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OCHOBOM 1)1 U3YYeHHS Kypca QU3UKU CTYJSHTAMH TUCTAHIIMOHHOW (HOpPMBI 00yUdeHUs ABISIOTCS METOUIECKIE ITOCOOuS,
COCTAaBJICHHBIC JJISl CAMOCTOSITENIbHOI MOJrOTOBKU CTYICHTOB K 9K3aMeHaM. JIJisi u3ydeHus: BOIPOCOB, KOTOPbIE HE OCBEILCHBI
B METOAMIECKHX ITOCOOHIX, HEOOXOIUMO 00PaTUTHCA K CIICIHANEHON yIeOHOI TuTeparype, HapuMmep:

1. «Kypc ¢pu3ukm» A. A. Jletnag, b. M. SIBopckwid,
2. «Kypc obmeit pmuxm» U.B. CaBenbes 1.1, 2, 3.,
3. «Kypc pu3ukmn» T. 1. Tpodumosa.

WY IPYTUM y4eOHHKaM, IIpeIHa3HaueHHbBIM JJIsl U3y4eHUs Kypca oOrieil GPU3MKH B BBICIINX YUEOHBIX 3aBEICHHSAX.
J171s MOATOTOBKH K PEIICHHUIO KOHTPOJIBHBIX Pa0OT MpeaaraeM U3y4uTh Clieyloniue yueOHbIe mocoous:
1. «PyKOBOJCTBO K pEIICHHIO 33124 M0 Kypcy o0Iei QU3HKI» E.B. Qupranr,
2. «Bce pemenus xk «COopHUKY 3a1a4 1o obimemy kypey ¢pusuku» B. C. Bonpkenmreitn»  E.H. U3epruna,
H.U. TletpoB 1.1, 2,
3 «COOpHHK 33724 C PEIICHUSIMI B.M. I'maxckoii, I[1.1. CamoiineHko,
4 «3amavyHUK TIO HUUKE A .T'. Yepro, A.A. BopoOnéB.

IIporpamma Kypca pu3uKH 1J15l CTYA€HTOB TUCTAHIHOHHOTO 00Pa30BaHM .
Kaxplii CTYICHT TOJIKEH UMETh PACICUaTKy MPOrpaMMBbI Kypca GHU3HKH, KOTOPYI HEOOXOIMMO CAMOCTOSITEIIEHO U3YYUTh
Y COCTaBHUTh KOHCIIEKT, YTOOBI YCIIELIHO OCBOUTH YUeOHBIN MaTepHal, HeOOXOJUMBIN JUIsl PEIICHHs] KOHTPOJIBHBIX 3aaHUH 1
cauM 3a4€TOB U DK3aMEHOB.

BOHpOC])I JJISl KOHCIIEKTUPOBAHUSA B CEMECTPE Ne 2

MexaHuka MaTepHAJbLHONH TOYKHU U TBEPAOIo Tejia
OcHo6Hble ROHAMUA U 3AKOHBL 08UMNCEHUSL.

Mexanwnka u €€ pasaensl. OCHOBHBIC IOHATHS: MaTepraTbHAs TOYKA, MEXaHHYECKas CHCTEMa, TIepeMeIIeHue, MyTh,
MTHOBEHHAs U CPEIHSSA CKOPOCTH, YCKOPEHHUE, TAHTCHIINAIbHAS I HOpMaJIbHAs COCTaBIIAIOMAs YCKOpeHHsL. CBA3b MEXKITY
BEKTOpaMH JIMHEHHBIX U YTIIOBBIX CKOPOCTEeH 1 yckopeHuid. [lepron u qactoTta obpamenwus. [loctynaTensHOe U BpamaTeabHOE
JIBHKEHUSI. Y paBHEHUS MOCTYNATEIHHOTO U BPaLIATEIbHOTO JBHXKEHUSI.

Wuepuus, macca, uMmynbe, cuia. 3akoHsl HetoToHa. CHilbl B IpUpPOJIE: CUila TPaBUTAIIMOHHOTO B3aUMOJICHCTBUS, CHUIia
TSDKECTH, CUJIBI TPEHUS, BEC, CUJIBI PEAKIMH ONIOPBI U HOPMAIBHOTO JaBleHus, cuia Apxumena. [Inactndyeckas u ynpyrast
JneopManuy, BUIBI YOPYToi aedopmariiin. 3akoHbl ['yKa [71s pa3indHbIX BHIOB YIIPYroi aedopmarmu.

WuepumanpHble M HEMHEPUUATbHBIE cucTeMbl oTcuéra. Cuitbl nHepiuy. CpaBHUTENbHAS XapaKTEPUCTHUKA KIIACCUIECKON U
pensaTuBucTCKOM Mexanuku. [IpeoOpazoBanus ["anunes u npeodpazoBanus Jlopenna. Cneactsus u3 npeobdpasosanuii JlopeHia.
ITocTynatel DitHIuTeHA.

3aKoHbl usmeneHusn u COXpaHeHus1.

Pa6ora. Momuocts, KITJ]. Kurerndeckasi, moTeHaNbHast U TIOJTHASL MeXaHW4YecKast sHeprun. KoHcepBaTHBHEIE U
JIMCCUTIATUBHBIE CHIIBI U CHCTeMBI. CBS3b KOHCEPBAaTHBHOM CIUIBI C MTOTSHIIMATEHON SHepriel. 3aKOoH M3MEHEHUS U
MpEBpaICHHS YHEPTUH, 3aKOH H3MCHEHUS ITOJTHOW MEXaHHYECKON SHEPTHH CUCTEMBI Tell, 3aKOH COXPaHEeHUS TIOJTHOM
MEXaHUYECKOW YHEPTUHU CHCTEMEBI Tell. BHEITHIE 1 BHYTpEeHHHE CIIIBL. 3aMKHYTas MEXaHH4IecKas CUCTeMa. 3aKOHBI
W3MEHEHUS UMITYJIhCa MEXaHUIECKOM CUCTEMBI U 3aKOH COXPaHEHUS UMITYJIbCa MEXaHWYECKOUW cucTeMBbI. Teopema o
KMHETUYECKON 3HEPTUU U TeopeMa INOTCHIUAIbHON SHEPTUu.

VYnap, BUaBI yaapoB. 3alich 3aKOHOB COXPaHEHM IS a0COJIIOTHO YIPYToro U abCOJIIOTHO HEYNPYTOro yAapoB.

Teepooe meno Kak cucmema wacmuy

AGcomoTHO TBep0e Teo. LIeHTp Macc 1 IEHTp TSHKECTH Tena. 3aKOH JIBIKEHHSI IEHTpa Macc. MOMEHT CHJIbI
OTHOCHTEIFHO HEMOIBIDKHON TOYKU M HETIOABIYKHOW ocH. MOMEHT MHEePIUN 1 KHHETHIECKas SHEPT U BPAIIAIOIIETOCs
tBEporo Tena. CoOCTBEHHBIC M TTIABHBIC OCH U MOMEHTHI HHepIud. COOCTBEHHBIC MOMEHTBI MHEPIIHH Pa3TUIHBIX TEll.
Teopema IllTelinepa.

OCHOBHO 3aKOH JUHAMUKH BPAIIaTEIEHOTO ABIKEHHS. MOMEHT UMITYJIbCa MaTEPHATBHOM TOUKU M aOCOIIOTHO TBEPAOTO
TeJa OTHOCUTENBHO HEMOABUKHON TOYKU U OTHOCUTEIHHO HENOBUKHOM OCH. 3aKOHBI U3MEHEHHUS] MOMEHTA UMITYJIbCa
MEXaHUYCCKOW CUCTEMBI TEIl ¥ 3aKOH COXPaHEHUsI MOMEHTA HMITYJIbca MEXaHHYSCKOW CHCTeMBbI Tel. PaboTa cuitkl mpu
BpAaIlIeHNH TBEPJIOTO Tela BOKPYT HEMOIBIKHON OCH.

Konebanus u eéonnui

Konebanust, Buapl kosiebaHuii. 3aTyxaromme u He3aryxaromue konebanus. [lepnonnyeckue xonebanus. CB0OOOAHbIE U
BBIHY’KJICHHBIE KOJIeOaHusI.

I'apmonnueckue konebanus. Juddepennuansaoe ypaBHeHHE TaApMOHUYECKHUX KoyieOaHuii u ero pemenue. ['padux
rapMoOHHYecKuX kojnebanuil. [lonsarue 06 ammuryne, 4yactore, Qase, nepuoze.

JuddepenunanbHoe ypaBHeHHE CBOOOIHBIX 3aTyXarOUINX KoeOaHui 1 ero pemreHue. I'paduk 3aTyxaomux KoneOaHnui.
[onsTHe 0 ko3 PuIMEHTE 3aTyxXaHus, IEKPEMEHTE 1 JIOTapHU(PMUIECKOM JIEKPEMEHTE 3aTyXaHHsl, BDEMEHH pelakcaliy U
JOOPOTHOCTH KOJIeOaTEeIbHOM CUCTEMBI.

JuddepenunanbHoe ypaBHEHHE BBIHYKICHHBIX KOJIeOaHuil U ero peuienue. [lonarue o pezoHaHce.

[MonsiTre 0 MasTHHKE. MaTeMaTHUeCKui, pU3nYecKuid, 000POTHBIN M NIPYXUHHBINA MasTHUKH. [lepron konebaHuii ai1st
STHX MasATHUKOB. [IprBeneHHas mrHa GU3MUECKOTO MasSTHHKA.

CrnoxeHne TapMOHHYECKUX KoJIeOaHUil OTHOTO HampaBieHus. MeTox BEKTOPHBIX quarpaMM. bureHws.

CrnoxeHme IByX B3aHMHO NMEPIIEHANKYIIIPHBIX TapMOHIYECKUX Konebanms. Ourypsr Jluccaxy.



Bonna. Mexanndeckasi BonHa. Ilonepednsie 1 NpogonbHbIE BOJIHBI. DPOHT BOJIHBI, BOTHOBAS IOBEPXHOCTH, HOHSITHE O
Oerymieit u ctosuei BonHe. [lmockue u ceprdeckie BONHEL. J[THa BOJHEI, IEPHOA U 9aCTOTA BOJHEIL.

JuddepennmansHoe ypaBHEHNE BOIHBI (BOJHOBOE YpaBHEHHE). Y paBHEHU IUIOCKOH OeTyIei rapMOHUYIECKOH BOJTHBIL.

VYpaBHeHue crosguell BosHbI. [IoHATHE 0 MyYHOCTAX U Y3JIaX CTOSYEH BOJIHBI.

[onsaTHe o rpynmoBoii u (pazoBoii ckopocTr BodH. Juctepcus BoiH. CKOPOCTH PacHpOCTPaHEHHS BOJH B pa3IHIHBIX
cpenax.

®u3nyecKue 0CHOBBI MOJIEKYJISIPHO-KHHETHYECKOH Teopun
Hoeanvuulii 2a3

OCHOBHBIE ITOJIOKEHHSI MOJIEKYJISIPHO-KHHETHUeCcKOi Teopuu. [ToHsTue 06 naeansHoM raze. OCHOBHBIE ypaBHEHUS
MOJIEKYJIIPHO-KHHETHYecKoi Teopun. CterneHn cBoO0IbI MOJNIeKyl. CpeaHsisi SHEpIUs TEIIOBOTO ABUKEHHS MOJICKYJIBI.
AOGcomoTHas TeMneparypa.

MaxcBeIDIOBCKOE pacIpeesieHie MOJIEKYJ 1o ckopocTsaM. [loHsaTre o Hanbosee BeposTHOM, cpenHelt apudMeTHdecKoi n
CpenHel KBaJpaTHIeCKOi CKOPOCTSIX TEIIOBOTO JIBIKEHHUS MOJIEKYT HACAIbHOTO Ta3a. bapomerpudeckas dopmyna.

VYpaBuenne Menpeneesa - Kimaneiipona. M3otepMudeckuii, m300apHaecKiii, H30XOPUIECKIHA, afia0aTHBIA 1 TOTUTPOITHEIHA
npoueccsl. OCHOBHOE YpaBHEHHE COCTOSHHS HICAITBHOTO I'a3a M €T0 3aliCh I Pa3IndHbIX H30mporeccoB. CMech ra3os.
3akoH JlanbTOHA AJIsl CMECH T'a30B.

Peanvnuiit 2a3z

PeanbHsle ra3el. YpasHeHus Ban-nep-Baansca amst peangsHoro rasa u ero ananu3s. Kputudeckoe coctosiHue rasa.

BHyTpeHHss 5HEprus peanbHOro rasa.
Henenun nepenoca

DddexTuBHBIN TUaMeTp MOIEKYJIbl. UKHCI0 CTOJKHOBEHHIA U CPEIHIS JJTUHA CBOOOTHOTO Ipodera MoyeKy. SBieHus

nepeHoca B razax: 1u(dy3us, TEIUIONPOBOJHOCTh U BSI3KOCTb.

Ilepeoe nauano mepmoounamuxu
TepmoauHamuueckas cuctema. BHyTpeHHss sHeprus cucrembl. KonndecTBo TemnoTsl. TemioeMKOCThb, BUIbI
TeIUIOEMKOCTH. CBSI3b TETIOEMKOCTH M BHYTPEHHEH YHEPTHH C YHCIIOM CTEIICHel CBOOO I MOJICKYII.
[lepBoe HauaO TEPMOTUHAMHUKH U €TO IPUMEHEHHE K pa3IMIHBIM H3ompoIeccaM. Pabota uaeambHOTo rasa.
Bmopoe nauano mepmoounamuxu
Oo6patuMble U HeoOpaTuMbIe mporecchl. Kpyroseie mporecchl. [IpuHimn AedCTBHs TEIUTOBOM ManiuHbl. M aeanpHas
teruioBas MamuHa Kapuo u e€ KI1/I.
OHTponus. Bropoe Hauano TepMOIMHAMUKH U €T0 CTaTHCTHUECKUH CMBICIT.

DJIeKTPOCTATHKA.

DJIeKTPOCTATHYECKOE TI0JIE, €r0 OCHOBHBIE CBOMCTBA M XapaKTepUCTHKH. ['padrueckoe n300paxeHHe 3IeKTPOCTATHIECKOTO
TOJIS: CUJIOBBIC JINHUH U SKBUITOTEHIIHAIIH.

TouveuHBIH AIEKTPUUESCKHUI 3apsi1. 3aKOH COXPAHSHUSI AIIEKTPUIECKOTo 3apsiaa. HanpspkeHHOCTh M OTEeHIHA
HETO/[BIKHOTO TOUeYHOTo 3apsijia. 3akoH Kynona. [IpUHIUIT CYyNepIIO3ULIUH IS SJIEKTPOCTATUYECKUX MOJICH.

[MoTeHIaNbHAsT SHEPTUS HIEKTPOCTATHIECKOTO B3aUMO/ICHCTBHS TOUSUHBIX 3apsi0B. PaboTa 3/1eKTpoCcTaTHUeCKOro moJist
0 TIEPEMEIICHUIO TOYSUHOTO 3apsi/a.

IIpoBoaHMKY U AMAIEKTPUKU. Buabl nuanekTpukoB. [IpoBOAHUKY U IUAIEKTPUKU B 3JIEKTPOCTaTUYeCKOM noje. [ToTok
BEKTOpa HaNpPsHKEHHOCTH AJIeKTprYecKoro moist. Teopema Octporpajckoro-I'aycca aist 3IeKTPOCTaTHUECKOTO MOJIs
HCTIOABUXKHBIX 3apA/10B B BAKYyME U B BEIICCTBE.

DIEeKTPOEMKOCTh YEIUHEHHOI'0 IPOBOJHUKA U KOHEHCATOpa. Buabl koHAeHcaTopoB. POpMyIsl U1 pacyera
3JIEKTPOSMKOCTH TUIOCKOTO, IIMJIHHIPUICCKOTO U ¢(HePUIECKOTO KOHICHCATOPOB. BB COeAMHEHHST KOHICHCATOPOB. DOPMYJIbI
JUTSL OTIPEICIICHHUS] eMKOCTH OaTaper KOHICHCATOPOB. DHEPIUs SJICKTPHUUECKOTO MMOJIS YEAMHESHHOTO MPOBOIHUKA H
KoHIeHcaTopa. O0beMHast ITIOTHOCTh SHEPTHUHU IICKTPUIESCKOTO OIS,

DNEKTPUIECKUH TUN0ib. HanpsykeHHOCTh M MOTEHIIHAT TOYSYHOTO JTUTTOJIS.

ITocTOAHHBII 2JIEKTPHYCCKHUIH TOK
Onekrpudeckuii TOK. [10CTOSHHBINA IIEKTPUIESCKHIA TOK U €r0 OCHOBHBIC XapaKTSPUCTHKH: CHJIA TOKA U IDIOTHOCTH TOKA.
Comnporusnenune npoBogHKKa. [TociieoBaTeIbHOE U TApAIUIEIbHOE COSIUHEHHS IPOBOAHUKOB.
3akonbl Oma u J[xoyns-Jlenna. PaboTa 1 MOIITHOCTH MMOCTOSTHHOTO dJIeKTprudeckoro Toka. [IpaBuna Kupxroda ams pacuera
DJICKTPHUUICCKUX ueneﬁ IIOCTOSIHHOTO TOKaA.
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MarnuTHOe 1moJie

MarauTHOE T10JI€, €T0 OCHOBHBIE CBOWCTBA 1 XapaKTEPUCTHUKH. | padudeckoe n300pakeHne MarHUTHOTO TIOJIS: CHIIOBBIE
JIMHHUH BEKTOpa MarHUTHON MHIYKIWH. [I0TOK BEKTOpa MarHUTHOM MHIYKLIUU.

3axoH brno-Cagapa-Jlanmaca. [IpHHINT CyTIepIo3HINH UII MATHUTHBIX MoJIed. MarHUTHOE ToJIe IPSMOJIMHEHHOTO
MPOBOJIHMKA C TOKOM KOHEYHOW M OECKOHEYHOM JUTMHBI, 0ECKOHEYHO JJIMHHOTO COJICHONA ¥ TOPOHJIA C TOKOM, B LIEHTPE
KPYTOBOT'O BUTKA C TOKOM.

Cunsl Amnepa u JlopeHua. [[BikeHHe 3apspKeHHBIX YaCcTHUIl B MATHUTHOM ToJie. B3aumozelcTBre ABYX MapauleNnbHbIX
MPOBOJIHUKOB C TOKOM. PaboTa MarHUTHOTO MOJIS 110 MEPEMEICHHIO POBOHUKA U KOHTYPa C TOKOM. MarHuTHbIH
MeXaHHUUECKUIl MOMEHT KOHTypa ¢ TOKOM B MarHUTHOM IIOJIE.

JlnamMarHeTHKy, TapaMarHeTHKU U (peppoMarHeTHKH. X 0COOEHHOCTH 1 OCHOBHBIE XapaKTEPHCTHKH. 3aKOH IIOJHOTO
TOKa JUI1 MArHUTHOTO ITOJISl B BAKYyME U B BEIIECTBE.

DJIEeKTPOMAarHeTu3M
OmnsiTel @apanes. SIBneHNe AIEKTPOMArHUTHOM HHAYKINH. 3akoH Dapazest Ui 3IeKTPOMarHUTHOW HHyKImH. [IpaBmito
Jlenna. SIBneHue caMOMHIYKINH U B3aUMHOW MHAYKIWH. VIHAYKTUBHOCTH KOHTYPA M COJIEHOMA. DHEPTHs MAaTHUTHOTO MOJIA
KOHTypa ¢ TOKOM U COJICHOHA.
IlepeMeHHBIH 1€KTPUYECKUH TOK
IlepeMeHHBIN 3JIEKTPUYECKUNA TOK U €M0 OCHOBHBIE XapAKTEPUCTUKHU. Llenb nepeMeHHOro ToOKa TOIbKO ¢ aKTHUBHBIM
COTIPOTHBIICHHEM, C YUCTOW EMKOCTBIO M YUCTOM MHIYKTUBHOCTHIO. 3aKOHBI OMa M BEKTOPHBIEC AUATPaMMBbI JUIsS TaKUX IeTe.
Iens mepeMeHHOI0 TOKA, COJeprKallas MOCIeA0BaTENbHO COeAMHEHHbBIE aKTUBHOE CONIPOTUBIIEHUE, EMKOCTh U MHAYKTUBHOCTb.
3akoH OMa U BEeKTOpHas JuarpamMma Ajs Tako Ienu. SIBIeHne nociae 0BaTelIbHOroO U NapauleIbHOTO PE30HAHCa B IIENU
MepeMEHHOT0 TOKa.
Ornrrnka
ONEeKTpOMarHUTHBIE BOIHBI M UX CBOMCTBA. lIIKkana 2MeKTpOMarHuTHBIX BOJIH.
Humepgepenyun ceema
BonHoBast mpupoa cBeta. MOHOXpOMaTHYECKHE M KOTEPEHTHBIE BOJIHEI. SIBeHne nHTEp(epeHInH cBeTa. Y CIOBHS
ycuieHus U ocnabyieHns cBeTa rpu uaTepdepenimn. aTepdepennns ceera B TOHKHUX ui€HKax. Konbia HeloToHa.
Augpparkyus ceema
Judpaxuus ceeta. udpaxuns Openens u Gpaynrodepa. [Ipunnun I'toitrenca-Openens. Metoxn 300 Openenst.
Judpaxips OpeHenst Ha HeOOIBIIOM KPYTJIOM OTBEpCTHH U Aucke. Judpakips OpayHrodepa Ha OAHOW U MHOTUX IIEIIAX.
JudpaxunonHas pemerka U €€ OCHOBHbIE XapaKTepuUCcTUKU. Bubl mudpakiuoHHsix pemerok. @opmyina qudpakinoHHOR
PEIIEeTKH.
B3zaumooeitcmeue ceema c geujecmeom
[ornowenue cera. 3akon byrepa. Paccesnue cera. 3akoH Penes. lucnepcus csera.
Ilonapuzayuu ceema
SBnenue noasipusanyu ceera. EcTecTBEHHBIN M NONSPU30BaHHbIN cBET. Buapl nonsgpusanuu. CTeneHs NoNIpu3anuu.
CriocoObI OTYYeHHUs THHEHHO MOIIPU30BAaHHOTO cBeTa. 3akoH bprocrepa. 3akon Maioca.
OntHyeckn akTUBHBIE BelecTBa. DopMyIbl A1 ONpeeaeHHs yTriia IOBOPOTa INIOCKOCTH MOISPU3alUH B ONITUYECKU
AKTUBHBIX BEILECTBAX.
Tennoeoe usnyuenue
TemnoBoe m3nmydenune. OCHOBHBIE XapaKTEPUCTHUKHU TEIIOBOTO M3TydeHUs. AOCOIIOTHO YepHOe TeNo, Cepoe TEeNo U UX
OTJIMYMSA OT peaIbHbBIX Ted. Mojeas abCOMI0THO YepHOTo Tena. KpuBbie TEemoBoro H3my4eHust abCOIFOTHO YEPHOTO Tea.
3akoHnsl TerioBoro manydenus: Kupxroga, Credana-bonpiimana, Buna, Panes-Jxunca, [Inanka. [Tonstue 06 YO
Karactpode.
Domorghghexm
SBnenue ¢pororddexTa 1 ero BuIBI. 3aKOHBI BHeNIHero GpoTodddexra. YpaBHeHne DiHIITEHHA 1 PoToddhPeKTa.
[NonsiTre 0 paboTe BBIX0/A M KpacHOM rpanune Gportorddexra.

AToMHas U anepHas ¢puznka. OU3NKa 31eMEHTAPHBIX YaCTHL

SIBneHne paguoakTHBHOCTH. 3aKOHBI paroakTHBHOCTH. O003HaUeHNE ATOMHBIX sJep.

Bunbl pagroakTUBHBIX U3JIy4YE€HUH U UX cBolcTBa. KocMHUUuecKkoe U3nydeHue.

CoBpeMeHHBIE TIPEICTaBICHHS O CTpoeHNH aTomMa. CocTaB aTOMHOTO Apa. MaccoBBIe B 3apSI0BbIe UnCIIa. SiepHbIe CHIIbI.
Jedext Maccel 1 RHEPTHUS CBSI3M sIpa. SaepHbIe peakuy ¥ UX OCHOBHBIE THITHL.

KopnyckyisspHO-BOJIHOBOM Ayalln3M CBOMCTB BelecTBa. BosHel ne bpoitis.

CootHomenne HeonpeaenéHuocteil ['eiizenbepra. Bpemennoe u crarmonapaoe ypasaenus llpenunarepa. Bonrosas
(yHKIUS 1 €€ CTaTUCTUYECKUH CMBICII.

Ipunnun Iaynu. [ToHATHE 0 KBAHTOBBIX YHCHAX.

[TpuHIMI HEPAa3TMYMMOCTH TOXKIECTBEHHBIX YacTull. depmMuoHb! 1 6030HBL. Pacnipenenenne ®epmu-/lupaka u

Boze-Ditnmreiina.

DJeMeHTapHble YaCTHIBI M THITHI UX B3auMojeicTBuid. Knaccuduxarus snemMeHTapHbeIX yactun. Kapku.



TpeﬁoBamm K BBINTIOJTHCHUI0O KOHTPOJbHBIX 3alaHMi

CTyIeHT HOJDKeH PeIuTh JeCsTh 3aad TOTO BapuaHTa, HOMEp KOTOPOTO COBIAJACT C IMOCieAHeH udpoit HoMepa ero
3a9€THOM KHIKKH. KaTeropmdaecku 3ampeniaeTcss H3MEHSTh YCIOBHS 3a[ad MU 3aMEHSATh YCIOBHS 3a/1a4, B3ATBIX U3 APYTHX
BapHaHTOB. PabOTHI, BEIITOTHEHHBIE C HAPYIICHISIMH, TPUHAMATHCS HE OyIyT.

[Ipu BEITOTHEHUN KOHTPOJIBHBIX 3aIaHIH CTYACHTY HEOOXOIUMO PYKOBOICTBOBATHCS CICIYIOIINMHE ITPABHIIAMH:

1. KoHTpoOJbHBIE 33/1aHHS BBIMOJHSAIOTCS B OOBIYHON IIKOJILHOHM TeTpaad, Ha 00J0XKEe KOTOPOW NMPHBOMNATCS CBEICHHUS 110
crieiyronieMy oopasiy:
Crynenr
BI'TY um. B.I'. lllyxoBa
Angpees W. I1., rpynna K31 -241
HOMep 3a4€éTHOM KHIKKU 257320
Anpec: r. Hle6exkuno, CoBerckas yJ., 4, kB. 1
KonTponbnast padora Nel
Bapuant Ne 0

2. KoHTposbHOE 3aaHue BBINONIHAETCA depHuiIaMu. s 3ameudaHuil mpenopgaBaTens ocTaBisitorcs moist. Kaxnas 3zamada
JIOJDKHA HAYMHATHCS C HOBOM CTPaHMIBI. Y CIIOBUS 33/]a4 MEPENHUCHIBAIOTCS 0€3 COKpaIleHHH.

3. Pemenus MOMKHBI CONPOBOXIATHCS MOSCHEHUSIMHU, PACKPHIBAIOIIMMH (U3MUECKHN CMBICH NMPUMEHAEMBIX (GopMyn wimn
3aKOHOB.

4. Heobxoanmo pemmTh 3agady B 00IIEM BHIE, T.€. BRIPA3UTh HCKOMYIO BEJIMUUHY Yepe3 OyKBEHHBbIC 0003HAUCHUS BEIMYMH,
3aJJaHHBIX B YCIOBUH 3aa4H.

5. IoncraButh B OKOHYATENbHYIO (hpopMyry Bce BelIWUMHBI, BeIpakeHHbIe B cucteMe CH. IlponsBecTn BBIMHMCIEHHS W
3aIcaTh OTBET.

AJ'[l"OpI/lTM pemieHuda 3aaav 1mo (1)n3mce

B Buny TOro, 4to yHMBEpCaJIbHOW METOJUKU PELUCHUS 3a7ad HE CYLIECTBYET, HUXKE IPUBOAMUTCA IPUMEPHBIA aJITOPUTM,
KOTOpBIi oOerynt Bam perieHue 3anau no ¢usmnke.

1. BHHMaTeIbHO MPOYMTATH 3a/1ady. Y CTAaHOBHUTH B OOIIMX YepTax yCIOBHS 3aJaudl U KAKUM (QU3MUECKUM 3aKOHAM OHH

OTBEYAIOT.

CaenaTb KpaTKyIO 3allUCh YCIIOBHSA 3afauu. Bece naHHbIE 3a1a4M BEIpa3uTh B eAMHUIAX cucteMsl CU.

3. Cnenatb 4epTex, CXeMy WM PHUCYHOK, ITOSICHSIIOIINE YCJIOBHE 3aJlaui. YKa3aTh Ha YepTeke BCE JAaHHBIC U UCKOMbBIE
BEJIMYMHBI 33]]a4H.

4. HanucaTe ypaBHEHHE WM CHUCTEMY YpaBHEHHMH, OTOOpa)aroIUX MPOMCXOAIMN B YCIOBHH 3aJadd (U3NUECKUI
nporecc. [Ipr He06X0ANMOCTH BEKTOPHBIE YPABHEHNUS 3aIIMCaTh B IPOCKIIMSIX HA OCH KOOPIUHAT

5. Hcmons3ys yciaoBUS 3aJaud U 4YEpTEX, NMpeoOpa3oBaTh MCXOAHBIE PABEHCTBA TaK, YTOOBI B KOHEUYHOM BHJIE B HHUX
BXOJWJIH JIMIIb YIOMSHYTHIE B YCIOBUAX 3374 BEJTMUMHBI M TAOJIMYHBIC TaHHBIC.

6. PewmuTh 3amady, Mosy4uB OKOHYATeNbHYI (OpMyNy B OyKBeHHOM Bupe. [IpoBepUTH pa3MEpHOCTH IMOJYUYEHHOTO
paBEHCTBA M €CIM OHAa COBIAJACT, IOJACTABUTb B HEE HCXOAHBIE JAHHBIE W IPOU3BECTU  BBIYMCICHUS.
IIpoananu3upoBaTh NOJYYEHHBINA PE3yJbTAT U 3aIMCATh OKOHYATEIbHBIN OTBET.

>



BOIPOCHI VIS IOATOTOBKHU K DK3AMEHY
Cemectp 2
Mexanuka
1. KunemaTuka nocTynareabHOro JsuxeHus. OCHOBHbBIC TOHSATHUS U ONPECICHUS: CUCTEMAa OTCUETa,
IepeMeIleHNEe, TyTh, CPEAHSISA, CPEHSAS MyTeBasi © MTHOBEHHAs CKOPOCTH, CPEJHEE U MTHOBEHHOE
YCKOPEHUs, TAHI€HI[HaJIbHAasl U HOPMaJIbHasi COCTaBJIAIOIINE YCKOPEHMS], [I0JIHOE YCKOPEHUE Tea.
2. Kunematuka BpaaTenbHOro ABMKeHUs. OCHOBHbBIE MOHATHUS U ONIPEIETICHHS: YToJl TOBOPOTA.
VYriioBas CKOpOCTh U yriioBoe yckopeHue. CBsi3b MeX1y BEKTOpaMH JIMHEHHBIX U YIVIOBBIX CKOPOCTEH U
yckopeHnuit. [lepuon u yactora obparieHus.
3. JluHaMmMKa MOCTYIaTeNbHOro ABUKeHHs. OCHOBHBIC IOHATHS U ONIPEACNICHUS: TOCTYNaTeIbHOE
JBIDKEHUE U ero ocoOeHHocTH. Cuiaa Kak Mepa MEXaHHYeCKOTOo B3auMOJCHCTBHS. SIBieHHe
MHEpPUMH Teja, Macca. 3aKOH COXPAaHEHUS MaccChl.
4. Cunbl B Mexanuke (onpezaenenusi, Gopmyisl). [IpaBuno onpenenenus cui, 1eMCTBYIONIUX Ha
TEJO.
5. JlunaMuKa BpamareabHoro ABMKeHUss. OCHOBHBIE TTOHITHS U ONPEICIICHHS: BpallaTeIbHOE
JBUKEHHE U €r0 0COOCHHOCTH, MOMEHT UHEPIIMH, MOMEHT CHUJIBI.
6. 3akons! Herotona. X ¢usndeckoe conepkaHue.
7. Pabora, momnocTh, KITJ[, umnynsc, Buabl sHepruu. Mx onpenenenus, opmMyIbl.
8. IlonsTre abCOIIOTHO TBEPAOro Teia. LleHTp nHepLuu (MacChl) U IEHTP TSHKECTH Tella. 3aKOH
JIBHKEHUS IIEHTPA Macc.
9. MOMEHT CUJIBI OTHOCUTENILHO HEIMOABUKHON TOYKH U HENOABIKHOM ocu. OCHOBHOI 3aK0OH
JTUHAMUKHU BPaIlaTeIbHOTO ABUKCHUS.
10. Kuneruueckas sHeprus Bpainaroiierocs Teépaoro teia. Teopema Kénura. PaboTa cuiisl pu
BpaIIEHUHU TBEPJIOTO TeJIa BOKPYT HETOIBUKHON OCH.
11. MoMeHT cuiibl, MOMEHT UHEpPLIUU, MOMEHT UMIynbca. VX onpenenenus, GopMybl.
12. 3akoHBI U3MEHEHUS B MEXaHHKE ((DOPMYITHPOBKH, MaTEMaTHIECKas 3a1IMICh, OCHOBHBIE TTOHSTH).
13.3akoHbI coxpaHeHHs B MexaHHKe (POpMYITHUPOBKH, MaTEMaTHUUYECKasl 3alIUCh, OCHOBHBIE MTOHSITHS).
14. CronkHoBeHue yacTull. Y aap, BUABI yIapoB: YIPYTUid U HEYIPYTHi yaapel, aDCONIOTHO yNIPyTrui u
abCOIOTHO HEYNIPYTUH yaaphl. 3aliCh 3aKOHOB COXPAaHEHHS UMITYJIbCA U DHEPTHH sl a0COIIOTHO
yIPYroro 1 abCOIFOTHO HEYIPYTOro y1apoB.
JIEKTPOCTATHKA
15. DnekTpocTaTuueckoe moie, ero OCHOBHBIE CBOMCTBA U XapakTepucTuku. [ paduueckoe
H300paKeHUE PIEKTPOCTATUYECKOTO OIS
16. ToueuHblit 2NeKTpUIECKH 3apsa. HanpsykeHHOCTh U MOTEHIMA HEMOABUKHOTO TOUEYHOT0 3apsia.
3akoH Kynona. [IpuHuun cynepno3uuuu sl 31€KTPOCTAaTUHYECKUX TOJIEH.
17. TlorennmanbpHast SHEPTHS JIEKTPOCTATUUECKOTO B3aUMOACHCTBHS ABYX TOUEHUHBIX 3aPSJIOB,
CUCTEMBbI TOUEUHBIX 3apsA10B. PaboTa 37€KTpOCTaTUYECKOro MoJisl Mo MepeMEIIEHUI0 TOUEYHOT O
3apsia.
JJNEeKTPUYECKHHA TOK
18. DnekTpudeckuii TOK M €ro OCHOBHBIC XapaKTEPUCTUKHU: CUJIA U TNIOTHOCTh TOoKa. PaboTa u
MOIIIHOCTh TOKa Ha y4acTKe LIETH.
Pa6ora, momrHocTs U KIIJI ncrounuka Toka
19. 3akonst Oma u Jxoyns-Jlenna.
20. IMpaswmta Kupxroda mist pacdera JIeKTPUIECKHX IETIeH MOCTOSHHOTO TOKA.
MouiekyJsipHasi pu3uKa v TepMOAUHAMUKA
21. Ocuogubie nonoxeHuss MKT. [lonarue 00 uaeansHoM raze. OCHOBHBIE YPaBHEHHS MOJIEKYIISIPHO-
KMHETUYECKOU TEOpHH.
22. TepMmoauHamuueckas cucrema. BHyTpeHHss1 2Heprusi CUCTeMbI U e€ cBoiicTBa. KonnuecTBo
TeTTIOTHL. Buapl Tenmonepenaun: TEMIONPOBOIHOCTh, KOHBEKIIHMS U TETJI0BOE U3TyUCHUE.
23. neanbHBIN M pealIbHBINA Ta3bl, NX OCHOBHBIC OTIHYHUs. OCHOBHBIE TEPMOJINHAMUYECKHE TTapaMETPhI
cuctemsl. M3omporiecchl: HU30TepPMUYECKUH, M300apHueCcKHii, H30XOpUUECKUH, aanabaTHBIH,
MOJUTPOINHBINA. ['a30BbIe 3aKOHBI ISl HUX.
24. YpaBHEHHS COCTOSIHUA UJeallbHOTO raza: Menzeneesa - Knaneiipona, Knaneipona.
25. Cmech ra3oB. 3akoH JlanbToHa AJs cMecu ra3oB. [loHsATHE 0 TapuuaIbHOM JTaBICHHUU rasa.
26. [TepBoe Havano TepmoarHAMUKU. PaboTa upeanpHOro rasa.
27. Ypasuenue Ban-gep-Baansca. 3otepmbl peanbHOTro rasa.



Kontponbnas Ne 1 cemectp 3 BapuanT Ne 0

1. TIpoToH, mpoleamuii yckopsmouyto pasHocts noreniuanos U = 600 B, Bieren B 0JHOpPoHOE

MarHuTHoe noje ¢ uaaykuueii B = 0,3 T u navan gsuratscs no okpysxnocta. Onpenenure paauyc R
3TOM OKPYKHOCTH.

2. B 0THOPOJHOM MarHMTHOM IOJI€ MEPICHANKYISPHO JIMHUAM HHIYKIIUH PACTIOJIOKEH IIOCKUI
KOHTYp Iiomaaeo S = 400 e’ [MonepxuBas B KOHType nocTosHuyro cuiny Toka | =20 A, ero
IEPEMECTHIIM U3 MOJIA B 06J1aCTh IPOCTPAHCTBA, I/I€ M0Je OTCYTCTBYeT. Onpenenure MHAYKIHIO B
MarHMTHOTO II0JIs, ECIH IIPH NEPEMENIEHUH KOHTypa Oblia coBepmena pabora 4 = 0,2 Jorc.

3. IIpsMoii IpoBo, O KOTOpoMy TedueT TOK 1=/ KA, pacronoxkeH B 0JHOPOIHOM MarHUTHOM IOJIE
TIEpPIEHIUKYIAPHO JuHUAM uHayknud. C kakoit cunoii F neiicTByeT moste Ha 0Tpe30k mpoBoja JUIMHON
| = 1 m ecu marsuTHas nanyxims B pasna [ Th?

4. YacTtuua, Hecyllas OIMH DJIEMEHTApHBIN 3apsj, BIETEla B OJQHOPOJHOE MATHUTHOE MOJIE
uaayknueid B = 0,5 Ti1 nox yrmom o = 60° k manpapnenuio nuHuit uHAyKOMU. ONpeneinTe CHIY
Jlopenua F, ecmu ckopocts wactumsr v = 10 M/cC.

= A%
5. CKOJIBKO JUTHH BOJTH MOHOXPOMAaTHYECKOTO CBETa C 4acToToi konebanmii 5 107" ' ymoxutcs Ha
mytu pmmeoi | = 1,2 MM B cTekne (€ = 7) ?

6. Ilyuok cBeTa, MIYyIMI B BO3IyXe, MaaeT HA IIOBEPXHOCTh KMAKOCTH MOJ yrioM o =54°.
Omnpezenure yroj npenoMienust [ mydka CBETa, €CITH OTPAKEHHBIH My4OK TONTHOCTHIO MOJISAPH30BaH.

7. Tlotok sueprun @,, u3nydaeMblii U3 CMOTPOBOTO OKONIKA IUIABUIILHOM 11eun, pased 30 Br.
2
Onpenenute TemnepaTypy 1 Heuu, ecliy MIOMaab OTBEPCTHS S = 4 cM”,

8. Ha nmoBepXHOCTh KaJus MagaeT MOHOXpoMaTudeckuii cBeT (A = 250 HM) UTOOBI IIPEKPATUTH SMHUCCHIO
5JIEKTPOHOB, HYXKHO MPHIIOKHTE 3a/IepKUBAIONIy 0 pasHocTh notennuanos U ne menee 2.5 B.
Onpenenure paboTy BeIxoaa A dIEKTpOHA C TOBEPXHOCTH KaJIUS.

9. Omnpenenure suepruto £ , Maccy m v umnysisc p poToOHa, KOTOPOMY COOTBETCTBYET JUIMHA BOJIHBI
A =350 um

10. OHpCIleJ'II/ITC, CKOJIBKO IIPOTOHOB U HCfITpOHOB coAepiKaT CICAYIOLIUE s11pa, a TaK KE UX TUAMETPhI.

1) 5eFe; 2 WAg.




Kontponbnas Ne 1 cemectp 3 BapuaHT No |

1. JlBa QIMHHBIX HapauIelbHBIX IIPOBOJA HAXOAATCA Ha paccrosHuu I = 5 CM ogun or mpyroro. Ilo
IIPOBOJIaM TEKYT B HPOTHBOIOJIOKHBIX HarpapieHusx oxunakosbie Toku | = 10 A xaxnapii. Haiinure
HAIps’)KCHHOCTDb H MAar"HuTHOTIO IIOJIsI B TOYKEC, HaXOIIHH.[eﬁCSI Ha paCcCTOAHUHA I"1 = 2 CM OT OJITHOT'O U

I, =3 CM or apyroro nposoa.

2. Beuucnure paguyc R nyru okpyxHOCTH, KOTOPYIO ONUCHIBAET IIPOTOH B MATHUTHOM II0JIE C
unayknueit B = 15 MT, eciu ckopocts ¥ nportona pasua 2 Mwm/c.

3. IIpsiMoii mpoBOI MITMHOK =10 CM, IO KOTOPOMY T€YET TOK | =20 A, mHaxomuTes B OJIHOPOJHOM
MarduTHOM 110je ¢ uuaykuuein B = 0,01 Tu. Haiiqure yron O Mexay HanpasieHusMu Bektopa B u Toka,
€CJIM Ha MPOBOJ IEUCTBYET CUja F=10w~H.

4. Cwuny TOKa B KaTylnIKe PABHOMEPHO YBEIMYMBAIOT npu nomomu peoctara na Al =0,5A B
cekyHay. Haiinure cpennee 3nauenue DJ1C caMOMHAYKIMH, €CIM UHIYKTUBHOCTh KaTYyILIKU paBHA
L =2wmIn.

5. Omnpenenure mmny li oTpeska, Ha KOTOpPOM yKIaaBIBaeTCA CTOIBKO e JTHH BOJH B BAKyyMe,
CKOIBKO X yKIazbiBaeTcs Ha otpeske |, =3 mm B Boze (€ = 1.3).

6. Ha xaxoii yriioBoi BbICOTE () HaJ FOPU3OHTOM JOJIKHO HaXoauThbCs COJHIE, YTOOBI COJIHEYHBIH CBET,
OTpaXEHHBIN OT NOBEPXHOCTH BOJIBI (€ = 1.3), OB MOJHOCTHIO MOJIIPU30BAH?

7. Ha KaKy1o JJIMHY BOJIHbBI /1max MNPUXOAUTCA MAKCUMYM CHCKTPAJIbHOU IJIOTHOCTU SHEPTCTUUCCKON

e t=0°C?
CBCTHUMOCTH AT YCPHOT'O TCJIa IIpU TEMIICPATYPEC !

8. Omnpenenure Temneparypy 1, Ipu KOTOPOii SHEPreTUYECKas CBETUMOCTh Re YepHOTo Tejla paBHa
2
10 kB1/m” .

9. TlocTosnHas pacnaga A pyouaus 89Rb pasua 0,00077 ¢ ! Onpenenure ero nepuo nojypacnana
T4/ pyouus.

10. PeHTreHOBCKOE M3JTydeHHE JIMHOM BomHBI A = 50 1M pacceMBaeTcs MIMTKOM rpadura (KOMITOH-

s¢¢ekt). Onpenenure HMHY BOIHBI A’ cBeTa, paccessHHOro noz yriom & = 60° k HanpaBIeHHIO
Na/IAf0IIETo My4YKa CBeTa.




KonTponbnas Ne 1 cemectp 3 BapuanTt Ne 2

1. ITo 1ByM GECKOHEYHO JUIMHHBIM MPSAMBIM MAapaUIENbHBIM POBOIaM TeKyT Toku |1 =20 Anu ;=30 A B
onHoM Harnpasienun. Paccrosuue d mexny nposogamu paBao 10 cM. BelumciiuTe MarHUTHYO HHIYKITHIO
B B TouKe, ynanennoii or 060MX IPOBOLOB Ha OJAMHAKOBOE paccTosHue 10 cMm.

2. TIpoBoaHUK, AaHHA KOTOpOro £ W Macca m, IMOJABEIICH Ha TOHKUX IPOBOJIoYKax. [Ipu
IPOXO3KIEHUHU [0 HEMY TOKa | OH OTKJIOHUIICS B OHOPOJHOM MAarHMTHOM IIOJIE TaK, YTO HUTU 00pa30BaIn
yroi & ¢ BepTuKaibio. KakoBa HHIAYKIMS MAarHUTHOTO TOJIsA?

3. Beraucnure paguyc R ayru okpy:XHOCTH, KOTOPYIO OMKMCHIBAET IIPOTOH B MATHUTHOM II0JIE C
unaykuuen B =15 mTn, eciiu ckopocTh U POTOHA paBHa 2 Mw/c.

4. TlepneHAWKYISPHO  MAarHUTHOMY  momio  Hampsokenroctsio H =10 A/M B0o36yxmeHO
SIIEKTPUYECKOE  Moje  HanpsbkenHocThio F£ = 1000 B/cm . [lepneHauKyasspHO 060UM MOJISAM
JBUKETCS, HE OTKIIOHSSACH OT MPSMOJIMHEIHONM TpaeKTOpHUH, 3apsoKeHHas yactuma. OnpenenuTe
CKOpPOCTh U YaCTHIIBI.

5. Ily4ok ecTeCTBEHHOr0 CBETa, UAYIINNA B BOAE, OTPAYKAETCS OT IPAHU AJIMa3a, OTPY>KEHHOTO B BOAY.
[Ipu xakoMm yriie majeHus 0. OTPaKEHHBIN CBET MOJHOCTHIO MOJISPU30BaH?

6. Kaxoit qmuns l; myTs npoitner GppoHT BOTHEI MOHOXPOMATHYECKOTO CBETA B BakyyMe (€ = 1) 3a To ke
BpeMsi, 3a KaKOe OH TIPOXOAHT myTh Amuuoi |, = 1 M B creke (e = 7)?

7. Ha KaKyIo JJIMHY BOJIHBL lmax MPpUXOAUTCA MAKCUMYM CHCKTPAJIbHOU IJIOTHOCTU SHEPTCTUUCCKON

max — [¢]
cBeTHMOCTH I~ YepHOro Tea npu temreparype t = 10°C?

8. Kakas moist sHEprum oTOHA HM3PACX0I0BaHA HA PA0OTY BRIPBIBAHUS (POTORICKTPOHA, €CIIH KpacHas
rpanuna ¢pororddexra ﬂKp =300 HM 1 MaKcUMaJbHas KHHETHYeCKast SHeprust (POTOANEKTPOHA paBHA

23B?

9. Onpenenute >Hepruto £ , Maccy 71 1 HMITyJIbe p GOTOHA, KOTOPOMY COOTBETCTBYET JITMHA BOJIHBI
A =500 um.

10. 3a xakoe Bpems U pacmamaercs 4 HauanbHOro KonMYeECTBa AAEp PaJAMOAKTHBHOTO H30TOIA,
eciu epuoJ ero nonypacnaga 11, = 24 4?
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Koutponbnas Ne 1 cemectp 3 Bapuant No 3

1. 3apspKeHHAs YacTULA, IIPOLIEAIIAs YCKOPSIOUIYIO pasHocTh notennuanos U = 2 kB, nsuxkercs B
OJIHOPOJIHOM MAarHUTHOM roJie ¢ uuayknuei B = 15,1 mTa no okpyxuoctu paguycom R =1 cm.

le
OnpeﬂeJmTe OTHOIICHHUEC — 3apsJia YaCTHUIIbI K €€ MAaCCE€ U CKOPOCTb U 4YaCTHIIBI.

2. Tlo Butky paguycom R = 10 cm teuer tox | = 50 A. Butok nomeren B 0JHOPOJAHOE MATHUTHOE

none uaaykuuein B = (0,2 Th. Onpenenure moment cun M, neiicTByrommii Ha BUTOK, €CJIH ILIOCKOCTh
BUTKA COCTABJISIET yroJl @ = 60° ¢ TMHUAMU UHIYKLIHH.

3. Tlo aByM GECKOHEYHO JUIMHHBIM MPSAMBIM HapalIeIbHBIM MPOBOaaM TeKyT TokH |3 =50 A u l,=100 A
B IPOTHUBOIIONOXKHBIX HanpapieHusx. Paccroanue d Mesxay nposonamu pasHo 20 cM. Onpenenure

MarduTHYIO MHAYKIHIO B B TouKe, yaaneHHoi Ha 'y = 25 ¢M ot nepBoro u Ha I = 40 ¢M 0T BTOPOro
MIPOBO/IA.

- 2
4. TInockuil KOHTYp, MIOMAAL S KOTOPoro pasHa 300 cM”, HAXOAUTCA B OJHOPOJHOM MATHMTHOM IIOJIE C
unaykuei B = 0,01 Tiu. II10ckocTh KOHTYpa MEPIEHIUKYISPHA THHUAM UHAYKIUH. B KOHTYpe

noanep:xuBaerca HensMenHblii Tok | = 10 A. Onpenenure pa6oty A BHEIHHUX CUI IO IEPEMEIIEHUIO
KOHTYpa ¢ TOKOM B 00JIaCTh IPOCTPAHCTBA, MAarHUTHOE T10JI€ B KOTOPOM OTCYTCTBYET.

5. Ha nmyTtu cBETOBOM BOJIHBI, HYILIEH B BO3yX€E, HOCTABUIM CTEKJITHHYIO IIJITACTUHKY TOJIIUHOMN
h =1 mM. Ha ckoJIbKO M3MEHUTCSI ONITUYECKAsI JUTHHA TYTH, €CIIH BOJHA Ma/1aeT Ha IUIACTHHKY:
1) HopMmanbHO; 2) ox yriaoM € = 30°?

6. VYron a Mexay INIOCKOCTSIMH MPOIYCKaHuUs MOJIsipU3aTopa U aHaiau3aTopa paseH 45°. Bo ckonbko pa3
YMEHBIINTCS HMHTEHCUBHOCTH CBETA, BBIXOJIAIIETO U3 aHATU3aTOPa, €CIIU Yol yBeTU4uTh 10 70°7

7. Tlpurumas ko3 QUIMEHT TEMIOBOTO W3Iy4eHHs B yriis pu Temrepatype | = 600 K pasubiM 0,8,
OIIPEIENMTE SHEPTETHYECKYIO CBETUMOCTE R yriis.

8. Ompenenute paboTy BbIx0aa Ag,, SIEKTPOHOB U3 HATPHS, ECIIM KpacHas rpanuia Gorospdexra
Ao =500 HM.

9. 3axakoe Bpems { pacmamaercsa Y4 HauanpHOTO KONMMUECTBA SAMEP PAAUOAKTUBHOTO H30TOIIA, ECIIN
nepuoj ero nojypacnaga 11, =2 u?

10. Omnpenenure sHepruto £ , Maccy 7 v uMIysbe P pOToHA, KOTOPOMY COOTBETCTBYET JIMHA BOJIHBI
A =480 uM
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Kontponbnas Ne 1 cemectp 3 Bapuant Ne 4

1. Tliockuii KOHTYp, IJIOIIAAb S Kotoporo paBHa 100 CM2, HaXOJUTCSA B OJTHOPOJHOM MarHUTHOM MOJI€ €
ungykiyeit B = 0,01 Tiu. [I1ocKkoCTh KOHTYpa NEePIEHAUKYIIAPHA TMHUSIM MHAYKIUHU. B KOoHTYype

noanepkuBaeTca HensmeHHbIM Tok | =5 A. Onpenenure pa6oty A BHEIIHUX CHII IO HEPEMEILCHHIO
KOHTYpa C TOKOM B 00JIaCTh IPOCTPAHCTBA, MAarHUTHOE I10JI€ B KOTOPOM OTCYTCTBYET.

2. TlepneHIUKYJISIpHO  MAarHUTHOMY  IIOJIIO  HampssKeHHocThlo H = 10% A/m BO30YXIECHO
DIIEKTPUUECKOE  IOJIE  HampsukeHHOCThIo £ = 100 B/cm . [lepneHuKyaspHO 000UM IOJISIM
JBUKETCSI, HE OTKJIOHSISACH OT NMPSIMOJIMHEHHOM TPAaeKTOpUH, 3apsKeHHas yactuia. Onpenenure
CKOpPOCTh U 4YaCTHIIHI.

3. Tlo aByM GECKOHEYHO UTMHHBIM NPAMBIM HapajlIebHbIM npoBoaaM TekyT Toku 11=10 A u 1,=20 A B
onanoM Hanpasienun. Paccrosaue d mesxay nmposogamu paBo 100 MM. Beramciinte MarHuTHYO
MHAYKIKIO B B TouKe, ynaneHHoi o 000MX NPOBOIOB Ha OJMHAKOBOE paccTosuue I =10 cm.

4. MaruuTHbIA MOMEHT P, BuTKa pasen 0,2 JIx/Tn. Onpenenute cuy Toka | B BUTKE, €ciu ero quamerp
d=10cm

5. Ha nudpakunonnyto pemerky, coaepxaiiyto N = 400 mrpuxoB Ha 1 MM, MagaeT HOPMAIBHO
MoHOXpoMathdeckuii et (A = 0,6 Mxm). HaiiguTe o6iee unciio 1udpakiuOHHBIX MAKCHMYMOB,

KOTOpBIE aeT 3Ta pemerka. OnpeaenuTs yroa (¢ Audpakuuy, COOTBETCTBYIOIIMM OCIEIHEMY
MaKCHUMyMY.

6. [IpenenbHBII yrou @, , TIOJTHOTO OTPAKEHMS MydKa CBETA HA TPAHHIIE KHIKOCTH C BO3yXOM

° o
paBCH 43°, OHpe,Z[CJ'II/ITe yroJi BpIOCTCpa OtEp IJIg TTAACHU JIyda U3 BO3/1yXa Ha TIOBCPXHOCTb DTOU

JKUJKOCTH.

7. Ha Kaxyro JJIMHY BOJHBI Amay IIPUXOJUTCS MAKCHMYM CIIEKTPAIbHON IIIOTHOCTH SHEPTETHIECKOI

max — [}
CBETHMOCTH I, = 4EPHOTO Tejla MPU TEeMIepaType t=100°C?

8. Ha noBepXHOCTb JIMTHS TIagaeT MOHOXpoMaTHueckuii cBeT (A = 310 M) UTOOBI NPEKPATUTH SMUCCHIO
5JIEKTPOHOB, HY)KHO MPUIIOKHTE 3a/IepKUBAIOILYI0 pasHocTh noteniuanos U ne menee 1,7 B.
Onpenenure paboty Bexoaa A SIEKTPOHA ¢ TOBEPXHOCTH JIUTHS

9. Onpenenute sHepruto £ , Maccy 7 u uMIyibe p GOTOHA, KOTOPOMY COOTBETCTBYET JJMHA BOJHBI
A =580 um

10. 3aBpems t =8 cyr pacnanocs ¥ HauanbHOTO KOMMYECTBA SIAEP PAAMOAKTUBHOTO H30TOTIA.
OmnpenenuTe Mepuos moypacnana I 1/p.
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Kontponbnas Ne 1 cemectp 3 Bapuant No 5

1. JIBykpaTHO MOHM3UPOBAHHBINA aTOM renus ( -4acTUla) IBUKETCS B OJHOPOHOM MarHUTHOM I0JIe
HanpskeHHocThi0 H = 100 kA/M 1o oxpyxHOcTH paguycom R = 10 cm.

Haiinure ckopocTh (X -4aCTHLIBI.

2. IlemHKa Maccoit m= 1 nr, Hecymias Ha ce0e MITh AJICKTPOHOB, MPOILIA B BAKYYME YCKOPSIFOIIYIO

pasnocts norenmanos U=3 MB. Kakosa kunetnueckas sueprus 1 npumnku? Kakyro ckopocts 0
npuoOpena nbUTHHKA?

3. JlBa INIMHHBIX MapauIeIbHBIX IPOBOJA HAXOAATCS HA PAacCTOSHHUU I =5 cM OJTUH OT Ipyroro B

BakyyMe. [1o IpoBoaM TeKyT B IIPOTHBOIOJIOKHBIX HAIPABICHUAX OJMHAKOBbIE TOKU | = 10 A KaxbIid.
Haiiiute MarHUTHYIO HHAYKIUIO PE3YJIbTUPYIOIIEr0 MATHUTHOTO T0JISE B TOYKE, HAXOISIIEHCS Ha
pacctosiHuu 1 = 2 ¢M OT OTHOTO U 22 = 3 CM OT JPyToro mpoBoja.

4. Hampsxennocts H marnutHOro nons B nentpe kpyrosoii Butka pasaa 200 A/M. MarHuTHbINA MOMEHT
2
Pm BUTKa paBen 1 A M°, Beruuciure cuy Toka | B BuTKE M panuyc R Butka.

5. Ha mens mmpunoii @ = 0,05 MM nagaeT HOpMAJILHO MOHOXpOMaTHUeCKui cBeT (A = 0,6 MKM).

OHpeI[CJ'H/ITe yroi (p MEXXay NEpBOHAYAIbHBIM HAIIPABJIICHUEM ITYy4YKa CBCTA M HAIIPABJICHUEM Ha
YCTBCPTYHO TCMHYIO ,Z[H(i)paKHI/IOHHYIO IoJIocCy.

> o
6. Yron BpIOCTepa OtEp IIpU MaACHUU CBCTA U3 BO3AYXd Ha KPUCTAJIJI KAMECHHOU COJIN PABCH 60°.

OrmpenenuTe CKOPOCTH CBETA B ATOM KpHUCTAJLIE.

7. Tlpuaumas ko3 (HUIMENT TEMIOBOrO U3Iy4eHHUs B YIS Ipu Temmneparype 1 = 600 K pasubiv 0,8,
onpenenure suepriio W, u3nydaeMyro ¢ TOBEPXHOCTH YIS ¢ IIOMAABb0 S = 5 cm® 3a Bpemst t = 10 Mux.

8. Temmneparypa BepxHux cioeB Cosnnua pasHa 5,3 kK. Cunras ConHile 4epHBIM TEJIOM, ONIPEAETUTE

JUIMHY BOJHEI A,

max KOTOpOfI COOTBCTCTBYCT MaKCUMaJIbHAsA CIICKTpaJIbHAA IIJIOTHOCTDH 3HepFeTI/I‘leCKOﬁ

max
CBETUMOCTH I’/1 T CouHiza.

9. 3aBpems t = 8 cyr pacnanoch 1/2 Ha4aJILHOTO KOJIMYECTBA SJIEP PAAMOAKTHBHOTO U30TOIIA.
Omnpenenurte nepuoj moiaypacmana T1/.

10. laBnenue p MOHOXpoMaTHYeckoro ceta (A = 500 HM) Ha YEPHYIO MOBEPXHOCTD, PACTIONOKEHHYIO
TIEPIIEHIMKYIIAPHO MaIaroIuM j1ydaMm, pasao 1 mxlla. Onpenenure uncio N poronos, namarommx 3a
Bpems = 1 ¢ Ha moBepxHOCTH TWIOMAABI0 S = 10 oM.
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Kontponbnas Ne 1 cemectp 3 BapuanT No 6

1. Cuny Toka B KaTyllKe paBHOMEPHO yBEJIMYMBAIOT Ipu oMoy peocratana Al =05A B
cekyHay. Haitnure cpennee 3nauenue DJ1C caMOMHAYKIIMH, €CJIM HHIYKTUBHOCTh KAaTYIIKK pPaBHA
L =2 mIh.

2. DIEKTPOH JABMKETCS B MATHMTHOM ToJie ¢ MuayKiuen B = 0,02 Ti 1o okpy:KHOCTH pagnycom
R =1 cM. Onpenenure KUHETUYECKYIO SHEPTUIO JIICKTPOHA.

3. Tlo aByM GECKOHEUHO TMHHBIM MPSIMBIM MapaieIbHbIM IPOBOAAM TEKYT TOKH lL=50Awul,=100 A
B IIPOTHBOTIOJIOKHBIX HaMpaBlIeHUsX. PaccrosHue d Mexay npoBojaamu paBHo 20 cM. Onpenenure

MarHUTHYIO MHAYKIKIO B B Touke, ynanennoii va I 1= 25 cM or nepBoro u Ha I'; = 40 cM 0T BTOPOro
IIPOBOJIA.

4. B 0IHOPOJHOM MarHUTHOM noJje ¢ uaaykuueit B = 0,1 T naxoautes mpsAMoii IpoBOL JIMHOM
| = 10 cm, pacnonoxennsiit nepnenauKyspHO MuEUAM HEAYKIUA. [To mpoBoxy Teder Tok | =5 A. Tlox
JefcTBIEM CHII HOJIS POBOJL epeMecTuiics Ha pacctosnue S = 100 mm. Haiigure paGoty A cun noss.

5. Ha y3kyro menp nagactT HOpMaabHO MOHOXPOMATUYECKHUN CBET. YTOJI () OTKJIOHEHHUS IIyYKOB CBETA,
COOTBETCTBYIOIINX BTOPOU CBETJION AUGPAKIIMOHHOM Tojioce, paBeH 1°. CKONBKUM JJTUHAM BOJIH
MaJarolero CBeTa paBHa MIMPUHA HIenn?

6. VYroa 00 MeXAy IUIOCKOCTSIMH IPOITYCKaHUs NOJIIPU3aTOpa U aHajau3aTopa paseH 25°. Bo ckosbko pa3
YMEHBILINTCS UHTEHCUBHOCTD CBETA, BBIXOSAIIETO U3 aHAJIN3aTOpa, €CIM YroJl YBEIUUUTh 10 45°7

7. OHpeI[eJ'II/ITe TEMIICPATypPy qupHoro TCJ1a, IpH KOTOpOﬁ MaKCUMyM cneKTpaanoﬁ IJIOTHOCTH

v max
SHEPreTHYECKON CBETUMOCTH I, ;" MPUXOIUTCS Ha KPACHYIO TPAHHILY BUIUMOTO CIIEKTPa (A1 =750 mm).

8. Ha UMHKOBYIO IIACTUHKY aJaeT MOHOXPOMATHYECKHI CBET ¢ ITMHOM BonHbI A = 220 M. Onpenenure
MaKCHUMAaJIbHYIO CKOPOCTb (POTORJIEKTPOHOB. PaboTa BhIXOa IEKTPOHOB U3 LIUHKA
paBHa 4 3B.

9. Omnpenenure dHepruto £ , Maccy m u ummyiise p GOTOHA, KOTOPOMY COOTBETCTBYET JJIMHA BOJHBI
A =700 aM

10. OHpC,Z[C.HI/ITC YHUCJIO TPOTOHOB U HCfITpOHOB B AAPC, a TaK ’KEC AUAMETPBI CICAYHOIINUX SACP:

1) 5Li;2) 24l
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Kontponbnas Ne 1 cemectp 3 BapuaHT Ne 7

1. ITo 1ByM GECKOHEYHO JUIMHHBIM MPSAMBIM HapalIebHBIM IPoBogaM TekyT Toku |1 =20 Au l,=30 A B
onHoM Hanpasienun. Paccrosaue d mesxay npoogamu pasro 10 cM. BIMHCINTE MATHUTHYIO HHAYKIIUIO
B B Touke, ynaneHHo# ot 0601X MpOBOJIOB Ha OJUHAKOBOE paccrosiaue I = 10 cm.

2. Tlposoanuk, auHa kotoporo | u macca m, noasemen Ha TOHKUX poBosoukax. [Ipu IpoxXoxkaeHun

I10 HEMY TOKa I OH OTKJIOHWJICA B OAHOPOJHOM MAIrHUTHOM II0JIC TaK, YTO HUTH o6pa303am/1 yroail & ¢
BCPTHKAJIBIO. Kaxona HHAYKOUA MAaroHuTHOI'O mmosst?

3. Beruucnure paguyc R 1yru okpyXHOCTH, KOTOPYIO OMKMCHIBAET IIPOTOH B MATHMTHOM II0JIE C
unayknuei B =15 MmTa, eciiu ckopocTh U mpoToHa paBHa 2 Mm/c.

4. TlepneHANKYISPHO  MAarHUTHOMY momio  Hampsokenroctsio H =10 A/M B036yxmeHO
JIEKTPUYECKOE  TI0Jie  HanpsukeHHOCThIo £ = 1000 B/cwm . [leprneHauKyasspHO 000UM TOJISM
JBUKETCS, HE OTKJIOHAACH OT MPSAMOJIMHEIHOM TpaeKTopuH, 3apsbkeHHas yactuna. Onpenenure
CKOpPOCTb U YacTHIBI.

5. Ily4ok ecTeCTBEHHOrO CBETa, MAYILUN B BOJE, OTPAXKAETCS OT I'PAaHU alMasa, IOIPYKEHHOTO B BOLY.
[Ipu xakom yriie nasieHus O OTPa’KEHHBIN CBET NOJHOCTHIO MOJISIPU30BaH?

6. Kaxoii qmunst |y myTs npoiineT GppoHT BOITHB MOHOXPOMATHYECKOTO CBETA B BakyyMe (€ = 1) 3a TO xe
BpeMs, 3a KaKoe OH NpoXoauT myTh amuHoi |, = 100 cM B crekne (€ = 7)?

7. Ha kakyro JJIMHY BOJIHBI ﬂmax MPUXOJIUTCS MAKCUMYM CIIEKTPaIbHON IIIOTHOCTH SHEPIeTUYECKOM
max — 1no
CBETHMOCTH I, YepHOro Tena npu temneparype t = 10°C?

8. Kakas nons sHeprun ¢poToHa U3pacxojjoBaHa Ha paboOTy BbIpbIBaHUS (POTOIEKTPOHA, €CITU KpacHast
rpanuna ¢porordpdexra /1Kp =300 HM 1 MaKcUMaJbHasi KHHETHYECKast SHeprusi GOTOAIEKTPOHA paBHA

23B?

9. Onpenenute >Hepruio £ , Maccy 71 ¥ HMITyJIbe p (OTOHA, KOTOPOMY COOTBETCTBYET JITMHA BOJIHBI
A =500 um.

10. 3a kxakoe Bpems { pacnmamaerca Y4 mauansHOrO KoONMuecTBa sAmep PagMOAKTHMBHOTO H30TOINA, €CIH
nepuoj ero noiypacnaga 11, =24 u?
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Kontponbnas Ne 1 cemectp 3 Bapuant Ne 8

1. Tlo aByM GECKOHEYHO JIMHHBIM IPSIMBIM TTapajlIeabHbIM IIpoBoaaM TekyT Toku |1 =20 Au l, =10 A
B IIPOTUBOIOJIOXKHEIX HarpasieHusx. Paccrosuue d mesxay nposogamu pasro 10 cv. Onpesenure

MarHUTHYIO MHAYKIUIO B B Touke, yaanenHoit na I 1 =25 c¢M ot nepsoro u Ha I'p = 40 ¢cM 0T BTOpOro
IIpOBOJA

2. DIEKTPOH JABHKETCA B OJHOPOJAHOM MarHUTHOM MOJI€ HANPsKeHHOCThI0 H = 4 KA/M co ckopocTbio
v =10 Mwm/c. BekTop cKopoCTH HampaBJieH NEPICHINKYISIPHO JHHISIM HANPsHKCHHOCTH. Haiinure cumy
F, ¢ xoTopoii mone neiicTByeT Ha 31eKTpoH, U paauyc R okpyxkHOCTH, 10 KOTOPOIt OH JBUKETCH.

3. Ompenenute cuiry JlopeHna, IeHCTBYIONIYIO Ha 3JICKTPOH, BICTEBIINN CO CKOPOCThIO U =2 MM/c B

OJIHOPOJHOE MarHUTHOE MOJIe 01 yIJIoM oL = 60° K TUHUAM HHIYKIUU. MarHuTHas WHIYKIIHS OJIsl paBHA
0,1 T.

4. Haiinute MarHUTHYIO MHAYKLHUIO B LIEHTPE TOHKOT'O KOJIbIIa, 110 KoTopoMy uieT Tok 10 A. Paanyc
KOJIbLIA paBEeH 5 CM.

5. Ha mens mupunoii @ = 0,1 MM nagaeT HOpMaabHO MOHOXpOMAaTHYecKHii cBeT (A = 0,5 MkM). 32 HIeNbIo
noMeleHa coouparoias JIMH3a, B HOKaIbHOM MIOCKOCTH KOTOPOM HaxoauTcs sKpaH. Yto Oyner

HaOJII01aThCs HA DKPaHE, eciu yroi () nudpaxkuuu paseH 43'.

6. VYron o MexAay IUIOCKOCTSIMH NPOITYCKaHUs NOJIIPU3aTOpa M aHainu3aTopa paseH 45°. Bo ckonbko pas
YMEHBILINTCS UHTEHCUBHOCTD CBETA, BBIXOSAIIETO U3 aHAJIN3aTOpa, €CIM Yrojl YBEIUUUTh 10 60°7

v ) max )
7. MakcuMyM CreKTpaTbHOH IIIOTHOCTH SHEPreTHIECKOl CBeTUMOCTH I " ApKoi 3Be3/bI APKTYP

IPUXOANTCS HA JUIMHY BOHBI A = 580 M. [IpuHHMast, 9uTo 3Be31a U3Ty4aeT KaKk YepHOe TeJlo, Ompe-
max

aenute TeMneparypy I MOBEpXHOCTH 3BE3.IbI.

8. Ha moBepXHOCTH HAaTpus MajaeT MOHOXpoMaTuueckuii ceT (A = 300 um) UToOBI IpeEKpaTHTh
SMHCCHIO 3JIEKTPOHOB, HYKHO NPHIIOKUTH 3aJ1€P/KUBAOIIYI0 pasHocTh noteniuanos U ne menee 2 B.
Onpenenute paboTy Beixoaa A 3JIEKTPOHA C TIOBEPXHOCTH HATPHS.

9. Onpenenute yron @ paccesHus GOTOHA, UCTIBITABIIETO COYAAPEHHE CO CBOOOIHBIM DJIEKTPOHOM, ECIH
M3MEHEHHE JUIMHBI-BOIHBI AA pu paccesHUM paBHO 3,5 IM.

10. OmpeaenuTe KOJIWYSCTBO IPOTOHOB U HEUTPOHOB B SIAPE, & TAK KE JTUAMETPHI CIICAYIOMINX sIep:

1) sLi;2) 1Al
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Kountponbnas Ne 1 cemectp 3 Bapuant N9

1. TIlnockuit KOHTYp, IUIOIAABL S KoToporo paBHa 300 CM2, HaXOJUTCA B OJTHOPOJHOM MarHUTHOM I10JI€ C
unaykuuen B = 0,01 Tiu. IlnockocTs KOHTYpa NEpeHUKYIIIpHA JUHUAM UHAYKUNU. B KOHTYpe
nojiepkuBaeTcs HensmeHHbId Tok | =10 A. Onpenenute paboTy 4 BHEIIHUX CHJI TIO TIEPEMEIICHHUIO
KOHTYpa ¢ TOKOM B 00JIaCTh IPOCTPAHCTBA, MAarHUTHOE T10JIC B KOTOPOU OTCYTCTBYET.

2. TIlpsmoit mpoBon mmuHOo#t |1=10 cm, mo xortopomy Teuer Tok 1=20 A, HaxoAUTCS B OJHOPOJHOM
MarHuTHoM noiie ¢ uaaykuuet B =0,01 Tn. Haiimure yron o Mexay HampaBjieHUAMH BekTopa B u Toka,
ecyii Ha poBoj AeiictByet cuia F=10 mH.

3. Paccrosaue d Mexay ABYMS JUITMHHBIME Napajlie/ibHIMU TpoBoamu paBHo 10 cm. ITo nmpoBogam B
OJIHOM HaIpaBJICHUH TEKYT oAnHaKoBbIe TOKH | = 50 A xaxaprii. Haliqute HanpsikeHHOCTh H MarHuTHOTO
TOJIsI B TOYKE, HAXOJISIIEHCS Ha PACCTOSIHUU T'1 = 4 CM OT OJHOTO U T2 = 3 CM OT JIPYroro MpoBoa.

4. DNEeKTPOH ABHKETCS MO OKPYKHOCTH B OJHOPOJHOM MAarHUTHOM I10JI€ HANPSIKEHHOCTHIO
H=2,510" A/m. Omnpenenute mnepuoa T oOpaiieHHs IEKTPOHA.

5. Ilydok moHoxpomarudeckux (A = (0,6 MKM) CBETOBBIX BOJIH MajaeT noj yriaom €1 = 30° Ha
HaXO/ISIIYIOCS B BO3IyXe MbUIbHYIO TUIeHKY (N = 1,3). [Ipu kakoii HauMmeHbIiei Tonpae d IeHKH
OTpaXKEHHBIE CBETOBbIE BOJHBI OYAYT MaKCUMaIbHO OCNablieHbl HHTEepepeHueii? MaKCUMaIbHO
yCcUJIeHbI?

6. CKOJIBKO IITPUXOB Ha KAXKJIbI MUJUTAMETP COACPKUT AU(PAKIIMOHHAS PELIETKA, €CIIU MPH

HaOJII0JJEeHNU B MOHOXpOMaTH4eckoM cBeTe (A = 0,6 MKM) MaKCHMyM TISITOTO MOPSIIKA OTKJIIOHEH Ha Yroll
— O")

¢ = 18°7

7. MakcuMyM CHEKTPaTbHOM IIOTHOCTH SHEPTETHYECKOM CBETUMOCTH (I, T)max IPKOH 3BE3/1bI APKTYp
HOPUXOIUTCS Ha JUIMHY BOJHBI Ay = 600 HM. [TpuHuMast, 4To 3Be31a n3nydaer Kak YepHoe TeJo,
ornpeaenuTe Temneparypy 7 HOBEpXHOCTHU 3BE3/IbI.

8. Ha moBepxHOCTH MarHus nagaetT MoHoxpomaruueckuid cBeT (A = 350 um) UToOBI MpeKpaTuTh
SMHUCCHIO JIEKTPOHOB, HY)KHO TIPHIIOKHUTH 33JIeP>KUBAIOIIYI0 pPa3HOCTh oTeHImanoB U ve menee 1.2 B.
Omnpenenure paboTy BbIX0/a A dEKTPOHA C TTOBEPXHOCTH MarHusl.

9. [aBnenue p MOHOXpoMaTHueckoro cera (A = 600 HM) Ha YEPHYIO TOBEPXHOCTh, PACIIOJIOKEHHYIO
NEePIEeHIUKYIAPHO NMafatonum gydam, pasHo 0,1 mxlIla. Onpenenute uncno N poToHOB, manaromux 3a
Bpems t = 1 ¢ Ha MOBEPXHOCTH IJIOLaAb0 S = 1 e

10. VYxkaxwuTe, CKOJIBKO HYKJIOHOB, IIPOTOHOB, HEUTPOHOB COJIEPKAT CAEAYIOMIHE siapa: 1) 32He; 2) 105B.
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IIo xuHEeMaTHKe MaTepHaHLHOﬁ TOYKH YaliC BCCro BCTPCUALOTCA 3aa4Uu Ha CIICAYIOIINC TCMbI:

Ha COCTaBIICHHE YPaBHEHUIl MOCTYIATEILHOTO ABMXKCHUS,
Ha COCTaBJICHHE YPaBHCHUH BPAILATEILHOTO IBHKCHHS,
Ha olpelieliecHHe CPeIHEeH CKOpOoCTH,

M0 KHHEMATHKE CJI0KHOTO JABHKCHUS,

[0 KHHEMATHUKE OTHOCHUTEIIBHOTO IBIKCHHS.

DR W=

CXEMA PEILIEHUSA 3AJAY T10 KHHEMATUKE MATEPUAJIBHOM TOUKE
1  CpenaTs 4epTéx K 3aade, HAa KOTOPOM OTMETUTh HadaJbHbIE KOOPAUHATHI T€J U HallpaBJIEHHUs] BEKTOPOB UX Ha4aJIbHBIX
CKOPOCTEH U YCKOpEHHH (Hauano KOOpJHHAT OOBIYHO IOMENIAIOT B HA4aJIbHOM TOYKE ABMKEHUS TeJla WIIM OHOTO M3 Ted. [1pu
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 KaKAOTO TeJla B IMPOEKIMAX HA OCH KOOPAMHAT CHavyala B 00IEeM BUIE VIl 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=1y, vt v =+v *at
2 y oy — Ty
HpI/I H€O6XOL[I/IMOCTI/I JOIIOJIHUTH CI/ICTeMy CHeHy}OH_[HMI/I ypaBHeHI/ISIMI/I CBsA3U:
v — g =2aS - eciu IBMKEHHE PABHOYCKOPEHHOE,
2 2
0" —U) =—2aS - eciu ABWKCHHE PABHO3AME/IICHHOE.

4  PemmTh MOSy4YEeHHYIO CUCTEMY YPAaBHEHHUH U HATH penieHne 3a1a4du B oomieM (T.e. OykBeHHOM Buze). [IpoananmsupoBars
MOJTy4YeHHOE PAaBEHCTBO.

5 IIpoBepuTh pa3sMEpHOCTH STOIO PAaBEHCTBA U €CJIM OHA COBIIA/IAET, MOJICTABUTh B OKOHUATEIbHOE YPAaBHEHNE YHCIIOBBIE
3HA4YEeHHUS JaHHBIX B YCJIOBUH 331a4M BEJIMYHH, IPEABAPUTEIHHO MEPEBEISI UX B OAHY U TY )K€ CHCTEMY €INHHIIL.

CXEMA PEIIEHNS 3AAY ITO KUHEMATUKE BPAIIIATEJIBHOI'O JABWJKEHUA
1 Cpenatp 4epTEx K 3a/1a4e, HA KOTOPOM OTMETHUTh HAYaJIbHOE MOJIOKEHHE MaTepHalbHOM TOUKH M HAMIPaBJIEHUE €€ BEKTOPOB
CKOPOCTH M LIEHTPOCTPEMHUTEIHHOTO YCKOPEHHSI.
2 3ateM caenaTh aHAJOTHYHBIC YEPTEXKH IS XapaKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPHIX €CTh HH(OpMAIHS B YCIIOBUU
3a/a4u.
3 3anmcaTh ypaBHCHHE BpalIaTeIbHOTO JBIKEHHS CHAavalia B 00IIeM BUIE AJIsl HAYaJIbHOTO MOMEHTa BPEMEHH, a 3aTeM I
XapaKTepHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(POPMAIHS B YCIOBUH 33Ja4H:

t 2

&
(p:iqooia)otiT w=tw,tet,

)
rje: (9o U () — Yroi IOBOPOTa PaJuyc — BEKTOpa B HauaJIbHbIA MOMEHT BpeMeHH = 0 C U B IPOU3BOJILHBIA MOMEHT
BpeMeHH t.
4 TIpu HeoOXOIUMOCTH 3aMUCcaTh YPAaBHEHHS CBSI3U MEXKIy YTIIOBBIMU W JINHEHHBIMHA BETUIMHAMU,
XapaKTEepU3YIOIUMHU KHHEMATUKy MaTepUaIbHON TOUKH:

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

5  PemuTs NOTYyYEHHYIO CHCTEMY YPaBHEHHN U HAWTH pelIeHue 3aaa4du B obmieM (T.e. OykBeHHOM Bue). [IpoaHanu3upoBath
MOJIy4eHHOE PAaBEHCTBO.

6  TIpoBepuTh pa3MEPHOCTb ITOTO PABSHCTBA U €CJIM OHA COBIIAJIACT, MOACTABUTH B OKOHYATEIbHOE YPaBHEHHUE

YKCIIOBBIE 3HAUCHHSI IAHHBIX B YCIIOBHH 3a/1a4W BEJIMYHH, IPEABAPUTEIIHLHO MEPEBE/Isl UX B OJHY U Ty )K€ CHCTEMY eIUHHIL.



18

CXEMA PEIIEHUWSA 3AJJAY [TO KUHEMATUKE CJIOXKHOT'O IBUXXEHU A
Ecnu B 3a1a4e paccMaTpuBaeTcs IBUIKEHHE Tela OJHOBPEMEHHO 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 MIEPEMELICHIE Tella ONPEACIAIOTCS MO CICAYIOMEMY MPABIITY:
Bexmop cxopocmu meaa omnocumenbHo HenoOGUIHCHOU cUCHeMbl KOOPOUHAM PABEH BEKMOPHOU CYMMe CKOPOCHU NOOBUICHOU
cucmembl KOOPOUHAM OMHOCUMENbHO HENOOBUNCHOU NIIOC CKOPOCTb Meld OMHOCUMENbHO NOOBUICHOU CUCTHEMbL 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 OTHOCHTEJIBHOM CKOPOCTHIO vOl’)’lH

CXEMA PEIIIEHNA 3AAY 11O KHHEMATUKE OTHOCUTEJIBHOT'O ABM>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 MJIU NEepeMeIleHHe 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 pa3innyaTh: - CPEJHIOI0 CKOPOCTB T10 NTEPEMEIIEHHIO < (% > (BenmM4MHa BEKTOPHAs)

- CPEIHIOIO ITyTEBYIO CKOPOCTh < (Y > (BenmM4MHa CKaJSpHAs)

Cpeaneil CKOPOCTHIO TIO MEPEMEIIEHUIO HA3bIBAETCS BEKTOPHAS BEIMYMHA, PaBHAS OTHOIICHHIO MEPEMEIICHNUS Tella
3a KaKON-TM00 MPOMEXYTOK BPEMEHH K BEJTMIMHE 3TOT'0 MMPOMEKYTKA

B

I

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

Fopl’

n

—

obwee

Cpezu{ei/i HyTCBOﬁ CKOPOCTBIO HAa3bIBACTCA CKAJISIpHAA BEJIMYUHA, paBHASA OTHOIICHUIO ITYTHU HpOﬁ)ICHHOI‘O TCJIOM 3a
Kakoii- oo MIPOMEIKYTOK BPEMEHU K BEJIMIMUHE 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 CPECIAHIOIO CKOPOCTH TEJIAa 3a 3TOT IPOMEKYTOK BPEMEHU

0, +0
1 2
MO>KHO OIIPENeIUTh 1Mo GopmyJe: < 0 > = —2 , TIoe Ul n 02 - OTO Ha4vaJbHas M KOHECYHAas CKOPOCTH TejIa Ha DTOM

y4YacTKe.
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CXEMA PEIIEHUS 3AJJAY HA IMHAMUKY TITOCTYITATEJIBHOT'O JBVKEHUA
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 3anucatb BTOpOﬁ 3ak0oH Hpr0TOHa CHayana B BCKTOPHOM BUJC E Fi = ma , 4 3aTEM B IPOCKIUAX 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 HANpPaBIIIOT M0 BEKTOPY YCKOPEHHUS ITOTO Tela),

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

(He00XOJMMO OMHHTB, YTO YHCIIO YPABHEHHUH JIOJDKHO OBITH PaBHO YHCITY HEM3BECTHBIX. EciM ypaBHEeHUH TUHAMUKH
OKa)KeTCs He IOCTaTOYHO, TO MOJIYYEHHYIO CUCTEMY JOIMOJHSIIOT YPaBHCHUSIMU KHHEMATUKU UM 3aKOHAMU U3MEHEHUS U
COXpaHECHHUS).

Ecnu B 3agaue TpeOyeTcs HalTH Bec Tesla UM €r0 CUIy HOPMAaJIbHOTO IaBJIEHUS, TO CIeAyeT IOMHHUTb, YTO MO TPEThEMY
3akoHy HbI0TOHa OHM paBHBI 110 BEIHUUHE, HO IPOTUBOIOJIOXKHBI 10 HAMIPABJICHUIO CUJIE PEAKLIUU OIOPBHI.

CXEMA PEIIEHNS 3AJIAY HA IMHAMUMKY PABHOMEPHOI'O IBWXEHM S MATEPUAJIBHOM TOUYKN
1O OKPY>KHOCTHU

1 Cpuenatb 4epTéx K 3a/1a4e, HA KOTOPOM HAPHCOBATH TEIIO, IBUIKYIIEECS M0 OKPYKHOCTH, ¥ 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 10 PAJNYCY K LEHTPY ITOH OKPYKHOCTH. JTa 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. pemarwT MoJy4YeHHYIO CHCTEMY YPaBHEHHIA.

2

(Tipu HEOOXOAMMOCTH €€ TOTOJTHAIOT YPAaBHEHUSIMH JBIDKCHUS ¢ YIETOM UTO S= Qr, ov=owr,; w=2rn=—

YT0OBI IPaBUIBHO ONPEEIUTh KOJIMYECTBO CHII, JEUCTBYIOIIUX HA TEJI0, HEOOXOAUMO MPUIICPIKUBATHCS CIIEAYIOIIETO
npaBuia:

CKOJIbKO TeJ U pU3MYECKHUX T0JIeil JeUCTBYET Ha IaHHOE TeJI0, CTOJIBKO U CHJI (TLTIOC CHIIBI TPEHHSI ¥ CONIPOTUBIICHHS, €CIIN
OHH €CTh II0 YCIIOBHIO 3a/1a4H)

CxeMa pelieHus 3a1a4 HA 3aKOHbI COXPaHEeHUS] UMITYJIbCa
1. Cpenats pUCYHOK, Ha KOTOPOM YKa3aTh TeJla pacCMaTPUBAEMOI CHCTEMbI U HAIIPaBJICHHUSI UX BEKTOPOB CKOPOCTEH HITH
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, ISUCTBYIOIIMX Ha TeJla CHCTEMbI PaBHA HYJIIO),
TO 3aIUCaTh 3aKOH COXPAaHEHUs UMIYJIbca AJISl 3TOW CHCTEMBI B BUJIE

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

- €CJIM CUCTEMA TEJI HE 3aMKHYTA, TO 3aIIMCaTh 3aKOH U3MCHCHHNA NUMITYJIbCa IJIA 9TOM CHCTEMEI B BUAC

(S Foewsn ). At = Bponee = P

KOHeuHo e pHalla/szoe
I[.]Iﬂ HE3AMKHYTBIX MEXaHUYECCKHX CUCTEM 3aKOH COXPAHCHHUSA UMITYJIHCA MOKHO IPUMEHHUTDH B CJICAYIOLIHUX CIIyYasdaXx:
a. Ecmm MPOCKIMHN BCEX BHCIIHUX CHJI, HeﬁCTByIOIIIPIX Ha CUCTEMY, Ha Kakoe-11u00o HanpaBJICHHUE B MPOCTPAHCTBE PABHbBI
HYJIO0, TO Ha 3TO HAIIPABJICHUEC BBIMNOJHACTCA 3aKOH COXPaHCHUA NPOCKIIUN 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 OU4eHb Majl
MPOMEXYTOK BPEMEHH, B TEYEHHE KOTOPOT'O ICHCTBYIOT BHEIIHHE CHIIBI (HAaIpUMEp, YAAP), TO 3aKOH COXPaHEHMS UMITYJIbCa

MO>XHO TIPUMEHUTHh B BEKTOPHOM BHJIE, ( TO €CTh (Z [Z)i  vamoe Z P; onemoe )

Caenyer NOMHHUTB, YTO BCe CKOPOCTH WM HMIYJIbCHI TeJl CHCTEMBbI I0JKHbI ObITh 3aIHCAHBI OTHOCHTEIbHO OTHOMH 1
TOIi ’Ke CHCTeMbl KOOPAUHAT

4. BpiOpaTh yI0OHYIO CHCTEMY KOOPJMHAT U 3aIMCaTh MOJYYEHHOE BEKTOPHOE YPaBHEHHE B MIPOCKIMSIX Ha BHIOpAHHBIE
OCH.

5. Pemmrs nojy4eHHYIO CUCTEMY YPaBHEHHI.
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Cxema pelleHHsI 3224 Ha 3aKOHbI COXPAHEHHs YHePIruu
1. menaTh pUCYHOK, Ha KOTOPOM YKa3aTh T€Ja PACCMaTPHBAEMOM CUCTEMbI 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. IlpoaHamu3upoBaTh pacCMaTpPUBAEMYIO 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 COBCPUIAIOT, TO 3allMCATh 3aKOH COXpaHCHUA 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 CHCTEMBbI JOJIKHBI ObITh 3alICAHBI OTHOCHTEJILHO O/THOM M TOM Ke CHCTeMbI
KOOpPANHAT
4. PemuTth NOTYYEHHYIO CUCTEMY YPaBHCHUH.

Cxema pemieHus 3aa4 Mo TepMOANHAMUKE
- eClu COCmOosHue 2a3a He U3MEenAemcsa, To 3aliucaTb YpaBHCHUC Menneneera — KJ'IaHeprOHaI

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 YPaBHECHHIA.
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.

M30X0pUUECKHi Tporiecc (T. . V = const): =const saxon Llapis.

n3obapudeckuii npouecc (T. e. P = const): = CONSt 3axon I'eii — JIroccaka.

—H|<-H|T

- ecu 6 3a0aue paccMampueaencs cmMech 2a308, T pPellicHne 0OBIYHO HAYWHACTCS C 3aITiCH 3aKoHa J{ambToHa It 9TON
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

Ton0KeH e MaTepHaIbHOM TOUKH B IPOCTPAHCTBE 3a/aeTcs paguycoM-BekTopom: I = XI + y] +zk | [M]

rae 1, J,K — enunuunbie Bextops Hanpasienuit (0pThi); X, V, Z — KOOPAHHATHI 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 KOOpJHUHAT.
“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 = , )
5T T at

Monyne yCKOpeHUs a

MPOCKIMHM YCKOPCHHUS @ Ha OCH KOOpJAMHAT.

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’ _aytz A
=1Ip+7p +T = y:iyoivoyti 5 v=y,+at = v =*ov Fat ;
2
azt + +
2=12, 20, tE= v, =%0,, tat
2 2
0 —0y = 2aS - €CJIU IBUKEHUE PAaBHOYCKOPEHHOE,
2)2 — U§ =-2aS - €CJIA IBUKEHHUE PABHO3AMEJIEHHOE.
_ do ao
YrioBas ckopocTh = te , pag
dt ¢
. do pao
VYrioBoe yckopeHue E=——, |~
dt c
[TomHOE ycKOpEeHNe MaTepHaTbHON TOUYKH MPH KPUBOIMHEIHOM IBUKEHUH a= ﬁn + _’T
Mopaynb NOJIHOTO YCKOPEHHE MAaTEPUAIbHON TOUKY IIPU KPUBOJIMHEUHOM JIBUKEHUU a= ar? + af

ypaBHCHI/IH BpalaTeJIbHOI'0 ABUIKCHUA:

2

p=1tp,Tott >

CBsI3b IMHENHBIX U YTJIOBBIX BEJIMYWH!

t

T=—;n N
N

t

KunemaTnka ci103KHOTO JABHXKCHUA:
KunaemaTrka OTHOCHTEIIFHOTO JBYKCHHUS:

CpeaHAs CKOPOCTh MO NEPEMECILCHUIO:

_Ar_r1+r2

1 2 v
. T==0="-=27n;S=9¢r; v=0r; 8, =—=0T=0UV
n T r
5a6c = 5nep +50mH ' abcomomuoe = Snepel-k)CHDe OMHO CUMeENBHO e
021202_01; 821282_81

CpeaHsd nNyTeBast 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, KIIA. BHUAbI DQHEPI'UHN.

- 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 SHEPTUHU

- NOTEHIIMAJIbHAS SHCPT U HpOTH)KéHHOFO TCJa, IOAHATOI'O Ha BBICOTY h oTtHOCHTENEHO

[ o]

HYJIEBOT'O YPOBHS OTCYETA MOTEHIIMAIIBHOW SHEPTUU

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 ,
5 Mm
- MOTEHIMaJIbHAs SHEPTHsI TPAaBUTALIMOHHOTO B3aUMOJCICTBUA H=-G—
r
- [I0JIHASL MEXaHUYeCKasi IHEPT sl E=T+17,
. . = dw
- CBSI3b CUJIBI C IOTCHIIMAIILHON SHEpruen F= —grad W=——-
dx
- MexaHWYecKas paboTa CHIIbI A= J. Fds,

- MexaHHueckas paboTa OCTOSHHOM 10 BenuuuHe U Hanpasnenuto cuiel - A= FSCosa [ ,bec]

- CpeaHAA MEXaHNYCCKAad MOITHOCTb

- MT'HOBCHHAas MEXaHN4YCCKasA MOITHOCTh

- ko3 dunueHT nonesxoro aercreus (KI1JT) n=

NnoaesHast

N :TA’ [B:]

N =Fovcosa, [Br]

noaesnast

[ o]

[ Hore]
[ o]

[ o]

3ampadennas

N

3ampadennas

22
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3AKOHbBI I3SMEHEHU A 1 COXPAHEHU A B MEXAHUKE

. If GHewHUX o= =
- 3aKOH U3MEHEHHS UMITYJIbCa MEXaHHUYECKOI CHCTEMBI i <At = P.orevve — Prauamioe
3aKOH COXPAaHEHHSI UMITYJIbCa 3aMKHYTON MEXaHHMYECKOH CHCTEM ‘ E p. ) = ( E P
| /Hauanvroe KO He1Ho e
v BHEWHUX P
- 3aKOH M3MEHEHHs MOMEHTA HMITyJIbCa ( E M. ) At=L_ ...= Lo
- 3aKOH COXPAaHEHUs MOMEHTA UMITYJIbCa 3aMKHYTON CHCTEMBI ( E L ) = ( E LI )
1 HadaivHoe KoHevHoe
v v HEKOHCep 6aMUGHbIX __

- 3aKOH M3MCHCHHMS MOJHON MEXaHMYCCKON SHEPTHH A = Em”ewm — L, inran
- 3aKOH COXPAHCHUS MOJTHOW MEXaHMUYECKOW IHEPTUU E s = Em”ewﬂ
- Teopema O TOTEHIUATLHON SHEPIUM Amﬂcepgamuewﬁ =— (I pounan — guanonan)

TeopeMa 0 KHHETHYECKOI SHepruu E A| = waqmﬂ -T R
- 3aKOH JABVDIKEHUS LIEHTpa Macc E Fi = maM

- 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
JTUHAMUKA TBEPJOI'O TEJA
MOMEHT CHIIbI OTHOCUTENILHO HEIOABUIKHON TOUKH M= [ﬂ:] , [H . M]
Moaysnb MOMEHTa CUJTbI OTHOCUTENBHO HENOABM)KHOW TOUKU M =Frsina , [H . M]
MoMeHT uMITyJibca Tejla OTHOCUTENIBHO HEMOABMKHON TOUKU L= [F f)] , [ Joic- C]
Mopynb MOMEHTa UMITYJIbCA T€JNa OTHOCUTENILHO HEMOABMKHON TOUKH L=rp sine, [ Jic - C]
MoMmeHT uMILyJibca TBEPIOTO TeJla, BPALIaoIIErocsi OTHOCUTENBHO HETIOBUAKHON OCH L=lw, [ ﬂOfC . C]
| w®
Kunernueckast sHeprust TBEpAOTO TN, BPAIAIOLErocsi OTHOCUTEIbHO HEMOABHKHON OCH T= T , [ ,ZZ:)}C]
i mv®  |?
Kunernueckas sHeprust TBEpIOTo TeNa, BpaUIAOLIErocsi OTHOCUTEIBHO OCH, T= > + T ,
[ o]
JIBHKYIIEHCS TOCTYMATENIbHO
5 - dL
OcHOBHOE ypaBHEHHUE IUHAMUKH BpallaTeIbHOrO JBUKEHUS TBEPAOIO Tea M=—wum M=lg,
Teopema IlTelinepa =1 ot maz,
MoMEHT HHEPLMH MAaTEPUAIIBHON TOUKU | =mR? , [KZ : Mz]
DnemMeHTapHas paboTa MOMEHTA CHIT TP BPaIIeHUH TeJIa BOKPYT HETOIBIKHOM OCH dA=M Zd Q, [ ,bec]

PaboTta MoMeHTa CHII TTpH BPALICHUHN Tea BOKPYT HETIOABIKHON OCH A= _[ M Zd Q, [ ,bec]
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OJITHOPO/IHBIH OJTHOPO/IHBIM TOHKUI | OJHOPOIHBIA TOHKUI | OIHOPOIHBIH OJITHOPOJHBIN OJTHOPO/IHBIN
TOHKHUH 00py4 JUCK PaJuycoM | TOHKHH AUCK CIUIOIHOM map OJIHOpOJHAs
CTepIKeHb IJINHOII | u pammycom R IIAHIP paguycoM R cepa
TOHKOCTEHHBIH paguycoMR paauycom
LHWIHHAD R
pamycoMm R
: 1 1
: : i (
] | ! |
s = | [V TIE
] | ! |
> =
] D
| R R \° R .
l . ! '
! |
J |
! 1
1
1
2 2 2
ml 2 mR mR 2 2
|l =— | =mR? I_mF% | = | = | ==mR?| | ==mR?
12 5 4 2 3
KOJIEBAHUSA U BOJIHbBI
- ypaBHEHHE rapMOHHYECKUX KoJeOaHuit X= ACOS(a)t + (DO)
dx . M
- CKOpOCTH TeJja MPH FrAPMOHHYCCKUX KOJICOAHUSX v=—=—AwsIn (a)t + (oo) , | —
dt c
do )
- YCKOpEHHUE Teja MPH TapPMOHIYECKIX KOJeOaHUIX =— =—Aw" CoS (a)t +o, ) vl
dt c
2
. _mom 2 2.2
- KHHETHUYECKas SHEPTHsI KOJIEeOoIIeHCs TOUKH = > = E mA @ Sin a)ot +@), [ ,ZZJ!C]
N k¢ 1 2 2 2
- MOTEHIMANIFHAS YHEPTUST KOJECOIFOIIEeHCS TOUKU 11 = 7 = E mA @y, COS (a)ot + (0) , [,ZZ:)!C]
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
. . 2
- i depeHnnabHOE ypaBHEHHE FrapMOHHYECKUX KOJieOaHHi X+ X = 0

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

- mupepeHnnaIbHOEe ypaBHEHHE BHIHYKICHHBIX KOJIeOaHUH X+2 ﬂ X+ a)§ X=X, COS Qt

- IEKPEMEHT 3aTyXaHUs = ﬂ ="
A(t+T)
A(t)
- TOTapuUPMHYECKIH JEKPEMEHT 3aTyXaHNsA 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 KoneGaHuit pU3n4ecKoro MasiTHUKA T=2rx , [c

T=27zyJLC

- AMIumTyna pe3yabTHPYIONMETo KOIeOaHus, IIOIyJalomerocs IpH CI0XKESHNHN IBYX TapMOHIMYECKIX Kone6aHHI71 OJIMHAKOBOTO
HAIpaBJICHUS U OJTUHAKOBOH YaCTOTHI:

nepuon 3JICKTPOMAariuTHBIX KoJieOaHuil B KoJieOaTeIbHOM KOHTYpEC

= 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 IUNIOCKOM 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)

- CKOpPOCTb IIPOJOJBHON U NONEPEYHOM BOJIH B TBEPBIX TENAX Z)npo ) / — nonep ’

5 yRT M
- CKOpOCTb TIPOJIOJILHOM BOJIHBI B rase v o= | —
npo ﬂ C
OCHOBbI MKT

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

Ny, u

2

- ocHOBHbIEe ypaBHeHus MKT: p= 3 n<Ek > p=nkT, [Ha . c]

2
31 M (0)
- CpCAHAA KUHETUYCCKAs OHEPTUs MMOCTYNATCIbHOI'O ABUIKCHHUS MOJICKYJT HACAJIbHOIO Ira3a <Ek> = E kT =, [ﬂ.?fc:l

2
2kT 2RT M
- HauboJlee BepOsATHAs CKOPOCTDH TEIIOBOTO JABMIKEHHS MOJIEKYII UeaIbHOTO ra3a v= == |-
m u c
3kT 3RT M
- cpeIHs KBaApaTHIHAs CKOPOCTh TEINIOBOTO JBUKEHHUS MOJIEKYJI HICAIBHOTO ra3a <UK6> = |—=|—) | —
m, U c
TEPMOJANHAMHUKA
m
- 3akoH Menpeneesa — Kianeiipona PV =vRT =—RT;
u
5 PV, PV, PV
- 3ak0oH Kinanelipona ——==—2"% pym —— =CONSt , ecau M = const;
T, T, T
- 3akoH JlanbToHa Powecu =P1+ P2 +oot Dy,
- IapUHUaIbLHOE JAaBIEHHE | — FO raza CMecH PVoen =ViRT o = =1 RT,.cc

Ano.qegnaﬂ — Ql — Qz
T, 1 T 2

T
- epBOe HAYaJI0 TEPMOAUHAMHKH Q=AU+A, [ ﬂoic]

- KIIJI TermoBoro ABUTATENS n=

- KTIJT uneanbHO# TemnoBoi MammHbl (MamuHbl KapHo) n=
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I m
- BHYTPEHHSAS HEPTHs HACALHOTO I'a3a U=——RT, [ ﬂofc]
2 p
5 im
- U3MEHEHNE BHYTPEHHE SHepruu H1ealbHOrO ra3a AU = E —RAT , [ ,bec]
roe =3 i OMHOATOMHBIX Ta30B, | =5 JUIst ABYXaTOMHBIX Ta30B , | =6 1y TpEX U GoJice aTOMHBIX T'a30B
- paboTa HIearsHOro Ta3a Py H30XOPHIECKOM IIPOIIECCe: ecrm V=const, o A=0
A= pAV
- pa0oTa UICANTBLHOrO Ta3a IPHU U300apHUUECKOM MPOIIecce ecin  p = CONSt, To m
A=—RAT
7]
m \
A=—RT:-In-2%
_ H Vi
- paboTa uaeaspHOTO Ta3a IPH H30TEPMUIECKOM IIpoIiecce ecnu 1 = const, To
m Y
A=—RT-In%
H P2
- ypaBHeHHe Maiiepa R=C,-C,
) ) i Hone
- MOJISIpHas TEIUIOEMKOCTh MCabHOTO Ta3a P IOCTOSSHHOM 00bEMeE Cv =—R, _—
2 Mmonw - K
) i+2 Jic
- MOJISIpHas TeIUNIOEMKOCTh UJealIbHOTO ra3a MpH MOCTOSIHHOM JIaBICHUH Cp = R,
2 Mmonw- K
) ) iR | Ao
- yIeNbHas TeIUIOEMKOCTh HICaIbHOTO ra3a IMpH IMMOCTOSTHHOM 00BEMe =——,
2u |ke-K
) i+2R Jic
- ylenbHas TeINIOEMKOCTh HEaTbHOTO ra3a MpH MOCTOSIHHOM JIaBICHUH C, = -,
2 u |xke-K

- CpeAHsisl ITMHA CBOOOTHOTO MPoOera MOJIEKYI HIIBHOTO Ta3a

)= 5o

- KOJIMYECTBO TEIIOTHI HEOOXOMMOE IJIsi HArPEBaHUs BEILECTBA Q=cm (t2 _t1) , [ ,ZZ:)fC]
- KOJIMYECTBO TEIIOTHI, BBIACIIAIOLIEECS IIPU CTOPAHUU BELIECTBA Q=agm, [ ,bec]
- KOJIMYECTBO TEIIOTHI HEOOXOJMMOe Il TIaBJICHHS BEIIECTBA Q=Am, [ ﬂofc]
- KOJIMYECTBO TEIIOTHI HEOOXOMMOe ISk UCTIAPEHHS BELIECTBA Q=Lm, [ ,bec]
d
- 3ak0oH DuKa m=-— P St
dx
do
- 3akoH HproToHa =-n—
H p=-n—=St
dx
dT
- 3aK0H Dypbe Q=-1—=t
dx
do
- 3ak0oH HbIO0TOHA /J1 BSI3KOTO TPEHUS F = -n d_ S
X
1 M
- ko pumment quddyzuu D=— <ZJ> <|> e
3 c
1
- K03 GUIMEHT BSI3KOCTH n= gp <’0> <| > , [Ha : C]
- KO3 GHUIHUEHT TETUIONPOBOTHOCTH A= g Yo <Z)> <| > C,

o ﬁ 2
- CpeaAHEC YUCJIO0 CTOJIKHOBCHUU MOJICKYJI HCAJIbHOT'O Ir'a3a 3a 1 CCKYHAY <Z> = 2 ﬂ'd n <U>



IJIEKTPOCTATHUKA

y |0l |
- CHJIa DIIEKTPOCTATHUECKOTO B3aNMOICHCTBHS IBYX TOUCUHBIX 3apsI0B Fm =k —
er
2
1 Hwu @ F E
9 —-12 8.8axKyyme 8.8aKyyme
rae k= =9-10 7 8028.85-10 —, &= 2 = =
477’. 80 K]Z M 8.6eujecmee 6.6euecmee
. - F H B
- HaIpsHKEHHOCTD DJIEKTPUUECKOTO OIS E=—,|—|=|—
q | Kxn M
17
- MOTEHIIHAJ IEKTPOCTATUICCKOTO TIOJIS Q=—, [B ]
- TPUHIHII CYTIEPIIO3UIAA IS JIEKTPOCTATHIECKOTO TIOJIA
E=E +E,+..+E =Y FE
P=Q+P, .40 =D @
- cuiIa, JEHCTBYIOIAsA Ha TOUEUHbIN 3aps]l B 3JIEKTPUYECKOM I10JIe F= CIE , [H ]
- MOTEHIHMATbHAS YHEPTUS TOUCTHOTO 3apsaa B DICKTPOCTATHYECKOM TI0JIe 11 = qo , [,ZZ:)!C]
- MOTEHIMATIbHAS YHEPTUS IIEKTPOCTATUYECKOTO
B3aWMOJICHCTBHUS IBYX TOYCUHBIX 3apsI0B I = k22, [ ,ZZ:)!C]
er
) q [H] [B
- HAIPsDKEHHOCTD AIIEKTPOCTATHIECKOTO TOJIS TOUYSHHOTO 3apsia E=k — | == —
er Kn M
- MOTEHIHAJ 3JIEKTPOCTATHUYECKOTO OIS TOYSYHOTO 3apsiza Q= k——, [B ]
er
) . . 1o H
- HANPSXEHHOCTH HJIEKTPOCTATHYECKOTO HOJIs PABHOMEDPHO 3apsKeHHOM GeckoHeuHol miockocty E = E — E
EE,
0

- pa60Ta CHJI DJICKTPUYCCKOTO IOJIA O NEPEMEIICHUIO TOUCYHOI'O 3apsaaa

A917 = q (¢Hﬂ‘ﬂmbelﬁ - ¢K()H611Hblﬁ ) LA AQH = _(H nauaonasn H KOHeuHas )

- 3aKOH COXPaHEHHMs HIEKTPHIECKOTO 3apsa Zqi = Zqi
HavanvbHoe Koneunoe
) =__do
- CBAI3b MEXTy HANPSIKEHHOCTHIO 3JIEKTPOCTATHYECKOTO MOJIS M TIOTEHITHATIOM E= - —grade
r
|
- Teopema OcTporpazackoro — I'aycca ay1s 7eKTPUIECKOTO OIS B BAKYyMe D= ,b EdS = _Zqi
s ,5’0
MATHETU3M
- CBs3b MaFHHTHOﬁ HHAYKIWH U HaHpSDKéHHOCTI/I MArHuTHOTO ITOJIA B - lLllLlO H y [TJZ]
- TIPUHIMI CYHEPIIO3UIHH ISl MATHUTHOTO MO
B,.=B+B,+...+B, H,.=H-+H,+...+H,
o V[T
- 3akoH buo — Casapa — Jlamuaca dB=—"-"L. 5
4 r
. N
- 3aKOH MOJHOTO TOKA JijIi MATHUTHOTO OIS B BAKYyMe @ Bdl = ,uoz I
L k=1
- 3aKOH TIOJTHOTO TOKA JUT MATHATHOTO TOJIS B BEIIECTBE @ Hdl = Z I
L
- Teopema I'aycca [l MArHUTHOTO TOJIS {) BdS = § B,dS=0
S S

- MAarHuTHOC I10JI€ HpHMOHHHeﬁHOFO OCCKOHEUHO JJIMHHOT'O IMPOBOJHMKA C TOKOM B= luluo ), [Tﬂ]
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- MAarHUTHOE MOJI€ B IEHTPE KPYTrOBOI'0 BUTKA C TOKOM B =y, ﬁ , [T g ]
N
- MAarHuTHOE T0Jie GECKOHEYHO IIMHHOTO COJIEHOM/IA C TOKOM B = sy In = gyl T [T Jl]
N . _ Hih
- MAar"HMTHOE I10JI€ NMPSMOIUHENHOTO IIPOBOIHUKA KOHEYHOM JIJIMHEI C TOKOM B=-">— (COS o —COS ,B ) | T
4 a
o B _ ,u/uo I
- MAarHMTHOE IT0JIE 10 CEPENMHE NMPSIMOIUHENHOTO IIPOBOJIHHUKA C TOKOM =——C0Sa, |In
27 a
N 2
- MHIYKTUBHOCTBH COJIEHOUJA L = pu,nV = uu, T S, [F H]
y y _ Mg Ll |
- CHJIa MATHUTHOTO B3aWMOJICHCTBHUS ABYX MapalIeIbHBIX MPSIMOIUHEHHBIX IIPOBOJHUKOB C TOKOM FWZH = 2— —=
' T r
- cuna Amnepa dF, =1 |:d| B] ,  TJ€ MOJYJb CHJIbI dF, = IBdIsina
- cuna Jlopenua F,=q [\7 B] , T/1e MOJLyIlb CHITBI F,= |q| vBsina
- MEXaHWYECKUU MarHUTHBII MOMEHT, IEUCTBYIOIIMI HA KOHTYP C TOKOM B MarHUTHOM I0Jie
M= [ ﬁm Bj| s re MOJIyJIb MOMEHTA CUJIbI M = P Bsina = IBSsina
- IOTOK BEKTOpa MAarHUTHOW UHIYKIUH @ =BScosa
- COOCTBCHHBI MarHUTHBIH IMOTOK KOHTYpa U COJICHOHUA C TOKOM D cober — LI
- M3MEHEHHEe COOCTBEHHOI'O MarHUTHOIO IIOTOKa KOHTYpa U COJICHOMJA C TOKOM
A('D<:06CT = Lal AD = cpkoyetmbn? - @Hallaﬂbﬂblﬂ
- paboTa cHJI MarHUTHOTO TIOJIS O IepEeMENICHHUIO TPOBOIHIKA UIIH KOHTYpa C TOKOM AMI’l =|aDd, [ ﬂofc]
AD
- DJIC unnykuuy (3axon Dapages) E =— [B ]
uHo At
- DJIC uHAYKIIUH, BOSHUKAIOIIAS B IBUXKYIIEMCS] B OJTHOPOJTHOM MAarHUTHOM TOJie EMH 5 =B L| sina, [B ]
MIPSIMOJINHEHHOM ITPOBOTHIKE
. d czjco6cm _ dl
- DJIC caMoMHIYKIIUK 86‘61/!/1 = ——=—L—, [B]
dt dt
LI?
- SHEpPrus MarHUTHOTO T0JIS IPOBOJHHUKA U KOHTYPa C TOKOM W, = T , [ ﬂofc]
2
. B> _ uuH
- 00BEMHAS TUIOTHOCTH SHEPTUH MAarHUTHOTO TTOJIS W = =
" 2uu 2
0
MOCTOSIHHBINA TOK
dg
cuJia TOKa | =—
dt
.
TUTOTHOCTB TOKa j=—
S
A
9/1C ucrouHuka Toka E=—=
q
5 U
3akoH OMa JJIs y9acTKa 3JIEKTPUICSCKOM e | = E

3aKkoH OMa Ui 3aMKHYTO 3JI€KTpUYECKOil Lienu | =



3aBHCHMOCTb CONPOTHUBIEHUS METAIIINYECKOTO IPOBOJHUKA OT €r0 Pa3MepoB R=p 35
3aBHCHMOCTD COMPOTUBJIEHHS METAJLTMYECKOTO TIPOBOIHIKA OT Er0 TEMIIEPATYPhI R =R, (l+ at)
3aBHCUMOCTb YIEILHOTO CONPOTUBICHUS METALTMUECKOTO MIPOBOJHUKA OT €r0 TEMIEPATypPhl £ = Py (1+ Oct)
U 2
2
paboTa MOCTOSHHOTO TOKa A=qU=I1Ut wm A=I°Rt= Ft , [ ,ZZ:)fC]
U 2
2
MOIIHOCTh MTOCTOSHHOTO TOKa P=1U WM P=I"R=—, [B T]
U 2
2
3akoHn J[xoyns — Jlenna Q=1Ut WIm Q=I1°Rt= Ft , [,ZZ:HC]
A
QI[C g _ CMOPOHHUX
- y
+A
CMOPOHHUX TOHOBCKUX
HaNpsHKEHHE U= d s
q
HANpsKEHME HA KIEMMaxX MCTOYHHKA TOKA U, =-Ir=IR, [B ]
none3sHasi paboTa HCTOUHMKA [IOCTOSHHOTO TOKa Aresnas = ANuem = YUuemt [ ﬂofc]
3aTpaueHHas (0IHAsA) paboTa HCTOYHUKA HOCTOSIHHOTO TOKA AmmpaquHaﬂ =q&=I1&t uwm
52
A, =——=? (R + r)
ampa4erHnas R + r
T0JIe3HAs MOIIHOCTh UCTOYHUKA MTOCTOSSHHOTO TOKA Pnowwﬂ = % = |chm , [B T]
— A\)’Umpa"leHH(l}l
3aTpaueHHas (10JIHas ) MOLIHOCTh UCTOYHUKA TIOCTOSHHOT'O TOKa I:)mnwmmz = f =1&, [BT]
AnOﬂe3Haﬂ nones3Has
KII[I uctounuka Toka n= = P
Aj‘ampal{eHH(l}l 3ampadeHHas
& . C= q
MKOCTb YEIHHEHHOTO TIPOBOIHHKA =—
Q
EMKocTh yenunénHoit mpososieit cheps (mapa) C= 472'880 R
EMKkocTs KOHIEHCaTOpa C=—"—-=—
p-¢, U
. £6,S
EMKocTh mockoro koHaeHcaTopa C= q
eg,RR,
DJeKTpuyecKas eMKOCTh CHEpUIECKOro KOHAEHCaTopa C=4r
R,—R
2~ ™
eg,|
DnexTpudecKas eMKOCTb LHIHHAPHIECKOTO KOHIAEHCATOPA C=2r R
In—2
1
2 2
) w Co _ap_qa
DHeprus dIEKTPUIECKOT0 MHOJIs yeAHHEHHOTO TIPOBOIHIKA o = === | oc
2 2 2C
2 2
CcU- qU ¢
DHeprus >1eKTPUYECKOTO N0 KOHAEHCATOPa W, = > = > = 5C’ [ ﬂofc]

OO06BEMHAS TUIOTHOCTD YHEPTUH SIEKTPHUIECKOTO OIS W= =

29



30

ITocmenoBarenbHOE COCTMHECHIE IIPOBOIHHUKOB Hapanneanoe COCTMHCHUEC IIPOBOTHUKOB
R =R +R,+..+R, 1 1,1, 1
oou
U ! U U U Rn6u4 Rl RZ Rn
= + +...+
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ITocmenoBarenpHOE COCTMHCHIE KOHIAEHCATOPOB Hapannenbﬁoe COCIUHEHNE KOHACHCATOPOB
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Ipasuna Kupxroga 11 neneil mocTOSHHOr0 TOKA
Ilepeoe npasuno Kupxzogha
n
Anrebpanueckas cyMMa CUJI TOKOB, CXOZSIINXCSA a y3JIe, paBHa HYIIO, T.€. Z I, =0
i=1
Bmopoe npasuno Kupxzoga
B mo6oM 3aMKHYTOM KOHTYpE, IIPOM3BOJIFHO BHEIODAaHHOM B Pa3BETBJICHHOM JJIEKTPHUYECKOH ey, anredpandeckas cymMma
NaJIeHNi HanpsDKEHHUH (IIPOM3BECHUH CHII TOKOB J Ha conpoTHBieHHe R) Ha OTAENBHBIX ydacTKax IIeMH 3TOr0 KOHTypa paBHa

n m
anrebpandeckoit cymme 3JIC Ek, BcTpedarommxcs B KOHTYpe: Z i R = Z Ex

i=1 k=1
IIpumensis 3akonnl Kupxroga neodbxoaumo:
1. Ol'Ipe}leJ'[I/ITB YHUCJIO DJICKTPUIECKUX Y3JI0B U HE3ABUCUMBIX KOHTYPOB B CXEME
¥Y310M Ha3bIBaETCS MECTO COCIMHEHUS TPeX U 0oJiee MPOBOAHHUKOB.
KonTyp — 310 110025t 3aMKHYTas LEITb.
He3aBHCHMBIIf KOHTYP — KOHTYP, KOTOPBIH COIEPKUT XOTs OBl OTHY HOBYIO BETBb. BETBb — y4acTOK IIeIH OT y3ia 10 y3Ja
2. [Tlepen cocraBieHHEM ypaBHEHHI MPOU3BOJIBHO BHIOPATh U YKa3aTh CTPEIKAMH Ha YEPTEKE:
a) HalpaBJIeHHE TOKOB (€CIIM OHU He 3aJ[aHa MO YCJIOBUIO 33/1a4M) BO BCEX COMPOTUBIICHHSIX, BXOASAIINUX B I€Tlb, YIUTHIBAS, UTO
OT y3J1a JIO y3J1a TeU€T OJIUH U TOT JKE TOK;
0) HampasyieHHe 00X0a KOHTYpa.
3. Tlpu cocraBieHnu ypaBHEHHI 10 nepBoMy 3akoHy Kupxroda cuurarh TOKH, HOAXOISIINE K Y3JY, MOJOKUTEIbHBIMH, a
TOKH, OTXOSIIUE OT y3JIa - OTPUIIATSIIEHBIMU.
Yucno ypasnenuii, cocmagnaemvlx no nepeomy 3zaxkony Kupxzoga, oondxcno ovimv na eounuuy menvuie uucia y3ios,
codepicauwiuxca 6 yenu.
4. [pu cocraBiieHNN ypaBHEHHI 110 BTOpOoMY TipaBriry Kupxroda ciienyer cuurars:
a) TMaJCHUC HANpPSKCHHS HAa YYacTKe Henu (T.e. NPOHM3BEACHHE |.R) BXOAUT B YpaBHEHHE CO 3HAKOM IUIOC, C€CIU
HalpaBJICHUE TOKA B JIAaHHOM Y4YacTKE COBMAJAcT C BBHIOPAHHBIM HAlpaBJICHUEM 00XOJa KOHTYpa; B IPOTHBHOM CIIydae
IMPONU3BEACHUE | . R BXOJUT B YPaBHCHHUE CO 3HAKOM MHUHYC,
6) OJIC & BXOOUT B ypaBHEHHE CO 3HAKOM ILTIOC, €CITM OHO TIOBBIIIAET MOTEHITMAN B HAIIPABICHUH 00X0/1a KOHTYypa: T.€. €CIU
npu 00X0/ie KOHTYpa BHYTPH MCTOYHHKA TOKA MPUXOIUTCS HATH OT MUHYCA K IUTIOCY, B MPOTUBHOM cirydae DJIC £ BXomwut B
ypaBHEHHE CO 3HAKOM MHHYC.
Yucno He3asUCUMBIX YPAGHEHUIl, KOMOpble MOZYm Oblmb cOCmagsneHsl no emopomy 3axony Kupxzogpa, pasno uucny
He3a8UCUMBIX KOHIMYPO8, UMEIOUWUXCA 6 UenU.
Jlist cocTaBlieHUsI YpaBHCHHI TEPBBI KOHTYP MOKHO BBIOpATh MPOU3BOJIBHO. Bee cliemyromue KOHTYPBI CIeAyeT BRIOUPATh
TaKUM 00pa3oM, 4TOOBI B KaXK/IbIH HOBBIH KOHTYP BXOJHWJIA XOTsI Obl OJTHA BETBb IICMH, HC YYACTBOBABIIAsS HH B OJHOM U3
paHee HCIOJIh30BAHHBIX KOHTYpOB. [IpOM3BONILHO BHIOpAaHHOE HAINpaBlicHHE 00XOja MO KOHTYpaM HE U3MEHSETCS 10 KOHIA
pelICHUS 3a1a4u.
Ecnu nipu perieHnn ypaBHEHHH, COCTABICHHBIX BBIIICYKAa3aHHBIM CIIOCOOOM, IMOJTYYCHBI OTPUIATEIBHEIC 3HAYCHHUS CHIIBI TOKA
W HATIPSDKEHUS, TO ATO 03HAYAET, YTO TOK Yepe3 JaHHOE COTIPOTHBIICHHE B IEHCTBUTEIHHOCTH TE€UET B HAIIPABIICHHH,
MIPOTHBOTIONOKHOM BBIOPaHHOMY.



NMEPEMEHHbBINA TOK

Do dexTuBHOE (MK IEHCTBYOIIEE) 3HAUCHHE CHIIBI TOKA M HATIPSKCHHUSI

3axon OMa JUIS TENU IEPEMEHHOTO TOKA TOJIBKO C AaKTUBHBIM COTIPOTHUBJICHUEM

3akoHn Oma JJIA e NMEPEMEHHOIO TOKa C HaealbHOU HHAYKTUBHOCTDb

I/IHL[yKTI/IBHOC COIMIPOTUBJICHUE

3axon OMa a7 meny mepeMeHHOro ToKa ¢ HAeaTbHO EMKOCTEIO

EmkocTtHOE COIIPOTUBJICHUC

3axon OMa 151 1IeNH MePEMEHHOT0 TOKA C MOCJIE0BATEIbHO COSAMHEHHBIMH

AKTHUBHBIM COIIPOTUBJICHUCM, EMKOCTBIO M WHAYKTUBHOCTBIO

ITonHOE conpoTuBiIeHNE (MM UMIIEAAHC) LIETH IEPEMEHHOT0 TOKa

CI[BI/IF (1)213 MCKIAY CHIION TOKa 1 HaNpsPKEHUEM B LICIIH IEPEMEHHOI'O TOKa
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SJIEKTPOMATI'HETU3M
YpaBnenust MakcBessia B HHTerpajibHoOi (popme (114 moJieBble ypapHenuss Makcseiia)
- 0B -
IlepBoe ypaBHEHHE C}S Edl = —I —dS
L S ot
T = a[_j ~
Bropoe ypaBHeHue (}3 Hdl ZJ‘ J+— ds
L S ot
Tperbe ypaBHEHUE @ f)dg = I Yo dv
S Y
YeTBEpTOE ypaBHEHME CJS édS =0
S
Ypasuenuss Makcgesia B iudpepeHuuaibHoii gopme
- OB
TlepBoe ypaBHEHHE rteE=——
ot
- - 0D
Bropoe ypaBHeHne rtH =j+—
ot
Tperbe ypaBHEHHE divD=p
YersépToe ypaBHEHUE divB=0
OIITUKA
Onruyeckas pa3HOCTb X0Ja ABYX JIydel A= (n2I2 - nlll)
YcnoBue naTepPEepEeHITMOHHBIX MAKCHMYMOB A=12m —
2
VYcnoBue naTepdepeHINOHHBIX MUHUMYMOB A=+

A
(2m+1)E



Ontryeckast pa3sHOCTH XOAa ABYX JTydel mpu HHTEP(EpeHIINT

A:Zd\fnz —sina i%: 2dnc05ai%

A
(ecnm N ) Ny, TO +E, ecrn N ( Ny, To _E)

bA bc
“d a1

, A
Pasmychl cBeTIEIX Kosiell HhIOTOHA B OTPakEHHOM CBETe rom = (2m - 1) E R, [M]

rren = JmAR, []

CBETa, OTPAXKEHHOI'O OT BEPXHEN U HU>KHEH IpaHUIIbl TOHKOM
IJI0CKONapaIeIbHOM MIIaCTHHBI

Mupraa nHTEpEPEHITMOHHO MOJIOCH B onbiTe KOHTa AX

Paaunycel TéMHBIX Koslelr HproTOHA B OTpaXE€HHOM CBETE

f ab
Panuyc BHennel rpanuisl M-oit 3oub1 @penens ans chepuueckoit Bonuer I, = —b mA , [M]
a+
r,=~bma, [x]

asing = J_r(2m+1)%

Pannyc BHemHe# rpanuibl M-oi 30H61 OpeHenst 11sl II0CKOW BOIHBI

VYcnosue qudpakimoHHBIX MAKCUMYMOB OT OJTHOM IIEIH

. A

VYcnosue qudpakimOHHBIX MUHIMYMOB OT OJJHOH IIENH asing = +2m E
- : A

VcroBHe TIaBHBIX JUGPAKIMOHHBIX MAKCMMYMOB OT AudpakiuonHoi pemétkn 0 SiN @=12m E

S - A
VYcnoBue riaBHBIX AU(PPAKIMOHHBIX MUHIMYMOB OT AU(pakIHOHHON pemétkn  aSIN @ = +2m E
YcnoBue qu(PaKINOHHBIX MAKCUMYMOB OT MPOCTPAaHCTBEHHON
mudpakumnoHHoi pemérku (popmyna Bynsda - Bparros) 2dsin@=mA

ﬂaBJ’IeHI/Ie CBETa IpU HOPMAJILHOM IMaJICHUU HAa BEIIECTBO

p=2(1+p)=a(l+p). [1]

3akod Masmroca

3axon bprocrepa

3akoH mpenomiieHus cBeTa (3akoH CHeTryca) o =—=—=0n,
sing v, n
3akon Cretdana — bonbiimana 11st aGCOMIOTHO YETHOTO Tena Ry =oT*
2
27C
3akoH Panes — J[xunHca r_= KT
AT 4
A
b 3
3akoH cMmeleHus Buna lmax = ? , Tae b=29.-10"m-K
3aBHCHMOCTh MAKCHMAIIBHOW CHEKTPAIbHON IUIOTHOCTH
o .. max 5 -5 Bm
9HEPreTH4ecKol CBETUMOMTH a0COJIFOTHO YEPHOTO Tena N = CT>, rre C=130-10 3—K
, IR

OT €ro TeMIepaTypsl

N3menenne JJIMHBI BOJTHBI PEHTTCHOBCKOI'O U3JIYYCHUA

MIpY KOMIITOHOBCKOM ~ paccenBanuu (3¢ dext Komnrona)

Oddexr Homnepa mis IMB

I,=1,c08° ¢
tga,, =ny

sina v, n,

AM=1"-2 =L(l—cosa)= lein2 o
mc mc 2

ucmovHuka 2

(Y
1+—cosé
c

NpUEMHUKA
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o — D
Crenens Noasipu3aliy CBETa p=_mx mn
Imax + Imin

ATOMHAS ®U3HUKA
2

mvmax
WA E(/J = Am +-|-max

VYpaBHenue DifHIITeHA 1711 BHenIHETo GoToadpexTa hy = Aeblx +
mo?
3anmparomiuii (3a1ep>KUBAIOIINI) TOTEHIHAT TP (POTOAIPPEKTE MOKHO OIIPEAEIUTH 1Mo hopMyIie |e|Umn = 2max
hvk'p = A(s’hlx
CBs13b pabOTHI BBIX0J1a € KpacHOi rpanutei potoaddexra hc A
Ay
£, =hy="C E 2
Oueprus porona p =NV = 7 WA » = mMyC
— h —
Wmnynsc potona P, = I WIH p, =m,C
g M
CkopocCTh CBETa B BaKyyMe c=Av=3-10"—
C
_t
_t T
N=Nge*=Ne *=N,2 ?
-t
_t T
3aKoHbI paJUOAKTUBHOI'O pacnaja m= mOe‘“ =mye T = m, 2 2
-t
t Ty
A=Ae " =Ae "=A2 °*
Panuyc anpa R= RO%
Jledext macch! spa Am= [Zmp + ( A— Z) mn:| -m,
OHeprus CBA3M HYKJIOHOB B AJpe Ecmu = Amc? = [Zmp + ( A-Z ) m, —m, :I c?
IpH ¢-pPacrajie IX = 27N + JHe,
npu B-pacniane X =Y+ le.
KBAHTOBASI MEXAHUKA
CootHoenus HeonpenenéHuocty Ieiizendepra Ap,AX2h, AEAT2>h
h
A=—
Y

Jnuna BosHbl e bpois
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