA tg(l) = € =

SJIEKTPOMATHETU3M
YpaBHenusi MakcBe1a B MHTerpaJjibHoi ¢opme (1M noJieBbie ypaBHeHusi Makcseilia)

ITepBoe ypaBHEHHUE CP Edf =— J. %dg
S

L

Bropoe ypaBHeHue
TpeTbe ypaBHEeHUE

UYerBEpTOe ypaBHEHUE Cf) BdS =0
Ypasuenuss Makcgesia B iuddepenuuaibHoi popme

= oB
IlepBoe ypaBHeHUE rotE = _E

Bropoe ypaBHeHue rot Fi = j+

Tpetbe ypaBHEeHUE di

UYerBépToe ypaBHEHUE di

OIITUKA
Onrryeckast pa3HOCTb X0/ ABYX JTyder A= (n2I2 - n1|1)

Ycnoue nHTEPPEPEHIMOHHBIX MAKCHMYMOB A=x2m—

2

Ycnosue nnTephepeHINOHHBIX MUHIMYMOB A== ( 2m+ 1) E



Onruyeckasi pa3HOCTb X0/1a JIBYX JIydell Tpy HHTepPEepEeHIINN

CBETa, OTPAXXEHHOTO OT BEPXHEH M HIKHEH IPaHUIIbI TOHKOM

HHOCKOHapaHHeHLHOﬁ TIJTaCTUHBI

upuna nHTEpPEPEHIIMOHHOM TT0JIOCH B onibITe FOHTra

Pannycel cBeTibix koneny HproTOHA B OTpakEHHOM CBETE

Panuycel TéMHBIX KoJen HproTOHA B OTpakEHHOM CBETE

Pannyc BHewHe rpaHuibl M-oit 3061 @peHens aist chepruueckoit BoaHel I =

Panuyc BHemHe# rpanuibl M-oi 30861 OpeHens 1uisl III0CKOW BOJIHBI

VYcosue audpakOHHBIX MAKCUMYMOB OT OJTHOH IIENH

VYcmosue audpakOHHBIX MUHIMYMOB OT OZHO¥ IIeITH

YcnoBue rimaBHBIX JU(PAKINOHHBIX MAKCUMYMOB OT JU()PAKINOHHOMN PEeIETKH

VYcnoBue rimaBHBIX JU(PAKINOHHBIX MUHUMYMOB OT AU PAKIIHOHHON PeIETKH

YcnoBue aupakIMOHHBIX MAKCHMYMOB OT IIPOCTPAHCTBEHHOMN

nmudpakunonHoit pemérku (popmyina Bynbda - Bparros)

I[aBJ'IeHI/Ie CBCTa 1P HOPMAJIbHOM IIa/ICHUU Ha BCIICCTBO

3akoH Mairoca

3akoH bprocrepa
3akoH npenomiieHus cBeta (3akoH CHennuyca)

3akoH Ctedana — bonpimana a1 aOCOMIOTHO YETHOTO Tea

3akoH Panes — xunca

3akoH cMmenienns Bunaa

3aBHCHMOCTh MaKCHMaJIbHOK CHGKTpaHBHOﬁ INIOTHOCTHU
3H€preTH‘I€CKOﬁ CBETUMOMTH a0COJIIOTHO ‘IépHOFO TCIa

OT €ro TeMIepaTyphl

Wsmenenne JUTAHBI BOJTHBI PEHTTCHOBCKOT'O U3JTYUCHUA

IIpY KOMIITOHOBCKOM ~ paccenBannu (3¢ dexr Komnrona)

Dddexr Homnepa mis SMB
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CreneHb TIoJIApU3anu CBETa | |
+

ATOMHASA ®U3HUKA
2

mo
hv=A + 2max I Ed)=A +T. .

VYpaBreHue DiHIITeHA 115 BHEITHETO (hOTOdPdeKTa \ o -
5 5 mo?
3anuparonuii (3aepKUBaronui) NoTeHIa1 npu GoroaddexTe MOKHO ONPEAETUTSH 10 hopMyJe |e|UW = —
hVKp = Aswc
CBs13b paboTHI BEIXO/IA C KpacHO# rpaHuner ¢porosddexra hc A
/L(p
hc )
DHeprus poToHa Eq,l =hyv= 7 5R05 Eqb = mqu
h
Wmmynsc poToHa P, = E WA p, =m,C
g M
CKOpOCTb CBETa B BAKYYME c=Av=3-10"—
C

3aKOHBI PaAnOaKTUBHOTO pacliaaa

R=R,YA
JedexT Macchl simpa Am=[Zmp +(A—Z)mn]—mﬂ

DHeprust CBSI3HM HYKJIOHOB B sIIpe Ecmu =Amc’® = [Zmp + ( A- Z) m,—m, :I c?
IX > 57+ He,

A AN 0
X =Y+ _je.

Panuyc snpa

IIpU Q-pacraje

pu B-pacnane
KBAHTOBASI MEXAHUKA

CooTHomieHus HeonpeaenEHHocTH [ eit3enbepra Ap,AX=>h, AEAT=h

Jnuna Bonuel ne bpoitns
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