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CepTtudmkar:
Bnapeneu:

ComepKaHie

BBegeHie

Llems u 3agaun H3YYEHHS U CIIHILIINHEI

OO0opyJOBaHIHE H MaTepPHAaIbI

HanmMeHOBaHHe ITpaKTHYECKHX padoT

CoepKaHHe ITPaKTHYECKHX pador

IIpakTHyeckasg padora Nel KuHeMaTHKa MaTepHaIbHOH TOYKIH.
IIpakTiyeckasg padora Ne2 JIMHaMHKa MaTEpHAIbHOH TOYKH.

[ IpakTHueckas padora Ne3 Pabora H sHeprusa. MexaHHKa TBEPAOrO Tea.
[ IpakTHueckas padora Ne4 MexaHHueCKHe KOJIeOaHHS H BOIHEI.
[IpakTHyeckas padora Ne5 OCHOBBI MONIEKYIIIPHO-KHHETHYECKOH TEOPHI.
I IpakTHyeckas padora Ne6 OCHOBBI TEPMOIHHAMHKI.

IIpakTiyeckas padora Ne7 DleKTpocTaTHKa.

IIpakTiyeckasg padora Ne8 [IpOBOTHHKH B SIEKTPHYECKOM IIOJIE. DIEKTPHYE-
CKOE ITOJIE B JUBIEKTPHKAX.
[IpakTHyeckas padora Ne9 3aKOHEI ITOCTOSHHOI'O TOKA.

[IpakTtHueckasg padora NelO. IIoHSTHE O MarHHUTHOM IT0MI€E. 3aKOH bro — CaBapa-
Jlaraca.

IIpakTHyeckas padora Nell. DIeKTpOMAarHHTHOE ITOJIE.
[IpakTHyeckas padora Nel2. [IepeMeHHBIH 3JIeKTPHYECKHI TOK.

IIpakTHyeckasg padora Nel3. 'eoMeTpHUYeCcKas OITHKA.

[TpakTHyeckas padora Nel4. BomHoBast ontnka. MHTepdepeHIma 0 gHpaKIms
CBETA.
I IpakTHueckas padora Nel5. KBaHTOBas IMpHpPOAA H3ITYUCHH.

[IpakTHyeckas padora Nel6. Mogem atoma TomcoHa H Pesepdopra. Teopus
aToMa Bojopoja 1o bopy.

[TpakTHyeckas padora Nel7. OCHOBHI (PH3HKH aTOMHOIO S/Ipa. DleMeHTapHBIE
YaCTHIIBI.

Y4yeOHO-MeTOANYECKOEe H HH(OPMAIIHOHHOE O0eCIIeYUeHHE M CILIUIUIHHEI

IlepeueHs OCHOBHOH H JOIOJHHUTEILHOH JINTEPATYPhI, HEOOXOAHUMOH IJISI OCBO-

EHIMS JTHCIHIUTHHEL

IlepeueHpr y4eOHO-METOAHYECKOrO OOECIIEUEHHS CaMOCTOSTEIIBHOH PaloThI

OOYYAFOIIIXCS IO JHCIUILIHHE

-!_!-ﬂ‘!""'.ﬂ"!"!'ﬂ"!"!"!' S AN PR R "!"!"'!"!'."'1""..-""*.‘!""‘.! F ol b d Falhdsd fal TQWEI{GWII{MIGI_]}IGﬁ CETII HHTEPHET
OOKYMEHT MNOAMNMUCAH ’

SNEKTPOHHOM NOANUCHIO
12000002A633E3D113AD425FB50002000002A6

lLleBayxoea TateAHa AnekcaHapoBHa

[

Nencreutened: ¢ 20.08.2021 no 20.08.2022



BeeneHue

[IpakTHUecKHe 3aHSATHS CO3MAal0T OINTHMANbHBIE THIAKTHUYECKHE YCIOBHS IS ICSTEIb-
HOCTHOI'O OCBOEHHS CTYAEHTAMH COJEPKAHMS M METOMOIIOTHH H3Y4aeMOM JTUCI[HIUIHHEI
«DHU3HKa», MCIIONb30BAHHE CIIEIIHAIIBHOIO J1abopaTopHOro OOOPYAOBAHHS M TEXHHYECKHX
cpeacTtB. [IpakTHueckHe 3aHATHSA 3aHHMAIOT ITPEHMMYVIIECTBEHHOE MECTO ITPH H3YYeHHH OOIIE-
NTpo(eCCHOHAIIBHBIX H ITPO(eCCHOHAIBHBIX JUCIUIUIMH. [IpakTHyecKHe 3aHATHS IIPOBOISTICS C
I[EJIbI0 BEIPAOOTKH IMPAKTHYECKIX YMEHHI H IIPHOOpPeTeHHS HABBIKOB B PEINlEHHH 3aJay, OTpa-
OOTKH VITpaKHEHII, BEITIOJIHEHNH YePTeXKeH, IIPON3BOICTBE PACUETOB H T.11.

[{enpr0 MpaKTHYECKHX 3aHATHH SBISeTCS (DOPMHPOBAHHE ITPAKTHYECKHX YMEHHH — ITPO-
(pecCHOHAIBHBIX (BBHIIOIHATh OIPEeIelIEHHbIE JeHCTBHSA, OIepalHH, HeOOXOAHMBIE B IIOCIEIYIO-
II[eM B ITpOo(eCCHOHAIbHOM JesITeIbHOCTH) HIIH YU4eOHBIX, HeOOXOMHMBIX B ITOCIIEAYIONIEH yuel-
HOH JeSTeIIbHOCTH IT0 O0INEepod eCCHOHAIbHBIM H ITPO()eCCHOH AT HBIM JIH CIIHIUTHHAM.

Brubnuorpadiueckiii CIIHCOK COAEP XHT CBEeJACHHS O CIIPABOYHOI JIHTepaType H JOIOI-

HHTCIIBHBIX H3JaHIHX, HeOOXOAHMBIX I YIIIY OIIEHHOI 0O H3VUCHHA OTAC/IBHBIX BOITPOCOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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1. Ilens u 3a0auu uzyueHua OUCUUNIUHDL

L[EHBIG OCBOEHH S JHCIHMITIIHHBI « OH3HKa» SBISICTCS dmpmrpﬂﬂa}me Y CTYACHTOB KOMIIC-
TEHIHH ITO3BOSIOLIHIT ELIpElﬁlDT dTh HABBIKH d)IIBH‘IEGI{HX HCCIeJOBAHHI B thepa}{ dKaJcMITHC-

CKOH, ITpoe CCHOHAJIbHOM H 0OMIeHayYHOH JesATeIbHOCTH.
3a1aun OCBOEHH S T CLIUTUIHHEI:

— H3YVHCHHE 3dKOHOB OKPVYRAIOHICT O MHP4A B HX B3dHMOCBA3H,
— OBIIQJCHIHC QJ}U{,I[HIEIEHTEIJ]LI{BIMI IPHHITHIIaMH H MCTOJ4dMI PCIICHIA HAYIHO-TCXHHYCCKIIX

3aJayu;

— (pOpMHpOBAHHE HABBIKOB ITO ITPHMEHEHHIO ITONOKEeHHH (PYHAAMEeHTAIbHOH (PH3HKH K Ipa-
MOTHOMY HaYYHOMY aHAJIM3y CHTYAIL[HH, ¢ KOTOPBIMH HHJKEHEPY IIPHXOHTCS CTAIIKHBATHCS
IIPH CO3JaHHH HOBBIX TEXHOIOIHIA;

— OCBOCHHZ OCHOBHDBIX Q)IIBHLIEGIGI}{ TE:DPI]I‘L INO3BOJIATIOIIHX OITHCAaTh ABJIICHHA B IIPHPOJC, H
IPCACIIOB ITPHMCHHMOCTH 3THX TC Dp]?]ﬁ AJIA PCHICHHA COBPCMCHHBIX H IICPCIICKTHBHBIX TCX-
HOJIOTHYCSCEIX 3a14Y.

2. Obopyoosarue u Mamepuaisl
ATapaTtHeIle CPEJCTBA: IIEPEHOCHOH HOYTOVK, IIPOEKTOP, TOCKAa MArHHTHO-MapKepHas.
YueOHasg ayauUTOPHS IS IIPOBEAEHHS YUeOHBIX 3aHSITHIL, OCHAIlleHa OO0OpYIOBaHHEM H

TCXHHYCCKIIMH CPCACTBAMI Gﬁ}"‘IEHI[H.

3. Haumenoeanue npakmuueckux paoom

M3 HUX ITpakTHYe-
Ne TeMpI HarnmeHoBaHNE TeM QUM CIHIUIHHEL, HX KpaTKoe O0peM
CKasl IIOJATOTOBKA,
MU CINOITHEI COIEPKaHIe JaCcOB
JacoB
I cemecTp

IIpakTHueckan padora Ne 1. Kunemaruka
MATEePHAJIbBHOM TOUYKM.

KiHeMaTHKa ITOCTYIIATEIIBHOIO JBHKEHHA.
KiHeMaTHKa BpallaTellbHOI'O JBHKEHHS MaTe-
PHAJIbHOH TOYKH. TaHT eHI[HaJIbHOE, HOPMAaJIh-
HOE H ITOJIHOE YCKOPEHHS.

HM3yunTh 3aKOHOMEPHOCTH JBHKEHIS MaTePH-
aTIbHOM TOYKH.

IIpakTHueckas padora Ne 2. luHaMika Ma-

TePHAJIbLHOH TOYKH.
IlepBrii 3akoH HerotoHa. Crta, Macca, HM-

Imynsc. Bropon 3aKkoH HeroroHa. IIpuHInn He-

2 3aBHCHMOCTH JIeHCTBHA CHII. [ peTHH 3aK0H

NOKYMEHT MOAMUCAH ihea. 3a-
ANEKTPOHHOW NMOAMUCHIO rreee.
Cepmudukar: 12000002A633E3D113AD425FB50002000002A6
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IIpakTHueckas padora Ne3. PaGora u 3Hep-
rusi. MexaHHKa TBepJa0ro TeJia.

Pabora, MOIIHOCTE, SHEPTHS. ITOHITHS H B3aH-
MOCBSI3b. 3aKOH COXPaHeHHS SHEPTHH. MOMeHT
MHEPIHH. 3aKOHBI MEXAHIKH BpallaTelIbHOrO
IBIDKEHHS TBEpAOro Tena. KuHeTnueckas

3 SHEPTHS ITPH BpalaTellbHOM JBHKEHHH.
M3yuuTh 3aKOHBI COXPaHEeHH I SHEPrHH. KiHe-
MaTHKY M JHHAMHKY BpaIllaTeIbHOI'O JBHKE-
HILS.

M3yyuTh 3aKOHBI COXPAaHEeHH I SHEPrHH. KiHe-
MaTHKY H JHHAMHKY BpaIlarelbHOI'O JBHKe-
HILS.

1,5

IIpakTHueckan padora Ned. MexaHn4ueckne
Ko0J1e0aHiA M BOJIHLL

KonebaTtesbHEIE IIPOLECCH B MeXaHHKe. I'ap-
MOHHYEeCKHe KolleOaHns. CBOOOIHEBIE 3aTyXa-
rolie KoneOaHnsa. BEIHYKIeHHBIe KOTeOa .
PesoHaHc. BOMHOBEIE IIPOIIECCH B MEXAHHKE.
M3y4uniTh OCHOBHEIE 3aKOHOMEPHOCTH KOJieOa-
TETIbHBIX IIPOLIECCOB B MEXAHHKE.

IIpakTHyeckas padora NeS. O cHOBBI Mo.Ie-
KYJISAPHO-KHHETHYECKOHN TeopHu. OCHOBHEIE
ITOHSTHS H 3aKOHBI MOJIEKYIISPHO-

5 KHHETHYECKOHN TEOPHH. CTaTHCTHYECKHE pac-
IPENETIEHHS H CIIEACTBU H3 HUX. OIIEMEHTEI
(pH3HYeCK Ol KHHETHKH.

M3y4yuTh OCHOBHBIE ITOHATHS H 3aKOHBI MOJIE-
Ky JISIPHO-KHHETHYECKON TEOPHH.

IIpakTHyeckasn padora Ne6. O cHOBBI TEPMO-
ANHAMHKH.

BHYTpeHH A9 SHeprH HAealbHOr o raza. BHYT-
PEHHSI SHEPrHI MHOI0aTOMHOIO raza Padora B
6 TepMOAHHaMHKe. PaboTa rasa IpH H30Te pMH-
YeCKOM Itporiecce. Havana TepMOgQHHAMIKH 1
CIIEICTBHS H3 HHUX.

HM3y4iTh OCHOBHBIE TIOHSATHS H 3aKOHEI TEP-
MOJHHAMIKH .

IIpakTHyeckan padora Ne7. DaekTpocraru-
KA. DIeKTPHYECKHE 3apsIbl H 3aKOH COXpaHe-
HHA 3apsfa. 3aKoH KylloHa. DIeKTpHyecKoe
none. HanpsoxkeHHocTs 1mosst. Teopema ['aycca
7 IUTS. HAIIPSKEHHOCTH AJIEKTPHYECKOTO TTOJIS.
PasHOCTE noreHIManos. CBs3b HAITPSKEHHO-
CTH H Pa3sHOCTH ITOTEHIHATIOB. OCHOBHEIE
YPpaBHEHHS SIIEKTPOCTATHKI B BAKYYME.
M3y4iTh OCHOBHBIE 3aKOHBI SJIEKTPOCTATHKH.

ITnakTnueckaa nanora NefR. ITnoBoTHHKH B

AOKYMEHT NoarnnMcAH
SMNEKTPOHHOW MOAMMUCHIO IECKOC 1TOJIC
Ceptudchmkar: © 12000002A63 3E3D1M3AD425FBS0002000002A6
Bnapeneu; LleBayxoea TateaHa AnekcaHapoBHa [ECKOM IIOJIE.
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3aPOKCHHOI'O ITPOBOAHIIKA. SHEPI‘HH AJICKTPIH -
HSCKOI'O ITOIIA. HGJIHPHS&I_[I[H JHIJIIEKTPHKOB.
I[HBHEI{TPHI{H B JICKTPHYCCKOM ITOJIC.
HB}"‘]I[TB ITPOBOJHHKIH B 3JICKTPHYCCKOM ITOJIC.

IIpakTHueckan padora Ne9. 3aKoHbI moCTO-
SIHHOI'0 TOKA.

[ IOCTOSIHHBIN ANeKTPHYECKHH TOK. 3aKOH OMa.
[Tpapuma Kupxroda i HX IIpHMeHEHHE K pac-
YETY SNEKTPHYECKHUX IIeNeH. 3aKOH J[XKOYIIS —
JleHia. Pabora 1 MOIIIHOCTE TOKa. Kiracciye-
CKasl 3JIEKTPOHHAS TEOPHS ITPOBOJHMOCTH Me-
TaJLJIOB.

M3y4nTh 3aKOHBI ITOCTOSHHOIO TOKA.

1,5

Hroro 3a 1 cemectp:

2 ceMecTp

10

IIpakTHueckan padora Nel10. IlonsaTHe o
MATHHTHOM I10J1€. 3axoH bno — Casapa-
Jlanmaca.

XapakTepHCTHKH MarHUTHOTO ITONS. 3aKOH
buo — Casapa — Jlarraca o ero nmpuMeHeHHE K
pacyeTy MarHHTHOT'O ITOJIA. TeopeMa O IIHPKY-
JISIIHH MarHUTHOTO ITOMS. 3aKOH AMIiepa. B3a-
HMO/JICHICTBHE ITapaJINIETIbHBIX TOKOR.

M3y4iTh OCHOBHBIE IIPOSBIEHH ST MATHHTHOTO
ITOJISI TIOCTOSIHHOI'O TOKA.

11

IIpakTHyeckan padora Nell. DJjekrpomar-
HHTHOE I10JI€.

3aKOH IIOJIHOT'O TOKA. 1 OK CMeIeHHs. EHas
TEOPHSA IEKTPHUIESCKIX H MAaTHUTHBIX SBICHHH
Maxkcgemna. CucreMa ypaBHeHHH MakcBeia.
CKOpPOCTh pacIpoCTpaHeHH IIeKTPOMarHIT -
HOTO ITOJIS PelIsITHBHCTCKas TPAKTOBKA Mar-
HUTHBIX SIBIICHHI.

HM3yunTh geiicTBHe MAarHHTHOTO 1O Ha JBH-

JKYIIHICS 3apsi.

1,5

12

IIpakTHueckan padora Nel2. Ilepemennbrii
IEKT PHIECKHH TOK.

[ lepeMeHHBIN 3JIEKTPHYECKHH TOK. OCHOBHBIE
ITOHSTHS M 3aKOHBI. BHXPEBOE 3IIEKTPHYECKOE
rmore. MOIIHOCTD, BRIAENIIeMas B LIETIH IIepe-
MEHHOI'O TOKA.

M3yuuTh 37IeKTpOMarHUTHRIE KOeOaHs B KO-
r1ebaTelIbHOM KOHTYPE.

1,5

13

IIpakTinieckan padora Nel3. I'eomeTpnye-
CKas ONTHKA.

@oroMeTpHs. OCHOBBI I'eOMETPHYECKOH OIITH-
K. 3aKOHBI OTPaKeHHS H IIPETIOMIIEHH I CBETA.

Hemawmre mNTTINArn RUTVTHATTATA OTPAKEHHA.

OOKYMEHT NoarimcAH | -
SNEKTPOHHOW NOAMNCHIO [a TOHKOH

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 |?1305pa}l{6-
Bnageneu: Llebayxoea TateaHa AnekcaHapoBHa BEpKaﬂa

[eiicteutenex: c 20.08.2021 no 20.08.2022 CKHX IIPHOO-




POB.
M3y4uTh 3aKOHBI ITepeMeHHOr 0 AIeKTPHYECKO-
'O TTOJIA.

IIpakTHueckan padora Nel4. BoiHoBas on-
THKA. HHTEepdepeHna u qudpakiua ceera.
SIBnenne HHTEpPEPEHIMH CBETOBBIX BOIIH.
Jlmdpakxinsg cBeTOBBIX BOIH. /(M paKImoHHas
pererka. B3anMoeHCTBHE 3IIEKTPOMArHHT -
HBIX BOJIIH C BEINECTBOM. J[HCITEPCHS CBETA.
[Iormomenue ceera. PaccesHue cBeTa. SPdeKT
Horepa. Ilonsgpusaliisg ceera.

M3y4iTh OCHOBHBIE 3aKOHBI I'eOMETPHUECKOH
OITTHKH.

14

IIpaxkTHyeckasn padora NelS. KBanToBas
NPHPOIA H3IY YCHH 5.

3aKOHBI TEIUIOBOI 0 H3TyUeHH . 3akoH CTeda-
Ha-bombiMaHa. 3akoH BrHa. @oT03(eKT.
YpaBHeHHe SHHINTeHHA I BHEIIHETO (POTO-
15 s(ppekra. Macca, SHEPrHa H HMITYIIbC (POTOHA.
JlaBnenne cBeTa. O ekt KoMIIToHa H ero
aJIeMEHTapHasI ITPHPOIA.

H3y4iTh OCHOREI BOJIHOBOH OIITHKH. MIHTED-

(pepeHIIIO H JH(QPAKIHIO CBeTa. J[HCIIEPCHIO H
TTOJISIPH3AIIHIO CBETa.

IIpakTHyeckas padora Nel6. Moaem atoma
Tomcona u Pesepdopaa. Teopuss aroma Bo-
aopoaa mo bopy.

Mogmem aroma TomcoHa u Pezepdopaa. JIH-
HEMYATHIHN CIIEKTP aToMa Bogopoxga. Ilocryra-
THI bopa. CriekTp aroma Bogopoja 1o bopy.
16 KopIry CKyIIsIpHO-BOITHOBOH JAYalIH3M CBOHCTB
BelecTBa. HeKoTopele CBONCTBA BOMH JIe
bpornsg. O0mee ypaBHeHHe [pemHrepa.
DOJIeMeHTBI COBPpeMeHHOH (PH3HKH aTOMOB H
MOJIEKV]L.

M3y4uTh BOIPOCH! KBAHTOBOM TEOPHH H3IIyUe-
HIL.

IIpakTHueckas padora Nel7. OcHoBbI H-
3HKH AaTOMHOI0 siApa. JJieMeHTApPHbIE 1a-
CTHIIBL

Cocrag, 3aps aTOMHOTO sapa. MaccoBoe U
3apsyoBoe Yncla. JJeeKT MacChl H SHEPIHS
CBSI3U siapa. CITHH sapa U €r0 MarHHTHBIH MO-
17 MEHT. SaepHbIe CHIIBI, HX CBOHCTBA, MOJIEIIH
saapa. 3aKOH PaJHOaKTHBHOIO pacraja. Jie-
MEHTAPHBIE YacTHIRL. KocMIUEeCKOE H3ITyye-

HHE. KJI&GGH(bHI{EH_[HH IANCMCHTAPHBIX YdCTHII.
DurHyeckasd KANTHHA MDA

AOKYMEHT MNOoArnnucAH
ANEKTPOHHOM MOANMCHIO JHH H3JIyHe-
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Llebayxoea TaTeAHa AnekcaHapoBHa 332 2 ceMecTp
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4. Codepocanue nadopamopHsix pabom

Pasgea 1. Mexanuka
IIpakTH4yeckoe 3ansarue 1.
T'ema 3anamusg. KHHeMAaTHKA MATEPHAILHOH TOYKH
I{ens 3anamusa. 13yuiTh 3aKOHOMEPHOCTH ABHKEHHS MATEPHAIIBHOH TOYKH.
Teopemuueckasn uacme.
llocmynamenvHoe Oauicerle

CpemHsa (ITyTeBasl) CKOPOCTh:
_As
)T

)

rae As—IIyTh, IIPOHIAEHHBIN TOYKOH 3a HHTepBal BpeMeHH Af. IIyre As He MOXeT yOBIBaTh H
ITPHHHIMATE OTPHIIATEILHEIE 3HAUeHHS, T.€. As = 0.

MrHoBeHHasI CKOPOCTB (IIPOEKI[HSI HA OCh X ):

dx
v = —
X dr
CpemaHee YCKOPEHHE:
Av,
(a,)= —
x & I

MrHoBeHHOe (JIHHEeITHOE) YCKOPeHHe (ITPOeKIMI Ha OCh X ):

dv d*y

-

* (dt dt-

(OCHOBHBEIE YPaBHCHITA KHHEMATHEKH ITOCTVYIIATCIIBHOI'O ABHMKCHIA. CKOPOCTDL H IIVIE PABHOIICPC-
MCHHOI'O ITOCTVYIIATCJIBHOI'O ABHKCHHA.

LV =Vyt+dar,

at> VY
5 :U{}r+_?‘€ — _
2 2a

—U
0

I'Ac Vo —HAYallbHaA CKOPOCTDb (E MOMEHT BPEMEHH [ = 0 ); AIEL PABHO3dAMCAIICHHOI'O JIBHKCHIA

a < (), U1 paBHOYCKOPEHHOTO a > ().

HpH ABHKCHHH TCJId ITO BEPTHKAJIIbHOMY HAIIPABJICHHIO B ITOJIC CHIIBI TAMKCECTH 3eMIH d = g .

Jleuceriie mamepuanbHoil MOYKLL O OKPDYVAHCHOCHIL

VTTTnRAg cEONNCTE

OJOKYMEHT NoanmvucAH

SNEKTPOHHOWM NOANUCHLIO d_(ll
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 .
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa dt
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YTII0BOE YCKOPEHHE:

dm_dE(P

e = — -
dt dt -

CBsI3b MEXIY THHEHHBEIMH H YITIOBBIMH BEJTMYMHAMHI IIPH IBHKEHIH TOYKH IT0 OKPYKHOCTH
?
v=wR, aq=gR, a,=® R,

rJc v — MOAYJIb JIHHEHHOH CKOPOCTH., d, H da, —MOAYIIH TaHICHIHAJIBHOIO H HOPMAJIBHOI'O

YCKOPEHHH, ® —MOAYIb YITIOBOH CKOPOCTH, € —MOXYJb YIJIOBOI'O YCKOPEHHS, R — pagHyc
OKPYKHOCTH.

MoyIb ITOITHOr 0 YCKOPEHHS:

¥ ¥
ﬂ:'\/ﬂn +ﬂf .

OCHOBHBIE YPaBHEHHSI KHHEMATHKH BPaIlaTelIbHOIO ABHJKEHHS. YITIOBas CKOPOCTh H YITIOBOH
ITYTh

®=m,+€1,

g t° ®
(P:Cﬂ{]f‘l‘T-.- P =

-

2€

0

I[JIH PaBHOIICPCMCHHOI'O BPAIllATCIIBHOI'O JBHKCHIHA (8 =C f}ﬂﬁf), e >0- YCKOPCHHOC Bpdlllc-
HHE, € < () —3aMeIeHHOe Bp4dIllCHIC.

CBsI3b YaCTOTHI BpallleHHI 7 H YITIOBOH CKOPOCTH:
W =27n.
CBsI3b YITIOBOT'O IIEPEMEILIEHHS H YHCIIa 0O00POTOB N:

@=2nN.

IIpaMepbl penieHns 3a1a4

3agava 1. CTyzeHT Ipoexain IIOIOBHHY ITyTH Ha BEIIOCHIIENE CO CKOPOCTBIO L, = 16 kM/4. [lanee
TIOIIOBHHY OCTABILErOCS BPEMEHH OH €Xall CO CKOPOCThIO L, = 12 KM/4, a 3aTeM JI0 KOHI[a ITYTH
II[ETT TIEIIIKOM CO CKOPOCTBIO L, = 5 KM/U. OIpeAeNmTe CPEJHIOI CKOPOCTh JABIKEHHS CTYAEHTA

Ha BCEM IIYTH.

Peuteniie:

! [} l
NOKYMEHT NoanncAaH
SNEKTPOHHOWM NOANUCLIO
Ceptudmkar: 12000002A633E3D113AD425FB5S0002000002A6

Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

[Nencteutenen: c 20.08.2021 no 20.08.2022 ! {
| | Z
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JImHHa IIepBOH YaCTH ITYTH §;=V;f; , BTOPOH YaCTH IIYTH s2=V2f2, TPEThEH YaCTH, S3=V3l3.

[Io ycrmoBHIO, 5/=52+53, a BpeMs t2=t3. CpeIHSSI CKOPOCTE

{U} _ 5, + A —|—£'3
t+1,+t,

b

TaK KaK S|- IIOJIOBHHA ITYTH, TO BeCh ITyTh paBeH 2s;, BpeM t;=s5:/v; , OCTaBIIIeecs BpeMsI
t,+t, =,TOrzAa

(V)= 25, _ 2V, (v,+v,)
Sy 2s, 20, +v,+v,

.V, L,

3amgaua 2. [locnegHue 2 MeTpa ITYTH BEPTHKAILHO ITafaroIee Teno mporwio 3a 0,3 ¢. C xkaKkon
BBICOTBHI ITaJIaJI0 TEJI0?

JlaHo:
h=2M e <
t»=0.,3c
H
h
H=" e Y
Bricory H mazmenus Tena (6e3 HaYambHOH CKOPOCTH) MOXKHO OIPENETHTH 110 GOpMYIIE
9
81"
H = — B,I[ECB I — TITOJIHOE BPENA ITaJCHH A OIIEEH,[[HU' I=h+12, TAC 1 — BPEMA ITPOXOEIC-
2

HHA TIEPBOI'O YUACTKa, 2 — BPEMA ITPOXOXKICHHA ITOCIIEAHHX 2-X MCTPOB IIYTH.

3aITHIeM YPaBHCHIC ABHKCHHA I JBYX ITOCIICIHIIX METPOB ITYTH, CHHTAaA JIBHKCHHEC PaB-

HOYCKOPCHHBIM.
NOKYMEHT NoanncAH 2
SNEKTPOHHOWM NOAMNUCHIO + gfg
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 3 ’
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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rac v) —CKOPOCTE, C I{DT'DpDﬁ TCJIIO «BXOOHTI» B 3TOT YVHACTOK IIVTH.

"
81
2 h t
_ h J 5 2 |
CremoBaTelbHO, Ul = - _ . (1)
l, l, 2
[IepBEIH YYACTOK ITYTH TEJIO IIPOXOAHUT Oe3 HauallbHOH CKOPOCTH, T.€. vg = (), a TaK KakK
_V, 7Y, y _ Y h b
8= » 100 =+ Vypreeas (1), monyunm  f,=—— —-
'tl g grg 2
Takmm oOpazoM, o0Iee BpeMs ABHKEHHS Telna [ = fi+ 2 PaBHO
h t, h
= —24r=_ %
of 2 % gi (2)

[Togcrarmaa (2) B popmyny mig H, OKOHYATEIIBEHO, ITOTYIHM

(h tY 10( 2  03)
=", 3, =", b [ ~333M

2\ g, 2) 2 (10-03 2

3apa4a 3. Temno GporreHoO ¢ HaYaIbHOH CKOPOCTHIO vg = 20 M/c moJ yrimoM « = 30" K TOPH30HTY.
OIpeIeHTh MAaKCHMAIBHYIO BBICOTY ITOIbEMA, JAJIbHOCTH IT0JIETA, a TaK K& TAHTeHIHAIbHOE H
HOPMAaJIbHOE YCKOPEHHS, PAJHYyC KPHBH3HEI TPAeKTOPHH B HAYAIEHEIH MOMEHT BPEMEHH.

JlaHo:
00=20 M/c v 4
a=30"
r'y
h=7?
§=7 B
ar =7 Y %%
anp="7 S
R =7

Bocronp3yeMcsI ITPHHIHIIOM CYIIePIIO3HIIHH JBHKEHHH: JBHJKEHHe Tejla ITpeJlCTaBHM Kak
JIBa He3aBHCHMBIX JIBIDKEeHH S BIOIb ocell KoopauHaT X H Y.

M3 TpeyronpbHHKA CKOpPOCTEH HaHJAeM HadalbHbIE CKOPOCTH

V., =V, -COSOL , Voy =Vp -SINCL . (1)

Brome ocn X ABHJKeHHe paBHOMEpPHOE (IPH OTCYTCTBHH COIIPOTHRIEHHS ABHIKEHHIO, IPY-

AOKYMEHT IMOANMMCAH TOMY 0x HE H3MEHSETCS, TO €CTh Ux= Dox.
SNEKTPOHHOW NOANMMUChLIO
Ceptudhmkar: 1 12000002A633E3D113AD425FBS0002000002A6 » 33 cYeT CHITBI TATOTEeH IS HpH TTOIBEME HA BhI-
Bnapeneu: WWebayxoea TaTeAHa AnekcaHgpoBHa

) 3aKOHY: Uy —Uoy — gI'. Cumnrasg, 4ro B Mak-

12
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CHMAITBHOIT TOUKe mogbema Ly = (), HaiigzeMm Bpems mojpeMa ti: Voy = gf,. Yuntbmas (1), mo-

TYYHM
VO SINQL
= (2)
8
W3 ypaBHEHHS ABHIKEHIS BIOIb OCH y HafiJieM BBRICOTY ITOJ/heMa
gt? ~vsino  gu’sinfo L sin’ o
2 g 2g° 2g

M3 ypaBHEHHS paBHOMEPHOTO ABHKEHHS B0 OCH X, HaiiZieM JalIbHOCTH IToneTa S
S =v,-t=v,- -cosd -1,

rjac t- olIee BpeMs ABHJKEHHS, H3 COOOpakeHHH CHMMETPHH, PABHOE YABOEHHOMY BPEMEHH
IogbeMa, T.e. =2 ;. Tormga
. 7.
sinot L sIn 20
S =V, - cosaL - 2f, = 20, COSAL V), =0 = 34,6 Mm
8 8

dv

a — , d TdK KdK CKOPOCTb

Todt

T aHTeHIHaTIbHOE YCKOPEHHE, ITO OIIPEACIICHHIO,

_ 2 2 _ _ . 2 2
L= \/Ux +UF ,H UV, =V, , a UVy=Vey — &I, 3HAYHT L= \ﬁ)m + (Uuy — gr) .

o d r— N U‘H_Hrf_:_(u —gt)- g

CregoBaTelIbHO d —~ox — oy

toodt dt 2,

J(Uﬂ_‘r’ - gf) _l_uux
B HavambHBIH MOMEHT BpeMeHH 1=(),
: L, & v, -sino - _
g = Uﬂ}“ g _ oy — () g _ g . 8iN0L = 5 M/CE *
T
.JUE +v? v, v,
0ox oy

IlomHOE YCKOPCHHC ABHMKCHHA TCJId, OUCBHIHO., PABHO YCKOPCHHIO CBOOOIHOI'O ITacHH g.

[TosTOoMy a:\/ai +al=g.

OTKyna a, = .ng —a’ = 8,66 m/c?.

7 2
v L
[To ompeienermio, a, = — - Cnenosaremsio R=_—=46,2m.
R a
“
AOKYMEHT MOAMUCAH COrTIacHo ypaBHeHIsIM X = At + Bt*> + C £,
INEKTPOHHOW NOAMNAUCHEIO | | | |
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 _"'rCE., Cl =—16 WCE,AE -9 I\ﬂrﬂj Bz =/ Mfcz, CE
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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=1 w/c’. B Kakoil MOMEHT BpeMeHH ¢ YCKOPEHHEe 3THX ToueK OyayT ofHHaKoBbl? HailTi ckopo-
CTH U | HV 2 TOYEK B 3TOT MOMEHT BpEMEHH.

JlaHo:

x =At+Bt* +CF
| | | |

x =At+Brr+CF

A =4 m/c.

1
A =2 m/c.

2
JE‘-’|=E§I\JJ"{'£:2 .
M/c? .

C =-16 m/c’

1
Cg=1hﬂ03
a,=a,

I[JIH OJHOMEPHOI'O IBHKCHHA YCKOPEHHE CCTh BTOPAA

2 2
ITPOH3BOJHAA OT KOOPAHHATEIL, TO €CTh d — d“x /df'

HITH TIEpBaAd ITPOH3BOAHAA OT CKOPOCTH TO €CTh d — dU/df .

HDBTGI\{}" H4aA0, BHAY4JIC OIIPCACIIHTE CKOPOCTH TOYUCK.

dx
V="'=(At+Bt’ +Cr)=A +2Bt+3C+ (1)
] I | | | l | l
o =(At+Br+Cry=A 2Bt+3C*r 2)
2 2 2 2 2 2 2
genepb HarIeM YCKOPEHHS. Br=-4
v
~ '=(A +2Bt+3Ct*)'=2B 6Ct 3)
l l l i |
dt
o4V =(A +2B1+3C1*)=2B +6C' (4)
2 gy 2 2 2 2 2

IIpupasHsB (3) u (4), HAHAEM [

f = B—-B, _ 83— (4 =0,235¢.
3(C,—C1) 3(1-(-16))

Ternepp mocTaBUM 3TO 3HaUeHHE [ B (1) 1 (2):

vi =4+ 2-8-0,235+ 3-(-16) - (0,235)* = 5,1wm/c,

V2 = 2+2-(-4)-0,235+3-1-(0,235)* = 0,286 m/c .

Jamaua 5. ME],TEPHEIJ]LHHH TOYKd ABHACTCH Ha IINIOCKOCTH COITIACHO YPABHCHITAM.

n

x =4cos (EE); X,y — B MeTpax,

ﬂGI'{YMEHT NnoannucAH
INEKTPOHHOW NOAMUCHIO
Ceptudurar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxaopa TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Harnitu: 1) ypaBHeHIHEe TpaeKTOpPHH,
2) KOOpPAHHATHI TOYKIH,
3) IIOIHYIO CKOPOCTH,
4) IOJIHOE YCKOPEHHE,

5) TAHI'CHITHAJIEHOC H HOPMAJIbHOC YCKOPEHIHC,

6) paguyc KpHBH3HBI TPAEKTOPHH B MOMEHTEI BpEMEHH f1=2 C H /=06 c.

PenieHne:

1. g HaxXOKIEeHHS YPaBHEHHS TPaeKTOPHH (3aBHCHMOCTH OJHOH KOOPAHHATEL OT APYTOH ) HC-
. KoM H3 ypaBHEHHIT [TEPEMEHHYIO BENHMITHY t:

x=cos( 1 (> =cos2( 1) ; 2
) 4 6 —> 4 6 —> i + ';; =1
y 7 7
R |/ 2 . T
Y =sin( _») Y =sin?( _0
6 3° 6
L3 .
DTO YpaBHEHHE 3JUIHIICA C IIOIYOCSIMH a =4 M, b =3 M.
4
A
A(2, 2,6) B MoMeHT r|=(2;1;c \ .
x=4c0s; ~ -2 =>x =4c08T =2\
| Lﬁ J ' 3
g (n ) T
4 > . 3sinl —2 =y, =3sin—=2,6M
B(-4,0) 7 ‘\\6 )‘ . 3

BMoMeHT h=6¢c X2 =4cos(m)=—4m, y,=3sin(m)=0m.

Taxkmm o6pazoM, B MOMEHT BpeMeHH f = () KOOpAUHATEL TOYKH: A (x,y) = (2, 2, 6);

AOKYMEHT nonAnGAR 7T Tt B (x,y) =(—4, 0).
SNEKTPOHHOWM MOAMNMCHIO
Ceptucnkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

» 1 vy B MOMEHTEI f; = 2C H 12 = OC:
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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) = cos| -t|= mcos -t]
J 6 6 ) 2 (6 )

A (7))

3-2 :—Tsin 7 ——1.81wm/c.
5w

(m\‘ W o(m ) 1 (m )
J

Dy1= lzﬂ 005(601) =(,785 m/c.

Unomn. 1=‘J(—1,8)2 + (0785)2 —1 ,98 M/C.

AHAIIOTHYHO HaxXOoJHM, YTO
4n . (T ]

v =—_51W '6\0M/C, v =" T cc}s(ﬂ):—l,57m/c.
12 6 y2
6 \ ) 2

Unom 7= 1:57 I\ﬂrﬂ

3. 11 HaxXOKAEeHUS IIOIMHOI'0 YCKOPEHHS Gnory HANAEM ay H ay B MOMEHTEI BpEMEHH /1 =2 C H
=06 C:
a =v = — 4 ‘nzcns‘(ﬂ *r\,a =0 '=— ) ﬂ:zsin‘(ﬂ *r\‘
xx =z 7 & |6
6 L) L)
| 1,
a. =— ﬂ"CﬂS(ﬂ -2):— ﬂ“-tﬂs(z\:—O,SS M/c?.
K &) ® S,
& _2\ 1 , . (m

a =— T?sin = —  T%sin \:—05711\4/(:3.
s ) 7 (3
(o = Jﬂi +a; =0,9 m/c%,
o =-1p2 cas(ﬂ *6\: . cos(m ) =1,1 m/c”.
X2 ‘ 6 ‘ 9
) L)
l
a,= ——T sin(T ) = 0m/c?.
12
I NOKYMEHT NOAMMUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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2

4. HaitjleM HOpMaJIbHOE (I[EHTPOCTPEMHUTEIILHOE) YCKOPEHHE: 4 —

n R"'
, dv
cHHEC — .
d Y dt
HaiineM vnom
UMH:\/UE +U; = %ﬂﬂin(ﬂ T + lﬂ cm(i rT —
(5“ VW37 e ) (20 e ) \
ﬂz‘gm“(ﬂ \‘%m‘( \‘—ln:ﬂs‘(ﬂ-r\‘sin‘(ﬂ-r\| ‘
Sa=®- U )0 )20 ) )
Tt 1971 iﬂinz{ﬂ_-t\—kltﬂsz{i-t\
9 Lfi J 4 L6 J
a. =022 wc

ClexoBaTeNbHO d,, —\/ —a? = \/0,93 - 0,222 =0,87 m/c*.

IIoJIH

T ak kak L___,= 1,98 M/C, To paminyc KpHBH3HEI B TOUKe A paBeH
o Ul _ 1,98
AT —
a, 0,81
257 cos(T )sinﬂ:
AHaJIOTHYHO: a.,= = 0.
- 2
lz_lgfsm' (‘JI -|- CDH' (‘JI )
9
5
) 1,57-
CremoBaTelbHo dn2 = a2 =1,1M/c” = Ry = =2,24 M.
1,1
Bonpocet u 3a0anus
1. MexaHmyeckoe aBIKeHHE. CHCTEMA OTCUETA.
2. MarepnarapHas TouKa. TpaekTopHus. IlepeMelieHHe H ITyTh.
3. CKOpocCTh H YCKOPeHHEe, KaK IIPOH3BOIHEIE OT PaqHyC-BEKTOpPA II0 BPEMEHH.
4. TaHreHIHaIbHOE H HOPMAJIBHOE YCKOPEHHSL
5. KuHeMmarHka BpallfaTeIbHOrO JBRHKEHIIS MATEPHAIIBHOH TOYKII.
6. YTIIoBas CKOPOCTh H YITIOBOE YCKOPEHHE, KaK IIPOH3BOAHEIE OT YITIAa IIOBOPOTA I10
BPEMEHH.
7. CBs3b MEXKIY IIMHEMHBIMA M YVITIOBEIMH XapaKTePHCTHKAMI JBRHKCHHUS.
NOKYMEHT NOANMCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

HATC/ILHOTIO peillIcHNA
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa P

Nencreutened: ¢ 20.08.2021 no 20.08.2022



1. J[Be MaTepHAIbHbIE TOUYKH IBHIKYTCS COITIACHO YPaBHEHHIM x1=Af+Bi1r*+Cif,

x2 = Ast+ B+ Cat’, Tne Ay = 4 w/c, B = 8 M/c?; Ci1= - 16 M/c?; A =2 we, Br =-4 M/, Cr =1
M/c?. HaifTH MOMEHT BPEMEHH ¢ , KOI[Ia YCKOPEHHS STHX TOYEK OYIYT OXMHAKOBBEL HailTH CKo-
POCTH 01 H » 2 TOUEK B 5TOT MOMEHT BPEMEHH.

2. Touka OBHIKETCS IO IIPSAMOH COITIACHO YPaBHEHHIO x=At+Bt’, tme A = 6 m/c; B = 1/8 m/c’.
HailTH cpeJHIOI0 ITyTEBYIO CKOPOCTh <> TOUYKH B HHTepBalle BpeMEHH OT f1=2 ¢ 0 h= 6 C.

3. JIBMJKEHHe TOYKH 10 ITPSMOIT 3aJJaHo YpaBHEHHEM x=Ar+Bt>, r1e A= 2 m/c, B=

= -0,5M/c?. OIpenelmTh CPeJHIOK ITYTEBYIO CKOPOCTh <v> IBHKEHHI TOYKH B HHTEpBAlle Bpe-
MeHH oOT ¢ =0c¢ 110 > =3cC.

4. Temno GporeHo ¢ GaTKOHa BEPTHKAILHO BBEPX CO CKOPOCTEIO vy =1 0M/c. BricoTa GanKoHa HaJ
TIOBEPXHOCTBIO 3eMIIH h =]2M. Harmncars ypaBHeHHe ABHIKEHHS H OIPEIElMTh CPEIHIOI ITyTeE-
BYIO CKOPOCTh <> ¢ MOMeHTa OpOCaHH S IO MOMEHTA ITaJeHHS Ha 3EMITEO.

5. C bankoHa OpOoCHIM MSYHK BEPTHKAIBHO BBEpPX C HAYalIbHOH CKOPOCTBRIO v o =5 M/C. epe3 ¢
=2C MSYMK VyIIaJd Ha 3eMio. OIpesleldTh BBICOTY OalKOHa HaJl 3eMIIEH M CKOPOCTh MSYHKA B
MOMEHT Vapa O 3eMIIO.

6. Terno, OpoIlleHHOe BEPTHKAILHO BBEPX, HAXOIIUIOCHh Ha OJ{HOH M TOH K& BBICOTE

h =8,6M 1Ba pasza ¢ mHTepBaIoM Ar =3c¢. IIpeHeOperas cONPOTHBIEHHEM BO3QyXa, BEIUYHCIIHTE
HAYaJIbHYIO CKOPOCTEH OPOIIEHHOI O TEJA.

7. BepTHKaIbHO BBEPX C HaYalIbHOH CKOPOCTBIO v (—20M/c OporneH kamMeHb. Yepes 1=1c 1mocne
3TOro OpOIIEH BEPTHKAIIBHO BBEPX APYIOH KAMEHB C TAKOH K& CKOPOCTBIO. Ha KakoH BEICOTE A
BCTPETSTCS KaMHH ?

8. KameHp OpoIeH BepTHKAIBHO BBEPX C HAayaJbHOH CKOPOCTBIO »o—=20 M/c. Uepes Kakoe BpeMd
KaMeHb OYJET HaXOAHUTLCSA Ha BeIcOTe h =15M? HalTH CKOpPOCTH » KaMHS Ha 3TOH BhICOTE. CoO-
TIPOTHBIIEHHEM BO3IyXa IpeHeOpeyb. [IpHHaTs g =10 m/c.

9. Kamens nagaer ¢ BeICOTHEI £ =1200M. Kakon Iy Th s IMPOHAET KAMEHb 3a IOCIEIHIO CEKYHIY
CBOEro mnajaeHusa?

10. C xaKoH BBICOTHI H yIIa0 TENOo, eCIIH IIOCIEHII METP CBOET0 IIYTH OHO ITPOIIUIO 32 BpeM4 !
=0,1c?

11. Teno OpomieHO MoJ HEKOTOPBIM YITIOM O, K TOPH30HTY. HalTH BeIHYHHY 3TOr0 yIJa, eCIIH
TOPH30HTAJIbHAS JaJIbHOCTh § ITOJIETA Tela B YETHIpe pa3a OobIlle MAaKCHMAallbHOH BBICOTHI H
TpaeKTOPHH.

12. CHaps, BEOTYIIEHHBIH H3 OPYAHS ITOA YITIoM oL = 30° K TOPH30HTY, ABAKABI OBUI HA OJHOH
H TOH e BBICOTE h: cirycTs BpeMd t =10 ¢ u ¢t =50 ¢ mocne BeIcTpena. ONpeacInTh HaYaIbHYIO
CKOPOCTE » o H BEICOTY Ah.

13. Ilynsa rmymieHa ¢ HadyallbHOH CKOpOcThI0 »p=200 M/c mox yriaom o = 60° K ropu3oHTy. Orrpe-
IEIIHTh MaKCHMAIIbHYIO BEICOTY H IOgbeMa, JAJIBHOCTE § IOJIETa H paguyc R KPHBH3HBI TPacK-

[NOKYMEHT MOANMUCAH eHHeM BO3ayXa IIpeHeOpeyb.
SNEKTPOHHOW NOAMUCHIO
Ceptudnkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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14. KameHs OpoOIleH ¢ BHIIIKH B TOPH30HTAILHOM HaIllPaBIEHHH ¢ HAYalbHOH CKOPOCTBIO vo=30

M/C. OHPEI[EHII'TL CKOPOCTh v, TAHICHITHAJIBHOC dtr H HOPMAJIBHOC d, YCKOPCHHA B KOHIIC ETDpDﬁ
CEKVYH/DBI I1OCJIC HaddJla JBHKCHILA.

15. Teno Oporeno mmoj yriuom o, =30 K ropH30HTY. HaliTH TaHTreHIIHAJIbHOe dr H HOPMAIILHOE @,
YCKOPEHH S B HaYaJIbHBIIl MOMEHT JIBHKEHHS.

16. JJuck paguycoM r = 10 ¢M, HAXOMHUBIIMIICSA B COCTOSHHH ITOKOS, HaYall BPalaTbCsa ¢ IIOCTO-

g e
SITHHBIM YITIOBBIM ycKopeHHeM € = (0,5 paxa/c”. HalTH TaHTeHI[MAlIbHOE @:, HOPMAaIbHOE d, H
IIOJTHOE ¢ YCKOPEHHS TOYEK Ha OKPYKHOCTH JHCKAa B KOHIle BTOPOH CeKyHJBI ITOCIIE Hadala
BPAaIlEHH L.

17. JTuck paguycoM r = 20 ¢M BpallaeTcs COITIACHO YPaBHEHHIO ¢ = A+Bt+Cr’, rje A = 3 pax;

B = -1 pag/c, C = 0, lpaxg/c’. Onpeennurs TaHTEHIHAIBHOE @r, HOPMAIBHOE @, H IIOIHOE @
YCKOPEHH I TOUEK Ha OKPYKHOCTH JHCKa JJIsI MOMeHTa BpeMeHH ¢ =10 c.

18. MaxoBHK Hayall BpalllaThCs PAaBHOYCKOPEHHO H 3a IIPOMEXYTOK BpeMeHH Ar = 10c¢ goctur

yacTOTHL BpameHnsd n = 300 muH'. OIpefelInTh YIIIOBOE YCKOPEHHE €& MAXOBHKAa M 4UHCIO N
000pOTORB, KOTOPOE OH CHAENAJ 3a 5TO BPEMSL.

19. BenmocHIefHoe KOJIeco Bparmaercs ¢ 4acToroil n =5 ¢ . Ilox meficTBHEM CHI TPEHHS OHO

OCTAHOBHIIOCh HEPC3 HHTCPBAJI BPEMCHH At =1 MHH. OHPEI[EHIITB YIJIOBOEC YCKOPEHHE € H YIC-
a0 N GﬁﬂpﬂTGE: KOTOpOEC CACJIACT KOJICCO 3a 3TO BPCMAL.

20. Koneco apTOMaIIMHEI BpallacTcsa paBHOYCKOpeHHO. CaemnaB N = 50 MomHEIX 000pOTOB, OHO

H3MEHHIIO YacTOTY BpalleHHs oT n =4 ¢! 10 ny =6 ¢'. OnpememiTs yIIoBoe YCKOpPeHHe € KO-
neca.

IIpakTH4YecKoe 3aHATHE 2.
T'ema 3auamus. |HHAMHKA MATePHAJIBHOH TOYKH.
Ilens 3anamus. V13y4iTh 3aKOHBI JHHAMHKH MaT€pHAJIbHOH TOYKH.

TEﬂpEHHFIECHﬂH Hdacmb.

,ZZHH GMUKA FIOCINVIAINETDHOZ0 O6LIHCeH LIS

Hhﬂ’[}ﬂ]l)ﬂ a0COIIIOTHO TBEPAOI'O TCIIA MACCOH m , ABHZKYIIIETOCH CO CKOPOCTBIO L

p=mv .
BTtopoit 3axoH guHaMHKH (HbrOTOHA):
dp = F dr.
AOKYMEHT NOANUCAH 1a MaTEPHAIILHYIO TOUKY.

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar:  12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: Webayxoea TaTeAHa AnekcaHapoBHa
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rJie k — kKo3(p(pHI[HEHT YIIPYTOCTH (B cIIy4yae IIPYKHHBI — )KeCTKOCTh ), X — aOcomtoTHas aedop-

MaI[Hs,
0) CHIIa TSIKECTH: F=mg;
B) CHIIA TPEHHS (CKOJIbKEHHSA): F=uN,

r1e W —Ko3(pdueHT TpeHus, N — CHlIa HOPMaIbHOI'O JaBIEHHS.

3aKOH COXPaHCHIMA HMIIYIIbCd. HMIIYIIBC BEIMIC[-[}"TGﬁ CHCTCMBI OCTACTCA ITOCT OAHHBIM

n

Z FP; = const

i=1

J11s1 ABYX Tel IMpH abCOIFOTHO YIIPYTOM YIape:
mv +mv = +

11 2 2 My hlt,
IIe © H VL - CKOPOCTH Tell Mepel COyAapeHHeM, ~ =~ — CKOPOCTH TeIl B MOMEHT IIOCTIE CO-
l 2 U i,
yIapeHH.

Tl aGCOMIOTHO HEYIIPYTOLO YAapa IBYX Tell:
mo +mv =(m +

11 ) 2 1 M,)u

IIpuMepbl penienns 3a5a4

3amaua 1. Ha rimagkom cromne nexur Opycok MaccoH 3 Kr. K OpycKy ITpHBS3aHbI IBa IIHYpPa, IIE -
PEKHHYTBIE YePe3 HEIOABHKHBIE OJIOKH, ITPHKPEIUIEHHBIE K IIPOTHBOIIOIONKHBIM KpasiM CToja. K
KOHIIAM IITHYPOB ITOABEIIEHBI THPH MacCaMH m| = 2 KT U m2= 3 Kr. HalHTH yCKOpeHHe a, ¢ KOTO-
PEIM JIBHIKETCS OPYCOK M CHIIY 1 HATsDKEHHS KaXKIOoro M3 IHypoB. Maccoi OJIOKOB H TPEHHEM
npeHeOpeys. HHIHYPEI CUUTATE HEPACT SDKUMBIMH.

JlaHoO: a
— —
m=3KT Tr 2
m —0 =

m) =2 KT F777 7727727722777 777777 X
mr>= 3 KT. = 4 tF

- Ter TE

0 1 Yy
a-7? EI'TI & M2 | la
[ i ]
1> - 7?
NOKYMEHT NoanncAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Pacroimem CHIIBI, ,[[EﬁGTE}"IOH_[HE Ha TclIa. BLI@EPEM CHCTEMY KOOPIIHAT, KdK YKd3dHO Ha
PHCYHKC (HE], I'PY3 m, JIeKaIllMH Ha CTOoJIe BOOOIIE-TO I[EﬁCTE}’TOT cIc ABC CHIIbI. CHII4A TAXKCCTIH

mg u cwia peakimu ormopsl N . Ho Tak Kak TpeHHeM B 3ajave ITpeHeGperaercs, TO AEiCTBHE
ATHX CHJI H3 PACCMOTPEHHS MBEl HCKIIFOYAEM).

3armHImeM BTOPOii 3aKoH HBIOTOHA [T KA KIOr0 YYACTBYIOMIETO B IBIKEHIH Tea:
fra=mg+T,

mﬁ:flJri

(ITockonbKY IMHYPHI CUHTAOTCS HEPACTSDKHMBIMH, TO BCE Tella JBHIKYTICS C OJHHAKOBBIM
YCKOPEHHEM a).

BriOHnpaeM HallpaBlIeHHe YCKOPEHHS, KaK yYKazaHO Ha PHCYHKe (IT0 HaIlpaBIESHHIO YaCOBOIM
cTpenkn). CIpoelpyeM CHCTEMY YpPaBHEHHI Ha BRIOpaHHBIE OCH KOOP IHHAT:

-ma=m,g—T,

mya=n,g —T,

<
ma=1,—-T, V)

M3 BTOpOro ypaBHeHH (1) BEMHTAeM ITEPBOE:
(m,+m,)a=(m,—m,)g —(1,—1))
(m,+m,)a=(m,—m,)g — ma

(m,+m, +m)a =(m,—m,)g , Toraa

ny, —m,
a= 8 (2)
m,+m,+m

IlogcTaBisgeM 4YHCIIEHHBIE 3HAUEHHS:

3-2 10= 10 =1,25m/c%.

(= —_—

34243 8
I''=mg+ma=m(g+a)=2(10+1,25)=225 H,

T,=m,(g —a)=3(10-1,25)=26,2 H.

OJOKYMEHT NoAarnncAH
SNEKTPOHHOWM NOANMUCKLIO CTOIa, IICPCKITHYTAa HEPACTAXIIMAaA HITTE, K KOH-

Ceptudukat:  12000002A633E3D113AD425FB50002000002A6 TOPBIX (”“ = 400 1") IIBHKETCS II0 TIOBEPXHOCTH

Bnapeneu: LleBayxoea TateAHa AnekcaHgpoBHa
IJIH EHHS. KDBd)(l)I]I[HE:HTprEHI[H I'Py3a O CTOII
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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paBeH 0,1. CunTass HUTh H OJIOK HEBECOMBIMH, OIIPEJEIHTh. 1) YCKOPEeHHE @, C KOTOPBIM JIBHKYT -
CS TPY3BI, 2) CHITY HaTSKeHHS I HUTH.

Peutentie.

BriGpaB ocH KoopAHHAT (PHC), 3aIHIIeM A KaKI0ro Irpysa ypaB-

HEeHHe JBHKeHHS (BTOpOH 3akOoH HpIOTOHA) B IMPOEKISIX Ha STH
OCH:

mza = mzg — T

Pi
7
5?{
.
%
,/,f
fj
%
g

YYHUTHIBAS, UTO

, TIOTYYHM CHCTEMY YPaBHEHHIA: mog

{mlﬂ =T - j‘i‘;fr?gﬁ

ma=m g \

L 2 2

OTKY/Ia HCKOMOE YCKOpPEHHE:

. (m,— fm,)g
m, +m,

CHJI}" HaTLEKCHIHA HITH HE],IHI,I[EM H3 BTOPOI'O YpaBHCHHA CHCTCMBI.
I'=m2(g—a)

Brrumcrsas, momydaeM: 1) a =549 m/c*2) T'=2.59 H.

3amgaua 3. [Ipu mageHnu tea ¢ OOJIBIIIOH BBICOTHI
€T'0 CKOPOCTE Uycr IIPH YCTAHOBUBIIIEMCS ABIKEHHI F ¢ ()4
nocturaeT 80 m/c. OnpeermiTh BpeMd T , B TeUcHHE

KOTOPOr'0, HAYHHAs OT MOMEHTA Havala IafeHH s,

CKOPOCTh CTAHOBHUTCS PaBHOM vycr/2. CHIIY COITPO- me
THBJIEHH S BO3AYyXa IIPHHSITH ITPOIIOPIIHOHAIbHOH

CKOPOCTH TEeIIA.

PenieHue.

a)
Ha mapgaromee Telmo JeHCTBYIOT JIBE CHIIBI
(pHiC. a): CHIIA TSDKECTH Mg H CHIIa COIIPOTHBIIEHHS Bo3ayXa F.

CHila COITPOTHBIICHH BO3AYVXd ITIO YCJIIOBHAM 3adJda4H ITPOIIOPIHOHAIIbHA CKOPOCTH TClId H
ITPOTHBOITIOIIOHA eH 10 HaIIPpaBJIICHHIO.

P 1.
NOKYMEHT NoanncAH
3NEKTPOHHOW NoAanCeio
Ceptucmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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r7e k — Ko3()(PHIHEHT ITPOITOPIIHOHAIIBHOCTH, 3aBHCAIIHI OT Pa3MepPoB, (POPMEI Tejla H OT
CBOMCTB OKPY KAIOIIEH CPEJIBI.

Harrroem }"pElBHjHIIE ABHKCHHA TCIld B COOTBCTCTBHH CO BTOPBIM 3dKOHOM HrroToHa B
L

BEKTOpHOI popme: m ™~ =mg + F . 3aMeHHB F cormacto (1), TOMYIHM:
dt ¢ ’
dvo .
m— =mg —kv.
dt

2)

CrpoenHpyeM Bce BeKTOPHBIE BEITHYNHBI Ha BEPTHKAILHO BHH3 HAIPABIEHHYIO OCh H
HaITHIIIEM YpaBHeHHe (2) A1 ITpOeKIHIA:

md—U:mg—kD.

dt
HIDCJIE pﬂB,[[EJIEHIIH HEpEMEHHBIK HGJI}”{IM

do  dt
mg — kv m

BBITIOIHIM HHTETPHPOBAHHE, YUHTEIBAS, YTO ITPH H3MEHEHHH BpeMeHH OT Hynsa g0 T (c-

KOMOe BpeMs) CKOPOCTh BO3pacTaeT OT HylIsI o _ U (puc. 1, 6):
T

2 b
1 .
> Ve dt L, T
- dv | :
T , | —. _Z|In(mg —kv)]z ™ = __
mg — KU — J. ’ | 0 m
() 0 m k
W13 romy4eHHOr 0 BEIPaKeHISI HafeM HCKOMOE BPEMS:
m m
T=_In g (3)
|
k mg — _kv
9 VCT

Bxopsmpii croga ko3¢ QHIHEHT IIPOMOPIHOHATBHOCTH k OIPEAEIIHM H3 CIEAYIOLIHX CO-
o6paxeHmil. [IpH ycTaHOBHBINEMCS IBHEHHH (CKOPOCTh IIOCTOSHHA) anrebpanyeckas cyMMa
TIPOEKIHIT Ha BEPTHKAILHYIO OCh AEICTBYIOIIMX HA TENO CHJI PaBHA HYIIO, T. €.

=0, orxyna k = s
mg—kv "~ 5
YCT

[lomcTaBHM HalileHHOE 3HAaUeHHE Kk B popMyIry (3):

mo,,.. mg
T = In
mao 1 mg
[IOKYMEHT MNOAOMNWCAH g—2 L
SNEKTPOHHOW NOAMUCHIO Ve yer

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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[Tocre coKpauleH it 1 yrpomer it omywv: T = _ - 1n 2
8

[logCcTaBHB YHCIIEHHBIE 3HAYEHHS, TIOIYUYHM T = 5,006 ¢. [IpoBepKa pasMePHOCTH Pe3VIIb-
TaTa B JAHHOM CIIy4yae He o0sg3aTelIbHa, TaK KAK OHA OYEeBH/IHA.

Bonpocet u 3a0arnus

[IepBrIH 3aKk0H HproTOHA. MHEpIMAIBHEIE CHCTEMBI OTCUETA.
BzanmMmozeHcTBHe Tell. CHia, Macca.

Hnrybe (KOTHYECTBO IBHIKEHH).

3aKOH COXpaHeHH HMITYJIIbCa.

Bropoi 3akoH HproTOHA.

Tpetnn 3aKkoH HproToOHAa.

M30onmpoBaHHaa CHCTeMa MaTepHAIbHBIX Tell.

-] O b B W =

3aJaun I CAMOCTOATEIbLHOI0 pEeHICHHA

. g

1. CaMOJIET IETHT B TOPH30HTAJILHOM HaIIpaBIIeHHH ¢ yckopeHHeM a = 20 m/c”. KakoBa mepe-
rpy3Kka naccaxupa camoiera? (Ileperpy3kol Ha3pIBaeTCS OTHOINEHHE CHIIBI F, JeHCTBYIOIIEH Ha
ITaccakupa, K CHIIE TSDKECTH P).

2. ABTOI[HCTEPHA ¢ KEPOCHHOM JABHKETCI ¢ yckopeHHeM a =0,7 m/c?. Tlox KaKHM YITIOM ¢ K
IJIOCKOCTH TOPH30HTA PACIIONOKEH YPOBEHL KEPOCHHA B I[HCTEPHE?

3. bak B TeHJiepe nmapoBo3a UMeeT JIIHHY [=4 M. KakoBa pa3sHOCTE A [ YPOBHEH BOJILI Y IIEPEIHE-
'O M 3aJHEr0 KOHIIOB GaKa IIPH ABHKEHHH 110e3/]a ¢ yeKopeHHeM a = (0,5 m/c”?

4. Karep Maccol m=2m TPOTraeTcs ¢ MecTa H B TeUeHHe BpeMeHH T =10 ¢ pa3BHBaeT IIPH JBIKE -
HHH II0 CITOKOHHOH BOJie CKOpOCTh v = 4 M/c. OnpeAenuTh CHIY TSTH F MOTOpa, CUHTas ee II0-

CTOSIHHOM. [IpHHATH CHITY CONPOTHBIEHHS F . IBHKEHHIO ITPOITOPIIHOHAIBHONH CKOPOCTH, KO3 (-

(prImeHT corpoTuBIeHHT kK =100 KT/c.

5. HayampHast ckopocTh o ITynH paBHa 800 m/c. IIpu ABHKeHHH B BO3Ayxe 3a Bpemsa ¢ = 0,8¢
€€ CKOPOCTh YMeHbIIIIack A0 v =200. Macca m mmyim paHa 10 r. CumTas CIIY COIIPOTHBIIEHH

BO3yXa ITPOIIOPIIHOHAIIEHOH KBaJpaTy CKOPOCTH, ONMPEAEIHTh KO3(P(HIIHMEHT COMPOTHRIEHH S
k. JleHCTBHEM CHIIBI TSKECTH ITPEHEOPEYD.

6. MarepnanpHas TOYKAa MacCOH m = 2 KI' ABHJKETCS ITOA JEHCTBHEM HEKOTOPOH CHIBI F CO-
TTIACHO YpaBHeHHIO x=A+Bt+Ct*+ Dr’, rie C =1 m/c?, D = - 0,2 m/c’. HaiiT 3Ha4YeHHsI STOM CH-
1Bl B MOMEHTEI BpeEMEHH /1=2 Cc H 2 = 5 ¢. B KaKoi MOMEHT BPpEMEHH CHIIA PaBHA HYIIIO?

7. HakimoHHasI TNIOCKOCTE, 00pa3vioIas yroi o = 25°C IJIOCKOCThIO TOPH30HTa, HMeeT IHHY [ =
2 M. Temo, ABHIasCh PABHOYCKOPEHHO, COCKOIB3HYIIO ¢ 3TOH IINIIOCKOCTH 3a BpeM4A ¢ = 2¢. Orpe-

OJCIIHTD KDB(l)(l)HI_[IIEHT TPEHHA L TCIIAa O INIOCKOCTD.

8. Ha rimagkom cromne jnexuTt Opycok Maccon m = 4 Kr. K OpycKy IIpHBS3aHBI ABa IIHYPa, IIEpe-

AOKYMEHT MNOANMCAH UIEHHBIE K IIPOTHBOIIOIOMXKHBIM KpasM cTona. K

ANEKTPOHHOM NOANUCLIO 8
CepTudimkat! | 12000002A633E3D113AD425FB50002000002A6 PBIX m=1 KT M my = 2KT. HaHTH yCKOPEHHE a, C
Bnapeneuy () tieGayxosa TatkaHa AnexcahaposHa M1 KaKIoro u3 IHypoB. Maccon OIIOKOB H Tpe-
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9. JIBa Opycka maccaMi mi=1 KT U m2 = 4KT, COeQHHEHHBIE IITHYPOM, JIeXKaT Ha cTojle. C KaKHM
YCKOPEHHEM a OYAYT ABHTaThCA OPYCKH, €CIIH K OJHOMY H3 HHX IIPHIOXKHTE cuny F = 10 H,
HaIlpaBJIEHHYIO TOpH30HTaIbHO? Kakoa Oyaer cia I HaTsDKEeHHS IIHYpPa, COESTHHSIOIIETO
OpvckH, ecin cwty 10 H nprnoxure K nepsoMy Opycky? Ko BropoMy Opycky? TpeHHeEM IIpe-
HeOpeus.

10. K npyXHHHBIM BecaM ITOABeIeH OnoK. YUepes OINOK IepeBelleH IHYP, K KOHI[AM KOTOPOIo
IIPHBS3AIH TPY3bl MaccaMH m = 1,5 KT H m2 = 3 Kr. Kakopo OyZeT ImoKa3aHHe BECOB BO BPEMS

IBIJKeHHS I'py30B? Maccor 6110Ka o IHypa IpeHeOpeys.

IIpakTH4YecKoe 3aHATHE 3.

Tema 3anamusn. Padota i JHEPIrH . KnHemMaruka H JHHAMHKA BpalaTEJIbHOI0O 1ABH-
AECHHH.

H €Jib 3dHAMIHA. I/IS}”]]ITL 3dKOHbBI COXPAaHCHHA SHEPI'HH. KIH—IEME],TI]I{}" H JHHAMHKY Bpallld-
TSIIBHOI'O IBHAKCHIAA.

3HaHUA U YMEHUA, NPUOdpemaemble CIY0eHMOM 6 pe3yjibmame 0C60eHUA membl, op-
mupyemsle Komnemernyuu. Pabora. Pabora repeMeHHOH CHIBI. MOIIHOCTE. KOHCEpBaTHBHEIE H
HEKOHCEPBAaTHBHEIE CHIBL. [loTeHIManbHasg sHeprud. CBS3b MeXIy CIJIOH M ITOTEHI[HAIbHOMN

SHEPrueil. SHeprus ynpyro AedopMupoBaHHOro Tena. KnHeTHuecKkass SHeprusd H e€ CBSI3b C pa-
OO0TOIt ITPHIOKEeHHBIX CHII. IlomHas MexXaHHYecKas SHEPIrHs CHCTEMBI Tel. 3aKOH COXpPaHEHHS

MEXAHHYECKONH SHEPIHH. J[HCCHITAIMS SHEPIHH. BirajieeT CIIOCOOHOCTBIO ITPHMEHSTH COOTBET-
CTBYIOIIHH (PH3HKO-MaTeMaTHYECKHH aIlllapaTr IIPH PelIeHHH ITPO(eCcCHOHAIbHBIX 3a/1aY.

Af{fﬂyﬂﬂbﬂﬂfﬂlb membpl. 3aKOH COXPAaHCHIA SHECPIHH, d TAKAKE 3dKOHBI JHHAMIKH Bpdllld-
TEJIbBHOI'O ABHKCHHA INIHNPOKO ITPHMEHACTCA ITPH PEINCHHI MHOI'HX HHKCHCPHBIX 3d/41.

T eopemuieckdn uacmbo.

3aKOH COXPaHCHHA HMITYJIbCad. HMITYIIBC BaMICH}’"I‘Gﬁ CHCTEMEI OCTACTCA ITOCT OAAHHBIM

—

D =

p; const
i=1
Jnnsg aByxX Ten IMpH aObCoMOTHO YIIPYTOM YAape: - R
Mmoo +muv = + ,
1 1 2 2 lﬂl‘“| mzuz
I'acv HU - CKOPOCTH TCI IICPEd COYIAPCHIICM, H —CKOPOCTH TE€II B MOMEHT IIOCIIE CO-
l 2 I I,
yIapeHHs.
J[11s1 aGCOMOTHO HEYIIPYTOr'o yaapa ABYX Tel: .
mo +mv =M +
11 2 2 1 my)u
| NOKYMEHT MOANUCAH OCTYIIAaTEILHO.
SNEKTPOHHOW NOAMMCBIO
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 ,!JE
Bnapeney:  LUeBayxoea TaTbsiHa AnekcaHapoBHa M (2—)
m):
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[ToTreHtnanbHas sHeprus 17 :

a) YIIpyroje ) OpMHPOBAaHHOH ITPY KHHBI:

rJie k — ’KECTKOCTh IIPYKHHEI, X — a0COJIFOTHAS Ae(OopMaIiis,
0) Tena, HaXOASIIETOCS B OJHOPOIHOM ITOJIE CHIIBI TSDKECTH:
Il = mgh,

I'Ac g —YCKOPCHIIC CBOOOIHOI' O ITaACHI A, h — BBICOTA Tela Hajl YPOBHCM, ITPHHATBIM 34 H}"JIEEGﬁ

(dbopmyIia cripaBeUIHBA IIPH YCIIOBHM h << R, TAe R —paanyc 3eMIH).

3aKOH COXPaHCHIA MeXaHHYeCKOH JHEPI'HH. €CIIH B CHCTCMEC ,I[EﬁCTE}"IOT TOJIIBKO KOHCEPBATHE-
HBIC CHIIBI, TO ITOJIHAA MEXAHHYCCKAA SHEPI'HA CHCTCMbI HE MCHACTCA

E=1T+1]=const.

3aKOH COXPdHCHIA SHCPI'HH IIPH aOCOIIFOTHO YIIPYTOM CTOJIKHOBCHHH JABYX TCII, ABHKYIIIXCH B
I'opl [30HTAIILHOH IJIOCKOCTH

3aKOH COXPaHCHHA SHEPI'HH ITPH a0COIIIOTHO HEVYIIPYTOM CTOJIKHOBCHHI ABYX TCII, JBHAKYIIHXCA
B TGPIIBGHTHJ]LHGﬁ TUTOCKOCTIH.

fHUE FHUE FHHE FHHE

22 _ Ly 22 .0,
5 T

rae O — SHEPIHNA HAaI'PEBAHITA TCII H HX OCTaTOYHOH I[E(I)GPMEH_[HH.

CI{GPGGTH ABYX TECII ITOCIIC aOCOIIFOTHO YIIPYTOI'O CTOIIKHOBCHIA.

(ml —m, ))| + 2m,V2
u = - -,

l
(ml + mz)

(nh —m, ))z + 2m,
U =__ :

g

(ml + m, )

PabGora, copepirraeMas pes3yIbTHPYIOIIEHN CHIIOH, OIIPEAEIISeTCS KaK Mepa H3MEHEHHS KHHETHYE -
CKOH SHEPIHH:

A=AT =T, -T11.
Jlunamuxa epaugamensHozo 0BUMNCEHNS

(OCHOBHOE YPaBHCHIEC THHAMHKH BPallldTCJIbHOI'O ABHAKCHHA.

NOKYMEHT NOAMNUCAH -
3NEKTPOHHOW MOANMUCHIO Je
CepTudukar: 12000002A633E3D113AD425FB50002000002A6
Brageney- |/leqayopa FhmHafasaHARARHA HEIITHUX CHJI, JeHCTBVYIOIIHX Ha TEI0, OTHOCH-
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TCJIbBHO OCH BPAIIICHIA, £ — BCKTOP YITIOBOI'O YCKOPCHIA, J —MOMEeHT HHEPIHH CHCTCMbI OTHO-
CHTCIIbHO OCH.

M oOMeHTEI HHEPLIHH HEKOTOPHBIX TCII MAaCCOH 1 OTHOCHTEIIbHO OCH BPalllCHHA, HPGXGI[}IH_[Eﬁ He-
PE3 OCHTP MACC.

a) MaTe PHAJIbBHOH TOYKH: J=mr?,

I'ac r —pdcCTOAHHE OT MﬂTEpHElJ]LHGﬁ TOYKH 40 OCH,

0) CTepKHS JUIHHOH | OTHOCHTEIIFHO OCH IePIIEHAHKYIIIPHOH CTEPKHIO:

J :_l mi*;
12

E) Gﬁp}qﬂ HIIH TOHKOCTCHHOI' O IIUIHHAPA PadHyCa R OTHOCHTEIBHO OCH, COBITAJAIOILEH C OCBIO
IIUIOTHIPA.

J=mR>.

') OJHOPOIHOTO (CIUIOIIHOI0) AUCKa (IPUIHHApPA) paJHnyca R OTHOCHTEIILHO OCH, COBITaarOIeH
C OCBIO JHCKA:

l ,
J=_mR";
2

1) IIYCTOTEJIOr O IIWIHHApPA paguycaMH R, H R> ¢ OChIO BpallleHHS, COBITaJalOMIEH C OCBIO I[H-
TTHHIpA:
1 7 .
J= mR +R);
5 | 2
e) Iapa ¢ OChIO BpaIllleHH, ITPOXOISIIEH Yepes3 ero IeHTP:
2

J="mR".
5

Teopema [ITeiHepa: MOMEHT HHEPIHH Jo Tella OTHOCHTEILHO IPOH3BOIBHOH OCH PaBEH CyMME

MOMCHTaA HHCPITII J . JTOI'0o T€lla OTHOCHTCIIbHO ]'[E],pﬂHJIEJ]LHGﬁ OCH, T[pﬂXﬂ,I[HH.[Eﬁ HEPE3 IICHTP
MACC, H ITPOM3BCACHIA MaCChl i Ha KBaJpaT PpaCCTOAHITA a MCKAY STHNMIT OCAMI

J,=J +ma?,

MoMeHT HMITYJIbBCA MﬂTEpHﬂJ]LHGﬁ TOYKH MAaCCOH m , HMEIIIeH CKOPOCTE U H HAXOJAIIYHOCH
Ha PpaCCTOAHIIL r OT OCH BpallICHH .

L=mor.

M omeHT HMITYJIbCa L TCJIa, BPpalllatOI[CIOCAa OTHOCHTCIIBHO HETIOABIKHOH OCH C }*TJIGEGﬁ CKO-
POCTBIO M

OJOKYMEHT NoanmvucAH J o .

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapenel: Webayxoea TaTbsAHa AnekcaHapoBHa €1, BpalllatOHHXCA BOKpYL HEIOABHAHOH OCH.
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iJ_&;i = const .
=1

KHHeTHYeCKas SHePIrHA Tella, BpalllaroIerocss BOKPYT HEITOABIIKHOH OCH:
Jo? IE
I' = , WM 5 ——
2 (27)

KiHeTHYecKas JHEPI'HA KaTAIICIOCA TCIIA.

I' = +

IIpaMepbl penieHns 3a1a4

3ama4a 1. CHapsag Maccoil m = SKT o0najai ckopocTeio »= 300 M/c B BepxHel TOYKe TPaeKTo-
pHH. B 3TOH TOYKE OH pa30opBajicsd Ha JBE YacTH. MeHbIas 4YacTh MacCOH m = 2 KT, IOIyYHiIa
ckopocTh U | = 500 M/c u moneTena Briepe noj yriaoM 60° K ropH30HTY. HaiiTH ckopocTh U »
TIOCIIE pa3phIBa BTOPOIl, OONBIIEH YaCTH, H IO KAKHM YIJIOM K TOPH30HTY OHa ITOJIeTeNa.

JlaHo:
m = SKT B BepxHEH YaCTH TPAeKTOPHH, CHAPSI JBHIAJICSA FOPH30HTAIBLHO.
v = 300 Mm/c FEGMTPIHEGHI 3aKOH COXPaHEHH S HMITYJIbCA HMEET BH]I L, =500
M/C . -
ock |
mi=2 KT Y
60° e, | —
P1 = - - >
-
F:H'Hj
UE_ ? * X
P2—?
P=P . + P,y W MY = m,V, +n,0,. (1)
Hcrorb3ys TeopeMy KOCHHY COB, HAHIEM |PDCKJ
2 , 2
(P )=P*+(P )-2P-P -cosp. (2)
OCK2 OCK1 OCK1 1
Tak KaK Poc2,= (m — m1)V 2 IMOIYYHM, UTO
L = P [T500% + 10007 = 2-1500 -T000 - cos 60
5 OCK2 — L = 441 m/c.
m—m, (5-2)
' NOKYMEHT MOANMUCAH : rarrpaBienre P . ITo TeopeMe 0 NMPOEKIHH CyM-

SNEKTPOHHOW NOAMUCLIO
Ceptudurar: -12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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~!

Poczc:_zﬁ = ‘P@f:m:: -Cl[:lrs(—q::u2 ) , T.K. YTOII (p, JIEKHUT HHIKE OCH ﬁ
OTKYJa
- 1500 —1000 - cos60°
P—|(P.. | cos
cos(—P, ) = ( G_“?I“") oS _ =0,756,
P, 13229
3HAUUT  —(P, = drcms((},?Sﬁ) =40,8", a ¢2=-40,8

DTy 3ajauy MOKHO PEINHTh H APYTHM CITIOCOOOM.

BriOepeM ocH KOOpJHHAT, KaK Ha PHCYHKe. 3aImcaB ypaBHeHHe (1) B IPOEKIMSIX HAa OCH KO-
OPAHMHAT U, YYUTBIBASL, UTO U x=U H L y = (),

TTOITYYHM
mv = m,V, cosP, + n,LV, CosP,, (3)
0 =m,V,sin®p, — m,V, SInQP, .

N m,V, CosP, = mv — n,V, COSP,, (4)

m,V, sinP, = m,v, SInQ, .

Bo3Boasa B kBagpar o0a paBeHCTBa, H CIOKHB HX, IIOCIe TPHBHAIBHBIX ITPe0o0pa30BaHHIH ITOITY-
yuM (POpMYITY (2) 71 BEIYHCIEHHS HMITYIIbCa H CKOPOCTH BTOPOI'O OCKOJIKa. VI3 BTOporo ypas-

HEHHS CHCTEMEI (4) IOMyYaeM BEIpaKeHHe
m,L1 SINQ]

m,vV2

H3 KOTOPOI'O BEIMHCIEIEM YI'OII (P2,

3amaua 2. Ha mmpyxiHe KecTKocThIo k = 510° H/M noxsereH 6110k B (popMe HCKa MAacCOi 5 KT

1 paguycoM 0,2 M. Uepes OII0K MEPEKHHYT IIHYP, K KOHI[aM KOTOPOr'O IIPHBS3aHEL TPY3EL my = 2
KT 1 m2 = 3 KI. Haniti: 1) yCKOpeHHe I'PY30B H VITIOBOE YCKOpeHHEe OlI0Ka, 2) CHIIBI HaTsDKEeHHS

IMHYPa, 3) CHIY VIIPYTOCTH IPYKHHBI H YUIHHEHHE IIPYKHHEI, 4) KHHETHYECKYIO SHEPIHIO CH-
CTEMBI Uepe3 2 ¢, 5) H3MeHeHHe MMOTeHIIHAIbHOH SHepryuu OII0Ka H I'Py30B 3a 2 ¢; 0) HaHTH YCKO-

pPeHHe LIEeHTpa MacC I'PY30B.

JlaHo:
mo =5 KT VYKakeM Bce CHIIBI, AeHCTBYIOIHE Ha KaXKoe Telo (CM. pPHC.).
. — ) T Harmrurmrans vmapwawma nronarn 39K0OHA HBIOTOHA B BEKTODHOH
ONOKYMEHT NMNOANMUCAH P
SNEKTPOHHOW NOoANnMChLIO 6
Ceprudbidkar: ~12000002A633E3D113AD425FB50002000002A6 JTOM OJIOK COBEPHIAacT
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa
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k=510 HmMm IBIKeHHE. YUTeM, Takke uto [ = mﬂrz / 2 u

r=0,2M a =€ - r (IIpocKaab3bIBaHH HET ) H THHEHHOE
t=2c¢ YCKOpPEeHHEe KpanHIX TOYeK OJI0Ka PaBHO
a-7 e YCKOPEHHIO TOUEK IHYPa. 3aMETHM, YTO

110 TpeTheMy 3akoHy HptoTtoHa 7' =T u 1T>' =T>.
JIT1S TIPOEKITHI CIUI Ha OCh X ITOITYYHM

CHCTEMY YPaBHEHHII:

m,g —1T,=m,a

Nencreutened: ¢ 20.08.2021 no 20.08.2022

a .
T -r—T-r=) mr*- (1)
2 | 0 . A
r —
T,
T, +T,+myg 4 F=0. )
J
mg,
CK1aapIBas IIEPBbIE TPH YPaBHEHHS, ITOIIYYHM
1
mg—mg=d ,mtmytm =
m—m 10 - (3 — 2) 4 ,
P ) . g=> a= - w/c =1,33m/c .
Lm+m +m 7.5 3
2 0 2 1
a 1,33 |
e="="""26,66 .
r 0,2 c’
W3 nepeoro ypaeHenns Haitiem: 1, =T, =m, ( g— {1): 26,0 H.
M3 BTOpOro ypaBHeHHS HaiieM: 11 = T:F =m, ( g+ a) =22, 7 H.
3 4eTBepTOro ypaBHEHH A HAlIEM F:
F=T+T>+mog=987H.
Y IImmHeHHe TIPYKHHBL HaHAeM H3 (DOPMYIIEI 3aKoHa ['yKa:
=987
[AOKYMEHT NOAMNUCAH o |
SNEKTPOHHOWM MOANMUCHIO __=0,0197 m=1,97 cm.
CepTucdukar:  12000002A633E3D113AD425FB50002000002A6 103
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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OTO VyUIHHEHHE TIPYKHHBI IIPH JBHJKYINHXCS TIpy3aX. EcoM 3acTolopHTh OJIOK, TO

F, = (ml +m, +m, ) g =100 H , 4o BRI30BET YIIHEHHE IPYXKHUHBI TOYHO 2 cM. C HayaIoM

IBIDKEHHS TIPYKHHA COKPAaTHTCS Ha ~().3 MM. M3 cHCTeMBI ypaBHeHHH (1) MOXKHO ITOIYYHTH
(hOpPMYIIY I8 Pa3HOCTH CHIIBI HaTSDKeHHI AF=F) — F:

. (m —m)

I

HCITOIIB3YA KOTOPYIO MOYKHO OICHIITE H3MCHCHHEC PACTSKCHILA ITPY KI1HBI
AX' = AF [k =027 mm.

YT10o0OBI HAaNTH KHHETHHYCCKYIO SHEPI'HIO BCeH CHCTCMBI, HaH JeM KHHETHYCCKYIO 3HEPI'HIO I10-
CTYIIATCIIBHOI'O ABHAKCHIA I'DY30B Krp H KHHETHHYCCKYHO JSHCPI'HIO BPAIIATCIIBHOI'O ABHKCHHA

ommoka Ko
(m +m )
_ I 2 .
K, = 5 :
(m _|_m1)ﬂ252 5.133%-4
Tak xkak L =at = K =K = — ~17,7 1x.
P P 2 2
Io? > m 2V 2
KEH:T Takkak ®=V/r, u I =myr /2.,'1‘-3 K = i S =9 JIx.
tr-

Taxmv oOpa3oM ImonmHasa KnHeTHyeckast SHEprus K= Ky + Ksn = 26,7 [k

Jamaua 3. /[Ba CBHHIIOBBIX IllIapa MaccaMH m = 2 KI' M m2 = 3 KT IIOJBEIIECHB] HAa HUTSX JJIHHON
[ =70 cm. IleprOHaYabHO IIAPEI COITPHKACAOTCS MEKIY COOOH, 3aTeM MEHBIIMH IIap OTKIOHH-
M Ha yrojl O = 60° u orrrycTHid. CYHTas yaap LEHTPaIbHBIM H HEVIIPYTHM, OIIPedelTh. 1)
BBICOTY /1, Ha KOTOPYIO IOJHUMYTCS IIAPHI TTOCIIE yAapa, 2) sHepruw AT, H3pacXOJOBAaHHYIO Ha

Ie(opMaIlHIO IIapOoB ITPH YIape.

Peueniie.

Ymap HeyIIpyrHii, IT03TOMY IOCIE yaapa IIaphl ABIDKYTCA ¢ o0Ieii CKOpocThio U, KOTOPYIO
HailJleM 13 3aKO0HAa COXPaHEHH S HMITYIIbCA:

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

racv, HLV, — CKOPOCTH LI4APOB J0 YAdpa. CKGPGGTL L, MaJIOro mapa HaHIeM H3 3aKOHa COXpa-
HEeHH I MeXaHHYeCKOH SHEPI'HIH.

2
Hu
moh

AOKYMEHT NoanmncAH B 2 ’
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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L, =,[/28h, = ZJZgI(l— COSCL) — ZJﬂsin

(yarm, uto Ay = I(1—cosa.) ).

M3 BeIpaxkenusi (1) 1 (2) mpH yCIOBHH, YTO L, = (), TTOTYYIM:

Mo 2m [ZTsin
11 ! 2

CL

U= —

m, +m, m, +m,

: 3)

M3 13akoHa COXPaHCHHA MeXaHHYeCKOH
SHCPIHH HMECM.

2

L
(m, + ml)? = (m, +m,)gh,

OTKYZla HCKOMAsI BBICOTA:
, 2mlsin®
L
h-= = 2
2g m; +m,
(ywmt popmyy (3)).

L

k)

DHEPrus, H3pacXoJ0oBaHHasA Ha Je(OopMallHIO IIIapOB IIPH VAape,

2
muv

m +m
|

LS

— 11
AT 5

HIIH, TIOZICTaBHB (2) B (4), HAXOMHM:

AT = 2gl

4
5V, 4)

Q

= 7
mm, o2

m +m, 2

Beruricrisas, momydaeMm: 1) h=5,6 cm;, 2) AT=4,12 JIK.

3agava 4. MOTOIHMKIINCT eIeT IT0 TOPH30HTAIILHOH Jopore. KaKkyr HaHMEHBIIYIO CKOPOCTh » OH
IOJDKEH Pa3BHTh, YTOOHI, BEIKIIFOUHB MOTOP, ITPOEXaTh 110 TPEKY, HMEOIeMY (DOPMY «MePTBOMH

IeTIH» paguycoM R = 4 M. TpeHHeM H COIPOTHRIIEHHEM BO3AyXa IIpeHe0peyb.

JlaHo:
R=4wm
v =" «MEPTBOH IIETIII):

CepTtudmkar:
Bnageneu;

Nencreutened: ¢ 20.08.2021 no 20.08.2022

3alTHILIEM YPaBHCHHEC ABHKCHHA

MOTOIIHEJIICTA B EEPP{HEﬁ TOYKE

S ¥ SE—
AOKYMEHT noanmncAH
SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6
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N=0.T0a = vsz.,. H CIIeIOBATEIIBHO

2
mu, —mg, H L= gR (1),
R

A€ v — CKOPOCTh MOTOITHEIIA B EEp}{HEﬁ TOYKE {{MEI}TEDﬁ TICTII».

Ilo 3dKOHY COXPaHCHHA SHCPI'HH, ITOJIHAA SHEPI'HA MOTOITHKIIHCTA Ha I‘GPHSGHTEIJ]LHGﬁ HOPO-
2
mv

r'e, paBHAS er0 KHHETHYECKOH SHEPTHU , OVZIeT paBHA ITOITHOM 3HEPIHH B BEPXHEH TOUKE

mo -2
— - - |
«MEPTBOIL TIETIIH», TO eCTh CyMMe TTOTEHIHATBHON SHepIHH mgh H KHHeTHYecKoH —_ - la-

2

":]l ra
2 v
KHM 00pa3zoM HMEeM mo- _ mgh + 1 M3 1mocnegHero paBeHCTBa ITOITYYHM

2 2
V? =2gh+v7. Takkak h=2R,10 V7 =0 —4gR. IloACTaBIIEM IIOTyYeHHOE BRIPAKe-

HHe B (1) HaigeM, 4TO

V> =4gR+ gR=5gR, u L =4/5¢R =0, 141 wc = 14,1 ecw/c.

3amgaua 5. ['py3 maccon m = 80 KT ITIOJHHMAIOT BIOIL HAKIIOHHOH IUIOCKOCTH C YCKOPEHHEM a =
1 w/c*. J[/rHa HAKIIOHHOI TUIOCKOCTH [ = 3M, yron Ol ee HaK/IOHA K TOPH30HTY paeeH 30°, a Ko-
apduipeHt Tpenns f = 0,15. Onpenenurs: 1) padoTy, coOBeplIaeMyIO ITOhEMHBIM YCTPOHCTBOM,
2) ero CpeJHIO0 MOIIHOCTE, 3) €ro MaKCHMAaJIbHYIO MOIITHOCTh. HavyasibHass CKOpOCTh IPy3a paB-
Ha HYIIIO.

Peueniie.

YpaBHEeHHE ABIKEHHA I'Py3a B BEKTOPHOH (opMe: ma= F + F . +F,+F +N.

B mpoekIpaIX Ha ocH x H y (pHC. 16) 5TO ypaBHEHHE NIPHMET BUA ma=F—F —F , 0=N-F,,
rae Fy=mgsino, F2=mgcosa, F,, = fN = fmg cosc..
[losTOoMy
F=m(a+ gsina + fgcosa.).
Pabora, copepiraeMasi IIOAbEMHELIM YCTPOHCTBOM,
A= Fl=ml(a+ gsino. + fgcosa).

CpeIHss MOIITHOCTh, pa3BHBaeMas ITOIbeM-
HBIM YCTPOHCTBOM,

A
(PF .

AOKYMEHT NoanmcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: . 12000002A633E3D113AD425FB50002000002A6
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JOBaTeNbHO, (P)= A % *

MakcHManbHas MOIIHOCTB, pa3BHBacMas IIOABEMHBIM YCIpOMCTBOM: P =Fv__ = Fat.

IlomcTaBnsad 3HAYeHH, ITOIy4YaeM P = maJ2al (a+ g sina + fg cosaw).

Beruncnasa, Haxonmm: 1) 4 = 1,72 k1K, 2) (P) =702 Bt,3) P__ = 141kBT.

3agaua 6. Illapuxk maccon m = 300 r ygapuicsa o CTeHY H OTCKOYII OT Hee. OIpeldeliTh HM-
IIYIILC p1, TIOMYYEHHBIH CTEHOH, €CIIH B 3TOT MOMEHT IIEpe] YAAapOoM IMapHK HMEJI CKOPOCTh

10m/c, HampaBIEeHHYIO IIOJ YITIOM o, = 3()°K ITOBEPXHOCTH CTeHEI. YJap cYHTaTh aOCOIIFOTHO
YIPYTHM.

Peuteniie:

[To ycmopHIo 3aaun yaap abCcOMFOTHO YIIPYTHIL, CIeJ0BaTeIbHO, CKOPOCTh IMApHKa IT0 aOCOIIIOT-
HOMY 3HAY€HHIO JIO U TIOCTIE Yapa OJJHHAKOBHL, T.€. U =V,,.

[ IprveHIIM 3aK0H COXpaHEHH S HMITYIbCa(B ITPOEKIMHIX Ha OCH KOOPIHHAT):

Vipy, = 0= m(uﬂ}, -V, )= m(uﬂ_\, —V,, )=0

x: p,=p,=mL, —(=Y,.))=2mY,_,

T7e V,, =L, sind

p =2mu sind
| 0

TOr ia
P =2 -0 3xe 10m/c* sin300=]5"-=,

! C

3amayua 7. J/IBa CBHHIIOBBIX IlIapa MacCaMH m1; = 2 KT M m = 3 KT IIOJBEIIEHB] Ha HUTSX JUIHHOH [
= 70cM. IlepBOHAYaIBHO IIaPEl COMPHKACAIOTCI MEKAY COOOH, 3aTeéM MEHBIIHH IIap OTKJIOHIIH
Ha yrojl Ol = 60° u ornyctiim. CunTas yaap LEHTpalb-
HBEIM H HEVIIPYTHM, OIIPEAEIHTL BEICOTY A, HA KOTOPYIO
ITOAHUMYTCS IIAPBI IIOCIE Yaapa H SHEPTrHr0 AT H3pacXo-

JOBaHHYIO Ha Je(OopMalHIO IIapoB MPH yVAape.

Peueuniie.
ONOKYMEHT I:IDﬂI'IHCAH
SNEKTPOHHOW NOANMACHKIO JDKYTCA C Dﬁl[[ﬁf:[ CKOPOCTEIO v, KOTOpPVIO
Ceptudhmkar:, -12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa
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m,V, +m,v,= (m, +m,)v, (1)

Il€e v, H L, — CKOPOCTH IIAPOB A0 yAapa. CKOPOCTh L, MAJIOrO Iapa HaiJeM H3 3aKOHA COXpa-

HeHH S MeXaHHYeCKOH SHEPI'HH.

2

m gh :m};}l
| l 2 a
OTKVY/IA:
. O
v, =[2gh, = 24/2gl(1- cosa.) =2,[8ISIn N (2)

(yawm, 4to h, =I(1-cosa) ).

M3 Beipaxkenuri (1) u (2) mpH yCIOBHH, YTO L, = (), ITOTYYHM:

oL

2m fglsin—
my . ! 5

L = = : (3)

mn, + M, mn, + M,

3 3aKoHa COXPdHCHHA MeXaHHYeCKOH SHCPI'HH HMCCM.

UE

(m, +m, ? = (m, +m,)gh,

OTKY /d HCKOMA BEICOTA.

'}
> 2mPl sin? —
L l

BV 2

2g m, + n,

(yurm popmyiy (3)).
DOHeprus, H3pacXoJoBaHHAag Ha Jie(pOpMAaI[HIO IIIapOB IIPH YAape,

¥
muvu - m +m

AT =11 2ph (@)

It

HITH, ITOACTABHB (2) B (4), HAXOIHM:

IQ

=
mm, 2%

m,+ m, P

AT = 2gl

Beruncrsis, moimydaeMm: 1) h=5,6 cM, 2) AT=4,12 ]XK.

3amgaua 8. IIlap maccol m = 5 KT H paguycoM R = 5 CM BpalllaeTcsa BOKPYT OCH, ITPOXOISIIEH

yepes ero IeHTp. YpaBHEHHe BpAIeH s mapa mMeeT BUE @ — A+ B> + CP, tae A = 2 pax, B

_ 2 3 .. -
= 16 pag/c”, C = —2 pax/c’. HalTH 3aKOH H3MeHEHHSI MOMEHTA CHJL, JEHCTBYIOIIMX Ha IIap H
———— ____'Elai{_fr;'_E_l:l_T ﬁé}hﬁnégl__—l——_ R 2(:

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: ' 12000002A633E3D113AD425FB50002000002A6
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m = S5KI Tak Kak MOMeHT HHEPIIHH IIapa IOCTOSHHBIH, OCHOBHOE ypaB- R =

510" M HEHHE JHHAMHKH BpallaTellbHOIO IBHKEHHS HMEET BHI:

¢=A+Br* +Cr M=1I¢% (1)

A =2 pan rle / — MOMEeHT HHEPIMH, € — YITIOBOE YCKOPEHHE Tella, B =

16 pa,[l;f’-::2 M — MOMEHT CHII, IeHCTBVIOIIMX Ha HETO. C=-2
_ 2 2

pazn/c’ . JIs1 11rapa MOMEHT HHEPIIFH I'=_mK . (2)

t=2c

M) =TMQ2) ="

Ilo QITPEACIICHHIO YITIOBOC YCKOPEHHE €CTh BTOPAA ITPOH3BOJHAA OT YIJId ITOBOPOTA Bpdllld-
FOHIET OCA TEJI 11O BPEMEHH

r

€ :(p'(r):(A+ Br2+Cr3)" :(ZBHSCE) —2B+6Ct . (3)

[Togcrarmaa (2) u (3) B (1) H HCIMONMB3YS YHCIEHHbIE 3HAaUeHHSI A, B H C HailJleM 3aKOH H3Me-
HEHHS MOMEHTA CHJI, JeHCTBYIOIIMX Ha IIap.

2
M (1) = _mR* - (2B +6Ct ) = (0,16 — 0,067 ) H-m.
5

Jlnsg momeHTa BpeMeHH (=2 ¢, M (2)=0,0 4 H-m.

Jagaga 9. /[uck pamuycoMm R = 0.5 M 1 Maccon m = 50 KI' pacKpy4deH IO YaCTOTHI BpallleHH
ni = 10 ¢! u mpegocrasieH camoMy cebe. ITox HeficTBHEM CHII TPEHHSI MaXOBHK OCTAHOBHIIICS
yepes 60c. HalTH MOMEHT CHII TPEHHSIL.

,HEIHDZ (CornacHoO OCHOBHOMY YPaBHCHIHIO JTHHAMHEKH BPAallldaTCIIbHOI'O JBHKCHITA
R=0,5Mm dL,/dt=M,
(1)

m= 50 kT rae dL —n3MeHeHHe IPOEKIHMH Ha Och X MOMEHTa HMITyJIbca JTUCKa,

ni=10c¢! |Bpamaromnerocss OTHOCHTEIIBHO OCH .Y, COBIAJAIOMIEH C TeOMETPHYECKOI

t=60c OCBIO JIHCKa, 332 HHTepBall BpeMeHH df. M _ — mpoekipisa Ha och X MoMeHTa M = ?

BHEIMHNX CHII (B JaAHHOM CJIy4ae CHJI TPeHHS), JeHCTBYIOIHNX Ha JHCK.

CyHTaeM, YTO MOMEHT CHJI TPEHHS CO BPEMEHEM HE H3MEHSETCS, TOra YPaBHEHHE
(1) MOKHO 3aImicaTh B BHJE:

AL =M At (2)
NOKYMEHT NoanncAH X X
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E3D 11 3AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
\L_ =1 Ao, 3)
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.,
rae I = mR“/2 MOMEHT HHEPIHH JHCKA OTHOCHTEIHPHO OCH X

U3 (2) u (3), uMeeM:
M At=mR*[2-Aw . (4)

M3MeHeHHe YTIOBOIT cKopocTH A® = ®,—®, = 2Ttn,— 27tn, = 21 (n, —n,).

Tormga us (4) moayynm
nmR*(n —n )

M, = 2 l
At

Taxk xak Af =1, a n2 =0 (muCcK ocTaHOBHICS) TO, IIOACTABHB JIAHHEIE, TIOITYYHM, YTO

M= M;=065,4 Hm.

[IpoBepHM pasMepHOCTH ITOJIYYEHHOT'O pe3yIbTara:

KT -M>C!  Kr-M? KO- -M

Il
<
Il
an
X
<

C C~ Cc~

3aga4ya 10. Yemorek Maccon 60 KT CTOHT B IIEHTPe CKaMbH JKYKOBCKOI'O M BMECTE ¢ HEH Bpallfa-
eTcd 1Mo mHepiH. Yactora BparmneHHSI n1= 0,2 1/c. B BBRITSHYTBIX B CTOPOHY PYKaxX YeIOBeK
JEPKUT I10 TaHTEIH MacCOH O KT Kaxpaas. PaccrosHiie Mexay ranreirsaMe 1,6 M. OInpeaeniTh:
YaCTOTY BpAIlEHHA 12 CKAMBH C UYEIIOBEKOM, ITOCIIE TOT'O, KAK OH OITYCTHT PYKH, H PACCTOSHHE
MeKIY TaHTeIsIMH cTaHeT paBHBEIM 0,4 M. IIpH pacueTe MOMEHTOB HHEPIMHM YEIOBEKA ITPHHSATH
3a IUIHHAP paguycoM 10 ¢M, a CKaMbIO CUHMTaTh AHCKOM paauycoMm 0.4 m n maccomt 10 Kr.
Hariti n3MeHeHHe SHEPTHH BPaI[aroIeHcs CHCTEMEBIL. T peHHEM ITpeHeOpeys.

JlaHo:
mi= 60 Kr
ri=0.1 M
nmy= 10 Kr
=04 M
m=0,2c¢c"!
L=04m
[L=1,6 M
ms= 6 KT
n -7
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YemnoBek BMecTe cO CKaMbeH COCTaBISET 3dMKHYTVHO CHCTEMY, BPAllldIOIIYIOCH BOKPYI BEPTH-
KaJIbHOH OCH. ,HJIH TaKOH CHCTEMEI CITPpABCJIHB 3dKOH COXPdHCHITA MOMCHTA HMITYJIbCA.

o= hms, (1)
I'le MOMEHTEI HMITYIIbCa /101 M [>0)2 B HAYAIIBHEIH H B JIFOOOH APYTOil MOMEHT BPEMEHH.

31ech / — MOMEHT HHEPIIHH, ® — YITIOBAasA CKOPOCTh. /| COCTOMT H3 MOMEHTOB HHEPIHH CKAMbH
Ia= m>r>°12, yertoBeka — I,=m r,°/2 (CKaMbs H UeJIOBEK CUHTAIOTCA CIUIOMIHEIMI I[FUIHH/PAMH) H
nByX rauteneii Ir=2ms(l/2)*.

(1
[TosToMy I= mri+ mp2yom (1) 2\

7 g Lm

YTIoBas CKOPOCTDb W, = 27 ni. AHEIJIDI‘HLIHG: AJIA BTOPOI'O ITOJIOZKCHA raHTeJIeH HMEeEM

I :(lmrz-l—lmrz-l—Zm (1 \HW; no =27n

E‘KE 22 511 .3L2JJ 2 2

[TomcTaBuB 3TH BeIpakeHH S B( 1) IOy M

2

lmr2+lmr2—|—2ﬁ1 i) 2mn =| lmrz-l—lmrz-l—Zm (i T - 2Tn
.2. 2 2 .2._11 3 2 | 2 2 2 .2. 1 1 3 2
L)

(1 \

2 10 - 016+2 -60-0,01+12-0.64 '-0,2 1755 06

J = =1,1

“—““‘(1 1 7 1,58 c

{\E 10-0,16+—2-60-0,01+12-0,04J

.
KnHeTHyeckas 3HepPris BpalllaroIIerocs Tela BEIMHCIIeTCa 1o popmyne W=Iw</2.

Io* 8,78-1,58 Ico“ 1,58-48,7
L1 =69k, W, = — = 38,5 JIk;
2 2 2 2

AW =W> —W; = 31,6 JTx.

W, =

3amaua 11. OJHOPOIHBIN TOHKHH CTEPKEHb MacCOH mi = 0,2 KT M JIHHOH [ = 1M MOXKET CBO-
00HO BpalaThCs BOKPYT TOPH3OHTAILHOH OCH Z, IMpoxXoasieH yepe3 Touky O (cM pHc.) B Tou-
KV A Ha CTepKHE IOoIagacT INIaCTHIMHOBEIH IIapHK, MacCOH m2 = 10 I, IeTSIII TOPH30HTAIIb-
HO CO CKOPOCTBEIO » = 10 M/C H ITPHIIMIIAET K CTEPKHIO. OIIPEIENTh YIIIOBYIO CKOPOCTh CTEPKHS
(0 B HaYaJIbHBIH MOMEHT BpeMeHH, eclH a=A40=[/3.

JlaHo: @ -

mi=0.2 kT

[=]1M A
[NOKYMEHT NOAMNMUCAH 4
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a =1/3

CuyrTas CHCTEMY TElI M3 IIapHKa U CTEPKHA 3aMKHYTOH, IIPUMEHNM 3aKOH COXPaHEHH S MO-
MeHTa HMITYJIbca: Lo = L (1)

B Ha4apbHBIH MOMEHT yAdpd YITIOBaAd CKOPOCTh CTCPXHA E!]{]ZO:, IMO3TOMY €I'0 MOMCEHT HM-
ITYIIbCAa Lor =0. HPH STOM IIETSIIHH HMIapPHK ITIOIIAJJd€T B TOUKY A:, CIICAOBATCIIBHO OTHOCHTCIIBHO

ToukH O (ocH BpareHHd) oOnajaeT MOMeHTOM HMITyJbca Loz = mava, TAe a — PACCTOSHHE OT
TOUKH ITOIagaHu s 10 ToukH O. TakuMm obpazom Lo= 0 + mava.

[IpHyMImImf K CTEPKHIO IIApHK OyAeM CUHMTAaTh MaTepHalIbHOH TOYKOH, BPAaIl[arOIIEHCS C

) i)
YITIOBOH CKOPOCTBIO CICPAHA 0 H, €I'0 MOMCHT HMIIYJIbCd PABCH L2 = ma®. [ — MOMEHT HM-
IIYVIIBCAa CTCPMHA, I'IC [ — eTO MOMEHT HHEPIHH OTHOCHTICIIBPHO OCH BPAIIlCHIA. Torma MoMeHTa

HMITYTIbCa CHCTEMBI CTepKeHb—IIapHK OyAeT paBeH L = [0 + maa*®. I1oAcTaBIsII IIPHBEIEH-
HBIE BBIINIE BHIpakeHH B (1), momydrm

mawa = Io + maa’ .
m,va
CiieoBaTelbHO, m = = (2)
I +m.a°
Y100k HANTH / OTHOCHTEJIFHO TOYKH (J, BOCITIONb3YeMCS TeopeMoH lITerHepa:

I=1+m(0C)?,

rie Io= mil*/12 — MOMeHT HHEPIMH CTePKHS OTHOCHTEIILHO Touku C (1leHTpa Macc). Paccros-
Hue OC=1/2 — I/3= 1/6, Torna

I:mj | mll_u_mllu
12 36 9
[
muv
C yueToM (2) momyunM () = 2 3no . >-001-10 =143 pan
il =tm Fm)l (0 0TF02) T c
| | p | 2
9 9
Bonpocet u 3a0arnus.

PaGora. PaboTa riepeMeHHOH CHIIHL.

MOIIHOCTB.

KoHcepBaTHBHBIE H HEKOHCEPBATHBHBIE CIUIBL. [loTeHIMaIbHAS SHEPTHAL.
CBSI3b MEKY CHIIOHN H ITOTeHIHaIbHONH SHEPTHEH.

DOHeprusg ynpyro Ae()OpMHPOBaHHOTO TeJIa.

KuHeTH4ecKas SHEPTH H €€ CBS3b ¢ pa00oTOH IMPHIIOKEHHBIX CHIL.
[TomHass MexXaHHYeCKasl SHEPIHS CHCTEMEBI Tell.

~ NOKYMEHT MOMOrMUCAH JTHH.
SNEKTPOHHOW NMOAMMCHIO
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12. Yncro creneHel CBOOOEI.

13. IleHTp HHEPIHH (MacC) TBEPAOIO TeNIa.

14. MomeHT criibl. MOMEHT HHEPILHH.

15. OCHOBHOM 3aKOH JHHAMHKH BpalllaTeIbHOI'O IBIKEHI.

16. MoMeHT HMITYIIBCA. 3aKOH COXPaHEHH S MOMEHTA HMITYJIIbCA.

17. PaGora 110 BpaleHHIo Tea.

18. KnHeTH4YecKasa sHEPIrHs TeJla, BPAIlaroIerocs BOKPYT HEITOABHKHOH OCH.

3aJa4un U1 CAMOCTOATEILHOI0 PEIICHHA

1. CHapsg maccoif m = 10 kT obmmagan ckopocThio » =200 M/c B BepXHeH TouKe TpaeKTOpHH. B
3TOH TOYKE OH pa30opBalicd HA ABE YacTH. MeHbIass MacCOH mi=23 KI ITOIYYIIIA CKOPOCTh U| =
400M/c B IIpekHEeM HalTpaBlIeHHH. HaHTH CKOPOCTh 12 BTOPOH, OOIBINIEH YaCTH ITOCIIE Pa3phIBa.

2. I'py3HK, IIPHBS3aHHBIN K IIHYPY JJIHHOH /=50CM, OIMCEIBAET OKPYKHOCTh B TOPH30HTAILHOH
rtockocTH. Kakoil yrom ¢ oGpasyer IIHYP ¢ BEPTHKAIBIO, ECITH YacTOTa BpaleHusd n = 1¢™.

3. I'py3HK, IPHBSI3aHHEIN K HUTH JJIHMHOH [ = 1 M, OIIMCBIBAET OKPYKHOCTh B I'OPH30HTAJILHOH

IIOCKOCTH. OrnpeaermTs Iepuof 7' odpalleHHsL, eClIH HHTh OTKIIOHEHa Ha yroia ¢ = 60° oT Bep-
THKAJIH.

4. ABTOMOOHIIb HJIET 10 3aKPVYTIIEHHIO IIIOCCE, paaAHyC R KPHBH3HBI KoTOoporo paeeH 200 M. Ko-

s dHITIeHT TpeHHA LU KOlIec O IMMOKPEITHe JoporH paBeH 0,1 (romomexn). IIpH kakoif CKOPOCTH v
ABTOMOOIIII HAYHETC A eT'0 3aHOC?

5. Kakyro HaHOOJIBIITYI0 CKOPOCTh ¥max MOXKET Pa3sBHTh BEIIOCHIIEAHUCT, Ipoe3kas 3aKpyTTIeHHE
pagumycoM R=50M, ect KO3()(PHIMEHT TPeHHI CKOIbXKEHHS L MeKTY IMHHAMH H ac()albTOM pa-

BeH 0,3? KakoB yroiu ¢ OTKIOHEHHS BEJIOCHIIEAa OT BEPTHKAIIH, KOIAa BEIOCHIIEIHCT JBHIKETCS
IT0 3aKPYTIIEHHIO?

6. KaMeHb CKONIB3HT ¢ HAaHBBHICIIEH TOUYKH IOTyc(ephl, pampyca R. KakoH IIHHBI YTy OIHIIET
KaMeHb, ITPEXIE YEM OTOPBETCS OT €€ ITOBEPXHOCTH? TpeHneM IpeHeOpeys.

7. Pakera Maccoil m=1m, 3aIyIlleHHAS ¢ IIOBEPXHOCTH 3eMIIM BEPTHKAIIFHO BBEPX, ITOAHHMAETCS
C ycKopeHHeM a=2g. CKOpPOCTh » CTPYH T'a30B, BRIPBIBAIOIIIXCS H3 coIlla, paBHa 1200 m/c.
Harnitu pacxon Om roproyero.

8. Ilapuxk maccon m = 300 r ygapwicsa O CTEHY H OTCKOUWI OT Hee. OIpelelIHTh HMITYIILC pi,
ITOIIYYEHHBIH CTEHOH, €CIIH B ITOCIIEAHNIT MOMEHT IIEPE] YIapOM IIapHK HMEI CKOPOCTh vo = 10
M/C, HAITpaBIIEHHYIO IOJ YITIOM a=3(0" K IIOBEPXHOCTH CTEHBI. YIap cUHTaTh aOCOIIOTHO YIIPY-
THM.

9. Tero Maccoil m=>5 KT GpOIIeHO ITOL YIIoM a=3(0 K TOPH30HTY ¢ HayadbHONI CKOPOCTBIO vg =

20 m/c. IIpeneGperast conpoTHRIEHHEM BO3AyXa, HAITH: 1) HMMITyIbC CHIBI F | JHeficTBYIOIIEH
Ha TEJO, 3a BpeMd €TI0 IojieTa, 2) H3MeHeHHe Ap HMITYIIbCa Tella 3a BpeMs ITONIETA.

10. MarepnampbHasg TO4YKa MaccoH m = | KI, ABHTasCh PaBHOMEPHO, OITHMCBIBAET YETBEPTH
OKPYKHOCTH pamuyca r = 1,2 M B TeueHHe BpeMeHH ! = 10 ¢. Hanrtu n3smMeHeHne Ap MMITyIIbCa
TOUKH.

NOKYMEHT NOANMCAH

SNEKTPOHHOM MOAMACHIO | . ]
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12. Illap maccon m = 1,8 KI' CTAIIKHMBAETCS C ITOKOSIIEMCS ITapoM OonbIler MacCel M. B pesyis -
TaTe IPSIMOr0 VIIPYIoro yiaapa Imap morepsi 36% CBOeH KHHETHYeCKOH sHepruu 1. Ompene-
JINTH Maccy OONBIIETO Iapa.

13. IITap, maccoit m; = 200 T, ABMKYIIHHCSI cO CKOPOCThIO v = 10 M/c, yaapseT HelloBHKHBIH
ap Maccom mp = 200 r. Yaap rpsmorn, abCOTOTHO VIIPYTHH. KaKkoBBI OYAYT CKOPOCTH i U 12
II1apOB IOCIE yaapa?

14. MonotkoMm, Macca KoToporo m; = 1 Kr, 3a0HBarOT B CTEHY I'BO3/b MAacCOH m2 = 75 I. Orpe-
nenurhk Kl # yaapa MOIOTKa IIPH JaHHBIX VCIIOBISIX.

15. boek cBanHoro momnora Maccorn m; = 500 KT magaeT ¢ HEKOTOPOH BEICOTHI HAa CBAI0 MAacCCOH
m2 = 100 r. Haritu K111 # yoapa Gorika, cunTas yaap HEVIIPYTHM. M3MeHeHHEM ITOTEHIHAILHOM
SHEPrHH CBaH IIPH YIiIyOlIeHH ee ITpeHeOpeysb.

16. Momor Maccon mi = 5 KI yaapseT HeOOJBIIOH KYCOK JKejlesa, JIeKalllMH Ha HaKOBaJIbHE.
Macca m> HakoBaibHH paBHa 100 xr. Maccon Kycka kemnesa IIpeHeOpeub. YOap HeYIIPYTHH.
Omnpegemmts KIIJ1 # yaapa MonoTa IIpH JaHHBIX YCIIOBH SIX.

17. Monekyia pacrnajaercs Ha JBa atoMa. Macca oJJHOro H3 aTOMOB B 11 = 3 pasa OoJIbIIe APY-
roro. [IpeHeOperas HayaIbHOH KHHeTHYECKOH SHEPrHeH H HMITYIIECOM MOIEKYIIBI, OIPEedeIHTh
KHHETHYECKIE SHePIruu 11 U 12 aTOMOB, €CIIH HX CYMMAapHas KuHeTHuecKas sHeprusa I = (0,032
HJ[ K.

18. KoHbpKOOeKell, CcTOS Ha IbAY, OPOCHII BIIEPE] THPIO MACCOH my = 5 KI' M BCIIEACTBHE OTIa4yH
ITOKATHJICS Ha3aJl CO CKOPOCThIO v2 = 1 M/c. Macca KoHbK0oOeXIa m1 = 60 kr. OnpeaeauTs pado-
TY A, COBEPIIEHHYIO KOHBKOOEKIEM ITpH OPOCAHIH THPH.

. g g

19. Snapo aToma pacramacTcs Ha ABa OCKOIKa MaccaMH my = 1,6:10% xr u my = 2,4-10% K.
OIpeIeTh KHHETHYECKYIO SHEPTHIO 72 BTOPOrO OCKOJIKA, €CIIH 3HEPTHA 1, IIEPBOrO OCKOIKA
paBHa 18 H][XK.

20. Ilpu BrICTpEne M3 OpyAHS CHAPSAA MaccoH m = 10 KT mmoimy4yaeT KHHETHUYECKYIO SHEPIHIO T
= 1,8 x/[)x. OnpeaemTs KHHETHYECKYIO SHEPTHIO 12 CTBOJIA OPYAHS BCIEJICTBHE OTJAUH, €CIIU
Macca mz CTBOJIa opyaus paBHa 600 KT.

21. Uepes HEMOABHKHEIH OJIOK MAacCOH m = (0,2 KT MEPEeKHHYT IIHYP, K KOHI[aM KOTOPOr'o ITOJIBE-
CHIIM I'py3bl MaccaMH 1n11=0,3 KT 1 mp=0,5 Kr. Onpeaeanurs cwibl 11 M 72 HaATSDKEHHS IIHYpa I10
00e CTOPOHEHI OJI0Ka BO BpeEMS JIBHKEHHS I'PY30B, €CIIH Macca OJI0Ka paBHOMEPHO pacIIpeielieHa
10 000xy.

22. Uepes OI0K, HMEIOMIHH (pOpMY JHCKa, ITIEPeKHHYT IMHYP. K KOHI[aM IHypa IMPHBS3AIIH TPy -
3HKH Maccor mi= 100 r 1 mz = 110. C KakHM yCKOpeHHEM a OVIYT ABHIATHCS I'PY3HKH, €CIIH

macca m Ormoka paBHa 400 r? TpeHHe ITpH BpareHHH 0JI0Ka HHUTOXKHO MaJlo.

23. Bam maccoit m =100 KT 1 pagrycoM R = 5 ¢M Bparmaics ¢ 4acToToil n = § ¢! K mumHHgpH-
YECKOH ITOBEPXHOCTH Bajla ITPHIKAlIH TOPMO3HYIO KOIMOAKY ¢ cwioH F= 40 H, mmox mencrBHeEM

KOTOPOH Bal ocTaHOBHICA yepes ¢ = 10 ¢. OnpegemnTs KO3 (P(HIIHEHT TPEHU L.

24. Ha ropH30oHTaJIBHYIO OCh HacakaHbl MAaXOBHK M JIETKHH IIKHB paJHycoM R= 5 cM. Ha IKuB

AOKYMEHT T1OANUCAH ccol m = 0,4 xr. OImycKasicb paBHOMEPHO, I'Py3
SNEKTPOHHOW NOAMUCHIO |
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25. TOHKHH OZHOPOIHEIN CTEPXKEHb MIHHON [ = 50 ¢cM H Maccom m = 400 r Bpalmaercsa ¢ yrimo-

BEIM YCKOPEHHEM & = 3 pa,[[f’c:2 OKOJIO OCH, IIPOXOAMIIEH IIEPITEHAHKYIISIPHO CTEPKHIO YEPE3 €TI0
cepeauHy. OnMpeIenuTh BPpallaroliii MOMeHT M.

26. Ilap maccon m=10 xr u paguycoM R= 20 cM BpallfacTcid BOKPYI OCH, IIPOXOSIIEH Yepes
€ro LEHTP. YPaBHEHHE BpaIleHH Ilapa HMEET BH ga=A+Br3+ Ct. trne B=4 pa,z[fcz; C=-1 pa,[[fczﬁ
Hariti 3aK0H M3MEeHEHHSI MOMEHTA CIJI, JEHCTBYIOIIHMX Ha Inmap. OnpeaerTh MOMeHT CIiI M B
MOMEHT BPEMEHH f; = 2 C.

277. UelloBek CTOHUT Ha cKaMbe JKYKOBCKOTO M JIOBHT PYKOH MSY MaccOH m=0,4 KT, JIETSIIH B
TOPH30HTAIIbHOM HAaITPaBIEHHH CO CKOpOocTho » =20 mM/c. TpaeKTopHS MS4a ITPOXOAUT Ha pac-

CTOSHMH r = 0,8 M OT BEPTHKAIILHOH OCH BpaIlleHHSI CKaMbH. C KaKOH YITIOBOH CKOPOCTBIO ®

HayHET BpaIlaThCs CKaMbs JKYKOBCKOI'O ¢ YEIIOBEKOM, ITOMMARBIIIM MY, €CIIH CYMMAapPHBIT MO-
7

MEHT HHEPIMH J YETTOBEKA H CKaMbH PABEH O KI*M ™7

IIpakTn4ieckoe 3ansarue 4.
Tema 3anamus. MexaHHYeckHe K0J1€0aHNA H BOJIHbI

H €Jib 3dHAMIA. HB}"‘H[TL OCHOBHBIC 3dKOHOMCPHOCTH KomeOaTelIbHBIX ITpoHecCCOB B MCXa-
HIKE.

TEﬂpEHHFIEEHﬂH yacmob.

MexannyecKHMH K0J€0aHHAMH Ha3bIBAIOT JABH)KEHHS Tell, ITOBTOPSIOINHECS TOYHO (HIIH

IMTPHOJIM3HTEIIFHO) Yepe3 OAHHAKOBEIE ITPOMEKYTKH BpeMeHH. [IpHmepaMu IpoCcThIX Koneda-
TeJIbHBIX CHCTEM MOI'YT CIIYKHTh I'Py3 Ha ITPYKHHE HIH MaTeMaTHYeCKHI MasTHHK.

KomnebaHnsa MMpoko pacpocTpaHeHsl B IIPHPOJe H TexHHKe. KojeOaTeaIbHbIe ITPOIIECCEI
JIeKaT B OCHOBE TaKHX OTpaciiel TeXHHKH KaK 3JIEKTPOTeXHHKA, PaJHOTEXHHKA H.T.JT).

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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B 3aBHCHMOCTH OT XapaKTepa BO3[eHCTBHS Ha KOIeOIIOIMYIOCS CHCTEMY, Pa3IHYarOT: CBO-
OojtHBIE, (COOCTBEHHEBIE) KOMeOaHHs, BEIHY KAEeHHbIEe KOJIeOaHHsL, aBTOKONIeOaHHS H ITapaMeT -
pHYECKHE KOIeOaHH.

1. CpoGomHple KOIeOaHHMS, COBEPINAIOTCS IO ACHCTBHEM BHYTPEHHHX CHJI CH-
CTeMEBI, TIOCIIE TOr0, KaK CHCTeMa ObIlIa BEIBEICHA H3 COCTOSHHS PaBHOBECHS.
(KoneGanus rpysa Ha IIpyKHHe HIH KojJeOaHHg MasSTHHKA SBILTIOTCS CBOOOHBI -
MH KOIeOaHHIMH. ).

2. BBIHVKJIEHHBIE - CHCTEMA ITOBEPracTCI BO3AEHCTBHIO BHEIIHEH, TTIEPHOLHYECKH
H3MEHSFONTHICSA CHIIBI (KOlleOaHHe MOCTa ITPH MPOXOXKIAEHHH COIJIaT, HAYIIHX B
HOTY).

3. ABToKoOne0aHHS - CHCTEMa caMa VYIIpaBIIIeT BHEIIHHM BO3AeHCTBHEM (MasSTHHK
JaCOB ITOJTY4YaeT TOIMYKH B MOMEHT IPOXOXKAEHHS €€ Uepe3 CPeqHEE ITOIOKEHHE ).

4. IlapameTpuyeckHe KOaeOaHHSI - IIPOHCXOANT IePHOAHYECKOE H3MEHEHHE KaKo-
ro- Moo ImapaMeTpa CHCTEMEI 3a CUET BHEIIHETO BO3AEHCTBHSA (HAIIPHMED JJIHHEI
HHTH MaTeMaTHYECKOI'O MasTHHKA).

OCHOBHBIE XAPAKTCPHCTHEH I'apMOHHYCCKOI'O KomeOaHH A

1. x- cMemieHHe- OTKIIOHEHHE OT IONIOKeHH S PaBHOBECHS B JJAHHBII MOMEHT BpeMeHH (MOJKET
ObITE >0 1 <0)/

2. A— dAMIUTHTY/4 - MAKCHMAJIbHOC OTKJIIOHCHHE OT ITOJIOKEHITA PABHOBCCH AL
3. T- IICPHOA - COBEPIICHHA OJHOI'O ITOJIHOI'O KomeOaHH A

4. wt- (paza xoneOaHH - XapaKTepH3yeT COCTOSHHE KoJIeOaTelIbHOH CHCTEMBI B JIFOOOH 3ajlaH-
HBIH MOMEHT BPEMEHH.

5. v-4acrtora - 4HclI0 KoneOaHHH B €JHHHIY BPEMEHH.

Ecmn x Havyanny HaOmromeHHs (pa3za MMella HEKOTOPOoe HavyallbHOE 3HAYEHHE (@, , TO YPaB-

HEHHE 3aITITIST CH.

x=A Sm((P{] + Wf) - TapMOHHYeCKOe KojleGaHHe ¢ HayalIbHOH (pa30H.

Cko POCTH H YCKOPDEHNE TADMOHHYIECKOI'O K0.1€0aHU S

CKOpOCTb - IF'APMOHHYCCKHX KomeOaHHH eCTh IICPBAs ITPOH3BOJHAA CMCIICHH A 11O BPCMCHIH.

ds
W3BECTHO, YTO CKOPOCTh Y = — AT TapPMOHHYECKOTO KOJ1e0aHHSI CKOPOCTh OIPEIEISIeTCS
:' dr
dx d(A-sin wt)
CIEAVIOIIMM o0pa3oM vV = = = A-w-Cos Wt ;
dt dt

V=A:W:COS WI | -cKopocTh TapMOHHYECKOT O KONeGAHMS.

PeAL Al A . o wf) , )
[IOKYMEHT NOANUCAH — = —A-w” -s1n wt
SNEKTPOHHOW NOANUCHIO
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7 .
a =—A-w” -SIN W[ - ycKopeHHe TIpH TapMOHHYeCKOM KOJIeOaHHH.

KonebaTtenmpbHoOe IBHKEHIE BRITIOIHIETC S ITO JeHCTBHEM CIUIBI, KOTOPAaAd MOMKET OBITH

OITpeliesIeHa 110 BTopoMy 3akoHy HeroToHa: F = M1 - d , HO YCKOpPEHHE IIPH FApMOHHYECKHX

2

KOJe GaHISIX ompeIensercs mo popmyne d = —A-+ W* -SIN W1 , moacTaBuM 3HaYeHHE YCKO-

PEHH S BO BTOPOH 3aKOH HBIOTOHA, TO F=—m- A- wz -S1Nn Wt .HO A-SIn wf = x . 0

2
F =—m- x-W" - cuna pefictByrommas Ha KoleGIIoeecs: Tero.

OHa IIPOIIOPIHHOHAIIbHA CMCIICHHIO, 3HAK «(-» YKAa3bIBACT Ha, TO HUTO CILUIa HAIIPABJIICHA B

ITPOTHBOITOIIOAHYIO CTOPOHY OTHOCHTCIIBHO CMCIICHITA. k=m- '1:’2

F = _k "X |- KBA3HYIIPYI'dad CHIIA, BbBI3BIBAIOIIAA KonebaTelIbHble IBH KEHH S

BHEEFHH TFAPDMOHHYIECKOIO K0.1€0aTeJbHOI0 JABHREHHH

KBasuymnpyras cuia SBIsSeTcs KOHCEPBATHBHOM H ITO3TOMY ITONIHAS MeXaHH4YecKasl 3HEepPrHs
CHCTEMBI OCTA&TCS ITOCTOSHHOI. B IIpollecce KonebaHHI ITPOHCXOANT IIpeBpallleHHe KHHETHYE -
CKOI1 BHEPIHH B MOTEHIMATLHYIO H 00paTHO, IMPHYEM B MOMEHTHI HaHOOJIBINIEr0 OTKIIOHEHHSI OT
ITONIOKEHISI PABHOBECH S TTOJIHAS SHEPIHS COCTOHT TONBKO H3 ITOTEHIIHAIBHON SHEPIHH, KOTOpas

JOCTHI'ACT CBOCTO MAKCHMAIIBHOI'O 3HAYCHITA.

k- A?

1.ITEx
2

E=FE , A- aMITIHTY 2
[IpH ITPOXOAKIEHHH CHCTEMEI Yepes3 ITONIOKEHIEe PABHOBECHA TTONHAS SHEPTHSI COCTOHT TOIIb-
KO M3 KHHETHUYECKOI SHEPIHH, KOTOPas JOCTHIAET CBOETO MaKCHMYMA.
2 » 3
m-v m-A° - w*

E — E.um miax — =R —
| 2 2

I PV KHHHBIH, MATeMATHYCCKHI B QH3HYESCKHI MASATHHKH

IIpyorcurublil Masmuuk- 3TO TPY3 MAacCOH m ITOABEIIEHHBIH Ha VIIPYTOH IIPYKHHE H CO-
BEPIIMAIOIIHI TapMOHHYECKHE KOIeOaHH s

ANNNNNNNNNN

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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m

KomnebaHnsg MasgTHHKA COBEPIIAOTCS IO JeHCTBHEM YITIOBOH CHIIBI. F=-k-x. &k
KO3(P(pHIIHEHT YIIPYTOCTH, a B CIIy4yae C IIPYKHHOH OH Ha3bIBAeTCSI KO3 (PHITHEHTOM KECTKOCTH.

VYpaBHeHHe JIBHKeHHS MasSTHHKA 3aITHCBIBAETCS:
m-a=-—-k-x (3)
Y cKopeHHe- 3TO BTOPast IIPOH3BOAHASI CMEIT[EHH IT0 BpeMeHH:
F o
m-x =—k-x,tx d =X

PaszgermiM 00e yacTH YpaBHEHHS Ha 1M, TO ITOITYYHM

k
! X =
¥ —=x=0
m
_ .k k 2T
CpaBHHM MeXIy co0oi ypaBHEHHS (2) H (4), O4YEBHAHO, YTO W = — & W= [— W= ? X
m m
_2n
= - TIepHOJ KoneOaHM L, ITOACTaBHM B (DOPMYIIy IIepHOJa KoineOaHH g 3HaUeHHE W, Yepes
w

27 m
kum.to I = ,TZZTH,—
,E k

m

m
T'=2m E - IICPHO, KomneOaHH I IPYKHHHOI'O MAATHHEKA.

Du3uyecKUl MALMHUK - TBEPJOE TEJIO CIIOCOOHOE COBepIlaTh KoneOaHHSI OTHOCHTEIILHO OCH,
He COBIAJArOIEH ¢ IIEHTPOM Macc.

~
[p |~ -
AOKYMEHT nNoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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mg

13 OCHOBHOI'O YpaBHEHHS JHHAMHKH BPaIlaTelIbHOIO JBHKEHH A
J-€ =M rnue
M=—-m-g-d-sin®
Tl ManbIxX KoneGaHmii MoxHo royunts J € — M =0
J-© +m-g-d-@=0 (3)
PasgemiM ypaBHeHHe (3) Ha J

> m-g-d

Breném obo3HaueHHe Wy — , TIO IM YpaBHeHHE
J

’ 2
(P + W (P — 0:, KOTOPOC aHaJIOTHYHO ITOJIVHCHHOMY PaHEC.

T__Zn B 2T
[lepron xoneGanma QH3HMYECKOrO MassTHHKA Wo m-g-d
J
J
I'=2m
m-g-d

Mamenmamuyueckuii MAafmMHUK - MaTepHaJIbHasd TOYKA ITOABEIIEHHAS Ha HEBECOMOH HEPACTS-
JKIIMOH HHTH.

PearmbHbIHN MAATHHK, ¥ KOTOPOI'O MdCCd TC€JIa BO MHOI'O Pa3 OOIbIIle MACChI HHTH, a4 Pd3-
MCPEI TCJIa BO MHOI'O pa3 MEHbBIIIC JIIHHHBI HHTH, MOAHO CHHTATh MATCMATHYCCKIM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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mg

VUHTHIBASL, YTO MOMEHT cHIIBI TskecTHt M = —mi- ¢ <[ -SIN Ol 1 MOMEHT HHEpI[HH TOYKH
J = m-[?, U3 MUHAMITYeCKOro ypaBHEHIS BpAIaTelIbHOrO ABIvKeHus momyurn: J -€ = M |
m-1*>-o"+m-g-l-a=0 4)

PasgennM ypaBHeHHe (4) Ha ml*, TIOIy4YHM

Lo
o+ 8 o =0
m- 12
’ g ’ 2 _ 2 g
0 —
/ 0 /

HEPHG,I[ KoIeOaHHsI MaTeMaTHUYeCKOI'O MasITHHKA

2

Wo 8

I

MEI IPHXOJHM K BBIBOAY, UTO BO BCEX CIIYHAAX KoreOaHH I OITHCBIBAKOTCSI OJHHM H TEM

' 2
AC YPAaBHCHIIEM X + Wn - X = 0 , COBITAA4IOIIHM C YpaBHCHHEM ABHKCHHA I'dpMOHIYCCKOI'O

OCITHILIIAT OP4d.

Bl eHHbIe KoJJedannsa. PesoHaHnc. ABTOK0.1e0aHHA

BBIH}"}I{,[[EHI{BIMI KomneOaHHIMH Ha3bIBacTCSI HC3dTYXAIOITHE KomneOaHH I CHCTCMBI, KOTO-
PBIC BBI3BIBAIOTCA IIeFICTBHEM Ha Heé BHEIITHHX CHIL, IICPHOJHYCCKH H3MCHAOMHXCA C TCUCHHEM

BPCMCHH.

Cmta, BEI3BIBAIOINAS BBIHYJKJeHHBIEe KOIeOaHHI, Ha3hIBAETCS BOMYIIAIONIHI (BBIHYXK-
JAFOIITIIL) CHIIOH.

AOKYMEHT MOAMUCAH OHY:
ANEKTPOHHOM MOAMNUCHIO
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6
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Fo- dMIUIHTY a4 EBIH}"}I{,I[HIDH_[Eﬁ CHIIBI, W- ITHEKIIHYCCKAA YdCTOTA.

[Iog meHCTBHEM STOH CHIIBI B CHCTEME YCTAHABIHMBAIOTCS IapMOHHYECKHE KOIeOaHHsI C
ITHKIIHYECKOH YaCTOTOH w.

Ax=A-cos(w-t+,)

['me A- aMmImmITyIa BEIHYKIeHHBIX KoneOanmit cMemeHHI. (P1 - pasHocTh (a3 MeXKTy BEIHY K-

JTeHHBIMH KonmeGammsvu  AX u cumoit F(t).

AMIUINTY/Ia BRIHYKJIEHHBIX KOIeOaHHH 3aBHCHT OT aMILIMTY/IbI BEIHY KJIAIOMIEH CHJIBI H
e€ YacTOTHI, 3aBHCHMOCTh aMIUIHTY/IbI KOIIeOaHHI OT YacTOTHI IIPHBOJAHUT K TOMY, UTO ITPH HEKO-
TOPOH YacTOTe aMIUIMTYJa BBIHYKJISHHOTO KoneOaHHSI JOCTHTaeT MaKCHMAaJIbHOIO 3HAYeHHSL.
OTO SBIEHHE IIOIYYHIIO Ha3zBaHHE pe30HaHcd, a COOTBETCTBYIOIIAS YACTOTA- pe30HAHCHOL ud-
CHiomnbl.

B #0, T0o A ZOCTHIHET MaKCHMAIBHOI' O 3HAYEHHS IIPH YaCTOTE W,,, # W,

2B °

Wy

W=w ngw{f—ZBE = wo Jl -

SBIIeHHE BO3PACTaHHA aMIIVIMTYAblI BBIHYKJACHHBIX KomneOaHHH IIPH ]’[pHﬁJIHH{E:HI]II ITHEK-
JTHYECKOH 4YacTOTHI ELIH}’)I{I[HIGL[[Eﬁ CHJIbI K 3HAYUCHHIO Wpe; — HA3BIBACTCH_pPEe30HAHCOM , Wpe: —
PE30HAHCHAA ITHKIIHYCCKAA YaCTOTaA.

HPH HAalIHMYHH  TPCHHA  PE30HAHCHAM  IMHKIIMYCCKAd  YdCTOTd  Wpe: HECKOIIBKO

-

-
L Wiaam = \/ wy, — B~ U MeHBIIE wy.

DopMa pe30HAHCHBIX KPHBBIX 3aBHCHT OT 3HaueHHA [3 . UeMm Oormpiie [, TeMm Bonee 1mo-
JIOTUMH CTAHOBSTCS KPHBEIE.

HPIMEI}H PE30OHAHCA. ABJICHHC PE30HAHCA HCIIOJIB3YCTCA B dKYCTHKE - JJIA dHAIIH3d 3BY-
KOB, HX YCIJICHHA H.T. JI.

Ilox meHcTBHEM IIEPHOAHMYCCKIT H3MCHSIOIHXCHA HAI'PY30K B MadllllIlHAX H PA3JIHYHBIX CO-
OPVAKECHIAX MOI'YT BOSHIIKHYTE ABJICHITA PC30HAHCA, KOTOPBIC MOT'YI OBITH OITACHBI JIS SKCIUIVa-
TallI MAITITH.

Aemoxonebanusn- KonebaTembHasa cHCTeMa, COBEPIIAIOIAsI He3aTyxXarole KonedaHnsd 3a
CUET MCTOYHHKA SHEPTHHM, HEe OOIaMarolero KonedaTelIbHBIMH CBOMCTBAMI- HA3BIBACTCS aenio-
xonebamesib HOIl clicnIeMoll.

IIpuMepbI peleHn s 3a1a4

3agauya 1. MarepuaapHasg Touka MaccoH m = 10 I coBepIllaeT rapMOHHYECKHE KOIeOaHH s ¢ Ya-
croron V = 0,2 I'l. AMromuryaa Konebanui 4 paBHa 5 ¢cM. OIpeJelHTs:. 1) MAKCHMAJIbHYIO CHITY,

el e Y

e ___ﬁﬁ@ﬁkﬁf_ﬁﬁﬂn IGAH YO SHEPIHIC “DHE@HI‘QHIETIGH TOYKI.
SNEKTPOHHOW NnoancCeio
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x = Acos(®,f +@).

CKOPOCTh H YCKOPEHHE KOJIEOIIOIIEHCS TOUKH

dx

v= =-Ao® sin(® {+Q);
E 0 0
dv ,

a="— =—Ao cos(® f+0).
df 0 0

CorjacHO BTOPOMY 3aKOHY HbIOTOHA, CHIIa, JeHCTBVIOMIAS HAa TOUYKY,

_ _ 2 c0S :
F =ma=—Awn; cos(m,t+®);

F=F tpu COS(®,f+P)==*1, mosromy nexomoe MakcumansHOE SHAUEHHE CIUTHI

ML x

F =Ao'm=4n*v-Am

max 0

(ywmr, uTo ®, — 27V).

[lomHasa sHepru g KonedIrOIEHCS TOUYKH

. . mA2m?2

E:Tmu}l;:_}m“' _ ()
2 I 2 -

[logcTaBus crojia o, , HaleEM HCKOMYIO ITOITHYEO SHEPTHIO:
E=2n"mv’A>
Beruncrsasg, momydaeM: 1) Fmax = 0.8 MH; 2) £ = 19,7 MK][X.

Jagaua 2. Ou3pyecKHd MAsTHHK IIPEACTABISET COOOH TOHKHH OJHOPOIHBIN CTEpkKeHb. OIpe-
IEIHTD JUIMHY CTEePIKHS, €CIIH YacTOoTa KojleOaHHil MasTHHKA MaKCHMAalIbHa, KOr1a TOYKa II0BECa
O HaxoauTcH OT IeHTpa Macc C Ha paccTOSHHH 20,2 cM.

Peuterie

L[III{J]IIIIEGI{EIH yacTOTa KoJleOaHHI (bHBHIIEGI{DI‘D MAATHHEKA

mgx ) ]
W = ’ 1 G-
] (1)

I'JIe m — Macca MagTHHKa, J/ — MOMEHT €TI0 HHCPIIIIL.

CoracHoO TCOpEMC LHTE:ﬁHEpEl:, MOMCHT HHCPIHIT CTCP:KHA OTHOCHTCIIBHO TOYKH ITOJBCCA, OT-
CTOSIIEH OT IICHTPd MdCC Hd PaCCTOAHHII X,

_,_mfz ! nxz
NOKYMEHT MOANUCAH mx-. (2)

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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12¢x

P22 ©
HaiigeM skcTpeMyM (QYHKITHH (3):
do  6g(l* —12x%) B
dr - xV2(P r1242)32 7
OTKy/1a

> —12x* =0.
T. €. HCKOMaAd AJIHHA MaATHHEAQ

[ =2-Bx.

Brruncmsas, monydaeM [ =70 cM.

3ama4va 3. Touka YHaCTBYCT OJHOBPEMECHHO B IBYX I'dapMOHHYCCKHX KGJIE@EH—]IIH}{:. ITPOHCXOJAITH X

BO B3aHMHO IePIEHIHKYISPHBIX HAITPaBICHHSIX H OIMMCHIBAEMBIX YPAaBHEHHSMH X = COST! H
y
y=Cos , t . OIpeJeNTh YPaBHEHHE TPaeKTOPHH TOYKH.

Peutenile

Ilo YCIIOBHIO 3a4/J1a"1H,

X=COSTt ; (1)

n
y=cos— . (2)
2
Tl11s olpeielleHu s YPaBHEHHS TPacKTOPHH TOUKH M3 ypaBHeHHI (1) M (2) HCKIIIOUHM BpeMs, TO-
ria
. A T | T T |
COSTU! = COS> _2 t —sin” _2.;* = cos” _2 t—(1-cos> _2 y=2cos” ~ t—1=2y" -1,

IIPeACTaBIIET cOOOM nmapadony.

3amaua 4. Jlorapudmiyeckuii JekpeMeHT 3aTyXaHHS Tena, kKojaeOmmromnierocs ¢ yactoTol 50 I,

AOKYMEHT MNMOANMCAH aMIUIMTY/Ia KOJIeOaHMI Terna YMeHbIIMTCS B 20
SMNEKTPOHHOW NOAMUCHIO |
Ceptudiukar: — 12000002A633E3D113AD425FB50002000002A6 POH3OIIIIIO ITOA00HOE YMEHBIIEHHE aMITIIUTYIBI.
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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AMIUIMTY/IA 3aTYXAIOIHX KOIeOaH I
A=Ae™, (1)
rJe Ao — aMIDIHTYJIa KoJeOaHHi B MOMeHT 1 = (); 6 — KO3()(pHITHEHT 3aTyXaHHS.

JlorapudMIecKiii fekpeMeHT 3aTyxanns & = ol (T=1 A — YCIIOBHBII TTEPHOJ 3aTyXaro-

X KorneOanmii). Torma 0=0V y BEIpa;KeHHeE (1) MOXKHO 3aITHCaTh B BHE

_ _®
A= A(] e Ovi ?
OTKYJla HCKOMOE BpeMs
1 A
= In °.
@AY, A
YHCII0 HCKOMBIX ITOTHBIX KOIeOaHHH
[
N=_—¢v
T

Brrumcmss, monydaeM: 1) r=6c¢; 2) N = 300.

3amaua 5. ['py3 maccon m = 50 I, IOABEIIEHHBIH HA HUTH JJIHHOH [ = 20 ¢M, coBepInaeT Kojebda-
HHS B KHAKOCTH. Koaddriment conporuBneHnd r = 0,02 xr/c. Ha rpy3 AelcTBYeT BBIHY KT AI0-
mas cuma F =0,1coswt, H. Omnpenenurs: 1) 4acTOTY BEIHYKAIOINEH CHIIBI, IIPH KOTOPOH aM-

TUIHTYda BEIHY KIeHHBIX KOlTeOaHHiT MaKCHMalIbHA, 2) Pe30HAHCHYIO aMIUINTYY.

Peuteniie

OUYeBHIHO, YTO YaCTOTA BEIHYKJAIOINEH CHJIBI, ITPH KOTOPOH aMIIMTYAa BEIHYKISHHBIX Koneba-
HIMIT MaKCHMaJIbHAa, SBIISETCS PE30HAaHCHOH YaCTOTOH:

® = [ —2z07, (1)
pes 0
8 r
IJIe ®, — COOCTBEHHAS YacTOTa KOIeOaHHI CHCTEMEL, - _2 — KO3(]) pHITHEHT 3aTyXaHHSI.
i
['py3, IMoABEIIEHHBIH Ha HUTH, MOKHO ITPHHATH 3a MaTeMaTHYECKHH MasTHHK, TOr[a MW, = 7 .
[TomcraBuB 3HaueHHS O, H OB dopmyny (1), HaiieM HCKOMYIO Pe30HaHCHYIO YaCTOTY:
I
W = — 2
Pes N1 2m?
NOKYMEHT NMOAOnncAH
SNEKTPOHHOW NOAFCHIO HTYIbI BEIHY KIEHHBIX KOIeOaHHI
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F

0

A: ¥ ¥ g
m\f(m{; —® —48°®°

*

rJe Fo— aMIMTyaHOe 3HaueHHEe BEIHY KAAFOIeH CHIIBI (110 YCIIOBHIO 3aayuH, Fo=0,1 H),
HalJleM HCKOMYIO Pe30HAHCHYIO aMITTHTY IV

F
A = 0 — F::r

Tooms\o -8 g v
[ 2m?

2

Berumcrss, moimyyaeM: 1) @ = 7 pag/c; 2) Apﬂ =71.4 cMm.

Bonpocst u 3a0 anu .

1. I'apMOHHYeCKHe KOIeOaHIs.

2. OCHOBHBIE XapaKTEPHCTHKH KOJeOaTeJIbHOIO ABH KEHHS. aMIUIMTY[a, (a3a, 4acTora,
TIEPHO.

3. JIMHaMHKa rapMOHHYECKHX KOIeOaHHH.

4. TIpyKHHHBIHN, MaTeMaTHYeCKHI H (PH3HYeCKII MAsITHHKH. KBa3sHyIIpyTrHe CHIIEL.

5. KuHerHyeckas, IOTeHIHAIbHAS M IIOJIHAS SHEPTr U FTapMOHHYECKOT 0 KOJIeOaH .

6. l'apMOHMYECKHI OCILIHIUISTOP.

3agayun JJ151 CaMOCTOAT eJILHOT0 pemIcHnA

1. Harmicats YPaBHCHIEC I'da PMOHHYCCKOI'O KoebaTelIbHOr O ABHKEHHS C E]Iuﬂ'[JIHT}*',I[Gﬁ A=5 CM,
I

eCIIH 3a BpeMd ¢ = | MHH coBeprnaercs 150 xoneGaHuil 1 HavanbHad dasa Konebammit P = -
4

Haueprtuts rpaHk 3TOro ABIKEHHS.

2. Harmncarp ypaBHEHHE rapMOHHYECKOIO KOIe0aTebHOI'O JBHKEHH S ¢ aMIUIMTYIOH A = 50 MM,
T

nepuogoM I = 4 ¢ B HavanbHOIl dazoit P = . Haiitu cMmemieHHe x KOIeOIIOIeiica TOUKH OT
4

ITOJI0KeHH I paBHOBecHA TIpH ¢ =0 u ¢ = 1,5 ¢. HauepTHTh rpadHK 5TOro ABHKEHHS.

3. Uepes xkakoe BpeMs OT Hayala JBHJKEHHS TOYKa, COBEPIIAIOIAs TapMOHHYECKOe KoebaHue,
CMECTHTCS OT ITOIOKEHHS PABHOBECHS Ha ITOIIOBHHY aMILIUTYAbI? [leprnon xomebanmm ' = 24 c,

HavanbHad paza ¢ =0.

4, quEB KAaKO€ BpPEMA OT Hd4dlla ABHAKCHHA TOUYKA, COBCPIIAROIIAA KonebaTellbHOe JABHKeHHE T10

.
YPAaBHCHHIO x="7smn zr ITPOXOJHT IIVTE OT ITOJIOKCHHA PABHOBECHA JO MAKCHMAJIBHOI'O CMEIIIC-

HHT?

5. HavyampHas (aza rapmoHmdeckoro koneOanusa ¢ =0. [IpH cMmeleHun TOYKH OT IOJIOKEHHS

PaBHOBeCHS x| = 2,4 CM CKOPOCTh TOYKH L, = 3 cM/C, a IIpH CMeHIeHHH x> = 2,8 CM ee CKOpPOCTh

»_=2 ew/c. Hatitu avmmmutvav 4 w menuon 7 3Toro KojaeOaHus.
NOKYMEHT NOoAanncAH
3NEKTPOHHOW NOAMUCLIO
Ceptucmkar:  12000002A633E3D113AD425FB50002000002A6
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5 5 5 | (mn m)
6. YpaBHeHHE KolIeGaHHI MaTepHAIbLHON TOYKH Maccoil m = 10 T HMeeT BH X = 3SIn L sty J

cM. HaiiTn MakcHManbHyro cHily F_ ., JEeHCTBYIOIIYIO Ha TOUKY, H IIONHYIO 3Hepruro W Koie-

OImroIIencs TOUKH.

(m, @)
7. YpaBHeHHEe KojIeOaHH I MaTepHaIbHOH TOUKH Maccol m = 16 © HMeeT BHA * ~ ZHHL I+ )
4

cM. [locTpouTh rpadHkK 3aBHCHMOCTH OT BpPeMeHH ! (B IpejlellaX OZHOIO IEPHOAA) KHHETHYE-
CKOH Wy, nmoreHIHabHOH W, H rmoimHoH W sHEPruu TOYKH.

8. llomHas sHeprus Tena, COBEPIIAIOINErO TapMOHIYECKOe KojedaTelnpHOe ABHKeHHe, W =30

MK/[K, MakCHMallbHas CHIIa, AelicTByIoINas Ha Teno, F_ = 1,5 MH. Harmicars ypaBHEHHE JBH-

- fl!
ACHITA 5TOI'O TClld, CCJIM IICPHO/I KonebaHHi T = 2 ¢ H HayallbHasil (bﬂBEl e= .

3

9. K npyxuHe 1moABeIeH rpys Maccor m = 10 Kr. 3Hast, 4YTO IPYKHHAa IO BIDITHHEM CHIIEL F' =
9.8 H pactsarusaercsa Ha [ = 1,5 cM, HAUTH IIepHOJ I BEPTHKAIIBLHBIX KOJIeOaHH Ipy3a.

10. Touka yyacTBYeT B [JIBYX B3aHMHO IIEPIEHAHKYIIIPHBIX KOIEOAaHMSIX X = 2SInWiM H
y=2cosmtM. HallTH TpacKTOPHIO PE3YIILTHPYIOMIETO ABHKEHNS TOUKH.

Pasnen 2. O CHOBBI MOJIEKYIAPHO-KHHETHYECKOH TEOPHH H TEPMOIHHAMMKA
IIpakTH4YecKoe 3aHATHE S.

T'ema 3anamua. O CHOBBI MOJIEKYJISAPHO-KHHETHYECKOH Teopu. CTaTHCTHYECKAA QH-
IHKA

HEJH: JAHAMUA. I/IS}HIHTL OCHOBHLBIC ITOHATHA H 3daKOHBI MDHEH}UIHPHD-IGIHETH‘IECKD]?T
TCOPHH.

T eopemuieckdn uacmsos.

IIpeacraBieHHe O TOM, YTO BCE TeJIa ITOCTPOEHBI H3 MENbYAHIIINX YaCTHI[ — aTOMOB, BO3-
HHKJIO ellle B APeBHOCTH H OBLIO BBICKA3aHO IpedyecKuM (puiaocodomM JlemokpuToM (V B. 0 H.
5.). OgHaKo, B JalbHeHINeM 3TH MpeJcTaBIeHHS OBUIM 3a0BITHI H IIHIINb BO BTOPOH ITOIOBHHE
XVII B. OpU1H pa3zpaboTaHbl B KAYECTBE HAYUYHOH TEOPHH, ITOIYUYHBIIECH Ha3BaHHE KAACCUUECKOI
MOJIEKYJIAPHO- KUHEMUYUEeCKOU meopuu.

(OHa OCHOBaHa Ha CIICOYIOIIIIX ITOJIOZKCHI AX.

1. Bce BelecTBa cOCTOSIT H3 OUEHb MaJIEHBKHX YACTHIL — MOJIeKVII.

Kaxmoe BeIeCTBO COCTOHT H3 OJHHAKOBBIX MOJICKYVII. CKOIIBKO BEIIECTB B IIPHPOAC,
CTOJIBKO H BHAOE MOJICKYIJL

K o rrmr o s o m m e i s e i i e i i i
"ﬂﬁ'WHEHTﬁﬁﬁﬁMﬁﬁHm - E~mes traTITIX YACTHIL — QIOMOG.
SNEKTPOHHOW NnoancCeio
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 < AJICMCHTOBE H HX H30TOIIOB (]09 XHM. 3JICMCH-
Bnapeney: lHeBayxoBa TatkaHa AnekcadHapoBHa ZIE:MH).
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Monekynsl — pa3IHuyHble KOMOHHAIIHH H3 aTOMOB (MONIEKYIIIPHO-KHHETHYECKAs TEOPH S
He pacCMaTpPHBAET CTPOSHHE aTOMa).

2. Mexmay MOIEKyIaMH Tella OJHOBPEMEHHO JIEHCTBYIOT CHIIBI B3aHMHOI'O ITPHTSDKEHHS
(ClLleTIeHHs) H CHIIBI B3aHMHOI'O OTTAIKHBAHHS, ITPHYEM CHIIBI OTTAIIKHBAaHHSI C YBelIHYeHHEM
PacCCTOSHNS YOBIBAIOT OBICTpee, YeM CHITHI cHeIUIeHH . [103ToMYy Ha OITpeJelIeHHOM PacCTOSHHH
IPYT OT Ipyra MOJIEKYJIBI MOI'YT HaXOQHThLCS B YCTOHYHBOM paBHOBECHH. COrJIaCHO COBPeMEH-
HBIM HCCJIEIOBAaHHAIM, ITOI0KeHHE YCTOHYHBOIO PAaBHOBECHS COOTBETCTBYET MUHUMYMY UX NO-
MEHUUATILHOU IHEPZULL.

3. Monekynsl, 00pa3yIoIHe Telo, HaXOJITCSI B COCTOSHHI HelIPepbhIBHOIO OecItopsmoY-
HOI'O OIBHACHITA.

CI{DPGCTL ABHKCHHA MOJICKYII BO3PACTACT C YBCIIHUYCHHCM TCMIICPATYPRL, ITIO3TOMY JBH-
’KeHHe Ha3bIBACTCS MeH106blM O6LIHCeHIIeM.

Ilo MCPE YBCIIMUCHHA HHTCHCHBHOCTH TCIUIOBOI'O ABHMKCHIIA, CPEAHEC PACCTOAHIC MCIK-
AY MOJICKYIIaMH BO3PACTACT, CIICHOBATCIIBHO, TCIIO IIEPEXOAHT H3 TBEPAOI'O COCTOMAHILA B I -
KOcC. HpII IaTbHEeHIIEM HaI'PEBE PACCTOMHIIC MCKIY MOJICKYIIAMIT VYBCIIHYHBACTCA HACTOIIBKO,
HTO CHJIBI CLICIUICHHA HCHC3A40T, CIICAJOBATCIIBHO, TCJIO IICPEXOJIHT B FﬂBDGﬁpHEHDE COCTOMHIIC.

Hoeanvuoiu 2az. Ezo napamempul

Hoeanvnvivm 2azom Ha3bIBACTCS I'a3, MEXKIY YaCTHI[AMH KOTOPOIO OTCYTCTBYIOT CHIIBI
B3aHMHOI0 ITPHTKeHHA. [IpH coymapeHIsIX MeK Iy cOO0H, YacTHIIBI I'a3a BEAYT ceOs KaK YIIpy-
T'He IIapHKH KpalHe MaJIoro pa3Mepa.

CyIIECTBYIOMIHE B AeHCTBHTEILHOCTH I'a3bl IIPH HE CIIHIIKOM HH3KHX TeMIIepaTypax H
JOCTAaTOYHO MAJIbIX JABIIEHHSX Ha3bIBAKOTCS Pa3psKEHHBIMH I'a3aMH H II0 CBOHM CBOHCTBAM
OJIM3KH K HeaTbHOMY Ias3y.

Kom4ecTBo BelnecTBa (YHCI0 MOJIEH)

N m
| E—eee — *
N, M
rjae N — 4mciao Molekyll, Na — IOCTOSHHAs ABOrafpo, m — Macca BellecTBa, M — MOIISIpHas
Macca.
Ypasnenne Kianeiipona-MeHaeJ1ieeBa pV =vRT,
IJie p — JaBIIeHHe ra3a, V —ero o0beM, R — YHHBepcalbHas Ia30Bas IIOCTOSHHAS, T — 1ep-

MOJHHAMITYCECKAA TEMIICPATVYPa.

YpaBHeHHEe MOJIEKYJIAPHO-KHHET HIECKOH

TEOPHH I'azoB P= _”(5 >: _mn <-) > ,
rocT 0 KB

I'A€ n — KOHLCHTPAIHA MOJICKYII, <EHDCT> — Cp&AHAA KHHCTHHUCCKAA SHCPIHA ITOCTYIIATCIIEHOI'O

AOKYMEHT NOANNCAH — cpeHsA KBaJpaTHUHAS CKOPOCTH
SNEKTPOHHOWM NOoanNUCLIO "3) ped P '
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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!
Cpeanssi 3Heprus MoJIeKYJIbI ( S) =T,

T i — YHCIIO CTENeHEN CBOOOBI MOIEKYIIBI, k — ITOCTOSHHAS boJbIMaHa.

BH}’T PEHHHAA SHEPIHA HACAJIBHOI'O I'a3a

U :ivRT.
2

Cucrema H3 N MaTepHAJIbHBIX TOUEK, MEXKIY KOTOPBIMH HET JKECTKHX CBS3eH, HMeeT 3N
cTelleHed CBOOO]IRI.

MomneKysl ra3oB, cocTosmHe 13 ogHoro atoma (Ar, Xe, He) oGnmagaroT TpeMs cTeleHIMH
CBOOOJBI 1=3; MOIEKYJIBI Ta30B, COCTOMIHe H3 JBYX aToMmoB (O2, H2, N2) obmagaroT ISThIO
CTEIEHSIMH CBOOOIBI 1=5;, MOJIEKYIIBI T'a30B, COCTOSIIHE H3 TpeX M Oomee atoMoB (CO2, CH4)
00JIaaroT IECTHIO CTEIIEHSIMH CBOOOEI 1=06.

CxopocTb MOJIEKY.JI:

cpednas Keadpamuunas (Ose) =[3kT /m, =3RT | M ;

cpednss apupmemmecxas (L) = [8KT /(mmy) = \[8RT /(N M ).

Haubonee ceposmuas VB =+[2kT /my, =~J2RT | M .
Cpennas JiHHA CBOOOJHOIO MPo0Era MoJIeKyJIbl (?L ) - (\E}I d*n )_1 ,

rJe d — 3P PeKTHBHBIH JHAMETP MOJIEKYJIBI.

CpE,[[HEE YHCJI0 CTOJIKHOBEHHH MOJIEKY.JIbI B €IHHHILY BPEMEHH < Z') :'\/_Zﬂ:d Eﬂ <U )

[ I
PacnpegesieHnne MoJIeKYJ I B IOTEHIHAJIBHOM I10J1€ CH.JI n= ”ﬂ EXPK_ KL J:

rIe [/ — ToTeHIHaIbHag SHEPI'HA MOJICKYIIBI.

m, gh \
AOKYMEHT MOANVCAH p=p exp — ,
SNEKTPOHHOW MOANUCHIO 0 _k‘PJ
Cepricbukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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YpasHenne quddysuu

dm=-D dp dSdt,

dx

rjae D — ko3 drineHT JHQPQY3HH, p — ITIOTHOCTh, dS — 3IeMeHTapHas IUION[aIKa, TTIePITeH IH-
KyIIsIpHasi ocH OX.

YPHEHEHHE TEIJIONPOBOJAHOCTH

Irac € — TCIJIOIIPOBOJHOCTD.

CHuia BHYTPEeHHEro TpeHHSA

rac p— JHHAMHYCCKAAd BA3SKOCTD.

Koygpdunuent quddysun

BsskocTh (IHHAMHYECKA )

=P ))<= Dp.

Tem1onpoBoJHOCTH

dT
—— & —dSdt,
dQ & a l
dF = - d—UdS,
dx
|
D=2 0)(%)
= lc‘ Y
g Vp<u>< ) ncv

I'AC ¢y — YACIIbHAA H30X0PHAA TCIUNIOCMKOCTD.

IIpuMepsbI pemenns 3aaa4

3amgaua 1. B GamwioHe BMecTHMOCTRIO V = 6,9 1 HaXOMHUTCS a30T Maccor m = 2,3 . IIpu Harpe-

BaHHH Y4CTh MOJICKYII JHCCOIIHMHPOBAJII Hd aTOMBI. CTeleHb ITHCCOIH AL (OTHDH_[EHIIE HHCIIa

MOJIEKYII, PACITaBIIMXCS Ha aTOMBI, K OOIeEMY YHCIY MOJIeKyl raza) a=0,2. Onpelenurs: 1) ob-

I[ee YHCIIO NV MOJICKYII H KOHICHTPAIIIO 711 MOJIICKYII a30Td JO Hal' PCBAHIA, 2) KOHILICHTPAIlII

n2 MOJIEKYIL H 113 aTOMOB d430Ta ITOCJIC HAaI' PCBAHHA.

JlaHo:

V=6,91=6,9-10" M

m=23r=2 310 3«kr

I1o OITPpEACIICHHIO, KOHILICHTPAI[IA YaCTHII I'a3d €CTh

OTHOTIIEHWE WITCITA ['a3d K 3dHHMaCcMOMY I'd30M Gﬁ'BEIVI_‘;*'Z

CepTtudmkar;
Bnapeneu:

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

12000002A633E3D113AD425FBE0002000002A6
Lebayxopa TateAHa AnekcaHopoBHa
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Ni=7Tn="

1. Yucio MOJIEKYIJI N1 raza 1o HdI'PCBAHITA HaHIeM H3 COOTHOIIIEHH

m
n =7 n="9 N =v-N = 'N-.-

2 3 1 A M A

rae V — KOIHYECTBO BEIECTBA;, Na — IIOCTOSHHAS ABoragpo; M — MollgpHas Macca ( y a30Ta
M =28 107> Kr/MOIB).
[TomcTaBIIsIS YHCIIEHHBIE 3HAYEHHS, TIOTYYHM

2,3-107° 7 23
-6,02-10 =494-10 wMomekym, a

N, =—=
107 -28
N 494108 4 25 1
Hl:—l: M :7,1610 —.
V  69-107° M
2. KGI—]I[EHTP&I_[I]II MOJICKYII ITOCJIC HAI' PCBAHITA HEIIUI,[[EM H3 COOTHOIIICHHA
N

” — 2 _ N| (1_ ':I )
2y V

rge N2 — YHCIIO MOJICKYII, HE PACIIaBIIIXCH Had 4T OMBI. IlomcTaBHM YHCIIOBBIE 3HAYEHH

494-10% (1-0,2)

n, = M =5,73-10%m7 .

6,9-10~°

Tak KaK Kakaass MOJIeKyla ITocTIe pacliaja JaeT ABa aToMa, TO KOHIIEHTPAIHI aTOMOB ITOCTIE
HarpeBaHHAI a30Ta OyJIeT paBHa

2:4,94:10% 0,2

M2 = 2.86-107m7.
6,9-107°

Crie;oBaTelIbHO, n,

Jamaua 2. B zakpeiToM cocyzae mpH teMrieparype 300 K u gaiaennu 0,1 MIla Haxogsarca 10 ¢
BoJopoaa u 16 r renus. CunTas ra3bsl HAcaJIbHBIMH, OIPEAEIIHTE VAEIBHBI 00BheM CMECH.

Peiueniie.

CorJacHO 3dKOHY ,HEIIJI;TIDHE],:. HQAaBIICHHC p CMCCH I'd30B PABHO CYMNMC ITaPITHAIIBHBIX IlaBJIEHHH:

p=p +p, (D
ONOKYMEHT I:IDﬂI'IHCAH
SNEKTPOHHOW MNOoAnChio eM
Ceptuchmkat:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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H’Il m
pIVZ—RT H ijV:—ERT.
M, - M,

Harngsg orcrona pi M p2 M IIOACTAaBHB B (1), ITOITYYHM:
[ 'm . m, )
pVv = + 7 |RT.
M- M-
l 2

\ > )

Y 1eJIbHBIH 00beM CMEeCH:

~ (mi+ma2)p

Brrurcrisad, momyyaeM = 8,63 M*/KT.

Jamaua 3.

OIpelelNTh, BO CKOIBKO pa3 oTiHyarorcs xosdduiments muddysmm azora M, = 28 - 107

KI/MOIIb) H yITIeKHcIoro raza (Ma = 44 - 10~ xr/Monb), ecim 00a ra3a HaXOIATCS IIPH OIHHAKO-
BBEIX TeMIlepaType H JaBlIeHHH. O((peKTHBHbIe AHAMeTPhI MOIEKYI 3THX I'a30B CUHTATh OJHHA-
KOBBIMH.

Peuteniie.

Kosppmment quddy3mm raza:

D=_(w(h

8RT 1
rae (U)=./—— — cpenHsIs aprHdMeTHUECKas CKOPOCTh ero MOIeKyl, (/) = . CPpEIHSA
M ﬁd‘ﬂ

JUIMHA CBOOOAHOrO Impodera Monekyil. 11oCcKombKyY p = nkT , U3 ycinoBH 3agauu (11 = T2, p1 = p2)

CIENYET, UTO ni = n». IlogcraBus 3HayeHHL ) .([)B dopmyiy (1) M yUHTEIBAsA YCIOBHE 3afadH,
HaHIeM

D
BEIMHCIIS, TTOTyYaeM L —1.25.
DE
NOKYMEHT NoanncAH
SNEKTPOHHOW NOANMUCLIO 1 300aH1LA

Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapgeneu: Webayxoea TaTkAHa AnekcaHopoBHa -
Aenet 4 Vi g1, TeMIiepaTypHbIe IIKaIbl. VIeans bl ras.
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2. 'a30BBIE 3aKOHBI.

3. YpaBHEHHE COCTOSHIS HAEAIIBHOI O r'asa.

4. OcHoBHOe ypaBHeHHe M. K. T.

5. 3aKkoH MakcBelia o0 pacpeelleHHH MOJIEKYIT HJIeaIbHOI O 'a3a IT0 CKOPOCTSIM.
6. BapomeTrpnueckas popmyiia. Paciipenenenue bonpiiMaHa.

7. JlnmnHa ceoGoaHoro rpodera Moiiekyil. OIbITEL, ImoaTeepxaarongie MKT.

8. JIBIIeHH IIepeHoca.

9. BHYTpeHHSISI SHEPIrHsL.

10. 3axon bomnpiMaHa 0 paBHOMEPHOM pacIIpelelIeHHH MOJIEKYII.

3amaun 1Jig CaMOCTOAT €JILHOTO peIcHnA

1. CKOIIBKO MOJIEKYI Ta3a COOepKHTCSA B OallIOHE BMeCTHMOCTRIO V=30 1 IIpH TeMIlepaType
1'=300 Kn naBinenuu p = 5 Mlla?

2. B cocyze HaxomuTCa cMech KHCIIopoAa H Bogopoda. Macca m cMmecu pasHa 3.6 r. Maccopas
OIS ) KHcopoaa coctaBiseT (0,6. OnpedeniTh KOIHYECTBA BEI[ECTBA v CMECH, a TaKXKe vi H
V2 KaKIIOr0 ra3a B OTAeIIbHOCTH.

3. B GamnoHe BMECTHMOCTRIO V = 3 11 HaXOQUTCS KHCIOPOA MaccoH m = 4 Kr. OInpeJemTh KO-
JIMYECTBO BEIECTBA v I'a3a M KOHLIEHTPALYIIO /11 €T0 MOJIEKYIL.

4. OnpeaennuTh KOMHYECTBO BEIeCTBA v H YHCIIO N MONIEKYII Ira3a, COAepKallerocs B KOJI0e BMe-
ctuMocTEI0 V=240 cr’ nipu temmepatype 7=290 K u gasnenmm p=50 kI]a.

5. Onpenemrh cpefHee 3HAYEHHE < & > TOIHOH KHHETHYECKOH SHEPIHH OJHOH MOIIEKYIIBI CJIE-
IVIOIIHMX ra30B. TEIHSL, KICIIOPOAa H BOASIHOrO Itapa Impu temrieparype 1 =400 K.

6. Onpenenurs 4HCI0 N MOIEKYII PTYTH, COJAEPIKAIIMXCA B BO3Ayxe o0beMoM V=1 M’ B mome-
II[EHHH, 3apaKeHHOM PTYTBIO, IIpH TeMrieparype =20 C, eclIH JaBIeHHE p HACBIIEHHOI O ITapa
PTYTH IIpH 3TOH TemIiepaType pasHo 0,13 Ila.

7. JlaBneHue p rasa papHo | mIla, KOHI[eHTpaInid n ero Monekynl pasHa 10'Y em™.  Omnpemenurs:
1) temmieparypy 7 rasa, 2) CpeJHIOK KHHETHYECKYIO SHEPIHIO < &, - IIOCTYIIAaTEIbHOI' O JBH-
KEeHII MOJIEKYII rasa.

8. B xomnbe BMecTHMOCTbIO V=240 cM’ HaXOZHTCA ra3 IpH Temreparype 7=290 K u maBiIeHHH
p=50 kIla. OnpeaemTs KOJIHMYECTBO BEIIECTBA v I'a3a H YHCIIO N ero MOJIEKYIL.

9. OnpeJenTh KHHETHYECKYIO SHEPTHIO, IIPHXOASAINYIOCS B CpeJHEM Ha OJHY CTEIleHb CBOOOIBI
MOIIEKYIIBI a30Ta, ITpH Temmeparype 7=1 kK, a Taxke CpelHIOI0 KHHETHUYECKYIO SHEPTHIO < &, >
IIOCTYIIATEIIEHOIO JABHXKEHHS, < & > BpaIllaTeIIbHOIO JABHKEHHS H CPEJHEe 3HaYeHHEe ITOIHOH

I B e R e e e -l ."" - L'_ _— T T T =

NOKYMEHT NOANMUCAH
ANEKTPOHHOWM MOANMUCHIO
CepTidmkar:  12000002A633E3D113AD425FB50002000002A6 esMrieparype 7=1,2 kK. OmnpenemiTs CpemgHIO0

Bnapeneu: Webayxasa TatbAHa AnekcaHgpoBHa [ETHYUYCECKYIO SHEPI'HIO aTOMOB I'CIIHA H apl'OHA.
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11. Cpemasia JyniHa cBOOOZHOr O Mpodera (/) aTOMOB I'elIHs ITPH HOPMAallbHBIX YCIIOBHSIX PaBHa
180 am. Onpenenuts gupy3Hr0 D remis.

12. Tuddysua D xuciaopona mpu temieparype ¢ = 0 °C pasHa 0,19 cm?/c. OIpeqeniTs cpej-
HIOIO JIJINHY CBOOOHOI O ITpodera { MOoIeKyll KHCIIOPOa.

13. Beruncmuts gudyzpro D azora:; 1) IIpH HOpMalIbHBIX YCIIOBHAX, 2) ITPH JaBlIeHHH p = 100
IIa u Temmeparype 7= 300 K.

14, OnpegennTh, BO CKOIBKO pa3 oTio4aeTcsa AU Qy3Hsa D ra3o00pa3sHOro BOAOpoAa oT JHP y-
3HH D> ra3000pa3HOro KHCIOpoJa, eClIH 00a raza HaxXoAITCs ITPH OJHHAKOBBIX YCIOBHSIX.

15. OnpeaenmiTs 3aBHCHMOCTD JH(QY3HH D OT TeMIlepaTyphl 1 IIPH CIEAYIOIHUX ITporeccax: 1)
H300apHOM; 2 ) H30XOPHOM.

16. OnpeaemnTs 3aBHCHMOCTE JH(PY3HH [ OT JaBIEHHA p IPH CIIEAYIOMIMX ITpoleccax. 1) H3o-
TEPMHYECKOM, 2 ) H30XOPHOM.

17. BEIUHCIIHTE AHHAMHYCCKYIO BA3SKOCTh T KHCIOPOJdad ITPH HOPMAJIBHBIX Y CIIOBHAX.

18. HaliTh cpefiHIorO JIIMHY CBOOOMHOIrO Ipodera (/) MOJIEKYII a30Ta IIPH YCIIOBHH, YTO €r0 JH-
HamMmyecKas BA3KocTh N = 17 mklla- c.

19. HaiiTi AMHAMHYeCKYIO BS3KOCTh 1| TelHS IPH HOPMAIbHBIX YCIIOBHSIX, eCIH AP Py3HuI D

TIpH TeX ke ycraoBmwIx paeHa 1,06- 107 a’/c.

20. OnpenemTs 3aBHCHMOCTD JHHAMIYECKOH BSI3KOCTH 1) OT TEMIIEPATYPHI I IIPH CIIELYFOIIIX
nporeccax: 1) mzodapHOM, 2) H30XO0pHOM. M300pa3HTh 3TH 3aBHCHMOCTH Ha I'pa(pHKax.

IIpakTH4eckoe 3aHfATHE 6.

T'ema 3anamug. OCHOBBI TEPpMOIHHAMHKI.
H €Jib 3dHAMUA. I/IS}”IHTL OCHOBHBIC ITOHATHA H 3aKOHBI TCPMOJJHHAMIKH.
T eopemuieckda uacmbo.

TepMogHHAMHKA B OTJIHYHE OT MOJIEKYISPHO-KHHETHYECKOH TEOPHH He BIAETCS B
pacCMOTpeHHe MHKPOCKOIIHYECKOH KapTHHBI SBIEHHIT (OIEepHpyeT ¢ MaKpoIlapaMeTpPaMH).
TepMogHHaMIIKa pacCMaTpHBAET SBJIEHHS, OIMPasCh Ha OCHOBHBIE 3aKOHBI (Hayalia), KOTOPEIE
SIBILSTFOT CA 0000IEHHEM OIPOMHOIO KOJIMYECTBA OIBITHBIX JIAHHBIX.

BHYTpeHHSI SHEPTHS — JHCPI'HA QJIIBIIHEGI{GI?'I CHCTEMEI, 3aBHCAIIAA OT €€ BHYTPEHHETO
COCTOHAHI A. BH}”IPEI—H—[H_H JHCPIHA BKIIHOYACT SHEPIHIO XAO0OTHHUECKOI O (TE:]’[JIGEDI‘G) JABHACHI A
BCEX MHKPOYACTHI[ CHCTCMbI (MGJIEK}"H: dTOMOB, HOHOB HH T.,I[.) H SHEPTHIO B3aHMOAEIICTBHSI

ATUX YACTHII. KuHeTHYeckas SHenrus JTBHKEHHS CHCTEeMBI Kak ITETIOTO H €€ ITOTEeHI[HAIbHAaI
JOKYMEHT NoAarnncAH

SNEKTPOHHOM NOANUCHIO 'HHIOHO SHEPI'HIO HE BXOJIIT. B TEPMOIHHAMIIKE
Ceprudinkar: 1 12000002A633E3D113AD425FBS0002000002A6 ANMO THAUSHI S EH}?TPEEHHEﬁ SHEPTHH, a eg H3-
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MCHCHIIC IIPH H3MCHCHHIT COCTOAHHA CHCTCMBDBI. BH}’IPEHHHH SJHEPIrusa — (1)}"]-]14."_[_[]?[51 COCTOAHIA
CHCTCMBI.

PabGora TEPMDI[IH—IMI‘IEGI{Oﬁ CHCTCMbI Ha/Jl BHCITTHIIMI TCSIIAMI 3aKJIFOYACTCH B H3MCHC-
HHIT COCTOSHIA S3THX TCII H OIIPSACIBICTCHA KOIHYCCTBOM SHCPI'HH, HEpEﬂﬂBﬂEMGﬁ CHCTEMOH
BHCIIHHM TCJIaM ITPH H3MCHCHIH o0BeMa.

® VPEIBHEHHE: COCTOMHI HACAIIBHOI'O I'd34.

oV ="LRT.
LL

r7ie p - JaBleHHe: V — o0beM;, T - aOCOMIOTHAS TeMIlepaTypa; m — Macca, (4 - MOJISIPHas Mac-
ca, R = 8,314 JI:x/(K-M01Ib) — YHHBepcalbHas ra30Bas IIOCTOSHHASL.

b YpaBHEPHIE: COCTOAHHA BaH-ACP-BdaJIb COBCKOI'O I'a3a (,I[JIH OAHOI'O MGJIH)Z
),é%(v ~b)=RT,

rae V - o0bpeM, 3aHHMaeMBIN MOJIEM Tas3a IPH JAHHBIX p U1, a U b - TOCTOAHHEIE BaH-mep-
Baanbca 171 JaHHOr 0 rasa.

e 3aKOH JlalIbTOHA. OdagleHile cmecu UOeAIbHBLIX 2A3068 PAGHO CYMME HNAPYUAIbHBLIX 0aé/e-
Hui(TIapITHAIIBHOE JTaBJIEHHE - 3TO JaBJIeHHe, KOTOpoe OKa3bhIBall OBl Ha CTEHKH cOCYja OJHH
ra3 CMECH B OTCYTCTBHE OCTaIbHBIX).

¢ 3aBHCHMOCTH JaBJIEHHS I'a3a OT BEICOTHI B ITOJIE CHIIBI TSKECTH B H30TepPMHYECKOM ITPpHOIIKE-
HHH JaeTcsI 0apoMeTpHYECKOH (pOPMYIOH:

p=p E—MgthT
ﬂ E

.
7 po - JaBIIeHHe Ha BeIicoTe 1 = 0, ¢ = 9,8 M/C” - YCKOpeHHE CBOOOTHOrO MajeHHA.

® HEPEDE Ha4aJ10 TEPMOIITH AMITKH.

O=AU+ A,

rae O - KOMHYeCTBO Telllla, coo0IeHHOe cHeTeMe;, A - padoTa, coBepIraeMas cHeTeMoH;, AU -
IpHpaIeHle BHYTPeHHEH SHePIHH CHCTEMEI.

e Palora, coepIracMas razoM:

Va

A= [ pdV
1-"r|
e [ermoeMKOCTh CHCTEMBI:
c=2
dr
ONOKYMEHT NMoanncAH
SNEKTPOHHOW NOONUCHLIO
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I'Aac Cp., Cv - MOJIAPHBIC TCIUIOCMKOCTH IIPH ITOCTOAHHBIX J4BJIICHHIT H 00BbeMe COOTBET-
CTBCHHO.

e  MOISIpHBIE TEITIOEMKOCTH [a3a ITPH IIOCTOSIHHOM OOBEME H ITOCT OSHHOM JABIIEHHH OITPEIENISEOT CS
COOTHOILIEHHSIMH
. : C :
I i+ 2 _ I+ 2
CIL,' — _R, ij — R, '}r o — ] k]
2 2 C i

'I.

I'ac [ - UICIIO CTEIeHE CBOOO/BI MOIJICKYIJIBI I'd34d.

® BH}"TPEI—H—IHH JHEPI'HA HACAJIIBHOI'O I'd34.

RT
U:m-CT:m- pV
— -, =

LL wy—-1 v-1

® MIDJIHPHEIH TEIUIOEMKOCTD HACAJIbHOI'O I'd34d ITPH ITOJIHTPOIDTYSCKOM ITPOLIECCE.
n—ry
= R
(n—=1D(y —1)

¢ BHYTpeHHSIT SHeprHsd Mojid rasa BaH - 1ep - Baanbca:

U:(:,,,T—E
%

e K. II. A TeIUIOBOH MaIlIHHBI

n=A/Q1=1-Q/Qu,

rac Q1 - TCILUIO, ITOIIYHAEMOC pﬂﬁﬂ‘ﬂm TCIIOM, Qz - OTAdBacMOC TCILIIO.

e K. mukmna KapHo:

rae 11, 1>- TEMIICEPATYPRL HAI'PEBATCIIA H XOJIOJJHIIBHHKA.

e HepagreHcrro Kimaysmyca:

e 00 - AIeMeHTapHOe TETIO, ITOITYYeHHOE CHCTEMOM.

e [IpHpalieHHe SHTPOITHH CHCTEMBI:

(10,

AS = ff
T
e (JCHOBHOe YPdBHCHIEC TEPMOIITHAMITKI I Gﬁpanmmm ITPOIECCOB.
7dS=dU + pdV
AOKYMEHT MOANUCAH
INEKTPOHHOW NOAMMACHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 Ar=-AF
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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S=kIn),

rie k - ITOCTOSIHHAS bobI[MaHa.

IIpuMepbI pelmeHns 3aaa4

3amauga 1. OHPEI[EJ]IITB YACIIBHYIO TCIDIOEMKOCTE €, CMECH a30Ta M BOJOPOJa, €CIIH KOJIHYC-
CTBO BCHICCTBA I'd30B B CMCCH O/JITHAKOBEI I PAaBHEBI V.

PerieHne:

Y IEIbHYIO TETUIOEMKOCTh CMECH TIPH ITOCTOSIHHOM O0BEME €, HAIJEM U3 CIIEYIOIIHX coo0pa-
A EHIIH

1) TerumoTy, HeOOXOMUMYIO IS HarpeBaHHSI CMeCH Ira30B Ha AT MOXKHO

paccuHTaTh IO (popMyTIe:
O = ¢, (mlerz)-&T (1)
2) TV e TEIUIOTY MOKHO HaHTH H APYTHM CITOCOOOM:
0 = (%,ml +cy m, ) - AT, (2)
I'le ¢, HC, —yIenbHbIe TEINIOEMKOCTH OT/AETIBHBIX I'a30B.

[TpupaBauBasg (1) u (2), moTyyHM

Cy (ml +m, )-.&T = (cvlml +£‘V2m2)-,&T, OTKYyZa

]

ud

— 2 (3)
v m +m

1 2

I R

Tak kak ¢y = ——= TJge [ — YHCIIO CTENEHEH CBOOOARI MOJIEKYIIEL.
2 M

[TocKOIMBKY MOIEKYIIBL a30Ta H BOAOPOJa — IBYXaTOMHBIE, TO [ = 5. IloaTomy

5 R
¢ = .
v, ~
2 M,
5R
NOKYMEHT NoanncAH .
SNEKTPOHHOWM NOAMNUCHIO o
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\ y 2 W S S
2R M TR(v,+v,) TR-2v  5Rv
cy = K | 2 ) 2 _ 2 _ (4)
m + m nm +m m +m m +m
2 1 2 ! 2 1 2
m
KommyectBoBemectea V= ,u m =V-M , m =v-M .
E | | 2 2
B pesymprare popmyna (4) mpHMET BHI
__ _S5Rv SR
V=VM +vM~ M+M
1 2 2
[IomcTaBisseM Y CIIOBRIE 3HAUEHH:
5-8,31 K
Cy = 3 1385
281077 + 210 KT- K
Jagaya 2. Omnpefelnurs KOIHYECTBO TEIUIOTHI, IIOrTIomaeMoH BomgopomoM m = (0,2 Kr mpu

HarpeBaHHH ero oT TemiepaTypsl {1 = 0°C go Ttemmeparypsl 2 = 100°C mpH IMOCTOSHHOM J[aB-
neHHH. HaliTi TaKKe H3MeHEHHE BHYTPEHHEN SHEPIHH r'a3a H COBEPIIIAEMYIO HM padory.

JlaHo:
m=02Kr KonmyecTBO TEIIOTHL O, IIOTTIOMAEMOE I'a30M IIPH
n=00C, T1=273K H300apHOM HarpeBaHHH, OITpeelIIeTCs IT0 (POPMYIIE
= 100°C. =373 K Q= AT (1)
M P
0=7 AU =7 rae Cp — MOISIpHAS TEIUIOEMKOCTE ras3a IPH IMTOCTOSIHHOM 4 = 7
IIABJIEHHH.
i+ 2
Tak KAk C = -R, 1O (1) IIpHMeT BHJ
P 2
i+2 m
0= - R-AT
2 M

[TocKOIBKY BOLOPOX — ABYXaTOMHSIII ra3 (M = 2-107° kr/Moib), M YHCIIO CTeleHell cBoGo-
Il €0 MOJIEKYII [ = 3, TO

542 02 -831-100=291 103‘(1‘:F Xk | 291
_ I L = ' K =) = KJIK .
Q="75 5242 o

AOKYMEHT NoanmncAH | MOJIb _
SNEKTPOHHOW NOAMUCLIO
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[ m

Bryrpennss sepriss U = —— RT , cllefoBaTenbHO
2M
AU = iER&T , TOT1a
2M )
5 : | xkr JK K _
&U:g-%-8,31100:208-10 MOITe - K™ =TTk = 208 Kk
| MOJb |

PaGoTy pacnmpeHns ra3a HaiijleM H3 BeIpakeHH A JJ1S IIEPBOT0 Hayalla TePMOTHHAMEKEH:
Q=AU + A, otkyJa

A=Q— AU =231- 208 = 83 x .

3amaua 3. B mpmiHape 1Mo IMOpIHeM HaXOAHTCS BOAOpo MaccoH m = 0,02 KT IIpH TeMIlepary-
pe 7' = 300K. Bogopox Hauain agnadaTHO pacIpITHCS, YBEIIMYHB CBOH OOBEM B D pas, a 3aTeM
OBLII CoKaT M30TEpPMHYECKH, YMEHBIIMB CBOH OOBEM B S5 pas. Halru temrieparypy 12 B KOHIIE
aqnabaTHOr O PACIIHPEHIS H paboTy A, COBEPIIIEHHYIO I'a30M.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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JlaHo:

m= 0,02 Kkr

T (v

=1
I 1) ,20e T —
o) S

=

Vo= 5V

M3 ypaBHeHHs [lyaccoHa a1 agpnadaTHOro mpoiecca HMeeM
i+2
— HOKAIAM e TnH ﬂauﬂﬁﬂﬂi bl.

a V;=V3 110 YCIIOBHIO

1= 300K

ik ik
f f

A Tak KaKk BOJZOPOA ABYXAaTOMHBIH Ia3, Toi=3HY = 1.4.

o il
12

v ) (1
21| =300 -
V. 3

e

1,41
Us() 1,=T, - ) K =158K.
PaGora 4, ra3a nmpu ajHa0aTHOM PacIIMPEeHHH OIPeelsIeTcs 10 (OpMYIIe

AZiC *(T—T)ﬁ me C :IR.
| W | 2 A"l

M 2
ClegoBaTelIbHO, 5
A="""R(T-T)="" 002 .831:(300-158) Jix = 29,5 kI
oM Y2 2240078

PaGora 4> raza IpH H30T€pMHYECKOM CKaTHH BRIpaskaceTcs () OpMyIIOH
m

V,
In _* = —831-158- _0.02 In5=-21,1x/Ix
210

A=-RT -
’ MV,

3HdK MHHYC O3HAYACT, YTO ITPH CKATHH pﬂﬁDTﬂ I'a3a COBCPHICHA BHCIITHHMIT CHIIdMI.

[IomHas pabora
A=A +A,= 8,8 KJlx.

3amaua 4. B mmHHApe 101 ITOPIIHEM HaXOAUTCS BOZopoa Maccor m = 0,02 KT IIpH TeEMIIEpaTy-
pe 71 = 300 K. Bogopon Havamn pacimpsrscsa aqHadaTHO, YBEIIHYHB CBOH 00BEM B J pas, a 3aTeM

OBLII CKaT H30TEPMHYECKH, YMEHBIIINB CBOH 00beM B 5 pa3. Hanrtu temmeparypy 72 B KOHIIE
aqnabaTHOro pacIHpeHHS H padoTy A, COBEPIIEHHYIO T'a30M.

Peutentie:

CoriacHo YPABHCHHIO H}"EI,GGGHE], I aqHabaTHOr O IIporecca

T (V-
2 |t (D)
Tl kVE
1+2
T7Ie Y — ITOKa3aTelb afHadarhl, ¥ = —— (i =5, T.K. BOIOPOZX ABYXaTOMHEII ra3s), T.c.
!

542 . .
IOKYMEHT NOAMNWUCAH
SNEKTPOHHOW NOAMUCKIO

Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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-1

1s (1) szT-(ﬂY_l:mO-fl\\ T =158 K.
Sy \5) 2

PaGora 4) razanpH amia0aTHOM pacHIHPEHHH OITPeJeIIeTCs IT0 (OpMYIIe

A:mC—(T—T)ﬁ re C:IR.,,TDECTL
1 Ev 1 2 V E

A=""R(T-T)="- 0.02 831:(300-158)Ix = 29.5-10° I = 29,5kl

LaM b T 22007

PaGora 4> raza ImpH H30TepMHYECKOM CKaTHH BhIpakaeTcs (pOPMYIOH

m_ V, o
A=-RT - In *=-8731-158- 0,02 1n5=_21132 o =215/
2 2 =3

- - MV 2-10

3HAK «-» ITOKA3bIBAET, UTO ITPH CKaTHH padoTa rasa coBeplleHa BHEIIHUMH cHiIaMH. [1omHas pa-
0oTa

A=A+ As =85« e

3amaua 5. UaeanpHeil ras copepinaeT MK KapHo. Temrieparypa 71 Harpesareid pasHa 470 K,
TemIieparypa 12 oxmaaurend pasHa 280 K. IIpH m30TepMHYECKOM pPacIIHPeHHH I'a3 COBEPIIAET

padory 4 = 100 JIx. OnpeAemiTs TEPMHYECKII K.II.A. 7] IHKIA, a TAKKEe KOMHYECTBO TEIIIOTEI
(2, KOTOPOE ra3 OTAaeT OXJIAJUTEIIO IIPH H30TEPMHYECKOM CKATHH.

Peueniie:
P &
1 A
v 2
I 3
[ ]
i Qﬁ L >
\V
” Tl ~T
Tepmrrieckuit K.11.1. IHKIIA OMPEAeTIIeTCs BhIpakeHHEM 1= -
T

KomiecTrBo TeIUIOTEL IepeJaHHoe OXJIATHTEIII0 IIPpH H30TEPMITUYECKOM CXKaTHH (3 - 4) PaBHO

i
NARNTA AADANTTTALIIINATT IIA T TABAWA AT ATNITIITIRATT ATITTAME

NOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 VRT In '
Bnapeneuy; lLebayxoea TaTbAHa AnexkcaHopoBHa 2 V_
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>y,

V
Q=VvRT In “

YUHTBIBAS, YTO padoTa rasa IpH H30TEPMHYECKOM PacIIHpeHHH (1-2)

V
A=vRT In > VR = ., IMEEM:

| T In-2

Jamaua 6. MacanpHEIN ra3, coOBepIaronin 1K1 KapHo, mpouseen padory 4 = 600 J[x. Temrie-

parypa I'| HarpeBaTensa paBHa 500 K, 72 xonmoammsaika — 300 K. Onpenennrs: 1) TepMHYeCKHIT
KIIJ] mpxrna; 2) KOMHYeCTBO TEIUIOTHI, OTAAaHHOE XOJIOMHIBHHKY 3a OIHH I[HKIL.

Peiuteniie.

Tepmrrueckur KIIJ] mpikna KapHo

KommuectBO TCIUIOTEI, OTJaHHOC XOIIOAHIIBHHKY

0,=0,—-A. (1)
rae Q1 = A/l — KOIHYECTBO TEIUIOTHL, ITOJTYYeHHOH OT HarpeBaTeN s

[IogcraruB 310 BEIpakeHHe O B (1), HalgeM

Q- A{;l}

Breruncmsas, monyvaeM: 1) =0.4; 2) 0> =900 x.

3amaua 7. Haritu usMeHeHe AS SHTPOIMH ITPH HarpeBaHHH BOAEI Maccoi m = 100 r oT TemIle-

patypsl 11 = 0°C go Temreparypsl 2 = 100 "C u mocneayromeM IpeBpamieHHH BOJEI B ITap IMPH
TOH JKe TEMIIEpaTVPE.

Peuteniie:

OIpeaenmM H3MEHEHHE SHTPOIMH AS KakK CyMMY H3MEHEHHS SHTPOIMH AS, IIPH HarpPEBE BOIBI

INEKTPOHHOW NOANMNCBIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapgeneu:

lLleBayxoea TateAHa AnekcaHapoBHa
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H3BecTHO, YTO

d
AS =] o
T
_ Hoe
[Ipn HarpeBaHMH dQ = mc-dT , TAe ¢ — yAeIbHasd TeIUIOEMKOCTh BOJBL, €~ 4200_1{ , TOr'J1a
K -
| 7;‘; mcydT 373
T ro 3y A
AS = =mcln—=0,1-4200-1In =132 .

T l
[ IpH mpeBpallieHHH BOEI B I1ap TEMIIEpaTypa He H3MEHSIETC S, SHAUHT
]2 0
AS,= —|dO=—,
== [do= -

|

IJc Q — KOJIMYCCTBO TCILIOTEL, IICPCAdHHOC BOJC LA ITPCBPALICHIIA €C B 114D,

O=r-m,

I'ac r — vAClbHAA TCIUIOTA HﬂpﬂﬂﬁpﬂBDEﬂIﬂ[ﬂj

r=225.105 2%

Ke

Ag = m_22,5:10°-0.1 603 2
T 373

., TOI'dd

AS =132 27 | 603 %€ — 735 4¢
K K K

Jagaya 8. OrpeaemTs H3MEHEHHE SHTPONHN AS IIPH H30TEPMIYECKOM PaCIIHPEHHH a30Ta
Maccorn m = 10 I, ecllm gJaBIeHHe ra3a YMeHbIIDUIOCE oT p1 = 0,1 MIla mo p2 = S0 kl]a.

Peueniie.

H3mMeHeHHe JSHTPOITHI, VUHTBIBAS, UTO IIPOIECC HBGTEPM[‘-IECIGH‘L
2 dQ 1 2 Q
AS = = dOo=—. (1)
J; T 'l[ ¢ A

CorlacHO IEpBOMY Hayaly TepMOIHHAMMKH, KOIMYECTBO TEIIOTHI, ITIONYYEHHOE Ta30M,
Q0 =A+AU . lma uzorepmuueckoro mporecca AU = 0, mostomy () = 4. Pabora rasa B H3otep-

MHYECKOM ITPOIIECCE
V
A=""RTin 2 =" R ", (o
AOKYMEHT NoarnncCAH
ONEKTPOHHOW MOAMNUCHIO M P,
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6
Bnapenew: tebsyxoea TatbaHa AnekcakApoBHa [€ SHTPOITHH:
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Berumcrnasa, momydaeM AS = 2,06 JIx/K.

Bonpocet u 3a0 anui.

1. OCHOBHBIE 3aKOHBI TEPMOJJHHAMHUKIH.

2. llepBoe Hayamo TeEPMOJHHAMHKH.

3. Palora, copepimaeMas ra3oM IIpH H3MeHeHHH oObeMa. PaboTa rasa ImpH pasiIHYHBIX IIPO-
1eccax.

AnnadaTHYeCKII IIPOIIECC.

OHrponusg. HepaseHcTBO Kiaysuyca.
CTaTHCTHYECKOE HCTOIKOBAHHE SHTPOITHH.
BTopoe Hayamo TepMOJIHHAMIKH.
TeruoBon aeurarens. TeopeMa KapHo.
XOJIIOJHIIbHAS MaIllHHA.

[{uxm KapHo.

SO R

1

3amaun 1Jig CaMOCTOAT €JILHOTO peIcHnA

1. CMmech ra3oB COCTOHT H3 aproHa H a30Ta, B3SITHIX IIPH OJHHAKOBEIX YCIOBHSIX H B OJIHAKOBBIX
o0beMax. OIpeaelHTh IT0Ka3aTelb aJHadaThl Y TaKOH CMECH.

2. Hanitu nmokaszarend agHadaThl Y JJI CMECH I'a30B, COAeprKalleH reiinil Maccod mi=10 r u Bo-
IOPOJ MacCOH mp=4T.

3. CMech ra3oB COCTOHT H3 XJIOPa H KPHIITOHA, B3ATBIX IIPH OJHHAKOBBIX YCIIOBHAX H PABHBIX
o0beMax. OHPE,I[EJ]IITL YACIIBHYIO TCINIOEMKOCTDb Cp CMCECH.

4. Onpeaenurh YAEIBHYIO TEINIOEMKOCTE ¢, CMECH Ia30B, cojepxalieH V=5 11 sogopoaa H Vo=3
1 renus. ['a3pl HaXOAATCA IIPH OJHHAKOBBIX VCIIOBHSX.

5. KakoBHI yAeNBEHEIE TEITIOEMKOCTH ¢, H ¢p CMECH T'a30B, COAePXKaIeH KHCIOPOoL MaccoH mi=10)
T H a30T Maccor m>=20T1 7

6. OHPE,I[EJ]IITL ITOKa3aTelnb aaHadaThl Y HACTHYHO AHCCOIHHPOBABIIICI O FﬂBGGﬁpﬂBHﬂI‘G d30T4,
CTCIICHDb JHCCOIIHAIITHH & KOTOPOI'O PdBHA 0.4.

7. Azor maccoil m=>5 KT, HarpeTslii Ha AT=150 K, coxpanun HeusMmeHHbIH 00beM V. Halitu: 1)
KOIIMYECTBO TEIUIOTHI (, cOOOIeHHOe ra3y, 2) msMeHeHHe AU BHYTpeHHEH SHEPIHH, 3) COBEp-
IIIEHHYIO ra30M padory A.

8. Bomopon 3aHrmMaer o6veM V=10 M’ ripu maBimennu p=100 xIla. I'a3 Harpemm ITpH ITOCTOSH-
HOM o00beMe 10 marlleHHI p>—=100 klla. Onpenennurs: 1) usmeHenne AU BHyYTpeHHEH SHepruH

raza’ 7) CORADITIEHHVIO TAROM NAG0TV 4 3) KOTUYeCcTBO TEIJIOTH (O, COOOIIEHHOE Ta3y.
OJOKYMEHT NoanmvucAH

SNEKTPOHHOWM MOANMUCHIO | |
CepTucbuikat: ~ 12000002A633E3D113AD425FB50002000002A86 ero nuki1 KapHo, paBeH 153 1. OmpelemmTs

Bnapenedu. LWebzyxoea Tatbana AnekcaHapoBHa € H30TCPMHYUCCKOI'O PaCHIMPCHHA H 00beM V4 B

0 paBHBI: 000 1 m 189 11.
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10. MaeanpHBIN a3, COBEPIIAOIIHI ITHKII KapHO, ITOIYYHB OT HarpeBareslsd KOIHYECTBO TEILIO-

Tel O1=4,2 K] K, copepiu padory 4=590 JIx. Hantn tepmirdeckrit KIIJI n storo mpikma. Bo
CKOJIBKO pa3 TeMrieparypa 11 HarpepaTens OONIbIIe TEMIIEPATYPRI 12 OXJIaHTEILSI?

11. UneamsHeIn rasz, copepiuaeT MK KapHo. Temrieparypa 17 HarpeBaTelsd B TPH pasa BEIIIE
TeMIIepaTyphel 12 oximmagurens. Harpeparens Iiepefan raszy KOIMYECTBO TEIUIOTHI (O1=42 k]IK.
Kakyro pabory A copepimi ras?

12. UaeanmpHBIH ra3, cOBEPINAONIHI IHKII KapHO, 2/3 KommdecTBa TeIDIOTHI (1, MOTYYEHHOIO OT
HarpepaTeis, OTHacT OoXIaauTero. Temreparypa 7> oxmagurenss paBHa 280 K. Omnpenenuts
TeMIlepaTypy 11 HarpeBarTems.

13. MaeanpHEBIIT MHOTOATOMHBIHN I'a3 COBEPIIAT ITHKII, COCTOSIIMII H3 IBYX H30X0P H JABYX H30-
O0ap, mmpHyeM HaHOOIBINEee JAaBIEHHE Ia3a B JBa pa3a OOJIbINe HAHMEHBINETO, a HAHOOIILIIII

00BEM B UETHIPE pasza OOJIbIIE HAHMEHBIIETO. OrpeaennTs TepMuyeckii KI1J] n mukia.

14. WUpeanbHBIN IBYXAaTOMHBIH I'a3, COAEPIKAIIMI KOIMYECTBO BEINECTBA V=1 MOIb, COBEPILNAET
I[HKJI, COCTOSIIHH H3 ABYX H30XO0P H ABYX H300ap. HanMeHBIIMH 00BEM Vimin=10 11, Han O OIBIIIII
Vmax=20 JI, HAUMEHBIIIEE AaBIIEHHE pmin—=240 Klla, Haubomeinee pminr=410 klla. IlocTpoHTh I'pa-
¢uK mukiIa. OnpelelnTh TeMIeparypy I rasa I XapakKTepPHBIX TOYEK IHKIIa H ero TepMHYe-

ckur KIIJ n.

15. CoBepinast 3aMKHYTHIH IIPOLIECC, T'a3 ITOJIYYHII OT HarpeBarellsl KOJMYECTBO TEINIOTEL (=4
K/IK. OnpenemiTs padory 4 rasa IpH IIPOTeKaHHH I[HKIIA, eClIH ero Tepmuyeckui KI1J n=0,1.

16. Kycok npaa Mmaccont m=200 r, B34TEIH IIPH TemIlepaType h= - 10 °C, ObUT HarpeT A0 TeMIIE-
paTyprl 1=0°C H pacIUIaBlIeH, ITOCIIe Yero oOpa3oBaBlasicsa Boja Obllla Harpera IO TEMIIEPATY -
pHI 1:=10°C. OnpegemTs n3MeHeHHe AS SHTPOIMMH B XOJe YKa3aHHBIX IIPOI[ECCOB.

17. Hantu usMeHeHHe AS SHTPOIMH IIPH H300apHYeCKOM pPacIMpeHHH a30Ta MacCoH m=4 I OT
o6seMa V=5 11 10 ob6bema V->=9 1.

18. Kucrnopoa MaccoH m=2 KI' YBEIIMYHII CBOH OOBEM B n=2J pa3 OIHUH pa3 H30TEPMIHYECKH, APY-
roH — aguadaTiyecKi. HalTH H3MEHEHH S 3HTPOIHH B KaKJIOM M3 YKa3aHHBIX ITPOIIECCOB.

Pasaena 3. Di1eKTpH1eCcTBO

IIpakTHieckoe 3ansaTue 7.

Tema zanamua. JJIEKTPOCTATHKA
Ienp 3anamus. 13y4iTh OCHOBHBIE 3aKOHEI 3JIEKTPOCTATHKH.
3HaHUA U YMEHUSA, npuodpemaemole CHYO0eHMOM 6 pe3yjbiame 0C60€HUA IeMbl,

gopmupyemole KomnemeHyuu. DIEKTPHYECKIE CBOHCTBA Tell. 3aKOH COXPaHEHHS 3IeKTpHYe-

cKoro 3apsga. 3akoH Kymnona. Dnekrpryeckoe mone. [IoTok BekTopa HallpsDKEHHOCTH. TeopeMa

AOKYMEHT MNoarnncAH g - _
SNEKTPOHHOW NoANCHLIO STKCHHOCTCH ITIOJICH 3aPAMCHHBIX TCII PA3JIHYHOH
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JJNICEKTPHYCCKOM ITOJIC. SHEI{TPHIIEGI{GE I1IOJIE BHYTPH 3dpPAXKCHHOI'O ITPOBOJHHKA. PHCHPE,[[EHEHIIE
3dpAa0B B ITPOBOAHIIKAX. G’HEI{TI)DENE{GCTB ITPOBOJHIIKOB. KGH,[[EHG&TGPBI. SHEI)I‘HH JJIEKTPOCTA-
THYCCKOI'O TIOIIA. Bmageet CITOCOOHOCTBIO ITPHMCHATD COOTBCTCTBYIOIIIL IH (1)1 I3HEKO-

MaTeMaTHYeCKHI dllapaT IIPH PCIICHHI r[pcr(be CCHOHAJIbHBIX 3d444.

AHHI_]MIJIBH&CHIB membl. OCHOBHEBIE 3aKOHBI JANCKTPOCTATHKH ITPHMCHATOTCA ITPH PCIIICHHI
MHOI'HX HHACHCPHDBIX 3aJ14'.

TEﬂpEHHFIECHﬂH Hdacmb.

3axkon KyaoHa: crla B3aHMOJCHCTBHA ABYX HEITOJIBHKHBIX TOYEYHEIX 3apSOB B BaKYy-
M€ ITPOITOPIIHOHAIIbHA HX BeJIMYHHAM ¢1 H g2 H 00paTHO IIPONOPIMOHAIbHA KBaIPaTy PaccTos-
HHSA 112 MeXIy HHMH.

B ckamnsapHoi ¢opme 3akoH KyJioHa:

F — 4,4
4dmee, r,

Iwd Dot

31eCh. €y — 3MEKTPHYECKAS TIOCTOSHHAS, € = 8.83-10°
LKn%/H-m? (pasMepHOCTh MOJKET OBITh IIPHBEIEHA K

~
-2
4y
[

O O > BHUAY D/M), € — JH3IeKTPHYECKas IIPO- HHI[AEMOCTh
(1 +q>2 Cpelabl, TIIOKas3bIBac€I, BO CKOJIBKO pa3 CHIIa
a) B3aNMOJICHCTBH S 3aPSJIOB B BaKyYME ITPERHIINAET CHITY
c — F,
F — B3aHMOIEHCTBHS HX B Cpelie, T.e. ~ ? (o — cHIIa
21 21
< () O) Kynona B Bakyyme, F' — B cpelie), OHAIIeKTpHYECKas
+q1 +q2 IIPOHHI[AEMOCTh BaKyyMa € = 1, Bo3ayxa € = 1. 3aKoH
6) Kynona, 3ammcaHHbIii B BeKTOpHOH dopme (1), (2),
OITPENIENSAET CHITY, JEHCTBYIOIIYIO Ha 3apsabl g2 H g1 CO
N — CTOPOHEL g1 H 2 COOTBETCTBEHHO.
2 F,
O < >
+q1 >
B)
Puc. 1
Fo,= 1% 7 (1)
3
dmee r
012
F._._ — QI ‘?3“ - {2)
LOKYMEHT NOAMNUCAH -
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Cma [, melicTByeT Ha 3apsy g2 CO CTOPOHHI ¢, IIPH 3TOM PagHyc-BeKTOp Iy, (DHKCH-

PVeT IOIOXKEHHE 3apsiia ¢2 OTHOCHTEIIBPHO Hayala CHCTEMBI KOOPAHMHAT, IIOMEIIEHHOIO B TOUKY,
TJle HaXOAUTCH 3apsan ¢;. Pagmyc-BekTop I, HalpaBleH OT ¢; K g2 (puc.la). Cuma F,, neii-

CTBYEeT Ha 3apdd ¢; CO CTOPOHEI ¢2, PadHyC-BeKTOp V-, (HadaJlo KOOPJHHAT ITOMeIlaeTcd B TOU-
q dq 21

Ky, TJle HaXOJUTCS 3apsi]l ¢2) HallpaBIIeH OT ¢2 K ¢g; (puc.10). Cuna KynoHa HallpaBlIeHa B TY JKe
CTOpoHY (pmc.la,0), YTO M paJHyC-BEKTOP r IPH OJZMHAKOBBIX 3HaKaX 3apsmoB (gi;g2>0), H B
CTOPOHY, IIPOTHBOITOJIOKHYIO PaJiHyC-BEKTOPY r (PHC.1B) — IIPH pa3IIMYHBIX 3HAKaX 3apsSioB (i
H g2 (q192<0).

Cumel F', 0 F5) 1o TpetbeMy 3akoHy HbFOTOHA paBHBI 110 BEMHYHHE H ITPOTHBOITOIOK-
HBI I10 HaITpaBJIEHHIO:

Flz =—F3,.

HEIHGP&IHIIM:, HUTO TOUCHHBIM 3aPAJI0M Hd3BIBACTCH HAJICKTPH30BAHHOC TCJIO, PA3MEPBI KO-

TOpPOrIo HpE:HEﬁpE}I{HMD MaAJIbl 11O CPABHCHHIO C PACCTOAHHEM JO APYI'HX TCII, ¢ KOTOPBEIMH OHO
B3aHMOJIEH CTBYCT.

Bzaumooeiicmeie moueunozo 3apsaoa c pacnpeoenieHHbvim 3apsa0 oM

3apsaa, cooOHMIEHHBIH Tely, MOXKeT PacIpelelIsIThCsa II0 ero ITOBEPXHOCTH (MeTaslI) HIH
110 00BEMY (THATIEKTPHK ).

XapaKTepHCTHKAMH pacIpele]IEHHOr O 3apsijia CIIyXkKar:

1. JlmHeNHas IDIOTHOCTH 3apsjaa ().

2. lloBepxXHOCTHAS ILIOTHOCTE 3apsaa (G).
3. OO0wpeMHas IIIOTHOCTE 3apsaa (p).

T:&Q! G:&Q! p:&Q

3neck AQ — 3apsj, HaXOASIIHIICS COOTBETCTBEHHO Ha 3JIEMEHTE JIIHHEL A/, TOBEPXHOCTH
AS, o6semMa AV 3apsKEHHOT O TEIA.

Hanpssicennocmos nonsa moueurnozo 3apsaoa

BekxTop HanpsmKeHHOCTH 3JIEKTPOCTAaTHYECKOIO ITONIS B HEKOTOPOH TOYKE SBIIIETCS (PH-
3HYECKOH BEJIMYMHOH, YHCIIEHHO PaBHOH CHIE, AJEHCTBYIOIEH Ha ITOMEINEHHBIH B 3TY TOYKY
e JTHHHYHBIH TTOIOKHTEIBHBIH 3apsiy] (TTpOOHBIH ).

HEIHPEIBJIEHIIE BEKTOP4Ad HAIIPLKCHHOCTH B HEKDTDpDﬁ TOYKE ITIOJIA COBIIAAACT C HAIIPpdB-
JICHHCSM CHIIBIL, ,I[EﬁCTE}’TOH_[Eﬁ Ha TIOMeIl[eHHELIH B HJdHHYIO TOYKY 3ICKTPOCTATHUCCKOI'O IIOJIA
TIOJIOKHT €JIb HbIH 3api

NOKYMEHT NoanncAH
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g’ - 3aps, TTOMEIEeHHEIH B JaHHYIO TOUKY oSt PasMepHocTs E ciiexyeT 13 BEIpakeHHS (3):
H
|[E]=""_.
Kn

HarpsKkeHHOCTB OIS, CO3aBaeMOI0 TOYEYHBIM 3apsyIOM ¢ B TOYKE Ha PacCTOSHHH F OT
3apsla HaXO/IST, HCIIOIb3Y S BeIpakeHHe (3) H 3akoH KyltoHa:

p__ 499 _ 4
dmee r’q’  4mee

4)

YtoORI HAaHTH HaITpaBIIeHHe BEKTOpa HAIPSKEeHHOCTH B Touke A (pHc. 2), clleayeT ITOMe-
wr e f e e
CTHUTH B 3TY TOUKY ITPOOHBIN ITOJIOKHUTENLHEIN 3apsal ¢ U HANTH HallpaBlIeHHe CHUIBI KyiloHa, JIeH-

- ’
CTBVIOLIEH Ha (¢ CO CTOPOHEI 3apsa, CO3OAr0IIET O IIOJIE. BEI{T'DP HAIIPAKCHHOCTH IIOJIA, CO3/d-

BAaEMOI'0 TIOJIOKHTEIIbHBIM 3apsJaoM B Touke A (pHc. 2a), HaIlpaBJIeH B CTOPOHY OT 3apsja
(cpaBHHTE C pHC. 1), a B clIy4ae OTPHI[ATEIbHOr O 3apsjia HallpaBJIeH B CTOPOHY 3apsaa (pHc. 20).
J1151 HaX 02K IeHHST HAIIPSDKEHHOCTH ITOIIS, CO3[aBaeMOr0 CHCTEMOH 3apsJIOB, CIEYeT BOCIIOIB30-

= —>  BarbCs IPHHI[MIIOM CYIIEPIIOZHIHH SIEKTPHYECKHX IIONIEH: BEKTOP
o ' }.A E %} HaIIPSDKEHHOCTH IEKTPHYECKOIO IO CHCTEMBI 3aPSI0OB PaBEH TeOMET-
+q +q/ PHUYECKOH CYMME HAIIPSDKEHHOCTEH ITOJIEH, CO3JaBAEMBIX B JAHHOH TOY-
a) K€ KaKIbIM 3apSIOM B OTJIETLHOCTH.
> >
— 2 S
-q +q !
6)

Paboma cun nons npu nepemeuyeniiil 3apaoa, NOMeHyLLAN, pas-
HOCHIb NOMEHLILAN0E, NOMEHUANbH A SHepP2Us CLICHIeMbl 3aPA0086.

Pa0bota 110 repeMeIeHHIO 3apsifa B ITOJIE.
Puc.2 Iomenpian

IIycTh IIpOOHEIN 3apsa g ' IepPEMEIAETCS B II0JIE TOUESYHOr O 3apsaa ¢ Ha OeCKOHEUYHO Ma-
TIBIH OTpe3oK dl (puc. 3). DneMeHTapHasa padoTa, COBepIaeMas IIOJIEM ITPH IepeMelleHHH 3apsi-

na:
dA = Fdlcoso. , (5)

I'me F — cita, fAeficTBYIOIIAs Ha 3aps] g Ha oTpeske dl, o - yron mexny F u dl  (puc. 3).

IIo 3akoHy KyioHa

f
N p_ 44 2
q’ C F dmeegr (6)
f--“""""-._ A // i~ - . we
NIOKYMEHT Dgﬂmmﬁ B 13 AABC (puc. 13) HalijeM, 4TO IIpHpallcHHE
SNEKTPOHHOW NOANUCHIO HHBI paJHyCc-BeEKTOpa ' YHCIEHHO PAaBHO:
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[IogcTtaBruB BeIpakeHH (6) H (7) B BEIpaKeHHE (), ITOTYUHM:
q'q
dA = dr. (8)

2
dmeeg’

JI1 HaXOXKJIEHHS TIOJIHOH PadOThI, COBEPIIAEMOH ITOJIEM IIPH IIEPEMEIEHHH ITPOOHOIO
3apsga ¢ W3 I0NMokeHHT 1 B rmonokeHHe 2 (pHc.13), cieayeT BeIpaxkeHHe (8) IMPOHHTEr PHPOBATh

II0 BCeMY ITYTH:
2 q 1 1
F ( S _) \
A jdA f} 4?188 '[ 4‘]’[88ﬂ ooy,
TO SCTHh
q'q q'q
App = - : 9)

dmeegry 4meggr

Bynem nepemernarh IMpOOHBIH 3apsad ¢ M3 TOYKH 1 3a IIpeJleNsl Mojd, T.e. B OeCKOHeY-
HOCTB, I'JIe HaIIPSDKEHHOCTD AIeKTpHYecKoro 1o E« paBHa 0. IIpu 3toM B popmyTie (9) ra=o0, H
IS A 1o TIOTY UM

Aoy =—1—. (10)
4meeor

[Togerms BeIpakeHue (10) Ha ¢, TTOTyYNM BEMHMYHHY, KOTOPas Ha3bIBAETCS AIEKTPHYSCKIM ITO-
TEHI[HAJIOM JaHHOH TOYKH ITOJIS:

_Alw _ g
P —" * (11)
q 4meeqr

To ecTh, TOTEHIMAII JAaHHOM TOYKH ITOIS YHCIIEHHO paBeH padoTe, KOTOPYIO COBEPINAT CHIIBI I10-
IS TIPH TIepeMeIeHHH eJHHHYHOIO ITOIOKHTEIBLHOIO 3apsaa H3 JaHHOH TOYKH B OeCKOHEYHO
yIAIeHHYIO. [IoTeHIpan onpeaensercs ¢ TOUHOCTRIO 1O IMOCTOSHHOH C. /[ OeCKOHEYHO yia-
JIEHHOH TOYKH ITpocTpaHcTBa ya00HO npuHIMaTh C=0. (B Beipakennu (11) C nmpHHATa paBHOMH
0). Exumiiia H3MepeHH s ITOTEHIHAIA MOKET OBITh HAHeHA M3 BRIPAKEHHS.

ok W e sp
gl Kn  Kn

= B.

Kak cnemgyer u3 BeipakeHHS (11), MOTEHI[HAI IO TOYEYHOI'O 3apsjia B 3aJaHHOH TOYKE ITOJIS
BBIYHCIISIIOT 11O (popMyTIE:

0 _ q
T.3. (12)
dmeegyr
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Pa3HOCTH ITOTEHIHAIOB

Paszgerme BepakeHHe (9) Ha g', TIOITYUHM:

A qg UY—q
q ) 4meegry ATEEQT IR
Orcroja:
A12=q(P1-P2). (13)

BemiuiiHa (g —@2) Ha3BIBAETCS pasHocnibio _nomeHyuanog. PasHOCTh ITOTEHIHAIIOB

ABYX TOYUCK H3MCPACTCA pﬂﬁGTGﬁ: GDEEPH_[E],EMDﬁ CIUIAMIT ITOJIA ITPH IICPEMEIICHHH TIOJIOXITCIIb -
HOI'O CAHHHYHOI'O 3dpPsda H3 HEPEGﬁ TOYKH BO BTOPVIO.

| loTeHIMan o CHCTeMbI TOUeYHBIX 34pA00B

PaBEH ﬂﬂTEﬁpﬂII‘IECI{Gﬁ CYMMECE ITOTCHITIAIIOB, CO3dBdCMBIX OTACIIbEHBIMH 3dPATdMI. To ecTh s
IIOTCHIIHAJI4, TdK K€ KdK H AJId HAIIPAXKCHHOCTH ITIOIIA, CIIPpABCAIIMB ITPHHITHITI CYIICPITOSHIHII
IJNIEKTPHYCCKIIX TTOJIEH. HpH ITOM ITOTCHITHAII IIOJIA CHCTCMBI 3dPAM0OB PACCHIITATh BCCI A JICTHC,
HEM HAITpsDKCHHOCTE, T.K. ITOTCHI[HAII — BEIOIWMHA CKAIIAPHAA (BHEIJI‘ETH'-IECI{HH XaPaKTCPHCTHKaA
]'[DJIH). HGBTGI\{}" B CIIYHAAX, KOI'ld HaJ0O HaHTH HAIIPAKCHHOCTD H ITOTCHIHAIL B KaKOH-TTHOO TOY-
K€ ITOJIA, CIICAYET HaHTH CHayala ITOTCHITHAII, 4 HAIIPAXKCHHOCTD ITIOJI HCKATbh, HCIIOIIb3YA CBA3b
MEEAY HAIIPAKCHHOCTBIO H ITOTCHITHAJIOM.

Ap
E=- : (14)
Ax

HamnpsokeHHOCTB ITOMIS YHCIEHHO paBHA H3MeHEHHIO ITOTeHI[HAala Ha €IHHIIY JJIHHEI,
OTCUYHTAHHOH B HAITPaBJIEHHH 110 CHJIOBOH JIMHHMH, H HaIlpaBJIcHA B CTOPOHY YOBIBAHHS ITOTECHIH-
ana (3THM 0OBSCHSIETCS 3HAK MHHYC B (14)).

Ecm 1oe HSCOJHOPOAHO, TO COCTABJIAIOIIAA BEKTOPA HAIIPAXKCHHOCTH 3JICKTPHYCECKOI O
TIO1IS1 B JJAaHHOH TOYKeE IIO J]ID@DI%I}" HalIPaBJICHHIO PdBHA HpDIISED,I[HGﬁ OT IIOTCHIIHATId IO 3TOMY
HAalIPaBJICHHIO B TOH XKe TOYKE, B3SATOH CO 3HAKOM MHHYC.

E - g9 p_

’ —

X dx ¥ dy z dz

I[HH OAHOPOIJHOI'O ITOJIA BO BCEX €I'0 TOUKAX HAIIPLKEHHOCTDE OJHA H Ta KC. Ecin (p; — IIOTCHIIH -
aJI TOYKI 1:, d (p2 — ITOTCHITHAJI TOYKI 2:, PAaCCTOAHHE MCEKAY TOUKAMH d, TO:

Ap=p;—p2

H BEIpakeHHe (14) 1T OJTHOPOJHOIO ITOJISI HMEeT BH;

E :_(pl_(pl .

OJOKYMEHT NoanmvucAH d
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[ToTeHImAan momns 3apsokeHHOH cdeprl (Iapa) onpeerseTcs KaK ITOTeHI Al 1O TOYey -
Horo 3apsaa (popmymna 12). IIpu 3TOM CUHTAETCS, YTO 3apsy] COCPeIOTOUYEH B IIeHTpe C(ephl, T.€.
paccTogHHe r (popmyna 12) oTCUMTHIBaeTCS OT I[eHTpa C(epHI.

PerieHne 3agayd 1o HaXOXIeHHIO ITOTeHIHAalIa ITOJB, CO34aBacMOI' O CHCTEMOH TOYEUHBIX
3apAI00B B IIaHHOH TOYKC, HC BBEISBIBACT BEI,TIJ}’,I[HEHI]IUI: ITIOSTOMY IIPHMEPBI PEIICHITA 3ad4'Y Ha 3TV
TCMY 3JCCh HC PACCMATPHBAKOTCA.

boree crnoxkHO PCELICHHE 3ad4a4 IIO0O HAXOXKIACHIIO IIOTCHIHAJIa B TOYKAX IIOJIA PAcCIIpcc-
JICHHOI'O 3apAdd, Ha 9TOM OCTdHOBHMCAH HDHPG@HEE.

Pacuem pabomyui,
COBEPIIIAEMOH ITIOJIEM IIPH IIEPEMEIIEHHH 3apsia, H ITOTEHIIHAIEHOH 3HEPIHH CHCTEMBI 3aPSI0B.

PaGora cHiI 1morst, co3gaBacMoro 3apsgoM (J, 1o IEPEMELIEHNIO 3apsaaa ¢ U3 TOUKH | B
TOUKY 2 ITOJICYHTBIBAaeTCA 10 (popmyiie (9), T.e.

1
A2 =9 C (—=—)
dmeey r o

N3 sToro BBIPAKCHHA CIICAYCT, HTO BCIIHYHHA pﬂﬁGTBI ITO IICPEMEIICHITIO 3daPidad B 3JICK-
TPOCTATHYUYCCKOM IIOJIC HE 3aBHCHT OT ITYTH ABIDKCHIA 3dPsiAda ¢, 4 3aBHCHT JOIIIb OT €I'0 HaYaJlb-
HOI'0 H KOHEYHOT' O ITOIIOKEHHH.

[Tpu HaxoXIeHHH pabOoThI CUHTAETCS, UTO MepeMeHaroInuiicsa 3apsa (OOBMHO MEHbBIIIHIT
IT0 BEIIHYHHE, YeM 3apga O, KOTOPBIH cO31aeT Iojle) He H3MEHIET 3IeKTPOCTaTHUYECKOroO IO, B
KOTOPOM OH JIBHIKETCS.

[loTeHIMaIpHas SHEPTHS B3aHMOIEHCTBHS ABYX 3apsSioB ¢ H () paBHa:

qQ
W = + W .
dmeen’

OOBIYHO VIS VIIPOINEHHS pacuyeTOB OECKOHEYHO YAAIEHHYIO TOYKY (r2 = ©0) IIPHHHMAIOT 3a
HaYallo OTcueTa sHepruu, T.e. Wwo = 0. Torpa:

q¢

dmeeqr

Wi(r) =

(15)

Cpauute (15) u (12).

M3 (15) creayeT, YTO MOTEHIMAI TTOJII B TaHHOH TOYKE YHCIEHHO PaBEH ITOTEHI[HAIbHOH
SHEPruH, KOTOPOH 00agaeT eqHHIYHBIH ITOIOKHTEIbHBIN 3aps/l, IIOMEINEHHBIN B JAHHYIO TOY-
Ky o PaGora, Kak Mepa H3MeHeHHS SHepIruH (B JaHHOM CJIy4yae ITOTeHI[HAIbHOH):

A, =W, —W,.

I/ITEII{:, pﬂﬁDT d CHJI ITOJIA ITO IICPEMEIICHHIO 3aPA/d.
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6) A= _[Fd!, echiu F=const: A=Fl=qEl .
(OIHOPOJTHOE TIOTIE, 3apsS ABHKETCS IO CHIIOBOI JTHHIH)

B) A12 = q(P1 —¢P2).

r) All :Wl _Wz*
q
ITomenuuan nois moueurnozo 3apaoa P =
dmeoer
g - 99
CBf3b Me KOy NOTEHITHAJIOM H HANPSZKREHHOCTBIO ! - I
Ciiia npuTS/ReHHA MEKIY ABYMS PA3HOHMEHHO 3ap AsKeHH bIMH
g eE*S q*
00KJIAJKaMH KOHJAEHCATOPpAa F = — ;
2 26,€ - S
T'Ie S — IoIomaaps IIacTHH.
JJIEKTPOEMKOCT b:
_9q,
0 0 C=_;
VeOuUHeHHO020 NPOBOOHIIKA
¢
£,88
HI0CKO20 KOHOeHCamopa C=——:
d
€,5
CIOLICHIO020 KOHOeHcamopd C= ,
> d, g,
uapa C = 4meeR,

rae d — PACCTOAHHE MCHY IUIACTHHAMII KOHACHCATOPA, di — TOJIIHHA 1-TO CIIOS AIDIICKTPHKA,
&, — €ro JH3JIIEKTPHYECKad ITPOHHIIAEMOCTD, R — PaJHYC IIapa.

BHEHTPHEMHUETB ﬁﬂTﬂpEH KOHIACHCATOPOB, COCIHHCHHDIX.

napaniensHo C = Z C.;
| |

HGEJIE(}GEHHIEHI:HG i -_—.
NOKYMEHT NOANUCAH C C

SNEKTPOHHOW NOAMUCHIO
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3APANCEHHO20 NP OCOOHUKA W, = :
2 2C 2
-
3APANCEHH 020 KOHOCHCANMOopa W = gegE“V,
€ 0
2

rae V —o0beM KOHACHCATOPA.

O0BbeMHAA ILIOTHOCTH IJHCPIrHH

B 8{}8E1_ DE ED

NIEKTPHYUCCKOIO IMOJIA WB .
2 2e e 2

IIpuMepbI pelieHH s 32124

Jamaua 1. ToHKHI cTepKeHp JIHMHON 20 CM HeCeT PaBHOMEPHO PacCIpele/IEHHBIN 110 JIHHE 3a-
PS¢ IHHEHHOH INOTHOCTRIO T = 2 MKKI/M. Ha pacctosgHmm 30 ¢M OT cTepsKHI HaxXOIHTCA 3a-
psag 20 HKI, paBHOyAaleHHBIH OT KOHIIOB CTep’KHS. HaHlTH CHIIY B3aMMOJEHCTBHS 3apsaga H
CTEP/KHSL.

JlaHo:

[=20cM=0,2 M
r=2MxkKi/m=2-10"° Ki/m
ro=30cM=03 M

O =20uKn=2-10"Knu

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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BhiiemmM Ha cTepiKHe 3IIeMeHTapHBIH y4YacTOK JIHMHOH dl. 3apsay ero d(Q =Tdl mMoxHO

paccMaTpHBaTh KaK TOUEYHBIH. Torma 1mo 3akoHy KyimoHa cHita B3auMOAEHCTBHS MeXIy O 1 dQ

paBHa
| T -dl
dF — : Ql 3 -
4meg r
TJIE r — PACCTOSIHHE OT BBIAEIIEHHOro y4yacTKa J0 3apsna Q) (cM. prc.). M3 pHCyHKa CIIeNyeT, YTO
o rdo
— o dl = ,TIEe 1o — PACCTOSIHHE OT Q1 IO CTEPIKHSL
COSOL COSOL

[TomcTaBHB BEIpakKeHHS A1 1 H dl B pOpPMYIY JJISI CHIIBI dF TIOIYyYHM, YTO

1 Q,T-ry,-do.  Qtdo
2 : - '
dne, 1y - cosol 4me r,

dF=_1 01T -rdo

4me I
0 {1} . COSOL
COS- 0L COSOL

3TO BEKTOPHAA BCIIMYIIHA ., Pa3JIOKHM dF Ha COCTABIIAIOITIIC.

IEPIEHANKYILIPHYIO CTEPIKHIO dF u MaparuIeIbHYIO EMY dF,. O4YeBHIHO,

dF, =dF -cosa., dF,=dF -sina , Torma

dﬁ’:Q'TmSa ol :Q'”i““da

2
4me of 41te oFo

[IponHTErpHpYEM ITOTYYEHHBIE BBIPAKEHHS AL CHII B IIpejlellax H3MeHEHHS yITia o OT — f

10 f.

B 071 cosa Ot Ot
F = | —=me7—dot = g5z [sinat || = o7r—sin B
= | 4mE T —dmer f = 2mE T !
- B 00 00 00
B O sino Ot
. L 1 . +p _
F,= _[ s 4o =~ e 7 |‘3‘3’5“| % =0.
- B 0 0 00
Ot
B pesynbrare momyuns, uro  F=F| = 50— sin 3 .

0 O

BemmuuHy Sin[3 onpemennmM H3 pHCYHKA:

[
. ) [
sin 3 =—==———= —————H IIO/CTABIM B BbIPaKCHHE /IS CHJIEI F.
2 3 3
’ , 1/ dry + 17
alt + .
NOKYMEHT MNOOMNUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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l 2.10-2.10°¢ > i
F = QQF : 9 2 = 9 3 14 08,85 190]2 0.3 0, » =0,76-10 3H
; 0

| \/4* (o,s)u +(0,2)

Jamauya 2. TOHKIII CTepKeHbh JIHHOH /[ = 10 cM HeceT paBHOMEPHO PacCIIpeJelIcHHBIH 3apsil
Q = 1 HK11. Onpegenurs MoTeHIHAI (P SIEKTPHYECKOr0 OIS B TOUKE, JIEKAIEH Ha OCH CTEPXK-
HS Ha PacCTOSHHH a= 20 ¢cM OT OIIMKANIIEro ero KOHIIA.

AHO: ]

i < 2l PN
[=10em=0,IM | [ _________ T T T T --_'? A
= 1HKT = 10° K1 - dr ] '

Q E‘{dr}i{ P >
a=20cM=02M | |

L

BreImemiM Ha cTepikKHe 3IIeMeHTapHBII YYacTOK JIIHHOM dr. 3apsj Ha cTep/KHe pacIpeielieH

PaBHOMCPHO, CIICIJOBATCIIBHO, €TI0 JTHHEHHAas INIOTHOCTE T — —H Ha YHACTKC IUTHHOH dr pas-

[

MelleH 3apsay dQ = T - dr . DTOT 3apsam MOXKHO CUHTATh TOYEYHBIM. Tor1a IMoTeHIHAT BIIEK-

TPHYCCKOI'O ITOJIA 3TOI'O 3apiid B TOuke 4 PABEH

dQ Tdr Q dr
Ameor 4dmeor 4dmeol r

I'Ac r — pPacCTOAHHC OT JJICMCHTAPHOI'O YidCTKaA dr 10 TOUKH A4.

Gk ITPHHITIIIA CYIICPILIO3HITHI CIICOYCT, HTO OOIIMH TTOTEHIHA PaBCH CYMMC IIOTCHIIHAJIOB
BCEX JJICEMCHTAPHBIX 3aPAO0B CTCPAHAL

[losTOMY HHTErpHpyeM BBIpaxkeHHe (1) I do B Ipejienax H3sMeHeHHS dr OT a 10 [+a:

Py

{
&

O dr O "dr Q I+a 10 1 0,1+0,2
_ _ — ) - 11
IRE T T —mj?—angfln i~ 4314885 102-01 0,2 =305 B.
0 0 a 0

T NOKYMEHT MOAMMCAH K@D 3apspKaroT A0 PasHOCTH IOoTeHIManoB Uy =
ANEKTPOHHOW MNOAMMCHIO o C =1 MK®D, B pe3ylbTare Yero IMoCIeIHIHH 3a-

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 -
Bnapened: WWHebayxoea Tateana AnekcaHgpoBHa KaroT TaKHM JKC GﬁpﬂBGM BIOpOH KOHACHCATOP
BEpTB]IuI HT.I. 3aTeM KOHACHCATOPhI COCTHHAIOT
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ITOCIIEN0OBATEIbHO. KaKyro MaKCHMAIbHYIO Pa3sHOCTh ITOTEHI[HAIOB MOKHO ITOJIYYHTh TaKHM 00-
pazom?

JlaHo:

Co= 20 MxD=20-10"°D HauamsHeIH 3apsag KOHgeHcaTopa eMKOCThIO Co Oyaer  Up= 400
B paBHEIM (¢ = Co- U. C = 1Mx®
[Ioce moakmroYeHnsI K HEMY KOHJIeHCaTOpa EMKOCThIO C

L]
dl

psin Qo pacnipenersaercsa Mexay Co u C. Ilocne orcoenunue- U =7
HHA C or Cp Ha 000HX KOHJIeHcaTopaxX OyIeT OJHHAaKOBas

[ ]

Pd3HOCTD ITOTCHITHAIIOB (T.I{. HX COoeJHHEHHE OBIIIO ITapali-

JIETIbHBIM).
U = o Gy,
' TTFCTTCTFC
0 0
C*U

0 0

C,+C

HpH ITOCJICOAVIOIICM ITOAKIIFOYUCHHIT BTOPOI'O KOHACHCATOPA C Ha KOHACHCATOPC C{] OCTAHCTCH
sapsn Ox= Co- Ua.

Ha xoHzmeHcaTope Co OCTAHETCSI 3apsif 0,=C,-U,=

cu c Y
[Tpruem U, = _ > L | U,.

Cﬁ-l-c Co +C| J

[IoBTOPSSA 5TY Omepaifiro n pa3, Mbl OyJeM HMETh Hﬂﬁﬂ? KGHI[EH%@TGPGE: 3apsDKEHHBIX 0

Harpspkermii Uy, Us, Us,..., U, (n=1,2,3,...). U, =U] B
o +C )
OOIlee HaIpsKEHHe IIOCTHE IOCTIEHLOBATENBHOIO COEMHHEHHS BCEX 71 KOHJEHCATOPOB OyeT
PaBHO
- 4+ o4 culoc e G )
U U Uy Uy =" 0dl+ ¢ Totte=tef+t (e—tey

0 \ 0 0 0 )

[IpocyMmMIIpOBaB MOTYYEeHHYEO OeCKOHEYHYIO YOBIBAIOIYEO T€OMETPHYECKYIO IIPOTrPECCHIO
HaHJleM e€ CYMMY PaBHVYIO MaKCHMAIIBHOH Pa3HOCTH ITOTEHITHATIOB U:

C,U, _ 20-10°-400

U="2"¢ = 38000 B.
C 10°°
OOKYMEHT MOONWUCAH
3NEKTPOHHOW NOAMNUCHLIO _
CepTudmiat: | “12000002A633E3D113AD425FB50002000002A6 SHCATOPOB EMKOCTSIMH 4 U 5 MK®D KaKJBIH, CO-
Bnapeneu: Lebsyxoea TatbAHa AnekcaHOpoBHa b C HAIPSDKEHHEM 220 B. TloToM 6aTapem OT-
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KIIFOUMIIM OT CETH, a KOHIEHCATOPHl PasbeIHHINIM M COSJHHIIIH IapaUiellbHO OOKIIaJKaMH,
HMEIOIHMH OJIHOMMEHHEIE 3apsabl. Kaknm OyIer HaIllpsKeHHEe Ha 3aKHMax ITONTy4YeHHOH OaTa-
pen?

JlaHo:

U =220B TaK KaK KOHIAEHCATOPHEI COSMIHEHEI TIOCIE0BaTEILHO, TO C =4 MKD
=4-10°®D 3apsd Kaxxaor M3 HUX H OaTapeH B LEIOM OJHHAKOBEI:

Cr=5MkD=5-10°D O1=0:=...=0.

E}‘AZKGCTB O0aTapeH IOCIeJOBaTEeIbHO COSIHHEHHBIX KOHAeH- Uz =7
CaTOPOB BRMMHCIISASTCA IO (pOpMYyTIe

L 51
C 1=1 Ci |
_ GG
EMKOCTB 6&TﬂpEH H3 IBYX KOHACHCATOPOB PdBHA C o ’
C,+C,

anxsapan Q=CU = (JC—II—CEJ U
L2

[IpH OTKIFOYEHHH KOHZEHCATOPOB 3apsi KakIOro H3 HIX COXpaHHTCS. [IpH ITapamnineIbHOM HX
F
CoeIMHEHNH OyAeT paBeH CyMMe 3apsmoB KoHAeHcaTopoB O =0, + 0, = 20, a eMKoOCTh 0a-

Tapen 6yzetT pasHa cymMme eMkocteit C' = C, + C,.

OOIee HaNpsKeHHE CTaHET PaBHBIM

Uj_QF_Q1+Q3_ 20
- Cx¥C C+C
| 2 |

2

[TomcTarnsasa B MOMy4eHHOe BEIpakKeHHe (popMyTy A1 0, ITOTYYHM:

g - 26U, 24107510220
T CrCcy @ISOy
1 2

Jamgaua 5. Kakoe KOIMMYECTBO TEIUIOTHI () BBIAEIMTCS IIPH paspsIKe ITIOCKOTO BO3AYIIHOIO KOH-
JIEHCATOPa, ECIIH PAa3HOCTh ITOTEHI[HAJIOB MEXKAY IUTacTHHAMM paBHa 10 kB, paccrosuue d=0,5
MM, a IUIOIIAAh S KaKIOH IIIacTHHEL paBHa 100 oM ?

JlaHo:
U=10kB=10*B CorJ1acHO 3aKOHY COXPaHEHHS SHEPIHH, KOIMYECTBO
d=0.5 MM=5-10"*m TEIUIOTHL J, BRIJEIIHBIIEECS B KOHIEHCATOPE IIPH €TI0
$=100 cMm*=10" M? paspsaKe, PaBHO SHEPIHH 3apsCKEHHOI'O KOHAeHcaTOpa
NOKYMEHT NOAOMNMUCAH CU>2
SNEKTPOHHOW NOANMUCHIO
Ceprudukar: | 12000002A633E3D113AD425FB50002000002A6 O=____
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa 2
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EMKOCTB IIOCKOTO KOHACHCATOPA OIIPEACIIACTCA I1O QJDPI%I}"HE

C = £S5
d

TJie € — QHANIeKTpHYecKas IIPOHHIIaeMOCTh cpeIbl (711 Bo3ayXa € =1). 3HaUHT

SUSU2 8,85-107'%:107% -10° 3

0= - _885.10 JTx=8.85 MJDx.
2 2.5.10-4 a A

Bonpocst 1 3a0 anuA.
1. DIeKTpHUYECKHH 3apsial M €I0 CBOMCTRA. 3aKOH COXpPaHEeHH I 3apsaa. 3aKoH KyoHa.

2. HEIHPH}I{EHHGGTB AJICKTPOCTATHYCCKOI'O ITOJIA. JImn HAIIPAKCHHOCTH SIICKTPOCTATHYC-
cKoro 1omd. I1oTok BEKTOPA HAIIPAKCHHOCTH.

3. [IpuHIpar cynepriosuiui. 11omne gJumons.

4. TeopeMa ["aycca i1 37IEKTPOCTAaTHUYECKOTO ITOMISA B BAKYYME.

5. [IprmeHeHNe TeopeMsl ['aycca K pacueTy IOJIEH B BaKYYME.

6. [{TUPKYIIIH I BEKTOPA HAIIPSKEHHOCTH 3IeKTPOCTaTHYECKOTO IO
7. IloTeHI[HAJI 3TIeKTPOCTaTHYECKOro IToId. Pa3HOCTE ITOTEHIIHATIOB.

8. CBI3b MCHEAY HAIIPOKCHHOCTBIO H ITOTCHITHATIOM. BrruricineHHe Pa3HOCTH IIOTCHIHAJIOB
11O HAITPSPKCHHOCTH ITIOJIA.

9. JlmsnexkTpukH. [10IIpH30BaHHOCTE JHAJIEKTPHKOB. HanpsokeHHOCTD ITOIIS B JHAIEKTPH-
KE.

10. Teopema I'aycca 1719 mojasg B JHANIEKTPHKE. Y CJIOBHS Ha I'paHHIIE pa3feiia IBYX JIH-
AIIEKTPHYECKHX CPeJ.

11. ITpOBOJHHKH B 3JIEKTPOCTaTHYECKOM ITOJIE. DIeKTPoeMKOCTh. CoeMHEHHE KOHJIEH Ca-
TOPOB B OaTapeH.

12. SHeprus cHCTEMEBI 3apsSA0B H YeJHHEHHOT O IIPOBOJIHHKA. DHEPrHsa KOHAEHCAaTOpa.
OHepPrus 3NeKTPoCcTaTHYECKOr O ITOTIS

3ajaun 1Ji CaMOCTOAT €JILHOTO penIcHnA

1. /IBe OecKOHeuHBbIe ITapalIeIbHEIE TUIACTHHEL PABHOMEPHO 3aPSKEHBI ¢ ITIOBEPXHOCTHOH ITJIOT -
HOCTBIO o1 = 10 HKII/M® H 0> = -30 HKI/M?. OmnpeaeniTh CHIY B3aHMOJAEHCTBHS MEXIY TUIACTH-

HaMH, TIPHXO/ISINYIOCS HA TUIOMIAAb S, PaBHYIO 1 M.
NOKYMEHT NOAMNUCAH

9NEKTPOHHOM MOANCHIO HbIE TUIACTHHBI, JJIMHBI CTOPOH KOTOPEIX a = 10

Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6 i . )
Bnapeney: llebayxoea TateAHa AnekcaHapoeHa vPABHCHHIO C JIMHCHHBIMIT PasMcp L INTaCTHH
>THH PaBHOMEPHO pacripedesieH 3apsg O = S0
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HKI1, Ha apyron — 3apsag Q2 = 150 HKi1. Onpenemts HAIPsDKEHHOCT £ 3IIEKTPHYECKOT O IO S
MEKIY TIaCTHHAMIL.

3. Ha oTpeske TOHKOro IpsMOro ITPOBOJHHKA IJHMHOH [ = 10 ¢M paBHOMEPHO pacIIpeleleH 3a-
PS¢ IHHEHHOH IIJIOTHOCThIO =3 MKKI/M. BRIMHCIINTE HanpsoKeHHOCTh E, cO3laBaeMyI0 STHM
3apSA0OM B TOUKE, PacIlOIOKEHHON Ha OCH IIPOBOJHHKA H YAAJIEeHHOH OT OIMMJKaiIlero KOHIa OT-
Pe3Ka Ha PacCTOSHIE, PaBHOE €0 IJIHHE.

4. B BepumHax KBaJpara HaXO[ASICs OJQHHAKOBEIE 3apsapl O = 0,3HKiI Kaxaein. Kakon oTpHIfa-
TEIBHBIN 3apsy ()1 HYKHO ITOMECTUTH B I[EHTPe KBajpara, YTOOBl CHCTEMA 3aPsA0B HaXOIIIAacCh
B ITOIIOKEHHH PABHOBECHS?

5. DIeKTpHYECKOe II0JIE CO3/IaHO ABYMS TOUYeYHBIMH 3apsggaMu O = 40 HKx u Q2 = —10 HKII,
HaXOISAIIHMICS Ha paccTOSHHH d = 10 cM apyr ot apyra. OnpeAelTh HaIPsDKeHHOCTh E I10MA B
TOUKE, YIAJIEHHOH OT IIEPBOrO 3apsja Ha r; = 1 2CM H OT BTOPOI'O Ha 12 = OCM.

6. Tpu ommHakoBRIX 3apsma =1 HKII KaXIbIH PaclIOIOXKeHEI 10 BEPIIIMHAM PaBHOCTOPOHHETO
TPEYrOIbHHKA. Kakon OTpHI[aTENBHBIA 3apsg (01 HYKHO IIOMECTHTH B IIEHTPE TPEYI OJILHHKA,
YyTOOBI CHCTEMA 3apSAOB HaAXOIWIACch B ITOJIOKEHHH PaBHOBeCHA? ByIeT JTH 3TO paBHOBECHE
YCTOHYHBEIM?

7. ToHKkag HHTh IHHOH [ = 20cM paBHOMEPHO 3apsDKeHa ¢ ITHHEHHOH ITIOTHOCTRIO 7= 10 HK/M.
Ha paccrosumm a = 10cM OT HHTH, ITPOTHB €€ CEPEIHUHBI, HAXOAHUTCSI TOUYEYHBIH 3apsy (O = 1
HKII. BEIYHCIHTE cHITY F, JeHCTBYIOI[YIO Ha 3TOT 3apsjl CO CTOPOHEI 3apsSKeHHOH HHTH.

8. B BepimHax mpaBHILHOIO IECTHYIOJIPHHKA CO CTOPOHOH a=10 CM pacItonoKeHBl TOUEYHEIE
sapsasl O, 20, 30, 40, 50, 60 (0=0,1 mxKir). Haiitu cuiry F, JeHCTBYIOIIYIO Ha TOUEYHBIH 3a-
pan Q, Neali B INIOCKOCTH INECTHYI OJIbHHKA, PABHOYIAJIEHHBIH OT €r0 BePIIHH H PaBHBIH

3apany Q.

9. TOHKHH JUIMHHBIL CTEPKEHh PABHOMEPHO 3apsKeH C JIMHEHHOH IUIOTHOCTBRIO T 3apsia, paB-
Hoil 10 MxKn/Mm. Ha mpomomkeHHH OCH CTEpPKHSI Ha pacCTOSHHH a=20 cM OT ero KOHI[a HaXo-
auTcs ToueyHbld 3apsan O = 10 HKn Onpegennures cwiy F B3aHMOIEHCTBHS 3apsSKEHHOIO
CTePKHSA M TOUYEYHOI'O 3apsa.

10. PaccrosHne Mexay ABYMS TOUYEYHBIMH 3apsgaMH (=1 MKKn u Q2 = - Q) paBHo 10 cm
OmpelelmuTs CHIy F, TeHCTBYIOIYIO Ha TOYeUHBIH 3apsy O=0.1 MxKI1, yaaneHHBIH Ha #| = 6 CM
OT IIEPBOrO H Ha =8 CM OT BTOPOr'O 3aPsIOB.

11. /IBe OGeCKOHEYHBIE MMapaJlIe/IbHBIE INIOCKOCTH HAaXOAATCSA Ha pacCTOSHHH d = 0,5 ¢M ApyT OT
apyra. Ha ImocKocCTSIX paBHOMEPHO pacIpeelIeHbl 3apsSAbl ¢ IIOBEPXHOCTHRIMH INIOTHOCTSMH G|
= 0,2 MkKi/M? 1 62 = 0,3 MK/ ONpeaeInTs PasHOCTE ITOTEHIHAIOB U MEXIY IIIOCKOCT SIMH.

12. OmnpeaemTs MOTEHIHAIBHYIO SHEPTHIO [/ CHCTeMBl YETHIPEX TOUEYHBIX 3apsSIOB, PACIIONO-
’KEHHBIX B BEPIIIMHAX KBaJpaTa CO CTOPOHOH NIHHOH a = 10cM. 3apsasl OAHHAKOBEI IO adco-
TIOTHOMY 3HaueHHI0 O = 10HKII, HO ABa M3 HHUX OTPHIIATENBHEI. PAaCCMOTPETE IBAa BO3ZMOKHBIX
CIIy4as PacIioIOKEHHS 3aPsIOB.

13. KakoBa ITOTCHIIHAJIIbHAA SHCPITHA 11 cucteMBl HETBIPEX OJHHAKOBBIX TOYUCHHBIX 3aPAI0B Q =
10K _nacoonnwenniry p penmyay ¥eaTnaTa 0 CTOPOHOH a = 10cM?

[IOKYMEHT NOAOMNWUCAH
3NEKTPOHHOW NOANUCHIO kD 1 O = 6D Soi
Ceprudukar: - 12000002A633E3D113AD425FB50002000002A6 MKW H C2 = OMKYW COCIHHEHBI MEKIY COOOH H
Bnapeneu; lHebayxora TarbAHa AnekcaHgpoBHa )HpE:l[E:J]IITL 3dpPsAAbI Q[ H Qz KOHACHCATOPOB H
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PasHOCTH moTeHIHanoB Uy u Uz Mexay HX oOKIaJKaMH, eCIIH KOHIAEHCATOPhl COeqHHEHBI: 1)
IapajyIelIbHO, 2) IIOCIEL0BATEIBHO.

15. KonaeHcarop smekTpoeMKOCTRI0 € = 0,2MK®D OB 3apsKeH JI0 Pa3HOCTH ITOTEHIHAIOB U =
320B. Ilocne Toro xak ero COeQHHIWIH IapaUIe]IbHO CO BTOPBIM KOHJIEHCATOPOM, 3apsUKEHHBIM
0 Pa3sHOCTH IToTeHIManor U, = 450B, HanpsoxkeHue U Ha HeM H3MeHHIoch 10 400B. Breruric-
JINTH EMKOCTE (2 BTOPOI'O KOHJIEHCATOpPa.

16. BnexTpryeckoe none co3gaHo 3apsokeHHOH (Q = 0,1 MxKi) chepoint pagmycom R = 10 cm.
Kakopa sHeprus W nomns, 3axmodyeHHasa B 00beMe, OTpaHHYeHHOM Cc(pepoH H KOHIIEHTPHYECKOH C
HeH c(pepHUYeCKOH ITOBEPXHOCTHIO, PaJHyC KOTOPOH B IBa pa3a OONbIIe pagHyca c(epsl.

17. Ilap paguycoM R =8 cM 3apsokeH 0 noreHimana ¢1=>500 B, a map pagumycoMm R>=4 ¢M - 10
roreHIpana ¢>=300 B. OmpeaenuTs MOTEHIMAN (¢ IIAPOB ITOCIE TOro, KaK MX COeJHHHIIH ME-
TAIJIMYECKHM ITPOBOJHHKOM. EMKOCTBIO COEHMHHTEILHOI'O ITPOBOIHIKA ITPeHeOpeyb.

18. [lap paguycoM R1=6 cM 3apskeH 10 roreHiana ¢=300 B, a map pagnycoMm Rr=4 ¢cM — 110
rmoreHIpana ¢2=>500 B. OmpeaemnTs MOTEHIMAN ( IIAPOB ITOCIE TOro, KaK MX COeJHHHIIHM ME-
TAIJIMYEeCKHM ITPOBOJHHKOM. EMKOCTBIO COEIHHHTEILHOIO ITPOBOIHIKA ITpeHeOpeyb.

19. Cuna F IpHTSKeHHS MeKIY INIaCTHHAMH IDIOCKOTIO BO3MYIIHOIO KOHAeHcaTopa paBHa S0
[ g e

MH. [Imomane S xkaxmon roracTHHEL papHa 200 cMm”. HalTH IDIOTHOCTE SHEPTHH W ITOJIS KOHJIEH-

caropa.

20. Kakoe KOIHYeCTBO TEIUIOTHI () BBIAEIMTCS IIPH PaspsIKe IUIOCKOrO KOHAEHCATopa, €CIIH
Pa3sHOCTH IMMOTEHIMAIOB U/ MEXIY IUTaCTHHAMH paBHa 15 KB, paccrosHie d = 1 MM, JHAIEKTPHK
— CIIFOJIA M IUIOINAAb S KaKJIOH Iu1acTHHBI paBHa 300 cm?

2. Huxepos, B.A. ®u3uka: coBpeMeHHBIH Kypc / B.A. HukepoB. — 2-e u31. — Mockpa : 13-

IaTeNbCKO-TOproBas Kopropaims « JlamxkoB 1 K°», 2016. — 4352 c. : wi1. — PexxuM gocryma:
o nmommicke. — URL: http://biblioclub.ru/index.php?page=book &i1d=453287.

IIpakTH4yeckoe 3aHsATHE 8.

Tema 3anamuas. HpﬂEﬂ,[[HHHH B AWICKTPHYIECKOM II0JIE. 3.]IEHT])H‘IEERHE nmoJic B 1M-
AIEKTPHKAX

H EJib 3AdHAMIUA. I/IB}”IHTL ITPOBOAHIIKH B 3JICKTPHYCCKOM IIOJIC.
TEﬂpEﬂIHHECKﬂH Hacmas.

Jusnexkmpuxu. nekmpudeckoe noie 6 ousnekmpuxax. Ilonapuzayua ousnexkmpuxos. Ilonapu-
3ALILOHHbLE 3aPA0bL.

BekTop monsgpuzaipm (IMoISpH30BaHHOCTE) — 3TO JUITOIBHBIII MOMEHT eJIHHHIIEI 00heMa, OH

OITPEACIIACTCA COOTHOILICHHEM P= %E{]E, rac ) — AHIJICKTPHYCCKaA BOCIIPHIMYHBOCTD. Bek-
TOP BHEKTPI['-IECI{Gﬁ HHIOYKITIIH (HJ]II BEKTOP JJIICKTPHUCCKOI'O CMEIIICHIA OITPEACIACTCA BEIPAKC-

OJOKYMEHT NoanmvucAH
SNEKTPOHHOW NOANUCHIO
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Ionapuszyemocms. J[HANMEKTpHYECKas MPOHHI[A€MOCTh 3aBHCHT OT ITOJISPH3YMOCTH MOIIEKYII

—

BemectBa, P = PEOE. TeHsop nmojspusyeMocTH. B ofI1eM ciiydae AHITOIBHEIN MOMEHT MOJIE-

KyJIbI HE COBIIAQJ4CT IIO0 HAIIPABJIICHHIO C BHCIIHHM  MAI'HHTHBIM  ITOJIEM, ITOSTOMY

pi = Bi€oE; .
Inockuii koHOeHcamop, 3aNoaHeHHbIIl OOHOPOOHBIM Ousneknpiukom. B 3TON CHCTEME CBS3aH-
-

HBIE 3apsaabl Oy IyT TOIIBKO HA ITIOBEPXHOCTH, H CYIIIECTBYET CBS3b ‘P ‘ = Osrme O — moBepx-

HOCTHAA INIOTHOCTD CBA3dHHBIX 3dPAI0B.

Teopema I aycca ona ousnexkmpuxoe
JI151 IUBIIEKTPHKOBR BRITIOIHSFOTC S CIIEAYIOIIHE COOTHOIIIEHHS
- - D — -
;!.Pds_—q! divP P,

— e —

$ DdS = Q, divD = p.

Ilone moueunozo 3apsada 6 ousnexmpuxe

3aKOH K}’HGHH 1111 OeCKOHEUHOT'O OJHOPOAHOI'O JHI3IICKTPHKA HMECT BH/

o 4,

r.

4mee or

Venoeausa na cPAHLLfe pﬂ?aé‘ﬂﬂ dﬂyx aIHHE'KHI}?HKGE €60 GHEeUIHeM IJIeKTnpiiie cCKOM HoJle.

Ha I'PpaHHIIE Ppa3acila JHIJICKTPHKOB BBIOIOIHACTCA PABCHCTBO TAHI'CHIIHAJIbBHBIX COCTABJIAIO-

mux Bektopa FE: E;;, =FE> W PaBeHCTBO HOPMAIBHBIX COCTABILIIOINHX BeEKTOpa

D: D In — D 2n - YPHBHEHIIE HY&CCGH& AIIA OTHOPOJAHBIX JHIJIICKTPHKOB HMCECT B/
—J-E — L Q
VEVQ - .
€0

BHEPI‘H_H CHCTCMbI 3JIICKTPHYCCKIIX 34dPAJ0B B JIHS3JICKTPHKE. BHEPI‘HH ITOIIA B AHIJICKTPHKAX.
[ IITOTHOCTB SHEPI'HH 3JICKTPHYCCKOI'O IO B AHDJIICKTPHKAX OIIPCACIIACTCH BBIPAKCHHCM

DE

2

W =

Inexmpudeckuil MoK 6 NPOoBOOHUKAX

—

[IOKYMEHT MOANUCAH [3aHBl COOTHOIIIEHHEM IJdS =1 YpaBHEHHE
SNEKTPOHHOM MOAMUCHIO

Ceprudpmkat: - 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

87



= -

op
—+Vj =0,
ot /

3akon Oma Ona naomuocmi moxa. YoenvHaa npoeooumocniv, yoeiasHoe conponiiienetile

Me Xy TNIOTHOCTRIO TOKa H HAIIPSDKEHHOCTBIO HIIEKTPHYECKOro IO CYINeCTRBYeT ITHHEHHAS

CBs3b, J — GE (3akoH Oma B gu(epeHIHanbHON (popMe). 3akoH OMa JJIS OJHOPOJHOIO IPo-
I U

BOJHHKA 3aIlCHIBAcTCSA B BHAE =~ IR 3akoH J[>xoymsg — JIeHIIa 3aJjaeT KOIHYECTBO TeIlIa, KO-

TOPOEC BELIACIIACTCA B ITPOBOAHHKE ITPH ITPOTCKAHHI TOKd B CAHHHITY BPEMCHIH.

a!'Q_U2
dt R*

HPHBHJ'JLHGE OITHCAHHE ABHKCHHA 3aPAN0B B IIPOBOJHHKAX J4AC€T TOJIIBKO KBAHTOBAA TCOPIHA.
HPIMITHEHHH JNEKTPOHHAA TCOPHA ITPOTCKAHIA TOKA YCPE3 MCTAJLII OCHOBBIBACTCA HA JIBHYKC-
HHI 34pPA00B KdK KIIdCCHUYCCKHX YdCTHII, Hd KOTOPBIC ,I[Ef[GTE}"ET CHIIa CO CTOPOHBI J3JICKTPHYEC -
CKOI'O ITOJIL H CHIIA TPCHITA CO CTOPOHEI CPEABI.

IIpuMepbI pelmeHn s 3a1a4

3agaya 1. /[Mmomns ¢ 3jeKTpHyecKHM MOMeHTOM P=50 1mKi1-M ¢cBOOOHO YCTaHABIIMBAETCS B OJI-
kB

HOPOAHOM 3JIEKTPHYECKOM IT0JI€ HAITPSDKEHHOCTBIO E =30__ . Haittn paGorty, HeoGxozmmyo
M

JUISI TIOBOPOTa JHITONS Ha yrol a=30",

JlaHo:

.

P=50nKn-M=5-10"Kn'm PreMeHTrapHas paboTa IIpH IIOBOPOTE AUIIONSI Ha YT OI dat

B B
E=30""=310"" dA=M -do. .
M M

oa=30° rnel M = P-E -sIn0. - MeXaHHUYeCKMII MOMEHT CHII, JeHCT-

—

BVIOIIHMII Ha JHIIONB. o — YTOII MEXIY BeKTopaMH [ H P. 4=?
Taxym o6paszoM dA = P- E -sinal - doL.

[IpH cBOOOTHOM ITOIOKEHHH JHITONb B ANIeKTPHYecKOM ITone oL = () , 3HauMT ImonHas padora
MO2KeT OBITh pacCUHTaHa IT0 (POpMYIIe

oL

A:JP-Esina -do. = —PE - cosa, [% .
)

A & an-ll A 108 aninn o ana) Y— 9 .1077 —
NOKYMEHT NOANUCAH 0 )—2 107" 1x=0,2 MmxJ[x.
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Bonpocet u 3a0 anui.

1. JIM3IEKTPHKH B 3IIEKTPOCTATHYECKOM ITOJIE.

2. Iomsapuszaiusa JH3JIEKTPHKOB, BEKTOP ITOJISIPH3AL[HH.

3. CBA3b BEKTOpPA IOJISIPH3AIlHH ¢ 00BEMHOH H ITOBEPXHOCTHOH INIOTHOCTBIO CBSI3aHHBIX 3aps-
IIOB.

4. Teopema ['aycca Qi1 JUATTEKTPHKOB.

5. Ilomne ToueyHoro 3apsaa B JHAJIEKTPHKE.

3aJa4Yl 1J1 CaMOCT OATEJILHOI 0 penicHnA

1. TOYEYHBIH JHUIIONE C 3JIEKTPHYeCKHM MOMeHTOM p = 100 KM ¢cBOOOIHO YCTAHOBWICS B Off -
HOPOJHOM 3JIeKTPHYEeCKOM II0JIe HaIIpsKeHHOCThIo £ = 9 MB/M. JINTIONE ITOBEPHYIIH Ha MAaJIbIi

YTOJI H IIPELOCTABIIIN caMoMy cebe. OIMpeleINTh YacTOTY V COOCTBEHHBIX KONEOaHIIT JHITOMNA B
SNEKTPHYECKOM ITorne. MOMEHT HHepLMH J JHIIONS OTHOCHTEIIBHO OCH, ITPOXOASINEH dYepes
LEHTD AHIIONS, paBeH 4-1071% kr-m2.

2. Jlumnone ¢ 3neKTpHYecKHM MOMeHTOM p = 100 KM ¢cBOoOOIHO YCTAaHOBIICS B OQHOPOIHOM
AJIeKTPHYECKOM II0JIe HalpskeHHOCThIO £ = 10 kB/M. Onpenemiurs H3MeHeHHe ITOTEeHITHAIbHOH

sHepruu Al JUITONS ITPH IIOBOPOTE o Ha yroi o = 60°.

3 . JIMIIOJIB € 3NIeKTpHYeCKHM MOMEHTOM p = 100 nmKia-M cBOOOIHO YCTaHABIHBACTCSI B OMHOPO/I-
HOM 3JIEKTPHYECKOM IT0JIe HaIlpskKeHHOCcThIO0 E = 150 kB/M. Brerumicinres padory A4, HeoOXOIH-

MYIO JUISI TOrO, YTOORI IIOBEPHYTH JHIIONE HA yroi o = 180°.

4.OIpeeiTh HaIIPSKeHHOCTh £ H IIOTEHIHAIL @ TI0JIS, CO3JMAaHHOI0 TOYEYHBIM JIMIIOIEM B TOY-
Kax A u B. Ero snexrpuyeckni MOMeHT p = 1 KM, a pac-

CTOSIHHE r OT ToueK A H B 10 1eHTpa AuItonsd paBHO 10 cm.( A T
CM.PHCYHOK).
p H
() IZ O
B
i e .e ..... Ul#— ......... @.J .......
—

5. PaccrosHue [ Mexnay 3apsgamu Q= £3,2 K gurons pasHo 12 cM. Hanti Hanps:KeHHOCTh £
H ITOTEHITHAIl @ ITOJIS, CO3JaHHOrO AHMIIONIEM B TOUKE, VIAJIeHHONH Ha =8 CM KaK OT IIEPBOrO, TaK
H OT BTOPOr0 3apsja.

6. /IBa TOUEUHBIX JHIIONS C 3JIEKTPHYECKHMH MOMeHTaMH p; = | KiI-M u p2 = 4 nKmn-M Haxo-
ISTCS Ha PaCCTOSHHH r = 2 CM JIPYT OT JApyra. Haitu crimy HxX B3aHMOJIEHCTBHS, €CIIH OCH JHITO-
JIEH JIeKaT Ha OJHOH ITPSIMOH.

7. JIBa TOUEUHBIX JUIIONS C 3IEKTPHYECKHMH MOMeHTaMH p) = 20nKn-M u p2 = S0nKmn-Mm Haxo-
nared wa naceroguun » = 10 onomvr ot nnvra TaK, YTO MX OCH JIeKaT Ha OJHOH IIpsAMOH. BEI-

NOKYMEHT nogrnncAH - -
SNEKTPOHHOW NOANMCHLIO AHITIOJICH, COOTBCTCTBYIOIIYIO HX YCTOHYHBOMY
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8. OHPEI[EJ]IITL HaIlIp;-DKCHHOCTD E U mmorteHImMan (p IIOJIA, CO3JdBACMOI'0 TOUCHHBIM AHITOIIEM C
IJNIEKTPHYCCKIIM MOMCHTOM p = 4 K -M Ha PACCTOAHMIT ¥ = 10 cM ot IEHTPa AMIIOIA, B HAITPaB-

JICHHH, COCTABJIATOIIEM YI'OJI Ol = 60°c BEKTOPOM J3JIICKTPHYCCKOI'O MOMCHTA.

IIpakTH4yeckoe 3ansaTHe 9.
T'ema 3anamus. 3aKOHbI MOCTOSHHOT 0 TOKA.
Ilens 3anamua. V3y4UTh 3aKOHBI IIOCTOSHHOI' O TOKA

3HaHUA U YMEHUS, npuodpemaemsie cCy0eHmMOM 6 pe3yjibmanie 0C60eHUA membl, Pop-
MuUpyemble KomnemeHyuu. SJIEKTPHUYeCKHH TOK. CHia Toka. IINMOTHOCTE Toka. 3aKkoH Oma s
yyacTKa Ierm. COITPOTHBIEHHE ITPOBOJHHKOB. FICTOUHHMKH TOKa. OIEKTPOABHIKYIIAS CHIa
(5]1C). 3axoH Oma J1g yyacTka IenH, cofepxaniero 2J[C. 3akoH Oma Ui ITOMHOH eI, Pas-
BETBIIEHHEBIE 1leITH. 3aKoHbI Knpxroda. Pabora H MOIITHOCTE ToKa. 3akoH J[Koyird - JleHia. Terr-
JIOBOE JEHCTBHE BIEKTPHYECKOrO TOKA H €ro IMpPHMeHeHHe B TeXHHKe. DlIeMeHTapHas KIacCHYe-
CKas TEOPHS 3IEKTPOIIPOBOAHOCTH METAIIOB. ['paHMIBI IMPHMEHHMOCTH KJIACCHYECKOH TepHH
3JIEKTPOIPOBOMHOCTH. KOHTaKTHEIE SBIeHHS. BiageeT CIIOCOOHOCTBIO ITPHMEHSTH COOTBET-
CTBYIONI[HIH (PH3HKO-MaTeMaTHYeCKHH aIllapar IIpH pellleHHH ITpo(ecCHOHAIBHEIX 3aaY.

Aﬁﬂlyﬂﬂbﬂﬂﬂfﬂb membt. OCHOBHBIE ITIOHSATHS H 3aKOHBI ITIOCTOSHHOI'O TOKa IIPHMCHACTCA
IIPH PEIICHHH HHAXCHCPHBIX 34/1419.

T eopemuieckda uacmbo.
X@MIEPHCHHH{H HEKMPUYUECKO020 MOKA I YCJIO6HA €20 CyH{eCcmeée 06dHUA

B sneKTpocTaTHKE H3YUaJMChb ABJICHIA, GﬁYCHGEHEH}IHE HEITOABIDKHBIMH 3apsiaaMi. EciIH
10 KaKOH-TTHOO IMPHYHHE BO3HHKACT VIIOPAJOHUCHHOC ABHKCHIC 3aPAJ0OB H HUCPE3 ITIOBEPXHOCTD
TIEPEHOCHTCS 3aps. OTIHYHEIH OT HYIIS, TO I'OBOPAT, UTO BOSHHKACT SIEKTPHYECKHH TOK.

KomrgecTBeHHON XapaKTEPHCTHKOM AIEKTPHYECKOIO TOKA CITYKHT CHIIA TOKA — BEJIHYH-
Ha 3apsaa, IMIepeHOCHMOr 0 Yepe3 paccMaTPHBAEMYIO ITOBEPXHOCTh B eIHHHITY BpeMeHH. EcCIH 3a
BpeMS dt Yepes IIOBEPXHOCTE IIEPEHOCHTCS 3aPsf dq, TO CHIIa TOKA PaBHA:

=44
dt

Enumnieil ciibsl ToKa sBIsieTcs amriep (A). 3a HampaBleHHe TOKAa ITPHHHMAETCS HaITpaB-
JIeHHE, B KOTOPOM IIePEMEINAOTCS ITOIOKHTeIIbHbBIE 3apSAbl HIIH HaIIpaBJIeHHE, ITPOTHBOITONIOXK-
HOE HaITpaBIIEHHIO JABH KEHIS OTPHIIATEIIBHBIX 3apsoB. CBOOOJHEIE 3apsAbl, KOTOPBIE IIepeMe-
II[AIOTCSA B Cpejie, Ha3bIBAIOTCS HOCHTEIISIMH TOKA.

QHEKTPHIIEGKHIUI TOK MOJKET OBITH pacIIipcaclIICH HEPABHOMEPHO IIO ITOBEPXHOCTIH, UCPE3
KOTOPVIO OH TCHUCT. bornee geTalbHO TOK MOYKHO OXaPaKTCPH30BadaTh C IIOMOIIBIO BEKTOPA IIIIOT -

,D,(jWhil_EHT AOONMNUCAH SHZKVTCA B OITPEACIICHHOM HAIIPABIICHIHH CO CKO-

3NEKTPOHHOWM NOANUCLIO _

Ceprudhmkar: - 12000002A633E3D113AD425FBS0002000002A6 BAacTCiA BCKTOP, IIO HAIIPpAaBJICHHIO COBIIAdOITHI
Bnapeneu; Lebayxoea TateAHa AnekcaHapoBHa
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PHIIATCIIbHBIX BHPHI[GE): a 10 aOCOITIOTHOI BeTHYHHE PaBHBIH OTHOINEHHIO CHITBI TOKa dI yepes

JJIEMCHTAPHVIO TIIIOITA TKY das | » PACIIOJIOKEHHYIO B JIAHHOH TOYKE ITPOCTPAHCTBA IIEPIIEHIHKY -

JISIPHO K HaITPaBJIEHHIO JABHKEHHS HOCHTENEH., K €€ IUIOIIAIH.

Yucimo HocHTeNeH TOKa B eIHHHIlE o0heMa 11 Ha3bIBaeTCd ITIOTHOCTHRIO HOCHTEIIEH TOKA.
3aps OTAEIBHOIO HOCHTEN A OyIeT 0003HAYaThCH €.

Ecmi cBOOOTHBIMH 3apAgaMIl ABIIAIOTCH, HAIIPHMCP, 3JICKTPOHBI, a ITOJIOHTCIIBHBIC 3dPA-
AblI HEITOJIBH AKHBI (BTO HMEET MSCTO B METE[JIHEIX):, TO IJIOTHOCTh HOCHTeNeH OVIeT COBIAgaTh C
YHCIIOM CBOOOHBIX 3JIEKTPOHOB B eHHHIlE 00beMa.

BEI{TGP ITTIOTHOCTH TOKd MOYHO BBIPA3HTDb HCPE3 ITIOTHOCTD HOCHTelIeH ToKa H CKOPOCTB
# HX JIBHXKEHHSI. KommyecTBO 3apAdadd, IICPCHCCCHHOI'O 34

\ o BPEMI dt Jyepe3 HEKOTOPYIO ITOBEPXHOCTh S , IepIIeH/IH-
\ KYIFIPHYIO K BeKTopy ckopocTH (puc. 20.1), paBHO
| dg=n-e-u-dt-S. 3a BpeMd dt TUIOIMAAKY S IEPeCceKyT
O BCe CBOOOJHEIE 3apsbl B IAapalUIelIENHIIEle ¢ OCHOBAHIEM

S S  u mmmmoit udt . Ecmm miomanka S JocTaTOYHO Maia,
-+ > TO IIJIOTHOCTh TOKa B €€ IpejieriaX MOHO CYHTATh II0CTO-

_ .1l dg n-e-u-dt-S
SHHOH H TOTJla: j =— = = =n-e-u.

S Sdt S -dt

B BekTOpHOI popMe:

-4

=—n-€e€-u

CHIra TOKa Yepe3 IMPOH3BOIIbHYIO ITOBEPXHOCTh

I = I}dS
S

OINeKTPpHYeCKHH TOK, OOVCIOBJIEHHBIH ABHKEHHEM CBOOOJHEIX 3apPSJIOB B ITPOBOAHHKAX
Pa3IHMYHOH IIPHPOIBI, Ha3BIBAETCSI TOKOM ITPOBOIHMMOCTH.

CBoOOIHEIE 3apsAael B ITPOBOAHIKE HCIIBITBIBAIOT CTOJIKHOBEHHSA C aTOMAMII ITPOBOJJHITKA.

3a BPpCMA «CBOOOIHOrO ]’[pDﬁE:I‘El}} T MEXAY ABYMA CTOIIKHOBCHHAMH 3apAal B IIPOBOAHHKE ITPH-
DﬁpETHET HAalTPABJICHHVYIO CKOPOCTH BJOJIb BHCIIHET'O 3JICKTPHYCCKOI'O ITOJIAL

U=wi =__1T
Fﬂﬂ

rae E HAITPAAKCHHOCTD JIICKTPHUYCCKOI'O ITOJIA B ITPOBOJHHKCE. Ilocne OUEPESAHOI'O CTOJIIKHOBCHIA

CKOPOCTE TCPACTCA. BE],TEM:, A0 CIICAVIOIICI'O CTOIKHOBCHHA, ITPOHCXOJIHT HOBOC HAdPalllHBAHHE

JAOKYMEHT NOANMUCAH
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a) Hamune cBOOOIHBIX 3apSOB,

0) Hamiune »lIeKTpHYEeCKOro ITONISI BHYTPH ITPOBOJAHHKA, YTOOKI ITOJIep KHBaTh IepeMe-
II[eHHE 3aPSI0B.

HHEIGHpﬂﬂﬁ Hxcyida cujid, HanpAaAXCeHHoCnb

Ecmi 65 Ha HOCHTEIb TOKa JeHCTBOBAIH TOIBKO CHIIBI ANIEKTPOCTATHHUCCKOI'O ITOJIAL, TO ITO[
IEHCTBHEM STHX CHII ITOJIOKHTEIIbHbIE HOCHTEIH IICPCMCIIAIIICE OBl M3 MecTa ¢ OOJIBIIHM IIO-
TEHIHAJIOM K MCECTY C MCHBIINM ITOTCHITHAIIOM, d OTPHLATCIIBHBIC HOCHICIIH ABHIAIINCH OBl B
DﬁpﬂTHDM HAaIIpaBJIICHHH. OT0 npHBeIo Ol K BEIPABHHBAHHIO ITOTEHIHAIOB, H B Pe3yIbTaTe TOK
OBl ITpekpatiicsa. YToOsI STOro He IMPOH300UI0, JOIKHBI HMCTBCH YHACTKIL Hd KOTOPHBIX IICPEHOC

ITOIMOKHTCIIbHBIX 3dPAJ0B ITPOHCXOAHT B CTOPOHY BO3PACTAHHA (P , T.C. IIPOTHB CHII 3JICKTPOCTA-

THYecKoro Ioid. [lepeHoc HOCHTelneH Ha STHX y4acTKaxX BO3MOKEH JIHIIb C ITOMOIIBIO CHII HE
BIEKTPOCTATHYECKOr O ITPOHCXO0KIEHHS, Ha3bIBAEMBIX CTOPOHHHMH cHIIaMH. (DH3HYecKas IIpH-
poJa CTOPOHHHX CHII MO’KeT OBITh pa3mHuHa. Hampumep, Xxumidyeckas (Kak B aKKyMYIISTOpax),
MeXaHHYEeCKasl, MaTHHTHAS H JPYyTHE.

BennunHa, paBHas OTHOMIEHHIO PaOOThl CTOPOHHMX CHII ITO IEPEHECEHHIO 3apsiia K BEIH -
YHHE 3TOrO 3apsjia Ha3zbIBaeTCs AIIEKTPOABILKYINEH cinoil (3J1C).

OJ1C m3MmepseTcs B TeX Ke eJHHHIaX YTO H IIOTEHI[HAN, T.€. B BoJIbTax (B).

Ct OPOHHIOKO  CHIIY, IeH CTBYIOIIYIO Ha  34pAdd, MOMXHO IIPEACTABHTL B BHJC

Fomop = Egmopd » TR Eyy,, - HAIIPSXKEHHOCTD IO CTOPOHHUX CHIL. Pab0Ta CTOPOHHHX CHII

HaJ 3apsIOM Ha HEKOTOPOM v4acTke 1-2:

1-2 2. -
AW”GP - Q'J. Ecnmpdl
/

Pasmenus o0e 4acTH cOrmacHo onpeaencHuro 3 J[C Ha 3aps, ITOITYYHM:

-2 5 -
_ _YHemop T3
G612 = _[ Eﬂmapd!
9

JI1s1 3aMKHYTOH 1[ETTH :

& = T Eﬂnmpd [

OJIC. IeHCTBVIOIIAS B 3aMKHYTOH IIEITH, MOKeT OBITh OIIpeielieHa KaK LIMPKYIIIIH I BEKTO-
pa HAITPSKeHHOCTH CTOPOHHIMX CHIL

KPOME CTOPOHHHX CHIJI Hd 3dpPi] NEFICTBYIOT CHJIBI BIIEKTPOCTATHIECKOrO IO F E = QE .

PesvIIL THPVIOIIAs CHIIA, I[EﬁGTE}’TOH_[ElH B KaKIIOH TOYKE LIEITH Ha 3apAl., PpaBHA.

NOKYMEHT NMOAnmCcAH
SNEKTPOHHOWM NOANUCHLIO — ‘?(E + E{?Hmp)
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PaGota, coBepiraeMast 3TOH CHIIOH HaJ 3apsSaoM ¢ Ha y4acTKe LermH 1-2, onpeaensercs

2—}—} 2—} - L5 =

BRIDAKEHHEM A, = qJ' Edl + ffj Epmopdl - TX '1?_[ Edl =q(@1—@2), a
] ] ]

2 -

q_[ Eﬁmupd‘l = €72 , Torna paGora papHa Ao = Q((P;_' — (P> ) + g€
1

Ap
PaszemmM 0Ge YacTH Ha ¢ . B 7eBoii 4acTH OTHOIIEHHe —— ©003HAWIM Uj,. Bemiuma,

q
YHCJIEHHO PaBHAs OTHOIIEHHIO PabOThl H AIIEKTPOCTaTHYECKHX H CTOPOHHIX CHII I1I0 IlepeMellle-

HHIO 3dpidd K BCIIHYIHE 3TOI'O 3dPAld HA3BIBACTCA ITaJCHHCM HAIIPAAKCHIA IUI ITPOCTO HAIIPiA-

JKeHHeM Ha JaHHOM yuyacTke 1ermi U .

]'e-
1

£
| I ‘% Taxmm o6pazom (puc. 20.2),

Puc. 20.2 Up =¢; =P, +€)5

3aMeTHM, YTO eclH Ha yuacTke oTcyTcTByeT DJ[C, To U;r =@ — @2 . (Jng 3aMKHYTOIT

Ierm ToukH | u 2 coBmagaror, Py =@ wu, torma U =€72.) MOXHO IIOKa3aTb, YTO

U}Q = IR . THE R - momoe COIIPOTHBJIICHHE IICIIH H TOI' 14

IR=p;—@2+€2

DOT0 ypaBHeHHE BEIpakaeT 3aK0oH OMa JUIs HeOMHOPOJIHOIO yyacTKa IelH (¢ D]J1C).

Knaccuueckan MIEKMPOHHAA meopua 3JIEKmMponpoe 00UM OCIIL MEMAILIIOE6 1L ee Heoo-
CRdmoiuHOCHIb

BHYTPEHHSSA CTPYKTYPa METAJUIOB XapaKTepH3YeTCsa KPHCTAIJIMYECKOH PEeIeTKOH. B y3max
KPHCTAJUTHYECKOH PEIIETKH HAaXOAATCS ITOJIOKHUTEIIbHBIE HOHBI, B IIPOCTPAHCTBE MEXIY HIIMH
IIPaKTHYeCKH CBOOOJHO JBHKYTCS 0000MIeCTBIEHHBIE 3JIeKTPoHbl. Hemenxmii ¢uzuk 1. Jpyae
ITPEATIONOKHIII, YTO BIEKTPOHBI BEAVT cels KaK YaCTHI[Bl MAEAJIbHOrO Ta3a, M IIPeJIOKIII HC-
ITOJIb30BATh IS OITHCAHH S HX ITOBEeHH S H3BECTHBIE () OPMYIIBI KHHETHYECKOH TEOPHH Ta30B.

CucremMa CBOOOJHBIX OOOOINECTBIEHHBIX B KPHCTAJUIMYECKOH PEIIETKE IEKTPOHOB HA3hI-
BACTCS SIEKTPOHHBIM ra3oM. B oTimure OT MOIEKYI rasa, Inpoder KOTOPHIX OIPedellUICSI CO-
yIapeHHEM MOJIEKYII APYT ¢ APYIOM, 3JIEKTPOHBI CTAIIKHBAIOTCS IMPEHMYILECTBEHHO HE MEXIY
co00il, a ¢ HOHAMH O0Pa3yIOI[HMH KPHCTANIMYECKYIO PEIIETKY MeTajla. OTHMH CTOIIKHOBEHH -
MH 00VYCIOBIIEHO B YACTHOCTH, COITPOTHBIIEHHE MeTallla SIeKTPHYECKOMY TOKY.

XAaoTHYECKOEe TEIUIOBOE JIBHIKEHHE JJICKTPOHOB B MCETAJIIIAX MOMXKHO XadPaKICPH30BaTb
SkT

¥ ] &

T __ﬂbl{:bl"HE_H:r nﬂﬂﬂHEAH T TOMHATHBIX TCMIICPATYP <U> =~ IOJM-"‘(C ) HpH
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HaJIHYHH BHCIIHETO ITOJIA 3JICKTPOHBI oOnmagaroT eIle HEKGTﬂpDﬁ cpelHeH CKOPOCTBhIO HaIIpaB-

JIEHHOTO NBIDKEHUS i . OOBIMHO U ~ 107° =107 m / C.,TOECTh U << (o >

Bbsi600 3axornoe Oma u /[xcoynsa-Jlenua us 31eKmpoHHbIX nRped cmasjieHILU

3aKoH OMa.

CpE,[[HI]ﬁ ITYTh, HPD}{G,[[III%IB]IUI CBOOOIHO ABHKYIITHMHCAH 3JICKTPOHAMH MCEHAY JBYMA IIO-
CIICJOBATCIIbHBIMI CTOIKHOBCHITAMILI C HOHAMH PCIICTKH HA3BIBACTCHA cpelHeH JJIHHHOH CBO-

A
T =

U

OomHoro mpodera A . CpemHee BpeMsSI MeXAY ABYMS CTOIKHOBEHHSIMH (ompenenseTcs

CKOPOCTBIO XaOTHHUCCKOI'O ,I[EH}I{E:HI[H). HpH HaJTHYHH I10719 £ HamnparlIceHHAasd CKOPOCTh 3JIEK-

TPOHOB HAKAILIIMBACTCH 3d BPEMA cBOOOIHOr O Ipodera H K MOMCHTY CJICAVIOIIECI' O COYIaPCHHA
IIOCTHTaeT MaKCHMAaIbHOH BEIIHYHHBI:

CKOpPOCTh i H3MEHSETCH 3a BpeMd Ipodera JHHEHHO. I1oaToMy ee cpefiHee 3a Ipoder
3HAYEHHE PABHO ITOJIOBHHE MAKCHMAIILHOI'O 3HAUEHHS.

- I=- [ eE A

<
U>= _Uygxy =
2 2 mv
I [ITOTHOCTE TOKA:

- Y W

j=n-e-<u >= E
2no
j n- & -\

Koa( pHiiHeHT mponopIOHaIbHOCTH MeXKIY H FE obosHaunMm O = O

2mo (
IIPOBOAMMOCTH). B pe3ymbTaTe momyynM 3akoH OMa B ToKaabHOI hopMe (TmapaMeTphl OTHOCST-

Cs1 K JaHHOH TOYKe CeUeHH S HPGEG,I[HIII{H).

j=0-E

IIITOTHOCTE TOKa B ITPOBOIHIIKE ITPOITOPIHHOHA/IbHA HAITPAKCEHHOCTH 3JIICKTPHYCSCKOI'O I1O0-

g E . KoadpupieHT oM ITPOITOPIIHOHAIBHOCTH SBJISIETCS ITPOBOAHUMOCTE. (3amMevaniie. CpaBHHM

U

ITOTYYEHHYIO (POPMYIIYy C H3BECTHOH = re [IpoBoguMocTs G 0OpaTHO IPOIOPLIHOHAIIbHA

L
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U U U

E=" (] - gymmua nposoxrrka). Torza £ _ 1 U ,wm I'= ~ S§= ", uro u 1pebopa-
z S pl ol R

JI0CB.)

3axoH J[xKovis — JIeHIa.

K xoniry cBoGomHoro mnpodera 3IeKTPOH ITpHOOpeTaeT JOIMOIMHHTEIRHYI) KHHETHYECKYIO
SHEPIHIO, CpeJHee 3HaYeHHE KOTOPOi paBHO:

meu’ e*0?
<AE;, >= max — E?
2 2mvo?
eEA
(Hamommmm: u,,,,. =~ ).
mv

CTOJIKHYBILHCH C aTOMOM, SIEKTPOH, 10 ITPCAITOIIOKCHHIO, ITIOJIHOCTRIO IICPCHACT l’[pIIGﬁ-
PETCHHYIO HM SHEPIHIO KpHCTalIIHuecKOoH pelleTke. CooOIeHHas PEIICTKE SHCPI'HA HIACT H4A
VBEIHMYEeHIEe BHYTPeHHEH SHEPIHH MCTAJUIA, ITPOABIIAACH B €10 HAI' DEBAHHI.

U

s i s
Ka}I{,IEbIH JJICKTPOH ITPETCPIICBACT 3d CEKYHIY B CPEIHCM ~ }L COYITapPCHHII. O00o3HaAUM

HHCIIO 3JIEKTPOHOB ITPOBOAHMOCTH B CAHHIIIIC obbeMa n , TOT A4 ITOJIHAA SHCPI'HA, ISP IdHHAS
3IeKTPOHAMH 3a IHHHILY BPpeMEHH B eIHHHIIE 00beMa 6}",I[ET PaBHATBCAH.

2 en A =y
e 2\ n L ne
W=n-z<AE, }:n-z-—zEzz E? = E-
2muL 2mo v A 2mv
ne’
o = .
3Has, UTo I B pe3yIbTaTe ITOITYYHM 3aKoH [0y — JIeHIa B JIOKaIbHOI (POpME:

W=0-E°

TernmnoBas MOIIHOCTE, BELAEIISTIOIIASICS B eJHHHIE 0o0beMa ITPH IIPOTeKAaHHH SIIeKTPHYE-
CKOI'O TOKA ITPOITOPIHHOHAJIIEHA KBaJPATV HAITPSACHHOCTIH ITOJIA.

I ' 1 .2
[lepexogtor O w Ex pu j: (0= | E:iLHDH}“HIMWZ (iw =p*j2:,11m1
p c ptﬁJ
W=p-j’

[Tomyumwm gpyryro dopmy 3akoHa J[koyisg — JleHia. (OO0beMHas IDIOTHOCTh TeIJIOBOH
MOIITHOCTH paBHa ITPOH3BEICHHIO YIEIHbHOIO COIIPOTHRIIEHHS Ha KBafpaT INLIOTHOCTH TOKA).
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KitaccHueckast TEOPHS CMOITIa OOBSICHHTD ITOIIYHEHHBIC PdHCC 3KCIICPHMCHTAJIbHO 3dKOHEBI
Oma H /I)xovyng — JIeHIla, HO ecTh H CYIICCTBCHHLBIC 3aTPYIAHCHIIA. OCHOBHBIMH SBIIIFOTCS CIIE-

AYIOIIHC.

1. TeopeTHYeCcKOE 3HAUYECHHE ITPOBOJHMOCTH H3MCHAIACTCH C TehﬂTEpﬂT}fpﬂﬁ Giieo D ~ ﬁ

1
, IKCIIEPHMMEHTaJIbHAA K€ 3aBHCHMOCTD G — __.

T

2. KiaccHueckas TCOPHA HC B COCTOAHI OOBSCHHTBL TaKOe SBIIEHHE KaK CBEPXITPOBOIH-
MOCTE.

HMeroTca u APYITHE 3daTPYJHEHHA H B 3TOM HEAOCTATOUYHOCTD KIIaCCHYECKOH TCOPHH.

CoBpeMeHHasI KBAaHTOBAs TeOpHI AJIEKTPOITPOBOAHMMOCTH METAJUIOB ITOKA3BIBACT, UTO BCC
TPYAHOCTH KIIACCHYECKOH TCOPHH CBA3aHBI C TEM, UTO IIPEACTABIICHHC 00 JNEKTPOHAX KdK H]IC-
aJIbHOM Tase SIBIsIeTcsd IpyOrIM IIpHOmIDKeHHeM. Ha camMoM fgene JIICKTPOHBIL BHYTPH MCTAJLlId HC
ABITATOTCA TaKIMH GED@G,I[HLIMI: KdK 3TO CIICAYCT H3 KJIaCCHYECKOH TCOPHI.

B GDEPEMEI—H—IGﬁ KBaHTOBOH TCOPHH ITOKA3bIBACTCHA, UYTO JJICKTPOHBI BHYTPH MCTAIlId, KdK H
JJICEKTPOHEBEI B ATOME HE MOI'YT HMCTDb J]IG@}’IO SJHEPIrHIO, a JIHIBb BITOIIHE JHCKPCTHBIE SHAYCHIIA
SHEPIHH — SHEPITTA SJICKTPOHOB KBAHTVCTCA.

5. 3axkonst Kupxzogha

1. IlepBrIi 3ak0H Kupxroda:

ArsreOpanieckas CyMMa CHII TOKOB, CXOJUSIIIIHXCS B V3IIE, paBHA HVIIIO.

ZI&; :O

[Ipu 5TOM TOKH, HAYINHE K Y311y, IIPHHITO CUHTATh ITOIOXKHUTEIbLHBIMH, a OT
Puc. 20.3 y3IIa — OTPHILATEIIBHEIMH (MOKHO H HA000pOT — 3TO HECYIECTBEHHO).

3aMeTHM, YTO Y3€II — 3TO TOYKa, IJie CXOASTCS TPpH H Oomnee Toka. HarprumMep, mis puc. 20.3
TIEPBBIHN 3aKOH 3aIMMIIETCS TaK:

I — 0+ I; =0,

2. Bropoii 3akoH Kupxroda (0H OTHOCHTCS K JTIFOO0OMY BBIJIEIIEHHOMY B IIEITH 3aMKHYTOMY
KOHTYPY):

Arnredpanyeckast cyMMa IIPOH3BEIEHHH CHII TOKOB B OTJIEIBHBIX VUacTKaX IIPOH3BOIBHOIO

3aMKHYTOI'0 KOHTYPa Ha HX COIMPOTHBIIEHHS (CyMMa IaJeHHIl HaIlpsDKeHHI) paBHA ajreOpanye-
CKOH cynme DJ1C. IeHCTBYIOIIMX B 3TOM KOHTVYPE.

2 LR =2E
NOKYMEHT NoanncAH
ANEKTPOHHOW NnoancCeio HNICHH A 3312
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3amaua 1. Jlaner 12 snementos ¢ DJIC E =1,5 B u BHyrpeHHNM conporueieHHeM 1=0,40M.
KaKk HYXHO COEIHHHTh 5TH 3JIEMEHTBI, YTOOBI ITONYYHTHL OT COOpaHHOH M3 HHX OarapeH
HAaHOOJIBIIYIO CHJIY TOKAa BO BHEINHEH IIEITH, HMEIOMEN coIpoTHBIIeHHe R=0.3 OMm? Ormpene-
JINTH MAKCHMAJIbHVIO CIITY TOKA [nax.

JlaHo: : . —

N=12 I |

E =158 , |

r=0,4 Om

R=0,3 Om

J{ma:ur =

HPEI[HGHG}I{HLL HTO COCAHHCHIIC COCTOHUT H3 m ITaPAJLIICIIBHO COCTHHCHHBIX BeTBeH I10 1 T10-

CIeJIOBATENIbHO COeJHHEHHBIX S11eMEeHTOB B KaxIoi (cM. puc.). Ouepngno, N =m-n , Ilpu
TITocIIeOBaTEILHOM coefHHeHHH 3/[C H BHYTPEHHETO COIPOTHBIIEHHS 3I1EMEHTOB CKJIaIbIBAIOT -

s, 1oaToMy 3 1C KaxIoH BETBH EE =n -E , a BHyTpeHHee colmpoTHBIEHNE ry=n-r.

1 HRLI IHHPEIHHEHLHGM COCOHHCHII E CHCTCMBI PaBHa E OTACIIBHOI'O 3JICMCHTA H

7 Z 7. Cnegoparensto, DJIC coemunennd papHa D]JIC ormensHoil BeTeu E~ =E; , a BHyT-

c L

r
- B
peHHee COIPOTHRIEHHE coequHeEHHT F —
' om
_nr
Taxym oOpaszoM, AJ1 GatapeH 3JIEMEHTOB HMEEM Ec =n-E .u f; T —
m
110 3axoHy OMa 1719 3aMKHYTOH IIEITH ITOJTYYHM
E
J= € n-E n-mE N -E (1
retR N° . p nr+mR n-r+mR
m
N
Takxak N=m-n ¥~ — 10 oxoHuYaTeIHHO MOITyUHM
m
N E NE - 2)
] = ~ — . (
Nr+ m°R
—r+ mR
m
[IOKYMEHT NoanncaAH -
SNEKTPOHHOW MOANMUCHIO DENCTABIEHHYIO (hOPMYTIOH (2).
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I'(m)= ' "= NE *(Nr-l—mzR)—N*E -m-(2mR)

3)
LNrerERJ (Nr+m2R)2

NE (Nr+m’R)-2NE - m’R )

[ IpupasHHBas (3 ) K HYIIIO

0,
Nr+ m2R)
( )

HaHJeM MaKCHMalIbHOe 3HaueHHe m. B PE3VIIBTATC ITOIIYHIHM

_ N 12
o [N 1204 o, N _12g
R 0,3 m 4
Takmm oOpas3oM:
/ NE 12-1,5 _75A.

" pr+mR  3-0,4+4-03

OTBET. COeAHMHEHHE COCTOUT H3 YETHIPEX BETBEH 10 3 ITOCIEA0BATEIILHO COEHHEHHBIX SIe-
MEHTOB, MaKCHMAIILHEIH TOK 7.5 A.

3amaua 2. IIpu cuie Toxa /1=3 A BO BHEIIHEH LIeNH OaTapeH aKKYMYIISTOPOB BBIIEIISETCS MOII-

HocTh P1=18 BT, mipu cuie Toka L=1 A — coorBercTBeHHO P>=10 B1. Ompegemts DJIC E u
BHYTPEHHEE COIIPOTHBIIEHHUE r DaTapeH.

JlaHo:
=3 A Tak kak MonHOCTsE P = [ -U |, TO HanpspKeHHe B IIEPBOM CITYYae
- U—P' aBo BTOpoM U _ 5
P=18 Bt T P y  —
I I
3 E
=1 A M3 3axona OMa JJ19 3aMKHYTOH IenH - [ = .
R+r
P»=10Br |3 nmpuBeeHHEBIX BRIIIE PABEHCTR CIIEIYET
E ="
; P,
r=7 E =-/r+U E:Ir+_
! ! 1 ]
— 3 !
NOKYMEHT MOANUCAH E =1r+ P,
ANEKTPOHHOWM NMOANMCbLIO R
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P, P

Ir+ '=Ir+ "=r=_BRIL—-BlL =20,
T T 11 (1 —1)
I 2 I 2 I 2
P
n E =Ir+ '=12B.
I Il

Jamaua 3. 10 Keae3HOMY IMPOBOJHHKY, AHAMETPOM d = 0,6 MM, TeueT TOK 16 A. Onpeneanrs

CPEIHIOKO CKOPOCTb <U> HAITPABICHHOI'O ABIKCHHA 3JICKTPOHOB, CHIITAA, YTO KOHIICHTPAILHMA n

CBOOOIHBIX JIICKTPOHOB PaBHA KOHIICHTPAIIHH n' aTOMOB ITPOBOJHIKA.

JlaHo:

d=0,6Mv=6-10"m
I=16 A / - ol -

CPEI[HHH CKOPOCTD YVIIOPAOOUCHHOI'O ABHAXKCHHA 3JICKTPOHOB

(Y= o

IJle t — BpeMsd, B TeYeHHE KOTOPOro BCE CBOOOMHBIE ANEKTPOHEI, HAXOMMIIHECT MEKIY CeUeHH-
MH 1 H 2, mpoiing ceueHHe 2 (cM. pHc.), lepeHecyT 3apsax O = e - N, co3maBasi TOK CHIIOI

=== 2)

TJle e — 3IeMeHTaPHEIH 3aps, N — UHCI0 SIeKTPOHOB ITPOBOIHIKA, [ — ero JITHHA.
OYeBHIHO YHCIIO SIEKTPOHOB N=n-V=n-l-§ (3)
rjae V- 00beM, a S — IIJIOIafh CEYEHH S ITPOBOAHIKA. [10 yCcimoBHIO, n= n', ClIeOBaTEILHO

'—NA N, _Nyp

Y TMie M @
Vm p
3 KI®
rae N — HHCIO ABGI‘E],I[pG: P — INIOTHOCTD KCJIC3a ‘ p' — 7,87 " 10 .
A —
, ( M)
ONOKYMEHT I'IDﬂI'IHCﬁH KI
SNEKTPOHHOWM NOAMNMUCHIO D ITE
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IlomcraBiasa (4) B (3), a 3aTeM B (2), OKOHYATEIBHO ITOJTYYHM

7 - N, p-l-S-e
M-t
IMt
OTKYJia [ — .
N, pSe
Td ?
[ToxcTaBHM IOTyUYeHHOE BRIpakeHHe B (1), CUMTAs, UTO O = 2 ,
[Iociie rmpeoOpasoBaHHg HAHAEM, YTO
4IM 4-.16-56-107° -3

<U>: 2 2
Md"NxP-¢ 314.(6-10") -6,0-10%-7,87-10°-1,6-10""

4210 we 4.2 v

Bonpocet u 3a0 anui.

1. IlocTOSHHBIN AMeKTPHYECKHI TOK H €0 XapaKTepHCTHKH. 3aKOH OMa I yyacTKa I[e-

TTH.

2. CtopoHHHEe CHIBL. OneKTpoaBHKyInag cina (3/]C). 3akoH Oma U1 3aMKHYTOH LIETTH.

3. PaGora u MOIITHOCTE TOKA. 3aKOH /[0y - JIeHI1ia.

4. Knaccuyeckas 3JIEKTPOHHAS TEOPHS AIIEKTPOIPOBOAMMOCTH METAIJIOB H €€ HeIOoCTa-
TOYHOCTH

5. O60o6meHHbIH 3aKkoH OMma. [IpaBmna Kupxroda.
6. DINEKTPHYECKHH TOK B MeTalljIax.

3amaun 1Jig CaMOCTOAT €JILHOTO peIcHnA

1. Tpu Garapeun ¢ 3/1C Ei1= 12 B, Ex= 5B u E; = 10 B 1 oguHaKOBEIMH BHYTPEHHHMH COITPO-
THBJIEHHSMH 7, PaBHBIMH 1 OM, COeIHHEHBI MeXIY COOOH OJHOHMEHHBIMH ITOIIOCAaMH. COITpo-
THBJIEHHE COeJHHHTEIBHBIX ITPOBOJOB HHUTOXHO Majao. OIpedelIHTh CHIILI TOKOB [, HMIVIIHX
yepes Kaxayro OaTapero.

2. JIBe TPYIOIEI H3 TpeX IOCIIeI0BATEIbHO COEQHHEHHBIX 3IeMeHTOR COeJHHEHEI ITapasllIeIbHO.
DJIC E xaxpmoro sneMeHTa paBHa 1,2 B, BHyTpeHHee comporuBiaeHue r = 0,2 OMm. IlomyueH-

Has OaTapes 3aMKHYTA Ha BHEIIHEE COMPOTHRIeHHE R = 1,5 Om. Harru crny Toka / BO BHEIIHEH
I[ETTH.

3. BHyTpeHHee COINMPOTHBIIEHHE r OaTapel aKKYMYIISTOPOB paBHO 3 OM. CKOIBKO ITPOIIEHTOB OT

S — N, i W W it | —

' LEDI-'EYMEHT I'IGﬂFfHdAH O CTh, €CIIH, H3MEPS Pa3sHOCTE ITOTCHITHAIIOE Ha
SNEKTPOHHOW MOAMUCHIO eM Rg = 200 OmM, ITpHHATE ee paBHOH 3 /[C?
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4. 3alllyHTHPOBAHHBIN aMIIEPMETP H3MepseT TOKH CHIION a0 [ = 10 A. Kakyro HauOOoIbIIYIO CH-
Iy TOKa MOXKET H3MEPHTH HTOT aMIlepMeTp Oe3 IIIYHTa, €CIIH COIPOTHUBIIEHHE R, aMIlepMeTpa
paBHO 0,02 OM U COIMPOTHBIIEHHE Ry IIIVHTA PaBHO 5 MOM?

5. Cwia ToKa B ITPOBOJHHKE PAaBHOMEPHO HapacTaeT oT Ip =0 g0 /=3 A B TeUeHHE BPEMEHH | =
10 c¢. Onpegemts 3apag O, MPOIIESIIIHH B ITPOBOIHHKE.

6. anel 12 snemeHToB ¢ 2/1C E = 1.5 B 1 BHyTpeHHIM coImpoTHBIeHHEM r = 0,4 OM. Kak HyX-
HO COEIHHHUTEH 3TH 3JIEMEHTEI, YTOOBI ITOINYYHUTE OT COOpPaHHOH M3 HHUX OarapeH HaHOOIBIIYIO
CHIIY TOKa BO BHEIIHEH IIEITH, HMEIOIIEH CONPOTHBIEHHE R = 0,3 OM? OInpeaemuTs MaKCHMAJIb-

HYIO CHITY TOKa /max.

7. JIBa snmementa (E;=1.,2 B, r=0,1 Om, E2=0.9 B, r»=0,3 OmM) coemitHeHb OJJTHOHMEHHBIMH IT0-
nrocaMi. COIPOTHBIIEHHE R COSAHHHTEBHBIX IPOBOJAOB paBHO 0,2 OM. Onpenenurs CHIIY
TOKa [ B IIEITH.

8. OIpeaenuTh CHIIYy TOKa KOPOTKOI'O 3aMBIKAHHS HCTOYHHKA TOKA, €CIIH IIPH BHEIIHEM COIIPO-
THBJIEHHH R;=50 Om cumna toka B 1en# /1=0,2 A, a npu R;=110 Om cmita Toka B 1ienu [>=0,1 A.

9. KaryIika H aMIiepMeTp COeIQHHEHBI IIOCIEN0BAaTEILHO H ITOAKIIFOYEHBI K HCTOYHHKY TOKa. K
3a’KHMaM KaTVIIKH IIPHCOeJHHEH BOIBTMETP COMPOTHBIeHHeM Rz=1 KOM. [lokazaHmNsa amrep-
Mmetrpa /=05 A, BonetMmeTpa U = 100 B. Omnpepenurs compoTHBIeHHE R KaTVIIKH. CKOIBKO
ITPOLIEHTOB OT TOYHOI'O 3HAYEHHS COIPOTHBIIEHHS KaTVIIKH COCTAaBHT IIOIPEINHOCTh, €CIIH HE
VUHTBIBATh COMPOTHBIIEHHS BOJIBTMETPA?

10. K ucrounuky toka ¢ 3/|C E =1,5 B nnpucoeHHIIIH KaTYIIKY ¢ COMPOTHBIIEHHEM R=0,1OMm.
AMITEpMETP IIOKa3al CHIIY ToKa, paBHyIO [1=0,5 A. Korga K HCTOYHHKY TOKa ITPHCOEIHHIIIH
ITOCIIEIOBATEILHO EIe OJUH HCTOYHHK TOKa ¢ TakoH ke JJ[C, To cwia Toka [/ B TOH Ke KaTyIll-
Ke OKaszanachk paBHOH 0,4 A. OrpeIelIHuTs BHYTPEHHHE COIIPOTHBIICHHS 1| H 12 TIIEPBOrO H BTOPO-
I'O HCTOYHHKOB TOKA.

11. ITo mpoBOAHHUKY compoTHBIeHHeM R = 3 OM TeueT TOK, CIUIa KOTOPOro Bo3pacraeT. Kommiye-
CTBO TEIUIOTHI (), BBIJEIHBINEECS B ITPOBOJHHKE 3a BpeMd T =8 ¢, paBHO 200 J[x. OnpeneriTh
KOJIHYECTBO 3JIEKTPHYECTBA ¢,IIPOTEKIIIEE 3a 3TO BPEMS I10 ITPOBOAHHKY. B HavyalbHBEIH MOMEHT
BpPeMeHH CHIIAa TOKAa B IIPOBOJHHKE PaBHA HYVIIIO.

12. Cuiita TOKa B IIPOBOAHHUKE COIPOTHBIEHHEM R = 12 OM paBHOMepHO YOBRIBaeT oT  [Ip = S5A
no I = 0 B TeueHHe BpeMeHH ¢ = 10 ¢. Kakoe KomMyecTBO TeIUIOTEl ( BBIAEISETCA B 3TOM IIPO-
BOJHUKE 3a YKa3aHHBIH ITPOMEKYTOK BPpEMEHHU?

13. Ciuta TOKa B IIPOBOIHHKE COITPOTHBIEHHEM r = 100 OM paBHOMeEpHO HapacTtaer or Ip = 0 1o

Imax = 10 A B TeueHHe BpeMeHH T =30 ¢. OIpeJelInTs KOIMHYEeCTBO TEIUIOTHL (), BBRIAEIHBIIEECS
34 3TO BPeM4 B IIPOBOJTHHKE.

14. IIpu cune toka /1 = 3 A BO BHEIIHEHN ILENH OaTapeH aKKyMYJIISTOPOB BBIAEIISATCS MOIIHOCTD
Py =18 Br, mpu cwie toka I = 1 A — coorBerctBeHHO P2 = 10 Br. Ompenenurs 3/1C E u BHYT-
pEHHEeEe COITPOTHBIIEHHE r OaTapeH.

15. ObmMoTrKa JNMEKTPHYUCCKOI'O KHMITATHIIbBHHKA HMCCT JBC CCKIHH. Ecin BKIroUYeHa TOIBKO IICP-

AT ST SYMERT NOAMMCAH -7 S =7IH, eClIH TOIBKO BTOpas, TO 4yepes f» = 30 MHH.
ANEKTPOHHOW NOANNCLIO > CEeKI[MH BKIIIOYHTH IIOCIIeNoBaTenbHO? Ilapan-
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16. K 3axxymaMm GaTapeH akKKyMYJISTOPOB IIPHCOEMHHEH HarpeBartelns. DJ|C E OGarapen pasHa 24
B, BHyTpeHHee comnporuBleHHe r = | OmM. Harpepareib, BKIIOUEHHBIH B I[€Ilb, IIOTPeOiIder
MOIIHOCTE P=80 BT. Beruucinurs cumy Toka / B 1ierm ¥ KI11J] »# HarpeBatens.

17. 2J1C E Garapen pasHa 20 B. ConporusneHHe R BHEIHEH LEH paBHO 2 OM, CHIa TOKa [ =
4A. Hanru KIIJ] Garapen. IIpu KakoM 3HaYeHHH BHEIHETO conporuBiceHUS Ry KIIJI Ovyaer pa-

BeH 99%"7

18. K Oarapee akkymyisiropo, 2/]C E Koropon paBHa 2 B M BHYTpPeHHEE COIIPOTHBIIEHHE F
paBHO 0.5 OM, IIPHCOEAHHEH ITPOBOMHHK. OIPENEINTh: 1) conporuBieHHe R IIpo-
BOJHHKA, ITPH KOTOPOM MOIIHOCTE, BBIJEIIeMas B HEM, MaKCHMalIbHa, 2) MOIIHOCTh P, KOTOopas
ITPH STOM BBIJIETISETCS B ITPOBOJHHKE.

19. 3/1C Garapen akkymynsaropos E =12 B, cuna Toka / KOpOTKOro 3aMbIKaHHS paBHa > A. Ka-
KYI0O HAaHOOJIBIIIYEO MOIITHOCTE P max MOKHO ITOIIVYHTE BO BHEIIHEH LIEMH, COSAHHEHHON C TAKOH
Oarapeen?

20. Jlamriouka H peoCTaT, COCAHHCHHBIC ITOCIICAOBATCIIEHO, ITPHCOCIHHEHBI K HCTOYHHKY TOKA.

Hanpsoxerre U Ha 3akuMax TaMIToukH paBHO 40 B, compotuBieHHe R peocrara paBHO 10 OM .
BHenmada merns nmorpedister MomHocts P=120 Br. HanTu cHiry ToKa B LIETH.

21. B MeqHOM IIPOBOIHHKE JIIMHOH /=2 M H IUIOINAJBIO S IIOIIEPEYHOr0 ceueHus, paBHoH 0.4
MM, HIET TOK. IIpH 5TOM eXKeCeKYHIHO BBIIEIIeTcsI KomH4ecTBO TermoTel 0=0.35 J[3. CKomb-
KO 3JIEKTPOHOB N ITPOXOAHT 3a 1 CEKYHAY Uepes IOMEPEUHOE CeUeHHE TOr0 IIPOBOIHIKA?

22. IITOTHOCTD TOKA j B MeQHOM IPOBOIHHKE paBHa 3 A/Mm’. HaiiTH HaIpsDKEHHOCTD E DIIeK-
TPHYECKOr O ITOJIS B IIPOBOJHIKE.

23. IIIIOTHOCTH TOKA j B allFOMHHHEBOM IIPOBOJiE paBHa 1 A/nmm*. HaliTu cpefHIo CKOpocTh <v>
VIIOPSIMIOUYEHH OO ABHKEHHS 3IIeKTPOHOB, IIPEATIONaras, YTo YIciIo

CBOOOJHBIX AJICKTPOHOB, IIPEAIIOIIarad, YTO HHCIIO CBOOOJHBIX JJICKTPOHOB B 1 cM® amroMHHIS
PaBHO HICIIO aTOMOB.

24. OnpenenmTs CPeIHIO CKOPOCTh < v > YVIIOPSAOYEHHOI'O ABIKEHHS 3IIEKTPOHOB B MEJHOM
g

ITPOBOJHUKE IIpH cHile ToKa / = 10 A M ceyeHHH S IIPOBOAHHKA, paBHOM 1 MM~. [IpHHSTEH, UTO

Ka Kb aTOM MeIH IIPHUXOINTCS JABa IEKTPOHA ITPOBOAHMOCTH.

25. Cwta Toka I B METAIMYECKOM ITPOBOAHMKE paBHA 0,8 A, ceueHHe IPOBOJHHKA S= 4 MMZ.
[IpHHMMAsL, 4YTO B KaXKIOM KyOHYECKOM CAaHTHMETPE MeTallla comepkHTcsa n=22.5-10°° cBo-
OOHBIX 3JIEKTPOHOB, OIPEIEINTE CPEAHIOIO CKOPOCTh <»> HX YVIIOPSAOUYEHHOI'O JIBHKEHH L.

26. B MeIHOM ITPOBOIHIKE 06BEMOM V=6 cM® ITPH IIPOXOKIEHHH IT0 HEMY ITOCTOSHHOIO TOKa 3a
BpeMA /=] MHH BBIAEIHIOCHE KOIHYECTBO TEIUIOTEI (OJ=216 J[’K. BBRMHCIHTE HAPSDKEHHOCTH £
3JIEKTPHYECKOIO 1O B IIPOBOIHHKE.

27. MeTauIH4ecKHil IIPOBOIHHK JIBHKETCS ¢ ycKopeHHeM a=100 m/c’. Ucronp3ys KilaccHye-
CKYIO TEOPHIO 3JIEKTPOIPOBOJHOCTH METAJINIOB, OIPEAETHTE HANIPSKEHHOCTE £ 3IEKTPHYECKOTO

IIOIIA B ITPOBOJHIIKCE.
NOKYMEHT NMoanmcAH [
QNEKTPOHHOW NMOANMMCEIO POXOJAIICH HEPE3 CI'0 ICHIP. OHPEI[EJ]IITL pas-
Ceptudmkar,  12000002A633E3D113AD425FB50002000002A6 ero I{paﬁmmm TOYKAMIL
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29. MeTtammyecKHil cTepKeHb JBHKETCS BJIOIb CBOEH OCH cO ckopocThio »=200 m/c. Ompene-
JIUTE 3apsad (), KOTOPBIH ITPOTEYET Yepe3 ralbBaHOMETP, IMOAKIIOYAEMBI K KOHIAM CTEP/KHSL
ITPH Pe3KOM €r0 TOPMOKEHHH, eCIIH IIHHA [ CTepKHA paBHa 10 M, a COIMpOTHBIIEHHE R Beeil Iie-
ITH (BKIIXOYad I[elb TajJbBaHOMeTpa) paBHO 10 MOM.

30. YaempHasa IIpoBOJHMOCTE ¥ MeTaria paBHa 10 MCw/M. BeIUHCINTG CpeHIOO JHHY < [ >
cBOOOAHOrO ITpobera SIEKTPOHOB B METallle, €CIIH KOHL[EHTPAIHS n CBOOOIHBIX 3IIEKTPOHOB

o _
paBHa 10*® M~. CpefHIOI CKOPOCTh i XAOTHYECKOIO ABIKEHHS 3IEKTPOHOB IIPHHSTH PAaBHOIL
10° m/c.

Paznen 4. Marnernsm. DJIeKTPOMArHHT HbIe K0J1e0aHHA H BOJIHBI

IIpakTHyeckoe 3ansarue 10.
T'ema 3anamusa. 1lonsarue o MaruuTHOM noJie. 3axkoH buo — Capapa — Jlamaca.
Ilens 3anamus. V3ydiTh OCHOBHBIE IIPOSBIIEHH S MATHHTHOL O ITOMIS ITOCTOSHHOI O TOKA.

T eopemuieckan acmeo.

MaraurHas HHIAVKIHA H HAIIDAKRCHHOCTD MATHHTHOI'O I10J15.

IloTok BekTOpa MarHuTHoM HHAVKINH. T eopema I 'aycca g BekTopa B

TepMIH MarHHTHOe 1T0JIe BBed B 1845 roxy anrmidickuii (pr3uk M. Qapajaeii, cUHTaBIIIHIA,
YTO KaK 3JIEKTPHYECKOE, TaK M MAarHHTHOE B3aHMOJIEHCTBHS OCVIIECTBILIFOTCSA IIOCPEACTBOM
eIMHOI 0 MAaTEPHAIILEHOI'O TTOJIA.

M cTouyHHKaMH MAKPOCKOIITHYCCKOI'O MAIHHTHOI'O IIOJIA ABJIAIOTCA HAMAIHHYCHHBIC TCJId, IIPO-
BOJHHEKI C TOKOM H ABHKXYIITHCCH SJICKTPHUYCCKH 3dPTHKCHHBIC TCJIA. HpHpG,I[El ITHX HCTOUHHKOB
CAHHa. MAdI'HHTHOC ITIOJIC BO3HHKACT B PE3YIIBTATC ABHKCHHA 3dPAKCHHBIX MIHKPOYACTHIT.

MarHuTHoOE I10lIe — CHIIOBOE TTOJIE, ,[[EﬁGTE}’TOH_[EE Ha ABHAYIINHECHA JJICKTPHYCCKHE 3api-
AbI H Ha TClIA, oOmaarolHe MarHHTHBEIM MOMEHTOM. MarHHTHOe I10JIe XAPAaKTCPH3YCTCA BECKTO-

POM MarHHTHOH HHIYVKIMH B . 3HaueHHe [ oIpejAenseT CHIY, MeHCTBYIOIYIO B JaHHOH TOYKE
ITOJISI Ha JBHOKYIIHICS SIIeKTPHYECKHI 3aps H Ha TeJla, HMEFOIHEe MarHHTHEIH MOMEHT.

BEI{TGP B MOXHO BBeCTH OOHIIM H3 TPEX 3KBHBAJICHTHBIX CITOCOOOB:

El) HCXOASI M3 CHUIOBOI'O JeHCTBHSI MarHHTHOI'O ITONIS Ha ABIZEKYIIYVIOCA B HEM 3dPIKCHHYIO Ha-
CTHITY,

6) OCHOBBIBASICh Ha CHIIOBOM JIeHCTBHH MarHHTHOI'O ITOJIS Ha MaJIbIH 3IIeMeHT ITPOBOAHIKA C TO-
KOM.

e

E) HCXOSI H3 CIUIOBOT'O JeHCTBHS MarHHTHOTI'O ITOJIS Ha HE@DHLH_[}’TO PaMKY C TOKOM.

HEIHPI]IMIEP:, MATHHTHAA HHAYRKIIHA — BEKTOPHAA BEJIMYHHA, MOAYIIb I{DTDPGﬁ OITpEACIIA-

OOKYMEHT NOANMNWUCAH » s )
SNEKTPOHHOW NOONUCKIO CHCTBYIOLICH CO CTOPOHBI MAI'HHT-HOI'O ITOJIA Ha

CEDTHdJHHElT.’ 12000002A633E3D113AD425FB50002000002A6 a I H ,I[J]IIHE }f{IaGTI{aﬂf HPGEGI[I'HIHH
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B= M (Bl =Tn (1)

,HJIH I'I)ﬂ(bH‘IEGHGI‘G IIBOﬁpﬂ}I{EHIIH CTAITHOHAPHOI'O MAI'HHTHOI'O ITOJIA ITOJB3YIOTCA MCTO-
JIOM JTHHHH HHIYEKITHH. JIMHHSIMH MarHHTHOH HHAVKITIH (CHHGELIMI JITHITANMH MAaITHHTHOI'O I10-
.'I'L‘F[) HA3bIBAIOTCA JIMHHH, ITPOBCACHHEBIC B MAaI'HHTHOM IIOJIC TaK, UTO B KaXJOH TOYKe ITONI Kaca-

TellbHasd K JTHHHH MarHHTHOH HHAYKITHH COBIIAJ4C€T C HAIIPABJIICHHCM BCKTOPaA B MarHHTHOH

HHAYEKIIHIH B 3TOH TOYKe IToJIA. JIMHHH MarHHTHOH HHAYEKIIHH HHIJIC HE DﬁpBIEHIGTGH, T. €. HC
HayHHAIOTCA H He KOoH4Yarorcsa. OHH THOO 3dMKHYTEIL, THOO HAYT H3 OeCKOHEYHOCTH Ha OecKo-
HEYHOCTS.

MarHuTHOe I107Ie Ha3bIBAETCS OJHOPOAHBIM, €CJIH BO BCCX €10 TOYKdX BCKTOPD MAarHHTHOH

HHAYKIIII B mMeet OIHO M TO K& 3HaueHHe. B IIPOTHBHOM CJIYVHAC MAI'HIITHOC ITOJIIC Ha3bIBACT -
CA HCOIJHOPOIHBIM.

l[JIH MAI'HHTHOI'O IIOIIA, KdK H JJIA 3JICKTPHYCCKOI'O, CIIPABCIJIHB ITPHHIIILI CYIICPIIO3H-

ITHIT. MAI'HHTHOC IIOIIES B , CO3JdBa€MOC HECKOJIbKIMH HCTOYHHKAMH, PABHO EEI{TDPHGﬁ CYMNMECE

TIOTIEH 5. | TTOPOKAAaeMBIX KaKIbIM HCTOYHHKOM B OT/AeTbHOCTH:

— n — {2)
B: BE'
i=1

OTG}’TCTEHE B IIPHPOJAS MAI'HHTHBIX 34dPAA0B IIPHBOAHT K TOMY, HTO JINHHH MarHHTHOH
HHAVEKIIHH HE HMCHT HH Ha'idJla, HH KOHIIA. HGBTGI\{}*' IIOTOK BEKTOpPaA B HEPpEe3 JIHJ@}*TO 3dMKHY-

TYIO TIOBEPXHOCTh § paBeH Hymo. ClemoBaTelIbHO, TeopeMa I'aycca mis BekTopa 5B Qopmy-
JTHPYeTCS CIeAYIOIHM 00pa3oM:

3
o, -fBdS=0.  [oa-zs "

Hapsany ¢ mHaykipei B HCITonb3yeTcs ITOHATHE HAIIPSOHKEHHOCTH MarHuTHoro mnoins H |
KaK MePhI BO3JeHCTBHS Ha IIPOBOJHHKH C TOKOM H MarHHTHYIO CTPEJIKY (pa3MepPHOCTb e€ - A/m).

HHHPH}I{EI-]HDCTL H XdPAKTCPH3YCT MAI'HHTHOC IIOJIC, CO3JdBACMOC MAKPOCKOIIHYCCKIMIL TOKA-
MI1 H ITO3TOMY OIIPECACIICTCA X BCIIMYHHAMII, KGH(I)IH‘}’I)&L[HEﬁ B IIPOCTPAHCTBC H HE 3aBHCHT OT

CBOHCTB CPEAbI. BEKTGP HHAYEKIIH MAI'HHTHOTI'O ITOJIA B cea3an c HAIIPAACHHOCTBIO MAI'HHTHO-

romnonst H cOOTHOIIEHHEM
B = uuoH, 4)
rae B, = 4n -107" I'n/m — MarHMTHAs MOCTOSHHAS, LI — MaTHHTHAS IIPOHHI[AeMOCTh CPEIbL.

3axkon buo — Capapa - Jlanjaca JLis 3JeMEHTA TOKA.
Ha ocHOBaHMH aHaJIN3a OITBITHBIX JAHHBIX IS MarHHTHBIX ITOJIEH ITOCTOSHHBIX TOKOB OBI yCTa-

AOKYMEHT MNoarnncAH
SNEKTPOHHOW MOANMUCHIO
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dB =

Lol dlsin @ (5)
4T r 27

rac r — pagHyC-BCKTOD, ]’[pﬂEE:I[E:HHLIﬁ H3 3JIEMCHTA IIPOBOJHHKA B PACCMATPHBACMYH TOYKY

TIOILSL, (p — YTOII MeXKIY BekTopaMu dl u r .

HamnpasneHne Bektopa B MOXHO HaliTH 10 ITpaBITy Makceema (TlpaBHITy OypaBUMKa): eCiH
BBHHYHBATh OypaBYHK C IIPaBOH pe3bO0H 110 HAIIpaBJIEHHIO BEKTOPA INIOTHOCTH TOKA B AIIEMEHTE
IIPOBOJHHKA, TO HaIlpaBIEHHE JBHKEHHS PYKOSTKH OypaBUHKa YKa)kKeT HallpaBJIeHHe BEKTOpa

dB MarHHNTHOIN HHIYKI[HIH.
. Mazuummnoe none npamozo moka.

Harigem ¢ nmoMmornpero 3akoHa bro-Cagapa-Jlaruiaca MarHHTHOE ITOJIE IIPSAMOIIHHEHHOI'O IIPOBO/-
HHKa ¢ TOKOM / (pHcyHOK 1). IIycTh rp — paccTOSIHHe OT TOUYKH, B KOTOPOH ONpeJeNnseTcs II0le,
JI0 TIPOBOJHHKA C TOKOM. ToOrja pacCTOSHHE r OT Y4acTKa IMIPOBOAHHKA d MOKHO BBEIPAa3HTh TaK:

r=r,/sin®, rae ¢ — yron Mexay Bexktopamit dl wu r . JlmHa dl cBSI3aHa C YITIOM @, TIOX KO-

TOPBIM BHACH 3TOT YHACTOK ITPOBOAHHKA H3 paccmanI[E.aemcmﬁ TOYKI.

rd ¥
BNe dl =5 = ﬁi_q’ 6)
i sin@ S
I4 ITomcTaBHM 3TH 3HaUeHHSI B QOPMYITY (5)

w I-r -dp-sing-sino un I

dB =—2 . 0 _—__ 0. - S1M (pd(p
47 rl-sin® @ a1,

(7)

B COOTBETCTBHH C ITPHHIHIIOM CYIIEPITO3HINH (2) MarHHTHAS HH -

IYKIIHS U1 ydacTKa ITPOBOJHHKA B paBHa:

. 1

41 1, an r,

rac oy H P2 — VI'JIbl MCHAY BCKTOPOM IINIOTHOCTH TOKad B ITPOBOAHHKT H PAaJHYC-BCKTOPAMH,
ITPOBCACHHBIMI B PACCMATPHBACMYIO TOUKY H3 Hd4dlld H KOHIld YH1dCTKd ITPOBOJHHKA.

Puc.2.
D e e e e e e e o 2T _ _ _
NOKYMEHT NOANUCAH TO (p1 = 0.‘. (P2 = T H HHAYVEKIIA MAalr'HHTHOT'O I1O
SNEKTPOHHOW MOANMUChkLIO Iaca. B JTFHOOOH TOYKE IMPOCTPAHCTBA
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
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dl OBy 2wl ©)

B
4n r, 2mr,
I R JIMHMH MarHUTHOH HHAVKIMMH IO IIPSMOTO TOKA IIPeICTaBIISIOT
dB B coGoii cHcTeMYy OXBaTBIBAIOIMMX IIPOBOJ KOHI[EHTPHYECKHX
— > > -
0 n OKPYKHOCTEH.

2. Mazuummnoe none e yenmpe Kkpyzo06020 NPOGOOHUKA C NOKOM.

Kak cnegyeT H3 pHCYHKa 2, BCe AIIEMEHTHI KPYTOBOIO
IIPOBOJIHHKA C TOKOM CO3JIal0T B €ro I[eHTPe MAarHHTHOe IT0JIe OJHHAKOBOI'O HaIlpaBIIEHHSI —

BJOJIb HOPMAIIM OT BHTKA. [103TOMYy CIIOKeHHE BEKTOPOB (B MOXKHO 3aMEHHTB CIIOKEHHEM HX
MomyJei. Tak KaK Bce 3IeMeHTHI ITPOBOJHHKA MePIeHIHKYIISIPHEI PaJHyc-BeKTOpY (sing=1) u
PacCTOSHHSA BCeX 3IIeMEHTOB IMPOBOJHHKA JIO I[eHTPa KPYTOBOI'O TOKA OJHHAKOBEI H PaBHEIL R
TO cornacHO (5)

I .
ag=-" .t a (10)
4t R’
Torma HHTErpa, B3SATHII 10 KOHTYPY TPOBOJFHIKA, 7
0

B dl =

0

T : le,
4 R’ 4MR’

Tak Kak j;fﬂ = 2N R., To MarHUTHasA HHAYKIHA B I[EHTPe KPYTOBOI'O ITPOBOIHHKA C TOKOM B Ba-
KyyMe paBHa
I q -
B-n . (11)
0 0 2R

3. Maznummuoe none Ha ocii KpPVZ06020 GUIMKA C MOKOM.

WMHIYKIHS MarHHTHOI O ITOJIS BAOJIbL OCH, ITPOBE-
IeHHOH 4Yepes LEHTP KPYTOBOI'O TOKA IIepIleH I H-
KYIISPHO €r0 IUIOCKOCTH, OYAeT YMEHBINATECS I10
Mepe YAaleHHS OT KPYrOBOIO TOKa. EciIH Ha ocH
BRIOpaTh TOUKY M (pHC. 3), TO pe3yIbTHPYIOINAS

HHIYKIHS B oIpefendercsd Kak cyMMa ITpOeK-
- I[HI dB,, BRIPaKeHHBIX () OPMYJIOH.

B —sinpaB—- Xap=Fo Ry (2

' r 41t

3

) [IOKYMEHT MOAMNWUCAH L 2)
SNEKTPOHHOWM NOANMUCHIO
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13
B:uﬂij.dl Mn_fR_ | (13)

HHEHT.]]HHHH BEKTOPA B . MarauTHoe 1moJie COJICHOMIA M TODOIIA

B memsx yrpomieHHsS B BBIYHCIEHHH MarHHTHBIX ITOJIEH HCITOJIb3YeTCs TEOPEMa O ITHPKY -
ISIHH Pe3yIbTHPYIOMIEro BeKTopa B, Koropas (popMyIIHpyeTcsd Ha OCHOBAaHHH OIpeJlelIeHH S

IIHPKYIAIHH ¢ YUETOM HHIVKI[IMI MarHUTHEBIX ITONIEH B, , co3JaBaeMbIX Ka)KIbIM H3 TOKOB IIO
(16.9) B cooTBETCTBHH C 3aKOHOM bno — Capapa — Jlarutaca, B BHIE:

‘deI = MGZI“

rJIc HHAeKCOM k" 0003HAYeHEI IHIIb TOKH, OXBaThIBacéMbIe KOHTYPOM. CIIeIOBaTEIbHO, Teope-

(14)

Ma: WUPKYJIAUUA 6eKMOPA MAZHUMHOU UHOYKUUU B no npou3eéoasHoMy 3aMKHYIOMY KOH-
mypy pasHa aizedpauieckoi cymme moKos, 0X6dambléAeMbIX KOHMYPOM, YMHOMNCEHHOU HA |l

XapakTepHbIM ITPHMEPOM HCITOIB30BaHHSI TeOPEMBI O
B=0 IHPKYISAHH 5 (WM HaIlIpsoKEHHOCTH A |, 3aKOHa IIONHOIO

00000 00 TOKa) JUIS TIONYYEHHS PAaCUETHBRIX (POPMYII SBIIIOTCS TIOIE
0eCKOHEYHO JJIHHHOI'O COIEHON A, a TAK/KEe TOPOH/IA.

B: , .. u ~e
CoJueHonjg — CBEPHVYTLEIH B CIOIpallb H30IIHPOBaHHBIH ITPOBO/ -

e aE e e NS N SR . -
HHK, ITO KOTOPOMY TEUYET 3JICKTPHYCCKIIH TOK.

A D

Puc. 4.

IToJie 0ecKOHEMHOT0 COJICHOH A aKCHaJIbHO CHMMCETPHUYHO H MOXKET HMCTE JIOIIITE KOM-
ITOHCHTY, IIdPdJUICIIPHYIO OCH COIICHOM A4 (:EHTI{H HAMOTdHBI O4YCHDb IUIOTHO, PHC. 4)

Jlna onpeneneHssa B BHYTPH cOleHOHAA ITPHMEHHM 3aKOH ITOJTHOIO TOKa K KOHTYPY
AB;CDA, B HEM N BUTKOB. MIHTErpall He paBeH HYIIIO TOJIBKO Ha yUacTKe B;Cj H ITO3TOMY

— 13
B, - l=n-11-py, (13)
M3 (13) BHIHO, YTO mOJI€e BHYTPH COJIEHOMAA OJHOPOIHO H €0 HHAYKIIHS PaBHA:

B:]J,OH[?I;[[E H:N/f (14)

HPDHBEE,I[EHHE n{ Ha3bIBAETCI YHCIIOM dMIIEP-BHTKOB Ha METP.

B MAI'HHTHYIO HHAYKIIIO Hd OCH COJICHOHOd CHMMCTPHYHO PaAcCIIOIOKCHHBIC BHTKH BHOCHT

OJMHAKOBHIN BKIaA. [lo3roMy v KOHI[A IMOTYOeCKOHEYHOI'O COJIEHOHMIA HAa €r0 OCH MarHHTHAs
HHIYKI[HS paBHA ITOJIOBHHE 3Ha4eHH (16.14)

AOKYMEHT NoanmncAH ( 15)
SNEKTPOHHOW NOAMUCHIO |
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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