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

18.03.01 Xumuyeckasi TEXHOJOTHS BSKYIIHX H KOMIIO3UTHBIX MATEPHAJIOB
2 cem koHTp Nel, sk3ameH

OCHOBOI1 17151 M3y4YeHHUs Kypca pU3NKHU CTYAEHTaMU JUCTAaHIMOHHOH (POPMBI 00Y4EHHS SBISIOTCS METOJMYECKHE TOCOOus,
COCTaBJICHHBIE JUIsI CAMOCTOSATENILHON IOATOTOBKU CTYI€HTOB K 3K3aMeHaM. /{111 u3yueHust BOIPOCOB, KOTOPBIC HE OCBEIIEHBI B
METOJMYECKHX MOCOOHSX, HEOOX0IMMO 00paTUTHCS K CIIEHATIbHON YUeOHO! JITEepaType, HalpuMep:

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

WIIH IPYTHM ydeOHUKaM, MpeJHa3HauYeHHBIM IS N3yUeHHS Kypca o0mel (M3NKH B BRICIINX YIEOHBIX 3aBEICHUIX.
JJ1 IOATOTOBKY K pEIICHUIO KOHTPOJIBHBIX paboT mpeiaraeM H3y9InuTh CIeAYIomne YIeOHbIe IIOCOOHS:
1. «PyKOBOJCTBO K PEUICHHUIO 3aad 110 Kypcy o0mier Hu3nkm» E.B. @uprasr,
2. «Bce pemenns k «CO0pHHUKY 3a1a4 1o o0meMy kypey pmsukn» B. C. BoapkeHmTeitE»
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'. YeptoB, A.A. BopoObés.

Iporpamma kypca GU3NKM ISl CTYAEHTOB AUCTAHIIMOHHOIO0 00pa3oBaHMS.

Kaxaplil CTYIeHT JOJDKEH UMETh paclieyaTKy MporpaMMBbl Kypca pH3UKH, KOTOPYIO HEOOXOIMMO CaMOCTOSITENILHO U3YYHTh,
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 MaTepHAJIbHOI TOYKH M TBEpAOro Teaa
OcHogHble ROHAMUA U 3AKOHBL 08UNCEHUA.

Mexanuka u e€ pasaesnsl. OCHOBHBIC TOHATHS: MaTepranbHas TOUKa, MEXaHU4YecKas CUCTeMa, TepeMelleHue, MyTh,
MTHOBEHHAsI M CPEHSSI CKOPOCTH, YCKOPEHHUE, TAHTeHINAIbHAS 1 HOPMaJlbHast COCTABIIIONIAst yCKOpeHust. CBA3b MEX Iy
BEKTOPaMHM JIMHEWHBIX U YTIIOBBIX CKOpOCTeH 1 yckopeHui. [lepnox n yactora obpamenus. [loctynarensHoe 1 BpamaTeabHOES
JBIDKCHUS. Y paBHEHHS MOCTYIIATEIbHOTO M BPAIIATEILHOTO ABHKCHHUSL.

Wnepuwsi, macca, nMiyibe, cuia. 3akoHsl HetoTona. Critbl B IpHpo/ie: CHila TPaBUTAlMOHHOTO B3aUMO/ICHCTBHS, CHITa
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 ¥ HEMHEPIMATbHBIE CUCTeMBI 0TcuéTa. Cribl 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[. Kunerndeckast, moTeHIManbHas ¥ OJTHAs MeXaHH4YecKast sHeprun. KoHcepBaTHBHEIE U
JIVICCUTIaTHBHBIE CUJIBI U cUCTeMbl. CBSI3b KOHCEPBATUBHON CHIIBI C TOTCHIMAIBHOM SHeprueil. 3aKoH U3MEHEHUs 1
MPEBPAIICHNS SHEPTUH, 32KOH M3MEHEHUS ITOJTHOM MEXaHNYECKON SHEPTHUH CHCTEMBI TeJl, 3aKOH COXPAaHEHUsI 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 MOTEHIIMATBHON SHEPTUH.

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 IEHTpa Macc. MOMEHT CHJIBI
OTHOCHUTCIIBHO HeHO[[BH)KHOﬁ TOYKH U HeHOI[BH)KHOﬁ ocu. MowmeHTt HWHEPLHU U KUHCTUYCCKAd DOHEPI'U BpallaromIerocs
TBEépAoro Tena. CoOCTBEHHBIE U TJIABHBIE OCH M1 MOMEHTHI MHepiuu. CoOCTBEHHbIE MOMEHTHI MHEPIIUY PA3INIHBIX TETl.
Teopema Ilteiinepa.

OCHOBHO 3aKOH JTUHAMUKH BPAIIAaTEIEHOTO ABMKEHHS. MOMEHT UMITYIhca MaTePHAIbHON TOUYKH U aOCOIFOTHO TBEPIOTO
TeJa OTHOCUTEIFHO HETIOABIKHOM TOYKH U OTHOCUTEIBHO HEMOIBI)KHOM OCH. 3aKOH U3MEHECHUS MOMEHTA UMITYJIbCa
MEXaHUYCCKOW CUCTEMBI TEJl M 3aKOH COXPaHEHUs] MOMEHTA HMITYJIbca MEXaHHYECKOW cucTeMbl Tel. PaboTa critel pu
BPAIICHAN TBEPAOTO TeJa BOKPYT HETIOIBUYKHOM OCH.

Koneoanusa u 60not

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

I'apmonnueckue konebanus. Juddepennuanbaoe ypaBHeHEe TapMOHUYECKUX KoJleOaHui U ero penrenue. ['paduk
rapMOHUYeCKHX Kosebanuil. [TonsTie 00 aMImuTye, yacTore, ¢ase, mepruoe.

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



[onsTre 0 K03PPUIHIEHTE 3aTyXaHUs, TEKPEMEHTE U JIOTapU(PMHUIESCKOM AEKPEMEHTE 3aTyXaHHsI, BDEMEHH peIaKcalliy U
JIOOPOTHOCTH KOJIEOATEITHHOW CUCTEMBI.

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

[TonsTe 0 MasTHUKe. MaTteMaTndecKuid, GU3MIeCKuit, 00OPOTHBIN M MPYKUHHBIN MasiTHUKH. [leprnon konebaHuii s
STHX MasATHUKOB. [IpuBeneHHas MrHA QU3MUECKOTO MAsSTHHKA.

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

CrnosxeHHe IBYX B3aUMHO MEPIICHANKYISIPHBIX TapPMOHHYCCKUX KoseOanus. durypsr Jluccaxy.

Bonna. Mexannueckas BosiHa. [lonepednsie U npoaoibHbIe BOJIHBL. DPOHT BOJIHBL, BOJHOBAs IOBEPXHOCTb, OHATUE O
Oerymeit u crostueit BosiHe. [lnockue u cepuueckue BoaHbI. J[JTMHA BOJIHBL, HEPHOA U YAaCTOTA BOJHEL.

JuddepennmanpHoe ypaBHeHHE BOJHBI (BOJIHOBOE YpaBHEHHE). Y paBHEHUS IUIOCKOM Oeryiieil 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.

du3uyecKkHe 0CHOBBI MOJIEKYJISPHO-KMHETHYECKOH TeOpUH
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 pacIipeieieHle MoJIeKydI 1o ckopoctsiM. [loHsTne o Haubonee BeposSTHOM, cpeaneil apudmeTnieckoii u
Cpe/Hel KBaJpaTH4YeCcKOi CKOPOCTSX TEIIOBOTO JIBIKEHUS MOJIEKYJ HIealIbHOTO Ta3a. bapomerpuueckas popmyia.

VYpaBHeHue Menpeneena - Knaneiipona. M3otepmudeckuil, n300apuuecKkuii, N30XOpHUUECKHi, afuabaTHBIA U MOJUTPOIHBIH
nporieccsl. OCHOBHOE YpaBHEHHE COCTOSIHMS HJICAIbHOTO ra3a U €ro 3alKCch AT Pa3INuHBIX H3ompolieccoB. CMech ra3oB.
3akoH JlanpTOHA AJI1 CMECH T'a30B.

Peanvnuiii caz

PeanbHeble ra3sl. YpasHeHne Ban-nep-Baanbca s peansHoro raza u ero ananus. Kputndeckoe coctosHuE rasa.

BHyTpeHHS 3HEpPrUs peaabHOTO Tasa.
Aenenus nepenoca

D¢ eKTUBHBIN ARaMETp MOJIEKybI. YHCIO CTONKHOBEHHH U CPEeHss JUTMHA CBOOOHOTO Mpodera MoJeKyIl. SIBineHus

nepeHoca B razax: 1u(Qy3us, TEIIONPOBOJHOCT U BA3KOCTb.

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. Pabota HACaJIbHOIO ra3a.

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. HampspkeHHOCTh M OTEHITHA HEMOABIKHOTO TOUEYHOT 0 3apa/a. 3akoH KymoHa.
[IpuHIUNO cynepno3uuy A1 IEKTPOCTATHYECKUX TOJIEH.

[NoTeHanbHast 3HEPTUS ANEKTPOCTATHIECKOTO B3aUMO/ICHCTBHS TOUEYHBIX 3apaoB. PaboTa 3/1eKTpocTaTHIeCcKOoro MmoJst
MO0 NEPEMEIEHHIO TOYEUHOTO 3apsa.

[TpoBoHUKY U ANAIEKTPUKH. Bubl nuanekTpukoB. [IpoBOTHUKY M IM3IEKTPUKH B 3JIEKTPOCTATHYECKOM TI0JIe. TeopeMa

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

DIEeKTPOEMKOCTh YEIUHEHHOI'0 IPOBOJHUKA U KOHJIeHCcaTopa. Busl koHneHcaTopoB. DopMyIis 111 pacyera
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BJIEKTPOCMKOCTHU MIJIOCKOT'O, HUIMHAPUYICCKOTO U cd)epnquKoro KOHACHCATOPOB. Buapr coequnenus KOHACHCATOPOB. (DOpMyJ'II:I

JUTSI OTIPEJIEICHUsI EMKOCTH OaTaper KOHISHCATOPOB. DHEPTHS JIEKTPUIECKOTO TOJIs YeIUHEHHOTO MTPOBOTHUKA U
KoHzeHcaTopa. O0beMHast IIOTHOCTH YHEPTHUHU IIEKTPUIECKOTO OIS,
DneKTpudecKuid AUMoiab. HampsykeHHOCTh M MOTEHIIHAT TOYSYHOTO TUTIONIS.

ITocTOAHHBII 3JIEKTPHYCCKHUIH TOK

OnexTpudeckuil TOK. II0CTOSHHBIN JIEKTPUUYECKHH TOK U €70 OCHOBHBIE XapaKTEPUCTUKH: CUJIA TOKA U INIOTHOCTh 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.

MaruaunTHOe 1moje
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 411 MAaTHUTHBIX ToJIel. MarHUTHOE 1TOJIe 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 mapauiebHbIX
MPOBOIHHUKOB C TOKOM. PaboTa MarHUTHOTO MOJIA 110 NMEPEMEICHUIO IPOBOJHIKA U KOHTYPa C TOKOM. MarHUTHBIHA
MEXaHUYECKUN MOMEHT, NEUCTBYIOLIMM Ha KOHTYP C TOKOM B MAarHUTHOM IIOJIE.

JluamarseTuky, napaMarHeTHKy U (heppoMarHeTuky. 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 COJICHOMJA. DHEPIUs MAarHUTHOTO MOJIS
KOHTYypa M COJICHONA C TOKOM.

IlepemMeHHBI 1eKTPUYECKUH TOK

[lepemMeHHBIH 3JEKTPUUECKUN TOK U €r0 OCHOBHBIE XapaKTEPUCTUKU. Llenb nepeMeHHOro ToKa TONbKO ¢ aKTUBHBIM
CONPOTHUBJIICHHUEM, C UACAIHFHON EMKOCTBIO U HACANBHON HHAYKTHBHOCTBIO. 3aKOHBI OMa M BEKTOPHBIC JHArpaMMBI T TAKHX
uenei. Llens nepeMeHHOTo TOKa, COAEpIKallasi MOCIeI0BAaTENBHO COEINHEHHBIE AKTUBHOE COIPOTUBIIEHHE, EMKOCTD 1
MHIYKTHBHOCTbH. 3akoH OMa M BEKTOpHAs Anarpamma Juis TakoH LeTH. SIBIeHIe NoCcIef0BaTeNbHOTO U MapalienbHOTO
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 FOHra. MHTEpdhepeHims cBeTa B TOHKHUX TUIEHKAX: 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. udpakiusa PpayHrodepa Ha OAHONH U MHOTHX IIEIIAX.
JudpaxunonHas pemieTka 1 €€ OCHOBHbBIE XapaKTepUCTHKH. Bunbl nudpakunonnsix penrerok. @opmyina qudpakunoHHOR
pELIEeTKH.
Judpakiust peHTTCHOBCKUX BOJH Ha KpUCTauTMIeckoi pemérke. @opmyna Bynsga — 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. EcTecTBEHHBIHN U MOIMAPU30BaHHBIN cBeT. Buasl momsipusanun. CTeneHp NoIspHU3aIyiy.
CriocoObI OMY9YeHNUS TIMHEHHO MOJIIPU30BAHHOTO cBeTa. 3akoH bprocrepa. 3akon Maimoca.

Tennoesoe uznyuenue
TerutoBoe n3imyuenne. OCHOBHBIE XapaKTEPUCTHKH TEITIOBOTO M3IydeHHs. AGCOIIOTHO YepHOE TEJI0, CEpoe TEJO U UX
OTIIMYMS OT peabHbIX Tesl. Mozenb abcooTHO YepHoro Tena. KpuBble TeIUI0OBOTO M3IIy4eHHs a0COIOTHO YEPHOTO Tela.
3akoHsI TeruoBoro u3nyuenus: Kupxroga, Credana-bonbumana, Buna, Panes-/{xunca, [Tnanka.

Domorghhexm
SBnenue Gpororddexra 1 ero Buabl. 3akoHbI BHelIHero GoTodddekra. YpaBHenne DiiHmTeitHa u1s poToaddexra. [TonsTre
0 paboTe BbIX0JIa U KpacHOi rpanute Gotodddexra.

AToMmHas u saepHas puznka. DuU3nKa 31eMeHTAPHBIX YaCTHLL

SIBneHne pagroaKTUBHOCTH. 3aKOHBI paJroakTHBHOCTH. OO03HaUeHNE ATOMHBIX SJep.
Buas! pagroakTHBHBIX U3Iy4€HUH U UX cBoicTBa. KocMuueckoe n3nmydyeHue.

CoBpeMeHHbIE IPEACTABICHHS O CTpoeHNH aToMa. COCTaB aTOMHOTO Aapa. MaccoBble U 3apsA0BbIe YUCa. SIIepHbIE CUIIBL.
JedexT Macchl 1 SHEprUst CBsI3U sijpa. SlaepHble peakiuy U UX OCHOBHBIE THIIBI.

KopmyckynsipHO-BOJIHOBOH Tyanu3M cBOICTB BemiecTBa. Bonus! ne bpoitns.
CootHomeHne HeonpenenéHaoctei I eizenbepra. Bpemernoe u crammonapuoe ypasaenus llpenuarepa. BonHoBas GyHKIHS 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 HOIKEH PeIIUTh ASCSTh 3a/1a4 TOr0 BApHaHTa, HOMEP KOTOPOTO COBMAJACT ¢ MocieIHeH udpoil Homepa ero
3a4ETHOI KHIDKKH. KaTeropudecku 3ampeniaercss M3MEHSITh YCIIOBHS 3aJad WIN 3aMEHATh YCIOBHUS 334a4, B3SATHIX W3 IPYTHX
BapuaHTOB. PaGoThI, BEINIOIHEHHBIE € HAPYIICHUSAMHU, IPHHAMATHCS HE OYAYT.

[pu BHITOTHEHUH KOHTPOJIBHBIX 3aJJaHUI CTYAEHTY HEOOXOAMMO PYKOBOJCTBOBATHCS CJICTYIOLIMMH ITPABUIIAMH:

1. KoHTposbHBIE 3a/1aHMs BBIIIOJHSIOTCS B OOBIYHOW INKOJIBHOM TeTpaay, Ha OOJI0XKKE KOTOPOH NMPHUBOJATCS CBEICHUS 110
crieiyronieMy oopasiy:
Cryaenr
BI'TY um. B.I'. lllyxoBa
Amnppees WU. I1., rpynna XTa-211
HOMep 3a4éTHOI KHIKKH 257321
Anpec: r. Bonoraa, Coserckas yi., 4, KB. 1
KonrpoabHnas pabdora Nel
Bapuant Ne 1

2. KoHTpospHOe 3aaHue BHIMONHACTCS depHMiIaMu. s 3aMedaHuil nmpenogaBaTenst ocTaBisiforces moist. Kaxknas 3amaua
JIOJDKHA HAYMHATHCS C HOBOH CTPaHMIBI. Y CIIOBUS 3a]a4 IEePEIUChIBAIOTCS 0€3 COKPAIeHUH.

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

4. HeoOxoaumo pemuTh 3a1ady B o0IIEM BHAE, T.€. BHIPA3UTh UCKOMYIO BEJIMUUHY uepe3 OyKBEHHbIE 0003HAYCHUSI BEIMYUH,
3aJJaHHBIX B YCJIOBUH 3aJIa4H.

5. IloncTaBHTh B OKOHYATENbHYIO (OPMYITy BCe BEIMYMHEL, BhIpaxeHHble B cuctemMe CU. Ilpow3BecTH BBIYMCICHHSA U
3alHcaTh OTBET.

AJITOpUTM pelieHMs 3a1a4 10 PU3UKe

B Buay TOro, 4ro yHHBEpCalbHONM METOIWKH PEIICHUsS 3a]a4 HE CYLECTBYET, HIKE NMPUBOIUTCA NPUMEPHBII aarOpUTM,
KOTOpBIil oOerynt Bam perieHue 3anau no ¢usmke.

1. BHuMaTenbHO NMPOYMTATh 3a7ady. YCTAHOBUTH B OOLIMX YepTax YCJOBHUS 3aJauyd M KakuM (DPU3NYECKHM 3aKOHAM OHH
OTBEYAIOT.

2. Crenartb KpaTKylo 3aIlUCh YCJIOBHS 3a/1auu. Bee naHHbIe 3a71a4k BBIPa3uTh B eiMHULAX cucteMbl CH.

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

4. Hanwmcate ypaBHEHHE WM CUCTEMY YpPaBHEHUH, 0TOOPaKAIOIINX NPOUCXOSIINNA B YCIOBUH 331a4i (PU3MUECKHI TpoIiecc.
[Tpn HE0OXOAMMOCTH BEKTOPHBIE YPaBHEHHS 3aIIMCATh B MPOEKIMSIX HA OCH KOOPIAMHAT

5. Hcnonb3ys ycnoBus 3a7a4y U 4EePTEXK, MPeoOpa3oBaTh HCXOAHBIC PAaBEHCTBA TaK, YTOOBI B KOHEYHOM BHUJIE€ B HUX BXOIMIIH
JMIIb YIIOMSTHYTHIE B YCJIOBHSIX 33/1a41 BEJIMYMHBI ¥ TaOIMYHbIC TaHHBIE.

6. Pemuth 3amauy, NONyYuB OKOHUaTenbHyl (opmyny B OykBeHHOM Buze. I[IpoBepuTh pa3MEpHOCTb MOJIYYEHHOI'O
PaBEHCTBA U €CJIM OHA COBIAJAACT, NOACTABUTH B HEE MCXOJHBIE JaHHbIE M NIPOU3BECTH BbIUUCIECHUA. IIpoananu3upoBaTth
MOJIyYEHHBIH Pe3yJIbTaT U 3aIIMCATh OKOHYATENIBHBII OTBET.



BOINPOCHI AJIAA HOATI'OTOBKH K OK3AMEHY

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

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

at’

2.  TlocrymaTtenpHOE JIBHXKCHHUE. Y paBHEHUS MOCTYNATECIBHOTO JBIKCHUS: [ = o +Vot+ y V=V, + at.

3.  BpamarenpHoe nBWXeHHE. [IBHXKCHHE MAaTEpPHAIBHOW TOYKH MO OKPYKHOCTH. YTOI MMOBOPOTA, YTIIOBasi CKOPOCTH, YIIIOBOE

yckopenue. [lepuon u yactora BpamieHus. CBs3b MeX/1y JTUHEHHBIMU U YIJIOBBIMU BEITMUMHAMH. Y PaBHEHUS BpallaTeIbHOTO JIBHKCHHS:
2
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4.  Cuna. Macca. 3akoHbl HproToHa.

5. Cubl B MeXaHHKe: CHJIa TPaBUTAI[OHHOTO B3aMMOJICHCTBYS, CHJIa TSDKECTH, BEC, CHJIA YIIPYTOCTH, CHIIBI TPEHHS, CHiIa ApXHUMesa.

6.  Cucrema MaTepHaibHBIX ToUeK. VIMITyIbC MaTepHaIbHON TOYKH M CHCTEMBI MaTepHaIbHBIX TOUEK. 3aKOH H3MEHEHUS NMITYJIbca U

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

7.  Mexannueckas paboTa HOCTOSHHOH M epeMeHHoit cuibl. MomntaocTs. KIT/I.

8.  Buubl MeXaHNUYECKOI SHEPrUU: KHHETHYECKAsl, OTEHIHANIbHAS, [IOJIHAS MEXaHUYeCKas1. 3aKOH U3MEHEHHS TOJTHOI MEeXaHUYeCKOH

SHEPTUM U 3aKOH COXPAHEHUs MTOJHON MEXaHUUECKOM SHEPTUHU.

9.  Mexannueckue konebanus. JuddepenipansHoe ypaBHeHHE TapMOHHYIECKUX KoJeOaHui 1 ero perieHue. ['paduk u OCHOBHbBIC

XapaKTePUCTUKU FAPMOHUUYECKUX KOJeOaHUi: aMIUTUTyJa, IMKJINYEcKasl 4acToTa, HayalabHas (a3a KonebaHuil.

10. Mexanudeckue BOJHEL [uddepeHnnanbHoe ypaBHEHHE BOJIHEL Y paBHEHHE IIOCKOH TapMOHHYECKOH BOJHEL ['paduk BOIHBL.

®azoBasi CKOPOCTh BOJIHEIL, JUTMHA BOJIHBI, BOJHOBOE YHCIIO.

11. MonekyaapHO-KUHETHYECKask TeOpHs ra3oB. M ieanbHblii ra3. 3aKOHBI HICAIBHOTO Ta3a.

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

13. TlepBoe Havayo TepMOAMHAMUKY. [IpUMEHEHNE IEPBOro Hayajla TEPMOANHAMUKH K PA3JIMYHBIM H30IIPOLECCaM: H30TEPMHUYECKOMY,

H300apUIeCKOMY, H30XOPHIECCKOMY, annabaTHOMY.

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

15.  Cuipl MEXMOJIEKYIIPHOTO B3aUMOJICHCTBHA B pealibHBIX Ta3aX. Y paBHeHHE BaH-nep-Baansca s peallsHOTO Ta3a u ero aHau3.

16. DOmnekrpocraTtuka. JnekTpuyeckoe noie. HanpspkeHHOCTh M MOTEHIHAI SJICKTPOCTATUYECKOTO OIS, BHIIBI 27IEKTPHYECKUX 3apsiioB.

3aKOH COXpaHEHUs AEKTPUIECKOTo 3apsiaa. 3akoH KymoHa.

17. T'paduueckoe n3o0paXkeHHe IMEKTPOCTATHICCKHUX MOJIEH: C TOMOIIBIO CHIIOBBIX JIMHUH M AKBUIOTEeHIMaed. CHITOBBIE IMHUM U

SKBHUITOTSHIMAIN TOYEYHOTO 3apsiaa. [IpuHIUIT Cyrepno3unny Iyt 3IeKTPOCTaTHYECKOro o1, HanpshkeHHOCTh U MOTEHIHAN TOYSYHOTO

3apsza.

18. TloreHumanbHast SHEPTUS SIEKTPOCTATHYECKOTO B3aUMOICHCTBHS TOUCYHBIX 3apsI0B. Pab0oTa 3JIeKTPOCTATHUECKOTO OIS 110

TIEPEMEIEHUIO TOYETHOT 0 3apsia.

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

cuia 1 HanpspkeHne. 3akoH OMa [T yd9acTKa LeTH U 3aMKHYTOI! IeTTH.

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

21. MarnuTtHoe nose B BakyyMe. BekTop MarHUTHON MHIYKIMU U BEKTOP HAINPSHKEHHOCTH MarHUTHOTO 110Jis. CHIIOBBIE JIMHUN

MarHUTHOTO 1oJIsL. [IpHHINT Cyrnepno3nuiyy UIsi MarHUTHOTO T10J1s1. MarHUTHOE MoJIe MPSMOJIMHEWHOr0 IIPOBOAHUKA C TOKOM OECKOHEYHOM

JUTHBI 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 [1IKana 3IeKTpOMarHUTHBIX BOJIH.

25.  Omruka. Bumumelii cBeT u ero nprpo/a. BomHOBBIE 1 KOPIYCKYISIpHBIE CBOKCTBaA cBeTa. POTOH. DHEPrHs, Macca U UMITYJbC (POTOHA.

26. BoiHOBBIE CBOICTBa CBeTa: sIBICHUE HHTEP(EpEHINH CBeTa. Y CIIOBUSI YCHICHUS U OCIabIeHHs CBeTa PH MHTep(hEePEHIINH.
Omneit FOHra. MHTepdepeHnys cBeta B TOHKUX IDIEHKAX: MOJIOCHI PABHOTO HAKJIOHA U MOJIOCHI PAaBHOM TOJIIIICHEL

27. BoxHOBBIC CBOICTBa cBeTa: siBieHUe qudpakiuu cBeta. Judpakius Openens u Opaynrodepa. [Ipunnun [roiirenca — Openerns.
JudpakionHas perierka u e€ OCHOBHBIE XapaKTepUCTHKU. Buabl audpakiuonHsix pemerok. @opmysna nudpakioHHOR
peTIeTKH.

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

Crioco0pl oTy4eHust TMHEIHO MONIIPU30BaHHOTO cBeTa. 3aKoH bprocrepa u 3akoH Maimoca.

29. KopmyckynspHbIe CBOMCTBA CBETA: TEIIOBOE U3IYyUCHUE, €T0 XapaKTEPUCTUKU M OCHOBHEBIE 3aKoHBI: Kupxroda, Credana —

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

30. KopmyckynsapHsie cBoiicTBa cBeta: poToaddekt. 3akonsr CtoseToBa 1is BHEIIHEro GoTtoaddekra. YpaBHeHue DiHIITEIHA 1IsT
BHerHero ¢potodddekra. [Tonsatre o padbote BbIXxoa U KpacHOi rpanuiie Goroaddekra.

31. KopmyckymsipHO - BOJHOBOM JyaH3M CBOMCTB BellecTBa: Tunoresa e bpoitsa. Bomasr ge Bpoiinsa. CooTHOmEHNE HEOTIPEAeTICHHOCTEH

[eiizenbepra u ux GU3NIECKUI CMBICIT.

32. CoBpeMeHHBIE IPeACTaBICHHs O CTpoeHHH atoMa. O003HauYeHNEe aTOMHBIX sIIIep.

33. SIBneHme pagnoaKTHBHOCTH. 3aKOH PAaIMOAKTHBHOTO pactazaa. Buasl paquoakTHBHBIX H3IydeHHH: o, B 1 ¥ — m3aydenus. Vx mpupona

¥ OCHOBHBIE CBOICTBA.

34. DneMeHTapHbIC YaCTHIbL. BUIBI 3JIeMEHTAPHBIX YaCTHUIl U KX OCHOBHBIC CBOMCTBA.



Kontpoasnas Ne 1 Bapuant Ne 0

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

2. MaxoBuk, IMeromui B AucKa pammycoM R =40 cm u Maccoit 50 KT, MOKET BpamaThcsi BOKPYT TOPU3OHTAIBLHONW 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, IpUBS3aHHbINA K KOHIY HUTH JUTHHOHN |3 = 1 M, Bpamraercs ¢ gactoroii Ny = 1 06/c, onmpasice 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, YKOpAadYUBast
HUTH? TpeHHneM mapuKa o MIOCKOCTh MPeHeOpeyb.

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

5. Touka coBeplmaeT rapMOHHYECKUE KoJieOaHHUsl. B HEKOTO pblil MOMEHT BPEMEHHU CMELICHHE TOYKH X = 5 CM,
2 o 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 H aMIUIMTYAY KoJeOaHuH.

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 00beM 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. Hai#itu: 1) mu3smeHeHue BHyTpeHHEeH »Heprun AU raza; 2) cCOBepIIeHHYIO UM paboTy A ; 3) KOINIeCTBO
TetioThl Q,mepenanHoe razy.

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

F1 =70 mxH. ITocie Toro xak mapsl IpUBEIN B CONMPUKOCHOBEHHE M YAAIWIH IpYT OT Apyra Ha MpeXxHee pacCTOsHUE,
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 conpoTuBieHUU [ =3 Om cmia Toka B nienu |, = 0,3 A, mpu conpoTUBICHUN r, =5 OM cunia Toka
1,=0,2 A. OnpenenuTh CUIy TOKa KOPOTKOI0 3aMbIKaHus HcTouHuKa D/[C.

10. IleprneHAMKyJIsIpHO  MarHMUTHOMY  TOJIO  HampspkeHHOcThio H =104 A/M  BO30yXJAEHO 3JEKTpHYECKOe
nose  HampspkeHHOCThIO E = 1000 B/cM . [leprnieHauKyIspHO 000UM MOJISIM JBUKETCS, HE OTKIOHSSICH OT
IPSIMOJNIMHEITHON TpaeKkTopuH, 3apsixkeHHasd yacTuna. OnpeneauTb CKOPOCTh V YACTHUIBL.

11. VYrom a Mex1y INIOCKOCTSIMU TPOIYCKaHMUs MOJISIpU3aTopa U aHaiu3aTopa paseH 45°. Bo ckoibKo pa3 yMEHBILUTCS
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 ,
KOTOPO COOTBETCTBYET MAKCHMANIbHASI CIICKTPAIbHAS INIOTHOCTh YHEPTETHIECKOH CBETUMOCTH (I T)max COMHIIA.

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

14. Omnpenenuts yrou 0 paccesiuust poTOHA, UCTIBITABIIETO COyIaPEHUE CO CBOOOIHBIM 3JIEKTPOHOM, €CJIH M3MEHEHUE JUTUHBI
BOJIHBI A\ TIPU paccessHUU PpaBHO 3,2 MM.

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




KonTposabHas Ne 1 Bapuant Nel

1. JIBe MaTepuaabHBbIC TOUYKH JBMKYTCS COTJIIACHO YPAaBHEHUSAM: 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 0J0Ka MOXXHO CYMTATh PABHOMEPHO paclpeelIeHHOH 1o 000ay.

3. V3 npy>KMHHOTO MUCTOJIETA BBICTPEIIMIM B TOPU30HTAIBHOM HAMPABJICHUH MYJIbKOM, Macca KOTOpo# paBHa 5 r. XKecTkocTh
npyxuHsl kK = 1,25 kH/m. [Ipyxuna 6bu1a cxxata Ha Al = 8 cm. OnpeienuTh CKOPOCTh MYJIBKH MPH BBIIETE €€ 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 = 510°H. Onpenennts Takxke dasy KoneGaHuil B 5TOT MOMEHT BPEMEHH.

5. Ompenpenuts Maccy M; oxHOW MOJeKydsl cepoyriepona CS,. [IpuHHMAas, 9TO MOIEKYIHI B KUIKOCTH HMEIOT
mapoobpasHyo GopMy M PaclosioKeHbl BIULIOTHYIO APYT K APYTY, ONPEACIUTh AuaMeTp d MOIeKyIIbL.

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 SHEprHy rasa.

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

9. Ewmxocts miockoro kouaencaropa C = 100 n®d. Jlusnextpuk - papdop. KoHaeHcaTop 3apsAauig 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,
Jexaleil Ha cepeuHe 00IIEero NepneHANKYIsIpa K IPOBOAHUKAM.

11. PaccrostHue Ar,; MeXIy BTOPBIM U NIEPBBIM TeMHBIM KoJbllaMi Hbl0TOHA B OTpa’keHHOM cBeTe paBHO 1 MM. OnpenenuTs
paccTostane Alyp g MEXLy AECSTHIM M JEBATHIM KOJIBIIAMH.

12. B gactuuHO MOJAAPU30BAHHOM CBETC aMILIMTY/Zla CBETOBOI'O BEKTOPA, COOTBCTCTBYIOIIAA MaKCHUMaJIbHOU HHTCHCHUBHOCTH
cBeTa, BN = 2 paza Ooublie AMIUIATY AbI, COOTBGTCTByIOH.[Gﬁ MHUHIMAJIbHON HMHTCHCHUBHOCTH. OHpeI[eJ'II/ITL CTCIICHb
MNoJAApU3a P cBerta.

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

14. Ha moBepXHOCTB IUTHA MaaeT MOHOXpoMaTmueckuit cBeT (A = 310 HM) UTOOBI IPpEeKpaTUTh SMUCCHIO AIIEKTPOHOB, HYKHO
MPWIOKUTH 3aJIeP KUBAOILYI0 pa3HOCTh noTeHmanos U e meree 1,7 B. Onpenennts paboTy BbIX0/a 4 37I€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 Gbiza ckaTa Ha X; = 5 cM. Kakyio Hy’&HO COBEPIINTh paboTy, 4TOOBI CKATHE
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,
LEHTPaJbHBIA, a0COMIOTHO ynpyruid. Onpeneauts CKOPOCTH LIAPOB MOCIE yaapa.

5. A30T HarpeBaJICs P ITOCTOSIHHOM JIaBJICHHUH, IPHYEM €My ObUIO COOOIIEHO KoiaudecTBO TermIoThl Q = 21x/[x.
Omnpenenuts paboTy A, KOTOPYIO COBEPIIWJI IPH 3TOM ra3, U usMeHenne AU ero BHyTpeHHEH SHEPIUHL.

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) IBYXaTOMHBIN;

7. JlBa rapMOHHMYECKHX KoJieOaHMs, HAPABJICHHBIX 110 OTHOM MPSAMON, HMEIOUINX OAWHAKOBBIE aMILTUTYIBI 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
MOBEPXHOCTHOW  IIOTHOCTBIO G = 1 MrKi/m? . OnpenenuTs HANPSHKEHHOCTH MOJISL B TOYKE, OTCTOSIIEH OT MOBEPXHOCTH
IWJIMHAPAa HA a = 5 cM.

9. Ha xonnax meanoro nposoja jiuaoi | = 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 O JHOPOHOEC MaTHUTHOE moJie HanpspkeHHOCTRI0 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. BBIYHCITUT pAgUyC Ps ATOM 30HBI DpeHes A1 MI0CKOTro BOJIHOBOrO (poHTa (A = 0,5 MKM), €CJIH MOCTPOCHHE JCIAcTCs
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 NpeIoMIIeHUs
B myuka , eciii OTpa)KeHHBII MYYOK IOJHOCTHIO HOJISIPU30BaH.

13. C mOBepXHOCTH CaH IIOMANbI0 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 moBepXHOCTh MarHus majgacT MoHoXpoMaTrueckuii cBeT (A = 350 HM) UTOOBI IPEKPATUTH IMUCCHIO DJICKTPOHOB,
HYKHO TIPHIIOKUTH 3aIePKUBAIOITYI0 Pa3sHOCTh moTeHIanoB U He meHee 2 B. Onpenennuts paboTy BeIXoa 4 3IEKTPOHA C
MOBEPXHOCTH MarHusl.

15. Vxkaxute, CKOJIBKO HYKJIIOHOB, TIPOTOHOB, HEUTPOHOB COJIEpIKAT cleayouue aapa: 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,=2wm;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 KaKOW 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 UMNyJbC p (IO BEJIWYHHE M HANPaBJICHUIO), COOOIEHHBIH MINTON NIAPUKY.

4. Twups, NONOXKEHHAsI HA BEPXHUI KOHEI[ CIIUPaJIbHON MPYXUHBL, 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

COTrJacHO ypaBHEHMAIM: X = A; Sin ot uy = AxSin 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 TOTIOMHUTEIHHO BBEACHO HEKOTOPOE KOIMIECTBO T'ellis, JaBIIeHHE B 6ayutoHe Bo3pocio 1o p = 0,15 MIla, a
TeMnepaTtypa He u3MeHnuachk. OnupeaenuTs Maccy relus, BBEJCHHOTO B OaIIIOH.

7 . Ta3 cosepmaet nuki Kapao. Temmeparypa narpeBatens T, = 475 K, oxnmanurens T, = 260 K. ITpu nuzotepmudeckom
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
wioTHOCcThI0 6 = 10 HKi/M*. Onpenenuts pasHOCTh MOTEHIMATIOB IBYX TOYEK MOJIS, OHA M3 KOTOPBIX HAXOAUTCS Ha
IUIOCKOCTH, a Jpyras yJajleHa OT Hee Ha paccTosiHue o = 10 cM.

9. Ilo mpoBoanuKy conpotuBieHneM I =3 OM TeueT paBHOMEPHO BO3pacTaroliuii TOK. 3a BpeMsi 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,
JICHCTBYIOIYI0 Ha 3JIEKTPOH CO CTOPOHBI IOJIS, €CJIM UHAYKLIUS [0S B =0.1 T, a paauyc KpUBU3HBI TPAEKTOPUH
R=0,5cm.

11 Ha nudpakiuuoHHyo pemeTky, cojepsxairyto N = 100 mrpuxoB Ha 1 MM, MagaeT HOPMAILHO MOHOXPOMATHYECKUH CBET.
3purenpHas TpyOa CIeKTpOMeTpa HaBeJeHa Ha MAaKCUMYM TPEThero nopsaka. UtoObl HaBecTH TpyOy Ha APYroil MaKCHMYM TOT'O
JKe TTOpsIKA, e¢ HY’)KHO MOBepHYTh Ha yroi A = 20°. OnpenenuTs IIHHY BOJHBI A CBETA.

12 VYron o MeXIy IVIOCKOCTSIMU NPOMYCKAaHUS MOJIIpU3aTOpa U aHanu3aTopa paseH 30°. Bo CKONbKO pa3 yMEHBIIUTCS
MHTCHCUBHOCTB CBETA, BHIXOSIIETO U3 aHAJIN3ATOPa, €CIIH yroJl YBEIWIHTh 10 60°7

13 Ha kaKywo JJIMHY BOJHBI Ay IPUXOAUTCS MAKCUMYM CIICKTPaJIBHOM INIOTHOCTH JHEPTeTUYECKON 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 pacnanocs k = ¥ HagambHOTO KOJIMYECTBA SAEP PAJHMOAKTHBHOTO H30TONa. ONpeesuTh NepHoa
nonypacnana Ty;.
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KonTposabHas 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 3emiu. 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 M1aT)opMbl, UMerolel GopMy nucka paanycom 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, HalTH, ¢ KAKOW YTJIOBOH CKOPOCTHIO OyJeT BpamaThCs
miaatdopmMa, €CIH YeJIOBEK OyIeT UATH BIOJIb €€ 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 ypaBHEHUAMH: X = A; cosmitu

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 IOCTOSSHHOM 00BEME 0 JaBICHUS
P P p P P

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

COOOIIIEHHYIO Ta3y.

7. BoasHo#ll map pacmupsieTcs NpU TOCTOSIHHOM JAaBiieHuH. OmpenenuTs paboTy A pacmupeHwus, eciiv napy
nepenano koJuuecTBo TermaoTel AU = 4 kJ[x.

8. Dunektpon ¢ sneprueid T = 100 3B (B 6eCKOHEUHOCTH) JBUKETCS BJOJIb CHIIOBOM
JIMHUY TI0 HAIIPABJICHUIO K HOBEPXHOCTH METAINIMYECKOH 3apsbkeHHOM cdheprl paauycom R =5 cm. Onpenenuts
MUHHUMAaJIBHOE PACCTOSIHHUE, HA KOTOPOE MPUOIM3UTCS DJIEKTPOH K MOBEpXHOCTH cephl, ecnu 3apsia ee Q = - 1 uKu.

9. Tlo mpoBonHUKY conpoTuBieHreM R =3 OM Teder Tok, cuiia KOToporo Bo3pacraer. KonnuecTBo TemioTsl Q,
BBHIJICNIMBIIIEECS B TPOBOJHUKE 3a BpeMsi t = 8 ¢, paBHO 200 [[x. OnpenenuTs KOJIUUYECTBO JIEKTPUIECTBA (, MPOTEKIIEee 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 HHAyKIMed B = 1 T, qBuKeTCs MO 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 paccrosiare d MeXKIy AaTOMHBIMH IJIOCKOCTSIMU KPHCTAJIIA, €CIIH AU(PPAKINOHHBIA MAKCUMYM
BTOPOTO MOPsIIKa HAOIIOJAeTCs, KOT/Ia M3ITydeHue magaeT moxa yriaoM 0 = 31°30' Kk moBepXHOCTH KpUCTaJIIa.

12 Ha xako#f yriioBo# BRICOTE (@ HaJ TOPH30HTOM JOJDKHO HaxomuTbes CoHIle, YTOOBI COTHEYHBIH CBET, OTPAKEHHBIH OT
MOBEPXHOCTH BOJBI, OBUT MOJHOCTHIO TOJSIPH30BaH?

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 Kalus MagaeT MOHOXpoMaTHdeckuit cBeT (A = 250 HM) UTOOBI IpEeKpaTUTh SMUCCHIO AIICKTPOHOB, HYKHO
MPWIOKUTH 3aJIep KUBAIOILYI0 pa3HOCTh noTeHImanosB U He meree 2.5 B. Onpenennts paboTy BbIX0/a 4 37I€KTPOHA C
MOBEPXHOCTH KaJusl.

15 VYxkaxwure, CKOIBKO HYKJIOHOB, IIPOTOHOB, HEHTPOHOB COMEPIKAT CIEAyoIue aapa: 1) 5426F e 2) 10447Ag;




11

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 cCKOpOCTb V H YCKOPEHHE TOUKH B MOMEHTEI BpeMeHu t; = 0 u t, = 3 ¢. KakoBbl
CpeHUe 3HAYCHUsI CKOPOCTH U YCKOPEHHUs 3a IepBbIe 3 C IBUKEHUS?

2. CmionHO# OMHOPOIHBINA AUCK KATUTCS MO TOPU30HTAIBHOM IMJIOCKOCTH CO CKopocThio V= 10 m/c. Kakoe
pacCTOsIHUE MPOWMIET AUCK 10 OCTAHOBKHU, C€CIH €ro mpeaocTaBuTh camoMmy cebe? KoadduimeHt tpeHus npu
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 ABMKYILIEHCS O FOPU30HTAIbHOMY IIYTH CO CKOPOCTHIO 3 M/C, HAXOAUTCS YEJIOBEK.
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 n1 HaxoxuTcs aproH nox gasierueM p; = 800 kIla u remmeparype T,= 325 K. Korzga
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, B3Toro u3 0ajuioHa.

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. Paccrosiaue d Mmexay aBymst TouedrbiMu 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 ¥ HCTOYHHUK TOKA COCMHEHBI NapayiieilbHo. 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 CONPOTUBICHHE UCTOUHHNKA TOKa. TOKOM uepe3 BOJIBTMETP IPEeHEOpeyb.

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 YAAJIUTh MPOBOJAHUK 3a MpeAensl 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 [uInHOM I, =1 M B cTekie (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 YHEPTETHICCKOH CBETUMOCTH (I T)max APKOH 3BE3IbI APKTYp MPUXOAUTCS HA JUTHHY
BOJIHBEI Ay = 600 HM. [IpuHMMasi, 4To 3Be3/1a M3JTy4aeT KaK YepHOE TeJI0, ONPENeNIUTh TeMueparypy 7 MOBEpXHOCTH 3BE3/IbL.

14 Ha moBepXHOCTh Maraus majgaeT MoHoXpoMaTuieckuit ceeT (A = 350 HM) UTOOBI MpeKpaTUTh SMUCCHUIO DJIEKTPOHOB,
HYKHO TIPHJIOKUTH 3aJIePKUBAIONIYI0 pa3HOCTh nmoTeHIuanos U He meHee 1.2 B. Onpenenuts paboTy BbIxosia 4 3eKTpoHa ¢
TMOBEPXHOCTU MArHus.

15 Ompenenuts SHepruro £ , MacCy m U UMITYJIbC p OTOHA, KOTOPOMY COOTBETCTBYET JUTMHA BOJIHBI 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 TOYEK ONUHAKOBEHI?
YeMy paBHBI CKOPOCTH U YCKOPEHUS TOYECK B 3TOT MOMCHT?

2. MaxoBuk pamuycoM R = 10 cM HacakeH Ha TOPHU3OHTAJIBHYIO O0Cch. Ha 0004 MaxXxoBHKa HaMOTaH WIHYD, K
KOTOpOMY mpuBsizaH rpy3 maccoit 800r. Onmyckaschk paBHOYCKOPEHHO, Ipy3 Mmpoliel paccTosHue S = 160 cMm 3a
Bpemsi T = 2 ¢. OnpeneanTb MOMEHT MHEPIIMU MaXOBHKa.

3. Mereoput Maccoid m = 10 kr majgaeT U3 OECKOHEYHOCTH Ha MOBEPXHOCTH 3emMuu. Onpenenurs padbory,
KOTOPYIO COBEPIIAT NPHU ATOM CHUJIBl TPABUTAIIMOHHOTIO NOJs 3eMIIH.

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 MPSIMOIi, BNOJIb KOTOPOI pacpoCTPaHsIOTCS 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. BBHuECINTE IIIOTHOCTH P KUCIIOpPOJIA, Haxoasmerocs B 6amtone nmox nasieaneM p = 1 Mlla nmpu 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 paclIMpeHuH ra3za pabory A ; 3) Kkonn4ecTBO TeIIOTh Q, MONTYYSHHOE Ta30M.

8. OmpenenuTs HANPSHKCHHOCTH TOJIS, CO3aBACMOTO 3apsAI0M, PaBHO MEPHO PacIpeeSICHHBIM IO TOHKOMY IPSMOMY
cTepkHio AuHOM | = 10 cM B Touke ¢ NUHEHHON MIOTHOCTHIO 3apsana T = 100 uKu/m, nexanieil Ha MpPOAOKCHUH
OCH CTEepXHS Ha paccTosHHM a = 10 cM oT Ommxkaimero xoHna. ONpeneianuTs TaKXKe CHITY, NSHCTBYIOIIYIO B 3TOH TOUKE
Ha To4yeuHbli 3apsn Q = 10 vKu.

9. ComnporuBnenue 1 =5 OM, BOIBTMETP U UCTOYHUK TOKA COEAMHEHBI MapaljeibHo. BonbTMETp OKa3bIBaeT
HanpspkeHue U; = 10 B. Ecnu 3aMeHuTh conpoTHUBIeHHE Ha I, = 12 OM, TO BOJIBTMETpP NMOKAXKET HANPsHKCHUE
U, = 12 B. Onpenenuts 3/IC u BHyTpeHHEE CONPOTUBICHNE UCTOUHHNKA TOKa. TOKOM uepe3 BOIBTMETpP MpeHeOpeyb.

10. Cuny TOKa B KaTyIlIKe PABHOMEPHO YBEJIIMUHMBAIOT NPU moMomu 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 MIIOCKOTO BOJIHOBOTO (poHTA paBeH 3 MM. ONpeaeuTh paguyc pg MIECTOM 30HBI
DpeHens.

12 VYron bprocrepa €, pu NaJeHUHU CBETa U3 BO3yXa Ha KPUCTAIUI KaMEHHOM cosn paBeH 57°. OnpeaenuTs CKOPOCTh CBETa B
9TOM KpHUCTaJLIE.

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

14 Ha moBepXHOCTh HaTpHs MagaeT MoHOXpoMatudeckuii cBeT (A = 300 HM) UTOOBI IPEKPaTHTh IMUCCHIO YJICKTPOHOB,
HY’KHO NPHJIOKHTH 3aJIep KUBAIOILYI0 pa3HoCcTh noTeHmanos U He menee 2 B. Onpenennts paboTy BbIXosa 4 371€KTpOHA C
TIOBEPXHOCTH HATpPHS.

15 3akakoe BpeEMs t pacnaaacTcsa Y4 Ha4aJIbHOT'O KOJIMYCCTBA AACP paAUOAKTHUBHOT'O U30TOIIA, €CJIM IIEPUO/ €TI0 oJrypacnaiga
T, 12 = 72 9?
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Kontpoabnas Ne 1 BapuaHt Ne7

1. Touka ABIXKETCS 10 OKPYXHOCTH pagnycoM R = 4 M. 3aK0oH ee JBMKCHHS BBIPAXKACTCs ypaBHeHHeM S = A + Bt?, rie A
=8 Mm; B = - 2 m/c?. HaiiTi MOMEHT BpeMeHH t, Kor/ia HOpMalIbHOE 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 BHEMIHEH 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
HampaBieHuHU nyTH. Kakyro ckopocTs V; mpuodpeTaeT miatdhopma ¢ OpyIueM BCIEACTBUE OTHaYH, €CJIM Macca cHapsazaa 50
KT ¥ OH BBIJIETAET U3 KaHaJla CTBOJIA CO CKOPOCThIO Vo = 500 M/c oTHOCHTENbHO 3emin?

5. MarepuasbHas TOYKa OJJHOBPEMECHHO YYaCTBYET B JIBYX KOJCOaHUSIX, IPOXOIAIIUX 110 OJHOM MPSMOU U BRIPAXKACMBIX
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, HaxomuBmuiics non aasienueM p;= 0,1 MIlla, Obut amuabaTHUYECKH CKAT A0 AaBieHUs p, = 1 Mlla.
KakoBo Oynet naBieHue ps, KOTAa CXKATHIA BO3IYX, COXpaHssi 00beM HEU3MEHHBIM, OXJIaUTCS 0 MEPBUYHON
TeMneparypsi?

7. Kucnopon npu HeusmennoM nasienuu p = 80 klla narpeBaetrcs. Ero o0beM yBennuuBaeTcs ot
V=1M 10V, = 3. Omnpenemmts m3MereHrne AU BHyTpeHHEH 2HEPTUU KUCIOpoaa, paboTy A, COBEpIICHHYIO HM TIPH
pacHmpeHny, a TaKxe Temiory Q, cooOIeHHy o rasy.

= " = 2
8. TlapamrenbHO OECKOHEYHOHN IIOCKOCTH, 3apSKCHHOM ¢ MOBEPXHOCTHOH IUIOTHOCTHIO 3apsina o = 1 MxKu/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 Bo3pacTaHUH Toka ot |; =0 g0 |, = 2 A Begenmiach Temiora
Q = 2 k/Ix. HaiiTi conpoTHBICHHUE I TIPOBOTHHUKA.

10. 3apsokeHHas dYacTHIIAa MPOILIA YCKOPSIONIYI0 pa3sHocTh mnoreHuuanoB U = 104 B u Bierena B CKpelIeHHBIE 1O
npsimeiM yriaom anektpudeckoe (E = 100 B/m) u maruuthoe (B = 0,1 Tn) mosst. OnpeeauTh OTHOMICHHE 3apsijia YaCTHIIbI
K €e Macce, eCld, IBUTasCh MEePICHANKYIAPHO 000UM IOJISIM, YaCTHIIA HE UCIIBITHIBACT OTKIIOHEHHH OT NPSIMOJIHMHEHHON
TPaeKTOPHH.

11 Kakoi qmunsl |; myTs npoiiaer GpOHT BOJHBI MOHOXPOMATHUYECKOTO CBETA B BAKyYMeE 3a TO XK€ BPEMsI, 3a KAKOE OH MPOXOIUT
myTh JyuHoM |, = 1000 cMm B Boge (N = 1.33) ?

12 Tly4ok ecTECTBEHHOI'O CBETa, MAYIIHI B BOJE, OTpaXkaeTcs OT IPaHU ajiMa3a, IMOrpyKeHHOTo B Boay. [Ipu kakom yrie
MAJCHUS €, OTPAKEHHBIN CBET MOJTHOCTHIO MOJISIPU30BaAH?

13 TIpuHuMas K03(QPUIMEHT TeIIOBOro u3iny4eHus B yrist npu temneparype T = 600 K paBubiv 0,8, onpenenutsb
SHEPTEeTHUECKYI0 CBETUMOCTH R, yIiIs.

14 Ha nyuHKOBYIO INTACTHHKY MaJjaeT MOHOXPOMATHYECKUH CBET C [UIMHOW BOJHBI A = 220 HM. OnpenennTh MaKCHUMaIIbHYIO
CKOPOCTB Vimax POTO3IEKTpOHOB. PaboTa BEIX0/1a SJIEKTPOHOB M3 IIMHKA paBHa 4 7B.

15 OHpeI[CJ'II/ITL MAaKCHUMaJIbHOC U3MEHCHUC JJIMHBI BOJIHBI 1P KOMIITOHOBCKOM PACCCIHWUU Ha CBO60,I[HLIX QJICKTPOHAX.
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KonTposabHas Ne 1 Bapuant Ne§

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 MHTEpBaJe BpeMeHn oT iy =2 c mot, =6 c.

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

3. Illap, nBUraBIIMCA TOPU3OHTAIBHO, CTOIKHYJICS C HEO I BIDKHBIM IIAPOM U Iiepesiast eMy 64% cBOeH KMHETHIECKOH SHEPTUN.
[ITaps1 aODCOMIOTHO yIIPYyTHE, yIap MpsiMOH, IeHTpaIbHBIH. Bo CKOJIBKO pa3 mMacca BTOpOro mapa OoIbIIe Macchl epBoro?

4. JIBe npyxunsl xecTkocThi0 K1 = 1kH/M 11 k; = 3 xH/M ckpemnenst napannensro. OnpeaeanTs TOTEHIHAIBHY IO
JHEPTHI0 JAHHOW CHCTEMBI pH abcomoTHOH nedopmannu Al = 5 cm.

5. Touka coBepmaeT rapMOHUYECKUE KOJeOaHus, ypaBHCHUE KOTOPBIX UMeeT BUI X = A sinot, riae A = 5cm;
0=2c¢.B MOMEHT, KOTJ]a Ha TOYKY JcHCTBOBaIa Bo3Bpamatomias cuia F = +5 MH, Touka obnanana moTeHIHAIBHOM’
sueprueit [1=0,1 mJlx. HaiiTu 3TOT MOMEHT BpeMeHH [ M COOTBETCTBYIOIIYIO eMy a3y ® KoueOaHusl.

6. T'az 3anumaer oobeMm V = 1 1 nox nasnenueM p = 0,2 MIla. OnpenennuTs KHHETHYECKYIO SHEPTUIO ITOCTYIIATEIBHOTO
JIBIDKCHUSI BCEX MOJIEKYJI, HAXOSIINXCS B IAHHOM 00BbeMe.

7. B umIMHApe MO/ MOPIIHEM HAXOUTCS a30T, MMEIOIIHMit Maccy M = 0,6 kr 1 3aHuMaromuii 06beM Vy = 1,2 M° npu
temriepatype T1= 560 K. B pe3yibrare HarpeBaHus ra3 paclIMpUIICS U 3aHST 00beM V,= 420 IIpUYeM TeMIIepaTypa
ocranach Hem3MeHHOH. Halitn usamenenne AU  BHyTpeHHeW SHEprum rasa, COBEpIICHHYI0 MM paboTy A, | TeImory,
COOOIIEHHYIO Ta3y.

= 5
8. DNeKTpoH ¢ HaYaIbHON CKOPOCTHIO Vo = 3-10° M/C BiIeTEN B OHO POAHOE JIEKTPUIECKOE TI0JI€ HANPSKEHHOCTHIO

E = 150 B/m. BekTop HadanpHOH CKOPOCTH MEPHEHANKYISPEH JIMHUSAM HaNPSOKSHHOCTH dJIeKTprdeckoro mos. Hafitu: 1)
CHITy, AEHCTBYIOIIYIO HA JIEKTPOH; 2) YCKOpPEHHUE, MPHoOpeTaeMoe 3JeKTPOHOM; 3) CKOpocTh IeKTpoHa yepes 1 = 0,1 Mkc.

9. Cwua ToKa B IPOBOIHUKE conpoTuBieHneM R = 12 Om paBHOMepHO yObIBaeT oT lg = 5SA 1o | = 0 B TedueHHe BpeMeHH
t = 10 c. Kakoe kosnuecTBo TemnoTel Q BblIENseTCs B 3TOM IPOBOAHHMKE 3a YKA3aHHBIM NPOMEKYTOK BPEMEHH?

10. ITo mpoBOJHUKY, COTHYTOMY B BUJE IMPSIMOYTOJIEHIKA CO CTOpOHaMu a = 6 cM u b = 10 cM, TedeT Tok cmoit [ = 20 A.
Onpenenuts HanpspkeHHOCTh H M mHEAYyKIMI0O B MarHUTHOTO 1OJIst B TOUKE MEpeceueHus quaroHaiel mpsiMoyroiabHHKA.

11 JIudpaknnoHHas pereTka OcBelleHa HOpMaJIbHO M1aIal0IIM MOHOXPOMAaTHIECKUM CBETOM. B mudpakunonnoit kaptune
MaKCHMYM BTOPOTO MOpPsKa OTKJIOHEH Ha yroi @1 = 14°. Ha kaxo#t yron ¢, OTKJIOHEeH MaKCUMYM TPEThero nopsiika’?

12 Kakoii HauMeHbIIel CKOPOCTHIO V J0JDKEH 00J1a1aTh AJIEKTPOH, YTOOBI B cpelie ¢ mokaszareneM npenomienus n = 1,60
BO3HHKJIO YePEHKOBCKOE H3JIyueHue?

13 MoOHO YCJIOBHO NPUHSTH, 4TO 3eMJIs U3IydaeT Kak cepoe Teno, Haxosmeecs npu temneparype T = 280 K. Onpenenuts
2,
K03 PHIMEHT TSTUIOBOTO M3ITyUCHHS € 3EMJIM, €CIIH dHEPreTUIecKas CBeTUMOCTh M, ee moBepxHOCTH paBHa 325 kJx/(M™ ).

14 Ha noBepXHOCTh Maruus nagaeT MoHoxpoMaTniyeckuii ceet (A = 350 HM) UT0OBI MPEKPaTUTh IMUCCHUIO 3JIEKTPOHOB, HY)KHO
MIPUIOKUTH 33/I€P’KUBAIOIIYIO pa3HoCTh moTeHnuanoB U He Menee 2 B. Onpenenuts paboTy BbIxoja 4 31MeKTPOHA C
MOBEPXHOCTH MarHusl.

15 VYxkaxwure, CKOIBKO HYKJIOHOB, IIPOTOHOB, HEHTPOHOB COMIEPIKAT CIEAyoIue aapa: 1) 5426F e;
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KonTposabHas 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,
TaHTeHIHATIBHOE &, U NOJTHOE @ YCKOPEHHsI TOUKH 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 BpalllaeTCs COITIACHO 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, AeTAUHNA 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 V, OOIBIIOTO OCKOJIKA.

5. Todka yyacTByeT OJJHOBPEMEHHO B JIBYX B3aMMHO MEPICHIUKYISIPHBIX 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 Bogopoa Maccoii | r mpu Temmeparype T = 280 K.
OrnpeenuTh TaBJIeHHE P CMECH ra3oB.

7. T'a3 cosepmaer nuky KapHo. AGComOTHAasA TeMIepaTypa HarpeBaTelst B 3 pasa BbIIIE, €M TeMIIepaTypa OXJIaAuTeNIs.
Harpesarens nepenan razy Q; = 41,9 k/Ix temmotsl. Kakyro paboty cosepmmn ras?

8. JIBa mapuka Maccoid M = 1 r KaXABIi MOABEIICHE HA HUTIX, BEPXHUEC KOHIBI KOTOPHIX COCIMHEHBI BMECTE.
Hmuna xaxmpoit uute | = 10 cMm . Kakue oanHaKOBBIE 3aps/Ibl HAZ0 COOOMIMTE MIAPUKaM, YTOObI HUTH PA30ILUIUCh HA YTOJI
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 OAHOPOJHOM MarHHTHOM I0JIe 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 yactuuno MOJIAPU30BAHHOM CBETC aMILIMTYJla CBETOBOI'O BEKTOpa, COOTBCTCTBYIOIIAA MaKCHUMaJIbHOM MHTCHCUBHOCTHU
cBeTa, B N = 3 pa3a Oouibllie aMILUIUTY b, COOTBETCTBYIOIIEH MUHUMAaIbHOW HHTEHCUBHOCTH. ONpeNeNuTh CTENEeHb
noJyisipusanuu P ceera.

13 Tlotok snepruu @, U3TydaeMblil U3 CMOTPOBOIO OKOIIIKA INIaBUIbHOM Ieun, paBeH 34 Bt. Onpenenuts Temneparypy 7'
TeH, eCIIM IUIOMIAIh OTBEPCTHA S = 6 M’

14 Ha moBepXHOCTB IUTHS MagaeT MOHOXpoMaTideckuii cBeT (A = 310 HM) UT0OBI TPEeKpaTHTh SMUCCHIO JIEKTPOHOB, HYKHO
MPWIOKUTH 3aJIep>KUBAOIIYI0 pa3HOCTh noTeHmanoB U He meree 1,7 B. Onpenennts paboTy BbIX0/a 4 37I€KTPOHA C
TIOBEPXHOCTH JIUTHSL.

15 Onpenenuts AMAMETPHI CICAYIOMIHMX siaep: 1) 83Li; 2) 2713A1;
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ITo kmHEMaTHKE MaTepHaHBHOﬁ TOYKH YaliC BCCro BCTPCUALOTCA 3aa4Uu Ha CIICAYIOIINC TCMbI:

Ha COCTaBJICHHE YPaBHEHUH IOCTYNATEILHOTO JIBIKECHHS,
Ha COCTaBJICHHE YPaBHEHUH BPAILATEILHOTO IBHKEHHS,
Ha olpelieliecHHe CPeIHEeH CKOpOoCTH,

M0 KHHEMATHKE CJI0KHOTO JABHKCHUS,

[0 KHHEMATHUKE OTHOCHUTEIIBHOTO IBIKCHHS.

DB WN

CXEMA PEIIEHUSA 3AJAY T10 KHHEMATUKE MATEPHUAJIbBHOM TOUKE
1  CpenaTs 4epTéx K 3aade, HAa KOTOPOM OTMETUTh HadaJbHbIE KOOPAUHATHI T€J U HallpaBJIEHHUs] BEKTOPOB UX Ha4aJIbHBIX
CKOPOCTEH U YCKOpEHHH (Hadano KOOpJHHAT OOBIYHO NOMEIIAIOT B Ha4aJIbHOM TOYKE ABMIKESHUS TeJla WM OAHOTO U3 Tell. [lpu
BBIOOpE HANPaBJICHUH KOOPAMHATHBIX OCEH CIIeyeT yIUTHIBATh HAIPABJICHNE BEKTOPOB IIEPEMEICHIH, CKOPOCTEH B yCKOPEHMUIT
TEN).
2 3areMm AeNalOT aHAJOTHYHBIC YEPTEKH IJISI XaPAKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(POPMANHS B YCIOBUH
3aJa4H.
3 3anmcare ypaBHEHUS JBIDKCHUS [UIS KKAOTO Tella B MPOEKIMAX HA OCH KOOPAMHAT CHavyala B 00IeM BUIE VISl HAYaIbHOTO
MOMEHTa BPEMEHH, a 3aTEM JUIS XapaKTepPHbIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(OPMALHS B YCIOBHH 3aJa4H.

2 =+ +at
at 0 xT UO T
X=1x *v_t+-X " o
0 0X 2
i) 1
ayt2
—+y + +
y =21y, 20y t£ 5 v =tv *at
y oy — Ty
HpI/I H€O6XOL[I/IMOCTI/I JOIIOJIHUTH CI/ICTeMy CHeHy}OH_H/IMI/I ypaBHeHI/ISIMI/I CBsA3U:
v — g =2aS - eciu IBMKEHHE PABHOYCKOPEHHOE,
2 2
0" —U) =—2aS - eciu ABWKCHHE PABHO3AME/IICHHOE.

4  PemmTs MOMy9YEHHYIO CHCTEMY YPaBHEHHUH U HATH penieHne 3a1adu B oomieM (T.e. OykBeHHOM Buae). IIpoanammsupoBats
MOJTy4YEeHHOE PAaBEHCTBO.

5 IIpoBepuTh pa3sMepHOCTH STOrO PaBEHCTBA U €CJIM OHA COBIIA/IAET, [TOJICTABUTH B OKOHYATEIIEHOE YPAaBHEHUE YHCIIOBBIC
3HA4YEeHUs JaHHBIX B YCJIOBUH 331a4M BEJIMYHH, IPEABAPUTEIHHO MEPEBEII UX B OAHY U TY )K€ CHCTEMY €INHHUII.

CXEMA PEIIEHUA 3AJJAY [TO KWHEMATUKE BPAIITATEJIBHOI'O ABVXXEHMA

1 Cpenatp 4epTEx K 3a/1a4e, HA KOTOPOM OTMETHUTh HAYaJIbHOE MOJIOKEHHE MaTepHalbHON TOUYKH M HAMIPaBIIEHUE €€ BEKTOPOB
CKOPOCTH U LICHTPOCTPEMUTEIIBHOIO YCKOPEHHUS.
2 3arem cuenaTh aHAJIOTUYHBIE YCPTCIKU JISI XaPAKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh I/IH(I)OpMaLlI/ISI B yCJIOBUH
3a/1a4u.
3 3amucath YpaBHCHUC BpalIlaTCIIbHOTO ABUKCHU CHA4YaJIa B 06H1€M BUAC [JI1 HAYaJIbHOI'O MOMEHTA BPEMCEHHU, a 3aTEM I
XapaKTCPpHbIX MOMCHTOB BPEMCHHU, O KOTOPBIX €CTh PIH(i)OpMaL[I/ISI B yCJIOBUHM 3aJ1a4u:

et?
p=t@ytogtt I

w=tw,tet,

rIe: (9o U () — Yroi MOBOPOTa PaJUyc — BEKTOpa B HauaJIbHbIi MOMEHT BpeMeHH = 0 C U B IpPOU3BOJIbHBIA MOMEHT
BpeMeHH t.
4 TIpm He0OXOIMMOCTH 3aNUCaTh YPaBHEHHUS CBSI3M MEXKAY YIJIOBBIMM U TMHEWHBIMU BEJIMYUHAMH,
XapaKTEepU3yIOIMMH KUHEMATUKY MaTEpUaIbHOU TOUKHU:

S=opr
2
v=wr 0= —=27n
T
2
(4 2
a =—=wTl=w?
yc r

5 PemmuTh mosyuyeHHYIO CHCTEMY YpaBHEHHUI W HAWTH pelIeHue 3aJadu B oomieM (T.e. OykBeHHOM BHAe). [Ipoananmn3npoBath
MOTy4YEHHOE PaBEHCTBO.

6 IIpoBepuTh Pa3MEPHOCTbH 3TOTO PABEHCTBA U €CJIM OHA COBIAAET, HOACTABUTH B OKOHUATEIbHOE YPaBHEHHUE

YHCJIOBbIE 3HAYCHNUS TaHHBIX B YCIOBUH 33/1a4H BEIWYHH, IIPEABAPUTEIBHO MTEPEBES HX B OJIHY U Ty K€ CHCTEMY €IUHHII.
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CXEMA PEIIEHUWSA 3AJJAY [TO KUHEMATUKE CJIOXKHOT'O IBUXXEHU A
Ecnu B 3a1aue paccMaTpuBaeTcs IBUIKEHHE TeNa OJJHOBPEMEHHO OTHOCHUTENBHO JIBYX CUCTEM OTCYETA, OJJHA M3 KOTOPBIX
YCJIOBHO MPHHUMAETCS 32 IIOJABHIKHYIO», & APYTasi 32 «HEHOABUKHYI0» (HAIIPUMEp, YeI0BEeK UAET MO ABHKYIEMYCS BATOHY
WY TIEPEILTBIBACT PEKY), TO CKOPOCTh WU TIEPEMEILCHHE Tella ONPEACISIOTCS MO CICAYIONIEMY MPABIITY:
Bexmop cxopocmu meaa omnocumenbHo HenoOBUNHCHOU cUCHEMbl KOOPOUHAM PAGEH BEKMOPHOU CYMMe CKOPOCHU NOOBUICHOU
cucmembl KOOPOUHAM OMHOCUMENLHO HENOOBUICHOU NIIOC CKOPOCHb Meld OMHOCUMENbHO NOOBUNCHOU CUCTEMbL KOOPOUHAM.
(ananozuunoe npasuno OJist nepemMewyeHutl).

v +0
abc nep  omH

v

!

Sa6c = Snep + Sommu

rze:

CKOPOCTh TeJla OTHOCUTENBHO HEMOABIKHON CHCTEMBl KOOPJMHAT Ha3bIBAeTCS a0COJIIOTHOI CKOPOCTHIO (Y% 6
abe

CKOPOCTB TIO/IBM)KHON CHCTEMBI KOOPANHAT OTHOCHUTEIBHO HETIOIBIDKHOM Ha3bIBACTCSl NMEPEHOCHOH CKOPOCThIO vnep

CKOPOCTB T€J1a OTHOCHTEIHHO MOJBIKHOM CHCTEMBI KOOPAMHAT HAa3bIBACTCS OTHOCHTEJIbHOMH CKOPOCThIO vOl’)’lH

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

Ecnu B 3agaue paccMaTpuBaeTCs ABMKEHUE IBYX HE3aBUCUMBIX JPYT OT Apyra Tell, ABWKYIIUXCS B OJHOU U TOU e CUCTEME
KOOpAMHAT (HallpuMep, ABHKECHUE BCTPEUHBIX MTOE3/I0B U T.JI.), TO CKOPOCTh M NEepEeMeEIlIeHHe OJHOTO TeJla OTHOCUTEIHHO
JIPYroro ONpeAeiaoTCs 10 CIEAYOIEMY IPaBUILy:

Bexmop omnocumensroti ckopocmu 06yx mei U, pasen 6eKmMOPHOU pAZHOCMU UX AOCOIOMHbIX CKOPOCMEIL.

(ananocuunoe npasunio 01 nepemeujenu)

UZl = '02 - Ul - CKOpPOCTb BTOPOI'O T€JIda OTHOCUTCIIBHO IIEPBOI'O

821 = SZ - Sl - HNEPEMCIICHNUEC BTOPOI'O TC1a OTHOCUTEIILHO IICPBOTO

CXEMA PEIIEHHSA 3AJIAY HA OITPEJIEJIEHUE CPEJIHEM CKOPOCTU

Crenyet pa3nn4aTh: - CPEJHIOI0 CKOPOCTB T10 NIEPEMEIICHHUIO < (% > (BenmM4MHa BEKTOPHAS)

- CPEZIHIOIO ITyTEBYIO CKOPOCTh < (Y > (BenmM4MHA CKaJspHAs)

CpenHeil CKOpOCThIO IO IEPEMEIICHHUIO Ha3bIBAETCS] BEKTOPHAS BEJIMUMHA, PaBHAsI OTHOILICHUIO IIEPEMEILeHHUs Tena
3a Kakoi-mu0o0 MPOMEKyTOK BpeMEHH K BETMYHHE 3TOTO IPOMEXKYTKA

B

I

<5>_Af_?1+?2+...+fn
At L+t +t

Fopl’

n

—

obwee

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

S S +S,+...+S
<U>=—= 1 2 n
t L+t +. .+t

Oco0brii cnyqaﬁ: Ecmu teno 3a paCCMa’I‘pI/IBaeMHﬁ MMPOMEIKYTOK BPEMCHHN ABHUIKETCA B OJHOM U TOM K€ HAlIPpABJICHUHU C
OOHHUM U TEM XK€ 110 BEJIMYMHE U HAIIPABJIICHUIO YCKOPECHUEM, TO CPECAHIOIO CKOPOCTH TEJIAa 3a 3TOT HPOMEKYTOK BPEMEHU

0, +0
1 2
MOJKHO OIIPEENIUTh o hopMyIe: < (% > = T , TAe U, M U, - 5TO HavalbHas U KOHEYHAs CKOPOCTH TEJId HA 9TOM

y4JacTKe.
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CXEMA PEIIEHUS 3AJJAY HA ITMHAMUKY ITOCTYITATEJIBHOT'O JBIVDKEHUA
1 Crenatpb 4epTex K 3aaade, Ha KOTOPOM:
- HAPHUCOBATH BCE TEJIa, pACCMATPUBAEMBIC B 3a1a4e,
- HAPHUCOBATh BCE CHJIBI, JICHCTBYIONIUE HA KAXK0€ TEJIO, U, €CIIH BO3MOXKHO, YKa3aTh HAMPABIICHHUS YCKOPCHUN KaXKJOT0 Tela.

2. L[J'IH KaXXa0ro 1ejia 3amnucaTtb BTOpOﬁ 3akoH Hpl0TOHa CHayaza B BCKTOPHOM BUIC E Fi = ma , 4 3aTEM B IPOCKUHUAX Ha

OCH KOOPJMHAT, AJIS Y€TO CHavYaa:
- IS KOKZIOTO TeJa BBIOpaTh YAOOHYIO CHCTEMY KOOPANHAT (Ha4aJlo KOOPJAWHAT OOBIYHO IIOMEIIAIOT B IIEHTPE THKECTH TENa,
a O/IHy M3 KOOPIMHATHBIX OCEH HANpPaBILIOT 10 BEKTOPY YCKOPEHUS 3TOTO Tela),

- JUISL K&KZIOTO TEJa PacTIMChIBAIOT CBOE BEKTOPHOE YPABHEHNE B MPOSKIISIX HA KAKIYIO OCh C yIETOM 3HAKOB IIPOCKIMUI CHII.
3.  PemalroT Noiy4eHHYIO CUCTEMY YPaBHEHUH.

(He00X0MMO MOMHHTB, YTO YHCIIO YPABHEHHUH JIOJDKHO OBITH PaBHO YHMCITy HEM3BECTHBIX. EcM ypaBHEeHNH TUHAMHUKH
OKa)KeTCs He IOCTaTOYHO, TO MOJIYYEHHYIO CUCTEMY JOIMOJHSIIOT YPaBHCHUSIMU KHHEMATUKU UM 3aKOHAMU U3MEHEHUS U
COXpaHECHHUS).

Ecnu B 3agaue TpeOyeTcs HalTH Bec Tesla UIIU €r0 CUIIy HOPMAaJIbHOIO aBJIEHUS, TO CIeAyeT IOMHHUTb, YTO MO TPEThEMY
3akoHy HbI0TOHa OHM paBHBI 110 BEIHUUHE, HO IPOTUBOIOJIOXKHBI 10 HAMIPABJICHUIO CUJIE PEAKLIUU OIOPBHI.

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

1 Cpnenatb 4epTéx K 3a/1a4e, HA KOTOPOM HAPHCOBATH TEIIO, IBUIKYIIEECS M0 OKPYKHOCTH, M BCE CUIIBI, IEHCTBYIOIIUE HA
HETO.
2. clefyeT MOMHHTH, YTO TEJO JABMYKETCS PABHOMEPHO M0 OKPYKHOCTH MOCTOSIHHOTO PaJinyca TOJbKO B TOM CiIydae, eciu
PaBHOJCHUCTBYIOIAs BCEX CHIL, ICHCTBYIOIINX HA TEJIO, HAPABIICHA 110 PAJNYCY K LEHTPY ITOH OKPYKHOCTH. ITa CHiia
COO0O0IIIaeT Ty IEHTPOCTPEMHUTEIBHOE YCKOPEHUE, KOTOPOE TaK XKE HAIPABJICHA K IICHTPY OKPYKHOCTH, IIO3TOMY:
- ocb OX HAMPaBIAIOT M0 HAMIPABICHUIO [ICHTPOCTPEMHUTEIBHOTO YCKOPECHHUS, (TO €CTh K IIEHTPY OKPYKHOCTH, IO KOTOPOil OHO
JIBUXKETCSI).

- 3aIIMCBHIBAOT BTOpOfI 3aKkoH HrloTOHA cHadasa B BEKTOPHOM BHUIE E Fi =ma , 4 3aTEM B IPOCKIMAX HA OCH KOOPAWHAT,
y.c

2
[% 2
rme a =—=wT=w?.
y.c.
r
3. pemarT MoJy4YeHHYIO CHCTEMY YpPaBHEHHIA.

2

(Tipu HEOOXOAMMOCTH €€ TOTOTHAIOT YPAaBHEHUSMH IBIDKCHUS C YIETOM UTO S= Qr, ov=owr; w=2rn=—

YToObI IPaBUIILHO ONPENSITUTh KOIMYESCTBO CHJI, ISHCTBYIOIINX HA TEJIO, HEOOXOIMMO MPHUACPKUBATECS CICIYIOLIETr0
npaBHiIa:

CKOJIbKO TeJ U pU3NYECKHUX TOJIeil eHCTBYET Ha JaHHOE TEJI0, CTOJIBKO U CHII (TLTIOC CHIIBI TPEHHS ¥ CONIPOTUBIICHHS, €CIIN
OHH €CTh II0 YCIIOBHIO 3a/1a4H)

CxeMa pelieHus 3a1a4 HA 3aKOHbI COXPaHEeHUS] UMITYJIbCa
1. Cpenats pUCYHOK, HA KOTOPOM YKa3aTh TeJla pacCMaTpUBaeMOM CHUCTEMBI U HAIIPaBJICHHS X BEKTOPOB CKOPOCTEH MU
HMITYJIbCOB HEMOCPEICTBEHHO Nepe]] B3aNMOICHCTBHEM.
2. 3areM cpenaTh aHAJIOTUYHBIN PHCYHOK JUII MOMEHTA HEMOCPEACTBEHHO I10CIIE B3aUMO/ICHCTBUSL.
3. IIpoananu3mpoBaTh paccMaTPHBAEMYIO CUCTEMY:
- €CIIM CHCTeMa TeJl 3aMKHYTa (TO eCTh BEKTOpHasi CyMMa BCEX BHEIIHHMX CHJI, ISHCTBYIOIIMX Ha TeJla CHCTEMbI PaBHA HYJIIO),
TO 3aIMCaTh 3aKOH COXPAHEHUS UMITYJIbCA JJISl 9TOH CHCTEMBI B BHIE

(Z pi )0083(114,‘100612013145 (Z p' )nome 83auMOOelimeus

- €CJIM CUCTEMA TEJI HE 3aMKHYTA, TO 3allMCaTh 3aKOH U3BMCHCHHUA UMITYJIbCa IJIsA 9TO# CUCTEMBI B BUJIE

(S Foewsn ). At = Bnee = P

KOHeuHo e pl—talla/zbnoe
I[.]Iﬂ HE3AMKHYTBIX MEXaHUYECKHX CUCTEM 3aKOH COXPAHCHHUS UMITYJIHCA MOKHO IPUMEHHUTDH B CJICAYIOLIHUX CIIyYasdaXx:
a. Ecmm MPOCKIMHN BCCX BHCIIHUX CHJI, ﬂGﬁCTByIOHlHX Ha CUCTEMY, Ha Kakoe-11ubo HanpaBJICHHUE B MIPOCTPAHCTBC PABHbBI
HYJIIO0, TO Ha 3TO HAIIPABJICHUEC BBINIOJIHACTCA 3aKOH COXPaHCHUA NPOCKIIMN UMITYJIbCA,

( TO ecTh, eciu z Fqoe" =0 = (Z Py )Haqa,1,,we - (Z Py )Koyew;e )

(0OBIYHO TaKOM OCBHIO ABISIETCA TOpHU3OHTANBHASA 0ch OX)
6. Ecnm BHyTpeHHHE CHIIBI IO BETMYMHE MHOTO OOJIbIIIe BHEITHUX CHJI (HAIIpUMeEp, pa3pbiB CHApsiAa), 1100 OueHb Majl
MPOMEXYTOK BPEMEHH, B TEYEHHE KOTOPOT'0 JACHCTBYIOT BHEIIHHE CHIIBI (HapUMeEp, YAAP), TO 3aKOH COXPaHEHMsI IMITYJIbCa

MOJKHO IPUMEHUTH B BEKTOPHOM BHZE, ( TO €cTh (Z [Z)i e Z P;  onemoe )

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

4. Bribpath yno0OHYyIO CHCTEMY KOOPIMHAT M 3aIIMCATh MOJTYYCHHOE BEKTOPHOE YPABHEHHUE B MIPOCKIIMSIX HAa BEIOpaHHBIC
OCH.

5. Pemmts Mojy4eHHYIO CHCTEMY YPaBHEHHH.
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Cxema pelleHHsI 3224 Ha 3aKOHbI COXPAHEHHs YHePIruu
1. menaTh pUCYHOK, Ha KOTOPOM YKa3aTh T€JIa paCCMaTPHBAEMOM CHCTEMbI U HAIIPABJICHHUS X BEKTOPOB CKOPOCTEH B
HavyallbHOM MOJIOKEHHH, a 3aTeM JUIS IPYTHX MOJIOKEHHUH, 0 KOTOPHIX €CTh HH(opManus B 3anade
2. BrIOpaTh HayaIBHBIA YPOBEHBb OTCYETA MOTCHIMAIBHOM SHEPTHU
3. TIlpoananu3upoBaTh paccMaTpUBAEMYIO CUCTEMY:

- €CJIM Ha Tela CHCTeMBbI JelCTBYIOT ToMbKo Koncepsatusnbie cunet ( F 0 F,  F F o F, )

HJIN BCC HeﬁCTByIOHIHe Ha CUCTEMY HCKOHCEPBATUBHBIC CUJIbL pa60Ty HE COBCpIIAIOT, TO 3allMCATh 3aKOH COXPAaHCHUA MMOJTHOM
MEXaHUYECKOMU OHEPIrun:

E =F

Ha4awbHaA KOHeYHAa sl

- €CJIM Ha TC¢J1a CUCTCMBbI Z[eI7ICTByIOT HCKOHCEPBATUBHLIC CUJIbI, TO 3aIIUCATh 3aKOH U3MCHCHHW A SHEPIrUn IJIs1 3TOI CUCTEMBI B

BUJIE
HEKOHCep 6aMUGHbIX __ _
Z AI - EKoneuHa;z E HauansHas

Caenyer NOMHHUTB, YTO BCE CKOPOCTH TeJI CHCTEMbI JOJIKHBI ObITh 3alICAHBI OTHOCHTEJILHO OTHOMH M TOM 7Ke CHCTEeMbI
KOOpPANHAT
4. PemuTth NOTYYEHHYIO CUCTEMY YPaBHCHUH.

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

PV =VRT =RT
Y7,
- ecu 6 3a0aue paccMampueaemcs HeCKOIbKO COCIOARWI 2a3a, TO JUIsl KXKJIOTO COCTOSIHUS 3allicaTh ypaBHEHHE
MenneneeBa — Knaneiipona (wiu ypaBHeHue Knaneiipona, ecim Macca rasa He U3MEHSETCs
% = %) U PELINTH [TOJYYCHHYIO CUCTEMY YPaBHECHHUIA.
T T,
- eclu macca 2aza 0cmaémces ROCMOAHHOU U 00UH U3 RAPAMEMPOS 2434 He USMEHAECHIs, TO 3aMTUCATh YPABHEHHS
COCTOSIHUS [UTS IAHHOTO U30MpOIiecca:
uzorepmudeckuii mpouecc (1. e. T = const): PV = const 3akon boiinst — Mapuotra.

H30XOpUUECKHi TIporiecc (T. . V = const): =const saxon Ilapis.

n3obapuyeckuii nmpouecc (1. e. P = const): = CONSt 3axon Ieii — JIroccaka.

—H|<-H|T

- ecu 6 3a0aue paccmMampueaencs cmMech 2a306, TO PEIIcHHe 0OBIYHO HAYWHACTCS C 3aITHCH 3aKoHa JambTOHA ISl ATOM
CMECH r'a3oB

pwwecu :p1+p2 +"'+pn*

a 3aTeM I10 YpaBHCHHIO MeHz[eJIeeBa — KnaneﬁpOHa OIIPEACIAIOT NMAapUHUAJIbHOC JAaBJICHHUE KaXK/10I'0 r'a3a CMECH

DV, =V,RT,.., = JRT

cmecu
1

[Ipu HEOOXOMUMOCTH 3amucath ypaBHeHHe MeHaeneeBa — KianeiipoHa st Bceit cMecH ra3oB B BUJE:

cmecu cmecu *

Ve RT g = st RT

p cmecu cmecu cmecu cmecu cmecu *

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

KHWHEMATHUKA

IToJI0KeH e MaTepHAIBLHON TOUKH B IPOCTPAHCTBE 3a1aeTcst paanycoM-Bektopom: I = X1 + y] +zk [M]

rae 1, J,K — enunuunbie Bextops Hanpasienuit (0pThi); X, V, Z — KOOPIMHATI TOUKH.

_ df - - — M
MrHoBenHast ckopocts 0 =—=0 1 +0 |+ vzk .| —
dt y c
e o dx dy dz y
ae =, =, = —— - NIPOEKLHH CKOPOCTH V Ha OCH KOOpPJHUHAT.
“oodt Y dt * dt

Mopayns ckopocTu

. do - - =
MrHOBEHHOE yCKOpeHHe a = rmn =aj+a j+ ak,

do

dov
X — y

v:‘/vz+02+v2
X y z

M
2
C

|

dvZ

IT'nea = , )
M T Tt dat e

Monyne yCKOpeHUs a

MPOEKINH YCKOPEHNUS 8 Ha OCH KOOPIMHAT.

dt

(.2 2 2
= Ja+al+a’

YPaBHeHI/ISI MOCTYHNAaTCJIbHOI'O ABUKCHUA:

a t’
— X —
X=%x tov t+ 5 v, =%y, tat
F =T+ ot at’ 2yt A
=1Iy +7g +T = y:iyoivoytiT, v=7,+at = Uy:ivoyiayt :
2
azt + +
2=12, 20, tE= v, =%0,, tat
2 2
0 —0y = 2aS - €CJIN IBIKEHUE PAaBHOYCKOPEHHOE,
2)2 — U§ =-2aS - €CJIA IBUKEHHUE PABHO3AMEJIEHHOE.
_ do ao
YrioBas ckopocTh = te , pag
dt ¢
. do pao
VYrioBoe yckopeHue E=——, |~
dt c
[TonHOE ycKOpEeHNe MaTepHaIbHON TOUYKH MPHU KPUBOIMHEITHOM IBUKEHUH a= éin + _’T
Mopaynb NOJIHOTO YCKOPEHHE MAaTEPUAIbHON TOUKY IIPU KPUBOJIMHEUHOM JIBUKEHUU a= ar? + af

YPaBHeHI/IH BpalaTeJIbHOI0 ABUIKCHUA:

2

p=1tp,Tott >

CBsI3b IMHEHHBIX U YTJIOBBIX BEJIMYNH!

t

T=—;n N
N

t

KunemaTnka ci10KHOTO JABHXKCHUA:
KunemaTnka OTHOCHTEILHOTO ABMKCHMS:

CpeaHAsA CKOPOCTh MO NEPEMECILCHUIO:

_Ar_r1+r2

1 2 v
. T==0="-=27n;S=9¢r; v=0r; 8, =—=0T=0UV
n T r
5”66 = 5nep +50m” ' abcomomuoe = SnepeHOCHDe OMHO CUMeENBHO e
Uy =0, — 0y S5 =5, =5,

CpeaHsAd NyTeBast CKOPOCTh

+... T S5 +5,+...455,

(@)

At 4+ttt

(0)

t 4+t +. 4t



JIMHAMUKA MATEPAAJIbHON TOYKA

3aKOHBI - Hrerorona:
2 = _F21
- cuja TpaBUTAIAN
- CHUJIa TSDKECTHU meC =mg
- CUJia YIIPYroCTH Fynp =—kX

JKECTKOCTb CUCTEMBI IPYKUH IPU UX IMOCICAOBATCIBHOM COCIUHCHNU

JKECTKOCTb CUCTEMBI IPYKUH IPHU UX MMapalZICIbHOM COCAMHCHUUN

- CHIIa TPEHMS CKOJIBKEHHS Fmp =u-N

Fapx = p:m‘ gVT

- cuia Apxumena

1 1

i 1.1
k k k,

PABOTA, MOIIIHOCTD, KIIJI. BUJBI DHEPTHM.

- UMILYJbC MAaT€PUAIBHON TOUKU p=mou,

c

pCqueMbl - : ‘, pi

mo?

2

- HUMITYJIbC CUCTEMBI MaTE€PpHUATIbHBIX TOYCK

- KUHCETHUYCCKAs DHCPIUsi T =

KM

“[#r-c]

- [Aore]

- NOTCHIIMAJIbHAA SHEPTUA MaTepI/IaHbHOﬁ TOYKH, HO[[HSITOﬁ Ha BBICOTY h otHOCHTENBEHO

[ o]

HYJIEBOT'O YPOBHS OTCYETA NOTEHIIMAIBHOW SHEPTUU

- NOTCHIMAJIbHA SHCPTUA HpOTH)KéHHOFO TCJa, IOAHATOI'O Ha BBICOTY h oTtHOCHTENEHO

[ o]

HYJIEBOT'O YPOBHA OTCYETA NOTEHIIMAIBHOU SHEPTUH

1

K=k +k +...4+K,

Il =mgh,

11 =mgh,_,

rae hc - BbICOTA LHCHTPA TAXKECTU TCJIa OTHOCUTEIIbBHO HYJICBOTI'O YPOBHA OTCYETA HOTCHHI/I&HBHOﬁ OHCPIrUu.

2

KX
- MMOTEHIMAIbHASL YHEPTUS YIPYTO Ie(OPMHUPOBAHHOMN MPYIKUHBI Il = T ,
. Mm
- MOTEHIIMAIbHAsI SHEPTUS TPABUTAIMOHHOTO B3aWMOICHCTBUS H=-G—
r
- [I0JIHASI MEXaHUYECKasl YIHEPT sl E=T+17,
- CBSA3b CUJIBI C IOTEHUMAIbHON HEPIUer F = —grad W=——
dx
- MexaHHYecKas paboTa CUIbL A= J. Fds,

- MexaHHueckas paboTa MOCTOSHHOM 10 BenuuuHe U Hanpasienuto cuiel A= FSCosa [ ,bec]

- CpeaHAA MEXaHNYCCKAad MOITHOCTb

- MI'HOBCHHAs MCXaHHUYCCKass MOIIHOCTH

- ko3¢ dunuent nonesuoro aedcraus (K1) n=

noJjiesHas

N :TA’ [B:]

N =Fovcosa, [Br]

noaesnas

[ o]

[ Hore]
[ o]

[ o]

3ampadennasi

N

3ampavenHas

21
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3AKOHbBI I3SMEHEHU A 1 COXPAHEHU A B MEXAHUKE

. If GHewHUX o= =
- 3aKOH M3MCHCHHS HMITYJIbCA MEXaHUIECKOH CHCTEMBI i A= P emoe — Pravammoe
3aKOH COXPaHCHHUs HMITyJIbCa 3aMKHYTOH MEXaHHYECKOH CHCTEM ( E p. ) = | E s
I/ navanenoe KOHeuHoe
- 3aKOH M3MEHEHHs MOMEHTA HMITyJIbCa ( E M e ) “At=L_, .00 = Luvwmnoo
- 3aKOH COXPAHCHNUsI MOMEHTA HMITYJIbCA 3aMKHYTOM CHCTEMBI ( E L ) = ( E L )
! HauyailbHoe KOHeuHoe
v v HEKOHCep 6aMUGHbIX __
- 3aKOH M3MCHCHHSI IIOJTHOW MEXaHUYECKON YHEPrHu A =E_coan = Eavanonan
- 3aKOH COXPAHCHHs IOJTHOH MEXaHUIECKON YHEPrHH E o ionan = E orenan
- TeopeMa O HOTCHIHATIBHON SHEPIUn Amﬂcepgamuewﬁ =— (I pounan — guanonan)
TeopeMa 0 KHHETHIECKOil SHEepriH E A =T, o = oo
- 3aKOH JIBH)KEHHS IIEHTPa Mace E F = ma, ,

- 3aKOH JIBMKECHHUSI LIEHTpa Macc

3aMKHYTOH CUCTEMBI eciu ZF;SHEWWX =0 = du =0 = v t=COl/lSl‘

M Y. M

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

B B _ _ mo, Mo, Mol mo.
AOCONIOTHO YIIPYTHIA yIap: mo._ +mMo, =Mo, +M0 + = +

1701 2702 171 272 2 2 2 2
mo? mod (m+m)o’ (Q

o . = = = 1701 2702 _
AGconroTHO HEynpyTHil ynap: mo, +mMyo, = (ml +m, ) 0 + = +
2 2 2 AJ
JTMHAMMKA TBEPJIOT'O TEJA
MOMEHT CHIIBI OTHOCHUTEILHO HEIOABUKHON TOUKH M= [ﬂ:] , [H . M]
Moayb MOMEHTa CUJIbI OTHOCUTEIBHO HENOIBM)KHOW TOUKU M =Frsina , [H . M]
MoMeHT UMIyJIbca TeNla OTHOCUTEIBHO HEMOIBUKHOM TOUKU L= [F f)] , [ Lo C]
Moyns MOMEHTa UMITYJIbCA T€JIa OTHOCUTEIbHO HEMOIBUKHOM TOUKU L=rpsina, [ Jlorc - C]
MoMmeHT uMILyJibca TBEPIOTO TeJla, BPALIaoIIErocsi OTHOCUTENBHO HETIOBUAKHON OCH L=lw, [ ﬂOfC . C]
|
Kunernueckas sHeprus TBEpAOTO Tela, BPAIAIOIErocsi OTHOCUTENBHO HEMOABIKHOW OCH T= T , [ ,ZZ:)}C]
i mv®  |?
Kunernueckas sHeprus TBEPOrO Tela, BPAIIAIONIET0CS OTHOCHTENFHO OCH, T= > + T ,
[ o]
JIBUKYUIEHCS MOCTYMATENIbHO
) - dL
OCHOBHOE ypaBHEHUE TUHAMUKH BPalIaTENbHOTO IBMXKEHUS TBEPIOrO TeNa M=—um M=Ilg,
o _ 2
Teopema IlTelinepa =1 . tma-,
MoMEHT HHEPLUM MAaTEPUAIBHON TOUKU | =mR? , [KZ : Mz]
OnemeHTapHas paboTa MOMEHTA CHJI IPH BPAIIEHUH TeJla BOKPYT HEMOIBMKHOM OCH dA=M Zd Q, [ ﬂofc]

PaboTta MoMeHTa CHII ITPH BPALICHUH Tea BOKPYT HETIOABIKHON OCH A= I M Zd Q, [ ,bec]
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OJTHOPOJHBIH | OJHOPOJHBIA TOHKUI | OJHOPOAHBINA TOHKUH | OIHOPOIHBIH OJITHOPO/IHBIN OJTHOPOIHBIN
TOHKHUI 00py4 JUCK PaJuycoM | TOHKHH AUCK CIUIOMIHOM map OIIHOpOJHAs
CTepIKeHb IJINHOII | u pammycom R IIAHIP paguycoM R cepa
TOHKOCTEHHBIH paguycoMR pazuycom
LHWIHHAD R
pamycoMm R
: 1 1
: | | i
| | ! |
= = | ) T
| | ! |
> |
] D
: ' ' !
! 1 '
! 1
! 1
! 1
1
1
2 2 2
ml 2 mR mR 2 2
| =— I=mR* | | _ MR | = | = | ==mR?| | ==mR?
12 = 4 2 3
2
KOJIEBAHUSI U BOJIHbBI
- ypaBHEHHE rapMOHHYECKUX KoJeOaHuit X= ACOS(a)t + (DO)
dx . M
- CKOPOCTB TeJa IPH TapPMOHUYECKHX KOJIECOaHUIX v=—=—AwSsIn (a)t + (oo) y
dt c
do )
- YCKOpEHHUE Teja MPH TapPMOHIYECKIX KOJeOaHUIX =— =—Aw" CoS (a)t + o, ) )
dt c
2
. _mo 2 2.2
- KHHEeTHUYEeCKas SHePIusl KoeOuoecss TOUKH = > = E mA @ Sin a)ot +@), [ ,ZZJ!C]
. k¢ 1 2 2 2
- MOTCHIMANIFHAS YHEPTUS KOJICOIIOIEeHCS TOUKH 11 = 7 = E mA @y, COS (a)ot + (0) ) [ﬂofc]
2 2
kx mo 1 5,
- TI0J1HAs MEXAHUYECKAs DHEPIUs KoIeOomeics TOuKy E=T+[=11 =—2= T =—Y — _mA°w
max 2 Mmax 2 2 0
" g 2
- i depeHnnabHOE ypaBHEHHE FrapMOHHYECKUX KOJieOaHHi X+ X = 0

o o 8 2
- nudepeHnnabHOE ypaBHEHHE CBOOOIHBIX 3aTYXAIOIUX KOJIeOaHHi X+28 X+ Wy X = 0

- mupepeHnnaIbHOe ypaBHEHHE BBIHYKICHHBIX KOJIeOaHUH X+2 ﬂ X+ a)§ X=X, COS Qt

- JIEKDEMEHT 3aTyXaHHUsl = ﬂ =’
A(t+T)
A(t)
- Jorapu(pMHUIECKHUil TeKPEMEHT 3aTyXaHHs A=In———~—= ﬂt
A(t+T)
. I
- TepHoJl KoieOaHUH MaTeMaTHIeCKOro MasiTHIKA T=27|—, [c]
g
m
- mepuoj KojeOaH!i MPY>KHHHOTO MasTHHUKA T=2r1,]—, c

neproa KoneGaHui Gpru3nveckoro MassTHAKA T=2rx , [c

T=27zyJLC

- AMIumTya pe3yabTHPYIONETo KoneOaHus, IIOIyYalomerocs IpH CI0KESHNH IBYX TapMOHIMYECKUX Kone6aHI/H71 OJIMHAaKOBOI'O
HaIpaBJICHUS U OJMHAKOBOW 4aCTOTBI:

nepuona 3JICKTPOMAariuTHBIX KoJieOaHui B KoJieOaTeIbHOM KOHTYpE

= A’ + 4 +24,4,c05(p, — ;)
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- HavanbHas daza pe3ybTHUpYIOIIEro KouedaH s, 0oJyYaionerocs Ipyu CI0KEHHHU JIBYX FapMOHHYECKUX KOJIeOaHui
OJIMHAKOBOT'0 HAIPABJICHUS U OJAMHAKOBOM YaCTOTHI:

tgp= Asing, + A, sing,

A cos¢, + A, cos e,

- YpaBHeHHE TPaeKTOPHH ABIDKEHIS TOUKH, YIACTBYIOMICH B IBYX B3aMMHO NEPIECHIUKYIISIPHBIX TAPMOHIIECKUX KOJICOAHMIX
OJIMHAKOBOH YaCTOTHI:

X2 y y2
—2—-C0S +—_S|n
A2 AR P TR ¢

27
— - BOJIHOBOC
v

- YpaBHEHHE IUNIOCKOH rapMOHNYECKON OeTyIel BOIHBI rf(X,t) = ACOS(a)t —kx+ Dy ), e k= 7 =
qHCII0

T
CBsi3b MEXTY Pa3HOCTBIO (ha3 KoJieGaHuil 1ByX TOUeK BOJHBI H paccTosHueM Mexay Humn A@ = KAX = — ( X, — X1)

- CKOPOCTb IPOIOJILHON U MONEPEUHON BOJH B TBEPABIX TEJIaX U, oo / = Uy — ’

5 yRT [ M }
- CKOpOCTb TIPOJIOJILHOM BOJIHBI B rase v = [—, | =
npoo
7, c
OCHOBBI MKT

N m
- KOJIMYECTBO BEIIECTBA V=—-=—, [MOJZb]

Ny, u
- ocHOBHbIEe ypaBHeHus MKT: p=— n<E > p=nkT, [Ha . c]

2
31 M (0)
- CpCAHAA KMHETUYCCKAs OHEPIUs IMOCTYNATCIbHOI'O ABUIKCHUS MOJICKYJT HACAJILHOIO Ira3a <Ek> = E kT =, [ﬂ.?fc:l

2
2kT 2RT M
- HauboJlee BeposATHAs CKOPOCTh TEIIOBOIO ABMKEHHS MOIEKYI UealbHOIO ra3a v= == |-
m 7, c
3kT 3RT M
- cpeaHss KBaJpaTUYHAS CKOPOCTh TEIIOBOIO JBUKEHHS MOJIEKYJI HeaIbHOIO ra3a <UK8> = |—= |—, | —
m 1 ¢
TEPMOJANHAMHUKA
m
- 3akoH Menpeneesa — Kianeiipona PV =vRT =—RT;
U
. PV, PV, PV
- 3axkoH Knaneiipona —==—"% ym —— =CoNnst , ecxm M = const;
T, T, T
- 3akoH JlanbToHa Powecu =P1+ P2 +oot Dy,
- mapuuanbHoe JaBJeHKe | — ro rasa cMecu PVoen =ViRT o = =1 RT,.cc

Anrmemaﬂ — Ql — QZ

- KII/] TenioBoro aBurarens n=
Q Q
o o T, 1 T 2
- KII /I nneansHOM TemoBoi MamuHb! (MammHEl KapHo) n= T
1
- IepPBOE HAYAJIO TEPMOJUHAMUKHI Q=AU+A, [ ,ZZD!C]
- BHYTPSHHSSA YHEPTHUS UICATBHOTO Ta3a U=—-——RT, [ ,bec]
2 u
- U3MEHEHNE BHYTPEHHEH YHEpruu UJ1€abHOrO ra3a AU = E — RAT, [ ,ZZ:)fc]

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



- paboTa ueanbHOTO ra3a IpH H30XOPUIECKOM MPOIecce:

- paboTa ueanbHOro ra3a Npu n300aprUuecKoM Iporecce

- paboTa ueaNsHOro ra3a IpH H30TEPMHIESCKOM Hpolecce

- ypaBHeHue Maiiepa

- MOJIsIpHas TEIJIOEMKOCTh MCaILHOIO ra3a Ipu NOCTOSTHHOM 00BEME

25
ecu V=const, .o 4=0

A= pAV
ecin  p = CONSt, To A:mRAT
U
A=TRT .Yz
ecin 1 = const, T1o H !
A="RT.In P
H P2

-ln [ ]

2 Mo - K
) i+2 I
- MOHHpHaH TCIIJIIOEMKOCTb UACAJIBHOTO Ira3a HpI/I IIOCTOSSHHOM AAaBJICHUU Cp = y
2 Mo - K

- YACJIbHasd TEINIOEMKOCTh HMJCAIBHOIO ra3a IpHu NOCTOSTHHOM 00BéMe

- YyACJibHasd TEIIOEMKOCTh HJCaILHOI0 ra3a Ipy MOCTOAHHOM JIaBJICHUHN

- CpeAHsisl IJIMHA CBOOOTHOTO Mpodera MOJIEKyI HEaIbHOTO Ta3a

- KOJIMYECTBO TCIIJIOTHI H€O6X0,I[I/IMO€ JJIA HarpeBaHus BCIICCTBA
- KOJIMYECTBO TCIJIOTHI, BBIACIIAIOIICCCH IPU CrOpaHrUU BEIIECTBA
- KOJIUYECTBO TCIIJIOTHI H€O6X0,I[I/IMO€ JUIA TIJTaBJICHUA BEIICCTBA

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

- 3akoH Puka

- 3akoH HrroTona

- 3ak0H Dypbe

- 3aKk0H HbroTOHA 1151 BA3KOTO TpEeHUs

- koo punment aupdyznu

- KO3 PUIHEHT BI3KOCTH

- KO3 GHUIHUEHT TEeTUIONPOBOTHOCTH

- CpeaHee YUCJI0 CTOJIKHOBEHHUI MOJICKYJI HJACAJIbHOTO ra3a 3a 1 CCKYHAY

_IR | e
CV_Z,u’ |:K2-K:|
_iI+2R {ﬂofc}
2 u | xke-K

p

()=
\/Eﬂ'dzn
Q=cm(t,~t,), [Aorc]
Q=am, [Hoc]
Q=Am, [ﬂofc]
Q=Lm, [Zox]

m=-— Z—')?St
p—n%—:St
Q:—Ad—ISt
F:—nz—:

D=1 (). [

2=2p(o)l)e,
<z>=\/§ﬂd2n<v)
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JJEKTPOCTATHUKA
i A
- CWUJIa JJICKTPOCTATUYCCKOI'O B3aUMOACUCTBUS IBYX TOYCHYHBIX 3apA10B nyq = —2
) er
1 Ha® 1 @ F E
e k — — 9 109 - : 50 — 885 10 12 = ’ &= s.6aKyyme 8.6aKyyme
47[80 Kn M 6.6eujecmee 6.6eujecmee
. - F | H B
- HanpsHDKEHHOCTH JIEKTPUUECKOTO TTOTIS E=—, | —|=|—
q Kn M
I
- NOTCHIHUAT BJICKTPOCTATUYCCKOTO ITOJIA (D =, [B]
q

- OPpUHIOUI CYHNEPIIO3UIIUUN JIA DJICKTPOCTATUICCKOTO MOJIA

E:E1+E2+...+En :ZEi
P=Q +Q,+.. ) =D

- cuta, IeHCTBYIONIAs HA TOYEHHBIH 3apsijl B 3IEKTPUIECKOM MOJIe F=qE, [H ]
- TOTEHINANbHAS HEPTUs TOUEUHOTO 3aps/a B 3JIEKTPOCTATHYECKOM TI0JIE II=qp, [ ,bec]
- MOTEHLMATbHAS SHEPTHS SIEKTPOCTATHIECKOTO
B3aMMOJIEHCTBHS JIBYX TOUEUYHBIX 3apS/I0B I =K%, [ ,bec]
er
" q H B
- HaTIPSHKEHHOCTD SIEKTPOCTATHYECKOTO TI0JIsl TOYEYHOTO 3apsia E=k—. | —|=|—
er Kn M
- HOTEHIUAN SMEKTPOCTATHIECKOTO T0JIs TOUEYHOTO 3apsijia p=k—, [B ]
er
. . . lo
- HaTIPSHKEHHOCTD SIEKTPOCTATHYECKOTO T0JIsl pABHOMEPHO 3apsiKEeHHOI 6eckoHeuHol miockoctn E = ———,
2 g,
Kn M

- pa60Ta CHJI JICKTPUYCCKOI'O MOJIA 1O IEPEMECIICHHUIO TOUCTHOI'O 3apdaaa

A317 = q (¢Halul/thblﬁ - (onneqnbzﬁ ) uim A917 = _(H navaonas H KOHeYHasi )

- 3aKOH COXPAaHEHUs NEKTPUUECKOTO 3apsiia z q; = z q;
HauyaivbHoe KOHe4YHoe
. =__dg
- CBs13b MEX/1y HAPSXKEHHOCTHIO AJIEKTPOCTATHYECKOTO 0JIS M TOTEHIATIOM E= —? = —gl’adq)
r
L1
- Teopema Octporpazackoro — ['aycca Ui 31eKTpUYECKOro MOJIsl B BAKyyMe D= -{9 EdS =— Zqi
s 50
MATI'HETHU3M
- CBSI3b MAarHUTHOH MHAYKIUH U HANPSHKEHHOCTH MAarHUTHOTO TOJIA B= L, H, [T a1 ]

- MPUHIMUIL CYTICPIO3ULNU JII MAarHUTHOTO TTOJIA

B.pea:él-'-B’Z-'-"'_’_B.n l:ipe3:|:i1+|:i2+"'+l:in
B, I dl <7
- 3axoH buo — CaBapa — Jlamnaca dB:/Z'uO. [ - J
T r

- 3aKOH HOJIHOI'O TOKa AJid MarHuTHOT'O 1OJIA B BAKyyMeE

45 k=

- 3aKOH ITIOJIHOTI'O TOKa JJIsI MAarHUTHOTO IT0JISI B BEIICCTBC @ Hd I = Z I
L
- Teopema I'aycca 171 MArHUTHOTO MOJIS ¢
S
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- MarHMTHOE TI0JI¢ NPSMOIMHEHHOr0 GECKOHEYHO JUIMHHOTO IPOBOIHMKA C TOKOM B = gy1y —— [T JZ]
2
- MarHMTHOE T0JI€ B LIEHTPE KPYrOBOTO BUTKA C TOKOM B=pu,— [T JZ]
2 R’
N
- MAarHMTHOE MoJie GECKOHEYHO JUIMHHOTO COJEHOH/IA C TOKOM B = syppIn = gyl —, [T Jl]

- MarHMTHOE MoJie TIPAMOJIMHEHHOTO IPOBOIHUKA KOHEUHOI UTUHBI ¢ TokoM B = % — (COS a—Cos 3 ) ) [T JZ]

T a
~ B luluO
- MAarHMTHOE IOJIE MO CEPEANHE MPIMOIUHENHOTO MPOBOJHUKA C TOKOM —COoSax, |In
27 a
N 2
- MHAYKTHBHOCTb COJIEHOMZA L = uu,nNV = pu, T S, [F H]
. . FE = Hpy 111, |
- CHJIa MATHUTHOTO B3aMMOJEMCTBHS IBYX NAPAILIENbHBIX IPAMOJIUHENHBIX IPOBOJHUKOB C TOKOM aon = 2— —-=
) T r
- cunma Amnepa dF, =1 [d| B], I/Ie MOZYJIb CHIIBI dF, = IBdlsin«
- cuna Jlopenua Fﬂ =q [\7 B} s TJi€ MOZYJIb CUJIBI Fj7 = |q|vB Sina
- MEXaHHYECKUM MarHUTHBIA MOMEHT, IEHCTBYIONIMI Ha KOHTYP C TOKOM B MarHMUTHOM I10JIE
= |: ﬁm B:I , rIe MOAYJIb MOMEHTA CUJIbL M = mesin a =IBSsina
- IOTOK BEKTOPA MAHUTHON MHIYKIUK @ =BScosa
- COOCTBEHHBIN MarHUTHBIN MIOTOK KOHTYpa U COJIEHOMIA C TOKOM 0060T =LlI
- W3MEHEHHE COOCTBEHHOIO MArHMTHOIO MOTOKA KOHTYPa M COJIEHOUA C TOKOM
ACI)co6CT = Lal AD = ®K0Helmbzu - ®Haqaﬂbnbzﬁ
- paboTa CUJI MArHUTHOTO II0JIS [0 NEPEMENIEHHIO IPOBOIHUKA UM KOHTYPa ¢ TOKOM A, =120, [ ,Z]ofc]
AD
- DJIC unpykuuu (3axon dapanes) E =—, [B ]
uHO At
- OJIC uHAYyKIMK, BO3ZHUKAIONIAS B IBMKYIIEMCS] B OJJTHOPOJTHOM MAarHUTHOM TIOJIe guy 9 =uB L| sina, [B ]
NPAMOJIMHENHOM IPOBOIHUKE
_ d cDco6cm _ d 1
- BJIC caMOMHIYKIUH gcaM =—— """ =— [B]
dt d t’
2
L|
- SHEPTHsl MATHUTHOTO TI0JIs IPOBOAIHUKA 1 KOHTYpa c Tokom W, = BN [ﬂOfC]
2 2
) B uuH
- 00bEMHAS IOTHOCTH SHEPTUM MATHUTHOTO TIOJIS W= =
2 4, 2
MMOCTOSIHHBIN TOK
dg
cujia TOKa | =—
dt
I
IUIOTHOCTH TOKA ==
S
A
DIC ucroyHmuKa ToKa E=—=
q
. U
3axoH OMa Ul y4acTKa SJIEKTPUYECKON LEMH | = E
&

3akoH OMa JJ1s1 3aMKHYTOM 3J1eKTpUYeCKOM Lenu
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|
3aBHCHMOCTb CONPOTHUBJIEHHUSI METATUIIMYECKOTO MPOBOIHKUKA OT €T0 Pa3MEPOB R= pg
3aBMCHMOCTB COTPOTHBIIEHUS METAIUTMYECKOTO MPOBOJIHUKA OT €T0 TEMIIEPATYPHI R =R, (1+ at)
3aBHCHMOCTB Y/IETLHOTO COMPOTHBIIEHHS METAJLTMYECKOTO TIPOBOIHAKA OT €10 TEMIIEPATYPBI P =P (l+ at)
U 2
2
paboTa MOCTOSHHOTO TOKA A=qU =I1Ut wum A=I1°Rt= Ft , [ﬂwc]
U 2
2
MOIIIHOCTE TTOCTOSIHHOTO TOKA P=1IU HITH P=I1R= F , [BT]
U 2
2
3akou J[xoyins — Jlenna Q=1Ut Wi Q=IRt= ?t , [ﬂwc]
A
SHC g _ CMOPOHHUX
+ A
CMOPOHHUX KYJIOHOBCKUX
HanpsHkeHHe U= i 2
q

Haps>KEHUE Ha KJIEMMax UCTOYHUKA TOKa
II0JIC3HasA pa60Ta HCTOYHHKA ITOCTOAHHOI'O TOKa

3aTpavYCHHAsA (HOJ’IHaH) pa60Ta HCTOYHHKA ITOCTOSAHHOI'O TOKa

IIOJIE3HAsA MOIIMHOCTH UICTOYHHKA ITOCTOSAHHOT'O TOKa

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

KII[I nctounuka Toka

EMKOCTb yeIMHEHHOTO MPOBOHUKA
EMKocTh yenuréHHO# npoBosmeii cdeps (1apa)

EMKocTh KOHIEHCaTOpa
EMKOCTB MI0CKOro KOHAEHCaTopa

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

DnexTpudeckas eMKOCTh IIITHHAPUIECKOTO KOHACHCATOpa

DHeprus 3JIeKTPUYECKOT0 MOl YeAUHEHHOTO MPOBOJHUKA
OHeprus MEeKTPUIECKOTo oI KOHICHCATOpa

O0BEMHAS MIOTHOCTh OHEPIrUuM SJICKTPHUICCKOTO MOJIA

U,,=&e-Ir=IR, [B]

Avoresnan = Wyem = 1Uyept [ﬂ‘?’c]
A3ampaueHHa;z =0&=1&t nm

2
A _ g

Sampauennas R
+r

=1?(R+r)

o A’lOJl&?H(lﬂ — IU

nonesnas t ucm !

7]

3ampaventas

P — Ammp:qel—maﬂ — Ig, [BT]

A4, P
77 — oJle3Has — noJiesHasi

ampadernnas P3ampaquHaﬂ

c=4
®»

C =4reg,R
-9, U

2 2 | M
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HOCHGHOB&TCHLHOC COCAMHCHUC ITPOBOJHHUKOB Hapa)menLHoe COCAMHCHUEC TPOBOJIHHUKOB
R _=R+R,+..+R, 1 1. 1. 1
oo R. R R, R
00w 2 n
U, =U+U,+...+U
|06m | ! | 2 | ! Uoﬁmzul_UZ_ :Un
oGy L 2T o=l
U Y
=9 e U, v,
i - - — 1 — ooy
R< 06wy R Ii = — | =
i oty Ri ooy R 3
ooy
HOCHGHOB&TCHLHOC COCIMHCHHUEC KOHACHCATOPOB HapaﬂnenLHoe COCAMHCHUEC KOHACHCATOPOB
1 1 1 1
c —E"'FJF---F Coy =C+C+...4+C,
[ 1 2 n
u_ =U=U,=...=U
Uy =U U, +...+U, ooy — Z1 T2 n
q =0+(,+...+q,
qoﬁlqqu:q?':“.:qn o
q
q C _ qi C _ obwy
C - g C = i T =
[ - Ui obwy U
Ui o6y U ooy
0bwy

IIpasuna Kupxroga nis neneif NocTOSHHOTO TOKa
Ilepeoe npasuno Kupxzogha
n
Anrebpanueckasi CyMMa CHJI TOKOB, CXOJISIIIIMXCS @ y3JIe, PaBHA HYJIIO, T.€. Z ;=0
i=1
Bmopoe npasuno Kupxzogha
B 111000M 3aMKHYTOM KOHTYpE, MPOHU3BOJILHO BHIOPAHHOM B Pa3BETBJICHHOM SIICKTPUUECKO LienH, ajaredpanyeckas cymma
MafieHUH HaNpsHKeHU# (MIPOM3BECHUI CHI TOKOB J Ha CONpOTHBICHHE R) Ha OTACNBHBIX ydacTKaxX ILIEMH 3TOr0 KOHTYpa

n m
paBna anre6panueckoii cymme DJIC EK, BCTpeuaromuxcs B KOHType: Z I R = Z &

i=1 k=1
IIpumenss 3akonnl Kupxroda neodxonumo:
1. Onpez[em/rrl, YHCJIIO SJICKTPUYECKUX Y3JIOB U HE3ABUCUMBIX KOHTYPOB B CXEME
¥Y3J10M Ha3bIBACTCSI MECTO COSANHEHNUS TPEX U 0oJjiee MPOBOAHUKOB.
Kontyp — 3710 111006231 3aMKHYyTast LETIb.
He3aBucuMbIii KOHTYP — KOHTYp, KOTOPBII COJEPKUT XOTs ObI OJJHY HOBYIO BETBb. BETBb — y4acTOK IIeTH OT y3J1a JI0 y371a
2. Tlepen coctaBneHneM ypaBHEHHUIT MPOU3BOJILHO BEIOPATH U yKa3aTh CTPEIKAMHU Ha YEPTExKe:
a) HalpaBJIeHHE TOKOB (€CIM OHM HE 3aJaHa 110 YCIIOBHIO 3a/laui) BO BCEX CONPOTHBICHUSX, BXOAIINX B II€Mb, YIUTHIBAS,
YTO OT y3J1a J0 y371a Te4€T OIMH U TOT XKe TOK;
6) HarpaByieHHE 00X0a KOHTYpa.
3. Tlpu cocraBiieHHH ypaBHEHHH 1O NepBoMy 3akoHy Kupxrogda cuutaTh TOKH, MOJXOJSIINE K Y311y, TOJIOKHUTEIbHBIMH,
TOKH, OTXOJAIIUE OT y3Jia - OTpUIATCIIbHBIMU.
Yucno ypasnenuil, cocmagnaemovix no nepeomy 3axkony Kupxzogha, oonsicno 6vimo na edunuuy menvuie uucna y3noe,
cooepoicauyuxcsa 6 yenu.
4. [Ipu cocraBieHnn ypaBHEHUH 10 BTOpoMy npaBuily Kupxroda ciieayer cuuraTs:
a) TaJeHWe HAMpsDKCHWS Ha yJacTKe IenH (T.e. MPOW3BEICHHWE |.R) BXOAWT B YpaBHEHHE CO 3HAKOM ILTIOC, €CITH
HanpaBJeHHE TOKa B JIAHHOM Y4YacTKE COBIAZAeT C BHIOpPAaHHBIM HAaNpaBieHHEM 00XO0Ja KOHTYpa; B NPOTHUBHOM CiIydae
MIPOM3BEACHNE | - R BXOIUT B YpaBHEHHE CO 3HAKOM MUHYC;
6) O/IC & BXOAWT B ypaBHEHHE CO 3HAKOM IUIIOC, €CJIM OHO IOBBIIIAET MOTEHIMAI B HAIlpaBIEHHH 00X0Ja KOHTYypa: T.C.
ecli Tpu 00X0/Jie KOHTYpa BHYTPH MCTOYHHMKA TOKA MPUXOTUTCS HATH OT MHHYCAa K IUTIOCY, B IpoTUBHOM ciydae DJIC ¢
BXOJIUT B YPaBHEHHE CO 3HAKOM MUHYC.
Yucno ne3aeucuMvlx ypagHeHUil, KOmopvle MoZym 0blmb cocmaeienvl no emopomy sakony Kupxzoghpa, pasno uucny
He3a6UCUMbBIX KOHINYPOG, UMEIOWUXCA 6 UEnll.
g coctaBieHns ypaBHEHHH MEPBBI KOHTYP MOXKHO BBIOpaTh MMPOU3BOJIBHO. Bee crnemyrommme KOHTYpEI clieyeT BEIOHpaTh
TaKUM 06pa30M, 4TOOBI B Ka)K)IBIﬁ HOBBIH KOHTYpPp BXOAWJIa XOTsA OBl OJIHa BETBb LCIM, HEC y4aCTBOBaBIIasgd HWU B OJHOM M3
paHee UCIIOJIb30BaHHBIX KOHTYPOB. IIpon3BoibHO BEIOpaHHOE HalpaBiieHHEe 00X0J1a 0 KOHTypaM HE M3MEHSETCs 0 KOHIA
pelIeHus 3a1a4H.
Ecnu npu peniennn ypaBHEHHH, COCTaBICHHBIX BBIIICYKa3aHHBIM CII0COOOM, OIyYeHBI OTPULATENILHBIE 3HAUCHHST CHITBI
TOKA WJIY HAINPSDKEHHUS, TO 3TO 03HAYAET, YTO TOK Yepe3 JJAHHOE CONPOTHBIICHUE B ICHCTBUTEIbHOCTH TEUET B HAIIPABIICHHH,
IIPOTUBOIIOJI0XHOM BBIODaHHOMY.
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KBAHTOBASI MEXAHUKA

CootHotieHus HeonpeaenEHHocTH [ eisenbepra

Jnuna BonHb! ne bpoiins

Ap,AX>h, AEA7T>h
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