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ComepKaHHE

BeeneHue

Llems u 3agaun H3yYeHH S JHCLIMITIIHHEI
OO6opyaoBaHHE H MaTEPHAIIBI
HarmveHoBaHME IIpaKTHYECKHX padoT
ComepKaHie IMpaKTHYECKHX padoT

[IpaktHueckas padora Nel IIpocrenmme ¢gusndyecknme MoJaesIH, IMOJIOZReHHE
MATEePHAJIHLHOH TOYKIL
[Ipaktiueckass padora Ne2 Ckopoctb. BbIuHc/IeHHe NPOHAEHHOr0 IYTH.

YckopeHnue
[ IpakTHueckas padora Ne3 HopMaJibHOEe H TAHIT€HIIHAJIBHOE YCKOPEHHE.

[IpakTHueckas padora Ned IIpsMoJIHHEeHHOE paBHOIIEPEMEHHOE IBHIKEHHE.

[IpakTiyeckass padora Ned KHHeMaTHYecKass 4YAacTh OCHOBHOH 3aJa4H
MEXAHUKH.
IIpaktnueckasgs  pabGora Ne6  IloreHmmasmmHasgs  SHeprush.  OCHOBBI

TepMOJHHAMHKH.
[Ipaktiyeckas padora Ne’/ MarHuTHoe moJie ToKa JJIEKTPOCT AT HKA.

[IpakTHueckas padora Ne§ MarHmTHoe IMoJie TOKA JJIEKTpHYECKoOe IIoJIe B
AHIEKTPHKAX,
[IpakTiyeckas padora Ne9 3aKoHbI HOCTOSAHHOI'O TOKA.

IIpaktiyeckas padora NelO. MarauTHoe moJie Toxka. 3akon buo — Cagapa-
Jlammnaca.
[IpakTHueckas padora Nell. DureKTpOMarHuTHoOE I10J1€.

[IpakTHueckas padora Nel2. IlepeMeHHBIN 3JIeKTPHYECKHH TOK.
[IpakTiueckas padora Nel 3. I eomerpuyecKasi onTHKA. JIMH3bI
IIpakTHueckas padora Nel4. BosiHoBasi onTHKA.

IIpaktnueckass pabdora Nel>. HHrepdepennmna #H mM@paknaa cBeTa.
JlHCcHepcHs M MoJIAPH3AINA CBeTa
[IpakTiueckas padora Nel 6. KBaHTOBas IpHpPOAA U3TY Y€eHH 5.

[Ipaktiyeckas padora Nel7. KBaHTOBOMEXaHHYECKAA TeOpHSA BOJAOPOAHOIO

4T OMaA.
YyeOHO-MeTOIHUYECKOE H IH—I(l)GpMEH_[HDHHGE oOecrieueHHe JHCI[HITJIHHBI

IlepeyeHhF OCHOBHOH M JIONOJHHUTEIBPHON JIHMTEPATYPEl, HeOOXOAHMOH IS
OCBOEHHS JTHCIIHILITHHEL

IlepeueHr Y4eOHO-METOAHYECKOIO OOECIIEYEHHS CAaMOCTOSTIEIBLHOH PadOTHI

OOyl EXGAATRHTHCITHIUIHHE

3NEKTPOHHOW NOANMCLIO

Cepmdbui§3 2colblepeweHBIPECYPTORIEHIPOPRAIIHOHHO-TENIEKOMMYHHKAIMOHH O ceTH MHTepHET,
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BrejieHue

[IpakTHUeckne 3aHATHS CO3JAIOT  OIITHMAJIbHBIE JHAAKTHYECKHE YCIOBHSA IS
IeSTeIIbHOCTHOIO OCBOEHH S CTYAEHTaMH COJleP KaHHSI H METOA0IOTHH H3y4aeMOH JTHCIIHILIIHHBI
«(DHu3HKa», HCIIOIL30BAHHE CIIEIHAIIEHOTO Ja00paTOpHOrO OOOpPYAOBaHHA H TEXHHYECKHX
cpeacTB. IlpakTHueckHe B3aHATHS 3aHHMAIOT IIPEHMYINECTBEHHOE MECTO IIPH H3Y4eHHH
oOmenpodecCHOHAIPHEIX H  ITPO(ECCHOHANIBHEIX — JUCIHIUIMH. [IpaKTHYEeCKHE  3aHSATHS
IIPOBOISTICS C IIENIBI0 BEIPA0OTKH IMPAKTHYECKHX YMEeHHIH H ITPHOOPETEHHNS HABEIKOB B PEIIeHHH
3a7a4, 0OTpaOOTKH yIIpa:KHEHHI, BEOTOTHEHHH YepTeKeH, IMPOH3BOACTBE PACUETOB H T.II.

[{enpr0 IpaKTHYECKHX 3aHATHH SBISeTCS (POPMHPOBAHHE ITPAKTHYECKHX YMEHHH —
NIPo(eCCHOHAIIPHBIX  (BBIMIOIHATL OIpeJelIéHHbIe JeHCTBHSA, OIepallHH, HeoOXOIZHMBIE B
MTOCTIEAVIOMIEM B MpPO(ecCHOHATbHOH JSSITEIbHOCTH) WM Y4eOHBIX, HeOOXOJHMBIX B
IOCIIEAYIOMIEH YYeOHOH IeSTEIbHOCTH IO OOMIENPO(ECCHOHAIBHEIM H ITPOJ)eCCHOHAILHBIM
JTHCLIATIIIHHAM.

BuGnuorpaduyeckiii CIIMCOK COAEP’KHT CBeJeHHS O CIIPaBOYHOH JIHTepaType H

JOITOJIIHHUTCIIBHBIX H3JIaHHAX, HeOoOXOMHMBIX IS }THY@HEHHGI‘G H3VUCHHA OTACIIbHBIX BOIIPOCOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

[{enpr0 OCBOEHH S AMCIIHIUIHHEL «DH3HKa» SBIIETCS (QOPMHPOBAHHE YV CTYASHTOB
KOMIIETEHIIHI ITO3BOJISIOIIHI BEIPaO0TaTh HAaBBIKH (PH3HUYECKHX HCCIIEOBAaHHH B c(pepax
aKaJIeMHYeCKOH, ITpo( eCCHOHAILHOH H 00IeHaYYHOH JIeSITEIIbHOCTH.

3aauyH OCBOEHHS JHCI[HIUIHHBI:

— H3YYEHHE 3aKOHOB OKPY’KAIOIIETO MHPA B HX B3aHMOCBS3H,

— OBJIajicHHe (pYHAAMEeHTaIbHBIMH IIPHHIIIAMH H MeTOJaMH pPeIlleHHS HayYHO-TEeXHIIeCKHX
3ajay;

— (OpMHpOBAHHE HABBIKOB II0 IIPHMEHEHHIO IIONOKEHHH (PYHJAAMEHTAIBHOH (QH3HKH K

rPaMOTHOMY Hay4YHOMY aHalIH3y CHTYallHii, ¢ KOTOPHIMH HHKEHEPY ITPHXOIHTCS
CTAJIKHBATHCS IIPH CO3J[aHHH HOBBIX TEXHOJIOIHH,

— OCBOCHIEC OCHOBHBIX (I)HBII‘IECI{ID{ TEDleﬁ:. ITIO3BOJIAATOIIILX OINMCATh ABJICHHA B IIPHPOAC, H

IMpeaciiop INTPHMCHIIMOCTH 3THX TEDleﬁ AJIA PEIICHHA COBPEMCHHBIX H IICPCIICKTHBHBIX
TEXHOIIOIHYSCKILX 3a14.

2. Obopyooearite u mamepuaisl

ATImapaTHble CpeJIcTBa: IIePeHOCHOH HOYTOYK, IIPOEKTOpP, JOCKAa MarHHTHO-MapKepHasl.
YuyeOHas ayIHTOPHS IS MPOBeJeHHS YUeOHBIX 3aHSATHI, OCHaIlleHa oOOpyAOBaHHEM H

TEXHHYCCKIIMI CPEICTBAMH Gﬁ}HIEHIIH.

3. Haumenoeanue npakmuueckux paoom

N3 HHX
No TeMbl HanmeHoOBaHHE TEM JUCILHIUIHHEL, HX KPaTKOe O0reM IPAKTHYECKAs
IHCILTHIUTHHBI COIEpKaHHE JacoOB IIOJATOTOBKA,
JacOB

1 cemecTp
IIpakTnueckas padora Ne 1. Ilpocreiinme
dusHIeckne Moae/ I, MoJI0KeHHe
MATePpHAJIbHON TOYKH.
1 KuHemMartHka IocTyIaTelIbHOr O JBH K CHILS. 1,5
KuHemartHka BparareIbHOI O JBHKEHILS
MaTepHalIbHOH TOYKH. TaHIeHI[HAILHOE,
HOPMAaJIbHOE H ITOJIHOE YCKOPEHH S
IIpakTnueckas padora Ne 2. CKkopocTb.
BbIunc/ieHHEe NPOHIEHHOI 0 IIYTH.
5 YckopeHne

1.5
ST fﬁ%ﬁ%ﬁ%}{@H Hrrorona. Crna, Macca, ’

cepnldmnar 2C0000043E9 A MMIETEBCEA3TOPOTo3aKOoH HeroToHA. [ IpHHIMIT
Snangnew: tebayxosa Tar g MRS G T meficTBIS crut. TpeTHiT 3aKOH
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HrroToHa. 3aKOH COXPdHCHHA HMITYIIbCA.
3aKOH JBHKEHH S IMCHTPa MaccC

IIpakTHUyeckas padora Ne3. HopmainbHoe H
TAHTeHIIHAJIbHOE YCKOPEHHeE.

PaboTa, MOII[HOCTB, SHEPIrHSL. ITOHSITH S H
B3aHMOCBS3b. 3AKOH COXPAHEHHS SHEPTHH.
MOMEHT HHEPIMH. 3aKOHBI MEXaHHKH
BpalaTeIbHOI0 ABHKEHHS TBEPIOrO TENA.
KuHeTHueckas sHEPTHA IIPH BpallaTeIbHOM
IIBHKEHIH.

1,5

IIpaxTH4yeckas padora Ne4,
IIpaMo/HelHOEe paBHONEPEeMEHHOE
JABH/KEHHE.

KomnebarenpHbIe IIPOLECCH B MEXAHHKE.
["apMonmueckre Konebanus. CBOOOIHEIE
3aTyXaroIlHe KojieOaHu . BEIHYKIEHHEIE
KoneOaHNa. PesoHaHC. BOITHORBEIE ITPOIECCEHL B
MeXaHHKE

1,5

IIpaxkTHUyeckas padora Ne5,
KunHeMarn4yeckasi 4acTb OCHOBHOH 3a1a9H
MeXaHHKH. OCHOBHBIE ITOHATHS H 3aKOHEBI
MOJIEKVIIIPHO-KHHETHYECKOH TEOPHH.
CTaTHCTHYECKHE pacpedelIcHHI U CIIEACTBHSA
H3 HHX. ODIEMEHTH (PH3HYECKON KHHETHKH

1,5

IIpakTH4yeckas padora Neo6.
IHorennuaJibHAA 3Heprusa. OCHOBBI
TepMO,MHAMHKH.

BHYTpeHHSA 3HEPTH A HACAIbHOIO rasza.
BHYTpeHHII 3HEPrH S MHOT0aTOMHOTI'O Ta3a
Pabora B TepMoqiiHaMiiKe. Pabdora rasa mmpu
H30TEpPMHUYECKOM ITpoliecce. Havama
TEPMOJHHAMHUKH M CIIEJICTBHS U3 HHX.

1,5

IIpakTHueckas padora Ne7. MaraurHoe
[oJie TOKA JJIeKT POCTATHKA. DIEKTPHYECKIE
3apsIJIbl H 3aKOH COXPaHEHHS 3apsa. 3aKOH
KymoHa. DneKTpHYecKoe MoJIE.
HarmpsokeHHOCTS 1mons. Teopema ['aycca s
HAITPSDKEHHOCTH AEKTPHYECKOrO IO
PasHOCTE MMOTEHI[HAIOB. CBS3b
HAITPSDKEHHOCTH M PasHOCTH ITOTEHI[HATIOB.
OCHOBHEIE YPaBHEHHS SIIEKTPOCTATHKH B

BaKyyMe

1,5

Cepnl HKaT:
Bnangneu:

IIpaxkTHyeckas padora Ne8. MaraurHoe
[oJie TOKA DJIeKT pHIeCKoe 1oJIe B
THAJIEKTPHKAX.

[IpOBOHHK BO BHEIIHEM 3IIEKTPHYECKOM
8 TI0JIE. JIEeKTPOEMKOCTh. KOHIEHCATOPHI.

o Qﬁ%%ﬁﬁpmemmm MPOBOJHHKA. JHEPIH
SMNEKTPOBHRKTRIMMESKOrO ITONSL. [lomsapr3arpisa

2C0000043E9 0
Wﬂ%ﬁ Eﬂﬁ%ﬁemp}[m[ B

llleGayxoea TafsaHa BHa

JNEKTPHYCCKOM ITOJIEC.

1,5
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IIpakTH4eckasn padora Ne9. 3axoHbI
MOCTOAHHOIO TOKA.

[ IOCTOSTHHEBIH 3JIEKTPHYECKHH TOK. 3aKOH OMa.
[Tpapmna Knpxroda i HX mIpHMeHEHHE K
PacUEeTy AMEKTPHUYECKHX IIETNeH. 3aKOH J| KOy
— JleH1ra. PaboTa M MOIITHOCTE TOKA.
Kimaccrueckas 3leKTpOHHAS TEOPHS
TIPOBOJMMOCTH METAIIIIOB

1,5

HToro 3a 1 cemecrp:

13,5

2 ceMecTp

10

IIpakTHyeckas padora Nel). MarHuTHO€
moJie Toka. 3akoH buo — Casapa-Jlamiaca.
XapakKTEPUCTUKH MAarHUTHOTO ITONS. 3aKOH
buo — Capapa — Jlarumaca 1 ero npuMeHeHHeE K
pacyeTy MarHHUTHOr O Ioins. Teopema o
IIIPKYIISIIHH MarHUTHOT'O ITON . 3aKOH
Awmrepa. B3zanMoieHCTBHE ITapajuIe/IbHbIX
TOKOB

1,5

11

IIpakTH4eckan padora Nell.
DJIeKTPOMATrHHTHOE I10JI€.

3aKOH IIOITHOTO ToKa. ToK cMelleHus. EmHasa
Te OpHS MEKTPHUYECKHX H MATHHTHBIX SBJICHHI
Makcgesia. CHcreMa ypaBHeHHH MaKcCBena.
CKOpPOCTE pacIipoCcTpaHeHH I
BIEeKTPOMArHUTHOTO IO PelSITHBHCT CKas
TPaKTOBKA MarHHUTHBIX SIBJICHIII

1,5

12

IIpakTHueckasn padora Nel2. IlepemeHnbni
WIEKTPHYECKHH TOK.

I lepeMeHHEBIN 3IIeKTPHYECKHH TOK. OCHOBHEIE
TIOHSTHS H 3aKOHBI. BHXpeBoe ANMeKTPHYECKOE
1mosie. MoIIHOCTE, BbIJieNndeMas B LeITH
TIEPEMEHHOIO TOKa

1,5

13

IIpakTH4yeckas padora Nell.
I'eomeTpHueckass onTHKA. JIMH3bI
QotoMeTpHI. OCHOBBI IT'eOMETPHYECKOH
OIITHKH. 3aKOHBI OTPaKeHH S H ITPETIOMIIEHHS
CBETA. SIBIIEHIE TTOJIHOI O BHYTPEHHET O
orpakeHH . |IpunHimn MepMma. JIMH3EL,
(opMyTIa TOHKOH JIHH3BL. ONTHYeCKasI CHIa
TIMH3EL. M300pakeHIe IIpeIMETOB C ITOMOIIBIO
TH3. 3epkana. CHCTeMa JIMH3 KaK OCHOBA
OINTHYECKHX ITPHOOPOB

1,5

14

Ao

IIpaxkTHueckan padora Nel4. BosinoBan
ONTHKA.

SIB1eHNe HHTep()ePEHIINN CBETOBBIX BOJIH.
Jlmdpakipis CBeTOBBIX BOITH. J[H( paKI[HOHHAS
peleTka. BzanMoencTeHe

E&FH&M’I—HITH&IX BOIJIH € BCITICCTBOM.

SNEKTPORRGIMEPTIBEIOBETA. [IOorIoIeHIE CBETA.

C-:E'Tlld}mm 2C0000043E9 Elgﬁﬁn%%ﬁﬁé%%ﬂé%%[)%q) eKT Jlorepa.

Bnan

neu;

llleGayxoea TafbaH

eRCaHOpOBHA

CIJIHI)I I34IMI CBETA

1,5
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15

IIpakTH4eckan padora NelS.
NHTepdepennusa 1 qudpakiuus cBeTa.
Jucnepcus M MOJIAPH3AIHSA CBETa
3aKOHBI TEIIOBOI'O H3IIYUEHHS. 3aKOH
CredaHa-bonpiiMaHa. 3akoH BHHAa.
QoTtospdekTr. YparHeHHEe OHHINTEHHA 1A
BHellHer o (potosdekra. Macca, sHeprusa u
HMITYTIEC (DOTOHA. J[aBRlleHHe cBeTa. O] PeKT
KoMIrToHa M ero ajneMeHTapHas IpHpojIa

1,5

16

IIpakTH4yeckas padora Nel6. KBantoBasn
NPHPOJA H3TYUEHHS.

Mopenu atoma TomcoHa u Pezepdopaa.
JIMHEeNYaThIH CIIEKTP aTOMa BOJOPOJIA.
IIocTymarer bopa. Criekrp aroMa BOJAOPO/ia 110
bopy. KoprmycKyIsspHO-BOTHOBOH IYyaIH3M
CBOICTB BeNeCcTBa. HEKOTOPBIE CBOMCTBA BOJIH
ne bporuts. O61ee ypasHeHHe [IpemHrepa.
OneMeHTHI COBPeMEHHOH (PH3HKH aTOMOB H
MOJIEKVII

1,5

17

IIpakTH4yeckas padora Nel7.
KBaHTOBOMEXaHHYECKAA TEOPHSA
BOJIOPOJHOI0 aTOMA.

CocrTag, 3aps aTOMHOI0 sapa. MaccoBoe H
3apsioBoe yHeia. JlepeKT MacChl H SHEPrHs
CBsI3H sgapa. CITHH sapa M €0 MarHHUTHEIH
MOMEHT. AIepHBIE CHIIBI, HX CBOHCTBA, MOJIEIH
aapa. 3aK0H PagHOaKTHBHOIO pacliaja.
DOneMeHTapHEIe YacTHII. KocMimueckoe
m3rydyeHne. KiraccudHkaiiusa 371eMeHTapHBIX
yacTHIl. DH3HYecKas KapTHHA MIHpa.

1,5

Hroro 3a 2 cemecTp

12

HToro

25,5

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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4. Cooepacarue nadbopamopHsix pad om

Pasges 1. Mexanuka
IIpakTHieckoe 3ansarue 1.

Tema 3anamus. I11pocreniune pusnIeckKne Moae M, MOJI0KeHHE MATEePHAJIBHOH TOYK.

I[ens 3anamuq. 13y4uTh 3aKOHOMEePHOCTH JBHKEHHI MaTepPHAaIIbHOM TOYKH.
Teopemuueckas uacms.
IlocmynamenvHoe Oausicerile
CpemHsa (ITyTeBasi) CKOPOCTD:

B As
At

(0:)

rJe As—ITyTh, IIPOIeHHBII TOYKOH 3a HHTepBall BpeMeHH Ar. ITyts As He MokKeT yOBIBaTh H
IIPHHHMAaTh OTPHIlAaTeNbHbBIE 3HaYeHHS, T.e. As = (.

MrHOBeHHas CKOPOCTH (ITPOEKIIHA Ha OCh X ):

dx
v = —
X df
CpeHee YCKOPEHHE:!
Av.
(ﬂ ;- > _ X
| At

MrHoBeHHOe (JIMHEHHOE) YCKOPEHHE (ITPOEKIIHSI Ha OCh X ):

dv, d°x
a, = =

At At

OCHOBHBIE YpaBHCHHA KHHCMATHEKIL IIOCTVYIIATCIIBHOI'O  ABIKCHIDM. CKOPOCTE H  IIVID
PAaBHOIICPCMCHHOI'O ITOCTVIIATCIIEHOI'O ABHKCHIA.

v=U,+at,

at’ v’ -V,
§= U t+— 5=

rac U, —Ha4dJlIbHaiA CKOPOCTb (E MOMEHT BPEMEHH [ — 0): AJIA PABHO3AMEAJICHHOI'O JBHYKCHITA

a <0, 1 paBHOYCKOpeHHOro a > ().

HpH ABIKCHIIT TCJIA ITO BEPTHKAIIbHOMY HAIIPABJICHITIO B ITOJIC CHIIBI TAXKCCTH 3eMI a = g.

NOKYMEHT UDHWEHHE MamepranibH oLl MOYKU 1O OKPYHCHOCHILL
ANEKTPOHHOW NOANUCHIO
CeptudpMFTTOBAICKBPMSER:2205E 7BAS00060000043E
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w=—
dt
YTII0BOE YCKOPEHHE:!
. dw _ d ‘ip |
dt dt -

CBS3b MEEKILY JTHHEHHBIMH H YIJIOBBIMH BCJIIHYHHAMI ITPH ABHACHHH TOYKH ITO OKPYKHOCTH.

.
v=wR, a, =R, a,=wR,

M

IlE U—MOAYIIb JMHENHOH CKOPOCTH, @, H a, — MOAYIHM TaHI€HI[HAILHOIO H HOPMAIbHOIO
YCKOPEHHH, @ — MOJYIb YITIOBOH CKOPOCTH, &—MOIYIb YITIOBOIO YCKOPEHHS, R —paguyc
OKPYKHOCTH.

Moy ITOITHOTO YCKOPEHHS:

_ 2 2
a=.la, +a, .

OCHOBHBIE YPaBHEHHS KHHEMATHKH BpalaTeIbHOIO JIBH KEHHS. YITIOBAsS CKOPOCTh H YITIOBOH
ITYTh

w=w,+¢€t,

—@of+—, Q=
P 0 5 P > e

J11s1 paBHOTIIEpEMEHHOT'O BPaIl[aTeIIbHOI'O JBHKEHHS (5 = .«:unxr) , &> (0 — yCcKOpeHHOe BpalllcHHE,
£ < ()—3aMeJIEHHOE BpallleHHE.

CBsI3b 4aCTOTHI BpallleHH I 1 H YITI0BOIH CKOPOCTH:
w=2m.
CBs3b YITIOBOI'O IlepeMelleHH I H YHCIa 000pOTOBR N:

@=2aN .

IIpuMepbI pelieHH s 32124

3apaua 1. CTygeHT Ipoexarn ITOOBHHY ITYTH Ha BETIOCHIIENE CO CKOPOCTBIO v, = 16 kM/4. [lanee
IIOJIOBHHY OCTABINErOCS BPEMEHH OH €Xall CO CKOPOCTBIO v, = 12 KM/4, a 3aTeM J0 KOHIIA ITyTH

L, = :
HICI IEHNIKOM CO CKOPOCTBIO U, 5 xm/y. O SACIIHTS CPSAHIOIO CKOPOCTE ABHAKCHHA C cHTA4

Ha BCEM IIYTH.

Peutenite:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO
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JInmHa IepBOH YaCTH ITYTH §; =v;1; , BTOPOH YaCTH ITYTH §2=v2f2, TPETHEH YaCTH, S3=V3f3.

[To ycnoBHIO, 5;=52153, a BpeMs t>=t3. CpeJHSSI CKOPOCTb

{U} _ 5, =+ AR =+ AR
t+t,+t,

TaK KaK S1- [IOJIOBHHA ITyTH, TO BECh IIYTh PaBeH 2s;, BPEMS £ =51/ , OCTABIIEECT BPEMA
t,+t, =, TOrma

(0) = 25, _ 2v (v, +v,) |
S 2s, 20, + v, + 0,
v, L, +U,

3amgaua 2. [locnegHue 2 MeTpa ITYTH BEPTHKAIBHO ITafarolee Teno nporwio 3a 0,3 ¢. C Kkakon
BBLICOTHI I1aJ1aJ1I0 TEIO?

JlaHo:
h=2M £ *
[2 = 0:3(}
H
h
H — r} ,-'HT"..*’ £ .-ﬂ"f.«".-’f'#’.—".rT.»-’f'.f"a".f".-’f'

Bricory H mazgeHms Tena (0e3 HayalbHOH CKOPOCTH) MOXKHO OMNPEIEIHTE IO (popmMye

i

£

H = 8 . 371ech t—nojaHoe BpeMd IajileHHus.. O4YeBHIHO ! =1+ t2, TJe t1— BpeMs IPOXOKIeHH
) DOKYMEHT NOAMNWCAH

SNEKTPOHHOW MOANUCHIO
Ceopr IEPBORQ, ¥HACTK A, 12,7 BREMA FIPOXQKIEHH S ITOCTIETHHX 2-X METPOB ITYTH.

Bnapeneu 1Ay X0Bd iITbHAHA AJIeKCaHOpoOBHD

3aITHIeM YPABHCHHE ABHAKCHHA JJIA ABYX ITOCIICTHHX MCTPOB IIVTH, CHHTAA IBHACHHC
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—_—

l
h:qg+g~,
2

rac o) — CKOPOCTE, C KDTDpDﬁ TCIIO «BXOAHT» B 3TOT YHACTOK IIVTH.

81,
h— o2
2 h gt |
' L, .2

—

Crie1oBaTeIIbHO,

[IepBEIN YYACTOK ITYTH TEIO IMIPOXOAHT Oe3 HauallbHOH CKOPOCTH, T.€. vo= 0, a TaK KakK

S % h t,
g=—", 10 t,=—. VYuuremai(l), momyum [ =———=.

[ 8 | gt, 2

Takmm oOpasoM, o0Iee BpeMs IBIKEHH S Tela = {1+ 2 PaBHO

h t, h t,
t = — =4, =— = (2)
g, 2 = gt, 2

[Togcrarmsasg (2) B popmyny mig H, oKOHYATEILHO, ITOITYYHM

noe ) 1 b :
H=2% + = _ 19 +Q3

~ 3,33 M
2\ gt, 2 2 \10-0,3 2

3ama4a 3. Teno GpolreHO ¢ HaYaIbHOH CKOPOCTHIO vg = 20 M/c o yrioM a = 30" K TOPH30HTY.
OrmpeIemTh MaKCHMaIbHYIO BEICOTY MTOABEMA, JATBHOCTE ITOJIETa, a TaK K€ TaHTeHI[HAIbHOE H
HOPMAaJIbHOE YCKOPEHMS, PAJHYyC KPHBH3HEL TPACKTOPHH B HayaIbHEIH MOMEHT BPEMEHH.

JlaHO:
00=20 m/c
8‘"

a=30"

w
ho= ?
S =7 h
r=? v
’ e T X
ﬂn=-? Lehe
R="

BGGHGHLB}’EMGH ITPHHITHITOM CYIICPITO3HIIITH IBHKEHHH: IBHKEeHHE Tela IMpeACTaBHM KdK J1Ba
He3aBHCHMBIX ABHKEeHHS BIOIb OCEH KOOpPAIHHAT XHY.

M3 TpeyronbHHKA CKOpOCTEH HailleM HadallbHbIE CKOPOCTH

OOKYMEHT UDHHHEﬁli
INNEKTPOHHOW [TOLAINTNCBHD — .
— . e x 3 O O AL S _u e e UE!.‘-'L Uﬂ COS &x ? Uﬂ}f
EDTUOWEGT 2 AUV 43ESABBBOSZ2205ETBASDOOE000D00D43
Bnaneney Dayxoea TaTeAHa AnekcaHopoBHa

Brome ocn X JABH)XeHHE PABHOMEPHOE (IIPH OTCYTCTBHH COIPOTHBIIEHHS JBIKEHIIO, IPYTHX
| CHIL, IEHCTBYIOIIMX BAOIb OCH X , HET). ITosToMy vx He H3MEHSETCS, TO ECTh Ux = Vox.

=0, -SInx . (1)

11



Bmoms ocH Y JABHIKeHIE — PAaBHOYCKOPCHHOC 3a CHET CHIIBI TATOTCHIIAL HpH ITOJBEME Ha
BBICOTY h CKOPOCTh vy H3MCHACTCH CO BPEMCHEM IIO 3dKOHY:. U}r — Uﬂ}r — gf : C‘IHTEIH:, HTO B

MaKCHMAJIPHOH TOYKe IMoAbeMa U = 0, HaiizeMm BpeMsd ITOXBEMA f1: Uy = gt . YuursBasg (1),

ITOIIYHIHM

[ = (2)

N3 YPAaBHCHHA ABHXCHHA BAOJIb OCH Y HaH JeM BBICOTY ITOABCMaA

. T 7 T 7

. y,sine gu;sin“a U sin” @

=, - sinor = S T =5M
g 2g° 2g

gt;

h=v, -t —

W3 ypaBHEHHS PaBHOMEPHOTO JBIDKEHIS BJIONb OCH X, HaflJleM JabHOCTH MONeTa S:
S=v, -t=v, cosax-t,

rje t- o0Iee BpeMs IBHXKEHHS, H3 cOOOpaKeHHH CHMMETPHH, PABHOE YIBOSHHOMY BpPeMEHH
rmogbeMa, T.e. t=2 t;. Torga

. 7.
sina U, Sin 2«
& 8
dv

T aHTeHIHaTIbHOE YCKOPEHHE, ITIO OIIPEACIICHHIO, ﬂr — —— , d TdK KdK CKOPOCTb

dt

S=v,-cosa -2t =2v0,c08x -V, =34,6 M.

— [12 4 452 _ . [ 2
U—\/UKJrU , U, =V, ,a U =U, —gl, 3HAIAT U—JUM—I—(U{]F—gI) :

ax 2 b 0

Jp d ij+(Uﬂ},—gf)2 (uﬂy—gr).g

CleIoBaTeIbHO a = — —

Codt dt J(Uﬂy—gf)erUi

B HayanbHBEIH MOMEHT BpeMeHH =0,

‘8 U8 y,-sinc-g

% 7
=g-sinx=5mM/c".

v
a, = ———=
2 P L U
\j v, T+ U,y 0 0

IlomHOE YCKOPCHHC ABHXCHHA TClld, OYCBHAHO, P4BHO YCKOPCHIIIO CBOOOJHOI' O ITaJicHH g.

[TosTOoMy ﬂ:\/a[‘; +a_=g.

OTKyzma a, = \/gz —a’ =8,66Mm/c”.

) >
NOKYMEHT MOAMUCAH D" L
[To orfpsfroeRNRSANAcse —  CrepoBarebio R =— =46,2 M
CepTudukar: ECﬂﬂﬂﬂﬂdSEQﬂBBEE‘ﬁEEDEETBEEﬂﬂﬂEﬁﬂﬂﬂd3E (1

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa n

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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2 3
3amaqa 4. J[Be MaTepHAIbHEIE TOUKH ABHKYT CSI COITIACHO ypaBHeHISIM X, = Af+ Bt~ + C/t”,

x, = At+ B’ + C,t°, tae A1 = 4w, Bi =8 m/c?, C1 =—16 M/c?, 4> =2 m/c, B =—4 m/c?, Cs

= ] M/c’. B kakoil MOMEHT BPEMEHH [ YCKOPEHHE 3THX TOUEK OYIyT OAHHAKOBLI? Hafith
CKOPOCTH U1 M U2 TOYEK B 3TOT MOMEHT BPEMEHH.

JlaHo: J171s1 OTHOMEPHOT O ABHKEHHS YCKOPEHHE €CTh BTOpast
IIPOM3BOHAS OT KOOPAHHATHI, TO eCTh A = d 2Jc/ dt’
x,=At+ Bt +Ct’| WD IepBas IpoM3BOIHAL OT CKOPOCTH TO ecThd = dv/dt .
2 3
x,=At+ B,t"+C,t'| TlosToMy Hajfo, BHa4aje ONPEJENIHTh CKOPOCTH TOYEK:
dx,
=4 m/c. v, = Y (AII+BI +Cr)—A +2Br+3Cr (1)
[
dx,
=2 M/C. uﬁ_d _(Ar+Br +Cr)_m+231+36r“ (2)
) [
Bi=8m/c” . Ternepp HaNIeEM YCKOPEHIA. B=-4
dv,
/e’ . a, =— y A1+23r+3Cr)_ZB +6Ct 3)
[
U, N
C1=-16 m/c’ a,=———==(A, +2Bt+3C,t") =2B, +6C,t (4)
[
Cor=1 WE‘:3
a =a, [TpupaBusB (3) u (4), HAHJEM ¢:

B-B,  8—(-4)

' T3¢, C) 31 (16)

=0,235 c.

Teneps mojcTaBHM 3T0 3HaueHHe /B (1) u (2):
v = 4+2-8-0,235+3-(-16)-(0,235)° = 5,1 m/c,

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

3amaua 5. MHTEPHEUILHHH TOYK4A ABHXKCTCAHA Hd INIOCKOCTH COINIACHO YPABHCHHAM.

AOKYMEHT MNOANMCAH
é ANEKTPOHHOW NOAMNMCLIO

oo G i

Bn ':aéeneu,. HApPOBHA

Nencreutened: ¢ 19.08.2022 no 19.08.2023
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y = 3sin (E R t —B CEKYHIaX.
6
Haiiti: 1) ypaBHEHHe TpaeKTOPHH,
2) KOOPAHHATHI TOYKH,
3) IIOJIHYIO CKOPOCTE,
4) IOITHOE YCKOPEHHE;

5) TaHTeHI[HAIbHOE H HOPMAJIbHOE YCKOPEHHE;

0) pagHyc KPHBH3HEI TPAaeKTOPHH B MOMEHTHI BpeMeHH #1=2 ¢ H 12=6 C.

Pernrexue:

1. s HaxoxKAeHHS YpaBHEeHHS TpaeKTOPHH (3aBHCHMOCTH OHOH KOOPJAHHATHI OT APYTOH)
HCKIIFOYHM H3 YPaBHEHHI IIEPEMEHHYIO BEITHYHHY I

X T x* T
—=cos(—1o ~=Ccos (—1) 2y
4 6 —> 4 6 —> ~+ '}j =1
\ < 42 32
y . 7 ) .2, 7T
—=s1n( —¢) yﬁ., =sin"( —1)
3 6 37
\
DOTO YpaBHEHHE 3IIJIMIICA C IIONYOCSIMH a=4 M, b =3 M
4
A
A2, 2,6) B MoMeHT 1= 2c¢
T T
.x|=4m5[—-2]:>x|4m5—2m
6 3
X
> LT i T
8(-4.0] s, 3sin . 2 =y, =3sin—=2,6 M

B MoMeHkolametGionHieAn -4{:1:15(?{) —4M, y,= 351[‘1(?{) =0 M.
3NEKTPOHHOM NOAMNACHIO
Ceptudopgar: 2C0000043E9ABBBO952205E 7BAS00060000043E

Bnanenek AKHMQORA30M, ., 1B MOMEHT BPEMEHH 1= (0 KOOpAHHATHI TOYKH: A4 (x,y) = (2, 2, 6);

B MOMEHT BpeMeHH t>= 6 ¢ KOOpPAHHATEI TOYKH: B (x,y) =(—4, 0).
Nencteutened: ¢ 19.08.2022 no 19.08.2023

14



2. JI7sT HaX O IEHU A TIOITHOH CKOPOCTH HAIJAEM vy H vy B MOMEHTEL t; = 2¢ U £, = 6C:

r

. dx [ T ] 4 (;rr ] 2 [;ﬁr ]
p=X =—=| 4co8—t | =——SIN| —-t |=—=7msIn| —-¢
dt 6 6 6 3 6

r

, . [ﬂ' ) 3 [;rr } 1 [?3' ]
b=y =| 3sin| —-t || =—COS| —+1 |=—/TCOS| —-1
[ 6 J 6 6 2 6

m1=—4—ﬂxin[£ 2] —ﬂsin[il ——1,81 m/c.
6 6 6 3

DyI= lﬁms(fi()” ) =0,785 m/c.
2

Dnom 1=\/(—l,8)2 + (0.785)2 — 1,98 Mm/c.

AHaITOTHYHO HaXO/I} IM, HTO

’-:‘J_T3=—4—Eﬂi[] [E : 6) —(0wMm/c, IJ}-3=1?3'COS(?3') ——1,57 Mm/c.
6 6 2

Voomy 27— 1:57 WG

3. 1151 HaXOXIEeHH A TIOITHOI' O YCKOPEHH S Gnony HAHIEM Gy H @y B MOMEHTEI BpEMEHH 11 =2 CH =6

V4
a:,,._——;?r sin E :——;?r sin| —

3 3 3
Arnom. 1 = \/ﬂ;{ + ﬂ}: — 0,9 M/C”.

| 1 ,
ax) = —E”CDS[E'E}}:—H“ CDS(?Z'): 1,1 m/c”.
9 6 9

JOKYMEHT MNMOANCcAH
ClHEI'lTF'DHHGH Nnoannchio

Ceprudbigpgs: —2CO0000ATF I/ %ﬂ?ﬁB@imﬂﬂﬂmSE

Bnapeneu; L1 eﬁal'ﬁsa TateAHa AnexkCcaHgpoBHa

Neicrad R T DAEJEMQ 9.08.2023
15



2

L
4. HaiiieM HopManbHOe (L[EHTPOCTPEMHTEIIBHOE) YCKOPEHHE: d = E , TAHT€HIHAJILHOE

dv
YCKOpEHHE a4, — —.

dt

HaiineM vnom

a2 (2 . (m i | (7 i
UHDHH_JUKJruT — | Z@sin| —-t || +| —mwcos| — -1t —

3 6 2 6
77| —cos| —-t |sin| —-t |——cCos8| —-t [sin| — -t
du 9 6 6 2 6 6
:>£IT: — :
dt 4 z[n ] I z[n }
1277 |[—sIin“| — -t |[+—cCcos"| — -t
9 6 4 6
a . =0,22 m/c’.

Tl

CleIOBaTeNbHO A, = Jasm —al, = \/0,93 —0,22° =0,87 m/c”.

T akkak U__ ., =1,98 M/c, T0 pamiyc KpHBH3HEI B TOUKe A paBeH
v’ 1,98
R, =—= 4,84 m.
a, 0,81
257 cos( 7 )sin7r
AHaJIOTHYHO: a_, = 7 1 =0.
12-18,|—sin*(7 )+ —cos’(7)
9 4
, 1,57
CremoBaTelbHO a_, =a, =1, IM/¢" = R, = 1 —2.24M.

Bonpocet u 3a0 anus

MexaHmdueckoe ABHKeHHe. CHCTeMa OTCYETa.

MarepHaipHasa Touka. TpaekTopus. [lepeMelleHHE H ITYTh.

CKOPOCTh H YCKOPEHHE, KaK ITPOH3BOJIHEIE OT PaJHyC-BeKTOpa 10 BPpEMEHH.
TaHreHI(HaIbHOE H HOPMAJIbHOE YCKOPEHHS.

KiHeMaTHKa BpallareIbHOr O ABIKEHIS MaTEePHAIIbHOH TOYKH.

YTII0Bas CKOPOCTh H YITIOBOE YCKOPEHHE, KaK IIPOU3BOAHEIE OT YIJIa IIOBOPOTA I10

BPEMCHIL.

7. CBSI3b Me JTHHEHHBIMH H YIJIOBBIMH XaPdKTCPHCTHKAMIL ABHKCHITAL
AOKYMEHT NognmncAH
SNEKTPOHHOW NOONKUCLIO

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Snapenew.  Ilebsyxosa TateaHa ANGKCAHAPORRZ) g gy /IS CAMOCTOATEILHOI0 PeIleHHA

o R R Y - e

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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1. J[Be MaTepHAIIbHBIE TOUKH IBIJKYTCS COTTIACHO YPaBHEHHSIM x1=A1+B1*+C\ P,

x2 = Ast+Bat* +Cot”, Tie A1= 4 w/c;, Bi=8 m/c*; Ci= - 16 M/c’; A2=2 M/c;, Bo= -4 M/c*; Cr= 1
M/c’. HaifiTH MOMEHT BpPeMEHH t , KOTJa YCKOPEHHS STHX TOYEK OYIYT ONHHAKOBEI. HailTH
CKOPOCTH »1 M » 2 TOYEK B 3TOT MOMEHT BPEMEHH.

2. Touka IBHKETCS I10 IIPSIMOI COITIACHO YPaBHEHHIO x=At+Bt>, rie A=6 m/c; B=1/8 M/c’. HaiiTH
CPEIHIOIO ITYTEBYIO CKOPOCTh <> TOYKH B HHTEPBaAlle BPpEMEHH OT H1=2 ¢ 0 = 6cC.

3. JIBIOKeHHe TOYKH TI0 TIPSIMOIT 3a1aHO YpaBHEHHEM x=Ar+Bt’, rie A= 2 m/c; B=
ITp YP

-0,5M/c*. OIpefieNInTh CPeJHIOK ITYTEBYID CKOPOCTh <»> IBIJKEHHSA TOYKH B HHTEpBAJE
BpeMeHH OT f1 =0c¢ 10 f2=3c.

4. Temo OpomreHO ¢ OaJIKOHA BEPTHKAIBLHO BBEPX CO CKOPOCTEIO vg =10M/c. BricoTa GanKoHa HaJ
ITOBEPXHOCTRIO 3eMIIH 7 =12M. Harmmcars ypaBHeHHe IBHKEHH A H OITPEAEIMTE CPETHION ITYTEB VIO
CKOPOCTBh <v> ¢ MOMeHTa OpOocaHHS 10 MOMEHTA ITaJ[EHH S Ha 3eMIIIO.

5. C GankoHa GpOCHIIH MSYHK BEPTHKAILHO BBEPX C HAYaIIbHOH CKOPOCTBIO v o =3 M/c. epe3 t =2c
MSYHK VITaI Ha 3eMIE0. OIIpeIe/MTh BRICOTY OaJIKOHA HaJ 3eMJIEH H CKOPOCTh MSYMKA B MOMEHT
yZapa O 3eMITIO.

6. Terno, OpoIlleHHOE BEPTHKAIILHO BREPX, HAXOMIUIOCH HA OAHOH H TOH K€ BEICOTE

h =8,06M JIBa pasza ¢ HHTepBajIoM Ar =3c¢. lIpeHebperas COIPOTHRIEHIEM BO3AYXa, BEIYHCINTE
HaYyallbHVYIO CKOPOCTEH OPOIIEHHOIO TEA.

7. BepTHKaIIbHO BBEPX C HaYaIbHOH CKOPOCTHIO v (—20M/c OporieH KamMeHb. Uepes 7=1c¢ mocie
3TOro OpOIIEH BEPTHKAIILHO BBEPX APYIOH KaMeHb C TaKOH K& CKOPOCThIO. Ha KakoH BEICOTE A
BCTPETATCS KaMHH?

8. KameHp GpoIlleH BepTHKAIFHO BBEPX C HaYalbHOH CKOPOCTBRIO vo—20 M/c. Uepes kakoe BpeMsd

KaMeHb OVIeT HaxXOIUThCSA Ha BhICOTe A =15M?7 HanTH CKOpPOCTh »  KaMHS Ha 3TOH BBICOTE.
g

ComnpoTHBIIEHHEM BO31yxXa ImpeHeOpeub. [IpuHars g =10 m/c”.

9. KameHp mazaet ¢ BRICOTEL A =1200M. Kakoi ImyTh s IIPOHIET KaMEHD 3a ITOCIIEJHIOI0 CEKYVHIY
CBOETO ITaJeHH !

10. C KaKoi BBICOTHI H YITAIO TEJIO0, ECIH ITOCIEIHHI METP CBOET O ITYTH OHO ITPOIIIIO 34 BPEMS ¢
=0,1¢c?

11. Teno OpolieHo MOJ HEKOTOPBIM YITIOM ¢ K FOPH30HTY. HalTH BeIHYHHY 3TOrO YyIJjla, eCIIH
TOpH30HTalIbHAasA JallbHOCTh § IIONEeTa Tela B YeThIpe pas3a OOINbIINe MaKCHMAalIbHOH BBEICOTHI H
TPacKTOPHH.

12. CHapsa, BRITYIIEHHBIN H3 OPYAHS IIOA VIJIOM & = 30° K TOPH30HTY, ABaXIbI OBIII HA OXHOH H
TOH e BBRICOTE h: ciiyeTd BpeMd f =10 ¢ 1 =30 ¢ mocne BeIcTpena. OIpeJelHTh HayalbHYIO
CKOPOCTE » o H BEICOTY A.

13 1yns e frHayaIbHOR  ckopoeThio =200 M/c mox yrmoMm « = 60° X TOpH30HTY.

OnpenemiTh MaARCH ﬁ;‘j% BBICOTY H TI0[beMaA, TAJIBHOCTE § ITOJIETa U Hye R KPHBH3HEBI
CepTudukar: a@ﬂﬂﬂﬂdSEﬂﬂBBBQEEEDEETB EDﬂﬂDDdEEy l[ 'I[ paﬂ y Kp

BnapendlPACKEQPHIL TINHH ﬁﬁ%ﬁﬂ&ﬁ&IGmEH TOYKE. COHPGTI[BHEHIIEM BO3yXa HpEHEﬁpE‘IB

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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14. KaMeHp OpOIIEH ¢ BHIIIKH B TOPH30HTAIIBHOM HAaIIpaRJIEHHH ¢ HAaYaJIbHOH CKOPOCTBIO vo=3()

M/C. OT[pE,I[EHII’I‘B CKOPOCTE v, TAaHI' CHIHAJIIBHOC dr H HOPMAJIBHOC d, YCKOPCHIA B KOHIIC ETDpDﬁ
CCKVYHJDBI IIOCJIC HaYdlla JBHKCHIA.

15. Teno GpomreHo nmox yriaoM =30 K ropu3oHTY. HaliTH TaHTeHIHAIbHOE dH HOPMAalbHOE a;,
YCKOPEHHS B HAYaJIbHBIH MOMEHT JIBHKCHIAL.

16. Juck pagmycoM r = 10 cM, HaXOJMBIIMIICS B COCTOSHHH IIOKOS, Hayajl BpallaThbCs C
TTOCTOSIHHBIM YITIOBBIM YCKOpeHHeM &= 0.5 pax/c®. HailTH TaHTeHIHAIBHOE d+, HOPMAIILHOE a, H

ITIOIIHOC a YCKOPCHIA TOYUCK Ha OKPYKHOCTH AHCKa B KOHIIC ETGpGﬁ CEKVYH/EBI ITOCIIE Hd'dlla
BPAIIlCHI AL

17. Tuck pamrycoM r = 20 cM Bpall[aeTcsl COITIACHO YPaBHEHMIO @ = A+Bt+Cr’, rae A= 3 pan;
B = -1 pag/c, C= 0, 1lpan/c’. Onpenelnurs TaHTEHIIHATBHOE ar HOPMAIIBHOE a, H IIOIHOE d
YCKOPEeHHS TOYeK Ha OKPYKHOCTH JHCKa IS MOMeHTa BpeMeHH ¢ =10 c.

18. MaxoBHK Hayall BpalllaThCs PaBHOYCKOPEHHO H 3a IIPOMEKYTOK BpeMeHH Af = 10c¢ JocTur

qacTOTHI BpateHus n = 300 vy . OIpenelmTh YIIIOBOE YCKOPEHHE & MAXOBHKA H YHCIO N
000pOTOB, KOTOPOE OH CJHENAll 3a 3TO BPeMSL

19. BemnocHIrieqHOe KOJIECO BPAIAETCS ¢ YaCTOTOH n =3 ¢!, Tlom meificTBHEM CHII TPEHHS OHO

OCTAHOBHJIOCh HEPE3 HHTCPBAIl BEPEMCHH At =1 MHH. OHPE,I[EJ]IITL YIJIOBOEC YCKOPCHHE & H THCIIO
N DﬁDpDTDE:, KOTOpPOEC CACJIACT KOJIECO 3d4 3TO BPEMA.

20. Komeco aBTOMaInmHel BpallaeTcsa paBHOYCKOpeHHO. Caenas N = 50 moJHBEIX 000pOTOB, OHO
H3MEHHIIO YacTOTY BpalleHHs oT n; =4 ¢! 0 n2=6 ¢''. OnpeaennuTh YIIIoBOE YCKOPEHHE £ KOJeca.

IIpakTH4Yeckoe 3ansATHE 2.

T'ema 3anamusn. Ckopoctb. BhIuHc/IeHHE NPOHAEHHOr0 ONYTH. YckopeHne /ImHAMHKA
MATEPHAILHOH TOYKH.

HEJH: JAHAMIUHA. I/IS}"IHTL 3dKOHBI AHHAMHEKI MﬂTEpHElJ]LHGf[ TOYKH.

T eopemuieckda uacmbo.

Junamuxa nocmynamenvHo20 0GUNCEHU
Hnmiryims ¢ aGComrOTHO TBEPIOrO Tella MacCOH #71 , ABHIKYIIETOCS CO CKOPOCTBIO U :
p=m-v.
Bropoii 3akoH guHaMHKH (HbprOTOHA):

dp = F dt

rge F — DAY IR THDVIOLHASL GHLTTa, JefiCTBYIOMAS Ha MaTepPHATbHYIO TOUKY.

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnanend ' HITBls PACCMATPHBaEMBIS BMEXAHHKE:

neicrer @, SR STIDYTOCTH . F = —kx;
18



rle k —Ko3(pHIMEHT YIIPYTOCTH (B clIyyae IMPYKHHBI — KeCTKOCTh ), x —aOCOMIOTHAS
e opMaIiisg,

0) cHa TSTKECTH: F=mg,
B) CHIIa TPeHHA (CKOIbKEHHI): F=uN,
rIe i —KoddmmeHT TpeHHI, N — CHIa HOPMalIbHOI'O JARIIEHH .

3aKOH COXPaHEHHS HMITYIIbCa: HMITYTIbC 3aMKHYTOH CHCTEMBI OCTAETCS IIOCTOSHHBIM
n

Z p. = const

=1

Il [ByX Tel ITpH aGCOIOTHO YIIPYTOM YAape:
m,v, +m,v, = mu, + nm,u,
)
TIe U, H U, - CKOPOCTH TeN IEPel COYMAapeHHeM, i, H i, — CKOPOCTH TEl B MOMEHT ITOCIIE
COyIapeHH.

J17151 aOCOIFOTHO HEYIIPYTOro yiapa ABYX Tell:

mup, +m,v, = (m, +m,)u

IIpuMepbI pelieHH s 32124

3amaya 1. Ha rmagkoM crojie neXHT OpycoK MaccoH 3 Kr. K OpycKy IIpHBS3aHBI ABa IIHYPA,
IIEPEKHHYTEIE Yepes3 HEITOABHKHBIE OIIOKH, ITPHKPEITIEHHBIE K IIPOTHBOIIOIOKHBIM KpasiM CTOlIa.
K KOHIlaM IIHYPOB ITOABEINEHBI THPH MaccaMH m = 2 KI' H mp= 3 Kr. HalTH yCKOpeHHE a, C
KOTOPEIM JIBHKETCS OPYCOK M CHWIV 71 HaTsDKEHHS KaXJIO0ro M3 IMHYpPoB. MaccoHn OIIOKOB H
TpeHHeM ITpeHeOpeyb. [IIHYPBI cUHTATh HEPACT SDKHMBIMI.

dHO. —»
A a
—» _ —
m=3KT T. T,
m D
mi =2 KT X
P
ma= 3 KT. — 4 A =
TT TE
—
a-7? a"T | M, FHL la
T -7 l g m.g
17 - ?
OOKYMEHT NOANMCAH
3NEKTPOHHOW NOONMCLIO
i} kat: 2C0000043E9ABBB952205E7BAS00060000043E
Bnageneu Ulebayxoea TaTeAHa AneKkcaHaopoBHa
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Pacrmimem CIHIIBI, I[EﬁCTE}’TOH_[HE Ha TcIIAa. BLI@EPE:M CHCTCEMY KOOPAHHAT, KdK YVKa3dHO Ha
PHCYHKC (:HE], I'PY3 m, JIe KAl Ha CTOoJIe BOOOIIEe-TO I[EﬁCTE}’TOT cIc ABC CHIIBI. CHJIIA TAXKCCTI

fﬂg H CHJIa PCAKIIHH OIIOPhI N . Ho Tak xak TPEHHEM B 3a/1d4C ]’[pEHEﬁpEI‘ElETCH, TO JIeHCTBHE

JTHX CHJI H3 PACCMOTPCHHA MbI HEI{J'JIOIIE],EM).

3aITHIeM ETDpGﬁ 3aK0H HBIOTOHA JJI9 KaKI0T'O YHACTBYIOIICI'O B IBHKCHHIH TCJIA.

fra=mg+T,
N,a=m,g +T,
ma =T +T,

(ITockonmpKy MIHYPBI CUHTAKOTCS HEPACTSKHMBIMH, TO BCE Tejla ABHIKYTCS C OJHHAKOBBIM
YCKOPEHHEM a).

BriOHnpaeM HallpaBlIeHHEe YCKOPEHHS, KaK yKa3aHO Ha PHCYHKe (IT0 HaIlpaBIEHHIO YaCOBOMH
cTpenkn). CIpoelpyeM CHCTEMY YpaBHEHHH Ha BRIOpaHHBIE OCH KOOP/IHHAT:

—ma=mg —T
y ma=mg-T, |
\ ma=1,—1 v
W3 BTOpOTO ypaBHeHH (1) BEMHTaeM ITEpBOE:
(m,+m)a=m,—m)g—T,-1)
(m, +m)a=m,—m)g—ma
(m, +m, +m)a=(m,—m,)g, Tor7a
a=—2—"¢ @)

[logcTapisieM 4YHCIeHHBIE 3HAYEHHT:

a= 32 10:9:1,25m2.
34243 8

Ih=mg+ma=m(g+a)=2(10+1,25)=22,5 H,

T,=m,(g—a)=310-1,25)=26,2 H.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprud Z A 043 e EPER 20 AORASYKPENIIEHHEIH Ha KOHIIE CTOJIA, IEPEKHHYTA HEPACTSKHMAS HHTh, K

Bnaneneu: llebayxoea TaTeaHa AnekcadHapoBHa
KOHI[aM KOTOPOH TTPHKPEILIEHE] IPY3bI, OXHH H3 KOTOPEIX (711 = 400 T) IBIDKETCS IO TIOBEPXHOCTH

CTONAa, a JI H gmg = 600 r) — BmoONL BepTHKAIH BHH3. Kos(dHiHeHT f TpeHHI I'Py3a O CTOI
Nencteutenad: ¢ 19.08. 2 no 19.08.2023



paBeH 0,1. Cuntasg HUTh H OJIOK HEBE COMBIMH, OITPEIEIHTE: 1) YCKOpPeHHE @, ¢ KOTOPBIM JBHKYTCS
I'PY3BI;, 2) CHIY HaTsKeHHS I HHTH.

Peuiteniie.

BriOpaR ocH KoOpAHMHAT (pHC), 3alHIIeM JJII KaXIOoro Ipysa
ypaBHeHHEe ABHKeHH S (BTOpOH 3aK0H HBIOTOHA) B ITPOEKIISIX HA 5TH
OCH:

=y

m,a= myg—1T

YYHUTEIBAL, UTO

, TIOITYYHM CHCTEMY YPaBHEHHIH:

(ma=T- fing.
lmza =m,g—T,

OTKYI4 HCKOMOEC YCKOPCHHCE.

m, +m,

CHIY HaTSDKEHHS HHTH HaHIEM H3 BTOPOI'O YPaBHEHHS CHCTEMBI:
I'=m,(g—a)

Brerumcrnaa, monydaeM: 1) a=35,49 w/c*,2) T=2.59 H.

3amgaua 3. [Ipu mageHnu tea ¢ OOJIBIIIOH BBICOTHI
€r0 CKOPOCTh 0ycr IIPH YCTAHOBHBINEMCS ABIKEHUH 4 F . (A
nocturaeT 80 m/c. OmnpeemTh BpeMd T , B TeUcHHE :
KOTOPOr'0, HAYHHAasi OT MOMEHTa Havala IalcHIsL, O L ___
CKOPOCTh CTAaHOBHTCS PABHOH vycr/2. CHITY 050 . /’f;—_
COIIPOTHBJIEHH S BO3AYXa IIPHHATH )

ITPOIOPITHOHAIILHOH CKOPOCTH TENA. L Ol

PeltreHue.
a) 6)

Ha magaroriee Teno JeHCcTBYIOT JIBE CHIIBI (PHC.
a). CHIIa TSDKECTH mg H CHIIa COIIPOTHBIIEHHS Bo3ayxa Fe.

CHia COIIPOTHRIICHIA BO3YXd IIO YCIIOBHAM 3dJa4H ITPOITOPIHOHAIIbHA CKOPOCTH TCJld H
ITPOTHBOITIOIIOXHA eH TIO HAIIPABJIICHHIO.

OOKYMEHT NoarincCAH FC — —kU .
SNEKTPOHHOM HOLNTMCBH)
u:_':..;.-.--:.(-]1) 2C0000043E9AB8BO52205E 7BAS00060000043E
Bnanensu Lebavxoea TaTesHa ANekcadapoBHa
,ﬂ-'.' i [ 2022 0 202
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r1e k — K03 PHIMEHT MPOIIOPIIHOHATILHOCTH, 3aBHCIIII OT pa3MePoB, (POPMEI Tela H OT
CBOMCTB OKPYKaIOIIEH CpeIbl.

Harrraem YPaBHCHHC ABHAXCHHA TCJIa B COOTBCTCTBHH CO BTOPBIM 3dKOHOM HrrorOHa B

dv L= .
BEKTOPHOH (POpPME: md— =mg + F_. 3amermB [ cormacHo (1), momy4mnm:
[
dv L
m—=mg —kv.
dt

(2)

CIpoenHpyeM Bce BEKTOPHBIE BEIIMYHHEI Ha BEPTHKAJILHO BHH3 HAIIPARIIEHHYIO OCh H
HAITHIIEM YpaBHEeHHE (2) JJIS TP OeKIIHI:

md—u—m — kv
a0 ‘

Ilocme pPa3sacIICHHA IICPEMEHHBIX ITOIIYHHM

dv dt

mg —kv m
BEIMOTHUM HHTETPHPOBAHHE, YUMTHIBAS, YTO IPH H3MEHEHHH BPEMEHH OT HYIA OO0 T

]

(MCKOMOe BpeMsI) CKOPOCTh BO3pacTaeT OT HYJISI IO — U, er (puc. 1, 6):

T

[ o___dr. —%‘ln(mg—ku)

1
0
(0 m

mg — kv

5k ITOJIYVHCHHOI'O BBIPAaKCHITA HaraeM HCKOMOe BPEMA.

LML 8
mg — Ekum

Bxopsmmii crofjla Ko3((HIHEHT ITPOIIOPLHHOHAIBHOCTH k OIpeJelMM H3 CIIEYROIHX
cooOpakeHHii. IIpH ycTaHOBHBINIEMCS ABIDKEHHH (CKOPOCTH ITOCTOSIHHA) alreOpandeckas cyMMa

ITPOCKITHH Ha BEPTHKAIIbHYIO OCh ACHCTBYIOIIHX Ha TCEIIO CHII paBHa HYIIIO, T. €. Mg — kU?CT — 0

mg
, OTKyma k = —.
)

yCT

[TomcTaBHM HaiiIeHHOe 3HAaUYeHHE k B popMymy (3):

mu}rcr mg
NOKYMEHT MOAMVCAH T= In
SNEKTPOHHOW NMOoANHUCBIO mg 1 mg
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E mg - U}FCT
Bnapeneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa 2 U}rcr

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[TociIe COKpAIIEHHIT M YIIPOIIEHTT oy, 7 = —— In 2
8

[logcTaBHB  4YHCIEHHBIE 3HAYEHHS, IIONYYHM T = 35,60 c. IIpoBepka pasMepHOCTH
pe3yibTaTa B JaHHOM clIy4yac He o0sg3aTellbHa, TaK KaK OHa OYEBHIHA.

Bonpocst u 3a0 anuA

IIepBrIN 3aKk0H HerOTOHA. IHEpIHATIEHEIE CHCTEMBI OTCUETA.
BzanmMogerncTBHe Te. CHila, Macca.

Hnvarynbe (KOTHYECTBO TBHIKECHI).

3aKOH COXpPaHeHH S HMITYJIbCa.

Bropon 3akoH HproToHa.

Tpetun 3axoH HeroTOHA.

M30mmpoBaHHasa CHCTEMA MaTepPHAIbHBIX TE.

~1 O B W

3amayun 1Ji cCaMOCTOATEILHOI 0 peIICHHA

1. CaMoleT HETHT B TOPH3OHTAILHOM HAIIpaBIEeHHH ¢ yckopeHHeM a = 20 m/c?. Kakopa
neperpyska Iaccakupa camoiera? (Ileperpyskoil HasbpIBaeTCsI OTHOINEHHE CHIIBI F),
JIEHCTBVYIOIIEH Ha IMaccaXupa, K CHIE TSDKECTH P).

)
2. ABTOIIHCTEpPHA ¢ KEPOCHHOM JBHJKETCHA ¢ yckopeHHeM a =0,7 m/c”. Ilog KakuM yIiIoM ¢ K
IIOCKOCTH TOPH30HTA PACIIONOKEH YPOBEHL KEPOCHHA B IIHCTEPHE?

3. bak B TeHziepe maporo3a uMeeT JIIHHY [=4 M. KakoBa pasHOCTh A [ YPOBHEH BOJBI Y IIePeIHETO
H 3a[[HETO KOHIIOB OaKa ITPH JBHKEHHH II0e3/1a ¢ YCKOpeHHeM a = 0,5 m/c*?

4. Karep mMaccoH m=2m TpPOraercsa ¢ MecTa M B TeuecHHe BpeMeHH T =10 ¢ pasBHBacT IIpH
JIBHKEHHH I10 CITOKOHHOH BOJIe CKOPOCTh v = 4 M/c. OIpeJennTh CHITY TSTH I MOTOpa, CUHTas ee

IIOCTOSIHHOH. HPI]HHI‘L CHIIY COIIPOTHBIICHHA .F:: ABH K CHHIO HpﬂHGpL[IIGHﬂHLHGﬁ CKOPOCTH,

Ko3(prIiHeHT cormpoTHBIeHHSI k =100 Kr/c.

5. HauampHas1 ckopocTs vo Iy paBHa 800 m/c. [Ipu aBHkeHHH B Bo3ayxe 3a Bpemsa ¢ = (,8¢ ee
CKOPOCTh YMeHbIIIack 10 v =200. Macca m mmymn paBHa 10 r. CumTas CHIY COIIPOTHBIEHHS

BO3IyXa IIPOIOPIHOHAIIEHON KBaJpaTy CKOPOCTH, OIpPeIelHTh KO3 (DHIHEHT COIPOTHRIIEHHS k.
JIeNCTBHEM CHJIBI TSDKECTH IIPEHEOPEYb.

6. MarepuanbHas TOYKa MaCCOH m = 2 KI' ABIDKETCA IIOM e CTBHEM HEKOTOPOH CHIIBL F' COITTaCHO
ypaBHEHMIO x=A+Bt+Ct*+ Dt’, rne C =1 m/c?, D = - 0,2 M/c’. HaiiTi 3HaueHHT STOH CIIH B
MOMEHTEI BpeMEHH f1=2 C H {2 = 5 ¢. B KaKOH MOMEHT BpeMEHH CHJIa paBHA HYIIIO?

7. HaximoHHAas IIoCKOCTh, 00pasyroIas yroi o = 25°C INIOCKOCTHIO TOPH30HTA, IMEET JIIHHY [ =
2 M. Temo, aBHTasCh PAaBHOYCKOPEHHO, COCKOIIB3HYIIO C S3TOH IUIOCKOCTH 3a BpeMd f = 2cC.

OrnpeaemiTh KO3 (PHIEHT TPEHHS 4 TeNa O IIIOCKOCTb.

8. Ha rmagkom crome nexur Opycok maccon m = 4 Kr. K OpyCcKy IIpHBS3aHBl JBa IIHYpa,
OKYMEHT NOANVICAH

Hepemméféﬁﬁbmm%@m&[mm OIIOKH, ITPHKPEIITIEHHBIE K ITPOTHROIOIOKHBIM KpasiM CTOIa.

CEF’T“‘*}‘I{EI{GEEW% AGABEMTEHBIPHIPH, MacChl KOTOPBIX m =1 KT 1 my= 2Kr. HalTH yCKOpeHHe a,

Bnaneneu: ebayxoea TaTesHa AnekcaH épDEHE

C KOTOPBIM ABHMKCTCA OPYCOK, H CHIIY " HaTTKeHHI KaXIoro M3 ITHYPOB. MaccoH OIIOKOB H

~ TpeHHeM IIpeHeOpeyp.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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9. JIBa Opycka MaccaMH m=1 Kr M my = 4KI', COeMMHEHHBIE IIHYPOM, JIexKaT Ha cTole. C KaKuM
YCKOPEHHEM a OYVAYT ABHIaThCs OPYCKH, €CIIHM K OJHOMY H3 HHX ITPHIOXKHTE cuiny F = 10 H,
HaIIPaBIIEHHYIO T'OpPH30HTAlILHO? Kakoea Oyiaer cuia I HATSKEHHS IIMHYPA, COEIHHSIOIIETO
Opyckn, ecrm cuny 10 H mprimoxuTe K nepBoMy Opycky? Ko BTopomy Opycky? 'TpeHHeM
IpeHe0peys.

10. K npyKHHHEIM BecaM ITOJABEIIeH OnoK. Uepes OIOK IepeBEIleH IHYP, K KOHI[AM KOTOPOro
IIPHBS3AIH I'PY3bl MaccaMH my = 1.5 KT 1 mp = 3 Kr. KakoBo OyJeT IMoKa3aHIe BECOB BO BpeMA
IBIKeHHS I'py30B? Maccor 6i10Ka U IHYpa IMpeHeOpeysb.

IIpakTH4YecKkoe 3aHATHE 3.
Tema 3anamus. HopmaJjibHOE H TAHTeHIHAJIbHOE YCKOPEHHE.
PaGora u sHeprusa. MexaHHKa TBEPAOIO Tela.

Ilens 3amamua. VI3yduTh 3aKOHBI COXpaHEHHS SHeprud. KHHeMaTHKy H JHHAMHKY
BPAIaTeIbHOTO JBHKEHHSL.

SHaHUA U YMEHUA, NpuUodpemaemvle CHIYOEHMOM 6 pe3yJibmame 0C60E€HUA MmeMbl,
gopmupyemolte Komnemernuuu. Pabora. Pabora mepeMeHHOH  CHJIBI.  MOIIHOCTE.
KoHcepBaTHBHBIE H HEKOHCEPBATHBHBIE CHUIIBL. [loTeHIMabHASI SHEPTHA. CBA3b MEKIY CIJION H
ITOTEHIHAIIBHON SHEPTHEH. JHEPrUs YIIPYro Ae()OpMHPOBAHHOTO Tella. KHHeTHYecKas SHEPIHS H
eé CBS3b C PabOTOH IIPHIIOKEHHBIX CHI. llomHas MexaHHYecKasl SHEPIHS CHCTEMBI Tell. 3aKOH
COXPaHEHHI MEXAHHYECKOH 3HEePrHuH. J{uccHmaiusg 3Heprun. BiiajgeeT crioc0OHOCTRIO IIPHMEHSTh
COOTBETCTBYIOIIHH (PH3HKO-MaTeMaTHYEeCKHH arIapar IIpH PellleHHH ITPodeCcCHOHAIbHEIX 3a]1ay.

Af{fﬂyﬂﬂbﬂﬂfﬂlb memupl. 3aKOH COXpPaHCHIAL SHEPIrHH, a TakKiXKS 34dKOHBI JHHAMHKH
BpallaTCJIbHOI'O JBHKCHH A INONPOKO ITPHMEHACTCA ITPH PEIICHIIT MHOI'HX HHXCHCPHBIX 3d/41.

T eopemuieckda uacmbo.

3aKOH COXpaHeHH HMITYJIbCa: HMITYIILC 3aMKHYTOH CHCTEMBI OCTAETCS IIOCTOSHHEIM
1
Z p. = const .
i=1

I mByX Ten ImpH aOCOIFOTHO YITPYTOM Y ape:

— —

mu, + m,L, = mu, +n,u,,

Ile U, H U, - CKOPOCTH Tell Ilepel COyAapeHHeM, i, U i, —CKOPOCTH Tel B MOMEHT ITOCie
COylapeHHS.

J[11s1 aOCOMOTHO HEYIIPYTOro yiapa ABYX Tell:

m,v, + m,L, = (m, +m,)u .

AOKYMEHT MNOgnNnCAH
KIHETI[‘WWVEE&H&: ABHAKYILICT OCAH ITOCTVYIIATCIIBHO.

Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa ) .

]T:E nm 1 = P :
2 (2m)

.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[ToTentinanpHast sHeprusa 17 :

a) YIIpyrofe(hOpMHPOBAHHOH ITPYKHHBI:

rJe k —KeCTKOCTh ITPYKHHBI, X —aOCOIIOTHAs Je() OpMaIlH,

0) Tena, HaXOASIIErocs B OJHOPOLHOM ITOJI€ CHIIBI TSDKECTH:
Il =mgh,

IJle ¢ — yCKOpeHHe CBOOOJHOrO MaJeHH s, /i —BBICOTA Tella HaJl YPOBHEM, ITPHHATHIM 3a HYJIEBOH
((hopMyIIa cIipaBeyIHBa IIPH YCIIOBHH h << R, Tie R — paguyc 3eMIIH).

3aKOH COXPdHCHHA MeXaHHYeCKOH SHEPI'HH. €CIIH B CHCTCMC ,I[EﬁGTE}’TOT TOJIIBKO KOHCCPBATHBHLBIC
CHIJIBI, TO ITOJIHAA MEXdHHYCCKAAd SHEPI'HA CHCTCMbBIL HE MCHACTCA

E=T+1]=const.

3aKOH COXPdHCHIA SHEPI'HH IIPH aOCOIIOTHO YIIPYT'OM CTOJIKHOBCHHI JBVYX TCII, JBHKVYIIIHXCA B
I'opl [30HTAIIbHOH TJIOCKOCTH

2 .
muo;  m,L;, M, N, U
+ +

2 2 2 2

3aKOH COXPdHCHIA SHCPI'HH ITPH a0COIIFOTHO HEVIIPYI'OM CTOJIKHOBCHHH ABYX TCIL, ABHAKVIITHXCA
B TGPIIBDHTHJ]LHDﬁ ITITOCKOCTH.

,
muo;  m,0;  mu; MU

2 2 2 2

_|_
Q<

rae O — SHEPI'HA Hal' PEBAHIA TCII H HX OCTaTOYHOH ,I[E(IJDPMEH_[I]II.

CI{GPGCTH ABYX TECJI ITOCJIC abOCOIIOTHO YIIPYTOI'O CTOIIKHOBCHIA.

(m, — m, o, + 2m,v,

le

)

(m, +m, )

" — (mz - m, )Uz +2m,v,

i

(m, +m, )

PaGora, coBeprmaeMasi pe3yIbTHPYIOIIEH CHIJIOH, OIpedelseTcs KaK Mepa H3MeHEHHS
KHHETHYECKOH SHEPIHH:

Jlunamuka epaujamensHo2o 06UHNCeHTS]

OCHOBHOE YPaBHCHHEC JHHAMHKI BPAIIlATCJIbHOI'O ABHKCHI AL

OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO ﬂ} . JE
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E o ?
Bnaneneu: Lljegayxusa TateAHa AnekcaHgpoBHa

roe M —pEB}"]]I:THp}*TOH_[Hﬁ BCKTOP MOMCHTOB BHCIOIHHX CHIL, ,[[EﬁCTE}’TOH_[ID{ Ha TclIO,

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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OTHOCHTCJIBHO OCH BPAIIICHIIA, E— BEKTOP YTIIOBOI'O YCKOPCHIIA, J —MOMEHT HHEPILHH CHCTCMbBI
OTHOCHTECIIBHO OCH.

M OMeHTHI HHEPIHH HEKOTOPBIX TCJI MAacCCOH #1 OTHOCHTEJILHO OCH BPAIIlCHI AL, HPO}{G,[[}IH_[Eﬁ HEPE3
IIEHTP MdCC.

-

a) MaTe pHAJIbHOH TOYKH: J =mr-,
IJle ¥ — PpacCTOSIHHE OT MaTepPHAIIEHOH TOYKH JO OCH,

0) CTEPXKHS JIIHHOH £ OTHOCHTEIIBHO OCH II€PIIEHIHKYIIIPHOH CTeP KHIO:

E) Gﬁp}*"lﬂ HIIH TOHKOCTCHHOI'O ITHJOMHAP4 paJHyCa R OTHOCHTEIILHO OCH, CORITAJAIOIIEH C OChIO
IIUIOTHIPA.

-

J=mR".

I') OTHOPOJHOrO (CINIONIHOIO) AHCcKa (IMIIMHJPa) paJgHyca R OTHOCHTEIIBHO OCH, COBIAJaroNIeH
C OCBIO JIMCKA:

1) IIyCTOTENOrO LIMIMHApPA paguycaMiM R, M R, ¢ OCbIO BpAIllEHNS, COBIIAJAOLIEH C OCBHIO
IHITHHAPA:

J = %m(ﬁf +R;);

e) IIapa ¢ OChIO BPAI[eHH S, IIPOXOAIIEH yepes ero LeHTp:

J:Emﬁ’jﬁ
5

TE:IDPEME], LHTEHHEP&Z MOMCHT HHCPIHH J p T€Ia OTHOCHTCIIBHO ITPOH3BOJIBHOH OCH PaBCH CYMMC

MOMCHTAa HHEPIIHH J . JTOro Tella OTHOCHTCIIBHO HﬂpﬂHHEHBHGﬁ OCH, HpﬂKﬂ,[[HH.[Eﬁ HEPE3 LIEHTP

MACC, H ITPOH3BCACHHA MACChI m Ha KBAJPdT PpaCCTOAHITA a MCKAY 3THMI OCHIMH
.
'}ﬂ — '}-L' +ma-,

MoMeHT HMITYIIBCA MﬂTEpHﬂHLHGﬁ TOUYKH MacCOH m . HMEHOILeH CKOPOCTE U H HAXOJAIIIYIOCAH Ha
PACCTOAHHH r OT OCH BPAIllCHITA.

L=muvr.

MoMeHT HMIIYJIbCa L TCJla, BPAIldrOIICIoCAad OTHOCHTCIIBHO HETTOABIKHOH OCH C }’THDEDﬁ
CKOPOCTBIO @

AOKYMEHT MNOANMCAH I
SNEKTPOHHOW NOAMNWMCLIO

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
e KOH COXPaREH T MOMERTA rMvITyIIECa CHCTEM Tell, Bpallarolixcs BOKPYT HETTOIBHKHONH OCH:

=J w.
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M

J.®, = const .
i=1

KiHeTHYecKas SHEPI'HA T4, BPAIIldIOIETI OCH BOKPYT HETTOABHKHOH OCH:

Tzﬂ, HITH T:L.
2 (27)

KIHeTHYeCcKasg SHEPI'IA KaTAIIICI'OCA TCIIA.

]"::fﬁ££i+nfgii*
2 2

IIpuMepbI pelieHH s 32124

3amava 1. CHapsg MaccoH m = SKT o0magan ckopocTbio »= 300 M/c B BepXHeH TOYKe TPaeKT OPHH.
B 3TOH TOUKE OH pa3opBalcsd Ha ABe YacTH. MeHbIas 4acTh MAaCCOH m = 2 KT, IIOIIYYIIa CKOPOCTh
U = 500 m/c u mojterena Biepen rmod yriaoM 600 K ropmszoHTy. HaHTH cKopocTh U2 mocie
paspeIBa BTOPOH, OOJIBIIEH YACTH, H ITOJ KaKHM YIJIOM K TOPH30HTY OHa ITOJIETETIA.

JlaHo:
m = SKT B BepxHEH YacTH TPAeKTOPHH, CHAPSI ABHIAJICS TOPH30HTAIIBHO.
v =300 m/c FEGME‘TPHLIECIG[ 3aKOH COXPaHEeHHS HMITYIIbCa HMEET BH]T v, =500
M/C . e
il J__,f'?; ﬁﬁ"'“-xh_%
mi=2 KT Y 7 Tl
,-*’H R
N O
¢ = 60° L >
0 Bz
I:H'”“'h._h__ P ) g
OCK 2 -hxx“ahh_ ol
v,—? e X
@ —?
P=P .. +P WM MU = mu, + n,v, . (1)

I/IGHGJ]LB}"H TCOpEMY KOCHHYCOB, HHII,I[EM‘ OCK?

(PGGKE)E:PE+(PGGK1)E_2P'PGCK1'CDS@V (2)

Tak KaKk Pocxx = (m — mi) U 2 IOJIIYYHM, UTO

P, 1500 +1000” —2-1500-1000- cos 60'

QCEZ2

m—m, 5-2)

=441 w/c.

U, =

%@@WW@&CM H P@cp Ha HarpaBieHne P . ITo TeopeMe 0 IIPOEKI[HH CYMMBI
‘Bemepeﬂ HE)II‘_?"H?IML' E7BAS00060000043

EIH iHa An aHOpOBHAE
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T

P=P + P

OCK 1P OCK.2P °

HO  Foeg 13 :‘PGCEJ"CE’S‘PU a

—

P — |P -CDS(—rpj ) T.K. YOI (, JIeKUT HIKe ocH P,

QCK.2P OCK.2

OTKY/JIa

P (PDCK-l ) CO5@ 1500—-1000- cos60°

- ~0.756.
‘P 1322.9

cos(~,)=

OCK.2

3HAUNT  —@, = arccﬂs((],?Sﬁ) =40,8", a ¢, =-408

Oty 3ajjauy MOKHO PEeIIHTh H JPYTHM CITOCOOOM.

Br1GepeM ocH KOOpAHHAT, KaK Ha PHCYHKE. 3aIlicaB ypaBHeHHe (1) B IIPOEKIIMSIX Ha OCH
KOOPIHHAT M, YUYUTHIBASL, UTO U= U Uy = (),

TIOIYYHM
mv = m,L, CoS @, + n,L, COS P, , (3)
0 =m,v,sin g, — m,v, sinQ, .

Mnu m,v, COS @, = MV — N,L, COS P, , (4)

m,v, sin @, = m,L, Sin @, .

Bo3Bojs B kBaapar o0a paBeHCTRA, H CIIOKHB HX, ITOCIIe TPHBHAIBHBIX ITPe0Opa30BaH I ITOITYYHM
dopmyiry (2) IS BEIYHCIEHHS HMITYIIbCa H CKOPOCTH BTOPOI'O OCKOIIKa. 3 BTOPOro ypaBHEHHS
CHCTEMEI (4) ITOJTy4yaeM BEIpaKeHHE

m,D, SIn @,

SIn@, =— :
m,U,

H3 KOTOPOI'O BRIMHCIIACM YI'OJL (2.

3amaua 2. Ha npyxamHe KecTkocThio k = 510° H/M nogsernen 6110k B opMe AHCKAa MACCOH 5 KT
H paguycoMm 0,2 M. Uepes OIIOK IEPEKHHYT IIHYP, K KOHI[AM KOTOPOTr'O IIPHBSA3aHEL IPY3HEI 1y = 2
KI M m2 = 3 kr. Halitu: 1) yckopeHHe Ipy30B H YITI0BO€ YCKOpeHHe OIIoKa;, 2) CHIIBI HaTSOKeHHS
IMHYpa, 3) CHIIY YIPYTOCTH IIPYKHHBI H YIJIHHEHHE INPYXHHBI, 4) KHHETHUYECKYIO SHEPrHIO
CHCTEMBI Yepe3 2 ¢, 5) H3MeHeHHe ITOTEeHIHAIbHOH SHepruH OIoKa H IPy30B 3a 2 ¢, 0) HaHTH
YCKOPEHHE IIeHTPa MaccC I'PY30B.

JlaHo:

JOKYMERT MNOANCAH

mo = 5 kPEKTPORHOVERREATHCe CHITBI, TefiCTBYIOIHE Ha KaXKJIoe Tello (CM. pHC.).
Ceptupukar: 2C0000043ESABBEO952205E7BAS00060000043E

Bnaneneu: _Llﬁaﬁ] xoBa TaTesaH i&_.Tem:aH DOBHA s
iy = 2 K& alTHIIEM YpaBHEHHE BTOPOro 3aKoHa HbI0TOHA B BEKTOPHOM
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my =3 KT (opMe A1 KaKIOoro Tella, IIPH 3TOM OJIOK COBEpIIacT

BpallaTcIIbHOC

k=510"H/M  merkerne. Vurewm, Takxe uro [ = mﬂrz / 2 u

r=0,2m d = &+ I (MpoCcKaIb3bIBAHNS HET ) H IIHHEHHOE
r=2c¢ YCKOPEHHE KpalnHHUX TOYEeK OII0Ka PaBHO
a-?7 e "? YCKOPEHHIO TOYEK IHYPa. 3aMETHM, YTO

I10 TpeTheMy 3aKOHY HeroTtoHa T '=T1u 12" =T1> .
JIT1S TIPOEKITHI CIJI Ha OCh X ITOIIYYHM

CHCTEMY YPaBHEHHI:

~m,g —T,=m,a

I, —mg=ma
, (1)
< I,-r—1T1 - r—lm re 4 | -
2 r T: A T;er
L +1,+myg—F =0. ) ;
J
— r
"5 g
Cxi1apIBas MEPBBIE TPH YPaBHEHHS, TTOTYYHM
1
m,g —mg =a Em{} +m, +m, | =
_ 10-(3-2) 4 , ,
a=- T g= a= E’S )5 m/c” =1,33 m/c”.
Em{] T, m, ?
1, 1
e=4-133 66 L.
r 0,2 c”
W3 miepBoro ypaBHeHHS HafifeM: 1, = = ( )22630 H.

W3 Broporo ypaBHeHHS Haiimem: 1, = T| =m ( g+ {I) 22,7 H.

M3 yeTBepTOro ypaBHeHH HanieM F:

OOKYMEHT NOANMUCAH
:;"'J]I:HT'PDHHDF‘ HD,U,HMCbHJ F T T T + Iﬂ'{]g 98 7 H
CepTtidu 2C001 3E9ABBBO952205E7BA 6000004 3E

Bnage kY,I[J]ILH{EI'HPE’ TIDY7KITHEL *HJEIIPL[[EM U3 tbﬂpmyﬂm 3aKoHa ['yka:

- = - O YT e 4 (=] ] -]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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F=—kAx= Ax= £: %S, / —0,0197 m=1,97 cMm.

kK 510°

OTO VWIMHEHHE TIPYAKHHBL TIPH JBHKYINHXCS Tpy3ax. Ecmm 3acTormopure OJIOK, TO

F, = (ml +m, +m, ) ¢ =100 H , uro BBI30BET YTIHHEHIE IIPYKUHBI TOYHO 2 cM. C HavaaoM

IBIDKEHHS IPYKHHA COKPAaTHTCAI Ha ~ (),3 MM. M3 cHcTeMBl ypaBHeHHH (1) MOXKHO ITOITYIHTH
(pOpMYITYy JUIS Pa3HOCTH CHIIBI HAaTSOKeHHSI AF=F| — F:

4

F =]

AF=- (my —m) g.

—m, + M, - m
) 0 2 1

HCITOIIB3VYA KOTOPYIO MOYHO OLEHHTE H3IMCHCHHE PACTIKCHHA ITPYAHHDBI
r
Ax'=AF [k=0,27 mm.

YToOBI HaHTH KHHETHYCCKYIO SHEPI'HIO BCEH CHCTCEMBEIL, HaHeM KHHETHYCCKYIO SHCPI'HIO
ITOCTVYIIATCIIbHOI'O JBHYKCHHA I'PY30B Krp H KIHCTHYCCKYIO SHEPI'HIO BPAIlATCIIbBHOI'O ABHKCHHA

Oroka Kan:
K :(ml—l_mz)uz.
+ 2
N 2,2 _ 2
Tak kak U = at = K =K :(ml mz)a :5 1,33 4%17,7 JIx.
P P 2
1? ,;, 2,2
K. = Z} TaKKaKk @ =0/r, u I:mﬂr“/Z,Tﬂ Kﬁnzf?r? =9 JIx.
T

Taxmv oOpa3oM ImorrHasa KuHetHueckasd sHEprusad K = K + Kan = 26,7 K.

3amaua 3. /[Ba CBHHIIOBEIX IIapa MaccaMH 711 = 2 KT M m> = 3 KT TIOJ[BEIIIEHEI Ha HHUTSX JIJIHHOH /
=70 cM. IlepBOHAYaIBHO IIAPEI COITPHKACAIOTCSA MEXKAY COOOH, 3aTeM MEHBIIHH IIap OTKJIOHHIIH
Ha yron & = 60° u orrmrycTHaH. CunTas yap LeHTPaJIbHbIM H HEYIIPYTHM, OIIPeJIelINTh: 1) BRICOTY
h, Ha KOTOPYIO IIOJHHMYTCS IIaphel IIOCIIe yhapa, 2) sHepruro A7, H3pacXoJOBaHHYIO Ha
e opMaIiio MIapoB IIPH yAape.

Peiuuenie.

Yaap Heynpyruii, II03TOMY IOCIIe yapa IIaphl ABHIKYTCS C OOIIeil CKOPOCTBIO U, KOTOPYEIO
HalJ[eM H3 3aKOHa COXPaHeHHI HMITYJIbCA:

mvu, +muv, =(m +m)v, (1)

e v H v, — CRKOPOCTH HIApOB X0 YAapa. CI{GPDGTL U, MAJIOTO HIapa HalgeM H3 3aKOHa

NOKYMEHT NOANWUCAH.
COXPaHEHEEN MeNHAIOE KOO HE PIHH:

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

3
MmO
m, gh, = _121 ;
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OTKVJIA:

— ,,Zghl ZZ.JZgI(]—EDS{I)ZZJQSiH%; (2)

(yamt, uto A, = I(1—cosa) ).
W3 Bepaxenmii (1) u (2) nmpH ycnoBHH, 4T0 v, = 0, ITOTY1HM:

.o
Mmoo 2??’1[@311‘1 P

L= | 1 — , (3) AR

Fﬂl + F?’Zj F”l + fﬂj

N3 3akoHa COXPAHCHH A MeXaHHYeCKOH
JHEPIHH HMCECM.

£

v
(m, +mj)?: (m +m,)gh,

OTKVIa HCKOMaA BBICOTA.

o]
)
=
"'-u
£
M|§fé

2¢g m +m,
(yumm popmyiy (3)).
DOHeprus, H3pacxoqoBaHHa] Ha Jie() OpMAIHIO IIIapOB IIPH Yaape,

AT = my; _m o, v°, (4)
2 2

HJIH, TIOZ[cTaBHB (2) B (4), HAXOIHM:

m.n R 4
AT =20l "2 _gin2 &
m +m, 2

Berumcernasa, momydaem: 1) 2=5,6 cm; 2) AT=4,12 JIx.

3agava 4. MOTOIHMKIINCT eIeT IT0 TOPH30HTAIILHOH Jopore. KaKkyro HauMEHBIIYEO CKOPOCTh ¥ OH
IOJDKEH Pa3BHTh, YTOOHI, BEIKIIFOUHB MOTOP, ITPOEXaTh 110 TPEKY, HMEIOIEMY (DOPMY «MepPTBOMH

TIETIIHY paguycoM R = 4 M. TpeHHeM H COIPOTHRIEHHEM BO3AYyXa IPeHEOPEYb.
JlaHo:

R =4 M | 3armmieM ypaBHEHHE JIBHKEHHS

MOTOIIHEIIICTA B EEPXHEﬁ TOYKE

v="7 {ME}PBMT+HEIDIHF}HI+
JNEKTPOHROW HD,U,HHLI:I{J

|11 2C00000 |: ‘l‘N |[ 000004 3E

Tak I{EII{ HpH MHHHMAaJIEH O CKOPOCTH
Heicteutened: ¢ 19.08.2022 no 19.08.2023
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N=0, T0 a = v*/R, U cIeJOBaTEIHLHO

2

m}t;, =mg, Hm U =+gR (1)

A€ v — CKOPOCTh MOTOIIHKIIA B EEpXHEﬁ TOYKS {{MEPTEGﬁ TIETIIH».

Ilo 3dKOHY COXPAHCHIA SHEPI'HH, ITOIIHAA SHEPI'HA MOTOIHKIIFICTA Ha I‘GpHBDHTElﬂLHGﬁ JOPOIC,
2

—

muo

PaBHAS ero KHHETHYECKOH SHEPrHH , OyJIeT paBHa ITOJIHOH SHEPIrHH B BEPXHEH TOYKE

2

muv
«MEPTBOH IETINY, TO ECTh CYMME ITOTEHIIHATIBHON SHEPIHH mgh M KHHETHYECKOI 2' . Taxnum
2 2
mu mu, ) )
o0pa3zoM HMeeM T = mgh + T W3 mocrneiHero paBeHCTBa IMOIyunM U~ = 2gh+ U .

Tak xkak h = 2R , TO Ulz =0 — 49R. TloxcraBisgeM ITOTy4YeHHOEe BhIpaxkeHHe B (1) Hafigem,

HTO

2

U =4gR+ gR=5gR, n v=4/5gR =0,141 m/c= 14,1 cm/c.

Jamaua 3. ['py3 maccor m = 80 KI' TOTHIMMAIOT BJIOJIb HAKJIOHHOH IIJIIOCKOCTH C VCKOPEHHEM a = |
M/c*. JIIIMHA HAKIOHHON IIOCKOCTH [ = 3M, Yol (! ee HAaKIOHAa K TOPH30HTY paBeH 30°, a
ko3 puineHT TpeHHs f = 0,15. OnpenemiTs: 1) paboTy, coBepIIaeMyIO ITOAbeMHBIM YCTPOI-
CTBOM, 2 ) €r0 CPEIHIOK MOIITHOCTD, 3) er0 MaKCHMAaIbHYIO MOIIHOCTh. HayambHast CKOPOCTE I'py3a

PaBHA HYIIIO.

Peuieniie.

YpaBHeHHE IBHKEHHS I'Py3a B BEKTOPHOH GopMe: ma=F+F, +F,+F_ +N .

B mpoeximsax Ha ocH x M y (puc. 16) 510 ypaBHeHHe IIpUMeT BHL ma=F —F —F,, 0=N-F,,

rne F =mgsina, F,=mgcosa, F = fN= fmgcosc..
[IoaTomy
F=m(a+gsina+ fgcosa).

PaGora, copepImaemas ImoabeMHEIM YCTPOHCTBOM,

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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A=Fl=ml(a+gsina+ fgcosa).

Cp cIOHAA MOITHOCTB, Pa3BHBAcMasd
IIOOBEMHEBIM YCTP OH CTBOM,

(P)=12,
[

e t =+/2l/a — BpeMd IOIbeMa I'Py3a.

CrexoparensHo, (P)= A, [~

21

MaxcHManbHas MOINHOCTH, pa3BHBaeMas IOABEMHEBEIM YCTPOHCTBOM: P =Fu = Fat.

[ToxcraBmsd 3HaYeHNA, nomydaeM P =m+2al (a+ gsina+ fgcosa).

Berumcermasa, Haxonum: 1) A= 1,72 xJ[xk; 2) (P) =702 Br: 3) P_ =141 kBr.

3amgaua 6. [Hlapuk maccon m = 300 © yIapHJICS O CTEHY H OTCKOUHII OT Hee. OIpee/IMTh HMITYIIBC
p1, TIOTYYEHHBIH CTEHOH, €CJIH B 5TOT MOMEHT Ilepel ylapoM IIapHK HMelI cKopocTh 10m/c,

HAaITpaBIIEHHYIO ITOJ YITIOM ¢ = 30" K ITOBEPXHOCTH CTEHBI. Yap CUHTaTh aOCOIIOTHO YIIPYTHM.

Peuenite:

[Io ycrmoBmro 3amaun ymap aOCOIFOTHO VIPYTHI, CIIeJOBarellbHO, CKOPOCTh IIapHKa IIO
aOCOIIOTHOMY 3HAUEHHIO JIO H IIOCIIE yAapa OAMHAKOBEL, T.€. U =10, .

[IprMeHIM 3aKOH cOXpaHeHHS HMITYIIbCa(B IPOEKI[HSIX Ha OCH KOOPJIHHAT):

y: pl_ﬁ‘ = O = m(uﬂ_ﬁ‘ o U_ﬁ‘) = m(uﬂ_ﬁ‘ o Uﬂl_ﬁ‘) = O

X0py, = o= m,, — (=g, ) =2my,

rac U, = y,simmo

p, = 2mu,sin &

TOI'dd
. K T M
P;=2 03k 10m/c- sin30° =15 .
¢
OOKYMEHT NMoanncAaH

ANEKTPOHHOM NOONMUCEID
. wbvkat: 2C0000043E9ABSRBO52205ETBAS00060000043E
Bnageneu lllebayxoea TaTeAHa AnekcaHapoBHa
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3amaua 7. J/IBa CBHHI[OBBIX IlIapa MaccaMH m; = 2 KT | mi> = 3 KT ITOABEIIeHBI Ha HUTSIX JIIHHOI /
= 70cM. llepBOHAYAIILHO APl COMMPHKACAIOTCSI MEKIAY COOOH, 3aTeéM MEHBIIIH IIap OTKIOHIIIH
Ha yron & = 60° wu orycrwm. Cumras ypap
I[eHTPaIbHBIM H HEYIIPYTHM, OIPeJelINTh BBICOTY /1, Ha
KOTOPYIO ITOTHUMYTCS IIapkl IIOCIIE yaapa H SHEPIrHIO0 AT
H3PACXOMOBAaHHYIO Ha Jie (popMAaI[HIO IIapoB IIPH YAape.

Peueniie.

Yaap HeylIpyrui, II03TOMY IIOCIIe yiapa IIapbl ABHIKYTCS C OOIIEH CKOPOCTBIO U, KOTOPYIO
HailJleM H3 3aKOHa COXPaHeHHI HMITYIIbCa:

mvu, +mu, =(m +m)v, (1)

rac v H v, — CRKOPOCTH HIapPOB HO apa. CKOpOCTh ©, MAJIOIrO Illapa HaHIeM H3 3aKOHa
1 2 |

COXPdHCHHA MeXaHHYeCKOH SHEPI'HH.

| 1

mgh = ——,

OTKVJIA:

v, = ,/Zghl = ZJZgE(l—cnﬂa) = 2@5&11%: (2)

(yurm, yro h =I(1-cosa) ).

3 Brrpaxkenmii (1) 1 (2) ImpH yCIOBHH, YTO v, = (), ITOITYYHM:

. a
mo, 2m, 4 /gi’ sin P
_ )

F?’El + fﬂz Fﬂl + Fﬂz

(3)

=

3 3akoHa COXPdHCHHA MeXaHHUYeCKOH SHCPI'HH HMCCM.

2

v
(m, +m2)?: (m, +m,)gh,

OTKVIa HCKOMaA BBICOTA.

~

. 2milsin® <
2

h_: v o
2¢g m, +m,

(yurm opmyy (3)).

OHEPIisl, H3pacxoRoBattAas Ha () OpMaIlHIO IIapoB IIPH yIape,
ANEKTPOHHOW MOAMNMCbIO
Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E 2

Bnapgeneu. llleBayxoea TaTeAaHa AnexkcaHapoBHa AT = FTE]UI _ ml ™ m? Uj (4)
k

2 2

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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HITH, TTIOAcTaBHB (2) B (4), HAXOMIM:

mm, .,
AT =2gl —— Sm‘E*

HII + HE}

Berumcernas, momydaeM: 1) =56 cMm; 2) AT=4,12 JIx.

3agaua 8. [Ilap maccol m = 5 KT M paJycoM R = 5 CM BpallfaeTcs BOKPYT OCH, ITPOXOMSIIEH

yepes ero IeHTP. YPaBHEHHE BpaIlleHus Iapa HMeeT BHI @ = A+ Bt 4+ Cr,rned =2 pax, B

= 16 pag/c?, C = —2 pax/c’. HaiiTH 3aKOH M3MeHEHHI MOMEHTA CHIL, JefCTBYIOIIMX Ha IMap H
OIIPEJIEJIMTh MOMEHT CHJI A/ B MOMEHT BPEMEHH [ = 2C.

JlaHo:

m = S5KIl TaK KaKk MOMEHT HHEPIIHH IIapa ITIOCTOSHHBIN, OCHOBHOE VpaB- R =

51077 M HeRHe JHHAMHKH BPall[aTelIbHOI O ABHKEHHS HMEET BH/I

¢=A+ Bt +Ct’ M=I¢ (1)

A =2 pan rae I — MOMEHT HHEPIIHH, & — VITIOBOE YCKOPEHHE TeJa, B =

16 pax/c? M — MOMEHT CHIIL, IeHCTBYIOIIHX HA HETO. C=-2
3 2 2

panm/c”. Tl mppa MOMeHT HHepimi [ = —mR™ . (2)

t=2c¢

M) =7M2) ="

Ilo QITPEACIICHHIO YITIOBOC YCKOPCHIIEC CCTh BTOPAA ITPOH3BOJHAA OT VYIJId ITOBOPOTA
BPaAllaroIicrocia TCJI 110 BpEMCHH

rr f

£=@(t)=(A+ B>+ Cr') =(2Bt+3Ct*) =2B+6Ct . 3)

[TogcraBmag (2) u (3) B (1) u Hcnonp3ys 4yHclIeHHBble 3HaYeHHTI A, B u C HalijleM 3aKOH
H3MeHeHH S MOMeHTa CHIL, IeHCTBYIOMIMX Ha Iap.

M(t)= %.s::r«u’i”2 -(23 + 6Cr): (0,16—0,06r) H-m.

Jlimsg moMeHTa BpeMeHH f=2c¢, M (2)=0,0 4 H-m.

Jamaua 9. lnck pamgnycoM R = 0,5 M M Maccol m = 50 KI pacKpyyeH 0 YaCTOTHI BpalllcHHI
ny = 10 ¢! u mpegocraBneH camoMy cebe. Ilox AeiicTBHEM CHII TPEHHSA MAXOBHK OCTAHOBHIICS
yepes 60c. HaliTh MOMEHT CHII TPEHHSIL.

I[EIHID: OI'’JIaCHO OCHOBHOMY YPAdBHCHHIO JHHAMHKII BPAILIATCIIbHOI'O JBHKCHIA
AOKYMEHT NOANWMCAH
_ EKTPOHHOW NOANUCEBIO _
CEETHdJﬂETI QC% 043EPABEB952205E7BAS0006000004 3E dLH /df o MH

Bna,qem{ul) llleGayxoea TlatTenAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022|no 19.08.2023

35




m= 50 kT TIe dL_r— H3MeHeHHe ITPOeKIHH Ha 0Ch X MOMeEHTa HMITYIIbCa JHCKa,

ni=10c' BpamamoInerocs OTHOCHTENBHO OcH X, COBITAAIOIIEl ¢ TeOMETPHYECKOI

t=60c OCBIO JIUCKa, 3a HHTepBalI BpeMeHH df. M _— mpoexims Ha ock X MomeHTa M = ?

BHCITHITX CHII (E AJAHHOM CJIIVHAC CHIJI TPEHIIH):, ,[[E]?IGTE}"IOH_[HK Ha OHCK.

CynTaeM, 4YTO MOMEHT CHJI TPEHHS CO BpeMeHeM He H3MeHSeTCs, TOrJla YpaBHeHHe
(1) MOKHO 3aITHCcaTh B BHJIE:

AL =M At (2)
Vi3sMeHeHHe IIPOEKIMH MOMEHTA HMITYIIbCA

AL =1 -Aw, 3)
rie I = mR*/2 MOMEHT HHEPIHH JHCKa OTHOCHTETBHO OCH X.

M3 (2) u (3), uMeeM:
M At=mR*[2-Aw. 4)

VIsMeHeHHe YITIOBOI cKOpocTH Aw = @, — w, = 2xn, — 2zn, = 27x(n, — n)).

Torma u3 (4) momyunm

M. = tmR* (n, _”1)_
At

Tax xak Af =17, a n, =0 (AUCK OCTAHOBHIICS) TO, OACTABUB JaHHBIE, TIOTYYHM, UTO
M= M;=654H-Mm

[IpoBeprM pazsMEpPHOCTH ITOIYYEHHOI O pe3yibTara:

2 -1 2
K[-MC  K[*M  KI'M
=———=—-—M=HXM.

C C C

Jamaya 10. Yenosexk maccon 60 KI CTOHT B IIEHTPe CKaMbH JKYKOBCKOTO M BMECTE C HeH
BparmaeTcs mo HHepun. Yacrtora BpameHus n1= 0,2 1/c. B BHITSIHYTBIX B CTOPOHY PyKaX YeJIOBEK
IEPKHT 10 TaHTEIIH MacCcoH 6 KT Kaxkjas. PaccrosHne Mexay ra’nreiisiMi 1,6 M. Omnpeaeirs:
YAaCTOTY BPAIllEHHSI 12 CKAMBH C YEIIOBEKOM, ITOCTIE TOrO, KaK OH OITYCTHT PYKH, H PacCTOSHHE
Me KAy TaHTeIsIMH cTaHeT paBHBEIM 0.4 M. [IpH pacyeTe MOMEHTOB HHEPIIHH YeJIOBEKA ITPHHATH
3a IIUIHHAP paguycoM 10 cM, a cKaMbrO cunTaTh JHCKOM paarnycoM 0,4 mu maccon 10 xr. Haritu
H3MEHEHI E SHEPTHH BPAII[AOIIEHCS CHCTEMBI. T peHHEM IIpeHeOpeys.

Hamxo: AOKYMEHT MOANUCAH
SNEKTPOHHOW MOAMNWCHIO

Ccpmd}ﬁﬁt: ﬁ@[ﬂ@_f@d BEEABEEQEEEDEE?BAEGGGEGGGG&#BE
Bnaneneu: lleGayxoea TaTeAHa AnexkcaHgpoBHa

F1= 0:,1 M
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m2= 10 KT
r=0,4M
n=02c!
L=0,4M
L=1,6M
ms= 6 KT
na -
AW -7

YemnoBek BMecTe cO CKaMbeH COCTaBISET 3AMEKHYTYHO CHCTCMY, BPallldIOIITYHOCAH BOKPYT
EEPTHHEIJILHDﬁ OCH. ,HJIH TaKOH CHCTEMEI CITPABCJIHB 3aKOH COXPAaHCHHA MOMCHTA HMITIYIIBCA.

haanw= hon, (1)
IJle MOMEHTHI HMITyTIbca /1@ M 1) B HAYaIbHELL H B JIFOOOI IPYroif MOMEHT BPEMEHH.

31ech / — MOMEHT HHEPIIHH, @ — YI'JIOBAA CKOPOCTD. /1 COCTOHT H3 MOMEHTOB HHEPIHH CKdMbH

Ia= mar2*/2, yenoseka — Iy =mir1°/2 (CKaMbs H YelIOBEK CUMTAFOTCS CITIOIIHBIMH IFUTHHIPAMH) H
IBYX ranteneil Ir=2ms(l2/2)%.

I1 I lmr3+1mr3+2m (L’]H
O9TOMY L | J R TS 3 A
2 2 2

YTIoBas CKOPOCTDb , = 27 n, . AHEIJIGI‘H‘IHG:, AJEL BTOPOI'O ITOJIOMKEHIA raHTeleH IMeeM

l 2 ]. 2 Z )
I, = Emzr;JrEmlq“Jerj 51 , H @, = 27N,

[TomcTaBuB 3TH BBEIpakKeHH B(1) IOy dHM:

1, 1 LY 1, 1 1Y’
—mr +—mr +2m.| = | | 27n, =| —mr, +—myr” +2m.| = | |- 27n, .
2 272 2}?111 %[2) 1 2 272 2 171 "5(2) 2

[;-10-0,16+;-60-0,01+12-0,64]-0,2

n, = = =1,1—

(;-10-0,16+;-60-0,01+12-0,04) 1,58 C

KyHeTHYeCcKas SHEPTHS BPAIAIOIIErocs Tela BEMHCISIETCS 1o hopMylte  W=Ia#/2.

IOKYM ﬂEﬂEﬁdggg.: 8,78-1,58 = 6,9 Jx; I/VE — IE&}‘EH = 1,58-43, 7 = 38,5 JIx:;

EHEH.'I'F'DEI% NOAMNKCbLIO 2 2
Ceprudomkar: 2C0000043E9ABBEBO52205E7BAS0006000004

Bnapneneuy: lleGayxosa Tawaﬁﬁiéﬂialﬁﬁal-ﬁ W — 3 l 6 I[}K
2 1 ? '
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3Jamaua 11. OIHOPOJHBEIN TOHKHH CTEPKEHh MaccoHm mi = 0,2 KT U JIMHOH [ = 1M MOXeT
CBOOOJHO BpaIllaThCsI BOKPYT TOPH30HTAIIBHOH OCH Z, IMpoxXoaael yepe3 Touky O (cM puc.) B
TOUKY A4 Ha CTEpPKHE IIONAJAET IUIACTIIIMHOBBIA INMAPHK, Maccom mp2 = 10 I, JeTSIIpin
TOPH30HTAJIbHO CO CKOpOCcThIO » = 10 M/c M IpHIHITaeT K CTep:kHI0. OIpelelnHTh YITIOBYIO

CKOPOCTh CTEPKHSI @ B HavaJIbHBII MOMEHT BpeMeHH, ecliH a=A0=I[/3.

Taxo: ._V A
my=0,2 KT a
[=1M 0
my=10T=0,01 kT ¢ |
=10 M/c
a =1/3

v
o =9

CyHTasg CHCTEMY TeJl M3 IIapHKa H CTEPXKHSI 3aMKHYTOH, ITPHMEHHM 3aKOH COXPaHEHIS
MOMeHTa HMITyIIbca: Lo = L (1)

B HavambHBIIT MOMEHT yAapa VIJIOBas CKOPOCTh CTepXHS ay—0, MO3TOMY €ro MOMEHT
HMITYTIbCa Lo1 = 0. [IpH 3TOM JIETAIIIHIT IAPHK ITOIaJaeT B TOUKY A, CIEA0BATEIIbHO OTHOCHTEIBHO

ToukH O (ocH BpalleHHs) 00lIafjacT MOMEHTOM HMITYIbca Lo = mava, TAe a — PpacCTOSHHE OT
TOYKH ITormagaHHs 10 ToukH O. TakuMm obpaszom Lo= 0 + mowa.

[IpHyMIOImMf K CTEPKHIO IMApHK OYVAEM CUHTATh MAaTePHAIbHOH TOYKOH, BPAIAXOIIEHCS C

YITIOBOII CKOPOCTBIO CTEPKHSI @ M, €T0 MOMEHT MMITyIbca paBeH L = moa’®. [@ — MOMEHT
HMITYJIbCa CTEPKHS, I7le [ — ero MOMEHT HHEPILMH OTHOCHTEIIFHO OCH BpaIieHHI. T orjga MOMEHTa

HMITYTIbCa CHCTEMEBI CTepKeHb—INAPHK OYAeT paBeH Lo = I @ + maa”@. IToACTaBILII IIPHBEIEHHBIE
BBIINIE BBRIPakeHHS B (1), TTOTyunM

.,
nova = o+ nha” .

m,va

(2)

CIle fOBATEIBHO, o = ~.
I +m,a”

Y100 HANTH / OTHOCHTEIIBHO TOYKH (J, BOCIIONB3YeMCS TeopeMoH Ll TerHepa:

I1=1,+m(0C),

rae lo=m1/*/12 — MOMEHT HHEPIIH CTeP;KHI OTHOCHTELHO ToukH C (1[eHTpa Macc). PaccTos e
OC=1/2 — /3= 1l/6, Torna

P 2 2
m,l [~ ml”

I: + —
2 "M36 9

OOKYMEHT NMoanncAaH
ANEKTPOHHOM NOONMUCEID

whbukaT: 2C0000043E9ABSBO52205ETBAS00060000043E

E Ia0erey LIeD3yxoBd iTeHHE Ad1eKCaHdDOBHLS
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3 3m,0 3-0,01-10 | 43 PaA
ml>  m)l’ (m +m)l  (0,01+0,2)-1 c
9 9

Bonpocst u 3a0 anuA.

C yyeToM (2) ITOMyYHM (D) —

PaGora. Pabora riepeMeHHOH CHIJIBI.
MomrHocCTE.
KoHcepBaTHBHEBIE H HEKOHCEPBAaTHBHEIE CHIIBL. [loTeHIIHAIbHAS SHEPIHA.
CBs3b MEKY CHIIOH H ITOTEHIHAIILHOH SHEPTHEH.
OHeprus yrpyro ae()OpMHPOBAaHHOTO TeNa.
KHHeTHUyecKas SHEPIHA H €€ CBA3b ¢ pabOTOH ITPHIIOKEHHBIX CHII.
IlomHass MeXaHHYeCcKasl SHEPIHSI CHCTEMBI TEIL.
3aKOH COXPaHEHH I MEXAaHHYECKOH SHEPTHH.
JIMCCHITAI[HS SHEPTHH.
. IloHsTHe aGCOMIOTHO TBEPAOIO TEIA.
. IlocTymnarensHoOe H BpalaTellbHOE ABHKEHHS TEIA.
. Hucio crereHel cBOOOBI.
. I{eHTp HHep1mH (Macc) TBEPAOro Tela.
. MoMeHT cHitbl. MOMEHT HHEPIIHH.
. OCHOBHOM 3aKOH JHHAMHKH BPaIaTeIbHOIO JABHKEHHS.
. MOMeHT HMITYTIbCa. 3aKOH COXPaHEHH I MOMEHTA HMITYIIbCA.
. PaGora 1o BpallieHmo Tena.
. KmHetn4yeckas sHeprus Teja, Bpalarolerocs BOKPYT HEITOABHKHOH OCH.

L XN R WD =

O 1 B W= O

3aJaun 1/ caMOCTOATEILHOI0 penicHnA

1. CHapsr Maccoit m = 10 kT oOmagan ckopocThio » =200 M/c B BepXHeH TOYKe TpaeKTOpHH. B
5TOH TOYKE OH Ppa3opBaliCd Ha IBE YacTH. MeHBIas MacCOH mi=3 KT IOJIYUIUIa CKOPOCTD u| =
400M/c B IIpeKHEM HampaBlIeHHH. HaliTH CKOPOCTh 142 BTOPOH, OONIbINEH YaCTH ITOCTIe Pa3phiBa.

2. 'py3HK, IIPHBS3aHHBIH K IITHYPY IIHHOH /=50CM, OIIMCEIBAET OKPYKHOCTH B TOPH30HTAIIbHOH
TIOCKOCTH. KaKkoil yroir ¢ o6pa3yeT IMIHYpP ¢ BEPTHKAIIBIO, ECITH 4acTOTa BpalleHNsI n = 1¢”

3. I'py3HK, IIPHUBS3aHHBIN K HUTH JJIMHOH [ = 1 M, OIIHMCBEIBAET OKPYKHOCTH B TOPH30HTAIIbHOH

IDIOCKOCTH. OrpeAelmTh Iepuof 7' oOpallleHHs, €CIIM HHTh OTKIIOHEHA Ha yroia ¢ = 60° ot
BEPTHKAIIH.

4. ABTOMOOWIL HAET IO 3aKPYITIEHHIO IIIOCCE, paguyc R KPHBH3HBI KOTOpOro paBeH 200 M.
KoaddrimeHnT TpeHns 1 Konec o IOKpeITHE Jopork paseH 0,1 (romonen). 1IpH KaKoi CKOPOCTH Vv
aBTOMOOIISI HAYHETCS €TI0 3aHOC?

5. Kakyro HaHOOJIBIIYIO CKOPOCTh ¥max MOKET Pa3BHTh BEJIOCHIIEAHCT, ITPOe3Kas 3aKPyTIIEHHE
pagmycoM R=50M, ecitn KO3(QQHIIHEHT TPeHHS CKOIbKeHHSI 4 MeKIY IIHHAMH H acdalbToM

PaBEH 0:,3'? KakoB YIroial ¢ OTKIOHCHIA BCJIOCHIICAd OT BCPTHKAIH, KOI'Zld BCIIOCHIICAHCT
OB CTCA IIO BHI{IJ}’THEHI[ED?

JOKYMEHT NOANWCAH

6. KaMeHReeRQUBBITIanHAMBEICIIIEH TOUKH ITomycdepsl, paguyca R. Kakoil JIHHBL JyT'Y OITHIIET
CEPTIDRANETTD. ﬁi%ﬁf@ﬁﬁ@f&%%%e roBepxXHOCTH? TpeHHEM ITpeHeOpeYD.
Bnaneneu: LI_IEE% a TaresHa AnekcaH BHAa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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7. PakeTa Maccoil m=1m, 3anyIeHHas ¢ ITOBEPXHOCTH 3eMIH BEPTHKAIIBHO BBEPX, IMTOJHHMAETCS
C yCcKopeHHeM a=2g. CKOpPOCTh v CTPYH I'a30B, BEIPBIBAFOIINXCS H3 corla, paBHa 1200 m/c. Hakitu
pacxond Om IOPIOYETO.

8. Ilapuk maccon m = 300 r ygapwicsa O CTEHY M OTCKOYHJI OT Hee. OIpeaenTh HMIIVIIBC pi,
ITOITYYEHHBIN CTEHOH, €CIIHM B ITOCIIEHHH MOMEHT IIEPe] VAApOM IapHK HMeT CKOPOCTh vo = 10
M/C, HaIIPaBIIEHHYIO ITOJ yTIIOM a=3( K IIOBEPXHOCTH CTEHBI. Y Iap CYHTATh aOGCOIIFOTHO YITPYTHM.

9. Temmo maccoit m=5 xr 6porteHo 1mox yrioM a=30" K TOPH30HTY ¢ HaYalIbHOI CKOPOCThIO vo= 20

w/c. [IpeHeGperas cOIPOTHBIEHNEM BO31yXa, HATH: 1) mmirynbec cubel [, melicTByromeil Ha
TeJIO, 32 BpeMs ero I1ojleTa;, 2) H3MeHeHHe Ap HMITYIIbca Tela 3a BpeMs ITOJIeTa.

10. MarepHampbHasg TOuKa MacCOH m = | Kr, JOBHTAasCh PAaBHOMEPHO, OIMMCBIBAET UYETBEPTh
OKPYKHOCTH paguyca r = 1,2 M B TeueHHe BpeMeHH ¢ = 10 ¢. Hanti usmeHeHHe Ap HMITYIIbCa
TOUYKH.

11. M3 1Byx coymapsrorixcs abCOMOTHO VITPYTHX MIapoB OOBIIIMH IIap ITOKOUTCS. B pesynbrare
IIPSIMOrO yapa MeHBIIINM Imap moTepsn 3/4 cBoell KHMHeTHUYecKOH sHepruH 7. OnpeaelHTh
OTHOINeHHEe k=M/m Macc II1apoB.

12. Ilap maccon m = 1,8 KI' CTalIKHBAETCSI C TOKOSIIEMCS IapoM OoJbIed Maccel M. B
peE3yIbTATe IIPSIMOIO VIIPYIOro yaapa Iap Inorepssi 30% CBOEH KHHETHYECKOH sHeprum 717.
OnpeaemiTh Maccy OOJIBIIETO IIapa.

13. Tap, maccoi m; = 200 1, ABHXKYIIHICS CO CKOPOCThIO v = 10 M/c, yaapseT HEIIO BHKHBII
map Maccon mp = 200 r. Yaap mpsmon, abCOMIOTHO YIIPYIHI. KakKoBBEI OVAYT CKOPOCTH i1 H U2
IIIapOB IT0CTIe yaapa?

14. MomorkoMm, Macca KOTOporo mj; = 1 Kr, 3a0HBarOT B CTEHY I'BO3Jb MAcCOH m2 = 735 T.
Onpenemnts KIIJ1 # yaapa MOIOTKa IIPH JaHHBIX YCIIOBHSX.

15. boek cBariHOro Momnora MaccoH n = 500 KT ImagaeT ¢ HEKOTOPOH BBICOTEI HA CBAXO0 MacCOH m12
= 100 r. Haritu KIIJ] » yoapa Oorika, cuMTas yaap HEVIIPpYTHM. M3MeHeHHeM ITOTeHI[HAIbHOH
SHEPrHH CBaH ITPH YIIIYOIIEHHH e ITpeHeOpeys.

16. MoJ10T Maccom m = 3 KT yaapseT HeOObIIOH KYCOK JKelesa, JIeKallii Ha HaKOoBaJIbHe. Macca
m2 HaKOBaJIbHH paBHa 100 kr. Maccol KycKa Kenesa IpeHedpeus. Y aap HeYIIpyrui. OIpeelInTh
KII1]/] # yoapa monora IipH JaHHBIX YCIIOBHSX.

17. Mosekyma pacragaercsd Ha ABa aToMa. Macca OMHOro M3 aTOMOB B n = 3 pasa OOIbIle
apyroro. lIpeHeOperasgs HayalpbHOH KHHETHYECKOH SHEPIrHEH H HMIIYIIbLCOM MOJIEKVIIBL,
OIPEHENNTh KHHETHUYECKHE SHEPTHH 7| H T2 aTOMOB, €CJIH HX CYMMAapHas KHHETHYECKAs SHEPrHs
I'=0,032 H]Ix.

18. KoHpkoOexkell, cTod Ha JIbY, OPOCHI BIIEPE] THPIO MACCOH m| = 5 KT M BCIeICTBHE OTHadH
ITOKaTHIICS HazaJ CO CKOpPOCThIo v2 = 1 M/c. Macca KkoHbpkoOek11a m| = 60 kr. OmnpeaemiTh paboTy
A, COBepIIEHHYIO KOHBKOOEKIIEM ITPH OpOCaHMH THPH.

. 7 1
19. Smpo aroMa pacllafiacTcs Ha JBa OCKOJKa MaccaMd mi = 1,6°10% xr 1 mp = 2,4-10°% kT.
OHpE,[[EJ]IITL KHHETHYECKYIO SHEPIHIO I> BTOPOI'0 OCKOIIKa, €CIIH 3HEPIHI 11, IIEPBOTO OCKOJIKaA
%EHT NOAMNMCAH
PaBHaA 1& HHOW NOAMNMUCbLIO
Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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20. Ilpu BRICTpETIE U3 OPVIHS CHAPSO MacCOH m = 10 KT rmony4yaeT KHHETHYECKYIO SHEPTHIO 1| =
1.8 x/Ix. OnpenemTh KHHETHYECKYIO SHEPIrHIO 12 CTBONIA OPYAMS BCIEACTBHE OTIA4M, €CIII
mMacca maz CTBOIa opyaus pagHa 000 Kr.

21. Uepes HeENMOABMKHBIN OMOK MaccoH m = (,2 KI IEpeKHHYT IIHYP, K KOHI[AM KOTOPOIO
TTOABECIIH I'PYy3bI MaccaMH m1=0,3 KT | m>=0,5 Kr. OnpeaelInTs CIILl 7| 1 12 HATSKEHH S IHYPa
1mo o0e crTopoHel OJI0OKa BO BpeMS ABIDKEHHS TIPY30B, €CIH Macca OIIOKa pPaBHOMEPHO
pacripejieneHa 1mo odoxay.

22. Yepes Onok, HMeROIIHH (pOopMYy JHCKA, MepeKHHYT HHYp. K KOHI[aM IIHypa ITPHBS3aIH

rpysukd Maccor m =100 r u m2= 110. C KakuM YCKOpPeHHEM a OVAYT ABHUTATLCS IPY3HKH, €CIIH
Macca m 01oka paeHa 400 r? TpeHue IpH BpalleHHH OJI0Ka HHUTOKHO MAaIo.

23. Ban maccon m =100 xr u paggycoM R = 5 CM Bpalljaicsid ¢ 4acTOTOH n = 8 ¢l K
IUIMHIPHYECKOH TTOBEPXHOCTH Balla IPHKalH TOPMO3HVIO KOIOAKY ¢ cwion F= 40 H, mox

IelicTBHEM KOTOPOH Ball ocTaHOBHIICS uyepes ¢ = 10 ¢. OnpenermTs KO3 (QHIMEHT TPEHHUS L

24. Ha ropH30HTaJILHYIO OCh HacakaHbl MaxXOBHK H JIETKHH IIKHB paguycoM R= 5 cM. Ha mmkus
HAMOTaH IIHYP, K KOTOPOMY IIPHBS3aH Ipy3 Maccod m = 0.4 kr. OIycKasch paBHOMEPHO, I'PY3
ITPOILEN ITYTh s = 1,8 M3a BpeMd f = 3 ¢. OnMpeIenHTs MOMEHT HHePIIHH J MaxOBHKa. Maccy IIKHBa
CUMTATh IPeHeOpEeKIMO MaJIOH.

25. T OHKHMI OJHOPOAHBIN CTEPAKEHD IIIHHOMN [ = 50 cM u Maccon m = 400 r BpalaeTcs ¢ YIIIOBEIM
7 e

YCKOpeHHEM £ = 3 pajJi/c” OKOIIO OCH, NPOXOASIIeH NEPHEHAHKYIIIPHO CTEPIKHIO 4Yepe3 ero

cepeauHy. OIpedelInTh BPaIlarOIii MOMEHT M.

26. Illap maccon m=10 Kr 1 paguycoM R= 20 cM BpaIaercsi BOKPYI OCH, IIPOXOISIIEH Yepes ero
IIEHTP. YPaBHEHHE BPaIllEHH IlIapa HMEET BH] :;.9=A+Br3+ Ct’.tne B=4 pa,[[r’ﬂz; C=-1pag/ ¢”. Haiiti
3aKOH M3MEHEHH I MOMEHTA CHUI, IEHCTBYIONMX Ha Iiap. OnpeJelMTh MOMEHT CHII M; B MOMEHT
BPEMEHH [; = 2 C.

27. YelloBeKk CTOHT Ha CKaMbe sKYKOBCKOI'O M JIOBHT PYKOH MSY MaccoH m=0.4 KT, JIETSIIIH B
TOPH30HTAIIbHOM HaIlpaBIeHHH CO CKOpocThio » =20 m/c. TpaekTopHs Msya IIPOXOAHT Ha

paccTOSHHH r = (0,8 M OT BEPTHKAIIBHOH OCH BpallleHH S CKaMbH. C KaKOH YITIOBOH CKOPOCTRIO @
HayHeT Bpalarhcd cKaMbs sKYKOBCKOIO € YelIOBEKOM, ITOMMABIIHMM MSY, €CIIH CYMMAapHBIH
MOMEHT HHEPIIHH J YelloBeKa H CKaMbH PaBeH 6 KT-M?*?

IIpakTH4Yeckoe 3ansaTHeE 4.
Tema 3anamus. IIpsamoJiMHEeTHOE pABHOIIEPEMEHHOE ABIKEHHE.

MexaHnveckHe K0J1e0aHHA H BOJIHbI

HEJH: JAHAMIA. I/IB}”{HTL OCHOBHEBIC 3dKOHOMCPHOCTH KoneOaTelIbHBIX ITPOICCCOE B
MEXAHHKC.

T eopemuiecKdn Udcmbo.

AOKYMEHT MNOANMCAH
EHEHTF'DHHDM I'ID,E[I'IHEI':I’D

Ceprudbukar: I MM Ha3bIBAlOT ABIDKEHHS Tell, IIOBTOPSIOIMHECS TOYHO (HIIH
Bnaneneu; rf]éﬂ‘flﬁmfﬁﬂﬁﬂ{@?%ﬂ?eiﬂ% OIIMHAKOBBIE IIPOMEXKYTKH BpeMeHH. [IpumepaMu ITPOCTBIX

KonedaTe IbHBIX CHCTEM MOI'YVT CIIVEHTE I'PY3 Ha ITPYKIHC HIIH MaTeMaTHYeCKHI MASITHIK.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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KomneGaHsa Nmmpoko pacipocTpaHeHEl B IIPHPoie H TexHHKe. KomneGaTenbHbIe MTPOIECCH
JIEKAT B OCHOBE TAaKHX OTpaciiel TEXHHKH KakK 3JIEKTPOTEXHHKA, PaJHOTEXHHKA H.T. ).

B 3aBHCHMOCTH OT XapakTepa BO3JEHCTBHS Ha KOJIeOIIOIIYIOCS CHCTEMY, Pas3IMyaroT:
cBOOONIHBIE, (cOOCTBeHHBIE) KoneOaHHS, BBIHYKJIeHHBIe KoleOaHHSI, aBTOKONIeOaHHSI H
IapaMeTPHYECKHE KOIeOaHHsL.

1. CpobomHbele _ KONeOaHHS, COBEPIIAKOTCS IIOA AEHCTBHEM BHYTPEHHHX CHJI
CHCTEMBI, IIOCIIe TOro, Kak cHucTeMa Obllla BRIBEJcHA H3 COCTOSHHS PaBHOBECHS.
(Konebanus rpysa Ha IIpyKHHE WIH KOJIeOaHHSI MasSTHHKA SIBILTIOTCS CBOOOTHBIMH
KOIeOaHHIMH. ).

2. BBHVKJIEHHBIE - CHCTEMa ITOABEPraeTCs BO3AEHCTBHIO BHEIIIHEH, ITIEPHOAHYECKH
H3MEHSIOIHI CSI CHIIBI (KolleOaHHe MOCTa ITPH ITPOX0KIeHHH COJIIAT, HIYIIHX B
HOTY).

3. ABToOKONne0OaHHS - CHCTEMA caMa VIIPaBIIIET BHEIIHHM BO3JeHCTBHEM (MasTHHK
JacOB ITOIy4YaeT TOMYKH B MOMEHT ITPOXOKIEHH €€ yepe3 cpeJHee ITOI0KEHHE).

4. IlapaMeTpHueckHe KojieOaHH - ITPOHCXOIHT IIEpHOAHYECKOe H3MEHEHHE KaKOI O-
THOO IapaMeTpa CHCTEMBI 3a CUeT BHEIIHEero BO3JeHCTBHS (HAIPHMED JUTHHBI
HHTH MaTeMaTHYeCKOI'O0 MasTHHKA).

OCHOBHBIE XdPAKTCPHCTHEI I'apMOHITYCCKOI'O KolmeOaHHT:

1. x- cMeIleHHe- OTKIIOHEHHE OT ITOJIOKEHHS PaBHOBECHS B JJAHHBIL MOMEHT BPeMEHH (MOIKET
ObITE >0 1 <0)/

2. A— dAMIUTHTY/4d - MdKCHMAJIBHOC OTKIIOHCHIEC OT ITOJIOKCHHA PABHOBCCH .

3. T- IICPHOA - COBEPHICHHA OAHOI'O ITIOJIHOI'O KOmeOaHH 5.

4. wt- (paza KoneOaHHA - XapaKTepPH3YeT COCTOSHHE KoneOaTelIbHOH CHCTEMBI B IIFO00H 3aJaHHBIH

MOMEHT E%%%R{‘HH MOOMVCAH

3NEKTPOHHOW NOONMCLIO _
whDar VAHACTOTa ~MICIIO-KOIeOaHIIL B SAHHHIY BPCMCHH.

1AV XOBS iITeEHHAE AdJIEECAHODOBHS
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Ecin K Ha4dally HaOmroIeHHA (1)33& HMCJIa HCKOTOPOC HAYaJIbHOC 3HAYCHHT ¢@,, TO

YPAaBHCHHE 3aIlMIICTCA.

x=A- Slﬂ( Py T Wf) - TapMOHHYeCKOe KojleOaHHe ¢ HavallbHOH (pa30i.

CHﬂp OCTb H YCKOPCHHE TADMOHHYIECKOI'0 K0.J1e0aHHSA

CKOpOCTb - I'dAPMOHHYCCKILX KorneOaHHH eCTh IICPBAs ITPOH3BOJHAA CMEIICHITA 110 BPEMCHIH.

dS
I/IBEECTHG:, qTO CKOPOCTE V — — I I'apMOHHYCCKOI'O KonmeOaHH A CKOPOCTE OIIPCACIICTCA
[

dx d(A-sm wt)

CIIC]T TTTHIM 06 a30M V= — =
e b dt dt

= A-wW-COSWI

v=A-Ww-COSWI|-cKOpPOCTh FapMOHHYECKOr'0 KOMeGaHHS.

d d(A-w-cCos X
a:—v: (4-w Cﬂqwr):—ﬂ-wz-smwr

dt dt

E .
a=—A-w"-Sin Wt} yckopeHHe TTpH FapMOHHYECKOM KOTIeGaHMH.

KomneGaTempHOe IBHKEHIE BEOTOTHACTCS IO IeHCTBHEM CHIIBL, KOTOpas MOKeT OBITh
OIIpeiesieHa 110 BTOpoMy 3akoHy HerotoHa: £ = 1M1 - a , HO yckopeHHe ITpH FapMOHHYECKIX

2 .
KoneO0aHHSIX oIpeeseTcs 1o popMyne d = —A-w” -sin wt , TIOACTAaBHM 3HAYEHHE
- 2 ;
YCKOPEHH S BO BTOPOH 3aKOH Her0TOHA, TO F=—m-A-w” -Sn wt no A-Sn wt=x
TO

-
F=—-m-Xx-W"|. cima peftcrByrormast Ha KomeGIIrOIEECS TEIO.

OHa IIPOITOPIHHOHAJIBHA CMCIICHHIO, 3HAK «-» YKA3bBIBACT Ha, TO UTO CHJIA HAIIPpABJICHA B

ITPOTHBOITOIIOAHYHO CTOPOHY OTHOCHTCIIBHO CMCIIICHHS. k=m-v~

F — _k * X |- KBA3HYIIPYT'dA CHII4, BEISBIBAIOIIAA KonebaTelbHbIe JBHKEHHA.

BHEPFHH IFAPpMOHHYIECKOTO K0.1€0aT eJILHOT0 B HARCHIH

KBEIBH}TIP}TEIH CHIIA ABIIHCTCAH I{GHCEPEHTI[BHGﬁ H ITO3TOMY IIOJIHAA MEXAHHYCCKAA SHEPI'HA
CHCTEMBI OCTA&TCSA IIOCTOSHHOH. B  Ipollecce KonmeOaHHH ITPOHCXOIHT  IIPeBpalllcHHE
KHHCTH ‘... TIOTEHIHAIbHYIO H 0O0paTHO, HPHIIEM B MOMEHTHI HAaHOOJBILErO

CEETHdJMBﬂIWﬁEBW@MEECIH TIOJIHAA SHCECPI'HHd COCTOHT TOJIBKO H3 ITOT EHI_[IIEIJ]LHIDH
Eina,.':l,enELh lllebayxoea TareAHa Ane rc H OBHAa
CPIHIH, KOTOpasda JOC dCT CBOCT O MaKCHMAJIBHOI'O SHAYUCTHIT.
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E= EH.[IH.‘-{ -~ .4- aMIUTHTyia

2

HpH ITPOXOAACHHH CHCTCMEBI HCPC3 ITOJIOYKCHHC PABHOBCCHA ITOIIHAA SHCPI'HA COCTOHT TOJIBKO
H3 KHHETHYECKOH JHEPIHH, KOTOPAA JOCTHIACT CBOCT O MdaKCHMYMa.

2 2 2
r LR :m-A W

E KidH. ITEHX
| 2 2

IIpYHMHHBIN, MATEMATHYCCKHHA M (PH3HYeCKHI MAAT HHKH

IIpyorcurusiil mMagmuux- 3TO TPY3 MACCOH m IIOABEIIEHHBIN Ha VIIPYTOH ITPYKHHE H
COBEPIIAOIIHI F'aPMOHHYECKHE KOIeOaHH 4.

AN

P
fﬁ

m

KomneGaHmsa MasTHHKA COBEPINAIOTCA O JeficTBHEM YIIIOBOH cuiel. F = —k-x, k
KO3(P(HITHEHT YIIPYTOCTH, a B CIy4ae ¢ IPYKHHOH OH Ha3bIBAaeTCSI KO3(P(QHIHEHTOM KECTKOCTH.

VpaBHEHHE ABHKEHH S MASITHHKA 3aIHChIBAETCS:
m-a=—-k-x (3)

YCI{DPEHIIE- JTO BTOpaA ITPOH3BOJHAA CMCIICHHA 11O BPEMCHH.

m-x"=—k-x,Tx d =x"

PazgemiM o0e yacTH YPABHCHHA Hda M, TO ITOJIYVHHM

k
x"+—x=0
. 4)

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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k k 27

CpaBHIM MeXITy co60it ypaBHeHHS (2) H (4), O4eBHIHO, YTO W™ = —, a W= ,[—, W= —
m m T
27T
I'=—. IIepHOJ KomeOaHH s, ITI0ICTaBHM B (POPMYITY IepHoia KoneOaHHI 3HaueHHe w, depe3 kK
W
27 m
mm,to I =—F—, I'=2m,|—
k
m
m
I'=2m ; - TIEpHOJ, KoneOaHNs ITPYKHHHOIO MasSTHHKA.

Du3nyeckil MASMHUK - TEép,I[GE TEJIO CIIOCOOHOE COBCPHIATH KoredaHI I OTHOCHTEIIEHO OCH, HE
COBIIaJarOIIEH C OEHTPOM MACC.

mg

13 0CHOBHOI'O YpaBHEHH S JHHAMHKH BpaIlaTeIbHOr O JBHKEHI
J-e=M  rne

M=-m-g-d-smq

HOINEHT NOkAAMATIBIX KomeGarHit MoxHO royunts J - &—M =0

ANEKTPOHHOW NOAMUCHIO
Ceptuidmkar: EEGGGGGdSEEABBBQEEEDSETBASGGﬂEﬂﬂQﬂﬂd&P" + m - g . d . (p — 0 {3)
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pazgemrv ypaBHeHHE (3) Ha J
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, m-g-d

Bregém oOo3HaueHe Wy — 7 , TIOTyYHM YpaBHEHHE

" 2
@ +WwW Q= 0 , KOTOPOE aHAJIOr MYHO ITOIIYYEHHOMY PaHEE.

- 27T 27T
[Teprox xoneGaHHs GH3HYECKOTO MAITHHKA ~ -
W{] 111 - g . d
J
T =2m
m-g-d
Mamemamuyeckuii __MaamuyuK - MaTepHalbHas TOYKAa IIOABEINEHHAS Ha HeBeCOMOI

HEPHGTH}I{IMOﬁ HHTH.

PearbHbIH MAATHHEK, YV KOTOPOI'O MAaCCd TCJIa BO MHOI'O Pd3 OOJIbIIIE MACCHI HITH, 4 Pa3MCPbL

TEJIa BO MHOI'O pa3 MCHbIIIC AJIMHHBI HHTH, MOHO CHHTATh MaTCMaTHYCCKIHM.

Y‘IHTBIE&H, HTO MOMCEHT CHIIBI TAXKCECTH M =—m- g - [-sm o H MOMCHT HHEPIHH TOYKII

3
J=m- [ H3 THHAMIYCCKOI'O YPABHEHHA BPAIlldTCIIEHOI'O ABHMKCHITA ITOITYHI M. J & = M .

[GKYMEHT MOOMNWUCAH
SNEKTPOHHOW MOAMMCHIO

Ceprucbukat:  2CO000043E9ABBBI52205E7BA5000§pp00B43E (" + 111 - g d-ax=0 (4)

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pazgermm ypasHeHHe (4) Ha ml*, TIOTyUHM
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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]
c:r:"+%-cx:0,:> a"+wp =0 W, = l

HEPHO,I[ KoreOaHHsI MaTeMaTHIECKOI O MasITHHKA

2 [
r=""_o7 =

Wy 8

M1 IPHXOAMM K BBIBOAY., YTO BO BCCX CIIYHAAX KorleOaHIs OITHCBIBAIOTCS OJHHM H TEM

" 2
AC YPaBHCHHEM X + W“ X = 0:, COBITaJaIONHM C YPpdBHCHHEM JBHAKCHIA I'apMOHHYCCKOI'O

OCITHILIIAT OP4d.

BeIHV:KIeHHbIE KoJ1e0aHuAa. PesoHaHc. ABTOK0J1e0aHHA

BB]]—I}")K,[[EHI{E:IMI KormeOaHHSIMH Ha3bIBAETCS HE3aTYXAIOIIIHE KonmeOaHH A CHCTCMBI,
KOTOPBIC BbI3BIBAIOTCH IeHCTBHEM Ha Heé BHEIIHHX CHIL, IICPHOJHYCCKH H3MCHAIOIIHIXCH C

TCHUCHHEM BPEMCHH.

Cmla, BBI3BIBAIOINAS BBIHYXKJEHHBIe KoleOaHHS, HasbIBaeTCS  BO3MYIIAOIIHI
(BEIHYKIAFOIIHIL) CHIIOH.

BrmHyKmaromast cria H3MeHSIETCS ITO 3aKOHY:
F(t)=F,-cosw-t

Fo- dMILIIHT Y14 ELIH}"}K,I[EIIGH_[Eﬁ CHIIbI, W- INHEKIIHMYECKAA YaCTOTA.

[lox mericTBHEM STOH CIJIBI B CHCTEME YCTAHARIHBAIOTCS IapMOHHYECKHE KOJeOaHH C
ITHKIITHYECKOH YaCTOTOH W.

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

['me A- aMIDIMTYa BEIHYKAeHHBIX KoneGaHmil cMeleHHa. ) - pazHOCTh (a3 MeXIy

BBIHYKIEHHBIMH KOJI€0aHH IMH AX u croit F(t).

AMT[JIHT}",[[E], BBIHY K JCHHBIX KonmeOaHHIH 3aBHCHT OT AMIUITYIBI EL]]—I’_’;-"}I{,[[HIGIl[Eﬁ CHIIBI H
€€ YacTOThI, 3aBHCHMOCTE dMILUTHT VI BI KolmeOaHHH OT YaCTOTBI IIPHBOAHT K TOMY, YTO IIPH
HEKOT Gpﬂﬁ HaCTOTC aMINIMTVI4d BbIHYXICHHOI'O KojeOaHHsI JOCTHraeT MaKCHMAIBLHOIO
3HAUEHHSI. OTO SBJIEHHE INOJIVHHIIO HA3BAHHC pe30oHdaHcd, d COOTBCTCTBYIOIIAA YdCTOTad-

PESOHAHCH Oll 4acnionivl.

JOKYMEHT MNMOANvCcAH

B # 0, TOXTRYS I FRTFAICHMATEHOIO 3HAYEHH I ITPH YaCTOTE W,,, # W,
Ceptvpukatr: 2C0000043ESABBBO52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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> > 207
w:wpaj':\/wﬂ_zﬁ = Wy 1- 3
Wy

SBIeHHE BO3PACTAHHA aMIIIMTYAblI BBIHVYAEICHHBIX KomnebaHHH ITPH ]’[pIIﬁJ]II}I{EHIIH
I[HKIIHYECKOH YaCTOTHI EB]H}")K,[[EIIGH[Eﬁ CHJIBI K 3HAYCHHIO Wpes; — HA3BIBACTCHA Pe30HAHCOM , Wpes —
PE30HAHCHAS ITHKIITHYCCKaAd YaCTOTa.

HpH HalIMHHM  TPCcHHA  PE30HAHCHadA IMHKIHYECKAasd HYaCTOTda  Wpe; HECKOIIBKO

g )
LW,y = \/ w, — 87 H MEHBIIE wy.

DopMa pe30HAaHCHBIX KPHBBIX 3aBHCHT OT 3HaueHHSA [ . Uem Oompime S, TeM Oolee
ITOJIOTHMH CTAHOBSTCSI KPHBEIE.

HpI]I‘vIEpBI PE30HAHCA. ABJIICHHC PC30HAHCA HCIIOIB3YCTCA B dKYCTHKC - OIIA dHAJIHM34d
3BYKOB, HX YCHIICHHA H.T. .

Ilog mencIBHEM IIEPHOJHYCCKH H3MCHAIOIIHXCA HAI'PY30K B MAIIMHAX H PA3JIHYHBIX
COOPVYKCHHAX MOI'YT BO3HHKHYTE ABJICHHA PE30HAHCA, KOTOPBIC MOI'VI OBITH OITACHBI [JIST
JKCILIYaTallHH MaIlliH.

Aemoxonebanusn- KonebaTelIbHasI cHcTeMa, COBEPIIAIOIAs He3aT yxXarollHe KoleGaHH I 3a
CUET MCTOYHHKA HSHEPrHHM, He OO0IagaroIero KojaeOaTelIbHBIMH CBOMCTBAMI- HAa3bIBAETCS
aenioxonebamenvHoll clcHIeMOoll.

IIpuMepbI pelienus 3a3a4

Jagaya 1. MarepHaapHasgd ToukKa MaccoH m = 10 I coBepIaeT rapMOHHYECKHE KOJIeOaHHS C
yactoToit V= 0,2 I'i. AMmmmnTyma koneOanmii 4 paBHa 5 cM. OTIpeJeIHTh: 1) MaKCHMAaTbHYIO CHITY,
IeHCTBYIOIIYIO Ha TOUKY, 2) ITOITHYIO HEPIHIO KONIeOIFOIIeH S TOUKH.

Peueniie

VpaBHEHHE TapMOHHYECKOIO KOJIEGaHH
x=Acos(wf+ Q).

CKOPOCTh H YCKOPEHHE KOIeOIIOIIENCS TOUKH

dx
L= E =—Aw,sin(@ + p);
a= % = —Aw; cos(a,t+ ).

CormacHo BTOpoMY 3aKoHY HBIOTOHA, cHITa, JeHCTRYIOIIAsI Ha TOUKY,
2 e :
F =ma=—-Am, cos(a,t + @),

[OKYMEH. AH N
F = Fmanqﬂmmfmw) = *1, nosTOMY HCKOMOE MAKCHMATBHOE 3HAUCHHE CHITBI

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnapgeneu. llleBayxoea TaTeAaHa AnexkcaHapoBHa - .
F =Aom=4mw"v Am
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(Y4, 410 0, = 27Tv)).

[lomHas sHeprus KoneOmoIencs TOUKH

It
iR

E=T_=—mv, = Uy
2 2

IlomcTaBHB CrOda @, , HAaHJCM HCKOMYIO IIOJIHYIO SHCPI'HIO.

:.:'
¥ ¥ ¥
EF=2x"mv-A".

Berumcernas, momydaeM: 1) Fmex = 0,8 MH; 2) E=19,7 mx]Ix.

Jamagya 2. OHU3HYECKHMI MaSTHHK IIPEACTABIIET COOOH TOHKHH OIHOPOAHEIN CTEPAKEHB.
OIpeAelHTh JIHMHY CTEePKHS, €ClIH 4acToTa KoineOaHMH MasTHHKAa MaKCHMallbHa, KOrja TOYKa
roaseca O HaXOMHUTCA OT ILieHTpa Macc C Ha paccTOSHHH 20,2 cM.

Peutenriie

L[HI{J]IIIIE CKasl 4yacToTa KoreOaHHI (jJPHSHIIE CKOI'O MaATHHEKA

mgx
@ = ,
TR

rac m — MdCCd MadTHHEKA., J — MOMEHT €TI0 HHCPITHIL.

CoITlacHO TEOPCME LHTEfH—IEpﬂ:, MOMCHT HHCPIIIT CTCPKHA OTHOCHTCIIBHO TOYKIT ITOJBCCA,
OTCTOSIIEH OT IOEHTPA MdCC Ha PACCTOAHHII X,

J = m_;ff +mx*.  (2)
12 |
[TogcraBus (2) B (1), momyynm
129x
®=,|= -
Frize ©

HaiigeMm skcTpeMyM QyHKIHH (3):
do 6g(l° —12x7)

— —0
/2 72 232 ?
dr X7 +12x%)7
OTKVIa
g 3
> -12x*=0.
T. €. HCKOMAA JIJIHHAa MaAgTHIEA
OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANMWUCEIO Z L 2 f3x
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E o *
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Brerumcrnas, momydaem / = 70 cm.
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3amaua 3. Touka YHACTBYCT OJHOBPEMCHHO B ABYX I'dApPMOHITYC CKITX KGJIE@EH—]IIHX, ITPOH CXOJJAIIIX
BO B3aNMHO IIEPIICHAHKYIISIPHBIX HAIIPABIICHHSIX H OIMMCBIBAEMBIX VPABHEHHSIMH X =COSZI H

T
V= CDSEI : OHPEI[EJIHTB YPAaBHCHHC TPACKTOPHH TOYKH.

Peueniie

Ilo YCIIOBHIO 3a1a'1L,
X=coszt; (1)

v—cmﬂr (2)
- "2 -

I onpepeneHHs YpaBHEHHS TPacKT OPHH TOYKH H3 YpaBHeHHH (1) 1 (2) HCKITIOUHM BpeMsL, TOra

3 ﬂ . g ﬂ 2 ﬂ 2 ﬂ 2 ﬂ 2
COSMt =Ccos —f—sin" —t=cos —f—(l—cos" —r)=2cos —r—1=2y" —1,
2 2 2 2 2

OTKYId HCKOMOC YPaBHCHHC TPACKTOPHH TOYKIL

IIpeICTaBIsAeT cOOOH mmapadony.

Jamaua 4. Jlorapudmiraeckuil JeKpeMeHT 3aTyXaHHS Tejla, KoneOmornerocs ¢ yacToroi 50 I,
paBeH 0,01. Ompengenuts: 1) BpeMs, 3a KOTOpOe aMILINTYAa KolneOaHHH Tella YMeHbIHTCS B 20
paz3; 2) YHCIIO ITOMHAIX KoneOaHHil Telna, YTOOBI ITPOH30IINIO ITOA00HOe YMEHBIIIEHHE AMITTHTYIHI.

Peuieniie

AMIIIHTY/IA 3aTYXaOIMX KoineOaH i
A=Ae”, (1
rie Ao — aMIImTyIa KoneOaHHil B MOMeHT £ = 0; & — KO3()(pHIHEHT 3aTyXaHHI.

Jlorapugnrrye CKHil JeKpeMeHT 3aTyXaHHS ® =0T (T =1/v — yCIIOBHBII1 ITEPHOA 3aTyXAFOIIHX

KojieGamnmii). Torma 0=0vy BBIpakeHHe (1) MOJKHO 3aIHcaTh B BHJIE
A — AUE_ & vt 5

OTKYI4a HCKOMOEC BPENA

JOKYMEHT MNOANCAH
3NEKTPOHHOW NOANWCHLIO @ V A

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Snanendf peTiy P RONMBIR IO B ROTT e OaH I
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Brerumcrsas, momydaem: 1) 1=06 c; 2) N=300.

3amaua 5. I'py3 maccoit m = 50 I, moABeIIeHHBIH Ha HUTH JTHHOH / = 20 c¢M, coBepIIaeT KoneOaHH
B xuakocTH. KoagduimeHTt conmporueinennsd » = 0,02 xr/c. Ha rpy3 AeicTBYeT BBHIHYKTAIOIA
cuima F = 0.1cos ax, H. Onpegenute: 1) 4acToTy BRIHYKIAIOINEH CHIIBI, IIPH KOTOPOH aMIUTHTYVAA

BBIHYKJIEHHBIX KOIeOaHHII MaKCHMalbHa, 2) Pe30HAHCHYIO aMIUIHTYAY.

Peuieniie

OUYeBHAHO, 4YTO 4YacTOTa BBIHYKAAIOINEH CHIBI, TIPH KOTOPOH aMIUINTYAA BBIHYKISHHBIX
KOJIeOaHHH MaKCHMaJIbHA, SBIISIETCS PE30HAHCHOH YaCTOTOH:

— Jmé — 28", (1)

r
I7e @, — COOCTBeHHas YacTOTa KOIeOaHHI CHCTEMBL, 0 = Y KO3(P(PHIHEHT 3aTyXaHHSI.
['py3, TTOABEIIEHHbII Ha HUTH, MOKHO IIPHHSATE 3a MaTeMaTHue CKIIl MasTHHK, Torna &y = 7
[TogcTaBuB 3HaYeHHI (U, U O B dopmyiy (1), HaftieM HCKOMYIO PE3OHAHCHYIO YacTOTY:
g T
@ €3 - B 2
P | 2m°
[TogcraBuB popmymy (1) B BeIpakKeHHE 1L aMILIHTY/IbI BBIHYKIEHHBIX KOJIeOaHHIT
A= t
9 9 9 9
m.\f(m{; —@" — 40 @
r7ie /o — aMIDIMTYIHOE 3HaUYeHHe BBIHYKIAIOM[eH CHIIB (110 YCIIOBHIO 3aJayuH, Fo=10,1 H),

HaiJ[eM HCKOMYIO PE30HAHCHYIO aMIUIHTYAY:

A= F

F

0 0

ZmB\/ms—SE L8
[ 2m’

2

Brrumcrsta, monydaem: 1) @ =7 pap/c; 2) Apeg =71.,4 cm.

Bonpocet u 3a0 anui.

HIAEEKAEK 01TeOaH T,
POHHOW NOANUCHIO

Ceprudukar: E%m Eﬁﬁgﬂ@m@o@ﬁm@@@gwl KoneOaTelbHOIO JABHKEHHS. aMIUIMTYa, (pa3a, yacToTa,
Bnapeney; meﬁayxmpﬁgﬂg AnexkcaHgpoBHa

3. JlmHamrka rapMOHHYECKHX KOJIe OaHHII.
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4. TIpyKHHHBIHN, MaTeMaTHYeCKHIT H (pH3HUeCKITI MasITHHKH. KBazHyIIpyTrie CHIIHL.
5. KuHerH4eckas, MOTeHIMaIbHAA H ITOIHAS SHEPTHSI TAPMOHHYECKOr 0 KOIeOaHH 5.
6. 'apMOHHYECKHH OCI[HILIISITOP.

3amaun 1 CAMOCTOATE/IBHOI 0 pellleHusA

1. Harmicarp ypaBHeEHHE TapMOHHYECKOIO KOJIeOaTelbHOI'O JABIKEHHS ¢ aMIUIHTYIOH 4 = 5 CM,

- - T
eclIi 3a BpeMd ¢t = 1 MuH coBepmIaeTcsa 150 xoneOaHHil H HadyajabHad (pa3a KoneOaHHH ¢ = 7

HadepTnth rpadHK 5TOro ABHKEHHS.

2. Harmicarp ypaBHeHHe rapMOHHYECKOr0 KojIeOaTelbHOTO JBHAKEHII ¢ aMIUIHTYIOH 4 = 50 MM,

- - T - -
IIEPHOIOM I’ = 4 ¢ 1 HaYaJIbHOH (1)&3'31[ @ = 1 . HaliTH cMeleHHe x KoneOmroIencsl TOUKH OT

ITOIOKEHHS paBHOBecHA IIpH 1 =0 u ¢ = 1,5 ¢. HauepTuTh rpauK 5TOro JIBHKEHHS.

3. Uepes Kakoe BpeMs OT Hayalna JBHKEHHS TOYKa, COBEpIIAroIas rapMOHHYECKOe KolneOaHHe,
CMECTHTCS OT ITOJIOKEHHS PAaBHOBECHS Ha ITOJIOBHHY aMIIMTYABL? [leprnon xomebGammn I = 24 c,
HavallbHasd dasza ¢ = 0.

4. quEB KaKOC BpPEMA OT Haddlla ABHMKCHITA TOYKd, COBCPIIAOITAA KonebaTellbHOEe JABHIKEHHE II0

. T
YPABHCHHIO X = 7 s1n EI IMPpOXOJHT IIVIbE OT IIOJIOMNKCHHA PABHOBCCHA OO0 MAKCHMAJIbBHOIO

CMellleHHT?

5. HauampHadg (aza rapmoHmYecKkoro konebaHus ¢ = (0. [IpH cCMeIeHHH TOYKH OT ITONOKEHH
paBHOBECHA X1 = 2,4 CM CKOPOCTb TOUKH v, = 3 CM/C, a ITPH CMEIEHHH x2 = 2,8 CM €€ CKOPOCTb

v, = 2 cv/c. Haittn aMmrmTyny A 1 nepaof 1 3Toro KoneOaHHs.

— - as . T w
0. YpaBHeHHE KojleOaHHI MaTepHaIbHOH TOYKH MacCOoH m = 10 r mMeeT BHI x = S:E;m[—H —
5 4

CM. HalHTH MakCHMalIbHYIO CHIIY F _ , AEHCTBYIOIIYIO Ha TOYKY, H ITOIHYIO SHEPruro W Kome-

OIroIeHes TOUKH.

- . (T o7
7. YpaBHEHHE KOJIEOaHH I MaTepHaIbHOH TOUYKH MAcCOH m = 10 I IMEET BHJ x = Zsm[—r +—
4 4

cM. [TocTpouTts rpaHK 3aBHCHMOCTH OT BpeMeHH ¢ (B ITpejieliaXx OJHOr0 IIepHOAa) KHHETHYECKOH
W, IOTeHIIHAIIBHOH Wy H TIOMHOH W 3HEePrHH TOYKH.

8. IlomHasg sHeprusa Tejla, COBEPINAKOINErO IapMOHHYeCKOe KonebarellbHOe ABHKeHHe, W =30
MK/I’K, MaKCHMajIbHas CHIIA, JEHCTBYIoIas Ha Temo, F_ = 1,5 mH. Hammcate ypaBHeHHe

- T
ABHKCHHA 5TOI'O TClId, SCII IICPHO xonedaHHH I = 2 ¢ H HavyaJIbHAaI (1)&3& o=—.

3

9. K npyxHHe MTOABEIIEH I'py3 Maccor m = 10 KI 3Hasl, YTO MPYKHHA MO BIHSHIEM CHIIEBI F =

0.8 H pactaruBaercgs Ha /= 1.5 cM, HaliTH ITepHof 7 BepTHKAIbHBIX KOIeOaHHI Ipy3a.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWCHLIO

copmankdr OB 2 YHRAGTBYEE /B 50 ABYXKoo BRANMHO TIEPIIEHANKYILIPHBIX KONEeOaHHAX X=2SIN@fM H
Bnaneney; — Mlggyeesr M HANTICTPASKTOPHIO PE3YILTHPYIOIIETO ABHKEHN S TOUYKH.
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Pasaeu 2. OCHOBBI MOJIEKYIAAPHO-KHHETHYECKOH TeopHH H TeEPMOAHHAMHKA
IIpakTH4YecKoe 3aHATHE 3.
Tema 3anamus. KHHeMAaTH4YeCKAS YACTh OCHOBHOH 321a4YH MEXAHHKH.
O CHOBBI MOJIEKYJIAPHO-KHHETHYECKOI TEOPHH.

HEJH: JAHAMIUHA. I/IB}"IHTL OCHOBHEBEIC IIOHATHA H 3dKOHDbI MDHEH}GIHPHD-IGIHETH‘IECKD]&
TCOPHH.

T eopemuieckda uacmbo.

[IpencrariieHe O TOM, YUTO BCE Tejla ITOCTPOeHBI M3 MelbYaHIIMX YacTHI[ — aTOMOB,
BO3HHKIIO eIlle B IPEBHOCTH M OBIIO BhICKa3aHO I'pedeckuM (purocodom JemoxpuroM (V B. 10 H.
3.). OIHAKO, B JaIbHEHIIEeM 3TH ITPeICTaBIeHI I ObUIH 3a0BITHI H JIHIIb BO BTOPOI ITomoBHHE X VII
B. ObUIH pa3paboTaHBl B KAYeCTBE HAYYHOH TEOPHH, ITOIYUYMBIINEH Ha3BaHHE KJAACCUUECKOI
MOJIEKYJIAPHO-KIUHEMUYECKOIL Meopul.

(OHa OCHOBaHa Ha CIEIYIOIIHX ITOJIOKCHHAX.

1. Bce BelecTBa COCTOST H3 OUeHb MalleHbKHX YaCTHI[ — MOIeKVI.

Kaxmoe BeIleCTBO COCTOHT H3 OJHHAKOBBIX MOJICEKYIJL CKOJILKO BEILECTB B IIPHPOAE,
CTOJIBKO H BHAOB MOJICKYII.

MoneKVIIbl COCTOST H3 ellle 00lee MeIKHX YACTHI] — anloMoa.

YiC1o aTOMOB paBHO YHCITY XHMHYECKHX 3JIEMEHTOB H HX H30TOMOB (109 XM, 371eMEHTOB
1 Goree 1500 H30TOMOB H3BECTHO B HAIIIE BPEMS).

Momnekyibsl — pa3IHyHble KOMOHHAIIHH H3 aTOMOB (MOJIEKYIISPHO-KHHETHYECKAS TEOPHS
He pacCMaTpHBAET CTPOSHHE aTOMa).

2. Mexny MoIeKylIaMH Tella OJTHOBPEMEHHO JeHCTBYIOT CHIILI B3aHMHOIO ITPHTSLKEHHS
(CllerIeHHs) H CHIIBI B3aHMHOI'O OTTAJKHBAHHS, ITPHYEM CHIIBI OTTAIKHBAHHS C YBEIHYEHHEM
PacCTOSHNS YOBIBAIOT OBICTpee, YeM CHIIBI CIeINIeHHI. 1103ToMy Ha onpelelIeHHOM PacCTOSHIH
IPYr OT Jpyra MOJIEKYIBI MOIYT HaxXOJAHThCSI B YCTOHYHMBOM PaBHOBeCHH. (COIJIacHO
COBPEMEHHBIM HCCIEJOBAHHSAM, IIONOKEHHE YCTOHYHBOIO PAaBHOBECHS COOTBETCIBYET
MUHUMYMY UX ROMEHUILATIbHOIL IHEPIULL.

3. Monekyiapl, 0O0pa3vIOIHe Telo, HaXOoIIICI B  COCTOSHHH HEIPepbIBHOIO
OecIIOPSIIOYHOIO ABHKEHH .

CI{DPGCTL ABHKCHHA MOJICKYII BO3PACTACT C YBCIIHYCHHEM TCEMIICPATYPHRI, IIO3TOMY
IBIKEHIE HA3bIBACTCS M1eH/108bIM OGLICeHIIeM.

Ilo MEPE YBCIIHUCHHA HHTCHCHBHOCTH TCIUIOBOI'O IBHKCHH A, CPCAHEC PACCTOAHHC MK IY

MGHEK}J’HHIE]%{W%EE ?ISE#EE&HGHEEGEaTEHBHG? TEJIO IICPEXOAHT H3 TBEPAOIO COCTOAHIIA B KILJIKOC.
HpH ITaTHCHIHER FHIPEBE PACCTOMAHHCE MCHAY MOJICKVIIAMH YBCIIHYIIBACTCA HACTOIIBKO, YTO

Ceptud i 0
BnEﬂengﬁh&%ﬁ@j%ﬁiﬁﬁﬁg&%ﬁfﬁ%ﬂ@ﬁ%ﬁmnmﬂ, TEII0 IIEPEXOIUT B Ta3000pasHOEe COCTOSHIE.

Hoeanvuoiu 2az. E2o napamvempul
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Hoeanvuvivm 2azom Ha3bIBAaeTCS T'a3, MeKIY YaCTHI[aAMH KOTOPOT'0 OTCYTCTRBYIOT CHIIBI
B3aHMHOIO ITPHTKeHNA. [IpH coymapeHIsIX MeK Iy cOOO0H, YaCTHIEI I'a3a BEAYT ce0s Kak
VIIPYTHE IAPHKH KpaiHe MaJIoro pa3Mepa.

C}"H.[ECTE}"IOH_[HE B JIeHCTBHTEIILHOCTH a3kl ITPH HE CJIMIIKOM HH3KHX TCMIICPATYPdX H
JOCTATOUYHO MAJIbIX AABJIICHHAX HA3BIBAIOTCA PA3PAKEHHBIMH I'd3dMIH H ITO CBOHM CBOHCTBaM
OJIMBKH K HIACAIIbHOMY I'a3y.

KoJm4yecTBo BelnecrBa (MHCI0 MOJIER)

N m
V—-———— .
N, M
rae N — 4drciao MOIeKyl, Na — IOCTOSIHHag ABOraJpo, m — Macca BelmecTBa, M — MOJISpHas
Macca.
Ypasnenue Kianeiipona-MenaereeBa pV =vRT,
rJie p — JaBIeHHe ra3a, V —ero o0beM, R — YHHBepcalbHas Ia30Bas IIOCTOSHHAS, T —

TEPMOAHNHAMHYCCKAA TCMIICPAT Ypa.

Y paBHeHHE MOJIEKYJISIPHO- KHHETHYECKOH

TeOpHH Ia3oB P = %H<5' ) — lmﬂg <U )2&

[TOCT 3 KB

I'ac n — KOHIOCHTPalIld MOIICKYII, < nacr) — CpcAHA KHHCTHYUCCKAS SHCPIHA ITOCTVIIATCIIBHOI'O

ABHKCHHA MOJICKYIIBL, 1) — MaCCad MOJICKYIJIbI <U‘EB> — CpSAHAA KBAAPATHYHAA CKOPOCTD.

I
Cpeansasi sHeprus MoJIeKYJIbl (E-;‘) =—kT,

2

LJe [ — YHCIIO CTEIeHEeH CBOOOABI MONIEKYIIEI, Kk — ITOCTOSHHAs bosIMaHa.
[
BHYTpeHHSA SHeprusg HAeAJILHOI0 Irasa U =—vRT.

CHcreMa U3 N MaTepHaJIbHBEIX TOUEK, MEXIY KOTOPEIMH HET JKECTKHX CBS3eH, mMeeT 3N
cTelleHeH CBOOO/IBI.

MoJeKyIBl Ta30B, COCTOsIIHe M3 oJHoro aroMa (Ar, Xe, He) oOmagaroT TpeMs cTeNeHIMH
CBOOOJBI 1=3;, MOJEKYIEI I'a30B, COCTOSIHEe M3 ABYX aToMoB (O2, H2, N2) oOmamaroT IISITBIO
CTEIEHSIMH CBOOOIBI 1=5; MOJIEKYIIBI I'a30B, COCTOSIIHE H3 Tpex H Oomee atoMoB (CO2, CH4)
00IaIaroT MIECTBIO CTEITEHSIMH CBOOOEI 1=06.

CxopocTb MOJIEKY.JI:

CpeoHsis KeaopamuyHas <UE> — \/ 3KT I m, = \/ 3RT /M,

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Banened: WSS AP MSTNS e as (V)= [8KT /(my) = \|8RT ((xM).
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Haubonee eepoanuas U, = JZkamD = \/QRT/M :

Cpeanas JVIHHA CBOOOJHOT0 MP00Era MoJIEKY.IbI (ﬂ) = (ﬁﬂ' d’n )_ ,

rJe d — 3(pPeKTHBHEII JHAMETP MOJIEKYIIHL.

CpE,[[HEE YHCJI0 CTOJIKHOBEHHH MOJIEKYJIbI B €THHHIIY BPCMCECHH ( > \/_ 27d” ﬂ( )

1
PﬂCHpE,[[EJIEHHE MOJIERYJI B IOTCHITHAJIbDHOM I10.1€ CIJI n=mn, E}ip( — |

kT

rae [/ — roTeHIHaIbHas JHEPIHA MOJICKVIIBL.

b _ [ m,8 h ]
apoMerpuueckas opmy.Jia P = Py CXP T )
YpasHenne auddy suu
d
dm=-DL dsdr,
dx

rae D — xospdmpieHT AuPDY3HH, p — IUIOTHOCTh, dS — »3lIeMeHTapHas ILIOINAJKa,
TEPIEHANKYIIApHasI ocH OX.

dT
YpaBHeHHE TEILIONPOBOIHOCTH dQ—=—x=—dSdt,
I7le @& — TEIIONPOBOJIHOCTD.
dv
CuJ1a BHYTPEHHero TpeHHs dF = _ﬁEdS :
r7ie # — JTHHAMHYeCKasd BI3KOCTb.
1
Koygppuuuent muddysnn D = —(U) (ﬁ)

Bﬂsmucm (IMHAMHYeCKA)
AQKYMEHT MOAMWCAH

Tl o
CEpTHdJHfIZaT 00004 952205E7BA500060000043E

Bnaneneu: anmsa TateAHa AnekcaHgpoBHa
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T em1onpoBoOHOCTD &= l@p(t}) </1> =1cy

I'ac ¢y — VACIbHAA H30X0PHaA TCITNTIOCMKOCTD.

IIpuaMepbI pelieHud 32324

3Jamaya 1. B OGamwioHe BMeCTHMOCTRIO V = 0.9 1 Haxomurcsa a3or maccoH m = 2,3 r. llpu
HarpeBaHHH 4acTh MOJIEKYII JHCCOILMHPOBAIM Ha aTOMBI. CTeleHb JHCCOLHAI[HH (OTHOIIEHHE
YHCIIa MOJIEKYII, PacIlaBIIMXCS Ha aTOMEBI, K 00IIeMY YHCITY MoneKyn raza) a=0,2. OnpenemnTs:
1) oOmee umcimo N1 MOJEKYI H KOHIIEHTPAIlHIO A1 MOIEKYII a30Ta JO HarpeBaHHSI, 2)

KOHLCHTPAIIHH n2 MOJICKYII H 13 dTOMOB 430Ta ITOCIIC Hal'PEBAHH .

JlaHo:
V=6,91=6,9-10" M 110 orpeeneHHIo, KOHIIEHTPAIlHA YaCcTHIL I'a3a eCTh
m=23r=2,3-1 0 KT OTHOIIIEHHE YHCIIA T'a3a K 3aHHMaeMOMY I'a30M O0BEMY:
N
e 0.‘.2 =—
V
Ni=7nm="?

1. Hucio MOJIEKYII N1 rasza 1o Hal'PEBAHHA HaHIeM H3 COOTHOIIEHHSI

m
n2=7 ny="7 N:V'NA:E'NA,

rJe V — KOIHYEeCTBO BelllecTBa, Na — IocTosHHAS ABoraapo, M — MorsapHas Macca ( y a3oTa

M =28 107° kr/MOIB).
[TomcTaBIIsI YHCIIEHHBIE 3HAYEHH L, TTOTyYHM

3
N, = 2’::10 .6,02-10” =4,94 - 10> momnexyr, a
107~ -28
23
nlzﬂ:4=9‘4 193 M-3:7,16-1035i3.
V 6,910 M

2. KDI—]I[EHTPEH_[I]II MOIJICKYII IIOCJIE HAI'PCBAHI A HaHIeM H3 COOTHOIIIEHH S

N, N,(1- )

AOKYMEHT MNOANMCAH 2
SNEKTPOHHOW NOAMNWMCLIO V V

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
Bnageneurjie W@WEWW%WEHHE PACITaBIIINXCA Hd aTOMBI. [logcTaBHM YHCIIOBBIE 3HAUEHH:
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~ 4,94-10%(1-0,2)

— M~ =5,73-10"m".
6,9-10

n,

Tak Kak KaxKmast MOJIeKyJla ITOCIIEe pacliajia JaeT JBa aTOMa, TO KOHIIEHTpaIlHsI aTOMOB I10CTIE
HarpeBAHN a30Ta OyJIeT paBHA

©2-4,94-107-0,2
- 6,9-107

M- =2,86-10"M".

CIieJOoBaTEIIbHO, n,

3agauya 2. B 3akpreiToM cocyre mmpH temreparype 300 K u gapimennn 0,1 MlIla Haxomgarca 10 ¢
BOAOPOAAa M 16 r remisa. CunTas ra3sl HAE AJIbHBIMH, OIIPEAEIIHTE VAEIBHEIH 00heM CMECH.

Peutentie.

CoITIacHO 3aKOHY J|aJIbTOHA, JaRIE€HHE p CMECH I'a30B PABHO CYMME ITapI{HaIbHBIX JaBIECHII:
p=p+p, (1)
M3 ypaBHeHHs KiarnelipoHa — MeHgelleepa HMEEM:

pV=-LRT u pV=—2RT.
M T M

I 2

Haiigsg oTcrona p1 H p2 H IIOACTaBHB B (1), IOITYyIHM:

m, m,
pV=| —L4+ 2 |RT.
M, M,

YielbHBIH 00BeM CMECH

M1 May.
_(Ml +M3) RT

(m;+my)p

Brerumcrnsas, mony4aeM = 8,63 M/KT.

3amada 3. 10kyMEHT NOANMCAH
SNEKTPOHHOW MOAMNMCbIO

CEPTIDET M. B0 CKOME RO P  Otiitruarorca kosddmmmentsr middysun asora (M = 28-107°

Bnapeneuy; 3yxoBa fTaTeAHa AnekcaHpos

KI/MOIIb ) H yITleKHcaoro raza (M- = 44- 1077 kr/mons), ecimi 00a raza HaxXoJ ST ¢S ITIPH OJJHHAKOBBIX
neiiers, FEMITERATYPE ¥ AaBHACHHH. O PEKTHBHEIE THAMETPHI MOTIEKY STHX I'a30B CYHTATh OJMHAKOBBIMH.
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Peiuenie.

Kospdurment quddyzmm raza:

|
D= 5(1}}(:5).,. (1)

8RT
rae (v)=,[—— — cpenHA1 apHbMeTHYEeCKasd CKOPOCTh €I0 MOIEKYT, (/)= J_d CpeIHsII
n

M
IUIHA CBOOOMHOrO Ipodera Monekyil. [I0CKOIbKY p = nkT , U3 yenoBus 3aaa4ul (7'1= 1>, p1=p»)

CIIeAVET, UTO #11 = #2. I10ACTaBUB 3HAUYEHH (u) :,(I ) B (popmyiry (1) B yUYHTEIBAsI YCIIOBHE 3aJlayuH,
HaHIeM

BBIYHCIISA, TTONTYYaEM — D =1,25.

Bonpocet u 3a0 anui.
1. TepMogHHAMHYECKHIT METOJI HCCIEMOBAHM. T eMIlepaTypHEIE IIKalIbl. MaeambHBIH ras.

. 'as0BBIE 3aKOHEL.

: YPHEHEHIIE COCTOAHIA HACAIIBHOI'O I'd34.

2

3

4. OcHoBHOE ypaBHeHHe M.K.T.

5. 3aKoH Makceenia o pacipelelleHIH MOIIEKYTT HIealIbHOI O I'a3a I10 CKOPOCTSM.
6. bapomeTrpnueckas popmyna. PacripeseneHie bormbIiiMaHa.

7. JlnmnHa cBoboaHoro rmpodera MoneKkyi. ONBITH, IMOATBRepAaaroe MKT.

8. JBIIeHHS IIepeHoca.

9. BHYTpeHHSII SHEPTH AL

10. 3axoH bomnpiiMaHa O PaBHOMEPHOM pacITpeaeIeHHH MOIEKYVII.

Jajaun 1Ji caMOCTOATEJILHOI 0 peIICHHA

1. CKOIIBKO MOJIEKYI I'a3a COAEPHICS B OalllIOHE BMECTHMOCTBIO V=30 1 IIpH TeMIlepaType
1=300 K u gaBneHm p = 5 Mlla?

2. B cocyme HaxomuTCsa CMeCh KHCIOpoAa H Bomopoxa. Macca m cMmecH paBHa 3,6 r. MaccoBas
OISl w1 KH® et 0,6. OnpeJenuTh KOJIMYeCTBA BEIECTBA v CMECH, a TaKXKe v H v
A R R o e NOANMCLIO Tped m LA

ANEKTP
CeprudB@KEOLEd ohaddd AL LISIEHOEdd s 0000042E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3. B GawioHe BMeCTHMOCTRIO V = 3 1 HaxOIHUTCA KHCIOPOA MaccoH m = 4 Kr. OIpeacimrb
KOIIMYECTBO BEINECTBA v I'a3a H KOHLIEHTPALIMIO /1 €I'0 MOIIEKYVII.

4, OnpememiTs KOJIMYECTBO BEI[ECTBA v M YHMCIO /N MOJIEKVYI rasa, COLeprKalllerocsa B Komule
BMeCTHMOCTBIO V=240 cM’ mmpu TemMrteparype 7=290 K u maBnennu p=50 xI1a.

5. OrmpenemTs cpegHee 3HAUYeHHe < & > IIOJIHOM KHHETHYECKOH SHEPrHH OJHOH MOJIEKYIIbI
CIIeQVIOIIHX Ia30B:. T'elIis, KHCIOpoAa H BOASHOrO ITapa ImpH Temrieparype 1 = 400 K.

6. OmpememTh 4HcIo0 N MOIEKYII PTYTH, COIEPKAIIMXCSI B BO3Ayxe o0beMoM V=1 M’ B
ITOMEINEHHH, 3apa)kKeHHOM PTYThIO, IIpH TemilepaType =20 C, eclIH JaBJIeHHE p HACBIIIEHHOIO
Iapa pTyTH IIpH 3TOH TemIiepaType pasHo 0,13 Ila.

7. JlaneHue p ra3a paBHO 1 MIla, KOHI[EHTpalM n ero Monekyi pasHa 10'% ecMm™.  OnpenemTs:
1) temmeparypy 7 rasza; 2) CpPeJHIOK KHHETHUYECKYIO SHEPIHIO < &, > IOCTYIIATEIBHOIO
IBIDKEHIS MOJIEKYII T'a3a.

8. B xon6e BMecTHMOCTBIO V=240 cM’ HaxomuTcs ras IpH Temreparype 7=290 K u maBieHHH
p=30 klla. OmpegennuTs KOIMYECTBO BEIECTBA v T'a3a H YHCIO N ero MOJIEKYII.

9. OnpenemiTh KHHETHYECKYIO SHEPIHIO, ITPHXOASMIIYIOCSI B CPpeJHEM Ha OJHY CTEIIeHb CBOOOJIBI
MOJIEKYIIBI a30Ta, IpH TeMIepaType 7=1 kK, a Takke CpeJHIOI0 KHHETHYECKYIO SHEPTHIO < &, >
IIOCTYIIATEIbHOIO JIBIDKEHHS, < &y > BpaIllaTeIbHOr 0 JBH)KEHHS H CpeJHee 3Ha4YeHHE ITOIIHOH
KHHETHYECKOH SHEPTrHH < £ > MOJIEKYIIHL.

10. Cmecp remms U aproHa HaxXomurcs IpH Temreparype [1=1,2 kK. Ornpelenurs cpeIHIOIO
KBaJPaTHYHYIO CKOPOCTh < ¥yg -~ H CPEIHION KHHETHYECKYIO SHEPIHIO aTOMOB I'elIHSI M aprOHa.

11. CpemHsaa minHa cBOOOTHOTO ITpodera (/) aTOMOB I'eIIH A ITPH HOpPMaJIbHbIX YCIIOBHAX paBHa 130
HM. Onpenennuth JHQPY3HI0 D renms.

12. Muddysmst D xuciopona npH teMieparype ¢ = 0 °C pasHa 0,19 cm/c. OIIpeielHTh CPEIHIO
IUTHHY CBOOOMHOrO Ipodera (/) MOJIEKYI KHCIIOPO/A.

13. Beruncnnrs guddyszmro D a3oTa: 1) MpH HOpMalIbHBIX YCIOBHSX, 2) ITpH JaBneHHH p = 100 I]a
H Temrieparype I = 300 K.

14. Ompenenurb, BO CKOIBKO pa3 oTnHyaeTcsa JH(Qy3ns Di razoo0pazHOro BOIOpOJa OT
madPy3Hn D> razo00pa3HOro KHCIOpoAa, eClti 00a raza HaXOASATCS IIPH OJHHAKOBBIX YCIIOBHSIX.

15. OnpeaemiTh 3aBHCHMOCTE THPGY3HH D OT TeMIlepaTypsl I IIPH CIeAYIOIMHUX Mpoleccax: 1)
H300apHOM, 2) H30XOPHOM.

16. Onpenemurps 3aBHCHMOCTh TH(MPY3HH D OT JaBIeHHS p TPH CIEeAVIONMX Ipoleccax: 1)
H30TEePMHYE CKOM, 2) H30XOPHOM.

17. BEIYHCIIHTE JHHAMHYECKYIO BA3SKOCTE 1] KHCIIOPOMa ITPH HOPMAalIbHBIX YCIIOBHAX.

18. HaiiTH cpeqHIo IIHHY CBOOOTHOrO Ipodera (j) MOIEKYII a30Ta IIPH YCIIOBHH, YTO €IrO
IUHaMIYecKas BI3KocTh N = 17 mxlla-c.

19. Haftgp A 4e (K30 BASKOCTL 1) Temis IPH HOPMANbHBIX YCIOBHSX, ecli Ju(pdysus D
cePmbitiin TEXE FETOBIBI pasHd 1 OU6* 10~ m/c.

Bnapeneu: llleGayxoea-TaTeAHa AnexkcaHgpoBHa
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20. OmpeaeHTh 3aBUCHMOCTh JHHAMHYECKOH BI3KOCTH 1] OT TeMIlepaTypsl 7' IIPH CIIETYIOIIIX
nporeccax: 1) m3o0apHoM; 2) H30XOpHOM. M300pasHTh 3TH 3aBHCHMOCTH Ha rpapHKax.

IIpakTH4Yeckoe 3aHsATHE 6.

T'ema 3anamua. 11oTeHIIHAJIBHAA JHEPIHi.

OcCHOBBI TEPMOIHHAMHKH.

H €Jib 3AdHAMIHA. I/IB}"IHTL OCHOBHBEIC ITTOHATHA H 3dKOHBI TCPMOIHHANITKH.
T eopemuieckdn uacmsos.

TepMogHHAMHKAa B OTJIHYHE OT MOJIEKYIIIPHO-KHHETHYECKOH TEOPHH He BHAETCS B
pacCMOTpPeHHe MHKPOCKOIIHYECKOH KapTHHEI SBJIeHHH (OIEpHpPYeT ¢ MaKpoIlapaMeTPaMH ).
TepMogHHaMIIKa pacCMaTpHBAET SIBJIEHHS, OIMPasCh Ha OCHOBHEBIE 3aKOHBI (Hayala), KOTOPEIe
SIBIISIFOT CS 0000IIEHHEM OTPOMHOI'O KOJIHYE CTBA ONBITHBIX JTaHHBIX.

BHYTpEeHH ST SHEPTHS — SHEPIrHI (PH3HYECKOH CHCTEMBI, 3aBHCIINAL OT € BHYTPEHHETO
COCTOSIHHSI. BHYTpPeHHSISI SHEPIHSA BKIIIOUAeT SHEPIHI0 XaO0THYECKOI'O (TEIIOBOIO) JABHKEHHS
BCEX MHKPOYACTHI] CHCTEMBI (MOJIEKYIL, aTOMOB, HOHOB H T.J[.) H SHEPTHIO B3aHMOJIEH CTBHS STHX
yacTHI[. KnHeTHUYecKass SHEPIHS ABHKEHHSI CHCTEMBI KaK IeJIOro H €€ IOoTeHI[HalbHasl SHEPris
BO BHENTHHX CHIIOBBIX ITOISIX BO BHYTPEHHIOK SHEPrHIO He BXOAHT. B TepMOIHHAMHKE H eé
TIPHIIOKEeHHSIX TIPEICTABIIIET HHTEpeC He CaMO 3HAUeHHe BHYTPeHHeH SHEePryuH, a € H3MeHEeHHE
IIPH H3MEHEHHH COCTOSHHS CHCTEeMBI. BHYTPeHHSIT SHEPrHa — (PYHKIHS COCTOSHHS CHCTEMBI.

Pabota TEpMGI[IIHﬂhﬂ[‘IECKGﬁ CHCTCMbBI Ha4J BHCIITHIIMH TCIaMII 3aKITIOYACTCH B

H3MCHCHIH COCTOAHIIA OTHX TCJI H OIIPCACIICTCA KOJIINYCCTBOM SHCPI'HH, HEpEﬂﬂBaEMDﬁ
CHCTEMOH BHEIIHHM TeIaM ITPH H3MCHCHIH o0BeMa.

® YPEIBHEHHE COCTOAHIA HACAIIBHOI'O I'da34a.

pV:ERT.‘,
U

I7le p - JaBlIeHHe: V —o00beM, T - aOcomroTHad TeMIlepaTypa; m — Macca, 4 - MOJIIpHasa Macca,
R=28.,314 JI)/(K-M07Ib) — YHHBEpCaIbHas ra30Bas ITOCTOSHHASL

® YPEIBHEHIIE COCTOAHHA BAH-ACP-BadJIb COBCKOI'O I'd34d (,[[JIH O4qHOTO MIDJIH)Z

P+ {«;Iv —b)=RT,

rae V - o0beM, 3aHHMMAEMBI MOJIEM T'asa IPH JAaHHBIX p U1, a U b - TIOCTOsIHHEIE BaH-zaep-

Baanbca 171 JaHHOI'O rasa.
OOKYMEHT NognmncaH

E / ﬂl‘lH?zlﬂ
8
CepTudMKaT: 3:?5‘65’3%]; 4;23%@ . ﬁ%ﬁtﬁ&% cMectl II@EE‘{L’II:HI:IJ: edz06 pPdeHo CYMME nAapifiidiio HblX
Brapeney: OO@AGHTHAPI HaTbHOeaBIICHHE - 3TO JaBIIEHHEe, KOTOPOe OKasbkIBajl Obl Ha CTEHKH COCY/Ia
OJIMH T'a3 CMECH B OTCYTCTBHE OCTAJIbHBIX).
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® 3aBHCHMOCTh JaBJIEHHMS Tra3a OT BBICOTEI B IIOJE CHIIBI TSDKECTH B H30TEPMHYECKOM
IMIPHOIKeHHH JaeT csI OapoMeTPHYECKOH (DOPMYTION:

p=p E—,ugh;’RT
0 !

TIE po - JaBJIeHHe Ha BeicoTe h =0, g =98 M/c? - YCKOpPEHHE CBOOOIHOIO ITaJICHHS.

® HEPEGE Ha4aJ10 TEPMOIHHAMITKH.

O=AU+ A,

rae O - KOMHYECTBO Tellla, COOOIeHHOe CHCTeMe;, A - pa0doTa, coBepIaeMas cHCTeMoH, Al -
TIpHpaIteHie BHYTPeHHeH SHEPrHH CHCTEMBEI.

e Palora, copepIracMas ra3oM:

A= [pdV
1'rJI
¢ TEeIUI0OEMKOCTE CHCTEMEL
C==%
dT
¢ YpaeHeHHe Mariepa:
C -C,=R
rne Cp, Cv - MOIAPHBIE TEIUIOEMKOCTH IIPH ITOCTOAHHEBIX [JaBIEHHH H OOBEME

COOTBCTCTBCHHO.

® MOJI?I[JHBIE TEITIOEMKOCTH I'd34a ITPH ITOCTOAHHOM 00BEME H TTOCTOSIHHOM HABJICHHH OITPCACIIAIOTCA
COOTHOIIICHI M .
i [+ 2 C i+2
C,=—R, C = R, y=—= :
p .
2 2 C, i

rac i - YHCIIO CTeIleHeH CBOOOIBI MOJICKYIJIBI I'a34.

® BH}’TPEHHH_H JHCPI'HA HACAIIbHOI'O I'd34.

U:E-CVT:m- RT:pV
7, u yv—1 y—1

® MGHHPHEIH TEIUIOEMKOCTD HACAIIBHOI'O I'd34a ITPH ITOJIMTPOITHYCCKOM ITPOICCCE.
” —_
— YR
(n—D(y —1)

e BHYTpeHHSS 3Heprusa Mojsgrasa BaH - gep - Baasbca:

OOKYMEHT UDﬂHHCHH U — C T —
IANEKTPOHHOW NOANWUCEKO V V
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

e K. II A. TEIUIOBOH MAIIHHEI:
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n=A/Q1=1—-Q/Qu,
rae Q) - TEIUIO, MOTyYaeMOe pabourM TelIoM; Q2 - OTAaBaeMOe TEITIO.

e K.rjxa muxmna KapHo:

I

rae 11, 1>- TEMIICPATVYPRIL HAI'PCBATCIIA H XOJIIOJHIIbHHKA.

e HepagseHcrBO Knaysuyca:

Q
ITEO,

e 0Q - 3rIeMeHTapHOe TEIUIO, IOTYYeHHOe CHCTEMOH.

® HpI [PAlllcHIC SHTPOITHH CHCTCMEIL.

gsz§%?

¢ (OCHOBHOE YpaBHEHHE TePMOIMHAMHIKH JIIS OOpaTHMBIX ITPOLIECCOB:
1dS=dU + pdV
e (CBOOOJHAS SHEPIHS:
F=U-T8§,. Ar=-AF
e (CBSI3b MEXKAY SHTPOIHEH H CTATHCTHYECKHM BECOM {2 (TEpMOHHAMIYECKOH BEPOSITHOCTBIO):
S=kInQ)

re k - ITIOCTOSIHHA S bonpIMaHA.

IIpaMepbI pelienus 3aaa4

Jamaua 1. OHPEI[EJ]IITL VASIIBHVIO TEITNIOEMKOCTE C y CMCCH a30Td H BOAOPOJdad, CCJIIH

KOJIMYECTBO BEIICCTBA I'a30B B CMCCH OAHMHAKOBBI H PABHBI V.

PenteHue:

V,[[EJ]LH}’IO TCITNIOEMKOCTE CMECH ITPH ITOCTOAHHOM o0BeMe ¢ y HAHJIEM H3 CICIYIOLIHX

CcOO0paKeHHH:

1) TemmoTry, HeOOXOAHMYIO IS HarpeBaHH A CMeCH ra30B Ha A7 MOXHO

AOKYMEHT NOANMWUCAH
AMNEKTAP@ECADATBCHIO () OpMYyTIE:
Ceptvpukatr: 2C0000043ESABBBO52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa Q _ Gv (ml + mj ) ] &T (l)

Nencteutened: ¢ 19.08.2022 no 19.08.2023

62



2) TY Ke TeIUIOTY MOKHO HAlTH M JPYTHM CITOCOOOM:
0 = (c:vlml +£v3m3)-AT, (2)
TIe Cy H Cy — YAEIBHBIE TEITIOEMKOCTH OTIEIBHBIX Fa30B.
[IpupaBunBag (1) 1 (2), momryynMm

Cy (ml +m3)-,ﬁT — (EV.m. — ﬂvzmz)-&T, OTKYZa

C + C,, M,
¢y = v, M, v, 75 (3)
I’Hl + H‘IE

I R ‘ -
Tak Kak Cy = ———, I/I€1—1HCIO CICIICHCH CBOOO/IBI MOJIEKYIIBL.

2 M

[TockOmbKy MOIEKYIIEL a30Ta H BOJOpOa — ABYXaTOMHEIE, TO [ =5. IlosTomy

o 2K
oM
5 R
Cy ———.
> 2 M,

[TomcraBisasa 5TH BeEIpakeHHS B (3), TOITYIHM

S [ m, m
bl > R B S S
2N\ M, M, ER(VI—FVZ) ER-zv SRy

(j‘v — — — — (4)
m, +m, m, +m, m +m, m +m,
m
KomiecTBo BemecTsa v:ﬂ, um=v-M, m=v-M,.

B pesymprare popmyna (4) ImpHMET BHL

5Rv 5R

(S p— —
Y VM +vM, M,+M,

IlomcTaBiasgeM YHCIIOBBIE 3SHAUEHH

— 5_'38’31 —=1385 K
28- 10" +2-10 Kr - K

Cy

Jamaua 2;00NpPeiesHAEbAKOIIIYECTBO TEIUIOTHL, IIOITIOIAaeMOH BogopoaoM m = 0,2 KT IIpH

Cepmﬁgmg&%ﬁﬂiﬁ?j’;@;ﬂ%&@;@%g 1 = 0°C mo temmeparypel > = 100°C 1pH  ITOCTOSHHOM

BranendlaBJIGHHMocHANTH Aaike-BMecHEHIE BHYTPEHHEH SHEPIHH I'a3a H COBEPIIIAEMYIO HM padoTy.
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JlaHo:
m = 0,2 KT KonmyecTBO TEIIOTH O, IOTTIOIIAEMOE I'a30M IIPH
n=00C; Th=273K H300apHOM HarpeBaHHH, OIPeJelaeTcs IT0 (OpMYIIE
=100"C, T>=373K _ M C AT 1
[ = . 12~ Q — E P’ (1)
0=7 AU=" rae C, —MOJIIpHas TEIIOEMKOCTE ra3a IMPH ITOCTOSHHOM A4 = 7
JIABIICHHH.
i+2
Tax xax Cp = > R, 1o (1) mpuMeT BUJ
i+2 m
0= - R-AT
2 M

[TocKOIIBKY BOLOPOX — JBYXaTOMHEIN ras (M = 2107 kr/MOJb), H YHCIIO CTeleHell CBOOO/BI
ero MOJIEKYII [ = 5, TO

JIx r
542 0.2 1 o - K
Q= 5 -2.10_3-8,31-100:29‘1-10 - =Jlx |=291 xJx.
MOJIE |
I m
Buyrpennas sHeprugs U =—— R1T, ciegoBarelbHO
oM
AU =L L RAT . torma
oM
5 0.2 kK¢
AU =3+ =2 +8,31100 = 20810’ MOTE £ —J{x | = 208 flx
B MOJIE B

PaGoty pacrmpeHus ra3a HaiaeM H3 BRIpaKeHH S U1 IIEPBOT0 Hayalla TEPMOIHHAMHKH:
QO =AU + A, orxyzna

A=Q— AU =231-208= 83 k]

3amgaua 3. B mpimuHIpE 10 ITOPIITHEM HaXOAHUTCSA BOAOPo  Maccor m = 0,02 KT IIpH TeMIIEpaType
I''=300K. Bogopoa Hauan agadaTHO pacIMpATECS, VBEIIMYHE CBOH OOBEM B 5 pas, a 3aTeM ObII

C)KaT H30TEPMHYECKH, YMEHBIIMB CBOHM 00BeEM B O pa3. Hanru Ttemrieparypy 712 B KOHIIE
aqnabaTHOro paciHpeHHsI H paboTy 4, COBEPIIEHHYIO T'a30M.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JlaHo:

m = 0,02 xr M3 ypasHeHnsa IlyaccoHa s agmnadaTHOTO IIpolecca HMEEM 7= 300K
r. (vY' | i+2
2 - L (1) , e0e Y =—— —noxazamensv aouabamut.
L, \V, :
Vo=35V, a Vi;=V3 110 YCIIOBHIO
Ir=7 4= TaK KaKk BOAOPOJ IBYXAaTOMHEBIN I'a3, TOI=JH ¥ = 1.4.
VI =1 I 1,4-1
I/IB(I) T.”EZT; ? :300 g KZISSK

e

Pabora 4 ra3a mmpH agnaGaTHOM PacHIMPEHHH OINpelelieTcs IT0 (opMYyIIe

A="Cy(T-T,). e Cy=2R.

M
CiieJoBaTelILHO,
i m S5 0,02
A =——R(T -T,)=—-———=-8,31-(300—158 ) I:x=29,5 .
- 2M (7. -T,) 2 2-107 ( ) Shae
PaGora 4> raza mpH H30TepMHYECKOM CKaTHH BhIpakaeTcs (POPMYTIOH
m., V. 0,02

In5=-21,1 xJ[x

A,=—RT,-—In—==-8,31-158-
i - M

3

-3
2-10
3HdAK MHHYC O3HA4Y4cT, 4TO IIPH CKAaTHH pﬂﬁﬂTﬂ I'a3a COBCPHOICHA BHCIITHHMI CHIIdMI.

[IomHas pabora

A=A +A = 88 xllx

3agaua 4. B mirmiHape o ITOPIMHEM HaxXOMUTCs Bogopod Maccom m = 0,02 Kr IIpH TeMIleparype
7'y =300 K. Bogopoa Hauan pacimpsarbes agnadarHoO, YBEIHYNB CBOH 00OBEM B D pa3, a 3aTeM ObII
CKaT H30TEpPMHYECKH, YMEHBIIHB CBOH 00beM B 5 pa3. Hanru temreparypy 7> B KOHIIE
aqHabdaTHOr O pacIIHPeHHI H padoTy A, COBEPIIIEHHYIO I'a30M.

Peutenite:

CornacHoO ypaBHeHHIO IIyaccoHa s agnaGaTHOroO Impoliecca

T, . i 7-1
T_{VJ o

i+2 -
e Y — [IOKa3arelb aanadarel, y = —— (i =5, T.K. BOLOPOJ ABYXaTOMHBIII I'a3), T.€.
I

54 23 AOKYMEHT MNOANMCAH
_ l]_EIfI'EPHHDM Nnoannchbio

Ceptudmkar: EC@GGGGdSéEABBBQEEEDEETBASGGEIEEIEIGEIEIJ&E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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vV 7-1 | Ld-1
s (1) T,,_Tl-[V‘J :300-{5] T,=158K.

PaGora 4 raza 1mpH agHa0aTHOM pacIIHPeHHH ONpeJeIsIeTcs 1o (popMyJIe

AlzﬁCF-(TI—TE): roe C, :%Rj TO €CTh
i m 5 0,02 3
A =——R(T-T,)=—- —-8,31-(300-158) JI:xk =29.5-10" JI:x = 29, SxJI K.
1 2M ( 1 _) 2 2_]{]—3 ( )I[ ;[[ I[

Pabora 4> raza npH H30TepMHYECKOM CKaTHH BEIpakaeT csI (popMyIIon

V 0,02
A =—RT, -Zln2=_831.158- oI5 =-21132 o = 21D

3

3HAK «-» IIOKd3bIBACT, UTO IIPH CXKATHH pElﬁGTEl I'a3d COBCPIICHA BHCIIMHHMIL CHJIAMIH. IlomHas

pabora

A=A +A, =8,5xc

3amaua 3. MaeanpHbIN ra3 copepaeT UK KapHo. Temmeparypa 71 HarpeBareis pasHa 470 K,
TemMIleparypa 7> oxmaauressa paBHa 280 K. IIpH H30TepMHUYECKOM pacCIIHMpPEHHH I'a3 COBEPIIAeT
pabory 4 = 100 JIxx. Onpeaenurs TEPMHYECKHH K.IL.J. 77 IHK/IA, a TAKKe KOJIMYECTBO TEIUIOTEI

Qj:, KOTOPOEC I'a3 OTAACT OXJIAJHTCIIIO ITPH H30TCPMIYC CKOM CHKATHH.

Peutenite:
=
F'y T1 A
3

»

V
. Tl T,
Tepmuye CKHA K.IT.JI. IIHKIIA OIPEACISeTCS BEIPAKEHHEM 1 = T =

KonH4yecTBO TEINNIOTHI IepeagaHHOS OXJIAJHTCIIKO IIPH H30TCPMITYCCKOM CiKATHH (3—4) PaBHO

paboTe CORePIISHH I HAL I a30M CTOPOHHHMH CHJIAMH
SNEKTPOHHOW OLNTMCBH)

Ceptudumkar: 2C0000043E9ABSB952205E7BAS00060000043E V
Bnaneney llebayxopa TaTeAHa AnekcadopoBHa _ _ 1
: x434——Q2—VRleﬂV—

-



%
= VRT,In-2
0 >y

|

YuuThIBas, 4YTO padoTa ra3a IIpH H30TepMHYe CKOM pacIlHpeHHH (1-2)

V
A=vRT In==vVvR= A , IMeeM:

V v,
| T'lln_—
Vl

A v, 1,

0, = I'In—==A—=

V

3Jamgaya 6. MiaecampHBIH ra3, coBepIarolnui IMHKIT KapHo, mpomsBen padory 4 = 600 JIx.
Temmepatrypa 77 HarpeBarend paBHa 500 K, 7> xomomumpHHKa — 300 K. Onpememnts: 1)
Tepmuyeckuii KITJ] mykima; 2) KOmiye cTBO TEIUIOTHI, OTAaHHOE XOMOAWIBHHKY 3a OJHH ITHKII.

Peutentie.

Tepmuueckui KI1J] mpxna KapHo

KomnmdecTBO TEIIOT BI, OTTAHHOC XOIIOJHIIBHHKY,
Q1 — Q| o A' (]')
rie Q, = A/ — KOIIMYeCTBO TEIUIOTHI, IIOTY4YeHHOI OT HarpeBaTeIs.

[TogcraBuB 3T0 BRIpaxkeHHe O B (1), HaleM

0 =Al L1
' n

Brerumcmaa, momydaeM: 1) n =0.4; 2) 0> =900 J]x.

Japaua 7. HaiitH m3MeHeHHe AS 5SHTPOIIMH IIPH HarpeBaHHMH BOABI Maccoil m = 100 r ot
TeMrleparypsl 1 = 0°C go temiieparypsl £ = 100 "C o mocneayromeM IIpeBpalleHHH BOJEL B ITap
ITPH TOH K& TEMIIEPATYPE.

Peueniie:

OrnpegenHM H3MEHEHHe SHTPOITHH AS KaK CyMMy H3MeHEHHS SHTPOITHH AS, IIPH HarpeBe BOMBI

NOKYMEHT NMOAMWNCAH
H H3MCHSHIBIPSHEPOIDIAMALY TIPH e IIPEBPaIleHHH B Iap:

Ceptuidmkar: 2C0000043E9ABBB952205E7BA500060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

AS = AS, +AS,
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HM3BecTHO, UTO

d
AS = I_Q
T
Loic
IIpu HarperaHuH dQ = mc-dT , THe ¢ — YAeIbHASI TEIUIOEMKOCTE BOIBI, ¢ = 4200 I TOrJa

Ke -

.

2 e - T 1

AS, = (1Al e 201420010202 = 130 2%
T T 273 K

7
HpH IMpEBpPAIlICHHH BOALBI B IIdP TEMIICEPATYPAd HC H3MCHACT CA, 3HAYHT

1 7 O
‘&S'J:_ d — —
d T.I 0=

IJIC Q — KOIIMYCECTBO TCIUIOTEL, IICPCAAHHOC BOJC JJIA ITIPEBPAIICHIA CC B I14P,
O=r-m,

IAc v — YACIIbHAaA TCIUIOTAa HﬂpDDﬁpﬂBDEﬂHI[ﬂj

r=22.5.10° 2%

K¢é

_rm_ 2251001 _ . [
T 373

AS , Torma

2

AS =132 2% | 60322 _ 735 4%
K K K

Jagaua 8. OmnpefemTh H3MeHEHHE SHTPOIMHH AS IIpH H30TEpPMHYECKOM PaCIIHPEHHH a30Ta
Maccor m = 10 I, eCIM JaBIEHHE I'a3a YMEHBINIIIOCH OT p1 = 0,1 MIla mo p>»= 50 klla.

Peuteniie.

HM3MeHeHHEe SHTPOIIHMH, YVHITBIBAS, UTO ITPOLIECC HBOTEPMI‘IECI{I]I‘L

as=[%-1Tao=2

e

CoITlacHO IIEPBOMY Hayaly TEPMOOUHAMMKH, KOIMYECTBO TEIUIOTHI, ITONYYEHHOE Ta30M,
O =A+AU . lng m3orepmuueckoro mporecca AU = 0, mostomy O = 4. Palora rasa B

H30TCPMHYCCKOM IIPOIIECCC

m V m )
NOKYMEHT NOANUCAH A= —RTIn-2= RT In L (2)
SNEKTPOHHOW MOAMUCHIO M vV M P
Ceptudmkat:  2C0000043E9ABBBIS2205E7BA500060000043E l 2

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

[TogcraBus (2) B (1), HalieM HCKOMOE H3MeHEeHHEe SHTPOITHH :
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AS=Rm L
M P,

Breruncnaa, monydaem AS = 2,060 /K.

Bonpocet u 3a0 anui.

1. OCHOBHBIE 3aKOHBI TEPMOJIHHAMHKH.

2. llepBoe Hayano TEPMOAHHAMHKH.

3. Pabora, comeplrmaecMas rasoM IpH H3MeHeHHH oO0beMa. Pabora rasa IIpH pasIYHBIX
ITpOIECCax.

AnnabaTHyeCKHH ITPOIIECC.

DOHrponuda. HepaseHcTBO Kitaysuyca.
CTaTHCTHYECKOE HCTOIKOBAHHE SHTPOITHH.
BTopoe Hauyajao TepMOJITHAMHKH.
TeruoBon asurarensd. TeopeMa KapHo.
XOoJIOoAWIbHAS MaIIHA.

[{uxn KapHo.

SO B

l

3azayun 1Ji cCaMOCTOATEILHOI 0 pPEIICHHA

1. Cmech ra3oB COCTOHUT M3 aproHa H a30Ta, B3ATHIX IIPH OJHHAKOBEIX YCIOBHSIX H B OJITHAKOBBIX
o0beMax. OIIpeIelINTh ITI0Ka3aTelb aJHadaThl ¥ TAKOH CMECH.

2. Hamnru moxasarenp aguadarthl ¥ OIS CMECH Ta30B, coAepKalleH renur Maccon mi=10r u
BOJOPOJ MacCOH my=4 I.

3. CMech ra3oB COCTOHT H3 XJIOPa H KPHITTOHA, B3ATBIX IIPH OJHHAKOBBIX YCIIOBIX H PABHBIX
o0beMax. OHPE,I[EHHTB YACIIbBHYIO TECIUNTOCMKOCTE Cp CMCECH.

4. OnpeaenuTh YVASIBHYIO TEIIOEMKOCTE ¢, CMECH Ia30B, cofepxkaren Vi=>5 1 Bogopoaa H V=3
1 remis. ['a3el HaXOASATCS IIPH OHHAKOBBIX YCIIOBHSIX.

5. KakoBEI yIENbHEIE TEIIOEMKOCTH ¢y H ¢p CMECH T'a30B, COAePKaIlleH KHcIopoa Maccor mi=10
T M a30T Maccor m»=20T1 ?

6. OHPEI[EJ]IITL ITIOKa3aTelnb aaHadaThl Y HACTHYHO AHCCOIIIPOBABIIICIO I‘ﬂBGGﬁpﬂBHGI‘G a30Ta,
CTCIICHb JHCCOLIHAIIH & KOTOPOI'O PdBHA 0:,4

7. A30T Maccol m=5 KT, HarpeThIiH Ha AT=150 K, coxpaHm Hen3MeHHbIH o0beM V. HaitH: 1)
KOIIMYECTBO TEIUIOTHI (), cooOImeHHoe Ta3y, 2) m3MeHeHHe AU BHYTpeHHEH SHEPrHH, 3)
COBEPIIIEHHYIO I'a30M padory A.

8. Bogopox 3armMaeT 06beM Vi=10 M° rpu gaBneHnu p1=100 kIla. ['a3 Harpemw IpH IOCTOSIHHOM
o0beMe JIo JaBieHHI po=100 klla. Onpenenurs: 1) m3sMeHeHHe AU BHYTpeHHEH SHEPrHH ra3a; 2)
COBEPIICHHYIQ FARAMBARLTY 4; 3) KOIHYECTBO TeIJIOTHI O, COOOIeHHOE Ia3y.

ANEKTPOHHOW NOANMCHIO
Ceprudbkar HanMEHBEIMTEI0OBENMA VP rasa ECOBEPIIArONero MK KapHo, paBeH 153 1. Orpenermrs

B : B oJi An
e NGO GOBEM V3, GG 06heM V> B KOHIE H30TEPMITUECKOTO PACIIHPEHI I 06BeM Vi B

KOHIIE H30TEPMHUYECKOI'O CKATHS COOTBETCTBEHHO paBHEI: 600 11 189 1.
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10. UgeansHEIH ras, GGEEI}H_[EIIGH_[Hﬁ ITHEII KE],IJHG:, ITIOJIIVHHB OT HAaI'PEBATCIIA KOJIMYUCCTBO TCIIIIOTEI

O=4,2 x]JIx, coBepumi padory A=390 JIxx. Hantu tepmrrdeckuii KIIJ[ 7 storo mmkma. Bo
CKOJIPKO pa3 Temreparypa 1| HarpepaTens OONbIIe TeEMIIEPATYPHL 12 OXJIaJUTETISA?

11. UpearmpHeIN ras3, copepraeT KT KapHo. Temreparypa 1’1 Harpeparesid B TPH pasa BHIIIE
TeMIIepaTypel 1> oximagurensa. Harpepartens Iiepefal raszy KOJIHYECTBO TEIUIOTHI (=42 K]J[XK.
Kakyro pabory 4 COBepIlI ras?

12. UxeanpHBII Ta3, coBepInatonpi MK KapHo, 2/3 KomidyecTBa TEIUIOTH (), TOTYUYEHHOTO OT
HarpepaTelns, OTHAacT OXNIaJuTerrro. Temmieparypa 71> oxmamurens paeHa 280 K. Ompenenurs
TEMIIEPATYPY 1| HarpeBaTeNsL.

13. MaeanpHEIH MHOTOATOMHBIH I'a3 COBEPINAT IHKII, COCTOSIIHI H3 ABYX H30X0P U IBYX H300ap,
ITpHYeM HAaHOOIIBIIIEE JABJIEHHE I'a3a B ABa pasa OOJIbIIe HAMMEHBIIETO, & HAHOONIBIIHMH 00BEM B

YeThIpe paza OoNblle HaHMeHEBIIero. OnpeaemiTts TepMuyecknid KI1J| 7 mukia.

14. WUpeanbHBIN IBYXATOMHBIH I'a3, COAEPKAIlMH KOIMHYECTBO BEIIECTBA V=1 MOJIb, COBEPIIAET
I[HMKII, COCTOSIIHH H3 IBYX H30X0p U ABYX H300ap. HauMeHbIImI 00BeM Vimin=10 11, HanOOnbIIIIT
Vmax=20 11, HaHMeHBIIIee JaBIeHHE Pmin—=2406 Klla, HanbomnbIee pmin—=410 klIa. IlocTpouTs rpadHk
IIHKIIa. OIpeaelmTh TeEMIIEPATYPY 1 rasza I XapaKTepPHBIX TOYEK KA H ero TepMudeckui K111

n.

15. Copepiast 3aMKHYTBIH IIPOIIECC, Ta3 ITOIYYII OT HarpeBarejId KOJIMYECTBO TEIUIOTHL (=4
KK, Onpeaermith padboTy 4 rasa IipH IMpoTeKaHHH MK, eclIH ero TepMuyecknun KIII 7 =10,1.

16. Kycok mpaa mMaccon m=200 r, B34TBIH IIpH TeMreparype fi= - 10 °C, OpU1 Harper no
TemiiepaTypel =0°C H pacIuiaBjieH, ITociie 4ero oOpasoBaBllasicsd Boja ObUla Harpera o0
TemIiieparypsl 13=10°C. OnpeaeimTs H3MeHeHHne AS SHTPOITHH B XOJI€ YKa3aHHBIX ITPOIECCOB.

17. Haittn usMeHeHHe AS SHTPOIHHM IIPH H300apHYeCKOM PacIllHpEeHHH a30Ta MacCcol m=4 I OT
obwema V=5 1 go o6vema V>=9 1.

18. Kucmopoa Maccor m=2 KT YBEIIHYHI CBOH 00BbEM B n=2 Pa3 OIHH Pa3 H30Te pMHYECKH, Py OH
— agHabarnyeckd. HalTH H3MeHEeHH S SHTPOITHH B KaXKIIOM H3 YKa3aHHBIX ITPOIIECCOB.

Pasaeut 3. DuieKTpHYECT BO

IIpakTHYyeckoe 3ansaTHE 7.

Tema zanamuga. MarHuTHoe 110J1e TOKA. BHEHTpﬂCTﬂTHHﬂ
HE.E’II’: JAHAMIA. I/IB}”IHTB OCHOBHBIC 3dKOHBI 3JICKTPOCTATHKIH.

3HaHuA U yMeHUs, npuodpemaemvle CHIYOEHMOM 6 pe3)YJibINAme 0C60E€HUA MeMbl,
gopmupyemsle KomnemeHyuu. DOIeKTpPHYECKHe CBOHCTBA Tell. 3aKOH  COXPaHEeHHS

IJNIEKTPHYCCKOI'O 3apsa. 3aKOH K}*’HGHE],. SJIEI{TPHIIECI{GE rmone. IloTok BEKTOpPa HAIIPAKCHHOCTII.

AOKYMEHT MOAMMCAH
Teﬂpemf@ﬁfﬁﬁwm— ["aycca. BeIumCIIeHHe HAIPSDKSHHOCTEH MOMEH 3apSDKEHHBIX Tell
Cepmudomkart: ~ 2C0000043E9ABBBE52205E 7/BAS00060000043E

PeAen Pas I HHOI® TEONMEIPIT " "PaGoTra CHIT SIIEKTPHYECKOrO IIONS ITPH IEPeMEIEHHH  3apsioB.

ﬂehcwam@éﬂ%}%ﬁ% 1o BERIOPA  HAIIPAKCHHOCTH. IloTeHIMAI IIOMA TOYEYHOIO 3dpAaaa. Pa3HOCTB
70



ITOTCHIMHAIIOB. HPGEG,I[HI]IGI B JJICKTPHYCCKOM IIOJIC. SHEI{TPII‘IECI{GE I1IOJIE BHYTPH 3apsLKCHHOI'O
ITPOBOJHIIKA. PHCHPEE[EHEHHE 3dpAd0BE B IIPOBOJHIIKAX. SHEI{TPGEEH{DCTL ITPOBOJHIIKOB.
KGHI[EHC&TGPLI. SHEPI‘HH JIEKTPOCTATHYCCKOI'O IIOJIAL Bmageer crmocoOHOCTRIO IIPHMCHAHATD

GGDTEETGTE}’TOH_[I]I‘T (bIISIH{G-MﬂTEMﬂTIHEGI{[Iﬁ dIllIapaT ITPH PCIICHHI HpD(l)EGCHDHﬂJ]LHBIX 34d41.

Aﬁﬂlyﬂﬂbﬂﬂﬂﬂb membl. OCHOBHBIE 3aKOHBI JNMEKTPOCTATHKIL ITPHMEHATOTCA ITPH PEIICHHH
MHOI'HX HHACHCPHBIX 3d14d.

T eopemuieckdn uacmsos.

3axox KyaoHna: ciiia B3aHMOJEHCTBHA IBYX HETIOIBHKHBIX TOYEUHBIX 3aPsI0B B BAKYyMe
IIPONOPIIHOHAIbHA HX BeJIMIHHAM ¢1 H ¢2 H 00paTHO ITPOITOPIIHOHAIIbHA KBaJApaTy PacCTOSHHS 1|2
MEKTY HHMH.

B cxanspHoi ¢popmMe 3aKkoH KyrioHa:

F = 4,4,
4?3'55{1!]22
. . 30eCh. & — DHIEKTPHYECKAsd TIOCTOSHHASA, & =
- EZ 8.85-107"*Kn*/H-M* (pa3MepHOCTh MOXET OBIThH
O O > nmpuBeJleHa K BHAY @O/M), & — JIH3IEKTpHYecKas
(1 +q> IIPOHHI[AEMOCTEL CPebl, TIOKAa3hIBAacT, BO CKOJIBKO pa3s
a) CIUIa B3aHMOJICHCTBHSA 3apsA0B B BaKYyMe IIPEBBIINAET
F
FZ — CHITY B3aHMOJIEHCTBHS HX B cpelie, T.e. & — — (Fp —
21 P F
< O« O cwta Kymona B Bakyyme, F — B cpele);
+q1 +q2 IAJIEKTPHYECKasd IIPOHHMI[AEMOCTh BaKyyMa &£ = |1,
6) Bo3ayXa & = 1. 3akoH KymoHa, 3alHCaHHBEIH B
BekTOpHOH dopme (1), (2), ompedensgeT CHIY,
— ﬁ. IEHNCTBYIOIYIO Ha 3apsiibl g2 U g1 €O CTOPOHEL g1 U 2
2 12 COOTBETCTBEHHO.
O < »O
+q1 -g>2
B)
Puc. 1
. q[ . qz .
Flz = 3 s (1)
4?3-8511?13
OOKYMEHT NoarmmcCAH
SNEKTPOHHOW MOAMNMUCHIO F . q, ) qg )
wpukat: 2C0000043E9ABBBO52205E7BAS00060006048E — 3 ?‘;] . ( )
llebayxosa TateaHa AnekcaHaopoBHa 473'86'“.?‘2]
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Crmita F, #eficTByeT Ha 3apsii g2 CO CTOPOHBI ¢, TIPH 5TOM PafiHyC-BEKTOp 1}, (HKCHpYyeT
ITOIIOKEHHE 3apsia ¢2 OTHOCHTEILHO Hayala CHCTEMBI KOOPAMHAT, ITOMEIEHHOIO B TOUKY, IJe
HaXOJUTCA 3apsf ¢;. Pamgmyc-BeKTOp 1, HallpaBleH OT ¢; K g2 (puc.la). Cmna F,, JeficTByeT Ha

3apsyl ¢; CO CTOPOHBI g2, PaJHyC-BEKTOP I, (HAYaIO0 KOOPAMHAT IIOMEINAETCS B TOUKY, TJIE

HaXOJHUTCS 3apsil ¢2) HallpaBJIeH OT ¢2 K ¢; (puc.10). Cuima KynoHa HampaBieHa B TY e CTOPOHY
(prc.la,0), 4TO H pagHyC-BeKTOp 7 IIPH OJHHAKOBHIX 3HAKax 3apsmoB (g;gz2>0), H B CTOPOHY,
IIPOTHBOIMONIOKHYIO pagHyc-BeKTOpy 7 (pHC.1B) — IpH pasIMUHBIX 3HAKaX 3apsaoB ¢; H (2

(q1q2<0).

— —

Cunel F 12 H F 71 110 TPETBCMY 3dKOHY HrroToHa PdBHEI 110 BEJIHYIHE H ITPOTHBOILOJIOYKHBI

11O HAIIPABIICHHIO.

— —

I, =—F,.

HHHGEIHIIM:. HTO TOHUCHHBIM 3dPAAOM HA3BIBACTCA HA3JICKIPH30BdAHHOC TCJIO, Pd3MCPbL
KOTOpOro ]’[pEHEﬁpEH{I]I‘vID MaAJIbI ITO CPABHEHHIO C PACCTOAHHIEM J0O APYI'HX TEII, C KOTOPBIMH OHO
B3aHMOIEH CTBYCT.

Bzaumooeiicmere moueurnozo 3apsaoa ¢ pacnpeoeneHHvlM 3apsioom

3aps, cOOOINEHHEBIH TeIY, MOKeT pPacIIpeelIsaThCA IO ero IMTOBEPXHOCTH (MeTalll) HITH 10
00BbeMY (THATIEKTPHK).

XapaKTepHCTHKAaMH pacIIpeJelIEHHOr O 3apsia CIysKar:

1. JInHelHas ITIOTHOCTH 3apsaa (7).
2. TloBepxHOCTHAS INIOTHOCTH 3apsaa (o).
3. OO0neMHas ITIOTHOCTE 3apsaa (o).

L B0 A0 A0

Al AS AV

3nechk AQ — 3apsaa, HaXOMSMIIMIICSA COOTBETCTBEHHO Ha MIEMEHTE IJIHMHBI A/, ITOBEPXHOCTH
AS, o6peMa AV 3apsKEHHOr O TeNa.

Hanpsscenrnocmo nonsa moueurnozo 3apaoa

BeKTop HaIpsoKeHHOCTH 3IIEKTPOCTATHYECKOrO ITONS B HEKOTOPOH TOUKE SBILIETCS
(pH3HYECKOH BEIHMYHHOMN, YHCIIEHHO PaBHOH CHIIE, JIEHCTBYIOIIEH Ha ITOMEIIEHHBIH B ATY TOUKY
e JTHHHYHBIH TTOIOKHTEIBHBIN 3apsiy (TTPOOHBIH).

HEalElBJIEHIIE BEKTOPA HAIIPAXKCHHOCTH B HEI{GTDPGﬁ TOYUKE IIOIIA COBIIQJACT C
HalIpaBJICHHEM CHIIBI, ,[[EﬁGTE}’TOH_[Eﬁ Ha ITOMEILEHHBIH B HAHHYIO TOYKY 3JICKTPOCTATHHYCCKOI'O
TIOTISI ITONIOKH T EIIL HBIH 3dpAn

OOKYMEHT UDﬂHHCHH F
IANEKTPOHHOW NOANWUCEKO E
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E T _r s (3)
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa q

Nencteutened: ¢ 19.08.2022 no 19.08.2023

72



f s
g - 3apsm, ITOMeMIeHHBIH B JaHHYIO TOUKY 1o PasMepHocTs E cinemyer 3 BeIpaxkeHHS (3):

£]= -

HarpskeHHOCTB IO, CO3JaBaeMOI0 TOYEYHBIM 3apsSIOM ¢ B TOUKE Ha PACCTOSHHH 1 OT
3apsjia HaXO/IST, HCIIOIb3YS BeIpakeHHe (3) 1 3aK0oH KyltoHa:

p__ 94  _ 4
dregr'q’  dmeer’

(4)

YT0O0BI HANTH HaITpaBJIeHHE BEKTOPa HAIIPSDKEHHOCTH B TOUKe A (pHC. 2), CIIeYeT ITIOMECTHTD

e r f e
B 5TY TOYKY ITPOOHBIH ITONOKHTEIBLHBIN 3apsi (¢ MW HaWTH HalpaBlIeHHe CcHIBI KylloHa,

s s f
JEHCTBYIOIIEH Ha ( CO CTOPOHEI 3apsia, CO3HAIOIErO ITOIIE. BEI{TGP HAIIPAAKCHHOCTH ITOIIA,

CO3/IaBaeMOTI0 ITONIOKHTEIIFHBIM 3apsaioM B Touke A (pHc. 2a), HaIIpaBJIeH B CTOPOHY OT 3apsja

(cpaBHHTE C pHC. 1), a B cIy4yae OTPHI[AaTEILHOIO 3apsia HallpaBlIeH B CTOPOHY 3apsa (pHc. 20).
JIns1  HaXOXKAEHHS HaIpPsDKeHHOCTH IIONS, CO3JaBaeéMOro CHCTEMOH  3apslOB, CIEAYET

-> —>  BOCIIOJIb30BATHCS IIPHHIMAIIOM CVIIEPIIO3HIHH 3IEKTPHUYECKHX TIOIEH:
r
o ! _}.A Ef} BEKTOP HAIIPSKEHHOCTH 3IIEKTPHYECKOrO ITONIS CHCTEMBI 3apsoB paBeH
+q +q' reOMETPHYECKOH CYMME HaITPSIKEHHOCTEH ITOIIEH, CO3JaBAEMBIX B JTAHH OH
a) TOYKE Ka’KIbIM 3apPSIOM B OTIEIIBHOCTH.
2> >
E> rn A
. < >0
_ /
q +q
Paboma cun nons npu nepemeuyeniinl 3apsaoa, nomeHyUan,
PasHocnib NOMeHYLUAN08, HOMEHIILANb HASL SHepP U CLUCTIeMbl 3apsa00e.
Pabota 110 repeMeIeHHIo 3apsia B IOJIE.
Puc.2 Iomenyuan

IIycTh IIPOOHBIN 3apsy ¢ IIEPEMEINIAETCS B ITOIE TOYEYUHOI'O 3apsga ¢ Ha OeCKOHEYHO
Manbi oTpe3oK dl (puc. 3). DnemeHTapHas pa0oTa, coBeplmaeMas IoIeM IIPH IepeMelleHHH
3apsaa:

dA= Fdlcosc, (5)

['me F— cuna, IeHCTBVIOIAS Ha 3apsid ¢ Ha OTpe3Ke dl, o - YIrol MeXay F udl (pmHc. 3).

110 3akoHY KyioHa

q4q
Aregr” (6)

-

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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3 AABC (puc. 13) HalifieM, 4YTO IIpHpaIleHHE
JTHHBI PaJHyc-BeKTOpa ¥ YHCIIEHHO PaBHO!

dr=dlcosa. (7)
ITomcraBuB BeIpakeHHS (6) H (7) B BRIpakeHHe (5),
TTOTYYIHM:
dA=—44 5 dr. (8)
? ey r

JHna  HaxXOoXIeHHS  IIOIHOH  paldoThI,
COBEPIIAEMOI ITOJIEM ITPH IepPeMEIEHHH ITPOOHOTO
3apsia g ‘U3 MonokeHHs 1 B monokeHue 2 (puc.13),
cIIeqyeT BhIpakeHHe (8) MPOHHTEIPHPOBATh IO BCEMY ITYTH:

2 , > dr 1 1
AlzzjdA:q ! zzq 1 ( __)“'
. dres,, r*  4meg, noow
TO €CTHh
q'q q'q
Al = - (9)

dreegn 4meegr |

byneMm riepeMeIniats mpoOHBIH 3apsj ¢ ‘U3 TOUKH | 3a IIpeersl IO, T.€. B 06CKOHEUYHOCTh,
I'Jie HaITPSKEHHOCTD AIIeKTPHYecKoro Ioind E« paBHa 0. [Ipu 3ToM B popmyne (9) ra=o0, 1 1114 1w

HGJI}“HIM
q'q
Al = : (10)
4meegn

[logemme BeIpakeHHe (10) Ha ¢, MOTYYHM BEIIHYHHY, KOTOpPas HA3bIBAETCS SIIEKTPHYECKHM
ITOTEHIHAIOM JaHHOH TOYKH ITOJIS:

A
p=—2- L. (11)
q dreeyr

ToecTh, MOTEHIHMAI JaHHOH TOYKH ITOJIS YHCIIEHHO paBeH padoTe, KOTOPYIO COBEPINAT CIIIBI ITOJL
IIPH IIEPEMEINEHHH €QUHUYHOIO ITOIOXKHTEIBLHOIO 3apsjga M3 JaHHOH TOUYKH B OECKOHEYHO
yoaleHHVIO. lIoTeHIan OIpeAeinsaeTcs ¢ TOYHOCTBIO A0 IocTosHHOH C. [ OecKOHEYHO
yAaJeHHOH TOYKH IMpocTpaHcTBa yA00HO IMpHHUMATh C=0. (B BeipaxkeHnH (11) C nipuHsITa paBHOH
0). ExuHmIia H3MepeHHS ITOTeHIHAala MOKeT ObITh HalieHa H3 BhIPaKeHH

Al e Kn-B
7l q] EKn  Kn

B.

Kak cuemyer 5! - 11), rmoTeHIaN IO TOYEUYHOI'O 3apsgAa B 3aJaHHOH TOYKe ITONS
AxEretd HXEL p

epru BBIUH CIDTIOT TI05POPMYITS A500060000043E

X

i AJIBKCAHODOBHE
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q
or3.= (12)
TIEEYT

371ech g — 3dpdn, I{DTDPBIFI CO3d4€T IIOJIE, ¥ - PACCTOAHHE OT 3apidlda A0 TOYKIH, B KDTﬂpDﬁ
BBIYHCIIACTCA ITOTCHITH AL

Pa3sHOCTH ITOTEHIHAIOB

PaznmemuB BeIpakeHHe (9) Ha g, TOTYUHM:

Al q q
= - =P —P2.
q dreegn 4meegr
OTcroaa:
A =q' (o —@r). (13)

BemiuiHa ((_j?l —(_2?3)- HA3BIBACSTCH PA3HOCHIbIO FOMEHUIHATOE. Pa3HOCTB ITOTCHITHAIIOB

ABYX TOHUCK H3IMCPACTCA pﬂﬁOTOﬁ: GGEEPH.[HEMGﬁ CHIIaMH IIOJId IIpH IICPEMCIICHIIH
ITOIIOAKHTCIIbHOI'O CAMHHYHOI'O 3apsida H3 HEpEGﬁ TOYKIL BO BTOPVIO.

I loTeHIMan o CHCTEMBI TOYEYHBIX 3dPA00B

PaBEH ElJII‘E:ﬁpElH‘IEGI{Gﬁ CYMMCE ITIOTCHITHAJIOB, CO3JdBaCMbIX OTJACJIbHBIMIL 3dPAdaMH. To ecTs a1
IIOTCHIIHAJI4, TdK K€ KdK H I HAIIPpSDKCHHOCTH IIOJIH, CIIPpAaBCAJIHB ITPHHITHII CYIICPIIO3HITIH
IJNIEKTPHYCCKIIX TTOTIEeH. HpH ITOM ITOTCHITHAJI ITOIIA CHCTEMBI 3apPsJ0B PpaCCHHTAaTh BCCI' A JICTHC,
HEM HAIIPSKCHHOCTDE, T.K. IIOTCHITHAII — BCIIHYHHA CKAJIAPHAA (BHEPI‘ETH‘IECI{EIH XdPAdKTCPHCTHKA
]'[DJIH). HGBTGI\.«I}" B ClIIyiadAX, KOI'ld HAZ0 HaHTH HAITPAAKCHHOCTDE H ITOTCHITHAIL B KaKOH-JIHOO TOUKe
ITOIIA, CIEIAYET HaHTH cHayaia INOTCHIIHATI, a4 HAITPAXCHHOCTDE ITOIIA HCKATh, HCIIOJIIb3VA CBA3b
MEAEAY HAIIPAKCHHOCTBIO H ITOTCHITHAJIOM.

_A¢
.

E = (14)

HarnpskeHHOCTh IO YHCIEHHO pPaBHA M3MEHEHHIO ITOTEHIHAaJa Ha eJHHHITY JUIHHEL,
OTCYHTAHHOH B HaNpaBIeHHH II0 CHJIOBOH JIMHHH, H HaIlpaBlIeHa B CTOPOHY YOBIBaHHS
TTOTeHIHalIa (3THM 00BsICHSEeTCS 3HaK MHHYC B (14)).

Ecmi momne HEOJHOPOAHO, TO COCTABIAIOIIAA BEKTOPA HAITPAKCHHOCTH 3IICKTPHYCCKOI'O
TIOMISI B JITAaHHOH TOYKE II0 ﬂlﬂﬁﬂh{y HaIIPpaBJIICHHIO PpaBHA ]’[pﬂHBEG,I[HGﬁ OT IIOTCHIIHAJIa ITIO 3TOMY
HalIpaBJICHHIO B TOH XKe TOYKC, B3SITOH CO 3HAKOM MITHYC.

po_ 4o p __do . dp
dx dy dz

-

JOKYMEHT MNMOANCcAH

l[JIH GM{WQM@@@CEX €I'0 TOUKAX HAIIPAKCHHOCTDE OJJHA4 H Ta KE. Ecnu @y — IIOTCHITHAJI
CepTudmkar:  2CQO00043E9ABSBIS2205E 7BAS00060000043E

Bnanend O KK duy @ e Peam JIOTEHIHAIL TOUKH 2, PaCCTOSHIE MEXKTY TOYKAMH d, TO:

Ap=pi—@2

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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1 BEIpakeHHe (14) 1711 OJHOPOJHOr O ITOIII HMeeT BHJ:

';01 _';0]
d

E=-—

[ToTeHIman I1onag 3apsokeHHOH cdephl (Imapa) ompefensdeTcsd Kak ITIOTeHIHAI ITOJIS
TOYe4yHOro 3apsaa (popmyna 12). [Ipu 3TOM cUHTaeTCS, YTO 3aps)] COCPEAOTOYEH B IIEHTPe c(Pephl,
T.e. paccTosHHE r (popMyra 12) oTCUHTHIBaETCS OT LIeHTpa C(pepshl.

PelieHne 3agaqH 10 HaXOXIeHHIO ITIOTEHIHAalIa ITOIIA, CO344aBacMOI'O CHCTEMOH TOYEUHBIX
3apAI00B B ITaHHOH TOYKC, HC BBISBIBACT BE],TPY,I[HEHI]IUI:, IMOSTOMY IIPHMCPBI PCHICHITA 3aa™ Ha 3TV
TCMY 3JCCh HC PACCMATPHBAROTCAL.

boree cimoxHO PELICHHE 3ddd4 II0 HAaXOXACHHIO IIOTCHIHAIIA B TOHUK4X IIOIIA
PacIlpEacJICHHOI O 3dapAdd, Ha 3TOM OCTAHOBHMCA HDHPG@HEE.

Pacuem pabomui,
COBEPIIIAEMOH TTOJIEM IIPH IIEPEMEINEHHH 3apsia, H ITOTEHI[HAIIBHON SHEPIHH CHCTEMEI 3apPsOB.

Pabora cHII 1OIs, co3aBacMoro 3apsaaoM (), Io IEpeMEIEHNIO 3apsaaa g H3 TOUKH | B
TOUKY 2 ITOJACYHTBIBAETCA 1o popmyiie (9), T.e.

o 1 1
Aip =q (—=—).
ameey H

U3 »sT1oro BBIPpAKCHIA CIICAVYET, YTO BCIIHYHHA pﬂﬁﬂTH ITO IICPEMCHOICHHIO 3apidd B
IJNCKTPOCTATHHUCCKOM IIOJIC HE 3aBHCHT OT IIVIH ABHACHIA 3dPA[d4 ¢. 4 3dBHCHT JIHIIE OT C€I'O
HayaJIbHOI'O H KOHEYHOI'O ITOJIOK e HHH.

[Tpn HaxoXaeHHH paOOThI CUHTAETCS, YTO IepeMeInaron[uiics 3apsy (OOBIYHO MEHBIIHI
ITO BEIIHYHHE, YeM 3apsy (0, KOTOPBIH CO3aeT I10JIe) He H3MEHSET AIIeKTPOCTaTHYECKOIO ITOJISL, B
KOTOPOM OH JIBHKETCS.

[ToTeHIIHanbHAasA SHEPTHS B3aHMO/ICHCTBHS ABYX 3apsSAo0B ¢ H () paBHa:

qQ

4rreegr

W =

+W,,.

OOBIYHO IS YIIPOIIEHHS pacyeTOB OeCKOHEYHO YAAIEHHYIO TOYKY (r2 = ) IPHHHMAIOT 3a
HaYallo oTcueTa sHeprun, T.e. Wo= 0. Torpa:

W) =19 15)
4rmeeyr

CpaBaute (15) 1 (12).

M3 (15) creayeT, 4YTO MOTEeHIM AN IO B JaHHOH TOYKEe YHCIIEHHO PaBeH ITOTEHI[HAILHOH
SHEPrHH, KOTOPOH 00JIafaeT e JHHHYHBIH ITOIOKHTEIILHBIN 3apsl, IIOMEIEHHBIH B TaHHVIO TOUKY
TTOMISL. Paﬁw%mﬁﬁgemmm SHepruH (B JJaHHOM ciIy4yae ITOTeHITHAILHOM):

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa Alj — W] — W-‘j .
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Hrak, paGoTa cHI ITON IO IepeMeIlleHHIO 3apsaa:

pa-—1¢ L 1
drmeeg 1 b

),

0) A= IFdZ, eciu F=const: A=Fl=qEIl .
(OIXHOPOIHOE TIOJE, 3aps ABHKETCS IO CHIIOBOIT JIHHIH)

B) A12 = q(@1 —¢2).

Ilomenuyuan nois moueunozo 3apaoa Q= 9
dme.cr
0
de
CBs3b MeKaY OT eHIIHAJIOM H HANP AZKEeHHOCThIO Eg = _E
Ciia npHT sEReHH S MeKaQY ABYMSA PAa3HOHMEHHO 3aPsKeHHbIMH
g 7
g,6E°S q
00KJIAJKAMH KOHIeHCATopa F = 5 — 5 S .
E.E -
0
rjIe S —Iuiomanab IJIacTHH.
JJIEKTPOEMKOCT b:
0 _4q,
VeOlUHeHHO20 NPOBOOHUKA C=—;
@
£,68
N10CKO20 KOHOEHCamopda C = y .
.S
CIOLCHO020 KOHOEHCamopd (= U .
>d /¢
uapa C = 4ne.cR.
P 0

rhoe d — PACCTOAHIIC MCHEAY IUIACTHHaAMH KOHACHCATOP4, d; — TOIIIHHA 1-TO CIIOS AHIBIICKTPHEKA,
&, — €r0o IU3JIEKTPHYECKas IIPOHHITAEMOCTD, R — PaAHYC IIapaAd.

3HERTPH%MW&HQH KOHACHCATOPOB, COCAHNHCHHDIX.

3NEKTPOHHOW NOANMCLIO

Ceptudmkar: 2C00 05ET7TBAS00060000043E _ .
o 200D C=>'C;
Bnaneneu: llleGayxosa |aTeAHa AnexkcaHgpoBHa 1
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1
HOCTe008aANE/IbHO E — Z_ :

JHeprus moJis:

Co~ g qop.
3APAHCEHHO20 NPOBOOHLIKA Wg —— = — .
2 2C 2
1 .
3APAHCEHH 020 KOHOeH camopa WB — E & E°V,

r1e V — o0beM KOHJIeHcaTopa.

O0BbeMHAA IVIOTHOCTD HEPIrnn

geE® D ED

NIEKTPHYCCKOI' 0 ITOJIA WS — — —
2 26,6 2

IIpaMepbI pelienus 3aaa4

3agaua 1. ToHKHH cTepKeHb IIIHHOH 20 CM HeCeT paBHOMEPHO PacCIIpeIelIeHHBIH I10 JJIHHE 3apsiT
C IHHEeHHOH INIOTHOCThIO T = 2 MKKI/M. Ha paccrosHim 30 ¢M OT cTepKHS HaxomguTces 3apsan 20
HKII, paBHOYJAJIEHHBIH OT KOHI[OB CTEPKHS. HanTH CIUTY B3aHMOJIEHCTBHS 3apsaa H CTEPAKHSI.

JlaHo:

[=20cM=0.2M

t =2 MxKi/m = 2-107° Knn/m
ro=30cmMm=03M

= HEKII = 2Z- a JI
O =20HKI=2-10"°K

F=7
AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOANMCBEIOD
Ceprudmkatr: 2C0000043E9SABBB952205E7BAS00060000043E
Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
Neicteutenex: ¢ 19.08.2022 no 19.08.2023
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BriiemiM Ha cTepikHe 3JIeMeHTapHBbII y4acTOK JHHOH dl. 3apsnm ero dQ = tdl MoxHO

paccMaTpHBarh KaK TOUYEYHBIM. 1 orja 1o 3aKkoHy KyiloHa cHila B3auMOIAEHCTBHA MeXAY O 1 dQ
paBHAa

gF = Gord
47e, re

IJIe ¥ — PacCTOSHHE OT BBIJEIIEHHOTO yYacTKa J0 3apsga Q1 (cM. pHc.). Y3 pHCYHKA CIEAVYET, YTO

I rdo
., dl= , TIIE 1o — PACCTOSIHHE OT Q) IO CTEPIKHAL
COSX COSX

e

[TomcTaBHB BeIpakeHHS A1 r H dl B QOPMYITY IS CHIIBL I TIOITYYHM, YT O

o I Q-trda 1 Q-7-n-da_Qudx
R 2 _— 2 . - L
dme, K oS dme, 1y -cosa d7e,r,
. L
cos” & COS

3TO BEKTOpHAS BEMHUHHA; PasToRiM dF Ha cocTaBIsONpLe:
TTepPIeHNKYIIIPHYIO cTepkHI0 dF, n mapamnensHyto eMy dF,. OdeBHpaHoO,
dF,=dF -cosa, dF,=dF -sinc, torma

QTcosax QTsinx

do

dF do, dF,=

4‘?3.8{] rf:] ) 4‘?3'6{] fi]

[IponHTErpHpPYEM ITOTYYEeHHBIE BBEIPAKeHHS JJIS CHII B IIpejiellaX H3MeHEeHHS yITla & OT — 5

1o f.

B
TCOSXX T (A
~ (& dot = 2 -|sin & o & sin [

= 4 4 # 2
— ﬁ J":FP{'_"-‘[] ‘I{'E] FI'E.‘U J":FP{'_"-‘[] ‘I{'E]
’rqm{x T
F, = J. g do=— O -‘msa" f:g =)
4me.r 47e r

0 {]

T
B pesymbTare nmomyunm, yto F = F, = < sin 3.

2‘?3'5{]}’%]

BemmamHy SIn £ onpefenM U3 pHCYHKA:

[

OKYMEHT noan OAH >
3NEKTPOHHOW Noofnchio 4 +l
Ceptudbukar:  2C0000043E9ABEBLG2705E7R éﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂmaE

Bnaneneu: llleGayxoea TaTenAkha Anekca

H ITOACTABHM B BBIPAAKCHHE JIJIA CHIIbL F.

OBHA
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L l 2:10°-2-10° 0,2

- ' > 12 12 ' : > =0,76-10"H
27E 1, \/4ﬁ]~+g~ 2-3,14-8,85-10°-0,3 J4_(0,3)~+(0:2)H

3amaua 2. ToHKHI cTep:keHp NMHONH [ = 10 CM HeceT PaBHOMEPHO pacIpee/IeHHBIH 3apsil
Q =1 HKi1. OnpefgemTs MOTeHIMA (P SIEKTPHYECKOrO IO B TOYKE, JIEXKAIIE Ha OCH CTEPKHA

Ha PacCTOSHHH a= 20 ¢M OT OJIMIKAHIIErO ero KOHIIA.

JlaHo: p dr ) a |
[=10cMm=0,1 M ;

———————— HE S R A
O =1uKn=10"°Kn e ! L]

a=20cmM=02M

Q-

BrijiermiM Ha cTep kKHe 3lIeMeHTapHBIN Y4acTOK JJIMHOM dr. 3apsj Ha CTep/KHe pacIpeielieH

PdAdBHOMCPHO, CJICAOBATCIIBHO, €10 JIMHEeHHAad ITIOTHOCTh T = — H Ha YHACTKE IIIHHOH dr

[

pasMelneH 3apsan dQ = T - dr. OT0T 3apsi MOKHO CUMTATh TOYEYHBIM. TOrj[a IoTeHIHA

IJNICEKTPHYCCKOI'O IIOJIAL 3TOI'O 3apild B TOouKe 4 PaBCH

dQ wdr  Q dr
dre,r  4ne,r  4ng,l r

de (1)

A€ r— PacCTOAHHE OT 3JICMCHTAPHOI'O YHACTKa dr 10 TOUKH A4.

N3 ITPHHITHIIA CYIICPIIO3HIIHH CIICAYCT, UTO OOIIHI ITOTEHI[HAII pPaBCH CYMMCE IIOTCHITHAJIOB
BCCX JJICMCHTAPHBIX 3aPAA0B CTCPHA.

[TosToMy MHTEerpHpyeM BhIpakeHHe (1) m1g d@ B Ipelenax H3MeHeHHS dr OT a Jo [+a:

I+ a 107 0,1+ 0,2
— In

o 4.314-885-1002.0.1 0.2

@:T c_&r__© Tdr < ~36,5 B.

— — In
dmel r  Amel © r  4dng)l

Jamaua 3. EﬁW%MGCTLIﬂ Co= 20 M@ 3apspKaroT 40 pasHOCTH roTeHIHanoB Uy=400B

ANEKTPOUOHROW 1NOARNCHIO =
Ceprnd Ha TIQAKTFOYAROT s Ko KOHASHCATOPY::EMKOCTRIO C = 1 MK®, B pe3ylnpTaTe 4YEro ITOCIIEIHHI
S S oKAETCH.  OTKOUTE 'STOT KOHIEHCcaTOoP, 3apsKaroT TaKHM Ke 00pa3oM BTOPOH KOHAEHCATOP

TOH ke eMKOCTH (C = 1Mx®), 3aTeM TpeTHI, YeTBEPTHIH H T.J. 3aTeM KOHJeHCATOPBI COeTHHIOT
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IocaeoBaTenbHO. Kakyio MakKCHMAIBHYIO Pa3sHOCTh ITOTEHI[HAJIOB MOJKHO ITOIYYHTH TaKHM
oOpazom?

JlaHo:

Co=20 MxkD=20-10"°D HavampHBIH 3apsag KOHAeHcaTopa eMKOCTRIO Co Ovaer  Up= 400
B paBHBIM Q¢ = Co- U. C=1MxD
[Iocre nogkmroYeHHI K HEMY KOHIEHCATOpa eMKOCThIO C

sapsan Qo pacrpenenserca Mexnay Co u C. Ilocne orcoegqune- U = ?
HHA C or Cp Ha 000HX KOHJIeHcaTOpaxX OyaeT OAHHAKOBAS

Pd3HOCTD ITOTCHITHAIIOB (T.I{. HX coeIHHEHHE OBUIO ITapal-

TIEJIbHBIM).
[ — J, _ C U,
- C,+C C,+C
C.U
Ha xonzencarope Co octanercst sapsag Q, =C, - U, = ——>.
C,+C

HpH ITOCIIEAVYIOIIEM ITOAKIIFOYCHHH BTOPOI'O KOHACHCATOPA (' Ha KOHJACHCATOPC C{] OCTAHETCH
sapsn Or= Co- U,

[Ipruem U, = CUs = Co U,.
- C,+C |\ C,+C

[ToBTOpPSAS 5Ty OmepanHio n pa3, MBI OyJleM HMeTh HaOOp KOHAEHCAaTOPOB, 3apsDKeHHBIX 0

G,
C,+C

HarpsokeHu Uy, Us, Us,. .., U”(ﬂ: 1,2,3,...), U =U,

OO011ee HAaITPsLKEHHE ITOCIIC TTOCIICAOBATCIIBPHOI'O COCAHHEHH A BCEX 11 KOHACHCATOPOB 6}’,I[E:T PdBHO

C{]UU 1 + C‘U + {]2 + 4 'l'.j]?
C{]_I_C C{]_I_C (C{]—FC)H (C{]—I—C)”

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

[IpocymMMHpPOBAB ITOIYYEHHYIO O€CKOHEYHYIO YOBIBAOIYIO TeOMETPHYECKYIO ITPOrPECCHIO
HaiifleM e€ CyMMY PaBHYIO MaKCHMAJIbHOH Pa3HOCTH ITOTeHI[HAIoB U:

_CU, _20-107-400

- o =S8000B

U

JOKYMEHT MNMOANCcAH

Jamaua ¥F ONE6erS st 13 JIBYX KOHJEHCAaTOPOB eMKOCTSMH 4 M 5 MKD Ka’KIbIi,
Ceptucoukatr: 2C0000043ESABS QEEEﬁEETBASDGﬂEGﬂ 004 3E

Bnanen&OC TN, FIQGIETOBATEIRHO H BKIIOUININ B ceTh C HanpskeHueM 220 B. llotom Garapero
OTKIIFOUWIM OT CETH, a KOHAEHCATOPHl PA3beJHHHIN H COSIMHIIIM ITapajlIe]IbHO OOKIIaIKaMH,
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HMEIOIMMH OJHOHMEHHBIE 3apsaabl. Kakmm OyaeT HampsDKeHHe Ha 3akKHMaxX ITOTY4YeHHOH
Oarapen?

JlaHo:

U =2208B TaK KaK KOHJEHCATOPEI COeqHHEHEI ITOCIeA0BaTeIbHO, TO () =4 MKD
=4-10°Q  szapsm KakKIord M3 HIX H 6aTaped B LIETTOM OJHHAKOBHL!

Cr=5MxD=510D O1=0>=..=0.

EMKOCTp GaTapen IIOocTeloBaTelbHO COSIMHEHHBIX KOHACH- U =7
CaTOPOB BEUHCIISETCS ITO () OPMYIIE

1 L |
cTXo

C|C*]
EmMKocTh GaTapem U3 IBYX KOHAeHCAaTOpoB paBHa C = —,
C, +C,
C,C,
amxsapay Q=CU =——-U,.
C +C,

[Ipn oTKrOYEeHHH KOHJIEHCATOPOB 3apsyl KaKIOr0 H3 HHX COXpaHHTCS. [IpH MmapamielbHOM HX
COEZIMHEHHN GOYeT paBeH cyMMe 3apsamoB konpeHcaropoB Q' '=Q, +0, =20, a emkocTh

GaTapen Oymet paBHa cymme emxocteit C'=C, + C,.

OOI11ee HAIIPSDKEHHE CTAHET PaBHEIM

Q0 90+0, 20
C' C+C, C+C,

U,

[TomcTarnsasa B monydyeHHOE BhIpakeHHe (POPMYITY JIIS (0, ITOTYIHM:

- 2C,CU,  2-4-10°-5-107°-220

= = =108,6 B
(C,+C,)" (4-10°+5-10°)°

Uz

Jamaya 5. Kakoe KOIMYECTBO TeIUIOTHI () BBIAECIHTCS IIPH PaspsKe ITIOCKOIO BO3IYIITHOIO
KOHJICHCATOPAa, ECIIH PAa3HOCTh ITOTEHIHAIIOB MEKAY ITTacTHHAMH paBHa 10 kB, paccrognie d=0.,5
MM, a IUIOIIAAb S KaXKIOH IUTacTHHEL paBHa 100 cM>?

JlaHo:
U=10 kB=10*B COITIaCHO 3aKOHY COXpaHEHH SHEPTHH, KOIIMYECTBO
d=0,5MM=5-10"m TEIUIOTHL J, BRIJEIIHBIIEECS B KOHIEHCATOPE IIPH €TI0
$=100 em*=10"M* paspsaKe, paBHO SHEPTHH 3apsSKEHHOTO KOHEH caTopa
[NORYMEHRT TTOATIMCAH (_’/'U2
_ 3JIEKTPOHHOW NOAMNMCHIO 0=
Ceptudmkar: 0000043E9ABSB952205E7BA500060000043E 2
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

EMKOCTPH ITIOCKOIO KOHACHCATOP4A OIIPCACIIACTCA ITO QJDPLI}"HE
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IJie £€— OU3IeKTPHYECKas IIPOHHIIAeMOCTh CpeIbl (111 Bo3AyXa £=1). 3HaUHT

&SU” _8,85-107"-10~ -10°
2d 2-5-107

0=

=8,85-1077 J[x=8,85 mJ[x.

Bonpocet u 3a0 anui.
1. DiIeKTpHYeCKHH 3apsa H €0 CBOHCTBA. 3aKOH COXPaHeHH 3apsaaa. 3aKoH KyroHa.

2. HEIHPH}KEHH OCTDb AJIEKTPOCTATHYECKOI'O TTOJIA. JIrHHm HAaITpsLDKCHHOCTH
IJNIEKTPOCTATHUCCKOI' O TTOJIAL IloToK BEKTOP4a HAIIPsKCHHOCTH.

3. [IpuHIgT cyriepriosuiH. 11ome JUmons.

4. Teopema 'aycca 1 3JIEKTPOCTaTHYECKOTO IO B BAKYYME.

5. [IpmmeHeHHe TeopeMsl ['aycca K pacueTy ITOJIIEH B BAaKYYME.

0. [{TUPKVIISIHS BEKTOPA HAIPSKEHHOCTH 3MIEKTPOCTAaTHYECKOTO ITOJI.
7. IloTeHIHal 3IeKTPOCTaTHYECKOrO 1OJIA. Pa3sHOCTh ITOTEHI[HATIOB.

8. CBsI3b MCHEAY HAIIPAKCHHOCTBIO H ITOTCHITHAJIOM. BrrumciieHHe Pa3HOCTH ITOTCHIHAJIOB
11O HAITPSDKEHHOCTH IT10JIA.

0. Jlmnexkrpuku. [lonspH30BaHHOCTE AHAIEKTPHKOB. HampsokeHHOCTh IIONISL B
THAIIEKTPHKE.

10. Teopema l'aycca misg Iomnsd B JHINIEKTPHKE. YCIOBHS Ha T'paHHMIE paslela IBVX
IH3TEKTPHYECKHX CPEL.

11. ITIpOBOMHHKH B SIeKTPOCTATHUYECKOM IIONE. ONEeKTPOeMKOCTh. (CoeaHHEeHHe
KOHJIEHCAaTOpOB B OaTapeH.

12. DHeprusa cucTeMEl 3apsSoB H YeJHHEHHOI O IIPOBOJHHKA. DHEPIHI KOHIEeHCaTOpa.
OHEPIrHA 3IeKTPOCTaTHYECKOIO IO

3azayun 1Ji cCaMOCTOATEILHOI 0 pPEIICHHA

JIee OECKOHEYHEIE IIapalljielIbHBIE IUIACTHHEL PAaBHOMEPHO 3apshKEHBl C ITOBEPXHOCTHOI
TIOTHOCTRIO o1 = 10 HK/M? ¥ 62 = -30 HKi/M?. ONpefenmiTh CHIIY B3aHMOJIEHCTBHSI MEXKIY
TUTACTHHAMH, TIPHXOMSIIYIOCS Ha ITIOMamb S, paBHYO 1 M.

2. I[EE ITPAM OJIBHEBEIC OJHHAKOBBIC IIAPAJUIC/IBHBIC IINIACTHHBI, JJIMHBI CTOPOH KOTOPBIX a = 10
%;Fz EHT NOQNMCAH

oM 1 b =ik eMHPACSIOHOSKEHBI Ha MaJIoM (TI0 CPaBHEHHIO C JIMHEIHBIMH pa3sMepaMH IIIIaCTHH)
Ceptud E 0 —
o ﬁbcf‘&%ﬂﬂiimﬂmmaj T miﬁf} pDEHszﬁ ORHOI M3 IIIacTHH paBHOMEPHO pacnpeaeneH 3apsan O = 50 HK,

Ha JIPYTOH — BapH,I[ 0> = 150 HK11. Onpeaenurs HapsoKeHHOCTD £ 3NEKTPHYECKOTO IO MEXITY
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3. Ha orpeske TOHKOrO ITpsIMOTO ITPOBOMHHKA IIHHOH [ = 10 ¢cM paBHOMEPHO pacIIpedelIeH 3apsil
C JIMHEHHOH IUIOTHOCTRK 7=3 MKKII/M. BBRIUHCIHTE HaIpsSKEHHOCTh £, CO3MaBacMyH STHM
3apsSIOM B TOYKE, PACIIONOKEHHOH HAa OCH IIPOBOAHMKA M YIAAIEHHOH OT OIMIKAHIIEro KOHIa
OTpe3Ka Ha pacCTOSIHIE, paBHOE ero JJIHHE.

4. B BepmmHax Kpajapara HaxXoAATCsS OAHHAKOBBIE 3apsaael (0 = 0,3HKn xaxmgein. Kaxon
OTPHIIATENILHBIN 3apsaa (1 HYKHO IIOMECTHTL B I[EHTPe KBajapara, YTOOBI CHCTEMA 3apsOB
HaXOJIHJIACh B IIOJIOKEHHH PABHOBECHS?

5. DIeKTpHYECKOe II0NE CO3QaHO IBYMS TOUeuyHBIMH 3apsmamMu () = 40 HKn u Q2 = —10 K,

HaXOASIIUMICS Ha paccTOSHHH d = 10 ¢cM apyT oT apyra. OnpeaenuTh HaIIPsSKeHHOCTh £ IO B
TOUKe, YAaJeHHOH OT MepBOro 3apsaaa Ha r1 = 12CM H OT BTOPOro Ha r2 = O6CM.

0. Tpu ogmHAKOBRIX 3apsaga (=1 HKI KaXIpIH PacIiONOKEHBI IO BEPIIHHAM PaBHOCTOPOHHETO
TPEYIOJIbHNKA. KaKOH OTPHUIIATENBHBIN 3apsy (J1 HYKHO IIOMECTHTL B IIEHTPE TPEVYIOILHHKA,
YyTOOBl CHCTEMA 3apSA0B HAXOJHMIACh B IIOJOKEHHH PABHOBECHA? bByIeT 1M 3TO paBHOBECHE
YCTOHYHBEIM?

7. ToHkas HUTH AHHOH [ = 20cM paBHOMEPHO 3apskeHa ¢ JIMHeHHOH ITIOTHOCTERIO 7= 10 HKI/M.
Ha paccrosann a = 10¢M OT HUTH, IIPOTHB €€ CEPEJHHBI, HAXOMHUTCA TOUEYHEBIH 3apsn O = 1 HKII.
Berunicimrs cuiny F, JEHCTBYIOIIYIO Ha ATOT 3apsi CO CTOPOHEI 3aPsDKEHHOH HHTH.

8. B BeprmHax nmpaBwIbHOIO IIECTHYTOIIBHHKA CO CTOPOHOH a=10 CM pacIiomoKeHbl TOUEYHBIE
3apsaasl O, 20, 30, 40, 50, 60 (0=0,1 mxKm). Haittu cuny F, IeHCTBVIONTYIO Ha TOYSYHBII 3aps/l
Q, NMeXangil B INIOCKOCTH IIIECTHYT OJIbHHUKA, PABHOYIAJIEHHBIN OT €0 BEPIINH H PaBHBIH 3apsay

0.

9. TOHKHH IJIMHHBI CTEPKEHP PABHOMEPHO 3apsKeH C JIMHEHMHOMH ITIOTHOCTRIO T 3apsa, PaBHOH
10 MxKi/'M. Ha nmpogomkeHHH OCH CTep’KHSI Ha paccTOSHHH a—20 ¢M OT ero KOHIIa HaXOJHTCS
ToueuHBIH 3apsn Q = 10 HKin. Onpegenurs cwny F B3aHMOAEHCTBHS 3aPsDKEHHOIO CTEPKHS H
TOYEYHOI'O 3apsIa.

10. PaccrosHiie MeXay ABYMS TOUeUHBIMH 3apsgaMu (=1 MxKia u Q02 = - Q) paBHo 10 cm.
OmnpeaemiTh cHIy F, IeHCTBYIOIIYIO HA ToUYeUHBIH 3apsan O=0.1 MxKII, yaaneHHEBI Ha r1 = 0 CM
OT TIIEPBOr0 M Ha 7=8 CM OT BTOPOTO 3apsIOB.

11. ]I[e OeCKOHEUHBIE TapaUIeIbHbIe INIOCKOCTH HaXOMATCSI Ha paccTOSHNU d = 0,5 ¢M ApYyT OT

npyra. Ha IIoCKOCTSIX PaBHOMEPHO PAaCIIPEEIIEHEI 3aPSIIBI ¢ ITIOBEPXHOCTHBIMH ITJIOTHOCTSIMH 0|
3 7

= 0,2 MxkKit/M” 1 62= 0,3 MxkK/m~. OnpeielnTh pa3HOCTD MOTEHIIHAIOB {J MeK Y TNIOCKOCTSIMH.

12. OrnpenemiTs MNOTEHIMAIBHYIO 5SHEPIHI0 [/ CHCTEMBI UYETBIPEX TOYEYHBIX 3apsioOB,
PAcCIIONIOKEHHBIX B BEPIIMHHAX KBajpara cO CTOPOHOH JHMHOH a = 10cM. 3apsaabl OQHHAKOBEI 110
a0comoTHOMY 3HaueHHO () = 10HKI, HO 1aBa M3 HHX OTpHIaTelbHBI. PaccMOTpeTh [Ba
BO3MOKHBIX CITY4as PACITONOKEHHS 3aPSIIOB.

13. KakoBa ImoTeHIHanbHasa SHEPTrHI [/ CHCTEMEI YETHIPEX OAHHAKOBBIX TOUEYHBIX 3apsmoB O =
101K71, pacrionokeHHBIX B BEPIIHHAX KBaJpaTa cO CTOPOHOH a = 10cMm?

14. JIea KoHieHcaTopa 3J1eKTpoeMKOCTSIMH C| = 3MKD 1 C; = 6MKD coeMHEeHBI MeKIY COO0H H

TpHCOe THHSHRI: K @@&ﬁﬁﬁﬁ ¢ DHC £ = 120B. Onpenemts 3apsaasl O 1 Q2 KOHASHCATOPOB H

pmHﬂcTﬂ"ﬁﬂf@ﬁi@‘fﬂ?ﬂﬂ”%’ n U» MeXIay HX OOKIaJKaMH, eCIIH KOHJEHCATOPHI COeIHHEHEI: 1)
CeptudukaT ECDGGGGdSEEABi 02205E7BAS00060000043E

Bn aﬂcnﬂapam&@ﬂbgﬂ%T 4 IGHSHOBAI CIIbHO.
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15. KoHzeHcatop 3meKTpoeMKOCThIO C = 0,2MK®D OBLIT 3apsKeH 10 Pa3HOCTH ITOTEHIHANOB U =
320B. Ilocne Toro Kak ero COEIMHHIIIM ITapallIEIBHO CO BTOPRIM KOHIEHCATOPOM, 3apsTDKEHHBIM
0 PasHOCTH ImoreHIHanos U7 = 4508, HanpsxkeHue U Ha HEM H3MEeHIUIOCH 10 400B. BEIUHCIHTE

eMKOCTb (2 BTOPOI'O KOHACHCATOPA.

16. DnexTpHyeckoe mone co3gaHo 3apsokeHHoH (Q = 0,1 MxKn) cdepoi pagmnycom R = 10 cm.
KakoBa sHeprusg W nomns, 3akmodyeHHas B 00beMe, OrPaHHYEHHOM c(pepol H KOHILIEHTPHYECKOH C
Hell c(pepHyecko IMOBEPXHOCTHIO, PaJHyc KOTOPOH B J[Ba pa3a OOIbIIe pagHyca cepsl.

17. Ilap pagnycoMm R =8 cM 3apsokeH 10 rnoreHIimana ¢1=>00 B, a map pagumycom R>=4 ¢M - J10
rnmoreHImana @>=300 B. OnpememmTs MOTEHIMAI ( INMAPOB ITOCIIE TOrO, KaK HX COEIHHIUIH
METAJIIHYECKHM ITIPOBOAHHKOM. EMKOCTBIO COEMHHHUTEIBFHOIO IIPOBOIHHKA ITPEHeOpeys.

18. IIap pagmnycoMm R;=0 cM 3apsokeH 1o nmoteHimana ¢ =300 B, a map paguycom Rx=4 ¢cM — 110
rnmoreHImana @2=>00 B. OnpenemTs NMOTEHIMAI ( IIAapOB IIOCIE TOrO, KaK MX COEIMHHIIH
METAJINYECKHM ITIPOBOAHHKOM. EMKOCTBIO COEHHHTEIBHOIO IIPOBOJHHKA ITPEHEOPEYbD.

19. Crna F IIpUTSKEHH S MeKAY TUTaCTHHAMH ITIOCKOI'O BO3AYIIHOI O KOHIeHcaTopa parHa S0 MH.
wa g wa
[Imormaap S xaxmon roracTHHEL paBHa 200 cM”™. HalTH ITIOTHOCTE SHEPTHH W ITOIS KOHAEHCATOPA.

20. Kakoe KOIHYeCTBO TEIUIOTHI () BBIAEIMTCS ITPH Pa3psaiaKe IUIOCKOIO KOHJEHcaTopa, €CIH
Pa3sHOCTH ITOTeHI[HAIOB U/ MeXIy INTacCTHHAMH paBHa 15 kB, paccTosHue d = 1 MM, TH3IIEKTPHK —
CIIIOJA H IUIOINAAh S KaKIOH IIACcTHHEL paBHa 300 cMm?

2. Huxepo, B.A. ®usnka: coBpeMeHHBIH Kypc / B.A. HukepoB. — 2-e n3x. — Mocksa :
M3parenscko-Toproeast Koprioparus « Jlamxos 1 K°», 2016. — 452 ¢. : wi1. — PexxnM gocryma:
rio rogrmcke. — URL: http://biblioclub.ru/index.php ?page=book&i1d=453287.

IIpakTH4ieckoe 3ansaTue 8.
Tema 3anamus. 1IpoBOJHHKH B YIEKTPHYECKOM II0Jie. JJIEKTPHYECKOe I10JIe B
AHVIEKTPHKAX

HEJII’: JAHAMIA. HB}*‘LIHTB IMPOBOJHIIKII B 3JICKTPHYCCKOM IIOIIC.

T eopemuiecKan 4dacmb.

Jusnexmpuxu. Onexmpudeckoe noine 6 oOusnexmpuxax. Illonapuzayua Ousnexmpuxos.

Honapuzaipiontole 3apsaowl.

Bekrop monspHzaiiy (IoISpH30BaHHOCTh) — 3TO JHITOJIbHBIH MOMEHT €JHHHIEI 00beMa, OH

OIIPEACIBICTCA COOTHOIICHHMEM P= Zg{}Eﬁ rac Y — JHIJIICKTPHYCCKAA BOCIIPHHMYIIBOCTD.

BekTop SNeKTpHYecKOil MHAYKIMH (WIH BEKTOP SIEKTPHYECKOTO CMEIUEHHS OIPEHEIeTCs
BeIpakeHHeM D = gk + P |
Ionspuzvemocmo. JIU3IEKTPHYECKasI MPOHHI[AEMOCTh 3aBHCHT OT ITONSIPH3YMOCTH MOIIEKYII

QDWEHWCAH -
BEIIECTBAJEKTPORH cHigH30p mongapu3zyeMocTH. B olmeM ciydyae JUITOINBHBIH MOMEHT

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
BnanenMONEKYIIEL., HE - .COBIIAZAST,, 110 HAIIPaBIEHHIO C BHEINHMM MAarHHTHBIM ITOJIEM, IIO3TOMY

pi = Pijeok ;.
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Ilnockuii xonOeHcamop, 3aNONHEHHbIl OOHOPOOHBIM OJOusiekmpukom. B 53TOH CHCTEME

CBSI3aHHBIE 3apSAbI OYAYT TOIBKO Ha ITOBEPXHOCTH, H CYIIECTBYET CBS3b ‘P ‘ = 0O,rne O —

ITOBCPXHOCTHAA IINIOTHOCTD CBA3AHHBIX 3dPAJ0B.

Teopema I'aycca ona ousnekmpuxoe

l[HH JAHIJICKTPHKOB BBITTOIHAOTCAH CIICAYIOIIHE COOTHOIICHHA.
§ PdS = —q', divP=—p",
§DdS =0, divD=p.

llone moueuno2o 3apada 6 ousnekmpiixe

3aKOH K}"HGHEI, 1711 OeCKOHEYHOI'O OJHOPOJHOI'O JHIICKTPHKA HMCCT BH

— . .
F = 9192 r.

dree o 1

Venoeaus na cpP e pﬂ?d&?ﬂﬂ' dﬂyx aHEﬂER?HpHHGE 60 GHEUIHEM JJIerTNpUie CKOM HloJie.

Ha I'PAaHHIIC  Pa3Acila  JHIJIICKTPHKOB  BBIIIOJIIHACTCA  PABCHCTBO  TdHI CHITHAJIBHBIX

COCTABIIMIOIIILX BCKTOPA E: E].f — EE; H PAaBCHCTBO HOPMAJIPHBIX COCTABIIAIOIIIIX BCKTOPA

D: D ln — D 2n - VpElBHEHIIE H}"EIGGDHEI AL OTHOPOAHBIX AHSJICKTPHKOB HMCCT BH/

Vevg)--L.
0

SHEPI‘H_H CHCTEMBI JJICKTPHYCCKHX 34dPAHJ0B B JHIJICKTPHKE. BHEPI‘I[H IIOJIA B AHIJIICKTPHKAX.
I IITOTHOCTB SJHEPIHH JJIICKTPHUYECKOI'O IIOJIA B JHSJICKTPHKAX OIIPCACIIACTCA BBIPAKCHHEM

DE
W=—"-,

2

Inexmpudeckilil MoK 6 NP OBOOHUKAX

I IITOTHOCTB TOK4d, ITNIOTHOCTE TOKd H TOK CBA3dHBI COOTHOIICHHEM IJ dS =1 : YIJEIBHEHIIE

HepPa3pPBIBHOCTH (3aKOH COXpaHEeHHS 3apsiia)

op —-
—+Vj=0

Ot
[OKYMEHT MOAMMUCAH
3a ROHCEAHDTBORROGINA O CINL NOKA. Y0enbsHas npoeoouUMOChiy, VOeabHoe CONp omiianeniie
Cepruchukat:  2C0000043E9ABBBIS2205E7BA500060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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ME}I{,I[}*' INIOTHOCTBIO TOKd H HAIIPSKCHHOCTBIO 3JICKTPHYCCKOI'O ITOJIA CYIICECTBYCT TTHHEHHA S

—_— —

CBSI3b, J =0k (3akoH Oma B guddepeHIHanbHON popMe). 3akoH OMa TSI OJHOPOTHOIO

U

ITPOBOJHIIKA 3AIlMCBEIBACTCA B BH/C I = E . 3aKOH ,H}I{G}"JIH — JleHI1a 3agaceT KOIMHYECTBO TCILIA,

KOTOPOC BBIACIIACTCAH B ITPOBOJHHKCSC ITPH ITPOTEKAHHH TOKd B CIHHHITY BPEMCHI.

dQ U’
dt R

HPHBH.TJI:-HOE OITHCAHHE ABHKCHHA 3aPAJ0B B ITPOBOJHHKAX JACT TOJIBKO KBAHTOBAA TCOPHA.
HpIMH‘HEHﬂH JJIEKTPOHHAA TCOPHA IPOTCKAHIA TOKA HEPE3 METAJIII OCHOBBIBACTCA HA JBHKCHHH
3apPA00E KdK KIIACCHYUCCKHX YaCTIHII, Ha KOTOPBIC ,I[EﬁCTE}*'ET CIUIa CO CTOPOHBI 3JIICKTPHYCCKOI O
ITIOJIIA H CHJIA TPCHIA CO CTOPOHBI CPCIEL.

IIpuMepnb1 penieHHs 33034

3Jamaua 1. JIUITOIp € 3IEKTPHYECKHM MOMeHTOM P=50 nKi'M CBOOOJHO YCTAHABIIHMBAETCS B
kB

M

OQHOPOJHOM  SIeKTPHYECKOM IIoHMe  HampsokeHHocThio  E =30 Haiitu  paGory,

HeOoOXOIHMYIO JJISI TTIOBOPOTa JHITONSI Ha yrol a=30",

JlaHo:

|

P=50nKn-m=5-10"Kin-m DrnemenrapHas paGoTa IIPH IIOBOPOTE AUIIONS Ha YT OII da

E:SO§:3-104E dA=M -dc,
M M

a=30"° tnelM = P-FE -SIn@ - MeXaHW4YeCKHil MOMEHT CHII, IEHCT -

BYIOILMI Ha JHIIONb. & — YIOlI MeXay BexktopamMi F u P. A4 =7
Taxym o6pazsom dA=P-E-sina-dc.

[IpH cBOGOIHOM IOJIOKEHHH JHITIONE B ANeKTpHYeckoM rone ¢ = (), 3Ha4yHT mmonHas pabora
MO2KET OBITh PaccUHTaHa IT10 (pOpMYyIIe

A=[P-Esina-do=—PE-cosc|;.
0

A=-5-10"" -3-104(cc}s30° —CGSUD): 2-107 JTx=0,2 mxJ[x.

AOKYMEHT MOANUCAH
Bonpocaiaa HROONNCHIO

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

sranened- ] HUSHERT Brikir B°SAERTPOcTaTHuecKOM TTOE.

2. TTonsgpuzalisg JHAIEKTPHKOR, BEKTOP ITOISPH3AIH.
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nenHaripaBASHHIE 'COCTAaBIIIOHIEM YT OII & = 60°c BEKTOPOM JJICKTPHYCCKOI'O MOMCHTA.

3. CBS3b BEKTOpa ITONApH3aAIHH C OOBEMHOH H IIOBEPXHOCTHOH IUIOTHOCTRIO CBSI3aHHBIX

3apPSIIOB.
4. Teopema I'aycca 1 JHA3JIEKTPHKOB.

5. Ilomne ToueyHoOrO 3apdaid B JHIJICKTPHKE.,

3aJa4Yl JJ11 CAMOCT OAT €JILHOI'0 PEIICHH A

1. TOYEUHBIH AMIIONL C BIEKTPHYeCKHM MOMeHTOM p = 100 nmKia-m cBoOOIHO YCTaHOBHIICA B
OJJTHOPOJHOM 3MEeKTPHYECKOM IT0JIe HallpsoKeHHOCTRI0 £ =9 MB/M. JIHITOIE MOBEPHYIIH HA MalIbIH
YI'OJI H ITPEJOCTaBHIIM caMoMy cebe. OIpeIelInTh YacToTy v COOCTBEHHBIX KONIeOaHHI JHIIONS B
3JIEKTPHYECKOM IT071e. MOMEHT HHEPIHH J JHIIONS OTHOCHTEIIFHO OCH, ITPOXOISIIEN Uepes IEHTP
aumons, paseH 4-1071% xkr-m?.

2. Jlmrrons ¢ sneKTpHyecKHuM MoMeHTOM p = 100 nmKia-M ¢cBOOOAHO YCTaHOBHIICS B OJJHOPOIHOM
3JIeKTPHYECKOM II0JIe HallpskeHHOCTRIO E = 10 xB/M. OnpeaemHTh H3MeHEHHE TOTEHIHAIbH O

sHepruH Al JHITONS IIPH IIOBOPOTE €ro Ha yroun & = 60°.

3 . Jlumoime ¢ snekrpudyeckuM MoMeHTOM p = 100 nmKi'm cBOOOJHO YCTaHABIHBAaeTCSd B
OJHOPOJHOM 3NIeKTPHYECKOM IT0JIe HanpshkeHHOCThI0 E = 150 xkB/M. Berumciauts paGoty A,
HeOOXOAMMYIO IJIS TOr'O, YTOORI ITIOBEPHYTH JHITONE Ha yron o= 180°.

4. OmpeeiTh HaIIPSDKEHHOCTD £ M ITOTEHIHAI @ ITOJIS, CO3IaHHOI O TOYEYHBIM JUITOIIEM B TOUKAX
A n B. Ero snekrpuyecKHi MOMeHT p = 1 KM, a paccrosHue

r oT ToueK 4 u B 1o 1eHrpa gumoinsd paBHO 10 cm( fiFi
CM.PHCYHOK). |
Pl
|
o 'F 0,
_——— @_J_)._O: — {_B_J_
PoS—

5. Paccrosmme [ mexay 3apsgamu Q= £3,2 HKI1 gurons pagHo 12 cMm. HanTH HanpsKeHHOCTE E H
ITOTEHIMAII @ TIOJIS, CO3MAaHHOIO JHIIOIEM B TOYKE, VAAJIEHHOH Ha 1=8 CM KakK OT IIEPBOr0, TaK H
OT BTOPOT'O 3apsa.

0. JIBa TOUEYHBIX JTUIIONIS C BJIEKTPHYECKHIMH MOMeHTaMH p1 = 1 KM u p» = 4 nKia-M Haxogarcs
Ha PacCTOSIHHM r = 2 CM JAPYT OT Apyra. HaluTH CHiIy HX B3aHMOJECHCTBHS, €CIIH OCH JHUITOJIEH
JIeKaT Ha OJHOH ITPSMOH.

7. JIBa TOYEYHBIX MIHUIIONSA C SNEKTPHUYECKHMH MOMEHTAMH p; = 20nKn'M u p; = S0nKmm
HaXOJSATCS Ha pacCTOSHHH r = 10 cM Apyr OT Apyra Tak, YTO MX OCH JIeXKaT Ha OJHOH IPSMOH.
BRIYNCINTE B3aHMHYVIO ITOTEHIHAIIBHYIO 3HEPTHIO JUITOJIEH, COOTBETCTBYIOIYIO HX VCTOHUYHBOMY
PAaBHOBECHIO.

8. Onpeneinivh: HANPAASHHOCTh £ M IIOTEHIHAII (p TIONS, CO34aBaeMOI0 TOYEYHBIM JHITONIEM C
BHEHPII%éE%PMWGﬁéﬁ%%W p,.=., 4. nK1M Ha pacctosHmM r = 10 ¢M OT IlEHTpa JIWIIONS, B
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IIpakTHYecKoe 3aHATHE 9.
Tema 3anamus. 3aKoHBI MOCT OSITHHOTO TOKA.
Iens 3anamusa. U3y4uTh 3aKOHBI ITOCTOSIHHOIO TOKa

3HaHUA U YMEHUA, npuodpemaemple CMyOCHMOM 6 pE3YAbMAME O0C60CHUA MEMb,
dopmupyemsbie KomnemeHyuu. OIeKTPHYeCKHH TOK. Cra Toka. IIIMoTHOCTE ToKa. 3akoH OMa
U yyacTKa Iermi. COMPOTHBIIEHHE ITPOBOJHHKOB. MCTOUHMKH TOKa. DIEKTPOABHIKYINAS CHIIA
(D]1C). 3akoH Oma Ui y4yacTKa IeImH, cojiepxkarnero 2JIC. 3akoH Oma IS ITOJTHOH IIEITH.
PasBeTBieHHbIe IienH. 3aKoHBI Kupxroda. PaGoTa u MoImHOCTE TOKa. 3akoH JIkoynd - JleHIia.
Teruopoe JIEHCTBHE BIEKTPHYECKOrO TOKAa M €ro IPHMEHEHHE B TEXHHKE. OIeMeHTapHas
KJIaCCHYeCKas TEOPHS 3IEKTPOIIPOBOJIHOCTH METAIUIOB. [ ' paHHI[BI ITIPHMEHHMOCTH KJIaCCHYECKOH
TEPHH SBIEKTPOIPOBOAHOCTH. KOHTaKTHBIE SBIeHHSA. Brajgeer CIIOCOOHOCTRIO ITPHMEHSTH
COOTBETCTBYIOIIHI (PH3HKO-MaTeMaTHYEeCKHH aIlIiapar IIpH PellleHHH ITPo(eCcCHOHAIbHEIX 3a]1ay.

AHHI_]MIJIBH&CHIB membl. OCHOBHBIE ITOHATHS H 3aKOHBI ITOCTOSIHHOI'O TOKa ITPHMCHACTCA
IIPH PCOICHHH HHAKCHCPHBIX 3d41.

TEﬂpEHHFIECHﬂH Hdacmb.
X@MEEPHCHIHHH NWIEKMPUUECKOZ0 MOKA U YGIO6HA €20 cyH{ecmeosdHlA

B slekTpocTaTHKE H3YHaJIHCh ABJICHHA, Gﬁ}"CHGEJIEHI{BIE HEeITOABHKHBIMH 3apsiiaMI. EcIH
I10 KaKOH-THOO0 IMPHYHHE BO3HHKACT VIIOPAAOYUCHHOC ABHACHHE 3dPAAO0B H HCPE3 ITOBCPXHOCTH
TIePEHOCHTCS 3apsyl, OTIHYHEIH OT HVIISL, TO I'OBOPAT, HTO BO3HHKACT SIIeKTPHYECKHI TOK.

KomnmiecTBeHHOH XapaKTepHCTHKOH 3IeKTPHYECKOro TOKA CIIYKHT CHIIAa TOKA — BETHYHHA
3apsaa, MEPeHOCHMOI0 Yepe3 pPaccMaTpUBAEMYIO TTOBEPXHOCTh B eIMHHUILY BpeMeHH. Ecim 3a
BpeMs dI 4epes IMOBEPXHOCTE NIEPEHOCHTCS 3apaf, dqg, TO CHiIa TOKA PaBHA:

j= Y
dt

Enummneit cunbl Toka sBgeTca amiiep (A). 3a HampaBIeHHe ToOKa ITPHHHMAETCS
HaIlpaBJIeHHE, B KOTOPOM IIEPEMEIIAIOTCS IIONMOKHTEIBHBIE 3apsipl IWIH HaIpaBIICHHE,
ITPOTHBOIIONIOKHOE HAIIPABIIEHHIO JIBHKEHHS OTPHIIATEIBHBIX 3apsnoB. (CBOOOIHEBIE 3apsiEL,
KOTOpPBIE TIEPEMEIIAIOTCS B CPEJIE, HA3BIBAIOTCSA HOCHTEISIMH TOKA.

QHEI{TPIHEGHH‘T TOK MOXET OBITh pPacIIpcacIICH HEPABHOMCEPHO IIO ITOBEPXHOCTH, HCPC3
KOTOPYIO OH TCHET. boree merallbHO TOK MOKHO OXAdpPaKTCPH30B4ATE C IIOMOIIBIHO BEKTOPaA

ILIOTHOCTH TOKA JF : H}"CTL 3aPAKCHHDBIC YdACTHIIBL ABHAYICA B OIIPCACIICHHOM HAIIPaBIICHIIIH CO

CKOPOCTEBIO u. BeKTopoM IUIOTHOCTH TOKa j HA3bIBACTCA BCKTODP, IIO HAIIPABJIICHHIO

COBIIAJATOILHH C HAIIPAaBJICHHCM CKOPOCTH IIOJIOKHTCIIBHBIX 3aPA0B (HJ]II ITPOTHE HAITPABIICHHA
CKOPOCTH OTPHIATCIIbBHBIX BEI,I)H,[[GE) a 110 a0COMOTHOH BEIIHYHHE '[JElBI—[E:-Iﬁ OTHOIICHIIO CHIIBI TOKA

&H ITQ_,I[EH}I{EHI[H HOCHTENEH, K e TIIOMIAH.

i

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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YHcIo HoCHTeNleH TOKa B eJHHHIIE 0ObeMa ;1 Ha3bIBacTCAd INIOTHOCTIBIO HOCHTEJIEH TOKa.
3aps OTAelIbHOrO HOcHTEN A OyeT 0003HAYaThCs €.

Ecmi cBOOOIHBIMI 3apAdaMH ABIIAIOTCH, HAITPHMED, 3JICEKTPOHLI, a ITOJIOKHTCIIbHBIC 3aPAAbI
HEITOABH R HBI (BTG HMCCT MSCTO B METEIHJIE]K): TO IIIIOTHOCTb HOCHTIeneH OVIEeT COBIIALaTh C
YHCIIOM CBOOOIHBIX SIIEKTPOHOB B eHHHIE 00BbEeMA.

BEI{TGP INIOTHOCTH TOKd MOKHO BBEIPA3HTE HEPE3 INIOTHOCTD HOCHTeEJeH TOKa H CKOPOCTh HX

. IBIDKeHHS. KoamuecTBO 3apsmga, IMEPEeHECEHHOIO 3a BPeMs
\\ o d! Jepes HEKOTOPYIO IIOBEPXHOCTH S , IIEPIIEHAHK YILIPHYIO
R K BEKTOPY cKopocTH (puc. 20.1), paBHO dg=n-e-u-dt-S .
1
|
Y - 3a BpeMa df IIIOIMAAKy S TIiepeceKyl Bce CBOOOIHBIE
:‘-{}— ————————— 3apsabl B ITapallielIeliIlele ¢ OCHOBAaHHEM S M IIMHOH
I
S
g udt . Ecnu momormagka S JOCTaTOYHO Mana, TO IDIOTHOCTH
+ y > TOKa B €€ IpejielaX MOKHO CUMTATh ITOCTOSHHOM M TOIJA:
H .
. I dgq n-e-u-dt-S
] = =n-e-u.
S  Sdr S -dt
B BeKTOpHO# (popMe:
j=n-e-u

CHIta ToKa Yepe3 IIPOH3BOIbHYIO ITIOBEPXHOCTD

I=[jds
S

BJIEI{TPHIIECIGIﬁ TOK. OOVCIIOBIEHHBIN IBIKEHHEM CBOOOIHBIX 3apsloB B IPOBOJHHKAX
pElSJ]IIIH-IDﬁ IIPHPOJABL, HA3BIBACTCAH TOKOM ITPOBOJHMOCTII.

CBOOOIHBIE 3dpPAAbI B ITPOBOJHHKE HCIIBITBIBAKOT CTOJIKHOBCHIA C dTOMAMI ITPOBOJHHKA.
3a BPEMA «CBOOOHOT O Hpﬂﬁﬂl’"ﬂ}} T MCKAY JBYMA CTOINKHOBCHIIMH 34pidd B ITPOBOJHIIKC
]’[pHGﬁpETElET HAIIPABJIICHHVYIO CKOPOCTE BAOJIb BHCIIHCI O 3JICKTPHYCCKOI'O ITOJIA.

—_—

IJc E HAIIPAKCHHOCTD 3IICKTPHYCCKOI' O ITOJIA B ITPOBOJHHEKC. Ilocie QUCPCIHOI'O CTOJIIKHOBCHHA
CKOPOCTE TCPACTCA. BEI,TEM:, A0 CIICAVIOIIICI'O CTOIIKHOBCHHA, ITPOHCXOAHT HOBOC HAPAIITHBAHHC

HAaITPaBJIEHHOH CKOPOCTH.

3 BBIOILIEH3TOKEHHOT O CIICAYCT, YTO Y06 UAMI CYH{eCmeé 06dHHA MOKd ABIICTCAL

a) [AdanEHFGoaRAOMIHEIX 3aPSIO0B;
ANEKTPOHHOW NOONMCHLIO

Sepnar = oY U FTITie SHERTPIMCCKOTO 1O BHYTPH TPOBOXHHKA, YTOOBI ITOJEP’KHBATH

Bnaneneu: yxoBa TaTeAHa AnexkcaHgp

TIICPEMEIICHIIC 3aPAI0B.
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BHEIGHpﬂﬂ 6UNMHCYIH{AA CIid, HANPDAXCEHHOCHb

Ecmi 65 Ha HOCHTEIb TOKa JeHCTBOBAIHM TOIIBKO CHIIBI JNEKTPOCTATHYUCCKOI'O ITOJISA, TO ITO]
IEHCTBHEM STHX CHJI ITOINOXKHTEIILHBIE HOCHTEIH IEPEMEIIAIIHCE OBl H3 MecTa C OOJBIIIHNM
ITOTCHITHAIIOM K MCECTY C MCHBIIIHM IIOTCHITHAIIOM, 4 OTPHIIATCIIbHBIC HOCHTCIIH ABHI'AJIHCH OBl B
GﬁpﬂTHﬂM HAaIIPaBJIICHHH. 10 1IpHBeno Ol K BRIPaBHHBAHHIO ITOTEHI[HAIIOB, H B Pe3ViIbTaTe TOK
OBl ITpeKpaTHiCcs. UTOORI 3TOr0 HE ITPOH30IILIO0, JOJIAKHBI HMCTBCA YHACTKIL Hd KOTOPBIX IICPCHOC
ITOIMOKHTEIIbHBIX 3apaA0oB IIPOHCXOIHT B CTOPOHY BO3pacTaHHA @, T.€. IIPOTHB CHII

AIEKTPOCTaTHYECKOr 0 Mo [lepeHoc HoCHTeNIeH Ha STHX YYacTKaX BO3MOKEH JIHIIIb C IIOMOIIBIO
CHJI He BIeKTPOCTAaTHYECKOIO IMPOHCXOKIEHHS, Ha3bIBAEMBIX CTOPOHHHMH CHIIaMH . (DH3HYecKas
IIpHpOJa CTOPOHHHX CHJI MOXeT OBITh pa3mnyHa. Hampmmep, xunmrrdeckas (KaKk B
AKKyMYILITOpax), MeEXaHH4YeCKas, MarHHTHAs H JIPYTHE.

BelnnunHa, paBHas OTHOIIEHHIO PalOThl CTOPOHHHX CIJI IO IIEPEHECEHHMIO 3apsia K
BEIIHYHHE ATOI0 3apsja Ha3bIBAeTC AIeKTPOABIKYINEH cHinoi (D]1C).

OJ1C n3mepsIeTcs B TeX ke eJHHHIlaX YTO H ITOTeHI[Hal, T.e. B BonbTax (B).

— —

CTGPGI—H—[EGIG CIUIY, ACHCTBVIOIIIVYIO Ha 3apidaJd, MOXHO ITPEACTABHTDL B BH/C cmop — EHEJpq

, TJE Ecm:'rp - HaIpsKEHHOCTD ITOJISL CTOPOHHMX CHUI. Pab®oTa CTOPOHHIX CHII HaJ 3apsaoM Ha

HeKOTOPOM yUacTke 1-2:

2
-2 - 7
Acmi}p — QJ. Er:nmpdl
)

Pasgenus o0e yacTH corjlacHoO orpeaeinceHu0 3 J1C Ha 3aps, ITOITYYHM:

1-2 2
mop Py

€12 = - jEcnmpdl
9

JI1s1 3aMKHYTOH 1[ETTH

g = wampdl

DJ1C, meHcTBVIONIAS B 3aMKHYVYTOH I[eITH, MOKeT OBITE OoITpejieieHa KaK IMPKYIIIII I BeEKTOpa
HaIPSOKEHHOCTH CTOPOHHIX CHIL.

KPGME CTOPOHHHX CHII Ha 34Pi[ IeHCTBVIOT CHIIBI BIeKTPOCTAaTHUECKOro Imonsg £ E = QE .

Pe3VIETHPVIOIIAS CHIIA, I[EﬁGTE}’TOH_[ElH B Ka KIOH TOUYKe I[eITH Ha 3apPAl., PaBHA.

— — —

F=Fg+ Fcnmp = Q(E+ Ecnmp)

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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'nc. 20.2

PabGota, coBeplraeMas 5TOH CHIIOH HaJ 3apsaAoM ¢ Ha yYacTKe IENMH 1-2, OIIPeNeNnsaeTcs

—

2 2 2
BEIPaKEHHEM Ajy = q_[ Edl + q_[ Ecpopdl . Tx QJ. Edl =q(p;—¢2), a
I 1 I

—

oy e [

q Eﬁfflﬂpdz — {&]2 , Torma paboTa paBHa AIZ — Q(@f — @ ) +4¢p;.
A
Pasmemi oGe YacTH Ha ¢ . B meBoit yacTi oTHomeHne —= 0Go3HaurM U 7> . BEIHYNHAa,
q

YHCJIEHHO paBHAasl OTHOIIEHHIO PadoThEl H SIeKTPOCTAaTHUECKHX M CTOPOHHHX CHII IIO
TICPEMEINICHHIO 3aPiid K BEIIMYMIHE 3TOI'0O 3aPAld HASBIBACTCAH ITAACH CM HAITPSDKCHI HII ITPOCTO

HAITPARCHHCM Hd JAHHOM YVHACTEKC IICITH U ]2

[

1 | o, Taxmm o6pazomM (puc. 20.2),

1

Uipp=@;—@>+ ¢

3aMeTHM, 4YTO ecli Ha ydacTke orcyTrcTByeT DJIC, 10 U s = @; — @> . (119 3aMKHYTOI

L[eTTH TOYKH 1 1 2 coBMafaror, @; = @, i, Toraa U ;» = £, ) Moo mokasats, uto U ;5 = IR

, TJE R - iommHoe COITPOTHBIICHHC LICIIH H TOI' 14

IR=¢;—@>+ep

DTO ypaBHEHHE BEIPaKaeT 3aK0oH OMa I HEOHOPOAHOro yyacTka 1erH (¢ DJC).

Knaccuueckan MIEKIMPOHHAA meopuA JJIeKmponpoes 00UMOCIU MEMALI06 U ee
HeoocmamouHocnib

BHYTPeHHSIA CTPYKTYPa METAIUIOB XapaKTEPH3VETCS KPHCTAIUIHYECKOH PEIeTKON. B y3max
KPHCTAJUIMYECKOH PEMIETKH HaXOMSATCS IOIOKHTEIBHBIE HOHBI, B IIPOCTPAHCTBE MEXKIY HHMHI
IIPaKTHYeCKH CBOOOJHO ABHIKYTCS 0000MIecTBIeHHBIe 3IeKTpoHbl. Hemerxiii ¢msuk I1. J[pyze
ITPEAMIONOKIII, YTO AIEKTPOHBEI BEAVT ce0d KaK YacTHIBI HJASalIbHOIO raza, H IIPEUIOKHII
HCITOJIL30BATh IS OITHCAaHMS HX ITIOBEJEHH S H3BECTHEIE (DOPMYIIEI KHHETHYECKOH TEOPHH I'a30B.

CucremMa CBOOOAHBIX OOOOIIECTBIEHHBIX B KPHCTAUIHYECKOH PEIIETKE 3IEKTPOHOB
HA3BIBAETCS TIEKTPOHHBIM ra3oM. B OTIHYHE OT MOIEKVII ra3a, IMpoOer KOTOPBIX OIMPeAeIsICs
cOyJIapeHHeM MOJIEKYTI IPYT C APYTOM, SIEKTPOHEI CTAIIKHBAIOTCS ITPEMMYIIECTBEHHO HE MEKIY
co00il, a ¢ HOHAMH 00pPa3yIOIHMH KPHCTAUTHYECKYIO PEIIETKY METala. OTHMH CTOIKHOBEHHSIMH
00VCIIOBJIEHO B YACTHOCTH, COIIPOTHRIIEHHE MeTallla AIIEKTPHYECKOMY TOKY.

XAa0THYECKOE TEeIUIOBOE JIBHIKEHIHE JJIEKTPOHOE E MCETAIUIAX MOMKHO XdPdKTCPH30B4Tb

8kT

T-m,

CpPeOHEIl CKOPOCTBIO < U >= (711 KOMHATHBIX TeMIIepaTyp <u> ~10° m/ c). Ilpn

Ao EHT NOANWCAH
SNEKTPOHHOW NOAMNWMCLIO

SR BHEMHCTO IO SHEKTpoHBl  oONajaroT eIl HEKOTOPOil CpemHel CKOPOCTBIO

BJ'IE,EI,EJ'IEI.I,Z e03YX0Ed TeEHHA eRCaHOpOBHA

L)

- -2 —3
HAaIIPaBIEHHOr 0 ABIDKeHU U . O6praHO U ~ [0 “ + 10 "M/ c, TO ecTh u << (u) .
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Bbt600 3axkorno6 Oma u /[ >coyna-/Ienua uz 31eKmpoHHbIX Rped cmaeleHull

3aK0oH OMa.

CpEI[HI]ﬁ IIVID, HpﬂXGﬂIMIﬁ CBOOOIHO ABIGKVYIINIIMHCH 3IICKTPOHAMH MCHAY JBYMA
TITOCIIEAOBATCIIBHBIMIT CTOJIKHOBCHIIAMII C HOHAMII PCIICTKH HA3BIBACTCA CpelHEH IMHHOH

A
cBobogHoro nmpobera A . CpefgHee BpeMsI MeKIy ABYMS CTOIIKHOBEHHAMH T = — (OIlpeJensercs

U

—

CKOPOCTBHO XaOTHHUECKOI'O ,[I;BH}KEHIIH). HpH HaM4YHH Tond £ HampaBlIeHHas CKOPOCTh
JJICKTPOHOB HAKAILIIMBACTCA 34 BPCMA cBoOOHOro Ipobera H K MOMCHTY CICAVIOLICT O
COVOAPCHHA JOCTHIACT MaKCHMaJIbHOH BEJIMYHHBI:

cE 2

m v

—

Upy = WT =

CKOpOCTh U H3MeHSeTCS 3a BpeMd mpobera THHelHO. [TosToMy ee cpeHee 3a IMpoder
3HAYEHHE PABHO ITOJIOBHHE MAKCHMAIILHOI'O 3HAUEHH 4.

e I _ ! ek A
U>=—U = —
2" 2moo
I ImoTHOCTE TOKA:
~ ~ H-EZ A =
j=n-e-<u>= E
2muv
n-ez A
Koad rineHT MpOropiiHoHanbHOCTH MeXAy j H E 0003HaUMM O = Y- (o -

IIPOBOANMOCTE ). B pesymnpraTe moayynm 3aKoH OMa B TOKAIIbHOH (popMe (ITapaMeTphl OTHOCSTCS
K JaHHOH TOYKe CeYeHH ITPOBOTHHKA).

~.]
||
N
eyl

IIITOTHOCTE TOKA B IMPOBOJHHKE ITPOITOPIHOHAJIBHA HAITPKCHHOCTH SJICKTPHYCCKOI'O ITOJIA

—

E . KoadgduipeHTOM IpOIOPIHOHAIBHOCTH SIBIISIETCS ITPOBOJHMOCTh. (3aMevanne. CpaBHHM

U

IIONIYYEHHYIO (POPMYITY ¢ H3BECTHOH [ = E [IpoBomMOCTE & 00paTHO MPOIOPIHMOHAIbHA

1 | U
YIEITBHOMY COITPOTHBIIEHHIO © O = — . [IITOTHOCTh TOKa j = — . HampspkeHHOCTS o £ = —
P S [
NOKYMEHT MOAMMCAH I 1U U U
(] - MBS TIPOEYIIAERAIL orma — = , i [ = —— 8§ = — | yr0o H TpeGoBaIOCh.)
Ceptucpmkar: 2C0000043E9ABBBIS2205E7BAS00060000048E o |/ ol R
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3akoH JI:xovis — JleHIra.

K xoHIy cBOOOAHOrO nmpodera 3MeKTPOH ITPHOOPETaeT AOMOITHHTEIbHYIO KIHETHUYECKYEO
SHEPIHIO, CpeJIHEE 3HAYEHHE KOTOPOH PaBHO:

2 2 42
m-u e A
< AE; >= LT 5 E?
2 2muv
eEA
(Harmomar: u,,,, = —).
muv

CTOJIKHYBIIIMChE  C aTOMOM, 53JIEKTPOH, IIO IMPEAITIOJIOMNKECHHID, IIOJIHOCTBIO IICPEAACT
]'[pIIGﬁpETEHH}’TO HM SHEPIHIO KPHCTAIIIMYECKOH pelneTke. CooOIeHHas PELICTKE SHEPIHA HIACT
Ha VBEJIHYEHHE BHYTPEeHHEH SHEPIHH MCTallla., ITPOABJIHACE B €10 HAI' PCBd HIH.

- v -
Kasxplit 5IIeKTPOH IIpeTepIieBaeT 3a CEKYHAY B CPeIHEM I = 7 coyaapeHni. O003HaYHM

HHCIIO JJICKTPOHOB ITPOBOJHMOCTH B €OAHHHIIC o0BeMa i, TOrJa ITIOJIHAMd SHEPIHA IICPCAAHHAN
SIeKTPOHAMH 3a eIHHHILY BpeMeHH B eIHHHIIE 00heMa 5}",[[ET PABHATBCA.

242 2 2
e A ne A Auv ne-A
W=n-z<AE,>=n-z-——E° = E® = E’.
2muv 2mv v A 2mu
ne’
3HasL, YTO O = > B pe3ylIbTaTe ITOIyYHM 3aKoH J[Koyind — JIeHIa B TOKaIbHOH (popMe:
muo

W=c-E?

TemnmnoBass MOIMHOCTb., BBIASISEOINASCS B eIHHHIle o0beMa IIPH  IIPOTeKAHHH
JJNIEKTPHYCCKOTI'O TOKA ITPOITOPINIOHAJIIBHA KBAJIPATV HAaITPpAKCHHOCTIL TTOJIA.

. cN\2
. ) I :

[lepexonsior o n Ex pu j:(0=—, E:i)ﬂ nmonyunM W = — J :,0-]2:,1111}[

o

Po, o

.2
W=p-j

[Tomyummm gpyryro cdopmy 3akoHa JIkoynsg — JleHrra. (OO0beMHas TDIOTHOCTh TEIUIOBOH
MOIITHOCTH PaBHA ITPOH3BEIEHHIO YAEIIBHOI O COIIPOTHRIIEHHS Ha KBaApaT IDIOTHOCTH TOKA).

3ampyoHeHUA KaccuuecKou IJeKMp OHHOIL MeoPULL 3J1eKIMPONnPOo600HOCHUL MEMAJL106

KnaccrHueckasl TeOpHS cMOrjIa OOBSICHHTE IMOTYYeHHbIe PaHee SKCIIEPHMEHTATbHO 3aKOHBI
Oma u Jxoynsga — JleHIla, HO eCTh H CYIINEeCTBEHHBIE 3aTpyAHeHHSI. OCHOBHBIMH SBIISIOTCS

CIICYIOILIHE.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1

1. TeopeTnyeckoe 3HaYeHUE MPOBOJHMOCTH H3MEHSETCS € TEMIEPATYPOH O pppop ~ —ﬁ
)
, BKCIIEPHMEHTAIbHAS K& 3aBHCHMOCTh O = — .
T
2. Kimaccuyeckas TeopHsa He B COCTOSHHH OOBSICHHTh TakKoe SBJIEHHe Kak

CBCPXIIPOBOAHMOCTE.
HMeroTca u APYITHE 3aTPYAHCHHA H B 3TOM HCJOCTATOYHOCTD KIIaCCHYECKOH TCOPHH.

CoBpeMeHHasI KBAaHTOBAs TEOPHSI JNEKTPOITPOBOAHMOCTH MCTAIUIOB ITOKA3bIBACT, YTO BCC
TPYAHOCTH KIIaCCHYECKOH TECOPHH CBA3daHBI C TEM, YTO IIPCACTABIICHIIC 00 JJICKTPOHAX KaK
HJICATIbHOM Ta3e SBIIIeTCs IPYORIM ITpHOIKeHHeM. Ha caMoM Jene JAJNICKTPOHEI BHYTPH MCTalllla
HE ABIIATOTCH TAKIINMIH GED@G,I[I{E:IMI: KaK 2TO CIICAYCT H3 KIIaCCHYECKOH TCOPHH.

B GDEPEMEI—H—IGﬁ KBAHTOBOH TCOPHH ITOKA3BIBACTCA, YTO JJICKTPOHBI BHYTPH MCTAJllld, KdAK H
JJICEKTPOHEBEI B ATOME HE MOI'YT HMCTb Hfﬂﬁ}"}o JHEPTHIO, a4 JIMIIb BITOIHC JHCKPETHBIC SHAYCHITA
SHEPI'HH — SHEPTTA SJIICKTPOHOB KBAHTVCTCA.

3. 3axkoust Kupxzogha

n 1. TTepBeIii 3axkoH Kupxroda:

Ajsmrebpanyeckas CyMMa CHII TOKOB. CXOISIIIXCS B V3JIe. paBHA HVIIIO.

ZIJ"L :0

[Ipw 3TOM TOKH, HAYIOHE K Y3IIY, IIPHHSATO CUHTATh MO0 KHTEIIBHBIMH, a OT
Prc. 20.3  ysira — orprmarembHBIMI (MOXKHO H HA0GOPOT — STO HECYIIECTBEHHO).

3aMeTHM, UTO Y3€lI — 3TO TOYKa, I'Jie CXOAITCs TpH H Oornee Toka. Hamprmep, aisa prc. 20.3
TIEPBBIH 3aKO0H 3aIHIIETCS TaK:

IE—IZ—FI_}:O*

2. Bropoii 3axoH Kupxroda (0oH OTHOCHTCS K JTFOOOMY BBIJEJIEHHOMY B IIEITH 3aMKHYTOMY
KOHTYPY):

Anredpanyeckasi CYMMa ITPOH3BEACHIIL CHII TOKOB B OTJEIBHBIX VUAaCTKAX ITPOH3BOIBHOLO
3aMKHYTOIO KOHTYPa Ha HMX CONPOTHBIEHHS (CyMMa ITaJieHHH HalpspKeHHH) paBHA
anredpanyeckon cymMmmMme D J]C. MIeHCTBVIOIMX B 3TOM KOHTVYDE.

2R =) &

IIpaMepbI pelienus 3a3a4

3amaua inﬁ% %m ¢ OICE =1,5 B u BHyTpeHHIM conpoTuBieHHeM r=0,40M. Kak

PSR O COETITTD STH STEMEHT b, ITOGHI TOMYYHTh OT COOPAHHOI M3 HIX GaTapeH HaHOOMBIITYIO

Bnaneney: bayxoea bAHa AnekcaHopoBHa

CHIIY TOKa BO BHEINHEH IE€IMM, HMEIOIEH CcOoIporuBicHie R=0,3 Om? OIIpeneInThb

ﬂ,El:'ICTEHI'II!L!_!:IE'IlEI{H"I:g %@1}6 Fio 1&5&%&;(31{& Lmax.
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JaHo: s BLEEEEEEES 1,

=12 S — —

| —r— -
E =158 A — —
r=0, 4 Owm I I
R O —
R=0,3 Om
R

g =

HPEI[HGHG}I{IIM, YTO COCIHHCHHE COCTOHT H3 m IIdPdJlIICIIBHO COCIHHCHHBIX BETBEH IIO n

ITOCIENOBATEILHO COEIHHEHHBIX AIIEMEHTOB B Kax0il (cM. pHc.). Ouepngano, N =m-n , [Ipu
IocnneloBaTembHOM  coeuHeHHH OJIC H  BHYTPEHHErO  COITPOTHBRIEHHS  AIIEMEHTOB

CKIIaBIBatoOTCS, nostoMy JJ[C kaknoil BerBH E g — 1N E . a BHyIpeHHee compoTHBIEeHHE

I”E:H'F.

l m l
[Tpu mapannensHoM coenHeHHH E  cructempr papra B ormenmpHOro smementan — = ) —
r T

c {

. CnegoBarempbHO, DJ1C coeamHeHHsI paBHa 2J/]C OTHEIBHOH BETBH Ec :EE:, a BHYTPEHHEE

»
COIPOTHBIIEHHE COEAUHEHUA | = —.
©om
nr
TakiM oGpa3oM, JUIst GaTaper IeMeHTOB iMeeME . =nE ,u . =—.
m
I1o 3akoHY OMa I 3aMKHYTOH L[EITH ITOTYYHM
J— E. »nE nnE  NE 1)
nr :
r-+ R nr. p nr+mR n-r+mR
m
N
Tak xak N =m-n U n=-— ,TO OKOHYATEIHHO ITOTYIHM
m
I NE M -m 2)
= = -
N R Nr+m R
m

HMccnepyem Ha skcTpeMyM (pyHKIIIO [(1m1), IpeAcTaBIeHHYIO (popMymnoii (2).

OOKYMEHT NMoanncAaH

:anthmHHfJP nognncblo ’ 1.
;:11 2C 1 ;*'([ “)'}_.e_ll e [P‘E """ 4. N E . (Nr_|_}H“R)_ N E - 1711 (ZFHR) (3)
Nr+m'R (Nr+mzR)2
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Ne (Nr+m3R)— 2ME -m°R
[TpupaBHIBAas (3) K HYIIEO =0

(Nr + FHER)E

?

HaHeM MaKCHMaJIbHOe 3HaueHHe m. B PE3VIIETATEC ITOJIYHHM

Nr 12-0,4 N 12
m=,|l—= -4y n=——=—=3.
R 0,3 m 4
Takmm oOpaszoM:
;o NE 12-1,5 75A.

i ﬂr+mR:3-O,4+4-O,3:

OTBET: COeAHHEHHE COCTOHT H3 YETHIPEX BETBEH ITO 3 ITOCIEA0BATEIIbHO COSIHHEHHBIX
3IIeMEHTOB, MAKCHMAaJIbHBII TOK 7.5 A.

3amagya 2. [Ipu cune toka /1=3 A BO BHEIHEH IIEITH OarapeH aKKyMYIISITOPOB BBIJIEIISIETCS

MorHocTh P1=18 BT, mpu cinte Toka h=1 A — cootBeTcTBeHHO P2=10 BT. Ompenemts DJIC E
H BHYTPEHHEE COIPOTHRIIEHIE 1 OaTapeH.

JlaHo:
=3 A Tak kax momHocTs P =1 -U | To HanpsoKeHHe B TIEPBOM CIyYae
F P
P=18Br U, = I_I apoBTOpoM U, =—.
! 2
§ E
I=1A M3 3akoHa OMa J719 3aMKHYTOH LelH - [ = .
R+r

P»=10 Bt |HW3 nmpHBeAcHHBIX BHIIIE PABEHCTB CIIEAYET
E =

g P
=2 E =I1r+U, E :I,HI—'

< o ) |
P
E =1r+U, E =I1r+=2
2 I,
P P Pl —FEl
pokwMEHTnoanflepr- - = p+ 2 —>p=—21 12 9 (O,
SNEKTPOHHOW NMOANHCLIO = ) I 1 (I —] )
Ceptudomkar: 2C0000043E9ABBBAS52205E7BAS0006D000043E 2 =207 2
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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P
u E =Ir+—=12B

—

3amaua 3. [lo xeme3HOMY IIPOBOAHHKY, THAMETPOM d = 0,6 MM, TeueT ToK 16 A. Onpeenurs

CPEIHIOKO CKOPOCTb <U> HAITPABICHHOI'O ABIKCHHA 3JICKTPOHOB, CHIITAA, YTO KOHIICHTPAILIHA n

CBOOOIHBIX JIEKTPOHORB PaBHA KOHIICHT PAITHIT n' aTOMOB ITPOBOJHIIKA.

JlaHo:
d=0,6 MM=6-10"*M | 2

E—> >
=16 A Y |

< -
n=n' - O— U
(v)=?
CpE,I[HiIH CI{DPGCTL }ﬂTDpHﬂG‘IEH}IGI‘G JTBHAKCHIA BHEI{TPGHGE
[
(L) = - (1)

IJie { — BPEMS, B TEUEHIE KOTOPOIr'o BCe CBOOOIHEIE AEKTPOHBI, HAXOISIIHECI MEXKIY CEeUEHI M
1 1 2, mpoitgg ceyeHue 2 (cM. puc.), tepeHecytT 3apsgy (Q = e - N, co31aBas TOK CHIION

= (2)

I'Jle e — dIeMeHTaPHBII 3apsaa, N — YHCIIO SIeKTPOHOB MPOBOJIHIMKA, [ — €ro JJIHHA.
O4YEeBHJTHO YHCIIO SIIEKTPOHOB N=n-V=n-l-5 (3)

r1e V- 00beM, a S — IIomaab ceueHHI MPOBOAHHKA. 110 YCIIOBHIO, n= n', ClIeZOBAaTEIbHO

n=-n =——= N"ﬂ‘ :Nﬂ.pﬁ
V. M/p M

m

4)

3

KT
rje Na—4Hcio ABOraJpo, p —IUIOTHOCTD Kejes3a [ p="7,87- 10° _] _}
M

3 Kr
M — MonsgpHas Macca JKenesa (M =56-107" ] :

MOJIb
AOKYMEHT MNOANMCAH
SNIEKTPOH o CbiO
copmpmar. LOBSHREIE (X BIG 18 3ameM B.(2), OKOMMaTeNBHO oMy IIM
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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N,-p-l-§-e

!
M -t
IMt
OTKYV/Ia [ = .
N, pSe
7d’
[TomcTaBMM ITOTyUYEHHOE BEIpakeHHe B (1), cumras uto S = T,

[Iocie mpeoOpa3oBaHHI HAHAEM, UTO

4IM 4-16-56-10"°
(v)

- — — - =4.2-10"w/c=4.2 MM
d°Ny-p-¢ 314-(6-107) -6,0-10%-7,87-10"1,6-107"

Bonpocst u 3a0 anu .
1. IIOoCTOSIHHBIN MEKTPHYECKHH TOK M €I'0 XapaKTePHUCTHKH. 3aKOH OMa I YYacTKa I[ETTH.
2. CtopoHHHE CHIBL. OJeKTpoaBmkymasg ciia (3]]C). 3axoH OMa J1 3aMKHYTOH IIEITH.
3. Pabora u MOIITHOCTE TOKA. 3aKOH Koy - JIeHiia.

4. KiaccHueckas AJIEKTPOHHAA TCOPHA  JIICKTPOIIPOBOAMMOCTH MCETAJIIIOB H €€
HEAOCTATOUYHOCTDE

5. O0o6meHHbIH 3aKkoH OMa. [TpaBmna Kupxroda.
0. DIEKTPHYECKHH TOK B METAJUIAX.

3azayun 1Ji cCaMOCTOATEILHOI 0 pPEIICHHA

1. Tpu Garapen ¢ 3/1C Ei= 12 B, Ex= 5 B u E; = 10 B u ogMHaKOBEIMH BHYTPEHHIIMH
COIIPOTHBJIEHHSMH r, PaBHBIMH 1 OM, coeauHEHBI MEXAY COOOH OTHOMMEHHBIMH ITOJIFOCAMI.
COITPOTHBIIEHHE COEIHMHHTEIFHBIX ITPOBOJOB HHUTOXKHO Mano. OIpeneianTh CIIBI TOKOB 1,

HAVIIHX Yepe3 KaKIyr OaTapero.

2. ]JIBe IPYIIEI U3 TPEX ITOCIIEAOBATEIIEHO COSMHHEHHEBIX 3JIEMEHTOB COSIHHEHEI TIapajUIebHO.
DOJIC E xaxjoro sjneMeHTa paBHa 1,2 B, BHyTpeHHee conmporuriieHHe r = 0,2 OM. [lonyuyeHHasg
Oarapes 3aMKHYTa Ha BHEIIHeE COMPOTHRIIEHNE R = 1,5 OM. Haitu ciny Toka / BO BHEIITHEH 1[ETTH.

3. BHyTpeHHEee COIPOTHBIIEHHE 1 OaTaper aKKyMYIIITOPOB paBHO 3 OM. CKOJIBKO ITPOIIEHTOB OT

TOYHOr 0 3HaueHHs 3J[C COCTaBIISIET IIOrPEINHOCTD, €CIIH, H3MEPSS PasHOCTh ITOTEHIMAIOB Ha
3aKHMax GaTapeH BOJIBTMETPOM C CONPOTHBIEHHEM Re = 200 OM, IIpHHSATE €€ paBHOH 3][C?

4. 3aIyHTHPOBAHHBIH aMIIEPMETP M3MepsIeT TOKH CIION 10 [ =10 A. Kaxkyro HaHOOIBINYIO CHITY
TOKa MOXKED VBROT aMIIEPMETP O€3 IIIYHTA, €CIIH COIPOTHBIEHHE R, aMIIEpMETpa PaBHO

SANEKTPOHHOW NOANMACH

Ceprbia0 2 SO COTIROEHBRCHIIE SRun JIEYHEA PaBHO 5 MOM?

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

5. Cwia ToKa B IPOBOAHHKE PaBHOMEPHO HapacTaeT oT Io =0 go [ = 3 A B TeUEHHE BPEMEHH [ =

ﬂEHCTEHlEQEQZ'CQIEP%?MHE%W Q: HPC’HIEI[UHHUI B HPGEGI[I‘HIKE-
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0. Jlane1 12 snemenror ¢ 2/]C E = 1,5 B H BHYTpeHHHUM corpoTuBIcHHEM r = (0.4 OM. Kak HYKHO
COEQUHUTH BTH 3JIEMEHTBI, YTOORI IIOIIYUYUTH OT COOpPAaHHOH M3 HHX OaTapeH HAaHOOJIBIIYIO CHIIY
TOKA BO BHEIIHEH IIEIH, HMEIOIIEH cONMpPOoTHBIEHHE R = 0,3 OM? OrnpeaenTs MaKCHMAIbHYIO
CHITY TOKa /max.

7. JlBa nsmemenra (Ei=1,2 B, r=0,1 Om; E>=0,9 B, r»=0,3 OM) coefHHEHb OJHOHMEHHBLIMH
ImonrocaMu. COIPOTHRIIEHHE R COeHHHTEIILHBIX ITPOBOAOB paBHO 0.2 OM. OnpeaeTs CIHIIY
TOKa [ B IIEITH.

8. OHPE,I[EJ]IITB CIUIY TOKd KOPOTKOI'O 3dMbIKAHHA HCTOYHHKA TOKd, CCJIIH IIPpH BHCIIHCM

commpoTHBIeHHH R1=50 OM cumna Toka B 1ienu [1=0,2 A, a ripu R,=110 Om cuia Toka B 1ierm />=0, 1
A.

9. Karyika n amMIiepMeTp COeQUHEHBI ITOCTIEA0BATENHHO H IIOAKIFOYEHb K HCTOUHHKY TOKa. K
3aKMMaM  KaTYIIKH IIPHCOEAHMHEH BOJIBTMETP COIPOTHBIEHHEM Re=1 KOM. IlokazaHusg
amriepmerpa [=0,5 A, sormet™MeTpa U = 100 B. Orpeaenurs COMpOTHRIEHNE R KaTYIIKH. CKOJIBKO
ITPOIIEHTOB OT TOYHOI'O 3HAYEHHS COITPOTHBIEHHS KATYIIKH COCTABHT ITOIPEIHOCTh, ECIIH HE
VUHTEIBATEH COITPOTHBIIEHHS BOIIBTMETPA?

10. Kucrounuky toka ¢ O/1C E =1,5 B nmpHCcOeIHHIUIH KaTYIIKY ¢ COIPOTHBIeHHEM R=0,10OM.
AMITeEpMETP ITOKas3ajl CHIIy TOKa, paBHYIO [1=0,5 A. Korjga x HCTOUHHKY TOKa ITPHCOEIHHHIIH
ITOCTIeJOBATEILHO EIIE OJHH HCTOUYHHK TOKa ¢ TakKoH ke DJ[C, To ciila Toka / B TOH e KaTVIIKeE
OoKaszanachk paBHOH 0,4 A. OrnpeaemiuTs BHYTPEHHHE COIMPOTHBIIEHHS 1| H 2 TIEPBOTO H BTOPOIO
HCTOYHHKOB TOKA.

11. Ilo mpoBOAHHKY CONPOTHRIEHHEM R = 3 OM TedeT TOK, CHJIa KOTOPOrO BO3pacTaer.

KomryecTBo TeIIoTH (J, BBEIAEIHBINEECS B IIPOBOJHHKE 3a BpeMd T =8 ¢, paBHO 200 JIxk.
OIpeaemiTh KOTHYECTBO 3IeKTPHYECTBa ¢, IIPOTEKINEe 3a S3TO BPeMI II0 IPOBOIHHKY. B
HaYyaJIbHBIH MOMEHT BPEMEHH CHIIa TOKa B IIPOBOJHHIKE PaBHA HYIIIO.

12. Cria TOKa B IIPOBOAHHUKE COIPOTHRIIEHHEM R = 12 OM paBHOMEPHO VOBIBacT or  [o= SA 110
I =0 B TeueHne BpeMeHH ¢ = 10 ¢. Kakoe KOIMYECTBO TEIUIOTHL J BBIJIENISIETCS B 3TOM IIPOBOJHHKE
3a YKa3aHHBIH ITPOMEKYTOK BPpEMEHH?

13. Cnna Toka B IMpOBOAHHKE CONPOTHBRIEHHEM r = 100 OM paBHOMEPHO HapacTaeT oT lp = 0 110

Imax = 10 A B TeueHHe BpeMeHH 7T=30 ¢. OmpeJeInTs KOJIMYECTBO TEIUIOTHL (J, BREIJIEIHBIIEECS 32
5TO BPEMS B IPOBOIHIKE.

14. IIpu cune Toka /1 = 3 A BO BHEIIHEH 1[I OaTapeH aKKYMYVIISTOPOB BEIIAEIISTCS MOIIHOCTE P
= 18 BT, mpu cusie Toxka [>=1 A —coorBercrBeHHO P2 = 10 Brt. Onpegermmte 5/1C E 1 BHYTpeHHEE
COIIPOTHBIIEHHE  OaTapeH.

15. OO6MOTKa 3JIEKTPHYECKOr0 KHITTHIIBHHKA HMEET JIBE CEKIMH. ECIIH BKIIFOUEHA TOIBKO IepBas
CEKIIHS, TO BOJA 3aKHITaeT Yyepes f1 = 15 MHH, eCl TOJIBKO BTOpas, TO uepes f» = 30 muH. Uepes
CKOJIILKO MHHYT 3aKHITHT BOJa, eCl 00e CeKI[MH BKIIFOUHTE ITOCIeoBarebHo? [lapaminensHo?

16. K 3axmmMam OaTapen aKKyMYIISTOPOB IIpHCOeHHeH HarpeBaTens. 2/[C E Oarapen pasHa 24
B, BHyTpeHHee comporuBieHHe r = 1| Om Harpepareib, BKIFOUEHHEBEIH B IEIIb, ITOTPeOIISIeT

MoITHOCTE P=80 BT1. Berunicnurs cuimy Toka /I B rier 1 KI1J1 # HarpeBares.
AOKYMEHT MOAMWCAH

Cgpmd}l}gﬁ %@ﬂggﬁ%g@%gﬁﬂ&%%aHgDHpDTHEHEHIIE R BHEIHEH IIEIH paBHO 2 OM, CiUia ToKa [ =

BranendhAA . Hedinee Kbl -0ataperlpn KkakoM 3HaUeHHH BHEITHETO cONTPOoTHRIEHUS Ry KI11J] OyzmeT paBeH
99%"?
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18. K 6atapee akkymyisaropos, 31C E Kkoropoii pagHa 2 B H BHYTPEHHEE COITPOTHBIIEHHE 1 PABHO
0,5 OM, IIpHCOeANHEH ITPOBOJIHHK. OIIPEeaeNTh: 1) comporHBIeHHe R IMPOBOJHHKA,
IIPH KOTOPOM MOIITHOCTD, BBIJIENIIeMasd B HEM, MaKCHMallbHa, 2) MOIIHOCTh P, KOTopas IIPH 3TOM
BBIJIETISIETCS B IIPOBOIHIKE.

19. 5/1C Garapen akkymynsaropoB E =12 B, cwia Toka / KOpOTKOro 3aMbeIKaHHS paBHa 5 A. Kakyro
HAHOOJIBIIYIO MOIIHOCTE Pmax MOXKHO IIOJIVUHTE BO BHEIIHEH ILENMH, COSQHHEHHOH C TaKOH
Oarapeen?

20. Jlamriouka H pPeoCTaT, COCAHHCHHBIC ITOCIICAOBATCIIEHO, ITPHCOSIHHCHBI K HCTOYHHKY TOKA.

Hamnpsoxerre U Ha 3a’KHMax J1aMIToukd pasHo 40 B, compormsierne R peocraTta pasHo 10 OM.
BHerrHad 1ers moTpedisgeT MomHocTh P=120 Br. HanTH ciry Toka B I[EITH.

) s i)
21. B MeqHOM ITPOBOMHHKE JIIMHON [=2 M H IUIOIIAIIO S ITOIEPEYHOT0 ceYeH S, paBHOH 0,4 MM-,
HAET TOK. IIpH 3TOM €XeCeKYHJHO BBUIEIISETCS KOMHYeCTBO TeIUIoThl (0=0,35 JIK. CKOIBKO
3JIEKTPOHOB N IIPOXOANT 3a 1 CEKYHIY Yepes IOMePEeYHOe CeYeHHE 3TOr0 IMPOBOJHHEKA?

22. ITmoTHOCTH TOKAa j B MeQHOM ITPOBOJHHKE paBHa 3 A/Mm”. Haiitm HanpsokeHHOCTb E
3JIEKTPHYECKOIO IO B IIPOBOIHHKE.

23. ITIIOTHOCTH TOKA j B alFOMHHHEBOM IIPOBOe paBHa 1 A/mmv®. HafiTH cpeqHIOIO CKOPOCTh <v>
VIIOPSAOYEHHOI'O JBHKEHH S MNIEKTPOHOB, IIPeATIonaras, YTo YHCIIO

CBOOOJHBIX AJICKTPOHOB, IIpCcAIlolaras, UYTO HICIIO CBOOOTHBIX JJICKTPOHOB B 1 CM3 AJIFOMITHITA
PaBHO HICIIO aTOMOB.

24, OnpenenTs CPEIHIO CKOPOCTh < v > VIIOPSIOYEHHOI'O IBHKEHHUS SJIEKTPOHOB B METHOM
g

ITPOBOJHHKE IIpH cHile TokKa / = 10 A M ceueHHH S ITpOBOJAHHKA, paBHOM 1 mm~. IIpHHATE, YTO

Ka Kb aTOM MeIH IPHUXOINTCS JABa MEKTPOHA ITPOBOAHMOCTH.

25. Cuia Toka / B MeETAIDIMYECKOM TIPOBOXHHKe paBHa 0,8 A, ceueHHe IMPOBOIHHKA S= 4 MM°.
[IpuHIMAas, 4TO B KaXKAOM KyOHYECKOM CAHTHMETPE MeTalljla COAEPKHTCS n=22,5-10%*
CBOOOIHBIX ANIEKTPOHOB, OIPEAETIHT CPEAHIOI0 CKOPOCTE <v> HX VIIOPSIOYEHHOI O ABIKEHH A

26. B MeJHOM IIPOBOIHIKE 00beMOM V=6 ¢M’ IIPH ITPOXOKAEHHH 10 HEMY ITOCTOSHHOI'O TOKa 34
BpeMA /=] MHH BBIAEIHIOCH KOIIHYECTBO TEIUIOTHI O=2106 ;K. BEIUMCINTE HAIIPSDKEHHOCTD E
3JIeKTPHYECKOIO IT0JIS B IPOBOIHHKE.

27. MeTamuecK il IIpOBOHHK JIBHAKETCS ¢ yeKopeHHeM a=100 M/c®. YUcIIonb3ys KIIacCHYECKYIO
TEOPUIO 3IIEKTPOITPOBOAHOCTH METAIUIOB, OITPEIEIINTE HAIIPSKEHHOCTE £ 3IeKTPHYECKOro ITOJIA B
ITPOBOJTHHKE.

28. MemusIit muck pagmycoM R=0,5 M paBHOMepHO Bparmaercs (w=10" paj/c) OTHOCHTEIBFHO OCH,
IEPIIEHANKYISPHON INIOCKOCTH JIHCKA H ITPOXOJIIEl yepes ero LeHTp. OmpeaelTh pasHOCTh
IMOTeHIHanoB [/ MEXIY IIEHTPOM JINCKA H €r0 KpaHHIMH TOYKAMI.

29. MeTaimiH4ecK il cTep KeHb JIBHKETCS BJIOIb CBOEH OCH cO ckopocThio »—=200 M/c. OmpeAennuTh
3apsan (0, KOTOPBIH IIPOTEYET UYepe3 raJlbBAaHOMETP, IOAKIIOYAEMBIN K KOHI[AM CTEPXKHS, ITPH
PE3KOM €r0 TOPMOKEHHH, €CIIM JIHHA [ cTep kHSI paBHA 10 M, a COIMPOTHBIIEHHE R BCeH IelH

(BKMrOYad IIeMb TalbBaHOMeTpa) paBHO 10 MOM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW I'IDﬁI'IHEbIﬂ

c.gpmd},%gﬁ Y AcITBHASL, IIDOBOINIMOCTE & MeTana paBHa 10 MCwm/M. BEIYHCIHTD CPeIHIOI AIHHY < [ >
Bnagen¢BOOUIHOTO TIPOOEFac--BAeKEFPOHOB B METAIJIE, €CIIH KOHIIEHTPAL[HI n CBOOOAHBIX 3JIEKTPOHOB
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paBHa 10*® M. CpeHIOI0 CKOPOCTh U XAOTHYECKOTO ABHKEHHS IEKTPOHOB IIPHHATH paBHoit 10°
M/C.

Paznen 4. Marnernsm. DJieKTpoMar HHTHbIe K0J1€0AHHUA H BOJIHBI

IIpakTHyeckoe 3ansarue 10.
T'ema 3anamus. Ilonarue o MarHuTHOM noJie. 3akoH buo — Casapa — Jlanuiaca.
I[ens 3anamuq. U3y4UTh OCHOBHEIE ITPOSBIEHH I MAaTHHTHOL'O 1O ITOCTOSHHOI O TOKA.
Teopemuueckasn uacme.

MaraurHas HHIAYKIINA H HANIPHRCHHOCTD MArHUTHOI'O ITOJIA.

IToTox BekTOpa MarHuTHoii HHAVKIHH. T eopema I'avcca juis Bektopa B

TepMIH MarHHTHOe 1T10JIe BBel B 1845 roxy anrimiickui ¢pm3uk M.Dapajeil, CUHTaBIIIHIA,
YTO KaK SIEKTPHYECKOE, TAK M MArHHTHOE B3aHMOJEHCTBHS OCYIIECTBILIFOTCS IIOCPEACTBOM
eJHHOr O MaTepPHAILHOIO TTOJIS.

HMcTouHmxkaMH MAKPOCKOIIMYECKOI'0O MAI'HHTHOI'O IIOIIA SABIAIOTCA HaMalrHHYCHHBIE TCIIa,
ITPOBOJHIIKH € TOKOM H JIBHAVIIHCCA 3JJIICKTPHYCCKH 3dpPAXKCHHBIC TCIId. HpleDl[El ITHX
HCTOYHHKOB C€JHHd4. MAIHHTHOC IIOJIC BO3HHKACT B PCE3VIIBTATC ABHAXCHHA 34dPXIKCHHDBIX
MIKPOYACTHLII.

MarHHuTHOE II0JIe — CHJIOBOE ITOIIE, ,I[EﬁGTE}’TOH_[EE Ha ABHZKYIIICCH 3JICKT PHYCCKIIC 3aPAIBI
H Ha Tclla, oOimaarore MarHHTHBEIM MOMeHTOM. MarHuTHoe I1oie XdPAKTCPH3YCTCA BCKTOPOM

MarHHTHOH HHIYKIHH 55 . 3HaueHHe 5 omnpelenseT CHIY, JeHCTBYIOIIYIO B JaHHOH TOYKe IO
Ha JBIDKYINIIICS 3TIeKTPHYeCKHII 3apsa] H Ha Tejla, HMEIOIHe MarHHTHBIH MOMEHT.

BEI{TGP B MOXHO BBeCTH OIHHM H3 TPCX 3KBHBAJICHTHBIX CITOCOOOB:

El) HCXOASI H3 CIJIOBOI'O JAEHCTBHS MAarHHTHOI'O ITOIS Ha ABHKYIIYVIOCA B HCM 3dPKCHHYVYIO
HACTHILY,

0) OCHOBBIBAsSIChb Ha CHJIOBOM JEHCTBHH MarHHTHOI'O IO Ha MAajbli SIeMEHT ITPOBOJHHKA C
TOKOM,

E) HCXOMA S H3 CHIIOBOTO AEHCTBHS MarHHTHOI'O ITOJISI Ha HE@GJ’JI:L[[}’TO PAMKY C TOKOM.

Harpinep, MarHaTHasi HHAYKIIHSA — BEKTOPHAsI BEJIMYHHA, MOYIIb KOTOPOH
OIpeIeTISIEeTCS OTHOIIIEHHEM MAKCHMAIIBHOM CIIIBL F | TeMCTBYIOMIEH CO CTOPOHBI MarHHT -

HOI'O ITOIIAA Hda YHACTOK ITPOBOJHHKA C TOKOM, K CHIIC 5TOI'O TOKa Iu AJIMHE YHdCTKa Al
ITPOBOAHHKA

B = P (B]=1n (1)

T 3
AOKYMEHT MOANUCAH I-Al
ANEKTPOHHOW NOANUCHIO

Ceptudpukar: 2C00(TPept HHEEKOrH " IH300pakeHHsT cTAI[HOHAPHOTO MATHHTHOTO TIONS IIOIb3VIOTCA
Bnageneuy; llleG3yxoea Tﬁﬂ%@MEHCEHﬂpDEHE fﬁl dIl p }’TOT

METOIOM JIHHHH HHIAYEKITHH. JIMHH SIMH MaTHHTHOH HHAYKITHH (CIIHGELIMH JOITHITANMI MATHHTHOI'O
HGJIH) 1;{%%@%85&&5&]}1}[5 IIPOBEACHHBIC B MAaI'HHUTHOM IIOJIC TaK, YTO B KaXXJOH TOYUKC IIOJIA

NelcTRUTENEH:




KacaTelIbHas K THHHH MarHHTHOM HHAYKIIHH COBIIAJacT ¢ HallpaRJIeHHEM BEKTOpa B MATHHTHOI
HHAVKIHH B 3TOH TOYKe IMOJIA. JIMHMH MarHMTHOH HHIVKI[HH HHUIJEe He OOpPBIBAIOTCS, T. €. HE
HAUMHAIOTCS M He KOHYaroTcsa. OHHM JIHOO 3aMKHVYTHL, JIMOO HAYT H3 OeCKOHEYHOCTH Ha
O0eCKOHEYHOCTE.

MarHuTHoOe IToJe Ha3bIBaeTC sl OTHOPOJHBIM, €CIIH BO BCCX CI'O TOYKdAX BECKTOP MATrHHTHOH

HHIAYKIIHH B mMeet OJIHO H TO ke 3HaueHHe. B ITPOTHBHOM CJIVHA€ MAI'HHTHOC I10JIC HA3bIBACTCA
HCOJHOPOIHBIM.

,HJIH MAI'HHUTHOTI O ITOJIA, KaK H JJIA SJICKTPHYCCKOI'O, CITPAaBCJIHE ITPHHITHII CYIICPITO3HITHI.
MarHHTHOe 1one 5 , CO3JABACMOC HECKOJIbKHMIH HCTOUYHHKAMI, PABHO EEI{TGPHGﬁ CYMME TIOTIEH

—s

B‘; , IIOPOAAACMbBIX KaKJIbIM HCTOUYHIIKOM B OTACIIbHOCTH.

Loon (2)
i=1

OTC}VICTEHE: B IIPHPOAC MAIHHTHBIX 3aPAOO0B IIPHBOJHT K TOMY, YTO JIHHHH MarHHTHOH

HHAYEIITHH HE HMCIOT HI HA44adlld, HH KOHIIA. HDHTDIVI}" ITOTOK BCKTOpPa B HEPE3 J]ID@}’TO

3aMKHYTYIO TTOBEPXHOCTh S paBeH Hymo. CliefoBaTelbHO, Teopema I'aycca mist BekTopa 5
(b opMyTIHpYeTCs CIeAYIOIHM 00pa30M:

(I}B — fﬁdg = 0. |©5] = B6 (3)

Hapsgy ¢ HuHAyKIHeH 5 HCIONb3yeTcs MOHATHE HANMPSOKEHHOCTH MarHUTHoro monsd H .,
KaK MEPBI BO3JeHCTBHS Ha IPOBOJHHKH C TOKOM H MarHHTHYIO CTPENKY (pa3zMepHOCTh €€ - 4/m).

HEIHPH}I{EHHGCTL H XAPaKTCPH3YET MAI'HHTHOE IT0JIE, CO3dBACMOC MaKPOCKOITHY € CEKIHMH TOKAMI
H ITIOSTOMY OIIPESACIICTCH HX BCIIHYITHAMIIL, KGH(l)HI‘}fpaI_[IIEﬁ B ITPOCTPAHCTBC H HE 3dBHCHT OT

CBOMCTB CPc/bI. BEI{TGP HHAVKIITHH MaI'HITTHOI'O ITOJIA B cemanc HaIIPpAAKCHHOCTBIO MAI' HIITHOI'O

nmonsd H cooTrHomeHnem
B=puu H, (4)
rae i, = 4m-107" I'n/m — MArHHTHAS TOCTOSHHASL, L —MarHHTHas IIPOHHIIAEMOCTD CPEJIBL.

3axkon buo — Cagapa - Jlanuiaca Jis1 J1eMeHTa TOKa.

Pacder MAarHuTHLIX IIOJIEH

Ha ocHOBaHHMHM aHaIIM3a OIBITHBIX JAHHBIX IS MArHHTHBIX ITOIeH ITOCTOSHHBIX TOKOBR OFI
YCTaHOBJIEH 3aKkoH buo — Casapa — Jlamiaca Buja:

Mol dlsin )

3 »

47T r-

dB

—

TIE & — Paiie-BeiRAPaHIIPOBEAEHHBIH U3 3IIeMeHTa ITPOBOJHHKA B PaCCMAaTPHBAEMYIO TOYKY
ANEKTPOHHOW MOAMMChIO

Ceprud FIQITSECEPOSOYIFORENMSIKZYEBeRTopamie €l 1 7 .

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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HarpaBierie Bekropa dB MOXHO HaMTH 110 ITpaBHIIy MakcBemna (TpaBHITY OypaBUHKa): €CIH
BBHHYHBATh OypaBUHK C IIPaBOH pe3bO0H 110 HaIIpaBJIEHHIO BEKTOPA INIOTHOCTH TOKA B AIIEMEHTE
IIPOBOJHHKA, TO HaIIpaBJIeHHe JIBHKEHHS PYKOSTKH OypaBUyHKa yKa)KeT HallpaBIeHHE BeKTopa

dB MarHHTHOI MHIYKIIHH.

. Mazuumuoe none npamozo moka.

Hanpgem ¢ mnomompro 3akoHa bmo-Capapa-Jlarmaca MarHUTHOE IIOJIE  ITPSMOIHHEHHOIO
IIPOBOJHHKA ¢ TOKOM / (pHCyHOK 1). IIycTh ro — paccTosIHHE OT TOYKH, B KOTOPOH OITpeelIIeTCs
I10IIe, A0 IIPOBOAHHKA C TOKOM. T Ora paccTOSHHE r OT Y4acTKa IPOBOJHHKA ¢/ MOXKHO BEIPA3HTh

TaK: I =1, / SIn @, rae @ — yroi Mexny Bekropamu dl u 7. JlimiHa dl cBsI3aHa ¢ YTTIOM (0, TIOJ

KOTOPBEIM BHACH 3TOT YHAaCTOK IIPOBOJHIIKA I3 pﬂCCM&TpHE&EMGﬁ TOYKIL.

rac ¢ H ¢ —

Puc.2.

a1 rdp _ r,dp 6)

sing sin’ @

[TogcTaBHM 3TH 3HaUYeHHI B QopMyIIy (5)

B -r,-d@-sin@-sin’ .
e P I dqf SINg-sin° ¢ _ Hy [ -sin@do.
47 Fo-smC @ 47w r,

(7)

B cOOTBETCTBHH C IMIPHHIMIIOM CYIIEPIIOZHIMHMH (2) MarHHTHAs

HHTYKIH S TS YYacTKa IMPOBOJHHKA B paBHa!

B:J‘dB:J.’u” : ! -singaigg:f“ : I(CGS(}‘SJI—CGSQS’Z), (8)
T

F,

47 K 0

YI'JIBI MCHAY BCKTOPOM IUIOTHOCTH TOKd B IIPOBOJHHKC H PaJHYC-BCKTOPAMIL,
ITPOBEACHHBIMH B PACCMATPHBACMYIO TOYKY H3 Ha'dJld H KOHI[d YIdCTKa ITPOBOJHHKA.

Ecan ITPOBOOHHK OeCKOHEUYHO ,[[JII]]—II—[E:-I]?'I:, TO @ = 0, ¢ = TH HHAVKIITHA MAI'HIHTHOI'O ITOJIA,

KdaK CIICACTBHE 3d4K0HA

buo — Casapa — Jlaroiaca, B o001 TOUKE IIPOCTPAaHCTRA

BBIYHCIISIETCS IO IIPOCTOH (pOpMYyJTIle BHAA:

po Mo 20 _H 1 (9)
4r r, 2mr,

OOKYMEHT NMoanncAaH
ANEKTPOHHOM NOONMUCEID

r 149 .LH

CepTudukarn 2C0000043E9ABEB952205E7BAS00060000043E

Bnaneney Hlebayxora TaTeRAH:

.\'.. - ¥ -
AINEECAHNODOBH:
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JIMHMH MarHHTHOH HHIAVKIIT ITOJI TIPAMOIO TOKA ITPSACTaBIIAIOT
coOoH CHCTCMY OXBATBIBAIOIIIX IIPOBOA KOHIICHTPHYCCKHX

OKPYKHOCTEH.

2. Mazrnummuoe none e yenmpe Kpyzo8020 NPoBOOHUKA C NMOKOM.

Kak crmemyeT M3 pHCYHKa 2, BCE 3JIEMEHTHI KPYIOBOIO
IIPOBOJAHHKA C TOKOM CO3JAal0T B €ro IIEHTPe MarHHTHOE IIOJE
OJIHHAKOBOI'O HaIIpaBJIeHHs — BJOIb HOPMalIH OT BHTKa. IloaToMy

CIIOKEHHE BeKTOPOB (/B MOXHO 3aMeHHTb CIIOKEHHEM HX
Moaymei. Tak Kak Bce 37IeMeHTHl ITPOBOJHHKA MePIeHAHKYIIIPHEI PajiyCc-BeKTopy (sing=1) H
PacCTOSHHSA BCeX 3IIeMEHTOB IMPOBOIHHKA JIO IIeHTPa KPYTrOBOI'O TOKA OJHHAKOBEI H PaBHEHL R
TO cornacHO (5)
Il (10)

dB=*o. a1
4w R~

Torma HHTEerpa, B3ATHIH IT0 KOHTYPY IIPOBOJHHKA,

B, {xuu I A 1f dl
47 R  47R?

Tak xax ffﬂ = 27R. | TO MaTHUTHAS HHAYKIHSA B I[EHTPE KPYTOBOTO IIPOBOJHHKA C TOKOM B

BaKyyMe paBHa

I (11)
B, [ ——
“Hoor

3. Maznummnoe none nHa ocu KPYe06020 GUHNIKA C NMOKOM.

HMHAyKIMSa MarHMTHOIO TIIONA  BJIOJb  OCH,
IIPOBEJIECHHON 4Yepe3 ILEHTP KPYrOBOIO TOKa
MEPIIEHAUKVISIPHO €0 IUIOCKOCTH,  OVIEeT
YMEHBIIIATHCA TI0 Mepe YVAAIEHHS OT KPyroBOI'O
Toka. Ecimi Ha ocH BeIOpaTh TOuky M (pHc. 3), TO

PE3VIILTHPYIOLIAS HHIYKIHI B OITPEJIEIISIETCA
KaKk CyMMa IIpOeKIMH dBy, BBIPaKEHHBIX

¢ opmyIOft.
(12)
dB_—sin pdB="dp="0" 4
r A7 r3

OTKYyJla HECIIOKHO TOIYYHTE, HHTeTpHPY (16.12)

AOKYMEHT MNOANMCAH
IJNEKTPOHROW HD,U,HI-"‘IGI:I{J

Ceptudmkar: 2C0000043E9ABSB "ul E7 IZBr JH{]IE §d£ _ xu’r{] ] IR 7R “3)

Bnageney, llleGayxoea TaTeAHa AnexkcaHOposH:;
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HHPR}'JIH[[HH BEKTODA B . MarsutHoe noJie COJICHOH 1A H TOpPOHIaA

B 1emx YIIPOIICHIA B BBIYHCIICHIIT MAalHHTHBIX ITIOIIEeH HCIIOJIB3YCTCA TCOpPCMad O

—

IUPKYILIIHH  Pe3yIbTHPYIOIIETO0 BeKTopa [, KoTopas (DOPMYIHPYETCS Ha OCHOBAaHHH
OIpeIeTIEHN A IUPKYILAIHH ¢ YYETOM HHAYKI[HI MAarHUTHBIX ITOJIEN B, , CO3laBaeMbIX KaKIbIM H3

TOKOB 110 (16.9) B cooTBeTcTBHH ¢ 3aK0HOM bro — CaBapa — Jlammaca, B BHJIE:

- m 14
Bdl = u,>'1,. 19
k=1

rjae HHACKCOM "k" OOO3HAYeHBl JIHIINL TOKH, OXBAaThIBAEMBEIE KOHTYPOM. CIIeJOBaTelIbHO,

TeopeMa: UUPKYJIAUUL 6eKMOPA MAZHUMHOU UHOYKUUU B no npouseoibHOMY 3AMKHYMOMY
KOHMYpPY PA6HA Q120 PAULeCKOU CYMMe MOKO06, 0X6aAMbléAEMbIX KOHIYPOM, YMHOMCEHHOI HA

XﬂpﬂI{TEpHL]I‘vI ITPHMEPOM HCITIOIIb30BAHHA TCOPEMEBI O

B C 5 . 3
B=0 IHPKYIIMH 5 (MM HanmpsoKEHHOCTH H ; 3aKOHa ITOTHOTO
0000000000 TOKa) NI TIOIYYEeHHS PacuéTHBRIX (POPMYII SBIISIOTCSA ITOJIE
. OeCKOHEYHO JITHHHOI'O COIICHOH 4, d TAKYKE TOPOHIA.
8
E I “e e [
c CDJ]EHHH,[[ — CBEPHYTBEIH B CIIHPpdJIb H30JIIPOBAHHBIH

e JE SR S S AR AR AT AL ST AL JE S E 3 . -
ITPOBOJHIIK, ITO KOTOPOMY TCHCET JJICKTPHYCCKIIH TOK.

A B,

Puc. 4.

Ilosie OecKOHEMHOro COJICHOHIA dKCHAJIPHO CHMMCTPHYHO H MOZKCT HMCETh JIHIIB
KOMIIOHEHTY, ITAPAJLIICIIBHYHO OCH COIICHOHI4 (EHT]EC[I HAMOTAaHBI OYCHB IUIOTHO, PHC. 4)

Jlnsg onpenenenus B BHYTPH CONEHOHJa IPHMEHHM 3aKOH ITOJIHOI'O TOKA K KOHTYPY
AB;C;DA, B HEM N BUTKOB. MHTerpas He paBeH HYIXO TOJIBKO Ha y4acTKe B;C; H IIO3TOMY

— 13
B, . -l=n-l1-pu,, (13)

M3 (13) BHAHO, YTO MoJIe BHYTPH COJIEHOMA OQHOPOIHO H €r0 HHIYKIIHS paBHA:
B=unl rne n=NJI (14)

HPGIIBEE,I[EHHE nl HA3BIBAETCA YHCIIOM dMIICP-BHTKOB Ha MCTD.

B MarHHTHYIO HHAYKIIHIO Ha OCH COJIEHOHJAa CHMMETPHYHO PAaCIIOIOKEeHHBIE BHTKH BHOCST
OIHHAKOBBIH BKIIaJA. II03TOMY YV KOHIIa ITONMYOeCKOHEYHOrO0 COJIEHOHAAa Ha €ro OCH MarHHTHAS
HHIYKIIHSI paBHa ITOJIOBHHE 3HaueHHT (16.14)

1 (15)
B = 5 Lonl.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO
=N __'I: : '::"I.'.'.[-';-": ::';'I:-.|;_.L_“|_-.I :_':.'_I'.I" & Ninninin -.[:

AV XOBd iTeHHE Ad1eKCaHdDOBHLS
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[TpakTHYeCcKH, eClH JIHHA COJIEHOHAA 3HAUMTEIbHO OOJIbINe, YeM ero JHaMeTp, ¢popMmyna (14)
OyJIIeT CITpaBejIHBa JJII TOUYEK B CpeJHEH YacTH COJIeHOH a, a (popmymna (15) - A1 ToOYeK Ha OCH
BOIIM3H €r0 KOHI[OB.

Iﬁ{; _-"*. f'x..

Topona mnpencraensger coOOH ITPOBOJI, HABHTBEIH Ha Kapkac,
HMEOIIHI (pOpMYy paJHaIbHO H30THYTOIO IIHIHH/Pa, Y KOTOPOIO
BXOJHOE H BEIXOQHOE CEYeHHS COBMAJAIOT (PHC.S).

DopMyna Iy onpeielleHH S MarHHTHOH HHAYKIIMH BHYTPH

TOpOHAa IIOIIYHACTCA Ha OCHOBAHHH TCOPEMBI O ITHPKYIIAIII B
dHaJIOTHYHBIM Gﬁp&BGM: H HMMCCT BH]:

R

B = #{]HI ' ? (16)

Puc.5.

BHe TOPOHIdd MdIHHTHAA HHAYKITHA PdBHA HYIIIO.

—

C ITOMOIMIBIO TEOPEMBI O LHPKYIISIHH BeKTOpa /8 MOKHO PelllnTh H Psj APYTHX 3a7ady,
HaITpHUMep, HAaHTH HHAYKIMIO B KOAaKCHAIBHOM Kalele, KOTOPBIL HCIIONb3YeTCSA IS Iepeayul

IIOCTOSIHHOTO TOKa. KpoMe Toro, 3TOT 3aKOH HCIIONIB3YETCS IIPH pacuyeTe MarHHTHBIX IIETIEH, TJIe
BBITIOJIHSET POIIb BTOPOro IMpaemuia Kupxroda.

Cmia Amnepa. Ciuia JlopeHna

AMIIE]) Had OIIBITE YCTAHOBHJI, UTO Ha IIPOBOAHHK C TOKOM B
MATHHTHOM IT10JIC ,[[EﬁETE}’ET CILJIA

F =1I[[B)]. (17)
MOJIYIIb KOTOPOH OITpeelIseTcs o (popMyIIe:
F=I-B-/-sina.

a HaIpaRIIeHHe, IO IIPaBHIIY ITPAaBOrO BHHTA HIIHM IIPaBHITY
«JIEBOH PYKH» (pHC. 0).

Puc.6.

BO3HHKHOBEHHE 5STOH CHIBI CBS3aHO C TEM, HTO MAIHHTHOE IIOJIC ,I[EﬁCTE}"ET Ha

3dpPsLKCHHBIC HYAdCTHIBI, ABHKVIINHCCA B IIPOBOJHHKE C HEKﬂTﬂpGﬁ CKOPOCTBIO V. CHJIEI:,
I[EﬁCTE}’TOH_[ﬂH Ha 3apiald B 3TOM CIIYVHAC, HA3BIBACTCA CILION .HﬂpEHHﬂ, H OIpcaAcIBICTCA ITIO

(b OpMYIIE: IOKYMEHT TOANMCAKH
GJEKTPORROW TTOANTMCBHO

-~ . ACANNANATCOARARGEYAINEETE A EANAE NRCRNA 2
Ceprwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E — —

—_—
Bnageney, llleGayxoea TaTeAHa AnekcaHOpoBHa p— q[ B] ( )
) F UD | 18

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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a ee MOIYIIb
F=q-v-B-sina,
re Ol — yroll MeKIy HaIlpaBIeHHSIMH CKOPOCTH YaCTHI[EI H BEKTOPa MATHHTHO HH/TYKIHH.

MarnutHoe 1oie He JeHCTBYeT Ha ITOKOSIIHICS 3apsj H B 5TOM COCTOHT CYIIECTBEHHOE
OTIIMYHE MArHHTHOTO TIONSA OT siekrpHyeckoro. Cma JlopeHiia Bcerjga IepIleHIHKYIIIPHA
CKOPOCTH YacCTHI[EI (ee IepeMeIeHHI0) H IT03TOMY PaboTHl He COBEPINAET, a, CIeJ0BaTEIbHO, HE
H3MeHSeT KHHeTHYEeCKYIO SHEPrHIO YacTHIIBI. BrIpakeHHe i1 cuibl JlopeHiia (18) mo3BomsdeT

OIIPECACIINTE XdPaAKTCP JABHAKCHIIA BE],I)HJI{EHHDﬁ HACTHIIBEI B MAI'HHTHOM IIOJIC. HPH oL :900

mv
JaCTHI[A JBHIKETCS II0 OKPYKHOCTH paguyca R = —— . Ecmit yron Ol yJOBIIETBOPSIET YCIOBHIO

qB

0 <o <90°, To yacTHIla ABHIKETCS II0 CITHpAIH ¢ paguycoM R # marom h. Eciam ckopocTh

—

YACTHIIBI V COCTaABISAET VYIroia OCL € BEKTOPOM MATCHHTHOH HHIVYEKITHH BHEG,I[HGPG,[[HGI‘G
MAIHHTHOI'O IIOJIA, HHAVEKI[HA KOTOPOI'O BO3PACTACT B HAIIPABIICHHH AIBHMKCHHA YaCTHIIBI, TO
Ruh YMCHBIIIAKOTCA. Ha »ToM OCHOBaHO SBIIEHHE d)GK}’CHpDEI{H 3dPAKCHHBIX HYdCTHIL B

MAT'HHTHOM ITOIIC.

KﬂHTﬂl ¢ TOKOM B MArHHTHOM noJie. Pabora mo IHEPEMELICHH IO IIPOBOIHHEKA H KOHTYpa €
TOKOM B MATHHTHOM 110JI€

Pacemompum rxoumyp ¢ moxom, Haxooauwjuiica 6 OOHOPOOHOM MAZHUMHOM HOJe.

Brrgenmm aineMeHT KOHTYpa d £ . Ha Hero B MarHHTHOM ITOIIE OyIeT JeHCTBOBATE CHIIA, COITIACHO
(17), paBHasg dF = I[df’ . E] . PesynmpTHpVIOIIAA CHIa, JEHCTBVIOIAs Ha KOHTYpP, OVIET paBHa

I‘EOMETPII‘IEGHGﬁ CYMME CHII, I[EﬁGTE}’IOH_[ID{ Ha OTACIIBHBIC 3JICMCHTEL KOHTYP4d, T.C.

F 1 F={1ldl - B]=1-Bfal =0
> 3 T
B |/” / (19)
<
/ lﬁ A CHEI[GEHTEHLHG:, B OJHOPOJHOM MAIHHTHOM
b o F ITOJIE PE3VIIBTHPYIHOIAA CHIIA, ,I[Ef[CTE}”I'OH_[ﬂH Ha

KOHTYP C TOKOM, OyZeT paBHa HYIIIO, H KOHTY]P
IiepeMenaThCcs He OYET.

Puc.7.

JJIS1 TIPOCTOTEHI pacCyKASHHH BO3BMEM IIPSIMOYTOJIBHBIH KOHTYP CO CTOPOHAMH «a» H «b»

—

(puc. 7). B MarHHTHOM IT0IIe HA HETO OVAET AeiicTBOBATh BpAIAIOIIHIT MOMEHT ITaphl cHII F H
TIO3TOMY, KOHTYp OyIeT BpalaThcs. Bparmarormmii MoMeHT Iapel ¢t M =F-b-sinot, Ho
F=1-B-a,un cienoBatenmsio, M =a-b-1-B-sinc.. Takkak a-b =S —mmomans xoHTYDa,
o M=1-B-S-sino.. Beegem Bektop P=1-S HasbBacMbIi BekTOpoM MarmuTHOrO

MOMEHTa KOHFYRa:oERQ HATIPABIIeHIE COBIIANAET C HAIIPABIEHHEM MONOKHIENbHON HOPMAITH K
] f"’dﬁﬂéﬁ%ﬁﬁemﬂ ¢ TIOMOMIBIO TIPABHIA IPABOro BUHTaA. Toraa 7 Bpallatomero

} HDHTWWJW Pa.

ndMOMEHTAy ,I[E‘HGTE}TOH_[EFG Hd I{GHT}fp C TOKOM B MAI'HHTHOM ITOJIC, ITOIIYIHM BbIPDAKCHHE.
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NencteuTenex: ¢ 19.01

M =pBsina = [ﬁﬁ] (20)

Ouesparo, 4o M =0 mpu sinot=0, T.e. KOHTYp ¢ TOKOM B MarHHTHOM IIOJIE

OPHCHTHPYCTCA TdkK, yTOOBI €TI0 BCKTOP MAI'HHTHOI'O MOMCHTA OBIII IIaPaJlIICJICH BCKTOPY
MAarHHTHOH HHI VKL,

Paccmompum xonmyp, Haxoosauiica é HeoOHopooHom noje. PadoTra, copeplacMas ITpH

IIOBOpOTe KOHTYpa Ha yron dou, ompenensercsa mo ¢opmyne dA=M-dot. C yuetom (20)
TTOTYYHM:

dA=p-B-sina-da.

[lomHasg Mexannyeckas padora
A=IdA=Ip-B-Sina-d(x:—mesa* (21)

MexaHH4YecKkas IIOTeHIHAIbHA JHEPI'HA KOHTYPa € TOKOM B MAal’'HHTHOM IIOJIC 6}*’,I[ET
OITPEACIIATE CA 3THM K€ BBEIPAKCHICM.

dW
PaHee MBI IIOKA3dJIH, YTO CBA3b MCHKAY CHIIOH H BHEpI‘HEﬁ F}{ — _d_ H, CIICOOBATCIIBHO, Ha
X
KOHTYpP € TOKOM B HCOAHOPOJHOM MAaI'HHTHOM IIOIIC 6}’1['-3’1‘ ,I[EﬁGTEDEElTL CHIIa
dB
Fx—p'a'clﬂ'hﬂ, (22)

Ipn oo <90°, E, >0 xouryp rarusaerca B mome, mpu O >90°, F, <0 xonryp

BBITAIIKHBACTCH H3 ITOILA.

B pesymbTaTe IepeMellleHHS ITPOBOJHHKA C TOKOM HIH KOHTYpa ITPOH3BOIBHOH (POPMBI B
MarHHTHOM II0JIe COBEpIIaeTcs paboTa Mo IMPeofoIeHHIO
CHJI TIOJISL He crnoxHO moOnyunTts (QopMmyiy,

@ @ : N B OIpPEIEISIOIIYIO 3Ty paboTy.

— 1 I . PaccMOTpHM TPOBOAHMK JUIMHOIL ¢, ¢ TOKOM I,
— Pl AL F -
I CITOCOOHBII CBOOOIHO ITEPEMEIATHCSI B MATHHTHOM ITOJIE

@ @l @' C HMHAYKIIHEH E , HaITpaBJIEHHOH IIePIIEHINKYIISPHO
IIPOBOJTHHKY (pHC. 8).

Puc.8.

B »ToM choy4ae Ha IPOBOAHHK OyJeT JAeiicTBoBaTh cita Awmaepa F=B-1-¢ u npu
TIIepeMeIIeHHH ITPOBOIHIKA Ha paccTosHHe dX , 6ymeT coBepruera padota dA =1-B- #-dx, Ho

[-dx = d&%ﬂ@ﬂéﬂ@?ﬂf@p}mﬁ MATCHHTHEI II0TOK B - dS = d® u torga sneMeHrapHas paboTa

j&% POHHOW Nognnchlo
oA =hod Do cMHTETPHPYSolaHHOe BbIPaKEHHE, IOMYYHM, 4YTO padoTa IO IEPEMEINEHHIO

¥
L_* Lo N

" TIpoBOMHITKA ¢ TOKOM B MATHHUTHOM TT0TTe GY/IET OMpeersThCs BhIpaKeHHEM

109



A=1-AD, (23)
rae AD — MarHUTHBIH ITOTOK, TIEPECEYEHHbIH ITPOBOIHIKOM.

IIpuMepnb1 penieHHs 33034

3agayva 1. [Io TOHKOMY ITPOBOTY, H3OTHYTOMY B BHJIE€ PABHOCTOPOHHET O TPEYTOJIbHHKA, TeYET TOK

cunoii [ =40A. JIlHA CTOPOHEBI TPeyronbHHKA @ =30 cM. OnpelelnHTh HHAYVKIIHIO B B TOYKE
TIEPECEUYEHHS BBICOT TPEYIOIbLHHKA.

JlaHo: MarHuTHYIO HHAVKIIHIO B TOUKe () HaHJIEM,
¢y HCTIOIIB3YSI TIDHHIMMIT CYITEPITO3HITHK It [=40 A
MArHHTHBIX TIONelf: B = .. B a=30 cm=0,3Mm CIIyyae

BECH KOHTYP MOK]

OBBIX YaCTH, HHAVKIIH S KaKI0H H3 B =7

KOTOPHIX B, B Touke O HMeeT

Prc. 1. OJHHAKOBBIC BEJOMTHHY I HAIIPpaBJICHIIC -

BePTHKAIFHO BHHU3 (OIpeensgeMoe 10 IMPaBHIY ITpaBoro BHHTA). [losToMy HHIYKIMSI B Touke O
OyzeTr paBHOH B=3B) H HaITpaBJIECHHOH BHH3 IEPIIEHINKYIISIPHO pPHC 1.

Puc. 2

MarHuTHY¥O HHAVKIHIO CTOPOHEI TPEYTOJIbHHKA B HaHAEeM HCIIONb3YS (DOPMYITY A1 HHIYKIIHH,
OTpe3Ka IPOBOAHHKA ITPH CHMMETPHYHOM PaCITONIOKEHHH ero KOHIIOB OTHOCHTEIIFHO TOYKH O
(prc.2). TpeyrolbHHK TOKOB PABHOCTOPOHHHI H €r0 BEICOTHL SBJISIOTCS TaKiKe H MeJHaHaAMH H

OHccekTprucaMH. T akim o0pa3oM,. HMEEM
ul o a a 1
B =——cospun, @o=—=30",r,=—-1gp=—-—F.
| 27r 2 2 2 \/5

OOKYMEHT NMoanncAaH
CHEI[DEHEE]}EH&,JP HOZNMCBIO

ichiKka 20 : {El'!-'.".[';"':z\.';I:_':-_I:-_I:|:_I:TE|.'..'.:_" CERISTHIRIRLN I"E

HHE AJ1e2KCaHODOBHA
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pl N3 3wl

27T “

23
3amaua 2. DIeKTpOH ABHKETCSA B OQHOPOAHOM MAaTrHHTHOM IT107e ¢ HHAVKIHeH B =0,03 T mo
OKPYKHOCTH paguycoM r=10 cM. OIpeIeTh CKOPOCTh AIEKTPOHA.

— 240 MxT

Ou 1
n B=3B—=——
2 27a 27a

B =

1

JlaHo:

B=0,03 Tn B MarHuTHOM I10JI€ Ha ABIDKVYIIHHCS 3IEKTPOH JICHCTBYIOT CHIIA

=10 cMm=0,1m JlopeH1ia. BemiuiHa 3TOH CIUIBI PaBHA

e =1,6- 10" Ku F=e-v-B-sinx .

m=9,1-10""xr  |Tak KaKk TpacKTOPHs 3IEKTPOHA — OKPYKHOCTD, TO ciula JIopeHia o= "?

SIBISIETCS HEHTPOCTPEMHTENBLHOMN CIIIOH, M VIOl o = T/2.

CIieJOoBaTEIIbHO,

F = — eUB.

OTKyIa HMeeM v=——. (1)

[logcTaBHB UHCIIEHHBIE SHAUCHHA, ITOIIYHHM

eBr _ 1,6-107"7-3-10°-10" _ L6

5107 10°w/c % 0,533-10°m/c .

1) =

To ecTh CKOPOCTh U CpaBHHMa CO CKOPOCTBIO cBeTa ¢ =3-10° M/c. DTO 03HaYaeT, UTO IIPH
pacderax HeoOXOMHMO HCIIONIb30BAaTh 3JIeMEHTEI CIIEI[HAIIbHOH TeOPHH OTHOCHTEIIBHOCTH

(CTO).

@OPMYIIBI KIIACCHYECKOH MEXAHHKH IIPHMeHHMEBI B CTO, eClIH CUMTATh, YTO Macca Telna

m{]
>
1=/
[ToxctaBuM 5TH BEIpakeHHA B (1). ITocme HecIoKHBIX ITpeodpa30BaHHIl ITOTYUHM
U

UPZ'JI_I_/BE :

TaxiM 06pa3oM, PelSTHBHCTCKOE 3HAUEHHE CKOPOCTH paBo v = 0, 525 -10° m/c.

3aBHCHT OT €I'0 CKOPOCTH IIO 3aKOHY, Ml = . TS np - MaCCa ITOKO TClld H ﬁ=ﬂ/ﬂ‘.

PEIATHBHCTCKOC BbIPaKCHIIC AJIA CKOPOCTH 3JIICKTPOHA

Jamaua 3. B marHuTHOM 1one ¢ HHAYKIHeR 0,1 Tn Bparaercs pamka, comep:xaimas 1000 BHTKOB
momaneo 150 cM”  kaxmelil. MakcumansHOe DJIC, HHIYIMPYEMOE B paMKe paBHO 94 B.

OHPE,[[ EHIIE&W%E%H.{EI—H [ PaMKI.

3NEKTPOHHOW NOANMCHLIO

Ceptuidmkar: ﬂMGdSEBABBBBEEEDEETB 50006000004 3E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgfoBHa

B=0,1Tn [1q 3akony @apagesa I 3JIeKTPOMArHUTHON HHIYKIIHH HMEEM

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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_dy

N=1000=10° E. = a7 s (1)
§=150cM™=1,5-10"M"  TZe v — IIOTOKOCLIEIUIEHHE. E "*=04B
Ww=N-D,

rae @ = BS COS X — MarHHUTHBIH ITOTOK.
n==: B YCIOBHSX JaHHOH 3aJlauyl O — 27T-n-1, TAe n -4acToTa
BpallleHHI paMKH. TakumM oOpa3oM, 3akoH Dapajes (1), mocie
IIPOLETYPHI JH((epeHITHPOBAHHS HMEET BHI
E. =NBS27n-sin(27n-t).

I3 mmosmy4eHHOr 0 BRIPpaKEHHS CIEAYET, UYTO MaKCHMAalIbHOe 3HaueHHe D]J1C

E,MEK = NBS - 27tn, Bosnukaet xorga yron o =m/2. OTcroa HMEEM

BT 94 _
NBS -2z 10°-0,1-1,5-107%-2-3.14

n 10c¢™.

Bonpocet u 3a0 anui.
1. MarHmTHOE T0JIE M €I'0 OCHOBHBIE XapaKTePHCTHKI.
. 3akoH buo - Capapa - Jlarmaca M ero IpHMeHEHIHE.

. 3aKOH AMriepa.- B3anMoieHCcTBHE MapalleIbHBIX TOKOB.

. MarunTHOe 1noje JBIKyIIerocd 3apsga. Cuma JlopeHiia.

" * I o

: ,HEH}KEHIIE 3APAAKCHHDBIX HaCTHIT B MAaI'HHTHOM ITIOJIC.

: TEOPEME], O ITHPKYIIAITHH BEKTOPa B . MarHHuTHEIE TIONISA COIIEHOHAAa H TOPOH/A.
. IloTok BEKTOPA MAarHHTHOH HHIYEKITHH. TEGPEM& FEI}"GC& HILI MAT'HHHTHOTI'O ITOJLA.

. Pabora 110 IEPEMEIICHHIO ITIPOBOJHHEKA B MAI'HHTHOM ITOJIE,

O 0 -1 O

. DJIEKTPOMAarHHTHAas HHAYKIHS. 3aKoH Dapajes.

10. IIpaBuio JleHiia. BpaleHne paMKH B MarHHUTHOM ITOIe. BHXpEeBEIE TOKH.
11. MHOIYKTHBHOCTE KOHTYpa. CaMOMHIYKIIISL.

12. Toxu nmpu pasMBIKaHHH H 3aMBIKAHHH I[ETTH.

13. B3anMHas HHIVKIH AL

14. TpaachopmaTopsl. SHeprus MarHUTHOIO ITOJIS.

15. MarHuTHEBIE CBOHMCTBA BeIlleCTRa. /[Ha- M ImapaMarHeTHKH.

AOKYMEHT MNOANMCAH
POHHOW Noarnnc

3 biO
CepTudukar: EC]DQGEI' 4 %% ?D&J%GMQEEE :

Bnaneneu: llleGayxopa TaTeAHa AnexkcaHgpoBHa
17y. 3aKOH ITOIIHOT'O TOKA.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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