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OcHOBOI 17151 M3y4YeHUs Kypca PU3UKU CTyIeHTaMU AUCTAHIIMOHHOMN (POpMBI 00yUeHUs SBIISIOTCS
METOAMYECKHE TOCOOUS, COCTABICHHBIE Il CAMOCTOATEIBHOM MOJATOTOBKH CTYJIEHTOB K 3K3aMeHaM. [
U3y4EHHsI BOIIPOCOB, KOTOPBIE HE OCBELICHBI B METOJIMYECKUX ITOCOOHSIX, HEOOXOAUMO 0OPATUTHCS K
criellManbHOM yueOHOH muTepaType, HalpuMep:

1. «Kypc dpuzuxm» A. A. lletnad, b. M. SBopckui,
2. «Kypc obmeit puzuku» U.B. CaBenweB 1.1, 2, 3.,
3. «Kypc dpuznkn» T. U. Tpodpumosa.

WIM JPYyrUM yueOHUKaM, MpelHa3HauYeHHBIM AJIsl M3Y4YeHHs Kypca oOuielt (pu3nKu B BBICIIUX y4eOHBIX
3aBEJICHUSX.
J1J1s MOATOTOBKH K PEIICHUIO KOHTPOJIBHBIX padoT IMpeiaraeM U3y4uTh Clieytolue yyeOHble mocoOus:
1. «PyKkoBOJCTBO K PELICHUIO 33724 110 Kypcy oOmIeit pu3nkm» E.B. ®uprasr,
2. «Bce pemenns k «COopHHKY 3aaa4 10 o01iemMy Kypey duszukn» B. C. BonabkeHmTelny

E.H. Uzepruna, H.U. IlerpoB T.1, 2,
3 «COOpHUK 3a7a4 ¢ PEHICHUSIMI) B.M. I'magckoi, I1.1. CamoiisieHko,
4 «3amayHuvK no pusuke» A.I'. YeptoB, A.A. BopoOnéB.

IIporpamma kypca ¢pu3nkm 1Jis1 CTYA€HTOB JMCTAHIMOHHOI0 00pa30BaHHus.

Kaxxapiii CTyIeHT JOoIKEeH UMETh pacleyaTKy MporpaMMbl Kypca GU3HKH, KOTOPYIO HEOOXO0IUMO
CaMOCTOSITEIIbHO H3yYUTh, YTOOBI YCTICIITHO OCBOUTH YI€OHBIM MaTepHall, HEOOXOAUMBIH JIJIS pEIICHHS
KOHTPOJIbHBIX 3aJaHUi U cl1ay 3a4ETOB U 3K3aMEHOB.

MexaHuka MaTepHAJIbHON TOYKHU M TBEPAOI0 Teja
OcHogHble NOHAMUA U 3AKOHBL 08UNCEHUA.

Mexanuka u e€ paznensl. OCHOBHBIC IMOHSATHS: MaTepuaibHas TOUKA, MEXaHUUECKasi CUCTEMA,
NepeMEIICHNE, TyTh, MTHOBEHHAs! U CPEIHSSA CKOPOCTH, YCKOPEHUE, TAHT€HI[MaIbHasl U HOpMaJIbHas
cocTaBistonas yckopeHus. CBsi3b MEXAY BEKTOPaMU JIMHEWHBIX U YIJIOBBIX CKOPOCTEN U YCKOPEHUH.
[Tepuon u yactota obpameHus. [loctynarenbHOe U BpalaTenbHOE IBUKEHUS. Y paBHEHUS
IIOCTYIATEJIbHOIO U BPAIaTEIbHOTO JIBHYKCHMUS.

WNuepuus, macca, uMiynbc, cuia. 3akoHbl HetoToHa. Cuiibl B IpUpo/JIe: crjla TPaBUTALIMOHHOTO
B3aWMO/ICHCTBUSI, CHJIA TSHKECTH, CUJIbI TPEHUS, BEC, CHIIBI PEAKIIMU ONOPBI 1 HOPMAJILHOTO JABJICHHS,
cuna Apxumena. [Inactuueckas u ynpyras aeopmaiuu, BUIbI ynpyroit aegopmanuu. 3akonsl ['yka ams
Pa3IMYHBIX BUJOB YIIPYyrou nedopmariui.

WNHepuuanbHble 1 HEMHEPLUATIbHBIE cucTeMbl 0Tcu€Ta. Cuiibl nHepuuu. CpaBHUTENbHAS
XapaKTepUCTHKA KIAaCCUYECKOM U penaTuBUCTCKOM MexaHuku. [IpeobpazoBanus ["anunes u
npeoOpazoBanus Jlopenna. Cnenctsus u3 npeodpasosanuii Jlopenna. [Toctynare! DitHiuTelHa.

3aKOoHbl USMEHEHUA U COXPAHEHUA.

Pa6ora. Momnocts, KIT/1. Kunetnueckas, moTeHIIMaIbHAs U TIOJTHAS MEXaHUYeCcKas SHEPTUU.
KoHcepBaTUBHBIE U JUCCUITATUBHBIE CHIIBI U CUCTEMBI. CBSA3b KOHCEPBATUBHOM CHJIbI C MOTEHIIMAIBHOM
SHepruen. 3aKOH U3MEHEHHUS U MPEBPAIICHUS SHEPTUH, 3aKOH U3MEHEHHUS MTOJTHOW MEXaHUYECKOU
SHEPTUU CUCTEMBI TEJ, 3aKOH COXPAHECHUS MTOJTHOM MEXaHUYECKON YHEPTHHU CUCTEMBI TeJl. BHEHNE u
BHYTPEHHHUE CHJIbl. 3AMKHYTasi MEXaHUYECKasi CUCTEMA. 3aKOHBI U3MEHEHUSI UMITYJIbCa MEXaHUUECKOU
CHCTEMBI M 3aKOH COXPAaHEHUSI UMITYJIbCAa MEXaHUYECKON CUCTEMBI. TeopeMa 0 KUHETHYECKON YHEPTUN U
TeOpeEMa MOTEHUUAIBHOW DSHEPTUU.

VY nap, Buabl yaapoB. 3alnch 3aKOHOB COXPaHEHUs Il aOCOIIOTHO yIPYTroro 1 adCoIIOTHO
HEYIPYroro yaapos.

Teepooe meno Kak cucmema yacmuy

AGcomoTHO TBepaoe Teno. LleHTp Macc u eHTp TSHKECTH Tema. 3aKOH JBWKEHUS IIEHTpa Macc.
MOMEHT CHJIbI OTHOCUTEIBHO HEMOIBMKHOM TOYKH M HEMOABMKHOM OcH. MOMEHT MHEpUUHU U
KUHETUYECKas dYHeprusl Bpariaroierocs TBEpaoro tena. CoOCTBEHHBIC U TTIaBHBIE OCH U MOMEHTHI
nHepiuu. CoOCTBEHHBIE MOMEHTHI MHEPITUH pa3nuuHbIX Tell. Teopema IllTeiinepa.

OCHOBHO 3aKOH TMHAMUKHU BpAIIaTeIbHOTO JBWKEHUSA. MOMEHT UMITYJIbCa MAaTEpUATbHON TOUKH U
abCOIIOTHO TBEPJIOTO TeJla OTHOCUTEIBHO HEMOABMKHOM TOUKH U OTHOCUTENILHO HETIOABMKHOM OCH.
3aK0OH U3MEHEHHUS] MOMEHTa UMITYJIbCa MEXAaHUYECKON CUCTEMBI TeJl U 3aKOH COXPAHEHHUsI MOMEHTa
UMITyJIbCa MEXaHUYECKOW cHUCTeMbI Tell. PaboTa cuiibl MpH BpallleHUH TBEPAOIO Tejla BOKPYT
HETIOJBHKHOU OCH.



Konebanua u ¢onnwi

Konebanus, Buap kosiebanuii. 3aTyxaronme U He3aryxarolue koyedanus. [lepuoanueckue
kosiebanusi. CBOOOTHBIC M BBIHY)KJICHHBIE KOJIEOaHMs.

I"apmonnueckue konebanus. Juddepenmanbaoe ypaBHeHHE TaApMOHHUECKHUX KOJIeOaHUH U ero
pemenue. I'padux rapmonnyeckux konedanuii. [lonsarue 06 amrmuuryae, yacrore, ¢ase, nepuoe.

JuddepennnanbHoe ypaBHEHHE CBOOOHBIX 3aTyXaroluX KojiebaHui u ero pemenue. ['paduk
3aryxaromux kojeOanuii. [lonsarue o kospdunmenTe 3aTyxanus, JEKPEeMEHTE U JIOTapu(PMUIECKOM
JNEKPEMEHTE 3aTyXaHUs, BpeMEHH pellakcallii U JOOPOTHOCTU KOJIeOaTeIbHOM CUCTEMBI.

HuddepenunansHoe ypaBHEHHE BEIHYKICHHBIX Kosiebanuit u ero pemienue. [lonarue o pezoHance.

[Tonstue o masTHuKe. MaTeMaTuueckui, GPU3NIECKUA, 0OOPOTHBIN M MPYKUHHBINA MasSTHUKH.
[lepuon konebGanuii Ast 3TUX MassTHUKOB. [IpuBeenHas yMHa GU3NIECKOTO MASTHUKA.

CrnosxeHue rapMOHUYECKUX KOJIeOaHUN OJTHOTO HanpaBieHus. MeTol BEKTOPHBIX JHarpamM.
buenwus.

CrnosxeHue ABYX B3aMMHO MEPIEHIUKYISIPHBIX TapMOHUYECKUX Konebanus. durypsl Jluccaxy.

Bonna. Mexannueckas BosiHa. [lonepeunsie u npoaoabHble BOJIHBL. DPOHT BOJIHBL, BOJIHOBAsS
MOBEPXHOCTD, MOHATHE O Oeryieii u crosueit Bosne. [Inockue u chepudeckue BoHbI. [[nrHa BOJIHBI,
NEPUOJ] U YACTOTA BOJIHBI.

JuddepennuanbHoe ypaBHeHHE BOJIHBI (BOJHOBOE YpaBHEHHUE). Y paBHEHUS TUIOCKOM Oeryiieit
FapMOHHUYECKOM BOJIHBI.

VYpaBHeHue cTosiueit BonHbL. [IoHATHE O MyYHOCTSAX U y37aX CTOSYEH BOJIHBI.

[TonsTHe o rpymnmoBoii u ¢pa3zoBoii ckopoctu BoiH. Jucnepcus BoiaH. CKOPOCTH pacpoCTpaHeHHUs
BOJIH B PA3JIUYHBIX Cpeaax.

du3nyeckne 0CHOBbI MOJIEKYJISPHO-KMHETHYECKOH TeOpHH
Hoeanvnuuii 2a3z

OCHOBHBIE T0JIOKEHUSI MOJIEKYJIIPHO-KMHETUYECKOM Teopun. [Tonarue 06 naeansHom raze. OCHOBHbIE
ypaBHEHHUsI MOJIEKYJIIpHO-KMHETHUeCcKol Teopur. CTenenu cBoOo bl Mosiekys. CpeaHss sHeprus
TETIJIOBOTO JIBUKEHUST MOJICKYJIbI. AOCOIIIOTHAs TeMIeparypa.

MakcBeII0BCKOe pacrpeielieHne MOJIEKYJl o ckopocTsM. [ToHsTre o Hanbonee BeposITHOM, cpeaHen
apudmeTnyeckol U cpeiHel KBaJpaTUYeCKON CKOPOCTSAX TEIJIOBOTO JIBUYKEHHS MOJIEKYIT UI€AIbHOTO
ra3a. bapomerpuueckas popmyna.

VYpasuenue Menneneena - Knaneiipona. M3orepmuueckuit, n300apuyecKuii, H30XOPHUUECKHM,
ananabaTHBIN U MONUTPOMHBIN Mpoiecchl. OCHOBHOE YpaBHEHHE COCTOSIHUS UJIEAbHOTO Ta3a U €ro 3amich
JUTSL pa3IMYHBIX U30mporieccoB. CMech Ta30B.
3akoH JlanmpTOHA A7l CMECH T'a30B.

Peanvnuuii 2a3

Peanbuble rasel. Ypasaenue Ban-nep-Baanbca st peansHoro ra3a u ero ananus. Kpurndeckoe

COCTOSTHUE raza. BHyTpeHHss sHeprus peajbHoro rasa.
Henenusn nepenoca

OddexTuBHBIN AHAMETP MOJICKYIIBI. YHCIIO CTOKHOBEHUH M CPEAHSS ITMHA CBOOOIHOTO mpobera

MOJIeKYI1. SIBJeHus mepeHoca B razax: 1ud¢ysus, TeIIONpPOBOAHOCTh U BI3KOCTb.

du3nyeckue 0CHOBbI TEPMOAUHAMMKH
Ilepsoe nauano mepmoounamuxku
Tepmoaunamuueckas cuctema. BHyTpeHHss sHeprus cucteMbl. KoinuecTBoO TEmIoThI.
TermmoeMKOoCTh, BUIbI TEMITOEMKOCTH. CBSA3b TEIITIOEMKOCTH U BHYTPEHHEW SHEPTUM C YHCIOM CTETIEHEH
CBOOO/IbI MOJIEKYIL.
[TepBoe HavanO TEPMOIMHAMUKH M €T0 IPUMEHEHHUE K Pa3IMIHbIM H30mpoIieccaM. PaboTa uaeaibHOTO
rasa.
Bmopoe nauano mepmoounamuxu
OObpatumbie U HeoOpaTuMeIe npoiiecchl. Kpyroseie mpotieccel. [IpuHImN qeiicTBys TEMI0BON
MamuHbl. MneanbHas TertoBas mamuna Kapuo u e€ KIT/I.
Ourponus. Bropoe Hauano TepMOJUHAMUKU U €r0 CTATUCTUYECKUI CMBICIT.



DJIEKTPOCTATHKA.

DNEeKTPOCTaTUYECKOE 0JIE, Er0 OCHOBHBIE CBOMCTBA U XapaKTepUCTHKH. I'paduueckoe n3obpaxxeHue
IEKTPOCTATUYECKOTO I1OJIS1: CUJIOBBIE JIMHUU U SKBUIIOTEHIUAIIH.

Toueunsnii anekTpudeckuii 3apsaa. HanpsokeHHOCTh M NOTEHIMAI HEMOABU)KHOTO TOYEYHOTO 3apsizia.
3axoH Kynona. [IpyHumn cynepno3unuu Juist 3JI€KTPOCTaTUUECKUX MOJIEH.

[ToreHumanbHas 3HEPryst AEKTPOCTATHUECKOI0 B3aUMOAEHCTBHSI TOUEUHBIX 3apsi1oB. PaboTa
JIEKTPOCTATUYECKOIO OIS 110 NEPEMELICHUIO TOYEYHOIO 3aps/ia.

[TpoBONHUKH U TUANEKTPUKU. Buabl 1uanekTpukoB. [IpOBOAHUKY U JUDIEKTPUKH B
aJIEKTpocTaTHUecKoM rouie. Teopema Octporpaackoro-I"aycca s 37€KTpOCTaTUUECKOIO MOJIs
HEIOJIBHYKHBIX 3apsiIOB B BAKyyM€ U B BELIECTBE.

DNEKTPOEMKOCTh YEAUHEHHOIO IPOBOAHUKA U KOHAEHcaTopa. Busl konaeHcatopoB. @opmynsl ais
pacyera 3JIeKTPOEMKOCTH IIOCKOI'0, HMJIMHAPHUYECKOT0 U ¢(hepruiecKoro KOH1eHcaTopoB. Buibl
coeMHEeHHsI KOHIeHcaTopoB. DopMyIIbl 1715 onpeAeNieHHs eMKOCTH O6aTaper KOHJCHCATOPOB. DHEPTrHs
JIEKTPUUECKOTO MOJIsl YeAMHEHHOI'0 IIPOBOJHHUKA U KOHJIeHcaTopa. OObeMHasi JIOTHOCTh 3HEPTUU
AIEKTPUYECKOTO TOJIA.

OnexTpuuecKkuid Aunoib. HanpspkeHHOCTh M NOTEHIMA TOYEYHOTO JUIIOJIS.

IocTOAHHBIN JJIEKTPUYECKUI TOK

Onexrpuueckuii TOK. [I0CTOSHHBIN 2JIEKTPUYECKUI TOK U €0 OCHOBHBIE XapaKTEPUCTUKH: CHJIA TOKA
Y IUIOTHOCTB TOKA.

Conpotusienue npoBogHuka. [locienosarenbHoe U napauieIbHOE COEAMHEHUS IIPOBOJHUKOB.

3akonbl Oma u Jxoyins-JIenna. Pabota 1 MOITHOCTB MOCTOSIHHOTO 3JICKTPUYECKOTo ToKa. [IpaBuia
Kupxrocga 115 pacuera 351eKTpHUECKUX LeNel OCTOSHHOTO TOKA.

MarauTHoe noJe

MarnuTtHoe 1oJje, ero OCHOBHbIE CBOWCTBA U XapaKTepUCTUKH. I'paduueckoe n3obpaxeHue
MarHUTHOTO IOJISi: CUJIOBBIE JIMHUM BEKTOpA MarHUTHON UHAYyKUUU. [ToTOK BekTOpa MarHUTHOMN
WUHAYKIWH.

3axoH buo-Casapa-Jlamnaca. [IpuHiun cynepno3unmu Jii MarHUTHBIX 1osield. MarHuTHoe nosie
IPSMOJMHENHOTO MPOBOJHHUKA C TOKOM KOHEYHOW U O€CKOHEYHOH JTMHBI, 0ECKOHEYHO UITMHHOTO
COJICHOMJIA M TOPOMJIA C TOKOM, B IIEHTPE KPYTOBOI'O BUTKA C TOKOM.

Cunel AMniepa u Jlopenua. JIBm>keHHe 3apsKEHHBIX YaCTHIL B MArHUTHOM ToJie. B3aumoneincrsue
JIBYX TMapajiebHbIX IPOBOJIHUKOB C TOKOM. PaboTa MarHMTHOrO MOJIs 10 MEPEMEILEHUI0 TPOBOAHUKA U
KOHTypa ¢ TOKOM. MarHUTHBIN MEXaHUYECKUI MOMEHT, JEMCTBYIOIMI HAa KOHTYP C TOKOM B MarHUTHOM
oJe.

JlnamarHeTuky, mapaMarHeTHK U peppomMarHeTuku. X ocoOeHHOCTH U OCHOBHBIE XapaKTEPUCTHUKH.
3aKOH MOJHOTO TOKA JIJIsl MATHUTHOTO I10JI B BAKYYME U B BEIIIECTBE.

JIEKTPOMarHeTusM

Omnbitel @apanes. SIBneHne MEKTPOMATHUTHON MHAYKIMH. 3akoH Dapazes 11 31eKTPOMarHuTHON
uHaykuuu. [Tpasuiio JleHna. SIBieHne caMOMHYKIIMY U B3aMMHOM MHAYKIMH. IHIYyKTUBHOCTH KOHTYpa
Y COJIEHOM/IA. DHEPIHsl MATHUTHOTO MOJISI KOHTYpa U COJIEHOU 1A C TOKOM.

IlepemMeHHBIN 3JIEKTPUYECKHI TOK
[IepeMeHHBIN PIEKTPUUECKUNA TOK U €ETO OCHOBHBIE XapaKTEPUCTUKH. LIenb nepeMeHHOro ToKa TOJIbKO
C aKTUBHBIM COMPOTUBJICHUEM, C UJICATTbHOM €MKOCThIO U UJI€alIbHOW MHAYKTUBHOCTBIO. 3aKOHBI OMa 1
BEKTOPHBIE JUArPAMMBI JJIsl TaKUX Lienei. Llenb nepeMeHHoro Toka, coaepskalias nociae10BaTeIbHO
COEIMHEHHBIE aKTUBHOE COMPOTUBIICHUE, EMKOCTh U MHIYKTUBHOCTh. 3aKOH OMa U BEKTOpHAast
JMarpaMma Juisi Takoi LenHu. SIBIIeHre MOoCae10BaTENbHOI0 U apauIeIbHOIO pE30HAaHCca B LEH
MIEPEMEHHOT0 TOKA.



Onruxa
Humepghepenyun ceema
BonroBas mpupoaa cBeta. MoHOXpOMAaTHYECKUE U KOTEPEHTHBIC BOJIHEL. SIBIeHHE nHTepdepeHITNH
cBeTa. YcioBUs ycuiieHus u ocnabiaeHus csera npu unrepdpepenunu. Onsit FOura. Untepdepenius
CBETa B TOHKUX IUIEHKAX: IMOJOCHI pABHOTO HAKJIOHA U NOJIOCHI paBHOU ToauieHbl. Konpua HeroToHa.
ughpakyun ceema
Hudpaxmus ceera. Judpakuus Openens u @paynrodepa. [punuun Ioiirenca-dpenens. Meroa
30H Openens. Audpakuus Openens Ha HEOOIBIIOM KPYIJIOM OTBEpCTUH U Jaucke. udpakuus
®payrarodepa Ha OTHON U MHOTHX IensaX. JudpakinonHas penerka u €€ OCHOBHBIC XapaKTEPUCTUKH.
Bunsl nudpakunonnsix pemetok. @opmyna nudpakiinoOHHONW PeleTKH.
Judpakiust peHTTeHOBCKHUX BOJIH Ha KpHUcTaindeckoid pemérke. @opmyna Bynsha — bparros.
B3aumooeiicmeue ceema c seuyecmeom
[Tornomenue cera. 3akon byrepa. Paccesnue cBera. 3akon Penes. ucnepcus ceeta. Dpdexr
BaswunoBa — Uepenkoa. Dddekt Homnepa. Ipdext Komnrona.
Ilonapusayuu céema
SIBnenue nonspuzanuu cBeta. EcrecTBeHHBIN U MONSIpU30BaHHbIN cBeT. Bupl noispusanuu. CTeneHpb
noJisspusanu. CriocoObl OJTY4eHHS JIMHEWHO MOJISIPU30BAaHHOTO CBeTa. 3aKoH bprocrepa. 3akoH
Mautroca.
Tennoeoe uznyuenue
TemnoBoe nznyyenne. OCHOBHBIE XapaKTEPUCTUKHU TEIJIOBOTO M3My4deHHs. AOCOIIOTHO YEPHOE TEJO,
Cepoe TEJ0 U UX OTIIMYMS OT PeasIbHBIX Tel. Mozenb aOCOM0THO YepHOTro Teia. KpuBbie TErIoBoro
U3ITy4deHHs aOCOIIOTHO YEPHOTO Tela. 3akoHbI TeroBoro uznydenus: Kupxroda, Credana-bonbimana,
Bumna, Panes-/>xunca, [1nanka.

Domorghghexm
SBnenue ¢poroddexra u ero Bupl. 3akoHbI BHeNIHero ¢porodddexra. YpaBHeHHe DiHIITEHHA 115
doroaddexra. [lonstue o padote BrIxoJa 1 KpacHOU rpanuie potordpdekra.

AToMHas ¥ aaepHas ¢pusuka. OU3HKA dJIeMEHTAPHbIX YaCTHIL

SIBeHne palnoaKTUBHOCTHU. 3aKOHBI paJin0akTUBHOCTH. O003HaUEHHE ATOMHBIX SIJIED.
Buabl painoakTUBHBIX U31yYE€HUI U UX CBOKCTBA. KocMUYeCKoe H3ydeHuE.

CoBpeMeHHBIE IIPEICTaBICHU O CTpoeHUH aToMa. CocTtaB aTOMHOTO A11pa. MaccoBble U 3apsiioBbIE
yncina. SAnepHsie cuibl. JlepekT Macchl ¥ SHEPrus CBA3U A1pa. SiepHble peakllui U UX OCHOBHBIE THIIBI.

KopmyckynspHO-BOJIHOBOH Ayallu3M CBOMCTB BelecTBa. BonHsl ne bpoits.
CootHomenue HeonpenenéHHoctel I'elizendepra. Bpemennoe u craunonapHoe ypasaenus lpequnrepa.
BonHoBas pyHKIMS U €€ CTaTUCTUYECKUI CMBICI.

[Tpunnnn [Taynu. [IoHATHE 0 KBAHTOBBIX YHCIIAX.
[TpuHIMI HEPa3IMUYMMOCTH TOXKIECTBEHHBIX YacTHll. depmuonsl u 6030HbL. Pactipenenenue @epmu -
Hupaxa u

boze - OiiHiTelHa.
DneMeHTapHbIe YaCTULIBI M TUIIBI UX B3auMoaelcTBUi. Kinaccudukamus sneMeHTapHbIX YacTHUIL.
Ksapku.



TpeOoBaHNsl K BbINOJHEHUIO KOHTPOJIBHBIX 3a1aHUI

CTyaeHT OJDKEH PelIUTh JECATh 3ajady TOTO BapHaHTa, HOMEpP KOTOPOTO COBIAJAET C IMOCIEIHEH
nudpoil HoMepa ero 3a4€THOM KHIDKKU. Kareropumuecku 3amperiaeTcsi U3MEHATH YCIOBUS 333y WIH
3aMEHSTh YCIIOBHS 3a/iay, B3STBIX M3 JIPYIHX BapuaHTOB. Pa0GoThHI, BHINOJHEHHBICE C HAPYIICHUSMHU,
MPUHUMATHCA HE OYayT.

[Tpy BBIMONTHEHUN KOHTPOJBHBIX 3aJaHUU CTYACHTY HEOOXOIMMO PYKOBOJCTBOBATHCS CIEAYIOIIUMHU
paBUJIaMU:

1. KoHTponbHBIE 3aJaHHs BBIMOJIHSIOTCS B OOBIYHON INKOJBHOW TETpaad, Ha OOJO0XKKE KOTOPOW
MPUBOJIATCSL CBEJICHUS IO CIEYIOIIeMY 00pasIry:
Cryaenr
BI'TY um. B.I'. lllyxoBa
Anpapees W. I1., rpynna MOpn-241
HOMep 3a4€THOM KHMKKHM 257320
Anpec: r. lllebexknno, CoBerckasn yi., 4, KB. 1
KontpoabHnas padora Nel
Bapuant Ne 0

2. KonTponpHOE 3a/1aHu€e BBINOJIHSAETCA YepHuIamu. st 3aMedanuii mpenogaBaTessi OCTaBISIOTCS TOJIS.
Kaxgas 3amaga 1qomkHA HAYMHATBCA C HOBOM CTpaHMIIBI. YCJIOBHUS 3ajad IEpemnuchiBaloTcs 0e3
COKpAILCHH.

3. Pemenust [OIKHBI COMPOBOXKIATHCS TMOSCHEHUSMHU, PACKPBHIBAIOIMIMMH (PU3UYECKHI  CMBICI
IPUMEHSIEMbIX (POPMYIT WIIM 3aKOHOB.

4. HeoOxoauMo pemuTh 3a1ady B OOIIEM BHUJE, T.€. BHIPA3UTh MCKOMYIO BEIIMYMHY uepe3 OYKBEHHBIC
0003HaYeHUs BCJIMYHMH, 3aJIaHHBIX B YCJIOBHUHU 3ada4YU.

5. [loacraBuTh B OKOHYATEIHHYIO (OPMYTy BCE BEIMYUHBI, BhipaxkeHHbIe B cucteme CU. [Ipoussectu
BBIYUCJICHUS M 3a1ucaTrb OTBCT.

AJIFOpI/lTM peuaieHud 3ajaa4d 1mo (bmmce

B Buay TOro, 4ro yHHBEpCaJbHONM METOJAMKU pELICHHUsS 3a7ady HEe CYIIECTBYET, HM)KE MPUBOIAUTCS
IPUMEPHBIN alNropuT™, KOTOPBINA o0eryuT Bam pemenue 3agau no ¢pusuke.

1. BuumatenbHO NpouYMTaTh 337ady. YCTAaHOBUTh B OOIIMX dYepTax YCIOBHsS 3aJaud M KaKuM
(u3NYECKUM 3aKOHAM OHU OTBEYAIOT.

2. Caenatb KpaTKyIO 3allUCh YCIIOBHS 3aauu. Bce naHHble 3a1aun BeIpa3suTh B equMHULIAX cucteMbl CH.
3. Cnmenath 4epTex, CXeMy WJINM PHCYHOK, MOSCHSIOIINE YCIOBHE 33/7a4d. YKa3aTh Ha 4epTexe Bce
JTaHHBIE ¥ ICKOMBIE BEJINYMHBI 33]1a4H.

4. HamucaTh ypaBHEHHE WM CUCTEMY YpaBHEHMM, OTOOpa)kalolMX MPOUCXOASIINN B YCIOBHM 3ajauu
¢usnueckuit npouecc. IIpu HEOOXOIMMOCTH BEKTOPHBIE YpaBHEHHS 3alKcaTh B MPOEKIHSIX Ha OCH
KOOpJUHAT

5. Hcnonb3ys ycrnoBus 3aJjauu U 4epTex, MpeoOpa3oBaTh UCXO/IHBIE PAaBEHCTBA TaK, YTOOBI B KOHEUHOM
BU/JIE B HUX BXOJWJIU JIMIIb YIIOMSHYTHIE B YCIOBUSIX 3aJ]a4l BEJIMUMHBI U TAOJUYHbBIE TaHHBIE.

6. Pemuth 3amady, MoJiyuuB OKOHYATENbHYIO (GopMyny B OykBeHHOM Buje. IIpoBepuTh pazMepHOCTbH
MOJIyYEHHOT0 PaBEHCTBA M €CJIM OHA COBIAJAET, MOJACTaBUTh B HEE MCXOJHbIE JaHHBbIE U MPOU3BECTU
BbIuncieHus. [IpoaHanu3upoBaTe NOMyYEHHBIN PE3yIbTaT U 3alIUCATh OKOHYATEIbHBIM OTBET.



BOIIPOCHI JJIA IOAT'OTOBKH K OK3AMEHY

1. Knaccuueckas MexaHuKa U €€ pa3fenbl: KHHEMAaTHKa, JUHAMHKA, cTaTHKa. OCHOBHBIC MOHSATHS: MaTepHaibHas TOUKa,
CHCTEMa OTCUYETa, TPAECKTOPHS, IyTh, epeMerneHne. CpeHssi 1 MTHOBEHHAst CKOPOCTH. Y CKOpEHHE.
2. IlocrynarenbHOE IBIKEHHE. Y PaBHEHUS MOCTYIIATEILHOTO IBHKEHHUS.
3. BpamarensHoe nBIKeHHE. J[BMKEHHE MaTepHUATbHOW TOYKH IO OKPYKHOCTH. YTOJ IMTOBOPOTA, YTIIOBAsi CKOPOCTb,
yrioBoe yckopeHue. [lepuox n yacrora BpamieHust. CBSA3b MEX Iy JINHEHHBIMU U yTJIOBBIMU BETHIMHAMH. Y PaBHEHUS
Bpall[aTeIbHOTO JBIKEHUS:
4.  Cwuna. Macca. 3akonsl HeloToHa.
5. Cubl B MEXaHHKE: CHJIa IPaBUTALIOHHOTO B3aMMOJICHCTBHS, CHIa TSHXKECTH, BEC, CHJIA YIIPYTOCTH, CHIIBI TPEHHS, CHIa
Apxumena.
6. Cucrema MaTepHalbHBIX TOUYEK. VIMITyJIbC MaTepuallbHOM TOYKH U CUCTEMbI MAaTEPHAIBHBIX TOUEK. 3aKOH W3MEHEHHS
UMITyJIbCa ¥ 3aKOH COXPAHEHUS NIMITyNbca. AOCONMIOTHO yIpYyruid 1 aOCOMIOTHO HEYTIPYTHH yIaphl.
7.  Mexanmdyeckas paboTa IOCTOSHHON U TepeMeHHoH cribl. Momuaocts. KIT/.
8.  Bwumsl MexaHHUYECKOH SHEPTHH: KHHETHUYECKas, TOTCHIIHATIbHAS, ITOJTHAS MEXaHUIECKas. 3aKOH U3MECHEHHMS TTOJTHOM
MEXaHUUYECKON 3HEPTUU U 3aKOH COXPAHEHUS OJHOM MEXaHUYECKOH SHEPTHH.
9. Mexannueckue konebanus. JJuddepeHnuansHoe ypaBHEHHE TapMOHIMYECKIX KollebaHuii u ero pemenue. [ paduk u
OCHOBHBIE XapaKTEPUCTUKN FapMOHMYECKNX KOJIEOaHNH: aMIINTYJa, IIMKIMIECKas 9acToTa, HadaiabHas (paza KoneOaHMH.
10. Mexanunueckue BodHbL JJuddepenimansHoe ypaBHeHUE BOJIHBL Y paBHEHHE IIOCKOM rapMOHU4YecKol BoHBI. [ paduk
BoJIHBL. DazoBasi CKOPOCTH BOJIHBI, ITTMHA BOJHBI, BOJIHOBOE YUCIIO.
11. MonexynapHo-KUHETHYECKas TeOpUs Ta30B. M neanbHbli ra3. 3aKoHbI HIEaIbHOTO rasa.
12. TepmoauHamuka. OCHOBHBIE TIOHSTHSI: BHYTPEHHSSI SHEPT U, KOJIMYECTBO TEIUIOTHL. PaboTa uneanbHoro rasa.
13. TlepBoe Hawano TepMmoarHamMuky. [IpuMeHeHue mepBoro Havyana TePMOANHAMUKY K PA3IHYHBIM U30MPOLIECCaM:
HM30TEPMHUUYECKOMY, U300apUIECKOMY, H30XOPHUIECKOMY, aIHa0aTHOMY.
14. Tlpuanun gevictBus TeruoBoro apurareis. KII/ temmosoro aurarens. Lk Kaprao u ero KI1/I.
15. Cuibpl MEXMOJIEKYIIPHOTO B3aNMOJICHCTBHS B peallbHBIX Ta3ax. Y paBHeHne Ban-ngep-Baanbca s peansHOTo rasa u
€ro aHaJIu3.
16. Dnexrpocratuka. DnekTpHdecKoe none. HanpspkeHHOCTh 1 MOTEHIHAN 3JIEKTPOCTaTHIECKOTO Mo, Buapt
EKTPUUECKHX 3apAT0B. 3aKOH COXPaHEHHS 3JIEKTPUIECKOro 3apsana. 3akoH Kyona.
17. Tpaduueckoe n300pakeHNE HIEKTPOCTATHUCCKHUX MOJICH: ¢ TOMOIIBIO CHIOBBIX JINHUN M SKBHITOTeHIIMaNeH. CHIIOBBIC
JIMHUU ¥ SKBUIIOTEHITMAIM TOYSUHOTo 3apsia. [IpHHIUN cynepno3unuuy It 3JIeKTpOCTaTYeckoro nois. HanpskeHHOCTh U
MOTEHIMAJ TOUEHHOTO 3apsijia.
18. TloreHumanbHas YHEPIHs FIEKTPOCTATHYECKOTO B3aUMOACHCTBHS TOUSUHBIX 3apsioB. PaboTa 3JeKTpocTaTH4ecKoro
TIOJIS TIO TIEPEMEIICHUIO TOYETHOTO 3apsaa.
19. TlocTosiHHBIN 3JEKTPUYECKHUIT TOK. XapaKTEPUCTUKH IJIEKTPUUECKOTO TOKA: CHJIa TOKA, BEKTOP IJIOTHOCTH TOKA.
DJeKTpOABIKYIIAs CHIIA M HanpspkeHne. 3akoH OMa Ut ydacTKa HEeTH U 3aMKHYTOH [eTn.
20. 3axon [Ixoyns - Jleana. PaboTa n momHoCTh TOKa. KI1/] icrounmka Toka.
21. MarunuTHoe 1ose B BakyyMme. BeKTop MarHUTHOH WHAYKIMU U BEKTOP HAIPSHKEHHOCTH MarHUTHOTO 1ofist. CHIitoBbIe
JIMHUM MarHUTHOTO T0JIst. [IpHHIMIT CyNepno3uuy 11l MAarHUTHOTO 110J1sl. MarHUTHOE ToJIe MPSIMOJIMHEHHOTO ITPOBOTHHIKA
C TOKOM OECKOHEYHOM JUTMHBI M B IEHTPE KPYTOBOTO BUTKA C TOKOM.
22. Cwuna Ammnepa u cuna Jloperma.
23. MaruutHbli motok. PaboTta cuil MAarHUTHOTO T10JIS TPU TIEPEMEIEHUHU TPOBOJAHNKA U KOHTYPa C TOKOM B MarHUTHOM
ToJe.
24. DnexTpoMarHuTHbIe BOJHBL. [1IKkana aneKTpoMarHUTHBIX BOJIH.
25. Omruka. BuguMmelii cBeT 1 ero npupoza. BonHoBbie 1 KOpIycKyIsIpHbIE cBoiicTBa cBeTa. POTOH. DHeprus, Macca u
HUMIyJbC (OTOHA.
26. BoJsHOBbIE CBOICTBA CBeTa: sBJICHUE HHTEP(EPEHIINH CBETA. Y CIIOBUS YCHIICHUSI U OCllabJIeHHs CBeTa MpU
narepdepennnn. OmbiT FOHTa. MHTEpdepeHnns cBeTa B TOHKHUX IUIEHKAX: ITOJIOCH PAaBHOTO HAKJIOHA U MOJIOCH PAaBHOM
TOJIIEHBI.
27. BoxHOBbIE cBoiCTBa cBeTa: sBieHUE qudpakuuu ceera. Audpakuus Openens u @paynrodepa. [Tpuaunn [Moiirenca —
@penens.  JIudpakipoHnas pemeTka 1 €€ OCHOBHBIC XapaKTepUCTUKU. Bupl mudpaknuoHHbIx pemerok. @opmya
J(PaKIMOHHON PpEIIEeTKH.
28. BoiHOBbIE CBOWCTBA CBETa: ABJIEHUE NOIIPH3ALUK cBeTa. EcTecTBEHHBIN U MOIIpU30BaHHbIN cBeT. CTeneHb
nosisipu3anuu ceeta. CriocoObl MOTydeHuUs TMHEHHO MOJSIPU30BaHHOTO CBeTa. 3akoH bproctepa u 3akoH Martoca.
29. KopmyckysipHble CBOWCTBA CBETa: TEMJIOBOE M3JyYEHHE, €T0 XapaKTEPUCTUKU M OCHOBHbIE 3akOHbI: Kupxrooda,
Credana — bonervmana, Buna, Panes — Jxunca u [1nanka. Kpuslie TenoBoro n3my4deHus.
30. KopnyckynsipHble cBoiicTBa cBeta: poToaddext. 3akonsl CtoneroBa [uist BHelIHero ¢potodddekra. YpaBHeHHE
OWHIITEWHA I

BHemHero goroaddexra. [Tonsatue o paboTe BbIX01a M KpacHOi rpanuiie potoddpdekra.
31. KopmyckyisipHO - BOJHOBOH Jyajn3M CBOMCTB BellecTBa: rumnoresa ae bpoiins. Boxnsl ne bpoiins. CootHomeHune
HeonpeesneHHocTel ['eit3endepra n ux GU3NUECKUN CMBICII.
32. CoBpeMeHHBIE MPECTaBICHUS O CTpoeHUH aroMa. O003HaYeHNE ATOMHBIX Jep.
33. SIBieHMe pasMOaKTHBHOCTH. 3aKOH paJMOaKTHBHOIO paciiaia. Buabl paqoakTUBHBIX M3IIy4EeHHUH: o, B 1Y —
n3nydeHus. MIx npupoja u OCHOBHBIE CBOMCTBA.
34. DnemeHTapHbIC YaCTHIBI. BUIIBI 31eMEHTapHBIX YaCTHI] U HX OCHOBHBIE CBOMCTBA.



KonTpoJsbsnas Ne 1 Bapuant Ne (

1. Touka ABHKETCS MO OKPYKHOCTH paanycoM R =4 m. 3akoH €& ABHIKCHHS BBIpaKaeTCs
2 .
ypaBHEHHEM S = (8 -2t )M . Haiitu MOMeHT BpeMeHH t, Korja HOpMaabHOE YCKOPEHUE TOUKHU

2. .
an =9 M/C”; CKOPOCTH V; TAHTCHIIMAIHHOE a; U TIOJTHOE & YCKOPEHHUS TOUYKH B 9TOT MOMEHT BPEMEHHU.

2. MaxoBuK, UMeIOIHI BUJ Aucka paauycoM R =40 cM u Maccoii 50 Kr, MOKeT BpaIlaThCcs BOKPYT
TOPU3OHTAIBHON Oocu. Ha 3Toi ocu xecTko 3akperyieHn mkuB paauycom I =10 cwm. Ilo
KacaTeJIbHOU K IKMBY MPUJIOKEHA MOCTOsAHHas cuita F = 500 H. Yepes ckonbko BpeMeHH
MaxXOBHK PacCKpyTHTCS 10 9acToThl N = 1 06/c?

3. Ilapuxk maccoit 50 r, NpuBA3aHHKI K KOHIYy HUTH JuHOM |1 = 1 M, Bpamaercs ¢ wactoToit Ny = 1
00/c, onupasich Ha TOPU3OHTAIBHYIO MI0CKOCTh. HUTh yKOpauuBaeTcs, mpuOInKas Mapuk K 0CH

Bpamenus 1o paccrosuus | » = 0,5 m. C kakoii uacToToii Ny GyaeT MPH STOM BpalaThcs MapuK?

Kakyio paGoty A coBepuiaer BHEIIHss Cuja, yKopaunBas HUTh? TpeHHEM IIapuKa o
IJIOCKOCTbh NNpeHeOpeyb.

4. JIBe mpy>kuHbI xKecTKocThio K1 = 300 H/Mu Kk = 500 H/M ckpemnsieHbl mociie0BaTENbHO.
Omnpenenuts paboOTy IO pacTSDKEHHUIO 00EUX TMPY>KHUH, €CIIM BTOpas Npy>XWHa Obliia

pactanyra Ha Al =3 cm.

5. Touka coBepmaeT rapMoHHYECKHE KoJieOaHUsi. B HEKOTOPbIi MOMEHT BpPEMEHH CMEIIEHUE
TOYKHU X = 5 cM, ckopocTh ee U = 20 cm/c u yckopenue a = -80 cm/c’. Haiitu UUKIUYECKYIO

4acTOTY M Mepuoj Koebanuii; a3y kojebaHHWN B paccMaTpUBaeMblii MOMEHT BPEMEHH H
aMIUTATYAY KOJeOaHUH.

6. Coepmas nukn Kapro, ra3 otagan oxyiaguTtento 2/3 TEIUIOTHI, MOJIYYEHHOH OT HarpeBaTels.
OnpeenuTh TEMIIEPATypy OXJIaJUTENIsl, €CIIM TeMIieparypa Harpesarens 11 = 425 K.

7. Kucnopon Mmaccoii M = 2kr 3aHumaer obvem Vi = 1M u HaXOIUTCS I10J] JaBJIEHUEM

p1 = 0,2 MIla. I'a3 6611 HarpeT cHauyajaa Ipu MOCTOSHHOM JIaBJICHUHU 10 o0bemMa Vo = 3m%, a 3atem
IpU NOCTOSSHHOM oObeMe 10 naBiieHus pp = 0,5MIla. Haiitu: 1) u3meHeHue BHyTpeHHEH >HEPruu
AU rasa; 2) copepuiennyro um pa6ory 4 ; 3) konuuectso Temtorsl Q,nepenannoe rasy.

8. JIBa 0IMHAKOBBIX METANTUYECKUX 3apsHKEHHBIX IIapa HaxoIsaTcs Ha paccTosHuu I = 60cm. Cuia
orrankuBanusg mapos F1 =70 mxH. ITocie Toro kak mapsl MIpUBEIM B COMPUKOCHOBEHHE U Y1ATWIH
JpyT OT Apyra Ha IpeKHEe PacCTOsIHUE, CHJIa OTTAIKMBAHUSA BO3POCIa U cTajla PaBHOM

F, = 160 mxH . Boruncauts 3apsaast Q; u Qp, koTopsle ObUIM Ha mapax J0 MX COMPUKOCHOBEHUS.
JluameTp mapoB CYUTATh MHOTO MEHBIIMM PACCTOSIHUSL MEXKAY HUMH.

9. Ilpu BHemHeM conpoTubieHud 1 =3 Om cuna Toka B nenu l; = 0,3 A, npu conpotusiennn
', =5 Owm cuna Toka | = 0,2 A. Onpenenuts cuny Toka KOPOTKOTO 3aMbikanus ucTounnka JJIC.

10. TlepneHAMKYIAPHO  MAarHUTHOMY  ToOJN0  HanpsokenHocteto H =104 A/m

BO30YKIEHO DIIEKTPHUYECKOE TMojie  HanpsukeHHocThio F = 1000 B/cm . [TepneH uKyIsapHO
000UM MOJISIM ABUKETCS, HE OTKJIOHSSCH OT IPSIMOJIMHEHHON TPAeKTOPHUH, 3apsKEHHAs YacTULA.
OnpenenuTb CKOPOCTh V YaCTHUIIBI.

11. VYron a Mexay MiIOCKOCTIMHU MPOMYCKaHUs NOJApU3aTopa U aHaiuzaTopa paseH 45°. Bo ckoibko
pa3 YMEHBIINTCS MHTEHCUBHOCTh CBETA, BHIXOASIIETO U3 aHAIIM3ATOPa, €CJIM YroJl YBeJIIMYUTh 10 70°7

12. Temmneparypa BepxHux cinoeB Connua paBHa 5,3 kK. Cunrtas CoJiHIle YepHBIM TEJIOM, ONPEIETUTh

JUTHHY BOJHBI lmax ,

max
CBETHUMOCTH I‘/1 T

KOTOpOfI COOTBCTCTBYCT MAKCUMAJIbHAA CIICKTPaJIbHAA IIJIOTHOCTDH BHCpFCTquCKOﬁ

CouHiza.

13. Ompenenuth paboTy BbIxoa A JIEKTPOHOB U3 HATPHS, €CIH KpacHas TpaHuna Ggorodddexra
Ao =500 M.

14. Omnpenenuth yrou 6 paccestHust $OTOHA, UCIBITABIIETO COYAAPEHUE CO CBOOOIHBIM JIEKTPOHOM,
€CJIM I3MEHEHHE JITMHBI BOJHBI AA IPU paccesTHUU paBHO 3,2 TIM.

15. OmnpenenuTs qMaMeTpsl CIeAyIOmuX saaep: 1) S Li;2) f; Al.




KonTpoabHas Ne 1 Bpapuanr Nel

1. JIBMKeHUs ABYX MAaTEpUabHbIX TOYEK BHIPAKAIOTCSA YPABHEHUSIMU X, = (20 +2t—4t° )MI/I

X, = (2 +2t+0, 5t2).7l/l . B xakoif MOMEHT BpeMEeHH CKOPOCTHU 3TUX TOUYEK OyAYyT OJUHAKOBBI?

Uemy paBHBI CKOPOCTH M YCKOPEHHUSI TOYEK B 3TOT MOMEHT?

2. Yepes HeMmoABMXHBIN 010K Maccoit 0,2 KT MEpeKUHYT MIHYP, K KOHIIAaM KOTOPOTO
noABeWEeHbl Ipy3sl MaccamMu M= 0,3 xr u My = 0,5 xr. OnpenenuTts cuiIbl HATSHKEHUS IHYpa
Ty u T, o o6e cToponsl 6;10Ka BO BpeMs JBMKEHHS I'PY30B, €CIIH MAacCy 0JIOKa MOXKHO
CYUTATh PAaBHOMEPHO paclpepe’eHHON mo 00oy.

3. U3 npy>XMHHOTO MHCTOJETa BRICTPEIWIN B TOPH30HTAILHOM HANPaBJICHUH ITyJIbKOM, Macca KOTOPOi

paBHa 5 1. XKectkocts npy:xunbl K = 1,25 kH/m. IIpyxuna Obuia cxxara Ha Al = 8 cm. Onpenenuts
CKOPOCTh NMYJBKH MPHU BBUIETE €€ U3 NMHCTolNeTa. TpeHrneM npeHeopeyb.

4. Omnpenenute Nepuoa, JTUHEHHYIO YaCTOTY HaYaIbHYIO (ha3zy KojeOaHHid, 3aJaHHBIX YpaBHEHHEM

x=Asin@(t+7) e w=257P% 4 r=04c.

C

5. Ompenenure mMaccy M; oxHoii Monekynsl cepoyriaepoga CS,.

6. Ompenenute TeMmMmepaTrypy Tras3a, €CIM CpPeAHSIS KHHETUYECKasi SHEPTUS <Opocr™>
1q -21
MOCTYIATEeILHOTO NBH)KEHUS ero MoJiekyn paBHa 2,07 10 "~ JTx.

7. Temmii wmaccoii M = Ir Ge1  marper ma AT =100 K npu mocrosHHOM jaBieHuu p.
OnpenenuTs:

1) xommuectBo Termotel Q, mepemannoe rasy; 2) pabory raza A mnpu paciumpenus; 3)
npupamenue AU BHyTpenneii sHepruu rasa.

8. B BepmmMHax KBajgpara HaXOAATCS OJMHaKOBble 3apsanl Q = 3-10°Kn  kaxsiit.
Kakoii orpunarenbhblii 3apsa Q1 HyXHO IIOMECTHTH B IIEHTPE KBaJpaTa, 4TOOBI CHJIa B3aHMHOTO
OTTAJKMBAHUS MOJIOKUTENbHBIX 3aps10B Oblila ypaBHOBEIIEHA CUJIOW MPUTSKEHUS OTpHU -
LIaTEIbHOTIO 3apsaa?

9. Emxocts miockoro kouaencaropa C = 100 n®. Jlusnexrpuk - papdop. Kongencarop sapsagunn
1o pasnoctu norennuanos U = 600 B u oTkI0unnm oT HCTOYHUKA HanpskeHus. Kakyio padoty
HY)KHO COBEPIIINTH, YTOOBI BEIHYTH JUAJICKTPUK U3 KOHCHCATOpA?

10. JIBa 6€CKOHEYHO IIUHHBIX MPAMBIX MPOBOJHUKA CKPEIICHBI MO MPSAMbIM yrioMm. [lo
MPOBOJIHUKAM TEKYT TOKH ;=80 Aul,=60A. Paccrosuue MEX1y MPOBOJIHUKAMU d=10cm.
OnpenenuTs MHAYKLHIO MATHUTHOTO TOJISI B TOUKE, JIe)Kalllell Ha cepeuHe 00I1ero
NEePHEeHAUKYJISIpa K TPOBOJHUKAM.

11. Paccrosirue AF, 1 MeKIy BTOPHIM H TIEPBBIM TEMHBIM KoJibliaMi HBIOTOHA B OTPa)KEHHOM CBETE
paBuo 1 mm. Onpenenuts paccrosaue Al1p g MEXTY IECATHIM U JIEBATHIM KOJIBIAMH.

12. B yactuuHo MOJIIPU30BAaHHOM CBCTC aMIIJIMTyla CBETOBOI'O BEKTOpPA, COOTBCTCTBYIOIIAsd

MaKCHUMaJIbHOW MHTEHCUBHOCTH CBETa, B 1 = 2 pa3a 0oJIbIle aMIUTUTY/IbI, COOTBETCTBYIOIIECH
MHUHUMaJIbHOW HHTEHCUBHOCTHU. ONpeenuTh CTENEeHb nojsipu3anuu P ceera.

13. Omnpenenuts Temueparypy 1, Ipy KOTOpOI SHEPreTUYECKasi CBETUMOCTE Re uepHOro Tena paBHa
2
10 kB1/m” .

14. Ha noBepXHOCTb JIUTHUS MagaeT MoHOXpomaTudeckuii cBeT (A = 310 HM) UT0OBI TpeKpaTUThH
SMHUCCHIO JIEKTPOHOB, HY)KHO TIPHIIOKHUTH 33JI€PKUBAIOIITYIO Pa3HOCTh oTeHnuanoB U ve menee 1,7 B.
Onpenenutb paboTy BbIX0/1a A IEKTPOHA C TOBEPXHOCTHU JIUTHSL.

15. Omnpenenuts sHEpTUIO E , Maccy m 1 UMIyJIbC p GOTOHA, KOTOPOMY COOTBETCTBYET JTHA BOJIHBI
A =380 M
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KonTtpoJsbsnas Ne 1 BapuaHTt Ne 2

1. Kouneco paguycom R = 0,3 M Bpamiaercsi coriiacHo ypaBHeHuio ¢ =1 +0,1'[2. Onpenenure

MOJIHOE YCKOPEHHE TOYEK Ha OKPYKHOCTH Kojieca B MOMeHT Bpemenu [ =2 c.

2. UYepes 6110k paguycoMm R = 3 ¢M mepekuHyIM mHyp, K KOHIIAM KOTOPOTO IMPHMBA3aHBI [PY3bI
maccamu My =100 r u My = 120 r. IIpu 3TOM rpy3sl NPULLIN B ABUKEHUE C YCKOPEHUEM
a =3 m/c?. OnpenennTh MOMEHT HHEPIHH 610Ka. TpeHHe IPH BPAICHHH HE YIHTHIBATE.

3. IlpyxuHa KECTKOCTBIO K = 10% H/m Gbina cxata Ha X1 = 5 oM. Kakyro HYXHO COBEpUIUTH paboOTy,
yTOOBI C)KATHE NMPYKUHBI YBEJIUYUTH 10 X2 = 15 cMm?

4. Ilap maccoit 200 r, IBHXKYIIHIACS CO CKOPOCThIO 10 M/c, ynapsieT HEMOABM)KHBIM IIap Maccoi
800 r. Y nap mpsaMoil, HeHTpaIbHBIN, a0CONIOTHO ynpyruil. OnpenenuTs CKOPOCTH IIApOB MOCIE

ynapa.

5. A30T HarpeBacs IpH MOCTOSHHOM JIABJIEHHUH, IPHYEM €MY OBLIO COOOIIEHO KOJMYECTBO TEMIOTHI
Q =21xJIx. Onpemenuts padoTy A, KOTOPYIO COBEPIIUI Ipu 3ToM ra3, u usmenenue AU ero
BHYTPEHHEU dHEPruu.

6. Kaxkas OO0JIs1 (V1 KOIINYEeCTBA TEIIJIOTHI Q]_, NOoABOAUMOTIO K HACAIIBHOMY a3y Ipu I/1306apHOM

nponecce, pacxoqyeTcsda Ha YBECJIIMUYCHUC AU BHYTpeHHeﬁ SHCPrUM ra3a M KakKasd 101 U Ha pa60Ty A
paCH_II/IpeHI/IFI? PaCCMOTpI/ITe cnyqaﬁ ABYaTOMHOI'O I'a3a.

7. JlBa rapMOHMYECKHX KoJieOaHMsI, HAIPABIECHHBIX 10 OJHOM MPsAMOM, MMEIOMHUX OJUHAKOBBIE
AMIUTUTYIBl U IEPUObI, CKJIAJBIBAIOTCS B OJJHO KoJieOaHUE TOW K€ aMIIUTYAbl. HaliTi pa3HOCTh
a3 CKIaBIBACMBIX KOJCOAHUH.

8. Ha GeckoHeuHOM TOHKOCTeHHOM lmuHape quamerpoM d = 10 cM paBHOMEpHO — pacHpe/eneH
3apsii € IMOBEPXHOCTHOM  IIOTHOCTBIO O = 1 MKKi/m? . OnpenenuTh HaIPSKEHHOCTH NOJIS B
TOYKE, OTCTOSIIIIEH OT MOBEPXHOCTH LIMINH/Ipa HA d = 5 CM.

9. Ha xonmax MeaHOTO TIpoBoja anuHOM | = 5 M monnepxuBaercs nanpsxenne U =1 B.
OrnpenenuTh MIOTHOCTh TOKA B IIPOBOJIE.

10. KopoTkas KaTylIKa IUIONIaIbi0 MONEPEYHOro cedenus S = 150 oM, comepxamas N = 200 ButkoB
IPOBOJIA, 10 KOTOPOMY TeUeT TOK cuioii | =4 A, nomeniena B 0qHOPOJHOE MATHUTHOE TIOJIE

HanpsbkeHHocThio [ = 8000 A/M  Haiitu: 1) MarHuTHBIH MOMEHT P, KaTYIIKK; 2) BpalIAlOUInii
MOMEHT M, nefcTBYIOIIHI Ha KaTYIIKY CO CTOPOHBI MOJIsI, €CIIM OCh KaTYIIKH COCTaBisieT yroia ¢ = 60° ¢
JMHUSIMH TOJISL.

11. Beraucnouts paguyc ps naToil 30Hb1 @peHens A II0CKOro BosiHoBoro pponrta (A = 0,5 Mxm), ecinu
HIOCTPOCHUE JICNACTCsI JUIsl TOYKH HAOIIOICHHUS], HaX o Isiiieiicst Ha pacctostHum b = 1 M OoT poHTa BOJIHBL

12. IIy4ox cBera, uAymui B BO3AYXE, Ma1aeT Ha TOBEPXHOCTh KUIKOCTH MOJ YIIIOM 0. = 54°.
OmnpeaenuTs yroi npesoMiIeHus B mydka , eciii OTPaXKEHHBIH MYyYOK MOJHOCTHIO NOJISIPU30BaH.

13. C HOBEpXHOCTH CakH MUIOManbio S = 2 cM? nipu Temmeparype T =400 K 3a Bpemst t = 5 mun
nznydaercst sHeprust W = 83 JIx. Onpenenuts K03 UIMEHT TEJIOBOTO H3ITyYSHHS € CAXKH.

14. Ha noBepxHOCTh Maruus nagaet MoHoxpomatuueckuii cBeT (A =350 um) UToObI pekpaTuTh
SMHCCHUIO AJIEKTPOHOB, HY)KHO MPUIIOKUTH 33/1€P’KUBAIOIIYIO pa3HOCTh noTeHIuanoB U He meHee 2 B.
Omnpenenuts paboTy BbIXoAa 4 3JIEKTPOHA C TOBEPXHOCTU MarHusl.

15. VYxkaxute, CKOJIBKO HYKJIIOHOB, TPOTOHOB, HEUTPOHOB COJIEpKAT CIEAyIONUe sapa: 1) gLi ; 2) f; Al
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KonTpoabsnas Ne 1 Bapuant Ne3

1. JIBuKeHMs ABYyX MAaTepHalbHbIX TOYEK BHIPAKAIOTCA YPABHEHUSIMU X, = (20 +2t—4t° )MI/I

X, = (2 +2t+0, 5t2)Jl/l . B xakoif MOMEHT BpeMEeHH CKOPOCTHU 3TUX TOUYEK OYyAYyT OJUHAKOBBI?

Uemy paBHBI CKOPOCTH M YCKOPEHHUSI TOYEK B 3TOT MOMEHT?

2. Tlepuon obpamenus I MCKYCCTBEHHOTO clyTHHKA 3emin paBed 2 4. Cuuras opoUTy
CIIYTHHKA KpPYroBOM, HaliTH, HAa KaKOW BBICOTE HAJ MOBEPXHOCTHIO 3€MJIH JIBUXKETCS COYTHUK.

3. lllapuk maccoit 100 r cB060AHO MajaeT ¢ BHICOTH | M Ha CTaJbHYIO TUIMTY W MOANPBITUBACT HA
BeicOTY 0,5 M. OnipenenuTy UMNyabC p (MO0 BEIUYMHE M HANPaBICHHUIO), COOOIIEHHBII
MJIUTON MIAPUKY.

4. Tups, NOJOKEHHAs] HA BEPXHUI KOHEI] CIIUPAIbHON NPYXKHUHBI, CkuMaeT ee Ha Al =2 mm. Ha
CKOJILKO COKMET NPYKMHY Ta jKe THPs, yHaBIas Ha KOHEI IIPYKUHbI ¢ BhIcoThI N = 5 cm?

5. MarepuanpHas TOYKa y4aCTBYET OJJTHOBPEMEHHO B JBYX B3aUMHO MEPIEHIUKYISIPHBIX
KOJIe0aHUAX, MPOMCXOMSIINX COrTIACHO YpaBHEHUAM: X = A1 Sin o1t u y = Ay Sin wat, tie Ag = 3 cm;
o =1 c'l; Ary=2cMm; mp =1 ¢t OnpenenuTh TPACKTOPUIO TOUKH.

6. B 6amnone emkxocthio V = 11,2 1 HaxoquTCcs BOAOPOJ IPH HOPMAIbHBIX ycaoBusax. Ilocie
TOr0 Kak B 0aJlJIOH OBLIO JOMOJHUTEIHFHO BBEJICHO HEKOTOPOE KOJIMYECTBO I'elIHs, JaBJICHUC B
6amtone Bo3pocio o p = 0,15 Mlla, a remnepaTtypa He u3MeHunack. OnpenenuTs Maccy reiaus,
BBEJICHHOI'O B OAJUIOH.

7 . T'a3 coepmaer nuki Kapno. Temneparypa narpesarens 11 =475 K, oxnagurens 15 = 260 K. Ilpu
M30TEPMUYECKOM PacHIUpeHnu ra3 coepiumi pabory 4 = 100 [Ix. Onpenenuts Tepmudeckuii KIT]1
MK, a Takke Temiory Qp, KOTOpylo ras OTHaeT OXNIAAMTENI0 HPH H30TEPMHYECKOM CHKATHM.

8. 3apsa paBHOMEpPHO pacmpeeneH mo OECKOHEYHOH MIOCKOCTH C MOBEPXHOCTHOM

2
minoTHOCTRI0 6 = 10 HKn/M*. OnpenenuTs pa3HOCTh MOTEHIMAJIOB JABYX TOYEK IOJIs, OJHA U3
KOTOPBIX HAXOJUTCS Ha IIOCKOCTH, a Apyras yJajleHa OT Hee Ha paccTostHue o= 10 cMm.

9. Ilo mpoBonuuky conpotusierremM I =3 OM TeyeT paBHOMEPHO BO3PACTAIOIINN TOK. 32 BpeMs

t = 8 ¢ B mposoanuke Boeaunack Temnora Q =200/lx. Onpenenuts 3apsaa (|, mpoTekmmii 3a
9TO BpEMsS 110 NIPOBOJHUKY. B MOMEHT BpeMeHU, NPUHATHIN 332 Ha4aJIbHBIN, TOK B IIPOBOJIHUKE
ObLI paBeH HYJIO.

10. DnexTpoH ABUXKETCS B OAHOPOJHOM MarHUTHOM I10JI€ MEPIEHIUKYISIPHO JUHUAM HHIYKIUU.
Onpenenuts cuny F, meficTByrOIyI0 Ha 3IEKTPOH CO CTOPOHBI OIS, €CIIM UHIAYKIHS TTOJIS
B =0.1 Tx, a pannyc kpususns! Tpaekropun R = 0,5 cm.

11 Ha gudpaxmuonnyto pemerky, coaepxamryto N = 100 wtpuxos Ha 1 MM, TagaeT HOPMaIbHO
MOHOXPOMAaTHUYECKHI CBET. 3puTenbHas TpyOa CIEKTPOMETpa HaBeIeHa Ha MAaKCUMYM TPEThETr0o
nopsiaka. YtoObl HaBecTH TpyOy Ha IPYroil MaKCUMYyM TOTO K€ MOPSAJIKa, €€ HY>KHO IIOBEPHYTh Ha yToJ

A@ = 20°. OnpeenuTh JIMHY BOJIHBI A CBeTa.

12 Vron o0 Mexay IUIOCKOCTSIMM NPOITYCKaHUs NOJsipU3aTopa U aHanusatopa paseH 30°. Bo ckonbpko
pa3 YMEHbBIIUTCS] HHTEHCUBHOCTD CBETA, BBIXOASIIETO U3 aHAJIN3AaTOPA, ECJINA YToJl YBEIUYUTH 10 60°?

13 Ha kakyo JUIMHY BOJIHBI ﬂm ax IPHIXOJIUTCS MAKCUMYM CHEKTPAIbHOM IIIOTHOCTH SHEPreTUYECKOM

e t=0°C?
CBCTUMOCTHU AT YCPHOTI'O TCJIa IIpU TEMIICpATypEC !

14 Omnpenenuts 3HEpruto £ , Maccy m v UMITYIbC p POTOHA, KOTOPOMY COOTBETCTBYET JJTUHA BOJIHBI
A =580 am

15 3aBpemst =4 cyr pacnanoch k = ¥4 HadaJbHOTO KOJIMYECTBA SIIEP PAJUOAKTUBHOTO U30TOIMA.
Onpenenuts nepuoa noiypacnazaa Tq.
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KonTpoabsnas Ne 1 papuantr Ne 4

1. Touka aBMXKETCS 1O OKPYKHOCTH paauycoM R =400 cM. 3akoH €€ IBMKEHNUS BBHIPAKAETCS
2 o
ypaBHEHHEM S = (8 -2t )M . Haitiiure MmomenT Bpemenu t, kora HOpMaIbHOE YCKOPEHUE TOUKH

2 .
paBHO 9 m/c”. Omnpenenure CKOPOCTh U ; TAHTCHIMAIBHOE M MOJIHOE YCKOPEHUS TOUYKU B 3TOT MOMEHT
BpEMEHHU.

2. VckycCTBEHHBIM CHYTHUK oOpamjaercsi BOKPYr 3eMJIM 10 KPYroBoil opOuTe Ha BBICOTE
H =3200 kM Hag NOBEpXHOCTHIO 3eMiiu. ONpeaeuTh JIUHEHHYI0 CKOPOCTh CITyTHHKA.

3. Ilap maccoit My = 2 Kr IBUKETCSA CO CKOPOCThIO V1 =3 M/C U CTaJKHUBAETCS C LIAPOM
Maccod 4 Kr, IBHXKYIIUMCS €My HaBCTPEUY CO CKOPOCTBIO U 2 = 4 m/c. OnpenenuTh CKOPOCTH
I1APOB IOCIIE TPSMOTO IEHTPAIBHOTO yapa. Y aap c4uTaTh abCOJIOTHO YIPYTHM.

4. Ha xparo ropu30HTaIbHOM matdopMbl, uMeroneil Gpopmy aucka paguycom R=2 m, crout

yenoBek. Macca muardopmer M = 200 kr, macca yenoseka M = 80 kr. [Tnatdpopma MOKeET
BpalaTbcs BOKPYT BEPTUKAIbHOM ocH, mpoxoasieil yepe3 ee neHTp. [Ipenedbperas tpenuewm,
HAWTHU, C KAKOW YTIOBOW CKOPOCTHIO OYyAET BpamarhCcs miatgopma, €Clid 4YeJIOBEK Oyaer
UJITH BJIOJIb €€ Kpasi CO CKOPOCThI0O U = 2 M/C OTHOCHUTEIBHO IIAT(HOPMEI.

5. Touka coBepuaeT rapMoHHYECcKHE KoyueOaHusi. B HEKOTOpbIi MOMEHT BpEMEHH CMEIIECHUE

2 o
TOYKU X = 5 CM, ckopocTth ee ¥ =20 cM/C u yckopenue a = - 80 cM/c”. Haiinure HUKJIUYECKYIO
YacTOTY M MEpHOJ KoJieOaHuil; ¢aszy koyiecOaHWH B paccMaTpuBacMbli MOMEHT BPEMEHH U
aMILUTUTYy KOJIeOaHUH.

6. Bomopox 3anumaer 06beM  Vq = 10 M° npu gaBieHun p1 = 0,1 ITa. I'a3 Harpenu npu NOCTOSHHOM
o6beme 10 nasienus pp = 0,3 MIla. Onpenenuts nsmenenne AU BHyTpenneii snepruu rasa,
paboty A, copepiennyo rasom, u temwiory Q, coobumennyro rasy.

7. BonsHoM map pacmmpsieTcs IIPU TOCTOSHHOM naaBienun. Ompenenuts padory A
pacIIMpenus, eciu napy nepeaano koiunuectso tennotsl AU = 4 xJIx.

8. DnektpoH ¢ 3Heprueit 100 3B (B 06CKOHEUYHOCTH) IBUKETCS BJIOJb CUIIOBOHN JIMHHUH 110
HANpaBIEHUIO K IOBEPXHOCTU METAIIMYECKOH 3apsskeHHOM cdepsl paguycom R =5 cwm.
OrnpenenuT MUHUMAIBHOE PACCTOSHHE, HA KOTOPOE MPUOIU3UTCS STEKTPOH K TOBEPXHOCTH
ctepsl, ecau 3apsg ee = - 1 K.

9. Ilo npoBoaHuKy conporuBieHneM R =3 Om TedeT TOK, cuma KOToporo Boszpactaet. KonmuecTBo

temtotsl Q, BBITENMBLIEECS B TpoBoAHKKE 3a Bpems = 8 ¢, paBro 200 JIx. Onpenennts
KOJINYECTBO JIEKTPUUYECTBA (], IPOTEKILIEE 3a 3TO BpEeMs 10 IPOBOJAHUKY. B MOMEHT BpeMeHH,
TIPUHSTHIN 32 HAYaJIbHBIM, CUJIa TOKA B TPOBOJHUKE paBHA HYIIIO.

10. Aunbda-gacTuiia, HaXOIACh B OJHOPOJHOM MAarHUTHOM T10Jie MH AyKuuen B = 1 T, nBuxercs

110 oKkpy)HoCcTH. Onpenenuts cuny | SKBUBaNIEHTHOrO KPyroBOro TOKa, CO3aBAEMOTO JIBUKEHUEM
asib(ha-yacTUILIBI.

11 Ha rpanp KpucTamia KAMEHHOM COJIM MaJaeT NapaJlyIebHbIA Ty4OK PEHTTEHOBCKOTO U3JIy4eHUs
(A = 147 im). Onpenenuts pacctostaue 0 Mexk Iy aTOMHBIME IIOCKOCTSMH KPHCTAILIA, €CIHI

TG PaKIMOHHBIN MAKCUMYM BTOPOTO MOPsiiKa HaOII0AaeTcsl, KOTJa U3IydeHHe MaJaeT Mol yIioM
0=30"k MIOBEPXHOCTU KPUCTAJIA.

12 Ha kakoii yrioBo# BBICOTE ¢ HaJ TOPU30HTOM JOJKHO HaxoauThess CoJHIle, 9TOOBI COTHEUHBIH
CBET, OTPAXEHHBIIN OT MOBEPXHOCTU BOJIBI, OBLT MOJTHOCTHIO MOJISIPU30BaH?

13 C noBepXHOCTH Ca’kH IIOMANbI0 S = 1 om? npu temneparype 1 = 500 K 3a Bpems t = 6 mun
nznyqaercs sHeprust W = 80 k. Onpenenuts K03)OUIHMEHT TEMIIOBOI0 M3JIyUEHHsI € CaXKH.

14 Ha nmoBepXHOCTh Kalus MajgaeT MoHoXpoMmaTtudeckuit cBeT (A = 250 uM) UToOBI TpeKpaTUTh
AMUCCHIO 3JIEKTPOHOB, HYKHO MPHUIIOKUTD 33IeP>KUBAIOIIYIO pa3HOCTh oTeHIuanoB U He menee 2.5
B. Onpenenuth paboTy BeIx0/1a 4 SIEKTPOHA C TOBEPXHOCTU KaJIHS.

15 Vxkaxure, CKOJIBKO HYKJIOHOB, TPOTOHOB, HEUTPOHOB COZACPIKAT Cleayromue sapa: 1) 5426F e; 2)
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KonTpoabsnas Ne 1 Bapuantr Ne$S

. 2
1. JIBmkeHue MaTepUaJbHOU TOUKH 3aJlaHO YpaBHEHUEM X = (4 —0,05t )Jl/l . Onpenenute MOMEHT

BPEMEHH, B KOTOPBIA CKOPOCTh TOYKH paBHA HyJr0. Hailqure KOOpIMHATy U YCKOPEHUE B ’TOT MOMEHT.

2. CrutonrHo# OJHOPOJHBIN AUCK KATUTCS MO TOPU30HTAIBHOM IUIOCKOCTH CO CKOPOCTHIO
v = 10 m/c. Kakoe paccTrosiHuE IPONUIET TUCK JO OCTAHOBKH, €CJIM €ro IMpPeAOCTaBUTh CaAMOMY
cebe? KorddunueHT Tpenus npu IBwKeHnn aucka pase 0,02.

3. Teno maccoii 0,2 kr cockanb3biBaeT 0€3 TpEHUs C TOPKHU BbIcOTOM 2 M. HaliTn u3meHnenue
MOJYJIsl UMITyJIbca AP Tea 3a 3TO BpeMs.

4, Ha tenexke, CBOOOAHO IBHXKYIIEHCS MO TOPU30HTAIBHOMY MYTH CO CKOPOCTHIO 3 M/C,
HaXOJUTCS YeaoBeK. YeToBeK NPBITAET B CTOPOHY, NPOTUBOMOJOKHYIO JTBUKECHUIO TEICKKU.
[Tocne mphI’)kKKa CKOPOCTh TEJIEKKH H3MEHHUJIACh U cTalia paBHOUW 4 Mm/c. OnpeaenuTs
FOPU30HTAJbHYIO COCTABJSIONIYIO CKOPOCTH YEJIOBEKA MPU MPBHKKE OTHOCUTEIBHO TEIEKKHU.
Macca Tenexku 210 kr, macca yenoBeka 70 Kr.

5. Ompenenute nNepuoa, JUHEHHYIO YaCTOTY HayallbHYIO (hazy KojeOaHUi, 3aJaHHbIX YpaBHEHUEM

x=Asino(t+7) e 0=0572% , r=02c.

C

6. B 6amwione emroctsio V = 20 11 HaxoauTcst aprou nox aasienuem p1 = 800 kIla u TemnepaType
T,= 325 K. Koraa u3 6amioHa OblI0 B3ATO HEKOTOPOE KOJMYECTBO aproHa, IABJICHHE B

GauioHe MOHM3WIOCH [0 P = 600 kITa, a Temneparypa ycranosunach 1> = 300 K. Onpenenuts maccy
M aproxa, B34TOro 13 OaJIoOHa.

7. OmnpenenuTb CPEAHIOI KHHETHUECKYIO SHEPTUIO <Mppan> BPALLATEIBHOIO ABUKEHUS OJQHON
MOJICKYJIBI JIByXaTOMHOTO T'a3a, €CJId CyMMapHasi KHHETHYeCKasi DHEPrusi  MOJIEKYJ  OJHOTO
koMot atoro  raza U =3,01 M/[x.

8. Paccrosnue d Mexmy AByMs ToueunbiMu 3apsiaamu (1 = - 180 uKn u ¢ = 720 K paBro 60 cMm.

OHpeI[eJ'II/ITB TOYKY, B KOTOPYIO HYKHO IIOMECTUTD TpeTI/Iﬁ 3apsan q3 Tak, yTOOBI CHCTEMA 3apsAa0B
HaXO0AWJaCb B PABHOBCCHHU. OHpe,[[eJ'II/ITL BCJIMUMHY U 3HAK 3apsja.

9. Comnporusnenue Iy =5 OM, BOIBTMETP U UCTOYHHK TOKA COCIMHEHBI TapaliiebHO. BombT™MeTp
nokaseiBaet Hanpsxerne Uy = 10 B. Ecau 3amenuTs conpoTusienue Ha [, = 12 Om, 1o

BOJIBTMETP MoKaxeT Hanpskenne U, = 12 B. Onpenenuts DJIC ¥ BHYyTpeHHEE CONPOTHUBIIEHUE
HCTOYHUKA TOKa. TOKOM yepe3 BOJIbTMETP NPEeHEOpeyb.

10. Tlo mpoBOAHWKY, COTHYTOMY B BHAE KBajpaTa cO CTOpOoHOW @ = 10cM, TeUeT TOK CHIION
| =20 A. IlmockocTs KBajgpaTa NepHEHAUKYISIPHA MATHUTHBIM CHJIOBBIM JIMHHSM TIOJIS.
Onpenenure paboty A, KOTOPYI0 HEOOXOAUMO COBEPUIUTH JUIS TOrO, YTOOBI YAAIUTH IPOBOJIHUK 34
npenesnsl nojig. MarHuTHas HHAYKIUS B =0,1 Tn. Iosne cuuraTsh OJHOPOIHBIM.

11. Kakoii aiunsl |; myTs mpoiizer ppoHT BOIHBI MOHOXPOMATHYECKOTO CBETA B BAKyyME 32 TO XKe
BpeMsl, 33 KaKO€ OH MPOXOAMT NyTh JutnHOM I, =1 m B cTekne (n = 1.5) ?

12. Crenens nonspuszanuu P 4acTUYHO-TIONSPU30BaHHOTO cBeTa paBHa (,5. Bo ckonbko pa3
OTJIUYAETCSl MaKCUMaJTbHAsi HHTEHCUBHOCTH CBETA, MPOITYCKaeMOT0 Yepe3 aHAIN3aTop, OT
MUHHMAaJIbHOI?

13. Ha xakyro JUIMHY BOJIHEI ﬂ,max MIPUXOJUTCS MAKCUMYM CIIEKTPAIIBHON IIJIOTHOCTH

o max = 0°C'9
OHEPICTUICCKOU CBETUMOCTHU r/1 T YCPHOTI'O TCJia MpU TEMIICPpATypeC t = O C {

14. Ha moBepXHOCTh MarHus MaflaeT MOHOXPOMATHIECKHH CBeT (A = 350 HM) UTOOHI IIPEKPATUTH
SMHCCHIO SJIEKTPOHOB, HY’KHO MPHIIOKHTE 3a1€PKUBAIONIYIO Pa3HOCT noTeHnuanos U, He menee
1.2 B. Onpenenuts paboTy Beixoaa A 21eKTpoHa ¢ ITOBEPXHOCTU MArHUSL.

15. Omnpenenuts suepruto £ , Maccy 7 u uMIyise p GpOTOHA, KOTOPOMY COOTBETCTBYET JUTMHA BOJIHBI
A =480 uMm.
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KonTpoabnas Ne 1 Bapuanr Ne 6

1. Us OAHOI'0 U TOT'O XK€ MCCTAa Ha4YaJI1 paBHOYCKOPCHHO ABUTAThHCS B OAHOM HAIlpaBJICHUUA JIBC
TOYKH, IIPUICEM BTOpasd Hadyajla CBOC IBHMKCHHUE UEPE3 2 ¢ mociie HCpBOﬁ. HepBaﬁ TOYKa ABHUI'ajJ1acCh C

v 2 v
HavyalIbHOHM CKOpOCThIO U 1= | M/c U yckopeHuem aj =2 m/c”, Bropas - ¢ Ha4aJIbHOH CKOPOCTHIO

2
V2 =10 M/c u yckopenueM dp = 1 mM/c”. Uepe3 CKOIBKO BPEMEHHU M Ha KAKOM PACCTOSHUHU OT
MCXOJJHOTO MOJIOKEHHsI BTOPAst TOYKA JOTOHUT MEPBYIO?

2. MaxoBuk paamycoMm 10 cm HacaxeH Ha rOpU30HTaJIbHYIO och. Ha 0601 MaxoBHKa
HaMOTaH WIHYp, K KOTOpoMYy mpuBsizaH rpy3 maccoi 800r. Omyckasicb paBHOYCKOPEHHO,
rpy3 npouen paccrosiuue 160 cm 3a Bpems 2 c. OnpeneanTb MOMEHT MHEPLIMM MaXOBHKa.

3. MeTteoput maccoit 10 kr magaeT u3 6ECKOHEYHOCTH Ha MOBEPXHOCTh 3EMJIH.
Omnpenenuts paboTy, KOTOPYIO COBEPIIAIOT MPU 3TOM CHIBI TPABUTAIMOHHOTO MMOJIs
3eMiiu.

4. Ilap maccoit My = 6 KT ABHKETCS CO CKOPOCTHIO U1 =2 M/C U CTAIKUBACTCS C IAPOM MacCOi

My = 4 Kr, KOTOPBIN ABMKETCS €My Ha BCTPEUY CO CKOPOCTBIO U 2 = 5 m/c. HaiiTn cKOpoCTh m1apoB U
1I0CJI€ MPSIMOTO EHTpaJIbHOTO yaapa. lllapsl cuntars aOCONIIOTHO HEYIPYTUMH.

5. JIBe TOUKM HaXOIATCA Ha MPSIMOH, BJIOJIb KOTOPOM pacIpOCTPAHSIOTCS BOJIHBI CO CKOPOCTHIO
v =50 m/c. Ilepuona konebanuii 17'= 0,5 ¢, paccrosaue Mexy ToukamMu X = 50cm. Haiitu
pasHocTh pa3z A@ konebaHuil B 3THX TOYKAX.

6. BBIYMCIUTE IIOTHOCTH P KUCIOPO/IA, HAXOANIETOCs B Gauione moj gasienuem p = 1 MIla npu
temneparype 1 =300 K.

7. Azor Mmaccoii 200 T pacmmpsercs HM30TEPMHUUECKd npu Temmeparype 1 =280 K,
npudeM 00beM Trasa yBenuuuBaercs B 2 pasa. Haiitu: 1) usmenenue AU BHyTpenneit snepruu

rasa; 2) COBepIIEHHYIO IpK paclupeHuu raza padory A ; 3) komuuectso TemnoTrsl Q,
MOJYYEHHOE Tra3oM.

8. Ompenenuts HaNpsHKEHHOCTH MOJIS, CO3aBa€MOT0 3apsI0M, paBHO MEPHO paclpe/ielIeHHbIM 10
TOHKOMY IPAMOMY cTepskHIO muHoi | = 10 cM B Touke ¢ nuHeifHOH TIOTHOCTHIO 3apaaa
7 =100 uKn/m, nexamieil Ha MPOJOJKEHUM OCH CTEPXKHS Ha paccTossHuM d = 10 cM oT

Onmxaiiniero KoHma. OnpeaenuTs TaKke CHIy, 1eHCTBYIONIYIO B 3TOM TOUKE HAa TOUEUHBIN 3apsij
g = 10 uKa.

9. COHpOTI/IBJ'IeHI/Ie r]_ =5 OM, BOJIBTMETP U UCTOUYHUK TOKA COCJUHCHEI ITapaJlJICIIbHO.
BOHBTMeTp IMOKAa3bIBACT HAIIPAXKCHUC U]_ =10 B. Ecnu 3aMeHUTH CONMIPOTUBJIICHUEC Ha

I, = 12 Om, To BonbTMeTp nokaxet Hanpsxkenue U, = 12 B. Onpegenuts DJC u BHyTpeHHEE
CONPOTHUBIJICHUE UCTOYHHUKA TOKA. TOKOM depe3 BOJIBTMETp MpeHeOpeyb.

10. Cuny TOKa B KaTylIKe PaBHOMEPHO YBEIMUYMBAIOT IIPH MOMOIIM PEOCTaTa Ha
Al =0,5 A B cexynny. Haiitu cpennee snauenue DJIC caMOMHIYKIMH, €CIIM HHAYKTHBHOCTh
karymku L = 2 M.

11 Panuyc ps uerBepToil 30HBI OpeHenst ISl JI0CKOr0 BOJIHOBOTO ()pOHTA paBeH 3 MM.
Onpenenuts paanyc Pg mecToi 30861 DpeHerns.

% o
12 Vroxn bprocrepa & 5, TIPH MIAJICHUH CBETA M3 BO3/lyXa HA KPUCTAJLT KAMEHHOM COJIM paBeH 57°.

OnpenenuTs CKOPOCTh CBETA B 3TOM KPUCTAJLIE.

13 Ha xakyro IJIuHY BOJIHBI ﬂ,m ax TPUXOIUTCSA MAaKCHUMYM CIIEKTPaIbHOU MJIOTHOCTH
i e t =10°C?
OHEPreTUIECKON CBETUMOCTH I, 1" 4E€pHOro Tena npu Temmeparype L = !

14 Ha noBepXHOCTb HATpUs MajaeT MOHOXpoMaTHdeckuii ceer (A = 300 M) UTOOBI IPEKPATHTh
SMHCCHIO SIIEKTPOHOB, HY’KHO MPHIJIOKHUTH 3a1€PKUBAIONIYIO pasHOCTh noTeHnuanos U ne menee 2
B. Onpenenuts paboTy Boxoaa Ag,,, IMEKTPOHA C TIOBEPXHOCTU HATPHSI.

15 3a xakoe Bpems { pacnanaercs % HauanbHOro KOJIMUECTBA AAEP PAAMOAKTUBHOIO U30TOIIA, ECIIHU
nepuoj ero nojypacnaga 11/, = 72 u?
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KonTpoabHas Ne 1 papuanr Ne7

1. JIBuxeHus IBYX MaTEPUAIbHBIX TOUYEK BHIPAKAIOTCSA YPABHEHUSIMHU X, = (20 + 2t — 4t2)MI/I

X, = (2 +2t+0, 5'[2)/14 . B kaxoif MOMEHT BpeMeHHU CKOPOCTH 3TUX TOUYEK OyAyT OJUHAKOBHI?

YeMmy paBHBI CKOPOCTH M YCKOPEHHUS TOYEK B 3TOT MOMEHT?

2. Juck paguycoM R =20 cm u maccoii M = 5 kr Bpamaercs ¢ yactotoii N = 8 06/c. Ipu

TOPMOYKEHUH OH OCTaHOBUJICA dyepes3 BpeMsa t = 4 ¢. Onpenenuts TopMo3simii MomeHT M,
JICUCTBYIOIIMI Ha JUCK.

3. IlpyxuHa )KE€CTKOCThIO K = 10* H/m cxara cunoit F = 200 H. OmnpenenuTts paboOTy BHEIIHEH
CHIJIBI, JOTIONHUTENBHO CXKHUMaomei 3Ty npyxuny eme Ha Al =1 cm.

4. Ha xene3HomopoxHOU MmiatdhopMe yCTaHOBIECHO opynue. Opyanue )KeCTKO CKPEIJICHO C

miatdpopmoii. Macca nimatrdopmsel u opyaus M = 20 T. Opyaue IpoOU3BOIUT BBEICTPEII MO YTIOM
o = 60° x TMHUU TOPU30HTA B HanpaBieHun NyTu. Kakyio ckopocts U1 npuobdperaeT miathopma ¢
OpyIreM BCJIEACTBHE OTAAYH, €ClIM Macca cHapsiia S0 KT ¥ OH BBIJIETAET U3 KaHaa CTBOJIA CO CKOPOCTHIO
U 2 = 500 m/c oTHOCHTENBHO 3eMin?

5. Ompenenure nepuoi, JUHEHHYIO YaCTOTY HayaJlbHYIO (ha3y KojeOaHuil, 3aJaHHbIX ypaBHEHUEM

Xx=Asino(t+7) e =257 u r=04c,

C

6. Bo3myx, HaxonmuBmmiicsa mop nasieHueM pi1= 0,1 Mlla, 6bu1 aqnabaTH4ecKku cxar 10

nasierust p, = 1 Mlla. KakoBo Oyner naBieHue ps, KOrja CxKaTblil BO3AYX, COXpaHsas 00beM
HEU3MEHHBIM, OXJIAJIUTCS 1O NEPBUYHOM TeMIIepaTypbl?

7. Kucnopon npu HensmeHHoM JasieHuu p = 80 klla narpeBaercs. Ero o0bem yBennuuBaercs ot
Vi= 1w 10V, = 3 m°. Onpenennrs mmenenne AU BryTpenneii snepriu xuciopona, pabory A,
COBEPIIEHHYIO UM TIPH PaCIIMPEHuH, a Takxke Terory Q, coobmennyro rasy.

8. ITapamiensHO OECKOHEYHOH TIOCKOCTH, 3apSHKEHHON C MOBEPXHOCTHOM IIOTHOCTBIO 3apsiia

6 =1 mxKn/mM%, pacrnonoxena 6eCKOHEYHO JUTHHHAS MPIMasi HATh, 3apSOKCHHAs C INHEIHOI
wiotHOCThIO T = 10 HKi/M. Onpeaenuts cuiny, 1eiCTBYIONIYIO0 CO CTOPOHBI IJIOCKOCTH Ha €JUHUILY
JUTMHBI HUTH.

9. B nposoauuke 3a Bpemsi t = 10 ¢ mpu paBHOMepHOM Bo3pactanun Toka ot l;=0m0 I, = 2 A
seIneaunachk temwiora Q = 2 xJlk. HaiiTi conpoTHBIeHHE I POBOIHKKA.

10. 3apsykeHHass dYacTHI@ MNPONLIA YCKOPSIONmYy pasHocTh mnoTeHnuanos U = 104 B u Bierena B

CKPELIEHHBIE O IPSAMBIM yriioM sjekTpuueckoe (£ = 100 B/m) u marautnoe (B = 0,1 Tx) moxus.
OmnpenenuTh OTHOLIEHHUE 3apsA/ia YaCTHUIIBI K €€ Macce, €ClIt, ABUTasACh MEPIEeHIUKYIIPHO 000UM
MTOJIIM, YaCTUIA HE UCTBITHIBAET OTKJIOHEHHUH OT NPSIMOJIMHENHON TPaeKTOPHUH.

11 Kaxoit mruns |y MyTh MPOWUIET PPOHT BOJHBI MOHOXPOMATHUECKOTO CBETA B BAKYYME 3a TO KE BpEeM,
3a KaKOe OH MPOXOJIUT MyTh JITTHHOMN l,=1000 cm B BogE (N=1.33)7?

12 Ily4ok ecTeCTBEHHOTrO CBETa, MAYIIHUN B BOJAE, OTPAKAETCS OT T'PAHM ajMasa, MOTPY>KEHHOTO B BOAY.
[Ipu xakom yrie nageHuss & B OTPaXEHHBIN CBET MOJIHOCTHIO MOISIPU30BAH?

13 Tlpuanmas ko> HUIMEHT TEMIOBOro U3Iy4eHHs B YIUis Ipu Temmneparype | = 600 K pasubiM 0,8,
OIIPEIENUTh SHEPTETHIECKYFO CBETUMOCTh Re yriis.

14 Ha uMHKOBYIO IUTACTUHKY Ma/1a€T MOHOXPOMATHYECKUH CBET ¢ ATMHOM BOJIHBI A = 220 HM.
OnpenenuTb MaKCUMAIBHYIO CKOPOCTh U max poTORMEKTpOHOB. PaboTa BBIX0/1a 3JIEKTPOHOB U3 IIMHKA
paBHa 4 5B.

15 OHpez[eJme MAaKCUMAJIBHOC N3MCHCHUEC NJINHBI BOJIHBI HpI/I KOMIITOHOBCKOM paCCCHHI/II/I Ha
CBOOOJTHBIX AJICKTPOHAX.
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KonTtpoJsbnas Ne 1 Bapuant Ne §

1. MarepuanbHas TOYKa JABMKETCS NPAMOJIMHEIHO. YpaBHEeHHE JBUKEHUS UMEET BU ]
2 .
X= (3t +0,06t )M . HaiiguTe CcKOpOCTb M YCKOpPEHHE TOYKH B MOMEHTHI Bpemenu {1 = 0c u t, = 3 c.

KakoBbI cpeiHrE 3HaUE€HUs CKOPOCTU U YCKOPEHHUS 32 NEPBbIE 3 C NIBUIKEHUS?

2. lTlpyxuHa )KeCTKOCThIO K = 103 H/m cxara cunoit F = 100 H. OnpenenuTts paboOTy BHEIIHEH
CHIIBI, HOTIONHUTENBHO CXKMMaloIe 3Ty npyxuny eme Ha Al = 10 mm.

3. Ilap, aBuraBumuniics ropu30HTAIBHO, CTOJIKHYJICS C HEIO/BIXXKHBIM IIapoM U repesiai eMy 64% cpoeit
KuHeTruecko sHepruu. Lllapsr abcomoTHO ynpyrue, yaap npsMoi, HeHTpalibHbli. Bo ckoibko pa3 Macca
BTOPOT'O 11apa OOJIbILIE MACcChl IEPBOTo?

4. JIse npysxunbl xkectkocTbio K1 = 1kH/M u Ky = 3 xH/M ckpennensl napamienbao. OnpeneiauThb
MOTEHIUANBHYI0 YHEPTHIO JaHHOM cucTeMbl pu abcomoTHol nedopmarmu Al = 5 cm.

5. Touka y4acTBYeT B JByX B3aUMHO HepIEHUKYIAPHBIX KOJIEOAHUAX, BBIPAKAEMBIX YPABHEHUSIMU:
x =Acoswit u y=A,sinw,t roe A1 =2 em; A, =3 em; 01 =2 w;. Haiinure ypaBHeHue
TPAEKTOPUM TOUKH.

6. Ta3 3anumaer oobeM V = 1 11 oj maBieHuEM p =0,2 MIla. OnpenenuTb KHHETHYECKYIO SHEPTUI0
MOCTYNATEIbHOTO JIBHKEHUS BCEX MOJIEKYJI, HAXOISIIMXCS B TaHHOM 00BbeEMe.

7. B nunuHpe 1noj MopiHeM HaXoAUTes a30T, uMeroluii maccy M = 0,6 kr 1 3aHUMAarOU 00beEM
Vi=12u npu Temnepatype |1 = 560 K. B pe3ysbTare HarpeBaHus ra3 pacIMpPHIICA U 3aHAI 00beM
V, = 4.2 M%, npuuem TemmepaTypa ocTanach HensmeHHoi. Haiitu nsmenenne AU Buyrpenneii
SHEpPrMU ra3a, CoBepUIeHHYI0 uM pabory A, u temnory Q, coolmennyo rasy.

8. DIEKTPOH ¢ HAYAIBHON CKOPOCTBIO U o = 3-10° M/C BIIeTeN B OIHO POIHOE DIEKTPUUIECKOE MOTIE

HanpsKeHHocThI0 E = 150 B/M. BekTop HauanbHOM CKOPOCTH NEPNEHAMKYIIAPEH THHEAM
HaMpsHKEHHOCTHU dJIEKTpUyeckoro noss. Haitu: 1) cuny, 1efCTBYIONIYIO Ha 3JIEKTPOH; 2) YCKOPEHHE,

nprobpeTaeMoe 3IEKTPOHOM; 3) CKOpOCTh dsekTpona yepe3 T = 0,1 mkc.

9. Cuna Toka B IpoBoHUKE conpotuBieHueM R = 12 Om paBHoMepHO yObIBaeT oT lg =5A 10 | =0 B

teuenue Bpemenn { =10 c. Kakoe konuuectBo Termnorsl Q Bbuiensercs B 3TOM NPOBOJHUKE
3a yKa3aHHBII IPOMEXYTOK BpEMEHH?

10. ITo MPOBOAHKKY, COTHYTOMY B BHjie TIPAMOYTONBHHUKA CO CTOpOHaMU @ = 6 cM 1 0 = 10 cm, Teyer
Tok cuitoii | =20 A. OnpenenuTs HanpsKeHHOCTh H M MHIYKIIMIO B MarHUTHOTO MOJISA B TOUKE
NIEPECEUEHMS JUaroHaaei NpsMOyroJlbHHUKA.

11 dudpaxuuoHHas pelieTka ocBelleHa HOPMaJIbHO Ma/IaloliM MOHOXPOMAaTHYECKUM CBETOM. B
TU(PPaKIMOHHON KapTHHE MAKCUMYM BTOPOTO MOPs/IKA OTKIOHEH Ha yrou ¢1= 14°. Ha kakoit yromn ¢
OTKJIOHEH MAKCUMYM TPETHETO NopsIKa?

12 Kaxkoif HauMeHBIIe CKOPOCTHIO V IOJDKEH 00JIafaTh SJEKTPOH, YTOOKI B Cpejie ¢ ToKa3aTesieM
npenomiieHus # = 1,60 BOZHUKIIO YEPEHKOBCKOE U3Ty4YCHUE?

13 Temmneparypa BepxHux cioeB Conana pasHa 5,3 kK. Cunuras CosHIle YepHBIM TEJIOM, ONPEICITUTE
JAJINHY BOJIHBI ﬂmax , KOTOpOfI COOTBETCTBYECT MaKCUMaAJIbHAA CIICKTpaJlbHasA IIJIIOTHOCTDH BHCPFGTquCKOﬁ

max
ceerumoctu I~ ConHua.

14 Ha noBepxHOCTh Maruus rnajgaet MoHoxpomMaTuueckuii cBet (A = 350 um) UToObI mpekpaTUThH
SMHCCHUIO AJIEKTPOHOB, HY)KHO MPUIIOKUTH 33/1€P’KUBAIOIIYI0 pa3HOCTh noTeHIuanos U He meHee 2 B.
Onpenenuts paboTy BbIX0A A IEKTPOHA C TOBEPXHOCTH MarHusl.

15 Omnpenenure 4ucao NPOTOHOB U HEUTPOHOB B AJPE, @ TAK K€ AMAMETPHI CIEAYIOIINX SAEp:

1) :?LI ; 2) gA]
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KonTpoabnas Ne 1 Bapuanr Ne9

1. JlBe maTepuanbHble TOYKU ABUIKYTCS COTIACHO YPaBHEHHAM X, = (10 +32t—3t2)M ,

2 .
X, = (5 + 5t )M B kakoif MOMEHT BpeMEeHH CKOPOCTU 3TUX TOYEK OJAMHAKOBBI? UeMy paBHBI

CKOPOCTH U YCKOPEHUS TOUYEK B 3TOT MOMEHT?

2. Ilepuox oOpaleHuss HCKYCCTBEHHOro cnyTHuka 3emuu 1 = 50 mun. Cunras opOuTy
CIIyTHUKA KpyroBoil. HaliTu, Ha Kakoil BLICOTE HaJl MOBEPXHOCTHIO 3€MJIM JBHUKETCS CIIYTHHK.

3. Jluck pammycom R=20 cm 1 Maccoit 7 Kr BpalliaeTcst COrlIaCHO ypaBHEHUIO () = (3 —t+0,1t° ) pao.

Halitu 3aK0H, 10 KOTOPOMY MEHSETCS BpallatoIIiii MOMEHT CHJI M, JICUCTBYIOILIIMI HA JUCK.
Omnpenenuts MomeHdT cuin M B MmoMeHT Bpemennu t = 2 c.

4. CHapsan, neTAmud co CKOpPocThio Vo = 500 M/c, pa3opBalics HA IBa OCKOJIKA. MEHBbIIHMA
OCKOJIOK, Macca Kotoporo coctabisieT 20 % ot oOmeid Macchl CcHapsija, HOJETeNl B
NPOTUBOMOJOKHOM HaMpaBIeHUH coO cKopocThio U1 = 200 m/c. OnpenaenuTb CKOPOCTh U7
OOJIBIIIOTO OCKOJIKA.

5. Ompenenure neproi, JMHEHHYIO YaCTOTY HadaJIbHYIO (pa3y KoneOaHuil, 3aJaHHBIX ypaBHEHUEM

x=AsiN®(t+7) e =272 , r=05c.
C

6. Cocyn eMKOCTbIO V =0,01 M COAEPKUT a30T Maccoil 1 r u Bomopoa maccoil 1 r npu Temmneparype
T =280 K. Onpenenuts naBieHue P CMECH ra3os.

7. Ta3 coBepmaer uuki Kapao. AbconoTHas Temieparypa HarpeBaTes B 3 pasa BhIIIIe, YeM
Temmneparypa oxnaautens. Harpesarens nepenan rasy Qg = 41,9 xJIxx Tennorsl. Kakyio paboTy cosepu
rasz?

8. JIBa mapuka Maccoii M = 1 T KaXJbI¥ MOJBEIICHBI HA HUTAX, BEPXHUE KOHIIBI KOTOPBIX
coequHeHbl BMecTe. JlIMHA KaXaoW HUTH | = 10 cm . Kakue ogunrakoBbie 3apsiibl HAA0 COOOIUTH
mapukam, 4ToObl HUTH pa3oUUINCh Ha yroa o = 60°7?

9. Cuna Toka B IpoBoJgHKKE conpotusiaeHueM I = 100 Om paBHoMmepHO HapacTaeT oT lg =0 10

Imax = 10 A B Teuenue Bpemenu { = 30 c. Onpenenuts KonmudecTBo TermnoThl Q, BIIEIMBLIIEECS 32
9TO BpeMs B IPOBOJHHUKE.

10. DJIeKTPOH ABHXKETCS MO OKPYKHOCTH B OJHOPOJIHOM MarHMTHOM I0JI€ HANPSKEHHOC THIO
H=25-10" A/M. Onpenenuts mepuos [ 0GpaleHHs 3IEKTPOHA.

11. Ha nytu cBeTOBOM BOJHBI, UAYILEH B BO3AYX€E, MOCTABUIIA CTEKISTHHYIO TJIACTUHKY TOJIIIMHON
h =2 mm. Ha ckOTbKO U3MEHHUTCS ONTHYECKAs JJTMHA MTYTH, €CJIM BOJIHA MMaaeT Ha IJIACTHHKY O] YIIIOM
45°7

12 B 4acTu4yHO MOJISIPU30BAHHOM CBETE AMIUIUTY1a CBETOBOIO BEKTOPa, COOTBETCTBYIOIIAS

MaKCHMaJIbHOM HHTEHCUBHOCTHU CB€Ta, B n=3 pas3a OoJIbIIIe AMIUIMTY/BI, COOTBCTCTBYIOH_ICI‘/’I
MHHHMAaJIbHON MHTEHCUBHOCTH. OHpC,Z[CJII/ITL CTCIICHDb MOJIApU3aAluN P cgera.

13 Tlortok sueprun @D, uziydaeMblil K3 CMOTPOBOTO OKOIIKA IIABUIILHOMN Neuu, paBeH 34 Br.
Onpeenuts Temneparypy 1 Tedn, eciu IIoaah 0TBEpCTHs S = 6 eM?.

14 Ha noBepXHOCTb IUTHS aAaeT MOHOXpoMaTHdeckuii ceT (A = 310 M) UToObI IPEKPATUTh SMUCCHIO
SJIEKTPOHOB, HYXKHO ITPUIIOKHTE 3a1€PKUBAIONIYI0 pasHocTh notennuanos U me menee 1,7 B.
Onpenenuts paboTy Bbixoaa A 31eKTpOHA ¢ TIOBEPXHOCTH JIUTHS.

15 Omnpenenute KOIMYECTBO MPOTOHOB M HEUTPOHOB B SIZIPE, a TaK )K€ JUAMETPHI CIASAYIOUINX Sep:

1) SLi 1 2) f;Al.
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ITo kmHEMaTHKe MaTepHaﬂbHOﬁ TOYKH HalllC BCCTO BCTPCHAKOTCA 3ala4i Ha CJICAYIOIUC TCMbI:

Ha COCTaBJICHHE YPaBHEHUH IOCTYNATEIBHOTO JIBIKCHHUS,
Ha COCTaBJICHHE YPaBHCHUH BPAIATEIEHOTO JBIKECHHS,
Ha ompeJeieHHe cpefHeld CKOpoCTH,

M0 KHHEMATHKE CJI0KHOTO JABHKCHUS,

M0 KHHEMATHKE OTHOCHTEIILHOTO IBHIKCHHUSI.

DW=

CXEMA PEIIEHUSA 3AJAY T10 KHHEMATUKE MATEPUAJIBHOM TOUKE
1 CnenaTh uepTéx K 3a7ade, Ha KOTOPOM OTMETHUTh HadaJIbHbIE KOOPJAUHATHI TEJl U HAllpaBJICHUs BEKTOPOB UX HAYaJIbHBIX
CKOPOCTEH M YCKOPEHUH (Hadyano KOOpIUHAT OOBIYHO MOMEIIAIOT B HAYAIbHON TOYKE JIBM)KEHHMS TeJa MM OJTHOTO u3 Tel. [Ipu
BEIOOpE HAIpaBICHUH KOOPIMHATHBIX OCEH CIIeAyeT yUUTHIBATh HAIPaBJICHNE BEKTOPOB IIEPEMEIICHHUI, CKOPOCTEH U
YCKOpEHHH Te).
2 3areMm JenaroT aHAJIOTHMYHbIEC YEPTEKH I XapaKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh MH(POPMAIHS B YCIOBUH
3a7aqH.
3 3ammcarts ypaBHEHUS OBMKCHUS IS KaXKI0TO TEJIa B MPOCKIMAX HA OCH KOOPJIMHAT CHavdaja B 00IIEM BHIE IS
HavaJbHOTO MOMEHTA BPEMEHH, a 3aTEM JUISl XapaKTePHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(OPMALHS B YCIIOBHU
3a7a4H.

2 v =xv _fat
x=ix +o t+ X o
0 (0):4 2
aytz ] )
y=1y,t 0t > v =+v_ *at
y oy y

HpI/I HeO6XOJII/IMOCTI/I JOMOJIHUTH CUCTEMY CIICAYIOIUMHA YPABHCHUAMU CBA3U:

v —v

v’ -0

= ZaS - €CJIM ABUIKEHHUE PaBHOYCKOPCHHOC,

o N

=—2aS - eciu fBIKEHNE PaBHO3AME TEHHOE.

o N

4  PemmTh MOJy4YEHHYIO CHCTEMY YpPaBHEHHUH U HAMTH pelieHne 3a1a4n B oOmieM (T.e. OykBeHHOM Buje). [IpoanannsupoBarts
MIOJTy4YSeHHOE PABEHCTBO.

5 IIpoBepuTh pa3sMepHOCTH 3TOI'O PABEHCTBA U €CIIM OHA COBIAJACT, IIOACTABUTh B OKOHYATEIIFHOE YPABHEHNE YHCIOBBIE
3HAYCHUS JaHHBIX B YCIOBUH 3a/1a4M BEJIMYHH, IIPEABAPUTEIHHO NTEPEBE/I X B OJIHY U TY )K€ CHUCTEMY €IMHHII.

CXEMA PEIIEHUSA 3AJJAY [TO KUHEMATUKE BPAIIIATEJIBHOI'O ABWXEHU S
1 Cpenatp 4epTéx K 3a/1a4e, HA KOTOPOM OTMETHUTh Ha4aJIbHOE MOJIOKEHHE MaTepHaIbHOIN TOUKU M HalpaBJIeHUE e
BEKTOPOB CKOPOCTH M LIEHTPOCTPEMHUTEIHHOTO YCKOPEHHUS.
2 3areMm caenaTh aHAJIOTUYHBIC YEPTEXKH /IS XapaKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(POPMANHs B yCIOBUH
3a71a4H.
3 3anmcarh ypaBHEHHE BpallaTeIbHOTO JBIKEHHUS CHavasa B 00IeM BU/IE JUT Ha4aJIbHOTO MOMEHTa BPEMEHH, a 3aTeM JUIs
XapaKTepHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(POPMAIKS B YCIOBUH 33/1a4H:

2

&
(p:ir(poira)otiT w=*rw, et

H
rhe: ()0 U () — yroi HOBOPOTa PaUyc — BEKTOpa B HauallbHbI MOMEHT BpeMeHH {= 0 C u B IPOM3BOJIbHBI MOMEHT
BpeMeHH t.
4 TIpu HEOOXOUMOCTH 3aIMCaTh YPABHEHUS CBSI3U MEXKIY YTJIOBBIMH U JIMHEHHBIMY BETUIHMHAMH,
XapaKTEepPU3YIOIUMH KHHEMATUKY MaTepUaIbHOM TOUKH:

S=opr

_ 2

v=w/r o= ? =27zn

2

4 2
a =—=0r=wv
yc

r
5 PemuTh MOTYYEHHYIO CUCTEMY YPaBHCHUU U HAWTHU pelIeHue 3a1a4u B oomieM (T.e. OykBeHHOM Bue). [IpoaHann3mupoBaTh
MOJY4eHHOE PABEHCTBO.
6 TIpoBepuTh pa3MepHOCTb 3TOTO PABEHCTBA M €CIIM OHA COBIA/IALT, MOJCTABUTH B OKOHYATEIILHOE YpaBHEHHE
YHCIIOBBIC 3HAUCHHMS TAHHBIX B YCIIOBHH 3a/1a4U BEJIMYHH, IPEABAPUTEIIHHO MIEPEBE/IS UX B OJIHY U Ty e CHCTEMY €INHHII.
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CXEMA PEIIEHUWSA 3AJJAY [TO KUHEMATUKE CJIOXKHOT'O IBUXXEHU A
Ecnu B 3amade paccMaTpuBaeTcs IBUKCHUE TEIa OTHOBPEMEHHO OTHOCUTEIILHO JABYX CUCTEM OTCYETA, OJTHA U3 KOTOPHIX

YCIIOBHO MPUHUMACTCS 32 «IIOJIBHIKHYIO», & JIPYyTrasi 3a «HETOABUKHYIO» (HAPUMEp, YeJI0BEK UAET 10 IBUXKYIIEMYCS BaTOHY
WK NEPETUTBIBACT PEKY), TO CKOPOCTh WK MIEPEMEIICHHE Tela OTPEACISIFOTCS 10 CIICAYIONIEMY MPABHITY:
Bexmop cxopocmu mena omnocumenvino HenoOBUINHCHOU CUCHEMbI KOOPOUHAM PABEH BEKMOPHOU CyMMe CKOPOCU
HOOBUICHOU CUCTHEMbL KOOPOUHAT OMHOCUMENbHO HENOOBUIICHOU NIIOC CKOPOCHIL MeENd OMHOCUMENbHO NOOBUNCHOU
cucmembl KOOPOUHAM.
(ananozuuroe npasuno O nepemeweHull).

0 =0 +0
abc nep  omH
Sagc = Onep + Somn
rue:
CKOPOCTB TeJla OTHOCHTEIBHO HEMOIBIKHOM CHCTEMBI KOOPIMHAT HAa3bIBACTCS a0CcoJIIOTHOIT CKOPOCTHIO va 6
CKOPOCTb HOJIBUYKHOW CHCTEMBI KOOPAMHAT OTHOCUTEIBHO HETIOIBI)KHOM Ha3bIBACTCSl NMEPEHOCHOH CKOPOCTHIO Unep
CKOPOCTB TeJIa OTHOCHTEJILHO MOJIBI)KHOM CHCTEMBI KOOPIMHAT Ha3bIBACTCSI OTHOCHTEJIBHO! CKOPOCTHIO U

CXEMA PEHIEHNMA 3AAY 110 KHUHEMATHUKE OTHOCUTEJIBHOI'O JIBXXEHUW A
Ecnu B 3agaue paccMaTpuBaeTCs IBUKEHUE IBYX HE3aBUCUMBIX APYT OT ApPYyTra Tell, ABMXKYIIUXCS B OJHOU U TOU XKe CUCTEME
KOOpJHMHAT (HalpuMep, IBIKCHHE BCTPEUHBIX MOE3/10B U T.J.), TO CKOPOCTh WM NEPEMEIIEHIE OJJHOTO Tela OTHOCHTEIILHO
JIPYTOro ONPEAEHIOTCA MO CIEAYIOIIEMY TPABUITY:

Bexmop omnocumenshoti ckopocmu 06yx men U, pasen 6eKMOPHOU pasHOCMU UX AOCOIOMHbIX CKOPOCME.

(ananozuunoe npasuo 0is nepemeujeHull)
021 = Z)2 - Ul - CKOPOCTb BTOPOI'0 T€JIa OTHOCHUTEJIBHO IIEPBOTO

§ = § P §1 - TMepeMeIIeHIe BTOPOTO Tella OTHOCUTEIBEHO MTEPBOTO
CXEMA PEILIEHUS 3AJAY HA OIIPEJIEJIEHUE CPEJJHEM CKOPOCTU
CrnenyeT pa3nuyaTh: - CPEAHIOI CKOPOCTH M0 TEPEMEICHUI0 < v > (BenMuMHA BEKTOpHAs)

- CPEAHIOIO ITYTEBYIO CKOPOCTh < (% > (BenmMuMHA CKaIApHAs)

CpenHeil CKOpOCThIO M0 IEPEMEIIEHHUIO HAa3bIBACTCS BEKTOPHAS BEJIMYMHA, PaBHAS OTHOLICHUIO NIepEeMEICHHS Tela
3a KaKOH-TM00 MPOMEKYTOK BPEMEHHU K BEJIMYMHE ITOTO MPOMEKYTKA

r

r

r

n
n

<ﬁ> AT L+0L+...+
At 4+t +.t

o

—

obwee

Cpe,uHeﬁ l'[yTCBOf/'I CKOPOCTBIO HA3bIBACTCA CKAJIApHAA BEJIMYWHA, paBHAA OTHOLICHUIO IYTHU HpOfIIICHHOFO TCJIOM 3a
Kakoii- 1100 MIPOMEIKYTOK BPEMECHU K BEJIMIUHE 3TOI'0 IIPOMEIKYTKA

S S +S,+...+S
<U>:—: 1 2 n
t 4+t +. 4t

Oco0bIii caryqaii: Eciu Teno 3a paccMaTpuBaeMblil IPOMEXKYTOK BPEMEHU

JIBUKETCS] B OZTHOM U TOM K€ HaIllPaBIEHHUHU C OJHUM U TEM K€ 0 BEJIMYMHE U HAIPABICHUIO YCKOPEHHEM, TO CPEIHIO0
Ul + UZ

CKOPOCTbH Tella 3a 3TOT MPOMEXKYTOK BpEMEHH MOKHO ONIPENEHUTD 1o (popmyre: < 0 > = T , Tae Ul n Z)Z - 9TO

HavdaJlbHadg 1 KOHCYHAA CKOPOCTH TEJIa HA OTOM y4aCTKE.
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CXEMA PEIIEHNS 3AJJAY HA TMHAMUKY TIOCTVYITATEJIBHOI'O JIBWXXEHUW A
1 Cpenath 4epTex K 3aade, Ha KOTOPOM:
- HAPUCOBATH BCE TEJIa, pACCMATPUBACMBIC B 33]1auc,
- HAPUCOBATH BCE CHJIBI, JCHCTBYIONINE HA KAXKIOE TEJIO, U, CCIIH BO3MOXKHO, YKa3aTh HAMIPABICHHS YCKOPEHUH KaXKI0Tr0
Telna.

2. ,Z[J'IH KaXxXaoro Tcja 3amnucarTrb BTOpOﬁ 3akoH Hpr0TOHa CHayaa B BCKTOPHOM BUIC E Fi = mé , 4 3aTEM B IPOCKIHUAX

Ha OCH KOOPJAMHAT, IJIsl YETO CHaYasa!

- IUIsl KaXKJIOTO Tea BRIOpATh yI0OHYIO CHCTEMY KOOPAMHAT (Hadaao KOOPAWHAT OOBIYHO IIOMEIIAIOT B IIEHTPE TSHKECTH
Tela, a OHY M3 KOOPAUHATHBIX OCEH HANpPaBISIOT IO BEKTOPY YCKOPEHUSI 3TOTO Tena),

- JUIA KaXJIOTO TeJla paCIMChIBAIOT CBOE BEKTOPHOE YPABHEHUE B MPOEKIUIX HAa KAKAYIO OCh C YUETOM 3HAKOB MPOEKIUH
CHIL.

3. Pemaror nosy4eHHYIO CUCTEMY YpaBHEHUI.

(He0OXOMMO IOMHHUTb, YTO YUCIIO YPABHEHUH JJOIDKHO OBITH PABHO YMCITy HEW3BECTHBIX. EC/IN ypaBHEHUI AUHAMUKA
OKa)XETCsI HE JOCTATOYHO, TO MOJYYEHHYIO CUCTEMY JIOMOIHSIOT YPaBHEHUSIMHM KHHEMATHKU WM 3aKOHAMU U3MEHEHUS U
COXpaHCHHS).

Ecmu B 3aJa4¢c Tpe6yeTc51 HaTH BeC Teja WU ero CHUJTY HOpMaJIbHOTI'O AaBJICHHUSA, TO CJICAYCT IOMHUTD, UYTO IO TPETHEMY
3aKOHY HrroTona onu PaBHBI IO BCJIMYHUHE, HO MPOTUBOIIOJIOXKHBI ITO0 HAIPABJICHUIO CUJIC PECAKIIUHU OIIOPHLI.

CXEMA PEHIEHNS 3AAY HA JUHAMUKY PABHOMEPHOI'O JIBUXXEHW S MATEPUAJIBHOU TOUKU
II0 OKPYXXHOCTHU

1 Cphenath yepTéx K 3a7aue, Ha KOTOPOM HApUCOBATh TEJIO, ABIKYIIECECS MO OKPY>KHOCTH, U BCE CHIIBL, ICUCTBYIOIIHE HA
HETO.
2. clexyeT MOMHHUTH, YTO TEJIO JABHKECTCS PABHOMEPHO 10 OKPY>KHOCTH IMOCTOSIHHOTO Paauyca TOJbKO B TOM ClIydae, eCiiu
PaBHOJICHUCTRYOIIAsI BCEX CHJI, ICHCTBYIOIIMX HA TEJIO, HAMIPABJICHA M0 PAIUYCY K IICHTPY 3TO OKPY>KHOCTH. DTa CHIa
COO0OIIAET TeTy HEHTPOCTPEMHUTEIBLHOE YCKOPEHHE, KOTOPOE TaK e HAIMPAaBJICHA K [IEHTPY OKPYKHOCTH, TI03TOMY:
- ocb OX HampaBIISAIOT [0 HAMTPABJICHHUIO IEHTPOCTPEMHUTEILHOTO YCKOPEHHUS, (TO €CTh K IIEHTPY OKPYKHOCTH, T10 KOTOPO
OHO JIBHXKETCS).

- 3alIMCBIBAIOT BTOpOﬁ 3akoH HrroTOHA cHavana B BEKTOPHOM BHUIE E Fi =Mma , @ 3aTEM B IPOCKIUAX HAa OCH
y.c

2
2
KOOpJIMHAT, I'1ie au L= = Or=wo.
c. r
3. pelarT NoJy4YeHHYIO CUCTEMY YPaBHEHHH.
(pu HEOOXOAUMOCTH €€ TOTIONHSIOT YPABHEHUSAMH IBIDKEHUS C YIETOM 9TO S= Qr, v=owr;

a):27rn:2—7r
T

Yr1o0bI NPaBUIIbHO ONPCACIIUTD KOJIMYECTBO CUJI, Z[eﬁCTByIOHlHX Ha T€JIO, H€O6XOZ[I/IMO MPUACPIKUBATHCA CICAYHOIICTO
ImpaBujia:

CKOJIIBKO TeJI U IoJIeH ,E[CﬁCTByeT Ha JaHHOEC TCJ10, CTOJIBKO U CHJI (HJ'HOC CHJIbI TPCHUS U COIIPOTUBJICHMS, €CJIM OHU €CTh 11O
YCJI0BHUIO 3az[aq1/1)

CxeMa penieHus 3224 HA 3aKOHbI COXPAHEHHUS] UMITYJIbCA
1. Cpenath pUCYHOK, Ha KOTOPOM YKa3aTh T€Ja pacCMaTpUBAEMOIl CHCTEMBI U HAIIPABIICHHUS X BEKTOPOB CKOPOCTEH MITH
HMITYJIbCOB HETIOCPEICTBEHHO MEPEN B3aUMOAEHCTBUEM.
2. 3areM clenaTh aHAJIOTUYHBII PUCYHOK JJIS MOMEHTA HENOCPEICTBEHHO 1OCTIe B3aUMO/ICHCTBYSL.
3. TIpoaHanu3upoBaTh pacCMaTPUBAEMYIO CHCTEMY:
- €CJIM CHCTEMa TeJ 3aMKHYTa (TO €CTh BEKTOPHAsl CyMMa BCeX BHEIIHUX CHJI, ISHCTBYIOINX Ha TeJIa CUCTEMBI paBHA HYIIO), TO
3amnucaTh 3aKOH COXPaHEHHs UMITYJIbCa ATl 9TOU CUCTEMBI B BUJIE

—

>»,) >s)
pi Qoezaumodeiimsus p' nocne 63aumooetinsus

- €CJIM CUCTEMaA TCJI HE 3aMKHYTA, TO 3allMCATh 3aKOH U3MCHCHHU A UMITYyJIbCa JJISL JTOU CHCTEMBI B BUAC

(Zlfieyeua-mx )-At _p o

KOHeyHo e pna!taﬂbuoe
I[JIH HE3AMKHYTBIX MEXaHUYECCKHX CHCTEM 3aKOH COXPAHCHHUA UMITYJIHCA MOKHO IPUMEHHUTDH B CJICAYIOLINX CIIyYasaXx:
a. Ecmu IMPOCKIIUN BCEX BHCIIHUX CUJI, ﬂeﬁCTByIOIIII/IX Ha CUCTEMY, Ha Kakoe-110b0o HanpaBJICHUEC B IPOCTPAHCTBC paBHbI HYJIIO,
TO Ha 3TO HAIIPABJICHUEC BLINOJHACTCA 3aKOH COXpaHCHHA MPOCKUNU UMITYyJIbCa,

( TO ecTh, eciu Z Fqoe" =0 = (z Pyi )Hambm)e = (z P );conew—toe )

(0OBIYHO TaKOH OCKIO ABISETCS TOpU30OHTaIbHAS 0Ch OX)
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0. Ecnu BHyTpeHHHE CHIIBI IO BETMYMHE MHOTO OOJIBIIIE BHEITHUX CHJI (HAIIpUMeEp, pa3pbiB CHapsaa), 1M00 0YeHb Mall
MPOMEXKYTOK BPEMEHH, B TEUCHHUE KOTOPOTO ACHCTBYIOT BHEIIHUE CUIIbI (HAIIPUMED, YAAP), TO 3aKOH COXPaHEHHS UMITYJIbCa
MOYKHO MIPUMEHUTh B BEKTOPHOM BHJIE,

(' To ecTh (Z f)i )Hawwe = (Z ﬁi )K{,Heme )

Caeayer NOMHHTB, YTO BCEe CKOPOCTH HJIH HMIYJIbChI TeJI CHCTEMBbI 10/2KHbI ObITh 3alIHCAHBI OTHOCUTEJIbHO OHOM U TOH
JKe CHCTeMbl KOOP/IMHAT
4. BriOpate yIoOHYIO CHCTEMY KOOPIMHAT M 3aIMCATh MOJIYICHHOE BEKTOPHOE YpaBHEHHE B MPOCKIMAX HA BEIOpaHHBIE
ocu.

5. Pemmts momydeHHYyIO CHCTEMY ypaBHEHUH.

CxeMma pelieHus 3a1a4 HA 3AKOHbI COXPAHEHUS YJHEPrUU
1. nenaTh pUCYHOK, HA KOTOPOM YKa3aTh TeJa pacCMaTpUBaeMOIl CUCTEMBI U HAIIPABJICHHsI UX BEKTOPOB CKOpOCTEH B
HavyaJIbHOM IOJIO0KEHHH, a 3aTeM JUIS IPYTUX MOJIOKEHUH, O KOTOPBIX ecTh HH(opManus B 3aa4e
2. BrIOpaTh HayaIbHBIN yPOBEHb OTCUETA MOTEHIIUAIBLHON 3HEPTUU
3. IIpoaHanu3upoBaTh pacCMaTPUBAEMYIO CUCTEMY:

- €CJIM Ha TeNa CHCTEMBI JIefCTBYIOT TONIbKO Koncepsatnsmete cunel ( 0 F, F L F L F )

WM BCe JeHCTBYIOINE HAa CHCTEMY HEKOHCEPBAaTHUBHBIE CHUIIBI pab0OTy HE COBEPIIAIOT, TO 3alHCATh 3aKOH COXPAaHEHUS IOJIHOI
MEXaHUYECKOU SHEPTUHU:

E =F

HauaivbHAa s KOHe4HAa s

- €CJIM Ha TCJIa CUCTCMBI HeﬁCTByIOT HCKOHCEPBATUBHLBIC CUJIbI, TO 3aITUCATh 3aKOH U3MCHCHU S DHEPTUUN IJIA 3TOM CHUCTEMEI B BUAC

AIHexomepeamue%lx — E _ E
KOHe4HAas Ha4aabHa

Crenyer NOMHHUTB, YTO BCe CKOPOCTH TeJl CHCTeMBbI A0JI’KHBI ObITh 3aIMCAHBI OTHOCHTEJIbBHO OJHOM U TOIi JKe CHCTeMbI
KOOpAMHAT
4. PemmTh NOTY4YEHHYIO CUCTEMY YpaBHEHHH.

Cxema pemeHusi 3aJ1a4 10 TePMOAHHAMHUKeE
- eclu cocmosAHue 2a3a He U3MensAencsa, To 3anucatb ypaBHeHne MenzeneeBa — Knaneiipona:

PV =VvRT =RT
Y7,
- eciu 6 3a0aue pacCMAMPUBACMCsl HECKOILKO COCMOAHUI 2a3a, TO JUIsl KaXKJI0TO COCTOSIHUS 3allicaTh ypaBHeHHe MeHeneesa
— Knaneiipona (unu ypaBHenue Kiameiipona, eciiu macca raza He U3MEHSIETCS
ﬁ = % ) ¥ PELIUTh MOJYYCHHYIO CHCTEMY YPaBHCHUIA.
T T,
- ecu macca 2a3a 0CMAaémcesa ROCMOAHRHON U 00UH U3 NAPAMEMPOE 2a3a He USMEHAECH A, TO 3aIICaTh YPAaBHECHUS COCTOSHUS
JUTsL TAaHHOTO M30IIpoLecca:
n3orepmuueckuit mpoiiecc (1. e. T = const): PV = const 3axon Boitns — Mapuotra.

M30XOPUYECKHii Tiporiece (T. . V = const): =const szaxon Illapms.

n3obapuyeckuii mporecc (T. €. P = const): = CONSt 3axon et — JIroccaxa.

—H| < -H|T

- ecu 6 3a0aue paccMampueaemcs cmMech 2a308, TO PelicHHe 0OBIYHO HAYMHACSTCS C 3aIiCH 3aKoHa J[abTOHA IS 3TOH CMecH
rasoB

p(,’.MECu :p1+p2 +"'+pn’

a 3aTEM I10 YPAaBHCHHIO MeHueneeBa — KnaneﬁpOHa OIPCACIIAIOT MapuajIbHOC JABJICHUC KAXKI0T'0 rada CMECHU

m.
PV s =ViRT e =—RT
[
[Tpu HEoOX0MMMOCTH 3amucaTh ypaBHeHHe MeHnneneeBa — KnanelipoHa s Bceil cMecu ra30B B BUJIE:

cmecu cmecu cmecu ”

Vot RT oy = e RT

p cmecu cmecu cmecu cmecu cmecu
cmecu



®opMyJIBI U 3aKOHBI, KOTOPbIe MOT'YT BaM moHag00MThHCS NPH pelieHHH KOHTPOJIBHBIX padoT

KHNHEMATHUKA

[osokeH e MaTepHaTbHON TOUKH B IPOCTPAHCTBE 3a/aeTcs paauycoM-Bektopom: I = XI + y] +zk | [M]

e |, j, K — enmmmanbIe BeKTOPH! HanpaBJieHuit (OPTE); X, V), Z — KOOPAMHATHI TOUKH.
— dF - - — M
MrHoBeHHast ckopocts U =—=0 140 jJ+0v K, | —
dt X y z c
dx dy dz

Tne 0, =—,0 :_’UZ:E

dt v dt

Monaynbe ckopocTu 0=, ,Ui + Z)i + Z)ZZ

— d 5 - = — M
MrHOBEHHOE yCKOpeHHe a = r =aji+a j+ ak,|—=

- IPOCKIMU CKOPOCTH V HA OCH KOOpJMHAT.

2
C

do ~ do, _do,

[ne @ = X a ,=—=*
dt 7 dt dt

Monaynb yckopeHus a=, faf + a§ + af

YPaBHeHI/Iﬂ NOCTYNaTCJIbHOTO ABUKCHUS:

- TIPOCKIMH YCKOPCHHS & Ha OCH KOOpJIMHAT.

a t’
— X —
X=%X,tov, t+£ 5 v, =%y, tat
F_E Lt at? ayt2 o
=1y + 7 +T = y:_yoivoytiT; v=7,+at = vy:ivoyiayt :
2
azt + +
2=22, 20, tE= v, =y, tat
2 2
0 —0, = 2aS - €CIIU JIBUKEHUE PaBHOYCKOPEHHOE,
’(J2 — Ug =-2aS - €CJIA IBUKEHNE PABHO3aMEIJICHHOE.
. do ao
YrioBas ckopocTh = ke , pac
dt c
. do pao
VYrnoBoe yckopeHue E=——, | =%
dt c
[TonmHOE yCcKOpEeHHe MaTepHaIbHON TOUKH MIPHU KPHBOJIMHEHHOM JBHKCHUN a= én + é.;
Mopnyib IOJIHOTO YCKOPEHHE MaTEpUaIbHOW TOUKH IIPU KPUBOIMHEWHOM JIBUKEHUHU a= a,f + af
ot?
YpaBHEHHUs BPAIATEIbHOTO JBUKECHUS: p=t@,tawt* T , w=tw,tet

CBsI3b IMHEHHBIX U YTJIOBBIX BEJIMYNH!

t N 1 27 v?

T=—;n=—; T==;0==-=27n;S=¢r; v=0r; a,=—=0T=00
N t n T r
Kunemaruka Cl0KHOTO IBUKEHUS: 5a6€ = 5n€p + 5{)’"” ; abeonommoe SnepEHOL'Hoe + omHo cumensoe
KuHeMaTiKa OTHOCHTENBHOTO ABIKEHHS: Uy = U, — Uy ; S,,=5,-5;
CpPEMHss CKOPOCTH IO TIEPEMEILEHHUIO: CpeIHss MyTeBask CKOPOCTh
. AT [+ +...4T S S +S,+...+S
<U> _ _ 1 2 n <U> _ X _* 2 n

ALt 4t 4t t 4t 4.+t

22
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JUHAMUKA MATEPUAJIBHOM TOYKHU

3akonsl Herotona:

» =—Fy
Mm
- CuIla rpaBUTALUU szag =G—-
r
- CHJIa TKECTH F_..=md
- cUJIa YIIpyrocTH F., =—KX
JKECTKOCTh CUCTEMBI IIPYKKH IIPH UX MOCIEA0BATENLHOM COSTUHEHUN K=k +k +...+Kk,
1 1 1 1
JKECTKOCTh CUCTEMBI IIPYKHH IIPH UX HApaIeIbHOM COEIUHEHUN — =t —+...—
k kK, K,
- CHJIa TPEHHMS CKOJIbKEHHU Fmp =u-N
- cuita Apxumerna Fope = 0,91

PABOTA, MOIIIHOCTD, KIIA. BUJAbI SQHEPI'UU.

- KM

- HMIIyJIbC MaTepUabHON TOUYKH p=muv, = [H . c]
C
- MMIYJIbC CUCTEMBI MATEPUATLHBIX TOUEK Bevemens = E o}
2
mo
- KUHeTHYecKas SHeprus T= > [ ﬂofc]
- NOTeHLMAJIbHAs SHEPTHUs MAaTEPUAILHON TOUKH, TIOJHATON Ha BBICOTY h OTHOCHTENBHO 11 =mgh, [ ,bec]
HYJIEBOTO YPOBHS OTCYETA MOTEHIMALHON SHEPTHH
- NOTeHLMAJIbHAS SHEPTHS NPOTHKEHHOTO TeIa, MOHATOrO Ha BLICOTY N OTHOCHTENBHO Il =mgh,, [ ,ZZ.?/C]

HYJICBOI'O YPOBHHA 0TCUYéTa MOTCHIINAIBHOM OHEPIrun

rae hc - BBICOTA HEHTPA TAXKCCTU TE€JIa OTHOCUTCIIBHO HYJICBOI'O YPOBHS oTcuéTa HOTeHL[HaJ'ILHOfI OHEPIUu.

3 K x°
- NOTeHIMATbHAS SHEPTHS YIPYTro Ae()OPMUPOBAHHOI MPYKHHBI 11 = T , [ ﬂofc]
. Mm
- NOTeHIMAIbHAS YHEPTHS IPABHTALMOHHOTO B3aUMOIEHCTBHS n=-G—, [ ,bec]
- TOJNHAs MEXaHWYECKAs YHEPTHUS E=T+11, [ ﬂO/C]
. . - dw
- CBA3b CHJIBI C TIOTEHIUATLHOMN dHeprueil F=—gradW =———
- MexaHuuyecKas paboTa CHIIBbI A= I Fds, [ ﬂofc]

- MexaHMueckas paGoTa MOCTOSHHOI 110 BenuuuHe 1 Hanpasienuto cunel - A= FSCOSor | [ ﬂOfC]

A
- cpenHsAs MeXaHHJIecKas MOIIHOCTb N=—, [BT]
- MTHOBEHHAs MeXaHWYecKas MOIIHOCTb N =Focosa , [BT]
A N

NOJIE3HAA — NoJNe3HasA

A

s3ampayventas 3ampadeHnas

- koadunuent nonesnoro aercraus (KI1J1) n=



3AKOHBI UBMEHEHUSA 1 COXPAHEHHSA B MEXAHUKE

. — GHeunux = =
- 3aKOH M3MCHEHHS UMITYJIbCa MEXaHHYECKOM CHCTEMBI Fi <At = P.orevve — Prauarioe
3aKOH COXPAaHEHHsSI UMITYJIbCa 3aMKHYTON MEXaHHIECKOM CHCTEM ‘ E p. ) = ( E P )
| navanvroe KOHeuHo e
v BHEUWHUX P r
- 3aKOH M3MEHEHWs MOMEHTA NMITYJIbCa ( E M, )-At =L omoe = Lisuarmoc
- 3aKOH COXPaHCHHsS MOMEHTA UMITYJIbCa 3aMKHYTOW CUCTEMbI ( E L ) = ( E L| )
[ HavyajlbHoe KoHeyHnoe
v v HEKOHCep 6aMUGHbIX __
- 3aKOH M3MCHCHHMS MOJTHON MEXaHWMYCCKON SHEPTHH A =E eman — Emlmb”aﬂ
- 3aKOH COXPAHCHUS MOJTHON MEXaHUYECKOH SHEpruu Eml’awm =L eman
- Teopema O MOTEHIMATLHON SHEPIUU Amﬂcepgamuewﬁ =— (U1 pounan — guanonan)
TeopeMa 0 KWHETHUECKOI SHepruu E A| = waqmﬂ -T R
- 3aKOH JBMKCHMs LICHTPA Macc E Fi = maM

- 3aKOH JBIKEHHs LIEHTPa Macc
3aMKHYTOH CUCTEMBI eciu ZF;SHEWWX =0 = du =0 = v .= const

M Y. M

3anuch 3aKOHOB COXpPaHeHHs U U3MEHEHMsI TPH a0COJIIOTHO YNIPYTOM M a0COTIOTHO HEYNpyroM yaapax:

§ _ B _ . mo; Mo, Mol mo.
AOCONIOTHO YIIPYTHIA yIap: mo, +myo,=mo +Mo, > + > = > + >
2 2 2
A6 i . 7 5 = - M, MY, _ m, +m,)ov Q
COIMOTHO Heympyruit ynap: M v, +M, v = (ml +m, ) 0 + = +
2 2 2 AJ
JTUHAMMKA TBEPJIOI'O TEJIA
MOMEHT CHIIbI OTHOCHTENILHO HEIOABUKHON TOUKH M= [ﬂ:] , [H . M]
Moaysb MOMEHTa CUJTbI OTHOCUTEIBHO HETIOJIBMXKHOW TOUKHU M =Frsina , [H . M]
MoMeHT UMIyJIbca TeNla OTHOCUTEIBHO HEMOIBUKHOM TOUKU L= [F r)] , [ Lot C]
Moyns MOMEHTa UMITYJIbCA T€JIa OTHOCUTEIbHO HEMOIBUKHOM TOUKU L=rpsina, [ Jlorc - C]
MoMmeHT uMILyJibca TBEPIOTO TeJla, BPAallaoIIerocsi OTHOCUTEIbHO HENOABUKHOU OCH L=lw, [ ﬂOfC . C]
|
Kunernueckas sHeprus TBEpAOTO Tela, BPalalOIIErocsi OTHOCUTENBHO HEMOABIKHON ocH T= T , [ ,ZZ:)}C]
i mo’ o’

Kunernueckas sHeprust TBEpJOro Tea, BPAILAIOLIET0Cs OTHOCUTEIBHO OCH, T= > + T , [ ,bec]
JBIDKYILEHCS MOCTYNaTeNbHO

) dL
OCHOBHOE ypaBHEHUE TUHAMUKH BPalIaTENbHOTO JBMXKEHUS TBEPIOrO TeNa =—uum M=lg,
Teopema IlIteiinepa =1, + ma?,

o 2

MOMEHT HHEPLUU MaTepUaIbHOW TOUKU I =mR~, [Ke : Mz]
OnemeHTapHast paboTa MOMEHTA CHJI IIPU BPALIeHUH TeJla BOKPYT HETIOABM)KHON OCH dA=M Zd Q, [ ,ZZ:)fc]

PaboTa MOMEHTa CHJI Y BPAILLIEHUH TeJIa BOKPYT HEMOABHKHOW OCH A= J. M Zd Q, [ ,ZZofc]
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CoOCTBEHHBIE MOMEHTEI HWHEPILHUHN HCKOTOPLIX TCJI
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OJITHOPO/IHbIH TOHKUI OJTHOPO/IHbIA TOHKUH | OJHOPOJIHBIN TOHKUH | OJXHOPOIHBIA |OJHOPOMIHBIH CIIOIIHO OJTHOPO/IHBIN OJTHOPOJIHAS
CTEpIKEHb THHOM | 00py4 IIMCK pamuycoM R TOHKHH JIHCK LHWIHHAP paguycoM R map chepa
U TOHKOCTEHHBII paauycom R pamuycomMR pamuycom R
LIIMHAP paguycoM R
, 1 : 1 1
: : | : | ' '
. ' ! : — T ——
]
ﬁ < —> %. : .
. ~ R ' R |
' ! R
1 1 1
] ] 1
I ]
I |
| )
I 1
1
1
2 2 2 2
ml mR mR mR 2 2 o

KOJIEBAHHSI M BOJIHBI
x = Acos(at + ¢, )

ypaBHEHHE TapMOHHYECKHUX KoJIeOaHNH

- CKOpPOCTb TeJia IPpHU rapMOHHUYICCKUX KoJIeOaHUIX

- YCKOPEHHE TeJia IPU rapMOHUYCCKUX KOJICOaHMSIX

- KHHCTUYCCKAsA SHCPIrusd Kone6n}01_uel71ca TOYKH

- IOTCHIHAJIbHAA SHEPTUA Kone6mome1710ﬂ TOYKH

- [TIOJITHAag MCXAaHHUYICCKasd SHEPrusa KOHC6Hmm€ﬁCﬂ TOYKH

kx
E=T+11=11, =—=T

2
Max_
max

2

mo 5
— Max . T m A
2 2

dx i M
=—=—-Awsin(at+¢ ), | —
v dt (a) ¢0) |: :|
do ) M
a=—=—-Aw'cos(at+¢ ), |
dt (a) (00) |:02:|
2
T:mv
2
2
7=k
2
@,

- ¢ dpepeHnnanbHOe ypaBHEHHE TapMOHIYECKUX KOJIeOaHuH

- muddepeHnratpHOe ypaBHEHHE CBOOOTHBIX 3aTyXaIOIINX KOJIeOaHU

- i dpepeHnnanbHOe ypaBHEHHE BHIHYKJCHHBIX KOJIe0aHUH

- ACKPEMCEHT 3aTyXaHus

- JIOFapI/I(l)MI/I‘ICCKI/Iﬁ JACKPEMCHT 3aTyXaHUsL

- TOOPOTHOCTH KOJIeOATENFHOTO KOHTYpa

- nepuon KoJIeOaHU MaTeMaTHYECKOr0 MasiTHUKA

- Tepuoj KoJaeOaHui IPY>KHHHOTO MasTHUKA

- nepuon KoJieOaHuit (1)I/I3I/I'~I€CKOI‘O MasaATHHKaA

- IEPUOJT TEKTPOMATHUTHBIX KOJe0aHUH B KOJIeOaTeTbHOM KOHTYpE

X+awix=0

c

X+2B%X+aix=0

= %mAza)O2 sin? (a)ot +(0) . [ Horc]

= % mA*a; €os® (wyt + @), [ o]

X+ 2 X+ X = %, cos Ot

A(t)

_ _ M
ﬂ_A(tJrT)_
i A
/I_InA(t+T)_'Bt
T_%

Q=

A 20
T=27z\/g, [c]
TZZH\/%, [c]

T=2x

mgd

<]

T :27zﬁ , [c]
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AMIIHTY A pe3yIbTUPYIOIET0 KoJIeOaHusl, NOIYyYaroerocs Py CI0KEHUH ABYX rapMOHHYECKUX KoJeOaHui
OJIMHAKOBOI'0 HANPABIECHUS U OAMHAKOBON YaCTOTHI:

A2, = AL + A7 +24,4,008 (0, — ;)

- HavanpHas daza pe3ynbTHpyIOIIero KouedaHus, Moy4aoerocst Ipu CI0KEHUHU JIBYX FAPMOHUYECKUX KOIeOaHui
OJIMHAKOBOT'O HANPaBIECHUS U OAMHAKOBON YaCTOTHI:

_ A15in§01+AzSin§02
A cosg, + A, cose,

- YpaBHeHHE TPaeKTOPUH ABIDKEHHS TOUKH, YIACTBYIOMICH B ABYX B3aWMHO MEPIECHINKYISAPHBIX TAPMOHHYIECKIX KOJIEOaHMSIX
OJIMHAKOBOM YaCTOTHI:

2 2

X .

2= X c05g1)+y—2 =sin’ ¢

A AB B

. . . 2r
- YpaBHEHHUE IUIOCKOM TapMOHNYECKON O€TyIel BOIHBI §(X, t) = ACOS(a)t —kx+ ®, ), e K= 7 = — - BOJHOBOE
0
YHCIIO
T
CBsi3b MEXITy Pa3HOCTBIO (a3 KoJieGanuil IByX Touek BOJHBI H paccTosHUueM Mexy Humun A@ = KAX = — X - X1)
y N ) E
- CKOPOCTb NMPOJIOILHON U MOMEPEYHON BOIH B TBEPABIX TEIAX Z)npo I b mmep
5 }/RT M
- CKOPOCTh MPOJOJIBbHON BOJIHBI B ra3e [N e
p U c
OCHOBBI  MKT
N m
- KOJIMYECTBO BEIIICCTBA V=—=—, [MOJZb]
N, u
- OCHOBHbIE ypaBHeHus MKT: p=— n<E > p =nkT, [Ha . C]
2
3,1 _Mm ()
- Cp€AHAA KUHECTUYECKAA OHCPTIUA MOCTYINATCIIBHOTO JABUKCHUA MOJIEKYJT HICAJIBHOTO Ira3a <Ek> = E kT = T ) [ﬂOfC]
2kT 2RT | m
- HamOoJliee BEpOATHAs CKOPOCTH TETJIOBOTO JIBMKEHHS MOJIEKYJI HACAIBHOTO ra3a v = |—=]—/|—
m, y7; c
3kT _ [3RT { M }
- Cpe/iHssl KBapaTUYHAs CKOPOCTh TEIJIOBOTO JIBMIKEHHUSI MOJIEKYJT H/ICAJIBHOTO ra3a = |—, | —
m, U c
TEPMOJANHAMMKA
m
- 3akoH MeHzeneeBa — Kianelipona PV =vRT =—RT;
y7;
. PV, _PRV, PV
- 3akoH Knaneiipona —==—="= ygm —— =CONSt , ecimu M = const;
T, T, T

- 3aBHCUMOCTb 00BEMA M AaBJICHUsSI WICABHOTO I'a3a OT €ro TeMIIepaTyphbl

V, =V,(l+a-t) mpu p=const

p, = p,(l+a-t) mpu V=const;

- 3akoH JlanbTOHa Doy =P1 T Do Tt Dy
- IapUyajibHOe AaBJICHUE | — rO ra3a CMecH PV =ViRT o = — RT. .

Ano,zesna;z — Q1 _ Qz
Q Q
T 1 T, 2
T,
- epBOE HAYAJI0 TEPMOIUHAMUKH Q=AU+A, [ ,bec]

- KIIJI TermoBoro mBuraTess n=

- KTIJI nneanbHO# TemmoBoii MammHbl (ManiinHbl KapHo) n=



- BHYTPEHHSS SHEPTHs HACATFHOTO I'a3a U=——RT, [ ,ZZ:)fC]
2 u
im
- U3MECHEHHE BHYTPEHHEW HEPTHU UIEaNIBHOTO ra3a AU = E —RAT , [ ,bec]
rae  i=3 I OMHOATOMHBIX Ta30B, | =5 /I AByXaTOMHBIX ra3oB, i =6 a1 Tpéx u Gonee aTOMHLIX ra3oB
- paboTa ureanbHOTO Ta3a MPH U30XOPHYECKOM TIpoIIecce: ecrm V = const, to
A pAV
- paboTa HIcaIbHOTO Ta3a NP U300apUICCKOM TIPOIIECCe ecu  p = CONSt, To A— RAT
y7i
m v,
=—RT -In
_ H V1
- pabota HjeanbHOrO ra3a Mpu U30TePMUIECKOM MPOIecce ecou T = const,
m
A=TRT P
H pz
- ypaBHeHue Maiiepa R=C,-C,
) ] i Hoie
- MOJISIpHasl TEMJIOEMKOCTb HJI€ajbHOTO Ta3a IPH IOCTOSIHHOM 00BEMe C, =—-R,
2 Mmonw- K
. 1+2 LDe
- MOJIIpHasd TCIJIOCMKOCTh UJACAJIBHOTO I'a3a IIpU MOCTOAHHOM JaBJICHUU Cp = 2 ’ K
MOJIb -
. ) IR e
- yZAeJbHas TeMI0EMKOCTh H/IEaIbHOTO Ta3a MPH MOCTOSIHHOM 00BEMe C, = E— , %
y7] Ke-
3 I+2R Jlorc
- yZAeJbHas TeMI0EMKOCTb HJI€abHOTO Ta3a IPH IIOCTOSIHHOM JIaBJICHUH C,= > -, %
MU Ke-
1
- CpeaHsIsl YIMHA CBOOOHOTO MpoOera MOJIEKyYJT UealbHOTO Ta3a < > = \/5 e
zza™n
- KOJIMYECTBO TEIUIOTHI HEOOXOAUMOE [Tl HATPEBAHUSI BEIECTBA Q=cm (tz _t1) , [ ,bec]
- KOJIMYECTBO TEIJIOTHI, BBIAEIIIOIIECECS IIPU CTOPAHUH BELIECTBA Q=agm, [ ﬂofc]
- KOJIMYECTBO TEILIOTH HEOOXOAUMOE ISl TNIABJICHUS BEIIECTBA Q=Am, [ ﬂofc]
- KOJIMYECTBO TEIUIOTHI HEOOXOAUMOE ISl HCIIAPESHUSI BEIIECTBA Q=Lm, [ﬂofc]
d
- 3akoH Duka m=-— d—p St
X
do
- 3akoH HploTOHa p= —7]d— St
X
dT
- 3ak0H Dypbe =—-41—©5t
P d
X
do
- 3aK0H HbrOTOHA /17151 BA3KOrO TPEHUS F= —-n d_ S
X
1 M
- ko pumment auddy3uu D== <’0> <|> e
3 c
1
- K03 QUIMEHT BI3KOCTH n= gp <Z)> <|> \ [Ha : c]
1
- KOO(QQUIHEHT TETIIONPOBOTHOCTH A= § Yo <Z)> <| > C,

o , 2
- Cp€AHCEC YUCIO0 CTOJIKHOBCHUHN MOJICKYJ UJACAJIBHOTO I'a3a 3a 1 CCKYHAY <Z> = 2 ﬂ'd n <U>
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SJEKTPOCTATHKA

) |0 ||
- ChJ1a SHGKTpOCTaTI/I‘{eCKOFO B3aUMOACUCTBUS [[ByX TOYCYHBIX 3apHZ[OB nyq = k —2
' er
1 Hai? (D F E
9 -12 . ) . %
I‘He k — — 9 10 . 8 85 10 g — 6 EaKnyle — 8 BaKyywe
47[80 K/l M 8.6ewecmee 6.6ewecmee
) . F [H B
- HaHpﬂ)KeHHOCTL 3HeKTpPI‘ICCKOFO I10JIA E —_— —_— | =] —
q Kn M
I7
- NOTCHIHUAaJl 3J'ICKTp0CTaTI/I‘{eCKOFO T10JI (0 -, [B]
q

- OPpUHIOUI CYHNEPIIO3UIIUUN JI DJICKTPOCTATUICCKOTO MOJIA

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

- cwia, IefCTBYIOIIAs HA TOYEYHBIH 3apsil B JIEKTPHIECKOM TOJIE F=qE, [H ]
- TOTEHIHNANbHAS SHEPTUs TOUEUHOTO 3aps/a B 3JIEKTPOCTATHYECKOM T10JIE II=qp, [ ,bec]
- TOTEHIMANbHAS SHEPTHS SJIEKTPOCTATUIECKOTO
o Il = k qlq2
B3aMMOJIEHCTBHS JIBYX TOUEUYHBIX 3apS/I0B =k—=, |
er

" q H B

- HATIPSHKEHHOCTD SIEKTPOCTATHYECKOTO MOJIsl TOUEYHOTO 3apsijia E=k—. | —|=|—
er Kn M
- OTEHIMAT JIEKTPOCTATUIECKOTO MOJISt TOYEUHOTO 3apsiia Q= k [B ]
lo |H

- HaprDKeHHOCTI) QJICKTPOCTATUUCCKOTO MOJIsI PABHOMEPHO 3ap${)KGHHOI/I 0OECKOHEYHOMU IIOCKOCTHU E i -

25, | Kn

- pa60Ta CHJI DJICKTPUYCCKOT'O MOJIA 1T0 IEPEMEIICHNUIO TOUCUYHOI'O 3apdaaa

A317 - q (¢I!allaflbllblﬁ ¢KOH€Wlblﬁ ) I ! f)H ( HauanbHas J]KOIlelllla}I )

- 3aKOH COXpaHEHHs DJICKTPUYECKOTO 3apsaga Z G = Z G
HauyaivHoe KOHeyHoe

- CBA3b MKy HATIPSKEHHOCTHIO YIEKTPOCTATHYECKOTO MOJIS ¥ MOTEHIIHATIOM E= —d—? =—grade

.

oo 1
- Teopema OcTporpazckoro — I'aycca ams 3MeKTpUIECKOTO OIS B BAKYYMe D= J}) EdS =— Zqi

S gO
MATHETU3M

- CBs3b MaFHI/ITHOﬁ WMHAYKIUA 1 HaHp}I)KéHHOCTI/I MAarduTHOTI'O IT10JIs B = lLl/'lO H y [TJZ]

- MPUHIHUII CYTICPIO3ULIAN 11 MATHUTHOTO ITOJISA

B,.=B+B,+...+B, H,=H+H,+...4+H,
-y V[T
- 3akoH buo — Casapa — Jlamaca dB =—-". 3
4 r
o N
- 3aKOH II0JHOI0 TOKA JUISl MArHUTHOT'O II0JIsL B BAKYYME ¢ Bdl = ,UOZ I
L k=1
- 3aKOH IIOJHOTO TOKA JUISl MATHMTHOT'O TIOJISL B BEIIECTBE @ dl = Z I
L
- Teopema ["aycca i1t MarHUTHOTO TOJIS @ BdS = <ﬁ B,dS=0
S S
- MarHuTHOE MOJIe IPSIMOIMHERHOr0 OECKOHEYHO [NIMHHOTO HPOBOIHUKA C TOKOM B =y — . [T JZ]
2rr

- MAarHWTHOE TOJI€ B IIEHTPE KPYTrOBOTO BUTKA C TOKOM B = uy, _R , [T JZ]
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N
- MAarHMTHOE ToJie GECKOHEYHO JUIMHHOTO COJIEHOM/IA C TOKOM B = sppIn = gyl T [T JZ]
. . g |
- MAarHUTHOE I10JIE IPSIMOJIUHEMHOrO IPOBOAHUKA KOHEYHOU JJIMHBI C TOKOM B=—"-— (COS a—Cos 3 ) , | T
4 a
o B _ /u/uo I
- MarHUTHOE IOJ€ MO CepeuHe MPAMOIMHENHOI0 MPOBOAHUKA C TOKOM =——Cosa, |In
27 a
N 2
- MHIYKTHBHOCTb COJICHOMIA L= ,u,uonz\/ = u, T S, [[' H]
. . _ Mg L, |
- CHJIa MAarHUTHOTO B3aWMOJEHCTBHUS IBYX NapaIUIeIbHBIX MPSIMOIMHEHHBIX TIPOBOJTHUKOB C TOKOM FMW =——=
2r r
- cuma Ammepa dF, =1 [d| B], IJle MOJLYJIb CHITBI dF, = IBdlsinx
- cuna Jlopenna F,=q [\7 B} , Tl MOyJTb CHITBI Fj7 = |q|UB Sina
- MEXaHMYECKUIl MAarHUTHBII MOMEHT, IeHCTBYIOMNI Ha KOHTYp C TOKOM B MaTHUTHOM TIOJIC
M= |: r)m B:I , rZ1€ MOZYJIb MOMEHTA CUJIBbL M= mesin a=IBSsina
- MOTOK BEKTOPa MAarHUTHOM MHIYKIIUU @ =BScosa
- COOCTBEHHBIH MarHUTHBIHM MOTOK KOHTYpa U COIEHOUA C TOKOM d cober — LI
- U3MCHEHHE COOCTBCHHOTO MAarHUTHOTO IMOTOKAa KOHTYpA M COJICHOMIA C TOKOM
A(DCOGCT = Lal AD = @Koneuﬂbzﬁ - cpnaua/zbybzﬁ
- paboTa cuJI MarHUTHOTO MOJIA O MEPEMELICHUIO TPOBOAHNUKA MM KOHTYpPa C TOKOM AMI’[ =1AD, [ ,bec]
AD
- DJIC unpykuuu (3axon dapanes) E =—, [B ]
) At
- DJIC uHAYKIMK, BO3HUKAIOIIAS B IBUKYIIEMCS] B OJJTHOPOJTHOM MAarHUTHOM TI0JIe guH o =uB L| sina, [B ]
PSIMOJTUHEHHOM MPOBOTHHUKE
_ d cDco6cm _ dl
- DJIC caMOUHIYKIIUK gcaM =—=—L— [B]
dt dt
2
LI
- QHEPIrus MarHUTHOI'O ITIOJISI IIPOBOJIHAKA M KOHTYpa C TOKOM WMn = T , [ ,bec]
2 2
) B uuH
- 00BEMHAs MIOTHOCTH SHEPTHH MarHUTHOTO IOJIS W = =
mo2 2
M4
MOCTOSITHHBIN TOK
dg
cuja TOKa | =—
dt
-
IUIOTHOCTBH TOKA ==
S
A
3J1C WCTOYHHKA TOKA E=—=
q
. U
3akoH OMa /17151 y9acTKa 3JIeKTPHUIECKOH [eTTH | = E
£
3axkoH OMa JJis1 3aMKHYTOM 3J1eKTpUUYECKOH Lienn l=——
R+r
|
3aBUCUMOCTb CONPOTUBIIEHUS] METAIITMUECKOTO IPOBOJHUKA OT €r0 pa3MepoB R= pg
3aBHCHMOCTb CONPOTUBIICHHUS METALIMYECKOTO POBOIHUKA OT €ro TeMIIEPaTyphl R =R, (1+ at)

3aBUCUMOCTD YACJIbHOI'O COMPOTUBJICHUSA METAJUTMIYCCKOIO IPOBOJHUKA OT €T0 TEMIICPATYPhI pt = pO (l+ at)



pa60Ta IIOCTOSIHHOI'O TOKa

MOITHOCTH ITOCTOAHHOI'O TOKa

3akoH Jlxoyns — Jlenna

DJIC

HaIpsoKeHUE

Haps>KEHUE Ha KJIEMMax UCTOYHUKA TOKa

II0JIC3HasA pa60Ta HCTOYHHKA ITOCTOAHHOI'O TOKa

2
A=qU=1IUt wum A= |2Rt:%t, [ o]
U2
P=1IU WA P=|2R:F’ [BT]
2
Q=1IUt i Q:IZRt:?t, [ﬂOfC‘]
A
& = _cmoponnux.
q
+ A
U — CMOPOHHUX KYNOHOBCKUX
q

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

TI0JIC3HAas1 MOIIHOCTh UCTOYHHKA ITOCTOSIHHOI'O TOKa

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

KII[I nctounuka Toka

EMKOCTB yeI[I/IHéHHOFO IIPOBOIHUKA

EMKocTh yequrénHO# npoBoseii cdeps (1apa)

Emxocth KOHACHCATOpa

EMKOCTB MI0CKOro KOHAEHCaTopa

DnekTpudeckas eMKOCTh CHEpPUUECKOTO KOHIEHCATOpa

SHGKTpI/I‘{GCKaSI C€MKOCTb HUIIMHAPUICCKOI0 KOHJACHCATOpa

3Hepr1/1;1 QJICKTPHUYICCKOI'O MMOJIA yeﬂI/IHéHHOFO MIPOBOAHUKA

DHeprust IEKTPUUECKOTO MOJsI KOHAEHCAaTOpa

O0BEMHAS MIOTHOCTh OHEPIrUuM SJICKTPHUUICCKOTO OJIA

U,,=&-Ir=IR, [B]
A70]le3Hllﬂ = quucm = Ichmt’ [ﬂofc]

Azampa'{eHsz = qg = Igt nim

2
&
A’ampauennwz = m = I ’ ( R + r)
noJiesHas — @ = Ichm ! [BT]

— AzampaquHaﬂ — Ig, [BT]

3ampaveHHas t

A

noJjieaHas NnoJie3HasA

P

sampaydenHas

Axampaveynaﬂ

c=4
»
C =4rmeg,R

c-—49 _4

2 2 2C

CU* qU ¢°
W= ="5 Toc A

ee,E° ED [ Jne
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HOCHCHOBaTCHBHOC 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
ooy L 2T TN Im_ll+lz+.,+ln
U Y
=9 e U, v,
i - - — 1 — ooy
R< 06wy R Ii = — | =
i oty Ri ooy R 3
obwy
HOCHG[[OBaTeJ'H)HOC COCIMHCHHUC KOHACHCATOPOB HapaﬂﬂeﬂLHoe 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 — F1 T2 n
q =0+d,+...+q,
qoﬁl‘fqu: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 HocCTOSHHOTO TOKa
Ilepeoe npasuno Kupxzogha .
AnreOpanyeckast CyMMa CHJI TOKOB, CXOJISIIMXCS a y3Jie, paBHa HYJIIO, T.C. Z | 0
i =
=1

Bmopoe npasuno Kupxzogha

B mo6oM 3aMKHYTOM KOHTYpE, MPOM3BOJILHO BHIODAaHHOM B Pa3BETBIICHHOW 3JIEKTPHUECKOW IIEMH, anreOpandeckas cymMma
NaJICHAH HanpsDKEeHUH (TIPOM3BEICHUI CHII TOKOB J Ha CONPOTHBIIEHUE R) Ha OTJIENBHBIX yIacTKax IIEMH 3TOro KOHTypa paBHA
anredpamdeckoit cymme DJ1C Ek, BcTpewaromuxcst B KOHTYpeE:

n m
z li-Ry = 25 k
Tpumensisi 3akonbl Kupxroda neodxoaumo: i=1 k=1
1. OmnpepenuTh YHCIO SIEKTPUIECKUX y3JIOB U HE3aBICHMBIX KOHTYPOB B CXEMe
¥Y3J10M Ha3BIBACTCSI MECTO COSAMHEHUS TPEX U 0oJjiee MPOBOIHUKOB.
KonTyp — 310 110025 3aMKHYyTasl LIEMb.
He3aBucHMBII KOHTYP — KOHTYp, KOTOPBIIl COIEPKUT XOTsI OBl OJTHY HOBYIO BETBb. BE€TBb — y4acTOK LIEIH OT y37a J0 y37a

2. Tlepen cocraBineHHeM ypaBHEHHUI TPOM3BOJILHO BHIOPATH M YKa3aTh CTPEJIKAMHU Ha YepTeikKe:

a) HampaBJieHHE TOKOB (€CJIM OHU He 3aJaHa M0 yCIOBHIO 3aJIa4H) BO BCEX COMPOTUBJICHHSIX, BXOSIIINX B LIEMb, YUUTHIBASI, UTO
OT y371a 10 y3J1a Te4€T OJIMH U TOT )K€ TOK;

0) HanpaBiieHHEe 00X0/1a KOHTYpa.

3. Ilpwm cocraBneHnn ypaBHEHHH 110 NepBOMY 3akoHy Kupxroda cuuraTh TOKH, HOAXOASIINE K Y31y, TOJOXKHUTEIbHBIMH, a
TOKH, OTXOZSIINE OT y3J1a - OTPULIATEIbHBIMU.

Yucno ypaenenuil, cocmagnaemvix no nepeomy 3axony Kupxzogha, oonscno ovimov na edunuyy menwvuie wucia y3noe,
codepircanyuxcs 6 yenu.

4. TIpu cocraBiieHHN ypaBHEHHUH 110 BTopoMy npaBuity Kupxroda cnenyer cunTars:

a) maJieHne HanpsDKEeHHs Ha ydacTke 1end (T.e. Npou3BeieHHe | . R ) BXOIUT B ypaBHEHHE CO 3HAKOM ILTIOC, €CIIM HANPABICHHE
TOKa B JJAHHOM YYaCTKE COBITAIA€T C BBI6paHHI)IM HaIlpaBJICHUEM 06x0)1a KOHTYpa, B MIPOTUBHOM CJIy4dac IPOU3BECACHUC |-R
BXOJUT B YpaBHCHHUE CO 3BHAKOM MUHYC,

6) OJIC ¢ BXOOWT B ypaBHEHHE CO 3HAKOM IUTIOC, €CIM OHO MOBBIMIACT ITOTEHIINAJ B HAIPABJICHNH 00X0/1a KOHTYpa: T.€. €CIH
npu 00X07ie KOHTypa BHYTPH MCTOYHHMKA TOKA MPUXOJUTCS MITH OT MHHYCA K IUTIOCY, B MpOTHBHOM citydae DJIC & BXOauT B
yYpaBHEHHE CO 3HAKOM MHUHYC.

Yucno ne3a6uUCUMbBIX YPAGHEeHUIl, KOMOpble Mo2ym Oblmb cocmaenensvt no emopomy 3axony Kupxzogpa, pasno uucny
He3a6UCUMBIX KOHIMYPO8, UMEIOW{UXCA 6 Uenll.

Jlist cocraBiieHMsl ypaBHEHHMH TEPBBIH KOHTYpP MOXKHO BBIOpaTh NPOM3BOJILHO. Bee cienyroimume KOHTYpHI clienyeT BBIOMpaTh
TakuM 00pa3oM, 4TOOBI B KaXKIIbIi HOBBII KOHTYp BXOJMJIa XOTS ObI OJlHA BETBb LM, HE yYaCTBOBABILAs HU B OJHOM U3
paHee HCIIOJIb30BAaHHBIX KOHTYpOB. [Ipon3BoibHO BBIOpaHHOE HampaBieHHE 00XoJa MO KOHTYpaM HE M3MEHSEeTCs 10 KOHLA
peLIeHus 3a1a4H.

Ecnu npu penieHun ypaBHEHHH, COCTABICHHBIX BbIIIEYKa3aHHBIM CIIOCOO0OM, MOJIYYeHbI OTPULATENIbHBIC 3HAUSHHS CHIIBI TOKA
WM HAIPSDKEHHS, TO 3TO 03HAYAET, YTO TOK Yepe3 JaHHOE COIPOTHBIICHUE B JICHCTBUTEIbHOCTH TEUET B HAIIPABJICHHH,
MPOTHUBOIIOJI0XHOM BBIOPaHHOMY.



MEPEMEHHBINA TOK

DddexTrBHOE (MK NEHCTBYOIICE) 3HAYCHHE CUIIBI TOKA M HATIPSKCHUSI — =—
AN R VAN
3akoH OMa JuIsl LeTH ePeMEHHOT0 TOKa TOJIBKO C aKTUBHBIM COIIPOTHBIICHHEM

3akon OMa ay1s ey MepeMeHHOT0 TOKa C HeadbHOH HHIYKTUBHOCTh |m =

UHIYKTHBHOE CONPOTHBIEHHE X =ol

3akon OMa 1 Lenu NepeMEHHOT0 TOKa C UIeaJbHOU EMKOCTBIO | = a)CUm =

EMKocTHOE conpoTuBiIeHUE XC =

3akon OMa 1 1Ienu NepEeMEHHOTO TOKa C IMOCeI0BAaTeIbHO COSTMHEHHBIMHU |

AKTHBHBIM COIIPOTHUBJICHUCM, €MKOCTBIO U HHAYKTHUBHOCTBIO

32

2 2
IlomHoe COIIPOTUBJICHUC (I/IJ'II/I I/IMHCZ[aHC) Oenu rnepemMeHHOro Toka Z = \/R + ( COL - —)

CrBur ¢a3 MexIay CHIONH TOKa ¥ HAIPSKEHUEM B LIEITH IEPEMEHHOT0 TOKa tgp = L =

SJEKTPOMATI'HETU3M
YpasHenust MakcBeJ1a B HHTerpajibHOi (popme (M1u noJieBbie ypaBHeHust Makcseslia)

IlepBoe ypaBHEeHUE (y Edf = —_[ %dg
Bropoe ypaBHeHne C.F I:Idf = I ] + 8_D d§
L
Tperse ypaBHEHHE CP f)dg = I pdV
s

UerBépToe ypaBHEHUE Cﬁ BdS =0
YpasHenns MaxkcseJuia B inpgepennuanbHoii popme

= oB
[lepBoe ypaBHEHUE rotkE = _E

Bropoe ypaBHeHHE rotH = j+

2|3,

TpeTbe ypaBHEHUE div [_j =p

YeTBEpTOE YpaBHEHHE divB=0
rpaHUYHbIE ycJI0BUs (YCJOBHUSI HA TPaHUIlEe pa3/esia IBYX cpe)

JI71st 3MEKTPHIECKOTO IO D,,—-D, =0, E,,-E,=0

JIyist MACHUTHOTO TIOJIST H, -H_ =", B, —-B,=0,

Bekrtop YmoBa — IloiiTunra 7= I:E X |:|]



OIITHUKA

OrmrTnyeckast pa3HOCTh X0Aa IBYX JTydeit A= (n2|2 - n1|1)
VcinoBre HHTEp(GEPEHIINOHHBIX MAKCHMYMOB A=+2m—
2
A
Venoene nHTEp(HEPEHIHOHHBIX MUHIMYMOB A== ( 2m+ l) 5

Onruueckas pa3HOCTh X0/1a ABYX JIydeil nmpu nHTEepdepeHIn

7 . A A
CBETa, OTPAKEHHOTO OT BEPXHEW U HUXKHEW I'PAaHULBI TOHKOM A=2dn’—sina + E =2dncosa + E

IUIOCKONApaJUIEIbHON IIIaCTHHBL (ecrm N ) Ny, o + E , ecmn N { Ny, 0 ——)
5 bl bc
[Hupuaa nHTEpPEPEHIIMOHHON TTOJIOCH B onibITe FOHTa AX = [ ]
Panuycs! cBeTnbIx konen Hel0TOHa B OTpaEHHOM CBETE I‘r;“m = (2m - 1) —R, [M ]
Panuycel TéMHBIX Kosel HbI0TOHA B OTpakEHHOM CBETE r"" =4mAR [M
ab
Pannyc BHemHe# rpaHuibl M-oit 30061 peHens At chepruIecKoil BOTHEI
a+ b
Panuyc BHemHe rpanuibl M-oi 30861 @peHens uis III0CKOU BOJIHBL =bma, [M
y - A
VYcnoBue audpakHOHHBIX MAKCHMYMOB OT OJTHOM SN asinp=x= (2m + 1) E
Ycnoue audpakOHHBIX MUHIMYMOB OT OJHOH Ien asin Q= +2m—

VcroBHe TIABHBIX TU(PAKIMOHHBIX MAKCUMYMOB OT audpakiuonsoit pemétku 0 SiN@ = £2m—

VcloBre IIaBHEIX JU(PAKITMOHHBIX MUHIMYMOB OT JU(PAaKIMOHHOH peméTkn A SiNn Q= +2m—

- dp__m pao
VrioBas aucnepcus TUQGpakIMOHHON peIéTKU D=—= ,
dA dcose M
N A
Paspemaroast crrocoOHOCTb AUPPAKIHMOHHOM PeIETKN R= E =mN obgee
VYcnosue 1uppaKIMOHHBIX MAKCHMYMOB OT IIPOCTPAaHCTBEHHOH
nudpakunoHHON peméTkn (popmyna Bynsda - bparros) 2dsin@=mA
EE
JlaBneHue cBeTa pu HOPMAILHOM ITaJICHUHU Ha BEIIECTBO p= —(1+ p) = a)(1+ p) , [Ha]
C
3akon Maitoca I, =1,cos® @
3akon bproctepa tga,, =N,

sing v, N,
3akoH npenoMieHus cBera (3akoH CHeutnyca) ——=—=—==0

H 21
sing v, n

3akon Credpana — bosibriMana ay1st aGCOIOTHO YETHOTO Tela Ry = oT*
2
2rC
3axou Pares — [xunca r_= kT
AT 24

rIe b=29-10"u-K

3aKoH cMenieHus Buna A =

b
max T>



3aBUCUMOCTh MaKCUMaIbHON CIIEKTPAIBLHON IIJIOTHOCTH

Bm

SHEPreTUIECcKON CBETUMOMTH a0COIIOTHO YEPHOTO TeNa I’f?x =CT®, e C=130.10" 3—1{
M .
OT €ro TeMIepaTypsl
h .
M3MeHeHHUe IJIMHBI BOJIHBI PEHTI€HOBCKOrO M3TydeHus AM=1-A= —(1— cos 0) =2—sin’—
mc mc 2
IIpY KOMIITOHOBCKOM ~ paccenBanuu (3¢ ¢ext Komnrona)
2
1-=%
_ C
3(1)(1)CKT ,ZLormepa At OMB Vnpué'.\mum - Vucmotmum Z)2
1+—cosd
o
Imax — Imm
CreneHp MONTApU3aLUH CBETA P=
Imax + Imin
ATOMHASA ®U3UKA
mo?
VYpaBHenue DitHmrTeiina 1 BHenHETo Gorodddexra hy = Agblx + M8 E(p = AXW +Tmax
mo?
Sanmparonuii (3a1ep>KUBAIOIINI) MOTEHIHAT IPH POTOAPPEKTE MOKHO OTIPENEIUTH 10 (popmyIie |e|Um = %
hVKp = Asblx
CBsi3b pabOTHI BEIXO/Ia C KpacHOH rpaHure porodddexra hc A
P 8blX
Ay
E, =hy="C E,=m,c’
Oueprus poToHa o = W= 7 WIH » =M,C
— h —
Nmmynse poTona P, = I W1 p, =m,C
g M
CKopoCTh CBETa B BAKyyMe c=Av=3-10"—
C
-t
— t Tl
N=Nge*=Ne  =N;2 ?
_t
_t T
3aKOHBI PAJHOAKTHBHOIO paciaia m= moe’ﬂt =m,e * =m, 2 2
_t
_t T
A=Ae*=Ae "=A2 °
Panuyc sapa R=R, NI
Jledext macch! siapa Am= [Zmp + ( A-Z ) m, :I -m,
— 2 _ 2
DHeprus CBA3M HYKJIOHOB B s/Ipe E.... =Amc” = [Zm , + ( A-Z ) m,—m,_ :I C
TIpU -pacmiazie X = 27 + JHe,
npu B-pacnane X =Y+ %,
KBAHTOBASI MEXAHUKA
CootHouieHus HeonpeaenéHHocTy [ elizeHOepra Ap, AX2h, AEATZ=Hh
5 h
Jnuna Bonusl ne bpoitns A=—



