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BBEJIEHUE

Pabouas nporpamMma T CLUATUTMHBI SABIISICTCA YacThIO OCHOBHOM
npodeccuoHaIbHOH00pa30BaTeNbHON MPOrpaMMbl  BBICIIETO O0pa3oBaHMs - MPOrpaMMbl OakanaBpHara,
paspabortannoii BcoorBercTBUU ¢ PI'OC BO

dI'0C BO ®denepalibHbIN rocyapCTBEHHBIN 00pa30BaTENbHbIN CTaHIAPT BHICILIETO
o0OpazoBaHms- OakalaBpuar 1Mo HapaBIeHUIO MOAT0ToBKU 15.03.02
Texnonornueckue MaimuHbl Ho6opyaoBaHue (mpuka3z Muno6puayku Poccun ot

1. HEJIb OCBOEHU S JUCHUITJINHbI
pa3BUTHE HAy4YHOTO MHPOBO33PEHHUs, MPEICTABICHU O COBPEMEHHOW KapTUHE MHpa;
npuobpeTreHuepyHIaMEHTAIbHBIX 3HAHUI O MPHUPOJHBIX  SBJICHMSIX, JIEKAIIUX B OCHOBE TEXHOJIOIMYECKUX
NPOIIECCOB;0BJIA/ICHIEC BAKHEHIIUMH TPUEMaMHd W METOJAaMH ITO3HABATEIHHON JEATEIBHOCTH KaK OCHOBOM
OynymennpodeccuoHaaIbHOM NeITETbHOCTH.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOIT
JlucuuriinHa OTHOCUTCS K 0053aTeNIbHOM 4acTH y4eOHOro IIaHa.

3. OFBEM JJUCHHUITVINHbI

Yacos

KonTaktHas pabora .(roy4.3aH.) CamocTosTenbHas pacora

[TpomexxyTouHasaTTeCcTAUS Bcero B TOM 3.e.
3aceMecTp YHCJIETIOArOTOBKaKOHTPOJIBHBIX
Bceero | JIekuunu | JJaboparopHsie HKYDPCOBBIX
Cemectp 2
Ox3ameH, Kontponpaaspabora 216 20 8 12 187 6

4.IINTAHUPYEMBIE PE3YJIbTATbBI OCBOEHHUSA OIIOIT
B pesymbrare ocBoenus OIIOIl y BbIMyCKHWKA JOJDKHBI  OBITH  C(OPMHUPOBAHBI
KOMIIETEHIINM,ycTaHOBJIeHHbIE B cooTBeTCTBUM DI'OC BO.

[Iudp u HAUMEHOBAHUEKOMIIETEHITUN WNHIukaTophl TOCTHKEHUS KOMITETCHITHHA

OIIK-1 Crnocoben | 1J1-1.0I1K-1 3Hate ¢yHIaMEHTalbHBIE TOHATHS, 3aKOHBI U
PUMEHATHECTECTBEHHOHAYYHBIC MO/JICJINECTECTBEHHOHAYYHBIX M OO-IIEWH)XCHEPHBIX JUCHUTUIMH
MOOIEHH)KEHEPHBIE 3HAHUS,METO/IBI | [V PELICHUAPA3IUYHBIX 33]1a4, B TOM YHCIIE IPUKIATHBIX
MaTeMaTHYeCKOTOaHaIN3a u
MOJICITUPOBAHHUS
BIPO(eCCHOHATBHONEATEIbHOCTH;

N-2.0I1K-1 Ywmetp MIPUMEHSITh €CTECTBEHHOHAYYHbIE
MOOIICMH)KEHEPHBIE 3HAHUS B TIPOPECCUOHATBHON JACSITETLHOCTH




OIIK-1 CnocobOeH
PUMEHSIThECTECTBCHHOHAYYHBIC
MOOIICHHKCHEPHBIC 3HAHUS,METOIBI
MaTeMaTUYeCKOTOaHAIM3a W  MOJCIMPOBAHUS
BIPOGECCHOHATLHOUICITEIIBHOCTH;

NA-3.01IK-1 MmeTh mpakTHYECKHUH ONBIT HUCIOJIB30BAHUS
METOJIOBMAaTEMaTHUECKOTO aHajau3a U MOJEIMPOBAaHMS B
po¢eCCUOHATILHONAEATEIHOCTH

5. TEMATUYECKHAM IJTAH
Yacos
Be KonraktHas pabora (1o y4.3aH.)
Tema er Camoct Kontponscamo
HaumMeHoBaHME TEMBI o 6 CTOSATEIBLHOI
ua | Jlex | JlaGopa IMpakTHyeckue3aHATHs paboTa paboTe!
CcO | UMM | TOPHBIC
Cemectp 2 2
Tema | duznveckue ocHoBbl MexaHuKH. (OITK-1) 312 2 34
TZMa Craructudaeckas gusuka u repmoannamuka.(OITK-1) (3) 21 2 26
Tema | OnextpuuectBo u Maraetusm. (OITK-1) 4121 4 37
TZMa ®dusuka konedbannit u BoaH. Ontuka. (OI1K-1) 3 1 2 46
Tema | KanroBas u sinepHas pusuka. (OITK-1) 4111 2 44

6. ®OPMbI TEKYIIIEI'O KOHTPOJISI U TIPOMEKYTOUYHOMN ATTECTAIIUA

HIKAJIBI OEHUBAHUSA
Pasnen/Te Onucanue ouenounoro | KpurepunoneHuan
Bun onenounorocpencraa
Ma CpelCTBa usi
Texymuit kKoHTpOab (IIpunoxenue 4)
NunuBuayanbHbIe
Tema 1-5 Tect (npunoxenne4) AMBHIAY . 50 GamnoB
BapHaHThl MO 5 3aJaHuid
NunuBuyanbHbIe
3agaHuss mo 8 3a;au
Tema 1-5 | HomamusskonTpoisHaspabdora(llpunoxenue 6) A A 3auer
CyKa3zaHUEM CXEMBI
BBIOOpA BapuaHTa
[Tpomexyrounas arrectarusi(IIpmioxenue 5)
2 16  OwmeroB.  buer
cemectp(D | Dx3ameHaMOHHBICOMITETHI(TIPHIOKEHNE 5)  [cocrout m3 10 3amanmii: 100 G6ansos
K) 4teopetnyeckux u 6




OIMUCAHME HIKAJI OHEHUBAHUA

[Tokazatens omenku ocBoeHusi OIIOII dopmupyeTcss Ha OCHOBE OOBEAMHEHUS TEKYIIETO
KOHTPOJISIM TPOMEXKYTOUHOM aTTeCTalluy 00y4arouerocs.

[TokazaTtens pelTHHra MO KaXIO0M AUCUUILIMHE BBIPAKACTCS B MPOUEHTAX, KOTOPBII
MOKa3bIBAETYPOBEHD MOATOTOBKH CTYICHTA.

Texymuit  koHTpOab.Mcnonb3yercss 100-0ammpHas cuctema omneHuBaHusA. OreHka paboThI
CTyJEHTa BTEUEHHHM CEMECTpa OCYIIECTBISETCS MpENnojiaBaTeIeM B COOTBETCTBUU C pPa3pabOTaHHON WM
CUCTEMOMOIICHKH Y4eOHbIX JOCTHUKEHHI B Mpoliecce 00yueHus Mo JaHHON AUCLHUIUIIHHE.

B paboumx mnporpamMmax JAHUCHUIUIMH M TOPAKTHK  3aKperjeHbl BHABI  TEKYILEro
KOHTPOJISLIUIAHUPYEMbIE  Pe3yJIbTaThl KOHTPOJBHBIX MEPONPHUSATHH W  KPUTEPHUH OIEHKU y4EeOHBIH
TOCTYKEHUH.

B Teuenue cemecTpa mpernoaaBaresaeM MPOBOAUTCS HE MeHEe 3-X KOHTPOJIbHBIX MEPOIPHUITHIA,
MOOIIEHKE JAESITeNbHOCTU CTyJdeHTa. Eciu mocemieHUs 3aHATHI MO NUCUUIUIMHE BKIIOYEHBI B PEUTHHT,
TOJIaHHBIN MMOKa3aTesab cocTaBisieT He 6osee 20% OT MaKCUMAJIBHOTO KOJIMYeCTBa 0alsIOB MO AUCLUILIHNHE.

[IpomexyTtounas atrecranusi. Vcmone3yercsi S5-OamnbHas cucteMa oneHuBaHus. OleHka
paboTHICTyIEHTAa MO0 OKOHYaHWIO IUCHMIUTUHBI (YacTH JWCUUIUIMHBI) OCYIIECTBISETCS IMpernoaaBaTeiemM
BCOOTBETCTBUU C pPa3padOTaHHOM KM CHUCTEMOW OIICHKH JOCTH)KEHHUH CTyIeHTa B Mpolecce OOydeHUs
nojaHHo  aucuuruiHe.  [IpomexyTouyHass — aTTecTalus — TaKKe  MPOBOJUTCS MO  OKOHYAHHUIO
(hopMUPOBAHUSIKOMITETEHIUH.

[Topsamox mepeBoia pelTHHra, MPEeAyCMOTPEHHBIX CHCTEMOM OIEHUBAHUS, MO AUCLUUIUIMHE,
BIATUOAIIBHYIO CUCTEMY.

Bricokuii ypoens — 100% - 70% - oTiiruHO, XOpOLIO.

Cpennnii ypoBeHb — 69% - 50% - yIOBIETBOPUTEIBHO.



IToxa3aTesb OLEHKH

Ilo 5-0a/JILHOM cucTEMe

XapakTepHCTHKA MOKa3aTeJst

100% - 85%

OTJIIMYHO

00J1aJat0T TEOPETUYECKUMHU 3HAHUSIMU B TIOJTHOM
00beMe,[TOHUMAIOT, CAMOCTOSITENIEHO YMEIOT
IPUMEHSTh,UCCIIEI0BATh, UICHTU(UIIMPOBATS,
aHAJIN3UPOBATh,CUCTEMATU3UPOBATh, PACIIPEAEIATD T10
KaTeropusiM,paccunuTaTh MokKa3aTesu,
KJ1accu(uIupoBaTh,pa3padaTbBaTh MOJIEINH,
JITOPUTMU3UPOBATH, YIPABIATh,0pPTaHU30BATb,
IUIAHUPOBATh MPOLIECCHI UCCIIEA0BAHNUS,0CYIECTBIISATh
OLIEHKY PE3YyJIbTaTOB Ha BBICOKOM YPOBHE

84% - 70%

XOpOLIO

00J1a]at0T TEOPETUYECKUMHU 3HAHUSIMU B TIOJTHOM
00beMe,[TOHUMAIOT, CAMOCTOSITENIEHO YMEIOT
IPUMEHSTh,UCCIIEI0BATh, UICHTU(DUIIMPOBATS,
aHAJM3UPOBATh,CUCTEMAaTU3UPOBATh, PACIIPEACIISATH 110
KaTeropusM,paccunuTaTh MoKa3aTesu,
KJ1accu(pUIIUpOBaTh,pa3padaTbIBaTh MOJIEIH,
QITOPUTMU3UPOBATH, YIPABIATH,0pPTaHU30BATbD,
TUTAHUPOBATh MIPOLECCHI UCCIIEJOBAHUS,0CYIIECTBIISATh
OLICHKY pe3yJIbTaTOB.

MoryT OBITb JONYIICHBI HEJOYETHI,
WCTIPABJICHHBIECTYJICHTOM CaMOCTOSITEIFHO B IPOIECCE
paboThl (OTBETAM T.1I.)

69% - 50%

Y0BJIETBOPUTEIILHO

00Ja1a10T 0OIIMMH TEOPETHUECKUMHU 3HAHHSIMH,
YMCIOTHpI/IMeHSITB, uccieaoBarTh,
I/IZIGHTI/I(bI/IIII/IPOBaTB,aHaJ'II/I?)I/IpOBaTI), CI/ICTCMaTI/I3I/IpOBaTB,
pacnipeneNsaTh MOKaTerOPHUsIM, PACCUUTATH
MOKa3aTelu,KJ1accu(pUIMpoBaTh, pa3padaThiBaTh
MOJIEJIN,aJITOPUTMU3UPOBATH, YIIPABIIATS,
OpPTraHHU30BaTh,JIAHUPOBATH IMPOIIECCHI HCCIIC0BAHNS,
OCYIIECCTBIISATHOIICHKY PE3yJIbTATOB HAa CPETHEM YPOBHE.
JlormyckaroTcst OIMOKH, KOTOPBIE CTYJICHT
3aTPYIHACTCIUCIIPABHTD CAMOCTOSTEIIBHO.

49 % u MeHee

HCYIOBJICTBOPHUTCIIBHO

00JIa1ar0T HE MMOJIHBIM 00BEMOM OOIIHX
TEOPETUICCKUMU3HAHUSMHE, HE YMEIOT CAMOCTOSTEIBHO
MPUMEHSITh,HCCIICI0BATh, HICHTU(DHUIIUPOBATD,
aHAJIM3MPOBATh,CHCTEMATU3UPOBATh, PACIIPEACIIATH IO
KaTeropHusIM,pacCUYUTaTh IMOKA3aTEIH,
Kiaccu(UIUpoBaTh,pa3padaThIBaTh MOJICIH,
AJITOPUTMHU3UPOBAThH, YIIPABIATh,0pPTaHU30BATh,
TUTAHUPOBATH MPOIIECCHI HCCIEA0BAHNUS,0CYIIECTBIISATh
OLICHKY Pe3yJbTaTOB.
He cdhopMupoBaHbl yMeHUSI U HABBIKH TSI

]

100% - 50%

3a4TCHO

XapaKTCPUCTHKA ITOKA3aTCJIA COOTBETCTBYCT
KOTIIMIHO» ,«XOpPOLIO», KYAOBJICTBOPHUTCIBLHO»

49 % u MeHee

HEC 3a4TCHO

XapaKTCPUCTHKA ITOKA3aTECJIA
COOTBCTCTBYCTKHCYAOBJIICTBOPUTCIILHOY

7. COAEP KAHUE JUCIHUITJIUHbI
7.1. ConeprkaHue JeKIUA




Tema 1. ®uznueckue ocHoBbl MexaHuku. (OIIK-1)

Brenenune. ®usuka B npodeccnoHanbHOM AesTenbHoCTH. OO0Ias CTpyKTypa U 3a1auyd AUCIUIUITMHBL. MeToIbl
¢dbuzuveckoro uccnenopanus. [I[puMenenne Gu3nMUecKuX 3aKOHOB, METOJIOB UCCIIEIOBAHUS MUMOJICITUPOBAHMS
JUTSL TIOCTAHOBKH, aHAIHM3a M Pean3aliuu 3a7a4 MpodecCHOHaIbHON MeATeTbHOCTH BOONIACTH  yIIpaBJICHUS
KaueCTBOM B MPOM3BOJICTBEHHO-TEXHOJIOTHYECKUX cUCTeMax H cdepe ycryr.KnHeMaTnka mocTynaTelbHOro 1
BpaIaTeIbHOTO JIBH)KCHHUS.

JlvHamMuKa moCcTynaTeIbHOIO U BpallaTeIbHOTO JBH)KeHUA. 3aKoHbl Hbl0TOHA.

Pa6ora. MomtHocTs. Mexanuueckasi SHeprusi.

OCHOBBI PEATUBUCTCKON MEXaHUKH

Tewma 2. Cratuctuueckas pusuka u repmoaunHamuka. (OITK-1)

OcHOBBI MOJIEKYJIIPHO-KUHETUYECKON TEOPUH u TEPMOJMHAMUKH. TepmonnHamMuueckue
cucreMsbl.llapameTpsl cocTosiHus. YpaBHEHHE cOCTOsIHUSA. M neanbHblil ras.

Buytpennss sueprus. Temnora u pabota. [lepBoe Hauano TepMOAMHAMHUKH.

Tennoeie Mammnbl 1 X KII/. [uxn Kapno. Bropoe Hauano TepmoanHaMUKu

Tema 3. DnextpudectBo u maruetusm. (OIIK-1)

DNeKTPOCTaTHKA. DIEKTPUIECKOE T0JIe B BAKYyME U B BEIIECTBE. XaPaKTEPUCTUKH SJIEKTPUUECKOTO TMOJIS.
3aKOHBI MOCTOSITHHOTO TOKa

MarsauTtHoe 1oJjie B BaKyyMe U B BelllecTBe. J[eliCTBHE MarHUTHOTO TOJIS Ha 3apsiibl M TOKU

SIBieHMe ANEKTPOMArHUTHOW UHIAYKIMH. OCHOBBI TCOpUU MakcBela 3JIEeKTPOMAarHUTHOTO TOJIS.

Tema 4. ®usuka konedbanuit u BosH. Ontuka. (OIIK-1)

IMapmonnueckue konedanus. CBOOOIHBIC U BBIHYK/IEHHBIE KOJIeOaHus.

BosiHOBOI niporiecc. Ypyrue BoJIHbI. DJIEKTPOMAarHUTHBIE BOJIHBI.

Bomnoseie sBiaenus. Uatepdepenmus cera. udpakuus ceeta. [lonspuzanus. Jucnepcust.

Tewma 5. KBantoBas u sinepHas ¢pusuka. (OITK-1)

KBanToBas ontuka. 3aKOHBI TEIIOBOTO M3TydeHHs. DoTodPdeKT.

CrtpoeHue aroma- SAPO W BJEKTpOHHAs o00o104yka.u W3nmydeHne M TOIVIOMIEHHE SJEKTPOMArHUTHBIX
BOJMH.CTpOGHME M  CBOMCTBAa  aTOMHBIX  sfep. PaauMoakTUBHOCTBb.  SInepHble  MOpeBpamieHus.
DneMeHTapHBICYaCTHIIbI, UX KJIaCCHU(pHUKAIUS IO BUIAM B3aUMOICHCTBHUS.

7.2 ConeprkaHre NPaKTHYECKUX 3aHSATUI 1 1a00paTOpHBIX paboT

Tema 2. Cratuctuueckas ¢pusuka u repmoguHamuka. (OI1K-1)

Omnpenenenne KodhUITUEHTA BI3KOCTH KUTKOCTH
Onpenenenne ko3 punuenta [Tyaccona

Tema 3. DnexrpudectBo u maraetusm. (OIIK-1)

3KCHCpI/IMeHTaJ'ILH06 HU3YYCHUC 3aKOHOB ITOCTOSIHHOI'O TOKaA. Onpe;[eneHI/Ie YACIIBHOTO 3apsa 3JICKTPOHA

Tewma 4. ®usuka konedbanuit u BosH. Ontuka. (OIIK-1)

DKcrepUMeHTalbHbIE HCCIIEI0BAHNUS SIBICHUH HHTEp(EepeHINU TN TU(PPAKLINH.




Tema 5. KBanToBas u snepnas ¢usuka. (OIIK-1)

HCCJ’ICHOB&HI/IC KBAHTOBEIX CBOMCTB CBETA.

7.3. ConepkaHue CaMOCTOSITEITLHOM paboThI

Tema 2. Cratuctuueckas ¢pusuka u repmoguHamuka. (OIIK-1)

SlBeHus TepeHoca B OKMAKOCTSX M Tra3ax. Pacder CTaTUCTHYECKHMX H  TEPMOJMHAMUYECKHX
XapaKTePUCTHKHICATEHOTO Ta3a. DHTponus. M3omponeccsl u ux rpaduyeckas wuHTeprperamnus. [lonrotoBka
oTdeTra 01abopatopHoil padoTte. BrimonHeHHe 1oMantHeld KOHTPOJIBbHON pabOTHI.

Tema 3. DOnextpudectBo u maruetusm. (OIIK-1)

Pacuersl aneKTpUuUeCKUX TOJIeH, CO37aBa€MbIX pPA3IUYHBIMU OOBEKTaAMH. OJEKTPUUYECKUH TOK B
pasznuuHbIXcpenax.  IlomynpoBOIHUKH. DJIEMEHTBI JIEKTPUYECKON Lienu. Pa3BETBIECHHBIE IIEKTPUYECKHUE
nenu.PacyeTsl MOITHOCTH 3JEKTPUYECKUX OBITOBBIX MPUOOPOB U YCTAHOBOK. OIJIEKTPOM3MEPUTENIbHBIE
npUOOPBIUCIIONB3YyEeMbIE TSI KOHTPOJISI  KauyecTBa B MPOM3BOJICTBEHHO-TEXHOJIOTHYECKUX CHCTeMax U cepe
yciayr.MaruutHoe nelcTBue TOKAa. MarHutHble CBOMCTBa  BEIIECTBA. IlogroroBka OTY4ETOB O
nabopaTopHoiipaboTe. BrinonHeHne qoMaliHeil KOHTPOJIbHONW PabOTHI.

Tema 4. ®usuka xonedanuii u BosH. OnTuka. (OIIK-1)
OnextpoMarauTHele  KojeOanus. KoneOarenbHblii  KOHTYp. IlepeMeHHBIH  SJEKTPUYECKUH TOK H
eronpuMenenue. Ilomydenne u wucnonb3oBaHME 3JeKTpo’Hepruu. lloaroroBka ordera o jabopaTopHOM
pabote.BrimonHenne JoMamHeil KOHTPOJIBHOM paboTHI.

Tema 5. KBanToBas u anepnas ¢pusuka. (OIIK-1)

BousiHOBBIE CBOMCTBA yacTUll BellecTBa. [IpeacraBienus 0 KBAHTOBOW MEXAHUKE.

KBanToBOMexaHn4eckasi MOZICNIb aTOMa  BOJAOPOJia. ATOMHBIEC CTIEKTPhI. CIIEKTpaIbHBIN aHATN3

CnexTpsl ®W  CHEKTpajbHBIM  aHanu3.  PaaMoakTHBHOCTh.  3aKOH  PaJMOAKTHUBHOTO  pacraja.
[Tepuonnonypacnana. N3oTomsl. DeMeHTapHbIC YaCTHUIIbI, 170.4 Kiaccuukanus o
BusIaMB3anMozieiicTBusA. [ToaroroBka oT4ETOB 0 TabOpaTOPHBIX padboTax.




7.3.1. [IpuMepHBIE BOMPOCHI JIJIs1 CAMOCTOSATEIILHON TTOATOTOBKH K 3a4€Ty/9K3aMEHY
[Tpunoxenue 1

7.3.2. IlpakTuyeckue 3aJaHusi MO0 AUCUUIUIMHE JJISI CAaMOCTOSITEIbHOW — IMOJTOTOBKH
K3aueTy/3K3aMeHy
[Ipunoxenue 2

7.3.3. [lepeueHnb KypcoBBIX paboT
He npenycmotpeno

7.4. DneKTpoHHOE MOPTHOINO 00YHAIOIEroCs
Pa3meriaercs KOHTpoJsibHas paboTa

7.5. Meroandeckre peKOMEHIAIUH 10 BBITIOJIHEHUIO KOHTPOJIbHOM paboThl
[Ipunoxenue 6

7.6 Meroanueckre peKOMEHJAINH 110 BBIIIOJIHEHNIO KYPCOBOM pabOThI
HE MPE1yCMOTPEHO

8. OCOBEHHOCTHU OPT'AHU3AIINU OBPA3OBATEJIBHOI'O
MNPOLECCA 11O JMCIUIIVIMHE JUIs1 JINL C OT'PAHUYEHHBIMUA
BO3MOXHOCTAMMU 31O0POBbs

1o 3aaenenuto cmyoenma

B nensx AOCTYNMHOCTH OCBOEHHUS MPOTPaMMBbI ISl JIUI] ¢ OTPAHUYEHHBIMUA BO3MOKHOCTSIMH 3/10POBbS
pyu HeOOXOAUMOCTH Kaderpa o0ecreunBaeT CleAyONIUe YCIOBUS:

- 0COOBIH MOPSAIOK OCBOCHUSI AUCHIUTIINHBI, C YIE€TOM COCTOSIHUS UX 310POBbS;

- DJIEKTpOHHBIE OOpa3oBaTeNbHBIE pECYpChl MO MUCHMILUIUHE B (QopMmax, aJanTHPOBAHHBIX K
OTPAHUYEHUSM UX 3/I0POBBS;

- M3y4YeHHWE JUCUUIUIMHBI MO0 WHAMBUAYyAIbHOMY y4eOHOMY IUIaHy (BHE 3aBUCHMOCTU OT (POPMBI
oOyueHus);

- DJIEKTpOHHOE OO0yuyeHHWe U JAUCTAHIMOHHBIE O00pa30BaTENbHBIE TEXHOJOTHUH, KOTOPHIC
peIycMaTPUBAIOT BO3MOXKHOCTH MpUEMa-Tiepe1adu nH(HOPMAaIIUY B JOCTYIMHBIX AJIsl HUX (hopMax.

- goctyn (yAalneHHBIA JOCTYN), K COBPEMEHHBIM TMpodeccHoHANbHBIM 0a3aM JaHHBIX W
UHGOPMAIMOHHBIM CITPABOYHBIM CHCTEMaM, COCTaB KOTOPhIX onpeenex PIT/I.

9. MEPEYEHb OCHOBHOM ¥ JIONOJHUTEJIbLHON YYEBHOM JINTEPATYPBHI,
HEOBXOJAUMOM )11 OCBOEHUA TUCIUILIVHBI
Caiit Oudsmorexu Ypl'dy
http://lib.usue.ru/

OcHoBHas IuTEepaTypa:
2. Corpabu ®usuka. Kypc nekuunit. Tema 2. Jlunamuka. 3akoHsl HbloTOHa [DIeKTpOHHBIH
pecypc]:.- ExkatepunOypr: [6. u.], 2023. - 1 — Pexum noctyna: http://lib.wbstatic.usue.ru/202307a/110.mp4



3. Corpabu ®wusmka. Kypc nexnuii. Tema 3. Dnekrpocratuka, 3akoH Kymona
[OnexTponnsiiipecypc]:. -  ExarepunOypr: [6. wu.], 2023. - 1 — Pexum  gocryma:
http://lib.wbstatic.usue.ru/202307a/111.mp4

4. bounapes b. B., Kanamuaukos H. I1., Crmpun I'. T'. Kypc ob6meii ¢u3uku B 3 kH. KHura
2:3JIGKTPOMAarHeTu3M, ONTHKA, KBaHTOBas (u3uka [DIIEKTPOHHBIN pecypc|:yueOHUK Il BY30B. -
Mocksa:FOpaiit, 2024. - 441 — Pexxum noctyma: https://urait.ru/bcode/535754

5. Tpodpumoa T. WM. PykoBomcTBO K pemeHH0 3amady 1o (usuke [DIeKTpOHHBIN

pecypc]:yuebnoenocobue ans  By3oB. - Mocksa: [Opaiir, 2024. - 265 - Pexum pocryna:
httno/Mirait via/henda/8R84R4
6. Aizennion A. E. ®usuka [DneKTpoHHBIH pecypc]:ydeOHHUK M HPAaKTUKYyM JUIsL BY30B. -

Mocksa:FOpaiit, 2025. - 380 — Pexxum noctyna: https://urait.ru/bcode/560131

7. bopmoeckuit I'. A., bypcman 3. B. ®usuka. Mexanuka, TepMOAUHAMUKA U
ANEKTPOMarHeTU3M|[ DIIEKTPOHHBIN pecypc]:yueOHoe mocodue s By30B. - Mocksa: FOpaiit, 2025. - 242 —
Pexxum noctymna:https://urait.ru/bcode/557672

JonosHUTeILHAS JIUTEpPATYypa:

2. boprauk b. U., CynakoBa H. Il. ®usuka. Teopetnueckue M MpakTUYECKHE MaTEpHAIIbI
JUISICAMOCTOSATEIFHOW ~ pabOThI  CTYACHTOB BY30B  [DJIEKTPOHHBEIH  pecypc|:ydeOHOoe mocobue. -
ExarepunOypr:[M3garenscTBO YpI'DOVY], 2018. - 275 - Pexxum
nocryna:http://lib.usue.ru/resource/limit/ump/19/p492562.pdf

3. T'opneea WM. B., Cymakoa H. II. ®dusuka [DneKTpoHHBIN pecypc]:1abopaTOpHBIN
MPAKTUKYM. -ExatepunOypr: Ypl'DY, 2022. - 87, [1] - Pexum
noctyta:http://lib.wbstatic.usue.ru/resource/limit/ump/23/p495209.pdf

4. Epodeena I'. B., Kprouxos lO. 0., Cxnsposa E. A., Uepnos U. II. [Ipaktuueckue 3aHATHSA
nooO0mieMy Kypcy GU3MKdA [DIeKTpOHHBIM pecypc]:ydeOHHMK s By3oB. - Mocksa: FOpaiit, 2024. - 517
—Pexxum noctyma: https://urait.ru/bcode/530826

5. Topnau B. B., BanoB H. A., Ilmactuanaa M. B. ®usuka. CamoctostenbHas pabota
CTyJIeHTa[ DIIeKTPOHHBIN pecypc|:yueOHoe mocobme mis By30B. - MockBa: FOpaiit, 2024. - 168 — Pexum
nocrtyma:https://urait.ru/bcode/537786

10. MEPEYEHb THO®OPMAIIMOHHBIX TEXHOJIOT Ui, BKJIIOYAS TEPEYEHB
JIMHEH3UOHHOI'O MIPOTPAMMHOI'O OBECIHHEYEHUA U THO®OPMAIIMOHHBIX
CITIPABOYHBIX CUCTEM, OHJIAMH KYPCOB, UCITIOJIB3YEMBIX ITPY OCYIIECTBJIEHUA
OBPA3OBATEJIBHOT'O ITPOUECCA 110 AUCHUIIVIMHE
IlepedyeHb JMIIEH3MOHHOTO IPOTPAMMHOIO 00eceYeHms :

Microsoft Windows 10 .JoroBop Ne 52/223-110/2020 ot 13.04.2020, Axt Ne Tr000523459 ot
14.10.2020. Cpok aeicTBus uiieH3uu -be3 orpanuuenus cpoka.

Astra Linux Common Edition. dorosop Ne0417-I10/2019 ot 08.05.2019, Axt NeSk000343 ot
24.05.2019 u KonTpaxt Ne 35-¥/2018 ot 13.06.2018, Akt Ne YT213 ot 17.12.2018. Cpox neiicTBUS IULIEH3UH
- 6e3 orpaHMYEHUs CPOKa.

Microsoft Office 2016.Jorosop Ne 52/223-110/2020 ot 13.04.2020, Akt Ne Tr000523459 ot
14.10.2020 Cpok nelicTBus quueH3uu -be3 orpannueHus cpoka.

MoitO¢uc cranpaptasiii. Cornamenue Ne CK-281 ot 7 utons 2017. [lara 3axmrouenus - 07.06.2017.
Cpoxk neiicTBUS JIULEH3UH - 0€3 OTpaHUYEHNUS CPOKa.

Adobe Reader. Jluniensus freeeware. Cpok eficTBUS TUIICH3UH - 0€3 OTpaHHMYESHHS CPOKa.

Libre Office. Jluiensust GNU LGPL. Cpok neficTBust TUIICH3UU - 0€3 OrpaHUYeHUS CPOKa.



Ilepeuennb HH(POPMAIHOHHBIX CNMPaBOYHBIX CHCTEM, pecypcoB UHPOPMALIMOHHO-
TeJIEKOMMYHHMKAINMOHHOM ceTH « UHTEpHET»:

Enunblii moprajl HHTEpHeT-TeCTHPOBaHUS B c¢epe oOpa3oBaHus [JaeKTPOHHBINH pecype]
https://i-exam.ru/
https://i-exam.ru/

11. ONUCAHUE MATEPUAJIbHO-TEXHUYECKOM BA3bI, HEOBXOIUMOM JIJI
OCYHIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA IO INCIHUMITIJIMHE

Peanuzanus yueOHOM AUCHUIUTUHBI OCYIIECTBIISCTCS C UCIOIB30BAHUEM MaTEepPHAIbHO-TEXHUYECKON
6a3s1 YpI' DY, obecnieunBaronieii MpoBeeHNE BCEX BUIOB YUEOHBIX 3aHATHI M HAYYHO-UCCIICAOBATEILCKON
CaMOCTOSTENIHON pabOTHI 00yUYaIOIIMXCSI:

CrnenuanbHble TIOMEIIEHUS TPEACTABISIIOT CO00H yueOHbIe ayIUTOPHH JUIS MPOBEICHHUS BCEX BUIOB
3aHSTHUN, TPYIIIIOBBIX U MHAUBUAYAIbHBIX KOHCYJIBTAIMH, TEKYILIEr0 KOHTPOJIS U MPOMEKYTOUHON aTTECTalUH.

[Tomemienust A1 caMOCTOSITENIBHON pabOThl 00yYaroIMXCsl OCHALIEHbl KOMIBIOTEPHOM TEXHUKOH C
BO3MOXKHOCTBIO TMOAKIIOUCHHs K cetd "HMHTepHer" u  oOecredeHWeM JIOCTyNa B DJIGKTPOHHYIO
UH(POPMAITMOHHO-00pa3oBaTeIbHy0 cpeny Ypl OV,

Bce nomerienys yKOMIUIEKTOBAaHbI CHEUAIN3UPOBAHHONW MEOENbI0 U OCHAILLEHBl MYJIbTUMEIUNHBIM
o0opyioBaHHEM CHero0opyoBaHuEM (MH(DOPMAIIMOHHO-TEIICKOMMYHUKAIIMOHHBIM, HHBIM KOMITBIOTEPHBIM),
JOCTYTIOM K WH(MOPMAIIMOHHO-TIOMCKOBEIM, CIIPABOYHO-TIPABOBBIM CHCTEMaM, JIEKTPOHHBIM OHOIMOTEYHBIM
cuctemaMm, 0a3aM JaHHBIX JCHCTBYIOIIErOo 3aKOHOJATENbCTBA, WHBIM HMH(POPMAILMOHHBIM pecypcaM
CILy KallluMU JUIs IpeJICTaBIeHNs yueOHOM nHpopmanuy O0JIbIION ay TUTOPHH.

Jnst mpoBeeHUs 3aHSATUN JIEKIIMOHHOTO TUIA Mpe3eHTAalMu U JIpyrue yuyeOHO-HariasaHble 1mocodus,
o0ecrneynBaroIne TEMaTHYECKUE NILTIOCTPAIIUH.



IIpuioxkenue 1
K paboueit mporpamMmme

7.3.1. IlpumepHbIe BONPOCHI AJI5 CAMOCTOATEILHOM MOATOTOBKHU K
3a4eTy/IK3aMeHy
K 3augery

1. Kunemarnueckne XapakTEPUCTHUKHA  MOCTYNATEIbHOTO  JBM)KCHUS:
CpEIIHSsl © MTHOBEHHAs CKOPOCTH, CpPEIHEE U MTHOBEHHOE YCKOPEHHUSI.

2. VYpaBHEHMS  PABHOMEPHOIO  MPSMOJIMHEHHOT0 U  PaBHOMEPHO
YCKOPEHHOI'O JIBU>KEHU M.

3. TanreHumanbHOE M HOpMalbHOE YCcKOpeHHs. I[lonHOe ycKopeHue npu
KPUBOJINHEMTHOM JIBUKEHUH.

4. KuneMarnueckre XapakTepUCTHKU BPAILlaTEIbHOTO JBUKEHUS: CPEIIHSS
Y MICHOBEHHAs! YTJIOBBIE CKOPOCTH, CPEIHEE U MTHOBEHHOE YIJIOBBIE YCKOPEHHUSI.

5. CBs3b YIJIOBBIX U JIMHEWUHBIX KHUHEMATHUYECKUX BEITUYHUH.

6. Ilpunmun otHocutenbHoCcTH ['ammnes (I 3akon HeroToHa).

7. 11 3akoH HproToHa.

8. Nmmnynsc. Umnynbe cunbl. O600menHas popma Il 3akona HerotoHa.

9. 3akoH COXpaHEHHUs UMITYJIbCA.

10. III 3axon HproToHa.

11. Cuna ynpyrocrtu. 3akoH ['yka. Bec.

12. Cuna taroreHus. 3akoH BceMUpHOTo TATOTEHUS.

13. Cuna Tpenus.

14. MOMEHT CHUJIBI.

15. MOMEHT WHEpUUM MaTepUaqbHOM TOYKM. MOMEHT MHEpPLUHMHU TBEPIOTO
Tena.

16. OcHOBHOM 3aKOH JUHAMUKH BPAIIATEILHOIO JIBUYKCHHUSI.

17. MoMeHT umnyJibca. 3aKOH COXpPaHEHHSI MOMEHTA UMITYJIbCA.

18. Mexannueckas padota. ['padudeckas naTepnperamnus padoThl.

19. PabGoTa cui: TSKeCTH, TATOTEHUS, yIPYTOCTH, TpeHus. KoHcepBaTuBHBIE
Y HEKOHCEPBAaTHUBHbBIE CUJIBI.

20. MomxocTts. KII/I.

21. IlorenunansHas sHeprus. TeopemMa 00 W3MEHEHMM NOTEHLHUAIBHON
SHEPrUU.

22. Kunetnyeckas sHeprusi. Kunernueckasi sHEprus Bpaljaromierocs Tena.

23. 3aKOH COXpaHEHUS SHEPTUU B MEXaHUKE.

24. OcHOBHBIE NOCTYJIAThI CLIENUATBHON TEOPUU OTHOCUTEIBHOCTH.

25. CnenctBusi:  OTHOCUTENIBHOCTh JUIMH W NPOMEKYTKOB  BPEMEHH,
OTHOCUTEIBHOCTH MACCBI.

26. 3aKOH B3aMMOCBSI3M MacChl U SHEPTUH.

27. Uneanpublii Ta3. OCHOBHOE YpaBHEHHE MOJIEKYJISIPHO-KUHETHUECKOMN
TEOPHUH UJI€ATBHOIO rasa.

28. CpenHsii KUHETHYECKash SHEPIrUs MOJIEKYJ. BHyTpeHHss 3Heprus
MJICaJIbHOIO rasa.



29. Crenienn CcBOOOIBI, pacHpesieieHHe DHEPTUU MO CTENEHSM CBOOOJIBI.
Uucno cremeHed cBOOOABI OJHOATOMHOM, JBYXaTOMHOH, MHOT0aTOMHOM
MOJIEKYJIBI.

30. Pacnipenenenne MakcBeilia MOJIEKYJ IO CKOPOCTSIM.

31.Cpennsis  apudmernueckas, CpeAHEKBaJpaTH4YHas ©  Haubosee
BEpOSTHAS] CKOPOCTH MOJIeKYJl. COOTHOILIIEHUE MEXKITY HUMMU.

32. bapomerpuueckas dhopmyna. Pacnpeaenenue bonsimana.

33. YpaBHeHue MenpaeneeBa-Kianeipona. N3omnpoueccsl
(u3oTepMuueckuii, u3o0apuyeckuid, u3zoxopuyeckuit). Mx  rpaduueckas
MHTEpIpETalHs.

34.IlepBoe Hauajao TepMOAMHAMUKU. Ero mnpuMeHeHHe K pas3InyHBIM
U30MPOLIECCAM.

35. Pabora, coBepiiaemas ra3oM INpu H3MEHEHUH ero oodbema. Pabora,
coBepIllaeMas razoM B u3ornpoiieccax. [ paduueckas mHTEpnpeTanus.

36. Terora. TeroeMkocTh. YienbHasi U MOJIsipHas TerioeMKocTu. CBs3b
MEXK]ly HUMH.

37. TennoeMKOCTh TMpU TOCTOSHHOM OOBbEME€ U TEIJIOEMKOCTh MpH
MOCTOSTHHOM JIaBJICHUH.

38. Anuabatuyeckuid npouecc. YpaBHenue Ilyaccona. IlepBoe Hauano
TEPMOJMHAMUKH JIJIs1 aJuabaTUYecKoro mpoiiecca.

39. Kpyrossie nukisl. [ukin Kapho.

40. ITpunuun aevicteuda u KIIJI TennoBoi v X0I0AUIbHOW MalllMHBI.

41. DaTponus. Bropoe Havano tepMoauHaMuKu. M3MeHeHne sHTponuu pu
u30Mpolieccax 1 aanadaTuyecKkoM mpolecce.

42. DnekTpuyeckue 3apsiabl. B3auMoaencTBUE 3apsHDKEHHBIX Tell. 3aKOH
Kynona.

43. DnekTpuyeckoe nojie. HanpseHHOCTh 3JEKTPUUECKOTO MOJIS.

44. IToTeHUIMAIBHBIN XapaKTep dJeKTpocTarnueckoro mnoss. llorenuuan.
Pa3nocThk noreHunanoB. CBsi3b MEXK1y HANPS)KEHHOCTHIO U MOTEHIIMATIOM.

45. IusneKTpuKku B DJIEKTPUYECKOM TOJIe. JnanekTpuyeckas
BOCIIPUUMYHUBOCTD U MTPOHUIIAEMOCTb.

46. [IpOBOOHUKHN B JJIEKTPUYECKOM INOJIE. DJIEKTPOEMKOCTH IPOBOJHUKOB.
Konpaencaropsr.

47. DHeprusi CUCTEMBbI DJIEKTPUUECKUX 3apSJIOB, 3aPSKEHHOTO MPOBOIHUKA,
KOHJICHCATOPHI. TUIOTHOCTh SHEPTUU TTOJIS.

48. Dnexktpuyeckuid Tok. CWjia ¥ IIOTHOCTh TOKA. Pa3HOCTh MOTEHLIMANIOB,
OJ1C, HanpsiKeHue.

49. 3akonbsl Oma u JIxoyins-JIenna.

50. MarauTHo€E B3auMOJEHCTBHE TOKOB. MarHuTHOE MOJIE.

51. Unaykuusi ¥ Hanps>KeHHOCTh MarHUTHOTO Touist. HampsiKeHHOCTh moJis
MPSIMOJIMHEWHOTO U KPYTOBOI'O TOKA.

52. JIBW>KeHHUE 3apsKEHHBIX 4acTUIl B MarHUTHOM Mojie. Cuna Jlopenta.

53. 3akon Ammepa. PaboTa mepemernieHuss KOHTypa ¢ TOKOM B MarHUTHOM
T0JIE.



54. SIpnenne  BJIEKTPOMarHUTHOM  HWHAYKIUU. OCHOBHOW  3aKOH
AIEKTPOMArHuTHOM MHAYKIUU (3akoH Dapanes). [IpaBuio Jlenna.

55. Camounaykuusa. UHnykTuBHOCTh. UHIYKTUBHOCTD COJIEHOUA.

56. MarnutHoe nosie B Bemectse. deppoMarueTusm.

57. DNeKTpOMarHUTHOE  TIOJIE.

58. 'apmoHHUeckre KoneOaHHs UM UX XapaKTEPUCTHKHU: IEPUOJ, 4YacToTa
amIuTyaa, ¢pasa. [lpumepsl 21eKTpUUECKUX TAPMOHUUECKUX KOJICOaHUH.

59. DHeprus KosieOaHUM.

60. 3aryxaroliue 1 BeIHYKJICHHbIE KoyieOanus. PesoHaHc.

61. BonHoBoii nipouecc. @a3oBasi CKOPOCTh BOJIHBI, HaCTOTA, IJIMHA BOJIHBI.

62. OCHOBHbIE  CBOWCTBA JJIEKTPOMAarHUTHbIX BOJH. CKOpPOCTh  HX
pacrpocTpaHeHus B BakyyMe H cpefie. [llkana aneKkTpoMarHuTHBIX BOJIH.

63. OCHOBHbBIE 3aKOHBI T'€OMETPUYECKON ONTUKH: 3aKOHBI OTPAXKECHUS H
MIPEJIOMIICHUS CBETA.

64. KorepeHTHOCTH CBETOBBIX BOJIH. IHTEepdepeH s cBera.

65. ludpakimus cBeta u ycnoBus ee HaOJIIOICHHS.

66. [lonapuzanus certa.

67. {ucniepcus ceera. CIUTOIIHbBIE U JIMHEWYATHIE CIIEKTPBHI.

68. TermoBoe u3mydeHue. AOCONIOTHO YEPHOE TENO. DKCHEPUMEHTAIbHbIE
3aKOHBI U3Ty4eHUsI a0COIOTHO YEPHOTO Tea.

69. ®otoapdexr. 3akoHbl  (Dorodpdekra.  KBaHTOBBIA  'xapakTtep
noryouieHus ceera. ['unoresa [lnanka. @oToHbI. Y paBHEHHE DUHIITEHHA.

70. @otoHbl. KopycKyasipHO-BOJHOBBIE CBOMCTBA CBETA.

71. JIBOICTBEHHAs! KOPITYCKYJISIPHO-BOJIHOBAs MpUpoa BemlecTBa. [ unoresa
ne bpoiinsa. Bonusl ne bpoitns. Judpaxiiyst 31eKTPOHOB B €€ IPUMEHEHHUE.

72. Ctpoenue aroma. ATOM BOJOpOJa U BOJIOTIOIOOHBIC HOHBI.

73. BeiHykAeHHOE u3dyueHHe. ONTHYEeCKHEe KBAHTOBBIE TI€HEPATOPHI.
Jlazepbl 1 OCHOBHBIE XapaKTEPUCTUKU UX U3ITyUEHUSI.

74. CTpoeHre aTOMHOTO sifipa. 3apsaa0Boe U MaccoBoe yuciao. HykimoHbl, ux
B3aMMHOE MPEBpAILICHUE. S epHbIE CUIIBL.

75. dedekxT Maccel aTOMHOTO siipa. DHEPTus CBsI3U. 3aBUCUMOCTh yIEIbHOU
SHEPI'UU CBA3U OT MACCOBOIO UHKCIIA.

76. PannoakTMBHOCTh. BUABI paiOaKTUBHBIX U3Ty4YECHUM.

77.3akOH paguoOaKTUBHOTO pacmnana. AKTHBHOCTh. I[locTtosiHHas pacrana.
[Tepuon nomypacnana.

78. DKcniepuMeHTalIbHBIE METOABI peructpanun yactuil. Cueruuk ['elirepa,
MOHU3AIIMOHHAs Kamepa, Iy3bIpbKOBAsi KaMepa.

79.1lonsiTue o sjgepHoOM dSHepreTuke. llemHass peakuus JACJICHUA.
TepmosiaepHas peakuusi.

80. DyieMeHTapHbIe YaCTUIbl. AHTHYACTUIBI. TUMBl B3aUMOACHCTBUSA B
mukpomupe. [lonarue o knaccupukam 3I1eMEeHTapHBIX YaCTHII.



IIpuioxenue 2

K paboueil mporpamme
7.3.2. HpaKanecmle 3aJaHud 110 JUCHUMIIJINHE IJIHA CaMOCTOSITEILHOM NOATOTOBKHU K
3a4eTy/IK3aMeHy

IIpumepHble npakTHYecKue 3aganns K dxk3ameny (OIIK 1)

3aganue 1. Jluck Bpamaercs ¢ yriioBoW CKOpPOCTBbIO ® = 2 - 2t. UeMy paBHO yrioBoe
yckopeHue aucka? Kak HampaBieHbl BEKTOpAa YTJIOBOM CKOPOCTH M YIJIOBOTO
yCKOpeHUs?

3aganme 2. OnpenenuTts MOJHYIO SHEPruo Bcex MoJiekyn B 140 r azota N, npu 300K.
Monsipaas Macca azota M = 28 Kr/Moib. YHHBEpcallbHasl ra30Basi MOCTOsIHHAas R=
8,31 JIx/Momnp *K

3aganme 3. Kakue QopMynbl TO3BOJISIOT PACCUUTATh KHUHETUYECKYIO DHEPIHIO
3apsHKEHHOM YaCTHIIbI, MPOIIEAIECH YCKOPSIOIIYI0 pa3HOCTh noteHiuanoB Ae= U,
€CJIM - 3apsa , m - Macca, V- CKOpoCThb, P- MMIyJIbC YaCTUIIBL.

Q) W o= qU; 0) W = mV?3/2; B) W o= P?/2m; 1) W o= qA@;

1)a,o0; 2) 0,B; 3)a,r; 4) B,T;

3apanue 4. K 1ByM nociie10BaTeIbHO COEIMHEHHBIM PE3UCTOPAM C OJIMHAKOBBIMU

conpoTuBiaeHusIMU 1 OM napayiienbHO MOACOECTUHUIN PEIUCTOP C COMPOTUBICHUEM 2
OmM. KakoBO MoaHOE CONPOTUBIIEHUE JAHHOTO Y4aCTKA LIEHU?
1) Owm; 2) 2 Om; 3) 3 Owm; 4) 4 Om;

3aganme 5. DJIC Garapeu 80 B, BHyTpeHHee comnportuBieHre 2 OM, CONPOTUBICHUE
BHemHel nenu 78 OM. Onpenenuts CUIIy TOKAa B LENH, HAPSKEHUE, M0J KOTOPBIM
HAXOAMUTCS BHELIHSS 1IeTlb, U TOTPEOISIEMYIO €10 MOUTHOCTb.

3aganme 6. Kak noJpkHa ObITh HampaBiieHAa UHAYKLIHUS OJJHOPOJHOTO
MarHuTHOTO MMOJIs, YTOOBI cuia Amiepa, 1eicTByolasi Ha TPOBOJHUK C TOKOM,
MOTrJja yAepKaTbh TOPU30HTAIbHBIN POBOJHUK B I0JIe CUIIbI TsxxecTu? Tok B
NJOCKOCTU PUCYHKa HaIlpaBJIE€H BIPABO.

1) BBepx 2) BHU3 3) BIeBO 4) BIpaBo 5) K HaM 6) OT HAC

3ananue 7. Kak usamMeHuTcs nepuoj KojiebaHU MaTeMaTHIeCKOTro MasiTHUKA,
€CJIM YBEJIIMYHUTh €ro Maccy B 2 paza?

3aganue 8. Ha nudpakinoHHyI0 pemeTKy ¢ mepuoaoM 4 MKM HOPMaJIbHO K €€
MOBEPXHOCTHU MajlaeT NapajuieJbHbIA My4YOK CBETA C JUIMHOWU BOJHBI 0,5 MKM.
KakoBo o0miee uncio HabM0JaeMbIX MAKCUMYMOB, BKJIIOUasi [IEHTPaJIbHBIN?

1) 8; 2)9; 3) 16; 4) 17, 5)5;
3aganme 9. KBaHT Kakoro Juara3oHa 3J1€KTPOMArHUTHOTO U3JIy4YEeHHs 001a1aeTr
HauOOIbIIEH YHEPTUECH?
1) Buaumoro; 2) YapTpaduosieToBoro; 3) N'amma;
4) UadpaxpacHoro; 5) PentrenoBckoro.
3aganue 10. [Ipu coynapeHnu 0~ 4aCTHIBI C AIPOM 6opalgB MPOU30IILIA SIAEPHAS

peakius, B pe3yibTaTe KOTOpOil 00pa30Bayioch JiBa HOBBIX sijipa. OJTHUM U3 ATUX
anep ObUIO PO aTomMa Boz[opoz[a%H . OnpenenuTts NOPSAIKOBBIM HOMEP U MAaCCOBOE

YKCJIO BTOPOTO s7pa, 1aTh CUMBOJIMYECKYIO 3aMUCh siiepHOM peakiuullo kakomy
3aKOHY MOKHO ONPENIETUTh €€ dHepreTuueckuit 3 hexT?



IIpnioxenue 6
K paloyeii mporpamme

denepanbHOE rOCYAAPCTBEHHOE OFOPKETHOE 00pa30BaTeIbHOE YUPESIKICHUE
BEICIIIETO 00pa30BaHUs

YPAJBCKHUMN T'OCYJAPCTBEHHBIA DKOHOMHWYECKUM
YHUBEPCUTET

YTBEPXJIEHbBI
Ha 3acefaHuy Kadeapbl
(U3NKA U XUMHAN

METOAUYECKHE PEKOMEHJALIUMU I10 BBIITIOJIHEHUIO

KOHTPOJIbLHOM PABOTbI
M0 JTUCHUILJINHE
duznka



MHHHUCTEPCTBO HAYKH U BBICIIET'O
OBPA30OBAHUS U POCCUNCKOH ®EJEPAIINN

=Y

®I'BOY BO «Ypanbckuid rocy1apcTBEeHHbIN JKOHOMUYeCKUI

YHHUBEPCUTET»
YTBEPXKIAIO
3aB. kadeapoil PU3NKN U XUMUU
H.IO. Croxxko
OU3UKA

Y4eOHoOe mocoOue 1JI51 CAMOCTOSATEILHON PadoThl CTYA€HTOB U
BbINIOJIHEHUS] KOHTPOJILHBIX padoT

ABtopsl: B.W. BoprHuK,
H.IT. Cynakosa.

ExarepunOypr
2019



OrnaBneHue

MeTtoauueckue yka3aHusi K 0)OpMIIeHHIO0 KOHTPOJIbHBIX PadorT....3

TpeboBanus, IPEIBIBISEMBbIE K BBIMTOTHEHUIO KOHTPOJIBHBIX PAOOT......c.erveeeeeneenene 4
1. OcHOBBI MEXaHMKH U MOJIEKYJISIPHOH (pU3MKH 6

1.1. OCHOBHBIE (DOPMYITBI F BAKOHBL. ......ceuvereerrerenseaseeseenteneensensessesseeseeseensensensessessenee 6

1.2. TIpUMEPBI PEILEHUS BATAU ......vevvenererereeeenieenseeseeseesesssessesssesusessnesseesseenseenses 12

1.3. 321291 KOHTPOIIBHOM PADOTBL ... c.vevereeveerienienieniesetenseeseeseeseessensensessessessessenee 32

2. Jnexrpocratuka. IlocTossHHBIN TOK
2.1. OcHOBHBIE HOPMYIIBI M 3aKOHBI
2.2. IlpuMepsI pemeHus 3a1ay.......... .
2.3. 321291 KOHTPOIIEHOM PAGOTEL ... .c.vevevereiestenientententesseeseeseeaeentesensensessessessessenne

3. DJIeKTpOMAarHeTU3M 55
3.1. OCHOBHBIC (DOPMYJIIBI H 3AKOHBL. ...c.veevrereerresressersessessessessesseessessensessessessessesseesens 55
3.2. Ilpumeps! pemieHus 3agay..........
3.3. 3amauu KOHTPOJIBHOM PabOTHI

4. OnTUKAa, 3J1eMEHTHl ATOMHOMN U SIAEPHON PUBUKH ...c.cvvveerneesneess 69
4.1. OcHOBHBIE (POPMYJIBI U 3aKOHBI
4.2, TIpUMEPBI PEIICHUST BAIIAU ...c..veeuveeneernreeneeserenneeseeenseesseenneensesnsesnsesssesseesseesseesses
4.3. 31241 KOHTPOITBHOM PAOOTBL ... c.verveeeeeeeerrenietensensesseeseeseessessensessessessessessassanes

[pnaoxenns 82

Jlureparypa 1 HHQOPMAIMOHHBIE PECYPCBL.....cuveeeeueeeereeeneeeereeneeaneans 90



MeToaunyeckue ykasaHus
K 0pOpMNEeHUI0 KOHTPOSIbHbIX paboT

3amaun Ha TEMBI, pacCMaTpUBacMble B JIaHHOM IIOCOOHH,
CTpYTIIAPOBAHKI B YETHIPE pa3jea.

1. Mexanuka ¥ MOJIEKyJIsIpHas (hU3UKA.

2. DNEeKTPOCTATUKA U TTOCTOSHHBIN TOK.

3. DIEeKTpOMarHeTusMm.

4. OnrturKa, 3JIeMEHTHI aTOMHOU U si7IepHON (PU3HKH.

Howmep 3amaun coctout m3 HOMepa pasnena U HOMepa 3aJaduud
B HeM. Hampumep, «2.17» — cemHanuaras 3ajada BTOPOTO pasfena.
Kaxnas xkoHTpombpHas pabOT BKIIOYaeT BOCEMb 3ajad u
MpejAcTaBlieHa B JCCSITH  BapuaHTax. Bapuant  3amaHus
WHIUBUIYAJbHBIN, 3aladdl ONpelNesioTCa IO CIEAyIoLeH cxeMme:
nepsbie 3 OykBbl (hamMuiIuM - nepBble TpU 3aga4u (U3 1-ro, 2-ro u
3-ro ct0s010B) , MepBble 3 OYKBbI MMEHM - cJeAyloliue TpH
3agaun (U3 4-ro, 5-ro, 6-ro cro/i0ULOB), 2 OyKBBI OT4YeCTBa -
nocjeqnne aBe 3agaun (m3 7-ro m 8-ro croaduom). (Ecim B
(amMmMy WM UMEHH 2 OYKBBI, TO TPETHS 3a/1ada TaKXKe BHIOMpaeTCS
o BTOpo OyKBe, eciii ofHa OyKBa — MO HEH BBIOUPAIOTCSA BCE TPU
3a/1a4yM, €CIIM HET OTYECTBA - JIBE MOCIICIHIE 3a]]a9i BBIOUPAIOTCS 110
TepBLIM OyKBaM (haMIITHHN).

Ilpumep: CunopoB VBan [lerpoBuy M0/KEH BBIOpATh 3ajadu
1.20, 1.33, 2.2 (B coorBercTBUH ¢ OykBamu «Cx», «U», «/I»), 2.33,
3.10, 3.31 (B cootBercTBUU ¢ OykBamu «M», «B», «A»), 4.6, 4.32 (B
cooTBeTcTBHHU ¢ OykBaMu «I1», «Ex»).

Jns ompeneneHuss HOMEPOB 3a/lay KaXkJIOTO BapHUaHTa CIIYKUT
HIDKETIpUBeIeHHAs Ta0IunIa.

Bapuant Howmep 3amaun
ABD 1.11 1.31 2.1 2.31 3.1 3.31 4.1 431
I'JIE 1.12 1.32 2.2 2.32 3.2 3.32 4.2 4.32
K31 1.13 1.33 2.3 2.33 3.3 3.33 4.3 4.33
KSIIT 1.8 1.34 2.4 2.34 34 3.34 4.4 4.34
HIIT 1.15 1.35 2.5 2.35 3.5 3.42 4.5 4.35
OITP 1.16 1.36 2.6 2.36 3.6 3.36 4.6 4.36
TY 1.7 1.37 2.7 2.37 3.7 3.37 4.7 4.37
DJIX 1.18 1.38 2.8 2.38 3.8 3.38 4.8 4.38
UMIIL 1.19 1.39 2.9 2.39 3.9 3.39 49 4.39




BCIO | 120 | 140 | 210 | 240 | 310 | 340 | 410 | 440

Tpeb6oBaHus, NnpeabABNAeMble K BbINONMHEHUIO
KOHTPOJNbHbIX paboT

1. KonTponbHasi paboTa BBINOTHSACTCS B COOTBETCTBHH C
HHIAMBUIYAJbHBIM BapPHAHTOM Ha OTAENBHBIX IJUCTAaX, CTPAHHIIBI
npoHyMmepoBanbl. OTHpaBiseTcss B 3JCKTPOHHOM BHje (Hampumep,
CKaHUPOBAaHHOM).

2.Ha tuTynmpHOM IMCTE CleQyeT yKaszaTh: Kypc, mmdp,
CHEMaIbHOCTh, (JaMUJINIO, UM, OTYECTBO BBHITOJIHUBIIETO PabdoTy,
Ha3BaHUE JUCIUIUIMHBI, HOMEPA BBIMOJHACMBIX 3a1ay, MEPBUYHAST
WJIM TTOBTOPHAsI paboTa, TOUHBIN TOMAITHUH aapec.

3. Pematp 3a7a4u HEOO0XO0AMMO B onpeeeHHON
[IOCIIEI0BATEIbHOCTH:

1) mpuBecTH MOJHOE YCIIOBHUE 3a/1a4H;

2) mpuBECTH KpaTKoe YCJIOBHE, TOJB3YsICh OYKBEHHBIMHU
0003HaYCHUAMHU (HU3NICCKUX BEIIMYHUH, BBIITUCATH COOTBETCTBYIOIIUE
YM YHCJIOBbIC 3HAYCHUS C YKa3aHUEM CJMHUI] U3MEPECHUM, BHIPA3UTh
YHUCIIOBBIC 3HAYEHUS BCeX BeInuuH B equHuax CU;

3) ansg MOSACHEHWS pelIeHHs 3aJadd CAelaTh CXeMaTHYeCKHM
YepTeK;

4) pemuTh 3amady B 0OmEeM BHAe, T.6. B OyKBEHHBIX
0003HAYEHUSIX;

5) natb nmospoOHBIe TOsICHEHUS 1 (POPMYIHPOBKH (DPU3NIECKUX
3aKOHOB;

6) monmyuyeHHOoe B OOIIEeM BHIE pEUIeHHE IPOBEPHUTH
ompesieNieHneM  pa3MepHOCTH  o0emx  vacTeld;  HEepaBeHCTBO
Pa3MEpHOCTEH — MPU3HAK HAJIMYKSI OIIUOKU B PEIICHUN;

7) yOeAMBIINCh B TPABUIIBHOCTH OOIIETO pEIICHUs, 3aMEHHUTH
B BRIPQXCHHHM OYKBEHHBIC O0O3HAUCHHUS (DH3MYCCKUX BEIMYHH HX
YUCIICHHBIMH ~ 3HAYCHUSIMHU W  TPOU3BECTH  COOTBETCTBYIOIIUC
BBIYHCIICHHS,

8) 4MCIIOBOI OTBET, MOTyYEHHBIN TIOCIIE BRIYUCICHHS, HAIICATh
B KOHIIC PEIICHHUS C YKa3aHUEM €IUHUIIBI H3MEPEHUS.

4. Paborsl, BBINTOJIHEHHBIE 0e3 CcOOII0IEHUS
BBIIIICTIEPEYNCIIEHHBIX TpeOoBaHmid (TTyHKTHI 1—3) HE 3a4UTHIBAIOTCAL.,



MPaKTUYECKH HE PELEH3UPYIOTCS U OTCHUIAIOTCS CTYIEHTY O0OpaTHO.
0e3 MpOBEpKHU.

5. KonrponbsHas paboTa BBICHUIAETCS CTYIEHTOM Ha IPOBEPKY
HE M03/IHeE CPOKa, YKa3aHHOTO B yueOHOM rpaduke.

6. Ilocne TpPOBEPKH CTYINEHTYy OTHIPABISETCAd PELEH3US  C
3aMeYaHUSIMH.

7.Ecmm  Tpebyercs mopaboTka wim  mepepaboTKa, HX
HEOOXOJMMO  BBIIOJIHUTH B  COOTBETCTBHM C  3aMEUYaHUSIMH
pELIeH3eHTa.

8. Ecim  pabora  3a4yTeHa,  CTYIOEHTY  OTIIPABIIIETCS
MOJIOKUTENbHAS PELICH3USL.



1. OCHOBbI MeXaHUKKN
M MOneKynsipHou p13nkmn

1.1. OcHOBHbIe (hopMynbl N 3aKOHbI

Bennunna mim GU3HYECKU 3aKOH Dopmyia
1
CKOpOCTh MTHOBEHHAS r dr ds
u=——m7 \ u=-—
dt dt
1
YckopeHrne MrHOBEHHOE r du
a =——
dt
Y ckopeHre TaHTeHIIMAJIbHOE
YckopeHnue HopMaJbHOE u?
a" =
R
Yckopenue noiHoe a =+Jal +a’
CKopocTh yrioBas w dj
dt
YckopeHue yrioBoe e dw
dt
CBs13b MEKTy THHCHHBIMA 1 YTIIOBBIMH s u=wr
BEJMYMHAMH, XapaKTePU3YIONIHIMHU _ B
» XapaKkTepusy a, =er a =W’r
JIBIDKCHHE TOYKHU 110 OKPY)KHOCTH "
= I
Bropoii 3akon Herotona r g r 4 p
F=g F =—-=
1
i=1 l
v 1
To e npu NocTossHHON Macce F =m ,1;
1 1
Wmnynsc p =mu




[IponmonxkxeHnue TabOIUIHI

Bennunna win GU3HYECKH 3aKOH

Dopmya

Pabora nepemeHHO# cuibl Ha MyTH S

A :(‘)Fcos adS
S

MomHoCTh dA
=——=Fucos a
dt
Cuiia TpeHHs. F, = mF,
Cuia ynpyroctu F,.=- kx
Cuita rpaBUTAIMOHHOTO B3aUMOJICHCTBHSI _ mm,
F =9 12
12
IlorennuansHas sHeprus Jox 2
yrpyroae)OpMHUPOBAHHOTO Tea W, = 2
TloTeHmanbHast SHEPTHst
TPaBUTALMOHHOTO B3aUMOJICUCTBHS TeNa, W = mgh
HAXOJISIIETOCS B OJHOPOIHOM I10JIC
TSDKECTU
Kunerndeckast sHeprust Tesa mu?
W, =——
2
MOMEHT UHEpIHH TeNa J = 2 dm
MoOMEHTBI HHEPIMHU TEJT MacCO m:
MaTepHanbHas TOYKa J =mr
CIUTOITHOM MUIUHID (MU AUCK) mR 2
paamyca R OTHOCHTEIIBHO OCH, J =
COBHAMAIONIECH ¢ OChIO MIJIMHAPA 2
mrap paauyca R OTHOCUTEIBHO OCH, 5
MPOXOJIAINEH Yepe3 LEHTP Mace Imapa J =-mR
TOHKHI CTep)KeHb JUTMHOI /, €CIIM OCh 1
MEePIEeHINKYIISIPHA CTEPIKHIO U J =—ml*
MIPOXOJIUT Yepe3 LEHTP Macc 12
TO K€, HO OCh TIPOXOJIUT Yepe3 OJUH U3 1 )
KOHIIOB CTEPIKHS J = 3_ ml
MOMEHT CHJIBI OTHOCUTEIILHO TOUKH A} = ,I: ; ]
MOMEHT CHJIbI OTHOCHTEJIBHO OCH (Z) M. =[ ,1: }f* ]
MomMmeHT HUMITYJIbCa OTHOCUTEIbHO TOYKU Ll = [ { }I; ]




IIpononxenue TabdJHIlbI

Bennunna wim GU3HUECKUi 3aKOH Dopmyiia
MoMeHT UMITyJTbca OTHOCHTENIBHO OCH (Z) L, = [;1« 117 1,
OCHOBHOE ypaBHEHHE TUHAMUKH r d Ll dL

— z

BpAIATENIbHOIO IBUKEHUS M = 7k T
YpaBHeHUE TUHAMUKY [IPU BPAILlCHUHU TENa| Moo= dw J
BOKPYT HETIO/IBHIKHOW OCH (Z2) T g -©
Kunerndeckas sHeprus BpallaroIIerocs Jw?
Tena W, = 2
Pabora npu BpamaTensHOM ABH)KCHAN d4 =M _dj

3aBHCHMOCTH JUIMHBI T€JIa U BPEMCHU OT
CKOpPOCTHU B peH}ITHBI/ICTCKOﬁ MCXaHHUKEC

3aBHCHMOCTEH MACChI YacCTULbI OT CKOPOCTH
B peJ’ISITPIBPICTCKOﬁ MCXaHUKC

Tlonnas OHEPIUA YaCTULIbI

3Hepr1/151 IIOKOsI 4aCTULIbI

PenaruBuctckuit UMIynbc




[IponmonxkxeHnue TabOIUIHI

Benvunna win GU3HYECKHii 3aKOH Dopmya
Kunerndeckas sHEpTust pelIsTHBUCTCKOM w.=w-w,=
YaCTHUIIBI éae o]

1 -
=m,c :g -1.=
2 O
u- .
g 1- - =
c” ]
=cAlp’+mic’
3aKOH CIIOKEHUsI CKOPOCTEH B TEOPUH _u+u
OTHOCHUTENBHOCTH u¢= T
l+u—
C
Konuuectso BeniecTBa v = N m
= > v =—
N, M
Vpasuenue Knanelipona-Menneneesa Py = m RT
(YpaBHEHHE COCTOSIHUSI U/IeaIbHOTO ra3a) Y
3akon JlampTOHA p=p +tp,+.+p,
Konnenrpanust Moiekyn 0= N _ N m
V M
YpaBHeHHE MOJIEKYJISIPHO-KUHETHYECKON P = 1 22 _
o =L () = (e )=
CpenHsist KHHETHYeCKast SHEPTHsi MOJIEKYJIbI <e> iy
CKOpOCTH MOJIEKYJ:
CPEHss KBaJpaTuIHas <v > _ |3kl _ |3RT
* m, M
cpenHss apudmeTHIecKas <v> _[8kr [8 RT
pm, pM
HaunboJjiee BeposTHas b = 2kI _ [2RT
' m, M
CpenHee 4nCIIO COyIapeHUH MOJIEKYJIbI )
zy=a/2pd " nlV
sl c (z)=~2pd nl/)




IIpononxenue TabdJHIlbI

Bennunna wim GU3HUECKUi 3aKOH Dopmyiia
Cpennsist AnmuHAa cBOOOJHOTO TIpodera <| > = (2pdin)!
MOJIEKYJIIBI
BHyTpeHHs 2HEpTUs NIeaIbHOTO ras3a i m

i P U =+ x> RT
2 M
Pacnpenenenue monexyi B =z e §
MOTEHIMAIBEHOM I0JI€ CHJI (pacipeieNieH e n =n,exp ¢- X e
Bonbumana) e I'e
Bapomerpudeckas dpopmyna ® m,ghd
r=r,exp¢- ———=
e kI' ¢
VYpaBuenue au 3un (3aKkoH Duka dr
p dysnm ( ) i =-D L s
dx
Cuna BHYTPEHHETO TPEHHS B XKUAKOCTH dJ
( F =-h—SF§
rase) dx
YpaBHEHHUE TEIIONPOBOJHOCTU dT
P P dQ = - ¢ S
x

Koadpunuent quddysun

D =X

JluHaMudeckas BAI3KOCTh
(x03(hpUIMEHT BHYTPEHHETO TPEHHU)

ho=r () ) =Dr

TennonpoBoAHOCTH

e =Te.r (WX ) =he.

TemmoemkocTh MOJIIpHas:

HU30XOpHas i
P CVZZ_R wm C, = ¢, M
n3obapHast i+ 2
C, = 5 R ym C, = ¢, M
YpaBuenue Maiiepa c,-C,6 =R
IlepBoe Hauano TEPMOAMHAMUKHU dQ =dU + d4
m i

dU =—X%—RdT , d4 = PdV
M 2




[IponmonxkxeHnue TabOIUIHI

BennunHa win (GU3NYECKUil 3aK0H Dopmya
Pabora pacmmpenus rasa npu mporecce:
annabaTHOM m
4=—C\(I'-T,)=
M 1
ey
m _RT, & ev & U
= x-1 ><§1 - g_z u=
M g-1 8 V, & H
L0
PlVl ? aVl Qg u
= ><§1 - g +~ u
g-1 g V, H
300apHO
ronIpnon =P(V,- V) =—R(T,- T,
2 v 2
M30TEPMUICCKOM P
P = R = rrm L
M v, M P,
3aKOHBI H30TPOLIECCOB UACATEHOTO ra3a PV = const
(m = const):
n300apHBII 14
— = const
T
HU30XOPHBIN P ;
— = cons
T

i+ 2

amuabatheii (9 = e

koadduiment Ilyaccona)
KoaddurmeHnt nmone3Horo qelCTBUs UKIA h = Tr,-T,
Kapno T
W3menenne sHTpONHN: i = dQ
T

B a/Ina0aTHOM MpoIiecce

B U30TCPMHUUICCKOM IIpoLecce




OKOHYaHUE TAaOIHIBI

Bennuuna win GU3HYECKH 3aKOH Dopmyna
B n300apHOM TIporiecce m T
pHOMIP DS =, In =2
M T,
B M30XOPHOM IIPOLIECCE y M T
prOM TP DS =2 ¢, m 2
m T,
VpaBHEHHUE COCTOSHUS PEANILHOTO Faza | go 2, Ca?/ m. & m
(ypaBHenue Ban siep Baanbca) P+ —>%—3xV - —b+=—RT
M g M g M
Cuia HOBEpXHOCTHOTO HATSDKCHUS
xuakocTd (? — koaddunpeHt F =sl
MOBEPXHOCTHOT'O HATSKEHHUS)
IoTeHumanbpHas SHEPrHs IIOBEPXHOCTH w,=s8
BeicoTa cTosn0a )HUAKOCTH B KaIlMuLsipe h o= 2s
(moIHOE CMayMBaHKE) T orogr
TenuoBoe pacuipeHue:
JMHEHHOE I =al,t
00BeMHOe v =bv,t
Hamnpspxenne npu ynpyroit nedopmarmn F
S = —
S
3akoH ['yka s ynpyroii aedhopmanuu _F D1
(E — monyins FOnra) s = ]

1.2. Mpumepsbl peleHus 3apay

Ipumep 1. [IBmxeHne MaTepruaibHON TOYKH 33/1aHO ypaBHEHUEM

S =41 + 21 +1.

(1

Haiioume MrHOBEHHBIE 3HAUEHHsS] CKOPOCTH WM YCKOPEHHUS B
KOHIIE TIEpBOM U BTOPOM CEKYHJ JABHUKEHHUA, CPEIHIOI0 CKOPOCThH 3a

BTOPYIO CEKYHIY.

Pemenue. MFHOBGHHyIO CKOpPOCTb HAXOAWM KaK IMPOU3BOJHYIO

OT KOOPAWHATHI I10 BpEMECHU:

V:di
dt

sV =121 + 2.

2)

Jns BbIUMCIIEHUA CpellHEW CKOPOCTHU JIBXKEHHUS HaJl0 HaWTU
OTHOILLIEHUE NIyTU KO BPEMEHHU, B TEUEHUE KOTOPOTO OH MPONACH:



D

S
y=—=
Dt (3)
ITo ¢popmyne (2) BeIYHCIsIEM CKOPOCTH B YKa3aHHbIC MOMEHTHI
Bpemenu (1, =1c,,=2c):
V, =12 X2+ 2 =14 wme; V, =12 X% +2 =50 m/c.

[ns ompeneneHus cpeaHed CKOPOCTHM  HAaXOAMM  IIyTh,
MPOXOJUMBIHN 3a BpeMs oT £y = 1 ¢ 10 ¢t = 2 ¢, UCTIONB3Ysl YpaBHEHUE

(1):
DS =4(2- £7)+2(t,- 1,); S =4(2° - 1°)+2(2-1) =30 wm.

[To ¢popmye (3) BeUUCTSIEM:
DS 30
Vy=——:; (V)y=—=30 .
=25 )= =30 we

MrHOBeHHOE YCKOpPEHHUE OMpEenNeisieTcsl MEepBOM MPOU3BOAHOU
OT CKOPOCTH IO BPEMEHHU WJIM BTOPOM MPOU3BOJHON OT KOOPIUHATHI
110 BpEMCHHU:
dav d’s

a =——:; aq =

dt dt?

a =24+t.

>

Ucnonszys dhopmyny (2), HaxoquMm a. B ykazaHHBIE MOMEHTHI
BPEMEHH YCKOPEHHE PABHO a; = 24 M/c* U a, = 48 m/c?.

OTBeT: B MOMEHT BpeMeHH ¢} = 1 ¢ u f, = 2 ¢ MCHOBEHHbIE
CKOPOCTH W YCKOPEHHUsSI COOTBETCTBEHHO paBHBI V| = 14 m/c, V, = 50
M/c, a; = 24 M/c?, a, = 48 M/c?, cpeHAsL CKOPOCTH 33 BTOPYIO CEKYHIY
V) =30 wk

IHpumep 2. Teno OporreHo BBEpX € BHICOTHI 12 M MO YIJIOM
30f® K TOPH30HTY C Ha4albHOW CKOPOCTHIO 12 wm/c. Ompenenuts
MIPOIOJDKUTEHHOCTD TIOJIETa Tea J0 TOYKH A W 10 TOUKu B (puc. 1),
MaKCHMAaJIbHYIO BBICOTY, HAa KOTOPYIO MOJHUMAETCA TENO, AaJbHOCTh
nosieta tena. ConpoTHUBIEHNUE BO3JyXa HE YUUTHIBATh.

Mano: H= 12 m, = = 30mw, V=12 M/c.

Hatmu: t4; tg; Huaey Spax-



Pemenne. V3 ypaBHEHHS CKOPOCTH PaBHOIEPEMEHHOTO
1 1 r
nBwkenust I =V, + at onpenenseM npoeKnK BEKTOPA CKOPOCTH HA

KoopauHatHbie ocH (puc. 1.1), yuurteiBas, uto ¢ = & -

V.=V Xos j;
‘ 1)
V., =V Xin j - gt. (2)
y 4 . 1
A/ Yy C 4
1
| A
______ U
Vox
H Hmax [;:é
B
0 < Smax ;I X
Puc. 1.1

IlomoxxeHne Telma C TEUYCHHUEM BPEMCHU U3MCHACTCA B
COOTBCTCTBHUHU C YpaBHEHHUEM PaBHOIIEPEMEHHOI'O JABHKCHUA:
r

r r r
ro=r, +Vol+

at

T’ B IMMPOCKIHMAX HAa KOOPAWMHATHBIC OCH:

.. g’
=H +V,t>inj - =—;
Y sl 3)

x =Tt Xcos | . 4

V3mMeHeHusl KOOpAMHATBHI Tela gy CBS3aHbI C TMPOCKIUSIMHU
CKOPOCTH U YCKOPEHUS BBIPAXKEHUEM

Dy =vp?-Vv?>.

y oy 3 (5)
Bpewms morneta tena mo Touek A u B Haiinem n3 ypaBHeHUH (3),

MOJICTABUB COOTBETCTBYIOIIHE KOOpAUHATHI (4 = h, yg = 0):

2a,Dy =V} -V, ym 28



o

(6)
() = V,sin j N \/gVU sin j g+ 2H ‘
g ]

g (7N

g
JlanpHOCTE TIONIETa HalieM 13 ypaBHEeHHSI (4), ITOJCTaBUB B HETO
BpeMsi IBM)KEeHHS U3 ypaBHeHus (7):

S

max = xB = V()tB Xcos J N

(8)
I[J'IH OIpeacICHUA MaKCHMAaJIbHOM BBICOTEI nmoabreMa yurem, 4To

B HauBBICIIEH TOUKe C ¥ = My V), = 0, Torna uz dopmyisl (5) npu
i = Hpnax — H iomyunm:

2¢g =(H,, - H) =V>sin?j ;

L ©)
Hm“ —H + "0 sSin J
. e
Tornaa [eM. (6)—(9)]:
- 2 X2 X0,5 “1 e
9 81

12 0,5 @2 0,586 2 M2
t, = + T o+
9,81 g 3

=2,29 c;
9,81 9,81

S =12 x0,867 X2,29 =23 .8 m;
Ho =12 + 27057 3 ey
: 259 81

OtBet: BpeMs OBMXKEHUSI 10 TOukd A t4 = 1,2 ¢, 1o Touku B
tp = 2,3 ¢, HauOoJbIIast BhICOTA moabema H., = 13,84 M, JaabHOCTH
TOYKH HAJCHHA Spax = 23,8 M.

IIpumep 3. Ilo ycinoBur mnpuMepa 2 HaWTH B MOMEHT
MIPU3EMJICHHS TEJIa CICAYIONINE BEIMYMUHBI: CKOPOCTh M YTOJI TaJCHUS
TeJa; TAHICHIMAIbHOE U HOPMAJIBbHOE YCKOPEHUE Tena;
KPUBU3HBI TPASKTOPHH.

panuyc



Hano: H=12 M, = =30me, V=12 m/c.

Haumu: Vg, &; as; a,; R.

Pemienne. MrHOBEHHAs CKOPOCTh B Touke B (cM. puc. 1.1, 1.2)
HaXOAUTCS MO 3HAUEHUSIM MIPOEKIUH CKOPOCTH B TAHHOW TOUKE:

Vo =V 70 Vs =AfVocos "j + 77 (M

3HaueHue V. onpenensercs no ypasaenuo (1) mpumepa 2:
Ve =T, Xo0s | ;
V, B Touke B Haiinem u3 ypaBHeHHs (5) IpuMepa 2, M0JICTaBUB B HETO:
Dy =ys-yy=-H;

V, =V,sin j;

ox

Vi = \/(Vn sin j ) + 2 gH

U3 ypasnenus (1) nomyunm

Ve =yJ(Fysin )7+ (Vysin )+ 2gH =V +2gH 5 ()

V, =122 +259,81 X2 =195 m/c .

Puc. 1.2

Jnst ompeneneHus yria ¢, COCTaBIEHHOTO BEKTOPOM CKOPOCTH
V5 ¢ ropuzoHTanIbHOM Ockio OX, Bocnois3yemcs puc. 1.2.

Vi _ AJWysinj)?+2gH
vV, Ve +2gH

sin b =




. 16 .5 .
sin b = o s =0,845 pax ; b =arcsin 0,845 =57 240¢.

>

1
Taur CHLMAJIbHAsA COCTaBJIdrOMIasd YCKOPCHUSA a, HalpaBJICHa

BJIOJIb BEKTOpa MT'HOBEHHOW CKOPOCTH B JIaHHOW TOYKE, T.e. II0
KacaTelabHOM K Tpaektopuu. HopManbHasi cocTaBismonias yCKOPEHUs
1

@, Hampapj€Ha MEPIEHIUKYISIPHO BEKTOPY MIHOBEHHOH CKOpPOCTH
1 1 1
Vp. [lonmHOE yCKOpEeHUe paBHO UX BEKTOpHOU cymme 4 + 4, = 8.

Torma
i Vrli )
a, =gsinb =g v i a, =9,81 X0,845 =8,3 m/c °;
"B
a =gcosb:gVL»a Zgﬂ.
n v, V2 +2gH
a =9,81 12 0,867 525 e

n

V127 + 259,81 M2

Pagmyc KpUBU3HBI TPaeKTOPHMH B TOYKE NPU3EMIICHHS
oTIpesieTIsieM U3 YPaBHEHUSI HOPMAIFHOTO YCKOPEHHS:

7 2 V2 2
a :IB;R:—B;R=19;5=72,5M.
" R a 5,25

n 4

OTtBeT: cKOpoCTh B TouKe najeHus V= 19,5 m/c, yron nageHus
b =57 "40¢ rapremumansHOe ycKopeHHe a, = 8,3 M/c?, HOpMaNbHOE
YCKOPEHHUE a, = 5,25 M/c?, painyc KpUBU3HBI TPAEKTOPUU R = 72,5 M.

Hpumep 4. Ha nByx mHypax ogJuHaKOBOH JUTMHEL, paBHOil 0,8 M,
MOJBELICHBl JiBa CBMHLUOBBIX miapa Maccamu 0,5 m 1 kr. Illapsr
compuKacamTcs Mexay cobOoi. lllap MeHbmmeii Maccel OTBENMH B
CTOPOHY TakK, YTO IIHYp OTKJIOHMJICSA Ha yroa v = 60, 1 OTIYCTHIIM.
Ha kakyo BBICOTY OJHUMYTCSI 00a Iapa 1mociie CTOJIKHOBeHUsA? Y nap
CUMTATh LEHTPaJbHBIM M HeynpyruMm. Omnpenenuts 3HEPIruio,
U3PacX0/l0BaHHYIO Ha fedOpMalLHIO IIPU yAape.

Mano: m;=0,5kr, my =1kr, v =608, [=0,8 m.

Haiimu: h, gqW.



Pemenne. Tak kak ynap 1IapoB HEYNPYrui, TO MOCIE yAapa
1

mapbl OyAyT JBUTATHCA ¢ OOIIEH CKOpPOCTh ¥ . 3aKoH COXpaHEHUs
HMITyJIbCa TS 3TOTO yAapa UMeeT BH/I:

1 1 1
mV, +m,V, =(m, + m,)V,

1 1
rne V', B V', —cKkopocTH mapoB 10 yaapa.
Winu ¢ yyeTom HampaBie€HUM U BEJIMUUH CKOPOCTEM:

mV, =(m; +my)V. (1)

CKOpOCTh MEHBINETO Mmapa V; HaligeMm, HCHONB3Yys 3aKOH
coxpaHeHus 3Hepruu. [Ipu OTKIOHEHHH MEHBIIETO Iapa Ha Yroia v
(puc. 1.3) MBI coobmaeM eMmy 3amac MOTEHIIMAIBHOW DJHEPTHH,
KOTOpasd 3aTEM NEPEXOJUT B KWHECTUYCCKYIO:

2
lel

m, gh, = >

hy

N|m

Us puc. 13 Bummo, uro h =I(1- cos a)=2lsin’

s

II0O3TOMY

V, = J2gh, =2+/gl sin a? 2
U3 ypaBuenwuii (1) u (2) HaxoIUM CKOPOCTH MIAPOB IMOCIIE yapa:

V — m]V] :Zmlvg :

/
m, + m, m]+mzSln 2 3




Kunetnueckas OHEPTH-, KOTOpOP'I 06na;:[a10T mapsl IOCJEC
yYAdapa, nepexouT B IOTCHIHUAJIbHYO:

(m, + mz)V2

> =(m, +m,)gh.

Orctoma ompenmensieM BBICOTY TOAHSTHS IIApOB  IOCIE
CTOJIKHOBEHHUS

h = V- ;
2g
_ m! . ,a
h =2 %————MXsin~ —;
(m, +m,)’ 2 (4)
po=o s 08025 o ouy
(0,5 +1)°

[Ipu Heynpyrom yaape MIapoB YacTh HEPTUU PACXOIYETCs Ha
nedopmario. ODHeprus AehOpMaluHd  ONPEAETICTCS Pa3HOCTHIO
9HEPTUi CUCTEMBI JI0 M TIOCIIE yaapa:

_mV’ m+m, m, +m,

+
0 5 5 :mlghl- IT

¥}

Dw V

Ucnons3ys ypasaenus (2) u (3), monydaem:

® 6. ,a 2 gl ., a
Dw, =2glm gl - Ljsm 22 LS gy P =
m, + m, g 2 m, + m, 2
Dw, =2>.,81 0,8 X0,5>,25 =1,3 JIx .
OtBer: BbicoTa momusATHS mmapa h = 0,044 M, sHEprus

nmedopmarm ggh; = 1,3 JIx.

Hpumep 5. Toukuii crepxxkenb maccod 300 r u anmuHoil 50 cM
BpamaeTcss ¢ yraoBoi ckopocteo 10 ¢! B ropusoHTambHON
TUIOCKOCTH BOKPYT BEPTHKAIBHOMN OCH, MPOXOJAIIECH Yepe3 CepeauHy
crepkusi. [Ipomomkas BpamateCsi B TOH K€ IJIOCKOCTH, CTEP)KEHb



HEPEMEIIAETCA TaK, YTO OCh BPALIEHHS TENEPh IIPOXOJUT Yepe3 KOHEL]
crepykHs. HaliT yriioByIo CKOPOCTh BO BTOPOM CIIyYae.

Hano: m=300r=03xr,/=50cm=05m, [ =10c".

Hatimu: [ ,.

Pemienne. Vcmonb3yeM  3aKOH — COXPaHEHMS  MOMEHTA
KOJIMYECTBA JIBHKCHUSL:

a J.w, =const , (1)

i=l

rae J; — MOMEHT UHEPIIMH CTEPKHA OTHOCUTEIBHO OCH BpalllCHUSI.

JJ11 M30MMPOBAaHHOM CHCTEMBI TEll BEKTOPHAs CYMMa MOMEHTOB
UMITYJIbCa OTHOCHTEIIEHO OCH BpAIECHUS OCTACTCS ITOCTOSHHOM.
B nanHoit 3amave, BCIEACTBHE TOTO, YTO paACHpENeNICHHUE MAacChl
CTEepHsI OTHOCUTEIFHO OCH BPAIICHUS U3MEHSIETCSI, MOMEHT UHEPITUN
CTEP)XKHSA TaKXKE W3MEHSCTCS, HO TIPH OTOM B COOTBETCTBHH C
ypaBHeHHEM (1) MOMEHT UMITYJIbCA IOCTOSTHEH:

oW, = J,w . (2)

MOMEHT HMHEpPLUHUM CTEPHKHS OTHOCUTEIBHO OCH, IMPOXOMSILEH
Yepes [eHTP Macc U MePIIeHANKYIIPHOH cTepskHIo (1-if ciry4ait), paBeH:

1 2
Tzt 3)

ITo Teopeme Illteitnepa
J =J,+ma’, 4)

rae J — MOMEHT WHEpIUH Tejla OTHOCHTEIBHO MPOHM3BOJIBHON OCH
BpauieHus; Jy — MOMEHT MHEPIMHA OTHOCHUTEIBHO MapayjieIbHOW OCH,
MPOXOSIICH Yepe3 IEHTP Macc; a — PAacCTOSHUE OT IICHTpa Macc 10
BBIOPAHHOM OCH BpalllcHYsL.

HaiimeM MOMEHT WHEpPIMH OTHOCHTENBHO OCH, MPOXOASIICH
gepe3 KOHEIl CTePXKHS M MEPICHAUKYISIpHOH emy (2-# cmydaif). Tak

/
kak ¢ = 7 u3 (3) u (4) nonyuum

2 el Qz _ 1 5
ml +mg?lT —?ml . (5)

J, = —
N 12 e o



[MoncraBum dopmynst (3) u (5) B (2):

1 2
=—ml “w,;
3 2

OTBeT: yriioBas CKOPOCTh BO BTOPOM ciiydae [ , =25 ¢,

[pumep 6. MatepuanbHas Touka Maccoil 20 r coBepliaer
rapMoHH4Yeckne Konebanus ¢ mepuomoM 9 c¢. HawampHas ¢aza
konebanust 10#n. Uepe3 CKONBKO BPEMEHH OT Hadyaia JIBHKCHHUS
CMEIIEeHHE TOYKH JOCTHTHET TMOJOBUHBI aMIUUTYyAbl? Haiitu
aMIUTUTYly, MAaKCUMaJIbHbIE CKOPOCTh M YCKOPEHHE TOUYKH, €CIIH €€
nonHast sHeprus pasna 1072 JIx.

Hdano: m =201 =2=102 kr; T =9 ¢; 1o =10° =%;
X ==;

2
W=1072 JIx.

Hattmu: t, A, Vinax, Gmax-
Pemienne. VYpaBHeHHE TapMOHHYECKOTO  KoJeOaTelIbHOrO
JIBUKEHUS:

. . . &2pt . 0
X =Asin( Wt + X = A4sin + =
( J o) wm g T J 0 (1)
rae X — CMelIeHUe TOYKM OTHOCUTENBHO MONOXKEHUSI paBHOBECHS; A —
2p
aMmIIuTy1a koedanus, W = 7 — LMKJIMYECKas 4acToTa; T — nepuog

KoJieOaHuii; ¢ — BpeMs KoJieOaHus; =+, — HadallbHas (a3a KoJeOaHus.
N3 ypauenus (1) MOKHO ONIpeACTUTh BpeMs KOlneOaHuUs:

arcsin - arcsin 0,5 - P L
‘= T: t= 18 59 =06 _18 59 -0 c.
2p 2p 2p
U3  dopmynbl TONHONH 3HEPTUM  KOJICONIOMIEHCS  TOYKH
mAd *w? .
W =——— onpenenuM aMILIUTY/y €€ KOJeOaHMIA:

2



1 2w T 2W [ "2
4 = — =—.[— 4= 9¢ 2>40_7 =1,43 M.
w m 2p m 23,14 2 X0 °°

3Hasg aMIIUTYAY, MOKHO BBIYMCIUTh MaKCUMAJIBHYIO CKOPOCTb
TOYKH, KOTOPasi ONpeAEIAeTCA KaK NepBast IPOU3BOIHAS OT CMELLEHUs
10 BPEMEHU:
X

v :?:chos( Wi +j ).

Tak kak MakcUManbHOe 3HaueHme COS(WI +j () =1,
TIOJTydaeM:

23,14

:Aw:Asz; V.. =1.43 =1

max

YckopeHHne TOYKH OINMpeAensercs Kak TepBas MpPOHM3BOIHAS
CKOPOCTH O BPEMEHH:

dv ) . .
a =——=- AW sin( Wt + ] ;).
” ( i)

MaxkcuManbHOe 3HaUeHue |Sin( Wi+ j o)| =1, crnemoBarenbHO:

®2p o 4X3,14)°

Ay = AW? =A9—0+; a, =143 x"—"—"—"=0,7 mc ’.
el ¢ ’ 81

OTBeT: BpeMs, depe3 KOTOpPOe OTKIOHEHHE PaBHO ITOJIOBHHE
aMIuTy e, ¢ = 0,5 c; ammmutyna A = 1,43 m; HanboIbIIast CKOPOCTh
Vinax = 1 M/C; HauboblIEE YCKOPEHHE Gpmay = 0,7 M/C2.

IMpumep 7. Kakyro MUHIMAITEHYIO CKOPOCThH HYKHO COOOIIHUTH
pakere, 4ToObl OHAa HE BEpHYJach Ha 3eMJII0, MPEOAOJIEB 3EMHOE
TsaroteHre? ConpoTHBIIEHUE aTMOC(EphI HE YUUTHIBATD.

Pemienne. C ypaseHmeM pakeThl OT 3emun  Oyner
mM

YBCINYUBATLBCA €€ TMOTCHHHAJIbHAA 3SHCPrusi I =-G nu

mIr 2

2

YMCHBIIATBCA KHUHETHUYCCKAA r = Ilo 3daKOHY COXPAaHCHU



SHEPTUU: YMEHBIIICHWE KUHETUYECKOM SHEPruu pPaBHO YBEIUUYCHUIO
HOTEHIIMAIBbHOM.

(1

rae m — macca pakersl; M — macca 3emnu; G — rpaBUTallMOHHAS
noctosinHas; Vo, ¥V — CKOpPOCTh pakeThl OTHOCUTEIBHO 3eMJIM B
Ha4YaJIbHbI U B PAaCCMATPUBAEMBbI MOMEHTBL; Ry, R — paccTosiHuE OT
LeHTpa 3eMiM J0 pakeThl B HAadalbHBIH M B paccMaTpHUBaeMBbIH
MOMEHTBL.

[Tocne nmpeobOpazoBanus ypaBaeHws (1) nmeem:

Pakera He BepHeTcst Ha 3eMiI0, €CIU €€ CKOpocTh V Oyzmer
paBHa HYJIIO B 0ECKOHEYHOCTH, T.€. V=0 mpu R = .
B srom ciiyuae

. 2GM

S @)

Cuna TATOTeHUS paBHA CHUJIC TAXKECTU HA ITOBEPXHOCTHU Semuu:

GmM
R?

0

=mg; GM =gR;], (3)

rae g = 9,8 m/c? — yckopenre cBOOOIHOrO MaJeHUs Ha TIOBEPXHOCTH
3eMiu.
[Moncrasmnsst popmyiy (3) B (2), HaxoauM

_2gR;
R

V2

0 >1/1J11/1Vo: 2 gR .

0

CuuTtasi, 4TO pakeTra HaOHWpaeT HYXHYI CKOpPOCTh Vj yxe
BOJIM3W TIOBEPXHOCTH 3eMJIM, M TMoJjlaras pajuyc 3eMId paBHBIM
6 370 KM, HAXOIUM



V, =+/2>9,8>6,37 40° =11,240° mc =11,2 w/c .

Ckopocth, HeoOXoauMasi AJsl IPEOAONEHUsS IOJI TATOTEHUS
3eMiH, Ha3bIBa€TCAd BTOPOM KOCMHYECKOM WM MNapaboianuecKoit
CKOPOCTBIO.

OTBeT: CKOpOCTh, HEOOXOAMMAs ISl MIPEOJIOJICHUS TATOTECHUS
3emmn, Vo= 11,2 xm/c.

IIpumep 8. B cocyne eMkocThio 8,3 11 HAXOIUTCS BO3AYX MpHU
HOpMasTbHOM jaaBiieHnn u Temmeparype 300 K. B cocyn BBomsr 3,6 T
BOJBI U 3aKpBIBAIOT KPBIIKOW. ONpenennuTs JaBjleHUE B cOCyle Npu
400 K, ecnu Bcst Bozia IpH 3TOM TeMmImepaType MpeBpalaercs B nap?

Hano: V=83 1 =283=10° M Ty =300 K; m =36 1=
=3,6=107 kr; T, = 400 K; Py = 1,013*=10°I1a.

Haiimu.: P.

Pemienue. JlaBneHue B COCyZne CKIIAbIBACTCS W3 JIABJICHHSA
BO3Myxa, Harperoro mo Temneparypel 400 K (P)), u naBieHus
BOJSHBIX MApOB NpH TOMH ke Temmeparype (P). 3 o0benuHeHHOTO

PV PV
ra3oBOTO 3aKOHa ¢ -7 HaxXOJUM JaBJICHUE BO3yXa:
0 1
P = POTI
! T

i - PV =—RT
N3 ypaBHenusa Kuaneiipona-MenaeneeBa v

HaiiieM JaBJ€HUE BOJISHbBIX MTAPOB:

p = mT | R
2 M

rne M = 18=107° xr/mMomb — MoOJsApHas Macca BOASHOIO Iapa;
Jx

moimp XK

R=28,31 — YHUBEpcajbHas ra3oBasi IOCTOSTHHAS.

ITo 3axony JlambTona ans cmecu rasos © = Pi * P maiinem

JAAaBJICHUC r'a3a B COCYyC:
ml
MV

LR.

r :1)0,1,_1"'
10



Torna

_ 1,013 X0° >400 . 3,6 ><1O’3 400
300 18 X0 8,3 X0°

~>8,31 =2,15 X0° Ila.

Ortser: nasieHue P=2,15"10° I1a.

Hpumep 9. Onpenenuts MIOTHOCTh Pa3PEKEHHOTO a30Ta, ECIH
cpemHsisi UITMHA cBoOomHoro mpobera wmomekyn 10 cm. Kakosa
KOHIIEHTpAIHsI MOJIEKYJ?

Hano: ) =10cm= 0,1 m.

Havimu: X, n.

Pemenne. Cpennsiss anuHa CBOOOJHOTO mpoOera MOJICKYI
ompeaensieTcs popmyoit

_ 1
()= N2pdin,’ (1)

rae d — >(pdeKTUBHEIA auameTp MoJeKyisl (s azora d = 0,3*=107°
M).
KonnenTparuro MoeKys onpeeiiM 13 paBeHCTBa
Daop Ny @
Vv M

rae Ny = 6,02* 10 mons! — mocrosiunas Asoragpo; M = 281073
m
KI/MOIIb — MOJISIpHas Macca a301a; ' = 77 — IUIOTHOCT rasa.

Pemast coBmectHo ypaBuenus (1) u (2), Haxoum:

1 N M

T 2pai 1y M T Tapd (N,
_L16 X0 % >6,02 X0 *

TETE =2,49 X0" m"

-3
r = 28 X0 =1,16 X0 ¢ xr/m °
V2 33,14 30,09 X0 " 30,1 6,02 H0 ®




Oteer: WIOTHOCTS raza X = 1,16*107° xr/m*; xoHuenTpamus
n=249=10" m>3.

IIpumep 10. HapyxHast mNOBEpXHOCTh KHPIUYHOM CTEHBI
wiomaaso 25 M? u TomuuHou 37 cM umMeer Temmeparypy 259 K, a
BHyTpeHHsAsI mnoBepxHOocTh — 293 K. Ilomemienune oTarumBaercs
aneKkTporuuToi. OmnpenenuTh €€ MOIIHOCTh, €CIIM TemIeparypa B
[IOMEUIEHUN TOJJIEPKUBAETCA TOCTOSHHON. TermmonpoBoAMMOCTb

Bt
kuprnya 0,4 T2
Hano: S=25m*,d=37cm=0,37m; T, =259 K; T, = 293 K;
Bt
[]=04 —
Haumu: N.

Pemenne. KonmmdecTBO  TEmNmoOTH,  TpoIIeAlIee  4epes
HapyXHYIO CTeHY, OIPEIeNUTh 10 3aKoHy Dypbe:

b (1)

/e { — BpeMs IPOTEKaHUs TETUIOTHI.
3a Bpems { DIEKTPOIUINTA JOJDKHA BBIJACIUTh TaKoe XKe
KOJMYECTBO TETUIOTHI:

0 = Nt . )

[IpupaBHuBas npasbie yactu ypaBHeHwui (1) u (2), moxygaem:

oo,
Nt =-¢c —~—281,
d
OTKyJla
T -T
N =-c— =S
d
N :-0,4xMx25 =1 kBr .
0,37

OTBeT: MOIIHOCTH 1EKTPOITUTH N = 1 KBT.



Ipumep 11. Ipu temmeparype 250 K u gasnennun 1,013 10°
I1a nByxaToMHsIii Ta3 3aanMaeT 00beM 80 1. Kak n3meHuTcs sHTpOIMs
rasa, €cli JIaBJICHUE YBEIWYIUTh BABOE, @ TEMIIEPATypPy HOBBICUTH 1O
300 K?

Hano: Py=1,013=10°Ia; T, =250 K; V; =80 1= 8102 ™M,
P,=2P; T,=300 K.

Haiimu: 8§S.
Pemenue. V3zmenenue suTponuu onpeaensercs Gopmynoit
2‘ d
DS = oTi @)

1

Konmuectpa TCIIIIOThI HaxoJuM ns3 epBoro 3aKOHa
TEPMOINHAMUKU

dQ =dU + d4;
(2)
do :A'Z—C‘,dT + PdV

rae dU — u3MeHeHne BHyTpeHHel sHeprun; @4 — paboTa paciuupeHus
raza; m — Mmacca rasa; M — momsapHas Macca; C, — MOJApHas
TEIUIOEMKOCTh TIPH IOCTOSITHHOM o0Beme; dV — n3MeHeHne oObhema
rasa.

s nByXaTOMHBIX Ta30B i = 5.

re R — yHUBepcalbHas ra30Bast MOCTOSTHHAS.

m
Benuuunsl a u P malijgeMm u©3  ypaBHEHHs

Knaneitpona—Menneneena:

m Py,

M TR 3)

[Hoacrasnss ypaBHenue (3) B (2), HaX0AuUM:



_ PV PV, T PV, &5 dV o

dQ —dT + ——X%—dV = ——¢—dl +T —= 4)

RT T, v T, &2 Voo

[Honcrasmss Beipaxkenue (4) B (1), Haxoaum:

v,

2 T, 0 O
DS :édQ :P'V' ?i(‘)dT + de T= PV, aarilnT—2+ lnﬁj
1 T T, 82 T T 2 V 17} T, 2 T, 1 @
v, _P.T,
Vl PZTl '
TOrIa
0 o]
DS = PV, géln T, In AT, i=—P'V' a_:iln T, +1 T, . In s T
T] 2 1 PZT] ﬁ T] 2 Tl 1 Pl Q'
PV & T, P, 6
=—1¢—In—=-In —=
Tl 2 Tl Pl @
8 X0 ?

DS =1,013 X0° W(LS X0,182 - 0,693 ) =1,88 x/K
OTtBeT: n3MeHeHne SHTPorHH &S = 1,88 JIx/K.

Mpumep 12. TemnoBas MamwuuHa pabotaet mo 1ukiny Kapao
(puc. 1.4). [Ipu M30TEpMHUUECKOM pACIIMPEHUH JBYXaTOMHOTO ras3a
ero o0beM yBEeTWYHMBAeTCSI B 3 pa3a, a NpPH IOCICAYIONEM
aanabatuyeckoM pacuiupeHur — B 5 pa3. Onpenenuts KIIJ| nmxia.
Kakyto pabory coBepmiaer 1 kMoyb ra3za 3a OJUH ILHKJ, €CIH
temreparypa HarpeBatenss 300 K? Kakoe KOIMYeCTBO TEIIIOTHI
MOJYYHT OT XOJOAWIBHUKA MallMHA, €CITU OHA OyJIeT COBEpIIaTh TOT
e LIUKI B 0OpaTHOM HampaBJICHHH, M Kakoe KOJIUYECTBO TEILIOTHI
OyZer nepenaHo HarpeBatemnto?
. 7 a =3; s
Hano: 7 Y
T,=T,=300 K.
Haiimu: &; 4; Q,; O,.
Pemenue. KI1/I nukna Kapro onpenensercs: popmyroi

=b =5y =1 kmoms = 10° moup;
3



)
rae 7, — TemnepaTypa HarpeBartens; 7, — TeMIeparypa XoJIoIUIbHUKA.

p4 1

<V

Puc. 1.4

B agmabataoMm mpomecce 2€33 mapaMeTphl COCTOSHHS CBSI3aHBI
ypaBHenueMm Ilyaccoma PV ° = const

wm IV ' = const
CJIE0BATENBHO,

AR
@y, o

T, :ng

H aTszT-::

>

r, =T, =T

T =T,b"°=Tb"° rak  kak
Vs @
.. W3 paBencrsa (1) noiyuaem
T - T bh"o
h — H H :1 - bl-g’
T"

2
rae bW =51-14=( 525,

CnenoBarenbHo, & =1 — 0,525 =0,475; & = 47,5%.
Pabora nukina KapHo ompexpensiercs pa3HOCTBIO TeIIOTH O,

MOJIy4eHHOH B mpouecce 1852, u TemioTsl (J,, OTIaHHOU B MHpoIlecce
3&54:
4=90,-10.| 3)
[Ipu u3oTepmMuvecKoM Imporecce

0, :vRTlln’,//—zzvRTlln a;

1

4)

0 :vRTslnV—4=-VRT3an—3=-vRT31nu,
v, v,



v, v,

TaKKaKk 7 7 ¢ (JOKa3aTh CaMOCTOSTENIBHO).
4 1

3Hak «MHUHYC» TIOKa3bIBACT, YTO TCIUIOTA OTHAACTCA Ta30M
XOJIOAUJTIbHUKY.

A=vRIna(T, -T,) =vRInaDT; %)

A =vR DT In a,

rne DT =T,-T, =T -T5bh"°=T/(-5b"°)=Th =144 K;
T, =156 K.
[MoxcTaBuM YKCIOBEIC 3HAYCHUS B PABEHCTBO (5):

A4 =10"° x8,31 X144 X,1 =1,32 MJlx

IIpu oOparHom mumkie KapHo Ta3 pacmmpsieTcs mo amnadate
1854, a 3areMm mno wuzorepme 4E33, momydas TpH 3TOM  OT
XOJOIWIBHUKA KOJMYECTBO TerwioThl (.. [lamee ra3 ckumaercs 1o
ammabare 3€32, a 3areM mo m3oTepMme 2€y1, oTmaBas MpU ITOM
konuaecTBo TermnoTH (,. [lo hopmynam (4) Haxogmm:

0, =107 38,31 X300 X,I =-2,74 MJlx ;
0, =107 38,31 X56 H,1 =1,42 M]JIx

Oteet: KII/J] & = 47,5%; pabota 4 = 1,32 M. B o6patHOM
LUKIE KOJMYECTBO TEIUIOTHI, IIOJIYYCHHOE OT XOJOIMIbHHUKA,
O, = 1,42 M]JIx, KOIUYECTBO TEIUIOTHI, MEPEIaHHOE HAarpeBaTEII0
0, =-2,74 MIx.

Mpumep 13. M3 kanwuispHOW TPYOKHM C pajnycoM KaHaja
0,2 MM O KamiAM BbITEKaeT *uakocTb. Macca 100 kamens paBHa
0,282 r. Onpenenutb MNOBEPXHOCTHOE HATSKEHUE KUIKOCTH.

Hano: r=02vMm=2"10"*m;n=100;m=0,282r=2,82=10*
KT.

Hatimu: ?.

Pemenne. Kamns orpeiBaeTcsi B TOT MOMEHT, KOTJla €€ cujia
TSOKECTH paBHA CHJIE MOBEPXHOCTHOTO HaTspKeHHUs. CuuTas pagmyc
WEHKU KAl  pPaBHBIM  paguycy  Kamwuisipa, [Jis  CHJIBI
ITOBEPXHOCTHOTO HATSHKEHUS MOXKHO 3aIHcaTh



F =2prs.

m

Tak xak Macca OZHOM KaIum —,~ > MOJIyYHM
2prs = 8 ,
n
OTKyz1a
s = e ;
2pr
-4
-_ 2,820 _>?’8 =220 H/m.
23,14 X2 X0 " X400
OtBeTt: KO3 GUITUECHT MTOBEPXHOCTHOTO HATSKEHUS

?=22=102H/m.
1.3. 3aga4m KOHTPONbLHOM PaboThI

1.1. C 6amram BbICOTON 49 M B TOPHU3OHTAIFHOM HaIPaBICHUH
OpOIIIEHO TeNO0 CO CKOPOCThIO 5 M/c. 3amucaTh YpaBHEHHE JBIDKEHUS
Tena, ONpPENeNUTh TaHTeHIMAJbHOE M HOPMAaJbHOE YCKOpPEHHs Telna
B TOYKE, COOTBETCTBYIOIICH MOJOBUHE BCETO BPEMEHH IaACHUs Tela.
Y CTaHOBUTH, HAa KAKOM PAacCTOSIHUH OT OalllHU OHO yTajo.

1.2. [lon xakuM yriaoM K TOPHU30HTY Haao OpOCUTH TEIO CO
ckopocThio 20 M/c, 4TOOBI JaNbHOCTH MoJieTa Obula B 4 pasa Oosblie
HauOoNbIIel BBICOTH oabeMa? OnpenenuTs ypaBHEHHE TPASKTOPHUHT
Y pagilyc KpUBHU3HBI B BEPXHEH ee TOUKe.

1.3. Msu, neTeBmIMiA cO CKOpPOCTBIO 15 M/c, ymapuica o
TOPU30HTANBHYIO IUIOCKOCTb M OTCKOYMJI OT Hee C Takoh xKe
CKOpOCThIO. YrToi mamenusi Msua 60we. CocTaBUTh ypaBHEHHE
JBIDKEHHS MsiYa ¥ ypaBHEHHE TpaeKTopuH. OnpeaenuTs HanboIbIIyIO
BBICOTY MOABEMA, AAJBHOCThH IOJIETa, PainyC KPUBHU3HBI TPACKTOPUH
Ms4a B HAUBBICIIEH TOUKE.

1.4. K MaxoBHKy, BpalIalOIIEMyCs C 9acToTod 360 MmuH !,
MPUKaJIA TOPMO3HYIO KOJI0oAKY. C 3TOr0 MOMEHTA OH CTaJl BpalllaThCs
paBHO3aMeUIeHHO ¢ yckopenneM 20 c¢2. Ckombko ToTpebyercs



BpeMEHH [UIs ero ocTaHoBku? Yepe3 CKOIBKO 00OpOTOB OH
octaHOBUTCA? J[BIDKEHHE CUMTATH PABHOTIEPEMEHHBIM.

1.5. MarepuanbHas TOYKa JBHXKETCS IO  OKPY>KHOCTHU
muamerpoM 40 M. 3aBHCHMOCTh €€ KOOpJIWHATHl OT BPEMEHU

JIBYDKCHHUS OTpE/IeNsieTcs ypaBHenneM S =1 + 4% - 31 + 8. B kaxoii
MOMEHT TOYKa M3MEHSET HampaBieHue ABWXeHus1? OnpenenuTs
MPOMIEHHBIH MyTh, CKOPOCTb, HOPMAJIBHOE, TAHI'CHLHUAIbHOE U
IIOJJHOE YCKOPEHME JBIDKYLIEWCs TOYKM 4depe3 4 ¢ Iocie Hadaja
JBIDKCHHS.

1.6. ITo okpyxHOCcTH paauycoMm 20 cM ABMXKETCS MaTepuaIbHas

Touka. YpaBHEHHME ee JBIKeHHs S =2¢° +{. UeMmy paBHEI
TaHTCHOMWAJIBHOC, HOPMAJIBHOEC M IMOJIHOC YCKOPEHUE TOYKHU B MOMCHT
BpemeHH, paBHbIi 10 c¢? Kakoit yros cocTaBisieT MOJIHOE YCKOPEHUE C
BEKTOPOM CKOPOCTH?

1.7. Touka ABWXKETCS IO OKPYKHOCTH pamuycoM 60 cMm ¢
TaHreHIUAIbHBIM yckopenneM 10 m/c?. Yemy paBHBI HOPMAJIbHOE U
MOJTHOE YCKOPEHMsT B KOHIIE TpPETheW CEeKyHIBl IIOCiie Hayana
nBiwkeHna? Yemy paBeH yroa MEXIy BEKTOpaMH IIOJHOIO U
HOPMAJIBHOTO YCKOPEHHUH B 3TOT MOMEHT?

1.8. MarepuanpHasi TOYKa JBWKETCS IO MPSIMOM COTJIacHO

ypaBuenmio X =10 + 2¢°. HaifTu CpemHIO CKOPOCTb IBHKCHHS
TOYKH B IPOMEXYTKe BpeMeHu oT ¢ = 0 1o ¢ = 3 c, ee KOOpAUHATY,
CKOpOCTh M YyCKOpeHHe B MOMeHT Bpemenu ¢ = 3 c. [loctpouts
3aBHUCHUMOCTH KMHEMAaTHUECKHUX XapaKTePUCTUK OT BPEMEHH.

1.9. Ompenenuts CKOPOCTb u LEHTPOCTPEMUTENBHOE
YCKOPEHHE TOYEK 3€MHOM ITOBEPXHOCTH Ha DKBATOPE, Ha MIHPOTE 45 e
U Ha TOJII0CE, BBI3BAHHOE CYTOYHBIM BpAIlIEHHEM 3€MIIH.

1.10. 3aBucumMocTs yrma moOBopoTa pamuyca (r = 2 M)
Bpallalolerocs  Kojeca OT BPEMEHHM 33laHa  YpaBHEHHEM

j =4+50- 1 Hajitu yrnoByl CKOPOCTb M IOJHOE YCKOPCHHE
TOYKH, Jexallell Ha o0oxe Kojeca, B KOHIIE INEPBOM CEKYHHbI
BpaieHus. KakoBsl cpeiHIe CKOPOCTh U YCKOPEHHUE 3a 3TO BpeMs?

1.11. Onpenenuth paboTy, KOTOPYIO HEOOXOAMMO 3aTPaTHUTh,
9YTOOBI BBIBECTU PAKETy 3a IPEAENbl 0N TATOTEHUS 3€MIH, €CIU
pakera CTapTyeT € KOCMHYECKOTO KOpaOis, MABHXKYIIETOCS TI0
KpyroBoii opoute Ha ypoBHe 500 kM HaJl HOBEPXHOCTHIO 3emin. Macca
paxetsl 200 Kr.



1.12.Tlo HaAKJIOHHOW TIJIOCKOCTH BBEpX KaTUTC  0e3
CKOJIBXKEHUSI OB 00pyd. EMy coo0iena HawanmbHast CKOpocTh 3,14
M/c, TTapayuienbHas HAKJIOHHOW IIOCKOCTH. Y CTaHOBUTH, KaKOW ITyTh
npoieT 00pyd, €CIIi yroy HaKJIoHa IocKocTH 30 w.

1.13. Illap B ogHOM ciy4ae COCKaJdb3bIBaeT O€3 BpalLEHHS,
B IPYTOM — CKaThIBAETCSl C HAKIOHHOM IUIOCKOCTH C BBICOTHI 2 M.
OnpenenuTs CKOPOCTH B KOHIIE CIyCcKa B 00OMX ciydasx. TpeHuem
npeHeOpeyb.

1.14. YenoBek cTOUT B LEHTpe cKaMbU JKyKOBCKOIO U JEPIKUT
Ha BBITAHYTBIX pyKax TMpu Maccoil mo 5 kr. PaccrosHue Mexny
rupsamu 1,3 M. Ilpu cuMMeTpuyHOM CKaTHM PYK pacCTOSHUE OT THMPU
JO OCH BpAIIECHUs YMEHBIIMIOCH OO0 15 cM, CKOpPOCTh BpalICHUS
CKaMbH M3MEHMJIACh. MOMEHT MHEPLH I'MPb U CKAMbU C YEJIOBEKOM
Ha HeHW INpU BBITAHYTHIX pykax 10 kr*=m? Onpemenutsb, Kak
M3MEHUIIACh CKOPOCTh BpAlllEHUs] CKAMbH, €CIH H3BECTHO, YTO INPHU
IIEPBOM IIOJIOKEHUM TUPh CKaMbs Bpalllanach ¢ 4acTtoToi 120 mum .
Kakyio paboTy TpoH3BENET 4YENOBEK NMPH H3MEHEHHH TOJOKEHHS
TUpB?

1.15. Humuaap Maccoir 5 Kr Katutcs 0€3 CKONBXEHHS C
MMOCTOSTHHON  cKopocThio 14 w™/c. Ompenenutb KUHETHIECKYIO
SHEPIUIo IIWJINHAPA U BpeMs, Yepe3 KOTOpoe HMUIMHIP OCTaHOBUTCH,
ecau cuna Tpenus paBHa 50 H.

1.16. MaxoBuk, Macca KOTOPOTO 6 KT paBHOMEPHO pacrpezieiicHa
1o 0601y paauycom 18 cm, Bpaiaercs Ha Baiy ¢ yactotoit 500 mun ',
[log ngeiictBuem Topmoszsimero Momenta 10 H*™ M mMaxoBuk
ocraHasnuBaercs. Haiitu, yepe3 kakoe BpeMsi OH OCTAaHOBHUTCS, KaKoe
YUCIIO OOOpPOTOB OH COBEPIIMT 3a 3TO BpeMs M KakoBa pabora
TOPMOKEHHUS.

1.17. CrepxeHp muHOM 1 M 1 Maccoil 1 KI MOXET BpalaThCs
BOKPYT TOPHU3OHTAIBHON OCH, MPOXOISIIEH Yepe3 ero BEpXHUM KOHEIL.
B npyroil xoHer CTepxHS MOMNAAAET JETAIIASl TOPU3OHTAIBHO ITyJIs
Maccol 5 T M 3acTpeBaeT B HeM. HalTu mnepBOHaYaJIbHYIO
KUHETHYECKYIO SHEPTHIO ITyJIH, €CITH CTEP)KEHb OTKJIOHUTCS Ha 30 ww.

1.18. OgHopoaHbIi map KaTUTCS 0€3 CKONBKECHHSI BBEPX II0
HaKJIOHHOM IJIOCKOCTH. Kaxosa HayvaJgbHast CKOpPOCTb
MOCTYNAaTEeIbHOTO ABWKEHUS IIapa, €CIM OH MOXET IOAHATHCS Ha
BbICOTY 12 M? BnustHuem TpeHus npenedpeys.



1.19. IloxkouBmuiics BHavage MAaXOBUK MOJX AEHUCTBUEM
IIOCTOSTHHOTO ~ Bpamaroriero MomeHta 3a 10 ¢ mpuoOpen
KUHETHYECKYI0 dHepruio B 2*10* J[x. Onpenenuts, CKOJIBKO
000OpOTOB COBEPIIMJI MaxOBHK 3a 3TO BpEMs, €CIH €ro MOMEHT
uHepiuu paseH 400 k™= m>,

1.20. Kakyio KHHETHUYECKYI0 SHEPTHIO IPHOOpPETaeT MaXOBHK
B pe3yJbTaTe JEHCTBUA Ha Hero B TeueHwe 10 C MOCTOSHHOTO
Bpamaroniero momenra 20 H*M? MomeHnT unepuuu maxosuka 200
kr®=m2. YeMy paBHO H3MEHEHHWE MOMEHTA HMITyJIbCA MAaxOBHKa?
KakoBa pabora BHEITHHX CHIT?

1.21. Ilpy>xuHHBIA MasATHUK, Macca Kotoporo pasHa 100 T,

_ L@ Po
konebnerca mo 3akomy X = 0,05 sin 34’ "3, M. Onpenennts

KO3 PHUIIUEHT YIIPYTOCTH MPYKUHBI U MOJHYIO YJHEPTHIO MasSTHHUKA.
1.22. MenHplii 11ap, TOABELICHHBIA K TMpPYXHUHE, COBEpIIAeT
BepTUKaNbHbIe KojeOanusa. Kak u3MeHuTcs nepron KosebaHui, eciu
K TpYXXHHE TOJBECHUTh BMECTO MEIHOTO MIapHKa aTIOMHUHHEBBIN
TaKoro e paauyca?
1.23. AMIuIMTYAa TapMOHHYECKOTO KoieOaHHs paBHa 5 cM,

P .
nepuox — 4 ¢, HavanbHas Qasza - 3amucarh 3aKOH KoneOaHwi,

3aKOH W3MEHEHHSI CKOPOCTH M yCcKOopeHud. HailTu makcumanbHYyIO
CKOPOCTh KOJICONIOIIEHCS TOYKHM M €€ MaKCHMajbhbHOE YCKOpEHHE.
Uemy paBHBI KHHETHUYECKas, IMMOTEHI[MATbHAS W TIOJNHAS SHEPTHS
KOJIeOIOIIEecs TOUKH B MOMEHT 1 ¢, eciu ee macca 10 r?

1.24. Ha KOoHLIax TOHKOT'O OJHOPOJHOTO CTEPKHA JUIMHOK 30 cM
u Maccoit 400 r 3akperuiens! rpy3sl Maccoit 200 u 300 r. Onpenenuts
MOMEHT HWHEPLUU 3TOT0 (PU3UYECKOr0 MAasTHHKA U TEPUOJ €ro
COOCTBEHHBIX KOJIOAaHWH OTHOCHTEIHHO OCH, IMPOXOJAIICH uepes
CEpeNNHY CTEePIKHS.

1.25. MadaTHUK COCTOMT W3 TsDKemoro Imapa maccoi 100 T,
NOABEHICHHOT0 Ha HUTH JiuHOW 50 cMm. Omnpenenuts nepuon
KoJicOaHW MasTHHKA W DSHEPTHIO, KOTOPOW OH 00JIamaeT, eciu
HAMOOJIBINUHM YTOJI €r0 OTKIOHEHHUS OT IOJIOKEHHS PaBHOBECHS 15w,

1.26. ToHkHH OJHOPOAHBINA CTEp)KEHb JUIMHOM 2 M MOXET
BpaIIaThCsl BOKPYT TOPU3OHTAIBHOW OCH, MPOXOJAIICH depe3 KOHeIl
CTEPKHS TIEPIIEHIUKYIApHO eMy. CTepskeHb OTKIOHMIN HA 90®r OT
MOJIOXKEHUSI paBHOBECHsI H OTHyCcTWiIH. Ompenenutb CKOPOCTh



HIDKHETO KOHIA CTEPXKHS B MOMEHT MPOXOXKACHUS TOI0KEHHS
paBHOBeCHs M IIEPUOJ COOCTBEHHBIX KOJEOAaHMH TNPH  MAabIX
OTKJIOHEHHMSX, €CJIM Macca CTEPXKHA 2 KI.

1.27. IlonepeyHast BOJHA pacHpoCTpaHseTcs BIOJb YIPYroro
HIHypa co ckopocThio 15 M/c. Ilepuon konebaHuii TOUEK HIHYpa paBEH
1,2 ¢, MakcuManpHOE cMmemieHrne (amrumtyaa) — 2 cM. OnpeaenuThb
(a3y xosicOaHUN U YCKOpEHUE TOYKH, OTCTOSIICH Ha pacCTOsHUE 45 M
OT UCTOYHHKA BOJIH, JUI1 MOMEHTA BPEMEHH 4 C.

1.28. MarepuansHasi TOYKa  COBepIIaeT  KojebaTelbHOe

_ =3 [oe, .
JBIKEHUE BIOJb ocu OX MO 3aKOHY X =38cos gpt + 25 oM Haiitu

T
nepuos Konebanuii u yCKOPEHHE TOYKU B MOMEHT ! = —=> TIOCTPOHUTS

rpaduK 3aBUCUMOCTH X(1).

1.29. MarepuanbpHast TOYKa y4yacTBYET OJJHOBPEMEHHO B JIByX
KOJICOAHUSX, MPOMCXOASIIMX BIOJIb B3aUMHO IEPIEHIUKYIISIPHBIX
oceif, o 3akonam: ¥ = O.lsin 205y =0.2sin( 24+ P), e xpy—
COOTBETCTBYIOLINE KOOPANHATHI TOUKH;  — BpeMs B ceKyHax. Haltu
YpaBHEHHE TPACKTOPHU PE3YIbTUPYIOIET0 JBHWKEHUS, BEIMUYUHY
Y HampaBJIeHHE BEKTOpa CKOPOCTH B HAYaJbHBIH MOMEHT BPEMEHH.
[MocTpouTs TpaekTOpuIo IBMKEHUS (B MacmiTade).

1.30. Hap, paauyc KOTOPOro 5 cM, NOJBEIIEH Ha HUTU JUIMHOM
10 cm. Omnpenenuts OTHOCHUTENBHYIO MOTIPEIIHOCTh BBIYMCICHUS
nepuoja Koie0aHWH TaKoro MasTHHKA, €CIU TIPUHATH €ro 3a
MaTeMaTHYEeCKUI MasgTHHUK JUIMHOH 15 cM.

1.31. TemmoBast mammaa KapHO coBeprraer paboTy ¢ OBYMS
MOJIIMH ~ OJIHOATOMHOTO  HJIEATBHOTO Ta3a MEXIy TEelJIOBBIM
pesepByapoM ¢ Temmeparypoir 327®wC W XOJOJWIBHUKOM C
temrepatypoit 27mC. OtHomieHHe HauOoblIero odbeMa rasza K
HauMeHbIlIEeMy 00beMy B JIJaHHOM IIpoliecce paBHO BocbMHU. Kakyro
paboTy coBeplIaeT MalluHa 3a ojauH nukia? Kakoe KommuecTBO
TEIUIOTHI MOJy4aeT OT HarpeBarens M OTAAeT XOJoMWIbHUKY? Uemy
PaBHO U3MEHEHHE SHTPOIUH IIPH U30TEPMUIECKOM CKATUH?

1.32. UneanpHast XONMOAWIBHAS MallldHA, paboTaromas 1o
obOpatHoMy nukiny KapHo, OepeT TemioTy OT XOJOAWIBHHKA C BOAOM
npu temneparype OmeC u meperaeT KHUISITHIBHUKY C BOAOW MpH
temmeparype 100@»C. Omnpenennts Maccy BOJbI, KOTOPYIO HYKHO



3aMOpO3HUTH B XOJOAMIBHUKE, YTOOBI MPEBPATUTh B map | Kr BOABI B
KUISITUWIbHUKE?

1.33. TerioBass MamHAa C OJHOATOMHEIM Ta30M COBEpIIACT
0OpaTHMBI IMKJ, COCTOSIIMH W3 NBYX HM30XOp W IBYX u300ap. B
mpolecce UUKIa MaKCUMaJIbHOE JIaBIeHHe U 00beM B 2 pa3a 0oJblie
muHUManbHbIX. Beraucnuts KIIJ[ nmkna. HapucoBaTh auarpammy
nporecca. OnpenenuTs U3MEHEHNE BHYTPEHHEH SHEPTUN U SHTPOITUHU
rasa 3a LHKIL.

1.34. TeroBast MamMHA COBEPLIAET C MSATBIO  MOJSIMHU
JBYXaTOMHOTO Ta3a IMKJI, COCTOSIIIMHA M3 HM30XOPbI, M30TEPMBI U
n300apel. MakcMMalbHBI 00BbEM Tra3a B 4YeThIpe pasza O0oJblle
MUHUMAIIGHOTO,  WM30TEePMHUYECKH  MpOIecC  MpOTeKaeT  IMpHu
temmeparype 127#wC. Bomuucours KIIJ nwukiaa wuw o paboty,
COBepIIaeMyl0 3a OAuH IUKJI. HapucoBaTe nmarpamMmy LHKIa B
KoopauHatax P-V.

1.35. UneanbHplii  OBYXAaTOMHBIM ra3 cOBEpIIAeT LMK,
COCTOSIIIMI M3 JIBYX M30TE€PM U JABYX H30XOp, MpHUYeM HauOobIIas
temmnepatrypa raza 600 K, a Haumensmas 300 K, HanGonpumii o0bemM
8 11, a Haumenbmit 2 1. Haittu KII/] nukia u u3sMeHeHue SHTPONUU B
Ka)XZI0M TIpoIiecce U 3a Bech LMK 11 1 MoJs raza.

1.36. KakoBa TeopeTHiecky BO3MOKHass MakCHMaibHas paboTra
MapoBOI MAIIMHBI, €CITU B TOIKE KOTJA, MUTAOIIETO MapoM MAIIUHY,
Oymer coxokeHo 100 Kr KaMEeHHOTO VIJIa C  TEIUIOTBOPHOM
criocobHocThO 30 MJIx? Temmneparypa mapa 190@sC, temmeparypa
xonoaunbiuka 10#eC. KosdduimeHT monesHoro ASUCTBHUS TOMKH
kotaa 80%.

1.37. UnmeanpHas TEIUIOBas MAIWHBI, COBEPIIMB OIUH ITUKI
Kapno, mpoussena pabory 8= 10° [k, HOIyuMuB OT HarpeBaTes
32=10% Ik Temwra. OmpenenuTs TeMIEpaTypy HarpeBaTels, eClu
TeMIIepaTypa XonoaunbHuka pasHa 27 #nC. Onpenennuts W3MeHEHHE
SHTPONHHU B KaX0M M3 NPOLIECCOB U 32 ITUKIL.

1.38. TennoBass mammna paboraer mo umkiay Kapno, KIIJ]
koroporo 0,35. KakoB X0M0MuIbHBIA KO(DQHUITMESHT MAIIWHBI, SCITH
oHa OyleT coBeplIaTh TOT JXK€ LHMKI B OOpaTHOM HaIlpaBJIeHUU?
XonoauIbHBIM K03()(UIIMEHTOM Ha3bIBaeTCs OTHOIIECHHE KOIMYEeCTBa
TEIUIOTHI, OTHSATOTO OT OXJaXKIAaeMOTo Tena, K paboTe JBHUTATENs,
MIPUBOJAIIETO B JBM)KCHHE MamuHy. Kakoe KOIWYecTBO TEIUIOTHI



MalliHa BO3bMET Y XOJIOAMJIBHHKA U KaKOe MepeacT HarpeBartelto,
€CJIM 3a OJTMH IHKII coBepinaercs padora 20 k/[x?

1.39. llmxn Kapuo coBeprmaeTcss OTHUM MOJEM KHCIOpOIa
Mexnay Temmeparypoit 200°C u 10°C. OmnpenenuTb KOJIUYECTBO
TEIUIOTHI, NIEPEaBAEMOE XOJIOJMIBHUKY, €CIIH KOJIMYECTBO TEILIOTHI,
B3sTOoe y Harpesatens, 1600 k. KakoB Hambompmuii 00beM rasa,
€CJIM B UCXO/IHOM COCTOSIHUM OH paBeH 5 nutpam?

1.40. UneanbHast TeruioBas MamuHa KapHO 3a OIMH ILUKI
noayumsia oT Harpesarens 8 10* Jlx. UeMy paBHa mose3Has padora,
COBEpIIICHHAS MAIIWHOM, eclii TeMIieparypa xonomwibHuka 20°C, a
HarpeBatens 300°C? Uemy pasen KIIJ[ mammusi? Bo ckonbko pa3
M3MEHSJIOCH JaBJICHUE NMPH U30TEPMUYECKOM PACIIMPEHHH Tra3a, eciu
KOJTMYECTBO BemecTBa paBHO 10 MOB?

1.41. BeIYUCIUTh MOJHYIO JHEPIHI0 TEMJIOBOTO JBM)KEHHUS
Mmoiekyn 40 r kucaopona npu Temmneparype 47°C. Kakyro yactb 310l
SHEPTUH COCTABIIAET SHEPIUs OCTYIATENbHOTO ABHKEHUS MOJIEKYJ1?

1.42. CranpHoil crepkeHb anuHONM 20 CM €  IUIOMIAJBIO
TONIEPEYHOTO CeYeHHs 3 CM? ¢ ONHOrO KOHIA HATPEBAETCS [0
temrnepaTypsl 320°C, a apyrum KoHLOM Kacaetcs jpaa npu 0°C.
[Ipenmonaras, 4ro mepemada TEIIOTHI MPOUCXOANT HCKIIOYUTEIHHO
BJIOJIb CTEp>KHS (0€3 ToTepH Yepe3 CTEeHKH), MOJCUUTATh Maccy JIbJa,

Br
pacrassuiero 3a 2 Mut. TemionpoBogHoCTs cTamm 49 -
1.43. AntoMHUHUEBBIH KO(eHHnK HarpeBaercs Ha

UIEKTpOIINTKE. Boma noBeneHa [0 KHUIEHUS M BBIIENISET KaXKIyro
MuHyTY 17,5 T mapa. TonmuHa qHa KOoeHnKa 5 MM, a TUTOIIab THA
300 cm? Omnpenenurts TEMIIEPATypy HapyKHOM MOBEPXHOCTH JIHA,
rojiaras, 4To BCE JHO HarpeBaeTCsl paBHOMEPHO. TemIonpoBOJHOCTh

T
amomunust 200 .~  Temmeparypa xunenus Boxasl 100°C.

TemmonpoBOJHOCTHI0 OOKOBBIX CTEHOK IPEHEOPEYb.

1.44. Onpenenuts TEIIONPOBOIHOCT KUCIOPO1a IIPH NaBJICHUU
0,11 MIla u Temneparype 47°C, ecmm xoddpdunuent nupdysuu
0,2 cm?/c.

1.45. CkonbKO MOJEKYJ BO3QyXa HaXOAUTCS B KOMHATe
oovemom 240 M mpm temmeparype 15°C u masnenmu 100 Klla?
Monspuas macca Bo3ayxa 29 * 1073 kr/mMoJib.



1.46. Onpenenutb BHYTPEHHIOI DJHEPIHI0 U CYMMAapHYIO
KUHETHYECKYIO SHEPIHIO MOCTYIATEIbHOTO IBIKEHHS MOJIEKYJT a30Ta,
Haxoxsmerocs nmox aasienneM 10° H/m? B cocyne o6bemom 16 1.

1.47.B cocyme oowemom 1,5 M3 comepxurca 10%° momexyn
uneanbHoro rasa. JlaBnenne B cocyne 2*10° H/m? Onpenenuts
TEMIIEpaTypy I'a3a B COCYE.

1.48. Koadduuuent muddysnn Kuciopona Mpu TeMmIeparype
t=08C D = 0,19 cm?/c. Onpenenuts 1MHY CBOGOAHOrO Tpodera
MOJIEKYJI rasa.

1.49. Mexnay 1nByMsS IUIACTHHAMH, HAXOIAINIAMHUCS  Ha
paccrosHuM 1 MM JApyr OT JApyra, HaxoOUTCs BO3IyX. Mexay
IUTaCTHHAMH TOJJIepKuBaeTcst pasHocTs Temneparyp 1 K. Ilnomans
Kaxxnoi mnacturel 100 cm?. Kakoe KOJMYECTBO TEIUIOTHI IIEPENAETCS
3a CYeT TeIJIONPOBOJAHOCTH OT OJHOM IUIACTUHBI K Apyro# 3a 10 Mun?
CunraTh, 4YTO BO3AYX HAXOAUTCA MpPH HOPMAJBHBIX YCIOBHSIX.
JduameTp MOeKyJbl OpUHATH paBHbIM 0,3 HM.

1.50. Haiitu maccy a3ora, mporiesmiero BeaeacTsue auddysun
uepe3 muomanky 100 cm? 3a 10 ¢, ecnd IpaguMeHT IUIOTHOCTH B
HAIPABJIECHNH, MEPIEHIUKYISIPHOM IUIOMmanke, paseH 1,26 kr/m*.
Temmeparypa azota 300 K, naBnenne 0,1 Mlla.

1.51. JIBe KpyrJible CTEKIIAHHBIE IUIACTUHKHM TIOIaa60 100 cvm?
KaX71asi MOJHOCTBIO CMOYEHBI BOJOW M TMPHJIOKEHBI IPYr K APYTY.
TonmuHa €I0s1 BOJBI MEXAY IUIACTUHAMU 2 MKM. BhIUMCIUTh cuiy,
KOTOpPYI0O HYKHO TIPWIOXKHTb K TJIACTHHAM IEPIeHIUKYJISIPHO
IUIOCKOCTH TIJIACTHH, YTOOBI HMX pa3beAWHUTh. CUHMTAaTh MEHHUCK
BOTHYTBIM C JUAMETPOM, PABHBIM PACCTOSHUIO MEXYy IUIACTHHAMH.

1.52. JInTMHAYIO OTKPBITYI0O € OOOMX KOHIIOB KaIHMJUIAPHYIO
TpyOKky pammycom 0,5 MM 3alOTHHIM BOJOW U IOCTaBHIU
BepTUKanbHO. ONpenenuTs BBICOTY OCTABIIEHCSA B KANMUIAPE BOIBI.
TonmuHy CTEHOK Kanujusipa CYUTaTh HUYTOXKHO MaJIOH, CMadMBaHUE
TTOJTHBIM.

1.53. 3nas, uyro wiotHocTs pryTH Tipu 0#nC pasua 13,6 r/cm?,
Haiith ee miIoTHOCTL mpu Temmeparype 300mmC. Koadduiment
00BEMHOTO PACHIMPEHUS] PTYTH CUUTATh MOCTOSHHBIM, €ro CpejHee
3HaYeHHE B JAHHOM MHTEpBAJIEC TEMIIEpaTyp MPHHATH PaBHBIM
1,85=10* K™

1.54. Kakyio cmily HYXHO TPHIOXHTH K PacCHOJIOKECHHOMY
TOPU30HTAJIBHO  AJIOMHHHEBOMY  KOJblly BbicoTo 10 MM
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BHYTPEHHUM JuaMeTpoM 50 MM W BHCIIHUM JHAMETPOM 52 MM,
YTOOBI OTOPBATH €T0 OT IIOBEPXHOCTH BOJIBI?

1.55. Kanmmissp ¢ BHYTPEHHHM paguycoM 2 MM OIYIIECH B
KUIKOCTh. Halith ko3 dHUIMEeHT TOBEPXHOCTHOTO HATSIKECHUS
JKUJIKOCTH, €CJIM HM3BECTHO, YTO Macca XHMIKOCTH, MOJHSBIIEHCS B
Kanuuispe, pasaa 9 1075 kr.

1.56. Ha kakyro BBICOTY TOJHMMAETCS BOJa B KalMJUIIpe
quamerpoM 0,2 MM, ecin Kod3((GUIHEHT OBEPXHOCTHOTO HATSKEHUS
BOJbI paBeH 7,2 ™ 102 H/m? CMaurBaHMe CUATATH aOCOTIOTHBIM.

1.57. Kakyto paboTy MpOTHB CHJI IMOBEPXHOCTHOTO HATSHKEHUS
HaJl0 COBEPIIUTbH, YTOOB! BBIAYTh MBUIBHBIA MY3BIPh PAAUYCOM 5 cM?
Uemy paBHO H30BITOYHOE AaBlieHUE BHYTpH Mmy3bipsa? KoaddummeHnt
MOBEPXHOCTHOTO HATSDKEHUS MBUIBHOH BOJBI CUUTATh PAaBHBIM
4=107 H/m.

1.58. Kakue cunpl Hago NOPUIOKUTH K KOHIIAM CTaJbHOTO
CTEPKHS ¢ IUIOIAABI0 MONepevyHoro cedenus S = 10 cm?, 4ToOBI He
JIaTh €My pacUIMpUThCs TpH HarpeBanuu ot ¢ = 0meC 10 £, = 30w C?

1.59. K cranbHO# NPOBOJIOKE paAnycoM 1 MM MOJBECHIH TPY3.
Ilox neiictBueM »TOro Tpy3a NPOBOJIOKA TOIYYHIIA TaKOE Ke
yIUITMHEeHHe, Kak npu HarpeBanuu Ha 20m»C. Haiitu Maccy rpysa.

1.60. CtayibHOM OpyC BILUIOTHYIO TIOMEIICH MEXY KaMEHHBIMU
HenoABMWKHbIME cTeHamu nipu OmnC. Haiiti HanpsbkeHHe MaTepuaia
O6pyca mpu 20®rC, BBI3BAaHHOE HEBO3MOXKHOCTBIO €r0 TEILIOBOTO
paciupeHusl.



2. AnektpocTtaTuka. MNoCTOAHHbLIN TOK

2.1. OCHOBHbIe (pOpMYIibl U 3aKOHbI

Besunna mwm Gu3Hyeckuii 3aKoH Dopmyia
3akon Kynona 1
— s ;q 1 qu
4pe, er
1
HampskeHHOCTB 3JIEKTPOCTaTHYECKOTO r r
ToJIse E =—
90
HamnpshkeHHOCTB HOJISt TOYETHOTO 3apsaa £ 1 q
- 2
4pe, er
HamnpspxeHHOCTD 10T GECKOHEUHO g 1 t
JUIMHHOM 3apsi>K€HHOM HUTH - 2
p 2pe, er
HamnpsbkeHHOCTB 1OJISt pABHOMEPHO F=_S
3apsKEHHOM IIOCKOCTH " 2ee,
HamnpspkeHHOCTD 0N MEXIY IBYMS
PaBHOMEPHO U pa3HONMEHHO F=_S
3apsHKEHHBIMU O€CKOHEYHBIMH ee,
I1apaJuIeIbHBIMU IJIOCKOCTSIMH
HampsixeHHOCTB MOIsI METAIIITMYECKON
3apsDKEHHOM cdephl paanyca R Ha
PACCTOSIHUH ¥ OT IIEHTpa CephI:
HA TIOBEPXHOCTH cdepsl (7 = R) i = 1 q
4pe, eR’
BHE cdepsl (r > R) E = 1 q




[IponmonxkxeHnue TabOIUIHI

Benvunna win GU3HYECKHii 3aKOH Dopmya
DnexkTpuyeckas HHIYKIUS (CMeIIeHne D —ee E
NIEKTPHYECKOTO TI0JIA) 0
Pabora nepemenieHus 3apsina B
3JIEKTPUYECKOM T10JI€ U3 TOUKH A B TOUKY A=q(,-j,)
B
[ToreHuunan moss TOYEYHOTO 3apsaaa 1 q

b= 4pe, er

TloTeHmman 371eKTpUYECKOTO OISt
METaJUIMUEeCKOH 10JI0H cepbl pagnycoM R
Ha PacCTOSHUM OT LIeHTpa cdhepsl:

Ha TI0OBEPXHOCTH U BHYTPHU chepsbl

(r & R)

—_q

4pe, eR
4
er

BHE cdepsl (> R) i = 1

4pe,
CBs13b MEXXTy HAIPSHKEHHOCTHIO U _dj ' g
MOTEHIIMAIIOM TIOJISt TR E =- grad |
CuJia IPUTSHKCHUS. MEXKLY IBYMS g*
Pa3HOMMEHHO 3apsKEHHBIMH OOKJIaIKaMu = 76 oS
KOH/IEHCaTopa €.
DNEeKTPOEMKOCTb YEANHEHHOTO c =4
MPOBOJHUKA T
DNeKTPOEMKOCTh ChEepUIECKOro C =4pe,eRr
KOHJICHCATOpa
DIIEeKTPOEMKOCTh IIOCKOTO KOHAEHCATOpa c e,eS

_d

9IICKTpOeMKOCTI) napaJjiieJIbHO
COCAMHCHHBIX KOHJICHCATOPOB

C=C,+C,+C,+..+C

n

DIeKTPOoeMKOCTh baTapen

1 1 1 1

MOCJIEA0BATENBHO COEIUHEHHBIX - ==+ + ...+t —
’ 8 c ¢ o, c,

KOHJICHCATOpPOB ’
DHeprus 3apsHKEHHOTO POBOTHIKA cj 2 q 2 qi

w, = == =

0
2 2C 2
DHeprus 3apspKeHHOT0 TIOCKOTO ee, E*?
W, = V

KoHAE€HCaTOopa




OKOHYaHUE TAaOIHIBI

Bennunna wim GU3HUECKUi 3aKOH Dopmyiia
OOBeMHas IIOTHOCT SHEPTUH ee E 2
SIIEKTPUHECKOTO TIOJIS y = 5
Cuna Toka _dq ;-4

t t
IInoTHOCTH TOKA . dl
] = —
das
3akon OMa JJ1s1 y4acTKa enu I U
R

3akon Oma B auddepeHnuansHoi Gopme

r r 1 r
j =sE =—F
r

3akoH /I xoyms—Jlenna

U
A=0Q =I"Rt =IUt =—t
R

3akoH Jxoynsa—Jlenna B W=sE>
1 bepeHmaibHON Gopme ~
TepModeKTpoABMIKYILAs CUIIa _

e=aDT
(v —ynensHas Tepmo-2/1C)
CompoTHBIEHHE OTHOPOIHOTO R = I
MPOBOIHHUKA =r S
Y nenbHas AeKTpHIecKast IPOBOANMOCTh s = 1

r
3aBUCHMOCTb yIEITBHOTO COMPOTUBIICHUS r,o=r,(1+ar)
OT TEeMIIEPaTyphl
[NonHast MOIITHOCTB, BBIISISIONIASCS B IIETIH P =Je
noax
KoaddummenT monesnoro neiicTeus h P, R
HCTOYHUKA TOKA P R+
3akonsl Kupxroga i & n
al =0 alk =a e

IInoTHOCTH DJICKTPUYECKOI'0 TOKa B ra3e
1 B DJICKTPOJIUTE

J=qn,(u, +u )E

2.2. NMpumepbl pelueHnsa 3agay

Ilpumep 1. Toukmii crepxenp mmHOW 20 CcM  HeceT
PaBHOMEpPHO pacrpeaeneHHbIi 3apsaa. Ha mpogomkeHun ocu cTepKHS
Ha pacctostHUM 10 cM OT ONMKHEro KOHIA HAXOIUTCS TOYEUHBIN
3apsa 40 uKi, koTophIii B3aUMOJEHCTBYET CO CTEpXKHEM C CHIIONH 6
MkH. OnpenenuTs TMHEHHYIO IUIOTHOCTH 3apsa/ia Ha CTEpXKHE.



Jano: [ =20 cm; rg =10 cM; go = 40 uKn; F= 6 MxH.
Havimu: 2.
Pemenue.

&
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Puc. 2.1. B3aumopeiicTBHe TOYe€YHOI0 3apsAa U CTEPKHA

Cuna B3auMOJeHcTBUSL F 3apsDKEHHOTO CTEPXKHS C TOYECYHBIM
3apsagoM ¢o 3aBHCHUT OT JIMHEHHOH IUIOTHOCTH 3apsia Ha CTEpIKHE.
3Has 3Ty 3aBUCUIMOCTbh, MOYKHO OTIPEIEITHTS ¢By. [Ipy BRIUMCIIEHUH CHITBI
F cnemyer mMerr B BHAY, YTO 3apsii Ha CTep)KHE HE SBISETCA
TOUYCYHBIM, II0O3TOMY 3aKOH KYHOHa HEMOCPCACTBCHHO TPUMCHATH
Henmb3s. B 3TOM ciaydae MOXKHO MOCTYNUTH CIEAYIOIIMM OOpPa3OM.
Breigenmuts Ha cTepkHe muddepeHITMaIEHO Maldblii  y4acTOK dr ¢
3apsaoM dq. ITOT 3apsl MOKHO paccMaTpuBaTh Kak TOuedHBINH. Torma
cornacHo 3akony Kynona

1 g,tar

dFF =

4pe, r-

WHurerpupyst 3TO BBIpaXXeHHE B Ipeaenax oOT ry 10 7o+ 1,
IOy YNM

ro+l a
o= 9ot éd_:: q,t 2 1 o q,t! ,
4pe() n r 4pe() r() r(b + l @ 4pe(br(b(r0 + l)

OTKyJla UHTEpeCyollas Hac JIMHEeHHasl INIOTHOCTb 3apsja

_Ape,rn(n + 1)
q,! '

t

Bripaszum Bce BenmnmauHbl B equauIax CU:
g, =40 uKn =4 X0 * Kn.

F =6 vkH =6 X0 "° H.

I =0,2 M.



ro, = 0,1 M.
1
4 pe 0
[MoacTaBuM 4YKCIIOBBIE 3HAYEHUS B TONyYEHHYIO (HOpMYIy H
MIPOU3BCACM BbIYHCIICHUS:

=9 X0’ d/m

_0,1%0,1+0,2)> 0"

5 —~ X,53%0°° Ki/m =2,5 aKi/m.
90~ >4 X0 " 0,2

OTBeT: IMHEITHAS IOTHOCTH 3apsiyia Ha cTepkHe 2,5 HKi/M.

IIpumep 2. Tpu HCTOYHUKA TOKA C IIEKTPOABIDKYIIIUMH CHIIaAMHU
e, =1B., e, =2B, €, =3B (oenuHeHbl TAaK, KaKk IOKa3aHO Ha
puc.2.2. ComnporuBneHue pesuctopop B Henu K. =10 Om
R, =20 Ow ., R, =30 Ou, R, =40 OM .  Oupenenurs
HaIPSKEHUE Ha CONMPOTHBIECHHH R;. CONPOTUBJIECHHAMH HCTOYHMKOB

TOKa U COCAMHUTCIIbHBIX IIPOBOIOB npeHereqL.

Jano: e, =1B; e, =2B; e, =3B; R, =10 Om ;
R, =20 Om ; R, =30 Om ; R, =40 Om .
Haumu. Us.

Pemenne. PaccTaBuB mpenmnonaraeMoe HarpasjeHUE TOKOB Y7,
Y, u Y3 B BeTBAX II€MH, COCTABISIEM ypaBHEHHE IO TIEPBOMY IPaBHITY
Kupxroda s y3na 4:

l1,-1,-1,=0. (1)

Puc. 2.2. DnekTpuyeckas uenb



Jlns  xonrypa Ae€:Be.d y de,Be,d  cocrapnsem
ypaBHEHHUS 1O BTOpoMmy mpaBmiry Kupxroda (HampamieHHsS oOxona
KOHTYpa BBIOMpaeM I10 YacoBOil cTpemnke):

I,(R,+R,)- IR, =e, - ¢e; (2)
13(R3+R4)+11R1 =€ - ¢&,. (3)

[lomyunm Tpu ypaBHEHHUS C TpeMs HEW3BECTHHIMH. Mckomoe
nanpsokenue paao U s = IsRs- Tloxcrasnss B ypaBHEHHs YUCIIOBBIE
3HaueHust DJ{C U COpOTUBIICHUMN, TOTydaeM:

I,-1,-1,=0; 70Y,-10Y, =2; 70Y, +20Y, =1.
Pemmm 3Ty cucreMy ypaBHEHHUI:

_W0Yim2 gy gy, =10V,

1 5 :0,05 - 3,5Y}.
10 20

[ToncraBum 5TH BhIpakeHus B ypasHeHue (1):

0,05 - 3,5Y,- 7Y, +0,2-7Y, =0,

OTKyJIa

Y, =0,022 A.

3

CrnenoBarensHo, Us = 0,022A = 30 OMm = 0,66 B.
OTBeT: HalpspKEHUE Ha COPOTUBICHUU R3 paBHo 0,66 B.

2.3. 3apaym KOHTpPOsbHOM paboThl

2.1. Toueunsie 3apsael +10,4=10° Kn u -2,4=10° Kn
HaxonsATcs Ha paccrosHuu 20 cMm gpyr ot apyra. Ha xakom
pacCTOSIHMM  OT  BTOPOrO  3apsga  HEOOXOAMMO  ITOMECTHTH
MIPOM3BOJIBHBIN 3apsif, YTOOBI OH OBUT B PAaBHOBECUH?

2.2. JIBa OIMHAKOBLIX IIAPHKA, 06agaronmx Maccoii 0,6 107 r
Ka)KIIbIH, TIOABCIICHBI Ha MICIKOBBIX HUTAX JuuHON 0,4 M TakK, 4TO UX
ITOBEPXHOCTH COITPUKACAIOTCS. YT0JI, HA KOTOPBIN Pa30LIINCh HUTH IPU
COOOIIIEHNH IIApUKaM OJMHAKOBBIX 3apsimoB, paBeH 60#w. Haiitu
3aps.



2.3. B BepmmMHax TPEYrojbHUKA CO CTOPOHAMH 10 2*1072 M
HaXOIsATCs paBHbIE 3apAbl o 2=107° K. Haiitn
PaBHOIEHCTBYIONIYIO CHJI, JEHCTBYIOIIMX HA 4YETBEPTHIA 3apsn 107
K1, momenieHHbIN Ha cepelnHe OHOM U3 CTOPOH TPEYTroJIbHHKA.

2.4. B nrneMeHTapHOM TeopuH aToMa BOAOPOJA MPUHUMAIOT,
YTO DJEKTPOH BpallaeTcss BOKPYT NPOTOHA IO KPYTOBOW opoOwmTe.
KakoBa CKOpOCTh BpallleHHs 3JICKTPOHA, €CIIH PAaUyC OpOUTHI paBEeH
0,53=1071% m?

2.5. JIBa OQMHAKOBBIX LIapUKa paguycoM 1o 1,7 cM noaBeIieHbl
Ha MIENKOBBIX HUTAX mmuHOM mo (0,7 M k omHOM Touke. Ilpwm
COOOIICHUH IIIapHKaM 3apsiioB IO 2x10° Kn autn pa3olUIMCh Ha
yroia 90o. KakoBa mioTHOCTh MaTepuana mapuKoB?

2.6. Ha nByX OIWHAKOBBIX Kalleabkax Macia Haxomutcs mo 100
JUITHUX ~ 3JeKTPOoHOB. CHia  3IEKTPUYECKOTO0  OTTAIKUBaHUSA
YPaBHOBEIIMBACTCS CHIIOM WX B3aMMHOTO TAroteHus. Haiitm oObem
KaXI0M KamelbKy, eclId II0oTHOCTh Macia 0,9 X 103 kr/m>.

2.7. ]IBa 3apsamga B3aMMOACWCTBYIOT B BaKyyMeé Ha PacCTOSHUHU
2,2X1072 M ¢ Takoii ke CUIIOH, Kak B TpaHC(HOPMATOPHOM Macie Ha
paccrostnun 1,48 cm. KakoBa ausnekTpuyeckas MNpPOHULIAEMOCTb
TpanchopmaTopHOTO Macya?

2.8. lIBa mapuka maccoit mo 0,5 r moJBenIeHbl Ha IIETKOBBIX
HUTSAX JUIHHOM 1o 1 M k omHoi Touke. [Ipu cooOmiennn mapukam
3apsAoB OHW pasonumch Ha 4 cM. OmNpemenuTh 3apsa KaxIaoro
[IapuKa.

2.9. BauciuTh yCKOpeHUe, cooOIIaeMoe OJAHUM AJICKTPOHOM
IpyroMy, HaXOIsAIIeMycs OT TIEPBOTO Ha PacCTOSTHAN | MM.

2.10. lapuxu maccoit 1 r u 10 T 3apspkeHbl. 3apsan MEepBOTO
mapuka — 3X 107* K, a 3aps BToporo Hajgo onpenenuts. M3secTHo,
YTO CHJIa X KYJIOHOBCKOTO OTTaJIKHUBAHUS YPaBHOBEIINBAETCS CHUJION
B3aMMHOT'O TSTOTEHUS.

2.11. CkonbKO 3JIEKTPOHOB COAEPKUT 3apsii MbUIMHKA MacCcou
107"" kr, ecnM OHa YAEPKUBAETCA B PABHOBECUM B T'OPH30HTAIBHO
pacIoJIoXKeHHOM — IIJIOCKOM — KoHJleHcaTope? PaccrostHume MexmIy
oOKJlaJIkaMl KOHJCHcatopa — 1 CM, pa3HOCTh IOTCHIMAJIOB Ha
ooxitankax — 100 B.

2.12. DnexTpoH ABMXKETCSA MO HAIMPABICHUIO CHUJIOBBIX JIMHUHI
OHOPOITHOTO SJEKTPHUIECKOTO TOJISI ¢ HampsDKeHHOCThIo 2,4 B/cM.
Kakoe paccrosHre OH TPOJNETUT B BaKyyMe JI0 ITOJIHOM OCTaHOBKH,



eciau ero HadaimbHas cKopocTh 2000 km/c? CKOJNBKO BpeMEHHU Oynmer
JUTUTHCS TIOJIET?

2.13.B BepmmHaX pPaBHOCTOPOHHETO TPEYTOJbHUKA CO
CTOpOHOM 4 M Haxoumdrcs paBHble 3apsasl 1o 3X107° K.
OnpenenuTe HaNpsSHKEHHOCTh MMOJIA B TOYKE, JIEKAIled Ha cepeluHe
CTOPOH TpPeyroibHUKA?

2.14. PaccrossHMe MEXIy JOBYMS TOYCYHBIMH  3apsaaMu
+3,3%107 K u —3,3X1077 K pasro 1 cm. Haiitn HanmpssKeHHOCTh
Mojii B TOYKE HA CEPEeIUHHOM MEePIeHAUKYJIIpe K OTpE3KY,
coeAMHsAIONIEMYy 00a 3apsija, Ha PacCTOSIHUM | CM OT OCHOBaHHS
MEepPHEeHANKYJIISIpa.

2.15. 3apsabl, HaxonsIIMECs Ha ABYX JUIMHHBIX HapajulelIbHbIX
HPOBOJAX, CO3MAIOT JMHEHHYIO IIOTHOCTL 6X 107 Ki/m. PaccTosHue
Mexy npoBogamu — 20 cM. HaifTn HampsKeHHOCTH AIIEKTPHYECKOTO
TOJISL, CO3JJTAHHOTO B TOUKE, yaTeHHON Ha 20 CM OT KaXKJI0T0 MPOBO/A.

2.16. Illap ¢ 3apsaom 2X10° Kin umeer morenmman 1800 B
W ONylleH B KepocuH. HaliTh HanmpspkeHHOCTb, WHAYKLIHIO U
MOTEHIIUA B TOYKE IIOJIA, YJAIEHHOW OT MOBEPXHOCTH Imapa Ha 10
cM.

2.17. l1Be napaJjuielibHble METAJIIINYECKUE TUTaCTHHEI,
pacroioKeHHbIe B TUDIIEKTPUKE c JTUDIIEKTPUUECKOM
NPOHULAEMOCTBI0 2,2, 00NafaloT TMOBEPXHOCTHOH IIOTHOCTBIO
sapsaa 3 u 2 Ku/m%. OnpenenuTh HANpPsSKEHHOCTh W MHIYKIMEO
AIEKTPUYECKOTO ITOJISI MEXTy IJIACTHHAMY M BHE TUTACTHH.

2.18. K 1ByM O4Y€Hb JMHHBIM TapajuiebHbIM IJIaCTHHAM
npujiokeHo HampsbkeHne 6 xkB. IloBepxHOCTHas MIOTHOCTH 3apsiOB
Ha 1wiactuHax — 3,2X107° Ki/m?. Onpenenuts paccTOSHHE MEXITy
MJIaCTUHAMMU.

2.19. Haiitu Monynsp W  HampaBlieHHE  HANPSHKECHHOCTH
5JIEKTPUYECKOTO TIOJISA, CO3AaHHOTO TouedHbIM 3apsaoM 10X 107 K u
OECKOHEYHO UIMHHOW 3apsDKEHHOW HHUTHIO C JMHEWHOW TUIOTHOCTHIO
sapsaga 0,5X107° Kin/M B Touke, yaaneHHOM OT 3apsjga Ha 4 ¢cM H OT
HUTHU Ha 3 cM. PaccTosiHre MEXKTy 3apsaIoM U HUTBIO — 5 CM.

2.20. Yemy paBHa HampsKEHHOCTb IOJS B LIEHTPE KBajpaTa,
B BEPIIMHAX KOTOPOTO MOCJIEI0BATEIHHO PACIIONOKEHBI 3apsbl 1, 2, 3
u 4 Kn (cropona kBajspara — 10 cm)?

2.21. [IpoTOH, HOBUTAsACh B JIIEKTPUYECKOM IIOJIe, MPHOOpen
ckopocth 400 m/c. Kakyio yCKOpSIONIyI0 pa3HOCTh MOTEHIIUAIOB OH
nposeren?



2.22. sazapsaga 107 u 107® Kit maxonsares Ha pacctosuuu 40 cm
onuH ot apyroro. Kakyro paboTy Halo COBEpUINTH, YTOOBI COTH3UTH
HX JI0 paccTosHUA 15 cm?

2.23. Onpenenuth MOTEHIIMAT TOYKM IO, HAXOMISIICHcs Ha
pacctosaud  5X102 M OT LEHTpa 3apsyKEHHOrO IIapa, eclM
HANPSOKEHHOCTD TIONS B 3ToM Touke 3X10° B/m. Onpenenuts 3aps
mapa.

2.24. JIBa paBHBIX TouewHbIX 3apsnga mo 10° Ku kakibiii
Haxonarca Ha paccrossHuu 100 cm apyr ot apyra. Berumcnute
HampsOKEHHOCTh M TOTEHIMAl B TOYKE TIIOJS, HAxXOJsIIedcs Ha
CEpEeIMHE PACCTOSIHUS MEXTy 3apsIaMH.

2.25. 3apsag — 12,2X107° K1, cocpemoTOUeHHBIH Ha MBUIMHKE,
NPUTATHBAETCS K PABHOMEPHO 3aPsKEHHOM TIIOCKOCTH IIOIIABIO 2 M2
¢ sapagoM 107 Ki. Onpenenutb, Kakoe pPacCTOSHUE MPOJIETENA
NBUIMHKA, €CITM paboTa, COBEPIIEHHAs MOJIEM, paBHa 56X 1073 k.

2.26.B mnone 3apama 2,223X10° Kn mnepememaercss 3apsn
3x10°® Kn. Beluucnuth paboTy, COBEpPIIAEMYIO IIOJIEM, €CIH
NepeMelIeHne MPOUCXOAUT MEXIY TOUKaMHU C HampsKeHHOCThio 400
1 2X10* B/m.

2.27. PaBHOMEpHO 3apspKeHHass OECKOHEYHO MPOTSIKCHHAS
IUIOCKOCTh C MOBEPXHOCTHOM IIOTHOCTHIO 3apsaa 4X107° Ku/m? u
Toueunsiii 3apan 107 K naxomarcs Ha paccrosauu 0,5 m. Kakyro
paboTy HaO COBEPITUTE, YTOOBI COMM3HUTH UX 10 paccTosHust 0,2 M?

2.28. Konzpencarop ¢ mnapauHOBBIM IHAJIEKTPHKOM HMEET
eMkocTh 4,42X 107! @ u 3apspken 10 pasHocTu noreHnuanos 150 B.
HanpsbkeHHOCTH ~ TIOJs  BHYTpM — KOHzaeHcatopa 6X102  B/wm.
OnpenenuTs IJIOMIANb IUIACTHHBI KOHAEHCATOPa, JHEPTHIO TIOJS
KOHJIEHCaTopa U MOBEPXHOCTHYIO IUNIOTHOCTH 3apsA/a Ha IIaCTHUHE.

2.29. PacctosHue MEXIY TJIACTHHAMH CITIOJITHOTO
KOHJeHcaTopa 2,2 MM, a IUIOMaab KaKIOW MIACTUHBI — 6X107* M2,
[Mnactunel nputsarusatorcs ¢ cuior 0,4 MH. Onpenenuts pasHOCTBH
MOTEHIIHAIIOB MEXAy IUIACTHHAMH W JJIEKTPUYECKYI0 EMKOCTh
KOHZIEHCaTOopa.

2.30. B TOpU30HTAIBHO PaCcHOI0KEHHOM IIIIOCKOM BO3IYIITHOM
KOHJIEHCATOpE B PaBHOBECUHU YJEP)KUBAIOTCSA MBUIUHKU C 3apsSaoM
4,8x107" K. KakoB BeC NBUIMHKH, €CJIM PAa3HOCTH IOTEHIIUAIOB Ha
wiactuHax 60 B, a paccrosuue mexay Humu — 12X107° M? Kakosa
WHIOYKUUs noJis?



2.31. Haiitu 3HEPIUIo MOJISPU30BAHHOTO CITIOJISTHOTO
MADJICKTPHUKA, HAXOJAMIETOCS B KOHACHCATOPE, €CIIA IUIOIIAIb
IUIACTUHBI KOHJAEHCATOpa 25 cM%, TOJNIIMHA AUBJIEKTPUKA — 9 MM U
TJTACTUHBI 3aPSKEHBI 10 HanpsiKkeHus 2 kB.

2.32. Ha xoHLIaX NpOBOJHUKA JUIMHOW 3 M MOJAEpPKUBACTCS
pazHocTes noreHuuanoB 1,5 B. KakoBo yzaenbHOe CONpPOTHBICHHE
HPOBOJHMKA, €CIIH IJIOTHOCTh TOKa 53X 10° A/M??

2.33. ICTOYHUK TOKa, WMEIONMUN D3JIEKTPOABIDKYIIYIO CHITY
150 B u BuyTpennee comnpotupieHus 0,4 OM, mUTaeT TOKOM JECITh
namn compotuBieHueM 1mo 240 OM u [ATh JIaMIl CONPOTHBICHUEM
145 Om kaxnas. JlaMmbl coeIMHEHBI MapajieabHO, COMPOTUBIICHUE
MOABOAIMUX IPoBOAOB — 2,5 Om. HailTu HanpspkeHue, 1o KOTOpbIM
HaXOISTCS JIAMIIBI.

2.34. Tpu rampBanmdeckux demenTa ¢ D1AC 1,3; 1,4 u 1,5 B
Y BHYTpeHHUM compoTuBieHneM 0,3 OM KaxIblii COETUHEHBI
napajuieIbHO U 3aMKHYTHI BHEIIHUM conpotubiicHruem 0,6 Om (puc.
2.3). Ompenenutsb CHITy TOKa B K&KIOM dJIEMEHTE.

2.35. Hanpsbxenue Ha mMHAX osnekrpoctaHuuu — 10 kB.
Paccrossane o motpebutens — 500 kM (IMHHS IBYXIPOBOIHAS).
Craammsi OJDKHA mepenarh morpedurento momHOcTh 100 BT,
Ilorepn HampspkeHHs Ha TPOBOJAX HE JOJDKHBI NpeBbIaTh 4%.
Boluncnute miomanbk CeueHuss MEIHBIX IPOBOJOB Ha Y4acTKe
ANEKTPOCTAHIUS-TIOTPEOUTENb.
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Puc. 2.3. CxeMma 3/1eKTPUYeCKOil HenHu K 3agaye 2.34

2.36. B »nexTpoHHON JaMIie TOK HJAET OT METauIMYeCKOro
MWIMHAPA K HUTH, PacTIOI0KEHHON BHYTPHU HEro 1o ocu. OnpeaennThb
TUIOTHOCTh TOKa BOJIM3M HUTU W BOJNH3M IMIMHAPA TIPH CICAYIONINX
YCIOBHSIX: CHJIa TOKa — 3 MA; IiMHA HUTU B LUAJIUHApPE — 2,5 cM;
nmuametrp aute — 0,02 MM; quamMeTp nuuHapa — 1 cM.



2.37. ImeeTcs  MOTOK  MEOHOH  TPOBOJIOKH  IUIOLIAJABIO
nonepeunoro ceyenus 0,1 mm?. Macca Bcell npoBonoku — 0,3 Kr.
OnpenenuTs COMPOTHUBICHHWE NPOBOJOKH. IlmoTHOCTE Meam —
8,9%x 107 xr/v’.

2.38. Kakoe HanpsKeHUE MOXKHO JIaTh Ha KaTyUIKY, UMEIOIIYIO
1000 BUTKOB METHOTO MPOBO/IA, CO CPETHUM JUAMETPOM BUTKOB 6 CM,
€CIIM JIOMYCTUMas TUIOTHOCTh TOKa — 2 A/MM>?

2.39. AkkymynsaTop 3aMBIKACTCS ONMH  pa3  TaKuUM
COTIPOTHBJICHHEM, YTO CHJa TOKa paBHA 3 A, BTOpOH pa3 TakuM
COTIPOTHBJICHHEM, 4YTO cmjia Toka paBHa 2 A. Omnpememuts DJ1C
AKKyMYJISITOpa, €CITM MOINHOCTh TOKa BO BHEIIHEW Lemu B 00OUX
CIly4asx OJUHAKOBa, a BHYTPEHHEE COIPOTUBICHHE aKKyMYyIsTopa
paBHO 4 OM.

2.40. CkoabpKO JIaMIT MOIITHOCTBIO o 300 BT,
NnpeAHa3HAYCHHBIX 171 HanpsbkeHus 110 B, MOXHO yCTaHOBUTH
MapajuieIbHO B 3JaHWH, €CIH ITPOBOJKA OT MAarvucTpajid clellaHa
MEIHBIM TpoBogOM uHOW 100 M W TUIOMAABIO TOMEPEUHOTO
ceueHust 9 MM, a HaNpsHKEHKWE B MarucTpanu pasuo 122 B?

2.41. JIea ucrounnka Ttoka ¢ OJIC 4 u 6 B 1 onuHaKOBBEIMH
BHYTPEHHUMH CONPOTHUBICHUSIMH 4 OM BKITIOYEHBI MapajjiebHO C
pesuctopom compoTuBierHueM 4 Owm (puc. 2.4). OnpeaenuTs CHIIbI
TOKOB, UAYIINX YepPe3 PE3UCTOP U AIEMEHTHIL.

242.B menm (puc. 2.5) BHYTpPEHHHE COIPOTHUBIICHUS
UCTOYHMKOB TOKa 1 = 1,5 OM; 7, = 0,5 Om; DJIC i, =50 B; i, =10
B. Haiitu compotuBnenue R;, 0pH KOTOPOM cCHJIA TOKa B
COTIPOTHBJICHNHU R paBHA HYJIIO.

2.43. JIpa amementa ¢ DJIC 2 u 1 B coeauHeHbI MapauieabHO
(puc. 2.4). TlapamnensbHO K HHUM  TIOAKIIOYEH  PE3UCTOP,
COTIPOTUBJICHHE KOTOPOTO HEOOXOJMMO OIpeneNnuTs. BHyTpeHHUE
COTIPOTHUBJICHHS 3JIeMEHTOB cooTBeTcTBeHHO 0,5 1 0,2 Om. M3BecTHO,
YTO Yepe3 MEePBbIi IEeMEHT MPOXOIUT TOK CHIION 2 A.
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Puc. 2.4. Cxema 3nekTpuyeckoii nenu k 3agauam 2.41, 2.43
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Puc. 2.5. Cxema 3j1eKTPUYECKOil 1eNu K 3aga4yam 2.42, 2.46
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Puc. 2.6. CxeMa 3/1eKTPUYECKOil Henu K 3agaye 2.44

R,
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Puc. 2.7. Cxema 3JjIeKTpHYeCcKOi enu K 3ajgayve 2.45

2.44. Haiitu crily TOKOB BO BCEX y4YacTKaXx ILIETH, COCTaBICHHOM
Mo cXeMe, OKa3aHHOM Ha puc. 2.6, eciii il =3 B; i, =4 B; ;=5
B; R = 8 Om; R, = 3 Om; R; = 1 Owm. BHyTpeHHHMH
COTIPOTUBJICHUSIMU UCTOYHUKOB TOKa IIPEHEOPEUb.

2.45. IBa snemMeHTa ¢ BHYTpeHHUM conpotuBieHueM 0,5 Owm
u D/IC 1,5 B kaxnplil coelMHEHbI NapajuleIbHO U 3aMKHYTHI Ha JBa
MapaJIeIbHO COCTUHEHHBIX MPOBOJHHUKA C CONMPOTHBICHUSAMH 1 U 3



OM (puc. 2.7). Haiftu cuity Toka B IpOBOJHUKE C COIPOTUBIICHUEM 3
Owm, eciu COTIPOTUBIIEHHE COSTUHUTEIHHBIX TPOBOIOB 4 OM.

2.46. Haiitu TOKH B BeTBAX 1en (puc.2.5), ecnu il | =4 B; i, =2
B;:Ri=50M;R,=100Mm; 7, =r,=1OmM.

2.47. TpamBaiinblii BaroH notpednser Tok cuiaoi 100 A mpu
Hanpspxkeann 600 B u pasBuBaet Tary 3 kH. Ompenenutb ckopocTh
JBUKEHUSI TPaMBasi HA TOPU3OHTAIBHOM ydacTke myTH, eciau KIIJI
anextpojBurarens Tpamsas 80%.

2.48. O6MOTKa 3JEKTPOMarHUTOB B JMHAMO-MalllMHE CAejaHa
n3 MegHoro mpooza u npu 100C umeer comportusienue 14,2 Owm.
IIpu pabote compoTuBIeHHE OOMOTKH MOBBICHIOCH 10 16,5 Om.
Kakoti cranma remmeparypa oOMOTKH?

2.49. DnekTponedb MOJDKHA BBEIIAPWBATH 32 5 MHH 1 JT BOIHI,
B3sTor mpu 200C. OmnpemenuTs UIMHY HUXPOMOBOW IPOBOJIOKH
C WIOIIA/IBIO MONEPEYHOro ceuenus 0,5 MM, ecit T1eub paboTaeT Mo
HanpspkenueM 120 B u ee KITZ 80%7?

2.50. B mMeaHbIX MIMHAX C IUIOMIAJBI0 IMOMNEPEYHOTO CEUCHUSA
25 cM? TedeT TOK cmimoit 250 A. OnpenenuTe KOJIUYECTBO TEILIOTHI,
BoLIEssTIONIElCa B 1 M® 3a 1 c.

2.51. DnexTpruyeckas JaMIIO4YKa HaKaJIMBaHUS MOTPEOIISET TOK
cwioit 0,2 A. Jluamerp Bomb(ppamoBoro Bosocka — 0,02 wmwm;
TemmepaTypa Bosiocka npu ropeHud jamnsl — 20000C. Ompenenutsb
HaIPSHKEHHOCTH SJIEKTPUYECKOTO TOJIS B BOJIOCKE.

2.52. B Xele3HOM MNPOBOJHUKE MJIWHON 2 M U IUIOWAAbIO
nonepeunoro ceuenus 0,4 mm?> upger Tok. Ilpu stom 3a 1 Mum
Begensiercs 48 [k TemmoTrel.  OmpenenuTh  HANPSDKEHHOCTH
3JIEKTPUYECKOT0 Ol B TPOBOJAHUKE.

2.53. Onpenenuth  IUIOTHOCTh  DJIGKTPHYECKOTO TOKa B
JKEJIE3HOM TIPOBOJIHUKE, €CIIM TEIUIOBAs SHEPTHs, Bbiaensemas B 1 >
3a 1 ¢, paua 9,8%x10* VERVS

2.54. Ha xoHIax MPOBOJHUKA [IMHOW 6 M TOJIEpP>KUBACTCA
pazHocte noreHuuanoB 120 B. KakoBo ynmenpHOE CONpOTUBICHUE
NPOBOJHUKA, €CIIHM IUIOTHOCTH TOKa B HeM 5X 1078 A/m??

2.55. B uemnp ranpBaHOMeTpa BKJIIOYEHA TEPMOIapa, COCTOALIAs
U3 MEOHOW M KOHCTAaHTAHOBOM MPOBOJIOKKM [JIMHOW mo 1 M u
nuametpoM 0,2 mMm. Ha CKOJIBKO JI€JIeHMM OTKJIOHMTCS CTpeJiKa
rajlbBaHOMETpa, €CIM chmail Tepmomapbl Harpetb Ha 500C?



BuyTpenHee  conpoTuBieHue ~— TaimpBaHoMeTpa — 50 Owm;
4yBCTBUTENBHOCTh raibBaHomerpa — 10° A/men; ynenbHas
tepmoIIC Tepmormapsr — 40 MmxB/K.

2.56. TepMo31€MEHT, COCTOSIIMKA M3 Maphl Melb-KOHCTAHTaH,
umeer yaenabHyo TepModJIC 105 B/K. Omnpenenurb pasHOCTH
TEMIIEpaTyp  CIIaéB  TEPMOIJIEMEHTa, €CIM  COIPOTHUBIICHUE
TepMOdJIEMEHTa | MoABOASIIUX TpoBoaoB 40 Owm. ["ampBanomerp,
BKJIIOUCHHBII B LENb TEPMODJIEMEHTa, MOKa3bIBaeT TOK CHIOH 7,8
MKA; conpoTuBiieHue raibBaHomerpa — 320 Om.

2.57. OnpenenuTh KOHIIEHTPAITUIO YJIEKTPOHOB B METAILJIE, €CITH
UX JUIMHa cBoOomHOro mpobGera 7X107° M, cpemHss CKOpOCTH
XA0THYECKOTO ABIKEHHs — 10° M/c, yenpHoe COPOTUBIIEHHE METalIA

107 OMX M.

2.58. HaiiTu uncio HOHOB, 00pa3yrOIIUXCs IPH PEHTTCHOBCKOM
o0nyyennn B 1 M® Boszmyxa 3a | C, €CliM IUIOCKUE DJIEKTPOJIbI
HaXOAITCA Ha PAcCTOSHUU 25 cM JIpYr OT Apyra; ux rwiomans — 400
cM?; cuta Toka B ey — 8X 1078 A. VIoHBI cuuTaTh OTHOBAIEHTHBIMH,

2 2
S = 1.91X10% 5

2.59. B pa3pagHoii TpyOKe MOSIBHJIOCH CBEYCHHE BOJOPOAA.
KakoBa CKOpOCTb 3JIEKTPOHOB, BBI3BABLIMX HOHU3ALMIO AaTOMOB
Bogopona? [loTenmnuan noru3anuu Bogopoaa — 13,6 B.

2.60. I1pu moHM3anuu BO3IyXa OOpPa30BAIKUCH OJTHOBAJICHTHEIC

2

UX HOABMKHOCTD #y = 1,38 X107

HOHBI C NOABMKHOCTAMH u; = 1,38X107%, w_ = 1,91x10™* B

Onpenenurs HANPSHKEHHOCTh DIIEKTPHYECKOTO TMOJSA B BO3LYXE, €CIIH
KoHIIeHTpanus noHos 1,2X 10" M3, a mrorHOCTH TOKA 1,3X107° A/M2.



3. AneKkTpomMarHeTusm

3.1. OcHOBHbIe (hOpMyIibl U 3aKOHbI

Bennunna mim GU3HUECKU 3aKOH Dopmyiia
MHaykuust MarHUTHOTO TOJIS B =mmH
3akon brno—Capapa—Jlannaca Idl sin a

dH = —_—

4pr
HanpspkeHHOCTH MarHUTHOTO OIS, 7
CO3/IaHHOI'0 OECKOHEYHO AJIMHHBIM H =——
MPSMBIM IIPOBOAHHUKOM C TOKOM 2pR
Hanps>keHHOCTH MarHUTHOTO OIS, _
CO03/1aBa€MOI'0 OTPE3KOM IIPOBOJHUKA - ry (cos a, - cos a,)
HanpskeHHOCTh MAarHUTHOTO TIOJIS B I
LIEHTPE KPYTOBOTO TOKA A = 2R
Hanps>keHHOCTh MArHUTHOTO MTOJISI BHYTPH
TOpouia 1 OECKOHEYHO JUTHHHOTO H =1In
COJICHOM/IA
HanpspkeHHOCTh MarHUTHOTO OIS, gv sin a
CO37[aBaCMOT'0 IBIXKYILIIUMCS 3apSA0M - 4pr 2

upkynamnus BeKTOpa HAIPSKEHHOCTH
MarHUTHOTO TIOJIS

r — g
@ffdl cos( H, dl) =g 1,
i=l

Cuia B3aMOIEHCTBUS IBYX

N mm,/ 1,/
NPAMOJIMHEHHBIX MapalIebHBIX =—21 =
MIPOBOJHHUKOB ¢ TOKOM 2pr
3akoH AMIiepa dFF = BIdl sin a

Cuua Jlopeniia

F =gqvB sin a

MexaHn4eckuii MOMEHT, IeHCTBYIOLIUIT Ha
KOHTYP C TOKOM

M

=P, Bsin a




OKoHuYaHuEe TaOIHUI B

Benvunna win GU3HYECKHii 3aKOH Dopmya
MarsuTHelli MOMEHT KOHTYpPa C TOKOM P, =1IS
MarHuTHbIN IOTOK OJHOPOAHOTO

JIHOpOA @ =BS cos a
MarHUTHOTO TOJIS
TloToKocHEeIIeHe Y =NO
OCHOBHOMH 3aKOH AJIEKTPOMAarHUTHOH N do dyY
UHAYKLIAU P d dt
DJIEKTPOABIKYILAS CHIa CAMOMHAYKIHH e I dl
‘ dt
ToToKOCIHEIIEHHE CONEHOMAA Y =11
WHyKTHBHOCTB COJIEHON 1A L =mmyn 2IS
Konuuectso anexrpuyecTsa, DY
MPOTEKAIOIIETO B KOHTYPE MPU U3MCHECHHU =- N
MAr"guTHOI'O ITOTOKA
Pabora mo nepemerieHn0 MPOBOAHNKA
C TOKOM M KOHTYpa ¢ TOKOM B MArHUTHOM A=ID®
moJe
DHeprus MarHUTHOTO OIS LI?
W m = 2
O0beMHas MIIOTHOCTh SHEPTHU mm, H
MarHuTHOIO IO w, = P
Dopmyna TomcoHa I =2pAd/LC
CBS3b IJTMHBI SJIEKTPOMAarHUTHOM BOJTHBI | =T

C TIEPHOJIOM

CKOpOCTb pacpOCTPaHEHUs.
9JIEKTPOMAarHUTHBIX BOJIH B CpeJie

3.2. NMpumepbl peieHna 3apayd

Ipumep 1. W3o0nupoBaHHBI TPSAMOJIMHEHHBIA TPOBOJIHUK
M30THYT B BUJE MPAMOTo yria co cropoHoit 20 cM. B miockocTu yria
MOMEILleH KONbLEBOH MPOBOAHUK paanycoM 10 cM Tak, 4TO CTOPOHEI
yria SBISIOTCS KacaTenbHBIMH K KOJbIy. HaliTh HampskeHHOCTh
B IIeHTpe Kojbla. Cuiia TOKOB B YIJIOBOM M KOJIBIIEBOM ITPOBOJHHUKAX
paBHa 2 A. BnusiHue nonBoAsSMIKMX MIPOBOJOB HE YUUTHIBATD.

Jano: [=02m; R=0,1 M; B, =B, =45% =L =2A.

Haumu: H,.

Pemenne. HanpsokenHocts dH B 3aJaHHON TOYKE TIOJS,

co3jaBaeMas 3JIEMEHTOM TMpoBOAHMKA d/ Cc TOKOM (TIPOBOJHHK



UMeeT MPOU3BOJBHYI0 KOH(PUIYpALUIO) ONpeAessieTcs 3aKOHOM
buo—Casapa—Jlannaca:

_Idl sin a

dH -
4pr-

1
rae ' — paanyc-BeKTOp, NMPOBEACHHBIN M3 AJIEMEHTa TOKa B TOYKY,
B KOTOpOH ONpEleNsieTcss HaNpsKEHHOCTh, v — YOI MEXIy
—_— 1

BeKkTOpamu dl u " -
Hampasnenne HanpsKeHHOCTH MNEPHNEHAUKYISIPHO IUIOCKOCTH,
1

comepxaieil d u ' > ¥ ONPELEISeTcs IPaBUIOM [PABOTO BHHTA.
Hampumep, B 1ieHTpe okpyx)HOCTH (pHC. 3.1) HAIPSHKEHHOCTH OT BCEX
JJIEMCHTOB TMEPIICHANKYJIAPHBL IINIOCKOCTH OKPYXHOCTHU u
HaIpaBJICHBI 33 TUIOCKOCTh PUCYHKA.

Puc. 3.1. [IpoBOTHUKH C TOKOM

HamnpspkeHHOCTP MarHUTHOTO TOJSI, CO3aHHOTO KOJIBLIEBBIM
MIPOBOJHUKOM PafuycoM R, B €ro LeHTpe

Tg—
2R

HanpsokeHHOCTh MarHMTHOTO TIOJS, CO3/IaBa€MOT0 KOHEYHBIM
OTpe3KOM A B psIMOro IMPOBOAHUKA HAa paccTostHUH R OT Hero (Touka O
puc. 3.2), paBHa

1
H_ = (cos a, - cos a,).
4pr )

Oty dhopMyIiTy B JaHHOM ciIydae yIoOHee 3amucarh B BUIC



1
4pr

H =

. (sin b, +sin b,).

Puc. 3.2. K onpesaejieHHI0 HANPS>KEHHOCTH MOJIs1 0TPe3Ka MPOBOAHUKA

Hanpaenenue HampspkeHHOCTH mosig B Touke O, cO3MaHHOM
KaXII0OW W3 CTOPOH yIJa, MEPIEHAMKYJISIPHO MIOCKOCTH, B KOTOPOM
JISKUT MPOBOJHUK M R (HaNpsOUKEHHOCTh HAIPABJIEHA 3a IJIOCKOCTh
pHUCYHKA).

ITo ycnoBuio 3amaud Ui KaXIOW CTOpOHBI P; = [, = 45°
HaNpsDKEHHOCTh OT ABYX CTOPOH yIJIa COCTaBISIET B COOTBETCTBUH
C TIPUHITUIIOM CYIIEPIIO3UITUH TTOJIeH

I &2 2

N

H =2 .
2pr

"“ 4pr § 2 2

9
Ecnu HalpapJICHUA YTJIOBOI0O M KOJBILIECBOIO TOKOB COBHAAAOT

(puc. 3.1), TO pe3ynbTUpyOIasi HANpsDKEHHOCTh B LIEHTPE KOJIbIA
paBHA CyMME Halps)KEHHOCTEM:

H =H + H

0, np K

_LE, 70
2R é P &

B cnywae, korga B MecTax KacaHHs TOKM B KOJIBLEBOM H
YIJIOBOM  DIPOBOJHMKAX  IPOTUBOIOJIOKHBI,  PE3YJbTUPYIOLIAs
HaHpﬂ)KeHHOCTB
e V20

H, =H,-H, =—C¢I
2 ‘ ! 2R P 5

OTBeT: HanpsHYKEHHOCTh MAarHUTHOTO MoJs B Touke O MpH
COBMAJICHUM HaIlpaBIICHUI TOKOB paBHa 12,2 A/M, a B ciydae
MIPOTHUBOITOJIOKHOTO HAMPABJIECHUS TOKOB — 7,7 A/M.



IIpumep 2. B 0oZHOPOOHOM MAarHUTHOM IOJIE C MHAYKLHEH
1 Tn paBHOMEpHO BpamaeTcs pamka, coaepxarmmas 1000 BHUTKOB.
[Tnomans pamku — 150 cm? Pamka nemaer 10 06./c. Onpenenurs
MrHoBeHHOe 3HaueHue J[C, COOTBETCTByIOIIEe YINIy IIOBOPOTA
pamku B 30°.

Jano: B=1Tn; N=1000; S =150 cmM?> = 1,5=102 Mm%, v = 10
¢l v =30°.

Haiimu: il.

Pemenue. MraoBeHHOE 3HaUECHHE DJ1C WHIYKIUU
ONPEAECIISETCS 3aKOHOM JIEKTPOMarauTHON unaykuuu dapanes:

dY do
e, =-—=-N—,
dt dt
e Y — TOTOKOCIeIUIeHHe; @ — MarduTHBIA  TOTOK,

MIPOHU3BIBAIOIIUI PAMKY; /N — YHACIIO BUTKOB B PAMKE.
[Ipu BpameH paMKyi MarHUTHBIN NOTOK D, IPOHU3BIBAIOIINI
paMKy B MOMEHT BPEMEHH ¢, U3MEHSETCA MO 3aKOHY

@ = BS cos WI,
rae B — MarHuTHas MHAYKUMA; S — IUIOIalb paMKy; [ — Kpyroas
(W1 IKIIMYecKast) 9acToTa.
loncrasue B dopmyny DOJAC 53T0  BbpakeHHE H

npoauddepeHIUPOBaB IO BPEMEHH, HAWIEM MIHOBEHHOC 3HAYCHHE
O/C unaykmm:

e. = NBS wsin wWt.

i

KpyroBas wactora [ cBs3aHa ¢ 4ncioM 000pPOTOB B CEKYHIY V
COOTHOIIICHUEM

W =2pv.
HOZ[CTaBHSIH 3Ha4YCHHE [ , IOJIyUYUM
e, = 2pVvNBS sin wt.

[Ipoussenem pacuer, yuurtbiBas, uto v = [ =30

e, =2>3,14 X0 W0’ X X,5 X0 0,5 =47,1 B.



OtBet: MruoBenHoe 3Hauenue DJIC unnykuuu 47,1 B.
3.3. 3agaum KOHTponbHOM paboTbl’

3.1. Pamka nuamerpom 6 cm coaepxuT 100 Butkos. Ilnockocts
BUTKOB COBIIAJa€T C HANpaBJICHUEM HAIPSIKEHHOCTH OIHOPOIHOTO
MarHuTHOTO TMOJisA, paBHOW 15 A/m. Kakoli Bpamaronmii MOMEHT
JIeHICTBYEeT Ha paMKy IpH cuiie Toka B Hell 10 A?

3.2. Hopmanbs K IUIOCKOCTM paMKH cocrtaBisier yroa 30° ¢
HaIpaBJIeHHEM OJHOPOAHOTO MarHuTHoro mond. [lox kakum yriom
YCTAaHOBWJIACh paMKa IO OTHOLIEHWIO K TOJII0, €CIM Bpalaroliui
MOMEHT, ACUCTBYIOIIUNA Ha paMKy, ymeHblmica B 10 pa3? Pewenue
MOSICHATH PUCYHKOM.

3.3. HampspkeHHOCTH MarHuTHOTO moiist — 50 A/m. B aTom mone
HaxoOUTCs CBOOOJHO BpallAlOUIascs IUIOCKas paMKa IJIOMIAAbIo
nonepeunoro cedenus 10 cm?. TINOCKOCTh paMKK BHavaje COBMAaa
C HampaBJIeHHEM MHAYKLWHU MOoJiA. 3aTeM M0 paMKe KPaTKOBPEMEHHO
MPOMYCTUIIM TOK cUiol 1 A, W paMKa MOJydnsa yIriIoBOE YCKOpEHUE
100 ¢ 2. CynTas yCIOBHO BPAILAIOIIMA MOMEHT MOCTOSHHBIM, HAWTH
MOMEHT MHEPIIUHN PaMKH.

3.4. Ilnockas kpyrmas pamka auameTpom 10 cMm HaxoauTcs
B OJHOPOZHOM MarHMTHOM moie. Ilo pamke mpoTekaeT TOK CHIIOM
20 A. Ha CKONBKO W3MEHHUTCS BpAIIalOIIMA MOMEHT, NCUCTBYIOIINN
Ha paMmKy, IMpH MOBOPOTE IUIOCKOCTH pamMKku Ha yron 60°7 Jlo
MOBOPOTa IIJIOCKOCTh pPaMKHM COBIaJajla C HallpaBJIEHUEM IIOJIS.
HampsoxerrocTts most — 20 A/m.

3.5. Ilnockas kpyrias pamka cocTouT u3 20 BUTKOB pajglycoM
2 cM, 1 1o Helt TeueT Tok cwiioil 1 A. Hopmans k pamke cocTtaBiser
yrou 90° ¢ HarrpaBIleHUeM MarHUTHOTO TIOJIs HANPsHKEHHOCTHI0 30 A/M.
Halitn usmMeHeHue Bpalalonero MOMEHTa, JEHCTBYIOIIEr0 Ha paMKYy,
ecnu u3 20 BUTKOB paMKH C/IeaTh OJUH KPYTJIbIH BUTOK.

3.6.llog BnAMsAHWMEM OJHOPOJHOIO MAarHUTHOTO MOJISI B HEM
IBIKETC ¢ yckopenueMm 0,2 M/c? MPSAMOIMHEHHBIA aTIOMHHHMEBBIH
NPOBOJHMK C IUIOWAALI0 Tonepeynoro ceuenus 1 mm2  Tlo
MPOBOJAHUKY Te4eT TOK CHiIoM 5 A, W €ro HampaBlIeHUE

1 B 3aJgadyax 3Toro Haparpaq)a CUYHUTaTh, 4YTO MAarHUTHOC II0JIC CO3JacTCia B

BO3/IyXe (BaKyyMme).



NEPNEeHAUKYIAPHO WHAYKUUU TOJs. BBYUCINTE 3Ty HHAYKLUIO.
ITnoTHOCTH amomuHus — 2,7 * 10° xr/m>.

3.7.B ONHOPOTHOM TOPHW3OHTAILHOM MAarHMTHOM IIOJIE
HaxOJIWUTCS B PABHOBECUU T'OPU3OHTAIBHBIA  IPSIMOJIMHEHHBINA
QIIOMMHHEBBIN IPOBOJHUK C TOKOM cuiiod 10 A, pacnonoxeHHBII
HNEPHEHIUKYISIpHO Moo, OmnpenesnnTs HHAYKLUUIO IOJS, CUYMTast
pazuyc IPOBOJHUKA PaBHEIM 2 MM. IlnoTHOCTS amoMunus — 2,7 = 103
Kr/m>.

3.8. Ilo nByM mapaijiesibHbIM IPOBOJHUKAM TEKYT TOKU CHIION
70 u 80 A. Paccrosiane Mexnay mpoBomaukamu — 1,4 cMm. C kakoi
CIJION B3aMMOJIEMCTBYIOT MPOBOJIA HA KaX /bl METp JUINHBI?

3.9. IlpoBoanuk anuHoi 20 cMm ¢ TokoM cuiioit 10 A HaxonuTcs
B MarHUTHOM Tiojie, mHIyKus kotoporo 0,03 Tun. Hampasnenue Toka
COCTaBJISIET C HalpaBlieHHeM MHAYKIUH mons yroa 60°. OnpeaenuTs
CHITy, JEMCTBYIOUIYIO HA POBOJHUK.

3.10.B  MarHdTHOM TIOJI€  JUIMHHOTO  IPSAMOJMHEHHOIO
npoBongHuka 1 ¢ Tokom cuimod 50 A HaAXOAWTCA OTPE3OK
NpSIMOJIMHEHHOr0 MNpoBoAHMKA 2 iuHOM 40 cM, MO KOTOpOMY
npoxoaut Tok cuioil 10 A. IlpoBognuku 1 u 2 mapasienbHbl Apyr
IpyTy, U paccrossane Mexay Humu 20 cM. Kakas cuma geiicTByer Ha
MIPOBOJIHUK 27

3.11. ITo aByM mapasienbHbIM IPOBOAHUKAM TEKYT TOKU CHIION
8 m 12 A. Paccrossaue Mexmy mpoBomHUKaMu — 32 cM. OmpenenuTh
HaNpPsHKEHHOCTh MAarHUTHOTO TIOJIA TOKOB B TOYKaX, JEKaIlux
MIOCEpEINHE MEXIY HpPOBOJHUKAMH, €CIM TOKHM TEKYT B OIHOM
HalpaBJICeHUM; B MPOTHUBOIOJIOKHBIX HampasieHusix. Crenatb
PHUCYHOK.

3.12. PaccrossHue  Mexay  JUIMHHBIMHA  TapaijiebHbIMU
NPOBOJHUKAMU ¢ ToKamu cwiiod 5 u 10 A paBHo 0,6 M. Toku TexyT B
IIPOTUBOIIOJIOKHBIX HampasieHusix. Kak pacnonoxeHa nuHUS, B
KaXJI0M TOYKE KOTOPOW HAIPSDKEHHOCTh MAarHUTHOTO IOJS paBHA
Hymo? Ha kakoM pacCTOSHUU HaXOJATCs 3TU JIMHUU OT IPOBOJHUKA C
TOKOM cuioil 5 A?

3.13.1lo nABYM UIMHHBEIM TPOBOJHHUKAM, PACIIOJIOKECHHBIM
napajuleIbHO JIpyr ApYyry Ha paccrosHuM 10 cM, TEKYyT B OJHOM
HampaBieHud Toku cuiaod 3,14 u 6,28 A. Onpenenuts
HanpsOKEHHOCTh MAarHUTHOTO TIOJIA B TOYKE, PACIONIOKEHHOW Ha



paccrosauu 0,1 M ot mepBoro mpoBoanuka u 0,1 M oT BTOpOrO.
CroenaTb pUCYHOK.

3.14. ]Ipa IMHHBIX TPIMOJWHEHHBIX MPOBOJHHUKA C TOKaAMHU
cuioit 6 u 8 A nexaT B ABYX NapajuieNbHbIX MIOCKOCTIX. TOKH TeKyT
BO  B3aUMHO  NEPNEHAMKYJISPHBIX  HampaBieHWAX.  Haiitu
HaNpsDKEHHOCTh MAarHUTHOTO IIOJII B TOYKE, PaBHOYJAJCHHOM OT
MIPOBOJIHUKOB U JIEKalllel Ha MEpPHeHIUKyIsApe MexXay HUMHU. [lnHa
neprnenaukyisapa — 0,1 m.

3.15. [IpssMonnHEWHbII MPOBOJIHUK PacIoNIOKEH
MEePIEHANKYJISIPHO TIOCKOCTH KOJIBIIEBOTO MTPOBOTHUKA pamuycoM 20
CM U MpOXOAUT Ha pacCTOSHUM IIOJIOBHMHBI paauyca OT LEHTpa.
[IpssMonuHelHbI TOK uMeeT cuiny 9,42 A, kpyroBoid Tok — 2 A.
OnpenenuTs HANPSPKEHHOCTh MATHUTHOTO MOJISL B LIEHTPE KOJIBIIEBOTO
MIPOBOIHUKA.

3.16. IlpsMoil NIMHHBIA TPOBOJHUK H30THYT B BHJE YIUIA,
paBHoro 60°. ITo npoBogHuky Teuer Tok cwiodl 10 A. Onpenenutsb
WHAYKLIMIO MarHUTHOTO TIONS Ha OMCCEeKTpHCce BHYTpW YIiia Ha
pacctossHuM 20 CM OT BEPUINHBEI.

3.17. [lepneHAUKYIAPHO IUIOCKOCTH KOJIBLIEBOTO MHPOBOJAHMKA
paanycoM 20 cM TPOXOAWT HW30JMPOBAHHBIA JITUHHBIA IPOBOTHHUK
TaK, 4TO OH Kacaercs koiblia. Cuiia Toka B KaXKI0M IpoBogHuKe 10
A. Halitu cymMMapHyl0 Hanps»KEeHHOCTb MarHUTHOTO IOJS B LIEHTPE
KOJIBIIA.

3.18. KomnpIieBble TPOBOJHUKH C TOKOM CHION 5 u 10 A umeroT
oOmwmit 1ieHTp U paauyc 12 u 16 cm. VX MI0CKOCTH COCTaBIISIFOT YTOJ
45w, HaliTu MHIYKIIMIO MATHUTHOTO MOJISI B OOIIIEM IIEHTPE KOJIell.

3.19. BeiBectd  popMyily M ONPEHEIHTh HANPSHKEHHOCTh
MarHUTHOTO TIOJISl TPOBOJHKKA B JOPME AYTH OKPY>KHOCTH PaanyCcoOM
20 cM B LEHTpE 3TOM OKpPYXHOCTU. JlJIMHA Oyru paBHA IOJIOBUHE
OKPY>KHOCTH; CHJIa TOKa B TIPOBOAHHKE — 4 A.

3.20. /IBa mpoBOAHMKAa B BHJE TMOJYKOJEI JeXaT B OJHOU
IUIOCKOCTH M HMMEIOT oOmmuii nentp. OnpeaenuTs HaNpsHKeHHOCTD
MarHUTHOTO IOJS B LIEHTPE MOIYyKOJEl HPU CICAYIOUIMX NaHHBIX:
paaumycel cooTBeTcTBeHHO paBHBl 10 m 20 cMm, Toku B 060uX
MIPOBOJIHUKAX TEKYT IO YaCOBOM CTPEJIKE U pPaBHBI COOTBETCTBEHHO 1
n4A.

3.21. [IpoBomuuk mauHOM 50 cM, TTO KOTOPOMY TEYET TOK CHIION
1 A, mBuxercsl co CKOpocThio 1,4 M/C MEepneHANKYISPHO CHUIOBBIM



JUHHUSIM TIONs HampshkeHHOCThIO 20 A/M. Ompenenuts paboTy
IepeMenIeHns TPOBOIHNKA 32 | U IBIKEHMUS.

3.22. IlpoBomauk mmuHOW 0,6 M IBIKETCS IOCTYIATEIHHO
B IUIOCKOCTH, TEPHEHIUKYJIIPHON MarHUTHOMY IOJIO C HWHAYKIHEH
0,5 mTi. I1o npoBogHUKY TeueT TOk cmiioil 4 A. CKOpOCTh ABHKEHUS
npoBoxHarka — 0,8 M/c. Bo CKONBbKO pa3 MOITHOCTh, 3aTpadeHHas Ha
HarpeBaHWe TMPOBONHHUKA, OOJNbIIE MOUIHOCTH, 3aTpadyeHHON Ha
repeMenieHre NpoBOIHUKA B MarHUTHOM ToJe?

323.B FOPU30HTAIBHOU IJIOCKOCTH BpaulaeTcs
MIPSIMOJIMHEWHBIN TTPOBOTHUK JUTHHOHN 0,5 M BOKPYT OCH, TIPOXOISIICH
yepe3 KOHell MpoBoAHUKA. IIpu 3TOM OH mepecekaeT BepTUKaIbHOE
OJTHOPOJTHOE TIOJIe HampshkeHHOCThI0 50 A/M. [lo mpoBomHUKY TeueT
ToK cuioi 4 A. Vriosas ckopocth ero spamenus 20 ¢! Beraucants
paboTy BpalieHus MPOBOIHUKA 32 2 MUH.

3.24. OnHOpPOAHOE MAarHUTHOE IOJIE B BO3IyXE JACUCTBYET C
cunoit 0,01 H Ha 1 cM anuHbI OpsiMOTO MpoBojia ¢ TokoM cutoi 1000
A, PpAaCIIOJIOKEHHOTO TEPIEeHANKYISpHO Moo. HalTi o0beMHYIO
IJIOTHOCTB 3HEPTUU MOJISL.

3.25. Ilnockuit  koHTyp miowmwaaso 300 M2 HAaXOOHUTCA B
MarHuTHOM Tmojie ¢ wuHayknmed 0,1 Tm. Ilnockocte KOHTYpa
MepIEeHUKYJIIpHa HANpaBJIeHUIO Moisd. B KoHType moaaep:kuBaercs
noctosHHBIA Tok 10 A. Omnpeaenuts paboTy BHEIIHHX CHII IO
MEPEeMEIICHHI0O KOHTYpa C TOKOM B 00JacTh MPOCTPAHCTBA, TIe
OTCYTCTBYET MarHUTHOE IOJIE.

3.26.Ilo obmoTke TOpomzma 0Oe3 cepAeYHHKa TMPOTEKaeT TOK
cunoit 1 A. Jlniuna Topouaa mo ocu — 1 M, uncio ButkoB — 2000.
Boruncnute 00bEMHYIO TUIOTHOCTH OJHEPTHM MAarHUTHOTO  TOJIS
TOpPOUJIA.

3.27. OOMOTKa D3NEKTPOMArHWTa, WHAYKTUBHOCTh KOTOPOWM
paBaa 0,04 I'm, HaxomWTCA TMOJ TIOCTOSHHBIM HampsoKeHHEeM. B
teuenne 0,02 ¢ B 0OMOTKE BBIIEIIETCS CTONBKO e TEIIOTEI, CKOJIBKO
SHEPrUM COJEPXKHUT MarHuTHoe nosne. Halitu comportuBneHue
OOMOTKH.

3.28. Kpyrnas pamka ¢ TokoMm cwioii 1 A u pagmycom 4 cm
HaxoAWTCA B BO3AyXe B OJHOPOJHOM MarHMTHOM [OJIE,
HampspkeHHOCTh  KoToporo paBHa 80 A/m. Ilmockocte pamkun
COCTaBisieT yron l4#m ¢ HampaBlieHHEeM HWHIYKIuH mois. Kakyro



paboTy Hamo 3aTpaTUTh, YTOOBI MOBEPHYTh PAMKY NEPIECHAUKYISIPHO
noso?

3.29. 1o obmoTke coieHomma Oe3 cepacuHuka mamuHOM 0,6 M
npoTekaeT Tok cuioit 0,8 A npu Hampspkenuu 8 B. Ilpu aTom BHYTpH
COJICHOWJIA CO3JIAeTCSI MATHUTHOE TOJS HampsKeHHOCThIO 1600 A/m.
OmnpenenuTs AWaMeTp cojieHowma Tpu ycioBwum, 4To 3a 0,001 ¢ B
OOMOTKE COJICHOM/A BBLAETSETCS KOJMYECTBO TEIUIOTHI, DPaBHOE
SHEPrMM MAarHUTHOTO MOJs COJeHOMAAa. MarHuTHoe IoJieé CUMTATh
OJTHOPOJIHBIM.

3.30. IlpsmonuHEHHBI TPOBOAHUK € TOKOM cmioii 100 A
Maccoil 20 T HaUMHAET MepeMenaThCs MoA EHCTBUEM OJHOPOIHOTO
MarHUTHOT'O TIOJIS U TIEPECEKAET MarHuTHBINA otok 10~ B6. Cunras,
YTO MPOBOJHHK MEPEMEIIAETCsI CBOOOTHO W MEPIICHIUKYIISPHO OO,
OTIPENIENIUTh CKOPOCTH, PUOOPETEHHYIO TPOBOTHIUKOM.

3.31. KakoBa CKOpOCTh JBW)KCHUS aBTOMOOWISI, €CIIM B €ro
BEPTHKAILHOM aHTeHHe JuinHOM 1,5 M unaynupyercs DJIC 6 = 104
B? T'opu3oHTanbHYIO COCTaBJISIONIYI0O MAarHUTHOTO TIONs 3eMITu
cuMTaTh paBHOW 14 A/M. ABTOMOOWIIb JBIIKETCS TMEPICHIUKYJISPHO
MarHATHOMY MEpHUIHaHy.

3.32. KBagparnas pamka miomanso 20 cM?, cocrosimas H3
1000 BUTKOB, pacrnosioXkeHa B OAHOPOAHOM MoJie ¢ uHaykiuei 10 Tn
NepHneHaAuKysipHo moo. B Ttewenuwe 0,02 ¢ pamky ymamuwiu 3a
npenens! moist. Kakas 9J]C maBoauTcs B pamke?

3.33.B O0AHOPOMHOM MArHUTHOM TIOJIE HAIMPsSHKECHHOCTh
1000 AM paBHOMEpHO Bpamaercsi Kpyrias pamka, umeromas 100
BUTKOB CpeIHHM panumycoM 6 cMm. Och BpallleHHs COBMAgaeT C
JIUaMETPOM paMKH U MepHeHANKYIsIpHa oii0. COmpoTHBIICHHE paMKH
— 1 Owm; yrooas ckopocTh ee Bpamenus — 10 ¢!, Haiitu
MaKCHMAJbHYIO CHITy TOKa B paMKe.

3.34. Kpyrnas pamka, nmeromas 200 BUTKoB u momazns 100 cm?,
pPaBHOMEPHO BpallaeTcsi B OJHOPOJHOM MarHUTHOM I10JI€ BOKPYT OCH,
NEPNEHAVKYISIPHOM MONI0 M COBHAJAIOLIE € €€ JMaMeTpoM.
Briuncnuth yactoTy BpamieHus npu uHaykuuu nons 0,03 T, ecnu
MakCcMMalbHas CHJIa TOKa, HWHAYIHPYEMOTOo B paMKe NpH ee
conportusnernn 20 Om, coctasmuset 0,02 A.

3.35. Kpyrnyto pamky AuameTpoM 8 cM, HOpMaib K KOTOPOH
pacronioxkeHa moj yrioM l10# K HampaBlICHUIO BEKTOpPAa MHIYKIMH
nojsi, AehopMHUpPOBaIM TaK, YTO OHA CTajla KBaApaTHOH. 3aTeMm ee



MOBEPHYJIM TaK, YTO HOPMaJb MPHHSJIA HAMPaBJICHUE BJOJIh BEKTOpa
VHAYKIAWA TIOJIA, HaIlpsbKeHHOCTh Kortoporo S5 kA/M.  Kakoe
KOJIMYECTBO DJIEKTPUYECTBA HHAYLHUPOBAIOCH B paMKe, €CIid ee
conpotusierue 0,001 Om?

3.36. B coneHonme 0e3 ceplevyHHKAa cHa TOKA PaBHOMEPHO
Bo3pacraeT Ha 0,3 A/c. Uncmo ButkoB coseHomma — 1100; mrommans
ero nonepeyroro ceuenus — 100 cm?;, mmna — 60 cm. Ha conernoun
HAJIeTO M30JIMPOBAHHOE KOJIBILIO TOTO ke auameTpa. Beruncoure 31C
WHAYKIAW B KOIBIIE.

3.37. B coneHoume cuiia TOKa paBHOMEpPHO Bo3pacTtaeT oT 0 10
50 A B teuenue 0,5 ¢, mpu 3TOM COJIGHOHW HAKAIUIMBACT DHEPIHIO
50 Mx. Kakas 3/1C unayuupyercst B coneHoue?

3.38. Unucmo BUTKOB cosieHomma Oe3 cepaeunuka — 400; ero
nmuHa — 20 cM; momepedHoe cedeHwe — 4 ¢M2; CONPOTHBIICHHE
obMoTkH — 16 OM. B conenonpie cuina toka Bo3pocia ot 0 mo 10 A.
Kakoe konn4yecTBO 3J€KTpUUeCcTBa HHIYLIUPOBAJIOCHh B HEM?

3.39. OnHoCnOMHBIN coneHonsl 0e3 cepleuHUKa BBIMOIHEH U3
npoBoJioku auamerpom 0,2 mm. JlnuHa coneHouna — 16 cM; quameTp
ero — 3 cm. [Ipu kakoit CKOpOCTH U3MEHEHUS CHIIBI TOKA B COJICHOUJIE
BozamKaeT J/1C camonnaykmuu 1 B?

340.Ha 1 cM oamHocnoiHOro coneHouzaa Oe3 cepledHuKa
npuxonutcsa 40 ButkoB. O6vem conenomma — 800 cM3. IIpu kaxoit
CKOPOCTH WM3MEHEHHS CHIIBI TOKa B cojeHomae uHayuupyercs DJC
camomaaykmuu 0,4 B?

3.41. JIpa nyeKTpoHA JBHXKYTCS B OJHOM HAIpaBJICHUU BJOJb
OJIHOM TPSIMOIA ¢ OIMHAKOBOM 110 MOYJIKO cKOopocThio 10% m/c. Haiitu
HaIpPSHKEHHOCTh MAarHUTHOTO TIOJIS 3apsifiOB MPU PACCTOSIHUN MEKITY
auva - 4=10° cm. Touka, U KOTOpPOH  OmNpemensercs
HampspKEHHOCTh  MArHUTHOTO TIOJISA, JIEKUT Ha CEpeAMHHOM K
TPAeKTOPUH IIEPIEHIUKYIISAPE HA BBIcoTE 3 1078 cMm.

3.42. TIpoTOHBI B MarHUTHOM IIOJIE€ ¢ MHAyKIued 51072 Tn
JIBIOKYTCS B BaKyyMe I10 JIyTe OKpy>kHOcTH pamuycoMm 50 cm. Kakyro
YCKOPSIOITYIO Pa3HOCTh TOTEHITNAIOB OHH JTOJKHBI OBLTH TPOHTH?

3.43. ]Iea mpoTOHAa JBKMXKYTCS B OJHOH IIJIOCKOCTH TIO
MPSMOJIMHEWHBIM B3aUMHO TEPICHIUKYJISPHBIM HANPABICHUAM K
onmHOW Touke. UeMmy paBHa HaIpsDKEHHOCTh MAarHUTHOTO TIONS Ha
CepenrHe OTpe3Ka, COSAMHSIIONEro 3apsapl? HanpsbkeHHOCTh
onpesenseTcs B MOMEHT BpPEMEHHM, Korja 00a 3apsjga TOJOoLUIA K



TOYKE BCTpeuH Ha paccTosHre 1077 ¢M ¥ CKOPOCTH MX B 9TOT MOMEHT
ObLtd paBHbl 10* u 5= 10% m/c.

3.44. B »JeKTpOHHOM TIydKe JBa JJIGKTPOHA IBIDKYTCS TIO
NapauiebHbIM TIPIMOJIMHENHBIM TPAEKTOPUSIM CO CKOpPOCThIO 107
M/c. PaccTosiHMe MeXIy SJIEKTpOHAMU, CUHTAs 10 MEPICHINKYJISPY,
paBHO 5= 107 cm. IlpuHMMas >J€KTPOHBI 3a TOYEYHBIE 3apSIBI,
HalTH CUJIy UX MarHUTHOTO B3aWMOJICHCTBUSL.

3.45. B »JeKTpOHHOM Ty4YKe JBa JJIEKTPOHA JBIXKYTCS IO
napauieJbHbIM TIPIMOIMHENHBIM TPAEKTOPHUAM CO CKOpPOCThIO 107
M/c. HaliTh OTHOIIIEHHE CHIIBI UX 3JIEKTPHUYECKOTO B3aHMMOJICHCTBUS K
CHJIE MAarHUTHOTO B3auMOieicTBUsA. Kak HampaBIeHbl 3T CUIIBI?

3.46. [Ipoton ¢ s”eprueit 10 M»B nBmxkercs B OJHOPOAHOM
MarHATHOM TIOJIE B BakKyyMe TNepHneHAuKyIsspHO momio. Cuwnras
HaANPSHKEHHOCTH OIS paBHOM 2 KA/M, Haitu cuiy JlopeHnia u paauyc
TPACKTOPUU MIPOTOHA.

3.47. B coneHoup NEpHEHAUKYISPHO BEKTOPY HHAYKLIHUHU €ro
MOJIsl BJIETAET v -4aCTHIA CO CKOPOCThIO 5*10° m/c. Onpenenuts
CUJTy, NEHCTBYIOUIYIO HA HEe MPHU CICAYIOUIUX JAHHBIX: CHJIa TOKa B
ooMotrke — 1 A; conenong mmeer 100 BuTkoB Ha 1 CM JJIHMHBI U
HaXOJIUTCS B BaKyyMe.

3.48. [TapannenbHO  MJIACTHHAM  IUIOCKOTO  KOHJEHCATopa
CO3/IaHO OJIHOPOJIHOE€ MAarHUTHOE IIOJIe HaIpsbKeHHOCThI0 3200 A/m.
Mexny TUTaCTHHAMH —TEPIEHAUKYISIPHO HAIpaBICHUIO BEKTOpa
WHAYKIMH W Tapajule]bHO IJIaCTHHAM JBIDKETCS JJIEKTPOH CO
CKOPOCTBIO 5=10° Mm/c. Onpenenntsb HaIpsyKEHHOCTh
AIEKTPUIECKOTO TTOJISI MEXK Ty TJIAaCTHHAMH.

3.49.3apsim  ABWKETCSI B BaKyyMe MNPSMOJHMHEHHO  CO
CKOpoCThI0 10° M/C BO B3aMMHO NEPIEHIUKYIAPHBIX MArHUTHOM H
JNEKTPUYECKOM  ToNisfaX. KakuM  JTOMKHO  OBITh  OTHOIICHHWE
HANPSHKEHHOCTEH 3THUX TMOJeH, YTOOBI IMEI0 MECTO TaKoe ABMKEHHUE?
Kax nanpasiena ckopocTth 3apsna’?

3.50. 3apspkeHHass yacTHLa, NMPOWIS YCKOPSAIONIYI0 pa3HOCTh
notenuuano 200 B, Bierena B CKpelIEHHBIE IMOJ MPSIMBIM YTJIOM
9JIEKTPUYECKOE ¥ MArHUTHOE T0JIA, ABUTasiCh MEPIIEHANKYIISIPHO 000UM
noJisiM. HampsbkeHHOCTh 3ekTprudeckoro nomist — 12 kB/M; uHIyKius

&g o

MarauTHoro moyst — 0,6 Ti. Halitu yaensHbINA 3aps/] 9acTULIBI g;g



3.51. KonebarenbHBIi KOHTYp COCTOMT WX KOHJAEHCATropa M
KaTyIIKd WHAYKTUBHOCTU. BBIYMCINTH SHEPrui0 KOHTYypa, €ciu
MaKCHUMaJIbHas CHJIa TOKa B KaTymike 1,2 A. MakcuMmanbHas pa3HOCTh
MOTEHIIMATOB Ha OOKJIaAKax KoHaeHcaropa cocraBisger 1200 B;
yactora Kojebanmit koutypa — 10° ¢!, Tlorepsamu oHepruu
peHeOpeYb.

3.52. BBIUMCINUTh JHEPTHI0O KOJIEOATENbHOTO KOHTYpa, €CIH
MakcHUMajbHas CWIa TOKa B KaTylIKe HHAYKTUBHocTH 1,2 A, a
MaKCHMaJjbHasl Pa3HOCTh MMOTEHINAJIOB Ha OOKJIalKax KOHAEHcaTopa —
1200 B. Ilepuron koneGanuii kontypa — 107 c.

3.53. MakcumanbHas SHEPTHUs MarHMTHOTO oJIst
kosiebaTensHOTO KOHTYpa — 21 Mk mpu cune toka 0,8 A. Uemy
paBHa yacToTa KoJeOaHWH KOHTypa, €ClIM MaKCHMaJlbHas Pa3HOCTh
MOTEHIIMAJIOB Ha 00KJIafKax KoHaeHcaTopa 1200 B?

3.54. MakcumanbHast SHEPIHUs MAarHUTHOTO oJIA
kosebatensHOr0 KOHTYpa 1 Mk mpu cuie toka 0,8 A. Uemy paBeH
nepuox  KonebGaHWH KOHTypa, €clIH MaKCHUMallbHas pa3HOCTh
MMOTEHIIMAIOB Ha 00MOTKaX KoHaeHcaTopa 1200 B?

3.55. llepuon  konmeGaHWU  KOHTypa,  COCTOSAIIETO U3
UHIYKTUBHOCTM M €MKOCTH, cocTaBisier 107 c¢. UYemy paBHa
MaKcHMalbHas cuja TOKa B KaTyIIKe, €CTd MaKCUMallbHasi pa3HOCTh
MOTEHIIMAIOB Ha OOKIaakax KoHaeHcatopa 900 B. MakcumanbHas
SHEPIUs SIEKTPUUECKOro mojs — 9= 1074 JIx.

3.56.B  koneOaTenbHBIi  KOHTYp  BXONAT  KaryIlKa
WHAYKTHBHOCTBIO 5 MI'H M MIoCcKMi KOHAEHCATOP C AUAIEKTPUKOM U3
crexna. PaccrosHume Mexay oOKIajkamMHu KOHAEHcaTtopa — 6 MM,
miomans ooknagku — 90 cm?. Kak M3MeEHATCS 4acToTa M IIEPUOJ
KoJIeOaHUI KOHTypa, €ClHM CTEKISIHHYIO NPOCIONKY KOHAeHcaTropa
3aMEHUTH BO3AYILIHOMN?

3.57.B konebarenbHOM KOHType ¢ mepuomom 107 ¢
HalpsOKEHHE Ha KOHJIEHCATOPE B MOMEHT BpeMenu 2,510 ¢
(cunTtas oT HampsDKeHHWs, paBHOro Hymo) cocrasisier 500 B. Haiitu
€MKOCTh KOHJICHCaTOpa mpHu o01el 23Heprun KoHTypa 1 MK,

3.58. HampsxkeHne Ha  KOHZEHCAaTOpe B KOJeOaTeNbHOM
KOHTYpe  M3MEHsleTCi B COOTBETCTBMM C  YpaBHEHHEM

U =1000 sin 2p X0 ‘7. Bo cKOIbKO a3 MaKCHMAIbHAs SHEPIHs



KOHJIeHCaTopa OOJIbLIE YHEPTUH Ui MOMEHTAa BPEMEHH é— X0 "¢ e,
cyuTast OT MAaKCUMAaJIBHOI'O HaHpS[)KeHI/ISI?

3.59.Cuna Toka B KaTylIKe KOJIeOATEIBHOIO KOHTYpa
usMeHsercs nmo 3akony ! = 1o ¢€0s 2PV. Uacrora KomeGaTensHOro
KoHTypa — 1 MI'n. B kakoif Ommkaillinii MOMEHT BPEMEHH SHEpPTHs
MarHUTHOTO TOJISI KaTYLIKH CTaHET PaBHOM YHEPTUH AIIEKTPUIECKOTO
NoJIsl KoHIeHecaTopa?

3.60. Cmyta TOkKa B Karymke KojebaTreapHOrO KOHTypa
u3MeHsleTcs 1o 3akoHy [ = 1ocos 2PV.  Tlepuyon KkoneGaHuit
koHTypa — 107 c¢. B kakoi Guvkallimii MOMEHT BPEMEHH SHEPIUS
MAaravuTHOI'O MoJIA KaTylIKW CTAaHCT paBHOI‘/‘I OHEPrun 3JICKTPUICCKOTO
noJst KoHaeHcaTopa?



4. OnTHnKa, anemMeHTbl aTOMHOM
M saepHon pU3nku

4.1. OcHOBHbIe (hOpMyIbl U 3aKOHbI

Bennunna mim GU3HYECKU 3aKOH Dopmyia
Iloka3zaTens mpeaoMIIEHUs CPeabl c
n=—
u
Onrtrueckasi IyTHHA TYTH JTyda L =nl
YcnoBue MaKCUMaIbHOTO YCUJIEHHUS CBETA |
D =+2k 2
rpu uHTepdepeHinu (YCIoBUe - 5’

MaKCHMYMOB)

VYcnoBue MaKCUMalIbHOTO OCIIa0IeHUs
cBeTa 1pu uHTepdepeHnnn (ycuoBue
MUHHMYMOB)

@)
I

= +(2k + 1)'70,

k=0,1,2,3,.

Onruueckas PasHOCTH XOJa B TOHKUX
IIJICHKaXx:
B OTPa>X€HHOM CBETE

D =2d+/n’- sin’a +'7°

B IIPOXO/AIIEM CBeTe (TT0Ka3aTeb
HPEJIOMIICHUS IUICHKH 00JIbIIIe
TIOKa3aTeNst MPEeTOMICHUS
OKPY’KaOIIEH CpeIbl)

D =2d+/n?- sin’a

YcnoBue TUPPaKIOHHBIX MUHIMYMOB OT
OJTHOM IIETH

YcnoBue muppakOHHBIX MAKCHMYMOB
OT OIHOM IIeNHn

VYcnoBue riIaBHBIX MAKCHMYMOB
TU(DPAKITMOHHON PEIIETKH




IIponmonxkxenue TabJuI bl

Bennunna wim GU3HUECKUil 3aK0OH Dopmyiia
3axoH bproctepa n,
tga , = =n,,
n 1
3akoH Marroca I =1I,cos’]j
Yron BpalieHus IIOCKOCTH
MOJISIPU3AIIHH:
B KpUCTaJUIaX j =al
B PacTBOpax j =[al]le
3akoH byrepa I =1I,e H
3akoH Credana—bonbimana R=sT*
1-i1 3akoH Buna | C,
L, ==L
Tl
2-i1 3axon Buna r =C.,T°
u max =
Dueprus poToHa c
Macca ¢oToHa e h
My =—F=—75 =
c c cl
Nmmysbc porona _ _hv_h
Po =MyC = — = —
c [
JlaBneHne cBeta Mpyu HOPMaILHOM I

MaJICHAX Ha TIOBEPXHOCTB C
KO3 GUIIMEHTOM OTpaXkeHUs: X

p

“(+r) P=wl+r)
C

JlaBneHre paBHOBECHOTO p w
TEIUIOBOTO U3ITy4EHHs T3
YpaBHeHne DiHIITEHA AT _
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npu Wy, > 5 k3B
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OKOHYaHUE TAaOIHIBI

Benvuuna win GU3HYECKH 3aKOH Dopmyna
3MeHeHne JUIMHBI BOJIHBI TIPU h .
e p DI = (I - cos q) =2 sm'q—
a¢pdexre Komnrona m ¢ m,c 2
ITepssiii noctynar bopa h
P Y P mur, =n——=nh, n =1,2,3,.
2p
Tperwnii nocrynat bopa (yciaoBue hu =w, - W,
4acToT)
CepuanibHast hopmyia Juist ®1 16
CIEKTPAJILHBIX JIMHUI BOJIOPOIa =Rc C—" —F~
em n- g
CepuanpHas Gpopmyna 1t cel 16
BOJIOPOIONO00HEIX ATOMOB =RcZ "G—- — =
em n- g
Jmna BomHs e Bpoitns | = h _ h
P mu
CooTHolIeHHe
L DxDp.,*h  DWDt® h
HeomnpeaeneHHoctei ['elizenoepra ’
3aKoH paTHoaKTHBHOTO pacmaga N N el St
= e ' '; — T
0 N =N,2
[TocTosiHHAs pacnaga | = In 2
T
€(PEKT MacChl é u
I[q) Dm =&Zm , + (A - Z)m,- m_ U
é ! ]
DOHeprus CBs3M sAapa W =Dmec >
ce

4.2. Npumepsbl pelueHns 3agay

IIpumep 1. B onwire KOHra skpaH OTCTOMT OT KOT€PEHTHBIX
HUCTOYHMKOB CBeTa Ha | M, a mATasg CBeTdas Iojoca Ha JKpaHe
yaaneHa Ha 1,5 MM oT 1leHTpa nHTepEepEeHIINOHHON KapTHHbI. Haiitn
YTIIOBOE PACCTOSHUE JI0 COCETHUX CBETJIBIX MOJIOC.

Hano: L=1wm;k=5;1=1,5"103 m.

Hatimu: g max.

Pemenue. B Touke O Ha skpane (LeHTp MHTEPHEPESHITMOHHON
KapTuHBI, puc. 4.1) OyneT MakcuManbHas OCBEIIEHHOCTh, TaK KaK OHa
paBHOyAaJieHa OT UCTOYHUKOB CBeTa S U S, U Pa3HOCTh XO0JIa JIyden
paBHa Hym0. B mnpousBoibHOM TOUYKEe »dKpaHa M MakCHUMyM
OCBEIIICHHOCTH OyJIeT HaOJII0aThCs, eCIM Pa3HoCTh xona S\M u S;M
paBHa LEIOMY YHCITY JJIMH BOJIH:



DL =kl ,

IJIC gl — OnTHYECKast pa3HOCTh X0/1a KOTEPEHTHBIX JIyueii; 4 — [InHa
CBETOBOU BOJIHBI, kK — HOMEpP CBETJION TOJIOCHI (IIEHTpalbHAs CBETJIAs
oJIOCa MPHUHSTA 32 HYJICBYIO).

Puc. 4.1. Cxema onbiTa IOHra

Pasnocts X012 nyueit

rae [ — pacCcTosiHUuE OT IIEHTPATbHON CBETJION TOJOCHI 10 k-# TIOJIOCHL;
d — paccTosHHE MEXJy HCTOYHHKAMHU CBeTa; [ — pPaccTOSHUE OT
HMCTOYHHUKOB CBETA JIO SKpaHa.

Otcrona

VrioBoe 1010KeHHE HHTep(i)epeHHHOHHOf/'I IMMOJIOCHI Ha 3KpaHE

/
ompenensiercs yraom v . U3 puc. 4.1 BuaHo, uto 83 = 7

BBHUIY MaJIOCTHU V¥

/
a»tga » —=k—.
88T TRy

VrioBoe pPacCToOAHUEC MEXKIY COCCAHUMU CBETIIBIMU IT0JIOCAMU

Da :kI

|
(k- ) — = —.
max d ( )d



Da max = ]u]ax 2
’ kL
1,5 X0 3
Da 2 =3 X0 "* pag
max 5 >d p

OTBeT: yIIoBOE PACCTOSHHE 1O COCEIHMX CBETJIBIX IOJIOC —
3= 10 paguan.

IMpumep 2. Berauciuth JUIMHY BOJHEI e bpolms 3iekTpoHa,
mBmKymerocst co ckopocteio Y = 0.73 ¢ (¢ — ckopocTh cBeTa B
BaKyyMme).

Jano: 4 =0.75 c.

Hatimu: 4.

Pemenne. Jlnuna BonHbl 1€ bpoinsg s MUKpoyacTuil
ornpenenseTcs GopMynoi

rae h = 6,62 = 103* Jlx™c — nocrosanas Ilnanka; P — uMITyIbe
YaCTHUIIBL.

IIpu nBMXEHUM YaCTHII CO CKOPOCTSIMH, OJIM3KUMH K CKOPOCTU
CBETa B BaKyyMe€, Macca YacCTHUIIbl 3aBUCUT OT CKOPOCTHU, TOITOMY

p=m>x,
rac m — peIITUBUCTCKAA MacCa YaCTHULbI.

3aBHCHMOCTh MacChl OT CKOpPOCTU B TECOPHUU OTHOCUTECIIBHOCTH
BBIPAKacTCsA COOTHOIICHUEM

I My — Macca MOKOs 3JICKTPOHA; (&) — CKOPOCTh JIBUKCHHUS YaCTHIIBI.
CrnengoBartenbHO,



h u’

| =" [i-

m,u c

Ilo YCHIOBHUIO 3aJla4uu CKOPOCTb JABWIKCHUA DJJICKTPOHA pPaBHaA

0,75c¢.
Torna
_ h /1_ 0,757>€ = 0.88 h ’
m, X,75c c’ m,c
ko
TAe 5, o~ ¢ — KOMITOHOBCKAs JIMHA BOJIHBI.

VYuutbiBas 9TO, IOJIy4aEM

I =0,88 |

e

3HayeHHe <+, HAXOAUM M3 TaOJMIbl WIH BBIYUCIAEM II0
h
dopmyme | < = m,c  OKOHYaTEeNbHO

I =0,88 X2.,34 mm = 2,25 1um .

OTBeT: [yIMHA BOJHEI Jie bpoiins snekTpoHa — 2,25 mm.

Ipumep 3. CKOIBKO aTOMOB PaAMOAKTUBHOro HaTpusi Na®*
pacnagaercst 3a 10 g u 3a 0,01 ¢, ecnm ero macca 2 Mr, a Mepuoa
nonypacnaza T = 14,8 u?

Hano: m =2 mr =2=10° kr; t;, = 10 u; £, = 0,01 ¢; 4 = 24
Kr/kMonb; 7= 14,8 u=533=10%c.

Hatimu: g&N'; @&V,

Pemenne. Unciio g&N aToMoB, paclaBIIMXCs 3a HEKOTOPbIH
POMEKYTOK BPEMEHH g/, MOXKHO BBIPA3UTh PABCHCTBOM

DN =N,- N,

rae Ny — HadasibHOE 9rciio aToMoB (1ipH ¢ = 0); N — 9nCciI0 aToMOB, He
pacraBIIUXCS K MOMEHTY BPEMEHH ¢ = gt

Uncno aroMoB, HE pachaBIIMXCSd K MOMEHTY BPEMEHHU f,
BBIPAXKACTCS 3aKOHOM PAJIMOAKTHBHOTO pachaja:

N =N,

>



rae ‘9’ — IMNOCTOAHHAA paJUOAKTUBHOI'O pacriaaa.
C YYETOM OTOI'0 paB€HCTBA MOXXHO 3aIIMCATh

DN =N, (1-¢'").

IIpeobpazyeM B 3TOM (hopMyJie BRIpaKECHUE

In 2

1 !
— T T —
e'"=e T =(e"?) T =27, Takkak | =

In 2
i

rae T — nepuoj noiypacmnaja.
Tornma

DN =N,(1-2T).

Yucno aromoB Ny, colepkaluxcsi B HEKOTOpOM Macce m

BEIIECTBA, PABHO TIPOM3BEJCHUIO 4YHCIa ABOTaJpo HAa YHCIO

m
KWJorpamMm-aToMOB BEIIECTBA, ~

A
CnenoBarebHoO,
DN :%XNA(I - 2T,
Huna ¢, = 10 9 mosmyuum

-6 10
DN =6.,02 X0 * x%

X1-2 %9%) =1,88 X0".

t
B cnyuae 1, yarem, uro 7~ << L. torma

DN » NI Dt =N, ¥2n2 =In 2N,‘£>t¢.
T A T

HOI[CTaBI/IB Cro1a YUCJIOBBIC 3HAYCHUS BEJIUYUH, ITOJTYyYUM



DN =0,693 6,02 X0 * X x,88 X0 7 =6,52 X0 " aromos

2 X0 °°
24
Otser: 3a 10 u pacnagaercs 1,88*10'" aromos, 3a 0,01 ¢ —
6,52*10'? aromoB.

4.3. 3apayum KOHTPOJIbLHOM paboThbl

4.1. HaliTu 1uinHY BOJIHBI CBETa, OCBEIIAIOLIETO YCTAHOBKY
Bomneite lOHra, ecim npu MOMEIIEHMM HAa IYTH OIHOIO W3
uHTephepupyOmUX JTyded CTekiIsHHONH mmactuHku (n = 1,52)
TOJILIMHON 2 MKM KapTWHa MHTep(EepeHH Ha SKpaHe CMEIaeTcsl Ha
TPHU CBETJIBIE MTOJIOCHI.

4.2.]Iea KOTEpPEHTHBIX HCTOYHHWKA, PACCTOSHUE MEKIY
koTopsiMu 0,2 MM, pacmoiOKeHbl OT dKpaHa Ha paccTOsHUHU 1,5 M.
HaiiTu 1nMHY CBETOBOM  BOJNHBI, €CIM TPETUH  MHHUMYM
HHTEpPPEPECHIINK PACIIONOXKEH Ha dKpaHe Ha paccTOSHUU 12,6 MM OT
[EHTpa KapTUHBL.

4.3. Halitu  paccTosHHE MEXAY TpPeTbUM U  TISATHIM
MHUHMMyMaMH Ha D3KpaHe, €CIH PpAacCTOSIHHE IBYX KOI'€PEHTHBIX
ucrounukoB (4 =0,6 MKM) OT dKpaHa 2 M, DPacCCTOSHHE MEXIy
ncrouHukamu — 0,2 M.

4.4. HaliTu HauMeHbIIUI yroJy MajeHUs MOHOXPOMAaTHYECKOTO
ceeta (49 = 0,5 MKM) Ha MBUIBHYIO MIeHKY (7 = 1,3) Tommmuoit 0,1
MKM, HaXOJAIIYIOCS B BO3AyXe, IPU KOTOPOM IIJICHKA B MIPOXOSILEM
CBETE Ka)kKETCs] TEMHOM.

4.5. HaiiTu HauMeHbLIMH paauyc KpyIJIOro OTBEPCTHsl Ha
3KpaHe, €CJId MpPU OCBEIICHUH €ro IJIOCKOH MOHOXpPOMAaTH4YECKOM
BOJHOH B IEHTpe AU(PPaKIMOHHOW KapTHHBI HAaONIOJAeTCsl TEMHOE
MIATHO, a paAnyc TpeTber 30HbI Dpenens 2 Mm.

4.6. Ha Henmpo3pavyHyIo TIACTUHKY C TIEBI0 IMa1aeT HOpMaabHO
iockas BosiHa (4 = 0,585 mxMm). Haiitu mmpuHy Iienu, eciid yroi
OTKJIOHEHHS JTy4el, COOTBETCTBYIOIIIMX BTOPOMY MakCUMyMy, — 17°.

4.7. Ha mudpaknroHHYIO pemeTKy, coaepxkairyto 600 mrpuxos
Ha 1 MM, MagaeT HOPMaJbHO MOHOXPOMATHYECKHH CBET C JJIMHOMN
BosiHBI 0,546 MxM. OmnpenenuTs U3MEHEHUE YTila OTKIOHEHMs JTyuei
BTOPOTO IU(PPAKIMOHHOTO MaKCHUMyMa, €CIM B3AThb PELIETKY CO
100 mrpuxamu Ha 1 MKM.



4.8. MoHOXpoMaTHYeCKU CBET C IIMHOW BONHBI 0,575 MKM
aIaeT HOPMAJIbHO Ha AN PAKLUOHHYIO PELIETKY C HEPHOAOM 2,4 MKM.
OrnpenenuTs HanOOJBITHI TTOPSIOK CIIEKTPa U 00IIIee YHUCIIO TIaBHBIX
MaKCUMYMOB B TU(PPaKIUOHHON KapTHHE.

4.9. CBer, magas U3 CTEKJIa B )KHUIKOCTh, YACTUYHO OTPaXKaeTcs,
4acTUYHO npenomisiercs. OTpa)KeHHBIN JIyd HOITHOCTBIO TOISIPU30BaH
npu yrine mnpenomiieHus 45°46[0. Yemy paBHBI MOKa3areib
MPEIOMIICHHS KUJIKOCTH U CKOPOCTh PACHpOCTPAaHEHHS CBETa B HEH?
ITokazatens npenomiueHus crexna — 1,52.

4.10. Haiitm yron MeXAy IUIOCKOCTSIMH TIOJISIPHU3AlIU ABYX
MOJISIPOMIOB,  €CIM  HMHTEHCUBHOCTH  €CTECTBEHHOTO  CBETa,
mpoieamero oba mojspoMia, yMeHeWiIack B 6,5  pasa.
Koaddumment mornomenwns ceeta B moispongax — 0,3.

4.11. Kakas sHeprus usnydaercs B | mun ¢ 1 cM? abGCOMIOTHO
YepHOro Tejla, €cIM MAaKCUMyM  CIEKTPalbHOW  IUIOTHOCTH
SHEPreTUYECKON CBETUMOCTH MPUXOAUTCS HA JIUHY BOJIHBI 0,6 MKM?

4.12.Ilpu kakoi TeMIepaType MaKCUMyM CIIEKTpalbHOI
IUIOTHOCTH SHEPreTUYECKOW CBETUMOCTH aO0COJIOTHO YEpPHOTO Telna
NpUXOoauTcs Ha UiMHY BoiHbl 0,642 mxM? HaliTu sHepreTuyeckyro
CBETHUMOCTH a0COJIIOTHO YEPHOT0 Tella TP TaHHOW TeMIepaType.

4.13.Ilpu HarpeBe Tena JUIMHA BOJHBIL, Ha KOTOPYIO
MPUXOANUTCS MAKCUMYM H3JIy4aTeIbHOM CIOCOOHOCTH, U3MEHUIIACH OT
1,45 mo 1,16 mxm. Ha cKombkO HM3MEHHIACh MaKCHMaJIbHas
CTEKTpaJibHAs TNIOTHOCTh SHEPTeTHUECKON CBETUMOCTH Temna?

4.14.Ha 3epkalbHyK TOBEPXHOCTh Miomansio 0,8 M2
HopManbHO mamaer 14*=10'* kpantoB B cexynmy. Haiitu mmuny
BOJIHBI IIAJIAFOLIETO CBETA, €CIIM AaBlieHue ero pasHo 1078 ITa.

4.15. Tlotok cBera (4 = 0,56 MKM) magaeT HOpPMalbHO Ha
YEepHYIO0 MOBEPXHOCTh, mpou3Bons nasineHue 4 wmklla. Onpenenuts
KOHIICHTpAITNIO (J)OTOHOB BOJIM3U MTOBEPXHOCTH.

4.16. OnpenenuTs CHJIy CBETOBOTO JaBJIEHUS Ha YEpHYIO
HOBEPXHOCTH IIOMaap0 100 cM?, ecii MHTEHCHMBHOCTH CBETOBOIO
MOTOKAa, MAaJarolIero HOPMajbHO Ha 3Ty MOBEpPXHOCTh, paBHa 0,3
Br/em?.

4.17. OnpenenuTs  CBETOBOE  JABIEHME HA  IUIOCKYIO
MIOBEPXHOCTH ¢ K03 dunpenTom orpaxkenus 0,8 mpu majgeHNH Ha Hee
noJ yriom 60 CBETOBOM BOJIHBI HHTEHCUBHOCTHIO 0,5 Br/cMm?.



4.18. Onpenenurs TEmwIoTy, unydaemyro 100 cm? moBepxHOCTH
pacruiaBieHHOH miatiHbl npu 17708 C 3a 1 muH, eciiu ko3 dummeHt
MTOTJIOMICHUS TPUHATE paBHBIM (,8.

4.19. MakcuMyM SHEpPruu B CHEKTpe aOCOMIOTHO YEPHOTO Teia
NPUXOAWTCS Ha JUIMHY BOJHBI B 2 MKM. Ha Kakyloo UMHY OH
CMECTHUTCS, €CITH TeMIIeparypa Tena ypemnaurcs Ha 250 K?

4.20. [IToTok MOHOXpPOMAaTHYECKHX JIydeil C JUIMHON BOJHBI
600 HM magaeT HOPMAJBHO Ha IUIACTHHY C KO3(PPHUIUEHTOM
orpaxkenuss 0,2. Ckonpko (HDOTOHOB €XKECEKYHIHO IaJaeT Ha
IUIACTHHY, ECIIU JaBJIeHHE JTy4ell Ha miactury cocrasisier 1077 TTa?

4.21. KpacHas rtpanuna misa Hekoroporo Mmeramia 0,6 MKM.
Mertamn ocBemaeTcs CBETOM, JUITMHA BOJHBI KoToporo 0,4 MKwm.
OnpenenuTs MaKCHMaJbHYIO CKOPOCTH JJIEKTPOHOB, BHIOMBAaEMBIX
CBETOM U3 MeTaJlIa.

4.22. BeiOuBaemble cBeTOM TIpH  (GOTOIPPEKTE 3ICKTPOHBI
TTOJTHOCTBIO 3aJIeP’KUBAIOTCS 0OpaTHBEIM moTreHInaioMm 4 B. Kpachas
rpanuia Goroddderra — 0,6 MkM. ONpeaeTUTh YaCTOTY TaJArOIIETO
CBeTa.

4.23. [loBepXHOCTh IIMHKOBOTO  ()OTOKATOJA  OCBEIIACTCS
MOHOXPOMATHYECKMM CBETOM ¢ JUIHHOM BoiHB 0,28 MKM.
Onpenenuts CyMMapHBIH UMITYJIEC, COOOIIaeMBbli (POTOKATOAY, €CIH
W3BECTHO, 4YTO (DOTORIIEKTPOH BBUIETAET HABCTPEUY MaJAI0NIeMy
KBaHTY. PaboTa BBIX0O/1a 2JIeKTpOHa 711 ITMHKA — 3,74 »B.

4.24. Ilpu OCBEIICHHH MeETa/lIa MOHOXPOMATHYECKUM CBETOM
c qnuHodt BoiHBl 0,48 MKM M3 HEro BBUICTAIOT 3JIEKTPOHBI CO
CKOpOCTHIO 6,5 10° M/c. Onpenenuth paboTy BEIXO/A JJIEKTPOHOB U3
3TOTO MeTaJlIa.

4.25. IInockast BoJb(pamMoBas MJACTHHKA OCBELIAETCS CBETOM
JuHod BomHbl 0,2 MkM. HailTu HampspKEeHHOCTh  OJTHOPOZHOTO
3a[IepP)KUBAIONIETO TIOJS BHE IIACTUHKH, €CH (POTOIEKTPOH MOKET
YAAIUThCS OT Hee Ha paccTosHue 4 cM. PaboTa BbIXo/a 31EKTPOHOB
u3 Boib(pama 4,5 3B.

4.26. ®oton ¢ aHeprucit 1,2 MsB OblT paccessH B pe3yibTare
apdekra Kommrona nHa yroa 90®m. Haittu sHEpPruio, HMITYIbC
9JIEKTPOHA OTAAYH U JUIMHY BOJHBI pACCESIHHOTO (POTOHA.

4.27. B pesynbrate paccesHUs (OTOHA C JITUHOW BOJHBI 2 HM
Ha CBOOOJHOM D3JIEKTPOHE KOMIITOHOBCKOE CMEIIEHHE OKa3aloch



paBHeM 1,2 HM. Haiftu yrom paccesanusa. Kakas uacTe sHeprum
(oToHa TIepeaHa IpU 3TOM HIIEKTPOHY?

4.28. Onpenenuth U3MEHEHHUE JUTHHBI BOJHBI M YTOJI PACCESHUS
¢dotona npu 3dpdexre Komnrona, eciii CKOPOCTh IJIEKTPOHA OTHAAYU
0,4c. Dueprus nepsuuHoro gotoHa — 0,42 M»aB.

4.29. HallTu OTHOIIEHHE MAaKCHUMAJbHOTO KOMITOHOBCKOTO
U3MEHEHUS JJIMHBI BOJIHBI MIPHU paccessHuH ()OTOHOB Ha CBOOOIHBIX
3JIEKTPOHAX U HA MPOTOHAX.

4.30. Ha kakux dYacTuIlaXx MPOM3OIUIO paccesHrne (OTOHA C
sHeprueir 2,044 M»sB, ecaum sHeprus paccesHHOro  (hoToHa
YMEHBIIHIACHh BTPOE MPH YIiie paccesHus 60 im?

4.31. BpluucnauTh NEpUON BpallleHUS OBIIEKTPOHA Ha IEpBOU
00pOBCKOI OpOUTE B IByKPAaTHO HOHU3UPOBAHHOM aTOME JIUTHS.

4.32. Haiitn HauOonplIyi0 1 HAMMEHBUIYIO JJINHBI BOJIH CEpUU
banemepa ciekTpa aToMa BOJOpoOJIa.

4.33. Beiudcnuth 1o Teopud bopa cKoOpocTh BpalleHUs
JJIEKTPOHA, HAXOMSIIErocss Ha TPEThEM JHEPreTHYeCKOM YpOBHE B
aToMe JerTepusl.

4.34. ®oton, coorBercTBYIOWMN nanuHe BOJHBL 0,015 MkwM,
BBIOMJI 3JIEKTPOH U3 HEBO30YXJIEHHOTO aToMa BOAOPOjAa. BeraucinTs
CKOPOCTb JIEKTPOHA 32 IpejiesiaMi aToMa.

4.35.1lpu mepexode D3JACKTPOHA B aTroMe BOAOPOJA U3
BO30YKJICHHOTO COCTOSIHHS B OCHOBHOE pagyc OOpOBCKOW OpOUTHI
JJIEKTpOHAa yMeHbIMiCS B 25 pa3. Ompenenuts ATUHY BOJHBI
U3TY4YeHHOTO (OTOHA.

4.36. Beiuucoute 1o Teopun bopa yacToTy BpallleHHA
JJIEKTPOHA aTOMa BOAOPOAA BOKPYT SApa, €CIM OH HAXOAWTCA Ha
BTOPOM 3HEPreTHUECKOM YPOBHE.

4.37. BolUUCAUT,  KUHETUYECKYID  SHEPrui0  3JIEKTPOHA,
BBIOUTOIO €O BTOPOrO SHEPreTUUECKOr0 YPOBHS aToMa BOAOPOIA
(hoTOHOM, JITMHA BOJIHBI KOTOPOTo 0,2 MKM.

4.38. B B030yXIIEHHOM aToMe BOJOpPOJa DJIEKTPOH BpallaeTcs
Ha OJHOW M3 BO3MOXKHBIX OOpPOBCKHX OpPOMT cO ckopocThio 1,1*=10°
M/c. OnpenenuTts, 4YeMy paBHA JHEPrHs KBaHTa, W3IY4aeMOIro IIpH
[epexo/ie JEKTPOHA B OCHOBHOE COCTOSTHHE.

4.39. OnpenenuTs HaWMEHBIIYI0 W HAWOONBIIYIO SHEPTUU
(hotona B nH(paKpacHOU cepun criekTpa Boxopoaa (cepun [lamena).



4.40. AToM BomOpOZa HAXOMUTCS B BO30YKIEHHOM COCTOSHHUU
C IJIaBHBIM KBaHTOBBIM uucioM 3. Ilagarommii ¢poTOH BeIOMBaeT W3
aroMa 3JIEKTPOH, cooOmmas eMy KHHETHYECKYI0 JHepruio 2,5 sB.
BBIUUCIUTE SHEPTHUIo Magaonero GoToHa.

4.41. Onpenenuth JIMHY BOJHBL fAe bpoitng v -yactui,
MIPOIIEAINX pa3HOCTh moTeHIuanoB: 1) 200 B; 2) 100 xB.

4.42. Beluucnute JJIMHY BOJHBI 1€ bpoiins snekTpoHa,
o0nagaromniero KWHETHYeCKOi sHeprueit 1 3B.

4.43. KopoTKOBOJIHOBasl TpaHUIla PEHTTEHOBCKOI'O CIIEKTpa
4+ =0,2= 10" M. OnpeienuTh JUIMHY BOJHBI € Bpoiisis 21eKTPOHOB,
OOMOapAMPYOIIUX aHTUKATO/.

4.44. Cropocts 31ekTpoHOB paBHa 0,8c. HaliTu nnmHy BOJHBI
Jie bpoins 31ekTpoHOB.

4.45. lnuna BosHbl Ae bpoins snekrpona paBHa 1,3 HM.
OnpenenuTs CKOPOCTh AJIEKTPOHA.

4.46. BpluncauTs AJIMHY BOJNHBIL e bpoiins anig Monekyn a3oTa,
JIBWKYIIUXCS €O CpelHed apu(METHUECKOH CKOPOCTBIO —TIpH
temnepatype 20mC.

4.47. Haiftu juiHy BOJIHBI ¢ Bpoins mpoToHa, mpolIeamero
pasHocTh oTeHnuanos 1 MB.

4.48. [lnuna BonHBI Jie bpoiing snekrpoHa ymeHbIIMIach oT 1
1o 0,5 M. Ha ckonbko u3aMeHuIach 3HEprust 3JaeKTpoHa?

4.49. TlpotoH  ABWKETCS €O  CKOpocTero  1=107 wm/c.
OrnpenenuTs AJIMHY BOJHEI 1e bpoiins nmpoToHa.

4.50. DHeprus B030yxknmeHHoro artoma Bomoponxa 0,85 »3B.
Breraucnauts 1imHy BOJHBI [ie bpoiins snekTpoHa Ha 5Toii opowuTe.
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4.51. Ilepuon moiypacmaga usoroma s AS  pasen 17,5 mus.
OnpenenuTs MOCTOSIHHYIO pacriafia ¥ CPeIHIOI MPOIOIKUTEIHFHOCTh
’KU3HU aTOMOB 3TOT'0 M30TOIa.

41 Al

4.52. Tlepuox momypacmajga paguOaKTHUBHOTO aproHa i
paBeH 110 w™wuH. OmnpeaenuTs BpeMsa, B TEYEHHE KOTOPOIO
pacnagaercs 25% HavaabHON Macchl aTOMOB.

23 o
4.53. BemectBo 1 Na obmywaercs  nedTpoHAMHU u
o 24

NPEBPAIAETCA B PAJAMOAKTHBHBIA HM30TON 11 N& ¢ [EpUOIOM

nmonmypacnana 11,5 4. Kakast monst paguoakTHBHOTO HATPHUS OCTAETCs
Yyepe3 CyTKH NOCIIe PeKpanieHus: o0aydeHus IeiTpoHamu’?



4.54.3a mnonroma pacnanoch 40% HEKOTOPOro MCXOJHOTO
pagroakTUBHOTO »eMeHTa. OnpeaeauTh Nepros IMoypaciaga 3TOro
JIIEMEHTA.

4.55. IlocTrostHHAS pagMOAKTHBHOTO pacmaia s % Ra paBHa
3,28%107° ¢!. Onpemenuth, Kakas 4YacTh SAep STOrO DIEMEHTA
OCTaHEeTCs Yepes S5 JeT.

4.56. Onuu rpamm paaus ucnbithiBaer 3,710 v -pacnanos
B |l c. Bpumcnanuts mnepuoj modypacnaga M TOCTOSHHYIO pachana
22868 Ra

4.57. IlocrostHHasgs ~ pacmajga  paguMoOaKTUBHOTO  DJIEMEHTa
+=1,5=10% c¢!. Onpenenuts NPOJOIKUTENLHOCTh KU3HH U
MIEPUO] MOJTypacnaaa 3TOro JIEMEHTA.
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4.58. Tlepuon nonypacnana ypana » U  pasen 4,5 10° ner.
OmpenenuTh, CKOJIBKO aTOMOB pacmnamaercs 3a 10 jger B 1 kxr 3Toro
3JIeMEHTAa.

4.59. Kakast nonsi aTOMOB TOpHS 5 Th pacnanaetcs 3a 1 c,
ecIi mepuoj noypacnaza topus 1,39 100 ner?
4.60. IlocrostHHAadA pacnajga HENTYHUS s Np paBHa 9,8 10715

c Beraucnuthe  mepuoj  moidypacmaza  HEeNTYHHS W JOJIIO
pacnaBmuxcs atoMoB gepe3 1000 mner.

—1



MpunoxeHus

1. OcHOBHble hm3anyeckue NOCTOAHHLIE (OKPYrNeHHbIe 3HaYeHUst)

dusnueckas MoCTosHHAS

O6o3HavyeHne

YucaoBoe 3HaUeHHE

HopmanbsHoe yckopeHre cBOOOTHOTO TTaeHUS

g

9,81
C

rpaBI/ITaL[I/IOHHaﬂ IOCTOSTHHast

3

M
6,67=107 PRaveY

T X
[TocTostHHas ABoraapo Ny 6,02=10% moip !
MouisipHas ra30Bast OCTOSIHHAS R Tk
8,31 Monp XK
ITocTosauas Bonpiimana Tk
k 1,38=10% —¢
O0beM 0THOTO MOJIS HCATHHOTO ra3a N
[P HOPMAJIBHBIX YCIOBHIX Vo 20 4= 1073
(Try=273,15K; P=101325IIa) ’ MOIIb
DIeMeHTapHbIH 3apsin e 1,60=10"° Kn
Macca noKosl SIeKTpOHA m, 9,110 xr
[Tocrosinnast @apanest
F 9,65=10*
MOJIb
CKOpOCTb CBETA B BAKyyMeE c 3=10% m/c
Ilocrosunast Credpana—bonprmana Bt
? 5,67=108 ——
M- XK
IlocrosiHHast BuHa B iepBOM 3aKoHE (CMEIICHHsI) C 2,89=10° M=K
[TocrosiHHast BuHa Bo BTOpoM 3aKoHe
C . -5 —
2 1,30=10 M2 K
IocrostaHas [Tnanka h 6,63=10* Ix=c
h
h =—
2p 1,05X1073* Tk Xc




OKOHYaHUE TAaOIHIBI

Duznueckas oCTosIHHAS O6o3naueHue|  YmuciioBoe 3HaYCHHUE
IocrosiaHas Punbepra R 2,07x10° 18 ¢!
KOMITOHOBCKAS JTHHA BOJTHEI +. 243x10 "% m
DHeprusi MOHU3aluu aToMa BO0POAa 1,18X107"8 Tk =
E;
=13,6°B
ATOMHAS €IMHHIIA MACCHI a.e.M. 1,660x10727 xr
DHeprusi, COOTBETCTBYIOMIas 1 a.e.M. 931,50 M»B
OnekTpuyeckas IOCTOSTHHAS o)
f, 8,85x10712 —
M
MarnuTHas TOCTOSTHHASI ) ., I'm
i 4p X0 7
M

2. HekoTopble acTPOHOMUYECKHUEe BENMUYUHBI

Pammyc 3emiu (cpennee 3HaueHUE) 6,37x10° m
Macca 3emnu 5,96x10%* xr
Paguyc ConHiia (cpeaHee 3HaYCHHUE) 6,95X10% m
Macca Connia 1,98%10%0 kr
Paguyc JlyHs! (cpenHee 3HaueHHE) 1,74X10° M
Macca Jlyns 7,33%X10?? kr
CpenHee paccTosSHUE MEKIY IeHTpamu 3emin u JIyHbt 3,84X10% m
Cpennee paccrossHue Mexxay neHTpamu ConHIA U 3eMITin 1,5x10'" M
INepron obpamenns JIyHsr BokpyT 3emin 27 cyt 7443 muH

3. MnotHocTb xuakocten X = 103, kr/m3

Bona (pu 4#C) 1 Kepocun 0,8 PryTh 13,6
I'muuepun 1,26 Maciao 0,9 Crupr 0,8

4. MnoTHoCTb ra3os (MPU HOPManbHbIX YCOBUsIX), Kr/m3

Asor 1,25 Bognopon 0,09 Tenuii 0,18
Apron 1,78 Bozayx 1,29 Kucnopon 1,43

5. MnoTtHOoCTb X, Moaynb ynpyroctu (moaynb lOHra) E,
k03P PMLIMEHT NIMHEMHOro pacluMpeHus (cpegHee 3Ha4YeHue) v
HEeKOTOpbIX TBepAbIX Tern

TBepmoe Teno X = 1073, kr/™? E =107 Ila v = 10% K
AmoMuHIi 2,7 7,0 24,0
Bosabdpam 19,75 41,1 43
Keneso (craib) 7,85 22,0 11,9




OKoHuYaHuEe TaOIHUI B

TBepj10€ TENo X = 1073, kr/m? E= 107" Tla v = 10°K!
KoHcranTan 8.9 21,0 17,0
Jlen 0,92 0,28 -
Menb 8,8 12,98 16,7
Hukenb 8,8 20,4 134
Huxpom 8.4 — —
Dapdop 2,3 - 3,0

6. CkopocThb 3Byka B BewecTtBe (npu 158C), m/c

7. NoABMXHOCTbL MOHOB B 3MIEKTPONMTaX

bepunmii
Bo3ayx
Bona
Bock

NO ;
H+

K+

Cl
Ag*

12500
340
1450
390

M2

"B x

6,4=108
3,26=107
6,7=10"°
6,8=10"°
56=10°%

8. AhhekTMBHBLIN AnameTp MorneKynbl razos d = 10-1%, m

Azor
Apron
Vriekucslii ra3

3,1 Boznyx
3,6 Bomopon
4.0

3,0 Tenuit 1,9
2,3 Kucnopon 2,9

9. YpenbHas tennoTta nnaeneHusa + = 104, [x/kr

Jlen
CBuHeI

33,5
2,3

10. YaenbHas TennoTta napoo6pasoBaHus r = 105, Dx/kr

Bona
O¢up

22,50
6,68

11. YpenbHasa TennoeMKkocTb ¢ ™ 1072, [k/kr

Bona

41,9



Jlen 21,0
Huxpom 2,2
CBuHeIL 1,26

12. YaensHoe conpotusenerne X = 108, Om=wm

Bonbhpam 5,5 Hukenun
Keneso 9,8 Huxpom

40,0
110,0

Menb 1,7
Cepebpo 1,6

13. lnanekTpuyeckas npoHULaeMocTb (OTHOCUTENbHAA) BellecTBa

Bakenur 4.0 Macno 2,2 Cmroma 6,0
Bona 81,0 TpaHc(hopMaTopHOE Crexio 7,0
Kepocun 2,0 MMapadun 2,0

14. TemnepaTypHbIA KOIPPULIMEHT CONPOTMBIIEHUS NPOBOAHMKA
v =103 K1

Bomnsppam

Mens
Huxens

5,2
4,2

0,1

15. MNoTteHumnan noHmnsauun, 3B

Bonopon
PryTn

13,6
10,4

16. NMokasaTtenb npenomneHus

Anmas 2,42 'munepun Conb kamennas 1,54
Bona 1,33 Cepoyrnepon
17. PaboTta BbIxoAa 3J1eKTPOHOB U3 MeTanna, 3B

Bonsdpam 4,53

Huxens 4,84

Ie3uit 1,89

Huuk 3,74

18. Macca my n aHeprua Ey; NOKOA HEKOTOPLIX YacTUL
mg Ey
Hactuna ae. 1077, xr M>B 10'°, Jix

DIIeKTpoH 0,0005486 0,000911 0,511 0,00082
IIporon 1,007277 1,67262 938,27 1,503
Heiitpon 1,008665 1,67482 939,56 1,505




q ny EO
acriua a.e.M. 1027, kT M»sB 10'°, Tl
v -4acTHIa 4,001507 6,64466 37273 5,972
19. Nepuoabl nonypacnapa
HEKOTOpPbIX PafANOaKTUBHbIX 3JIEMEHTOB
3
 H 12 nmet
2 Ca 165 cyrok
% Ra 3,8 cyTox
"% Ra 1600 et
20. Macca HEKOTOpPbIX U30TOMNOB
M3oton m, a.e.M. M3oton m, a.e.M.
'H 1,007825 B 11,009305
’H 2,014102 N 14,003074
’H 3,016049 0 15,994915
4 He 4,002604 70 16,999133
TLi 7,016005 % Ca 47,952363
1 Be 7,016930 » U 238,05076
B 10,012939
21. OcHOBHbIe U gononHuTenbHble eanHulbl CU
Bennunna Enunnna
HANMCHOBAaHUEC 0003HaueHNE HAaNUMCHOBAaHUEC 0003HaYeHne
Juna / METp M
Macca m KHAJIOTPaMM KT
Bpewms t CEeKyHJa C
CuJia 5J1eKTpUYECKOro TOKa 1 amIep A
TepMmoanHamuueckas T KeJIbBUH K
TeMIleparypa
Cuuia cBera J KaHena K1
KOIII/I‘ICCTBO BCUICCTBA \% MOJIb MOJIb
[Tmockuii yrou =~ paauaH pan
TenecHblii yron > cTepaiuaH cp




22. BHecucTeMHble eQUuHULbI,
aonyckaeMble K NPMMeHeHUIo HapaBHe ¢ eauHuuamu CU

Ennanna
Benmuuuna COOTHOIIICHHE
HANMCHOBAHHC O603HaquI/Ie o
¢ equnnneit C1U
Macca TOHHA T 103 kr
aTOMHAsI eMHHIIA MACCHI a.e.M. 1,66*10% kr
Bpemst MHUHYTa MUH 60 c
gac q 3600 c
CYTKH CyT 86400 c
TTnockuit yron rpasyc L 1,74=102 pag
MHHYT2 ] 2,94 10 pan
CeKyHza <) 4,85=10° pag
O6beM, BMECTUMOCTh TP 1 1073 M3
JlnuHa ACTPOHOMHYECKAs SANHUIA a.e. 1,50=10"' M
CBETOBOM roj CB. FOZL 9,46=10" m
Hapcek K 3,08=10"" M
OnTuueckas cuia JIMONTPHS AT 1M
Inomans rexTap ra 10* M2
DHeprus 3JICKTPOH-BOJIBT 3B 1,60=10""° Tx
TlosHast MOIITHOCTh BOJIbT-aMIIEP B=A
PeakTHBHAS MOIIHOCTh Bap Bap

IIpumeuanue. JlomycKaeTcs TAKKe IPUMEHSTb IPYTHe SANHULIBI, TOTYYHBIINE
LIMpOKOe pactpocTpanenue. Hanpumep, Henens, Mecsl, TOJ, BEK, ThICSYENIETHE U T. .
Epvanner Bpemenn (MHUHYTa, 9ac, CyTKH), IUIOCKOTO yria (Tpaxyc, MUHYTA,
CEeKyH/a), ACTPOHOMHYECKYIO CIMHHMILy, CBETOBOil IO, IUONTPUIO M aTOMHYIO
€IMHUITY MacChl He JIOIyCKaeTCsl IPUMEHSTH C IPUCTAaBKaMHU.

23. NpounssoaHbie eanHnubl CU,
nmerowine cob6cTBeHHbIe HAMMeHOBaHUA

Bripaxenue
Bemnuuna Ennauna .
ITPOU3BOTHON €IUHHUIIBI
uepes3 Jpyrue | yepes OCHOBHbIE
HauMEHOBaHUE |0003HAUYEHHUE| HANMEHOBaHUE [0003HAUCHIE

emquuuiel CU|  enuanns CU
Yacrora v repi I'n — ¢!
Cuna F HBIOTOH H - M ™ Kkr=c?
JlaBneHne P HacKaib Ia H/m? M= xr=c?
Dueprus, pabora, | E, W, U, JKOYIIb Tk H'™m M2 = Kkr=c?
TEIIoTa A, Q
MOILIHOCTB, N, P BaTT Bt Jlx/c M2 == Kre=c3
MOTOK SHEPIHH




OKoHuYaHuEe TaOIHUI B

Beipakenue
Bennunna Enununa o
IIPOU3BOJHON CAMHMIIBI
uepes Apyrue | yuepe3 OCHOBHbIE
HAMMEHOBAHHE  |0003HAYCHHE HANMEHOBAHHE [0003HAUCHHE]
enqunanipl CU | equnnner CU
Komnaecto 0,q KYJIOH Kn A=c c=A
3JIEKTPUYECTBA,
INEKTPUUECKUN
3apan
DIEKTPHYECKOE U, = BOJBT B Br/A  |M?™kr=c>=
HaIpsHKEHHE, Al
JNEKTPUUECKUN
HOTEHIMAI
DnekTpuyeckas C (bapan (0] Kn/B M 2= gr! -t
€MKOCTh -A?
DIEKTPHYECKOE R, 7 oM Om B/A MZ=gre -
COIPOTHUBIICHUE A?
DieKTpruecKast ? CUMEHC Cm A/B M 2= kr =l
HPOBOJUMOCTb -A2
ITOTOK MarHUTHOI o} Bebep B6 B=c |M’=kr=c?’=
HUHAYKIHN Al
MarnuTHas B Tecna Tn Bo/M? Kkr=c2= Al
UHIYKIHUs
WHAYKTUBHOCTD L reHpu I B6/A  |MP=™kr=c?=
ny p
A—2
CBETOBOI ITOTOK D JIIOMEH JIM — KI“cp
OCBEICHHOCTb E JIIOKC K — M2 =Kn™=cp
AKTHBHOCTb GeKKepesb bk - ¢!
HyKIIHIA
B PaJIHOAKTHBHOM
UCTOYHHKE
[ornomeHHas rpeit I'p - M2 2
1032 U3ITyYEHHUS]
DKBUBAJICHTHAS 3UBEPT 3B - M2 2
71032 M3ITyYEHHUs

Ilpumeuanue. B BblpakeHHE NPOU3BOIHBIX E€AWHHIL
OCHOBHBIMH equHUIIaMu CU IONONHUTEIbHAS — CTepaiiaH.

24. MHOXUTeNMn

n NnpuctaBKun

BXOOAUT HapaBHE C

Aansa 06pa3OBaHMﬂ AECATUYHbIX KPpaTHbIX U AO0JIbHbIX eANHUL
U "X HauMmeHoBaHUA

IIpucraBka

HaI/IMeHOBaHHel 0003HauECHIE

IIpucraBka

MHoXHUTENH

HaI/IMeHOBaHPIel 0003HaUCHHE

MHuoxurens




Ipucraska MHoxuTETH Ipucraska MHoXHTETH
HauMeHOBaHUE | 0003HAUYECHHE HauMeHOBaHUE | 0003HAUCHIE
IKCca €] 10'8 CaHTH c 1072
nera 1 10%5 MUJUTH M 1073
Tepa T 10'2 MHKPO MK 109
rura r 10° HAHO H 10°°
Mera M 100 ITUKO I 1012
KHUJIO K 10° demTa i) 1071
nenu I 107! aTTo a 10718




NINTEPATYPA U UHOPOPMALIMOHHbIE
PECYPChbI

Kann, K.b. Kypc oOmieii ¢usuku [DnekTpoHHBIH pecypc]:
yueObHOe TmocoOue A CTYyIEHTOB BY30B, OOYYalOLIUXCS II0
€CTECTBEHHBIM CIENHaIbHOCTSIM, IS KOTOPBIX (PM3MKA HE SBISETCS
npopunupyromum npeamerom / K. B. Kann. — M.: KYPC: UH®PA-
M, 2018. - 360 c. http://znanium.com/go.php?id=956758

I'me6oB, B.B. ®uznka. Teopus u mpakTuka [DIEKTPOHHBIHI
pecypc]: yuebHoe mocobre sl CTYACHTOB BY30B, OOYYarONINXCS 10
HaNpaBlICHHI0O TOATOTOBKH  «TeXHONOTHS  MPOJOBOJILCTBEHHBIX
MPOAYKTOB U MOTPEOUTENbCKUX TOBapoB» / B. B. 'mebGoB u ap.; mox
pea. C. O. Kpamapoa; — M.: PUOP: MHDPA-M, 2016. - 380
c. http://znanium.com/go.php?id=522108
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