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BBenenune
VYueOnas mucrumnuHa [1/1.03 dusuka BXOAUT B COCTaB LUKIA MPO(PUIBHBIX JUCIHUILTAH

OCHOBHOHM 00pa3oBaTeiabHON MpOo(hecCHOHANIBHOW MporpaMMbl. MeTonndeckue yKa3aHus IO
BBITMIOJIHEHHIO MpaKTUYecKuX padoT no aucuumiauHe [1J1.03 ®dusuka coctaBieHbl B COOTBETCTBUN
¢ paboyeit mporpaMMoi 10 TaHHOU JUCITUTIIINHE.

LensaMu BBIMOTHEHUS TPAKTUYECKUX pAaOOT SBISETCA:
- 00001IeHre, cUCTeMaTH3alKs, YIITyOJIeHne, 3aKperIeHHe MOTYYSHHBIX TEOPETUIECKUX 3HAHUN
10 KOHKPETHBIM T€MaM JIUCLUUIUIMHBI;
- (hopMupoBaHKE YMEHUI IPUMEHATH MOJYUYCHHbIE 3HAHUS Ha MPaKTHKE, peanu3alus eJIMHCTBA
MHTEIJIEKTYAJIbHOM U IPAKTUYECKON AESTEIbHOCTH;
-pa3BUTHE UWHTEIJIEKTYaJbHBIX YMEHUH y OyAylMX CHEUUAIMCTOB; aHAJIUTHYECKHUX,
POEKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JP.
- BBIPA0OTKY IPH PELIEHUH MOCTABJIEHHBIX 3a7a4 TaKUX IPO(EeCCHOHATBLHO 3HAYUMBIX KaueCTB,
KaK CaMOCTOATEIbHOCTb, OTBETCTBEHHOCTh, TOYHOCTb, TBOPYECKAsI HHULIMATHBA.

B npornecce n3zyuenus Gpuznku oueHb OOJIbIIOE 3HAYCHUE UMEET PELICHUE 3a/1a4, TaK KaK
OHO TO3BOJISIET 3aKPENUTh TEOPETUUECKUN MaTepuan Kypca, pa3o0parbesi B pa3IMUHBIX 3aKOHAX
U TpaHMIAX HMX HPUMEHEHHUs, CIOCOOCTBYEeT HX 3amoMuHaHuio. Kpome TOro, mpu 3TOoM
pa3BUBAIOTCSI HABBIKM  HCIOJIB30BAHMSA JTUX 3aKOHOB I BBIACHEHUS KOHKPETHBIX
NPaKTUYECKUX BOMPOCOB. TakuMm 0Opa3oM, BBINOJHEHHE 337a4 B IMPaKTHUECKUX paboTax
ABJIIETCSL MPOBEPKOM CTENEHM YCBOEHUS CTYJIEHTAaMH TEOPETHUECKOr0 MaTepHuaja U MOXKET
CIIyXHUTb KpUTEPHEM 3HAHUS Kypca.

[Iperyiaraemoe mocobue colaepUT MaTepuan 14 mnpakTHdeckux paboT 1o (usuke
(cormacHo paboueil mporpamme), KpaTKyl0 TEOpHIO, TpeajaraeMble CTyJIeHTaM s
TEOPETUYECKON TMOATOTOBKM K 3aHATHSAM BOIPOCHI; MOJAPOOHBIE METOAWYECKHE yKa3aHHs IO
pEIIeHUI0 3a/ay; NpHUMEphl pelIeHUs 3a/Jay; 3aJadyd Uil CaMOCTOSITENIbHOTO PEUIeHHs IO
BapHaHTaM. Y CJIOBUE KaXI0H 3a7a4d IPEICTaBICHO OJHOBpeMEHHO B 10 BapuaHTax.

[Ipunoxenue k COOpPHUKY 3a/1a4 BKJIIOYAET B ceOsl CIpaBOYHBIN MaTepHall, HEOOXOIUMBII
JUISL peIIeHUs 3a/1a4.
[IpakTnueckass pabora paccuMTaHa Ha BBHINOJIHEHHE B TEUEHUE JIBYX Y4EOHBIX 4acoB.
IIpumepHBIii 1aH peleHns 3a1a4u:
1. PaGora Hajn ycnoBuem:
1) Kparkas 3anuch yclOBHS U BBIICHEHHE CMBbICIA TEPMUHOB (PUCYHKH,

YEPTEIKH).



2) Ananu3 pusnuecKux SBICHUM, IPOLIECCOB, OMUCAHHBIX B 3a/1a4€.
3) 3anuch ynpoumamixX Npeanol0KEeHUM.
2. Tlouck HEOOXOAMMBIX YpaBHEHUH, CBS3BIBAIOIMINX (U3MYECKHUE BEIUYHHBI, KOTOPHIC
XapaKTepU3yIOT pacCMaTpUBAeMOe SIBJICHHE, ITPOIIECC.
3. Pemenue 3amauun B 001eM BHIE.
4. Ananu3 moJIydeHHOTO pe3yJibTara (IeHCTBHE ¢ HAaMMEHOBAHMUSIMH, MPOBEPKA HA YACTHBIX
Cllydasix, peleHHue APYruM CocoOoMm).
5. llpuBenenue Bcex naHHbix kK CU (ecmu 3T0 HEOOXOAUMO).
6. [TosmydeHue 9ucIOBOrO OTBETA.
B nporecce BbIMOMHEHNS MPAKTHYECKOW PaOOTHI CTYICHTHI B OTYET JOJKHBI BHECTH:
1) Ha3BaHHe NMpPaKTUUYECKOU PabOTHI;
2) wuenb paboThI;
3) pelreHue BBIIOIHEHHBIX 3aaHUI MPAKTHYCCKON PaOOTHI.
OrreHKa 3a BBITIOJIHCHHE MPAKTHYECKUX pabOT BBICTABIISIETCS IO MATHOALILHON CUCTEME U

YUUTBIBACTCA KaK IMMOKA3aTCIIb TeKymeﬁ YCIICBAEMOCTH CTYACHTOB.



IIpakTHyeckoe padora Nel PapHoMepHoOe M paBHOYCKOPEHHOE IBHKEHHE

[ens paboThI:
3aKpENUTh YMEHHE:
OPUMEHATh (OPMYJIBI CKOPOCTH TPHU PAaBHOMEPHOM IBW)KCHUH, YCKOPEHUS W YpaBHEHHUS
JIBYDKEHUS TIPH Pa3IMYHbIX BUAAX JIBUKEHHUS IPU PEIICHUH 3a/1a4;
OPUMEHSTH (HOPMYJITBI IEHTPOCTPEMHUTEIFHOTO YCKOPEHUS, CBS3BIBAIONICH JTMHEHHYIO U YTIIOBYIO
CKOpOCTH IpH PEIICHUH 3aau.
OcHOBHbIE NOHATHA U (POpPMY.JIbI

MexaHnueckoe IBMKEHUE - U3MEHEHHUE MOJIOKEHUS Tella B MPOCTPAHCTBE OTHOCHUTEIIBHO
JPYTUX TEI C TEYCHUEM BPEMEHH.

MarepuanbHas TOYKa MpPEACTaBIsET cO0OM Teno, KOTopoe o00jamaeT Maccoil, a ero
pa3MepaMu MO>KHO NPeHeOpedh B CPABHEHUH C TIPOMICHHBIM 3TUM TEJIOM PACCTOSHHEM.

Teno orcyera - 3TO HEKOTOPOE TEJIO, OTHOCUTEIBHO KOTOPOTO ONPEICISIOT IMOJIOKEHHUE
JPYTUX TEI B JIF000I MOMEHT BPEMEHH.

Cuctema oTcyera - 3TO TeJIO0 OTCUETA, CBSI3aHHAs C HUM CHCTEMa KOOPJMHAT U NpUOOop JUis
U3MEPEHUS BPEMEHH.

TpaekTopus — TMHMSL, ONKUChIBAEMAsi MaTepUAIbHON TOUKOH IMpPU ABMIKEHUH.

[Tyt - nnuna Tpaekropuu. IlyTe o6o3HauaroT cumBoiioM |, enununa B CU — metp (M).
ITyTh - ckaisipHasi BEIMUMHA.

[lepememienne — BEKTOp, HAINPABICHHBIA OTPE30K, COCAMHSIONIMNA HAYaJIbHYIO TOYKY
TpaekTopuu ¢ KoHeuHol. Ilepemerenue o6o3nayaercs cumboiioM S, B CU usmepsercs (m).

CkopocTh — Mepa MEXaHHYeCKOro cocTosHuS Tena. OHa XapakTepu3yeT OBICTpPOTY
U3MEHEHHUS TOJIOKEHUS Tella OTHOCUTEIbHO JAaHHON CHUCTEMbI OTCYETa U SIBJISAETCS BEKTOPHOU
BeNMIuHOM. CKOPOCTh 0003HAYAETCSI CAMBOJIOM V, €€ €IMHUIIA U3MEPEHUS (M/C).

CpenHsisi CKOpPOCTh — 3TO BEKTOpHAs BEIMYMHA, KOTOpasl OIpPENeNSeTCs] OTHOIICHHEM
BEKTOpa IMepeMEenIeHHs K IPOMEKYTKY BPEMEHH, 32 KOTOpOe TaHHOE IepeMelIeHIEe TIPOU30IILIO:

i

ﬂc‘p:;

MrHoBeHHasi CKOPOCTh TeJla — CKOPOCTh T€Jla B JaHHBI MOMEHT BPEMEHH WIM B JaHHOU
TOYKE TPACKTOPWH, paBHAs OTHOIICHHUIO TMEPEMEIICHUS K MaJlOMy NPOMEKYTKY BPEMEHH, 3a
KOTOPBIi{ 3TO NEPEMEIIEHHE IPOU3O0LILIO:

= g

& df
YCKOpCHI/Ie — BCKTOpHAad BCIIMYHHA, XaPaKTCPUIYIOLIas 6BICTpOTy HU3MCHCHUS CKOPOCTH.
OHO moKa3bIBaeT, Ha KaKyl BEJIWYUHY M3MEHSETCS CKOPOCTh Tela 3a €JAMHHILY BPEMEHHU.
YckopeHne 0003Ha4aeTcs CUMBOJIOM &, €€ €IMHULA U3MEPEHUS M/,
Cpennee yckopenue — pu3nyecKas BEIWMYMHA, YUCICHHO paBHAs OTHOIICHUIO M3MCHCHHSI
CKOpPOCTH KO BPEMCHH, 3a KOTOPOC OHO IIPOU30MIIIO:
—s
-
ag At
ITo XapaKTEpy CKOPOCTHU BBIACIIAOT CICAYIOIHNEC BUAbBI IBUKCHUA!
- PaBHOMEPHBIM Ha3bIBACTCS IBHMIKCHHC, IPHU KOTOPOM 3a OJMHAKOBBIC NMPOMEKYTKH BPECMCHH
TCJIO IPOXOAUT OJUHAKOBBIC PACCTOAHUA, TO €CTh CKOPOCTH TCJIa OCTACTCA HOCTO}IHHOﬁ;
- PaBHOYCKOPCHHBIM HAa3bIBACTCS JBWKCHHE, IIPHU KOTOPOM 3a PaBHBIC IPOMEKYTKHM BPEMCHM
CKOPOCTD TCJIa UBMCHACTCA OAUHAKOBO, T.C. YCKOPCHUC OCTae;FCSI ITIOCTOSITHHBIM.
Urak, mpu paBHOMEPHOM HPSIMOJIMHEWNHOM JIBUKEHUH 9 =constua =0,
x = xy+ U,t — KHHEMaTHYECKOe YpaBHEHHE PaBHOMEPHOTO IBM)KEHHs (ypaBHEHHE

3aBHUCHMMOCTU KOOPAUHATHI OT BpeMeHI/I).



s = U,t - ypaBHEHHE My TH.
IIpy paBHOYCKOPEHHOM MPSMOMHEHHOM JBHXCHNUN & = COnst,
# = 8, + at - ypaBHEHUE CKOPOCTH.

JIBM>KeHHEe ¢ BO3paCTaIOIIEl O MOJIYJII0 CKOPOCTBIO Ha3bIBAIOT YCKOPEHHBIM JIBHIKEHHUEM,
a JIBMKEHHUE C YOBIBAIOIIEH CKOPOCTHIO — 3aME/IJICHHBIM JIBH)KCHHEM.

a-t>
S = Sot —+ T - ypaBHEHHME II€pEMCIICHUI 1NPpU PaBHOYCKOPECHHOM

JIBUKCHUH.
2
a-t
Mexny yTeM, yCKOPEHHEM U BPEMEHEM UMEET MECTO CJIEYIOIEE COOTHOLIEHHE: S ==
1)2
Mexay CKOpOCThIO, YCKOPEHUEM U ITyTEM UMEET MECTO CJIEIYIOLEee COOTHOUIEHUE S = 5,

a
v=+2a-S .
a -t
x = x, + &7 + ——— - KHUHEMAaTUYECKOE YPaBHEHHE PaBHOYCKOPEHHOIO

JABHIKCHUA.

@opMyIbl, IPUMEHSEMBIE JII PAaBHOMEPHO YCKOPEHHOIO IBMKEHHUS, TOMATCS W JUIA

2
-t
cBOGOIHOTO MajieHus. 3aMeHseM 3T GOPMYIbl: v=g-r, S=S > ,0?=2g-S.

PaBHOMEpHOE ABMXKEHHE TIO OKPYKHOCTH — 3TO JIBIKEHHE, TP KOTOPOM TEJIO 3a JHOOBIC
paBHbIE TPOMEKYTKH BPEMEHH COBEPIIACT OJMHAKOBBIC MEPEMEIICHUS, T.€. MPOXOJUT IyTH
PaBHOM JIJIUHBI.

Jlunelinas, Wi MTHOBEHHasi CKOPOCTh — 3TO CKOPOCThb, C KOTOPOM TEJIO JIBHXKETCS IO
OKPY>KHOCTH.

Mopynps TUHEHHON CKOPOCTH MOXHO OMPENETUTh OTHOIICHUEM JITUHBI AYTH OKPYKHOCTH
KO BPEMEHH, 32 KOTOPOE ATa JAyra Mpou/IeHa.

VrioBasi CKOPOCTh - 3TO CKOPOCTh, MOJYJIb KOTOPOUM paBeH OTHOIIEHHUIO YIJia TTOBOPOTA
paanyca, COCIUHSIONIETO MaTepUaIbHYI0 TOYKY C IIEHTPOM OKPYKHOCTH, KO BPEMEHH 3TOTO
MOBOPOTA. YTJIOBasi CKOPOCTh 0003HAYAETCS CUMBOJIOM ; u3Mepsiercs B CU B pan/c.

w = %, IZie ¢ - YroJl IOBOpOTa pajuyca.
[Tepuoa — 310 Bpemsl, 3a KOTOPOE TEJI0 COBEPILIAET OAMH MOJIHBII 000POT.
T=—

N
[Tepuon — BenuumnHa ckanspHas, B CU uzmepsiercs B cekyHax (c).
YacroTa — 4ynciI0 BpallleHui 3a eAMHUILY BPEMEHHU.

J"ll-

v =—.
13

-1
UYactora — ckansipHas BenuunHa, B CU usmepsiercs B (¢ ).

Bennuunsl, KOTOpbIE CBS3bIBAET GOpMyIIa dopmyina




ITepuron u yacToTa T==1 yv= 1£r
v
VriioBast CKOPOCTh U TIEPHOT = 2m
T
VYr10Bast CKOPOCTh U 4acTOTa w = 2mv
JluneiiHasi CKOPOCTb, TIEPUOJT M PAJIYC 8- 2mR
OKPYKHOCTH T
JIuneliHasg CKOPOCTh, 4aCTOTa U PauyC ¥ = 2rRv
OKPYKHOCTH
JInneliHas CKOPOCTB, YIVIOBask CKOPOCTh U ¥ = wR
paanyc OKpy>KHOCTH

LleHTpOCTPEMUTENLHOE YCKOPEHHUE -

9TO BCKTOpHAas BCIMYMHA, KOTOpasd B Ka)KHOﬁ TOYKC

OKPY’>KHOCTH HarpaBJieHa BJIOJIb PaJinyca K LEHTPY OKPYKHOCTH U YHCICHHO paBHA OTHOUICHHUIO
KBajIpaTa CKOPOCTH M PaJlyca OKPYKHOCTH.

Yckopenue B CU usmepsiercs B (/D).

3aganue 1. OTBEThTE Ha BOMPOCHI:

1.

Rl

O 0NN

UYro Ha3pIBacTCI MEXaHUYECKUM JBHKCHUEM U KaKHE BEJIMYMHBI SIBIISIFOTCS €70
XapaKTepUCTUKaMU?

Kaxue BUbI IBUKEHUS BaM U3BECTHBI?

Kakumu xapakTeprucTukaMy OMMChIBAETCS HEPABHOMEPHOE MPSMOJIMHENHOE JBUKEHHE?
UYro Takoe Tpaekropus aBuxkeHus? [IpuBeauTe npuMepsl NPSIMOJIMHEWHON U
KPUBOJIMHENHOHN TPAEKTOPUN JBUKECHUN.

UYewm otnmyaeTcs myTh OT EPEMENICHUS ?

Kak omnpenensercs nepemelienrne npu paBHOyCKOPEHHOM JIBUKEHUU?

Uro u3 ceds npeacrapisieT KpUBOJIMHENHOE ABIKEeHNE?

YTo Takoe HEHTPOCTPEMUTENBHOE YCKOPEHUE?

Uro Takoe mepuoj 1 4acToTa OOpalleH!s] 1 KaKUMU COOTHOLICHUSIMH CBSI3aHbI 3TH

BEJINYUHBI?

MeTtoanuyeckue yKazaHus

HCCMOTpH Ha OO0JIBIIIOE pa3Hoo6pa3He 3a/la4 110 KHHCMATHKEC, MOXXHO IIPCAJIOKUTH CJ'IC,Z[YIOH_II/Iﬁ
AJITOPUTM HUX PCIICHUA:

1.

CnenaTh CXeMaTHYECKUH PHUCYHOK, HW300pa3WB HayalbHOE TMIOJOKEHHWE Tel M UX
HavyallbHOE COCTOSHUE, T.€. UyH a.

BriOpath cuctemy orcuéra Ha OCHOBAaHUM aHAJIM3a YCJIOBUM 3aaa4d. /|1 3TOro Hy’>KHO
BBIOpATh TEJIO OTCUETA U CBSI3aThb C HUM CHCTEMY KOOPJAMHAT, yKa3aB HAayaJlo OTCUETa
KOOpPJMHAT, HAINPABJICHHE OCEH KOOpAMHAT, MOMEHT Haudajga orcuéra BpemeHu. I[lpu

8




BBIOOpE TOJIOKHUTEIIBbHBIX HAMPABJICHUM PYKOBOACTBYIOTCS HAIMpaBICHUEM JIBUKCHUS
(cKOpOCTH) WM HATIPABIIEHUEM YCKOPEHHS.

3. CocTaBUTh Ha OCHOBAaHMM 3aKOHOB JIBM)KCHHUS CUCTEMY YpPaBHEHUU B BEKTOPHOM BHU/IE
JUISL BCEX TN, a 3aTeM B CKaJSIpHOM (opMe, CIIPOSIUPOBAaB Ha KOOPAMHATHBIE OCH ITH
BEKTOPHBIC ypaBHCHUs IBIKeHUsS. [lpm 3amucu 3THX ypaBHCHHU ClieAyeT OOpaTHTh
BHMMaHHE Ha 3HakH "+" u "-" mpoeKIuil BXOIAIMX B HUX BEKTOPHBIX BEJIMYHH.

4. OtBeT HEOOXOAMMO NOJYYUTh B BHJIE aHAIUTHYECKOW (opMyiibl (B 00IIEeM BUJE), a B
KOHLIE TIPOU3BECTU YUCIIOBBIE PACUETHI.

5. Tlpu pemienuu 3a7a4 Ha JABMKCHUE MATEPUATBHOM TOYKH IO OKPYKHOCTH HEOOXOIMMO
JIOTIOJTHUTEIBLHO YUUTHIBATh CBA3b MEXKAY YIJIOBBIMHU U JIMHEUHBIMU XapaKTEPUCTUKAMH.

IIpumepsl pemrenus 3agaq

3anaya 1. Benocuneaucr, enymuii co cKOpocThio 18 KM/4, HAUMHAET CIIyCKaTbCs C TOPBHI.
2

OnpenenuTs CKOPOCTh BEJIOCUIIEANCTA uepe3 6 ¢, eciiu yckopeHue pasHo 0,8 m/c”.

JaHno: CU: Pemenue:

o=18 xkmM/u =5m/c 0\Z~ Y )

t=6¢ ~

a=0,8 M/c? T

Hantu: JIBrKeHue BeoCUneanucTa paBHOYCKOPEHHOE, T.€. o >().

-7 Ocp 0x HammpaBUM IO HAIMIPABJICHUIO JBUYKEHUS BEJIIOCUTICTUCTA.

CKOPOCTb MOKHO OTPEAEIHATS 110 hopMyIte B=0, +at.
C yuérom 3HaKOB MpoeKIui Ha och 0X (opMysa CKOPOCTH MPUMET
Bua: U, =1, +a,t.
Bpruncivm 3Ha4eHUE CKOPOCTH:
9=5+0,8-6=9,8 m/c
Otser:  19=9,8 M/c

3amaua 2. [loe3n vepes 20 ¢ mocne Havana ABMXXKEHHS mpuodperaer ckopocth 0,6 m/c. Uepes
CKOJIBKO BPEMEHU OT Hauaja JBIKEHHUS CKOPOCTh Moe3/a CTaHeT paBHa 3 M/c?

Jano: Pemenue:
t1=20 c JIBrKeHne 1moe31a HOCUT paBHOYCKOPEHHBIN XapakTep, CKOPOCTh
#,=0 YBenuuuBaercs, yCKOPEHHUE OCTOSHHO U MOJIOKUTEIBHO.

_ . . -5 8,
9;=0,6 m/c Haiiném yckopeHue IBIKCHHS: & = —— = T. K. J;=0, T0 @ = o
#,=3 m/c [Tonb3ysack ¢opMynoil yckopeHusi, HaWAEM BTOpPOIl MPOMEKYTOK

BPEMEHHU:
Haiitn: po— g, — 1, _ i, _ U, -t
- o o v,
3-20
tr -7 tr=—— =100 ¢
0.6
OrtBerT: t,=100 ¢



3amaua 3. Cxopocth aBTOMOOWIs 3a 10 ¢ ymensmmiack ¢ 10 go 6 m/c. Hammcats ¢opmyity
3aBUCHMOCTH U, (t) CKOPOCTH OT BPEMEHH, MOCTPOUTh IpaduK 3TOH 3aBUCUMOCTH U IO Tpaduky

OTpEeNIeTUTh CKOPOCTh uepes 20 c.

Hano: Pemenue:

t1=10c CkopocTh  aBTOMOOWIJISI ~ YMEHBIIAeTcs,  CJIEelIOBaTENbHO,  JBIDKEHHUE
paBHO3aMeMJICHHOE, T.€. 0x<(0. HanmpaBieHne CKOpOCTH ABUKECHUS

#,=10 m/c MIPOTUBOIOJI0KHO HAIIPABJICHUIO YCKOPEHUS. Y paBHEHUE IPOEKIIUU CKOPOCTHU

=6 wm/c npumer Bux: 9, = U, —a,t.

- - H,. 7,
=20 ¢ YcKkopenue aBToMOOWIIsS HAAEM 110 popmyite: &, = ——=.
o 10-6 ’ )

Haiitn: aJ‘:? = 0,4 MKIC

d,.(t)-? VYpaBHEHHE CKOPOCTH JBWKeHUs: ¥, = 10 — 0,4t,

i,-? [TocTpoum rpaduk 3aBucuMocTd. JI0CTaTOYHO ONPEAEIUTh JBE TOYKH, T.K.
I'pacdukoM CKOPOCTH SIBJISIETCS TIpsiMast TMHUSL. MOKHO COCTaBUThH TaOJUILY:

0 5

t
v 10 8
v

12
10

8
6
4
2

O] " 10" 20 3040 tec
Yepes 20 ¢ ckopocTs aBTOMOOMIIS Oy1€T paBHA 2 M/C.
Ortsert: =2 wm/c,d, =10 — 0,4t.

3amaua 4. [loe3n nBuxercs co ckopocThio 20 m/c. IIpu TOpMOKEHHH 10 MTOTHONW OCTAHOBKU OH
npomén paccrosHrne B 200 M. Omnpexmenurte BpeMs, B TEYEHHE KOTOPOTO MPOHMCXOANIIO
TOPMOXKEHHE.

HaHno: Pemenue:
#,=20 m/c JIBrmKeHMe roesja paBHO3aMEIJIEHHOE, CIIEI0BATENIbHO, B YPABHEHUAX IS
=0 MPOEKIIMY CKOPOCTH U MPOEKINH MepEMEILIEHUs TIepe]] MPOEeKIUel YCKOPEHUs
S=200 m Oepércs 3Hak "-".
Haiitn: JanuiieM CUCTEMY M3 [JBYX YPaBHEHMM M peIIMM €€ OTHOCUTEIbHO
IIPOMEXYTKA
t-? BpeMeHH t, yauThiBasi, 4to 1=0:
2 8,
@t 0=1, —at ==
S=g,t+% o T
= — @t > =
? =40, +at S =10t —— szﬂﬂt_ﬁgr
tyt 15
5= :' -t =—
2 #,
Bbruncinum BpeMst TOpPMOXKEHHUS:
(=229 5,
20 ¢
OrtBeT: Bpewms topmoxkenus noe3na 20 cexkyH/I.

3amaua 5. KakoB pagnyc KpUBH3HBI 3aKPYTJICHUS TOPOTH, €CJIM IO HEH aBTOMOOWIIb ABUKETCS C
EHTPOCTPEMUTEIBHEIM YCKOPEHHEM 2 M/c” TIpH CKOPOCTH 72 km/u?
10



Jano: CH: Pemenue:

Oe=2 M/c” N3 hopmyIsl IEHTPOCTPEMUTEIIBHOTO YCKOPSHHUSI OTIPEICITHM
=72 km/u =20 wm/c paznyc KpUBU3HBI 3aKPYIJICHUS JOPOTH:
Haiiru: e s R =2
R e
R-? R="" =200 m
Ortger: R=200 m

3amanue 2. Pemnre KoJIH4ecTBEeHHBIE 321291,

Bagaua 1. TlpsAmonuHeliHOe IBWXKEHHE IBYX TeJl 3aJaHO ypaBHEHUsAMH x,(t) = k,t+ bu
x,(t) = kot + by, tie x,(t) m x,(t) - KOOPAMHATEI B MOMEHT BPEMEHH t IEPBOTO M BTOPOTO TEJI

cOoOTBeTCTBEHHO. Oxapakrepusyiite nBumkeHHe Ten. Onpenenure BpeMs U KOOPAMHATY HX
BcTpeuu. YnciieHHble 3HaUeHUs BEIMUUH NpuBeieHbl B MexnyHapoaHoi cucreme eaunui (CH).

3anava 2. MaTtepuaiibHasi TOYKa C HAYaIbHOM CKOPOCThIO ¥y JBIIKETCS C YCKOPEHHEM O U Yepe3
BpeMs t mMeeT ckopocTh . Ompenennure 3HAYEHHE BEJIMYMHBI, 0003HAUYEHHOU «?». J[BHXKeHHE
MPSIMOJIMHEMHOE, BJOJIb OJJHOW KOOPAUHATHOM OCH.

3amava 3. ABTOMOOMJIb, UMEBILHUI HAYATBHYI CKOPOCTDH Uy, pasroHsIETCs ¢ YCKOPEHUEM O JI0
ckopoctr ¥ Ha myTH aiuHOM 1. OnpesienuTe 3HaYCHNUE BEINYUHBI, 0003HAUYEHHOH «?». CKOJIBKO
BPEMEHH JUIMTCS pa3roH?

3anava 4. [lo uMeromuMcs B TaONHIle JAHHBIM YKOKUTE 3HAYEHUS YCKOPEHUS U HayalbHON
CKOPOCTH, a TaKXe MOCTPOTe TpadUKu 3aBUCUMOCTH TIEPEMEIICHHSI, CKOPOCTH U KOOPJIUHATHI
oT BpeMeHH 3a nepBbie 20 cekyH. OnpenenuTe 3HaYeHNUE BETHUNHBI, 0003HAYCHHON «7».

3amgaya 5. MarepuasibHasi TOYKa JBHXKETCS CO CKOPOCThIO 1! TIO OKpYKHOCTH paamycoMm R,

uMes TPU ITOM ILEHTPOCTPEMHUTEIIBHOE YCKOpPEHHE a,. 3a BpeMmsi t MaTepualibHas TOYKa
MPOXOJUT PACCTOSHUE S, MPHU 3TOM COBEpIIasi MOBOPOT HA yroi . YTJIoBas CKOPOCTh .
Ornpenenurte 3HaUCHUE BEIMUYUHBI, 0003HAUYEHHOMN « 7).
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IIpakTHyeckas padora Ne2 /lunamuka u 3akonbl HeroTona

[{enb pabOThI: 3aKpeNUTh YMEHHE NPUMEHSATH 3aKOHbI HbIOTOHA IpyU pelieHuy 3aau.
OcCHOBHBIC IOHATHS U 3AKOHBI

CyliecTByIOT TakKM€ CHCTEMbBI OTCY€Ta, OTHOCHUTEIBHO KOTOPBIX IOCTYyHaTEIbHO
JBIKYIICECS TEJIO COXPAHAET CBOK CKOPOCTH ITOCTOSIHHOM, €CJIM HAa HEro HE BIUAIOT APYIHE
Tena (WM BIUSHUS APYTUX T€JI KOMIIEHCUPYIOTCS).

MaremMaTHueCcKu 3TOT 3aKOH 3anucbiBaeTcs B BUaE a = 0, ecnu Fye; = 0, re a — yckopenue

{ﬂz}, Fpes — BeKkTOpHAss CcyMMa BCEX CHWII, AEMCTBYromMX Ha Teno. Ilepseiii 3axkon Herorona
C

BBITOJIHAETCS. TOJIBKO B MHEPLUUAIbHBIX cUcTeMax OoTcuéra. CUCTEMBl OTCUETA, OTHOCUTEIBHO
KOTOPBIX TEJI0 MpHU KOMIIEHCAIlMM BHEUIHUX BO3ACHCTBUN JBUKETCS PABHOMEPHO U
IIPSIMOJIMHEVHO, Ha3bIBAKOTCS. HHEPLIUAIBHBIMA CUCTEMAMM.

CaMo sBIEHME COXpPAHEHUsI CKOPOCTH Tejla WJIM COCTOSHUSA MOKOSI IPH KOMIIEHCAlUU
BHEIIHUX BO3JCUCTBHI Ha TeNO Ha3biBalOT uHepuuen. [loatomy mnepsbiii 3akoH HprotoHa
Ha3bIBAIOT 3aKOHOM MHEPLHUU.

[Tpu BO3AEHCTBUM OJHUX TeN HA APYTHE Tela U3MEHSIOT CBOIO CKOPOCTh — MPHOOPETAIOT
yckopeHnue. [Ipu 3ToM pasHble Tesla Ipu JaHHOM BO3JEHCTBUM MPUOOPETAIOT pa3HOE YCKOPEHHUE.

CBoiicTBO Ten MpHOOpPETaTh OIpPENeNEHHOE YCKOPEHHE MpH JAaHHOM BO3JEHCTBUU
Ha3bIBAECTCSI MHEPTHOCTHIO. IHEPTHOCTH — 3TO CBOMCTBO, MpUCYLIE BCeM TeslaM. Macca Tena —
KOJIMYECTBEHHAs] Mepa €ro MHEpTHOCTH. YeMm Oousblell Maccoil 0obiagaeT Tejlo, TEM MEHbIIEe
YCKOpPEHHE OHO MOoJIy4aeT mpu B3aumojeicTBuu. [loaToMy B pusuke NpUHATO, YTO OTHOIICHUE
Macc B3aMMOJICHCTBYIOUINX TeJI paBHO 0OPaTHOMY OTHOIIEHUIO MOAYJIEH YCKOPEHHIA.

m, _ a,
m, B a,

HeroToH chopMynupoBan BakHEHIIM 3aKOH ABIKeHUs, To ecTh Il 3akoH HproToHa,
KOTOPBIN IJIaCUT: B HHEPLUAJIBHON CHCTEME OTCUETA YCKOPEHHE TeJa MPSIMO MPONOPLIUOHAIBHO
BEKTOPHON CyMMe BCEX JICHCTBYIOIIMX HA TEJIO CHJI M 0OpAaTHO MPOMOPILHMOHATIBHO Macce Tena:

a=—
m

Tpernii 3akoH HproTOHA: Tena NENUCTBYIOT APYT Ha Apyra ¢ CHJIAMH, PABHBIMH 10 MOJYJIIO
Y IIPOTHUBOIIOJIOKHBIMU I10 HAIIPABIICHHUIO.

OTOT 3aKOH CBUIETENBCTBYET O TOM, YTO CHJIBI B IIPUPOJIE BCErAa BOSHUKAIOT MTapaMu, Kak
pe3yabpTaT B3aMMOJIEUCTBUS MEXKIY ABYMS TEIaMHU.
Wtak, TpeTuil 3aK0OH MOXHO 3alKcaTh MaTEMaTHYECKU CIIEIyIOIIMM 00pa3oM:

h=-F
Cuibl, BXOJSIIHE B TpeTHi 3akoH HproToHa, mpuiokeHsl K pasHbiM Tenam. Cuna F

Ha3BIBACTCS CUJIOMN PCaKIMU IO OTHOIICHUIO K Fz, acuna F, — CHIION PCaKIUU 110 OTHOIICHUIO K
Fi.

3ananue 1. OTBEThTE Ha BOIPOCHI:
1. Kakwne ocHOBHBIC 3aKOHBI JUHAMHMKH BEI 3HaeTe?
2. Kakue cuctemMbl Ha3bIBalOTCSI MHEPLUATbHBIMU CUCTEMAaMH OTCUETA?
3. Yro Takoe uHepuHs?
4. UYrto Ha3bIBaeTCSI MHEPTHOCTHIO?
5. UYro Takoe Macca Tea?

IIpumeps! pemrenus 3agay
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3anava 1. Yenoek maccoil 80 kr nogHuMaeTcs B TU(TE paBHO3AMEIEHHO, BEPTUKAIBHO BBEPX,
¢ yekoperueM 2 M/c”. OIpe/ienuTe CHly JaBIeHHs Ye0BeKa Ha 1107 KaOHHBI TH(T.

JlaHo: Pemenue:
m=80 xr y
0=2 m/c’ , s
2=9,8 m/c ,J/;"N;;
g
Haiitu: Cuna naBineHMs YeIoBeKa Ha MoJl KaOWHBI T Ta paBHA BECY YEIIOBEKA.
P-? Ha genoBeka, Haxopsmierocs B kabuHe mudTra, 1eHCTBYET CHIa TSDKECTH Mg

CHJIa PEaKI1U 1os1a KaOuHel —N.
T.x. qBrxeHue nudTa paBHO3aMEJICHHOE, TO YCKOPEHUE JBIKESHUS HAIPABICHO
BEPTUKAIBHO BHU3.
3anuiieM B BEKTOPHOM BHJIE YPaBHEHHE BTOPOTO 3akoHa HproToHa:
N+mg=ma
Brib6epuM och y B HanpaBieHUH JBUKeHHS TudTa. Hauano koopaAruHAT COBMECTHM
C IICHTPOM TSDKECTH YeJIOBEKa.
3anuiieM ypaBHeHHE BTOPOro 3akoHa HproToHa B IPOEKIUSAX HA OCh Y:
N-mg= -ma — N=mg-ma=m(g-a)
Ha ocHoBanuu Tperbero 3akona HproToHa Bec denoBeka o MOAYJI0 CUjie
peakuu moja KaduHbel: P=N.
Torna P=m(g-a)=80(9,8-2)=624 H
OtBer: P=624 H

v 2 v
3anava 2. ABToMOOMIIb Maccoi 5 T Tporaercs ¢ Mecta ¢ yckopenueM 0,6 m/c”. Haiitu cuny Tsru,
eciu K03(h(hUIIUEHT CONPOTUBIIEHUS JIBUkKEeHUIO paBeH 0,04.

Jano: CH: Pemenue:
m=5T 5000 xr y
ﬂ():O T
a=0,6 m/c’ - N| ¢ _: v
2=9,8 m/c’ s e M
1=0,04 T
mg

Haiiu: Io Bropomy 3axony Hetotona: N+F,+mg+F,,=mé
F TATH -? Ox: FT-Fm:m(X

Oy: N-mg=0 — N=mg

F=F,tma

ITo onpenenennto: F,=uN=pmg.

Torpa: F,=pmg+ma=m(pg+a)

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

3amaua 3. ABToMOOMIL Maccod | T MOJHUMAETCS IO IIOCCE C YKIOHOM 30° O IeHCTBUEM
cunbl Taru 7 kH. Haiitu yckopeHune aBTOMOOWIIS, cUUTasi, 4YTO CUjla CONPOTUBIICHUSI HE 3aBUCUT
ot ckopoctu nBwkeHus. Kosdduument comporurnenus pasen 0,1. Yckopenue cBOOOAHOTO
najieHus IPUHATH paBHBIM 10 m/c?.

Jano: CH: Pemenue:
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m=1rT 1000 kr
Foo=7xkH 7000 H
0=30"

1=0,1

2=10 m/c?

Haiwtu: ITo BTOpOMY 3akoHy HbroTOHA: N +E+m§+f'p=m&
o-? Ox: - mgsina +F;-F,;=ma

Oy: N-mgcos a=0 — N=mgcosa
Ilo onpenenenmto: Fr,=uN=pmg cosa

Orcrona: -mgsin a+F, -umg cos a=ma
F-mg-(sine+pcosa)

o= ~1,13m/c?

m

OtBer: 0~1,13 M/c?

3anava 4. Tenexxka Maccoi 5 Kr JBUXKETCS MO FOPU3OHTAIBHON MOBEPXHOCTHU IMOJ JIEHCTBUEM
rupu Maccod 21 Kr, NPUKPEIUIEHHOW K KOHIly HEpacTsKUMOM HUTH, NEPEKHHYTOM 4epes
HENOJBWKHBIA Onok. Onpenenuth HATSHKEHUE HUTU U YCKOPEHHE JIBHJKEHUS TEJIEXKKH, €cClid
K03 uLmeHT TpeHus Tenaekku o miockocts 0,1. Maccamu O0Ka M HUTH, a TaK)Ke TPEHUEM B
0J10Ke IpeHeOpeyb.

Jano: Pemenue:
m;=5 xr Y
my=5 Kr _""‘TF'[—U-’\T—;_T-' LA
1=0,1 — .
2=9.8 m/c? s %
Haiitu: o f=
mg
y
T-? B nanHoM cinydae paccMaTpuBarOT JBMKEHUE KaX0T0 TeIa OTACIBHO.
o-? 1) Ha tenexky NEWCTBYIOT CWJIBI: CHUJIa TSKECTH, CHJIa PEAKIUHU IJIOCKOCTH,

CUJIa HATsDKCHUS, CHJIa TPEHUSI.

BribepeM npsiMoyTonbHYI0 cucTeMy kKoopAauHat XOy; HalpaBUM OCh X T10
HaIpaBJICHUIO JIBFXKCHHS TEJICKKH, a OCh Y — BEPTUKAIBHO BBEPX.
3anwuieM aiis TeNe KU BTOpOoi 3akoH HpI0TOHA B BEKTOPHOU (opme:
ﬁ+ﬁ+ mlﬁ + KL:F: mlcx_l'
B npoekuusax Ha OCH X U 'y 3TO YpaBHEHUE MPUMET BU/I:
Ox: T]-FTp:ml(ll
Oy:N-m;g=0 -»N=m,g
T.k. Fry=ptN=pm, g. Torna Ti- pm, g=maq,.

2) Ha rupro m; AEHCTBYIOT ABE CUJIbI: CUJIA TSXKECTH U CUJIA HATSHKCHUSI HUTH.
[To BTOpOMY 3ak0oHYy HbIOTOHA: ﬁ'+mzﬁ=m2ﬂ
Bektop yckopenus cx_g' HanpapJieH BHU3, MO HAMPABJICHUIO ABWKEHUS TUpH. Jljist

OTMCaHUs JBUKEHUS TUPU JJOCTATOUHO BBIOPATh OJIHY OCh y, HaIllpaBJI€HUE KOTOPO
yI00HO BBIOpaTh BEPTUKAIBHO BHU3.

Toraa npoekius BEKTOPOB Ha OCh Y U BTOPOM 3ak0oH HbloTOHA IpUMET BUA:
-T2+m2g:m2a2 W M) g- Thr=mya,

[Tonyuunace cuctema u3 1ByX YpaBHEHUM:
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{T‘l — pmyg = myoy

m,g— TZ= m,a,

VY4uThiBasi, 4TO HUTH, CBSA3BIBAIOLIAS TEIEXKKY U TUPIO, HEPACTSHKMMA U HEBECOMA,
To cumna HaTsHKEeHMS HHUTH B KaXJgoM Touke oawHakoBa, T.e. 11=T,=T mu,
clieJOBaTEeIbHO, 0.j=0)=0..

CknanpiBast ypaBHEHUS CUCTEMBbI, oyuum: T- pm, g+m,g —T=m, a+m,c
g-lma—pmy )

Otkyna o= ———
_ 9,8(2-0,1'5) 2
i =2,1 m/c

T=m,a+ um,g —»T=5-2,1+0,1-5-9,8=15,4 H
OtBer: 0=2,1 M/Cz, T=15,4 H

3aganue 2. Pemnre KoJM4ecTBEHHbLIE 322N

3amaua 1. Koopaunara x Temna, ABMKYIIETOCS MPSIMOJIMHEWHO, U3MEHSETCS C TCUCHUEM BPEMEHHU
o 3aKOHY X=X (t). Macca Tena m. Beruucnure Moayinb paBHOACHCTBYIONICH CHII, TPUIOKEHHBIX
K TETy.

3amaga 2. Ilaccaxkupckuil TUPT HAYMHACT IBWKCHHE W3 COCTOSHHS TIOKOS WM JIBUTAsICh
PaBHOYCKOPEHHO BBEpPX (BHM3), 32 BpeMsl t IPOXOAUT MyTh S. [Ipu Takom nBHXKEHUH JTU(Ta Bec
naccakupa maccod m paseH P. Ompenenurte 3Ha4YeHHE BEIUYUHBI, O003HAYCHHOU «?».
YckopeHnue cBOOOTHOTO MaJIeHUS TPUMUTE PaBHBIM 10 M/c?.

3anava 3. TeruoBo3 maccoid M TsHeT BaroH maccoid m ¢ yckopeHueM o. Cuiia TSIId TEIIoBO3a
F,, cuna HaTsbkeHus CLEnKU MeX/1y TeII0Bo30M U BaroHoM Fy. Onpenenure 3HaueHMsI BEJINYHH,
0003HaueHHBIX «?». CUIION COMPOTUBIECHHS MOKHO MTPEHEOpEUb.

3anaya 4. JIBa Tena MaccaMd m; M My MOJBEIICHb Ha HEPACTSIKUMOW HUTH depe3 OJIOK.
Haiitn 3HaueHuWs W HampaBlIeHMsS YCKOPEHHUH Ipy30B a; W a; W CUIy HaTsHkeHus HUTH T.
Ornpenenurte 3HaUCHUS BETUUYHH, 0003HAYEHHBIX « 7).

3amaua 5. Ilo rmagkol HAKJIOHHOW TUIOCKOCTH JUMHOW L m BeIcOTOM h HeOGombIIONH Opycok

COCKaJIb3bIBa€T C ycKopeHueM o. Ompenenure 3HAYCHUs BEIMYUH, OOO3HAYEHHBIX «?».
2

YckopeHue cBOOOAHOTO NMaJeHUs MpUMHUTE paBHbIM 10 Mm/c”.
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IIpakTnyeckas padora Ne3 J/IBu:keHHe B TPABUTALINOHHOM I10JI€

Llenb paboTHI: 3aKpeNUTh YMEHHE NMPUMEHATh (OPMYJIbI CHUIIBI TPEHUS, CUIIBI TSKECTH, 3aKOH
['yka 1 3aKOH BCEMUPHOT'O TSATOTEHMS MPH PEIICHUH 3a/a4.

MeTtoauyeckue ykazaHusi

[Ipu pemenun 3amgad no teme «JluHaMuKa MaTepuanbHOM TOUKM» CIENYET NPUIAEP’KUBATHCS
CJIEIYIOIIETO aJIrOpPUTMA!

1. Cpenatb cxemMaTHMYeCKUH PHUCYHOK, M300pa3uTh BCE CHWJIbI, JEHCTBYIOIIME Ha KaKJI0€
TEJI0 PACCMaTPUBAEMON CUCTEMBI.

2. Boibpate cuctemy koopauHat xOy ¢ TaKuM pacroyioKeHHEM Oceil, YToObl HauboJbIlee
KOJINYECTBO BEKTOPOB CUJI OBLIO HAIIPaBICHO BJOJIb Oceil. B ciydae nBukeHue Tena mo
OKpyX)HOCTH ocb OX Jo/kHa OBbITh HampaBiieHa K LEHTPY OKPYXKHOCTH (KaKk U
LEHTPOCTPEMUTENBHOE YCKOPEHUE).

3. 3amnucarh Uil KaXJ0ro Tejaa B OTAEIbLHOCTH BTOpOM 3akoH HbIOTOHA B BEKTOpHOM
dopme:ma =X, F.

4. CrhpoenupoBarh 3TU ypaBHEHUS HA BEIOpAHHBIE OCH KOOPAUHAT.

5. JlomoONHUTh HOJYYEHHYK0 CHUCTEMY B Cily4ae HEOOXOAMMOCTH KHHEMaTHYECKUMH U
JUHAMUYECKMMH COOTHOILIEHUSIMU U PELIUTH €€ OTHOCUTEIBHO HCKOMOM BETMYMHBI.

OcHoBHbBIe NOHATHS U GOPMY.JIbI

JluHamuka - pa3fes MEXaHUKHU, B KOTOPOM MCCIEAYETCS BIMSHUE B3aUMOJIECHCTBUSI TeEll
Ha UX MEXAHUYECKOE JIBUKCHHUE.

Cuna - BekTopHas (pu3nvecKas BeIMYrMHA, Mepa BO3JICHCTBHS Ha TEJIO CO CTOPOHBI APYTUX
Tel wiu noyied. B cucteme CU enuHUIEl CUIBI SIBISIETCS HRIOTOH.
Pesynprar neiicTBUs cuibl 3aBUCHUT OT HANpPABJICHMS, MOJAYJIS CHJIBI U OT TOYKHU IPUIIOKEHUS
cuiibl. Pe3ynbpTaTom JeficTBUS CHIIBI SIBIISIIOTCSI U3MEHEHHE CKOPOCTH TeJla Ui JehopMalus.

Cuna npuTspKeHus Tea 3eMiieil Ha3bIBaeTcsl BECOM TeJa.
Bec Tena 0603naunM OykBOil P, 10 MOMYJIIO PaBEH CHJIE TSXKECTU: P=mg.

Ho 310 He 3Ha4yuT, YTO Bec Tela U CUila TSHKECTH, MPUIIOKEHHAs! K HEMY, OJTHO U TOXeE.

Cuna TSXKeCTH — 3TO TPaBUTALIMOHHAS CUJIA, TPUIIOKEHHAs K TeTy.

Bec Tena — 310 cuna ynpyroctu, NpuioXeHHasi K HObeMY.

HeBecomocTh OOBSICHAETCS TeM, YTO CHJIa BCEMHUPHOTO TATOTEHMs, a 3HAYUT MU CUIIA
TSOKECTH, COOOIIAIOT BCeM TellaM (B HallleM cily4yae — rpy3y U Ipy>KWHE) OIMHAKOBOE YCKOPEHHUE
g . IloaToMy BcsiKOoe TelO0, Ha KOTOpOe AEMCTBYET TOJBKO CHJIa TSDKECTHM WM BOOOIIE cuiia
BCEMUPHOI'O TATOTEHUS, HAXOJIUTCS B COCTOSIHUM HEBECOMOCTH.

3aKOH BCEMHPHOTO TATOTEHHsS (OPMYIHPYETCS CIEAYIOUIMM 00pa3oM: BCSKUE Tela
INPUTATUBAIOTCA APYT K APYTY C CWIJIOH, NMPSAMO IMPONOPLUOHAIBHO MPOMU3BEACHUIO MX MacC U
00paTHO MPOMOPIIMOHATIFHO KBAAPaTy PACCTOSHUS MEX]Ty HUMHU.

m, -m
1 2
Wnu Ha s3bIKe MareMatuku: F z—Rz BBeIsI KOA(DPHUIIMEHT MPONOPIHUOHATBHOCTH

gy 2, 2 m, -m,

G=6,67-10" H-M"/Kr” — TpaBUTAIMOHHYIO MTOCTOSIHHYIO, TOTyduM F' = GT

Cuna TpeHuss — 3TO Cuia, BOSHHUKAIOUIAasl MPH JBMKEHUU OJHOTO Tejla MO MOBEPXHOCTH
JPYroro M NpensTCTBYIONIAsl 3TOMY ABHKEHHUIO.

TpeHue MoXeT ObITh HECKOJIbKMX BHUIOB: TPEHHUE MOKOS, TPEHUE CKOJBXEHUSI U TPEHUE
KAueHUs.

TpeHue nokos MemaeT Hadally JBM>KEHHUS Teja 10 HEKOTOpOor MoBepXHOCTH. Cuiia TpeHus
MOKOSI 110 BEJIMYMHE paBHA CHUJIE, KOTOpas MPUKIIAJABIBAETCS K TEIy.
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7
Cuna TpeHust CKoOJMbXeHUs Fpp .« BO3HUKAET MPU CKOJBKEHUM OIHOTO Teia TOo

MOBEPXHOCTHU Jpyroro. E€ HanpaBieHne NpOTUBOMNOJIOAKHO CKOPOCTH JBHKEHUS TENA.

1 N
I
TR

«—1—0
7/

MOI[}IJ'II) CHJIBI TPCHHUA CKOJIBXKCHUA MPAMO IMPONOPHHUOHAIICH CHUIIC HOpMaHLHOfI p€akuuu
onopel N:F_, .. = uN, roe p — 6e3pa3MepHas BeIMYHHA.

PR
Koadduiment mnpomnopunoHanibHOCTH | — KOXDQGUIUEHT TPEHHUS CKOJBXKEHUS,
3aBUCAIIMN OT BUJA BEIIECTB COMPUKACAIOIINUXCS TEJI, COCTOSHUS UX TTOBEPXHOCTEH U CKOPOCTH
CKOJIBXKEHUS OJIHOTO T€JIa OTHOCUTEIBHO JIPYTOTo.
Mopynb cuibl TPEHHS CKOIBKECHHS TIPH IBFXKCHHUH 110 TOPU3OHTAIBLHOMN MTOBEPXHOCTH

= HOCKOJBKY ¥V Ty,
'F'rrp.n:'ec pmg, OCKOJIBKY

Tpenue kaueHus: BO3HUKAET MIPU KAYEHUHU OJIHOTO Teja MO MOBEPXHOCTU JPYTOro.
Moynb cUibl TPEHUS Ka4eHHsI paBeH OTHOIICHUIO MPOU3BENeHUs KO3(PPUIeHTa TpEeHUs

KaueHus R, MOIyJsl CHIIBI HOPMaJIbHOM peakiuu onopbl N K paguycy R KaTsierocs Teia.

kN
F =—.

TP.Ea4. B

Cuna, BO3HHKarolas B pe3yibrare AeopManuy Tejla W HaNpaBieHHas B CTOPOHY,
IPOTUBOMNOJIOXKHYIO MEPEMEIIEHUI0 4YacTHIl Tejla Mnpu JedopMallid, Ha3bIBAeTCS CUIION
ynpyroctu. [1o cBoeMy NporCX0KAEHUIO CHIIBI YIIPYTOCTH — 9TO JIEKTPOMAarHUTHBIE CUIIBI.

3akon ['yka: cuna ynpyroctu, BO3HUKaroIas npu aeopmanuu Tena, npornopuroHaibHa
YAJWMHEHUIO T€la U HalpaBlieHa B CTOPOHY, NPOTHUBOIOJIOKHYIO HAIpPABICHUIO NEPEMEIIECHNN
YaCTHII TeJa pu AedhopMaIiu:

(Fynp)x =-KX
3nech X — y/UIMHEHUEe Tena (NpYXHHBI), K — KO3(QQUIMEHT NpONOPIHOHATLHOCTH,
KOTOPBIN Ha3bIBAETCS KECTKOCTBIO TeJA (TIPYKUHBI).
XKecTtkocTh 3aBUCUT OT pa3MmMepoB Tena, Gopmbl U Martepuana. Egununa usmepeHus

xéctroctn B CU: [k] = {E}
M
Cuty ympyrocTH, JEHCTBYIOIIYIO Ha TEJIO CO CTOPOHBI OTHOPHI (HUTH) WJIM TOJBECa
(IpY>KUHBI), HA3BIBAIOT CHJION PEaKIUy OMOPHI.
JIBe CHITBI MOXHO 3aMEHHUTDH PAaBHOACHCTBYIOIIEH CHUIION (CM. puC.).
Fio—p Fi 44—
o=l R=Fi+F2 _ 4® R=Fi-F
F2 oe—p F2 =
Ecnu cuiibl conanpaBiieHsl, TO paBHOJEHCTBYIOIIAS CUJIa paBHA X CYMME M HallpaBjieHa B TY XK€
CTOpOHY. ECiy cHITbI MPOTHUBOMOJIOKHO HAMPABIICHBI, TO PAaBHOJEHCTBYIOMIAS CHJIa paBHA HMX
pa3HOCTH W HampaBjieHa B CTOpPOHY Oombiiedt cuibl. CreACTBHE: pPAaBHOJACUCTBYIOIIAS
YPaBHOBEIICHHBIX CUJI paBHA HYIIIO.
3ananue 1. OTBEThTE Ha BOIPOCHI:
1. Yrto Ha3BIBaeTCs CHUIION?
2. Kaxkue cunbl BaM U3BECTHBI?

17



OT 4ero 3aBUCHUT CHJIa TPEHUS, IEUCTBYIOIIAs Ha TEJIO?
Korna Bo3HuKaeT cuia ynpyroctu?
OO0BsiCHUTE TPOUCXOXKICHHUE 3HAKA
Yro Ha3bpIBaeTCs BECOM Tea?
IIpuMmeps! perienus 3agay

3anava 1. Ha ckoibpKko yaJIMHUTBCS Npy>KUHA IO Harpys3ko# 12,5 H, eciau nox Harpy3koii B
10 H npy>xuHa yanuHuiIace Ha 4 cm?

nmn

B 3aKkoHe ['yka?

A

Hano: CH: Pemenue:
F=10H [Ipu pacTspkeHUU TPYKUHBI BO3HUKAET CUIIa YIPYTOCTH, I KOTOPOM
x1=4 cM =0,04 m copasennuB 3akoH ['yka: Fyp,= -kx.
F»=12,5H JKécTrOoCTh MPYKUHBI MOXKHO OTIPEACIUTSH 110 Gopmyie: k = |EF. |'
Haiitu: Torna k _A
X .
7 _ 5k _E=x

Xp-! Ornpenenum yJIMHEHHUE TPYKUHBI X5 = ==

12,5-0.04 L

Xo=———=0,05 M=5 cm

OTtBeT: X=5cMm

3amaya 2. Ha xakoM pacCcTOSHUU cuja HNPUTSKEHUS JBYX IIAPUKOB Maccamu mo 1 r paBHa
6,7-107" H?

JaHno: CH: Pemenue:
mi=mp=Ilr =0,001 xr  Ilo 3aKkOHY BCEMUPHOIO TATOTEHUS CUJIA IPUTSKCHUS
F=6,7-10"" H m, -m,
G=6,67-10" "H-m/xr? wapos F=G— 5=
Haiitn: i i
., G-mj |G smy
\
R-? (6,67-107*-0,001-0,001 _
R:Q 6,7-107%7 =
OtBer: R=1wM™

3amaua 3. Benocurneauct, exaBmuii cO CKOPOCThIO 36 KM/4, yBuAen npuMepHo B 10 M ot cebs
IPEMATCTBAE U PE3KO 3aTOPMO3MII. Y CHEET JIM BEJIOCUIIEAUCT OCTAHOBUTHCS JO NPENATCTBUA?
KoaddummenT TpeHus: ckoiabkeHus IMH 1o cyxomy achansry 0,7. Kak n3aMeHUTCS TOPMO3HOM
IyTh [IPH YBEJIMYEHUU CKOPOCTH JBHKEHUS B 2 pasza?

Jano: CHU: Pemenne:
#,=36 km/u 10 m/c S
9=0 il
BBl oo ey I

S=10 e
uw=07 K
g=10 m/c? UToOBI OTBETUTH HA BOTMIPOC 3a/1a4H, HEOOXOUMO HAaWTH TOPMO3HOMN
Haiitu: MyTh BEJIOCUIICANCTA U CPABHUTD €T0 C PACCTOSTHUEM S JI0 MPEATCTBUS.
[-7 Fp=pmg = ma
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dopmyita ckopocT B 001iem Buje: =1, +at
y‘-II/ITI)IBafl, qToO JOBHUXKXCHHUC PaBHO3aMCIJICHHOC )51

8,
=0, umeem 0=0;-at — t=:°

z ﬁ:
Tepememenne § = ¥yt —“— —S="2=I
107
l=———=7m
2-10-07

OtBet: Benocumneauct ycneer OCTaHOBUTHCA 0 MPensTCTBUs, T.K.S=10 M, a TOpMO3HOI
yTh Bejmocuneaucra 7 M. Eciu ckopocTs BO3pAacTET BABOE, TO TOPMO3HOM IIyTh
yBEIUUYUTCS B 4 pasa.

3amanue 2. Pemnre KoJIH4ecTBEHHBIE 321291

3amaga 1. K kprouky auHaMmoMeTpa MNPUKPENHIN TOJOCKY pEe3UHBbI kecTkocThio k. Ilpum
pacTsDKEHMM TIOJIOCKM Ha JUIMHY X TIOKa3aHus auHamomerpa coctaBwm F. Omnpenenute
3HaUCHUE BEIMYWHBL, 0003Ha4eHHOW «?». Kak M3MeHSTCs mokKa3aHWs JUHAMOMETpA, €Cld
nedopmarus MoJIOCKH PE3UHBI YBEJTUYHUTCS B o pa3?

3amaya 2. Korya pe3nHoBas maiiba HaX0AWTCS Ha TOPU3OHTAIBHON MMOBEPXHOCTH JIbJA, TO CHJIA
TSDKECTH, JEHCTBYIOIass Ha a0y ypaBHOBEIIMBACTCA CWIOH peakuud N CO CTOPOHBI
HOBEPXHOCTH JbAa. Eciy, ynapus no mraiibe, 3aCTaBUTh €€ CKOJIB3UTH 10 MMOBEPXHOCTH JIbJIA, TO
BO3HUKHET CUJIa TPEHUs cKobkeHus Frp. Koaddunment Tpenus ckonbkeHus Mexay maiboi u
HOBEPXHOCTBIO JIbAa paBeH (. Ompenenure 3HAYCHHWE BEIMYHMHBL, 0003HaueHHOH «?». Bo
CKOJIBKO pa3 U3MEHHTCS CHJIa TPEHHS CKOJIbKEHHUS, €CIIM CBEPXY Ha Iai0y MOJOXKUTH N TaKHX
xKe main6?

3agaua 3. Metauinyeckuii OpycoOK MpsIMOYroibHOM (hopMBI pazMepoM axbXc TOJBEIIeH K
nuHamometpy. [lokazanus nunamometpa F. IlnmotHocTe Meramna p. Onpenenure 3HaueHUE
BEJIMYMHBI, 0003HaUECHHOE «?». BO CKOJBKO pa3 M3MEHATCS MOKa3aHHUs AMHAMOMETpPA, €CIIH BCe
pa3Mepbl Opycka yBEJTUUUTH B 0 paz?

3amaua 4. JIBa Tema MaccaMM m; M My, HaXOASIIMECS HAa PACCTOSHUU T JPYr OT JApyra,
B3aUMOJICHCTBYIOT C CHJIOH TpaBUTAllMOHHOTO mpuTshkeHus F. Onpenenure 3Ha4YCHHE
BCJINYHNHBI, o0o3HaueHHoOH «?». Kak u3MeHuTCs cuia TpaBUTAIMOHHOT'O B3aI/IMOIIeI>'ICTBI/ISI, eClin
paccTosIHUE MEXIy TeJaMU YBEITUUUTh B [3 pa3?
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IIpakTuuyeckas padora Ned 3aKoHBbI COXpaAHEHHMS] B MeXaHUKeE

[lenb paboThl: C€IOCOOCTBOBATH 3aKPEIUICHHUIO M3YyUYEHHOTO0 MaTepuaia, HayuuTbCsS MPUMEHSITh
3aKOH COXPaHEHUs UMITYJIbCA IIPU PELICHUH 3a1a4.
MeTtoanuyeckue yKasaHus
[Tpu pemeHnu 3a1a4 Ha 3aKOH COXPAHEHUS] UMITYJIbCa HEOOXOAUMO:
1. VYka3zarb, Kakue Tena BXOIAT B paCCMaTPUBAEMYIO CUCTEMY.
2. H300pa3uth Ha 4yepTeke BEKTOPHl UMITYJbCOB TEJI CUCTEMbI HEIOCPEACTBEHHO INepe] U
II0CJIE B3aNMOJEHCTBHS.
3. HeoOxoaumo MpOBEpUTh CUCTEMY B3aMMOJICHCTBYIOIIMX TeJl Ha 3aMKHYTOCTb. Eciu
CHCTEMA 3aMKHYTa WIH BBIIIOJIHAETCS OJHO U3 CIEAYIOUIUX YCIOBHIA:
1) BHemnHue cuibl ypaBHOBEIIMBAKOTCS
2) Bpewms B3auMoelcTBUN Majo
3) Ilpoexkuus paBHOAECHMCTBYIOLIEH BHEIIHMX CHJI Ha KakOe-TO HAlpaBICHUE PaBHO
HYJIIO, TO 3alMCAaTh 3aKOH COXPaHEHUs UMITYJIbCa Ei”zl,t_:l'; const

HIIM JUIsL IOCTIE/IHETO Ciiydast Xty p,, = const.

Ecnu cucrema He3aMKkHyTa, TO 3anucarh Ap = FAt paccMmarpuBasl ABUKEHUE BCEX

TE€JI CUCTEMBI B OJTHOM U TOM K€ UHEPLHUAIBHON CUCTEME OTCYETA.
4. 3amucarh 3aKOH COXpPaHEHUs UMITYJIbCa B BEKTOPHOH (hopme.
CropoenpoBaTh BEKTOPHbBIC BEIMYMHBI HA OCH X U Y (BBIOMPAIOTCS MPOU3BOJILHO, HO
TaK, 4TOOBI OBLJIO YI0OHO IPOCIIUPOBATH ).

6. PemuTh MOTYYEHHYIO CHCTEMY CKAJSPHBIX ypaBHEHHH OTHOCHUTEIHHO HEU3BECTHHIX B
obmieM Buze. JlOMONHUTH NpH HEOOXOAWMOCTH CHCTEMY TIOJTYYCHHBIX YpaBHEHHM
KHHEMATUYECKHMHU U TMHAMUYECKUMH yPaBHEHUSIMU

7. TlpoBepuTh pa3MEpHOCTH U CIENaTh YUCIOBON pacyér.

OcHOBHbIE IOHATHS H 3aKOHBI
Hmnysbe Tena (KOJIMYecTBO JBMKEHUS) ONPENENsIeTcs] KaK MPOU3BEICHHE MacChl Tella Ha
CKOpOCTH JIBXKCHHUS.

b

3 = o
MarteMaTH4YeCKH 3TO MOKHO 3allUCaTh TaK: P = mi? [Kl" - ;]

3anomuuTe! IlockoapKy Macca BEIMYMHA CKAJIApHAsg, a CKOPOCTh — BEKTOpPHasA, TO
BENIMYMHA P = mi? SBISETCS BEKTOPOM, HANpaBJIEHHE KOTOPOTO COBIAJIACT C HAIpaBICHUEM

CKOPOCTH.
I[lyctp Ha Teno Maccoi mB  TEYEHHME  HEKOTOPOro  Majoro  MPOMEXYTKa
BpeMmeHu At neiictBoBasia cuiia F. [lox neiicTBUEM 3TOM CHIIBI CKOPOCTh TeJIa U3MEHWIACh Ha

Ad =43, —0,. CregoBaTenbHO, B TEYEHHE BPEMEHHU At TEJIO [ABHralioch C YCKOPCHHEM

s AT 0, -0
frT=—=—
At At
W3 ocHOBHOrO 3aK0Ha AUHAMMKH (BTOporo 3akoHa HeloToHa) ciemyer:

F=ma=m ﬁ‘_:}" win FAt = mE — mﬁ:m&ﬁ:&(mﬁ)

Qdusnyeckas BEIWYMHA, pPaBHAas IPOM3BEICHUI0 CWJIbl HAa BpeMs €€  JIeUCTBUf,
HAa3bIBACTCSI UMITYJIbCOM CHJIBI. IMITYJIBC CHIIBI TAKXKE SIBJISIETCS BEKTOPHOM BEJIIMUUHOM.

B HOBBIX TepMuHax BTOpoil 3akoH HbiOTOHa MOXET OBITH CPOPMYITUPOBAH CIEAYIOUIIM
00pa3oM: U3MEHEHHUE UMITYJIbCa Tea (KOJTUYECTBA JBUKEHHUS) PABHO UMITYJIbCY CHIIBI.
O0603HaYUB UMITYJIBC TeJIa OyKBOM D, BTOpOM 3aKOH HbIOTOHA MOKHO 3anucarh B BUJIE

FAt = Ap.

20



HMmenHo B TakoM oO0mieM Buae chopMyiaupoBail BTOPOW 3akoH caM HeioToH. Cuiia F B 3TOM

BBIPKECHHUH MPEICTABIISIET COOON PaBHOACHCTBYIONIYIO BCEX CHII, TPHJIOKEHHBIX K TEIY.

[Ipn B3aMMOAEWCTBUM TEI UMITYJbC OJTHOIO TE€Ja MOYKET YacTUYHO WJIM TOJIHOCTBIO
nepenaBaThCsa Ipyromy Teiy. Eciii Ha cuCcTeMy Tell HE JEWCTBYIOT BHEIIHUE CHJIBI CO CTOPOHBI
JpYTHUX Tell, TaKas CUCTeMa Ha3bIBAETCSl 3aMKHYTOM.

B 3aMKHyTO#1 cuCTEME BEKTOpHAsi CyMMa MMITYJIbCOB BCEX TEJ, BXOIAIIUX B CUCTEMY, OCTAETCS
MOCTOSTHHOM MPH TIOOBIX B3aUMOICUCTBUAX TEI 3TON CHCTEMBI MKy COOOI.

OToT (yHIAMEHTaNbHbBIM 3aKOH HPUPOJbI Ha3bIBAETCS 3aKOHOM COXpaHEHUs umimyibca. OH
ABIISIETCA CJIIEJCTBUEM U3 BTOPOT'O U TPEThEro 3akoHOB HbloTOHA.

PaccmoTpuM kakue-nu00 Ba B3aUMOACHCTBYIOIUX TeJa, BXOAALIMX B COCTaB 3aMKHYTOM
cucteMbl. Cuiibl B3aUMOJICHCTBUS MEKY STUMHU TelaMHu 0003HayuM uepes F, U F,. Ilo Tpetbemy
3akony Hrlorona F, = —F,. Ecau 5Ty Tena B3aUMOJECHCTBYIOT B TE€YEHHE BPEMEHU t, TO
UMITYJIbChI CHJI B3aUMOJEHCTBHS OJMHAKOBBI 10 MOAYJIIO M HAIIPABIECHBI B IIPOTHUBOIOJIOKHBIE
CTOpOHBL: F,t = —F, t. [IpuMenuM Kk 3TUM TenaM BTOpoil 3akoH HeroToHa:

Fit=m0-m,#; Ft=myl; -m,i,

—_

rae m, 9, u m:E — UMIYJbChl T€JI B HayaJdbHbIH MOMEHT BpEMEHH, rnlﬁn mﬁ{ —
MMITYJIbCBI T€JI B KOHILIE B3aUMOAECUCTBUSA. 13 3TUX COOTHOLIEHUH CIIeqyeT:
m1E+ m:E =rnlﬁ+rngﬁ
OTO paBEHCTBO 03HAYAET, YTO B PE3YJILTATE B3AUMOACHCTBHS IBYX TEJl UX CYMMapHbIN UMITYJIbC
He u3MeHwIcsa. PaccmarpuBas Ternepb BCEBO3MOXKHBIE MapHbIE B3aUMOAECUCTBUS TEJ, BXOIAIINX
B 3aMKHYTYI0 CUCTEMY, MOKHO CJI€aTh BBIBOJI, YTO BHYTPEHHUE CHUJIbI 3aMKHYTON CHCTEMBI HE
MOTYT U3MEHHUTb €€ CyMMApHBIH HMMITYJIbC, TO €CTh BEKTOPHYI0 CYMMY HMITYJbCOB BCEX T€l,
BXOJSIIMX B ATY CUCTEMY.
3aganue 1. OTBEThTE Ha BOMPOCHI:

1. Yrto Ha3pIBaeTCSI UMITYJIHCOM?

2.  CdopmynupyiTe 3aKOH COXpPaHEHHUS UMITYJIbCA.

IIpumeps! pemienus 3agay

3amaua 1. ABTOMOOMIb Maccoil 2 T HAuMHAET PA3TOHATHCS W3 COCTOSHHUS IOKOSA TI0
TOPU30HTAILHOMY IYTH TOJ JeicTBHEM MOCTOSHHOW cuiibl. B Teuenue 10 ¢ o mpuoOperaer
ckopocTh 43,2 kM/4. OnpeaenuTb BeIUYHMHY UMITYJIbCa, MOJTYYEHHOIO aBTOMOOMIIEM; BETUUUHY
JIEUCTBYIOIIEH CHIIBI.

Jano: CU: Pemenue:
m=2T 2000 kr  OmpenenauM BEIMINHY UMITYJIBCA, IOJIYYCHHOTO aBTOMOOWIIEM:
9,=0 m=2000-12=2,4-10" kr-m/c
t=10c¢ BenuunHy felicTBYIONIECH CUITBI MOKHO OIPEICTUTh, YAUTHIBAS, YTO
=432 km/u 12wm/c  Hmmynbc paBeH U3MEHEHHIO UMITyJIbca Telia (BTOpoii 3akoH HproToHa)
Haitru: Ft= m#- md,, T.k. ¥,=0, o Ft= m? —>F=¥
5 oA &
mB=? F="""2=0410’ H=2.4 xH
F-?

Otser: m¥=2,4-10" kr-m/c, F=2,4 kH

3amaua 2. OnekTpoBo3 maccoi 180 T, ABMXKYILIMICA 110 MHEPLMHU C BBIKIIOYEHHBIM JIBUTATEIEM
co ckopocteio 0,5 M/c, moabe3kaeT K HEMOIBIKHOMY BaroHy WM MPOJOJIKACT JBHKCHHE C HUM
BMecTe. KakoBa mMacca Barona, eciii CKOpocTh JIOKOMOTUBA yMeHbIunachk A0 0,4 m/c? Tpenuem
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JIOKOMOTHBA M BaroHa O PeJIbChI TpeHeOperaem.

Hano: CH: Pemenue:
m;=180 T 1,8-10° kr CucremMy Tea1 MOXHO CUMTATh 3aMKHYTOM.
#,=0,5 m/c [To 3aK0HY COXpaHCHHS UMITYJIbCA:
32, = T T g7
»=0 m, U, + my¥, =m0 +m,1,;
17'=0,4 m/c Bribepem HampaBiieHue OCH X BJIOJIb ABIKEHHSI COCTaBa, TOTAa
Haiitu: MIPOEKIMH BEKTOPOB CKOPOCTH HA 3Ty OCh OYyT MOJI0KUTEIbHBI.
my-? VYuutbiBas, uto U, =0, moay4um:
_ ' _ m._t‘i'._—m._ﬁ'l m._l:ﬂ._—ﬁ"'}
m, 0, = (m; + m,) %' >m, = P
1,8-10%-(0,5-0.4
=2l 5704 _ 5 45.10° = 45-10%kr = 45 1

= 04
OtBer: mp-45T

3anaua 3. C noaku maccoit 200 Kr, IBMOXKYIIEHCS CO CKOPOCTBIO 1 M/C, MpBITaeT MajJbuuK Maccoi
50 Xr B TOpM30HTAJIFHOM HAlpaBJICHUU CO CKOPOCThIO 7 M/c (oTHOcuTenbHO Oepera). Kakosa
CKOPOCTh JIOJIKH IOCIIE MPBDKKA MalbuMKa, €CIM MaJb4YMK IPHITAeT: a) ¢ KOPMBI B CTOPOHY,
IPOTUBOIIOIOKHYIO JBIKCHHUIO JIONKU? 0) C HOCA 110 XO/Y ABMKECHHS?

Hano: Pemenue:

m;=200 xr  Manpyuka " JOJIKY MOXHO MPUHATH 32 3aMKHYTYIO CUCTEMY.

=1 m/c Bocnonbs3zyeMcs 3ak0HOM COXpaHEHUs! UMITYJIbCa:

m;=50 kr m, ¥, + m,¥, =m, 9 +m,9]

3,=7 m/c Jlo mpblXkKa MalbuuK JBUTAJNICS BMECTE C JIOJIKOM CO CKOpOCThIO 1 M/c, u Torna
Haiitu: HauanbHbIi HMIyJIbC CUCTEMBI OyaeT (111, + m, )1, BeibepeM Hampasienue ocu
;-7 KOOPJIMHAT 10 HAIIPABJICHUIO JIOJKH.

(m,+m, }$‘+m=$‘£

T,

a) (my +m,)9 =m0 —m,0¥;, Orcroma: 0, =

200+50)-1+50-7
ﬂi=( ) =3 m/c
200

0) eci MaJTbYKK TIPHITAET C HOCA JIOAKHU 10 XOY ABUKEHUSI, TO
(my +m,)0 = m8] + m,19;
(m, + m,)0 —m,9,;

8] =
my
200+ 50)-1—-50-7
8 = ( ) = —0,5m/c
200
3Hak "-" 03Ha4aer, 4To JIo/IKa U3MEHWIIA HAIIPABJIEHUE CBOETO JBUKECHMUSI

Ha TIPOTUBOIIOJIOXKHOE.
Oteet: a) ¥, = 3 M/c;6) 9, = —0,5 m/c

3amaua 4. Kakyroo CKOpOCTh OTHOCHUTEIHHO PaKETHHUIIBI MpuobdpeTaeT pakera maccoit 600 r, ecnu
ra3el Maccoil 15 r BeuieTaroT u3 He€ co ckopocThio 800 m/c?

Jano: CU: Pemenne:
m;=600 r 0,6 xr HauanpHbIil UMIYJIBC PAKETHI C Fa3aMy PABEH HYJIIO, T.K.
my=15r 0,015 kr  pakeTa HEMOJBUKHA, CJIEIOBATEIBHO, COTJIACHO 3aKOHY
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) =0,=0 coXpaHeHus umiyibsca: m, 9, + m,, =m0 +m, 0]

19, =800 m/c [Tonmyuum: 0=m 1E+mgﬁg, OTKyJa
Haiitu: , m, 0,

g = ———

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

IPOTHBOIOJIOKHYFO HAIIPABICHUIO ABMIKCHUS PAKSTHHUIIBI.
Orger: ¥, = —20mM/c

3aganue 2. Pemnure KoJmuecTBeHHBIE 32291

3amaya 1. Teno aBUXKeTCS MPSIMOJIMHENHO, 00Jiajjas HayaJbHBIM HMIIYJIbCOM po. B TeueHue
BpEMEHHU t Ha Teno AeicTByeT cuia F, B pe3ynbTaTe 4ero UMITYJbC JOCTHUIAE€T 3HAYEHUS P.
Onpenenure 3HAYCHHWsS] BEJIMYMH, OOO3HAYEHHBIX «?». HampaBnenue cwibl coBmagaeT ¢
HaIlpaBJIE€HUEM HayalbHOU CKOPOCTH.

3anaya 2. Teno maccoil m ABMXKETCS PAaBHOYCKOPEHHO C YCKOPEHUEM 0L U B MOMEHT BPEMEHHU t
uMeeT wuMmmyinbc p. Hadanbnas ckopocth Tena . Omnpepenure 3HAYCHUsS BEIMYHH,

0003Ha4YeHHBIX «?». BEeKTOp HayaJIbHON CKOPOCTHU TeJla U BEKTOP YCKOPEHUSI COHAIIPABIICHBI.

3amaya 3. /IBa miapa MaccaMd m; W My JBMXKYTCS HABCTpPEUy APYT APYTY CO CKOPOCTAMH 11 u

5. Ux ckopoctu nocie coynapeaus ;' u #,'. Onpenenure 3Ha4CHUS BEIUUYNH, 0003HAYEHHBIX
9

«M.

3amaya 4. Mozienb pakeTbl MAacCcOi M, 3aroJIHCHA TOPIOYMM Maccol my. ['oprodee BeIpbIBaETCSI
CO CKOPOCThIO 15, IpM 3TOM pakeTa MpUOOpeTaeT CKOPOCTh ¥ W MOJHUMAETCS Ha BBICOTY h.

Ornpenenure 3HaUCHUS BETUUYHH, 0003HAUEHHBIX « 7).

3anmaya 5. Peibak maccoil m 3ampbITMBaeT B HEMOJBMXKHO CTOSIIYIO Ha Boje y Oepera osepa
noaxy mMaccoii M. Ilpu 3TOM J01Ka NPUXOMUT B JABUKEHUE cO CKOpocThio ¥'. TopusoHTanbHas

COCTaBJISAIONIAs JIOJKHA pbl0aka B MOMEHT MpbDKKa paBHa 1. OmnpenenuTe 3HAYCHHUS BEIUYHH,
0003HAUEHHBIX «7».
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IIpakTnyeckas padora Ne5 Pemenue 3axa4 no pasaeny «Mexanuka»

Llenb paboTHI: 3aKpENUTh 3HAHUS 10 pa3aeny «MexaHukay.
MeToanuyeckue ykazaHus
Kaxxaplii BapuaHT MPOBEPOUYHOM PaOOTHI COCTOMT W3 JABYX dYacTeld W BKIOYaeT 15 3amaHuid,
pasznuuaromuxcs (GopMoi U ypOBHEM CIIOKHOCTH (cM. Tabmuity 1).
Yactb A conepxkut 10 3ananuii ¢ Beibopom otBeta. X o603Hauenue B padote: Al; A2; ... Al0.
K kaxxnomy 3aaHuio npuBoaAuTCs 4 BapuaHTa OTBETA, U3 KOTOPHIX BEPEH TOJIBKO OJMH.
Yactb B comepxut 5 3ananuii. Ux o6o3nauenue B padore: B1; B2; ... BS.
B nepBoM u BTOpOM MpensoKeHbl 3aJaHusl HA YCTAaHOBJIEHUE COOTBETCTBUS MO3MIIMMA,
IIPEJCTaBICHHBIX B JBYX M TpE€X MHOXKECTBax. TpeTpe, YeTBEpTO€ M IIATOE  3aJaHusd
IIPEANOIAratoT KPaTKUH OTBET.

1 sapuanm

YACTD 1

K xaxmomy w3 3amanmii A.l.— A.10. mansl 4 BapmaHTa OTBETAa, M3 KOTOPHIX TOJBKO OIWH
npaBuiIbHEIN. HoMep 3Toro otBera 3aHecurte B Tabmuiry 1.

A.1. Moer 11 4eJIoBEK Ha 3CKaJIaTOpe HaXOAUTHCS B IOKOE OTHOCUTENBHO 3€MJIU, €CIIU
JCKaJIaTop MOJAHUMACTCS CO CKOPOCThIO 1 M/c?

A.2. Ha pucysnke 1 npencrasieH rpaduk 3aBUCUMOCTH CKOPOCTH IPY30BHUKa OT BPEMEHHU.
VYckopeHue rpy30BUKa B MOMEHT t=3C paBHO

AUy M/C

t

» L,C

A

o
-
FeN

Puc.1.

A.3. Uemy paBHa CpeJHSISI CKOPOCTH JIBHXKEHUS aBTOMOOMIIST Ha BCeM ITyTH (B KM/4) , €CIIH
MEPBYIO MOJIOBUHY IyTH OH JBUTrajics co ckopocThio 70 KM/4, a BTOpPYIO NOJOBUHY MyTH —
co ckopocTeio 30 kM/9?

A.4. Ompenenute MyTh, IPOUICHHBIN TEJIOM OT Hayasa JIBUKEHUS IIPU CBOOOHOM IaJICHUH.
Ecnu B KoHIIE TyTH OHO MMeNo ckopocTh 20 M/c.

A.5. Kak u3meHuTCs TuHEHHAas CKOPOCTh IBM)KEHUSI TOUKH T10 OKPY>KHOCTH, €CJIH YTIIOBas

CKOPOCTb YBEJIMYUTCS B 4 pasa, a pacCTOSTHUE OT BpaIAOLIECHCS TOUKUA 10 OCH
BpaIllCHUs] YMEHBIIUTCS B 2 pa3a?
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A.6. Tlouemy npu paBHOMEPHOM JIBIKCHHH M1O€3/1a MAPUK MMOKOUTCS OTHOCUTEIBHO TIIAKOTO
CTOJIa B KyIle BaroHa?

A.7. Kakyo cuiny Haao MOpHIOXKHUTH K Temy Maccoil 200 r, 4ToObI OHO JBUTANIOCH
2
¢ yckopeauem 1,5 m/c” ?

A.8. UeMy paBHO OTHOLIEHHUE CHUJIbI IPABUTALIMOHHOIO B3aUMOACUCTBHUS, JEHCTBYIOLIEH CO
cTopoHb! JIyHbI Ha 3eMIII0, K CHJIEe TPaBUTAL[MOHHOTO B3aUMO/IEUCTBUS, IEUCTBYIOLIEH CO
ctoponsl 3emiu Ha JIyny. Ecnu macca 3emnu B 81 pa3 Gomnbiue macesl JIynsi?

A.9. KaxoBa kuHeTnueckas sHeprust asromoousst maccoit 1000 kr, 1BrxKyIerocs
CO CKOPOCTBIO 36 KM/4?

A.10. Kakyto MoIIHOCTb pa3BUBaEeT ABUraTeilb aBToMoOuis npu cuwie taru 1000 H, ecnu
aBTOMOOWJIb JIBMKETCSI pABHOMEPHO €O cKopocTbio 20 m/c?

YACTD 2

B.1. YcraHoBuTe COOTBETCTBHE MEXKIY (PU3MUECKUMH BEIMUYMHAMHM U €IMHHUIIAMHU, B KOTOPBIX
OHH U3MEPSIOTCS.

Du3nYeCKUe BEIUINHBI Epuanib! n3mepenus pu3ndeckux BeITHUruH
A) ummynbc Tena 1) Ix
B) mMomHoCTB 2) Bt
3) H
4) H-c

K kaxmoll mo3uuum mepBoro crojdlia MoaOEpUTe COOTBETCTBYIOIIY IO3MILHUIO BTOPOrO U
3aMMIIUTE B TaONMIly2. BbIOpaHHBIE U PHI IO COOTBETCTBYIOIUMU OyKBaMH.

A B

B.2. Kamens OpoiieH BBEpX MO YIVIOM K TOpu30HTY. CONPOTHBIICHNE BO3/IyXa MPEHEOPEKNMO
mano. Kak MeHs0TCS ¢ HAaOOpOM BBICOTHI MOAYJIb YCKOPEHHUS KaMHS, €ro KHHETHYecKas
SHEPrusl U TOPU30HTANIbHASL COCTABJIAIOLIAs €r0 CKOPOCTH 7

JInst Kax 01 BEJIMYMHBI ONPEAEIUTE COOTBETCTBYIOIINN XapaKTEP U3MEHEHHUS:
1) yBenuumBaercs
2) yMEHbIIaeTcs
3) He U3MEHAETCS
3anuinuTe B Ta0NMIly BEIOpaHHbBIE IUQPHI A7 Kax a0 ¢uzndeckoil BenuuuHsl. Lludpsr B oTBeTE
MOTYT TOBTOPSTHCS.

MOJIyJ'IB YCKOPCHHA KaMH Kunernueckas SHEPTIUA FOPI/ISOHTaHLHaﬂ CoCTaBJArOmIasa
KaMHs CKOPOCTH KaMHs

B.3. Ha koHIax HeBecOMOW M HEpaCTS)KUMOM HHUTH, NMEPEKUHYTOM yepe3 OJIOK, MOJBELICHBI
rpy3bl, Maccel KoTopbelx paBHbl 600 T u 400 r. Onpenenure yCKOpeHHE I'py30B IIOCIE TOTO,
Kak cucTeMa OyJIeT mpeocTaBiieHa caMoi cede. TpenueM B O10ke mpeHeOpedb.

| [/
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B.4. YenoBek u Tenexka ABMXXYTCS HaBCTpeuy JpYT APYry, IpHUUEeM Macca 4eloBeKa B 2 pasa
6osnbie Macchl Tenexxku. CKOpocTh uenoBeka 2 M/c, a Telaexkku — 1 m/c. YenoBek BCKakUBaeT
Ha TEJIEXKKY U ocTaeTcs Ha Heil. KakoBa cKOopoCTh UeioBeKa BMECTE C TEIEKKON?

| [ e ]

B.5. Teno 6pormeHo BepTUKaIBHO BBEPX cO ckopocThio 20 mM/c. Ha kakoit BwicOTe
KMHCTHUYCCKAd SHCPrud TCjia paBHa €ro HOTGHHH&HBHOﬁ 3Hepr1/n/1?
ConpoTuBieHreM BO31yXa MpeHeOpedb.

| [

IIpakTHyeckas padora Ne6 Pemenue 3axa4y mo reme MKT

[lenb paboOTHI: 3aKpenmuTh 3HAHHUA OO0 YPABHEHUHM COCTOSIHMS WJICATBHOTO Ta3a, HAYYHThCS
INPUMEHSTH a30BbIe 3aKOHBI IPU PEUICHUH 33/1a4.
OcHOBHbIE NOHATHS H 32KOHBI

CocrosiHMEe HEKOTOPOH Macchl Ta3000pa3HOTO BEIECTBA XaPaKTEPH3YIOT 3aBHCHMBIMU
Ipyr OT Jpyra (QU3MUYECKUEe BEJIWYHMHBI, Ha3bIBaCMble IIapamMeTpamMu cocTosHus. K HuM
OTHOCSTCS 00BbEM V, naBiieHue p, remmneparypa T.

YpaBHEHHUE COCTOSIHHS WJICATBHOTO Tra3a - YpaBHEHHE, KOTOPOE CBS3BIBAET MEKIY COOOH
IATh [ApaMETPOB HJCAIBHOrO raza: Maccy (m), mMossspHyro Mmaccy (M), temneparypy (T),
nasnenue (P) u o6wvem (V). 310 ypaBHEeHHE OBLIO MOJIYYCHO SKCIEPUMEHTAIBHO, HO T.K. TPYAHO
IOPOBECTH OKCIEPUMEHT C M3MEHEHHEM IISTH [apaMeTpoB, TO IEPBOHAYAIBHO OBUIH
YCTAaHOBIICHBl YaCTHBIC Ta30BbIE 3aKOHBI, KOTJa TpPU Mapamerpa (UKCUPOBAINCH, H
OTIpeieNsIach B3aMMOCBSI3b JIBYX APYTHUX.

Besikoe W3MEHEHHE COCTOSHUSI Tena (CHCTEMbI Tej) Ha3bIBACTCS TEPMOIUHAMHYCCKHM
MPOIIECCOM.

JIJis M3y4eHusi U CpaBHEHUS PA3JIMYHBIX TEPMOJNHAMHUYECKUX MPOIECCOB UX U300PAXKAIOT
rpadu4ecKH.

W3onporieccamu Ha3bIBalOT TEPMOJAMHAMHYECKUE MPOIECCHI, MPOTEKAIONINE B CUCTEME C
HEM3MEHHOM MacCcOi MPH MOCTOSHHOM 3HAUYE€HUH OJTHOTO U3 ApaMETPOB COCTOSHHS CUCTEMBI.

[poriecc, nmpoTekaromuii B ra3e, Mpu KOTOPOM 00BEM OCTAETCs MMOCTOSTHHBIM, Ha3bIBACTCSI
HU30XOPHBIM.
3akon [llapns: naBiieHue ra3a TaHHOW MaccChl MIPHU MOCTOSTHHOM 00BEME BO3pacTaeT JTMHEWHO C
YBEIIMYECHUEM TEMIIEPATYPHI.

T, T’

ol
= const; ( V=const, m=const).

p/""’—

P

P

T 4
[Ipouecc, nporekarommii B rase, MNpU KOTOPOM JIABJIEHUE OCTAETCS IOCTOSHHBIM,
Ha3bIBAETCS U300apHBIM.
3akon ['eif-Jlroccaka: oObeM rasa JaHHOH MacChl NpPU TIOCTOSHHOM JaBIICHHHM BO3PacTaeT
JUHENHO C YBEIMYEHUEM TEMIIEPATYphl.

i -
s

\% Vi 'V,
F = const,— = —;(p = const,m = const)
1 2

V=V,(+an
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rje t - TeMrepaTypa rasa no mkaie Lenbcus;
V- 06beM nanHo#i maccsl raza npu 0°C;
0, ~-TePMHUYCCKHUIA KOAPDUITMEHT 00BEMHOTO PACITHPCHUSI.

V P A
L/ _
A Taw

ITponece, mporexaromuii B rase, IpU KOTOPOM TEMIIEpaTypa OCTAETCS IOCTOSHHBIM,
Ha3bIBAETCS U30TEPMUUECKUM.
3akoH boiinsg-MapuoTTa: naBieHue raza JaHHON MacChl IPH MOCTOSHHON Temrieparype yObiBaeT
C YBEJIMYEHHEM 00beMa.
pV = const; p,V, = p,V,; (T=const, m=const).

P V r

V T

Pl —
- L

Jlns mpou3BOIBHOM Macchl m rasa ¢ MOJSIPHOM Maccod M cropaBemyIMBO YpaBHEHME
Menneneena - Kianeiipona:

™
pV:;RT, rae

R=8,31 iﬁ— MoJIsipHasi (YHUBepCallbHasi) ra30Basi HOCTOSHHAS.
MOJE -

B npyrom Buze ypaBHEHHE COCTOSIHUS MICATBHOTO Ta3a MOXKHO 3aIicaTh B BUJIC:
p=nkT,

N --
IJie 1= KOHIICHTPALKs [a3a, TO €CTh YMCIIO YaCTHULL B eAMHULE 00bEMa rasa,

N4 — nocrostHHast ABoraipo, k — mocrostaaast bonmsimana.
3akon JlanbpToHa (JaBIEeHWE CMECH XUMHUYECKU HE B3aUMOJICHCTBYIOIINX T'a30B):

N
P=2F
i=1

rae P; - mapuuansHoe naBnenue, N -KOJIU4eCTBO Ta30B B CMECH.
3ananue 1. OTBEThTE Ha BOIPOCHI:
1. Kakoii mpornecc Ha3bIBaeTCs U30TEPMUYECKUM?
2. Kakoii mpouecc Ha3pIBaeTcs N300apHbIM?
3. Kakoii mpoiiecc Ha3bIBA€TCS H30XOPHBIM?
4. Tlpu Kakux ycJOBMsIX cIpaBeUIUB 3akoH boiins — Mapuorra? I'eit — JIroccaka? lapns?

MeToanueckue yKazaHust

[Ipu peureHnn 3aa4u Ha ra30BbI€ 3aKOHBI, HY’)KHO YCTAHOBHTh M3MEHSAETCS JIM Macca rasa
MIpH TEPEX0Jie U3 OJHOr0 COCTOSIHUS B Jipyroe. Ecnu macca rasa ocTaércsi HOCTOSTHHOM, MOXKHO
3anucath ypaBHeHue Kianeiipona (ypaBHeHHs] 00beIMHEHHOTO ra30BOro 3akoHa). Ecnu sxe npu
MOCTOSIHHOM Macce B JIAaHHOM TIpollecce He U3MEHSAETCsS Kakoi-in0o u3 mapametpoB p, V uiau T
(maBneHue, 00bEM, TeMIlepaTypa), IPUMEHSIOTCS YpaBHEHUSI COOTBETCTBYIomIero 3akoHa (I'ei-
Jlroccaka, apns wnm boinsg-Mapuorra). Eciin B ABYX COCTOSHUSIX Macca raza pasHasi, JJis
KaKJIOTO COCTOSIHMSI 3allMChIBAIOT ypaBHeHHe MenneneeBa - Kianmeiipona. 3arem cucremy
YpPaBHEHUI PELIAIOT OTHOCUTEIBHO UCKOMOW BETUYUHBI.

Jns pelienus 3a1a4d Bcex TpyI MOKHO PEKOMEH0BATh TaAKYIO MOCIEI0BATEIbHOCTD!

-BHUMATEILHO TMPOAHAIM3UPOBATh YCJIOBHE 3a/Jaud, YCTaHOBUTH, KaKOW Ta3 y4yacTBYeT B

npoliecce, Kakue napaMeTpbl MEHSIOTCS, KAKUE - OCTAIOTCSI IOCTOSHHBIMU;
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-CeNIaTh, €CIM BO3MOKHO, CXEMAaTHMYECKUM 4YEepTeX, yKa3aB IPU 3TOM, KAKHE IapameTpbl
XapaKTEePU3YIOT KaX/10€ COCTOSHUE;

-0co00€ BHHMAaHHUE YJACIHTH IapaMeTpaM, 3aJaHHBIM HESBHO, WHOT/A IS HAXOXKICHHS
o0bemMa rasza Hy»KHO HCIIOJIb30BaTh (HOPMYJIBI TEOMETPHH, AJSl HAXOXKICHHs JaBJICHUS Ta3a Ha
AKUAKOCTb- 3aK0oH [lackans unu cootHomenue p = po+Pgh

-JJI1 KaXJI0r0 COCTOSIHUS 3alMCaTh HY>KHbIE COOTHOLUEHUS U PEUIUTh MOJYYEHHYIO CUCTEMY
YPaBHEHU OTHOCUTEIBHO HCKOMOM BEJIMYUHBI.

B rpynmy BelneneHsl rpaduueckue 3aqauu, Ui peIIeHUs KOTOPBIX CIEAyeT XOpOIIO 3HaTh
rpaduueckoe M300paxKeHHe Ha IUIOCKOCTH BCEX H30IPOLECCOB B Pa3IUYHBIX KOOPAMHATHBIX
0CsIX.

IIpumeps! pemienus 3agay

3anmava 1. Jlan rpaduk U3MEHEHHs] COCTOSHUS UAeaNbHOro rasa. [IpounTtaTh €ero u moCTPOUTH
rpaduk 3Toro mpouecca Ha quarpamme P,T; V,T.

Pewenue:

[Tpouiecc W3MEHEHHS COCTOSHHMS Ta3a MPOUCXOIUT MPH MOCTOSHHOM 00BEMe: V=const —
M30XOpHBIN nporiecc. JlaBnenue Bo3pacraet P,>Pj.

o, Do
Cornacho 3axony Hlapas: Pl CnepnoBarensHo, T>>Ti, ra3 n30XOpHO HarpeBaeTcsl.

ITocTpoum 3TOT Ipouecc B KoopaAnHATHBIX ocsax V,T.
T.x. 00bE€M HE U3MEHsETCS, TO U30X0pa N300paxaeTcs NpsMon JTuHUeH, napauiensHoi ocu OT.

VYuuTeiBas, 4TO B pe3yibTaTe 3TOr0 Mpoliecca TEMIEpaTypa yBEIHMUYUBAECTCS, PACCTABUM TOUYKHU
Havaja mpolecca — Touka 1 — 1 OKoH4aHue mpouecca — Touka 2.

N30xopHOE HarpeBaHue B KOOpAMHATHBIX ocsx P, T umeer ciemyromuil BU:

P
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3agaua 2. Ha pucyHke n300pa’keHbl IPOLECCH M3MEHEHUSI COCTOSHUS HEKOTOPOM Macchl rasa.
HazoBuTte 3111 iporieccsl. M300pasute rpaduku mpoiieccos B cucteme koopaunat P,T u V,T.

Pentenue:

1) I'a3 mepexoaut U3 cocTossHus 1 B cocTOsHUE 2.

V=const, 00béM He MeHseTCs, MpollecC HU30XOpHBI. W3 rpaduka BUIHO, YTO JaBlIeHUE ras3a

o P
ymenbinaercs, T.e.P;>P,. Cormacno 3akonmy Hlapis: T — 1 ToIydaeMm, 4TO TeMIeparypa

yMmenbuiaercs, T.e. T1>Ts.

CJ'IG)IOBaTGJ'II)HO, nepexoa rasa u3 COCTOAHUA 182 - HU30XOPHOC OXJIAXKIACHHUC.

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

P=const — naBnenue ne menserca. O0BEM raza yBenuuuBaetcs, Vi>Vs.

Ed

o W '
CornacHo 3akony I'eii-JIroccaka: o= =, noayudaeM, yto T3>T,. D10 M300apHOE paclupeHue

2
2 3

rasa.

ITo pucynky Buano, yto T;=T3 — TOuku nexar Ha U30TEpPME, T.€. B COCTOSAHUIX 1 U 3;
TeMIIepaTypa raza OJAMHaKoBa.

1) Koopaunartusie ocu P, T.

[Tepexon 1—2. Ormetum Touku P u P,, yuuteiBas, uto P;>P,. [Toctpoum nzoxopy 1-2. Otpesok
2-0 n300pak€H MyHKTHPOM BOJIN3U a0COFOTHOTO HYJISI TEMIIEPATyP.

[Tepexon 2—3. N306apHbIii mporece 2-3 n300pa3uTcs npsMoil TuHuel, napamiensaoi ocu OT,
MIPU 3TOM TEMIIEpATypa ra3a yBeJIMUUBAETCA. YUTEM, YTO TeMIEpaTypa ra3a B COCTOAHUAX 1 u 3
onunakoBa, To T1=T3. [loaTomy Touku 1 u 3 MOMKHBI HAXOIWUTHCS HAa OJIHOM BEPTUKAIBHOM
JINHUU.

0 T, Tz T
2) Koopaunatusie ocu V, T.

[lepexon 1—2. M3oxopuslii mpouecc 1-2 n3obpasutbes npsMoi, napamienbHoil ocu OT,
YUHTBIBAsi, UTO TEMIIEPATYypa yMEeHbIIAETCs. OTMETUM TOUKY V), IpHuéM V,<V3.

[Tepexon 2—3. MU306apa mpoxoaut vepe3 Touku 0 u 2 g0 nepecedenus ¢ npsimoit T 3-1. Yacte
u300apsl 0-2 n300paXkeHa MyHKTUPOM. YUTéM Takke, yto T1=T3.
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3agaua 3. Ha pucyHke naH rpauk M3MEHEHMs COCTOSHHS HIEAIbHOIO ra3a B KOOPAMHATHBIX
ocax V, T. IlpeacraBbre 3TOT nporiecc Ha rpadukax B KoopauHaTHbIX ocsix P, V u P, T.

Pemenue:

1) 1-2: P=const — u3obapubiii mpomecc. Vi<V, — o00béMm yBenmmuuBaetrcs. 1)< T, —
TEeMIepaTypa yBEIUYUBAETCSI. DTO U300apHOE paclIMpeHue rasa.

2—3: T=const — nzorepmuyeckuii mporecc. V,>Vi — 006éM ymensinaercs. Po<P; — naBnenue
YBEIIMYUBAETCA. DTO U30TEPMUUYECKOE CHKATHE.

3—1: V=const, 06b€M He MeHseTcs, npolecc n30XxopHbid. T3>T- TeMeparypa yMeHbIIAETCS.
P3>P| — naBnenue ymeHsIaercsa. 3T0 H30XOPHOE OXJIaKIEHHUE rasa.

2) IlpencraBuM 3TOT 3aMKHYTBIN ITPOLIECC B KOOPAUHATHBIX OocsX P, V.

N300apHsIif npouecc 1-2 nzobpa3utcs npsMoii TnHUeH, napaiuienbHoil ocu 0V. 3Hauenus Vi u
V, onpenenum 1o 3agaHHOMY Tpaduky. 3HadeHne P; MOXHO B34Th Mpon3BoJibHO. M30Tepma 2-3
— 3TO0 runep0oya, MpU MOCTPOCHUM KOTOPOH yduTéM, 00bEM rasa yMmeHbInaeTcs. M30XOpHBIHA
MIPOLIECC NIPU YMEHBIIEHUH TEMIEPATYPBI CONPOBOXKIAECTCS YMEHBIICHUEM JAaBJICHUS, TO3TOMY
Ha rpaduke oH U300pak€H BepTUKaIbHOU uHUeH 3-1, napamiensHoit ocu OP.

3) [Tpu moctpoennn rpaduka B koopauHatHbIX ocsix P, T cHawama ormerum Touku T u To,
3HayeHne P; BeiOepem mpousBosibHO. M300apHselii mpouecc 1-2 n300pa3uTcst mpsIMoOil JTHHUEH,
napawieasHot ocu 0T. M3orepma 2-3 m300pa3uTcs BEPTUKAIBHOW JMHUEH, MPUYEM OOBEM
YMEHBILIAETCS, a JIaBJIeHUE yBelIUuuBaeTcs. Touka 3 J0JKHA HaXOIUThCS Ha u3orepme Tr — 2 u
Ha wu30xope, 4yacTh Koropod 0-1 wm3o0paxena myHkTHpoMm. IIpomomxkas mnpsmyro 0-1 mo
nepeceueHus ¢ npsmoil To — 2, Haiaém Touky 3. Ilocne 3TOro sicHO, YTO M30XOPHBIN IpoLEece
n300pa3uTcs oTpe3kom 3-1.
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3amanue 2. Pemnre KoJIH4ecTBEHHBIE 321291

3anauva 1. Ha pucynke nzo0OpakeHbl B OJJHON U3 TPEX BO3MOXKHBIX cucTeM koopauHat (pV, VT,
pT) rpaduxu npoueccoB ¢ razom HekoTopoil Maccel. Haueptute rpaduxu mpoiieccoB B IBYX
JIpyTUX cucTemMax KoopauHat. Homepa BapuaHTOB yKa3aHbl 10/ rpaduKaMHu.

3anaua 2. Ha pucyHke n3o0pakeHbl B OJJHON U3 TPEX BO3MOXKHBIX cucTeM koopauHat (pV, VT,
pT) rpaduxku mnpoueccoB ¢ razoM HeKoTopodl Macchl. Haueptute rpaduk nponecca,
IIPUBEIEHHBIN B BallleM BapHaHTEe, B JBYX APYIHX cucTemax KoopauHar. Homepa BapuaHTOB
yKa3aHbl MO rpapuKaMu.

3anaua 3. [IpeacraBpTe 3a7aHHbIN rpaduk B HepocTaromux koopaunarax (PV, PT, VT).
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IIpakTnyeckas padora Ne7 Pemienue 3aga4 mo teme «JieKTpU4ecKoe 1M0J1e»

[{enb paboThI:
- 3aKpeNnuTh YMEHHUE MPUMEHSATH (HOpMYIy HANPSHKEHHOCTH SJIEKTPUYECKOTO TIOJIS, 3aKOH
KynoHna, 3akoH COXpaHEHHUS ICKTPUYECKOTO 3apsiga ¥ MPUHIUI CYNEPHO3UIMH TOJIEeH
NIPY PEUICHUH 33/1a4;
- CHOCOOCTBOBATh Pa3BUTHIO YMEHHS JJOIMYECKOTO MBIIIICHHS;
- cIocOOCTBOBAaTh PA3BUTHIO IO3HABATEIBbHBIX CIIOCOOHOCTEH, CaMOCTOSTEIBHOCTH,
OTBETCTBEHHOCTH.
OcHoOBHbIE NOHATHSA U (GOPMY.JIbI
DneKkTpocTaTHKa — pa3zaen GU3UKHU, U3y4aroLIi HEMOABI)KHBIE JIEKTPUUYECKHUE 3aps/Ibl.
DNEeKTpUYECKUN 3apsi — BEIMYNHA, XapaKTePHU3YIOIasi CIIOCOOHOCTh YacTHUIIHI BENIECTBA K
AIIEKTPUUYECKOMY B3aUMOAECHCTBUIO.
3aKOH COXpaHEHUs DIIEKTPUIECKOTO 3apsi/ia: B 3aMKHYTOH (dJEKTPUIECKH N30JIMPOBAHHOM )
cucteMe anredpandeckas CyMMa 3aps10B BCEX YaCTHUI] OCTAHETCS] HEM3MEHHOM.
3akon Kynona: cuima B3aMMOACWCTBUS [IBYX HETOABIDKHBIX TOYEYHBIX 3apsIOB IPSIMO
IPONOPLMOHATIbHA MPOU3BEACHUIO MOJYJICH 3apsa0B U 0OpaTHO MPOIOPIUOHAIBHA KBAApaTy
pPacCTOSIHHUS MEXTy HUMH:

lqylla,l 1
F=k —4 = k=
5T 4 s,

, Tne k- koaddunuent nponopuuonansuoctu B CU;

£- OUDJIEKTPUYECKAs IPOHULAEMOCTb CPEABL; £, - JIIEKTPUUECKas ITOCTOSIHHAS:
£o=8,85-10"2®/m
HaHpH)KeHHOCTBIO B ﬂaHHOﬁ TOYKE JJICKTPOCTATUYCCKOI'O IMOJIsI HA3bIBAIOT BCKTOPHYIO

bu3NYeCKyl0 BEIUYMHY, PAaBHYIO OTHOILIEHHUIO CHJIBI, JEHCTBYIOIICH, B JaHHONW TOUYKEe Ha

TO‘-IG_}"IHBIfI IPOOHBIN 3apsiI, K STOMY 3apsiay.
=L,

To
rae F - cuna, ¢ KOTOpoil 1oJie JEHCTBYET Ha MOJIOKUTEIbHBIM TOUECYHBIN 3apsij (o, TOMEIICHHBIN
B OTY TOUKY.

[IpyHuun cynepno3uuMM TOJEH: €CIIM B JAaHHOM TOYKE IPOCTPAHCTBA pa3IMYHBIC
3apsOKEHHBIE YACTULIBI CO3/1A0T I0JIsA, HAIIPSHKEHHOCTH KOTOPbIX B, B, By, TO pesynbrupyromas
HANPSDKEHHOCTD I0JI B 3TOM TOUKE
E=E, +E, +... +E,.

IToBepXHOCTHAS INIOTHOCTB MIEKTPUYECKOTO 3apsaa
6= q/S, Tae q - 3apsi, paBHOMEPHO pacIpeIesIeHHbIN M0 MOBEPXHOCTH TeJa TUIOMIAIBIO S.
HanpspkeHHOCTD 3JIEKTPOCTaTUYECKOrO MOJIS TOYEUHOro 3apsia ( Ha PacCTOSHHUU I OT

HETO
lql

= , TOC &= JUIOJICKTpUYECKasA IPOHUIAEMOCTE CPEbI.
&g &

HaHpH)KCHHOCTB QJICKTPOCTATUYCCKOI'O II0JIA OeCKOHEYHOI PaBHOMEPHO 3ap;1>1<eHH0171
INJIOCKOCTH

Eil
E=— rae ¢ - moBepXHOCTHas INIOTHOCTb AJIEKTPUUYECKOTO 3apsiia.
-
HamnpspkeHHOCTB 3IIEKTPOCTaTHYECKOTO MOl METAJUINYECKON 3apspKeHHOM cepa pajuyca
R Ha paccrosHum r > R oT ienTpa chepsi
lgl
E=—"—, rne q-3apsz cdepsl. Buytpu cdepst (r<R) E=0.

2
T E X

3amanue 1. OTBEeThTE HA BOIPOCHL.
1. Yro Takoe snekTpudeckuii 3apsan? Enqunauiia nuamMepeHus 3IeKTpUIecKoro 3apsaa?
2. Coopmynupyiite 3akoH Kynona.
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(98]

ChopmynupyiiTe 3aKOH COXPaHEHHS SJIEKTPUUECKOTO 3apsijia.

4. Uro Ha3bIBaeTCs HANPSHKEHHOCTBIO dieKkTpuueckoro mnons? KakoBo HampaBieHHe
HaMpsOKEHHOCTH dJIeKTpudeckoro moina? Kak paccuuTbiBaeTcs HanpsKEHHOCTH TOJS
TOYEYHOTO 3apsaa?

5. B 4ém cocTOMT NpUHIIHI CYTIEPIIO3UIIAN TTOJICH?

MeToanueckue yKa3aHus
3amaun Mo 3JIeKTPOCTaTHUKE YIOOHO pa3aenuTh Ha ABe rpymmbl. K mepBoit rpyrimne MoKHO
OTHECTH 33/1a4d Ha Pacy€T CHIIOBBIX M DHEPreTHUUECKUX XAPAKTEPUCTHK SICKTPOCTATHUECKOTO
1oJisi, KO BTOPOM — BCE 3aJaud Ha paBHOBeCUE JINOO JBMKEHHE 3apsHKEHHBIX Te (YacTHIl) B
ANEKTPOCTATUYECKOM IIOJIE.
3amaun  TEpPBOM  TPYNIBI  CBSI3aHBI € TPEJACTABJICHHSIMH O  CYIIECTBOBAHUU
AIIEKTPOCTATUYECKOTO TOJISI BOKPYT HEMOJIBHKHBIX 3apPSKEHHBIX TENl U CBOISATCS K HaXOXKICHHUIO
OCHOBHBIX XapaKTepucTHK moJis. [Ipu ux pemenun HeoOX0aUMO:

1) chnemate pUCYHOK, WM300pa3uB JHHUM HANPSHKEHHOCTU JIIEKTPOCTATHYECKOTO TMONS U
3apsKEHHbIE Tella, TOMEUIEHHBIE B 3TO TOJIE;

2) TpH HaXOXKICHUM HAMPsDKEHHOCTH TOJIE B HEKOTOPOUW TOUYKE CIEAYyeT MOMHUTH, YTO ITO
BEKTOpHAas BEJIMYMHA W HAMpPAaBJICHA MO KacaTeJbHOW K JMHUHM HampshbkEéHHocTH. Ecnm
nojie 00pa3oBaHO TOYEYHBIM 3apsAIOM, TO OHAa HampaBlieHA BAOJNb MPSIMOH,
COCMHSIONIEH 3apsAl U TOYKY, B KOTOPOW OMpPEAEIISIIOT E", oT 3apspaa, ecau ¢>0, U K
3apsany, eciu q<0;

3) ecnu 1TOJIE CO3/1aHO CUCTEMOM TOYEYHBIX 3apsioB, TO HANOpPsLDKEHHOCTb —IOJS

— —_—

PaCCUMTHIBAIOT COTJIACHO NPHUHLHITY Cynepno3unuu:. E=E, + E, +... +E

> HE 3a0bIBAs,

4TO 3TO reoMerpuueckas cymma. Cieayer NpaBUIbHO ONPEAEINTh HanpasieHue E: nis
IIOJIOKUTENBHOTO TOYEYHOIO 3apsia BEKTOp E HalpaBieH MO pajdaJbHON JIMHUU OT

3apsiia, ISl OTPHUIATEIIHBHOTO — K 3apsiay;

4) ecnu Mpu B3aUMOJICUCTBUM 3aPSKEHHBIX TEJ MPOUCXOIUT MEpEepaclpeiesieHre 3apsiioB,
TO 3aIUIINTE 3aKOH COXPAHECHHUS 3apsI0B.

Pemrenue 3agau BTOpoOM rpynmnbl OCHOBAaHO Ha NPUMEHEHUE 3aKOHOB MEXAHUKU C YUETOM
3akoHa KysioHa M BBITEKAIOIIMX W3 HETrO CiencTBUid. Takue 3amaun peKOMEHIyeTCs peliaTh B
CJEAYIOIIEM MOPSIKE:

1) cnmenmaiiTe pHUCYHOK, M300pa3WB BCE CHWJIBI, JCUCTBYIOIIME Ha 3apsHKEHHOE TENO, U
3alUIINTE JIJIsl HErO YCJIOBHE PABHOBECHS MJIM OCHOBHOE YPaBHEHHUE TMHAMUKU;

2) BBIpa3WTE€ CHJIBI  BJEKTPOCTATHYECKOrO  B3aWMOJCUCTBUS  4Yepe3  3apsllbl WU
XapaKTEPUCTUKU TOJIA U MOJCTaBbTE 3TH BBIPAXKEHUS B UCXOJIHOE ypaBHeHue. [Ipu aTom
HAJI0 IOMHUTD, YTO MEXKY OJJHOMMEHHBIMH 3apsgaMu ACHCTBYIOT CHJIBI OTTAJIKUBAHUS, a
MEXIy PasHOMMEHHBIMHU - CHWJIBI TpuTshKeHus. [Ipu BeuuciaeHnu B GopMyly 3aKOHA
Kynona moacTaBisitoT aOCOMIOTHBIE 3HAYEHHUS 3apsiioB, 3HAKU 3apsiiOB YUYUTHIBAIOT
TOJIBKO TIPU ONpENeNIEHUH HampaBlieHusi cui. Eciu u3BecTHa HANpsKEHHOCTH MOJISL, TO
CHJIy MOXHO ONpENeNuTh Mo QopMmyiie F= qE , YUUTBIBas, 4TO F11 E, ecmn >0 u
F TLE, ecnu q<0;

3) mpu pacCMOTPEHUH JBIDKCHUS 3apsHKEHHBIX YaCTHI[ B AJIEKTPOCTATUYECKOM TIOJIe
clelyeT BBISICHUTh XapakTep JIBJKEHHMSI W HCIOJIb30BaTh KHUHEMAaTUYECKHE U
JTUHAMWYECKHE YPAaBHECHUS IBFKCHHSI HIJTA 3aKOH COXPaHEHUs YHEPTUH;

4) 3anummMTe BCTIOMOTATeNbHBIE (OPMYIBI, a TMOIYYCHHYIO CHUCTEMY YpPaBHEHUS DEIIUTE
OTHOCHUTEIBEHO HEU3BECTHOM BEJIMUHMHEI.

IIpuMepsbl pelienus 3aga4
3amada 1. /IBa 0MMHAKOBBIX MaJE€HBKHUX IIapHKa, 00IaIar0NMX 3apsaaoM ;=6 MKKI u 3apsgom
Qo= -12 MmxKun, Haxomarcs Ha paccrossHuu 60 cM npyr ot apyra. Omnpepenute cuity
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B3aUMOJIENCTBUS
CONPUKOCHOBEHHU

Hano:
q1=6 MxKn
qo=-12mxKn

=60 cMm

k=9-10°H-M*/Ki?

Haiitu:
F-?

q'-?

OrtBerT:

MeXIy HUMU. UeMy OyeT paBeH 3apsij KaKI0ro Iapuka, €CJIM UX MPUBECTH B
€ ¥ 3aTe€M pPa3beIUHUTH?

CH: Pemenne:
6-10°Kn 7, o
“12-10° *——n -
6KJI +q, -G,
0,6 M CornacHo 3akony KynoHa cuia B3auMOJIeUCTBUSA:
Pk lq, Inrr zl
Ca
PasznouméEnHBIE 3apsiibl TPUTITUBAIOTCA.
B pesynpraTe CONPUKOCHOBEHHS IIIAPUKOB MPOUCXOIUT
nepepacnpeiesieHue 3apsa0B, MOCIEe Yero 3aps KaxAaoro U3
[IAPUKOB PaBeH q' = % 3apsi BTOPOTO IMIapyKa YBEIUYUTCS
Ha Aq, = q' — g,; 3apaA NEPBOrO INAPHKA YMEHBIIMTCS HPH
srom Ha Ag, = q' —q,
Bprunciim cuiy B3auMOAEHCTBUS
F=9.107 S0 12107 _ gy
&-1075F
, 6-107°—12-107° .
qg' = = —3-10"%Kn
2
F=1,8 H;

g'=3-10"%Kn.

3amaua 2. MarneHbKkuil MIapuK Maccou 2:107 KT, IIOJIBEIICHHBIN Ha TOHKOM MIEIKOBOM HUTH,
HecéT Ha cebe 3apsi 3-107 K. Ha kakoe pacCTOSHHE CHH3Y K HEMY CIedyeT MOIHECTH APYToil
MaJeHBKHIT mapuK ¢ 3apsagom 5-107 Kii, 4ToObI HATSKEHHE HUTH YMEHBIIAIOCH B 2 pa3a?

Jano:

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

2=9,8 m/c?
Haiitu:

r-?7

Pemenue:
Ha mapuk, noaBemieHHbI HA HUTH, JEUCTBYIOT JBE CHJIBL: CHJIA TSHKECTH MG

Y CUJIa HATSDKCHUS HUTH ﬁ Hamnpasnenus cuim mpoOTHBOIIOIOKHEI.

[Tap HEMOABMXEH, CIETOBATENBHO, ﬁ: mg.

Ecnu Ha paccTossHUM T TOMEMIEH 3apsij (2, TO Ha MIAPUK JAEHCTBYET el oaHa
cuna — Kyona, HanpaBiieHHast BBepX U paBHas F=k %

YTo0bI cHjIa HATSOKEHUS HUTH YMCHBIIWJIACH, 3apsaa (2 AOJIKCH OBITH TOTO K€

3HaKa, YTo U 3apsij q;.
y

¢}
9,

3anuiueM ycjaoBHE paBHOBECHS IIapHUKa B 3TOM CIIydae:
mg + T, + E=0
Bri6epem Hanpasnenune ocu Oy BepTUKAIBHO BBEPX U 3aIMIIIEM 3TO YPAaBHCHHE

B IIpoeK1uAxX Ha och Oy.
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-mg+T,+F=0

T, lq,llgal
[ToacraBuM naHHbIE 3a7a4M: -mg + —+ kT‘ = 0, o Ty=mg, T0
mg la,lla.l _ |2k-|q-|'|q3|
-mg+—+ k—— =0-r= |——=
2 r N mg

OtBer: =37 cM

3anayva 3. J[Ba ToueuHsIx 3apsaa 6,7 u -13,3 uKi HaxoasTcst Ha paccTossHUU 5 ¢M IpyT OT ApyTra.
Haiitu HanpspKEHHOCTD 3JEKTPUYECKOT0 MOl B TOUYKE, PACIONI0KEHHOW HA PACCTOSHUU 3 CM OT
MIOJIOKHUTEIHHOTO B 4 CM OT OTPHULIATEIILHOTO.

Jano: CHU: Pemenne:

q,=6,7 1K 6,7-10"Kn T

q=-13,3 uKn -13,3-10Kor :

= ScMm 5107 M

r=3cMm 3-10% m

=4 cMm 4107 m CornacHo MPUHIIUITY CyINEpIO3UIUU nosjeun
HaINpsKEHHOCTh

k=9-10°H-m*/Ki* 10JIs1 B TOUKe A paBHa E =E£ + E;

Haiitu: T.x. 3apsiapl q; U 2 TOYECUHBIE, TO

E-? Ei=k- la| Ey=k - lazl

.

15,

N3 pucyHka BHIHO, 4YTO £MAK=90", AMNK -

[ER T

PSIMOYTOJIbHUK.
Paccmorpum TpeyronsHuk AMN: £AMT=90°, cropona
MN:| E|, Toraa Motysib HANpsS>KEHHOCTH TOJIA B TOUKE A

Haiiném o teopeme Iudaropa: E = \/E} + E?

212 1g212
gk [lEF loiF
\ ]"'1 ]"':

I P a P
—0.109. [(B7-1077) (13.3-107 ")
E=9-10 y (3-107%)° (4-10-%)*

=100- 103 =
Kn

Oteer: E=100 kH/Kn

3aganue 2. Peiure KoJIM4eCTBEHHBIE 3a/1a4H.

38.,[[8‘18. 1. [[Ba HEMIOJABMKHBIX TOYCYHBIX 3apsaaa &y U &+, HAXOAACh Ha PACCTOAHHUHU T OAPYI OT

JIpyra, B3auMOACHCTBYIOT ¢ cuiioi F. Onpeaennure 3HaueHWe BEITMYUHBI, 0003HAaYeHHOU «?». Bo
CKOJIbKO pa3 HM3MEHUTCS CHJIa B3aUMOJICUCTBHS 3apsiioB, €CIIM PACCTOSHUE MEXAY HUMU
YBEJIMYUTH B 0 pa3?

3amaua 2. /[ByM OMHAKOBBIM IIapUKaM COOOITWIIH 3aps/bl §4 U q,. lapuku npubausunm apyr
K JPYry A0 CONPUKOCHOBEHHS W 3aTeM pa3Benu Ha paccrosHue . [lpu stoM cuma ux
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KYJIOHOBCKOTO B3aMMOJICHCTBHS cocTtaBmia F. Onpenenure 3Ha4eHUE BEIIMIUHBI, 0003HAYCHHON
«?». PaccTosiHue Mexy mapuKamMu CyIIeCTBEHHO OOJIbIIE UX Pa3MEPOB.

3amaua 3. B Bepmmnax A u B mpsmoyronsHoro tpeyroibHuka ABC (yron C — mpsmoii)
HaXo#saTcsl 3apsanel g, U gg. Jmuabl xkatetoB AC u BC paBHBI COOTBETCTBEHHO O U b.

Hanpsokénnocts snexktpuueckoro mnosnst B BepmmHe C paBHa E. Omnpenenure 3HaueHue
BEJIMYMHBI, 0003HAUEHHON «7».

3anaya 4. [llapuk Maccol m ¥ 3apsaoM ( IOJABEILIEH Ha TOHKOW HeBecoMol HUTHU. [lox HuM
pacroynioxeH 3apsn o Ha pacctosHuu r. Cuia HaTspDkeHUss HUTH paBHa 1. Omnpenenute
3HaYeHHE BEJIMYMHBI, 0003HAUCHHOH «?7».
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IIpakTHyeckas padora Ne§ Pemenue 3axa4 no reMe «3aKOHbI IOCTOSIHHOTO TOKA»

Llens paboOTHI: 3aKpEeNUTh YMEHHE NMPUMEHATH 3aKOHBI MapajuIeIbHOTO M IIOCIEA0BATEIHLHOTO
COEMHEHUS ITPOBOJHUKOB IIPU PELLICHUU 3a/1a4.
OcHoBHBIC 3aKOHBI U OpMY.JIbI
OJNEKTPUUYECKUN TOK — OTO YHOPSAOYEHHOE [BWKEHUE 3apsyKEHHBIX YacTUL. 3a
HaIIpaBJICHUE TOKA [IPUHUMAIOT HAIIPABJICHUE JBUKCHUS M1OJI0KUTEIBHO 3apsUKEHHBIX YaCTULL.
Cuna NoCTOSHHOTO 3JIEKTPUYECKOI0 TOKA!
=2

E
I7I€ - 3apsiji, IePEHOCUMBIN Yepe3 MOoMepeyHOe CeUeHUE MPOBOTHUKA 32 BpeMs t.
3akon Oma 1t yyacTka 1emnu, He coaepxariero 3/C:

=2
R

rae | — cuna toka, U —HanpsbkeHue Ha 3TOM ydacTke; R —comnporusnenue.
DNEeKTpUYecKoe COIMPOTUBICHUE TMPOBOJHUKA JJIMHOM | ¢ TMOCTOSHHOW IJIOMIAJBIO
MOTIEPEYHOr0 CEUCHUs S

r€ p — YAeIbHOE CONPOTUBIIEHUE MPOBOAHUKA.

[TocnenoBatrenbHBIM HA3BIBAETCS TAKOE COCIWHEHUE PE3UCTOPOB, KOTJA KOHEI[ OJHOTO
MIPOBOJIHUKA COEAMHSIETCS ¢ Ha4YajloM Apyroro u T.1. [Ipu nocnenoBareabHOM COEAMHEHUU CUTIa
TOKa Ha JJIOOOM Y4YacTKE dJIEKTPUICCKOM IIENH OJIMHAKOBA

I=1, =1,

Hampspbkenne mnpu  mociienoBaTeIbHOM COCIMHEHHHM pPaBHO CYMME HANpsOKCHHA Ha
OT/IENIbHBIX yYacTKax Ienu
uv=u, +u,

OO611ee cCOPOTHUBIICHHE MPH TTOCIIEIOBATEILHOM COCTUHEHUH MPOBOHUKOB

R=RO+R; +...+Rn,

rae RO, Ry, ... Rn - conpoTuBneHus orieapHbIX MPOBOJIHUKOB.
Ecnmu RO =R,=...=Rn, 10 R=n"RU

[TapanienbHbIM HaA3bIBAETCS TaKOE COCJAMHEHHE PE3UCTOPOB, KOTAA OJIHU KOHIIBI BCEX
PE3UCTOPOB COCTMHEHBI B OJIUH y3€J1, APYTHe KOHIBI — B APYTOH y3€Jl. ¥Y3JI0M Ha3bIBaeTCs TOUKA
Pa3BETBIEHHOM 1IENH, B KOTOPOI CXOAATCs OoJiee ABYX MPOBOIHUKOB.

[Tpu mapaniaenpbHOM COSTUHEHUT
u=u=U,I=1+1,

OO1ee CONMPOTUBIICHUE TMPH MAPAIETHBHOM COCIUHEHHS MPOBOJHUKOB YJIOBIETBOPSET
COOTHOIIIEHUTO

1 . 1 n 1 — 1
R R, R, R,
Ecmu RO =R,=...=Rn, ToR=R;/n.

3aganue 1. OTBEThTE Ha BOMPOCHI.
1. Uro Ha3pBalOT »dJeKTpuueckuM TokoM? UTO mnpuHMMAIOT 3a HampaBlieHUE
3JIEKTPUYECKOTO TOKa?
UYro Takoe cuia Toka? HazoBuTe equHUIYy N3MEPEHUS CUIIBI TOKA.
OT 4ero 3aBUCHUT 3JEKTPUUYECKOE COMPOTUBIECHUE IPOBOJHUKA?
Chopmynupyiite 3akon Oma 7151 ydyacTka 1er.
Kakoe coennHeHnne Ha3pIBaeTCs MOCIEI0BATEIbHBIM? apaIeIbHBIM?
Kak naiiTu oO1iee CONpOTUBIEHHUE JIBYX PE3UCTOPOB, COENMHEHHBIX MOCIEI0BATEILHO?
napajuieabHO?

AR
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MeToanuyeckue ykazaHus
[Ipu peurennu 3a1a4 peKOMEHYETCS:

1) HauepTUTH CXEMy M yKa3aTb Ha HEH BCE JIEMEHTHI ENU: UICTOYHUKHU TOKA, PE3UCTOPHI U
JIp., YCTAHOBUThH IMPEABAPUTENIBHO, O KaKOW LIENH TOBOPUTCS B YCIOBUU 3aJauH:
SaMKHYTOﬁ HJINA O KaKOM-J'II/I6O yqaCTKC OeIIn,;

2) yCTaHOBUTb, KAKME AJIEMEHTHI 1IN BKJIKOYEHBI ITOCIEI0BATENbHO, KAKHE MapalIesIbHO;

3) Ha KaXXI0M y‘IaCTKe e OHpeI[CJ'II/ITI) HaHpaBJ'IeHI/ISI TOKOB U 3aIlrucaTtb IJId K’c’t)K}IOﬁ
TOYKH pa3BETBICHUS (€CIM OHU €CTh), YPaBHEHHs] TOKOB M YPaBHEHHS, CBS3BIBAIOIINE
Haprl)KeHI/ISI Ha yqaCTKax OeIIn;

4) wucnosb3ys 3akoH OMa, yCTaHOBUTH CBS3b MEXKAY TOKAMHU, HAMIPSKEHUSIMU;

5) pemuTh NOJYYCHHYIO CUCTEMY YPaBHEHUN OTHOCUTEIHHO UCKOMOM BEJTUYHHBI.

IIpumeps! pemrenus 3agay

3amaua 1. JIBa mpoBogHuKa compotusieaneM Ri=2 Om, R,=3 Om coenrHeHbI ociie10BaTeNbHO.
Cuna Toka B memu 1 A. OmnpeaenuTs CONPOTUBICHHE IIEMH, HANPSDKEHHE HA KauIoM
MIPOBOIHHUKE M MTOJIHOC HANPSHKCHHUE BCETO yYacTKa IS .

Jano: Pemenue:
R;=20Om  Cuna ToKa BO BCEX MMOCJIEAOBATEIHHO COCTMHCHHBIX TIPOBOJHUKAX OJTHA U
R,=3 Om  Ta ke u paBHa cuie Toka B 1eny, 1.e.: [;=lh=I=1 A.

I=1 A O6mee conporusiienne nenu: R=R;+R;, R=2 Om+3 Om=5 Owm.
Haiitu: HanpsixeHnue Ha KaxJ10M U3 IPOBOJIHUKOB HailieM 1o 3akoHy Oma:
R-7? U=IR;; U;=1 A -2 Om=2 B;

U] -2 U2=IR2; U2=1 A -3 Om=3 B.

Uy-? [TonHOE HamnpsKEHHE B LIENU:

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

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

3agaua 2. B oOCBeTHTENbHYIO CE€Th KOMHAThl BKJIIOYEHbI JBE JJIEKTPUUECKUE JIAMIIBL,
conpotusieHus kotopbix 200 u 300 Om. Hanpspxenue B cetu 120 B. Onpenenuts cuity Toka B
KaX/10} JamMIie, Cuily TOKa B MOJBOJSALIMX NMPOBOJAAX (T.. CUIY TOKa JI0 pa3BeTBIICHUs), o01ee
COIIPOTHUBIICHUE Y4aCTKa, COCTOSILETO U3 JIBYX JIaMIIL.

Hano: Pemenue:
Ri=200 OMm HampsokeHue Ha Kax /101 JIaMIIe paBHO HANPSKEHUIO B CETH, TaK
R,=300 Om kak namiel coeAMHEHbI TapauienbHo, T.€. Uj=U,;=120 B. Cuny Toka B

y u

U=120B B xaxuoii namne onpenesnsem, momb3ysch 3akosom Oma: I = —.
Haiitu: [ =2-2%8% _p6a

1 R, zo0om '
I -7 =Y 1208

2 7 R, 300 0m
I,-? Cuia Toka B MOJABO/ANIMX MPOBOJAX PABHA CyMME CHJI TOKA B JIaMIIax:
R-7? I=I;+1,, 1=0.6 A+0.4 A=1 A.

OO11ee cONPOTUBIIEHUE YYaCTKa LIENH, COCTOSIIErO U3 ABYX MapajlIeIbHO
COEIMHEHHBIX JIaMII, HAXOIUM 110 3aKoHy Oma:
R=U/I, R=120 B/1 A=120 Owm.
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OtBer: 1;=0.6 A, I,=0.4 A, I=1 A, R=120 Om.
3amanne 2. Pemmre KoIM4YeCTBEHHBIE 3a0a4H:

3amaua 1. Tpu pesucropa conpotuBieHusiMu Rj, Ry, R3 coennnensl nocnenoBaTenbHO TakK, YTO
olmiee COMPOTUBJICHHE NAHHOTO ydacTKa LIEMU cOocTaBisieT R, a 3HaueHHs HaMpsDKEHUS Ha
pesuctopax u cuibl Toka B HUX paBHbl Uj, Uy, Us u 1y, I, I3 coorBercTBeHHO. Omnpenenure
3HAYEHUS BEJIMYMH, 0003HAYCHHBIX «7).

3amaua 2. Tpu pesucropa comportuBiieHUssMU Rj, Ry, R3 coennnHensl nmapaiienbHO Tak, 4TO
oO1ee CONMPOTUBIICHWE JTAHHOTO yYacTKa IIEMU COCTaBiIsieT R, a 3HAYCHUS HaAMpsOKEHUS Ha
pe3uctopax u cwibl Toka B HUX paBHbl Uj, Uy, Us u 1j, I, I3 coorBercTBeHHO. Omnpenenure
3HAYCHUS BEJIMUHMH, 0003HAYEHHBIX «?».

3amaua 3. B nmammoii cxeme Ry, R, u Rz —
CONPOTHBIICHUSI ~ COOTBETCTBYIOIIUX 1]
pesuctopoB, al;, Lbuls; U, UyuUs  — — s
— CWJbl TOKOB U HalpsOKEHUs Ha T ey R
COOTBETCTBYHOIINX yJacTKax.

Ompenenure  3HAYEHUS  BEJIMYUH,
0003HaYEHHBIX «?».
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IIpakTnyeckas padora Ne9 Pemenue 3aga4 no teme «MarautHoe moJie.
JIEKTPOMATHUTHAS MHAYKIHD)

Llenb paGoThl: yriayOUTh U 3aKpeNUTh MOHATHUS O MAarHUTHOM MHAYKLUH, cujie AMIlepa, yMeTh
OPUMEHATHh 3aKOHbl MAarHUTHOI'O B3aUMOJICHCTBUS MapajlIeNIbHBIX TOKOB W AMIepa mpu
pelLIeHnH 3aay.

OcHoBHBIC OHATHS U GOPMY.JIbI

MarnutHoe mone - 3T0 0coOblii BHUJ MaTe€pHH, MOCPEICTBOM KOTOPOH OCYLIECTBISAETCA
B3aMMOJICHCTBHE MEXIY ABMKYLIUMHUCS JIEKTPUUECKU 3apSKEHHBIMU YaCTULIAMHU.

IIpoBOAHMKYM C TOKOM JEHCTBYIOT ApYr Ha Apyra. Toku HampaBieHbl IPOTUBOMOIOKHO —
IPOBOJAHMKU TMPU ITOM OTTAJKUBAIOTCA. TOKM COHAmpaBlIeHbl — IpPU 3TOM IPOBOJHUKU
npuraruBarorcs. [Ipu B3auMonelicTBuu AByX NPOBOJAHUKOB C TOKOM, BO3HUKAIOT CHJIBI, KOTOPbIE
OTTaJKUBAIOT WM NMPUTATUBAIOT IPOBOJHUKU

B3aumoeicTBUE TOKOB BBI3BIBAETCS MX MArHUTHBIMU IOJIIMU: MarHUTHOE I10JI€ OJJHOTO
TOKa JICHCTBYET CWJIOW Ha JAPYTrOd TOK U HA00OPOT.

OnbITEl MOKa3aJld, 4YTO MOXYJIb CHJIBI, AEMCTBYIOLIEN HAa OTPE30K AJIMHOW Al KaKaoro us3
IIPOBOJHMKOB, MPSMO MPONOPLUOHANIEH CUJIaM TOKa /| U I, B IPOBOJHUKAX, AJUHE oTpe3ka Al u
00paTHO MPONOPLMOHANIEH PACCTOSIHUIO R MEX1y HUMU:

I,1,Al
R

B Mexnynapoanoii cucreme equnul; CU ko3 @uumenT nponopuroHanbHOCTH k TPUHSTO

3alMChIBaTh B BUJE:

k=po/2m,
r7ie Yo — MMOCTOSIHHAs BEIMYMHA, KOTOPYIO Ha3bIBAlOT MarHUTHOM MOCTOSTHHOHN. BBenenue
MarHuTHOM nmocrosinHoM B CU ymipomaet 3anuck psna popmyin. Ee uncienHoe 3HaueHrne paBHO
o =4m-107 H/A*~ 1,26-10° H/A®.
CDopMyna, BbIpakaromiass 3aKOH MAarHuTHOI'O BBaI/IMO)ICfICTBHﬂ napajjiCjIbHbIX TOKOB,
MPUHUMAET BUJ:
pg I AL
F=—
2r R
MarHuTHBIM MOMEHTOM KOHTYpPa C TOKOM Ha3bIBaeTCs BEKTOp P, , paBHbII

p,=1-S-n
rne | — cuia Toka B KOHTYpe; S — IJIoMIaIb TOBEPXHOCTH, OXBATHIBAEMON KOHTYpOM; 71 —
€JUHUYHBIA BEKTOP HOPMAJIH K INIOCKOCTH KOHTYpA.
HarpaBneHne MarHuTHOro MOMEHTA COBMA/IAET C HAIIPABIECHUEM MHIYKIIMHA MarHUTHOTO TOJIs,
C03/1aBa€MOr0 B LICHTPE KOHTYPa TEKYILHUM I10 HEMY TOKOM.
Ha koHTYyp ¢ TOKOM, NOMEIIEHHBIA B MATHUTHOE TI0JIE, ACHUCTBYET Mapa CUJl C
BpalaTeJIbHbIM MOMEHTOM
M = pn'B-sin a,
T€ Pm — MOAYJIb MArHUTHOI'O MOMEHTA KOHTYpa C TOKOM; B — MarHurtHas HHIyKLHs,
0. - YTOJI MEX/ly HallpaBICHUEM BEKTOpAa HHIYKIUU U HOPMAJIHU K IUIOCKOCTH KOHTYpa.
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B 01HOpOAHOM MarHMUTHOM I10JIE HA MAJIbI OTPE30K IMPOBOJIHMKA C TOKOM JIEUCTBYET CUia
AmMriepa, MOy Ib KOTOPOH OIIPENEsAeTCs 3aKOHOM AMIepa:
Fa=1B-Al sina,
rae I - cuna Toka B npoBoAHMKE; B — MarnuTHas MHAYKLUS; O - YTOJI MEXKIY HallpaBICHUEM
TOKa U BEKTOpa MarHUTHOW MHAYKIMH; Al - AJIMHA IPOBOJIHUKA.
Hampasnenune cuibl Amnepa onpeaensercs o IpaBuily JIEBOM PyKHU: €CIIU JIaJI0Hb JIEBOM pyKU
PAcIOIOKUTh TAK, YTOOBI NEPIIEHANKYJIAPHAsL K IPOBOJIHUKY COCTABIISIOIIAs BEKTOpa

MAarHUTHON MHIYKIIMU B BXOAWIA B JIaJJOHb, & YETHIPE BHITSHYTHIX Mallblla YKa3bIBAIU ObI
HalpasJieHHe TOKA, TO OTOTHYThINA 90° GOJIBIION Masel] MOKAKET HAPABICHUE JICHCTBYIOIIEH Ha
IIPOBOJIHUK CHJIBI AMIIepa.

3ananue 1. OTBEThTE Ha BOIPOCHI:

1. Yro Takoe MarHUTHOE 1oJje?

2. Kakumu BelMUMHAMM OMUCHIBAETCS MarHUTHOE 1oJie?

3. Uto Ha3bIBaE€TCS JUHUEH MAarHUTHOW UHIYKIUN?

4. Kakas cuiia Ha3biBaeTcsi cuiiod Ammnepa? Yemy oHa paBHa?

5. Ilo kakoMy MpaBUIy HAXOJAT HaIpaBjIeHUE CHIIbl AMnepa?

MeTtoauyeckue ykasaHusi
[Tpu perennu 3a1a4 HEOOXOAUMO:
1) cpenarb cXxeMaTH4YeCKUN 4YEPTEXK, yKa3aB HA HEM JIMHUM WHAYKIMA MarHUTHOTO IIOJIA.
YacTto NUHUM WHAYKIUU W300pakaloT B IUIOCKOCTH YEpTEXa, B HEKOTOPBIX CIydasx
y100HO MX U300paXkaTh MEPICHIUKYIISPHO TNIOCKOCTH UepTexa («X» - oT HalmronaTens,

«*» - K HAOJIIOAaTeIo);

2) u300pa3uTh KOHTYP C TOKOM, HAXOJIALIUICS B 3TOM I0JIE;

3) ucnonb3yss NpaBWIO JIEBOM pPYKH, ONPENCIUTh HAIpaBJIEHUE CUiIbl AmMImepa,
JNENCTBYIOIIMX HA KaXKIbIH 2JIEMEHT KOHTYpa, U U300pa3uTh UX Ha YEPTEKE;

4) zamucatb GOpPMYJIBI UTsI CHII AMIIepa WIHM BPAIAroIero MOMEHTa, CO3aBaeMOro STHMHU
CWJIAaMH U HAlTH U3 HUX UCKOMYIO BEJTUYMHY;

5) ecnu B 3aJadye paccMaTpPUBAECTCSl paBHOBECHE IPOBOJHMKA, TO KpoMe CHJIbl AMImepa,
HY’KHO YKa3aTh BCE OCTaJIbHBIE CHIIbI, IEHCTBYIOIINE HA TIPOBOIHUK, U 3alUCATh YCIOBHS
€ro paBHOBECHS WJIM OCHOBHOE YpaBHEHUE IUHAMMKHU U, CIPOELUPOBAB BEKTOPHBIE
BEJIMUMHBI HA OCH X U Y, HAUTH UCKOMYIO BETUUHHY .

3anaga 1. [IpoBogHUK JUIMHOM 2 M B JopMe KBapaTa PacloioKeH B MArHUTHOM TIOJIE C
uaayknuei 2 Ta. OnpeaenuTs MOMEHT CHJI, IEHCTBYIONIMX Ha MPOBOJHUK, €CIIU IO HEMY T€UYET
TOK 4 A, a CUJIOBBIE JIMHUY MarHUTHOTO MOJIS MapajebHbl INIOCKOCTH KBaJpaTa.

Hano: Pemenwe.

1=2wm BpamarenbHblii MOMEHT, JEHCTBYIOIUN HA KOHTYP ¢ TOKOM B
B=2Tn MarHUTHOM TI0JI€, paBEH
I1=4A M = p,yB-sin @. B mannoii 3agaue o = 90°, T.K. BEKTOP HOPMAJIH K IJIOCKOCTH
OHaiitu: KOHTYpa MePIeHIUKYJIIpEH BeKTOpy B . MarHuTHbII MOMEHT paBEeH
M-? p-=1-8§,
rae S — ioniaabr KBajapara.
Orcrona

l 2
M=1I1- (Ej -B=2HwMm.

OtBer: M=2H'Mm
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3amaua 2. [IpoBoguuk mmmHON 20 CM U Maccoil 5 T MOJBEIICH TOPU30HTAIBHO Ha JIBYX HHUTSX B
OJTHOPOJHOM MarHUTHOM nosie. (HampaBieHne BekTOpa MarHUTHOM MHIYKIMM HPUBEJICHO HA
pucynke.) Kakoii BenmuuuHBI TOK Ha/I0 MPOIYCTUTH IO MPOBOIHUKY, YTOOBI HUTH Pa30pBAIIUCH,
€CJIM KayKJasi U3 HUX BblaepkuBaeT Harpy3ky a0 0,04 H? Manykuusa marautsoro nois 0,5 To.

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

m =5r1=0,005 xr Bl

T=004H

B=0,5Tn 1 *

Haiitu:

-2 I F,

YToObl HUTH Pa30pPBAIUCH, cUjla AMIiepa J0JKHA ObITh HalpaBjieHa BHU3. B cooTBeTcTBUHU €
IIPABWJIOM JIEBOM PYKH TOK HaIIpaBJICH TaK, KaK II0Ka3aHO Ha pucyHke. Ha mpoBoaHMK ¢ TOKOM
JENCTBYET YEThIPE CUJIBI M, TAK KAK OH HaXOAUTCS B PABHOBECHH,

mg+F,+T+T =0

B npoexnuusax Ha BEpTUKAIBHYIO OCh

Fa+ mg=2T
[MoncTaBisisi BBIpayKEHHE TSI CHITBI AMIIepa M yUUTHIBAsI, YTO YTOJ MEXKTy HallpaBICHHEM
TOKA ¥ BEKTOPa MATHUTHOW MHIYKIMU paBeH 90° OKOHYATENIBHO Oy YUM:
2T —mg
Bl

I =0,3 A.

Otset: I > 0,3A.

3anaua 3. Ha npoBoanuK JyinHON 50 ¢M, HaXOIAIIMNCA B OJHOPOAHOM MAarHUTHOM IOJIE C
MarauTHoro unaykmuen 0, 1 T, aeiicteyer cuita 0,05 H. Berauciaure yron mexmy
HaIpaBJIECHUEM CUJIbI TOKAa U BEKTOPOM MarHUTHOW MH]IyKIIMH, €CJTU CUJIa TOKA paBHA 2 A.

Jano: CHU: Pemenue:

1=50 cm 0,5 ™ Ha npoBoiHHK B MarHUTHOM TOJI€ AEHUCTBYET CHiIa AmIiepa,
B=0,1 Tn MOZYJIb KOTOPOM:

FA=0,05 H Fo=IBlsina

42



n

=2 A Otcrona sin a = —2

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

Orser: 0=30"

3amanne 2. Pemmre KOIMYeCTBEHHBIE 3aaUH.

3agaya 1. Ilo mpsimoyrosbHOM pamke teder Tok [. JlnmHa pamkum L, mmpuna  d. Pamka
IIOMEIIeHa B MarHUTHOE ToJ1e ¢ MHayKuue B. Ha paMmky nelicTByer Bpamarolmui MOMEHT Iapbl
cun M. Onpenenute 3HaUCHUS BEIMYUH, 0003HAUYECHHBIX «7%.

3amaua 2. I} u I, - cuma Toka B JIByX MapajuieIbHbIX MPOBOJAHUKAX, PACCTOSIHHE MEXKIY
kotoppiMu R. L. — nnuHa npoBoaHMKOB, B1 1 By - MarHuTHas MHIYyKIMS MarHUTHBIX TIOJIEN
HAa pPACCTOSHUHU R or coorBercTByrommx npoBogHUMKOB, F  — cuia B3auMonencTBUA
MPOBOJIHUKOB, (1 = 1). Onpenenure 3HaUCHUE BEIMYUHBI, 0003HAYCHHOU «?7%.

3amaua 3. Cusa TOKa B FOPU3OHTAIIBHO PACIIONIOKEHHOM MPOBOAHUKE JIMHONW L. 1 Maccoit m
paBHa [. Ecim moMecTHTh NMPOBOJHWUK B MAarHUTHOE TIOJI€, TO TMPU HEKOTOPOM HAIPaBIICHUH
BCKTOpa MarHuTHOU HWHAYKIWH, B CJIy4dac KOTAa MHAYKIUSA MArHUTHOT'O ITI0JII COCTABUT B, CHuJia
TSOKecTH OyseT ypaBHOBelleHa cuioi Awmmepa. Omnpenenute 3HaYCHUE BEJIWYHHBI,
o0o3HaueHHON «?». Crenaiite uepTéx K 3a7ade, yKaXHUTE HA YEPTEKE HaIpaBJICHHUE TOKA U
HalpaBJICHUE BEKTOPa MarHUTHON MHIYKIIMH, COOTBETCTBYIOIIHME YCIOBHUIO 3aJIa4u.

3amaua 4. [IpoBoanuk juHOM L, mo koTopomy Tedetr Tok [ momeleH B MarHUTHOE TOJiE C
unnykiued B. Tlox nelictBueM cunbl Amnepa F, OH mepemerniaeTcs Ha paccTosiHue X, TPH
sTOoM noje coepiaetr padboty A. (I L B) Onpenenure 3HaueHne BETUUUHBI, 0003HAUEHHON «?».

3agava 5. IIpoBomuuk mmuHo L u Maccod m, mo KOoTopomy TedeT Tok [ mnomenieH B
MarHuTHoe mnojie ¢ uHaykuued B. IIpoBogHuk moaBemnieH Ha HeBeCOMbIX HHUTIX. HaTskeHue
HUTEN paBHO HyJt0. OnpeenuTe 3HaUeHNE BETMYUHBI, 0003HaUYEHHOHN « 7).
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IIpakTHyeckas padora Nel0 Pemienne 3anau no reme «Mexanuyeckue KojiedaHus.
Yupyrue BoJHbBD)

[lenp paboThl: TpPUMEHUTH (GOPMYNBI AN HAXOXKACHUS XapaKTEPUCTHUK TapMOHHYECKHX
MEXaHUYECKUX  KoyueOaHWd, OOBSACHATh  KAayeCTBEHHBIC  33Ja4l, OCHOBBIBAsCH  HA
3aKOHOMEPHOCTSIX BOJTHOBBIX U KOJI€OATENbHBIX ABUKCHUN.

Meronnueckue ykazaHus

[IpuBeném oOuMii anropuT™ pelieHus pacyETHOM 3a1auu o pU3UKE.

1. Ilpouumaiime mexcm Qusuyeckol pacyémuou 3a0ayu.
2. 3anuwume Kpamko yciosue u mpeboganue 3a0a4u ¢ NOMOUbIO OOUWENPUHANBIX

VCI08HBIX 0003HAYEHUI.

IIposepumbs 6ce 1u usuueckue eeruduHbl NPUEEOEHbl 8 CUCEMY eOUHUY.

4. 8bINOIHUMb YemKUL, NOHAMHDIU PUCYHOK, He 3A2POMOAHCOAs €20 TUUHUMU, He
NPUHYUNUATLHBIMU OeMATAMU, eCU 3a0aya Moxcem Oblmb peuieHa 6e3 pUcyHKd, e2o
Ooenamsv He credyem (8 yeasx SIKOHOMUU BPeMEHU).

5. Cocmasbme ¢usuueckue popmynnvl, ypasHenus 6 COOMEEemMcmsaun ¢ CO0epICaHuem
pacuémmuoil 3a0ayu u eé mpeoosaHusM.

6. Cocmasbme payuoHanbHblll NAAH peulenus 3a0a4u

7. Ilpooymatime, kakue 0ONOIHUMENbHBLE OAHHbIE MOJNCHO U36eUb U3 (OPMYI, YPABHEHUlL
ons peanuzayuu mpebosanull 3a0ayu.

8. Ilpousseoume 6ce HeobOXo0uMble 8 OAHHOU 3a0aue OetiCmaUsl ¢ 3A0aHHOU
Mamemamuyeckou moyHOCmbio.

9. 3anuwume nonyuennviii omeem.

(O8]

[Ipumep peuwrenus 3agaun: Berarcaute Maccy rpysa MOABEIIEHHOTO HA IPYKUHE )KECTKOCTBIO
250 H/m, ecniut oH coBepiraet 20 xonebanuii 3a 16 c.
Amnanus ycnosus. KonudecTBeHHas CTOpOHa 3a/1aui - JaHO BpeMs 16¢ u uncio konedanuii 20.
Koaddumument sxectrkoct mpyxuust 250 H\m. Berauciauts maccy rpysa. KauectBennas
CTOpOHA 3aJ1a4X — MPYKUHHBIA MasTHUK COBEPILAET KOJIeOaHUs.
AJNTOpPUTM pelIeHus:
1) TIpy>XUHHBIM MasTHUK COBEpIIAET KOJCOaHUs C ONPEIEICHHOM YacTOTOM 1
nepUoaAOM
2) 3nas nepuon KosiebaHus npyxkuHHOro Mastauka (Popmyiny TomcoHa) MOKHO
BBIPA3UTh Maccy rpysa.

Hano: Pemenue:
K =250 H/m 1.v =N/t, T=I/
t=16¢
N=20
Haurtn: 2. ®opmyina Tomcona T=2n
m-?

3. IIpupaBHsieM
4. YtoObl M30aBUTHCSI OT KOPHS BO3BEIEM JIEBBIE U

MpaBble YacTU B KBaJpaT
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5. Belpazsum w3  hopmyIsl Maccy TIpysa

6. IloacrasisteT qucia U cuuTacMm
v=N/t=20/16=1,25T11, m=1-250/1,25> 4-3,14?
=250/1,5649,86=5kr

OT1BeT: 5 KI

PemmTe cneayiompe 3aa9i caMOCTOSTEILHO.

1 BapuaHr.

1. Paccuuraiite nepruoj KojaeOaHU UTJIbl, €CJIM Bajl 3JEKTPUUECKOM IBEHHON MallluHBI
Bpaiaercs ¢ yactotoit 920 06./MuH. 3a 0AMH 000POT BaJia UIJla COBEPILACT OJHO
BBIHYKJCHHOE KoJieOaHHe.

2.Wrna mBeiHON MAIIMHKK COBEPILACT rapMOHUYECKHE KOJIeOaHus 1o 3akoHy X= 20
sin tt . OnpeaenuTe aMIuIUTy Ay, epruo KoJeOaHust U 4acToTy.

3.Bbruucnute yacToTy CBOOOAHBIX KOJIEOAHUH Teja Ha MpY>KUHE, ecliu Teo Maccoit 200
T. COBEpIaeT KojaeOaHus Ha MPYKUHE , )KECTKOCTh KoTopoii 2 kH/m.

4.Bpruucnure JJIMHY yIbTPa3ByKOBOI'O T€HEPATOPA B aJJFOMUHUH, €CIIU YacTOTa
yabTpasByKa pasra 3 M I'ii, a ckopocTs B amomusmn 5,1 10° m/c

2 BapuaHT.

1. Boruncnute yacToTy KojeOaHUs WIJIbI HIBEHHONW MalIMHKH, coBepiuaBiieii 30
HOJHBIX KosiebaHuit 3a 60 c.

2.Wrna mBeiHONW MalIMHKU COBEpILAeT rapMOHUYeCcKue Kojebanus 1o 3akony X= 100
sin 2wt . OnpenenuTe aMIUIMTY Ly, IEpHO] KOJIeOaHHUs U YacTOTY.

3.Brruncnute nepuos cBOOOIHBIX KOJIEOAHMI Tella Ha TIPYKUHE, eCiH Testo Maccoi 500
I. COBepIIaeT KojaeOaHus Ha IPYKUHE , )KECTKOCTb KoTopoil 5 kH/m.

4.Bpruucnure JyinHy HH(ppa3ByKa B BO3yXe, €CJIM CKOPOCTb 3BYKa B Bo3ayxe paBHa 340
m/c

[TpuBeném oOIIMIA aNTOPUTM PELICHUsT KaUeCTBEHHOH 3a/1a4M 1Mo (pu3nke

1)
2)
3)
4)

),
6)

Ilpouumatime mexcm ¢huzuueckou 3adayu.

Ipoananusupyii yciogue 3aoauu.

Buinuwu nepeuensv aenenutl, 0 Komopulx udem pedsv 6 3a0aue U Ux 3aumMocss3u.

3anuwu ocnosHble meopemuueckue NOJNONCeHUs, HeoOXo0uMbvle 0N peueHus 3a0adu
(kauecmeeHHaAs CMOPOHA 3a0ay).

Ipoananusupyii u coenaui CpagHenUst XapaKmepucmux s18J1eHull.

Coenaii 6v1600.

[Tpumep pemenus 3agaun: OObICHUTE, KTO B MOJIETE MAllIeT KPbUIbSIMU Yallle: MyXa Ui Komap?
AHanu3 ycnosus. KauecTBeHHast CTOpOHa 3a7a4u — BO BPEMsI IBUKEHHUSI HACEKOMBIE
COBEpUIAIOT KoJieOaTeNbHbIE IBUKEHHS KPbUIbSIMH, TEM CaMbIM CO3/1aBasi 3ByKOBYIO BOJHY. UeMm
BBIIIIE YACTOTA KOJIeOaHUH, TeM BBIIIE 3BYK. 3HAUUT, KOMap Yalle MalleT KPbUIbSIMH.

Pemmte CJICAYyromue 3aia4yu CaMOCTOATCIIbHO.

1 BapuaHT.

5.00mscHUTE, TOYEMY NIPH MTPOBEACHUH BJIAYKHBIM MAJIBLEM T10 CTEKITY MOJIy4YaeTcs 3BYyK.
6.00BbsCHUTE Ha KaKyIO BEJIMUUHY - YACTOTY WJIM JUIMHY BOJIHBI pearupyer 4eIoBeYecKoe
yXO.

2 BapuaHT.
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5.00®bsCcHATE, TOYEMY 3BYKOBBIE BOJIHBI PAaCHpPOCTPAHSIOTCS OBICTpEE B COJICHOH BOJE,
YEeM B IPECHOM.
6.00bsiHUTE, B KAKOM MallliHE MEHbILIE TPSICET - B IIyCTOW MJIM HAarpy >KEHHOM.

IIpakTyeckas padora Nell Pemenne 3axa4 no reMe «J1eKTPOMarHUTHbIE KOJIeO0AHUSD)

[lenb paboThI: 3aKpenUTh YMEHUE pellaTh 3a/a4d Ha BBIYMCIIEHWE UHAYKTHBHOI'O, EMKOCTHOIO
COINPOTUBIICHUH, IEHCTBYIOIIETO 3HAUYEHUS CUJIbI TOKA U €70 AMIUIUTYIHOTO 3HAYEHUSI.
OcHoBHBIC NOHATHS U GOPMY.JIbI

DJNEeKTpOMarHuTHbIE KOJeOaHUs — O3TO MNEPUOJUYECKHE M3MEHEHUS CO BpEeMEHEM
AIIEKTPUYECKUX W MarHWTHBIX BEJIMYUH (3apsAla, CUJIbl TOKa, HAIpPSDKEHUS, HaNpsyKEHHOCTH,
MarHMTHON MHIYKLUU U JIp.) B DJIEKTPUUYECKON LIEH.

[leproa cBOOOIHBIX JIEKTPOMATHUTHBIX KOJICOAHUN B KOHTYpE

T=27VLC - popmyna TomcoHa,

1 o
rac (D=E - MUKJIMYCCKas 4aCcToTa CBO6OZ[HLIX QJICKTPOMArHUuTHBIX KOJIEOaHU.
2

Ecin B CL - koutyp mocnenoBatenbHo ¢ L,C u R BKIIOYMTH HUCTOYHUK MEPEMEHHOIO
HaIpsOKEHUs, TO B IIEMIM BO3HUKHYT BBIHYXKJICHHBIE OJJICKTpUUECKue Kojebanus. Takue
KoJIe0aHusl IPUHATO HA3bIBaTh MEPEMEHHBIM JICKTPUYECKUM TOKOM. MICTOUHUKOM MEPEMEHHOTO
TOKa SIBJISIETCSI TEHEPATOp NEPEMEHHOTO TOKA, B OCHOBE PabOTHI KOTOPOTO JICKHUT SIBIICHUE
ANIEKTPOMArHUTHON MHAYKIUU.

Ecam mpoBosiouHy0 pamMKy IUIOMIAbI0 S MOMECTUTh B OJHOPOJHOE MAarHUTHOE IIOJIE
MHAYKUMUA B 1 HauaTh BpamaTth paMKy BOKPYT €€ OCH, TO 3a CUET SIBJICHUS 3JIE€KTPOMArHUTHOU
WHIYKIMUA B pamke Bo3HuKaeT DJIC, a eciau K KOHIIaM paMKH MOAKIIOYUTH PE3UCTOP, TO Yepe3
paMKy M pe3UCTOp MOTeYeT TOK; U TOK, U DJIC OyayT nepeMeHHBIMH.

®=BScosa; a=wt®=BS coswt
8=—(®)':B - Sw cos wt

B menp mepeMeHHOro TOKa MOXKHO BKIIOYAaTh TPU BHUAAQ HArpy3kH — KOHJIEHCATOD,
pPE3UCTOpP U KATYyHIKy HMHIYKTUBHOCTHU. Pe3UCTOp OKa3bIBaeT MEPEMEHHOMY TOKY TaKOE€ K€
COTIPOTHUBIIEHNE, KaK U MOCTOSTHHOMY. CONPOTHBIICHHE PE3UCTOPA HE 3aBHCHUT OT YacCTOTHI. TOK,

TEKYIIHNA Yepe3 pe3ucTop, MeHsieTcst CHH(a3HO C HAMPSHKEHUEM PE3UCTOpa.
=1, cos wt; Ug =l, Reos wt=UyR cosw t

Konnencarop oka3biBaeT NepeMEHHOMY TOKY COIPOTHUBIIEHHE, KOTOPOE MOKHO MOCUUTATH

o ¢opmyiie:
1

Xe=—

Toxk, Texymuii yepe3 KoHJEHcaTop, Mo (ase omepekaeT Ha HANpsDKEHUE HA T/2 WM Ha
4eTBEPTh N1E€PUOJIA, a HAIPSHKEHNE OTCTAaeT OT TOKA Ha TaKoM ke (ha30BbIi yTodl.

I =l coswt; U=I,1/0C cos (wt — m/2)

Karymika MHIYKTHBHOCTH OKa3bIBae€T MHEPEMEHHOMY TOKY CONpPOTHBIEHHE, KOTOPOE

MO>KHO TTIOCYMTATH 110 (hOopMyIIe
Xi=wlL

Tok, Texymuii yepe3 KaTylKy MHAYKTHBHOCTH, O (a3e OTCTAET OT HANpPSKEHUS Ha m/2

WM Ha 4eTBepTh Nnepuoja. HampsbxeHnue onepexaeT TOK Ha Takoi ske (a3oBblif yrod,

I =l coswt; =], w - Lcos(wt + :E]

MeHs9 COOTHOIICHUS MCKIY HHAYKTHUBHOCTHBIO, CMKOCTBIO U I‘IaCTOTOI‘/JI, MO>XHO MCHSTH
AMINIUTY Ay CUJIBI TOKA B LICIIN:
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Ys

| g2 4 -ty
\JR +{ el Mc}

1 i,
HauOospiiero 3HadeHus cujia TOKA JOCTUTAET TOrma, KOorga (w = —, TOrJa I[, =-—- B
> VIE’® R

9TOM CJIy4ae rOBOPST, YTO B LIENM HACTYIIAET PE30HAHC HAIIPSHKEHUH.
3ananue 1. OTBEThTE Ha BOIPOCHI.
Kakue xonebanust Ha3bIBAIOT 3JEKTPOMATHUTHBIMU?
UYto Ha3bIBAIOT EPEMEHHBIM IEKTPUUECKUM TOKOM?
13 KaKkuX 371€MEHTOB COCTOUT KOJieOaTeNIbHbIA KOHTYp?
OT yero 3aBUCUT NEPUOJ FIEKTPOMArHUTHBIX KOJeOaHU?
Yemy paBHO EMKOCTHOE COIIPOTUBIICHHE?
Yemy paBHO MHAYKTUBHOE CONIPOTUBJIECHHE?
MeTtoauyeckue ykazaHusi
Pemenue 3a1au 00 371€KTPOMarHUTHBIX KOJIEOAHUAX B KOJIeOATEIIbHOM KOHTYpE CBSI3aHO C
HaXOXKJEHHEM MmepHroja (WIM cOOCTBEHHON 4YacTOThl) KOJeOaHU KOHTypa C HMCIIOJIb30BaHHEM
¢dopmynbl Tomcona. Ilpu pemeHnr HEKOTOPBIX 3ajjad HMCIOJIb3YIOTCS 3aKOHBI COXPAHEHUS M
NpeBpalleHHs SHEPTUU B KOJIeOaTeIbHOM KOHTYE.
1) 3anucarb 3alaHHOE YpaBHEHHUE U YpaBHEHUE rapMOHUYECKUX KOoJeOaHu B 00IEM BHUJIE;
2) CONOCTaBUB 3TU YpPABHEHHUS, OIPEICNIUTh BEIMYMHBI, XapaKTepU3ylollue KojeOaHus
(amMmIuTy 1y, 9acTtoTy, nepuon, (asy) u Apyrue BEJIUYUHBI B COOTBETCTBUU C YCIOBHEM
3a/1a4y;
3) B HEKOTOpBIX 3aJadyax, HAoOOpOT, MO W3BECTHBIM BEIMYMHAM, XapaKTEPHU3YIOIIUM
K0JIeOaTEeNbHYI0 CUCTEMY, CIIe/IyeT 3alucaTh ypaBHEHUE TapMOHHYECKUX KOJIeOaHUH.
IIpn pemennn 3amau no TteMe «llepeMeHHBI TOK» CIIEAyeT HOMHHMTb, YTO 3TO
BBIHYKJICHHbIE 3JICKTpUYECKHE KojeOaHHs, HeOOXOAMMO YUYHUTHIBaTh OTJIMYME JIEHCTBYIOIIETO
3HAUEHUS CWJIbI TOKA (HAMpsKEHUs) OT aMILTUTYIHOTO.
IIpumeps! pemieHus 3agay
3amaua 1. 3aps Ha TUTACTHMHAX KOHJIEHCATOPA KOJIE0ATEIFHOTO KOHTYPa U3MEHSETCS C TEUCHUEM
BpeMeHM t B COOTBETCTBUHM C ypaBHeHHMeM (= S50cos100mwt. HaliTu nepuoa W YacToTy

A

Kosie0aHuN B KOHTYpe, LMKIMYECKYI0 YacTOTy, aMIUIMTYyAy KojeOaHUN 3apsia U aMIUIUTYAy
KoJIeOaHU CHJIBI TOKA. 3amucarh ypaBHEHHE 1= i(t), BbIpaskaroliee 3aBUCUMOCTh CHJIBI TOKA OT
BPEMEHH.

HaHno: Pemenue:

q= 50cos 100wt 3anuiieM ypaBHCHHE U3MEHEHUS 3aps/ia ¢ TCUCHUEM BPEMEHHU U CPaBHUM
€ro ¢ JJaHHBIM YPaBHEHHUEM:

Haritu: q =q,,coswt, q=50cos100mt.

T-? W3 ypaBHEHHS BUHO, YTO MHOXKHUTENH MIEPE]l KOCUHYCOM SIBJISIETCS

v-? aMIUTUTYIOM 3apsiaa g, = 50 K, nuknudeckas yactora @ = 100w pan/c

®-? [To onpeneneHuo MUKINYECKONW YaCTOTHI @ = 2wV = :?R, OTCIOA

"

_m . 1 o
T = —; YacToTa KoJeOaHuii v = THHMY =—. CnemoBaTenansHO,
m

2m
100w

T = =002¢c v=—=50Tmn
0,02

FLLES

3aBUCHUMOCTh CHJIBI TOKA OT BPEMEHU UMEET BU: [ = ' = —q,, @ * sin wt
nm § = —50 - 100x - 5sin 100wt = —5000m - 5in 100wt
Torpa ammuryna cuisl Toka I,,, = 5000w A,
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OtBer: q,, = 50 Ku; T=0,02 ¢; v=50 I';; w = 100w pag/c;
I, =5000mA; i = —5000m- sin 100wt

3amaua 2. VHAYKTUBHOCTH U €MKOCTh KOJEOATEIIBHOTO KOHTYpa COOTBETCTBEHHO paBHbI 70 ['H
u 70 Mx®. OnpenenuTs neproj KoiaedaHuii B KOHTYpE.

Jano: CH: Pemenue:
L=70Tn [Tepuon xonebanwuii onpeaenum mno Gopmyine Tomcona:
C=70mMx®  70:10°®  T=2myLC
Haiitn: Yacrory konebanuii HailiéM 1o hopmyie v = _%r
T-? T=2-314-v70:-70-107° ~ 0,44 c.
v-? =1 n
v Py 23T

Oteer: T# 0,44 c; v¥ 2,3 Tw.

3amaga 3. KakoBO MHAYKTMBHOE CONPOTHUBIIEHUE IPOBOAHMKA C MHAYyKTUBHOCTHIO 0,05 I'H B
LeNH MepeMEeHHOro Toka ¢ yactoroit 50 I'n?

Hano: Pemenue:

L=0,05TH ITo onpeneneHuro HHIYKTUBHOE CONPOTUBIIEHHE X1 =0L, rae
v=50TT11 ®w=2TV, TOoraa X =2mv L

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

Xyp-?

Otset: X1 #15,7 Om.

3amaua 4. KonugeHcatop BKIIOYEH B IeNb MEPEMEHHOIO TOKA CTaHAAPTHOM YacCTOTHI.
Hanpsokenue B cetn 220 B. Cuna Toka B menu 3toro konaeHncaropa 2,5 A. KakoBa €MKOCTb
KOHJIeHcaTopa?

HaHno: Pemenue:
U=220B  CrangaptHas yactora nepemeHHoro Toka 50 I'm.
[=25A Bocnons3zyemcs 3akonom Oma AJi y4acTKa LUEMU U ONPEeINM COPOTUBICHUE
— w
v=50I'n KOHJICHCATOpa B LIEIN IEPEMEHHOTO ToKa: K¢ = 7.
o . 1 1
Hairu: [To onpenenenno CONpOTUBIEHNE KOHAEHCATOPA XC:E = o Orcrona
C'? O = 1
2H1JX|:-'
. . !
C yu€rom émkocTHOro conporusienus € = ——.
2,5 -
C=—""—=136-10"° = 36 mxP.
2-3,14-50-220

OtBet: C=36 MKD.

3amanue 2. Pemnre KOJIMYECTBEHHBIE 3aaUH.

3anava 1. KonebaTenbHbIN KOHTYp COCTOHMT U3 KaTyIIKH WHAYKTHUBHOCTRIO L M KOHAEHcaTopa
emkocThio C. [lepuon konebanmii B KOHTYpe paBeH T, yactora kojebanmii v. MakcuMaabHBIC
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3HAa4YCHUA CHJIBI TOKa B IICIIH, HaHpﬁ)KCHI/ISI 58 3ap$[z[a Ha KOHZ[GHC&TOpC paBHBI COOTBCTCTBCHHO
Im, Un ¥ qm . MakcuMalibHbIC 3HAUCHUS DHEPTUU DIIEKTPUYECKOTO U MATHUTHOTO TIOJISI PaBHBI
Wem 1 Wpgp. Onpenenurte 3Ha4eHUS BETUYUHBI, 0003HAYEHHON « 7).

3amaya 2. YpaBHEHHE 3aBHCHUMOCTH 3apsijia Ha OOKJIaJKaxX KOHAEHcaTopa KoyeOaTelbHOTO
KOHTYpa OT BPEMEHU UMEET BUI: = (mCOS(Mot); TI€ ( - 3apsii B MOMEHT BPeMEHH t, (m -
MaKCUMaJbHBIA 3apsil, ¢ - LUKIMYECKas 4acToTa KojeOaHud. MakcumalbHas cuiia TOKa B
uenu I, nepuon xonebannit T, 3aBUCUMOCTH CUJIBI TOKA B KOHTYPE OT BPEMEHH OMUCHIBACTCS
ypaBHeHueM I(t). Onpeaennure 3HaYCHHS BETMYHH, 0003HAYCHHBIX « 7).

3anaua 3. Ha pe3uctop conportuiieHHEeM R 1ogaHo nepeMeHHoe HanpsiKeHUe, U3MEHSIOLIEeecs ¢
teueHueM BpeMenu 1o 3akoHy U=U(t). Onpenenute AEUCTBYIONINE 3HAYCHUS HAIPSIKEHUS U
CHJIBbI TOKA, a TAaK)K€ 3HAUEHHE MTHOBEHHON MOIIIHOCTH B MOMEHT BPEMEHHU t.

3anaya 4. KonebarenbHbli KOHTYp COCTOMT M3 KOHJIEHcatopa eMkocTbio C W KaTyUIKu
MHAYKTUBHOCTBIO L , yacTOoTa MEpeMEHHOI0O TOKa B LIENMH 0. AKTUBHOE COIPOTHBIICHUE B LIEIIN
R , ungyktuBHoe Xp, éMkocTHOe Xc, NoaHOE Z. MakcumanbHOE 3HaY€HHE CHIIbI TOKa [,
HanpsokeHuss Uy, pe3oHaHCHas 4acToTa p. OnpenenuTe 3HAYEHUS BEIUYMH, 0003HAUEHHBIX
«M».
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IIpakTuyeckasi padora Nel2 Pemenue 3a1a4 no teMe «J1eKTPOMArHUTHbIE BOJTHBI»
[lenp paboOTHI: 3aKpeNUTh YMEHUE NPUMEHATH (Qopmyibl TOMCOHA M AMWUHBI BOJHBI TMPHU
pellIeHny 3aay.

OcHOBHbBIE MOHATHS U POPMYJIbI

COBOKYITHOCTh HEPA3PHIBHO CBS3AHHBIX APYT C APYTOM U3MEHSIOMIMUXCS SJEKTPUIECKOTO U
MarHUTHOTO TOJIeH MPeACTaBIsAeT COOO0M AIEKTPOMArHUTHOE TOJIE.

PacnipocTpanstomuecs B MIPOCTPAHCTBE NEePUOTUIECKH M3MEHSIOIIeeCs
AIIEKTPOMATrHUTHOE TIOJIE | MPEACTaBISET COOON AIEKTPOMArHUTHYIO BOJIHY.

CKOpOCTh pacipOCTpaHEHUs MIEKTPOMATHUTHOTO TOJISI B BAKyyMe paBHa CKOPOCTH CBETa
c=3-10° m/c.

[lepuon »MEKTPOMArHUTHOM BOJIHBI (YacTOTa) paBeH Nepuoay (dacTore) KoyieOaHUid
MCTOYHHMKA DJIEKTPOMATHUTHBIX BOJH. JlJs  DJIEKTPOMAarHUTHBIX BOJH  CHPAaBEAJIUBO
COOTHOILIEHUE

a
A= 0T, X=1T.
W=2TV - MUKJINYECKAs 4aCTOTa.

3ananue 1. OTBETbTE HAa BOPOCHI.
1. Yro mpexacransieT coO0H IEKTPOMAarHUTHOE T10J1e?
2. Yro Takoe 3JIeKTpOMarHuTHasi BoJHa?
3. Yemy paBHa JJIMHA DJICKTPOMArHUTHOM BOJIHBI?
4. Yemy paBHa CKOPOCTb PAaCIPOCTPAHEHUS FIEKTPOMArHUTHOM BOJIHbI?

IIpumepsl pelienus 3aaa4
3amaga 1. Ompepenute 4acTOTy M JUIMHY BOJHBI paguolepeAaTyuka, €clid Iepuoji ero
ANEKTPUUECKUX KOJIEOAHUN paBeH 10°¢.

Hano: Pemienue:
T=10° i =1
= ¢ YacroTa koJiebaHuii U IEPUOJI CBSI3aHBI COOTHOIIIEHUEM: V = T

c=3-10° m/c JlivHa BOJIHBI paiMoniepeiaTuuKa paBHa: A = 15 nu A=c-T.

Haiitu: Brraucnum:

v-? v=——==10°Tg= 1Ml
anE

-2 1=22 =300 m
10

Otset: v=1MI11, A=300 M.

3amaua 2. Ompenenutb 3JIEKTPOEMKOCTh KOHJIEHCATOpa, BKIIOUEHHOTO B KOJIeOaTelbHbBIN
KOHTYp, WHIYKTHBHOCTH KoTOoporo 1,5 MI'H, eciu OH W3Iy4aeT AJIEKTPOMArHWUTHBIC BOJIHBI
nHoM 500 M.

Hano: CH: Pemenue:
L=1,5M  1,5-10°TH o onpenenennto mmmaer Bomms: A=c-T, Tie T=2mvLC
A=500 m Orcroma A=c-2my/LC.
c=3-10% m/c Bo3zseném 06e yacTH BbIPaXXEHHS B KBAJPAT U BBIPA3UM EMKOCTH B
Haiitu: KBaApat: A“=c” - 4mw* - LC — € = S
) c4m>L
C-? c= 0 = 140-1071% = 140 n®.

T (3-10%)%-43,14%-15-10°°
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OtBer: C=140 nd

3agaua 3. Cuia TOKa B OTKPBITOM KOJeOaTeNTbHOM KOHTYpE U3MEHSETCs B 3aBUCUMOCTH OT
BpEMEHHU 10 3aKoHy: i=0,1cos 6 - 10°mt. Halitu JuiMHy M3JTy4aeMON BOJIHBL.

Hano: Pemienue:
. c
i=0,1cos6 - 10°mt JnuHa BonHbl A = — uinu A=c-T.
'|.|
c=3-10% m/c 3anuieM 3aKOH U3MEHEHHUSI CHJIbl TOKA M CPABHUM €T0 C JAHHBIM
Haiitu: ypaBHenueM: [ = I - cos2mvt ui=0,1cos6 - 10°mwt
A7 Orcroza NuKIMYIecKas yactora o=6 - 10%m pan/c.

v ol
YacToTa xonebanuii v = —, cIe10BaTEIbHO
T

_ elfnw

=3-10° I,
3-108
3-10%
Oteer: v=3-10° 'y, A=3 KM.

2m

JIMHA BOJHEI A = =10 M= 3 km.
it

3amanue 2. Pemmnre KOJIMYEeCTBEHHBIE 3a1aUH.

3agaua 1. B wupeanbHOM KoOJeOaTeNbHOM KOHTYpE HMPOUCXOIAT CBOOOJHBIE 3JIEKTPHUUECKUE
KoJieOaHusl C aMIUIMTYJoM cuiibl Toka Iy, 3apsga qy, Hampsokenus Ha konuencarope Uy,. B
paccMaTpuBacMbli MOMEHT BpPEMEHM CHjla TOKa B KOHType I, 3apsam koHzeHcaropa (,
HanpspbkeHue Ha konaeHcarope U. Paccuuraiite 3HaueHHs BETUYUH, 0003HAYEHHBIX «?7».

3amaua 2. KoseGaTeapHBI KOHTYpP COCTOMT M3 KOHJAEHcatopa eMKocThlo C M KaTyIIKd
UHAYKTUBHOCTRIO L. Yacrora konebanmii v, mepwon T, IWHA HW3Iy4aeMoOd BOJHBI A
Onpenenute 3HaYCHUS BEIUYUHBI, 0003HAYEHHOM «7).

3amaga 3. Jlns HAcTpOMKM [ETEKTOPHOTO paJMONpPUEMHUKA Ha ONPEACIEHHYIO BOJIHY, Kak
MPaBWJIO, H3MEHSIOT EMKOCTh KOHJEHcaTopa B KojeOaTeJIbHOM KOHTYpe, MOBOpayuBas
IJIACTUHBI KOHJIEHCATOPAa OTHOCUTENIBHO ApyTr apyra. [Ipu nmpuéme paanoBOIHBI JJIMHON BOJIHBI
A €MKOCTh KOHJEHCaTOpa B KOHType cocTaBisier C, HHIYKTUBHOCTh KaTywmku L. Onpenenure
3HaYeHHE BEJIMYMHBI, 0003HAUCHHOH «?7».

3agaya 4. PaguocurHan, MyHOIEHHBIM HAa pPAcCTOSHUE S|  BEpHYJICS 4Yepe3 Bpems fj, a
paauoCHUrHal MyUIEHHBIN Ha pacCTOssHUE S, BEpHYJICS 4yepe3 Bpems tp. Onpenenute 3HaUCHHUE
BEIIMYMHBI, 0003HAYCHHOM «?».
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IIpakTnyeckas padora Nel3 Pemenue 3ana4 no reme «IIpupoaa csera. BosiHoBbIe
CBOIICTBA CBETa»

OcHOBHBIC NOHATHSA U (POPMY.JIbI

WnTepdepenius ceeta — nepepacnpeesieHie MHTEHCUBHOCTH CBETA B PE3YJIbTaTE HAJIOXKEHUS
(cynepno3uLumu) HECKOJIbKUX CBETOBBIX BOJIH.

Judpaxius ceeta — orubaHue 3JIEKTPOMArHUTHON BOJIHOM NMPENsSTCTBUI CON3ZMEPUMBIX C
JJIMHOM BOJIHBI.

JudpakionHas pemeéTka — ONTHYECKU NpruOop, IPUMEHSIOIUNCS AJIs PAa3JI0KEHHSI CBETOBOTO
U3JIy4ECHUS B CIEKTP.

[Tonstpu3zanus cBeTa — BBIICIICHUE U3 IIyYKa €CTECTBEHHOI'O CBETA JIy4YeH C ONPEACIICHHON
OpHUEHTALMEN BEKTOPA HANPSKEHHOCTHU IEKTPUYECKOTrO MOJIS.

ITonHOE BHYTpEHHEE OTpaKEHUE — SIBICHUE BO3BpATa CBETOBOTO JIy4a B HCXOJIHYIO CpEAy MOCIIEe
NOTAIaHUs Ha TPaHUILy pa3jelia AByX Cpel PH MaJeHuH ero u3 6osee ONTHYECKU TIIOTHOM
cpenbl B MEHEE IIOTHYHO.

[Tonsipuzarop — npubop, MpeBpalaroInil €CTECTBEHHBINH CBET B TMHEHHO-MOSIPU30BAaHHbII.
OnToBOJIOKHO (ONITHYECKUE CBETOBO/IbI) — HUTh U3 ONITHUYECKH MPO3PavyHOro MaTepuaa (CTEKIIo,
IUIACTHK), UCTIOJIb3yeMasi JUIsl IEPEHOCa CBETa BHYTPH ce0sl TOCPEICTBOM MTOJTHOI'O BHYTPEHHET O
OTPaKEHUS.

CriekTpanbHblil aHAJIN3 — COBOKYITHOCTh METOJIOB KAUECTBEHHOT'O M KOJIMYECTBEHHOT O
orpezeNieHus: cocraBa 00beKTa, OCHOBaHHAs HA U3YYEHHUH CIIEKTPOB B3aUMOJIEHCTBUS MaTEPUH C
U3JIy4EHHUEM, BKIIIOUYasl CIIEKTPBI AIIEKTPOMATHUTHOIO U3IIy4CHHUS.

EcTecTBeHHBII CBET — ONTUYECKOE U3TyUYEHHUE C OBICTPO U OECTIOPSIOUHO U3MEHSIIOITUMUCS
HaIPaBJICHUSAMHU HAPSYKEHHOCTHU 3JIEKTPOMATrHUTHOTO MOJIS.

JInHeNHO-N0IPU30BaHHBIN CBET — 3TO AIEKTPOMATHUTHAS BOJIHA, IOJIPU30BAHHAS TAKAM
00pa3oM, YTO HaNpaBJIEHUE BEKTOPA HANPSHKEHHOCTH JIEKTPUUECKOTO M0JIsE OCTaeTCs
HEN3MEHHBIM

3ananue. Pemnre 3a1aun.

1 PaznoxeHnue 6e10ro cBeTa B CIEKTP MPH MPOX0XKIECHUH Yepe3 NPU3My 00yCIIOBIEHO

A npenomiienueM ceeta b oTpakeHuem cBeta B mossipuzarueit cBera

2 3enénas TpaBa 00yaJaeT CIOCOOHOCTHIO

A morziouiats yuu 3ei1€Horo 1eta b oTpaxaTs yun 3enéHoro uBera B oTpaxars qyun Bcex
LBETOB

3 Hanmo>xeHue KOrepeHTHBIX BOJIH Ha3bIBAKOT

A nucnepcueit b unrepdepenuueit B nudpakuueit

4 B cnydae KakuxX BOJIH HEBO3MOYKHA MHTepdepeHIns ?

A ceroBbix b 3BykoBbIX B anextpomarautHeix I’ cpenm orBeToB ABB HET mpaBuiIbHOTO

5 losiBnenue panyru Ha HeOe 0OBsICHAETCS

A unrepdepenuueit ceera b mudpakuueit ceera B pasnnuHoil npenoMIiIsieMOCTbIO Tyyeit
pa3HOro 1BeTa

6 SIBiieHNE NOIAPU3ALMHN CBOWCTBEHHO

A n106bIM BosiHaM b Tonbko monepeyHsIM BoJIHaM B TOJIBKO MPOJI0JIbHBIM BOJTHAM

7 3aBUCUMOCTb IIOKa3aTelsl IPEJIOMIIEHHS CBETA B JAHHOM CpPEJIE OT JJIMHBI BOJIHBI Ha3bIBAETCS
A untepdepennueii ceera b nudpakuueii ceera B nucnepcueii cBera

8 benble mpeameTsl 001a/1al0T CIIOCOOHOCTHIO

A mornoniats JIy4u BcexX IBETOB b oTpakaTh Jlydn Bcex LIBETOB B mpomyckars JIydu TOro Win
WHOTO 1[BETa

9 Orubanue BOTHAMU NPETSITCTBUIN, CPABHUMBIX T10 pa3MepaMm C JJTMHOMN BOJIHBI, HA3bIBAIOT

A unrepdepenuueit b qudpaknueit B monspuszanmeit
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10 UuTepdepenmuio cBeTa OT ABYX JIaMIT HAaKJIMBaHUS HAOJIIOAaTh HEJIb3sl, TAK KaK CBETOBBIE
BOJIHBI, U3Jy4aeMble UMH

A Henonsipu3oBanbl b HeKorepeHTHB B crnuikoM Manoil HHTEeHCUBHOCTH

11 [IBeTHas okpacka pa3IMYHBIX TOHKHX TUIEHOK OOBSICHSAETCS

A Tonbko nudpaximeii ceeta b Tonbko nHTEpdepennneii ceera B nnTepdepenuueii n
mudpakiueil ceera

16amn

12 ITonspusanueil cBeTa Ha3bIBAIOT IIPOLECC

A u3MeHeHue HalpaBieHUs cBeTa b M3MeHeHue MHTEHCUBHOCTH CBETa

B opuenraiuu xonebaHuii BEKTOpa HaNMPsSHKEHHOCTH CBETOBOI BOJHBI B OMPEACIEHHOM
HallpaBJICHUN

13 3agaua

Cser ¢ anuHoi BoHbl S00HM MajaeT Ha AUPPAKIUOHHYIO pelETKy ¢ nepuoaoM 2Mkm. Haiitu
HauOOJBIINN TOPSIIOK MAKCUMYyMa.

14 3agaga

JlirHa BOJIHBI JKENTHIX Jyuyel B BakyyMme paBHa 580HM. KakoBa jyinHa BOJIHBI 3TUX JTy4yel B
BOJIE, €CJIM MT0KA3aTelIb MPEJIOMJICHHS BOAbI paBeH n=1,33?

15 3agaua

B HEKOTOPYIO TOUKY POCTPAHCTBA MPUXOAAT BOJHBI JiuHOM 700HM. PazHOCTB X012 BOJIH
paBHa 3,5MkM. YcuiieHue win ocinabiaeHue ceera OyaeT HaOmo1aThCsl B JAaHHOM Touke?

16 3agauga

VY nu¢ppakiiMOHHOHN pemETKN MAaKCUMYM BTOPOTO MOPsAKa Ul CBeTa ¢ AIMHOM BOiHbBI 400HM
HaOMrogaeTCs o1 yriioMm, st kotoporo — Sing=0,04. Haiitu nepuon 3toit pemérku. d="?

17 3agaga

KakoBa mmpuna Bcero crekTpa BTOpOro nopsika , HoJIyd4eHHOM Ha 3KpaHe, OTCTOSILIEM Ha 2M
oT T PaKIMOHHON peméTky, Ha KoTopoi HaHeceHbl S00 mTpruxoB Ha IMM? J{nuHbI BOJH cBeTa
ot 0,4MkM 110 0,8MKM.

18 3amaua

KakoBa nyinHa CBETOBBIX BOJIH B BaKyyMe, €CJIM B CTEKJIE JiJTMHA BOJIH 680HM, a moKa3aTesb
MpeJIOMJIEHUs CTeKJIa paBeH n=1,5?

19 3amaua

Urto Oynet HaOII01aThCsl —yCHUIICHHE WM OCJIA0JICHHE CBETA — B TOUKE CXOXKICHHUS IBYX
CBETOBBIX BOJIH C IJIMHOW BOJIHBI 600HM, €CJIM pa3HOCTh X0/a BOJH COCTaBisgeT 1,5MKkm ?

20 3agaua

CKOJIBKO IITPUXOB Ha 1MM cOACPKUT AU PaKIIMOHHAS PEIIETKA , €CJIM Ha SKpaHe, OTCTOSIIEM
OT peHETKU Ha 1M, paccTOsIHUE MEXK/Ty CIIEKTpaMu NIEPBOTO MOpsIKa paBHO 7,0CM, a IJIMHA
CBETOBBIX BOJIH paBHa 0,38MKM?
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IIpakTHyeckas padora Nel4 Pemenne 3ana4 no reMe «3JieMEeHTbI KBAHTOBOM (PH3HKI»

Llenb paboOTHI: 3aKpeNUTh YMEHHE NPUMEHSTH (OpMyTy KpacHOW rpaHuubl (oTtorddexra n
ypaBHeHHe DUHIITEHA TPU PELLICHUHN 3ajad.
OcHoOBHbIE NOHATHSA U (opMY.JIbI

CTpeMsch MPeooIeTh 3aTPYAHEHUS KIACCUYECKOH TEOPHH MPU OOBSICHEHUU W3ITy4YECHUs
yépHoro Tena, M. Ilnank B 1900 r. Beickaszas rumnoresy: aToMbl UCITyCKAIOT JJIEKTPOMATHUTHYO
SHEPTHUI0 OT/JEbHBIMU MOPLUAMHU — KBAHTAMHU.

Ouneprus E kaxmoil mopiwy npsMo MporopIHOHAIBHA YaCTOTE U3y YCHHS:

E=hv
-34
rae h = 6,63-107" I ¢ — mocrossaHas [1maHka.
dotoH — MaTepuanbHas, OJCKTPUYECKH  HEUTpajdbHas  dYacTUIAa —  KBAHT

AIIEKTPOMATrHUTHOTO TTOJIS.
Oneprus potona E=hv.

hv

Macca ¢porona m = —.
2

hv h
Nmnynbe poToHa p = mec = — = T
C
®oTorddexkToM Ha3bIBAETCSI HCIYCKAHUE 3JIEKTPOHOB C IIOBEPXHOCTHM MeTaja IOJ
JIECTBHUEM CBETA.

CornacHo 3aKOHY COXPaHEHUS YHEPIUU

méd-
P TAc m — MaccCa 3JICKTPOHA, 1?- MaKCuMalJibHast CKOpOCTb (I)OTOBJ'ICKTPOHEL

3akonsl Gororddexra:
1. Yucno »9neKTpoHOB, BbIOMBaeMbIX 3a 1 C M3 BelIeCTBa, MPOMOPIMOHATIHHO
MHTCHCUBHOCTHU CBCTA.
2. Kunernyeckast sHeprus (hOTOIIEKTPOHOB HE 3aBUCUT OT MHTEHCHUBHOCTH MAJArOIIETO
CBETa, a 3aBHCHT OT €T0 YaCTOTHI.
3. Jlns xakJIoro BelecTBa CyIIECTBYEeT KpacHas rpanunia ¢gorodddexra, T.e. cyliecTByer
HaWMEHbIIIas YaCcTOTa, MPH KOTOpoH emi€ poTordhdexT.
YpaBHeHHe DWHINTEHHA: PHEPrUs KBaHTa TPATUTCS HAa pabOTy BBIXOJA DIIEKTPOHA W3
MeTaJuIa ¥ COOOIIEHHE AIEKTPOHY KHHETHIECKOW YHEPTUH.

hv=A+— L

)

eU =

rae A — paboTa BeIX0Ja JIEKTPOHOB M3 MeTalla.

Pabora BbIXOJ@a - ATO XapakTepucTUKa MeTasuia (TabauuHas BennyuHa). OHa MOKa3bIBaET,
KaKyl0 paboTy IOJKEH COBEPIIHUTH DJIEKTPOH, YTOOBI MPEOJOJIETh MOBEPXHOCTHYIO Pa3HOCTh
MOTEHITUAIOB U BBIUTHU 3a Mpe/Iebl MeTasIa.
3ananue 1. OTBeThTE Ha BOMPOCHI.

1. Kak n3nydaercs u morjionaercsi CBeT aTOMaMu BelecTBa?
Uro HazwiBaetcs Gpotodrdpdexrom?
Urto Takoe kpacHas rpanuiia Gotodddexra?
Uro Ha3wiBaeTcs paboToii BeIxoaa?
UYro Ttakoe hoToH?
Kak omnpenenuts sHEpruto U UMIyIsC GoToHA?
MeToanueckue yKazaHus

[Tpu pemrenuu 3aga4 HEOOXOAUMO:

1) MOMHHTB O B3aMMOCBSI3H MEK/ly BOJIHOBBIMU U KBAHTOBBIMH XapaKTEPUCTUKAMH YACTHIL;

2) 3HATh, YTO B3aUMOJICHCTBUE (POTOHOB C BEIIECTBOM IMOMYUHSETCS 3aKOHAM COXPAHCHHUS
SHEPrYU U UMITYJIbCA. Y pPaBHEHUE DUHIITENHA SIBISETCS CIEACTBUEM 3aKOHA COXPAHEHUS
SHEPTUH.

ANl N
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IIpuMmeps! pernenus 3agay
3amava 1. Ompenenure KpacHOBOJHOBYIO TpaHHily ¢orodddekra mis HaTpus, eciau pabora
BBIXO0J1a JIEKTpoHA U3 Porokatoma A=2,3 3B.

Hano: CH: Pemenue:
h=6,63-10"" JIx -c 3anuiueM ypaBHEHHUE IS «KPACHOW IPaHULIBD)
¢=3-10° m/c ¢dotorddekra U BEIYUCIUM U3 HETO UCKOMYIO JITUHY
_ 1n-19 -
A=2,35B 3,68:-107" Jk  pommsl hv=A,,y 1m TE=ABHX, OTKYy1a
Haiitu: A=D1
AEE[K

Mp -7 _6.63-107%3.10%- 1077

x_—a,ss-m-'ﬂ' 54-10" m

Otser: A=5.4-10" m

3anaua 2. PaboTa BBIXOAA 3JEKTPOHOB U3 INIACTHHBI Ayy=0,3 3B. Onpenenuts, npousoiaer iu
N . 14 1
BHemHUN (poTodddeKT, eciu Ha TIIaCTUHY MajaaeT cBeT ¢ yactoror vi=8-10"" I'i, v,=3-10 6 T

Hano: CH: Pemenue:

Apn=6,3 5B 1-1078 Jx Buemrnuit porosnexkrpuuecknii ekt

V18" 10" T IIPOU30MIET B TOM CIIy4ae, €CIIH V>Vyp.

v,=3-10"° I'g YpaBHeHue /Ui KpacHoi rpaHutibl porosdpdexra
Haiitn: hvip=Agux (1)

Vip-? N3 (1) onpenensieM vip=Ag,x/h.

Brraucnenus garor vip=1,5" 10" I'x

[Ipu 510i1 yacTore dhoTtorddhexra He MPOU30IIeT.

Bo BTrOpoM ciy4ae BBIYHCIICHHS  IOKaXYT, YTO
dorord ekt mpousoiier.

Bagaua 3. Ilpu obmyuenum (oTosneMenTa cBeToM ¢ wactoroir 1,6:10"° T ¢oroTok
npeKpamaeTcs npu 3aaepxkuBatomeM HanpspkeHun U=4,1 B. Ompenenuts A- paboTy BbIXO/a
3JIEKTPOHA C MMOBEPXHOCTH (POTOKATOA, A- KpacHYIO TpaHuIty ¢potodrddexra.

Hano: Pemenne:

v=1,6-10" T DNEeKTPOH MOXET TMPOJETeTh Yepe3 TOpMO3sIlee TMOoJe, Pa3HOCTh
MOTeHIIUaIoB kotoporo U, eciaun

U:4,1B eU < :l:nf?: (1)

h=6,63-10"* Iix-c VYpasHenue DitainTeitHa st porodpdexTa B JaHHOM cliydae UMEET BH/I:

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

Haiiu: B A, OTKY A Al
4 AEI’:[X

Agx-? A=6,63-10""1,6-10"-1,6-10""-4,1=4-10" I

Ap~? x_e,ea-lu‘“a-lus- —5.107 m

4.10°%%

55



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

3aganue 2. Pemnure KoJm4yecTBEHHBIE 322U,

3amaga 1. JlnivHa BONHBI cBeTa A, 4acTora Vv, Macca (oToHa my, UMIynbc Py sHeprus Ey.
Onpenenure 3HaYCHUE BEIMYNUH, 0003HAYCHHBIX «7».

3angaua 2. PaboTa BRIXO/a AJIEKTPOHOB C TIOBEPXHOCTH MeTa/la paBHa A, Mertamn obmyyaercs
CBETOM C JUIMHOM BOJHBI A H 4acToTod V. CKOPOCThH 3JIEKTPOHOB BBIOMTBHIX C IIOBEPXHOCTH
merayuia . KpacHas rpanuna A, OnpezennuTte 3HaYCHUE BETMYHH, 0003HAUCHHBIX «7».

3amaya 3. 3anep)kuBarollias pa3HOCTh IMOTEHIMANOB B ombiTe 1Mo (orodddexty paBHa Us.
Ckopoctb (ortoannekrporno 1, sueprus - E. Onpenenure 3HaYeHHE BEIWYMH, 0003HAYCHHBIX

«M.

33.,[[3‘13. 4. Pabota BbIXO/Ja 3JICKTPOHOB C IMOBCPXHOCTHU MCTAJlJIa AB, 3aACPIKUBaroniass pasHoCTb
IIOTCHIIMAJIOB U3, gJacToTa nagaromiero ¢s€ra v, Macca (1)OTOHOB mys. OHpCI[CJ'II/ITC 3HA4YCHHC
BCJIIMYHH, 0003HAYCHHBIX «?7%.

3anaga 5. [Ipu TOpMOKEHUU SIEKTPOHOB, MPOXOSAIIMX PA3HOCTh MoTeHnuaaoB U_oOpasyercs
PEHTIE€HOBCKOE M3JIyYEHHUE C YaCTOTOW V, U JJIMHON BOJIHBI A. OmpenenuTe 3HaYCHUE BEJIUYHH,
0003HAYEHHBIX «?7».
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