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COW Rt @aytglsE] ™ H d2Ele = dz] | 2

f
f
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1. [LdOCtsBdIs! Mw f MtsH jtey Odzdj O3 tcOB SIsT
2. 71 0Of

3. 14

4 W

vgstejlsduimedy Mmoo Hjddv

Mexanurxa — pasaen Cl)[IBIII\‘II, IIZ}"‘:lalOH.IHﬁ MeXaHIMESCKIIE ABJICHIIA (Mexaﬂnqecme JABILKCHIIE )
Kunemamura — pasfoen MeXaHIIKI, II3Y‘E(HEOILIIIIUI MEXAHITHECKOES [IBILDKEHIIS 663 MIPpHYIH, KOTOPBIE €r0 BBI3BIBAKOT.

Tpaexmopus — 5TO IIHIA, IO KOTOPIl IBIDKeTcA Teno. IIpamonunedinoe Oeudcerue — IBIDKeHIE IO MPAMOTMHENHOIT
TpaeKTOpIIIL. Paanvcxopeﬂﬂae OdsuMcene - ABITKCHIIE,

IIpII KOTOPOM CKOPOCTE Tela 3a J'IIOGB']E PpaBHEBIE IIPOMEXYTKII BPEMEHII IISMEHASTCA OIIIHAKOBO. ycxopeﬁue — GEKMOPHAA
@#31&48{3&'&}3 6&THYIHA, KOTOpas IIOKA3BIBACT, KaK IIBMEHASTCA MIHOBCHHAA CROPOCTD T€lla 3a €IIHIIIY BPeMeHII. M:Ropeﬂue
meaa - OTHOLIEHIIE IISMEHEHILA CKOPOCTI Tella KO BPEMEHII, 3a KOTOPO€ 3TO II3MEHEHIIe IIPOH30IITIO:

e v,
a =—

(1)
Ypasnenun sasucumociiu crOPOCU HePEMENEHUA U KOOPOUHAMSE! 0 EPEMEHH TP TIPIMONIHEeITHOM
PaBHOYCKOPEHHOM JBIDKEHIIL

D=0 !—J\:L(z)

- D=
a=

1

—_— ar”
S=uyt+— S, =yt

2

w7
Cso600H0€e nadenile - TBIDKCHIIS Tell B Oe3BO3IYITHOM IPOCTPAHCTERE IO TTICTRIIM CILIEI TAEKESCTIL
Csodoonoe nadenue — IMO APUMEDP RNPAMOTUHEUHO20 PAGHOYCKOPEHHO20 O6udcenus. Voropenue c600001020
100enua - B JaHHOM MecTe 3eMIII IOCTOSHHO UL BCeX Tell I He 3aBICIHT OT MAacchl MAIalOMIero Tena:

g=98wmc 2,
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{1t o1y A Yor dvRrRC

3adaua. Teno, IBNrasck PaBHOYCKOPEHHO N3 COCTOAHISA IOKOA, 3a IITYIO CeKYHIy Iponuro myThk 18 M. HUemy paBHO
YCKOpeHIIe H KAaKoil IIyTh IIPOIILTO Telo 3a 510 ceKyHuy?

Hano: Pewenue:
a v
Vy=0 Vgm0 —e _‘.. :
h=49c, O S4e”, 5.
is=35¢ - (R 9
s=18 m, L '
a-785-7 0 s
¢?

X=X + ¥y, =3

3a IATYIO CeKyHIY Tello IPOMIO IyTh S =5 § -5 4 S § II 5 4 - PACCTOAHILL, IPOIiIeHHbIe TelIOM COOTBETCTRBSHHO 3a 4
I 5 CeKyHI..

_218a
25¢% - 16¢°
i 2502

55=f=504“

Omeem: a=4M/c2; S=50 M.

=4a:ic?

1.JIpIDKeHIE Tel 3aJaH0 ypaBHEHIIIMIL: X| =3t, Xxp =130-10t. Korna i rme o BeTpetsarca?

2.KoopaImHata Tena MeHsgeTcd ¢ TedeHIleM BpeMeHII cormacHo opmyne x=10-4t. Uemy paBHa KOOpIIIHATA Tella 4epes 5 ¢
mocie Hadalla IRIDKEeHI?

3.TIpn paBHOYCKOPEHHOM TIPAMOIITHETHOM JIBIDKEHIN CKOPOCTH KaTepa yBemmdruiack 3a 10 ¢ ot 2 m/c 1o 8§ m/c. Hemy
paBeH IyTh, MPOILISHHBII KaTepPoM 3a 310 BpeMs?

4.BepTonéT I caMOIET JeTAT HABCTpedy APYT IPYLY: HepBEII — CO CKOPOCTBIO V, BTOPOIl — co ckopocThio 3v. Kakosa
CKOPOCTE BEpTONETa OTHOCHTENBHO caMonéTa?

5.MokeT IH HeloBeK Ha 3CKAalaTope HAXOINTBCA B IIOKOe OTHOCHTEIBHO 3eMIN eClOH 3cKalarop MOINHHMAeTICI co
cropocTero 1 m/c?

6.YekopeHne maiiObl, COCKaIb3BIBAOIIE]] ¢ Ia/IK0IT HAKIIOHHOII IUTOCKOCTIL, paBHO 1,2 m/ 2 Ha s1om CITyCKe € CKOPOCTh
yBemHIITIack Ha 9v/c. OmpenenTe MoITHOe BpeMs CIycKa MAaildBl ¢ HAKIOHHOIT ITOCKOCTIL.

7.KameHs 6pomieH ¢ HEKOTOPOIl BBICOTHI BEPTIKAIBHO BHI3 ¢ HA9alBHOI CKOpOCTHIO 1nm/c. KakoBa CKOpOCTE KaMHA Hepes
0,6 ¢ mocne bpocana?

8.ABTOMOOILTE IBHTAICA IT0 OKPY:KHOCTIH. [I0IOBHHY [UIIMHEI OKPYKHOCTII OH IIPOeXal cO CKOpocThio 60 KM/4, a BTOPYIO —
exain co ckopocThio 40 kM/u. UeMy paBHA CpeIHAS CKOPOCTE aBTOMOOIIISL?

9.IlTap, IBHTasch 13 COCTOSHIII IIOKOS PAaBHOYCKOPEHHO, 3a IEpBYIO0 CeKyHIy npomén myTe l0cm. Kaxoil myts (B
CaHTIIMeTpax) OH HpoIinéT 3a 3 ¢ oT Hadala IBIDKeHNs?

10.C OankoHa 0Ma Ha BEICOTe 5 M BBepX IOAOPOCILI M9 o ckopocThio 4 M/c. Kakoil Oyuer ckopocts msaa gepes 0,4 ¢?

11.ABTOMOOILIB, TPOTAACE ¢ MECTA, JBIDKETCI C YCKOPEHIIEM 3m/c2* Kaxosa OyzIeT cKopoCTh aBTOMOOIIIS depes 5 ¢?
12. Koneco paBHOMEpHO BpaIIaeTCs ¢ YITIOBOI CKOPOCTEIO 47 pan/c. 3a Kakoe BpeMs caenaeT Kodeco 100 obopoTos?

o fsdzdzj dedJ JtwOCIdud M 2
f sdzdzd dzd jJ dzay d3d dzd J 90% L
g BdzdzpHzZ P gzed O tcOC Isd yJ M ts2
g BdzozpHZGged 7 f cOCIsdyd ME 2
f sdzdzj ded § d3j dzd 4 70% L OHO
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oJddydder dL Wstdylzdzr
H4BBHJjYyOdedj tcOBTESIST
1 51 Hiso Olsj dz! detsfyls! o  tsdzdzj ded W
1. RZOCsdRdls! MW M MHjtey Odedj &3 OB IS
2 . f dMOIs! HOIE, dtsdkjt, IsjdBdz, dOddj dss O0dzd j
3.
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J
L
o
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viBseildquimedd Mo Hjdedv

Mexanuueckas Inepzus — Prsideckas Bel4IIHA, XapaKIepI3yIOMasd CIIOCOOHOCTE Tella COBEpINATh PabOTy IIpI H3MeHeHII
CBOETO cocTosHIA. MexaHmdeckas SHepIis — CKamsipHasA (uziHeckas Bemmanaa: E, B CIT:

[E]=1/Ixc

Buost mexanuueckoi FHEPIUN. KUHEMUYECKAA U NOMEHYUATbHAA.

Hﬂm{?ﬂ!{#ﬂﬂbﬂdﬂ IHEPUR - IHEPIUA 63aUMOOeTiCTNELA. A Tela, MOOHATOIO B IIOJI€ 3€MHOI'0O TATOTCHIIA Ha BBICOTY h Hana
Emk

E, = mgh. Ay

HYJIeBEIM YPOBHEM IOTeHIIIAIBHOI SHEPTII: 1 amA e opMHpPOBAHHOIT IPYKITHEL:

EI.- _ mb*© .
Kunemuyecran JFHEPZUA - SHEPITL OBIDKCHILA, T.€. OBIDKYIIETOCA Tela: 2
TBOPE.HG o nameﬂuaaxbnaﬁ JHepeHn; eClll IPI BBIMOITHEHIIIT paﬁOTbI MEHACTCA IMOTSHIIIAIbHAaA 3HEPTIINA Tela, TO pa60ra
paBHa €€ IISMEHSHIIO, B3ATOMY ¢ IIPOTIBONIOJIOMKHEIM  3HAaKOM, T. €. PasHOCTI NOTEeHUIAIBHBIX 3Heprui'1 Z

‘A — _ﬂEn = Enl . Eu}

TBOPE.W{! 0 KRUHEMUYECKOH FHeP2u iy eClII IIPI BRIITOIHEHIIIL paGOTI:I MEHACSTCA KITHETIIUECKAA SHEPITIA Tena, TO pa60ra paBHa
A=AE =E_,-E
K ®2 k1l

€€ II3MCSHCHITID .
Hloanan mexanudeckan JHEPIHA Meld — CyMMa KIHETIYE CKOI 1 IMOTeHIHATLHOII SHEPTIIII TeIa: s E’: e Ei" 5
38«11.&‘}{]?!?10}1 clcmemMa - TPYIIa Tel, BBEIIIMO,E&‘I"ICTBYEO]I[ID{ TOJIBKO MEEIY co0oIi.

3aron COXPAHEHUA Mexanuuecrkoll JHEp2uU: B BaMKHyTOﬁ CICTeMe, TIe ﬂeﬁcmy}o’r TOJIBKO CILIBI TATOTEHILI I YIIPYTOCTIL,

E = const Er=Ez
IIONTHAA MeXaHITYeCKad 3HePriid COXpaHAeTCA: &~ — 9 IIIH
Ceanase Me‘m«:{}' uIMEHeHUeM MeXanu4eckol IHeEpin upaﬁamaﬁ CILI61 Mpenia - eClIll TPEHIIe eCTh, TO IIOJHAA MeXaHII"ueCKad
A, =AE=E,—E

myp

SHEPIIA He COXPaHASTCHA, a H3MeHASTCA II e€ II3MSHEeHIIS PaBHO paﬁore CIHIIBI TPEHIIA: E‘ # const 5

23



{1tory A 1701 d1 RC

3aoaua
KaMeHb GPOCILII ¢ YPOBHS 3eMIII IOl YITIOM K TOPH30HTY CO CKOPOCTE0 17 M/c. HaliTir ero cKopocTh Ha BBICOTE 3,2M.
Currrats g=l

Hano: Pewenue:

vy=17m/c PaccMOTpitm 2 COCTONMMR TE1a — B MOMeNT Opocka cO

hy,=0
hr=32Mm

-
cxopocrsio Y =17M/ € gy gucore, passoit Hymo 1 Ha

fim3 2 - .
BRICOTE . HA KOYOPOil CKOPOCTE €CTh I ONA HEHIn
Hynesoit ypoBeHS NOTEHUHANLHOMN FHEPIHH — YPOBEHSL

"rU::
Eyo =
Exo+Ego=Exy+Em o 2

=10m/ c*

3CMITIL

Epo = O(max' xax h, =0) Ey =

mo,s  mu?
‘,° =——+mgh [<2:

-

v, =0 +2gh

v= ,’vgz —2gh

v=17-2.10-3,2 = /28964 =/225 =15(=

Omeem: 15 Mm/c.
1 OHOYd HdW MOBsMmistswilsj dz! detsets toj " j dad v :

1. sO®jd ®&OMME2 0, 4 C6 Beshd kR0 v dgls i @atdzdzt
Cddzj sduiMSOw d sl dydOd &zOw 1+ dzjtecdd § Odgdaw
2. uvjdzs BGh jds o jtlsdCOdEMWE 60§63 HeMBEEGLEE

Cddzgj Isdyd MSOWw 1 dzgjtecd™w t0OQo dzO f SIsj dgyd Odz! dets?2 1 d
ftof daf Btog y' .

3. 10 COCt2 o fwlalgts =§AEYMEsMw0 , 25 €6 yYjtejLr 3

mMeotseh ddzd Cddzj sdyj mMS ks L dgjtecds 200 7 x7?

4, chde d&ofmMmts2 20 €6 f§ sHdd BOr s ol dfPN sj0,0 dif fgA
99jten. wYyYdlsow dzOyodzr dzktv¥ MEBtesMmis! tOo dzts?2 dzlzd
f slsg Q' dzgzs  dgj teeds whdeO yjtejL 5 fy tls dzOyod
5. 10 CO0C2 o' MmMslsy Cddzj sduyuj MEOw L dzj e dw Mo t
fslsj dydodz des?2 1 dzjteedd, JjMmdzd 40 or sl 20 o
6. sORj dz2 BOMMBS2 2 Cc¢ Btotsh jdz o ] tolsyf S iPiO wzst dzjo
400 Y. sOCts90O BEHjIs joet MEtstesMmis! dzO o' Mislsy

stedlsjtedd tsyjdeSd LO orf ftsdzdej dzdj HtwOCIsdyj MS<ts

{yd dzt Of gGeed dz' datsd o By dz iz MBHOddg]?2 § cOCIsdyd ME
[yjdeS of g@addz dets] -89 ®czdzDHz@ged B 0t ®ROE IS Y j MS
[Y]dC of c@add des] o7 § BizdzPHzded Z 0§ 8OSIsdyj MS &
{ Yy dz€ of tgQed dz' dzets] B dpjtelzdzj@rPjdzd 2 e OCIsdyd ME s

P
=+
~
¥
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LiIOo daj dad § §JdzPde P dzjs HaDO

{OLHjd& 2. [sdzjSdvtedOw WdLdSo

5j RO 2. 1. [ f)dstseSrd deisidjgpe eddzts j sted d

s sdzd ud fMls 925y OfFEm s 0

AjddoCtjfdls! d0 §w0Ckds, L dgQiaffjj tdaOipGlzj dEdOiL s

2Oz ydils! mMvw dMmY sdz! L s Ols! te Jshj Jsded s dfutg ME I g U J A W
H4BHjtey Odzdj tcOBBIST

] sfdzj Hiso Ols j dz desfyls! o' § tsdzdzj dad v

1. [L&OCtdidls! fw ) fsH,jtoy Odedj &5 OB SIST .

2. 10fdmMOIs! HOLE, dtsdjt, Isj iz, dOddkj dse Odzd j

3. Jritsdddls’ LOHOd]", tkftOodls: &O fttso el b

viBilsdui Mgy MmejHjds

(hd WddzsheW¥Wr Htoj odsfisd HESGE-Oistso O didifnieo dakz ISt «
HodYddedw. 185 btsdz €85 9 18 9 j ¢ d digOaudgzom ey olgfjo
(fsu)j.dz Jssy Widz) dedj Mmots2Mmlse ROSCtesMCsy dulmtd
ftes®@YyC€dn o dedn, dO Shdse ] ftojHMSOsdzj dd?2 I
BjMfstewHtsydets Hadykhdrmw yOMmisdy. 1 thdtsej [ s
Zlso jtoy Hj dad W :

-9 hiMmisats MtsMmistsdls dL yofmisdy;
-1Isd yofmsdyr BiMfstewHBYydests Hoady kzlsmw;
-yoOfmsagy®d di3tsH j 2 Misoa zs Is tcke M Htokzce tsd.

sOyd mlse j dzgdetsj§ tsBI W dsz;dJ sfdeso dzr = Mo 2 Mmilse ¢
Mz dzr 5. [ HdZOS B Isjtstedw, EMsOdzOs dzd e O h Ow € tsd
2O sfrilsjy oj dduddo®kd d Mes2mMéeo BBYwcHBEY R, o
Mz d20. | B Mists to]j Odz! desets ¢ OL O, BIiYHE dBsdj ¢k
9LOdBBH ] 2MlseadwYy, & BERHJjAB OMMdaOIsted 9 Ols! Jets
dHJ Odz! dz" &3 G OL 5.

RHJjOdz dzt Btse@OL, oL OddtsH | 2dgds oWty ls tstelgg ot 2 tejisdiz)j &
d disdzj Ckdzr dgj L Oded B3O8 Is tsBI j BO.

[ dzv sfdmodedvy sy mMmse © 60OLOR d Htkzeda d3l
ofmy otj &Y BtOh Ols! Mw ¢ [suv. 1 jdzdyddsy , - OtOC
sjdz BjL EYyilO d@cdj Sdzvtcdsets Mistetsj dzgdv Isj dz dzaC
sBl,jdHOodzjdedj d Isj 3 jtcOlskztcO®. vitcOodzj dedj, Mmow
f OtcORBi stc® o dBiMisj, dOL" 908 ls kEtcOodzj dadj &3 MtsMis
dzOL o Oitg[@o dzj dzd § fsiddfjd2jgmdO. 1 tsdzydd J c6ts:

47



P:I'j;(T.. n=—. J?\'r:—;?\'r_:.. R ::'h?"i'r_:
IVt _
pv="LRrT
M

[y ds LORj sHBO dzgj gt j { Bsdzzyj dgts Hdz" G OL O dz¥ B &
BOMMT (kk LOsdmddshls! dsyds fejHmsOsdls: o f

. PV RV, PV,
m=const, —— = Consr, - - = %'—

Clsts ktcOo dzj ded § 1 zdeOwqiryizddzO LsodBEidj j2 s dzO. s OC o
s dzOf j2ttsdzO W o dzv jlsfw O ldso deg Win ddlanyj GBjdzls distas@ e
C ftsdtsh: v« EkiOodzj dedvw MmsMmistswdadw dHJ Odz dzsc s
Cbtster 7 BOMMO OLO d BHdd dL btejn EBOStsMS St
stdzdud Mise jdedz" § L OoadMmddsMmisd iy HE H el fizEy
btejls! jes OLOHRjIstc® dzOL "™ 90sls cOLSo" B L O
dej L Bj dedets a3 L dzOyj dzdd BHdsets dL § OwOd3j stetse, d
{1tor10 A trzr1iRrRC

3amaga Nel
Kakoe KomriecTBo BelllecTBa CONeP:KIITCA B Ias3e, €CIH IIPII JaBISHHII
400 xIIa u temnepatype 430K ero 00beM paseH 80117

Jano
CH Bocnonesyenmca ypaBHeHIIeM COCTOAHIIA HIealbHOTO rasa,
P=400klIa 4-10° a MIOCKOIBKY B 3aJaue T PeYsb O COCTOAHII Tras3a.
m
T=480K PV =—RT
M
. 23 mn
V=801 8-107"m 3Hasd, YTO KOMIIecTBO BelllecTBa V= —
Ixc
R=831- -
Mmoab - K
v-? HOJICTABIM B HCcXOOHYIO dopmyty: PV =1RT, BeipazuMm v

PV
I IOIYYIIM: V= ——

4-10° Ha-8-107 47
V= T 28.1JO.'?b|
8,31 -- 480K
Monb- K

OtBeT: § MOIB
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Omnpeie Tk JaBIeHHe KHCIopoa B datone odbeMoM V = | M? 1IpH Temmepatype t=27
°C. Macca kucnopozna m = 0,2 kr.

V=13 3annceieaeM ypapHeHre Menneteepa-KanmelipoHa 1

n= HaXOoOIIM II3 HeTO JaB/ICHIIS, IIPOIIZBOOIIMOS I'a30M:

0.032kr/Mons PV = m RT P= m RT

- - 1 v
m=0,2kr T=300K
=27 °C 0,2 kr - 8,31 - BK300K
P= = 15581,25I1a
0,032—1M3
MOIE
p-? OtBeT: p=15581,25Ia

1 OHOdzd Y Hd&" MOBsMisswisj d desets tojh j dedw

3adaua 1.

B 6asnnoHe Haxodumcs 2a3 nod dasneHuem P = 8,31 - 10° 174, memnepamypa 2a3a
T = 300K.

Konuuecmeo sewjecmsa 2aza v = 100Mourw.

Halimu obvem 6as10Ha

YHusepcaneHas eazoeas nocmosHHaa R = 8,31
M(nb K

,ﬂamb omeem s iumpax.

3aoaya 2.

JaeneHue cxxamozo eo3dyxa e 6annoHe P = 1,662 - 107 ITa , a ez0 memnepamypa
T = 400K

Koauyecmeo seuwjecmsa 2aza v = 50 Moo
Halimu obvem 6asioHa

YHueepcaneHas 2azoeas nocmosHHas R = 8,31
Mmb K

3adauya 3.

Halimu OdasneHue 2a3a, Haxodsauje2ocs 8 6ai/10He 8MeCmMuUMOCmbHO
V = 41,55 numpos npu T = 273 K, ec/iu konuuecmso seuwjecmsa 3mozo 2a3a
v = 10 mono.

YHueepcanebHas eazoeas hocmosHHas R = 8,31
Mozb K

,ﬂamb omeem 8 Ku/ionackasaax.
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3adaya 4.

Kakoeo daeneHue kucaopoda, eciu obvem 3aHumaemelli eazom V- = 66, 481 npu
t — 27°C. ecau ezo0 konuyecmso geuwjecmsa v — 30mons?

e
Moa- K

YHueepcanoHas 2azoeas nocmosHHas R = 8,31
Zlame omeem e KU/10NAcKansax.
3adaya 5.

Kaxoe konudyecmao sewjecmaa 8030yxa co0epxxumcs 8 Kynose 8030yWH020 wapd,
ecnu npu daenequu P = 10°Ia u memnepamype t = 57°C ezo 06vem

V = 15017

Omeem okpyeaume 0o yesbix

stedlsjtedd tsyjdsd L0 gmEsdic@d ssftcO0CIsdy
Jyd e of gGeddz! dztsj o' f sdzdzj dad § dzj 3 daj 4

[yjdzC of gc@edd dztsj 98§ BzozpHzgzd B0 O Isd Y §
[yjdCofgBadd desj o7 § BzizpHz@gzd 7 0 6OSC Isd Y J
[yjdzC of g@edd detsj orf f sczdzj dzd j B dzj 4 70 %
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1 60Ckdyj M OY ©OBBIEO -

stsdzdyj mMsots Isjff dztslsr, L OSCBdz MishteOdzj ¢
tOLHjd 3. uvjttddtsHddOdRdS O
vjdBBO 3. 1. [Mmdeser IsjteddtsHddzOBRdSd
s sdzd ud Mls 925y OfFEm ts ©
Ajazgommuds@éyl Mse © Isj § dztsls"-n tolf § s | ¢lADpOE
H4BHJjtYyOdzdj tOBTSIST
1 sfdzj Hise Ols j dz' detsfyls' o' f tsdzdzj ded W
1. [LdOSCBsBRdIs! My ] MBHjtey Oded j 3 OB SIST .
2. 10fdmMOIs! HOLE, dtsdkjt, Isj iz, dOddkj dse Odzd j
3 7" f s@i@zdY, lsftcOoadls! dO ftose jtwellz.

vitsteilduimedy Mo Hjdedv

[fidzd o fsyjfij kjfdcse dj 0 o dklstj ddzv v 1 dzj t
CcsosiWls, vyt kjdos {skeydds msslke jlsilsokzy hjj
[fdd fted { so®&bdsaPddd dzdy 5. j. kjds slsHOsC

Yt Isj s SlsHOs Odts Isjfdts. 1 0ftddsjtc, odjmsts
WOk s fodzydds 15 13 Isj§fdzoe & MCOyJ & ¢

VHJj dzt dzOVv Isj tf dzsy 3E tsfmls! o jh jMlse O

lejHidehgds fsyjmmj Isjfdsssdkj 0 Octk]cOlsd
qL d3j dzw j Isfpw  (dzj fesdmisHdls f dzOedzj dedj, S tec
CtsdzH § dzOYyd W )ls.j off Q ueldsdgtzs s j 2O tBL ZOU . t 1,

[frls §cCOLT 00jls, duslsts, C tf deciny jufij lsatas j Is Jsff s d3, 1§ to
BOMEEO m d ©OLdshisd Std u@s2z d mEOQ0od &&) . Is

ssiWWdydjds fesfstydsdOd dshlsd ¢ &@OL' 9 0jIsi
sj dadu j dzr dgOw s j f sy RS sMls!  dzj L Ogdddls vel§ dzWd
sjf dzsy BS sflsd ©OL&Judy 7 ojh jfle sy ds dz021Isq

lojHWY BtLAdOyYjdd] et @& =% 2cmeett.l, {ftdzzydd OC

YIstsB ' i sdzv Is! YdLrdydime&d?2 Mmd3r Mdz EHjdzd dets?2 st
w s te zlxdzymeet .

fr edHdd, ybt EHpdz dgdfdzk getezs @0 49 ¢ tsdzd ud Ml
dzj sBRrSHd B HdzY dzOctcj 9 Odedw 1 €6 HOddgdesets o jh j
L d3j e fls o dzOW Isj f dzsY BE sfls! o 3/ (Se& LUC) de

R

Yyjd& BtSdz hj ZHj dz dzOw Isj ff dztsy o3$ wiiglsy j M § & fridsiof G
Istcj B HjdR'IMwdzOGtcj 9 OdedW Isj dzO H Odgdes?2 dBOMMr dzO L O
J

LOHOYOr yYyomkts Wdektedqtekzte s 9asHO d dH. RrRA &
I SHO: ¢ /$6¢ 4ROVO®T yc #£ ¢2 1-AJCCy.
) tesdL e jHjded ) b g ddzm? higjfflsat ©80 GOmmbk Isj &0
5j &0 d fBSCd@YOjlsfw C:
utclse jIsMiso j dadzts, Hd&Y CORd UCHHEOT Isj (sl ddjJ
VEOodzj dzdj Isjff deseo 5Gt5 B OO dzfy) ©
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{ OfMfBsslsedds Ho O Isj d&zO (seBBLEOUdE dn 1 ds2),
SL ZOw®Bsls HOdedzr | Isj d&zO Bsclkls B dj dedo Ols! fw 1 dzj
Hiok ¢ d i3 wlaydds@dids ISOSy j, ulsts dj & Odzddug dpig 1O | dads v
Ldzj eedw s jsds dakSds plsfifme sy j M s § dzsse &) dzO.

R3] j Isfpw WizdeH Od3j dgls OdzH tz! 2 § sOE & giztcy i B g s 2 o fn
1 CMY j tod BjLAESSORlY Mtsm eOdzj dzdw 1 dzj ecdd. [ dz ¢ dzOMmd
Mmdmlsj i3" &3dsdpdz sy Mts ot d3f dzj .

Il HOdzdzE 3 Mz yoO,) L OCtsdz MsmteOdzj dedWw { dzj e dd k|
mMdMmisj &3 B kHfgWs tBHNEBOD O Is2 X j: Ul + U2 = con
1 dzj oo dtdo sets Isj dzO tOodets a&U1l, O dL di3i dzgj dzedd o dzl
eU2, It mMdgi@Edsii o dkzlstcj dzdzi 2 { dzjteedd BEHJ IS

xeUl + a&aU2 = 0.

15 ®Uld es@iyjmMsos GHhgsdds] §jtter & sjdsd o
OO dzs ¢ g Ydzts 0 EULzd=y j @B o s Isj§ dzslst , 1§ sdzlz yJj dedets
5§ dzstsa B dz®.Qd * @2 =0. (1)

I sfesfisk oY, MCtd ¢t Heykdj2 kjfdko 6lsH
folpf s stes] Isjds. v0C $0O¢ MdMmisj O L OKS dzzls O,

utslsdsh jddi (1) doL' 20jkMvIlLBOb gaikdd izt ul®j § &&
SBEOLEYIS LOBSdksky Mmdmlsjdz d ©Bdj ddse O Isir
sjifdksfjttijHOoyd, dL LOCHdO MorRtOds ddv 1 dzj e d d

f sdzzyojd3s sBh jj ERZOodzgjdedy Isjf dzsotsets B OdzOdzMO:
QL+Q2+...+Qn=0.(2)

) COyd Mo fHosmMstsets fHftoddtcO® ftoddj dj ddwy kit
fmMdzj Hizs P 8 L OHOYLk.

b3 h Oz 0L 6= atsH' Htod Isj d3f jtwOlskztej t1 = 100U
t2 = 20U0UC. 102Isd kmsOdssdohkzsmw Isj &t j cOlskzich

[BBL&OUddE dMStdzy EmksOdkssdehkzs mw Isj &fjtcOls
s j f dztmoOEAZ®OMY 1 ;7 t1) + cm2(d i t2) = 0,

GHJO IxH j dz' dzOV s j f dzsy dBE tsfls! o tsHT . 1 OMCter 9 O
d rmeEtl+m2tZml+m2= 52 UC.
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J1t1o1 1A Yord1RrRC

c=LUECERTE B B ke Te3HbIH KOTET Maccol 5 Kr HaaaTa Boga Maccoii 10 kr. Kakoe Ko.IH9eCTEO Tem10ThI
HY’KHO IepeJaTh KOT.IY C BOJOH A1 H3MeHeHHs HX TeMneparyps! ot 10 7o 100 °C?

TIpH pemeHHH 3343494 HYKHO Y4eCThb, YTO 003 Tela — H KOTENL. H BoAa — OYAYT Harpeeatsca BMecTe. Mexay
HHMH IIPOHCXOJHT TEII000MeH. X TeMmepaTypel MOKHO CIHTAaTh OTHHAKOBEIMH, T. €. TEMIIEPaTypa KOTJIa H BOJEI
uzMeHgerca Ha 100 °C — 10 °C = 50 °C. Ho xomH4ecTEa TeIIOTHL, MOTyeHHbBIe KOTIOM H BOJIOH, He OyayT
OJHHAKOBEIMH. BeJb HX MacCHI H YAEIbHEIEe TeILTIOEMKOCTH PA3THIHEL

Jlano: Peurenue:
m, = 5 Kr KosnuecTBo TensioThl, MOaYUYeHHOe KOTJIOM, PABHO:

¢, = 460 n":c Q= cymy(ty, - ty),

=10 kr \
@, = 460 2% . 51+ 90 °C ~ 207 000 Ik = 207 k.
¢, = 4200 =2 =
C

t,=10 °C KonuuecTso Temsiorsl, IONyueHHOE BOAOI, PABHO:
t,=100°C |
Q—7 { Qg = cymy(ty — ty),

0—4200 - -ler +90°C =3 780 000 JIx = 3780 k/lx.

Ha narpesanue u KOTJ1a, ¥ BO/BI M3PACX010Ba-
HO KOJIMYeCTBO TeII0Th: @ = @, + @,,
Q = 207 kI + 3780 kIIk = 3987 xJIx.

OtBer: @ = 3987 w]x«.

Cymemaan Boay Maccoii 0,8 kr, ayMeromyio Temneparypy 25 °C, u Boay npn Temuepartype 100
°C maccoii 0,2 kr. TemMnepaTypy DoIy9eHHOR CMeCH H3MEpPIIH, H 0Ha 0Ka3ajachk paBHoii 40 °C. BerancanTre,
KaKoe KOJTHYeCTEO TEIIOTHI 0TAa1a ropsidas Boja OpH OCTHIBAaHHH H MOTYYAIA X010JHAS BOJA OPH
Harpepasnn. CpaBHATE 3TH KOJIHYECTBA TeN.TOTHL.

na"o: Pemelﬂle:
m, =0,2 &r Topsiuas Boga ocTeLIA OT
=0,8 kr 100 mo 40°C, npu arom

OHa o0ThaJla KOJHYeCcTBO

=c, =4200 n"jc TEIIOTHL:

—25°C Ql"”’“‘z
12= 100 °C Q, = 4200 A% .0,2xr x
t=40°C (100 °C - 10 °C) =
Q@ —? | 50400 L.

Xonmoagmasa Boga Harpe-

gack ¢ 25 10 40 °C u noay-

YA KOJIHYECTBO TeIlJIOThI:
Qz =comy(t - t,),

Q;—7?

= Ax i o _ o ==
Q, = 4200 20,8 xr+(40°C - 25°C)

= 50 400 [T,
Oreer: Q, = 50 400 [Ixx, @, = 50 400 .

53



cEhEc RS CrasipHasd JeTaTh Maccoii 3 Kr Harpeaachk oT 25 go 45 °C. Kakoe KOJIH9eCTBO TEIIOTHI
ObL710 H3pacxofoBaHo?

Hano: Pewenue:

m=3Kr O=cm(t-1)

L=25°C Q =500 Hx/xr °C«3 kre«(45 °C - 25 °C)
L, =45°C 0 =30000 Ix =30 xJhx

¢ = 500 Tx/kr °C Omeem: 30 xJDx

0-?

sPLec RS B cocyae cogep:xnTcsa 3 1 Boawl npu Temuepatype 20 °C. CKoIbKo BOABI IPH TeMIeparype
45 °C Hago 106aBHTH B COCYA, 9T00BI B HEM yCTaHOBHJIACh Temueparypa 30 °C? HeodxoguMblii CBOO0 HBIH
00BéM B cocyae ayeercs. Ten1000MeHOM ¢ OKpY:kalomieil cpetoii npeHedpedn

Jlauo: CH: Pemenue:

V,=3n 3:-10*~* | Jlna pemieHus AAHHOM 3aja4yM BOCIIOJIbL3Y-

t,=20°C eMCsA ypaBHEHMEM TeIuioBoro Gananca: Ko-

t,=45°C JIMYECTBO TEINOTH @), TOJYYEeHHOEe XOJ0j]-

t=30°C HbIM TeJIOM, PaBHO 110 MOAYJK KOJHYECTBY

—_V = | TenJoTh Q@,, OTAAHHOMY TOPAYMM TEJIOM:
N |Q,|=1Q,|, nam Q,=-Q,.

Toraa
Q,=cm (t-t), m =pV;
Q,=cmy,(t —t,), my=pV,.
CornacHo ypasuenuio Tenjosoro dasanca
epV,(t —t)=—cpV,(t —=t)) = V,(t = 1,)=V,(t, - t).

Caenosatensso, V, =V (t - t,)/(t, = 1).
VeraHOBMM HAMMEHOBAHME IMOJIYYEHHOH BeJIHMUYMHLI:

[V,] = M*-°C/°C = ™.

Taxoe HauMeHOBAHKE COOTBETCTBYET HAMMEHOBAHMIO €AHHHILL obbema.
TToxcTaBuB YHCJAOBLIE 3HAYEHUH, I[IOJYHYHM

V,=3-10"-(30-20)/(45-30) = 2+ 10 m* (2 n).
Orser: 2.

1 OHOYd HdW MOmtsMmistswilsj dz' datsets toj " j dad v :

1. Halimu konuuyecmso mensomel (), Heobxodumoe 015 Haepeea 8006l Maccoli
m = 2xe ¢ memnepamypei t; = 15 °C do memnepamyper ty = 45 °C
YoesibHas mensoemMkocme 800bl C = 4200%

2. Kakoe konuyecmeo mensomel (Q, nompebyemcs 019 Hazpesa 800bl, Maccoli
m = 0, 2x2 om memnepamypesi t; = 0 °C' o memnepamyper kunerus ty = 100 °C
?

YoenvHaa mennoemkocms 8odel ¢ = 4200 iﬁcc
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3. Hatimu konuuecmeo mensomel (), Heobxodumoe 015 Hazpeaa cmasbHol demanu
maccoli m = 0, 5xz, om memnepamypesi t; = 100 °C' do memnepamypei

to = 150 °C' . YoesoHas mennoemkocms cmanu ¢ = 500?\_’?—?0 :

4. Kakoe konuuyecmeo mensiomsi (), nompebyemcs 0158 mo2o, Ymobel 8CKUNIMUMb
(t2 = 100 OC) 80dy , 83amyto npu memnepamype t; = 10 °C' u maccoti m = 502

Y0esieHas menioeMkocms 800bI ¢ = 4200ﬁ—f€

5. Kakoe konuuecmeo mensomsi (Q, nompebyemcs 014 moao, Umobel 8CKUNAMUMb
80dy maccoli m = 300z, e3amyro npu memnepamype t; = 5 °C
Y0eslbHasa mensoeMkocme 800kl € = 4200%

Omeem dame 8 KUAOOXKOY/AX

stedlsjtedd BsyjdeSd LO o' fsdzdzj dedj HtcOCIsdyj ME s

[Yy)jdS Of gOGadd detsj orf § sczdzj dedj dzi o3j dzjj 90 %
[l dC of g@add detsj 08§ WzizPHz@dzd B0 6OSIsdyj fMS °
[UjdzS Of gBaqdz datsj o7 § ®zdzPHz@gzd Z 0 £OC sy M 55
[UjdzS Of g@ad dz dats| ¢ ddfjt§dzdzf @dej L®H Odzd2 § ©OCIsd
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1 60Ckdyj MC OB ©OBBIEO -
SHjd fltesjddY ko jtoHr & Isjd. [ JjRoddyjf

f

jd&z 3. ujdsHddzokdSs o
3.2. ¢0GtejcObd j Msmisswddw ojhjfmise O
J

H4BHjtey Odzdj tcOBBIST

l sfdzj Hiso Olsj dz' desfyls! o' § &dzdzj dzd v

1. [LdzOCEdRdls! MW f) fH ey Oddj d OB GIST .

2. 10fdmMOIs! HOLE, dtsdjt, Isj iz, dOddkj dse Odzd j
3. Jlric@ePHdY, ssfwOodl' dO ftso jwll.

viBseibdquimedd Mo Hjdedv

Hepopmanueri meepoozo mena HA3b16al0m UIMEHEH e 00beMa mena,
00bIUHO conpogoxcoarouieecs UIMEHEHIEM €20 (Popmbl OO 6030elicHelem
SHEWIHUX CUl, NPU HAZPEGAHUN UTH OXTAHCOCHUU.

CrnexyeT BEIACHUTH 4eM OTIHYAKOTCS Je(opMalii, BO3HHKAKMIIIE B KyCOU-
Ke IUIaCTIINHA OT JdedopMaliii, BO3HUKAIONIEI B IPYKIHE IIPH ee pacTsuKeHHN
ILTH CHKATHH.

Hepopmanuu, komopsie ROTHOCHIBIO UCUE3AION NPU CHAMUL dedopmu-
Pyrouiux pakmopos, Hazviearomcea ynpyeumu. /Jeghopmanuun, Komopote e ucue-
3arom npu CHAMUL 0ePopMupyouiux Gaxkmopos, A61A0MCA NAACMUYECKUMU.

VYIOpyrocTs UM MIACTHYHOCTH TeT B OCHOBHOM OIIpeJleNsieTCs MaTePHaIoM,
113 KOTOPOTO OHI H3TOTOBNIEHEl. HampumMep, CTank H pe3nHa VIPYTIL, a Mellb I BOCK
ILIACTIIYHEL.

[Ipu gedopmanuu TBepAOro Tela YacTHIIBl, pACHONOKeHHEBIE B y31IaxX KpH-
CTAJUIHYECKOII pelIeTKH, CMeIlaloTcs APYT OTHOCHTeNbHO Apyra. CIula yIpyrocTu
Fynp. BO3HIKAIOTIIASA MIPH JeopMaIlii Tela, BCeTia HalpaBleHa B CTOPOHY, TIpo-
THBOTIOIOKHYIO CMeIIeHI0 JacTull Tena. [Ipu H3I0KeHIN MaTepHana cTyI1eHThI

3alIOJTHAROT HpEHHDH{EHHB]fI OHOPHB]fI KOHCIICKT:
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BuabI 1edopManHii.

Vrpyrie nedhopMallii, BO3HHKAIONIHE B TelIaX, BeChbMa pa3sHo0O6pasHE. Pa3-
JINYAOT YeThIpe OCHOBHBIX BHJA AedopMaluil: pacTsiKeHHe (HIH CKarHe), CIOBHT,
KpyueHHe I H3THO.

Hanbonee gacTo mpH 3KCITyaTallHl PAa3THYHBIX KOHCTPYKIHI MPHXOIUTCS

PACCUHTLBIBATE YIIPYI'HE ,‘.'[Ell)OpMaHIIH PaACTAMKCHIIA HIIH CRATHA.

i

l:l:l
f

3

HedopManuio pacTs:KeHIA (CKaTHA) Tela XapaKTepH3yIT ero 0THOCHTEIb-

HBIM VIJIHHEHHEM £ — OTHOIICHHEM abcomroTHOrO YAIITHCHIA Al=1-1pk IICPEO-

HavansHOI JmuHe lo. [Ipn nedgopmannn capura € = tg 0.

HpHHD}EEHHaH K TeJIY BHCHIHAA CILIIA F co3pgaer BHVTPH HETO HOPMAJIBHOE

MeXaHHNUeCKOoe HallpAAKeHHE,
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Hanpﬂmeﬂue — B&JIHYHHA, HiMepHeMad OTHOIICHHEM MOOY.IHA F cuabl

YHOPYIoCTH K ILTOMATH MOMMEePeYHOro CeYeHHA S Tena:

[Ipu ManeIX gedopManugx Tel BCeT1a BEIIOTHASTCS 3aKoH 'yKa:
F = kIAll
Ko3(QQHUIIHERT YIPYTOCTH 3aBHCHT OT MaTepHasia CTEPKHA H €er0 TeoMeTpH-

HECKHX pasMEpoB:

S
k=E—.
]0

Kos(duuuent E, BXoaamuil B 3Ty GopMyIy, Ha3bIBAIOT MOXY/JIeM YHOPYIo-
CTH HJIH MoayJaeM FOHra.

g OONBIIHHCTBA MIHPOKO PaclpOCTpaHeHHBIX MaTepHaIoB Moayas FOHra
ompeneneH dKcIepHMeHTansHo. Moayns FOHra 11 HeKOTOPEIX BEIEeCTB IMpHBe-
ZIeH B TaOJIHIle B OIIOPHOM KOHCIIEKTE.

[ToncTaBiad B popMyny 3akoHa I'yka BeIpakeHHe U1 K, [IOIYUHM:

o = Elel.

DTO BRIpaKeHIe Ha3bIBaeTcs 3aKoHoM I'yka 11 TBepABIX Tell.

IIpuMep pelleHHS 3aJa4H Ha IpHMeHeHHe 3aKoHa I'yka NJIfl TBepaBIX
Tel.

JlamyrnHnaa npoeoioxa ouamempom 0,8 mam umeem oauny 3,6 m. Iloo oeii-
cmauem cuiot 25 H npoeonoxka yoaunsemea Ha 2 mm. Onpeoenums mooyvae FOnza

o1 AQMVHIL.

Pemenne. 113 popmynsr 3akoHa I'yka ¢ = Elgl, Haxogum:

HIIH, YUUTBIEAA, UTO



F Al
oc=— u |g=—,

S l
Fl,
S|l

Tak Kak
S :@, mo E= o o g _g.009 g/an
4 md " |Al

Bonemioe 3HadeHHe 111 YCBOEHHA MaTepHana HMeeT IIPOCMOTP y4eOHOIo
BHAeopHIbMA «BHABI 1eopManuii», B KOTOPOM BECbMa HArlsgIHO, HA MOIEKY-
JSPHOM YpOBHE IIOKa3aH MeXaHH3M Ka:kI0ro BHAA JedopMallHil.

B omopHOM KOHCHIEKTe IIpeICTaBIeHa 3aBICIMOCTE MeXAY HAIpsKeHHeM 1
OTHOCHTeNIBHOIl AedopMalileil, IONyUYHBIIell Ha3BaHIe AHATPAMMBI pacTake-
HHA.

Touka D cooTBeTCTBYET Mpejeny IpOoUYHOCTH. Tak 1Id cTall OH paBeH

7,8510811a, a w1g mean 2,45108 Ia.

[TpouHOCTBI0 MaTeplana Ha3bBaeTCsd ero CIOCOOHOCThL BBIIEP:KIBATEH
HArpy3KH 0e3 pa3pylleHHs.

ITpuMep pemeHns 3a1a49H HA NPeJeI HIPOYHOCTH MATePHAJA.

K nposonoxe usz verepooucmot ecmanu noogeuier pys maccoir 100 xe. Jnuna
npogoaoxu 1 m, ouamemp 2 um. Moodvie FOnea oas cmanu E = 2104 I1a, npeden
npoynocmu 330 Mlla. Ha cxoivko yeerudumecea oauxHa npoeoioxku? Ilpeeviutaem
HPUT0HCEHHOE HanpadceHue Ul Hem npeoel NpoYHochu?

Pemenne. I13 popmynsl 3akoHa ['yka Haxoqum

Al =1F/ (ES),

rae | — pmmHa mpoBonoku; Al — m3meHeHHe JIHHBEI, F = mg — cumna, aeii-
CTBYIOIIas Ha IPOBOIIOKY; S = nd*/4 — mIoniaje NONEPedHOro cedeHns MMpoBOJIO-
KH.

Takum obpazom,
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Haﬁﬂem MPHIONKEHHOE HOPMAJIBHOC HAIIPAKCHIE!

Al =
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HOJI}“IEHHOE 3HAa4YCHHE ¢ HE IIPEBRIITACT 3aIaHHOTO IIpeaera.

~312-10°ITa=312MIla

1 OHOYd HIv MOBsMisswIlsj d dscts t©jh j dgw:
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[l dC of gGaddz detsj of §tsczdzej dedj Ezbdagj Gpf 52 SOOI
[UjdC of g@addr dets] 08§ WzzPHz@gzd B0 cOCIsd yj S 2
Yj &S of g@addz dats] o7 § WP Hz@gzed 70§ 6 OC s d yj S 2
Yyj S of c@add dts] of fsdzdzj dedj Gidaijj 70% L OHO
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1 60CIkdyj MEO% ©OB IO

GZORGBYH| dzdWw fMdd skdsdkO, &Oftwy | deshisd, i
CtSdzH j &z O 5160

tOLHjdz 4. [fdeser < dzjSlstetsHddzOdzd S d

Uj BOC4zjElstesiisOlsd ¢ O

s sdzd ud Mls 925y OfF s ©

AjddL b usipeso dz | L OCEdy d Wstdkzd 1 djSlsesihlso

fn Ltdzd Cstedud MEda3 fsdzd 38 .d L OtWy jdedz" 3 MmdMmisd BC

H4BHJjYyOdzdj tOBTESIST

1l sfdzj Hise Ols j dz' detsfyls' o f tsdzdzj ded W

1. [LdOSCtsdBdIs! Mw  MtsHjtey Odzdj 3 tcOB BIsT .

2. 10fdmOls! H &Y MG ds&Puzd j sgdBgj d §eollsdud ns
3. Jrfsdzdzgdls! L OHOdzgdWwW, tslsftcOodls! dzO ftetso j 6l Lz

vitsteilduimedy Mo Hjdedv

1. 3aron coxpamnenus tekmpuneckozo iapada. B 3aMKHYTOIl ciicTeMe amre0pandeckas cyMMa
3apsAI0B BCEX YACTIII OCTASTCSH HEM3MEHHOIL.

q; +q; +q3 + - +4q, = const
2. 3axon Kyaona. Ciima B3anMOZIEICTBIIA IBYX TOYeYHBIX HEIOIBIDKHEIX 3apMKCHHEIX Tel B

BaKyyMe IPSMO MPOIMOPINIOHATEHA IPON3BEISHIIO MOIYIeN 3apsAia 1 00paTHO MPOMOPINIOHAIBHA
KBaIpaTy PpacCTOAHIIA MEXITY HIIMIIL.
— I, 71*92
Fka . k=9+10°(H*n?)/Kn
3. 3apac 31emeHmapHsIX LaACmuY — M0 MUHUMAILHEIH 3APAD, Cyuiecmeyouiiil 6 npupode,
o=1,6+107""Kn

{1t o1y A 17ord1RC
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1. /[Jea oounaressix uiapura HAX00AMCA Ha paccmoarnuu 40 cvm opyz omn dpyza. 3apad o0Hoz0 U3

s 10-2 2 +10-? .
nux 2 * 107"Kn,a zapag gpyroro —2 * 107 Ku. Onpedenume citiy 63aUMOOEUCHEUA IMNUX OEYX

3apados.

Pemenne. CII."[Y BSBII}lOHeﬁCIBIIH MeRIY 3apAadaMIl OIIpede/ AT ¢ IOMOIIBH 3aK0Ha KYHOHE{

95107 || -2+107%
0o B Ilm2007 o 4 v 100k

=k4’11:i'2 _ _ 9 F=9%1 12
F o, k=9+10 Kﬂ, clIeI0BaTenEBHO, (04)2

2. 3apaodst 10 u 16 nK1 pacnonoxcenst Ha paccmoanuu 7 My opyz om opyza. Kaxas cuna dyoem
deticmeosams Ha 3apad 2 K, noMemennstil 8 MOYKY, YOQIEHHYI0 HA 3 MM OM MEHLULE20 3aPAOQ
u Ha 4 mm om doasuezo?

Pemrenne. Cmra F, neficTByrommas Ha TpeTmil 3apsAd co CIOPOHBI IEPBOIO I BTOPOTO, PABHA

. . F=F, +F
BEKTOPHOIT CyMMe CILI, IefICTBVIONIIIX CO CTOPOHEI TIEPBOTO T BTOPOTO 3aps/IOB: 1 2 I

VCIIOBIA 3a]adil claelyeTl, YTO CyMMa pacCTOSHII OT 3apsaa 3 1o 3apsmoB 1 m 2 paBHa
paccTosHIO Mexny zapsmami 1 i 2. Takoe BO3MOMKHO TOIBKO €cCHII 3apsfd 3 HaXoONTcs Ha
TIpAMOiL, coemHsomeit 3apsanst 1 m 2 (puc. 1). CopoennpoBas CIIIE Ha OCEh X, TOTYHIIM:

F = k% F = k%X F=F +F =kqy(%-%).
1 ) 2 OTKyﬂa 1 2

q] q92

E F

el
e |

v

@

k4

puc.1
10+10™° 16 =107
3 %1073 4 %1073

F=9v109'-f2'f10'9( )=2~10‘3H

1 OHOYd HIv MOBsMisswIlsj d dscts ©jh j dgw:

1 Dnexmpuyeckue 3dpadsl 0yvx myY coomeemcmeenno pasusr 20 u — 30 Ki. Cpednee
paccmoanue mexcoy nyuavu 30 xu. C xaxoil 31exmpudecKoii CU10il e3aiMooeticmeyom myuu?
2. Ha wxaxom paccmoaMuu HYH¥CHO pachnoloxcumdb oea 3apada 5 u 6 #Ka, umober oxu

ommarkuealucsy ¢ cuwiott 7,2%10 g
3. ea nonosxcumeibHbix 3apaod, 00uH U3 Komopwix € 2 paza doibuie Opyeo20, HAX00amcsa HA

paccmoarnuu 10 mm dpye om opvea. 3apadst ezaumodeticmeyrom ¢ cunodl 1,2%10~ ‘I

4. 3apadwt 40 u -10 #K71 pacnonoscenst #Ha paccmoanuu 10 cm Opve om dpvea. Kaxoil Hado
g3AMb Mpemuil 3apad0 u 20e cledyem e20 HOMeCmUMb, YINoObl PpPASHOOElCMEeyowadas Ccui,
OelicmeVIoulix Had HE20 O CIMOPOHBL 08X OPV2UX 3apAdoe, ObLIA Obl pasgHa HYTHO?

stedlsjtedd tsyjdeSd LO orf ftsdzdej dzdj HtOCIsdyj M s2
[y dzCof gcBGaddz! detsj o ff sdzdej ded j daj B dzj J 90% L
[yd &z of g@eddz! detsj 9-8 9 ®BdzdzQHz@ded BOY tcOCIsdyj M¢ 52
[yd dzC of gBad dz! detsy 97 § ®BdzdzpHzOgzd 7 0 6 OCIsdyd ME 52
{yd &z Of gQeddz! dzesj g ddf gdzdzy/ @Joj LBHOdzd?2 §tcOCIsdyd
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viBseibdquimedd Mo Hjdedv

MocToAHHBIN TOK - 3TO 3ﬂeKTpMHeCKMI71 TOK, KDTODbIFI He n3MeHseT cBoé HanpasneHue ¢ TedeHuenm spemern. CyluecteyeT psj SHKOHOMEDHOCTQFW "
npasun, NPUMEHUMBIX K TaKOMYy BUAY TOKa — 5TO 3aKOHbI MOCTOAHHOIO TOKa.

ATak, 410 Takoe BJTE‘KTPH‘JECKMMU TOK?3J'I€KTPVI‘-IECKV|I7‘I TOK - 3TO YNOPAA0YEHHOE ABMXEHWUE 3aPAXKEHHbIX YacTWL. Korga sapaxeHHble YacTrLbl
ABVDKYTCA B NPOBOAHWKE B OAHOM WM TOM XK€ HanpaBlE€HWK, BOSHUKaET NOCTOAHHBIRA TOK. CyLLECTBYIOT PasyHble TUMbI 3NEKTPUYECKNX Leneld, Ana
peLUeHUa KOTOPLIX NPUMEHAITCA 3aK0HbI NOCTOAHHOIO Toka. Cna ToKa onpejenfeTca CKopocTbio NPOXOXKACHWA 3apaja Yepes nonepeyHoe ceveHune
NPOBOJHWKE, TO €CTb, CUTY TOKa MOXHO BbIYUCINTE U3 OTHOLLIEHWA 3apsifia K MPOMEXYTKY BpeMeHW, 3a KOTOprﬁ 3TOT 3apaAj npollen Yepes
nonepeYyHoe ceyeHume.

Jpyroii BaXHol xapakTepUcTUKOl ABNAETCA 3NeKTpUUecKoe HanpsKeHUe. B 3nekTpuYeckoli Lieny, HanpaKeHue Mexay ABYMS ToUKaMU - 3T0
pU3NYecKan BENMUMHA, 3HAYEHUE KOTOPOI PABHO OTHOLLIEHWHO PA6OThI 3NEKTPUYECKOrO MOJIS COBEPLLAEMOI NpK NepeHoce Npo6Horo
INeKTPUYECKOTo 3apAza M3 0AHOIA TOUKKU B APYryio, K BEIUYUHE NPOBHOTO 3apaja.

AHaNorM4HO cMnam CONPOTWBNEHWA B MEXaHWKe, CyLLECTBYET W SNeKTPUHECKOe CONPOTHBAEHWE, 3Ta BeIMHYMHA XapakTepusyeT CBOWACTBA npoBoAHWKa
NPenATCTBOBaThL NPOTEKAHWIO 3EKTPUYECKOro TOKa. ConpoTUBAEHWEe ONpejensaeTca Kak OTHOLLEHWE HanpaxXeHWsa Mexay ABYMA ToYKamn
NnpoBOAHKKA K CKU/1e TOKa, MPOTEKarLWero no sToMy rnpoBogHuKY.

Ana npoTekaHUA ToKa Mno 3ﬂeKTpMLIBCKOF'I Lenwy, B Nepeyto o4epelb, HYKeH WCTOYHUWK TOKa. InaBHoIA XapaKTEpMCTHKOﬁ WCTOYHWKa TOKa ABNACTCA
3NeKTpoaBWXKYyLLLada cuna. ITa BennymnHa XapakTepusyet pa60Ty CTOPOHHWX CK, Ael‘ﬁcrsyrommx B BﬂeKTpI.‘IHeCKOVI uenu. CTOPOHHUIe CWUNkl, B JaHHOM
ciydae, - 3TO CA/bl HESNEKTPWUYECKOro NPoOMCXoXAeHWA, MOCKOIBEKY OHW coBepLUarT paGOTy Mno pasAaeneHnio 3apajoB And NoAaepxaHnAa HanpaxeHusa

B anempmuecmﬁ veni.

CBe/IEM B TabNULLY OCHOBHbIE (POPMY/Ibl 33KOHOB MOCTOAHHOTO TOKa
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dopmyna OnucaHue dopmMynbl

U Cuvna Toka / Ha y4acTke Lenm NpaMo NponopUuoHansHa HanpsxeHuo UK 06paTHO NponopuyMoHansHo
1 _R COMPOTUBAEHWIO R JAHHOTO y4acTKa.

Cvina Toka B MPOBO/HMUKE, rAle ¢ — NepeHecéHHLIN 3apsj, a { — BpeMs, 3a KOTOpOe 3apaj NpoLLen Yepes
nornepey4Hoe ceveHure.

~ |9

I f Cuna Toka B 3aMKHyTOM Lienu, paGoTaroLueil oT uctounmnka Toka ¢ 3AC &, rae R - conpoTuBneHue Lenu, -
R I r BHYTpeHHee CONpOTWB/IEHWE UCTOYHMKA.
CT
f = — 3/C NcToYHKKa, rae A — paboTa CTOPOHHWX CWJ MO NepeMeLLEHINI0 3apaja g.

o + + 3C yenu ¢ HeCKoNLKUMU MCTOYHMKAMK TOKa, NOAKIHYEeHHBIMI NocneosaTtenbHo. 3Hak 3/1C KOHKpeTHoro
f fl — - 6?1 WCTOYHMKA ONpeAensieTcs B COOTBETCTBUMM C HarpasneHnem obxoja Toka.

U=1U,+ +U HanpsbkeHWe Ha y4acTKe Lenu € HeCKOAbKWMM NocnefoBaTeNlbHO MO AK0HEHHbIMI 31eMeHTamu, rae U -
- M1 n HanpsikeHWe Ha KOHKPETHOM 3/1eMeHTE.

I — ]I = esss = ln Cuna Toka, npoxojsLLUero Yepes nocnejoBaTe/lbHO NOAKNHYEHHbIE 3NEMEHTHI LIEnu.

R = R« + +R ConpoTHMBAEHWUE Ha YYaCTKe Lienu € HECKONBKUMM NMOCNEA0BATENBHO MOAKIHOUEHHEIMY 3NEMEHTaM, rae R;—
- M n COMPOTVBNEHWE KOHKPETHOIO 3NeMeHTa.

_ + + SNeKTPOEMKOCTb CUCTeMbI NOCIeA0BaTeIbHO NOAKMHYEHHBIX KOHAEHCATOPOB, rae G - éMKOCTh
C C C KOHKPETHOToKOHAeHcaTopa.
1 n

Cnna Toka ¢ napannenbHo MNOAKMOYEHHEIMW 3NeMeHTaMu, rae ;- ToK B KOHKPETHOM 3/1IEMEHTE.

U = U] = s = U” HanpsikeHre Ha KaxA0oM 13 NOAKAHYEHHbBIX NapanienbHOo 3N1eMEHTOB LIen.
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Cuna Toka, npoxosiiero Yepes nociefosare/ibHO NoAKNHYEeHHbIE 3N1eMeHThI Lienu.

ConpoTMBAEHWME Ha Y4YacTKe Lieny ¢ HECKONBKUMW NOCNeA0BaTeIbHO NOAKIHYEHHBIMKW 3NeMeHTaMu, TAe R; -
CONpOTUBNEHWUE KOHKPETHOIO 3/1eMeHTa.

1
= — 4 e —

INeKTPOEMKOCTE CUCTeMbI NoCef0BaTeNbHO NOAKNHHYEHHEIX KOHAEHCATOPOB, rae G- EMKOCTb
KOHKPETHOrNoOKOHAEHCaTOpa.

Cuna ToKa C NapannentHO NOAKMIHUEHHEIMA 3N1EMEHTaMK, TAE ;- TOK B KOHKPETHOM 3N1eMeHTe.

U= U1 = e = Un HanpspkeHwe Ha kKaxAoM 13 NOAKMHYEHHbIX NapanienbHo 3NeMeHTOB Lienu.
E = R_ + -4 R_ PacuyeT conpoTUBNEHWA yyacTKa Lienu, € HECKONBKUMUW NapannenbHo NOAKNIOUEHHBIMU 3N1eMeHTaMu.
1 n

EMKOCTL cucTembl napannenbHo MO AKNOYE HHbBIX KOHAEHCaTopoB.

A=Ult =I*Rt =—
R

Pa6oTa 3n1eKTpU4eCKoro Toka / Npy HanpskeHUW L, CoBEPLUEHHARA 3a MPOMEXKYTOK BPEMEHH t.

Q = I?Rt

KonuuecTso TennoTsl, BelAensoLLeecs B pe3ynbrare NpoTekaHws 3MeKTpuyeckoro Toka no npoBojHUKY.

P=Ul=I°R=—

MouHocTb INEKTPUYHECKOro ToKa l‘!'lplﬂ HaI'IpFI)KBHI/WIU.

pl
S

R

COI'IpOTI/IBﬂeHIIIe NpoBojHUKa ,D,J'\MHOVI In nnowaasb nonepe4yHoro ce4eHns S5 rier- YAENbHOE CONpPOTUBNEHWE
NPoBOAHKMKA, KOTOPOE 3aBUCHUT OT MaTepKrana, N3 KOToparo c/ienaH nposogHnK.

R(t) = Ry(1 + at)

3aBMCMMOCTbL COMPOTWMB/IEHWA NPOBOAHWKA OT TEMMPAaTYpb, Fie Ry - CONPOTUBAEHWE NPOBOAHMKA NPW
Temnepatype 0°C, @ - TeMnepaTypHbIlil Ko3bGULMEHT conpoTMBAeHWA, [ - TemnepaTypa, °C.

Kak BUAHO U3 nocnegHelt ¢pyHKLW, COMPOTUBAEHWE IMHEHO 3aBUCKT OT TEMMEPATYpPbl, MO3TOMY COOTBETCTBYHOLLIMIA rpaduk NpeAcTaBisieT co6oii
npamyto. OAHako, ciefyeT OTMETUTb, YTO 3Ta 3aBUCMMOCTL BePHa TObKO ANA MPOBOAHWKOB: NOYNPOBOAHWKM BeyT CebA COBePLUEHHO MHaYe, 1 NpK
yBeNM4eHUn TeMNepaTypbl, UX CONPOTWBAeHNE, Hao60pOT YMeHbLUAeTCA.

R A

RA

> >

Takxe, He06X0AMMO OTMETUTb, YTO Y OTAE€/bHO B3ATOr0 NPOBOAHMKA MOXET 6bITb CBOSI BO/IbT-aMMepHasi XapakTepucTuka (To ecTb, 3aBUCUMOCTb CUMbI

Z, o0 t,°C

TOKa OT HanpsxeHus). ns eé onpeaeneHvs NPOBOAHNK BK/IOYAeTCa B LieMb, U K HeMY NOAKNH0YaoT aMnepMeTp 1 BONbTMETP, YTO6bI npouseectu
COOTBETCTBYHOLME N3MepeHUsa. Hanpumep, Ha Fpa¢MKe rnokKasaHa BONbT-aMnepHasa XapakTepucTtuka npoBojgHuKa, B KOTOPOM Ch/la TOKa
nponopunoHanbHa KBaapaTty Hanps>XeHus.
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A

v

J1tdr0 A 10191 RC

IIpumep 2. Yemy paBHO BHYTpEHHEE CONMPOTHBIICHHE HCTOYHHKA TOKA T,
€CJIM NPH MOJAKIIOUEHHH K HEMY M0 o4epean AByX pe3uctopoB Ry =2 Om u
R, = 8 Om BbIIC/IIEMBIC HA HHX MOIIHOCTH OJAMHAKOBBI?

Pewenue. MomnocTH, BeijieaseMsie Ha pesuctopax R, u R,, coorBerct-

b 2
BeHHO paBHbl: Py = IR, n P, = [;R.
[To 3akony OMa /u1st 3aMKHYTOH LIENU TOKH Yepe3 pe3UCTOPbl PaBHBIL:

Il = L; I, = L .
R,4+r =~ R, -+t
Torna P, =_£—~; I;P2=-S—.‘V.R-
(R, +r1) (R, +r)
Tak kak no yciaoBuio 3agauu Py = P, To:
R R,

(R, +1° (R, +1)?’
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~

win Ry(Ry + 1)° = Ry(R, +1)>, wm Ry’ — Ry =R, RS —R, R}
Otkyna: r= (R, ‘R, =/2-8 =40 .
Oreer: r =4 Owm.

Ipumep 3. T110THOCTL TOKA B HUKEIHHOBOM ( p = 4x 107 OmxMm) mpo-

BOJHHKE AnnHOM [ = 25 m paBHa | = | MA/M’. Onpeanennte Hanpskenue U Ha
KOHLIAX MPOBOAHUKA.

Pewenue. 11o 3akony Oma B audypepenunansbHoii popMe miIoTHOCTb TO-
Ka j B IPOBOJIHHKE MPOMNOPLUHOHAIBHA HANPSKEHHOCTH £ 11015 B NPOBOIHUKE

. 1
Jj=okE, rie ¢ =— — yaeibHas NpoBOJAHMOCTb.
P

C apyroii ctopoHsl, E :%, rae U — HanpsskeHHe Ha KOHIAX MpOBOAHH-
Ka JUTHHOM [,

Torna j:E:%, orkyma U = jpl; U = 10° x 4x107 x 25 =10 B.
PP
Orger: 10 B.

1 OHOYd HdIv MOKsMisswIlsj d dscets t©jh j dgw:
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|. TkaHu )KMBBIX OPraHH3MOB BECbMa Pa3HOPO/IHBI 110 cocTaBy. Opranu-
YECKHE BEIIECTBA, H3 KOTOPBIX COCTOAT IUIOTHBIE YaCTH TKaHEH, NMpeacTasis-
0T co00i AnInekTpukH. OHAKO KHAKOCTH COACPKAT, KPOME OPraHMYeCKHX
KOJIJIOMIOB, PACTBOPBI JICKTPOIMTOB, MO3TOMY SBISIOTCS OTHOCHTEIBHO XO-
POLIMMH MPOBOJHUKAMH. Y ACIbHAA IEKTPONPOBOJAHOCTh CIIHHHOMO3IOBOI
suakocti papHa 1,8 Om™'m™', a ceiBopoTku kposu — 1.4 Om M. Onpenenute
CONMPOTHBIICHUE ITHX MATCPHAIOB, €CIH MNPEJACTABUTb, YTO OHH HAXOJATCH
B LIWJIMHAPHYECKOM Karujuispe AIHHON 5 cm U ceyenuneM 0,1 oM’

2. DNeKTPHYeCKHH CKaT WM JIEKTPHYECKHIT YrOpb 3aTpavuHMBaiOT NMpH
pazpsAaax EKTPUYECKOr0 OPraHa 3aMETHYI0 SHEPrHiOo, MOIIHOCTh HX KoJed-
nercs or 1 1o 6 kBr, a Bpema oanoro uMnynsca 2-3 mc. Onpejaenure Hep-
FHIO JIEKTPHYECKOTr0 pa3psiiaa BhILIEYKA3aHHBIX pbIO, a TaKKe CHIIy TOKa MpH
ITOM paspsjie 1 3apsi, NPOXOAALIHii 3a 2 MC.

3. PazHocTh MOTEHIMAZOB MpPH BO3HUKHOBEHHMH MOJIHMM — a0 4 I'B,
CpeHsAs JUTHHA MOJTHHH MEK/1y 00MakoM H 3eMiei — 2-3 KM, a MKy AByMA
obnakamu — 15-20 kM. JIAUTEIbHOCTD OTACNBHBIX HMITYJIBCOB Pa3psaa0B MOJI-
HuH 50-100 mxc. KommuecTBo snekTpHuecTBa, MPOTEKAKOMIETO MO KaHATy
MOJHHH (THNH4HOE 3HaudeHue), okono 20 K. Onpeaenurte HanpsKEeHHOCTh
MEKTPHUECKOTO T0J1 B 3THX CAy4asX, a TAKKE YHEPrHi0 MOJIHHMH, €€ MOLI-
HOCTb M BEJIMYHHY TOKA MPH ITOM paszpsje.

4. I1n10THOCTL TOKA HpOBDﬂHMOCTH B HTMOCCIJEpE B BGpTHKﬂJ’IbHDM Hd-
MPaBIEHHH K 3emiie 10 BIMSHHUEM 9JICKTPHUECKOrO0 TOJs [JIAHEThI

i~ (2-3)%x10" A/m’. Ouenure CYMMAapHBIH TOK IPOBOAHUMOCTH Y IOBEPXHO-
CTH 3eMJIH, €C/IH pajJHyc 3eMHOro mapa paseH 6400 km.

5. T'enepatop ¢ DJAC paBnoit U 3apskaeT akKyMyJIATOpP ¢ HadalbHOM
DJ1C pasnoii E. Yemy paBHa nosne3nas MOIIHOCTb, pacXojyemas Ha 3apsaKy
akkymynsaTtopa? Kakasi MOIIHOCTh pacxo/1yeTcs Ha BblJICJICHHE TeIIa B aKKy-
myssitope? BHyTpeHHee CONpPOTHBICHHE aKKyMYJISTOpa I, BHYTPEHHHM CO-
NPOTHBIICHHEM TeHepaTopa npeHeodpeys.

6. Kakoii anuHbl / HaZ0 B34Tb HUXPOMOBBII NPOBOJHUK, HMEIOIIHIH Ce-
yenue S = 0,1 MME, 4yTOOBI M3rOTOBHTH HArpeBarTellb, HA KOTOPOM MOMKHO 3a
BpeMsA T = 5 MHH. JIOBECTH 0 KHIICHHsA 00beM Boabl V = 1,5 1, B3sTOI npu
temneparype t; = 20 °C? Hanpsukenne B cetn 220 B. KIIJ| kunsruasHuka
N = 90 %. Y aensHoe conpotusienue Huxpoma p = 1,1 MmxOm-Mm.

7. Cuna TOKa B NMPOBOJAHHMKE paBHOMEpHO Bo3pactaeT oT 0 10 2 A B Te-
qyenue 5 ¢. OnpenenuTs 3apsi, NPOLIEANIHI MO MPOBOAHHKY 3a 3TO BPEMS.

8. OnpeenuTsb MIOTHOCTL TOKA, €CJIH 3a 2 ¢ Yepe3 MPOBOAHHUK CEYCHHEM
1,6 mm” miporio 2% 10" snekTponos.

9.Cuna toka B mpoBojaHuke conpotusiaeHneM 100 Om paBHOMEpHO
yoeiBaer ¢ 10 A 10 0 3a 30 c. OnpeaeauTh KOJIHYECTBO TEIUIOTHI, BbIICINB-
ICHCS B MPOBOJHMKE 3a 3TO BpEeMsi.

10. [TnoTHOCTL TOKa B MEJIHOM NpoBOAHHMKE paBHa 0,1 MA/M". Onpee-
JIMTh YACJIBHYHO TCINVIOBYH) MOIIHOCTE TOKA.
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vitsteilduimedy Mo Hjdedv

dz0d 3§ dzts o Odzd
ZO oo j o€ kL

[Inomnocms u cuna moka. Memounuku snekmpuveckoeo moka. Hanps-
JHcenue na ywacmke yenu. 3akon Oma oas yvacmka yenu u 018 ROAHOU yenu.
Hemounuku moka. 1ekmpoosudxcywas cula uCmovHuka moxa. Iaekmpo-
npo8ooHOCMb 21eKkmpoaumos. Ilpoeooumocms buoao2uecKux mrkaneu.

3.1. OcnoBublIe 3aKOHBI H (POPMY.JIbI

¢ Cuna ToKa = 49
dt
¢ 3akoH OMa Ansa 3aMKHYTOMN I= e
(monHOM) nenu R+r
¢ 3akon Oma j=yE= E
B AuddepernuanbHOi hopme p
* 3akon xoyaa—Jlenna Q =I°Rt = % t
¢+ ConmpoTHBJIEeHHE OAHOPOAHOrO R= %‘
NPOBOAHUKA
¢ VaenbHas MPOBOAMMOCTS ¥y = ‘l)

¢+ 3aBHCHMOCTH YAEJIBHOTO
CONMPOTHBJIEHHUA OT TEMIIEPATYPBI

p=py(1 + at)

2
+ Pa6ora ToKa A=1Ut=1?Rt = Lt
2
¢ [TosnHAas MOOIHOCTE, N=J:§= 2
BBIIE/IAIOUIAACH B LeNH R+r
¢ KIII ucTouHuKa TOKAa n= R
R+r
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J1t1o1 1A Yord1RrRC

IIpumep 6. Onpenenuts oduee conpoTusieHue uenu Ry, ecim oHa co-
CTaBJICHa U3 JBEHAAaTH OJMHAKOBLIX pe3ucTopoB R = 1 Om.

Pewenue. B nanaom CiIydac NMPHMCHATH HCIOCPECACTBCHHO YPABHCHHI
AJ1 MMOCICA0OBATCIIBHOIO H NapaliiCIbHOI0 BKIIKOHUCHHA PE3HCTOPOB HE MpEa-
CTABIISICTCs BO3MOXKHBIM, OJJTHAKO CHMMETPHA CXEMbl OTHOCHTCIBHO TOYKH (@)
JAa€T OCHOBAHHUEC CHHUTATh, YTO TOK HECPE3 HCC HC TCHCT.
R R
R =1 3 R
= E
— —

=R¢:

Touky O MoxHO pa3opBath, npeAcTaBuB ee AByMs Toukamu O u O, uto
JaeT BO3MOKHOCTb BbLICIHTH MapasulebHble H MOCIEeI0BaTeIbHBIC BKIIIOYE-
HHSl PE3UCTOPOB.

Ob1ee conpoTuBIeHHE, TAKHM 00pa3oM, ONPEACINTCS KakK

9R?
w PR A S0
R =3R+3R "

OrsBer: 1.5 Om.
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Ilpumep 8. DnexTpudeckas cxema COCTOHT H3 JIBYX KOHJICHCATOPOR
Ci=2 uMrd u C; = 4 ur® u Tpex conporusnennii Ry = 200 Om, R; = Ry =
= 100 OM. B nens BRIIOYMEH HICATLHBI HCTOMHHE TOKa ¢ ».0.c. £ = 100 B. On-
pelenuTs najenne Hanpsxenud Ha kouaencaropax U, U, u ux 3apaaet Qy, Q..

Pewenue. [ajenne nanpsaenns Up na kongencarope C) paBHO pazHo-
CTH TIOTCHIHAIOB MEWAY Toukamu 1enu | u 3, a nanpmkenne Ha C, onpene-
TACTCA PA3HOCTHIO MOTCHITHAIOB MEHKIY ToUKaMi 2 1 4

U=e-¢: U,=¢,— ¢, (1
[locne sapaAnky KOHACHCATOPOB HEMb OYACT MPEACTABIATE CODOH TpH
MOCIEI0BATENIEHO COSHHEHHBIX COMPOTHRICHHA:
Ry =R, + Ry + Ry = 400 Om.
Onpegenum cHay TOKA B LICOH:

il .
C E 100
1 R, R R [=—=—=0,254
T R, 4
|-| 4 Bennumnel Hanpsaxenuit U, U, koropeie,
€ KaK cnejayer u3 ypasHeHui (1), Oyayr paBHR
i . CYMME NaJIcHHIT HANPAKEHUA HA COMPOTHRICHH-
I+ X U| :UR| +UR]. UJZUR_1+UR-I-
Toraa

Up =I(R; + Ry)= 0,25 = 300 =75 B;
U, =I(R3+ Ry) = 0,25 = 200 = 50 B.

36

3apan KOHICHCATOPOB OMPEISTHM, HCTONB3YA BIAHMOCBA3hL MATCHHA Ha-
npsxeHHA 3apaga H eMkoct: Q) = C,U, = 150 mBT; Q, = C;U; = 200 MxBrT.
Oreer: 75 B: 50 B: 150 mxBr: 200 mxBT.

1 OHOYd HdW MOmtsMmistswilsj dz' datsets toj " j dad v :

Herwpe FoEIeHCIIOP] OUEEGFDECHE socxrpocaoocra O =25 b cogmgEeemm Tax, ks opeasass =5a coeue. Oopegemere
- WBETPOSMEDCTE BNy 9ensn il Gaapen spansncriopon. OTEer BEpPXIETe B IEadapaiay.

O

A HHE

. praytva g
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3ajgaya NeZ.10
Yyactok uenmu, cxema KOTOporo u3o0pakeHa Ha pHCYHKe, 10 pasmbikanus kioua K nmen
MeKTpHHecKy0 EMKocTh 8 HD. [locsie pasMbiKaHHs KIIOYA YIEKTPOEMKOCTD JAHHOIO Y4acTKa
uenu crana pasHoit 6 H®. Yemy pasna ekTpoéMKocTh KoHaeHcaTopa Cx? Orser Beipasure B

“ I
=

Ipumep 7. Mmeerca deTsipe 0IHHAKOBBIX PE3HCTOPA COMPOTHBICHHEM
R = 1 Om xaxaspii. Kakpe marazubl CONPOTHBICHHH MOMKHO NOJYYHTS,
3. BKIKOYas OJJHOBPEMEHHO BCE PE3HCTOPEI!

R R, R R,
F 9 R©
2 R,

stedlsjtedd BsyjdeSd LO o' fsdzdzj dedj HtcOCIsdyj M¢ 2
[yjdzC of gcGaeddz’ detsj of f sdzdzgj ded j dzj d3j dzj J 90% L
[Uj dzC of g@wdztizj o' ff S&z@zdodzf PH OG22 (OCISdUj ME 52
{dud dzC Of cB@eed dz! dzsj o7 § ®WAzdzDHZGFd 7 0 tcOCIsdyd ME 2
[yj dzC of gQaeddz’ detsj of f sdzdgj ded j d3j dzj J 70% L OHO
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CoeuHeHUs1 IPOBOAHUKOB

Teaent vodudmmamopns EFD: napaiienioe #t 0CAA0BATEALNON COLMMNONNE TPOBLIMIEKON, CMCIIANNOEC COSTMICNIe
MPOBOAMHKOB,

Ecrs gsa ocHoBHBIX €110c0DA COCAMHEHNA NPOBOAHMKOB APYE € JAPYTOM — 910 nocacdosame.ab-
HOC M napaiteabioe coeAnHenust. Pazingnnie KoMOHHAIMI HOCIEI0BATEILHOIO H HAPA/LICILHONO
COOAMHeHIIT NPHBOAAT K CMEWANNOMY COSHHCHIIO TPOBO/HIKOR.

Mz 6yzeM H3yHaTE CBOMCTBA ITIHX COCMHCHHI, HO CHAMAJIA HAM ITOHAT00HTCS HCKOTOPAS BBOIHAS
indopmani.

[Mporosnk, obasawonit conporupienes R, Mbl HazbiBaenm pezucmopom it wiobpazaem cle-
Ayionuns obpasom (puce. 1):

—

R

Puc. 1. Pesucrop

Hanpaxcenue wa peaucmope — 3T0 Pa3ocTb NOTCHIMATOB CTAIHOHAPHONO ICKTPH'IECKOIO 110~
S5t MEXKAY KoHIaMu pesneropa, Meagty kakman mnenno kontamu? B obiies-1o, 510 HeBAKHO, HO
OBBIMHO YA00HO COIVIACOBRIBATE PAZHOCTH HOTCHIMAIOR ¢ HAIPARICHHEM TOKHL.

ToK B 1HenH Te4dT 0T «IUNocas HCTOMINKA K «MUIycys. B 9T0M nHanpapiennn noTenmat cramg-
onapuoro nois yonpaer. Hamommmy emé pas, notuemy sro Tax.

ITyern nonoKuTebHbBI 3aps/] ¢ HEePeMENAeTcs 10 et 03 TOUKK a B To4KY b, npoxoss 1epes
pesnctop R (pue. 2):

b

Puc. 2. U=go -

Crannonapuoe noje copepmiaeT Opi 3ToM nojoxireasiyio pabory A = gy, — ). Tak xax
>0 A>0, 109, = >0, 7T € &5 > @

TTo310MY HANPAKEHHE HA PEIHCTOPE Mbl BRIYHCIACM KAK PAZHOCTD HOTEHIMAJIOR B HAIDABICHIN
Toka: U = @, — @u.

Conporusiienne oBOAANINX TPOBOOE 00LIMHIO HPeHeOPEIKAMO MAJIO; Ha HICKTPHICCKHX CXCMAX
ono crmraetes pasubiyv nymo. 113 zakona Oma ciaeyer Toraa, 4To HOTHINAT HE MCHACTCH BAOL
HpoBojA: Bejb ecint @, — @, = IR n R =0, 10 ¢, = ¢ (puc. 3):

Puc.3.U=ygs -

Takun obpaszor, HPH PacCMOTPEHHH YICKTPHUCCKHX 1eneil Mbl HoJB3YeMes Hicaansaieil, Ko-
TOpas CIVILHO YIPOHAET HX H3y'eHne. A HMEHHO, Mbl CHITACM, T0 NOMEHUUAL CTNAUUOHAPHOZ0
NOAR UIMEHACTEA AUUD NPU NEPETOIE MEPES OMOEABHUE JACMEHITN yen, @ 6doab kaxcdozo coedu-
HUMEADHO20 NPoBeda 0CMAFMER HeuzMen At B peabibIxX Hensx NOTeHIHAN MOHOTORHO yOLBaeT
NP JABHZKCHIN OT HOJIOMHTEILHOIT KJICMMEI HCTOUHNKA K OTPHIATCILHOM,
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IMocaepoBarensuoe coeinHeHne

[Ipu nocaedosameavnon coedunenuy MPOBOJHHKOB KOHCIL KAX/10T0 MPOBO/IHHKA COCAMHACTCH C Ha-
HAJIOM CACAVIONIETO 34 HHM [POBOIHIKR.

Pacemorpun asa pesuctopa i) i Ry, cOeHBHIBIX NOCICA0BATENBHO H HOAKTOHEHHBIX K HOTOY-
HUKY 1ocTosiraoro Hanpskenus U7 (puc. 1), HanoMuuM, 970 10J0KHTeILHAR KJIEMMa HCTOYHHKA
oboznauaeTes Gosee JIHNHONH 1epToil, TAK YTO TOK B JAHHON CXeMe TeUeT 110 MacOBOll CTpesIKe.

" R;

a b C
— —
S I

1
i |=
|
I

Puec. 4. llocaeaosarensnoe coemnene

Cd)opxs(_\'.rlupyc.\: OCHOBHBIC CBOHCTBA IIOCIICI0BATCILHOTO COCIHHCHHA 1 NPpOLTIOCTPHPYEM HX Ha
FTOM HPOCTOM HpHMepe,

1. Ilpu nocacdosameavmuom coedunenuu npocooHuKos cuAa Moxa 6 HuT odunaxosa.
B camom aeqe, sepes moboe nonepednoe cederse oboro NpoBoIHIKA 3a OQHY CeKviy Dyaer
HPOXOMTE OJHMH I TOT #&Ke 3apat. Bejb 3aps/anl Hije He HAKAIIMBAKTCA, W3 el HADYAY He
VXOAST i He [OCTYHAIOT B eIl H3BHE.

2. Hanpaxcenue na yuacmue, COCMOAUEM U3 NOCACC0GATNEABHO COCAUNENIBLT NPOGOTHUROE, PAGHO
CYMME HANPANCENUTE Ha waxcdom nposodiuke.
Jleficrenrensio, Hanpzzkenne [, va yaacrke ab — 510 pabora 104a 10 NepeHocy eIHHYHONO
3apsia #3 TOUKH a B ToUKy b nanpsoxenne U, na yuactke be — 3710 pabora nous no nepesocy
CIMHITHOTO 3apsjia 13 ToUKH b B Touky c. CKIaanBasics. »TH ABe paboThl aayT paboTy mous
110 TIePEHOCY ¢UTHI'HONO 3aPsiia i3 TOYKIL @ B TO'KY €, TO eCTh nanpsizkenne U/ na peéy yracrke:
U = Uy + U,

Moxuo 1 Gosee hopmanbio, (03 BOAKEX (JI0BeCHBIX 00'bsicHenull:
U=Unr=§a"‘$7r=(y‘7a_’hpb)"'(y?b‘—‘\dr)=U®+pr.

3. Conpomusaenue yuacmea, CoCMOKUEZ0 103 NOCACGOSATNEABHO COLUHENHNT NPOGOJHURKOS, G-
HO CYMME CONPOMUGAcHull xasicdozo npocoduura.

Ilvers, R - conporusienne yiuacrka ac. [lo zaxony Oma umeess:

U _Un+Ue Us U _
R_T__I .—T T—Rl"'}?‘.’q

4TO H TPeGOBAIOCE.

Moo JaTh HETYHTHBHO OHATHOC 00bLACHCHNE IPABILIA CJI0MKCHNS CONPOTHBIICHIIT Ha 04HOM
gacToM npuvepe. TIyers H0Cae0BaTebHO CORAMHeHb! JIBA TPOBOJHHKA 13 OJHHAKOBOIO Be-
HECTEA M ¢ OAHHAKOBOH IUIONA/LIO HOHCPeYHOro cevenns S, Ho ¢ pasHuiMi jyiunanm Iy u b,
ConporHeienns IpoBOHIIKOE PABHEL:

h
3

I

fly=p RE=F§-
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D1 ABa NPOBOMHKA 00PA3VIOT ¢AMHLIN NPOBOIINK AmmHo# [ + [ 1 conporneiennen

L+l l l,
R=p =pmtpgs =R +R.
S S S
Ho 310, nogropsiem, aums gactusidl npuaep, Conpornpienns GyAyT CKAAABATECA I B CAMOM
obmeM cayuae — ecIH PazIHvHLL TAKXKC BEIECTBA IPOBOIIMKOE H HX [ONCPEHILIC CCMCHILA.
JlokasaTennLeTBo 3TOro AafTes © noMombio 3akona OMa, Kak MOKA3AHO0 BLINC.

Hammn JOKAZATENBCTBA CBOMICTE NOC/IE/10BATE/ILHOTO COLTHHEHIA, ll]’)llBC,.'l‘éllm:l(’ JUTH ABYX [IPOBOI-
HHKOB, NePeHOCATCA Oes CVINECTBEHHBIX E3MeHeHNIT Ha (‘.'ly‘iﬂ“ HPOH3IBOJIBHOIO YHCIA HPOBOAHHKOB,

IMapajuenbnoe coeaunenne

[Ipn naparteavion coedurenun TPOBOTINKOB HX HAMATA NOACOCIHHSIOTCA K O/HOI TOYKE He, a
KOHIBIL — K APYTOil TOUKe,
CHoBa paceMaTpiBaeM [BA PE3HCTOPA, Ha cell pas coe mHenbe napaieanto (puc, 5).

R
—
—d

1

-

e

Pue. 5. Mapannenwnoe coeqnuense

PeanceTopel n01c0eIMHEHL! K ABYM TOUKAM: a It b. DTH TOUKH HA3LIBAIOTCH Y3AaMU ITH MoMKaMU
pascemeacnui nenn. [lapaneasisie yMacTKn HAIBLIBAIOTCA TAKKE 6€MEAMY; YIacToK oT b K a (110
HANPABICHHIO TOKA) HASBIBACTCA HEPIIGETREAEHNOT YACITLIO 1ETTIL.

Teneps chopmyupyen cEONCTEA NAPAIUICILHOIO COCMHOHNSA I JJOKAKEM X /115 H300pakeHHoro
BHILIIE CyHAast JABYX PeZHCTOPOR.

1. Hanpaxcenue wa wasxcdoii Gemeu odunaxo6o U pacHo HANPANCCHUIO HA NEPAIGEMGACHNON a-
cmu yenu.

B camonm jene, oba naupsienna Uy u U na pesncropax By n Ra pasHbl pA3HOCTH HOTEHIMAIOR
MENLY TOUKAMI OAKI0YCHHS:

Uh=Us=g.-p=U.

Dror d)ﬂx’l‘ CAYIKNT Hanboaee OTHETJINBBIM NPOABJICHHEM NOTEHIHAIBHOCTH CTAIHOHAPHODNO
WIEKTPHHECKOI'O HOJIS JIBHAYHIHXCH 3ADAI0B,

2. Cuna moxa a 1!8]]136(’1"6.15)(“0!7 MACMU UENU PAGHA CYMME CUAL TNOKOEG 6 xaxcdoll éemeu.

[Iyers, nanpnsep, B TOHKY a 3a Bpess {113 HePa3BETBICHHOIO YYACTKA HOCTYIIACT 3apsaa ¢. 3a
FT0 ZKe BpeMst L 13 TOUYKN ¢ K pesncropy ) yXoaur 3apsit g, a € pesncropy Ry — sapsia ¢a.
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HEIID, TR G = ) + g2 B HNPOTHBHOM CIV'AC B TOMEE 0 HAKAIITHBATCH st 3apHa, MOHAA IT0-

TeHITHAT ,.'J.H.Iilluﬁ TOYTKH, “ITC HEBOSMOHEHO® [Bl"..'],b TOK NMOCTORHHBLIN, 11078 ABHAYIIIHXCH S3apH OB

CTAIMOHAPHO, 0 DOTEHIMAT KARI0l TOMKN Hei He MeHseres co speseden ). Tora uaeen:
j_1_m +q: M

92
4 _ % AL _in+1L
f t it 1+ b

HTO B TPeDOBAIOCE.

3. Bl".-'lil.'-“ﬂ-lﬂ, I'Jﬁ‘}ﬂﬂlﬂim CONPOTRNEAEHUND YHACTRG TIIRLLCABHOS0 l'Hl"I‘.h.lHF'HILH, IRLEHA CALALE HE-
SAUHIH, I'inj'.ﬂm'iliﬁl' COTMOTFITIELEH WAL AETREEL.

Ilyers £ — conporupaenne pasperniaénnoro yiacTka ab. Hanpasxenne na yaactee ab panno U
TOK, Tekyumil qepes sror yuacrok, pasen J. Hosroay:

A I L
R = ety
Coxpamas ma U7, noavass:
1_1 1 )
PR

HTO B TPeOOBAIOCE.

Kak nr CAyHae HoC e JOBATE TRHON COS ITHHEHIA, MOGEHO JJATh ol VB ACHEHITe JAAHHOID [IPpARRRIA
HA WACTHOM IIDHMeDe, He lﬂpﬂ.l[l.i-lﬂl.“h K GaKoHy Oinaa,
l'h,m NapALTEHD COTHHCHE TPOBOIHIEKND 13 QHOTD BOINECTEA © OJQHHAKOBLIME JTHHAMIT f:

HO PA3HBIME NONCePedHBIME cedennani Sy 1 S:. Toraa 31o coemumenine MO#HEO PACCMATPHBATE
KAK NPOBOIHHE TOl #e LmeL [, Ho o wonpisin cedeand S = 5] 4+ Sa Hueean

L § S5+85 85 5 1 1

R pl g oW RCR

MpueeaEHHEE JOKAZATEILCTES CRONCTE TAPALIENLHOTD CORTIHEHNA B03 CYIeCTREHHREX W3MeHe-
MHIT MEPeHOCATeA B cayialil moGoro TMHeTa MPoBoTHIKDE,
s coornomens (1) somro uaiirn 7

1y Ry
= 2
R]'{'R-g [ J

K comanennio, B obied CAYHAE 1 AP IEHO CORMHERHRIX POBOJHIKOE KOMIIAKTHOID AHA-
oA {I_}I!}ph.l}'.lllu.[ I:E:I He IOVIVHASTCR, I TPHNOIETCR JI0E0TRCTBOBATRCH COOTHOTIEHHEM

1 1 1
E=E+E+...+E. Lﬂ]

Ten ue menee, oqe nonesnsl BuBog 03 dopyyis (3) crenars mommo. Huenno, oyers conpo-
THBJIEHHSA BCEX T PESHCTOPOR oiuHakosel 1 pasast ). Tormga:

1_ 1 1. 1 _n
RL]RL- 5311

OTEY1A
(1

Mu BHJIHAL, 9TO CONPOTHRICHA® YUACTEA 03 N IIADALTeIRHD (?[M.?,III]IﬁI!IIE-IK HHAKOBRRIY IPOBOAHHKOE
B 7t pa3d MeHLING CONPOTHETEHNEA OOIHOID OROBOIHHEA.
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{1tory A 1701 d1RC

1 3amaua.

OrmnpenennTs CONPOTHBIEHHE LM I HAalIpsSKeHIe Ha BCceM yJacTke, ecinn Ryj= 15
OwMm, R>= 10 OmM, R3= 14 OM. AMIiepMeTp IIOKa3bIBaeT 3 A.

Ry

R
AAHO: Pemrenire:
I=3 A ITapanmensHOE CcoOeIHHEHNE.
Ri=150mMm Ri:=R;R,/ R1+R2
R>=10 OmM Ri>2=1510/15+10=6 (Om)
R:=14 Om | IlocnegoBaTelbHOE COeIHHEHIIE.

R= Ri2+Rs
R=? R=6+ 14 =20 (Om)
U=? [To 3akoHy OMa.
U=IR

U=320=60B.
OtBeT: R=20 OM, U= 60 B.

1 OH Oydy Ol lstswW s j dz! detsets toj " j ded v :

1.
OmnpeennTh CITY TOKA Ha KayKIOM pe3lCTope, IPH HANpsuKeHHH B Ienn 24 B.
R, =6
—___
o—e o
R, = 12
— 1
21 0yjtelsdlsj Mojdkz dL § shdy BaOBJ&J&B M Hd dai
tcj sMisOO, ¢dz# yoO, dMmlssydzd¢ fdlsOdzed v .
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3. Ompenenure OMHOKY B ITIOKA3aHIAX IIPHOOPOB.

R;=5 Om @
: Li=4 A

Ry= 10 OM A )
N
L=25A

stedlsjtedd BsyjdeSd LO o' fsdzdzj dedj HtcOCIsdyj MS 2

[YjdC of gGaddz detsj of ftsdzdzgj dzgdj dzj 5jdzjj 90% L
[l dC of g@add dets] 08§ ®WzzPaz@dzd B0 cOCIsd yj S 2
[UjdC of g@addz detsj oV § HzzPHz@dzed 70§ £OCIsd yj S 2
[UjdC Oof g@addz detsj o rddfjtgdzdzf@de L®H Oz 2 §©OCIsduy
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) ©0CIsdyj MS OM0 ©OBBlSO -

t OMmMydls Srue d odzzlstcj dzdzj 65 M toslsd o dzj d
tOLHjdz 4. [Mmdeseor 1 dzj SlstetsH JdzORBd ¢ d
U BOCLZzZjLIstesMisOIsdC O
s sdzd ud Mls o2y OfFEm ts 0
Kjdzgommudis®Ilsq o dzizffstiel] telistiy deatsdzj ded v . d Missydzd $ © Ists!
H4BHJjtYyOdzdj tOBTSIST
1 sfdzj Hise Ols j dz' detsfyls' o' f tsdzdzj ded W
1. [LdOSCBsBRdIs! My ] MBHjtey Oded j 3 OB SIST .
2. 10fdMmMOIs! HOIE, dtdkjt, Isjdikkz, dOddj dss Odzd j
3 Il " fsdzdzgdIs! L OHOdzd", GlsftcOoadls! dO fteso jtcl k

vitsteilduimedy Mo Hjdedv

LAUING BTG FIH
Buympentee conpomueienue ucmoynuka moxa.

INEKTPUHECKHI TOK — 3T0 HANPABACHHOE IBHKEHHUE WICKTPHYECKHX 3apaios. B
METAUIHYECKHX IPOBOAHHKAX FTHMH 3apHJaMu SRISIOTCS UIEeKTPOHLL. 38 HAlpaRIeHHe
TOKA NPUHATO CYNTATH HANPABIACHHE JBHACHHA NONOKHTEIBHD 3APSACHHBIX YACTHIL
(JMeKTPOHLI B METALIAX JBMMCYTCH NPOTHE Toka) XapakTepueTHKAMH TOKA HBISIOTCH
ABE BENHUMHBL — cuna Toka | u naotHoets Toka |, [log cHIoR Toka NOHUMAKT
CKAIAPHYI0 BEIHYHHY YHCICHHO PABHYIO 3apaily, NPOTEKAIOIEMY 4Epes Nonepednoe
ceueHHe MpoOBOAHHKA B eauuHuuy epemend (I = dQ/dt ). IlnotHocTs TOKA — 3T0
BEKTOP, HANPAaBJICHHLIA N0 TOKY W YHCIEHHO PABHBIH CHIE TOKa, NpHXOAALLeHcs Ha
EAHHULY [10Wany S nonepeutoro cedeHnd npoeoguunka (j = d@ /5 - dr).

[lpn npoxosIeHHH TOKA 10 3aMKHYTOH LenH, 3JIeKTPHYECKH 3apimeHHble
YACTHLLL NEPEMELLAIOTCA HE TONbKO BHYTPH [POBOIHHKOB, COCHHHAWMIHMX MoMI0ca
HCTOMHHKA TOKA, HO W BHYTPH caMoro uctouHuka Ttoka, [losromy B 3aMkdyTOi
WICKTPHYCCKOM LN PAasIHYaioT BHCIHNA 1 BHYTPCHHUH YY9acTKH Lenm.

Brewinuii  yuacmox yemuy COCTABAAET BCH Td COBOKVIIHOCTE [IPOBOJHUKOB,
KOTOPaR NOJICOCITHHACTCH K MOOKCAM HCTOYHHEA TOKA.

Brympennuti yuacmox yenu — 10 caM HCTOMHHE TOKA.

Herounuk Toka, Kak W moboil Apyroil nporojHHK, 001aJaeT CONPOTHRICHHEM.
Tawkum obpazom, B IMCKTPUYMECKOH UCMH, COCTOAWE W3 HCTOMHMEA TOKa M
NPOBOJHHKOE C IEKTPHYSCKHM CONPOTHRISHHEM R, siexkTpuueckHil Tok coBepluaer
paboTy HE TONLKO Ha BHCIIHEM, HO W HA BHYTpPCHHEM yuactke uenu, Hanpumep, npu
MOJKMIOUEHHH AMIIBl HAKATHBAHKA K raibBaHuveckoii Oatapee kapmanuoro dosaps
EKTPHUYECKHUM TOKOM HATPEBAKOTCA HE TOABKO CHHPAik JAMIL M T0JBOJAALIHE
[POBOAA, HO ¥ cama Datapes.

DNeKTpHUecKoe CONPOTHEIEHME MCTOMHHMKA TOKA HAILIBAETCH  BHVMPEHHUM
conponmusichued. B 91eKTPOMArHUTHOM IEHEPATOPE BHYIPCHHHM CONPOTHBICHHEM
ABMACTCH  MEKTPHMECKOe  coupoTHBienue npososa obmorku  redepatopa. Ha
BHYTPCHHCM YYACTHC "!JICK']'['IH'-!C'CKOFI LCTTH BBIJICTTACTCA KOJIHYCCTRO TCIIOThI, PABHOC!

Qu, = 1% -7 AL (1)

FAC ¥ — BHYTPCHHCC CONPOTHRICHHC HCTOYHHEA TOKA,

[Monnoe konuuectro Ttennorel  (Jx), BolOIAHOWEEeCH OpH OPOTEKAHHH
MOCTOAHHOIO TOKA B 3AMKHYTOH LEnM, BHEIIHWA W BHYTPECHHMH YYacTKH KOTOpOil
HMEIT COMPOTHBIEHHA, COOTBETCTBEHHO PABHLIE £ H F ., paBHO:

Quon =12 R-At+ P -r-At=1*-(R+r)- At (2)

rae | —cuna Toka, A

R - conporuenenue nposoauuka, Om
L —Bpemd,
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BCAEVID 3aMEHYTYH) LENbL MOMKHO NPEICTABHTL KAK [ABa [NOCIEI0BATENLHO
COC/IHHEHHBIX pﬂ?HC'I'ﬂpa C 3IKBHBANNCHTHEIMH l;l,‘.lllpl,".lTHI-L'ItHHHMII R wur nﬂ'ﬂ'ﬂ!ﬂl}-‘
CONPOTHBASHHE MOAHOH LENH PpaBHO CYMME BHELWHETO H BHYTPEHHEr O CONPOTHBIEHHIT:

RIIIJ.-'IH = R + r

[lockoneky NpH NOCACA0OBATE/ILHOM COCAHHCHHH CHIA TOKA HA BCCX YYACTKax
HENH OJHHAKOBA, TO HEpes BHEIWIHHI M BH}'TIJEHHHH YHACTOK  LElH  [IpoXOogadT
O/IHHAKOBBIH Mo BeanunHe 1ok, Torna no sakony Oma 18 yYacTka HENH NajeHHe
HANPAKEHHIT HA ee BHELIHEM H BHYTPEHHEM yuacTKax OvIyT COOTBETCTBEHHO PABHLIL:

Uy=1"Rn Uy=1I-r (3)

IneKmpodeuMNCy{an Cl
[MonHaa paboTa CHI AEKTPOCTATHYECKONO MOJAS NPH JIBHAKCHAM 3apsjioB 110

JMKHYTOH Lend NOCTOAHHONO Toka pasua Hymo. ChenosarensHo, Bes pabota
ANEETPHYUCCKOND TOKA B 1ﬂh‘1HH}"1'ﬂﬁ "l.'ltk‘l'pH'-IECltﬂﬁ LENMH DKA3LIBACTCA COH-E]‘!IIU.".HHGE 34
CYET JCHCTBHA CTOPOHHHX CHJL, BhI3LIBAIIIHX PA3IE/ICHHE 3apA0B BHYTPH HCTOYHHKA
H  [NOJCPKHBAKOIINX  MOCTOAHHOE HAUPAAEHHUE HA  BhIXOJAE MCTOYHMKA TOKA.
Ornomwenne paboTsl A, COBEPIIAEMOH CTOPOHHHMH CHIIAMH 110 NEPEMEIICHHID 3apa/ia
§ BAOAL UEenu, K 3HAYECHHIO JTOr0 3apajld HAILIBACTCH 2IEKMPOOGUNCVIYEN CUIoll
wemounura (IJ1C) &

II4l:T

Aq

(4)

rae Aq — nepeHoCHMBII 3aps/l.

DJC seipakaercs B TeX Ke EAMHHLAX, YTO W HANPAKCHHE HIH Pa3HOCTh
NOTEHUHAIOB, T. €. B BoawTax: £ = [1B].

J1tdr0 A 101 91 RC

3apaya 1 (956)
Kakoea 3/4C NCTOYHMKA, €C/IN CTOPOHHUE CU/bl coBepLuatoT 20 >k paboTel npy
nepemewieHnun 10 Kn aneKktpuyecTea oT 04HOro noawca K gpyromy?

HaHo: Pewenue:

A=20 Ix A
E=—

q =10Kn 9

p—— _20Ax
€= T 20B
Omesenr 2B
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3aga4qa 3 (965)

K moarocam HeTtodHHKA ¢ IJIC 2,0 B m BEyTpeHHEEM conpoTHBIAeHHEeM 0,80 OM mpHcoeTHHeH

KYCOK HHKeJIHHEeBO MPOBOJOKH IJHHOH 2,1 M H ceanreMm 0,21 mv>. Kakogo HANpPA:KeHHe HA

IALKAMAX HCTOYHHKA?

Hano:
£E=20B
r=0,800m
I=21m

s=0,21 mm’=0,21- 10 %m?
p=04210°0m-m

u=?

1 OHOYyd Hd&zw

1.

Pewsetmse:

Haxoapsm conpoTMRASHWE NPOBOAOKH N0
dopmyne R = p E:

Haxoamm cwry Toka no gopaene

f:i:
Rir

Haxogmm HanprxeH e no gopmyne
u=IR:
TlpeaRopEM BEMTHCECHAS

R= 042107° n.z:.:n* =4,2 {Om}

f=——=04(A)
42+08
U=04A420u=168B.
Omeem:1,68 8

MOoRsmisswisj d dscts tojh j dagw:

IC darapeiike oT kapMaHHoro ¢oHapa paeHa 3,7 B, a BHYTpeHHee CONPOTHEIeHHE
1,5 Om. Barapeiika 3aMKHYTaA Ha conpoTHB/AeHHe 11,7 OM. Kakopo Hanpa:xeHHe HA 3a:KHEMAX

paTapeiiku?

IC ucrounnka 2,0 B, ero BEyTpeHHee conpoTuBiIeHne 1,0 Om. Kakasa cijia Toka
B I[€IH, €CJIH MOIIHOCTh TOKAa BO BHemHelH nend 0,75 Br? O0bACHHTH CMBICT JBYX

OTBETOB.

T'enepatop ¢ IAC, papHoii 100 B, u BHyTpeHHHEM conpoTHB/IeHHEeM 2,0 OM B TedeHHe HATH
9ACOB 3apMKAET DaTapero akkymyaaTopos. JIC oarapen 75 B, BHyTpeHHee CONPOTHBIEHAE
0,15 Om. ConpoTHBIeHHe NPOBOIAMHX HpoBodoB 0,35 Om. HaliTh Hanps:keHHe HA 3a:KAMAaX

reHepATOPA H HANPSUKeHHe HA 3AKAMAX AKKYMY/IATOpHOH 0aTapeH Bo Bpemd 3apanka. Kakoe
KOJHIeCTBO 3 IeKTPHIECTRBA NP OXOIHT Yepe3 AKKYMYISATOPHYH daTapeto 3a 5 9?

sttdlsjedd Byjdsd

[ Y] dzC Of gBed dz' dats j
[ Y] dzC Of @ad dz' dats j
[ Y] dzC Of gBed dz' dats j
[ Y] dzC Of g@ed dz' dats j

L O

9" f sdzdej dzd §
9" {f sdzdzj dzd j

fwoCilsdud m

dej d3d dzj J

Cts2

90% L

9-8 § ®dzizPHzgzd B0 5OC Isd uj MC 52
o7 § ®zizPHz@ gzd 7 0 6 OC s uj MC 52

o "  sdzdzej ded J
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) ©0CIsdyj MS OMl ©OBBIO -

dzOr ts) H j dzd W fifgfcfizzr  ¢f ditftg jteddy O

tOLHjdz 4. [Mmdeser 1 dzj ClstetsH d dzOd3d € d
U B30 [Deslzd Isdets f sdzj
s sdzd ud fMls 925y OfFEm ts 0
A § dzdg® Isff dizdr A3 § t6 @[ ts5fggf.dey O
H4BHJjtYyOdzdj tOBTSIST
1 sfdzj Hise Ols j dz' detsfyls' o' f tsdzdzj ded W
1. [LdOSCBsBRdIs! My ] MBHjtey Oded j 3 OB SIST .
2. 10fdMmMOIs! HOIE, dtdkjt, Isjdikkz, dOddj dss Odzd j
3 Il " fsdzdzgdIs! L OHOdzd", GlsftcOoadls! dO fteso jtcl k

vitsteilduimedy Mo Hjdedv

Cuna Amnepa

Cuna, AencTByrOLAA Ha MPAMONIMHENHbIA NMPOBOAHUK € TO
KOM, MOMELLEHHbIA B MarHWTHOe Mo/je, Ha3blBaeTcs CUIon
AmMnepa. Moaynb cunbl AMNepa paBeH MNpov3BefeHWD CUNb
ToKa |, npoTekatowero B MPOBOAHVKE, Ha MOAY/b BekTopa
MarHUT HOM WMHAYKUMW B, Ha AAMHY NPOBOAHMKA | 1 Ha cKHYC
yrna a Mexzy BeKTopom B 1 NnpoBOAHVNKOM € TOKOM:

F, = IBIsinc.

HanpaBneHve cunel AMnNepa onpegensetca npaBANOM
NeBOWN PYKW: eCin NIeBYIO PYKY PaCroNOXUTb Tak, YTObbI YeTbipe

NanblUa YKa3biBa/X HanpaBneHUs TOoKa, MeprneHAUKYNspHas K
NPO BOAHWKY COCTaBAAKOLWAA BeKTopa MarHUTHOW WHAYKLMN
BXOAMNA B NaA0Hb, TO OTOrHyThIM Ha 90° 6onbLWON Nanewy, ykaxeT
Ha NpasneHne cunbl AMnepa.

Cuna JlopeHua

Cuna, AeVCTBYHOWLAA Ha dNeKTPUYeCcKA 3apss, ABUXKYLLMNCA
B MarHWTHOM nose, Ha3blBaeTcs cMNOon JlopeHua. Moaynb Cubl
NopeHua paBeH npou3BeAeHUD abCoNTHOro  3HadYeHus
ABUXYLLErocs 3apsasa g Ha CKOPOCTb ero ABUXeHUsA v, Ha MO Ay/b
BeKTopa MarHUTHOW WHAYKUMM B MU Ha CUMHYC yrna a mex Ay
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BeKTopamun Bun v:
F, = gquBsma.

HanpasneHne cunel JlopeHua onpegenserca no npasuny
NEeBOW pyKW: eCnNn NeByro PyKy PacnofioXUTb TakK, YTOObl YeTbipe
nanbLa yKasblBanu HanpasfieHUe CKOPOCTU ABUMXEHUSA 3apsikeH
HOW 4acTuubl, NepneHAVKyNsapHas K CKOPOCTU COCTaBAAKLWAA
BEKTOpPa MarHUTHOW UHAYKLUNN BXOAWNA B NaA0Hb, TO OTOrHYThIV
Ha 90° 60NbWON naney YKaXeT HamnpaBneHus CUNbI,
LeNCTBYOWEeN Ha MNONOXUTENbHbLIA 3apsj W HanpasieHue,
NPOTVBONO/IOXHOE HanpasNeHUKO CU/ibl JTopeHua, 4eNCTBYHLLEN
Ha OTpULATEIbHbLIN 3apsj,.

[ABUXeHne 3apaXeHHbIX 4acTuy, B MarHUTHoOM none. Ha
3apAXEeHHYH 4Yactumuy, ABVXKYLLYHCA B OAHOPOAHOM MarHWTHOM
none nepneHANKYNApPHO NUHUAM WHAYKUWKM MarHUTHOro nons,
AEeNCTBYeT TMOCTOAHHAsA Mo MOAYMK W  HanpasneHW Cuna
NopeHua, HanpaeneHHas nepneHAnKYNApHO BEKTOPY CKOPOCTW.
MNoa penctBueM cuibl JlopeHLa 3apsXeHHas YacTuua ABUMXKEeTCS
MO OKPYXHOCTU MOCTOAHHOrO pagnyca. OKPYXHOCTb NEXUT B
MNN0CKOCTW, NepneHANKYNISPHON K BEKTOPY MarHUTHOW MHAYKUWN,
a cuna JlopeHua SABNAETCA LeHTpocTpeMuTenbHoOW. Pagunyc
OKPY>XHOCTU R, MO KOTOPOW ABWXETCH YacTuua, onpegenserca M3

yCNOBUS:
2

1)
:ﬂ:?ﬂ qu.B=m‘F-

T :
v qB
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Mepuog obpalleHmnsa YyacTmubl B O4HOPOAHOM
MarHMWTHOM MNOJE PaBeH:

OTKNOHEeHWe 3apAXKeHHOW YacTuLbl, ABVXYLLIECH
neprneHAnNKyISpHO CUNOBLIM IMHUAM MarHUTHOMO NOAS,
NCNONb3YETCH ANA onpeaenieHnsa 3Haka 3apsga YacTmubl.

Ecnn BeKTOp CKOPOCTU 3apsiXXeHHOW 4acTuubl COCTaBnser
yros a C Hanpas/ieHVWEM BeKTOopa MAarHUTHOWM WMHAYyKUMW B oj
OAHOPOAHOrO MOoJsA, TO YacThla ABUXETCHA Mo BUHTOBOW NMHUN.
Paaunyc Butka R:

/7 q >0
- r
v = =
=_ @ ® B
q \\\
v g<0
s @
Puc. 3.33
2TmuUCcosa ,
h= : musing
4B N
- qB

LLlar BuTKa h paBeH:

{11010 A 1011 RC
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MelnmnHKa maccon 10 mr, 3apsagom 10 MkKa B MarHUTHOM none
NHAYKUKMeWn 5 Tn onncana oKpy>KHOCTb paanycomMm 6 M. CKOpoCTb

NbIIMHKKX paBHa... (M/c).
[1aHo: PelweHne:

Ha 3apsi>XeHHYH NbIWHKY B MarHUTHOM
none gencreyet cuna JlopeHua. Cuna
JlopeHLa ABNsieTcs LeHTPOCTPeMMUTENbHOW:

m=10 Mr =107 kr
g= 10 mkKn = 10

5Kﬂ mv? = qvB

R=6M R .

B=5Th Bbipa3nM CKOpPOCTb ABUXEHWSA YacTULbI
v-7?

__9BR
m .

HD,[I,CTE] BAAeM 4HC/10Bble 3Ha4YeHA

10”%.5.6 M
= 30-
10°5 c.

30>

cl

‘L‘P

VvV =

OTtBerT:
Kpyrosow BUTOK pagnycom 5 cM nomelleH B 04HOPOAHOe

MarHMTHOeE nose, MHAYKUMNA KOTOPOro 103 Th. [Mpy NponyckaHnm
no B1TKy Toka 0,5 A BUTOK noBepHyics Ha yros 30°. Ha BUToK
AeICTBOBaN MOMEHT CU, PaBHbIN ...(H Mm).

[aHo: PelleHune:

R=5cMm = 5%102 | MoAy/b MOMeHTa Cu, 4eACTBYIOLLIMX Ha
BUTOK C TOKOM B MarHUTHOM roJe:

M
-3 M = IBSsina_
B=10">Tn }
[=05A BUTOK KPYroBoM, C/ief0BaTe/IbHO, €ro rnio-
' ajp S =mR?,
& = 300 LLI' ﬂ'

MNonyyaem dopmyny ans pacyerta:
M=7? M = IBnR?*sina
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HO,EI,CTEI BAdemM 4YnndioBble 3HaueHWNA.
M=005-10"2-3,14-(5-1072)?sin30° ~ 2- 10°H - m

OtgeT: 2-107°H - m,
1 OH OydnOHizleIssWils j dz! dese s toj N Jj ded W :

1. MNpAMONUHENHbIA NPOBOAHUK AnvHOW 0,4 M MOoMeLleH B
OAHOPOAHOE MarHWTHOE noJsie neprneHAVKYISPHO NNHUAM
MarHUTHOW UHAykUun. Onpegennte WHAYKUMKO MArHUTHOIO
Nnons, ecnv Npu cune Toka 2 A Ha NPOBOAHUK AeNCTBYyeT ¢ na 4
H.

2. PaccuutanTte cuny TOKa, MpoOTekarulero rno naockomy
KOHTYpYy naowaabko 5 cM2, HaxoAswemycs B OAHOPOLHOM
MarHMTHOM none c mHAaykumen 0,5 Tn, ecnm mMakcmanbHbIA
BpalLaroWMM MOMEHT, AENCTBYKOLLMA HA KOHTYP CO CTOPOH®I
nons, paseH 0,25 MH * m.

3.0npesennTte MHAYKTUBHOCTb KaTyLIKW, eCau nNpu cuie Toka
6,2 Aee MarHMUTHoe none obnagaet aHepruen 0,32 x.

stedlsjtedd BsyjdeSd LO o' fsdzdzj dedj HtcOCIsdyj ME =2
[yj S of gGaeddz’ detsj of f sdzdzgj ded j dzj d3j dzj J 90% L

(U] S of g@ed d das] 0-8§ WzzPez@ded B0 £ OC Isd U MS 52
[y des Of GBeq d das] o7 § WczdzPrz@ded 7 0§ ©OC IS U j MS 52
[yjdS of c@edd ds] o' §ddjdd] Ejdjij 70% LOHO
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Mpw CBOBOAHBIX MEXAHUUYECKMX KONebaHUAX KMHETMUECKan W MNOTEHUMAaNLHan 3HepPrun
nepuognyeckin NameHsrTeA. MpKY MakCUMansHOM OTKAOHEHWK Tena OT NONOXEeHMs paBHOBECKs
ero CKOpoCTb, C1ed0BaTeNkbHO, 1 KMHEeTMYeCKasl IHepra obpallaroTca B Hy/b. B 3TOM NonoxeHun
noTeHUManbHaa dHeprina KonebnroLwerocs Tena AocTuraeT MakCMManeHoro 3HaveHuns. Koraa teno
NnpKi CBOEM ABMXEHWI NPOX0ANT Yepes NoMoKeHWe PaBHOBECUSA, Ero CKOPOCTb MakCMankHa.

Teno NpockakuBaeT MONOXEHWE PABHOBECWA MO 3aKOHY MHepuuu. B 3ToT MOMeHT oHO obnagaet
MaKCMManbHOW KWHETUYEeCKor W  MWHKMMAanbHOR NOTeHUWAaNnbHOW 3Hepryveil. YeenuueHwe
KWHETUYECKO 3IHEepPrumM MNpoMCXOAUT 3a CYeT YMeHbLUEHWA MOoTeHUWansHol 3Hepriv. Mpu
NANbHEALLEeM ABWXEHUW HauMHaeT YBeNWuMBaTbCA MNOTEHUMANbHAas 3Heprus 3a cuyeT ybbiin
KMHETUYECKOWA 3HepruM M T. A. Takum 0Bpasom, Npy rapMOHWYEeCKMX KonebaHusax NpoMcxoamT
nepuoanyeckoe NpeBpalleHne KMHETUYEeCKOn 3Hepriy B NOTEHUWaNLHYH M HaoBopoT.
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Puc.1. Konebanua npy>KHHHOTO MAATHHKA. Puc.2. Korebanna MaTeMaTHIECKOTO MAATHHKA.
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6. Iapyonudeckue ko1e6anuA.
Konebanma, KOTOPEIE IOMUHHEAIOTCA 3aKOHAM CHHYCA HIH KOCHHYCA, HA3EIBAIOTCA TAPMOHHYSCKHIMH. YPABHEHHE
rapMOHHYECKOI0 KOIeOAHHA YCTaHABINBACT 3aBHCHMOCTD KOOPIMHATEL Tella OT BpeMeHH: X = A sin (ot + @) HiH

x=Acos(ot + @ ). 11

X — CMelleHHe, A — aMIUIHTyda, @, — HadameHad dasa, { — BpeMd, @ — HEKIMYeCKad JacToTa.
[x]=1a  [A]=1n [m]=1PT“" [t]=1c  [p]=1pad

5

6.1. I'pacdux xonedarensHoro ABwEeHNA (pHe.3).

Nepwon koneGawwi, T

x /M f Yacrora koneBaHui
] | 1
o i I = ?
Amnnuryna :one-ﬁauun.]: A \ "I"T / :\ /\ /
A -~ -0 : ! b
\ / T 27 \/ 3T ¢
- L >

Pue.3 I'paduk 3aBHCHMOCTH CMEIIEHHA OT BPEMEHH.

7.1. YpaeHeHue ca0600HbIX KONeBaHUL NPYWUHHO20 MASMHUKA (CUNbI TPEHWA He YUMTLIBAKOTCS,
AedopMaLMn NPYXUHBI HEBENUKM M CYUMTAKOTCA YNPYrMn):

k
a =-m ‘X, raed — ycxopeHue, k- ko3ddHIEeHT HecTKOCTH, M — Macea Ipy3a, X — CMEIICHHE IIPYKHHBL
7.2. YpaeHeHue ce0b00HbIX KOAebaHUT MamemMamu4eckoz20 MasmHuka:
g

= - | ‘X, r1e g — ycrkopeHne cBoOOIHOTO magerHnd, § = 9.8 w/c?, [ - UIHHA HHTH MAATHHKA,

x = Ah — BEICOTa, Ha KOTOPYIO IOJHAMACTCA IIAPHK.

Puc.3 Puc. 4

6

2 .TloxcuuTaiiTe YHCIIO HOIHBIX KOJeOAHHH N, KOTOPbIE MAATHHK CAETIAET 3a BpeMi t.
Jnusy HutH { H3MephTe ¢ IOMOMIBIO JICHTHL. BBruHCcIHTE NepHo KOICOaHHH, HCIIONB3yA (GOPMYIIBI:

t 2| € Ty +T,
Ti=n ; Fo=2mN9 - Ten= 2
1

3. BBMHCIHTE XapaKTEPHCTHKH KOIEOAHHI MAATHAKA: 3.1.9acToTy coOCTBEeHHYIO V = Tep

3.2 IEKIHYECKYO @ = 27V, 3.3.¢razy xonedaHHI MAATHHEA @ =@ t.
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{1tory A 1701 d1RC

ITo rpachuky Ha pHC.S MOMKHO ONpPENETHTh: AMIUIHTYAY (MoXyIpHOE 3HaueHHe) A = Scu: meprop xonedanmii T = 4¢;

Ee
BpeM1 Beex KoneOaHHH t = 15¢.

Henons3ya GOpMyYIIEI PACCIHTAT: 9aCTOTY COOCTBEHHYO V = T, v= 0,25¢:
YACTOTY [MMKIHUECKYIO o = 271tv . & = 0,571 dazy o = o-t, 9 =757

3anmHcaTh ypaBHEHHE rapMOHHYECKHX KoneOanuii x = A-sin (@g + ©t), T.e. x =0, 05 sin 7,57
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