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Beenenne
VYuebnas muctumianaa [1/1.03 ®usuka BXOIUT B COCTaB LUKJIA TPOPHIBHBIX JUCIUILTHH

OCHOBHOHM 00pa3oBaTeibHON Mpo(decCHOHANBbHONW NporpaMMbl. MeToauuecKkue yKazaHus 10
BBINOJIHEHUIO NpakTHYecKuX padot no aucuumiuHe [1/1.03 dusnka cocTaBieHbl B COOTBETCTBUU
¢ paboueii mporpaMMoi 1Mo TaHHOW TUCIUILINHE.

LenssMu BBITTOTHEHUS TPAKTUYECKUX PAOOT SIBIISCTCS:
- 000011IeHNE, cucTeMaTHU3alus, yriyOleHue, 3aKperyieHne NOdy4eHHbIX TEOPETUUECKUX 3HAHUI
10 KOHKPETHBIM T€MaM IHCLUIUIMHBI;
- hopMHpOBaHKE YMEHHI MPUMEHSTDH MOJTY4YE€HHBIC 3HAHHUS Ha MPAKTHUKE, peaiu3aisl eqMHCTBA
WHTEJUIEKTYAJIbHON U IIPAKTUYECKOH JCATENbHOCTH;
-pa3BUTHE MHTEUIEKTYalbHbIX YMEHUH y OyAylmMX CHELMAIMCTOB; aHAJUTHUYECKHX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.
- BBIpaOOTKY NPH PEIICHUH TOCTABICHHBIX 337a4 TaKUX MPOPECCHOHATBFHO 3HAYUMBIX KaYeCTB,
KaK CaMOCTOSATEIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKAs] MHUIIMATHBA.

B nponecce usydenus puznku oueHb OOJIbIIOE 3HAYEHNE UMEET pellieHue 3a/1a4, TaK KaK
OHO IO3BOJISIET 3aKPENUTh TEOPETUUECKUN MaTepual Kypca, pa3o0parhecsi B pa3IMyUHbIX 3aKOHAX
U TpaHMIAX MX IPHUMEHEHHUs, CIOCOOCTBYEeT HX 3amoMuHaHuio. Kpome Ttoro, mpu 3Tom
pa3BUBAIOTCS HABBIKM MCIOJNB30BaHMSI OITHUX 3aKOHOB Ul BBIACHEHHS KOHKPETHBIX
IPAaKTUYECKUX BOMpPocoB. Takum o00pa3oM, BBINOJHEHHE 3a/7ad B IPaKTHUECKUX padboTax
ABJIAETCSL IPOBEPKOM CTEIEHM YCBOEHUS CTYIEHTaMH TEOPETHMYECKOIO MaTepuaga U MOMKET
CILY’)KMTb KpUTEpPHEM 3HaHUS Kypca.

[Ipennaraemoe mocoOue coaepkUT Marepuan 14 mnpakThyeckux paboT Mo (¢u3MKe
(cormacHo paboueil mporpamMMe), KpaTKyl0 TEOpHI0, TpeAjaraemMple CTyJAEHTaM s
TEOPETUYECKON TMOATOTOBKM K 3aHATHUSM BOIPOCHI; MOJPOOHBIE METOAMYECKHE YyKa3aHHs IO
pelIeHHIO 3a7ay; MpPUMEpPhl peHIeHMs 3aJad; 3aJadd JJIsl CaMOCTOSITENIbHOTO pELIEHHUsS IIOo
BapuaHTaM. Y CJIOBHE Ka)XJ0M 3a7a4u MPeACTaBICHO OAHOBpeMeHHO B 10 BapraHTax.

[Tpunoxenne k cOOPHUKY 3a/lau BKJIIOYAET B ceOs CIIpaBOYHBIM MaTepHuall, HEOOXOIUMBIi
JUISl pEILIEHUs 3a1a4.
[TpakTnueckast paboTa paccuuTaHa Ha BBIIOJIHEHHWE B TEUEHHE JIBYX Y4YEOHBIX YacCOB.
[IpuMepHBIii U1aH pEeIIeHNS 3aJa4H:
1. Pabota Hax ycioBuem:
1) Kparkas 3anuch YyCIOBHS UM BBIACHEHHE CMBICIA TEPMHUHOB (pUCYHKH,

YEePTENKH).



2) Amnanu3 Qu3NYECKUX SBIICHUMN, TPOIIECCOB, OMTMCAHHBIX B 3a/1a4e.
3) 3anuch yrmpoumarwmux Mpearnoa0KeHHH.
2. Tlouck HEOOXOOWMBIX YpaBHEHUH, CBS3BIBAOIINX (DU3MUECKUE BEIUYHHBI, KOTOPHIC
XapaKkTEePU3YIOT pacCMaTpPUBAEMOE SIBJICHUE, TIPOIIECC.
3. Pemienue 3amauu B 00IIIEM BUJE.
4. Ananu3 nmoJlydeHHOTO pe3yibTara (AecTBHE ¢ HAMMEHOBAHUSIMH, MPOBEPKA HA YACTHBIX
CIIy4asiX, peLIEHHE IPYTUM CIIOCOOOM).
5. IIpuBenenue Bcex naHHbIX kK CU (ecim 3T0 HE0OX0IUMO).
6. IlosyueHue 4nucaIoBOro OTBETA.
B nporiecce BBIMOTHEHHSI TPAKTUYECKON PabOTHI CTYACHTHI B OTYET JOJKHBI BHECTH:
1) Ha3BaHHME MPAKTUYECKOH paboTHI;
2) 1enb paboThI;
3) pelieHue BHIIOIHEHHBIX 3aJaHUM TPAKTUYECKON paOOTHI.
OrieHKa 32 BBITTOJTHEHUE TPAKTUYECKUX PAOOT BBICTABISAETCS MO MATHOAUIBLHON CUCTEME U

YUYUTBIBACTCA KaK IIOKA3aTCIIb TCKYH_Ieﬁ YCII€BACMOCTHU CTYACHTOB.



IIpakTuyeckoe padora Nel PapHoMepHOe H PABHOYCKOPEHHOE IBHKEHH e

Ilens paGoThI:
3aKpenuTh YMEHHE:
OPUMEHSTh (OPMYINIBI CKOPOCTH MpPH PABHOMEPHOM JABM)KCHHUH, YCKOPEHHMsSI U ypaBHEHUS
JBUKCHHUS TIPU PA3IMYHBIX BUJIAX JIBIKEHUS TPU PEIICHUH 3a/1a4;
MPUMEHSTH (POPMYIIBI IICHTPOCTPEMHUTENIBHOTO YCKOPEHHUSI, CBSI3bIBAIOIICH JTMHEHHYIO U YTIIOBYIO
CKOPOCTH IIpU PELICHUH 3a]1a4.
OcHoBHbIE MOHATHS U (POPMYJIbI

MexaHnueckoe ABM)KEHUE - U3MEHEHHUE IOJIOKEHUS Tejda B IPOCTPAHCTBE OTHOCUTEIBHO
JIPYTHUX TeJl C TEeUEHUEM BPEMEHHU.

MarepuanpHasi TOYKa MPEACTAaBISET cOOOHM Teno, KOTOpoe o0jazaeT Maccoi, a ero
pa3MepaMu MOXKHO TpeHeOpeyb B CPABHEHUU C MPOUIEHHBIM 3TUM TEJIOM PAaCcCCTOSTHUEM.

Teno orcuera - 3TO HEKOTOPOE TENO, OTHOCUTEIBHO KOTOPOIO OIPENEISAIOT MOJI0XKEHHUE
JIPYTHUX TeJl B TI000H MOMEHT BPEMEHH.

Cucrema otcyeTa - 3TO TEJIO OTCUETA, CBA3AHHASA C HUM CHCTEMa KOOPAMHAT U NMPUOOp s
U3MEpEHUS BPEMEHHU.

TpaekTopus — TMHKS, ONUChIBAEMAasi MAaTEPUAIBHON TOUYKOW MPH IBUKEHUH.

[Tyte - nnuna tpaekrtopud. IlyTh 0603HauatoT cumBosioM 1, equnuma B CU — metp (M).
IIyTs - cKansipHAs BEIMYMHA.

[lepemenieHue — BEKTOp, HAMpaBICHHBIA OTPE30K, COCAUHSAIOIMIMNA HAYaTbHYIO TOYKY
TpaekTopuu ¢ koHeuHou. Ilepememienue o6o3Hauaercst cumBoioM S, B CU uzmepsercs (m).

CkopocTh — Mepa MeXaHH4eckoro coctosiHus Tena. OHa XapakTepusyeT OBICTPOTY
W3MEHEHUS TOJIOKEHHS Tella OTHOCUTEIHHO JAHHOM CHCTEMBI OTCUYETa M SIBIISICTCS BEKTOPHOMU
BennunHOM. CKOpOCTh 0003HAYAETCSI CHMBOJIOM V, €€ €IMHUIIA U3MepeHus (M/c).

Cpenssisi CKOPOCTb — 3TO BEKTOpHAas BEJIMYMHA, KOTOpas ONPEAENseTCs OTHOLIEHUEM
BEKTOpa MepeMeIeHUs K TPOMEKYTKY BPEMEHH, 32 KOTOPOE JaHHOE TepeMeIIeHHE MTPOU30IILIO:

ﬂl_.p:;

MrHoBeHHasi CKOpPOCTh Tejla — CKOPOCTh TeJla B JAaHHBIH MOMEHT BPEMEHM WJIM B JIaHHOU
TOYKE TPAEKTOPHHM, paBHAas OTHOILIEHUIO NEPEMEIICHUS K MaJOMy INPOMEKYTKY BPEMEHH, 3a
KOTOPBIH 3TO NIepeMeLeHIE TPOU30IILIO:

= g

& A
VYckopeHre — BEeKTOpHAasl BEMYMHA, XapaKTepU3yromas ObICTPOTY U3MEHEHHsI CKOPOCTH.
OHO TmOKa3bIBaeT, Ha KaKyl0 BEJIMYMHY M3MEHSETCS CKOPOCTh Teja 3a €AWHMIY BpPEMEHHU.
VCKOpeHne 0603HAIAETCS CHMBOJIOM &, €€ ¢MHHIIIA H3MEPEHHS M/C”.
Cpennee yckopeHue — (u3nueckas BEIUUYUHA, YUCICHHO paBHasl OTHOLIEHUIO M3MEHEHUS
CKOPOCTH KO BPEMEHH, 3a KOTOPOE OHO MPOU30LLIO:
—s
-
ag At
I[To xapakTepy CKOPOCTH BBLIEISIOT CIEAYIOINE BUABI ABH)KECHHUS:
- paBHOMEpHBIM Ha3bIBaeTCs ABM)KEHHE, MPU KOTOPOM 32 OJMHAKOBBIE IPOMEXYTKH BPEMEHU
TEJO0 IPOXOAUT OAMHAKOBBIE PACCTOSHUS, TO €CTh CKOPOCTH T€JIa OCTAETCSI IIOCTOSIHHOM;
- PaBHOYCKOPEHHBIM Ha3bIBae€TCs JBUKEHHE, IPU KOTOPOM 32 PaBHbIE MPOMEXKYTKH BPEMEHU
CKOPOCTb T€JIa U3MEHAETCS OJUHAKOBO, T.€. YCKOPEHUE OCTAETCS TOCTOSHHBIM.
Wtak, npyu paBHOMEPHOM MPSMOJIMHENHOM JIBMKEHUHU 8= constua =0.
x = xy+ U,t — KMUHEMAaTHYECKOE ypaBHEHHE PABHOMEPHOTO JABWKEHHs (ypaBHEHHE

3aBUCUMOCTHU KOOPAWHATHI OT BpeMeHI/I).



s = 1t - ypaBHEHHE MTyTH.
IIpy paBHOYCKOPEHHOM MPSIMOJMHEMHOM JBUKECHHUM & = CONSE,
# = 0, + at - ypaBHEHHE CKOPOCTH.

JIBr>KeHHEe ¢ BO3paACTAIOIIEl MO MOJIYJII0 CKOPOCTHIO Ha3bIBAIOT YCKOPEHHBIM JIBUJKEHHUEM,
a JIBIDKEHUE C YOBIBAIOIEH CKOPOCTHIO — 3aME/IJICHHBIM JIBH)KEHUEM.
2
a -t
S = Gyt + — ypaBHEHUE IMepeMEeIleHUs TMpPU  PaBHOYCKOPEHHOM

JBUXXCHUH.

2
a-t
Men(z[y IIyTEM, YCKOPCHHEM M BPEMEHEM UMEET MECTO CJICAYIOIICEC COOTHOIIIEHUE: S =——

2
1%
Mexk1y CKOpOCTBIO, YCKOPEHHEM M MyTeM UMEET MECTO CJCYIOIIee COOTHOIICHHE S = o, W

a
v=+2a-S .
a -1
X = x5 + &, + ——— - KHHEMAaTHYECKOE YpaBHCHHE PABHOYCKOPCHHOTO
2

JBHXKXCHUA.

@opMyibl, IPUMEHSAEMBIE ISl PAaBHOMEPHO YCKOPEHHOI'O [BWIKECHHS, TONATCS W IS
2

CBOOOJIHOTO TaJieHus. 3aMeHsieM 3T QOPMYJIbL: v =g 1, S =% ,0*=2g-S.

PaBHOMEpHOE IBM)KEHUE 10 OKPYKHOCTH — 3TO ABMKEHHE, IIPU KOTOPOM TEJIO 3a JI00bIe
paBHBIC TPOMEXKYTKHM BPEMEHH COBEPIIACT OJMHAKOBBIC MEPEMEIICHHS, T.C. MPOXOIUT IyT'H
paBHOU JIJIMHBI.

JluneliHasi, MM MTHOBEHHAsI CKOPOCTb — 3TO CKOPOCTb, C KOTOPOH TENIO JBHXKETCS IO
OKPY>KHOCTH.

Moy THHEHHON CKOPOCTH MOXKHO OIIPENENUTh OTHOIIEHHEM JUTHHBI YT OKPY)KHOCTH
KO BPEMEHH, 3a KOTOPOE 3Ta Ayra npoiiieHa.

VYTnoBas CKOpOCTh - 3TO CKOPOCTh, MOJIYJIb KOTOPOHW paBeH OTHOIICHHUIO yIJia TIOBOPOTA
panuyca, COEAMHSIOUIET0 MAaTEePUATbHYI0 TOUYKY C LIEHTPOM OKPYXHOCTH, KO BPEMEHU 3TOrO
MOBOpOTA. YTJI0Basi CKOPOCTh 0003HaYaeTcss CUMBOJIOM ®; u3mepsiercs B CU B paz/c.

UZ
w = %, TJIe ( - YTOJI MOBOPOTA pajuyca.
[Tepuon — 3TO Bpemsi, 32 KOTOPOE TEJIO COBEPIIACT OJIMH MOJIHBIH 000pOT.
t

T=—
N
[Tepuon — BennunHa ckansgpHast, B CH usmepsiercs B cekyHaax (c).
YacroTa — unci0 BpallleHUH 3a eJUHUIY BPEMEHH.
J"!I-

Vv =—.
13

-1
Yacrora — ckaisipHas BenmanHaa, B CU usmepsercs B (¢).

Bennuunsl, KoTOphIE CBA3BIBAET (hopMyia dopmyna




[Tepuon u yactoTa T=2vy= 1£r
v
VTI10Bast CKOPOCTh M IEPHOT - — 2n
T
YrioBas CKOPOCTh M 4acTOTa w = 2wV
JIuHeliHast CKOPOCTb, IIEPUO U PAIHYC 5 — 2mR
OKPY’KHOCTH T
JInHeliHasg CKOPOCTh, 4aCTOTa U PaguycC U = 2mRv
OKPY>KHOCTH
JIuneliHasg CKOPOCTB, YIIIOBast CKOPOCTb U U= wR
panuyc OKpyKHOCTH

LleHTpOCTpEMUTENBHOE YCKOPEHUE - ITO BEKTOPHAS BEITUYHMHA, KOTOPAasi B KAKIOW TOUKE
OKPYKHOCTHU HalpaBlieHa BIOJb Paauyca K [EHTPY OKPY>KHOCTH U YHUCIICHHO PaBHA OTHOILIEHUIO
KBaJ[paTa CKOPOCTH U PaJNyca OKPYKHOCTH.

Vekopenne B CH nsmepsiercst B (M/c?).

3aganue 1. OTBEThTE HA BOMPOCHI:

1. Yto Ha3bIBaETCs MEXAHUYECKUM JIBUJKEHUEM M KaKHU€ BEJIMYUHBI SBIIIOTCS €r0
XapaKTepUCTUKAMU?

Kaxue Bubl IBUKEHUS BaM U3BECTHBI?

Kakumu xapakTeprucTukaMy OMMCHIBAETCSl HEPAaBHOMEPHOE NMPSMOJIMHENHOE JBUKEHNE?
Yro Takoe TpaekTopus apwkeHus? Ilpusenure npuMeps! IpAMOIMHEHHON U
KPHUBOJIMHENHON TPAEKTOPUN JBUKEHUM.

Yem oTiinyaercs MyTh OT NEpeMEIIECHNA?

Kak onpenensiercst nepemenienrne npu paBHOYCKOPEHHOM JIBUKEHUU?

UYro u3 cebdst mpeICTaBIseT KPUBOJIMHEHHOE TBU)KEHUE?

Yro Takoe HEeHTPOCTPEMUTENBHOE YCKOpEHHEe?

Yro Takoe Mepuo/ U 4acToTa 0OpalieHust 1 KaKUMHU COOTHOLICHUSMU CBSI3aHbI 3TH

BEITUYUHBI?

MeTtoauyeckue ykazaHusi

Rl

WP

HCCMOTpH Ha 0O0JIBIIIOE pa3Hoo6pa3He 3aaa4 IO KMHEMATHUKE, MOXKHO IMPECIIIOKUTH CJ'ICL[YIOH_II/Iﬁ
AJITOPUTM HUX PCHICHUA:

1. Cnenatb cxeMaTUYeCKH PHUCYHOK, H300pa3WiB HAdadbHOE TOJOXKEHHE Tel M HX
HavYallbHOE COCTOSHUE, T.€. U M a.

2. BroiOpaTh cuctemy oTcuéra Ha OCHOBAHMHU aHalIM3a yCJIOBHM 3agaud. [ 3TOro Hy»KHO
BBIOpATh TEJIO OTCUETa W CBs3aTh C HUM CHUCTEMY KOOPJHMHAT, YKa3aB HayaJlo OTCUETa
KOOpJIMHAT, HaIlpaBJIeHHE OCel KOOpAMHAT, MOMEHT Hauana orcuyéra BpemeHu. [Ipu

8




BBIOOpE TOJIOKUTEIHHBIX HAIPABJICHUN PYKOBOJCTBYIOTCS HAINpPaBICHUEM IBM)KCHUS
(CKOpOCTH) WJIM HAMPABIICHUEM YCKOPEHHUSI.

3. CocTaBUTh Ha OCHOBAHHUU 3aKOHOB JIBHDKCHHSI CHCTEMY YpaBHEHUN B BEKTOPHOM BHUJIE
JUISL BCEX TN, a 3aTeM B CKaJsIpHOH (hopme, CIIpoeupoBaB Ha KOOPAMHATHBIE OCH 3THU
BEKTOPHBIE ypaBHEHUs IBIKeHUs. [Ipw 3amucu ITHX ypaBHEHHUU cleayeT oOpaTHTh
BHUMaHME Ha 3HaKu "+" 1 "-" MpoeKIuid BXOAAIIUX B HUX BEKTOPHBIX BEJIUYHMH.

4. OtBer HEOOXOIUMO TIOIYYUTh B BUAE aHATUTHUYECKOW (Gopmyibl (B oOmiem Buze), a B
KOHIIE MPON3BECTU YHUCIIOBBIE PACUETHI.

5. Ilpwm pemenun 3amad Ha JBUKCHHE MATEPHAILHON TOYKU MO OKPYKHOCTH HEOOXOIMMO
JOTIOTHUTEILHO YUUTHIBATH CBSI3b MEX]Y YTJIOBBIMU U JIMHEHHBIMH XapaKTEPUCTHUKAMHU.

IIpumepsl pemieHust 3aaa4
3agaua 1. Bemocumneauct, eqymmii cO CKOPOCThIO 18 KM/4, HAYMHAET CIIyCKAaThCs C TOPBI.
OIpeeuTh CKOPOCTh BEMOCHIIEANCTA Yepes 6 C, eciu yekoperue pasHo 0,8 m/c’.

Jano: CH: Pemenne:

Fo=18xkM/u =5m/c 0;{_‘ Y )

t=6¢ T

(7.:0,8 M/C2 T TS

Haiitu: JIBr>KeHre BETOCUTIEANCTa paBHOYCKOPEHHOE, T.€. o >0,

-2 Ocp 0x HampaBUM MO HAIMIPABJICHUIO IBUKEHUSI BEIIOCUIIEIUCTA.

CKOPOCTB MOKHO ONPEAETHTE 110 hopMyIte D=0, +at.
C yuérom 3HaKOB MpoeKnuii Ha och 0X (hopMyaa CKOPOCTH MPUMET
Bun: U, =0, +a,t.
Brpruncinm 3Ha4eHUE CKOPOCTU:
19=5+0,8-6=9,8 m/c
OtBer:  19=9,8 M/c

3amaua 2. I[loe3n yepe3 20 ¢ mocne Hayana ABKeHUs mpuobpetaer ckopocth 0,6 m/c. Uepes
CKOJIKO BPEMEHHU OT Hayaja JBHKEHHUS CKOPOCTh 1M0e3/1a CTaHeT paBHa 3 m/c?

HaHno: Pemenue:
=20 c JIBI>KEHHE M0€e3/1a HOCUT PaBHOYCKOPEHHBIN XapaKTep, CKOPOCTh
#,=0 YBennuuBaercs, yCKOPEHUE OCTOSHHO U TOJIOKUTENBHO.

- - 8, 4 8,
9;=0,6 m/c Haiiném yckopeHue ABIDKCHUS: & = —— 2 T. K. ¥,=0, T0 & = o
#,=3 m/c [Tonw3ysce ¢Gopmynoil yckopeHus, HailiéM BTOpOH MPOMEXKYTOK

BpPEMEHU:
HaiiTu: . =0, 0, d,-t,
- a a oy
3-20
t-? t=—— =100 ¢
0.6
Ortser: =100 c



3amaua 3. Cxopocth aBTOMOOMIA 32 10 ¢ ymensmmiack ¢ 10 go 6 m/c. Hammcars ¢gopmymy
3aBUCUMOCTH U, (t) CKOPOCTH OT BPEeMEHH, TOCTPOUTH TpaduK 3TON 3aBUCHMOCTH U 110 rpadukKy

ONpeAeUTh CKOPOCTh uepes 20 c.

Jano: Pemenne:
t1=10c CkopocTh  aBTOMOOWIISI ~ YMEHBIIIAETCS,  CJICNOBATENIbHO,  JIBIDKEHUE
paBHO3aMeJIEHHOE, T.€. 0,<0. HampaBiieHne CKOpoCTH ABUKECHUS
#,=10 m/c MPOTUBOIIOJI0KHO HANIPABJIECHHUIO YCKOPEHHUS. Y PaBHEHUE TPOEKLIMU CKOPOCTH
=6 m/c npumer Bux: U, =, —a,t.
= - Hox =1,
=20 ¢ Yckopenne aBroMoOnst Haiiiém no popmye: @, = ——=.
S 10-6 _ > i
Hairu: ﬂ:x:? = 0,4 MI.I'IC
d,.(t)-? YpaBHEHHE CKOPOCTH ABWKCHHs: U, = 10 — 0,4t,
d,-? [TocTpoum rpaduk 3aBUCUMOCTH. J[OCTATOYHO ONPEAETUTh ABE TOUKH, T.K.
['padkoM CKOPOCTH SIBJIICTCS TIpsiMast TUHUS. MOKHO COCTaBUThH TaOIHILy:
t 0 5
(v 10 8

HERE

BT
Yepes 20 ¢ ckopocTh aBTOMOOMIIS OyneT paBHa 2 m/c.

Ortsert: #,=2wm/c, ¥, =10 — 0,4t.

3anaua 4. [Toe3n nBmxercs co ckopocTbio 20 m/c. IIpu TOpMOKEHHH /10 MTOTHOW OCTAHOBKU OH
npomén paccrosnue B 200 M. Omnpexpenute BpeMs, B TEYEHHE KOTOPOrO IMPOUCXOIUIIO
TOPMOXKEHHE.

HaHno: Pemenue:
#,=20 m/c JIBr>keHue moesza paBHO3aMEJIEHHOE, CIEN0BATEIbHO, B YPABHEHUAX IS
#=0 MPOEKIIMK CKOPOCTH U MPOEKINH NTepEMEILIEHUS TIepe]] MPOEKIUeN YCKOPEHUS
S=200 m 6epércs 3Hak "-".
Haiitu: 3anuiieM CHUCTEMY U3 [JBYX YypaBHEHUH M pemuM €€ OTHOCUTEIbHO
MIPOMEKYTKA
t-? BPEMEHHU t, y4uThIBast, yTO ¥=0:
2 8,
at” 0=40, —at =t
S=tt+— e . @
& —> _ s > 8 rz
U=0, tat S =0t —= S=0,t—--2
tiyt iy )
S5="2 st==—
2 #
Bbrunciaum BpeMs TOpMOKEHHUS:
=220 o0
T
OrtBerT: Bpewms Topmoxkenus noesna 20 cexyHI.

3amaua 5. KakoB paanyc KpUBHU3HBI 3aKPYTJICHHS JOPOTH, €CJIM TI0 HEH aBTOMOOWIIb ABUKETCS C
LHEHTPOCTPEMHUTETBHBIM YCKOPEHUEM 2 M/c? P CKOPOCTH 72 KM/4?
10



Jano: CH: Pemenne:

Oye=2 M/c” N3 hopmynbl IEHTPOCTPEMUTENEHOTO YCKOPSHHSI ONIPEIEITM
=72 km/u =20 wm/c panuyc KpUBU3HBI 3aKPYIJICHUS TOPOTH:
HaiiTu: U= — R =2
R e
R-? R="" = 200 M
Otser: R=200 m

3aganue 2. Pemure KoJmuecTBeHHBIE 32291,

Bagaua 1. IlpsamonuHeiiHOe IBWIKEHME ABYX TeEN 3aJaHO ypaBHeHUAMH X,(t) =k,t+ bu
x,(t) = kot + by, roe x,(t) u x,(t) - KOOpAMHATEI B MOMEHT BPEMEHH t IEPBOTO M BTOPOTO TEI

coOoTBeTCTBEHHO. OXxapakrepusyiWte IBHKEeHHE Tel. Omnpenenure BpeMs M KOOPAUHATY HX
BcTpeur. UncneHHble 3HaUeHMs BEJIMYUH NPUBEIeHBI B MexayHnapoanoi cucrteme equnuil (CH).

3amaya 2. MaTepuaibHas TOUYKa ¢ HAYAILHON CKOPOCTBIO 1y IBMIKETCS C YCKOPEHHEM 0L M Yepes3
BpeMs t uMeeT ckopocTh ¥. Ompenennre 3HaYEHUE BEIUYHMHBI, 0003HAUYeHHOU «?». J[BHKeHHE
MNPSIMOJITMHENHOE, BAOJIb OJJTHOM KOOPJIMHATHOM OCH.

3amgaya 3. ABTOMOOWIIb, UMEBIIMI HAYaIbHYIO CKOPOCTh 1y, pa3roHsSETCS ¢ YCKOPEHHEM O JI0
ckopoctu ¥ Ha myTtH aiuHOM 1. OnpenenuTte 3HaUYCHUE BEIMYHUHBI, 0003HAUYECHHOH «?». CKOJIBKO
BPEMEHH JTUTCS Pa3roH?

3anava 4. [lo nmMeromuMmcs B Ta0nMile JaHHBIM YKaKUTE 3HAYEHHUS] YCKOPEHHS M HayaJlbHOMU
CKOpPOCTH, a TaKXe MOCTPONTe rpa)uKy 3aBUCUMOCTH NEPEMEIIEHHUs, CKOPOCTH U KOOPAWHATHI
oT BpeMeHH 3a nepble 20 cekyH 1. Onpenenurte 3Haue€HHE BETUYUHBI, 0003HAaUEHHOU «?».

3amaua 5. MarepuanbHasi TOYKa JBUIKETCS CO CKOPOCThIO U 10 OKpYXHOCTH paamycoM R,

UMes TP ATOM IEHTPOCTPEMHTEIILHOE YCKOPEHHE a,. 3a BpeMs t MaTepualibHas TOYKa
MPOXOAUT PACCTOSTHUE S, MPU 3TOM COBEpIIAsl MOBOPOT HA Yroid . YTJIOBas CKOPOCTh .
Ornpenenure 3HaYCHUE BEIMYUHBI, 0003HAYEHHOH «?7».
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IIpakTuyeckasi pa6ora Ne2 JIlunamuka u 3akoHbl HbloToHA

Llens pa®oThI: 3aKpenuTh YMEHUE TMPUMEHATH 3aKOHBI HBIOTOHA MpH pelieHuH 3a1a4.
OcHOBHbBIE MOHATHS U 3AKOHBI

CyIIecTBYIOT TaKW€ CHCTEMBbI OTCYETa, OTHOCHUTEIBHO KOTOPBIX IOCTYHAaTEIbHO
JIBIDKYIIEECS] TEJIO COXPAHSET CBOK CKOPOCTb MOCTOSIHHOM, €CIM Ha HETrO0 HE BIMSIOT APYrue
Tena (WM BIUSHUS IPYTUX TSI KOMIICHCUPYIOTCS ).

MaremaTu4ecKy 3TOT 3aKOH 3anuchIBaeTcs B BUjE a = 0, eciu Fye; = 0, rae a — yckopenue

L%}, Fpe; — BekTOpHAs cyMMa BCeX CWII, AeHCTBYromuX Ha Teno. Ilepseiii 3akoH Herorona
BBITOJIHAETCS. TOJNBKO B MHEPLUUAIBHBIX cuUcTeMaxX OTcuéra. CUCTEMBbl OTCYETA, OTHOCUTENIBHO
KOTOPBIX TEJI0 MpH KOMIIEHCAllMM BHEUIHUX BO3ACHCTBUN JBUIKETCS PABHOMEPHO U
IIPSMOJIMHEMHO, Ha3bIBAKOTCS MHEPLUAIbHBIMU CUCTEMAMM.

Camo sBiI€HME COXpPAHEHHsS CKOPOCTU Teja WIM COCTOSHUS MOKOSI IPH KOMIIEHCAIlUU
BHEIIIHUX BO3JCHCTBHI Ha TENO Ha3bIBalOT uHepuueil. Iloatomy mnepseiii 3akoH HbroToHa
Ha3bIBAIOT 3aKOHOM MHEPIUU.

[Tpu BO3/EHCTBUU OJHUX TEN Ha JAPYrue Tejaa U3MEHSIOT CBOI CKOPOCTh — IMPUOOpETaroT
yckopenue. [Ipu 3ToM pasHbie Tena npu JaHHOM BO3JEHCTBUH MPUOOPETAIOT PA3HOE YCKOPEHHUE.

CBolicTBO Ten mnpuoOpeTaTh OIpeneaEHHOE YCKOPEHUE MpU JaHHOM BO3IEHCTBUU
Ha3bIBAECTCSI UHEPTHOCTHIO. IHEPTHOCTH — 3TO CBOMCTBO, MpUCYILIE BceM TeiaM. Macca Tena —
KOJIMYECTBEHHAsT Mepa ero MHEepTHOCTH. UeM Ooiblneld Maccoil o0yiafaeT Tejao, TeM MEHbIee
YCKOpEHHUE OHO MOIy4aeT mpu B3aumojeiictBun. [loaTomy B pusuke mpuHATO, YTO OTHOIICHUE
Macc B3aUMOJIEHCTBYIOIIMX TEJl PABHO 0OpaTHOMY OTHOLIEHHUIO MOJYJIEH YCKOPEHUH.

m_ a,
m, B a,

HeioToH chopmynupoBan BaxHeHImui 3aKkoH aBWKeHUs, To ecTh Il 3akoH HproToHa,
KOTOPBIN IJaCUT: B MHEPLUAIBHON CHCTEME OTCUETA YCKOPEHHUE Tella IMPSIMO IPONOPLUOHAIBHO
BEKTOPHOW CyMMe BCeX JIEHCTBYIOIIUX Ha TEJIO0 CHJI U 00paTHO MPOMOPIMOHATIBLHO Macce Tefa:

a=—
m

Tperuit 3akon HproToHa: Tenma AENCTBYIOT APYT Ha Jpyra ¢ CUJIaMH, PAaBHBIMH 10 MOJYJIIO
Y TIPOTUBOIIOIOKHBIMU IO HAIIPABJIEHUIO.
OTOT 3aKOH CBUJAETENBCTBYET O TOM, YTO CHJIBI B IPUPOAE BCETla BOSHUKAIOT IapamMH, Kak
pe3yNbTaT B3aUMOAECHCTBUS MEXKIY ABYMsI TE€IaMH.
WTtak, TpeTuit 3aKOH MOKHO 3aIIMCaTh MaTeEMaTHYECKH CIIeYIOIUM 00pa3oM:
Cunpl, Bxomsmue B TpeTud 3akoH HploToHa, mpuiokeHbl K pas3HbiM TenaMm. Cuna F

Ha3bIBACTCS CUJIOW PEaKIUU 110 OTHOIIECHUIO K F), a cuita F, — cuiol peakiiu 1o OTHOLIEHUIO K
Fi.

3amanue 1. OTBEThTE HA BOMPOCHI:

Kakne 0oCHOBHBIC 3aKOHBI TMHAMUKHU BbI 3HaeTe?

Kakue crcreMbl Ha3bpIBAIOTCS WHEPIMATBLHBIMA CHCTEMAaMH OTCUETa?
Uro Takoe nuHepwus?

UYrto Ha3bIBaeTCSI HHEPTHOCTHIO?

Uro Takoe Macca Tena?

P

IIpumeps! pelienus 3agay
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3anaua 1. Yenosek maccoit 80 Kr mogHUMaeTcs B TU(Te paBHO3AMEAICHHO, BEPTHKAIBHO BBEPX,
¢ yckopeHrueM 2 M/c’. OIpeelnTe CITy JaBJICHHs YeI0BEKa Ha [OJ KaGUHb! TH(Ta.

Jano: Pemenne:
m=80 Kkr !
0=2 m/c? S TR oS

2 K
2=9,8 M/c -

)

Haittu: Cuna 1aBieHUs YeJI0BeKa Ha MOJI KaOWHBI TH(Ta paBHA BECY YEIIOBEKA.
p-? Ha uenoBeka, Haxopsuierocst B kabune audTa, JeiCTBYET cuila TSHKECTH mg U

CHJIA peaKIuy 1moyia KaOuHel —N.
T.x. nBmxeHue nudra paBHO3AMEJICHHOE, TO YCKOPEHHE JBUKCHHS HAIIPaBJICHO
BEPTHKAIBHO BHU3.
3anuinemM B BEKTOPHOM BHJI€ ypaBHEHUE BTOporo 3akoHa HproToHa:
N+mg=ma
Br16epuM och y B HanpaBiIeHUH IBIKeHUS MdTa. Hauano koopauHAT COBMECTHM
C IICHTPOM TSDKECTH YEeJIOBEKa.
3anuiieM ypaBHEHHE BTOPOro 3akoHa HproTOHA B POEKIUSAX HA OCh Y:
N-mg= -ma — N=mg-mao=m(g-a)
Ha ocnoBanuu Tpethero 3akoHa HeioToHa Bec yemoBeka mo MOAYJI0 CUJie
peakiuu moja kabuusl: P=N.
Torpa P=m(g-a)=80(9,8-2)=624 H
OtBer: P=624 H

o 2 o
3anaua 2. ABTOMOOWIB Maccoil 5 T Tporaercs ¢ Mecta ¢ yckopenuem 0,6 m/c”. Haiftu cuny taru,
eciu K03 (UITUEHT CONTPOTHBIIEHUS IBMXEHUIO paBeH 0,04.

Hano: CH: Pemienue:
m=5T 5000 xr v
a=0,6 m/c’ I
2=9,8 m/c’ Fp (o1 -
] { ¥
u=0,04 AL
o ma- — — = — 5
Haiiru: 1o Bropomy 3akony HetoToHa: N+F +mg+F, ,=ma
FTsmA -? Ox: FT-FTp:m(X
Oy: N-mg=0 — N=mg
F=F;p*tma

ITo onpenenenuro: F,=pN=pmg.

Torpa: Fi=pumg+ma=m(ug+a)

F,=5000 (0,04-9,8+0,6)=5000 H= 5 xH
OtBet: Fin=5 kH

3amavya 3. ABToMOOMIE Maccoi 1 T MOJHUMAETCs MO IIOCCE C YKIOHOM 30° o] JelcTBHEM
cunbl Taru 7 kH. Haiitu yckopeHue aBTOMOOWIIS, CUUTAsl, UYTO CUJIa COTPOTUBIIEHUSI HE 3aBUCUT
oT ckopoctu aBmxkeHus. Koapduuuent comporusienus paseH 0,1. Yckopenue cBoOOIHOTO
MaJI€HUs IPUHATH paBHBIM 10 m/c.

JaHno: CH: Pemenue:
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m=1T

FTHFH:7 kH
=30’
u=0,1
2=10 m/c?
SES S
Haiiru: ITo Bropomy 3akony Heiotona: N +E+mﬁ+fp:m&
o-? Ox: - mgsin & +F,-F,=ma

Oy: N-mgcos a=0 — N=mgcosa
ITo onpenenennto: Fr=pN=pmg cosa
Orcrona: -mgsin a+F, -umg cos a=ma

F,—mg-(sin ety coea) 2
o= ~ 1,13m/c

m

Otser: 0~1,13 m/c?

3anaua 4. Tenexxka Maccol 5 KI' JBUIKETCSA MO TOPU30HTAIBHOW MOBEPXHOCTH IMOJ ACHCTBUEM
rupu Maccoi 21 Kr, NpPUKPEIIEHHOW K KOHIy HEpacTs)KUMOM HUTH, NMEPEKUHYTON uepes
HEMOJBWKHBIA Onok. Omnpenenuth HATSXKEHUE HUTH U YCKOPEHUE IBUKCHHS TEJNEKKH, €CIU
KOA(P(UITMEHT TPEHUS TEISKKHU O TuiockocTh 0,1. Maccamu 0Jioka U HUTH, a TaK)KEe TPCHHEM B
0J10Ke MpeHeOpeYb.

HaHno: Pemenue:

m;=5 KT Y
my=5 KT
u=0,1
2=9.8 m/c’
Haiitu:

T-? B nannom ciydae paccMaTpuBarOT JBMXKEHUE KaXKI0TO Tejla OTAEIBHO.
o-? 1) Ha tenexky OEHCTBYIOT CHIIBI: CHJIAa TSAKECTH, CHJIAa PEAKIUU IJIOCKOCTH,
CHUJIa HATSHKEHUS, CUJIa TPEHUS.
Bribepem npsimoyronbHyto cuctemy kKoopauHat XOy; HalpaBUM OCh X TIO
HAMPABJIECHUIO ABUKECHHS TEIEKKH, & OCh Y — BEPTUKAJIbHO BBEPX.
3anuiem ams TeNeXKU BTOpoil 3akoH HproToHa B BEeKTOpHOM (hopMme:
ﬁ+ﬁ+ mlﬁ + EpF: mlcx_l'
B npoekuusx Ha OCH X U 'y 3TO ypaBHEHHE NMPUMET BUI:
Ox: TI-FTp:ml(xl
Oy:N-m;g=0 —-N=m,g
T.k. Fry=pN=pm, g. Torma Ti- pm, g= m;aq,.
2) Ha rupto m; IeWCTBYIOT JIB€ CUJIbL: CHJIA TSUKECTU U CUJIA HATSKEHUSI HUTH.
ITo BTOpOMY 3ak0oHY HBIOTOHA: F:'+mzﬁ:m2cx_;
Bekrop yckopenus a:_g' HarpaBJi€H BHU3, MO HAINpPABICHUIO JIBMXKEHUS Tupu. s

OTHMCAHUs JBUKCHUS TUPU TOCTATOUYHO BBIOPATH OJIHY OCh Yy, HAllpaBJIeHUE KOTOPOU
yn00HO BBIOpaTh BEPTUKAIBHO BHHU3.

Toraa npoekiust BEKTOPOB Ha OChb Y M BTOpOM 3akoH HbloTOHA IpUMET BU:
—T2+m2g:m2(x2 WK mMpg- Tr= mya;

[Tonyumnace cuctema U3 IByX ypaBHEHUM:
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{T‘l — pmyg = myoy
m,g— TZ= m,a,
VY4uThiBasi, 4TO HUTH, CBSA3BIBAIOLIAS TEJIECKKY U TUPIO, HEPACTSDKMMA M HEBECOMA,
To cuila HaTSDKEHMS HHATH B Kakgod Touke ojmHakoBa, T.e. 1;=T,=T mn,
CJICZIOBATEIIHLHO, 0.j=0=0.
CknanpiBast ypaBHEHUS CUCTEMBI, Hofydum: T- pm, g+m, g —T=m, a+m, o
Fimy—pum, )

m, +M,

9,8(2-0,15) 2
- =2,1 m/c

T=m, o+ pm,g —»T=5-2,1+0,1-5-9,8=15,4 H
Otser: a=2,1 m/c?, T=15,4 H

Otkyna o=

3aganue 2. Pemuure KOJIM4ecTBEHHbIE 3aa4H

3anmaga 1. Koopaunara x Tena, IBHXKYIIETOCS NPSIMOJIMHENHO, N3MEHAETCS ¢ TCYEHUEM BPEMEHU
10 3aKOoHY x=X (t). Macca Tena m. Beluucnure Moaynb paBHOAECUCTBYIOLIEH CHJI, TPUIIOKEHHBIX
K Tely.

3amaua 2. [laccaxkupckuii JTU(PT HAYMHACT JBUIXKEHUE M3 COCTOSIHHS TIOKOSL U JBUTASICh
PaBHOYCKOPEHHO BBepX (BHU3), 3a BpeMs t MpoXoAHuT myTh S. [Ipu TakoM ABMkeHuu audTa Bec
nmaccaxxupa maccod m paseH P. Omnpenenure 3HAYCHWE BEIMYUHBI, OOO03HAYCHHOH «?».
VCKOpeHHe CBOGOIHOrO MafeH st IpEMHTE paBHBIM 10 M/c.

3anaga 3. TeroBo3 maccoid M TsHET BaroH Maccoid m ¢ yckopeHueM o. Cuiia TSIM TeIioBo3a
F,, cuna HatskeHus CLEnKU MeXly TEIJI0BO30M U BaroHoM Fy. Onpenenure 3HaueHUs BEINYMH,
0003Ha4eHHbIX «?». CHUJION CONPOTUBIIEHUS MOKHO NPEHEOpeUb.

3amaua 4. JIBa Tenma MaccaMM m; W My TOJBEUICHH HAa HEPACTSHKUMOW HHUTH 4epe3 OJOoK.
HaiiTi 3HaueHus u HampaBleHUS YCKOPEHUU TPY30B a; U ap U CWIY HaTsbkeHus HutH 1.
Onpenenute 3HAYCHUS BEIMYNH, 0003HAYECHHBIX «?).

3amava 5. Ilo rmaakoll HAKIOHHOM TUIOCKOCTH AnuHOW L m BbicoToil h HeGombIIoi Opycok

COCKaJIb3bIBAET C YyckopeHueM o. Ompenenure 3HAYEHHUS BEIMYMH, OOO3HAUEHHBIX «?».
2

YckopeHue cBOOOIHOTO TMajIeHUs MpUMUTe paBHbIM 10 M/c”.
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IIpakTuyeckasi padora Ne3 /[Bu:keHHe B TPABUTALIMOHHOM T10JI€

Llenb paboTHI: 3aKpENMUTh YMEHUE MPUMEHSTH (GOPMYIbl CHUIIBI TPEHUS, CUJIbI TSKECTH, 3aKOH
I'yka 1 3aKOH BCEMMPHOI'O TATOTEHUS NPH PELICHUM 3a1ad.

MeToanueckue yKazaHust

IIpu pemenun 3amay no teMe «/InHamMukKa MaTepuasbHOW TOYKW» CIEAYET MPUIECPKUBATHCS
CJIEIYIOILETO AIrOPUTMA:

1. Caenarb cXeMaTHUYECKHI PHCYHOK, M300pa3uTh BCE CHJIBI, JICHCTBYIOIIME Ha KaxI0e€
TEJI0 pacCMaTpPUBAEMOM CUCTEMBI.

2. BeiOpath cucremy koopauHaT xOy ¢ TaKuM pacHoJOXKEHHUEM OCeil, YTOObI HauboIbIIee
KOJIMYECTBO BEKTOPOB CHJI OBLIO HAaIpaBJICHO BAOJb Oceil. B ciyuae nBukeHue Tena mo
OKpyXHOCTH och OX JOJKHA OBITH HampaBleHa K LEHTPY OKPYXHOCTH (Kak H
LHEHTPOCTPEMUTEIBHOE YCKOPEHHUE).

3. 3amucaTh JUIsl KaXA0ro Tela B OTAEIbHOCTU BTOPOM 3akoH HblOTOHa B BEKTOpHOM
dopme:ma =X, F.

4. CrnpoenupoBarh 3TH YpaBHEHUS HA BEIOpAHHBIE OCU KOOPIAMHAT.

5. JIOMONHUTH MOJYYEHHYIO CHCTEMYy B clydyae HEOOXOAMMOCTH KHHEMaTHYECKUMH U
JUHAMHYECKMMU COOTHOIICHUAMU U PEIINATh €€ OTHOCUTEIBHO HCKOMOM BEIMYHHBI.

OcHoBHbIE TOHATHS U GOPMYJIBI

JlnHaMuKa - pa3ien MEXaHHWKH, B KOTOPOM HCCIEAYETCs BIUSHUE B3aMMOJECHCTBHS TEJ
Ha UX MEXaHHYECKOE JBUKEHUE.

Cuna - BekTopHas (puzndeckas BEIMYMHA, Mepa BO3ACHUCTBUS Ha TEIO CO CTOPOHBI APYTUX
ten win noieil. B cucteme CU enuHuLel CUITBI SIBASIETCS HBIOTOH.
Pe3ynbrar AeHCTBHS CHIIBI 3aBUCUT OT HAIIPABJICHUS, MOIYJIS CHJIbI U OT TOYKH IIPHIIOKEHUS
cuibl. Pe3ynbTaToM AeMCTBUS CUITBI SBISIOTCS U3MEHEHUE CKOPOCTH Teja Uiy aedopmanus.

Cuna nputshKeHHs Tena 3eMJIed Ha3bIBAeTCsl BECOM TeEa.
Bec Tena 0603naunM OykBO#l P, 10 MOAYIIIO PaBEH CHIIE TSDKECTH: P= mg.

Ho st0 He 3HAYUT, YTO BEC TCJIa U CUJIA TAXKCCTU, IPUIJIOKCHHAA K HCMY, OAHO U TOXKC.

Cuna TsDKeCTH — 3TO TpaBUTAIIMOHHAS CUJIA, TPUIIOKEHHAS K Telly.

Bec Tena — 310 cuia ynpyrocTtH, NpuiioKeHHas K IOAbEMY.

HeBecomocTh 00BsCHSAETCS TEM, YTO CHJa BCEMHUPHOTO TATOTEHHUS, a 3HAYUT U CHJIA
TSOKECTH, COOOIIAIOT BCEM TeJaM (B HAIIeM Cilydae — rpy3y U MPY>KUHE) OJIMHAKOBOE YCKOPEHHUE
g . IloaToMy BcsiKOe Teno, Ha KOTOpOe AEMCTBYET TOJBKO CHjla TSHKECTH WM BOOOIIE cuiia

BCEMHUPHOT'O TATOTEHMS, HAXOAUTCS B COCTOSSHUM HEBECOMOCTH.

3aKOH BCEMHPHOTO TATOTEHHsI (OPMYIUPYETCs CIEAYIOIIMM 00pa3oM: BCSKUE Tena
MPUTATUBAIOTCS IPYr K APYry € CHJIOW, IPSAMO NMPONOPLHOHAIBHO MPOU3BEICHUIO UX MacC U
00paTHO MPONOPLHOHATIBLHO KBAAPATy PACCTOSHUS MEX/1y HUMHU.

m,-m
Wnu Ha s3bIke MareMaTWku: F z#BBGL{H KOS(i)(l)I/II_[I/ICHT MMpONoOpHUOHATIBHOCTH

G=6,67-10""H-M*/Kr* — rpaBHTALOHHYIO TOCTOSHHYIO, TONYdHM F = G% .

Cuna TpeHHs — 3TO CHJIa, BO3HUKAIOMIAs TPU ABIKEHUH OIHOTO Tella M0 MOBEPXHOCTH
JPYroro M MpensTCTBYIOIIAs ITOMY JABHKEHHIO.

Tpenune MoXeT OBITh HECKOJBKUX BUJIOB: TPCHHE ITOKOS, TPEHHE CKOJBKEHUS U TPEHHE
Ka4eHHsI.

TpeHue Mokosi MemaeT Havyaly ABMDKEHHS Tejla 0 HEKOTOPOH moBepxHOCTH. CHila TpeHHS

IMMOKOs IO BCJIMYMHE paBHA CUJIC, KOTOPAs IMPUKIIAABIBACTCA K TCITY.
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Cuna TPEHUSA CKOJIbXKCHUA FTD‘CK BO3HHUKACT IIPpHU CKOJBXCHHM OAHOro TEja II0

IIOBEPXHOCTU Apyroro. E€ HanpaBieHue NpOTUBOIIOIOKHO CKOPOCTH JBUKEHUS TeJa.

lN
sl

TP.CK —
-t 5

7 Z

Monynb cuibl TPEHUS CKOJBKEHUS MPSAMO IMPOMOPIUOHANICH CHIIE HOPMalIbHOU peaKuu
onopbl N:F., .. = uN, rae u — Ge3pasmepHas BeJIMYUHA.

Koaddumuent mnponopuroHaITbHOCTH [ — KOI(PQPUIMEHT TPEeHHS CKOJIBKCHHS,
3aBUCSIINN OT BHJIa BEIIECTB COMPUKACAIOMIMXCS TEJ, COCTOSIHHS UX TMOBEPXHOCTEH U CKOPOCTH
CKOJIBKECHUS OJTHOTO TeJla OTHOCUTEIBHO JIPYTOTo.

Moayib CHITBI TPEHUS CKOJIBKEHUS TIPH IBUKCHHUH 110 TOPU30HTAITBHON TTOBEPXHOCTH

= OOCKOJBKY ¥ Tl
'Errp.c'ec pmg, OCKOJIbKY

Tpenue kaueHus BOSHUKAET IPU KAYEHUHU OJIHOTO TeJa 10 MOBEPXHOCTH JPYTOro.
Monynb cuiibl TPEHUS Ka4€HUS PaBeH OTHOIICHUIO MPOU3BeNeHUs Kod(puirenTa TpeHus

KaueHus R, MOyl CHJIbI HOPMaIbHOM peakiuu onopsl N K paguycy R KaTsiierocs Teia.

kN
F =—.

TPLEE. B

Cuna, BO3HHWKaromas B pe3ynbraTe jaedopManuy Tella W HaNpaBiCHHAs B CTOPOHY,
NPOTHBONOJIOXKHYIO TEPEMEIIEHUI0 YacTUI[ Tela Npu JAeGOopManuu, Ha3bIBACTCA CHUIION
ynpyrocti. [1o cBoeMy NporuCX0XKIEHUIO CUIIBI YIPYTOCTH — 3TO 3JIEKTPOMArHUTHBIE CUIIBI.

3axoH ['yka: cuna ynpyroctu, BO3HUKaroIas npu aedopmanuu Tena, npornopLuroHalbHa
YIUIMHEHUIO T€Ja M HANpaBjie€HAa B CTOPOHY, MPOTHUBOMOJIOXKHYIO HANPABJICHUIO MEepeMeLIeHUN
YaCTHI] TeJa npu AedOopMaIIHu:

(Fynp)x =-KX
3nech X — yIMHeHue Tena (MPYKHUHBI), K — KO3(PQUIMEHT NpONOpIHOHAIBHOCTH,
KOTOPBII Ha3bIBaeTCs KECTKOCTBIO Tela (MIPY>KUHBI).
KectkocTh 3aBUCHUT OT pa3smepoB Tena, ¢opMbl M Marepuana. ExauHuna wnsmepeHus

xkéctkoctu B CU: [k] = [ﬁ}
M

Cuny ympyroctd, IEHCTBYIONIYIO Ha T€JIO CO CTOPOHBI OTIOpPHI (HUTH) WJIM TOJBEca
(Ipy>KUHBI), HA3bIBAIOT CUJION peaKuu OMOpHI.
JIBe cuIibl MOKHO 3aMEHUTH PABHOJICHCTBYIONIEH CHIION (CM. puc.).

Fi1e—p» Fi

o= R=F+F: _
Fz o—p Fz
Ecnu cuitbl conanpaBiieHbl, TO paBHOJEHCTBYIONIAS CHUJIa paBHA X CyMME M HallpaBJIeHA B Ty JKe
cTopoHy. Ecnu cuibl mpOTUBOMOJIOAKHO HAMpaBlIEHbI, TO PAaBHOJAEHCTBYIOIIAs CHUJIa paBHA UX
Pa3HOCTH W HampaBJIeHa B CTOpPOHY Oousblnei cuibl. ClencTBue: PpaBHOJEHCTBYIOMIAS
YpaBHOBEUIEHHBIX CHJI paBHA HYIIO.
3aganue 1. OTBeThTE Ha BOMPOCHI:

1. Yro Ha3wIBaeTCst CUIOH?

2. Kakwue cuiabl BaM U3BECTHEI?

<«
<4® R=Fi-F2
—J=
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OT yero 3aBUCUT CHJIa TPEHHUS, AEUCTBYIOIIAs HA TENO?
Korna Bo3Hukaer cuna ynpyroctu?
OOBsICHHUTE IPOUCXOXKICHUE 3HAKA
UYro Ha3bIBaeTcs BecoMm Tena?
IIpumepsl pelienus 3aga4

3agayva 1. Ha ckonbKO yUIMHUTBCS NIpYyKUHA oA Harpy3ko# 12,5 H, ecnu nmoj Harpy3koil B
10 H npyxuHa yanuHuiacs Ha 4 cm?

nn

B 3akoHe ['yka?

AN N

Hano: CH: Pemenue:
F=10 H [Ipu pacTspkeHUU NPY>KUHBI BOSHUKAET CUjla YIIPYTOCTH, AJIsl KOTOPO
x1=4 cM =0,04 m cnopasemuB 3akoH ['yka: Fyp=-kx.
F=12,5H N k= |5y |

XKécTkocTh NMPYKUHBI MOKHO ONPEAETUTH 1O hopMmynie: K = —-lx .
Haiitu: Torma k=2,

x.
Fo  Fyox,
Xp-? OnpeenM y/THHEHAE IPYKHHBL Xy = === =1
12,5-0,04 i
Xp=———— = 0,05 M=5 cM
10
OTtBeT: X,=5cM

3amaya 2. Ha xakoM paccTOsSHMM cuila OPUTSHKEHHS JBYX LIAPUKOB MaccaMy mo 1 r paBHa

6,7-10"7 H?
Jano: CH: Pemenue:
mi=mp=1r =0,001 xr  ITlo 3aKOHY BCEMUPHOTO TATOTEHUS CUJIA IPUTSKEHUS
F=6,7-10"" H m, -m,
G=6,67-10""H-m/xr? wapos F=G ==
Haiitu: " i
., G-my (G -mj
N
R-? (6,67-107*%-0,001-0,001 _
R:x} 6,710~ %7 =1wm
OtBer: R=1mMm

3anava 3. Benocunenuct, exaBluil co CKOpocThio 36 KM/4, yBUaen npumepHo B 10 M oT cebs
OPEMATCTBUE M PE3KO 3aTOPMO3MII. YCHEET JM BEJIOCHUIIEAUCT OCTAHOBUTHCS 10 MPEMATCTBUA?
Koad¢uimenT Tpenus ckoiabkeHus MuH 1o cyxomy acanbty 0,7. Kak m3MeHUTCS TOPMO3HOI
NyTh NPU YBEJIWYEHUN CKOPOCTH JIBUXKEHHUS B 2 paza?

Jano: CH: Pemenue:
#;,=36 km/u 10 m/c .
9=0 =il LA
$=10 A
u=0,7 e
g=10 m/c’ YrtoObl OTBETUTH Ha BOIIPOC 33/1a4H, HEOOXOIMMO HATH TOPMO3HON
Haiitn: IIyTh BEJIOCHIIEINCTA U CPABHUTH €r0 C PACCTOSIHUEM S 110 MPENATCTBHUS.
-7 Fp=pmg = ma
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dopmyina ckopocTH B o01ieM Buje: F=0;+at

VuuThbIBas, 91O JIBIDKCHUE paBHO3aMeIJICHHOE u
8

=0, umeem 0=U-at — t=—>

" ty
Iepemenenne S = 9t — — —S=—"=
: 10°
2-10-07
OtBer: Benocuneaucr ycneer OCTaHOBUTHCA 0 MPEnsTCTBUs, T.K.S=10 M, a TOpPMO3HOI

nyTh Bejocuneaucta 7 M. Ecam ckopocTs BO3pacTEéT BABOE, TO TOPMO3ZHOW IYTh
yBEJIUUYUTCS B 4 pasa.

™M

3ananmue 2. Pemmnte KoJIMYeCTBEHHBbIE 3a1a4H

3amaua 1. K kproouky JavHaMoMeTpa MNPHUKPENHWIN TIOJOCKY pe3uHbl xkecTkocThio k. Ilpu
pacTSOKEHUM TOJIOCKM Ha JUIMHY X TOKa3aHus AuHamomeTpa coctaBuiu F. Omnpepenure
3HaYeHHE BEJIWYUHBI, 0003HAUeHHON «?». Kak u3MeHsTcS MoKa3aHWs OUHAMOMETpA, €CIHU
nedopMarus HOJIOCKH PEe3UHBI YBETHUUTCS B o paz?

3anaua 2. Koraa pe3nHoBas maiida HaXOAUTCs HAa TOPU30HTAIBHOM MOBEPXHOCTH JIbJIa, TO CUIIA
TSKECTH, JEHUCTBYIOIIAas Ha Iail0y ypaBHOBEIIMBAETCS CUJIOW peakuuu N CO CTOPOHBI
HOBEPXHOCTH JbJa. Ecau, ynapus no maiide, 3acTaBUTh €€ CKOJIb3UTh 110 HOBEPXHOCTH JIbJIA, TO
BO3HHUKHET CUJIa TPEHUsI CKOJbkeHus Frp. Koaddunment Tpenus ckonbxeHns Mexny 1mai6oil u
IOBEPXHOCTBIO JbJa paBeH . OmnpenenuTe 3HAYEHHE BEIWYMHBI, 0003HaueHHOH «?». Bo
CKOJIBKO pa3 M3MEHUTCS CHJIa TPEHUS CKOJIbKEHHUS, €CIIM CBEpPXY Ha LIai0y MONOXKUTH N TaKUX
xKe Imaio?

3amaua 3. Meraummdeckuii OpycoK MpsIMOYroidbHOH (hOpMBI pazMepoM axbXc TOJBEIICH K
muHaMmometpy. llokasanus nunamomerpa F. IlnmotHocTs Mertamna p. Omnpepenure 3HaueHHE
BEJINYMHBI, 0003Ha4eHHOE «?». BO CKOJBKO pa3 M3MEHSTCS MOKa3aHUs TUHAMOMETpA, €CIIH BCe
pa3Mmepbl OpycKa yBEJIUYHTD B o pa3?

3amaga 4. JlBa Tema MaccaMM m; U My, HAXONAILIUECS HA PACCTOSHUM I JPYr OT JApYyra,
B3aUMOJICHCTBYIOT C CHJIOH TpaBUTaUMOHHOro mputrskeHus F. Omnpexnenure 3HadueHue
BEJIMYMHBI, 0003HaUeHHOH «?». Kak M3MEHHTCS chiia TpaBUTAIMOHHOTO B3aMMOJICHCTBHSI, €CITU
paccTosiHUE MEX]y TeJIaMH YBEIUUUTh B 3 pa3?
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IIpakTuyeckas padora Ne4 3aKoHBI COXpAaHEHHS B MEXaHUKE

Llenb paboThl: CMOCOOCTBOBATH 3aKPEIUICHHUIO M3yYEHHOTO MaTepualla, HayuuThCs MPUMEHSITh
3aKOH COXpaHEHUs UMITYJIbCa MPU PEIICHUH 3a/a4.
MeToanueckue yKazaHust
[Tpu penrenny 3a1a4 Ha 3aKOH COXPAHEHUST UMITYIbCa HEOOXOTUMO:
1. VYka3arp, Kakue Tenaa BXOJAT B pACCMAaTPUBAEMYIO CUCTEMY.
2. N300pa3uth Ha YepTeKe BEKTOPHI MMITYJILCOB TEJ CUCTEMBI HEMOCPEACTBEHHO TEpe. U
IIOCJIE B3aUMOJECICTBUA.
3. Heo0XoaumMo TpPOBEpHUTH CHCTEMY B3aMMOJICHCTBYIOIIMX TN Ha 3aMKHYTOCTh. Ecmm
CHUCTEMA 3aMKHYTa WJIX BBIIIOJIHAETCS OJHO U3 CIEAYIOIIMNX YCIOBHMA:
1) BHewHue cuibl ypaBHOBELINBAIOTCS
2) Bpems B3anmoaeicTBUI Majo
3) Ilpoekiusi paBHOACHCTBYIOIIEH BHEUIHUX CHJI HAa KakOe-TO HAlpaBJICHHE PaBHO
HYIIO, TO 3alIUCaTh 3aKOH COXPAHEHHS MMITYJIbCa =) P, = COnst

HIIM JUTS TIOCIEIHETO CIydast Lty P,, = const,

Ecnu cucrema He3amMKkHYyTa, TO 3anucarb Ap = FAt paccMarpuBasl ABUKEHUE BCEX

TE€JI CUCTEMBI B OJJTHOM U TOM K€ MHEPLMAIBHON CUCTEME OTCUETA.
3anucaTh 3aKOH COXPAaHEHUsI UMITYJIbCa B BEKTOPHOU (popme.
CrpoenrpoBaTh BEKTOPHbIE BEIMYMHBI HA OCK X M Yy (BbIOMparOTCA MPOU3BOJIBHO, HO
TakK, 4YTOOBI OBLIO yIOOHO MPOCIIUPOBATH).

6. PemmmTh NoOSyyeHHYIO CUCTEMY CKAJISAPHBIX YPaBHEHHUH OTHOCHUTEIbHO HEU3BECTHBIX B
obmem Buzae. J(omomHUTH MNpU HEOOXOAMMOCTH CHCTEMY IOTYYCHHBIX YpaBHEHMM
KHHEMATUYECKUMHU U JTUHAMUYECKUMH YPaBHEHUSIMHU

7. IIpoBepuTh pa3MEPHOCTH U CIIENIATh YUCIOBOW PACUET.

OcCHOBHBbIE IOHATHS U 3AKOHbI
Hmnynbsc Tena (KOJIM4ecTBO JBHXKEHUS) OMpPEeNnseTcs Kak MPOU3BEACHUE MacChl Tela Ha
CKOPOCTb JIBUKCHHSL.

oo

3 = M
MareMaTH4eCKH 3TO MOKHO 3alHCcaTh TaK: P = mi [Kl" - :]

3anomuute! Ilockoinbky Macca BeJIMYMHA CKalsIpHAasi, a CKOPOCTb — BEKTOPHAsA, TO
BeJMYMHA P = MU sBIsSETCS BEKTOPOM, HAMpaBJCHHE KOTOPOTrO COBIIAJAeT C HAMPABICHUEM
CKOPOCTH.

Ilycte Ha TENO MaccOM mB  TEYEHHE  HEKOTOPOIO  Majoro  IPOMEXKYTKa
BpeMeHM At IefiCTBOBaJIa CHIIa F. Tloj eifcTBHEM STOi CHITBI CKOpOCTH T€Jla U3MEHWIACh HA
AS = F—E CnenoBarenbHO, B TEUEHHE BPEMEHM At T€IO JBHUrajoch € YCKOPEHHEM

s AT 0, -0
frT=—=—
At At
W3 ocHOBHOTrO 3aKOHa IMHAMUKH (BTOporo 3akoHa HeroToHa) crnenyer:

F=ma=m ﬂij" win FAt = mE — mﬁ:mﬁﬁ:ﬂ[mﬁ)

@dusnyeckas BEIWYMHA, paBHAs [POU3BEICHUI0O CUJIbI HAa BpeMs €€  JICUCTBUS,
HAa3bIBACTCS] UMITYJILCOM CHJIBI. IMITYJIbC CHJTBI TAK)KE SIBJIIETCS BEKTOPHOM BETUUYHUHOM.

B HOBBIX TepMHHAxX BTOpo# 3akoH HbplOTOHA MOXKET OBITH CPOPMYITUPOBAH CIEAYIOIIIM
00pa3oM: U3MEHEHHE UMITYJIbCa Teia (KOJTUYECTBA ABUKEHHUS) PABHO UMITYJIBCY CHUIBI.
0O0603HaYNB UMITYJIBC TeJIa OYKBOM ﬁ, BTOpOM 3aKOH HbIOTOHA MOKHO 3amucath B BUJIE

FAt = Ap.
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HmenHo B TakoM o0mieM Bujae chopMyiaupoBai BTOpo 3akoH caM HproToH. Cumiia F B 3TOM

BBIPa)KEHUH TIPEJICTABIISET COO0M paBHOACHCTBYIONIYIO BCEX CHII, IPUIOKEHHBIX K TETY.

IIpy B3aUMOIEHCTBUU TEJI UMILYJIBC OJHOIO TEJIa MOXKET YaCTUYHO WM IOJHOCTBIO
IepeaBaThCs ApyroMy Teiy. Ecim Ha cucTemMy Ten He IEHCTBYIOT BHEIIHHUE CHUIIBI CO CTOPOHBI
JPYTHX TeJl, TAKasi CUCTEMa Ha3bIBACTCs 3aMKHYTOM.

B 3amMKHYTOH cHCTeMe BEKTOPHAsl CyMMa MMITYJIBCOB BCEX TEJl, BXOIAIIUX B CUCTEMY, OCTAETCs
HOCTOSIHHOM IPH JIIOOBIX B3aMMOAEHCTBUSX TEJ 3TOM CUCTEMBI MEXy COOOM.

9TtoT (byHI[aMeHTaJ'II:HBIfI 3dKOH IIPpHUPOAbI HA3bIBACTCA 3aKOHOM COXPAHCHHA HMITYJIbCA. On
ABJIACTCA CIICACTBUCM U3 BTOPOI'0 U TPETHCTO 3aKOHOB HrroToHa.
PaCCMOTpI/IM Kakue-I10o JBa B3aI/IMOI[CI\/'ICTBYIOHII/IX TCJa, BXOOAIIUX B COCTaB 3aMKHYTOﬁ

cuctembl. Cuilbl B3aUMOECHCTBUS MEXKy STUMHU TenaMu 0003HauuM yepe3 F) u F,. I1o Tpetbemy

3akoHy Herorona F, = —F;. Ecau 5Ty Tena B3aMMOAEHCTBYIOT B TEYEHUE BPEMEHHM f, TO
MMIYJbChl CUJI B3aUMOJICHCTBUS OJMHAKOBBI IO MOJYJIIO U HANpaBJIEHbl B MPOTUBOIIOJIOKHbIE
CTOpOHBI: F,t = —F, t. [IpyMeHuM K 5TUM TenaM BTOpoi 3akoH HeroToHa:

Fit=my@-m,8;; Ft=m,t; -m,l,

roe my ¥, u m,¥, — HUMIOyabChI TEN B HAYAIbHBIA MOMEHT BpemeHw, m,U mm, ] —
MMITYJIBCBI T€J1 B KOHLIE B3aUMOAECUCTBUSA. M3 3TUX COOTHOILIECHMI CIIEyET:

mlﬁ+ T“:E =rn1§i.+m:E’.
OTO paBEeHCTBO 03HAYAET, UTO B PE3yJIbTaTe B3AUMOJEHCTBHS IBYX Tell UX CYMMAapHbII UMITYJIbC
He u3MeHwIcsa. PaccmarpuBas Tenepb BCEBO3MOKHBIE MapHbIE B3aUMOJAECUCTBUS TEJ, BXOJAIINX
B 3aMKHYTYIO CUCTEMY, MOYKHO CJIe/IaTh BBIBOJI, YTO BHYTPEHHUE CUJIbl 3aMKHYTOM CHCTEMbI HE
MOTYT W3MEHHUTh €€ CyMMApHBIH HUMITYJIbC, TO €CTh BEKTOPHYI0 CYMMY HMIIYJIbCOB BCEX Te€ll,
BXOJISIIIUX B 3TY CUCTEMY.
3ananue 1. OTBEThTE Ha BOIPOCHI:

1. Yro Ha3bIBaeTCS UMIYJIBCOM?

2. CdopmynupyiTe 3aKOH COXpaHEHUS UMITYJIbCA.

IIpumeps! pemeHust 3agay

3amaua 1. ABTOMOOMIBb Maccol 2 T HAuMHAET PA3TOHATHCS M3 COCTOSHHUS MOKOS IO
TOPU30HTAILHOMY ITYTH MO JeHcTBHEM NMOCTOSHHOW cuiibl. B Teuenue 10 ¢ oH mpuoOperaer
ckopocTh 43,2 kM/4. OnpeaenuTb BeIUYHMHY UMIYJIbCA, MTOJIyY€HHOIO aBTOMOOMIIEM; BEIUUUHY
JIEUCTBYIOIEH CHIIBI.

Jano: CH: Pemenue:
m=2T 2000 xr  OmpenenuM BETUYUHY UMITYJIBCA, TTOJTYYEHHOTO aBTOMOOUIIEM:
9,=0 m®=2000-12=2,4-10" xkr-m/c
t=10c BenmuuHy nefcTBYIONIEH CHITBI MOKHO OTIPEICTHUTD, YIUTHIBAS, YTO
=432 xm/a 12wm/c  Hmmynbsc paBeH H3MEHEHHIO UMITyJIbca Teja (BTopoii 3aKkoH HproToHa)
Hariru: Ft= m?- md,, T.x. 9;=0, To Ft= m1®¥ —>F=¥
a1
mo=? F=""""=2.4-10° H=2,4 xH
F-?

OtBer: m##=24- 10* kr-m/c, F=2.4 xH

3anaga 2. OnekTpoBo3 Maccoil 180 T, IBHKYIIUICS MO MHEPLMHU C BBIKJIIOUYEHHBIM JBUTATEIEM
co ckopocthio 0,5 m/c, mogbe3kaeT K HEMOJIBUKHOMY BaroHy M IpPOJOJKAeT ABMKEHHE C HUM
BMecTe. KakoBa Macca Barosa, eciiu CKOpocTh JJOKOMOTHBA yMeHblmiach 10 0,4 m/c? Tpernuem
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JIOKOMOTHBA ¥ BaroHa 0 pejbChl IpeHeOperaem.

Hano: CH: Pemrenue:
m;=180 1 1,8-10° kr CucreMy Tea MOKHO CUMTATh 3aMKHYTOM.
#,=0,5 m/c [To 3akoHy cOXpaHEHHUS UMITYJIbCA:
3, = q T ar
»=0 m, 0, + m,d, =m,0/+m,0;
3'=0,4 m/c BriGepem HampaBieHUE OCH X BIIOJIb JBUKCHHS COCTaBa, TOTAA
Haiitu: MIPOEKIIMH BEKTOPOB CKOPOCTHU Ha 3Ty OCh OYAYT MOJOKUTEIbHBI.
my-? YuuteiBas, uto ¥,=0, MOJydHM:
_ ' _ m._t‘i'._—m._ﬁ" m._lf_fi‘._—ﬁ'"}
m, 0, = (m; + m,) %' >m, = P
1,8-10° -(0,5—0,4
n,=—2 il 05704 _ 0 45.10% = 45 10%kr = 45 1

= 0.4
OtBeT: mp-45T

3anaua 3. C nmoxku maccoit 200 Kr, IBHOKYIIEHCS CO CKOPOCTBIO 1 M/C, MpBITaeT MaTbuuK Maccoi
50 Xr B TOpU30HTAIILHOM HAlpaBICHUU CO CKOPOCTHIO 7 M/c (OTHOcUTENnbHO Oepera). Kakosa
CKOpPOCTBh JIOAKHM ITOCJIC MNPBDKKA MajlbUKKa, €CJIM MaJlbYWK IIPLIracT: a) C KOpMBI B CTOPOHY,
HPOTUBOIIOJIOKHYIO JBIKSHHUIO JIONKU? 0) C HOCA 110 XOY IBM)KECHHS?

JlaHo: Pemienue:

m;=200 kr  Manbuuka u JIOAKY MOKHO IPUHATH 332 3aMKHYTYIO CUCTEMY.

#=1 m/c Bocnonb3yemcst 3aKkOHOM COXPaHEHUS! UMITYJIbCA:

m,=50 Kr m, 0, + myd, =m0 +m,0]

#,=7 m/c Jlo mpbIXKa MaJIbYUK JBUTAJICS BMECTE C JIOJKOM cO CKOpOCThio 1 M/c, U Toraa
Haiitu: HauanbHblit HMITyIIbC cUcTeMBI Oyet (111, + m, ). Beibepem HampaBieHHe OCH
;-2 KOOP/JIMHAT 10 HAIIPABJIEHUIO JIOJKH.

':m-_+m=}$‘+m=$‘£

My

a) (my +m,)d =m, ¥, —m,0¥; Orciona: 9, =

(200+50)-1+50-7
=3m/c
200

0) eciM MaJIbYMK MPBIraeT ¢ HOCA JIOAKH 110 X0y ABIIKEHUS, TO
(m; +m,)d% = m 9 + m,9,
(m, + m,)9 — m,0,

9] =

g =
my
200+ 50)-1-—-50-7
g = ( ) = —0,5m/c
200
3Hak "-" 03HAYaeT, UTO JI0/IKAa U3MEHWIIAa HAIPaBJIEHUE CBOETO ABMKECHHUS

Ha [TPOTHBOIOJIOKHOE.
Oteer: a) ¥, = 3m/c;6) 0, = —0,5m/c

3amaua 4. Kakyoo CKOpOCTh OTHOCUTEIFHO PaKEeTHHUIIBI MpHoOpeTaeT paketa maccoit 600 r, ecnu
ra3el Maccoil 15 r BeuieTaroT u3 He€ co ckopocThio 800 m/c?

Jano: CH: Pemenue:
m;=600 r 0,6 kr HavanpHblil HIMITYJIBC PAKETHI C Ta3aMH PAaBEH HYJIIO, T.K.
my=15T1 0,015 kr  pakeTa HEMOJABUIKHA, CIEIOBATEIBHO, COIJIACHO 3aKOHY
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vy =0,=0 COXpaHEHUsI UMIyiibca: MU, + m,t, =m,0]+m,0;

;=800 m/c [Tonyunm: Ozmlﬁﬂngﬁg, OTKyZa
Haiitu: f m, 0,

g = ———

m,
g, -7 0,015-800
! f = ——— = -20m/c
0,6
3Hak "-" MOKa3bIBAET, YTO ra3bl JBUKYTCS B CTOPOHY,

IPOTHBOIIOJIOKHYIO HATPABJIECHUIO IBUKEHUS PAKETHHUIIBL.
Oteer: ¥, = —20Mm/c

3aganue 2. Pemurte KoJmuecTBeHHBIE 320291

3amaua 1. Tenmo aBwXKeTcs NPSAMOIUHEHHO, oOnazas HAdyaJIbHBIM UMITYJIBCOM DPo. B TeueHue
BpeMeHHU t Ha Teno jAeicTByeT cuia F, B pesynprare 4ero MMITyJIbC JOCTHTaeT 3HAUCHHS P.
Omnpenenute 3HAYEHWS BENIWYMH, 0003HAUYEHHBIX «?». HampaBieHue CHIIBI COBIAAaeT C
HaIlpaBJIE€HUEM HA4aJIbHOW CKOPOCTH.

3anaya 2. Teno maccoil m JBUXKETCS PaBHOYCKOPEHHO C YCKOPEHUEM Ol U B MOMEHT BpEMEHHU t
uMeer wuMIynsC p. Hauampaas ckopocts Tema ¥y, Ompemenure 3HAYCHHS BEIHYHH,

0003HAYEHHBIX «?». BeKTOp HaYaJbHOH CKOPOCTHU T€Jia U BEKTOP YCKOPCHUSA COHAIIPABJICHEI.

3aiaua 3. JIBa mrapa MaccaMd m; W M, JBHXKYTCS HABCTPEUY APYT IPYTY CO CKOPOCTSIMU U1 u
1#,. Ux ckopoctu nocie coyaapenus ' u #,'. Onpenenure 3HaueHHs BETHMYHH, 0003HAYCHHBIX
«M».

3aiaua 4. Mojenb pakeThl MacCOil m; 3armojHEeHa TOPIOYUM Maccoil my. I'oprouee BhIphIBACTCS
co cKopocThio 1, mpu 3TOM pakera mpuobOpeTaeT CKOPOCTh U] W MOAHMMAETCs Ha BBICOTY h.

OHpeI[eJ'II/ITC 3HA4YCHUs BCJINYUH, 0003HAYEHHBIX «?».

3agaua 5. Peibak Maccolf m 3ampbIrMBaeT B HEMOJBM)KHO CTOSIIYIO Ha BOje y Oepera osepa
noaKy maccoit M. TIpu 9ToM J10/1Ka TIPUXOIUT B ABMXKEHHUE €O ckopocThio ¥'. TopusoHTanibHas

COCTaBJISIONIast JOAKH pbl0aka B MOMEHT NpbDKKa paBHa U. Omnpejpennrte 3HaYEHUS BEIHYMH,
0003HAYEHHBIX «?».
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IIpakTnyeckas padora NeS Pemenue 3aga4 no pasaeny «MexaHuka

Llenb paboThI: 3aKpenUTh 3HAHUSA MO pasfeny «MexaHukay.
MeToan4yeckue yka3aHus
Kaxxnprit BapuaHT TpPOBEPOYHON pabOThI COCTOMT M3 JIBYX 4acTel M BKIOYaeT 15 3amaHuid,
paznugaronuxcst opMoi U ypoBHEM CIOXKHOCTH (cM. Tabmuiy 1).
Yacte A comepxut 10 3aganuii ¢ BeIOOpom oTBeTa. X 0o003HaueHue B padote: Al; A2; ... A10.
K kaxaoMy 3aaHuio nNpuBOUTCS 4 BapraHTa OTBETA, U3 KOTOPBIX BEPEH TOJIBKO OJMH.
Yacte B conepxut 5 3amanuii. Ix o6o3Hauenue B padote: B1; B2; ... BS.
B mnepBoM u BTOpOM MNpeNIOKEHbI 3aJaHUsi Ha YCTAaHOBJICHHUE COOTBETCTBUS IO3MIIMMA,
NPEJCTAaBICHHBIX B JIBYX M TpeX MHOXECTBax. TpeTbe, 4YeTBepTOC M MATOE  3aJaHUs
MPEANOIaratoT KpaTKU OTBET.

1 sapuanm

YACTH 1

K xaxpomy u3 3amanuii A.l1.— A.10. nanel 4 BapuaHTa OTBETA, M3 KOTOPBIX TOJIBKO OJIMH
mpaBWIbHEIL. HoMep 3TOTO OTBeTa 3aHecurte B TaOmuiry 1.

A.1. MoxeT 1 4eJIOBEK Ha 3CKAJIaTOPE HAXOAUTHCS B TTIOKOE OTHOCUTEIBHO 3eMIIH, €CIIN
3CKaJIaTOpP MOJHMUMAETCS CO CKOPOCThIO 1 M/c?

A.2. Ha pucynke 1 npencrasieH rpaduk 3aBUCUMOCTH CKOPOCTH IPY30BHKA OT BPEMEHHU.
VYckopeHue rpy30BUKa B MOMEHT t=3 ¢ paBHO

AUy M/C

» 1,C

3% ]
-
FeN

Puc.1.

A.3. Uemy paBHa CpeJHSssl CKOPOCTH JIBH)KEHUS aBTOMOOUIIS Ha BCEM IMYTH (B KM/4) , €Cld
MEPBYIO MTOJIOBUHY ITYTH OH JIBUTajicsi co ckopocTbio 70 KM/4, a BTOpPYIO IOJOBHHY IyTH —
co ckopocTeio 30 KkM/4?

A.4. Ompenenute MyTh, IPOMIEHHBIN TEJIOM OT Havajia IBUKEHUS IPU CBOOOTHOM A JCHUU.
Ecnu B koHIIE MyTH OHO MMeNo ckopocTh 20 M/c.

A.5. Kak u3mMeHUTCs TUHEHHAs CKOPOCTH IBM)KCHHS TOUKH T10 OKPY>KHOCTH, €CJIA YTII0Bast

CKOPOCTb YBEIMUYUTCS B 4 pa3a, a pacCTOSHUE OT BPAILAIOLIENCS TOYKU /0 OCH
BpalleHUsl YMEHBIIUTCS B 2 pa3a?
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A.6. Tlouemy npu paBHOMEPHOM JIBH>KEHHH MO€3/1a MAPUK MOKOUTCS OTHOCUTEIBHO TJIAJKOT0
cToJa B KyIie BaroHa?

A.7. Kakyro cuny Hago mpuiokxuTh K Teny maccod 200 r, 4ToOBI OHO ABUTAIOCH
2
¢ yckopenueM 1,5 m/c” ?

A.8. Uemy paBHO OTHOIIICHHE CUJIbI TPABUTAIIMOHHOIO B3aUMOACHCTBUS, ACHCTBYIONIECH CO
cTopoHbl JIyHbl Ha 3eMIlt0, K CHJIE TPAaBUTAL[MOHHOTO B3aMO/IEHCTBHUS, AEUCTBYIOLIEH CO
croponsl 3emiu Ha JIyny. Eciu macca 3emun B 81 pa3 Gonbiie maccsl JIyHbI?

A.9. KakoBa kuHeTH4ecKas sHeprusi aBTomoouist maccot 1000 kr, ABMXKyIIErocs
CO CKOpOCThIO 36 KM/4?

A.10. Kakyro MoITHOCTh pa3BUBaeT JABUraTeNb aBToMoOwmIs mpu cuite Tsru 1000 H, ecnu
aBTOMOOWIIb IBUKETCSI pABHOMEPHO €O cKopocThio 20 m/c?

YACTD 2

B.1. YcraHoBuTe cooTBETCTBHE MEXIY (PU3MUECKMMM BEIMYMHAMU M €IUHHMIIAMHU, B KOTOPBIX
OHM U3MEPSIOTCA.

du3nyuecKue BeITMINHBI Enunune! nsmepenust pu3nuecKux BENUIHH
A) ummynbc Tena 1) Tx
B) mMomHOCTH 2) Br
3) H
4) H:-c

K kaxaol mno3uuuu mepBoro crojbdua Moa0epuTe COOTBETCTBYIOIIYIO MO3MLHUIO BTOPOro U
3aMumIuTe B TAOIUIy2. BEIOpaHHBIC IIU(PHI ITOJI COOTBETCTBYIONIMMU OYKBaMHU.

A B

B.2. Kamens OpoiiieH BBEpX O YIJIOM K TOpu30HTY. CONpOTHUBIIEHNE BO3/lyXa MPEHEOPEKUMO
mano. Kak MeHstoTcst ¢ HAOOpOM BBICOTHI MOJAYJb YCKOPEHHS KaMHsS, €ro KHHETHYecKas
SHEPrusl ¥ TOPU3OHTANIbHASL COCTABJISAIONIAs €r0 CKOPOCTH ?

JU1d Ka)K oW BETMYMHBI OIIPEJIEIINTE COOTBETCTBYIOIINN XapaKTep U3MEHEHMS:
1) yBenmumBaercs
2) yMeHbLIaeTcs
3) He U3MEHSAETCSA
3anumure B TaOIUIly BEIOpaHHBIE TUQPHI U1 Kax 101 pusnueckoit BenuuuHbl. L{ugpsl B oTBeTE
MOTYT MTOBTOPSATHCS.

MO,[[y.]'IL YCKOPCHHUA KaMHS Kunernueckas OHEPTHUA rOpI/ISOHTaJ'IBHa}I CoCTaBJIArOIIaA
KaMHs CKOPOCTHU KaMH4A

B.3. Ha koHIax HEBECOMON M HEpaCTSHXKUMOM HHUTH, MEPEKUHYTOH depe3 OJOK, MOJBEUICHBI
rpy3bl, Maccel KoTopeiXx paBHbl 600 T u 400 r. Omnpeaenure yCKOpeHHE Tpy30B MOCIE TOTO,
Kak cucTemMa OyJeT mpenocTaBiieHa caMmoil cede. TpenueM B O10ke mpeHeOpeyb.

| [we|
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B.4. YenoBek u Tenexka IBUXKYTCS HABCTpeUy APYT APYTY, MPUYEM Macca yeloBeka B 2 pasa
Oosbiie Macchl TenneKku. CKOpOCTh YenmoBeka 2 M/c, a Tenexku — 1 m/c. YenoBek BCKakuBaeT
Ha TEJIEKKY U OcTaeTcs Ha Hell. KakoBa CKOpOCTh 4esloBeKa BMECTE C TEJIEKKOM?

| [we

B.5. Teno 6pomieHo BepTUKAIBHO BBEPX €O ckopocThio 20 m/c. Ha kakoi BbIcOTe
KHUHETHYECKasi SHEPTUs Tejla paBHA €ro MOTEHIHMAIIbHOW SHEeprun?
ConpoTuBieHreM BO31yxa MpeHeOpeyb.

| ]

IIpakTyeckas padora Ne6 Pemenne 3axau no reme MKT

Llens paboOTHI: 3aKpenuTh 3HAHHS OO0 YPaBHEHHHM COCTOSIHUS HJICAIBHOTO Ta3a, HAYYHUTHCS
IPUMEHSTH Ta30BbIe 3aKOHBI IIPH PELICHUH 3ajad.
OcHOBHbIE MOHSITUS U 32KOHBI

CocTosiHEE HEKOTOPOM Macchl Ta3000pa3HOTO BEIIECTBA XapaKTEPH3YIOT 3aBHUCHUMBIMU
Opyr OT Jnpyra (u3MUECKUe BEIMYHMHBI, Ha3bIBAGMbIC IapaMeTpaMu cocTosiHusi. K HuM
OTHOCSTCS 00hEM V, naBiieHue p, remmeparypa T.

YpaBHEeHHE COCTOSHUS HACATBHOTO Ta3a - ypaBHEHHE, KOTOPOE CBSI3bIBAET MEXAY COOOi
IATh IapaMeTPOB HJEANbHOro rasa: Maccy (m), MoisipHyto Mmaccy (M), temnepatypy (T),
nasienue (P) u oovem (V). D10 ypaBHEHHE OBLIO MOTYYEHO SKCIIEPUMEHTAIBLHO, HO T.K. TPYAHO
NPOBECTH OKCIEPUMEHT C M3MEHEHHEM IISITH IapaMeTpoB, TO IMEPBOHAYAIBHO OBUIH
YCTAHOBJICHBI YaCTHBIC Ta30Bble 3aKOHBI, KOTrJa TpPH MapaMeTpa (UKCUPOBAINCH, U
OTIpeNIeNsIach B3aUMOCBSI3b IBYX APYTHX.

Bcesikoe W3MeHEHUE COCTOSHUS Tena (CUCTEMbI Te) Ha3bIBACTCS TEPMOIMHAMUYECCKUM
IPOIIECCOM.

Jyis u3y4eHust U CpaBHEHUS Pa3InYHBIX TEPMOJAUHAMHUYECKUX MPOLIECCOB UX U300paKaroT
rpadu4ecKy.

N3onpouieccaMy Ha3bIBAIOT TEPMOJMHAMHUYECKUE MPOIECCHI, MPOTEKAIOIINE B CHCTEME C
HEM3MEHHON MacCO# MPH IMOCTOSTHHOM 3HAUYE€HUH OJTHOTO M3 ApaMETPOB COCTOSIHHUS CUCTEMBI.

[Tpornecc, mpoTekaromuii B ra3e, Ipu KOTOPOM 00BEM OCTAETCS MOCTOSIHHBIM, Ha3bIBACTCA
HU30XOPHBIM.
3akoH llapns: naBneHue rasa JaHHOM Macchl IPU MOCTOSIHHOM 00BbEME BO3pacTaeT JIMHEHHO C
YBEIMYCHUEM TEMIIEPaTyPHI.

2. ( V=const, m=const).

o Py _ Pz
- =const; &=
T 9 1,-__ 1,-:)

p/""’_

P

o

T v
[Ipouecc, mporekaromuii B rase, MNpd KOTOPOM JIaBJICHUE OCTAETCS IOCTOSHHBIM,
Ha3bIBAETCS U300apHBIM.
3akon ['eif-Jltoccaka: oObeM ra3a JaHHOM Macchl MPH IMOCTOSIHHOM JaBJIEHUU BO3pacTaeT
JIMHENHO C YBEIMYEHUEM TEMIIEPATYPBHI.

£t -
-

\% Vi Vv,

— = const,— = —;(p = const,m = const)
T T, T,

V=V,l+a)
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rze t - TeMmeparypa rasa no mkane Leabcus;

V- 06beM ganHOM Macchl raza mpu 0°C;

0 -TepPMHUYECKUN KOAPPUITUEHT 0OBEMHOTO PACIIHPEHUSI.
V P PA

r
T v 7 i

ITpouecc, mporekaromuii B rase, Npu KOTOPOM TeMIEpaTypa OCTaETCsl MOCTOSIHHBIM,
Ha3bIBAECTCSI U30TEPMHUUECKHUM.
3akoHn boiing-MapuoTTa: 1aBieHue ra3a TaHHOW MacChl IPH MOCTOSIHHON TeMIIepaType yObIBaeT
C YBEIMYEHUEM o0beMa.
pV = const; p,V, =p,Vy; (T=const, m=const).

P [

P V. P

4 T

el —
- >

Jlns mpou3BOIBPHOM Macchl m rasa ¢ MOJSPHOM Macco M crnpaBemyinBO ypaBHEHHE
MenneneeBa - Knaneipona:

™
pV:;RT, rae

Moz
R=8,31 —K_ MOJIApHasa (YHI/IBepCEU'IbHa}I) ra3oBas IOCTOsSIHHAasA.
MIOTE -

B npyrom Bune ypaBHEHHE COCTOSIHUS UICATLHOTO ra3a MOKHO 3aIicaTh B BHJIC:
p=nkT,

N 3
IJie 1= KOHICHTPALKs [a3a, TO €CTh YMCIIO YaCTHLL B eAMHULE 00béMa rasa,

N, — mocrostHHast ABorazipo, k — mocrostaaast bonsivana.
3akoH JlanbToHa (JaBIeHUE CMECH XMMHUYECKH HE B3aUMOJCHCTBYIOIINX Ta30B):

N
p=2"F
i=1

rae P; - napuuansHoe naBineHue, N -KOJIMYECTBO ra30B B CMECH.
3amanue 1. OTBETHTE HA BOMPOCHI:
1. Kaxoii npouecc Ha3pIBaeTCA N30TEPMUUECKUM?
2. Kakoii mporecc Ha3bpIBaeTCs N300apHbIM?
3. Kakoli mpouecc Ha3bpIBaeTCs N30XOPHBIM?
4. Tlpu Kakux ycIOBHAX CpaBe/uIuB 3aKoH boiins — Mapuotra? I'eit — JIroccaka? lapmns?

MeToanyeckue yka3aHus

[Ipu peureHun 3aa4d Ha Ta30BbI€ 3aKOHBI, HY)KHO YCTaHOBUTH M3MEHSETCA JIU Macca rasa
IIPU MIEPEX0JIe U3 OJJHOTO COCTOSIHUS B Apyroe. Eciau mMacca raza octaércs mOCTOSTHHOW, MOYKHO
3anucath ypaBHeHue Kianeiipona (ypaBHeHHs] 00beAMHEHHOTO ra30BOro 3akoHa). Ecnu ke mpu
MOCTOSIHHOM Macce B JIaHHOM IIPOLIeCCe He U3MEHAeTCsl Kakoi-mnbo u3 napamerpos p, V uinu T
(maBneHue, 00ObEM, TeMIeparypa), IPUMEHSIOTCS ypaBHEHUSI COOTBETCTBYOIIero 3akona (I'ei-
Jlroccaka, apns wim boitns-Mapuotra). Ecii B AByX COCTOSIHHSIX Macca ra3a pasHas, IS
KaXJIOTO COCTOSIHMS 3allMChIBAIOT ypaBHeHHe MenneneeBa - Kianeiipona. 3arem cucremy
ypaBHEHUH PEMIAIOT OTHOCUTEIHHO UCKOMOW BEJTMYUHBI.

Jns pemenus 3a1a4 BceX TPy MOKHO PEKOMEHI0BATh TaAKYHO MOCIIE€I0BATEIbHOCTH!

-BHAMATEIFHO TMPOAHAIM3UPOBATh YCJIOBHE 3a/aud, YCTAaHOBUTH, KaKOW Ta3 Yy4acTBYET B

npoliecce, Kakrue napaMeTpbl MEHSIOTCS, KAKUE - OCTAIOTCS IOCTOSIHHBIMU;
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-clleNIaTh, €CJIM BO3MOKHO, CXEMATHYECKUH 4YEpTEX, yKa3aB IIPU 3TOM, KAKUE IapaMeTpbl
XapaKTEePU3YIOT KaXKJI0€ COCTOSHUE;

-oco00€ BHHMMAHME YJEIUTh IapaMeTpaM, 3aJaHHbIM HESBHO; MHOIZA /s HaXO0XKJIEHUs
o0bema raza HY)XKHO HCIOJIb30BaTh (DOPMYJIBI TEOMETPHH, AJISi HaXOXKICHHS JaBJICHUS Ta3a Ha
KUAKOCTb- 3aKoH Ilackans unu cootHomenue p = po+Pgh

-JIJIs1 KQKJI0TO COCTOSIHUS 3alHucaTh HYKHbIE COOTHOUIEHUS U PEIINTh MOJYYEHHYIO CHUCTEMY
YpaBHEHUN OTHOCUTEIBHO UCKOMOM BEJTMYUHBI.

B rpynmy BbigeneHsl rpaduueckue 3aqaud, A PEHIeHHs] KOTOPBIX CIEAYeT XOpPOIIO 3HATh
rpapuueckoe M300paKEHHE Ha IJIOCKOCTH BCEX H30MPOLECCOB B PA3JIMYHBIX KOOPIMHATHBIX
0CsIX.

IIpumepsl pemenus 3agaq

3amava 1. Jlan rpaduk u3MeHeHHs] COCTOSHUS UAeanbHOro rasza. I[Ipountars ero u mocTpouThb
rpaduk 3Toro nporecca Ha auarpamme P, T; V,T.

Pemenne:

[Iporiecc W3MEHEHUs COCTOSHMS Tra3a MPOUCXOAUT TPHU TMOCTOSHHOM 00BEME: V=const —
M30XOpHBIN nporniecc. JlaBnenue Bo3pacraer P,>P;.

Py _ P:
Cornacao 3akony Hlapas: — = =. CaegoBarenbHo, T,>T), ra3 H30XOpHO HarpeBaeTcs.
.-I.'- -.I.'- b b

ITocTpouM 3TOT Iponece B KOOpAUHATHBIX ocax V,T.
T.x. 00bEM He U3MEHSETCS, TO U30X0pa N300paxaercs NpsMon JTuHUeH, napamuieasHoit ocu OT.

VYuuTteiBas, 4TO B pe3yynbTaTe 3TOr0 Mpollecca TeMIleparypa YBETHYUBAETCS, PACCTABUM TOYKH
HayaJia rpoiiecca — Touka | — ¥ OKOHYaHHE MpoIiecca — TOUKa 2.

N30x0pHOE HarpeBaHue B KOOpAMHATHBIX ocsix P, T umeer crnenyroniuil BUa:

P
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3amava 2. Ha pucyHke M300pa)Ke€HBI MPOLIECCHl U3MEHEHHS COCTOSIHHSI HEKOTOPOH Macchl Trasa.
Hazowute 3111 mporieccrl. U3o00pasute rpaduku nporeccoB B cucteme koopaunar P,T u V,T.

Penrtenue:

1) I'a3 mepexoaut u3 coctosiHus | B cocTosiHuE 2.

V=const, 00béM He MeHseTCs, Ipolecc U30XOpHBI. U3 rpaduka BUIHO, YTO JaBlIEHHE rasza

p e
ymenbiiaercs, T.€.P;>P,. Cornacno 3akony lapus: T — 7 TOIydaeMm, 4To TeMneparypa

yMeHnbaercs, T.e. T1>T,.

CJ'IGI[OBEITGJ'ILHO, nepexon ra3a u3 COCTOAHUA 1B2 - H30XOPHOC OXJIAXKACHHUC.

2) T'a3 mepexoauT U3 COCTOSIHUS 2 B COCTOSIHUE 3.

P=const — naBnenue He mensierca. O0bEM raza yBenuuubaercs, Vs> V.

. v _ W
Cornacno 3akony ['eit-JIroccaka: = = =, momyuaem, uto T3>T,. D10 M3006apHOE pacuupeHue
T, T,

rasa.

ITo pucynky Bunno, uro T|=T3 — Touku nexar Ha U30TEpPME, T.€. B COCTOSIHMSIX 1 U 3;
TEeMIIEpaTypa ra3za OJUHaKOBa.

1) Koopaunarssie ocu P, T.

Ilepexon 1 —2. Otmerum Touku P u Py, yuntsiBas, uro P>P,. Iloctpoum uzoxopy 1-2. OTpe3ok
2-0 n300pak€H MyHKTUPOM BOJIM3U aOCOJFOTHOTO HYJISI TEMIIEPATYD.

[Tepexon 2—3. M306apHbIii poriece 2-3 n300pa3utcs npsaMoil TuHuel, napamiensHoi ocu OT,
[P 3TOM TeMIIepaTypa ra3a yBeJIMUMBaeTCs. YUTEM, UTO TEMIEpaTypa raza B COCTOSIHUX 1 u 3
onnHakoBa, To T;=T3. [loaToMy Touku 1 M 3 NOJKHBI HaxOIUTBHCS HA OAHOW BEPTHKAIBHOMN
JIMHUH.

o 'I‘2 T1.3 T
2) Koopaunatasie ocu V, T.

[Tepexon 1—2. Mzoxopubiii mporecc 1-2 u3zo0pazutbest npsimoi, mapasuienbHoil ocu OT,
YUUTBIBasi, YTO TEMIEPATypa yMeHbIIaeTcsl. OTMETUM TOUKY Vo, IpUUéM Vo<V,

[Tepexon 2—3. M306apa mpoxoaut yepe3 Touku 0 u 2 mo nepecedenus ¢ npsmoit Tp3-1. Yactp
u300apsl 0-2 n300paXkeHa MyHKTUPOM. YUTéM Takoke, uto T1=Ts.
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3anaua 3. Ha pucyHke naH rpaguk M3MEHEHMs COCTOSHMS MIEAJbHOIO raza B KOOPJIUMHATHBIX
ocsax V, T. [IpeacraBeTe 3TOT mporiecc Ha rpadukax B KoopauHaTHbIX ocsax P, V u P, T.

Pemenue:

1) 1-2: P=const — u3obapusii mnpomecc. Vi<V, — o00béM yBenumumBaercs. T;< T, —
TEMIIEPATypa YBEINMIUBACTCS. DTO N300apHOE PACIIMPECHHE ra3a.

2—3: T=const — u3zorepmuueckuii npouecc. V,>Vi — 00béM ymensinaercsa. P,<P; — naBnenue
YBEITUYUBACTCS. ITO U30TEPMHUYECKOE CIKATHE.

3—1: V=const, 06béM He MeHseTcs, mpouecc u30xopHbiid. T3>T)- TeMneparypa yMeHbIIAeTCs.
P3>P; — naBnenue ymeHsbIaercs. 9To U30XOPHOE OXJIAXKIACHHUE Ta3a.

2) IlpencraBum 3TOT 3aMKHYTHIM IIpoliecC B KOOPAUHATHBIX ocsix P, V.

N3006apHsIii iporiecc 1-2 u300pa3uTcs nmpsamon JImHueH, napauiensaoi ocu 0V, 3HaueHus Vi u
V, onpenenum no 3agaHHoMy Tpaduky. 3HadeHue Py MoHO B3sTh pou3BosibHO. M30Tepma 2-3
— 3T0 TUIepbona, Mpu MOCTPOCHUM KOTOPOM ydTéM, 00BEM raza ymeHsliaercs. VM30XopHbIH
npolecc MPpU YMEHBUIEHUH TEMIIepaTyphbl COMPOBOXKIAETCS YMEHBIICHHEM JaBJICHUS, MO3TOMY
Ha rpaduke oH U300pak€H BepTUKAIBbHOM TuHUeH 3-1, napamiensHoi ocu OP.

3) ITpu noctpoenuu rpaduka B koopanHaTHbIX ocsix P, T cHauana otmerum touku T u To,
3HaueHue P; BbiOepem mpousBoisibHO. M300apHblil mpouecc 1-2 m300pa3uTcs NpsMoil JTUHUEH,
napamnensHoil ocu O0T. M3orepma 2-3 m300pasuTcs BEPTUKATIBHOM JIMHUEH, MpUUYEM OO0BEM
YMEHbILIAeTCs, a JIaBJeHue yBennuuBaeTcs. Touka 3 10oKHA HaXOAUThCS Ha u3zorepme Tr — 2 U
Ha M30Xope, YacTb koTopod O0-1 m3obpaxena myHkTupoM. Ilpomomxas mpsmytro 0-1 1o
nepecedeHus ¢ npsamoit Tr — 2, Haliném Touky 3. Ilocne 3Toro sicHO, 4TO M30XOPHBIN IpoLEece
u300pasutcsa orpeskom 3-1.
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3aganue 2. Pemurte KoJnmuecTBeHHBIE 32291

3amava 1. Ha pucyHke n300pakeHbl B OJTHOM U3 TPEX BO3ZMOXKHBIX cUCTeM koopawHat (pV, VT,
pT) rpaduku mporeccoB ¢ ra3oM HEKOTOpoW Mmacchl. HaueptuTe rpaguku mpoueccoB B ABYX
JIpyrux cucremMax KoopauHat. Homepa BapuaHTOB yKa3aHbI O TpapUKaMH.

3anmava 2. Ha pucyHke n300pakeHbI B OJTHOM U3 TPEX BO3ZMOXKHBIX cUcTeM koopawHat (pV, VT,
pT) rpaduku mnpomeccoB ¢ ra3oM HEKOTOpoi Macchl. Haueptute Tpaduk mporecca,
IIPUBEJIEHHBIN B BallleM BapuaHTE, B JBYX APYIMX cucreMax koopauHaT. Homepa BapuaHTOB
yKa3aHbl 10| rpad)uKaMu.

3anmauva 3. [IpeacraBpre 3amaHHbIA rpaduk B HepocTatomux koopauHatax (PV, PT, VT).

31



IIpakTnyeckasi padbora Ne7 Pemienue 3a1a4 no TeMe « JIeKTPUUYECKOE MOJIe»

Llens paboThI:
- 3aKpeNUTh YMECHHE MPUMEHSITH (DOPMYITy HANPSKEHHOCTH SJEKTPHUECKOTO TMOJISL, 3aKOH
Kynona, 3aKOH COXpaHEHUs ANEKTPHUECKOTO 3apsga U MPHHIUI CYNEPIIO3UIMH TIOIeH
IIPH PENICHUU 33]1aY;
- CIOCOOCTBOBATh Pa3BUTHIO YMEHHUS JIOTHYECKOTO MBITILICHHS,
- CIOCOOCTBOBaTh PA3BUTHIO I[O3HABATENBHBIX CIOCOOHOCTEH, CaMOCTOSATEIBHOCTH,
OTBETCTBCHHOCTH.
OcHoBHbIE MOHATHS U GOPMYJIbI
DJIeKTpoCcTaTHKa — pa3es GU3UKU, M3y HETIOIBH)KHBIC JJICKTPHUECKHUE 3apsiIbl.
DNEKTPUYECKHA 3aps]l — BEIMYMHA, XaPAKTEPU3YIOIIasi CIOCOOHOCTh YaCTHUIIBI BEIIECTBA K
ANEKTPHUUECKOMY B3aHMMOICHCTBUIO.
3aKOH COXpaHEHHUs HIIEKTPUUYECKOTO 3aps/a;: B 3aMKHYTOU (3JEKTPUIECKH N30JIMPOBAHHON )
cucTeMe anredpandeckas CyMMa 3apsoB BCEX YaCTHUI] OCTAHETCS] HEM3MEHHOM.
3akon Kynona: cuna B3aMMOJEWUCTBUS JIBYX HEIMOJBIDKHBIX TOUYCYHBIX 3apsIOB MPSIMO
IPOTOPIIMOHAIIFHA MTPOU3BEACHUI0 MOJYJICH 3apsoB U OOpaTHO MPOIOPIMOHAIBHA KBapaTy
PACCTOSIHUS MEXTY HUMH:

Alg. 1
F=k M, k= oo rae k - xoaddunuent nponopunonansuoct B CU;
e MEg

£- TUDJICKTPUYECKAs IPOHUIIACMOCTD CPEIIBI; £ - AICKTPHUECKAst TOCTOSHHAS:
12
£5=8,85-10""D/™m
HanpspkeHHOCThIO B TAHHOW TOYKE AJICKTPOCTATUYCCKOTO IMOJISI HA3BIBAIOT BEKTOPHYIO

bu3NYECKyI0 BETUYMHY, PAaBHYIO OTHOILIEHUIO CHJIBI, JEHUCTBYIOIIEW, B JaHHOW TOYKEe Ha
TOYEUHBIN TPOOHBIH 3apsij, K 3TOMY 3apsiay.

= F
E=—,

9o
rae F - cuna, ¢ KOTOpoil 1oJie JEHCTBYET Ha MOJIOKUTEIbHBIM TOYEYHBIN 3apsil o, TOMELICHHBIN
B OTYy TOYKY.

[IpuHIMI Cynepno3suuuy MOJEH: €CIM B JIaHHOM TOYKE MPOCTPAHCTBA pPa3INYHbIC
3apsHKEHHBIEC YaCTULIBI CO3/1A0T I0JIsI, HANPSHKEHHOCTH KOTOpbIX Ej, Es By, TO pesynbrupyromas
HANPSDKEHHOCTD I0JIS B 3TOW TOUKE
E=E, +E, +... +E,.

IToBepxHOCTHAs IIIOTHOCTB AIEKTPUUYECKOTO 3apsaa
0= q/S, rae q - 3apsa, paBHOMEPHO paclpee/IeHHbIN M0 MOBEPXHOCTH TeJa IIOUabo S.

HanpspkeHHOCTh 3JIEKTPOCTaTUYECKOrO TOJS TOYEYHOrO 3apsiia  Ha PacCTOSHUU I' OT

HEro
lql
-1.1?5,:,:1’

HanpskeHHOCTh  3JIEKTPOCTATUUECKOro TMoJisi OECKOHEYHOH paBHOMEPHO 3apshKEHHOU

IUIOCKOCTH

rae £ - OUDJICKTPUYECKasd MPOHUIAEMOCTh CPEOBI.

| &l
E= , rage & - HOBerHOCTHafI IIJIOTHOCTb BHCKTpI/I“IeCKOFO 3apﬁz[a.
&

=
HampskeHHOCTh 3JIEKTPOCTaTHYECKOTO TOJS METAIITMYECKON 3apshKeHHOM cdepa paamyca
R Ha pacctostHuu r > R oT ieHTpa chepot
lql
T ELEX
3ananue 1. OTBETbTE HA BOMIPOCHI.
1. Yro Takoe snekTpuyecKkuil 3apsa? EnuHuIa nu3MepeHust JIEKTPUYECKOro 3apsaaa?
2. Coopmynupyiite 3akoH Kynona.

, T1e q-3apsan cepsl. Buytpu coepsl (r<R) E=0.
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(98]

CdhopmynupyiiTe 3aKOH COXpaHEHHsI SJIEKTPHUECKOTO 3apsaa.

4. Yro Ha3bIBaeTCAd HANPSKEHHOCTBIO AJeKTpuueckoro nons? KakoBo HampaBieHue
HANpsDKEHHOCTU AJIeKTpuueckoro mnois? Kak paccuumThiBaeTcsl HaNpsHKEHHOCTH OIS
TOYEYHOrOo 3apsaa?

5. B 4ém cocTOUT NpUHLIMT CYNEPIO3ULIUN MTOJICH?

MeToanueckue yKazaHust
3amauy Mo 3JEKTPOCTAaTHKE YAOOHO pa3lenuTh Ha JABe rpymmbl. K nepBoil rpymmne MOXHO
OTHECTH 33J1a4d Ha pacy€T CHUJIOBBIX M SHEPreTHUECKUX XapAKTEPHUCTHK 3JIEKTPOCTATUYECKOTO
10JIs, KO BTOPOM — BCE 3aJjaud Ha PaBHOBECHE JINOO JIBUKEHHME 3apsKEHHBIX Te (YacTHIl) B
3JIEKTPOCTATHYECKOM II0JIE.
3ajauM  [EpBOM  TIpyHIbl  CBA3aHBl C  NPEIACTABICHUSMU O  CYLIECTBOBAaHUM
3JIEKTPOCTATHYECKOTO OJII BOKPYT HETIOJABUKHBIX 3apPSKEHHBIX TEJl U CBOJAATCS K HAXOXKICHUIO
OCHOBHBIX XapaKTepUCTUK 1oJist. [Ipy ux pemeHnn HeoOXouMo:

1) chenaTe pUCYHOK, M300pa3uB JMHUU HANPSHKEHHOCTH SJEKTPOCTATUUECKOTO MO U
3apsKEHHbIE Tella, IOMEUIEHHBIE B 3TO II0JIE;

2) Npu HAaXOXKJECHUU HAIPSHKEHHOCTH MOJIsI B HEKOTOPOU TOYKE CIENYET MOMHHUTh, YTO 3TO

BEKTOpHAsl BEJIMYMHA M HaIlpaBJICHA [0 KacaTeJIbHOM K JMHUM HanpsbkEHHOCTH. Ecnn
noie o00pa3oBaHO TOYEYHBIM 3apsAOM, TO OHA HampaBlieHAa BJOJb MPSIMON,

COEUHSIONIEN 3apsil U TOYKY, B KOTOpoH ompexaenstor E, oT 3apsana, eciu >0, U K

3apsny, ecnu q<0;
3) ecau TOJE CO3JaHO CHUCTEMOHM TOYEUYHBIX 3apsjioB, TO HAMNPSHKEHHOCTh IO

J—

pacCUMTHIBAIOT COTJIACHO NPUHLHIY CyNepno3unvu:. E=E, + E, +... +E

> HE 3a0bIBAs,

YTO 3TO reomMeTpuueckas cymma. Cieayer npaBUiIbHO ONpPEAENIUTh HanpasieHue E: s
MOJIOKUTEIBHOTO TOYEYHOrO 3apsija BEKTOp E HampaplieH MO pagHaIbHON JIMHUU OT
3apsAna, AJs OTPULIATENIbHOIO — K 3apsay;

4) eciu MpU B3aUMOJCUCTBUU 3aPSKEHHBIX TEJ MPOUCXOJUT NEpepacipeiesiCHHe 3apsiioB,
TO 3aIUIINTE 3aKOH COXPAHEHUsI 3apsJI0B.

Pemenue 3agau BTOpO TpyIIbl OCHOBAHO HA NMPUMEHEHUE 3aKOHOB MEXAaHHUKHU C YYETOM
3akoHa KynoHa M BBITEKaOIIMX U3 HEro cieactBuil. Takue 3agauu peKOMEHAYETCs pelliaTh B
CIEAYIOIIEM MOPSJIKE:

1) chemaiiTe pUCYHOK, HM300pa3sUB BCE CHIIBI, ACHCTBYIOIIME Ha 3apsDKEHHOE TENo, U
3aIUIINATE 111 HETO YCJIOBUE PABHOBECHS WJIM OCHOBHOE YPABHEHUE TMHAMUKHY;

2) BBIpAa3UTE€ CHJIBI  AJIEKTPOCTATUYECKOrO0  B3aMMOJEHUCTBHMS  4Yepe3  3apsipl WU
XapaKTepI/ICTI/IKI/I I10JI1 U TIOACTABBTEC OTHU BI)Ipa)KeHI/ISI B UCXOIHOC ypaBHeHHe. HpI/I 3TOM
HAJI0 IOMHUTb, YTO MEK]1Yy OTHOUMMEHHBIMU 3apsIaMH JACHCTBYIOT CUJIbl OTTAJIKUBAHUS, a
MEXJly pPa3HOUMEHHBIMU - CWJIbl OpUTsHKeHUs. [Ipu BblunciaeHun B GopMyiy 3aKOoHa
Kynona mnoacTtaBisitoT aOCONMIOTHBIE 3HAYEHUS 3apsI0B, 3HAKK 3apsiioB yYUTHIBAIOT
TOJIBKO HpI/I OHpeILCJ'IeHI/II/I HaHpaBJ'IeHI/ISI CHUJI. ECJ'II/I N3BCCTHA HaprDKéHHOCTI) I10J14, TO

CHITy MOXHO OMpeneiuTsh 1o dopmyne F= qE, yumteBas, uto F TTE, ecnu ¢>0 u
F TL E, ecii <O0;

3) Ipu pacCMOTPEHUM JABW)KECHHS 3apsDKEHHBIX 4YacTHUIl B AJIEKTPOCTATUYECKOM IIOJIE
ClIeyeT BBIACHUTb XapakTep JIB)KEHUS U HCIOJIb30BaTh KHWHEMAaTHUYECKUE W
JUHAMHUYECKHE YPAaBHEHUS JBUKCHUSI NN 3aKOH COXPAHEHUS SHEPTUH;

4) 3anuIIuTe BCIOMOTaTeNbHbIE (OPMYJIBL, a MOJYYEHHYIO CHUCTEMY YpaBHEHHUS DPEIInTe
OTHOCHUTEJIBHO HEU3BECTHON BEJIMYMHBI.

IIpumeps! pemieHust 3aga4
3anmava 1. JIBa OAMHAKOBBIX MaJleHBKUX IIapHKa, 00Jaaaomux 3apaaom q;=6 MkKi u 3apsaom
Qo= -12 MmxKn, Haxomarcs Ha paccrossHuu 60 cM 1pyr ot apyra. Onpenenure Ccuily
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B3aMOJIENCTBUS

Mexay HUMU. Uemy OyzeT paBeH 3apsiji KaXI0To IIapuKa, €ClId UX IPUBECTU B

CONPUKOCHOBEHHE U 3aTE€M Pa3beIUHUTH?

Jano:
q1=6 MxKn
qo=-12mxKn

=60 cMm

k=9-10"H-M*/Ki?

Haiitu:
F-?

q'-?

OrtBerT:

CH: Pewenue:
. -6 — —
6-10 I_(JI Fr Fas
-12-10 +?q e
6K.H 1 2
0,6 m CornacHo 3akony KynoHa cuia B3auMoJIeUCTBUS:
F=k lq,l Inrr ol
L
PasHouMEHHBIE 3apsiabl IPUTATUBAIOTCS.
B pesynabTaTe CONPUKOCHOBEHHS IIAPUKOB IMPOUCXOIUT
repepacnpeereHue 3apsaao0B, NOCe Yero 3apsi Kaxaoro U3
+a,
[IIAPUKOB PaBeH q' = % 3apsi BTOPOTO IIapyKa YBETUYUTCS
Ha Ag, =g’ — g,; 3apsA1 NEPBOr0 MIAPMKA yMEHBIIUTCS IPH
sromuHaAg, = q' —q,
Brruncinm cuny B3auMOAEHCTBUS
g107%-12-10"°
F=9:10°- ——————=18H
&-1075F
, 6-107°—12-107° .
g' = = —3-10"%Kn
2
F=1,8 H;

q'=3-107%Kn.

3amaua 2. MarnieHbKUH IIapuK Maccou 2-107 KT, IIOJIBCIICHHBLIN Ha TOHKOM MIEIKOBOM HHUTH,
. -7 o
HecET Ha cebe 3apsag 3-107° K. Ha xakoe pacctosiHue cHU3Y K HEMY CIEyeT MOJHECTH APYroi
., -7
MaJieHbKU# mapuk ¢ 3apaaom 5-107" K, yToObl HATS)KEHHE HUTH YMEHBIIHIOCH B 2 pa3a?

Jano:

m;=2- 107 kr
q1=3-10" Kn
x=5-10" Kn
Ty=2

g=9,8 m/c’
Haiitu:

r-?

Pemenne:
Ha mapuk, noaBemieHHbI HA HUTH, JEACTBYIOT ABE CHJIbL: CHJIA TSHKECTH Mg
U cujia HaTshKeHust HUTU T, . HanpasiieHus cuil IpOTHBOIIONO0KHEI.

f—

[lap HenoaBuMKeH, caen0BaTenbHO, Ty = mg.

Ecnu Ha paccrosHuu r noMemEéH 3apsia (o, TO Ha IIAPUK JEHCTBYET €lIE€ OJHA
lq,llq.l

cuna — Kynona, HanipaBJIeHHasi BBEpX U paBHas F=k 7

UToObl cuiia HATSHKEHUST HUTH YMEHBIIUIIACK, 3apsil (2 JOJKEH ObITh TOTO XK€

3HaKa, YTO U 3apsij q;.
A

3amnuiieM yciiOBHE paBHOBECHS IIapUKa B 3TOM CIIydae:
mg + T, + =0
BLI6epeM HaIllpaBJICHHUEC OCH Oy BCPTUKAJIbHO BBCPX U 3AIIUIICM 3TO YPABHCHHUC

B Ipoekuusix Ha ock Oy.
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-mg+T,+F=0

lg,lla,l
r?

T,
[MoxcraBuM AaHHBIE 33/1a9u: -Mg + —+ K = 0, no Ty=mg, T0O

mg lagllall _ [2k-lq,l-|q.l
-mg+—+ k—==0-r= [———=
2 r N mg

OtBer: =37 c™m

3agayva 3. /IBa ToyeunsIx 3apsaa 6,7 u -13,3 HKn HaxoasTca Ha pacCTOSIHUU 5 ¢M IpyT OT JApyra.
HaiiTu HanpspKEHHOCTD 3JEKTPUUECKOTO 0JI B TOUKE, PACIIONOKEHHON HA PAaCCTOSHUU 3 CM OT
MIOJIO)KUTEIBHOIO U 4 CM OT OTPULIATENBHOTO.

Jano: CH: Pemenne:
q,=6,7 uKx1 6,7-10°Kx
qp=-13,3 uKn -13,3-10Kar
r=5cuM 5107 m
rn=3cMm 3-10% M
=4 cM 4-107% M CornacHo MPUHLIUITY CyHEepIO3ULUU MOJIEeH
HaINpsKEHHOCTD
k=9-10"H-m*/Kn’ nosns B Touke A paBHa E=E, + E,
Haiitu: T.K. 3apsbl q; U 2 TOYEUHBIE, TO
E-? E=k- ' E=k-Z
N3 pucyHka BUIHO, 4YTO LMAK=900, AMNK -
IPSIMOYTOJIbHUK.
Paccvmotpum Tpeyrombauk AMN: £AMT=90", cropoua
MN:|E , TOT1a MOJyJ1b HAIPSKEHHOCTH MOJIS B TOUKE A
Haiiném mo teopeme IMudaropa: E = /Ef + EZ
[ oz (212
gzl*  lq3l?
E=k- |—+——
| r,.“
1‘4 pr
II, =92 Iz A=y 2
E =9.10°% [ L 3340V _ 4g9. 102 E
y (3:107%) (4107%) Hn

OtBer: E=100 xH/Kn

3amanmne 2. Pemnre KoJIH4ecTBEHHBIE 3aa9H.

3az[aqa 1. I[Ba HCTIOJABM)KHBIX TOYCYHBIX 3apdda & U ., HAXOOACh HAa PAaCCTOAHHHU I JPYT OT

Jpyra, B3auMoJeicTByIoT ¢ cuioil F. Onpenenure 3HaueHne BeIUUnHbI, 0003HaUeHHOH «?». Bo
CKOJIbKO pPa3 HU3MEHHUTCS Cujia B3aUMOAEMCTBHS 3apsiioB, €CIM PACCTOSHUE MEXIYy HUMHU
YBEJIUYUTH B 0 pas?

3anaua 2. J/IByM OMHAKOBBIM LIapUKaM COOOLIWIIN 3apsiabl 44 U q,. [llapuku npubnusnnm npyr
K JPYry 10 CONPHUKOCHOBEHHS WM 3aTeM pas3Bend Ha paccrosaume [. Ilpm stom cmma ux
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KYJIOHOBCKOT'O B3auMoJeiicTBus coctaBmia F. Onpenenure 3HaueHHe BETUYNHBI, 0003HAUCHHON
«?». PaccTosiHre MeX 1y IapUKaMH CYIIECTBEHHO OOJIbILE HX Pa3MEpOB.

3amaga 3. B BepmmmHax A u B npsmoyroasHoro tpeyronsHuka ABC (yron C — npsmoil)
HaXoJATCs 3apsansl g, U gg. Jmuabl xkatetoB AC m BC paBHBI COOTBETCTBEHHO O U b.

Hanpspxkénnocts anektpuueckoro moisis B BepuminHe C paBHa E. Omnpenenute 3HaueHue
BEJINYMHBI, 0003HAYEHHOU «?».

3anaua 4. llapuk Maccol m u 3apsoM ( TMOJBEIICH HAa TOHKOM HeBecomoil HUTHU. [lox HUM
pacrionio>keH 3apsig o Ha paccrosHuu r. Cuia HaTsDkeHuss HUTH paBHa T. Onpenenute
3HAYCHUE BEIMYUHBI, 0003HAYCHHOM «?».
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IIpakTuyeckasi pa6ora Ne§ Pemienue 3a1a4 no reMe «3aK0OHbI MOCTOSTHHOTO TOKA)»

Llenb paboOThI: 3aKpeNUTh YMEHHE MPUMEHSATh 3aKOHBI MapajieIbHOTO0 M MOCIEeI0BATEIbHOTO
COCAMHCHUA IMMPOBOAHUKOB IIPU PCUICHWUU 3aaa4.
OcHoBHBbIE 32aKOHBI U GOPMYJIbI

ONEeKTpUYECKU TOK — 3TO YHOPSAAOYEHHOE JABM)KEHHE 3apsDKEHHBIX YacTull. 3a
HaIpaBJIEHUE TOKA IPUHUMAIOT HAMPABJICHHUE JBUKCHUSI TOJOKHUTEIBHO 3apsHKEHHBIX YaCTHII.

Cuia NOCTOSIHHOTO JIEKTPUYECKOTO TOKA:!
1=2

r

rae g- 3apsj, IepeHOCUMbIN Yyepe3 MONepeyHOe CEUeHHUE MPOBOJIHMKA 3a BpeMs t.
3akon Oma u1s yyacTka 1enu, He coaepskaiiero IJC:

=2
R

rae | — cuna Toka, U —HanpsbkeHue Ha 3TOM yudacTke; R —comportusnenue.
DNEKTPUYECKOe COMPOTUBICHUE TMPOBOJHUKA JUIMHOW | € TOCTOSIHHOW TUIOIIAIBIO
MOTEPEYHOr0 CeUeHus S

r7€ p — YACIbHOE COMPOTUBIICHUE MMPOBOIHUKA.

[TocnenoBaTenbHBIM HA3bIBACTCA TAKOE COEAUHEHUE PE3UCTOPOB, KOTAa KOHEIl OJIHOTO
MPOBOJIHUKA COEAMHSETCS ¢ Ha4ajaoM Apyroro u T.1. [Ipu nmocienoBarenbHOM COSAMHEHUN CHUJIa
TOKa Ha JIF000M y4acTKe AJIEKTPUUYECKOM LIeTH OJIMHAKOBA

=1, =1,

Hampsixkenue mnpu mociieoBaTENbHOM COEIMHEHMM PaBHO CyMME HAINpsOKEHUW Ha
OTJENBHBIX YYacTKaX IeMHu
uv=u, +U,

OO0r1ee cCONPOTUBIICHUE MPU MOCIETOBATEILHOM COCTMHEHUH MPOBOIHUKOB

R=RII+R, +...+Rn,

rae RI1, Ry, ... Rn - conpoTuBieHus OTAEIbHBIX TPOBOJIHUKOB.
Eciu RII=R;=...=Rn, 10 R=n"RI |

[TapannenbHbIM HA3BIBAETCS TAKOE COCIUHEHHE PE3UCTOPOB, KOTAAa OJIHM KOHIIBI BCEX
PE3UCTOPOB COEIMHEHBI B OJIUH Y3€J, IPYTUE KOHIBI — B APYTOM y3€i. ¥Y3JI0M Ha3bIBAETCS TOUKA
Pa3BETBIEHHOM 1IENH, B KOTOPOI CXOATCS OoJiee ABYX MPOBOIHUKOB.

[Ipu napannenbHOM COEIUHEHUN
v=u,=U,, I=1 +1,

OO01ee cONMpOTHUBIEHUE TMPHU TapasieTbHOM COECIUHEHUS MPOBOJHUKOB YOBIETBOPSET
COOTHOIIIEHUIO

1_ 1+1 N +1
R R, R, R,
Ecmu RI1=R,=...=Rn,ToR=R;/n.

3ananue 1. OTBETbTE HAa BOIPOCHI.
1. Uro Ha3pIBalOT OHJIEKTpUYECKUM TokoM? UYTo TpUHUMAIOT 3a HAMpaBJICHHUE
AIIEKTPUYECKOTO TOKa?
UYro Takoe cuna Toka? HazoBuTe equHNIY M3MEPEHUS CUJIBI TOKA.
OT yero 3aBUCHT IEKTPUYECKOE CONPOTUBIIEHNE TIPOBOIHUKA?
Chopmymupyitte 3akon OMa Jij1s1 ydacTKa merH.
Kakoe coennHeHnne Ha3pIBaeTCs MOCIEA0BATENbHBIM? MTAPAIIETbHBIM?
Kax naiftu oOiee cOmpOTHUBIICHHE JABYX PE3UCTOPOB, COCMMHEHHBIX IMOCIEI0BATEIHHO?
napauieabHO?

SAINAIE
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Meroanyeckue ykasaHus
ITpu pemeHnn 3a1a4 peKOMEHIyeTCS:

1) HauepTUTH CXE€My U yKa3aThb Ha HEW BCE DJIEMEHTHI LICNIU: UICTOYHUKH TOKA, PE3UCTOPBI U
Ip., YCTQHOBHUTb IPEABAPUTENBHO, O KAKOW LENU TOBOPUTCA B YCIOBUM 3aJayu:
3aMKHYTOH WJIMU O KaKOM-JIM0O0 y4acTKe LMy,

2) yCTaHOBUTH, KAKHE DJIEMEHTHI LIENU BKIIOYECHBI IIOCIEI0BATENIBHO, KaKHE apajuIeIbHO;

3) Ha KaXXIOM Yy4yacTKE LIENM ONPEACIUTh HAINPAaBICHUS TOKOB M 3alMcaTh I KaXIo0u
TOYKU PAa3BETBJICHUA (€CIAM OHM €CTh), YPAaBHEHMs TOKOB M YPaBHEHMs, CBSI3bIBAIOLIUE
HaIIPSDKEHUS HA y4acTKax LIelH;

4) wucnonb3ys 3ak0H OMa, yCTaHOBUTD CBSI3b MEXy TOKaMU, HANPSKECHUAMU;

5) peuuTh NOJyYEHHYIO CUCTEMY YPaBHEHUN OTHOCUTENIBHO MCKOMOM BEIIMYUHBI.

IIpumepsl pemenus 3agaq

3anaua 1. /IBa mpoBogHuka conporusienneM Ri=2 Om, R,=3 OM coenuHeHbl ocie10BaTeNbHO.
Cuna Toka B menu 1 A. OmnpenenuTs CONPOTUBIICHUE IICMH, HANPHKCHHE HA KaKIOM
MIPOBOIHHKE W ITOJTHOE HAMPSKCHUE BCETO yJacTKa IEIH.

JlaHo: Pemienue:
R;=20Om  Cuna Toka BO BCeX MOCIEAOBATEIBHO COSAMHEHHBIX MTPOBOIHUKAX OJHA U
R,=3 OM Ta ke u paBHa cuJie TOKa B LienH, T.€.: [;=h=I=1 A.

I=1 A O6miee conmporusnienue nenu: R=R;+R,;, R=2 Om+3 Om=5 Owm.
Haiitu: HanpsixeHnne Ha KaxJ10M U3 IPOBOJIHUKOB HaiiieM 1o 3akoHy Oma:
R-? U1:IR1; U1:1 A -2 Om=2 B;

U] -9 U2=IR2; U2=1 A -3 Om=3 B.

U, -? [TonHoe HanpsKeHUE B LIETIH:

u-? U=U+U,, umu U=IR

U=2 B+3 B=5 B, niiu U=1 A - 50M=5 B.
OtBer: R=5Owm, U;=2 B, U,=3 B, U=5 B.

3amaga 2. B OCBETHTENBHYIO CETh KOMHATHI BKJIIOYEHBI [BE JJIEKTPUYECKUE JIAMIIBL,
conpotusiieHus: kotopbix 200 u 300 Om. Hanpsxenue B cetu 120 B. Onpenenuts cuily Toka B
KaX/10} JamMIie, CHIy TOKa B MOJIBOJSALIMX MPOBOAAX (T.€. CUIy TOKa JI0 pa3BETBIIEHUs), o0Iee
COINPOTHUBIIEHUE Yy4acTKa, COCTOSALIETO U3 ABYX JIaMII.

HaHno: Pemenue:
R;=200 Om HanpsbkeHue Ha Ka)kJ10# JJaMIle paBHO HAINIPSKEHUIO B CETH, TaK
R,=300 OmM kak jammbl coeuHeHbI mapamuiensHo, T.e. Uj=U,=120 B. Cuny Toka B

N i

U=120 B B xaxmoii mamrie omnpesernseM, moab3ysach 3akoHoMm Oma: I = Py
Haititu: [ =2-1% _g56a

1 R, 2000mM '
I, -2 [ﬂ=U=1:DE=|]!4A

£ R, 3000m
I-? Cwuiia Toka B MOABOASIIMX MTPOBOJIAX paBHA CYMME CUJI TOKA B JIamMIax:
R-7? I=I;+1,, I=0.6 A+0.4 A=1 A.

OO11ee CONPOTUBIIEHUE YYaCTKa LIEMH, COCTOSILEr0 U3 IBYX HapajljiesIbHO
COEIMHEHHBIX JIaMII, HAX0AUM 110 3aKoHY Oma:
R=U/I, R=120 B/1 A=120 Owm.
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Oteer: 1;=0.6 A, Lb=0.4 A, I=1 A, R=120 Om.
3amaune 2. Pemmmre KOMUYECTBEHHBIE 3a0a4H:

3amaua 1. Tpu pesucropa conporuBieHusiMu Rj, Ry, R3 coennuensl nocnegoBarenbHO Tak, 4TO
o01Iee CONMpOTHUBIICHHE JAHHOTO YYacTKa IIENMU COCTaBiIseT R, a 3HaYeHHs HampsOKEHUs Ha
pesuctopax u cuwibl Toka B HUX paBubl Uj, Uy, Uz u I}, I, I3 coorBercTBenHo. Onpenenure
3HAYEHUS BEIMYUH, 0003HAYEHHBIX «?7».

3agava 2. Tpu pesucropa compotuBieHusMu R;, R, R3 coenuHensl mapannenbHO Tak, 4TO
oO1lee CONMPOTUBIIEHUE JAHHOTO ydacTKa IENU COocTaBiseT R, a 3HaueHHs HampsDKEHUS Ha
pesucropax U cuibl Toka B HUX paBHbl U, Uy, Us u I;, I, Iz coorBercTBeHHO. Onpenenure
3HAYCHHUS BEJIUYHNH, 0003HAUYEHHBIX «?).

3agauda 3. B nmamnoin cxeme R;, R, uw Ry —
COIIPOTHBIICHUSI  COOTBETCTBYIOIIUX  ——F
pesuctopoB, a l;, hul;; U, Uy nU; — o B
— CWJbBI TOKOB U HalpsSOKEHUs Ha N iy T
COOTBETCTBYIOIINX y4acTKax.

Omnpenenure  3HAYEHUS  BEJIMYUH,
0003HAUEHHBIX «?».
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IIpakTuyeckasi pa6ora Ne9 Pemenue 3aaa4 no reme «MarHuTHoe moJie.
DJIeKTPOMATHUTHASI MHAYKIUSD)

Llens paGoThl: YyrayOUTh M 3aKPENUTh MOHATHS O MAarHUTHOM MHIYKLUH, cuje AMIIepa, yMeTh
IPUMEHATH 3aKOHBl MAarHUTHOI'O B3aUMOJEHCTBUS NapaUIEIbHBIX TOKOB W Amnepa Ipu
peLIeCHUH 3a/1a4.

OcHOBHbIE MOHATHS U (POPMYJIbI

MaruautHoe 1nojie - 3TO 0COOBI BMJI MaTE€pHUH, MOCPEACTBOM KOTOPOM OCYIIECTBISETCS
B3aMMOJCICTBUE MEXAY ABUKYIIMMHUCS SIEKTPUUECKU 3apSHKCHHBIMU YaCTULAMMU.

IIpoBOHHUKYN C TOKOM JEHCTBYIOT APYr Ha apyra. TOKHM HalpaBiIeHbl IPOTUBOIIOJIIOXKHO —
IIPOBOJAHMKU TIPU 3TOM OTTAJKUBAIOTCA. TOKM COHAmpaBlIeHbl — IPU 3TOM IPOBOJHUKU
npuTAruBarorcs. [lpyu B3anMoaencTBUM IBYyX IIPOBOJHUKOB C TOKOM, BO3HUKAIOT CUJIBI, KOTOPBIE
OTTAJIKUBAIOT UJIH NIPUTATUBAIOT IIPOBOJHUKU

B3aumoseiicTBue TOKOB BBI3bIBA€TCS MX MArHUTHBIMU IOJISIMM: MarHUTHOE MOJI€ OJJHOTO
TOKa JICUCTBYET CUJIONW Ha JIPYrol TOK U HA00OPOT.

OnpIThl NOKa3aIM, YTO MOAYJIb CUJIBI, JEHCTBYIOIIEH HA OTPE30K JUIMHOM Al Kaxkaoro u3
MIPOBOJIHUKOB, IIPSIMO IIPOMOPLIMOHANIEH cHlaM ToKa /; U [, B IPOBOJHUKAX, JUIMHE OTpe3Ka Al u
00paTHO NIPONOPIUOHAJIEH PACCTOSHUIO R MEX]ly HUMU:

11, Al
= k=
R

B Mexnynapoanoii cucreme enuuaut; CU ko3pGUIHEHT IpOonopuuoHaIbHOCTH Kk TIPHHSITO

3aMuChIBaTh B BUJE!
k= Ho / 2713,

rA€ o — MOCTOSIHHAS BETWYMHA, KOTOPYIO Ha3bIBAIOT MAarHUTHOM MOCTOsSIHHOM. BBenenue

MarHuTHOM nocrosinHo B CU ympoiaer 3anuch psana Gopmyn. Ee uncneHHoe 3HaueHHnEe PaBHO
o =4m-10"7 H/A> ~ 1,26-10° H/A®.

®opmyna, BbIpaKarolas 3aKOH MAarHUTHOI'O B3aWMOJEWCTBHS NapajuIeIbHBIX TOKOB,
MPUHUMAET BUI:

Fo Ho 1 1,Al

2mr R
MarauTHBIM MOMEHTOM KOHTYpPa C TOKOM Ha3bIBAETCSI BEKTOP ﬁm, paBHBII

p,=1-S-n
rae I — cuna Toka B KOHTYpe; S — IJIOIIa/ (b TOBEPXHOCTH, OXBAaThIBAEMON KOHTYPOM; 71 —
€MHUYHBIA BEKTOP HOPMAJIH K IUIOCKOCTH KOHTYpa.
Hanpasienne MarHuTHOro MOMEHTA COBIIAAAET C HANPABICHUEM MHYKIIUM MAarHUTHOTO T10JI5,
CO3/1aBa€MOTr0 B LIEHTPE KOHTYpa TEKYIIUM 110 HEMY TOKOM.
Ha xoHTYyp ¢ TOKOM, TOMEIIEHHBII B MArHUTHOE MOJIE, JEMUCTBYET Mapa CHII €
BpallaTeIbHbIM MOMEHTOM
M = pn'B-sin a,
/1€ Pm — MOJYJIb MArHUTHOI'O MOMEHTA KOHTYpa ¢ TOKOM; B — MarHuTHas HHAYKLUS;
0. - YToJl MEXK]ly HallpaBJI€HUEM BEKTOPAa MHAYKIIMM U HOPMAJIU K TUIOCKOCTH KOHTYpa.

40



B 01HOpOAHOM MarHUTHOM I10JI€ HA MAJIBIM OTPE30K MPOBOJHUKA C TOKOM JACUCTBYET CHJIA
Awmmnepa, MOAYJIb KOTOPOU OINpeaessieTcs 3aKOHOM AMIiepa:
Fa=IB-Al sina,
rae I - cuna Toka B npoBoiHKKE; B — MarHuTHas MHIYKIUS; O - YTOJI MEX/1y HallpaBIeHUEM
TOKa U BEKTOpa MarHUTHOM MHIYKUMHU; Al - IJIMHA IPOBOJHHKA.
Hampasnenue cuiibl Amnepa onpeaenseTcs o IpaBuily JEBOM pyKH: €CIIU JIaJ0OHb JIEBOM pyKH
PAcIONIOKUTh TAK, YTOOBI NEPIIEHANKYIIPHAS K IPOBOJIHUKY COCTAaBIIAIONIAs BEKTOPA

MarHUTHOH MHAYKIMH B BXOJMIIA B JIaJI0Hb, @ YETHIPE BHITSHYTHIX MANIbIIA YKA3bIBAIH ObI
HanpaBJIeHHe TOKA, TO OTOTHYTHIA 90° GONBIION Masiel] MOKAKET HAPABICHUE JICHCTBYIOIIEH Ha
MIPOBOJAHMK CHUJIBI AMITEpa.

3ananue 1. OTBETbTE Ha BOIPOCHI:

1. Yro Takoe MarHuTHOE Mose?

2. Kakumu BeMUMHAMU OMUCHIBAETCS MArHUTHOE T10JIE?

3. Uto Ha3bIBaE€TCS JUHUEH MAarHUTHOW MHIYKIUU?

4. Kakas cuiia Ha3biBaeTcs cuiioid Amrnepa? Yemy oHa paBHa?

5. Ilo kakoMy MpaBuly HAXOJAT HapaBjIeHUE CHIIbl AMmepa?

MeToanuyeckue ykazaHus
[Ipu pemrenun 3aaa4 HEOOXOAUMO:
1) cnenaTp cxemMaTH4ECKUM 4epTEX, yKa3aB HA HEM JIMHUM WHIYKUUU MAarHUTHOTO MOJIA.
qaCTO JIMHUA WHAYKIUN 1/1306pa>1<a10T B IINIOCKOCTHU qeprema, B HGKOTOpI)IX cnyqaﬁx
yI00HO X M300pakaTh NEPICHAUKYISIPHO TUIOCKOCTH YepTexa («X» - OT HaOIo1aTens,

«*» - K HAOJIFOAaTelo),

2) u300pa3uTh KOHTYP C TOKOM, HAXOJAIIMICS B 3TOM IOJIE;

3) ucnonp3yss NpaBWIO JIEBOM pyKH, ONpEAENUTh HampaBlieHue Ccuibl Awmmepa,
JEHCTBYIOIMX HA KaXKbIH 3JIEMEHT KOHTYpa, U U300pa3UTh UX Ha YEPTEKE;

4) zamucatb (GOpPMYIBI U CHII AMIIepa WIH BPAIIArOIIEero MOMEHTA, CO3/1aBaéMOTr0 3TUMHU
CHJIAMH U HAlTH U3 HUX UCKOMYIO BEIMUYUHY;

5) ecnu B 3ajadye paccMaTpUBACTCs PaBHOBECHE IPOBOJHHMKA, TO KpoMe CUJbl Ammepa,
HY)KHO YKa3aThb BCE OCTaJIbHBIE CHJIBI, JEHCTBYIOIINE HA IIPOBOIHUK, U 3alIUCATh YCIOBHS
€ro paBHOBECHS] WJIM OCHOBHOE YypaBHEHHE AMHAMUKHU M, CIHPOEHUPOBAB BEKTOPHBIE
BEJIMYMHBI HA OCH X U Y, HAUTU UCKOMYIO BEJIMUHHY.

3anauva 1. [IpoBogHuk JuHOM 2 M B opMe KBaapaTa pacloyioKeH B MarHUTHOM TIOJIE C
uHaykuuen 2 Tn. OnpenenuTs MOMEHT CHJI, IEHCTBYIOIINX Ha POBOJHUK, €CIIU 10 HEMY TEYET
TOK 4 A, a CUJIOBBIE JINHUM MarHUTHOTO MOJISI MapaljIesIbHbI INIOCKOCTH KBajpaTa.

Jano: Pemenue.

1=2w™m BpamarenbHblii MOMEHT, JEHCTBYIOIINI HA KOHTYp C TOKOM B
B=2Tn MarHMTHOM II0JI€, paBEH
[=4A M = p,'B-sin @. B naunoii 3agaue o = 90°, T.K. BEKTOP HOPMAJIH K IIOCKOCTH
| IHaiiTh: KOHTYpa NEepIEHANKYISPEH BEKTOPY B . MarHuTHbBII MOMEHT paBeH
M-? p:=1-8S,
rae S — iouaap KBajapara.
Orcrona

l 2
M=1I- 5) .B=2Hm.

OtBer: M=2H'™m
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3anava 2. IIpoBonHuk jummHOM 20 ¢M 1 Maccoll 5 T MOABEIIEH TOPU30HTAIIBHO HA JIBYX HUTSX B
OJIHOPOJTHOM MarHuTHOM Tonie. (HampaBneHue BekTOpa MarHUTHOM WHIYKIIMHM TPUBEICHO Ha
pucynke.) Kakoii BeTMYUHBI TOK HAJIO MPOIYCTHUTH IO MPOBOJHUKY, YTOOBI HUTH Pa30PBAIUCH,
€CIIM KakJasi U3 HUX BblAepkuBaeT Harpy3ky no 0,04 H? Muaykuus marautaoro nosis 0,5 To.

HaHno: Pemenue.
[=20cm=0,2 M

m =51=0,005 xr Bl

T=0,04 H

B=0,5Tn 4 1

Haiitu:

[-? I F,

YT06bl HUTH Pa30PBATHCh, CHJIa AMIIepa JI0JKHA ObITh HANpaBlieHa BHU3. B cOOTBETCTBUM C
TPaBUJIOM JIEBOM PYKH TOK HAaNpaBJeH TaK, Kak MOKa3aHo Ha pucyHke. Ha mpoBoHKK ¢ TOKOM
ﬂeﬁCTByeT YCTBIPEC CHUJIbI U, TAK KaK OH HAXOJUTCA B paBHOBCCUU,

mg+F, +T+T =0

B MMpOCKIHUAX Ha BEPTUKAJIIBHYIO OCb

Fao+mg=2T
IToncraBnss BelpakeHUE UIsl CUIIbI AMIIEpPA U YUUTBIBAsI, YTO YToJl MEX/y HAIIpaBICHUEM
TOKA U BEKTOpPAa MATHUTHOW MHIYKIIMHU paBeH 90° OKOHYATENHHO MOy IHM:
2T —mg
Bl

I =0,3 A.

Otser: 1 > 0,3A.

3amaua 3. Ha npoBoanuk mymmHoN 50 cM, HAaXOIAIIMNACA B OJJHOPOJHOM MarHUTHOM TIOJIE C
MarHutHoro unaykmuen 0, 1 T, geiictByer cuna 0,05 H. Beruucnoure yromn mexay
HaIpaBJIE€HUEM CHUJIBI TOKAa U BEKTOPOM MarHUTHOW MHYKIIMHU, €CJIH CHJIa TOKa paBHa 2 A.

Jano: CH: Pemenue:

1=50 cm 0,5m Ha npoBoiHMK B MarHUTHOM TOJIE€ JEUCTBYET criia AMIiepa,
B=0,1 Tn MOZYJIb KOTOPOM:

FA=0,05 H Fa=I'B-lsina
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_ . Fa
=2 A Orcrona sina = o

1.8
I , 0,05
HaI/ITI/I. ging = — = |:|’5
2.0,5.0,1
0
-7 CaenoBarenbHo, 0=30

Orser: 0a=30"

3amauue 2. Pemnre KOIUYECTBEHHBIE 3a0a4H.

3agava 1. Ilo mpsMoyrosbHOM pamke Teder Tok [. Jnuua pamkum L, mupuna  d. Pamka
IIOMEIlICHa B MAarHUTHOE MoJie ¢ nHaAyKuuen B. Ha pamky neiicTByer Bpaiaronui MOMEHT Iapbl
cun M. Onpenenute 3HaU€HUS BEIUYUH, 0003HAUEHHBIX «7».

3amaua 2. I} m L - cuna Toka B JBYX MapajljIesIbHbIX NPOBOJHUKAX, PACCTOSHUE MEXAY
koropeiMu R. L — mnuHa npoBoaHUKOB, By u B, - MarauTHas MHAYKUUS MAarHUTHBIX OJIEH
Ha pacCTOSHUU R or coorBerctByromux npoBoaHMkoB, F  — cuia B3aumonencTBus
HOPOBOJIHUKOB, (4 = 1). Onpenenure 3Hau€HUE BEIUYUHBI, 0003HAUEHHOU «?).

3amaua 3. Cuna TOKa B FOPU3OHTAIIBHO PACIIONIOKEHHOM MPOBOAHUKE JAIUHONW L u Maccoit m
paBHa I. Ecnmu moMecTHTh NMPOBOJHUK B MAarHUTHOE TIOJI€, TO NMPH HEKOTOPOM HAIPABICHHU
BCKTOpa MarHUTHOM HHAYKIUHU, B CJIy4a€ KOrjga MHAYKIUSA MAroHuTHOI'O I1OJIsI COCTAaBUT B, CHuJia
TshkecTH OyneT ypaBHOBemleHa cuiod Awmmepa. Ompeaenute 3HAYCHHE BEIUYUHBL,
o0o3HaueHHON «?». ChenaiiTe yepTéx K 3ajaye, yKa)KUTE€ Ha 4YEpTEX e HalpaBlIEHUE TOKa U
HaITpaBJICHUEC BCKTOpa MarHuTHOMN HHAYKIOHUHU, COOTBCTCTBYIOIIUC YCIIOBUIO 3aJa4H.

3amaua 4. [IpoBonuuk jymHONW L, Mo KoTopomy TedeT Tok | momenieH B MarHUTHOE TOJiE C
unaykuuend B. Ilox peiictBuem cunbl Amnepa Fp oH mepemeniaercss Ha pacctosHue X, MpuU
sToM Tonie coBepiaet padoty A. (I L B) Onpenenute 3HaueHrEe BETMUNHBI, 0003HAYCHHON «7».

3amava 5. [IpoBognuk miuHOM L ¥ mMaccoiik m, mo koTtopoMmy TedeT Tok | momereH B
MarHuTHoe nosie ¢ uHAyknue B. [IpoBogHuk mojBelieH Ha HEBECOMBIX HUTsX. Harskenue
HUTEH paBHO Hyt0. Ompenenure 3HaueHNe BETMYUHBI, 0003HaUeHHON «?».
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IIpakTuyeckasi pa6ora Nel( Pemenue 3agau no reme «MexaHuuyeckue KoJie0anmsl.
Yupyrue BOJHbD)

[lenp paboOThI: TPUMEHUTH (OPMYIBI JJIi HAXOXKIACHHUS XapaKTEPUCTUK TapMOHUYECKHX

MEXaHUYECKUX  KolieOaHWM, OOBACHAT,  KayeCTBEHHBbIC  3aJauyd, OCHOBBIBASICh  Ha

3aKOHOMEPHOCTSIX BOJTHOBBIX U KOJICOATEIIbHBIX JTBUKCHHIA.

MeTtoauueckue yKazaHus

[TpuBeném oOImMIA AITOPUTM PELICHUS PacUETHON 3a1a4M 10 (PU3HKe.

1. Ilpouumaiime mexcm pusuyueckol pacuyémuou 3a0ayu.
2. 3anuwume Kpamko yciosue u mpebosanue 3a0ayu ¢ NOMOWbIO 0OUWENPUHATNBIX

VCL08HBIX 0003HAYEHUII.

IIposepums 6ce u usuyeckue erUUUHbL NPUBEOEHbL 8 CUCEM) eOUHUY.

4. 8bINOIHUMb YemKUL, NOHAMHDIL PUCVHOK, HE 3a2POMOACOAs €20 TUUHUMU, He
APUHYUNUATBHBIMU OeMANAMU, eClU 3a0aia Moxcem Obimb peutena Oe3 pucyHka, e2o
denamsv He credyem (8 yensix IKOHOMUU BDEMEHL).

5. Cocmasbme ¢husuueckue popmynvl, ypasHeHus 8 COOMBEMCMBUU C COOEPHCAHUEM

pacuémuoil 3a0ayu u eé mpeobosaHusIM.

Cocmasbme payuonanvuslii RIAH peueHus 3a0a4u

7. Ilpooymatime, kaxue 0ONOIHUMENbHBLE OAHHbIE MONCHO U361eUb U3 (OPMYI, YPAGHEHU
o5 peanuzayuu mpebosanuil 3a0ayu.

8. Ilpouzsedume 6ce HeobXoO0umble 8 OAHHOU 3a0aue OetiCmausl ¢ 3A0aAHHOL
Mamemamuyeckol moyHOCmbio.

9. 3anuwume nonyuennviii omeem.

(98]

4

[Tpumep pemenus 3aaun: Berancaute Maccy rpys3a noJBELIEHHOIO Ha IPYKUHE HKECTKOCTBIO
250 H/m, ecniu oH coBepiraet 20 konebanuii 3a 16 c.
AHanus ycnosus. KonnuecTBeHHast CTOpOHa 3aa4i - 1aHO BpeMs 16¢ u uncio koiedanuit 20.
Koaddunument xxectrkoctu npyxunsl 250 H\m. Brerancnuts maccy rpysa. KauectBennas
CTOpOHA 3a/1a4¥ — MPY>KUHHBIA MasiTHUK COBEPILAECT KOJICOaHMUS.
AJNTOPUTM pELIECHUS:
1) IlpyXUHHBII MasTHUK COBEpILAET KoJieOaHUsI C ONPEEIIEHHON YacTOTON U
NEPUOAOM
2) 3Has nepuop kojedanus npyxuHHoro MasitHuka (Gopmyny TomcoHa) MOKHO
BBIPA3UTh Maccy rpysa.

Hano: Pemenue:
K =250 H/m l.v =N/, T=l/v
t=16¢
N=20
Hawru 2. ®opmyna Tomcona T=2n
m-?

3. IIpupaBHsiem
4. YtoObl M30aBUTHCA OT KOPHS BO3BEIEM JIEBbIE U

IMMpaBbIC YaCTHU B KBaAparT
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5. Boipazum u3  popmyms Maccy  Ipysa

6. IToacrasiser qHCIIa Hu CUHMTAEM
v=N/t=20/16=1,25T"1, m=1-250/1,25*  4-3,14°
=250/1,56-4-9,86=5kr

OTBeT: 5 kT

PemmTe cneayroniue 3aJaui caMOCTOSTEILHO.

1 BapuaHr.
1. Paccunraiite mepuoa KojeOaHUH UTIIbI, €CIIM BaJl QJICKTPUYECKOM MIBEHHOW MaITHHBI

Bpainaercs ¢ yactoroit 920 00./MuH. 3a oluH 00OPOT Bajia UIJIa COBEPIIAET OHO
BBIHY)KJICHHOE KOJIcOaHHe.
2.Wrna mBeifHON MAaIIMHKK COBEPILACT rAapMOHUYECKHE KoJieOaHus Mo 3akoHy X= 20

sin ©it . OnpeenuTe aMILUTUTYY, IEPUOJT KOJICOAHUS U YacTOTY.
3.BerancnuTe 4acToTy CBOOOIHBIX KOJIEOAHUI Tena Ha IPYKUHE, eciu Teno maccor 200

T. COBEpIIAeT KoJieOaHus Ha MPYKHUHE , )KECTKOCTh KoTopoi 2 kH/m.
4.Bprauciure JUIMHY YIbTPa3BYKOBOTO T€HEpAaTOpa B alIIOMUHUU, €CITH YacTOTa
yibTpa3Byka paBHa 3 M I'li, a ckopocTh B amtOMUHUH 5,1 10° m/c

2 BapuaHT.

1. BeruricnuTe 4acToTy KOJieOaHHs WIJIbl IIBEHHON MAIIMHKH, coBepIuaniien 30
MOJIHBIX KosieOanuii 3a 60 c.

2.Wrna mBeitHON MaITMHKK COBEpILAET rapMOHUYECKHE KoJieOaHus 1o 3akoHy X= 100
sin 2zt . OnpenenuTe aMIUTHTYLY, IEPUO]T KOJICOaHUS M 4acTOTYy.

3.Beruucnute nepuoa CBOOOJHBIX KOJICOAHHH Tella Ha TPY)KUHE, ecliu Tej10 Maccoi 500

T. COBEpIIACT KOJICOAHMsI HA TIPYKUHE , )KECTKOCTh KoTopoir 5 kH/m.

4 Berancnure JUIMHY MH(pa3ByKa B BO3JyX€, €CIIM CKOPOCTh 3ByKa B BO3ayXe paBHa 340
M/c

[TpuBeném o0l aNTOPUTM pEIlIeHUs KaYeCTBEHHON 3a1a4u 10 Qu3uKe

1)
2)
3)
4)

5)
6)

Ipouumarime mexcm ¢husuueckoii 3aoayu.

Ipoananuzupyii ycnosue 3adauu.

Buvinuwiu nepeuens sgnenutl, 0 KOmopuix uoem peds 8 3a0aue u ux 63aumMocesi3u.

3anuwu ocHosHble meopemuueckue NON0NCEHUs, HeoOX00uMvle Ol peuieHus: 3a0ayu

(KawecmeeHHasi CMOPOHA 3a0ayu).

IIpoananuszupyi u coenaii cpagHenus Xapakmepucmux a61eHull.

Coenati 6v1600.

[Tpumep pemenus 3agaun: OObSICHUTE, KTO B MOJIETE MAILIET KPbUIbSIMH Yallle: MyXa Wil KoMap?
AHanu3 ycnosus. KauecTBeHHast CTOpOHa 3aa4u — BO BPEMsI IBUKEHHUSI HACEKOMBIE
COBEpUIAIOT KoJieOaTeIbHbIE JBUKEHHS KPbUIbSIMH, TEM CAMBIM CO3/1aBast 3ByKOBYIO BOJIHY. Uem
BBIIIIE YACTOTA KOJI€OaHUH, TEM BBILIE 3BYK. 3HAUUT, KOMap Yallle MaIleT KPbUIbSIMHU.

Pemmte CJICAYIOIIUC 3aa49U CaMOCTOATCIIbHO.

1 BapuaHT.
5.00®psACcHUTE, TOYEMY ITPU MIPOBEACHUH BIAXKHBIM MAJIBLEM 110 CTEKITY MOJTY4aeTcsl 3BYK.
6.00bsICHUTE HA KaKyl0 BEJIMUMHY - YaCTOTY WJIM JUIMHY BOJIHBI pearupyeT 4e0BeuYecKoe
yXO.
2 BapHaHT.
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5.00mscHNUTE, TOYEMY 3BYKOBBIE BOJIHBI PAaCHpOCTPAHAIOTCS OBICTpEe B COJIEHOM BOAE,
YeM B MPECHOI.
6.00bsHUTE, B KAKOW MalldHEe MEHbBIIE TPSCET - B IIYCTOM UJIM HArPYKEHHOM.

IIpakTuyeckasi padora Nell Pemenue 3a1a4 no reMe «J1eKTPOMArHUTHbIE KOJIeOaHUD)

Llenb paboOTHI: 3aKpenUTh YMEHUE pellaTh 337a4d Ha BbIUYUCIEHHE WHAYKTUBHOIO, EMKOCTHOI'O
COIPOTUBIICHUH, IEHCTBYIOIIErO 3HAUEHUS CHJIbI TOKA U €70 aMILIUTY/JHOTO 3HAUYEHUSI.
OcHoBHBbIE NOHATHS U (POPMYJIbI

DJEeKTpPOMAarHUTHBIE KONEOAaHUS — 93TO MEPUOAWYECKHE H3MEHEHHS CO BpEMEHEM
JIEKTPUYECKUX U MAarHUTHBIX BEJIMYMH (3apsijia, CUIIbI TOKA, HANPSIKEHUs, HAIPSDKEHHOCTH,
MarHMTHON MHIYKIUU U Jp.) B JIEKTPUUECKON LEIH.

ITepuosr cBOOOIHBIX IEKTPOMArHUTHBIX KOJIEOAHUN B KOHTYpe

T=2m\LC - popmyna Tomcona,

1 o
rac 0)=§ - UKJINYCCKas 4acToTa CBO6OHHBIX SJICKTPOMArHUTHBIX KOJICOaHMH.
v

Eciu B CL - xoHTyp mocnegoBatenbHo ¢ L,C u R BKIIOYMTH MCTOYHUK NMEPEMEHHOIO
HamMpsDKEHUs, TO B I1IEMKM BO3HUKHYT BBIHYXKJIEHHBIE OJJICKTpUUeckue Kojebanus. Taxue
KOJIeOaHUs IPUHATO HA3bIBATh MEPEMEHHBIM IJICKTPUUYCCKUM TOKOM. VICTOYHUKOM MepEeMEHHOTO
TOKa SIBJISICTCSl TE€HEPATOp MEPEMEHHOTO TOKa, B OCHOBE PabOTBI KOTOPOTO JICKHUT SIBIICHUE
3JIEKTPOMArHUTHOW MHIYKLIHH.

Ecnu mpoBOOYHYIO pamMKy IJIOMIABI0 S MOMECTUTh B OJHOPOJHOE MAarHUTHOE IIOJIE
WHAYKUUMU B 1 HayaTh Bpalath paMKy BOKpPYT €€ OCH, TO 3a CUET SIBJICHUS AJIEKTPOMArHUTHOM
WHIYKIIMK B pamke Bo3HuKaeT DJIC, a eciu K KOHIIaM paMKd MOAKIIOYUTH PE3UCTOP, TO Yepe3
paMKy U Pe3UCTOp MOTEUET TOK; U TOK, U DJIC OyayT nepeMeHHbIMHU.

®=EBScosa; a=wt®=BS coswt
82-(®)’:E - S cos wt

B unenb mepeMEHHOro TOKa MOYKHO BKJIIOYAaTh TPU BHUAA HArpy3KM — KOHJIEHCATOD,
pEe3UCTOp W KATYIIKy WHAYKTHBHOCTH. Pe3ucTop OKa3plBaeT MEPEMEHHOMY TOKY TaKOe XKe
CONPOTHUBIIEHUE, KAaK U MOCTOSSTHHOMY. CONPOTHUBIIEHHE PE3UCTOPA HE 3aBUCHUT OT 4acTOThI. TOK,
TEKYIIUH Yepe3 pe3ucTop, MEeHseTCs CUH(a3HO C HAPSHKEHUEM PE3UCTOpa.

I=I, cos wt; Ug =l, Reos wt=UyR cosw t
KoHnneHncaTop oka3piBaeT MEPeMEHHOMY TOKY COIPOTHUBIICHHE, KOTOPOE MOXKHO TTOCUYUTATh

o popmyse:
1

Xc= -

Tok, Tekymuil yepe3 KOHJEHCATOp, Mo (a3e omepekaeT Ha HaIpsDKEHHE Ha /2 WM Ha
YEeTBEPTh NEPUOA, a HANPSHYKEHUE OTCTAET OT TOKA Ha TaKoM ke (pa3oBbIi yrod.

I=I, coswt; Us=l,1/0C cos (wt — m/2)

Karymka WHIYKTMBHOCTM OKa3blBaeT INEPEMEHHOMY TOKY COIPOTHBIIEHUE, KOTOpPOE

MOYKHO TIOCUMTATh 10 (popmyiie
XL=CL?L

Tok, Tekyuuii yepe3 KaTylKy WHIYKTUBHOCTH, IO (a3e OTCTaéT OT HampsLKeHUs Ha /2

WM Ha 4eTBepTh nepuoja. HampsbkeHne onepeskaeT TOK Ha Takoi ke (a3oBbIi yrodi,

[=l; coswt; [=I, w - L cos(wt + :E]

MeHss COOTHOIIEHUS MCXKIAY HWHAYKTUBHOCTBIO, CMKOCTBIO U I-IB.CTOTOI\/'I, MOXXHO MCHIATH
AMINIMUTYQY CUJIBI TOKA B LICIIN:
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Up

[p2 oy -2z
‘JR +iwk uf.':'

1 U,
Haubonpmiero 3HaueHMs cuja TOKAa JOCTHTAcT TOrja, Korja w = 7 Torma I, = ?”. B
Wi

3TOM CJly4ae FOBOPST, YTO B LIENU HACTYMNAET PE30OHAHC HAIIPSHKEHUH.
3aganue 1. OTBeThTE Ha BOMPOCHI.
Kakwue konebanus Ha3bpIBAIOT HIIEKTPOMArHUTHBIMH?
YTo Ha3BIBAIOT NEPEMEHHBIM JIIEKTPUYECKUM TOKOM?
N3 xakux 371€MEHTOB COCTOUT KOJeOaTeIbHbIA KOHTYp?
OT yero 3aBUCUT NMEPHOJ NEKTPOMATHUTHBIX KOIeOaHUN?
Uemy paBHO EMKOCTHOE COIIPOTHUBIIEHUE?
YeMy paBHO MHAYKTUBHOE CONIPOTUBIICHUE?
MeTtoauyeckue ykazaHusi
Pemenne 3amad 00 37€KTPOMAarHUTHBIX KOJIEOAHUAX B KOJeOATETbHOM KOHTYPE CBS3AHO C
HaXOXXJEHHUEM Ieproaa (MM cOOCTBEHHOM 4YacTOThI) KojeOaHMH KOHTypa C HCIOJIb30BAHHUEM
dopmynbl Tomcona. Ilpu pemeHMM HEKOTOPBIX 3a7ay UCIOJIB3YIOTCS 3aKOHBI COXPAHEHUS U
IpEBpaILEHHs] SHEPTHU B KOJIEOATEIbHOM KOHTYDE.
1) 3anucath 3aJaHHOE ypaBHEHUE U YPAaBHEHHE rapMOHUYECKUX KOojeOaHui B 00IIEM BUE;
2) cOmoCTaBUB 3THU YpPaBHEHHUs, OIPECNIUTh BEIUYMHBI, XapaKTepU3yolue KojeOaHMs
(aMIIUTYy, 4acToTy, nepuoa, (asy) u Ipyrue BEIUYMHBI B COOTBETCTBUU C YCIOBUEM
3aJa4H;
3) B HEKOTOPBIX 3aJadax, HAOOOPOT, MO H3BECTHBIM BEIMYMHAM, XapaKTEPH3YIOUIIM
K0JIeOaTeNbHYIO CUCTEMY, CIIelyeT 3aUcaTh ypaBHEHNE TapMOHMUYECKUX KOJIeOaHuH.
IIpn pemenun 3amady no Tteme «llepeMeHHBII TOK» CleQyeT NOMHMTb, YTO 3TO
BBIHY)KJICHHbIE 3JIEKTpUYECKUEe KoseOaHMs, HeOOXOAUMO YUYMTHIBATH OTJIMYME JCHCTBYIOILErO
3HAUEHUS CWJIbI TOKA (HANpsKEHUs) OT aMILTUTYJHOTO.
IIpumepsl penieHus 3aaa4
3amaua 1. 3apsg Ha TUIACTHHAX KOHJIEHCATOPa KOJIEOATEIHbHOTO KOHTYpa U3MEHSETCS ¢ TEYCHUEM
BpeMeHH t B COOTBETCTBUU C ypaBHeHWeM (= S50cos100mt. HaliTu mepwon W YacToTy

AN

KOJIEOAaHUH B KOHTYpE, LIUKIMYECKYI0 YacTOTY, aMIUIUTYAy KosieOaHMH 3apsiia U aMIUIUTYIY
Kosie0aHuM CHIIbI TOKa. 3amucaTh ypaBHEHHUE 1= i(t), BbIpaXkaroliee 3aBUCUMOCTb CHJIbI TOKa OT
BpPEMEHH.

Jano: Pemienue:

g=50cos 100wt 3anuiuemM ypaBHEHUE U3MEHEHHUSI 3apsA/ia C TCUEHHNEM BPEMEHHU U CPaBHUM
€ro C JJaHHBIM YPaBHEHUEM:

Haiirn: g =q,coswt, q=50cos100xt.

T-? W3 ypaBHEHHs BUAHO, YTO MHOXKHUTEIND MEPe]l KOCUHYCOM SBIISIETCS

v-? aMILTMTYI0M 3apsija q,, = 50 K, nuknnueckas yacrora w = 100w pag/c

®-? ITo onpeneneHnio MUKINYECKON YaCTOThI (& = 2TV = :?n, oTCroaa

__ &m o 1 Ix)
T = —; gacrora konebanuii v = _ mm v = —. ClIe10BaTeIbHO,
m

2 1
T= =0,02 c: = =
To0m ’ v e 50T
3aBUCHMOCTH CHJIBI TOKAa OT BPEMEHHU UMEET BUI: | = q' = —q,,@ " sin wt

um L = —50 - 1007 -5in 100wt = —5000x% - sin 100wt

Torna ammuryna cuisl Toka [, = 5000w A,
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OtBer: ¢, = 50 K; T=0,02 ¢; v=50 I';; w = 100w pan/c;
I, =5000mA; i = —5000m- sin 100mt,

3amaua 2. MHAYKTHBHOCTh U EMKOCTH KOJEOATEIIbHOIO KOHTYpa COOTBETCTBEHHO paBHbl 70 I'H
u 70 Mx®. OnpeneauTs Nepro] KoaeOaHuii B KOHTYPE.

Jano: CH: Pemenne:
L=70TH [Tepuon xonebanwmii onpeaenum mo popmyne TomcoHa:
C=70Mx®  70-10°®  T=2myLC
Haiitn: Yacrory kosiebanuii HalaEM 1o hopmyse v = ?
T-? T=2-314-v70:-70-107"°* 0,44 c.
v Py 23T

OtBer: T# 0,44 c;v¥ 2,3 T

3amaua 3. KakoBO MHAYKTUBHOE CONPOTUBIIEHUE NMPOBOAHMKA ¢ MHAYKTHUBHOCTBHIO 0,05 ['H B
LIeTH IEPEMEHHOr0 ToKa ¢ yacTtoTou 50 I'11?

JlaHo: Pemrenue:

L=0,05TH [To onpeneneHnio HHAYKTUBHOE COMPOTUBIIEHHE X =0, rae
v=50 T =27V, TOraa Xi=2mv L

Haiitu: X1=2-3,14-50-0,05%15,7 Om

Xp-?

Otsert: X1, #15,7 OMm.

3agaua 4. KonpeHcatop BKIIOYEH B LeNb IMEPEMEHHON0 TOKAa CTAaHAAPTHOM YacCTOTHI.
Hanpsokenue B cetn 220 B. Cuna Toka B menu 3Toro kKoHzaeHncatopa 2,5 A. KakoBa éMKOCTb
KOHJIeHcaTopa?

HaHno: Pemenue:
U=220B  CranpaprtHas yacTora nepeMeHHoro toka 50 I'm.
=2,5A Bocnons3yemces 3akonom Oma i1t y9acTKa IENU U ONPEIEITUM CONTPOTUBIICHUE
_ U
v=50 I'ny KOHJICHCATOpa B LICIIN IEPEMEHHOTO0 ToKa: Xz = 7.
o . 1 1
Haiitu: o ompenenenuio conpoTuBIeHHe KOHAeHCaTOpa Xc=—— = ;—. OTciona
C'? O = L
:.‘ﬂ-’}fc.
N " !
C yuérom éMKOCTHOTO conpoTuBiieHus & = p———
2.5 -
C=—"-—"=236-10"° = 36 mxP.
2-3,14-50-220

OtBet: C=36 MKD.

3amanue 2. Pemmte KOJIM4YeCTBEHHBIE 3aa4H.

3amava 1. KonebaTenbHbII KOHTYp COCTOUT M3 KaTyIIKA MHAYKTUBHOCThIO L W KOHAEHcaTopa
emkoctbio C. Ilepuon xonmebanuii B KOHTYpe paBeH T, yactora konebanuii v. MakcuMmalibHbBIS
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3HAUYEHMS CHJIbI TOKA B IIENU, HANPSDKEHUS U 3aps/ia Ha KOHAEHCATOpPE PaBHBI COOTBETCTBEHHO
Ih, Un ¥ qm . MakcumanbHbIe 3HAYSHUST SHEPTUH YJIEKTPUUECKOTO0 ¥ MArHUTHOTO TIOJISI PaBHBI
Wem 1 Wpp. Onpenennure 3Ha4CHUS BETUYHHBI, 0003HAYCHHON «?».

3amaya 2. YpaBHEHHE 3aBUCUMOCTH 3apsija Ha OOKJIaJKaxX KOHAEHcaTopa KoyeOaTelbHOTO
KOHTYpa OT BPEMEHU UMEET BUI: = (mCOSs(Mot); TI€ - 3aps] B MOMEHT BPEeMEHH t, (m -
MaKCHMaJbHBINA 3apsijl, ¢ - LUKIMYECKas 4acToTa kKojebaHuil. MakcumalnbHas Culia TOKa B
nenu I, mepuoy konebanuit T, 3aBUCUMOCTH CHJIBI TOKa B KOHTYPE OT BPEMEHH OIHCHIBACTCSI
ypaBaeHueM I(t). Onpenenure 3HaYCHUS BETUIHH, 0003HAYCHHBIX «?».

3anava 3. Ha pe3ucrop conpoTuBieHreM R nogano nepeMeHHoOe HalpsiKeHUE, U3MEHSIOLIEEC C
TeyeHueM BpemeHH 1o 3akony U=U(t). Onpenenure AeicTByIOlUE 3HAYCHUS HAIMPSHKEHUS U
CHWJIBI TOKQ, a TAK)KE€ 3HAU€HHUE MTHOBEHHOM MOIIIHOCTH B MOMEHT BPEMEHHU t.

3anaua 4. KonebarenbHbIi KOHTYp COCTOUT M3 KOHAEHcaropa eMkocThio C ¥ KaTylIKu
WHAYKTUBHOCTBIO L , yacToTa mepeMEeHHOTo TOKa B MU (. AKTHBHOE COMPOTHUBIICHUE B LIENTU
R , unnyktuBaoe Xi, émxkoctHoe Xc, nmojsHOe Z. MakcuMmanbHOE 3HAYEHUE CHIIbI TOKA I,
Hanpsbkeaus Up, pe3oHaHCHas 4acToTra op. Onpejenure 3HaYeHHs BEIWYMH, 0003HAYEHHBIX
«M».
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IIpakTuyeckasi padora Nel2 Pemenue 3a1a4 no reMe «J1eKTPOMATHUTHbBIE BOJIHBI»
Llenp paGoThI: 3aKpenuTh yYMEHHE NPUMEHATH (Qopmysiasl TOMCOHa M JATUHBI BOJHBI TPU
pelIeHuH 3a/1a4.

OcHoBHbIE MOHSATHS M (OPMYJIBI

COBOKYITHOCTh HEPA3PHIBHO CBA3AHHBIX JIPYT C APYTOM U3MEHSIOMIMXCS SJIEKTPUUECKOTO U
MarHUTHOTO TOJIeH MpeAcTaBiIseT cOO0 MEKTPOMArHUTHOE TOJIe.

PacnpocTpanstomuecs B MIPOCTPAHCTBE NEePUOIUYECKU M3MEHSIOIIEeCs
3JIEKTPOMArHUTHOE MOJIE U MPECTABIIAET COOOM FJEKTPOMAarHUTHYIO BOJIHY.

CxopocTh pacnpoCTpaHEHUsl IEKTPOMATHUTHOTO TOJISI B BAKyyME paBHa CKOPOCTH CBETa
c=3-10% m/c.

[lepron ANEKTPOMArHUTHOW BOJIHBI (YacTOTa) paBeH MEepUoay (YacToTe) KOJICOAHHIA
UCTOYHUKA DJIEKTPOMAarHUTHBIX BOJIH. [l  9SJEKTPOMAarHUTHBIX BOJH  CIPaBEIJIMBO
COOTHOUIEHUE

#
A= 10T; X=1j.
O=2TV - UKJINYECKAas 4acTOTa.

3ananue 1. OTBETbTE HAa BOPOCHI.
1. Yto npezacraisieT cOOOH 3EKTPOMArHUTHOE 1oJie?
2. Yro Taxkoe 3JIeKTpOMarHuTHas BOJHA?
3. Yemy paBHa JUIMHA 3JIEKTPOMAarHUTHOU BOJIHBI?
4. Yemy paBHa CKOPOCTb PACIPOCTPAHEHUSI SJIEKTPOMArHUTHOM BOJIHBI?

IIpumepsl pemenus 3agaq

3amaga 1. OmpenenuTe 4acTOTy W AJUHY BOJHBI paguolepelaTyMKa, €CIH IMEpPHOJ €ro
" -6

JNEKTpUUYECKUX Konebanuii pased 107 c.

Hano: Pemienue:
T=10° it =1
= ¢ Yacrora xonebaHuil 1 IeproJI CBSI3aHBI COOTHOILICHHEM: V = T

8
c¢=3-10"m/c  J[nuHa BONHBI paauHONEpPEaTIMKA PABHA: A = 15 i A=c-T.

Haiitu: Brraucinum:

V-? = 1 = 6 =
ppor 10° 'y = 1MT'1,
anE

A-? A=22 =300m
10

Otset: v=1MTI'1;, A=300 Mm.

3amaua 2. OnpenenuTb 3JIEKTPOEMKOCTh KOHJICHCATOpa, BKIIOUYEHHOTO B KOJeOaTeIbHBIN
KOHTYp, MHAYKTUBHOCTh KOTOporo 1,5 MI'H, ecnmu OH u3My4aeT SJIEKTPOMArHUTHBIE BOJIHBI
qmHo# 500 M.

JlaHo: CH: Pemenue:

L=1,5m'n  1,510°TH  Tlo onpenenennto amunbt Bomubl A=c-T, e T=2wvVLC

A=500 m Otcrona A=c-2mVLC.

c=3-10° m/c Bo3Beném o0e yacTu BbIpakeHUS B KBaJIpaT U BBIPA3HUM EMKOCTh B
Haiirn: kBagpat: A°=c” - 4mw? - LC — € = —55-4;;-

C-? C= so0” =140-10"'% = 140 n®.

T (3-10%)%-43,147-15-107%
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OtBer: C=140 nd

3amaya 3. Cuia Toka B OTKPBITOM KOJIEOATeNIbHOM KOHTYpPE HM3MEHSETCS B 3aBUCHMOCTU OT
BpEMEHHU 110 3aKony: i=0,1cos 6 - 10°wt. HaliTu [uIMHY M31y4aeMoii BOJIHBL.

Jano: Pemenne:
. C
i=0,1cos 6 - 10°mwt Jmuna BostHbl A = — umu A=c-T.
v
c=3-10° m/c 3anuiineM 3aKOH U3MEHEHUS CHJIbI TOKA M CPABHUM €ro0 C JaHHBIM
Haittu: ypaBHenueM: I = I, - cos2mvt ui=0,1cos6 - 10°mt
A7 Orcrozia HMKIMYecKas 9acToTa w=6 - 10%r pan/c.

) o
Yacrora KoneOaHUi v = —, ClIeI0BATEIBHO
T

6105
l,l' —_

2

=3-10°Tw.
3-108
3-10%
Otser: v=3-10° 'y, A= 3 kM.

JInuHa BOTHBL A = =10° M= 3 km

3amauue 2. Pemnre KOMUYEeCTBEHHBIE 3a0a4H.

3agaua 1. B upeanpHOM KojeOaTeIbHOM KOHTYpE HPOMCXOIAT CBOOOJHBIE 3JIEKTPUYECKHE
KoJIeOaHUsI C aMIUTMTYAOH cuibl Toka Iy, 3apsma qy, HampsbkeHuss Ha koHgencatope U,. B
paccMaTpuBacMbli MOMEHT BpPEMEHU CHJa TOKa B KOHType [, 3apsng KonaeHcaropa (,
HarnpsbkeHne Ha koHzaeHcarope U. PaccunTaiite 3HaueHUs BETMYUH, 0003HAYEHHBIX «?7».

3amaua 2. KonebarenbHbIi KOHTYp COCTOUT M3 KOHAEHcaTopa eMkocThio C ¥ KaTylIKu
uHAyKTUBHOCTRIO L. Yacrora koneGanuit v, mepuon T, AIMHA H3Ty4aeMOl BOJHBI A
Ornpenenure 3HAYCHUS BETMYUHBI, 0003HAUYEHHOH «7».

3agaua 3. Jlnsg HAacTPOMKM JETEKTOPHOrO PaJMONPUEMHMKA HA ONPEACICHHYIO BOJIHY, Kak
NpPaBUJIO, HU3MEHSIOT EMKOCTh KOHJEHcaTopa B KoJjeOaTeNbHOM KOHTYpe, IOBOpadnBas
IUTACTHHBI KOHJEHCATOpa OTHOCUTENIBHO JIpyr Apyra. Ilpu mpuéme paninoBOJIHBI JJIMHON BOJTHBI
A €MKOCTb KOHJIEHCaTopa B KOHType cocraBiseT C, MHIYKTUBHOCTh KaTyliku L. Omnpenenure
3HaYeHHE BEJIIMUMHBI, 0003HAYCHHOM «?».

3amaua 4. PaagmocurHan, TyIIEHHBIH Ha pacCTOSIHUE S| BEpHYJCA uepe3 Bpems tj, a
paaroCHUrHal MyIIEHHBIM Ha pacCTOSHUE S, BEpHYJICA 4yepe3 Bpems tp. Onpenenute 3HaUCHUE
BEJIMYMHBI, 0003HAYECHHOU «?».

51



IIpakTuyeckasi padora Nel3 Pemenue 3agau no treme «IIpupoaa ceera. Bosinosbie
CBOMCTBA CBeTa»

OcHOBHbIE TOHATHUSA U (POPMYJIbI

WnuTepdepenius cBeta — nepepacnpeieieHue MHTEHCUBHOCTH CBETA B Pe3yJIbTaTe HaIOKEHUS
(cymepno3uiinm ) HECKOJIBKUX CBETOBBIX BOJIH.

Judpaxius cBeta — orudaHue 3IeKTPOMArHUTHON BOJIHOM NMPENSTCTBUI COM3ZMEPUMBIX C
JUTMHOW BOJIHBI.

Judpaximonnas pemeéTka — ONTHUYECKUd TpruOop, MPUMEHSIOIUNACS A PA3JI0KEHHSI CBETOBOTO
W3JIyYEHHUS B CIIEKTP.

[Tonstpuzanus cBeTa — BbIACJICHUE U3 MTyYKa €CTECTBEHHOI'O CBETA JIyUYell C ONpeAesICHHON
OPHUEHTALIMEN BEKTOPA HAIPSKEHHOCTH 3JIEKTPUUYECKOTO MOJISL.

[lonHOoe BHyTpeHHEE OTpa)KEHUE — SBJICHHE BO3BpaTa CBETOBOTO JIyda B UCXOJIHYIO Cpely Iociie
MOTIaIaHuUs Ha TPAHUILY pa3Jiena IBYX Cpell IpU MaJCHUH ero U3 00Jiee ONTHYECKH IJIOTHOM
Cpenbl B MEHEE IIJIOTHYIO.

[TonsipuzaTop — npubdoOp, MPEeBpaNIAOIINN ECTECTBCHHBIN CBET B IMHEHHO-TTOJIIPU30BAHHBIH.
OnToBOJOKHO (ONTUYECKHE CBETOBO/IbI) — HUTh U3 ONTUYECKH MIPO3PavyHOro MaTepuaia (CTEKIo,
MJIACTHK), UCIIOJIb3yeMast IJIsl IepeHOca CBETa BHYTPHU €051 MOCPEICTBOM MTOJTHOTO BHYTPEHHETO
OTPaKEHUS.

CrekTpanbHblii aHAJIU3 — COBOKYITHOCTbh METOJI0B KAYECTBEHHOTO U KOJIMYECTBEHHOT O
OTpeIeTICHUsI COCTaBa O0OBEKTA, OCHOBAHHAS HA U3YUCHUHU CIIEKTPOB B3aUMOJICUCTBHUSI MATEPHUH C
W3JIy4€HHEM, BKIIIOUasl CIIEKTPbI AIEKTPOMATHUTHOTO U3JIYUYEHHUS.

EcTecTBeHHBIN CBET — ONTUYECKOE U3IIYYEHHE C OBICTPO U OECTIOPSIOUHO U3MEHSIOIUMUCS
HaIpaBJICHUSMU HAMPSYKEHHOCTH 3JIEKTPOMArHUTHOTO TOJIA.

JIMHENHO-NOJISIPU30BAHHBIN CBET — ATO JIEKTPOMArHUTHAS BOJIHA, OJISIPU30BAHHAS TAKUM
00pa3oMm, YTO HaIPaBJIEHUE BEKTOPA HAMPSHIKEHHOCTHU 3JIEKTPUUECKOTO MOJISE OCTAETCS
HEU3MEHHBIM

3ananue. Pemunre 3agaum.

1 Paznoxenue 6e0r0 CBeTa B CIIEKTP MPH MPOXOXKICHUH Yepe3 IPU3My 00yCIOBIECHO

A npenomiieHueM cBeta b orpakeHuneM ceera B momspusanuein csera

2 3enénas TpaBa 001a1aeT CIIOCOOHOCTHIO

A moriouars Jryuu 3e1€Horo 1usera b oTpaxars yun 3e1€HOro nsera B orpakarts iny4n Bcex
IIBETOB

3 HanoxeHue KOrepeHTHBIX BOJIH Ha3bIBAKOT

A mucnepcueit b unrepdepenumein B nudpaxuueit

4 B ciydae KakuxX BOJH HEBO3MOXHA HHTephepeHIus?

A cetoBbix b 3BykoBbIX B anextpomarautHeix I’ cpenu orBetoB ABB Het mpaBuiibHOTO
5 IosiBnenue pagyru Ha HeOe 0OBsCHSIETCS

A unrtepdepenuueii ceera b nudpakuueii ceera B paznnuHoil npenoMiIsieMOCThIO Tydeit
pa3HOro LBETA

6 SIBeHne NOJsApU3aMH CBOMCTBEHHO

A mo0bIM BosTHaM b TobKO nonepeyHbIM BoTHaM B TOJIbKO MPOI0IbHBIM BOJIHAM

7 3aBUCUMOCTb TIOKa3aTelIsl MPEJIOMIICHUS CBETa B JAHHOM Cpefie OT JJIMHBI BOJIHBI Ha3bIBAETCS
A unrepdepenuueit ceera b qudpakuueit ceera B aucnepcueii cBeta

8 benbie mpeaMeThl 001a1aI0T CIOCOOHOCTHIO

A morjouars Jiyuu Bcex LBETOB b oTpakaTh JiyduH Bcex LIBETOB B mpomyckarhb JIydd TOro WK
MHOTO 1IBEeTa

9 Orubanue BoTHAMM MPENATCTBUNA, CPAaBHUMBIX IO Pa3MepaM C JIJIMHON BOJIHBI, Ha3bIBAIOT

A untepdepennueit b qudpaxnueit B nonspuzanueit
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10 MuTepdepennnio cBeTa OT ABYX JaMIl HAaKJIMBAaHUS HAOI0IaTh HENb3s, TaK KaK CBETOBBIE
BOJIHBI, U3JIy4aeMbl€ MU

A Henonsipu3oBaHbl b HekorepeHTHbl B cimikoMm mManioil MHTEHCUBHOCTH

11 LiBeTHas okpacka pa3IMUHbIX TOHKHX INIEHOK OOBSICHSAETCS

A Tonbko audpaximeii ceeta b Tonbko uHTEpdepenuneit ceera B nunTepdepeniueii u
nudpakiueit ceera

16ann

12 Tlongpusanueit cBeTa Ha3bIBAKOT MPOIECC

A M3MEHeHue HalpaBieHUs cBeTa b M3MeHeHNe HHTEHCUBHOCTH CBETa

B opuenTanuu xonebdanuii BEKTOpa HaNpsHKEHHOCTH CBETOBOM BOJIHBI B OINPeIeIEHHOM
HaIpaBJIEHUU

13 3amaua

Cgert ¢ umHoi BostHbl S00HM nafaet Ha AU(PaKIMOHHYIO PEeIETKY ¢ mepuooM 2MkM. Haiitu
HauOOJIBIINN TOPATOK MAKCUMYMa.

14 3agaua

JlnmuHa BOJIHBI XKENTHIX JIydell B Bakyyme paBHa S80HM. KakoBa jyiiHa BOJIHBI 3TUX JIyYel B
BOJIE, €CJIM TTOKa3aTelb MPEIOMIICHUs BOIbI paBeH n=1,33?

15 3agaua

B HekoTopyro TOUKY pocTpaHCTBa NPUXOAAT BOJIHBI AyinHOM 700HM. PasHocTh X012 BOJIH
paBHa 3,5MKM. YcuseHue uin ocinadieHne cBera OyaeT HaOt01aThCsl B JAHHON ToUKe?

16 3agaua

VY nudpakuroHHON PeméTKH MaKCUMyM BTOPOTO MOpsIKa /sl CBeTa ¢ JUIMHOM BoJHbI 400HM
HaOIr01aeTCs Moy yriioM, uist kotoporo  Sing=0,04. Haiitu iepuoy 3ot pemérku. d=?

17 3amaua

KakoBa mupuHa Bcero criekTpa BTOPOro mopska , MoJy4eHHOM Ha 9KpaHe, OTCTOsIIIEM Ha 2M
oT Tu(paKMOHHON peméTkH, Ha KoTopoi HaHeceHb! S00 mTpuxoB Ha 1MM? J{MHBI BOJIH cBETa
ot 0,4mxM 10 0,8MKM.

18 3amaua

KakoBa qyHa cBETOBBIX BOJH B BaKyyMe, €CIId B CTEKJIe JUIMHA BOJIH 680HM, a moKa3aTenb
MpeJIOMJIEHUs CTeKJ1a paBeH n=1,5?

19 3agaua

Uto Oynet HaOMIOIATHCS —yCUIJICHUE WU OCJIA0JICHUE CBETA — B TOUKE CXOXKEHUS BYX
CBETOBBIX BOJIH C JJIMHOM BOHBI 600HM, €C pa3HOCTh X0/a BOJH COCTaBsIeT 1,5MKkM ?

20 3amaua

CKONBKO IITPUXOB Ha 1MM cOAEpKUT nudpakiinoHHAs peHI€TKa , €CJIM Ha DKpPaHe, OTCTOSIIEM
OT pemEéTKH Ha 1M, pacCcTOSTHUE MEXKY CIIEKTPaMH MEPBOTO MOPsaKa paBHO 7,6CM, a TMHA
CBETOBBIX BOJH paBHa 0,38MKkM?
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IIpakTuyeckasi padora Nel4 Pemenue 3a1a4 1no reme «j1eMeHTbl KBAHTOBOMH (PUM3HMKN»

Ilens paOoThI: 3aKpeNmUTh yMEHHUE MPUMEHATH (HOpMyNy KpacHOW TpaHuibl dotodddexra u
ypaBHEHUE DUHIITEHHA MIPU PEIICHUU 3a/1a4.
OcHoBHbIE MOHSATHS M POPMYJIbI

Crpemsch MpeoJoNieTh 3aTPyIHEHUS KIIACCUYECKOW TEOPHH TPU OOBSICHCHUH H3TYYCHHUS
yépHoro tena, M. Ilnank B 1900 r. Beickazan runore3y: aToMbl UICITYCKAIOT 3JIEKTPOMArHUTHYIO
SHEPTUIO0 OTJIEIBHBIMHU MOPIUSIMH — KBAHTAMHU.

Oueprus E kax a0 nopiuu npsMo npornopuuoHaibHa YacTOTe U3ITYUCHHUS:

E=hv
rae h=6,63- 10'34[[>1<~c — nocrosigHag Ilmanka.
@OoTOH —  MarepuanbHasg, OJIEKTPUYECKM  HEUTpalbHas  4YacTHLA —  KBaHT

3NIEKTPOMATHUTHOTO TOJISL.
Oneprus porona E=hv.

hv

Macca ¢potona m = —.
-z
hv h
Wmnynbe potoHa p = mec = — = T
C
®DoTodhekTOM HA3BIBACTCS HUCIYCKAHHE OJJICKTPOHOB C TOBEPXHOCTH METalUla IO
NEICTBUEM CBeTA.

CornacHo 3aKOHY COXPAaHEHUS SHEPTUU

mé-
eU= ——, II€ M — Macca 3JIEKTPOHaA, 7- MakcuMaJbHad CKOpPOCTh CI)OTOE)J'IGKTpOHa.

3akonbl poTtodddexra:
1. Yucmo SIeKTpOHOB, BBHIOMBaeMBIX 3a | ¢ W3 BENECTBA, MPOMOPIHUOHATIBHO
WHTECHCUBHOCTH CBETA.
2. Kunernyeckast HEprusi (OTOIIEKTPOHOB HE 3aBHCHUT OT WHTEHCHBHOCTH IAJAOIIETO
CBETa, a 3aBUCUT OT €r0 YacTOTHI.
3. Jlnst xakmoro BemIecTBa CYIIECTBYET KpacHas rpanuna ¢gotodddekra, T.e. CyIIecTBYET
HaWMEHbIIIAas YacTOTa, MPU KOTOpoH emié GpororddexT.
VYpaBHeHne OWHIITEHHA: PHEPrUsi KBaHTAa TPATUTCS Ha pabOTy BBIXOJA AJIEKTPOHA W3
MeTaJula ¥ COOOIIEHHE IEKTPOHY KHHETHUECKOW SHEPTHH.

hv=A+2 s

~ 0

rae A —paboTa BbIX0/Ja 3JIEKTPOHOB U3 MeTallja.

Pabora BrIxOz1a - 3TO XapakTepucTUKa MeTaia (TabauuHas BenruuHa). OHa MOKa3bIBaET,
KaKkylo paboTy JOJDKEH COBEPLIMTH 3JIEKTPOH, YTOOBI MPEO0JIETh MOBEPXHOCTHYIO Pa3HOCTh
MOTEHIIMAJIOB U BBIMTH 3a Mpeesbl MeTaa.
3ananue 1. OTBEThTE HA BOIIPOCHI.

1. Kak u3ny4aercs u norjiouaercsa cBeT aTOMaMu BellecTBa?
Uro HazeiBaetcs potodrdpdexrom?
Uro Takoe kpacHas rpanuna ¢potodddexra?
Uro Ha3wiBaeTcsa paboToii Beixoaa?
Uro Ttakoe hoToH?
Kak onpenenuts sHEPTUio U UMITYJIbC (poTOHA?
MeToanueckue yKazaHust

[Tpu perennu 3a1a4 HEOOXOAUMO:

1) MOMHHUTH O B3aMMOCBSI3M MEX/1Y BOJHOBBIMU U KBAHTOBBIMU XapaKTEPUCTHUKAMH YaCTHII;

2) 3HaTh, YTO B3aUMoOJIeiiCTBHE (DOTOHOB C BEIIECTBOM IMOJYMHSETCS 3aKOHAM COXPAaHEHUS
SHEPIMM U UMITYJIbCa. Y paBHEHUE DWHIITENWHA SABIISIETCS CIIEICTBUEM 3aKOHA COXPAaHEHHUS
DHEPIHUH.

ANl N
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IIpumeps! pelieHus 3agay
3amaua 1. OmpenenuTe KPacHOBOJHOBYIO TrpaHuIly (orodddexra mans Hatpus, eciau paboTa
BBIXO/JIa 3JIEKTpoHA U3 PoTokarona A=2,3 3B.

Hano: CH: Pemrenue:
h=6,63-10"* I -c 3anuieM ypaBHEHUE JUIsl «KPACHOW TPaHULIbD)
c=3-10° m/c ¢borodddexTa u BBIYUCIUM U3 HETO UCKOMYIO JITTUHY

— 1019 -
A=2,35B 3,68:107" [k ponub hv=A,.,x win TE=ABMX, OTKyJa
Haiitu: P

AEE[K

- 663107 3.10% 7

p - -_— = .

A P 54-10" m

Otser: A=5,4-10"m

3amaua 2. PaboTa BeIXOAa AJEKTPOHOB U3 IJIACTHHBI Agyx=0,3 3B. Onpenenutb, Tpou3ouIeT Ju
. N 14 1
BHENIHIHA GoTOdPNEKT, €CITH Ha IACTHHY MafaeT CBeT ¢ yacToTor vi=8-10" I'r, v,=3-10"° I'.

Hano: CH: Pemenue:

Apx=6,3 3B 1-107'% Jx Buemrnawmii potosnexkrpudeckuii 3hpexr

vi=8- 10 I'og MIPOU30MAET B TOM CIIy4ae, €CIH V>Vyp.

v,=3-10" 'y YpaBHeHue it KpacHOM rpaHuiibl porodddexra
Haiitu: hVKp:ABbIX (1)

Vip-? W3 (1) onpenensieM Vip=Ag,x/h.

Boruncnenus naror v,=1,5- 10 I'

[Ipu »Toit yactore PororddexTa HE TPOU30UIET.

Bo BTOpoM ciydae BBIYMCIICHUS  IOKaXYT, 4YTO
botord ekt mpousouaer.

3agaua 3. Ilpum oOsyueHun (oTO’/IEMEHTa CBETOM C YacTOTOH 1,6:10° T ¢doroTox
npekpaiaercst npu 3aaepkuparomieM HanpsokeHun U=4,1 B. Onpegenuts A- paboTy BbIXona
3JIEKTPOHA C IOBEPXHOCTH (OTOKATO/A, A- KpacHYIo rpaHuily Gotorddexra.

Jano: Pemenue:

v=1,6-10" Ty DNEeKTpOH MOXKET TMPOJETeTh Yepe3 TOpMO3dllee I0je, Pa3HOCTh
MOTeHIKaaoB koroporo U, ecnu

U:4,1B eU < mf‘z (1)

h=6,63-10"* Jix-c VYpasuenue DitnmreitHa 115 GoTodPdekra B JaHHOM CIydae UMEeT BU/I:

e=1,6-10"" Kn e-U=Auux teU (2), otkyna A=hv-eU (3)

Haiiu: BE A o q A=21<
‘1 BbIX» TKYJI A S

Ai-? A=6,63-10""1,6-10"-1,6-10""-4,1=4-10" JIx

Axp-? K_e,ea-lu‘“ 3-10%- —5.10" um

41074
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Oteer: A=4-10" Ik, A=5-10" m.

3aganue 2. Pemure KoJnmuecTBeHHBIE 32291,

3amava 1. JlnuHa BOJNHBI CBeTa A, YacTora Vv, Macca (oToHa myg, uUMITylbe Py, sHeprus Ey.
Onpenennure 3HAYCHUE BETMINH, 0003HAYCHHBIX «?».

3anaua 2. PaboTa BeIX0/Ja 3JIEKTPOHOB C IOBEPXHOCTH MeTa/u1a paBHa Aj,. MeTamun obmyyaercs
CBETOM C JUIMHOM BOJHBI A M 4acToTOd V. CKOPOCTH 3JIEKTPOHOB BBIOMTHIX C TOBEPXHOCTH
meraiuia . KpacHas rpanuna A, Onpenenurte 3HaUCHUE BEIMYUH, 0003HAYCHHBIX «?).

3amaua 3. 3amepKuBaroIIas Pa3sHOCTh IMOTEHIMANIOB B ombiTe Mo ¢otodddexry paBra Us,.
Ckopocth doroannekrponoB 1, sueprus - E. Onpenenure 3HaYeHHE BEIUYMH, 0003HAYCHHBIX
«?».

3amaua 4. PaGota BBIX0J1a 2JIGKTPOHOB C IMMOBEPXHOCTH METaia A, 3a/IepKUBAIOIIAs PA3HOCTh
noreHnuanoB U,, yacToTa majaroniero ceera v, macca GoronoB myg Omnpenenure 3HaA4YCHUE
BEJIMYMH, 0003HAUYEHHBIX «?%.

3amaga 5. [Ipu TOPMOKEHUU IEKTPOHOB, MPOXOSAIINX PA3HOCTh MOTeHIMAIoB U_oOpasyercs
PEHTTEHOBCKOE M3IYYeHHE C YaCTOTOM V, U IIMHOW BOJHBI A. Ompenenurte 3HaU€HUE BETUYMH,
0003HAaYEHHBIX «?).
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