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LlomxHocTb: [upekTop Msturopckoro uHctutyta (Gunman) CeBepo-Kaskasckoro
(efepanbHOro yHMBepcuTeTa

[ata nognucanus: 23.08.2023 17:07:00

YHUKanbHbI MPOrpaMMHbIA KIKOY:
d74ce93cd40e39275c3ba2f58486412a1c8ef96f

Pacrmmmem cHilbl, IeHCTBYIOIHE Ha Tela. BeiGepeM cHcTeMy KOOPAHHAT, KaK YKa3aHO Ha PH-
CYHKe (Ha Ipy3 m, JIeKallUii Ha CTOJe BOOOIIE-TO AefICTBYIOT eIlle JBe CIIIBL: CHIIA TSDKECTH 1g

H CHIIa PCAKITHH OITOPEI N . Ho Tak xakx TPEHIIEM B 34141C ]’[pEHEﬁpEI‘HETGH, TO JIEeHCTBHE ATHX
CHII H3 PACCMOTPCHHA MbI IICI{J]IGIIE]EM).

3artHIneM ETGpGﬁ 3aKOH HBIOTOHa 7151 KaKIOoro YHACTBVIOIICT O B ABIKCHIT TCJIA.

fna=mg+1,
w,d=m,g+T,
md =T, +T,

(ITocKOoIBbKY INMHYPBI CUHTAIOTCS HepacTSDKHMBIMH, TO BCe Tela JBIKYICSA C OJHHAKOBBEIM
YCKOPEHHEM a).

BriOmpaeM HallpaBleHHEe YCKOPEHHS, KaK yKa3zaHO Ha PHCYHKe (IO HaIlpaBIEHHIO YaCOBOI
cTpenkH). CIpoelrpyeM CHCTEMY YPaBHEHHH Ha BRIOpaHHBIE OCH KOOP IHHAT:

—fma=mg—1T
< m,a =m,g —1,
(1)
. ma= I, -1
M3 BTOpOro ypasHeHHS (1) BEIYHTaeM IIEPBOE:
(m, +m)a=m,—m)g—(T,—1T)
(m, +m)a=(m,—m)g—ma
(m, +m, +m)a =(m, —m,)g , Torja
m, —m,
a—= 8 (2)

[logcTaBisieM 4HCIeHHBIE 3HAUYEHHT:

a=——2 0= 25
3+2+3 3
I'=mg+ma=m(g+a)=2(10+1,25)=22,5 H,
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3amaua 2. Yepes ONOK, YVKPEIUIEHHBIH HA KOHIIE CTOIIA, IIEPEKHHYTA HEPACTSKIMAS HHTh, K KOH-
I[aM KOTOPOH IPHKPEIUIEHBI I'PY3bl, OMHH H3 KOTOPBIX (721 = 400 r) ABHKETCS II0 IIOBEPXHOCTH
crona, a Apyrox (m> = 600 r) — BAOIb BepTHKaIH BHH3. Koa(pHIHeHT f TpeHHS I'py3a O CTONI
paBeH 0,1. Cunras HUTh H OITOK HEBECOMBIMH, OITPENeNIHTh: 1) YCKOpeHHe @, ¢ KOTOPBIM JBHIKYT CS

I'PY3bI, 2) CIIIY HaTsDKeHHS 1 HHTH.

Peuteniie.

BriGpaB ocH KoopauHAT (PHC), 3alHIIeM JJII KaXKI0Io I'py3a ypaBHe-
HHe JBIKeHHS (BTOPOI 3ak0H HBIOTOHA) B ITPOEKIIHSIX Ha 3TH OCH:

m,a= myg—T

YUYHTHIBASI, UYTO

, TIOIYYHM CHCTEMY YPaBHEHHH:

m[ﬂ =T - .ﬁn[g*

mza:ng—?’,

OTKYId HCKOMOEC YCKOPCHHCE.

a= (”13 o ﬁ”|)g
?HI + ?HE

C]?IJI}*' HaATHEKCHITA HITTH HEIIUI,[[EM H3 BTOPOI'O YPaBHCHHA CHCTCMBDbI.
I'=m,(g—a)

Brrumcnas, momydaeM: 1) a= 5,49 m/c”; 2) T= 2,59 H.

3amaua 3. [Ipu mageHmu tena ¢ 6O0JIBIIOH BEICOTEI
Er0 CKOPOCTh Dy ITPH YCTAHOBUBIIIEMCS JIBHKECHII
nocturaeT 80 m/c. OrnpeaemTh BpeMs T, B TEUEHHE
KOTOPOT'0, HAUMHASA OT MOMEHTa Havaa ITaJieHHsI,
CKOPOCTBH CTAHOBHTCS PAaBHOH vy../2. CHIIY COITPO-
THBJIEHHS BO3AyXa MIPHHATH IIPOITOPIIHOHAIIEHOH
CKOPOCTH TETA.

PermreHiie.

Ha magaroriee Temo JeHCTBYIOT ABE CHITHI (PHC.
a): CHJIa TSDKECTH mig H CHIa COIIPOTHRIIEHH S BO3ayXa F..

a

0,

050, [~

CHia COIIPOTHEBIICHITA BO34YXd IIO YCIIOBHAM 3aJdH IIPOITIOPIIHOHAIIBHA CKOPOCTH TClld H
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r1e k — kK03 PHIMEHT MPOITOPIIHOHATLHOCTH, 3aBHCAIIHIL OT pa3MePOB, (POPMEI Tela H OT
CBOMCTB OKPYKAKOILEH CPEIBI.

Harmmmem YPAaBHCHHC ABHAKCHHA TCJId B COOTBCTCTEBHI CO BTOPBIM 3dKOHOM HprOTOHA B BEK-

dv L= .
TOPHOH (pOpMe: md— —=mg + F_. 3amenns F, cormacuo (1), momydmm:
[
dv L
m—=mg— kv .
dt

(2)

CIpoelpyeM Bce BEKTOPHBIE BEIIHUYHHEI Ha BEPTHKAIILHO BHH3 HAITPABJIEHHYIO OCh H
HAITHIIEM YpaBHeHHe (2) IS IIPOeKIIHIH:

m@—m — kv
a e '

Iloce Pa3acJICHHA IICPEMEHHBIX ITOJIYIHM

dv  dt
mg — kv m

BoImomHiM HHTETpHPOBaHHE, VUHUTHIBAS, YTO ITPH H3MeHEHHH BPpeMEHH OT HYIIA IO T (IIC-

KOMOE BpeMsI) CKOPOCTh BO3pacTaeT OT HyisI 1o —U_ - (pHc. 1, 6):

2

T

[ dv_ _dt. —%‘ln(mg—ku)

mg—kv ¢ m

1
E“}ET _
0

3 ITOJIYHCEHHOI'O BBIPAKCHITA HalaeM HCKOMOE BPEMA.

r=Zln—3
k

T (3)
mg — Eku}m

Bxosmmiii crofa ko3 GHIHEHT MPOIIOPIMOHATIBHOCTH k OITpeJelINM H3 CIIEAVIOIIHX CO00-
pakeHHi. [IpH ycTaHOBHBINIEMCS JIBHKEHHH (CKOPOCTh MTOCTOSHHA) anreOpandecKas CyMMa ITpo-

CKIIHH Ha BEPTHKAJIBHYIO OCh ACHCTBYIOIIHX Ha TEJIO CHII paBHa HVIIIO, T. €. Mg — kuycr — 0 .

m
OTKyda k = —g
U

VoT

[TopcTaBHM HaiileHHOe 3Ha4YeHHe kK B popMymy (3):

_ m‘fﬂ 1 mg
ONOKYMEHT I:IDﬂI'IHCAH 1 m
SNEKTPOHHOW NOAMCHIO | 5 U
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[Tocie COKpaIleH it H YIIPOIIeH i oMy M, T = —— In 2
g

IlogcTaBHB 4YHCIIEHHBIE 3HAYEHHS, IIOJIYUHM 7T = 5,66 C. [IpoBepka pasMepHOCTH pPe3yilb-
TaTa B JaHHOM CIIy4ae He 00g3aTelIbHA, TaK KaK OHA OYEBHJIHA.

Bonpocet u 3a0anus

IIepBrIN 3aKk0H HerOTOHA. MIHEpI[HAIBHEIE CHCTEMBI OTCUETA.
BzanmMomerncTBHe Te. CHila, Macca.

Hnvarys e (KOTHYECTBO ABHIKEHHA).

3aKOH COXpaHEHHS HMITYIIbCA.

Broporn 3akoH HproToHaA.

Tpetun 3aKkoH HerOTOHA.

M30omiporaHHas CHCTEMA MaTEPHAJIBHBIX TEIL.

-~ O B W o =

Jamaud 1Ji cCAMOCTOAT €JILHOI0 penIiCcHHA

1. CaMoIIeT JIeTHT B TOPH30HTAILHOM HallpaBIIeHHH ¢ ycKopeHHeM a = 20 m/c”. Kaxosa Iepe-
rpy3Ka naccaxupa camoiera? (Ileperpyskoi Ha3sIBaeTC S OTHOIIEHHE CHIIBI F, JeHCTBYIOIEH Ha
Imaccakupa, K CHJIe TSDKeCTH P).

2. ABTOIIMCTEPHA C KEPOCHHOM JIBIAKETCS ¢ YCKOpeHHeEM a =0,7 M/c”. TToj KaKHM yITIOM @ K ILIOC-
KOCTH F'OPH30HTA PACIIOIOAKEH YPOBEHL KEPOCHHA B I[UCTEPHE?

3. bak B TeHepe maporo3a uMeeT IHHY [=4 M. KakoBa pasHOCTE A [ YpOBHEH BOILI Y IIEPEIHETO
H 3aHETO KOHIIOB Oaka IIPH JBHYKEHHH II0e3/1a ¢ YCKOpeHHeM a = 0,5 m/c??

4. Katep maccon m=2m Tporaercs ¢ Mecra M B TeUeHHe BpeMeHH T=10 ¢ pa3sBHBacT IPH IBIKE-
HHH TI0 CIIOKOHHOH BOJIEe CKOPOCTh » = 4 M/c. OIpeenTh CHIIY TSITH /* MOTOpa, CYHTasI €€ TIOCTO-

SHHOI. [IpHHATD cHTy comnpoTHBleHHS F, JBIKEHHIO ITPOMOPIHOHATBEHOI CKOPOCTH;, KO3 dH-

I[HEHT conmpoTHRIeHHI k =100 KT/c.

5. HadampHas cKopocTh vo ITynH paBHa 800 m/c. [Tpu aBrokeHHH B Bo3myxe 3a BpeMs 1= (),8¢c ee
CKOPOCTh YMeHbIniIack 10 v =200. Macca m mmymu paBHa 10 r. CunrTas CHIY COIPOTHRIIEHH S
BO3IYXa ITPOIOPIHOHAIIBHON KBaJpaTy CKOPOCTH, OIPEeIeIHTh KO3()(PHITHEHT COIPOTHBIEHHS K.
JIeNCTBHEM CHIIBI TSDKECTH IIPEHEOPEYD.

6. MarepuanpbHas TOUKa MacCOH m = 2 KI' JIBIDKETCA IO JeH CTBHEM HEKOTOPOH CHIIBL ' COI'TIaCHO
ypaBHeHHIO x=A+Bt+Ct*+ Dt’, rie C =1 m/c*, D = - 0,2 M/c’. HaiiTi 3HaYeHHA 3TOI CHIIBL B MO-
MEHTBI BpEMEHH 11=2 Cc U 1> = 5 ¢. B KaKoH MOMEHT BpEeMEHH CHIIa paBHa HYIIO?

7. HakimoHHas IioCcKOCTh, 00pa3yIoIas yrol o = 25°C INIIOCKOCThIO TOPH30HTa, HMEET JUIHHY [ =
2 M. Teno, IBHrasch PaBHOYCKOPEHHO, COCKOIB3HYIIO ¢ 3TOH IJIOCKOCTH 3a BpeMd ¢ = 2¢. Orpe-

JIeTUTh KOA(P(HIIHEHT TPeHH 4 Tella O ITIOCKOCTb.

8. Ha rmagxoM crojie j1ekuT OpycoK MaccoH m = 4 Kr. K OpyCKy IIpHBS3aHE] JIBA IITHYPa, IIEPEKH-

AOKYMEHT NOATMCAH HBIE K TIDOTHBOIIONIOKHEIM KpasMm cTola. K KOH-

SNEKTPOHHOW MOANUCHIO | p Xp '
Ceprudikat: | 12000002A633E3D113AD425FB50002000002A6 X mi=1 KT B my= 2xr. Hailrtn yckopeHHe a, ¢
Bnapeneu; LWebayxopa TatbaHa AnekcaHapoeHa S KaXJ0T0 H3 IITHYPOB. Maccon OIIOKOB H TpE-
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9. JIBa Opycka MaccaMH m1=1 KT ¥ mp = 4KT, COEIMHEHHBIE IITHYPOM, JIEKAT Ha cTole. C KaKuM
YCKOpPEHHEM a OVAYT ABHIaThCs OPYCKH, €ClIH K OJHOMY H3 HHX IIPIIOKHTE cwny F = 10 H,
HaIIPaBIIEHHYIO TOPH30HTAILHO? Kakosa Oyaer cuna 7 HATSDKEHHS IIMHYpPa, COEIHHSIOIIEIO
OpyckH, ecnu ciny 10 H nprnoxure K nepeoMy 6pycky? Ko sTopomy Opycky? TpeHHeM IpeHe-
Opeus.

10. K rpyXHHHBIM BecaM IToABelleH OnoK. Uepes OIIOK IepPeBEIEH IIHYP, K KOHI[aM KOTOPOro
IIPHBS3AIH I'PY3bl MaccaMH my = 1.5 KT 1 mp = 3 Kr. KakoBo OVeT IMoKa3aHHe BECOB BO BpeMA
IBIKEHHS I'py30B? Maccon O110Ka H IHYpa IIpeHeOpeyb.

IIpakTHYecKkoe 3aHAT He 3.

Tema 3arnamus. Padota n IJHEPIrHA. KnHeMarnka 1 JHHAMHKA BPAIIATEJIbHOI'O JIBHZKE-
HHH.

H €Jib 3dHAMIUHA. HB}”HITL 3dKOHBI COXPAHCHITA SHCPI'HI. KI]HEM&TI]I{Y H JHHAMHKY Bpallla-
TCIIBHOI'O IBHAKCHIA.

3HaHUA U YMEHUA, nPUodpemaemble CHLY0 eHNIOM 6 pe3)ibidane 0C60eHUA membl, (opmil-
pyemsle kKomnemenyuu. Padora. Padora riepeMeHHOH CIIBL. MOIIHOCTE. KOHCEepBaTHBHEIE H He-
KOHCEpPBATHBHBIE CHJIIBL. [IoTeHIHambHasA sHeprusd. CBs3b MeXAY CHIIOH H IIOTEHIHAIbHOH 3HED-
rHel. DHeprusa yupyro Ae(popMHPOBAaHHOIO Teja. KHHeTHYecKas SHEPIrH H e€ cBSI3b ¢ PaboTOoH
ITPHIIOKEHHBIX cHI. IloHas MexaHHYecKas SHEPTHSA CHCTEMEI Tell. 3aKOH COXpPaHeHHS MeXaHH-
YeCKOH BHEPruM. J[HCCHITAIIMS SHEPTHH. BrageeT CcrtoCOOHOCTERIO IIPHMEHSATH COOTBETCTBYIOIIHIA
(pH3HKO-MaTeMaTHUECKHIL armiapaT IIpH pellleHHH ITpodeccHOHAIbHBIX 3a1ay.

AHHI_]?MI’:HI?CHH: memasl. 3aKOH COXPaHCHHA SHEPI'HH, a TAKKT 3daKOHBI JHHAMHKIT Bpallla-
TCIIPHOI'O ABHAKCHIA HNIHPOKO ITPHMCHACTCA IIPH PCHICHHIT MHOTHX HHXCHCPHDBIX 3d44'.

TEHPEHIHIIECKIIH Hyacmb.

3aKOH COXpaHEHH I HMITYIIbCa: HMITYIIEC 3aMKHYTOH CHCTEMBI OCTAETCS ITOCTOSHHBIM
M
Z p; = const .
i=1

T IByX Ten IpH aOCOIFOTHO YIIPYTOM Vape:

HIIUI + HIEUE — m, i, + msu,,

Tjle U, H U, - CKOPOCTH Tell Ilepe]] coyapeHHeM, i, H U, — CKOPOCTH Tell B MOMEHT IT0cTIe COy/Ia-
PEHHSL

J17151 aOCOIIIOTHO HEVIIPYIOr'0 Vapa ABYX Tell:

mu, +m,, = (m, +m,)u.

OOKYMEHT NMOANMMUCAH OCTVIIATCJIBHO.
SNEKTPOHHOW NOAMUCHIO
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6 2
Bnapeneu: Llebayxoea TateAHa AnekcaHapoBHa T 1l = P
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[ToreHImansHas sHeprusg /7 :

a) YIIpyroaeOpMHPOBAHHOMH TPV KHHEI:

rJie k — KecTKOCTh IIPYKHHBI, x — aOCOIIOTHAS Jie(pOpMaIHs,
0) Tesa, HAXOSIIErocs B OJJHOPOJHOM ITOJIe CHIIBI TSKECTH:
I =mgh,
IJIe ¢ —YCKOPeHHe CBOOOMHOIO IMaJeHH S, /i — BBICOTA TENA HaJl YPOBHEM, IIPHHATEIM 34 HYJIEBOH

(bopMyImIa CIripaBeIJINBa ITPH YCIIOBHH /1 << R, Tlle R — pagnyc 3eMiIH).

3aKOH COX]PaHCHHA MeXaHHYEeCKOH SHEPI'HH. €CIIH B CHCTCMC ,I[EﬁCTE}’TOT TOJIBKO KOHCCPBATHBHBIC
CHIJIBI, TO IIOJIHAA MEXAHITYCCKAA SHCPI'HA CHCTCMBI HE MCHACTCAH

E=T+1]=const.

3aKOH COXPaHCHHA SHCPI'HH IIPH aOCOITFOTHO YIIPYTOM CTOJIKHOBCHHI JBYX TCII, JBHKVYIITHXCHA B
I‘GpIIBGHTﬂJ]LHGﬁ TUIOCKOCTH.

2 2
muo;.  m,;,  mu,
4 M

2 2 2 2

3aKOH COXPAaHCHHA SHEPIHH IIPH a0COIIFOTHO HEYIIPYI'OM CTOJIKHOBCHHH ABYX TCJI, IBHAKVIIHXCAH
B I‘DPHBDHTEIJ]LHGﬁ TUNIOCKOCTIH.

,
2 2 2 2
rJe Q —SHeprus HarpeBaHHA Tell H HX OCTaTOYHOH Ae]opMaliri.
CKOPOCTH ABYX TeJI IToclie aOCOIFOTHO YIIPYTOr'o CTOIKHOBEHHS:

_ (m, = m, Jo, +2m,0,
| (m, +m,)

s

k-

(mz —m, )UE T 2”Wll*""l *

T (m|+m2)

PabGorta, coBepliltaecMas pe3ylIbTHPYIOIIEN CHJIOH, OIIPEIEIIIETCA KaK Mepa H3MEHEHHS KHHETHYE-
CKOH SHEPrHH:

A=AT=T,-T,.
Junamuxa epauyanenvHo2o 06uUMHCEHHUS

OCHOBHOE YPABHCHHC THHAMHKH BPAIl4ATCJIbHOI'O IBHAKCHHA.

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOWM NOANUCHLIO . jE ,
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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rame M — pES‘_’;"J]I:THp}’TOH[Hﬁ BEKTOP MOMCHTOB BHEIIIHHX CHII, l[EﬁCTE}’IOH_[ID{ Ha TclIO, OTHOCH-
TCIIPHO OCH BpPAIllCHHA, g — BCKTOpP YIIIOBOI'O YCKOPCHHA, J — MOMEHT HHCPIHIT CHCTCMbBI OTHO-
CHTCJIBHO OCH.

MoOMeHTHI HHEPIHH HEKOTOPBIX TCII MAaCCOH #m OTHOCHTEIIBHO OCH BPalllCHIA, HPO}{G,[[}IH_[Eﬁ HEPE3
IIEHTP MdCC.

e “
a) MaTEPHAIbHOH TOYKH: J=mr-,
IJIEe r— PacCTOSHHE OT MaTEPHAIILHOM TOYKH JIO OCH,

0) CTEPKHS JUIHHOH ¢ OTHOCHTEIBHO OCH IIEPIEHANKYIISIPHOH CTEePKHIO:

E) Gﬁp}ﬂlﬂ HIIH TOHKOCTCHHOI'O ITHIIHHAP4 PaJHyCad R OTHOCHTEIBHO OCH, COBITAJAIOILEH C OCBIO
ITHIIHHAPA.

J=mR".

I') OMHOPOJHOIO (CIIOIIHOIO) JHcKa (IIUIHMHPaA) pagnyca K OTHOCHTEIBHO OCH, COBIIAJAFONIEH
C OCBIO JHCKA:

1) ITYCTOTETIOrO IIIHHAPA pajiycaMi R, U R, C OChbIO BpAIl[eHH S, COBITQJAfOIIEN C OChIO IJUTHH-
npa:

]- 3 3
J = Em(R,‘ +R});

e) IIapa ¢ OChIO BPAIlleHH S, ITPOXOASIIeH Yepe3 ero LeHTP:

J:E R*.
5

TEGPEM& LHTE]?]HEPE],Z MOMCHT HHEPIIHH J o T€Id OTHOCHTCIIBHO ITPOH3BOJIbHOH OCH PABCH CYMMC

MOMCHTAa HHEPIHH J . JT0I'o Tcjla OTHOCHTCIIBHO ]’[ElpElJIJIEJ]LHDﬁ OCH, HPOKGI[HH_[Eﬁ HEPE3 LIICHTP

MaccC, M IIPOM3BEIeHHI MacChl /m Ha KBaJpaT PAaCCTOSHHI S a Me KTy STHMH OCSIMH
g
J,=J, +ma",

MoMeHT HMITYIIbCA MﬂTEpHElJ]I:-HGﬁ TOUYKH MacCOH m . HMeoIeH CKOPOCTh U H HaXOIAIIIYIOCH Ha
PACCTOAHHI » OT OCH BpPalllCHITA.

L=muvur.

MoMeHT HMITYIIBCa L TEJIa, BPAIlAOIIEIOCA OTHOCHTCJIBHO HEITOABIKHOH OCH C }THGEDﬁ CKOPO-

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 I @
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa ‘
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M
J.®, = const .

i=1

KiHeTHYecKas JHEPI'IE TCJI4, BPpAallldaIOIIEI'OCA BOKPYT HETTOABHKHOH OCH:

'=——, um 1 = :
2 (2J)

KIHeTHUYeCcKasd JHEPTIHA KaTAIIICT OCA TCIIA.

-

mo® Jw’

T = +
2 2

IIpuMepbl pelieHn s 3324

3ama4a 1. CHapsg MaccoH m = SKT o0nmagan ckopocThio »= 300 M/c B BepxHeH TOUYKe TPaeKTOPHH.
B 5TOH TOUYKe OH pa30pBalICs Ha JIBe YaCcTH. MeHbIas 4acTh MacCOH m = 2 KT, TIOJIYYIJIa CKOPOCTH
U = 500 m/c u nosleTena Briepe Mot yriioM 60° K ropH30HTY. HaliTH cKOpOoCTh U2 IIOCIIE pa3-
PEIBa BTOPOH, OOJBINEH YaCTH, M IO KaKHM VITIOM K FTOPH30HTY OHA ITOJIETEA.

JlaHo:
m = SKT B BepxHeH YacTH TPaeKTOPHI, CHaApSA ABHTaICS TOPH30HTAIBHO.
v = 300 mw/c FEGMEEPH‘IECIGI 3aKOH COXPaHEHNS HMITYIIbCa HMEET BH/I v, =500
M/C . e
~
R}::ﬁlﬁ,—f"—r I T .
mi=2 KT Y -
- T
P
@ = 60° P S >
— . ( , > i F
- y o T
F:.h‘.h_‘ hh'"“ﬁ-hhﬁ_ f,.f
v,—7? B X
@ —?
P=PF . +F WIH — mD = mD, +m,0, . (1)
Hcrone3ys TeopeMy KOCHHYCOB, HaHIEM ‘P@ -
2 - 2
(PDCKE) =P +(PDCK1) —2P Py, - COS Q. (2)

Tak KaKk Poo2 = (m — my) U 2 TIOIYYHM, YTO

D). — Fooxo :\/15002—|—10002—2.1500_1000_CDS6OU
' m—m, 5_2)

— 441 m/c.

—

irpaBienne P . ITo TeopeMe 0 IIPOEKIIHH CYMMEL

'

OOKYMEHT NOANUCAH
3NEKTPOHHOW NOANUCHIO
Cepruddikar " 12000002A633E30113AD425FB50002000002A6
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P = ‘PGCK: -cos(—¢, ), T.K. yTOI @, MeKHT HIKe ocH P,

OCK.2F

OTKY/Ia

P—(Pyx,)-cos@ 15001000 cos60°
Py 1322,9

=0,756,

cos(~,)~

—_—

SHAUHT ~ —@, = arccos (0, 756) =40,8", a ¢, =—40,%

OTy 3aJa4y MOKHO PelIMTh H IPYTHM CIIOCOOOM.

BreiOepeM ocH KOOpAHHAT, KaK Ha PHCYHKe. 3aIlicaB ypaBHeHHE (1) B IIPOEKIMAX HA OCH KO-
OpPJIMHAT U, YUUTHIBAS, YTO V=D " Dy =0,

ITOTYYHM
mv = m,L, CoS @, + n,L, COS @, , (3)
0=m,sin®y —m,L, sInQ,.

Hnn m,L, COS @, =mv —mb, COSP,, (4)

nm,L, SIN @, =m, SIN @, .

Bo3Boas B kBaIpar 00a paBeHCTBRA, H CIIOKHB HX, ITOCIIe TPHBHAIBHBIX ITPe00Pa30BaHHH ITOITYIHM
dopmymy (2) JuIs BEIYHCIEHHS HMITYIIbCA H CKOPOCTH BTOPOI'O OCKONIKA. M3 BTOpOro ypaBHEHHS
cHcTeMsl (4) IToITy4yaeM BEIpakKeHHE

mL, sin @,

sSin@, =— :

H3 KOTOPOI'O BEITHCIIACM YI'OJI ¢,

3amaua 2. Ha npyxuHe xecTkocThio k = 510° H/M noaserteH 6110k B GopMe JHCKa MAcCOH 5 KT
H pamiycoM 0,2 M. Uepes OIOK MePeKHHYT IIHYP, K KOHI[aM KOTOPOr'o ITPHBA3aHEL IPY3EL niy = 2
KT U m2 = 3 k. Haiiti: 1) yckOpeHHe Tpy30B H YITI0BOE YCKOpeHHe OIIoKa;, 2) CHIIBI HaTSKeHHS
IMHYpa; 3) CIIY YIIPYTOCTH IIPYKHHBI H YUIHHEHHE ITPYKHHBI, 4) KHHETHYECKYIO SHEPIHIO CH-
CTEMBI Uepe3 2 ¢, 5) H3MeHeHHe MOTeHIHaIbHOH SHEPTHH OJI0Ka H I'PY30B 3a 2 ¢; 6) HaHTH YCKO-
PEHHE IIEHTPA MaCcC I'PY30B.

JlaHo:
Mo = S KT YKaxeM Bce CHIIBI, ,[[EﬁETE}fIOL[[IIE Ha Ka XK J0C TCIIO (CM. pHG.).
. KT QGWMEH:F_HEEI;IHE.&H_" T TTo T oT T 3aKkoHa HeroTOHA B BEKTOPHOH
SNEKTPOHHOW NOANMACHIO
Ceptudbmkar: 12000002A633E3D113AD425FBS0002000002A6 3TOM OJIOK COBCPHIACT
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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k=510"H/M  mBmwxeHue. YureM, Takxke yto [ = mﬂrl / 2 u

r=0,2m a = &+ r (IMpocKalIb3bIBAaHHS HET ) H IIHHEHHOE
r=2c¢ YCKOPEHHE KpanHHX TOYeK OII0Ka paBHO
a-"7 e ? YCKOPEHHIO TOYEK IITHYpa. 3aMETHM, YTO

I10 TpeTheMy 3aKOHY HeroroHa T '=T1u 12" =T1>.

JIT1S TIpOEKIMH CHII Ha OCh X ITOIIYYHM

CHCTEMY YPaBHEHHIH:

mg —T, =ma
I, —mg =ma
< 1 » d
=

I,-r=1 -r=—myr" -
) 2

I +7T,+mg—-F =0.

CKIaJbIBas IIepBbIE TPH YPaBHEHHS, ITOITYYHM

(1)

1
ngmlga(am{ﬁrmﬁml]i
— 10-(3—-2) 4 , ,
a=- m, 2= a= ( ):— M/c” =1,33m/c”.
—m, +m, +m, 7.5 3
e=2_135 6661
r 0,2 c”
13 nepBoro ypasHenns Haifnem: 1, =T, = m, (g—ﬂ)z%:,OH.

M3 BrOpOro ypaBHeHHS HaiigeM: 1, = Tl' =m, ( g+ a)z 22, 7TH.

3 4yeTBepTOro YpaBHEHHUSI HaHIeM F:

F=T+T,+m,g=987H.

Y amuHeHHe TIPYKHHBL HaiaeM H3 (OpMYIHL 3aKoHa ['yka:

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OTO VyAIMHEHHE TPYXKHHBI ITIPH JIBIDKYIIUXCSA TIpy3ax. Ecam 3acTomopurs OIOK, TO
F, = (ml +m, +m, ) g =100 H , 4ro BEI30BET YATMHEHNE TIPYXKHHEL TOYHO 2 cM. C HayalnoM

IBHJKEHHS IIPYKHHA COKpaTHTCS Ha =~ (),3 MM. M3 crcrembl ypaBHeHHH (1) MOKHO ITOIYYHTE (POp-
MYVIIY JUIS Pa3sHOCTH CHILI HAaTSDKeHUS AF=F| — F:

(mz —m, )2
|

E U—|—F’HE—|—I’H1

HCITOIIB3YA KOTOPYIO MOYHO OLICHHTE H3IMCHCHHEC PACTLKCHITA ITPYAKHHBI

AX'=AF[k=0,27 mm

AF=

g-.-

YTtoOK HAaHTH KIHECTHUYCCKYIO SHEPI'HIO BCEH CHCTCMDBI, HalIeM KHHETHYCECKVIO SHEPIHIO IT0-
CTVIIATCIIbHOI'O ABHXCHHA I'PY30B Krp H KHHECTHHUCCKYIO SHCPIHK BPAIlATCIIBHOI'O ABHKCHIA

Ommoka Kisy:
(m, +m, 0*
K, = > :
m,+m, )a’t” 5-1,33%*.4
Tak kaxk U = at = Krp:Krp:( : ”) :5 55 ~ 17,7 JIx.
2 2
I’ ,, 2, 2
K :% TaKKak @ =0U/r, H I:mﬂr“/fl:,m Kﬁﬂzﬁzﬂr? =9 JIx.
.r“

Taxim oOpaszoM ojiHast KnHeTHueckKas sHeprusd K=K, + Ksn = 26,7 1K

3amaua 3. /IBa CBHHI[OBHIX IIIapa MaccaMH 77211 = 2 KT H m> = 3 KT ITOJIBEIICHEI Ha HHTSX JJIHHOMH /
=70 cM. IlepBOHaYaIpbHO IIAPHI COITPHKACAIOTCSA MEKAY COOOH, 3aTe€M MEHBIIIHH IIap OTKIOHIIH
Ha yron & = 60°u ormmycTiiin. CunTas yaap IeHT pallbHBIM H HEYITPYTHM, OITPeJISTIHTE: 1) BBICOTY
h, Ha KOTOPYIO TTOJHHMYT CSI IIapkl IOCTIe yaapa; 2) sHepru AT , H3pacxXoJOBaHHYIO Ha Je(op-
MaI[HIO IIIaPOB IIPH YAApE.

Peutentie.

Ymap HeynIpyrui, II03TOMY IIOCIIe yaapa IIapbl ABHIKYTCS C OOMIEH CKOPOCTHIO U, KOTOPYIO
Hal[eM H3 3aKOHa COXPaHEeHH I HIMITYJIbCa.

mo, +mup, =(m +m,)v, (1)

¢ v, H v, — CKOPOCTH HIapOB 10 Y/apa. CI{DPDGTB L, MAJIOIO Iapa HaHACM H3 3aKOHa COXpa-

HeHH S MeXaHHYeCKOH SHCPITHH.

ONOKYMEHT NoanncAH £ Y ,
SNEKTPOHHOWM NOoanUCbLIO 2
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapenet: llebayxoea TaTeAHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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. .
v, = [2gh =2,/2gl(1-cos @) = 2,[gl sin—,~ (2)

(ywnn, yto A =I[(1-cosa)).

W3 Bripakenuit (1) 1 (2) MpH yenoBHH, YTO v, = (), TTOIYYHM:

L= mu, _ 23 (3)

m, + m, m, +m,

3 3akoHa COXPAHCHI A MEXaHHYC CKOH JHEP-
I'HIT HMCCcM.:

-

v
(m, +m3)?: (m, +m,)gh,

OTKVI4 HCKOMasA BBICOTA.

0> ZHIEJHiIlj “
h _ _
2¢g m +m,
(ywn popmyry (3)).

OHeprus, H3pacxoJoBaHHAas Ha JAe(pOpMaIlHIO ITapoB IIPH YAape,

AT =YLt m, 0, (4)
2 2

HITH, TI0JIcTaBHB (2) B (4), HAXOIHM:

mm, . ,o
AT =2gl—2sin” —.

m +m, 2

Berumcrnasa, momydaeM: 1) 2= 5,6 cMm; 2) AT = 4,12 JIxk.

3Jamaga 4. MOTOLUHMKIINCT €IET IT0 TOPH30HTAILHOH Jopore. Kakyro HaHMeHBIIYIO CKOPOCTh » OH
JIOJDKEH Pa3BHTh, YTOOBI, BEIKIFOYHB MOTOP, IIPOeXaTh II0 TPEKY, HMEIMIEMY (POPMY «MEPTBOH
IETIIHY paguycoM R = 4 M. TpeHHeM H COIPOTHBIEHHEM BO3/[yXa IpeHeOpeysb.

JlaHo:

R =4 M | 3arnaiem ypaBHeHHE JIBHKEHH A

MOTOLHMEKIIICTA B EEPKHEﬁ TOYKE

v =" «MEPTBOH IETIINN:

NOKYMEHT NoanucAH
3NEKTPOHHOW NOANUCHIO
Ceptudmkar: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LleBayxoera TaTbAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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N=0, To a = v*/R, ¥ CIIeJOBaTEIBHO

2

%:mg, 0 Ulz-../gR (1),

A€ ©») — CKOPOCTh MOTOIIHKIIA B Eep}{HEﬁ TOYUKE {{MEPTEIDﬁ TIETIIH.

Ilo 3dKOHY COXPaHCHIA SHEPI'HH, IIOJIHAA SHEPIHAMOTOIHKIIHCTA Ha I‘GpHBGHTElHLHGﬁ HOPOI'E,

4

mu-
PaBHAS €r0 KHHETHYECKOH SHEPIHH 5 OVIET paBHA ITOJIHOH 3HEPITUH B BEPXHEH TOUKE «MEPT-
p
BOH IIETIIHY», TO ECTH CyMMe ITOTEHI[HAIBHON SHEPITHH M 2h M KHHETHYECKOH 2' . TaknM 06-
2 2
o, mu > ’
pa3zoM HMeeM BN =mgh+ — V3 mocneHero paBeHeTBa momyynM V- = 2gh +v,. Tak

Kak h=2R .10 Ul2 =0’ — 4gR. TloxcraBmsgeM IOTyYyeHHOEe BhIpakeHHe B (1) HaiigeM, 4To

V’=4gR+ gR=5gR, u L=4/5¢R =0, 141 w/c = 14,1 cm/c.

3amaua 3. ['py3 maccor m = 80 KI' TTOJHIMAIOT BJIOJIE HAKJIOHHOM TUIOCKOCTH C YCKOPEHHEM a = |
M/c”. J[IIMHA HaKIIOHHOM INTOCKOCTH / = 3M, YIOlI ¢ €€ HaKIOHA K TOPH30HTY paBeH 30°, a Kos(-
¢uigeHT Tpennd = 0,15. Onpenemuts: 1) paboTy, coBepIlIaeMyrO ITOAbeMHBIM YCTPOHCTBOM, 2)
ero CPeJHIOI0 MOINHOCTD; 3) ero MaKCHMAaIbHYI0 MOINHOCTh. HadanbHasi CKOpOCTh I'Py3a PaBHA

HYITIO.

Peuteniie.

YpaBHeHHE ABHKEHHS I'Py3a B BEKTOpHOH popme: ma=F+F +F,+F_ +N .

B npoeximax Ha ocH x U y (puc. 16) 310 ypaBHeHHe nipumMeT BUX ma=F-F - F , 0=N-F,,

rne F,=mgsina, F,=mgcosa, F, = fN = fmgcosa..

[TosTomy
F=m(a+gsina+ fgcosa).

PaGora, copepImaeMas IoaAbeMHBIM YCTPOHCTBOM,
A=Fl=ml(a+gsina+ fgcosa).

CpeIHsisi MOIITHOCTE, Pa3BHBaeMasl ITOABLEM-
HBIM YCTPOHCTBOM,

A
(P)==,
I

AOKYMEHT NoarnnMcAH

INEKTPOHHOW NOANMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa
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MakcHMalIbHasg MOIIHOCTE., Pd3BHBAcCMaiad IIOABCMHBIM }"GTprICTEGMZ er = FU"m = Fat .

[TomcraBmsd 3HaueHH S, TTolrydaeM P = m+2al(a+ gsina+ fg cosa).

Berumcernasa, HaxompM: 1) 4 = 1,72 xJIxk; 2) (P) =702 Br: 3) P =141xkBr.

3amgayua 6. [Hlapuk maccon m = 300 T yIapHiIcs O CTEHY H OTCKOYHII OT Hee. OIpeAeIuTh HMITYIILC
p1, TIOTYYEeHHBIH CTEHOH, €CJIH B 5TOT MOMEHT Ilepe] yIapoM IIapHK HMelI ckopocTh 10m/c,

HaITPaBJIEHHYIO ITOJ VITIOM ¢ = 30" K ITOBEPXHOCTH CTEHEI. YIAap CUHTATh aOCOIIOTHO VIIPYTHM.

Peuenile:

[To ycmoBHIO 3amaun ygap aOCOOTHO YIIPYIHH, ClIeIoBaTeIbHO, CKOPOCTh MIapHKa IO a0COJIFOT-
HOMY 3HAYEHHIO JIO M TIOCIIE YAapa OJHHAKOBHI, T.€. U = U, .

[IprMeHHM 3aKOH cOXpaHeHH S HMITYIIbCa(B IIPOEKI[HIX Ha OCH KOOPJHHAT):

Vipy, = 0= m(U,, — u_\_) =m(U,, - uﬂ_\_) =0

X. .trjl.r — .trjl — m(url'].r - (_Uﬂ.r)) — Zmuﬂ.r ?

IJe v, =U,sina

AN |

p, = 2my,sinax

«
~Z

TOrIa

P;=2 -0,3x2"10m/c* sin30°=]15——

C

3amaya 7. /IBa CBHHIIOBBIX IIapa MaccaMH 7711 = 2 KT H mi» = 3 KT TIOJABENIEHE]I HAa HUT SIX JIIHHOH /
= 70cM. IlepBOHAYAIILHO IIAPEI COITPHKACAIOTCSA MEXAY COOOH, 3aT€M MEHBIIHH IIap OTKIOHIIH
Ha yron ¢ = 60° u otirycTiiid. CyumnTas yaap ILeHT pallb-
HBIM H HEYIIPYTHM, OIPEAelIHTh BEICOTY /2, Ha KOTOPYIO
IIOJHUMYTCS IIapel ITOCIIE yVAapa H 3Hepruro AT H3pacxo-

IOBAaHHYIO Ha Je(OopMaIHIO IIIapOB IIPH YIAPE.

Peueniie.

Yaap HEVIIPYIHH, ITIO3TOMY IIOCJIE yaapa Iapbel ABIDKYICS C OOINEH CKOPOCTBIO U, KOTOPYIO
HaHIeM M3 3aKOHA COXPaHeHH S HMITYIIbCa:

LTI S T Y —fﬂll _|_m1)]_}? (].)

ONOKYMEHT NoanncAH
SNEKTPOHHOWM NOoanUCbLIO
Ceptudhikar: » 12000002A633E3D113AD426FBS0002000002A6 OCTB L, MAJIOI'O IIIapa HEIIUI,[[EM H3 3dKOH4d COXpPa-
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa
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OTKYJIa:

v, = \[2gh = 2/2gl(1- cos @) = 2\l ﬁin%, (2)

(yunn, yto h =I(1-cosa)).

W3 Berpaxkenwii (1) u (2) npH yermoBHH, YTO v, = 0, ITOITYYHM:

.
mo _Zml@mng

Fﬂl-l—fﬂj H‘Il -|—»“'F'Ij

(3)

)=

3 3axoHa COXPAaHCHITA MEXaHHYC CKOH SHEPIrHH HMCECM.

-

v
(m, +m3)? = (m, +m,)gh,

OTKYId HCKOMAA BBICOTA.

(ywm dopmymy (3)).

DOHEPIrHs, H3PacxXoA0BaHHA Ha Je(OopMallHIO IIapOB IIPH VAape,

AT =L g
2 2

HIIH, TI0JIcTaBHB (2) B (4), HAXOIHM:

mm, . ,d
AT =2 gl ——*—sin" —.
m, +m, 2

Berumcrnasa, mommydaeM: 1) 2= 5,6 cMm; 2) AT = 4,12 JIxk.

3amgaya 8. [lap maccon m = 5 KT M pagycoM R = 5 CM Bpallaercs BOKPYI OCH, ITPOXOISILeH

yepes ero LEHTP. YPaBHEHHE BpallleHUs Ilapa HMeeT BHI @ = A + Bt” +Ct’ ,rne A =2 pan, B

=16 pa,w’r.:z, C=-2 pa,zL/-::3. Hariti 3aK0oH M3MEHEHH S MOMEHTA CHJI, JEHCTBVIOIMX Ha IIap M
OITPEAEIINTE MOMEHT CIJI M B MOMEHT BPEMEHH f = 2C.

HaHo:
m = 5Kr ‘I:l:al{ KaK MOMEHT HHEPIHH IIIapa ITOCTOSHHBIN, OCHOBHOE ypaB- R =
S.1072 Hele TUHANMUKL RNATTATATLHOTO IBHKEHHSI HMeeT BHI
OOKYMEHT NOANUCAH
INEKTPOHHOW NOArNMcCbIO M=1I ¢ (1)
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 ’
Bnapeney: - WeBayxoea TatbaHa AneKcaHapoBHa I, & — VITIOBOE YCKOPEHHE TEIIA, B =
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16 pag/ c? M — MOMEHT CHII, IEHCTBYIOII[HX Ha HETO. C=-2
3 2 2
paxg/c’ . Tl mapa MOMeHT HHepimH [ = ng“ . (2)

I=2c¢

M(t)y=7T7M2) ="

Ilo QITPEACIICHHIO YITIOBOC YCKOPCHIIC CCTh BTOPAA ITPOH3BOJHAA OT VI'JIa IIOBOPOTA Bpallla-
HOINCIOCA TCII ITO BPEMCHH

Fr f

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

[TomcraBmsast (2) u (3) B (1) u HCIONMb3yA WHcIeHHBIe 3HaYeHHI A, B n C HaiJeM 3aKOH H3Me-
HEHH S MOMEeHTa CHII, ACHCTBYIOIIHMX Ha IIap.

M(r):éfn}v‘f2 -(23+ 6Cr):(0,16—0,06r)H-M.

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

3agaga 9. /luck pagnycoM R = 0,5 M u Maccon m = 50 KI pacKpydeH A0 YaCTOTEI BPaIleHHI
n = 10 ¢! u npemocraeneH camomy ceGe. ITox AefiCTBHEM CHII TPEHHS MAXOBHK OCTAHOBHIICS
yepes 60c. HaliTH MOMEHT CHII TPEHHSI.

,HEIH!DZ (COrnacHo OCHOBHOMY YPABHCHHKO JHHAMHKH BPAIIIATCIIBHOI'O ABHACHH A
R=05M dL./dt =M,
(1)

m= 50 kT TIIe dLY— H3MeHeHHe ITPOeKIHH Ha och X MOMeHTa HMITy/IbCa JIHCKa,

n =10c! |Bpamaromerocs oTHOCHTENBHO OcH X, COBITAAAIOIIE ¢ TeOMETPHYECKOIT

t=60c OCBIO JIMCKA, 32 HHTepBAI BpeMeHH df. M . — ITPOEKIIHA Ha OCh X MOMeHTa M =7

BHECITHITX CHII (E JaHHOM CJIIVHUAC CHII TPEHIIH):, ,[[EﬁGTE}fIOL[[ID{ Ha JHCK.

CynTaeM, YTO MOMEHT CHJI TPEHHS CO BpeMeHeM He H3MeHSIeTCS, TOrJa YpaBHEHHE
(1) MOJKHO 3aIlHcaTh B BHJIE:

AL =M At (2)
M3MeHeHHe ITPOeKIMH MOMEHTa HMITYJIbCa

AL =1 -Aw. (3)

[OKYMEHT MOAMNVCAH
SNEKTPOHHOW MOANUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: ebayxoea TaTeaHa AnekcaHgpoBHa

IOCHTEIILHO OCH X

R*[2-Aw. (4)
105
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V3sMeHeHHe YIIIoBOIl CKOpocTH A = @, — @, = 27tn, — 27tn, = 27w(n, —n, ).
Torma n3 (4) momydnm

v - ,?.?.'.a*:!fu‘?&‘Z(M2 _”|)_
' At

Tak xkak Af =1, a n, =0 (IHCK OCTAHOBHIICS) TO, TOACTABHB JAHHbIE, ITOIyHM, YTO

M= M,=654HwM.

[IpoBepHM pa3MepHOCTH ITOIYYeHHOIO Pe3yiIbTara:

2 -1 2
KI-MC KI[*M  KI'M
=———=—-5—M=HxwMm.

C C C

3amga4a 10. Yemorek maccon 60 KT CTOHT B I[eHTPe CKaMbH JKYKOBCKOI'O H BMECTE ¢ HEH Bpalla-
eTcs 1o HHepipH. YacTora BpameHHd n1= 0,2 1/c. B BRITIHYTHIX B CTOPOHY PyKaxX YellOBeK Jep-
KHT 10 TaHTEeIM MacCcOoH 0 KT Kaxmas. PaccrosHue Mexay rairersyi 1,6 M. OrnpefeniTs. 4a-
CTOTY BpallleHHS 12 CKAMBH C YEJIOBEKOM, ITOCJIE TOI'O, KaK OH OITYCTHT PVKH, H PaCCTOSHHE MEKIY
TaHTEISMH cTaHeT paBHBIM 0.4 M. [IpH pacuere MOMEHTOB HHEPIIMH YEIOBEKA IIPHHSITEH 34 IH-
THHAP pagnycoM 10 cM, a cKkaMbIO CUHTATh JHCKOM pagnycoM 0.4 M 1 maccor 10 kr. Harth mus-
MEHEHHE SHEPIHH BPAIarOIIENC s CHCTEMBL. T peHHeEM ITpeHeOpeyb.

JlaHo:
m1= 60 KT ‘ ,

1&
F1= U:,l M L
m>= 10 kT

r=0,4M ' J, >,

n=0,2 ¢!

L=0.4M ’

= 156 M e : S

mi=0 KT

n2 -7

AW -7

YenoBek BMeCTe €O CKaMbEH COCTaBIIIET 3dMEKHYT YO CHCTCMY, BPAIlldIOIIIYEOCH BOKPYI BCPTIH-
KaJIbHOH OCH. I[JIH TaKOH CHCTEMBI CIIPABCIJINEB 3dKOH COXPAdHCHIA MOMCHTA HMITYJIBCA.

[OKYMEHT MOAMNVCAH |
3ANEKTPOHHOW NMOANUCHIO Lha=hao, (1)

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu; Webayxoaa TatbaHa AnekcaHapoBHa H H B ITIODOH ﬂp}ff(}ﬁ MOMEHT BPEMEHH.
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31eck [ — MOMEHT HHEPLIHH, @ — YITIOBAasl CKOPOCTh. /| COCTOMT H3 MOMEHTOB HHEPIIHH CKaMbH
g g
I.x= mar /2, yenoBeka — Iy =mr1“/2 (CKaMbs H YeJIOBEK CUHTAIOTCS CIUIOIIHBIMH IIIIHHAPAMH) H

nByX rauteneil L=2ms(l/2)".

[TosToMy [ = lmr2+1mr3+2m {ZE}H
1| A TR0 T S TR 3| A
2 2 2

YTroBas CKOPOCTDb {1’_}1 = 27T n,. AHEIJIGI‘H‘IHD:. 1A BTOPOI'O ITOJIOKCHHA raHTeleH HIMeeM

1, 1, LY
I,=|—mpr, +—mr +2m,| = | |; uw, =27n,

2 2 2

I

[TogcTaBuB 3TH BhIpaKeHHT B(1) IMOmydImM:

| , 1 , [, \ | , 1 , [\
Emzf; + Emlrl“ +2m, [E) -27Tn, = Emzrz“ + Emlrl“ +2m, [E'} 27N, .

] 1
[5-10-0,16+5-6O-0,01+12-0,64)-0,2 1756 . 06

i, = — _l,l_

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

2

KireTHnyeckas SHepri BPaLlaroLeErocs Tella BEYHCIIIETCS 110 popMylle  W=Iar/2.

wo Dol 878158 _ oy Lol 158487
2 2 > 2 2

AW =W, —W =31,6 T

= 38,5 JIx;

3amaua 11. OQHOPOAHEIN TOHKII CTEPXKEHL MaccoH my = 0,2 KT M JJIMHOHN / = 1M MOKET CBO-

OO0JIHO BpaIlaThCsI BOKPYT TOPH30HTAIBHOH OCH Z, ITPOXoAiei yepe3 Touky O (cM pHc.) B Touky
A Ha cTepiKHe IonagacT INIAaCTHIIMHOBEIN IMapHK, MacCcOr mp = 10 I, IeTSAIHH TOPH30HTAIIBHO CO

CKOpPOCTRIO » = 10 M/c M IIpHIHITAaeT K cTepkHIO. OINpeJeliTh YIIIOBYIO CKOPOCTh CTEP/KHS @ B
HayallbHBII MOMEHT BpeMeHH, eClIH a=40=[/3.

JlaHo: ._v_ A
m =02 kT a
[=1M 0
my=10T=0,01 kT ¢ |
v=10 m/c
a =1/3
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CurTas CHCTEMY TeJl H3 IIapHKa H CTEP:KHSI 3aMKHYTOH, IIPHMEHHM 3aKOH COXpaHeHHS MO-
MeHTa UMITYIIbCca: Lo = L (1)

B HayaJIbHBIH MOMEHT yapa VYITIOBas CKOPOCTh CTEPKHS an=0, IMMO3TOMY €0 MOMEHT HM-
nymnbsca Loy = 0. IIpH 5TOM JETSIIHH IMapHK ITOIaJgacT B TOUKY 4, CIeJ0BaTeIlbHO OTHOCHTEIIBHO
ToukH O (ocH BpamieHHs) oOnajaeT MOMeHTOM HMITYIIbca Lox = mova, TIe a — PacCTOSHHE OT
TOYKH ITOITagaHu s 10 ToukH O. TakuM o6pazom Lo= 0 + mava.

[ IpHIHIIIHI K CTEPIKHIO IMApHK OYIeM CUHTATh MaTe PHAILHOH TOYKOH, BPAI[AKOIIEHCS C VI-

JIOBOI CKOPOCTBIO CTEPIKHS @H, ETO MOMEHT HMITYTIbCa PaBeH L» = moa’ @. I — MOMEHT HMITYIIbCa
CTEPJKHSL, Te [ — ero MOMEHT HHEPIHH OTHOCHTEILHO OCH BpallleHHs. Torja MoMeHTa HMITYIIbCa

CHCTEMBI CTEPIKEHb—INAPHK OYIET paBeH Lo = [ @ + maa® @. I1oACcTaBIIsII IPHBEIEHHEIE BEIIIE BBI-
pakeHHI B (1), momydIHM

.,
nooa = o+ nha” w.

m,d
CremoBaTelIbHO, = —. (2)

I +m,a”
YT1oOw1 HANTH / OTHOCHTEIILHO TOUYKH (J, BOCIIONL3yeMcCS TeopeMoH LlITelHepa:

I1=1,+m(0C),

rae lo=mil*/12 — MOMEHT HHEPIIHH CTEPKHS OTHOCHTENBHO ToukH C (1ieHTpa Macc). PaccTosHie
OC=1/2 — /3= 1/6, Tora

ml’ > ml’
[=——+m—=
12 '36 9
o~
C y4eToM (2) TTonydynM @ = ,}H 3 _ = S1m,L — 3-0,01-10 — 1,43 paia
mIE“erEE“ (m,+m,)l (0,01+0,2)-1 C
9 9

Bonpocet u 3a0 anui.

Pabora. PabGoTta nepeMeHHON CHIIHI.

MOIIHOCTS.

KoHcepBaTHBHBIE H HEKOHCEPBATHBHEIE CHIIBL. [loTeHIMaIbHAS SHEPIHAL.
CBs3b MEXKY CIIIOH H ITOTEHIHAIIBPHOH SHEPTHEH.

DOHEpPrus yrpyro aeOpMHPOBaHHOIO TeJla.

KuHeTHuecKas SHEPTHS U € CBS3h ¢ paboTOH ITPIIOKEHHBIX CHIL
[IonHass MexaHH4YeCcKas 3HEPrHsI CHCTEMBI TETL.

3aKOH COXpaHeHH I MEXAHIYECKOH SHEPIHH.

Jluccuriaigisa SHEPrHH.

10 IloHsTHE aOCOIFOTHO TBEPAOIO TEla.

11. ITocTyraTenbHOE M BpaIarelIbHOe ABHKEHHUS Tella.

17 TTrrama ararrarrarr annfAnmTry
NOKYMEHT NMOANMCAH
SNEKTPOHHOW MoAMnCelo
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17. PaGota 110 BpallleHHIO TETIA.
18. KunHeTHYeCcKasa sSHEPIrHS TElla, BPallaroIerocs BOKPYT HEITOABHKHOM OCH.

3azavn V18 cCAaMOCT OATEJILHOTI0 pellleHu s

1. CHapsx Maccoit m = 10 kT oOmagan ckopocTbio » =200 M/c B BepxXHeH TOYKe TpaeKTOpHH. B
5TOH TOYKE OH Pa3OpBalICd HA ABE YacTH. MeHBIas MacCcOH mi =3 KT ITOJIYYHIa CKOPOCTh U =
400M/c B IIpeKHEM HampaBiIeHHH. HaliTH CKOPOCTh 12 BTOPOH, OONbINNEH YaCTH ITOCTIe Pa3phiBa.

2. I'py3HK, IIPHBS3aHHBIH K IITHYPY IIMHOH /=50CM, OIIMCEIBAET OKPYKHOCTH B TOPH30HTAIIbHOH
TrocKocTH. Kakoil yron ¢ o6pasyer IIHYp ¢ BEPTHKAIBIO, ECIIH YacTOTa BpalleHnsI n = ¢,

3. I'pysHK, IIpHBS3aHHBIN K HUTH JJIMHOH [ = 1 M, OIINCBIBAET OKPYKHOCTH B TOPH30HTAJILHOM

IDIOCKOCTH. OTpeieInTh IepHo; 1 oOpaleHH s, eClIH HHTh OTKJIOHeHa Ha yroil ¢ = 60° oT BepTH-
KaJIH.

4. ABTOMOOIIB HJIET 10 3aKPYITIEHHIO IIIOCCE, PaJHyC R KPHBH3HEI KOTOpOro paeseH 200 M. Ko-

a(pHIHEHT TPeHHS 4 KOJIeC O MOKpHITHe JoporH paBeH 0,1 (romomnex). IIpH Kakoi CKOPOCTH v
ABTOMOOMIII HAaUHeTCd ero 3aHoc?

5. Kakyio HaHOOIBIIIYIO CKOPOCTh ¥max MOKET Pa3BHTh BEJIOCHIIEAHCT, ITPOe3Kasd 3aKpYyIrIIeHHE
pamrycoM R=50M, ecim K03 PHIMEHT TPeHHI CKOIbXEHHS 4 MEKIY IIMHAMH H ac(aIbTOM pa-

BeH 0,37 KakoB yroll ¢ OTKIOHEHHS BeJIOCHIIENA OT BEPTHKAIM, KOTAa BEIIOCHIIEAUCT ABHKETCS
I10 3aKPYITIEHHIO?

6. KamMeHb CKOIB3HT ¢ HaHBBICIIEH TOYKH MOIyc(eprl, pajgnyca R. Kakoi JIHMHEL YTy OIHIIET
KaMeHb, IIPEXJIe YeM OTOPBETCS OT €€ MOBEPXHOCTH? TpeHHeEM ITpeHeOpeyb.

7. Pakera maccoil m=1m, 3amnyIneHHas ¢ IIOBEPXHOCTH 3eMIH BEPTHKAIILHO BBEPX, IIOAHIMAETCS
C YCKOpeHHeM a=2g. CKOPOCTh ¥ CTPYH I'a30B, BRIPBIBAIOIINXCS H3 coIllIa, paBHa 1200 m/c. Haiith
pacxo] Om FOPIOYETO.

8. HMapux maccon m = 300 r yagapwics O CTeHY H OTCKOYMJI OT Hee. ONpele/HTh HMITYIIBC p,
ITOJIYYEHHBIN CTEHOH, €CIH B ITOCIIEAHHI MOMEHT IIEPEN VAAPOM IIapPHK UMET CKOPOCTh vy = 10
M/C, HAIIPaBIIEHHYEO IO YITIOM a=30" K IIOBEPXHOCTH CTEHBI. Yap CYHTATh a0COIIOTHO YIIPYTHM.

9. Tenmo Maccot m=>5 Kr OpoIleHo 1o YoM a=3() K TOPH30HTY ¢ HaYaIbHOH CKOPOCTEIO vo= 20

M/c. IIpeHeGperast COIPOTHBIIEHHEM BO3AyXa, HATH: 1) HMITyIbe cHIBl [ | HeficTBYIOINEH Ha
TeJIO0, 3a BpeMs ero IoJleTa;, 2) H3MeHeHHe Ap HMITYIIbca Tela 3a BpeMs IoJIeTa.

10. MarepHanbHas TOUKa Maccoil m = 1 KT, IBHTasICh PaBHOMEPHO, OITHCHLIBAET YETBEPTH OKPY K-
HOCTH pajuyca r = 1,2 M B TeueHHe BpeMeHH ¢ = 10 ¢. Hanti u3sMeHeHNe Ap HMITYIIbCa TOUYKH.

11. Y3 1ByX coymapsrornixcsa abCOMOTHO YIIPYTHX ITapoB OOJIBIIII IIap ITOKOHTCS. B pe3yisTare
IIPSMOTO yAapa MEHBIIIHI Iap IOoTepsil 3/4 cBoeH KHHEeTHYEeCKOH sHepruH 1. OmnmpeeNTh OTHO-
IeHne k=M/m macc 11apos.

12. IIap maccon m = 1,8 KI' CTAJIKMBAETCS C IIOKOSIIEMCS IIapoM OoJIbIer MacCel M. B pe3yib-
TaTe IPSIMOr0 YIIPYIOro yaapa Imap rmotepsu1 30% cBOeH KHHETHYECKOH 3Hepruu 1. OIpeeimTh

AOKYMEHT NOANMMCAH
SNEKTPOHHOW NOAMUCHIO
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13. Iap, maccoii m; = 200 T, ABIKYIIHIICSI CO CKOPOCThIO v; = 10 M/c, yaapseT HEITOABHKHBII
map Maccon mp = 200 r. Yaap npssmoH, abCOIOTHO VIIPYTHH. KaKOBBL OVIVT CKOPOCTH u) H U2
I1apoOB IOCIE yapa?

14. MomnorkoMm, Macca KOTOporo mi = 1 Kr, 3a0HBarOT B CTEHY I'BO3Ab MAacCOH m2 = 75 r. Onpeje-
nuth KI1J] # yoapa MOIOTKa IIpH JaHHBIX YCIIOBHSX.

15. boek cBariHOro Momnora MaccoH m = 500 KT ImafjaeT ¢ HEKOTOPOH BBICOTEI HA CBAXO MAaCCOH M2
= 100 r. Hanitu KIIJI » ymapa Gofika, cuHTas yaap HeyIIpyruM. M3MeHeHHeM IT0TEHI[HAIbHOH
SHEPTHH CBaH IIPH YITIYOIIeHHH ee ITpeHe0peys.

16. MomnoTt MaccoH m = 5 KT yaapseT HeOOoJIBIIOH KYCOK JKelesa, IeKalllii Ha HakoBanbHe. Macca
m HaKoBalIbHH paBHa 100 kr. Maccon Kycka ejesa ImpeHedpeys. Y aap HeYIIpyrui. OnpeaeiInThb
KIIJ] # ymapa Mosora IpH JaHHBIX YCIOBHSX.

17. Momnekyia pacragacTcsa Ha JBa aToMa. Macca OJHOTr0O M3 aTOMOB B n = 3 pasa OO0JIbIlle IpYy-
roro. IIpeHeOperas HauaJIbHOH KHHETHUYECKOH SHEPrHeH H HMITYJIbCOM MOJIEKVIIBI, OIIPEAEIIHTD
KHHETHYECKHE SHEPrHH 11 H 12 aTOMOB, €CIIM HX CYMMapHas KHHeTHuecKas sHeprus I = (0,032
HJ[K.

18. KoHbpKOOekKell, cTOS Ha JIbY, OPOCHII BIIEPE] THPO MACCOH my = 5 KT M BCIIEACTBHE OTHadH
ITOKATHJIICS Ha3aJ CO CKOpPOCThIO v2 = 1 M/c. Macca koHbKoOek11a 1y = 60 kr. OnpeaemiTh paboTy
A, COBEPIIIEHHYIO KOHBKOOEKIIeEM IIpH OpOCaHHH THPH.

19. Smpo aToMa pacltafacTcs Ha ABa OCKONKAa MaccaMH m; = 1,6:10% kr 1 ma = 2,4-10"% k.
OIpeermiTh KHHETHYECKYIO SHEPTHIO 1> BTOPOIO OCKOIIKA, ECIIH SHEPTHS T, IIEPBOrO OCKOIKA
paBHa 18 H][XK.

20. Ilpwu BRICTpETIE H3 OPYAHSA CHAPSI Maccor m = 10 KT moinyyaeT KHHETHYECKYIO SHEPTHIO 1| =
1.8 x/IK. Onpenennrs KHHETHYECKYIO SHEPIHIO 12 CTBOJIA OPYAMS BCIEACTBHE OTIAYH, €CIIH
Macca mz CTBOIa opyaus papHa 000 KT.

21. Yepes HEMOABHKHBIN OJIOK MacCOH m = 0,2 KT IIEPEKHHYT IITHYP, K KOHI[AM KOTOPOI'O ITOIBE-
CHIIH I'Py3bl MaccaMH 1m1=0,3 KT H m»=0.5 kr. OnpeaenuTs CWIbl 11 U 1> HaTSCKeHHUS IITHYPa I10
00e CTOpOHHBI OITOKA BO BpeMS IBHKEHHS I'PY30B, €CIIH Macca Ol10Ka paBHOMEPHO pacIIpeielieHa
110 o0oay.

22. Yepes ONI0K, HMEIONIHH (pOpMY JHCKA, ITIEPeKHHYT IMHYP. K KOHI[aM ITHypa IIpHBS3aIH I'PY-
3HKH Maccor m= 100 r u my= 110. C KakuUM YCKOpeHHEM a OYAYT ABHUTaThCS IPY3HKH, €CIIH
Macca m 0oka pagHa 400 r? TpeHHe IIpH BpalleHHH 0JI0Ka HHYTOKHO MaJIo.

23. Ban maccorn m =100 KT # pamiycoM R = 5 CM Bpalrajcs ¢ YaCTOTOH n = 8 ¢!l K I HIPH-
YECKOH ITOBEPXHOCTH Bajla IIPHKalll TOPMO3HVIO KOIOAKY ¢ cuion F= 40 H, mox nencTeHeM KO-

TOPOH BaJl ocTaHOBHIICS Yepes ¢ = 10 ¢. OnpeaemnTs KO3(QHIMEHT TPEHHS U,

24. Ha ropH30HTaJIbHYIO OCh Haca’kKaHbl MaXOBHK H JIETKHI IIIKHB pajguycoM R= 5 cM. Ha mmkus
HAMOTaH IIHYP, K KOTOPOMY ITPHBS3aH Ipy3 Maccod m = 0,4 kr. OIIyCKasCh paBHOMEPHO, I'PY3
ITPOIIEN ITYTh s = 1,8 M 3a BpeMA f = 3 ¢. OnMpeIenHTs MOMEHT HHEPIIMH J MaxOBHKa. Maccy IIKHBa
CUMTATh IPeHeOpeKHMO MaJIOH.

ACKYMEHT NOAITMCAH Y0 cM 1 MaccoH m = 400 alll

| | I I'B dCTCH C VI'TIOBEEIM
INEKTPOHHOW NMOANMACHIO . P n
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26. HIap maccon m=10 Kr 1 paguycoM R= 20 cM BpalfaeTcsa BOKPYT OCH, IIPOXOAAIIEH Yepes ero
IIeHTP. Y paBHEHHE BpallleHus [lapa HMeeT BHJ p=A+Bt*+Cr, tae B=4 pan/c*; C=-1 pag/c*. Haiitn
3aKOH U3MEHEHH S MOMEHTA CHIL, JeHCTBYIOIUX Ha Imap. ONpeaeTh MOMEHT CHII M; B MOMEHT
BPEMEHH {; = 2 C.

277. UelloBeK CTOHT Ha CKaMbe sKYKOBCKOI'O H JIOBHT PYKOH MSY MaccOoH m=0,4 KT, JICTSIIHI B
T'OPH30HTAIIbHOM HaITpaBJIEHHH CO CKOPOCThIO v =20 M/c. TpaeKTOpHSA MSYa ITPOXOJAHUT HA paccTo-

ssHUH = (0,8 M OT BEPTHKAIILHOH OCH BPaIllcHH S CKaMbH. C KaKOH YITIOBOH CKOPOCTBRIO (@ HAUHET

BpaIlaThCs cCKaMbs JKYKOBCKOI'O ¢ YEIIOBEKOM, ITOMMABIIIHM MY, €CIIH CYMMapPHBIH MOMEHT HHED-
g

I[HH J YeTTOBEKA H CKAMBH PaBeH 6 KI"M ™’

IIpakTHYecKkoe 3aHATHe 4.
Tema 3anamus. MexaHn1ueckHe K0/Ie0aHHA H BOJIHbI

H €Jib 3AdHAMIUHA. I/IB}"IHTL OCHOBHBIC 3aKOHOMEPHOCTH KoJIeOaTeIbHBIX IMpoOHecCOB B MCXa-
HHEKCE.

T eopemuiecKdan Hacmeo.

MexaHHYeCKHMH _KO0JI€0aHMAMH HAa3bIBAIOT JBIDKEHHS TEIN, IOBTOPSIOIIHECS TOYHO (HIH
MIPHOITH3HTEIBHO) Yepe3 OJHHAKOBBIE ITPOMEXKYTKH BpeMeHH. [IpHMepaMH ITpocThIX Komneda-
TeJIbHBIX CHCTEM MOT'YT CIIYKHTh I'PY3 Ha IIPYKHHE HIIH MaTeMaTHYeCKHIH MasSTHHK.

KomneGaHna NMpoKO pacpocTpaHeHbl B IIPHPOJe H TexHHKe. KonebaTelnbHbIe IIPOIECCEHI
JIe’KaT B OCHOBE TaKHX OTPaclel TeXHHKH KaK 3IeKTPOTeXHHKA, PaJHOTEXHHKA H.T.J).

B 3aBHCHMOCTH OT XdpaKIcpa BO3JICHCTBHI Ha KGH&@HIGH.[}"I—OCH CHCTCMY, PA3JITYAIOT. CBOOO/I-

AOKYMEHRT, NOAIMMCAH [pI€ KOJIeOaHMs, aBTOKOJIEOaHH I H ITapaMeTpHUE-
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CroOoHBEIE KOJIeOaHH AL, COBCPHIAIOTCA ITO IIEHCTBHEM BHYTPEHHHX CH.JI CH-

CTEeMBEL, TT0CIIe TOTO, KaK CHCTeMa ObllIa BRIBeJieHa H3 cOCTOSHH A paBHOBecHS. (Ko-
neGaHNs TPY3a Ha IMIPYKHHE WIH KoJleOaHH I MassTHHKA SBISFOTCS CBOOOHBIMH KO-
TTeOaHHSIMH. ).

BBIHY/KIIEHHBIE - CHCTEMa ITOJIBEPracTCs BO3AEHCTBHIO BHEIIHEH, IIEPHOIHYECKH

H3MEeHSIOIIIIICSA CHITHL (KOoJaeOaHHe MOCTa MPH ITPOXO0KISHHH COJIAaT, HAYIIHX B
HOT'Y).

ABTOKONIECAHHS - CHCTEMa caMa YIIPaBIIIeT BHEIHHM BO3JeicTBHEM (MasSTHHK
JaCOB MOITy4aeT TOITYKH B MOMEHT ITPOX0KJEHHS e€ Uepe3 cpeHee IOJI0KeHHE).
[lapaMmeTpHUecKie KoJleOaHH - IPOHCXOAHT IMEPHOAHYECKOE H3MEHEHHE KaKOIO-

b0 ITapaMcTpa CHCTEMBIL 34 CHUCT BHCIIHEIO BO3IeHCTBHS (HBHPIMEP O HBI
HHTH MATCMATHYCCKOI'O MEIHI‘I—]III{E],).

(OCHOBHBIE XAPAKTCPHCTHEKH I'apPMOHHYCCKOI'O KOJIeOaHH

1. x- cMelleHHe- OTKJIIOHEHHE OT ITOJIOKEHH PABHOBECHA B IIAHHBIH MOMEHT BPEMCHII (MGH{ET

ObITh >0 1 <0)/

2. A— dMITTIHTYAd - MaKCHMAJIbHOC OTKIIOHCHHE OT ITOJIOKCHITA PABHOBCCH AL

3. T- IIEPHOJ - COBCPHICHHA OAHOI'O IIOJIHOI'O KoJIeOaHH .

4. wt- (paza KonmeOGaHH - XapaKTepH3YeT COCTOSHHE KoneOaTeIbHOH CHCTEMBI B THOO0H 3aJaHHBIH
MOMEHT BPEMEHH.

5. v-4acToTa - YHCII0 KojieOaHHH B €HHHIY BpeMEHH.

Ecimn x Havany HaOmroAeHHS (paza HMella HeKOTOpPOe HavallbHOe 3HaYeHHE @, , TO YPaBHe-

HHE 3aITHITICTCA:

x=A- Sm(@u + Wi ) - rapMOHHYecKoe KojleOaHHe ¢ HauallbHOH (pa30i.

CEﬂpﬂCTh H YCKOPEHHEC T'APDMOHHYICCROTO K0J1e0aHH A

CKOPOCTb - I'aPMOHHYCCKILX KoneOaHHH eCTh IICpBa:Ad IIPOHU3BOAHAA CMCIICHILA IIO BPCMCHI.

dS

I/IBEECTHID: HTO CKOPOCTb VvV = d—,[[JIH I'apMOHHYCCKOI'O KonleOaHH CKOPOCTDb OITPCACIBICTCA
[

dx d(A-sinwrt)

CIIEAYIOIIMM 00pa3oM vV = — = A-w-Ccoswt ;

CepTtudumkar:
Bnapeneu:

dt dt

V=A-W-COSWI | -cKOpOCTh TapMOHHYECKOT0 KONeGaHM S,

L dv _ d(A-w-coswr)
dt dt

2 .
= —A-w” -sin wt

OJOKYMEHT NOANWUCAH

ANEKTPOHHOW NOAMNUCHIO |
12000002A633E3D113AD425FB50002000002A6 [TPA TAPMOHHYECKOM KOJIEGaHHH.
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KonebatensHoe ABHKEHHE BBITIOIHIESTCS IO eHCTBHEM CIUIBI, KOTOPasd MOKCT OBITH

OITpeJieNieHa IT0 BTopoMy 3akoHy HeroToHa: £ = m1- @ , HO YCKOPeHHe IIPH FapMOHHYECKHX

2 .
KoneOaHHSIX ONpeJienseTcs 1o gopmyne d = —A-w” -sin wt , TIOJACTAaBHM 3HAYEHHE YCKO-

- 2 . :
PEHH S BO BTOPOH 3aKOH HBIOTOHA, TO F=—m-A-w” -sinwt “HO A-SINWIf = X, 10

9
F=-m-Xx-w cuma IEHCTBYIOIIAS Ha KOJIEOIFOIIIEECS TEIIO.

OHa ITPOITIOPHHOHAJIbPHA CMCIICHIIO, 3HAK «-» VKAd3bIBACT Hd., TO HTO CHIId HAIIPdBJICHA B

"
ITPOTHBOIIOJIIOAHYH CTOPOHY OTHOCHTCIIEHO CMCIIICHIHA. k=m-v~

F — _k " X KBa3HVYIIPYI'daid CHII4, BbI3bBIBAROIIdA KoJleOaTelIbHbIE IBHKCHI AL

BHEPFHH ITApMOHH'ICCKOTI' O K0.1€0aT eJIbHOT0 ABH/KREHHSA

KEHBH}TIP}TEIH CHIIa ABIIACTCA I{GHCEPEEITI[BHGﬁ H ITIO3TOMY IIOJIHAA MCXdHHYCCKAA SHCPI'HA
CHCTEMBI OCTAETCA ITIOCTOSHHOH. B ITPOIECCE KoneOaHHHI ITPOHCXOJIT TIPEBPAIICHHE KITHCTHYC-
CKOH SJHEPI'HH B ITOTCHITHAJIBHYIO H DﬁpﬂTHGﬁ l’[pH‘IéM B MOMEHTHI HAaHOONBIIEr0 OTKIIOHEHH S OT
TTOJIOKCHHA PABHOBCECHA TTOJIHAA SHEPI'HA COCTOHT TOJIBKO H3 TIOT EHI[HAJIbHOH SHEPI'HH, KOTOPAA

JOCTHI'acT CBOCI'O MAKCHMAIIBHOI'O 3HAYCHITA.

E=FE = ——— , A- aMIuInTyIa

[Tpu MPOXOkKIEHHH CHCTEMBI Yepe3 MON0KeHHe PAaBHOBECH S ITOJTHASI SHEPTHS COCTOHT TOIIBKO
M3 KHHETHYeCKOH SHEePIHH, KOTOPast JOCTHTaeT CBOET0 MaKCHMyMa.
2 2 2
m-v, m-AT-w

E:EI-.‘HH max o
| 2 2

I PYVKHHHBIN, MATEMATHYECKHH H PH3HYECKHHA MASITHHKH

IIpystcurnsiii magmuiK- 3T0 TPY3 MACCOH m IOABEIIEHHBIH HA VITPYIT O ITPYKHHE H COBED-
IIIAFOI[II TApMOHHYECKHE KOJIeOaHH L.

AN
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Kome6aHIsI MassTHHKA COBEPINAOTCS MoK AeficTBHeM yrioBoif cimel. F = —k - X, k-
KO3 ((HIIHEHT YIIPYTOCTH, a B CIIyyae ¢ IIPYKHHOH OH Ha3bIBaeTCsI KOA(P(PHIMEHTOM KECTKOCTH.

YpaBHeHHe ABIKeHHT MasSTHHKA 3aITHCHIBAETC:
m-a—=-—-k-x (3)
YckopeHHe- 3T0 BTopas MPOH3BOAHAS CMEIeHH I IT0 BpeMeHH
) o
m-x"=-k-x, Tk d =X

Paszgenrmv 00e yacTH ypaBHEHHS Ha m, TO ITOITYYHM

k
x'+—x=0 (4)
m
_ .k k 27
CpaBHHM MekIay coOoi ypaBHeHHS (2) H (4), 04eBHIHO, YTO w™ = —,a W= ,[—, W= ? X
m m

27T

I' = — _ neprox xoneGaHIs, TTOACTABIM B (GOPMYITY IepHOjIa KOIeGa IS 3SHAYEHHE w, Yepes k
W

27 m

um, 10l =—,1 = 273'-1’—
| k k
m

Hi
T'=2r ; - IICPHOA KomneOaHH I IMPYAITHHOI'O MAATHHEKA.

Du3nyecKuil MaSmHuUK - TEép,I[lDE: TEJIO CIIOCOOHOE COBCPILIATDb KoJ1eOaHHsI OTHOCHT EIIEHO OCH, HE
COBIIQJIAIOIIEH C NEHTPOM MdACC.

P

AOKYMEHT NoanncAH
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mg

M3 OCHOBHOT'O YpaBHEHHS AHHAMHKH BpaIaTeIbHOrO JBIKEHHS
J €=M  rne

M=—m-g-d-sing

Ti1st MaBIX KomneOanmit MoskHo royynts J -&— M =0
J-@"+m-g-d-p=0 (3)
Pazgemm ypaBHeHHe (3) Ha J

) , m-g-d
Beeném oOo3HaueHHe W,y — TTOIIVUHM VPABHEHIE
J r

" 2
40 + W t;") — 0:, KOTOPOEC aHaJIOTHYHO IIOJIIVUHCHHOMY PaHEC.

27T 27T
[Teprop xoneGaHHsI PH3HUIECKOTO MasSTHHKA I'=—=
W{] 111 - g . d
J
J
T =2nm
m-g-d

Mamemamuueckuii MASMHUK - MaTepHAIbHAS TOYKA IIOJABEIIEHHAS Ha HEBECOMOH HepacTSIKH-
MOI HHTH.

PearmbHbIHN MAATHHEK, ¥ KOTOPOI'O MaCCa TCJIa BO MHOI'O Pd3 OOJIBIIIE MACCHI HITH, a4 Pa3MCPBI
TEJIda BO MHOI'O pPpd3 MCHbBIIIC JJIMHHBI HHTH, MOXHO CHHTATDh MAaTCMaATHYCCEKIM.

AOKYMEHT NoanmncAH
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mg

VUHTBIBASL, YTO MOMEHT CHIIBI TskecTH M — —m - g -[-SIN O 1 MOMEeHT HHepIHH TOYKH
2
J =m-1" | u3 quHAMIYECKOTO YpaBHEeHH BpaIaTeIbHoro aeikenug momyury: J - €=M .
3
m-l"-a"+m-g-1-aa=0 (4)

Pasnenim ypasHeHue (4) Ha ml°, IOIy4dIHM

m-g-l
a” + g,} ca=0
m-l-
" g _ " 2 E_cg
cr+7-c:::_0,:>cx+w{}-cz:0 WU—T

HEPHC',I[ Ko1eOaHHsI MaTeMaTHYEeCKOI0 MasITHHKA

TZZ—E:%T L

Wo 8

MEI IMPHXOJHM K BBIBOAY, UTO BO BCCX CJIVHAAX KoJIeOaHHs OITCHIBAIOTCS OOHHM H TeM

M 2 .
AK€ YypaBHEHHEM X - W“ X = 0:, COBITaJaIOIMHM C YpaBHEHHEM ABHKEHHA I'apPMOHHYECKOI'O

OCIIIULIIAT OPA.

BrHYV:EIeHHDIE Ko1e0aHHA. Pe3oHaHc. ABTOK0JIe0aHHA

BLIH}")K,[[EI—H—[BIMI KoneOaHHIMH Has3bIBAacTCS HE3aTYXAIOIIHE KomneOaHH CHCTCEMBI, KOTO-
PBIC BBI3BIBAIOTCAH IIeFICTBHEM Ha He€ BHEIIHHX CIUI, IICPHOAHYCCKH H3MCHAIOITHXCH C TCUCHHEM

BPCMCHI.

CHta, BBI3BIBAIONIAsI BEIHYKIeHHBIe KOleOaHH s, Ha3bIBAETCS BO3MYINAOMIHI (BEIHYKIa-
FOIT[HI) CHIIOH.

BLIH}"}I{,[[EIIGH[HH CHJIA H3MCHACTCA I1O 3aKOHY.

F(t)=F,-cosw-t
[NOKYMEHT NOANMCAH

SNEKTPOHHOW MOAMUACHIO HHKIHICCKAA HaCToTa.
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6
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Ax=A-cos(w-t+ ¢,)

['me A- aMIUIHTYIa BEIHYKIEHHBIX KoneGaHil cMeIeHHsI. P - pasHOCTD (a3 MeXK Iy BEIHYK-

JIeHHBIMH Kolle Ganusvu  /\X ¥ ctoit F(t).

AI%ﬂ’[J’JIIT}"I[El BBIHY I CHHDBIX KomneOaHHH 3aBHCHT OT dMITIIHTYbI ELIH}")KE[HIDH.[Eﬁ CHIIBI H
€€ YaCTOTEI, 3aBHCHMOCTE dMILUITHTYIbI KomneOaHHH OT 4aCTOTEI IIPHBOJHT K TOMY, UTO IIPH HEKO-
TDpDﬁ HaCTOTE aMIUIMTVAa BEIHYIACHHOI'O KomneOaHH I JOCTHI aeT MAKCHMaIbHOI'O 3HAUeHHI. JTO
ABIICHHC ITOJIIVHHIIO HAa3BAHHEC pe3oHdHCcd, d COOTBECTCTBYIOIIAA 9aCTOTaA- pe30HaH CHOLL Yachionibl.

B =0, T0 A TOCTHTHET MAaKCHMAIIbHOI'O 3HAYEHH S IIPH YaCTOTE W,,, # W)

g 3
W:Wpeﬁ:'\/wﬂ_zﬁ = Wy

JBeHHe BO3PaCTaHHA aMIUINTVAbBI BEIHY KO CHHBIX KOJ1eOaHHI ITPpH ]'[pHﬁJ]II}I{EHIIH ITHEKIIH-
YeCKOH YaCTOTHI ELIH}I}I{,I[EIIDH_[Eﬁ CHIIBI K 3HAYCHHIO Wpe; — HASBIBACTCH PEe30OHAHCOM , Wpes; — PC30-
HaHCHAM NIEJIITHYCCKAA Y4CTOTA.

Hp]?[ HAJIHTHMH  TPECHHA  PC30HAHCHAAdA  IHKIHYCCKAA  HYACTOTad  Wpe;  HECKOJIBKO

~

-
W, = J wy — [B° U MeHBIIIE wy.

DopMa pe30HaHCHBIX KPHBBIX 3aBHCHT OT 3HaueHHA £ . UeMm Oompmie [, TeM OoJiee I0JIo-
THMH CTaHOBSTCS KPHBEIE.

HPHMEPBI PE30OHAHCA. ABJICHHC PC30HAHCA HCIIOJIIB3YCTCH B dKYCTHKE - JJIA dH4JIH34 3BY-
KOB, HX YCHIICHHA H.T. .

Ilom geiicTBHEM IIEPHOAHYCCKH H3MCHAIOIMIHXCA HAI'PY30K B MallllTHAX H PA3JIHYHBIX CO-
OPVKEHIDIX MOI'YT BOSHHKHYTE ABIICHHA PC30HAHCA, KOTOPBIC MOI'VT OBITH OITaCHBI IS JKCIDIYa-
TAaIllI MAITTHH.

Aemoxonebaniis- KonedaTelnbHas CHCTEMA, COBEPIIAIONIASA He3aTyXarolHe KojieOaHu I 3a
CUET HCTOYHHKA SHEPIHH, He 00IaJaroIero KojaedaTeIbHBIMH CBOHCTBAMI- HA3BIBACTCS A8N1OKO-
JaebamenvH oLl cliCeMOoll.

IIpuMepnb1 penmieHus 33134

3agauya 1. MartepnanbHas Touka MacCcoH m = 10 I coBepllaeT rapMOHITYECKHE KOIeOaHHsI ¢ Ya-
croroi V= 0,2 ['t. AMimmTya konedaHnil 4 paBHa 5 cM. OnpeennTh: 1) MaKCHMAaIIEHYIO CHITY,
JIeHCTBYIONIYIO Ha TOUKY, 2) MOIHYIO SHEPIHIO KOJIeOMIOMIEHCS TOUKH.

Peuienie

YPEIBHEHIIE I'apMOHHYCCKOI'O KoneOaHH

A - -

[OKYMEHT NOAMNWUCAH (ﬂ?gf + Qf’)-
SNEKTPOHHOW NOAMUCHIO
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V= E =—Aw, sin(w,t + @);

_do

ry = —A®, cos(a,l + @).

a

CormacHO BTOPOMY 3aKoHY HbIOTOHA, CIiIa, JeHCTBYIOINAs Ha TOUKY,

F=ma= —Am{f cos(w,t+ @),

F=F_ TIpH cos(@,t + @) = £ 1, mosromMy HekoMOe MAaKCHMATIBHOE SHAYEHIE CHIIEL

3 3 3
F = Am{;m =4da v Am

max

(ywnu, yto @, = 27wV ).

[IomHas sHeprusa KoneOmoencs TOUKH

IlogcTaBHB cloga @, , HaHIEM HCKOMYIO ITOJIHYIO SHEPIHIO.

0?2
> ¥ 3
E=2x"mv-A".

Berumcrnasa, moimydaeM: 1) Fuax = 0,8 MH; 2) E =19,7 MmxJIx.

3agaua 2. OH3HYeCKHH MAasSTHHK IIPEACTABISIeT COOOH TOHKHH OJHOPOMHBIH CTepKeHb. Orpee-
JIUTH JIIHMHY CTEPKHS, €CIIH YacTOTa KoineOaHHI MasSTHHKAa MaKCHMaJIbHa, KOIjla TOUYKa roaseca O
HaXOAHTCA OT IieHTpa Macc C Ha paccTosHuH 20,2 cM.

Peuienite

L[HKJ]II‘IE CKas 4acTOTa KoJleOaHHI Q)IISHIIEGI{DFG MAATHHEKA

mgx
w = R 1
;D

rac m — MdCCA MdATHHEA, J — MOMEHT ero HHEPITHH.

CormnacHo TCOPEMECE LHTEﬁHEpEl:, MOMCHT HHCPITHH CTCPAHA OTHOCHTCIIBHO TOYKH IIOABECA, OTCTO-
SIIeH OT INEHTPA MACC Ha PACCTOSHIH X,

J m!er nx’ 2)
= ——+mx".
12

[ToxmcraruB (2) B (1), momyurnM

ONOKYMEHT NoanncAH e
SNEKTPOHHOWM NOAMUCHIO gx
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 - - (3)
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HaiigeM skcTpeMyM (QYHKIHH (3):

do  6g("-12x7)
e xVP(P+ 122077

:03

OTKYyZIa
>-12x* =0

T. €. HCROMas JIIMHA MasJdTHHKA

[ = 2+/3x.

Brerumcrrasa, momydaeM /=70 cMm

3amaua 3. Touyka y4acTByeT OJHOBPEMEeHHO B JIBYX FapMOHHYe CKHX KOJIeOaHHIX, ITPOH CXOISIIIX
BO B3aHMHO ITePIIeHIHKYISIPHBIX HAITPaBISHHSIX H OITHCBIBAEMBIX YPaBHEHHSAMH X = COSZ! H

¥/
V= COs EI : OHPEI[EJ]IITL YPAaBHCHHC TPACKTOPHIT TOYKII.

Peutenite

Ilo YCIIOBHIO 3dd"9H,
x=coszt; (1)

}’ZCGS%I. (2)

]l onpeieNieHHsI YpaBHEHH I TPaeKTOPHH TOYKH W3 ypaBHeHHII (1) 1 (2) HCKIIOUHM BpeMsL, TOra

¥ -?I - F -?I ¥ -?I ¥ -?I ¥ -?I ¥
COSt =CcoS” —t—sin" —f=cos” —f—(l—cos" —t)=2cos" —t—1=2y" —1,
2 2 2 2 2

OTKylId HCKOMOC YPaBHCHHC TPACKT OPHIH TOYKIL

IIPEJCTaBIsAeT cOOOH Imapadony.

3amaua 4. Jlorapudnirdeckui JeKpeMeHT 3aTyXaHHS Tefla, KojdeOmrormerocs ¢ yacTorod 50 I'm,
paBeH 0,01. OmpenenuTs: 1) BpeMd, 3a KOTOpOe aMIUIHTYAA KoneOaHMIT Tela YMeHbITHTCS B 20
pa3; 2) YHCIO ITOJHBIX KoJeOaHHH Tella, YTOORI IIPOH30MIIO0 ITOJ00HOe YMEHBIIIEHHE aMIUIHTY/BI.

Peuieniie
AOKYMEHT NMOANMCAH
SNEKTPOHHOW NOAMCHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 St 1
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa > ( )
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rae Ag — aMIDIHTYIa KonmeGaHmii B MOMeHT £ = 0; & — K03 (HITHEHT 3aTyXaHHs.

JorapudMrrde ckiii TexpeMeHT 3aTyxanmst & = ol (T = 1/v — YCIIOBHEII1 IIEPHOJ 3aTYXAFOIIIX

koneGanmit). Torma 0=V u BBRIpakeHHe (1) MOKHO 3aITHcaTh B BHJE
—®
A=Ae ",

OTKyId HCKOMOC BPCMA

[=—In—.
v A
YHCIIO HCKOMBIX ITOTHEIX KOJIeOaHHH
)
N=—=1rv.
T

Brerumcrrsasa, momydaeM: 1) t=6 c; 2) N=300.

3amaua 5. I'py3 maccoii m = 50 1, moABeIlleHHBIH Ha HUTH JIHHOH / = 20 ¢cM, coBepIIIaeT KolneOaHHI
B KHAKOCTH. KoaddrarueHT conmporupineHnsa » = 0,02 xr/c. Ha rpy3 JAeHCTBYeT BBIHYKIAOINAS
cuima F = 0,1cos wt,H. Onpegenuts: 1) 4yacToTy BEIHYKIAIOMIEH CHIIBI, IIPH KOTOPOH aMITIHTYIa

BBRIHYKJIEHHBIX KOJIeOaHHH MaKCHMalbHA, 2) Pe30HaHCHYIO aMIUTHTYIY.

Peutenite

OUYEeBHIHO, UTO YaCTOTa BBIHYKIAFOIIEH CHJIBI, ITPH KOTOPOH aMIIIMTYAA BRIHYKICHHBIX KoleOa-
HIIT MaKCHMAIIbHA, SBISCTCS PE30OHAHCHOMH YacTOTOMH:

mpea = \jﬂﬂé o 262 ? (1)

r

The @, — COOCTBEHHAs YacTOTa KONMeOaHHH CHCTEMBI, 0= _2 — KO3 (QHIMEHT 3aTyXaHHS.
m

I'py3, IOABEIIEHHBII Ha HUTH, MOJKHO ITPHHSTE 3@ MAaTeMAaTHUYECKHIT MasSTHHK, Torna @y — 7

IlomcTraBHB 3HaYeHHSI IV, H O B dopmyny (1), HalgeM HCKOMYIO Pe30HAHCHYIO YacTOTY:

g I
mpes —AlT 2"
1l 2m

[Togcrarus opmymy (1) B BeIpaXKeHHE JJII aMILIHTYAEI BRIHYKISHHBIX KOlIeOaHHH

A F;']I
ONOKYMEHT NoanncAH 5 R
SNEKTPOHHOW NOAMNUCHIO o —46°w"
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
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rie Fo — aMITINTYIHOE 3HauYeHHe BRIHYKIAFONIeH CHITHI (TT0 YCIIOBHIO 3ajlauH, Fo=0,1H),
HaHJIeM HCKOMYIO PE30HAHCHYIO aMILIMTVY:.

= 2 2 2
2}?18\/::1)“ O L8 :
[ 2m°

Brrumensis, momyyaeM: 1) o, = 7pan/c;2) A =714 cm

Bonpocet u 3a0 anui.

1. l'apMoHMYecKHe KOIeOaHH.

2. OCHOBHBIE XapaKTEPHCTHKH KoleGaTelIbHOIO JBHJKEHHS: aMIUIHTYZAA, (pa3a, 4acToTa,
TIEPHO.

3. JIMHaMHKa rapMOHHYECKHX KOJIeOaHHH.

4. TIpyKHHHBIH, MaTeMaTHYECKHI H (DH3HYECKII MaSTHHKH. KBazHyIIpyrHe CHIIHL.

5. KuHeTHueckas, mOTeHIMaIbHas H ITOIHAS SHEPTrHI TapMOHHYECKOI0 KOmeOaHHS.

6. ['apMOHHYECKHH OCI[IILIISITOP.

Jamaud 1Ji cCAMOCTOAT €JILHOI0 penIiCcHHA

1. Harmicare ypaBHeHHE TapMOHHYECKOIO KOJIeOaTelbHOIO JBIKEHHS ¢ aMIUIHTVION 4 = 5 CM,

- - /4
ecli 3a BpeMs ¢t = 1 MuH coBepmaercs 150 xonmeOaHM M HavyalabHas (pa3a KoneOaHHH @ = —.

4
Hadeprurp rpaduk 3T0ro JBHKEHHS.

2. Harmncarp ypaBHeHHEe IapMOHHYECKOI0 KOJIeOaTeIbHOrO ABHKEHNI ¢ aMIUTHTYIONH 4 = 50 MM,

- - T - -
IICPHOIOM I’ = 4 ¢ U HaYaJIbHOH (bﬂSGH Q= E HaitH cMellleHHe x KoneOmoIeH s TOUKH OT

TTOJI0 KeHHS paBHOBecHA TIpH £ =0 u ¢ = 1,5 ¢. HauepTHTh rpauK 5TOro ABHIKEHHSL.

3. Yepes xakoe BpeMsd OT Hayajla ABHJKEHHS TOUKA, COBEPILAIOIas FapMOHHYECKOe KojleOaHHe,
CMECTHTCS OT ITOJIOKEHHS PaBHOBECHS Ha ITOIMOBHHY aMIIMTVYABL? [leprnon xonebaniot I = 24 c,
HayaJlbHasg daza ¢=0.

4. quEB KdKOC BPCMA OT Hd'dJla ABHAKCHILA TOYKd, COBCPIIAROIIAA KonebaTellbHOe JABHKEHHE I10

. T
YPABHCHHIO X = 781N —t ITPOXOJHT IIVIDb OT ITOJIOKCHIA PAaBHOBCCHA 4O MAaKCIHMAJIIbHOI'O CMCEIIIC-

2
HHT?

5. HaganpHas (paza rapMoHHYe ckoro konebanusa @ =0 . [IpH cMeneHHH TOYKH OT ITOJI0KEHH S PaB-
HOBECHA X1 = 2,4 CM CKOPOCTB TOUKH v; = 3 ¢M/C, a IIPH CMEIIEHHH X2 = 2,8 CM €€ CKOPOCTh v, =

2 cw/c. Halitn amtumtyny A u nnepHos, 7° 3Toro kojaeOaHH.

. . . . (m o
0. YpaBHeHHe KOJIeOaHHH MaTepHaIbHOH TOYKH MacCOH m = 10 I IMeeT BH X = 551n[§r+ Ij

BOKYMEHT MOANUCAH VIO Ha TOUKY, H ITOIHYIO SHEPTHIO W KOelIto-
SNEKTPOHHOWM MNOANUCHIO
CepTudpiiar: - 12000002A633E3D113AD425FB50002000002A6
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- - N &
7. YpaBHeHHe KoJIeOaHHI MaTepHAIIbHOH TOUKH MAacCOH m = 10 I HIMEeT BHI X = Zsm[ZH Ij

cM. IlocTponTh rpadHK 3aBHCHMOCTH OT BpeMeHH (B ITpefielaxX OJHOTO IIepHo/Ia) KHHEeTHYEeCKO
W, IOTEHIHAILHON W, M TTOIHONH W SHEepruM TOYKH.

8. IlomHas sHeprus Tena, COBEPIIAIOINEIO TapMOHHYECKOE KolnedaTelnbHOe IBHKeHHe, W =30
MK /] K, MaKCHMaIIbHasA CHIIA, NENCTBYIOIasA Ha Teno, F = 1,5 MH. Hamucars ypaBHeHHE JIBHKe-

. T
HHS 3TOT0 Tejla, eClH NepHoj| KoinebaHmil ' = 2 ¢ M HayalnbHas aza ¢ = — .

3

9. K mpyxuHe 1oABelleH rpys Maccor m = 10 KT 3Has, YTO IMPYKHHA II0J BIHSHHEM CHIBI F =
0.8 H pactaruBaercsa Ha /= 1,5 cM, HaHTH ITlepHof I BepTHKAIbHBIX KOJIeOaHHI Ipy3a.

10. Touka vy4yacTBYeT B JBYX B3aHMHO IIEPIIEHIUKYISPHBIX KONeOaHHIX X =2SIn@wiM H
y =2cos ot M. HallTH TpaeKTOPHIO PE3YIBTHPYIOIIETO ABMKEHIIST TOUKH.

Pasaea 2. OCHOBBI MOJIEKYISAPHO-KHHETHYECKOH TEOPHH U TEPMOAHHAMHKA
IIpakTHYecKoe 3aHATHE 3.

T'ema 3anamua. O CHOBBI MOJIEKYJISAPHO-KHHEeTHYECKOH TeopuH. CTtarucTHYeCKAA -
IHKA

I[ens 3anamua. VI3yduTh OCHOBHEIE TIOHSTHS H 3aKOHBI MOJIEKYILIPHO-KHHETHYECKOH TEO-
PHI.

T eopemuileckdna udacmso.

[IpencraBiieHne 0 TOM, YTO BCE Tejla ITOCTPOEHBI H3 MEIbYAHIIINX YaCTHI[ — aTOMOB, BO3-
HHKIIO eIlle B IPeBHOCTH H OBIIIO BhICKa3aHO I'pedyecKrM (primocodoM JIemokpuToM (V B. 10 H. 3.).
OJIHAKO, B JaJIbHEHIIIEM 3TH ITPeACTaBIcHI S O 3a0BITHL M JIHIIL BO BTOPOH IOIoBHHE X VII B.
OBLIIH pa3paboTaHEl B KaUeCTBE HAYUHOH TEOPHH, ITIOIIVUHBIIEH Ha3BaHHE KIACCUUECKOU MOJIEK)-
JIAPHO- KUHEemUYuecKoi meopuu.

(OHa OCHOBaHa Ha CIEIYIOIOTHX ITOJIOKCHHAX.

1. Bce BelecTBa COCTOST H3 OUeHb MalleHbKHX YACTHI[ — MOIeK Vi,

Kaxxmoe BeIlecTBO COCTOHT H3 OIHHAKOBBIX MOJICKYII. CKOIIBKO BEILECTB B IPHPOJEC,
CTOJIBKO H BHAOB MOJICKVII.

MoTneKViIbl cOCTOST H3 elfe 00ilee MeIKHX YACTHI[ — anloMos.

YICI10 aTOMOB paBHO YHCITY XHMHYECKHX 3JIeMeHTOB H HX H30TOMOB (109 XHm. sl1eMeHTOB
1 Gonee 1500 H30TOMOB H3BECTHO B HAIlle BPeMS).

MGHEH}"HBI — Pa3JOTHHEBIC KOMOHHAI[HH H3 aTOMOB (MGHEH}UIHPHG-IGIHETH‘IECI{HH TCOPHA

\'.

NOKYMEHT MOONMUCAH
SNEKTPOHHOW NOANUCHIO )
Ceptudukar:  12000002AB33E3D113AD425FBS0002000002A8 SHHO JefiCTBVIOT CHIIBI B3aHMHOTO ITPHTSDKEHH S
Bnapenel:, ., leb3yxasa TateaHa AnekcanaposHa [PHYEM CHIIBI OTTAITKHBAHIS C YBEIIHUEHHEM Pac-
NeiicTBUTErREH ¢ 20.08.2021 no 20.08.2022 1. IlosTOMY Ha OITpeIeIEHHOM PacCTOSHHH JPYT
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OT Apyra MOJIEKYIIEI MOI'YT HAXOQHTLCS B YCTOHYHBOM PaBHOBeCHH. COrJIacCHO COBPEMEHHBIM HC-
CIIEJOBAHISIM, ITOJIOKEHHE YCTOHYHBOI'O PABHOBECHS COOTBETCTBYET MUHUMYMY UX ROMEHUU-
AJIbHOU IHePU.

3. Monekynpl, 00pa3yromniHe Tea0, HaXOASTCS B COCTOSHHH HEITPEPBIBHOTO OeCIIOpSII0Y-
HOI'O JIBH/KEHHSL.

CI{GPGGTL ABIKCHHA MOJICKYJI BO3PACTACT C YECIIHUCHHEM TCMIICPATYPLBI, ITO3TOMY JABH-
JKeHHE Ha3bIBAETCS 11erioeblM 06LIMHCeHLIeM.

Ilo MEPE YBCIIMYCHHA HHTCHCHBHOCTH TCIUIOBOI'O JBHYKCHIA, CPCAHES PACCTOAHHE MCKIAY
MOJIEKYIIAMH BO3PACTACT, CIICAOBATCIIBHO, TCIJIO IICPEXOAHNT H3 TBEPAOIO COCTOAHHA B KIHJKOC.
HpH JIallb HEHIIIEM HAI'PEBC PACCTOMHIIC MCHKJAY MOJICKYIIAMH VYBCIOIYHBACTCA HACTOJIBKO, YHTO
CHIJIBI CHECIUICHIA HCUC34I0T, CIICJOBATCIIBHO, TCIIO IICPCXOIIT B FﬂSGGﬁpﬂBHGE COCTOAHIC.

Hoeanonuotii 2az. Ez2o napamempeot

Hoeanvhvim 2azom Ha3bIBAETCS a3, MEXAY HaCTHI[AMH KOTOPOI'O OTCYTCTBYIOT CHIJIbL

B3aHMHOI'O ITPHTsKeHU . [IpH coyaapeHHIX MeXay coOOOH, YaCTHIIBI I'aza BeAyT ce0s KaK YIIPY-
T'He IIapHKH KpaliHe MaJIoro pa3Mepa.

CYIIECTBYIOMIME B AeHCTBHTEIBHOCTH I'a3bl IIPH HE CIIHIIIKOM HH3KHX TEMIIEPATYpPax H
JOCTAaTOYHO MAJIbIX JABIIEHISIX Ha3bIBAOTCS Pa3psLKEHHBIMH Ia3aMH M IT0 CBOHM CBOHCTBaM
OJIM3KH K HAcaTbHOMY Ias3y.

Koum4yecTBo BelnecTBa (YMCJ10 MOJIER)

N m
V= —— — — .
N, M
rae N — 4HCIIO MOJeKYNI, Na — IOCTOSHHAs ABOrajgpo, m — Macca BelllecTBa, M — MOIIIpHas
Macca.
Ypasuenne Kianeiipona-MeHnaes1eeBa pV =vRT,
I7le p — JaBIeHHeE ra3a, V —ero o0beM, R — YHHBepcallbHas I'a30Bas ITOCTOSHHAL T — Tep-

MOJHHAMITHCCKAA TCMIICPATVPa.

VpaBHeHHe MO.IeKYJIAPHO-KHHETHIECKOH
2 | >
TeOPHH ra3oB p= —H(S > = —mn, (U > ,

I'ac n — KOHICHTPallid MOJICKYII, <En 0 cr) — CpeArsd KHHCTHYUCCKAS SHEPIHA ITOCTYIIATCIIBHOI'O

ABHKCHHA MOJICKYIIBI, 1mp— MdCCa MOJICKYIIBI <UKB > — CPEAHA KBaAPdTHYHAA CKOPOCTD.

[
CpeaHas sHeprus MoJIeKYJIbI <£‘> = —KkT,

2

L=

TAc 1 ____ﬁdKYEﬂ_E_Hf_ﬁaﬂﬁﬁéﬁl-_f“ TTOTeTT T T — IIOCTOSIHHAS borbIiivaHa.

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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BH}'T[}EHHHH JHECPIrud nacaJabHOIro rasa

U =LVRT.
P

CucremMa H3 N MaTepHalIbHBIX TOUEK, MEKIY KOTOPBIMH HET KeCTKHX CB3el, mMeeT 3N
cTeleHed CcBOOO]IRI.

MomneKyisl ra3oB, cocTosmnHe H3 ogHoro atoMa (Ar, Xe, He) o0mamaroT TpeMs cTelleHsIMH
CBOOOJIBI 1=3; MOIEKYIIbI I'a30B, COCTOSIIHE H3 JIBYX aToMOB (O2, H2, N2) 00najaroT IISIThIO CTe-
TIEHSIMH CBOOOBI 1=5; MOJIEKYIIEI Ta30B, COCTOSIIE H3 TpexX U Oomnee atoMoB (CO2, CH4) obna-
IAI0T IIECTHIO CTEIIEHIMH CBOOOIEI 1=0.

CkopocTb MOJIEKY.JI:

CpedHss KeadpamuHas (U )= [3KT I my =3RT | M ;
cpednnn apudmenueckas (V)= 8KT [(my) = \[SRT I(xM).
naubonee ceposmuas Uy =J2KT /my =N2RT /M .

Cpeuss A2 CBOGOHOr0 NPOBEra MoJIeKY. IbI (1) = (ﬁmzn)_l ,

rJe d — 3peKTHBHEIH JTHAMETP MOIIEKYIIbI.

CpE,[[HEE YHCJI0 CTOJIKHOBEHHH MOJIEKYJIBI B € THHHIY BpEMEHH (Z) — \/Eﬂ' d EH<U> .

I
Pacnpeaesienne MoJ1eKyJI B IIOTEHIHAJILHOM IOJI€ CHJI n=n,exp| — E ,
rJie /1 — IOoTeHIHAIbHAS SHEPIHS MOJIEKYIIBI.
m,gh
bapomerpunueckasn ¢popmy.ia P = p,eXp| —
kT

YpasHenne qudp@Pysnu

I

[OOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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rae D — xosddrameHT qudQ@y3HH, p — INOTHOCTD, d.S — 3lIeMeHTapHas IUIOIaIKa, ITePIIeHIHKY-
nspHast ocH OX.

YpaBHeHHE TeNJIONPOBOJHOCTH dQ = —e—dSdt,

I'aAc € — TCIUIOIIPOBOJHOCTD.

CHJIa BHYTPEHHero TpeHust dF =—n Cf—it:dS :
A —

Kos¢ppumuent muddy3un D= %{u)(ﬂb).
BsisKocTh ([MHAMAYECcKas)

n=2p(0)(2)=Dp

Tertonposomocts o= 2, p(v)(A)=nc,

I'ac ¢v — VACIbHAA H30X0PHAA TCIUIOCMKOCTD.

IIpuMepnb1 penmieHus 33134

3agaua 1. B GanmnoHe BMeECTHMOCTRIO V = 6,9 11 HaXOAHTCA a30T MaccoH m = 2,3 1. 11pu Harpesa-
HHH YacTh MOJIEKYII JHUCCOLMHPOBAIN HAa aTOMEI. CTeleHb JHCCOIHAIMN (OTHOMIEHHE YHCIIa MO-
TIeKYII, PacIIaBIINXCS HAa aTOMBI, K 0OIIeEMY YHCITY MONeKyII raza) a=0,2. OnpexemnTs: 1) oOmiee
yHCcIIo N1 MOJEKYII H KOHI[EHTPAILHIO A1 MOJIEKYHI a30Ta J0 HarpeBaHHSI, 2) KOHIIEHTPAI[HH 12

MOJIEKYII H n3 dTOMOB d430T4d ITIOCJIC HAI'PEBAHHA.

JlaHo:
V=6,91=6,9-107° M’ o orpeeneHnIo, KOHIIEHTPAI[HA YaCTHI[ I'a3a eCTh
m=23r=2 3107 kr OTHOIIIEHHE YHCIIa I'a3a K 3aHIMaeMOMY Ia30M O00BEMY:.
N
= 0,2 H=—
vV

AOOKYMEHT noarnncAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

I'd3da JO H eBaHHI HaHIeM H3 COOTHOIIEeHHS
Bnageneu; lLlebGayxoea TateAHa AnekcaHapoBHa A aIp ol

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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m
n =7 ny="7 NIZV.NJ‘L:E.N&’

rIe V — KOIIMYECTBO BEIECTBA, Na — ITOCTOSIHHAS ABorafpo, M — MospHasa Macca ( y a30Ta
M =28 107 kr/MOTB).
[To[CTaBILAI THCIIEHHBIE 3HAYEHHS, TIOITYIHM

-3
N, = 2’3_,510 .6,02-10% =4,94 -10> monekyr, a

107-28

N, 4,94-10% s 1

n, =—-= 2 (L M- =7,16-10" —.
vV 6,910 M
2. KGHI[EHTPE]J_[HH MOJICKYII ITOCJIE HAl' PCBAHH A HElIu[,I[EM H3 COOTHOIIICHIA
H_m_Nm—m
Py V

riae N> —  icIio MOJICEKYII, HE PACIIaBIIIXCA Ha 4T OMBEI. I IomcTaBHM YHCIIOBEIE 3HAYEHH

4,94-10%(1-0,2)

—— M7 =5,73-10"m".
6,9-10

n, =

Tak Kak Kakgas MOJIeKylla ITocjIe paciajia JaeT JBa aToMa, TO KOHI[eHTPaIH I aTOMOB ITOCTIE
HarpeBaHHA a30Ta OyZeT paBHa

2N, -«
V

H3:

- 2-4,94-107-0,2

—— M7 =2,86-10"m"
6,910

Crie1oBaTelIbHO, n,

3agaua 2. B 3akpeiToM cocyae nmpu temreparype 300 K u gaBiaenmm 0,1 Mlla Haxoggarca 10
BOAOpoAa H 16 r remisa. CUHTas ra3sl HAcaIbHBEIMH, OIIPEAEIINTE VIEIIBHBIH 0OhEM CMECH.

Peuteniie.

CGI‘HHCHG BEII{GH}" l[EL'IILTOHH: JHABIICHIC J 2 CMcCCH T Aa30B pElBHID C}M{E ]'[ElpI_[HElJILHLI}{ ,I[ElBJIE:HIIfIZ
p=p +p,. (1)

M3 ypaBHeHHa KirarieipoHa — MeHenneepa HMeeEM:

ONOKYMEHT I:IDﬂI'IHCAH Cp V = < RT
SNEKTPOHHOW NOANMnMUChLIO | - M '
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 -
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
FIM

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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YelbHbIH 00beM CMECH:

i1, Mma,,
_[M1+M3j RT

(Mm1+ms)p

Brruncras, momydaeM = 8,63 MY/KT

Jama4a 3.

OIpe/leNInTb, BO CKOIBKO pa3 OTIMYarorcs koa(duimeHtsr mudysmm azora (M; = 28-107°

KI'/MOIIb ) H YITIEKHCIIOTO Tras3a (M> = 44. 1073 xr/Moib ), ecimH 06a raza HaXoIsT ¢S IIPH OAHHAKOBBIX
TeMIlepaType U JaBlIeHHH. D PeKTHBHBIE JHAMETPHI MOIEKYII STHX I'a30B CUHTATh OJHHAKOBBIMH.

Peiueniie.

Kosddurment quddy3uu raza:

D:§<u><s>, (1)

8RT 1
rae (v)=,/[—— — cpemHAsg apHpMeTHYECKas CKOPOCTh IO MOIEKYIL, (/)=

- cpeTHSI
TM «.E&" n P

JUTHHA cBOOOHOTO Mmpodera Monekyll. Ilockonbky p = nkT , 13 ycnoBHA 3agaul (11 = 1>, p1= p»)

CIIEIYET, UTO #11 = #>. [loAcTaBHB 3HAYEHHS (u) (I ) B (popmymy (1) H yIHTBIBas YCIIOBHE 3aJayuH,
HalaeM

BBIYHCIISA, TTOITYy4aeM D_l =1.25.

2

Bonpocst u 3a0 anuA.
1. TepMogHHaMHYeCKHI METOJT HCCIIEOBaHM. T eMIlepaT ypHEIe IKalbl. MaeallbHEIH ras.

2. I'a30BBIE 3aKOHBI.

AOKYMEHT NOANUCAH
SNEKTPOHHOW MNMoarimcbio
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; Webayxosa TaTeAHa AnekcaHapoeHa

NeiicTBuTenex: ¢ 20.08.2021 no 20.08.2022 NEKYII HACAIIbHOI'O I'a34d ITO CKOPOCT M.
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6. bapomerprueckas popmyna. PacripegeneHue FonmbsimvaHa.

7. JImiHa cBOOOAHOrO Impodera MoneKyil. OIBITEL, moarBepxmaronue MKT.
8. SIBIeHHs IIepeHoca.

9. BHYTpEHHSS SHEPrHAL.

10. 3aKoH bormpiiMaHa 0 paBHOMEPHOM pPacITpe e/ IeHIH MOJIEKYIL.

3axaud 1JI CAMOCTOAT €JILHOI0 penICHHA

1. CKOIBKO MOJIEKYII I'aza COJAEpP:KHTCS B OalllIOHE BMECTHMOCTBIO V=30 1 IIpH TeMIlepaType
1=300 K u gaBneHmw p = 5 Mlla?

2. B cocyze HaxoaHTCSA CMeCh KHCIOpoAa H Bogopoxa. Macca m cMmecH paBHa 3,6 r. MaccoBas
OIS 1 KHcopoaa cocTarisgeT 0,6. OmpeaeInTh KOIMHYECTRBA BEIECTBA vV CMECH, a TaKKe vi H v2
Ka)XKJIOT'O ra3a B OTAeIbHOCTH.

3. B G6amnnoHe BMeCTHMOCTBIO V = 3 1T HAXOAHTCSA KHCIIOPOA Maccol m = 4 Kr. OnpeAeInTs KOJIH-
YECTBO BEIECTRA v I'a3a M KOHIICHTPALIIO 11 €0 MOJIEKYVII.

4. Omnpeaenurs KOIMYECTBO BEMIECTRA v H YHCIIO N MOJIEKYII r'a3a, COJAepKallerocs B Konde BMe-
cTuMocThIo V=240 cM’ ripu TeMmieparype 7=290 K u gasnenmm p=>50 xI1a.

5. OnpeaenuTs CpeqHee 3HAUEHHE < £ > ITOITHOH KHMHETHYECKOH YHEPTHH OJHOH MOJIEKYIIBI CIIE-
IVIOIIMX Ia30B: I'elIH, KHCIOPOAa H BOISHOrO Iapa IpH Temiieparype 1 =400 K.

6. OmpefenHTs uHcio N MOJIeKyT PTyTH, CoeprKallixces B Bo3ayxe 00beMoM V=1 M’ B ITOMeIlle-
HHH, 3apaXeHHOM PTYTBIO, ITpH TeMItepaType =20 C, eclH JaBlIeHHE p HACBIIIIEHHOTO ITapa PTYTH
IIPH 3TOH TeMrieparype paBHoO 0,13 Ila.

7. JlaBlleHHe p rasza paBHoO 1 MIla, KoHIleHTpaIwa n ero Moiekyl pasHa 10 cM™.  Ompegenurs:
1) temmeparypy 7 raza; 2) CpPeJHIOK KHHETHYECKYIO SHEPTHIO < &, > IIOCTYIIATEIILHOIO JBHIKE-
HILSI MOJIEKYII rasza.

8. B xomn6e BMecTHMOCTBIO V=240 cM’ HaxomuTcs ras mpH Temmeparype 7=290 K u gaBieHHH
p=30 klla. Orpenaennrs KOIMYECTBO BEIECTBA v T'a3a M YHCIIO N ero MOJIEKYII.

9. OnpeAennTh KHHETHYECKYIO SHEPTHIO, MPHXOASIYIOCI B CPeJHEM Ha OJHY CTEIIeHb CBOOOIBI
MOJIEKYIIBI a30Ta, IIpH TemiepaType 7=1 kK, a Takke cpeJHIOI0 KHHETHUECKYIO SHEPIHIO < &, >
IIOCTYIIaTeIbHOIO JIBIJKEHHS, < & > BpallaTellbHOI O JBHKEHHS H cpeJHee 3HauYeHHe IIOITHOH KH-
HETHYECKOH SHEPIHH < £ > MOJIEKYIIBI.

10. CMech remis H aproHa HaxoAuTcs ITpH TeMieparype 7=1,2 kK. OnpeaenuTs CpeaHIO KBal-
PATHUYHVIO CKOPOCTD < Dyg > H CPEMHIOI KHHETHYECKYIO SHEPIHIO aTOMOB T'eJIHS H aproHa.

11. CpenHas amiHa cBOOOIHOTO IMpodera (/) aTOMOB I'elHs IPH HOPMAaNbHBEIX YCIOBHSX paBHA
180 am. OnpepemiTs guddy3Hro D remms.

NOKYMEHT NMOAMNUCAH A
SNEKTPOHHOM NOANMUCHIO =0 °C paBHa 0,19 cm/c. OnpeIe]IHTh CPEIHIO0
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoeHa JO1a.
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13. Berwmcmmts Juddy3mro D azoTa: 1) IIpH HOpMaIbHBIX YCIOBHAX, 2) ITpH AarineHHH p = 100 I1a
H temrieparype 1 = 300 K.

14. OnpenemiTs, BO CKOJIBKO pa3 oTIHYaeTcda JHQPy3Hga D1 ra3o00pa3HOro Bogopoaa oT Judpdy-
311 - ra3000pa3HOro KHCIOPo/a, ecli 00a rasa HaXO ST CS ITPH OJHHAKOBBIX YCIIOBHSIX.

15. OnpenemiTs 3aBHCHMOCTE JH(MPY3HH [ OT TeMIleparypsl I IIPH CIEIYIOMIHX ITpolieccax: 1)
H300apHOM, 2) H30XOPHOM.

16. OnpenemTs 3aBHCHMOCTD JHQQY3HH D OT JaBIeHHS p IIPH CIeIYIOIIHX IIpoIeccax; 1) H30-
TEPMHYE CKOM, 2) H30XOPHOM.

17. BeIumcimHnTh JHHaMHYECKYIO BASKOCTh T KHCIIOPOa ITPH HOPMAJIbHBIX YCIIOBHAX.

18. Haiitu cpefHIO0 JIHHY CBOOOIHOrO Mpodera (/) MOIEKYI a30Ta IPH YCIIOBHH, YTO €T0 JIHHA-
MHYeCKasd BA3KOCTh 1 = 17 Mklla- c.

19. Haitti quHaMIYeCcKYIO BSI3KOCTh 1] Tels IIPH HOPMAJIBHBIX YCIIOBISIX, €ci Au(dy3nsa D

TIPH TeX e YCIOBHSIX paBHa 1,06- 10~ m7/c.

20. OnpenemTe 3aBHCHMOCTE JUHAMITYE CKOH BSI3KOCTH 1] OT TEMIIEPATYPEI I IIPH CIEXYIOIHX
nporeccax: 1) nzo0apHoM, 2) H30XOpHOM. M300pa3uTh 5TH 3aBHCHMOCTH Ha Ipa(hHKaX.

IIpakTHYecKkoe 3aHATHe 6.

T'ema 3anamusa. OCHOBBI TEPMOJHHAMHKH.
H eJib 3dHAMIHA. HB}*"IHTL OCHOBHDBIC TIOHATHA H 3aKOHBI TCPMOJHANMITKI.

T eopemuileckdna udacmso.

TepMogHHAMHKA B OTIIHYHE OT MOJIEKYIISIPHO-KHHETHYECKOH TEOPHH He BAAETCS B pac-
CMOTPeHHe MHKPOCKOITHYECKOH KapTHHEI SBIEHHI (OIIepHPYeT ¢ MaKpoIlapaMeTpaMi). T epMo-
JTHHAMHKa pacCMaTpPHBAaEeT SBIEHHS, OIHPAasCh HA OCHOBHBIE 3aKOHBI (Hayajla), KOTOPBIE SBIIS-
FOTCSI 0000IEHHEM OIPOMHOIO KOIIHYECTBA OIBITHBIX JAHHBIX.

BHVTPeHHSSI SHEPTHS — JHEPI'HA @IIBIHEGI{G]?I CHCTEMBEI, 3aBHCAINAS OT €€ BHYTPEHHEILO
COCTOAHIA. BH}"]?IJEI—H—[H_H SJHEPrusd BKIIIOYACT SHEPIHIO XdOTHHCCKOI'O (TEHJIGEGI‘G) ABIKCHIA
BCEX MHIKPOYACTHII CHCTCMEBI (MOHEK}"H: dTOMOB, HOHOB H T.,I[.) H SHEPTHIO B3aHMOIEHCTBH S STHX
yacTHI[. KHHeTHUecKas SHEPIHA ABHKCHHA CHCTCMBI KdK IICIIOTIO H e€ IMOTEeHI[HAIIbHASA JHEPIHA
BO BHCHIHHX CIUIOBEBIX ITOJIFIX BO BHYTPCHHIOIO SHEPI'HIO HE BXOIT. B TEPMOIHHAMIKE H ee ITpH-
JIOKCHHAX ITPCACTABILACT HHICPCC HC CAMO 3HAYCHIC EH}prEHHEﬁ JHCPIHH, ad €€ H3MEHEHIE IIPH
H3MEHEHHH COCTOMHITA CHCTCMDBI. BH}"TPEHH}IH SHEPI'HA — (b}HI{L[IIH COCTOAHITA CHCTCMDBI.

Pabota TEPMGI[I]HHMII‘IEGI{Gﬁ CHCTEMbBI Ha/l BHCITTHHNMI TEIIaMIT 3AKIMTOYACTCAHA B H3MCHE-

""" LUCTTU HUWMEHTHDHHHCAH_ ST T HYHECTBOM. SHEPIHH, HEpEﬂﬂBﬂEMGﬁ CHCTEeMOH

INEKTPOHHOW NOAMUCHLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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® YPHBHEHHE COCTOMAHIA HACAIIBHOI'O I'd34a.

oV ="URT
7.

T7ie p - JaBleHHe: V —o0beM, I - aGcomoTHas TeMIlepaTypa; # — Macca; 4 - MOJISIPHAsI Macca,
R =8,314 J[)/(K-MoJb) — YHHBepcallbHasI Ia30BasI ITOCTOSHHAS.

® YPHBHEHIIE COCTOAHHA BaH-ACP-BddJIb COBCKOI'O I'd34d (,I[JIH OOJHOI'O MGJIH)Z

(p+§JV—E%RT,

rae V - o0bpeM, 3aHHMAEMBIH MOJIEM I'a3a IIPH JAHHBIX p HI, a H b - TIOCTOSIHHEIE BaH-1ep-Ba-
aJIbca JUII JaHHOTO Traza.

e 3aKOH JlanbTOHA: daeanexiie cmecili UOeAIbHbIX 2A306 PAGHO CYMMe NAPYUATbHLIX dacneHuii(TIap-
I[HAJILHOE JaBJIEHHE - 3TO JaBJIEHIE, KOTOPOE OKa3bIBall OBl Ha CTEHKH COCYa OJHH I'a3 CMECH
B OTCYTCTBHE OCTAJIbHBIX).

¢ 3aBHCHMOCTE JABJIEHISA I'a3a OT BBICOTHI B ITOJIE CIUIBI TSDKECTH B H30TEPMHYECKOM ITPHOIIDKE -
HHH JaeTcsa GapoMeTpHYeCKOH (POPMYIIOH:

p=7p E—ﬂgthT
0 ’

TJIE po - JaBIeHHe Ha BeIcoTe h = 0, g= 9,8 M/c? - yckopeHHe CBOGOMHOIO IAJEHHSL

® HEPE'DE Ha4dj10 TCPMOJIHAMITKH.

0=AU + A,

rae O - KOMHMYeCTBO TeIlla, cOO0IeHHOe cHCTeMe; 4 - padoTa, coBepIacMas cHcTeMoit, AU -
ITpHpallieHHe BHYTPEHHEH SHEPIHH CHCTEMBL.

e Pabota, coBepIIIacMas rasoM:

A= [ pav
1'rJI
¢ TEeIUIOEMKOCTH CHCTEMEI.
c-X
dT
e YpaeHeHHe Mariepa:
C, -C,=R

I'Aac Cp._. Cv - MOJIAPHBIC TCINNIOCMKOCTH IIPH ITOCTOAHHBIX JAaBJICHHI H o0beMe COOTBET-
CTBCHHO.

® MGJIQPHBIE TEIUIOEMKOCTH I'a3a ITPH ITOCT OAHHOM 00BEME H TTOCTOSIHHOM JIaBIIEHHH OITPEACIIAIOTCA

COOTHOTITEHTTOMIT

ANOKYMEHT NoanncAH ]
SNEKTPOHHOW NOAMUCHIO I~ 2 p 1+ 2
Ceptudpurkar: 12000002A633E3D113AD425FBS0002000002A6 — R, y=—= —
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Nencreutened: ¢ 20.08.2021 no 20.08.2022

130



rac I - UHCIIO CTEIIEHET CBOOO/IBI MOJICKYIJIBI I'd34d.

BH}’TPEHHH_H SHEPI'HA HACAIIBHOI'O I'd34.

U:E-CVsz- RT: pV
7, u y—1 y-1

MIDJIHPHEI,H TEINIOEMKOCTDE HACAIIBHOI'O I'd34a ITPH ITOIITHTPOIDYCCKOM ITPOIIECCE.

___ "7 R
(n—=1(y =1

BHyTpeHHAa 3Heprusa Mol rasa BaH - gep - Baansca:

C
U=C,T-—
|74
K. 1. o. TeITIOBOH MAIIIMHEL:
n =A4/Q = 1 —Q2/Qy,

rac Q1 - TCILIO, ITOJIIYIACMOC pﬂﬁﬂ‘ﬂﬂﬂ TESIIOM, Qz = OTJdBacMOC TCILIO.

K.m.a. mmxira KapHo:

rae 1, 1»- TEMIICPATYPEIL HAI'PCBATCIIA H XOJIOJHIIbHHKA.

HepaseHcTrBO Knaysmuyca:

50
j?go,

rie 00 - BIIeMeHTapHOE TEIUIO, ITOITy4YeHHOE CHCTEMOH.

HpHpElH_[EHIIE SHTPOINI CHCTCMBI.

&S:§%;

(OCHOBHOE YPABHCHIIC TCPMOIHHAMIEI 1A c:ﬁpa:r}m{bm ITPOLECCOB.

1dS =dU + pdV

CBOOOIHAS SHEPTHST
F=U-TS8,. Ar=-AF

CBsI3p MEXKAY SHTPOITHEH H CTaTHCTHYECKHM BECOM (2 (TEPMOIHHAMIYECKOH BEPOSITHOCTHIO):

S =kInQa,

rIe k - ITOCTOSIHHAS bombIIMaHa.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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IIpuMepbI pellieHud 32124

Jamaya 1. OHPE,[[EJ]IITB YACIIBHYIO TEIINIOEMKOCTD € y CMECH a30Ta H BOAOPOJ4, €CJIIH KOJIMYC-

CTBO BCIIICCTBA I'd30B B CMCECH OJHHAKOBBI H PdBHBI V.

Perrexe:

y,[[EHLH}’TO TCIUIOCMKOCTE CMCCH IIPH IIOCTOAHHOM o0BeMe C v HaHIeM H3 CIICAVYIOIITHX CDDﬁpEl-

KEeHHH:

1) TermnoTy, HeOOXOAHMYIO IS HarpeBaHHSI cMecH ra30B Ha A7 MOXXHO

paccYuTaTh IO (POPMYIIE:
Q =c,(m+m,)-AT (1)
2) Ty Ke TeIlJIOTY MOKHO HaHTH H JPYTHM CIIOCOOOM:
O = (cvlml +cvzm3)-&T, (2)
rje Cy H Cy — YAEIbHbIE TETIIOEMKOCTH OTJIENIBHEIX Ia30B.
[TpupaBanBas (1) u (2), momyynMm

cy(m, +m,)-AT = (Cvlml + cvzmz)-&T, OTKYZa

Cymy + ¢y m,

Cy = (3)
m, +m,
I R _ .
Tak kak ¢, = ———, T/e {— YHCIIO CTeNeHeH CBOOOIBI MOEKYIIHL.
2 M
[TockombKy MOJIEKYIIBI a30Ta H BOJOPOJa — ABYXaTOMHBIE, TO = 5. IloaTOoMy
5 R
Cy = ——
Vi ?
2 M,
5 R
Cy, =——.
. 2 M,

[ToxcraBiassa 5TH BEIpakeHHS B (3), ITOTYIHM

ER = ER(w +, ) SRy
2 M, M,) HTR) 5Rv
= =5 = = 4
Cy = . = = = (4)
[IOKYMEHT NOANUCAH m, + m, m,+m, ny+m,
SNEKTPOHHOW NOAMUCLIO
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6
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B pesympTate popmyna (4) rmpuMeT BHJ

_ SRv _ 5R
Y vM,+vM, M, +M,

C

IlogcTaBiasieM YHCIIOBBIE 3SHAUEHH .

— 5_'38’31 — = 1385 AL
2810 " +2-10 Kr - K

Cy

3amga4a 2. Onpee/mTh KOIMHYECTBO TEIUIOTHI, IIOITIOMaeéMOH BogopoaoM m = (.2 KT IIpH Harpe-
BaHHH €ro oT TemMreparypsl 1= 0°C go Temreparypsl > = 100°C npH NOCTOSHHOM JaBIESHHH.
Hariti Taxxe M3MeHeHHe BHYTPEHHEN SHEPIUH r'a3za M COBEPIIIacMyIO HM padoTy.

JlaHo:
m = 0,2 KT KomyecTBO TEIUIOTH (J, IOTJIOIAEMOE Ia30M IIPH
n=00C, Th=273K H300apHOM HarpeBaHHH, OIpeelIsIeTcs 10 (pOopMYyJIe
) m
=100 C, T>=373K O=—- C_ -AT (1)
M P
0=7 AU=" rae C, — MOJIIpHas TEIDIOEMKOCTE ra3a IIPH ITOCTOSHHOM A4 = 7
JIABIICHHH.
[+ 2
Tak xak Cp = T R, To (1) mpuMeT BH
i+2 m
0= : R-AT
2 M

[TOCKOIBKY BOIOPOJ — JBYXAaTOMHEII ra3 (M = 2:107 KI/MOIIb), H UHCIIO CTEIIEHEH CBOOGOMIBL
€ro MOJIEKYII [ = 3, TO

Aok
5+2 0,2 A o K
Q= > -2_10_3-8,31-100:291-10 - =]k =291 xJx.
MOJIb .
Buyrpennsad saepruss U = Lm RT | ciepoBarennpHo
2M
AU = iER&T , TOrJ1a
2 M
NOKYMEHT MOAMNUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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2
v=2.%2 _831100=208.10
2 210

KT

Jx

MOJIB - K

K

KI'

MOJIb

=I[;:.1{

=208 xJ[x.

PﬂﬁGTy PacCIIOIpCHI A I'a3a HarIeM H3 BBIPAXKCHIA QI IIEPBOI'O HaYdJId TEPMOIHHAMITKI.

Q=AU+ A, otkyza

A=Q— AU =231-208 = 83 k][

3amgaya 3. B mpumHApE 1O ITOPIIHEM HaXOAUTCSA BOAOpo s Maccor m = 0,02 KT IIpH TeMIleparype
7''=300K. Bogopoa Hayar aguadaTHO PacCIIHPATHCS, YBEIHYHB CBOH OOBEM B J pas, a 3aTeM ObII
CKaT H30TEPMHYECKH, YMEHBIIHB CBOH 00heM B S pa3. Hantu temMmieparypy 72 B KOHIIE agHadar-
HOI'O PacIIHpeHHI H padoTy 4, COBEPIIEHHVIO Ta30M.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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JlaHo:

m = 0,02 xr M3 ypaBHeHns IlyaccoHa s agnadaTHOrO MpoIecca HMEEM 7= 300K
T V - [+ 2
2 | L (1) , e0e Y =—— —nokazamemn aduabamul.
1 V, l
V=35V, a V;=V3 10 YCIOBHIO
I,=77 4= Tak KaKk BOAOPOJ ABYXATOMHEBIH ra3, To i =5 H ¥ = 1.4.

Vv y—1 1 1,4—1
U3 (1) TTI[?'J :300-&} K =158K.

2

PaGora 4 ra3a mmpu agnaGaTHOM pacIIHpPeHHH OIpeelsIeTcs 1o (hopMyTIe

AIZECU (TI —TE):, rne Cy :%R.

M
CrenoBaTelbHO,
I m 5 0,02

A =——R(T -T,)=—-— -8,31-(300—-158 =29.5 :

] 2 M ( ] u) 2 2 10—3 ( )ﬂ}l{ : Kﬂ}l{
PaGota 4> raza IpH H30TEPMHYECKOM CKaTHH BhIpakaeTcs (POPMYIIOH

A, = —RT, -EIHE:—BJI-ISS- 0’02_3 In5=-21,1xJ]x
: MV, 2-10

3HdK MHHYC O3HA4Y4cT, UTO IIPH CKAaTHH pﬂﬁDTﬂ I'a3a COBCPHICHA BHCIITHHMIT CHIIdMH.

IIonHas pabora
A=A+ A, = 88 xIlx.

3amaua 4. B mpuinHape 1o MopImHeM HaXo U T S BOAOPpoA MaccoH m = 0,02 KT ImpH TeMIiepaTrype
7'1 = 300 K. Bogopoxa Hauas paciumpsarbes agHadarHO, YBEJIHYHB CBOH 0OBEM B O pa3s, a 3aTeM OBIII
CKaT M30TEPMHYECKH, YMEHEBIIIHB CBOH 00heM B 5 pa3. HanTu temrieparypy 7> B KOHIle ajgpadar-

HOI'O PacIIHpPeHHSI H padoTy A, COBEPIIEHHYIO Ta30M.

Peuenite:

CormacHo ypaBHeHHIO [IyaccoHa JuIst amiaGaTHOIO Impoliecca

Tz i i 7-1
(3 0

+ 2 -
TJe Y — IIOKa3aTelb aqiadaTel, ¥ = I— (i=15, T.K. BOJOPOJ JBYXaTOMHEIH Ira3), T.e.
[

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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v 7-1 1 1,4-1
s (1) T.,—Tl-[V‘J :300-[5] T, =158 K.

-

PaGora 4; raza mpH ajHabaTHOM pacIHPeHHH OITpelersieTcs Mo (popMyIIe

AFEC}'(T{_I}): T CL,:IER:, TO €CTh
1 m 5 0,02 | . 3
A=——R(T-T, )=~ -8,31-(300-158) JIx = 29,5-10° JTx = 29, Sk JIx.
1 2M ( 1 d) 2 2.10—3 ( )I[ ;[[ P[[

PaGora 4> raza ImpH H30TepMHYECKOM CKaTHH BEIpakaeT csI (popMyIIoi

%
A =-RT,-Zinl2=_831.158- D’Di In5=—21132 /e = —2 1l
: MV, 2.10™

3HAK «-» ITOKA3BIBAET, YTO ITPH C:KATHH padoTa rasa COBepllleHa BHEIIMHUMH cHiIaMH. I1omHas pa-
0oTa

A: AI+A2:8,5MNC

3amgaua 5. HMaeanpHeni ras copepiuaeT UK KapHo. Temrieparypa 71 Harpesatensd pasHa 470 K,
TemMIieparypa 7> oxmagurens pasHa 280 K. IIpu mzorepmiyeckoM pacIIHpPEHHH ra3 COBEpIIaeT

pabory A = 100 J[x. OnpenemmTts TepMHYeCKHI K.II.J. 77 IIKIA, a TaKKe KOJIMYECTBO TEIUIOTHI
(-, KOTOPOE ra3 OTAaeT OXIAMHUTEIIO ITPH H30TEPMHUECKOM CKAaTHH.

Peuteniie:

T. A
R

<V

TEphﬂ[‘-IECI{HIUI K.II. . THKIIAa OITPEACIIACTCA BEIPAXKCHHEM 1) =

KomnyecTRO TEIUIOTHI IEpEeaaHHO S OXJIAAHTEIIIO IIPH H30TCPMHYCCKOM CKATHH (3 — 4) PABHO Pa-
0 NOKYMEHT MOAMUCAH IMH
SNEKTPOHHOW NOANMMUChLIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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~
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¥ 7 -
L L I;r

YuuTheIBas, 4TO padoTa raza IpH H30TepMHYe CKOM pacIIHpeHHH (1-2)

V, A
A=VRT In—==VR= , IMeeM:

V V,
| TI[ ln_—
Vl

A V T,

0, = T, ln?': A?'

Tl In -2 l l

V

3agaua 6. MeanpHbOl ras, coBepIuaroii MK KapHo, mpoussen padory 4 = 600 JIx. Temrie-
parypa 17 HarpeBarens paBHa 500 K, 7> xomommnparka — 300 K. Onpegennurts: 1) Tepmiye CKHiA
KIIJ] myKmia; 2) KOIMHYeCcTBO TEIIOTHI, OTJaHHOE XOJIOMWIBHHKY 33 OJ[HH ITHKII.

Peuentie.

Tepmrueckrit KITJ] mpxna KapHo

KommuecTro TSIUIOTHI, OTJdHHOC XOJIOJHIIBHHKY,
Qj — Q| — A (1)
I'JS QI = A/ 1] — KOJOTHUECTBO TCILJIOTHI, HGH}"‘IEHHGﬁ OT HaI'PCBAT CJIA.

[TomcraBus 510 BEIpakeHHe O1 B (1), HaligeM

QE:A[LlJ.
7

Berumcmsasa, nonydaem: 1) n =0,4; 2) O»=900 Jx.

3agaua 7. Hantu usmeHeHHE AS SHTPOIHH ITPH HarpeBaHHH BOJBI MaccoH m = 100 r OoT TeMrle-
parypsel 1 = 0 C 1o Temmeparypsl 1> = 100 “C u mmocieyromieM MpeBpamnieHHH BOJBI B ITap ITPH TOH
Ke TeMIIEpaType.

Peuenite:

OHDEI[EHIM H3MCHCHHC SHTPOITHH AS kak CYMMY H3MCHCHIA SHTPOINTH .&SI ITPH HAI'PEBE BOAbBL

NOKYMEHT I:IDﬂI'IHCAH | _
SNEKTPOHHOWM NOANUCHIO HI B 11ap.
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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HM3BecTHO, UTO

d
AS = J‘ _Q
T
Lo
IIpu Harperanmu dQ = mc-dT |, Tlie ¢ — YAeIIbHAas TEITIOEMKOCTE BOJBI, ¢ = 4200 Pk TOraa

K2 -

.

2 . T -

AS, = [T 22 2 0,1-4200- 1202 = 13222
T T 273 K

T !
I

HpH IMPpEBPAIICHHH BOJBI B IIdP TEMIICEPATYPd HS H3MCHACT CA, 3HAYIT

1 7 O
AS. =—|do==
: T-!.Q T

rje O — KOIMYeCTBO TEIUIOTHL, IIepPeJaHHOE BOAE U1 IPEBPAII[EHHS €€ B T1ap,
O=r-m,

I'Jc r — YACIIbHAA TCIUIOTAa HﬂpDDﬁp&BDEﬂHI[ﬂj

r=22.5.10° 2%

K

2

_rm_22,5-10°-0,1 _ . [P

AS,
- T 373

TOoraa

2

AS = 132ﬂi+603ﬂ£: TSS’H%JE.
K K K

Jamaua 8. Ornpenermts H3MEHEHHE SHTPOITHH AS ITPH H30TEPMHYECKOM PACIIIHPEHHH a30Ta Mac-
cor m = 10 1, eciM JaBlIeHHE ra3a YMeHbIIHMIOCE OT p1 = 0,1 MIIa mo p>» = 50 kl]a.

Peuteniie.

HM3MeHeHHEe SHTPOIDH, VUHTBIBAA, UYTO ITPOIL[ECC H30TCPMITIC CI{I]I‘L

&S:idf:;idQ:%. (1)

CoITIaCHO TIEPBOMY Hayaly TEPMOMMHAMMKN, KOIHYECTBO TEIUIOTHI, IIOIVUYEHHOE TIa30M,
Q= A+AU . Ing uzorepmideckoro mnporecca AU = 0, mostomy () = 4. Pabora rasa B H30TEp-

MHYCCKOM IIPOIIcCCC
m V. m p
OOKYMEHT NOAMNWUCAH —RTIn—. (2
SNEKTPOHHOWM NOAMUCHIO M P,
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 i
Bnapened,; lebayxoea TateAHa AnekcaHapoBHa

[€ SHT POIIHIH.
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Brerurcmsasa, momydaeM AS = 2,06 J[x/K.

Bonpocst 1 3a0 anuA.

1. OCHOBHEBIE 3aKOHBI TE€PMOIHHAMHKI.

2. lleproe HauaIo TEPMOMIHAMHIKH.

3. Pabora, copepImraeMas ra3oM IIpH H3MeHeHHH 00beMa. PaboTa rasa 1mpH pasiiIHeIX ITPOIeC-
cax.

AnnabaTH4eCKHI IIPOIIECC.

OHrponuda. HepareHCTBO Kimaysmyca.
CTaTUCTHYECKOE HCTOIIKOBAHHE SHTPOITHH.
BTopoe Hauaio TepMOITHAMHKH.
TeruoBon aBurarens. TeopeMa KapHo.
XOJIOAWIbHAS MaIliHa.

[{uxm KapHo.

SR R

3agavn 411 CAMOCTOAT eJIbHOT0 penicHuA

1. CMech ra3oB COCTOMT M3 aproHa H a30Ta, B3STBIX IIPH OJMHAKOBBIX VCIOBHSX H B OJJHHAKOBEIX
00beMax. OIpeIe/HTh ITI0Ka3aTelb aguadaTsl ¥ TAKOH CMECH.

2. Haritu nokasaress aguadaTel ¥ OIS CMECH ra30B, COJep KaleH renur Maccol m=10 r i Bo-
JOPOJ MAcCOH my=4T.

3. CMech ra3oB COCTOHT H3 XJIOPa M KPHITTOHA, B3STHIX ITPH OJHHAKOBBEIX YCIOBHSIX H PaBHBIX
o0beMax. ONPeJeIHTh YAEIbHYIO TEIDIOEMKOCTh ¢y CMECH.

4. OnpeaeimTh VAEIbHYIO TEITIOEMKOCTE ¢, CMECH I'a30B, cojiepxalieH Vi=5 11 sogopoaa u V=3
1 rems. ['a3el Haxoaarcs IpH OQHHAKOBBIX YCIIOBHSX.

5. KakoBHI yAENbHEIE TEITIOEMKOCTH €y H ¢p CMECH I'a30B, COAEP KaIleH KHCIOPo Maccor mi=10
I' M a30T MaccoH nmx=20T1 ?

6. OnpelemHTh IIOKa3aTelb agfHa0aThl ¥ YacTHYHO JHCCOIMHPOBABIIErO Ia3000pa3HOro a3oTa,
CTeleHb JUCCOIHAI[HH & KOTOporo paBHa 0.4,

7. A3oT Maccoii m=>5 kr, HarpeTholit Ha AT=150 K, coxXpanun HeH3MeHHBIH 00beM V. Haitth: 1)
KOIIHYECTBO TEIUIOTHI (), COOOINEHHOE ra3y, 2) naMeHeHne AU BHYTPeHHEH 3HEPTHH, 3) COBEp-
IIIEHHYIO ra30M padoTty A.

8. Bomopox 3armMaeT o6beM V=10 M’ ripu faBineHnH p1=100 xI1a. ['a3 Harpeim IIpH IIOCTOSHHOM
o0peMe J1o JaBieHHI po=100 klla. Onpegemnts: 1) m3smeHeHne AU BHyTpeHHEH SHEPIHH r'aza; 2)
AananTITatTiTn rannar nafnm A 2N rAaminranTna TeTTOTEL Q: GOG@L[[EHHDE rasy.

[IOKYMEHT MOANMUCAH
3NEKTPOHHOW NOAMNMUCHIO | K 153 0O
CepTucbukar: 12000002A633E3D113AD425FB50002000002A6 [CI0 IHKJII KapHO, PaBCH 1. UIIPEACIIHTD
Bnapeneu: | Llle63yxoea TaTesHa AnekcanapoBHa € H30TepPMHYECKOrO pacIHpeHHsI H 00beM Vi B

0 paBHBI, 600 1 u 189 1.
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10. Y aeanpHEI ra3, COBEPINAIONIMI MK KapHo, ITOTYYHB OT HarpeBaTelIsd KOMHYECTBO TEIIOTHI

O1=4,2 x]JIx, coeprmn padory 4A=590 /Ix. Hamtu tepmrryeckmii KIIJI 7 sroro mukia. Bo
CKOJIBKO pa3 TeMrieparypa 1| Harpeparessd OONbIIe TeMIIEPATYPhI 12 OXIIagHTEna?

11. UpeampHeIN ras, copepmaeT K1 KapHo. Temrieparypa 71 Harpepareisd B TPH pasa BHIIIE
TEMIIEPATVYPHI 1> oXIMaguTensa. Harpeparelis nmepeman razy KOIHYecTBO TeIuioTel O1=42 xJ[x. Ka-
KVIO paboTy.4 COBEPIIII rasz?

12. UpeanpHBIH ra3, copepriarolpi MK KapHo, 2/3 KomHyecTBa TEIUIOTH ), ITOTYYEHHOIO OT
Harpeparess, OTHacT OXIaJIuTelro. Temrieparypa 1> oximaaurelnsd papHa 280 K. Onpenemmrs TeM-
reparypy 11 HarpeparteJis.

13. MaeampHBIH MHOIOAQTOMHBIH I'a3 COBEPINAT MK, COCTOSIIHIL M3 ABYX H30X0P U ABYX H300ap,
ITpHYeM HaHOOJIBIIEE JABIIEHHE I'a3a B JIBa pasa OOJIbIlle HAMMEHBIIETO, & HAHOOJILIIINH O0BEM B

YeThIpe paza OoNblle HaHMeHBIIero. OnpeaemTh TepMuyeckni KI1J| 7 mukia.

14. UnearmbHBIN IBYXAaTOMHBIH I'a3, COAEP KAl KOIMYECTBO BEIECTBA V=1 MOIb, COBEpPIIAET
I[HMKII, COCTOSIIII H3 ABYX H30X0P U ABYX H300ap. HammeHBIIHI 00BeM Vinin=10 11, HanOOIBIIIIT
Vinax=20 11, HaHMeHBIIIee JaBIeHHE Pmin—246 Kl Ia, HanOonbIee pmin=410 Kl1a. [IocTpouTs rpadHk
ITHKIIa. OIpeaenuTh TEMIIEPATYPY 7 rasza I XapaKTePHBIX TOYEK IIHKIIA H ero TepMudecKui KI11/]

n.

15. Copepiast 3aMKHYTBEIH IIPOIIECC, Ta3 ITOIYYHII OT HarpeBarelIsd KOJMYECTBO TEIUIOTHL (=4
K/[2x. OnpenemTs padoTy A rasa InpH mpoTeKaHHH I[HKIIA, eClIH ero Tepmuyecknd KI1J] 7= 0.1.

16. Kycox mpaa maccoit m=200 r, B3ATEIH IpH Temiieparype 1= - 10 °C, ObLII HarpeT A0 TeMIIe-
paTtypsrl 1=0°C H pacIUIaBjeH, IIOCIE Yero oOpa30oBaBIascsa Bojga Oblila HarpeTa 0 TeMIIEPATyPhI
13=10°C. OnpenemTs u3sMeHeHHe AS 3HTPOIMH B X0OJI¢ YKa3aHHBIX ITPOIECCOB.

17. Haittn msmeHeHHe AS 3HTPOIHMH IIPH H300apHYeCKOM PacIllHpeHHH a30Ta MacCcol m=4 I OT
obwema V=5 11 1o o6pema V>=9 1.

18. Kucmopoa Maccor m=2 KT YBEIHYHII CBOH 00BEM B 1=2) Pa3 OJHH pa3 H30TepMHYECKH, JPYTOH
— agHabarHyeckd. HalTH H3MeHeHH S SHTPOITHH B KaKJIOM H3 YKa3aHHBIX ITPOIECCOB.

Pasaeit 3. DuieKTpHIECTBO

IIpakTH4yeckoe 3ansaTHe 7.

Tema 3anamus. DJIEKTPOCTATHKA
Ilens 3anamusa. U3y4iTh OCHOBHBIE 3aKOHBI SIIEKTPOCTATHKH.

3HaHuA u ymeHus, npuodpemaemsle CIyoeHmom 6 pe3yaibmame 0C60€eHUL membl, (op-
MUpyemble KOMRemeHyun. STeKTPHYeCKHe CBOHCTBRA Tell. 3aKOH COXPaHEHH S SIIEKTPHYECKOTrO 3a-

psama. 3akoH KyimoHa. DnekTpHueckoe Imone. 110TOK BekTopa HammpsokeHHOCTH. Teopema OcTpo-

AOKYMEHT NoarnncAH _ _ _
ANEKTPOHHOW NMoOANChLIO (OCTCH IIOJICH 3apPAXCHHBIX TCII Pa3JIMYHOH I'CO-
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6
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IJNICKTPHYCCKOM IIOJIEC. SHEI{TPHIIECI{GE IIOJIE BHYIPH 3apPsKCHHOI'O ITPOBOJHIKA. PE],CHPEI[EHEHHE
3daPAOd0B B ITPOBOJHHKAX. BHEI{TPGEBH{GCTL ITPOBOAHHKOB. KGH,I[EHCE],TGPLI. BHEPI‘IIH SICKTPOCTa-
THYEeCKOTO ITOJI1. BrazieeT cItocoOHOCTHIO ITPHMEHATD CGGTEETCTE}’TOH_[I]I”I (bHBHI{D-MElTEMﬂTHIIE-

CKHH armiapat IIpH pellleHHH IIPo(QeCCHOHAIBHBIX 3aad.

AHHI_]ML’IBHHEIHB memspl. OCHOBHBIE 3aKOHBI JJNICKTPOCTATHKI ITPHMCEHATOTCA IIPH PEIICHIH
MHOI'HX HHACHCPHBIX 3d1d.

T eopemuileckdn 1acmso.

3axkon Kyaoxa: cHia B3aHMOJCHCTBHSA IBYX HEIIOABHIKHBIX TOUESYHBIX 3aPSA0B B BaKyyMe
IIPONOPIIHOHAIbHA HX BEJIMYHHAM ¢ H ¢2 H 00paTHO ITPOITIOPIHOHAIIbHA KBaJpaTy PacCTOSHHS F|2
MEKTY HHMH.

B cxanspHoi ¢popMe 3akoH KymnoHa:

F — QI ] QE —
dree,r;

B - 3mech: & — DIeKIPHYecKasd IIOCTOSHHAs, & =
5 F]g 8.85-107"?Ki?/H-M? (pa3MepHOCTH MOKET OBITD ITPH-
O O > BeJleHa K BUAY O/M); & — IUBIEKTpHYECKas IIPOHHIA-
+q1 +q> eMOCTH CPEJIBI, IIOKa3BIBAET, BO CKOILKO pa3 CHIIA B3aH-
a) MOJIEFICTBH S 3apAOB B BaKyyMe IIPEBBIIIAET CHILY B3aH-

F

ﬁ - MOJIEFICTBHS HX B cpelie, T.e. € = — (Fp — cuna Ky-
21 5 F

< O« O JIOHA B BaKyyMe, F' — B cpelie); DH3NIeKTpHYecKas IIpo-
+q: +q> HHIIAEMOCTb BaKyyMa €= 1, Bo3ayxa € = 1. 3akoH Ky-
6) JIOHA, 3aIlTHCaHHBIH B BeKTOpPHOH (gopme (1), (2), ompe-
JelseT CHITY, NeHCTBYIOMIYIO Ha 3apsSabl ¢2 H ¢1 CO CTO-
— POHBI ¢ U (J2 COOTBETCTBEHHO.

Puc. 1

FI _ QI'QE 17.1» (l)

[OKYMEHT MOAMUCAH L E- (2)
3NEKTPOHHOW MOANMUCHIO |
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—

Cuma F), IeficTByeT Ha 3apsii g2 CO CTOPOHEI 1, TIPH 5TOM PaILyc-BeKTOp 7j, QHKCHpPYeT

ITOJIOKCHHE 3apiaida ¢2> OTHOCHTCIIBHO Hd4alld CHCTCMBI KOOPAHHAT, ITOMCIICHHOI'O B TOUKY, I'/IC

—

HaXOJUTCH 3aps g;. Pagimyc-BeKTop F] , HalIpaBIIeH OT ¢; K g2 (puc.1a). Cuma F,; nelcTByer Ha

3apsJ ¢; CO CTOPOHEI g2, PAJHLYC-BEKTOP I, (Ha4alo KOOPAMHAT IIOMEINAETCS B TOUKY, T/l HaXO-

ITHUTCS 3apsil ¢2) HaIpaBleH OT ¢2 K ¢; (puc.16). Cuma KynoHa HampaBlleHa B Ty K€ CTOPOHY
(puc.l1a,0), 4To H pagHyc-BeKTOp F IIPH OJHHAKOBBIX 3HAKaxX 3apsmoB (gig2>(0), H B CTOPOHY,
IIPOTHBOITOIOKHYIO PaJHyC-BeKTOpY 7 (pHC.1B) — IpH pa3MHYHEIX 3HAKaX 3apsSaoB ¢; H (2

(q1q2<0).

—s —s

Cunel F 12 H F 71 110 TPCTBEMY 3dKOHY HrroToHa PAaBHBI 110 BEIIHYHHE H ITPOTHBOITOJIOKHBI

11O HAIIPABIICHHIO.

— —

F, =—F,,.

HEIHGI&H-II]I%I, HUTO TOYCHHBIM 3dPAJOM HA3BIBACTCH HAJJIICKTPH30BAHHOC TCJIO, Pa3MCPhI KO-
TOPOIo HpEHEﬁpEH{HMG MaJIbl 11O CPABHCHHIO C PACCTOAHHEM JO APYIHX TCJI, C KOTOPEIMH OHO
B3aHMOJIEH CTBVCT.

Bzaumooeiicmere moueunozo 3apsaoa ¢ pacnpeoeneHt viM 3apsaoom

3apsy, coOOIEHHBIHI TETY, MOKeT pacIpeIeIaThCs 110 €0 IIOBEPXHOCTH (MeTaJlI) HIH I10
00BeMY (IHAIEKTPHK).

XapaKTepHCTHKAMH paclpele]IeHHOT O 3apsjia CIyKar:

1. JInHelHasq IIIOTHOCTH 3apsaa (7).
2. IloBepxHOCTHaS INIOTHOCTH 3apsaa (o).
3. OO0OpeMHas INIOTHOCTE 3apsaaa (o).

Y e .Y

Al AS AV

3necy AQ — 3aps, HaXOAAIIHICS COOTBETCTBEHHO Ha 3IEMEHTE JJIMHEBI A/, TIOBEPXHOCTH
AS, o0peMa AV 3apsLKeHHOTO TEA.

Hanpsscennocms nons moueunozo 3apaoa

BekTop HanpsoKeHHOCTH SIIEKTPOCTaTHYECKOIO IO B HEKOTOPOH TOYKE SBISIETCS (PH3H-
YECKOH BEIIMYMHOH, YHCJIEHHO PAaBHOM CHIIE, AEHCTBVIOIIEH HA ITOMEINEHHBIH B 3TY TOUKY €/IH-
HHYHBIH ITOJIOKHTEeNbHBIH 3apsy (IpOOHEI).

HampaBrneHne BeKTopa HaIIpSDKEeHHOCTH B HEKOTOPOH TOYKE ITONIS COBIIaJaceT ¢ HallpaBJle-
HHEM CHJIBL, JIeHCTBYIOINEH Ha ITIOMEIIEHHBIH B JaHHYIO TOYKY 3IeKTPOCTaTHYECKOIO ITOJI IT0JIO-
’KHUTEIIbHBIH 3apsI
[IOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO 3)
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f s
g - 3apsyl, TIOMEIEHHBIN B JJAHHYIO TOUKY T10J18. PasmepHocTs E crnepyer u3 BeipakeHH (3):

HarpspKeHHOCTh IO, CO3JaBaEMOI'0 TOYEUHBIM 3aPSA0M ¢ B TOUKE HA PACCTOSHHHU © OT
3apsjia HaXO T, HCIIOIb3Ys BeIpakeHHe (3) 1 3akoH KymoHa:

p_ 44 q

p— >, p— . 4
dmee rq 4nee,r *

YT00BI HANTH HaAITpaBIIeHHE BeKTOPa HAITPSDKEHHOCTH B TOuke A (pHC. 2), clIeyeT ITIOMeCTHTD
e e f e e
B 5TY TOYKY ITPOOHBIH ITOJIOKHUTENBHBIH 3apsil ¢ M HaHTH HallpaBIeHHE CIIIBI KylIoHa, JEHCTBYIO-

w ’
III€H Ha ¢ CO CTOPOHKI 3apAnd, CO3MarOIICIO ITOIIC. BEI{TDP HAIIPsLKEHHOCTH I10JIA, CO3dBacMOI'0

TTONIOKHTETIFHBIM 3apsIoM B TOUKe A (pHC. 2a), HallpaBIIEH B CTOPOHY OT 3apsfa (CpaBHHTE C PHC.

1), a B cIIyyae OTpHIIAaTEIBHOIO 3apsa HallpaBJIeH B CTOPOHY 3apsaa (puc. 20). JIa HaxXoKIeHHA
HaITPsDKEHHOCTH ITOIIS, CO3/IaBaEMOI0 CHCTEMOH 3apsIOB, CIIEAYET BOCIIONB30BAThCS IIPHHIHIIOM

F} A E—"‘ CYIIEPIIO3HIIHH SNEKTPHYECKHX TIOJIEH: BEKTOP HAIIPSKEHHOCTH JIEKTPH-
. 1 Se é YECKOI'O TIOJIS CHCTEMEI 3aps0B PaBeH I'eOMETPHYECKOH CYMME Harps-
+q +q' ’KEHHOCTEH TIOJIEH, CO3/IaBaeMBIX B JAaHHOH TOYKE KaXIbIM 3apsSI0oM B OT-

al TETHHOCTH.

- >

E 2 r. A
® < >0
_ /

q +q
Paboma cun nonsa npu nepemeuyeniil 3apaoa, NOMeHYUAN, Pa3-
HOCHIb NOMEHYUAT06, NOMEHLLIATbHAS DHeP 2L CLICIeMbl 3aps00e.
PaborTa 1o nmepeMeIleHHIO 3apsia B IOJIE.
Puc.2 Iomenpian

[IyCTh IIPOOHEBIN 3apsy ¢ ' IePEeMEIAETCS B IIOJIE TOUEUYHOIO 3apsaja ¢ Ha OECKOHEYHO Ma-
TIBIH OTPeRoK dl (puc. 3). DnemMeHTapHasd paboTa, coBepIllacMas IojIeM ITPH MepeMellleHHH 3apsa;

dA = Fdl cosc, (5)

['me F— cuira, IeNCTBVIOINAS Ha 3aps g Ha OTpesKe dl, & - YOIl MEXKIY F u dl (puc. 3).

1o 3axkoHy KyioHa

q4
e r- (6)

-

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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13 AABC (puc. 13) HaiijieM, YTO ITpHpaIlleHHE
JUTMHEL PaJlHyC-BEKTOpa # YHCIEHHO PaBHO:

dr=dl cosa. (7)
IToxcraBuB BeIpakeHHS (6) H (7) B BeIpakeHHE (5),
TTOITYIHM:
da=—1—ar. (8)
? dreeqr

JIn1sa HaxOKIAeHHS ITOIIHOH PpadOThI, COBEP-
IIaeMOH ITOJIEM IIPH IepPeMEIeHHH MTPOOHOro 3a-

psga g’ u3 nonoxkeHHa 1 B rmoroxeHne 2 (puc.13),
cIIeyeT BeIpakeHHe (8) IPOHHTETrPHPOBATh IO BCEMY ITYTH:

3 , g Fdr_ ., q 1 1
=|dA= = (———),
% '.[ ! dree, ;. 1 ! dmee, r,
TO CCTh
q'q q'q

Ay = — : 9
12 dmeegry 4meegr )

byneM repeMeInats ImpoOHBIH 3apsj ¢ "H3 TOUKH | 3a IIpeelnl 104, T.€. B O06CKOHEYHOCTB,
I'JIe HAITPSDKEHHOCTD AIIEKTPHYECKOrO IO Ew paBHa 0. [Ipu aToM B hopmyiie (9) rr=0, 0 1194 jo

ITOITYYHM

Alcf::_ 149

- , 10
4?3'880!‘1 (10)

[Togemme Beipaxenue (10) HA ¢, TOTYYHM BEIHYHHY, KOTOpas Ha3bIBAeTCS SIIEKTPHYECKHM I10-
TeHI[HAIOM JaHHOH TOYKH ITOJIS:

Aloo __ 4
q  4meeyr

P = (11)

T o ecTh, MOTEHIMAI JaHHOH TOYKH ITOJISI YHCIIEHHO PaBeH padoTe, KOTOPYIO COBEPIIAT CHIIBI IO
ITPH TIepeMEIeHHH eIHHIYHOI'O IIOJI0KHTEIBHOIO 3apsaaa H3 JaHHOH TOYKH B OeCKOHEYHO Ya-
JIEHHVIO. [ [oTeHIIHATI OIIPEAEIISIETCS ¢ TOUHOCTRIO 0 ITOCTOSHHOH C. {111 6eCKOHEYHO YAaIeHHOH

TOYKH ITpocTpaHcTBa yaoOHO rmpuHHMaTh C=0. (B Berpaxkernnu (11) C nmpursgra paBHo# 0). Exu-
HHUI[a U3MEPEHHS IIOTEHIHAIa MOXKET OBITh HaHEHA M3 BEIPAKECHIS:

A Il Kn-B
— = — — — B .
[@] q Kn K

AOKYMEHT NOAMNMUCAH OIS TOYEYHOT'O 3apsijla B 3aJJaHHOH TOYKe ITOJIA
3NEKTPOHHOW NOANMUCHIO
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q
d7eeqr

Pr.3. = (12)

371ech ¢ — 3aPAn, I{GTGPL]I‘T CO314cT IIOJIC, ¥ - PACCTOAHHE OT 3dpigda JO TOYUKIH, B I{DTDpGﬁ BBIYIHC-
JIACTCA ITOTCHIIATL.

Pa3HOCTHE ITOTEHIHATIOB

PaznemuB BeIpakeHHe (9) Ha ¢, IIOITYUHM:

Arp q q
Ty 4 AT
q ?I'EEOFI ?I'EEOFZ
OTcrona:
Alp =q (o1 —@). (13)

BemiuniHa (¢, —@,) Ha3BIBAETCS pazHocmbio nomeHyuaios. Pa3sHOCTh ITOTEHI[HATIOB

ABYX TOYUCK H3MCPACTCA pﬂﬁGTGﬁ: CGEEPH.[&EMGﬁ CIUIaMH ITOJI ITPH IIEPEMCIICHIH ITOJIOMHTCIIb -
HOI'O CAHHHYHOI'O 3apsida IH3 HEpEGﬁ TOYKIL BO BTOPVIO.

[loTeHIMan Mot CHCTEMBI TOUEUHBIX 34pPAO00B

PaBEH ﬂﬂI‘EﬁpﬂII‘IECKGﬁ CYMME ITOTCHIIHAJIOB, CO3JdBACMBIX OTACIIbHBIMIL 3aPsdaMH. To ecTh O
ITOTCHITHAIIA, TaK KE KaK H I HAITPSLKCHHOCTH I10JIA, CITPAaBCIJOIB ITPHHITHITI CYIICPITO3HITII 3JICK-
TPHYCCKIIX ITOJIEH. HpH ATOM ITOTCHITHAIL ITOJIA CHCTCMBI 3dPAA0B PACCHHTATE BCCI A4 JICIC, UCM
HAITPAKCHHOCTD, T.K. IIOTCHIIHATL — BCJIHYHHA CKAJIAPHAA (BHEPI‘ETH‘IECI{EIH XdPAaKTCPHCTHKA HGJIH).
HDBTDI\I}" B CIIYHaAX, KOI'lda HAJ0 HaHTH HAaITPAKECHHOCTE H IIOTCHITHAIL B KaKOH-IHOO TOUKe TTOIIA,
CIICOVYCT HaHTH CcHadala IIOTCHITHATI, a4 HAIIPSDKCHHOCTD 11O HCKATbh, HCIIOIb3YA CBA3bL MCHKIY
HAITPsLDKECHHOCTBIO H ITOTCHITHAIIOM.

E-_22

14
- (14)

HarpskeHHOCTS MOIIS YHCIIEHHO paBHAa H3MEHEHHIO ITOTeHI[HAalIa Ha eJHHHITY JJIHHEI, OT-
CUHTAHHOH B HaITpaBJIEHHH 10 CHJIOBOH IIMHHH, H HallpaBJIeHa B CTOPOHY YOBIBAaHH S ITOTEHITHATIA
(3THM OOBSICHSETCS 3HaK MHHYC B (14)).

Ecmi 1omne HSCOAHOPOAHO, TO COCTABJIAIONIIAA BEKTOPA HAIIPSKCHHOCTH 3JIICKTPHYCCKOI'O
TI0JI1 B JAaHHOH TOYKE IIO J]IG@GI\{Y HalIpaBJICHIIO PdaBHa HPGHBEG,I[HGﬁ OT ITOTCHIIHMAId ITO STOMY
HAIIPaBJIICHHIO B TOH XK€ TOYKE, B3STOH CO 3HAKOM MITHYC.

P dp E, - dp E, - do

X a2 a2 .
dx dy dz
NOKYMEHT NMNOoAanncAH
ANEKTPOHHOW NOOMUCKIO VDKCHHOCTD OJ4HA H Ta JKC. Ecnu @; — IIOTCHITIAJI
Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6 MeKTy TOUKAMIH d:. TO"
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1 BEIpakeHHe (14) IS OTHOPOIHOIO IO HMEeT BHJT

Py — P
d

E=-

[ToTeHIMAan o 3apsokeHHOH cepsl (Iapa) onpefensdeTcs Kak ITOTeHIHAN IO TO4YeY-
Horo 3apsaa (popmyia 12). IIpu 3TOM cUHTaeTCs, UTO 3apsj COCPEIOTOUYEH B IIeHTpe c(ephl, T...
paccTosHHe r (popMyria 12) oTcUMTEIBaeTCS OT IIeHTPa Cephl.

PerieHiie 3agauy 1o HaX0OXIeHHIO ITOTEHIHATIa ITOJIA, CO3daBacMOIO CHCTEMOH TOYEYHBIX
3aPAO0B B IaHHOH TOYUKE, HEC BBI3BIBACT BE],TP}"I[HEHI]I‘L INOSTOMY IIPHMCPEI PCLHICHHA 3444 Ha 3TY
TEMY 3J€Ch HE PAaCCMATPHBAIOTCA.

bornee cimoxHO PEHICHHE 3a/d1 ITO HAXOQJACHIIO ITOTCHIHAJId B TOUKAX ITOJIA PaCIIPEACIICH-
HOI'O 34pidd4d., Hd 3TOM OCTdHOBHMCAH HD,I[pDﬁHEE.

Pacuem pabomui,
COBEPIITAEMOH TTOJIEM IIPH IIEPEMEIIEHHH 3apsaa, U IMTOTEHIHAILHOH SHEPIHH CHCTEMBI 3apSIOB.

PaboTa cmit mmoss, co3maBaeMoro 3apsjaoM Q, 1o IepeMedieHHIO 3apsfa ¢ H3 TOYKH 1 B
TOUKY 2 IIOJACYHTBIBAeTCA 1o popMmyiie (9), T.e.

| |
c L4

d7ce 0 N )

Alp =¢q

N3 storo BBIPaXKCHIA CIICAYCT, YTO BCIIHYHHA pﬂﬁDTLI IIO IICPCMCIICHITIO 3aPAldd B JJICK-
TPOCTATHHYCCKOM IIOQJIE HE 3dBHCHT OT ITYTH ABHKCHHA 3dPA[d4 ¢, 4 3dBHCHT JIHIIIb OT €I'0 HAaYdJIb-
HOI'0 M KOHEYHOT'O TTOIOKEHHH.

[Tpn HaxoKaeHHH paboThl CUMTAETCS, YTO IepeMelaroInHiics 3apsy (0OBIYHO MeHBIIHI
ITO BEIIMYHHE, YeM 3apsj O, KOTOPBIH CO3/laeT I10JIe) He H3MEHSET NMeKTPOCTaTHYECKOIO IT0JISL, B
KOTOPOM OH JBHXKETCSL.

[ToTeHIMabHAA SHEPTHS B3aHMOJIEHCTBHS ABYX 3apsIoB ¢ H O paBHA:

qQ

dmeeyr

W =

+ W .

OOBIYHO IS VIIPOIIEHHS pacyeTOB OeCKOHEYHO YAAIEHHYIO TOYKY (r2 = ) IPHHHMAIOT 3a
HaYallo OTcYeTa sHeprun, T.e. Wep = 0. Torma:

qQ

4reegr

Wi(r)= (15)

CpaBaute (15) m(12).

M3 (15) creayeT, YTO MOTEHIIHAT IO B JAaHHOH TOYKE YHCISHHO paBeH ITOTEeHIHAIbHOM
SHEPIHH, KOTOPOH 00naaeT eJHHHYHBIH ITOJIOXKHTEIILHBIHN 3PS, IIOMEIIEHHBIH B JAHHYIO TOUKY

AOKYMEHT NOANMCAH [AaHHOM CJTy4ae ITOTeHI[HAIbHOMH )
3NEKTPOHHOW NOANMUCHLIO
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HTEII{:, pﬂﬁGTﬂ CILI ITOJIA ITO TIICPEMEIICHHIO 3apA/a.

| B |
@ L1

a) A=
dmeeg 1 M

0) A= _[Fdl, eciu F =const: A=Fl=qEl.
(OIHOPOHOE ITONIE, 3apPS ABHKETCS ITO CHIOBOI JIHHIHN)

B) A2 =q(P1 —92).

r) Ap =W —W,.

| _ 9
Ilomenuuan nois moueuHozo 3apaoa Q=
e r
de
Cea3b MeKIy NOTEHIHAJI0OM H HANP S7KeHHOCThIO E =- E
Cuuia npuTsEKeHHASA MesKIY ABYMSA Pa3HOHMEHHO 32 PsSiKeHHbIMH
2 g,
§EES ¢
00KJIAIKaMH KOH/IEHCAT opa F = = ,
rje S — IUIOINAAb IIACTHH.
JIEKTPOEMKOCT b:
_ 9.
VeOuUHeHH 020 NPOBOOHUKA C=—;
P
£,69
H10CKO20 KOHOeHcaniopda C= .
d
__ &S
CNIOLICHI020 KOHOeHCamopa C= :
>d /e
) {
umapa C=4me R,

rae d — PACCTOAHHE MCHEAY ILIACTHHAMI KOHACHCATOPA, d; — TOMIIHHA 1-TO CJIOS AHIIICKTPHEA,
Ei — €TI0 JHIJICKTPHYCSCKAA ITPOHHI[dACMOCTD, R — PaJHYC IIdpa.

r_"_ ot R e E_ﬁ__ _= - e . O T

“ HOKYMEHT NOHAACAH “eAMHCHHBIX:
SNEKTPOHHOWM NOANUCHLIO
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1
HOCe006aANMeNbH O E — Z—

JHepPrus moJis:

_Co_ g _4q9.
3APAHCEHHO20 NPOBOOHUKA W, =——= = :
2 2C 2
1 2
3APAANCEHHO20 KOHOeHcamopa W, = EE‘DEE V,
rae V — o6beM KOHJIeHCaTOpa.
O0BbeMHaf IUIOTHOCTh SHEPrun
e£E* D> ED
IEKTPHIECKOr 0 IO0JIs W, = = — :
2 2,6 2

0
IIpuMepnb1 penmieHus 33134

3amayua 1. TOHKITOI cTepXKEHb JJIMHOM 20 CM HeCEeT PaBHOMEPHO PacCIIpeAelIeHHEBIH I10 JIIHHE 3apsil
C IHHEHHOH IITOTHOCThIO T = 2 MKK/M. Ha paccroarimt 30 cM OT cTep KHS HaxXoauTcsa 3apsg 20
HKII, paBHOYIAJIEHHBIH OT KOHI[OB CTEPKHSA. HaHTH CHITY B3aHMOIEHCTBHS 3apsia H CTEPKHSL

JlaHo:

[=20cMmM=0,2 M

r =2 MxKi/M = 2-107° Ki/m
ro=30cM=03 M

QO =20uK1=2-10"%Kn

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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BrriemiM Ha cTepikHE 3TIeMEHTAPHBII yY4acTOK MIHHOIL dl. 3apsm ero dQ = tdl MoxHO pac-

CMaTpHBaTh KaK TOUEYHBIH. Torja 1o 3akoHy KyJoHa cria B3anMOIEHCTBHS Mexay (1 U dQ
paBHA

gr -1 & rd

47, re

IJIe r — PACCTOSHHE OT BBIJEIIEHHOIO Y4acTKa o 3apsmga O (cM. puc.). M3 pHcyHKa clIeqyeT, uTo

r rda
. dl= , TJIe ro — paccTOSHHE OT Q1 IO CTEPKHAL
COS ¥ COSX

=

[TomcTaBHB BRIpaKeHHS A1 ¥ H dl B QOPMYITY IS CHIIBL dF TIOIYyYHM, 4TO

I Qrt-rda 1 0O rr;] -do Qlfd(x

dF =

d7e

0 ry 47 r . COS X 4d7e ¥

- 0 ofo
5 COS X |
COS & COSX

3T0 BEKTOpHAS BEIHYIHA;, PA3TOAIM (F’ Ha COCTABISIONIHE:
ITEePIIeHANKYIIIPHYIO CTePXKHIO dF| M mapamnensHyto eMy dF,. OueBHIHO,
dF, =dF -cosa, dF,=dF -sina, torna

_ QTcoso Qrsina

dF do

I

do, dF, =

dye. r

47e, 0 {]

0 {]

[IponHTErpHpPYEM ITOTYYeHHBIE BBEIpa’KeHHS JJIS CHII B IIpejellaX H3MeHeHHS yIila & OT — 5

10 f.

B
TCOS QL T T .
F = C do = Q [sin | "5= 4 sin 3
—ﬁ 4?35{] 0 4?3-5{] 0 Hgﬂﬁ]
Tsin fil’
F, = .[ < do =— o ‘m% EIH = ().
47e 1 47e. r

0 {] 0 {]

T .
B pesymbTate momyunm, uto F=F = g sin 3.

27E i,

BemmyuHy SIN [ ollpejeliM 13 PHCYHKA:

[
) [
cin R — — U TOTCTABHM B BBIPajKeHHe UL CHIIBI F.
,EI,GI{YMEHT HDﬂHHCAH

SNEKTPOHHOW NOANNCHIO
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—(0,76-10"H

- O [ 2:107%-2-10° 0,2
2TTE T,

0°0 .\/4.*;]24-!2 _2'3,14'8,85-10_12-0,3.J4_(0,3)3+(0!2)2

3amava 2. ToHkHI cTepkeHbh NIHHOH [ = 10 CM HeceT PaBHOMEPHO pacCIIpeelIeHHBIH 3apsil
Q = 1 uKI1. Onpegenurs NOTEHIHAT P SIEKTPHYECKOTO IO B TOUKE, JIeKaIleH Ha OCH CTEP/KHS

Ha paccTosHUH a= 20 ¢M OT OJIMIKAMIIErO €ro KOHI[A.

JlaHo: } Ar N d |

[=10cm=0,1 M ;
________ T4

= 1K1 =107 Kn g o

Q E“.d}l}:‘( ¥ }I

a=20cmM=0,2 M

@ "

BeremiM Ha cTepikHe 3IIeMEHTapHBIN YYacTOK JJIHHOH dr. 3apsj Ha CTepKHE paclpeelicH

PABHOMEPHO, CIICAJOBATCIIBHO, CI'O JTHHeHHas INIOTHOCTh 7 — — H Ha YUACTKE IUIMHOH dr pas-

[

MellleH 3apsa dQ = T - dr . 3T0T 3apsj, MOKHO CUHTATh TOYEUHBIM. Tor1a MOTEeHIHAN AEK-

TPHYCCKOI'O ITOJIIA 3TOI'O 3apsid B TOUKC A PaBEH

_dQ ©wdr  Q dr
Are,r  Ame,r  4ng,l r

do (1)

A€ r — paCcCTOAHHE OT 3JICMCHTAPHOI'O YHIdACTKa dr 10 TOUKH A4.

5k ITPHHITHIIA CVIICPITIOSHITHI CIICAYCT, UTO OOIIHI ITOTEHIH AT pPaBEH CYMMCE ITIOTCHITHAJIOB
BCCX JJICMCHTAPHBIX 3aPAH0B CTCPKHA.

[losTroMy mHTErpHpyeM BeIpaxkeHHe (1) 114 d@ B npefenax H3MeHEHHS dr OT a Jo [+a:

[+a [+ -9
dr dr [ +a 10 0.1+0,2
e _ L el P2 3658,
Angl v dmel S r  4mel  a  4-3,14-8,85-107°-0,1 0,2
AOKYMEHT MOAMMCAH 3apSKArOT IO pasHOCTH nmoTeHImanos Uyp= 400B
SNEKTPOHHOM NOONUCHIO | 3
Ceprudbnkar: - 12000002A633E3D113ADA25FB50002000002A6 1 Mx®, B pe3yrbTaTe 4ero MoCIeJHHH 3apsika-
Bnapened: LWeBayxopa TatenHa AnekcaHgpoeHa FAKHM KE GﬁpﬂBGM ETGpGﬁ KOHACHCATOP TOH Ke
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eMKkocTH (C = IMK®D), 3aTeM TPeTHIi, YeTBEPTHIH U T.J. 3aTeM KOHJeHCATOPBI COSTHHIIOT TTOCIe-
IOBATELHO. KaKyro MaKCHMAIIbHYIO PAa3HOCTh ITOTEHIHAIOB MOYKHO ITOIYYHTE TAKHUM 00pa3oM?

JlaHo:

Co=20MxD=20-10"°D HavampHBIH 3apsa KOHAeHcaTOpa eMKOCTRIO Co Ovaer Uy =400
B paBHBIM (§ = Co- U. C=1Mx®D
[Ioce mogKmoYeHH I K HeMY KOHIeHCAaTOpa eMKOCThI0 C

T}m Qo pacnpenenserca Mexay Co u C. Ilocne orcoemune- U = ?
OH

HHug C oT Cp Ha 00 KOHJ[eHCAaTOpax OYVAET OJHHAKOBAs

Pd3HOCTE ITOTCHITHAIIOB (T.I{. HX coeJHHEHHE OBIIIO ITapaii-

TIEJIbHBIM).
_ 0, _ CUy ‘
- C,+C C,+C
CﬂzUn

Ha xoHzgeHcatope Cp OCTAHETCS 3aps Q1 — C'ﬂ U, = CiC
_|_
0

HpH ITOCIIEAVIOIIEM ITOAKIIIOUCHHIT BTOPOI'0O KOHACHCATOPA (' Ha KOHACHCATOPC Cn OCTAHCTCA
sapsn O»= Co- Ua.

[

C.U, C,
s s — Un*
C,+C \C,+C,

[Ippuem U, =

[ToBTOPSIA 3TY OIepal o 1 pa3, Mbl OyJleM HMeTh HaOOp KOHEHCATOPOB, 3apsyKeHHBIX 0 HaIIps-

C{I
C,+C

KeHui Uy, U, Us, ..., U”(n: 1,2,3,...). U =U,

OO011ee HaITpsLKEHHE ITOCIIC TTOCIICAOBATCIIBPHOI'O COCAHHCEHH A BCEX N KOHJACHCATOPOB 6}"I[E:T PaBHO

4

C{]U{] l + C{] + {; + 4 CE]!
C,+Cl G +C (c,+CY (C,+C)

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

[IpocyMMIpPOBaB ITOJIYYEHHYIO OECKOHEYHYIO YOBIBAIOIYIO I'€OMETPHYECKYEO ITPOr PECCHIO
HalijleM e€ CyMMY PaBHYIO MaKCHMAaJIbHOH Pa3HOCTH ITOTeHIHAIOB U:

_GU, _20-10"-400

U ——— =8000B.
C 10
OOKYMEHT NOAMUCAH _
SNEKTPOHHOW MOANUCHIO [CAaTOPOB eEMKOCTSIMH 4 H 5 MKD KaKIbIH, COEIH-

Ceptudukat: . 12000002A633E3D113AD425FB50002000002A6

nmpskeHueM 220 B. Ilotom 6atapero OTKIIFOUHITH
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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OT CETH, a KOHAEHCAaTOPHI Pa3beHHIIH H COSIIHIUIH IMapaUIelIbHO 00KIaKaMH, HMEIOIIHMH O/I-
HOMMEHHEBIE 3apsapl. KakuM OyIeT HallpsDKeHHE Ha 3aKHMax ITOJIYUeHHOH Oarapen?

JlaHo:

U =2208B TaK KaK KOHZIEHCATOPEI COSTHHEHBI ITOCIe0BaTeNbHO, TO ') =4 MKD
=4-10°®  szapsg KaXIord M3 HUX H 6aTapeH B LIETIOM OJHHAKOBBI:

Cr=5MxD=510°D O1=0:=..=0.

EMKoCTh GaTapen MocneqoBaTelbHO COSAMHEHHBIX KOHACH- Uz =7
CaTOPOB BBEIUHCIISAETCS ITO (popMyIIe

C,G,
C,+C,

EMKOCTB 6&THPEH H3 IBYX KOHACHCATOPOB PdBHA C —

amxzapany Q=CU, = GG U,.

| g,

i

[IpH OTKIIOYEHHH KOHJIEHCATOPOB 3aps KaKJOro M3 HHX cOXpaHHTCS. [IpH mapaiellbHOM HX
COe/THHEHNH Gy/ieT paBeH cyMMe 3apsoB KoHaeHcatopoB Q' = O, + 0, =2, a eMKocTb 6aTa-

[ r
pen Gyxet pasHa cymme eMkocteit C' =C,| + C,.

OOI11ee HAIIPSDKEHHE CTAHET PaBHBIM

y 2 0+0 20

¢ C+C, C+C,

[TomcTaBisas B moay4eHHOE BeIpakeHHe (POpMYITY JIII (0, ITOTYYHM:

- 2CCU, 2-4-10°-5-107°-220

_ = —— -108,6 B
(C,+C,)’ (4-10°+5-107%)°

2

3amaua 5. Kakoe KOmM4ecTBO TEIUIOTH () BBIJAEIIHUTCS ITPH Pa3PSIKe IIJIOCKOTO BO3AYIIHOIO KOH-
JIEHCATOPa, €CIIH Pa3HOCTh IOTEHIHAIOB MeK Y IlTacTHHAMH paBHa 10 kB, paccrosmiie d=0,5 MM,
a TUIOIAMb S Ka KO IIIacTHHEI paBHa 100 cm>?

JlaHo:
U=10 kB=10*B COracHO 3aKOHY COXPaHEHHS SHEPTHH, KOJIMYECTBO
d=0,5 Mm=5-10"* M TEIUIOTH (), BRIASIIHBINIEECS B KOHJIEHCATOPE IIPH ETO
S$=100 cm’=107 M* pa3psaKe, paBHO SHEPTHH 3apsDKEHHOTO KOHAEHCAaTOPa
[OKYMEHT NOAMNUCAH CU"’
ANEKTPOHHOWM NMOANUCHIO O=——
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6 2
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
110 (popmyTIe
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IJIe £— OURJIEKTPHYECKas IPOHHI[AEMOCTh CpeIbl (JUIS BOo3ayxa & =1). 3HauHuT

- gSU* 8,85-107%-107°-10°
2d 2:5-107"

0

=8,85-107 JIx=8,85 MJ[k.

Bonpocet u 3a0 anui.

1. DNeKTpHYECKII 3apsaa M €TI0 CBOHNCTBA. 3aKOH COXPaHeHH 3apsaa. 3aKoH KyJloHa.

2. HBHPH}I{EHHOCTB IJIEKTPOCTATHYUYCCKOI'O ITOJIA. JIMHIH HaITpsLKCHHOCTH 3JICKTPOCTATIHC-
cKoro 1omnd. lI1otok BCKTOP4d HAIIPAKCHHOCTH.

3. IIpuHIgMT cyTepriosmiuy. 11ome JUmons.

4. Teopema ['aycca Iy 3IeKTPOCTAaTHYECKOT'O IO B BAKYYME.

5. IIprmMeHeHHe TeopeMel I'aycca K pacueTy IIOJIEH B BaKYYME.

0. [{UpKYIIAIQs BEKTOPaA HAIIPSDKEHHOCTH MIEKTPOCTAaTHYECKOTO ITOJIS.
7. IloTeHIman 3neKTpoCcTaTHYECKOro MOJI. Pa3sHOCTH ITOTEHIHAIOB.

8. CBsI3B MCHEAY HAIIPAXKCHHOCTBIO H ITOTCHITHAIIOM. BrruHcieHue PAa3HOCTH ITOTCHIIHAIIOB
11O HAIIPSsDKEHHOCTH ITOJIA.

0. HuanexTpukH. [IoISpH30BaHHOCTh JUAIEeKTPHKOB. HalpsKeHHOCTh IO B JIHAIIEK-
TPHKE.

10. Teopema I'aycca a1 OIS B AUSIEKTPHKE. Y CJIOBHS Ha TPaHHIle pas3jeina IBYX JHAIICK-
TPHUYECKHX CPel.

11. IIpOBOJHHKH B 3JIEKTPOCTAaTHUYECKOM IT0OJIE. DNEKTPOEeMKOCTh. COoelMHEHHE KOHIEHC Ca-
TOPOB B Oarapem.

12. DHeprus cHCcTeMSBI 3apsSA0B H ye JHHEHHOTO IIPOBOJHHKA. JHEPIrHs KOHJEeHCcaTopa.
OHEPrus 3NeKTPOCTaTHYECKOTO TTOTIS

3azaud 1Ji CAaMOCTOAT €JILHOI0 peEnICHHA

1. JIee OGeCKOHEYHBIE MapaUIebHbIE IIACTHHEI PABHOMEPHO 3apsDKEHBI C IIOBEPXHOCTHOM IUIOT-
g g o

HOCThIO o1 = 10 HKI/M® H 62 = -30 HKI/M®. OnpefemiTs cHIY B3aHMOAeHCTBHS MKy TIIIacTH-

HaMI, IIPHXO/IAIIYIOCS Ha IUIOMAAb S, PaBHYIO 1 M~

2. HEE ITDAMOVI'OJIBHBIE OMIMHAKOBBIC IIADAJUICIIBHBIC ITIACTHHEBI, JIIMHBI CTOPOH KOTOPBIX a = 10
NOKYMEHT NMOJANMUCAH

SNEKTPOHHOM MOOMUCHIO JPaBHCHIIO C JIHHCHHBIMH PasMcpPdaMH HJIEI,GTI]H)
Ceprtudhikar: | 12000002A633E3D113AD425FB50002000002A6 'H PaBHOMEPHO pacIIpeaelIeH 3apsal Q, = 5() HKJL
Bnapeneu; Webayxoea TatkaHa AnekcaHapoBHa

IAIIPSCKCHHOCTD E IMEKTPHYCCKOT'O ITI0JIA MY
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3. Ha oTtpeske TOHKOIO IIpsIMOTO ITPOBOMHHKA IHHOM [ = 10 ¢M paBHOMEPHO pacIIpedelIeH 3aps
C IHHEHHOH INIOTHOCTBIO 7=23 MKKJI/M. BEIYHCIHTE HallpsDKEHHOCTE £, co3JaBacMyI0 3THM 3apsi-
JIOM B TOUKE, PACITOIOKEHHOH Ha OCH MPOBOJHHKA H YIaJIeHHOH OT ONIKaMIIero KOHI[a OTpesKa
Ha PacCTOSHIE, PABHOE €TI0 JUIHHE.

4. B BepinHax KBaJpaTa HaxoAATcsa OJHHaKOBRIe 3apsaabl O = 0.3HKII xaxaeii. Kakon oTpHifa-
TEIBHEIH 3apsaa O HYKHO IIOMECTHTH B I[EHTPE KBaApara, YTOOBI CHCTEMA 3aPSI0B HaXOIIIACh B
ITOJIOKEHHI PAaBHOBECHS?

5. DIeKTpHYeCKOe IIONE CO3JaHO JBYMS TOYeUHBIMH 3apsgaMH () = 40 HKi1 u 02 = —10 HK1,
HaXOISAIIHMICS Ha PpacCTOSHHH d = 10 ¢M apyr ot apyra. OIpeaeInTs HapsDKeHHOCTD £ IO B
TOUKE, YAAJTIEHHOH OT IEPBOTO 3apafa Ha r1 = 12¢M H OT BTOPOT'O Ha r2 = OCM.

0. Tpu omMHAKOBRIX 3apsga O=1 HKI KaXIbIH pacIioONOKEHBI II0 BEPIIHHAM PaBHOCTOPOHHELO
TPEYIOJIbHNKA. KaKOH OTPHUIIATENBHBIN 3apsiy (J1 HYKHO IIOMECTHTL B IIEHTPE TPEYIOJILHHKA,
YyTOOBl CHCTEMA 3apSA0B HAXOJHMIACh B IIOJOKEHHHM PAaBHOBECHA? ByIeT I 3TO paBHOBECHE
YCTOHYHBEIM?

7. ToHkas HUTH JIHHOH [ = 20cM paBHOMEPHO 3apskeHa ¢ JIMHEHHOH INIOTHOCTERIO 7= 10 HKI/M.
Ha paccrosHim a = 10cM OT HUTH, IIPOTHB €€ CEPEIHHBI, HAXOIHUTCSA TOUEUHEIH 3apsan O = 1 HKIIL
BerunicimTs cuiny F, JEHCTBVIOIIYIO Ha ATOT 3apsi CO CTOPOHEI 3apsKEHHOH HUTH.

8. B BEPHITHAX ITPABHIIBHOI'O HICCTHYI'OJIBHHKA CO CTﬂpﬂHGﬁ a=10 cMm PACIIOIIOKCHBI TOYCHHDBIC

sapsaasl O, 20, 30, 40, 50, 60 (0=0,1 mxKm). Haittu cuny F, IeHiCTBYIOIIYIO Ha TOUEYHBIH 3apsI
Q, NMexangil B INIOCKOCTH IIIECTHYTOJIBHUKA, PABHOVIAIIEHHBIN OT €0 BEPIIHH H PABHEIH 3apsIy

0.

9. TOHKIMI JJIMHHEIH CTEPKEHP PABHOMEPHO 3apsDKEH C JIMHENHOH ITIOTHOCTBRIO T 3apsia, PaBHOH
10 MxKiy/M. Ha mmpogomkeHHH OCH CTEPIKHSI Ha PaccTOSHHH a—20 ¢M OT ero KOHIIa HaXOJHTCS
ToueyHbIH 3apsn O = 10 HKn. Onpegemits cuny F B3aHMOIEHCTBHS 3aPsSDKEHHOIO CTEPKHS H
TOYEYHOI'O 3apsIa.

10. Paccrosnie MexIy ABYMS TOUYeYHBIMH 3apsgaMu Oh=1 MkKn u Q2= - Q) pasHo 10 cMm. Orrpe-
JIEIHTh CHIY F, NeHCTBVIOIIYIO HAa TOYeuHBIH 3apsn O=0.1 MxKi, yaaneHHBIH Ha r1 = 6 CM OT
IIEPBOTrO M Ha =8 CM OT BTOPOIO 3apsI0B.

11. /Iee OeCKOHeYHbIe MapavieIbHbIe ITIOCKOCTH HaXOAATCSI Ha paccTosSHM d = 0,5 ¢M Apyr OT

npyra. Ha IDIOCKOCTSIX PaBHOMEPHO PACITPEIEIIEHE] 3aPSIIbI C ITOBEPXHOCTHREIMH IUIOTHOCTSIMH G
¥ g

= 0,2 MkKit/M” 1 2= 0,3 MxkK/m~. OnpeielInTh pa3HOCTD MOTeHIHAI0B {J MeXIY TTTOCKOCTSIMH.

12. OrnpenemuTs MOTEHIHAIBHYIO SHEPTHIO [/ CHCTEMBI YETHIPEX TOYEYHBIX 3apsIOB, PacIiollo-
’KEHHBIX B BEPIIHMHAX KBaJIpaTra cO CTOPOHOM JJIMHOH a = 10cM. 3apsaabl OQHHAKOBEI 110 a0COJIIOT-
HOMY 3HaueHHI0 O = 1 0HKII, HO Ba M3 HHX OTPHIIATEIILHEL. PACCMOTPETE ABa BO3MOJKHBIX CIIYYas
PACITOIOKEHH S 3aPSIIOB.

13. KakoBa roreHIHanbHas sSHeprusg // CHCTEMEI YeTHIPeX OAHMHAKOBBIX TOUESUYHBIX 3apsioB QO =
101K71, pacrionokeHHBIX B BEPIIIMHAX KBaJipaTa cO CTOPOHOH a = 10cM?

14. JIea KoHieHcaTOpa 3JIeKTPoeMKOCTSIMH C = 3MKD 1 Cr = 6MKD COeIMHEeHBI MeKTY COOOH H

ﬁﬂ"ﬂﬂmmﬁbﬁi&ﬁgﬁ?ﬁbﬂﬁnﬁaﬁﬂ F=1200 OwaenendTh 3apsaasl O H (02 KOHASHCATOPOB H pas-
SNEKTPOHHOW NOAMUCHIO AMH, €CIIH KOHJIeHCAaTOPhI COeJHHEHHI: 1) mmapai-
Ceptudhmkar: .~ 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; Llebayxoea TatbAHa AnekcaHapoBHa
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15. KongeHcaTop 3mMeKTpoeMKOCThIO C = 0,2MK® OBLIT 3apsKeH OO0 Pa3HOCTH ITOTEeHI[HAIOB U =
320B. Ilocme Toro xak ero COEIMHHIIM ITapalUIEIBHO CO BTOPBIM KOHIEHCATOPOM, 3apsDKEHHBIM
10 PAa3HOCTH ITOTeHIHAIIOB U2 = 450B, HanpsoxkeHne U Ha HeEM H3MeHIIOCH 10 400B. BEIUHCIHTE

eMKOCTh (2 BTOPOI'O KOHACHCATOPA.

16. SnekrpHyeckoe 1one co3gaHo 3apsokeHHoH (Q = 0,1 MxKn) cdepoit pagmycom R = 10 cm
KakoBa sHeprusg W nomns, 3axmodyeHHas B 00beMe, OTPaHHYEHHOM c(pepoi H KOHILIEHTPHYECKOH C

Hel chepHYecKOH IMOBEPXHOCTHIO, PaJHyC KOTOPOH B JIBa pa3a OOJIbIIE pajgHyca Cepsl.

17. Hlap paguycoMm R1=8 cM 3apspkeH [0 noreHipana ¢ =>00 B, a map pagmycoM R>=4 cM - JI0
rmoreHImana ¢2=300 B. Ornpeaenurs MOTEHIMAI ( IIIAaPOB ITOCIE TOr0, KaK HX COEIIHIUIH METal-
JTHYeCKHM IIPOBOJHHKOM. EMKOCTBIO COEHHHUTEIBHOIO IIPOBOAHHKA ITPeHeOpeys.

18. Iap pamiycoM R =0 cM 3apskeH a0 nmoteHimana ¢ =300 B, a map paguycom Rx=4 ¢cM — 110
rmoTeHImana ¢2=>00 B. Orpeaennrs IMOTEHIMAN ¢ IapoB ITOCIIE TOro, KaK HX COSMITHIIIN MeTall-
JTHYECKHM ITPOBOJHHKOM. EMKOCTBIO COEAHHHTEIILHOIO IIPOBOAHHKA ITPeHeOpeYb.

19. Crma F IpHTsDKeHHS MeK Ty IIaCTHHAMH IIOCKOI'O BO3AYIITHOIO KOHIgHcaTopa parHa S0 mH.
) g )
[Imomanas S Kaxmoi rmacTHHEL papHa 200 cM”. HalHTH IIIOTHOCTH SHEPIHH W IO KOHAEHCaTOpa.

20. Kakoe KoimmyecTBO TEIUIOTH (J BRIAEIHMTCS IIPH pa3psaKe IUIOCKOr0 KOHIeHCaTOpa, ECIIH pas-
HOCTh TMOTEHIHAIOB U/ MeXay IUIacTHHAMH paBHa 15 KB, paccrosnHune d = 1 MM, JTHB3IEKTPHK —

CIIFOJIA M IUIOMIAAh S KaKJOH IUTacTHHEI pasHa 300 cMm?

2. Hukepos, B.A. Ou3uka: coBpeMeHHBIH Kypce / B.A. HukepoB. — 2-e 3. — Mocksa : U3-
JIaTElbCKO-TOpropas Koprioparis «Jlammkos u K°», 2016. — 452 c. : wi1. — Pexum gocrtyia:
o noamnucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

IIpakTHYeckoe 3aHATHE 8.

Tema 3anamuA. Hpﬂﬂﬂ,[[ﬂﬂlﬂﬂ B JICEKTPHYIECKOM II10.I€. BJIERT])H‘IECHGE moJjie B 1i-
WIEKTPHKAX

HEJII’: JAHAMIA. HB}*"HITB IMPOBOJHHKI B SIICKTPHYCCKOM IIOJIEC.

T eopemuiecKdan Hacmeo.

Jusnexmpuxiu. Snexmpudeckoe none 6 ousnexkmpuxax. Ilonapuzayusa ousnexmpuixoa. 1lonapii-

3ALILOHHblE 3aPAO0bL.

Bekrop nomspuzaiiy (IMOJISpH30BaHHOCTh) — 3TO JHITOJIbHBIH MOMEHT €JHHHIIEI 00beMa, OH

OITpEACIBICTCA COOTHOICHHEM P = /'VVE{}E:' rac ¥ — JH3JIICKTPHYCCKAaA BOCIIPHIMYHBOCTD. Bek-

TOP SIEKTPHYECKOH HHAYKIHH (FIH BEKTOP AIEKTPHYECKOIO CMEINEHHS OIPeJeIIeTcsI BhIpake-
Huem D =¢eggE + P,

Ionspusyemocnn. JIM3IeKTpHYECKas ITPOHHIIAEMOCTh 3aBHCHT OT ITOJIIPH3YMOCTH MOJIEKYII

OOKYMEHT noarncAH
SNEKTPOHHOW NOAMNCHIO
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6 o E
Bnapeneu: 1| We6Gayxosa TateaHa AriekcaHaposHa - MAaI HUTHBIM ITOJIEM, IIO3TOMY Pi— JB ij & j

H. B o01eM cryyae QUITOJIbHBIH MOMEHT MOJIE-
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IInocxkuiii xoHOeHcamop, 3anonHeHH blii 0OHOPOOH bIM Ousieknipurkom. B 3TOH CHCTEME CBS3aH-

—

P

= O, e O — IOBEPXHOCT-

HEBIC 3apAabl 6}*’;[}"1‘ TOJIBKO Ha ITOBEPXHOCTH, H CYIIECCTBYCT CBA3b

Had INIOTHOCTE CBA3AHHbBIX 3dPAOB.

Teopema I'aycca ons ousnexmpuxoe

I[JIH JAHIJICKTPHKOB BBITTOIHAKOTCAH CIICAVYIOITHE COOTHOIICHHA.
§ PdS =—¢, divP=—p",
§ DS = Q, divD = p.

Ilone moueunozo 3apada 6 ousneKmpiixe

3aKOH K}"JIGHEI, U151 OECKOHEYHOTI'O OIJHOPOAHOI'O JHIJICKTPHKA HMCCT BIH/

- 7 —
F = 9192 r.

dreeyr

Venoeusa na cPHLlje pﬂ?@Eﬂﬂ (?‘5"_}?.1? aiﬁﬂﬁkﬂiﬁikﬂﬂ 60 GHEeUIHeEM IJeKTNPUYe CKOM HOJIE.

Ha I'PpaHHIIC Pa3acila AHIJICKTPHKOB BBIIIOJIHACTCA PABECHCTBO TaHI'CHIIHAJIBHBIX COCTABIIAHO-

mux Bektopa E: Ey, =FE,, U paBeHCTBO HOPMAIbHEIX COCTABILIOIIIX BEKTOPa

D: Dy, =D,,. Ypapuenue IIyaccoHa 114 OXHOPOTHBIX AMAIEKTPHKOB HMeeT BHI
V(E:V qo): £
€0

SHEPHIH CHCTCMbBI J3JICKTPHYUCCKIIX 34apPAJOB B AHIJICKTPHKC. BHEPI‘I[H IIOJI B JHOIICKTPHKAX.
I IITOTHOCTE SHEPIHH SJIICKTPHYCCKOI'O IIOJIA B AHIJICKTPHKAX OIIPEACIIACTCA BbIPAKCHHEM

" DE
L

1%

Inexmpudeckilil MoK 6 NP oGO OHUKAX

I IITOTHOCTE TOK4., ITIOTHOCTE TOKA H TOK CBA3dHBI COOTHOIIICHHEM J.JF dS =1 : VPEIBHE:HHE

HePa3pPBIBHOCTH (3aKOH COXPaHEHHS 3apsa)

a —
—+Vj=0
ot *
NOKYMEHT NMOoAanncAH
BHEHTFGHHGH HG,EII'IMCHD (i @GEG@IH‘IGC”HM y@EHI:HGE CONpomiueiedile
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ME}I{,I[}*' INIOTHOCTBIO TOKd H HAIIPSKCHHOCTBIO 3JIICKTPHYCCKOI'O ITOJIA CYIIECTBYCT TTHHEHHA S

—_— —*

CBSI3b, J =oL (3axoH Oma B qu(ppepeHHaaIbHoR popMe). 3akoH OMa IS OMHOPOIHOrO IIPO-

U
BOJHHKA 3aIFICEIBACTCA B BHJIC I — E i BEII{IDH ,I[}KG}*'JIH — .]_[EH]_[EI, 344CT KOIIHYSCTBO TCIlId, KOTO-
pDE BBIACIIACTCH B l'[pGBG,I[HI]I{E ]'[pH HpDTEI{ElHI]II TOKA B E,[[HHI]I[}" EpEMEHHZ
2
dQ U
dt R

HPEIBHHBHDE OITHCAHHE ABHKCHILA 3dPAJ0OB B ITPOBOAHHKAX JA4€T TOJIBKO KBAHTOBAA TCOPHA.
HPIMITHEHHH SIEKTPOHHAA TCOPHA ITPOTCKAHH A TOKA HCPE3 METAIIII OCHOBBIBACTCA HAa JBHKCHHH
3dpAa0B KdK KIIACCHYCCKIIX HdCTHII[, Hd KOTOPBIC ,[[EﬁGTE}"ET CIUIa CO CTOPOHDBI 3NCKTPHYCCKOI'O
ITIOJIA 1 CHJIa TPEHHA CO CTOPOHBI CPCIBL.

IIpuMepbI pellieHud 32124

3amgaya 1. /[unois ¢ snekrpryeckuM MOMeHTOM P=30 1mKi-M ¢BOOOJHO YCTAHABIIMBAETCS B OJ-

kB
HOPOIHOM 3IEKTPHYECKOM IT0JIe HalnpspkeHHocThio E = 30 — . Haiit paboTy, HeOGXOIHMYIO
M

IS TIOBOPOTAa JHITONS Ha yromn a=30",

JlaHo:

.

P=50nKn'm=5-10""Kn'm PriemeHTapHas paGora IIpH IIOBOPOTE AMITONI HA VIOl da

}E?:?)Uﬁz?rl()i"E dA=M -dc .
M M

a=30°" tnel M =P - FE-SInN@ - MexaHHYeCKHil MOMEHT CIUL, IEHCT -

BYIOIUMIT Ha JHIIONb. & — YOIl Mekay Bekropamu E u P. 4 =7
Taxamm o6pasom dA=P-E-sinx-do.

[IpH cBOGOTHOM ITOIOKEHHH JHIIONE B BIIEKTPHYECKOM ITone ¢ — (), 3HAUMT IMoIHAasg padoTa Mo-
KeT OBITh pacCYHTaHa IT0 (popMyIIe

A:IP-Esin{x-dr:x:—PE-ms&‘j
()

A=-5-10"" -3-104((:(:530“ —CGSO°): 2-107 Tx=0,2 MxJ[x.

OJOKYMEHT NoAarnncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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H3AIlHH.
Nencreutened: ¢ 20.08.2021 no 20.08.2022

157



3. CBA3b BCKTOPa IIOJIIAPH3allHH C 00BEMHOH H HGEEPKHGCTHGﬁ ITIOTHOCTBIO CBA3AHHBIX 3dpPi-

IIOB.
4. Teopema 'aycca i1 THAIEKTPHKOB.
5. Ilome ToyeyHOrO 3apsaa B JHITEKTPHKE.

3aJa4Yl U1 CAMOCT OATE/IBHOTO PEIICHH A

1. ToYeyHBIH IUIIONE C 3MEKTPHYeCKHM MOMeHTOM p = 100 KM cBOOOHO YCTaHOBHIICS B O/I-
HOPOJHOM 3JIeKTPHYECKOM IT0Ne HalpsKeHHOCThI0 £ = 9 MB/M. IO MOBEPHYIH Ha MaJIbIi

YL'OIl H IIPEAOCTABHIH caMoMy cebe. OIPeJeiTh YacTOTY vV COOCTBEHHBIX KOIeOaHH il IO B
SIIEKTPHYECKOM IT01Te. MOMEHT HHEPIIHH J JHITONS OTHOCHTEILHO OCH, ITPOXOMAINEI Yepes LIEHTP
nuIronsL, paseH 4-1071% kMm%

2. JIumomns ¢ sneKrpHyeckKuM MoMeHToM p = 100 nmKiI-M ¢cBOoOGOIHO YCTAaHOBHIICS B OJJHOPOJHOM
3JIEKTPHYECKOM IT0JI€e HallpskeHHOCTRIO E = 10 xB/M. Omnpelenurs H3MEHEHHE ITOTEHIHAIBHOM

sHepruH Al JHITONS ITPH IIOBOPOTE €ro Ha yroll & = 60°.

3 . J{mons ¢ sneKrpHyecKHM MOMeHTOM p = 100 nmKir-m cBoOOAHO yCTaHABIMBAETCSA B OJMHOPO/I-
HOM 3IIEKTPHYECKOM IT0Ne HapsokeHHOCThIo £ = 150 kB/M. Beruncmurh padoTy 4, HeoOXOIHMYIO

JUISL TOr O, YTOOBI IIOBEPHYTH JHUIIONE Ha yroil o = 180°.

4. OnpeeiTh HAIIPSKEHHOCTD £ M ITOTEHIHAI @ IO, CO3JaHHOI'O TOYEYHBIM JIHITOIEM B TOUKAX
A n B. Ero snekrpuyecKkiui MOMeHT p = 1 TKII-M, a paccrosiHue

r oT Touek A u B 10 1enTpa aumonsd paBHO 10 cm.( cM.pHCY- A I:
HOK). |
Pl
|
0 P 0
R R
- ]

5. Paccrosuue [ mexay 3apsagamu Q= £3,2 HKI1 gumoss pagHo 12 cMm. HanTH HanmpsoKeHHOCTE £ H
ITOTEHI[HAJI @ TIOJIS, CO3MaHHOIO JUIIOJEM B TOUKE, YAAIIEHHOH Ha r=8 CM KakK OT IIEPBOrO, TaK U
OT BTOPOTO 3apsa.

0. /IBa TOYEYHBIX JIUIIOJIS C 3JIEKTPHYECKHMH MOMeHTaMH p = 1 TKim-Mu p» = 4 nKJI-M Haxogsarcs
Ha PACcCTOSIHHM r = 2 CM APYyr OT Apyra. HaluTH CHiIy HX B3aHMOJEHCTBHS, €CIIH OCH JHIIOJIEH
JIeKaT Ha OJHOH ITPSMOH.

7. JIBa TOUYEYHBIX JTUIIONS C 3JIEKTPHYECKHMH MOMeHTaMH p; = 20nKi-M u p2 = S0nKin-M Haxo-
ISATCS Ha pacCTOSHHHN = 10 ¢cM Apyr OT Japyra Tak, YTo HX OCH JIeXKaT Ha OJHOH ITpsIMOH. BeIurc-
JIUTHh B3aHMHYVIO IIOTEHIHAIBHYIO SHEPTHIO JHIIONEH, COOTBETCTBYIOIIYIO HX YCTOHMYHBOMY PaB-

HOBECHIO.
T T iOKYMEHT MOAMMCAH (7T (@ TIOTIA, CO3/ITaBaeMOTO TOUEUHBIM JTHITONEM C
SNEKTPOHHOW MOAMUCHIO TOSHHH = 10 CM OT LieHTpa AHIIONS, B HAIIPaB-
Ceprucbukar: 12000002A633E3D113AD425FB50002000002A6 |
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IIpakTH4YecKoe 3aHfATHE 9.
Tema 3aramud. 3aK0HBbI MOCT OSIHHOT 0 TOKA.
Iens 3anamuA. VI3y4UTh 3aKOHEI ITIOCTOSIHHOTO TOKA

3HaHUA U YyMEHUA, NPUODpemaemble CHy 0 eHMOM 6 Pe3ylbmame 0C60€eHU membl, (hopmil-
pyemble KomnemeHuuu. OJEKTpHUYeCKHH TOK. Cwima Toka. IImoTHOCTh TOoKa. 3akoH Oma jis
y4yacTka Ierm. CONPOTHBJIEHHE ITPOBOJHHKOB. FICTOUHHMKHM TOKa. OJIEKTPOABHIKYIIAS CHIIa
(D]1C). 3axoH Oma JUIg y4acTKa IielH, coaepkarnero 5J[C. 3akoH OMa JJIs ITOJHOH IermH. Pa3-
BETBIIeHHBIEe 1leNTH. 3aKoHbI Kupxrodga. PaGoTa H MOIITHOCTE TOKa. 3akoH JIkoyid - JleHia. Ter-
JIOBOE JEHCTBHE AIEKTPHUYECKOrO TOKA H €ro IMPHMEHEHHE B TEXHHKe. DJIEMEHTapHAas KIIacCHYe-
CKasi TeOPHS BIeKTPOIIPOBOAHOCTH METANIOB. [ paHHI[BI ITPHMEHHMOCTH KIACCHYECKOH TepHH
3JIEKTPOITPOBOAHOCTH. KOHTAaKTHEIE SBIEHHSA. BiageeT crtoCOOHOCTHIO IIPHMEHSTH COOTBETCTBY-
FOIIHI (PH3HKO-MaTeMaTHYECKHH armrapaT IIpH pPelleHHH ITpodecCHOHAIBHEIX 3a0ay.

AHIH_}'EL’I[:H&CIHB membl. OCHOBHBIE IIOHATHS H 3aKOHBI ITOCTOSIHHOI'O TOKa ITPHMCHACTCA
IIPH PEIICHHH HHAKCHCPHBIX 3d141.

TEEPEHIHIIECHEH Hdacmb.
X@MEEPHCHH!HH NIEKMPUUECKOZO0 MOKA U YCI0O6UHA €20 CYH{ECMG606AHUA

B JJICEKTPOCTATHKE H3YVIAIINICh ABJIICHHA, Gﬁ}fCHGEHEHI{E}IE HETIOJBH KHBIMH 3dPAddaMI. Ecmu
10 KaKOH-TTHOO ITPHYITHE BO3HHKACT VIIOPAAJOHUCHHOC ABHAKCHHE 3dPAA0OB H HUCPE3 IIOBCPXHOCTD
TIICPEHOCHTCAH 3aPi, OTIIHYHBIH OT HYIIA, TO I'OBOPAT, HTO BO3HHKACT BHEEI"IJH‘IECIG[FI TOK.

KonnuecTB eHHOH KﬂpﬂI{TEpHCTHI{Gﬁ IJIEKTPHYCCKOI'O TOKA CIIVKIHT CHJIA TOKd — BEIIMYIHHA
3apsga. IMEPEHOCHMOIO Yepes3 pacCMaTpPHBAEMVIO IIOBEPXHOCTh B €AHHMILY BpeMEHH. Ecimi 3a

BPCMA dt HEPE3 ITOBEPXHOCTD IICPEHOCHTCA 3dPA[] dq , TO CHJId TOK4d PdBHA.

;- da
dt

EpuHmIen cHitel ToKa sBirgeTcsa amiiep (A). 3a HapaBlIeHHe TOKa ITPHHHMAETCs HallpaBJIe-
HHE, B KOTOPOM IIepeMEIAF0TCS MTONOKHTEIIbHbBIE 3apsIbl HIH HalTpaBIIEHHE, ITPOTHBOIIOIOKHOE
HAITPABICHHIO JIBIJKEHHS OTPHIIATEeIbHBIX 3apsmoB. CBOOOMHBIE 3apsSAbl, KOTOPEIE IlepeMella-
IOTCS B CPeJle, Ha3bIBAIOTCS HOCHTEIISIMH TOKA.

BHEI{TPIIIIECIGIﬁ TOK MOKET OBITH pacIipcAcJIEH HEPABHOMEPHO IIO ITIOBEPXHOCTH, HUCPES3
KOTOPVYIO OH TCHET. boree 1eTalbHO TOK MOKHO OXAdPAaKTCPH30BA4Th C ITOMOIIIBIO BEKTOPA INIOTHO-

CTH TOKa j’ : H}"’CTL 3apPAKCHHBIC HaCTHIIBEI ABIHKVICAH B OITPEACIICHHOM HAIIPABICHII CO CKOPO-

CTBIO U . BeKTOpOM ITTOTHOCTH TOKa j’ HA43bIBACTCH BCKTOD, IIO HAITPABIICHHIO COBITAJAIOIIHH C

HallpaBJIICHHCM CKOPOCTH ITOJIOXHTICIIBHBIX 3aPAI0B (IIJ'JII IIPOTHE HAIIPABIICHHA CKOPOCTH OTPH-
IAaTCIIbHBIX BEI,I)H,[[GE):, a 110 aOCONMIOTHOH BEIIHUHHE PaBHBIH OTHOILIEHHIO CHIIBI TOKa dl Hepes aJIc-

AASATTTOITTL TS TTTTATTTO TTEA T -"";{_T ; MR MTTATEIANT S ATITTY T T I[aHHﬂﬁ TGT_II{E HDGGTDHHGTE& HEDHEHI[IH{WHDHG
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YHcno HoCHTENEH TOKa B eQUHHIIE 00heMa n Has3bIBacTCS ITIOTHOCTBIO HOCHTEIEH TOKa.
3aps OTAEIIEHOIO HOCHTENS OyIeT 0003HaYaThC € .

EcmH cBOOOIHBIMI 3apAdaMH ABJEIROTCAHA, HAITPHMED, 3JICKTPOHBI, a ITOJIOKHTCIIBHBIC 3aPAAbL

HEITOABHKHBI (BTG HMECT MCECTO B METHHHEIX):, TO IDIOTHOCTL HOCHTEIIEH 6}",I[EET COBITAJ4Th € YIIC-
JIOM CBOOOJIHEIX SIIEKTPOHOB B €IHHHI[E O0OBEMA.

BEI{TGP INIOTHOCTH TOKd MOKHO BBEIPA3HTE HEPE3 INIOTHOCTD HOCHTeEJeH TOKa H CKOPOCTB HX

» OB KeHHS. KommuecTBO 3apsja, IepeHeCeHHOIO 3a BpeMS
\\ o dt 4yepe3 HEKOTOPYIO ITIOBEPXHOCTD S , MePITEHINKYIIPHYIO
| ™ K BeKTOpY ckopocTH (puc. 20.1), paBHo dg=n-e-u-dt-S .
' PR 3a BpeMq d! IUIOIIAAKy S IlepeceKyT Bce CBOOOIHEIE 3a-

PSTBI B MTapajvIeNenuIie/ie ¢ OCHOBaHHEM S M UTHHOI udt .

Ecmi rmomazka S IOCTaTOYHO Malla, TO IDIOTHOCTb TOKa B

a T > e Tpederlax MOXKHO CYHTaTh TIOCTOSIHHOH M TOT/a:
I dg n-e-u-dt-S

= —= = =n-e-u.
S Sdt S - dt

J

B BeKkTOpHOH (pOopME:

j=n-e-u

CHIIa TOKa 4Yepe3 IIPOH3BOJILHYIO IIOBEPXHOCTD

I=[jds
A

BJIEI{TPHIIECIGIﬁ TOK, 0OVCIIOBIIEHHBIHN JBHKEHHEM CBOOOIHBIX 3aPsIIOB B ITPOBOJHHKAX Pd3-
JTHYHOH ITPHPOJBI, HA3bIBACTCAHA TOKOM ITPOBOJIHMOCTII.

CBOOOIHBIE 3dpPAAbl B ITPOBOJHIKE HCIIBITEIBAIOT CTOJIIKHOBCHHA C aTOMANMII ITPOBOJHHKA.
3a BPEMA «CBOOOTHOIO Hpﬂﬁ&l"ﬂ}} T MCXEAY ABYMA CTOJIIKHOBCHIUIMIL 34PAd B ITPOBOJHHKC ITPH-
GﬁpETﬂET HAIIPABJICHHYIO CKOPOCTE BAOJIb BHEIIIHCT' O IIICKTPHYCCKOI'O ITOJIAL

L ek
UH=WwWiTr=—T
ﬁ’lﬂ

I'Jc E HAITP;-LKCHHOCTD JJICKTPHYCCKOI'O ITOJIA B ITPOBOJHHKE. Ilocme OHUCPEAHOI'O CTOJIKHOBCHIHA

CKOPOCTh TepsieTcs. 3aTeM, JO CIEeAYIOIIErO CTOIKHOBEHHS, ITPOHCXOJHT HOBOE Hapall[HBaHHE
HAaITPaBJIEHHOH CKOPOCTH.

A3 BHIIIIEH3TIOKEHHOI O CIICAVCT, UTO yCAOo6UAMI CyH{eCcmMe606dHUA MOKdA ABIIACTCH.

.H-.

NOKYMEHT NoannucaH
SNEKTPOHHOWM NOANUCHLIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 IIPOBOJTHHKA, YTOOBI IIOAAePXKHBaATh ITepeMellle-
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

160



BHEHHIpﬂﬂ eéHHCYHLdA ClJid, HANPAHCEHHOCHb

Ecim 65 Ha HOCHTEIb TOKa JeHCTBOBAIH TOIBKO CHIIBI JNMEKTPOCTATHYUYCCKOTI' O ITOJIA, TO ITOJ
IEeHCTBHEM STHX CHII ITOIOKHTEIIbHBIE HOCHTEITH IIEPEMEIIAIIHCH OBI 13 MecTa ¢ OOJBIIIM ITOTEH-
ITHAJIOM K MECTY ¢ MCHBIIIHM ITOTCHITHAJIOM, d OTPHIIATCIIbEHBIC HOCHTCJIH ABHI'AJIHCH OBl B DﬁpﬂT-
HOM HAIIPaBICHHH. OTO IIpHBEIO OBl K BEIPABHHBAHHIO ITOTEHI[HATIOB, H B Pe3VIIbTaTe TOK ORI
IIPCKPATHIICAH. YT1OOHI 5TOrO He ITPOH30IILUIO, JOJIKHBI HIMCTECH YHACTKH Hd KOTOPBIX IICPCHOC II0-
JIONKHTCIIBHBIX 3dPAM0B ITPOHCXOJHT B CTOPOHY BO3PAaCTdHHA @, T.C. IIPOTHB CHII 3IICKTPOCTATH-

yeCcKoro Iois. [lepeHOoC HOCHTENEH Ha 3THX y4acTKax BO3MOKEH JIHIIb C IIOMOIIBIO CHII HE BJIeK-
TPOCTATHYECKOIO ITPOHCXO0KIEHHS, Ha3bIBaeMbBIX CTOPOHHHMH cHiaMH. DH3HYecKas IIPHPOJa
CTOPOHHHX CHJI MO’KeT OBITh pa3midHa. Harmprmep, xuMiyeckas (Kak B akKKyMYIIITOPax), Mexa-
HHYeCKasl, MarHUTHAs M JPYyIHE.

BennunHa, paBHas OTHOIIEHHIO PabOThl CTOPOHHHX CHII IT0 IEPEHECEHHIO 3apsia K BEIIH-
YHHe 3TOr0 3apsjia Ha3bIBaeTcs AIeKTPOABILKYINEH cinoil (B3]1C).

OJ1C n3MepsIeTcs B TeX ke eJHHHIlaX YTO H ITOTeHIHAl, T.€. B BonbTax (B).

— —

CTGPGHI—[EGIG CIUIY, ACHCTBVIOIIVIO Ha 3apsiad, MOXHO ITPEACTABHTDL B BH/C cmop — c:nmpq

, TJE Eﬂﬂwp - HAITPAKCHHOCTD ITOJIH CTOPOHHHX CHIJI. Pabora CTOPOHHHX CHJII HdJ 34PAJOM Ha

HeKOTOPOM ydacTke 1-2:

—

2
-2 -
AE?HGP — QJ. E.:?Hmpdl
)

Pasgenus o0e 4yacTH COITIacHO oIpeaeiieHH0 2 /1C Ha 3apsi, ITOITYYIM:

-2 2
. mop — 3
€12 = - '[Ecmupdl
9
JI71s1 3aMKHYTOH I1IETTH:
&= fEt:mupdl

DJ1C, el cTBVIOMIAS B 3aMKHYTOH I[eITH ., MOJKeT OBITE OIlpellelleHa KaK ITHPKVYIISIIIIS BeEKTOPpa
HAIIPSDKEHHOCTH CTOPOHHHX CHIT.

KPGME CTOPOHHHX CIUI Ha 3apsif IeHCTBYIOT CHIIBI BIEKTPOCTATHUYECKOIO Mmoo F E = t.?E .

Pe3yIIsTHP VIO A CHIIA, I[EﬁGTE}’TOH_[ElH B Ka:KJOH TOUKe I[eITH Ha 34pAn., paBHA.

— — —

F=FE+Fcnmp=q

(E + E r:mop)

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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'mc. 20.2

Paborta, coBeprraeMas STOH CIHIOH HaJl 3apAaoM ¢ Ha YYacTKe IENH 1-2, OIIpeAeNIeTCs BEI-

2 2 2
paKeHHEM Ajr = q_[ Edl + qI Ecpmopd! T.x. ‘5?_[ Edl =q(p;—@, ), a
/ / 1
2 — —
QI Ecpopdl = q&;2 | torna paGora passa Ay = q(p; — @2 )+qsp .
1
Pazpemrm 00e yacTH Ha ¢ . B 11eBOH YacTH OTHOILEHHE A o6osHaurM U ;,. Bennmumnna,
q

HIHCICHHO PdaBHAA OTHOIIICHIHIO pﬂﬁGTH H 3JICKTPOCTATHYUCCKIIX M CTOPOHHILX CIHII 110 JIICPEMCEIIIC-
HHIO 3apPAd K BEJIMYIHE 3TOI'0 3dPAld Ha3bIBACTCAH T4 JCHIICM HAIIPAXRCHILA HIIH ITPOCTO HAalIpPsKCE-

HITEM Ha JaHHOM VHACTKE IICITH UJ'Q .

£
1
.;a:zz | I ,  Taxim oOpasom (prc. 20.2),

Upp=¢; =@+

3aMETHM, YTO eclIH Ha ydacTke orcyrcrByer 3/(C, to U;r = @ — @5 . (1S 3aMKHYTOI

LIENH TOYKH | M 2 coBMamaroT, ¢; = @, u, torga U > = &5 .) MoxHo nokasars, uto U ;> = IR

, IJE R - monHoe COITPOTHBIICHHE LCITH H TOI'Td

IR=¢;—pr+ &

JTO VpaRHEHHE BEIPaKaeT 3aK0H OMa IS HEOTHOPOIHOr0 yvuacTka 1erm (¢ DJ[C).

Knaccuueckan NIEKIMPOHHAA meopuAa 3JIEKmMponpos 00UMOCIIL MeMAINI06 U ee Helo-
CmdamouHocmb

BHYTpEHHSSI CTPYKTYPA METAJUIOB XapPaKTepH3YeTC KPHCTAIUIHYEeCKON PEIleTKON. B y3max
KPHCTAINIMYECKOM PEINETKH HAaXOMATCS IOJOXKHTEILHEIE HOHBL, B ITPOCTPAHCTBE MEKAY HHMI
ITPaKTHYECKH CBOOOJHO ABHKYICS 0000MIeCcTBIIEHHRIE ANMeKTpoHbl. Hemerrani sk [1. pyae
ITPEIITONIOKIUL, UTO 3JIEKTPOHBI BeAYT ce0s KaK YaCTHIILI HAEAILHOIO Ia3a, H IIPEIJIOKII HCITOIb-
30BaTh JUIS OIMHCAHHS HX MOBEeJeHHSI H3BECTHbIE (DOPMYIILI KHHETHUECKOH TEOPHH I'a30B.

CucremMa CBOOOJHBIX OOOOINECTRBIEHHBIX B KPHCTAJUIMYECKOH PEIIETKE 3IEKTPOHOB HA3KI-
BAETCS AIIEKTPOHHBIM I'a30M. B OTIHYHE OT MOJIEKYII I'a3a, IPoOer KOTOPHIX OIPEIeIIsIICa COY/a-
PEHHEM MOIEKYII APYT C APYTOM, SIeKTPOHBI CTAIKHBAIOTCS IPEUMYIIECTBEHHO He MeKIY COO0H,
a_C HOHAMH OO0pa3yIOIMMH KPHCTAIUIMUYECKYIO PEIIeTKY MeTala. OTHMH CTOJIKHOBEHHSIMH 00Y-
CIIOBIIEHO B YACTHOCTH, COIIPOTHBIIEHHE MeTallla AIeKTPHYECKOMY TOKY.

XaoTH4YeCcKOe TEeIUIOBOE ABIDKEHHE AJIEKTPOHOB B MCTAJLIIAX MOMHO XdPAaKTCPH30BaTb CPC/I-

: KT, 10°m/¢). 11
Irarr ATANNeTTTNY 7 13 ™ o [ T TNAMITATLIY TEMIIEDAT <U> ~ ML C ) M HATTHYHH
AOKYMEHT NoanucAH palyp P
QNIEKTPOHHOW MNMoArnncbio
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Bot600 3axkornoe Oma u j{xcoyna-JIeHua uz 3aexkmpoHHbIX RPed cmasieHU

3axoH OMa.

CpeIHHH ITyTh, IIPOXOANMEBIN CBOOOIHO JBHIKYIITHMICS SIIEKTPOHAMH Me KAy JIBYMS ITOCTIe-
IOBaTeIbHBIMH CTOITKHOBEHHSIMH ¢ HOHAMH PelIeTKH Ha3bIBAeTCS CPpeAHEN JIIMHHOH CBOOOHOIO

A
npobera A . CpemgHee BpeMS MeXIy JABYMS CTOJIKHOBEHHSIMH T = — (OIIpeJensieTcsl CKOPOCTBIO

U

XdOTHYUYCSCKOI'O II;BH}I{EHIIH). Hp]?[ HaJIMYHH 101 £ HampaBlIeHHAs CKOPOCTh JIEKTPOHOB HAKAIl-
JINBACTCH 3d BPCMA CBOOOIHOTO Hpﬂﬁﬁl"ﬂ H K MOMCHTY CIICAVIOIICI'O COYAAPCHIA JOCTHI'ACT MaK-
CHMAaJIbHOH BEJIHYHHBI:

CKOpOCTh 1 M3MeHSeTcA 3a BpeMd Impodera JuHeiHO. [TosToMy ee cpefHee 3a IMpoler 3Ha-
YeHHe PaBHO IOJIOBHHE MAaKCHMAILHOI'O 3HAYEHIA.

{Eb—iﬁ —ig&
2" 2 moo

IImoTHOCTD TOKA:

~ . n-ez A =
j=n-e-<u>= E
2muv
2
~ — n-e A
KoadHirmeHT mpornoplioHanbHOCTH MEXAY J H E 00O3HaUUM O = > (o - 1mpo-
nmuo

BOJHMOCTE). B pe3yimbTare moayduM 3akoH OMa B TOKaIbHOH (popMe (TTapaMeTphl OTHOCSTCS K
IaHHOH TOYKE CEYEHHS IPOBOTHHKA).

.|
||
N
sl

I ITOTHOCTH TOKaA B ITPOBOJHHKE ITPOITOPITHOHAIIbEHA HAITPAAKCHHOCTH 3JIICKTPHYCCKOT' O I10JIA

E . KoadpuiieHT oM ITpOoNOpIHOHAIE HOCTH SBJISETCS IIPOBOANMOCTS. (3ameuaHne. CpaBHHM I10-

TYYeHHYIO (POPMYITY C H3BECTHOH [ = % . IIpoBogHMOCTE & OOpaTHO ITPOITOPIHOHAIIbEHA Y/IEIIh-

I 1
HOMY COIIPOTHBIIEHHIO © O — — . lITIOTHOCTE TOKa j — — . HampsikeHHOCTE Iond £ — E (I -
Jo, S [
[JOKYMEHT NOAMNWUCAH U U
SNEKTPOHHOM MNOAMUCHIO = ——§ = —, uT0 M TPeGOBaNocs.)
Ceptudmkat:  12000002A633E3D113AD425FB50002000002A6 p-l R
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3axoH J[xovida — JleHIra.

K xoHIy cBoGogHOrO mpodera 3MeKTPOH ITPHOOPETaeT AOIOIHHTEIbHYI0 KHHETHYECKYEO
SHEPTHIO, CPeJIHEE 3HAYEHHE KOTOPOH PaBHO:

2 2 42
m-u e“A
<AE) >=——max = — = _F?
2muv
EA
(HammommimM: u,,,,,, = ez ).
muv

CTDHIC[—I}*"BHJIICL C aTOMOM., JIIEKTPOH, ITO ITPEAITOJIOKCHHIO, ITOJIHOCTBIO IIEPEJAET l’[pHGﬁpE-
TEHHYHO HM SHEPI'HIO KpHCTaIUTHYecKOH pelreTke. CoolmeHHas PEHICTKE SHCPIHA HACT Hd VBEC-
JIHYCHIIC EH}JTIJE:HHEﬁ SHEPI'HH MCTaAJlId, ITPOABJISSICE B CI'0O HAI'DEBAHITIL.

- U -
KaxIprit JJICKTPOH IPETCPIICBACT 34 CCKYHAY B CPCIHCEM T — E COVIapCHIIH. O003HaYIM

HHCIIO 3JICKTPOHOB ITPOBOJHMOCTH B CAMHHIIC obreMa n , TOr'Ja IIOJIHAA SHEPIHA TICPCIdHHAA
SIeKTPOHAMH 3a €IHHHILY BpeMeHH B eIHHHIIE 00beMa 6}",I[ET PAaBHATBCA.

242 2 2
e“A ne-AAuv ne-A
W=n-z<AE, }ZH'E'—zEz: E’ = E’.
2mu 2Zmv v A 2mo
2
ne A _
3HasL, UTO & = p B pe3yIIbTaTe ITOIYYHM 3aKoH J[3koyis — JIeHIla B IIOKaIIbHOI (popMe:
muv

W=c-E*

TernmnoBasi MOIIHOCTE, BRLAEILTIOIIASICS B eQHHHIle 00beMa IIPH IIPOTeKAHHH SIeKTPHUe-
CKOI'O TOKA ITPOITOPIIOHAJIbHA KBAJIPATV HAITPAACHHOCTI ITOJIA.

[lepexogior c H E K p H jI(CTZi.,E:i):HGH}"{I]MW:— — | =p-J°, M

0 o P\ O

.2
W=p-J

[Tomywim gpyryio dopMmy 3akoHa JIkoyind — JleHria. (OO0beMHas ITIOTHOCTh TEIDIOBOI
MOIITHOCTH PaBHa ITPOM3BEACHHIO YAEIIbHOI'O COIIPOTHRIIEHHS Ha KBaApaT INIOTHOCTH TOKa).

3ampyoHeHUA KAcCUYEeCKOLL IJIEKIP OHHOIL MEeOPULL 3JIEKIPONP0600HOCIU MEMAILIL06

Krnaccrueckass TeopHs cMOrjIa OOBSICHHTE IOIYYEHHbBIE paHEee SKCIIEPHMEHTAILHO 3aKOHBI
Owma u J[xoyisg — JIeHIra, HO ecTh H CYIIECTBEHHBIE 3aTPyIHeHHSI. OCHOBHBIMH SIBIISIFOTCS CIIeY-
TOII[HE:

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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1

1. TeopeTnmyeckoe 3HaUYEHHE MPOBOJHMOCTH H3MEHSAETCS C TEMITEPATYPOH O ppeop ~ —ﬁ

1
, JKCIICPHMCHTAJIIBHAA K€ 3dBHCHMOCTE O = — .

I

2. KiaccHueckas TCOPHA HC B COCTOAHHIT OOBSACHHTL TaKoe SIBIEHHE KaK CBCPXIIPOBO/II -
MOCTE.

HMerorca u APYI'HE 3aTPYIHCHIA H B 3TOM HEJOCTATOUYHOCTD KIIaCCHYECKOH TCOPHI.

CoBpeMeHHasI KBAHTOBASL TEOPHS JNEKTPOITPOBOJIIMOCTH MCTAJUIOB ITOKA3bBIBACT, YTO BCC
TPYAHOCTH KIIACCHYECKOH TCOPHH CBA3aHBI C TCM, HTO IIPEACTABIICHHE 00 JNEKTPOHAX KdK HJE-
aJIbHOM Tase SBIISeTCs IPYORIM ITpHOIDKeHHeM. Ha camMoM merne JIICKTPOHBI BHYTPH MCTAJllIa HC
ABITATOTCA Ta KM GEG@DI[HLIMI: KaK 3TO CIICAYET H3 KIIaCCHUYECKOH TCOPHH.

B GDEPEMEI—H—IGﬁ KBAHT OBOH TCOPHH ITOKA3bIBACTCA, UTO 3JICKTPOHBI BHYITPH MCETAJllld, KdK H
JJICKTPOHEBEI B ATOME HE MOI'YT HMCETb Hfﬂﬁ}"}o SHEPI'HIO, 4 JIHIIIb BITOJIHE AHCKPETHBIC SHAYCHHA
SHEPITHH — SHCPIHA 3JICKTPOHOB KBAHTVYCTCA.

3. 3axkousl Kupxzogha

1. TTepBerii 3akoH Kupxroda:

AnrebpaHyeckas CyMMa CHII TOKOB, CXOISIIIXCS B V3II&, paBHaA HVIIIO.

ZIR:O

[TpH 3TOM TOKH, HAVIIHE K Y37IY, IIPHHATO CUHTATh MO0 KHTEIbHBIMI, a OT
Puc. 20.3  ysia — oTprmaTempHBIMI (MOXKHO M HA0GOPOT — STO HECYIIECTBEHHO).

3aMeTHM, YTO VY3€eJI — 3TO TOYKa, I'Jie CXOAATcsa TpH H Oojiee Toka. Harmpumep, aisa prc. 20.3
TIEPBBIH 3aKOH 3aIMMIIETCS TaK:

I;—I2+I3:O,

2. Bropoii 3akoH Kupxroda (0oH OTHOCHTCS K TF0OOMY BBIJIEJIEHHOMY B IIEIH 3aMKHYTOMY
KOHTYPY):

Arnrebpanyeckas CYMMa ITIPOH3BEJACHHI CIUT TOKOB B OTAEIBHBIX VIACTKAX ITPOH3BOIIEHOIO
3aMKHYTOI'O KOHTYpPa Ha HX CONMPOTHBRIIEHHS (CyMMa ITacHHI HAIPsSKEHHI) paBHA alreOpandye-
cKOHM cyMMe DJIC. MERCTBYIOIIHX B 3TOM KOHTVPE.

DR =g

IIpuMepnb1 penmieHus 33134

AOKYMEHT MOAMNMUCAH | _
SNEKTPOHHOM MOAMMCHIO 3 1 BHYTPEHHHM EGHPDTI[BHEHHEM r=0,40M. Kak

Cepruddikat: | 12000002A633E3D113AD425FB50002000002A6 ITh OT cOOpaHHOI H3 HUX 6aTapeH HaHOOIBIIYIO

Bragensty . RIS R THA LY IeKEaHAPOR e upneHne R=0,3 OM? OIpenenTh MaKCHMAD-
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JlaHo: I fommemm-- |_: m
N=12 e —
& =158 == —
r=0.4 Om ; :

I I T —
R=0. 3 Owm

R

Ima:u' =%

[ [pemomoxim, 4TO COeqHHEHHE COCTOHT H3 i MapalJIeIbHO COeTHHEHHEBIX BETBEH I10 1 I10-
CIIeIOBATENBHO COEeIHHEHHBIX ATEMEHTOB B Kaxkmoil (cM. puc.). OueBngHo, N =m-n , Ilpu
rocneoBaTeIbHOM coemHeHnH DOJ[C M BHYTPEHHErO CONPOTHRIESHHS 3JIEMEHTOB CKIIajbIBa-

IOTCS, TTo3TOMY 2 J]C KaXI0H BETBH 3;_ =n -& , a BHyIPEHHEE COIPOTHBIIEHIE Iy=n-r.

m l
L

. CrregoBarenbHo, D1C coemuHeHNs paBHa 2 J/|C OTAEIRHOH BETBHU S’é = 3} a BHYTPEHHEE CO-

Hp]?[ IapaJuICIIbHOM COCTHHCHIH g CHCTCMBbI paBHAa g OTACIIBHOT O JIEMEHTA H — —
r

[

r

ITPOTHBIIEHHE COSIHHEHHA F — —
C

m

nr
Taxym oOpaszomM, 1 OaTapeH 3IEMEHTOB HMeeM 3’,: =—n-&.u r,=—.

1o 3axkoHy OMa IJ1 3aMKHYTOH L[EITH ITOTYYHM

g& n& nm&  N-&

nr N n
re+R 5 onr+mR o n-r+mR
m

J = (D

N

Takxkak N =m-n n n=— , TO OKOHYATCIIPHO ITOIIVHIM
m

N -& N& -m
N R Nr+m™R
m

HccnepyeM Ha skcTpeMyM (DYHKIIHIO /(1m), TIpeICTaBIEHHYIO (POPMYIIOH (2).

= . - - Rt '.f 2
NOKYMEHT MNOOMNMUCAH Nr+m R)— N -3’-m-(2mR)
ANEKTPOHHOWM NOANMUCHIO -
. 3 “
Ceptidmkar:  12000002A633E3D113AD425FB50002000002A6 ( N7+ m? R)
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N&(Nr+m’R)-2N& -m’R
[TpupaBHHBAL (3) K HYIIIO =0

(Nr + mER)E

?

HaHeM MaKCHMaJIbHOe 3HaueHHe m. B PE3VIIBTAT € ITOJIYHHM

Nr 12-0,4 N 12
m=,|— = =4 gy n=—=—=23,
R 0,3 m 4
Taxmm oOpaszoM:
/ N& 12-1,5 _75A.

max nr+ mR :3-0,4+4-0,3

OTBET: COeAHHEHHE COCTOUT H3 YETBHIPEX BETBEH IO 3 ITOCIENOBATEIBHO COEIHHEHHBIX BlIe-
MEHTOB, MaKCHMAaJIbHBIH TOK 7,0 A.

3amgaua 2. [Ipu cuiie Toka /1=3 A BO BHENIHEH LN 0aTapeH aKKyMYIISTOPOB BBIAEISIETCS MOIII-

HocTh P1=18 BT, mpu cuie Toka /=1 A — coorBercrtBeHHO P>=10 BT. Onpegemury 2J(C & u
BHYTPEHHEE COIPOTHRIIEHHE r OaTapeH.

JlaHo:
=3 A Tak xak momHocTs P — [ -U , To HalIpskeHHe B TIEPBOM CIIy4ae
P P
P=18Br [U,=-1, aBomropom U, =-—*.
! )
1 2
5 &
I=1A M3 3axora OMa JJ19 3aMKHYTOH IenH - [ = .
R+r
P>=10 Bt |3 npHBeAcHHBIX BBIIIE PABEHCTB CIEAVET
g =7
( P
p
r="7 & =1r+U, ?:Ilr+1—‘
< = J ‘
P,
2
p p Pl — Pl
NOKYMEHT NMOANMWUCAH ==L 12 —20nm,
SNEKTPOHHOM MOANUCHIO I1] ( [ — ] )
CepTudbukar: 12000002A633E3D113AD425FB50002000002A6 72371 72
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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" g’:IlrJr?:lZB.
]

3amga4a 3. 1o xeme3HOMY ITPOBOJHHKY, JTHAMETPOM d = 0,6 MM, TeueT TOK 16 A. OnpeaerniTh

CPEJHIOIO CKOPOCTD (U) HaITIPpaBICHHOI'O ABIKCHIA JJIICKTPOHOB, CHHTAA, YTO KOHIICHTPAILIMA n

CBOOOTHBIX JJIEKTPOHOB pPdBHd KOHIICHTPAI[HH n' aTOMOB ITPOBOJHHKA.

JlaHo:
d=0,6Mv=6-10"*M | 2
=16 A S % § O

< -
n=n' C @ 5 L
(u} —9

CPE:,I[HHH CI{GPGCTL }HTGPH,I[GIIEI-H-IGI‘G JBHECHHSA BHEI{'I‘I)GHGE
[
(v)=- (1)

IJie { — BPEMS, B TEUEHIE KOTOPOI'0 BCe CBOOOIHBIE ANEKTPOHBI, HAXOISIIHECS MEXKILY CEYUECHH IMH
1 1 2, ripoiinsg ceuenne 2 (cM. pHc.), ITepeHecyT 3apsg O = e - N | co3maBast TOK CHIIOI

TIE e — 3JIeMEHTAPHBIT 3apsin, N — YHCIIO SIeKTPOHOB ITPOBOJHHKA, [ — €T0 IJIHHA.
OYeBHIHO YHCIIO SIIEKTPOHOB N=n-V=n-[-5 (3)

rae V- Gﬁ'LEM:. a S — IIoIaap CeueHH s ITPOBOJHHKA. IIo YCIIOBHIO, n= Hr: CIICOJOBATCIIEHO

H:Hr:ﬂ:—N"ﬁ“ :N"ﬂ“p
V. M/p M

I

: (4)

3 KT
rae Na —4mcino ABOrajpo, p —IIoTHOCTs kenesa | P = 7,87-10"— |,
M

_3 KI
M — mongpras macca xenesa | M =56-10
| MOIJIb
NOKYMEHT NMNOoAanncAH
SNEKTPOHHOW noarnncelo .
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 CIBHO HOIYTHM
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N,-p-l-§S-e

1 :
M -t
IMt
OTKY/a [ = .
N, pSe
nd’
[TomcTaBHM ITONTy4eHHOE BEIpakerne B (1), cunras, yto S = T,
[Iocre nmpeoOpa3oBaHH I HAHIAEM, YTO
4IM 4-16-56-107
<U> 6:56-10 =4.2-10"M/c =4.2 MM

- 7d’N,-p-e 3,14-(6- 107 )2 .6,0-10%-7.87-10°-1,6-107"

Bonpocet u 3a0 anui.

1. IloCTOSHHBIN MEKTPHYECKHH TOK H €r0 XapaKTePHCTHKH. 3aKOH OMa JJI Y4acTKa IETTH.
2. CtopoHHHE CHIBL. OJeKTpoaBHKyIas ciia (3]]C). 3akoH Oma I 3aMKHYTOH IIETTH.
3. Pabora u MOIITHOCTE TOKA. 3aKOH J[Kovyid - JleHiia.

4. KimaccHueckast SIEKTPOHHAA TCOPHA JIICKTPOITPOBOANMOCTH METAJIJIIOB H €€ HCJOCTATOY -
HOCTD

5. O606menHbIH 3aKk0oH OMa. [TpaBrnna Kupxroda.
0. DIEKTPHYECKHH TOK B METaJIJIaX.

Jamaud 1Ji cCAMOCTOAT €JILHOI0 penIiCcHHA

1. Tpu Garapeun ¢ 3/|C Ei= 12 B, E;=5 B u E; = 10 B 1 0lHHAKOBEIMH BHYTPEHHHMH COIIPOTHB-
JIEHHSMH r, paBHBIMH | OM, cOeIHEHBI MeXIYy cOO0H OJHOHNMEHHBIMH ITOIFOCAMH. COIIPOTHBIIE-
HIE COEHHHUTEIBHBIX ITIPOBOIOB HHYTOHO Mallo. OIPeAeINTh CHIILI TOKOB /, HAVIIHX Yepes KaxkK-

IVIO DaTapero.

2. JIBe I'pyImIsl M3 TpeX IOCIeNOBAaTEILHO COeJHHEHHEBIX 3IIeMEHTOB COEAHHEHEI ITapaUIeIbHO.
DJIC E xaxmoro sneMeHTa paBHa 1,2 B, BHyTpeHHee connpoTtuBiecHHe r = 0,2 Om. llonmyueHHas
Oarapes 3aMKHYTa Ha BHEIIHEE CONPOTHBRIeHHE R = 1.5 OM. HanTH crury ToKa / BO BHEIITHEH LIETTH.

3. BHyTpeHHEE COIMPOTHBIIEHHE r OaTaper aKKyMVIIITOPOB paBHO 3 OM. CKOIBKO ITPOLEHTOB OT
TOYHOr0 3HaueHHS D/[C COCTaBIISIET ITOTPEIHOCTD, €CIIH, H3MePSIS Pa3HOCTh ITOTEHIHAIOB Ha 3a-
KHMax OarapeH BOJIbTMETPOM C CONPOTHBIEHHEM Re = 200 OM, ImpHHATE €& paBHOH 3 1C?

4. 3alIyHTHPOBAHHBIH aMIIEPMETP H3MepseT TOKH cHiIoH 10 / =10 A. Kakyio HauOOIIBIIYIO CIITY

NOKYMEHT NoONnCcAH [Ta, €CIII COITPOTHBIICHHCE R dMIICPMCTPa PABHO
3NEKTPOHHOWM NOoAnUChLIO 5 MOM?
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 '
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5. CHia TOKa B IPOBOJIHIKE PaBHOMEPHO HapacTaeT oT Ip =0 10 / = 3 A B TeUeHHE BPEMEHH | =
10 ¢. Onpegermts 3apsan O, IIPOLIEIIIHI B ITPOBOJIHHKE.

0. Jlans! 12 snemenror ¢ 2/]C E = 1,5 B H BHyTpeHHHM cornpoTHBIeHHEM r = 0,4 OM. Kak HYKHO
COEQUHHTH BTH 3JIEMEHTHI, YTOORI ITOIIYYUTHE OT COOpaHHOH M3 HHX OaTapeH HAaHOOJIBIIYIO CIIIY
TOKA BO BHEIIHEH I[EITH, HMEIOIIEH cOonpoTHBIIeHHe R = 0,3 OM? OrpeaelnuTs MaKCHMAaIbHVIO
CHITY TOKA /max.

7. JIBa anementa (Ei1=1,2 B, ri=0,1 Om; E2=0,9 B, r»=0,3 OM) coeiHeHbI OJTHOHMEHHBIMH ITOJIO-
caMH. COIMPOTHBJIEHHE R COeHHHUTEILHBIX IIPOBOJAOB paBHO 0,2 OM. Ompee/mTsh CHIITy TOKa [
B LIETTH.

8. OmpenennuTs CHIY TOKa KOPOTKOI'O 3aMBIKAHHS HCTOUYHHKA TOKA, €CIIH ITPH BHEIIHEM COITPO-
THBIIEHHH R ;=50 OmM cmna Toka B 1ierH /1=0.2 A, a ipu R>=110 Om cmna Toka B e >,=0,1 A.

9. Karyiika 1 aMIiepMeTp COeQUHEHBI ITOCIEA0BATEIBPHO H IIOAKIFOYEHBI K HCTOUHHKY TOKa. K
3aKMMaM KaTVIIKH TIPHCOEMIHEH BOJIBTMETP COIPOTHRIEHHEM R.=1 KOM. [lokazaHms amiep-
meTpa [=0,5 A, BoneTMeTpa U = 100 B. Omnpenermrs conpoTHRIEHHE R KaTYIIKH. CKOJIBKO ITIPo-
I[EHTOB OT TOYHOI'O 3HAYEHH A COMMPOTHRIIEHN S KATYIIIKH COCTABHUT IIOIPEIHOCTD, €CIIH HEe YUHTHI-
BaTh COIMPOTHBIIEHHS BOIILTMETPA?

10. K mcrounnky toka ¢ D/J|C E =1,5 B nnpucoefHHHIN KaTYIIKY ¢ COITPOTHBIIEHHEM R=0,10M.
AMIIEpMETP ITOKa3al CHIIY TOKa, paBHVIO /1=0,5 A. Korja K HCTOUHHKY TOKa IIPHCOEIIHIUIH I10-
CIIEIOBATEIILHO EIlle OJMH HCTOYHHK TOKa ¢ TakoH ke DJIC, To cHia TokKa I B TOH K& KaTVIIKe
okazanachk paBHOH 0,4 A. Omnpeaenurs BHYTPEHHHE COIMPOTHBIIEHHS 1| H r2 IIEPBOTO H BTOPOIO
HCTOYHHKOB TOKA.

11. IIo mpOBOAHIKY COITPOTHBIEHHEM R = 3 OM TE€YET TOK, CHIIa KOTOPOIr'o Bo3pacraeT. Kommrue-
CTBO TEIUIOTHI (), BRIJIEIHBINEECS B ITPOBOJHHKE 3a BpeMd T =8 ¢, paBHO 200 J[x. Omnpenennrs
KOJIMYECTBO 3JIEKTPHYECTBA ¢,IIPOTEKIIEE 3a 3TO BPeMs I10 IIPOBOJHHKY. B HaYaIbHEII MOMEHT
BpeMEHH CHJIa TOKa B IIPOBOJHHKE PaBHA HYIIIO.

12. Cuia TOKa B IIPOBOAHUKE COIPOTHBIIEHHEM R = 12 OM paBHOMepHO VORIBaeT OoT [y = 5A 110
I=0 B TeueHne BpeMeHH ¢t = 10 ¢. Kakoe KOIMYeCTBO TEIIOTEL J BRIJIEISIETCS B 3TOM IIPOBOJHHKE
34 YKa3aHHBIH ITPOMEKYTOK BPEMEHH

13. Cma Toka B IMpOBOJHHKE CONMPOTHBIIEHHEM r = 100 OM paBHOMepHO HapacTtaeT oT Ip = 0 110

Imax = 10 A B TeyeHHe BpeMeHH 7T=30 ¢. OmpeJeInTs KOIHYECTBO TEIUIOTHI (J, BRIJEIHBIIEECS 32
5TO BPEMS B IPOBOTHIKE.

14. IIpu cune Toka I) = 3 A BO BHEIIHEH LM OaTapeH aKKyMVYIISTOPOB BEIIEISTCS MOIITHOCTE P
= 18 Brt, ripu cwie toka /> =1 A —coorBerctBeHHO P2 = 10 Bt. Onpenenures 3/1C E H BHYTpeHHEE
COIIPOTHBIIEHHE  OaTapeH.

15. OOMOTKa 3NMEKTPHYECKOr0 KHITSATINIEHHKA HMEET JIBE CEKIIMH. ECIIH BKIIFOUeHa TOIBKO ITEPBast
CEKI[HMS, TO BOJA 3aKHITAeT Yyepes f1 = 15 MHH, eCIM TOJIBKO BTOpasy, TO uepes f» = 30 muH. Uepes
CKOJIPKO MHHYT 3aKHITHT BOJa, eCIIH 00e CeKI[MH BKIIOUYHTH ITOCIIeoBaTelbHO? [lapanienpHo?

16. K 3axmmam Gatapen am{ymyﬂﬂmpﬂﬂ ]'[pHGGE,I[IIHEH Harpepareib. D/ C E Oarapen paBHa 24

T T T OKYMERT AORMUCAH T T OBaTeNb, BKIFOYEHHEIHN B IIEND, ITOTPEOIIIET MOII-
SNEKTPOHHOW MOANUCHIO H KH;[[ # HarpeBaTeIs.
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6
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17. 2]]C E OGarapeu parHa 20 B. ConpoTtnBieHHe R BHEIIIHEN 1[EH paBHO 2 OM, ciuIa TOKa [ =

4A. Hanru KIIJ] Oartapen. I1pH KakoM 3HaYEHHH BHEIITHETO cOITpoTHRIEHHI R K111 Oyner paBeH
99%"?

18. K Garapee akkymyisaropos, 2/]C E koTopon pasHa 2 B M BHYTpeHHEE COIPOTHBRIIEHHE F PABHO
0,5 OM, IIpHCOEAHHEH ITPOBOAHHK. OIIPENEIHTD: 1) corpoTHBIIEHHE R IIPOBOHHKA,
IIPH KOTOPOM MOIITHOCTh, BRIZleJIIeMas B HeEM, MaKCHMAIIbHA, 2) MOIIMHOCTh P, KOTOpas IIPpH 3TOM
BBIJIETISIETCS B ITPOBOJHHKE.

19. 5/1C Garapen akkymyisaropoB E =12 B, ciia Toka [ KOpoTKOro 3aMbIKaHHS paBHa 5 A. Kakyro
HAHOOIBIITYIO MOIITHOCTE Pmax MOKHO ITOIIYUYHTE BO BHEIITHEH IIEIH, COeJHHEHHOM C TaKOH Oara-
peen?

20. Jlamriouka M peocTaT, COeQUHEHHBIE ITOCIEMOBATEIILHO, IIPHCOEHHEHEI K HCTOUYHHKY TOKA.
Hanpsprenne U Ha 3aiMax TaMITOUKH paBHO 40 B, cormporneineHne R peocraTa paBHo 1) OM.
BHerrHa4 1erns nmotpedister MomHocTs P=120 Br. HaliTi cHiny TOka B LIETTH.

21. B MeHOM ITPOBOIHHKE JJIHHOMH /=2 M H IUIOMIAABIO S ITOIEPEYHOr0 ceYeH s, paBHOI 0,4 MM,
HJIET TOK. [ IpH 3TOM €KeCeKYHIHO BBIJEIISETCS KOIHMYeCTBO TeIUIOTE O=0,35 JI:K. CKOJIBKO 3JIEK-
TPOHOB N IPOXOIHT 3a 1 CEKYHIY Uepes MOIMEPEYHOE CEYEHHE 3TOr0 IMIPOBOIHHKA?

22. [TTOTHOCTD TOKA j B MeIHOM IIPOBOHIUKE paBHa 3 A/Mm?. HafiTH HanpsoKeHHOCTD E 3IeKTPH-
YECKOTO ITOJIS B ITIPOBOJHHKE.

" g e
23. II1OTHOCTP TOKa j B alIFOMHHHEBOM ITPOBOJIE paBHa 1 A/Mm°. HaHTH CpeHIOIO CKOPOCTh <>
VIIOPSZAOUYEHHOTO ABHKEHH S 3IIEKTPOHOB, IIPeAIIonaras, YTo YHCIIo

CBOOOIHBIX JJICEKTPOHOEB, IIPpEAIIOIalds, UYTO HHCIIO CBOOOHBIX JNICKTPOHOB B | GM3 AJIFOMITHITA
PdBHO HHCIIO aTOMOB.

24, Onpenenurs CPEIHIO CKOPOCTh < v > VIIOPSIOYEHHOIO ABHKEHHS IEKTPOHOB B METHOM
IIPOBOJHMKE ITPH cHile ToKa / = 10 A M cedeHHH S IIPOBOJHMKA, PaBHOM 1 MM’. IIpHHATH, YTO
Ka’KIBIH aTOM MeIH IIPHXOIHTCS ABa IEKTPOHA ITPOBOIHMOCTH.

25. Cwina Toka [ B MeTalUIMYECKOM IIPOBOIHHKE paBHa 0.8 A, ceueHHe ITPOBOAHHKA S= 4 MM~
[TpHHHMAsL, YTO B KaXKIOM KyOHYECKOM CAaHTHMETPE METAIUIA cofepkHTCcT  n=22.5-10%? cBoGOI-
HBIX 3JIEKTPOHORB, OIIPEAEINTE CPEIHIOI CKOPOCTh <v> HX VIIOPSAOYEHHOI'O JTBH KEHH L.

26. B MeZTHOM IIpOBOIHIKE 00BeMOM V=6 cM’ IIpH ITPOXOKIESHHH IO HEMY IIOCTOSHHOIO TOKa 32
BpeMs /=1 MHMH BBIJEIIIUIOCH KOIHMYECTBO TEIJIOTEI O=210 ;K. BBRIUNMCINTE HaIIPSKEHHOCTh £
3JIEKTPHYECKOTO ITOJIS B ITPOBOIHHUKE.

e g
277. MeTammnJyecKHi IIPOBOJHHK JBHKETCS ¢ yeKopeHHeM a—100 m/c”. McIonp3ysa KacCHIeCKYIO
TEOPHIO AIEKTPOIIPOBOJHOCTH METAJIIIOB, OIIPEAEIIHTE HAIIPSPKEHHOCTE £ 3IIeKTPHYECKOrO IO B
ITPOBOIHHKE .

28. MemHslit mrck pagumycoM R=0.5 M paBHOMepHO Bpartmaercs (cw=10* pag/c) OTHOCHTEILHO OCH,
IEPIEHANKYIISIPHON INIOCKOCTH JIHCKA H IIPOXOIIEl Yepes ero IeHTp. OIpelaelInTh pasHOCTh
ITOTeHIHAIOoB [/ MEXKTY IIEHTPOM JIMCKA H €r0 KparnHHMH TOYKAMI.

ke G T 4

AOKYMEHT NOAMUCAH >BOEH OCH cO CKOpOCThIO »=200 m/c. OIpeaeniTh
ANEKTPOHHOW MOANUCHIO P, TOAKIIOUAEMEIIT K KOHI[AM CTEP/KHS, TIPH Pes-

Ceptudpukar: 12000002A633E3D113AD425FBS0002000002A6 _ 10 -
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30. VaenmpbHasgd MpOBOAMMOCTE y MeTaimia paBHa 10 MCw/M. BEIUHCIHTE CPeIHIOI AIHHY < [ >
CBOOOJHOroO ITpodera 3MIEKTPOHOB B METAIIE, €CIH KOHIEHTpAIMsI n CBOOOJHBIX 3IIEKTPOHOB

o -
paBHa 10°® M~. CpeHIOI CKOPOCTD 1 XAOTHUECKOT O ABIKEHHA 3IEKTPOHOB IIPHHATH paBHOII 10°
M/C.

Paznen 4. Marnerusm. JJIeKTPOMAarHHTHbIE K0J1€0aHH S H BOJIHbI

IIpakTHyeckoe 3ansarue 10.
T'ema 3anamusa. 1loasarue o MarHuTrHoM noJie. 3akoH bmo — Casapa — Jlamaca.
Ilens 3anamus. VI3ydUTh OCHOBHEBIE IIPOSIBIIEHHS MAalrHUTHOT'O ITOJS ITOCTOSIHHOI'O TOKA.

T eopemuileckdn 1acmbos.

MarauTHas HHIAVKIHA H HAIIPHACHHOCTD MAIrHHTHOI'O 11014,

I1oTOK BeKTOpa MAarHMTHOM MHAYKINH. Teopema I aycca i BeKTOpa B

TepMIH MarHHTHOe Mone BBel B 1845 roxay anrmmiickni ¢pusuk M.Dapajieil, CUHTaBIIIHIA,
YTO KaK 3EKTPHYECKOE, TAK H MArHHTHOE B3aNMOEHCTBUSA OCYILECTBILFOTCS IIOCPELCTBOM €M -
HOI'0 MaTepPHAIILHOTO ITOJIS.

HMcTouHHKaMH MAKPOCKOIIHYCCKOI'O MAI'HHTHOI O ITOJIA ABJIAIOTCAHA HaMAI'HITUCHHBIC TCJId, ITPOBO/I-
HHKH C TOKOM H ABHEKVYIIHCCH JJICKTPHYCCKI 3apPsKCHHBIC TCJIIA. HPHPD,[[E], ITHX HCTOYHITKOB
cAHHAa. MAI'HHTHOC ITOJIC BO3HHKACT B PE3VIIBTATC ABHAKCHIA 3dPsSLKCHHBIX MHKPOHACTHIT.

MarHHuTHOe IToJIe — CHJIOBOE ITOIIE, ,[[EﬁGTE}’TOH_[EE Hd ABHZEKYIINHCCH NICKTPHYCCKIIC 3aPAIBI
H Ha Tclla, oOmmagaroIiHe MarHUTHBIM MOMeHTOM. MarHuTHOe TI0IIE XAPaKTCPH3YETCA BCKTOPOM

MarHHTHOH HHAVKITHH B . 3HaueHHe B ompelenseT CHITY, JeHCTBYIOIIYIO B JaHHONH TOYKE ITOJIS
Ha JBIKYIITHICA 3JIeKTPHYECKHI 3apsa H Ha Tella, HMEIOIIHEe MarHHTHBIH MOMEHT.

—

BEI{TGP B MOXHO BBECTH OJHHM H3 TPEX S3KBHBAJICHTHBIX CITOCOOOB:

a) HCXOJAS M3 CHJIOBOI'O JEHCTBHS MAarHHTHOIO ITOJIS Ha JBIDKYIIYIOCS B HEM 3apsDKEHHYIO 4a-
CTHILY,

6) OCHOBBIBASICh Ha CHJIOBOM JeHCTBHH MarHHTHOI' O ITIOJI HAa MAaJIbIH AIIeMeHT IIPOBOAHHKA C TO-
KOM.

e

E) HCXOA S M3 CHIIOBOTO AeHCTBHS MarHHTHOI'O ITOJI Ha HE@GHBH_[}’TO PAMKY C TOKOM.

Harprnep, MarHuTHasi HHIYKIM A — BEKTOPHAs BEIIHYHHA, MOIYIIb KOTOPOH OITpeelis-
€TCsI OTHOILEHHEM MaKCHMAIIbHOM CHIIBL F , NEHCTBYIOLIEH CO CTOPOHBI MarHUT-HOIO IO Ha

YHACTOK IIPOBOJHHKA C TOKOM, K CHIIC 3TOI'O TOKA [ ¥ mnHe YHACTKA Al ITPpOBOAHHKA

B=m [B] =T (1)
NOKYMEHT I:ID,HI'IHCAH
SNEKTPOHHOW NOANMChHIO
Ceprudmkar: 12000002A633E3D113AD425FB50002000002A6 OHAapPHOT'O0 MAarHUTHOI'O ITOJIS ITOJIB3YIOTCS METO-
Bnapeneu: llebayxoea TaTkAHa AnekcaHOpoBHA
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HAa3bIBAIOTCH JINHHH, ITPOBCACHHBIC B MAaI' HHITHOM IIOJIC TAK, UTO B Ka’KIOH TOUYKE ITOIISI KacaTellb-

Hasl K IIHHHH MarHHTHOH HHAVKITHH COBIIAA4CT C HAIIPABJIICHHCM BCKTOP4A B MarHHMTHOII HHIAVK-
I[HH B 3TOH TOYKe IT0IS. JIMHHH MarHHUTHOH HHAVEKITHH HII' JC HC UﬁpBIEﬁIDTGH: T. €. HC HAa4YHHA-
IOTCS H He KOH4YaroTcsa. OHH THOO 3dMKHYTEHIL, 00 HAVT H3 O0eCKOHEUYHOCTH Ha OeCKOHEeYHOCTb.

MarHuTHoe I10JIe Ha3kIBaeTC sl OJHOPOAHBIM, €CJIH BO BCCX CI'O TOUKAX BECKTOP MarHHTHOH

HHIAVKIHI B nmeet OJIHO H TO e 3HaueHHe. B ITPOTHBHOM CJIVHAC MAI'HHTHOC ITOJIC HA3bIBACTCA
HCOTHOPOTHBIM.

I[JIH MAI'HHTHOI'O ITOJIA, KaK H JJIA SIICKTPHUYCCKOI'O, CITPpAaBCJIHE ITPHHITHIL CYIICPITO3HITIII .

—

MarHHTHOE II0lle B , CO3JdBACMOC HCCKOJIBKHMH HCTOYHHKAMI, PABHO EEI{TGPHDﬁ CYMME TI0JIEN

—

b i » IHIOPOKAACMbBIX KaAJbIM HCTOUHIIKOM B OTACIIBHOCTH.

Loon (2)
=1
OTC}TGTEIIE B HPHPGI[E MAI'HHTHEIX BHPH,I[CFE HPI[EU',I[HT K TU'I\J}":, YyTO JIHMHHH Mﬂr}ﬂfTHﬂﬁ

HHAVEKIHI HE HMCIOT HH Hatalld, HIT KOHIIA. HGBTGM}" ITOTOK BEKTOPa B HEPC3 J]IG@}*TO 3dMKHY-

TYIO IIOBEPXHOCTE S paBeH HYIM0. CleoBaTelbHO, Teopema I'aycca a5 BekTopa B (popMyIIH-
PYETCH CIEIYIOIIHM 00pa30oM:

(I)B — f Edg =0. |Dg] = B6 (3)

—_—

Hapsany ¢ mHaykIHeil B HCIons3yeTcs ITOHITHe HANPSDKEHHOCTH MarHHTHoro rmons H,
KaK MePhI BO3JeHCTBHS Ha IIPOBOJHHKH ¢ TOKOM H MarHHTHYIO CTPEJIKY (pa3MepHOCTh e€ - A/m).

HﬂHpH}I{EHHGCTL H XAPAKTCPH3VYET MaI' HITTHOC ITOJIC, CO3JaBdCMOC MaKPOCKOITHMYCSCKIMIT TOKAMII
H ITIO2TOMY OIIPSACIIACTCA HX BCJIIHYHHAMIIL, I{OH(bHI'}pr]J_[HEﬁ B ITPOCTPAHCTBE H HE 3dBHCHT OT

CBOIHCTB CPC/bI. BEI{TDP HHAYKITHH MAaI'HHTHOI'O I1O0JIA B cBazan ¢ HAITPpsLKCHHOCTBIO MAal' HHTHOI'O

nond H cooTtHormemem

—

B= MpH, (4)

—7
rae g, =4m-10"" I'n/m — MarHMTHAS TOCTOSHHAS, LI — MarHHTHAs IPOHHIAEMOCTD CPEIbL.

3axon buo — Casapa - Jlanjiaca 11 3J1eMeHTa TOKA.

Pacder MarHHNTHLIX H0JIeH

Ha ocHoBaHIIM aHaIHM3a OIBITHBRIX JAHHBIX IS MAarHHTHBIX ITOJIEH ITOCTOSHHBIX TOKOB ORI YCTa-

HOBJIEH 3aK0H buo — Casapa — Jlanuiaca Bujaa:

B Lol dlsin @ &)
471 rz ?
r [OKYMEHT MOANUCAH I MEHTa ITPOBOJHNKA B PacCMaTPHBAEMYIO TOUKY

SNEKTPOHHOW NOAMUCHIO
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HampapneHne BekTopa (5 MOXHO HafiTH IT0 ITpaBHITy MakcBema (TIpaBHITy OypaBUYHKa): €CIIH
BBHHYHNBATL OYPaBUHK C IIPABOH pe3b00H 10 HAIIPABIEHHIO BEKTOPA IDIOTHOCTH TOKA B 3JIEMEHTE
ITPOBOJHIKA, TO HAaIlpaBIEHHE IBIKEHHSI PYKOSTKH OypaBUMKa YKa)KeT HallpaBJIeHHE BeKTopa

dB MarHUTHON HHIYKIIHH.
. Maznummnoe none npamozo moxa.

HarigeM ¢ nmoMorpio 3akoHa bro-Cagapa-Jlaraca MarHHTHOE IT0JE IIPSMOJIMHEHHOIO ITPOBOJ-
HHKa ¢ TOKOM / (pHCYHOK 1). IIycTh rp — paccTOSIHHE OT TOYKH, B KOTOPOH OIpeelIsIeTcs IT0E,
JIO TIPOBOJHHKA C TOKOM. Torja pacCTOSHHE r OT y4acTKa IIPOBOJHHKA dl MOKHO BEIPA3HTh TaK:

r=r, / SIN @, T7e @— yrol Mexay BekropaMu dl u 7. JlimiHa dl cBsI3aHa ¢ YITIOM (@, TIOZ, KOTO-
PBIM BHEH 5TOT Y4acTOK IIPOBOIHMKA H3 PacCMATPHBAEMOI TOUKH:
rdo B rdo

sing sin” @

dl = (6)

[TomcTaBHM 3TH 3HaUeHHI B GopMyITy (5)

dB:#u _ IFU 'dED'S'lﬂfp'Sll‘lng:ﬂu _ I *aqufgo
47 r, -sIn” @ 47 7,
(7)

B COOTBETCTBHH ¢ IPHHIMIIOM CYIIEPITO3HIHH (2) Mar HUTHAS HH-

—

VKIS JUIS y4acTKa IPOBOJHHKA 3 paBHa:

1 Il

COS®@, —COS@, ), (8)
47 r, 47 r, i @')

B:de:

I'ac ¢ H ¢ — VYI'JIbI MEYKAY BEKTOPOM INIOTHOCTH TOKA B ITPOBOJHHKE H PAAHYC-BEKTOPAMH, ITPO-
BCACHHBIMII B PaCCMAaTPHBACMYIO TOUKY H3 Hdaldlla H KOHIld YI4dCTKa ITPOBOJHIIKA.

Puc.2.

Eciu rmpoBOIHNK OECKOHEYHO JIIMHHEI, TO ¢ = (0, ¢» = 7 1 HHAYKI[HSI MarHUTHOT'O ITOJI4,
KaK CIIEACTBHE 3aKOHa bmo — Casapa — Jlarnaca, B mo00H TOUKE IIPOCTPaHCTRA

BBIYHCILIETCS IO IIPOCTOH (pOpMYJTIe BHAA:

My 20 py 1 9)

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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JIMHHMH MarHHTHOH HHIOVEKIIH ITOJIA ITPAMOTI'O TOKA ITPEACTAaBILAIOT
coOO0H CHCTCMY OXBAdTBIBAIOIIHX IIPOBOJ KOHICHTPHYCCKIIX

OKPYKHOCTEH.

2. Mazrnumnoe none e yeumpe Kpy2068020 NPOBOOHUKA C NOKOM.

Kak cremyeT U3 pHCYHKa 2, BCe 3JIEMEHTHI KPYTOBOTO ITPO-
BOJHHKA C TOKOM CO3JIaf0T B €r0 I[EHTPe MarHHTHOE ITOJIE OJ[HHA-
KOBOTI'O HaIlpaBIIEHHS — BJIOJIb HOPMAalIH OT BHTKa. ITosTomy cio-

ACHHC BCKTOPOB dB MOXHO 3aMeHHTh CIIOKEHHEM HX MG,[[}"JIEﬁ.

Tak Kak Bce 3IIeMeHTHI ITPOBOIHHKA ITEPIIEeHIHK YIISPHBI PaJHyC-BeKTOPY (sin@=1) H pacCTOSHHS
BCEX IIEMEHTOB IPOBOJHHKA 0 IIeHTPa KPYrOBOIO TOKA OJHHAKOBBEL H  PaBHBI R , TO COTJIACHO

(3)

10
L, Idl. (10)

dB = —
47 R

Torga HHTEerpal, B3STHIH 110 KOHTYPY ITPOBOJHHKA,

B = L g M fa
47 R 4 7R

L

Tak Kak ffdt' — 27R., To MarHHUTHAsA HHAYKIMS B I[EHTPEe KPYTOBOIO IIPOBOJHHKA C TOKOM B Ba-
KyyMe paBHa

I/ (11)
B{l :tuuﬁ'

3. Maeuummnoe none na ocii KpPVZ0o6020 6UNIKA C NIOKOM.

HMHIYKIIHSA MarHHTHOTO TIOJISL BJIOIIL OCH, ITPOBE-
IEHHOH 4epes IeHTP KPYIOBOI'O TOKA ITepIIeH -
KYIISIPHO €0 ITIOCKOCTH, OyIeT YMEHBINATECS I10
Mepe yAaJIeHHS OT KPYTrOBOro Toka. ECIH Ha ocH
BRIOpaTh TOUKY M (pHc. 3), TO pe3ylIbTHPYIOIIAd

HHAVKIHS B onpenensercsa KaKk CyMMa ITPOeK-
I dBy, BEIpaKeHHBIX (POPMYIIOH.

(12)
fo Xl

dB. = sin fdB="dB -
r AT r

OTKy/Za HECIOKHO ITOIYYHTE, HHTeIpHpY4 (16.12)

[NOKYMEHT NOAMNUCAH IR (13)
SNEKTPOHHOM NOAMUCHLIO TS ZHR
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Iupkyasnnsa Bektopa B . MarnutHoe 1mo.ie coJ1eHOHIA H TOPOHIA

B remnsx YIIPOILIICHILA B BRITHCIICHII MaI' HHTHBIX TI0TIeH HCIIOJIIb3YCTCA TCOPEMaA O ITHPKY-

—

JSIHA Pe3yIbTHPYIOMIEr0 BeKTopa B, KoTopas (pOpMYIHPYETCS Ha OCHOBAHHH OIIPEJIeIeHH S
IUPKYISIIHH C YUETOM MHAVKI[HI MarHUTHBIX ITOJIEN B, , CO3laBaeMbIX KaXJbIM H3 TOKOB IIO

(16.9) B cooTBeTCcTBHH ¢ 3aKOHOM brno — CaBapa — Jlarmiaca, B BHJIE:

. (14)
§ Bl = 1, Y 1,
k=1

rae MHacKcoM "k" oOO3HAYeHBl JIMINB TOKH, OXBAaThIBAa€MBIE KOHTYPOM. (ClIeIOBaTEiIbHO, TeO-

peMa: UUPKYIAUUL 6eKMOpaA MAZHUMHOU UHOYKUUN B no npou360/ibHOMY 3AMKHYHIOMY KOH-
mypy pasHa anzedpauiecKoi cymme moKos, 0X6anvléaemsbix KOHMYPoM, YMHOMCEHHOI HA Ly .

XﬂpﬂKTEpI{BIM ITPHMEPOM HCIIOIIb30BAHHA TCOPEMEIL O

: © B0 IHPKYJLILHH B (IUIH HAIpsDKEHHOCTH H ; 3aKOHA IIOMHOIO
00000000000 TOKA) JUIS ITIOITY4eHH I PACYETHBIX (POPMYII SIBILSIFOTCS ITOJIE Oec-
. KOHEYHO JUTHHHOTO COJIEHOH/IA, a TaK)Ke TOPOHJIA.
5 C s

CouteHOM] — CBEPHYTBIN B CITHPab H30IIHPOBAHHBIH ITPOBO/I-

SN N gy e . -
HHEK, ITO KOTOPOMY TCUET JJICKTPHYCCKITH TOK.

A D

Puc. 4.

IToJie DecKkOHETHOTO COJIEHOHJA AKCHATILHO CHMMETPHYHO H MO2KET HMETh JIHIIb KOMITO-
HEHTY, ITapajUIeIbHYFD OCH COJIEHOHJAa (BHTKH HaMOTaHBI OYeHb ITJIOTHO, PHC. 4).

Jlsg ompenienieHHss B BHYTPH COJIEHOHMJA TMPHMEHHM 3aKOH ITOITHOIO TOKa K KOHTYPY
AB;C;DA, B HEM N BUTKOB. MHTErpall He paBeH HYIIIO TOINBKO Ha y4acTKe B;C; H MO3TOMY

BB]C]‘ZZH-Z‘I.JL%E (13)

M3 (13) BHIHO, YTO moJie BHYTPH COJIEHOMAA OJHOPOIHO H €0 HHIYKII paBHa:
B = unl rne n= N/l (14)

HPGHBEE,I[EHIIE 1/ HAa3BIBAETCS YWICIIOM dMIICP-BHTKOB Hd MCTD.

B MarHMTHYIO HHIYKIIHIO Ha OCH COJIEHOHAa CHMMETPHYHO PACIIONOKEHHbBIE BHTKH BHOCST OJIH-
HaKOBBII BKIaJ. I103TOMY Y KOHI[a ITOITyOeCKOHEUHOT'O COJIEHOH/Ia Ha €r0 OCH MarHHTHAs HHIYK-
I[HS paBHA ITOIIOBHHE 3HaYeHHs (16.14)

1 (15)
B = 5 Lonl.

AOKYMEHT NoanmncAH
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[TpakTHYeCcKH, eCclIH JUIHA COJIEHOHMAA 3HAUMTEIbHO OOJIBIIEe, YeM ero JHaMeTp, ¢popmyma (14)
OyJIIeT CITpaBelJIHBa UL TOUYEK B CpeJHEH YacTH CcOJIeHOH a, a (hopmyna (15) - A1 ToueK Ha OCH
BOIIM3H €r0 KOHIIOB.

Topona npeacrasnsger coOOH ITPOBOJI, HABHTRIN Ha KapKac, HMe-

oI (pOpMYy pagHaIbHO H30THYTOI'O I[IIHHApPa, Y KOTOPOIO
BXOJIHOE H BEIXOJHOE CEYeHHS COBMALAIOT (PHC.S).

DopMyna I oIpeAelIeHH s MarHHTHOH HHIYKIIHH BHYTPH

TOPOHJa ITOJIy4aeTCcs Ha OCHOBAHHH TE€OPeMbl O ILHPKYISIHH B
aHAJIOTHYHBIM 00pa30oM, H HMeeT BH;

R

B = .unﬂf-j- (16)

Puc.5.

BHe Toponga MarHHTHasI HHAYKIIHS PaBHA HYIIIO.

C TTOMOIIBEO TEOPEMBL O IMPKYILIII BEKTOpa B MOKHO DEINNTh H PSI APYTHX 3ajad,
HaITpHUMepP, HaHTH HHAYKIHIO B KOaKCHAIbHOM Kabelle, KOTOPHIH HCITOIb3YeTC s IS ITepeJayuH ITo-
CTOSIHHOI'O TOKa. KpoMe TOro, 3TOT 3aKOH HCIIOIb3YETCS IIPH pacyeTe MarHHTHEIX IIETIEH, T Ie BEI-
ITOIHSET POJIb BTOPOro ITpaBmiIa Kupxroda.

Cniia Amnepa. Cwia JlopeHiia

AMIIE]) Ha OIIBITE YCTAHOBHII, UYTO Ha ITPOBOIHIIK C TOKOM B
MarHHTHOM I10.1e JelCT BYCT CILJIa

F=1I[[B]. (17)
MOJIYIIb KOTOPOH OIpejeNseTcs Mo (popMyTIe:
F=1-B-¢-sina..

a HallpaBJIeHHE, TI0 IIPaBHITY IIPaBOI0 BHHTA HIH IMPaBHITY «JIe-
BOH PyKH» (pHC. 6).

Puc.6.

Bo3HHKHOBEHHE BTOH CHIIBI CBS3aHO C TCSM, HTO MAI'HIITHOC ITOJIC ,I[EﬁCTE}*'ET Had 3dapPAKCH-

HBIE YaCTHI[BL, ABHKYIIHECS B IIPOBOJHHKE C HEKOTOPOI CKOpocThI0 V. CHiIa, JeficTBYIOIAs Ha
3apsyl B 5TOM clIy4ae, Ha3bIBaeTcsa ciJIoH Jlopenna, 1 onpeensgeTcs 1o (opMyIIe:

NOKYMEHT NMNOoAanncAH I .
SNEKTPOHHOM NOAMUCHIO _ S :
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F=q-v-B-sina,
rac G — yroll MEXIY HallpaBIIEHIIMI CKOPOCTH YaCTHIIBEL H BEKTOPa MAarHHTHOH HHIVYKITHIH.

MarsuTHoe mone He JIeHCTBYeT Ha IMOKOSIITHIICS 3aps H B 3TOM COCTOHT CYIIECTBEHHOE OT-
JTHYHE MarHHTHOTIO IO OT 3eKTpHdeckoro. Crra JlopeHIia Bceria IepIlieHIHKYIIPHA CKOPOCTH
YaCTHIIEI (ee MepeMeIleHHIO) H ITO3TOMY paboThl He COBepIIacT, a, CIeJoBaTeIbHO, He H3MeHIeT
KHHETHYECKYIO PHEPIHIO YaCTHIBI. BrIpakeHHe 1 cHitbl Jlopentia (18) mo3BossgeT oIpeaeIHTh

XapakKTep ABH)KEHHS 3apsDKEHHOI YacTHIIRI B MarHHTHOM 11o71e. [Ipn ot = 9(0)° vacTwIia ABIDKETCS

mv 5
II0 OKPYKHOCTH pajnyca R =—— . Ecmm yron ot ymornerBopseT yemoBHIO () <ot <907, 1o

qB
JaCTHI[A JBIDKETCS ITO CITHPATH ¢ pagrycoM R u marom h. Ecmi ckopocTh YacTHIIEL V COCTABIIIET

YI'OlI OL C BEKTOPOM MarHHTHOH HHAYKITHH B HSCOJHOPOAHOI'O MAI'HHTHOI'O ITOJIA, HHIYKITHA KO-
TOPOIO BO3PACTACT B HAIIPpABJICHHH ABHAKCHIA YdCTHIIBI, TO Ru h YMCHBIIAIOTCA. Ha »sToM oc-

HOBAHO ABJICHIIC QJGKyGIIpGEIGI 3dPSLKCHHBIX Y4aCTHIL B MAIHHTHOM ITOJIE.

KHHTTP ¢ TOKOM B MarHMTHOM noJie. Padora no HEPpEMEIICHHIO ITPOBOJHHKA H KOHTYDA C
TOKOM B MAI'HUTHOM I10JIE

Paccmompum xoumyp ¢ mokom, Haxoosauuiicsi 6 0OHOPOOHOM MA2HUMHOM noie. BEIe-

IIHM 31eMeHT KoHTypa d ¢ . Ha Hero B MarHHTHOM I10Me GYIET AeiicTBOBAThH CHIA, cormacHo (17),
papHag dF = I[df - B] . PesyipTHpYVIOIASA CHIla, JeHCTBVIOIAS HAa KOHTYP, OVIET paBHa reo-

METPH‘IEGI{Dﬁ CYMME CHII, ,I[EﬁCTE}’TOH_[ID{ Hd OTACIIBHBIC 3JICMCHTBI KOHTYpPA, T.C.

F I F={i1lal - Bl-1-Bfar =0
> L L
= I/::r / (19)
o
/ A iji CregoBarelIbHO, B OJHOPOJHOM MAarHHTHOM
< F T0JIe Pe3yIbTHPVIOIIAS CHIA, JCHCTBYIOIAS Ha

KOHTYP C TOKOM, OVAeT paBHA HYIIO, H KOHTYP
IIepeMenaThcs He OVIeT.

Puc.7.

JIIII IIPOCTOTHI pacCyKAeHHI BO3bMeEM ITPSIMOYIOJIbHEII KOHTYP CO CTOPOHAMH «a» H «by
(puc. 7). B MarHUTHOM I10JIe Ha Hero OyJeT JeHCTBOBATh BpaIl[aOI[HiI MOMEHT ITaphl CHII F u
TIO3TOMY, KOHTYp OyIeT Bpamnarbesa. Bparmarormii moMeHT mapbl cui M =F-b-sino, mo
F=1-B-a,u ciegopatemso, M =a-b-1-B-sino.. Takkak a-b =S — momaas KoHTYpa,
to M=1-B-S-sina. Beegem Bekrop p=1-S HasbiBacMelii BekTOpOM MarHaTHoro mo-
MeHTa KOHTYpa. Ero HalpaBlleHHe COBITaJaeT ¢ HAITPaBIIEHHEM ITOJIOKHTEIHHOMH HOPMAaIH K KOH-

TYPY, KOTOPaA OITPEACIIACTCA C IIOMOIIBIO TITPABHIIA ITPABOI'O BHHTA. Torma g BPaIllarOIICI O MO-
MeHTA. JIENCTRVIOITIErO HA KOHTVD ¢ TOKOM R MATHHTHOM IIOJIE, ITOJIYHIHM BbIPAaACHIIC.
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