KoHTposbHbIE 3a]aHusl VI CTYJIEHTOB TUCTAHIIHOHHOTO 00y4YeHUsI
rpynn cnenuaIbHOCTH
21.05.04 TI'opnoe geJio

1 cemectp: KoHTpoabHast Ne 1, 3auér,
2 ceMecTp: KOHTpoJbHas Ne 2, 3K3aMeH,
3 cemecTp: KOHTpOJdbHAs Ne 3, 3K3aMeH.

OCHOBOI1 17151 M3yueHHUs Kypca PU3NKU CTYIAEHTaMU JUCTAaHIIMOHHOM (POPMBI 00yUEHUs SBIIAIOTCS METOIUUECKHE T0co0us,
COCTaBJICHHBIE JJIS1 CAMOCTOSTENILHO MOJrOTOBKU CTYJICHTOB K 3K3aMeHaM. [IJ1sl n3y4eHus! BOIPOCOB, KOTOPbIE HE OCBEILCHBI
B METOAMYECKHX ITOCOOHIX, HEOOXOIUMO 00PaTUTHCA K CIIeIHaIbHOM yaeOHOI TuTeparype, Hampumep:

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

WY IPYTHM y4eOHMKaM, IpeIHa3HAYEHHBIM ISl H3y4eHUs Kypca o0mmeil (GU3MKH B BBICIINX YICOHBIX 3aBEACHHAX.
J171s MOATOTOBKY K PEIICHHUIO KOHTPOIBHBIX Pa0OT MpeAIaracM H3yduTh CICIyIONHe yaeOHbIe TOCcoOus:
1. «PyKOBOJCTBO K pEIICHHIO 33124 M0 Kypcy o0Iei QU3HKI» E.B. Qupranr,
2. «Bce pemenus k «COopHUKY 3a1a4 1o obiemy kypey ¢pusuku» B. C. Bonpkenmreitn»  E.H. U3epruna,
H.U. TletpoB 1.1, 2,
3 «COOpHHUK 33724 C PEUICHUSIMI B.M. I'manckoi, I1.1. Camoiinenko,
4 «3amavHuK 10 HUUKE) A .T'. YeproB, A.A. BopoObéB.

Iporpamma kypca ¢pu3nkm 1Jisl CTYA€HTOB IMCTAHIUOHHOI0 00pa3oBaHus.
Kaxplil CTyieHT ZOJKEH UMETh pacredaTKy MporpaMMBbl Kypca GHU3nKH, KOTOPYIO HEOOXOIMMO CaMOCTOSTEILHO H3yUUTh
¥ COCTaBHUTh KOHCIIEKT, YTOOBI YCIIEITHO OCBOUTH YUCOHBIH MaTepHall, HeOOXOJUMBIN JUTS PEIICHHs] KOHTPOJIBbHBIX 3aaHUH 1
clauu 3a4€TOB U YK3aMEHOB.
Bonpocs! 1151 KOHCIIEeKTUPOBaHus B cemecTpe Ne 1

MexaHnka MaTepHAJIbHOI TOYKH M TBEpIOro Teja
OcHogHble ROHAMUA U 3AKOHBL 08UNCEHUAL.

Mexanuka u e€ pasaesnsl. OCHOBHBIC TOHATHS: MaTepranbHas TOUKa, MEXaHU4YecKas CUCTeMa, TepeMelleHue, MyTh,
MTHOBEHHAs U CPENHSSL CKOPOCTH, YCKOPEHUE, TAHTCHI[MAlIbHAsl 1 HOpMaJlbHas COCTaBIsAoIas yckopeHus. [lepuon u yacrora
obpamienns. [locTymarenpHOE U BpaIiaTelbHOS ABIKCHHA. Y pAaBHEHHS OCTYIATEIHFHOTO U BPAIIATEIHHOTO IBIKCHUSI.

Wuepuus, macca, ummyinbc, cuia. 3akonsl HetoToHa. Cuilbl B IpUpOE: cuila FpaBUTALIMOHHOTO B3aUMOJIEUCTBUS, CHIIa
TSDKECTH, CHITBI TPSHUS, BEC, CHIIBI PEaKIMH OTIOpHL, criia ApxuMmena. [Imactudeckas u ynpyras neopManii, BUIBI YIPYTOH
JIeopMaIin: CABUTA, CKATUS U PACTSDKEHHS, KpydeHwMs, n3riba. 3akoHsl ['yKka JUTs pa3IigHBIX BUIOB YIPYTOH e OpMAITHH.

WueprmanpHble M HEMHEPIHATbHBIE cCHCTeMbI oTcuéta. Crutbl nHepin. [IpeoOpa3osanus ["anmes u mpeoOpa3oBaHuUs
Jlopenma. Cnenctus u3 npeodpazosanuii Jlopenna. [loctynater DifHIITEHHA.

3aKOHbl UIMEHEHUA U COXPAHEHUL.

Pa6ota. MomHocts, KIT/I. Kunernyeckas, moTeHIIMAIbHAS U TIOJTHAS] MEXaHUYeCKasi JHEPTHH. 3aKOH U3MEHEHUS U
IIPEBPALICHUSI SHEPTUU, 3aKOH U3MEHEHMSI IIOJTHOM MEXaHUYECKOW SHEPIUH, 3aKOH COXPAHEHMSI IOJIHOM MEXaHUYECKOU
SHEepruu. 3aKOH HM3MEHEHHs UMITYJIbCca U 3aKOH COXPAHEHUS MMITYJIbCa MEXaHHYECKOM CUCTEMBI. Y 1ap, BUABI YAApOB. 3aluch
3aKOHOB COXPaHEHHS JJIs1 a0COIIOTHO YIPYToro U abCOTIOTHO HEYIIPYTOTO YIapOB.

Teepooe meno kak cucmema wacmuy,

AbcomrotHO TBepaoe Teno. LIeHTp Macc 1 EHTp TSHKECTH Tela. 3aKOH JABIKCHUS IIEHTpa Macc. MOMEHT CHITBI
OTHOCHUTEJIbHO HEMOJBM)KHOM TOUKH U HEMOABIKHOM ocM. MOMEHT MHEpLUHN U KHHETHYECKasl SHEPT U BPALLAIOLIErocs
TBEpHoro Tena. CoOCTBEHHBIC U TTIABHBIC OCH U MOMEHTHI nHepui. COOCTBEHHBIE MOMEHTHI MHEPIIHU Pa3IHYHBIX TEI.
Teopema llteitnepa.

OCHOBHOM 3aKOH JUHAMUKH BPAIIaTENbHOTO ABIKEHUS. MOMEHT UMITyJIbca MaTepHaIbHOM TOUKU M aOCOTIOTHO TBEPAOTO
Tena. 3aKOH M3MEHEHUsl MOMEHTa UMITYJIbCa M 3aKOH COXPaHEHHS] MOMEHTa UMITyJIbca MEXaHW4eCKOW cucteMbl Tenl. Pabora
CHJIBI IIPU BPAIICHUH TBEPJIOTO TeJIa BOKPYT HEIIOIBIXKHON OCH.

Konebanus u éonnui

Konebanust, Buapl kosiebaHuii. 3aTyxaromue u He3aryxawiue kojedbanus. [lepunoanueckue konebanus. CBoOOOIHbIE U
BBIHY’KJICHHBIE KOJICOaHuUsI.

Iapmonnueckue konebanus. JuddepeHnuanbHoe ypaBHEHHE TApMOHUYECKUX KOJIeOaHUH 1 ero pemeHue. I'paduk
rapMoOHHYecKuX koaebanuil. [lonsarue 06 ammmurye, 4yactore, Qase, nepuoze.

JuddepenunanbHoe ypaBHeHIE CBOOOIHBIX 3aTyXarONINX KoiebaHui 1 ero peureHue. I'paguk 3aTyxaromux KojaeoaHui.
[onsaTre o K03 PUIHEeHTE 3aTyXaHUs, TEKPEMEHTE U JIOrapu(hMUICCKOM JEKPEMECHTE 3aTyXaHUs, BPEMECHHU PellaKCallu ’
JOOPOTHOCTH KOJIeOaTEeIbHOM CUCTEMBI.

JuddepennnanpHoe ypaBHCHHE BBIHYKICHHBIX KoJieOaHMit U ero pemieHue. [IoHsaTHE 0 pe3oHaHCce.

[Honarne o masTHUKe. MaTeMaTn4ecKkuid, QU3NIeCcKuid, 000POTHBIN M MPYKUHHBIN MasTHUKH. [leprox komebanuit s
STHX MasATHUKOB. [IpuBeneHHas nrHA GU3MUECKOro MasSTHHKA.

CrnoxeHne TapMOHHYECKIX KOJIeOaHU 0THOTO HAIPaBICHUA. MeTOo ] BEKTOPHBIX THATPAMM.

CrnoxeHne IBYX B3aUMHO MEPIIEHANKYISIPHBIX TapMOHIYECKUX Koebanust. urypsr Jlnccaxy.



Bomnna. Mexanmndeckas BoiHa. [lonepednsie 1 mpoAoibHEIe BOMHBEL. DPOHT BOJIHEI, BOJHOBAS ITOBEPXHOCTb, TOHATHE O
Oerymieit u crosuei BoaHe. [lmockue u chepudeckue BOJHEL. [[TiHA BOTHBI, IEPHO]] M YaCTOTA BOJTHBI.
JnbdepennmanbHoe ypaBHEHHE BOJTHBI (BOJTHOBOE YpaBHEHHUE). Y paBHEHUS TUIOCKOW OETyIel TapMOHUYECKOH BOJTHEI.
YpaBHenue crosiueid BOJIHBI. [[oHSATHE O TyYHOCTSIX U y3JIaxX CTOSYEH BOJTHBI.
[MonsaTHe o rpynmoBoii u pazoBoi ckopocTr BoiH. Juctepcus BoiaH. CKOPOCTH pacIpOCTPAHEHHUS BOJIH B Pa3IMIHBIX
cpernax.
®u3nyecKue 0CHOBBI MOJIEKYJISIPHO-KHHETHYECKOH Teopun

Hoeanvuulii 2a3

OCHOBHBIE ITOJIOKEHHSI MOJIEKYJISIPHO-KHHETHUeCcKOi Teopuu. [ToHsTue 06 naeansHoM raze. OCHOBHBIE ypaBHEHUS
MOJIEKYJIIPHO-KHHETHYeCcKOi Teopun. CTerneHn cBoOO0 b MOJIEKYNbL.  CpelHsis SHEpTHs TEIUIOBOTO ABHKEHUSI MOJIEKYJIBL.
AOGcomoTHas TeMneparypa.

MaxcBeIDIOBCKOE pacIpeesieHie MOJIEKYJ 1o ckopocTsaM. [loHsaTre o Hanbosee BeposTHOM, cpenHelt apudMeTHdecKoi n
CpenHel KBaJpaTHIeCKOi CKOPOCTSIX TEIUIOBOTO JIBIKCHNUS MOJIEKYT HACAIBHOTO Ta3a. bapomerpudeckas dopmyna.

VYpaBuenne Menpeneesa - Kimaneiipona. M3otepMudeckuii, m300apHaecKiii, H30XOPUIECKIHA, afia0aTHBIA 1 TOTUTPOITHEIHA
npoueccsl. OCHOBHOE YpaBHEHHE COCTOSHHMS HICANBHOTO T'a3a U €ro 3aIliCh IS pa3NudHbIX n3omporeccoB. CMech ra3os.
3akoH JlanbTOHA [UI CMECH Ta30B.

Peanvnuiit 2asz

PeanbHblie rasel. YpasHeHus Ban-nep-Baansca amst peansHoro rasa u ero ananu3s. Kputudeckoe coctosiHue rasa.

BuyTpeHHAs SHEeprus peanbHoOro rasa.
Henenun nepenoca

DddexTuBHBIN TUaMETp MOIEKYIbl. UHCIO CTOJKHOBEHUI U CPEIHSISI JJTUHA CBOOOIHOTO Mpodera MoyieKyJ1. SIBieHus

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

®du3uyecKHe 0CHOBBI TEPMOAMHAMMKH
Ilepeoe nauano mepmoounamuxu
TepmoauHnamuueckas cuctema. BHyTpeHHss sHeprus cuctembl. KonnyecTBo TemnoThl. TemnoeMKocTh, BUAbI
TeII0OEMKOCTH. CBSI3b TETIOEMKOCTH ¥ BHYTPEHHEH SHEPTHH C YHUCIIOM CTETICHEH CBOOOBI MOJICKYII.
[epBoe HauaO TEPMOTUHAMHUKH U €TO IPUMEHEHHE K pa3IMIHBIM H3ompoIeccaM. Pabota uaeambHOro rasa.
Bmopoe nauano mepmoounamuxu
Oo6paTuMble U HeoOpaTuMbIe Tporiecchl. Kpyroseie mporiecchl. [TpuHIuI AeWCTBUS TSIUIOBON MamIuHbI. VaeanpHas
teruioBas MamuHa Kapuo u e€ KI1/I.
OHTponus. Bropoe Hauano TepMOIMHAMUKY U €T0 CTaTUCTHUECKUM CMBICIL.

Bomnpocs! 1151 KOHCIEKTHPOBaHUS B ceMecTpe Ne 2
JJIeKTPOCTATHKA.

DIEKTPOCTATUIECKOE TI0JIe, €T0 OCHOBHBIC CBOIMCTBA M XapaKTEPHUCTHKH. | padudeckoe n300pakeHHe HIEKTPOCTATHIECKOTO
TIOJISI: CHITOBBIC JIMHUH Y SKBUITOTCHITHAH.

Toueunsrit anekTpudeckuii 3apsa. HanmpsokeHHOCT M TIOTEHITHA HEMOABIDKHOTO TOYSHHOTO 3apsiaa. 3akoH KyioHa.
[puHIUN CYTIePIO3UITUH TS IIEKTPOCTATHYECKUX TTOJICH.

[ToTeHnManbHAS YHEPTHSI AIEKTPOCTATHUECKOTO B3aUMOIEHCTBUS TOUEUHBIX 3apsiioB. PaboTa 3IeKTpoCTaTHIeCcKOro moJis
0 MEePEMEIEHUI0 TOUETHOTO 3apsiia.

[TpoBOgHMKM U TUAIAEKTPUKH. Buibl AuanekTpukoB. [IpOBOAHNKN U UANEKTPUKU B 3JIEKTPOCTATHYECKOM TojIe. Teopema
OcTtporpajckoro-I"aycca aiist 2IEKTPOCTATUIECKOTO MMOJISI HEMOIBIKHBIX 3apsI0B B BAKYyME U B BEIIECTBE.

DIEeKTPOEMKOCTh YETUHEHHOT'O MTPOBOAHNUKA M KOHJIeHcaTopa. Buael koHaeHcatopoB. @opMyiiel alis pacueTa
AIEKTPOEMKOCTH TIJIOCKOTO, IWJIMHIPHYECKOTO B CHEPUUECKOTO KOHACHCATOPOB. BU/IbI cOeTMHEHNS KOHIEHCATOPOB. DopMyIibl
JUTSL OTIPEICIICHIS €MKOCTH O0aTaper KOHICHCATOPOB. DHEPTHUS JCKTPUIECKOTO OIS YeAHHSHHOTO IMPOBOIHUKA H
KoHIeHcaTopa. O0beMHast ITIOTHOCTh SYHEPTHUHU ICKTPUICSCKOTO OIS,

DNEeKTpUIeCKUi TUNoab. HanpsmkeHHOCTD U MOTEHIHAI TOYSYHOTO JIUITOIIS.

[ocTosiHHBIN 1eKTPUYECKUH TOK

Onexrpudeckuii TOK. [10CTOSHHBINA IIEKTPUIESCKHIA TOK U €T0 OCHOBHBIC XapaKTEePUCTHKH: CHJIA TOKA M IDIOTHOCTH TOKA.

ComnpoTusienue npooHuKa. [locnegoBaTenbHOE U MapaJieIbHOE COSTUHEHMSI TPOBOHUKOB.

3akonbl Oma u Jxoyins-Jlenna. PaboTa 1 MOIITHOCTB MOCTOSTHHOTO AJIeKTpuieckoro Toka. [IpaBuna Kupxroda amns pacuera
JJICKTPUUYECKUX TIeTIel TTIOCTOSIHHOTO TOKa.

MarxHuTtHoe noJse

MarauTtHoe 1oJie, €r0 OCHOBHBIE CBOWCTBA M XapaKTEpUCTUKH. | paduueckoe n300pakeHre MarHUTHOTO TIOJISI: CUJIOBEIE
JIMHUY BEKTOPA MarHUTHOW MHIYKIIUHU. [I0TOK BEKTOpa MAarHUTHONH WHAYKIIHH.

3akon buo-Casapa-Jlamnaca. [Ipuniun cynepno3uuuu st MarHUTHBIX MoJiel. MarHuTHOE 1oJie MPSIMOJIMHEHHOTO
MPOBOHHUKA C TOKOM KOHEYHOU M OECKOHCYHO! JJTUHBI, OCCKOHEYHO JITTHHHOTO COJICHOM/IA i TOPOUAA C TOKOM, B LICHTPE
KpPYroBOTO BUTKA C TOKOM.

Cunbl Amniepa u Jlopenua. JIBikeHue 3apsHDKeHHBIX YacTULl B MATHUTHOM 1oJie. B3aumoielcTBIE IBYX MapaljieNIbHbIX
MPOBOJHUKOB ¢ TOKOM. PaboTa MarHUTHOTO ITOJIS IO MEPEMEIICHUIO IPOBOJHUKA M KOHTYpa ¢ TOKOM. MarHUTHBIN
MEXaHUYECKUH MOMEHT KOHTYpa C TOKOM B MAarHUTHOM TIOJIE.

JlnamarHeTuky, napaMardHeTKy U peppoMaraeTuku. X ocoOEHHOCTH M OCHOBHBIE XapaKTEPUCTUKU. 3aKOH ITOJTHOTO
TOKa JIJI1 MATHUTHOTO TIOJISI B BAKyYME M B BEIIIECTBE.



JJIeKTPOMAarHeTH3M

Omneitel ®@apagest. SIBieHNE JIEKTPOMArHUTHONW MHAYKIMHU. 3akoH Dapajes s dJeKTPOMarHuTHON HHIyKIuu. [Tpasuino
Jlenna. SIBieHue cCaMOMHIYKINHU U B3aUMHOW MHAYKINHU. VIHAYKTUBHOCTH KOHTYPA M COJICHOHMA. DHEPTHs MAarHUTHOTO MOJIA
KOHTYpa C TOKOM U COJICHOHIA.

IlepemMeHHBI 1eKTPUYECKUH TOK

[lepemeHHBIH 3JEKTPUUECKUNA TOK U €r0 OCHOBHBIE XapaKTEPUCTUKU. Llenb nepeMeHHOro ToKa TONBKO ¢ aKTUBHBIM
COTIPOTHBIICHHEM, C YUCTOH €MKOCTBIO M YUCTOM HHIYKTUBHOCTHIO. 3aKOHBI OMa M BEKTOPHBIE AUArpaMMBbI JUIsS TAKUX Ienel.
Ilens nepeMeHHOTr0 TOKA, Coep Kalas MOCIEA0BAaTEIbHO COCJUHEHHbBIE aKTUBHOE CONPOTUBIICHHUE, EMKOCTh U UHYKTUBHOCTb.
3axoH OMa M BEKTOpHas Auarpamma Juis Takoil nenu. SIBneHue nocieaoBaTeNnbHOTO U MapajieIbHOTO pe30HaHCa B IETH
MEepeMEHHOr0 TOKa.

Bonpocs! 111 KoHCeKTHPOBaHUs B ceMecTpe Ne 3

Onrnka

DeKTpOMarHUTHBIE BOJIHBI M UX cBOMcTBa. I1IKkana 3MeKTpOMarHuTHBIX BOJH.
Humepgpepenyus ceema
BomHoBast mpupozga cBeta. MOHOXpOMAaTHIECKHE B KOTEPEHTHBIE BOHEL. SIBIIeHNE HHTEPEPEHINN CBETA. Y CIIOBHS
ycuileHHs U ociabieHus cBeta rpu uaTepdepenmu. VHtepdepenuns ceera B ToHKHUX miéHkax. Konpia HerotoHa.
Jugppakyus ceema
Judpaxuus ceeta. Judpaxuns Openens nu Gpaynrodepa. [Ipunnun Itoitrenca-Openens. Metoxn 300 Openens.
Judpaxips OpeHens Ha HEOOIBIIIOM KPYTIIOM OTBEpCTHH U Aucke. Judpakius OpayHrodepa Ha OTHOW U MHOTHX IICIIAX.
JudpaxunonHas pemerka u e€ OCHOBHBIE XapakTepucTUKU. Buabl nudpaxkumnonssix penierok. @opmyina qudpakunoHHOR
PELIETKH.
B3aumooeiicmeue ceéema c eeujecmeom
[ornowmenue cera. 3akon byrepa. PaccesHue cBera. 3akoH Penes. [lucnepcus csera.
Ilonapuzayuu ceema
SIBrnenne nonspusannyu ceeta. ECTeCTBEHHBIN U NONAPU30BaHHbINA CBET. Buapl nonsgpusannu. CTeneHs NOISpH3aLug.
CriocoObI TOMYYeHHUS TMHEHHO MOISIPU30BAHHOTO cBeTa. 3akoH bprocrepa. 3akon Maimoca.

Tennoeoe usnyuenue
Temnnosoe u3nydyenne. OCHOBHbIC XapaKTEPUCTHKHU TEIUIOBOTO U3Ty4eHUs. AOCOIIIOTHO YepHOE TEJI0, Cepoe TENO U UX
OTIMYHUS OT PeabHbIX Tell. MoJeb abCoMoTHO YepHOro Tena. KpuBble TeIIoBOro H3my4eHus: aOCOMOTHO YEPHOTO Tea.
3akoHsbI TeroBoro m3nyueHus: Kupxroga, Credana-bonbumana, Buna, Panes-/[xunca, [Tnanka.
Domorpghexm
Ssnenne ¢porodddexTa u ero BUIBL 3aKOHEI BHEITHETo (oTodddexTa. YpaBHeHHEe DUHIITEHHA 11 GOTOdPPEeKTa.
[onsatue o pabote BrIXOOa U KpacHOU rpaHUIe GoTodPdexTa.

AToMHas u siiepHas ¢puznka. DuU3nKa 31eMeHTAPHBIX YaCTHULL

SIBneHne paguoakTUBHOCTH. 3aKOHBI pagroakTHBHOCTH. OO03HaUeHNE ATOMHBIX SJep.
Buasl pagroakTHBHBIX U3Iy4eHUH U UX cBolcTBa. KocMudeckoe usiryueHue.

CoBpeMeHHbIE TIPEACTaBICHNS O CTpoeHHH aToMa. CocTaB aTOMHOTO Apa. MaccoBbIe U 3apsAI0BbIe YUCa. SIepHbIe CHIIBL.
JedexT Macchl 1 SHEprUst CBsI3U sijpa. SlaepHble peakiuy U UX OCHOBHBIE THIIBI.

KopmyckynsipHO-BOJIHOBOH Tyanu3M cBOICTB BemiecTBa. Bonus! ne bpoitns.
CootHomeHne HeonpenenéHHoctei I eitsenbepra. Bpemernoe u ctarmonapuoe ypasaenus llpenunarepa. BonHoBas GyHKIHS U
€€ CTaTUCTUYECKUN CMBICIL.

ITpunuun Iaynu. IToHATHE O KBAHTOBBIX YHUCIIAX.
®epMnoHbI 1 0030HBI.

DJeMeHTapHbIe YaCTHIBI M THITHI UX B3auMojeicTBuid. Knaccudukamys sneMeHTapHbIX qacTul.  KBapku.



TpeﬁoBamm K BBINTIOJTHCHUI0O KOHTPOJbHBIX 3alaHMi

CTyzeHT HOIKEH PEeIIUTh AECSTh 3a/1a4 TOr0 BapHaHTa, HOMEP KOTOPOTO COBMAJACT C MOCIeAHEH nnudpoi Homepa ero
3a4ETHON KHIDKKK. KaTeropudecku 3ampeniaercss M3MEHSITh YCIOBHS 3aJad WIN 3aMEHSTh YCIOBHS 334ad, B3STHIX U3 IPYTUX
BapuaHTOB. PaboThI, BEIMIOIHEHHBIE € HAPYIICHUSAMH, IPHHAMATHCS HE OYAYT.

ITpu BBIMOTHEHNH KOHTPOJIBHBIX 33JaHUH CTYACHTY HEOOXOANMO PYKOBOJICTBOBATHCS CIIECAYIONIMMH IIPABUIIAMH:

1. KoHTposbHBIE 3a/1aHMs BBIIIOJHSIOTCS B OOBIYHOW INKOJIBHOM TeTpagy, Ha OOJIOKKE KOTOPOH NMPHUBOJATCSA CBEICHUS IO
crieiyronieMy oopasiy:
Crynenr
BI'TY um. B.I'. lllyxoBa
Amnapees U. I1., rpymma I'/lx - 11
HOMeP 3a4éTHOI KHIKKH 257325
Anpec: r. Hle6exuno, CoBerckas yi., 4, KB. 1
KonrpoabHnas pabdora Nel
Bapuant Ne 5

2. KoHTponbHOE 3afaHue BBIIOJHAETCS yepHWIaMu. [ 3amedaHuil mpenoaasatenst ocraBistorcs nois. Kaxnas 3agaua
JIOJDKHA HAYMHATHCS C HOBOM CTPaHMIIBI. Y CIIOBUS 3a71a4 NEPEHUCHIBAIOTCS 0€3 COKpaIeHHUH.

3. PemeHus MOIDKHBI CONMPOBOXIATHCS MOSCHEHUSMH, PACKPHIBAIOIIUMH (M3MYECKUI CMBICT NMPUMEHSEMBIX (GOpMYyN WU
3aKOHOB.

4. HeoOxoaumo pemuTh 3a1ady B o0IEM BHAE, T.€. BHIPA3UTh UCKOMYIO BEJIMUUHY uepe3 OyKBEHHbIE 0003HAYCHUSI BEIMYUH,
3aJaHHbIX B YCJIOBHUU 3a1a4U.

5. TloacTaBUTh B OKOHYATEIBHYIO (OPMyNly BCE BEIMYHHBI, BhIpakeHHbIC B cucteMe CU. Ilpou3BecTH BBIYHCICHHS U
3aIicaTh OTBET.

AJITOpUTM pelieHMs 3a1a4 10 pU3UKe

B Buzmy TOro0, 4TO YHHMBEpCAJIHFHON METOIUKH PEIICHHS 33/1a4 HE CYIIECTBYET, HIDKE NMPHUBOAMTCS TPHUMEPHBIA aJlTOPHUTM,
KOTOpBIi oOerynt Bam perenue 3amad no ¢usnke.

1. BHHMAaTeJIbHO MPOYUTATH 3a/1ady. Y CTAaHOBHUTH B OOIIUX YepTaxX yCJIOBHS 33Ja4dl U KaKUM (U3MYECKUM 3aKOHAM OHHU

OTBEYAIOT.

CraenaTh KpaTKyIO 3allUCh YCIOBUA 3a7au. Bece naHHbIe 3a1auu BBIpa3uTh B eAMHUIAX cucteMbl CH.

3. Caenarb 4epTexk, CXeMY WIH PUCYHOK, IOSICHSIOIIUE YCJIIOBHE 3a7auH. YKa3aTh Ha YepTeKe BCE AaHHBIC U HCKOMBIE
BEIMYMHBI 33J1a49H.

4. Hanmcatp ypaBHEHHE WM CHCTEMY YpaBHEHHH, OTOOPaXKAIOUIMX MPOHMCXOIAIINI B YCIOBHM 3afaud (U3MYECKUI
npouecc. [Ipy He00X0IMMOCTH BEKTOPHBIE YPaBHEHHMS 3aIIMCaTh B IIPOCKIUAX Ha OCH KOOPJHHAT

5. Hcnonb3ys ycioBus 3aaud W 4epTEX, NpeoOpa3oBaTh MCXOJHBIE PAaBEHCTBA TaK, YTOOBI B KOHEYHOM BHAE B HUX
BXOJIMJIN JIMIIb YIIOMSHYTHIE B YCIIOBHSAX 337a4H BEIMUYUHBI U TAOJIMIHbIE JaHHBIE.

6. PemmTh 3amady, MoiyuMB OKOHYATENbHYIO (OpMyNly B OyKBeHHOM BHzae. IIpoBepuTH pasMEpHOCTH IMOJIYYEHHOTO
paBeHCTBA M €CIM OHA COBMANAeT, MOACTAaBUTh B HEE HCXOJHbIE IaHHBIE M IPOU3BECTH  BBIUMCIICHHS.
ITpoananu3upoBaTh MOTYUYEHHBIN pe3yabTaT U 3aUCaTh OKOHYATEIbHBIN OTBET.

n
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BOIPOCHI AJIAA HOAT'OTOBKH K OK3AMEHY

Cemectp 2

DNeKTpOoCcTaTUKA. BUABI 3JIEKTPUYECKHX 3apsAA0B. 3aKOH COXPAHEHHUS MIEKTPUYECKOTO 3apsiza.
3akoH Kynona. DnekTpruyeckoe moJie ¥ ero OCHOBHBIE CBOMCTBA.

HanpskeHHOCTh M IOTEHIUAN 3JIEKTPOCTAaTUYECKOro 1oJis. HarmpsskeHHOCTh M MOTEHIHAN 1O
TOYEYHOro 3apsaa. [IpuHIMN cyneprno3nuuu A 3JIeKTPOCTaTUYECKOro MOJIs.

PaboTa cuit 351eKTpoCTaTHYECKOro MOJIs 110 MEPEMEIIEHUI0 TOYEYHOI 0 3apsiia.

DneKTpUYecKUi Junoib. HanmpsskeHHOCTh M MOTEHIMA TOYEYHOT'O TUTIOJIS.

IIpoBOIHUKM U JUAIIEKTPUKU. Buabl 1M31eKTpuKoB. [IpOBOJHUKY U AUDIIEKTPUKHU B
3EKTPOCTATUYECKOM I10JIE.

DNEKTPOEMKOCTh YEMHEHHOI'O IPOBOAHMKA U KOHJEHCcAaTopa. Buibl KOHAEHCATOPOB.
ITocnenoBaresbHOE U ApalIENbHOE COEIUHEHHS KOHAEHCATOpOB. DOpMyJIbI 1Sl OIIPENEICHHUS
eMKOCTH OaTaper KOHIEHCATOPOB. DHEPIHs MIEKTPHUECKOTO MOJIS YEIUHEHHOTO POBOAHUKA U
KOHJICHCATOPA.

IToCTOSIHHBIN 2IEKTPUYECKUN TOK. XapaKTEPUCTUKH DJIEKTPUYECKOr0 TOKA: CHJIA TOKA, BEKTOP
IUIOTHOCTHU TOKA. DJIEKTPOJABIKYIIAs CHJIA U HaNpsDKeHHWe. 3akoHbl OMa Uil y4acTKa Lenu U
3amkHyTO# nenu. Conporusienue. [locnenoBaTenbHoe U napamienbHOE COEIUHEHUS
IIPOBOJIHUKOB.

3akon Jxxoyns - Jlenna. Pabora u momuocts Toka. KIIJ[ ncroununka toka.

MaruuTtHoe nose B Bakyyme. BeKTOp MarHuTHOM HHAYKIIMH U BEKTOP HAIIPSHKEHHOCTH
MarHuTHOTro nojst. CUII0BbI€ TMHUM MarHUTHOIO noJist. [lpuHuun cynepno3uumu 1Jis MarHUTHOTO
TOJIS.

3akoH buo-Casapa-Jlamaca. MarHuTHoe 1nose npsiIMOJIMHEHHOTO MIPOBOJHUKA C TOKOM KOHEUHOM
1 OECKOHEYHOM JIJIMHBI, 0ECKOHEUHO JUIMHHOI'O COJICHOM1a U TOPOUJA C TOKOM, B IIEHTpE
KpPYroBOT'O BUTKa C TOKOM.

Cwita Amniepa u cuna Jlopenua.

Pabota cuin MarHUTHOIO NOJISE IPU [TEPEMELLIEHUH POBOIHUKA C TOKOM U KOHTYpPa C TOKOM B
IIOCTOSIHHOM MarHUTHOM IIOJI€.

SIBieHre caMOMHIAYKIIMY U B3aUMHOM MHJIYKIIMU. DHEPrusi MarHUTHOTO NOJISl KOHTYpa C TOKOM U
COJICHOWJA.

IIepeMeHHBIH 2JIEKTPUYECKHI TOK M €70 OCHOBHBIE XapAaKTEPUCTHUKH.

[lens mEpeMEHHOr0 TOKA TOJIBKO C AKTUBHBIM COIIPOTUBIIEHUEM, C YUCTOM €MKOCTBIO U YUCTON
MHAYKTUBHOCTBIO. 3aKOHBI OMa U BEKTOPHBIE IMarpaMMBbl JUIsl TAKUX Lieneil.

Ilens nepeMeHHOr0 TOKA, COAEpIKAILasl OCIEN0BATENILHO COCIMHEHHbBIE AKTUBHOE
COIPOTHUBJICHHE, EMKOCTb U MHIYKTUBHOCTh. 3aKOH OMa M BEKTOpHas JuarpaMma Jis Takou
LENH.

SIBieHMe nocnen0BaTeNbHOrO U NapalJIeIbHOIO PE30HAHCA B 1IETTH IEPEMEHHOTO TOKa.
JlnamMarHeTukH, mapaMarHeTUKU U peppoMarHeTuku. MIx oCOOEHHOCTH U OCHOBHBIE
XapaKTEPUCTUKH.



10.

11.

BOMPOCHKI VIS TOATOTOBKHA K DK3AMEHY
Cemectp 3

DJIEKTPOMarHUTHBIE BOJIHBI U UX cBOMCTBA. [lIKkana 3neKTpOMarHuTHBIX BOJIH.

Wutepdepenus ceera. MoHOXpoMaTHyecke U KorepeHTHbIe BOIHbL. OnbIT FOHra. Yenosus
MaKkCHMyMa U MUHUMYyMa Mpu uHTepdepeHunu ceta. Onrtudeckas pa3HOCTh X0/1a CBETOBBIX
BOJIH.

SBnenue nudpakuun ceera. Judpakuus Openens u @paynrodepa. [Ipunanun [roiirenca —
Openens. Judpakuronnas pemérka u e€ xapakrepuctuku. @opmyna 1uppakIMOHHON PemETKY.
SIBnenue nonsipuzanuu cBeta. ECTeCTBEHHBIN U MOISPU30BaHHbIN cBeT. CTeneHb Noispu3aluu
cBeta. CriocoObl MOIYYEHUS JIMHEHHO MOJIIPU30BaHHOIO CBETA. 3aKOH bprocTepa u 3akoH
Mamntoca.

TemoBoe HU3ilyueHue, €ro CBOMCTBA U XapaKTEpUCTUKU. OCHOBHBIE 3aKOHBI TEMIOBOTO
usnyuenus: Kupxroda, Credana — bonbimana, Buna, Panest — [Ixunca u [Inanka. Kpubie
TEIUIOBOTO U3Y4YEHHUS.

®dotordekT u ero ocHOBHBIE BUABL. 3aK0HBI CTOJIETOBA /I BHEIIHETO GoTodddekTa.
VYpaBuenue DifHmTeliHa i BHemHEro Gorodddekra. [Tonstre o kpacHoi rpaHuie U padboTe
BBIXO/IA.

KopnyckymnsipHO - BOJIHOBOM JyaJIu3M CBOMCTB BeIllEeCTBa: TUIoTe3a 1e bpoist. BosHs! ne
bpoiins. CooTHomenue HeonpeaeneHnoctei ['eizendepra u ux Gpusndeckuii CMbICI.
CoBpeMeHHbIE TTPEICTABICHHS O CTpOCHUH aTroMa. O003HAYCHUE aTOMHBIX siIep. DHEPTHs CBSA3U
anpa. SinepHbie CUIIbL.

SAnepHbie peakiuu. Peakiuu neneHus u peakiui CHHTE3a aTOMHBIX S7Ep.

SIBneHue paaiMoaKTUBHOCTH. 3aKOH PaJMOAKTUBHOIO pacnaaa. Buasl paioaKTUBHBIX U3JIYy4eHUI:
o, B u vy — u3nydenus. Ix npupona u OCHOBHbIE CBOWCTBA.

DJIeMEHTapHbIe YacTULbl. BUbI 371eMEHTapHBIX YacTUI] U UX OCHOBHBIE cBOMcTBa. Kocmuueckoe
U3ITy4EHUeE.



Kontponshas Ne 1 cemectp 1 BapuanT Ne 0

1. Touka ABMXETCS IO MPAMOI COrTacHO ypaBHeHuio X = At + Bt®, rme A = 6 m/c; B = 0,125 m/c’.

AS
OnpenenuTb CPEeHIO CKOPOCTh < A_t > TOYKHU B MHTEpBaje BpeMeHu ot t; =2 c mot, = 6 c.

2. IpyxuHa )KECTKOCTHIO K = 10° H/m cixata cunoit F = 100 H. Onpexeauts paboTy BHEUIHEH CHIIHI,
JOMOJHUTEIbHO CKUMAIOIIEH 3Ty npyx)uHy eme Ha Al = 10 mMMm.

3. Illap, nBuUraBUIHCS TOPU3OHTAIBHO, CTOIKHYJICS C HETIO I BIXKHBIM IIIAPOM U Tiepenat eMy 64% cBoel KHHETHYSCKON
suepru. [1lapst abcomfoTHO yripyrue, yaap npsaMoi, eHTpalbHbI. Bo CKOIBKO pa3 Macca BTOpPOro Iiapa OombIie
MaccChl IIepBoro?

4. JIBe npysxuHbI skecTKOCThIO K; = 1kH/M 1 K, = 3 kH/M ckperienst mapamienbHo. OnpeaeanThb
MOTCHIIMAIbHYI0 SHEPTHIO JaHHOM CHUCTeMBbI Ipu abcomoTHOM Aedopmaru Al =5 cm.

5. Touka coBepiaeT rapMOHHUYECKHE KoeOaHUs, ypaBHEHUE KOTOPHIX HMEET BUA X = Asinmt, Tae A=5cM;
o =2 ¢, B MOMEHT, KOr/Ia Ha TOUKY JeiicTBOBajIa Bo3Bpalaomas cuia F = +5 mH, Touka o6nanana
noreHuanpHou 3Heprueit [1 = 0,1 mJIx. HaiiTu 3TOT MOMEHT BpeMeHH t U COOTBETCTBYIOIIYIO eMy (hazy
KoJIeOaHusl.

6. T'az 3aammaer o6beM V = 1 1 mox naBnenuem p = 0,2 MIla. Onpenenuts KHHETUIECKYIO SJHEPTUIO
IMOCTYIATC/IbHOI'O ABMIKCHHA BCEX MOJICKYJI, HAXOAAMUXCA B JaHHOM O6’beMe.

7. B nmnwHIpe mox mopiiHeM HaXOAWUTCS a30T, uMeronuil maccy 0,6 Kr u 3aHuMarommid 00sem V= 1,2 M npu
temneparype T1= 560 K. B pe3ynsrare HarpeBaHus Ta3 PacIIUPHIICS U 3aHT 00BEM V, = 4,2 M, mpraem
TeMIeparypa ocranach HensMeHHOH. Halitu uamenenne AU  BHYTpeHHeEH SHepruu rasa, COBEpUICHHYIO WM
paboTy A, ® TEIIoTy, COOOIICHHYIO Ta3y.

8. Ilpm wW30TEpMHUECKOM paCIIMPEHHH OJHOTO MOJs BOJopoaa, uMeBImero tremmeparypy 7 = 300 K,
3aTpaueHa temnora Q= 2 x/Ix. Bo ckonbko pa3 yBennumics o0beM raza?

9. bamnon emkocThio V = 30 11 coepuT cMech Bojopoja u rexus npu temmneparype 7=300 K u naBnenun
p = 0,8 MIla. OnpenenuTts Maccy CMecCH.

10. Ta3 cosepmraetr nmkia Kapuo. AGcomroTHas temmepatypa oxyagurens 7, = 290 K. Bo ckomnbko pa3
yBenmuntcea KI1J| nukina, ecim temmneparypa HarpeBateins noBeicutest oT 11'= 400 K mo T," = 600 K?




Kontponbnas Ne 2 cemecTp 2 Bapuant Ne 0

1. JIBa ogMHAKOBBIX METAUITHUECKHUX 3apsKECHHBIX ITapa HaXoAATCs Ha paccTosHun I = 60cM. Crita OTTaTKHBaHUS
mrapoB F; = 70 mxH. [locne Toro kak mapbl IpUBEIU B CONMPUKOCHOBESHUE M YIAIUIN JPYT OT APYyra Ha
NpeXHEE pacCTOSIHUE, CUJIa OTTAJKUBAaHMS BO3pocia U cTana paBHoit F, =160 mxH . Beraucnuth 3apsapt
Q1 u Q,, KOTOphIC OBLITH HA IIApax JO UX CONMPUKOCHOBEHUs. J[MaMeTp mapoB CYUTATH MHOT'O MEHBIITUM
PACCTOSTHHS ME Ty HUMH.

2. DIeKTpUYecKoe Moje CO3JaH0 AByMs OECKOHEUHBIMH NapaljiebHBIMU [UIACTUHAMH, HECYIIUMH OJUHAKOBBIN

o 2
paBHOMEPHO pachpeAeieHHbIN mo miomaau 3apsia (o = 1 HKn/m®). Onpenenuts HanpsbkeHHOCTH E momns: 1) mexay
IJIaCTHHAMU; 2) BHE TUIACTHH.

3. B 0THOPOITHOE ANEKTPUUSCKOE MOJIe HANPSHKEHHOCTHIO £ = 1 kB/M BiieTaeT BI0OJIb CHIIOBOM JTMHHUU JJIESKTPOH CO
CKOPOCTBIO Vo= | MM/c. onpeenuth pacctostue |; mpoiieHHOE IIEKTPOHOM JI0 TOUKH, B KOTOPOI €0 CKOPOCTH V)
OyZIeT paBHa MMOJIOBUHE HAYAIbHOM.

4. 3apsa paBHOMEPHO paclpeiesieH 0 OECKOHEYHOM MIIOCKOCTH C MOBEPXHOCTHOU IJIOTHOCTHIO

2
o = 10 HKn/mM*. OnpenenuTs pa3HOCTh MOTEHIIMANIOB JIBYX TOYEK I0JIs, OJJHA U3 KOTOPHIX HAXOUTCS Ha
IUIOCKOCTH, a IpyTas yaalleHa OT Hee Ha paccTosHue a = 10 cM.

5. Tpsimoit mposox auHo# | = 10 cM, o kotopomy TeueT Tok | = 20 A, HAXOAUTCS B OHOPOAHOM MAarHUTHOM
nosie ¢ uaaykuuent B = 0,01 Tn. Haittu yron a Mexay HanpaBieHUsAMHU BekTopa B 1 Toka, eciu Ha IpoBOJ
neiictByet cuna F = 10 mH.

6. [lepneHauKyISIpHO  MarHUTHOMY  Tofto  HampsbkeHHocThio H = 104 A/M  B030yxzaeHO
JNeKTpuueckoe mone  HampspkeHHocThio E = 1000 B/cm . IlepnieHnukyasspHO 000UM MOJISIM JIBHIKETCS, HE
OTKJIOHSSICH OT MPSIMOJIMHEHHOHN TPAaeKTOPHH, 3apsoKeHHas yactuna. OnpeneanTb CKOPOCTh YacTHIIBL.

7 Annda-dacTuia, HaXoAsICh B OJHOPOJHOM MarHUTHOM IoJjie uHAyknue B = 1 Tiu, nBmwkeTcs o
oKpyxHOCTH. OnpeieuTh cuily | SKBUBaJICHTHOT'O KPYrOBOT'O TOKa, CO3/IaBAEMOI0 JBM)KCHUEM  ajib(da-
YACTHIIEL.

8. Ilpu BHemrHeM compoTtuBiieHuu =3 OM cuia Toka B 1ienu ;= 0,3 A, npu cOnpoTHBICHUU r,=50m
cuna toka l, = 0,2 A. Onpenenuts CUILy TOKa KOPOTKOTO 3aMbIKaHus uctounuka D/C.

9. Kounnencarops! snmekrpoemkocTsiMu C; = 10 HD, C; = 40 5D,. C3=2 1® u C,= 30 D c
4

N L,
COEJIMHEHBI TaK, KaKk 3TO MOKa3aHo Ha puc. 17.3. OnpenennuTts 3IeKTPOEMKOCTb 3TOM Gartapen R

W
11
KOHJIEHCAaTOPOB. — —
3l 11
G ey
Pue. 17.3
10. K 3axumam OaTapen akKyMyJsiTOPOB mpucoequHeH HarpeBarenb. DJIC Oartapeu paBHa 20 B. BuyTtpennee
conpotusienue I = 1 Om. HarpeBarenb, BKIIOUEHHBIH B 1I€TIb, TOTPEOISIET MOIIHOCTh P = 60 Br. Beruncnuts

cwry toka | B mermm u KI1J] ) HarpeBarens.




Kontponbhas Ne 3 cemecTp 3 Baprant Ne 0

1. Ha myTH CBETOBO# BOJIHBI, HIYIIEH B BO3AyXE, MOCTABIIN CTCKIITHHYIO INIACTHHKY TosmmHoi h = 1 mm. Ha
CKOJIBKO MU3MEHUTCS ONTHYECKas AJMHA ITyTH, €CJIM BOJHA NMaJaeT Ha MJIACTUHKY: 1) HOpMaJbHO;
2) mop yriom 60°?

2. TlapannenbHBIi My490K PEHTTEHOBCKOTO M3Ty4YeHUs MMajjaeT Ha rpadb Kpuctaiuia. [log yrmom 9 = 65° x
IUTOCKOCTH I'PaHU HAOJII0aeTCsS MAKCUMYM MIEPBOro mopsiaka. Pacctosiaue d Mex1y aTOMHBIMH IIOCKOCTSMHE
kpuctaymuia 280 mM. OnpeaenuTs JUIMHY BOJHEBI A PEHTT€HOBCKOTO H3ITyIeHUSI.

3. Yroa o MeXIy IIIOCKOCTSIMU MPOIYyCKaHUS MOJISIPU3aToOpa U aHanu3aTopa paseH 45°. Bo ckonbko pas
YMEHBIIUTCSI HHTEHCUBHOCTH CBETa, BBIXO/IAIIETO U3 aHAIN3AaTOPa, €CITH YTl YBEIUIUTh 10 70°7

4. Tlpu u3ydeHuu crieKTpa U3Ty4eHNs HEKOTOPOH TyMaHHOCTH JIMHUS U3ITy4eHuUs Bogopoaa (A, = 650 HM)

oKaszallach CMEILeHHOM Ha AL = 3,5 HM B 00sacThb ¢ OoJblIeH AMTMHOM BONHBI (KpacHoe cMelenne). Haiftu ckopoctsb

V ABHKCHMSI TYMAHHOCTH OTHOCHUTCIIBHO 3emin u YKasaThb, yAaJII€TCA OHA OT 3eMiH WiIn HpI/I6J'II/I)KaeTC$I K HEH.

5. Temmneparypa Bepxuux cinoeB Connna pasHa 5,3 kK. Cunrtas ComHIle YepHBIM TEJIOM, OIIPEISTUTh ITUHY BOJTHBI

Am , KOTOPO# COOTBETCTBYET MaKCUMaJIbHAsI CIIEKTPAIbHAS IFIOTHOCTh SHEPreTHUCCKO# CBETUMOCTH (I, T)max
ConHna.

6. OmpenenuTh paboOTy BBIXOa A IEKTPOHOB U3 HATPUS, €CIIH KpacHas rpaHuna gotodpderra ho= 500 HM.

7 Ompenenuts yroa 0 paccesiaus (OTOHA, HCIBITABILETO COYAAPEHUE CO CBOOOJHBIM IEKTPOHOM, €CJIN U3MEHEHHE

JUTMHBI BOJHBI AA TIpU paccessHuH paBHO 3,2 M.

8. [aBnenwne p MoHOXpomarudeckoro cBeta (A = 500 HM) Ha YepHYIO MOBEPXHOCTh, PACTIOIOKEHHYIO

MIEPIICHANKYJIISIPHO Tafatormm Jydam, paBao 1 mklla. Onpenenuts uncmo N GpoToHOB, magaromumx 3a Bpemsi t =1 ¢

2
Ha TTOBEPXHOCTH IUIOMIAbI0 S = 1 cM”.

9. OmnpenenuTs TUaMETPHI CASAYIOMUX saep: 3) 6429Cu; 4) 125508n.

10. 3akakoe BpEMs t pacnagacTcsa 12 HavalnbHOI'O KOJHUYECTBA AACPp paAUOAKTUBHOI'O N30TOIIa, €CJIN NMEPHUO/] €TO

nosypacmana 7y, = 24 9?
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KonTponbhas Ne 1 cemectp 1 BapuanT Ne 1

1. /IBe maTepuaNbHBIE TOYKH JABIKYTCS COTIIACHO YPAaBHEHUAM: X; = A1t+Bt2+Ct3I/I Xo= Ajt+ th2+Ct2, rIe
Ai=4wm/c; Bi=8M/c% Ci= - 16 M/c% Ap= 2M/c; B, = - 4m/c% Cy = 1 M/c®. B Kakoil MOMEHT BpeMeHH t yckopeHus
3THX TOYEK OyAyT oanMHaKoBbI? HalTu CKOPOCTH Vi U V, TOYEK B 3TOT MOMEHT.

2. Uepes HenoIBUXKHBIN 0710k Maccoii 0,2 KT IepeKHHYT ITHYP, K KOHIIAM KOTOPOTO MOJBEIICHBI TPY3bI
mMaccamu M= 0,3 kr u M, =0,5 kr. OnpenenuTh CIIbI HaTsDKeHUS IHYpa Th 1 T, Mo 00e CTOPOHKI 0J10Ka BO
BpeMs IBUKEHHS TPY30B, €CJIH MacCy 0JI0Ka MOXHO CYMUTATh PABHOMEPHO pacipeeeHHOH mo o0oxy.

3. V3 mpy»XMHHOTO THCTOJIETa BBICTPEIMIINA B TOPH30HTAITLHOM HaIpaBIICHUH YJILKOM, Macca KOTOPOW paBHa 5 T.
XKectrocts npysxunsl K = 1,25 kH/M. [Ipyxwuna Obi1a cxata Ha Al = 8 cm. OnpenenuTb CKOPOCTh MyJIBKU MPH
BBIJIETE €€ U3 IMCTOoNETa. TpeHreM rpeHedpeyb.

4. Axpobar Ha MOTOLIMKJIE OIMUCHIBACT «MEPTBYIO METIION» pamguycoM I = 4 M. C Kakoll HAaMMEHbBLIEH CKOPOCTHIO
Vpmin JIOJDKEH MPOE3XKaTh aKpoOaT BEPXHIOIO TOUKY METIH, YTOOBI HE COPBATHCS?

5. Tog nefictBuem mocrosiHHOH critel F = 400 H, HanpaBieHHO# BEpTHUKAIBHO BBEPX, Ipy3 Maccoit M = 20 Kr ObIT
noauaT Ha Beicoty h = 15 M. Kakoit notenumansHo# suepruei I1 0yner obnanate nonusteiil rpy3? Kakyro padory A
coBepiut cuia F?

6. Touka coBepuiacT rapMOHHYECKHE KOJIeOaHUs, ypaBHEHHE KOTOPBIX UMeeT BUI X = A-Sin ot, rme A =5 cm;
o =2 ¢, Haiitu MOMEHT BpeMeHH (OnMxallmuii K Hadajay OTcYeTa), B KOTOPBIM MOTeHIHabHAs YHEPTUS
touxu I1 =107*][x, a BosBpamaromas cuna F = 510°H. Onpexennts Takxke Gasy KoneGaHHH B 9TOT
MOMEHT BPEMEHH.

7 . JIBe Touku HaxonATcs Ha paccTostHUM 50 CM JIpYT OT Jipyra Ha IpsMOii, BIOJIb KOTOPOI pacipocTpaHsercs
BOJTHA co ckopocThio 50 M/c. Ilepuon T xonebanuii paBen 0,05 c. Haiitu pazHocTs a3 konedaHUi B 3THX TOYKAX.

8. Ompenenuth TeMIeparypy Ta3a, €CIU CPEIHSAS KHHETHYECKAs SHEPTHS <Ooc;> MOCTYHATEIBHOTO
-21
JNBHKEHUS €ro MojeKkyna paBHa 2,07 <10 [Ix.

9. B 6amnone emkocthio V = 11,2 1 HaxoaAUTCS BOJAOPOJ MMPU HOpMaJIBHBIX ycioBusx. Ilocie Toro
Kak B 0QJUIOH OBLIO JOTIOJTHUTEIHHO BBEIEHO HEKOTOPOE KOIMYECTBO TeMus, IaBJIeHHE B OaJlIOHe
Bo3pocio g0 p = 0,15 MlIla, a remneparypa He uzmenunack. OnpeaeauTh Maccy rejivs, BBEJICHHOTO B
0aJUIoH.

10. Temmii maccoii m= Ir 61 Harper Ha AT =100 K npu nocrosHHoM napiieHuu p. OnpeneiauTh:
1) xomuuecTtBO TemnoThl Q, mepemanHoe rasy; 2) pa0OoTy raza A npu pacuupenus; 3) npupanieaue AU
BHYTpPEHHEH 3HEPTUH rasa.
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Kontponbnas Ne 2 cemectp 2 BapuanT Ne 1

1. JIBa Metaimyeckux mapa pamguycamu Ry = 2 cm u R, = 6 cM coeIMHEHBI TPOBOJJHUKOM, EMKOCTBIO KOTOPOTO
MOKHO npeHeOpeus. [llapam coobrien 3apsg Q = 1 K. HaiiTi moBepXHOCTHYIO TUIOTHOCTH G 3aps/0B Ha IIapax.

2. B BepmmHax KBampaTa HaxomsTcs oxmHakoBble 3apsabl Q = 3-107°Kn kaxmsii. Kakoit
OTpULIATEIBHBIN 3apsii Qi HYXHO TMOMECTUTH B IICHTPE KBaJpaTa, YTOOBI CHIIa B3ANMHOT'0 OTTaJIKHBaHUS
MOJIOKUTEIBHBIX 3apsIOB ObLJIa YPABHOBEIICHA CUIIOW MPUTSKESHHUS OTPHUIATEIHLHOTO 3apsiaa?

3. B aneMeHnTapHOii Teopur aTomMa BOJIOPOJa MPUHUMAIOT, YTO 3JIEKTPOH 00paIaeTcsi BOKPYT s/pa 10 KPyroBoM
opbute. OnpenenuTh CKOPOCTh V AIIEKTPOHA, €CITH PAANyC OPOUTHI I' = 53 TIM, a TaKKe 4acTOTy N BpaIeHMs
JNEKTPOHA.

4. TlapamiensHO GECKOHEYHOI IIOCKOCTH, 3aPSDKCHHON ¢ MOBEPXHOCTHOI IIOTHOCTBIO 3apsiga 6 = | MkKi/M?,
pacrojyiokeHa 0€CKOHEYHO JTMHHAS MPsiMasi HUTh, 3apsSKCHHAS C TIMHCHHOH MIOTHOCTHIO T = 10 HKI/M™.
OnpenenuTs CUIy, NEHCTBYIONIYIO CO CTOPOHBI IJIOCKOCTH HAa €IMHUILY JJIHUHBI HUTH.

5. JIBa 6eCKOHEYHO IITWHHBIX MPSIMBIX MPOBOJHUKA CKPEIIEHBI MO MPSMBIM yriioM. [lo mpoBogHUKaM TEKyT
Toku I, = 80 A u I, =60 A. Paccrosiuue mexay mpoBoguaukamu d = 10 cm. OnpeaenuTs HHAYKIIUIO MATHUTHOTO
MoJIs B TOUKE, JIeKAIleld Ha CepeuHe 00IeTo NepIeHAUKYIIsIpa K IPOBOJIHUKAM,

6. Ilpsmoit mpoBoxm, mo kKortopomy Teder Tok 1 = 1 KA, pacmonokeH B OJHOPOIHOM MAarHATHOM TIOJE
HEePIEeHANKYIISIPHO THHUSIM UHIyKiK. C Kakoit cuioi F neicTByeT mosie Ha 0Tpe30ok npoBona mimHoi | = 1 m ecun
MarHuTHast ”HAyKuus B pasHa 1 Tn?

7 Beruucnuth paauyc R 1yru OKpy>KHOCTH, KOTOPYIO ONUCHIBAET MPOTOH B MArHUTHOM TIOJI€ C HHAYKIIUCH
B =15 MTu, eciiu ckopocTh IPOTOHA paBHA 2 MMm/C.

8. Emxocts mnockoro koHneHcatopa C = 100 n®d. Jusnextpux - happop. KonaeHcarop 3apsaamium 1o
pa3Hoctu noteHuuanoB U = 600 B u oTkIoumiIM OT HCTOYHKKA HampspkeHus. Kakyio paboTy HY»KHO
COBEPIIUTH, YTOOBI BEIHYTH AUANECKTPHK U3 KOHJEHCATOpA?

9. lBe rpymmsl U3 Tpex IOCIIEA0BATEIbHO COECAMHEHHBIX IEMEHTOB COeAMHEHbI napamienbHo. J[C kaxaoro
anemeHnTta paBHa 1,2 B, BHyTpennee comportusinenue I = 0,2 Om. IlonxydenHas Oatapest 3aMKHyTa Ha BHEILIHEe
compotusienre R = 1,5 Om. Haiitu crnity Toka | Bo BHewHel nemnu.

10. TIlpu BHemHeM conpoTuBiecHun I =3 OM cuna Toka B enu I3 = 0,3 A, npu conpoTtuBiiecHuu f, =5 OMm
cuna toka l, = 0,2 A. Onpenenuts CUILy TOKa KOPOTKOTO 3aMbIKkaHus uctounuka D/C.
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Kontponbhas Ne 3 cemectp 3 Bapuant Ne 1

1. CKOIBKO JUTHH BOJH MOHOXPOMATHYECKOTO CBETA C YaCTOTOH Konmebamnuit v = 510™ 'y ynoxures Ha myTn
nmusoi | = 1,2 mm: 1) B Bakyyme; 2) B ctekiie (N = 1.5) ?

2. Paccrosiame Ar, 1 MeXIy BTOPBIM U IEPBBIM TEMHBIM KOJIbIIaMi HBIOTOHA B OTpa’keHHOM CBETE paBHO 1 MM.
Onpenennuts paccTosHUE Al g MEXITY JECITHIM U IEBITHIM KOJIBLIAMH.

3. B yacTu4HO MOJIIPHU30BAaHHOM CBETE aMIUIUTYa CBETOBOI'O BEKTOPA, COOTBETCTBYIOIIAS MAaKCUMAIILHOM
WHTEHCHBHOCTH CBETA, B N = 2 pa3a 0OJbIIle aMIUTUTYIbI, COOTBETCTBYIOIIEH MUHIMAaIbHOW HHTEHCHBHOCTH.
Ompenenuts cTeneHs noispusanuu P ceera.

4. KocMmuueckuit kopaOib yaanseTcst 0T 3eMII CO CKOPOCThI0 V = 10 km/c. HacToTa vg 3JEKTPOMarHUTHBIX BOJIH,
M3ITy4aeMbIX aHTeHHOH Kopabis, paBHa 30 MI . OnpeaenuTs TOMIepoOBCKOe CMEMIeHe AV YacTOTHI,
BOCIPUHUMACMOHN MPUESMHHUKOM.

5. Ompenenuth Temnepatypy 7, Ipu KOTOPOH SHEpreTHIeckas CBeTUMOCTh R, uepHoro tena pasHa 10 KBT/M” .

6. Ha nmoBepxHOCTb UTHS NTagaeT MoHOXpoMaTtnieckuit cBeT (A = 310 HM) UToOBI MPEKPaTUTH SMUCCHIO
NIEKTPOHOB, HYXHO IPUJIOKHUTH 3aJeP’KUBAIOLIYIO pa3HOCTh noTeHuanos U He menee 1,7 B. Onpenenuts paboty
BBIX0Ja 4 3JEKTPOHA C TIOBEPXHOCTHU JINTHSL.

7 Dueprus cBs3u E,., sapa, cocrosiero u3 AByX NPOTOHOB U OJHOTO HEWTPOHA, paBHa 7,72 MaB. Onpenenuth
Maccy My HEUTPAIIBHOIO aTOMa, UMEIOIIETO 3TO SAPO.

8. Ormpenenuts YHEPTHIO £ , MacCy m ¥ UMITYIIEC p (DOTOHA, KOTOPOMY COOTBETCTBYET JTMHA BOJTHBI A = 380 HM

7
9. Onpezenutsb 5Hepruto £, KOTOpast BBLICIUTCS IPU 00pa3soBaHUK U3 IIPOTOHOB U HEHTPOHOB siiep rems He

maccoii m = 1 r. Macca nporona m,= 1.67 " 10 ?" kr, a Macca Heiitpora m, = 1.68 10~ %' kr.

10. 3aBpemst = 8 cyr pacnanocs k = % HavanbHOTO KOJIMYECTBA SAep paal0aKTUBHOTO n3oTomna. OnpeaenuTh
Mepuo mosrypacmasna T .
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KonTponphas Ne 1 cemectp 1 BapuaHT Ne 2

1. Touka ABMKETCS MO MPSAMOU COTIACHO YpaBHEHHUIO X = At + Btz, rne A =6 M/c; B=0,125 M/c.

AS
OnpenenuTs CpeaHIO CKOPOCTh < A_t > TOYKU B MHTEpBaJie BpeMeHn oT i1 =2 c ot = 6 c.

2. IpyxuHa )KECTKOCTHIO K = 10° H/m cixata cunoit F = 100 H. Onpexexuts paboTy BHEUIHEH CHIIHI,
JOMOJHUTEIbHO CKUMAIOIIEH 3Ty npyx)uHy eme Ha Al =10 mMMm.

3. Illap, nBUraBIIMCS TOPU3OHTAIBHO, CTOIKHYJICS C HETIO I BIXKHBIM IIIAPOM U Tiepena eMy 64% cBoel KHHETHYESCKON
sueprum. [1lapst abconmfoTHO yripyrue, yaap npsaMoii, IeHTpalbHbI. Bo CKOIbKO pa3 Macca BTOpPOro Iiapa OorbIie
MaccChl IIepBoro?

4. JIBe npysxuHbI skecTKOCThIO K; = 1kH/M 1 K, = 3 kH/M ckperiens! mapamienbno. OnpeaeanThb
NOTCHIIMAJIbHYIO SHEPTHIO JaHHO#M CHCTeMbI Ipu abcomroTHOM Aedopmartiu A | =5 cm.

5. Touka coBeplaeT rapMOHUYECKHE KoJeOaHUsl, ypaBHEHHUE KOTOPBIX HMEET BUJ X = Asinwt, rae A = Scm;
o =2 ¢ B MOMEHT, KOr/Ia Ha TOUKY JeiicTBOBaja Bo3Bpamaomas cuia F = +5 mH, Touka o6nanana
noreHuanbHou 3Heprueit [1 = 0,1 mJ[x. HaiiTu 3TOT MOMEHT BpeMeHH t U COOTBETCTBYIOIIYIO eMy (hazy
KoJIeOaHusl.

6. T'az 3aammaer o6beM V = 1 1 mox gaBnenuem p = 0,2 MIla. Onpenenuts KHHETUIECKYIO SJHEPTUIO
IMOCTYIATCJIbHOI'O ABMIKCHHA BCEX MOJICKYJI, HAXOAAMUXCA B JaHHOM O6’beMe.

7. B WMIMHAPE MO MOPITHEM HAXOIMTCS a30T, HMEIONIHiT Maccy M = 0,6 KT 1 3aHAMaomIHil 06beM V= 1,2 M°
npu Temmeparype T, = 560 K. B pe3ynsrare HarpeBaHHs ra3 pacIIUPIIICS U 3aHIT 00beM Vo= 42 M npuyeM
TeMIeparypa ocranach HensMeHHOH. Halitu uamenenne AU  BHyTpeHHeEH SHepruu rasa, COBEpUICHHYIO WM
paboTy A, © TEIIoTy, COOOIICHHYIO Ta3y.

8. HaiiTn cpenHIOI0 KHHETHYECKYIO 3SHEPIHIO0 <O 0c,> HOCTYNATEIBHOIO IBMXKEHHS OZHOM MOJICKYJIBI, & TAKXKeE
CYMMapHYI0 KMHETHUECKYI0 3Hepruo U Bcex MoJeKys, 3aKII0YeHHBIX B OJHOM MOJIE M B OJHOM KHJIOTPaMMe
renus npu temmeparype 7 =70 K

9. CMmech ra3oB COCTOHT U3 ABYX MOJIEH OJTHOATOMHOI'O M TPEX MOJIEH JIByXaTOMHOTO Ta3a. OnpenenuTs MOJISpHEIE
rennoeMkocTu C, u C, 5TOi CMECH Ta30B.

10. B 6amnone emxocteio V = 11,2 1 HaxoauTCsA BOAOPOJ MPU HOPMaNIbHBIX YyclioBusx. Ilocime Toro kak B
0aJuI0H OBUIO OMOJHUTENBHO BBEAECHO HEKOTOPOE KOJIMUYECTBO I'eus, JaBjeHNne B OaJIOHE BO3POCIIO 10

p =0,15 MIla, a remneparypa He uameHmiIach. OnpenenuTs Maccy reiusi, BBEICHHOTO B OaJIOH.
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Kontponbnas Ne 2 cemectp 2 BapuaT Ne 2

1. JIpa mapuka mMaccoii m = 0,] r kakaplii MOABEIICHBI B OJHON TOYKEe Ha HUTAX AauHOW L = 20 cM kaxmgas.
[TosyunB OMHAKOBBIN 3apsijl, IIAPUKU PA3OILIUCh TaK, YTO HUTH 00pa3oBad Mexay co0oit yron o = 60°. Haiitu
3apsl KOKI0ro Mapuka.

2. DIIEKTpUYECKOE I0JIe CO3/JaHO JByMsi TodeuHbIMU 3apsaamu Q1 = 10 vKn m Q; = -20 uK,
HaxosumMucs Ha pacctosiHun d = 20 cM npyr ot npyra. OnpenenuTs HanpsbKeHHOCTh E mons B Touke,
yAaJeHHOM OT nepBoro 3apsiaa Ha 1= 30 cm u oT BTOporo Ha I, = 50 cM.

3. Pa3znocth nmorennumanoB U Mexay KaTooM U aHOJIOM 3JIEKTPOHHOH Jiamiibl paBHa 90 B, paccTosiHue
r =1 mm. 3a kakoe Bpems ! SJEKTpOH MpOJIETAaeT paccTosiHue OT Katona no anoxa? Ilone cuuraTh
OJIHOPOJIHBIM.

4. OnpenenuTsh NOTSHIHAI () SJIEKTPUUYECKOTO OISl B TOUKE, yAaJIeHHOU oT 3apsaaoB Q1 = -0,2 MxKu u
Q2= 0,5 MK coorBercTBeHHO Ha 1 = 15 cM u ;=25 cMm.

5.  Omnpenenuts paboTy A1,2 CUII TIOJIA 110 TIEPEMEIIICHHIO 3apsiia v
Q = 1 mxKmuz Touku 1 B TOuKy 2 mTOJS, CO3JAHHOTO 3apsSHKEHHBIM a
npoBoamuM mapom (puc. 15.15). [Torenuuan ¢ mapa pasen 1 kB. g —=

R ZR
Puc. 15,16
6.  Boprumcnouth pamgmyc R Ayrum OKpyKHOCTH, KOTOPYIO OMHCHIBA€T MPOTOH B MAarHUTHOM TMOJE C
uaayknuei B = 15 mTi, eciu ckopocTs L TPOTOHA paBHA 2 MM/c.
7. [IpoBonouHbIif BUTOK pamguycoM R = 5 cM HaxoauTcs B OJHOPOAHOM MArHUTHOM TIOJIE

HanpsbkeHHOCThI0 H = 2 kA/M. [TnockocTs BUTKa 06pa3yet yroi o = 60° ¢ HanpaBienuem nosis. [1o BUTKy
tedeT Tok | = 4 A. HaiiTu MmexaHuueckuit MOMEHT M, IeHUCTBYIOIIHI Ha BUTOK.

8. Ilo nByM GECKOHEUHO JJMHHBIM MPSAMBIM MMapaJICIbHBIM IpoBOAaM TeKyT TOkH I1=20 Au I,=30 A B
OJIHOM HampasiieHuH. Paccrosnue d mexay npoBogamu paBHO 10 cM. BeIYHCINTE MarHUTHYIO
UHAYKIMIOB B TOUKe, yJaleHHON OT 000MX IIPOBOJIOB Ha OJMHAKOBOE pacctosiHue r = 10 cm.

9. Ilpu BHemHeMm conpoTtuBienun I = 3 Om cuna toka B uenu l; = 0,3 A, npu conpoTuBIeHUU
r, =35 Om cuna toka |, = 0,2 A. OnpeaenuTts cuily TOKa KOPOTKOTo 3amMblkaHus uctouHuka D/(C.

10. OnpenenuTh IUIOTHOCTh TOKA | B JKEJIE3HOM MPOBOAHUKE JUTHHOW, | = 10 M, eciau mpoBOJ HAXOIUTCS
noj HanpsbkeHuem U = 6 B.
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Konrponbnast Ne 3 cemectp 3 BapuanT Ne 2

1. Kakoii giunsl |y myTh mpoiiaet GpoHT BOJHBI MOHOXPOMATHYECKOTO CBETA B BAKYyME 3a TO YK€ BPEMS, 3a KaKOe
OH MPOXOIUT TyTh JuHoM I, = 1 m B Boge (n = 1.33) ?

2. Ha rpanp kpucrasia KaMeHHOH COJIM TaAaeT MapauieIbHBIA My4Y0K PEHTICHOBCKOTO H3ITyYeHHUs

(A =147 nm). OnpenenuTh paccrosiHue d MEX Ty aTOMHBIMH TUIOCKOCTSIMU KPUCTAIUIA, €CITH AU PAKITHOHHBINA
MaKCHMyM BTOPOTO TOpsiIKa HAaOI0gaeTcs, Koraa u3ydeHne nagaet noa yriom ¢ = 31°30' kK moBepxHOCTH
KpHCTaIa.

3. Ha kakoi yl"J'IOBOI7I BBICOTC (¢ HaZX TOPU3OHTOM OOJIPKHO HAXOAUTBHCA COJ'IHHC, YTOOBI COTHEUHBIH CBCT,
OTpa)KCHHLIﬁ OT MOBEPXHOCTH BOJHLI, OBLI ITOTHOCTHIO HOJ'DIpI/I3OBaH?

4. llpum m3y4yeHUH CIIEKTpa N3TyUYeHHsI HEKOTOPOW TYMaHHOCTH JIMHUS U3Ty4eHns Boxopoaa (A, = 656,3 um)
oKaszallach CMEILEHHOM Ha AL = 2,5 HM B 00s1acThb ¢ OoJbleil JTMHON BOHBI (KpacHoe cMelneHue). Haiitu ckopocTsb
V IBIKCHHUSI TYMaHHOCTH OTHOCUTENIFHO 3€MIIM U yKa3aTh, YAAJISIETCS OHA OT 3eMIIH WK MPUOIMKAETCS K Hell.

5. C NOBEpXHOCTH Ca)KH IUIOLWAAbI0 S = 1 oM mpu Temnepatype T =500 K 3a Bpems t = 6 MuH u3irydaeTcs
sneprust W = 80 . Onpenenuts K03 GUIHEHT TETIIOBOTO U3TYUYEHUS € CaxH.

6. Ha moBepxHOCTB Kanus MagaeT MOHOXpoMaTuieckuid cBeT (A = 250 aM) UTOOBI IPEeKpaTUTh SMUCCHIO
JIEKTPOHOB, HYXHO MPUJIOKUTH 3aJeP’KUBAIOLIYIO pa3HOCTh NoTeHuanos U He menee 2.5 B. Onpenenuts paboty
BbIX0/1a A 3JeKTpOHA C TOBEPXHOCTH KaJHsl.

7 PeHTreHOBCKOE M3Ty4YeHHE ATMHON BOMHBI A = 40 TIM paccenBaeTcsl IUTUTKON rpaduta (KoMOTOH-3()PEKT).
OnpenenuTs IMHY BOJTHBI A’ CBeTa, PacCEsTHHOTO MO yriioM 0 = 45° Kk HanpaBIeHUIO Ta JatoIero MyYKa CBeTa.

8. YkaxuTe, CKOJIBKO HYKJIOHOB, TIPOTOHOB, HEUTPOHOB COZACPIKAT ClIeAyIoue siapa: 1) 5426Fe; 2) 10447Ag;

9. 3aBpemst=8cyr pacnanocs k = 1/4 HadampbHOTO KONWYECTBA SAEP PaAHOAKTUBHOTO H30TOMa. ONpeaennTh
Mepuo morypacmasna T .

10. Ompenenuts 3HEpruto £ , Maccy m 1 UMIyNbC p (POTOHA, KOTOPOMY COOTBETCTBYET AJIMHA BOJHBI A = 600 HM.
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KonTponbnas Ne 1 cemecTp 1 BapuanT Ne 3

1. Touka ABUXKETCS MO OKPYXHOCTH paguycoM R =4 M. 3akoH ee ABMKCHUS BBIPAXKACTCS YPAaBHCHUEM
S=A+ Btz, rre A=8m;B=-2 M/c?. HaliTh MOMeHT BpeMeHH {, Koraa HOpManbHOE YCKOPEHUE TOUKH a, = 9 M/Cz;
CKOPOCTh V; TAHTCHIIHAILHOE a; U IMOJTHOE & YCKOPEHHS TOUKH B 3TOT MOMEHT BPEMCHHU.

2. Ilepuon oOpameHuss uCKyccTBeHHOTO cnyTHHKa 3emnu T= 50 mun. Cuutas opOUTY CyTHUKA
KpyroBoii. HaiiTu, Ha Kakoil BEICOTE HaJ MOBEPXHOCTHIO 3€MIIH JBUXKETCS CIYTHHUK.

3. Jluck pammycom R=20 cM 1 Maccoii 7 KT BpalllaeTcst COrnacHo ypasHenuio ¢=A+Bt+Ct%, rae A=3 pan;
B =- 1 pax/c; C = 0,1 pan/c®. HaiiTu 3aK0H, [0 KOTOPOMY MEHSICTCS BPALIAIOIHiT MOMEHT, AeiCTBYIONIHIA Ha
nuck. OnpenenuTe MOMEHT ¢l M B MOMEHT BpeMeHu t = 2 c.

4. CHapsap, neTsauiuid co ckopocTbio Vo = 500 M/c, pa3opBalics Ha 1Ba OCKOJIKa. MeHBIINI OCKOJIOK,
Macca kotoporo coctaBisieT 20% oT o0mieid mMaccbl cHapsaa, MOJETEN B MPOTHBOMOIOXKHOM
HaIpaBJICHUH CO CKOpocThio Vi= 200 M/c. OmpeneanTh CKOPOCTh V, OONBIIOTO OCKOJIKA.

5. 3aBpemst t = 6 ¢ Touka mpouuia MmyTh, paBHBIN MOJOBUHE JUIMHBI OKPYKHOCTH paanycoMm R = 0,8 M. Onpeaenutsb
CPEIHIOIO MTYTEBYIO CKOPOCTh <V> 3a 9TO BPeMsI K MOJIYJIb BEKTOpa CPeIHEH CKOPOCTH [<V>|.

6. Touka y4acTByeT OJJHOBPEMEHHO B JABYX B3aUMHO MEPICHIUKY JIPHBIX KOJICOAHHSX, YPABHEHUS KOTOPBIX:
. . -1
x = Assinogt ny = Agsinmat, rae A; =2 em; A= 1 cM; ®;= 0, = 1¢” Hanucath ypaBHEHUE TPAaCKTOPHH TOYKHU.

7. OHpCZICHI/ITB MaKCHUMAJIbHOC U MUHUMAJIBHOC 3HAUYCHUA AJINHBI A 3BYKOBBIX BOJIH, BOCIIpUHUMACMBIX
YEJIOBEYECKUM YXOM, COOTBETCTBYIOIIME TPaHUYHBIM yacToTaM Vi = 16 I'l u V, = 20 k['u. CKkopoCTh 3ByKa MPUHSITH
paBHoit 340 m/c.

8. B cocynme BMECTHMOCTBIO 5 1T HAXOUTCS aTOMapHBIA BOJIOPO/I, KOJIMYECTBO BelecTBa V kotoporo pasHo 0,1
MoJb. OnpeAenuTs IIOTHOCTS P rasa.

9. Cocyn emxoctsio V =0,01 M COIEPKUT a30T Maccoil 1 r u Bogopon Maccoil 1 r npu Temneparype
T =280 K. OnpenenuTs 1aBlIeHUE p CMECH Ta30B.

10. T'a3 coBepmiaeT 1uki Kapro. AGconoTHas TeMriepaTypa HarpeBatelis B 3 pa3a BbIIIIE, YeM TEMIIEPaTypa
oxnaautens. Harpesarens nepenan razy Q; = 41,9 x/Ix temnorel. Kakyio paboty coBepiui ras?
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Kontponbnas Ne 2 cemectp 2 BapuaT Ne 3

1. bosblnasi MeTaJIMYEeCKas IJIACTUHA HECET PABHOMEPHO PacHpe/IeJICHHBIN MO MOBEPXHOCTHU 3aps/l
(oc=10 HKJ‘I/MZ). Ha manom paccTossHUM OT MUIACTUHBI HaXOuTCsl ToueuHbIi 3apsa Q = 100 aKo.
Haiitu cuny F, geiictBytomryto Ha 3apsij.

2. DIIEKTPOH C HAYATBHOMN CKOPOCTHIO Vo = 3-10° M/C BIETEN B OJIHO POJHOE SIEKTPHUECKOE TOJIe
HanpsokeHHocThi0  E = 150 B/M. BekTop HauanbHOW CKOPOCTH NEPUEHAUKYIISIPEH TUHASIM
HaMpPsHKEHHOCTH dJIeKTpudeckoro mois. Haltu: 1) cuiy, IeHCTBYIONIYIO Ha 3JIEKTPOH; 2) YCKOpEHHeE,
nproOperaeMoe MEKTPOHOM; 3) CKOPOCTh 31eKTpoHa yepe3 t = 0,1 Mkc.

3. Toueunsie 3apsiabl Q1 =10 MxKui u Q2 =1 mxKn Haxonsrcs Ha paccrostauu 1 =10 cm apyr ot
npyra. Kakyro paboty 4 coBepliat CUIIbI 110J1s1, €CJIM BTOPOM 3apsiji, OTTAJIKUBAsCh OT IEPBOTO,
yAQIATCS OT HEro Ha paccTosHue M =20 M ?

4. DnektpoH c sHeprueid T = 200 5B (B 0eCKOHEUYHOCTH) IBUKETCS BIIOJIb CUIOBON JTUHHUH 1O
HaMpaBJICHUIO K TOBEPXHOCTU METAJUIMYECKOU 3apsikeHHOU cdeprl panuycoMm R = 10 cwm.
OnpenenuTh MUHUMAJIBHOE PACCTOSHHUE, HA KOTOPOE MPUOTUZUTCS JIECKTPOH K TIOBEPXHOCTH
chepsr, ecmu 3apsan ee Q = -10 uKo.

5. [To mpoBOAHUKY, COTHYTOMY B BHJE MPSMOYTOIbHIKA CO CTOpOHaMU a = 6 cM 1 b = 10 cM, TedeT Tok
CHJION =20 A. Onpenenutp HanpsoKeHHOCTh H v mHAYyKIMI0O B MarHuTHOTO MOJISI B TOUKE
NepeceveHus AuaroHaneil npsiMoyroibHUKa.

6. DJEeKTPOH JABUKETCS B MarHUTHOM 1oJie ¢ uaaykuueit B = 0,02 Ti no okpyXHOCTH paguycom
R =1 cm. OnpenenuTh KHHETUYECKYIO S3HEPTUI0 T 3JIEKTpOHA

7 B opHOpogHOM MarHuTHOM moJjie ¢ uaaykuuen B = 0,1 Tx HaxonuTes mpsMoil mpoBoJI AJTMHOM

| = 10 c™, pacmnosoKeHHbIH TePIeHANKYISAPHO JTUHUSIM UHAYKIuH. [1o mpoBoxy Teder Tok | = 1 A.
[Tox neticTBreM CHII OISt IPOBO/] IEPEMECTHIICS Ha paccTosiHue S = 5 cM. Halitu paboty A cui moss.

8. Cwua Toka B mpoBOJHUKE conpoTuBieHneM R = 12 Om paBHoMepHO yoObIBaeT oT lg = 5A no =0 B
teuenue BpeMenn t= 10 c. Kakoe konmuectBo TemnoTsl Q BbIOENsieTCST B 3TOM INPOBOJHHUKE 3a
YKa3aHHBIU MPOMEKYTOK BpEMEHU?

9. Kwucrounuky toka ¢ 3/IC 1,5 B npucoenunanmm katymky ¢ conpotupierreM R = 0,1 Om. Ammepmerp
MoKasall cuily Toka, paBHyto |; = 0,5 A. Korzna x HICTOYHHKY TOKa MIPUCOEIUHIIN TIOCIEAOBATEIbHO €1l OJUH
HCTOYHUK TOKa ¢ Takoi ke DJ{C, To cuna Toka | B TOH ke Karyuike okazanack paBHo# 0,4 A. Onpenenutsb
BHYTpPEHHHE COTPOTUBIIEHHUS ' U I, IEPBOTO M BTOPOT'O MCTOYHHUKOB TOKA.

10. Jlammouka u peocTaT, COeAMHEHHbIE OCIE0BATEIBHO MPHUCOEINHEHBI K ICTOUYHHUKY ToKa. HanpsokeHnue
U Ha 3axumax sammnouku paBHo 40 B, conporusnenue R peocrara pasao 10 OMm. BHemnss niens notpednset
MoinHocTh P= 120 Br. Haiitu cuity Toka | B niemnu.
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Kontponbnas Ne 3 cemectp 3 Bapuant No 3

1. Kakoii munbt |y myTh npoiiaeT GpOHT BOJHBI MOHOXPOMATHYECKOTO CBETA B BAKYyME 3a TO XKe BpeMs, 3a
KaKoe OH IMPOXOJHMT MyTh [uInHO# |, =1 M B Boge (n = 1.33) ?

2. Ha mudpakuuoHHyto pemeTky, coaepxkamyio N =100 mTprxoB Ha 1 MM, TagaeT HOPMAIBHO
MOHOXpPOMAaTHYECKUIl CBET. 3pHUTeIbHAas TPyOa CIIEKTPOMETPA HaBEICHa HA MAKCUMYM TPETHETO MOPS/IKa.
Uro0bl HaBecTH TPyOy Ha APYroi MaKCHMYM TOTO JKe TIOPsI/IKa, €€ Hy’>KHO TIOBEPHYTh Ha yroi Ag = 20°,
OnpenenuTs IIHHY BOJIHBI A CBETA.

3. Yroia o MeXay IUIOCKOCTSIMH POIYCKaHUs MOJsIpH3aTopa ¥ aHaiuu3aTopa paseH 30°. Bo ckonbko pa3
YMEHBIINTCS HHTEHCHBHOCTD CBETA, BHIXOIAIICIO M3 aHATU3ATOPA, €CIIH YTOJl YBEIHUUTH 70 60°?

4. llpwm u3ydeHHH CHEKTpa U3TYUeHHUS HEKOTOPOW TYMaHHOCTH JIMHUS M3IydeHus Bomoponaa (A, = 656,3 Hm)
oKazasach CMEICHHOM Ha AL = 2,5 HM B 00J1acTb ¢ OoJbIIeH JIIMHON BOHBI (KpacHOe cMenieHue). Haiitu
CKOPOCTh V JIBHXKCHUSI TYMAHHOCTH OTHOCHUTENILHO 3€MIIM M yKa3aTh, YAAISIETCSA OHA OT 3eMJIH WIN
MPHUOIKASTCS K HEH.

5. Ha xaxyro JJIMHY BOJHBI Ay IPUXOJUTCS MAKCUMYM CIIEKTPAJIbHOM IIIOTHOCTH SHEPTeTUIECKOH CBETUMOCTH
(r;7)max 9€pHOTO Tea npu Temmeparype t = 0°C?

6. Ha numHKOBYIO MIACTHHKY MaJaeT MOHOXPOMATHUECKHUI CBET ¢ IIMHOM BOMHEI A = 220 HM. OnpeenuThb
MaKCUMAJIbHYIO CKOPOCTB Viax GOTOAIEKTPOHOB. PaboTa BbIX0/a JIEKTPOHOB U3 IIMHKA paBHa 4 3B.

7 PeHTreHoBCKOE€ M3My4YeHHE IIIMHOW BONHBI A = 40 1M paccemBaeTcs IUTUTKOM rpadurta (KOMITOH-3PGEKT).
OnpenenuTs IJIUHY BOJHBI A’ CBETa, paccesHHOTO 1o yriioM 6 = 30° k HampaBJICHUIO MAAIOIIET0 MyYKa CBETa.

8. Ompenenuts dHEpru0 £ , Maccy m 1 UMITYJIbC p (POTOHA, KOTOPOMY COOTBETCTBYET JUTMHA BOIHBI A = 580 HM

9.  Ompenenuth SHEPTUIO £, KOTOpast BHIIEINUTCS PU 00pa30BaHUH U3 TPOTOHOB M HEUTPOHOB SIAEP TeNus
4
o _ C10-27 o - L1027
,He maccoii m =100 mr. Macca nporona m,=1.67 10 “’ kr, a macca Heiftpona m, =1.68 10 “" kr.

10. 3aBpemst =4 cyr pacnanoch k = ¥4 HauanbHOTO KOJUYECTBA SAEP PAlMOAKTUBHOTO H30TOMA.
Omnpenenuts nepuoa nomypacmnana T y,.
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Kontponbhas Ne 1 cemectp 1 BapuaHt Ne 4

1. MarepuanbHas TOYKa IBHKETCS MO OKPYKHOCTH paguycoM R =2 M corilacHO ypaBHEHUIO

2 _ 3 9
x = At + Bt", rne A =8 m/c; B =- 0,2 m/c’. HaliTu ckopoCTh V, TaHTCHI[HAJIBHOE a,, HOPMAaJIbHOC a,
U TOJIHOE a YCKOPEHUsS B MOMEHT BpeMeHH t = 3 c.

2. HckyccTBeHHBIH CHYTHHK o0Opaimiaercs BOKpYr 3eMId IO KPyroBOW OpOUTE Ha BHICOTE
H=3200 kM Hajg moBepXHOCTHIO 3emMiu. OnpeaenuTb TMHEHHYIO CKOPOCTh CITyTHUKA.

3. Ilap maccoit My = 2 Kr IBUXKETCSA CO CKOPOCThIO Vi = 3 M/C M CTaJKHBAETCA C MapoM Maccoi 4
KT, IBHXKYIIMMCS €My HaBCTPEUY CO CKOPOCTBIO V; =4 m/c. OnpenesuTh CKOPOCTH IIAPOB TIOCTE MTPSMOTO
HEHTPAIBHOTO yaapa. Yaap cuutaTh abCONIOTHO YIPYTUM.

4. Ha kparo Tropu30HTaIBHOM TIaTGOPMBL, UMetomeld GpopMy amucka paguycoM R =2 M, CTOUT 4eloBexK.
Macca mtardpopmer M = 200 kr, macca yenoBeka 80 kr. [ImaTdopma MokeT Bpamatbcs BOKPYT
BEPTUKAJIBbHOM OocH, mpoxoasnieii yepe3 ee neHTp. [IpeHeOperas TpeHreM, HAWTH, C KaKOM
YyIJIOBOH CKOPOCTHIO OyleT BpamaThces miaTdopma, eciiu 4eaoBeK OyaeT uATH BAOJb €€ Kpas Cco
CKOPOCTBIO V = 2 M/C OTHOCHTEIBHO TIaTHOPMEI.

5. Touka ABMXKETCS MO OKPYKHOCTH panuycoM R =4 M. 3aKoH ee IBIKEHHS BBIPa)KaeTcsl ypaBHEHHEM
s=A+Bt?, rae A =8 M; B = - 2 m/c’. HaiiT MOMEHT BpeMeHH t, KOr[a HOpMaIbHOE YCKOPEHHE TOUKH

2, .
an = 9 M/c”; CKOpOCTb V; TAHTEHIIUATIBHOE 2, U MOJHOE & YCKOPEHHUS TOYKH B 3TOT MOMEHT BPEMEHH.

6. Touka coBepIIAET OJHOBPEMEHHO JBa TAPMOHUYECKUX KOJeOaHUsA, MPOUCXOIAIIMX 10 B3AUMHO
HEPIEHANKYIAPHBIM HAIIPABICHUSAM U BHIPAKAEMBIX YPaBHEHUSAMHU: X = A; cosmt

y=A, cosmp(t+1), rie Ay =4 cM; 0= C A, = 8 eM; wp, =7 ¢, t = lc. HaiiTu ypaBHeHue
TPAEKTOPHH, 10 KOTOPOM JABUKETCS TOYKA.

7. 3ajaHo ypaBHeHHe II0ckoii Bomubl E(x,t) = Acos(ot - kx), e A=0,5cm, ® =628 ¢t k=2 m™.
Onpe/ienure 4acToTy KojaeOaHui V 1 JUTUHY BOJIHBI A..

8. B cocyne BMecTUMOCTHIO V = 2 7T HAXOUTCS KHUCIOPOI, KOJTMYECTBO BEIIECTBA V KOTOPOT'O PAaBHO
0,2 mone. OnpeaenuTh WIOTHOCTH P rasa.

9. B nunmunap muaoi | = 150 cM, 3amoHeHHBIH BO3YXOM IIPH HOPMATBHOM aTMOC(HEPHOM JIaBIEHUH [y,
HaYaJi MEJUICHHO BJIBUTaTh MOPIIeHB IIomia s 20 oM. Onpenenuts cuity F, koTopas OyneT neiicTBoBaTh
Ha MOPIIEHb, €CJIM €ro OCTaHOBUTD Ha paccrosiHu |3 = 100 cM ot 1Ha 1uIMHApA.

10. Bogmopox 3zanumaer oobem Vi =10 M pu gasinenuu p; = 0,1 Ila. ['a3 Harpenau mpu MOCTOSHHOM
o0beme 10 nasienus p; = 0,3 MIla. Onpenenuts usmenenne AU BHyTpeHHEH sHepruu rasa, paboty A,
COBEPILICHHYIO ra3oM, U TeioTy Q, COOOIICHHYO ra3y.




20

Kontponsnas Ne 2 cemectp2 BapuanT Ne4

1. DnekTpudeckoe mojie Co3/1aHo JIByMsi 0€CKOHEYHBIMU MapauIeIbHBIMU IIACTUHAMU, HECYILIUMU
. . 2

OJIMHAKOBBII pAaBHOMEPHO pacHpe/IeIeHHbIH 1o Tuiomany 3apsia (6 = 1 aKin/m”). Onpenenutsb

HanpspkeHHOCTh E mons: 1) mexxay niuactuHaMmy; 2) BHE IJIACTHH.

2. DnextpoH ¢ sHeprued T = 100 3B (B O6CKOHEUHOCTH) JBHIKETCS BJOJIb CUIIOBOM JTUHUHM 110 HANIPABICHHUIO K
MOBEPXHOCTH METAINTNYECKON 3apshkeHHOU chephl paguycoM R =5 cMm. Onpenenuth MUHIMAIBHOE pac-
CTOSIHHE, Ha KOTOPOE MPHOIU3UTCS DJIEKTPOH K MOBEPXHOCTH cepsl, ecau 3apsa ee Q = -1 uKu.

3. B oaHOpOAHOE AIEKTPUUECKOE MMOJIe HAaNpsHKeHHOCThIO £ = 1 kB/M BiietaeTt BJ10JIb CHJIOBOM JIMHUH
3JIEKTPOH CO CKOPOCTHIO Vo= 1 MM/c. onpeienuthb paccTosinue |; mpoiieHHOE IEKTPOHOM JI0 TOUKH, B
KOTOPOH €ro CKOpOCTh V| OyZeT paBHA IMOJIOBUHE HAYAJIbHOM.

4, B omHopoaHoM marnutHoM mose ¢ uHaykiued B = 0,01 Tn HaxomuTcs mpsMoil mpoBOJ IIMHON
| = 8 cm, pacnosiokeHHBIH TEPICHANKYIAPHO JIMHUAM HHAYKIKK. [1o mpoBoay Teuer Tok | = 2 A. Tox
NEICTBUEM CUJI TIOJISl IPOBO/I IEpEMECTHIICA Ha paccTosiHue S = 5 cMm. Haiitu paboty A cun moJs.

5. Anrpda-gactuna, HaXOISICh B OMHOPOJHOM MarHUTHOM moje naAyknuei B = 1 Tn, nemwxkercs mo
OoKpyKHOCTH. OnpenenuTs cuily | SKBHBaJIEHTHOTO KPYTOBOTO TOKa, CO3/1aBaeMOr'o IBWKCHUEM  alib]a-
YacTHULIBI.

6. IIpsMoii mpoBoA, IO KOTOPOMY TeueT ToK 1=1 kA, pacmoioxeH B OJJHOPOJIHOM MarHUTHOM TI0JIe
HepIeHANKYIIIPHO JTUHUIM uHAyKimu. C kakoi cunoit F neiictByer nose Ha oTpe3ok npoBoja aiuHoi | = 1 m eciu
MarHuTHas ”HAyKuus B pasHa 1 Tn?

7. MarauTHbIA MOMEHT p,, BuTKa paBen 0,2 J[x/Tn. Onpenennuts cuny Toka | B BUTKe, €CIIHM €ro 1uaMeTp
d=10 cm.

8. Ilo npoBosHuUKy conpoTuBieHrneM R = 3 OM TedeT TOK, cuiia KoToporo Bo3pacraer. KomndecTBo TerioTsl Q,
BBIJIETIUBIIEEC B TPOBOAHMKE 3a BpeMsd t = § ¢, paBHO 200 J[>k. OnpenennTs KOMMYECTBO AIEKTPUUIECTBA (),
MIPOTEKIIIee 3a 3TO BpeMs 110 MPOBOJHUKY. B MOMEHT BpeMeHH, MPUHATHINA 32 HaYalbHbIH, CHUJIa TOKa B IPOBOIHUKE
paBHa HYIIO.

9. Jlamnouka u pe3ucTop, COeIMHEHHbIE OCIEA0BATENbHO IPUCOEANHEHBI K ICTOYHHUKY TOKA.
Hanpsoxenne U Ha 3axxumMax namnodku pasHo 50 B, conpotusnenue R pesuctopa pasao 100 Om.
Bremnss nens norpedisier momHocTh P = 0,1 kBt. Haiitu cumy Toka | B memm.

10. Cwuna Toka B IpOBOJHUKE paBHOMEpHO HapacTtaeT oT lp = 10 1o | = 15 A B Teuenue Bpemenu t = 5¢C.
Omnpenenuts 3apsa Q, npouiemuid B IpOBOJHHKE.
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Kontponsras Ne 3 cemectp 3 Bapuant Ne 4

1. Kaxkoii mmmnsl |y myTs mpoiiaer GpoHT BOJHBI MOHOXPOMATHYECKOTO CBETA B BAKYYME 3a TO XK€ BPEMSI, 3a KaKOe
OH MPOXOIHT MyTh JiuHOM |, = 1 M B Bozme (n = 1.33) ?

2. Ha rpanp kpuctania KaMEHHOH COJTM MaAaeT NapaieNIbHbIN MMyYOK PEHTT€HOBCKOTO M3TyYCHUS

(A =147 nm). OnpenenuTh pacctosiHre d MKy aTOMHBIMHU TFIOCKOCTSIMHU KPHCTAJIIA, €CIH AUPPAKIIHOHHBIH
MaKCHMyM BTOPOTO TIOPsIIKa HAOI0JaeTcs, KOTaa u3rydeHne magaet mox yriom & = 31°30' k moBepXHOCTH
KpHUCTaa.

3. Ha kaxoii yri0Boii BEICOTE () HaJl TOPH30HTOM JOJDKHO HaxoauThesl COJHIIE, YTOOBI COTHEYHBIH CBET,
OTPaXCHHBIN OT MOBEPXHOCTH BOJIBI, OBLI MOTHOCTHIO MOJISIPU30BaH?

4. 1lpwm u3ydeHHH CHEKTpa U3TYIeHHUS HEKOTOPOH TYMAaHHOCTH JIMHUS M3IydeHus Bomoponaa (A, = 656,3 Hm)
oKazajach CMEIICHHOW Ha AA = 2,5 HM B 00J1acThb ¢ OOJIbIIEH ATUHOM BOJIHBI (KpacHOe cMemnieHne). Haiitu ckopocthb
V IBMKEHUSI TYMAHHOCTH OTHOCUTENILHO 3€MIIM M yKa3aTh, YAAJSCTCsl OHA OT 3eMIIM WITH MPHOIMKAETCS K HEll.

5. C NOBEpXHOCTHU CaXXH IJIOWAb0 S = 1 cM” mpu temneparype 1 =500 K 3a Bpems t = 6 MuH m3imydaeTcs
sneprust W = 80 Jxx. Onpenenuts KO3GPUIHUEHT TETIIOBOTO U3TYUCHUS € CaXKH.

6. Ha moBepxHOCTH Kanus MafaeT MOHOXpoMaTrdecKuit ceet (A = 250 HM) UTOOBI MpEKpaTUTh IMUCCHIO
AJIEKTPOHOB, HY)KHO MPUJIOKHTD 33IEPKUBAIOIIYI0 pa3HOCTh nmoTeHnuanoB U He meHee 2.5 B. Onpenenuts padoty
BBIX0J1a 4 3JIEKTPOHA C TIOBEPXHOCTH KaJIHUSI.

7 PeHTreHOBCKOE M3Iy4YeHHE JITUHON BOMHBI A = 40 TIM paccenBaeTcsl IUIMTKOM rpaduta (KOMITOH-3PQEKT).
OnpenenuTs IJIUHY BOJHBI A’ CBETa, PaCCEIHHOTO MO yIioM 0 = 45° Kk HamnpaBJICHUIO MAAr0IIEro MyYKa CBEeTa.

8. Ykaxute, CKOJILKO HYKJIOHOB, ITPOTOHOB, HEUTPOHOB COMEPKAT CIAEAYIoIIHe sapa: 1) 5426F e, 2) 10447Ag

9. 3aBpemst=8cyr pacnanocs k = 1/4 HauanpbHOTrO KOIMYECTBA SACP PAAHOAKTUBHOTO H30Toma. OnpeaeanTh
nepuos nosypacmnaga T .

10. Omnpenenuts 3HEPTHIO £ , Maccy 7 M UMIYJbC p (OTOHA, KOTOPOMY COOTBETCTBYET JJIMHA BOJHEI A = 600 HM.
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Kontponshas Ne 1 Cemectp 1 BapuaHT Ne 5

1. MarepuanbHasi TOYKa IBUXKETCS MPSIMOJMHEHHO. YpaBHEHHUE JBUXKECHUSI UMEET BUJ

- 2 _ T 3 . -
X=At+Bt", rne A=3 m/c; B=0,06 m/c” . HaliTi ckopocTh V 1 yCKOpPEHUE TOYKH B MOMEHTHI BpeMeHH t;=0
u 1,= 3 c. KakoBHI cpegHre 3HAUEHHUS CKOPOCTH U YCKOPEHWUS 3a MepBbIe 3 ¢ IBIKEHUS?

2. CniomHOW OJHOPOJHBIN AUCK KATUTCS MO TOPU30HTAIBHOM IMJIOCKOCTH CO CKOPOCThIO V= 10 M/C.
Kaxkoe paccrosiHue npoiiner AUCK 10 OCTAHOBKHU, €CIIM €ro MpeJaoCTaBUTh caMoMy cebe?
KoadbdbunueHnT tpenus npu apmxeHnn arucka pase 0,02.

3. Teno maccoit 0,2 KT cockanb3biBaeT 0€3 TPEHHS C TOPKHU BBICOTOW 2 M. HaliTi n3mMenenue
uMItyibca Ap tena.

4. Ha Tenexke, CBOOOJHO JBUXKYIICHCS IO TOPHU30HTAILHOMY MYTH CO CKOPOCTHIO 3 M/C,
HaxoJuTcs 4eaoBeK. UeaoBeK MphIracT B CTOPOHY, MPOTHUBOMIONOXKHYIO ABHXKEHUIO TelnexKu. [locme
MPBIXKKa CKOPOCTh TEJNEXKH H3MEHHIACh W cTana paBHOU 4 m/c. OnpenenuTs
TOPHU30HTAIBHYIO COCTABIAIONIYIO CKOPOCTH YeIOBEKa MPHU MPBDKKE OTHOCUTEIBHO TeJIeXKH. Macca
tenexku 210 kr, macca yenoBeka 70 Kr.

5. Tlox meficTBHEM MOCTOSTHHON CHITBI F BaroHeTka mpomuia myTs S = 5 M ¥ mpuodpesa cKopocTs V =2 M/c.
Omnpenenuts paboty A cuibl, ecinu Macca m BaroHeTku paBHa 400 kr u ko3¢ dunuent tpenust 0,01.

6. Touka yyacTByeT B JIByX B3aUMHO MEPICHAUKYISAPHBIX KOJICOAHHSX, BHIPAKACMbIX YPABHCHHUSIMU:
x=Acosm; ny=Assinmt tme A; =2 cm; A, =3 cMm; o1 = 2m,. HaliTu ypaBHEeHUE TpaeKTOPHUH TOUYKH.

7. 3BykoBbIe KoJIeOaHus, UMeroIue yactory V= 0,5 k't u ammuryay A = 0,25 MM, pactipocTpaHsIOTCs B
ynpyroi cpene. JJnuna Bomabl A = 70 cM. Haiinure ckopocTh 9 pacipocTpaHSHHS BOJHBI.

8. OmnpenennuTs CPEIHIOI KHHETHIECKYIO SHEPTHIO <Mypa,>BPAIIATEIBHOTO JBIKEHUS OJHOH MOJIEKYJIIbI
JIByXaTOMHOTO Ta3a, €CJIM CyMMapHasi KHHETUYEeCKasi DHEPTrUs  MOJIGKYJ  OJHOTO  KHJIOMOJISI  ATOTO
raza U =3,01 M/[x.

9. B b6amnone emxocthio V = 20 11 HaxoIUTCA aproH oA nasineHueM p; = 800 klla u Temmepatype
T,= 325 K. Koraa u3 6ajioHa ObLJIO B3ATO HEKOTOPOE KOJIMYECTBO aproHa, JaBiCHUE B OaJlJIOHE
MOHU3MWIOCh 110 P2 = 600 kIla, a Temmeparypa ycranoBunack T, = 300 K. Onpenenuts Maccy M aprosa,
B3STOTO U3 OaJJIOHA.

10. Kucnmopox Maccoid 2 kr 3aHuMaeT o0beM V= M wu HaXOUTCH MOJ JaBJICHUEM

p1 = 0,2 MIIa. a3 6bi1 HArpET CHAYAJIA NP OCTOSHHOM AaBJIeHHH 10 o0beMa V,= 3M°, a 3atem npu
MOCTOSTHHOM oOBbeMe 1o naBinenus p,= 0,5Mlla. Haiitu: 1) nu3menenue BHyTpeHHe# sHepruu AU rasa;
2) coBepIICHHYIO UM paboTy A ; 3) KOJMUYECTBO TEIUIOTH Q,lepeaanHoe rasy.
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Kontponsnas Ne 2 cemecTp 2 Bapuant Ne 5

1. Paccrosaue d Mexay AByMst TodedHbIMU 3apsaamu Q; = - 180 K u Q, = 720 uKun paBHo 60 cwm.
Omnpenenuts TOYKY, B KOTOPYIO HYXKHO MIOMECTUTh TpeTHit 3apsaa Qs Tak, 4ToOBI cucTeMa 3apsiioB
HaxoJuiachk B paBHoBecuH. OnpenenuTs BEeIMYUHY U 3HAK 3apsaja.

2. Ilnockas kBagpaTHas IJIaCTUHA CO CTOPOHOM JUIMHOM @, paBHOUM 10 cM, HAXOIUTCS HA HEKOTOPOM
o . 2

paccTosTHUU OT OECKOHEYHOU paBHOMEPHO 3apspkeHHoM (6 = 1 MxKi/M”) mnockoctu.. [Tnmockocth

IJIACTUHBI cocTasiisieT yroia B = 30° ¢ nuausamu mois. Haiitu motok BekTopa E vepes oty mmactuny.

3. B ogHOpOAHOE AIEKTpUYECKOE MMoJie HanpsKeHHOCThIo £ = 1 kB/M Biietaet BIOIb CHIIOBOM JIMHUH
3JIEKTPOH CO CKOPOCThIO Vo= 1 MM/c. onpeienth paccTosiHue |; mpoiiieHHOE JIEKTPOHOM JI0 TOUKH,
B KOTOPOM €ro CKOPOCTh V| OyJIeT paBHA MOJIOBUHE HaYaIbHOM.

4. Conenoup cogepxxut N=1000 ButkoB. Cuna Toka | B ero oOMoTKe paBHa 1 A, MarHUTHBII MOTOK
@ yepes nmomnepeuHoe ceuenne coneHonaa pasex 0,1 MB0O. Beruuciuts sHepruto W MarHUTHOTO TOJISI.

5.Ilo mpoBOAHMKY, COTHYTOMY B BHIE KBaapaTra co cTopoHo# a = 10cMm, Teuer Tok I= 20 A.
[MnockocTh KBagpaTa NepreHANKYIIPHA MATHUTHBIM CWJIOBBIM JHHHSIM moiisg. OmnpeaenuTs paboty A,
KOTOPYIO HEOOXOIMMO COBEPIINTH AJISl TOTO, YTOOBI yIaIUTh MPOBOIHUK 32 Ipeesibl Noist. MarHuTHas
naaykuus B = 0,1 Ta. Tlone cuntaTte OIHOPOIHBIM.

6. Mon, Hecymuii OJJUH 3JIeMEHTAPHBIN 3aps]], JBUXKETCS B OHOPOJAHOM MAarHUTHOM IOJIE C
unnyknueit B=0,015 Tx no okpyxuoctu paguycom R=\ 0 cm. OnpeneiuTh UMITYIIBC p HOHA.

7 Tlpsimoit mpoBoj uuHO#t |=10 cM, mo koTopomy TeueT Tok 1=20 A, HAXOAUTCS B OJJHOPOTHOM
MarHuTHoM noJie ¢ uaaykuuen B =0,01 Tn. Halitu yron o Mexay HanpasieHusMH BekTopa B u Toka,
eclii Ha npoBoJ AeictByeT cuna F=10 mH.

8. Comporusnenue r, =5 OM, BOIBTMETP U KCTOUYHUK TOKA COCTMHEHBI NapaiedbHo. BonbTMeTp
nokassiBaeT HanpspkeHne U; = 10 B. Ecnin 3aMeHuTs conpoTuBienue Ha I, = 12 OM, TO BOJIBTMETP
nokaxer HanpsbkeHue U, = 12 B. Onpenenuts 3/1C 1 BHyTpeHHEE CONPOTHUBICHNE UCTOYHHUKA TOKA.
TokoM uepe3 BOJIBTMETP MPeHEOpEYb.

9. OmpenenuTs MIOTHOCTh TOKA | B )KEJIE3HOM MPOBOAHUKE [UTMHOM, | = 10 M, ecitn mpoBojg
HaxojauTcs 1noj HanpsbkeHnem U = 6 B

10. Ilpu BHemHeM compoTuBieHun ;=3 Owm cuia Toka B nenu |1 = 0,3 A, mpu conpoTuBICHUN
r, =35 Om cuna toka |, = 0,2 A. OnpenenuTts cuily TOKa KOPOTKOTO 3aMblkaHus ucTouHuka D/(C.




Koutponwshas Ne 3 Cemectp 3 BapuaHT Ne 5

1. Kaxoit giunsl |; myTs npoiiaer GpoHT BOJIHBI MOHOXPOMATHYECKOTO CBETA B BAKyyMe 3a TO )K€ BpeMs, 3a
KaKoe OH MPOXOAMT MyTh [UIUHOM |, = 1 M B cTekie (N = 1.5) ?

2. TInoCKOBBIMYKJIask JIMH3a BBIMTYKJION CTOPOHOM JISKHT HA CTEKIITHHOW TuiacTHHKe. OnpeaeauTs Toamuny d
CJIOSl BO3/IyXa TaMm, I/ie B oTpakeHHOM cBeTe (A = 0,6 MKM) BHIIHO TI€pBOE CBETIIOE KObI0 HproTOHA.

3. Crenensn noJrApru3ann P gyactuuno MOJIIPU30BAHHOI'O CB€TA paBHA 0,5 Bo ckonbko pa3 oTiIn4acTCA
MaKCUMaJibHass MTHTCHCUBHOCTH CBE€TA, IMIPOITYCKACMOIro 4€pe3 aHajan3aTop, OT MHHUMAaJILHON?

4. Tlpu xakoii CKOPOCTH V 3JIEKTPOHOB (B JOJISIX CKOPOCTH CBETA) YSPESHKOBCKOE U3TYUCHHUE IPOUCXOIUT B
cpene ¢ rmokazareneM npeiaomierns N = 1,70 mox yriaom  30° K HaNpaBIEHUIO UX ABMKECHUS?

5. MakcuMyM CIEeKTpaJIbHOM TIOTHOCTH SHEPTETUYCCKON CBETUMOCTH (I; T)max APKOI 3BE3/161 APKTYP
NPUXOAUTCS HA JUTMHY BOJHBI Ay = 600 HM. [IprHUMast, 4To 3Be3/1a H3ITy4YaeT Kak YepPHOE TeIo, ONPEACTUTh
Temneparypy 7 MOBEpXHOCTH 3BE31Ibl.

6. Ha moBepxHOCTh MarHus najgaeT MoHOXpoMaTuueckuii cBeT (A = 350 HM) UT0OBI MPEKPaTUTh IMHUCCHIO
AJIEKTPOHOB, HY>KHO MPUJIOKUTH 3aJIePKUBAOLIYIO pa3HOCTh nmoTeHuanoB U He menee 1.2 B. Onpenenuts
paboTy BbIxoaa 4 3JIEKTPOHA C IOBEPXHOCTH MarHusl.

7 Onpenenuts 3HEPruio £ , Maccy m U UMIYJIbC p (OTOHA, KOTOPOMY COOTBETCTBYET JIJTMHA BOJIHBI
A =480 uM.

8. Omnpenenuts yrou 8 paccessHust GoTOHa, UCIIBITABIIEIO COYAAPEHHE CO CBOOOTHBIM JIEKTPOHOM, €CIIH
M3MEHEHHUE JUIMHBI BOJHBI AL TIpU paccessHUH PaBHO 3,2 1M.

9. Or[pe;[em/m, SHEPrHI0 £, KOTOpas BEIISTUTCS MPU 00pa30BaHUH U3 IPOTOHOB U HEMTPOHOB sApa N30TONA
Tenus He maccoit m =1 r. Macca nporona m,=1.67 10~ 27 kr, a Macca Helitpona m, = 1.68 10 ' kr.

10. 3aBpemst= 2 cyr pacnanoch 1/2 HavyaabHOrO KOJUYECTBA SACP PAIUOAKTUBHOIO U30TOIIA.
Omnpexpenuts nepuoa noiypacnanga 1.
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Kontponbras Ne 1 Cemectp 1 Bapuant Ne 6

1. /IBe MaTepualbHBIE TOYKHA JBUXKYTCSA COTIACHO YpPaBHEHUAM x1=A1+B1t+C1t2 , Xo = Aot Cz'[2
_ 2. 2 .

rae A;=10 m; B;=32 m/c; Ci= - 3 M/c”; Ay=5 m; C; =5 m/c”. B kakoit MOMEHT BPEMEHH CKOPOCTH 3THX

TOYEK OJMHAKOBHI? UeMy paBHBI CKOPOCTU M YCKOPEHUS TOYEK B 3TOT MOMEHT?

2. MaxoBuk pammycoM R = 10 cM HacakeH Ha TOPU3OHTANILHYIO OCch. Ha 0001 MaxoBHKa
HaMOTaH WIHYp, K KOTOPOMY IpuBsizaH Tpy3 maccoit 800r. Onyckasich paBHOYCKOPEHHO, Ipy3
npoien pacctogHue S = 160 cm 3a Bpems t = 2 ¢. Onpegenure MOMEHT WHEPLUU MaxOBHKA.

3. Meteopur maccoii m = 10 xr magaeT U3 OCCKOHEYHOCTH Ha MOBEPXHOCTH 3E€MIIH.
Omnpenenute paboTy, KOTOPYI COBEPIIAIOT MPH 3TOM CHJIBI TPABUTAIUMOHHOTO MOJS 3€MIIH.

4, IIlap maccoit 6 Kr ABHIKETCSA CO CKOPOCTHIO 2 M/C U CTATKUBACTCS C MApOM Maccoit 4 KT, KOTOPBIH
JBWKETCSI €My Ha BCTpedy cO CKOPOCTBIO 5 M/c. Haliiure cKOpOoCTh IIapoB Mocie IpsiMOro EHTPAIBHOTO yAapa.
[lapbr cyuTaTh a0COMIOTHO YIPYTHMH.

5. Ha ctone crout Tenexka Maccor My =4 xr. K Tenexke npuBsi3ad OOUH KOHEL] IIHYPa, IEPEKUHYTOTO
yepe3 0110Kk. C KakuM ycKOpeHHeM OyJeT ABUraThCsl TEIEkKKa, eClIM K IPYroMy KOHILY IIHYpa IpUBSA3aTh THPIO
maccod Mm,=1 kr?

6. JIBMKEHHE TOYKHM 110 OKPYKHOCTH paguycoM R =4 M 3a1aH0 ypaBHEHUEM § = A+Bt+Ct*, re A= 10 M,

2 o
B = 2w/c, C=1 m/c". HaliTi TaHT€HIIHAIBHOE a ¢ , HOPMAJILHOE 8, U TIOJTHOE @ YCKOPEHHMSI TOUKH B MOMEHT
BpemeHu t = 2c.

7. ]JIBe TOYKHM HaXOAATCS HA MPSAMOH, BIOJIh KOTOPOU PaCHpOCTPaHSIOTCS BOIHBI CO CKOPOCTHIO V = 50 m/C.
ITepuon xonebanwmii T = 0,5 ¢, paccrossHue Mex Ay Toukamu X = 50cM. Halitu pasHocTh a3 Ap konebanmii B
I9THUX TOYKaXx.

8. BbUHCINTG MIIOTHOCTB P KUCIIOPOJa, Haxos1erocs B 6amone nox aasneHueM p = 1 Mlla npu
temneparype T =300 K.

9. bamion BMecTUMOCTBIO 20 J1 COAEPKUT yriaeKucibid ra3 maccoit S00 T mox naBnenueMm 1,3 Mlla.
Onpenenuts TEMIIepaTypy rasa.

10. Azor wmaccoit 200r pacmupsiercss wu3oTepMudecku npu temmneparype T =280 K, npuuem
o0beM rasa yBenuumBaeTcs B 2 pasa. Haiitu: 1) m3smenenne AU BHyTpeHHEH 3Hepruu rasa;
2) COBEpIICHHYIO NIPH pAaCIIMPEHUH ra3a padotry A ; 3) KOIW4YecTBO TEIIOTH Q, MOJTydyEeHHOE ra3oM.
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Kontponbras Ne 2 cemecTp 2 BapranT Ne 6

1. Jansl gBa mapuka Maccoit m = | r kaxenii. Kakoit 3apsa Q Hy»KHO COOOIINTE KaKIOMY IIapUKY,
9TOOBI CHJIa B3AMMHOT'O OTTAJTKUBAHUS 3aPS0B YPABHOBECHIIA CHUITY B3AaMMHOTO MIPUTSKEHUS
IIApUKOB IO 3aKOHY TsAroTeHus: HptoTona? PaccmaTprBath mapuku Kak MaTepHalibHbIE TOUKH.

2. OrmpenenuTh HANPSDKEHHOCTD TI0JIS, CO37IaBaeMOT0 3apsA0M, PABHO MEPHO paclpe/IeICHHBIM 110 TOHKOMY
npsIMOMY CTepiKHIO uIMHOM | = 10 cM B TOUKe ¢ JIMHEWHON IUIOTHOCTBIO 3apsaga ©= 100 uKn/m,
Jexauied Ha MpOAOJKEHUU OCH CTEPKHA Ha paccTossHuU a = 10 cM oT Gimkaliiiero KoHua.
OmnpeneinuTh TaKkKe CUITy, JSUCTBYIONIYIO B 3TOH Touke Ha ToueuHbId 3apsa Q = 10 uKur.

3. Toueunsie 3apsapl Q1 = 1 mxKn u Q, = 0,1 mxKi Haxomsitcs Ha paccrosinuu 1 = 10 cm apyr ot
npyra. Kakyto paboTy 4 coBepIiat CUIIBI TOJIs, €CITH BTOPOM 3apsifl, OTTAIKUBASICh OT IIEPBOTO,
YAQIATCS OT HETo Ha paccTosHue: 1), = 10 m; 2) 3 = oo?

4. IlsimmHKa Maccodt m = 1 T, HecyIas Ha ceOe MATh JIEKTPOHOB, MPOIILIA B BAKYyMe
yCcKOpsoIyo pasHocTh noteHimanoB U = 3 MB. KakoBa kunetuueckasi 3Heprusi 7 mbUTMHKU?
Kakyro ckopocTs v mprobperna meuimHKa?

5. Boerunciuth paguyc R 1yru oKpy>KHOCTH, KOTOPYIO ONMUCHIBAET MPOTOH B MAarHUTHOM TIOJIE C
unaykuueir B=15 mTn, ecnu ckopocts L poToHa paBHa 2 MwM/c.

6. Ilmockuii KoHTYp, Mmom@ab S koroporo pasHa 300 CM®, HAXOJUTCA B OJIHOPOJIHOM MarHUTHOM
nosie ¢ unaykuueit B =0,01 Tn. IlnmockocTh KOHTypa NEpHEHAMKYJSpPHA JUHUAM HHAYKUUU. B
KOHType mnojaepxuBaeTcs HeudMeHHbIH TOK |=10 A. Omnpenenuts paboTy 4 BHEMIHHX CHJ IO
MEPEMEIICHUIO KOHTYPa ¢ TOKOM B 00JIACTh MPOCTPAHCTBA, MATHUTHOE TIOJIE B KOTOPOW OTCYTCTBYET.

7. Cuny Toka B KaTylIKe paBHOMEPHO YBEJIMUYUBAIOT MPH oMol peoctata Ha Al=0,5 A B
cekyHny. Haiitu cpennee 3nHauenue D1C caMOMHAYKLMH, €CIIM HHIYKTUBHOCTD KaTymku L=2 mI'H.

8. Cuia ToKa B IPOBOJIHUKE paBHOMEPHO HapacTaeT oT lg = 0 A o | = 3 A B TeueHue BpeMeHH
t = 10c. Onpenenuts 3apsa Q, IPOIIEIIHI B IIPOBOTHUKE.

9. Comporusnenue r, =5 OM, BOJIBTMETP U UICTOYHHK TOKA COEIMHEHBI apajlieNibHO. BonbTMeTp
nokasbiBaeT HanpsbkeHue U; = 10 B. Eciu 3amenuTts conporusienue Ha I, = 12 OM, TO BOIBTMETP
nokaxer HanpsukeHue U, = 12 B. Onpenenuts 3/1C 1 BHYTpEHHEE CONPOTUBICHNE UCTOYHHUKA TOKA.
TokoM uepe3 BOJIBTMETP MpeHEeOpeYb.

10. K 3axumam OaTapeu akKyMyJIATOpOB IIpucoeanHeH HarpeBarenb. DJ{C Oarapeu paBHa 20 B.
Buytpennee conpotusienue I = 1 OM. HarpeBaTens, BKIIOUEHHBIH B L1eMb, TOTPEOIsIET MOLTHOCTb
P = 60 Br. Beruncnuts cuiy Toka | B nenu u KIIJ[ n nHarpeBarens.
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KonTtponsnasg Ne 3 Cemectp 3 BapuaHnt Ne 6

1. Kaxo# mmussl |; myTh mpoiizer GpoHT BOJTHBI MOHOXPOMATHYECKOTO CBETA B BAKYYME 3a TO XKe BpeMs, 3a
KaKoe OH MPOXOJHMT IyTh unHO# |, =200 cm B crekie (N = 1.5) ?

2. Pammyc p, gyerBepToii 30H6I OpeHens A IIOCKOTO BOHOBOTO (hpoHTa paBeH 3 MM. OmpenenuTs pagnyc
Pg LIECTOM 30HBI DpeHes.

3. VYron Bproctepa €, pu maiecHuu CBETa U3 BO3AyXa HAa KPUCTAUT KaMEHHOM conu paBeH 57°. Onpeaenursb
CKOpPOCTPH CBETa B 3TOM KpPHCTAJLIE.

4. Tlpu xaKkoii CKOPOCTH V BIIEKTPOHOB (B AOJISX CKOPOCTH CBETA) YEPEHKOBCKOE M3IIyYeHHE MPOUCXOIUT B
cpene ¢ nmokasaresieM npeiomienus N = 1,50 mox yrinom 40° k HarpaBJIEHUIO UX ABMKEHUSA?

5. Ha kakyro [UIHHY BOJHBI Ay MIPUXOINUTCS MAKCHMYM CIIEKTPATBHOMN ITIOTHOCTH YHEPTETUIECKON
cBETUMOCTH (I} T)max YEPHOTO TeJIa Tipu TeMmeparype t = 10°C?

6. Ha moBepxHOCTH HaTpus MagaeT MoHOXpoMatuieckuid cBeT (A = 300 M) UTOOBI IPEKPATUTH SMUCCHIO
3IIEKTPOHOB, HY>KHO NPUIIOKUTH 33JIep>KUBAIOIIYI0 pa3HOCTH moteHmanoB U He meHee 2 B. OnpenenuTs
paboty BbIxojia 4 IEKTPOHA C TOBEPXHOCTH HATPHSL.

7 JlaBneHue p MoHOXpoMaTrudeckoro cBera (A = 380 HM) Ha YepHYIO MIOBEPXHOCTh, PACIIONIOKEHHYIO

NEepHIEHIUKYISIPHO NafaromuM Jydam, pasHo 10 mkIla. Onpenenuts uncio N GoToHOB, Magaonmx 3a Bpems t
2

=1 ¢ Ha MOBEPXHOCTH IomaApl0 S =1 cM".

8. Dueprus cBs3u E,, siapa, cocTosmero u3 Tpéx MpOTOHOB U IBYX HEHTPOHOB, paBHa 9,72 M»aB. Onpenenntsb
Maccy M, HEUTPAIIBHOTO aTOMa, UMEIOLIET0 3TO AJPO.

9. Omnpenenuts 3HEPTHIO E, KOTOpask BBIAESIUTCS MPH 00pa30BaHUH U3 TPOTOHOB M HEUTPOHOB AIpa U30TOIA
3 _ o —
remust He maccoit m = Imr. Macca nporona m,=1.67 10 2" r, a Macca HeiitpoHa m, = 1.68 10 %" kr.

10. 3akakoe BpeMs t pacniagaercs ¥4 Ha4aIbHOTO KOJUYECTBA SAEP PaAHMOaKTUBHOTO H30TOIA, €CIIH TEPHOJ
ero nonypacnana Ty, =72 9?
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Kontponshas Ne 1 Cemectp 1 BapuanT No 7

1. Touka HBUKETCS MO OKPYKHOCTH paauycoM R =4 M. 3aK0H e¢ IB)KCHUS BBIPAKACTCS YPAaBHCHHEM
S=A+Bt’, rne A=8wm; B =-2wm/c’. Haiiti MOMEHT BpeMeHH t, KOT/ja HOPMATBHOE YCKOpEHHUE TOUKH
ap = 9 M/c%; CKOPOCTb V; TAHTCHIUAIBHOE 4, I [IOJHOE @ YCKOPEHUS TOUKH B 5TOT MOMEHT BPECMEHH.

2. Jluck panuycom R = 20 cMm u maccoit m = 5 kr BpamaeTcs ¢ yactotor N= 8 06/c. [Ipu
TOPMOJXKEHUH OH OCTaHOBHIICS depe3 Bpems t =4 c. OnpenenuTs TOPMO3SIIINI MOMEHT M, JeHCTBYIOIIHI Ha
TTUCK.

3. Ilpyxwuna xectkoctbio kK = 10* H/Mm cxara cunoii F = 200 H. OnpenenuTs paboTy BHEIIHEH CHIBI,
JTOMOJHUTEIBHO CKUMaIOmei 3Ty npyxkuny emie Ha Al =1 cwm.

4. Ha xene3HONOpOXKHOW TaTdhopMe yCTaHOBIECHO opyaue. Opyaue KECTKO CKPEIJICHO C
miratdhopmoii. Macca nimatrhopmer u opyaust M = 20 T. Opyaue IpoU3BOAUT BHICTPEN oA yTiioMm o = 60°
K JINHUY TOPU30HTA B HampaBieHUH MyTU. Kakyo ckopocTh Vi mproOperaeT miaTdopma ¢ opyaueM
BCJICJICTBUE OT/IAauH, €CJIM Macca cHapsiza S50 KT ¥ OH BbUICTAST U3 KaHajla CTBOJIA CO CKOPOCThIO Vo = 500 M/c
OTHOCHUTEIHHO 3eMIH?

5. llepuon obpamenus T UCKyCCTBEHHOTO CIyTHUKA 3eMJn paBeH 2 4. CumuTas opOUTY CITyTHHKA
KpYTrOBOMW, HaliTH, Ha KaKOW BBICOTE HaJl MOBEPXHOCTHIO 3€MJIH JBUKETCSH COYTHHUK.

6. MarepuanbHas TOYKa OJHOBPEMEHHO yJacTBYeT B JIBYX KOJeOaHHSX, POXOAAIINX MO OTHOH NPSMOH 1
BBIPKAEMBIX YPABHEHHMSAMH X1 = A;SiN mit; Xo = AyC0Swy, e A; = lem; Ay =2 cem; 01 = @ =1 ¢, Haiitu
aMIUTUTYy A pe3yJIbTUPYIOLIET0 KoleOaHus, ero 4acToTy V U HadalbHYI (a3y ¢o. Hamucars ypaBHeHHE
JBHKCHUSL.

7. Ilmockas 3ByKoBas BoyiHA uMeeT niepuon 1= 3 mc, ammmuryay A = 0,2 MM u juirHy BotHEI A = 1,2 M. Haiigure
CMelIele TOYEeK BOJHBI &(X,t), yaleHHbIX OT HICTOYHHKA KOJIeOaHuil Ha paccTosiHUE X = 2 M B MOMEHT t = 7 mc.

8. B OamioHe BMECTUMOCTBIO 371 HAXOJIUTCS KHCIOPO Maccoit 4 r. OnpenenuTh KOJIMYECTBO BEIIECTBA V M YUCIIO
N mMosexyn raza.

9. Bo3ayx, mHaxoauBmmiics mop gasieHueM p;= 0,1 MIlla, Obinm aquabatudecku cxaT 10 JaBICHUS
p2 = 1 MIla. KakoBo OyaeT naBjeHUE P3, KOT/Ia CKATHIA BO3yX, COXPaHsAs 00beM HEU3MEHHBIM, OXJIAUTCS JI0
MIEPBUYHON TeMmnepaTypsi?

10. Kucnopon npu HensmeHHOM aaBieHuu p = 80 xlla marpeBaercs. Ero o0bem yBenmuuuBaercs ot
V=1mm0V,=3M Onpenenuts n3mMeHenne AU BHYTpEeHHEH 3HEPruu KUCIopo/ia, padboty A, COBEpIICHHYIO
UM TNIPU PacIIMPEHHH, a TAKKE TEIOTY Q, COOOIIEHHYO rasy.




Kontponbnas Ne 2 cemectp 2 BapuaHT Ne 7

1. DyeKkTpudecKoe MmoJie Co3AaHo AByMs TouedHbMU 3apsinamu Qi =40 aKimu Q= — 10 Ko,
HaxoasmmMucs Ha pacctosaun d = 10 cM apyr ot apyra. OnpenenuTs HanpssKeHHOCTh E Mot B
TOUKE, y/1aJIEHHOW OT IIEpBOro 3apsAja Ha 1= 12 ¢cM 1 OT BTOpOro Ha I, = 6 cM.

2. TlapannenbHo OECKOHEYHOH MIOCKOCTH, 3aPsDKEHHOM ¢ MOBEPXHOCTHOM IIIOTHOCTBIO 3apsiaa
o =1 mMxKi/m?, pacmoJiokeHa 0€CKOHEYHO TMHHAS MpsMas HUTh, 3apsHKEeHHAS ¢ TMHEHHON MIIOTHOCTHIO
1 =10 sEKi/Mm. Onipenenuts cuiry, AEHCTBYIONIYIO CO CTOPOHBI IUIOCKOCTH Ha €IWHUIY IJIMHBI HATH.

3. Emkocts mnockoro kouaeHcaropa C = 100 nd. dusnextpuk - papdop (¢=5). Konnencarop
3apsauiu A0 pa3HocTu nmoteHuuanoB U = 600 B u oTKIIOYMIN OT UCTOYHUKA HATIPSHKCHUSL.
Kakyo MUHHManbHY0 paboTy HY)KHO COBEPIINTh, YTOOBI BEIHYTh TUAJICKTPUK U3 KOHIEHCATOpa?

4. B sneMeHTapHON TeOpUU aTOMa BOAOPOAA IPUHUMAIOT, YTO JIEKTPOH 00PAIAeTCsl BOKPYT sJIpa
10 KpyroBoit opoure. OnpeaenuTs CKOPOCTh V 3JIEKTPOHA, €CIIU paguyc OpOUTHI I = 53 1M, a Takxke
4acTOTy N BpallleHUs 3JIEKTPOHA.

5. 3apsbkeHHasT dYacTUIla MPONUIa YCKOPSIONyto pa3HocTh mnoreHiuanoB U = 104 B u Bnerena B
CKpeIeHHbIE Mo npsAMbIM yrioM snektpuueckoe (E = 100 B/m) u marauthoe (B = 0,1 Tx) mons.
OnpenenuTh OTHOIICHUE 3aps/ia YACTHIIBI K €€ MAcCe, €CIIH, ABUTasCh MEPICHIUKYIISIPHO 0OOUM IOJISIM,
4acTULA HE UCMBITHIBAET OTKJIOHEHUN OT NPSIMOJIUHEHHON TPaeKTOPUH.

6. MaruutHbiii noTok @ = 40 MBO npoHu3bIBaeT 3aMKHYTHIA KOHTYp. OnpeenuTh cpeHee 3HaueHue

BJIC uuaykuy < ©i>, BO3HMKAOMIEH B KOHTYpE, €CIIM MATHUTHBII MOTOK M3MEHHTCS 10 HYJIS 32
Bpems At =2 mc.

7 Ilo mpoBoay, COTHYTOMY B BHJIE€ KBaJpara co CTOpoHO# anmuHoit a = 10 cMm, Teuer Tok | = 20 A,
CHJIa KOTOPOTO MOjjepKuBaeTcd Hem3MeHHOU. IlmockocTh kBagpara cocrtamisier yroa o = 20° c
JUHUSAMHA UHAYKIIUH OJHOPOIHOTO MarHuTHOro mnojst (B = 0,1 Tx). Beraucoute paboty A, KOTOpyo
HE00XO0IMMO COBEPIIUTH JIJISl TOTO, YTOOBI YAAIUThH IPOBOJ 32 MPEAEIIbI MOIS.

8. B mpoBognuke 3a Bpems t = 10 ¢ nmpu paBHOMepHOM Bo3pactanuu Toka ot I, =0 mo I,=2 A Beimenunach
teruora  Q =2 xJIx. Haiitu conpotuBienue I mpoBOAHUKA.

9. Jlammouka u peocTart, COeqUHEHHbIE TIOCIIEI0BATENBHO IPUCOETMHEHBI K ICTOYHHUKY TOKA.
Hanpsoxenne U Ha 3axxumMax gamnoudku pasHo 40 B, conpotusnenue R peocrata pasao 10 Om.
Bremnss nens norpebisier moutHocTh P = 120 Br. Haiitu cuny Toka | B tienm.

10. Comnporusienue rp =5 OM, BOJIBTMETP U UCTOUYHUK TOKA COEMHEHBI MapaiesbHO.
BonbT™eTp nokassiBaet HanpspkeHue Ui= 10 B. Eciau 3amMeHuTHs conpoTuBieHne Ha

r, = 12 OwM, To BoabTMeTp nokaxket HanpstkeHue Uy = 12 B. Onpenenuts 3/1C u BHyTpeHHEe
CONPOTHUBIIEHUE UCTOYHMKA TOKA. TOKOM depe3 BOJILTMETp NMpeHeOpeyb.
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KonTponsnasg Ne 3 Cemectp 3 BapuaHT Ne 7

1. Kaxo# mmusst |; myTs npoiiaer GpoHT BOITHBI MOHOXPOMATHYECKOTO CBETA B BAKyyMeE 3a TO JK€ BpeMs, 38 KaKoe
OH MpoXouT 1myTh uHO#H |, = 1000 cm B Boge (n = 1.33) ?

2. Ha rpanp KpucTa/uia KAMEHHON COJIM MaJaeT MapauIeIbHBIN ITy40K PEHTI€HOBCKOTO U3ITyYeHUS

(A =147 nm). OnpenenuTh paccrosiHue d MeX Ty aTOMHBIMH TUIOCKOCTSIMU KPUCTAILIA, €CITH AU PAKITHOHHBINA
MaKCHUMYM BTOpPOTO TOPsIIKa HaOII0AaeTcsl, KOraa u3lydeHue najgaet moj yriaoM ¢ = 31°30' kK moBepxXHOCTH
KpHCTaJIA.

3. Ily4ok ecTeCTBEHHOTO CBETa, UIYIIUHI B BOJE, OTpaXkaeTcsl OT IpaHM ajaMasa, OrpyKeHHoro B Boay. Ilpu kakom
yIJI€ NaieHus €, OTPAKEHHBIN CBET MOJIHOCTHIO MOJISPU30BaH?

4. Kakoil HaMeHbIIEH CKOPOCTHIO V TOJKEH 00JIa1aTh SIEKTPOH, YTOOBI B Cpe/ie C MoKa3aTeieM NpEeIOMIICHUS 71
= 1,80 BO3HUKJIO YEPEHKOBCKOE U3TyUYeHHE?

5. llpuaumas ko3 GUIMEHT TEIUIoBOro n3rydeHus B yris npu temneparype T = 600 K pasabiv 0,8, onpenenutsb
SHEPreTHYECKYI0 CBETUMOCTD R, yriIs.

6. Ha nmuHKOBYIO IJTACTHHKY MaJaeT MOHOXPOMATHYECKHUH CBET ¢ IHHOM BOJHEI A = 220 HM. OnpenenuTtsb
MaKCUMAaJIbHYIO CKOPOCTb Vimax POTORIIEKTPOHOB. PaboTa BbIX0/1a 2IeKTPOHOB U3 IIMHKA paBHa 4 5B.

7 Omnpenenuts MaKCHMAIFHOE N3MEHEHHE JUTHHBI BOJIHBI TP KOMIITOHOBCKOM PaCCESTHUH Ha CBOOOTHBIX
ANIEKTPOHAX.

8. Dueprus cBs3u E., sapa, cocTosIero u3 I8yx NpOTOHOB U OJTHOTO HEHTpOHa, paBHa 6,7 MaB. Onpenenuth
Maccy M, HEUTPAIBHOTO aTOMa, UMEIOIIETO 3TO SIPO.

9.  Ompenenuth 3HEPTUIO £, KOTOpas BBIIEINUTCS PU 00pa30BaHUM U3 IPOTOHOB M HEMTPOHOB S/Ipa N30TOMA
3 _ o —
remust ,He maccoit m = 100 mr. Macca nporona my = 1.67 10 %7 kr, a Macca Heiitpona m, = 1.68 - 10 % kr.

10. 3a xakoe BpeMs t pacnanaercs ¥4 Ha4yanbHOrO KOJUYECTBA SIACP PaIUOAKTUBHOIO U30TOMA, €CIU NEPUOJ €T0
noypacnana 1y, = 24 4?




31

Kontponshas Ne 1 Cemectp 1 BapuaHT Ne 8

1. Touka ABMXKETCS IO MPAMOI COrTacHo ypaBHeHuio X = At + Bt®, rme A =6 m/c; B = 0,125 m/c’.

AS
OnpenenuTh CPEeIHIO CKOPOCTh < A_t > TOYKHU B MHTEpBaje BpeMeHu ot t; =2 c mot, = 6 c.

2. TouKa ABMKETCS IO KPHBOI C MOCTOSHHBIM TAHICHIMATBHBIM YCKOpeHHeM a - = 0,5 M/c”. OIpeeHTh MONHOE
YCKOPEHHE ¢ TOYKU Ha y4aCTKe KPHBOM C pailycOM KPHBU3HBI R = 3 M, €CJIM TOYKa JABMKETCS Ha 3TOM y4acTKE CO
CKOpOCTBIO V = 2 M/C.

3. Illap, nBuUraBIHiCS TOPUZOHTAIBHO, CTOIKHYJICS C HETIO I BIXKHBIM IIIAPOM U Tiepena eMy 64% cBoel KHHETHYECKON
sueprud. [1lapp1 aOCONOTHO yIIpyrue, yaap NpsMoi, eHTpalbHbIH. Bo CKOJIEKO pa3 Macca BTOPOro Iapa OosbIie
Macchl IepBoro?

4. JIBe mpyskuHbI kecTKOCThIO K; = 1kH/M 1 K, = 3 kH/M ckperiens! mapamienbHo. OnpeaeanThb
MOTEHIUATbHYIO SHEPTHUIO JaHHOW CHCTeMBI TP abcomoTHOU Aedopmanmu Al =5 cm.

5. MpyxuHa sxectkocTbio k = 10° H/m cxaTa cunoit F = 100 H. OnpexennTs paGoTy BHEMIHEH CHIIHL,
JOTMOJHUTEILHO CKUMAIOIEH 3Ty npyxuHy eme Ha Al =10 mm.

6. Touka coBepuIaeT rapMOHUYECKHE KoJicOaHUs, YypaBHEHUE KOTOPBIX UMEET BHJI X = Asinmt, rae
A=5cm; =2 ¢ct. B MOMEHT, KOT/Ia Ha TOUYKY JeicCTBOBaja Bo3Bpamatomas cuna F = +5 mH, Touka obnagana
noreHuanpHo 3Heprueit [1 = 0,1 mJx. HaiiTu 3TOT MOMEHT BpeMeHH t U COOTBETCTBYIOIIYIO eMy (hazy
KOJIcOaHMs.

7. Bomna ¢ mepuonom 7 = 1,2¢c u aMmumATy 0¥ KojeOaHUi A = 2 cM pacIpoCTpaHsIeTCs co CKOpocThio 15 m/c. Yemy
paBHO cMereHue &(x,1) Toukn, HaxoAsIecs Ha pacCTOsIHUU X = 45 M OT UCTOYHMKA BOJIH, B TOT MOMEHT, KOTAa OT
Hayvaja KojeOaHui HCTOYHUKA NpoILIo Bpems t = 4 ¢?

8. T'a3 mpu Temmeparype 309 K u gapinennn 0,7 MITa nMeet mioTHOCTS 12 Kr/M°. OIpe/eHTh OTHOCHTEIBHYIO
MOJICKYJISIPHYIO Maccy rasa.

9. I'a3 3anumaet 00beM V = 1 1 nox aaenenuem p = 0,2 MIla. OnpeaenuT KHHETHUECKYIO SHEPTHIO
MOCTYNATEILHOTO JIBMIKEHHS BCEX MOJICKYJI, HAXOMSAIINXCS B TAHHOM 00BbeMe.

10. B muimHApe 1o MOpIIHEM HaXOJUTCS a30T, UMEIOIIHi Maccy M=0,6 Kr u 3aHuMaronuit oobem Vi = 1,2 M npu
temneparype T1= 560 K. B pe3ynbrare HarpeBaHus a3 pacIiIupHICs U 3aHI 00beM V, = 4,2 M°, npudem
TeMIIepaTypa ocrajach Hem3MeHHOW. Haiitn nsmenenne AU BHYTpeHHEW SHEpPTHH Ta3a, COBEPIICHHYI0 UM
paboty A, | TEIUIOTY, COOOIICHHYIO Ia3y.
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KonTponbnas Ne 2 cemecTp 2 BapuanT Ne 8

1. Bouibliasg MeTaUIMYECKas TJIaCTUHA HECET PABHOMEPHO PaCIIPEICTICHHBIN 110 TOBEPXHOCTH 3apsif]
(oc=10 HKJ‘I/MZ). Ha Manom paccTossHuM OT TUTACTUHBI HaXOUTCs ToueuHbIi 3apsn Q = 100 aKo.
Haiitu cuny F, neiictByroiyto Ha 3apsi.

2. DJIEKTPOH C HAYATBLHOM CKOPOCTHIO Vo = 3-10° M/C BIETEN B OIHO POJHOE HIEKTPHUECKOE TOJIe
HanpspkeHHOcThio  E = 150 B/M. Bextop HauanpHON CKOPOCTH MEPIEHANKYISAPEH JTUHUIM
HAMPSHDKEHHOCTHU AJIEKTpUUeckoro nois. Halitu: 1) cuny, nelcTBYIONIYIO Ha 3JEKTPOH; 2) YCKOpEHHeE,
nproOpeTacMoe IEKTPOHOM; 3) CKOPOCTh AekTpoHa uepe3 t = 0,1 Mkc.

3. Toueunsie 3apsiabt Q1 =10 MxKn u Q2 =1 mxKn Haxoasatcs na paccrosauu rp =10 cm gpyr ot
npyra. Kakyro paboty 4 coBepliaT CUIIbI 110JIs1, €CIIM BTOPOi 3apsijl, OTTAIIKUBASACH OT IEPBOTO,
yAQIUTCA OT HETO Ha paccTtosHue , =20 m ?

4. DnektpoH c sHepruerd T =200 5B (B 06CKOHEUHOCTH) IBUKETCS BIOJIb CUIOBON JIUHHUH 110
HaIMpaBJICHUIO K TOBEPXHOCTH METAINIMYECKON 3apshkeHHON cepsl paguycom R = 10 cm.
OnpenenuT MUHUMAJIBHOE PACCTOSIHUE, HA KOTOPOE MPUOIU3UTCS JIEKTPOH K MOBEPXHOCTH
chepsr, ecm 3apsaa ee Q = -10 uKo.

5. I1o mpoBOAHUKY, COTHYTOMY B BHJE MPSMOYTOJIBHUKA CO CTOpOoHaMU a = 6 cM u b = 10 cM, TeueT ToK
cunoun =20 A. Onpeaenuts HanpspkeHHOCTh H v MEAYKITNIO B MarHUTHOTO TOJIS B TOUKE
nepeceueHus AuaroHaiei npsiMoyrojibHUKa.

6. DJEeKTPOH JIBUYKETCS] B MAarHUTHOM ItoJie ¢ uHaykuueit B = 0,02 Ti no okpyXHOCTH paguycom
R =1 cm. OnpenenuTh KUHETUYECKYIO 3HEPruto 7 3JeKTpoHa

7 B omHOpOoAHOM MarHuTHOM mnose ¢ uaaykuuei B = 0,1 Tin HaxoauTcs mpsMoil MpoBOJ ATUHOM

| = 10 cm, pacmosioKeHHBIH MePIeHANKYISPHO JIMHUSIM HHAYKIMH. [1o mpoBoay TedeT Tok | = 1 A.
[Ton meiicTBUEM CHIT TTOJISt TPOBO/T IEPEMECTHIICS Ha paccTosiHue S = 5 cM. Haiitu paboty A cuit mosis.

8. Cuna Toka B mpoBogHHKE conpoTuBieHneM R = 12 Om paBHOMepHO yOBIBaeT oT lg = 5A o =0 B
teueHue BpemeHn t= 10 c. Kakoe konnuectBo Temorsl Q BblAesnseTcs B 3TOM IPOBOJAHHUKE 3a
yKa3aHHBIH NPOMEXYTOK BpEMEHU?

9. Kwucrounuky toka ¢ 3/IC 1,5 B npucoenuuanmm katymky ¢ conporusienreM R = 0,1 Om. Amnepmerp
NOKa3ajl cuity Toka, paBHymo I3 = 0,5 A. Korzna Kk HICTOYHHKY TOKa MPUCOSAMHWIIN TTOCIEI0BATENBHO €IIe OUH
MCTOYHHK TOKa ¢ Takol ke DJIC, To cumna Toka | B TOil e karymike okazanack paBHoi 0,4 A. OnpenenuTs
BHYTPEHHHE COTPOTUBIIEHHUS 1 U I, IEPBOTO U BTOPOT'O UCTOYHHUKOB TOKA.

10. Jlammouka u peocTaT, COSAMHEHHbIE MOCIEJ0BATEILHO IPUCOEINHEHB K MCTOUYHUKY TOKa. HanpshkeHnue
U Ha 3axxumax namrouku paBHo 40 B, conporusienue R peocrara pasHo 10 OM. BHemHss niens notpebdmuser
momrHocTh P= 120 Br. Haiitu cuiy Toka | B tienu.
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KonTponsnasg Ne 3 Cemectp 3 BapuaT Ne 8

1. Ha myTu CBETOBO# BOJIHBI, HAYIIEH B BO3AyXe, MOCTABUIN CTEKISTHHYIO TUIACTHHKY ToymuHou h = 1 mm. Ha
CKOJIBKO M3MEHHTCS] ONTUYECKas AJIMHA TyTH, €CJIM BOJTHA MaJaeT Ha IMJIACTUHKY: 1) HOpMaIIbHO;
2) moj yraom a =3 0°?

2. JludpakimoHHas pelieTka OCBelleHa HOPMAaIbHO aIal0lIM MOHOXPOMATHYECKUM CBETOM. B mudpakimoHHoH
KapTHHE MaKCUMYM BTOPOTO TIOPSIIKA OTKJIOHEH Ha yroi ¢; = 14°. Ha kakoit yroin ¢, OTKIIOHEH MAaKCUMYM TPEThETO
nopsiaka?

3. Yrom o MeXay IITOCKOCTSIMH MPOITYCKaHUS MOJISIPHU3aTopa U aHanu3aTopa paseH 55°. Bo ckombko pa3
YMEHBIIINUTCS HHTEHCUBHOCTH CBETA, BRIXOSIIETO U3 aHAIN3aTOPa, €CIIH YTOJI YBENIUIUTh 10 80°7

4. Kakoil HaMeHbIIIeH CKOPOCTHIO V IOJKEH 00JIa1aTh SIEKTPOH, YTOOBI B Cpe/ie C MoKa3aTeieM NPeIOMIICHHUS
n = 1,60 BO3HUKIIO YePEHKOBCKOE U3TydeHHE?

5. MOXHO yCIOBHO NMPUHSATH, YTO 3eMIISI U3ITy4YaeT Kak cepoe Telso, Haxozsmmeecs npu temmeparype T=280 K.
Onpenenuts K03()(PUIHESHT TEIIOBOTO M3IYYECHHS € 3eMJIH, €CIIU SHepreTHIecKast CBeTUMOCTh M. ee moBepXHOCTH
paBHa 325 kJK/(M* ).

6. Ha moBepxHOCTh Maruus magaet MoHoXxpoMaTrueckuii cBeT (A = 350 Hm) UTOOBI MPEeKpaTUTh IMUCCHIO
3JIEKTPOHOB, HY>KHO IPWJIOKUTDH 3aJeP KUBAIOIIYIO pa3HOCTH roteHmainoB U He meHee 2 B. Onpenenuts padoTy
BBIX0Ja 4 3JIEKTPOHA C IOBEPXHOCTH MArHMs.

7 OHpCI[eHI/ITB MAaKCUMaJIbHOC NU3MCHCHUC MJIMHBI BOJIHBI TP KOMIITOHOBCKOM pPAaCcCCAHUN Ha CBO6OI[HI)IX
MPOTOHAX.

8. JlaBneHue p MoHOXpoMaTuieckoro cBeta (A = 480 HM) Ha YEpHYIO TIOBEPXHOCTb, PACTIONIOKEHHYIO
MIEPIICHNKYIISIPHO Tanatorym aydam, paBHo 10 mxlla. Onpenenuts urcno N doToHOB, magaromux 3a Bpemsi t =1 ¢
Ha MOBEPXHOCTh iomanpo S =10 eM?.

9.  Ykaxwure, CKOJIBKO HyKJIOHOB, IPOTOHOB, HEHTPOHOB CoJlepXkart cieayromue aapa: 1) 5426Fe; 2) 10447Ag;

3) 28, U.

10. 3akakoe Bpems t pacnagaercs ¥4 HauaIbHOTO KOJUYECTBA SAEp pPaAHOaKTHBHOTO U30TOMA, €CITU IIEPHO]] €TO0
nonypacnazna 1y, =48 u?
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Kontponbras Ne 1 Cemectp 1 Bapuant Ne 9

1. Touka gBMXKeETCS MO OKPYXHOCTH paguycoM R =4 M. 3aKkoH ee ABMKEHHS BBIpaXKaeTCsl ypaBHEHHUEM
s=A+Bt? rae A = 8 M; B = - 2 m/c’. HaiiTu MOMEHT BpeMeHH t, Korjia HOpMaNbHOE YCKOPEHHE TOUKH a, = 9 M/c’;
CKOPOCTB V; TAHTCHIIAIFHOE &, ¥ TIOJTHOE & YCKOPEHHUS TOUYKU B 3TOT MOMEHT BPEMEHH.

2. llepuon oOpameHuss uCKyccTBeHHOTO cnyTHHKa 3emnu T= 50 mun. Cuutas opOUTY CIyTHUKA
Kpyrosoil. HaiiTu, Ha Kakoil BbICOTE HaJl MOBEPXHOCTHIO 3€MJIM JBUXKETCSH CIYTHHUK.

3. Huck pagnycom R=20 cMm 1 Maccoii 7 Kr Bpalliaercsi COrjacHO ypaBHEHUIO ¢=A+Bt+Ct’, re A= 3 pax;

3 v o v o
=- 1 pan/c; C= 0,1 pan/c’. HaiiTu 3ak0H, IO KOTOPOMY MEHSIETCSl BpaLaOIIni MOMEHT, ACHCTBYIOIIUI Ha
nuck. Onpenenute MOMEHT cuil M B MOMEHT BpeMeHH t = 2 c.

4, CHapsn, TeTAIMHAA CO CKOPOCThIO Vg = 500 M/c, pa3opBaics Ha Ba OCKOJIKa. MEHBIIHI OCKOJIOK,
Macca KoToporo coctaBisieT 20% ot obmield Maccsl cHapsiaa, HoJeTed B IPOTHBOIOI0KHOM
HamNpaBICHUHU CO CKOPOCThIO Vi= 200 m/c. OmpeneanuTs CKOPOCTh V; OONBIIOTO OCKOJIKA.

5. 3aBpemst t = 6 ¢ Touka mpouuia MmyTh, paBHBIN MOJOBUHE JUIMHBI OKPYKHOCTU paanycoMm R = 0,8 M. Onpeaenutsb
CPEIHIOIO ITyTEBYIO CKOPOCTh <V> 32 3TO BPeMsI M MOJLYJIb BEKTOpA CpeIHEl CKOPOCTH [<V>|.

6. Touka y4acTByeT OJJHOBPEMEHHO B JIBYX B3aUMHO MEPICHINUKY ISIPHBIX KOJICOAHUSAX, YPABHEHHS KOTOPBIX:
. . 1
x = Assinoit ny = Agsinwat, rae A; =2 em; A= 1 cM; ®;= 0, = 1~ Hanucath ypaBHEHUE TPACKTOPHH TOYKHU.

7. OHpCHCHI/ITB MaKCHUMAJIbHOC U MUHUMAJIBHOC 3HAUYCHUA NJINHBI A 3BYKOBBIX BOJIH, BOCIIpUHUMACMBIX
YEJIOBEYECKUM YXOM, COOTBETCTBYIOLIME TPaHUYHBIM yacToTaM V= 16 I'l u V, = 20 k['u. CkopoCTh 3ByKa MPUHSITH
pasHoii 340 m/c.

8. B cocyne BMECTHMOCTBIO 5 J1 HAXOJUTCS aTOMapHBIA BOJIOPOJI, KOJIMYECTBO BeliecTBa V kotoporo pasHo 0,1
MOJTb. OTpeseNnuTh IIIOTHOCTH P rasa.

9. Cocya emxocteio V =0,01 M COAEPIKUT a30T Maccoil 1 r m Bogopox Maccoi 1 r npu Temmneparype
T =280 K. OnpenenuTs 1aBlIeHUE p CMECH Ta30B.

10. I'a3 coBepmaet uukn Kapao. AGcontoTHas TeMnepaTypa HarpeBarels B 3 pa3a BbILLIE, YeM TeMIIEpaTypa
oxmanutens. HarpeBarens nepenan razy Q; = 41,9 x/[x termotsl. Kakyro padoty coBepmmi ras?




KonTponbnas Ne 2 cemecTp 2 Bapuant Ne 0

1. JIBa mrapuka Maccoil 1 T KaXIbI¥ MOABEMICHB Ha HUTAX, BEpXHUE KOHIIBI KOTOPBIX COCTUHEHBI
BmecTe. JmmHa kaxmoit HutH | = 10 cMm . Kakue oguHaKkoBBIe 3aps/abl HAI0 COOOIINTD MAPHKAM, YTOOBI
HUTH pa3oLUINCh Ha yroa o = 60°?

2. JlBa Metayumueckux mapa paaunycamu R; = 2 cm u R, = 6 cM coeIMHEHBI IPOBOTHUKOM,
€MKOCTBIO KOTOPOTO MOXKHO TIpeHeOpeub. [lapam coobmieH 3apsa Q = 1 K. Haiitu moBepxHOCTHYIO
IUIOTHOCTD G 3apsi0B Ha I1apax.

3. 3apsan paBHOMEPHO paclpe/ieNieH M0 OECKOHEYHOH IIIOCKOCTH ¢ TTOBEPXHOCTHOM MIIOTHOCTBIO
2

o= 10 sKn/m°. Onpenenuts pa3HOCTh NOTEHIIMAJIOB JIBYX TOUYEK IOJIS, OJIHA U3 KOTOPBIX

HaXOJUTCS Ha INIOCKOCTH, a Apyras yJaleHa oT Hee Ha paccTosiHue o = 10 cum.

4. JlBa OAMHAKOBBIX IPOBOJAIMX 3apsDKEHHBIX LIapa HaxXoAaTcs Ha paccrostHuu I = 30 cm. Cuita
nputsbkenus F1 mapos paBaa 90 MxH. Iloce Toro kak mapsl ObUTH PUBEACHBI B COTPUKOCHOBEHUE
U yAaJIeHbI IpYT OT Jpyra Ha IpeXHee PacCTOsHUE, OHU CTalld OTTAJIKUBaThcs ¢ cuioi F2 = 160 mxH.
Onpenenuts 3apsiabl Q1 u Q, KOTOpHIE OBIIM HA MIAPaX 0 UX COMPUKOCHOBEHUs. J[namerp mapos
CUMTATh MHOI'O MEHBIIUM PACCTOSHUS MEXKIY HUMU.

5. DIEKTPOH IBIKETCS MO OKPYKHOCTH B OAHOPOJHOM MarHUTHOM II0JI€ HAMPSKEHHOCTHIO
4
H=2,5-10" A/m. Omnpenenute mnepuon T oOpalieHUs 3JICKTPOHA,

6. [IpotoH, mpoias ycKopsrolyto pasHocTh noreHunanoB U=800 B, BietaeT B 0JHOPOIHEIE,
CKpEILIEHHBIE MO/ MpsMbIM yriioM MarautHoe (B=50 mTn) u snexrpuueckoe nosmst. OnpenenuThb
HANPSDKEHHOCTH E 3JIEKTPUIECKOTO TOJISA, €CIIA IPOTOH JBUKETCS B CKPEIICHHBIX MOJISIX
MPSMOJIUHEIHO.

7. TInockuii KOHTYp, IIOMANb S KOTOPOro paBHa 100 cM°, HAXOIUTCS B OXHOPOJHOM MATHHTHOM
nosie ¢ uaaykuueit B =0, 1 Ti. InockocTs KOHTypa NepneHIUKYIIsIpHA JUHUAM UHAYKLIUU. B
KOHTYpe nojjepxuBaetcst HensMeHHbId Tok | = 10 A. Onpenenuts padoTy 4 BHEIIHUX CHII IO
NepeMEIEHUI0 KOHTYpa ¢ TOKOM B 00J1aCTh IPOCTPAHCTBA, MATHUTHOE I10JIE B KOTOPOH OTCYTCTBYET.

8. Cua Toka B mpoBoaHMKE conpoTuBieHueM = 100 Owm paBHOMepHO HapacTaeT oT lg = 0 1o
Inax = 10 A B Teuenue Bpemenu t = 30 ¢. OnpenenuTh KOJUYECTBO TEILIOTH Q, BhIIEIMBIIEECS 32 3TO
BpeMsl B IPOBOHUKE.

9. Ilpu BHemHeM conportuBieHnn F1=3 Om cuia Toka B uenu |y = 0,3 A, npu conpoTUBICHUN
r, =5 Owm cuna toka l; = 0,2 A. OnpenenuTs crily TOKa KOPOTKOTO 3aMbikaHust ucrounuka JJ(C.

10. K 3axxumam OaTapeun akKyMyJsTOpOB IpucoeauHeH Harpesarenb. DJ[C Gatapeu pasHa 30 B.
Buytpennee conporunenue I = 1 OM. HarpeBatenb, BKJIIOUEHHBIN B LEMb, TOTPEOIISIET MOIIIHOCTD
P = 60 Bt. Beruncnuts cuiny Toka | B nenu u KITJ[ n HarpeBatens.

35
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KonTponsnasg Ne 3 Cemectp 3 BapuaHT Ne 9

1. Ha myTH CBETOBO# BOJIHBI, HAYIIEH B BO3AyXe, MOCTABUIN CTEKISTHHYIO TUIACTHHKY ToymmHON h = 2 mm. Ha
CKOJIBKO U3MEHHUTCSI ONTUYECKas IJIMHA ITyTH, €CIIM BOJHA MaJaeT Ha INIACTUHKY: 1) HOpMallbHO; 2) oA yriiom
45°7

2. KakoBa 1y1Ha BOJIHBI A MOHOXPOMATHYECKOI'O PEHTTEHOBCKOTO U3ITy4€HHUs], IIaJa0Iero Ha KPUCTall KaJIbLHTA,
ecau AUGPaKIMOHHBIN MaKCUMYM NEPBOTO MOPsIKa HAOII0JAETCsl, KOria yroi 9 MeKAy HalpaBIeHUEM
NaJalolero H3TydeHUs ¥ IPaHbio KpucTasia paseH 3°? PaccrosHue d Mex /1y aTOMHBIMHU IIOCKOCTSIMH KpUCTaJLIa
MpHUHATH paBHBIM 0,3 HM.

3. B wyacTuuHo TOJIAPU30BaAHHOM CBETE aMIUIUTYyda CBETOBOT'O BEKTOPA, COOTBETCTBYIOLIAA MaKCHUMAaJIbHOM
HWHTCHCHUBHOCTH CBETA, B N = 3 pasa Ooutblire AMIUTUTYbI, COOTBCTCTByIOH.IGﬁ MHHHUMAaJIbHOM HHTEHCUBHOCTH.
OHpCHeJ’II/ITB CTCIICHb NOJIApU3aliun P cBera.

4. llpum u3y4eHHH CHEKTpa U3TYYeHHUS HEKOTOPOUH TYMAaHHOCTH JIMHUS M3IydeHus Bomoponaa (A, = 656,3 HM)
oKazasiach CMEIICHHOM Ha AL =2 HM B 00J1aCTh ¢ OOJIbIIeH JITMHOM BOJIHBI (KpacHOe cMelleHue). Haiftu ckopocts Vv
JBIDKEHHUS TYMAaHHOCTH OTHOCHTENBHO 3eMIIH U YKa3aTbh, yAAIsSeTCsS OHA OT 3eMJIIH W IPUOIIKaeTCsl K Hel.

5. Iotok sueprun @., u3rydaeMblii U3 CMOTPOBOTO OKOILIKA IJIABWJIBHOM neud, paseH 34 Bt. Onpenenuts
2
TeMreparypy I Ne4u, ecliv IIIOMab OTBEPCTUI S = 6 cM”.

6. Ha moBepxHOCTH MUTHSI MTafaeT MoHOXpoMaTudeckuid cBeT (A = 310 aM) UTOOBI IPEKPATUTH SMUCCHIO
AJIEKTPOHOB, HY)KHO MPUJIOKHTD 33IePKUBAIOIIYI0 pasHOCTh nmoTeHnuanoB U He meree 1,7 B. Onpenenuts padoty
BbIXOJa A OJICKTPOHA C IOBEPXHOCTHU JIUTHUA.

7 JlaBneHue p MoHOXpoMaTrudeckoro cBera (A = 380 HM) Ha YEpHYIO TIOBEPXHOCTD, PACIIOIIOKEHHYIO

NEePIEHIUKYISIPHO NafaomuM JTydam, pasHo 1 mkIla. Onpenenuts uncno N ¢poToHOB, namarommx 3a Bpemsi t = 1 ¢
2

Ha MMOBEPXHOCTH Iomanpo S =10 cm”.

8. OnpenenuTs MakKCUMaIbHOE N3MEHEHHE JUTMHBI BOJIHBI TP KOMIITOHOBCKOM PACCEsTHUH Ha CBOOOTHBIX
AIIEKTPOHAX.

9. OnpenenuTh AUAMETPBI CACTYIOIIUX siep: 1) 83Li; 2) 2713A1;

10. 3aBpemst= 2 cyr pacnanoch 1/2 HadyanbHOrO KOJUYECTBA SAEP PaAUOAaKTUBHOIO n3oTona. OnpeaeinnTtsb
nepuo moyypacmana T .
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ITo kmHEMaTHKE MaTepHaHBHOﬁ TOYKH YaliC BCCro BCTPCUALOTCA 3aa4Uu Ha CIICAYIOIINC TCMbI:

Ha COCTaBJICHHE YPaBHEHUI MOCTYIATEIEHOTO JABMKCHUS,
Ha COCTaBJICHHE YPaBHEHUI BPAIATEIbHOTO JABMKCHUS,
Ha olpelieliecHHe CPeIHEeH CKOpOoCTH,

M0 KHHEMATHKE CJI0KHOTO JABHKCHUS,

[0 KHHEMATHUKE OTHOCHUTEIIBHOTO IBIKCHHS.

DR W=

CXEMA PEILIEHUA 3AJAY 110 KUHEMATUKE MATEPUAJIBHOM TOUKE
1  CpenaTs 4epTéx K 3aade, Ha KOTOPOM OTMETUTh HadaJIbHbIE KOOPAUHATHI TEJl U HAIPaBJICHUS BEKTOPOB UX HAYaJIbHBIX
CKOPOCTEH U YCKOpEHHH (Hauano KOOpJHHAT OOBIYHO IOMENIAIOT B HA4aJIbHOM TOYKE ABMKEHUS TeJla WIIM OHOTO M3 Ted. [1pu
BEIOOpE HANPaBJICHUI KOOPAMHATHBIX OCEH CIIeAyeT yUYUTHIBATh HAIPaBJICHHE BEKTOPOB IIEPEMEIICHHUI, CKOPOCTEH M YCKOPSHHH
TEN).
2 3areMm AeNalOT aHAJOTHYHBIC YEPTEKH IJISI XaPAKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(POPMANHS B YCIOBUH
3aJa4H.
3 3anmcare ypaBHEHUS OBIDKCHUS IS KaKAOTO Tella B IIPOEKIMAX HA OCH KOOPAMHAT CHadala B 00IIEM BUIE I HAYaJIbHOTO
MOMEHTa BPEMEHH, a 3aTEM JUIS XapaKTepPHbIX MOMEHTOB BPEMEHH, O KOTOPBIX €CTh HH(OPMALS B YCIIOBHH 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 y
HpI/I HeO6XOHHMOCTI/I JOIIOJTHUTH CHCTeMy CHC[[yIOHlI/IMI/I ypaBHeHI/ISIMI/I CBS3H.
v — g =2aS - eciu IBMKEHHE PABHOYCKOPEHHOE,
2 2
0" —U) =—2aS - eciu ABWKCHHE PABHO3AME/IICHHOE.

4  PemmTh MOMyYEeHHYIO CUCTEMY YPaBHEHUH 1 HAlTH pemieHune 3a1auu B o0meM (1.e. OykBeHHOM BHAe). [Ipoanann3npoBath
MOJTy4YEeHHOE PAaBEHCTBO.

5 IIpoBepuTh pa3sMepHOCTH TOTO PaBEHCTBA U €CJIM OHA COBIIA/IAeT, OJCTABUTh B OKOHYATEIbHOE YPaBHEHHUE YHUCIIOBBIE
3HA4YEeHHUS JaHHBIX B YCIOBUU 33/1a4M BEIUYHH, IIPEABAPUTEIBHO NTEPEBE/I UX B OIHY U Ty K€ CUCTEMY €AUHHUII.

CXEMA PEIIEHNS 3AAY ITO KUHEMATUKE BPAIIIATEJIBHOI'O JABWJKEHUA
1 Cpenatp 4epTeéx K 3a/1a4e, HA KOTOPOM OTMETHTH HAYaJIbHOE MOJIOKEHHE MaTepualbHON TOYKU U HaMpaBJieHHE e€ BEKTOPOB
CKOPOCTH M LIEHTPOCTPEMHUTEIHHOTO YCKOPEHHSI.
2 3arteMm caenath aHAJOTHYHBIC YEPTEXKH IS XapaKTEPHBIX MOMEHTOB BPEMEHH, O KOTOPHIX €CTh HH(OpMAIHS B YCIIOBUU
3a/a4u.
3 3anmcaTh ypaBHCHHE BpalIaTeIbHOTO IBIKCHUS CHavaja B 00IIeM BUJIE JJI HAYaJIbHOTO MOMEHTa BPEMEHH, a 3aTeM JIJIs
XapaKTepHBIX MOMEHTOB BPEMEHH, O KOTOPHIX €CTh HH(OPMAIIHS B YCIOBUH 3a/1a4H:

t 2

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

)
rle: 9o U (Y — yroi OBOPOTa paJuyC — BEKTOpa B HauaJIbHbI MOMEHT BpeMeHH t =0 C U B IPOU3BOJILHBIA MOMEHT
BpeMeHH t.
4 TIpm He0OXOIMMOCTH 3aNUCaTh YPaBHEHHUS CBSI3M MEXKAY YIJIOBBIMM U TMHEWHBIMU BEJIMYUHAMH,
XapaKTEePU3yIOIMMH KUHEMATUKY MaTepUaIbHON TOUKHU:

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

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

6 IIpoBepuTh pa3MEPHOCTD 3TOTO PABEHCTBA M €CJIM OHA COBIAAAET, IOACTABUTH B OKOHUATEILHOE YPaBHEHHE

YHCJIOBBIE 3HAYCHHUS TaHHBIX B YCIOBUU 33/1a4H BEIMYHH, IIPEABAPUTEIBHO NTEPEBE/S X B OJIHY U TY K€ CHCTEMY €IUHMII.
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CXEMA PEIIEHUWSA 3AJJAY [TO KUHEMATUKE CJIOXKHOT'O IBUXXEHU A
Ecnu B 3a1aue paccMaTpuBaeTcs IBUIKEHHE Tela OJJHOBPEMEHHO OTHOCHUTENBHO JIByX CUCTEM OTCYETA, OJJHA M3 KOTOPBIX
YCJIOBHO MPHHUMAETCS 32 IIOJABHIKHYIO», & APYTasi 32 «HEHOABUKHYI0» (HAIIPUMEp, YeI0BEeK UAET MO ABHKYIEMYCS BATOHY
WK TIEPEILTBIBACT PEKY), TO CKOPOCTh WU MEPEMEIICHUE TeJa ONPEACIISIOTCS IO CISAYIOMIEMY MPABHITY:
Bexmop cxopocmu meaa omuocumenbHo HENnOOBUNCHOU CUCTEMbL KOOPOUHAM PABEH BEKMOPHOU CyMMe CKOPOCHU NOOBUNCHOU
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 OTHOCHTEJIbHOMH CKOPOCThIO vOl’)’lH

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

Ecnu B 3agaue paccMaTpuBaeTcs ABUKEHUE ABYX HE3aBUCUMBIX APYT OT ApPYyra Tell, ABMKYIIUXCS B OJHOM U TOU XKe CHUCTEME
KOOpAMHAT (HallpuMep, ABHKEHUE BCTPEUYHBIX MOE3I0B U T.1.), TO CKOPOCTh WM IepeMeNeHHE OJJHOTO Tea OTHOCUTEIIEHO
JIPYroro ONpeAeiaoTCs 10 CIEAYOIEMY IPaBUILy:

Bexmop omnocumenshot ckopocmu 06yx men U, pasen 6eKmMOPHOU pAZHOCMU UX AOCOIOMHbIX CKOPOCMEIL.

(ananocuunoe npasunio 01 nepemeujenu)

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

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

CXEMA PEIIEHHSA 3AJIAY HA OITPEJIEJIEHUE CPEJIHEM CKOPOCTU

Crenyet pa3nn4aTh: - CPEIHIOI0 CKOPOCTB T10 MIEPEMEIIECHHIO < (% > (BenmM4MHa BEKTOPHAS)

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

CpenHeil CKOpoCThIO IO IEPEMEICHUIO Ha3bIBAETCs BEKTOPHAs BEJIMUMHA, PaBHAsl OTHOLICHUIO IIepeMEeleHHs Tela
3a Kakoi-mu0o0 MPOMEKyTOK BpeMEHH K BETMYHHE 3TOTO IPOMEXKYTKA

B

I

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

Fopl’

n

—

obwee

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

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

Oco0brii cnyqaﬁ: Ecmu teno 3a paCCMa’I‘pI/IBaeMHﬁ MMPOMEIKYTOK BPEMCHHN ABHUIKETCA B OJHOM U TOM K€ HAlIPpABJICHUHU C
OOHUM U TEM XK€ 110 BEJIMYMHE U HAIIPABJIICHUIO YCKOPECHUEM, TO CPECIAHIOIO CKOPOCTH TEJIa 3a O3TOT MPOMEKYTOK BPEMCHU

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

y4JacTKe.
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CXEMA PEIIEHNS 3AJJAY HA TMHAMUKY TIOCTVYITATEJIBHOI'O IBWXXEHUWA
1 Crenatpb 4epTex K 3aaade, Ha KOTOPOM:
- HAPHUCOBATH BCE TEJIa, PACCMATPUBAEMBIC B 3a/1a4€,
- HAPHUCOBATh BCE CHJIBI, JICHCTBYIONIUE HA KAXK0€ TEJIO, U, €CIIH BO3MOXKHO, YKa3aTh HAMPABIICHHUS YCKOPCHUN KaXKJOT0 Tela.

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

OCH KOOPJUHAT, AJISl Y€TO CHavYana:
- IS KOKZIOTO TeJa BBIOpaTh YAOOHYIO CHCTEMY KOOPANHAT (Ha4aJlo KOOPJAWHAT OOBIYHO IIOMEIIAIOT B IIEHTPE THKECTH TENa,
a O/IHy M3 KOOPJIMHATHBIX OCEH HANpPAaBILIIOT 10 BEKTOPY YCKOPEHUSI 3TOTO TeNa),

- JUISL KOKZIOTO TEJa PacTIMChIBAIOT CBOE BEKTOPHOE yPaBHEHHE B MIPOCKIMAX HA KAKAYIO OCh C yYETOM 3HAKOB NMPOCKINH CHIL.
3.  PemalroT Noiy4eHHYIO CUCTEMY YPaBHEHUH.

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

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

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

1 Cpuenatb 4epTéx K 3a/1a4e, HA KOTOPOM HAPHCOBATH TEJO, JBIKYIIEECS MO OKPYKHOCTH, U BCE CHJIbI, ACHCTBYOIIHE Ha
HETO.
2. clemyeT MOMHHTH, YTO TEJIO ABUKETCS PABHOMEPHO MO OKPYKHOCTH MOCTOSHHOTO Pajnyca TOJIbKO B TOM CIIydae, eCIu
PaBHOJCHCTBYIOIAS BCEX CHIL, JICHCTBYIOIINX HA TEJO, HAIPABIICHA 110 PAJNYCY K LEHTPY 3TOI OKPYKHOCTH. JTa cHia
COO0O0IIaeT Ty IEHTPOCTPEMHUTEIBHOE YCKOPEHUE, KOTOPOE TaK Ke HAIpaBJICHA K IICHTPY OKPYKHOCTH, II03TOMY:
- 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 HAa OCH KOOPJAWHAT,
y.c

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

2

(Tipu HE0OXOAUMOCTH €€ TOTIOTHAIOT YPAaBHEHUSMH JBIDKCHUS C YIETOM UTO S= Qr, ov=owr; w=2rn=—

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

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

CxeMa pelieHus 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 Ui MOMEHTA HEMOCPEICTBEHHO MOCIIE B3aNMOJICHCTBHSI.
3. IIpoananu3mpoBaTh paccMaTPHBAEMYIO CUCTEMY:
- €CIIM CHCTeMa TeJl 3aMKHYTa (TO eCTh BEKTOpHAs CyMMa BCEX BHEITHHUX CHJI, JEWCTBYIOIIUX Ha TEJIa CHCTEMBI paBHA HYJIIIO),
TO 3aIMCaTh 3aKOH COXPAHEHUS UMITYJIbCA JJISl 9TOH CHCTEMBI B BHIE

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

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

(S Foewsn ). At = Bnee = P

KOHeuHo e pl—talla/zbnoe
I[.]Iﬂ HE3AMKHYTBIX MEXaHUYECCKHUX CUCTEM 3aKOH COXPAHCHUHA UMITYJIHCA MOKHO IPUMEHUTH B CJICAYIOIIHUX CIyYasaXx:
a. Ecmm MPOCKI MU BCEX BHCIIHUX CHUII, HeﬁCTByIOHlHX Ha CUCTEMY, Ha Kakoe-11u00 HanpaBJICHHUE B MIPOCTPAHCTBC PABHbBI
HYJIO, TO Ha 3TO HAIIPABJICHUEC BBIINIOJHACTCA 3aKOH COXPaHCHHU NPOCKIINU UMITYJIbCA,

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

(0OBIYHO TaKOM OCHIO ABISIETCA TOpHU3OHTANBHASA 0ch OX)
6. Ecnm BHyTpeHHHE CHIIBI IO BETMYMHE MHOTO OOJIbIIIe BHEITHUX CHJI (HAIIpUMeEp, pa3pbiB CHApsiAa), 1100 OueHb Majl
MPOMEXXYTOK BPEMEHH, B TEYEHHE KOTOPOTO ICHCTBYIOT BHELIHWE CHIIBI (HAPUMED, YAAP), TO 3aKOH COXPaHEHMSI IMITYJIbCa

MOJKHO IPUMEHUTH B BEKTOPHOM BHzE, ( TO ecTh (Z [Z)i e Z P;  onemoe )

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

4. BriOpate yOoOHYIO cHCTEMY KOOPIUHAT ¥ 3aIIUCATh MOJIYICHHOE BEKTOPHOE YPaBHEHHE B P OESKIIMAX Ha BEIOPaHHBIE
OCH.

5. Pemmts Mojy4eHHYIO CHCTEMY YPaBHEHHH.
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Cxema pelleHHsI 3224 Ha 3aKOHbI COXPAHEHHs YHePIruu
1. nenath pUCYHOK, Ha KOTOPOM YKa3aTh T€JIa pACCMATPHBACMOM CHCTEMBI U HAIIPABIICHUS X BEKTOPOB CKOPOCTEH B
Ha4yallbHOM MOJIOKCHUH, a 3aTeM ISl APYTHUX MOJIOKEHHUH, O KOTOPBIX €CTh HH(opManus B 3anade
2. BrIOpaTh HayaIBHBIA YPOBEHBb OTCYETA MOTCHIMAIBHOM SHEPTHU
3. Ilpoananu3upoBaTh paccCMaTPUBAEMYIO CUCTEMY:

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

HJIN BCC HeﬁCTByIOHIHe Ha CUCTEMY HCKOHCEPBATUBHBIC CUJIbL pa60Ty HC COBCpLIAIOT, TO 3alIUCATh 3aKOH COXPAaHCHUS MOJIHOM
MEXaHUYECKOMU OHEPIrun:

E =F

Ha4awbHaA KOHeYHAa sl

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

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

Cienyer NOMHHUTB, YTO BCE CKOPOCTH TeJI CHCTEMbI JOJIZKHBI ObITh 3alICAHBI OTHOCUTEJIBLHO O/THOM U TOii Ke CHCTEeMbI
KOOpPANHAT
4. Pemuth NOJY4YEHHYIO CUCTEMY YPaBHEHUI.

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

PV =VRT =RT
Y7,
- ecu 6 3a0aue paccMampueaemcs HeCKOIbKO COCIOARWIL 2a3a, TO JJIsl KAXKIIOTO COCTOSIHUS 3alicaTh ypaBHEHHE
MenneneeBa — Knaneiipona (wiu ypaBHeHue Knaneiipona, ecim Macca rasa He U3MEHSETCs
% = %) U PELINTH [TOJYYCHHYIO CUCTEMY YPaBHEHHIA.
T T,
- eclu macca 2aza 0cmaémces ROCMOAHHOU U 00UH U3 RAPAMEMPO8 2434 He USMEHAECHIs, TO 3aMTUCATh YPaBHECHHSI
COCTOSIHUS [UTS IAHHOTO U30MpOIiecca:
uzorepmudeckuii mpouecc (1. e. T = const): PV = const 3akon boiinst — Mapuotra.

H30XO0pUYECKHiA TIporiecc (T. e. V = const): =const saxon Ilapis.

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

—H|<-H|T

- ecu 6 3a0aue paccMampueaencs cmMech 2a308, TO PellicHne 0OBIYHO HAYMHACTCS C 3aITiCH 3aKoHa J{ambToHa It 3TON
CMECH r'a3oB

pwwecu :p1+p2 +"'+pn*

a 3aTeM I10 YpaBHCHHIO MeHz[eJIeeBa — KnaneﬁpOHa OIPEACIAIOT NMAPpHUHUAJIbHOC AAaBJICHUE KAaKA0I'0 ra3a 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, KOTOpPbIe MOTYT Bam moHaq00MThHCS NPH pellleHUH KOHTPOJIbHBIX padoT

KHWHEMATHUKA

IToJI0KeHHe MaTepHAILHON TOUKH B IPOCTPAHCTBE 3a1aeTCs pagnycoM-Bektopom: I = X1 + y] +zk [M]

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

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

Mopnyns ckopocTa

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

do

dov
X — y

v:‘/vz+02+v2
X y z

M
2
C

|

dvZ

IT'nea = , )
M T Tt dat e

Monyne yCKOpeHUs a

MPOEKINH YCKOPEHNUS 8 Ha OCH KOOPIMHAT.

dt

(.2 2 2
= Ja+al+a’

YPaBHeHI/ISI MOCTYHNAaTCJIbHOI'O ABUKCHUA:

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

YPaBHeHI/IH BpalaTeJIbHOI0 ABUIKCHUA:

2

p=1tp,Tott >

CBsI3b IMHEHHBIX U YIJIOBBIX BEJIMYUH!

t

T=—;n N
N

t

KunemaTnka ci10KHOTO JBHXKCHMUA:
KunemaTnka OTHOCHTEIIHLHOTO ABM)KCHUS:

CpeaHAsA CKOPOCTh MO NEPEMECILCHUIO:

_Ar_r1+r2

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

CpeaHsAd NyTeBast CKOPOCTh

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

(@)

At 4+ttt

(0)

t 4+t +. 4t



JIMHAMUKA MATEPAAJIbHON TOYKA

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

JKECTKOCTH CUCTEMbI IPYKUH IPHU UX IMOCICAOBATCIBHOM COCAMHCHUN

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, MOIIHOCTD, KIIA. BHUJIbl DHEPI'HN.

- 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 MaTepHaﬂLHOﬁ TOYKH, HO}IHHTOﬁ Ha BBICOTY h otHOCHTENBEHO

[ o]

HYJIEBOT'O YPOBHA OTCYETA NOTEHIIMAIBHOU SHEPTUH

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

[ o]

HYJIEBOT'O YPOBHA OTCYETA NOTEHIIMAIBHOU SHEPTUH

1

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

Il =mgh,

11 =mgh,_,

rae hc - BbICOTA LHCHTPA TAXKECTU TCJIa OTHOCUTEIIbBHO HYJICBOTI'O YPOBHA OTCYETA HOTCHHHaHLHOP‘I OHEPIruu.

2

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

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

- CpeaHAA MEXaHNYCCKAad MOITHOCTb

- MI'HOBCHHAs MCXaHHUYCCKass MOIIHOCTH

- koa(dunueHT nonesHoro aercreus (KI1JT) n=

noJjiesHas

N :TA’ [B:]

N =Fovcosa, [Br]

noaesnas

[ o]

[ Hore]
[ o]

[ o]

3ampadennasi

N

3ampavenHas

42
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3AKOHbBI I3SMEHEHU A 1 COXPAHEHU A B MEXAHUKE

. — eHewHux o= =
- 3aKOH W3MEHEHWs UMITYJIbCA MEXAHUIECKOH CHCTEMBI F A= P emoe — Pravammoe
3aKOH COXPAHEHHs UMITYIIbCA 3AMKHYTOW MEXAHUYECKOH CHCTEM ‘ E p. ) = E s
| / navanenoe KOHeuHo e
- 3aKOH M3MEHEHHs MOMEHTA HMITyJIbCa ( E M e ) “At=L_, .00 = Luvwmnoo
- 3aKOH COXPAHEHWS MOMEHTA UMITYJIECA 3AMKHYTOH CHCTEMBI ( E L ) = ( E L )
! HavdanbHoe KoHeuHnoe
v ~ HEKOHCep 6aMUGHbIX __
- 3aKOH M3MEHEHHU TOJIHOW MEXaHUYECKOH SHEPIUH A =E_coan = Eavanonan
- 3aKOH COXPAHEHHUSI MOJTHON MEXaHUIECKON SHEPTUM E s = E orenan
- Teopema O MOTEHIMATLHON SHEPIUU Amﬂcepgamuewﬁ =— (I pounan — guanonan)
TeopeMa 0 KHHETHIECKOil SHEepriH E A =T, o = oo
- 3aKOH JIBH)KEHHS IIEHTPa Mace E F = ma, ,

- 3aKOH JIBMKECHHUSI LIEHTpa Macc

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

M Y. M

3anuch 3aKOHOB COXPaHeHHsI U U3MEHEHHUsI IPH A0COJII0THO YNIPYTroM H a0COTIOTHO HEYNPYIoM 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

. . = = = 1701 2702 _
AGconroTHO HEynpyTHil ynap: mo, +mMyo, = (ml +m, ) 0 5 + 5 = > +
JTMHAMMKA TBEPJIOT'O TEJA
MOMEHT CHIIBI OTHOCHTEILHO HEIMOABUKHON TOUKH M= [ﬂ:] , [H . M]
Moaysnb MOMEHTa CUJTbI OTHOCUTEIBHO HETIOJIBMXKHONW TOUKHU M =Frsina , [H . M]
MoMeHT UMIyJIbca TeNla OTHOCUTEIBHO HEMOIBUKHOM TOUKU L= [F f)] , [ Lo C]
Moyns MOMEHTa UMITYJIbCA T€JIa OTHOCUTEIbHO HEMOIBUKHOM TOUKU L=rpsina, [ Jlorc - C]
MoMmeHT uMILyJibca TBEPIOTO TeJla, BPALIaoIIErocsi OTHOCUTENBHO HETIOBUAKHON OCH L=lw, [ ﬂOfC . C]
|
Kunernueckas sHeprus TBEpAOTO Tela, BPAIAIOIErocsi OTHOCUTENBHO HEMOABIKHOW OCH T= T , [ ,ZZ:)}C]
i mv®  |?
Kunernueckas sHeprus TBEPOrO Tela, BPAIIAIONIET0CS OTHOCHTENFHO OCH, T= > + T ,
[ o]
JIBUKYUIEHCS MOCTYMATENIbHO
) - dL
OCHOBHOE ypaBHEHUE TUHAMUKH BPalIaTENbHOTO IBMXKEHUS TBEPIOrO TeNa M=—um M=Ilg,
o _ 2
Teopema IlTelinepa =1 . tma-,
MOMEHT HHEPLUH MaTepPUallbHON TOUKH | =mR?, [KZ . Mz]
OnemeHTapHas paboTa MOMEHTA CHJI IPH BPAIIEHUH TeJla BOKPYT HEMOIBMKHOM OCH dA=M Zd Q, [ ﬂofc]

PaboTta MoMeHTa CHII ITPH BPALICHUH Tea BOKPYT HETIOABIKHON OCH A= I M Zd Q, [ ,bec]
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CoOcTBeHHbIC MOMEHTHI HHEPIMH HEKOTOPBIX TeJl

OJITHOPOJHBIH | OJHOPOJHBIA TOHKUI | OJHOPOAHBINA TOHKUH | OIHOPOIHBIH OJITHOPO/IHBIN OJTHOPOIHBIN
TOHKHH 00py4 JUCK PaJUycoM | TOHKHUH JUCK CILIOLIHOMI map OJHOPOIHAS
CTepIKeHb IJINHOII | u pammycom R IIAHIP paguycoM R cepa
TOHKOCTCHHBI pannycoMR panuycom
LHWIHHAD R
pamycoMm R
: | |
1
: B : '
1 1 1 |
ﬁl ( g '_)I §> %‘ I -
1 1 1 |
:
] D R
I | : R : R : n !
. . X ; !
! 1 1
! 1
! 1
! 1
1
1
2 2 2
ml 2 mR mR 2 2 2 2
| =— | =mR? |_mR | = | = | =—mR°| I =—mR
12 — 4 2 5 3

ypaBHEHHE TapMOHHYECKHUX KOJIcOaHUH

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

- CKOPOCTbH TCJa MPU TapMOHUYCCKUX KoJIe0aHUSIX

- YCKOpCHHUC TCJia NPpHU TAPMOHUYCCKUX KoJIeOaHUIX

- KUHCTUYCCKas DOHCPIUst KOJ'IG6J'IIOH.IGI>10$[ TOYKH

- IOTCHIMAJIbHAsA SHEPTUA KOJ'IC6J'IIOHIGI‘/IIC$I TOYKH

- [IOJITHAA MEXAaHUYCCKAs SHCPTUA KOJ'IC6J'IIOH.I6ﬁCH TOYKH

- i pepeHnnanbHOe ypaBHEHHE TapMOHIYECKHX KOJleOaHni

dx

="
_ mo?
2

kX2
T2

11

E=T +IY=HW

- muddepeHnmraIbHOe ypaBHEHHE CBOOOIHBIX 3aTyXaIOIIUX KOJIeOaHU

- nuddepeHnnabHOE ypaBHEHHE BBIHYKJICHHBIX KoJieOaHuit

- ACKPEMCHT 3aTyXaHHus

- Jorapu(pMHUIECKHUil TeKPEMEHT 3aTyXaHHs

nepuon KoJIeOaHHUI MaTEMAaTUUYECKOTO MasTHHUKA

nepuon KoJIeOaHmi MPYKUHHOTO MasiTHHUKa

nepuo; KoJiebanuii GU3NIecKoro MasTHUKA

nepuona 3JICKTPOMAariuTHBIX KoJieOaHui B KoJieOaTeIbHOM KOHTYpE

=—Awsin(at+g,), {M}

C
—Aw’ cos(at+¢,), [ﬂz}

C
=%mA2a)02 sinz(a)ot+(p), [ Horc]

= %mAza)j cos® (ayt +¢), [Honc]

kx? mo’?
= Max T = Max 1 142a)02
2 e 22
X+@ix=0

X+2B%+wix=0
X+ 2B %X+ @l X = %, cosQt

PO

At

A(t+T)
A(t)
A
T=2rx l [c]

g

T= 272'\/7 [c]
T= 2;:\/7 []

T=27zyJLC
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- AMHJ'II/ITyL[a PE3YILTUPYIOLICTO KOH€6aHI/IH, MOJYYaromerocsd npu CI0XKCHUN ABYX FrApMOHUYCCKUX KoJieOaHui
OAWHAKOBOTI'O HAIIpaBJICHUA U OHHHaKOBOﬁ YaCTOTHI:

A2, = AL + A7 +24,4,008 (0, — ;)

- Hauanpnas (1)333. PEIYIBTUPYIOLICTO KOHe6aHI/IH, NMOJyYaromerocs npu CJI0KCHUN ABYX TAPMOHHUYCCKUX KoJieOaHui
OJWHAKOBOTI'O HAaIIpaBJICHUA U OJIMHAKOBOM 4aCTOTHI:

_ A15in¢l+ A25in¢’2
A cosg, + A, cosp,

- YpaBHeHHE TPaeKTOPUH ABIKECHUS TOUKH, YIACTBYIOMICH B ABYX B3aNMHO MEPICHINKYIISAPHBIX TAPMOHHUIECKUAX KOJICOAHUIX
OJIMHAKOBOH YaCTOTHI:

2 2
X .
2= Xy cos(p+y—2:sm2 @
A AB B
. . . 2r
- YpaBHEHHE INIOCKOH rapMOHNYECKON OeTyIel BOIHBI f(X,t) = ACOS(a)t —kx+ ®, ), e k= 7 = — - BOJHOBOE
(%

quciio

T
CBi3b MEXTY PAa3HOCTBIO (a3 KoJieGaHuil 1ByX ToUeK BOJHBI H paccTosHueM Mexay Humn A@ = KAX = — X - X1)

- CKOpPOCTb IIPOJOJIBbHON U IIONIEPEYHOM BOJIH B TBEPABIX TEIaX Unpo 0 = ’— wonep ’

5 yRT [ M }
- CKOpOCTH TIPOJIOJILHOMN BOJIHBI B Ta3e v = [|—, |—
npoo
7 c
OCHOBBI MKT

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

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

2
31 M ()
- CpeAHsIsl KHHETUYECKasl SHEPTUs IOCTYNATEIbHOIO JBUKECHHS MOJIEKYJI U1€albHOIO rasa <Ek> = E KT =—2—— [ ﬂOfC]

2
2kT 2RT M
- HamboJiee BEPOATHAS CKOPOCTH TEILIOBOIO JBHKEHUS MOJIEKYJI MIE€AIbHOTO ra3a v=|—=.]—/|—
m, u e
3kT 3RT M
- CpenHss KBaJpaTHYHAs CKOPOCTh TEILIOBOTO JBHKEHUS MOJIEKYJ HAEAILHOTO ra3a <U;«;> = |—=]—) | —
m U c
TEPMOJAUHAMMKA
m
- 3aKk0H MeHnneneeBa — Kianeiipona PV =vRT =—RT :
u
PV, PRV,
- 3akoH Knaneitpona —= === —— =const , ecmu M = const;
T T,
- 3aKoH JlanbToHa Peveec = P1t Py Tt Py
- IapLHMaIbHOE JABICHHE | — IO rasa CMecH pV.., =v.RT, ., =—RT_.
i
A _
- KII/I rerutoBoro apuraress n=—=E = Ql Q2
Q Q

o o T 1 T 2

- KII /I nneansHO#M TemaoBoi MamuHb! (MammHE KapHo) n= T
1

- IepPBOE HAYAJIO TEPMOJTUHAMHUKHI Q=AU+A, [ ﬂofc]
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I m
- BHYTPEHHSAS HEPTHs HACATHLHOTO Ia3a U=——RT, [ ﬂofc]
2 p
5 im
- U3MEHEHNE BHYTPEHHE SHepruu H1ealbHOrO ra3a AU = E —RAT , [ ,bec]
roe =3 i OMHOATOMHBIX Ta30B, | =5 ISt ABYXaTOMHBIX Ta30B , | =6 1y TpEX U Gosice aTOMHBIX I'a30B
- paboTa HIearsHOro Ta3a Py H30XOPHIECKOM IIPOIIECCe: ecrm V=const, o A=0
A= pAV
- paboTa UICANBLHOrO Ta3a IMPHU U300aPHUSCKOM MPOIIeCce ecin  p = CONSt, To m
A=—RAT
7]
m \
A=—RT:-In-2%
_ H 4
- paboTa uaeaspHOTO Ta3a IPH H30TEPMUIECKOM IIpoIiecce ecnu 1 = const, To
m Y
A=—RT - -In—=%
H P2
- ypaBHeHue Maiiepa R= Cp - Cv
) ) i Hone
- MOJISIpHas TEIUIOEMKOCTh MCabHOTO Ta3a P IOCTOSSHHOM 00bEMeE Cv =—R, _—
2 Mmonw - K
. i+2 Loic
- 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 TeIOEMKOCTh UeaTbHOTO ra3a MpH MOCTOSIHHOM JIaBICHUH C, = -,
2 u |xe-K

- CpeAHsisl IJIMHA CBOOOTHOTO Mpodera MoJIeKyI HeaIbHOTO Ta3a

)= 5o

- KOJIMYECTBO TEIIOTHl HEOOXOJMMOe IJIsI HarPEBaHUs BEILECTBA Q=cm (t2 _t1) , [ ,ZZ:)fC]
- KOJIMYECTBO TEIIOTHI, BBIACIIAIOLIEECS IIPU CTOPAHUU BELIECTBA Q=agm, [ ,bec]
- KOJIMYECTBO TETJIOTHI HEOOXOAMMOE JUTSl TUIaBJICHUS BEIIECTBA Q=Am, [ ,bec]
- KOJIMYECTBO TEIIOTHI HEOOXOMMOe ISk UCTIAPEHHS BELIECTBA Q=Lm, [ ,bec]
d
- 3ak0oH DuKa m=-— d—p St
X

do
- 3akoH HproToHA p=-n—=St

dx

dT
- 3aKoH Oypbe Q=-1 d_ St

X

do

- 3ak0H HbIOTOHA IS BSI3KOTO TPEHUSI F=-n d— S
X
1 M
- ko pumment quddyzuu D=— <ZJ> <|> e
3 c
1

- K03 QUIMEHT BA3KOCTH n= gp <’0> <| > , [Ha : C]
- KOO PUIMEHT TETIONMPOBOIHOCTH A= g Yo <’0> <| > C,

o ﬁ 2
- CpeaHeC YUCJIO0 CTOJIKHOBCHUHU MOJICKYJI HJCAJIbHOT'O Ira3a 3a 1 CCKYHAY <Z> = 2 ﬂ'd n <U>



IJIEKTPOCTATHUKA

||t |
- CHJIa 3HeKTpOCTaTI/IquKOF0 B3aI/IMOZ[eI‘/JICTBHH ABYX TOYCYHBIX 3ap}IIIOB FKW = k —2
er
2
1 Hw () F E
9 -12 . ) R me
me k= =9.10 = £ =8.85-107"—; g =—Some _ _Somme
477’. 80 K]Z M 6.6ewecmee 6.6ewecmee
) - F H B
- HaHpH)KeHHOCTB 3J‘IeKTpI/I'{eCKOr0 I10J1s1 E =, — | = —
q | Kxn M
17
- IIOTCHIIHAJI 3HeKTpOCTaTI/IquKOFO I10JIA ¢ =, [B]

- TPUHLHUII CYNIEPTIO3UINHN IJI SJIEKTPOCTATHICCKOTO OIS
E=E +E,+..+E =Y FE
P=Q+P, .40 =D @
- Culia, ﬂeﬁCTByIOIHaH Ha TOUYCYHBIN 3apsa B 3JICKTPUYCCKOM I10JIE F - qE ’ [H]

- TOTEHIMAaNbHAast YHEPTH TOYETHOTO 3apsaa B IEKTPOCTATHICCKOM I10JIC II=qp, [,ZZ:)!C]

- HNOTCHUHAJIbHAA S9HCPIUd SJICKTPOCTATUICCKOTO

. 0.9,
B3aUMOACUCTBUA ,I[ByX TOYCYHBIX 3ap;{z[03 H = k — [ﬂDfC]
er
- HaHpﬂ)KéHHOCTB SHCKTPOCTaTI/I‘IeCKOFO I10JIs1 TOYCYHOT' O 3apfma E = k 5 — =] —
er Kn M
- IOTEHIINaJI 3J'IeKTpOCTaTI/I‘IeCKOFO I10JI1 TOYCYHOT' O 3ap${;[a (0 = k -_—, [B]
er
) . . lo H
- HaHpﬂ)KeHHOCTB SHCKTPOCTaTI/I‘IeCKOFO T10J11 paBHOMepHO Sapﬂ)i(eHHOI/I 6eCKOHe‘IHOI/I IINIOCKOCTHU E = E —_—, | —
&e Kn
0

- pa60Ta CHUJI JICKTPUYCCKOTO IOJIA O NEPEMEIICHNUIO TOUCYHOI'0 3apaaa

A917 = q (¢Ha‘tajleblﬂ - (Dkonetmblﬂ) nim AQH = _(H nauaonasn H KOHeuHas )

- 3aKOH COXpPaHEHUS DJIIEKTPUUECKOTO0 3apsaa Zqi = Zqi
HavanvbHoe Koneunoe
) =__do
- CBA3b MEK]Iy HATIPSHKEHHOCTBIO JNIEKTPOCTATUYECKOTO OIS ¥ MOTEHIINATIOM E= - —grade
r
g |
- Teopema OcTporpazackoro — I'aycca ay1s 37eKTPUIECKOTO OIS B BAKYyMe D= ,b EdS = _Zqi
s ,5’0
MATHETHU3M
- CBsA3b MaFHHTHOﬁ I/IHI[yK]_II/H/I nu HaHpH)KéHHOCTI/I MArduTHOI'O I10JISL B - lLllLlO H f [Tﬂ]
- NPHHIUI CYTIEPIO3UINN ISl MATHUTHOTO MOJIS
B,.=B+B,+...+B, H,.=H-+H,+...+H,
o V[T
- 3akoH buo — Casapa — Jlamuaca dB=—"-"L. 5
iy r
. N
- 3aKOH IOJIHOTO TOKA JUIS MATHUTHOTO MOJIS B BAKyyMe @ Bdl = ,UOZ I
L k=1
- 3aKOH IIOJIHOT'O TOKa JJIsI MAarHUTHOT'O I10JI B BEIICCTBE @ Hd I = Z I
L
- Teopema 'aycca A1 MArHUTHOTO TIOJS 4) BdS = § B,dS=0
S S

- MAarHuTHOC€ I10JI€ HpHMOHHHCﬁHOFO OCCKOHEUHO JJIMHHOTO IMPOBOJIHMKA C TOKOM B= luluo _, [Tﬂ]



48

- MAarHMTHOE I0JI€ B LIEHTPE KPYrOBOr0 BUTKA C TOKOM B =y, ﬁ , [T J ]
N
- MAarHuTHOE T0Jie GECKOHEYHO IIMHHOTO COJIEHOM/IA C TOKOM B = sy In = gyl T [T Jl]
. . _ Hih
- MAarHMTHOE IT10JI€ NMPSMOIUHENHOTO IIPOBOIHUKA KOHEYHOM JNIMHEI C TOKOM B=-">— (COS o —COS ,B ) | T
4 a
o B _ ,u/uo I
- MAarHMTHOE IT0JIE 10 CEPENMHE NMPSIMOIUHENHOTO IIPOBOJIHHUKA C TOKOM =——C0Sax, |In
27 a
N 2
- MHIYKTUBHOCTBH COJIEHOUIA L = pu,nV = uu, T S, [F H]
N . =R My 141, |
- CHJIa MATHUTHOTO B3aWMOJICHCTBHUS ABYX MapalIeIbHBIX MPSIMOIUHEHHBIX IIPOBOJHUKOB C TOKOM waon = 2— —=
' T T
- cuna Ammepa dFA =| |:d| B] ,  TJie MOAYNb CHIIBI dFA = IBdIsin«
- 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= [ f)m Bj| s rJe MOJyJIb MOMEHTA CUJIbI M = mesin a=IBSsina
- IOTOK BEKTOpa MAarHUTHOW UHIYKIUH @ =BScosa
- COOCTBCHHBI MarHUTHBIH IMOTOK KOHTYpa U COJICHOHUA C TOKOM D cober — LI
- U3MCHCHHE COOCTBCHHOTO MAarHUTHOI'O MOTOKA KOHTYpPa U COJICHOUIA C TOKOM
A('D<:06CT = Lal AD = cpkoyetmbn? - @Hallaﬂbﬂblﬂ
- paboTa CHJI MAarHUTHOTO TIOJIS 110 TIEPEMEIICHUIO TPOBOJHUKA UIIM KOHTYPa C TOKOM AMn =|aDd, [ ,bec]
AD
- DJIC unnyxuuy (3akoH Papames) E =— [B ]
uHo At
- DJIC uHAYKIIUM, BOZHUKAIOIIAS B IBUXKYIIEMCS] B OTHOPOJTHOM MAarHUTHOM TOJie EMH 5 =B L| sina, [B ]
MIPSMOJIMHEITHOM TIPOBOTHUKE
. d czjco6cm _ dl
- DJIC caMoMHIYKIIUK 86‘61/!/1 = ——=—L—, [B]
dt dt
LI?
- SHEPTUs MarHUTHOTO TOJISl POBOJIHUKA U KOHTYpa C TOKOM W, = T , [ ﬂofc]
2
. B> _ uuH
- 00BEMHAS TUIOTHOCTH SHEPTHUH MarHUTHOTO TTOJIS W = =
" 2uu 2
0
MOCTOSIHHBIN TOK
dg
cuJia TOKa | =—
dt
|
TUIOTHOCTh TOKA j=—
S
A
9/1C ucrouHuka Toka E=—=
q
. U
3akoH OMa I y4acTKa dJISKTPUIECKON IeTTH | = E

3akoH OMa JJ1s1 3aMKHYTOM 3J1eKTpUYEeCcKOil Lenu | =



3aBUCHMOCTD COMPOTHBJICHUS META/LTHIECKOTO MPOBOIHKUKA OT €I0 Pa3MepoB R=p 3
3aBHCHMOCTD COMPOTUBJIEHHS METAJLTMYECKOTO TIPOBOIHIKA OT Er0 TEMIIEPATYPhI R =R, (l+ at)
3aBUCHMOCTD y/IEIHOTO COMPOTUBIEHHS METAIUTHYECKOTO MPOBOJHUKA OT €I0 TEMIIEPaTyphl £ =P, (1+ Oct)
U 2
2
paboTa MOCTOSHHOTO TOKa A=qU=I1Ut wm A=I°Rt= ?t , [ ,ZZ:)fC]
U 2
2
MOIIHOCTh MTOCTOSHHOTO TOKa P=1U WM P=1R= F , [B T]
U 2
2
3akoHn J[xoyns — Jlenna Q=1Ut HIm Q=I1°Rt= Ft , [ ,ZZ:HC]
A
9ﬂc g _ CMOPOHHUX
+A
CMOPOHHUX TOHOBCKUX
HaMpsOKEHHE U= L e
q

HalIPs’KCHUE HAa KJIICMMaxX UCTOYHHUKA TOKa
I1OJIC3Has pa60Ta HNCTOYHHKA ITOCTOAHHOTO TOKa

3aTpaucHHas (1MoJiHas) paboTa HCTOUHHKA MOCTOSTHHOTO TOKa

MMOJIE3HAsA MOIITHOCTh HCTOYHHUKA ITOCTOAHHOI'O TOKaA

3aTpadyeHHas (MoJHas ) MOITHOCTh UCTOYHHMKA MOCTOSTHHOTO TOKA

KIIJI nctounuka Toka

EMKOCTb yeJMHEHHOTO MPOBOIHUKA
EMKkocTs yenuuéHHO#M mpoBoasmeii cdeps! (mapa)

EMKocTh KOHAEHCaTOpa

Emkocth miockoro KOHACHCATOpa

BHGKTpI/I‘IGCKaﬂ €MKOCTb C(i)epI/I‘ICCKOFO KOHACHCATOpa

DneKkTpudeckas eMKOCTh IMIIMHIAPUIECKOT0 KOHJeHcaTopa

SHGPFHH QJICKTPHUUICCKOTO TTOJIsA ye)II/IHéHHOFO IIPOBOJHUKA

SHGpFI/Iﬂ QJICKTPHUUICCKOI'0O OJIsI KOHACHCATOpa

U, =-Ir=IR, [B]

AnOﬂe3Haﬂ = qchm = Ichmtx [ﬂofc]
AsampaquHaﬂ =0&=I1&t nm

2
&< 2
=< _1?(R+r
Azampaqem—mﬂ R+r ( )
nonesmnas — @ = Ichm ' [BT]
- A‘jam auennas
Psampaqem-ta}z - + = Ig’ [BT]
77 — A}’lO/le3Haﬂ — noJjie3Hast
A3ampalteHHaﬂ PS’ampall@HHaﬂ
c=4
2
C =4regyR
c-_4 _14
p-p U
C_ £6,S
d
Cedn eg,RR,
R,—R,
e |
C=2rn I%
In—2
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O0BbEMHAS IOTHOCTD YHEPTUU IIEKTPUIESCKOTO TIOJIS

IlocnenoBaTenbHOE COETMHEHNE MIPOBOAHUKOB

_eg,E" ED [ I

2 2 M

Hap AJUICJIBHOC  COCIUHCHHC MMTPOBOAHUKOB

1 1 1 1

50

R =R+R,+...+R =— 4+ il
2 n
oo R()Em Rl RZ Rn
U, =U+U,+...+U
obwy 1 2 n Uoﬁm:Ul:UZZ"':Uﬂ
I =lL=L=..=I
ooy 1 2 n I =|1+|2+...+|n
U [am
Ui ooy U
I =— I = Ui 06wy
'R R =2 I ==
i ooy i R _ R
o6y i obwy )
obwy

IlocnenoBaTenbHOE COETMHEHNE KOHJACHCAaTOPOB HapannenLHoe COCIMHCHUC KOHACHCATOPOB

1 1 1 1

C, _a+a+"'g Coy =C+C,+...+C,
ooy n

Uy, =U+U, +...+U, Uy =U;=U, =...=U,

q =06=0,=...=q, qm:qlJrq2+...+qn
0oy

q

qi 06wy

qi Oﬁm Ci:_ C = —

C.:_ C - i 00
I U, ooy U Ui o Uo6w
obwy

IpaBuaa Kupxrodga njsi uenei noCTOSHHOI0 TOKA
Ilepeoe npasuno Kupxzogha
n
Aunrebpanueckas CyMMa CUJI TOKOB, CXOJISIIMXCS a y3Jie, paBHa HYIIIO, T.€. Z I, = 0
i=1
Bmopoe npasuno Kupxzogha
B moboM 3aMKHYTOM KOHTYpE, NPOU3BOJILHO BBIODAaHHOM B Pa3BETBJICHHOW 3JIEKTPUYECKOW LienH, anreOpanyeckas cymma
MaJIeHU HanpsDKeHUH (IPOM3BECHUH CHIT TOKOB J Ha CONPOTHBIICHNE R) Ha OTJENBHBIX yYacTKaXx IENH 3TOr0 KOHTypa paBHa

n m

anrebpaunyeckoit cymme IJIC Ek, BeTpevaromuxcs B KOHTYpE: Z I, R = Z &
i=1 k=1

IIpumensis 3akonnl Kupxroga neodxoqumo:
1. OHpeHCJ’II/ITB YUCJIO DJICKTPUYCCKHUX Y3JIOB U HE3aBUCUMBIX KOHTYPOB B CXEME
¥Y3710M HazbIBaeTCS MECTO COSAMHEHHS TPeX U O6ojiee MPOBOAHUKOB.
KonTtyp — 310 mo0ast 3aMKHyTas LeTIb.
He3aBucHMBII KOHTYP — KOHTYp, KOTODPBIH COIEPKHUT XOTsI OBl OJTHY HOBYIO BETBb. BETBb — y4acTOK LN OT y37a 10 y37a

2. [lepen cocraBieHneM ypaBHEHHI IIPOM3BOIBHO BEIOPATh M yKa3aTh CTPEJIKAMH Ha YepTEeXe:

a) HaIpaBJIeHHE TOKOB (€ciIM OHH HE 33J]aHa 110 YCIOBHIO 3aJaul) BO BCEX CONPOTHUBIICHHSX, BXOISIINX B II€Mb, yIUTHIBAS, UTO
OT y3I1a JI0 y3/1a TeYET OAUH U TOT 7K€ TOK;

0) HampaBiileHHEe 00X01a KOHTYpa.

3. Ilpu cocraBieHHH ypaBHEHWH 10 nepBoMy 3akoHy Kupxroda cuuTath TOKH, NOAXOAAIINE K Y3y,
MOJIO’KUTEIBHBIMU, a TOKU, OTXOZSIINE OT y3J1a - OTPULATEIIbHBIMU.

Yucno ypaguenuil, cocmagnaemovix no nepeomy 3axkony Kupxzogpa, 0ondxcno 6vimv Ha eOUHUUy mMeHbuie 4ucia y3joe,
cooeparcauiuxcs 6 yenu.

4, [Ipu cocraBeHnu ypaBHeHHH 10 BTOpoMy npaBuiry Kupxroda crienyer cunrars:

a) TMajJeHHe HANpPSHKCHHWS Ha YYacTKe Henu (T.e. HMpOW3BeNeHHE |.R) BXOAWT B ypaBHEHHWE CO 3HAKOM ILTIOC, E€CIH
HalpaBjeHHE TOKa B JAHHOM YYacTKE COBNAJAcT C BHIOpPAHHBIM HampaBlieHHEM 00XoJa KOHTYypa; B NPOTHBHOM CIIydae
IPOU3BECHUE | . R BXOAUT B ypaBHEHHE CO 3HAKOM MUHYC;

6) O/IC & BXOIWT B ypaBHEHHE CO 3HAKOM ILTIOC, €CIIM OHO MOBBIIIAET MOTEHIIMAN B HANIPABJIEHUH 00X0/ja KOHTYypa: T.€. €CIH
npu 00X0/1e KOHTypa BHYTPH HCTOYHHUKA TOKA MPUXOIUTCS HATH OT MUHYCA K IUTIOCY, B TpoTHBHOM ciydae OJIC & BxoawT B
YpaBHEHHE CO 3HAKOM MUHYC.

Yucno He3agucuUMbIX YyPAGHEHUI, KOmMopble mMo2ym Oblmb coCmagieHbl no emopomy 3axkony Kupxeoga, pasno uucny
He3a6UCUMBIX KOHIMYPOE, UMEIOUWUXCA 6 UenU.

i cocTaBiieHHUsI ypaBHEeHHH NEpBBIA KOHTYP MOKHO BBIOpATh MPOM3BONBHO. Bee cremyromue KOHTYPHI CleayeT BRIOUpaTh
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TakuM 00pa3oM, 9TOOBI B Ka)KABII HOBBI KOHTYP BXOAWIA XOTS OBl OJHA BETBH LIENH, HE YIaCTBOBABIIas HU B OJHOM W3
paHee MCIOIB30BaHHBIX KOHTYPOB. [Ipon3BonsHO BEIOpaHHOE HalpaBieHHE 00X04a MO0 KOHTypaMm He M3MEHSETCS 10 KOHIIa
pemeHus 3a1a4n.

Ecmu nipu pemeHnn ypaBHEHHH, COCTAaBICHHBIX BBIIEYKAa3aHHBIM CIIOCOOOM, ITOITyYeHBI OTPUIATEIbHBIC 3HAUCHNS CHIIBI TOKA
WITH HATIPSDKEHUS, TO ATO 03HAYAET, YTO TOK Yepe3 JaHHOE COTIPOTHBIICHHE B ICHCTBUTEIHHOCTH TE€UET B HATIPABIICHUH,
MPOTHBOTIONOKHOM BEIOPaHHOMY.

MEPEMEHHBIN TOK

N Im Un
DddextuBHOE (MK NEHCTBYOIIEE) 3HAUCHHE CHIIBI TOKA M HAPSKCHUSI | =—= u U =—

R AN -
3akon OMa JuIs LeTH IEPEMEHHOT'0 TOKa TOJIBKO C aKTUBHBIM CONPOTHUBIICHUEM I

3akon Oma JJIA e NMEPEMEHHOI'O TOKaA C HaealbHOM HHAYKTUBHOCTDH I =

WHIyKTHBHOE CONPOTHBIEHHE X =wlL

3akon OMa ISl [eNM MEPEMEHHOT0 TOKA ¢ UIEabHOM EMKOCTBIO | =eCU =—"1

EmkoctHOC COIIPOTUBJICHUC X c

3akod Oma JJIA e [IEPEMEHHOI'O TOKa € MOCJICAOBATCIBHO COCIMHEHHBIMA

AKTHUBHBIM COIIPOTUBJICHUCM, EMKOCTBIO M MHAYKTUBHOCTBIO

2 1 2
Ilomuoe COIIPOTUBJICHUC (I/IJ'II/I I/IMHQI[EIHC) LEIHr NMIEPEMEHHOT'O TOKa Z = R + ( COL - )

Caur (a3 Mexy CHIIOI TOKa M HAIPSHKEHUEM B IIETTH NIEPEMEHHOT0 TOKa tgp = L =

SJIEKTPOMAT'HETHU3M
YpaBHenust MakcBeJ/lIa B MHTerpaJjibHoii (hopme (1M moJieBbie ypapHeHus: MakcBeJl1a)

ITepBoe ypaBHEHHE (js Edf = —I %dg
Bropoe ypaBHeHue (}3 I:|df = J. j7+ @ d§
Tperbe ypaBHEHUE CP f)dg = I Yo dv

S

UYersépTOE ypaBHEHUE CJS édg =0

IepBoe ypaBHEHHE rotE = _E

Bropoe ypaBHeHue rotH = ] +E

Tperbe ypaBHEHHE div f) =p
UYersépTOE ypaBHEHUE div é =0



OIITUKA
OrmrTnyeckast pa3HOCTh X0Aa JIBYX JTydeit A= (n2|2 - n1|1)
Venoene nHTEpHEPEHIHOHHBIX MAKCHMYMOB A=£2m E
Vcnosue naTEp(hEPEHIIMOHHBIX MUHHMYMOB A=+ ( 2m+ l)%

Onruueckas pa3HOCTh X0/ ABYX JIydeil mpu nHTEepdepeHIn

- A A
CBETAa, OTPAKEHHOTO OT BEPXHEW U HMYKHEH IT'PaHHIBI TOHKOI A=2d+/ n’—sina + E =2dncosa + E

A
IJI0CKOIIapaJUIeIbHOM MJIACTHHBL (ecm N ) Ny, 0 +—, ecmu N ( Ny, 0o ——)
. bi bc
[upuna nHTEpGEPEHIIMOHHO MOJIOCH B onbiTe KOHTa AX=—=—, [M]
d dv
. ceen l
Panuychl cBeTnbix Konel HEI0TOHA B OTPaKEHHOM CBETE ro = (2m —1) E R, [M]
Panuycel TéMHBIX Kosem HploTOHA B OTpa)kEHHOM CBETE I’n']” “ = mAR , [M ]
. . . ab
Panuyc BHewmnei rpanuier M-oii 30861 OpeHens A chepuyecko Bomnbl I = [—— mA , [M]
a+b
Panuyc BHenHel rpanuiiel M-oi 30861 @penens 1i MI10CKON BOJIHBI r,= vbmAa , [M]
y . A
VYcnorue audpakIHOHHBIX MAKCUMYMOB OT OJTHOM IIEJIH asing== ( 2m+ 1) E
VYcnorue qudpakiMOHHBIX MUHIMYMOB OT OJTHOM IIEJIH asin Q= +2m—

VClIoBHeE IIaBHEIX JUGPAKIMOHHBIX MAKCMMyMOB OT audpaxiuonHoi pemérku 0 Sin Q= +2m—
VcoBHe I1aBHBIX TH(GPAKIMOHHEIX MHHUMYMOB OT TH(PAaKIMOHHOM peméTkn A Sin Q= +2m—

Ycnosue AudpakIMOHHBIX MAKCUMYMOB OT IIPOCTPAHCTBEHHOM

JudpakiuonHoN peméTku (popmyna Bynsda - bparros) 2dsin@=mA
Ee
JlaBnenue cBeTa pu HOPMAJILHOM Ia/ICHUN HA BEIIECTBO p= —(1+ p) = co(1+ p) , [Ha]
c
3akoH Mamoca I, =1, cos? Q
3akoH Bprocrepa tga,, =N,
sina v, N,
3akoH npenomiieHus cBeta (3akoH CHemyca) ——=—=—==0N,
sing v, n
3akon Creana — bonbiMana a7st aGCOMIOTHO YETHOTO Tella Ry = oT?
27c?
3axou Panes — [xunca M. =—7 kT
' A

3akoH cMenieHus Buna A =

max g e b=29.10"u-K
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3aBUCHMOCTh MaKCUMAIBHON CTIEKTPaTbHOM TIIIOTHOCTH

5 Bm
DHEPrEeTUYECKON CBETUMOMTHU aBCOMIOTHO YEPHOTO TENa = CT®, e C=130-10" 3—[{5
, PER
OT €r0 TEMIIEPATypPhI
., 0
VI3MeHeHHe JIMHBI BOJIHbI PEHTI€HOBCKOIO H3/Ty4eHHUs AM=2-1=— (1— cos 0) =2—sin’—
mc mc 2
MpY KOMIITOHOBCKOM ~ paccemBannn (3¢ dext Kommrona)
2
(%
1-=%
O¢dexr omnepa ms SMB v =y B A
npuemMHuKka UCMoOYHUKA vz
1+—cosd
C
=1
CremneHb MONSAPU3AIMH CBETA p =M __mn
Imax + Imln
ATOMHAS ®U3UKA
2
o o _ max j—
VpasHenue DiHIITENHA 17151 BHEIIHEro GoToddPerra hy = A+ > wm B, =A +T .,
mo?
Sanuparonuii (3a1ep>KUBAIOIIMN) TOTEHIUAI PH GOTOdPPEKTE MOKHO ONPEAEIUTE 110 HOpMYJIe |e|U3an = %
hvxp = Aeblx
CBs13b pabOTHI BEIXOIA ¢ KpacHOi rpanunei porodpdexra he A
Ay
hc )
DHeprus PoToHa E, = hy = 7 WiH E,=m,C
h
Wmnynsc poToHa p, = I UK p, =m,C
g M
CKOpOCTh CBETA B BAKyyMe c=Av=3-10"—
C
_t
t T,

3aKOHBI PaaguOaKTUBHOTO paciiajia

Panunyc anpa R= ROE/K
JHeext macchl sapa Am= [Zmp + ( A- Z) mn] -m,
= Amc? =[Zmp +(A=Z)m, —mﬂ]c2

A A4 4
S X = 5Y +,He,

OHeprust CBA3H HYKIIOHOB B J[pe E...

TPH O-pacrajie

npH P-pacnane X =0+ %

KBAHTOBASI MEXAHUKA

CootHomienus HeonpeaenéHnoctn I eizendepra Ap,AX2h, AEAT>h

Jnuna BousiHbI 1e bpoiins



