MUHUCTEPCTBO HAYKU U BBICIIEI'O ObPA3OBAHUA PO

WPKYTCKUI HALIMOHAJIbHBIN UCCIIEJJOBATEJILCKUN
TEXHMYECKUU YHUBEPCUTET

PU3UKA

Meroauueckue yka3aHus U KOHTPOJIbHBIE 33/IaHUS JJISI CTYJICHTOB MIEPBOTO
Kypca 3a04HOi (HopMbl 00yUEHUSI NHKEHEPHO-TEXHUUECKUX CIIeIMATIbHOCTEN

Upxytck — 2021



VJIK (075.8)
BBK 73

dusuka: Meroanyeckue YKa3aHUA U KOHTPOJIbHbIE 3aJaHMsl. —
Cocr. llennn B.U., KonoBanos H.IL., Peioapuyk O.B. Upkyrck: UpHUTY,
2020. -72 c.

CocraBurenn:

KaHJ. TeX. HayK, AoueHT kadeapsl pusuku B.U. Hlenun,

JIOK. TeX. HayK, 3aBenyromuii kadgeapsl pusznku H.I1. Konoranos,
KaHJI. TeX. HayK, AoLUeHT Kadeapsl pusuku O.B. Peidapuyk

CootBerctByeT TpeboBanusm GI'OC BO mo HampaBieHHSIM IOATOTOBKH
WH)KEHEPHO-TEXHUYECKUX CIEIUaIbHOCTEH 3a0uHO0i (popMbl 00yuenus. Coaeprkar
METOJUYECKUE YKa3aHUs W KOHTPOJBbHBIE 3aJaHUd 110 pas3leiiaM: MEXAaHUKa,
MOJICKYJIsIpHAss (U3MKa M TEPMOJMHAMHUKA, OJJICKTPOCTATHKA U IOCTOSHHBIN
anekTpuueckuii Tok. IlpuBeneHbl OCHOBHBIE (OPMYJIBI U TPUMEPHI PEIICHUS
3agad. [IpenHazHaueHO JJIs1 CTYIE€HTOB MEPBOrO Kypca, M3YyYAOMINX JUCHUILUIMHY
«Dusukay.



OraasJjieHue

1. MCTOI[I/I‘-ICCKI/IC YKa3aHHUA K PCIICHHUIO 3aTAY......covvvnnnnnneennnnnannns

2. TpeboBaHusi K BBIIIOJIHEHUIO W OQOPMIICHUIO KOHTPOJBHBIX

3.1. OCHOBHBIC MOHSATUA U DOPMYITBL.. ...t uteeneteenteentaianeeeneeenneennnn,

IR 10)719 (50) SR 010 (S)3 158 e Vi b L P

3.3. KontposbHas paboTa No 1. MEXaHMKA . ....ouvvneinnineininieiennannnns

4. MonekyisipHas pu3uka. TEPMOTUMHAMUKA. . . . ..o oo e e e

4.1. OCHOBHBIC TTOHSITUS U POPMYTIBL. . eeevveereeetieeeieeaeeeeeennen ce e eens

A ()71 (01 S QoIS 11(03 158 BT Vit L S

4.3. KontposnsHast pabota Ne 1. Monekynsapraas ¢pusuka. TepmoarnHammka

5. DnektpoctaTuka. [IOCTOSHHBIN AEKTPUIECKUM TOK. . ..vvvvenvanan ve o o

5.1. OCHOBHBIE TIOHSATHUS U (DOPMYJITBL. . . uetenrinneeneeereerneennannneenesemenns

5.2, IIpUMEPBI PEIICHUS 3AMAM .. .vvvnneeeennneeennaeeneennneeeeneannneeennen o s .

5.3. KonrponbHast pabota Ne 2. Dnektpocraruka. [TocTostHHBIN

BHGKTpI/ILIeCKI/Iﬁ TOK

-----------------------------------------------------------------

12
18
30
30
36
40
46
46
52

59



1. MeToanuyeckue yKa3aHus K pellleHUIO 3a1a4

Cucremarnueckoe pelieHue 3ajlad - HEeOOXOAMMOE YCIOBHUE YCHEIIHOrO
u3ydeHus: Kkypca Qusuku. Pemenne 3agad momMoraer ysICHUTh (PU3HMUECKUI CMBICT
SIBJICHUM, 3aKperuisieT B MaMsITH (POpMYJibl, IPUBUBAET HABBIKU MPAKTUYECKOTO
MIPUMEHEHUS TEOPETUUECKUX 3HAHU.

[Ipu petennu 3a1a4u HEOOXOIMMO BBITIOJIHUTH CIEAYIOIIEE:

1. Yka3aTth OCHOBHBIC 3aKOHBI U (hOPMYJIbI, KOTOPBIE Oy/IeTe MCIIOIh30BaATh
JUISL PEIICHHsI, JaTh CIOBECHYIO (OPMYIMPOBKY 3THX 3aKOHOB, Pa3bsCHUTH
OykBeHHBbIE 00OO03HaueHHs ¢opmyn. Eciam mpu pemieHnn 3amad TpUMEHSETCS
dbopmyra, MmodydeHHas Il YacTOrO Ciydas, HE BBIpaXkaromas KaKOW-HUOYIb
bu3nYecKkuil 3aKOH, WM HE SBISIONIASCS ONPEACICHHEM KaKON-HUOYIb
(bu3nYeCKON BEIMUYUHBI, TO €€ CIEAYET BHIBECTH.

2. BINOJHUTH YepTEX, MOSACHSIOMIMNN COAEpKaHUE 3aJladyd B T€X CIydasx,
KOT'/Ia 9TO HEOOXO0UMO (TIPY MTOMOIIY YEPTEKHBIX MTPUHAIICIKHOCTEN ).

3. Pemenue 3amaum CONpPOBOJIUTH KPaTKUMH, HO HCYEPIBIBAIOIINMU
MOSICHEHUSIMH.

4. Pemuth 3amady B oOIIEM BHJIE, T. €. BBIPa3UTh HCKOMYIO BEIMYHMHY B
OYKBEHHBIX 0003HAUECHMSIX BEJIMYWH, 33JaHHBIX B YCJIOBHM 3374l U B3SATHIX W3
Tabnuipl. PuU3nUecKue 3ajladyu BechMa pPazHOOOpasHbl, U JaTh €IUHBIA aJITOPUTM
WX pelleHus HeBo3MOXKHO. OHaKO, KakK MPaBWIO, UX CIEAYeT pemiaTh B 00IIeM
Buzge. Ilpu »3ToM cmocoGe He NPOU3BOIATCS BBIUMUCICHUS MPOMEKYTOUHBIX
BEJIMUMH, YHUCJIOBbIE 3HAUCHHS TMOJCTABIAIOTCA TOJBKO B OKOHYATEIHHYIO
dhopmyily, BEIpaXKaIOIIyI0 HCKOMYIO BETUYUHY.

5. TloxcraBuTh B pabouyio (opMmyny pa3MEpHOCTH WM O0O3HAYCHHS
€IUHUIL U YOSAUTHCA B UX MPABUIHLHOCTH.

6. Bripasuth Bce BENMYUHBI, BXOJAIINE B padouyio Gopmyily, B €IUHULIAX
CH.

7. IlogcTaBuTh B OKOHYATENbHYIO (OPMYJy, MOJYYEHHYIO B pe3yJbTaTe
pElIeHus 3a/1a4i B OOIIEeM BHUJE, YUCIOBbIC 3HAYEHUS, BHIPAKCHHBIC B €IMHUIIAX
onHoit cucrtembl. HecoOmrogeHue »dTOro mnpaBwia MNPUBOJUT K HEBEPHOMY
pesyapTary. HckiroueHne W3 3TOro MpaBHJIa JONMYCKAeTCs JHIIb IS TeX
OJIHOPOJHBIX BEJIMYHMH, KOTOPHIE BXOJAT B BHUJIE COMHOXKHUTEIIEH B UUCIUTEIb U
3HamMeHaTteNlb (OPMYJIbl OJMHAKOBBIMU MMOKA3aTENISIMU CTENCHU. Takue BEJIMYUHBI
HE00s3aTeIbHO BhIpaXkaTh B €AMHUIIAX TOW CUCTEMBI, B KOTOPOH BEAETCS pEelIeHUE
3agaun. IX MOXHO BBIPA3UTh B JIFOOBIX, HO TOJIBKO OJTUHAKOBBIX €IMHUIIAX.

8. IlpousBecTd BBIUUCICHHE BEJIWYWH, TMOACTABICHHBIX B (Qopmyiy,
PYKOBOJICTBYSICh TpaBUaMy MNPUOJMIKEHHBIX BBIUMUCICHHM, 3alucaTh B OTBETE
YUCJIOBOE 3HAUYCHHE M COKpallleHHOEC HAaWMEHOBAHHWE CIAUHUIIBI HU3MEPEHUs
VICKOMOW BEJTUYUHBL.

9. Ilpu monacraHoBke B pabdouyro ¢GopMmyiy, a TakKe MpPU 3aMUCH OTBETA
YUCJIOBBIC 3HAYCHUS BEJIMYWH 3aIMMCaTh KaK MPOU3BEJCHUE NECATUYHON Ipodu ¢
OJIHOM 3HayYaren 1udpoil mepes] 3ansiToil Ha COOTBETCTBYIOINIYIO CTENEHb JECSTH.

Hanpumep, Bmecto 3520 Hamo 3amucaTh 3,52*103, BMecto 0,00129 3anmcarth
1,29*10% u T. 1.



10. Ouenuth, rae 3TO SABISAETCS IEIECO0OpPa3HBIM, MPaBAONOI00HOCTh
YHCIEHHOTO OTBEeTa. B psge ciaydaeB Takas OIEHKa IOMOXET OOHapYyKUTh
OIMMOOYHOCTh TMOJIYYCHHOTO pe3yibTaTa. Hampumep, KOIQOUIMEHT MOJIE3HOTO
JCHCTBUS TEIUIOBOW MAITMHBI HE MOYKET OBITh OOJbBINE EAMHHIIBI, JICKTPUICCKUN
3apsiy| He MOXKET ObITh MEHBIIE HJIEMEHTapHOTO 3apsiaa e=-1,60%10""° K, ckopocts
TEeJTa HE MOXET OBITh OOJIBIIIE CKOPOCTH CBETA B BaKyyMe. Y MEHHE pelaTh 3a1aun
IpUOOpETACTCs ITMTETFHBIMUA U CUCTEMATHICCKUMHU YITPAKHEHUSIMHU.

UYroObl HayuuThCs peliarh 3afayd M TMOATOTOBUTHCS K BBITIOJHEHHUIO
KOHTPOJIbHOM paboThI, CIEIyeT IMOCie U3yUYeHHUs OUEpeHOTO pasena yueOHHKa
BHHUMATEJIBHO Pa300paTh MPHUMEPHI PEIICHUs TUIOBBIX 3313y M3 3aJaYHUKOB IO
duznke u mocoous.

3amaun A7 CaMOCTOSITENIBHOTO PEeLICHHUs] TMOoJ00paHbl TakK, YTO COJEpKat
AJIEMEHTHI 3a/lay, MpeajaraeMbiX i KOHTPOJbHBIX paboT. [loaTomy pemienne
3ajau u3 paszgena «llpumepsl pemieHus 3agauy» MNOATOTaBIMBAIOT CTYIEHTA K
BBITNIOJTHEHUIO KOHTPOJIBLHOU PaboThl.



2. TpeGoBaHus K BbINOJHEHHIO H 0(hOPMIICHH IO
KOHTPOJIbHBIX padoT

[Ipu BeimoaHEHUHM U OGOPMIIEHHU KOHTPOJIBHBIX pPabOT CTYIEHTY
HEO0OXOIMMO PYKOBOJICTBOBATHCS CIICIYIOIINM:

1. KonTposabsHbie paOOThl BBIMOJIHSIIOTCS CaMOCTOATENBHO. 3aMeHa Kakoil-
JM00 KOHTPOJBHON paboThl JAPYroM, B3ATOW U3 aHAJOTUYHOTO IMOCOOMS, WU
3aMeHa BapHaHTa HE JOIMyCKaeTCsl.

2. Homepa 3amad, KOTOpBIE CTYJIEHT JOJDKEH BBIIOJHHUTH CAMOCTOSTENBHO,
ompeAenseT BeAylMHd NOpenojaBareib. Beaymui npenoaaBatenb MOXKET AaTh
CTYJEHTY UHIUBUAYaJbHOE 3aJaHUE.

3. KoutponbHble paboOThl BBIMOIHAIOTCA pPa30OpUYMBBIM MOYEPKOM B
OOBIYHOM MIKONBbHOM TeTpaau. Paboty nepeBoasar B popmar PDF u oTtnpasisitor Ha
peuensuto. OnHa CTpaHMIla TEKCTa — OAWH ciaiia. MacmTad cTpaHMIlbl JOJKEH
ObITh 1:1.

4. Ycnosusa 3a0au nepenucvigaromca noaHocmulo 6e3 cokpawjenuil. /Ins
3ameuanuil npenooasamesnsi HA CMPAHUUAX MEMPAOU OCMAGIAIOMCA NONA.
Kaowcoasn chedyrwuwan 3a0aua 0013#cHaA HAYUHAMBCA C HOBOU CHIPAHULbL.

5. B KOHIIE KOHTPOJIBHON pabOThl HEOOXOIUMO yKa3aTh, KAKUM y4EOHHUKOM
WIH y4eOHBIM IIOCOOUEM CTYJEHT IOJIb30BAJICS MPU MU3yuyeHUU (PU3UKU (Ha3BaHUE
yueOHHUKa, aBTOP, FOJ U3JaHMUs).

6. KouTponpHas palGoTa OTHOpaBiseTCs Ha MPOBEPKY BEAYIIEMY
npenojaBarelto (’K3aMeHaTOpy) B COOTBETCTBUM C rpaduKoM y4eOHOro mpoiecca
JI0 Hauyajia »K3aMeHalMoHHOW ceccuu. CTyAeHT HOKeH ObITh TOTOB JaTh
MOSICHEHUS MO0 CYUIECTBY pELIEHUs 3a]lay, BXOJSUIMX B €r0 KOHTPOJIbHYIO padoTy
Y OTBETUTH Ha JIONOJHUTEIbHBIE BOIPOCHI.

7. Ha nuueBoil cTopoHe TeTpaau (TUTYJbHBIN JIMCT) MPUBOASATCS CBEICHUS
1o o0pasiy, IpUBEAEHHOMY B YCTAHOBOYHOM JIEKIIHH.

8. Ecnum KoHTposdbHas palboTa MpU pPELEH3UPOBAHUM HE TMOJy4yuiIa
MOJIOKUTENBHYIO OLEHKY, HEOOXOAMMO BHECTU HCIIPABJIEHHS B COOTBETCTBUH C
3aMEYaHMUSIMU MPENOAABaTENS U OTIIPABUTh TOBTOPHO Ha PELIEH3UIO.

9. KonrtposnbHbie paboThl, OTIPaBICHHbIE HAa MPOBEPKY MOBTOPHO 0e3 yuéTa
3aMEYaHHU MPEnoiaBaTelis, oIy4aroT OLICHKY HEYJOBJIETBOPUTEIBHO.



3. MexaHuka

3.1. OcHOBHBIE IOHATHSA U (POPMYJIbI

OcHoBHbIE 3aKOHbBI KHHEMATHKH

B MexaHuke paccMaTpuBarOT JBa BHJA  JABWKEHUS: NPSAMOJUHEHHOE
(moctynaTenbHOE) M KPUBOJIMHEMHOE.
[IpssmonuHeHOE KpusonnnenHoe.

1.PaBHOMEpPHOE 1 HEPABHOMEPHOE PaBHOMEpHOE 1 HEpAaBHOMEPHOE
JBUKEHHE TeJa 110 OKPYKHOCTH paauyca R

2. PaBHOIIEpEMEHHOE

PaBHOYCKOpEeHHOE paBHO3aMEIJICHHOE

- OpOILIEHHOE BEPTUKAIBHO BBEPX;

- CBOOOJIHOE TaJICHUE TelIa;

- IBIDKCHHUE BHHU3 ¥ BBEPX 110 HAKJIOHHOW TUIOCKOCTH.

1.YpaBHEeHrE PaBHOMEPHOTO MPSMOJHUHEHHOTO JIBHUKCHUSA

(V =const)- mr000e paBHOMEPHOE JBHXKCHHE IPOUCXOAUT C MOCTOSIHHOM
ckopocthio. d=const=0, a, =0,a, =0

X(t) = X, + V,t - koopauHaTa Tena B JIFO00H MOMEHT BpPEMEHH t,

X,- HauaJIbHasi KOOpJIMHATA,

V, - IPOEKIMsSI CKOPOCTH Ha och OX.

v=2252% S oong

t t t ot
2. Cpennsis CKOPOCTh HEPABHOMEPHOTO MNPSIMOJMHENHOTO IBHKEHUS TeEna
Si., S, _ Sy
— Vo, =—= ...,V =, npuMeHUMa I8 JBHKEHHS B
tl t2 tN
OJTHOM U B OOpaTHOM HaIlpaBJICHUU.
t- BpeMsd TOPMOXKEHHUSA
S - BeCb IyTh, IPOMACHHBIN 3a Bpems {.

VoY,
6) Vop =

S
AV, ==, =

- INpUMCHUMA OJis1 ABHWIXKCHHWA B OAHOM HAIIpaBJICHHH.

3.YpaBHEeHHE DPABHOMEPEMEHHOTO MPSMOIMHEHHOTO JTBUKCHHUSI
(d=a, =const),a, =0 - nBMKEHHE C TOCTOSIHHBIM YCKOPECHUEM.
Ecim a = f(t),a, =0, To 370 HBMXCHHE C TIEPEMEHHBIM YCKOPECHUEM
a > 0- paBHOYCKOPEHHOE JIBMXKEHHE, d <0- paBHO3aMEIJICHHOE JBUKECHUE. 3HAK
.



“+7, “-” B popmynax mMOKa3bIBaeT JaHHOE ABMKeHHEe. OHO 3aBUCUT OT BBIOOpa

HallpaBJICHUA OCH X..
2

at
a) X(t) = X, +V, t+ X2 -ypaBHEHHE KOOPJMHATHI TeJa B IMPOEKIHSIX HA OCh X;

0)Vv, =V, £a-t- CKOpOCTb IPU PABHOIIEPEMEHHOM JBU)XCHUH,
IZie V,, -TIPOEKIUS HavyalbHOM CKOpoCcTH Ha och OX,
a, - MPOEKLHs YCKOPEHHUS.

at’

X

S, =V, t=*
B) 2 - mepeMelIeHHUE TENA,

2 2
V® =V
F) S= 2—- NepEMCIICHUC TCJIa JJIA PAaBHOYCKOPCHHOI'O ABMKCHUA.
a

4. YpaBHEHHE KPUBOJIMHEHHOTO PABHOMEPHOIO JIBUYKCHUS TeJia

Ecmu w=const,a =0,a, =const

a) ¢, =@, +w-t - ypaBHECHUE KOOPJAUHATHI TeJla P PAaBHOMEPHO KPHUBOJUHEHHOM
JIBOKCHUH TeJla, T

@, - YroJl MoBOpoTa (YrioBO€ MepeMelieHrne) B MOMEHT BpeMeHH 1t

@, - HA4aJbHBIN YTOJI IOBOPOTA

nm o@=aw-t,

0)w= ‘:j_‘p - YIJIOBasg CKOPOCTb;
t

27 o o
B)w=2nv = ?- CBSI3b YTJIOBOM CKOPOCTHM C YacCTOTOW U MEPUOJO0M OOpalieHust

r) V= ®-R- cBA3b MeXK Iy JTUHEIHON U yTIIOBOW CKOPOCTH;

t  27R N 1
n)T= N- oy epuoa oOpalieHus, T V = Ty =5 yacTtoTa BpameHus, N -
Vv

YHUCII0 000POTOB;
2

v
e) a= == ®’R - TIEHTPOCTPEMUTEIBHOE YCKOPCHHUE;

X) S =¢@-R - IIMHA AYTH, IPONHACHHONW TOUKOM, rae R-pannyc okpy’HOCTH.

5. YpaBHEHME KPUBOJIMHENHOTO PaBHOIIEPEMEHHOTO JABUKEHHUS TEJIA

Ecim e=const, a =const,a,#0, TO O3TO KPHUBOJMHEHHOE JBWXKEHUE C

NEPEMCHHBIM YCKOPCHUCM.

£-t?

a) p=awt+ - YpaBHEHHUE PaBHONIEPEMEHHOTO BpaIlCHUs;

0) w=aw,+&-t - yrjioBasi CKOPOCTb PAaBHOIIEPEMEHHOTO BpaIllCHHUS,
2 2

[ ) o
B) ¢ = 2—50 - YIJIOBOE TEPEMEIICHUE, @, - HaUYaJbHOE 3HAYCHUE YTII0BOM

CKOpOCTH;

®
r)a = - TAHTEHLIMAJIbHASI COCTABJISIIONIAS YCKOPEHMS, HAPaBJICHHAs 10

KacaTeJIbHOM K OKPY>KHOCTH;



n)a, = »’R - HOpMaJbHasi COCTABIIAIONIAS YCKOPEHUs, HalpaBJieHa K LEHTPY

KPUBU3HBI OKPY’KHOCTH;
€) a, = ¢-R- TaHT€HIMaJIbHAsl COCTABIIAIONIAS YCKOPEHHs, HAIIPABJICHHAs 110

KAacaTeIbHOM K OKPY>KHOCTH,

2 2 o
K) a=4a, +a, - IOJHOE YCKOPEHUE TMpU KPUBOJIMHEHHOM JBUKEHUHU.

Buabel CJI05KHOTO JIBHKEHHS:

1. IBm>xkeHue Tena, OpOIIeHHOTO MO/ YIJIOM K TOPU3OHTY:
a) X(t) =X, +V,,t - koopauHara Tena B 00O MOMEHT BpemeHH t 1o ocu OX;

g.t°

0) y(t) =y, +Vo,t+ - KOOpJMHaTa Tela B JI0OOOH MOMEHT BpemeHH t mo ocu

oY,

B) Vi =Vox, Vox =V COS, Vv, =V,-COS - CKOpOCTh B MpoeKiusx Ha ock OX
IIpU ABWKEHUM Tejla OpOILIEHHOIO IOJ YIVIOM K FOPHU30HTY;

r) Vy, =V,, £0t, Vo, =V, -Sinex Vy :vo-sina+gt ‘t- cxopocTs B mpoekximax
Ha ocb OY mpu ABMKEHUU Tena OpPOLIEHHOIO IOJ YIVIOM K FOPU30HTY;

m) V=4V +V’ - CKOPOCTh B MPOM3BONLHOIN TOYKE TPAEKTOPHUH,

2V, -Sina
e) l =—— - Bpems nonera,
g
2 .

vV, -Sin2c
xK) | = X, + ———— - nanpHOCTH MOMNETA;

v,”-sina
3) h=hy + T - BBICOTA MOJIbEMA.

y

¥----

X

2) YpaBHEHHE ABWKEHUS Tela OPONIEHHOTO TOPHU30HTAIBLHO CO CKOPOCTHIO V,
C HEKOTOPOU BBICOTHI:

a) X(t) = X, +V,,t - koopauHaTa Tena B 000N MoMeHT Bpemenu tmo ocu OX mpu
JBIDKEHUU Tela OPOIIEHHOTO TOPU30HTAIBHO;



g,t°

0) Y() = Yo + Vo, t+ - KOOpJIMHATa Teja B JIIOOOM MOMEHT BpeMeHH t 1o ocu

oY,

B) V, =V,, - CKOpoCTb B mpoekiusx Ha ocb OX mpu [ABWKEHUH  Tella
6p0HI€HHOFO TOPHU30HTAJIbHO C HavyaJIbHOU CKOpPOCTBIOV, C HCKOTOpOﬁ BBLICOTHI,
r) vy, =0, -t, - CKOpPOCTh B Tpoekumsix Ha ock OY mnpu JBUKEHUHU Teia

OpOIIEHHOI0 TOPU30HTAJIBHO C HAYAJIbHOM CKOPOCTBIOV, C HEKOTOPOW BBICOTHI;

n) V= JVi Ve - CKOPOCTBH B ITPOM3BOJIBHOW TOYKE TPACKTOPHH.
v t

tg ﬂ — Y _ g_y
Vx VO

y V,

>
<l

3) ABuxeHue Teina, OpOIIEHHOIO BEPTUKAIBHO BBEPX:
a) v=Vv,—gt - CKOPOCTb T€Jla NIPU JIaHHOM JIBH)KCHHUHU;

2
0) h=v,-t- gzt - BBICOTA IIOJBEMA TEJIa;

V2 —Vzo
29
4) JIBuxeHue Teia mpu CBOOOJHOM TMaJICHUM:

a) v=g-t- CKOpOCTh T€Jla NMPH JAaHHOM JBH)KCHUHU;
2

B) h=—

0)h= Tt - BBICOTA TOJbEMA TEJA;
2
v
B) h=—
29

JAnnamMuka

1) OcHOBHOH 3aKOH AMHAMUKH (BTOpoi 3akoH HbroToHA)
= - dv dp

F=ma=m— I/IJ'II/IF——( V) =—
dt dt

10



n
rae F :ZFi — pe3yabTUpYIOIas Cuiia, a er m-v - HNMITYJIBC MaTepHaHBHOﬁ

TOYKHU.

OCHOBHOM 3aKOH IMHAMHUKH MaTepHaIbHON TOUKH TaK)KE€ MOXKET OBITh 3allMCaH B
BHUJIE.

dp = Fdt

rne FAt — snemenTapHbIii HMITyIBC CHITBL.

2) MoMEHT cuiibl OTHOCUTENIBHO OCH BpaieHus: M, =F-I,

roe |- KpaTJaiiiee pacCTOSHUE OT OCH BpalleHUS 10 JWMHUW JEHCTBUS CHIIBI
F
3) MOMEHT MHEpIHMH MaTepPHAIbHONH TOUKH: J =mr’
4) OCHOBHOE YpaBHCHHE TUHAMHUKH BPAlIaTECIbHOTO JIBUKCHUS:
ecau J =const, To
M,=1J do _ J,&, w- yrioBas CKOpPOCTb, & - YIIIOBOE YCKOPECHHUE
z A dt z 1 b .
nm MAt=Jo, -Jo,
5) MOMEHT UHEPIUH [T TSI PA3TUIHON (HOPMBI:
- OOpy4 Wi KOJbLO J =mR’

m
- I[I/ICK WM OUWIMHAP OTHOCHUTCIBHO OCH LWIMHApaA: J =

ml?
12

- CtepkeHb (OTHOCUTEIBHO CEpPEeANHBI) J =

ml?

- CtepkeHb (OTHOCUTEIHHO KOHIA) J =

2
- TBepapii map J = 2MR

- Cepuueckas 000j0uka J :ng2

- Jluck (OTHOCHUTEIBHO Kpas) J =ng2

Jw?

2

7) MOMEHT MMITyJIbCa BPAIIAOIIETOCS TeJla OTHOCUTEIBHO Ocu: L=J @

8) Teopema Illteiinepa: MOMEHT HMHEPLHU Tella OTHOCHTEIBHO IPOH3BOJIBHOI
OCH:

6) Kunetnueckass sHeprus Bpamaromerocs tema: W, =

J=1J,+md?
rae  J,- MOMEHT MHEPIUU OTOro Tejla OTHOCUTEIbHO MapajlieIbHOM OCH,

MPOXOAAIIEN 4epe3 LIEHTP Mace Tela; M- macca Tena, d - pacCTOsIHUE MEXIy
OCSIMH.
9) MOMEHT HMMITyJIbCa BpPAIAIOIIErocs Tejla OTHOCUTEIbHO OCH: L= lw
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n n
10) 3akon coxpaHeHHMs MOMEHTa HMIydbca: » L, =const mmu » J;w, = const,
i=1 i=1

rae L - MOMEHT UMIyJbCa i-TO Tela, BXOASUIET0 B COCTAB CHUCTEMBI.

11) 3akOoH COXpaHCHHsS MOMEHTa HMIIyJbca I JIBYX B3aUMOCHCTBYIOIINX
ten: Jyo+J,0, =] -0+, @,

roe J,,J,,o,0v,- MOMEHTBI HMHEPLUUH U YIJIOBBIE CKOPOCTH Tea OO
B3aUMOJAECUCTBUSA; J;,J,,®,,®, - T€ )K€ BEIWYUHBI TOCIC B3aUMOICHUCTBUS.

12) Kunetnyeckasi SHEprus Teja, KaTAIIErocs MO IUIOCKOCTH 0€3 CKOJIbKCHUS:

2 2
mv Jo
T= +
2 2
2
rae - KHHCTUYECKas DHEPrusl IOCTYyIIaTeJIbHOIO JIBMKCHUS Teja
Jo?
5 - KMHETHYEeCKasl DHHEPrusl BpalllaTeJIbHOTO JIBMXKCHHUS Teja BOKPYI OCH,

MPOXOIAIIEH Yepe3 LEHTP Macc.
13) Ecniu  Tenmo aBWKETCS NPSIMOJMHCHHO M HAa HEro JCHCTBYET IMOCTOSHHAS
cuia F,To paboTa 3TO#M CHIIBI

A=Fscosa
e S- IepeMelIeHUe, o - YroJl MEXIy HampaBICHUEM CUJIbI U MEPEeMEIICHUS.
14) PaboTa MOCTOSHHOTO MOMEHTAa CHJIBI, JCHCTBYIOIIEIO Ha BpallaroIieecs
TEJO:

IZle ¢ - yroJ TOBOPOTA.
15) 3akoH M3MEHEHHs HMITYJIbCA:

n n
D> A(mM-v) =" FAt
i=1 i=1l
rae AmMV - U3MEHEHHE WMIylIhca Ka)kIOro Teja Maccoil m, CUCTEMEI, Ha

KOTOpOE€ JEHMCTBYET BHEIIHAA cwia F,, FAt- uMIOyJbC CUIIbL, AEMCTBYIOIIMM Ha
3TO TEJIO.

16) 3akoH COXpaHEHHUs MMITYJIbCa MPU OTCYTCTBHMHM BHENIHMX CHI. MIMITynbe
3aMKHYTOM CHUCTEMBI €CTh BEJIWYMHA MOCTOSHHAS:

n
> myV, = const
i=1

rac i - YUCIIO MaTCpHUAJIbHBIX TOYCK, BXOIAIIMX B pacCMaTpuBacMyro
3aMKHYTYIO CUCTCMY, m;- Macca OTACIBHOTO TCJ1a B CHCTEMC
BSaHMOHCﬁCTBYIOHIHX TCII, V; - CKOpPOCTbH 9TOTO T€ila, N- YUCIO

B3aUMOJECUCTBYIOIINX TEJI B CUCTEME.
JInss  cucTeMbl, COCTOSIIENM W3 JBYX B3aUMOJICHCTBYIOIIMX TEJI, 3aKOH
COXPAHEHHsS] UMITYJIbCA UMEET BHU/I:
myv, + m,v, =mu, + m,u, - IpPX YIPYroM B3aUMOJECHCTBUU
mV, +m,v, =(m, +m,)u - IpU HEYNPYrOM B3aUMOJICUCTBUU
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e V, U V,- CKOPOCTH Te€Nl J0 UX B3aUMOJCHCTBUS;
U, U,, © U - CKOPOCTH TeJl MOCJIe B3aUMOJICUCTBHUS.

3.2 . IlpumepsnI peleHus 3a1a4

3aoaua 3.2.1 OnpenenuTh CUIY TPEHHUS MOKOs, JEHCTBYIOUIYI0 Ha OpYCOK,
KOTOPBI TOKOUTCS HA HAKJIOHHOM MJIOCKOCTH.

Pewenue:

Ha Opycok, Haxomsammuiics Ha HAKIOHHOM
TUTOCKOCTH, JEHCTBYIOT CHJIBL: TSDKECTH m§, PEaKIHH

omopel N u Tpenus mokos F,  (Opycok He

nexketcs). |l 3akon HeloToHa mjis maHHOTO Ciydas
MOXHO 3aIicaTh B CIAEAYIONIEM BHUJIC:

mg+N+F, =ma=0.

Jlitst mpoekuuit Ha KoopAauHaTHbIe ocu OX u OY !
mgsina—F, =0,

mp.n.

N —mgcosa =0.
CrnenoBarensHo, F,=mgsina .

mp.n.

3ameuanue: B ciydae OTCYTCTBUSL JBHXKEHHUS Opycka IO HAKJIOHHOU
IJIOCKOCTA CWUJy TPEHHMS HENb3S PacCUMTBIBATh, HCHOJB3YS  (GopMyIly
F,, =#N=umgcosa, KOTOpas CHOpaBeUIMBA TOJILKO JJIA CHJIBI TPCHUS

CKOJIB)KEHUS (T.€. IS Caydasi, KOrjga OpyCOK CKOJIB3MT 10 HAKJIOHHOM IIOCKOCTH).
Cuibl TPEHHS TOKOS W CKOJIBKCHHS COBIAHAIOT (F =F _Ck_) TOJBKO IS

mp.n. mp
KPUTUYECKOIO CITy4ast, KOrjia OpyCOK Ha IpaHu CKOJIbKEHUSI:
., =mgsing,, = umgcos«,, ,

H, CJICOOBATCJIBbHO, YIOJl HAKJIOHA IIIOCKOCTH K TOPHU30HTY COCTaBJIACT
o, =arctgu .

v, =19,6

3aoaua 3.2.2. KameHb OpOIlIEH ¢ HayadbHOM CKOPOCTHIO M/C oz

a= 600 an a‘r
YoM - K TOPHU3O0HTY. KaxkoBrl HOPMAJIBHOC U TAHT'CHIIMAJIBHOC
YCKOPCHHA KaMHs Y€PE3 t= 0,5 C I10CJIC Ha4yaJ1a ,JIBI/I)KCHI/IH?

Pemenue:

Jlist petieHus 3a1aun BEIOEpEM
CUCTEMY OTCUETa CBSI3aHHYIO C
semneift. Ocs OX  nanpasum
TOPU30HTAJIBHO 10 TTOBEPXHOCTH
semnn, ock OY BepTHKaIbHO BBEpX,
Hayajo KOOpPJHUHAT BBIOEpEM B
TOYKE OpocaHusl.




. L
Teno, 6GpolIeHHOE C HAYaIbHOM CKOpOCThIO 0 moj yriaom & k ropusonry,
JIBYDKETCS IO IEHCTBUEM CHIIBI TSXKECTH, T.€. C YCKOPEHHEM CBOOOIHOTO MaJIeHUS

9. TpaexkTOpHs TAKOro ABWKCHHS Tena — mapabona. CKOPOCTh Tena, BbIPasKCHHAs
yepe3 ee MPOEKIMU Ha OCH BBIOPAHHOW CUCTEMBI KOOPAWHAT, B JIOOOH MOMEHT
Bpemer t: 5:50+§tzuxr+uyj, — =y, C0sar | v, =v,Sina —gt .

VCKOpeHHe CBOGOAHOrO MafcHHs 9 MOXKHO MPEACTABHTH KaK CYMMy
HOPMAJILHOTO &y TaHT€HI[MAIBHOTO g, YCKOPEHUI g=a,+3,

a4, _ HOPMAJIbHOE YCKOPEHHE SIBISICTCS IIPOeKIueil yckoperns 9 Ha HOpMab
K TPAEKTOPUHM TE€JIa B MOMEHT BpEMEHHU L 8, =gcos ;

a4 _ TAHTCHIMAIBHOE YCKOPCHHE SIBISICTCS IPOSKIMeH ycKopeHHst 9 Ha

KacaTelIbHYIO K TPAEKTOPHU MOMEHT BpeMeHH ! a, =gsinj ;
- Yol MeXAy HampaBIEeHHEM CKOPOCTH Tema U  (KacaTembHOH K
TPAEKTOPHMHU) B MOMEHT ! M TOPU30HTOM:
vy  v,Sina—gt

tgp=—=
v,  U,C0Sa
. v v, Sina — gt
_ Y 0
sinf = - _ =,
J(v, cos ) + (v, siner — gt)
0 UV, COS
cosf=—*= 4

Jw,cosa )’ +(v,sina — gt )
[Tocie NOACTaHOBKU YHCIIOBBIX 3HAYEHHH U PACUETOB, OIYYUM

a, :gcosﬁ=6,3M/Cz. a, =gsing=77

2
M/c”.
3aodaua 3.2.3. Pakera yCTaHOBJICHA Ha MOBEPXHOCTH 3€MJIM ISl 3aIlyCKa B

BEPTHUKAIILHOM  HampaBicHWH. IIpM Kakod MHHHMAILHOM CKOpPOCTH Ut

COOOIIIEHHON paKeTe MpH 3alycKe, OHA YAAIUTCS OT MOBEPXHOCTHU HA PACCTOSIHUE,
paBHoe pamuycy 3emmau (R=637xm)? Cunamm, kpome cHibl IPaBUTALMOHHOTO
B3aUMOJICHCTBUS pakeThl U 3eMJIU, TPEeHEOpEUb.
Pewenue:
Yro6bl ONPEACTUTh MUHHMAJIBHYIO CKOPOCTh Ui

MHUHHMMAaJIbHYI0 KHHETUYECKYIO0 DHEPTHUIO Bua, JI71s1 5TOrO BOCIIOIB3YEMCSI 3aKOHOM

COXpPAHECHHUSI MEXaHUYECKON PHEPrHH. JTOT 3aKOH BBIMNOJHAETCS JJISI 3aMKHYTOM
CUCTEMBI T€Jl, B KOTOPOU IEUCTBYIOT TOJIbKO KOHCEPBATUBHBIE CHUIIBI.

CucreMy «pakera-3eMysi» MOXKHO CUMTATh 3aMKHYTOW. ENMHCTBEHHas cuna,
JEUCTBYIOIAasi HAa CHCTEMY, — CHJAa TPaBUTALUOHHOTO B3aMMOJICHCTBUS,
SBJISIIOIASICS. KOHCEPBATUBHOM.

Cucrtema oTcuera, CBs3aHHAs C IIEHTPOM MacC 3aMKHYTOH CHCTEMBI Tel,
SABJISIETCS WHEpIuaibHOH. B paccMarpuBaeMoM cllydae IIEHTP MacC CHUCTEMBI
«pakeTra-3eMys» OyAeT MPaKTUYECKU COBIIAIAaTh C IIEHTPOM 3eMJId, TaK KaK mMacca
M 3emin MHOro 6osbire mMaccel M paketsl. CleIoBaTEILHO, CUCTEMY OTCYETA,

paKeTsl, HAaJO0 HAUTU €€
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CBHSaHHYIO C HeHTpOM BCMJ'II/I, MOXHO CUHUTATh HpaKTI/I‘-ICCKI/I HHepHHaHBHOﬁ.
COI‘J’I&CHO 3dKOHY COXPAaHCHHUA MEXAHUYECKOU OHCPIUH, 3aIINIICM
Ekl + Enl = Ek2 + En2

rac Ekl u Enl — KMHCTHUYCCKAs U IMOTCHIOHUAJIbHAA SHEPIUA CUCTCMBI «PaKETa-

3emiish» B HayaJdbHOM COCTOSIHMM (Ha MOBEPXHOCTU 3€MJIN); Bo oy B — 1e ke

BEJIMYMHBI B KOHEUHOM COCTOSIHUU (HA PACCTOSIHUU, PABHOM pauycy 3eMIIn).
B BbIOpaHHOI cucTeMe oTcueTa KMHETHYeCKasi SHeprusi 3eMJIM paBHA HYJIIO.

E mo?
k1 —
[ToaToMy Eu ecrp MPOCTO HAYAJIbHASI KUHETUYECKAsA YHEPTUsl PAKETHI: 2
Mm
Enl = _G 5
[TorenuuanbHas SJHEPTUsi CUCTEMBI B HAUAIIbHOM COCTOSIHUU R

ITo MCpPC YAAJICHHUA PAKCTBlI OT ITOBCPXHOCTHU 3emian ee IIOTCHOMAJIbHAsA
OHCPIHUA 6y,Z[€T BO3PaCTaTb, 4 KHHCTUYCCKAA — Y6I>IBaTB. B KOHEYHOM COCTOSIHUM

o E., =0
KAHETUYECKas DHEPTrUs CTAaHET PAaBHOU HYJIIO K2 , 4 TIIOTeHIIMaJIbHAsI SHEPTUs
Mm
E T
N2 MOCTUTHET MAaKCUMAJIbHOI'O 3HAUCHU . .
IToncTaBuB 3HAUYEHUS Ekl, Enl, Ey. u En. B 3aKOH COXPAHCHHSA JSHCPIUH,
MOJIyYUM
2
mo Mm Mm
-G =-G
2 R 2R
GM
U =,—
OTKYJa IOCJIC COKpAILICHUS Ha M galinem R
M
I=Cre
Tak kak — YCKOpEHHEe CBOOOJHOTO ITafCHUS Yy HOOBEPXHOCTH
3emiu, TO

v =y9R~ 7’9KM/C,

YTO COBMAAAET C BBIPAXKEHUEM JJIsI IEPBOM KOCMUYECKON CKOPOCTH.

3a0aua 3.2.4. Uepes 6noxk B BuAe 1ucka, umerommii maccy M=80r,
TIepeKUHyTa TOHKas TMOKas HUTh, K KOHIIAM KOTOPOH TOJIBEIEHbI IPy3bl MacCaMH

m =100y y M, =200 C xakuwm YCKOpPEHHEM OyAyT OBUTaTbCA T'PY3bl, €CIH HX
peoCTaBUTh caMuM cebe? TpeHrneM npeHeopeys.

Penienue:
[IpumMeHHM K pELICHUI0 3aJlaud OCHOBHBIE 3aKOHBI MOCTYMATEILHOTO |
BpaIllaTEIbHOrO JABMXKEHUS. Ha Kaxaplii U3 ABMXKYLIUXCS TPY30B JCUCTBYIOT JIBE

mg T

CHJIBI. CHJIa TSXKCCTHU , HalpaBJICHHas BHW3, W CHUJIa HATSOKCHUA HUTH ',

HaIpaBJICHHAA BBECPX:
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l

—

ma=T, +mg,
1 I m,a=T, +m,§.
Tak xak BCKTOP YCKOPCHUA é:l q§1| - a)

ml Tl > mlg

rpysa HAIPaBJIEH BBEPX, TO
PaBHOJCIHCTBYIOIAs 3THX CHJI BBI3HIBAET
PaBHOYCKOPEHHOE [BUKEHHE H, BTOpOIi
3akoH HproToHa B mpoekuusx Ha och OY

M, R 3aIlIMIICTCA B BUIC
ma=T, -mg
]

g

OTKyJa
T, =mg+ma=m(a+Q) (1)

B a, q§2| = a) m .
EKTOp YCKOpPEHUS rpy3a 2 HaIpaBJ€H BHU3; CIIEIOBATENIBHO,
T2 <M9  Bropoii 3akon Hbiorona B mpoekuusx Ha och OY s storo rpysa
3aMUIIETCS B BUJIE:
m,a=m,g-T,
]
OTKYyJla
T,=m,g-m,a=m,(g-a)
(2)
OCHOBHOE ypaBHEHHE JWHAMHUKH BpAIATEIbHOTO JIBH>KEHUS TBEPAOTO Teia
OTHOCHUTEJIBHO HEMOIBUKHOM OCH
dL
L=le=M,
(3)
MPOU3BEICHUE MOMEHTAa MHEPUMM TBEPAOTO Tela l. orHOCHTENBHO
Heno/BIKHOM ocu BpameHns OZ Ha yrioBoe yckopeHHe € Tela paBHO MOMEHTY

CHI M z, I[eﬁCTBYIOHIHX Ha TE€JI0 OTHOCHUTEJILHO 3TOM OCH.

Onpenenum BpalarOIdi MOMEHT M., Cunel Harsokenust nureit JIEUCTBYIOT
’ !
HE TOJIBKO Ha TPy3bl, HO U Ha IUCK. [Io TpeTbeMy 3akoHy HbroTOHA, CHIIbI LR

IMPUIIOKCHHBIC K O60I[y AUCKa, paBHbI COOTBCTCTBCHHO CHJIaM Tl " TZ, HO IIO

HAIPaBJICHUIO UM MPOTHUBOIIOJOXKHBI. [Ipr ABMXKEHUU TPy30B JUCK YCKOPEHHO
4 !
BpallaeTCs MO YaCOBOW CTPEIIKE; CIIEHOBATEIBHO, T, > Bpammarommii MOMEHT,
MIPUJIOKEHHBIM K JUCKY, PaBEH IPOM3BEICHUIO PA3HOCTHM 3TUX CHUJ HA IUIEYO,
paBHOE paauycCy AUCKa, T.€.
M, = (Tz -1 R .

_ 2
MoOMEHT MHEepIMU TUCKAa OTHOCUTEIBHO OCH BpalleHUs l, =mR?/ 2 YTJI0BOE
yCKOpeHHEe € CBSI3aHO C JMHEHHBIM YCKOPEHHEM & Ipy30B COOTHOIIEHHEM & ~ a/R

. [logcraBuB B hopmyiy (3) BeIpakeHuUs M.l e MOJTy4YUM
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mRZa . .. ma

(T,-T,)R=
© 0 2R | orkyna 2

T, =T, T,=T

Tak kak 2, To mojcTaBuB (1) u (2) moayaum

ma
m,g—m,a—m,g-ma=—
NJIn
(mz _ml)g = (mz +m, + m/2)a’
_ (mz _ml)
(m, +m, +m/2)

g~288
2

OTKYJla CIIeTyeT Mm/c”.

3aoaua 3.2.5. KiUH ABWXKETCA MO TOPU3OHTAIBHOM IIOCKOCTH CTOJIA C

IOCTOSIHHBIM yCKOPEHHEM . YTOI MeXIy HAKIOHHOH IUIOCKOCTBIO KIMHA H
MOBEPXHOCTHIO CTOJla paBeH ¢ . Ha KIMH TOJNOXWIM Teiao Maccor M.
KoadduimenT TpeHuss Mexay IUIOCKOCThIO KJIIMHA W TejdoM paBeH #. Haiitm

a

3HA4YCHUC , IIPH KOTOPOM TCJIO CMCHIACTCA BBCPX IIO HAKJIOHHOM IIJIOCKOCTH

KJIMHA.

Pemienue:

B  HewmHepuumanpHOM  CUCTEME
OTCUETa, CBSI3aHHOM C KJIMHOM, Ha
mg

TCJIO, KpoM€ CHII  TAXKCCTHU

F,
peakiuy onopsl N ¥ cuibl Tpenus
, JEWCTBYET IIOCTyIIaTeJIbHAs Cuia

WHEPIIUN Fo=-M& B coorsercreue

co IIzakosomM HprooTOoHa wuMeeMm
YpaBHCHUE
ma'=mg+N+F,, +F,

!
CBsKeM C KIMHOM CHCTeMy KoopauHat: ock OX' panpasum BHU3
!
napaienbHo IIOCKOCTH KiuHa, ock OY  — meprneHauKyIspHO MIOCKOCTH KIHHA.
B npoexkuuu Ha 0cu KOOPAUHAT MOJIYYUM
ma’=mgsina + F,; — F,, cos,
0=N-mgcosa—F,sing;
Pemiasi nanHyro cuCTeMy ypaBHEHUM, ydTeM, 4TO TeJlo OyAEeT JBUTaThCs
o !
BBEpX 0 HAKIOHHOM TIJIOCKOCTH, ECIIH €r0 YCKOpPEHHE OTHOCHTENbHO KianHa & <0,

B »tom cIydac Cujia TpCHUA SABIIICTCIA CHJIOU TPCHUA CKOJIBKCHHA, T.C.

Fao =N = p(mgcosa + F,sina) MoyIib MOCTYNATeNbHO CHIb! MHepUuH T~ M

. Torma
_ 9(ina+ucosa) _gltge+u)

CoOSar — uSinax tQa—u

3adaua 3.2.6. Onpenenurth PENATUBUCTCKMN UMIYIbC P M KUHETUYECKYIO

— 8
SHEPTHIO JJIEKTPOHA, ABMKYyIIErocs co ckopoctbro V=09 (rge ©=3-10°y/c —
CKOPOCTh CBETa B BAKYYME).
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Penrenue

WMrtynbC pensiTHBUCTCKOM YaCTHUIIbI, IBUXKYIIEHCS CO CKOPOCThIO UV

p=my=—To__ MO 5690

2 2
L
\/1_2 (08¢
c C
Kunernueckass sHeprus Ey PEIATUBUCTCKOM YaCTHUILIBI, JABMKYLIECUCSA CO
CKOpOCThIO Y

KI-M/C.

o __1
2
-2

c

2 2
E,=E-E,=mc” —m,c” =m,C -1

me

2 _
YuuTBIBasA, Y4TO SHEPIUs IIOKOS DIEKTpoHA e =0511IN,B, paccunTaem

3HAYEHHUE KUHETUYECKON SHEPTUU JIEKTPOHA B ~0.6605B.

3.3. KonurpoabHas padora Nel. Mexanuka

J{nst mosiydeHus BapuaHTa 3aJlaHKsi, HOMEPOB 3aJ]]a4 10 KOHTPOJIBHOM paboTe
No 1 HeoOxoaMMO 0OpaTUTHCS K BEAYIIEMY ITPENOAaBaTeo.

1. YpaBHeHUE ABMKEHUS MAaTEPUATBHON TOUYKHU MO OKPYKHOCTH PaAnycoM I = 3 M
uMeeT Bu ¢ =5+3t—0.1t>. HaiiTu cpeaHio JHHEHHYI0 CKOPOCTh OT Hadaja

JOBWIKCHUS 1O OCTAHOBKU IJId I = 3 M.

2. Touka &NBWXETCA IO OKPYKHOCTH TaK, YTO 3aBUCHMOCTh IYTH OT BpPEMEHH
naercs ypaBHeHnem S = A — Bt + Ct’ , rue B = 1,0mM/cuC=1,0 m/c?. Haiitu
JUHEHHYIO CKOPOCTh U TOYKH, €€ TAHTCHIIUATBHOE @, , HOPMAJIBHOE @), U TIOJIHOE
a yckopeHus yepe3 Bpems t = 4 ¢ mocrie Havyaia JIBHXKCHUS, €CITH U3BECTHO, YTO

npu t = 3,0 ¢ HOpMAaTbHOE YCKOPEHHE TOUKH dp = 0,6 M/c’,

3. Komneco paguycom r = 0,2 M Bpamiaercsi Tak, YTO 3aBUCMMOCTH YIJIa TOBOPOTA
paguyca KoJjieca OT BPEMEHHM JAaeTcs ypaBHeHHMEM ¢ = 4 + Bt + CF, rae
B ==2,0 pax/c u C = 2,0 paz/c’. [t Touek, JexKaImx Ha 0601e Koeca, HailTh
yepe3 BpeMs t = 2 ¢ mocne Havalia JBWKEHUS: a) YIJIOBYIO CKOPOCTh ®; 0)
JUHEHHYIO CKOPOCTh U; B) yIJIOBO€ YCKOpPEHHE €; T) TaHTECHIMAIBHOE d, U

HOPMAJIBHOC an YCKOPCHUA.
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Koneco paguycom r = 12,0 cM Bpaimaercss Tak, 4TO 3aBUCHMOCTH JTHHCHHOMN
CKOPOCTH TOYEK, JICKAIMX Ha 000J¢ Kojieca, OT BpPEMEHHU JaeTCsl YpaBHCHHUEM
v=At+ Bt’, rne 4 = 3,0 cm/c® u B = 1,0 em/c®. Haiitu YTOJ (, COCTABJISIONTUH
BEKTOPOM IIOJHOTO YCKOPEHHS C paauycoM Kojieca B MOMEHThI BpPEMEHH,

paBHbie t; = 0,3c u t; = 5 ¢ moce Havana JBUKEHHUS.

Huck  pammycom r = 30 cM Bpamaercs COTJIaCHO  YpPaBHEHHIO
¢=A4 +Bt + Ctz, rne A = 3,0 pan, B = —1 pan/c, C =0,1 pan/cz. Onpenenutsb
TaHTCHIIMAIBHOE «, HOPMAJIbHOC a, W TIOJHOEC a YCKOPEHHS TOYeK Ha

OKPY’>KHOCTH JIUCKa JUisi MOMeHTa BpemeHu t = 10 c.

JIBIDKEHHE TOUKH 10 KPUBO# 3a1aHO ypaBHeHHsMH X = A t° my = Ay t, Tie 4; =
1 m/c®, A, = 3 m/c . HaiiTi ypaBHeHHE TPaeKTOPUH TOUKH, €¢ CKOPOCTh U H

MOJIHOE YCKOPEHHE @ B MOMEHT BpeMeHu t = 0,8 c.

YpaBHEHUE NBUKECHHS MAaTEPUAIIBHON TOYKH MO OKPYKHOCTH PAgUyCcoM I = 3m
uMeeT Buj s = 3t—4t*. OnpenenuTe yrioBoe yCKopeHHue yepe3 3 ¢ Iocie Hadaja
ABWKECHUA. BBINOJHWTE PUC. M IOKaXUTE HA HEM TAaHICHLUAIBHOE, d. U

HOPMAaJIbHOE @, yCKOPEHUS.

Touka ABMXKETCS MO OKPYKHOCTHU paauyca I = 6 M Tak, 4TO €e HOpMajbHOE

YCKOPEHHE 3aBUCUT OT BPEMEHHU COTJACHO YpaBHEHHIO a, =5t°. Omnpenenute

MOJTHOE YCKOPEHHUE uepe3 S ¢ Mociie Havyaja JBHKEHUS.

VYpaBHeHrEe ABUKEHUS MAaTEPUAIBHON TOYKH MO OKPYKHOCTH paanycoM I = 5
M UMeeT BUA s=t —2t*. OnpenenuTe MyTh, MPONUACHHBIA 3a 3 C U YIIIOBOEC

YCKOPEHHEC B OTOT MOMCHT BPCMCHU. Brimonnute pHuc.

10. Touka OBMXKETCS MO OKPYXHOCTU paguyca I = 3 M Tak, 4TO €€ CKOpPOCTb

MU3MEHSAETCS COTJIaCHO YpaBHEHUIO v =-2+3t°. Ha kakoil yrois mnoBepHETCS

TOYKa 3a 3 ¢ ABUKECHUI?

11. Touka ABUKETCS MO OKPY>KHOCTU paguycoM I' = 3 M a e€ yrioBasi CKOPOCTb

M3MEHSETCA COIJIACHO YPaBHEHMI0O  =2¢>. OnpeaennTe 3aBHCHMOCTb

CKOPOCTH OT BPEMEHHU, €CIIM HadajabHasi CKOPOCTh Uy = 1 M/c.
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12. YpaBHeHUE NBMXKEHHSI MaTepUATLHON TOUYKU MO OKPY>KHOCTU pajnycom I = 3
M UMeeT BHUJIl v =5+2t+t*. Hailtu cpeaHio0 JWHEHHYI0 CKOPOCTh OT Hayaia

TIIBYOKEHUSA 10 OCTAaHOBKU I € = 21 .

13. Touka ABWXKETCA IO OKPY)KHOCTH pamuyca I = 25 M Tak, 4YTO €€

TAHTCHIHUAJIbHOC YCKOPCHHUC 3aBHCUT OT BPCMCHHU IIO 3aKOHY aT:5+3t.

Haitgure 3HaueHHe yriioBO CKOPOCTH Yepe3 3 € MOCIE Havalla IBUKCHHUS.

14. Touka ABMXKETCS MO OKPY>KHOCTH paauyca I = 4 M Tak, 4TO €€ HOpMajbHOE

YCKOPEHHE M3MEHSETCS COIJIACHO YPaBHEHUIO a, =4t’. Omnpenenure yrioBoe

YCKOPEHHE Yepe3 S5 ¢ Mmociie Havyasia JIBHKCHHUS.

15. Touka OBHXKETCA MO OKPYKHOCTH paguyca I = 5 M COIJJaCHO YpPaBHEHHUIO

=2-t +t*>. On CACIIUTC CKOPOCTDH UCPC3 5 ¢ moclie Havana JABUOKCHUA.
»

16. Teno, GpOLICHHOE IO YIIIOM 0 = 35° K rOpH30HTY, 4epes BpeMsi t = 5 ¢ mocie
HayaJla JBHKCHUS MMENO BEPTHKAIBHYIO NPOEKIHUIO CKOPOCTH Uy = 9,8 m/c.
OmnpenenuTh pacCTOSHUE MEXTY MECTOM OpPOCaHUs U MECTOM ITaJICHUS, PAINyC

KPHUBHU3HBI TPACKTOPHUH, COOTBCTCTBYIOI]_II/Iﬁ TOYKC IMaaCHUA.

17. HauanbHasi cKOpOCTh CHapsina Uy = 550 m/c. BeicTpen npousBeieH Mo yIiioM
ap = 45° x ropuzoHTy. OrmnpenenuTb CKOPOCTh U, HOPMAJIbHOE @, H
TaHTCHIIMAIBHOE @, YCKOPEHUsI U paauyc R KpUBHU3HBI TPACKTOPUM CHapsa B

ee HauBbIcIIeH Touke. CONMPOTUBICHUEM BO3AyXa MpeHeOpeYb.

18. I3 opyamst MpOHM3BENCH BHICTPEN MO YroM og = 55° K TOPH30HTY ¢
HayaJbHOM CKOPOCTHIO Uy = 1 kM/c. OnpenenuTb CKOPOCTh U, HOpPMAJIBHOE a, U
TaHIE€HUUAIBHOE d; YCKOPEHUS U paJnycC I' KpUBU3HBI TPAEKTOPUH CHAps/Ia B €€

HauBbICIIEeH Touke. COMPOTUBICHUEM BO3AyXa MPEHEOPEYb.

19. Teno, 6pormrenHoe Mo yriaoMm o = 40° k TOpu30oHTY, Yepe3 BpeMs t = 5 ¢ mocine
Hayajla JBHKEHUS MMENO BEPTHKAJIbHYIO MPOEKLHI0 cKopocTtu vy = 4,9 m/c.
OnpenenuTs pacCTOSTHUE MEXIY MECTOM OpPOCAaHMsI M1 MECTOM TaJCHUS, PaINyC

KPUBU3HBI TPACKTOPUHU, COOTBETCTBYIOLIAN TOUKE ITAICHUS.
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— 700 y
20. Teno 6porieHo mox yriom oy = /0° k ropuzonTy. HaiiTu TanreHmansuoe a, u
HOPMAJILHOE @, YCKOPECHHsS B HAYaJbHBII MOMEHT JIBW)KCHUS. BBIIOIHUTH

PHUCYHOK.

0 .
21. Tlox yrimom 0 = 40” K TOpU30HTY OPOIIEHO TEJNO ¢ HauyaIbHOW CKOPOCTHIO U =
20 m/c. Yepes CKOIBKO BPEMEHH t OHO GYIET ABHTAThCS IO YritoM oy = 45° k
ropu3oHTy? CONpOTUBJIEHUE BO3AyXa OTCYTCTBYET. BBINOTHUTH puC. H

IMOKa3aTb TAHITCHIHUAJIbHOC d; 1 HOPMAJIbHOC dn YCKOPCHUA.

. _ _ A0
22. Ilynsa mymieHa ¢ HadajdbHOW CKOpPOCThIO Uy = 100 m/c mox yriom oy = 45" k
ropu3oHTy. OmnpenenuTs MaKCUMaldbHYIO BBICOTY H moabema, JaIbHOCTH S
MoJieTa W paguyc I KPUBHU3HBI TPACKTOPUHU IYJIM B €€ HAWBBICIICH TOUKe.

ComnpoTuBiieHHEM BO3/1yXa MPEeHEeOpeYb.

23. B ycTraHOBKE M3BECTHBI Macca OJHOPOIHOTO CIUIONTHOTO M
muwmHapa M = 2 xr, ero paanyc R = 20 cMm 1 Maccel Ten My
=2 kru My =1 kr. CKOIbXEHUS HUTU U TPEHUS B OCHU
nWIMHApPa HEeT. OnpeaeauTh YCKOPEHUS BCEX Tell. m D
2

24. B cucreme u3BecTHBI Maccel TeI My = 1,5 kru m, =

m
2 Kr, KO3(Q(QUUHUEHT TPEeHHUS MEXAy TeIoM M; U m; M

TOPU3OHTAIBHOM IUIOCKOCThIO U = 0,1, a Takxke macca

omoka M = 2 Kr, KOTOpBIH MOXHO CUYUTATh

OJHOPOAHBIM IJHCKOM. CKOIBXEHHSI HUTH TI0 6J'IOKy

HeT. B MoMeHT t = 0 Teno M, HauMHAET OIyCKaThCS.

[IpeneOperass Maccoll HUTU U TPEHHUEM B OCH OJIOKa,

ONpCACINTL YCKOPCHUA, C KOTOPBIM ABHIKYTCA TCJIA, 1 CUJIbI HATSKCHUS HUTH.

25. biiok Maccoit M = 2 Kr yKpeIUIeH B BEpILUHE m
HAaKJIOHHOM  IUIOCKOCTH,  oOpasyromei ¢
ropusonToM yrou o = 30°. Tena maccoit m; = 2
KI' M1 M, = 1 KT COEIMHEHBI HUTHIO, IEPEKUHYTON M

yepe3 0J10K. OnpeaennuTb yCKOpeHUe, C KOTOPhIM

Qo

ABMIXXYTCA TCJIa W CHIIbI HATSKCHUSA HUTH.

Tpennem Tena 2 0 HAKJIOHHYIO TIOCKOCTh U TPEHHEM B OJIOKE TTpeHeOpeyh
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26. biok maccoii m = 1,5 Kr yKperieH B BEpIIMHE JBYX TJIaJKUX HAKIOHHBIX

HJIOCKOCTeﬁ, COCTaBJLAIOIINX C TOPU30HTOM

m
yrust o= 30° u B = 45°. Texna maccsl My
=3 Kr 1 My = 1 Kr COeAMHEHBI HUTDIO, m &
1
MEepPeKUHYTOM Yepe3 Oiok. OnpenenuThb
YCKOPEHHUE «, C KOTOPBIM JBHXKYTCS
\B o [

TCIA. biok MOKHO CUHUTaTh

OJHOPOAHBIM TUCKOM, TODCHHCM B O10Ke HpeHe6peqL.

27. Ha rnagkoii HaKJIOHHOM IIOCKOCTH, COCTAaBJISIOILIEH
yron o = 30° ¢ TOPHM30HTOM, HAXOMHUTCS KATYIIKA C
HUTKOM, CBOOOJHBIN KOHEI] KOTOPOHM YKpEeIUIeH, Kak
nokKaszaHo Ha pucyHke. Macca karymiku m = 300 r, eé
MOMEHT WHEPIIUU OTHOCUTEIHLHO COOCTBEHHOM ocu | =
0,45 r-M? , paanyc HAMOTAHHOTO CJIOSl HUTOK I = 3 cMm.

OnpenenuTs yCKOPEHHE KaTYIIKH.

28. Ha cryneH4aThlii UMIMHAPUYECKHH OJOK HAMOTAaHBI B

IIPOTUBOIIOJOKHBIX HAIIPABJICHUAX IBC JICTKHC HHTHU, -\

Harpy>)keHHble MaccaMd M= 3 Kr . M, = § KI.

OnpenenuTs yrioBoe YCKOpeHHe 0J10Ka U HATsuKeHus 1

. _ 2
5 Tz HUTEH, €ClIM MOMEHT uHepuuu 6j0ka |= 0,1 xr-m%, r

= 10cm, R=20 cMm mlu |—_-lmz

29. Ha 610k maccoit M = 400 r u pamuycom R = 10 cM ykpernseHHBIA B
BEpIIMHE HAKJIOHHON TUIOCKOCTH, HaMOTaHa
TOHKass HepacTshHKUMas HUTb, K KOHILY M
KOTOPOM MPUKPEIUICHO TEJI0 Maccol m = 1 kr.
OnpenenuTh yCKOpeHHs OJIOKa, Tela U CUITY
HATSDKEHUS HUTH, €CITU KOYPDUIIMESHT TPEHUS
TeJla 0 HAKJIOHHYIO miockocTh U = 0,1, a yron

— a0
HakJIOHa MIockocTu oy = 30°. bnoxk MoxxHO Ol

CUUTATh OAHOPOAHBIM JIUCKOM C paanyCcom R

= 5 cm. Tpenuem B 6510Ke MpeHEOPEUb.
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30. Ha ropu3oHTaJIbHOM IIJIOCKOCTH  HAXOJUTCS R (
o)

CIUIOIIHOM IMiuHAp paauycoM R = 30 cM u

Maccoit m; = 3 kr. Ha nunuHap HamoTaHa HUTb,
nepeOporieHHass yepe3 OJIOK, Kak IMOKa3aHO Ha
pucynke. K KOHIly HUTH TPUBSA3aH I'Py3 MacCChl m,

m, = 2 xr. Uwmuaap katutca  06e3

npockanb3biBaHusa.  OmnpenenuTs  YCKOpPEHUs
HUWIMHApPA U rpy3a. Maccoil 6Ji0ka U TpEeHHEM B €r0 OCH

npeHeopeys.

e e e e T

31. Ha ogHOPOAHBIH CIDIONTHON IJIMHJIP MAacChl M = 3 KT U paguyca
R = 10 cm HamoTana ru0kasi HeBecomasi JIEHTa, BTOPOH KOHeEIl
KOTOpPOM 3aKperuieH, Kak MOKa3aHo Ha pucyHke. Omnpeaenutb

JIMHEHHOE U YTJIOBOC YCKOPCHUA UIIMHIAPA.

32. JIBa Tena oAMHAKOBOM Macchkl My = M, = 3

K[ COEQUHEHBbl HUTHIO, NEPEKUHYTOU " m
yepe3 OJOK, KaKk MOKa3aHO HAa PHUCYHKE. :
Omnpenenutb yCKOpEHHE d, C KOTOPBIM

JBUKYTCSL Te€Jla U CUITY HaTSHKCHHUS HUTH, m

ecn Kod(PUIMEHT TpeHus Tena 2 o o

— — 100
HAKJIOHHYIO TUIOCKOCTh paBeH p=0,1, a yros HakioHa TIOocKocTH 0o = 40
biok MOXXHO cuuTaTh OAHOPOJHBIM JHUCKOM Maccel M = 1 kr. Tpenuem B

0110Ke TTpeHedpeyb

33. Ha cryneHvatslii HMIMHAPUYECKUH OJOK HAMOTaHBI B R
IIPOTUBOIIOJIOKHBIX HANpPaBJICHUAX JBE JIETKUE HUTH, ._\\
HAarpy>kKeHHbIE MaccaMd m; H m,. HaWtu yrioBoe \y
ycKopeHHe Oj0Ka U HaTskeHus 1} U 7, HUTEH, eciu N j

> >

R

"1 w]

MOMEHT MHEPINH 0JI0Ka paBeH J.

'y
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34. Teno maccoit My = 3 Kr ABWKETCS] HABCTPEUY BTOPOMY TelIy Maccoi M, = 1,5 kr
u coymaapsiercss ¢ HuM. CKOpPOCTH TeJ HEMOCPEACTBEHHO Tepe]] yaapoM ObuIn
v1 =1 M/cu v2 =2 M/c. OnipeaenuTh pacCTOSTHUE, MPOMACHHOE TEJIaMH TI0CIIe

ynapa, eciu ko3@dunuent tpenus | = 0,05.CoynapeHue cuuTaTh HEynpyTruMm.

35. UenoBek, CTOSIMIMKA HAa HEMOJIBMKHOW TENEKKEe OpocaeT B TOPU3OHTAIHLHOM
HaIpaBlIEHUU KaMeHb Maccod M = 3 kr. Tenexka ¢ 4eIOBEKOM IMOKAaTUIACh
Ha3aJ, U B MEPBbIi MOMEHT mocie OpocaHus ee ckopocth Obia v = 0,1 m/c.
Macca Ttenexku c¢ yenoBekom M = 100 kr. OmnpenenuTs KHUHETHYECKYIO
snepruto W, OGpomenHoro kamus yepe3 Bpems t = 0,04 ¢ mocie Hauana ero

JABHKCHUS.

36. Konpkobexerr maccoit M = 80 kr, cTos Ha KOHBKax Ha JbIy, OpocacT B
TOPU30HTAIFHOM HampaBlIeHUH KaMeHb Maccoil M = 3 KT cO CKOPOCThIO U = 8
Mm/c. Ha kakoe paccTosHMe S OTKAaTWIICA TPH STOM KOHBKOOEXKEI, eciu

K03 PUIIMEHT TpeHus: KOHbKOB o Jea i = 0,027

37. lllap maccoit M; = 3 KT ABUKETCSI CO CKOPOCTHIO U1 = 3 M/C ¥ HArOHSET 1Iap ¢
Maccol My = 8 Kr, ABWXKYIIMHCI cO CKOpocThio U, = 1 m/c. Cumutas ynap
LEHTPAJIbHBIM, ONPENEIUTh CKOPOCTH U W U% IapoB IOCJIE yaapa, €Ciau

yaap: a) abCoI0THO YIpyruii; 0) abCOMIOTHO HEYTIPYTUHA.

38. Teno maccoit 4 kr ynapsieTcs 0 HEMOABM)KHOE TEJO0 Maccoi 2,5 Kr, KOTopoe
MOCJIC y/lapa HAUYMHAET JABUTAThCS C KMHETHYECKOM sHepruer 5 JIx. Cuuras
yaap TCHTPAJbHBIM W YIPYTUM, OMNPEACIUTh KHHETHUYCCKYIO JHEPTHIO

IICPBOIo0 TCJIa 1O U IIOCJIC yaapa.

39. lIBa Tenma JBMIXKYTCS HABCTpedy Jpyr Apyry u coyaapsitorcs. CKOpocTh
MEepBOTO Teja J0 ynapa vi = 3 M/C, CKOpOCTh BTOporo v2 = 4 wm/c. OOmas
CKOPOCTh TEJ TIOCNIe yaapa IO HaIpaBJICHWIO COBIAJACT C HAIpPaBJIICHUEM
CKOpPOCTH U3 M paBHa v = | M/c. Bo CKOIBKO pa3 KHMHETHYECKash SHEPTHs
MEepBOTO Tejla ObLTa OOJIbINE KHHETHYECKOW YHEPTHU BTOPOTO Tejla, €CIU

COyIlapeHUE HEYIPYToe.

40. KonpkoOexer, CcTos Ha KOHbKax Ha JbAy, OpOcaeT KaMeHb MacCou

m; = 2,5 Kr oA yrjiom og = 35° TOPU30HTY CO CKOpocThio v = 10 wm/c.
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KaxkoBa 6y,II€T Ha4daJlbHasA CKOPOCTh Vo ABHKCHUA KOHBKO6€}KH3, €CJIn Macca
ero m, = 60 kr? Ha kakoe PaCCTOAHUC OTKATHUTCA KOHBKO6C)K€H ITOCJIC

Opocka, eciu ko PuimeHT TpeHus KoHbKoB o Jex w = 0,017

41. JIpa rpy3a Mmaccamu My = 10 Kr 1 M, = 25 KT NOJBEIICHBI HA HUTAX JUTHHOM |
= 2 M TaK, 4TO TPY3bl CONPUKACAIOTCS MEXKIY COO0OW. MeHbIHid Tpy3 ObLI

_ an0
OTKJIOHEH Ha yroi op = 60° u oTmymied. OnpenenuTh BICOTY N, Ha KOTOPYIO

noAHUMYTCS 00a rpy3a nocie yaapa. CoynapeHue rpy30B HEyIpyroe.

42. Opyaue, 5KeCTKO 3aKPEIJICHHOE Ha KeJIE3HOI0OPOKHOM 1atdopMe, MPOU3BOIUT
BBICTpEJT BJIOJIb TOJIOTHA >KEJIe3HOM moporu mon yriaoM o = 30° Kk JuHUA
ropuzoHTa. OmNpefenuTh CKOPOCTh U2 OTKaTa IUIATGOPMBI, €CITH CHaps
BbUIETAaET €O cKopocThio U1 = 480 m/c. Macca minatdopmbl ¢ opyaueM u
cHapsimamu M, =18 T, mMacca cHapsga M; = 50 kr. Ha kakoe paccrosiHue

OTKaTUTCS Iuargopma, eciu KO3(PPUUUEHT TpeHHs IUIAT(HOPMBI O PEIBCHI
0,05?

43. Monot mMaccoit My = 5 Kr ynapsieT HeOOJbIION KYyCOK Keje3a, JeKalluid Ha
HakoBaJibHe. Macca M, HakoBajgbHU paBHa 200 kr. Maccoil kycka »xenes3a
npeHebpeys. Y nap Heynpyruil. OnpenenuTs K.I.J1. yaapa MOJoTa MPU JaHHBIX

YCIIOBHUSIX.

44, Crepxenb amuHo# | = 1,5 M 1 Maccoit My = 20 Kr MOXeET BpaliaThCsi BOKPYT
HEMOJABMYKHOU OCH, ITPOXOSIIIEN YepEe3 BEPXHUN KOHEL CTepKHs. B cepennny
CTEpKHSl yaapser mysst maccod M, = 10 1, nersmas B TOPU3OHTAIBHOM
HaIpaBJICHUH CO CKOPOCThIO Uy = 500 M/c u 3acTpeBaeT B HeM. Ha kakoii yron

OTKJIOHHUTCS CTEPKEHb MOCIIe yaapa?

45. Tlyns maccort m = 50 r, ABUrasich CO CKOPOCTHIO U =2 M/C, YAapsETCS O BBICTYII
MOKOAIIErocsi 3y04aToro Kojieca, MOMEHT MHepuuu kotoporo | = 0,25 KM,
Paccrossae oT Touku TomamaHuWs MMyaud 0 ocu BpameHus ' = 30 cwm.
OnpenenuTh yriaoBYK CKOPOCTb KoJjieca, cuuTas yaap HeynpyruM. [lyns

ABUTAJIaCh B IIJIOCKOCTH BpalllICHUS KOJIECA.

46. I'opusonTtanpHas minatdopma maccod mM; = 250 Kr Bpamaercss BOKPYT

BEPTUKAJIBHON OCH, TPOXOJALIEH 4epe3 LEHTp MIaTPopMbl, ¢ 4acToToh N = 8
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-1 o

MuH ~. YemoBek Maccoit M, = 70 Kr CTOUT Mpu 3TOM Ha Kpato miargopmel. C
KaKOM yTJOBOM CKOPOCTBIO (® HAYHET BpamiaThCs miaTdopma, €ciiu 4elIOBEeK
nepeier ot kpas miathopmsl K ee HeHTpy? CuutaTh miaThopMy KpyTIbiM,

OJHOPOJIHBIM JIMCKOM, @ YE€JIOBEKA MAaTEPUATbHONU TOYKOM.

47. apuk maccoit m = 200 r, mpUBSI3aHHBIM K KOHIy HUTH JJIMHOM 1 M,
BpalllaeTcsi, ONUPasICh Ha TOPU3OHTAIBHYIO IUIOCKOCTh, JAenast 1 06/c. Hute
MEJIEHHO YKOPAuMBaIOT, MPUOJIMIKas IIAPUK K OCH BPAILEHUsI 10 PACCTOSHUS
0,5 M. C kakoil YIJIOBOM CKOpOCTBIO OyA€T MpU 3TOM BpallaThCs IIAPUK?
Kakyro paboTy coBepiiaeT BHEIIHSS CHIa, YKOpauyWBash HHUTH? TpeHHEM

HIapHKa O TUIOCKOCTh MPEHEOPEUb.

48. [Inatopma, wumeromas (opMy JTuUCKa, MOXKET BpallaTbCsi  OKOJIO
BepTUKaIbHON ocu. Ha kparo mimatdopmbsl cTouT yenoBek. Ha xakoi yrom ¢
MOBEpHETCS IIaTdopmMa, €ClId YeJOBEK MOWJET BAOJb Kpas IUIaTQOpMBI H,
00o0iis ee, BEpHETCS B UCXOAHYIO (Ha miatdopme) Touky? Macca miatdopmsl

m; = 380 xr, Macca ueaoBeka M, = 80 K.

49. Ha xparo tutatrgopMbl B BUJIE JUCKA, BPAIAIOIICHCS I10 WHEPIMH BOKPYT
BEPTUKAJILHOM OCH C 9acTOTOM Ny = 9 MI/IH_l, CTOMT 4YeJI0BEK Maccor My = 60 xr.
Korga uenoBek mepemien B 1eHTp IiaTdOpMbl, OHa CTaja BpaIIaThCs C
qacToToil N, = 10 MuH . Onpenenutes Maccy M, minatdopmbl. MoMEHT

HHCPIHHU YCIIOBCKA PACCUUTHIBATDL, KaK IJIA MaTepHaHBHOﬁ TOYKH.

50. Ha ckambe JKyKOBCKOTO CTOMT YeEJIOBEK U JEPKUT B pPyKe 3a OCh
BEJIOCUIIEHOE KOJIECO, BpalllalolIeecs: ¢ YIIOBOH CKOPOCThIO ®; = 24 pan/c.
Ocb koJseca, COBMAAAET ¢ 0Cht0 cKaMbH /KyKkOBCKOro. C Kakoi CKOPOCTBIO (M
CTaHET BPAIAThCSl CKaMbsl, €CJIM TTOBEPHYTh KOJECO BOKPYT TOPU3OHTAIHHOM
ocu Ha yroi o = 30°? MoMeHT nnepiuu denoBeka u ckambH | paBeH 2,5 Kkrm?,

2
MOMEHT HHep1uu koieca lo = 0,5 kr-m”.

51. I'opuzonTansHas mwiardopma maccoid m = 70 Kr u paauycom 1 M, Bpamaercs ¢
yactoto N;= 20 06/mMuH. B 1ieHTpe miaaTt@opMbl CTOUT YEIOBEK U JIEPKUT B
paccraBieHHBIX pykax Tupu. C Kakoil dacTtoToM N, OymeT Bpamarbes
wiaTdopMa, €CiIi YeJIOBEK OMYCTHB PYKH, YMEHBIIUT CBOM MOMEHT UHEPIIMU OT

1, =294 KI"M° J10 I, =0,95 kr-M°. CUuTaTh 1aTGOPMy OJTHOPOTHBIM JTUCKOM.
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52. YUenorek maccoit M; = 61 Kr HaXOAUTCS HAa HETOJIBMKHOM T1aTdhopmMe Maccon
m, =100 kr. C kakoi 4acTOTOM HA4YHET BpallaThes MmiaaTdopma, eciii 4eJI0BEK
OyZeT ABUTATHCS MO OKPY>KHOCTH PAIMYCOM I = 5 M BOKPYT OCH BpallleHUs?
CKOpOCTh JBW)XEHHSI 4YEJIOBEKa OTHOCHUTENIbHO IiaTgopMbl v; = 4 KMm/4.
Pagnyc miardopmer R =10M. Cuutath miatrgopmy OJHOPOAHBIM TUCKOM, a

YeJIOBEKA — TOUEYHOU MAaCCOM.

53. YenoBek CTOUT B IeHTpe ckaMbu JKYKOBCKOTO U JEP>KUT BEPTUKAIBHO
CTEp>KE€Hb, KOTOPBIM CIIY)KUT OCBhIO BpallleHHsI KOJeca, Pacloj0KEHHOIO Ha
BEpXHEM KOHIE cTepkHs. CKambsi HEMOABM)KHA, KOJECO BpAIAETCS C
qactotoif N; = 16 ¢'. C Kakoil YrI0BO# CKOPOCTBIO ®, GYHET BpPAIIATHCS
CKaMbsI, €CIH UeJIOBEK MOBEpHET crepskeHb Ha yrom o = 180° m komeco
OKaXETCS Ha HUXHEM KoHIe cTepxkHsi? CyMMapHbII MOMEHT HWHEPIHUH
yenoBeka i ckamb | = 8,0 kr-M°, paauyc komeca R = 25 cm. Maccy m = 2,5 kr

KOJIECA MOYKHO CUUTATh PABHOMEPHO pacipeeIeHHON 0 0001y .

54. Konebanusi MarepuaqbHOM TOYKM MPOUCXOJAT COTJIACHO YPAaBHEHHIO:
x = A-cos ot, tme A = 8 cM, ® = n/4 ¢ . B MOMEHT, KOIZia BO3BDAIIAIOIIAs
cuja B MepBbINA pa3 gocturia 3Hauenus F = — 5 mH, noteHuuanbHas sHeprus
Touku craja paBHol Wp = 100 mx/[x. Onpenenuts 3TOT MOMEHT BpeMeHH t u

COOTBETCTBYIOILYIO eMy a3y .

55. KosnebaHusi TOYKH MPOMCXOAST MO 3aKOHY X = A-COS (wi+pg). B HekoTOpHIit
MOMEHT BPEMEHHU CMEIlleHHe TOUYKH paBHO X = 4 cMm, ee ckopocTh U = 20 cM/c u

- 2
yckopenue a = -80 cm/c”. Omnpeaenutbs aMIUTUTYly, HUKIMYECKYI0 4acTOTy,

nepuoJi Kojaebanuii u a3y B paccMaTpuBaeMblii MOMEHT BPEMEHHU.

56. Touka coBepiiaer TapMOHHMYECKHME KojeOanus. HauOombinee cmenieHue
TOYKH PABHO X,ux = 20 CcM, HaAauOOJBIIAs CKOPOCTh TOUKH Uy, = 20 cwm/c.
OnpenenuTs UHUKIUYECKYIHO) YacTOTy  KOJICOAaHMH W MaKCUMaJIbHOE

YCKOPEHUE dyux TOUKH.
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57. MarepuanbHasg Touka mMaccod M = 60 r coBepiaeT KojeOaHus, ypaBHEHHE
KOTOpBIX uMeeT Bua x = A-C0S ot, rne 4 = 10 cmM, ® = 5 ¢t Onpenenutsb

Cuiy, HCﬁCTBy}OHIYIO Ha TOYKY B ITOJTOKCHHUU HanOOJIBIIIETO CMCIICHHUA TOYKH.

58. AMIIMTY1a TapMOHMYECKHX KOJIeOaHWM MaTepuaibHOM Touku 4 = 2 cw,
nosHas sHeprus konebanuit W = 0,4 mx/[x. Onpenenuts cMenieHne TOYKH OT
MOJIO’KEHHUSI paBHOBECUSI B MOMEHT, KOTJla Ha Hee JeucTByeT cuina F = 22,5

MKH.

59. IlonHas oHeprusi Tena, COBEPIIAIOUIETO TIapMOHMYECKOE KoJebaTeabHOoe
neumxenne, W = 30 mx/Dx, MakcuMmalipHasi cuja, JEHCTBYIOIIAas Ha Teo,
Fuax = 1,3 MH. 3anucare ypaBHeHHE IBMKEHUS 3TOrO Tela, €CIH MEPUOJ

kosiebanuii T =2 ¢ u HadanbHas daza @ = /4.

60. MakcumanbHasi CKOPOCTh TOYKH, COBEPIINAIOIICH TApMOHUICCKIE KOJICOaHNS,
_ 2

paBHa Uy, = 20 cM/c, MakCUMaJdbHOE YCKOPEHHE d,ux = 100 cwm/c”.
OnpenenuTs NUKINISCKYI0 4acTOTy ® KoJieOaHuM, uX nepuo 7' U aMIUTUTYTy

A. 3anucaTh ypaBHEHUE KOJI€OAHUH, MPUHSAB HAYAJIbHYIO (ha3y paBHOU HYIIIO.

61. YpaBuenue konebaHuii MaTepuasbHOM TOYKH mMaccod M = 20 T UMeeT BHI
. (m T
x=0,1-sIn g-t+z M. Onpenenutb  MakCUMaJbHYIO  CHIY  Fyuy,

JEUCTBYIONIYIO HA TOYKY, ¥ TOJIHYIO 3Heprut0 W KoJIeOoIIeiics: TOUKH.

62. Touka coBepmaeT rapMoHHYeckue kojeOanus. Ilepuwon konebaHwmid
T = 2 ¢, ammumryna konebanuii A = 50 MM, HadampHas ¢aza @9 = 0.
OnpenenuTs CKOPOCTh TOYKM B MOMEHT BPEMEHH, KOTJla CMEIICHUE TOUYKH OT

MOJIO’KEHUS] PABHOBECHS X = 25 MM.

63. HauanpHas ¢aza rapmonundeckoro konedanust ¢g = 0. [Ipu cmernieHnn To9ku
OT MOJIOKEHUs paBHOBecUs X1 = 2,4 CM, CKOPOCTb TOUYKU U1 = 3 cM/c, a Npu
CMEIIEHUH X; = 2,7 CM €€ CKOPOCTh U; = 2 cM/c. OnpenenuTh aMImIuTyay A u

nepuo T KojeOaHuH.

64. Touka y4acTByeT B [JBYX KOJIEOAHUAX OJIMHAKOBOTO HAIpaBJIEHUS C

OJAMHAKOBBIMH nepunogamMu u OJMHAKOBBIMH Ha4dYaJIbHbIMH q)aSaMI/I.
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AmruTyasl konebanuit 4; = 3 cM u A, = 5 cM. OnpenenuTs aMIuuTyny A

PE3yIABTUPYIOLIETO KOJIeOaHUSI.

65. Touka OJHOBPEMEHHO COBEpIIACT JBAa TAPMOHUYECKUX  KOJICOAHUS,
MPOUCXOMSIIUX IO B3aUMHO TEPHEHIANKYJSIPHBIM  HAMpaBICHUSAM U
BhIpQKaEMBIX ypaBHCHHSIMHU X = A;-Sin ot uy = Ay cos of, rie A; = 0,5 cMm u
A, = 3 cm. HalitTn ypaBHEeHHE TpPAaeKTOPHUH TOYKH W TOCTPOUTH €€, yKas3aB

HalIpaBJICHUC OBUKCHUAI.

66. CxytapIBalOTCA JBa TapMOHMYECKUX KOJeOaHUs OJHOTO HampaBJCHUS C
onuHakoBbIMU Tiepuoaamu 11 = T, = 1,5 ¢ u ammmuryaamu A; = A, = 2 cm.
Havanbhbie ¢a3bl konebanuit ©; = /2 u @, = /3. Onpenenurs aMImMTyy A

U HavaJlIbHYIO (pa3y ¢ pe3ynbTUpyromero kojaedanus. Hailtu ero ypaBHeHue.

67. MarepuanpHas TOYKa YYacTBYeT B JBYX B3aWMHO MEPHEHINKYISIPHBIX
KOJIeOaHMSIX, BRIPAXKAEMBIX YpaBHEHUSAMH X = A;-C0S ot u y=A,-C0S 2mt, rue

A1 =2cmu A, =1 cm. Haiitu ypaBHEHHE TPACKTOPUH U TIOCTPOUTH €€.

68. Touka OJHOBPEMEHHO COBEpIIACT JBa TAPMOHUYECKUX KOJIeOaHUs,
NPOUCXOASAIIAX IO B3aUMHO  TEPHEHAMKYJISPHBIM — HANpaBICHUSM U
BBIPKaEMBIX ypaBHEHUSMH X = A;-COSot u Y = Ay-cos o (t+7), rae A; =4 cm;
A2:90M;c0:7tc'1;r= Ic.

69. Haiitu ypaBHEeHHE TPACKTOPUHU TOUYKH U MIOCTPOUTH €€.

70. Touka yd4acTByeT OJHOBPEMEHHO B [IByX B3aUMHO NEPHEHIUKYIISIPHBIX
KOJICOAHUSIX, BEIPAKAEMBIX YpaBHEHUAMH X = A cos ot u'y = A,-sin ot, rae A; =
2em; A, = 2 oM; © = 7t ¢, HaifTi ypaBHEHHE TPAGKTOPHH TOYKH M IIOCTPOHUTH

ee.
71. JIBwKeHHEe TOYKH 3aJ1aHO ypaBHEHHAMH X = A;-Sinot u y = Aysin o (t+1), rae

Ar=12cm, Ay =5cM, ® =2 ¢, T = /4 c. HaiiTi ypaBHEHHE TPACKTOPHH 1

CKOPOCTh TOYKH B MOMEHT Bpemenu t = 0,5 c.
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72. Touka ydacTByeT OJHOBPEMEHHO B JBYX B3aMMHO MEPHEHIUKYISPHBIX
n o
KoJieOaHusIX X = COS 7t u y = CO0S Et. Haiitn TpaekTopHrio pe3yJbTHPYIOLIETO

JABHXKXCHHSA TOYKH.

73. Touka ydYacTBYeT OJHOBPEMEHHO B JIBYX B3aUMHO IEPICHANKYIISPHBIX
Koiebanusix X = Sin wt m y = 4sin (nt+n). Haiitu TpackTopHio

PEIYIBTUPYIOIICTO ABUXKCHUA TOYKH.

74. Touka OAHOBPEMEHHO COBEpIIACT [JBa TapPMOHHYECKHX  KojeOaHus,

T e
MPOUCXOALIMX B OJTHOM HAlPaBJICHUU C HAYAJIbHBIMU (DazaMu (¢ = > uQy=—,

6

C OJTMHAKOBBIMU TIepuoaaMu 1 = T, =3 ¢, OAMHAKOBBIMH aMILTUTYAaMu A; = A,

= 5 cM. Onpenenuts aMIUIMTYLy A U Ha4aJbHYIO a3y ¢ pe3yJbTUPYIOIIETO

Kosie0aHusl.
4. MoJaekyasipaas ¢pusuka. TepmoauHamuka.
4.1. OcHOBHBIC OHATHUA U (PopMYyJIbI
1.KonnuecTBo BemecTsa vy N _m,
N, M
rae

N — 4nciio MoeKyI,

Na— mocTosiHHast ABorajapo,
M — Macca BEIIeCTBa,
M — monsipHast macca.

2. Macca BemectBa: m=m,-N, A€ m,- Macca OJHON MOJIEKYJIbI
3.YpaBuenue Menaeneena- Kianeitpona
pV =vRT, p=nkT
rae
P — JaBJICHUE Ta3a,

V — ero o0beM,

R — MonsipHast ra3oBast MOCTOSIHHAS, R =N, -k =8312%, k =138.1023 4% -
MOJIb K

nocrosiHHasg boabiiMaHa
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T — TepMmortHaMUYEecKasi TEMIIEpaTypa.

4.00beIMHEHHBIA Ta30BBIM 3aKOH (IS raza HEM3MEHHOW Macchl):
PV

PV, P,V
——=const, At =-2_"2
T T T,
- 3akoH boins-Mapuorra (M30TepMHUYECKHUI MPOIIECC):
P-V =const; PV, = PR,V,, (T =const;m = const)
P \ p ‘ P ‘
\4 A\ T
- 3akon ['eii-JIroccaka (u300apHbBIN TIpoOIIECC):
— =const; =+ = -2 ; (P = const; m = const)
T T T,
p v / p
\Y T T
o P P P
- 3akon [lapnst (M30XOpHBIN MpoIIECC): —:const,—:_l_—,
1 2
(V = const; m = const)
p \ v p
Y, T T

5. 3akon JlanbToHa (J1aBIeHHE CMECH XMMHYECKU HE

N
B3aMMOJICUCTBYIOIUX Ta30B): P = Z P,P=PF +P,+..+P,, P-mmapuuaibHO¢
i=1

naBiicHue, N -KOJIMYECTBO Tra30B B CMECH.

6. OCHOBHOE YypaBHEHHE MOJICKYJIIPHO — KHHETUYECKON TEOPHUH Ta30B:

2 = 3 2 3
p=—n<E, ., >>E=—kT= p=—-n—kT = nkT.
3 2 3 2
rae
n zg — KOHIICHTpAs MOJIEKYII,
<Epocr> CpelHsAs KUHETHYECKass DHEPIrus MOCTYIATEIbHOIO JBHKEHUS
MOJIEKYIL,
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My — Macca MOJICKYIJIHI,
<Uy> — CPEOHSIS KBagpaTU4YHasi CKOPOCTh.

1. CpCI[HHH KHHCTUYCCKAsA SOHCPIUA TCIIJIOBOI'O ABUKCHUSA OI[HOﬁ

MOJICKYJIbI

rIe

CpeHsIs KBaIpaTHIHas <b. >= | KT _ [3RT,
© my M

mv?

<E>:iEkT, wim E =

| — 4HCIIO cTEIEHER CBOOO/IBI,

k — mocrostnHas Bonplmana.

8. BHyTpeHHss sHEpTHs HIeaabLHOTO Ta3a
[

U=—-VvRT.
2

9. CxopocTu MOJIEKYJI:

cpeansisi apudmeTuyeckas (CpeaHsisi CKOPOCTb MOJIEKYJIbI)

<D >

_ [T R
™, ™M

HanOoJiee BeposiTHAS D= 2kT _ |2RT
m \ M

rac

rne

10. Cpennsist imuHA CBOOOTHOTO TIPOOETa MOJIEKYJIbI

<I>=%;<z>z<ﬁm2nw,

d — 3¢ hexkTUBHBIN AUAMETP MOJICKYJIbI.

11. CpenHee 4UCIIO CTOJKHOBEHHI MOJIEKYJIbI B €IUHUILY BPEMEHHU

<72>=2dn<D>.

12. YpaBuenue nuddy3uu

dm = —D@det :
dx

D — xosddunment nuddysumu,

P — nnotHOCTS,

dS — anemMeHTapHas TIOMAAKa, EPICHAUKYIISIPHAs K ocH X.
13. YpaBHeHHe TEMI0NPOBOAHOCTH
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dQ = —xd—Tdet :
dx

rae  x — KO3(P(QUIUEHT TEIIOIPOBOIHOCTH.
4

14. Cuna BHYTpEHHETO TPEHUS (F = _nd£ ds.,
X

rIe 1M — IMHAMHUYecKas BI3KOCTb.
15. Koadpunuent nupdysum  _1

<D>-<A>"

16. Bsi3koCTh (AMHAMHYECKAS) 1) = 1 p<D>-<)\>=Dp-
3

17. TennonpoBOJHOCTh y = %CV p<U>.-<i>=nc,, TOE cy- yAelbHas

HN30XOpHas TCIINIOCMKOCTD.
18. MOHSIpHEl}I TCIINIOCEMKOCTDb HACAJIBHOI'O I'a3a.

U3oxopHast C, = LR
2
N306apHas C, = 1+25
2
19. IlepBoe HavyaIO TEPMOIUHAMUKI
dQ =dU +dA
dA = pdV
20. Pabota pacmupeHus raza rnpu npoiecce:
N300apHOM A=pV, -V;)=VvR(T, -T),
H3oTepMuyeckom A=vRT In Va _ vRT InPL,
Vi P2
AnnadbaTHOM

v-1 v-1
A=vC, (Tl—Tz): VRT, 1_(\/1j :M 1—(\/1J » TAC Y
(v-1 Vs, y-1 \Z

21. Ypasuenue Ilyaccona (ypaBHeHHE ainabaTHOTO MpOIEcca)
pVY = const,, TV = const , T"pY" =const-

22. KoaddunmeHT nose3noro aerctrus nukia Kapao
_Q-Q _T-To, rpe

n 0 T
Q u T — KOIMYECTBO TEIUJIOTHI, TOJYYEHHOE OT HarpeBareiisi, U €ro
TeMIlepaTypa,
Qo m Ty — KOJIMYECTBO TEIUIOTHI, MEPEJAaHHOE XOJOIWIBHUKY, U €ro
TeMIIepaTypa.

23. I3MeHeHne SHTPOIHMH MPH MEPEXO0e U3 COCTOSHMS 1 B cOcTOSHHE 2
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1T
24. Ypasuenue Ban - gep - Baanbca:
a
s 1 MoJb rasza P +VT -(Vyy —b)=RT "
M
2
JUTSL V MOJIb Ta3a p+m72.i2 -[V—mbj:vRT’
M

rne a u b — nmocrostuabie Ban - nep — Banbca, Vy — o0bem 1 mutpa rasa.

8a
25. Kputnueckue napameTpbl = L; T = :
P = 972" = 270R
3
26. CoOCTBEHHBIN 00bEM MOJIEKYJIbI V= % = ﬂ%, b-
A

COOCTBEHHBI 00BEM BCEX MOJEKYII.
27.BpicoTa MOTHATHS KUIKOCTH B KAMLISIPE PagnycoM I
ho 26 C0sS®

par
28. Cs3b Mexay MossipHoi (Cr,) 1 yZenbHOM (C) TeIIOEMKOCTIMU ra3a

Cn=CM, rne M — MonspHas Macca rasa.
29. MonspHble TETUIOEMKOCTH™ TIPH TMOCTOSSHHOM O00BbeMe M TOCTOSTHHOM
JABJICHUW COOTBETCTBCHHO PaBHBI
C\=iR/2; C,=(i+2)R/2
rJie | — YHCII0 CTeNeHer cBo0O b, R — MoJIspHas ra3oBas MOCTOSHHAS.
30. YaenbHBIE TEIUIOEMKOCTH TPH TIOCTOSHHONW OOBEME W TOCTOSHHOM

JABJICHUW COOTBETCTBCHHO PaBHBI
_ iR _ 2 R
Cv=72wm> Cp_ 2 M-
31. YpaBuenue Maiiepa
Cp—C.,=R.
32. [loka3arens aguadaTel

_CP _Cp _ﬁ
Y=<, WM Y =5, WK Y=

33. BHyTpeHHsIs1 SHEepTUs WCaIbHOTO rasa
T,
U=N<e>wmm U=vC, T, mmu AU = J.TzdeT
1
rae <e>—cpeaHssi KWHEeTH4ecKasi YHeprusi MoJieKyJsbl; N—uuciio MoJekyn rasa; Vv
— KOJIMYECTBO BCIICCTBA.

34. PabGora, cBsi3aHHas C HM3MEHEHHMEM oObeMa raza, B OOIIEM ciy4ae
BBIYHCIIACTCS 110 (hOpMyIIe

V,
A:jpwmv,
Vi

rae V| — HavaJabHbIH 00beM rasa; Vo, — ero KOHEUHbBII 00beM.
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Pa6ora rasza:

a) npu uzobaprom npoyecce (P=const)
A=p(V2- V1);

0) npu uzomepmuueckom npoyecce (T=const)
A=2RTIn3;

B) IIpH aIa0aTHOM TIPOIECCe

) y—1
RT. m (VAR PV Vi
A=5C ([ ~T,), wm A=7/_11V{1—[V—1J }3]/1—_1{1—(\/—1} }
2 2

rac T1 — HavdallbHasj TEMIICpaTypa rasa, T2 — €ro KOHC4YHasd TeMII€parypa.
c-C
p =n ’

36. CBs3p MEXIy HAYalbHBIM W KOHEYHBIM 3HAYCHHUSIMH I[1apaMeTpOB
COCTOSIHUH ra3a npu agquabaTHOM IpoIriecce:

Py __ (Vl )y. I, _ (Vl )y—l. I, _ (Pz }y—l)/y
D1 vV, /2T Vs > T )4 :

37. IlepBoe HauaIO TEPMOJAMHAMUKH B OOIIIEM CITydae 3alHiChIBACTCS B BUJIC

Q=dU+A, Q=["1C,dT

35. Vpaerenne nomarponsr : P-V " =const

rie Q — KOJMYECTBO TEIUIOTHI, cOooOmEéHHoe Tasy; AU—wu3MeHeHne ero
BHYTpPEHHEH 3Heprun; A — paboTa, coBepIiiaeMasi ra3oM IMPOTHUB BHEITHUX CHJI.
[lepBoe HauanO TEPMOJIUHAMUKH:

a) mpu m3oTepmmueckoM mporecce (I =const;m=const, PV =const), (AU=0,
AT=0,AV =0, A=0, Q=A).

v, p
Q:A:ﬁRTlnvl:wRT In—l,

P
\%
0) mpu uzobapuom mporecce (P = const; m = const, T =const) , (AU =0, AT =0,
AV #0,A=0,Q=AU +A).
Q=AU+A=2C AT+2RAT =2C T
P
B) mpu u3oxopuoM mpouecce (V =const;m :const),? =const ,(A=0, AV =0,
AT #0,AU #0,Q = AU )
Q=AU=F7CAT,

r) mpu axuaGaraoM nporecce (Q =0, Q = const)

A=—AU =—2C AT

38. 3smeHeHune >HTpONTUHU
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B
AS=I§

rme A u B — mpenensl MHTErpHpPOBaHMS, COOTBETCTBYIOIIHME HAdaIbHOMY H
KOHCYHOMY COCTOSHMSIM CHUCTeMbI. Tak Kak TIpOIIeCC pPaBHOBECHBIH, TO
UHTETPUPOBAHUE ITPOBOIUTCS 110 JIFOOOMY ITyTH.
39. ®opmyna bonsiMana
S=k-Inw,
rane S — oHrponus cuctembl; W — TepMoauHAMHUYECKash BEPOSTHOCTh €€
cocrosiHus; K — mocrostaaas boibimana.

40. bapomerpuueckas (popmyia (pactpenescHue JaBIeHUS B OJJHOPOIHOM
_mgh _Mgh

0JI€ CHIIBI TSDKECTH): P= P,e ¥ =p,e ' | rue p-masienue rasa ,M -
MoOJIsIpHasE Macca, h - koopauHaTa (BbICOTa) TOYKH IO OTHOIICHHIO K
YPOBHIO, MPUHATOMY 3a HYJIEBOM, M - Macca YacTHUIlbl, p, - JAaBJICHHE Ha

3TOM YpPOBHE
g - YCKOpEeHHEe CBOOOHOTO MaJIeHUsI, R - yHUBEpCcaJbHas ra30Basi MOCTOSIHHAs
dN(v)

dv
OIPEAEIISIET OTHOCUTEIILHOE YHUCIIO MOJIEKYJI CKOPOCTH KOTOPBIX JI€KaT B
MHTEpBAJIE OT V 10 V-+dv.

44. 3akoH MakcBeiia o pacnpeeiCcHUd MOJIEKYJ HJICIbHOIO rasa Iio
CKOPOCTSIM:

43. OyHKIUA pacupeeseHus MOJIEKYJI Mo cKopocTsam: f(v)=———+

3
F(v) = daf —o_ |*y2g-mavt/ad
27KT

4.2 IllpuMepsl pelieHUd 32124

3aoaua 4.2.1. OnpenenuTs KOMMYECTBO BEIIECTBA V W 49HuCIO0 N
MOJIEKYJI Kuciiopoaa maccoit m=0,5 kr.

Pemenue:
m
V=
KosnmdecTBo Mojield B Macce BelecTBa m paBHO M rne M — monspHas Macca
0.5kr
= =15,63momb
0,032kr / Mmonb

Beulectsa. [loaromy
Uucno MOJIEKYJT B V KOJIMYECTBE MOJIeH paBHO N= NAXV rae Na = 6. 023x10%momp
! gucno ABoraapo. Torga

N=Naxv= 6.023><1023M0J'IB -1 x15,63mosts1 = 9,4><1024M0J16Kyn_
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3aoaua 4.2.2. KonnuectBo BemecTBa renus v= 1,5 monb, Temneparypa T=
120 K. Onpenennuts CyMMapHyl0 KUHETUYECKYHO0 SHEpPruto Ex mocTymaTeiabHOro
JBUKEHHUS BCEX MOJIEKYJI 3TOTrO rasa.

Penienue:

CpenHsis KWHETHYECKas JHEPrHsl TOCTYMATENbHOTO JIBHXKCHHS OJHOM
i
MOJIEKYJIbI PABHA (Egyy ) = EkT :

rae k=1.38x10%x/K — nocrosiaaas Bonbimana, | — IIOCTYIIATEJIbHbIE CTEICHU
cBOOOBI MOJIEKYJBI (I=3 B HamieM ciiydae T.K. TPH MOCTYTMATENbHBIX JIBUKCHUS
BO3MOXKHBI).

OO0111ee KOJIMYECTBO MOJIEKYJ B V MOJIEW BELIECTBA PABHO

N=N AXV,
2 -
rae Na=6.023x10 Mot — wmeto ABorazapo.
ITosTomy cyMMapHas KHHETUYECKas SHEPrus paBHa

Ek =N><<8KHH>=NAXV><;kT=VX|2RT,

rae R=8.31]x/(Kxmoib) — ra3oBasi HOCTOSIHHASI.
[ToaTomy

Ek =vx ;RT — 1.5M011b X 2)(8,31,[[}1(/KMOJ'IL x 120K = 22401 = 2,24x]Tx .

3aoaua 4.2.3. OnpenenuTb MOJAPHBIE TEIIOEMKOCTH Tas3a, €CJIM €ro
yaenpnble TeroeMkoctu  ¢,=10,4k/x/(krxK) u c,= 14,6 xx/(krxK).

Penienue:

[lo onpenernenuto MomsipHbIe TemIoeMKocTi Cp=cp xM n Cv=cy xM.

C npyroit croponsl Cp-Cv=R, rme R=8.31][x/(MmonbxK) — momspHas rasoBas
nocrossHHad. [loatomy
Cp-Cv=(cp —cy)xM=R.

OTkyna MoJisipHasi Macca ra3a paBHa

M= R = 831 /lxc /(oK) = 2x10 3 xkr/ moms =
Cp—Cy  (14,6-10.4) x1000x / krK

= 2r/monb . DTOT Ta3 — Bogopo H,.
Torna

Cp =Cp X M :l4.6><103I[>K/KrK>< 2X1O_3KF/MOJII> = 29.2]1x / MoK

Cy=CcyxM= 10.4x103I[>K/KrK>< 2><10_3KF/MOJII> = 20.8/Ix / monsK
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3aoaua 4.2.4. T'nuuepuH NOAHSIICSA B KallWJUIIPHOU TPyOKe AMaMETPOM
kaHana d=1 mm Ha BbicoTy h = 20MM. OnpeaennuTs NOBEPXHOCTHOE HATSHKEHUE O
rnuiepuHa. CMauyMBaHUE CUNTATh ITOJTHBIM.

Pewrenue:
Tak Kak MOBEPXHOCTb KUAKOCTU B KAUJUIAPE IPUHUMAET
BOTHYTYIO c(hepuueckyto popmy, TO BHyTpEHHEE JIaBIICHHUE
b . P JKUJKOCTH B KamWJUISIpe OyJeT MEHBIIIE, YEM BHE
iy | KaluJuiapa, Ha BETUYUHY H30BITOUHOTO JIABJICHHUS MO
0 l"-' ap _ 2a
= cpepuuecKkoil MOBEPXHOCTbIO: R rme R — paauyc
KPUBH3HBI MEHUCKA, 0. — KOA(DPUIIMEHT MOBEPXHOCTHOTO
HATSDKEHUS KUAKOCTH. [103TOMY KUIKOCTh B KAMILISIPE

"" T' [ _| mogHMMaeTcs Ha TaKyro BBICOTY h, mpu KOTOpOi

' OKa3bIBa€MOE €10 JABIICHNUE CTAHET PABHBIM N30BITOUHOMY:
20

hxpxg= 2o h=_—
, OTKya RxPx0 rne p — maoTHOCTS XuaKocTH (p=1260Kr/M3

JUTSl TTIMLEPHUHA), € —yCKOPEHHUE CHIIBI TSDKECTH. Tak Kak yroji MEeXy paguycamu
r

r 1 R u xpaeBoit yron 0 paBHbI Mex1y COOOH, TO €osO | TToxcraBiss 310
h— 20.x €0s 0

3Ha4YCHHUE B (POPMYITy BBICOTHI, TOJIYIUM F<p>9  TIpu ycinoBuM MOJIHOTO
20
h=——
cmaunBanus 0=0° moayuaem  "*P*9 U3 51010 ypaBHEHHS MOKHO HAWTH
o hxrxpxg
KO3 GUIIMEHT MOBEPXHOCTHOTO HATSYKEHUS JKHJIKOCTH. 2 . Tak kak
hxd
o= XAXpX g
HaM Jiad auamerp d=2xr, To 4 :
[ToxcraBisiem uncia (MEPeBOIs OJTHOBPEMEHHO BCE BEIUYHHBI B CHCTEMY
, — 20X1073x1x10™ I m x1260kr/ m° x 981/ ¢
Cn). 4 :
3aoaua 4.2.5. Onpenenuts JaBICHNUE P BHYTPU BO3AYIIHOIO ITy3bIpbKa

nuametpoM 0 =4 MM, HaXOMASIIETOCS B BOJAE y CAMOW €¢  TTOBEPXHOCTH.
Cuurtath atmocepHOe aBiieHHEe HOPMAILHBIM.

=0,062H/m

Penienue:

Tak Kak MOBEPXHOCTH KUJIKOCTH B IMy3bIpe MPUHUMAET BBITHYTYIO C(HEPHUUECKYIO
dbopmMmy, TO BHYTpEHHEE AaBJieHUE P B My3blpe OyaeT OoJiblie, YEM BHEIIHEe, Ha

o 200
BEJIMUMHY HW30BITOYHOTO AaBJEHUS MMOJ| ChHepUuuecKor MOBEPXHOCTHIO: Apzﬁ,
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rie R — pamuyc KpuBHU3HBI My3bIps, O — KO3(PPHUIMEHT MOBEPXHOCTHOTO

HaTspkeHus xuakoctu (0=0,04H/M B Harrem ciydae). Tak kak 0=2xR, To Ap = %x .

4o,
Torma momHOE AABIEHUE PABHO P =pg+Ap=pg +F, riae Po — armocdepHoe

JABJICHUE TaK KaK My3bIPEK HAXOAUTCS HA IOBEPXHOCTH BOJBI.
[ToxgcraBnsiem uncia. p = 10°TIa + w =100040I1a .
,004Mm
3aoaua 4.2.6. Bo CKOIbKO pa3  yBEIMUUTCS O00BEM  BOAOPOJA,
colepKalMii  konuuectBo  BemiectBa  v=0,4MOJIb TIpU  HU30TEPMHUYECKOM
pacilMpeHny, eciid Ipu 3ToM Ta3 nomyuut TernoTy Q =800 Ix? Temmeparypa

Bojtopoaa T =300 K.
Pemenue:

[IpumenuM TepBBIA  3aKOH TepMoAUHAMHUKU. COTJIaCHO KOTOPOMY,
KOJIMYECTBO TEIIoThl Q, mepeaHHOE CHUCTEME, PACXOJIyeTCsl Ha YBEIUYECHUE
BHyTpeHHel sHeprun AU 1 Ha BHENTHIOI MeXaHudeckyto padory A: Q=AU+A.
Bennuuna AU = mxc,xAT = 0 npu U30TepMUYECKOM IpoIlecce Tak Kak I = const
u AT=0.

[losTOMYy M3MEHEHNE BHYTPEHHEN YJHEPTUHN Ia3a PABHO HYJIIO.
Torma Q=AU+A=A, oTkyzaa padota coBeprnaemas razom A=Q=800]1x.

V2
C ngpyroit croponst paGora pasma A= [P(V)dV . Bocmomssyemcs
V1
m
ypaBHeHuem Kitanelipona — MeHeneena PV = M RT =VRT rpe P nasnenne, v
— KoJumyecTBO Moiied, V — o0veM cocyna, T — Ttemmeparypa raza, R =
8.31Ix/(monbxK) — MomsipHast raszoBas mocrosiHHas. I[loatomy P(V)=V\R/T.
V2 V2
RT dv V2
[TojcTaBisieM B MHTErpall | moiaydaem A= | YR dv = VRT | —=vRTIn—,
vi Vv Vil Vi

PaGoTa A Ham M3BecTHA, MO3TOMY MbI MOXeM Haiitu V2/V1:

ve_ exp(A j = exp Q j = exp 500/l =2,23
V1 vRT vRT 0.4moist x 8,31) T / MonsK x 300K

To ecth 00beM yBenuuuTcs B 2.23 pasa.

3aoaua 4.2.7. llpu xakoMm aaBiaeHuu P cpenHss nmuHa cBOOOHOTO Mpobdera
<A> MoJjeky’ a3oTa paBHa 1 M, eciu Temrneparypa raza T=10°C?
Pemenue:
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CpenHsas anmuHa CBOOOAHOrO mpodera MOJIEKYJT BBIUUCISETCS O (dopMmylie

™)

, tae d — 2pPEeKTUBHBIN AMAMETP MOJIEKYJIBI, N — YHCIO MOJIEKYJ B

\Endzn
eIUHHIIE O00BbeMa, KOTOPOE MOXKHO HAWTH W3 YpaBHEHHS N :ijI" rne K —
KT
nocrosinHas bonbimana. ITostomy (A)= —
x/ETL'd P
Otkyna P = k;-
\Eﬂd ><<7L>

[loxcrasistem ynciia

P

1.38x107%3 [k / K x (10 + 273)K

0 g =97x10"Ma=97ulla.
\J2x314%x(3x10 ~"m)“ xIm

4.3. KoutpoabHas padora Nel
MouexkyaspHas ¢puzuka. Tepmoaunamuka.

I[JBI IIOJIYUYCHHUS BapHaHTA 3aaHHUs, HOMCPOB 3a/Ja4 I10 KOHTpOJ'IBHOﬁ pa60Te
Nel H€O6XOIIHMO 06paTI/ITI>CH K BCAYHICMY IIPCIIOaBaTCIIIO.

Bo ckonpko pa3 cpenHsAs KBaapaTH4Has CKOPOCThb NBUIMHKH, B3BEIICHHOW B

BO3/IyX€, MEHBIIE CpeAHEHd KBAJAPATUYHOW CKOPOCTH MOJEKYJH BO3ayXa?
— 108

Macca nputmakr M = 107 r. Bo3ayx cunuTaTh OJHOPOAHBIM T'a30M, MOJIIPHAs

Mmacca kotoporo p = 0,029 kr/moss.

[ImoTHOCTH HEKOTOpPOTO raza p = 0,06 Kr/M° CpeaHssl KBalpaTU4Hasi CKOPOCTh
ero Mosiekyn paBHa 500 wm/c. OnpeaenuTh JaBjieHHE [P, KOTOpoe Ta3
OKa3bIBa€T HAa CTEHKHU cocyaa. OmnpenenuTs 4uciao MOJIEKYJd N BoIOpona B
equHUIle o0BbeMa cocylda Mpu AaBieHun P =266,6 Ila, ecnu cpennss

KBaJpaTUyHasi CKOPOCTh €ro MOJIEKYJ paBHa 2,6 Km/c.
B cocyne obbemom V = 2 1 HaxomuTcs mMacca M = 10 r kuciopoja npu

napiennu p = 90,6 xlla. Onpenenuth CpeAHIO KBAaJPATUYHYIO CKOPOCTH

MOJICKYJI Ira3a, Y1MCJIO MOJICKYJI N, HAXOAINUXCS B COCYIC U IINIOTHOCTD p ra3sa.

40



4. CpenHsisi KBaJpaTU4Hasi CKOPOCTb MOJIEKYJ HEKOTOPOro rasa paBHa
450 m/c. JaBnenue raza p = 60 xlla. Onpegenuts MIOTHOCTH p ra3a MpU ATUX

YCIIOBHAX.

5. Il1oTHOCTH HekoTOporo rasza p = 0,082 xr/m® mpu gasrennu p = 100 kIla u
temriepatype t = 18°C. OmpenenuTb CpeIHION KBaJIpPaTUYHYIO CKOPOCTb

MOJICKYJI Ia3a. Kaxkona MOJISIpHaA Macca L 3TOro raza?

6. OmpenenuTb  CpPEeIHIOI  KBaJPaTHUYHYI0  CKOPOCTh  MOJIEKYJ] — Tasa,
3aKJIFOUEHHOTO B cocy oobeMoM V = 2 11 nox nasienuem P = 200 kIla. Macca

rasam=03r.

7. Ilpu kakoi TemrepaType CpeHss KMHETUYECKasl YHEPrUsl MOCTYNaTeIbHOrO

JIBIDKCHHS MOJICKYI Ta3a paBHa 4,14-10 72" JIx.

8. Yactuupl rymmuryta auametrpoM d = 1 MKM y4acTBYHOT B OpOYHOBCKOM
nBikeHnn. IlnoTHOCTh rymmuryta p = 10° kr/m®. Ompenenuts cpemHioo

KBaJIPATUYHYIO CKOPOCTh <Uxg™> YaCTUIl TYMMHUTyTa TpU Temieparype 1 =
274 K.

9. Macca m = 11 r a30Ta HaXOAUTCS B 3aKPHITOM COCYE IIPH Temmeparype 7; =
290 K. Kakoe kommyecTtBO TermaoTel QQ Hamo coOOOMIUTH a30Ty, 4YTOOBI
YBEJIMYUTh CPEIHIOI0 KBAJPATHUYHYIO CKOPOCTh €ro MOJIEKyJ BaBoe? Bo
CKOJIBKO pa3 MpH 3TOM H3MEHUTCS Temreparypa ra3a? Bo ckoiibko pa3 mpu

9TOM U3MCHUTCA NaBJICHHUC I'a3a Ha CTCHKHA cocyz[a?

10. OnpenenuTh KOJUYECTBO TEIUIOTH Q, KOTOpoe Hajao COOOIIUTH KHUCIOPOAY
ooveMoM V = 40 11 nmpu ero U30XOPHOM HarpeBaHUM, YTOOBI J1aBJICHUE Ta3a

noBbicHiIOCh Ha Ap = 0,5 MITa.

11. Tlpu nzoTepmMuueckoM paciupennu azota npu Temmepatype 7' = 290 K o6vem
€ro yBeJIMuuJiIcA B /1Ba pa3a. Onpenennutsb: 1) COBEPLICHHYIO NPH PACIIUPEHUH
raza pabory A; 2) uzmenenne AU BHyTpeHHeW 3Hepruu; 3) KOJIMYECTBO

TerioTel Q, momyueHHoe razom. Macca azora m = 0,2 Kr.
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12. Azor maccor m = 0,2 xr ObUl HM300apHO HArpeT OT TeMIepaTypbl
T, = 200 K po temmeparypel 7o = 400 K. Onpenenuts paboty A4,
COBEPIIICHHYIO Ta30M, MOJydYeHHyI0O uM Temiory Q u wm3menenue AU

BHYTPEHHEW SHEPTUU.

13. Onpenenuts paboTy A, KOTOPYIO COBEPIIUT a30T, €CJIU €My MPU MOCTOSHHOM
JABJICHUU COOOMMTHh KojmyecTBO TemnoTel Q = 31 k/x. Haittm Ttaxke

n3meHenne AU BHyTpeHHEN SHEepruu.

14. Bonmopon 3anumaer oobém Vi = 10 M npu naBiaenuu P; = 100 kIla. I'a3
HarpeBaJii TIPU TMOCTOSSHHOM 00béMe 10 gnaBinenus P, = 300 «lla.
Onpenenuts: 1) uamenenne AU BHyTpeHHEH »Hepruu rasa; 2) pabory A4,

COBEpIIAEMYIO Ta30M; 3) KOJMYECTBO TEIUIOTHI Q, COBEpIIaEMyIO Ta30M.

15. Kucnopon nipu Heusmennom nasienuu P = 80 klla narpeBaercs. Ero o0bém
yBemmunBaercs ot Vi = 1 v® 1o Vo, = 2 M°. Onpenenurs: 1) usmenenne AU
BHYTPEHHEH »HEpPrum Kuciopona; 2) pabotry A4, COBEpPHIEHHYIO UM IpHU

pactMpeHn#; 3) KOJIMIeCTBO TEIIOTH Q, cooOmeEHHOE Tazy.

16. Kucnopon Maccoit m = 3 Kr 3aHuMaeT o0bpém Vi = 1 M° U HaXOMUTCS MOJ
nasnenueM P; = 0,2 MIla. I'az Opu1 Harper cHayana MpU MOCTOSHHOM
naBieHMu 10 oonéma V,, = 3 M , @ 3aTeM MpPH IOCTOSHHOM O00BEME 10
nasnenuss P, = 0,5 Mlla. Onpenenuts: 1) uzmenenue AU BHyTpeHHeEH
OHEpPruM ra3a; 2) COBEPHIEHHYIO UM paboTy A; 3) KOIMUYecTBO TEIUIOTHl Q,

nepeaanHoe razy. [loctpouts rpaduk npoiecca.

17. B uwnauHape noa TOPIIHEM HaxoguTcs a3oT Maccod m = 0,6 Kr,
saHEMarommii 0668M Vi = 1,3 M° nipu Temnepatrype 7 = 560 K. B pe3ynbrare
MOJBONA TEMIOTH Ta3 PACIIMPHICS M 3aHAI 00BEM Vo, = 42 M° | mpw
noctosiHHOM Temnepatype. Onpeaenuts: 1) usmenenne AU BHyTpeHHEH
DHEPruu; 2) COBEpPHIEHHYI0 UM pPaboTy A; 3) KOJWYECTBO TEIiIoThl Q,

COOOMIEHHOE Ta3y.
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18. Ilpu anmrabaTHYECKOM paCIIMPEHUN KUCIOPOaa ¢ HaYaIbHOU TeMIIepaTypou
Ty, = 320 K BHyTpeHHss sHeprus yMmenbinmiack Ha AU = 8,3 k/[x, a ero

00BEM yBenuumiics B n = 10 pa3. Onpeaenutbs Maccy m KUCJIOpOa.

19. Pacuupsisice, Bogopon coBepmmi pabotry 4 = 6 x/bx. Onpenenutsb
KOJIMYECTBO TEIUIOTHI Q, MOBEAEHHOE K ra3y, €CIIU MPOLIECC MPOTEKa:

1) uzobapuuecku; 2) H30TEPMHUCCKH.

20. neanpHplii MHOTOAQTOMHBIM Ta3 COBEpIIAET LUKI, COCTOSIIUNA U3 JIBYX
M30X0p W ABYX H300ap, mpuyuéM HaumOOJbINEe JAaBICHHWE ra3a B JBa pasa
OoJibllle HAaWMMEHBIIEro, a HauOOJbIIMH 00BEM B UYETHIpE pa3za OoJIbIIE

HanMmeHblero. Onpenenuts Tepmuueckuid KII n nukia.

21. UneanwHbIil ra3 coBepriaeT mukia Kapuo. Temmepatypa 7, oXJ1aguTens paBHa

290 K. Bo ckonbko pa3 yBemmumBaercs KIIJ[ nwukna, ecnm temmeparypa

HarpeBatens nmoeicutest ot 71 =400 K o T 1': 650 K?

22. UneanpHplii Ta3, coepuatroumii nuka KapHo, mosnyduB OT HarpeBaTes
KOIM4uecTBO TerioTel Q; = 4,2 kJ[x, coBepmmn padboty 4 = 690 [Ix. Haiitu
tepmuueckuii  KIIJ[ srtoro mnwmkna. Bo ckonbko pa3 Ttemmeparypa T

HarpeBaresis 0oJblle TemMnepaTypsl 1, OXJIaquTens?

23. Haumenpmmii 06beM V) Taza, comepmraromero nukn KaprHo, paBeH 154 .
Onpenenutes HaumOonbmuii o00beM Vi, ecau  odbeM V,; B KOHIE
HU30TEPMHUYECKOTO paciIupeHusi U o0beM V,; B KOHIIE H30TEPMHUUYECKOTO

cKaTus paBHbI cOOTBETCTBEHHO 600 1 189 1.

24. UneanpHbiii Ta3 coBeprmaeT mukia Kapao. Temmepartypa 7); HarpeBaTems
paBHa 470 K, Ttemneparypa 7, oxnagutens paHa 280 K. Ilpu
M30TEPMUYECKOM pacIIMpeHuu Ta3 cosepmaer padoty 4 = 200 JIx.
Omnpenenuts Tepmudeckuit KITJ[ mukima 1, a Takyke KOJUYECTBO TEIIOTHI Q»,

KOTOPOC ra3 OTAaCT OXJIAAUTCIIIO IIPU N30TCPMUYICCKOM CIKATHH.
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25.T'a3, comepmarommii mukin Kapuo, momywdaer temmoty Q; = 84 x/[x.
Onpenenuts paboTy A Traza, eclii TeMmIieparypa [; TEIUIOOTAaT4YMKa B TPHU

pasa BbIlIE TEMIEPATYPHI |, TEIUIONPUEMHUKA.

26. UneanpHas TersoBas MammHa pabortaetr mo mukiay Kapao. Temmepatypa
terooTnarunka T; = 500 K, temneparypa temtonpuemanka 7, = 260 K.
Onpenenuts Tepmudeckuit KIIJ mukna m, a Takke padory A; pabouero
BEI[ECTBA MPU M30TEPMUUYECKOM PACHIMPEHHUH, €CIIH MPHU HM30TEPMUUYECKOM

ckaTuu coBeplieHa padbora A, = 70 JIx.

27. Onpenenutb padoTy A, M30TEPMHUYECKOTO CHKATHUA Tas3a, COBEPIIAIOIIETO
nukn Kapno, KIIJ xortoporo m = 0,5, ecnum pabota H30TEPMUYECKOTO

pacmmpenust paBaa A; = 8 Jx. [lokazats mpoiiecc Ha rpaduke

28. I'a3 coBepmas mukn Kapuo momyumn ot HarpeBatens Q; = 5 xJIx. Kakoe
KOJIMYECTBO TEIIOThI ObUIO OTAaHO XonoaunbHuKy, eciu K. I1. JI. TenoBoit

maiunbl 30%. [TokazaTe nponecc Ha rpaduke

29. TenoBas MamuHa padoraroias o nukity KapHo nomyuuna ot HarpeBares
Q; = 42 x/Ix u mpoussena pabory A = 7-10°/Ix. Onpexeauts TeMepaTypy
HarpeBaTessd, €CiId TeMIIeparypa XOJIOAWJIbHUKA paBHa 27°C. Tlokasats

npoIriecc Ha rpaduke

30. I'a3, coBepmatomuii 1ukyn KapHo, otnan temmonpueMHuky 67% TEMIoTHI,
MOJIYYEHHOM OT  TemnooTaaTuuka. Onpeaenuts  temneparypy 1>
TEIUIONPUEMHHUKA, eciiu TeMieparypa Teroornaruuka 77 =440 K. Iloka3ath
npoIriecc Ha rpaduke

31. VneanbHbIi ABYXaTOMHBIN Ta3 OBEPIIIACT ITUKIT 2l
Kapno, rtpaduk «oTOporo wu3o0paxeH Ha
pucynke. OObeMbI Ta3a B COCTOSHUSIX 2 U 3

COOTBETCTBEHHO paBHbI V, = 12 mu V3 = 19 .

Haiitu repmuueckuii KIT/] mukma n.
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32. Onpenenutsd npupaiieHue AS 3HTPOIUHU MPHU MpeBpaleHu: Maccel M = 11 r
apaa (t =—20°C) B map (t, = 100°C).

33. Onpenenuth mpupamieHue AS SHTPONMUW TPHU TEpexoie MacChl M = 8 T
kuciopoaa ot oosema Vi = 10 1 mpu temmiepatype 77 = 353 K k 06bemy V; =

40 n opu Temnepatype 1, = 573 K.

34. Onpenenuth mpuparieHrne AS SHTPONUHM TPU TMEPEexXoae Macchl M = 6 T
Boziopona ot oowséma Vi = 20 i1 mox naBnenueM P; = 160 klla k 00BEMY V, =

60 11 mox naBieHuem P, = 100 kl1a.

35. Macca m = 6,7 T Bojopo/a pacimupsieTcs uzodbapuuecku oT oobéma Vi 10
ooséMa V, = 2V;. Onpenenuth npupamieHue AS SHTPONUU TPU ITOM

pacUIMpEeHHH.

36. Onpenenuts npupamieHue AS SHTPOIHMH MPU U30TEPMHUUECCKOM PACIIIUPECHUN
Maccel M = 4 1 Bogopoaa ot aasieHus P; = 100 klla no namenus p, = 50
klla.

37. Macca m = 10,5 r a30Ta U30TepMHUECKH pacimupsieTcs oT o0béma Vi = 2 1
no oobéma V, = 55 n. OnpenenuTs OpupanieHUE SHTPONHUU MPU ITOM

nporecce.

38. Macca m = 10 r kucnopoga HarpeBaercsi oT temmepatypsl 71 = 325 K 1o
temriepatypbl 1, = 423 K. Onpenenuts npupameHue AS SHTPOIHH, €CITH

HarpeBaHue MPOUCXOUT: a) U30XOPHUUECKH; 0) N300apUUECKH.

39. Onpenenuth mpupaiieHne AS SHTPOUHA TIPU U300aPUIECKOM PACITUPECHUH

Maccbl M = 8 r rexusa oT 00béma V= 10 1 1o 00néma V, = 22 1.
40. B pesynbpTaTe HM30XOPHYECKOTO HArpeBaHUs BOJAOpOJa Maccod m = 1 r

JaBlieHuEe P raza yBenu4ywiock B 3 paza. Ompenenuth mnpuparieHue AS

SHTPOINMHU Ta3a.
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41. Kucnopon Maccoif m = 2 Kr yBenuyusa cBoM 0o0bEM B N = 5 nByms
criocobamu: a) u3orepmMudecku, 0) agunadbaruuecku. OnpeneauTb U3MEHEHUS

OHTPOIIMHU B KAXKAOM U3 YKA3dHHBIX ITPOLCCCOB.

5. daexrpocTraTuka. [IoCTOSAHHBIN JIEKTPUYECKHI TOK.

5.1. OcHOBHBIE IOHATHSA U (POPMYJIbI

3axon Kynona 6 ckanapmoii ¢hopme
Eo_ %l -
Amee oF
rae F — crita B3auMoeicTBHS TOUEYHBIX 3apsI0B (1 U
I' — pacCTOSIHME MEXKTY 3apsiaMH,
€ — IUDJIEKTPUYECKAS TPOHULIAEMOCTb CPEbI,
€0 — DJICKTpUYECKas MOCTOSTHHAs, paBHAs 8,85-10'12 D/m.
Hanpsowcennocms s1exmpuueckoeo nois
E-F
q
rae E — HanmpsKeHHOCTD OISt B TOYKE, BEKTOP, COBMNANAOIIMIA IO HAMPABICHHIO C
CUJIOH, IEMCTBYIOLIECH HA €IMHUYHBIN IIOJIOKUTEIBHBIN 3apsa (|, HIOMEIICHHBIN B
3Ty TOUYKY ITOJIA.
[Torenuman nosus
¢o=—,
q
rJ€ ¢ — NOTEHUHA, CKAJIIP;
W, — IOTCHLMAIbHAsA DJHEPIus EIUHUYHOIO IIOJIOXKHUTEIBLHOIO 3apsaa (
ITIOMEIIEHHOI0 B JAHHYIO TOYKY ITOJIS.
[IpuHIMII Cyniepno3uiu

_ N _ N
E=2E ., o0=20,
i=1 i=1

rne E;,p; — HampsykeHHOCTP W TOTEHIMAN B JAaHHOM TOYKE TOJS,

CO3JIaBaEMOTO 1-M 3apsi/IOM.
JInsg 1OBYX 3apsaoB BBIPAKCHHE MOYKHO 3alicaTh B BEKTOPHOM BHJIE

E = E, + E, ¥ MOAYJIb BEKTOpa E ONpPENEIUTh U3 BEIPAXKEHUS
E=EJE?+E2+E,-E, cosa.

HaprDKCHHOCTB M IIOTCHIMAJI ITOJIA TOYCUHOI'O 3apAaaa

E=—1 o o=,
Aree o Amee or
roe I — paccTOSHHE OT TOYEYHOro 3apsja N0 TOYKHM, B KOTOpOIl

onpenessATes £ u o.
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llomoxk eekmopa nanpscennocmu Qg

a) depe3 MPOU3BOJIbHYIO MOBEPXHOCTh S, MOMEHIEHHYI0 B HEOJIHOPOJIHOE
noiie

D =IECOSadS,HHH D =J'EndS,
S S

rac o — YIroJ MCKAY BEKTOPOM HAIIPSHKCHHOCTH E U TIOJIOKUTEITLHOM
HOPMAaJTBIO N K BJIEMEHTY MTOBEPXHOCTH, AS — IUIOMIa b AJIEeMEHTa IIOBEPXHOCTH, F;, —
HpOCKHI/IH BeKTOpa Hal'IpSDKeHHOCTI/I Ha HOpMaJ'H);

0) uepe3 MIOCKYI0 MOBEPXHOCTh, IOMEIIEHHYIO B OJTHOPOIHOE AIICKTPHUUECKOE
I10JIE

dr=EScosa ;
B) ITOTOK BEKTOpA HANPSHKEHHOCTH E yepe3 3aMKHYTYIO [IOBEPXHOCTh
@E = § En dS,
S
a UHTCTPHUPOBAHUC BEACTCA 110 BCEU ITOBCPXHOCTH.

Teopema Ocmpoepaockozo-1 aycca
[ToTok BekTOpa HANPSHKEHHOCTH E Yepe3 JI00YI0 3aMKHYTYIO TTIOBEPXHOCTb

1 N
Dp=—2.4;
€8¢ =1

N
e Y g; —anreOpandeckas CyMMa 3apsiIoB, 3aKIIFOUCHHBIX BHYTPH 3aMKHYTO#
i=1
noBepxHOCTH, N — YHCIIO 3apsA0B.
Hanpsisrcennocmo anexmpuiecko2o nons 3apanceHHoU Memaiiuieckou cghepvi
paouycom R na paccmosinuu r om yenmpa cghepol

ayr <R , E=0,

- -9
o)r =R, E=—-—,
) Aree (R®

Br>R,E=—3
Aree o F
rae q— 3apsn Ha cdepe.
Hanpsiicennocms noss, co30a6aemo2o 6ecCKOHeUHO ONUHHOU PABHOMEPHO
3APAAHCEHHOU HUMBIO (WU YUTUHOPOM) HA PACCMOSHUU I OM ee OCU.

271
EF=——,
4ree oI
I7Ie T — JMHEHHAs IIOTHOCTD 3apsiJia, PaBHAs OTHOIIICHUIO BEITMYMHBI 3apsi/ia
HUTH (LIWJTUH]IPA) K IJTUHE.
T= q [t] = K/m.

Hanpsioicennocmo noss, co30a6aemozo 0ecKOHeuHoU paBHOMEPHO 3aPAHCEHHOT
NJIOCKOCHIbIO
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0

E= ,
2¢gg,,
e G — IOBEPXHOCTHAs IUIOTHOCTD 3apsi/ia, paBHAsk OTHOLLIEHHIO 3apsa
IJIOCKOCTH K €€ ILIOIIA/IN:

G=%, [6] = Knhi.

Hanp}wfceﬂﬂocmb noJisi 06yx napauienvbHblx OecKoHeuHbIX PABHOMEPHO U
PA3HOUMEHHO 3APANCEHHbIX niocKocmel

Ecmm PaCCTOAHNUC MCXKAY INIACTHHAMA MHOI'O MCHBIIIC JIMHEMHBIX pasMEpoB
IJ1aCTHH

E=-2
€€
QﬂekmpuquKoe cmeulerue 5 ,» BCKTOp 3HeKTpOCTaTHqCCKOﬁ WHAYKIIA B
I/I30TpOHHOﬁ CpCacC CBA3aHO C HAIIPAKCHHOCTBIO ITOJE CIICAYIOIMHUM COOTHOIICHUCM:

D =¢g E.
Ces13b nomenyuana nois ¢ ¢ Hanpsivicennocmoio E
E=—qrad ¢ |,
y de
WK B CKaJsIpHO#t (hopme: E = “dr
r
do L P — ¢
e ar TpaeHT MOTSHITNANIA, PABHBIA ——— , T. €. OTHOIIICHHUIO U3MCHEHHUS
r r,—r
2 h

MOTEHIIMAJIA K PACCTOSIHUIO MEXKTY IByMsI TOUKAMHU TT0JIS C IOTEHITUATIAMU (1 U .

Jlnst OTHOPOTHOTO TTOJISt

E_P17® ’
d

IJI€ (1 U (0 — IOTEHIIMAJBI ABYX SKBUITOTCHIIMAILHBIX TTIOBEPXHOCTEN
(TOBEPXHOCTH PABHOIO MOTEHIMANA), d — pacCTOSHIE MEX Ty HUMH BJOJIb CHIOBOM
JIMHUY.

Paboma A nona no nepemewenuro moueurnoeo 3apsaoa ( u3 0OHOU MOUKU NOJIA 8
Opy2yro ¢ COOMBEMCMBYIOUUMU NOMEHYUATIAMU Q1 U (P

A=0q(Q1— @) wm A =g .[Eldl :
!

rae By, — npoekius BekTopa HanpshKeHHOCTH Ha HarpaiieHue nepemertens, dl —
nepemeitenue. st omHopoaHoro mojist A = qEl cosa, tae | — nepemertenre, o — yrosn
MEX]TY Eul.

Jlunons — cuctema JBYX TOUCUHBIX 3apsIOB,

g - g PaBHBIX 110 BEJIMYUHE U TPOTHBOTIOIOKHBIX TI0
e o Q 3HAaKy, paCCTOSIHAE MEXTy KOTOPBIMH 3HAYNTEITLHO
# MEHBIIIC PACCTOSHUS OT IIEHTPA TUTIONS 10 TOUKU
HAOIFOIECHU.
A
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Bexmop | , mpoBEenEHHBIN OT OTPULATEIBLHOTO 3apsiIa U0 10
IIOJIOXKUTENIBHOTO 3apsi/ia, Ha3bIBACTCS IJIEYOM JTUTIOJ.

—

[IpousBenenue 3apsa |(| AUIoss Ha ero wiedo | Ha3bIBaeTCs AJIEKTPUUECKIM
MOMCHTOM AUITOJISA
p=lall.
Hanpﬂofceﬂﬁocmb NOoJiA 01/!1’10]1}1

g=_ P ~N1-3cos’a,

dree 0r3
e P — ANMEKTPUYECKUI MOMEHT AUIIOI, I — MOAYJIb painyc-BeKTopa I,

0L — YTOJI MeXITy PaJnyCOM-BEKTOPOM I U 1yiedoM Jurmons | .
Tonsapuzosannocms OusieKmMpuKa (6eKmop noJspu3ayui)

.1 N
AV Elpz
T7Ie Pj — ANICKTPUUYESCKUI MOMEHT OTJIeNbHOM (I-0i) MoJieKyibl, N — uuciio
MOJIEKYJT B 00beMe AV.
C6513b NONAPUZ0BAHHOCU C HANPANCEHHOCMbIO E nons 6 ousnekmpuke
IS = %€o E )
TJI€ Y, — AUAJIEKTPUYECKasi BOCIPUMMYHUBOCTb (TaOJIMUHOE 3HAUEHHE), &) —
AIIEKTPUYECKAs! TIOCTOSIHHASL.
Ces3b OudIeKMpuUYecKol NPOHUYAEMOCIU € € OUITIEKMPUIECKOU
B0CNPUUMYUBOCIIBIO )
e=1+y.
Hanpsidicennocmo nojis 6 ousiekmpuke cé43ana ¢ HanpadceHHOCMbI0 BHEUIHE2O
noJis COOMHOWEHUAMU

—

EZEO/S nu E:EO—E.
€
InekmpoemKocmv YeOUHEHHO20 NPOBOOHUKA
c=2,
Q@

r7e ( — 3aps MPOBOIHUKA, () — €T0 MMOTEHITHA.
INeKkmpoemMKocms nI0CKO20 KOHOeHCamopa
Co €€, |
d
rae S, d — miomazabr U pacCTOsSTHUE MEKY IJIAaCTHHAMH IJIOCKOTO KOHIEHCAaTopa
COOTBETCTBEHHO.
3Hep2w1 IJIEKMPUUECKO2O0 NOJIA KOHOeHcamopa
_q* Cu?
2C 2
Emkocmov napannenvno coeounennvix konoencamopos
C= C]_ + C2 +o. + Cn .

Emrxocmob nociedosamenvHo coeOunHeHHbiX KOHOEHCAmopos
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1 1 1 1
—=—+—F..F—
C Cl C2 n
Cuﬂa 3]l€Kmpull€CK020 mokKa
,_da
dt’

rae dq — 3aps, TpOTeKAIINI Yepe3 MONepeYHOe CEUCHUE TPOBOTHUKA 32 BPEMSI
dt.

IInomnocms  s1eKmpuyeckoeo0 mokKd, €CTb BEKTOpPHas BEJIMYMHA, MOIYJb
KOTOpOM paBeH OTHOIICHWIO CHJIBI TOKa K IUIOHIAJAM IONEPEUYHOI0 CEYCHUS
MIPOBOJTHUKA

]= g k,
rae j — mmotHocts  TOka (Bekrop); | — cuma TOKa, S — CEUCHHUe
MIPOBOJTHUKA
(mmomanp); K — eNMHMYHBI BEKTOp, COBNANAMONIMI IO HAMPABICHHIO C

HaIIpaBJICHUCM JABHIKCHU:A ITOJIOKHUTCIBHBIX HOCHUTEJICH 3apsaa.
Cesa3b niomnocmu moxa co cpedﬂezl CKopocnbvio <U> HAnpaesjierHozco

OBUINICEHUSL 3APANCEHHBIX YACTNUY
j =an(a),
re ( — 3aps] YacTHIBI; N — KOHICHTPAIUs 3apsHKCHHBIX YaCTHII.
3axonwvr Oma

I _ (Pl - (PZ _ U .
a) | = "R R JUIsl OTHOPOJHOTO y4YacTKa IeTH;
rae O — ¢, =U — manpsokenue Ha yuacTke Lenu; R — ero conpoTuBieHue.
_(o-p)te
0) = T — JIJIs1 HEOTHOPOTHOTO yYacTKa IeTH,

rae € — 2JIC ucrtounuka Toka; R — nmojsiHoe conpoTUBIEHUE LETH.

B) | =

— JUTSI 3aMKHYTOM 1IETIH,
R+r

rac R — BHCIIIHEC COIIPOTUBJICHHUC LCIH, ' — BHYTPCHHEEC COIIPOTUBIICHHUC
HCTOYHHKA TOKaA.

r) j= jE — 3akoH Oma B nuddepenimanbaoit hopme, rae | — yAeabHas

IIPOBOJAMMOCTD IIPOBOJAHUKA; E — HAIPSKEHHOCTD JISKTPUUSCKOTO TTOJIS;
] — IJIOTHOCTH TOKA.
Conpomuenenue 00HOpoOH020 nposoonuka R onpenensiercs mo Gpopmyiie:

ol
S

rIe p — YAeIbHOE COMPOTHUBICHHE MPOBOAHMKA, | — ero mimHa, S — IUIOMIAAb
MOINEPEYHOr0 CEUCHMUSI.
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IIposooumocme G nposooHuKa u yoenvbHast nposoOUMOCHD |
G=1: j=1.
R p
Temnepamypnas 3a6UcuMocms y0eibHO20 CONPOMUBNEHUS P ONpeoelsiemcs
KaK:
p=p, - (L+at°),
rae  po — yaensHoe comporusieHne npu 0°C, t° — temmeparypa mo mkaie
Lenbcus, o — TeMnepaTypHblil KO3()PHUIIMEHT CONPOTUBICHUSI.
Conpomueénenue coeOuHeHHbIX NPOBOOHUKOE:

N
a) nociedoeamenbHo R=>'R;;
=1
1 N1
0) napanienvHo —=) —,
R 4K
rae Rj— comportuBienue i-ro npoBogHrKa, N — 9HCIIO IPOBOTHUKOB.

IIpasuna Kupxzoga:
[TepBoe npasmino Kupxroda

N
rac le - aﬂre6paI/IquKa51 CyYMMa TOKOB, CXOIAIIUXCA B Y3JIC,
i=1

Bropoe npasuno Kupxroda

N M
ZL-Ri = ng’
i=1 k=1

N
> 1;R; — anrebpanveckas cyMMa ajieHui HAIPSHKEHUH KOHTYDa;
i=1
M
Y& —anrebpanyeckas cymma 3JIC HCTOYHMKOB, BKIFOYECHHBIX B KOHTYD;
k=1
N — kosm4yecTBO conpoTuBiieHnit KOHTYypa; M — uncno ucrounnkos I/C.
Paboma moka A BeauCHsSETCS TOCIEAYIOMIUM HOpMyIaMm:
2
A=1.U-t, A=IR.t, A= 4
R
rjae t — BpeMs ABMKEHHUSI 3apsI0B 110 TPOBOIHUKY.
Mownocmos moka P MOXHO ONIPEIEIIATh UCIIOJIb3YS BBIPAKECHUS:
2
P-I.U; P=I’R; P=2.
R
3axon [rcoyns-Jlenya nast MOCTOSTHHOTO TOKA!

dQ=1%-R-dt;
Q=12.R-t.
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5.2. Ilpumeps! perieHust 3a1a4

3aoaua 5.2.1. PaccTosiHre MEXIY IByMs TOUYSUHBIMU 3apsiiaMu (; =
IMxKi u g; = - gy paBHo 10 cm. Onpenenuts cuity F, JeACTBYIONTYIO HA TOYSUHBIN
3apan g = 0,1 mxKun, ynanensslii Ha I, = 6 ¢cM OT IEPBOro U Ha I, = § CM OT BTOPOTO
3apsJIOB.

Pewenue. T1o pucyHKy TpEyroJbHUKH PACCTOSHHUM U CUJI ITOI00HBI U
IpsAMOYTONIBHBI (17151 A paccTosiHuii: d 2= r12 +
9, d 9: %, 100 = 36 + 64).

[To npuHIMITY CYTIEPIIO3UIINN CUJIA,
JICWCTBYIOIIIAS HA 3apsi (, ABJISIETCSI BEKTOPHOU
CYMMOM CHJI, IEUCTBYIOIIMX CO CTOPOHBI
3apsiaoB O U Qp, T.€.

F=F+F,

aTtakkak F 1L F,, 10

F=\F® +F’

(1)
Cuna F; — B3aumopericTre 3apsiaa g ¢ gy
OTIPEICIIACTCS
F, = qd; -
dme o1
Cuna F, — B3aumoeiicTBue 3apsaa g ¢ g, OnpeaessieTcst
F,= dq; .
4me 1,

Ioncrasmsist F1 u F, B (1) m yuuTsiBas, 9to (1| = 0|, momyunm

E= qq12 n qq22 _ 9% %Jr% )
4me,r, 4me,r, dme, \'r, T

1 2

ITepeBouM qaHHbBIC B €1uHULIBI cicTeMbl CU
01 =102 = 1-110°Kn, d=0,1m r=006m 1,=0,08m q=0,1-10° Ku.
[ToncraBmsieM qaHHBIC 3371a9 B BRIpOKEHHUE (2) M PaCCUMTHIBAEM CHITY
1.107°.01-10°° \/ 1 1
= +
4.314-885-10"* \36-10* 64-10°*
3aoaua 5.2.2. DneKTpUUECKOE MOJIE CO3/IAHO ITTMHHBIM IIUJIMHIPOM pagrycoM R
=1 cM, paBHOMEPHO 3apsKEHHBIM € JITHEWMHOM TUIOTHOCTHIO 7= 20 HK1/M.
OnpenenuTs pa3HOCTh MOTEHIIMAIOB JABYX TOUEK MOJIsI, HAXOAAITXCS Ha
paccrosHusx a; = 0,5 ¢cM 1 a, =2 ¢M OT TOBEPXHOCTH LWJIMH/IPA, B CPEIHEN €r0 YacTH.
Pewenue. Jng onpenenenns pa3HOCTA MOTEHIIMATIOB UCIIOJIb3YyeM COOTHOIIICHUE
MEX]Ty HANPsHKEHHOCTRIO TIOJIS ¥ TPaIMEHTOM TMOTEHITHAIA.

= 2,87 -10° H.
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E=—grad o.
JU11 CUMMETPUYHOTO TTOJIS,

az TAKUM SIBJISICTCSI TIOJIC 3aPSKEHHOTO
Ial IWIHH/IPA, 3TO COOTHOIICHUE MOKHO
R - S 3aImicarh B BHIC
d
=— d—(P OTCIO/Ia de =—Edr. (1)
[

Wuterpupyst Beipaxkenue (1)

)
O —Pr=— IEdr, )
r

1
rJie I — pacCTOSHUE OT OCU LMJIMHIIPA A0 TOYEK.
Tax KaK TOYKH B3SThl BOJM3U CPEHEN YaCTH JUIMHHOTO IWJIMHAPA, MOKHO
BOCIIOJIB30BaThLCS (POPMYIION HAMIPSHKEHHOCTH MOJIsl OECKOHEYHO JITTMHHOTO
HWIMH]IPA

T
E= :
2me o f
[loncTaBuB 3HaUeHKE HANIPSKEHHOCTU £ B hopmyity (2), momydnm
r
0 0 T 2 dl’ T n I’2
— @ =— — == - 170151
2 1 2TE 0 r 21E 0 I’l
rl
T I
Gy =Py = In-—=. 3)
2re, N

[TpousBenem BBIYUCICHUS, YUUTHIBAs, 4TO Ii=R+a;, ,=R+a, u nepesens
JaHHEIE 3a1a44 B equHuIbl CU

-8 ) 4
_ 2-10 In 3-10° _ 2-10 2 =2508 .
6,28-8,85-10712  1,5-107> 628-8,85

3aoaua 5.2.3. ]JIBe KOHIIGHTPUYECKHE ——.
MeTaJUInYecKue cepbl paanycaMmu Ri=6 s
cM, R, = 10 cM 3apskeHBI ¢ TTOBEPXHOCTHBIMH 7 \
MJIOTHOCTSIMU 3apsiia Gy U G, . HanpsokeHHOCTh \
HoJis B TOYKE Ha paccrosHuu r = 15 cm or | »
nentpa cdepsl paBHa 200 B/m. Onpenenutsb ]'1 I}
3apsiz BTOpOii cepsl, ecin o7 = 22 HKi/M. A % /

Pewenue. JIns pemenus 3aga4yu NIpuMEHUM ~ ey
teopemy OcTtporpanackoro ["aycca.

S %)

N
fEdS=2Yq;, 1)

€0i=1
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I7ie JIeBas 4acThb YPaBHEHMS, 3TO IOTOK BEKTOpPA HAINPSKEHHOCTH, PAaBHBIN
UHTETpaly IO 3aMKHYTOM TMOBEPXHOCTH OT MPOU3BEACHUS MPOCKIUU
HaIpsKEHHOCTH MOJIS B TAHHOM TOYKE Ha 3JIEMEHT [ 'ayccoBOM MOBEPXHOCTH,

a mpaBasi, 9TO aJiredpanyeckas CyMMa 3aps/ioB, HaXOAMXCsl BHYTpHU ['ayccoBoii
MTOBEPXHOCTH.

[ToBepxHocTh ["aycca omkHa ObITH MHTETpUpYEMast, CAMMETPUYHAS UCTOYHUKY
TOJISL ¥ IPOXOAUTH YEPE3 TOUKY, Ul KOTOPOM OIPEENIAETCS HATPSHKEHHOCTb.

B nanHOM 3a1a4e yepes TOUKy, Uil KOTOPOM HAINPSKEHHOCTh U3BECTHA.

DTHM yCIIOBUSAM COOTBETCTBYET cdepa, IIEHTP KOTOPOU COBIAIAET C IIEHTPOM
KOHIICHTPUYECKUX 3apsHKCHHBIX chep, mMerorast paauyc 15 cu.

Tak kak HampsHKEHHOCTHh TOJS B KaXIOH TOYKE 3TOM c(hephl MOCTOSHHA U
COBIAJAECT C HOPMAJbIO K TMOBEPXHOCTH, TO MCKOMas HampsbkeHHocTh E = E,
=const.

[Tocne unterpupoBanus ypasHenus (1), noayuum

Es=%*% ®)
€0
OTCIOIa d,=E-S-¢g5—0qy , (3)

rae S — mwiomans moBepxXHOCTH I'aycca, paBHas S =4nr?; (y — 3apsa Ha cdepe ¢
pagmycoM [y, paBHBIH ¢, = o, -S| (01 — IUIOTHOCTH 3apsina, S; — IUIONIAb EPBOI
cdhepsr, paBHast 41R?y).

[loncraBum B ypaBHenue (3) miomiaas nepBoii cepsl u ['ayccooit
MIOBEPXHOCTH, IOTy4YUM

q, =E-4nr?-g, — o, - 4nRZ.

[ToncraBuMm B mocnenHee ypaBHEHUE OaHHbIE 3a1aund B enauHunax CHU u
paccuuTaem
g, =200-4-3,14-225-10%-8,85-10"2 - 22-10°-4-3,14:36-10™
g2 =—0,5 uKn

3aoaua 5.2.4. JIsa Toueunsix 3apsaa (; = 6 uKn u ¢, = 3 uKn naxonsarcsa nHa
paccrossaun d = 60 cM apyr ot apyra. OnpeneianTbs pabOTy BHEIIHUX CHJI MPH
YMEHBIIIEHUHU PACCTOSHUS MEXKTY 3apsiiaMH BIBOE.

Q1 02,02 02,01

@ SY 9
P

- r >
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Pewenue. Tlomoxum, 4To TEpBBIM 3apsig (; OCTAETCA HEMOJBUXHBIM, a
BTOPOM 3apsij Jp MO ACHCTBUEM BHEIIHUX CHJI MIEPEMEIIAETCS B T0JIE, CO3IaHHOM
3apsAIOM (p, MPUOIIKASICH K HEMY.

PaGora A’ BHEIIHHMX CHJI IO TIEPEMEILCHUIO 3apsia (p W3 TOYKH 1, MOTEHIIHA
KOTOpPOM @; B TOYKY 2, TMOTEHUHAT KOTOpPOM (p, paBHA IO MOAYIIO U
IIPOTUBOIOJIOXKHA 0 3HAKY paboTe A ChJI MOJS MO MEePEMEIICHHUIO 3apsaa MEXIy
THUMH K€ TOUYKAMHU

A'=-4.

Pa6ora cunm TONS OmpemensieTcs cooTHomeHueM A = g,(¢p; — @,), TOrMa

paboTa BHEIIHUX CHJI MOXKET OBbITh 3allicaHa

A =0y (@1 —02)=02(02 — 1) (1)
[Totenmman Touek 1 u 2 BeIpaszsaTcs GopmyaaMu
R __ 4
P1 dre Orl , 2 Are 0r2 .

[ToacTassist BeIpaKeHU JJIs1 TOTEHIIUATIOB (1 U (2 B popmyity (1), morydaum

A = G % |_%-9fl 1
47[80 r2 47[80 I’l 47'580 r2 rl

(2)

ITepeBoaum nanubie 3aga4yu B cuctemy CHU (; = 6-107° K, (p = 3.10° k.

=9.10° WD d=r,=0,6 M, T, =%=o,3M ,

VYyrem Takxke, 4To
4re

MOJICTABJISIEM B KOHEUHYIO0 popMyity (2) U, BRIUUCISSA, HAHAEM

A=9.10°-6-10°.3.10°. L - L ~2,7-107" JTx.
03 06

3adaua 5.2.5. Dnextpon co ckopocteio v = 1,83-10° m/c Bumeren B
OJTHOPOJIHOE JJIEKTPUYECKOE T0JIE€ B HAIPABICHUHU, MPOTUBOMOJIOKHOM BEKTOPY
HanpspkeHHocTH Toisi. Kakyro pasHocTh moTeHmmanoB U momkeH mpouTtu
ANIEKTPOH, 4TOOBI obnanath sHeprue £ = 13,6 sB? [Onekrpon-BosibT (BB) —
DHEPrus, KOTOPYI NMPUOOpETaeT 4YacTUla, HEeCylas 3JIEMEHTAPHBIN 3apsan T. €.
3apsij AIEKTPOHA M IIPOIIeAIIas pa3HOCTh NoTeHuanos 1 B].

Pewenue. IneKTpoH B MOJE AOJDKEH MPOUTH TAKyIO Pa3HOCTh MTOTEHLIHUAIIOB,
4yTOOBI TIpHoOpeTeHHass UM sHeprus W B cymme ¢ HadaJllbHOW KHHETHYECKOU
SHepruei Wk0 cocTaBujIa 3Heprumo E, T. e.

W

w, + AW
0

(1)
Kunernueckast sHeprus 2JeKTpoHa paBHA

2
YL
2
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rac M — Macca QJICKTPOHA, UV — C€r0 HavaJlbHasAa CKOPOCTbD. 3HepFI/I$I,
HpI/I06peTeHHaSI B ITI0JIC, BBIPAXKACTCA COOTHOICHUCM

AW =e-U,
rac e — 3apsaJ 3JICKTPOHaA.

[ToncraBnsem BeipakeHus i T u W B ypaBHenue (1), moayuaum dhopmyiy,
2

2
13 KOTOPOH clieayeT KoHedHas (hopmyIia:
2
U 2W —mv .
2e

Brruucnenus npousBoauM B eauHunax ClM m = 9,1:103 kr, e = 1,6:10™" xu,
v=1,86-10°m/c, E=1,6-10"°-1.B = 1,6-10™"° [Ix ~ 4,15 ¢B.
[IpousBeas BEIYUCICHUS, TTOTYUYUM
U=4,1B.

3aoaua 5.2.6. Pa3HOCTh TOTEHIHMATIOB MEXIYy IJACTHHAMHU TMJIOCKOTO
kouaeHcatopa U = 280 B. Ilmomane mmactua S = 0,01 MZ, MMOBEPXHOCTHASA
IUIOTHOCTB 3apsia Ha IIacTuHax ¢ = 495 aKn/m. Onpenenute HANPSHKEHHOCTD £
HOJsl BHYTPH KOHJCHCATOpa, paccrosHue 0 Mexay IwiacTHHamu, emkocth C
KOHJeHcaTopa, fHepruto W KoHJeHcaTope, cuily HOpuUTsKeHuss F  1actun
KOHJICHCATOopA.

Pewenue. 1. HanpspkeHHOCTD 1MOJIS BHYTPH KOHJAEHCATOPA ONPENENSETCs 110

]
dbopmyie E=—.
880
B 3agade He cka3zaHO O cpejfie BHYTPH KOHJEHCATOpa, IpearojiaraeM, 4To
KOHJICHCATOp BO3AYIIHBIM W Torma € = 1, MepeBOAUM IUIOTHOCTH 3apsga B
eqnuHuIbl cucteMbl CU o = 495.10° k11/M? 1 BBIUKCIIEM
495.107°
E=————=559-10°~56-10" B/m
8,85-10

-12
(g0 — pyekTpUUecKas MocTostHHAs, paBHast 8,85-107° m/D).

2. Paccrosuue Mmexay miactuHamMu O HalaeM W3 COOTHOIICHUS MEXKITY
HanpsbkeHrueM U 1 HanmpsKeHHOCTRIO E.

U U
E=—, oxyma d=—,
a o E

IMOACTAaBJIsICM AAHHBIC K PCIIACM

d =AO4 =50.10"* =5.10"3 um.
5,6-10
3. EMKOCTb MJIOCKOT0 KOHAEHCATOpAa MO OMPEACICHUIO paBHa
c o S
d
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HOI[CTaBJISIeM JAaHHBIC 3a/1a41 1 OIPCACIISACM
co 8,85-1072.0,01

5.107°
4. DHeprus MmI0CKOTO KOHAEHCaTopa onpeesieTcs o gopmyiie

Cu*?
=

HOI[CTaBI/IM HCXOOHBIC NAHHBIC U ITIO0JIYUYUM

_1,77-107**.(280)°

=177-10" .

W =

W =6938-107° ~ 7-107" JIx.

5. Cuity B3aUMOJEHCTBUS MEXKy INIACTUHAMH MOYXHO PacCMaTpUBaTh KaK
JEWCTBUE TIOJIS1 OJTHOM IIJIACTUHBI HA 3apsij] IPYyTrOU IUTACTUHBI, TO €CTh
F=q-E,
rne ( —3apsa] OJHOU IUIACTUHBI, paBHBIA ( =G- S,
E; — HampsyKeHHOCTb IIOJISI OJHOM IUJIACTUHBI, paBHAs IOJOBHUHE
HaIIPSHKEHHOCTH T0JIsI KOHAEHCATOopa.
[loncTaBuB JaHHBIE, TOIYYUM:

5,6-10%

F=c-S-§:495-10_9-0,01- ~14-107*H.

MoxHO paccuuTarh CUIy B3auMojaeucTBUsS 1o cootHomieHutro W u F s
OJIHOPOJHOTO T0JIs (I0JIe BHYTPHU KOHJIEHCATOpa OJHOPOIHO)

W
Fl==
d
[Tocne noacTaHOBKY TAHHBIX MOJIYYUM
7-1077 4
‘F‘=—_3=1,4'10 H
5-10

3aoaua 5.2.7. K OGarapee axkkymynstopoB, 3JIC koropoi paBHa 2 B u ¢
BHYTPEHHHUM conpoTtuieHueM I = 0,5 Owm, npucoenHeH NpoBOAHUK. OnpenenuThb
compoTuBJIeHNE R TPOBOJHWKA, TPU KOTOPOM BBIJETsieMas B HEM MOIIHOCTh
MaKCUMaJIbHa U BEJIMYMHE ITOU MOITHOCTH.

Pewenue. B 3aMKHYTOlN LIETIHM MOILHOCTb, BBIJEISIEMAasi HA BHEIIHEM y4acCTKe
MO>KHO PaCCUHMTATh 110 YPABHEHHIO

R
P:|~U=|2R=82-—2, (1)
(R+r)
o e
TaK KaK TOK B TaKOU L CIIU paCCIII/ITBIBaeTCH I10 SaKOHy OMa I = R .
tr

Jns  pacuera MakCUMaldbHOW  MOUIHOCTH, HYXHO ypaBHeHue (1)
npoauddepenpoBaTh o R, NpUpaBHATH MOJTYYEHHOE BBIPAXKEHHE K HYIIO, TO
€CTh UCCJIEIOBATh (DYHKIIMIO HA SKCTPEMYM
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P r r2 _R2
dR (R+r)
U3 ypasrenus (2) cimeayer r> = R® wm R = r , Takum oGpasom,

MAaKCHUMAJIbBHYI0O MOIIHOCTH HAa BHCHIHCM Y4YACTKC HOCIIM MOXHO IIOJIYUYHUTH IIpU
yCJ10BHUH, CCJIA

=0 (2)

Pmax =7.

CnenoBarteibHO, BHEIIIHEE COTNPOTUBJICHUE  PaBHO BHYTPEHHEMY
COTNPOTUBRJICHUIO UCTOUYHUKA TIPHU Ppay. Y3 yenmoBust 3amaun Rp s, = 0,5 Om.
DTO ypaBHEHHE T0JicTaBIsieM B ypaBHeHUE (1)

Prax =g’ Re mex 2
(RP max T r)
H I10J1y4acm
0,5
P _=4. > __2Br,
e (05+05)

3aoaua 5.2.8. Tpu conporuBienus R; =
50M, R, =10 OM 1 R; =3 Om, a Tak ke
ucrounnk Toka ¢ OJC & = 14 B
COCIIMHEHBI, KaK IMOKAa3aHO Ha PHCYHKE.
Onpenenuts I/1C HCTOYHMKA TOKA, KOTOPBII
HAJI0 BKJIFOUYHTH B IIEMb MEXKIY TOYKaMU A U
B, tak yToOBI yepe3 compoTuBieHue Rz mmen
Tok cwioit | = 1 A B HampaBieHuu,
YKa3aHHOM CTPEJIKOM. BryTpeHHNM
COMPOTHUBJICHUEM UCTOYHUKOB TOKA MPEHEOPEUb.

Pemenue. Omnpenenum HEU3BECTHBIC BEIMYUHBI C TOMOIIBIO TMPABHII
Kupxroda. Beibepem HampaBieHus: TOKOB U 00X0/1a KOHTYpa 10 YaCOBOM CTpEJIKE,
KaK ToKa3aHO Ha pucyHke. B cxeme — nBa y3na C u D. [lo nmepBoMy 3akoHy
Kupxroda 3anuiem ypaBuenue ais yzna C

|1—|—|2:O. (1)

[Ipn cocTaBiaeHUMM STOr0 ypaBHEHUS COONIOAAETCS MPABUIO 3HAKOB: TOK,
MOAXOJSAIINNA K Y37y, BXOJUT B YpaBHEHHE cO 3HAKOM IUItoC (l1), TOK, oTXOasui
OT y371a — co 3HakoM MuHyc (I u 1,).

[Tpu cocTtaBneHun ypaBHEHUH 1O BTOpoMy 3akoHY Kupxroda cobmonarorcs
CJIEIyIOLIME TpaBuiia 3HAKOB:

a) eciad TOK IO HAaIpaBJICHUWIO COBNAAAET C BBIOPAHHBIM HANpaBICHHEM
obxozna
KOHTYpa, cOOTBeTCTBYIOIIee npou3BeaeHue (I-R) BXOIUT B ypaBHEHHE CO 3HAKOM
IUTIOC, B TIPOTUBHOM ciy4ae npousBencHue (I-R) BXoIUT B ypaBHEHUE CO 3HAKOM
MUHYC;
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06) ecim 3JIC mpu o0xome KOHTypa IO BbIOpaHHOMY HampaBlIEHUIO
OPUXOJUTCS MATH OT MHUHYCa K IUIIOCY BHYTPM HCTOYHHUKA TOKa, TO
coorBeTcTBytomass 3/IC BXOAUT B ypaBHEHUE CO 3HAKOM IUIKOC, B IPOTUBHOM
cllydae — CO 3HaKOM MHHYC.

B nanHoO#l 3amade Tpu HeusBecTHBIX |y, |3 u DJIC BTOpOro mcrouHuka &,
MO3TOMY K ypaBHEHHIO (1) Hy>KHO JOOaBUTH €I1lle JBa yPaBHEHMUS.

Bribepem nBa kontypa CABDC uepes conporusnenue R; u koutyp CABDC
yepes conpoTuBiieHue R;.

Cnenyss mnpaBwiaM HAlWUCaHUs YpPaBHEHWW, 3aluilieM JUuis BbIOpaHHBIX
KOHTYPOB CJIEAYIOLUE YPaBHEHUS:

IRz~ 1R, = & (2)
I'R3+ 1Ry =€ + & (3)
PemtuM coBMeCTHO TpU ypaBHEHUS:
l-Ry—
u3 ypaBHeHus (2) Haiiiem I, = ;—82’
2
+e,—1-R
u3 ypaBaenus (3) Haitnem |y = ot SZR 3,
1
nojctaBuM B (1) u momydum:
81+82—| R3_| _IR3—82 _0
Ry R, '

[TocnenHee ypaBHEHHME PEIIMM OTHOCHUTEIBHO €, C MOJCTAHOBKOW JaHHBIX
3aJa4M ¥ MOJy4YuM 3HaueHue HenspectHou JJ{C, paBHou €, = 5,4 B.

5.3. KonTposabHasi padora Ne 2,
duaexrTpocraTnka. [IoCTOSIHHBIN 3JIEKTPUYECKHI TOK

Jlyst momyyeHus BapuaHTa 3aJjaHus, HOMEPOB 3aJ1ay M0 KOHTPOJBHOM padoTe
Ne 2 HeoOxoarMO 00paTUTHCS K BEAYIIEMY MPETOoaBaTelIIo.

1. Paccrosaue Mexay 3apsaamu (; = 105 K u g, = — 50 uKn pasro d = 10 cwm.
Onpenenuts cuiny F, aerictByrornyro Ha 3apsia (s = 1 MK, oTcrosmmii Ha r; = 12

CM OT 3apsiia g v Ha I', = 10 cM oT 3apsna Js.

2. Toueunsie 3apsiaet ; = 10 MxKi, g, = -6 MxKin Haxonstcest Ha paccrosiaun a = 10
CM JipyT OT apyra. OnpenenuTh HanpsHKCHHOCTD TI0JIS B TOUKE, YIAJICHHOW Ha I =
5 ¢M OT mepBoro u Ha I; = 4 cM OT BTOporo 3apsaa. OnpenenuTh TakkKe CUITY,

JICMCTBYIONIYIO B 3TOM TOUKE HA TOUEUHbIN 3apsan = 1 MxKo.
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3. Ba mapuka maccoit m = 0,1 T KaK7pIii TIOJBEIIICHBI HA HUTIX, BEPXHUE KOHIIBI
KOTOPBIX coenuHeHbl BMecTe. [ymHa kakmnoit uutu | = 6 cM. Kakue omuHakoBbIe
3apsi/ibl HAJI0 COOOIIUTH MIapHUKaM, YTOOBI HUTH PAa30IUIUCh Ha yrodl o = 60°7
Kak wm3MeHuTcssi yrom o ecid JJIMHY HUTH YBEJIMYUThH B JBa paza. OTBeT

000CHOBaTh. BBIMOIHUTH pHC.

4. Tpu oqMHAKOBBIX TOYEUYHBIX 3apsiaa (; = (2 = Oz = 4 HKi HaxonsTCs B BEpIIMHAX
PaBHOCTOPOHHETO TPEYTOJbHUKA CO CTOPOHAMH @ = 5 cM. OmpenenuTb MOAYNb U

HarpaBJieHHe CWibl F, JeHCTBYyIOIIEH HAa OIMH W3 3apsOB CO CTOPOHBI JIBYX

JIPYTUX.

5. JlBa OOMHAKOBO 3apsHKEHHBIX IIApUKa IOJABEHICHBI B OJHOM TOUYKE HAa HUTSX
OJMHAKOBOM JUIMHBL. [Ipy 3TOM HUTH pasonumMch Ha yrou o. Kakosa IoTHOCTB p
Maciia, €CIM YroJl PacXOKICHUS HUTEW IIPU IOTPYKEHUMM B MAaClIO OCTaeTCs
Heu3MeHHbIM?  [IMOTHOCTP  Marepuasia IIAPUKOB Py = 1,510°  xrAvd,
JMRJIEKTPUYECKAst IPOHUIIAEMOCTh Macia € = 2,2. Kak U3MEHHMTCS yroil o eClu

MJIMHY HUTH YBCJIMYUTD B JIBA pa3a. OtBeT 000cHOBaTh. BEIOIHATE puc.

6. UYersipe oauHaKoBbIX 3apsina J; = (2 = (3 = (s = 50 MKi1 3akperieHs! B BepIMHax
KBaJ[para co cropoHoi @ = 10 cm. Onpenenuts cuity F, TeHCTBYIOIYIO Ha OJIUH U3

9THUX 3apsAd0B CO CTOPOHBI TPEX OCTAJIbHBIX.

7. 3apsbkeHHass OCECKOHEYHas IUIOCKOCTh C TOBEPXHOCTHOM

IIOTHOCTBIO 3apsina o = 30 wMxKwm® pacmonokena A

s
a ¥

BEPTUKAIBHO. OHOMMEHHO 3apsHKEHHBIN IIAPUK C MACCOM M =
0,5 r m 3apsimom = 15K oiBeTIeH Ha HUTH K TIOBEPXHOCTH.

Kakoii yron o ¢ miockoctsio AA obpasyer HHTb, Ha KoTopoit A

BUCHT Mmapuk? Kak HM3MEHHMTCS yron o €ciii JUIMHY HUTH

YBEJIMUUTH B JiBa pa3za. OTBET 000CHOBATb.

8. Onpenenuth cuiny F 37E€KTPOCTATUYECKOTO OTTAIKUBAHMS MEXKIY SAPOM aroma
HaTpus 1 OOMOAPIUPYFOIIUM €T0 TIPOTOHOM, CUMTAS, YTO TIPOTOH ITOIOMICIT K S/APY
aToMa HaTpust Ha paccrosame I = 7-10™* M. Sapsix sugpa Hatpust B 11 pas Goibire

3apsa MpoToHa. BimsHueM 371eKTpOHHOM 000JI0YKH aToMa HaTPpHsl TPeHEOpeyb.
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9. Jlpa Toueunsix 3apsa (; = -50 HKn u g, = 100 5K HaxomsTcst Ha paccTosiHuu d =
20 cm apyr ot apyra. Onpenenuts cuity F, neiictByroniyto Ha 3apsf s = —10 uKo,

y,HaHGHHLIﬁ OT 000MX 3apAI10B Ha OJMHAKOBOC PACCTOSHUC, pABHOC d.

10./Ipa mapuka OJMHAKOBBIX Palyca M MAcCChl MTOJIBEIICHBI HA HUTSIX OJUHAKOBOU
JUIMHBI TaK, YTO UX MOBEPXHOCTH compukacarotrcs. [locie coolieHus mapukam
3apsina (o = 0,4 MxKJ1 OHM OTTONKHYJIMCH IPYT OT JApyTa U pa3oluIiuch HA Yroia 20
= 60°. OnpenenuTh Maccy M KaXIOro MIApUKa, €CIM PACCTOSHUE OT IEHTpPa

IIapyKa J1o Touku moaseca | = 21 cm.

11. Paccrosurie d Mexay ABymMs TodeuHbIMH 3apsgamu (; = 3 vHKn m
g2 = 4 vKn paBHo 60 cMm. Ompenenuts TOUKY, B KOTOPYHO HYKHO IIOMECTUTH
TpeTui 3apsn (s Tak, YTOOBI CHCTEMa 3apsAlOB HAaXOJWJIaCh B PABHOBECHU.
Omnpenenuts 3apsiqi (3 U €ro 3HaK. YCTOMYMBOE WM HEYCTOMYMBOE Oyer

paBHOBecHUE?

12. DnexTpuyueckoe Nojie co31aHo AByMsI ToueuHbIMU 3apsaaMu (; =10 uKnu ¢, = —
20 vKun, Haxomsumwmucs Ha paccrosiaud d = 20 cMm npyr ot apyra. OnpeneniTsb
HaINpPsLKEHHOCTD £ 1 TOTEHIMAT (P TTOJISI B TOUKE, YAAUIEHHOW OT MEPBOTO 3apsia Ha

1 =30 cm u ot BTOporo Ha I, = 50 cm.

13. Paccrosiarie d Mexay ABYMsI TOUCUHBIMH TOJIOKUTEIBHBIME 3apsiaamMu (; =9 q u
0z = g paBHO 9 cM. Ha xakoM paccTostHUHM I' OT TIEPBOTO 3apsiaa HAXOIUTCS TOUKa, B
KOTOPOM HaNpsHKEHHOCTh £ TOJIA 3apsA0B paBHA Hy0? UeMy paBeH NMOTEHIMAI

3apsiioB B ATOW TOYKE?

14. DniexTpudeckoe TOJi€  CO3/aHO JBYMS OCCKOHEUHBIMH  MapauIeIbHBIMU
TUTACTUHAMH, HECYIIIMMH OJTMHAKOBBIN PABHOMEPHO pacIpeeIEHHBIHN 1O TUIOIIA M
sapsan (6 = 2 HKJI/MZ). Onpenenute HanpsokEHHOCTH E momst: 1) Mexmy
TUTaCTUHAMK;, 2) BHE TuiacThH. [locTponTh Trpadmk W3MEHEHHsS HANpPsSHKEHHOCTH

BAOJIb JIMHUU, HepHeHHHKYHHpHOﬁ IJ1aCTHUHAaM.

15. Tlone co3mano ToweunbM 3apsiioM ( =/ HKi. Onpenenuth noTeHIMan ¢ U

HaNpsLKEHHOCTH £ TOJIS B TOUKE, YAAIEHHOM OT 3apsiia Ha paccTosiaue I = 20 cm.
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16.ITo GeckOHEYHO IIMHHOMY MPSIMOMY IPOBOIY,

HN30THYTOMY TaK, KaK IIOKA3aHO Ha PHUCYHKC,

0
tedyer ToKk | = 3A. OmnpenenuTs MarHUTHYIO
WHIYKITUIO TTONsl B Touke O, eciu I = 20 cM™ .
17. 3apsaet 7 = 1 MxKn u @ = -1 wmxKn Haxomstcs Ha paccTosiHUM

d = 11 cm. OmnpenenuTh HaNPsHKEHHOCT, £ M TOTCHIMAT (0 TOJS B TOYKE,
yAAEHHOW Ha pacctosHue I = 10cM OT mepBoro 3apsia u Jexalled Ha JIMHUM,

MIPOXOSILEH Yepe3 MEPBbIN 3aps/l MEPIEHINKYIIIPHO HAMIPABJIEHUIO OT (1 K .

18.beckOHEUHO JJIMHHBIA TOHKHI IPOBOJTHHUK
c TokoMm | =5 A umeer u3rub paauycom R
= 11 cm.  OnpenenuTs  HHIYKLIHUIO R

MarHUTHOTO 10JIg B Touke O.* I

19. Tlone co3maHo AByMsI TOYEUHBIMHU 3apsiiaMu +2 ( U — (], HAXOMISAIIMMHUCS Ha
paccrosiauu d = 15 cMm apyr ot apyra. HalTi TOUky Ha MpsSIMOH, COCTMHSIOIICH
3aps/Ibl, B KOTOPOU MOTEHITHAI ¢ TOJISt paBeH HyJ 0. OnpenenuTh HapshKEHHOCTD

E 1ons B 3TOM TOUKE.

20. JlBe mapautenbHbIC 3apsHKCHHBIC TUIOCKOCTH, ITOBEPXHOCTHBIE IIOTHOCTH
2 2

3apsaa KoTopeix 61 = 2 MKKi/M™ 11 6, = — 0,9 MxKi/M®, HaxomsTCs Ha pacCTOSTHAN

d = 0,6 cMm apyr ot apyra. OmnpeneianTh pasHOCTh MOTEeHIUaAIoB U MEKTy

INIOCKOCTSMMU.

21. B BepmmHax KBagpara co CTopoHO a = 10 cM HaxomsaTcs 3apsiibl
01= 02 = g3 = g4= 10 MxKi1. Onpenennte HanpsHKEHHOCT £ M MMOTEHUIMA (P TIOJIA,

€031aBacMOI’o 3TUMHU 3apsiJaMi B ICHTPC KBaapara.

22. Toueunsie 3apsiapl J; = 3 MK u (; = 6 MK Haxomsrest Ha paccrosiauu d = 10
CM JIpyT OT Apyra. OnpenenuTb HanpsHKEHHOCTh £ U MOTEHIMA @ TOJIS B TOUKE,
yIaJIeHHOW OT MEpBOro 3apsijia Ha pacCTOSHUM I = 8 CM, a OT BTOPOro —Ha I, =5

CM.
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23. 3apsii paBHOMEPHO pacrpeniesieH Mo OeCKOHEYHOH TUIOCKOCTH C TIOBEPXHOCTHOM
2

wioTHocThi0 6 = 10 HKi/M®. OnpenenuTs pa3HOCTh MOTEHIMAJIOB JABYX TOYEK

TOJIs, OJTHA M3 KOTOPBIX HAXOAMTCS Ha IJIOCKOCTH, a Jpyras yAajieHa OT Hee Ha

paccrostaue a = 11 cm.

24. Ha werammmyeckoil chepe pammycom R = 10 cm HaxomguTcs 3apsn
q = 2 aKi. Onpenenuts HAMPSHKEHHOCTH £ 3JIEKTPHYECKOro Mol B TOYKax: 1) Ha
paccTosiHuM I'; = 8 cM OT LieHTpa cepbl; 2) Ha ee MOBEPXHOCTH; 3) Ha PacCTOSHUU
I, =15 cm ot nentpa cdepsl. [loctpouts rpaduk 3aBUCUMOCTH HANIPSHKEHHOCTH £

OT PacCTOSIHUA I.

25. [psimoit MeTammyeckuii crepkeHb quamerpoM d = 5 e u uymHoi | = 4 M Hecet
PAaBHOMEPHO pacHpeleNeHHbll Mo ero mnoBepxHocth 3apsaa ( = 500 vKo.
OnpenenuTh HaPSHKEHHOCTH £ 10JIs B TOUKE, HaXoAsuIencs Ha paccTosHuu I = 1

CM OT €TI0 IIOBCPXHOCTH.

26. JIBe KOHIIEHTPUYECKHUE METAUIMIECKHE 3apsbKeHHbIC cephl paauycoM R; = 6 cm
u R, =10 cM HecyT cooTBeTcTBEeHHO 3apsapl (3 = 2 BHKm1 m g = — 0,5 =K.
OnpenenuTh HANPSHKEHHOCTh £ 3JIEKTPHUYECKOTO TOJIST B TOYKAX, OTCTOSIIMX OT
1eHTpa cep Ha paccTosHUsIX =5 cM, I; =9 cM u I3 = 15 cm. [loctpouTs rpadux

3aBUCUMOCTH HAIIPAKCHHOCTH Eor paccTosHus I

27. B Bakyyme 00pa30BaJOCh CKOILICHHME 3apsoB B (POpME TOHKOTO JIJTMHHOTO
IWJIMHApa paaunyca R ¢ mocTosHHON OOBEMHOW IJIOTHOCTBIO p. Onpenenutb
HaNpsHKEHHOCTh E AJIEKTPUYECKOr0 MOJIsl B TOUKAX, OTCTOSIIIMX OT OCH IMJIMHIIPA
Ha paccTosHusIX 1 < R u rp, > R. Iloctpouts rpaduvk 3aBUCMOCTH HANPSKEHHOCTH
E ot paccrostHus I

28. beckoHEUHO JIMHHAS TOHKOCTEHHAs MeETaumdeckas TpyOkKa paamycoM
R = 2 cMm HeceT paBHOMEPHO pAaCIpeAeNCHHbIA M0 MOBEPXHOCTH 3apsia 6 = 1
HK1/M*. OnpeenuTh HAMPSKEHHOCTD E TOJIs B TOYKAX, OTCTOSIIAX OT OCH TPYOKH
Ha pacctosHUsIX I = lem u I, = 3cMm. [loctpouts rpaduk 3aBUCUMOCTH
HaNpsHKEHHOCTH £ OT paccTosiHuUA I

29. CrionHOM HEenpoBOAIIMN map paguycoM R oOmamaer 3apsaoM (, KOTOPbIH
pPaBHOMEPHO pactpenesieH o oobemy. OmnpenenuTh HanpsbKeHHOCTh IMOJIST B
TOYKaX, OTCTOSIITNX OT IIEHTPa Ha paccTosiHUAX Iy < R u I, > R. Tloctponts rpaduk

3aBUCUMOCTH HAIIPSKCHHOCTH Eor pacCcTostHuA I
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30. /IBe mmMHHBIE TOHKOCTEHHBIE KOaKCUallbHbIE TPYOKHU paaunycamu Ry =2 cmu R, =
4 cM HecyT 3apsibl, PaBHOMEPHO paclpesesieHHbIe MO JUIMHE C JIMHEWHBIMU
wioTHocTsIMH T1 = 1HKI/M 1 1, = — 0,5 aKi/m. [IpocTpancTBO Mexmy TpyOKaMu
3amoHeHo 300HUTOM. OTMpefenuTh HAMpsHKEHHOCTh FE TONsd B TOYKax Ha
paccrosiHusIX OT ocu ' = 1 e, I, = 3 cm u I3 = 6 cMm. Tloctpouts rpadux

3aBUCUMOCTH HAITPAKCHHOCTHU Eor paccTosHuA I

31. [llapoBoii cioii, paBHOMEPHO 3apsHKEHHBINA MO0 00beMY € MOCTOSTHHOM 00BEMHOM
moTHOCTHIO p = 1 HKI/M®, nMeet BryTperHmii paguyc Ry = 4 oM 1 BHeumHwmii R, =
ScMm. OnpenenuTts HanpsHKEHHOCTh E 3IIEKTPUYECKOro MOl B TOUKAX, OTCTOSLIMX
OT LIEHTpa IIApOBOI0 CJOS HAa PacCTOSIHUAX I = 2 ¢Mm, I, =4 cMm U I3 = 6 oM.

HOCTpOI/ITI) I‘pa(bI/IK 3daBUCUMOCTH HAIIPAKCHHOCTHU Eorr.

32. Ha 1ByX KoOakCHabHBIX OCCKOHEUHBIX IIMIMHApax pamuycamd R u 2R
PaBHOMEPHO pacHpeieeHbl 3apsi/ibl ¢ TTOBEPXHOCTHBIMH IUIOTHOCTSMHU G; M O.
OnpenenuTh HAIPSDKEHHOCTD B Tpex ciiydasx: a) F <R; 0) R<r>2R;B)r>2Ru
yKa3aTh HAIIPaBJICHUE BEKTOpa HampspKeHHOCTH. [IpuHATh 07 = — 2 6; 6, = O, T
6 =60 HKi/M’,

HOCTpOI/ITI) rpa(bmc 3aBUCUMOCTH HAIIPSKCHHOCTHU Eor paccTosHus I

33. B Bakyyme 00pa3oBajoch CKOILJICHUE 3apsiioB B (popme mmiapa ¢ paguycom R = 10
CM. 3apsii paBHOMEPHO pacrpeiernieH o 00beMy ¢ 00BEMHOM IIOTHOCTBIO p = 2
aKi/M®. Onpenemnts HanpsoKeHHOCTs E 9IEKTPOCTATHYECKOTO IMONS B TOYKAX,
HAXOJISIIUXCSA Ha PACCTOSHUAX: a) 1 = 6¢M; 0) I, = 10cMm; B) I3 = 12¢m.

[TocTpouTh rpaduk 3aBUCUMOCTH HAMPSHKEHHOCTH £ OT pacCTOSIHUSA I

34. JIpa MeTayuTM4ecKuX mapuka paguycamu R; = 6 cm u R, = 10 cm HecyT 3apsms Oy
= 40 uKin u g, = — 20 vKn coorBercrBenHo. Onpeaenuts sHepruto W, xotopas

BBIACIIMTLCA IIPH pa3paac, CCJIM Miapbl COCAUMHNUTD ITPOBOJHUKOM. BremomHuTh puc.

35. DrekTprueckoe ToJie CO3[aHO 3apsHKEHHBIM TPOBOJIIMM IapoM paauyca R,
noteHIan kotoporo ¢ = 305 B. Onpenenuts padboTy CHIT MOJIS TIO EPEMEIICHUIO
3apsana = 0,2 MxKit u3 Touku 1 Haxosiencs: OT MOBEPXHOCTH 11apa R B TOUKY,

YIAIEHHYIO Ha paccTosiHue 2R. BbImomHUTE puc.
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36. DnexTpuyecKoe noJje CO3JIaHO 3apsiiamMu i
g = 2 MxKin u Q; = -2 mxKi, Haxogsummucs Ha 2a
pacctosHuu a =11 cm Apyr oT aApyra, OIpPENETUTbH ql@
paboTy CHIJI TIOJISA, COBEpIIaeMYIO0 TIPH IEPEMEIICHUM i
zapsaa q = 0,5 MxKot u3 Touku 1 B Touky 2. 1 q a

37. DneKTpruyecKkoe TMOoJIe  CO3[JaHO  TOYEYHBIM  MOJIOKUTENLHBIM  3apsiioM
01 = 6 HKu. ITonoxutenbHblil 3apsn O, IEPEHOCUTCS U3 TOYKUA | 3TOTO Mojis B
Touky 2. OnpenenuTs M3MeHEeHHe NoTeHIanbHou 3Heprun AW npuxopsiieecs

Ha €MHUILY IEPEHOCUMOTO 3apsiaa, ecim Iy =20 cm u I, = 50 cm.

38. Ilpu nepemerniennu 3apsaa = 30 HKi1 Mexay AByMsI TOUKaMH T10JIs1 BHEITHUMU
cuiamu Obia coBepiiieHa pabora A = 4 mMx/[x. Onpenaenuts paboTy A; Cuil mosst u

Pa3HOCTh A MOTEHIUAIIOB ITHX TOYEK MOJIS.

39. Onpenenuts pabOTy CHII TIOJISA, CO3TAHHOTO IBYMSI TOYCYHBIMH 3apsiIaMu
0. = 10,0 uKn u g, = —1,5 5K, npu nepenoce 3apsiaa = 1 K u3 Touku 1 B

TOUKY 2 MOJIA, €Clu a = 6 CM.

40. Toueunsie 3apsinl ; = 1 MxKn u ¢, = 0,2 MxKin HaxonsTest Ha paccrosiauu r; =10
CM JIpyT OT apyra. Onpenenuts padoTy A CUII TOJIs TIPU YIAJICHUH BTOPOTO 3apsjia

OT MEPBOTO Ha paccTosHue: a) I, = 10M; 0) I3 = oo.
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41.OnexTprudeckoe Mojie CO3/1aHO JBYMs OJIMHAKOBBIMH TMOJIOKHUTEIBHBIMU 3apsIaMu
;. ¥ Q2. OnpenenuTh paboTy A cuil mosis 1o nepemeneHuto 3apsaaa q = 10 uKn u3

Touku 1 ¢ moteHimamom ¢; = 305 B B Touky 2.

42. DIEKTPHYECKOE TIONE CO3NAHO OCCKOHCUHOH PABHOMEDHO — 3apsKCHHOM
TUIOCKOCTBIO C TIOBEPXHOCTHOM IJIOTHOCTHIO G = 4 MrKiM?. B 9TOoM moie BIOIB
TIPSIMOM, COCTABIITIONTHIA yros o = 60° ¢ MIOCKOCTRIO, TIEpeMeIIaeTCsl TOUCUHBII
noJiokuTenbHbelid 3apsan = 10 #aKn. Onpepenuth paboty A cuil Tojisi IO
MEPEMENICHUIO 3apsifia (| U3 TOUKU | B TOUKY 2, €CIIM PACCTOSIHUE MEXKIY 3TUMHU

Toukamu I = 20 cm. P

43. Onpenenuts paboTy 4 TI0 IEpEMEIIEHUIO TOYSYHOTO MOJI0KUTEIBHOTO 3apsiaa ( =
40 K7 13 ToukuM, HaXOAIIEHCS HAa PACCTOSHUM I =2 M, B TOUKY, Ha pacCTOSHHU I,
=1 cm ot noBepxHOCTH cepbl pagrycoM R = 2 cM, paBHOMEPHO 3apsLKEHHOU C

. 2
MOBEPXHOCTHOM TUIOTHOCTHIO 3apsiaa ¢ = 100 HKi/m”.

44, TInomaap MIACTHH IJIOCKOTO BO3AYIIHOTO KoHAeHcaropa S = 0,01 M, paccTosiHue
Mexay Humu 0; = 2 Mm. K miactruHam npuioskeHa pasHocth nmoreHnuanos U = 0,1
kB. ITnactunsr paszasurarorcst 10 paccrosiaus d, = 25 mm. Onpenenuts sueprun Wy
u W, koHmeHcatopa A0 W TIOCIE€ pPAa3ABWKEHUS IUIACTUH, €CIA HWCTOYHUK

HaNpsHKEHUS TIepe] Pa3IBHKEHUEM: a) HE OTKIIFOUEH; 0) OTKITFOUEH.

45. Emxocts mockoro kospeHcatropa C = 100 nd. [uonextpux — dapdop.
Konpencarop 3apsimumm 10 pazHoctu noteHimaioB U = 605 B u otkimoummm ot
WCTOYHHKA HanpshkeHus. OnpeaenuTs paboTy, KOTOPYIO HY>KHO COBEPIITUTb, YTOOBI

BBIHYTH IUDJIEKTPUK U3 KOH/IeHcaTopa. TpeHreM npeneopeys.
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46. TInomaap IUIACTHH IUIOCKOrO BO3AYIIHOTO KOHAeHcatopa S = 100 oM,
paccrostane Mexxny Humu d = 5 mm. K mmactmHaM mnpunokeHa pa3HOCTB
norenimasioB U = 305 B. Ilocne oTkimoyeHHMs KOHAEGHCATOpa OT HMCTOYHHMKA
HAMPSDKCHUS, TPOCTPAHCTBO MEXKAY IUIACTUHAMH  3allOJHACTCS  HOOHUTOM.
Onpenenuts: a) pa3HOCTh MOTEHIMATIOB MEXKAY IIACTUHAMU TIOCIIE 3alI0JHEHUS; 0)

IMOBCPXHOCTHYIO IINIOTHOCTD 3apsaad Ha INIACTHHAX O0 U ITOCJIC 3aIIOJIHCHHA.

47. ImeeTcsi TUIOCKMM BO3MYIIHBIA KOHACHCATOP, ILIONIAAb KaKIOW OOKIIaJKH
koToporo S. Ompenenutb padOTy, KOTOPYHO HEOOXOIMMO COBEPIIHUTh, YTOOBI
MEIJICHHO YBEJIMYHUThH PACCTOSHUE MEKIY OOKIaIKaMH OT X1 JIO Xp, €CIIH TIPH ATOM
MOJIICPKUBATh HEU3MEHHBIM: a) 3apsi]l KOHJACHCATOPa, PaBHbIN (; 0) HaNpsDKEHUE

Ha KOHJIeHcaTope, paBHoe U.

48. K B0o31ylIHOMY KOHIEHCATOPY, 3apsHKEHHOMY JI0 pa3HOCTH noTeHiuanos U; = 505
B u oTkIOu€HHOMY OT WMCTOYHMKA HANpPsDKEHUS, MPUCOSAMHWINA TapaliesbHO
BTOPOM KOHJICHCATOpP TaKHX K€ Pa3MepoB M (POPMBI, HO C JAPYTUM JUIIEKTPUKOM
(cTexmno). OnpenenuTh IUAIEKTPUYECKYI0 MPOHHUIIAEMOCTh CTEKIIA, €CIU TOCIe

NPUCOEAUHEHHS] BTOPOrO KOHJEHCATOpa Pa3HOCTh MOTEHIMATIOB YMEHBIIWIIACH 10
U,=70B.

49. TIpocTpaHCTBO MEXKIy IUIACTUHAMH TUIOCKOTO  KOHJEHCATOpa 3aloJHEHO
munekTpukoM  (papdop), o0béM kotoporo V. = 105 cm’. IToBepxHOCTHAS
IUIOTHOCTH 3apsA/ia Ha TUIACTMHAX KOHJIEHCATOpa G = 8,85-10° Ki/m®. Ornpenenuthb
paboty A, KOTOPYH0 HEOOXOAUMO COBEPIIUTH JJII TOTO, YTOOBI YIAIHUTh
JMRJICKTPUK M3 KOHJEHCATOpa, TOCIe OTKIFOYEHHUS] €0 OT MCTOYHWKA. TpeHneM

JMRJIEKTPUKA O TUIACTUHBI KOHJIEHCATOPa MPEHEeOpeyb.

50. ITmockwmii Bo3mymIHBINA KoHACHCATOp EMKOCThIO C = 15 n® 3apspkeH 10 pa3HOCTH
noreHiasioB U = 300 B. Ilocrme OTKIIOYEHUS OT HCTOYHHMKA HANPSHKEHUS
paccTosHHEe MEXIy TUIAaCTHHAMU KOHJEHcaropa OBUIO YBEIMYEHO B 5 pas.
OnpenenuTh: a) pa3HOCTh MOTEHIIMATIOB Ha OOKJIaKaX KOHAEHCATopa IOcCle TOro,

KaK MX pa3ABUHYJIU; 0) paOOTy BHELIHUX CHJI TIO PA3IBIKEHHIO MIACTHH.

51. [Tnockuii KOHAEHCATOP 3allOJHEH JUAJICKTPUKOM M Ha €ro IUIaCTUHBI MOjaHa
HEKOTOpasi pa3HOCTh MOTEHIIMAJIOB. DHEPrUsl KOHJIEHCATOpA B 3TOM CIyyae paBHa
W = 25 wmk/Dx. Ilocme Toro, kak KOHJEHCATOp OTKIIOYMIIA OT HMCTOYHHKA

HaMpPsDKEHUS, MAJICKTPHUK BHIHYJIM U3 KOHIeHcaTopa. PaboTa, KoTopyro Hajo ObUIO
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COBEPILUHTH MPOTHB CHJI AIEKTPHYECKOTO OIS, YTOOBI BHIHYTH JUANIEKTPUK, A = 70

MKJ_I)K Ol'[pGI[eJII/ITB JAUDJICKTPUYICCKYTO IIPOHUIACMOCTD € OUIJICKTPUKA.

52. TInolab MIACTHH [IOCKOTO BO3YIIHOTO KoHxeHcatopa S = 0,01 M2, paccrosiue
mexny HumMu d; = 3 MM, K mulactMHamM KOHJEHcaTtopa IpHIOKEHA Pa3HOCTh
noreHiasioB U = 3 kB. Onpenenuts: a) HanpsHKEHHOCTH TMOJSE KOHJIEHCATOPA,
€CIM, HE OTKIIIOYas €ro OT WCTOYHHWKA HAIPSDKEHWS, TUTACTHHBI PA3BHHYTH 10
paccrostaust d; = 5 mm; 0) sumeprum W; m W, KoHaeHcaTtopa OO0 W IIOCIEC

Pa3ABHIKCHUA TNIACTHH.

53. TIIaCTHHBI ITOCKOTO KOHIEHCATOPA IIOMABI0 S = 3 cM Kayk/iasi, IPHTATHBAOTCS
npyr k apyry ¢ cunoid F = 10 mH. TIpocTpancTBo MEXTy MiIacCTUHAMU 3arl0JHEHO
cmosiol. Onpenenutb: a) 3apsifibl IIACTUH; 0) HANPSHKEHHOCTh E TMONSA MEXITY

TUTAaCTUHAMU; B) 00BEMHYIO IJIOTHOCTh SHEPTUU LW TIOJISL.

54. K 3axxumam Oatapen akKyMyJIITOPOB pucoenrHeH HarpeBatenb. D/[C Oarapeu €
= 25 B, BHyTpeHHee conpotuBieHue I' = 1 OM. HarpeBareb, BKJIIOUEHHBIH B 1€,
notpedisier moutHocTs P = 80 Br. Ompenenuts cwiry Toka | B nienm u KITJ

HarpeBaress 1.

55. DJIC Gartapeu akkymynsaropoB E = 5 B, cuia Toka KOpPOTKOTO 3aMbIKaHUS
paBHa | = 2 A. Kakyr HanOOJBITyI0 MOIITHOCTh MOYKHO TIOJyYUTh BO BHEITHEH

IIETIH, COSTMHCHHOM ¢ TaKoi OaTapeei?™

56. DJIC 6arapeu paBna £ = 21 B. ConpoTuBieHre BHEIIHEH 1enu paBHO R =2
Owm, cuna Toka | =4 A. Haiitu KII/] 6atapeu. IIpu kakoM 3HaYEHUH BHELIHETO

conpotusienus: KITJI 6yner pasen 99%? *

57. Cuna Toka B mpoBojaHHMKE compoTuBieHneM R = 200 Owm paBHOMEpHO
HapactaeT oT lg = 0 10 lpax = 5 A B TeueHue BpemeHU t = 2 ¢. OnpenenuThb
KOJIMYECTBO TEIIOTH Q , BBIICTUBIIIEHCS 32 9TO BPEMsI B TIPOBOTHUKE™.

58.ITo mpoBogHuKy comporuBieHneM R = 9 OM Teder TOK, cujga KOTOPOTO
paBHOMEpPHO Bo3pacTaeT. KoqnuecTBo TEMI0ThI, BBIICIUBIICHCS B MPOBOTHUKE
3a Bpems © = 4 ¢, paao Q = 200 J[x. OnpeaenuTs KOJIMIECTBO AICKTPUISCTBA
g, mpouIeAliee 3a TO BpeMsi 10 IPOBOJHKUKY. B HauanbHbIE MOMEHT BpPEMEHU

cuJia TOKa B MPOBOJHUKE PaBHA HYIIIO.
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59. Ilpu cune Toka |, = 4 A BO BHemIHe# 1enu OaTtapen aKKyMYJISITOPOB BbLAEACTCS
MomHocTh P = 8 Bt, mpu cune T1oka |, = 1 A — COOTBETCTBEHHO

P, =10 Bt. Onpenenuts 3/1C 1 BHyTpeHHEE CONPOTUBIICHUE I GaTapen.

60. DJIC Gatapen akkymyasTopoB € = 11 B, cuiia Toka KOpOTKOTO 3aMbIKaHUsI paHa |
=5 A. Onpenemurb HauOOJBIIYI0 MOIIHOCTh P, KOTOPYI0 MOYHO IOJYYHTH BO

BHEIIIHEH 11eTIH, COSIMHEHHOM C TaKoU OaTtapeei.

61. Jlamnouka u peocTaT, COEIMHEHHBIE IOCIEAOBATENIbHO, MPUCOCTUHEHBI K
UCTOUYHUKY TOKa. Hampspkenne Ha 3akumax Jsamnodkud paHo U = 44 B,
conpotuBienue peocrata R = 10 Om. BHemnsst uens notpedisier MOUHOCTh P =

120 Bt. Onpenenvts CHily TOKa B LIENH.

62. Dnement ¢ DJIC € U BHYTPEHHHMM COMPOTHBICHHEM I 3aMKHYT Ha BHEIIIHEE
cornpotuBienre R. Hanbosblasi MOIIHOCTh, BBIICISIIONIASCS BO BHEIIHEH 1ienu, P
=9 Br. B nenu tedet Tok | =3 A. Onpenenuts 3/IC 1 BHyTpeHHEE COITPOTUBIICHHE

OJICMCHTA.

63. JIBe mammouku paccuntanbl Ha HanpspkeHue U = 220 B, ux momHocts Py; = 100
Bt u Py, = 200 Bt u conpotuBnenus R; = 484 Om u R, = 2420 Om. Onpenennts
MOIIHOCTH P; u P,, BbIAENSAEMbIE B KAXKIOM JIAMIIOUKE, €CJIA UX MAPAIUICIIBHO
MPUCOEAUHUTH K UCTOYHUKY ToKa ¢ DJIC 11 B, BHyTpeHHUM CONPOTHBIICHUEM I =

1 OMm. BeimosHuTh puc.

64. [lpu BKIIIOYEHHMH DdJEKTpoMOTOpa B ceTh c¢ Hampsbkenuem U = 220 B om
notpedssier Tok | =5 A. Onpeaenuts MOIHOCTh, MOTPEOISIEMYI0 MOTOPOM, U €TI0

KII/, ecmu conpotuBieHue oOMoTku Motopa R =5 Om.

65. K ©Oarapee akxkymymsaropoB, JJIC xoropoit pama 3 B u BHyTpeHHee
cormporuBienne ¢ = 0,5 Owm, npucoequHeH npoBoAHUK. Ompenenuts: 1)
COMpOTHBJIIeHHE R TMPOBOJHMKA, MPU KOTOPOM MOIIHOCTh, BBIZETsieMas B HEM,

MaKCHUMAJIbHA; 2) MOIIHOCTb P, KOTOpast IPU 3TOM BBIJEIISIETCS B IPOBOIHUKE.

66. barapes ¢ 3/IC 240 B u BHyTpeHHUM comnpoTuBiieHeM I = 1 OM 3aMKHyTa Ha

BHelllHee comnpoTtuBiieHre R = 24 Om. OmnpenenuTh MOJHYIO MOIIHOCTh Py,

MOJIE3HYIO Py, 11 KI1/] GaTapen ).
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67. Onpenenuts: 1) BHyTpeHHEE CONMPOTUBIECHHE I' TEHEPaTopa, €CIIM W3BECTHO, YTO
MOIIHOCTh P, BBIIENSIONIAsACS BO BHEIIHEH LENM, OAMHAKOBA IPH BHEIIHUX

conpotuBieHusix R; =6 Om u R, = 0,2 Owm; 2) KII/] reneparopa B KaKI0M U3 3TUX

CITy4aes.

€, N

68. JIee Gatapen akkymyisitopoB (e =11 B, r; =1 |+

Om; & =8 B, r , =2 Om) u peoctar (R = 6 Om) €, I gy

COCTMHEHBI, KaKk TIOKa3aHO Ha pPHCYHKe. + | =

!
Omnpenenuts CHITy TOKa B 6aTapesx U peocTare. | R
R, 82|
-

69. OnpemenuTh 3HAYCHUE W HANPaBJICHUE TOKA Yepe3 L] |

conporuBieHne R = 5 OM B cxemMe Ha pHUCYHKE, €1 R,

ecmu DJIC ucrtounukoB € = 1,5 B, &, = 3,7 B u -t ]
comporuBienuss Ry = 11 Om, R, = 20 Om. R

BHYI’peHHI/IM COIIPOTHUBJICHUCM HCTOYHHUKOB TOKa

npeHeOpeyb.

70. Ompenenuts cwiy TOka |3 B pesuctope
cornpotuBieHneM Rz u HampsbkenueM U; Ha
KOHITax pe3uctopa, eciim € =4 B, &, =4 B, R;
=2 oM, R, = 6 Om, R3 = 1 Om. BayTtperHuM

COITPOTUBIICHHEM UCTOUYHUKOB IMPEHEOPEUb.

71.bartapen umerotr DJIC ¢ =2 B u g = 3 B,
compotuBiieHue amrepmerpa Ry = 0,5 kOm.
[lagenve moTeHIMaNa HAa COMPOTHBIEHUU R,
pasHo U, = 1 B (Ttok uepe3 R, Hampasien

cBepxy BHM3). Ormpenenuts TOK, TEKYIIUN

qepes aMIepMeTp.

72. B cxeme Ha pucyHke €; = 3 B, &, =4 B, R; = 0,50 Om u nazieHue notreHiuana Ha
cornpotuBiennu R, pauo U, = 1 B (Tok uepe3 R, HampamieH crpaBa HaJIeBO).
OnpenenuTh MOKa3aHUue aMIiepMeTpa. BHYTpEHHUM COTIPOTUBIICHHUEM 3JIEMEHTOB
U aMIiepMeTpa npeHeOpeyb.
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€1
Ry
— |+
73.Tpu ucrounuka Toka ¢ DJIC g =12B, ;=4 Bu g — }7|:|_
€2

= 7 B u tpu peocrara ¢ conpotuBicHueM R; = 5 R
2

Om, R, = 10 Om u R; = 2 OM coeauMHEeHbl, Kak — |+ 1

MoKa3aHo Ha pucyHKe. OnpeaenuTsh CHITbl TOKOB | B

€3
peocrarax. Bayrpenaum COIIPOTUBJICHUEM Rs

— |+
HCTOYHUKOB TOKA TIPEHEOPECYb. —L___

74. Tpu comporusieHus Ry =5 Om, R; = 11 Om u R3; = 3 Owm, a Takke UCTOYHHK

Toka ¢ OJIC paBuoit 1,4 B coeauHeHsl, Kak

nokazano Ha pucyHke. Omnpememure IJIC & A B
WCTOYHUKA TOKA, KOTOPHIA HAIO IOAKIIOYNTH B — |+ .

Henb MeXxAay ToukaMu A u B, 4ToOBI uepes I
conpoTtupieHre R; men Tok cumoit | = 1 A B R1 R, \L R

HAIIPABJICHNHY, YKAa3aHHOM CTpEIKOW. BHyTpeHHHM

COITPOTHUBIICHUEM HUCTOYHHUKA TOKA MPEHEOPEUb.

e, r
75. DJIC Garapeu € = 120 B, conportusnenus Rz = 21 _Il | +1
Om u Ry = 25 Owm. Ilanenue HampspkeHUsT Ha I|
conporuiennu R; pasno U; =40 B. Amnepmerp CAD R,
nokazpiBaeT Tok | = 2 A, Onpeaenurs R,
COITPOTHUBIICHHUE Ry.
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76. B cxeme Ha pucyHke € =2,2 B, &, =19 B, R; =

45 Om, R, = 10 Om u Rz = 10 Om. Ornpenenutb
CHIJIy TOKAa BO BCEX ydacTKax Ienu. BHyTpeHHUM

COIPOTUBJICHUEM UCTOUYHUKOB MMPEHEOPEYb.

77. Dnementsl umeroT DJIC g1= &, = 1,6 B u BHyTpeHHHE CONMPOTHUBICHUS ] = I =

0,5 Owm, comporuBnerns R; = R, = 2 Om u Rz = 10 Om, compoTuBieHne

amriepmetpa Ra =3 Om. OrpenemmTh TOK, TEKYIIUN Yepe3 aMIIepMeTp.

€1 +
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