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MPEJNCJIOBUE

3T10 nocobue rnpegHa3HaueHO Jis CTAPIICKJIACCHUKOB, TOTOBAIIHUXCSA K
BBIMYCKHOMY 3K3aMeHy no (#3uKe 3a Kypc cpenHei 1konsl B ¢opmare
EI'D. OHo Gynet none3Ho U 1 caMooOpa30BaHusI.

3neck BBl HaiiaeTe HEOOXOAWUMBIH TeOpEeTHYECKHH MaTepuan, H3Jo-
YKEHHBIA MPOCTHIM H MOHATHBIM A3BIKOM, MHOTO MaTeMaTHYECKHX U GHU3H-
4yecKkux ¢GopMys, HeoOXoauMbIX Ans pewieHHs 3agad. Ocoboe BHHMaHHe
yaenseTcs eAMHHLIAM QH3HYeCKHX BEJHYMH U CBA3SM MEXAY HUMH. Bax-
Hast 0COOEHHOCTH 3TOH KHHIH — COBETHI O «CJIOBaX-MOACKa3Kax», B KOTO-
PbIX MOAYac CKPHIBAaETCS KJI0Y K PELICHHIO 3aay.

B nocobuu conepxutcs MHOro o6o0mmarolux Tabnun, KoTopele 00-
JIer4aroT MOHHMaHHe W 3anoMuHaHde Matepuana. OcoOslil HHTEpEC npen-
CTaBJISAIOT AJITOPUTMBI PElIeHHS 3a71a4 H MHOTOYHCIIEHHbIE YEPTEXKH.

JOCTOMHCTBO 3TOH KHHMIH — OXBAaT BCEro y4eOHOro marepuaia, usy-
4aeMOro Ha ypokax (H3HMKH, HauMHas ¢ «MexaHHKH» W 3aKaH4YHBas
«KBanTOoBOH ¢u3ukoi». [lons3ysce mocoOHeM Kkak CIIPaBOYHHKOM, BBI
CMOXETE JIETKO BO3BPALIATHCA K paHee H3Y4EeHHOMY MaTepuainy.

K kaxJIoMy NMyHKTY JaloTCs 3a1a4d, nmojo0paHHbIE 1O MPUHLMIY OT
NPOCTOro K CIOXHOMY. 3a7aud Ha MOCTpOeHHe H300pakeHHs B TOHKHX
JIUH3aX MOXHO BBIMOJHSATH MNPSAMO B KHUTe, DTO MO3BOJHT 3HAYHTEILHO
COKOHOMHTD BpeMH.

Kenaem ynauu!



1. KHHEMATHKA

MexaHu4ecKoe ABHKEHHE
" €r0 XapakTEePUCTHKH

H3yyenue kypca $HHU3HKH MPUHATO HAYMHATh C MEXaHUKH. MexaHHKa
H3YYaeT CaMblil NPOCTOM M HATJISAHBIA BHJA JBHXKEHHUS — MEXaHHUYECKOe
JBHXEHHE.

MexaHH4ecKkoe OBHJKEHME — O3TO H3MCHCHHME TMOJIOXKEHUSA Tesla B
IIPOCTPAHCTBE, OTHOCUTENBLHO JPYTHX TN C TEYCHHEM BPEMEHH.

[lo xapakTepy ABHXKEHHS TOUYEK pa3aHyaloT TPH BUAA JBHIKEHHS:

a) nocmynamenbHoe — 3TO NBHWKEHHE, IIPH KOTOPOM BCe TOYKH Tela
JBUXYTCS OAMHAKOBO M M0bas npsmas, MBICICHHO NPOBEIEHHAs B Telle,
ocTaeTcs napasulesbHa caMa cebe;

6) epawamenvioe — JBWXEHHE, TIPH KOTOPOM BCE TOYKHM Tejla [BH-
KYTCS IO OKPY>KHOCTSIM;

B) xonebamenvHoe — [IBUWKEHHE, KOTOPOE MOBTOPAETCS MM IOUTH
nosropsaerci. B ominune or BpamartensHOro ABHXKeHHA KkonebarelibHOE
IIPOMCXOJMT B JIBYX B3aUMHO IIPOTHBOMOJIOKHBIX HArpaBIECHHAX.

[lo BUaYy TpaeKTOpHH pa3nH4aloT NPAMOIMHEHHOE U KPUBOJHMHEHHOE
JBWKEHUS (YaCTHBIN ClTy4yait KpHBOIMHEHHOTO ABHXKEHHUS — JBH)XEHHE MO
OKPYXKHOCTH); 110 CKOPOCTH — PaBHOMEPHOE M HEPABHOMEPHOE; MO YCKO-
PEHHIO — PaBHOYCKOPEHHOE, PABHO3aMEUIEHHOE, YCKOPEHHOE.

OcHoBHasd 3a1a4a MeXaHUKH — ONPEACIATH [10JIOXKEHHE TeJla B Npo-
CTPaHCTBE B JIIOOOH MOMEHT BPEMEHH.

MarepHaibHasi TOYKa — 3TO TeJlO, pa3MepamMH KOTOPOTO MOXHO
npeHeOpeub B yCIOBHAX JaHHOM 3anauu. Teno MOXHO MPUHATH 3a MaTe-
pHaJBHYIO TOYKY, €CJIH OHO JBMXETCS MOCTYNAaTEeIbHO WIH €CJIH €ro pas-
MEPSLI MHOTO MEHBLIE PACCTOSTHUH, KOTOPBIE TEIO MPOXOAHUT.

CucreMy oTcyeTa BBOJSAT IS TOrO, YTOOBI 337aTh MOJIOXKEHUE MaTe-
pHasbHOM TOYKH B NpocTpaHCTBe. B Hee BXoasT: Teno orcyera (J1roboe Te-
110), CHCTeMa KOOpIHHAT (OJHOMEpHasi, AByXMEpHas WJIH TpexmepHas) U
yacel (Ha4aJlo OTCYETa BPEMEHHU COBIIA/Ia€T C HAYAJIOM JIBHKEHHUS Tea).



Pemnth ocHoBHYI0 3a1a4y MeXaHHKH — ONPEICIUTh KOOPIUHATHI
Tena B 11000H MOMEHT BPpEMEHH.

TpaekTopusi — 1MHMS, BIOJIL KOTOPOH JBHXKETCA TEINO.

Iyt / (M) — ATWHA TPaeKTOPHM.

IlepeMelnenne s (M) — 3TO BEKTOp, CO-
CAMHAIOIIMHA HayadbHOE IOJIOKEHHE Tena ¢
KOHEeYHbIM. OObIuHO /> |5

; l:|§|, €cJIM TeJO

ABHXKETCA IO HpﬂMOi’i B O/1HY CTOPOHY.

Ioocka3zku k 3a0auam

/
s

JUlMHa THMOTEHY3BI 10  Teopeme

[Tudaropa ¢
. a
c=vVa’+b’
b
A

b

CropoHa TpeyronbHHKa HO Teopeme
KOCHHYCOB

c=\/a2 +b* —2abcosa

JltnHa okpyxHOCTH R, d — paguyc u nuametp
/=2nR=nd OKPYXHOCTH
Jnuna gyru
/= TR o i [ =n27R T — 4acTb OKPY>XHOCTH
180°
Hanpapnenus nsuxeHus CeBep

3anan l BocTtok

I0r




3AfAYN

1. /IBa Tena, OpouleHHbIE C MOBEPXHOCTH 3€MIIM BEPTHKAILHO BBEDX,
nocturnu BeicoT 10 M u 20 M u ynanu Ha 3emmo. Ha ckonbko otiu-
4aroTCA MyTH, IPOHIEHHBIE ITUMH TeJIaMH?

Omeem: M

2, [pa Tena, OpOIUEHHBIE C MOBEPXHOCTH 3€MIH BEPTHKAJILHO BBEPX,
npocturiu BeicoT 10 M 1 20 M ¥ ynanu Ha 3emio. Bo ckosbko pas
NyTh, IPOHIEHHBIH NMEPBLIM TEJIOM MEHbLUE IMYTH, TPOHIEHHOIO BTO-
pBIM?

Omeem: B pasa

3. Yenosek obowen kpyrioe ozepo avameTpoM 1 kM. Bribepute dga
BEPHBIX YTBEPXKACHHSA, YKOXUTE UX HOMepa.

1) Ilyte paBeH 3,14 kM, MOXY/b HEpeMeELIEHHS PaBeH 1 ku.
2) Ilyts paseH 3,14 kM, MoLy/1b IEPEMELIIEHHS PABEH HYJIIO.
3) IlyTs paBeH HymI0O, MOIYJb NlepeMeLeHNs paBeH 3,14 kM.
4) IlyTs ¥ MOOYNb IepeMelIeHNs COBIAalOT.

5) TpaexkTopHel ABMXKEHUS YEJIOBEKA ABIAECTCS OKPYKHOCTD.

Omeem:

4. Touka ABHXXETCA MO OKPYXKHOCTH PaJHyCOM 2 M H €€ NepeMEIEHHE
PaBHO O MOJYJIIO JuaMeTpy. YeMy paBeH MyTh, IPOHAECHHBIH Te0M?

Omeem: M

[Ipoexuny BeKTOpa NepeMellieHHs] HA OCH KOOPAMHAT

Ipoekuus BekTopa nepemernneHus Ha ocb 0X:
5, =X—X,.
Ipoexuus BekTOpa nepeMenieHus Ha och 0Y:
S, =y =V,
IIpoexuHs BeKTOpa Ha OCh paBHA HYJIO, €CIM BEKTOpP NEpPHEeHINKYJIs-
peH OcCH.
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3Haxku npoexuHii MepeMeleHHs: MPOSKLUIO CUHTAIOT HONONCUMENb-
HOU, €CIH JBHXKEHHE OT MPOEKUMH Hayajla BEKTOpa K MPOEKUMH KOHLA
IIPOMCXOAMT 110 HANpaBJIEHUIO OCH, H OMPUYAMenbHOU, €CIIH TIPOTUB OCH.
B nannom npumepe s, >0;s, <0.

Moy ik nepemMelleHHsi — 3TO JUTHHA BEKTOPA NEPEMELLIEHHUS :
|§ | =s.
o Teopeme IIndaropa

s=4/si+s; um s=\/(x—x0)2 +(y-y)’.

[TpoekLuy nepeMeleHHs ¥ yroJl HakJoHa

s, =*scosa; s, =fssina.

B nanHom npumepe s, =scosa; 5, =—ssina .
YpaBHeHHe KOOpPAKHATHI (B 001IeM BHe):
X=Xy+S, WIIK y =y, +5S,.
Paauyc-BekTOp — BeKTOp, Hayajlo KOTOPOrO COBMAJaeT C HA4YaJlOM
KOOp/JMHAT, 2 KOHELl — C IOJIOKCHHEM Tejla B JaHHBIH MOMEHT BPEMEHH.

HpOCKHHH paanyc-BEKTOpa Ha OCH KOOpAHWHAT ONpeACAOT KOOPAHHAThI
Tesa B AaHHbIH MOMEHT BpEMECHH.

Y A

0 X0 XX/

" B naneHeiiiem Moayis M060To BekTOpa Mbl OyAeM 0603Ha4aTh MPOCTO
6ykBo#i Oe3 BekTOpa.

iNn



PaIlHyC-BCKTOp TNO3BOJIACT 334aTh IMOJIOKCHHE MaTepHaJ'ILHOﬁ TOYKH
B 3aJaHHOM CHCTEME OTCYeTa:

s =

4
I
=~

l
&

PaBHOMepHOe NPSIMOJIMHEHHOE ABHKECHHE

PaBHOMepHoOe NPAMOJIHHEHHOE ABHIKEHHE — JIBHKECHHE, IIDH KOTO-
POM TeJslo 3a J100ble paBHbIE MPOMEXKYTKH BPEMEHHM COBEPILAET PaBHbIE
nepeMeleHHs.

CkopocTb NpH paBHOMEPHOM NIPAMOJIHHEIHOM IBHIKEHHH

Ckopoctb U (M/C) — BeKTOpHas ¢pu3Hueckas BEJIHYHHA, KOTOpas IMo-

Ka3blBaeT, KaKkoe MepeMellleHHe COBEPILAET TENO 34 €AUHHIY BPEMEHH.
B BekTOpHOM BHIE:

. s AR
V=—=—.
t At
B npoekuusx Ha oce OX:
s, Ax
Vy=—=—.
t At

JIONONMHUTENBHBIE €ANHHIBI H3MEPEHHS CKOPOCTH:
1 xm/9 = 1000 M /3600 c

1 cM/c=0,01 M/c
1 xm/c = 1000 m/c

1 M/MuEH=1M/60cC

HamepurenbHbli Mpubop — chudomemp — MOKa3bIBAET MOAYJNb CKO-
POCTH.

3Hak INPOC€KUUH CKOPOCTH 3aBHCHT OT HAIIpABJICHUA BEKTOpPA CKOPOCTH
H OCH KOOpAHHAT:

U, =2 M/C~ ‘52=3M/C

» -

»

v, =2 M/C; Uy, =3 M/C /\’/

3apanme. Ilepesenure B CU: 72 km/u; 108 kM/4; 90 km/4a; 54 km/u;

36 km/u; 60 xM/4; 100 xm/a; 8 km/c; 12 km/c; 20 cm/c; 5 cm/c; 30 mm/c;
60 M/muH; 120 M/MHH.



Cogembst u noOcKka3Ku ONA peuteHus 3a0ay
Ha onpedenenue napamempos
PABHOMEPHO20 RPAMONUHEIUHO20 OBUNCCHUR

e Eciu B ycnoBuM 3amayM CKOpPOCTh Tesla BBIpaXK€Ha B METpax B ce-
KyH/Y, TO BpeMsi HEOOXOAMMO IEPEBOANTEL B CEKYHBI, IYTh BHIPaXKaTh B
MeTpax. Ecnu ckopocts — B KWJIOMeTpax B 4ac, TO BpeMs ClIeIyeT mepe-
BOJMTH B YaChl, @ MYTh B KHIIOMETPHI.

Iyt ¥ npoekiins nepeMEIUCHUs: [ =5, ; §, = U,d .

VYpaBHEHHE KOOPAUHATHL: X = Xy + U,l.

HHU . Onpeaenure MUPHHY
noporu d.

3adauu Hoockazxu
1. INemexoa nepexoanin ao-
pOry €O CKOpPOCTBIO U 1O Ot d
npsAMOH, COCTaBIAIOIICH
YrOol O C HampaBjeHHEM
JAOpOrH, B TedyeHHe Bpeme- | Halo  BOCIONB30BAaThCS  CBOHCTBOM

IIPpAMOYTOJBHOI'O TPEYIroJIbHHKA

d=v-t-sino

2. lTloesa, anuma koropo-
ro /,, paBHOMEPHO ABHKET-
¢ MO MOCTY CO CKOPOCTBIO
U. 3a xakoe Bpems TMoe3]
NpOHAET MOCT,
nnuHa /[, ?

€CJIH  €ro

Yumume: nBuxenue mno MOCTY Ha4YHuHa-
€TCs, Koraa TOJIOBHOI BaroH 3ae3iKaeT
Ha MOCT, a 3aKaH4YHUBaCTCsA, Koraa XBO-
CTOBO# BaroH ¢ MOCTa Che3XaeT

[, +1,
t=—‘

3. Baros wupuHoit AB, 1BH-
KYUIMHCS CO CKOPOCTBIO U, ,
Obl1 npoOuT mysei, eTeB-
e NepneHIUKYIApHO Ha-
NPaBJICHUIO IBH)XEHHSA Baro-
Ha. CMelleHHe OTBEPCTHH B
CTEHaX BaroHa OTHOCHTEIb-
Ho Apyr aApyra BC. Hainute
CKOPOCTh My/H Uy, .

Yumume: Bpems mnoinera nyiad BHYTPH
BaroHa paBHO BPEMEHHU IBIKEHHS IIO-
e3na

AB BC

Un Uy

12



3A4A4YN

Teno, nBHUrasch paBHOMEPHO M NPAMOJIHHEIHO, 3a 10 ¢ mepeMelaer-
¢ M3 TOYKH A ¢ koopauHataMH (0; 2) B Touky B ¢ xoopiauHaramu
(4; —1). YeMy paBeH MoAy/b CKOPOCTH?

Omeem: M/c

Teno, ABUrasch paBHOMEPHO H MPAMOIHHEHHO, 3a 10 ¢ nepeMelaeTt-
¢ U3 ToukH A ¢ koopauHatamu (l; 2) B Touky B ¢ KoopanHatamu
(4; —1). TTon kakuM yrioM K ocd OX HanpaBiieHa CKOPOCTh Tej1a?

Omeem:

KoopauHara Tena W3MEHSETCH ¢ TeYEHHEM BPEMEHH corniacHo ¢op-
mysie x =15-3¢. Uemy paBHa KOOpaHHATa 3TOro Tejla 4epes 3 ¢ no-
clle Hayasa JABHXKeHHs?

Omeem: M
KoopnuHaTa Tena M3MEHseTCs ¢ TeYEHHEM BPEMEHH coriacHo Qop-

myne x =10—4s. YeMy paBeH MOIy/Ib CKOPOCTH TeJIa uepes 5 ¢ no-
cJle Havyana JBHXKEHUA?

Omeem: M/c

Ipaduk npoexuuu cKOpoOCTH npeacTaBiasieT coOOH rpadHk 3aBHCH-

MOCTH NIPOCKIHH CKOPOCTH OT BPEMCHH. HpOCK[IHH CKOPOCTH IIpH PABHO-
MEPHOM ﬂpHMOHI’lHCﬁHOM JBHXXE€HUU HE UBMECHSAETCA: U, = COonst .

UYA
1
»
0 5 1
3




Kax BBIrIAaUT rpagpuk? I'paduk ckopocTH npu pasHomepHom

NPAMONUHEUHOM OBUNCEHUU — TIPS-
Mas, InapajuleNibHas OCH BpPEMEHH
(1, 2, 3).
Kak no rpaduky onpenenuts | Eciu rpaduk JeXMT Hal OCblO Bpe-
HalnpaBJIeHUE JBIKEHUSA? MeHH (1), To Teno ABMXKETCS MO Ha-

npasieHdio ocu 0X. Ecmu rpaduk
pacrnoyioxkeH MOX OChKO BPEMEHH, TO
TEJIO ABMXKETCS NpoTuB ocu 0X (2, 3).
Kak no rpaduky cpaBHuTH | YeM manblue rpaguk OT OCH BpEeMEHH,
MOJAYJIH CKOpocTH? TeM Oonbiie MOIYNb CKOpocTH (3).

I'eoMeTpHuecknii cmMbica nepemewieHnn. [Ipy paBHOMepHOM NpsMoO-
JIMHEHHOM [IBIDKEHHH MEpEeMEILEHHE ompeenserca no ¢opMyne s =0-f.
Takoii xe pe3y/ibTaT MoAy4aeTcs, €CM BBIMHCIUTE IUIOWAAL GUIypE! N0x
rpaMKOM CKOPOCTH B OcsiX (U, , f). 3HauuT, 1A OnpeneicHUs MyTH U MO-
IyJisl TIEpeMELIeHHs TIPH MPSAMOIHHEHHOM JBHXKCHHUHM HEOOXOIHMMO BBIYMC-
JATH TUIoWaAb GUrypsl noJ rpaukoM cKopocTH B ocsX (U, , 1):

§= S(t)m'ypu .

~Y

I'paduk npoeKknuH nepeMelieHHs1 -— rpauk 3aBHCUMOCTH IIPOEK-
MM NepeMellieHHs oT BpeMenH. Ipoekuys nepeMelleHss IpH paBHOMeEp-
HOM NPSAMOJIMHEHHOM JBHXEHHH: S, = U, [ .

Sy

ot
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Kax seirisaur rpa-
¢dux?

Kak no rpaduky on-
pelennTh HampaBJe-
HHUE JABMKEHHA?

Kak no rpaduxy
CPaBHUTb MOIYJIH
CKOpoOCTEei?

'padux npoekuMu NEpPEMELIEHHS ApU PABHO-

MEPHOM RPAMOAUHEUHOM OBUNCEHUU —— TIPAMaA,

BBIXOAAMIAs U3 Hadana koopauHar (1, 2, 3).

Ecan nmpsamas (1) nexuT Hal OCbIO BPEMEHH,
TO TeJNO ABHMXKETCS MO HampaBieHH0 ocu (X
a €CJId 1oz ochlo (2, 3), To mpotuB ocu 0X.

Yem GoJbllie TAHTEHC yriia HakiIoHa (1) rpadu-
Ka K OCH ¢, TeM 60Jblire MOy/Ib CKOPOCTH.

I'padgux koopauHATHI — rpaduk 3aBHCUMOCTH KOOPAMHATHI TeJla OT
BpPEMEHH. YpaBHEHHE KOODJMHATHl MPH PaBHOMEPHOM IIPAMOJIMHEHHOM

ABWKEHHHU: X = X, + Ul .

Kak BbIraauT rpaduk?

Kak no rpadguky ompe-
MEeNUTb  HalpaBjIcHHE
JBUXKEHUS?

Kax no rpaduky cpas-
HUTb MOJY/IH CKOPOCTEH?

Kak mo rpaduxy omnpe-
IEJIUTh MOIYJIb CKOPO-
CTH Tejla 324 HEKOTOPbIN
WHTEpBall BpeMeHU Ar 7

Kak no rpaduky omnpe-
JENUTh BPeMsl H MeCTO
BCTPEYM ABYX Ten?

I'paduk koopauHaTel nMpH paBHOMEPHOM Nps-
MOJIHHEHOM IBIXEeHUN — npsamas (1, 2, 3).

Eciau ¢ TeyeHHEeM BpPeMEHH KOOpIMHATa YBe-
anumpaercs (1, 2), TO TeJOo ABHXKETCA MO Ha-
npasyieHdo ock 0X; eclM KOopaAWHAaTa YMEHb-
waercs (3), TO TeNO JBHXKETCS MPOTUB
HamnpayieHHs ocH 0X.

UYeM Gonblile TaHreHC yrja HakjIOHa rpaduka
kK ocH ¢ (1), TeM Gonbliie MOTYIb CKOPOCTH.

v

, Tne Ax — HU3MEHEHHUE KOOpAHHAThI
4

TeJia 3a HEKOTOPbIH MHTEPBajl BpeMEHH Af .

Ecnu rpadpmuky koopauMHaT ABYX Tes Mepece-
KaloTCH, TO W3 TOYKH TEpecedyeHHs Cieayer
OMYCTUTb NEPIEHAUKYIAPbl HA OCh BPEMEHH H
OCb KOOPJMHAT.

15



9.

10.

11.

3A0AYN

Ha pucynke npeacrasieH rpa¢uk ABkeHUs Tena. OmnpenesnTe 3Ha-
4EeHHE CKOPOCTH €ro ABWKEHHS B MOMEHT BPEMEHH 5 C.

x,MA
10
8
6 //
4 |ifl
2/

»
012345678 te
Omeem: _ M/c

Ha pucyHke npeactaBieH rpa@uk JBHxeHUS aBToOyca U3 MyHKTa A

B NMyHKT B u oOpatHo. TlyHkT A Haxomutcs B Touke x = 0, a NyHKT

B — B Touke x = 30 kM. UeMy paBHa MakCHMaJIbHasi CKOPOCTb aBTO-
Oyca Ha BCeM MyTH CJIe1OBaHUs Ty/1a B 06paTHO?

Y. KM A

30 7

20 |-if
10 |-/

0 0.5 1 1,5 #u

Omeem: _ KM/Y

Bycunka MoxeT  CBOOOJHO  CKOJB3UTH [0 HENOJABMIKHOH
ropusoHTanbHOH crnuue. Ha rpaduke nzobpaikeHa 3aBUCHMOCTE €€
KOOpPAMHATEl OT BPEMEHHU.

X

>
0 !

Bribepute 06a YTBEPXKICHHS, KOTOPbIE MOXKHO CHejlaTh Ha
OCHOBaHMH TpadHKa.



1) CxopocTh OycHMHKH Ha y4acTke | NMOCTOsIHHa, a Ha y4acTke 2
paBHa HYIIO.

2) llpoekumns yckopeHHs: OYCHHKM Ha ydacTKe | IOJIOXHTENbHA,
a Ha yyacTKe 2 OTpulaTesbHa.

3) VuacTok | COOTBETCTBYET paBHOMEPHOMY ABHXKEHHIO OYCHHKH,
a Ha yyacTke 2 OyCHHKa HEemoABHXHa.

4) VYuactok 1 COOTBETCTBYET pPABHOYCKOPEHHOMY ABHKEHHIO
OyCHHKH, a Ha Y4acTKe 2 — paBHOMEPHOMY.

5) Ilpoexkuus yckopeHuss OYCHHKM Ha ydacTke | oOTpHUAaTenbHa,
a Ha y4acTKe 2 — I0JIOXKUTEJIbHA.

Omeem:

OTHOCHTEJILHOCTH MEXaHHYECKOI0 JBHKEHHSI

ITon OTHOCHTENLHOCTHH) MOHHMAKT 3aBHUCUMOCTH 4yero-mMbo OT BbI-
60pa CHCTEMBI OTCUETA. HaanMep, MOKOM OTHOCHUTEJICH; ABHKEHHE OTHO-
CHTECJIBHO H NMOJIOXKEHHE TE€J1a OTHOCHTEJIBHO.

IIpaBuio cjIokeHUs1 epeMeleH it

BekropHas cyMMa nepemerueHui

§'=5+5,,

rae §, — NepeMeLICHHE Tejla OTHOCHTEIBHO MOABH)XHOH CHCTEMBI OTCYE-
ta (IICO); 5, — nepemelienre ITICO OTHOCHTENBHO HETIOJABHXHOH CHC-
tembl orcyera (HCO); 5' — mepeMeuieHHe Tena OTHOCHTENBHO HEMOA-

BIOKHOHM cucTeMbl otcyeTa (HCO).

BeKTOpHOG CJIOKCHHE

=d+b.

CJ10’)KeHHE BEKTOPOB, HanpaBJIeHHbIX BA0JIb OAHO NPAMO

atth allh
;>_£_> —5~>
¢ ¢ b
c=a+b ¢=la-bl

17



C10%€eHHe BEKTOPOB, IePHeH THKYIAPHbIX APYT ApYry @ L b

Ilpasuno mpeyzonvHuxa

b

9]

Ipasuno napannenocpamma

S

o Teopeme ITudaropa

c=va’ +b?

CJ10xeHHe BEKTOPOB, PACTIOJIOAKEHHbIX MO YIJIOM 0L IPYT K APYTY

b
c

Ilo TEOPEME KOCHHYCOB

c=+a? +b* —2abcosa

£

b

[To TeopeMe KOCUHYCOB

Ja? +b* = 2ab cos(180° — )

IIpaBuJI0 CJ10KEeHHs CKOpPOCTeH

BekTopHas cymma ckopocteil U'=0 +# ,rae U — CKOPOCTb TeNa OT-
HOCUTENBHO noaBwxHOM cucteMsl orcuera (IICO); u — ckopocts IICO
OTHOCHMTENBHO HemnoABxHOM cucremsbl orcuera (HCO); U° — ckopocTs

Tejla OTHOCHUTENILHO HEMOABIKHOM crcTteMsbl oTcueta (HCO).

YacTHble CJIY4aH CI0XKEHHS CKOPOCTeH

Teno nasIBET 10O
Teuenuro 0 1T 4
V'=v+u

Teno nubiBeT npo-
THB TeueHHs D 14 i
vV'=v-u

Teo TILIBET MepHeHIUKY-
JISIpHO TeueHuro U L u

V' =vv? +u’

Karep nBmxkercs
o 03epy
v =v,
Tak Kak ¥ =0

Jlogka nneiBeT
B CTOA4YEH BoJe

ITaccaxup nogHUMaeTcs
0 HEMOABMKHOMY 3CKasa-
Topy V' =V,

TaK Kak ¥ =0

[InoT nasiBeT
M0 TEYECHHIO PEKH
vV'=u,

Tak kKak v =0

v'=v,
Tak Kak # =0
Karep nsinkercs

C BHIKJTHOYEHHBIM
[BUTATENEM V' =1,
Tak Kak v =0

JcKanaTop NoJHUMAET
HEMOIBIKHO CTOALLETO
naccaxupa v’ =u,

TaKk Kak v =0
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Cosembsl u nOOCKa3Ku ONA pewsenun 3a0ay
Ha nPaguno CNONCEHURA CKOpocmeil

e [Ipy pewieHHH 3aa4 Ha MPaBHIO CIOXKEHHSA CKOPOCTEH MOXHO He
NepeBOIUTh CAHHHIBI U3MepeHus B CH, HO B paMKkax oIHOM 3ajauu Bpe-
Msi, CKOPOCTb H IYTh AOJKHBI OBITH COTJIaCOBaHBI MEXKAY COOOH.

e Eciu Teno nmpoxoaUT OJUHAKOBOE PAacCTOSHHUE, ABHrasch C PasHOMH
CKOpOCTBIO, TO NPOHIEHHBIH NYTh:

I=(+uwt,=—-u)t, =vt; =ut,.

3aoauu Hoockasku
1. Katep aBuraics co cko- IlepennpaBa
POCTBIO U HEPTEHIUKYJIAP- S

HO TEYEHHIO PEKH B CHCTEME C
OTCYEeTa, CBA3aHHOH C BO-
noii. Ha ckonpko Oyner cHe-
CeH KaTep Te4YeHHEM, €CIH
CKOpOCTb TE€UEHHsI PeKH © U

ee mHupHHa AB?

Ci
l._)w

Yumume: BpeMsi OBHKCHHUS JIOAKU H Te-
YeHHsi OAMHAKOBO:

B B AB-
AB_BC _ pc-ABu

v u v
2. MotopHas oaxa pa3BH- MunumannHoe BpeMst
BaeT CKOPOCTh U . 3a Kakoe i

MHHHMAaJIbHOE BpeMs JI0JKa
MOJXET Iepeceyb peKy IIH-
pUHO AB TmpH CKOpPOCTH
pekd u ?

Yumume: Bpems ABHXKEHUSA JTOIKH
AB

I=—-

vsina

OHO MUHHMAJILHO, €Clii o, = 90°,
T.€. U1 AB,

AB
MO3TOMY !y = —
v




3aoauu

IHoockasxku

3. MotopHnas
uMmerolas  COOCTBEHHYIO
CKOpOCTh U, OJKHA Mepe-

JIOJKa,

TPaBUTBCS Yepe3 peKy [0
kparyaiituemy nytd. Ilon
KaKHM YTJIOM K Gepery cie-
AyeT HanpasisTh JIOAKY,
€CJIH CKOpOCTb TEUEHHS pe-
Ky u?

Kparuaiiwnii nyro AB

<
»
4

0T 4B, v =Vv? —u?,

coOCTBEHHAst CKOPOCTH JIOAKH
HarnpasJjieHa 1oj yrioM o K Gepery

U
cosa =—

4. Beproner neren Ha ceBep
CO CKOPOCTBIO U OTHOCH-
TebHO 3eMin. C KakoH cKo-
POCTBIO OTHOCHTENIBHO 3eM-
au OyneT nereTh BEpTOJIET,
€C/H MoAyeT 3amajHblii Be-
TEep €O CKOPOCTbIO 1 ?

Yuymume: HazBaHue BETpa TOBOPHUT O

oM, OTKyJa OH IYyeT

u’=\/;)—z_+7

5. B Oe3Berpennyio moroxy
caMoJeT 3aTpayHBaeT ! 4 Ha
nepesner Mexay roposamu A
n B. Ha ckoibko yBenHuHTCS
BpeMs [lojleTa, ecad Oyzer
1yt OOKOBOH BETEp CO CKO-
pPOCTBIO # TEPNEHAUKYISp-
Ho MHUH noneta? CKopocThb
camoJIeTa OTHOCHTEIBHO BO3-
ayxa U .

Yumume: caMonetr He HOKEH OTKIO-
HATBHCA OT 3aJaHHOI'O KypcCa

AB
1="—,
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12.

13.

14.

15.

16.

3ALAYH

Katep, nBurasch BIOJb MO peKe, MPOXOAUT 2 KM 110 TEYEHHIO, Pa3Bo-
payuBaeTcs (MIHOBEHHO) W BO3BpAllla€TCs B ITYHKT OTIPABJICHUS.
CKOpOCTh KaTepa OTHOCHTETbHO BOABI 36 KM/4, a CKOPOCTb TEUEHHUS
pexu 4 kM/u. UeMy paBHO MOSHOE BpeMs JBM)KEHHs KaTepa Tyaa U
obpartHo?

Omeem: MHH

[lnoBel MIbIBET MEPNEHIUKYNSPHO HANpABICHUIO TEYEHHS DEKH.
YeMy paBHa CKOPOCTH UIOBLA OTHOCHTENBHO Oepera pekH, eCiiu ero
CKOpOCTh OTHOCHTENILHO Boabl 0,4 M/c, a ckopocTh Teuenus 0,3 m/c?

Omeem: M/c

I1oBel neperuIbiBaeT peKy no kparyaiiiemy nyTtiH. CKopocThb IUI0B-
1[a OTHOCHTEJILHO BOJIbI 5 KM/4, CKOPOCTh TeueHHs 3 kM/4. Yemy pas-
Ha CKOPOCTb IJIOBHA OTHOCHUTENBbHO Oepera?

Omeem: KM/4

CaMmoreT neTHT U3 ropoja A B ropol B co ckopocTbio 328 kM/4 OT-
HOCHTEJILHO Bo3ayxa. Ha Tpacce mnosnera co CKOpoCTbIO 72 KM/4 ayeT
BETEp, HarpaBl€HUE KOTOPOro, MEPNEeHAUKYISIPHO OTPE3KY, COEIH-
HAIOIEMY 3TH Topoaa. Onpenenure MOAYJIb CKOPOCTH caMoJjleTa OT-
HOCHTEIILHO 3EMITH.

Omeem: KM/4

B Ge3BeTpeHHYIO MOroay camojeT 3aTpayvBacT Ha MepelieT MEXLy
roponamu 6 gacor. Ecnu Bo BpeMs nosieta nyet OOKOBOH BETEp €O
CKOpOCTHIO 20 M/C NepneHauKyJ/IsIPHO JIMHUH NoJjleTa, TO caMoJieT 3a-
TpayHBaeT Ha IepesieT Ha HECKOJIbKO MUHYT Oonbuie. Onpenenure,
Ha Kakoe BpeMs yBEJWUHBAETCs BPEMS TOJIETA, ECIH CKOPOCTh CaMo-
JieTa OTHOCHTENIEHO BO3AyXa MOCTOSHHA U paBHa 328 KkM/u.

Omeem: MHH

21



OTtHocHTEIbHAsA CKOPOCTD

BekTopHas pa3HOCTb CKOPOCTEi

Uoy =0 —U; = Uy,

rae U,, — CKOPOCTb MEPBOIO TEAa OTHOCHTENBHO BTOPOTO (OTHOCHTENBHA
CKOPOCTB); U; — CKOPOCTb I€PBOr0 TeNa;, U; — CKOPOCTh BTOPOr'o TeJia.

Yumume: v, =v,, — U, — NPOEKUHA CKOPOCTH BTOPOrO Te€JNa OTHO-
CHTEJBHO TIEPBOTO.

BekTopHoe BbIuMTaHHE

i=d-b=a+(-b).

BhlunTaHHe BEKTOPOB, HANPABJIEHHLIX N0 OAHOH NMpsAMo#H

atlh alth
a —5>, 4, 4———5——-
IToctpoenue: IToctpoenue:
S - doe —t
c=la-bl c=a+b

Bulm"ra}me BeKTOPOB,
neprneHanKYIAPHLIX APYT APYry
alb

I[To Teopeme ITndaropa

c=Va’+b®

BuiuutaHue BEKTOpOB,
PACIIOJOKEHHBIX O] YIJI0M O

ApYT K APYFY

Ilo TeopeMe KOCHHYCOB

c=+a® +b* —2abcosa
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YacrHbie cIy4aH onpeaejieHHsi OTHOCHTEIbHOH CKOPOCTH

Tena nBuxyTcs Tena nBuxyTCA CxopocTtu Ten
B OIHOM HaIpaBJICHUH HaBCTpeyy NepreHAHKYIAPHBI
o, 110, ApYT ApYTY ApYT ApYyry
Vene = |01 = 03 o TN o, U L0,
Vo =V T 02 Vg =\JUF + 03

17.

18.

19.

20.

21,

3A0AYH

[Ba aBTOMOOMIS IBHXKYTCA IO MPSMOH AOpOre B OJHOM HalpaBlle-
HHH: OIUH — CO CKOpocThio 110 kM/4, @ BTOPOH — €O CKOPOCTBIO
60 kM/4. UeMy paBeH MOAY/Ib CKOPOCTH MEPBOrO aBTOMOOHIIS B CHC-
TeMe OTCueTa, CBA3aHHOH CO BTOPbIM aBTOMOOWIEeM?

Omeem:. KM/4

JBa BeyocuenucTa eayT B OJHOM HAMpaBJIEHHH 110 MPAMOMY LOCcCe
C OJMHAKOBEIMH cxopocTAMH 18 m/c. Uemy paBHa OTHOCHTENbHast
CKOPOCTB BEIOCHTIEAUCTOB?

Omeem: M/C

IIBa aBTOMOOHIA €AyT no npsAMOMYy IIOCCE B OAHOM HalpaBJICHHH!:
nepBelii — co ckopocTbio 40 KM/4, a BTOPOH — €O CKOpPOCTBIO
120 km/4. Onpeaenute CKOPOCTh BTOPOrO aBTOMOOWII OTHOCHTEb-
HO NEpBOro.

Omeem: KM/4
[Ba aBTOMOOMJIA IBMXKYTCS MO MPSAMOMY LIOCCE HABCTpedy ApYr
JpYry: nepBbIli — €O CKOpocThi0 50 KM/4, BTOPOH — CO CKOPOCTBIO

110 kM/4. Onpeznenurte MOAYIb CKOPOCTH BTOPOro aBTOMOOWIIA OT-
HOCHTENTBHO NepBOro.

Omeem: KM/4
JlBa camoJieTa, NMacCaKMPCKUH M HCTpEOHMTENb, JIETAT BO B3aHMHO

NEPNEHANKYJIIPHBIX HanpaBieHUsAX. CKOpOCTh MaccaXXUpckoro nai-
Hepa paBHa 1o Moay/to 330 xM/4, a MOAYNb CKOPOCTH HUCTpedHTENS
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22,

paBeH 440 kM/4. Beruncinute MOIynb CKOPOCTH HCTpeOHTENs OTHO-
CHTEJILHO MAaCCaXHPCKOro JalHepa.

Omeem: KM/4

JlBa aBTOMOOMJISL JIBHIKYTCS 110 B3aUMHO MEPNEHIUKYASPHBIM AOPO-
raM. CKOpoCTb 1epBOro aBTOMOOMJS OTHOCHTENIBHO IOPOTH IO MO-
Aymo paBHa 60 KM/4, @ MO,yJib CKOPOCTH B1OPOIO UTHOCHIEILHO
nepBoro paBeH 75 kM/4. OnpeneMTe MOAy/lb CKOPOCTH BTOPOro as-
TOMOOGHJIA OTHOCHTEIIBLHO JJOPOTH.

Omeem: KM/4

Cosembsi 018 pewuenua 3a0au Ha onpeoeneHue
omHocumenbHoll cKopocmu
e Ilpu pemeHnH 3agad Ha OnNpeAescHHE OTHOCHTESIBHOH CKOPOCTH

MOXHO He MepeBOAUTS eAnHNLBI u3MepeHHs B CH, Ho B pamkax oaHoii 3a-
Ja4u BpeMs, CKOPOCTb U NYTh JOJDKHBI OBITH COTIacOBaHb! MEXAY COOOM.

3aoauu

Hoockazku

1. B TeueHHe kakoro BpeMe-
HH [1aCCaXKHP, CTOALIMIH Y OK-
Ha roe3na, MAYIIEro €O CKO-
poctblo U, Oyner BHIETH
APOXONALIMHA  MuMO  HeElo
BCTPEYHBIH 10€31, CKOPOCTh

KOTOpOro U, , a JuiiHa [ ?

Bpems nBuxeHHs MHMO OKHA
(HJIM Daccaxupa)
I
t=—
v tv,
«t» BCIPEedHbIH HOE3,
«-» TIOIYTHBIN H0€3]

B >Toi 3agaye ¢t = —
v, + 0,

2. Tlo mapamienbHbIM XKeJies-
HOZIOPOXHBIM MYTSM B OJIHOM
HanpaBJICHUH  CJIEAYET
BapHbIH MMo0€3 JUIMHOH / co

TO-

CKOPOCTBIO U; M IEKTPOMNoO-
€371 JUIMHOH [/, CO CKOPOCTBIO
U,. B TeueHue kakoro Bpe-

MEHH 2jeKTponoess Oyael
obconames  TOBapHbIN? [IBU-
KEHHe TMOoe3qoB  cuMulailic
PaBHOMEPHBIM.
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Bpems aABH)KeHHs1 0HOTO NO€311a
MHMO APYroro
Vo
Yumume: o006ron wHauumHaercs, Koriaa
1'0JIOBHOM BarOH »IEKTPOIOe34a 1OCTH-
raeT XBOCTOBOIO BarOHAa TOBAPHOIO, a
3aKaHYMBAeTCA, KOrja XBOCTOBOH Ba-
IOH 2JIEKTPOIIOC3a  «lIOKHIAeT» Tro-
JIOBHOH BAroH TOBAPHOIO.

. I +1
B »roii 3anaue £ = ——
v, — U




YINPAXHEHUSA

1. [IBa noc3aa uayT HaBCTpedy APYr ApVry Mo NapaiebHbIM MyTIM ¢O
ckopocThio 20 M/c U 15 M/c. Onpeaenute BpeMs, B TEYEHUE KOTOPOro
MHMO MaccaXupa, HaxoIsllerocs B MEpBOM noesze, OyAeT Mpoxo-
JUTh BTOPOH M0C3A, ATHHA KoToporo 175 M. (5 ¢)

2. CkoJabKO BPEMEHH racca)cup, CUAALIHI y OKHA Moe3/a, HAYLIEro co
CKOPOCTBIO 36 Kiat'u, OyneT BuaeTh OOTOHAMOLIMH MOE3X IJIHHOM
120 M, nBmwxytmiics co ckopoctbto 72 kM/u? (12 ¢)

3. /lBa moe3na MAYT HaBCTpedy APVIT APYrY CO CKOPOCTAMH 36 kM/y
u 54 km/4. [Maccaxup B nepBOM OC3/1e 3aMeYaeT, YTO BTOPOH noesn
NPOXOAMT MUMO HeTo B TeueHHe 8 c. Kakosa qunHa BToporo noeszaa?
(200 m)

4. T[laccaxup noesaa, uayuiero co ckopoctsio 30 M/C, BUIUT B OKHe TO-
BapHBIH 1031 MOMYTHOTO HaNpaBiCHUsA, KOTOPBIH IBHXKETCA C
MeHbLUIEH ckopocThio, B TeycHue 10 c. OnpenennTte ckopocTh TOBap-
HOro noesja, eciid ero aiauna 250 m. (5 M/c)

5. B TeuyeHue kakoro BpeMeHH ckopbii noe3a anuHod 300 M, uaymwmii
CO CKOPOCTBIO 72 KM/4, OyAeT NPOXOAWTb MHMO BCTPEYHOrO TOBAp-
Horo 1oe3ja MHo# 600 M, uayiero co ckopoctsio 36 kM/y? (30 ¢)

6. Ilo napauteNbHBIM XENE3HOAOPOKHBIM MYTAM B OJHOM HarpaBiie-
HHMH CJledyeT TOBapHbIi noe3n aauHoi 420 M co ckopoctbio 10 M/c U
anekTponoes ;MHoH 120 M co ckopoctsio 30 M/c. B TeyeHue kako-
ro BPEMEHH 3JIeKTpornoe3a OymeT oOroHATH ToBapHBIN? J|BHXkKeHHE
N0€310B CUUTAHTE paBHOMEPHBIM. (27 €)

Cpennsisi ckopocTb

HepaBHoMepHOe ABHaKEHHE - IBHKEHHUE C IEPEMEHHOH CKOPOCTHIO.
OTO caMblii pacIpOCTPaHEHHbIH BHA ABHKCHUS.

Cpeanns ckansipHas (myTeBasi) CKOpocTh

/
v

op
rae / — BeCh NyTh; ! — BCE BpeMH.
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CpeaHsns BeKTOpHasA CKOPOCTh

TZe § — BCE MepeMellicHHE; f — BCE BpeMS.

CpeaHas ckaasipHasi CKOPOCTb H MOAYJb cpelHeH BeKTOPHOMH

CKOPOCTH

Vep 2

Uep

Cosembut u noockasxku 01 pewenun 3a0a4
Ha onpeodenenue cpednell ckopocmu

B paMKax OJIHOM 3a7a4 €IHHHLIbI H3MEPCHHA CJIEAYET COTJIaCOBATh.

IlepByto TpeTh Bpe-
MEHH. .., OCTaBILIEECs
BpeMS. ..

Tpu gyeTBepTH Bpe-
MEHH. .., OCTaBlLee-
sl BpeMms. ..

[TepByto nonoBHHY My-
TH..., BTOPYIO NIOJIOBHHY
MyTH. ..

[, =0,4/;1,=0,6/

v,=0,/,=0,¢, #0

llzi;b:z{ t|=£§t2=£ 11=£;12=i
3 3 4 4 2 2
40 % nyTH..., ocTaB- | Besocuneauct oT- | ABTOMOGHIIB pasrpyXaiu
LIMHACS NYTh... ObIXaJt v,=0,/,=0,7, 20

H3BecTHO BpeMs npo-
XOKIEHHUS OTIENIbHBIX
Y4YacTKOB MYTH H CKO-
POCTH JIBU)KEHHUS Ha
3THUX YYacTKax

Ul + Do

cp —
L+t

H3BecTHBI 3HaYeHHUs
OTIENbHBIX Y4acT-
KOB MYTH H CKOpO-
CTH Ha 3THX Y4acT-
Kax

L+

A

U U

Ecnu B 3anaye pedb UIET O
4acTH BPEMEHH, TO BCE
BpeMs o603HauyaeM f. Bri-
pakaeM BeChb ITyTh, YUHUTHI-
Basi CKOPOCTH ABMKECHHS U
MHTEPBAJIbI BpEMEHH
Ui+,

cp — P

Ecnn B 3anaue peus
HACT O YaCTH MYTH, TO
BeCh NyTh 0003Ha4a-
eM /. BuipaxkaeM Bce
BpEeMsA ABH)KCHHSA, yUH-
ThIBasi CKOPOCTH Ha
OTJICJIBHBIX YYaCTKax
1
Yo =71,
o
v D,

H3BeCTHBI CKOPOCTH
Ha nepBoit (v,) U
BTOPOi MOJIOBHUHE
nytu (v,)

_2v,

cp =
v+,

1. Teno aBmxeTcs paBHOYC-
KOpPEHHO U MPAMOJIMHEIHO
Vgp = ————
2
2. M13BeCTHBI CKOPOCTH 32
paBHbIC HHTEPBATHI BPEMEHH
] +0,
cp — T~
2
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YINPAXHEHUSA

B TeueHue MepBBIX 5 4 MOe3x ABHrajcs CO CPEAHEH CKOPOCTBIO
60 xm/4, a 3aTeM B TeyeHue 4 4 — CO CpeaHeH CKOpOCThIo 15 km/4.
Haiiaute cpenHIO CKOPOCTh MOE€3/a 3a BCE BpEMsS JIBHIKCHHS.
(40 xm/4)

Benocuneanct, npoexas 4 KM CO CKOPOCTBIO 12 KM/4, OCTAHOBHIICS U
otasixan B Teuenue 40 mun. OcTaBiiyecs: 8 KM IyTH OH MpPOeXal co
ckopocThio 8 kM/4. Halimute cpenHIOI0 CKOPOCTh BEJIOCHIIEANCTA HA
BCEM NyTH. (6 KM/4)

JeBouka nmpoe3xkaeTt Ha kapycenu 35 kpyros 3a 3 muH. Paguyc xapy-
cenu 4 M. OmpenieNiuTe CPEeAHIO CKASPHYIO CKOPOCTb U MOIYJb
cpenHei BeKTopHOH ckopocTH. (4,88 m/c; 0 m/c)

[TepByt0 MONOBHHY MYTH YEJIOBEK LIET CO CKOPOCTBIO 5 KM/, a BTO-
pyto — Oexan co ckopocThio 10 kM/4. OnpeseuTe CPEAHIOKD CKO-
POCTb 4€I0oBEKa Ha BceM MyTH. (6,7 kM/4)

[107I0BUHY BPEMEHH aBTOMOOWIIb JBHXKETCS CO CKOPOCThIO 20 KM/4,
OCTaBUIYIOCS TOJOBHHY — co ckopocTeio 80 kM/u. Ompenenure
CPEIHIOK CKOPOCTh aBTOMOOHIIS. (50 kM/4)

IMepebie 20% Bcero mMyTH TEJO ABUTAIOCh CO CPEOHEH CKOPOCTBIO
10 M/c, cnenyrome 50% — co ckopocThio 12 M/c, ocTaBulyroCs
YacTh NMyTH — CO cpenHeil ckopocThio 15 M/c. Haliaure cpenHioo
CKOPOCTh Ha BceM nyTH. (12,24 m/c)

Teno nBe TpeTH BPEMEHH IBHIajJOCh CO CKOPOCTBIO 6 M/C, a OOHY
TpeTh BpeMeHH — 9 M/c. OnpepenuTe CpeqHIO CKOPOCTh JBMXKEHHS
Tena 3a BECh IPOMEXYTOK BpeMeHH. (7 M/c¢)

Benocunenucr npoexan 1/3 nytu co ckopoctsio 40 km/u, TpH uyeT-
BEPTH OCTABILUETOCH INYTH CO CKOpocThio 30 KM/4y, a OCTaBUIMHCS
MyTh — €O CKOpOCThI0 60 xM/4y. Haliaute cpenHIO MyTEBYIO CKO-
pocTh. (36 kM/4)

CpenHssi CKOPOCTh M0€34a Ha BceM myTH 15 M/c. C Kakoi CKOpOCTBIO
OH JIBUTAJICA NEPBHIE 6 C, €CIIH 3a OCTajbHbIC 12 ¢ MpolIes paccTos-
Hue 150 M? (20 M/c)
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10. Teno oaHy TpeTb NMyTH IBHrajJoch CO CKOPOCThIO 5 M/c. Onpenenute
CKOpOCTb JIBH)KEHHUs Ha OCTAILHOM YacTH ITYyTH, €CITH CPeAHAS CKO-

pocTb Ha BceM niytu 7,5 M/c. (10 m/c)

PaBHoyckopeHHoe
NPSAMOJIMHEHHOE IBHKEHHE

PaBHOYCKOpeHHOE NpPSIMOJIMHEHHOE JBH)KEHHE — JBIDKCHHE MO
IPSAMOM C TIOCTOSIHHBIM YCKOpPEHHUeM ( d = const ).

Yekopenne G (M/c’) — BeKTOpHas (DH3HUECKAs BENHUMHA, TTOKA3bI-
Balolllas, Ha CKOJILKO U3MEHAETCsl CKOpOCTh Tesla 3a 1 c.

B BexTopHOM BHzE:
- V-0
a= .

t

B npoekuusx Ha ocp 0.X:
vr - vU,r

a, =
t

ITpubop nns uaMepeHus YCKOpPEeHHUs —- akceaepomMemp.
3HaKH NMPOEKLUHH YCKOPEHHs 3aBUCAT OT HAMpaBIIEHHS BEKTOpa YCKO-

peHns u ocn 0X. PacemoTpuM crydait, koraa o, 110X
npu mopmodiceHuy

npu pazeome
a. >0 a, <0
Gy 4y 0, R X
Y X

X
I'padpuk yckopenuss — rpadux 3aBUCUMOCTH MPOCKLMH YCKOPEHHS
or BpeMeti. JIpoekus yckopeHHusl MpH paBHOYCKOPECHHOM NpPsAMOJIMHEN-

HOM ABWXKEHHUH HE U3MEHAETCA: ¢, = const
a, {k
1

-V

<t




Kak BbIrnsauT rpaguk?

Kak ¢ nomotiipo rpadpu-
Ka CPaBHHUTb MOAYJIH
YCKOpEHHH?

I'paduk yCKOpEHHSs IIPH PAGHOYCKOPEHHOM
NPAMOUHETIHOM 08UNCEHUY — TIpsAMas, rlapai-
JenpHas ocu BpeMedH (1, 2).

Yem panelie rpadUK OT OCH BpeMeHH (2), TeM
6oJbIIe MOAYJIb YCKOPEHHUS.

MrHoBeHHAast CKOpOCTb —- CKOPOCTh B JIJAHHBIA MOMEHT BPEMEHH HIIH
B JJAHHOM MECTE NPOCTPAHCTBA.

CKopocThb NPH PABHOYCKOPEHHOM
NPAMOJIHHEHHOM ABHKEHHH

B BekTOpHOM BHJIE:

C y4eToM 3HaKa YCKOPEHHS («+» pa3roH, «—» TOPMOXKEHHE):

v=v, tat.

I'paduk ckopocT — rpaduk 3aBUCHMOCTH MPOEKLIUH CKOPOCTH OT
BpeMeHH. llpoekLHs CKOpPOCTH MpH PaBHOYCKOPEHHOM IMPsAMOTIMHEHHOM

JABUXCHHHU: U_‘ = U()\ + a,[ .

v,

A 1

Kak BoirnsaauT rpadux?

Kak no rpaduky onpene-

JINTH HanpasfieHHE
sKeHus Tena’?

Kak ¢ nomoubio rpaduka
CPaBHHTb MOIYJIH YCKO-

peHnit?

ABH-

~V

v

Hp}MlO,'IllHel}H().\l OBUNCeHUU

(1, 2, 3).
ocH 0.X.

HHA.

['paduk CKOPOCTH TIPH PABHOYCKOPEHHOM

npsamas

Ecnu rpagux pacrnonaraercst Han OChlO Bpe-
MEHH, TO TEeJIO JBHXETCS MO HAlpaBJIEHHIO

Yem Oonblie TAaHIE€HC yria HakjOHa rpadu-
Ka k ocH ¢ (3), Tem 6onble MOayIb YCKOpe-
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JononHurensHas Ecnu rpaduk nepecekaer ock BpeMeHH (2, 3),
nHbopManus TO Ha MEPBOM 3Tane TeJNO0 TOPMO3WIO, a Ha
BTOPOM [IBUTaJIOCh YCKOPEHHO B IPOTHBOIO-

JIOXHYIO CTOPOHY.

I'eoMeTpHYecKHH CMbIC] mepeMellteHusi. [l1s onpeneneHus MyTH M
MOJIy/ISl NIEPEMEILEHNSA MPH PAaBHOYCKOPEHHOM MPAMOJIMHEHHOM [BHXKE-
HHUU CledyeT BBIYUCIAATH Iulowanb Gurypsl mnoa rpadHkoM CKOpOCTH B

ocsx (v, , ).

t

B nanHom CJy4a€ HaxoAuM Iu1oiaab Tparciuunu

= 8 = O

Cogembsl u nodckasku ONA peuieHus 3a0ay
Ha pacuem YCKOPeHUR, CKOPOCMU U 6DEMERU OBUNCCHUR

¢ B 3ajayax Ha paBHOYCKOpEHHOE NPAMOJIMHEHHOE NBHKEHHE €IHHH-
bl M3MEPEHHS BCEX BENTHUHH clieAyeT cpa3y nepesoauts B CH.

YcKkopeHHe:
v-v
ta= 2
t
MrHoBeHHas CKOPOCTh:
V=0, tat
BpeMs IBHKEHHS:
P
ta

Coeembi. 3HaKH Mepesl YCKOPEHHEM YYHThIBaiTeE TONABKO B (opMyiie
(«+» pa3roH, «—» TopMoxenue). [IoMHHTE, 4TO BpeMs BCETAa MONIOXKH-

TEJIBHO.
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Ioockaszku k 3a0auam Ha pasHOycKoOpeHHoe
npAMONUHelHoe 08UdCeHUe

Teno aewxerca | [loe3n orxoaut Pakerta Iyns B Havane
U3 COCTOSAHUA OT CTaHLIUU CTapTyer CTBOJIA
TIOKOSL BUHTOBKH
Dy = 0 ,a> 0
Teno Topmosur | Iloe3n noxxoaur | Teno cosepmaer | CkopocTs Tena
K CTaHLIUHU aBapHUHHYIO YBEJIHYHIIACh
OCTaHOBKY B 1 pa3
v=0;a<0 V=nv,
CkopocTb CkopocTb Cxopoctb Bo ckonbko pa3
YMEHBLINJIACh YBEJIHYHTIAChH yMEHBLIUIIACh yBEJTHYMIIACh
B 1 pa3 Ha 2 M/c Ha 4 M/c CKOpOCTb?
v=U,/n V=0 +2 v=v,-4 v/ v,

Bo cxonbko pa3 | Kak uamenunacs | Ha ckonsko yBe- | Ha ckoibko
YMEHBIIHIIACh CKOpOCTb? JIUYUIIACh CKO- | YMEHBIINIACh
CKOpOCTb? v/ v, pocTs? CKOpOCTh?
vy /U V-V, Vo —U

Ha cxonbko Ha cxonbko Teno mokoutrcs | Monyns yckope-

MIPOLICHTOB NPOLIEHTOB U,=0 HHUs — Bceraa
yBEJIMYUTIacCh yMEHbLIHIIACh a=0 MOJIOXKHUTEIbHASA

CKOpOCTh? CKOpOCTh? BEJIMYHHA
V-V Uy —U

?.100% 2 -100%
Vo Vo
3A0AHYHN
23. JIbDKHHK pPaBHOYCKODEHHO CBEIKAET CO CHEXHOH ropku. Ckopocts

JIBDKHHMKA B KOHIE cnycka 15 m/c. Bpems cnycka 30 c. C kakuM yckope-
HHEM IBHXETCA NBDKHHK? CnycK HAaYMHAETCH U3 COCTOSAHHA TOKOS.

2
Omeem: M/c

24. JIpDKHMK Cbe€Xall C TODBI, ABHrasACh NPAMOJIHHEHHO U PABHOYCKOPEH-

Ho. 3a BpeMs 20 ¢ CKOpOCTb JIBDKHHKA BO3pocia oT 4 M/c 1o 18 m/c.
C KaKkuM yCKOpEHHEM CITYyCKAICS JIBDKHUK?

2

Omeem: M/C
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25,

26.

27.

28.

29.

30.

31.

32

CaHKH chexald ¢ OIHOH TOPKH M BheXayld Ha Apyryoo. Bo Bpems
NOABEMA HA TOPKY CKOPOCTb CAHOK, ABHUIABLUMXCSA NPAMOJIHHEHHO H
PaBHOYCKOPEHHO, 3a 4 ¢ u3MeHunackh ot 12 M/c go 2 m/c. Onpenenure
MOIyJIb YCKOPEHHS CaHOK.

2

Omegem: M/c
Teno HayMHaeT ABUraThcsi paBHOYCKOPEHHO C HAUaJIbHOH CKOPOCTBIO
4 M/c U yCKOpeHHeM 5 m/c’. Haiinnre YBEJIMYEHUE CKOPOCTH Teja
3a6c.

Omeem: M/c

JIBDKHHUK CKATBIBAETCH C I'OPKH, JBHIasiCh MPSAMONHHEHHO U paBHO-
YCKOpPEHHO. 3a BpeMs CIIyCKa CKOPOCTh JIBDKHHKA YBEJIHYMJIACH HA
7,5 m/c. Yckopenne aebkHHKa 0,5 m/c®. CKOJbKO BpEMEHH UTHICS
cmyck?

Omeem: c

JIBDKHHK HaYMHAET CIYCKAThCs C rOpbl, UMest CKopocTh 4 M/c. Bpems

ciycka 30 ¢. YcKopeHHe JbDKHHKA MU CIIyCKe MOCTOSHHO U PaBHO
2

0,5 m/c”. KakoBa cKOpOCTB JIbDKHHKA B KOHIIE CITycKa?

Omeem: M/c

2
ABTOMOOHWIIB, TpOTasiCh C MECTa, JBHXETCS C YCKOpEHHeM 3 M/c’,
Yemy paBHa CKOpOCTb aBTOMOOWIIA depes 4 c?

Omeem: M/c

laprk cBOGOZHO CKAaTBIBAETCSA MO HAKJIOHHOMY NpPAMOMY >kenoby
2

C MOCTOSHHBIM YCKOpPEHHEM, 10 MOAYJII0 paBHBIM 3 M/c”. Onpenenu-

T€ CKOPOCTH LIapHKa gepes 2 C.

Omeem: KM/4

JlerkoBo# ¥ rpy30BOH aBTOMOOH/IM OJHOBPEMEHHO HAYHHAIOT JIBHIKE-
HHE M3 COCTOAHHS MOKOs. YCKOpEeHHe JIErKOBOro aBTOMOOMLA B 3 pasa
6osblie, YeM y rpy3oBoro. Bo ckonpko pa3 6obLIyr0 CKOPOCTh pa-
30BbET JIETKOBOH aBTOMOOHJIb 32 TO K€ BpeMs?

Omeem: B pas(a)



32. MOTOLMKIHCT H BEJOCHIEAUCT OJHOBPEMEHHO HAUHHAIOT PAaBHOYC-
KOPEHHOE IIBIXKEHHE W3 COCTOAHHSA MOKOs. YCKOpEeHHEe MOTOLHKIIH-
cTa B 3 pasa Oosibliie, ueM y BeJocHneaucTa. Bo ckonbko pa3 Oomnsliie
BpPEMEHHM NOHANO0MTCS BEJIOCHIIEAUCTY, YTOOBI JTOCTHUL CKOPOCTH
50 km/y?

Omeem: B pas(a)

OcHoBHBIE GOpMYJIbI IJIA pacyeTa nepeMereHns

s
at” .
s=vt £ - (be3 koneunotli ckopocmu),

vi-vy .
s =——— (be3 8pemenu),
+2a

s= (ChalY) (be3 yckopeHnus).

Buumanue. 3anucanHble Boiiie GOpMYJibl «paloTalOT» TOJBKO HO TEX
IOp, NMOKa COXpaHseTcs HampaBlieHUe ABXeHHs. Eciiu HanpaBneHue nBu-
KEHHs M3MeHseTcs (Hanpumep, a 14 U, ), TO ABHXeHHE cledyeT pazdu-
BaTh HA JIBa dTana:

at,’

TopMoxkeHue: 0=uvy —at,; s, = vyt _T ;

2
at,
5 1251 +S2.

pasroH: {, =t —1,; 5, =

, s=|s. - S

3A0A4YHN
33. Bo BpeMs urpel JeBouka noOexana NpAMOJIHHEHHO ¢ MOCTOSHHBIM
2 .
yckopeHueM 1,6 m/c”. Kakoii nyts ona npoGexaia 3a nepsbie 4 c?

Omeem: M

34. TIlpu npsAMONMHEHHOM pPaBHOYCKOPDEHHOM IBHXXEHHH C HadanbHOMN
CKOpPOCTbIO, PaBHOH HYJIO, NyTh, IPOHJCHHBIH TEIOM 3a TPH CEKYH-
JIbl OT Havana JABHKeHHs, 6oJblie MyTH, IPOHIEHHOTO 3a NEPBYIO Ce-
Kyn1y. Bo ckonpko pa3z?

Omeem: B pas(a)
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35.

36.

37.

38.

39.

40.

4.

34

K. O. lInonkoBckuii B kHure «BHe 3eMin», OMUCHIBasA MOJIET PAKETHI,
oTMeyan, yTo yepe3 10 ¢ mocse crapra pakeTa HaXOMMJIAch Ha pac-
CTOSIHUM 5 KM OT MOBEPXHOCTH 3emiid. C KaKUM YCKOPEHHEM JIBUra-
Jlach paketa?

2
Omeem: M/c

Kapetka cnyckaercs o HaKIOHHOH IJIOCKOCTH [UIMHOH 15 cM B Te-
yeHue 0,26 c. Onpenenure yCKOpeHHe KapeTKH, €ClTH JBUXKEHUE Ha-
YMHAETCA U3 COCTOSHUA NOKOsS. OTBET OKPYIJIUTE A0 AECATHIX.

Omeem: m/c’

Yxios juHol S0 M IbDKHHK mpotien 3a 10 ¢, ABUraschk ¢ YCKOpPEHH-
2 .
eM 0,2 M/c”. UeMy paBHa CKOpPOCTb JIBDKHHKA B KOHIIE YKJIOHa?

Omeem: M/c

HaxondieMycs Ha ropu3oHTaJIbHONH MOBEPXHOCTH CTOJAa OPYCKY co-
obuman ckopocts 5 m/c. Iloa medicTBUeM Cuil TpeHHs OpPYCOK IBH-
WKETCA C YCKOpeHHeM 1 M/c. Yemy paBeH IyTb, NPOUICHHBIH Opy-
CKOM 3a 6 ¢?

Omeem: M

ABTOMOOMJIL TPOTAETCS C MECTA M IBHKETCS C MOCTOSHHBIM YCKOpe-
2 .~

HueM 5 m/c”. Kako# nyrth mpouien aBTOMOOHJIb, €CJIH €r0 CKOPOCTh

B KOHIIE MYTH OKa3ajach paBHOH 15 M/c?

Omeem: M

CkopocTh myad Npd BBUIETE W3 CTBOJA MUcToieTa paBHa 250 m/c.
Jnuna ctBona 0,1 M. Onpenenute yCKOPEHHE IMyJId BHYTPH CTBOJIA,
€CJI CUMTATh €€ JABHKEHHE PABHOYCKOPEHHBIM.

2
Omeem: KM/c”

Ha nocneaHeM KWJIOMETpe TOPMO3ZHOIO MYyTH CKOPOCTh I0€31a
yMeHbIIHnace Ha 10 m/c. Onpenennre CKOPOCTh B HAYATIE TOPMOXKE-
HHSA, ecay o0LuH TOpMO3HOH MyTh Moe3Ja cocTaBull 4 KM, a TOpMO-
XKeHHe ObUIO paBHO3aMEIJICHHBIM.

Omeem: M/C



Hepememenue B n-10 CEKYHAY PaBHOYCKOPCHHOI'0
ﬂpﬂMOﬂHHeﬁHOFO ABHIKCHHS

s, =s(n)—s(n-1),

2 o 2
rae S(”)=Uo”ig;—; sn-1)=vy(n -1y D"

YINPAXXHEHUSA

Teno, IBUrasch U3 COCTOSIHUA MOKOA, 33 MATYIO CEKYHAY MNpOULIO
nyts 18 M. Kakyio ckopocth Oyner HMETh TeJIO B KOHLE MATOH ce-
kyHasl? (20 M/c)

[Toe3n HauMHAET ABMXKEHHE M3 COCTOSHHSA MOKOS U MPOXOJHT 32 YET-
BepTylo cekyHay 7 M. Kakoil myTe mpoiaer noess 3a nepsbie 10 ¢?
(100 m)

[Toe3xa otouwien OT CTAaHUMH H B TedeHHe 20 ¢ JBUrajcs paBHOYCKO-
peHHo. Haiinute nyTh, npoiineHHBIHA NOE310M 33 3TO BpEMsl, €CIIH H3-
BECTHO, 4TO 3a JAECATYIO CEKYH/y OH npotuen nyTb 19 m. (400 m)

Moe3n, mBUrasch OT CTAHUKH, 32 BTOPYIO CEKYHIY NPOXOAMT MyTh 1 M.
Kaxko# myTh npoiaer noes 3a 15 ¢ ot Hayana aswkeHus? (75 m)

[IpH paBHOYCKOPEHHOM JIBHXKEHHH 3a YETBEPTYIO CEKYHIY TENO MNpo-
xoaut 2,7 M. Onpenenure nepeMelleHHe Tena 3a CEAbMYIO CEKYHAY.
Hauansnas ckopoctb Tena pasua 2 M/c. (3,3 m)

3a MATYIO0 CEKYHAY NPAMOJHHEHHOrO ABHMKEHHSA C MOCTOSHHBIM YC-
KOpEHHEM TeJIO MPOXOAMT MyTh 5 M U ocTaHaBnMBaercs. Kakol nyTs
NpPOHAET TENO 3a TPEThIO CeKYHAY? (25 M)

YpaBHeHHE KOOPAMHATHI PH PABHOYCKOPEHHOM TIPAMOJTHHEHHOM

ABHXCHHH IO3BOJIACT ONPENCIIHTL KHHEMATHYCCKHE BEJIUYHHBI PABHOYC-
KOpPE€HHOT' O HpﬂMOHHHeﬁHOFO JABH)XKCHHUA HaXE B TE€X ClyYyasX, KOrjia Ha-
NpaBJICHHUE NBHKCHHUA MCHSCTCH.

YpaBHEHHE KOOPAHHATHI
2

X

x=xO+ont+
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YpaBHEHHE POEKLIHH NEpEMENICHHS

2
a.t
S, = ont + 2 .

VY paBHeHHE MPOEKIUH CKOPOCTH
v, =X'(t) = vy, + a,l.

Homnume, 4to i onpenesieHUs 3HaKa NMPOEKIMH HAYaIBLHOH CKOPO-

CTH M YCKOPEHHS ClieflyeT CPaBHHBATh HANPaBJIEHUSA 3THX BEKTOPOB C Ha-
npaBJicHHEM BEIOpaHHO#H OCH.

42,

43.

44,

45.

46.

36

3ALAYN

3aBHCHMOCTb KOOPHHATBI OT BPEMEHH /Il HEKOTOPOTO TeJla OMUCHI-
BaeTCs ypaBHeHHeM x =8f—2t> M. UeMy paBHa KOOpAMHATa Tenla
yepes 3 ¢?

Omeem; M

UeMy paBHO nepeMelleHHe MaTepHallbHONW TOYKH 3a S5 ¢, ABHXEHHe
KOTOpOIi B10/1b O0cH 0.X OIHCHIBAETCA YPaBHEHHEM X = 6 — 4f + 1> M?
Omeem: M

3aBHCHMOCTH KOOPIAHHATHI OT BPEMEHH ISl HEKOTOPOTO TEJia OMMCHI-

BaeTCs ypaBHeHHEM X = 12¢—2¢° M. B kaKkoii MOMEHT BpeMeHH mpo-
€KLUs CKOPOCTH TeJa Ha och 0X paBHa Hym0?

Omeem: C

3aBUCHMOCTb NYTH OT BPEMEHH /IS OPSAMOIUHEHHO IBHXKYUICTOCS
Tesa uMeet BHA: s(¢)=2¢+3t°, TAe BCe BEIMYMHbI BbIPAKEHbI B

CH. Yemy paBHO yckopeHHUe Tena?
hl
Omeem: m/c”
YCTaHOBHTE COOTBETCTBHE MEXAY 3aBUCHMOCTbIO KOOPAMHATHI Tejia

OT BpeMeHH (rae Bce BelH4HMHbl BblpakeHbl B CH) M 3HaueHUsAMHU
[IPOEKUMH €ro HayalbHOR CKOPOCTH H YCKOPEHHA.



47.

48.

KOOPJIMHATA HAYAJIBHASI CKOPOCTb U YCKOPEHUE
A) x=6f 1) vy =3 M/c,a,=0
B) x=6-3¢ 2) Vo =6Mlc, a,=3Mmic?

3) Vo =0, a,=12m/’

4) v, =3M/c,a,=6 m/c’

Omeem:

YCTaHOBHTE COOTBETCTBHE MEXAY 3aBHCUMOCTHIO MPOCKUHH CKOpPO-
CTH T€JIa OT BpEMEHH H 3aBUCHMOCTBIO MPOCKIIHH NMEPEMENIEHHA 3TO-
ro tejia OT BpEMCHH U1 OOHOI'O H TOI'O XK€ IBHXXCHHS.

MMPOEKIIMA CKOPOCTHU MMPOEKIIM A MEPEMELIEHHA

A) v, =3-2 1) s, =5t+27
B) v, =5+4¢ 2) s, =5t+47
3) s, =3t-27
4) s, =3t-r
A| B
Omeem:

YCTaHOBUTE COOTBETCTBHE MEKIY 3aBHCHMOCTBIO ITPOEKLIHH CKOPO-
CTH TeNa OT BPEMEHH U 3aBUCHMOCTBIO KOOPAMHATHI 3TOrO Tejia OT
BpeMeHH (HauajlbHast KoopAMHaTa paBHa ().

MMPOEKLIMA CKOPOCTH KOOPIUHATA

A) v, =-2 1) x=-2¢
B) v, =5-t¢ 2) x=-2r
3) x=5t-0,57
4) x=5t+27
Al B
Omeem:
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49. Teno asuxercs Baoab ocu 0X U3 Hayana KOOPAHHAT C MOCTOAHHBIM
yckopenueM. HanpasiieHus HauyallbHOH CKOPOCTH Dy M YCKOPEHHEM
d TeNa yKa3aHbl Ha PUCYHKE

»
>

X

Us a
— > —
&

0

YCTaHOBUTE COOTBETCTBUE MEXIY (U3NYECKUMH BEIMYMHAMH H
¢dbopMynamu, 1o KOTOPbIM HX MOXHO pPaCCYHTATh.

OUNYECKUE BEJIMUUHBI OOPMYVYIJIbI

A) KoopauHaTa x Tena B MoO-

at’
1) vyr+—
MEHT BPEMEHH 2

2
B) ckopocTh v, Tena B Mo- 2) - ar”
MEHT BPEMEHH [
3) Vo +at
4) UO - at

Omeem:

CoBMecTHOE IBHKEHHE ABYX TE€JI

YpaBHeHHe KOOpPAHHATHI MO3BOACT p€liaTh 3a1a4H Ha COBMECTHOC
JABHXXCHHE NBYX TECJI.
ypaBHeHH€ KOOpAHHATBI
2

at
X=Xy + vor‘.t + 2 .

YPaBHeHHG KOOpAHUHATHI MPH 3ana3abIBaHHH

a, (f B taana‘m )2

x:x0+vﬂx(t_t1nna'm)+ 2



AJITODHTM pellieHHd 3a5a4
Ha onpejiejieHHe MeCTa H BpeMeHH BCTPEYH IBYX TeJ,
ABHXYIIUXCS N0 NPAMO#A

3agava. U3 nyHkTa A HaYyHHAET IBHXEHHE aBTOOYC C YCKOPEHHEM 4, .
OnHOBpEMEHHO ¢ HUM U3 MyHKTa B HaBcTpeuy aBTOOYyCY BBIERKAET aBTO-
MOGHITB C IOCTOSIHHOM CKOPOCTBIO U . Ha KakoM pacCTOSHHHM OT MyHKTa A
coctouTca ux Bcrpeda? Paccrosnue Mexny nyHkramu A u B paBHo /.

1. Cnenarb yepresk, Ha HEM yKa3aTh OCb KOOPJHHAT, Ha4alIbHbIE KOOp-
JMHATHI TeJl, HaMIpaBAeHHE HAYaIbHBIX CKOPOCTEHN U YCKOPEHHH.

Vg = 0
a U,
— > —
} t—
0 I X

2. CocTaBUTh YPAaBHCHHUA KOOPIAHMHAT JIA KaXXAO0ro Tejia, HCNOJIb3ys
2

X

dopMyny: x = X, + Ug,t + az .

2 2
alt alt

2

Jns nepsoro Tena: x, =0+ vt +
s BToporo tena: x, =/—v,t.

3. Pewnts 3amauy.
a) Ananumuyeckuti cnocob: NPUPaBHAB ypaBHEHHS KOOPJAMHAT X; = X, ,

HalTH BpeMs BCTpeuH 7. [loacTaBuB Bpems BCTpedd B J000e ypaBHEHHE
KOOP/IMHATBI, HAHTH MECTO BCTPEYH X .

6) I paguueckuii cnocob: MOCTPOUTH rpaQKH KOOpAMHAT IS IBYX
TeJl, HAHTH TOUKY MX MEPECEueHHUs, ONMPENEIUTL BPEMs BCTPEUH - M KO-
OpAMHATY BCTPEUH X .

Ao

Xe Xy ([)

t
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YIPAXHEHUSA

U3 nynkToB A u B, pacniosnoxeHHBIX Ha paccTOsHHH 120 kM apyT OT
Ipyra, OJHOBPEMEHHO HaBCTpedy APYT APYry Hadgaiu JBHIaThcs [Ba
aBToMoOmia. CkopocTs nepBoro aBTomMoOMis 90 km/4, a BTOPOro
110 xkm/4. Onpenenure BpeMst U MecTo BeTpedH. (0,6 43 54 km)

U3 HaceneHHBIX NyHKTOB A u B, pacnonoxeHHBIX BIO/Nb LIOCCE Ha
pPacCTOSIHUM 3 KM Apyr OT Apyra, B OJHOM HalpaBJICHHH OIHOBpeE-
MCHHO Hayajiu JBH)KEHHE BEJIOCHUTIeNUCT W mnewmexol. Berocunenuct
JBHXKETCS U3 MMyHKTa A CO CKOPOCTBIO 15 KM/4, a memexona co CKopo-
CThO 5 kM/4. Ompenenute BpeMs U MecTo ux Berpeud. (0,3 4; 4,5 km)

TosapHslit moe3a ener co ckopocthio 36 kM/4. Crycta 30 MuH ¢ TOH
e CTaHIMH MO TOMY K€ HAaNPAaBJIEHHUIO BBIXOAUT KCIPECC CO CKOPO-
cTbio 144 kM/4. Ha kakoM pacCTOSSHUM OT CTaHIMH 3KCIPEcC JOro-
HUT TOBapHbIi noe3n? (24 kM)

[To onHOMy HanpaB/IeHHIO M3 OJHON TOYKH OJHOBPEMEHHO HaydaTH
JIBUTAThHCS Ba TEja: OAHO PABHOMEPHO CO CKOPOCTBIO 5 M/c, a Apy-
roe paBHOYCKOPEHHO 0€3 HauajibHOi CKOPOCTH C YCKOPEHHEM 2 m/c.
Yepes CKOIBKO CeKYHJ BTOPOE TeJlo AOrOHUT nepBoe? (5 ¢)

MuMoO OCTaHOBKM TO NPAMOH YIIHIIEe MPOE3KAET I'PY30BUK CO CKOPO-
cthio 10 M/c. Uepes 5 ¢ OT 0OCTAaHOBKH BIOTOHKY I'DY30BHKY OThE3)XKa-
€T MOTOLMKJIHCT, IBHXKYLIHMHACS C YCKOPEHHEM 3 m/c’. Ha kakoM pac-
CTOSITHUH OT OCTAHOBKH MOTOHMKJIMCT JOTOHUT Ipy30BHK? (150 M)

Yepes 40 ¢ nociie 0TX04a TelioXxoga BAOTOHKY 32 HUM OT TOH ke
NPUCTAHH OTMPABUJICS KaTep C MOCTOSHHBIM yckopeHHeM 0,5 m/c’,
Onpezenurte, Ha KAKOM PacCTOSIHUH OT NMPHCTaHH KaTep JOTOHHT Te-
TUIOXOJ, €CJTH TEeIUIOXON JBUTAJICS pPaBHOMEPHO €O CKOPOCTBIO
18 xm/u. (400 m)

Korna maccaxkxupy ocranock 10 ABEpH BaroHa AOHTH 25 M, moesn
TPOHYJICS C MECTa U CTan pa3roHAThCA ¢ yckopeHueM 0,5 m/c. Tac-
caxxup nobexan ¢ TOCTOSHHOH CKOpocThio. [Ipu kakoH MHHHMAJIb-
HOW CKOPOCTH OH JIOTOHHT cBO# BaroH? (5 m/c)



I'padpuxu KHHEMATHYECKHX BeJIHUYHH
NPAMOJIHHEHHOr0 ABHKEHHS

Ilokok | PaBHomepHoe | PaBHoyckopenHoe | PaBHO3aMen ieHHOE
IBHIKEHHe JBH)KEHHe JBHKEHHE
a, =0 a, =0 a, = const, a, = const,
v,=0 | v,=const |[aT10,,0,TTox]|aMNv,0, TTox
Sx :0 Sy =vxt [ :vo+at U, :vo—at
X=X, X=X+ Ut at’ at?
. . =Upt +— . =Ugt ——
5, Mox [TV e = bl T
o, TN oX at’ ?
x=XO+v0t+_ x:xO+v0t—_
2 2
a, A
a, (t) a, ax“ aA
—(-)——-) > 0___.._.)
0 . t 0 t t
v.() vA v.A 1 v v,
E X XI [
— |
|
0 2 0 ! : !
5 (’) Sy S
0 l ! 0 t
l(t) ] 1 1 l A
2
0 { . )
t 0 '
x(t) X A x
—>

t

Yumume: nyts /(t) — Bceraa Bo3pacTaromias QyHKIUA.
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IIpumepnl rpaduyecKHX 3a1a4

1. To rpadmky CkOpOCTH ONpeAcTHTE YCKOPEHHE Tea.

Uy
v

Uy

A

A

-

0

»

At ! t

IIpoexuus HauaIBHOH CKOPOCTH U, , TPOEKLHS KOHEYHOH CKOPOCTH U,

HMHTEPBAJl BpEMEHH Af .
ITpoexuus yckopenus

U, — Uy,
a,=——.
At
2.1lo rpaduky CKOPOCTH OHNpeneNUTe
MaTepHAILHON TOYKH U MYTh.

v, A

0

I\Szt

MOAYJIb

NEPEMCILICHUS

[lepemerenue npu JBUKEHUH BAOAbL ocH 0X OyaeT paBHO MiIOLAIH
S, nepeMelleHye Ipy JABHXEHUH POTHB ocu 0X — S, .

MOllyJIb NEPpEMEULICHHUA U NTYTh

A) :|S1 —Sg

H [:S]+Sz

Iloackasku k rpagu4yecKuMm 3agauam

ITnowaap npsAMOYTONBHOTO a B —Zab
TPEYToJIbHHKa 3
[Tnowans =—ah
TPEYTroJibHHKA
a
h a+b
ITnowans / h S h
Tpaneunu \ 4 2
b
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50.

51.

52.

3ALAYH

Yetripe Tena aBuxyrtcs Baonb ocH 0X. Ha pucyHke n3oOpaxeHsbI
rpagMKH 3aBHCHMOCTH MPOEKLHH CKOPOCTH U, OT BPEMEHH ! IJis
5TUX Tel. Kakoe u3 Ten ABHXeTCA ¢ HAMMEHBUIHUM 110 MOJYJIIO YCKO-
peHHem?

v

2

Omeem:

Mo rpa¢uky 3aBUCMMOCTH MOZYJISl CKOPOCTH OT BPEMEHH, NPEACTAB-
JIEHHOMY Ha PHCYHKE, ONpeAeNUTe YCKOPEHHE NPSIMOJIUHEHHO ABH-
XKYILIErocs Teja B MOMEHT BpeMeHH 2 C.

v,m/c A
9
6 +
3 -
0 Ji ; 3 {:c
Omeem:__M/c2

Teno asuxetcs Baone ocH 0X, npHyeM NpoeKIUs CKOPOCTH U, Me-

HAETCS C TCYCHHEM BPEMEHH 110 3aKOHY, TPUBEICHHOMY Ha rpaduke.
Kako# myTs npomuwto teno 3a Bpems ot 4 10 16 ¢?
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53.

44

U, M/C
10 \

S N A~ OV

oV

Omeem: M

Ha pucyHke npeacrasieH rpaguk 3aBHCHMOCTH NPOEKIHH CKOPOCTH
v, aBTOoMOOmIs OT BpeMcHH ¢. Haiinute nyTh, npoiineHHbIH aBTOMO-

OmneM 3a S c.

U,, M/C A
10
0 »
1 2 3 4 5 tc
Omeem: M

Ha rpadpuke n3obpaxeHa 3aBHCHMOCTb MPOEKLHH CKOPOCTH Tena,
JABUKYLUErocs BAoab ocH 0X, ot BpeMenH. Kakoil nnyTh npouuio Teno
K MOMEHTY BpeMeHH = 5 ¢?

v, M/CA
3
2
1
0 »
1 1 i2 4 i5i6 ¢c
-2
-3

Omeem: M



CBo6oaHoe nazenue

e CB00OOIHOE TafeHHe MPOUCXOIUT MOA ACHCTBHEM TOJIBKO CHJIIBI TS-
AKECTH.

e CBOOOIHOE NafieHHe — cBOOOJHO OT CONPOTHBIICHHS BO3IyXa.

¢ Bce Tena He3aBUCHMMO OT MAacchl MajalOT B BAKyyMe ¢ OJHHAKOBBIM
YCKOPEHHEM.

e YckopeHHe cBOOOMHOro majieHHs BCErja HaMpaBieHO BHU3, K IEH-
Tpy 3eMiH U paBHO g = 9,8 m/c’; B 3aauax Oynem cuurars g = 10 m/c’.

e CBobOonHOE MajieHHe MO BEPTHKAIN — MNPHMEP PaBHOYCKOPEHHOI'O
IPAMONIMHEHNHOrO TBH)KEHHUA.

OcHoBHbIe GOpMyJIbI 1151 ONpeie/IeHHsi KHHEMATHYECKHX BEIHYHH
NpH cB00OOIHOM NajeHNH (BEPTHKAIbHBIH OPOCOK)

e B 3anauax Ha cBOOOIHOE MageHHUE €MHHUIIBI H3MEPEHHUS BCEX BEIK-
4YHH cleayeT cpa3y nepesoauts B CH.

CkopocTb
V=V, gt .
[Tepemeulenue. BbiIcOTa
(U + V)t t’ v -v,
s:hz—-—-—”) R s=h=uoti—g R s=h=- .
2 2 +2g

Cosembl. 3HaKH Tnepell yCKOpEeHHEM YYHMThIBAHTE TOJBKO B (opmyse
(«+» OBHKEHHE BHH3, «—» OBHXKeHHE BBepx). [IoMHHTE, uTO BpeMs Bceria
T10J10’KHTENBHO.

3A0AYHN

55. Teno csobonHO nazaet U3 cocTosiHUA nokos. Ha ckonbko yBenuun-
BaeTCs CKOPOCTh Teja 3a MATYIO CEKYHIY?

Omeem: Ha M/c

56. OT BBICOKO# CKaJIbl OTKOJIOJICS M CTall CBOOOIHO ManaTh kaMeHb. Ka-
KYyIO CKOPOCTb OH Oy/IeT UMeThb 4epe3 2 ¢ Mociie Hayalla maaeHus?

Omeem: M/c

57. Teno ynano ¢ HEKOTOPO# BbICOThI C HYJIEBOH Ha4albHOH CKOPOCTHIO
W MpH ynape o 3eMI0 uMeno ckopocTh 40 m/c. UeMy paBHO Bpems
nageHus? ConpoTHBIIeHHEM BO3yXa NnpeHebpeys.

Omeem: c
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58.

59.

60.

61.

62.

63.

46

Teno OpomeHo BepTUKaILHO BBepX co ckopocthio 20 m/c. Conpo-
THBJIEHHE BO3lyxa npeneOpexxumo mano. KakoBo Bpems mosera tena
J0 TOYKH MaKCHMAaJIBLHOH BLICOTHI?

Omeem: c

Teno GpomeHo BeprHkanbHO BBepx. Yepes 0,5 ¢ mocne 6pocka ero
ckopocTh paBHa 20 M/c. KakoBa HauanbHas ckopocth Tena? Corpo-
THUBJIEHHEM BO3/lyXa npeHeOpeyb.

Omeem: M/c

CocynbKa, ynaB ¢ Kpast KpbILIH, JA0JeTeNa 10 3eMiH 3a 3 ¢. YeMy pa-
BEH NYTb COCYJIbKH?

Omeem: M
Crpena, mymieHHass BEpTHKaIbHO BHH3 ¢ oOpbiBa BbicoTOH 30 M co
CKOPOCTBIO 5 M/C, IOCTHFaeT Bo/bl. HeMy paBHO BpeMs oJieTa cTpeibl?

Omeem: C

B MomeHT BpeMenH ¢ = (0 kaMeHb HaYHHAET CBOOOMHO 11aJaTh C HEKO-
TOPOM BBICOTHI /1y U3 cocTOsIHHS MOKOA. CONMPOTHUBIEHHEM BO3/yXa
MOKHO npeHeOpeyb. YCTaHOBUTE COOTBETCTBHE MEXAY (PHU3MUECCKH-
MH BEIHYHHAMHU ¥ GOpMYJIaMH, 10 KOTOPHIM HX MOXKHO PacCYMTaTh.

OU3NYECKUE BEJTMUYMHBI OOPMVIJIBI
A) MOAynb CKOPOCTH KaMHsSl B MO- 1) —gt
MEHT BpeMeHH ¢ > 0 2) hy —g12/2
b) myrtb, npoiineHHBIH KaMHeM 3a 3) gt
BpeMsi OT Havyaja ABH)XEHHS A0 4) g2
MOMEHTa !
A b
Omeem:

Teno, cBoboaHO Majaroliee ¢ HEKOTOPOI BBICOTHI, NEPBBIN y4aCTOK
TIyTH TIPOXOAMUT 3a Bpems | ¢, a Takoil xe nocneanuid — 3a 0,5 c.
Hafinure nojiHOe BpeMsi na/leHUs, €CJIM HayalibHasg CKOPOCTh paBHa
Hym0. OTBET OKpPYIJIUTE 10 COTHIX.

Omegem: ¢



64. Teno, cBoOOOHO Tajgarollee ¢ HEKOTOPOH BBICOTHI Oe3 HayalbHOMN
CKOpOCTH, 3a BpeMs | ¢ mocie Hadana ABMXKEHHS NPOXOAMT NMYTh
B 5 pa3 MeHBLIMH, YeM 3a TaKOH K€ MPOMEXYTOK BPEMEHHU B KOHLE
ABWXeHus. Haitiure nonHoe BpeMs ABHKEHHS.

Omeem: c

Ilepemenienne B n-10 ceKyHy ¢Bo0o1HOro naaenns (v, =0)

S, =$(n)=s(n=1), rae S(”)ngnz; s(n—-1)=—g(n_1)2 :

2

YIPAXHEHUS

1. Kako#l nyThs nmpoJsieTuT cBOOOAHO Majaroilee Teo 3a WECTYI CEKyH-
ny? HayanbHasi CKOPOCTh Tena paBHa Hymo. (55 m)

2.  OmnpegenuTe, Ha CKOJILKO METPOB IyTh, NMPOHAEHHBIH cBOOOAHO Ma-
JAIOLIMM TEJIOM B JECATYI0 CEeKyHOy, OoJblIe IyTH, NPOHIEHHOIro
B NIpelbIAYILYIO0 CeKyHAy. HauanpHas CKOpOCTh Tela paBHAa HYJIO.
(10 M)

3. Kamens cB0oOOaHO nagaetr 6e3 Ha4yanbHOH CKOPOCTH. 3a KaKoe BpeMs
OH MPOJIETHT TpeTHii MeTp cBoero nytu? (0,14 ¢)

4. Teno csoboaHo nagaer ¢ BeicoTsl 80 M. Kakoii nyTs 0oHO mpoiineT B
NOCJEAHION CeKyHay naneHus? (35 m)

5.  C Kakoif BBICOTBI [TaIAJIO TEJIO, €CJIM B MOCJIEIHIOI CEKYHAY NMafeHHs
OHO npouuto nmyTh 45 M? (125 m)

6. B TeueHHe kakoro BPEMCHH NNaAaio TEJIO, €CIIK B ITOCICAHIOIO CCKYH-

3
Ay NnaaA€Hus OHO MPOLIIO Z BCEro H}’TI’I? HavanbHas CKOpOCTb T€J1a

paBHa HyJI10. (2 ¢€)

Ypamiemle KOOpAHHATbI IIPH CBOﬁOIlHOM Mag€HHH TII03BOJISACT
OINpE€ACIINTb KHHEMAaTHYCCKHE BCJIMYHHBI ¢BOOOHOIO MaJICHHA JaXe B TeX
Clly4dasx, KOoraa HallpaBJICHHEC ABH)XXCHHSA U3MCHIACTCS.

YPaBHeHI’Ie KOOpPAHHAThI MO3BOJAET ONPEACIHTH BBICOTY T€Jla B JIIO-

o N4
00ii MOMEHT BPEMEHH } = yo + Uy, + &t

2

YPpaBHEHHE CKOPOCTH U, = Vg, + g, .
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Cnosa-noockasku. «B MOMEHT [aga€HUst Ha 3EMIIIO» — y = 0; «TE€N0

OpocarT ot 3eMiim» — y, = 0; «Teno nazaer 06e3 HaYaJIbHOH CKOPOCTH»
HJIN «CBOOOJHO nagaer» — U, = 0; «Tea0 JOCTHINIO HAHOOJbILIEH BBICO-
TeI» — 0 =0.

Cosembt no 8bINOJAHEHUIO yepmesca

1) Oce OY HanpaBuTh BBEpX (HA4ajl0 KOOPJAMHAT COBIIAJAET C YpPOB-
HEM 3€MJIM HJIM ¢ CaMOM HM)KHER TOUKOM TpaeKTOpHUH).

2) OTMeTHTb HaYaJIbHBIE U KOHEUHblE KOOPIUHATEI TENa.

3) Vkasarp HampaBieHHS BEKTOPOB YCKOpEHHA CBOOOTHOro majie-
HHS g , HAYaJIIbHOHM CKOPOCTH U, ¥ KOHEYHOH CKOPOCTH U .

Hoyuume: Ui onpezesieHHs 3HAKOB MPOEKUHH CKOPOCTH M YCKOPEHHS
HaJI0 CPAaBHUBATHL HAIPABJIEHHS 3TUX BEKTOPOB ¢ HanpasyieHueM ocu 0.

1. CBoGoaHOe nageHHe HA 3eMJII0 C HEKOTOPOH
BBICOTBI (HayajlbHas CKOPOCTb HalpaBjieHa

BBEPX).
2

g[na!l

YpaBHeHHe KoOpAUHATHL: 0 = vy + Uyl — 5

YpaBHEHHE CKOPOCTH: —U = Uy — &l

2. Tesi0 nondpocuIH OT 3eMJIH H MOMATH
Ha HEKOTOPOH BbICOTE.

g’
YpaBHEHHE KOOPAHUHATHI: y = Uyl — =5

YpaBHEHHE CKOPOCTH: —U = U, — gt

3. Teno noadpoCcHIH OT 3eMJH, HA OHOH H TOH

e BbICOTE OHO NMOOLIBAJIO IBAMKbI. v A
YpaBHeHHEe KOOpPIUHATHI Ul MEPBOro NPOX0KIE- -
gtl- Y = yZ — h—¢— U, 2

HHA h: .V] :votl __2-‘. -

VYpaBHeHHe KOOPAUHATHI JUIsi BTOPOrO MPOXO0XKIAe-

5 ,
MuTepBan BpeMeHH MeXKIy MOMEHTAMH MPOXOXK-
JEHHS BBICOTBI A @ At =1, —1,

HUS Ao v, = Ul —
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65.

66.

67.

68.

3ALAYH

Teno cBobonHO magaet u3 coctosiHus MOKOs ¢ BbicOTh 50 M. Ha ka-
KOH BBICOTE OKakeTcst Teno yepe3 3 ¢ maaeHus? (ConpoTHBIEHHEM
BO37yXxa npeHebpeus.)

Omeem: M

KameHb, OpolIeHHBIH BEPTUKAIBHO BBEPX C MOBEPXHOCTH 3EMIIH CO
ckopocThio 20 M/c, ynan o6parHo Ha 3eminr0. CONpOTHBIIEHHE BO3yXa
Mas1o. CKONBKO CEKyHI HAXOJMIICA B ITOJIETE KAMEHB?

Omeem: c

KaMensp, OpolICHHBIH BEPTHKAILHO BBEPX C MMOBEPXHOCTH 3EMIIH,
ynai o6paTHo Ha 3emiito yepe3 6 ¢. ConpoTHBIICHHE BO3AyXa MaJlo.
Yemy paBHa HayaIbHas CKOPOCTh KaMHs?

Omeem: M/C

Teno 6pocuitn ¢ OankoHa BepTHKaTBHO BBepX. CHCTeMa oTcueTa CBA3a-
Ha C TMOBEPXHOCTBIO 3eMiH, och (Y HampaBneHa BEepTHKAJILHO BBEpX.
YCTaHOBHTE COOTBETCTBHE MeXIY (DH3UYECKHMH BETHYMHAMH H Xapak-
TEPOM MX H3MEHEHHS B XOJIe 110J1eTa TeJla 10 MOBEPXHOCTH 3EMIIH.

OU3BNYECKASA BEJIMYHMHA XAPAKTEP U3BMEHEHU A
A) xoopauHaTa 1) nocTosHHO BO3pacTaeTr
b) npoekuus BekTOpa yCKOpeHHs 2) TMOCTOSHHO YOBIBaET

3) ocraerca HEU3MEHHOMN
4) cHavajia BO3pacTaeT, 3a-
TeM yOBIBaeT

Omeem:

49



I'opuzonTaabHblil OPOCOK

Y

[Npoexuun HayanbLHOH CKOPOCTH

Ipoexinu yckopeHHs CBOOOIHOTO NaICHHA

[poex1ux MrHOBEHHOH CKOPOCTH

MOﬂy.HL MIHOBEHHOH CKOpPOCTH

v=4Jv} +V]

MunuManeHas cCKOpOCTh Umin = Vg
MaxkcuManbsHas CKOpocTh S
(xoHeYHas CKOPOCTh MPH MAaTIEeHHH ) ™
['opH30OHTATIBHOE CMEIeHHE
2
t X = Uyt
x:xO+ont+gx
MrHoBeHHas BbICOTa 3
gt
g, y=hy—
Y =Yo + Vgt +=—— 2
2
Bpems nagenus (y = 0) 2h,
boan = (|—
g
JlanbHocTh nonera 2h,
[ =Uglyey =V, [—
g
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YacTHblii cy1y4ail rOpH3OHTAILHOIO Opocka

O — YT'0J1 HaKJIOHa IUIOCKOCTH K F'OpH30HTY,
§ — pacCTOAHHE OT MECTa 6p0caHHﬂ J0 MECTa MaJaCHHA.
Hs PHCYHKA BHAHO: JANBHOCTD NMOJIETA [=scosa ¥

Bbpocok ¢ ropobl

12

YA 60

0 X

HayaJbHas BEICOTA Ay = ssina

YINPAXHEHNA

C 6aiHy BHICOTOM 45 M ropu3oHTalIbHO OpoleH kaMeHb. Yepes ka-
KO€ BpeMs OH ynazeT Ha 3eMno? (3 ¢)

I'neiby nbaa cOpaceiBalOT C KPbIIIM C BBICOTH 25 M rOPH30HTAIIbHO
€O cKopocThio 3 M/c. Ha kakoM pacCTOSIHHUM OT JoMa ynaner 1.ibiba’
(6,7 m)

13 okHa, pacnojIOXKEHHOr0 Ha BBICOTE 5 M OT 3eMJIH, FOPH3OHTAILHO
OpollieH KaMeHb, yNaBIHi Ha paccTosHUMH 8 M oT goma. C Kakoi
CKOpocThblo OpomieH kameHs? (8 m/c)

[ynsa BbUIETAET U3 CTBOJIa B MOPHU3OHTAIBHOM HAIIPaBJIEHHH CO CKOPO-
cthto 800 M/c. Ha ckonbko CHH3HTCA MyJIg BO BpeMs N0JI€Ta, €CIH LMT C
MHILIEHBIO HaXouTCs Ha pacctosHud 400 M? (1,25 m)

Teno OGPOCHIIM TOPH3OHTAJIBHO CO CKOpPOCTBIO 40 M/C ¢ HEKOTOpOH
BbIcOTHl. OnpefiesiuTe ero ckopocTs depes 3 c. (50 m/c)

KaMeHsb, OpoLUeHHBIH rOpU30HTAIBLHO CO CKOPOCThIO 15 M/c, ynian Ha
3EMITI0 CO CKOPOCTBIO 25 M/c. CKOJIBKO BPEMEHH JJIHIICH TIOJIET KaM-
Ha? 2 ¢)

Ha rope ¢ yriioM HakioHa K ropu3oHTy 30° GpocaroT ropH30HTANILHO
MSY C HaYaJIbHOM CKopocThio 15 M/c. Ha kakoM paccTosiHHU OT TOUKH
Opocatins BAOJIb HAKJIOHHOM MIOCKOCTH OH ymaae1”? (30 m)

()Y



Bpocok noj yrjioM K rOpH30HTY

[Mpoekuyn Ha4YaIBHOH CKOPOCTH

NnageHusa

[Ipoexunu yckopenus csoboaHoro

[poexuxu MrHOBEHHOH CKOPOCTH

U, =, COSQ
v, =U;sina— gt

Moaynb MFTHOBEHHOH CKOPOCTH

2 2
U =,/U; +U;

BEpXHei TOYKe TPaeKTOPUH

MuHnMasnbHas CKOpOCTh, CKOPOCTH B

Umin = vo cosa = U;,

£t
V= + gt +%—

MakcumalibHasg CKOpOCTh, HauajibHas Dpan =0y =0
CKOpOCTb, KOHEUHAs! CKOPOCTh
["opH30OHTaNBHOE CMELLEHHE X =v,cosal
/’
X=X +U()X’+g‘_
2
"
MrHoBeHHas BbICOTA gt

r=p, sinot —S—
) 0 2

Bpems nogbema (v, =0) P sina
nox
g
[TonHoe Bpems (BpeMsi NOJIETA) o = 2v, sina
Lo = tncn -
g
HauGosnbiuas BeICOTa MOABEMA b= vy’ sin’ a
2g
2 . 2 .
JlanbHOCTh monera / Vp2sinacoso g sin2a
g g
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YacrHbIH ciiy4dail 6pocka moa yrjioMm K ropM30HTy

Bpocok ¢ HekoTOPO#H BBICOTDI

YpaBHEHHE KOOPAHHATHI X ¥4
X =0, cosat
ho
YpaBHEHHE KOOPIHHATEHI
2
. I
y=hy + 0, sinot — &
2 0

Iloockasku k 3a0auam

3aoaua

Iloockaszka

1. HaxyoHHas NMIOCKOCTh MNEpEeceKaeTes ¢
TOPU3OHTATIBHON IJIOCKOCTBIO MO MpPSMOM
AB. Yron Mexzay NiaoCKOCTAMH o . Ma-
JIeHbKas [ai0a HauWHAET JBIKEHHE BBEPX
N0 HAKIOHHOH TJIOCKOCTH H3 TOYKH A
C HayalbHOM CKOPOCTBIO U, Moj yrjiom [3

Kk npsmoil AB. B xome mpuxenus iaiiba
che3kaeT Ha npsamyro AB B touke B. [Ipe-
HeOperas TpeHHEM Mexay Waiboi U Ha-

Yumume: npoexuus yckope-
HHUS CBOOOJHOrO HajeHus Ha
IJIOCKOCTh, 110 KOTOPO# 1po-
MCXOJHUT ABWXKEHHE, paBHA

gsina

KIIOHHOH IUIOCKOCTBIO, HaiauTe paccros- Orser:
2 .

Hue AB. AB = 2v; sincos P
gsina

2. C BoicOTBl H CBOOOIHO mnafaeT CTaib- | Yumume: NOCAE CTONKHO-

HoH mapuk. Yepes Bpems ¢ mocie Havajga
NaJicHHUsA OH CTAJIKUBACTCS C HEMOABHKHON
[UIMTOH, IUIOCKOCTh KOTOpPO#l HakJOHEHa
MO/ YIJIOM 0. K ropu3oHTy. Ha kakyro BhI-
COTY h HajJ TNOBEPXHOCTBIO 3€MIIH TOJHH-
MeTCo 1IapHK nociue ynapa? (Ynap mapuka
O NJMTY CYHTATh aOCOIIOTHO YIIPYTHM.)

BEHHAd C TUIMTOA LUIApHK
JIBIDKETCS MO YIJIOM K TO-
pHU30HTY 3 =90° - 2a .
OrBeT:
2 2 :2
t
pep 8 (g sin’p
2 2g
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69.

70.

7.

72.

54

3A[AYM

He6onbl0# kaMeHb OPOCHIIN ¢ POBHOM TOPH30HTAJIBHOH MOBEPXHO-
CTH 3€MJIH 1IO]] YTJIOM K ropH30HTY. Ha kaKkyto MakCHMaJIbHYIO BBICO-
Ty MOJHAJICA KaMEHb, €C/i POBHO uepe3 1 ¢ rocne 6pocka ero cko-
pocTb Oblila HaNPaBJICHa FOPH30H1aJ1bHO?

Omeem: M

HaxiioHHass mIOCKOCTh mepecekaeTcss C TOPH3OHTAIBHOM ILIOC-
KOCThIO o mpsmoid AB. Yrom Mexay miockocTamu o =30°.
Manenbkass miaiiba HauMHAaeT MBHXXKCHHE BBEPX IO HAKIOHHOM
IJIOCKOCTH M3 TOYKH A ¢ HAYyalbHOM CKOPOCTBIO Uy =2 M/C 10A
yriaom  =60° k npsamoit AB. Halinute MakcCHMainbHOE PacCTOSHKUE,
Ha KOTOpoe wLiaiba ynamutcs oT npsMod AB B xoie moabeMa mo
HAaKJIOHHOM IIOCKOCTH. TpeHHeM Mexy iaiboH M HaKIOHHOH
IIOCKOCTB10 NpeHebpedb. OTBET OKPYIVIMTE A0 AECATHIX.

Omeem: M

C Bpicotsl H =30 M Haj 3eMiieii cBOOOAHO NalaeT CTIbHOH LIapHK.
Ilp1 najeHUH OH CTAIKMBACTCA C HEMOABUIKHOM ILUIMTOH, IIIOCKOCTD
KOTOpO# HakJioHeHa o yrioM 30° K TOPH30HTY, H B3JIETAET Ha BbI-
coTy h =15 M Haa NOBEPXHOCTHIO 3eMJM. KakoBo Bpems majeHHs
mapuka A0 yaapa o wmry? Yiap IIapuka o IUIMTY CYHTaTh abco-
JIIOTHO YTIPYTHM.

Omeem: c

ManeHbKHi MIapyK MajaeT CBEPXY Ha HAKIOHHYIO MJIOCKOCTH M Y-
pyro oTpaxaercsi OT Hee. YT0Jl HAKJIOHA TUIOCKOCTH K TOPH30HTY pa-
sed 30°. Ha kakoe paccTOsiHHE IO FOPHU3OHTAIH NEpeMeLaeTcs 1ia-
PHK MEXIy IEPBbIM H BTOPHIM yJapaMH O IIOCKOCTB? CKOpOCTh
IIAPHKA B MOMEHT IIEpPBOro yAapa HanpasjieHa BEPTHKAIBHO BHU3 H
paBHa 1 M/c. OTBET OKPYTJIMTE A0 COTHIX.

Omeem: M



JBHXKEHHE N0 OKPY/KHOCTH
C MOCTOAAHHOM 110 MOAYJII0 CKOPOCTHI0

KpuBosinHeiiHoe 1BHXeHHE —
JBH)KEHHE, TPACKTOPUEH KOTOPOro Ui
ABJAETCA KpuBas JuHUA. BekTop cko- %

i

pocTH B M1060i MOMEHT BpEMEHH Ha- z
2

R,

TIPaBJIEH IO KaCATENbHON K TPAaeKTOPHUH.
JIro60ii y4acTOK KPUBOJIUHEHHOrO JBHXKEHHS MOXKHO NpPEJCTaBUTh B BUAE
IBUKEHHUA 110 1yT'e OKPYKHOCTH WIIH IO YYacTKY JIOMaHOM.

JBHKeHHe 10 OKPYKHOCTH C HOCTOSIHHOH N0 MOAYJII0 CKOpO-
CTbI0 — MNPOCTEHIIHH BUJ KPUBOJHUHEHHOIO IBH)KEHUA. DTO JABHKEHUE C
NEpPEMEHHBIM YCKOPEHHUEM.

e TpaekTOpHUs IBUKEHHS — OKPYXXHOCTb.

® BeKTOp CKOpOCTH BCEra HaIllpaBJIeH 0 KacaTeabHOH K OKPY)KHOCTH.

¢ Hanpasnenue ckopocTH MOCTOSIHHO H3MEHSAETCH.

® YCKOpPEHHE, KOTOPOE M3MEHSET HaNpaBiI€HHE CKOPOCTH, HA3bIBAIOT
LEHTPOCTPEMUTENBHbBIM.

e [[eHTpOCTPEMUTEIBHOE YCKOPEHHE HE MEHSAET MOYJISi CKOPOCTH.

e [[eHTPOCTPEMHUTEIBHOE YCKOPEHHE HATIPABIICHO K LIEHTPY OKPY)KHOCTH.

BeiMuMHbI, XapaKTepHu3yloUIne IBHKEHHE
10 OKPYKHOCTH € NOCTOSIHHOH 110 MOJ1YJII0 CKOPOCThHIO

Ilepunoa 7' (c) — BpeMs OHOrO MOJIHOrO 000POTa:
t
7T=— .
N v
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Yacrora v (I'u) — uncno nonusix 060poToB 3a 1 c:

1 N
T 1
JInHelHasA cxopocTh U (M/C) NOKa3biBaeT, KAKOH MyTh NPOXOAUT Te-
mozalc:
:£:2_1tii: 2nRv = 2nRN—: wR .
t T t

YraoBasi CKOpPOCThL ® (pai/c) MNOKa3bIBaeT, HA KAKOH YIoJ1 IOBOpayH-
BaeT Teno 3a 1 c:

@2 _, 2N _v
t T t R

2
LleHTpOCTPEMHTeIbHOE YCKOpeHHe a, . (M/CT) M3MEHSET HalpasJie-
HHE BEKTOPA CKOPOCTH:
vi ,_ 4n’R
Aue =—=0 R= 3
R T

Yucno 060poToB N — 4uCIIO NOJIHBIX 0OOPOTOB 3a BpeMs £

=47’Rv?.

t
N=—=tv.
T
Yumume: Bce eIMHHIIbI ClieayeT cpa3y 1epeBoIUTh B eAHHHLBI CH.

IToockasku K 3a0auam na 0eudicenue no OKpys3cHocmu

Panuyc Tena, BbIpaXXeHHBIH yepe3 AHaMeTp R= d

2
[lepnoa BpauieHuss 3eMiIH BOKPYr OCH — 24 4-3600 ¢
1 cyTkH

TMepuon obpamenus 3eman Bokpyr Connua —| = 365 cyT-24 4-3600 ¢
1 ron

Y npHxaThiX BpalW@wUIMXCs LHIHHAPOB, Y v U
CUEIUIEHHBIX IIECTEPEeH Ha MOBEPXHOCTH COBIIa-
Jal0T JIMHEHHBIE CKOPOCTH

Bce TouxkM Bpamalomerocss TBEPAOro Tena W =Wy V=V
MMEIOT OMHAKOBBIC YTIJIOBBIE CKOPOCTH, YacCToO- T,=T»
Thl H TIEPHOADI
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73.

74.

75.

76.

77.

78.

79.

3ALAYN

MarcpuanbHas To4ka, ABUrasch paBHOMEPHO IO OKPYXKHOCTH, 3a | ¢
npolia YeTBEPTh OKpYKHOCTH. Orpejennre 4acToTy oOpalieHHs
TOYKH.

Omeem:  Tu

Iepuon obpamenus 3emiin Bokpyr CojHIa paBeH OJHOMY roay, pa-
auyc opOMThI 3eMiu paBeH 150 MiH kM. UeMy NpUMEpHO paBHA CKO-
POCTb ABHKEHHUSA 3eMiu no opbute? OTBET OKPYT/IHTE A0 LiEJbIX.

Omeem: __ kM/c

Ha konblieBOH roHke n8a aBTOMOOWNS IBHXKYTCS TaK, YTO BCE BpeMs
paauyc ABHXEHHS BTOPOro aBTOMOOWIsA B 2 pa3a Oosblie pagnyca
NepBOro, a MNepHoabl JABMKeHUS paBHbl. OmnpenenHte OTHOIIECHHE
cKopocTed U, /Uy .

Omeem:

Huck paauycom 20 cM paBHOMEPHO BpalIaeTCs BOKPYT CBOEH OCH.
CKOpOCTh TOYKH, HaxOIALIEHCAs Ha pacCTOSHUH 15 c¢M OT ueHTpa
IMCcKa, paBHa 1,5 M/c. OnpenesiuTe CKOPOCTh KPAHHHUX TOYEK JHUCKA.

Omeem: M/c

JlBe mecTepHH, CUEIUICHHBIE APYT C APYTOM, BPALAOTCS BOKPYT He-
NOABWXXHBIX oced. bonbuas mectepHs paaguycom 20 cM aenaer 20
obopotos 3a 10 ¢. Ckosbko 060pOTOB B CEKYHAY [eJaeT IeCTepHs
paauycoM 10 cm?

Omeem:

MaTepnam,Haﬂ TOYKa ABHXKETCA MO OKPYXKHOCTH C MOCTOSHHOM IO
MOAYJIO CKOPOCTBIO. Bo ckoipko pa3 YBEIHYHTCA MOAYJIb LEHTPOCT-
PEMHTCIIBHOTO YCKOPEHHS, €CJIH CKOPOCTh TOYKH YBCIHUUTDH BTpOC?

Omeem: B pa3(a)

[apHk nBHXETCS MO OKPY>KHOCTH PaxuyCOM ¥ CO CKOPOCTBIO U . Bo
CKOJIbKO pa3 YMEHBLIMTCS €F0 LIEHTPOCTPEMHTEIBHOE YCKOPEHHE, ec-
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80.

81.

82.

83.

84.

N1 pafnyc OKPY>XHOCTH YBEJIHYHTh B 3 pa3a, OCTaBHB CKOPOCTb Lila-
pHKa NpeXKHen?

Omeem: B pas(a)

Touka IBHXXETCSA ¢ MOCTOSHHOH MO MOIYJK CKOPOCTBIO U MO OK-
PYKHOCTH pazuyca R. Bo ckonbKO pa3 yBEIHUYHTCS LEHTPOCTPEMH-
TCJIBHOE YCKOPEHHE TOYKH, €CJIH €€ CKOpPOCThb YBEJIHYHUTHL BIBOE, a
paanyc OKpy>XHOCTH BIBOEC yMeHb]JJHTb?

Omegem: B pa3s(a)

JBa cnyTHHUKa ABIXKYTCS TO pa3HbIM KPYrOoBbBIM OpOHTaM BOKpYr
3emnu. CKOpoCTb NEPBOro M3 HUX B 2 pa3a Oounblile, a paanyc opou-
Tbl B 4 pa3a MeHbllE, 4eM Y BTOporo. LleHTpocTpeMHuTeNnbHOE YCKO-
pEHHE NMEepPBOro CNyTHHKA 4, , a BTOPOTO &, . YeMy paBHO OTHOLLEHHE

a la,?
Omeem:

Teno aBmxeTcs 1no OKpYy)KHOCTH ¢ mepuonoM obpamenus 7. Bo
CKOJIBKO pa3 YMEHBIIMTCSA LEHTPOCTPEMHTENBHOE YCKOPEHHE, €CIH
nepuoz obpaiieHHs yBEJIH4UTh B 2 pa3a?

Omeem: B pa3s(a)

PaccunTaiiTe LUEHTpOCTpEeMHUTEIbHOE YCKOPEHHE JIbBa, CIALIEIO Ha
JKBAaTOpE, B CHCTEME OTCYETA, ABE OCH KOODAMHAT KOTOPOH JiexKaT B
TUIOCKOCTH 3KBaTOpa M HamnpaBJIeHbl HAa HENIOABIKHBIE 3BE3/1bl, a Ha-
4aj0 KOOpPAWHAT coBnagaer ¢ ueHTpoM 3emiu. OTBET OKpYTIIHTE [0
AByX 3Hagamux uudp. Paxuyc 3emmu 6400 kM, a nepron BpaieHHs
BOKPYT OCH paBeH 1 cyTkam.

Omeem: m/c’

[IfapuK ABWXKETCS MO OKPY)KHOCTH paguycoM R C YTioBO# CKOpo-
CTBIO . BO CKONBKO pa3 yBENHUHUTCS LEHTPOCTPEMHTENBHOE YCKO-
peHHe, eClii YII0BY CKOPOCTb YBEIHYUTD B 2 pa3a?

Omeem: B pasz(a)



85. Ha BpamaroieMcst ¢ NOCTOSHHOH YTJIOBO#1 CKOPOCTBIO IMCKE U3 TOY-
k4 A B Touky B nonser xxyk. BoibepHTte d6a BEpHBIX yTBEpPKICHHS.
YKaxkuTe UX HOMepa.

1) JInHeiiHas CKOPOCTb XyKa YMEHBIIHIACh.

2) LleHTpoCTpEeMHUTENbHOE YCKOPEHHE JKYKA YBEIHIUIIOCE.
3) Ilepuon BpailieHHA KyKa HE H3MEHMIICS.

4) Pagyyc TpacKTOpHH NBHKCHHS JKYKA YBEJTHYMIICS.

5) YacToTa BpalleHHs )KyKa YMEHbILIMIACh.

Omeem:

86. CrapTya M3 TOYKH A (CM. PHCYHOK), CIIOPTCMEH JBMXKCTCS PAaBHOYC-
KOPEHHO 710 TOYKH B, nocne koTopoi MOIyJib CKOPOCTH CMOPTCMEHA
OCTaeTCs NMOCTOSIHHBIM BILIOTH A0 ToukH C. Bo ckonbko pa3 Bpems,
3aTpaueHHOe CrIOPTCMEHOM Ha yyacTok BC, Gosblite, yeM Ha yyacTok
AB, ecni Moaysb yckopeHHs Ha 000MX ydacTkax opuHakoB? Tpaek-
Topusi BC — nonyokpy>xHocTb. OTBET OKPYIJIMTE JO COThIX.

A B

Omeem: B pa3s
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2. JIMHAMMUKA

Tpu 3akona HeioToHa

JlMHaMMKa H3y4yaeT NMPUYHMHBI IBHKEHHS TEJ M CITOCOOBI ONpeaeeHus
YCKOpEHHUS.

HHepuusa — sBICHHE, MPH KOTOPOM TEJIO COXPAHIET COCTOSHHE TO-
KOSl WM PABHOMEDPHOTO MPSAMOIMHEHHOrO ABMXEHHS (T. €. B 3THX CIIyYasx
OTCYTCTBYET YCKOpEHHeE).

HuepunajnbHbie CHCTEMBbI O0TCHETa — CHCTEMBI OTCHETA, OTHOCH-
TENIBHO KOTOPBIX HaOJIl0ZaeTcs UHEpUHUs, a TakXkKe Te, KOTOpbIC IBUKYTCS
PaBHOMEPHO M npsmMosHHeiiHo otHocutenbho MCO. (MCO — cucremsi,
YCKOPEHHE KOTOPHIX PABHO HYJIO.)

IlepBbiii 3axkon HuTOHA: cywyecmeyrom makue cucmemsl omcuema,
HA3bl8AeMble UHEPYUATOHBIMU, OMHOCUMENLHO KOMOPbLIX Mena 08UXCYymcs
PABHOMEDHO U NPAMOTUHEUHO UTU HAXOOSMCA 8 COCMOSHUU NOKOSL, eCU HA
HUX He OelCMBVION OPYeHe Mela Uau ux 0eticmeus CKOMNEHCUPOBAHDI.

HuepTHOCTL — u3UriecKoe CBOICTBO, 3aK/IIOYAIONIEECT B TOM, UTO
moboe Teno 0Ka3bIBAET CONPOTHBIIEHHE U3MEHEHHIO €ro CKOPOCTH (Kak 1o
MONYJI0, TaK H MO HaTPaBJICHHIO).

IIposirjienne HHEPTHOCTH yalle Bcero HabnonaeTcs B OIBUXKYHIEMCS
TpaHcriopte. Hanpumep, rnpy pe3kom yBeJTHYEHHUH CKOPOCTH BCE MacCa)H-
pbl OTKJIOHSIIOTCS HA3all, APU TOPMOKECHHH —— BIIepeA, NIPHU MOBOPOTE Ha-
TIPaBO BCE OTKJIOHSOTCSA BJICBO U T.IL

Macca m (xr) -— (u3HUYECKas BETVMUMHA, SBISIOWAACT MEpOR MHEPT-
HOCTH TeJa. '

m=p-V,

rae p(Kr/M") -~ IJIOTHOCTH, V (M') — 0b6beMm.

HsMepuTenbHblit npubop — gecoi.
JnrnojivHTenhHBIE eTMHUUN U3MEPEHUS:
IT=10"kr, 1 7 =10"kr, | mr= 107 kr.
Cuna F (H) — konuuccTBEHHast XapaKTePHCTHKA NEHCTBUS OIHOIO
Tena Ha apyroe. Cuina — sekmopHas GeauyiHa, KOTOpas UMEET YUCIIOBOE
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3Ha4YeHHE; HamNpaBliCcHHE B NPOCTPAHCTBE; TOUKY NPHIOKEHHA. Toukok
TIPHIIOKEHHS BCEX CHJ1 B IHHAMHKe (KpOME Beca) SIBJIACTCA YeHmp msdice-
cmu mena. 3MeputenbHblit npubop — duxnamomemp.

Bropoii 3axon HeloTOHA: cuna, delicmayrowan Ha meno, pagHa npous-
8€0€eHUI0 MACCHI IMO20 Mea Ha YCKopeHue, Komopoe coobujaem sma cuna.

F=ma
Yumume: HanpaBneHHe CHJILI COBMAJAET C HANpaBIEHHEM YCKOpPEHHS

FTT&,T&KK&K m>0.
3ALAYU

1. TloctaBbre B cOOTBETCTBHE (PU3UUECKYIO BEIHYHHY U €AMHHIY €€
u3mepenus B CH.

OU3NYECKASA BEJIMYHHA EJVHHLIA BEJIMYMHBI B CU

A) TJIOTHOCTH 1) m/c?
b) cuna Kl -M
c
3) kr/m’
4) Mm/c
5) M
A b
Omeem:

2. B unepumansHoO#M cucteme orcueta (MCO) 3a Bpems Ar noa aeict-
BHEM MOCTOSHHOH CHIIBI CKOPOCTb TeNla MACCOW m H3MEHMJIACh C U,
Ha U,. YCTaHOBHTE COOTBETCTBHE MEKAY (UIUUECKHMHU BETHUHHA-
MM H GOPMYJIaMH, IO KOTOPHIM HX MOXHO PACCYMTATh.

OU3NYECKAA BEJIMYUHA DOOPMYVYJIbI

A) yckopenue tena B UCO | m(U, — ;)
b) cuna, neficTBylomas Ha Teno ) At
2) m(v, —0))
3) (:-0)
PRNCAS:)
At
A b

Omeem:
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JlerkonofBukHYIO TeIeXKKY Maccoi 3 Kr ToJikaroT cuioi 6 H. Uemy
PAaBHO YCKOPEHHE TEJEKKH B HHEPLHATIBHOH CHCTEMe oTcyeTa?

Omeem: m/c’

B wHepumanbHOH cucTeme oTcyeTa cHia F coolluaer Teny Maccoi
m yCKOpeHHe a.Bo CKonbKO pa3 yBenMUYHTCS YCKOPEHHE Tella, €CIIH
Maccy Tena B 2 pa3a YMEHBIUMTb, a JEHCTBYIOLIy:O Hiu HETO CHIY
BJBOE YBENTUYHTH?

Omesem: B pa3s(a)

B uHepuManbHOH cHcTeMe orcyera cuja F cooOIaeT Teny Maccoi
m ycKopeHHe a. Bo cKoNbko pa3 Hafo YMEHBIIMTH CHIY, YTOOBI
IPH YMEHbILIEHHH MAcCHl Tela BABOE €ro YCKOpeHHue ctano B 4 pasa
MeHblie?

Omeem: B pa3(a)

B uHepiManpHON cHcTeMe oTcyeTa cuia F coobmaer temy mMaccoi
m YCKOpeHHE a. Bo CKONBKO pa3 Haxo YMEHBIUIWTB Maccy Tena,
4yTOOBI BABOE MEHBIask cHjla coodmiana eMy B 4 pa3a Gosbliuee ycKo-
peHue?

Omeem: B pa3(a)

B uHepumnansHOH CHCTEMe OTCYETa Ha /1Ba Teljla ACHCTBYIOT OJMHAKO-
BbIE CHIBL. Tena oMHOPOAHBI H CAENaHBl U3 OJMHAKOBOIO MaTepHana,
HO o0ObeM mepBoro Tena B 2 pas3a Gonblie obbema Broporo. Yemy
PaBHO OTHOLIEHHE YCKOPEHUH 3THX TeN a, / a,?

Omeem:

Monorok Maccoii 800 r yaapsieT o He6oNIbILIOMY TBO3/II0 U 3a0HBaeT
ero B Aocky. CKopocTh MOJIOTKA Nepell yIapoM paBHa 5 M/c, mocie
ynapa oHa paBHa (), mpopomkurensHocTs yaapa 0,2 c¢. Uemy paBHa
CpenHsis CUla yapa MojoTkKa?

Omeem: H



PapHonaeicTRyIOIas cHJIAa — BEKTOpHAas CyMMa BCEX CHJ, AeHcCT-

BYIOIINX Ha TeNo: R =IF,.

Croxenue ABYX CHJI, HANIpaBJICHHLIX BA0J1b OXHOH llpﬂMOﬁ

B onHOM HampaBJieHHH
F R
é,—)
F,
EcmuF, T F,,To R=F, + F,

B 1poTHBONOJ/I0KHBIX HANPABJIEHHAX
F A
> >

R
Ecnu F, 4T F,, 10 R=|F, - F

CoxeHnHe IByX CHJI, TepPIieH-
AHKYJISIPHBIX APYT Apyry

g

Ecnu £ L F,, T0 10 TeopeMe
ITudaropa

R=\F’+F;

CroxeHnHe ABYX CHJl, PACHIOJIONKEH-
HbIX NMOJI YIJIOM O IPYT K ApYry

ITo TEOPEME KOCHHYCOB

R=y[F? +Fy2 =2FF; cos (180° -a)

CroxeHne Tpex CHJl

Cnoxenue TPpeX CHJI

-

Fl2

Chnoxenne npoeknuii cua
[l
i M
F 2
e »
I - L X
T F31 | FZ m—l !
OX:EX +]72x —_Elx =0
0Y:F,-F, =0
R=0
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Bropoii 3akon Hbl0TOHA: ecru Ha meno 0elicmeyiom HeCKOAbKO CU,
mo ux pasnodeticmeyiowas R 6ydem pasna npoussedenuio Maccol Ha yc-
KopeHue.

Yumume: nanpaBneHue paBHOIEHCTBYIOILEH CHJIBI COBMAJAET C Ha-
MpaBJEeHUEM YCKOPEHHSA R a,rak kak m>0.

3ALAYN

9. Teno Maccol 5 Kr ABHXKETCA BEPTHKAIBHO BBEPX C YCKOpEHHEM
2 o .
2 m/c”. Onpenenute MOyJIb paBHOJACHCTBYIOIIEH CHIIBL.

Omeem: H

10. CkopocCTb JIBDKHHKA INMPH PaBHOYCKOPEHHOM CITyCKe C Topbl 3a 4 ¢
yBenu4Miaace Ha 6 m/c. Macca nebkHuKa 60 kr. UeMy paBHa paBHO-
JEHCTBYIOMIAs BCEX CHJI, NEHCTBYIOINX Ha JbDKHUKA?

Omeem: H

11.  AsToMOGmIb Maccoi 500 Kr pa3roHsAeTCs ¢ MecTa paBHOYCKOPEHHO H
nocturaet ckopoct 20 M/c 3a 10 ¢. Uemy paBHa paBHOIEHCTBYIOMIAs
BCEX CHJI, NIEHCTBYIOLIMX Ha aBTOMOOHIIb?

Omeem: H

12. Ckopocts aBTOMOOMIIA Maccoit 2000 Kr, OBHXKYIHErOCA BAONb OCH
0X, u3MeHseTCsI CO BpEMEHEM B COOTBETCTBHH C rpaukoM (CM. pu-
cyHOK). CHCcTeMy OTCYeTa CYHTATh HHEpUHATIBHOH. OnpenenuTe pas-
HOJEHCTBYIOILYIO BCEX CHJA, NIEHCTBYIOLIMX HAa aBTOMOOHJIb.

V., M/C
A
10
8 Pt
6 o
4
2
0 >
8 16 t,c
Omeem: H
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13.

14.

15.

16.

bpycok crnyckaercs ¢ HakJIOHHOM IJIOCKOCTH JJIHHOH 15 cM B Teue-
uHue 0,26 c. Onpenenure paBHOAEHCTBYIOLLYIO BCEX CHJl, JCHCTBYIO-
mux Ha O6pycok Bo BpeMs JBHXEHHS, ecnu ero macca 0,1 Kr 1 1Byxe-
HHME HAYMHAETCS U3 COCTOSHHUSA MOKOA. OTBET OKPYIJIMTE 10 AECATHIX.

Omeem: H

Ha teno, naxonsuieecs Ha ropu3OHTAILHOH IUIOCKOCTH, AEHCTBYIOT

TPH CHUIBbI (CM. PUCYHOK). Moayinb paBHoaeiCTBYowIEH cun F u [}

paBeH
\F
E =
I3
x ) ..........
Omeem: _ H

Ha neBoM pHcyHKe npencTaBneHsl BEKTOPbl CKOPOCTH H YCKOpPEHHs
Tena. Kakoi M3 4eThipex BEKTOPOB Ha MPABOM PHCYHKE YKa3bIBAa€T
HalpaBJIEHHE BEKTOpA PaBHOACHCTBYIOEH BCEX CHUJI, NEUCTBYIOLIMX
Ha 310 Teno?

A
'

Omeem:

Ha Teno B MHepUManNbHON CHCTEME OTCUETa JACHCTBYIOT IBE CHIThI.
Kaxo# u3 BeKTOpOB, H300pakeHHbIX Ha MPABOM PHCYHKE, MPABHIBLHO
YKa3bIBacT HanpaBjeHHE YCKOPEHHUs TeNa B 3TOH CHCTEME OTcueTa?
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My

Omeem:

Tperuii 3akon Herotona: mena oeiicmsyiom opye na opyea ¢ cunamuy,
HANPAeREeHHbIMU 60016 OOHOU NPAMOU, NPOMUBONONONCHBIMU NO HANPAG-
JIEHUIO U PABHBIMU NO MOOV.IO.

F=-F,

Yumume: cunbl, BO3HUKAIOUIKE MIPH B3aUMOJICHCTBHH, HMEIOT OJIMHA-
KOBYIO [IPUPOIY, IPUIIOXKEHBI K Pa3sHBIM TejlaM, NI03TOMY HE KOMICHCHDPY-
10T ApYT Apyra.

Cui1a BCeMHPHOTO TATOTEHUSA

Cuita BCEeMHPHOTO TATOTEHHsI — CHJIa, C KOTOPOH BCE Tela NpHTs-
THBAIOTCA JIPYT K ApYyry. DTa cuia Haubolsiee 3aMETHO MpOABISETC MpH
B3aMMOJCHCTBHH MacCHBHBIX TeJl (3BE3]1, IUIAaHET, X CIIYTHHKOB).

3aKOH BCEMHPHOTO TATOTEHHS BBIMOJHACTCA AJ1s1 MATEPUAIBHBIX TOUYEK
H chEepUUECKHX Tell.

3aK0H BCEMHPHOIO TATOTEHHS: 6Ce Me1a 8 NPUPOOe NPUMACUBAIOM -
¢ Opye K Opyay € Cul1oul, NPAMO NPOROPYUOHATLHOU NPOU3BEOEHUI) MACC
amux men u 06pamHO NPONOPYUOHANLHOU KBAOPAMY PACCMOSHUSL MEXCOY
HUMU:

Fo= Gmym,

m 2 bl

7

— 2 2
rae G =6,7 - 10 " Hemkr? — IPaBUTALIHOHHAS MOCTOAHHASN, YHUCIIEHHO
paBHast CHJIe IPaBUTAlMOHHOTO NMPUTSHKEHHS IBYX TeJl MaccoH no | kr ka-
kJ10€, HAaXOMAUIMXCA Ha paCCTOSHUM 1 M OJTHO OT ApYTOro;
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m (Kr) — Macca tea,
¥ (M) — paccTosiHHe MeXy [IEHTPaMH TeJl.
Cuna BCEMHPHOTO TAFOTCHUsI HAIpaBiieHa 10 JIMHHU, COEAHHSIOLICH

LEHTPHI TE.

17.

18.

19.

3A0AYN

Boxpyr 3emiaM 1mo KpyroBbiM OpOMTaMm JBHXKYTCS [Ba OJHHAKOBBIX
HUCKYCCTBEHHBIX CIYTHHKA. Paguyc opOHTHI MEpBOro CryTHuka B 3
paza Oonbllle paaMyca OpOMTBI BTOPOro CnyTHHKa. Yemy paBHO
OTHOLIEHHE MOLYJEH CHUN TAroTeHus F,/F), NCUCTBYIOLIUX Ha
CIYTHUKH?

Omeem:

JIBe IIAHETHI ¢ OIMHAKOBBIMH MaccaMH OOpaIlarTcs Mo KpYTrOBLIM
opOHTaM BOKpYT 3Be3fbl. [ MEPBOM W3 HUX CHJIA TPUTSHKEHHA K

., R
3Be3zie B 4 pasa Gonblue, yeM A1g BTopoi. KakoBo oTHOmEHHE —-
2

paznycoB OpOUT NepBo U BTOpO#i mnaHeT?

Omeem:

Bo ckonbko pa3 cuna nputsxends 3emian K ConHiy OoJbile CHb
nputskenus Mapca k Connny? Macca Mapca coctasnser 0,1 Maccol
3emiy, a paccrosiuue ot ConHia 10 Mapca cocrasiser 1,5 paccros-
Hus 0T ConHua a0 3emMiad. OTBET OKPYTIIHTE /10 JECATHIX.

Omeem: B pa3(a)
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Cuiia TsKecTH

Cuna TaXKecTH — cuna, ¢ KOTopoil miaHera (3emisl) MPUTATHBAET
k cebe oxpyxaromue Tena. Cuna THKECTH UMEET 2pasumayuoHHVio TIPU-
poay. HanpaBnenye CHIBl TSXKECTH -— BEPTHKAIBHO BHH3 WM K IIEHTPY
MIaHETHI:

mg mg

HckyccTBeHHbIH CYTHUK IUIAHETBI — TENO, KOTOpoe odpamjaeTcs
BOKPYT IMaHETHl. J[BM)KCHHE MCKYCCTBEHHBIX CIIYTHHKOB IIPOUCXOIUT
IO 3JUTMIICaM, HO Mbl OyJeM paccMaTpHBaTh YIPOLIEHHBIH YacTHBIN Ciy-
4ail — JBHXKEHHUE 10 OKPYXHOCTH. CKOPOCTh KPYTOBOTO IBHXXEHHS, TIPH
KOTOPOM paiguyc opOMUTHI paBeH PagHycCy ILTAHEThl Ha3bIBAIOT NEPBOL KOC-
MUYECKOU CKOPOCMbIO.

Ci

M (kr) — Macca nnaHertsl, m (Kr) — Macca CIyTHHKa, R (M) — paauyc
nnaHeTsl, H (M) — BbICOTa CIYTHHKA HaJ TOBEPXHOCTbI IUIAHETHI,
¥ (M) — paccTOsiHHE OT LEHTpa IUIAHETh! J0 cryTHUKA (¥ = R + H — paou-
yc opbumel), v (M/c) — NTHHEHHAd CKOPOCTb CIYTHHKA.

3akoH aBuxenna UC3 — Bropoii 3akoH HeioTOHA
GMm
FTﬂ)K = mal].‘.‘. "H = maU,C‘ M

U - =
(R+H)’
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20.

21.

22,

23.

24.

25.

70

3AL0AYU

Manbuuk Maccoii 50 kr coBepiuaeT npsbKOK noj yriom 45° k ropu-
30HTY. UeMy npHMepHO paBHA CHJIA TAXKECTH, JCHCTBYIOIIAS HA HETO
BO BpeMsl Npbhkka?

Omeem: H

Kamens maccoii 200 r Gpouren noa yrnoM 45° K rOpM30HTY C Ha-
4adbHOH CKOpOCThIO 15 M/c. HeMy paBeH MOLydb CHNBI TSAXKECTH,
JeHCTBYIOIIEH Ha KaMeHb cpa3y rnoclie Opocka?

Omeem: H

V nosepxHocTH JIyHBI Ha KOCMOHABTa JCHCTBYET CHJIa TATOTEHHS
180 H. Kakas cuna TaroteHus aeicTByeT ¢o CTOpPOHBI JIyHBI HA TOTO
e KOCMOHaBTa B KOCMHYECKOM Kopabiie, TBHKYILEMCS 110 KpYTOBOii
opbuTe BOKpyr JIyHBI Ha pacCTOHUH MONYTOPa JYHHBIX PalUyCOB OT
ee eHrpa’?

Omeem: H

VYV noBepxHOCTH 3eMiId Ha KOCMOHABTa ACHCTBYET IpaBUTALIMOHHAs
cuna 720 H. Kakas rpaBUTallMOHHAas CHia ACHCTBYET CO CTOPOHBI
3eMiM Ha TOrO K€ KOCMOHABTa B KOCMH4ECKOM Kopabiie, KOTOPHIH C
MOMOILBIO0 PEAKTHBHBIX JIBUTaTeNeH YAEP>KUBAETCSl HEMOJBHKHO OT-
HOCHTENILHO 3€MIIH Ha PacCTOSHHU JIBYX €€ PaJIHyCOB OT 3€MHOH I10-
BEPXHOCTH?

Omeem: H
[Inanera umeer paauyc B 2 pa3a MeHbLUMA paguyca 3emiu. U3sect-
HO, YTO YCKOpeHHE CBOOOIHOrO MajieHusl Ha MOBEPXHOCTH 3TOH Ija-

HETHI TAKOE e, KaK Ha 3emie. YeMy paBHO OTHOIIEHHE MACChi 3TOH
I1aHETHI K Macce 3eMan?

Omeem:

OTHOIIEHHE MACChI TUTAHETHI BeHepa K Macce TiaHeThl 3eMII COCTaBIISET
BenMuMHy, paBHyto 0,815, a oTHoIeHHe cpelHero paauyca Benepsl



26.

27.

28.

29.

30.

K cpenHeMy paauycy 3emnu paBHo 0,96. KakoBa cHjla TSHKECTH CITyC-
KaeMoro Ha BeHepy annapara maccoii 500 kr? YckopeHue cBOGOIHOMO
TaJIcHHA Ha MOBEPXHOCTH 3eMii paBHoO 10 m/c’. Otser OKPYIJIMTC JI0 COTBIX.

Omeem: kH

KocMuueckuii kopabnb qBHXETCS BOKPYT 3eMIIH 11O KPyroBoi opbu-
Te paauycom 20 000 xm. Macca 3emin 6-10** kr. Onpenenute cko-
pocTh Kopabis.

Omeem: KM/C

KakoB panuyc konbia CaTypHa, B KOTOPOM YacTHIbl JBHXYTCS €O
ckopocThio 10 kM/c? Macca CatypHa paBHa 5,710 kr.

Omeem: KM

CpenHee paccTosHue oT muaHetsl 3emns no ConHIa cocTaBnseT
149,6 MnH kM, a ot ianetsl FOnurep no ConHua — 778,3 MJIH KM.
YeMy paBHO OTHOILEHHE JIMHEHHBIX CKOPOCTEH IBYX IUIAHET U3/ Uy
NpH MX JBMDKCHHM BOKpYr CoNHLA, €C/TH CUMTAaTh HX OpOHTHI OKPYXKHO-
ctaMu? OTBET OKPYIJIMTE JI0 AECATHIX.

Omeem:

HCKyCcCTBEHHBIN CIIYTHUK OOpamiaeTcsi o KpyroBoi opOuUTe Ha BbI-
cote 600 kM OT mMOBEpXHOCTH ILIaHeTbl. Paguyc IUlaHeTbl paBeH
3400 kM, yckopeHHe CBOOOTHOTO MaJeHUsA Ha NMOBEPXHOCTH IJIAHETHI
paBHo 4 m/c’. Kakosa CKOPOCTh IBUKE€HHA CIIyTHHKa 110 opdure?

Omeem: KM/c

Cpennee paccrosnne oT ConHua [0 IUIaHEThl YpaH COCTaBiAET
2875,03 mMiH kM, a 10 wiaHeThl 3emis — 149,6 miH kM. UeMmy npu-
MEPHO paBeH nepuoa obpameHus YpaHa (B romax) Bokpyr ConHua,
eclid OpOHTB 00EUX IUIAHET CYHTATh OKpYXHOCTAMH? OTBET OKpYr-
JIUTE IO COTHIX.

Omeem: roja
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31.

32.

33.

34.

72

KakoB paxuyc konbua CaTypHa, B KOTOPOM YacTHIBI ABUKYTCS C Ie-
PHOZIOM NIPHMEPHO DABHBIM MEPHOAY BpallleHuss CaTypHa BOKPYT
cBoeii ocu 10 4 40 Mun? Macca Catypha paBHa 5,7 -10% k.

Omeem: KM

I1noTtHOCT, Mapca npubaM3UTENLHO PaBHA TIFIOTHOCTH 3€MITH, a Mac-
ca B 10 pa3 Mensmie. Onpeeiure OTHOLICHHUE TMEpHOJa OOpalleHHs
CIYTHHKA, ABWXXYLLIETOCS BOKpYr Mapca no HU3KOH KpyroBoif opOu-
Te, K [lepHoay oOpaLieHHst aHATIOTMYHOTO CITYTHHKA 3eMJTH.

Omeem:

C kakolf CKOpPOCTBIO IBHXKYTCS YacTHLbl, BXOMdllMe B Hauboiee
I0THOE KOMbLo CaTypHa, eClii U3BECTHO, YTO UX [IEPHOJ [IPUMEPHO
COBIAJaeT C MepHonoM BpaiieHus CaTypHa BOKpYT cBOeH ocH
10 4 40 Mun? Macca CarypHa pasHa 5,7-10°° xr. OTBeT okpyriaute
JI0 AECHTBIX.

Omeem: KM/C

CnyTHHK ABMXKETCS BOKpPYT 3eMiM 1O KpYroBoH opOuTe pagnycoM
R. (M — wMacca 3emnu, G — TrpaBUTAalHOHHAA IIOCTOSHHA).
YcTaHOBHTE COOTBETCTBHE MeEXIY (H3HYECKUMHM BEIMYMHAMH H
(opMynaMH, MO KOTOPbIM UX MOXHO PacCUHUTaTh.

OU3SNYECKHUE BEJIMUMHBI OOPMYVYJIbI
A) UEHTPOCTPEMHTEJIBHOE YCKOPEHHE 5 GM
b) nepuon obpailteHHs CyTHHKA ) 2 R
BOKPYT 3eMIH IS
2) 2n
GM
3) 4n’ R
GM
GM
4) e

Omeem:




35. CnyTHHMK JBHXETCS BOKPYr 3eMIIM 10 KPYroBO#M opOuTEe pamnycom

36.

R . (M — macca 3emnn, G — rpaBUTalMOHHAsl IOCTOsIHHAs). YcTa-
HOBHUTE COOTBETCTBUE MEXITy (PU3MYECKMMH BEIMYHHAMH H (opMy-
J1aMH, [0 KOTOPBIM HX MOXHO PacCUUTATh.

OU3NYECKHUE BEJIUYHUHBI DPOPMYVJIbI
A) CKOpOCTb CIIyTHHKA GM
B) nepuon obpaieHus cryTHrKa ) "R
BOKPYT 3eMIH 3
2) 2=n R
GM

R
3) dnt

GM
8 2 |M

R

Omeem:

B pe3ynbTare TOpMOXEHHS B BEPXHHX CJIOAX aTMOC(Eph! BBICOTA MO~
JieTa MCKYCCTBEHHOrO CIyTHHMKA Haj 3emied ymenbinmiacs ¢ 400 1o
300 kM. Kak M3MEHSIOTCS MPH 3TOM €ro LUEHTPOCTPEMHTEIBHOE YC-
KOPEHHME H 1IepHo obpailicHUA?
OU3NYECKAS BEJIMYHUHA XAPAKTEP USMEHEHU A
A) yckopenue 1) ymenHumBaeTcs
b) nepuon obpameHus 2) yMeHbllaeTcs

3) He u3MeHsAeTCA

A b

Omeem:
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Cuna ynpyroctu

CuJa ynpyrocTH — Cujia, KOTopas BO3HHKaeT IpH JeopMallusx Ted,
KaK OTBETHas peakuus Ha BHeLIHee BozaeicTBue. Cuia ynpyroctu umeer
INEKMPOMAZHUMHYIO TIPUPOLY.

Medopmauua — uzMeHeHue GopMbl WM oObeMa Tena.

Bunn! nedhopmauuii: pactskeHue; cxarue; U3ru6 (KoMOHHHPOBaHHBIH
ciy4aid OJIHOBPEMEHHOTO CIKAaTHS U PACTSHKEHHS); CIBHT; KpydeHHE (4acT-
HBIH ciyvail JeopMalluH cIBUra).

Vnpyeue nedopManinu ucyesaroT nocie CHATHA Harpy3KH.

IThacmuyeckue ne@opMaLdy OCTAIOTCS TIOCIIE CHATHSA Harpy3KH.

Tonbko s ynpyrux aedopMaiuii BeIIonHAETCs 3aKoH I'yka.

3axon I'yka: mMo0yne cuibl ynpyeocmu, gosnukaroweti npu oeghopma-
yuu meaa, NPONOPYUOHANEH €20 YONUHEHUIO

Fynp = kx,
x (M) — nmedopmauus wiH abCONIOTHOE YIJIHHEHHE x=}l —lo| =Al, tne

ly (M) — HayasbHas [uIMHA Tena, [ (M)— AmHHa 1ehOPMHUPOBAHHOIO TENA;

k (H/M) — xectkocTtb Tena. k = ? , rae E (H/m” = Tla) — Moayis ynpy-
0

rocty (Moayib HOHra) — xapakTepH3yeT CONMpOTHMBISIEMOCTh MaTepHalia
ynpyroi nepopMalnM pacTsKeHHs MIH cxkaTus, S (M°) — mIowaas ce-
YeHHUs Tena.

CHna ynpyroctd HampasjieHa IPOTHBOIONOXKHO IEPEMEIIEHUIO Yac-
THL NpH nedopMaLuy.

Ioockazku k 3a0auam

IIpyxuHY pacTAruBatoT ABE POTHBOIIO- F=F=F,

JIOXKHBIE paBHbIE CUJITBI

I'py3 nozseled k npy>x1HHe Fop =mg

ITapannensHoe coenMHEHHE MPY)KHH koap = ki + &,

ITocnenoBatenbHOE COEAMHEHHE MIPYXKHH 11 N 1
knor.n kl k2
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37.

38.

39.

40.

41.

42,

3ALAYU

IpyxuHa xectkoctd k = 10° H/M noa aeiictsuem cutst 1000 H pac-
TSAHETCS HAa CKOJILKO CAHTHMETPOB?

Omeem: Ha ___ cM

IMon neiictBueM cuisl 3 H npykuHa yjyiMHunace Ha 4 cMm. UeMy pa-
BEH MOAYJIb CHJbI, MO ACHCTBHEM KOTOPOM YJUIMHEHHE INpPY>KHUHBI
cocTtaBuo 6 cm?

Omeem: H

IMepBas npyxuHa xectkoctbio 200 H/M pactanyta cuioi 8 H. Kakyro
CHJTY HEOOXO0/IMMO MPHJIOKHUTH K TPYKHHE XKecTkocThio 400 H/M, uTo-
OBl yIUIHHEHHE YTHUX MIPY>KHH CTAJIO O/AMHAKOBBIM?

Omeem: H
K npyxHHE ILIKOJBHOrO AHHAMOMETpA TIOABEIIEH IpPy3 MAacCcoH

0,1 xr. IIpu 3TOM NpyXKHA yUTHHKANACH HA 2,5 cM. KakuM Oyzer ya-
JIMHEHHE NPYKUHBI PH 100aBIeHUH ele Tpex rpy3os o 0,1 kr?

Omeem: cM
[To pe3ynbraTaM HCCENOBAHHA MOCTPOEH rpaduK 3aBUCUMOCTH MO-

JyJ1sl CUJIBI YTIPYTOCTH OT ee aedopmaniuy (cM. pucyHok). Kakum Oy-
JIeT YAJTMHEHHE NPYKUHBI IPH MOJBEIIMBaHHH Ipy3a Maccoil 2 kr?

Fynp, H A

16 —
1 1 ]
S A2 1 |
i ] ]

R -

0 2 4 6 8 Ax,cMm
Omeem: cM

OnHOPOAHYIO MPYXKUHY JIMHOH L M XECTKOCTbIO & pa3pe3ayd Ha
TPH paBHbIE YacTH. Bo CKOIBKO pa3 yBeMUYHUIACh KECTKOCTh KaXkKIAOH
YacTH NPYKHUHbI?

Omgem: B pa3z(a)
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43. Ilox gmeiictBHeM rpy3a mpoBOJOKa YMIMHWIAch Ha 1 cM. DToT Xe
IPY3 [OJBECHIH K MPOBOJIOKE TaKOH K€ AJIMHBI U3 TOrO Xe MaTepHa-
Jia, HO UMerolLIei B 2 pa3a Oonblnyro miowans cedeHus. Kakum crano
YAJIUHEHHE ﬂpOBOHOKPI?

Omeem: cM

Cuiibl TpeHHA

Cnaa TpeHHsi BO3HHKAET NPH JBW)KEHUH TeJl I NIPH TMOMBITKE CABH-
HYTb HX ¢ MecTa. OTHOCHTCS K CHJIaM 31eKmpoMAzHumHol ipupoanl. Tpe-
Hue ObIBaeT cyxoe H xkuakoe. Cyxoe IENUTCS Ha TPU BUZA: MPeEHUe ROKOS,
MpeHUe CKOAbNCEHUSL U MPEHUe KAYEHUSL.

TpeHHe cKoJibKeHHsI BO3HHKAET INMPH CKOJBLXEHHH OQHOIO TENa 1o
NOBEPXHOCTH Apyroro. HanpaBneHue TpeHHs CKOJBXKEHHS MPOTHBOIIO-
JI0KHO CKOPOCTH JBHKECHHS (Fm w N ):

Frp,cx, = PLN HIIH Frp‘cm = anann. H

rne p — kodbduuuent tpeuus, N (H) — cuna peakuum omopsl,
F 02 (H) — cuna HOpManibHOTO IaBJICHHUS.

Crioco6bl yMeHBILIEHHS TPEHHA: BBIPABHHBAHHE TOBEPXHOCTEH; BBe-
JIeHHE CMa3KH; 3aMeHa Ha TPEHHE KaucHHUS.

Yumume: ecnu nBHXEHUE NMPOUCXOJUT MO IJIAAKON NMOBEPXHOCTH, TO
CHIIy TPEHMS YYMTBIBATh HE Haj0; CHJIa TPEHHUS CKOJILXKEHHS He 3aBHCHT
OT TUIOLIAI¥ COTIPUKACAOIIUXCS TEI.

3ALAYH

44. 'V nepBo# rpanu Opycka B ¢opMe mapasienenunesa ko3hpGHuHeHT
TPEHHS O CTON B 2 pasa Gomnbliie, YeM y BTOpOH rpaHd. Bo ckosbko
pa3 yMEHBUIUTCA CHJIa TpeHHs OpyCka O CTON NpH NepeBOPaYHBAHHH
Opycka ¢ nepBoii rpaHu Ha BTOpyo?

Omeem: B pas(a)

45. Y nepsoii rpanu Opycka B (hopme nmapaJUielienuesa wiouanb 1 Ko-
3¢ GULHEHT TpeHHs O cToN B 3 pasa Gonblue, YeM y BTOPOW IpaHH.
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46.

47.

48.

49.

Bo CKOJIbKO pa3 yMEHbIUMTCA CHJIa TPEHHs Opycka O CTOJI IIpH Tfiepe-
BOpa4YMBaHMM OpyCKa ¢ 1epBoii rpaHH Ha BTOpYIO?

Omeem: B pa3(a)

Teno paBHOMEpHO IBHXETCA MO HAKIOHHOW IulockocTH. Ha Hero
nedictByer cuia tpeHus 20 H ¥ cuiia HOpManbHOTO JABJIEHHS IL10C-
koctu 40 H. Yemy paBeH k03 PUIMEHT TPEHHS CKOJILKEHUA?

Omeem:

Ha pucyHke mpencrasjieH rpaguk 3aBUCHMOCTH MOIYJIA CHJIBI Tpe-
HHSL OT MOIY/IA CHIIBI PEaKUUH Omopsl (M. pHcyHOk). Omnpenennte
K03(h(hHULHEHT TPEHHA CKOJIBKEHHS.

Fr, HA

10 A

1
t
[}
1
|
T
1
L}
1

[}
[}
1
]
T
| ]
1 [}
] ]
1

" i >

0 10 20 30 40 N.H
Omeem:
Konbkobesxel| Maccoif 70 kr CKOJIB3HT N0 Jbay. KakoBa cHiia Tpenus,

JEHCTBYIOILAs Ha KOHbKOOEXUA, eClIM KO3IDPHLHEHT TPEHHS CKOJlb-
*EeHHs KOHBKOB M0 JIby paBeH 0,027

Omeem: H
[lpy ZBMAKEHHHM O rOPH3OHTAILHOH MMOBEPXHOCTH HA TEJNO MAacCOH
40 xr peiicTByeT cuia TpeHus ckoamxkeHus 10 H. Kako# ctaner cuia

TPEHHs! CKOJILKEHHS TMOCIe YMEHBILEHH Macchl TeJla B 5 pa3, ecii
K03 PULMEHT TPEHHUS HE H3MEHUTCS?

Omeem: H

TPEHHe HOKOA BO3HHKACT IIPH MNOMNBITKE CABUHYTH MPEAMET C MECTA.

TpeHue nokos MPOTUBOMONOKHO MPUIOKEHHOH CHIle (HANPaBJIEHUIO BO3-
MOKHOTO JIBH)KCHHS ).

Yumume: BenuurHa CHIIbI TPEHHS ITIOKOS MOXKCT [IDUHUMATh 3HA4YCHHS,

JICKAUIHME B NpEeaciiax

0 < FTp,I'lOK < FTp.CK,’
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AJII"OEHTM OMNpPeNeICHUA CH/IbI TPDEHHA NMOKOA
F

™
“_N -
0l F

1. HaiiTu cuny TpeHHs CKONbXeHHS
FTp‘CK‘ = “‘N

2. CpaBHHUTS €€ ¢ CHIIOH F, NPHJIOKEHHOM K Tey, U CAENaTh BBIBO/:

ecmu F<F,,,10 Fw =F na=0;

ecmF > F, ., TO F,=F

TP.CK.*

3A0AYN

50. Ha ropHu3oHTaJbHOM nony cTOMT AmMK Maccoid 20 kr. Koadduumenr
TPEHHS MEXAY NOJIOM U koM paBeH 0,3. K AnmKy B ropusoH-
TalbHOM HalpaBJIeHHH NpHkIaabiBatoT cuny 36 H. KakoBa cuna tpe-
HHUSA MEXKY ALIMKOM H 1nosiom?

Omeem: H

51. K nokosiieMycs Ha ILIEpOXOBATOH rOpU30HTAIBLHOH IOBEPXHOCTH Te-
Ny NPHJIOKEHA HapacTaloLas ¢ TeYCHHEM BpEMEHH chila Tar F = bt,
rae b — nocrosHHas BenumuuHa. Ha pucyHke npeactasien rpaduk
3aBHCHMOCTH YCKOPEHHs Teja OT BPEMEHH AcHcTBUA cuibl. Onpejie-
uTe KoahdHuHueHT TpeHus. OKpyriuTe OTBET A0 JECATHIX.

2
a, M/¢”

N e o= -

|

[

[

f T T

1 23 4
Knakoe Tpenme (ciia conpomuenenus) BOSHUKAET NPH JBHKCHHH B

KHIKOCTAX M rasax. HanpasiieHMe XHMAKOIO TPEHHs NPOTHBOIIOJIOKHO
CKOPOCTH JBHAKEHHA ( F,, U, ). Kuakoe TpeHHe 3aBUCHT OT (HOPMBI U

78



ckopocTH Tell. [Ipu Manbix cKOpoCTAX CHIa COMPOTHBICHHS MPONOPLHO-
HaJIbHa CKOPOCTH: Fconp = kv; a npH OOMBIIUX — KBAApaTy CKOPOCTH:

_— 2
Feonp. =kv*.

AJITOPHTM pellleHHs 3a1a4 Ha BTOpoii 3axoH HbioTtona

1. Kpatko 3anucats ycnoBue 3agaui. Bce emMHHLBI H3MEpEHHs nepe-
Bectu B CH.
2. Cpenatsb yeptex. Ha HeM yka3zaTb:
1) uzyuyaemoe Teno;
2) HampaBJIeHHE BCEX CHII:

Ha3zBaHue cuibl HanpagJienue
Cuna TsXecTH BeprHkajibHO BHU3
Cuiia peakiMy onopsl IepnenauKyaspHO onope
Cuiia HaTsHKEHHUS] HUTH Brones ocu nosiseca
Cuia ynpyrocTH ITpoTuBOMOIOKHO AedhopMaLlH
Cuna tpenus, cuia conpo- | [IpoTHBONOIOXKHO CKOPOCTH HIIH HAMpaB-
THUBJICHHS JICHHIO BO3MOYHOTO JABHXKEHHS
BrlTankuBaronias cuna, BeptukansHO BBepX
apxHMeI0Ba CHIIa

3) HanpaByieHHE YCKOPEHHS;

4) ocH KOOpIUHAT.
Cogem: HampaBlieHHe OJHON OCH JOJDKHO COBMAJaTh C HalpaBleHHEM

YCKOPEHHS.

3. 3anucaTh BTOpO# 3akOH Hpl0TOHA B BEKTOPHOM BHIE.
4. 3amucaTh BTOPOH 3aKOH Hp10TOHA B MPOEKIHMAX HA OCH KOOPAMHAT.
5. PelunTts 3aaauy B o01weM BUIE.
6. [loacTaBUTE YUCIOBBIC 3HAYEHUS U HATH HCKOMYIO BEJTHYHHY.
7. CaenaTh NPOBEPKY Pa3MEPHOCTEH.
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IIpumenenne 3akoHoB Hb10TOHA

PaBHoMepHOe BepTHKaIbHOE ABHKeHHe (a = 0)

Cuanbl

Hoabem Cnyck
Cuna TsbxecTH U cuna Y - T G Y l o
N N
PeaKIIMK OnopbI
Bmopoii 3axon Heio- w’
MOHA 6 8eKMOPHOU Z A i
popme: mg e
pye: 0Y:N-mg=0 0Y:mg-N=0

N +mg =ma

CHia Ts)KeCTH ¥ cuila
HaTsHKEHUs HUTH
Bmopoii 3akon Huio-
MOHA 6 6EKMOPHOU
gopme:

T +mg =ma

V72222222

fYT_ Ta

T
O
mg

0Y:T-mg=0

Cuna TsOKecTH U cuia
CONPOTHBIICHHS BO3-
ayxa
Bmopoii 3axon Heto-
mMoHa 6 6eKMOPHOTI
dopme:
mg + F. =ma

Y Rls
mg
0Y:mg-F,=0

Cuna TsbKecTH, cuia
CONpPOTHBIEHHUS H ap-
XHMe/10Ba CHIa
Bmopoii 3axon Huio-
MOHA 8 BeKMOPHOI

dopme:
E,+mg+F. =ma




YcKkopeHHOE BepTHKaIbHOE IBHXKeHHe (a # 0)

Cuanl

IMognem

Cnyck

Cuna TsxecTH
Y CHJIA PEaKLUHU
OTIOpbI
Bmopou 3axon
Hviomona 6 gex-
mopHot ¢hopme:
N+ mg =ma

Cuna TSHKeCTH U
CHJIa HATSKEHUS
HHTH
Bmopoii 3axon
Huvtomona 6 eex-
mopHou gopme:
T+mg=ma

Cuna TSXKECTH U
CHJIA COYIPOTHBIIE-
HHUA BO31yXa
Bmopou 3axoH
Hviomona 6 sex-
mopHoU ¢opme:

mg+F, =ma

Y mg

F;
0Y:mg+F.=ma

h<

mg
0Y:mg—F,=ma

Cua TAXKECTH, CH-
JIa COMPOTHBIIEHHA
M apXHMeI0Ba CHila
Bmopoii 3akon
Hosomona 6 eex-
mopHou gopme:
Fy+mg+F.=ma

mg
0Y:mg—Fa—F.=ma




10.

82

YINPAXHEHUA

Kakas cuia HaTsHKEHHA HUTH IEHCTBYET Ha TEJIO Maccod 2 Kr, €CiH
OHO MOIHAMAETCS BBEpX C yckoperHeM 20 m/c>? (60 H)

C kako# cHJIOH HYXHO AeiicTBOBaTh Ha Tesio Maccoif 10 kr, 4To6bI OHO
2
JBHIajJoch BEPTHKAJILHO BHU3 ¢ yckopenueM 15 m/c™? (50 H)

Haiinnte MakcHManbHYIO CHITY HAaTSDKEHHMS HHTH, €CIIH BEPEBKAa MO-
ET BBLOCPIKATh IPy3 Maccoil 5 Kr npu NoabeMe €ro ¢ yCKOpeHHEM
4 M/c%. (70 H)

C KaKuM yCKOpEHHEM MOJIHHMAeETCs JIMT, €CIH CHIIa PEeaKLHH OII0-
pHl, AeiCTBylOmas Ha Ipy3, YBEIMYMIACh BTPOE MO CPaBHEHHIO
C CHJIOH peaKLHH OIOpbl, AEHCTBYIOLIEH Ha HENOABHXKHBIA Ipy3?
(20 m/c?)

[IpouHocTs Tpoca Ha paspeiB coctaBnser 1600 H. Kakoit makcu-

MaJbHOM MacChl IPy3 MOXHO IOJHHMATh 3THM TPOCOM C YCKOPEHHEM
2

15 m/c”? (64 kr)

['py3 nogHMMaloT Ha BepeBKE: OJMH Pa3 PaBHOMEPHO, BTOPOM pa3 ¢
yckopenreM 20 M/c’. Bo CKOIBKO pa3 HATSKGHHE BEPEBKH Oyner
6onbi11e BO BTOpOM ciyyae, 4eM B niepsoM? (B 3 pasa)

Haiinute BpeMs nagenus tena maccoit 100 r ¢ BeicoThl 20 M, €cnu
cuna conpotusienus 0,2 H. (2,24 ¢)

Teno OpoureHo BepTHKAILHO BBEPX €O cKOpOCThio 30 M/C B oCTHIIIO
BBICIIEH TOYKH vepe3 2,5 c. KakoBa cuia conpOTHBICHWS BO3AyXa,
JeACTBYIONIAsA Ha TEJIO BO BpeMs NMoabeMa, ecid ero Macca 4 kr? (8 H)

[Mapamroruct Maccoit 80 Kr nmagaeT npH OTKPHITOM MapalllioTe C ycC-
TaHOBHBILEHca ckopocThio 5 M/c. Kakoil Oyner ycraHoBHBHIasCs
CKOpOCTb, €CJIM Ha TOM € MapaliioTe CIyCKaeTCs MajlbYHK Macco
40 xr? Cwia conpoTHBIECHHS BO3ZyXa MPOMOpPLHOHATILHA KBagpaTy
ckopocTH. (3,5 m/c)

Onpenenure Maccy rpy3a, KOTOPbIH Hy)KHO COPOCHTB C adpocTara Mac-
coii 1100 Kkr, ABIKYILErOoCs pPaBHOMEPHO BHH3, YTOOBI OH CTal JBH-
raTbCs ¢ TaKOH ke M0 MOIYJIIO CKOPOCTBIO BBEpX. ApXHMe/oBa CHIIa,
JeHcTByiouias Ha aspocraT, paeHa 10 kH. Cry conpotuBiieHus BO3-
Jyxa IpH NOALEME U CITyCKe CYHTaiTe oqHHaKoBoH. (200 kr)



I[BH)KCHHQ C Y4ETOM CHJIbI TPEHHUHA

1. PaBHOYCKOpEHHOE ABHXXEHHE TI0 TOpH- y 4
30HTAJIU —>
Bmopou 3axon Hetomoua 6 sexkmopHoii
dopme: mg + N + F, + F,, = ma
0X:F,—-F,=ma; 0Y:N-mg=0
2. PaBHO3aMEIJICHHOE JBHKCHUE
Bmopoiui 3axon Helomona 6 eekmophoii
dopme: mg+ N + F,, = ma
0X:-F,=-ma; 0Y:N-mg=0

(\/

3. Teno npwXainu K BEpTHKAJIBHOH CTEHE Buumanue: N #mg
Bmopou 3axkon Hviomona 6 éekmopHhoil Y4
dopme: mg + N+F+ F]p_,,_ =ma 7
OX:N-F=0;
0Y:F,,-mg=0

BF

Cosem. ByIlBTC BHHUMATCJIbHBI B TEX Claydaax, Korga CHJa TsI'H Hd
[IpaBJicHa MOJA YIJIOM K INOBEPXHOCTH, 110 KOTOpOﬁ MPOHCXOINUT ABHIKCHHE

CHauana clieyeT pa3jioXKHUTh 3Ty CHJy Ha IPOEKLUH BAoJb ocel 0.X n 0Y.
[lomHume, 4TO B ITHX ciiy4asx N #mg .

4. Cwiia Ty HanpasJjieHa MoJ YTJIOM K To- Brumanue: N #mg
PH3OHTY (BBEPX) 4 i
Y od
Bmopoii 3akon Helomona 6 sekmopnoii F ol _.
popme: mg + N+ F, + F =ma Fp, N?% d i F
OX:F,c-osa—Fszma T - ¥
0Y:F,sina+N-mg=0 mg
5. Cuna TArv HampaBJIeHa IO YIJIOM K I'o- Brumanue: N #myg
H30HTY (BHH3 ¥4 a
PH30HTY (BHHM3) ) i\ v L
Bmopoii 3axon Helomona 6 éekmoprotu E ‘
dopme: mg + N +F, + F,, = ma o ] Ex >
~ ol ] -
0X:F.cosa—F, =ma Z 7z X
) mgy ) = '
0Y:N—-F.sina-mg=0 F, £ |




6. IlonneM noa AeHCTBHEM CHIIBL TATH, 00- Brumanue: N #mg
pasyrolleH yromi ¢ BEpTHKaIbIO
Bmopoii 3axon Hetlomona 6 sexmophoii
gopme:

mg+N+F, +Fy,=ma
0X:N-F;sina=0

0Y:F;cosa~Fy,—mg=ma

3A0AYH

52. bpycok maccoit | xr ABMIKETCS paBHOYCKOPEHHO MO TOPH30H-

53.

84

TaJIbHOH MOBEPXHOCTH noj AedcTBreM cuibl 10 H, xak nokasaHo Ha
pucyHke. Kosdduument tpenus cxonwxenus paseH 0.4, a yron Ha-
KiIoHa o = 30°. Uemy paBeH MOAY/b CHITbI TPEHUSA?

F

M e

AARRURERRNRRRNY

Omegem: H

MaccHBHbBIH OpYyCOK JIBHKETCA MOCTYNAaTEIbHO MO TOPHU3OHTAIBHOH
IUTOCKOCTH MOA /JefCTBHEM MOCTOSIHHOW CHIIbl, HanmpaBleHHOM non
yriaoM o = 30° Kk ropuzoHTY (CM. PUCYHOK). Monyiib 3TOH CHIIbI
F = 12 H. Ko>dduuneHT TpeHus Mexay OpycKOM H IOCKOCTBIO
u=0,2. Monyne cunbl TpeHus, ackcTBytolei Ha 6pycok, Fr= 2,8 H.
Yemy paBHa Macca Opycka’

F

m ke

AN S

Omeem: KT



AJITOpHUTM pellieHHs 33524
Ha JBMKEHHeE M0 HAKJIOHHOM MJIOCKOCTH

1. IlpoBectu ock 0X BROJSL HAaKJIOHHOH TUIOCKOCTH. Ee HampablieHHe
COBMNAZAET C HaNpaBJICHHEM ABHXXECHHUS (WIN YCKOPEHHS).

2. Yepe3s ueHTp Tena npoectH ock 0Y nepneHaukyaspHo ocu 0.X.

3. Cuna TsKecTH BCer/ia HarpasiieHa BEpTHKalbHO BHU3.

4. IloctpouTth nmpoeKHMH CHIBI TsXECTH Ha ochk 0X u 0Y: (mg), u

(mg), . Cuna peakumu onopbl NepneHANKYJIsIpHa HAKJIOHHOM [UIOCKOCTH

B JAHHOM CJly4ae paBHa o0 MOIyJI0 (mg), .

S. HanpasnieHne Cunbl TArH ONpenesdeTcs U3 YCNOBHS 3a/1a4H.

6. Cuna TpeHUsi NPOTHBOMOJIOKHA HANPABJICHUIO CKOPOCTH TeJla (MJIH
HAIpPAaBJIEHHIO BO3MOXXHOTO JIBUMKEHHS ).

Yumume: ecnu Teno ABHXETCS MO IaJKON HAKJIOHHOM MIOCKOCTH, TO
Frp,=0.

7. YKa3aTh HanpaBlE€HHE YCKOPEHHS.

Yumume: ecnu teno aBuxeTcs ¢ MOCTOSHHON CKOPOCTHIO HJIH HOKOHT-

ca, 10 a=0.
Hoockasku
IIpoexkunH CHIBI THXKECTH (mg), =mgsina; (mg), =mg cosa
Kocunyc yria HaknoHa b .
yeyr cosa=7;cosa=\/1—s1n2a

CHHYC yTJia HaKJIOHa OH . h
yc yr. (yKi0H) sino ="
/
TaHreHc yrna HakjioHa h
tg a= g
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JBHkeHHe M0 HAKJIOHHO# INIOCKOCTH

1. JiBmxenue BHu3 6e3 TpeHus
Bmopoii 3axon Hetomona é sexmop-
Holl hopme: m@ + N = ma

0X :mgsina =ma
0Y:N-mgcosa=0

2. Teno nokouTCst HA HAKITOHHOM
IJIOCKOCTH
Bmopoii 3axon Hetomona 6 eexmop-
HOll opyie;

mg+ N+ F, =ma
=0
0Y:N-mgcosa=0

0X :mgsina — F,

Tp.I.

3. Teno yaepxuBarOT Ha HAKJIIOHHOM
IUIOCKOCTH

Bmopoii 3akon Hetomouna 6 eexmop-
noti popme: mg + N + F + F.lp =ma
0X:F+F, -mgsina=0
0Y:N—-mgcosa=0

4. PaBHOYCKOpPEHHOE JIBHXXEHHE BBEPX
C YYETOM CHJIbI TPEHHS

Bmopoii sakon Hetomona ¢ sekmop-
Hoit opme: mg + N + F, + ﬁ',P =ma
0X:F, -mgsina—F,, =ma

0Y:N -mgcosa=0

5. PaBHOMEpHOE ABMKEHME BBEPX C
YUETOM CHJIbI TPECHHUS
Bmopoi 3axon Hetomona & eexmop-

Hoii popme: mg+N + F, +I3}p =ma
0X:F,—mgsina—F,, =0
0Y:N-mgcosa=0
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54.

55.

56.

57.

58.

3ALAYN

Bpycox maccoi 200 r mokoWTCcst Ha HaKJIOH-
HOM mockocTd. Koadduuuenr rpenus mex-
1y TIOBEPXHOCTbI0 OpYyCKa M MJIOCKOCTbIO pa-
BeH 0,6. Omnpenenure BeJMYMHY CHIIBI Tpe-
HHMs, €CIM Yrojl HakKJIOHAa IUIOCKOCTH K
rOpH30HTY paseH 30°.

Omeem: H

JIbDKHHK B Hauajle CryckKa ¢ ropbl WMesl cKopocTh 2 m/c. CIlyCTHB-
LIHCh MO CKJIOHY Topbl, oOpasytoweii yroa 30° ¢ FOPH3OHTOM, JIbIK-
HHUK YBEJIMYHJI CBOIO CKOpOCTh A0 12 M/c. Kakoe paccTosHHe mpoexan
JIBDKHUK noA ykiIoH? TpeHueM npenebpeus.

Omeem: M

Illapuk KaTHTCA BBEPX MO MIAAKOHW HAKJIOHHOW IIJIOCKOCTH, COCTaB-
ssromed yroa 30° ¢ rOpU30OHTOM, H MPOXOIUT 10 MOMHOH OCTAaHOBKH
nyts 40 cM. OnpezenuTe HayallbHYIO CKOPOCTh LIAPHKA.

Omeem: M/c

CrninnenHoe nepeBo Maccoi 100 kr ¢ noMousro 1ebeIKdH paBHOMEPHO
BTACKHBAETCA Ha IUIOCKYIO MOBEPXHOCTb IPYy30BOH I1aTGOPMBI TPakK-
TOpa, KOTopas HaKJIOHEHa 1o yriioM 45° k ropu3oHTy. IuHaMomeTp,
KOHTPOJIMPYIOLIHH HaTsHKeHHe Tpoca JieOeIKH, TOKa3bIBaeT NPH ITOM
850 H. Omnpenenure k03pPHUUHEHT TpPeHHS CKOIBXKEHUS MCKIY
OpeBHOM H 1aTHOpPMOId.

Omeem:

bpycok Maccoll m CKOJIb3UT BHH3 [0 HAKJIOHHOH IJIOCKOCTH, YyCTa-
HOBJIEHHOM 1OA YTJIOM O K I'OpH30HTY (cM. pHcyHOK). Kosdduum-
€HT TPEHHUs a0l O MIIOCKOCTh paBeH | .
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59.

60.

88

OU3NMYECKHUE BEJIMYHUHbI OOPMYVYIJIBI

A) Moaysb YCKOPDEHHMS NpU JABU- 1) g (sin a—pcosa)
KEHUH MaiObl BHH3 2) pmgcosa
B) Moxynb cHibl TpEHHUS 3) umgsina

4) g(pcoso+sina)

Omeem:

C BeplIMHBI HAKIIOHHOH IUIOCKOCTH M3 COCTOAHMS MOKOS CKOJIB3HT C
YCKOpPEHHEM KapeTka. Kak HM3MeHATCS yCKOpEHHE KapeTku M cHuiia
TPEHHs, OEACTBYIOIIAs Ha KapeTKy, €C/TM Maccy KapeTKH B/IBOE yBe-
JHUUTB? [I71s KaKao# BeJIMYMHBI ONPEIEIUTE COOTBETCTBYIOLIMH Xa-
pakTep U3IMEHEHHUS.

PUINYECKHE BEJIMUUHLI UX USMEHEHHE
A) yckopenue 1) ysenuuurcs
B) cuna tpenus 2) YMEHBILIHUTCSA

3) He U3MEHUTCH

Omeem:

[11aii6a, OpoineHHas BAOJIbL HAKIIOHHOH IUIOCKOCTH, CKOJIB3HT 1O HEH,
IBUTasCh BBEPX, a 3aT€M JBHXKETCS BHU3. [ paduK 3aBUCMMOCTH MO-
JyJIsl CKOPOCTH 11ai0bl OT BpeMEHHM JaH Ha pucyHke. Halaute cuHyc
yIJla HaKJIOHA MJIOCKOCTH K TOPU30HTY.

U,M/CA
6
) \ /
S
0f 2 4 6 8 tc¢

Omegem: B



Bec Tesia

Bec Tena —— cuna, ¢ KOTOpOH TENO BC1C.ICTBHE NPUTSHKEHUA K 3emile
AEHCTBYET Ha OMOpY WM o/Bcc (CHA, C KOTOPO Telo AABHT Ha Onopy
MM PAaCTArMBACT MOJBEC), OTHOCUTCA K CHIIAM 3.1€KmpOMAZHUMHOU TIPU-
ponsl. U3mepsiercs ounaviomempom. Eanuuua usmepennst — HutotoH (H).

Touka IPpHUNOKEHHSA — TOUYKa
OIIOpbI HWJIK NOABECA

mg

Hanpasnenne Bec umeeT HanpaBneHue, NPOTHBO-
HOJI0XKHOE CHUJTE PEAKLIMH ONOPBI UITH
CHJIE HATSPKEHHUS! HUTH

PN, PINT

Cnoco6 onpenenenus monyns | o tperbeMy 3akoHy HeloToHa
Beca P=NuwmP =T umuP =Fy,
Bec Tena, ecnu Teno u onopa Py =mg
(noaBec) HENMOABHKHBI
Hesecomocts P=0
Ileperpy3ka P P

A mg

IIpumeHeHHe BTOPOIo U TPETHEro
3akoHoB HbloToHa 115 onpeneieHns Beca

. Onopa Wiy NoABEC HENOABHXKHBI
Bmopoii 3axon Heiomona 8 8exmophoii
dopme:
N+mg=ma wm T+ mg = ma
O0Y :N-mg =0 umn 0Y.T mg=0
£y =mg
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2. YCcKOpeHHE Onopsbl HalpaBJieHO BBEPX
Bmopoii 3akon Helomona 6 eexmopHoii
dopme:

N +mg =ma
0Y : N —mg = ma;

P =m(g+a)

3. YckopeHue onops! HarpasJIeHO BHU3
Bmopoii 3akon Hoiomona 6 sekmophou
dopme:

N+mg=ma,

0Y:mg—-N=ma; P, =m(g—a)

4. BepuiuHa BbIITyKJIOTO MOCTa
Bmopoii 3akon Heromona 8 eéexmopHoii
dopme:

N +mg =ma,,
0Y :mg—-N=ma,.;

P = m(g _au‘c.)

5. HWkHAS TOUKa BOrHYTOTO MOCTa
Bmopou sakon Heiomona 6 sexmoproti

hopme:
N +mg = ma,.

0Y:N-mg=ma,..P=m(g+a,.)

6. [onuelit obopoT Ha moaBece
Bmopoii 3akon Helomona & sexkmoproti
dopme:

T4+ mg =ma,,

B Touke A

0Y : T+ mg =may,,.
P =may.—-8)

B Touke B

0Y: T—mg=may.
P=m(ay.+tg)

Vumume: ueHTpOCTpEMUTENbHOE YCKOPEHHE BCErAa HAampaslIEHO

v’ ,_  4n°R
K LICHTPY OKPY)XHOCTH H PaBHO g, = .1 =0 R=—3

=4n'Rv?.
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SAQAYN

61. I'py3 maccoii 6 xr crout Ha nony nudra. JIupT HaunHaeT NoAaHH-
MarThCsl C IIOCTOSIHHBIM yckopeHHeM. TIpH 3ToM cHia JaBneHus rpysa

Ha non udTa coctasnser 66 H. YeMy paBHO yckopeHue andra?
2

Omeem: M/c

62. AptromoOwib Maccoii 1000 Kr enet no BbINYKJIOMY MOCTY C pajauy-
coM kpuBH3HH 40 M. Kakyio ckopocTh NOSKEH HMETh aBTOMOOHIIb B
BEpXHEH TOUKE MOCTA, YTOOBI MACCAXKUPbI B 3TOH TOUKE MOYYBCTBO-
BaJIH COCTOSIHHE HEBECOMOCTH?

Omeem: __ M/c

63. Ha pHucyHKe KaMeHb, TNpHBA3aHHBIH K BEPEBKE A
MIMHOHN L = 2,5 M, paBHOMEpHO BpallaeTcs B Bep-
THKAJIBHOH MiockocTd. Macca kamusa 2 xr. Ilpu
KaKOM 3HA4CHHH NepHojia oOpalleHUs KaMHs €ro
BEC B TOYKE A CTaHET paBHbIM HyJ10? OTBET OK-
PYTJIMTE O COTBIX.

Omeem: C

AJITOPHTM penieHHsi 3a1a4 Ha IBHIKCHHE CBA3AHHBIX TeJ

1. Kpatko 3anicaTh yCiI0BHe 3a1a4i, Bce BeJIMUHHBI nepeBect B CH.
2. Caenatb ueptex. Ha Hem yka3ath:
1) Bce cuiibl, AEHCTBYIOIIME HA KAXKAOE TENO;
2) HanpaBJIEHHsl YCKOPEHHUH;
3) ocu KOOpAHHAT.
3. 3anMcaTb BTOpo# 3aKk0oH HploTOHa B BEKTOPHOM BHJE Il KaX10T0
Tena.
4. 3anucatb BTOpo# 3aKoH HbioTOHA B MPOEKLHUAX HA OCH KOOP/IMHAT.
5. 3anucars TpeTHii 3akon Hurotona.
6. Pemnte 3aauy B obuieM Buae. OObIUHO NPU pELIEHHH U30aBIAIOT-
€Sl OT HEU3BECTHOH CHJIBI HATSXKEHHUS HUTH HWIIH YCKOPEHUS.
7. [oACTaBUTbH YUCTOBBIE 3HAUCHHS.
8. CnenaTh NpoOBEPKY pa3MepHOCTEH.

Yumume: HMTb HepacTsHKUMa — TeNa IBUXKYTCA C OJUHAKOBBIMH YCKO-
PEHHSMH; HUTh HEBECOMA — CHJIbl HATSXEHHUS OJIMHAKOBBI (TPETHH 3aKOH



HpI0TOHA); HHTh HEPACTAHYTA — Yy TeJl MOTYT OBITh pa3HbIE YCKOPEHHS,
T =0; cuna 1aBpneHus Ha ONOK NPy IBHKEHHH IPY30B Fopp =T, + 7.

JIBHKEeHHEe CBSI3AHHBIX TeJl

1. JIBikeHuUe 110 FOpU3OHTAIH Oe3 TpeHHs
Bmopoii 3akon Hotomona:

OY:N,-mg=0.

L2 T

mg

F+T,+mg+N, =ma, Y a,
T, +mg+N,=ma. N, A AN,
I.OX:F-T,=ma LT F
» Y o
A _ X
0Y: Ny —mg=0 ////////////////{//////////////////W/////////////
2. 0X:T, =msa ~ p
ng mlg
OY . N2 - ng = 0
Tpemuii 3axon Hetomona: T, =T,
2. JIBMXEHHE 10 TOPHU3OHTAIH C Y4E€TOM TPEHHS
Bmopoii 3akon Heromona: Y . A
SRt L - a y
F+Tl+m,g+N1+Fm,:m,a Aﬁz_> M
fg +’n3§+1\—,1 +F‘-‘p2 =m25 f, T 1-4:
LOX:F—-F, -T =ma F‘TZ Fo, 1%

2. OX:Tz—Fm: =m30
0Y: N, —-myg =0,

Tpemuii 3axon Hotomona: T, =T,

3. BepTHKanbHOE IBHKEHHE TeI A
(my >m,)

Bmopou 3akon Heiomona:

T +mg=ma

fz +m2g:”]2a‘ "12 |r :l’ t
1.0Y:mg~T, =ma "l \1 h
I
2.0Y:T, —m,g =ma Yy 7 . VY
mg

Tpemuit 3axon Herwomona: T, =T,
Yumume: nepeMenieHne Kaxxoro Tejia ¥ paCCTOSIHUE MEXAY TeaaMu

b=t iy =2




4. Ha ofMH U3 Ipy30B MOJOXHIIH JOBECOK
Bmopoii 3axon Helomona:

(M+m)g+T, =(M +m)a

fz'{’Mg.:Ma
1.0Y (M +m)g —-T, =(M + m)a
2.0Y:T, - Mg =Ma

Tpemuii 3akon Hotomona: T, =T,
Bec dosecka: P, =m(g —a)

64.

65.

3A4AYHN

bpycok Maccoit M = 300 r coenuHeH ¢
rpy3oM Maccoit m = 200 r HeBecOMO# H
HEpPacCTAXKUMOH HHUTBIO, MEPEKHHYTOH
yepe3 HeBeCOMBIN Os1oK. Bpycok ckomnb-

3uT 6€3 TPEHHs MO HAKJIOHHOH IUIOCKO-
cTH, cocrasnsiowei yron 30° ¢ ropu3oH-
ToM. Uemy paBHO yckopeHue Opycka?

Omeem: M/c

['py3bl MaccaMu M = | Kr u m cBA3aHbl JIETKOH HEPACTHHHUMONH HU-
Tb10, NepeOpOILEHHOM Yepe3 670K, N0 KOTOPOMY HHTb MOXKET CKOJIb-
3UTh 0€3 TpeHus (cM. pUCYHOK K 3azaue Ne 64). I'py3 maccoii M Ha-
XO/IUTCS HAa LIEPOXOBATOH HAKJIOHHOW MIOCKOCTH (Yrosi HakJIoHa
TJIOCKOCTH K ropu3sonty 30, koddduument tpenus 0,3). Yemy pasHo
MaKCHMMajbHOE 3HAayeHHEe MaccChl m. [PU KOTOPOM CHCTEMA Ipy30B
€lll€ HE BBLIXOAMT M3 MEPBOHAYAJIBHOIO COCTOSHHA Mokos? OTBer
OKPYTJIUTE /10 COTBIX.

Omeem: KT

llmlammca ABHKEHHHA MO OKPYKHOCTH
¢ NMOCTOSAAHHOM Mo MOAYJH0 CKOPOCTHIO

AJITOpHMTM peLileHus 3214
1. lMocTpouTs rero.
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2. [Toka3zars HarnpaBJICHUE BCEX CHJI, NpHJIArasa UX K UCHTPY TEia:

Ha3panue cuabi Hanpasnaenue
Cuua tsxectH BepTukaibHO BHH3
Cuna peakuuu onopsl IleprnenAHKYIIIPHO onope
Cuiia HaTsDKCHHS HUTH Baone ocu noaseca
Cuua ynpyroctu IIpoTHBononoxHo nedopMaLuu
Cuna TpeHus, cuna conpotis- | IIpoTHBONOIOAKHO HaNpPaBJIECHHIO
JIEHUS BO3MOXHOIO JBHXXEHHS

3. HanpaBneHHe LEHTPOCTPEMHTENBHOIO YCKOPDEHHMs BCEraa Harpas-
NCHO K 1IEHTPY OKPY>KHOCTH, 110 KOTOPOH NPOUCXOAUT IBUKEHHE.

4. Yepes ueHTp Tena mpoBeCTH OCH KoopauHart. JKenartenbHo, YTOOBI
HarpaBjeHHe OTHON OCH COBNAJAJIO C HANIPABJICHHEM YCKOPEHHS, a Apyras
ObL11a IEpNEHANKYIApHA EH.

S. INoctponts npoekuun cui Ha ocu 0X u 0Y.

IIBH)KCHHG M0 OKPYKHOCTH

1. ApromM0OHMIB Ha NOBOpOTE

Bmopot 3akon Heiomona & eexmopnoii
Gopme: mg + N+ JE’,,, =md,.

0X:F, =ma,.

0V :N-mg=0

2. Teno Ha BpalaroLeMcs IMcKe Y dy
Bmopou 3axon Helomona e sexmoproii AN
dopme: mg + N+F p = Md,, ]
OX : P =me. S AL "
OY:N—-mg=0 5

3. KoHuvecknii MasTHHK
Bmopoii 3akon Hetomona 6 eekmopnou

popre: T mg =ma,.
0X :Tsino=ma,,
0Y:Tcosa—-mg=0

mgtgo =ma,,

Vumume: panuyc OKpYXHOCTH, [10 KOTOpOH
TNIPOMCXOJUT ABIXKEHHe Tena, R =/sina
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66.

67.

68.

69.

3ALAYH

ABTOMOOMIIb COBEpILIAET MOBOPOT HA FOPH30HTANBHON JIOpore 1o 1y-
re OKpyKHOCTH. KakoB MHHUMaBHbIH paguyc OKpYXHOCTH Tpaek-
TOPHH aBTOMOOHISA NpH ero ckopoctH 18 M/c u xoddduuuenTe Tpe-
HHS aBTOMOOMJIBHBIX HIMH 0 popory 0,47

Omeem: M

Manenbkuit 6pycok Maccoi 270 r JIeXUT Ha TaJKoi rOpH30HTaIb-
HOH TIOBEPXHOCTH U IIPUKPEIUIEH JIETKOH NIPY)KUHOH K BEpPTHKAJIBHOH
ocH. Bpycok npuBenu BO BpallieHHe BOKPYT 3TOH OCH C HOCTOSHHOM
CKOPOCTBIO 2 M/C, B pe3yNbTaTe Yero npyXMHa, COeIUHAIOLIas €ro ¢
OCBhIO pacTsHynack. OnpenenuTe, BO CKOJIBKO pa3 yBeJIHYMIIAch IJIH-
Ha NpYXUHBL. JIJIHHA MPYKHHB B HelAehOPMHPOBAHHOM COCTOSIHHH
30 cMm, ee kodddument xkecrkoctu 10 H/m. OTBeT okpyriute 1o ne-
CATHIX.

Omeem:

B 1IKOJIBHOM OmbITE OPYCOK, JieKallMH Ha TOPH3OHTAJILHOM JIHCKE,
BpalIaeTCs BMECTE C HUM C HEKOTOPOH YINIOBOH CKOpocThio. B xozne
OMbITa NMEPHOA BpalleHUs AMCKa yBeNWYMIH. [IpH 3TOM monoxeHHe
Opycka Ha JQMCKe OCTajJoCh MpexHUM. Kak M3MEHWIHCh MpH 3TOM
yrioBas CKOPOCTh JAHMCKAa W CHJIa HOPMAaJIBHOTO JaBJieHUs Opycka Ha
omnopy?

OUBNYECKHWE BEJIMYHLBI UX USMEHEHUE
A) yrnosas cKOpOCTb 1) yBenuuunace
B) cuna HOpMaJIBLHOTO NaBJIEHHA 2) yMeHbLIWIACh
Opycka Ha onopy 3) He u3MeHUIach
A b
Omeem:

Ha 1mepoxoBaToM IOpH30HTaJbHOM MAHCKE, BpAaILAIOLIEMCS BOKpPYT
BEPTHUKAJILHON OCH, IIOKOMTCS Hebonblloe Teno. PaccTosiHue ot ocu
BpaLIEHHA 10 Tena ¥ =25 cM. YIVIOBYIO CKOPOCTh BpallleHUs Hayallu
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70.

96

MEJUIEHHO yBeJMYHBaTh. KakoB KO3 GHLHEHT TPEHHS MEXKIY TEIOM
M JMCKOM, €CITH TEJIO Ha4ayo CKOJNB3HUTh M0 AUCKY NMPH YTJIOBOH CKO-
poctH o =4,5 pap/c? OTBET OKPYTJIUTE OO0 AECATHIX.

Omeem:

['py3uxu ¢ ToueunbiMu Maccamu m; = 0,25 xr u o
m;= 0,5 Kr npuUKperieHbl K HEBECOMOMY CTEpPX-

HI0 MHOM /=1 M. CrepxeHb MOXET BpalLlaTh-

Cfi BOKPYT TOPHU30HTAILHON OCH, MPOXOASLICH m,
gyepe3 Touky O HEepHEeHAMKYIAPHO IIOCKOCTH
pucyHka. ['py3uk my, IpUKpEIICHHBIA B CEpElU-
HE CTEPXKHS, B HIDKHEH TOYKE TPAEKTOPHH MMEET
ckopocTte U =2 M/c. OnipenennTe Cuiy, ¢ KOTO-
poH CTepXeHb ACHCTBYET Ha IPy3uK m; B 3TOT
MOMEHT BPEMEHH.

2|~
Lot}

o~

Omeem: H



3. 3AKOHbI COXPAHEHMUS

Hmnyabe Tena p(kr-m/c) — BekTopHas (M3MUECKas BEIMYHHA,
paBHas IPOU3BEACHHUIO MacChl TeJia Ha €ro CKOPOCTh:
p=mu.
HanpapneHue umnynsca cCOBHAJaeT C  HanpaBlI€HHEM CKOPOCTH
p ™5, Tak kak m > 0.

UMnybe Tena paBed HyJIio, €C/H TeNo He asixketces (v =0).
Ilosmopenue: ypaBHEHHE MPOEKIIMHA CKOPOCTH

v, =x'(t)=v,, +a.l.

3ALAYU

1. Ckopocts Tena Maccoit 100 r u3MeHsieTcs B COOTBETCTBHHU C ypaBHe-
uueM v, =0,005sin (10n7). Onpenenure UMIYJIbC Tejla B MOMEHT

Bpemenu 0.2 c.

Omeem: KT * M/C

2. JIBwkeHHE Tema  Maccod 2 KT ONUCHIBAETCS  ypaBHEHHEM
I
x=A+Bt+Ct* ,tne A=2wm, B =23 wm/, C=5 m/c". KakoBa npoek-
sl HMITyIbca Tena Ha och 0X B MOMEHT BpeMeHH 1 = 2 ¢?

Omeem: KT - M/C

3. Ilama ¢ cbIHOM KaTalOTCS C TOPKH Ha JIETKUX caHkax. OTHolleHue
UMIyJIbCA Nankl K UMIYJbCY CbIHa paBHo 1,5. Yemy paBHO oTHoLUC-
HHE CKOPOCTEH MX CaHOK, €C/IM OTHOLUEHHE MACCHI Nafbl K Macce Chl-
Ha paBHO 3?

Omeem:

4. JlerxkoBodl aBTOMOOMIbL M Tpy30BHK JBHXYTCS CO CKOPOCTSIMI
108 kM/4 1 54 kM/4. Macca aBTomo6mis 1000 kr. KakoBa macca rpy-
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30BHMKa, €CIIM OTHOILIEHHE MMITYJbCa IPY30BUKA K UMITYIIBCY aBTOMO-
6mis paBHo 1,5?

Omeem: KT

OTHOCHTENbHBIH HMINYJIbLC
IpousseneHre Macchl Tena Ha OTHOCUTENBHYIO CKOPOCTh

Pior2 = M Uiy =m (0, —0,),

rac ijlm”z — HMIYJbC NEPBOro T€Ia OTHOCUTECIBHO BTOPOIro (OTHOCI/I-

TEJIbHBIH MMITYJIbC); M, — Macca MEepBOro Tena; U; — CKOPOCTh MEPBOrO

Tena; U, — CKOPOCTb BTOPOroO TeJa.

98

3ALAYH

J1Ba aBTOMOOMIIA OMHAKOBOH Macchl m = 1,5 T eyt Apyr 3a Apyrom
110 OJIHOH MPSMOM: NepBbIi — €0 CKOpocThi0 20 M/c, BTOpPOH — co
CKOPOCTBhIO 15 M/c oTHOcHTEnbHO 3eMiid. BeiuncianTe uMnyisc nep-
BOr'O aBTOMOOMIIS B CHCTEME OTCYETa, CBA3AHHOH CO BTOPBIM aBTO-
Mobuiem.

Omeem: KI - M/C

JBa aBTOMOOMNIA Maccoii m = 2 T IBHXKYTCS C OJMHAKOBBHIMHM CKOPO-
CTAMH 72 KM/4 OTHOCHTEJBHO 3eMJId N0 OJHOH OPAMOM B OJHOM Ha-
npaBicHUH. YeMy paBeH MOAYyJib HMIYJbCa BTOPOrO aBTOMOOHIIA
B CUCTEME OTCYETA, CBA3aHHOH ¢ MePBbIM aBTOMOOUIEM?

Omeem: KT * M/C

JlBa aBTOMOOMIA OAMHAKOBOH Maccel m = 1 T JABMXKYTCS CO CKOpO-
cTsMH 54 kM/4 U 108 KM/4 OTHOCHTENBHO 3eMJIM MO OJHOM HPAMO
B NMPOTHUBOMOJIOKHBIX HanpaBieHUsX. YeMy paBeH MOIYJIb UMITYJIbCa
BTOPOr0 aBTOMOOMJIS B CHCTEME OTCYETa, CBA3aHHOH C MEPBHIM aB-
ToMOOUIEM?

Omeem: KT - M/C

Ha pucyHnke npuBeneHsl rpaduKH 3aBUCHMOCTH MPOCKLMH MMITYJIb-
COB p, JBYX aBTOMOOMJIEH OT MPOEKLMH MX CKOPOCTeH U, OTHOCH-
TenbHO 3emin. KakoB UMIy/ibCc MEpBOro aBTOMOOHIIA B CHCTEME OT-
cueTa, CBA3aHHOM CO BTOPHIM aBTOMOOHMIEM, KOT/Ia HX CKOPOCTH OT-
HOCHTEbHO 3eMiu paBHbl 20 m/c?



p‘,KI‘-M/C‘

9000
o’
6000
//
3000é
0 10 20 30 40 v M/c

Omeem: KT * M/C

HN3meHeHnne HMIIYJIBCA Te€JIa — BCKTOpPHAas pa3HOCTb MCXKAY KOHCU-

HBIM ( P ) M HAYAIIbHBIM ( P ) HMIIYJILCOM Tea;

Ap=p—po=p+(=po).

YacTHble CJIYYaH OIpeaeCHHA H3MCHCHHUA HMITYJILCA TEJIA

1. AGCONIOTHO Heynpyrud ymap O ropu-
30HTAIBHYIO0 MOBEPXHOCTh — KOHEYHas
CKOpPOCTb paBHa Hymo: v=0,p=0,

Ap = po

2. AOGCOIIOTHO YNIPYTHH yaap O ropu3oH-
TaJIbHYI0 OBEPXHOCTh — MOJAYJH KOHEU-
HOW M HavaJlbHOH CKOpPOCTEH paBHBI:
V=0, p =Py, Ap=2p, =2mv,

3. [lyns npobuna cTeHKy

Ap=po—p

4. Paauyc-BeKTOp Tena nmosepHyn Ha 180°
Ap =2py =2mu,

5. AGCONIOTHO YIIpYTOe OTpaXKEHHE OT To-
PH3OHTIBHOH TIOBEPXHOCTH — MOIYJH
KOHEYHOM M HadajlbHOH CKOpOCTEH paB-
HBEI: U =UV,, p= p,; Yol NafeHus paBeH

YTy OTpaxKeHus

’

a=ua
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10.

1.

12.

13.

100

3ALAYHN

Msu Maccoii 100 r 6poleH BepTHKaJIBHO BBEPX C HA4YaIBHON CKOPO-
cTeio 12 M/c. Onpenenure MOAynb U3MEHEHHUs HMITylbCca MsSua 3a
BpeMsl OT Hayajla JBUXXEHHS IO BO3BpAILEHHS B UCXOJHYIO TOYKY,
€CJIH CONPOTHBIIEHHE BO3/yXa NpeHeOpexumMo Maso?

Omeem: KT * M/C

[Hait6a abconOTHO YNpyro yaapuiack O HEMOABWXHYIO cTeHy. [lpu
3TOM HarpaB/ieHHe JIBHXEHMS Wai6sl H3MeHuIocs Ha 90°. UMnyisc
waiObl nepea yaapoM paBeH 1 kr - M/c. UeMy paBeH MOIyjb H3Me-
HEHHS HMITyNbca 1aibbl B pe3ysnbrate ynapa? OTBeT OKpYIJHMTE A0
JECATHIX.

Omeem: KT - M/C

HMOynbC 9acTHLBI IO CTONKHOBEHHS PaBEH D, a IMOCHE CTONKHOBEHHS
paBeH p,. llpuueM p, =p, p,=0,75p, p, L p,. Bo ckonbko pa3
MOZAYNE H3MEHEHUS UMITYJIbCA YaCTHUBI MPH CTOJIKHOBEHUH AP TPEBHI-

macT UMITYJIbC YaCTHLBI 10 CTOJIKHOBEHHUA?

Omegem: B pa3(a)

Ha HenoaBHXHYIO rOPH3OHTAJILHO PACHIOIOKEHHYIO IL1aTGOPMY HOX
yriom 45° k Heii nagaer map maccoii 200 I ¢ HaYAILHOM CKOPOCTBIO
10 M/c. YeMy paBeH MOAyYJIb U3MEHEHUS UMIYJIbCA HIapa B pe3yibTa-
Te abCONIOTHO ynpyroro yaapa mapa o ruiatgopMy? OTBeT OKpyr-
JIMTE 10 COTBIX.

Omeem: KT * M/c

[Hapuk Maccoii 100 r, xBHXYLIMICA cO CKOpOcThiO 1 M/C, aGCOMOTHO
YIPYTro YyHapsieTcs O TOpH3OHTAJIbHYIO IIOCKOCTh. Hanpaenenue
CKOPOCTH LIapHKka COCTaBIAET C MI0CKocThio yroa 30°. Onpenenute
MOZyJIb M3BMEHEHHUS UMITYJIbCA IIapHKa B PE3YJILTATE yapa.

Omeem: KT * M/C



Bropoii 3axon HploToHa B HMIIY/ILCHOM BHJ1E
= . . _U-D
F=ma, a=—-=",
At

FAt = mb — mb, unu FAt=Ap,

rae FA? — UMIyAbC CHIBI,
AP — HM3MCHEHHE UMITYJIhCa TeNa.

3AfAYHN

14. Ha noxosieecs Teno Maccoi 2,5 Kr Hayana JAeHCTBOBAaTh NMOCTOSH-
Has cuna. KakuM mo/mkeH ObITh MMIYJIBC 3TOH CHIIBI, YTOOBI CKO-
POCTh TeNa Bo3pocia o 4 m/c?

Omeem: H-c
15. Teno nBwkercs no npsaMoil B oaHOM HanpapieHuH. [loa neficTBueM

MIOCTOSIHHO# CHJIBI 3a 3 ¢ MMIYJIbC TeJIa H3MEHHICA Ha 6 Kr - M/c. Ka-
KOB MOJyJ1b CHJIBI?

Omeem: H
16. Teno aBuxketcs no npsaMoi. [Tox neiicTBHEM OCTOAHHON CHJIbI, paB-
HOH nmo Monymo 10 H, uMmynsc Tena B MHEPUMANBHOM CHCTEME OT-

cueTa M3MEHHICA Ha S kr- M/c. CKONMBKO BpPEMEHH NOTpeboBanoch
JUIS 3TOr0?

Omegem: C
17. Teno nBuXercs B Te4eHHE 7 C MO NMPAMOM NoJ ACHCTBHEM IOCTOSH-

HOM cuibl, paBHOH o moayso 6 H. Ha ckonbko 1pH 3TOM M3MEHMIT-
cs UMIyJibca Tesa?

Omeem: KT * M/C

18. Teno asmxercs no npsmMoi. Ilon geiictBuem moctossHHOM cunel 2 H
3a 3 ¢ MMMYJIBC TeNA YBEIHYHIICA M CTall paBeH |5 kr - M/c. Uemy pa-
BEH MepBOHAYaNbHbIA HMITYNbC Tea?

Omesem: KT * M/C



19. Teno aBwxercs no npsmMoi. HauvanpHpli HMIYIsC TEna paBeH
50 xr - M/c. Uemy cTan paBeH UMNYJIbC TeNla NMOJ ACHCTBHEM MOCTO-
SHHOM TopMo3snici cunsl 10 H3a 2 ¢?

Omeem: __ xr-wMlc

PeakTHBHOE IBHXKECHHE

PeakTHBHOe IBM)KeHHe — 3TO JBIXKEHHE, KOTOPOE MPOUCXOIHUT 3a
CUYET OTJAEJIEHHS OT Teja ¢ HEKOTOPOH CKOPOCTBHIO KaKOH-THOO ero 4acr.
B oTnM4Me OT Ipyrux BUAOB IBHXKEHHS! PEAKTHBHOE JBI)KEHHE TTO3BOJIAET
Tesly OBMIaTbCs M TOPMO3HTh B G€3BO3YIIHOM NPOCTPAaHCTBE, JOCTHIATh
MEPBOH KOCMHYECKOH CKOPOCTH.

PakeTa npeacrasiser co0oH cucreMy ABYX Tesl: 000104ku Maccoil M
1 TOIUIMBA, Macca KOTOPOTO m; U — CKOPOCTh BHIOpOCa pacKajeHHBIX Ta-

Am
30B, —E — Pacxoj1 pCaKTUBHOI'O TOILINBA, V' — CKOPOCTH PaKETHI.

Bmopoii 3akon Hetomona 8 umnyaschom euoe: F,At = Amv .

PeakTHBHas cHJIa
Amv
F,=—.
At
Bropoii 3akou HeloTona a5 pakernl

F, = Ma wm amy _ Ma.
At

3ALAYH

20. KocMmuueckuit kopadsup M = 3000 kr Hayan pasroH B MEXIUIAHETHOM

MIPOCTPAHCTBE, BKJIIOUMB paKkeTHBIN nBHrarens. U3 comna neurarens
Am KT

€XECEKYHIHO BBIOPACHIBAETCS 3 KI [—AT = 3?j TOpIOYEro rasa co
ckopocThio v = 600 M/c. Kakon Oyner CkopocTh V kopalOns yepes
20 ¢ nocne nayana pasrona? M3ameHennem Macchl Kkopabns 3a BpeMs
JBIKCHUS nipeHeOpeus. [IpHHATE, 4TO Mosie TATOTEHHS B MPOCTPAH-
CTBE, B KOTOPOM JBHXKETCS KOPaliib, IpeHeOPEeXHMO MaJIo.

Omeem: ¢
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21.

22,

Ha xocMudeckoM ammapare, HaxOAAIIEMCS BJATHd OT 3€MJIH, Hayajl
paboTaTh peakTHBHBIH ABMraTeib. M3 comjla pakeThl €XECEKYHIHO
Am

BblOpachiBaeTcs 2 Kr (T = ZEJ rasa co cKkopocTeio v = 500 m/c.
t C

KakoBa Macca anmapara, ecnu depe3 8 ¢ mocse crapra NpoiaeHHOe
UM pacCTosiHHe cocTaBwio 64 M? HauvanbHyio ckOpocTh ammapara
NOpUHATH paBHOH Hymio. V3MeHeHHeM Macchl ammapara 3a BpeMs
JIBHXEHUS TpeHeOpedb.

Omeem: KT

KocMuueckuit kopadip Hayaa pasroH B MEXIUIAHETHOM NPOCTPAaHCT-
B€, BK/IIOYHMB PAKETHBIN NBUTaTenb. M3 consa IBUraTess eKeceKyHI-

Am KT
HO BBIOpAachIBaeTCs 3 Kr A— =3— | ropro4ero raza co CKOpOCTbIO
{ C

v = 600 M/c. Onpenenurte KMHETUYECKYIO SHEPTHUIO, KOTOPYIO MpH-
obperaeT kopabib, npoias 60 M nocie BiIOYeHUsS OBUrartens. Hs-
MEHEHHEM MacChl Kopabiia 3a BpeMs ABW)KeHHUsA mnpeHeOpeub. [Ipu-
HATB, 4TO I0JIE TATOTEHHS B MPOCTPAHCTBE, B KOTOPOM JABHIKETCS KO-
pabiib, NpeHEOPEKUMO Malo.

Omeem: kJx

CymmapHBbIil (IOJHDbIA) HMNYJIbC CHCTEMbl TeJl — BEKTOpPHAs CyM-

Ma UMIIYJIbCOB BCEX TCII:

23.

p=2p;.

3ANAYM

Cucrema COCTOUT M3 ABYX T€l @ H b.
Ha pHCyHKe CIpe/iKaM# B 3a[JaHHOM Ps $ 2xr M
Maciurabe yka3aHbl HMITYJIbCBI JTHX
Ten. UYeMy paBeH MOAYNb IMOJHOTO
uMITysisca cucteMbl? OTBET OKpyT- 5
JNIUTE IO JAECATHIX.

Omeem: KI * M/C
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24. CucreMa COCTOMT M3 IBYX Tell a U b.
Ha pucynke cTpenkamMy B 33JaHHOM
MaciiTabe yKa3aHbl HMITYJbChI 3THX
Ten. Onpenenure MOayilb IOJHOrO
HUMITYJIbCA CUCTEMBL. Py Pa

$ 2kr-Mmic

Omeem: KT - M/C

25. Cucrema cocTouT U3 AByX Tei | u 2,
Macchl KOTOPBIX paBHbl m, = 2 KT,

m, = 1 xr. Ha pucyHke ctpenkamu

B 3aJlaHHOM Macirtabe YKa3aHbl

CKOPOCTH J3THUX TEI. Onpe,uemd're
MOAYJIb UMITyJIbCa BCEH CUCTEMBI.

Omeem: KT * M/C

26. CucreMa coCTOMT U3 IByX Ted 1 u 2,

Macchbl KOTOpPBIX paBHbI m; = 0,5 K, o

my= 2 xr. Ha pHcyHKe CTpenkamwu

B 3aJlaHHOM Maclurtabe YKa3aHbl

CKOpOCTH 7THX Ted. Omnpexenure Uyt >4 m/c

MOJYJIb UIMITyJIbCa BCEH CHCTEMBI.

Omeem: KT - M/C

3akoH COXpaHCHHHA HMIIYJIbCA

3aKoH coxpaHeHMsI MMNYJIbCA: NOMHBIY UMNYILC 3AMKHYMOU cucme-
Mbl COXPAHAEMCA.
m]l_jl + mzijz = mll—j]' + mzl—j'z

BEKTOpPHAas CyMMa UMITYJIbCOB TeJl BEKTOpHAas CyMMa HMITyJIbCOB TeJl
0 B3aUMOACHCTBHS MocJie B3aHMOACHCTBHSA
CHcTeMy Ha3bIBalOT 3aMKHYMO, €CJIH TENA, BXOAAILHUE B HEE, B3aUMO-
JNEHCTBYIOT TOJMBKO APYI C APYIOM, a BIMAHHMEM BHEUIHHX CHJI MOXHO
npeHeopeyb.
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3ALAYM

27. ]JlBa Te;na ABMXYTCS MO B3aMMHO MEPHNEHIMKYJSPHBIM MepeceKaro-
IIMMCS NIPAMBIM, KaK MOKa3aHO Ha pUCYHKe. Monyib uMIysbca nep-
BOTO Tena p; = 4 Kr - M/c, a BTOoporo p, = 3 kr - M/c. UeMy paBeH MO-
AyJIb HMITYJIbCA CHCTEMBI 3THX TeJl MOcJie HX aOCOIIOTHO HEYNpYroro
ynapa?

Omeem: KI * M/C

28. Ha HenmoABMXKHBIM OMIbSPAHBIN IIAp HaneTes APYroH TakoH xe wap.
[locne yaapa wapsl pasierenuch noa yriom 90° Tak, 4To UMITYIIbC
oaHOro paeeH p, =1,5 kr-wM/c, a apyroro p, =2 kr- m/c. Kakoi

HMIIYJIBC ObL1 Y Haje€Tarouero mapa 10 CTONKHOBEHHS?

"4

Omeem: KI * M/C

3akon COXpaHCHHA UMITYJIbCA
B [IPOCKUHH HA TOPH30OHTAJIBHYIO OCh

Cogem: ecny IO ¥ TIOCNIE CTOJKHOBEHHMS CKOPOCTH TeJ HalpaBJieHbI
BIIOJIb TOPH3OHTAILHON OCH, TO 3aKOH COXPAHEHHS UMITYJIbCA 3aNHChIBaii-
Te B POEKUHUAX Ha ock 0X. [Tomnume, 4TO 3HAK NPOEKLMH BEKTOPA II0JIO-
KMTEJIEH, €CM €ro HallpaBJeHWe COBNANAET C HANpAaBJeHHEM BBIOpaHHOH
OCH, ¥ OTpHIATENIEH, €CTIH BEKTOp UMEET NPOTHUBOMNONOXKHOE OCH HAIpas-
JICHHE. Yumume: npy HEYNPYroM CTOJIKHOBEHHU ABYX Tell, JBHXKYLIMXCA
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HaBCTpeuy OPYT APYTY, CKOPOCTh COBMECTHOTO IBHMXKEHUS OyleT Hampas-
JeHa B Ty CTOPOHY, Ky/la [0 CTOJIKHOBEHHS [BHIaJOCh TeJNO ¢ OONBIIMM
HUMITYJIbCOM.

YacTHble ci1yyaH 3aKOHA COXPAHEHHS HMIYJIbCa
(B NpoeKUMAX HA TOPH3OHTAJILHYIO 0Ch)

Heynpyroe cronkHoBeHuHe ¢ Hemon-
BIXXHBIM TEJIOM

Heynpyroe
HIMXCS TeJl

m; =(m, +my)v

CTOJIKHOBEHHE JIBHXKY-

*m U, £ myv, =x(my +my)U

B HayajbHBIH MOMEHT cHCTEMa Tel
HENOABHXHA

0 = mlv; - mzvf_v

0 B3aHMOJEHCTBHUS T€Ja JBHUTaJIUCh
A ﬂu A (m, + my)v = tmu| £ myv,
C OJTMHAKOBOH CKOPOCTBHO

IToockazka K 3a0aue

IToockaska

3axon coxpanenus umnyvca:
0X:0=mv—(M +mu

3aoaua

Tenexka Maccoit M ¥ JiuHON [ CTOUT
Ha [MIaIKuX pesibeax. Yenosek Maccoi

m TIEpEXOIUT C OJHOTO €€ KOHLIA Ha
JIpyroi napaniensHo penascaM. Ha ka-

YMHOXHM Ha Bpems ¢
mé=(M + m)s,,

KO€ PaCCTOSIHUE OTHOCHTENIBHO 3€MIIU ml
OTser: s,,, =——
NIEPEMECTHTCS NIPH 3TOM TeJexKa? M+m
3A0AYMN
29. JIBa miapa MaccaMu 2m ¥ m JBHXKYTCSI CO CKOPOCTAMM, PABHBIMH, CO-
OTBETCTBEHHO, 2V H v. IlepBblil Llap ABMXKETCS 3a BTOPBIM M, JOT-
HaB, NPUJIMIIAET K HEMY. BO CKOJIbKO pa3 MOJHBIH MMIYJIBC LIAPOB
HOCNIE yAapa MpeBBIILAeT UMIYIbC BTOPOTO 11apa 0 CTOJIKHOBEHHUS?
Omeem: B paz(a)
30. Hasctpeuy Apyr Apyry JIeTST WAPHKH K3 [WIACTWIMHA. MOTynn HX MM-

IyJILCOB paBHbI, cOOTBeTCTBEHHO, 0,05 K1 * M/C 1 0,03 kr - M/c. CroK-
HYBIIHCH, IIapUkH cnunartcs. Onpenenure MoJHbIM UMILYJIbC CIIHMII-

IMXCS [UAPHKOB.
Omeem: KT - M/C
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31.

32.

33.

34.

35.

ITnacTHNIMHOBBIA WapuK Maccod 2m, IBHXKYILHMHCA CO CKOPOCTBIO
6 M/c, HajleTaeT Ha MMOKOAIIMHCA IJTACTHIHHOBBIN 1IAPUK MacCcoH 4m.
[Tocne ynapa IIapHKH, CIMMIIKCH, ABHXYTCs BMecTe. KakoBa cko-
pOCTb UX JBHXEHUS?

Omeem: _ M/c

ITyns Maccoit 10 r monamaer B JepeBAHHbIH OpYCOK, HEMIOIBHXXHO
JIeKalUMH Ha IIaJKOH rOpU30HTANIbLHOHM IIOCKOCTH, H 3aCTPEBAeT B
HeM. CkopocTh Opycka Mociie 3TOro CTaHOBUTCH paBHOH 8 M/c. Mac-
ca Opycka B 49 pa3 6onbuie Macchbl 1ysid. OIpeaesiMTe CKOpOCTh My-
JIM JIO TIOTIaAaHuA B OPYCOK.

Omeem: M/

JlBa mnacTHIMHOBBIX LIAPHKA MAaccaMH m W 2m HAXOJAATCS Ha Ijlal-
KOM TOPH30HTAITBLHOM crouie. [lepBblil U3 HHX IBHXCETCA KO BTOPOMY
CO CKOPOCThbIO U , @ BTOPOH MOKOMTCS OTHOCHTEJIBHO CTONA. Y KakKH-
Te GOpMynbl, TI0O KOTOPHIM MOXHO PAacCYMTaTb MOLYJH H3MECHEHHS
CKOpOCTEH 1IApUKOB B pe3yjibTaTe HX abCOIIOTHO HEYNIPYIroro yaapa.

®U3NYECKHE BEJIMUMHBI ®OPMVJIbI
A) Monynb W3MEHEHHS CKOpPOCTH 1) |Al7| =2v
NIEPBOTO 1apHKa o
bB) Moaynb M3MEHEHHs CKOpPOCTH 2) IAU| = 3 v
BTOpOTO LIApHKa 3) lAﬁ\ ~ 3
L 2
4) |Ao|= TV

Omeem:

C HemoaBuxXHOH noaky Maccod 50 xr Ha Geper MpBITHYJA MaJbuHK
Maccod 40 Kr co CKOpOCThiO 1 M/C, HaNpaBJICHHONH OPH30HTANLHO.
Kakyro ckopocTh 0THOcHTeNbHO Oepera npuodpena soaxa?

Omeem: M/C

HUrpox B KEPIMHI CKOJIL3UT ¢ UCPOBBIM KaMHEM IIO JIbAY CO CKOpO-
CThIO 4 M/c. B HEKOTOPBIH MOMEHT OH aKKYpaTHO TOJKAET KaMEHb B
HANpPaBIIEHUU CBOETO JIBHXKEHUS. CKOpPOCTL KAMHS 11pH ITOM BO3pac-
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36.

37.

Taet 10 6 M/c. Macca kamus 20 kr, a urpoka 80 kr. KakoBa ckopocTb
Hrpoka nocie tonyka? TpeHre KOHBKOB O Jiell He YYHTHIBANTE.

Omeem: Mm/c

Ha omHOM KOHIIE TENEXKH MIUHOH / = 5 M CTOMT YelOBEK Maccoil
m = 40 kr. Macca Tenexku M = 60 kr. Ha kakoe paccTosiHHe OTHO-
CUTENBHO TI0jIa TIEPEABMHETCA TENEXKa, €ClNM YeloBeK Iepeiner
C IOCTOSHHOH CKOPOCTBbIO Ha JApYroil ee koHeu? Maccoi konec u
TPEHUEM NpeHeOpeYb.

Omeem: M

Ha xpato crona BeICOTOH 1,25 M JI€XHT MIACTHINHOBLIH LIApHK Mac-
coit 100 r. Ha Hero co CTOpOHBI CTO/Na HAIETAET 110 FOPU3OHTAIU
Apyro#i MIacTUIMHOBBIN LIApHK, UMetonHit ckopocts 0,9 M/c. Kakon
JODKHA ObITH Macca BTOpPOTO ILIApHKa, YTOOBI TOYKA IPU3EMIICHHUS
LIapHKOB Ha 1on Obli1a AaibUie OT CTOJIA, YEM 3alaHHOE PACCTOSHHE
0,3 M? (Y map cuuTaTh LEHTPAJIBLHBIM. )

Omeem: KT

COXPRHEHHE NPOCKUHH HMITYJ/IbCA. B HE3aMKHYTBIX CUCTEMAX 3AKOH

COXpaneHuss UMnyibca BHINONHAETCS YacTHyHO. HanpuMmep, ecnu u3 nym-
KH TI0Jl HEKOTOPBIM YIJIOM O K TOPU30HTY BBUIETAET CHAps, TO BIHAHHUE
CHJIBl PEAKUMH OMNOPBI HE MO3BOJIMT OPYIMIO «YHTH MOA 3eMio». B Mo-
MEHT OTJa4H OHO OYAET OTKAaThIBATHCS 1O NIOBEPXHOCTH 3€MIIH.

Cosem: I/lCl'lOIlI-BYﬁTC B TaKHX 3aJa4yax 3aKOH COXpaHCHHA UMIIYJIbCA B

MPOEKIMAX Ha TOPU3OHTAIBHYIO OCh 0.X.
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YNPAXHEHWUA

Ha tenexky maccoit 100 kr, ABHXKYIIYIOCS PaBHOMEPHO MO TIaIKOH
TOPH3OHTAJILHOM NOBEPXHOCTH CO CKOPOCTBIO 3 M/C, BEPTHKAJIBHO
najaer rpy3 maccoid 50 kr. Onpenenute, ¢ Kakoil ckopocTeio Oyzer
IIBUraThCH TejlexKa. (2 M/c)

Ha canu, cTosilI{ME HA TIaJKOM JIbAY, C HEKOTOPOH BBICOTHI MPBITaeT
yenosek Maccoi 50 kr. [Tpoekuus cKOpocTH YenoBeka Ha TOPH3OH-
TaJbHOE HaNpaBjeHHe B MOMEHT CONPUKOCHOBEHHA C CaHAMU 4 m/c.
CkopocTh CaHeil ¢ 4eloBEeKOM INocie INpbbkka cocTaBwia 0,8 m/c.
Onpenenure mMaccy caHeid. (200 kr)



3. KonbkoOexel Maccoii 85 kr, cTos Ha KOHbKax Ha Jipay, Opocaer Ka-
MEHBb Maccoit 5 Kr co ckopocTbio 8 M/c moa yrinom 30° k rOpH30HTY.
OnpenenuTe CKOPOCTh KOHbKOOEXKLA Mocne Opocka. (0,4 m/c)

4. [lynsa macco# 20 r, nerswasn co ckopoctbio 700 M/c noa yriom 60° k
TOPH30HTY, TIOMaAaeT B MEIIOK C MECKOM MAaccoil 4 Kr, JIeKalMi Ha
IIaIKOM TOPU3OHTAIBHOM CTOJIE, U 3acTpeBaeT B HeM. Onpencnure
CKOPOCTb CKOJIbKEHHA Melika o croiy. (1,74 m/c)

Mexanuyeckasi padora

F

A=Fscosa,

rae F (H) — monyns cumbl,
s (M) — MOAYJIb NEpEeMEILEHHS,
0. — YToJI MEXY HanpaBJICHHAMH CHIIBI U [IEPEMELICHHS.
Yumume: Monynb paboThl CHJIBI TPEHHSA CKOJIBKEHHUSA
A=F, -1,
rae / (M) — NpoiiieHHbIH NMyTb.
Enuanua namMepeHus paboTel — PKOYINb
1 Ix=1H-M.
Yenosus cosepuenus mexanuueckou pabomul

e Ha teso aeiicTByet cuia.
¢ [Ton melicTBMEM ITOM CHUJIBI TEJIO MIEPEMELLIAETCS.

o a#90°
IToemopernue.
ITepemeense npyu paBHOYCKOPEHHOM TNIPSAMONHHENHOM JBHKEHHHU:
2 2 2
at v -v Uy +U)!
S=Uoti—; S=-———9‘; s:M'
2 +2a 2

Yumume: F'— Monyib KOHKPETHOH CHJIBL.

Cuna TxecTH F,, =mg .
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Cuna ynipyroctu F,, = kx.
Cwuna TpeHus CKonbXeHus F,, = uN.
CHily TATH OnpeensoT B COOTBETCTBHH CO BTOPbIM 3akoHOM HptoToHa.

Yumume: 3nak pa60T1)1 3aBHCHT TOJbKO OT 3HAa4YCHHs COS Q.

OoOpaTnre BHUMaHMHeE:

ecin 0°< o <90°, 10 cosa>0;
ecim o.=90°, To cosa=0;

ecian 90° < a <180°, 0 cosa <0.

I I

1V

IlpuMepbl onpeeieHus 3Haka padoTsI

) A(F)>0  A(F,)<0
= AN - — -
FTP F, A(N)—O A(mg)—O
> Yumume: paboTa CHIIbI MpeHUS CKONbHCEHUS
' mg "5 | Bcerna otpuuatensHa, Tak kak Fi, T4 5§,
cos (180°) = -1
E.. Pabota cuner mperus nokos MOXeT ObITh
P TOJIOKHUTENIBHOHN B TEX CIIy4asx, Koraa
| Fpu TT5
S
_

I'eomerpHueckuii cMbICT MeXaHH4yeckoil paborbl. Mexannueckas
paboTa 4ucieHHo paBHa miowagu Gurypsl noa rpagukom B ocax (F, x):
A= Sdmr .

FA\
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38.

39.

40.

41.

42,

43.

3ALAYN

Ha ropH30oHTaIbHON MOBEPXHOCTH HaXOAWTCS TEJO, HAa KOTOpPOe AeH-
cTBYIOT ¢ cuiloit 10 H, nanpaBienHo# noj yrsioM 60° K rOpH3OHTY.
[Tox neHcTBHEM 3TOH CHIIBI TEJO NMEPEMELLAETCS MO MOBEPXHOCTH HA
5 M. Onpenenute paboTy ITOH CHIIBL

i
A

Omeem: Ik

I'py3 Maccoii 1 kr noa aeiicteuem cuisl 30 H, HanpaB/ieHHOM BEPTH-
KaJlbHO BBEpPX, MMOJHMMAeTcs Ha BbicoTy 2 M. Ompeaenute paboTy
3TOH CHJIBIL.

Omeem: Jx

MyKunHa ¢ MOMOIUBIO TPOca AOCTaT BEAPO M3 KOJIOALA IIyOWHOH
10 M. Macca Beapa 1,5 kr, a macca Bousl B Benpe — 10 kr. Uemy
paBHa MHHHManbHas paboTa CUJIbI YIPYrOCTH Tpoca?

Omeem: Ik

C moMOIIIbI0 AMHAMOMETPA, PACNOJIoKeHHOro nox yrioM 30° K ropu-
30HTAJILHOM TNMOBEPXHOCTH, PaBHOMEPHO MepeMelialT Opycok Mac-
coit 100 r Ha paccTosiHue, pasHoe 20 cMm. Onpenenure paboTy paBHO-
JAEHCTBYIOLICH BCEX CHIL.

Omeem: Jx

MasibuHK paBHOMEPHO TSHET CaHKH M0 Ayre OKPYXHOCTH PajuyCcoMm
5 m. Ilpu sTOoM Ha caHkH aelcTByeT cuia Tpenust 60 H. Uemy paBHa
paboTa cHIbl TATM 3a BpeMsi, HEOOXOIMMOE [UIsl IIPOXOKIAEHHS
NOJIOBUHBI JJIHHBI OKPYXHOCTH?

Omeem: JIx

SlLMK TSHYT 3a BEPEBKY IO MOPHU30HTAIBHOH OKDPYXKHOCTH AHAMeET-
poM 20 M ¢ NOCTOSHHON MO MOAYJIO CKOpOCThIO. PaboTta cumbl Taru
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3a 0JHH 000poT No okpyxHoctH 3 k/[k. UeMy paBeH MOIYJb CHIBI
TpeHus, AeHCTBYIOILEH Ha LMK CO CTOpOHH 3eMiH? OTBET OKpYT-
JINTE J10 LEJIbIX.

Omeem: ___ H

44. bpycok Maccoi 50 r chbe3kaeT ¢ HAKIOHHOM IUIOCKOCTH B TEUEHHE
0,49 c. liimHa HaknoHHO# mockoctH 30 cM, yroa ee HakiaoHa 30°.
Omnpenennte abCOMOTHYIO BETHYHHY pabOThI CHIIBI TPEHHS, €CIIH Ha-
YanbHas CKOpOCTh Opycka paBHa HYITIO.

Omeem: Mk

MexaHnunveckas sHeprusi. Ee Buasbl

Ecii Teio MoxeT coBepLIMTE MeXaHHYecKyo paboTy, To OHO obana-
€T Mexanuyeckoli snepeueli E (JIx).

Buapl Mexann4eckoii S3HEpPruu: KHHETHYECKAs U MOTEeHIHANIbHAS.

Kunemuueckas IHEpHs -— SHEPIHa ABUKXYLIHUXCA TCII:

2
E, - mv ,
2

rje v (M/c) — MomyJib MTHOBEHHOH CKOPOCTH.

Ilomenyuaienas snepeust -+ FJHEPrus B3aMMOAEHCTBYIOINMX TEL.

I1IpumepsI noreHUHAILHON YJHEPrHH B MeXaHHKe
Teno noousmo Hao zemaeii:
E, =mgh,
rae h — BbICOTa, onpejelisieMas OT HYJIeBOrO YpOBHS (MM OT HHXKHEH

TOYKH TPAEKTOPHH).
Ynpyeo deghopyuposannoe meno:

rae x (M) — pepopmanusi, onpeacaiacMans OT MOJOKEHHA HelehopMHpO-
BAHHOIO T€JIa (IIPYXKHUHBI, LIHYpa H T.IL.).
Iosmopenue: ckopocTb HCKYCCTBEHHOT'O CIIYTHHKA, JABHXKYLIETOCS IO
M

KpyroBo# opbure: v=,/———.
pyr p R+ H
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45.

46.

47.

48.

49.

50.

3AAYN

Xokkeiinas maiba mMaccoit 160 r sietut co ckopocteio 10 M/c. Kako-
Ba €€ KHHETHYeCKas 3Heprus?

Omeem: Jox

Tenexka nBuxkeTcs co ckopocTsio 3 M/c. E€ kuHeTHUecKas SHeprus
paBHa 27 Jbx. KakoBa macca Tenexku?

Omeem: KI

Bo CKOJIbKO pa3 Hajo yBEIMYHUTh CKOPOCTDb Tella, YTOObI €r0 KHHETH-
Yeckas SHeprus Bo3pocia B 9 pas?

Omeem: B pas(a)

Kuneruueckas sHeprus tena 8 Jx, a BemmuuHa uMnyiasca 4 H - c.
Onpeaenure Maccy Tena.

Omeem: KT

KameHnb Opouled BBepx moa yryioM K ropusoHty. ConpoTHBieHHE
BO3ayXxa npeHeOpexuMo mano. Kak MeHsroTcs ¢ HaGOpOM BbICOTHI
MOJyJ1b YCKOPEHUS KaMHSI H er0 KHHeTHYeCcKas JHeprus?

OU3NYECKHE BEJIMYMHEI UX UBMEHEHHE
A) MoayNb yCKOPEHHS KaMHs 1) yBenuuuBaeTcs
B) kuMHeTHYecKkas Heprust KaMHA 2) yMeHbIIaeTcs

3) He u3MeHseTCs

Omeem:

HckyccTBEHHBIH CITyTHUK MEPEXOMUT C KPYTOBOil OpOMTBI, pacmnono-
JKEeHHOH Ha BbicoTe 600 KM OT MOBEpXHOCTH 3eMJIH, Ha OpOHUTY, pac-
NOJIOXKEHHYIO Ha BbicoTe 100 kM oT nmoBepxHocTH. Haligute oTHoIE-
HHUE KHUHETHYECKHX JHEpruii CnyTHHUKOB E,, /E,,. Pamuyc 3emin

6400 kM. OTBET OKPYIJIMTE A0 COTBIX.

Omeem:
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51.

52.

53.

54.

55.

56.

114

Manpuuk nondpocun ¢yr6onbHbIH M4 Maccoi 0,4 Kr Ha BBICOTY
3 M. Ha ckonbko M3MeHuIach NoTeHUHalNbHast S3HEPTUst Msa4a?

Omeem: Ha Jx

C GaykoHa BbICOTOH 4 M yman npeamer Maccoi 0,5 kr. Uemy paBeH
MOJyJIb H3MEHEHHS MOTEHLHAIBHOM YHepruM npeamera’?

Omeem: Jbx

Kamensn YPOHHIIH C KPBIIH. Kak u3MeHsoTcs 1no MEpE MaaACHHUs KaM-
Hst IOTEHLHAIbHAA 3HEPIrUs B IOJIE TAXKECTH U MOAYIb HMHy.TIbca?
COl'IpOTldBJ]eHPIe BO31yXa HC YUHTBIBATh.

OU3UYECKUE BEJIMYUHBI WX USMEHEHHUE

A) noTeHUMaNbHasA YHEPTHS KaMHsA 1) yBenu4uBaercs

b) Moaynp UMNysbCca KaMHS 2) yMeHblIaeTcs
3) He U3MeHAeTCH

Omeem:

prCOK CKOJIB3UT I0 HAKJIOHHOH ITJIOCKOCTH BHHU3 0e3 TPEHHUA. Yro
MMPOHCXOIHT IIPHU 3TOM C €ro CKOPOCTBIO U MOTEHIIHAJILHOK 3Hepmeﬁ?

PUSUYECKUE BEJTUYHNHEI UX USMEHEHHUE

A) ckopocTs 1) yBenuuuBaetcs

b) noTeHuHanbHas 3HEPrHs 2) yMmeHblIaeTCs
3) He u3MeHseTCA

Omeem:

HenedopmupoBanHyio npyxuHy xectkocTsto 30 H/M pactsarynu Ha
4 cM. YUeMy paBHa NMOTEHUMANbHAs SHEPrUs PACTAHYTON MPY>KHHBI?

Omeem: Hox
ITepBas mpyxxuHa umeeT xkectkoctb 20 H/M, Bropas 40 H/m. Obe

NPY)XHHBI pacTAHYThl Ha 1 cM. Onpelenure OTHOLIEHHE MOTCHUH-
aJIbHBIX PHEPIUH NpyxuH E/E; .

Omeem:



57. Ilpu pactsokeHuH npyxkuHbl Ha 0,1 M B Heli BOSHHKAET CHIIA YNpyro-

ctd, paBHag 2,5 H. Onpenenure NOTEHUHANbHYIO DHEPIHIO DTOH
NpYXHHBI 1P pacTsHxeHUd Ha 0,08 M.

Omeem:

o x

MomHOCTD

MomHocTh — dHU3HYecKas BeJIMYHHA, IOKA3bIBAIONIAs, KaKylo paboTy
coBepIlaeT TeJo 3a €ANHHILY BPEMEHH (WJIH KaKyl 3HEpTHIO BbipabarbiBa-

€T TEJNO 3a €UHHULYY BPEMEHH).

O603HayeHHe

N (B MexaH#uKe) Ui P (B Apyrux pasjesax)

OcHoBHas dopmyia

v=4
t

Ennnnua namepenus 8 CU

1 dx
I ¢

1 Br =

MrHoBeHHass MOLIIHOCTb

NMIH :FT * Uiy

Hoockasku K 3a0auam

IlpﬂMOHHHGﬁHOM JABUKCHHH
TCIa

MowHoCTh NPH paBHOMEPHOM

A _F, s
t t
rae F, — cuna Tiru,

U — CKOpPOCTH T€J1a

N=2=D o,

nogbeMe rpysa

MoI1LHOCTb PH PaBHOMEPHOM

mgh
N =180
t
rac m — Maccarpysa,
h — BBICOTA IOBEMA,

¢t — Bpems

PaBHOMCPHOM ABHXXCHHH IO
FOPH30HTAJIH

MO[L[HOCTI) CHJIbI TPDCHHA HIPU

1 [e)
v hmg cos(180°)s — _umgv
11

3ALAYN

58. MexaHHuyecKas MOILHOCTb, pa3BHUBaeMas ABHIraTesicM aBTOMOOH.IsL.
pasHa 100 kBT. Kakyro pabory coBepiuaer aBurarens 3a | ¢?

Omeem:

Ck/Jhx
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59.

61.

62.

63.

64.

116

Ilon neiictBuem cunbl Tarn 1000 H aBroMoGHIb ABIKETCA C MOCTO-
SIHHOH CKOPOCTBIO 72 kM/4. OnpeiesiuTe MOLIHOCTD JABHUTATENA.

Omeem: KBT
Kakyio MOIIHOCTB pa3BHBaeT CHJia TATH TPAaKTOpa, nepeMelas mpu-

LIEN cO cKopocThio 18 KkM/4, eciin oHa cocTaBaser 16,5 kH?

Omeem: Bt

IMapamroTHer Maccolt 75 Kr paBHOMEPHO OINYyCKaeTcs Ha Mapailiorte
co ckopocthio 4 M/c. KakoBa MOIIHOCTh CHJIbI TSXECTH, AEHCTBYIO-
meit Ha napamwTucra?

Omegem: Br

Mamuna paBHOMEpHO nogHHMaeT Teao Maccoi 10 xr Ha Beicoty 20 M
3a 40 ¢. Uemy paBHa ee MOUIHOCTb?

Omegem: Bt

Kakyio MoOLIHOCTh pa3BMBaeT [BHMrarteib NOJbEMHOrO MeXaHH3Ma

KpaHa, €C/li OH PaBHOMEDHO NOJHHMaeT IUIMTY Maccoi 600 kr Ha
BbIcOTY 4 M 3a 3 ¢?

Omeem: Bt

Yenosek TAHET OpycOk Macco | Kr 1o rOpU3OHTabHON NOBEPXHO-
CTH C NIOCTOSHHOM CKOPOCTBIO, ACHCTBYS Ha HErO B TOPH30HTATLHOM
HanpasyieHHH. Koad¢duuueHT TpeHus Mexay OpyckoM M MOBEPXHO-
cteio 0,1. Cxopocts ABHkeHHs Opycka paBHa 10 M/c. Kakyro moui-
HOCTb Pa3BUBAET YeIOBEK, liepeMelnas rpys?

Omeem: Bt

Ko duuueHT mosie3Horo 1edcTBUs

N
T_I:Anonem .100 % nzA"me"_“._.IOO% HUIIH n:ﬂ-loo %.

TIONH 3aTtpay NoJH



YacrHble ciayyau onpegenenus KI1JQ

Yerpoiicrso Mose3nasn padora u NoaHaA KIj
pa6ora (3aTpayeHHasi IHeprus)

7 — h
HenoasmxHblii Ao = mMgh "= mgh_ 1, 0%
610K, pbyar Acosepun conepi.
HaxionHas Ao = mgh n= mgh 100%
IUTOCKOCTH Ay = F -1 Fl

3A[0A4YHN
65. OnpenenuTe noyie3Hy0 MOIIHOCTH ABHraress, eciu ero KIIZ 40 %,

66.

67.

68.

a MOIIHOCTS 10 TeXHUYecKoMy nacnopty 100 xBT.

Omeem: kBT

C noMOoIbI0 HENOABWKHOrO 0JIOKA, 3aKPEIUVIEHHOTO Ha IOTOJIKE,
MOJHMUMAIOT Ipy3 Maccoii 20 kr Ha BeicoTy |,5 M. Kakyro paborty npu
3TOM coBepLiatoT, ecyin KITJ 6s1oka paseH 80 %?

Omeem: Jxk

C nomoubio poidara JuiuHoH 150 cM noaHsanu rpys maccoit 100 kr Ha
BolcoTy 5 cM. Kakyw paboty cosepiinnu mpu 3toM, ecan KITJI
ycTpolcTea 95%? OTBeT OKpYIIIHTE 10 LiENbIX.

Omeem: Jx

I'py3 mepeMelnaloT paBHOMEPHO IO HAKJIOHHOH IUIOCKOCTH JUIMHON
2 M. Ilon pefictBuem cuiel 2,5 H, HanpaBjieHHOM BIOJb MIJIOCKOCTH,
rpy3 noaHsyuu Ha Beicoty 0,4 M. EcnM none3HoH c4MTaTth Ty 4acTh
paboThl, KOTOpas IOLUIA Ha YBEJIHYEHHE MOTEHLHAIbHOW HEprHH
rpy3a, To KIIJl HakjIOHHO# MIOCKOCTH B JaHHOM IIpollecce paBeH
40 %. KaxoBa Macca rpy3a?

Omeem: r
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69.

70.

71.

72.

118

PaGoTa n H13MeHeHHe KMHHETHYECKOH IHEPTrHH
(TeopeMa 0 KMHETHYECKOH IHEPIruH)

Bb1600 ¢hoprty1et U3 onpesieNieHns MEXaHHYECKOH paboThi:
A=Fscosa
a=0° cosa=1

F v} — 2
F=ma, s=——-"2
. 2a
> § , )
mv-  mv .
A:—— OZA}_’,k-
2 2

Yumume: v — MOAyIb MPHOBEHHOW CKOPOCTH.

3ALAYN

Cxopoc1t aBToM0OMIIs Maccoit | T yBenuuunace ot 10 m/c 1o 20 m/c.
YeMy paHa pabora paBHOIACHCTBYOLIEH CHIIbI?

Omeem: kJx

Ulapuk maccoii 250 r aBmkercs co ckopoctbio 18 kM/u. TTocne ynpy-
FOTO COYyJMapeHHs CO CTEHKOH OH CTall JABHMIaThCs B MPOTHBOMOJIOXK-
HOM HallpaBJICHMH, HO C TakKOH e MO MOIYJII0 CKOpoCThbio. Yemy
paBHa paboTa CHIBI YIPYrOCTH, KOTOpas MOJEHCTBOBAJA Ha IIAPHK
CO CTOPOHBI CTEHKH?

Omeem: ]Ik

I'py3 maccoii | kr nox neiictBueM cunbl 50 H, HanpaBieHHO#H BepTH-
Ka/IbHO BBEPX, MOJHHUMAETCA Ha BhicoTy 3 M. OnipeaesiuTe u3MeHeHue
KHHETHYECKOH 3HEPTHH Ipy3a.

Omeem: NIk

ABTOOYC Maccoit m , nBWXKyLueics 110 NPAMONHHEIHOMY rOPH3OHTAb-
HOMY YHacTKy JOPOTH CO CKOPOCTBbIO U, COBEPLIAET TOPMOXKEHHE [0
10JIHOH OCTaHOBKH. [Ipy TOpMOXKEHHH KoJleca aBToOyca He BpallatoTCs.
KoaddHumeHT TpeHHs MexIy KojlecaMH M NOpPOrod paBeH U . YcTaHo-
BITE COOTBETCTBHE Mekay (DH3HUCCKMMH BENHUHHAMH M GOpMyJaMH,
M0 KOTOPLIM HX MOXKHO PacCyHTaTh.



OU3UYECKHE BEJIMUMHBI

UX UBMEHEHHUE

A) Monynab paboTel CHIIBI TpeHMS, 1) pgv
JeicTByroniel Ha aBTobyc B Ipo- 5 mv*
1ecce TOPMOXKEHHUS ) 2ug

B) Bpems, HeoOXoaHMOeE Juis TTOJTHOK v
OCTaHOBKH aBTOOYCa 3) —

Hg
2
mv
4)
2

Omeem:

Pa6oTa ¥ H3MeHeHHe MOTeHIHAJAbHOH IHEPIruM TeJ1a,

NMOAHATOrO0 HaJA 3eMJieH

Bb1600 popMy.161 U3 OTipeieneHus MexaHHueckoi paboThl:

A=Fscosa,

FT ™ 5,

Fo=mg;s=h-h,

cosa=1,

h/ -

h FT
ho @mg
0

A=mg(h-h)=AE,.

Yumume: noreHLnalbHag dHEPrHs NPOTSHKEHHOTO TeJsia BBIPAXKaeTCs
yepe3 BBICOTY €r0 yeHmpa macc. Y OIHOPOAHOIO Tena MpaBHIbHOH (rop-
MbI OH COBIIAJIa€T C TEOMETPUUYECKUM LIEHTPOM.

Hoockaszka k 3a0aue

3aoaua Hoockaska
ToHkuit TOM MJIHHOHA / H Maccol m (‘
JIOKUT Ha T[OPU3OHTAIBHOH MO- “
BepxHOCTH. Kakyto MHHHUMaJIbHYIO L;

paboTy Hago COBEpLIUTH, YTOOBI
MOCTaBUTh €ro Ha 3€MJIK0 B BEPTH-
KaJIbHOE TMOJIOXKEHHE?

Yumume: LHEHTp Macc JioMa Mona-

/
HMMAaEeTCs Ha BBICOTY > HO3TOMY

A=mgh=mgé
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73.

74.

75.

76.

120

3ALAYH

[apuk Maccoit 100 r ckaTiics ¢ TOPKH ATHHOH 2 M, COCTaBJIAIOLIEH
¢ ropu3oHTansto yroiu 30°. Onpenennte paboTy CHIIBI TSIKECTH.

Omeem: Jhx

JlexxaBuiyio Ha crofie MUHeiky inHOH 0,5 M yUYeHHK HOAHL 3 OOMH
KOHell TaK, YTO OHa OKa3ajach B BEpTHKaIbHOM Mon0keHUHU. Kakyro
MHHHUMaBRYI0 paboTy COBEpILIMI YYEHHK, €CIH Macca JHHEHKH
40 r?

Omeem: Jx

UesioBek B3sJICS 32 KOHel] JIEXKAIIEro Ha 3eMjle OJHOPOAHOIO CTEpXkK-
Hs AJIMHOH 2 M M Maccoit 100 Kr ¥ HOOHSAJ 3TOT KOHEL Ha BbICOTY
1 M. Kakyio paboty on copepuuin?

Omeem: Jx

JlexaBuyro Ha cTosie JIMHeHKy AMIMHOM | M yYeHHUK OAHAN 33 OJUH
KOHEll TaK, 4TO OHA OKa3aJldCb HAKJIOHEHHOM K cTomy roa yriiom 30°.
Kakyto MHUHUMaIbHYIO paldOTy COBEpHIMJI YYEHHK, €ClIM Macca JIH-
newiku 40 r?

Omesem: Jox

PadoTa H M3MeHeHHe MOTEHLHATbHOH JHEPTUH
ynpyro 1e¢opMHUpPOBAHHOIO TeA

Bb1800 hopmynel U3 onpeaeneHus MexaHH4ecKoi paboTsi:

A= Fscosa

F ™5 cosa=1
§=X—X
2 2



Yumume: pabota cuibl TsDKECTH U paboTa CUlbl YIIPYTOCTH HE 3aBHCAT
OT BHJa TPAEKTOPHH, 1O 3aMKHYTOMY KOHTYPY OHM paBHBI HyJ10. Takue
CHJIbI Ha3bIBAIOT NOMEHYUATLHBIMU.

3aKoH cCOXpaHeHHs MeXaHHYeCKOH IHEePrHH

IMonnas MexaHuyecKkasi IHEPrusi - 3TO CyMMa NOTEHLHANbHON M
KWHETHUYECKON YHEPIyH Tella B OnpeaesieHHbIii MOMEHT BPEMEHH:

E:Ek+Ep.

3akoH COXpPaAHCHHUHA MeXaHHYecKo# IHEPIHHI NOAHAA dHEp2Ust 3AMK-
HYMOU cucmesl coxpassemcs.

Ew+E,=E +E,.

po

CucTeMy Ha3bIBAKOT 3AMKHYMOU, €CIIM TeNa, BXOAALIHE B HEE, B3aUMO-
JNEACTBYIOT TOJBKO APYr € JPYI'OM, @ BJIHAHHEM BHEIIHHX CHI MOXHO
npeHedpeub.

3aKOH COXPaHEHHS MeXaHUUYeCKOH YHEePruH VIS ABHAKEHUSA B MoJie
THAXKECTH 3eMJIH:

mo,’ mo-
: +mghy =——+mgh.
2
Cnoea-noockasxu:. «Teno cBoOOAHO mamaeTy — Uy =0; «B MOMEHT
HaMBbIcLiero nogseMan — v =0; «reno 6pocaror ot 3eMmm» — h, =0 ;

«TEJIO YTaJo Ha 3eMito» — h =0,
TTosmopenue: 1anbHOCTH NMONETA NPH OPOCKE MOJ YIIOM K FOPU3OHTY

_v; sin2a

g

/
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IIpuMeph! onpene/ieHHs MOJIHOK MeXaHHYECKOH JHEPTHH
B HAYA/IbHOM H KOHEYHOM T10J10KeHHH

IIpumep

HayaabHoe moJo-
JKeHHe — ToYKa A

Koneunoe noJjio-
*KeHHe — Toyka B

Crnyck ¢ HaKJIOHHOM IJIOCKO- E, =mgh,, E - mus
ctu (v, =0) rae BT,
A hy =lsina
i
h \f)‘
B
[ToabeM Mo HaknOHHOM mv; mv}
TJIOCKOCTH En= > Eg = > +mghs,
v .
NG rae hy =/sina
I
h x
A
”I“py3 Ha HUTH E, =mgh,, 5 = mv;
g =
rae 2
i hy, =1(1-cosa)
vy =0
s I
__1‘1_\_;_{—11:05 a
hg =0
«p
BeprukanbHelii BEICTpE kAl E "
M3 MIPY>KMHHOTO MHCTOJIeTa Ex= 3 B = Mghy
3A0AYH
77. KameHs OpollieH BepTHKaJIbHO BBepX. B MOMeHT OpOoCcKa OH HMEN KH-
HeTH4ecKyro 3Hepruto 30 Jhx. Kakyio NOTEeHIHAIbHYIO 3HEPTHIO OT-
HOCHTEJIbHO MOBEPXHOCTH 3eMJIM OyleT UMETh KaMEHb B BEPXHEH
TOUYKE TpaeKkTOpHH nonera? ConpoTHBICHHUEM BO3/TyXa NpeHeOpeyb.
Omeem: Tk
78. KameHb OpolleH BepTUKaNIbHO BBEpX. B MOMeHT Gpocka OH HMeN KH-

HeTHyeckyr dHepruwo 20 k. Kakyio kuHeTHUYeCcKylo dHepruio Oy-
JIET UMETh KaMeHb B BepXHEH Touke TpaekTopuu nojera? Conpotus-
JICHHEM BO3JyXa npeHebpeus.

. x

Omeem:
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79.

80.

81.

82.

83.

Teno maccoii 1 kr, OpomIeHHOE ¢ YPOBHS 3€MJIM BEPTHKAIILHO BBEPX,
ynano obparxo. Ilepea yaapoM o 3eMII0 OHO UMENO KHHETUYECKYIO
snepruio 200 JDx. C kakoil ckopocTbio Teno Obu10 OpolleHo BBepX?
ConpoTHBieHIIEM BO31yXa NpeHeOpeys.

Omeem: Hx

Teno maccoii 1 kr, OpolleHHOE BEPTUKAIBHO BBEPX OT MOBEPXHOCTH
3€MJIM, JOCTUIJIO MakcuManbHOH BbIcOTH 20 M. C Kakoil mo Moxyso
CKOPOCTBIO ABMranock tejio Ha Bbicote 10 M? COnmpoTHBICHHEM BO3-
nyxa npenedpeub. OTBET OKpYTJIUTE 10 JECATHIX.

Omeem: M/c

[llafiba cockanb3biBaeT MO IN1aAKOH HAKJIOHHOM IUIOCKOCTH M3 CO-
CTOAHHA MOKOA ¢ BbICOTHI 20 cM. YeMy paBHa CKOpPOCTS 11ai0b! y Oc-
HOBAHHUA HAKJIOHHOM IIOCKOCTH?

Omeem: M/c

MaJsibulK CTONIKHYJ1 CaHKH ¢ BEpLIHHBI ropku. Cpa3y rocie Tomuka
CaHKH UMEIIH CKOPOCTh 2 M/C, a Y MOTHOXKHA TOPKH OHA PaBHSANACH
8 M/c. Tpenue caHOk O cHer mpeHeOpexuMo Mano. KakoBa BeicOTa
ropku?

Omeem: M

Ilakiba Maccoi m che3xaeT Ge3 TPEHHs ¢ FOPKH BBICOTOH H u3 co-
CTOSHHMS MOKOH. YCKOpeHHe CBOOOJHOro maaeHus paBHO g. Uemy
paBHBI MOIYJIb MMIIyJIbCa IHAHOB! U €€ KHHETHUYECKas JHEPrus y Mo-
HOXHs TOPKH? YCTaHOBHTE COOTBETCTBHE MEXAY (U3HUCCKHMH Be-
JMYHHAMH H GOPMYJIaMH, 110 KOTOPbIM X MOXHO PacCUMTaTh.

OUSUYECKASA BEJIMUHWHA OOPMVIIA

A) Moaynb HMIYJbCa MaiObI 1) J2gH

b) KHMHeTHYecKas 3HEepPTrHd maioml

) P 2) m\2gH
3) mgH
4) mg
A b
Omeem:

123



84.

85.

86.

87.

[ai6a chesxaeT 6€3 TPEHHS U3 COCTOSHHS MOKOS C TOPKH BBICOTOM
H. Yckopenne cBOOOIHOTrO MafeHUs PaBHO g. Y NOAHOXHS TOPKH
KHHETHYECKAs DHEPrus waiowul paBHa £, . UeMy paBHEI Macca u1ai6s

H MOZyJIb €€ UMITYJIbCa Y TIOAHOXHUS FOpKH?

OU3BNYECKASA BEJIMUMHA DOOPMYVYIJIA

A) Macca maios! ) 2
B) Monyne uMmynbca ImaiObl "N gH

Y MOJHOXUS TOPKHU 2) 2E,
gH
3) 2Ek
gH
4 £
gH

Omeem:

Ilocne ynapa kmomkol maiba ctaga CKOJIb3HUThL BBEPX MO JEAIHOH
TOpKe, U y ee BepIlHHbI UMesla CKOpOCcTh 5 M/c. BricoTta ropku 10 M.
Ecau Tpenne maiibel o sien npeHeOpexHMMO Majo, TO 4eMy paBHa
CKOpOCTb 11aiObI rocie ynapa?

Omeem: __ M/C

ABTOMOOMIIB, JIBHTAsICh C BBIKIIOYEHHBIM JBHraTeleM, Ha TOPH30H-
TaJlbHOM y4yacTke loporu umeet ckopocts 20 M/c. Ha kakyto BbicOTy
OH TOJTHUMETCS [0 TMOJHOW OCTAaHOBKH BBEPX MO CKIOHY TOpBI IO
yrnoMm 30° x ropusonty? TpeHueM npeHeOpeys.

Omeem: M

ABTOMOOWIb, IBUrasiCh C BBIKJIOYEHHBIM JBUTATENEM, HA TOPU30H-
TalbHOM Yy4acTKe AOPOTH UMeeT cKopocTh 30 M/c. Kakoe paccTosHne
OH MPOEIET /IO MOJHOH OCTAHORKH BBEPX MO CKJIOHY TOPBI M0 YIJIOM
30° k ropusoHTy? Tpenuem npeHedpeub.

Omeem: M



89.

90.

91.

92.

KoHbko6exel, pa3orHaBUIMCh, BBE3XKAET HA JIEASHYIO TOpYy, HAaKIO-
HEHHY10 nox yriaoM 30° K rOpu30HTY M, POEe3KaeT N0 MONHOH ocTa-
HoBKH 10 M. KakoBa 6buta CKOpOCTh KOHBKOOEXKIIAa MEpea HayaioM
noasema? TpeHnem npeHeOpeys.

Omeem: M/c

ABTOMOOMND JBIKETCA C BRIKTIOYEHHBIM JBHraTelleM BBepX IO
CKJIOHY, oOpasyromiemy yron 30° c¢ ropusoHtoM. HauanbHas cko-
pocts aBToMoOwst 30 M/c. Kakoit Oyner ckopocTs aBTOMOOHIISA Yepe3
50 M nepeMeieHus no cknoHy? TpeHneM npeHedpeys.

Omeem: Mm/c

I“opmom‘am,ﬂo PacnoIOXKCHHAss HEBECOMAasA IPY>XHHA XCCTKOCTBIO
1000 H/M Haxonutca B HemeOpMHpPOBaHHOM cOCcTOSHMH. OmMH ee
KOHeIl 3aKpeIUIeH, a Apyroit kacaerca 6pycka maccoit 0,1 kr, Haxo-
IIIErocss Ha TOPH3OHTAJILHOW IOBEPXHOCTH. bpycok caBHraior,
CXXMMas TIPYKHHY H oTnyckaloT. Ha xakyio LiMHy Obina ckara npy-
’HHA, €CJIM MOCIIE OTIYCKaHHs OpycKa €ro CKOpoCTh JOCTHIIIA BENH-
yunbl | M/c? TpeHue He YYHTHIBATS.

Omeem: cM
[Ipu BHICTpene U3 NMPYXHHHOTO IMHCTOJIETA BEPTHKAIBHO BBEPX IlIa-

pux mMaccoi 100 r mogHuMaeTcs Ha BeicoTy 2 M. KakoBa sxecTkocTh
IIPYXHHBI, €CITH 0 BHICTpeNa NpyXUHa Oblia cxxata Ha 5 cMm?

Omeem: H/™m
Msy 6polieH BepTHKaNbHO BBepX. Ha pucyHKe mokas3aH rpaduk us-

MEHEHUS KMHETHYECKOH 3HEpruM Msya Mo Mepe ero noabeMa Haj
TO4KOi 6pocanusa. KakoBa rmonHas SHeprus Ms4a Ha BbicoTe 2 M?

12
9

3

~ R
01 234 5 hm

Omeem: Jx
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[Ipumenenne 3aKoHa COXpAHEHHS JHEPTHH
4 BTOpOro 3akoHa Hororona

AJIFOpHTM pellieHHs 327134

1. locTpouTh HauanbHOE M KOHEYHOC TTOJIOKEHHS Tena.

2. BbiOpats HyJNICBOI YpOBEHBb &I ONPEJC/IEHHS IOTCHLMANbHOH
3Hepruu. (s ynodcTsa nmycTs 310 OyIeT HUKHAS TOYKA TPAEKTOPHH.)

3. Onpenenuts HaYaTbHYIO U KOHEYHYIO BBICOTHI TeJla; HAYaIbHYIO U
KOHEYHYH CKOPOCTH.

4. YKa3aTh CHUJIBI, /ICHCTBYIOIIME HA TENO, HAMpaBlICHHE YCKOPEHHUS U
OCH KOOP/IHHAT.

Yumume. LeHTPOCTPEMHTENLHOE YCKOPDEHHE HaIpaBJICHO K LIEHTPY
OKpYXHOCTH. HampaBieHne ocu KOOpAHHAT yaoOHee BbIOMpaTh B TY ke
CTOPOHY, B KOTOPYIO HANpaBJICHO YCKOPEHHE.

Ecnu Teno HaxoauTcs Ha HUTH WM CTEpKHE [UTMHOM / U coBepiuiaeT 060-
POT B BEPTHKAJILHOM I17I0CKOCTH, TO R =/, rie R — paadyc IBHKEHHA Tena.

S. 3anKcaTb 3aKOH COXPAHCHUS JHEPTHU:
Eow+E,,=E +FE,.
6. 3anucate BTOpoH 3akoH Hbi0TOHA B BEKTOPHOIA 'd)opMe:
T+mg=ma,, wi N+mg=ma,.
7. 3anicaTh BTOPOH 3ak0H HbIOTOHA B MPOEKNMSX HA OCH KOOPAMHAT.
8. Pcuintb 3amauy B 0011eM BHAE.

9. TfoacTaBUTb YHCIIOBBIE 3HAYECHHUSL.
10. [IpoBepuTHL pa3MEpHOCTH.

Tloockaszku k 3a0auam

3adauu Ioockazku

1. Jlerkui ctepikeHb TpHKpe-
IJIEH OJIHWM KOHLIOM K ITOTOJI-
Ky M MOXeT coBepluaTh
KoneOaHHs B BEpPTUKAIbHOM
mnockocTH. Ha npyrom koHue
CTEPKHS YKpeIyieH HeOobIIoH

rpy3 maccor m. CTepxetb|Hynesoit ypoBeH» — B Touke B
OTKJIIOHHJIM B TOPH30HTaJIb-

HO€ TTOJIOXKEHHUC H OTIIYCTHIIH. axon COXpAHEHUR SHEpSUU mgl -
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3aoauu

Iloockazku

C kaxoit cunoit F Gyzaer neii-
CTBOBaTb Ipy3 Ha CTEPKEHb B
HHU3LIEH TOYKE TpaeKTopru?
OtBer: F =3mg

Bmopoii 3axon Hetomona @ eexmopHoil

¢ghopre 0aa mouxu B:

2
mug

T+mg=ma, OY:T-mg=

Tpemui 3akon Hetomona: F =T

2. Hutb anuHO#W / ¢ npuss-
3aHHBIM K HEl ulapukoM oOT-
KJIOHUAM Ha 90° ot BepTUKaIH
u ornyctuin. Ha xakoMm Hau-
MEHBIIEM pPACCTOSHHU X MOA
TOYKOH O/IBECA HYXXHO BOHTH
rBO3/b, YTOOBI, HANICTEB HA He-
ro, HuTH nopBamack? B co-
CTOSIHUM TIOKOSL HUTb BBLAEP-
XKUBAaET BOCBMHUKPATHBEIH Bec
LIapHKa.

OTBeT: x = ﬂ
7

HyneBoii ypoBeHs — B Touke B

mv;

3akon coxpanenus snepeuu: mgl =

BOuThlii noj TOYKOI TOxBECa TBO3Ib

U3MEHSET Paluyc ABIXEHUA TeNa
R=1-x

Bmopoii 3axon Hviomona 6 eexmopHoti

gopme 013 mouxu B:

3. Tspkenslii wapuk Maccol m
noaseiieH Ha HUTH. Hute Mo-
XET BbLACPKHUBATbH  MaKCH-
ManbsHOe HatsbkeHue 7. Ha ka-
KOH MHHHUMAJIBHBIN YTON O OT
MOJIOKEHUA PABHOBECHA HYX-
HO OTKJIOHHTb HHUThH C LUapH-
KOM, 4TOObl OH 0DOpBaJ HHTB,
NpOXONs 4Yepe3 MOJIOKEHHE
paBHOBeCHS?

(Bmg -T)

2mg

OTBeT:cos o =

f+m§:m5u_c; OYZT—mg:mv
l—x
! o
a]l(
A vy =0
fh,\=1—r'COS(X
B Mg hg =0

Hynesoii ypoBeHs — B To4Ke B

3akorn coxpaHeHus IHepeuu.

2
mug

mgl(l-cosa) =

Bmopoii sakon Hetomona 8 sexmophoii
popme 0151 NOIONHCEHUA PABHOBECUSL:

2
mvyj;

f+mg=mau_c; 0Y:T-mg =
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3aoauu

IToockasku

4. Kakyro MHHUMQIbHYIO TIO-
PH30HTAIBHYIO CKOPOCTb Halo
COOOILHUTH INAPUKY, YTOOLI OH
caenan MosHel 000poT B BEp-
THK&IbHON TUIOCKOCTH, €CJIH
OH BHCHMT Ha JXECTKOM HEBe-
COMOM CTepsKHe IJIHHOH / ?

OteeT: v, = 2@

vg =0; hg =21

HyneBoii ypoBeHb — B TOUYKe A
3axon COXPAHEHUS IHEPCUU.

5 = g2/
5. Kakylo MHHHMAalbHYIO ro- Us
PH30OHTAIBbHYI0 CKOPOCTb HAH0 /' hy =21
COOOIINTD WIAPHKY, YTOObI OH vg >0
cAenan MnoyHeli 060pOT B Bep- " [y =

THKAJIbHON IIJIOCKOCTH, €CJIH
OH BHCHUT Ha HHTH JUIMHOH [ ?

OtBet: v, =,/5g/

HyneBoit ypoBeHbs — B TOuke A
3akou coxpanerus 3Hepeuu:

2
mus mvg

Yumume: 4yTOOBl B BEpXHEH TOUKE HHUTH
«HE ynaja», TeJlo HE JOJIKHO 3AeCh OC-
TaHaBnHBaThCA. U ompeneneHHs CKo-
pPOCTH B BEPXHEH TOYKE MNPEANOJIOKHM,
4YTO CHJIA HATSKEHHA MHHHMMAJbHa, T.C.

paBHa HyIO
2

TB=m UTB—g :O:UB:\/-g—l

6. HebGonbiioe TenO COCKaIb-
3bIBAET MO HAKJIOHHOH IUIOCKO-
CTH, IUIABHO MepeXOJsilled B
«MEPTBYIO MNETIIO» PaauyCcoM
R. C xakod MMHHMAaJILHOMH
BBICOTBI JOJDKHO COCKQJIb3bi-
BaTh TeJO AJ1st 67aronoiyyHoro
NPOXOXACHUS BCEH neTn?
BeicoTy  OTCUMTBIBAIOT  OT

AVL=0 =

B}

B Us
Hynesoii ypoens — KB
3akon coxpanerus 3nepeuu:

K.

2
mug

mghy, =mg2R +
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3aoauu

Hoockasku |

HIKHEH ToukH netnH. Tperu-
eM npeHeOpeub.

5R
OtBeT: A, =—2—

Yumume: qr1o0bi TENO MpOLLTO BCHO
«MEPTBYIO METIIO», OHO B BEPXHEH TOUKT
He JIOJDKHO ocTaHaBnuBatbes. [t onpe-
JICJIEHHst CKOPOCTH Te€J1a B BEpXHeH Touke
IPe/IITONI0NUM, YTO CHIIA PEAKLIMH OTOPEI
paBHa HYJIIO.

7. Hebonb1110€ TeNo COCKab3bl-
BaeT M0 HAKJIOHHOH UIOCKOCTH,
IUTaBHO NEPEXOAsLIeH B «MepT-
BYIO NIETIIION, C BBICOTHI 4, . Pa-
auyc et R . Ha kakoif Bbl-
COTe TeJIO OTOPBETCS OT MM0-
BepXHOCTH netn? Beicoty o1-
CUHMTBIBAIOT OT HHXKHEH TOUKH
newii. TpeHuem npeneOpeys.

OtBer: h= 2ho—+R

Hynegoit yposenr — KB
3akon COXPUHEHUS DHepoUulU.

2
mvp

mgh, = +mg(R+ Rcosa)

Bmopou 3axkon Helomona 6 6ekmoprotu
popye: N +mg =ma,,
Yumume: B TOUKe, 1€ «TEIO0 OTOPBETCS
ot netiau», Np =0

-R

OY:mgcosazmv ;
R

8. Hebonbluoe Teno cockaib-
3bIBaeT 06€3 TPeHHUs C BEPUIMHbI
nosycdepsl,
panuyc kotopod R. Ha kakoi
BBICOTE TEJIO OTOPBETCH OT I10-
BEPXHOCTH nonychepsl? Bei-
COTY OTCYMTBIBAKOT OT OCHO-
BaHHs Monycgepsl.
2R

HEMOJABHXKHOH

Oteer: hy =

Hynesoii yposens — CD
3aKoH coXpanenus Imepeu;

2

mU“

mgR =mgRcosa +
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3aoauu Hoockasku

Bmopou 3akon Hoiomona ¢ eekmopHoii
gopme:

N +mg = ma,,
Teno oTopBeTcs OT NeTH B TOUKe, Iie
Ng=0:

()Y:mgcosazmv , COSQL=—
R R

93.

94.

95.

96.

97.
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3A4AYN

I'py3 maccoit 100 r npuBsi3aH k HUTH AHHOM | M. HUTB ¢ rpy3om oT1-
BEIM OT BepTukanu Ha yron 90°. KakoBo LEHTPOCTPEMHTEIbHOE
YCKOPDEHHE TIpy3a B MOMEHT, KOrja HUTb 00Opa3yeT C BEpPTHKAJIbIO
yros 60°?

i
Omeem: M/c”

Hutb MasiTHHKA nyiMHOH [/ = 1 M, K KOTOPO# TNOJABElIEH I'Py3 Maccoit
m= 0,1 kr, OTKJIOHEHa Ha yroJ O OT BEPTHKAJIBLHOIO MOJIOKEHUS
u ornymeHa. Cuia HaTHKEHUS HUTH T B MOMEHT MPOXOXICHHS
MAasiTHUKOM TIOJIOXKeHUs paBHOBecHs paBHa 2 H. UeMy paBeH KOCHHYC
yrna o ?

Omeem:

Hlapuk ckoap3uT 6€3 TPEHHUS MO HAKIIOHHOMY JKe1o0y, a 3aTeM JBH-
KETCs [0 «MEpTBOi netne» paauycoMm R. C kakod CHJION w1apuk Aa-
BUT Ha >Kelno0 B HUJKHEH TOUYKE MeTJH, eclld Macca LIapiKa paBHa
100 r, a BeICOTa, C KOTOPOii €ro OTIYCKaIOT, paBHa 4R?

Omeem: H
[lapuk cKoab34T O€3 TPEHHs 110 HAKJIOHHOMY KejIo0y, a 3aTeM [BH-
KETCS [0 «MepTBOi netne» paanycoM R. C Kakod CHJIOH LIapuK Ja-

BUT Ha >xesjod B BepxXHel Touke MeTju, €ClIM Macca lIapHKa paBHa
100 r, a BbicOTa, C KOTOPOIi €ro OTIYCKaKOT, paBHa 4R?

Omeem: H

Illapuk cockanb3biBaeT 0€3 TPEHHS C BEPXHEr0 KOHLA HAKIOHHOIO
xkenoba, Mepexomsulero B «MEpTBYIO NETIIO» paauycoM R. Uemy



paBHa CMJIa AaBJICHUS LIapHKa Ha XeJoOd B BEPXHEH TOUYKE IETIIH,
€cJId Macca Imapuka paeHa 100 r, a BepXHUH KOHELl )Keno0a MogHsT
Ha BBICOTY 3R MO OTHOLICHHIO K HU)KHEH TOYKE «MEPTBOH METIN»?

Omeem: H

98. HeOonpmas maiiba, Hayas ABHKEHHE W3
HIDKHEH TOYKH 3aKpEIUIEHHOrO IJIaJKOTro
KOJIbLIa PaaHycoM 14 cM, CKONB3UT IO €ro
BHYTpeHHeil noBepxHocTH. Ha BeicoTe 18 cM
OHa OTPBIBAECTCS OT KOJIbLia U CBOOOJHO MHa-
naet. KakoBa HauanmbHasi CKOPOCTh 1HAHOBI?

Omeem: M/c

Ynpyruii neHTpaabLHBIA yAap
(ynpyroe cToJikHOBeHHe IBHKYLIETOCH Tejia
€ HeMO/JABMKHBIM TEJIOM)

Eciu ynap neHTpaJdbHbIi, TO HAalPaBIeHUS BEKTOPOB CKOPOCTEH Mo-
cjie B3aMMOJIECHCTBHS JIEXKAT Ha TOW K€ MPAMOH, YTO M O B3aUMOJECHCT-
BHs1, IO3TOMY 3aKOH COXPaHEHMS UMITYJIbCA BBINIOJIHAETCH B IPOCKUHUAX Ha
ock 0X.

3akon coxpanerus umnynsca.

mu, = mu| + myL; .

3akon coXpaneHus IHepUu:

.
mui  mp;’ L mvy
2 2 2

PemuB cucteMy ypaBHeHHH, nonyyaem GopMyJIbl /IS pacyeTa Mpoek-
HUHA ckopocTelt Tes Ha ock 0X mocie CTOJKHOBEHUS:

e _my—my
UV =—U,
’ 2’nl
vVi=————,.
m, +m,

Ananuz nonyyennvix ¢hopmyn. HanpasneHnue ABHKEHHS HAJIETAKOLLETO
rapa nocji€ CTOJIKHOBEHHS 3aBHCHT OT MACCHI 1IapoOB. Eciu my > my, TO
HanpaBJICHUE COXPAHACTCA; MOAYJIb CKOpPOCTH paBCH

m, —m,

v =——U,.
m, +m,
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Ecnu m; < m,, TO HanpaB/ieHHEe MEHSETCS Ha NPOTHBOMOJIOKHOE; MO-

IlyJIb CKOPOCTH paBeH

99.

100.

m, —m
v =——v.
m +m,

Eciau my = m,, TO HajieTaloulee TeJo oCTaHaBJMBaeTcs: v, = 0.

3ANAYN

Bpycox Maccoit m; = 600 r, nBHXyIIHHACSA CO CKOPOCThIO 2 M/C, CTal-
KHBAeTCs C HEMOABWXHBIM OpyckoM Maccoit m, = 200 r. Kakoii 6y-
JIET CKOPOCTh MEPBOT0O OpycKa MOC/e CTOJKHOBEHHA? Yaap CUMTATh
LUEHTPAIbHBIM H aDCOJIFOTHO YTIPYTHM.

Omeem: Mm/c

J1Ba mapuka, Macchl KOTOPhIX OTJIMYAKOTC B 3 pa3a, BUCST, CONPUKa-
casCh, Ha BEPTUKAJIbHBIX HUTAX. JIETKUH IIAPUK OTIJIOHAIOT Ha YTOJ
90°, oTnyckaroT 6€3 Ha4aNbHON CKOPOCTH, M OH aGCONIOTHO YNMpyTo
CTQJIKHBAETCS C TSAXKEJIBIM MApukoM. Kakylo 4acTb KUHETHYECKOH
SHEPTHH JIETKOro HIapUKa nepej YAapoM COCTaBUT €ro KHHETHYECKast
3HEprHs TOTYac rnocie yaapa?

Omeem:

101. /IBa mapuka, Macchl KOTOPBIX OTJIHYAIOTCA B 3 pa3a, BUCAT, CONPHKa-

102.

casfchb, Ha BEPTHKAJIbHBIX HUTAX. JIETKHH IIApUK OTKJIOHAIOT Ha YTOJ
90°, ornyckaroT 63 HauyaabHOW CKOPOCTH, H OH abCONIOTHO YIIPYro
CTaJIKMBAETCS C THKENBIM MIApUKOM. Kakylo yacTh KMHETHYECKOM
JHEPIyM JIETKOro HIapuKa Iepel yAapOM COCTaBHT KHHETHYECKas
JHEPIHs TAKEIOro Miapuka nocie yaapa?

Omeem:

JlBa mapuka, Macchl KOTOPbIX OTJIMYAIOTCS B 3 pa3a, BUCST, CONPHKa-
CasAcCh, HA BEPTHKAIbHBIX HUTAX. JIerkui HIapHK OTIJIOHAIOT Ha yroJ
90°, oTmyckaroT G€3 HayanbHON CKOpOCTH. Kakum OyneT oTHoureHue
MMITYJIbCOB TSDKEJIOTO M JIEFKOTO HIApHKOB TOTYAC nocje abCcomoTHO
YIpyroro LeHTpalbHOIrO yaapa?

Omeem:



103. OHa maifba CKOJB3UT MO FOPU3OHTAIBHON MOBEPXHOCTH, a JApyras
Takas Xe MOKOUTCs. Kak W3MeHATCA KMHETHYecKasi SHEprus nepBoM
1aiibBl ¥ MX 001Ias MeXaHHYecKas SHEPrus B pe3ysibTaTe abcoMoTHO

yNIpYTOro CTONKHOBEHHS 11ai6?

OU3SNYECKAS BEJIMUYHHA

A) KHHeTHYecKas dHeprus nep-

BO¥ 1waiOb!

B) ux o0mas MexaHHuyeckas

JHEPrus

A

Omeem:

DOPMVYIIA

1) yBennuuBaercs
2) yMeHbLIaeTCs
3) He u3MeHsAeTCH

IIpuMeHeHHe 3aKOHA COXPAHEHHSI HMIYJILCA
M 3aK0HA COXPAHEHHUsI MeXaHHYeCKOH JHepruH

Ecnu oHO Teno ctankuBaercs ¢ APYrUM (MM npoOHBaeT Apyroe), To
YacTh MEXaHHYECKOH JHEPrul mnepexonuT BO BHYTPEHHIOK JHEPrHiO
B3aHMOJIEHCTBYIOIHUX Tel H OKpYXKarolleH cpelbl. 3aKOH COXPAHEHHUs Me-

XaHHYECKOH IHEPTHH «HAPYILACTCS».

Yuymume: 3akoHOM COXpaHCHHA MEXAaHUYECKOH OHEPIrUu MOXKHO I10J1b~
30BaThCAd TOJIBKO JO H IMOCIE CTOJ]KHOBCHHH, a B MOMEHT CTOJIKHOBEHHH
C1€AYET NPHMEHATD 3aKOH COXpaHCHHUA UMIIYJIbCA.

Iloockasxu x 3ad0auam

CHapsaa pa3opBajics B TOYKE MAKCHMAJILHOTO Veriap. = 0= P, =0
noanemMa
OCKOJIKM OJJHHAKOBOM MAacChl m, = m,
. m
Macchbl OCKONKOB COOTHOCATCA Kak 1:4 Mol s m, =4m,
m;
YpaBHeHHE KOOPAHHATHI MPH CBOOOIHOM maje- N
HUK Y =Yo+ Ul +—
JanbHOoCTh 1oNeTa B clly4ae ropU30HTAIBLHOIO / 2hy
= UO _—
6pocka g
BbicoTa U yros OTKIOHEHHS HUTH h=I(1-cosa)
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3A0AYN

104. [TnacTunnHOBLIH mwap Maccok 0,1 kr umeet ckopocts 1 M/c. OH Halle-

105. Kycox nunkoi 3aMasku maccoil 100 r ¢ HyneBoH

TaeT Ha HETIOABMKHYIO Tesexky Maccod 0,1 Kr, IpHKpEIUIEHHYIO K
NpY>XHHE, H NPUIHIAET K TeNeXKe (CM. pUCYHOK). YeMy paBHa noi-
Has MEXaHUYeCKas 3HEPrusl CUCTEMbl NMPH ee JalbHEeHIMX kojeba-
Husax? TpenueM npeHeOpeus.

Ot [ Jrwn]

Omeem: JIPS

HayanbHOM CKOPOCTBHO POHAIOT € BhIcOThl H = 80 cM
(cM. pucyHok) Ha yamy maccod 100 r, ykpernsen-
HYI0 Ha MnpyxuHe. UeMmy paBHa KHHETHUYECKas
JHEprys yaliy BMECTe ¢ NMpUJIHIILIEH K HeH 3aMa3-
KOH cpazy mocie X B3auMoJeHCTBHA? Yaap cuu-

TaTh MIHOBCHHBIM, CONpPOTHUBJIEHMEM BO3JyXa bR s
npeHeOpeuyb.
Omeem: Jx

106. bpycok maccoit m; = 500 r cockanb3bIBaET MO HAKIIOHHOH NOBEPXHO-

CTH C BbICOTHI /1 = 0,8 M U, ABHUrasch 10 rOPU3OHTAIIBHOW NIOBEPXHO-
CTH, CTAJIKMBAETCH C HEMOJBHXHbIM OpyckoM Maccod my =300r.
Cuuras CTOJKHOBEHHE abCOMIOTHO HEYNPYTHM, ONpPEAEIHTE OOLIyIO
KHHETHYECKYIO DHEPrHI0 OpYCKOB MoOcje CTONKHOBEHHUSA. TpeHuem
npy JBIKeHUW rnpeHebpeuys. CUYMUTATh, YTO HAKIAOHHAA IJIOCKOCTh
IUIABHO MEPEXOUT B rOPU3OHTAIIbHYIO. OTBET OKPYIIIMTE JI0 JECATHIX.

Omeem: Jhx

107. [lyns, nerswas ¢ ropu3oHTaNbHONH ckopocThio 400 M/c, monamaer

B MEILOK, HAOMTBIA MOPOJOHOM, Maccoi 4 Kr, BHCALUMH Ha JJIHHON
HUTH. BricoTa, Ha KOTOpPYIO MOJHMUMETCH MELIOK, €CIIH ITyjs 3acTps-
HET B HeM, paBHa 5 cMm. YeMy paBHa Macca nynH? OTBET OKPYIJIMTE
JI0 LIEJIBIX.

Omegem: T

108. HayanbHasi CKOpOCTh CHapsiia, BbIMYIIEHHOTO BEPTHKaJbHO BBEpX,
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paBHa 200 M/c. B Touke MakCMMalbHOIO MOABLEMA CHapsil pa3opBaji-



Ci Ha JBa OJMHAKOBBIX OCKOJIKa. IIepBbIi yran Ha 3eMiI0 BOJIH3H
TOUYKH BBICTpENa, HMesi CKOpPOCTh B 2 pa3a 0oJibllie Ha4YalbHOW CKO-
pocTH cHapsiga. Kakyio ckopocTh HMMe BTOpPOH OCKOJIOK TIpH Maje-
aud Ha 3emmo? ConpoTHBIEHHEM BO3ayXa IpeHeOpeyb.

Omeem: M/c

109. HauanbHast cKkOpoCTb CHapsa, BBITYILEHHOTO U3 MYIIKH BEPTHKAJb-
HO BBepX, paBHa 10 M/c. B Toyke MakCHMaJlbHOTO MOAbEMA CHApSI
pa3opBajiCs Ha /JBa OCKOJIKAa, MacChl KOTOPBIX OTHOCATCS Kak 2:1.
Ockonok Oosnblliel Macchl yman Ha 3€MII0 IIEPBBIM CO CKOPOCTBIO
20 m/c. Jlo kaKoit MaKCHMAaNbHOMH BEICOTBI MOXET MOJHATHCS OCKOJIOK
MeHblIei Macchl? CUUTaTh NOBEPXHOCTh 3EMIIH TIOCKOH U TOPH30H-
TaJIbHOM.

Omeem: M

110. HauanbHasg CKOpOCTh CHapsija, BBIIYLIIEHHOTO BEPTUKAJIBHO BBEPX,
paBHa 100 M/c. B Touke MakCHMaJbHOIO NOoAbEMA CHapsi pasopBa-
Csi Ha JBa ockoika. IlepBbifi OCKONOK Maccol mi; ynajl Ha 3eMIIO
BOJIM3H TOUKH BHICTpEJIa, UMeSI CKOPOCTH B 3 pa3a GoJibllie HaualbHOH
CKOpOCTH CHapsna. BTopoit ockosok Maccoi m; MOQHSAICS 10 BBICO-
11 1,5 kM. UeMy paBHO OTHOILIEHHE Macc m1/m; 3TUX ockosikoB? Co-
NPOTHBJIEHHEM BO3yXa NpeHeOpeyb.

Omeem:

111. HayanpHas CKOpOCTb CHapsza, BBIIYUIEHHOTO BEPTHKAJIBHO BBEPX,
paBHa 200 mM/c. B Touke MakCHMaJILHOTO MOABEMA CHAPAA pa3opBall-
Cs Ha JIBa OJMHAKOBBIX Ockoinka. OIHH U3 OCKOJIKOB yMasl Ha 3eMIII0
BOJIM3M TOUKH BbIcTpena yepe3 50 ¢ mocne paspoiBa cHapsina. KakoBa
CKOpPOCTb BTOPOT'O OCKOJIKA NPH NMajeHHH Ha 3emiito? CONpOTHBIEHH-
€M Bo3ayxa npeHebpeub.

Omeem: M/c

112. HavanbHas ckopoCTh CHapsna, BBIITYIIEHHOIO W3 MYLUKH BEPTHKalb-
HO BBepX, paBHa 20 M/c. B Touke MaKCHMaJbHOro MoabeMa CHapsa
pasopBaliCsd Ha /IBa OCKOJIKAa, Macchl KOTOPbIX OTHOcATCSA Kak 1:4.
OCKOJIOK MeHbllIeH Macchl MOJIETEN TOPU3OHTAIBHO CO CKOPOCTBIO
10 M/c. Ha kakoM pacCTOAHMH OT TOYKH BBICTpe/a ymaaeT BTOPOM
0CK0JI0Kk? CYHMTATh [TOBEPXHOCTD 3€MJIH IUIOCKOH M TOPH3OHTAILHOM.
Omeem: M
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113. JIBa mapuka, Maccel kotopeix 200 r 1 600 r, BUCAT, CONPHKAcaACh, HA

OJMHAKOBBIX HUTsX inHON 80 cM. IlepBbiit map OTKAOHWIN Ha yron
90° u ornyctian. Ha kakyioo BBICOTY MOJHMMYTCA LIAPHKH [10CJE
yJapa, €ciii 3TOT yAaap abCOJII0OTHO HEYNpyrHii?

Omegem: cM

114. MasTHHUK COCTOMT U3 MaleHbKOro rpysa macco M= 200 r u ouens ner-

Ko# HuTu moaseca L = 1,25 M. OH BHCHT B COCTOSHHH NOKOS B BEPTH-
KaIbHOM TMOJIOXeHUH. B rpy3 ymapsercs Hebonplioe TeNo mMaccoi
m =100 r, neTeBillee B rOPU3OHTAIHLHOM HAIIPABJIIEHHH CO CKOPOCTbIO
v = 10 m/c. Ilocne yaapa Teno ocTaHAaBIMBAETCA M MAaJaeT BEPTHKAIBHO
BHHM3. Ha Kako#i MakCUMalbHbIA Yroj o MafATHHK OTKJIOHHTCS OT M0J0-
JKEeHHUs paBHOBecHs nocJe ynapa?

o

Omeem:

115. Lllap maccoii | kr, noiBeIIEHHbIH Ha HUTH JUIMHOH 90 cM, OTBOAAT OT
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I0NIOXEHHs paBHOBecus Ha yroji 60° u oTmyckaloT. B MoMeHT mpo-
XOXKIACHUS IAPOM TOJIOKECHUS PABHOBECUSA B HETO MOMAJAET IMyJIst
maccoit 10 r, neTsamas HaBcTpeuy iapy co ckopocTsio 300 m/c. Ona
npoOHBaeT ero M MpoJAOIDKAET ABHIAThCA TOPH3OHTAIBLHO CO CKOPO-
cTpio 200 M/c, nocne yero map NpoJO/DKAET JABHKCHHE B MPEXKHEM
HanpapjieHHH. OnpeneuTe KOCHHYC MaKCUMAIBHOTO yria 3, Ha Ko-
TOPBIi OTKJIOHMTCS 1lIAp MOCJie MonagaHus B Hero mynu. (Maccy wia-
pa CUMTAaTh HEM3MEHHOM, AUaMeTp llapa — NPEHEOPEXHUMO MAIBIM
10 CpaBHEHMIO C ATHHOI HUTH.) OTBET OKPYTIIUTE 0 COTHIX.

/ p = /=90 cmMm

M=1kr

Omeem:



IIpeBpamienue MexaHu4YeCcKOH JHEPIruu
BO BHYTPEHHIOI0 DHEPIHIO

JlebopMauuy Tea NPH CTOJIKHOBEHHH, BIHSHHE CHJI TPEHHS M CONPO-
THBJICHHS TIPUBOAAT K TOMY, YTO MEXaHMYecKas JHeprus npeobpasyercs
BO BHYTPEHHIOW. Bo3moxHbI 1 oOpaTHble npespaticHus. Hanpumep, npu
pa3pbiBE€ CHApsAAa 3a CYET BHYTPEHHEH DHEPrMH OCKOJKH MOJIy4aroT JO-
HIOJIHUTEJIbHYIO MEXAHUYECKYIO JHEPTHIO.

IToockasku Kk pewenuto 3a0au

[lonHas MexaHHYecKas SHEprus

BO BHYTPEHHIOIO (B TEILIO)

rac Q — KOJIHYCCTBO TCILIOThI

. Eo = EkO +E PO
B HayalIbHbIIf MOMEHT BpEMEHH
ITonnas mMexaHUYecKast SHEPrys
X p E=E, +E,
B KOHEYHbIHi MOMEHT BPEMEHH
V3mMeHeHne MexaHHUECKOH SHeprun AE=F-F,
MexaHnueckas S3HEPTHS IEPEXOAUT |AE | =0,

YBeNIUYEeHHE MEXaHHYECKOH 3HEP-
I'HH B pE€3YJIbTAaTE B3pbIBa CHapAaa

rae () — nobaBouHas JHEPrus

E:E0+Qs

HN3MeHeHHe MeXaHHYECKOH 3HEPrun
3a cueT paboThl CHIIBbI TPEHHS (CHIIBI
COIIPOTHBIICHHS)

E-E,=A(Fy,)=-Fys,
™5, cos(180°) =—1

T.K. F

Tp.CK.

Pabora cuibl TpeHus npu ABHXKe-
HHH 110 TOPH30HTANN

A(F,) = —pmgs

Pabora cunbl TpeHust mpu ABHXKe-
HHH 10 HaKJIOHHOMH MIOCKOCTH

A(F,)=—wmngscosa, rae s =

sin o

YpaBHeHHE CKOpPOCTH INPH CBOOOA-
HOM HaJICHHH

U" = UOI‘, + g‘f

JlanbHOCTH MOseTa npu 6pocke
MOJ YIrJIOM K TOPU30HTY

v2 sin 2a

g

/

3A0AYM

116. CxopocTh 6pOLLIEHHOrO MsiYa HEMOCPEACTBEHHO Mepest yAapoM O CTe-
Hy Obina BABOe Gosiblle €ro CKOPOCTH cpasy nocie yaapa. Kakoe ko-
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JIMYECTBO TEIUIOTH BBIAETHIOCH NPH yAape, eClH Nepea yaapoM KH-
HETHYECKas JHeprHs Msya Oblia paBHa 20 JHx?

Omeem: Jox-

117. C 6anxona BbICOTOH 20 M Ha MOBEPXHOCTH 3€MJIH yNaji MAY Maccou

0,2 xr. M3-3a cONpOTHBIIEHHS BO3IyXa CKOPOCTb MAYA y MIOBEPXHOCTH
3eMIIM OKasanach Ha 20% MeHbIle CKOPOCTH Tejla, CBOOOJHO Majaro-
u1ero ¢ BoICOTh! 20 M. YeMy paBeH MMITYJILC TeJla B MOMEHT MaeHUs?

Omeem: KT - M/C

118. M3 npy>knHHOrO NUCTONETa BBICTPENIHIN BEPTHKAIBHO BHU3 B MHILIEHb,

HaXoJALLYOCS Ha pacCTOSHUU 2 M oT Hero. Cosepiun pabory 0,12 Ik,
myJia 3acTpsila B MHIIeHH. KakoBa Macca ITynu, e€Ciii mpyxHHa 6bu1a
CKaTa Iiepell BRICTPEIIOM Ha 2 ¢M, a ee xecTkocTh 100 H/m?

Omeem: r

119. 1llaii6a mMaccoif m HauuHaeT ABHXKECHHE IO *kea00y AB u3 Touku A

120.
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U3 cocTosiHusA mokod. Touka A pacnonoxeHa Bblile TOYKH B Ha BbI-
core H =6 M. B npouecce apmxkeHHs Mo kenoby MexaHHUECKas
3HEprus IWanObl U3-3a TpeHHs yMeHblnaeTca Ha AE = 2 JIxk. B Tou-
ke B waiiba BeuteTaeT u3 xxenoba noa yrinoM o =15° K rOpH3OHTY H
IIaJaeT Ha 3eMilo B Touke D, Haxoasuielics Ha OJHOH rOPU3OHTAIH C
Toukoil B (cM. pucynok). BD = 4 m. Haiinure maccy wiait6et. Conpo-
THBJICHHEM BO3/yXa IIpeHeOpeyb.

Omeem: KT

Manpuuk Ha caHkax ooOuiei Maccoil S0 Kr cryCTHJCS ¢ JEASHOH ro-
pel. KoadduimenT TpeHus npu ero IBHXKEHHH MO TOPU3OHTAIBHOM
noBepxHocTH paBeH (,2. PaccTosiHMe, KOTOpOE MallbYMK MPOeXai Mo
FOPH30HTATH IO OCTaHOBKH, paBHO 30 M. HeMy paBHa BBICOTa ropbl?
CuMTaTh, YTO MO CKJIOHY rOPBI CAHKH CKOJb3HIH 6€3 TpeHHS.

Omeem: M



121.

122.

123.

Hebonpmoe Teno chedkaer Mo HaKJIOHHOH IUIOCKOCTH C YIJIOM Ha-
Ki10Ha o = 30° ¢ BEICOTHI # = | M H NpoaoJXkaeT ABHKEHHE 10 FOpH-
30HTILHON TUIOCKOCTH. KO3 UUHEHT TpeHHs MEeXIy TeJlOM H
ninockoctamu p = (0,2. Kakoit nyrb L npoiifer Teno nocnie nepexosua

Ha FOPU30HTAIBHYIO MNIOCKOCTh? OTBET OKPYTIIMTE 10 COThHIX.

m =

hﬁ\ .
Q,

L

Omeem: M

IIpeBpaneHne MeXaHHYeCKOIH YHEPTrHH
BO BHYTPEHHIOIO JHEPIrHI0
(c yueToM 3aKoHa COXpaHEHHMS HMITY./IbCA)

3AL0AYN

Manenbkui KybHK Maccoi 2 Kr MOXKeT CKOJIb3UTh 63 TPEHHUS 110 K-
NMHHAPUYECKOH BhleMke paaumycoM 0,5 M. HauaB nBmxeHHe CBepxy,
OH CT&IKHBACTCA C APYTUM TAKHUM XKe KyOHKOM, IIOKOALIMMCS BHH3Y.
HYeMy paBHO KONMYECTBO TEIUIOTHI, BbIIEIUBLIEECS B pe3yibTaTe ad-
COJIIOTHO HEYNPYTOro CTOJKHOBEHHS?

Omeem: Jx

CHapsin Maccolt 4 kr, neraumii co ckopoctbio 400 M/c, paspbiBaeTcs
Ha B¢ paBHbIC YaCTH, OJIHA U3 KOTOPBIX JIETUT B HAaNlPaBJE€HHH IBH-
KEHMs CHapsAa, a Apyras — B NPOTHBOMNOJIOXHYK CTOPOHY. B Mo-
MEHT pa3pbiBa CyMMapHas KHHETHYECKas SHEPrHs OCKOJIKOB YBEJH-
4HJIACh Ha BENHYHHY AE . CKOPOCTb OCKOJIKA, JIETSILErO MO Hampas-
JICHHIO JBHXEHHA CHapsaa, pasua 900 m/c. Halinure AE .

Omeem: _ MIx
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124. Or ynapa konpa mMaccoii 450 Kr, nagarowero cBOGOIHO C BBICOTHI 5 M,

cBas Maccoit 150 kxr norpyxaercs B rpyHT Ha 10 cM. Onpenenure
CWIy COINIPOTHBJIEHUS TPYHTa, CUMTAst ee MOCTOSHHOM, a ynap — ab-
COJIIOTHO HEynpyTrHM. M3MeHeHHeM MOTEHUHANBbHOH JHEPrUH CBaH
npeHedpedb. OTBET OKPYTIIHTE A0 COTHIX.

Omeem: kH

125. Tenexka Maccoii 0,8 Kr ABHKETCS 110 HHEPLIHH CO CKOPOCTEIO 2,5 M/c.

Ha tenexky ¢ BbicoThl 50 cM BEpTHKaJIbHO MafaeT KYCOK ILUIaCTHJIH-
Ha Maccoii 0,2 kxr u npuiunaer k Heil. Paccuuraiite MexaHH4eCKyIO
JHEPIHIO, KOTOpas Mepenuia BO BHYTPEHHIO MPH 3TOM yJape.

Omeem: Jx

126. JIa Tena, MacChl KOTOPBIX, COOTBETCTBEHHO,

127.
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IJ1aJIKOMY TOPH30HTANIBHOMY CTONY (CM. pHCY- m;
HOk). CkopocTh mepBOro Tena v; =3 m/c,
CKOpOCTBb BTOPOro Tena v; = 6 m/c. Kakoe ko-
JIMYECTBO TEIUIOThl BBINEJIHTCA, KOrJa OHH m,
CTOJIKHYTCH W OYyAYyT JABHUTaThCs JAanblie,

CLenHUBLIHCH BMecTe? BpaieHus B cHcTeMe

He BO3HHKaer. [lelficTBHEM BHENIHHX CHII

U, _
paBHbl m; =1 Kr U my =2 KrI, CKOJB3AT MO ( ; > ¢
1

npeHeOpeys.
Omeem: JIx
JBa mapuka, Maccel Kotopbix m = 0,1 kr H om=====""7

M= 0,2 kr, BUCAT, CONPHUKACasACh, Ha BEPTH-
KaJIbHbIX HUTAX JuiHOH /= 1,5 M (cM. pucy-
HOK). JIeBBIi IIAPUK OTKJIOHAIOT Ha yrou 90°
H oTiyckaloT Ge3 HauanbHO#M ckopocTH. Ka- .
KOE KOJMYECTBO TEIUIOTHI BBUICIMTCH B pe- T M
3ysabTaTe abCOIIOTHO HEYIIPYroro yaapa ua-

pHKOB?

Omeem: Jx



4. CTATHKA

Craruka H3Yy4acT YCJIOBHS paBHOBECHA TEII.

Buabl paBHoBecHst

YcroiiunBoe paBHoBecHe. Eciu Teno BBIBECTH W3
YCTOWYHBOIO PaBHOBECHS, TO MOABJAETCSA CHJIA, BO3-
Bpalaollas €ro B MOJIOXKEHHE PaBHOBECHS. YCTOMH-
YHBOMY PaBHOBECHIO COOTBETCTBYET MHHHUMAJIBLHOE
3HAYEHNE IOTEHLHATBHOMN SHePTHH (E i ).

HeycroiiunBoe pasHoBecHe. Eciiu Teno BLIBECTH U3
HEYCTOWYHMBOIrO PaBHOBECHS, TO BO3HHKAET CHJIA, yaa-
Jf0Ias TeNo OT MoJoKeHHs paBHoBecus. Heycroii-
YUBOMY PaBHOBECHIO COOTBETCTBYET MAKCHMAIbHOE
3HaYeHHe OTCHUHATLHON SHEPTHH (£, max )

Be3pa3zinuHoe paBHOBecHe. [lpH BBIBEACHHH Tena
U3 COCTOSIHUS 0€3pa3InyHOro paBHOBECHS IOINOJIHH-
TENIHBIX CHJI HE BO3HHKAET.

MoMeHT cHIIbI.
IIpaBu10 MOMEHTOB

d2 O dl

- e = - -

N

=
R
o

MomenT cuabl M (H-M) — ¢usnuyeckas BeaHYHHA, MOAYNb KOTO-

POl paBEH NPOU3BEACHHIO MOAYJIS CHJIBI HA TJIEYO CHJIBL:

M=F-d.

Ilaevo cuabl d(M) — KpaTyaiilee pacCTOSHHE MEXIY OCBIO BpaLle-

HHS U JJHHHEH JeHCTBHSA CHJIBI,
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3A/IAYA

1. Ha pucynke uzobpaxen pbiuar. Kakoil oTpe3ok sBhseTcs ruiedoM
cunel F,?

Omeem:

2. Ha pucynke cxematuuecku n3obpaxena nectuuna AC, onuparomas-
¢ Ha cTeHy. Kakoi oTpe3ok sBifeTCs MIEUYOM CUIIBI TSXKECTH, AeH-
CTBYIOILIEH Ha JIECTHHILY, OTHOCHTENBHO TOUKH C?

Omeem:

3. Ilpn BeinonHenun naGoparopHoi pabOTBl y4eHHMK YCTaHOBHJI Ha-
KJIOHHYIO TUIOCKOCTh NoJ yriioM 60° x moBepxHOCTH crtosa. J{innHa
I0cKocTH pasHa 0,6 M. OnpeaenuTe MOMEHT CHIIBI TSKECTH Opycka
Maccoit 0,1 Kr OTHOCHTENBHO TOUYKH O IPH NPOXOKIECHHH UM cepe-
OUHBI HAKIIOHHOM MIOCKOCTH.

60°

Omeem:  H-m
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4, CragpHOM map Maccoi 2 kr konebaeTcss Ha HUTH JUIMHOH 1 M. Yemy
paBeH MOMEHT CHJIbI TSHKECTH OTHOCHTENBHO OCH, TPOXOASLIEH Yepes
To4Ky O NEPHNEHANKYIAPHO MIIOCKOCTH UEPTEXKA, B COCTOSHHH, NPEa-
CTaBJICHHOM Ha PUCYHKe?

Omeem: H'w™m

5. I'pysuk maccoit 100 r npuBs3aH K HATH JJIHHOH 1 M M Bpaiuaercs
B FOPH30HTANBHOH MJIOCKOCTH MO OKPYXKHOCTH paauycoM 0,2 M. Ye-
My PaBE€H MOMEHT CHJIbl TSXKECTH OTHOCUTEIBHO TOYKH MoABeca?

S

Omeem: H-mM

3HaKH MOMeHTOB. Ec/iu cuila BbI3bIBAEcT BpalllCHHUE TEJIa IO 4acOBOH
CTpEJIKE, TO TaKOH MOMEHT CUHMTAIOT MOJIOKHTENBHBIM:
Ml = f:] . dl .
Eciy cuna BeI3BIBAET BpalicHUE TEja MpOTHB 4acoBOH CTPECJIKH, TO B

ITOM Cllydae MOMEHT OTPHLATE/IbHBIN:
M: = —Fz . d2 .

[IpaBu10 MOMEHTOB: me.10, UMEIOWEEe HENOOBUNCHYIO OCb 8DAUYEHUA,
HaxXo0Uumcsl 8 PABHOGECUl, eCIU ATeeOPauvecKas CymMma MOMEHMOE 8cex
NPUNONHCEHHBIX K MELY CUT OMHOCUMENBHO MOt OCU PABHA HYTIO.

M, =0.
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Unn CYMMA MOMeEHNO08 CUl, 8bl3bleaoWuUx spaujenue meaa no uacoeoz}
cmpenKe, pasHa cyMuMe MOMEHmOE8 ClUJl, 8bl3bl8aArUUX 8paweuue mena
npomue uacaeoz? cmpeiku.

EM = Zan‘ vac. cTp. ¢

o 4ac. ¢1p.

YCJIOBHR PABHOBECHA. Teno ne Y4acTBYE€T B IIOCTYIIATCJIIBHOM [IBH-
KE€HHH, €CIIHN
ZF, =0; U, =0.
Teno ne Y4aCTBYET BO BpalllaT€JIbHOM ABHXCHHH, CCIIU
M, =0; 0,=0.
Teno HaxonuTcs B paBHOBECHH MMPU BHINOJHEHHH CPa3y JIBYX YCJIOBHH:
SF =0, 0,=0; M, =0; 0, =0.
I1pocTbie MexaHHM3MBI - NpUcnocoOsIeHNs, CyXallue 1 Ipeodpa-
30BaHuA cuibl. K HUM OTHOCATCA pblyar, HAKJIOHHAasA IJIOCKOCTh, 6HOKH,

KJIHH H BOpPOT.

1. Pbruar | d d
1O 2

JlaeT BBIMTPBIL B CHIle ——
F:
ﬂ ds ﬁ] é v 2

F, - d,  /

2. HemoaBHXKHBIH 010K

H3MCHACT HAMPABJICHHE CHJIbI =
F F
d=d,; F=F,

3. I[ToaBHKHBIH OJ10K o) 2%
JlaeT BBIMTPBILI B cHJIe B 2 pasa

d=R;d=2R; F =2F,

!

)

4. Knun

Lol
|

sl

Il
-
Tt
&

«30/10TO€C MpaBHI0 MeXaHMKH». [IpH MCTOTB30BaHUH MPOCTBIX Me-
XaHH3MOB Mbl BBIMIPBIBAEM B CHJIC, HO IIPOMIPBIBAEM B PacCTOSHHH, IMO-
ITOMY BBIUTpbIIIAa B paboTe NpOCThIe MEXaHU3MBI HE JAIOT.
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AJITOPHTM pellieHHs 32424 Ha NMpaBHJI0 MOMEHTOB

(napajjiejbHble CHIbI)

1. Caenatb uepTex M yKazaTh Ha HEM BCE CHIIBL

Cuiaa

Touka npHI0KeHHs

HanpasJjienue

Cuna TsKeCTH, OEHCT-
BYIOILIAs Ha TPY3

Uentp rpysa

BeprukansHO BHH3

Cuna TSKECTH, OeHCT-
ByIOLIass Ha OJHOpOA-
HBIA CTEPKEHD

LeHTp crepxHs

BepTHkanbHO BHU3

Cuna TsDKEeCTH, JeHcT-
BylOIlas Ha HEOTHO-
POJHBIH CTEP)KEHDb

IlenTp Macc, MOIOXKEHHE
KOTOpOTO YKa3blBalOT B yC-
JIOBUHM 3a7a4yH

BepTukansHO BHU3

Bec

Touka OIIOpbI HJIK TTIOABECA

PNN; PNT

Cnna peaxkLuH onopsl

Touka CONMPHUKOCHOBEHHS
CTEPOKHSA U OTNOPEHI

[TepnenaukysnsipHo
OIOpE BBEPX

Cuia HaTSXKEHUS HUTH

Touka coegMHEHHS C MOA-
BECOM

Baons ocu nmoase-
ca

2. BeIOpaTh NONOXEHHE OCH BpallleHHs.
Cosem: ocb BpalleHHs BRIOHpATE B TOM MECTE, I/I€ HAXOAUTCA HEU3-

BE€CTHAaA CHJIa WJIH CHUJIA,

HCKaTh KOTOPYKO HE HAAO.

3. Vkasath 3HaueHHe IUIEY.
Cogem: ecin B 3ajaiye HEOOXOAMMO Y3HATh HEKOTOPOE PACCTOSHHE
(OT LEHTpa CTEepXKHS, OT MECTa NPUJICKEHHUS HEKOTOPOH CHIIBI U T.M.), TO
3TO paccTosHHEe 0003HAaYalTe X U ONMpeaesiiTe MIeyn CHUII ¢ y4eTOM pas-
MEPOB CTEPXKHS U PACCTOSHUSA X.

4. 3anucaTh MpaBHJI0 MOMEHTOB H PEIUHUTL 3aa4y.

Ioockasku k 3a0auam

3aoauu

Iloockasku

Maccol m mnojaBelleHa

’KEHHE TIPaBoOTO Tpoca

BOI'0 KOHIIa OasKH.

OtBer: T = mea

1. Ilpsamas HeonHopoaHas Oanka AauUHOW [ H

KaJbHO HAaTAHYTBIX Tpocax. banka 3aHuMaer
FOPH30HTAJIBHOE nosIoKeHue. Hainure Hartd-

CTH Oanku HaxXO4HUTCs HA paCCTOAHUH a OT Jie-

3a KOHILIBI Ha BEPTH-

T,, ecnd UEHTP TsKe-

IIpaBHIO MOMEHTOB:
T, = mga
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3aoauu

Ioockasku

2. Penbc minHoOM [ W Maccoil m MOIHUMAIOT
PaBHOMEPHO B TOPH30HTAIBLHOM [OJIOKEHHU
Ha JIBYX BEPTHKQIbHBIX TPOCAX, MEPBbIH H3 KO-
TOPBIX YKpEIUIEH Ha KOHLE pefibca, a BTO-
poil — Ha pacCTOAHMH X OT APYroro KOHIA.

Onpenenure HaTsHKEHHE BTOPOro TPoca.

IIpaBuno MOMEHTOB:

Ortaer: sz—gl— [
2(/-x) ’”gE—Tz([—X)
3A0AYHN
6. Ha pelyar nedcTBylOT OBe CHJIbI, IUIEYd KOTOpbIX paBHbl 0,1 M H

0,3 M. Cuna, peiictByromas Ha KOpOTKoe mievo, paBHa 3 H. Yemy
JOIKHA OBITH PaBHA CHJa, AEHCTBYHOLIAA HAa AJMHHOE IUICYO, YTOObI
pblyar ObUT B paBHOBeCHH?

Omeem: H
7.  Y4eHHK BbIMOAHMUA 1abopaTopHy paboTy Mo MCCIeNOBaHUIO YCIIO-
BUil paBHOBeCHs pblyara. Pe3ynbraThl, KOTOpbIE OH MOJY4HUII, 3aHeCe-
HbI B TA0HLY
F,H LM F,,H [, M
30 ? 15 0,4
KaxoBo nyieuo nepBoii cuJibl, €C/ii pbluar HAXOAUTCS B PABHOBECHH?
Omeem: M
8. K JeBOMYy KOHLlYy HEBECOMOTO CTEPXHsS MPHKpEIUIEH rpy3 Maccoi
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3 kr (cM. pucynok). CTepkeHb PacroJoXHIN Ha Onope, OTCTOsALIEH
ot rpy3a Ha 0,2 anuubl. ['py3 kakoil Maccel HalO MOABECHUTH K Mpa-
BOMY KOHLLY, YTOObBI CTEp*eHb HAXOAUJICS B paBHOBECUH?

W

ot

=
T
o

Omeem: KI



9. MaJlp4HK B3BECHII pbl6y Ha CaMOJCIJIBHBIX B€CaxX € KOPOMBICIIOM M3

JeTKoi peiikH (cM. pucyHok). B kauecTBe rHpH OH Hcnonb3oBai Oa-
TOH XxJ1eba Maccoii 1 kr. Onpenenure Maccy poiObi.

@YD

Omeem: KT

10. Yenoek HeceT Ipy3 Ha HEeBECOMOH Malike, TMOJIOKHB €€ Ha IU1EYHO.
Kakyio MUHHMaJIbHYIO 110 BEJIMYHMHE CHITY JOJDKEH MPHIOKHUTE HCHO-
BEK K KOHLY MaJKH, 4TOObI yIepKaTb B PABHOBECHH I'PYy3, BEC KOTO-
poro 20 H? PaccTosiHue OT TOUKH OMOPBI MaJIKA JO MOJOKEHHUS PYK

yenoseka 0,4 M, a 1o rpysa 0,2 m.

Omeem: H

AJITOPHTM pelieHHs 3a1a4 HA MPaBHJI0 MOMEHTOB
(HenmapaJuieibHbIE CHJIbI)

1. Ykazartb Bce CHIBI:

Cuna To4ka npHJI0KeHHR Hanpasaenne

Cuna peakuuu ono-

phlI
Cuna TpeHHs TIOKOs

Touka compuKOCHOBEHHUS
€ ONOpoH

[lepneHanKyAsIpHO
TJIOCKOCTH ONOPBI

Touka CONpUKOCHOBEHHSA
C OnopoH

HpOTI/IBOHOHO)KHO BO3-
MOXKHOMY ABHXCHHIO

Cuna TsKecTH

Hentp Macc (y oaHOpOa-
HBIX TeJl [IEHTP Macc COB-
[aJaeT C UEHTPOM TeJla)

Beme(a.rbuo BHH3

Apxumenona cuna

LleHTp Macc mnoOrpyxeH-
HOM 4acTH Tena

BeprHkaiibHO BBEpX

2. OmpenieNUTh IUIEYM CHII, KaK KpaTyaiillee pacCTOSHUE MEXLY OChH)
BpalLCHHS U HAIIPABJICHUEM EHCTBHSI CHJIBL

3. 3anucaTb NPaBUIO MOMEHTOB M PEIIUThH 3aa4y.

4. MoxHo no6aBuTb BTOpPO#i 3aKkoH HbioTOHA B npoekumsix Ha ocu 0\

u0Y.
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Iloockasku K 3a0auam

3aoauu

Hoockaszku

1. Pabounit ynep>xuBaer 3a O4UH
KOHEL JOCKY MAaccoi m Tak, 410
oHa oOpaszyer yroin o c ropu-
30HTOM, OMMPAACH O 3eMIIIO ApY-
rum koHuoM. C kakod cuioi
pabouunit ymepxHBaeT IOCKY,
€C/IM 3Ta cuia NeprneHauKyasap-
Ha Jocke?
OtBer: F il it

¥

[1paBHI0 MOMEHTOB: mg écos a=Fl

2. B rnaakuil BHICOKHIA LIMIHHI-
PHYECKHH CTaKaH ¢ BHYTPEHHHM
paaMycoM R moMellaroT KapaH-
naw amuHoi [ W maccon m. C
KaKoH CWJIOH IeHCTBYeT Ha CTa-
KaH BEpXHHUH KOHeIl KapaHaaa’?

mgR

OtBer: N =

=i

= |ld, =Ilsina

[TpaBuji0 MOMEHTOB:

mg—;—cosa=leina

3. Koneco paguycom R u mac-
COH m CTOMT nepej CTYNEHbKOH
BbicOTOH h. Kakylo HanMeHb-
111y1I0 TOPM3OHTAJIBHYIO CHIIYy Ha-
IO TNPHIOKHTE K OCH KoJleca,
4TOOBl OHO MOTJIO MOMHATHCS Ha
crynedbky? Cuna TpeHHsi paBHa
HYJIIO.

/ 2 _
OTBeT: F :W

R—-h

h \Q

v mg
d1 =\’R2"‘d22
dz =R—h

[TpaBHI0 MOMEHTOB:
mgdl = Fd2

148




3adauu

Iloocka3zku

4. JlecTHHLIa Maccoi m npUcTaB-
JIEHAa K [J1aJJKOH BEPTHKaJIbHOHN
creHe noAa yrioM o . Hailaure
CHUJIy [aBJI€HHA JIECTHHLbI Ha
creHy. LIeHTp TSXKecTH NecTHH-
1[I HAXOJHUTCS B €€ CEepelUHE.

OtBer: N = e

2tga

JlectHnua (6e3 TpeHus)

dmg
HpaBymo MOMCHTOB!

mgécosa = Ni/sina

5. JlectHnua anvHOK [ npu-
CTaBJICHA K HIEANbHO IJIAIKOH
CTEHE MOJ YIJIOM O K TOPH30H-
ty. KoadduumeHT TpeHns Mex-
ay necTHHue#d H nosom p. Ha
KaKoe pacCTOSHHE X BAOJb Je-
CTHHLIBI MOXET MOJHATBCA 4e-
JIOBEK, MpEeXAe 4HeM JIECTHHLA
HAUHET CKOJIb3HTh? Maccoki je-
CTHHLBI NIpeHebpeys.

OtBer: x=pl/tga

Jlecrunua
(TpeHue y no.ja)

[1paBHI0 MOMEHTOB:
mgxcosa = N,/sina

Bropoii 3akon HeloToHa:
0X:F,-N,=0

6. OnHopoJHas JIECTHHULIA TIpH-
craBjeHa kK cteHe. IIpu kakom
HAMMEHBLIEM YIJIE O MEXIY
JIECTHHUEN W TOPU3OHTAIBbHBIM
TIOJIOM JIECTHHIIa COXPAHUT paB-
HOBECHE, €CIH KO3 (HUUMEHT
TPEHHS MEXAY JIeCTHHULEH H
MOJIOM i, @ MEXIY JIECTHHLEH

Y CTEHOH W, ?

0Y:N, —mg=0
F, =umg
JlecTHHIa
(TpeHHe y moJia M CTEHBbI)
- A
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3aoauu

Ioockazku

I-pip,

OtBeT: tga =
2p,

[IpaBu10 MOMEHTOB:
{ .
mg 3 cosa = F,,/cosa+ N,/sina
Bropoit sakoH HbloToHa:
0X:Fp =N, =0
WN, -N, =0
0Y:Fp+N-mg=0

7. Kakyro MHMHHUMAJIBHYIO TO-
PHU3OHTAIbHYK CHIIY HYXHO
TIPHUIIOXKHTBL K BEPXHEMY pedpy
Kyb6a Maccoif m, Haxomsuero-
Cs Ha TOPU3OHTAJIBHOM MJIOC-
KOCTH, YTOOBI NIEPEKHUHYTH €ro
uepe3 HUKHCe pedpo?

IloBopor ky6a

[y

a F

1 —
o YME

o
VY kyba o =45°
IIpaBU1O0 MOMEHTOB:

. _ mg [
Ovser: £ =—> mg—icosazFlsin(x
YNPAXHEHUNA
1.  Hesecomslif crepxkeHb JIMHON | M, HAXOOAIUMICA B SIIHKE C IJIaf-

KHMHM IHOM M CTEHKAaMH, COCTaBJIIET yroa o = 45° ¢ BEepTHKAIbIO
(cM. pucynok). K crepxxHio Ha pacCTOSIHMH 25 CM OT €ro JIEBOro KOH-
la NOABELIEH Ha HHTH Iap Maccod 2 kr. KakoB Moaynb cuiisl N,

AEHCTBYIOILEH Ha CTEPXKEHb CO CTOPOHBI J1IEBOM cTeHkH sumka? (15 H)

K cteHe npucnonena necruuua maccoit 15 kr. llentp Tsxkecty sect-

1
HHIIbI HAXOAWTCSA HA PAaCcCTOAHHHU —3— JUIMHBI OT BEPXHEI0 €€ KOHUA.

Kakyto cuity, HarpaBjieHHYO TOPH3OHTAIBHO, HAIO PUIIOXKHTH K Ce-
PEIHHE JIECTHHLBI, YTOOBI BEPXHHH €C KOHEIl He OKa3bIBajl JaBJICHHS

Ha cteny? Yron Mexay snectHuiei i cteHo# 45°. (200 H)
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ITon xKakvM HaUMEHBIIUM YTJIIOM O K TOPH3OHTY MOXET CTOATH Jle-
CTHHLIA, IIPUCIIOHEHHAs K [JIaJKOH BEPTHKaIBbHOH CTEHe, eclM Kod(d-
¢uMeHT TpeHHus JecTHUIBI 0 non u? CuutalTe, YTO LEHTP TSKE-
CTH HaXOAMTCA B cepelHHe JICCTHULIBIL. (O = arcctg(2p))

OnHoposHas 10CcKa NpHCTaBieHa K cTeHe. IIpH kakoM HauMeHbLIeEM
yrjle MeX1y JOCKOH M TOPU3OHTAJIbHBIM TOJIOM JJOCKAa COXPAHHT paB-
HOBecHe, ecli KO3(p@ULHMEHT TpeHHs Mexay Jockod u mosaom 0.4,
a Mex1y 10ckoi u creHoi 0,57 (45°)

ﬂaBHeHHC TBEPIAOro TeJia. Cuna naBJjieHust

JaBjenne TBepaoro tena p (I1a):

Fu

S

rae F, — mnepneHauKynspHas COCTaBAOLIAs CHIBI, AeHCTBYIOIIEH Ha
MOBEPXHOCTh; S — ILIOILA/{b TOBEPXHOCTH.

1 Ma=1H/M.

Cnocobb1 YBEIHYCHHA NABJICHHUA: YBCIHYHTHL CHJIY; YMCHBIIHUTH ILIO-

mwanae. /laBneHue B TBEpABIX TeNax NEpelaeTcs B TOM K€ HANpPAaBIICHHH,
B KOTOPOM JICHCTBYET CHJIa.

1.

12.

3ALAYH

Knura nexur Ha crose. Macca kuuru pasia 0,6 kr. [Tnowaas ee co-
2

NIPUKOCHOBEHHA co ctoioM paBHa 0,08 m°. Onpenenure nasieHue

KHHUTH Ha CTOJI.

Omeem: ITa
KakoBo cpensee naBneHHe MOPOXOBBIX ra30B B CTBOJIE OPY/Hs, €C/IH
CKOPOCTh BBUIETEBIUETO M3 Hero cHapsima 1,5 kM/c? JliMHa cTBOJa

3 M, ero auametp 45 MM, Macca cHapszaa 2 kr. TpeHue npeneGpexu-
MO Manto. OTBET OKPYTIIHMTE 10 LEJbIX.

Omeem: MIla
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5. TUAPOCTATHKA

JlaBJjieHHe B )KHAKOCTAX M raszax. Cuja naBjieHus

3akon I[lackansi: duerenue, NPOU3BOOUMOC HA HCUOKOCHIL UAU A3,
nepeoaemcs HUOKOCMbIO WU 2A30M 60 6Ce CIOPOHbI OOUHAKOBO.

DTO CBS3aHO € IIOABMXHOCTBIO MOJIEKYH B XKMIKOM H 1'a3000pasHOM
COCTOSIHHMSX.

JdaBienune cTos10a KHAKOCTH

D pagh.

e p. (KT/M}) ~— TUIOTHOCTB AWAKOCTH;, ¢ =10 (1\1/03) -~ YCKOpEHHC ¢BO-
0OIHOTO MajACHHs; /(M) -— BbICOTa CT010a WKUIUKOCTH (r11yOUHA).

Yymume, 4T0 BBICOTY /1 OIIPCIENSIOT OT HOBEPXHOCTH KHIKOCTH.

Cuiia 1aBJIeHHUA KHIAKOCTH

h

a
fisp =l
Cuuta 1aBJIEHHA HA JHO COCY,la:
F.. =pxghab.
Cuna maBjieHHs Ha OOKOBYH) I'paHb aKkBapHyMa:

Fion ., Puglt,,
2

P

ITpn pelueHHH 3amay  CuWIAATE, YTO IUIOTHOCTH NPCCHOH BOJIbI
3 . , 3
1000 kr/M°, a conenoit (Mopckoit) 1030 kr/m.

3A0A4YN
1. UeMmy HPHUMEPHO PaBHO IUBJICHHC, CU3JIAHHOC BOJIOH, Ha 1iyOnHe
2 Mm?
Omeem: __ «klla
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2. B cocya rmyOuHo#i 20 ¢M HanuTa BO/IA. YPOBEHb KOTOPOH HUXKE Kpast
cocyna Ha 4 cM. YUeMy pasHo jasnchne ¢tonda Bo/ibl Ha AHO cocyna’

Omeem:  lla

3. Ha kakyio MakcHMaibHYHO BLICOTY MOXET MOJIHUMATb HAcoC BOAY,
ecT¥ co3/1aBaeMblii UM riepenan aarneHus paseH 50 klla?

Omaem: M

4. B OTKpLITOH HMCTCPHE, HANOTHCHHOW 10 ypOBHS 4 M, HaXOIMTCH
xuaKkocTh. Ee naemenne wa ano dotku papHo 28 klla (6e3 ydera at-
MochepHoro garnenus). Oupe:ie i Ie II0THOCTb YTOH AKHIAKOCTH.

Omeem: KI/™M

5.  ByTbisiky C 110/COJIHEUHbBIM MACIOM, 3aKPbITYK MpoOKoH, nepesep-
Hynd. Ornpenenure cpeHIO CHIly, ¢ KOTOPOH JEHCTBYET Macilo Ha
npobKy MIOWAABIO 6 CM”, ECIIM PACCTOsHHE OT yPOBHS Macja B cOCy-
ae 10 1podoku paBHo 20 c¢Mm. [110THOCTb [10ACOJHEYHOrO0 Macia
920 kr/m’. Otser OKPYHMIHTE 10 ,1eCAThIX.

Omeem:  H

IuapocTaTuueckuii mapanokc (cinenctsue 3akona [lackans): nasne-
HHE Ha JIHO COCYJA OIpeaessicTCs TOAbKO IUIOTHOCTHIO KUAKOCTH U BbI-
coTOM cTOs0a.

Ecnu B COCYbl HAaJIUTa OHHUHAKOBAA XKUIAKOCTh. TO B TPEX COCyldax
JaBJICHHUC HA JHO O/IHHAKOBO:

h

Pr= P2 =Py

a CUITa JIABJICHUS PA3HAf. TAK KaK OHA WRUCHT oT ninomanu (F = pS):

F<F, <F;
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3A0AYN

6. Ha pucynke n3o6paxkeHb TpH cOCyza C BOJOH. YPOBHH XHUIKOCTH BO
BCEX COCyJlax OIMHAKOBBl. BribepuTe MpaBHIBHOE YTBEPKIACHHE.
1 2 3

1) p=p.=ps 3) p=p<ps
2) p<p<p; 4) p=p>ps
Omeem:

7. Ha pucyHke wu3o0paxeHbl TpH cocyla C pa3HbIMH IKHAKOCTAMH.
ITnomann 1Ha cocyaoB paBHbl. B nepBoM cocyle HaxoauTcs Bojaa
(p; =1 r/c:M3), BO BTOPOM — KepocHH (p,=0,8 r/cu3), B TpPETh-

3
eM — ciHpT (p; =0,8 r/cM”). B kakoM cocyne oka3biBaeTCd MaKCH-

MaJIbHOE AABJIEHHE Ha JHO?
1

o
w

Omeem: B

Coolmaronimecst cocyabl

Coobuialomuecs cocyabl -— COCYABI, COEIHHEHHBIE MEXAY co0oit
HJTH UMeEIOoIIHe olliee THO.

VYPpoBeHb RKHAKOCTH B COOOILAIOMNXCS COCYAAX OJHHAKOB W pacroia-
raeTcsi TOpU30HTaIBHO, ECIIH!

® B COCY/Ibl HAJIUTA OJHOPOXHAS XKHIAKOCTh;

® [TOBEPXHOCTH JXHAKOCTH OTKPBITHI;

® HM OJIMH M3 COCYZIOB HE ABJISETCA KalTHIUIAPOM;

® B XXH/JIKOCTH HET NY3bIPHKOB C BO3AYXOM.
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Pa3Hble MO MJIOTHOCTH, HECMELIIHBAIOLIUECS KHAKOCTH
B COOOIIAIOIMXCH COCYAaxX

o 3akony ITackans Ha 11060M rOpU3OHTAILHOM YPOBHE

..... pl = pz ’
% i pigh =pgh.
o h _ P2
i h, - (o '

Bbi6o0: ecnu B COOOUIAIONIMECS COCYAbl HAJIUTHI Pa3Hble MO IUIOTHO-

CTH HECMCLUHUBAKOUWHECA XXHOKOCTH, TO BbIILIC 6y11eT pacnojiaratbCs ypo-
BEHb YXHJKOCTH C MEHBIIEH MIOTHOCTBIO.

3ALAYH

B mmpokyto U-o0pa3zHyio TpyOKy ¢ BepTHKAIbHBIMHU NPSMBIMH KO-
JIEHAMM HalHThl KEPOCHH TUIOTHOCTBIO p; = 800 KI/M’ W BOAA MUIOT-
HOCTBIO P; = 1000 Kr/M’ (cM. pucyHok). Ha pucynke b = 10 cm,
H =30 cm. Onpenenure paccrosHue A.

Omeem: cM

B umnpokyio U-obpasuyio TpyOKYy ¢ BEepTHKAJIbHBIMH MPSAMBIMH KO-
JIEHAMH HAJIMTHl HEW3BECTHas KMJKOCTb IUIOTHOCTBIO P H BOja
mioTHOCTHIO Py = 1,0-10° kr/M® (M. pucynok). Ha pucynke b = 10 e,
h =24 cm, H =30 cM. YeMy paBHa IIOTHOCTB HAKOCTH p,?

Omeem: __ kr/m’
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I'uapaBanyecknii mpecc — mpOCTO MEXAHU3M, NAIOLIMH BEIMIPHILI
B cuie. OH npexcraBnsger coboit coobuarnmecs coCcyasl pasHOro cede-
HUs. B ocHOBe ero aefcTBus JIeKUT 3akoH Tlackais:

Fﬁ pM = p6 1)
F. Fs
— i
Su I Se Su 86
F,
rne F, — cuia, neHcTByIONan Ha MalbIH MOpHIEHE (COBEPUIAET MOTHYIO

paboty); Fs — cuna, neidictByiouias Ha OONbUIOH MOpUIEHb (COBepIIAET
nonesHyw paboty); S, — rowaas Manoro nopuiHg; S — IUIowanb
0O07BLIOrO MOPLUIHA.

Pabora nopuixe# (0e3 noreps 3HEPruu):

Au :Aﬁs FMh\I :Fﬁhﬁa

rae h, — BEPTHKAILHOE MEPEMELLEHHE MAJOro MOPUIHS; /x — nepemMe-
1IEHHE OOJIBIIOTO MOPLIHS.
BbIdrpeiui B cHic:

Fs  Ss  h,

€

Fo So b

PaBeHCTBO 00BCMOB KHIKOCTH MPH ABWKEHHH MOPLIHEH:
Shy = Sehs .

KIIJI (ecTb noTepu 3HEprUm):

n=25100% = L5100 = 22..100% .
‘4\1 FMhM pM

YIIPAXHEHUA

1. K manomy nopuHio ruapasinueckoro npecca npunoxena cuna 10 H,
oA AeCTBMEM KOTOPOH 3a OJMH X0/ OH OIyCKaeTcsd Ha 25 cM, BCaea-
CTBHE 4ero OoibIION NnopuieHb MonHUMaercs Ha 5 mm. Kakas cuna
JIaBJIeHUs nepeaeTcs npu 3ToM Ha Gosbiuoi nopuieHs? (500 H)

2. Bonbwoit nopiieHs ruipaBIMyeCKON Mal¥Hb! IOAHUMAET IPy3 Mac-
coit M = 400 kr. [lpu >ToM Ha Manblii MOpLIEHb ACHUCTBYET CHJa



F =160 H . Ha xaxoe pacctosHHe Ah ONMyCTHTCA Manbli MOPLIEHS,
ecnu Gonbioi nomuuMercs Ha AH =5 cm ? (125 em)

Marnblii nopieHs 3aKPEIUVIEHHOrO THIPABIMYECKOIO Ipecca HMMEET
mwiomans S, =2 cM?, a 6ompmoit S, =150 cm’ . K Manomy nopuisio
npuioxeHa cuna F, =40 H, neiicTByromas BepTukaibHO BHU3. Ha

Kakylo BbICOTY AH noaHuMmetcs OonblIod MHOpIIEHb, €CIW Maibli
nopiueHs omycTurcs Ha Ak =30 cm ? (0,4 cM)

Kaxkas cuia naBneHHs MOXeT ObITh IMOJy4eHa C MOMOIIBIO THIPaBIIH-
4eCKOro IMpecca, eclii K ManoMy HOPLIHIO MpWwIoKUTh cuiny 100 H,
a TuUTolllaAM MopIIHeH npecca paBHLI 5 1 500 cM™? KospduuueHT no-
ne3Horo aercTBus npecca 80%. (8 xH)

IIpu noawseMe rpy3a Maccoii 2 T ¢ NOMOILBIO THAPABIHYECKOTO NIpeEC-
ca 6b11a coBepiieHa pabora 40 [, mpu 3TOM Manblif NopuIeHb Cle-
nan 10 xonoB, nepeMelnasch 3a oguH xox Ha 10 cM. Bo ckonbko pas
ruioinaas 6ospliuero nopuiHs 6osbiue ruomany Manoro? (B 500 pas)

I'uapaBaHueckMi npecc 3amonaHeH Boxoid. Ha Gombmui mopiueds,
mwrowans koroporo 1000 cM’, BcTaer uenoek Maccoii 80 kr. Ha ka-
KYIO BBICOTY TIPH 3TOM TOAHUMETCH Majiblid nopiieHs? (80 cm)

s nognpema rpysa Ha BbICOTY 45 €M BOCIIOJIb30BAITHCh THAPaBIXYeE-
ckuM npeccom ¢ KIIJ] 0,75. Cxoybko XOIOB caenaeT Maiblil mop-
IeHb, X0 KoToporo 20 cM, a IIIOMaAb MEHbIIIE IUI0Manu O0JIbIIOro
nopwss B 100 pas? (300)

ATMoOc(epHoOe AaBJICHHE

AtMoc¢epa — Bo3aylHas 000104ka 3eMad. OHa cyllecTByeT 6J1aro-

Japs 3eMHOMY TPHTSDKEHHIO U OeCrOpAA0YHOMY JBHXXCHHIO MOJEKY/ B

razoobpasHoM cOCTOSHUH. B coctaB atMocdepsl BXOAAT a30T, KHCJIOPOI H
Apyrue ra3sl. ATMocepa He UMEET YETKOH rpaHMLbl, INIOTHOCTh BO34yXa
YMEHbIIAETCs C BbICOTOH.

ATMOC(bepHOG AABJICHHE€ — NABJICHUE «BO3AYIIHOTO OK€aHa», KOTO-

PO€ TAKXE YMEHBINAECTCS C BbICOTOH.
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PTyTHBIi OapoMeTp — mnpubop s onpeleneHds aTMOCHEPHOro
nasienus; co3an Toppuueniu. CocTOUT U3 CTEKISHHOH TPYOKH, 3anasiH-
HOH C OIHOrO KOHUA, JUIHHON 1 M, 3aII0JIHCHHOH PTYTbIO; LIMPOKOTO COCY-
Ja. B KOTOPBIH BBUTUBAETCA PTYTh MOCHE OBOPOTA TPYOKH.

[To cBOHCTBY COOBLIAOIMXCS COCY/IOB:
Pase = Pyryen (MM PT. CT.).
Qopmyna ang onpeaciicHus arMocepHOro JaBieHus (B nackansix):
Pam = pprgh s
1€ Pary (I1a) — atMocheproe nasnenue; p,, =13600 Kr/M' — IUIOTHOCTB

pTyTH; g =9,8 M/c® — ycKOpeHHc cBOBOHOrO MazfeHus; h (M) — BBICO-

Ta PTYTHOro cToJoa.
JlononHHUTEAbHBIC CAMHULIBI U3MEPCHHUS IaBICHUS:
1 MM pT. cT. =133 Tla
latmM =10"Tla .

HopmanbHoe atmMocdepHoe naBnenue p, =10°Ta .

3ALAYN

10. C xaxoH CHJI0il AaBHT BO3/yX Ha MOBEPXHOCTh MUCHMEHHOrO CTOJA,
uirHa kotoporo 120 cm, uinpuHa — 60 cM, ecniu atMocdepHoe JaB-
nenue paBuo 100 kIla?

Omeem: kH
11. YCTaHOBHTE COOTBETCTBME MEXIY TEXHHYECKHUMH YCTPOHCTBaMH

(npnbopamu) ¥ GU3HUCCKMMHU 3aKOHOMEPHOCTAMH, JIEKAIUMHU B OC-
HOBC NPHHUMIIA UX NEHCTBUSI.



ITPUBOP OU3NYECKUE 3AKOHOMEPHOCTH

A) ruapaBiIHYECKUH 1) mnepenadya AaBjIEHUSA BHYTPH XHIKOCTH
npecc 2) MOBENCHHE >XHAKOCTH B COOOMIAIO-
b) nopiuHeBoi LIMXCA cocynax
KUIAKOCTHBIN 3) TemnIoBOE PAaCLIMPEHUE KUIKOCTER
Hacoc 4) neicTBUE aTMOCHEPHOrO JABICHHA
A b
Omeem:

ApxuMenoBa cujia

ApXHMel0Ba CHJIa (BBHITAJIKHBAKOLIAA CHJIA, NMOJbeMHas CHJA)
JIEHCTBYET Ha MOrPY>XEHHOE B )KUJIKOCTh WIH Ia3 Tejo.

A
Fa

A
L
1,

[TpynuMHa BO3HMKHOBEHHA BBITAJIKMBAIOLLEH CHIIBI: HHXKHAA TPaHb Tena
HaxoauTCs Ha OosblueH rmyOWHe, YeM BepXHSs, MOITOMY AABJICHHE XH/-
KOCTH CHH3Y OoJbllle, 4eM cBepXy. M3-3a pasHHLbI B JaBIEHHAX BO3HHKAET
BBITAIKHBAIOLLAS CHIIA.

ApxHMe0Ba CHJIa BCer/la HarpaBJieHA 6EPMUKANLHO 66EDX.

ApxHMMeNOBa CHJIa paBHAa pPa3HOCTH CHJ [aBI€HHA HA HHXHIOKW H
BEPXHIOK IPaHH:

Fa=Fy— Fg.
ApxuMenoaa CHJIa paBHa Pa3HOCTH BECa TCJla B BO3AYXEC H BECa T¢j1a B

JKHUIKOCTH:

F/\:Pmu—P;«'

Monynb BbITANKHBAIOWICH CHUJIbI OMPEJEIAETCA C MOMOILbLIO 3aKOHa
Apxumena.

3akon ApXHMeNa: uIMAIKUAIOWAA CUIA PAGHA 6€C) BbIMECHEHHOU
HCUOKOCMIU UAU A3
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YacTHble c1y4YaH onpeaesieHUsl apXUMeI0BOMH CHIIbI

IosHoe norpyxenue
FA = pmVTg Ll
rae V, — oObeM tena

HenoJiHoe norpyxenune
FA = P«ang ’
rae V,, — obbeM norpyxeHHOH YacTH TejIa

ITomnume, 4To B OpMyNy [/ pacyeTa apXUMEIOBOH CHIIbI CledyeT
TIOICTABAATE IUIOTHOCTD OKPY’KatoLIeH cpeibl ((KMIKOCTH HITH rasa).

BosnyxonsaBanue. [loagbeMHON CHIIOH CIIYKHT apXu-
ME/IOBa CUJIa:
Fy=puiVug,
a MEIAIT TMOAbEMY CHJIa TAXKECTH U CWJIa CONPOTUBICHUS
BO3/1yXa:
Foax = (M yapa + My + Mg, +my)g M Foppy

VnpasieHue wapom:

® [11ap 3aMOJHSOT HarpeTbiM BO3AYXOM WIIH ra3oM, IUIOTHOCTb KOTO-
POro MEHbLIE MIIOTHOCTH OKPYIKAIOLIEro BO3yXa;

e cOpachIBas 6asIacT, MOXKHO YBEJHYHTD BbICOTY MOJIETA;

® OXJ1aX1as ra3, MOXXHO BEPHYTbCS Ha 3EMIIIO.

3A0AYN

12. Ilpu B3BelIMBaHUH Ipy3a B BO3AYXE [OKA3aHUE JUHAMOMETPA PaBHO
1 H. IIpu onyckanuu rpysa B BOAy NMOKa3aHHE IHHAMOMETpA YMEHb-
waetcs fo0 0,6 H. HalinuTe 3HaueHHEe BLITAJIKUBAIOILIEH CHIIBI.

Omeem: H

13. IInacTUKOBBI NakeT ¢ BOJAOH 00bEMOM | J1 MOJHOCTBIO MOTPY3UIIH B
Bofy. OmnpenesnuTe BHITAJIKUBAIOILYIO CHITY, JEHCTBYIOLIYIO Ha akeT?

Omeem: H
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14.

15.

16.

17.

18.

3
Aspoctat oosemom 1000 M~ sanonded rendeM. I1noTHocTs resns
3
0,18 kr/M’, mnotHocTh BO31yxa 1,29 Kr/M’. Kakas BbITaIKNBaioLLas
CHJ1a JEHCTBYET Ha aspocTar’

Omeem: kH

YeMy paBHa apxXxWMeaoBa CHja, JICHCTBYHOLIAA HA TEA0 OOBEMOM
3 .

2 M’, HanOs10BHHY NOrpyXeHHoe B BoAy?

Omeem: xH

I'py3 maccoit 100 r noasewieH k HUTU U onyllueH B Boay. Ha rpys
JEHCTBYET BbITAIKMBAlOIas apxumegosa cuja 0,3 H. Uemy paBHa
CHJIa HATSXKEHUs HUTH?

Omeem: H
I'py3 maccoit m = 2,0 kr, nojBeiieHHbIH HA TOHKOH HWUTH, LIETUKOM

NIOIPYXKEH B BOLY M HE Kacaercs JHa cocyaa (cM. pucyHok). Moayib
cunbl HaTskeHua HUTH T = 13 H. Haiinute o06bveM rpysa.

O]

Omeem: i)

Ha xakoit n3 kybukoB Oyzer jciicrBoBaTh HanbonbLias cuina Apxu-
mena?

1 2 3 4
Bona Bbensun Bona Bensun

Omeem:
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Tes10 NOTHOCTBIO NOrPykKEHO B KUAKOCTb (MJIH ra3)

Apxumenosa cuna: F, =p,V, g .

Cvna tsxecTu: F,, =mg =

p.V.g.

Cvina HaTsKEHHUs HUTH, YACPXKHUBAIOLLAS TPY3:
T'=Fu—F,.

Hoockaska k 3a0aue

3aoaua

Ioockaszka

1. Onpeznenute MUHUMAITbHYIO
Maccy rpysa, KOTOpbIH cieay-
€T MOJIOXKHTb Ha IIOCKYIO OJ-
HOPOJHYIO JIbAUHY TMJIOLAAbIO
S, 4TOOBLI OHA MOJHOCTBIO T0-
rpy3wiack B Boay. To:iuuHa
JAbJUHBE A, @ MIOTHOCTD Jbja
p., IJIOTHOCTb BOABI P, .

Oveet: m,, = Sh(p, -p.)

MakcumaJ/ibHbI Ipy3 Ha JbJAHHE
[ Fi

o
Y Frﬁ}k‘

Bmopoii 3axkon Helomona 6 eexmopHoii
hopye:
Fo+F,,=ma, F\.=F,,.
ApXUMeE0Ba CHJla JeHCTBYET TOJIbKO Ha
JIbAMHY:

Fy=pJV.g=p,Shg.
Cuna TsxecTu

Fow =(m, + my)g ,

rac m, =p,Sh

YNPAXHEHUA

Kakyto cuiay Hazo npuaoxkuTh, 4TOObl MOAHATH MOA BOJOH KaMCHb,

macca kotoporo 30 kr, a o6vem 12 000 cM™? (180 H)

Kakoii HauGonbni rpy3 MoxeT nepeBo3uTs 6aMOYKOBBIH TIOT M10-

2 v
wazapre 10M~ u Tomumuoit 50 cM, ecnu rwioTHOCTL OamMOyka

400 kr/M>? (3000 kr)

3.  Kakywo HauMeHblIyK MJIOIAAb MMEET JIbAHHA TONLMHOK 40 cMm,

crnocoOHast yiepxkaTh Haj
nbxa 900 kr/nm. (2 m?)
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Bozi0H denoseka Maccor 80 kr? ITnoTHocTs



2 .

4. Tlorpy3uTcCs JIM JbIHHA MJIOAIbI0 8 M” ¥ TOIIMIMHON 25 CM LIEIHKOM
B M[PECHYIO BOMY, €C/IH Ha Hee BCTAHET YEJIOBEK, BEC KOTOPOro
600 H? ITnotHOCTS Abxa 900 Kr/M". (Her)

5. Tlnot coctout H3 12 cyxux enoBbix OpycheB. [lHHA Kaxaoro 6pyca
4 M, mMpuHa 30 cM ¥ ToKHA 25 cM. MOXHO JIM Ha 3TOM IUIOTY IIe-
penpaBUTh 4Yepes pexky asToMmauiuHy Maccod 1 1? ITnoTHocTe cyxom
enn 600 Kr/nm’. (da)

6. bpeBHO, HMeloliee UIHHY 3,5 M U Tutomaab ceyeHus 700 CMZ, TLTaBa-
et B Boge. IlnotHocTh nmepesa 700 Kr/M". OnpenennuTe MakCHMalb-
HYIO0 Maccy 4ellOBEeKa, KOTOPbIi CMOXET CTOSTh Ha OpeBHE, HE 3aMO-
yuB HOrd. (73,5 kr)

YcaoBusi IJ1aBaHHUA TeJl

Ha mofoe Teno, nmorpyXeHHoe B XHUIKOCTh WM ra3, ACHCTBYIOT IBE
IPOTHBOIOJIOXHO HAINPaBNACHHbIE CHJIbI: CHIIa TSHXKECTH H apXHMENOBa CH-
na. HampapneHue IBIDKEHHs Tena 3aBHCHT OT TOrO, Kakas M3 3THX CHI
Oomnbile Mo MOAYIIIO;

TeJI0 TOHET

mg > Fu; pr > P,
TE€J0 IJIABAE€T BHYTPH KHAKOCTH
mg=Fu; pr =Pu>»
TE€J0 BCIIJIBIBACT
mg < Fx; pr <Px-
Yumume: Teno, uMerolee MIOTHOCTh MEHBIYIO, YEM IUIOTHOCTD JKHJI-

KOCTH, B KOTOpOﬁ OHO I1J1aBacT, 6y11€T HaxXOJHUTBhCA HA MOBEPXHOCTH, YacC-
THYHO NOTPY3UBIINCH B XXUAKOCTh.

Tes10 nj1aBaer Ha NOBEPXHOCTH

OCHOBHOE yCJIOBHE Fy = Fo

Cuna TsxecTu Fow =mg=p.V. g
Cuna Apxumena Fr=pxVua8
Ob6weM V' u BeicOTa h Tena V=5Sh,
NpaBHWIbHOH (HOPMEI rae S — MiomajAb CeYEHHs
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Ioockasku k 3adauam

3aoauu

IToockasku

1. CnnouiHoe Teno oobeMoM V,
IJIABAET B BOJE, MPUYEM MOJ BO-

. 3
IOW HaxomguTCs Z ero obonema.

Onpenenute CUITy TAKECTH, JEH-
CTBYIOIIYIO Ha Teso. [110THOCTD
BOJBI P, .

OrBeT: F,, = %pBVrg

A
h: l

Bmopoit 3akon Hviomona e eex-
mopHoU gpopme:
FA+Fu)x:ma; anzFA

3
FTSDK =panTg

2. Kakas yacte (B mpoleHTax)
aiicbepra HaxoouTCs MoJ BOJOH?
IInorHocTh NbOa p,= 900 Kr/M3,
a Boasl p, = 1000 Ko/,

OtBet: 90%

Bmopoiui 3axon Hviomona 6 eex-
mopHol ghopme:

Fy+F,=ma;, F\.=F,,
v _Pa

Vi Ps

PiV:8 =PuVnu &

3. Tlosoe Te€NO MIIOTHOCTBIO P,

Jj1aBa€T B BOAC, MOrpy3MBUIHCH

1 .
Ha — cBoero obbemMa. Haitnure

o0beM noJioctu V, , ecnu oobeM
Tena V,, a INIOTHOCTh BOIBI P, .
Vr (spr - pn )

Oteer: V, =
5p.

Bmopou 3axon Hbelomona 6 eek-
mopHou gopme:
Fa+F, =ma
FA = Fu)u

paVn.q.g = pT(VT _Vn )g

3A0AYN

19. B cocyae HaxXoauTCs TPU XUAKOCTH, HE CMEIIHBAIOLIMECT MEXIY CO-
6oit: pryTs (13600 xr/m’), Boga (1000 kr/M’) 1 kepocus (700 Kr/nm’).
I'ne 6yner naxoauThcs kycouek asaa (900 Kr/m), OpoleHHsIil B co-
cya? Beibepute HOMep NpaBUILHOTO YTBEPKACHHS.

1) Haa KepOCHHOM

3) Ha rpaHuue Boja — pTYThb

2) Ha rpaHuue KepoCHH — BOJa 4) Ha aHe cocyAa

Omeem:
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20.

21.

22.

23.

24.

Ky6uk Maccoit 40 r 1 06beMoM 250 CM MIaBaeT Ha MOBEPXHOCTH
Boabl. Hailnute 3HaueHue BHITAIKMBAIONIEH CHIIBI, NEHCTBYIOIEH Ha
KyOHK.

Omeem: H

Onuopoauslii enoBHi Opyc nyiuHO#H 6 M U ceyenneM 10 cM x 10 cM
riaBaeT B Boje. Kakas BhITankuBaromias cuna JedcTByeT Ha Opyc,
€CJTH TUIOTHOCT €M 450 Kr/m>?

Omeem: H

ITpoGkoBeIii Opycok mnaBaer B Boxe. Kakas yacte oOnema Opycka
k]
HaXOJHTCH HWKe ypoBHA Boabl? [1n1oTHOCTE MpoOku 250 kr/M .

Omeem: %

JBa OOMHAKOBBRIX Opycka TOMIMHOM A KaXKABIA, CBA3aHHbBIC JApYT
C IPYroM, IUIaBalOT B BOJE TaK, YTO YPOBEHb BOJIBI IPHXOMUTCA Ha
TpaHully MeXAy HUMH (CM. pucyHOK). Bo ckonbko pa3 yBenwyuTCs
rnyOHHa NOTPYXKEHHA, €CIH B CTONKY NOOaBUTH elile OOHH TaKo ke
6pycok?

A

Omeem: B pas(a)

YeTbipe OQMHAKOBBIX JHCTa (paHEpbl TONILHHOW L KaXAbld, CBA3aH-
HBIE B CTOIIKY, IL1AaBAIOT B BOJE TakK, YTO YPOBEHb BOJIbI COOTBETCTBYET
TPaHHIIE MEXIY ABYMs CPEAHHMH JIHUCTaMH. Bo ckosbko pa3 ymeHb-
LIKTCA ITyOHHA MOTPY>KEHUs, €CIIH U3 CTONKH yOpaTh ABa JHCTa?

Omeem: B pas(a)
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25.

26.

27.

166

Bpycok BhICOTOH /1 IuiaBaeT B HIKOCTH, OTPY3UBIIHCH B HEC HATIONO-
BHHY (CM. PUCYHOK). BO CKOJBKO pa3 yMEHBIIUTCA TTyOHHA TTOrpyKeHHs,
eciH 6pYCOK TaKuX XKe Pa3MepoB, HO H3rOTOBJICHHBIH M3 MATEPHAIA BIIBOS
MEHBILIEH TUIOTHOCTH, NOTPY3UTCS B Ty KE KHAKOCTH?

miL

Omeem: B pas(a)

bpycok BbiCOTOH /4 miaBaeT B BOJAE, MOrPY3UBLIMCH B Hee Ha OJHY
TPETh (CM. PUCYHOK). BO CKOJIBKO pa3 yBeqH4HTCS IiTyOMHa MOrpy-
JKEHHs, €CIIM B BOJY NOMECTHTh OPYCOK TAaKHX K€ pa3MEpOB, HO H3-
TOTOBJIEHHBIH M3 MaTepHaa, INIOTHOCTh KOTOPOTo BIpoe Gonblie?

Omeem: B pas(a)

Ha noBepxHOCTH BOJBI IJIaBa€T CIUIOMIHON AepeBAHHBIH Opycok. Kak
U3MEHATCA INTyOHHa NOrpyeHHs Opycka M cHia ApxuMena, AeicT-
BYIOIlIasl HA OpYCOK, €CJIH €r0 3aMEHHTh CIUIOIIHBIM OpYCKOM TOH xe
MJIOTHOCTH U BBICOTHI, HO 0OJIbIIEH MacChl?

OU3SNUYECKAS BEJIMYHMHA XAPAKTEP UBMEHEHU A
A) rayOuHa norpyxeHus Opycka 1) yBemuuutcs
b) cuna Apxumena 2) yMEHBLUHUTCA

3) He U3MEHHUTCH

Omeem:




6. MOJIEKYJISAIPHAS ®PU3UKA.
I'A30BbBIE 3AKOHbI

OCHOBHbBIE NMOJIOKEHHUSA
MOJIEKYJISIPHO-KHHETHYECKOH TEOPHH
H UX ONBITHOEC 000CHOBAaHHE

1. Bce BemiecTBa coCcToAT u3 moaexy1 (noaydeHs! ¢otorpaduu ¢ mo-
MOMUIBIO JMEKTPOHHOIO MHKPOCKOIA).

2. Mexny MoneKynaMH €CTb npomexcymku; TIpH HarpeBaHUH OHH YBe-
JMYUBAOTCS, @ MPU OXJAXKACHUM yMeHbluawTca. (O6beM cMecH BOIBI U
CIIHpTa MEHblE, YeM cyMMa O0OBbEMOB BOABl M CIIUPTA 0 COEIMHEHMS.)
Hckmouenus: npu oxnaxzaeHuu (10 4 °C) B BoAe NPOMEXYTKH YBEIHYH-
BAaIOTCS, MPH HarpeBaHMUHU PE3HHbI — YMEHbBILAXOTCS.

3. Monekynnl dsuxcymcs. UeM GbicTpee MX IBMXKEHHE, TeM Oonblie
TeMIepaTypa BelecTsa, U Haobopot. ([Auddys3us — sBneHue nepeMelu-
BaHMA BELUECTB O€3 MOCTOPOHHEro BO3AEHCTBHUA; OpPOYHOBCKOE ABHXKE-
HHE — TEIUIOBOE IBH)KEHHE YACTHIL 1107 ACHCTBHEM MOJIEKYJI BELIECTBA, B
KOTOPOM 3TH YaCTHLb! B3BELIEHBI.)

4. Monekynbl g3aumodeiicmsyrom. Ha paccTOSHUSAX, CPaBHUMBIX C
pa3MepamMH MOJEKYJI, 3aMETHEEe IPOABIACTCA MPUTHKCHUE, a IPH YMEHb-
LIeHUU paccTosiHuii — orrankuBaHue. ([Ipumep: ckienBaHue ABYX IUIO-
CKHX CTEKOJl, CMOYEHHbIX BOAOH.)

CaoiicTBa TBEpAbIX,
AKHIKHX U ra3000pa3HbIX BelllecTB

Coxpausier Coxpansier Ocobbie
o0Bbem dhopmy CBOHCTBA
Tsepnoe Teno + +
XKuakocts + - TEKYy4eCTh
Ia3 - - JIETY4eCTh
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CTpoeHHe TBepabIX, dKHIKHX H ra3000pa3HbIX BelIeCTB

HOMHume, YTO XMMHYECKHH COCTaB MOJIEKYJI HE 3aBHCHUT OT arperar-

HOI'0 COCTOSAHHA.

Taepnoe Teno Kuaxocts Ias
CtpocHue ¢ ® ¢ ® ®
MHuorokpatHo
Paccrosnus CpaBHUMO Yyt Oomnbilie, P
NpeBbIILIAET
MEXTY C pa3zMepoMm 4eM B TBEPJIOM
pa3Mepsl
MOJIEKYIaMH MOJIEKYJ Tene
MOJIEKYJl
Xapakre
pakrep Konebarensrnoe | CkaukooOpa3Hoe | XaoTHYECKOE
JBH)KCHHUSA
CkopocTH
P Maunbl Ckopee Malibl OrpoMHsI
MOJIEKY
BsaumoneicTaue
Mesnbl1ie, 4eM y
MEXIY HauGonsiee HaumeHnsiuee
TBEPABIX TEN
MOJIEKYJIaMHU
SAL0AYU

1. PTyTHBIi TepMOMETp MOKa3bIBaeT MOBbIIEHWE TemnepaTyphl. Kak
M3MEHSIOTCSA TPOMEXYTKH MEKIY MOJIEKYJIaMH U Pa3Mepbl MOJIEKYII?

OU3NYECKAA BEJIMYMHA
A) TlpoMexyTKH MEXLY
MOIJICKYJ1IaMH

b) Pa3mepsl Moieky

A

b

Omeem:
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XAPAKTEP U3BMEHEHMA
1) yBenuuuBalOTCA
2) yYMEHBIIAKOTCA
3) He U3MEHAIOTCS



YCTaHOBHUTE COOTBETCTBHE MCXKAY ¢H3I’I'~ICCKHMH ABJICHUAMH H HX
Ha3BaHUSAMH.

OU3NYECKOE SABJIEHUE HA3BAHHE

A) XaoTHueckoe ABHKEHHE TBEPABIX 1) xoHBexkuus
YaCTHLL BELLIECTBA, B3BEILLICHHbBIX 2) OpoyHOBCKOE
B KHJKOCTH (MM rase) IBH)KECHHE

b) CwmewnBanue BewecTs 63 MOCTOPOH- 3) nudbdy3us
HETO BO3JCHCTBHA 4) mucnepcus

A b
Omeem:

Y cTaHOBUTE COOTBETCTBHE MEXOY XapaKTEpOM JIBUKCHUS MOJICKYII H
arp€raTHbIM COCTOSAHUECM BCILLCCTBA.

COCTOSAHHE
JABMXXEHHUE MOJIEKYJI BEIL[ECTBA
A) JlBurasch BO BCEX HanpaBJICHHAX 1) TtBepmoe
TIOYTH HE B3aUMOJEHCTBYS APYT C 2) rasoobpasHoe
JIPYTroM, MOJIEKYJIBI OBICTPO pacrpe- 3) xuakoe
JENSAI0TCA 110 BceMy 00beMy cocya. 4) nnasMa

b) Yactuus! coBepuiator kojaebaHUs BO3-
Jie TIOJIOKEHUS] PaBHOBECHS, CTAJIKH-
BasCb C COCEIHMMHM uyacTHLaMH. Bpe-
Ms OT BPEMEHH 4YacCTHIbI COBEPIIAIOT
OpEDKOK K APYTOMY IOJIOKEHHIO PaB-
HOBECHH.

A b

Omeem:
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Cnoco0b1 onpenesieHHsi MHKPOCKONIHYECKHMX NapaMeTpoB
(amaMeTp MoJIeKyJibl, Macca MOJIEKY.JIbI)

JnaMeTp Mosekyibl d (M) onpe/ieNneH 3KCNEPHMEHTANbHO.

Ha noBepxHOCTb BO/ABI HAaHECHH Kar-
Mo Macna, o0beM koTtopo V. Ha mo-
BEPXHOCTH BOJBI 0Opa3oBaniach TUIEH-
Ka TONIIMHOM B OAHY MOAEKYyNly H
IUIOIIAABI0 S

V
Jnametp MOJIEKYIbl: d = 5

O0peM Kamu: V = n
p

IImowaas naTHa:

S=nR’= nD’

dMon = lO_gM; daT()Ma: 10'10 M

OTHOCHTEIbHAss ~ aToMHas  Macca
A,(a.e.M) ykazaHa B Tabnulie XUMHUE-

ckux anemeHToB J{.M. Menneneena

my
o
[ Mec

rape m, — Macca OJHOro atroma,

A4, =

mye — Macca aToma yriepoaa

OTHOCHUTEIBLHAs MOJIEKYJIspHas Macca
M, (a.e.M) CKIanbIBacTCi U3 OTHOCH-

M, =3A,
TEJLHBIX aTOMHBIX MAacc, BXOIAILIMX B

COCTaB MOJIEKYJIbI

MonspHas Macca M (kr/Monb) — Mac- M=M, 107"

ca 1 Moib JaHHOrO BEIICCTBA

Homnume: Hy, O,, Ny, Cl,

[ToctrosnHas Aoraapo N, (1/mMomn) —

1

N,=6-10"
YHCJIO YaCTHLL B | MOJIb BELIECTBA MOJIb
Macca MoneKyJsl mg (KT) m, = M
Na
KosnuecTo BewiectBa v (MOnb) — N m pV
YHCJIO YAaCTHL, H3MEPEHHOE B OTHOCH- V= 7\/? YAy

TEJLHBIX €IMHHULIAX (B MOJIAX)

JByxaToMHBIF ras mnepcuci B aTo-
MapHOE COCTOSIHHE

3 3
ITnotHocTh p (kT/M°) — Macca 1 M
JIAHHOTO BemlecTBa (TabnauuHas BeEJH-
YyHAa)
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Yucno MONEKYNT N,o W ATOMOB N | Nyon =VNA =0V 5 Nyow =kNyoy s

rone k — KOMMYECTBO AaTOMOB
B OJTHOH MOJIEKyJIE
Kouuenrpauus »n (l/M3) — YHCHO Yac- = N _p
L B 1 M’ Vo om,
Macca BeuiectBa m (kr) m=pV =vM
3A0AYN
4. B Ilepuogmnueckoii cucreme anmeMeHToB [JI. Y. MeHaeneeBa B K1€T04Y-

Ke, Iie yKa3aH renui, crosar uucna 2 u 4,00. Ha ocHOBE 3THX JaHHBIX
23
omnpenenuTe, YeMy paBHa macca 6-10° aToMOB reus.

Omeem: Kr

B 6announe Haxoautcs npumepHo 3-10% monexyn raza. Onpenenure
KOJINYECTBO BEUIECTBA.

Omeem: MOJIb

B 6auone Haxoautcs 4 Monb rasa. CKoJbKO NPUMEPHO MOJIEKYJT ra-
3a HaxoauTcsi B OamnoHe? [lonydyeHHEIN pe3yjbTaT yYMHOXBTE Ha
1072,

Omeem:

B cocyae naxomunca 1 Mons MonekyasipHoro soaopoaa. Ilpu mossi-
HMIEHHH TEMIIepaTypbl BECh BOJOPOJ MEpPEHIeN] B aTOMapHOE COCTOA-
Hue. KakuM cTano xonuvecTBo BellecTBa B cocyne?

Omeem: MOJIb

B cocyzme HaxomMTCs cMech ABYX rasoB 4-10 monekyn kuciopona

v(O
v 4-10” Monekyn Bomopona. OmnpenenTe OTHOMIEHHE ETZ; KO-
viH,

JIMYECTB BENIECTBA 3THX r'a3on?
Omeem:

171



9. Ckonbko mMomp H,O 06pasoBanoch npu xuMHuecKko# peakiuH, Ipo-
H301LEUIEH B CMECH OJHOTO MOJIb Bogopoaa H, 1 aByx Mok KKciIo-
poaa O,?

Omeem: MOJIb

10. B cocyae Ne 1 HaxoauTes 2 r MONEKYASPHOTO BOAOPOAA, a B COCY/E
Ne 2 — 18 r Bonmsl. B kakoM cocyze comepxutcs 6ojblie aTOMOB?
MosnspHas Macca Bogopoaa 0,002 kr/mons, a Bogs! 0,018 kr/mMois.

Omeem: B cocyne Ne

11. Bo ckonbko pa3 4YHCI0 aTOMOB MEIH OTIMYAeTCs OT YHCJIa aTOMOB
KHCJIOpOJa NpH HOPMAJIBHBIX YCTIOBHAX, €CITH MOJIAPHAasA Macca MeIH
M(Cu) = 0,064 kr/monb, kucmopoaa M(0O,) = 0,032 kr/Mob, a KOJH-
4ECTBO BELIECTBA, KaK ME/IM, TAK M KHCJIOPOAa, paBHO 1 Mob?

Omeem: B pa3(a)

12. Ha nosepxHOCTb BOABI KamaiOT pacTBOpP MOJCOJHEYHOTO Macia B
OensuHe. CHayana Ha TOBEPXHOCTH BOIbl 0OpasyeTcss Kpyrjoe pa-
IYXHO€ IIATHO, 3aTeM O€H3MH Mcrnapsercs, HATHO Hcye3aeT. Ilockl-
NIaHHE MMOBEPXHOCTH BOJD! TAIBKOM Yepe3 TOHKOE CHTEYKO [T03BOJIAET
OOHapyXHTb MpaHMLBI HEBUIMMOIO A0 TOTO MAac/IfHOrO MATHA JHa-
MeTpoM 20 cM. OLiCHHTE MO 3THM JaHHBIM pa3Mep MOJIEKYJ Macia,
€CJIM KOHIeHTpalusa Macia B 6ensune 0,1 % (mo oobemy), a 00beM
kKaru OensuHa 0,05 mn. IlnotHocts GeH3WHa M Macia MPHMEPHO
paBHBI. OTBET OKPYTIHTE JIO ACCATHIX.

Omeem: HM

HAneanbHbii ras.
OcHoBHoe ypaBHende MKT uaeannHoro rasza

HpaeanbHbiii ra3 — ra3, yIOBJIETBOPAIOIINIA TpeM ycIoBHAM: 1) Mo-
JIeKyJIbl — MaTepUabHble TOYKH; 2) MOTEHUHAIbHON 3HEPrUeN B3anNMO-
JEeHCTBUA MOXHO NpeHebpeyb; 3) CTOJKHOBEHHS MEXIY MOJIEKYJIaMH SB-
N10TCA abCcoMoOTHO YypyruMH. PeanbHbii ra3 ¢ Majiod ILIOTHOCTBIO MOX-
HO CYHTATh UACATBHEIM.
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H3mMepenne Temnepatypbl

Ml kana Heabcus

HIxana KejbBHHA

OGo3HauyeHHEe TeM- t (°O) T (K)
nepaTypsl
H3yuaemsiit npouecc | Tennosoe pacuinpe- | Tennosoe paciidpeHue

HHE BO/Jbl

HACAJIBHOIO ra3da

OnopHble TOYKH

0 °C — remneparypa
IUTIaBJICHHA JIbJA

100 °C — Ttemnepa-
Typa KHIIEHUS BOJBI

0 K — abcomoTHbIiH HyIb —
3TO TeMIeparypa, NpH Ko-
TOpOil JaBJICHUE UJACAJIBHO-
I0 rasa paBHO HYJIIO MM
€ro o0beM paBeH HYJIIO

leHa neneHus 1°C I1K=1°C
H3menenue Temme- At= AT AT= At
aTypsl
CBiA3b MEXIY TeEM- t=T-273 T=1t+273
nepaTypamu
Bonee Touno t=T-273,15 T=1t+273,15
3A0A4YHN

13. Tewmneparypa rasa B cocyze pasHa 2 °C. Bolpasute 3Ty Temnepatypy

B KCJIbBHUHAX.

Ha PHCYHKE IIOKa3aHa 4YaCTb LIKaJbl KOMHATHOrO TEpPMOMETpaA.

Onpenenute abCOMIOTHYIO TEMIIEpATypy BO3AyXa B KOMHATE.

Omeem: K
14.

Omeem: K
15.

Henbcus.

Omeem: °C

30 20 10

AbcomoTnas Temneparypa tena 300 K. Boipasute ee B rpagycax
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16.

17.

18.

19.

Temneparypa Tena, u3MepeHHass B emuHHuax cuctemMsl CH, paBHa
281 eaunuue. [Ipu 3ToM TeMmnepaTypa Tena, H3MEPEHHAs 110 LIKAJeE
Lenbcus, paHa

Omeem: °C

Temneparypy TBepaoro Tena noHu3uny Ha 15 °C. YeMy paBHO H3Me-
HEHHe TeMIlepaTypsl Mo abCcoNIOTHOI mikane?

Omeem: K

AOGcomoTHYI0 TemIiepaTypy rasa, nepBoHayanbHo paBHyw 200 K,
yBeJIHuYHIH BABoe. Kakoii crtana TeMneparypa, BolpakeHHast B rpafy-
cax [lenbcusa?

Omsem: °C

Temneparypa tena 1 paBna —20 °C; Tena 2 pasHa 283 K, Tena 3 pas-
Ha 5 °C. 3anMummTe HOMEpa 3THX TeJI 110 BO3PACTAHHIO TEMIIEPATYPBI.

Omeem:

OcnoBHoe ypaBHenne MKT uaeansHOro rasa cBA3bIBacT MaKpona-

pamempur (1aBleHue, 00bEM, TEMIEpaTypy, Maccy) H Mukponapamempol
(Maccy MoJeKyI1, CKOPOCTb MOJIEKYJI, KHHETHYECKYIO BHEPTHIO).

JlaBieHHe HAeallbHOro rasa
CBS3aHO C TEM, YTO MOJEKYJIBI
rasa OecmopsioyHO ABHKYT-
Csl, CTAIKUBAIOTCA APYT € ApY-
T'OM H CO CTEHKaMH cocy/a

1 5
p= 3 mynv”
_1 o0
P=3
2 —
P= E”Ek
p =nkT
CiaeacrBus M3 OCHOBHOIO
YPABHEHH  MOJIEKYJISpHO-

KHHEeTHYECKOH TeOpHH Hle-
AJILHOIO ra3a

CKopocTh OBHXKEHHUS MOJIEKYJI
WY 4aCTUL

R=N, k=831 JIx/(K-monb)
yHHBEpCalbHas ra30Bas OCTOAHHAs
k=1,38-10"" JIxx /K — NOCTOSHHAas
bonbumana

1

Ny=6-102 ——
MOJ1b

MOCTOAHHAasA

Asgorajzpo
p(Ila) — naBneHHe rasa
M N
m, =——(Kr) — Macca OJHOH More-
Na
KYJIBI
M (xr/Mons) — MosspHas Macca
N(1
n=—| — | — KOHUEHTpaLus
Viwm
N — gucno MonekyJ
V(M’) — oObem rasa
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Temnepamypa — mepa cpeo- | KBaApara CKOPOCTH

Heu KUHeMmUYEeCKOoU JHepeuu v= \]UZ (M/C) _ Cpe}IHeKBaﬂpaTH‘{Haﬂ
MO.1eKY1 UOeATbHO20 2a3a

- [T p= E(KF/M‘ ) — motHoCTS Bewectsa
V
my

m(Kr) — Macca rasa
b 3RT — L.
'Y, v (M /c) — cpeoHee 3HaueHHE

20.

21.

22,

23.

CKOpPOCTh
- 3 -
E; :EkT E«(Jlx) — cpenHee 3HaueHHE KHHE-
= TUYECKOH IHEPIUH
2E, —
r= i E=NE:([Ix) — monHasd 3Heprus
NOCTYNAaTEebHOTO JBHIKEHUS MOJIEKYI
T(K) — abcomoTHas Temmeparypa
raza
3A0A4YHN

Hasnenue 100 kIla co3maercs MoseKkyJdaMH rasza maccoi 3-107°kr
25

npu koHueHTpauni 107 M . UeMy paBHa cpeHeKBaJpaTHUHAas CKO-

pocTh Monekyn?

Omeem: M/c
I1py HeHM3MEeHHOH KOHUEHTpAUMH MOJIEKYJ U/IEaIbHOIO ra3a CpeRHss
KBaJpaTH4YHAas CKOPOCTb TEMJOBOIO IBHXKEHHS €ro MOJIEKYJT YMEHb-

muiack B 4 paza. Bo ckosibko pa3 yMEHbILHIOCH MPH 3TOM JABJICHHE
raza’?

Omeem: B pas(a)
IIpn HeM3MEHHOH KOHIIEHTpAIMK MOJIEKYJT MACATILHOrO rasa CpeaHss

KHHETHYECKas DHCPrUs TEMJIOBOTO ABHXKEHHUSA €ro MOJIEKYJ W3MEHHU-
Jack B 4 paza. Kak H3MEHHIIOCE NTPH 3TOM AaBJieHue rasa?

Omeem: B pas(a)

Bo cxonbkO pa3 yMeHbLUHTCS JaBJICHHE HIEANbHOTO OJAHOATOMHOIO
rasa, CCjH CPEeHION KMHETHUYECKYIO DHEPTHIO TEIUIOBOrO ABH)KCHHS
MOJIEKYJT M KOHLIEHTPALIHIO YMEHBILIHTH B 2 paza?

Omeem: B pa3z(a)
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24. B pesynbTaTe HarpeBaHHs H CKAaTHS WACAILHOTO OJHOATOMHOIO Tasa
€ro JIaBIIEHHE YBEIUUYUIOCH B 3 pa3a, a KOHLEHTPALUs €ro MOJIEKYI
yBeJIM4Miach B 2 pasa. Bo ckonbko pa3 yBenIu4MiIach CpexHis KHHE-
THYECKast JHEPrHsl TENJIOBOTO JIBHKEHHs MOJIEeKy rasa?

Omeem: B pasa

25. B pesynbraTe HarpeBaHHsi HeoHa aOCONIOTHas TeMIeparypa rasa
yBEIMUYHMIAack B 5 pa3. Bo ckonbko pa3 BO3pociia CpelHsisi KHHETHYE-
CKasl 3HEprus TEeNnjJoBOTO JBMXKEHHUS €ro MONIEKY?

Omeem: B pa3

26. [Ilpu ymenblienun abcontoTHoH TeMrepatypsl Ha 600 K cpenuss ku-
HETHYECKast SHEPrHs TEIJIOBOrO JABHIKEHHSI MOJIEKYJl HEOHa YMEHb-
wunack B 4 pasa. KakoBa HauanpHas Temneparypa rasa?

Omeem: K

YpaBHeHHE COCTOSIHUS UA€AJIbHOIO0 ra3a

YpaBHeHne COCTOSSHHA HA€AJILHOIO rasa ObL10 OTKPBLITO 3KCIICpH-
MEHTANIbHO M HOCHMT Ha3BaHHe ypaBuenMsi Kiaaneiipona—Menaeieena.
OnHo YCTAHABJIUBACT MATEMATHUYCCKYHO 3aBUCUMOCTh MEXIY nmapaMeTpaMu
HealbHOTO ra3a, HaXxO/ISLIEerocs B OZIHOM COCTOSIHHH.

m

y =" R
P =u

pV =vRT
p

- P Ry
P="m

[lomnume: Bce emMHHMLIBI W3MEPEHHS CJIEQyeT Cpa3y MepeBOAMTH B

emunanpsl CU. Yumume, uto 1 1= 107 v’

3AAYN

27. Kucnopozn HaxoauTcsi B cocyne BMecTHMOCTBIO 0,4 M’ IO/ JaBTIEHH-
em 8,3-10" I1a u npu Temneparype 320 K. Uemy paBHa Macca KHCIIO-
pona? Monsipuast macca kucnopoaa 0,032 kr/mMosb.

Omeem: KT
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28.

29.

30.

B 6Gamione o6bemMoM 1,66 M’ HaxXomuTCs 2 KT a30Ta MPH JaBJICHUH
100 kIla. Yemy paBHa TemmepaTypa 3toro rasza? MomspHas Macca
aszora 0,028 xr/Mons.

Omeem: °C
IIpu Temneparype 10 °C u maBnenun 100 xIla nmnoTHOCT raza paBHa

3
2,5 Kr/M". Belyucnure MonsipHyio Maccy ra3a. OTBET OKpYIJIMTE 10
LENbIX.

Omeem: I/MOJIb

I'a3 Haxoqutca B Oawione ooneMoM 8,31 1 mpu Temneparype 127 °C
u nasneduu 100 kI1a. Kakoe konudecTBO BellleCTBa COOCPXKUTCA B raze?
Omeem: MOJIb

YpaBHeHHe COCTOSIHHS MIEAILHOTO ra3a clieJyeT MCIOIb30BaTh,

€CJIM ra3 MEePEXOAUT M3 OJHOr0 COCTOSIHHUS B APYIO€ M IPH ITOM HM3MEHS-
ercs ero Macca (KOJIMYECTBO BENIECTBA, YHUCJIO MOJEKYJ) HJIH MOJpHas
Macca. B 3ToM cinyuae HeoOXoauMo cocTaBUTh ypaBHeHHe KnaneHpoHa—
MenpeneeBa OTAENBHO [UIA KaXKIOTO COCTOSHMA. Pemias cuctemy ypaBHe-
HHUH, JIETKO HAUTH HENOCTAIOLIHUH MapaMeTp.

Iloockasku k 3a0auam

JlaBnenue Bo3pocino Ha 15% p: =L15p,
O6neM yBenuumiicsa Ha 2% v, =1,02¥,
Macca yBennuunace B 3 pasa m, =3m,
I'a3 Harpesncs o 25 °C T, =25+273=298 K
Temneparypa yMeHbIINIACh ,=T-15
Ha 15 Kwmu Ha 15 °C 3anomuume: At= AT
Temneparypa yMEHBLINIACH T - L
B 2 paza )
Macca ymenbiuuiacs Ha 20% m, =0,8m,
BeinyieHo 0,7 HavaibHO#H Macchl BaxxHo, uTo ocTanoce B cocyne
mz - 0, 3m1
Kakyio maccy cnenyet ynaiuTh 13
9 m; —m,
o6amioHa’
r o
a3 MOTEPSAI MOJIOBHHY MOJIEKYJT N, = _1;1_ um m, = %
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Morexynbl AByXaTOMHOTO Ta3a M

(nanpumep, BoJopoa) IMCCOLMHU- M, = 71

PYIOT Ha aTOMBI

O3on O MpH HarpeBaHUH Mpe- M(0;)=34,(0) 10" xr/monsb

Bpaiaercs B kuciopoa O, M(O;)=24,(0)-10"* kr/momb

OTKpBITBHIH COCY [ToctosiHHBI: V, Paru

3aKpBITHIH cOCyA Tloctosiuuel: m, M,v,V,N, n,p

HopMansHsle ycnoBus: Temnepatypa 7y = 273 K

JIaBJICHHE py = 10° ITa

EnuHuub! U3MepeHHs daBieHUs 1 atm = 10° TTa

YNPAXXHEHUS

B Oannone copepxutcs raz noa nasneHueM 2,8 MIla npu temnepa-
type 280 K. Yaanmus nonoBuHy Mosekyn, OaJUIOH MepeHeciIH B I10-
MellleHHe ¢ Apyroi Temneparypoil. OnpeaennTe KOHEYHYIO TeMIepa-
TypYy rasa, eciid AaBjieHHe yMeHs1nnocs 1o 1,5 Mlla. (300 K)

B 3akpeiTOM cocyne Haxoautcs ras non gasieHueM 500 klla. Kakoe

4
JAABJIEHHE YCTAHOBHUTCA B COCYyIE, €CJIH INOCJIE OTKPBITHA KpaHa g

Macchl rasa BoliineT Hapyxy? (100 kIla)

bannon conepxxut cxathlit raz npu temneparype 300 K u naBnenun
200 kIla. Kakum Oynet naeneHue B GajuioHe, KOraa U3 Hero Oyzaer
BhinymieHo 0,6 Macchl rasa, a temmneparypa noHusutcs go 0 °C?
(72,8 xll1a)

IMpu temneparype 7o ¥ naBleHWH po UAEANbHBIH ra3 KOJIMYECTBOM
BelecTBa 1| Mok 3aHMMaeT o0beM V. KakoB o0bemM 2 Momb 3TOTO
rasa npu aaeieHHuH 2 py ¥ temnepatype 2 7o? (2V))

B OGamnoHe ¢ Bo3OyXxoM 00beMOM 51 JaBiieHHE rasa ynajio OT
100 kIla mo 50 kIla. KakoBa Macca BeITEKIIEero M3 OajloHa BO3MyXa,
eciau OayIOH HaxOoAMTCs B KOMHaTe ¢ teMneparypou 27 °C? Monsp-
Has Macca Bo3ayxa 0,029 kr/Mone. (3 1)

B Gannone conepxutes raz maccoit 80 r npu temneparype 240 K.
Kakyto Maccy raza Hy»HO yaanuTe W3 6asioHa, yToObl [IpY Harpesa-



HHH OCTaBLIETroCs rasa ao temneparypsl 360 K, naBnenue B H6annone
ocranocs npexxaum? (26,7 r)

7. U3 GannoHa co cxKaThiM BOJOPOAOM BMeCTHMOCTbIO 10 11 BeneacTue
HEHCNPaBHOCTH BEHTHJIS BbITeKkaeT ras. Ilpu temneparype 7 °C MaHo-
MeTp nokasbiBaeT 50 aTM. Uepe3 HEKOTOPOE BpeMs NpH TEMIIEpaType
17 °C maHoMeTp moka3ai Takoe e AaBneHde. Kakas macca rasa yuuia
n3 bawtoHa? Monsipnast Macca BogopoJa 2 - 10~ kr/momb. (1,5 1)

8. Hexoropoe konMuYecTBO BOAOpOJA HAXOAMTCS TpH TemmepaType
200K u paBnennmu 400Ila. 'a3 HarpeBaloT OO TeMmmeparypebl
10 000 K, npu xoTopoii MoJieKyJibl BOIZOPOAA MPaKTHYECKH MOHO-
CTBIO paclagaroTcsa Ha aTombl. ONpeaenuTe JaBJIeHHE ra3a, €Clid ero
o0BeM U Macca ocTamuch O6e3 u3MeHeHus. MosisipHas Macca Bogopoa
0,002 xr/monb. (40 kIla)

O0BbeAMHEeHHbIH ra30BbId 32AKO0H

OO0beAHHEHHBIH ra3oBblif 3aKOH (OTKPBHIT 3KCIIEPUMEHTANBHO): npu
MOCMOAHHOU Macce 2a3a U e20 HeusMeHHOU MOJISIDHOU MAcCCe OMHOueHUe
npoussedenust 0agneHus Ha obvem K €20 abCconomHol memnepamype oc-
maemcsi 8eIUYUHOU NOCMOSIHHOU:

ﬂ=COHSt HIIH P1_V1=p2—Vz
T T T,
'a3oBble 3aKOHBI OBIIIN OTKPBITBI IKCIICPUMEHTAJIBHO. Onu yCTaHaB-
JIMBAOT MATEMATHYCCKYIO 3aBUCHMOCTD NMapaMETPOB ra3a B H30Mponeccax.
(DOpMy.TII::I ra3oBbIX 3aKOHOB MOXKHO MOJYYHTBh KaK CJICACTBUA 00BEeAMHEH-

HOro ra3oBoro 3akoHa.

H3orepmuueckuit | M3obapubiii npouecc | H3oxopHbIii npouece
npouecc m, =m, m =m,
m=m; M, =M, M, =M, M =M,
T =T, P =P V.=V,
3axkon boitaa— 3akon I'eii-Jlioccaka 3akon IHapas
MapuotTta non p_p
p¥i=pb; T T T T

Yumume: MPpH pEIICHHH 3a4a4 Ha ra3oBbI€ 3aKOHBI TEMMIEPATYPY Clie-
AyeT 00s13aTeILHO NEPEeBOAUTDL B KCJIbLBHHBI.
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31.

32,

33.

180

3AQA4YH

YKax#uTe, KakoH nporuecc, MPOBOAUMBIH HaJ HACAJILHBIM ra3oM, OT-
BEYaeT NPHUBEAECHHBIM yCIOBHAM (¥ — 3aHHMaeMblii razoM obbeM,
T — aGcomoTHas TemnepaTypa rasa, v — KOJIMYECTBO BeLIECTBa
rasa, p — JaBlleHHE rasza). YCTaHOBUTE COOTBETCTBHE MEXAY yCJIO-

BHSIMH ITPOBEACHHA IMPOLECCOB H HX HA3BAHUAMM.

YCJIOBUA IMPOBEJEHISA ITPOLIECCA

V
A) — =const, Vv = const
T
b) P const, v = const
T
A b
Omeem:

ET'O HA3BAHHE
1) u3oTepMHYECKUH
2) wn300apHBIH

3) H30XOpHBIA

4) amnaGaTHBIH

VY CcTaHOBHTE COOTBETCTBHE MEXAY MPOLIECCAaMH B HICAILHOM ra3e H
bopMynaMH, KOTOPHIMH OHH OMMCHIBAIOTCS ( N — 4YHCJIO 4acTHIL,
p — naeneHue, V — oObem, T — alconoTHas TeMmmeparypa,

Q) — KOJIMYECTBO TEIUIOTHI).

IMTPOLIECChbI
A) H3o06apHbiii npouecc npu N = const
b) H3orepmuueckuii nponecc npu

N =const

Omeem:

®OPMYVYJIBI
1)

= const

[ = N

2)

)
)

= const

w

V = const
=0

H
Q< ~N

['a3 B IUIMHApPE NEPEBOAUTCA U3 COCTOSHMA A B COCTOsHHME B Tak,
YTO €ro Macca MpH 3TOM He Hu3MeHsercd. [lapameTpsl, onpenensto-
IHE COCTOAHHUE HACaNILHOIO ra3a, NpuBCACHLI B TabHLe

p,10° Ia V,10° M’ TK
CocTosHHE A 1,0 4
Cocrosuue B 1,5 8 900




BribepHte uncii0, KOTOPOE CleAyeT BHECTH B CBODOAHYIO KIIETKY

TaOJIULIBI.

Omeem:

34. MpeanbHblil ra3 n306apHO HarpeBalOT TakK, YTO €ro TeEMIeEpaTypa H3-
MmeHseTcst Ha AT =240 K, a o6bem — B 1,4 pa3za. Macca rasa nocro-
aHHa. HalavTe nauanpHylo Temnepartypy rasa o mkasne KenbBuna.

Omeem: K

35. MHpeanpHblii ra3 H30XOpHO HArpeBaloOT Tak, YTO €ro TeMiepaTypa us-
Mensercs Ha AT =240 K, a naBneHne — B 1,6 paza. Macca rasa no-
crosHHa. Haiinure HayanpHyro TeMIepaTypy rasa no mkane KenbsuHa.

Omeem: K

IloOocka3zku K 3a0auam Ha 2a3oesle 3aKoHbl

I"a3 moa HeBECOMBIM TMOPILIHEM
P= paru

p at™

Ha HeBecomslii mopilieHs AEACTBYET CHIa

P= Pt

Ha neBecoMblif opieHs NOCTaBUIH IPY3
Mg

p=pam+
S

Paru

I'a3 HaXOAHTCA MO MaCCHBHBIM NOpIIHEM

mg
= Parm t—
P=r S

Ha maccHBHBIH NOPLIEHB TOCTABHIIH IPY3

mg Mg
= am+"“"'"+_
pP=p s t5

]

e ¥
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Ha MaccuBHBIN NOpILIEHD ACHCTBYET CHIIA

aT™ S S

['a3, HaxoasAWMACS B LWJIMHAPE TNMOX MAacCHB-
HbIM MOPILHEM, HAXOAUTCA B THPTE, YCKOpEHHE
KOTOPOro HalpaBleHO BBEPX

g ma

P=Pam+m_+_
S S

I'a3, HaxonAlMiicA B LMIHHApPE MOJ MacCHB-
HBIM IIOpIIHEM, HAXOAHTCS B MH(TE, ycKOpeHHE
KOTOpOTO HanpaBlIeHO BHH3

mg ma

= Paw t—/———
P=p S S

«I1y3bIpex y NOBEPXHOCTH BOABI»
P = paTM

«[ly3bIpek Ha rnyOHHe»
P = Pu +Pgh

a3, HaxonsAwuKiCA B rOPH3OHTANBHOH NpPOGHp-

P Paru
Ke, OTAEJIeH OT aTMOocdepsl CTOIOHKOM PTYTH >
V=18 4_‘.MS_
P = pam 1' h
[TpoOupky NMOBOpauMBaOT OTKPBITHIM KOHLIOM Dars
BBEpX
VZ = 128 h
P2 = Paru +pgh P2 12
[Ipobupky noBOpauMBaIOT OTKPHITHIM KOHLIOM ;
BHH3 3 Ps
V3 = 135 h
p3 = paru - pgh aTtM
Hlap (unu MOHTOH) HAYUHAET IOAHHUMATHCH F.o>F
A TAN

B BO3AyXe (B XKHUAKOCTH)
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36.

37.

38.

39.

3A0AYN

WpeanbHblil 0HOAaTOMHBI ras B Konuuectse v = 0,09 Monp Haxo-
JMTCS B PABHOBECHH B BEPTHKAJILHOM UMJIMHAPE MO/ MOPIIHEM Mac-
coit m=>5 kr W womagso S =25 cM’. TpeHue Mexay NMOPLIHEM H
CTEHKAaMH LIWJIHHApa OTCYTCTBYET. BHelHee aTMOcEpHOE NaBieHUE
paBHo p,= 100 kIla. B pe3ynbraTe HarpeBaHHMs TeMIIEpaTypa rasa

noausanack Ha AT =16 K. Ha xakoe pacCTOsHHE MOAHSJCS MOp-
wieHb? OTBET BBIPA3UTE B CM H OKPYIJIUTE 10 LENbIX.

Omeem: cM

IMopwens nnoumaasto 10 cM’ Maccoil 5 KT MOeT 6e3 TpeHHs nepe-
MEILATLCSA B BEPTHKAILHOM I[HJIHHIPHYECKOM cocyle, obecneuHBas
NpH 3TOM €ro repMeTHYHOCTh. COCy C MOpLIHEM, 3alOJIHEHHBIH ra-
30M, IIOKOMTCS Ha MOJIy HENOABHXHOTO JU(Ta NpH aTMOCHEPHOM
naeiaeHuu 100 xIla, mpu 3TOM paccTOsHME OT HMXKHETO Kpas MOpILHSA
no nHa cocyaa 20 cM. Kakum cTaHeT 3To paccTosiHME, KOraa JUQT
NOEICT BBEPX C YCKOPEHHEM, PaBHBIM 2 M/c?? Vi3sMeHeHHe TeMIepa-
TYpbI I'a3a He YUUTHIBATb.

Omeem: cM

IMopuiens muomanso 10 cM® Maccoit 5 kr MoxkeT Ge3 TpeHus mepe-
MEILAThCsl B BEPTHUKATBHOM LMJIHHAPHYECKOM COCYyJE, obecreuuBas
IPH 3TOM €ro repMeTH4HocTh. COCy/l C MOPIIHEM, 3allOTHEHHbIH Ia-
30M, MOKOMTCS Ha MOJIy HEMOJABHXHOTO /1H(Ta NMpH aTMOcPepHOM
naenennu 100 xIla, npy 3TOM paccTOsiHHE OT HMXKHETO Kpas MOPIHS
Jo nHa cocyma 20 cM. Kakum cTaHeT 3TO paccTOsiHMe, Koraa JHQT
MOEJET BHU3 C YCKOPEHHEM, PABHBIM 3 M/c?? VI3MeHeHHe TemmepaTy-
pbl ra3a He y4uTbiBaTh. OTBET OKPYIJIHTE A0 JECATHIX.

Omeem: cM

B noHTOH, nexauuii Ha OHE MOpA, 3aKaYMBAETCS CBEPXY BO3IYX.
Bona BbITECHAETCS U3 MOHTOHA YEPE3 HIKHEE OTBEPCTHE (CM. PHUCY-
HOK), H Korjga o0beM BO3/yXa B IMOHTOHE AOCTHracTt 28 M3, MOHTOH
BCIIBIBAET BMECTE C NPUKPEINJICHHBIM K HEMY IPy30M. B MOMEHT Ha-
yajia MoJbeMa pacCTOSHHUE OT MOBEPXHOCTH BOJIbl B MOHTOHE A0 I10-
BEPXHOCTH BOAbl B Mope paBHO 73,1 M. Macca 060nouky MOHTOHA
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2710 kr. Omp

eleNIMTE Maccy MOJHUMaeMoro rpy3a. Temmeparypa

BoJbl paBHa 7°C, atmocepHoe HaBlieHHE Ha YpOBHE MOpS PaBHO
10° [Ta. O6beMoM rpy3a M CTEHOK NOHTOHA npeHebpeus. IlnoTHOCTH
Boast 1000 kr/m’. Monspras macca Bo3ayxa 0,029 xr/mons.

Omeem:

3akon JaabTo

R

3akon JlanbTOHA

Ha ClpaB€JIMB g CMECH ra30B: oasneHue cMecu 2a-

308 pABHO CyMMe ux napyuatbHelx oaetequi. Haripumep, naBlieHHE BO3LY-
Xa CK/IaJbiBaeTCA U3 JaBJICHHs a30Ta, KHUCJOPOAa, YTJIEKHCIIOro rasa, BO-

JSIHOT'O 11apa u T.11.

MapunanbHoe

p=pl+ps+...

AABJICHHE - - [TABJICHUEC, KOTOPOC NMPOU3BOANIT Obl 1aH-

HBIH ra3, ¢Cjinu Obl APYTHE ra3bl OTCYTCTBOBAJIH.

IIpumep 3anaun Ha 3axoH JanbToHa

['a3pl HaxomsTCA
B COCYyIax, co-
€JIMHEHHBIX

TpyOKOH c Kpa-
Hom. Kakoe ycra-
HOBHUTCA  J1aBje-
HHE, €eClih  OT-
KPbITh KpaH?

e N

0\.0 Ve o
ARt

OcHoenas udes: nocie OTKPbITHA KpaHa M NEpBbIH,
W BTOpPOU rasbl 3amoNiHAT cpady oba cocyma. s
nepeoro raza (43 3axona boitias—Mapuomma)

214

Vio>pV+V,); pi=
PV pVi+ V1) p Vv,
s BTOpOro rasa (1o aHaJIoruM)

" pVs
Vi+V,

3

3axon larwmona

/ . Vi pVs
=pl+p, =212
p=ptp v,
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3ALAYH

40. B cocyne Hen3MeHHOro ob6beMa HaxoauJach NPH KOMHATHOW TeMrle-
paTtype CMech IByX HICallbHBIX ra3oB, no | Monb kaxxaoro. IlomoBu-
HY COAEP>KMMOIO cOCy/a BBINYCTHIIM, a 3aTeM A00aBuiIH B cocyn 2
MoOJIb BTOpOro rasa. Kak usmeHwiuch B pe3ysibTare napiuanbHble
JIaBJICHUS ra30B U UX CyMMapHOE IaBI€HHE, €M TeMIIepaTypa ra3on
B COCY/E MOIEPKUBATIACH HEU3MEHHON?

OUIUYECKHWE BEJIMYMHBI
A) napuuanpHOE AaBJIEHHE NEPBOTO rasa
b) naBnenue rasa B cocynae

Omeem:

X USMEHEHUE
1) yBeJIMUUSIOCH
2) YMEHBLIHUJIOCH
3) He U3MEHWIOCH

I'padpuxu u3onpoueccon

H3oTtepMuueckuii npouece (TeMnepaTtypa He MeHsIeTCs1)

Oco0bli cyuaii

) Z e I, P T T
[P
1
| > 0
O <, V T, <T, <7, T
H3006apHblii npouecc (xaBjieHHe He MEHAETCS)
OcobblH ciyyaii
P A v P p A
D—pz D2 8! P2
e 4 I
0 0 R
P <p2 V P <p>2 T 0 P < p2 T

H3oxopHblii npouecc (00beM He MeHAETCH)

’/ A
h
n oy,

————
0 V]<V2 T

Ocobbl# cityuait

Vi




Kak no rpa¢guxy onpeaeinTs,
KaKOMY H30MPOLECCY COOTBETCTBYeT AAHHBIH y4acTok?

Ecnu rpaduk pacnonaraercs nmepneHAMKYISAPHO HEKOTOPOH OCH, TO
BEJIMYHHA, YKa3aHHas Ha HeH, COXpaHAeTcs.

Crenyer 3anoMHUTB 0coOble CITy4au: H30TEPMBI B OCX p, V — eunep-
6onb1; 300apsl B ocax V, T — npsamsie, ebixodfwue u3 Ha4yana Koopou-
Ham. V130x0psl B ocsix p, T — npsamsle, 8bIx00sauue U3 Hayana KOOpOUHam.

3A0AYU
41. Kakoi u3 rpaduKoB, H300paKEHHBIX Ha pH- Pa 1y /2
CYHKE, COOTBETCTBYET IPOLECCY, NMPOBEACH- 2 3
HOMY IIPH IIOCTOSIHHOH TeMriepartype raza? |t 4
Omeem: R
- »
0 T
42. Ha pucynke npexacrasieHsl rpadukd npo- Va 1,42
LECCOB, NMPOBOAMMBIX C MOCTOSHHBIM KOJIH- 2 |- 3
4YeCTBOM MaealpHOro rasa. Kakoi us rpagu- 4
KOB COOTBETCTBYET H300apHOMY Mporueccy? 1
Omeem: : >
— 0 T
43. Ha pucynke npexcraBieHsl rpaduku mnpo- P 1:{Ia 1
LIECCOB, MPOBOJHUMBIX C MOCTOSHHBIM KOJIH- 2
o 2
4YeCTBOM HAcarbHOro rasa. Kakoil rpadux / 3
‘) i
COOTBETCTBYET H30XOPHOMY Mporeccy’ ] 3
Omeem: ’ >
S 0 14 M3

Kax no rpaduky uzonpouecca y3HaThb
XapaKTep H3MeHeHUsI PUIHUECKHX BETHYHH?

B n300apHOM H H30XOpHOM npoleccax BEIHYMHBI, HE yKa3aHHbIE Ha
0CSIX, U3MEHSIIOTCS TaK )K€, KaK Te, MK3MEHEHHE KOTOPBIX BUIHO H3 rpaduka.

B wusoTepmuueckoM mnpouecce, €C/IH YBEIHYHBAETCA JAABIEHHE, TO
0o0beM yMeHbLLIaeTcsi, U Ha00OpOT.
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3A0A4YH

44, Ha pucyHKe MNOKa3aH LMK, OCYLIECTBIIAE- v .
MBIH C HjeanbHbIM TazoM. Kakol ydacTok 2
COOTBETCTBYET H300apHOMY paCIIUPEHHIO?
4
3

Omeem: Vi >
— 0 T
45. Ha pucyHKe MOKa3aH IIMKJ HM3MEHEHHs CO-
CTOSIHUA HaeabHOro raza. Kakoil yyacTok 1
COOTBETCTBYET U30TEPMHYECKOMY CKATHIO?
Omeem: .
E— 0 T

Kak BLIAICHHTbL XapaKTep H3MeHEHHs BEJINYHHBI, €CJIH NEePexXon
U3 OIHOTO COCTOSIHMSA B IPyroe He fIBJISIETCS H30Mponeccom?

CaMOCTOATENBHO NPOBECTH H3OJHWHHH Yepe3 HayabHYI0 H KOHEUHYIO
TOYKH rpaduxa.

YeM Bblllle pacrnoiaraeTcs W30TepMa, TeM Oomnblias TeMmepaTypa el
cooTBeTcTBYeT. bonee Bbicokoi H3obape B ocsax (V, T) cooTBeTcTBYET
MeHblIee JaBieHue. bonee BrIcOKoi n30Xx0pe B ocsix (p, T) COOTBETCTBYET
MEHBILUH 00BeM.

3apanue. Onpenenure mno rpadukaM, Kak H3MEHSIOTCS [laBJIEHHE,
TeMIepaTypa 1 o6beM rasa:

1. 2. 3.




I'padnueckan 3anaua. Ha pucynke npencrasses rpapuk 3aMKHYTOrO
uMKia. Berueprute 3ty auarpammy B koopauHatax p, Tu V, T.

p A
1
3 2
+—
0 4

AJITOPHTM pellieHHS 33134

1. OnpenenuTh, KaKOMY H30TPOLIECCY 1-2:T =const
COOTBETCTBYET Ka)KIbli y4yacTok 1ukia | 2—3: p = const

3-1:V =const
2. Yka3aTh, XapakTep U3MeHeHust Ou3u- | 1-2:T =const,p 4,V T

YeCKHUX BEJIHYHH 2-3: p=const,V LTl

3-1:V =const,p 1,71

3. [locTpouTs OcH KoopauHat p, T U Ha-
METHTh H30JIMHHIO, COOTBETCTBYIOILYIO
NIepBOMY ITPOLIECCY

4. 3Has, KaK H3MEHsSeTCS JaBJICHHE B
NepBOM Ipoliecce, yKa3aTh HanpaBieHHE
npotiecca, noctaBue LUdpsI 1 1 2

5. Yepes TOUKY 2 IPOBECTH CIEAYIONIYIO
H30JIMHHIO

6. OnpeieTMTh HanpaBIeHHE BTOPOTO
npoiecca

7. Uepes TOUKy 3 TOXKE IIPOBECTH H30JIH-
HHIO. B ciydae He0OX0IMMOCTH M10-
MPaBbTE NEPBYIO U3OJIHHHIO
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CoBernl

e [lepBy1o u3omuHMIO pacrniosaraifTe B HEHTPATLHOH YaCTH, TOIJa y Bac
Oy/IeT BO3MOXKHOCTD CTPOMTD CIIETYIOLIME H30MHHH B ITOOOM HalpaB/ICHUH.

e Bce nocTpoeHns BhINOMHAHTE TOHKHMH JTHHHAMM, TOTJa Bbl CMOXE-
TE€ U3MEHATH JUIHHBI PaHee MOCTPOEHHBIX H30MPOLECCOB.

3ananne. Ha pucyHkax npexacraBieHbl rpapUKH 3aMKHYTBIX LIHKJIOB.
BelyepTHTe qHAarpaMmbl 3aMKHYTBIX LIMKJIOB B KOOPIHHATAX:

) V,Tu p,T
1. 2. 3.
p P )4

HMcnapenne 1 KoHaeHcauns. BiaxHocTh Bo3ayxa

Hcnapenne — nepexon MoreKkys BELIECTBA U3 KUAKOTO COCTOSHUS B
ras3oo0pasHoe, IPHYEM NIPOLIECC apo0OPa30BaHUA POUCXOAUT TONBKO CO
CBOOOIHON MOBEPXHOCTH XHUAKOCTH. Mcnapenue GviBaer npu mo6oit Tem-
neparype, TaKk Kak BCET/a HaWQyTCs JOCTATOYHO «OBICTpbIe» MOJIEKYIIBI,
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CIOCOOHBIE NIPEO0JIETH MPUTKEHHE MOJIEKYJT )KHAKOCTH. 3alIOMHHUTE, YTO
B pe3y/bTaTe UCIapEeHHs M3 KHAKOCTH BBUJIETAIOT caMble OLICTPhIE MoJie-
KyJIbl, TO3TOMY TEMIIEPATYpa KUAKOCTH IIOHHKAETCA.

Cropocmb uchaperus 3aBUCHUT OT:

1) TemMnepaTypbl XHAKOCTH (OONbLIE WK MEHbILE «ObICTPBIX» MOJIEKYI);

2) pona XHAKOCTH (CHiIbHee WK ciabee B3aUMOACHCTBHE MEXIY MO-
JIEKYyJIaMH);

3) HaTM4Ms BO3AYILIHBIX [IOTOKOB,

4) BIaKHOCTH BO3/IyXa;

5) moLaau OTKPLITOH MOBEPXHOCTH.

KonaeHncauuss — mporiecc oOpaTHbiii HCIApEeHHIO, T.€. MOJICKYJIBI U3 ra-
3000pa3HOr0 COCTOSIHMSA TIEPEXOAAT B JKHIKOe. B OTKpBITOM cocyze Bceraa
npeobnagaer UcrapeHHe, a B FepMETHYHO 3aKPBITOM COCYJE YCTaHaBJIHBa-
€TCsl pABHOBECHE MEXly STHMH IIPOLIECCaAMH.

JHHaMH4YecKoe paBHOBeCHe — 3TO COCTOSHHE, IIPH KOTOPOM YHCIIO
UCTIApUBUIMXCS 32 €AMHHUIYY BPEMEHH MOJEKYJI PaBHO YHUCITY CKOHAEHCH-
poBaHHbIX. [lap, HaxoasMMKICA B COCTOSIHUM AMHAMHYECKOTO PABHOBECHS
CO CBOEH XXUIKOCTBIO, HA3bIBAIOT HACHIUYEHHbIM.

JlaBJieHHe HACBIIEHHOIO0 napa 6 U30MepMUYEeCKOM npoyecce He 3a-
sucum om obvema. TIpu yMeHbIlIEeHHH 00beMa apa «JIMIIHHE» MOJIEKYJIbI
BOJIBI KOHJICHCHPYIOTCS, a TIPU yBEJIHMYEeHHH 00BbeMa HEAOCTaTOK MONEKYJI
BOCTIOJIHSIETCA 3a CUET MCnapeHHus. B urore yepe3s HEKOTOPOE BpeMs CHOBa
HaCTymaeT IHHAMUYECKOe paBHOBECHE.

3ALAYN

46. B nmIuHIpe Moa MOPIIHEM HAXOAATCSA BOJA M HACBILIEHHBIH BOASHOH
nap. [lopuieHs MeUIeHHO H30TepMHYeCKd BABMraloT B IuivHAp. Kak
M3MEHSIOTCS [PH TOM JIaBJIleHHe BOASHOTO napa M ero Macca? [l ka-
JI0# BEJTHYMHBI OIPE/IeSIATE COOTBETCTBYIOLLMH XapaKTep H3MEHEHHS.

OU3NYECKHUE BEJIMUYWHBI WX U3MEHEHHUE
A) naBiieHHe BOASHOTO Napa 1) yBenuuMBaeTcs
B LILJIHHApE 2) yMeHbllIaeTcs
b) Mmacca BoasHoro napa 3) He U3MEHAETCA
B UMJIMHIpE
A b
Omeem:
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47.

48.

B 3axpsiToM cocyne BMectuMocThio | 11 npu Temmepatype 100 °C
HaxXxoIATCA B PAaBHOBECHH MNapbl BOAbl M Karuls BoAbl. Onpenenure
Maccy mapoB Bo;bl B cocyne. MonspHas macca Boabl 0,018 kr/mons,
JaBJICHUE HAChILEHHOTO BoasiHoro napa npu 100 °C 101,3 kila. Ot-
BET OKPYTJIMTE IO JECATBIX.

Omeem: r

B cocyze nox nopiuixem npu temnepatype 100 °C HaxoauTes 2 T Bo-
JSHOTO Mapa U TaKoe e KOJMM4YecTBO BoAbl. He H3MeHsAs Temnepaty-
pbl, 00beM cocyna yBenuyuid B 3 pasza. OnpenenuTe Maccy BOJBI,
nepere el NpH 3TOM nap.

Omeem: r

BiiakHOCTH BO31YyXa

OTtHocHuTebHAA BJaXHOCTDb ¢ (%)

(p=—p—-100%=L~100%,
p"aC pHa‘:

rae p(KI‘/M3) — IJIOTHOCTb BOAAHOIO Mapa, p - IUVIOTHOCTb HAChILICH-

HOrO BOISIHOrO Mapa TNpH JaHHOW TemmepaType (TabiH4Has BEIMYHHA),
p (I1a) — napudanbHOE AaBJIEHHE BOJSHOTIO NMapa; p,, —— JaBJICHHE HaChl-

[IIEHHOTO apa NpH JaHHOW Temneparype (TabiryHas BeJIH4HHa).

49.

50.

U3meputenbHblit NpHOOP: ncuxpomemp.
Iomuume: BIaXXHOCTDb BO3ayXa He ObiBaeT 6ombie 100 %.

3A0A4YHN

TlapunanbHoe naBjieHHe BOAAHOTO mapa B Bo3ayxe npu 20 °C pasBHO
699 Ila, a maBneHHe HACBILECHHBIX MApoOB MpPU 3TOH TeMIepaTrype
paBHo 2330 [1a. Onpenenute OTHOCUTENILHYIO BJIAKHOCTB BO3/yXa.

Omeem: %

[MapuuanbHoe NaBjeHHE BOJSHOrO napa B KOMHaTe B 2,5 pa3a MeHb-
1lI¢ JaB/JICHUS HACBILLEHHOrO BOASHOrO Mapa MpH TaKoH e Temrepa-
Type. CnenoBarenbHO, OTHOCHTEIIBHAS BIAKHOCTh BO3JyXa B KOMHa-
TE€ paBHA

Omeem: %
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51.

52.

53.

54,

192

B omHOM KyOHYeCKOM MeTpe BO3ZyXa B KOMHaTe NpH TeMIepaType
24 °C naxoaurcsa l,6'lO’2 KI' BOASHBIX napoB. OmnpenennuTe OTHOCH-
TEJILHYIO BJaXXHOCTh BO3IyXa B KOMHATe, €CJIH [UIOTHOCTh HACHILLEH-
HBIX TIApOB NMpH JAAHHOH TeMMepaType paBHa 2,181072 kr/m’. Orser
OKPYTJIMTE 0 LENbIX.

Omeem: %

JlaBenye HachILIEHHOTO BOJSHOrO napa npu Temmeparype 40 °C
npubmusurtensHo paBHo 6000 ITa. KakoBo napumanbHOE RaBlEHHE
BOJSIHOTO Mapa B KOMHATe IIpH 3TOH TEMIIepaType, €CJIM OTHOCHUTENb-
Has BAaXHOCTb paBHa 30 %?

Omeem: Ila

OTHocHTENbHAS BIaXHOCTh BO3/yXa B LIMIMHPE MO MOPIIHEM PaB-
Ha 30%. Kako# cTaHeT OTHOCHTEJbHAs BJIXHOCTH BO3/yXa, €CJIH
00BEM cocyna pH HEM3MEHHOH TeMIlepaType YMEHBIIHUTD B 2 pa3a?

Omeem: %

OtHocHTENbHAS BJIAXHOCTh BO3IyXa B COCYJE NOJ NOPIIHEM paBHA
45%. Bo3ayx H30TepMHYECKH CXkalli, YMEHbLIMB 00beM B 3 pasa.
YeMy cTana paBHa OTHOCHTENIbHAS BIAXHOCThH BO3AyXa B cocyne?

Omeem: %



7. TEPMOJUHAMMUKA

BHyTpeHHﬂﬂ JHEPrus BEECTBA

BHYTpeHHsisi JHeprusi COCpPeOTOUCHA «BHYTPH» BELIECTBA M CKila-
NBIBAETCS M3 MOTEHLHANbHON 3HEpPruM B3aMMOAEHCTBYIOHIUX MOJIEKYN
(MM aTOMOB) ¥ KHHETUYECKOH 3HEPriuH UX JABHIKEHHS:

U = ZE“) + ZE/}” s
FILCZEA,O(U) — KUHETHMYeCKas YHEPTHsi MOJICKYJ (aTOMOB), KOTopasi 3a-

BUCHUT OT CKOPOCTH UX ABHIKCHHA. Oua u3MeHsieTCa TONbKO MpH U3MCHE-
HHH TEMIIEPATYPhIL. B npouecce arperaTHbix NEpexoa0B KHHETHYECKas
JHEPrusa MOJIEKYJ1 OCTACTCA HCH3M€HHOﬁ;

E Ep(,(r) —— MMOTE€HUHAJ/IbHAs JHEPTIUA B3aUMO/JICHCTBHS MOIJIEKYJI, KO-

Topast 3aBUCUT OT PAacCTOSIHUS MeX Ay MosekyJaMH. OHa U3MEHAETCS TIpH
U3MEHEHHH TeMrepaTypsl M oObema. Hanpumep, B Mpolecce arperaTHbix
epeXo0B U3MEHAETCS MMEHHO MOTEHUHaIbHAsK YHEPIHs MOJIEKYJL.

Cnoco0bl M3MeHeHHs1 BHYTPEHHEH JHeprum:

1) coBepiueHue padoThl (32 CHET TPEHHS UJIH YIapOB);

2) ucnapeHue (B [POUECCE UCMApEHHs BHYTPEHHsIS1 JHEPTHs XKUAKOCTH
TMOHHIKAETCS);

3) rennonepenaya (mpuBeacHUE B CONPHKOCHOBEHHE C Ooliee XO0J0-
HBIM WK 00J1€€ HAarPETHIM TEJIOM).

Buabl Tenjaonepeaym: TEIUIONPOBOAHOCTb, KOHBEKLIUS, H3JTy4EHHE.

TenjgonpoBoaHocTsb. [lpy TemnonpoBOAHOCTH MPOUCXONHUT MOCTE-
MEHHOE YBEJIMUCHHE CKOPOCTH JIBHKEHHS MOJIEKYJ. 3TO BO3MOXHO TOJIBKO
Onaromaps MeXMOJEKYJIIPHOMY B3aUMOJACHCTBHIO, MOITOMY TEM0Npo-
BOAHOCTh B TBEP/IbIX TENAX NPOUCXOAUT ObICTpEE, UEM B HHUAKOCTAX. B ra-
3aX OHA OCYHICCTBJACTCA €11€e MEAJICHHEE. ﬂllﬂ COXpaHEHHA TeIla UCnojib-
3YIOT MOPUCTBIE MaTepHalibl, B KOTOPbIX MHOro Bo3ayxa. Bozayx — 310
CMECH Ira3oB, [M03TOMY OH IJIOXO MPOBOIMUT TEILIO.

Yumume: B Bakyyme TemI0MpoBOIHOCTb HEBO3MOXKHA.

Konsekuus. [Ipy KOHBEKUUH TEMNI1bi€ CIOU JKUAKOCTH WJIM rasza Nnoji-
HUMAIOTCS, a X0J104Hble onyckatoTcsl. KOHBEKLHS OCYIIeCTBAACTCS B KU~
KOCTSIX U rasax.

Yumume: B TBepabIX TeNax U B BAKYyMe KOHBEKIIUS HEBO3MOXKHA.
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IIpusenenue xonsexyuu. HarpesaTenu crnedyeT pacrosaraTb BHH3Y,
a OXJIaXKJAl0ILHE TEa BBEPXY.

H3nyuenne. Bee Harpertbie Tena u3ayuatoT sHepruto. Hem Oosiblue Ha-
rpeTo Teno, TeM CHUibHEe H3nydeHHe. Tenonepeaaya 3a cHeT U3Ay4YeHHUs
BO3MOXHa B J11000H cpele, B TOM YHCIIEe U B BaKyyMe.

Ceoiticmea uzayuenus. TeMHble TOBEPXHOCTH XOPOWIO MOFJIOLIAIT H3-
JIydeHue, HO OBbICTPO OTAAKT 3HEPrUI0 MPH OXJAXKIACHHUH. 3epKajibHbi€ H
CBETJIbIE TOBEPXHOCTH OTPAXKAIOT U3JTYYEHHE H MENIEHHO OCThIBAIOT.

3ALAYY

1. Ilpu HarpeBaHMHM CTa/lbHOH CTEp)KEHb YIIHHACTCA. Kak M3MeHs0TCs
MPU 3TOM ILIOTHOCTb M BHYTpPEHHSs dHeprus? [lnd kaxaod ¢usdue-
CKOH BEJIMUMHBI OMpeIeNUTe COOTBETCTBYIOLUNH XapaKTep U3MEHEHHUSI.

OU3NHYECKHE BEJIHMYMHDI UX USMEHEHUE

A) ILJIOTHOCTH 1) yBenuuuBaeTcs

B) BHyTpeHHsIsl SHeprus 2) yMeHblIaeTcs
3) He u3lMeHgeTcs

Omeem:

2. [lonbepuTe BO BTOPOH KONOHKE IIPUMEDDI TEIUIOBBIX ABJICHHH, WILTIO-
CTPHUPYIOLLIHE CIIOCOOBI TCILIONEPEayH, YKa3aHHbIE B [IEPBOM KOJIOHKE.

CITOCOBbI
TEILIONEPEAAUH TEIJIOBBIE ABJIEHHUSA
A) TemnnonpoBOAHOCTH 1) HarpeBaHHME BO/bl B 3JIEKTPHUECKOM
b) wusnyuyenue yalHUKe
2) BBICYUIMBAaHHE O€/bs, MOABELIEHHO-
ro Haj paauaTopoM OTOIUIEHHS WIH
PAIOM CO CTEHKOH NMEYH
3) BbDKHMraHHe OTBepcTHH B Oymare c
TIOMOLBIO JIYTIbl B COJTHEYHBIH J€Hb
4) oxJaKAEHHE BO3YXa KOHIMLHOHEPOM
5) H3MepeHHe TeMIepaTypsbl Teja 0oJib-
HOTO PTYTHbIM TEPMOMETPOM
A b
Omeem:
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3. IloxGepuTe BO BTOPOi KOJIOHKE MPHUMEPBI TEMJIOBBIX ABJIEHUH, HILTIO-
CTPUPYIOILIHE CIIOCOObI TEMLIONEPeIauH, YKa3aHHBIE B IEPBOH KOJIOHKE.

CIIOCOBBI TEIJIOBBIE SIBJIEHUS

TEITJIOTIEPEJJAYH
A) u3nyueHHe 1) HarpeBaHHe BO3lyXa OT paguHaTopa
b) koHBekuus LIEHTPAJILHOIO OTOMJICHHA
2) HarpeBaHHE METaJSTMYECKOTO CTEPIKHS
B [UTaMEHH
3) HarpeBaHHe M€/IHOH MPOBOJIOKH MOCIIE
ee MHOTOKPaTHOTO CTHOaHus
4) HarpeBaHHE BOIbl B 03€PE JIETHUM JHEM
5) HarpeBaHue JeTayu Iocie oOpaboTKu
€¢ HaMWJIbHUKOM
A b
Omeem:
KoauuectBo tenaorsl O (J/Ik) — ¢usnyeckas BEJUYHHA, KOTOpas

MOKAa3bIBAET, HA CKOJBKO HM3MCHSCTCS BHYTPEHHSIS 3HEPIHs BELIECTBA B
npolecce Tenjonepenayu;
Q=AU .
Ecnu BHyTpeHHsIs 3HEprus BElECTBA yBeqHuyuBaeTcs, To > 0. Jto
NPOMCXOAMUT NPH HarpeBaHHH, TUIABJICHUH U KUIIEHHH.
Ecaun BHyTpeHHss 3Heprus yMenblaeTcs, To O < 0. 3TO NpoHCXoauT
TIPH OXJIAXICHHH, OTBEPAEBAaHHH U KOHJEHCALIUH.

HarpeBaHue 1 OXJIa’K1€HHe BellleCTBA
Q=cm(t, -t,),
rae (¢, —t,)(°C, K) — usMmeHenue temmneparypsl Beuectna; ¢, (°C, K) —
HayanbHas Temrneparypa Beulectsa; !, (°C, K) — koHeunas Temneparypa
BellecTBa; m (Kr) — macca Beutectsa; ¢ (Jx/(kr - K)) — ynenbHas temo-
€MKOCTh BEIIIECTBA IOKA3bIBAET, KAKOE KOJIHYECTBO TEIUIOTHI HEOOXOAMMO
3aTpaTUTh, 4TOOB! Harpeth | kr aanHoro BeuwiectBa Ha | K (unu Ha 1 °C).
Takoe e KOJHMYECTBO TEIUIOThI BBIACIUTCS MPHU OXJIaKACHUH | Kr 3TOro
Bemlectsa Ha | K.
0 =CAT,
rae C = cm (JIx/K) — TemioeMKocTh BELLECTBA,
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Cropanue TONJIMBA
Q=gm,
rac g (JUK/Kr) — yaenbHas TemioTa CropaHus TOIUIMBA, TOKa3bIBAKOIas,
KAaKO€ KOJIHYCCTBO TEIMJIOTHI BBIACISAECTCH NpH NOJTHOM CIrOpaHHH 1 xr JaH-
HOro syja TOoIUIuBa.

3ALAYU

4. Temnepatypa MeaHoro obpasna maccod 100r yBenuyunace Ha
40 °C. Kakoe K0JU4€eCTBO TEIIOThI Moay4dus obpaseu? YaensHas Te-
nnoeMkocTh Meau 380 Jhx/(kr - K).

Omeem: Jx
5. DBpoH30BBIH IMOJACBEYHHK MAacCOii 2 KI HAarpeiad 10 TeMIIEepaTyphbl
900 K. Kakoe kOIM4eCTBO TEMIOTHI BBIAENHIOCH NPH OCTHIBAHHH

nojacBedyHuka a0 Ttemneparypbl 300 K? VYnenbHas TenmnoeMkocTh
6ponssl 420 x/(xr - K).

Omeem: kJx

6. Jlns HarpeBanus 5 kr Bewectsa Ha 20 K neo6xoaumo 13 x/{k Tenno-
Tol. Onpenenure yaejabHYIO TEIJIOEMKOCTb BEILECTBA.

Omeem: Jhx/(xr - K)
7. KenesHoMy W aTIOMHHHEBOMY LUWIMHApaM COOOLIMIH OJUHAKOBOE
KOJIHYECTBO TETUIOThI, 4TO TPUBEIO K OJHHAKOBBIM H3MEHEHHSIM

TeMnepaTypbl UWIMHAPOB. OmpenenuTe OTHOIUEHHE MAacC 3THX LH-
NUHAPOB my. / my . YenbHasg TennoeMkocTh xkene3a 460 Lx/(kr - K),

amomuHus 920 JIx/(xr - K).

Omeem:

8. Ha pucynke npusenen rpaduk 3au- 1. Kf

CHMOCTH TEMIEPaTypbl TBEPIOTO Teja 400 - T
OT MOJYYEHHOTO UM KOJIMYECTBA TCI- 300
J0Thl. Macca Tema 8 «kr. Kakopa 200

yAelibHasg TEIJIOEMKOCTh BELIECTBa 100 f-- ; {
- .7 H b H
3TOro Tefa’ 0 250 500 .Q), KK

Omeem: Jx/(kr - K)
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10.

Teepaoe Teno Harpesator. Ha pucyn-
K€ NpUBEleH IpadUK 3aBUCHMOCTH
TEMIIEpaTypbl Tela OT IMepeNaHHOTO
€My KOJMYEeCTBa TEIUIOTHL. YJebHas
TEIUIOEMKOCTh BEIIECTBA 3TOTO Teja
paBHa 1000 [Lx/(xr - K). Uemy paBHa
Macca tena?

Omeem: KT

Ha pucyHke npeactaBieHsl pe3y/ibTa-
TBI U3MEPEHHsI TEMIIepaTypsl BOJbBI B
J/IEKTPUYECKOM YaHHHKE B MOCIENO-
BaTeJIbHbIE MOMEHTHI BpeMeHH. llo-
IPELIHOCTh M3MEPEHUS BPEMEHH paB-
Ha 3 c, TMOTPelHOCTh H3MEPEHHUs
Temneparypbel paBHa 4 °C. Kakosa
HoJie3Hass MOLIHOCTb  HarpeBaTens
yafiHHKa, €CIM Macca BOAbl DPaBHA
0,8 kr? YienpHas TEIUIOEMKOCTH BO-
ae1 4200 Hk/(xr - K). OTBeT okpyriin-
TE 110 JECATHIX.

Omeem: kBT

T,K1
410

380

350

i

320

t,°Cy

80}

o R

60/ 1~

40 |

t
20¢-

0

30 60 90 120 ©°

ArperaTHbie ((pa3oBbie) nepexoxbl

IlaaB/ieHHe — nIepexo]] BEIECTBa U3 TBEPAOTO COCTOSIHHSA B XKHIKOE.
[InaBneHne KaxA0ro BEMIECTBA NPOUCXOIHUT NPH ONPEIENICHHOH TeMnepa-
Type, KOTOpPYIO Ha3bIBAlOT memnepamypoll niasienus. Bece nomsoaumoe
TEIJIO HAET Ha PaspylleHUe KPUCTAIUTMYECKOH PEIETKH, IIPH ITOM YBEJH-
YHBaeTCs NOTCHLUHAIbHASA JHEprus Mojlekyl. KuneTnueckas sHeprus ocra-
eTcsa 6e3 H3MEHEHU ¥ TEMIEpaTypa B [IPOLIECCE TUIABJICHHA HE H3MEHACT-
ca. Jlna pacdera KOAMYECTBa TEIUIOTHI, HEOOXOOMMOIO /Ul mpouecca
TIaBJICHUS, CielyeT NPUMEHATh GopMyIy:

Q=Am,

rae A ([/kr) — yaenbHas TeruoTa IUIAaBJICHHS, TIOKA3bIBAIOIIAN, KAKOE
KOJHYECTBO TEMJIOThI HEOOXOAMMO COOOIIMTL | KI' JAaHHOTO BENIECTBA,
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YTOOBI EPEBECTH €r0 U3 TBEPAOTO COCTOSHHS B XKUAKOE [IPH YCIIOBHH, YTO
OHO Y€ Harpero Jio TeMreparypsl riaBjieHus. B npoiiecce oTBepaeBaHus
| Kr AaHHOM *XMIKOCTH, OXJIQXKIEHHON KO TEMIEpaTypbl OTBEPAEBaHH1,
BBIIEJIUTCS TAKOC YK€ KOJIHUYECTBO TEIJIOTHI.

OrBepaeBanHne (KpuUcTa/JIM3auus) — Ipouecc, oOpaTHBIA TNJaBJe-
HHI0. OCcyllecTBIIeTCs IEPEXO0/T BELIECTBA U3 XKHAKOTO COCTOSIHUS B TBEp-
noe. [TpoucxoauT oH NpH TOH ke TeMnepaType, 4To W IulaBiaeHHe. B npo-
Hecce OTBEpAEBaHHA TeMIlepaTypa Takke He H3MeHsercs. KomuuecTBo
TEIUIOTHI, BBIAEIAEMOE B IPOliecCe OTBEPACBAHUS:

QO=-Am.

Kunenue (napoodpazoBanne) — nepexo/1 BemeCTBa U3 KHUAKOTO CO-
CTOSIHHMsI B razoo0pasHoe. [IpoucXoauT mpu OnpencacHHON TeMreparype,
KOTOPYIO Ha3blBAIOT memnepamypou kunenus. B oramuue oT ucnapeHus,
NPHM KUIEHHH TpoliecC MapooOpa3oBaHMs HAET CO BCEro oObeMa KHUIKO-
cTtd. HecMOTps Ha TO, 4TO K KMUIALLEMY BEILECTBY NMOABOIAT TEILIO, TEM-
nepatypa He H3MeEHseTcs. Bce 3aTrpaTsl JHEprum MAYT Ha YBEJIUYEHHUE
MPOMEXKYTKOB MEXAY MoJiekylamH. TeMnepatypa KUIEHHS 3aBHUCHT OT
poJa BELECTBAa W BHENIHero atMocdepHoro nasneHus. Konduyectso ten-
J0TBI, HEOOXOAUMOE IS ITpoLIecCa KUIIEHHUS, BBIYUCIISIOT MO (popMyJie:

Q=rm,
rae r (JLx/kr) — yaenbHas Temjota nmapooOpa3oBaHMs, MOKa3bIBAKOLIAS,
KaKo€ KOJIMYECTBO TEILUIOTbl HEOOXOAHWMO 3aTpaTUTh, YTOOBI MEPEBECTH B
nap 1 Kr )KHAKOCTH, HArpeTOM 10 TeMIepaTyphbl KuneHus. Takoe xe Kou-
4eCTBO TEIUIOTHI BBLACIUTCS B MPOLECCe KOHAEGHCAUHH 1 Kr mapa, oxjax-
JIEHHOTO 10 TEMIIEPAaTYPhbl KOHIEHCALUH.

Kougencauus — npouecc, oOpatHpiii kuneHuw. [Ipoucxoaut npu
TEMIIEPATYPE KHUIIEHHUS, KOTOpas TAaKyKE HE WU3MEHAETCA BO BPEMs BCETO
npouecca. KoaudecTBo TemnoTel, BEIAEAIEMOE B NPOLIECCE KOHICHCALMH:

O=-rm.

3ALAYN

11. UYroOBl LIETHKOM pacIuiaBUTh OpYCOK M3 0JIOBA, HArpeThI 0 TeMIIe-
paTypbl IUIaBlEHHs, TpebyeTcs KomudyecTBO TeroTrhl (J. Takomy
OpyCKy, HarpeToMy 0 TEMIIEpaTyphl IUIABJICHUS, TIepeJany Kolnye-
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cTBO TernoTel (/2. Jlns Kaxnoi (pU3HYecKoi BEINUYHHBI Onpene-

JHUTE COOTBCTCTB}’I‘OUIHFI XapaKTep U3MCHECHHA.

GOU3BNYECKUE BEJIMYWHBI
A) BHYTpeHHss 3Heprus Opycka
b) rtemnepatypa Opycka

A b

Omeem:

UX U3SMEHEHHE
1) yBennuuBaercs
2) yMeHblIAeTCS

3) He U3MEHsETCH

12. KakoBa Temrepartypa KHIICHHs BOAbI [IPH HOPMaJILHOM aTMOC(EpHOM
JaBIECHUH MO abCOMIOTHOM IIKasie TeMmnepaTyp?

Omeem: K

TenaoBble NpouecChHI IPH HATPEBAHHUH H OXJIAXKACHHH

A

,°C 6
r f\—t
’)\'HH __________ :
4 517 8
]
A : =X 10
- = - I
tllJ 2 3 i
t H > !, MUH
1 11
1-2 HarpeBanue TBepaoro tena Q = eomlty; — L)
2-3 [TnaBnenue (4y,) Q =im
34 HarpeBaHme xua1K0CTH QO = cyn(teun — tua)
4-5 Kuneuue (tq) Q=rm
5-6 Harpesanue napa Q = cym(t — bun)
6-7 OxJnaxkaeHHe napa Q = ety — 1)
7-8 KoHaeHcauns (fm) Q=-rm
89 OxaXIeHHE KUIKOCTH Q = ¢ty ~ teun)
9-10 OtBepaeBaHue (t,,) Q =—hm
10-11 | OxnaxneHue TBepaoro rena O = cm(ty — ty,)

Yumume: Ha yuactkax 2-3 u 9-10 BelecTBO 4aCTMYHO HAXOOUTCA B
*HUAKOM U B TBEPJIOM COCTOSIHHSIX, @ HAa 45 n 7-8 — B KHUIKOM H ra3000-

Pa3HOM.
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YacTHble CJ1y4aHd TeNJIOBLIX NMPOUECCOB

1. TlonHocThio pacTonuin
JIe[, MMEIOLLUUMH OTpULIATENh-
HYIO TeMnepaTypy

t,°CaA

0 t, / I,;MHH

Q :C.um(tnn =1, )+;\'m

2. Jlen, B3sATHIA NpU OTpULA-
TEJILHOH Temmepartype, Ipe-
BPaTWIH B BOJLYy NPH KOMHAT-
HOM Temneparype

ty
Q=cm(ty —t)+im+c,m(ty —to,)

3. B3saam nen npu 0 °C u

‘ OCA

TNOJIHOCTBIO HCTIAPHITH .y
0 t, MMH
Q=m+cym(tgn —ty)+rm
4. B3siu Bomy npu KOMHaT- 1,°C
HOM TeMmepaType M MOJIOBU- p
KHO = == ===
HY NpeBpaTHIIM B Nap
ty
0' ¢, MMH

m
O=com(tgn —t3)+ r;

Hoocka3ku K 3a0auam na menioesie npoueccsl

Ennnunel usmepenus

Temmnepatypy MOXKHO OCTaBJAThL B Ipaaycax
Lenbcus (°C)

Kunarok

Boga, umerowas temneparypy 100 °C

O6beM BOabI 5 11

m =5 KI', Tak Kak
m=pV =10 kr/M’ -5-107°M° =5 kr

Yumume: paBenctBo V(1) =m(kr) conpa-

BCIJIMBO TOJBKO JIA BOAbI
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13.

14.

3ALAYN

Kycoxk sbaa, umeromuii Temnepatypy 0 °C, OMelieH B KalOpUMETP
¢ a7ekTpoHarpeBatesneM. UToObl MPEeBpaTUTh 3TOT JIEA B BOAY C TEM-
nepatypoii 20 °C, tpebyetca konmuectso Temtorsl 100 k/k. Kakas
TEMIEPATYpa YCTAHOBUTCSI BHYTPH KJIOPMMETPA, €CJIH JIEA NMOJTYYHT
OT HarpeBartessd KoauuecTBo TemnoThl 75 k/x? TemioeMKkocTbio Ka-
JOpHMETpa ¥ TemJoOOMEHOM C BHelIHeW cpedoil mnpeHeOpeus.
VY nenbHas temnoeMmkocts Boasl 4200 [k / (kr - K), ynenbHas Tennora

miaBieHus apaa 330 xJlx/kr.

Omeem: °C

B cocyne nexut Kycok nnaa. Temneparypa asaa t; = 0 °C. Ecau co-
001HMTh eMy KonHyecTBO TertoTel O = 50 k/x, To 3/4 nbaa pacraer.
Kakoe KOMM4eCTBO TEILUIOTHI ¢ HAMO TOC/E 3TOro cooOLUTh COAep-
KHUMOMY COCYZa JIOMOJHUTEIbHO, 4TOOBI BECh JIe pacTas, M oOpa-
30BaBILUIAsICs BOJA Harpesachk 10 TeMrepatypsl £, = 20 °C? Tennossl-
MM TOTepSMH Ha HarpeB cocyda 1npeHeOpeuyb. Y ienbHas
TeroeMKocTh Boabl 4200 Ik / (kr-K), yaenbHas TernoTa mniasie-

Hus apAa 330 kx / kr. OTBET OKPYTJIMTE 10 LEbIX.

Omeem: Jx

TensoobmMen. YpaBHeHHe Ter1oBoro 6ajnaHca ¢ y4€TOM 3HAKOB KOJIU-

4CCTBA TCILIOTHI.

QOTJ] + QI'IOJ‘I)"{A = 0,

rae Qom <0, Qnonyq. > 0.

Hoocka3ku K 3a0auam Ha men10oomen

Tennoobmen  mpouc- | IloTepsiMH 3HEPrHH MOXKHO NpeHeOpeb
XOJIUT B KaJIOpUMETPE

XKunkocthb HarpeBarT HauanbHble ¥ KOHEYHBIE TEMIIEpATYpbl XUI-~

B HCKOTOPOM cOCYIe KOCTH U COCYZIa COBINAAAI0T
B xwunkocts onyckaror | Uepes HEKOTOpOe BpeMs OH MOKaXET KOHEY-
TEPMOMETP HYIO TeMIIEpaTypy XMAKOCTH M TepMOMeETpa
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Mokpsiii cuer

Coneprxur Bony u niex ipu 0 °C

Yumume: nen nnaBuTCA, €CIM OH HAaXOAWTCH
npy Temniepatype 0 °C ¥ onydaeT 3HEprHIO OT
Oonee Harpetoro Tena. Boaa kpucrannusyercs
npu Temmneparype 0 °C, ecnu oHa OTIaeT 3Hep-
ruto Gonee xonogHoMy Teny. Eciu nea u Boda
Haxogsarcs npu temneparype 0 °C, To HUKaKHX
arperaTHbiX MEPeX0J0B C HHMH HE IPOUCXOJUT

YacTtHble Cay4dyaHn Temn1000MeHa

1. B Bony koMHar-
HOH TeMIeparypbl
Opocuiu KoM CHe-
ra, Ccolep)kaliui
HEKOTOpOE  KONH-
4YEeCTBO BOABI, MO-
Clleé 4ero YCTaHo-
BHJIAaCh HEKOTOpas
NI0JIOXKUTENbHAS
TeMIepaTypa

v

0

Z
=
T

VYpasHeHue TernoBoro danaHca

O+, +0:,=0;

Cahlyg, (t - tal) t CaMy (t - O) + }"m:l +cem, (t - 0) =0

2. s nomy4veHus
HEKOTOpOH  MoJ10-
JKUTEJILHOH TeMIle-
paTypel BOIBI HC-
MOJIB3YIOT TOPSHYIO
BOdY M JIell, HMELO-
Ml OTpUUATEND-

HYI0 TeMIIepaTypy

v

2
=
=

YpaBHeHHe TermoBoro basaHca

Q+0.=0

cemy(t—t,)+c,m, (0—t,)+Am, +c,m, (1 —0)=0

3. B Bony KoMHat-
HOIl TemnepaTypsl
OpocaloT  packa-
JICHHOE  TBEpJoe
TENIO, B pe3y/ibTare
4acTb BOJBI MCMa-
pseTcs

t, °C %4

YpaBHeHue TeroBoro OajaHca

0 +0.=0
com, (100 -t )+ c,m, (100-¢,)+rm, =0
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4. Boay koMmHat-
HOM TeMnepaTyphbl
HarpeBalT 10 KH-
NEeHUs, BBOAS Map

npu ¢ =100 °C

>
0 t, MUH

¥YpaBHenue TerwioBoro bananca

O +0.=0

—-rm, +c,m,(100-¢,)=0

5. Jlen, umerommi
TEMIIEPaTypy
NJIaBJICHHSA, Harpe-
BAlOT JO I10JIOXKH-
TEeNBHON TeMImepa-
Typbl, BBOAs Map
npu t =100 °C

t, °C A

lKHﬂ

t

0 t, MUH

YpaBHeHHe TennoBoro banaxnca

O+0,=0

—rm, +c,my, (t =t ) + )"mn + e, (t - tn:l) =0

YNPAXHEHUA

B kactptonio, rae HaxoauTcs BoJa 00bCMOM 2 J1 NpH TeEMIlepatype
25°C, ponunu 3 n kunatka. Kakas temneparypa Bolbl yCTaHOBH-
nace? (70 °C)

BanHy BMecTUMOCTBIO 85 1 HEOOXOUHMMO 3aMOJIHUTh BOJOH, HMEIO-
et TeMrepatypy 30 °C, ucnoab3ys Boay ipu 80 °C v nea npu TeM-
neparype (20 °C). Onpenenure maccy jbja, KOTOPIH CiedyeT Mo-
JIOKHTh B BaHHY. Y iefibHast TEI0eMKOCTh BoabI 4200 Ix/(kr - °C),
ylebHas TeIioTa niasjedus abaa 336 kJx/Kr, a ero yaenbHas Ter-
noeMkocTh 2100 Jx/(kr - °C). (25 kr)

B cocyn, conepxammii 8 kr Boab! npu Temneparype 15 °C, nonoxu-
71 ned, umerouil Temnepatypy (—40 °C). B pesynbrarte TeninoobtmMe-
Ha ycTaHOBHJAack Temnepatypa (-3 °C). OmnpenenuTte maccy nbja.
Y nenbHas terioeMkocTs Boabl 4200 [x/(kr - °C), yaensHas Temiora
MJaBJACHUA Jpaa 3,3 - 10° Jx/Kr, a ero ynmenabHas TEMIOEMKOCTh
2100 dx/(xr - °C). (41,11 kr)

B cocya, conepkaimii 4,6 kr Boasl npu 20 °C, bpocaroTt Kycok ctanu
Maccoi 10 kr, HarpeTsiit 10 500 °C. Boja narpeaetcs no 100 °C, u
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4acTh ee obpamaercs B nap. Halizure Maccy o6pasoBasuierocs napa.
YnensHas tennoeMkocTs Boasl 4200 Dx/(kr - °C), yaenbHas TeIoTa
napoo6pasosanus 2,3 - 10° JIr/Kr, yaeabHas TEMIOEMKOCTb CTAlH
460 Ix/(kr - °C). (128 )

Jis onpeneneHus yaenbHOH TEMIOThI IUIaBIEHHA NbAa B COCY/ C BOIOM
OpOoCalOT KYCOYKH TalOILEro JibAa MpH HEMpPEePbIBHOM MOMEIIHBAHHH.
[Tepsonavansho B cocyae Haxoawnoch 300 I BOABI MPH TEMIEpaType
20°C. K MoMeHTy, Korza Jie/| IepecTa Tasith, Macca BOJlbl YBETHYWIACE
Ha 84 r. Onpenenure MO 3THM JaHHBIM YICIBHYIO TEIUIOTY IUIaBICHUA
nbaa. Y aeneHas terroeMkocth Boabl 4200 Ix/(kr - °C). (300 kx/Kr)

B cocyn, conepxxaruii 9 kr Boapl npu 20 °C, BBoaaT 1 Kr napa mpH TeM-
neparype 100 °C, xoropbifi npeBpaiiaercs B Boay. Omnpenenure KOHeY-
HYIO TeMIiepaTypy BoAbl. TeIU10eMKOCTh COCya H MOTEPH TEIUIOTHI HE
YUMTBHIBalTe., YaenbHas TerutoeMkocTs Boabl 4200 JDx/(kr - °C), a ee
yaieNbHas TeruioTa napoobpasosanus 2,1 - 10° [hi/kr. (78 °C)

B cocyxn, conepxxaumi 1,5 kr Boasl nmpu 15 °C, BnycKaloT BOAAHOM
nap Maccor 200 r npu temneparype 100 °C. Kakas remneparypa yc-
TAHOBHTCS MOCE KOHACHCALIMH BOASHOTO napa? YaenbHasd TeIuioeM-
KocTh BoIbl 4200 Ja/(xr - °C), a ee yaenbHas Teruiora napoobpaso-
BaHmsa 2,3 - 10° Jiw/kr. (89,43 °C)

B3auMHbIe nNpeBpaeHHUs
MEXaHH4YeCKOH H BHYTPeHHEH JHepPruu

Cosem: eclii B TEKCTE 3aJa4H YKa3aH NpouCHT OAHOIr0 BHAa HCPIrHH,

nepelieiued B Apyroil BU, TO OH YKa3bIBacTCA B BUAC ACCATHUYHOH ApodH
nepe TOH dHEPrHei, KoTopoil Teno 001a1ano BHavyane.

YacTHble c1yyan NposiBJeHHS 3aKOHA COXPaHEHHS JHEPTHH

[Ipy HeynpyroM ynape o CTEHKY MNyns
Harpenach

2
=cmAt

Teno nagaer ¢ HekOTOpOil BBLICOTHI H B
MOMCHT IAACHHA HarpeBacTCs

mgh = cmAt

Ha

B pe3ynbrate TOTO, 4TO mMyss NpoOHBaeT
2 2
CTEHY, €e CKOpocTh yMeHbluaercs, 50% 0.5/ MY _ MY \_ uAf
~ 2
BBIICJIMBLIEHCS TIPH 3TOM 3HEPTHH MAET

2 2

HarpeBaHHe Myl
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Jlersimas nmyns NpH yaAape O CTeHKY pac-
ruiaBwiack. HavanbHas TeMnepartypa my-
JIH MEHbBILIE TEMIIEpPaTyphl TUIaBJICHUS

2
=cmAt+ Am

Kamuns Bozabl, Najas ¢ HEKOTOPOH BBICOTHI,
B MOMEHT yJapa ucnapuiack. TeMmmepa-
Typa KamjH y IMOBEPXHOCTH 3€MJIH MEHb-
e TeMIepaTypsl KkuneHus. Ha Harpes
nouwio 60% BBIAETMBIIEHCS MeXaHHYeE-
CKOM DHEpPIruH

0,6mgh =cmAt +rm

Bceneacreue CropaHusi TOIUIMBa paKeTa

qMyon = mpgh

TIOJHSAIACh HA HEKOTOPYIO BBICOTY

BcenencTeue cropaHus TOIUIMBAa CHApsif 2
npuoOpen HEKOTOpYH CKOpPOCTh, M Ha 0,25qm oy =
3T0 OBLIO 3aTpadeHo 25% sHepruu

mev

YINPAXXHEHUSA

CeunnoBas apobunka, nersiias co ckopocteio 100 M/c, nonanaer B
IOCKY ¥ BXOIHT B Hee, 52% KMHETHYECKOH 3HEprHH ApOOHHKH HAET
Ha ee HarpeBaHue. Ha ckosnbko rpamycoB Harpenach ApoOGuHKa?
VY nenwHas TemnoeMkoctsh cBuHua 130 [x/(kr - K). (20 K)

CBHHLOBas myJif, JeTeBnias co ckopoctbio 500 m/c, mpobuna CTEHKy.
Onpenenute, Ha CKOJIBKO Harpeiach Myjs, €CIH TOCJIE CTCHKH €€
cKkopocTh cHH3WIack 10 400 m/c. CyuTaiiTe, YTO HA HArPEBaHHUE MO-
o 50% BeigenuBIICiicS TETUIOTH. Y AeTIbHAsA TEMIOEMKOCTh CBHHLA
130 Lx/(xr - K). (173 K)

Ha ckonbko rpaaycoB temriepatypa BOAbl Y OCHOBaHHA BOjoONaja
BBICOTOH 20 M Oosiblile, 4eM y BepiIMHBI? CyMTalTE, YTO BCS MeXa-
HUYECKasg DHEPrus MIOET Ha HarpeBaHHe BOJbl. YJeNbHas TeIuloeM-
KOCThb BOJBI 4200 Lx/(kr - K). (0,048 K)

C xako#f HaWMEHbILEH BBICOTBI AOJDKHBI OBITH CBOOOJIHO MajaTh I0-
AKIEBBIE KaIlIH, YTOOLI NIPU yAape O 3eMIII0 OT HUX HE OCTAJIOCh OBl
«MOKpPOro Mecta»? B MOMEHT MajeHHsi Ha 3eMJII0 TeMIlepaTypa Ka-
nens 20 °C. YaensHas temnoeMkocTh Boawsl 4200 Jhx/(kr - °C), a
yaenbHas TernoTa napoodpasoBanus 2,26 Mbx/kr. ConpoTuBneHu-
€M BO31yXa MnpeHedpeys. Y ckopeHHe CBOOOAHOrO MajieHus cYUTaiTe
NOCTOSIHHBIM. (259,6 kM)
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5. Ilpu xakoH CKOpPOCTH MyJis U3 CBHHIA [TOJHOCTBIO PACILIABUTCA IIPH
yaape o CTeHKY, eciu 80% ee 3Hepruu OyneT 3aTpayeHoO Ha Harpesa-
Hue nynu? HavansHas temneparypa mynu 27 °C, Temneparypa IiaB-
Jenus cBuHua 327 °C, ymenwHas Ttemoemkocts 130 Jhx/(kr - K),
yAenbHas TeruioTa mnasieHus 25 kJHx/kr. (400 m/c)

6. UYemy paBHa CKOPOCTb NyJIM Maccoi 12 r, eciu NpH BHICTpeEJiE cropaer
2,4 r nopoxa? YnenbHasa TEOTa CropaHus mnopoxa 3.8 - 108 Jiw/kr,
KIT[ xapabuna 25%. (616 m/c)

Koddpprnunenrt noJiesHoro nemcreus

En J1€3H
n=—-=.100%;
3arpau
AX Il Nl
n — 101€3H. . ]00% , "HI/I T] — TONE3H. . 100% .
sarpad norpet
Ipumepsi K
pumMep
Ilone3Has 3Heprus
YcrpoiicTBo (pabora), 3aTpaueHHan KIIQ
IHeprus (NMo/IHas padoTa)
DNeKTpOHATrpeBaresb, Oronen = CmAL cmAt 100%
= . 0
SMEKTPOIUINTKA, K- | (O _ s + rm) n Pr
TPOYaHHHK, KUIIATHILHHK W —p.
artp T )
["a3oBast ropenka, napo-| Qe = CcmAr cmAt 100%
- ) A
Bas TypOMHA, CHHPTOBKA, Orp = GM oo p—
[1aBWIbHAs NeUb
BUIaTe]b aBTOMOOWIIS s
Il ’ Alm:lean =Nt=N-— n= Ns -100%
camoJsiera v vgm
Ton
Qmm = qmwn
Pyxxbe ¢ MOPOXOBBIM 3a- mv’ mo’
Euoncm =4 n-= -100%
psOM, mylIka 2 2qmoe,
Q;a‘rp = qmnop
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Yumume: ecrm B 3amaue YKa3aHoO epems, B TCUCHHE KOTOPOro IIPOMCX0-
IUT OMH TEILIOBOH Mpoliecc, a CpalKrBarOT O BPEMEHH IIPOTEKAHHUA IpYTo-
ro, To CYMTaMHTE, UTO MOLIHOCTh HarpeBaTesig Uik XONOoAWIbHUKA NTOCTOsIHHA!

9_0

f] I8

YINPAXHEHUSA

1. Jlns HarpeBaHWs Ha 3JEKTPOIUIUTKE HEKOTOPOrO KOJIHYECTBA BOJBI OT
20 o 100 °C motpebosanack 21 MuH. CKOJIbKO BPEMEHH TOCTIE 3TOTO
HeOOXOAMMO AJIs [IOJHOTO HCIApeHHs BOAbI? YIenbHas TETIoeM-
xocTb Boasl 4200 JIx/(xr - °C), ynenpHas Teriora napoodpa3oBaHUs
2,24 MIx/xr. (140 MuH)

2. Cocya ¢ Boaoit HarpeBaloT Ha YyekTporauTke oT 20 °C 10 KMNEHHA
3a 20 MuH. CKOJIBKO BpeMeHH noTpebyercs Ha TO, 4ToObI 42% BOIbI
oOpaTtuTh B nap? YaenbHas temoeMkocTs Boasl 4200 x/(kr - °C),
yZenbHas TerioTa napoodpaszosanus 2,2 Mx/kr. (55 MuH)

3. B oanextpudeckuii KodelHnk Hamwu Bogy oosemomM 0,16 11 mpu Temnepa-
Type 30 °C u BTIOUWIM HarpeBaTelsb. Uepes Kakoe BpeMs I0CIIE BKITHO-
YEHMsE BLIKMIIHT BCS BOJA, €CJIM MotuHocTh Harpesatens | kBr, KITJ Ha-
rpesatens 0,87 VYnenbHas Teroemkocts Boabl 4200 Ix/(kr - °C).
Y nenpHas TennoTa napoodpaszoBanus Boasl 2256 k/x/kr. (510 ¢)

BHyTpeHHﬂﬂ JHepIrust MA€aJIbHOI'0 ra3a

BHyTpeHHsIfl JHeprUus HA€eaJILHOrO ra3a npeacTaBiseT coboil cymmy
TOJIbKO KMHETUYECKOH IHEPruy BCEX MOJIEKYJ, a MOTCHLHAIBHOH YHEPru-
el B3aMMOAEHCTBHS MOXKHO NpeHeOpeyb:

U=SEy=NEg="Ne KL _ L m prlogr=Lpp,
M 2 2 M 2 2
rae [ —cTeneHb cBoOOAbl: [ = 3 ;i 0JHOATOMHOTO (WM HAEaTbHOro) ra-

3a, i = 5 A4 ABYXaTOMHOrO rasa, i = 6 115 TpeXaTOMHOrO ra3a 1 0onbLie.

Yucaom creneHeil cBo6oabLl MEXaHHUECKOH CHCTEMbl HA3BIBAIOT KO-
JIMYECTBO HE3aBUCHUMBIX BCJIHYHH, C ITOMOUIBKO KOTOPLIX MOXCT ObITh 3a-
JJaHO MOJIOXXCHUE CUCTEMBI.
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H3menenue BHyTpeHHe# IHEPrUM HIEAIBHOIO £a3a

3 3
OcHoBHag ¢o AU == — RAT =—vRAT ==vR(T, - T,
dopuya S RAT = ZVRAT =~ VR(T, - T)

3 m

HM3orepuurieckuit 3anomuume: AU = EvR(TZ -7)=0
npouecc 2
o- 3 3
H3o0bapHoe paciinpe AU =2VR(Ts ~T)) =2 (pVs - p¥y) = i pAV
HHUE 2 2 2

H3oxopHoe yBenuye-
HHE JaBJICHUA

3 3 3
AU =—VR(T: =T)) =S (pV = pV)=—Vip

[Tpou3BosibHBIH 1po-
ece

3 3
AU:EVR(Tz —Tl)=5(Psz -ph)

15.

16.

208

3AL4AYN

Ha pucyHke noka3zan rpadux LHUKJIMUYECKOIO Mpoliecca, NPOBeeHHO-
ro ¢ uieajbHbIM ra3oM. Ha kakoM M3 y4acTKOB BHYTPEHHSS dHEPIHsl
rasa yMeHblianace?

Omeem:

WNaeanbHbii 0IHOATOMHBIN ra3 NMEPEXOJUT U3 COCTOAHMA | B cOCTOA-
HHe 2 (cM. nmarpammy). Macca rasa He MeHseTcs. Kak u3MeHAOTCA
NpU ITOM CJIE/IYIOIUC BCIAUYUHBI: 00bEM Tra3a M ero BHYTPEHHSS
Heprus’?




OUBHYECKHE BEJIMUWHBI UX USMEHEHHE

A) oObeM raza 1) ysenuyuBaercs

b) BHyTpeHHSS 3Heprus 2) yMeHbLIAETCA
3) He U3MeHseTCs

A b

Omeem:

17. OO6veM cocyaa ¢ uaeanbHbIM ra3oM YMEHBIUMIW BIBOE, BBIITYCTHB
TMOJJIOBHHY MOJIEKYJI Ta3a U [OIEPXKUBAs TEMIIEpaTypy ra3a B COCyae
NoCTOSHHOH. Kak M3MeHMIHCh B pe3ynbTaTe 3TOTO IIOTHOCTB rasa v
€ro BHYTpEHHsAS dHeprus?

OU3BNYECKHE BEJIMYKMHbBI UX UBMEHEHHME
A) MUIOTHOCTh 1) yBenmuunacs
b) BHyTpeHHss 3Heprus 2) yMeHblUMNach

3) He U3MEHHJIACh

Omeem:

Pabora uaeaanLHOro rasa

PaGora maeanbHoro rasza. Ecnu rasz, HaXomALUWICS IO MOPLUHEM,
HarpeThb, TO, PACIUHPSAICH, OH MOAHHUMET IOPIIEHE, T.€. COBEPILHUT MEXaHH-
4eckylo pabory.

A H3zob6aproe pacuupenue caza
F4 A=Fscosa; F=pS;

hy| \h, s=h—h;cosa=1, FTT5;
A'= p(Vy, =V,)= pAV > 0.

To.

Iomrume: 3HaK pabOTHI ONPEIENSAECTCA TONBKO
3HAKOM COS .
Hzobaproe cocamue caza
A'=pV,-V))=pAV <0.
H3obapnoe nacpesanue caza

A'=VRAT =vR(T, - T}) = %RAT.

3anomHume: B W30XOpHOM npouecce AV =0, 4'=0.
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I'eomeTpHUYecKHiHl cMbic1 paboThl B TepMoAHHAMHKe. B Tepmou-
HaMHKe JUIl HaXOXJeHHS paboThl MOXXHO BBIYMCIIUTb IUIOLIAAb (HIYPbI
nox rpagukom B ocsax (p, V).

IIpumepsb: rpadguyeckux 3agay

H306apHoe pacuidpeHHue:
A'=p(-W)
A'>0

H300apHoe cxxaTue:
A'= p(¥3~1)
A'<0

H3oxopHOe oxNlaxaeHHe:

V= const
A'=0

H3oxopHoe oxnaxkaeHHe H H3obap-
HOE C)KaTHe:

1-2: 4'=0
2-3: A4'= pAV <0

3aMKHYTBIH LIHKII:

1-2: A'>0; p

P A'=0 Pil-- e ®
3-4: 4'<0; psp--4EEy
4-1: 4'=0 o v

A" =(p - p)V2 = V)

[IponsBonbHbIA Npouecc:

Al:pl-;p2 (Vz_Vl)
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3A0A4YHN

18. Ha rpaduke uzobpaxkeH LMK ¢ HACATLHBIM ra30M HEM3MEHHOH Mac-
cbl. Ha xaxkom yuactke rpaduka pabora paBHa HyJ110?

Omeem:

19. Ha pV-nnarpamMe mnokaszaHel [JBa Ipolecca, MPoBeAeHHBIE C OJHUM
U TEM K€ KOJIHYeCTBOM razoo6pa3Horo HeoHa. Qnpeaenure OTHolle-
Hue pabot 4, / A, B 3THX Ipoleccax.

Omeem:

IlepBoe Ha4ya/10 TEPMOAMHAMHUKH

Ileproe Ha4a/I0 TepMOAMHAMHUKH (32KOH COXpAHEHMSI JHEPrUM B
TEIUIOBBIX NMPONECCAX): GHYMPEHHAA IHEPIUA UOEATbHO20 2a3d U3MeHsl-
emcs 08yma cnocobamu: 3a ciem menaonepeoayu ulu npu CogepuieHul
pabomyl

tAU =120+ 4,
rae +AlU — BHYTPEHH:s SHEprus rasa yBeJIudHBaeTCs,

—AU — BHYTpEHHsIsl SHEprus raza yMeHbllaercs,

+() — ra3s HarpeBaroT, rady repeaalT KOJIHYECTBO TEMIOTH,

~Q — ra3 ox1ax/aeTcs, ra3 OTAaeT TeIIo OKpyXKarolueii cpene,

+A' — ras cKUMaeT BHELIHSAS CHIIa,

—A' — ra3 paclupsieTcs, raz copepiuaer paboTy.

Yumume, uto 3HaK nepen paboToil MoKa3bIBaeT, KaK MPOLECC COBEP-
IIeHHs paboThl BIIMSIET HA U3MEHEHHE BHYTPEHHEM SHEPrUH raza.
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YINPAXHEHUSA

B HekoTOpoM nporiecce BHYTPEHHASA SHEPrus rasa yMEHbIIHIACH Ha
300 Ik, a ra3 coBepurin pabory 500 /Ix. Kakoe KonHuecTBO TEIIO-
Thl 6B1710 co00IIIeHO ra3y? (200 dx)

B HekoTopoM rponecce razy OblI0 COOOINEHO KOAHYECTBO TEIUIOTHI
900 Jlx. I'a3 coepwmmn pabory 500 [x. Kak u3MeHunacr BHyTpeH-
Hss dHeprus raza? (Y Beauuniaach Ha 400 /Ix)

Ipn nepenaye razy xonmu4dectsa teriorsl 300 [k ero BHyTpEeHHsIs SHep-
rus ymenbimiace Ha 100 [bx. Kakyto pabory coepunin ras? (400 1x)

HneanpHbiii ra3z otgan koandecTBo Temiothl 600 Jx, mpu 3TOM ero
BHYTPEHHSAs 3Heprus yBenunumwiack Ha 200 x. Uemy paBHa paborta,
coBepieHHas Hax razom? (800 dax)

BHewHne cunbl coBepuiuan Haja rasom paborty 500 Ik, npu 3ToM
BHYTPEHHss 3Heprus ymenbiumiaachk Ha 200 Ix. Onpegenure konu-
YeCTBO TEIUIOTHI, OTAaHHOE Ta3oM. (700 dax)

Ot yero 3aBuCAT PU3HUYECKHE BETHUYHHDI,
BXOAfLIHE B NePBOE HAYAI0 TEPMOIHHAMMUKH

H3meHeHHe BHYTpEHHEH 3HEPrUU — OT U3MEHEHHUS TEMIIEpATypPhl:

AU :%VRAT .

PabGora raza — ot H3MeHeHHs 00beEMa:

A = pAV .

TlepBoe HaYa10 TEPMOAHHAMHUKH /19 H30NIPOLIECCOB

N3zorepmuueckuii (T = const) AU=0 0=4

H3zoxopusiii (V' = const) A'=0,AU=Q

H300apHoe pacuMpenHe rasa (p = const) AU =Q - pAV

AU = Q~vVRAT

Anuabarueiii (O = 0) (MM TEMJIOM30JHPOBAH- 0=0 AU=4

Hasi CUCTEMA)

212




3ALAYN

20. VYCTaHOBHTE COOTBETCTBHE MEXAY OMHCAaHHBIMH B IICPBOM cToJidue
0COOEHHOCTAMH MMPUMEHCHHA NMEPBOro 3aKOHa TEPMOAHMHAMHKH H

21.

22,

23.

Ha3BaHHEM H30IIpoLECcca.

OCOBEHHOCTH ITPUMEHEHU

INEPBOI'O 3AKOHA TEPMO/IMHAMUKHA

A) Bce nepegaHHOE ra3y KOJIMYECTBO TeM-
JIOTBI HAET Ha coBepilieHHe paboTsl, a
BHYTPEHHSS JHEPIrHs raza ocraercs 6e3
H3MEHEHHUS

b) Bce mepenaHHoe rasy KOJHYECTBO Tel-
JIOTHl KAET HAa HW3MEHEHHE BHYTpPEHHEMH
DHEPruH rasa

A b

Omeem:

Ha pT-auarpamMme (cM. pHCYHOK) IlOKa3aH
NpoLEecC M3MEHEHHS COCTOSIHHSA HACAILHOrO
oxHoaromHoro ra3za. I'a3 ormaer 50 xJIx te-
wioTel. Onpenenute paboTy BHELITHHX CHIL

Omeem: KkJx

HA3BAHHUE
IMTPOLIECCA

1) usorepMUUECKHIA
2) n3obapHsbIi

3) M30XOpHBIH

4) aguabaTHbIi

HneanbHbl OZHOATOMHBIH Ta3 HaXOAUTCA B COCYAE C KECTKHMH
cTeHkaMH oGbemoM 0,6 M. IIpH HarpeBaHMH €r0 BHYTPEHHSS
3Heprus yBenuumiach Ha 18 k/Ix. Ha ckonpko Bo3pocino AaBiieHHe

rasa?

Omeem: klla

Ha pHcynke mpenacrasneH rpaduK 3aBUCH-
MOCTH OaBJICHHS HMIEAIbHOTO OJHOATOM-
HOro rasa or obbema npu aauabaTHOM
pacuuMpenu. ['a3  cosepmaer pabory,
pasHyro 30 k/[x. Ha ckonbko yMeHbIUH-
Jlach NPH 3TOM BHYTPEHHAS YHEPrus raza’?

Omeem: kJx

213



24.

25.

26.

214

Ha pucynke npuBeneH rpacduk 3aBuUCH-
MOCTH HAaBJIEHUS OJAHOATOMHOTO HACallb-
HOro rasza oT ero oowema. BHyTpeHHAS
SHeprus rasa ysenauduiace Ha 300 k/lx.
Kakoe konuuecTBO TEILIOTHI COOOUICHO
razy?

Omeem: kJx

HneanpHblif o1HOATOMHBIH ra3 coseplua-
€T IIepeX0] M3 COCTOSHHA | B COCTOSHME
2 (cM. pucyHok). Kakoe xonnuecTso Ten-
JIOTbl OBUIO OTBEACHO OT CUCTEMbI B 3TOM
npouecce?

Omeem: xkJIx

HneanbHblit oaHoaTOMHbBIH a3 u3006apHO
pacliupsieTcsl, Nepexoas U3 COCTOSHHUS |
B COCTOsIHHE 2. YCTaHOBHUTE COOTBETCT-
BHE MEXNY QU3UUYECKUMH BEIUUYMHAMH H
bopMyslamMH, 0 KOTOPbIM HX MOKHO pac-
CYHUTATb.

OHU3NYECKHUE BEJIMYHMHBIL

A) n3MeHeHHue BHYTpeHHeH 3Hepruu
NpH TIEPEXOAE U3 COCTOSAHMS | B
COCTOSIHUE 2

b) KonM4ecTBO TEMJOTHI MOTYYEHHOE
0py INEpPEeXode U3 COCTOSTHHE | B
COCTOsIHME 2

Omeem:

i

NS
(DO N
x

— ),__,,..
z VY

<

—_ N WA

A
P 2

Po >

0o v, ¥V, ¥

OOPMVJIBI
1) P()(Vz *Vl)
2) %nmn—m)
3 2p(Ve-W)
2
5

4) Epu(Vz _VI)

I'padHyeckne 3a1a4n Ha NepBoe HAYAI0 TEPMOAHHAMHKH

3agaya. OauH MOJb WICAILHOrO OJHOATOMHOIO ra3za cHayana H30-
Tepmudecku pacwupuics (7 = 300 K). 3arem ras oxylaguiu, MoHW3WB



nasjeHue B 3 pa3za (CM. pucyHOK). Kakoe KolIM4ecTBO TEMIOTHI OTAAJ ras
Ha yyactke 2—3?

0 v

AJITOPHTM pelleHHUsA

1. OnpenenuTbh TeMnepaTypsbl A BCEX YKA3aHHBIX TOYEK, YUHTbIBas

rpadukH nporeccoB, MacIUTab U yCIOBHE 3a/1a4H.
T,=T,=300 K; 75 =100 K.

2, OmnpenennTb, K KaKOMY H30IPOLIECCY OTHOCHTCA TOT y4acTOK rpa-

¢HKa, 0 KOTOPOM CIPAUIMBAIOT B 3a1aye.
2-3 uzoxopHuiil.
3. 3amucaTh A718 HEero nepBoe Hayasao TEPMOAHMHAMUKH.
B oannom npoyecce:
AU =0Q.

4. YuuTsiBasg XapakTep MU3MEHCHHS BEJIHYMH, NPAaBHIbHO PAacCTaBUTh

3Haku: ~AU =0 .

S. IloxcTaBnss B nepBoe Hayano TEPMOJHHAMHMKH (OPMYJBI Ul pac-
. 3
yeTa M3MEHEHHMs BHYTpeHHe#H sHepruu: AU =EVRAT M paboTbl rasa:
A" = pAV (A" =vRAT ), peuuTs 3a1auy.
B oannom cryvae npoyecc uzoxoprulil, u paboma pagna Hyaw0, NOIMOMy

3
O = > VRAT,, =21 omb-8,31-2%_.200 K = 2493 [l
2 2 kr-K

3A0A4YH

27. Han uneanbHbIM OJHOATOMHBIM [a3oM B KOJIHYe- p
CTBE BELLECTBA 2 MOJIb COBEPIUHIH npouecc 1-2-3
(cM. pucyHok) Temneparypa raza B cOCTOsSHHH |
paBHa 280 K, yuactok |-2 sBnseTcs H30TEPMOH.
Kakoe KOJHUYECTBO TeMIOThl GbINO NepenaHo razy 0
Ha yuyacTtke 2—-3? OTBeT OKpYIJIMTE 10 AECATBIX.

Omeem: Jox
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28. HneanbHbIif OXHOATOMHEIN a3 B KOJIMYECTBE vt 3
2 MOJb CHayalla H30TEPMHYECKH PACLIHPHIICS
(T, = 400 K). 3arem ra3 uzobapHO Harpeiu,
TOBLICHB TeMmnepaTypy B 2 pasza (CM. puCy- L
HOK). Kakoe KOJIMYECTBO TEmIOTHI MOJYYHIT 0 p
ra3 Ha yqactke 2-3?

[\

Omeem: JIx

29. 10 Moimp HACATBHOrO OJHOATOMHOro rasa V
OXJIaJHJIH, YMEHBIINB JaBJICHHE B 3 pa3a. 3a-
TEM a3 Harpejii 10 MepBOHAYaJbHOH TeMIle-
patypsl 300 K (cMm. pucynok). Kakoe komuuc-
CTBO TETUIOTHI COOOLIEHO ra3y Ha yyacTke 2—37

Omeem: JIx

TensioBbIe MAIUHbI

Ten/ioBble MalIMHBL — YCTPOKCTBA, B KOTOPBIX 3@ CUET BHYTPEHHEH
JHEPruH TOIIMBA COBeplUaercs mMexaHuueckas paborta. UToOsl TemsoBas
MalMHa paboTalia UMKIMYEeCKH, HE0OXOAUMO, Y4TOOBl YacTh JHEPryH, MO-
Jy4EHHOH OT HarpeBarelsi, OHa OTAaBalla XONOAHIbHUKY.

BTopoe Haua/i0 TEPMOAUHAMHUKH: 6 YUK IHYCCK OCUCMEVIOWeM me-
RA0BOM 06U2AME.TE HEGOIMONHO NPeVDPA30BUMb 6CE KOIUYECMBO MENIO-
Mbl, NOTYHEHHOE O HAZPEBAMEIIsl, 8 MEXAHUYECKYIO pabomy.

Huka KapHo npoHcXoauT ¢ HIeabHBIM Ia30M.
I'pacduk umkiaa KapHo COCTOMT U3 IBYX agnadat M ABYX H30TEPM:
1-2 — HM3oTepMHUEcKOe paclIMpEeHHe P
2-3 — apnabaTHOE paclIiMpeHue

34 — U30TEPMHUUECKOE CHKATHE

4-1 — angunabaTHOE CXKATHE

0!
Makcumansubiiit KIIJ coorBeTcTByeT uukiny KapHo:
n= [l %3 100% = 9. -kt 100% ,

n:iIOO%,

H
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Nt
n-=-

100% .

n= A oo
A +Q,
LTy 000 .

n
rae O, (JLK) - KOIMYCCTBO TEM:I0ThL. MOJYYCHHOE OT Harpesaresns (1osy-
YCHHOE KOJIMUCCTBO TCI0Tbl), Ox (%) KOJIMYECTBO TEIUJIOThI, OTAdH-
HOE XOJOAUIBHUKY (OTJAaHHOE KOJMUMUECTBO TemIoThl); A’ (k) — pabdorTa,
coBepliieHHas razom; N (BT) - mones3Has MOWHOCTD; [ (C) — BpeMs;
T, (K) — Temneparypa narpesatens: 7, (K) — temnepatrypa xosno-

JWIbHUKA
Yumume - TeMnepatypy cneayer BbipaxkaTb TOJAbKO B KelbBHHaX (K)
u KI1J1 He ObiBaeT Ooiblie 100%.

3ALAYU

30. PabGouee Teno tennoBoi MamuHbl noayduno 70 x/x Temnorst. [lpu
3TOM XOJIONWIBHUKY nepenaHo 52.5 k/x temnorsl. Onpenenure
KI1/I Takoii MaluuHbl.

Omeem: %

31. Tennosas MamuvHa ¢ KI1J] 60% 3a uukn paboTsl OTAAET XOIOAUIIb-
HUKY KOJIHYECTBO TelnoThl, paHoe 100 [Dk. Kakoe konuuectBo Ten-
JIOTHI 3@ LMKJI MOJy4aeT MallHa OT HarpeBares?

Omeem: Ik

32. Tennosas mammsa ¢ KI1J] 75% 3a uuki paboTbl momy4aer oT Harpe-
BaTeJs KOJMYECTBO TeIloThl, paBHoe 60 [[x. Kakyio nonesnywo pa-
00Ty MallMHa COBEpILAET 3a OJUH HUKI?

Omeem: Ik
33. Tennosas MawuHa ¢ KITJ] 20% 3a nmkn paGoTsl OTHAET XONOAWIIb-

HMKY KO:TH4eCTBO TennoThl. pasHoc 80 Jhx. Kakylo nonesnyto paboty
MalllWHa COBEPIIAET 3a LUKN?

Omeem: Jix
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34. KIIJ uneansHoro Temwnosoro asuratens 30%. Kakosa Temneparypa
Harpesartesisi, eciid Temneparypa xonoaunsHuka 20 °C? OTBeT OKpyr-
JIMTE [0 LIEIBIX,

Omeem: K

35. Temmeparypa CTpyH, BBIXOMALIEH M3 COIUIAa PAKETHOrO ABHMIaTels,
paBua 1000 K. KII[] aroro aBurarens TEOPETHYECKH MOXKET JIOCTH-
rarb 3Ha4eHus 70%. YeMy paBHa Temmeparypa B €ro Kamepe cropa-
Hus? OTBET OKPYTJIMTE 10 UEJBIX.

Omeem: K

36. TemmepaTypa HarpeBaTens UAEAIBHOIO TEIMIOBOro ABHraress KapHo
227 °C, a teMnepatypa xonoauiasHuka 27 °C. PabGouee Tejio ABHrare-
JIA cOBEpLIAET 3a UMKI paboty, paBHyto 10 k/x. Kakoe konnuecTBo
TEIUIOTHI MOJIy4yaeT pabouee TeNo OT HarpeBaTens 3a OJUH LHKI?

Omeem: kJIx

37. Tennosas mawnnHa umeet KI1J 25%. Cpeaxss MOIIHOCTD nepeaayuu
TETUIOTHI XOJMIOAWILHHKY B XoJe ee paboTsl coctaiser 3 kBt. Kakoe
KOJIM4ECTBO TEIUIOTHI MOJy4aeT paboyee TelIO MAlMHBI OT HarpeBa-
Tens 3a 10 ¢?

Omeem: kJIx

AJITOPHTM pellieHUs 337134 Ha onpejlejleHHe
KIIJX TensioBoro npoiuecca

3amaua. Ha p-V nmarpamme wu3obpaxeH 7” 2 .
UMK, TIPOBOAUMBII C OJHOATOMHBIM HJI€AJIbHBIM “Por==+ -
razoMm. Onpenenure KI1/ 3Toro umkna. Pot--

1. Onpenenuts pabory rasa. o v v

Ecnu TerutoBoid mpouece npeactasieH B ocsax (p, V), To MOXHO onpe-
Je7MTb paboTy, BBIYMCIMB II0WAAL QUTYPbl, OTPAHHYEHHOH 3aMKHYThIM
LIHKIIOM:!

A' = pOVO .
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Yumume: ecnu TennoBoi pouecce npejcTansjleH B APYTrHX OCAX KOOP-
AWHAT, TO CIEAYCT CHayajla MepeCTPOUTh €ro B 0CAX (p, V) H TOJIBKO MNoO-

TOM ONnpeaciiaTh pa60Ty.
2. BblHCHMTb, Ha KakKMX IJTalax TIIOBBIIIACTCA TEMIIEpATYpa Tra3sa.

MIMeHHO 371€Ch ra3 noayyaer 3HEpPruio:
1-2: V =const, p T,T T
2-3: p=const,V 1,71
3-4: V =const, p Jv, T
4-1: p=const,V {, T {
Bb1600: Ta3 oyvaeT 3HEPrHI0 TONABKO Ha IEPBOM M BTOPOM 3Tarax.
3. Onpenenuts ¢ MOMOILBIO NEPBOrO Havana TEPMOJAMHAMUKU KOJIHYE-

CTBO TEIUIOTI, MOJYYEHHOE ra30M:
1-2: V =const, 4,, =0,

3 3
Q- =AU, :EAPV :‘z‘poVo =L5pVs
2-3: p=const,
, 3 3
AUy =0y — Ay ; AUy :EPAV :EZPOVO =3ps

Ay = pAV = 2paVes O =3poVo +2poVe =5p0Vs
()01uee nonyyeHHOE KOJHUYECTBO TEMIOThI
Qnonym =0 +0.,=6,5pV,.
4. Beluncants KI1, uenonb3ys ocHOBHYIO GopMmyity:

A -100%

n:

HOAYY

n=—L% 100%=15,4%.
6’5P0Vo

Ynpaxknenns. Onpenenure KI1/] TeruioBoro npouecca.

1. 2. 3
S
p,: 107 I1a P 5 p ) 3
4po -~ 73 3o |- >
o G s
0ol Ve 2V ol v, v,y
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p pAL
3.2 3 3p0 - F—3
Po - 2po[=3 3
2po- -
1, 4 _—
: Nt A e
0T 7 v - — L,
Voo 3 ol v v ol 21 3y
7. 8. HMneanbHelif ogHOATOMHBIN ra3 cosepiaer
pA 3aMKHYTBIH LIMKJI, COCTOSIIUMHA M3 JABYX H30XOp-
30 | 2 3 HBIX M JIBYX H300apHbIX mpoleccoB. [Ipu u3o-

XOpPHOM HarpeBaHMH JIABIICHHE ra3a yBeJIMuHBa-
ercs B 2 pasa, a Mpud H300apHOM HarpeBaHHH
Por- 4 obbem yBenuuuBaercs Ha 70%. Haiigure KI1J]
(B npoueHTax) MUK,

11. 12.
VA
2,
Vo
0" v 2, 3, ¥ 0

Otserbr: 1. 1538%. 2. 10,34%. 3. 9,52%. 4. 12,12%. 5. 17,39%.
6.14,81%. 7. 19,05%. 8. 14%. 9. 10%. 10. 11,54%. 11. 6,25%.
12. 15,38%.
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8. QJIEKTPOCTATHKA

-

DuieKTpUUYECKUH 3apsi]. 3aKOH cOXpaHeHMs 3apsi/ia.
JJleKTpHYECKoe 1moJie

DNEeKTPOCTATHKA U3Y4aeT HEMOABUKHBIE 3aPALBI.

DNeKTPH3ALHUS — [IPOLECC, B pe3ybTaTe KOTOPOro Teao npuodpeTa-
€T JJIEeKTpUYECKHit 3apsi. Ecii Teno HauMHaeT NPHTATHBaTh K cebe apy-
rYe Tejla, TO TOBOPAT, YTO OHO HadJeKTPH30BAaHO, WIIM MPUOOPENO dJIeK-
TPUYECKHUH 3apsi.

Jaexrpuyeckuii 3apsa g (Ki) onpenenser criocobHOCTL TeNl y4acT-
BOBaTh B IEKTPOMAarHUTHBIX B3aUMOJECHCTBUAX. B mpHpoae CylecTByioT
JIBa BH/Ia 3apANOB, KOTOPBIE YCIIOBHO HA3BATH NONONCUMENLHBIMU U OMPU-
yamenvHovimu. OJHOUMEHHBIE 3apsAAbl OTTANKMBAIOTCH, @ Pa3HOUMEHHBIE
HPUTATHBAIOTCS.

3aKoH coXpaHeHHUs 3apaja: arcedpauyeckas CymMma 3apaoos 6 3aMK-
HYMOU CUCMEME COXPAHAEMCS:

2g, = const .

CucteMy Ha3BIBAIOT 3dMKHYMOU, €CIM OHA He OOMEHUBAETCS 3apsja-
MH C OKpYXXaroIleH cpejloi.

JKCMEPUMEHTAILHO I0Ka3aHO, YTO 3apsibl MOXKHO JE€NUTh, HO A0 Ofl-
peaenenHoro mnpejena. Hocutens HauMEHbIIETO 3JIEKTPHYECKOTO 3aps-
Jla — OTPHLATENBHO 3aPSKEHHBINA €KMPOH

g.=-1,6-10""Km; m. =9,1-10 kr.
Monayne n1060r0 3apsiia KpaTeH 3apsy JeKTpoHa:
q=Nq.,
rae N =¢q/q, — H30BITOK 2JIEKTPOHOB.

Yumume: B npouecce 31€KTpU3aIMU OT OAHOrO Teja K APyroMy nepe-
XOAAT TOJAbKO IEKTPOHbl. EcU y Tesa H3ObITOK 21E€KTPOHOB, TO OHO 3a-
PSYKEHO OTPHLATEIbHO, @ €C/IH HEJOCTAaTOK, TO — MOJIOKMTENbHO. Bruma-
Hue: 3apsHKEHHbIE TEJla MPUTATUBAIOT K ceOe HeHTpaibHbIE Tena U Tena C
NPOTUBOIIOJIOXKHBIM 3apsaaoM. OTTajikuBaHHe HAOIIOAACTCS TOJBLKO MEXK-
Ay OTHOMMEHHO 3apsKEHHBIMH TeJIaMM.
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3ALAYY

Ha 1ByX ONMHAKOBBIX METAUIMYECKHUX IIapaX HAXOASTCH MOJIOKH-
TenbHbId 3apaa 7 HK1 u otpunarenshbiid 3apsan 1 K. Kakum craner
3apsi] Ha KaXJOM luape MpH CONPUKOCHOBEHHH 1IapoB?

Omesem: uKn

Ha pucynke u3oOpaxeHbl 18Ba OnH-
HAKOBBIX JNEKTPOMETPA, LIaphl KO-
TOPBIX HMEIOT 3apsiabl MPOTUBOIO-
NOXHBIX 3HaKkoB. Kakumu cranyt 3 3
[IOKa3aHHs 3JIEKTPOMETPOB, €CJIU UX
mIapbl COEAUHUTD TIPOBOJIOKOMH?

A b

Omeem:

HbinMHKa, UMeoLLas TIONOXKUTENBHBIN 3apsa +e, NoTepsia HIEKTPOH.
KakuM cTan 3apsil NBUTHHKH, BEIPQXKEHHBIH B €IMHHIAX 3EeMEHTap-
HOro 3apsnaa?

Omeem:
Ot kanmu, UMeroLIed MeKTPHYECKHI 3apsaa —2e, OTIeNNIach Karuis

¢ 3apsaoM +e. KakoB Moaysib 3JE€KTPUYECKOro 3apsiia OCTaBIICHCS
4aCTH KalUTH, BEIPQXKEHHBIH B €IMHHUIIAX JIeMEHTapHOro 3apsaja’

Omeem:

HI/IHKOBaH njiaaCTuHa, “UMcEroLias OTpP[IIaTC.HbeIﬁ 3apsan —128, npu
OCBCILLICHHH MNOTEpsIa YETBIPE 3JICKTPOHA. Bo ckoiibko pa3 yMEHb-
HIKJICA 3apsan TJJACTHHBI?

Omeem: B pasa

Kakoii 3apsia MO)xHO ObL10 OBI OJYYUTh Ha ATKOMUHHMEBOH CHIMLE, OT-

Oupas Mo OHOMY BMEKTPOHY OT K&KI0ro aToma amomMuHus? Cuurath
—1 3 3
obveM cruupl V=107 M’; MIOTHOCTh altoMuHMA p =2700 kr/Mm

U ero MonsapHyro maccy M= 0,027 kr/mons. OTBET npuBenuTe C TOUY-
HOCTBIO A0 HENbIX.

Omeem: Kn



BOKpYT 3apsKeHHBIX TeJ CYLIECTBYET ocobas cpena — JJleKTpHye-
ckoe moJsie. IMeHHO 3To mnosne sABIseTcs MMOCPEIHUKOM B Mepenaye 3jek-
TPHYECKOr0 B3aUMOAEHCTBHSL.

Cgoticmea 31eKmpuyeck02o no.s:

® MaTepHAJILHO, T.€. CYLIECTBYET HE3ABUCUMO OT HAILECTO CO3HAHUS,;

e BO3HHKAET BOKPYT 3apsfioB M OOHApYXHBaeTcs MO ACHCTBUIO Ha
NpoOHBIN 3apsi;

® HENPEPBIBHO PacnpeaeneHo B IPOCTPAHCTBE,

e 0c1a0€BaeT M0 MEpe yaNeHHs OT 3apsaa,

® CKOPOCTb pPaclpOCTPAaHEHUS NEKTPHUECKOro MOJjIs B BAKyyMe paBHa
ckopocTH cBeta ¢ =3-10° m/c .

3axon Kymnona

3akon KyjoHa — OCHOBHOIM 3aKOH 3JEKTPOCTaTHKH OBUT OTKPBIT
IKCIEPUMEHTAILHO B 1785 1. 068a HEnoOBUNCHBIX MOYEUHbIX 3apA0a 6 6a-
KyyMe 83aumo0eiicmgyom opye ¢ Opy2om ¢ CUAOT, NPAMO NPONOPYUOHAb-
HOU Npoussedenuro Mooyaeli 3apsoo8 u 0OpAmHO NPONOPYUOHATLHOU
K6aopamy pacCmosiHus MEXCOY HUMU:
_Klail-Ja:|

2 B
y

Fy

rue |q1’ (Ka) H|q2| (Kn) — momynu 3apsiioB, » (M) — pacCTOSHUE MEXAY

3apsaamu, k — K03 UUMEHT MPONopUHOHAIBHOCTH, KOTOPBIH YHCIEHHO
paBeH CHIe B3aUMOJCHUCTBHS MEXIy IBYMS TOYECYHBIMU 3apsiaMH IO
1 K, HaxoasuMycs Ha pacCTOSHUY | M IpyT OT apyra:

P =9-10°H -m*/Kn’;
4me,

€, =8,85-10"2 Kn’/(H M") — ameKTpHuecKas NOCTOSHHaS.
3akoH KynoHa B cpene:

klai||a2]
Fe=—7F5—,
er
rae &€ — IHUBJICKTPHYECKass NPOHHLAEMOCTh (Ta6J'IPILIHa$l BCJIHYHHA, IMOKA-
3bIBarONllasi, BO CKOJIBKO pa3 3JJICKTPUUYECKOE B3aUMOJICHCTBHE B cpeae

YMEHBILAETCS 10 CPABHEHHIO C BAKYYMOM).
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Hamnpasnense cuibl Kysmona 3aBucuT 0T 3HaKOB 3apsiioB.

B3anmHoe npuTskeHHe
Pa3sHOHMMEHHBIX 3apsJIOB;

F

£

B3anMHoe oTTasikuBaHue

OJTHOMMCHHBIX 3apsAJI0B:

|
i

()

L
>

A

<&
<

N

‘

|t
e
\v

v

r(>+

Hoockazku k 3a0auam

3aoauu

Ioockaszku

1. llapuk, UMEIOMHH 3apsn g, NPUBOAAT
B CONPHUKOCHOBEHHE C TaKHM JXe 10 pas-
MepY, HO He 3apshHKEHHBIM 11AapHKOM. 3a-
TEM LIAPUKH Pa3BOJAAT Ha PacCTOSHHE F.
Onpenenure CWIy B3aUMOJICHCTBHS Uia-
PHKOB.

qu
4r?

OrBer: F =

Yumume:
BEHHHM OJMHAKOBBIX NPOBOIS-
IIMX LIAPUKOB, OJIHH U3 KOTO-
PBIX 3apshKeH, 3apsal MexIy
LIaPUKAMH NTOIEIUTCA TIOPOBHY:

NpH  COIMMPHKOCHO-

2. JIBa OIHMHAKOBBIX MO pa3Mepy MeTa-
JIMYECKUX LIapHKa MMEIOT 3apsaibl +¢, H
—q, . lllapuky npuBenad B COMPHKOCHO-
BEHHE U Pa3BEJIM Ha HEKOTOPOE PaccTosi-
HHE F, TIOCTIE YETrO CHITa UX B3aUMOJEHCT-
BHUS OKa3anach paBHa F. Ornpenenure pac-
CTOSIHHE 7.

9

9 =49 =

2
Yumume: npu cONpHKOCHO-
BEHHH OJIMHAKOBBIX IIPOBO-
JAUX  LIAPUKOB  3apsibl
CKJIaIBIBAlOTCA  (C  y4eToM

3HAKOB) M JEJATCA NOPOBHY.
Monyiu 3apsanoB ABYX LIapH-
KOB:

- ' ’ q * q:
OTtBer: r = $79: i 9, =49 =l—]—
2 F 2
YNPA)XXHEHUS
1. /lBa MajeHbKHUX OJAMHAKOBBIX METAUIMYECKUX LIapHUKa 3apsHKEHbI M0-

JIOKUTETbHBIMH 3apsAdaMi ¢ U 5 g U

HaxoJaATCs1 Ha HEKOTOPOM pacC-

CTOSIHMM ApYyr OT apyra. Lllapuku mpuBenH B CONPUKOCHOBEHHE U
pa3IBHHYJIH Ha NpexHee paccrosHHe. Kak M3MEHMach CHila B3au-
MojekHcTBHs mapukos? (Yeeanduace B 1,8 pasa)
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2. ]JIBa MaJeHbBKMX OJIMHAKOBBIX METAIUIMYECKUX LIApUKa 3apsKEeHbI
Pa3sHOUMEHHBIMH 3apsfaMHd +¢ U —5¢ ¥ HAXOAATCd HA HEKOTOPOM
pacCTOssHUU ApYT OT Apyra. Hlapuku npuBenn B CONPUKOCHOBEHHE U
Pa3sABHMHYJIH Ha IIpexHee paccTosHue. Kak U3MEHMIICS MOYJIb CHIIbI
B3auMoneHcTBUs miapukoB? (Y Menbmnics B 1,25 pa3za)

3. Kak uaMeHHUTCS MOIYJIb CHIIbI B3aUMOJEHUCTBHS ABYX HEOONBIIUX Me-
TANIMYECKUX IIAPHKOB OJMHAKOBOT0 AHAMETPa, UMEIOUIMX 3apsiibl
g, =+6 HKn u g, =-2 uKn, ecnu wapbl nNpuBeCTU B COMPUKOCHO-

BCHHC U pa3ABHHYTb Ha [MpexHee paccTosHHe? (YMeHbIIUTCH
B 3 pa3za)

4. JIBa OJMHAKOBBIX METAJUIMUECKHUX LUAPHKA 3apPSAAKEHB] MOJOKHUTEb-
HBIMH 3apsiiaMu g U 4¢. LIeHTpbI 11apUKOB HaXOAATCA HA HEKOTOPOM
paccTOSIHUM Apyr oT apyra. Lllapuky npuBesnd B cONPHUKOCHOBEHHE.
Bo ckonbKko pa3 HE00X0AUMO YBEJIHYUTh PACCTOSIHHE MEXIY UX LIEH-
TpamMH, 4TOObl CHIAa B3aUMOJECHCTBUS  OCTalach  MpexHei?
(B 1,25 pa3za)

XapaKTepUCTHKH IJIEKTPHYECKOro MoJIs

Hanpsxennocts £ (H/Kn = B/M) — cunmoBast xapakTepHCcTHKA 3JIEK-
TPHYECKOIO MMOJIs, YUCIEHHO paBHas WIEKTPUUYECKOH cUie, NEHCTBYIOIIEH
Ha €AMHUYHBINA M0JOXKUTENbHBIN 3aps:

Fy
4o ’

E=

rae g, — NnpoOHBIii 3apsin.

HanpasneHnue BexTOopa HamNpsHKEHHOCTH COBMANAET C HAMpPaBJICHHEM
cunbl KytoHa, eciin npoGHBIH 3apsia MOJIOKUTENBHBIN: ¢, > 0, ETT F’K .

CPlJ'lOBble JIHHHH —- JIHHHH, KacCcaTC/bHbLIC K KOTOpblM coBnaar0T ¢
BEKTOPOM HaNpsyKEHHOCTH.

e Hanpasnenve CHI0BOH JIMHHH COBNAJAET C HaNpaBleHHEM BEKTOpa
HaIpsKEHHOCTH.

e UeM ryliie CUIOBbIE JIMHUH, TEM CHIILHEE 2J1EKTPUIECKOE HOoJIE.

o JIuHuun HANpsPKCHHOCTH HAYHMHAKOTCA HA MOJIOKUTEIIbHBIX 3apsaiax, a
3aKaHYHUBAKOTCA HA OTPULIATEC/IBHBIX HJIH HA OECKOHEYHOCTH.
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e Ecin cHIIOBbIE TMHUY 1O/ Napaliie/ibHbl, TO MOJIe HA3bIBAKT OJHO-
POIHBIM.

IloTennnanbHas SHeprusi B3auMoaecTBus ABYX 3apsinoB W ([1x)
B Bakyyme
kq,q-
w = K4: ,
’
B cpee
kq,q-
W} — q q- .
er
3HaK MOTEHLMAIbHOH SHEPrUM 3aBUCHT OT 3HAKOB 3aPSKEHHBIX TeJl.
Wi, <0 — o3Heprus NPUTKEHHS PA3HOUMEHHO 3apsKEHHBIX TeT,
W,.» >0 — 3Heprus oTTAJKHBaHHs ONHOUMCHHO 3apHKEHHBIX Tell.

ITorenuman ¢ (B) — »HepreTHueckas XapakTepHUCTHKA 3JICKTpUUE-
CKOro noJs:
w,
¢=—;
q(b

riae go — npoOHbIH 3aps.

IloTenumnan — ckanspHas ¢u3Hueckas BeNHYMHA. 3HAK INOTEHUHAA
3aBUCHT OT 3HaKa 3apsiia, CO3aloILero nomie.

3HaueHHe MOTEHLMA A 3aBUCUT OT BLIOOpA HYJIEBOTO YPOBHS [UIA OT-
cyeTa MOTEHLHAJIbHOM JHEPTrHH, a Pa3HOCTb MOTEHUHAIOB (HANpsKEHHE
U (B)) — ot BbI0Opa Hy/I€BOTO YPOBHSI HE 3aBUCHT:

A
U:(P| -0 :iy
q

rae A, (JIxx) — pabota 3MEeKTpHUSCKUX CHJI MO MEPEMELICHHIO 3apsaia U3
TOYKHU | B TOUKy 2.

JKBHNOTEHIHAJILHBbIE TOBEPXHOCTH — 3TO MOBEPXHOCTH, HMEIOILHE
O/IMHAKOBbIM moTeHUMan. OHM paBHOyJaJlleHbl OT 3apsHKEHHBIX TEd H

OOBIYHO MOBTOPSKOT HX (iJOpMy. DKBUIOTECHIIHAJILHBIE NOBEPXHOCTH NEP-
[ICHAUKYIAPHBI CHJIOBBIM JIMHHUSM.
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3JleKTp00TaTH‘leCKOC noJjie TOYEe4HHOro 3apsajaa

[onoxurenbHbli 3apsan +Q OTtpHuatenpHblii 3apag —Q

Cunosvle aunuy: y NONOXKUTEILHOTO 3apsa CUIOBHIE JIMHHHM HAlpaB-
NeHBI 10 PaJHATIBHBIM JIMHUAM OT 3aps/a; y OTPHLATENLHOrO 3apsaa — Mo
paaHaibHbIM JIMHUAM K 3apsny.

Moayab HANPSXKEHHOCTH:

1) He 3aBUCHT OT 3HaYECHHUs NPOOHOTO 3apsAaa go

Fy  kQq, kQ
E = —= —?—— = -———2— ,
9o rqo r
racr— paCCTOﬂHPIe OT TOYCYHOI'O 3apsma o H3yqaeM0ii TOYKH,

2) B BaKyyme

Py
-
3) B cpene
Eo KO
Ecp_ = = —2 .
€ ¢€r
Cuna Kynona
F=4qE

IHorenunan:
1) He 3aBHCHT OT 3HaYEeHHsI POOHOTO 3apsja g,

_WP kQq, +k_Q.

——:i—:_ N
90 9o r
2) B BaKyyMe
r
3) B cpene
(p:ik_Q'
er

Yumume: 3HaK MOTEHIMaIA 3aBHCHT OT 3HaKa 3apa/ia, CO3AIOLIEro MoJe.
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JKeunomenyuanoHble NOBEpXHOCMU — KOHLUEHTPHYECKHE CQepHl,

LCHTP KOTOPBIX COBNMANACT C MOJOXKCHUEM 3apsaa.

10.

1.

228

Pabora 3JIEKTPHIECKOT'O 1TOJIA 110 NEPEMECILICHHIO TOYEYHOTO 3apsaaa:

4 =+q(9; — ¢2).

3ALAYH

Cuna, neiictyromas B nmone Ha 3apsaa B 20 MkKi, paBHa 4 H. Bei-
YHUCIMTE HATIPSYKEHHOCTH T10J1s B 3TOH TOUYKe.

Omeem: kH/Kn

Bo CKONBKO pa3 yBENHYHMTCHA YCKOPEHHE 3apsDKEHHOM NBUIHHKH,
ABWKYILEHCA B 3JIEKTPUYECKOM I0JIE, €CIIH M 3aps] MBUIMHKH, U Ha-
NPSHKEHHOCTb MO YBEJTHYUTh B 2 pa3a? CHily TSKECTH HE YYUTHI-
BaTh.

Omeem: B pas(a)

Bo ckonbKko pa3 yBeTHUMTCA MOAYJb HATIPSXKEHHOCTH JIEKTPUYECKO-
rO MOJs, CO3/JaHHOTO TOYEUHBIM 3apAaoM () B HEKOTOPO#H TOYKE, NPH
YBEJIMUEHUH 3HAYEHHA 3TOrO 3apaja B 5 pas?

Omeem: B pa3(a)

C noMoIk MpoOHOTO 3apsAAa g ONPEAETUIN HaMpsXKEHHOCTh E, B

HEKOTOPOH TOUKE JIEKTPHUECKOTO Moii. BenndyuHy nmpoOHOro 3aps-
J1a YMEHBIIMIH B 5 pa3 H U3MEPUIH HANPAXKEHHOCTb B TOH XKe TOUKe
E .. Onpeaenure OTHOLIEHHE HaNpsDKEHHOCTEH E) / E ;.

Omeem:

Bo ckonbko pa3 yBenUYUTCA MOAYJIb HANPSKECHHOCTH 3JEKTPHYECKO-
10 MOJis, CO3JaHHOTO TOYEUYHBIM 3apslOM, NMPH YMEHBILUEHUH pac-
CTOSAHMS OT HETO JI0 TOYKH U3MEpEeHHs B 2 pa3a?

Omeem: B pas(a)



12. YcraHOBHUTE COOTBETCTBHE MEXAY TOHYEUHBIMH JJIEKTPHYECKHUMH 3a-
psIAaMM U KaPTUHOM CHJIOBBIX JIMHUM 3JIEKTPOCTATHYECKOTO TMOJIA.

3APSJ CUJIOBBIE JIMHUH
A) TOJOXHUTEBHBIN D) 2)

3apsn
b) oTpuuaTenbHbIA

3apsn

3) . 4) .
A b

Omeem:

IIpUHUMI CYyNepNO3UIIUHA CHJI H TOJIeH

IpuHunn cymepno3uuuu cui. PesynpTupyroimnas (paBHOAEHCTBYIO-
1i1as1) cUJIa paBHA BEKTOPHON CyMMe BCEX CHJI, AeHCTBYIOIIHMX HA TEJO:

kq,q '

R:Zﬁ,rﬂe F =

AJITOPHTM peELUEHHA 3aAa4 HA omnpeje/ieHHe paBHOAEHCTBYOLIEH
CHJIbl (TOYEYHBbIH 3apsAa HaXOAMTCS B Y0J1€, CO3TAHHOM IPYIHMH TOYeY-
HBIMU 3apAIamMH).

1. CoenaTb yepTek, yKasaTh pacloONOKEHUE BCEX 3apS0B H HX 3HAKH.

2. Be11enHTE 3apal, Ut KOTOPOTO ONpENenAoT paBHOAEHCTBYIOILYIO.

3. IIpoHyMepoBaTh OCTajlbHbIE 3apPsabl.

4. OnpenenuTb pacCTOSTHUSI OT BbIICTIEHHOTO 3aps/a /10 BCEX OCTANTBHBIX.

5. IlocTpouTb BCE CHIIBL, AEHCTBYIOIME HA HHTEPECYIOLLHI Hac 3aps,
IpU 3TOM HEOOXOAMMO YUMTHIBATH 3HAKU 3apsSIOB, UX MOAYJIH U paccTos-
HUS MEXAY 3apsAaaMH.

6. Haiitn reomeTpuueckyio (BEKTOPHYIO) CYMMY BCEX CHI, NEeHCTBYIO-
KX Ha BbiJETICHHBIN 3apsi.
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7. llonb3ysce popMynaMH reOMETPHH U 3akoHOM KynoHa, onpeaenuThb
MOJyJIb PABHOJAEHCTBYIOILEH.

IIpuHuMn cynepno3uuuu noneil. Eciu B HekoTOpoH ToYke Mpo-
CTPAHCTBA HAKJIA[BIBAIOTCA IEKTPUYECKHE IOJISI OT HECKOJIBKHX 3apsAlo0B,
TO pe3yJbTHpYIOllasi HaNpsXXEHHOCTh HAaXOOUTCA KAaK BEKTOpHAas CyMMa
HANpsHKEHHOCTEH OT/IENIbHBIX MOJICH:

E=3E,, rne E; :@.

2
ti

Cogem. BekTopHOe CIOXKEHHE HAINpPSHKEHHOCTEH aHaJOTMYHO HaXOX-
JIeHHIO paBHOJeHCTBYIOIIEH A KyllOHa, TONBKO B HHTEPECYIOUIYIO TOUKY
NIPOCTPAHCTBa BCErJa MOMELAalT «+» MpoOHbIi 3apan. Ytob6sl HalTH pe-
3yIbTHPYIOIUHH MOTEHIMANT B TOUYKE, HEOOXOOUMO arcebpauvecku CJo-
KHTh NOTEHIMATBI BCEX TOJIEH,

Yumume, 4TO 3HaK TMOTEHLHANa OnpezenseTcs 3HAKOM 3apsja, CO3-
JAIOLHM DJIEKTPHYECKOE MoJIe:

¢ =2¢;, TIe (pjzi—k&.

ti
IIJ'IH OIIPEACIICHHA MOJIHOM SHCPruMu Haao CJHIOXHTHh NOTCHUHAIbHBIC
OHEPTrHH BCEX I1ap 3apsAaOB:

W, =+ 5.
t.

1

W, =W,

ip» THC

IpuMepsb! onpene/ieHHs pacCTOAHHIA

JlBa 3apsaa nexaT Ha OJHOHM mps- ]
MOH Ha pacCcTOsHHUU / IpYyr OT Ipy- q N
v 1 2
ra. U3yuaeMblil 3apsg JIC)KUT MEX- Uq\——/q
X —
Oy HUMH: h =X ;1 =1—Xx I—x
H3yuyaeMblil 3apsAa NEXKHT B BEpLIH- q q3
HE KBaJ[para cO CTOPOHOH a: aV2
n=n=a,n =aV2
Q|4 92
H3yvyaempldl 3apaa JESKHT B LEHTPE qi a
PaBHOCTOPOHHETO TPEYrOJBHUKA CO V3
CTOPOHOH a:
a q2
h=r=rn=—/ ® a
V3
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H3yyaeMblil 3apsl JIEKHUT B BEPIIH-
HE MPAMOYTOJIbHHKA CO CTOPOHaMH
aub:

nepecevyeHus Juaroxaiei pomba co
CTOpPOHOH a. Yroa INpH BepHIMHE

1
n=b;rn=NJa’+b’;rn=a 1 b 1
W3yuaeMblil 3apsai JEKHT B TOUKE - a3

pomba 120°:

q3 q
a\/g, a \l a
h=h= s h=n=—
2 2

H3ygyaeMblil 3apsil IEXKUT B LIEHTPE
NpPaBUIBHOTO LIECTHYTOJbHHKA CO
CTOpPOHOH a:

h=h=n=n=&K=r=a

13.

14.

3ALAYN

TodeyHbIH OTpULATENbHBIN 3apsAl ¢ MOMEUIEH MEXAy pa3HOUMEHHO
3apsHKEHHBIMU [IAapUKaMHU (cM. pucyHok). Kyna HanpasinieHa (enpaso,
6/1€60, 66€pPX, 6HH3) PaBHONCHUCTBYIOUIAsA KYJIOHOBCKHX CHJ, AEHCT-
BYIOIIMX Ha 3apan q?

Q.. F @

Omeem:

Kak HanpaeneHa (enpaso, 61e60, 6sepx, 6Hu3) KyJIOHOBCKas CHJIa
F , JEHCTBYIOLLAS Ha MOJIOKUTEIbHbI TOYEYHBIH SIEKTPUYECKHI
3apsaA +2¢ , IOMEILEHHbIH B IIEHTP KBajpaTa, B BEPLIHHAX KOTOPOTo
HaxoAATCs 3apsibl +q , +q , —q, —q?

*qr—_—_T'i'q
L,
| +2q :
—ql-——-——‘ -|—q

Omeem:
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15.

16.

17.

18.

232

Ha pucyHke mpeacTaBieHO pacronoKeHHe ABYX HEMOABHIKHBIX TO-
HEYHBIX JJICKTPHUYECKMX 3apsafoB —q U +q. Kakas crpenka cooTBeTcT-
BYCT HAlPaBJIEHHI0 BEKTOpA HAMpPSHXKEHHOCTH 3JIEKTPUYECKOTO TMOJISA
3THX 3aps0B B Touke A?

Omeem:

[lo xako# u3 cTpenok 1-4 HanpaBiaeH BEKTOp HANPSHKEHHOCTH 3JICK-
TPUYECKOro Mojis E, CO3NAHHOTO JBYMS PAa3HOMMEHHBIMH HETOJ-
BH)KHBIMH TOYEUHBIMH 3apsaaMy, B Touke O (cM. pucyHok)? Touka O
paBHOYJAJIeHa OT 3aps/I0B.

1 2
tq e 0

-2q L4

Omeem:

JIBa TOYeYHBIX MONOKHUTENbHBIX 3apsiaa ¢, = 200 HKn u ¢, = 400 uKn

HaxOoAATCA B BakyyMe. OmpeaenuTe BeJHUHHY HaIPSHKEHHOCTH JJIEK-
TPHYECKOTO MOJIA ITHX 3apiJ0B B TOUKE A, paclojoXeHHO! Ha nps-
MOH COEIMHSIONIEH 3aps/bl, HA PAacCTOSHMM L OT mepBoro 3apsajaa
Ha paccTostHUM 2L ot BTOpOro 3apaia. L = 1,5 m.

Omeem: B/M

JIBa TOYCUHBIX NOJOKHUTEIBHBIX 3apana g, =85 HKn u g, =140 uKn

HaxoJATCS B BaKyyMe Ha paccTosHuM L =2 M zapyr ot apyra. Onpe-
JEJINTE BEJIMYMHY HANPSKEHHOCTU 3JIEKTPUYECKOI0 M0JLt 3THX 3api-



19.

20.

JOB B TOUKE A, pacIlO/IOKEHHOH Ha NpsAMOH COeQUHSAIOILEH 3apsibl,

Ha PacCTOSAHHH L OT nepBoro 3apsaa (CM. pUCYHOK).

Omeem: B/Mm

ToueuHslH 3apsaa ¢, MOMeEUIEHHBIH B Havaao
KOOPAMHAT, CO3AAET B TOUKE A 3JIEKTPOCTaTH-
YEeCKOE TOJIE HAMPSHKEHHOCThIO E, =65 B/Mm.

KaxkoBa HanpsokeHHocth Ey B Touke B?

Omeem: B/m

B 1Byx BepuinHax (Toukax 1 u 2) paBHOCTO-
POHHETO TPEYTOJILHHKA CO CTOPOHOH L nome-
LIEHbI 3apaiel ¢ U —2q. OnpenenuTe MOAYIIb
BCKTOPA HaNpsDKEHHOCTH 3JIEKTPHYECKOTo M0-
Js B TOYKE 3, ABIAOLICHCS TPEThEH BEpIUH-
HOH 3TOro TpeyrojsHuka. M3BecTHO, 4TO TO-
YCYHBIH 3apAl g CO34aeT Ha pacCcTOSHHH L
JIEKTPHYECKOE  TOJE€  HAMNpPSKEHHOCTHIO
E =10 MB/M. OTBeT OKpyr/MTE 10 LEbIX.

Omeem: mMB/M

Iloockaszka k 3a0aue

3adaua

Ioockaszka

MaJieHbKHH  3apAKEHHBIH  LIapHK 3axon coxpanenus snepeuu

E, =E,

Maccod m, MMEOWHWH 3apan ¢,
JBHXXETCA C BBICOTBl A 110 HAKJIOH-
HOM [UIOCKOCTH C YIJIOM HakiIoHa
o . B BepunHe npsMoro yria, o6-
Pa30BaHHOIO BBICOTON M TOPH3OH-

TajJIbK), HAXOOUTCA HEMOABHKHBIHN

233




3apsia (J . KakoBa ckOpocTh H1apHKa

Y OCHOBAHHA HaKJIOHHOH IUIOCKO-
CTH U, €CJIM €ro Ha4vallbHast CKO-

pocts paBHa Hymwo? TpenueM npe-

IlonHas >Heprus uwapHka C 3aps-
JIOM g B TOYKE A:

E, :mgh+£qh—Q

Heﬁpeqb. B Touke B:
kgQ(1-tga) E _m_v:+% rae b—_—L
Otser: v = [2gh+ =27 BT Ty tg o
mh
3AL4AYHN

21.

MarneHbkuil 3apsHKeHHBIH 1apuK Maccod S50 r, HMEIWIMH 3apan

1 MxKn, nBmxkercs ¢ BbicoTbl 0,5 M M0 HAKIIOHHOM MIOCKOCTH C YT-
oM HakioHa 30°. B BepuinMHe npsMoro yria, o0pasoBaHHOIO BbICO-
TOH M TOPHM30HTAJILIO, HAXOAMTCS HEMOABWXHbIH 3apsia 7,4 MK
KakoBa ckopocTh 111apiKa y OCHOBaHHSI HAKJIOHHOM TUIOCKOCTH, €CIIH
€ro HavyajlbHas CKOpOCTh paBHa Hymo? TpeHueM npeHeOpeub. OTBET

OKPYIJIUTE 40 ACCATHIX.

Omeem: M/c

JJIeKTPOCTATHYECKOe T0JIe 3apsAKEeHHOH cepbl

[TonoxuTenbHO 3apshkeHHas chepa

OTrpuuaTenbHO 3apskeHHas cdepa

-0

Cu06ble AuHUU — paJialibHble JMHWH, HAUUHAIOWIMECA Ha TOIOXKH-
TENBHO 3apsKeHHON cdepe, UK paguaibHble JTHHHUH, 3aKaHYHBAIOILKECH

Ha OTpHULIATEJIBHO 3apshKEHHOH cdepe.

MoayJib HAanPsIKeHHOCTH:
1) BHyTpH pOBOAHHKA (r < R)

E=
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2) Ha MOBEPXHOCTH NPOBOJHUKA (7 = R )

52,
rae R — paauyc chepsl;
3) BHe nipoBOAHMKA (¥ > R )
_kQ __ kO
P (R+a)’

rjle @ — PacCTOSHHE OT NMOBEPXHOCTH CGEPHI 10 H3y4aeMOH TOYKH; ¥ —
PaccTosIHHE OT UCHTPa cephl A0 H3y4aeMOH TOUKH.
Cuna Kynona

F=gE.
IToTenunaa:

1) BHyTpHM mnpoBoAHHKA (r<R) M Ha NOBEPXHOCTH IIPOBOJHHKA
(r =R ) onHHAKOB

kQ
o=z R’
2) BHe npoBoAHUKA (¥ > R)
(pzik—Q—zi kQ .
r R+a
3ALAYHN

22. B TOouKe A Ha MOBEPXHOCTH PaBHOMEPHO 3apshKEHHOH cepbl MOy
HaTIPsHDKEHHOCTH €€ 3JIEKTPOCTaTHYeCkoro nons paseH £, > 0. Uemy
paBeH MOYNb HAMpsHKEHHOCTH 3JIEKTPOCTaTHYECKOro mnoist cgepsl
B ee ueHtpe O U B Touke B, nexauieli Ha cepeauHe orpe3ka OA?
YCTaHOBHTE COOTBETCTBHE MeXay GH3INUECKHMH BEIMYHMHAMH H HX

3HAYEHHUSIMH.
OU3NYECKASA BEJIMYWHA EE 3HAUEHUE
A) HanpsKeHHOCTb 3IEKTPOCTaTHYECKO- 1 0

ro nojs cdepsl B Touke O 2) E,/4
b) HanpsxeHHOCTB 31€KTpOCTATHYECKO- 3) E /2

ro noias chepsl B Touke B 4) 4E,

A b

Omeem:
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23.

24,

236

Ha HemomBwxHOM mnpoBOasleM yeavHEH-
HOM KyOuke Haxomutcs 3apsa (. Touxka
O — uentp kybuka, Toukd B u C — ueHtpsi
ero rpadei, AB =0B, CD =0C, OM = 0OB/2.
Moayns HanpsKeHHOCTH  3JIEKTPOCTaTHYE-
CKOro mnoums 3apsana O B Touke A paBeH F,.
UeMy paBeH MOXYJIb HANpPSMKEHHOCTH 3JI€K-
TPOCTaTH4eCcKoro mos 3apsana Q B rouke D u
Touke M? YcTaHOBUTE COOTBETCTBHE MEXAY
(M3NYECKMMU BETHYHHAMH U HX 3HAYE€HHSAMH.

OU3SNYECKAS BETUYHMHA

A) Moaynes HanpsYKEHHOCTH JIEKTPOCTA-
THYECKOTO 10Jis B Touke D

b) Mognyne HanpsXeHHOCTH 3EKTPOCTa-
THYECKOrO 110JI1 B Touke M

A b

Omeem:

Ha HenoaBHMXHOM 11pPOBO.ISLLEM YEIHHEH-
HOM KOHYce BeIcoToii /1 U paguycom R = H/2
naxoaures 3apsaa (). Touka O — wHeHTp oc-
HoBaHus koHyca, OA =0C=2R, OB =R,
yron AOC npsamoit, otpe3ku OA u OC ne-
AT B TUIOCKOCTH OCHOBaHHUS KoHyca. Moaynb
HanNPsYKEHHOCTH JIEKTPOCTATHYECKOTO OIS

|
+A
|
, B
L
P ACHEE
ML
|
EE 3HAUEHUE
1) 0
2) E,
3) 4E,
4) 16E,

3apsana ¢ B Touke C papen E.. UeMy paBeH MOAYJIb HANIPSHKEHHOCTH
3MIEKTPOCTAaTHYECKOro moss 3apsima O B Touke A W Touke B?
YCTaHOBUTE COOTBETCTBHE MEXAY QU3HYECKUMH BETHYHHAMHM M HX

3HAYCHHUAMMH.

OUBNYECKAS BEJIMUUMHA

A) Moaynb HanpsH KEeHHOCTH IEKTPOCTA-
THYECKOrO 10JIsl KOHyca B TOUKe A

b) Moaynes Hanps»keHHOCTH 3EKTPOCTa-
THYECKOT O 101 KOHyca B Touke B

A b

Omeem:

EE 3HAYEHHE

1) 0

2) E¢
3) 2E.
4) 4E.



25.

26.

ToueuHslif 3apsig ¢ co3gaer Ha paccTos-

HHH R 3IIEKTpHYECKOE MOjIe HanpseH-
Hoctelo E, =62,5B/m. Tpu KoHILEH-

TpHu4eckue cdeprl paauycamMu R, 2R u
3R HecyT paBHOMEpHO pacnpeAelieHHbIE
N0 HUX MOBEPXHOCTAM 3apsaasl g, = +2q,
g:=—-¢ ¥ ¢;=+¢ COOTBETCTBEHHO.
YeMy paBHa HaNpsKEHHOCTH TOJISA B TOY-
Ke A, oTcToseil oT neHTpa cdep Ha pac-
croadud R, =2,5R?

Omeem: B/Mm

ToueuHsldf 3apsd g CO3JaeT Ha PacCcTos-

HHM R 3JeKTpHyYecKkoe Mojie C MOTEH-
unanoM ¢, =100 B. Tpu koHUEHTpHuUE-
ckue cepsl pagmycamd R, 2R u 3R
MMEIOT PAaBHOMEPHO pacrpeeNieHHbIE TI0
HX TIOBEPXHOCTAM 3apadbl ¢, =+2q,
q, =+q9, ¢q; =+q coorBeTcTBeHHO. Ka-
KOB MOTEHLHAl B TOYKE A, OTCTOSLICH
OT LUeHTpa cdep Ha pPacCTOSHHH
R, =2,5R? OTBET OKpYTJIUTE A0 LENBIX.

Omeem: B

OaHopoaHOe 3JIEKTPOCTATHYECKOE 0J1e

(‘pl |(p2
+Q -0
£
|r12 [}
i i
| | R
X N2

DJIEKTPHUYECKOE II0JI€ COCPEJAOTOUEHO MEXy Pa3sHOMMEHHO 3apshKeH-
HBIMH TUIaCTMHaMH (00KJIaIKaMH KOHJEHCATOopa).
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Cunosvle TuHuy HAYUHAIOTCS HA MOJIOKUTENBHO 3apsSDKEHHOM IUIACTH-
He, a 3aKaHYMBAIOTCA Ha OTPHULATENBHO 3apsxeHHOH. CIUIOBbIE TMHUM Ta-
paJUIeNIbHBI APYT APYTY, T.€. 10j€ OQHOPOIHO.
HanpsokeHHOCTD:
E.
[Morenuman:
o=Fr.
Paznocme nomenyuanos:
¢ —¢; =En,.
Hanpsoicenue mexcdy nnacmunamu:
U=Ed.
Okeunomenyuanshvle nogepxHocmu — ITOCKOCTH, NapaUle/ibHEIE 3a-
PAKEHHBIM TUIACTHHAM.

Cuna Kynona:

qU
F=qgFE="—.
==

Yckopenue cunbl Kynona (13 sBroporo 3akoHa HetoToHa):
_fx _gE_4qU

m m md

Ioockasxu k peweruio 3a0au

1. PaBHOBecHe 3apsKeHHOro Tejla B JJeK- i
TPOCTaTHYECKOM I10Jie Fy
F = FK N
FT)DK

TAXK

rae F, =mg ; Fy = gF =q%

2. OTKIOHEHHE OT BEPTHKAJIH HHUTH C 3apd-
KEHHBIM TEJIOM B TOPHU3OHTAIHHOM JJIEK-
TPOCTATHYECKOM [10J1€

Bmopoui 3axon Heiomona 6 eekmopHol
dopwme:

Fe+mg+T=ma; 0X :Tsina—Fg =0
0Y:Tcosao—mg=0

Fyx =mgiga; Fx :qE=q%~
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3. HampaBneHue TpaeKTOPHH I10JIOTO LIApH-
Ka Maccoit m u 3apsaoM ¢, KOTOpbIH JABH-

KETCS B TOPH3OHTANBbHOM 3JIEKTPHUECKOM
MoJie HampAKEHHOCThIO E .

Yumume. HanpapjieHHEe TPAEKTOPHH COBIIa-
JdeT C HalpaB/eHHEM PaBHOAEHCTBYIOILECH

CHJIbIL

W13 pucyHKa BUIHO, YTO

TAK mg

YIIPAXHEHUA

[IbUIMHKA, MMEIoIas MonokuTeNbHbI 3apan 107 Kn u wmaccy
10°kr, BleTena B OJHOPOAHOE IEKTPUUECKOE MOJIE BIOJb €ro CH-
JIOBBIX JIHHHI ¢ HayanbHOH ckopocThio 0,1 M/c U mepeMecTHiIach Ha
pacctosinue 4 cM. Kakoii cTana cKOpOCTb MBUIHHKH, €CJIH HAMpPsDKeH-
Hocte mons 107 B/m? JleficTBMeM Ccuilbl TSOKECTH npeHebpetb.
(0,3 m/c)

B anekTpuueckoM Mojie, BEKTOp HAMpPSXKEHHOCTH KOTOPOro Harpas-
JIEH BEPTHKaILHO BBEPX M paBeH o mMomxymo 200 B/M, HenoaBHKHO
«BHCHT» TbUIMHKA, 3apsaj kotopoi 40 HKi. YeMy paBHa macca rbi-
nunku? (0,8 Mr)

HuTb ¢ nojBeuieHHbIM Ha HEH MalIeHbKHUM 3apsHKEHHBIM LUAPHKOM
OTKJIOHWJIaCh HAa HEKOTOPBIK yrosa B 3JIEKTPHUYECKOM IOJIE, BEKTOP
HaAMpPSHKEHHOCTH KOTOPOTO HANpaBJieH MOPU3OHTAIBHO H IO MOAYJIIO
paeen 2000 B/m. 3apsn wapuxa 20 MxKn, ero macca 5,6 r. Uemy pa-
BEH TaHIE€HC yria OTKJIOHeHHus HUTH oT BepThkanu? (0,7)

B aneKkTpHuecKOM Mose, BEKTOP HAIMPSDKEHHOCTH KOTOPOro Hampas-
JIeH FOPU30HTANBbHO W paBed no moxymo 1000 B/m, HHTE ¢ moaBe-
IIIEHHbIM Ha HCH MaJIEHBKHM 3apsHKEHHbIM LIapHKOM OTKJIOHHJIACh Ha
yron 45° ot Beptuxanu. Macca wap#uka 1,4 r. Uemy paseH 3apsn uia-
puka? (14 mxKo)
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5. Ha HeusBecTHoOl miiaHeTe 1A W3MEPEHMA YCKOPEHHS CBOOOLHOIO
NaJeHUs UCTIONb30BAJIM 3apSXKEHHBINH Wapuk Maccoi | r. Okaszanoch,
YTO B TOPH3OHTAIBHOM 3JEKTPHYECKOM [10JIe  HAMPSKEHHOCTHIO
2000 B/M HHTB ¢ NoABELUCHHBIM HA HEll MAJEHbKHM ILAPMKOM OT-
KJIOHWJIaCh Ha 45° oT BepTUKany. 3apsia wapuka 2,5 MxKn. Haiigute no
3TUM JaHHBIM YCKOPEHHE cBOGOIHOTO MajeHus Ha wiaHete. (5 m/c’)

6.  Ilonwiit mapuk Maccoit m=0,4 r c 3apsanoM g =8 uKin mBuxercs B

TOPU3OHTATLHOM OJHOPOAHOM DJIEKTPHYECKOM I0JIe, HampshKeH-
HOCTb KOTOporo £ =500 xB/m. Kakoit yron o obpasyer ¢ BeprHka-

JIbI0 TPAEKTOpUsA IIAPHUKA, €CJIM €r0 HadajbHas CKOPOCTb paBHA HYy-
mo? (45°%)
Pa6oTa 01HOpPOAHOIO 3JIEKTPUYECKOT0 10JIsA

Mexanunueckas pabota
A= Fscosa,

U
rae Fyx =qE =g 7 cwia KynoHa; scoso =r, —r — Hpoekuus me-
[4
PEMELLEHHUS Ha CHIIOBYIO JIMHHIO.
E @™ ®: 9
Y UL
!
L o
o) Lt
< , ;
d 0

LY
OcHoBHble hopMyIIbl s pacuera paboThl:
A=Fyscosa=x¢gEscosa,

A==xgqE(r, —r)=qEr, —gEr,

U
A=+g—scosa=xg—(r, —r),
T a7

rae £ (B/m; H/Kn) — moayns HanpsKeHHOCTH 3JIEKTPUYECKOTO TOJIs,
U (B) — pa3HOCTh MOTEHLHAIOB (HAMPSKEHHE) MEXAY IIaCTHHAMH,
d (M) — paccrosiHMe Mexay IulactuHamu, tq (Ki) — 3apsan, nepeHocu-
MbIH 1I0JIEM, § (M) — MOJYJb MEPEMELLECHUS 3apsiaa, o — YTOJ MEXIY
cunoit KynoHna u nepemeiliennem, ry (M) — HauajbHOE MOJIOKEHHE 3apAAa,
# (M) — KOHEHHOE NOJOKCHNIE 3apsaa.
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Pabota u pa3HOCTb NOTEHLIHAJIOB:
A=2q(¢, — ;) =£qU,,
rae @, (B) — HavanbHblii norenuran, ¢, (B) — KOHE4HBIH MOTeHUHAT,
U, (B) — HanpsixeHue Mexay HayajibHbIM M KOHEUYHBIM IOJIOXKEHHEM

3apsna.
Iloyvnume: paboTa 37€KTPOCTATHYECKOTO MOJIA HE 3aBHCHT OT BHIA
TPAEKTOPHHU.
Pafota 1 n3MeHeHHe KHHeTUYECKOH 2HEPTHH:

2 2
PaboTa 1 H3MeHEHHE NOTEHUHAILHOH JHEPTHH:
A=—(qEr —qEr,) =-AW,.

Yyumsisaiime 3nax nepenocumoco 3apsoal

3AL0AYH

27. B touke A moteHuMan 3nekTpHueckoro noias pasex 200 B, norenum-
an B touke B pasen 100 B. Kakyro paboTy cosepliatoT CH/bI 3/1€K-
TPHYECKOTO MOJIs NPH NepeMeLIeHHH MOIMKHTeNbHOro 3apsaaa 5 MKn
M3 TOYKH A B To4ky B?

Omeem: ok

28. 3apspkeHHas NbUIMHKA JABMKETCS MEXAY ABYMS OJHHAKOBBIMH 3apsi-
KEHHbIMH BEPTHKAJIbHBIMH TJIACTHHAMH, PACIOJOKEHHBIMH HaMpo-
THUB APYT Apyra. PazHocTh noteHuuanos Mexay miaactuHamu 500 B,
Macca NMBUIMHKH CTOJMb Majia, YTO CHJIOH TSXKECTH MOXHO MpeHed-
peub. Kakyl0 KMHETHYECKYH) 3HEPrui0 NpHOOpeTaeT NBUIMHKA IpH
nepeMeLieHHH OT OAHOH IIaCTHHBI 10 APYTOH, eciid ee 3apal 4 HKn?

Omeem: MK [k

KounaeHncartopsl

KoHaeHcaTop cinyXHT U1 HaKOIUIEHHS JJeK-
Tpuyeckoro 3apsga. OH npeacrasnseT coboH aBa
ITPOBOAHHUKA, Pa3A€NC€HHBIX CJIOEM JHIJICKTPHKA.

Ilnockmit KOHAeHcaTOp — cHCTEMa ABYX pas-
HOHMEHHO 3apAXCHHbIX IMJIACTHH.




Pasnocts noreHunanos U (B) mexay oOkiaakaMi KoHIeHcaTopa (Ha-
NpSDKEHHE MEXIY IJIACTHHAMM):
U=Fd,
rae E (B/M) — HanpsykeHHOCTh OIHOPOAHOrO 3JEKTPHUECKOro IOJIs,
d (M) — paccTosiHHe MeX Y IJIACTHHAMHU KOHAEHCAaTopa.
JAeKTPOEMKOCTh KOHIEHCATOpa. DJIEKTPOEMKOCTh IUIOCKOrO KOH-
nencatopa C (D).
_ ggES

C_ ’
d

rae €, =8,85-10""Kn*/(H-M?); &€ — AMdIeKTpHUEcKas MPOHHLAEMOCTh

2 N
cpedbl, S (M") — Miowans KakaoH riiacTHHLI.
Yumume: y BO3ay1IHOro koHaeHcaTopa £=1.
DNEKTPOEMKOCTb KOHAEHCATOPA, 3apsiJ U HAIIPSUKEHHE

ng WU C=—q—.
U U

Ilomnume: 3MEKTPOEMKOCTh KOHAEHCATOPA 3aBHCHT TOJIBLKO OT Iapa-
MeTpoB S,d, € W He 3aBUCHT OT 3apsiaa Q (¢) ¥ HanpshxkeHus U.

JHeprusa KoHaeHncaropa W, (JIx):
3 q2 B CcU?
20 2

3

Iloockasku K 3a0auam

KOHIIGHC&TO].‘) OTKJIFO4YEH OT HCTOYHHKA qg =4

KoHaeHcarop noaxioueH K HCTOYHUKY u=U’

KomnnuectBo TEMIOTHI M 3HEPrUsl KOHAEHCATOpa O=AW,

3ALAYN

29. BplunciMre 3J€KTPOEMKOCTDb MJIOCKOrO BO3LYLIHOIO KOHAEHCATOpa C
KBaJpaTHbIMH IUIACTMHAMH CO CTOpOHOH 10 cM, pacrosoKeHHbIMH
Ha paccTOsiHHH | MM Ipyr oT apyra. OTBET OKpYTJIUTE A0 AECATHIX.

Omeem: Hd

30. Bo ckosbko pa3 YBEJIUHYUTCA JJICKTPUUYECKAA €MKOCTb IIJIOCKOI'O KOH-
A€HCATopa, €CJIK I10aab IJIaCTHH YBECJIUYHUTDL B 3 pa3a"

Omeem: B pas(a)
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31.

32.

33.

34.

35.

Bo CKOJBKO pa3 yMEHBUIUTCA 3JEKTPOEMKOCTh IJIOCKOTO BO3AYLIHO-
IO KOHJEHCATOpa, EC/M PaCCTOSHHE MEXY €ro IJaCTHHAMH YBEJIH-
4YUTH B 2 pa3a?

Omeem: B pas(a)

Bo CKOJIBKO pa3 BO3pPacTeT €MKOCTb INIOCKOrO BO3AYIIHOIO KOHJECH-
caTopa, €CJIM [UTOIaab €ro 00KIanoK yBETHYHTD B 2 pa3a, a paccros-
HHE MEXIY HUIMH YMEHbLIKUTD B 2 pa3a?

Omeem: B pa3(a)

KoHeHcaTop COCTOMT U3 NBYX KPYIJIbIX [UIACTHH, Pa3e/ICHHBIX BO3-
IyWHbIM NIPOMEXyTKoM. HeoO0X0qHMO 3KCIEpHMEHTAIbHO 00Hapy-
JKHTb 3aBUCHMOCTH €MKOCTH KOHJEHCATOpa OT PACCTOSHHUSL MEXAY
mactiHaMu. Kakylo napy KOHIEHCATOpOB HY)KHO HCIIOJIb30BaTh s
3TOM 1emm?

1) o 2)

F
e S #)

b Al

U] 1K

T

1 Al

Omeem:

DNeKTpHYecKUil 3apAa Ha OAHOH IUIaCTHHE KOHIEHcaTopa paBeH
+2 Kn, Ha apyroii pasen -2 Ki. Hanpsikenne Mexnay niacTuHamu
pasno 5000 B. UeMy paBHa s/ieKTpU4ecKas eMKOCTh KOHIeHcaTopa?

Omeem: MK
Bo3aymHeli KOHAEHCATOp MOJACOEAWHEH K MCTOYHHKY HAIpsAKEHHS

24 B. Hailiaute HanpshkeHHOCTb 3JIEKTPHYECKOTO MOJA Mexay o6-
KIaJKaMH KOHIEHcaTopa, pacrojlOKEHHBIMU Ha PACCTOAHHUH 2 CM

Jpyr OT ApyTa.

Omeem: B/m
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36.

37.

38.

39.

244

Ilpu wuccrenoBaHHH 3aBHCHMO- g,107 Kn
CTH 3apsAAa Ha OOKIagKax KOH-
JICHCATOpa OT IPHIOXKEHHOTO | g —‘_ 1/ ]
HaNpshDKEHHs ObUT MONMyYeH M30- 08 i

OpakeHHBIH Ha pucyHke rpa- 0.6 [
¢uk. Onpenenure, yeMy paBHa 82; i

€MKOCTh KOHJIEHCATOpa. I N R R
0 30 60 90 40 50 U.B

Omeem: MKD

ILnockuii KOHAEHCATOP 3apAAWIN U OTKIIOYHIH OT HCTOYHHKA TOKa,
a 3aTeM YBEIHUYHIIM PacCTOSHHE MeXAy I1acTHHaMH. Yto npousol-
AET IIPH 3TOM € JJICKTPOEMKOCTBIO KOHACHCATOpA U HANIPSXKECHHEM Ha
obkiankax?

OU3BMYECKHE BEJIMUUHBI X UBMEHEHUE
A) 3EKTPOEMKOCTh 1) yBeanuutcs
b) Hanpsxenune Ha oOKJankax 2) yMeHBIUHTCA

3) He U3MEHHTCA

Omeem:

[Inockuit KOHAEHCATOP MOAKIIOYMHIM K MCTOYHHMKY TOKa, a 3aTeM
MPOCTPAHCTBO MEXAY IUIACTHHAMH KOHJEHCATOpa 3aNOJHHIIH KHA-
KHM JHJIEKTPHKOM. UTO MPOH30HAET MPH ITOM C IEKTPOEMKOCTHIO
KOHJIEHCATOpa U 3apsAAoM Ha o0Kiaaxax KoHaeHcaropa?

OU3SUYECKHUE BEJIMUYMNHbI X UBMEHEHHE
A) 3MEeKTPOEMKOCTh 1) yBenuumTcs
b) 3apsan xonneHcaTopa 2) yMeHbUIUTCH

3) He U3MEHHTCA

A b

Omeem:

KonneHcarop anekrpoemkocteio 0,01 @ 3apshkeH 10 HanpsHKEHHA
20 B. Kaxko# 3Heprueii obnanaer koHaeHcaTop?

Omeem: B/m



40.

41.

42.

43.

[Tnockuit KOHIEHCATOP 3apsSIMNH U OTKIIIOYHIIM OT UCTOYHHKA TOKa.
Bo cKOBKO pa3 yBEIHYMUTCS DHEPTHS EKTPHUYECKOTO MOMS BHYTPH
KOHJCHCATOPd, €CIIM YBEJIMYUTh B 2 pa3a pacCTOSHHE MeKay 00KIa1-
KaMH KoHaeHcaTopa? PaccrosHue Mexkay OOKIIAIKAMH KOHAEHCATOpa
MaJio KaK 10, TaK W H0CJIC YBEJIMYEHHUs PACCTOSHUSA MEXKY HUMU.

Omeem: B pas(a)

[MepBbiii  KoHAEHcATOp eMKOCTLIO 3C 1OJAKIIOYEH K HCTOYHHKY
¢ BJC &, a Bropoit — emkocTbio C NOIKTIOUEH K McTOUHHKY ¢ DJ1C
3¢&. Onpenenure OTHOLICHHE SHEPTUU VIEKTPUUECKOrO MO BTOPOro
KOHJIEHCATOpa K JHEPrHH 3NEKTPHUUECKOTO M0JIs IEPBOrO.

Omeen:

3apskeHHbIH 10 pa3HocTH noteHuatoB 100 B konaeHcatop aick-
TpoeMkocThio 1000 MDD pa3pspkaloT Ha pe3ucTop, ONYLIEHHLI B BO-
ay Maccoit 10 r. Ha ckoabko I[pajlycoB Harpeercs BOAa, €ClIM €€
yaenbHas ternoeMkocts 4200 [hx/(kr - K)? OTBeT okpyriure 1o Je-
CATBIX.

Omeem: K

IInockui KOHAEHCATOP 3apAAMIIH W OTKJIIOUWIIM OT UCTOYHHMKA TOKa,
a 3aTeM IIPOCTPAHCTBO MEXY IUIACTMHAMM KOHAEHCATOPA 3aIOJIHH-
JIH KHAKUM AH3NSKTPUKOM. UTO NPOU30IIET NIPU ITOM C 3IEKTPOEM-
KOCTBIO KOHJEHCATOpa U YHepruen?

OUHYECKHE BEJIMYKMHbI X W3MEHEHHE
A) 3J1EKTPOEMKOCTb 1) yBeanuurcs
b) sHeprus 2) yMeHBUIUTCH

3) HC U3MCHHTCH

Omeem:
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CoeanHenns KOHIEHCATOPOB

ITocaenosaresbHoe IapasneasHoe
coeMHEeHHE coeHHEeHHe
Cl Cz
CxeMa —
) - ~ D‘
Hanpsokenue U=U,+U, U=U, =
3apsan g=q: =1 9=q,+q;
6) ! L + ! C=C +C
S -C +
JIEKTPOEMKOCTh cota i 2
Iloocka3ku K 3a0auam
3aoauu Ioockasku

1. JIBa KOHAEHcaTopa, 3NIEKTPOEM-
KOCTH KOTOpbIX C; U C;, 3apsKEHBI
1o Hanpspkenust U; u U,. Hailigure
Pa3HOCTh IOTCHLMAIOB MOC]IE CO-
€IMHEHHSI KOHJEHCATOpOB OJIHO-
HMEHHBIMHU TTOI0CAMH.

CoenvHenue KOHACHCATOPOB OHO-
HMCHHBIMH 10/ IIOCAMH

oL e
S B

q':C1U1+C2U2; C' :C1+C2
8 _CU+Cls
C’ C+C,

2. JIBa KOHJEHcATOpa, JIEKTPOeM-
KocTH KOTOpbiX C| U C,, 3apsKEHbI
no HaupspkeHus Uy u U,. Hailnure
Pa3HOCTb IOTEHLMATIOB IOCIE CO-
€[MHECHHS KOHIEHCAaTOPOB pa3HO-
HMEHHBIMH [OJIOCAMH.

CoenuHeHe KOH/IEHCAaTOPOB pas-
HOMMEHHBIMH TOJIIOCaMH

i
“L

n

q':ClUI _CZUQ; C'=C| +C2
yrod _CU=C:Us
C’ C1+C2
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44,

45.

46.

3ALAYN

K KOHACHCATOPY, J3JICKTpHUYECKasA €MKOCTb KO-

Ttoporo C = 16 n®, noakio4aroT ABa OJHHAKO- X
BbIX KOHIEHCATOPa €MKOCTBIO X: OJMH mapa- X
JIENIbHO, @ BTOPOH — MOC/IEeI0BaTENIbHO (CM. pH- —

c¢yHOK). EMkocTh o6pasoBaBuieiicas 6Gartapeu c

KOHAEHcaTopoB paBHa emMkocTH C. KakoBa em-
KOCTb X? OTBET OKPYTJIUTE A0 LEbIX.

Omeem: nd

KonneHcarop, anekrpuueckas eMKOCTb kotoporo C; = 5 Mk®, 3aps-
XKEH TakK, 4TO pa3sHOCTh MNOTECHLHANOB MEXAY €ro IUlacTHHaMH
U, = 120 B. Bropoii koHaeHCaTOp, EKTPUUYECKas EMKOCTb KOTOPO-
ro C; = 7 Mk®d, uMmeeT pa3HOCTh MOTEHIHAJIOB MEXKIY THIACTHHAMH
U, = 240 B. OnHOMMEHHO 3apsKeHHbI€ IUIACTHHBI KOHACHCATOPOB
MOMNapHO COEAMHWIM NPOBOAHMKAMU. KakoB MOAy/lb pPa3sHOCTH TO-
TeHUHasoB U Mexay MiaacTHHAMH KaXKA0To KOHAeHcaTopa?

Omeem: B

Konnencarop, snexrpuyeckas eMkocTh kotoporo C, = 5 Mk®, 3apsi-
XEH TaK, YTO pa3sHOCTb MNOTEHUHAJIOB MEXIy €ro TUlaCTHHAMH
U, = 100 B. Bropoit koHAeHCcaTOP, MEKTPHYECKas eMKOCTh KOTOPO-
ro C; = 10 Mx®, uMeeT pa3HOCTb NOTEHUHUAJIOB MEXKAY J1aCTHHAMU
U, = 50 B. OnHOMMEHHO 3apsDKEHHbIE IMJIACTHHBI KOHAEHCATOPOB
NONAPHO COECAMHUIIKM NMPOBOAHHKAaMH. UeMy paBeH MOJyJb pa3HOCTH
noTeHuranos U Mexay MiacTHHaMH Kaxaoro kovueHcatopa? Orser

OKDYIJIHTE /10 JIECATHIX.

Omeem: B
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3apm|cennaﬂ YacTHLA B 110J1e KOHIC€HCATOpA

Hoockazku K 3a0auam

3aoauu

Iloockazku

1. Lllapuk, Haxoaswuiics B Maclic
IUIOTHOCTBIO P, «BUCHT» B 110Jl¢

IUIOCKOTO  KOHAeHcaropa. [Ilnor-
HOCTh BELIECTBA LIApHKa p, >p,

€ro paguyc r , pacCTOSIHHE MEXIY
obknankaMu KoHaeHcatopa d .
KakoB 3apsa mapuka, eciiu 3nek-
TPUYECKOE  TMOJIe  HampasBjCHO
BBCPX, @ PA3HOCTh MMOTCHLMAJIOB

Mexay obknaakamu U ?

4nrg(pu - p)d

OtBeT: ¢ = 0

Verosue pasrosecus
Fre + Fx +Fp =0
Pu > P, 3HauuT, Fo > F,, TOrOa
F T ¥ 3apsan wapuka g >0

FTﬂ)K
0Y . Fy + F, =F,, ,rne

4
Fram :pm 'gn”Bg;

4 |
Fa=p-gmrg be="r

2. ManeHbKMi 1apMK C 3apsI0oM
g ¥ Maccod m , MOJBELICHHbIH Ha
HEBECOMOH HHUTH C KO3duuHeH-
TOM YNPYrocTd Kk, HaxoAaurcs
MEXIy BEPTHKAIbHBIMHM [U1aCTH-
HaMM BO3JAYLIHOIO KOHIEHCaTopa.
Paccrosinue Mexay obknankamu
KoHzaeHcatopa d . Kakoa pas-
HOCTb MOTEHLHANOB MEXay o00-
KJlaJIkaMH KoHaeHcatopa U | ecnu
YAJIMHEHHE HUTH A/ ?

Oreer:

U~ d\J(kAD —(mg)’

q

0X:F
0Y: F

yup

=0

cosa—mg =0

wp SINOL— F

1) kA/Sin(l:i(—]-
d

2) kAl cosa =mg
Cosem: BO3BEIUTE B KBaapaT 00a
ypaBHenus (1 u 2), cnoxure npa-
BbIC M JICBBIC YAaCTH, 4TOOLI U30a-
BUTBCS OT yIJ1a o .
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B 3a0aut;

Hoockazku

3. [InacTUHbI MJIOCKOTO KOHAEHCA-
TOpa PacnoJOKEHb! I'OPU3OHTAIb-
HO Ha PaccTOSIHUM d OpyT OT ApY-
ra. HanpsokeHue Ha mTacTHHaXx
xongeHcaropa U . B mpocrtpanct-
BE MEXIY IUlaCTHHamM# TajgaeT ¢
MIOCTOSIHHOW ~ CKOPOCTbIO  Karmus
KUAKOCTH. Macca karmm m, ee
3apan ¢ . Onpeaenure paccTOSHUE

Mexay mniacTHHamu. Binusnuem
BO3/yXa Ha JBHKEHME KalJH Tpe-
Hebpeub.

qU

OrBer: d =—
mg

Hesuoicenue
¢ HOCMOSIHHOU CKOPOCMbIO

F”)K +FK :0
Y —
Fy
ﬁTﬂ‘;K
0OY:F,.-Fc=0.rne
Fx=mg;
r U
d

4. Mexnay AByMs napajljielbHbIMH,
rOPU30HTAJILHO PAcTONOXKEHHBIMU
JIMINEKTPUUECKUMH
CO30aHO OJHOPOAHOE IEKTpHUE-

[m1acTMHaMH

CKOE MM0JIe ¢ HanpsHXKEHHOCTBIO E,
HalpaBJIeHHOE BEPTUKAJIbHO BHH3.
Mexay mJacTHHaMH —TOMEHLIEH
IUApUK Ha PAcCTOSHUM d OT BEpX-
Heil TIacTHHLI U b OT HIDKHEH.
3apsia wapuka —q, Macca m. lla-
PUK OCBOOOXKIAOT, U OH HAYMHAET
nsurathesi. Uepes kakoil mpome-
KYTOK BPEMEHH [ LIAPHMK yAapHT-
csi 00 OAHY W3 IUIACTHH, €CJIH CHC-
TeMa HaxO[HUTCA B TOJIC CHJIbl TH-
xecTd 3emin?

OTBeTbi:

1=

Yexopennoe oeudicenue
no eepmuKkanu
Fo + Fc=ma
B snanHo# 3anaue F’K N I:"m(
+0
E _
Fx
-9
FII)K
-0

Cpasuure Fi,, U Fy .

1) Ecwm F, > Fx,T0 a du paB-

HO a:__mg—qE;
m

inapuka s =b

riepeMeLIeHHe

2) Ecnu Fo < Fx, 10 @ Twu pas-
HO a:————qE_mg :
m

mapuka s =d

NEPEMCLICHHUC

[losmopenue:

2

at
s=— ,T.K. Uy =0

2
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3aoauu

Hoockazku

5. Mexay AByMs napaielbHbIMH,
BEPTUK&JIbHO  PAaCHOJIOKEHHBbIMU
JHUINIEKTPUYECKHUMHM  TIJIAaCTHHAMH
CO3/I1aHO OJIHOPOJHOE 3JIEKTpH4e-
CKOE I0JIe, HANpsSHKEHHOCTh KOTO-
poro paBHa E n HampaBJieHa clie-
Ba HamnpaBo. Mexy NnacTMHaMH
IIOMELIEH WIApHK Ha PacCTOSHUU
b ot nemo mnacTHHEl U d OT
npaBoi. 3apsj wapuka —q, Macca
m . lllapuk ocBoboXaarT, U OH
HauyWHAeT JABMrarecsa. Haigure
CMEILLEHHE 1lIapuKa MO BEPTHKAIH
Ah 5o ynapa o6 oaHy M3 mua-
ctuH. [lnacTuHBl HMeENOT 1nocTa-
TO4HO 6ONBLIOH pa3mep.

OTBeTbI:
1) ah="84.
qE
2) Ah= mgb
qE

Vexopennoe dsuxcenue
F'nm‘ + FK =ma

0
« —_—
i J X

+Q

OrnpenenuTe HanpasieHue Fy

1) Ecnu Fy BIIPaBO, TO S, =d

2) Ecn Fy BJI€BO, TO s, = b

B naHHo#i 3anaue Fy HampapieHa
BJIEBO, T.K. 3apaa ¢g<0 w E

BIIPaBO.
Yumume: BpemMsi 1BUXKEHUS L1apH-
Ka 10 TOPU3OHT&IH H BEPTHUKAJIH
OJIMHAKOBO

3A0AYHN

47. B 3MeKTPUYECKOM I10JIe, BEKTOP HANpPHKEHHOCTH KOTOPOTO HAaIlpaB-
JIEH BEpTUKaJLHO BBEPX, HEMOABHIKHO «BHUCHT» MECUMHKA, 3apsil KO-
Topoit pasen 2 - 107" Kn. Macca necunHkM paBHa 107 kr. Yemy pa-

BEH MOJIyJib BEKTOPA HANPHKEHHOCTH 3J1EKTPUYECKOrO Nons?

Omegem: kB/M

48.

. 3
[lapuk, Haxonsiuiics B Macjie IUOTHOCTbi 800 Kr/M™, «BHUCHT»

B TOJIE IUIOCKOTO KOHjeHcatopa. [InoTHOCTHL BelllecTBa liapHKa
2700 kr/M’, ero paauyc 2 MKM, pacCTOSIHHE MeXIy OOKJ1aJKkaMH KOH-
nencaropa 1 cm. Kakos 3apsin mapuka, eciiv 31eKTpHYecKoe nojie Ha-
OpaBJIEHO BBEPX, a pasHOCTb IOTEHLHAJIOB MEXy OOKIaIKaMu

2.5 kB? O6beM wapa V = g nR>. TlomydeHHbIH OTBET YMHOXKBTE Ha 10"

1 OKPYTJIMTE 0 COThIX.
Omeem: Kn
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49.

50.

51.

52.

ITnacTuHbl 6OABLWIOro Mo pa3Mepam IUIOCKOro KOHJACHCATOpa pacro-
JNIOEHBI FOPH30HTANLHO Ha paccTosHu d = 1 cM apyr ot apyra. Ha-
npsbkeHHe Ha myacTHHax koHuaeHcatopa 5000 B. B mpocrtpancTBe
MEXIy TUIACTHHAMM NafaeT Karuis XHAKocTH. Macca kanu 4 wr.
TIpy KakoM 3HaYEHHH 3apsia KA ee CKOpocTh OyleT OCTOAHHON?
BrusiHMeM Bo31yXa Ha JABHXKEHHE KAl NpeHedpeyb.

Mexny OByMs NapajulelbHbBIMH, F'OPU30HTAIBHO PaCHOJ0XKCEHHBIMH
JIU3TIEKTPUYECKUMH TUIACTHHAMH CO3aHO OJHOPOAHOE JJICKTpHYe-
CKO€ TI0JI€ C HaMpPSKEHHOCThIO £ =3 - 10 H/Kn, HaIpaBJI€HHOE BEP-
THKaJIbHO BHH3. Mexy mjacTUHaMH NOMELIEH LIapyK Ha paccros-
Huu d = 1,0 cM OT BepxHel ruiactHHbl U b = 1,8 cM OT HuxHeH. 3apsn
wapuka g = —27 nKna, macca m = 3 wmr. lllapuk ocBo6oxnaroT,
H OH HayMHaeT ABUrarhcsa. Yepes KakoH MPOMEXYTOK BPEMEHH Ia-
PMK yIapuTcs o0 OIHY U3 IIACTHH, €CH CHCTEMA HAXOIAMUTCA B MOJIC
cuibl TsHkecTH 3emau? OTBET OKpPYIIIMTE [0 LETBIX.

Omeem: MC

Mexay AByMms napajuiejibHbIMH, TOPH30HTAIBHO PacilONOXEHHBIMH
JU3IEKTPUYECKHMH TUIaCTHHAMH CO371aHO OJHOPOAHOC 3JIEKTpHYE-
CKOE TO0JIC HAMPSHKEHHOCTbIO E =4 - 10° H/K, HalpaBJCHHOE BEPTH-
KaJbHO BBepX. Mexay IiacTUHaMH [IOMEIICH LIApHK HA PaCCTOSHUH
d= 1,2 cM OT BepxHeii mnacTuHel U b = 2,5 cM oT HIxHeH. 3apsin
mapuka g = 3 nKn, macca m = 3 mr. lllapuk 0cBOOOXIalo0T, U OH Ha-
YHHAET ABUratbcs. Uepes kakoH NPOMEXYTOK BpEMEHH LIAPHK y[a-
putcsi 00 OAHY W3 IUIACTHH, €CJIH CHCTEMa HaXOIUTCA B MOJie CHIIbI
TsxecTH 3eMin? OTBET OKPYTIIMTE A0 LETBIX.

Omeem: MC

KoHneHcaTop cOCTOUT M3 ABYX HEMOABHKHBIX, BEPTHKAJIBHO PAcIo-
JIOXEHHBIX, NapaUIENbHBIX, PAa3HOUMEHHO 3apsHKEHHBIX TUIACTHH.
[InacTuHBI pacnosoxeHbl Ha PacCTOSHHUM d =5 cM ApYT OT Apyra.
HanpspkeHHOCTh MONA BHYTPH KOHIEHcaTopa paBHa E = 10° B/m.
Mexxay IIacTHHaMH Ha PaBHOM pacCTOSIHMM OT HUX MOMELLEH LIapyK
C 3apsaIoM g = 10~ Ki u maccoit m =20 r. [Toce Toro Kax LIapHK
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53.

54.

55.

to

(2]

OTNYCTHU/IKM, OH HAYMUHAET Magarb U yAapAaACTCa 06 OJHY U3 ILJJaCTHH.
Ha ckonbko yMeHbiunTCs BbicOTa mapuka Ak K MOMEHTY €ro yaapa
00 onHy U3 mnacTuH?

Omeem: Ha cM

Mexay ABymMs napansenbHbIMH, BEPTUKATBHO PACTIONOKEHHBIMH M-
JJICKTPHYECKMMHU TJIACTHHAMH CO3/1aHO OJIHOPOJHOE 3NCKTPHYECKOE
1oJIe, HANPSXKEHHOCTb KoToporo pasHa £ = 2 - 10° B/u, HamnpaBJieH-
HOE cJleBa HanpaBo. Mexay MiacTHHaMHM MOMEIIEH WAapUK Ha pac-
crosiunu d = 1,5 cM 0T sieBoi MnacTuHel U b = 2,5 ¢cM OT npaBoi. 3a-
psia vapuka g = —0.2 uHKn, macca m = 20 mr. llapuk ocBo6o)aaroT,
M OH HAYMHaeT ABMTaThCs. Ha CKOJIBKO ycIeeT CMECTUTLCS IHAPHK 110
BEPTHKAIU 10 ynapa o6 oaHy M3 naactun? I1inacTUHBI MMEIOT 10CTa-
TOYHO OONBLIOI pasMep.

Omesem: cM

Mexny AByMs napasic/ibHbIMM, BEPTHKANIBHO PACMOIOKEHHBIMH
AWDJIEKTPUYECKHMH TLTaCTHHAMH CO3JaHO OJHOPOAHOE 3MEKTpHuE-
CKOE Nolie HampsACHHOCTBIO £ = 2.5 - 107 B/Mm, HarpaBJICHHOE CIIpa-
Ba HajcBO. Mekly MilacTHHaMM TOMCLUCH LIAPHK Ha pPacCTOSHHH
d= 0,5 cM OT npasoit naacTUHbl U b = 2.5 ¢M 0T JIeBOM. 3apsy wa-
puka ¢ = —20 nKi, macca m = 10 mr. lllapuk ocBoboxaatoT, U oH
HAYMHAET JIBUraThCs. Ha CKONBKO ycreeT CMECTHTbCS LUApHK MO
BEPTHKAIH A0 yAapa 00 O4HY W3 TacTHH? T1acTHHBI UMCIOT 10CTa-
TOYHO OOJBLUOK pa3Mep H HAXOAATCS B M0JIC CHIIbI TSKCCTH 3EMIIH.

Omeent: M

Kon:1cHCaTop COCTOHT U3 ABYX HEMOJBIDKHBLIX, BEPTUKAILHO pacro-
JIOKCHHbIX, MMapaulcibHbIX, Pa3HOMMCHHO 3apsHKEHHbIX TIIACTHH.
ITnacTuHbBI pacno:ioKCHbl HA PaccToOsHUM = 5 CM apyr OT apyra.
HanpskeHHOCTL 1no71si BHYTPH KOH;eHCaTopa paBHa £ = 10° B/m.
Meikay nnacTHHaMH Ha PABHOM PacCTOSHHH OT HHX MOMCLICH [IapHK
¢ 3apsaom g = 10 * K u maccoit m = 20 r. Tlocse Toro kaK Wiapuk
OTIYCTHJIM, OH HauyHaeT MajaTh U YEpe3 HEKOTOPOE BpEeMd yAapseT-
cs1 00 0HY M3 MiacTii. OLeHUTE BpeMs NajacHus Af 1iapuka.

Omeem: C



56. OnexTpuyeckoe mosne o6pa3oBaHO NBYMS HEMOIBHXKHBIMH, BEPTH-
KaJlbHO pAacCIOJIOKEHHBIMH, NapaliIeJbHBIMH, DPa3HOMMEHHO 3apf-
XEHHBIMH HENPOBOAALIMMH IJacTHHaMH. [1nacTuHB! pacnosnoxeHbl
Ha paccTosHuH d = 9 cM apyr ot apyra. HanpsikeHHOCTH nons BHYT-
pPH KOHZAEHcaTopa paBHa E = 10° B/m. Mexy nnacTHHaMHU Ha paB-
HOM PacCTOAHMM OT HHX IOMELIEH IApHK ¢ 3apsaoM ¢ =2 - 10 K

1 Maccoit m = 1 r. [locne TOro kak LIapUK OTMYCTHJIH, OH HAYHHAET
nanate. Kakylo ckopocth Oy/neT UMETh LIApHK, KOrJa KOCHETCH Ofi-

HOH M3 macTul?

Omeem: M/c

AHAJIOTHA C TOPH30HTAJIBHLIM GPOCKOM

1. Yactuua Maccoil m u 3apsaaoM g Biie-
TaeT CO CKOPOCTBIO Uy MEPHEHAMKYIIAP-
HO JIMHHMAM HAamNpsKEHHOCTH KOHIEHCa-
Topa E (CHNy TSDKECTH HE Y4HTHIBATB).
JlnuHa mnacTMH KoHpaeHcatopa /, pac-
CTOSIHHE MEXJY HUMH d

Ipoexunn HayaIbHOH CKOPOCTH

Ilpoekunu yckopeHus

IIpoekuny MrHOBEHHOH CKOPOCTH

Mozyns MrHoBeHHOMH CKOPOCTH

v =V + 0}

Yron HakjJoHa BEKTOpa  CKOPOCTH g =2 a,t
K IJIACTHHAM KOHJEHCaTopa gb= .U,
['opu3oHTanbHOE cMeleHne
2
a,l X = Dyt
X = Xo + Uyl +
BepTukaneHoe cMenieHune )
2 a,t
Y= Yo+ Vgl +— 2
Bpewms nBxenns BHYTpH KOHIEHcaTopa y
=— WM I = [~
Vo a,
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Ioockasku Kk 3ad0auam

3adauu Iloockazxu
1. B nnockuii koHaeHcaTop AIHHOM -
[ c paccTosHHEM MeXay OOKIaaKa- Do ,,/—"‘lé—q-mb
MU d BIIETAeT 3JEKTPOH C 3HEpruen o
Ey n 3apsaoM g noa yrioM o K + 4___,11] X
njacTiHaM. YeMy paBHO Hampsike- g
HHE MEXKAY [UIACTUHAMM, TIPH KOTO- ITo ananozuu ¢ 6pockom
POM 3JIEKTPOH Ha BBHIXOAE M3 KOH- noo y2nom K 20pu3oHmy

ACHCaTOpa 6yﬂeT JABUraTbCAa Napaj- CKOpOCTb 9JICKTpOHAa mapai-
nenbHo UM? CUIlY TSDKECTH HE YYM- | jejbHA IUIACTHHAM B MOMEHT

ThIBATb. HAUBBICIIErO MOABEMA, T.€.
E,dsin2a i
OtBet: U = k—g P Uy SIn o
q noa a 2
U
rae a = g_
m
Yumume: [ =v,cosa -1y,
2
muvo,
E[( =
2
2. B oanektpuyeckoe moje KOHIEH- Bmopoii 3akon Heiomona ons
€aTopa, IUIACTHHBI, KOTOPOro H30- OBUIHCEHUSL NO OKDYJCHOCIMU
THYTBI yTOH pannycau R, Breraer Fy =ma,,
JIETKas 4acTHLIa Maccol m U 3apd-
IOM g co ckopocThio v. Hanps- | B 9ToH 3anaue
. 2
eHHOCTb nons E . Haiaute panu- Fx =qE ; a,. v
« =g

yc opOuTHl yacTuipl R . BiausHuem
CHJIBI TSDKECTH NIPEHEOPEYb.

muv’

qFE

OtBer: R=

3ALAYN

57. TlpoToH BieTaeT B 3JIEKTPHYECKOE M0JI€ KOHAECHCATOPA NMapajLIeIbHO
€ro MIacTHHaM B TOYKE, HaXOAAUICHCSA MOCEPEANHE MEXAY €ro IUia-
CTMHaMH (CM. pHCYHOK). MHHHMaJIbHas CKOPOCTb, C KOTOPO# MPOTOH
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58.

59.

JIOJDKEH BJIETETh B KOHIEHCATOp, YTOOBl 3aT€M BBUIETETh M3 HETO,
paBHO 350 km/c. [InMHa MIacTHH KOHJEHCATOpa 5 CM, HampshKeH-
HOCTb 2JIEKTPUYECKOro nojs koHaeHncaropa 5200 B/m. Uemy pasno
paccTosiHME MEXAy IUIaCTHHaMM KoHJeHcaTtopa? Macca nporoHa
1,67 - 1077 kr, ero 3apan 1,6 107" K. IMone BHyTpH KOHAEHCaTOpa
CUMTATb OJIHOPOJIHBIM, CHIION TsHKeCTH NMpeHeOpeyub. OTBET OKpyIJH-
T€ J0 LebIX.

Omeem: cM

[IpoTOH BiETaeT B BNIEKTPUYECKOE 110JI€ KOHAECHCATOpa NapajulelbHO
€ro IUIACTUHAM B TOYKE, HaXOASLIEHCS NOCEPEANHE MEXY €ro Iula-
CTMHAMH (CM. PUCYHOK Kk 3a7aue 57). MUHHMalbHas CKOPOCTh, € KO-
TOPOIl MPOTOH AOJKEH BJETETh B KOHJIEHCATOpP, YTOObI 3aT€M BbLjIE-
TETb U3 HETo, paBHO 350 km/c. PaccTosHUE Mexay IUIaCTHHAMH KOH-
neHcatopa | cM, HanpsbkeHHe Ha MJIaCTMHAX kKoHaeHcatopa 50 B.
YeMy paBHa JUIMHA MIaCTHH KOHAeHcaTopa? [lone BHYTpH KOHIEHCaA-
TOpa CYHTAaThb OJHOPOAHBIM, CHIIOH TsbkecTH mpeHeOpeub. OTBeT
OKPYIJIUTE 10 LEJbIX.

Omeem: cM

3apsKeHHAast YacTHLA MacCco# m, ABMKYLIAACS CO CKOPOCTBIO U, BJle-
TaeT B II0JIE IUIOCKOrO KOHJEHcaropa (CM. pUCYHOK). PaccrosHue
MEly NJIACTMHAMH d, @ HANpPSKEHHOCTh IEKTPHUECKOro mons E.
IIponeTeB KOHAEHCATOP, YaCTHLA OTKJIOHSETCS OT NEPBOHAYAIBHOTO
HanpasIeHus Ha yroj o. Kak M3MEHHMTCS MOIy/b CKOPOCTH Bblie-
TeBIIEH YaCTHLBl U Yrol O, €CJIM YMEHBIIUTh HalPSKEHHOCTD 3JIEK-
TPHHYCCKOTO I10JIA MEXAY IJIaCTHHAMH KOHIIEHcaTOpa?

O-H+ssss-7=-
\
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60.

61.

256

OHU3NYECKHUE BEJIMYUHbBI HUX UBMEHEHHE

A) MoOIyab CKOPOCTH BbUIETEBULIEH 1) yBenuuurcs
YacTHILbI 2) yMEHbIUMTCS
b) yron oTkioHeHus o 3) He u3MeHUTCH
A b
Omeem:

B nnockui KoHAEHCaTOp AJMHHOM L = 5 cM BlieTaeT 3JeKTPOH MO Yr-
oM o = 15° k mnacTuHam. Dueprus snektpona W =24 - 10 '® Ix.
Paccrosanue mexxny niactunamu d = 1 cM. Onpenenure pa3zHoCTh Mo-
TEHLMAIOB MEXAY IJIAaCTUHAMH KOHeHcaTopa U, NpH KOTOpPOH 3J1ek-
TPOH Ha BBHIXOJIE M3 KOHAEHcaTopa OyleT ABUraThCsl NapauielbHO
NyacTHHaM. 3apsj eKTpoHa g, = 1,6 - 10" Kn.

Omeem: B

Ha pucynke nokasaHa cxema yCTpOHCTBa Ul NPEABapHTENBHOIO OT-
0opa 3apsHKEHHBIX YaCTHIL I MOCIEAYIOILEro ACTANbHOIO UCCIEA0-
BaHHMA. YCTpOHCTBO MNpeAcTaBisfeT COOOH KOHAEHCATOp, MJIACTHUHBI
KOTOpOro U30THYTHI Ayrod paauyca R = 50 cm. [Ipeanonoxkum, 4to B
NPOMEXYTOK Mexay OOKJIaJKaMH KOHJEHcaTropa M3 HCTOYHHKA 3a-
PSDKEHHBIX YacTHL (M. 4.) BIETAIOT, KaK M0Ka3aHO Ha pucyHke. Ha-
NPSDKEHHOCTb  3JIEKTPHUYECKOro M0JI1 B KOHAEHCATOpE 10 MOAYIII0
paBHa 5 kB/M. Cxopocts noHoB 100 kMm/c. Onpenennurte oTHOUICHHE
3apsia K Macce g/m JJIst TeX HOHOB, KOTOPbIE IIPOJIETST CKBO3b KOH-
JEHCATOp, HE KOCHYBIUMCH €ro riaactuH. CuuTaTh, YTO pacCcTOsiHHE
MeXJly OOKJIaJKaMH KOHJEHCATOpa Maslo, HANPSKEHHOCTb 3JIEKTPH-
4eCKOro MoJIsi B KOHAEHCATOpe BCIOAY OJWHAKOBA 110 MOIYIIK), 8 BHE
KOHJIEHCATOpa JIEKTPHUYECKOe MOoJie OTCYTCTBYET. BIMsHHEM CHIIBbI
TSOKECTH NpeHedpeyb.

Omeem: MKan/kr



9. IOCTOSSHHbIA TOK

DJIeKTPHYECKHH TOK B MeTA/LIaX

DJIeKTPUYECKHH TOK — HanpaBjIEHHOE JBHKEHUE 3aPSDKEHHBIX vac-
THL NOJ ACHCTBHEM BHEUIHETO 3JIEKTPHUECKOTO MOJIS.

Yenosus cywecmaosanus 3.1eKmpuieckoo mokd.

1) HanMuKe 3apsHKEHHBIX YacTHLL;

2) 3NEKTPUYECKOE T0JIe (CO3aCTCS HCTOYHUKAMU TOKa).

Hocumenu snexmpuiecko2o mokd 6 pasiudHblx cpeoax.

e B MeTayJIaX — CBOOOAHBIE JIEKTPOHBI;

® B 3JICKTPOJIUTaX — MOJIOKUTENbHbIE H OTPHLIATEILHBIC HOHBI,

® B ra3ax — HOHBI U JICKTPOHbI;

¢ B [IOJIYTIPOBOJAHUKAX — 3JIEKTPOHbBI U JbIPKH,

® B BAKYyM€ — 3JIEKTPOHbI.

I'papuueckoe n3odpaxeHHe
HEKOTOPBIX 3JIEMEHTOB JIeKTPHYECKOH uenu

HcTounuk Toka Jlamna Koy
3 F; —(X)- _
CoenMHUTEIbHBIH CoenvHeHue NpoOBOIOB Pe3ucrop
IIPOBOJ —
Amrnepmerp BosnbTtMmeTp Konaeuncarop

ITo [IpOBOJAaM MEPEMECILAYOTCA OTPHLIATEIbHO 3apAXKCHHBIC 3JICKTPOHLI,
T.€. TOK HACT OT «—» K «t» HCTOYHHKA. HanpaaneHue ABHKCHHUA IJICKTPO-
HOB Ha3bIBalOT Oeticmaumensholyi. Ho HUCTOPHUYCCKH B HAYKC IIPHHATO YyC-
JIOBHO€E HATIPpaBJICHHUEC TOKA: OT «+» UCTOYHUKA K «—».
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JIeHCTBHS 31EKTPHYECKOTO TOKA: TEMIOBOE, CBETOBOE, MAarHHTHOE,
XUMHYECKOE, MEXaHHU4eCckoe, OHOI0rHUecKoe.
Cuna Toka / (A) noxasbiBaet, Kakoii 3apsill g TPOXOAMT Yepes nore-

PE€YHOE CEYCHHUEC NMPOBOOHHKA 3a Ic:

;=484 _Ng.
.V
rae N — 4ucno anekTpoHos; ¢, =1,6-10"" Kn — 3apan snextpona;

t (c) — BpeMmsi.
3apsa, NPOXoAILMi MO MPOBOAHMKY 3a BpeMs ! NPH CHIIE TOKa, PaB-
HOM [ :
g=1-t.
3apsia, NPOXOAALIMH 3a BpeMss Al NpPH PABHOMEPHOM M3MEHEHHMH CH-
Jbl TOKa OT 1, no I,

I+ 1,
Ag=—"—"""Ar.
2
Cuna Toka M CKOPOCTb JIBUKEHHS EKTPOHOB:
!l =ngq.Sv,
-3 2 /
rae n (M) — KOHLEHTpALIUS; S(M*) — nnowaan ceueHus; v (M/c) —

CKOPOCTB 3JIEKTPOHOB.

Yumume: 3nexTpoHbl JABHKYTCS IO MPOBOAAM CO CKOPOCThIO, PABHOH
nojsmM Mm/c. Ho anexTpuyeckoe Molie paclpoCTPaHSETCss CO CKOPOCThIO
cBetac=3-10° m/c.

Conporusiaenne R (OM) MeTaNIoOB XapakTepu3yeT TOpMO3siliee Aek-
CTBUE TNOJIOKHUTEIbHbIX HOHOB KPHUCTAJUIMUCCKOH pElIeTKH Ha ABWKEHHE
CBOOO/IHBIX 3EKTPOHOB:

k=t
S
rae p (OM - M) — voeibHoe conpomus.ieHie, TIOKasblBaloUlee, Kakoe co-

NPOTHBJIEHUE UMEET NPOBOAHUK JUITHHOH | M MIOLAAbI0 NONEPEYHOTO Ce-
yeHus | M, H3rOTOBIICHHbIH U3 onpefeneHHoro Marepuana; / (M) — JUlH-
Ha NPOBOJHHUKA; S (Mz) -— IJIOLAdb CeYEeHUS.

Hanpaxenune U (B) xapaktepusyer paboTy 31€KTPHUYECKOTO MO MO

NEPEMEIICHHIO TTOJIOXKUTEIBHOTO 3apsaaa:
A

U=—.
q
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HN3mepurenbHbie NPHOOPHI

Amnepmemp WiMepseT cuily
TOKa, BKJIOYaercs B LEMb
NOC/e0BaTeNbHO, COO0-
Jast oJISPHOCTh

Boasmmyemp
HanpsKeHHE, BKJIKOYAET-
¢ B LiENb [ApajuIeNbHO,
co0:110/1a51 TONIIPHOCTD

u3MepseT

- + — (V)
Cxema I:' (:) \J
BKJIFOYCHUA o S I -
i | =
. B upeasibHoM amnepmeTpe | B naeansHOM BOJBTMET-
W neanbHbI
Ry, — 0,1 0oH He BAUseT Ha | pe Ry — o, TOK 4epes
npudop

3HAYCHHUC CHJIBI TOKA

HETO HE NMPOXOIUT

3ALAYH

1. Ha pucynke wuszobpaxkena mikama aeiaeHuii amnepmerpa. Ilorpemi-
HOCTh M3MEPEHHUA paBHa lieHe JeieHus. YeMy paBHa cuia Toka?

Omeem:

A

[To npoBOAHMKY TeUYeT MOCTOAHHBIN INEKTPUYECKHHA TOK. 3HaYeHHE

3apsja, NPOLIECAIIEro 4yepe3 MPOBOJHHUK, BO3PacTaeT C TEYCHHEM
BPEMEHH COINAacHO rpaduKy, MpeAcTaBieHHOMY Ha pHcyHke. Yemy
paBHa cuna TOKa B IPOBOJHHKE?

Omeem:

A

q,Kn
12 1---

4 - -

.
' d
‘
i

8 PR Y ST -
'
1

1
Lo
[l

1

1
1___
T

1

1

i

T

i

1

]

T

Il

1

)
N |-

A
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260

VICTOYHHK TOKAa NPHCOCAMHWIM K JBYM ILIACTHHAM, OMYIICHHBIM
B pacTBOp nmoBapeHHOM cond. Cuna toka B uenu (0,2 A. Kakoit 3apsan
[IPOXOIUT MEX/y MNACTHHAMHU B BaHHE 3a 2 MUH?

Omeem: Kn

CKonbKO BpeMeHH UTMTCS pa3psii MOJIHUM, €CIIH 4Yepe3 IOoINepeyHoe
ceyeHHe ee KaHana nporekaet 3apsix 30 Ki, a cuna Toka B cpegHeM
paBHa 24 kA?

Omeem: MC

Ha snexTponbl BakyyMHOro nuoja MmojaeTcsl NepeMeHHOe Hanpsxe-
HHE, B pe3yJibTaTe 4ero Cuiia ToKa, MpoTekawoulas yepe3 1o, paB-
HOMEPHO yBennuuBaeTcs 3a 2 MKC oT 0 1o 12 A. Onpenenure Benu-
YHHY 3aps/ia, KOTOPBIiA MPOILIEN Yepe3 THOJ 3a 3TO BpEMS.

Omeem: MKKn

Ha pucyHke noka3aHa 3aBHCHMMOCTB CHJIbl TOKA B INPOBOJHHKE OT Bpe-
MmeHu. Kako#i 3apsia mpouren no nposoxy 3a 8 c¢?

IAAA

Omeem: Kn

CKOpOCTb HanpaB/eHHOro IpeHda SMEKTPOHOB B IEKTPUUECKOMN LIETH
YBEJIMYHIACH B 2 pa3a. Bo ckonbKO pa3 BO3pocia CHiIa TOKA B LIENH?

Omeent: B paz(a)

MenHass npoBOJIOKA MMEET AJICKTPUYECKOE COMpOTHBIEHHE 6 OM.
Kakoe 31eKTpHuUeCKOe CONPOTHBIIEHHE HUMECT MEHas TMPOBOJIOKA,
y KOTOpOH B 2 pasa Oonblle MJIHHA W B 3 pasa 0oJiblie MUIOWAAb No-
NEPEeYHOro ceyeHus?

Omeem:  Om



9. Jlis u3MepeHHsl HanpsDKeHWs B TPOBOJOYHON cnupanu R 4eTwIpe
y4YEHHKa T0-pa3HOMY TOICOEAMHHUIN BOIbTMETP. PesynpTat n3obpa-
XKEH HA PUCYHKE. YKaXHUTE BEPHOE NOACOENHHEHHE BOJILTMETPA.

)

3)

Omeem:

10. Ilepemelas 3apsj B NEPBROM NMPOBOIHHKE, 3JEKTPHUYECKOE IIOJIE CO-
Bepuiaer pabory 20 Ix. Bo BropoM NpoBOAHUKE NpH NepeMellleHHH
TAKOrO e 3apsna 3JIEeKTpHYecKoe nosie coBepuiaer padbory 40 k.
Onpeaenute otHoweHwe U, /U, Hanps>KeHHH Ha KOHLIaX IEPBOTO
¥ BTOPOTO ITPOBOJIHHKOB,

Omeem:
3akoH OMa aas yHacTKa LenM: Cula MoKa 8 YYACHKe Yenu NpamMo

NPONOPYUOHANBHA HANPAICEHUIO HA KOHYAX SMO20 Yy4acmka u obpamuo
NPONOPYUOHANLHA €20 CONPOMUBTEHUID.

=2
R
C yuetoM GopMyIBI Ul pacyera COMPOTHBICHUS
US
I=—.
p!

memmunepuaﬂ xapakmepucmukd — 3T0 3aBUCUMOCTB CHJIBI TOKA OT
Harnps>KCHU . Ilo3Boaser CPaBHHBATH U PACCUHUTHIBATH COIMPOTHUBJICHHUS.

Cosem: 06pa111a171Te BHUMAHHUE Ha €AUMHULB] U3MEPEHUSA, CTOALINEC HA
OoCAX.

I A R,
R,
R, <R, UB
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1.

12.

13.

14.

15.

262

3ALAYH

[Ipn Hanpsxenuu 4,5 B cuna Toka, HAYILErO Yepe3 METAIIHYECKUN
npoBoaHHUK, paBHa 0,75 A. Kakoe HampskeHHe OOMKHO OBITH Ha
NPOBOJIHUKE, YTOOBI Uepe3 Hero nporekai Tok 1 A?

Omeem: B
IIpy HanpsokeHuu 2 B cunma Toka, MAYILETO Yepe3 METALIMYECKHH

IPOBOJHUK JUTMHOH 2 M, paBHa | A. Kakoit Oyner cuna Toka uepes
TAaKOM 7K€ NMPOBOJHUK JUIMHOM | M NpH HanpsDKeHHH Ha HeM 4 B?

Omeem: A

Hanpsxenne Mexny KOHIaMH TPOBOIHHKA YBEJIHUYHIH B 2 pasa,
a €ro JUIMHy YMEHBIIMIM B 2 pa3a. Bo ckonbko pa3 BO3poCiio 3Haue-
HHE CHIIBI TOKA, TPOTEKAIOILETO Yepe3 IPOBOTHUK?

Omegem: B pa3(a)
Cuna Toka, nportekatoiiero uepe3 npoBoanuk, 0,2 A. Yemy 6yner

PaBHO 3HAYCHHE CHJIBI TOKA, €CJIM HANIPAXKCHUEC MEXKIY KOHIIAMH IIpO-
BOJHHKA H 1JI01aAb €10 MONCpeYHOro CCYCHUA YMCHBIIIUTD B 2 pa3a'7

Omeem: MA
Ha pucynke nsobpaxeH rpauk 3aBUCUMOCTH CHJIBI TOKa OT HArps-

*KEHHS Ha OJHOM CeKiIMH TejeBu3opa. KakoBo conpoTuBieHHE 3TOH
CEKIIMH?

Omeem: kOM



16. Ha pucyHke npejcTaBieH rpaguk 3aBHCHMOCTH Hanpsokenus U Ha
KOHLIAX PE3MCTOPa OT CHJIbI TOKa [, Tekyliero yepe3 Hero. ConpoTus-
nenue R pesnucTopa paBHO

U Bt
24| it
0 2 4 LA
Omeem: OmMm
CoeanHeHUs1 NPOBOJIHHKOB
IocnenosarensHoOE [NlapannensHoe
COCIMHEHHE COeIMHEHHE
[ 11 m
Cxema L
[TonHas cuna Toka I=1=1 I=1+1
[TonHOE HampshkeHHe U=U +U, Uu=U=U,
OJIHOE COTIPOTHBJICHHE R R R
R = R1 + Rz ‘_ R]Rz
JBa pe3ucrtopa _R| TR,
1 OJMHAKOBBIX PE3UCTO- R =nR, R Ry
poB n

3aganue. BribepuTe NMpouM3BOJILHO 3HAYEHHs JBYX CONpPOTHUBIICHHH,
nputdeM R, < R,. PaccuuraiiTe ux obuiee CONpOTHBJCHHE cHadala IIpH
MOCJICZIOBATEILHOM COSIMHEHHH, a 3aTeM INpH MapajuienbHoM. B kaxnoM
ClIydae CpaBHUTE oOlliee COnpoTuBiIeHue ¢ R, u R, . Cnenailte BbIBO.

Yumume: B 3agayax NpUHATO CYUTATh, YTO COCAMHHUTEIbHBIH MPOBOJ
HE UMeEET conpoTUBNeHus. Ecnu coeIMHUTENBHBIA TPOBOJ IPHCOEIUHSIOT
napauie/IbHO HEKOTOPOMY YYacTKY LENH, TO TOK TMOHAET TONBKO 4Yepel
3TOT NPOBOA U R, =0.
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17.

18.

19.

20.

3ALAYH

HUeMy paBHO CONpPOTHBIIEHHE y4acTKa LEMH, H300PAKEHHOIO Ha PH-
CyHKe?

Omsem: _ Om

Y4acTok 1eny coCTOMT U3 CONpPOTHBIEHUS R; W ABYX OJAMHAKOBBIX
napasiejibHO COCAHHEHHbIX PE3UCTOPOB Ry U R;. Obuiee conpoTus-
aenue ydactka 4 OM. YeMy paBHO compoTHBiIeHUE R, eciiu conpo-
THBJeHUE R = 3 OM?

Omeem:  OM

KakuM Oyaer conpoTHBJEHHE y4acTKa LeHH, H300paXKeHHOTO Ha pH-
CYHKE, NPH 3aMblKaHHH kmouya? Kaxabli W3 pe3sHCTOpPOB UMEET Co-
npoTHBJIEHuE 6 OM.

Omeem: _ Om

Y4yacToK Lefd COCTOMT M3 YEThIPEX MOCNEA0BaTEIbHO COEAMHEHHBIX
PE3UCTOPOB, CONPOTHBIICHHs KOTOPLIX paBHbI 10 OM, 20 OM, 30 Om
u 40 OM. KakuM TOJIKHO OBITH CONPOTHBIIEHHE IATOrO pPE3UCTOPA,
N00aBJIEHHOTO B 3TOT Y4aCcTOK MOCIEA0BATEIbHO K MEPBBIM YETBIPEM.
4TOObI CyMMapHOE CONPOTHBJIEHHE YYacTKa yBEMHYHIOCh B 3 pa3a?

Omeem: OMm



AJITOPHTM pelleHus 3a/1a4 Ha pac4yeT CHJIbl TOKa

3apava. Yepes ydacTok Lienu (CM. PUCYHOK) TeueT MOCTOSAHHBIA TOK [ .
Kakyro cuiny Toka nokaseiBaer amnepMeTp? CONpoTHBIEHHEM amIep-

MeTpa npeHeopeys.

1. Ompeaenurte NONHOE CONPOTHBIEHHE 1 1 1 n+l
napajiesabHOro yyacTka Uuenu R., r wnr nr
nr
Rnap =
n+1
2. Hajinure HanpspkeHue Ha napajuleiib- B _g.r
Unap - IRnap -
HOM y4acTKe LI€TIH n+l

3. VY4THUTE paBEHCTBO HAaNpsHKEHUH mpH
napasuleJIbHOM CO€UHEHHH

4. BolyMcinure cuily TOKa Ha BEpXHEM / Uoap
y4YacTKe NapauiejbHOrO COeJHHEHHS pepx 2

5. Ecnu 6b1 amnepMeTp ObUT BKJIFOUEH Ha / Uip
HH)KHEM Y4acTKe, TO OH Obl mokasan M

IIposepbme

1 = Iscpx + [HIDKH

3ALAYH

21.

Yepe3s yyacTOK LEMH (CM. PUCYHOK) TEYET MOCTOSHHBIM Tok /=6 A.
Kakyto cuiy Toka nokaseiBaer amnepmerp? CONpOTHBIEHHEM aM-
nepMerpa npeHeOpeys.
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22.

23,

24,

25.

266

Yepes y4acTOK LENMH (CM. PUCYHOK) TE€YET MOCTOSHHBINA TOK [ =4 A.
Kakyro cumiy toka nokassiBaeT aminepmerp? CONpPOTHBJICHHEM aM-
nepMerpa npeHedpeds.

Omeem: A

Yepe3 yyacToK LenH (CM. PUCYHOK) TE€YeT MOCTOSAHHBbIN TOK [ =4 A.
Kakyto cuny Toka mokasbiBaeT ammepmerp? CONpOTHBIEHHEM aM-
nepMeTpa npenedpeds.

Omeem: A

ConpoTHBIEeHHE KaXKAOTO PE3UCTOPa B LENH, [OKA3aHHOM HAa PHCYHKE,
paBHo 100 OM. YuacTok noaki04eH K UCTOYHHKY MTOCTOAHHOTO Hamps-
XeHMa BeiBogaMH A u B. Hanpsokenue Ha pesuctope R, pasHo 12 B.

Onpeﬂemﬂe HaIlpsAa>XE€HHUE MCXKY BbIBOJAMH CXEMBI UAB'
R1 Rg

HH +
R; R4 Rs

Omeem: B

B uenu, n3obpaxeHHOH Ha pUCYHKe, MIEalbHBIH aMIIEpMETp IOKa-
3biBaeT 1 A. Haliaure Tok yepe3 pesuctop K;.
R,=30Om

Omeem:



IMonuas nenn

HonHas uenb COAEPKUT UCTOYHUK TOKA.

CTopoHHHE CHIIBI — 3TO CHJIBI JI0OOH TpHPOABI (KpOMeE JJIEKTpHe-
CKOI), KOTOpBIE pa3esifoT 3apsiabl BHYTPH HCTOUHHKA TOKA.

Buabl CTOpOHHHMX CHJI: MEXaHHYECKHE, MATHUTHbIE, XMMHUYECKHE, CBeE-
TOBbIE, TEILIOBBIC.

dnexTpoaBHXKyas cHiaa & (B) xapakrepusyer palOTy CTOPOHHHMX

cHI1 A, (k) no nepemerieHuto 3apsaos ¢ (Kit) BHyTpu HCTOUHMKA:

&= Ae :
q
Yumume, yto CTOPOHHUE CHJIBI NMEPCHOCAT IIOJIOKUTCIIbHBIC 3apsaabl
BHYTPH HCTOYHHKA OT «—» K «t».

3axon OMa 1,19 NOJHOH HenH:

&
I= ,

R+r
rae R (OM) — moJiHoe conpoTuBieHue BHewHeN uenu, » (OM) — BHYT-

pEHHEE CONPOTHBIICHUE UCTOYHHKA.
Cuna Toka KOpoTKOro 3ambikanus (R — 0):
&
Iy =—.
¥

HanpsbxeHue Ha BHelIHe# tend (HanpskeHHE Ha KJIeMMax MCTOYHHKA,
naJieHHe HaNpsHKEHUS Ha BHEUTHEH LIENH):

U=IR=6-1r.
KI1/l ucTrouHuka Toka:
U
n=—-100% = R -100%.
& R+vr
3A4AYHN

26. PaccuMraiiTe CHJIy TOKa B 3aMKHYTOM LIEMTH, COCTOAILEH U3 HCTOYHH-
ka ToKa, y koroporo D/IC pasna 10 B, a BHyTpeHHee conpoTuBiente
pasHo 1 Om. ConporuBienue pesuctopa pasHo 4 OM.

Omeem: A
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27.

28.

29,

30.

268

K MCTOYHMKY TOKa ¢ BHYTPEHHMM CONMpOTHBAEHHEM 2 OM MOAKIIIO-
4WIIK peoctar. Ha pucyHke nokasad rpaduk 3aBUCMMOCTH CHIIBI TOKA
B peocTaTe oT ero conporusieHus. Yemy pasHa 3/IC uctounnka Toka?

I’A 1 [
12 —deobeb
10 {-4-d-4=4-t

g\ A-4-4-4--k
N
asss

o
S}
IN
N
=
o
=2

Omeem: B

[Tpn MOAKIIOUEHUH K HCTOYHHKY TOKAa PE3UCTOPA C JIEKTPUYECKHM
corpotuBiieHHeM 2 OM cula TOKa B JIEKTPHUYECKOH LieNH Obljia paB-
Ha 2 A. IIpy noaxiroueHnH K MICTOYHHKY TOKa PE3UCTOpPA C JJIEKTPH-
YECKHUM comnpoTuBieHueM | OM cuna B 3JIEKTpHYECKOH 1ienmH Oblia
paBHa 3 A. UeMy paBHO BHYTpEHHEE CONPOTHBIICHHE HCTOUHMKA TOKA?

Omegem: OmMm

ITpn nonkiIoYeHHH K UCTOYHHMKY TOKA PE3UCTOpA C 3IEKTPHYECKHM
conpoTuBiieHHeM 2 OM cuna TOKa B 3JIEKTPHUYECKOH Lienu ObuIa paB-
Ha 2 A. Ilpy noak:;1i04eHHH K MCTOYHUKY TOKa PE3UCTOpa C 3JIEKTPH-
4eCKMM conpotupiacHreM | OM cuma B 3jIeKTpUYecKOH 1enu Obljia
paBHa 3 A. Uemy paBHa 3JIEKTPOABHKYILAS CHIIa UICTOYHHKA TOKa?

Omegem: B

Uctounuk toka ¢ DJIC ¢ v BHYTPEHHMM CONPOTUBJICHHEM ¥ CHAYANA
ObLT 3aMKHYT Ha BHCIIHEe CONPOTHBIeHHe R. 3aTeM BHeLIHee Compo-
THUBJICHUE yBeaW4YWIM. Kak mpu 3TOM U3MEHATCS Cujia TOKa B LIENH
W Hanps>KeHHE Ha BHEIIHEM COMPOTHBIEHHH? YCTaHOBUTE COOTBCT-
CTBHE MeXAY (DPU3UYECKMMHU BEJIMUHHAMM 3TOro Mpouecca U xapak-
TEPOM MX H3MEHEHHSL.

OUSNYECKHE BEJTMYHHDbI XAPAKTEP U3MEHEHHW A
A) cuna toka 1) yBenuuures
b) nanpsikcHue Ha BHEUIHEM 2) yMEHBIIUTCS
CONPOTHBJICHUH 3) He U3MEHHTCA
A b
Omeent:




Pa0doTa H MOIHOCTH YIEKTPHIECCKOI'O TOKA

PaboTa 1 3HEprus MEKTPUUECKOro TOKa:

N

A=W=qU=1Ur=13Rr:%r.

3akon xoyaa—Jlenua:
O=1Rt.
MouHocts P (BT) — 310 paboTa, npon3Boanmas 3a 1 c:
po
t
MOLIHOCTh TOKa (MOILHOCTL Ha BHELIHEH LIEMH, MOILHOCTh Ha Harpys-
Ke, MMoJjie3Has MOIIHOCTh, TeIJIOBas MOUIHOCTD):

2 2
P=£=IU=12R=Q—:( ¢ jR.
t R R+vr

MoIHOCTh Ha BHEIIHEH uenu Oy1eT MakCUMalbHas, eclnu R = r:

N 2 ~2
Rnax :[ é ] r Zé—'
r+r 4r

N
. ) pa
MouHocTh BRYTpeHHei uenu: P, =/ r= ( R J r
R+ r

5

£
R+r

[TosHas MomHOCTh: Py, =1 (R+r) =

Hoockazku Kk 3a0auam

O0BeM MpoBOIHHKA UMMHAPHUYECKOH GopMBI V=38!

Macca 1mpoBoaHMKa UHIMHAPHIECKOH (POpMBI m=pV =pS/

Konu4ecTBo TEMIOTH M H3MEHEHHUE TEMIIEPATYpPbl Q =cmAT
3A0AYHN

31. Ha wrencensHbIX BUIKAX HEKOTOPBIX OBITOBBIX 3IEKTPHUECKHX TIPH-
00poB uMeeTcs Haanuce: «6 A, 250 B». Onpenenure MakcuManbHO
JONYCTHMYIO MOLUHOCTb 3JICKTPOIPHOOPOB, KOTOPBIC MOXKHO BKIIIO-
YaTh, HCIMOJIL3YsS TAKHE BUIIKH.

Omeem: Bt
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32.

33.

34.

35.

270

IIpu cune Toka B anekTpuueckoii uenu 0,3 A CONpOTUBIIEHHE JIaMIIbI
paBHO 10 OM. Omnpenenute MOLIHOCTH 31€KTPUYECKOro TOKa, BbIAE-
JAOMIYIOCS HAa HUTH JIaMTIbI.

Omeem: Bt

ITo npoBojoyHOMY pe3ucTOpy TedeT TOK. Pe3HucTop 3aMeHHIM Ha
JpPYTOH, C MPOBOJIOKOH M3 TOr0 >X€ MEeTaljaa U TOH K€ IJIMHBI, HO
MMEOILEH BABOE MEHBIIYIO IJIOIA/h MONEPEYHOTO CEYeHHUs W Mpo-
MYCTHJIM Yepe3 HEro BBOE MEHbIIMH TOK. Kak M3MeHsTCS IpH 3TOM
COIIPOTHBJIEHHE PE3UCTOpa M TEIIOBas MOLUHOCTD, BBIAENAIOIAACH
Ha pesucrope?

PUBUYECKHWE BEJIMUMHBI XAPAKTEP USMEHEHM A
A) compoTHBIEHHE pE3UCTOpa 1) yBeanuuTcs
B) rtemioBas MOIIHOCTH 2) yMEHBIIUTCA

3) He U3MEHHUTCH

A b

Omeem:

K KOHUIIaM JUIMHHOrO OJIHOPOJHOTO MPOBOAHHMKA MPHIOKEHO Hamps-
xeHue U. I1lpoBoa yKOpOTWIM BABOE W NMPHIIOKHIN K HEMY INpekHee
HanpsbxkeHde U. YTo npou30HAEeT npu 3TOM € COIPOTUBIIEHHEM IIPO-
BOJHHMKA H MOILHOCTBI0?

PUSUYECKHUE BEJIMYHNHBI XAPAKTEP UBMEHEHH A
A) compoTHBieHHE IPOBOJHUKA 1) yBennuuTcs
b) BmLAENAIONIAsACA HA NIPOBOJ- 2) yMeHbIIUTCA
HHUKE MOUIHOCTh 3) He U3MEHHUTCH
A b
Omeem:

Pe3l/lCTOpbl MOOYEePCAHO MOAKIOYAOT K HCTOYHHKY ITOCTOAHHOTO
Toka. CONpOTHBIIEHHS PE3UCTOPOB PABHBI COOTBETCTBEHHO 3 OM M
12 Om. MoiuHocTs TOKa B pe3ncTopax OAMHaKoBa. YeMmy paBHO
BHYTPEHHEE CONPOTHBIICHHE HCTOYHMKA TOKa?

Omsem: __ Om



36.

37.

38.

3/1C ucToyHHMKa MOCTOSSHHOro ToKa & = 2 B, a ero BHyTpeHHee Co-
npoTtusjieHue » = 1 OM. MOWIHOCTb TOKAa B PE3HCTOPE, MOIKIHOYEH-
HOM K HCTOYHHKY, po = 0,75 BT. UeMy paBHO MMHHMMAJIbHOE 3Ha4e-
HHE CHJIBI TOKa B LienH?

Omeem: A

DnekTpUUeCKas MEMb COCTOMT U3 MCTOYHMKA TOKa U peocrara. D1C
MCTOYHHKaA 6 B, ero BHyTpenHee conporusienue r = 2 OM. Cormnpo-
THBJIEHHE peocTaTa MOXHO M3MEHTh B npeaenax oT | Om no 5 Om.
YeMy paBHa MaKCHMMallbHasi MOLIHOCTE, BBLIEIseMas Ha peocTaTe?

Omeem: Bt

K oaHoponHOMYy MeIHOMY UMJIMHAPHYECKOMY NPOBOAHHMKY AJHMHOM
10 M npunoxuan pasHocts noteHuuanoB 1 B. Onpenenure npome-
XKYTOK BPEMEHH, B TEUCHHE KOTOPOro TeMIlepaTrypa MPOBOAHHMKA MO-
BoicuTcst Ha 10 K. M3MeHeHneM CONPOTHBIICHHS MPOBOJHHKA M pac-
CEsIHMEM TeIula [P ero HarpesaHWM npeHeOpeub. [InoTHOCTL Menu
8900 }\T/M}, yIEIbHOE CONpOTUBIEHHE MeaH 1,7 - 10° Om - M, yaeabHas
tennoeMkocTs Meau 380 [a/(kr - K). OTBeT OKpYT/IUTE 10 AeCAThIX.

Omeent: c

KonnencaTop B L1€IIH MOCTOAHHOI'O TOKA
THorHume. OCTOSHHBIN TOK 4Ye€pe3 KOHACHCATOP HE UIET, HO 3apAl Ha

HEM HAKaIUIMBAETCsl, U HANpPsKeHHE Mex 1y 00KjIaZkaMu MOJIePKHUBAETCA.
HanpsxeHue Ha KOHJIEHCATOpe Takoe JKe, Kak HanmpshKeHHe Ha mapasiieib-
HOM €MY Y4acTKe LiellH.

Buuvanue. Tok He MPOXOAUT YEPE3 TC PE3UCTOPHI, KOTOPLIC COCANHE-

Hbl ¢ KOHIE€HCATOPOM I10CJI€10BaTE/IbHO. HpH pacuceTe 3ﬂeKTpI/l‘{CCKOﬁ ue-
ITH UX CONPOTHUBJIEHUA HE YUHUTLIBAKOT.

Ioockasku Kk 3a0auam

DNEeKTPOEMKOCTb, 3apsijl U HANpsKEHHE C= %
U
HanpsbkeHHOCTb ¥ HanpsikeHne E= 7
2 CU 2
JHeprus KoH;ieHcatopa w=4 =2
2C 2
Konu4ecTBo TemioTsl Q=AW
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39.

40.

41.

42,

272

3A0AYN

K ucrounuky Toka ¢ D/IC &= 9 B 1 BHYTPEHHHUM CONPOTHBIEHHEM
r =1 OM NonKIIOYHIN MAPALICIBHO COCAHHEHHBIE PE3HUCTOP C CO-
npotuBjeHneM R = 8 OM U MJIOCKHH KOHIIEHCATOP, PACCTOAHUE MEXK-
ay rmiactiHamMu kotoporo d = 0,002 M. KakoBa HanpskeHHOCTb
JIIEKTPHYECKOTO [10J11 MEXK Y NNacTHHAMHU KOHIeHcaTopa?

Omeem: kB/Mm

Kakoii nomkHa 6biTh /IC BcTOUHMKA TOKA (CM. PUCYHOK K 3aaade 39),
4TOOBI HANPSXEHHOCTh £ 3JIEKTPUUYECKOro MOJIS B IUNIOCKOM KOHJIEH-
catope Obuta paBHa 2 KB/M, eclid BHyTpeHHee CONMPOTHBICHHE HC-
TOYHHKA Toka r =2 Owm, conpoTtuBienne pesuctopa R =10 Om, pac-
CTOSTHHE MEX]y MUIaCTHHAMH KOHJIeHcaTopa d = 2 MM?

Omeem: B

KakoB »1exktpuyeckuit 3apsa koneHcatopa eMkocthio C = 1000 mx®
(cM. pucyHOK k 3anaue 39), ecjiM BHYTPEHHEE COMPOTHBJICHHE HCTOU-
HHKa Toka r =2 Om, ero DJIC paBHa 24 B, comnpoTHUBIeHHE PE3UCTO-
pa R =100M?

Omeem: _ Kn

B anexktpuueckoii cxeme, moka3zaHHOM Ha pUCYHKe, K04 K 3aMKHYT.
3apsa xounmeHcatopa ¢ =2 MkKn, DJIC Oatapeiiku &=24B, ee
BHYTPEHHEE COMpoTHBIAeHHE » =5 OM, CONPOTHBIEHHE pPE3UCTOpA
R =250M. Haiiaure KO/JIMYECTBO TCILUIOTHI, KOTOPOE BBIAENAETCA
Ha pe3ucTope mnocije pasMbikaHus Kiwoya K B pesynbrare paspsna
KoHzaeHcaTopa. IloTepsiMu Ha H3TydyeHHe peHebpeyb.

Omeem: MKJDK



43.

44,

45,

46.

KakoBa HanpspkeHHOCTb 3EKTPHYECKOTO HOJIs
BHYTPH IUIOCKOTO KOHJEHCATOpa (CM. PHCYHOK),
€CJIM BHYTPEHHEE COMPOTHBJIEHHE HCTOYHHKA
Toka r = 10 OM, ero 3/1C pasna 30 B, compo-
THBJIEHHS Pe3uCTOpoB R; = 20 Om, R, = 40 Om?
PaccrosiHue mMexny obkiaakaMu KOHAEHcaTopa
d=1wMm.

Omeem: kB/M

HanpsbkeHHOCTb 371€KTPHYECKOT0 TMOoJIs MLIOCKO-
ro KoHAeHcatopa (CM. pucyHOK) paBHa 24 kB/m.
BHyTpeHHee CONMpOTHUBICHHE HCTOYHHKA TOKa
r=100M, DJC £=30B, a compoTHBIcHUA
pesucropoB R; =20 OM u R; = 40 Om. Haiinure
pacCTOsSHHUE MEXY IIIaCTHHAMU KOHEHCcaTopa.

Omeem: MM

& C

r| R

R,

Hcrounnk nocrosHHoro toka ¢ 3JIC &= 10 B 1 BHyTpeHHUM conpo-
TuBiieHHeM r = 0,4 OM noacoeMHEeH K Mapajuie/ibHO COeIHHEHHBIM
pesuctopaMm R; =4 Om u R, = 6 OM u xoHaeHcaTopy. Onpeaenure eM-
KOCTb KOHzeHcaTopa C, eC/IH JHEPrHs dIEKTPUYECKOro Mo KOHAEH-
catopa paBHa W = 60 mk/Ixx. OTBET OKPYTJIUTE 1O NAECATHIX.

E,r C
-r— R Ry :

Omeem: MKD

KonaeHcatop eMkocTbio 2 MK®D npHcoequHEH K
UCTOYHHUKY mnoctosHHoro Toka ¢ 3JIC 3,6 B u
BHYTpeHHHUM comnpoTuBnendeM | Om. Comnporus-
JIeHMst pe3ucTopoB Ry =4 OM, R, =7 OM, R; =3 Om.
YeMy paBHO HanpsikeHHe Mexay OOKJIaiKaMu
KOHZeHcaTopa?

Omeem: MK®D
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JJIeKTPHYECKH I TOK B )KMIKOCTSHX,
MOJyNPpOBOJHMKAX, B BAKYYyMe, B ra3zax

Tlosmopenue. Hocutens 3NeKTPHYECKOTo TOKA B Pa3IMUYHBIX CPEfiax:
® B METa/IaX — CBOOO/HBIE 3JIEKTPOHBI;

® B JJIEKTPOJIHTaX — MOJIOKUTEIbHbIC U OTPHLIATENbHbIC HOHBI;

® B ra3ax — MOHBI U JIEKTPOHBI;

® B [I0JIyNIPOBOJAHHKAX — JIEKTPOHbBI U JBIPKH;

® B BAKYyM€ — 3JIEKTPOHBI.

Yumume: nepenoc BelecTBa OCYIECTBIIAETCSA TOIBKO HOHAMH.

IDNEKTPOAUTBI — JKHIKOCTH, IPOBOMSILHE 3INEKTPUUYECKHH TOK.
K HHMM OTHOCAT pacTBOpHI COJIEid, 1LeN0oYei U KUCIIOT.
AHon Karon
+ 8
—
LB

[TonoxxuTenbHble HOHBI JBHXKYTCA K KaTOAy, a OTpHUATENbHble —
K aHOZY.

JJEKTPHUYCCKHH TOK B mojynmpoBoaHukax. K monynpoBoaHHKam
OTHOCAT 3JIEMEHTB! YETBEPTOil rpynmnbl TaOAMLBI XHMHYECKHUX 3JIEMEHTOB
.M. Menneneesa, KOTOpbIe UMEIOT YETHIPE BAICHTHBIX JIIEKTPOHA.

CoOcTBEHHAsi  NPOBOAHWMOCTL  MOJYNPOBOIHH- @ ~ @
KOB — JJIeKTPOHHO-IbIpo4Has. [1py HU3KOI Temne-
paType BCE DJIEKTPOHBI YYacTBYIOT B CO3JaHHH KOBa- .P\
JIEHTHBIX  CBAA3€H, CBOOOAHBIX JIEKTPOHOB HET. . o \‘\ @‘
[TonynpoBOAHMK BeAET ceOst Kak AUICKTPHK. v
[lpy NoBbIlIEHUH TeMIepaTypsl UIM OONyUYEHHH NO- . @
JYNpPOBONHHKOB 4YacTh KOBAJIEHTHBIX CBs3eH paspy- ‘ - N
IaeTcs, W MOSIBAAIOTCA CBOOOAHbIE eKkTpoHbl. Ha 'Q’ ‘@
MeCTe pa3pylUEHHOH CBA3H BO3HHKAET ICKTPOHHas @ s @
BakaHCHs — Ablpka. OHa TaKke MepeMeLIaeTca 10
KPUCTaJLTy, HO BeJleT ceds 1oA00HO NOJ0KHUTEIbHON
yacTHuE.

p,.OM-M

3aBHCHMOCTb YIEJILHOIO COIPOTHBIEHHS TMOJIYTIPO-
BOJHHKOB OT TEMIIEpaTypbl W BHELUHErO H3JIy4eHHs
NoKa3aHa Ha rpaguke.
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IpuMecHas NPOBOAHMOCTL NMOJTYNPOBOAHUKOB. Jlo- ,—@\ =
\

HOpHBIC TIPUMECH — 37MeMeHThbI 5-i rpymnnbl Tabnuibl N4
xumuueckux aneMentoB JI.M. Meuneneesa. Tonbko .\V/ \{/'
4 U3 5 BWICHTHBIX JJIEKTPOHA YYaCTBYIOT B CO3AaHHUH I/ N ‘\
v N\
KOB&JICHTHBIX CBS3CH, OCTajbHbIC Cpa3y CTAHOBSITCA AN
cB00OAHBbIMH. [lonynpoBOAHUK, OCHOBHBIMH HOCHTE- 0 N
JAIMH B KOTOPOM SBJIAIOTCSI OTPULIATENbHBIE 3JIEKTPO-
HbI, OTHOCUTCS K IIOJIYIIPOBOJHHKAM H-THUNA.
AxyenmopHvie npumecu —- 3IEMEHTBl 3-M Tpynnbl \: o N /@,‘
Tabauubl XUMHYeckux 3nementoB [I.J1. Menaeneesa. o, w* o
TpH BaJIeHTHBIX OJJEKTPOHA YCTaHABJIMBAKOT KOBA- ;»@),\x;
JICHTHBIE CBSI3H, a2 HA MECTE UYETBEPTOH MOABIAETCH N

4
7/ ~ \
7N
Jblpka. [lonynpoBoAHHK ¢ MOJOXKUTENbHBIMU HOCH- ‘@// \\@
TEJISIMH OTHOCHTCS K MOJYNIPOBOAHUKAM p-miund. e e

IIpumMeHeHne noJIynNpoOBOIHHKOBLIX IPHOOPOB

TepmucTopsl — MpUOOPBI, CONPOTUBIIEHHE KOTOPBIX M3MEHSETCH [PU
HarpeBaHHH. OHH MO3BOJISIOT ONPEAEIATh Majlble H3MEHEHHS TEMIIEpaTypbl.

DoTOpPe3UCTOPBI YYBCTBUTEIbHBI K H3MEHEHHIO OCBEILIEHHOCTH.

IToAynpoBOAHHKOBBIH THOX — COEIMHEHHE TOJTYyIIPOBOIHUKOB JBYX
THUNOB. O0JanaeT ONHOCTOPOHHEH MPOBOAUMOCTBIO.

DJIeKTpHYecKHH TOK B BakyyMe. [lonydeHue OCHOBHBIX HOCHTE/CH
NPOHCXOIMT 3a CYET TEPMOIIEKTPOHHON IMHCCHH.

Tepmoanexmponnas smuccus — TIPOLUECC MCNYCKAaHHUSI 3JIEKTPOHOB
NPH HarpeBaHMH KaToJa 10 BbICOKOH TEMIepaTyphl.

Ceoticmea 31eKmpOoHHbIX NYYKO8:

® BBI3bIBAIOT HArpeB Tell,

® [IpY TOPMOKEHUH BO3HMKAET PEHTI€HOBCKOE U3ITyUEHHE,

e [IpH NONAJaHHH HA HEKOTOPBIE BellleCcTBa (JIIOMUHO(OPBI) BHI3BIBAKOT
HX CBEYEHHE,

® HanpaBJICHHE 3JICKTPOHOB MOXKET H3MEHATHCS MO NEHCTBHEM 3JeK-
TPUYECKOTO MIIH MATHUTHOTO IOJIEH.

DJIeKTPHYECKHH TOK B ra3ax Ha3biBaloT paspsaaoM. OObIYHO ra3bl CO-
CTOAT W3 HEUTPAIbHBIX MOMEKYJ, NOITOMY SBISIOTCH AM3JICKTPHKAMH.
YT06BI NOABH/IMCH HOCUTEIH JICKTPUYECKOTO 3apsiia, HeoOX0auMa 3aTpa-
Ta SHEPTHH.

HecamocrosaTeabubiii paspsa. [Ipy HarpeBe raza WM ero o61ydeHuH
OT aTOMOB MOTYT OTAEJMTBCS JJIEKTPOHBI, U aTOMBI MIPEBPALLAKOTCS B MO-
JIOKUTEIbHBIE HOHBI.

275



CamocrosiTesibHBIH pa3psin. B razax npu CTOJKHOBEHHM MOJEKYN
MOXET OCBOOOAMTBCSA XOTA Obl ONMH eKTpoH. Eci oH monanet B 1ek-
TPHYECKOE T0J1e, TO HAUHET JIBHraThes € ycKopeHHeM. CTaIKHBaACh C HEH-
TPaJIbHBIM aTOMOM ra3a, YCKOPEHHbIH 2JIEKTPOH MOKET «BbIOMTB» H3 HETO
JPYTOH 3JIEKTPOH, NIPEBPATHB CaM aTOM B MOJIOXKHTEbHBIH HOH. DJIEKTPO-
Hbl OynyT M Jafbllie YCKOPSATHCS, paspymwias aroMbl. MoHBI cosparor
TOK B POTHBOINOJIOKHOM HanpaBieHHH. [akuM 0OpasoM, dIEKTPHUCCKHH
rOK B ra3ax CO3/aeTcs NIEKTPOHAMH U HOHAMMU.

3A0AYN

47. DOnexkTpuueckas Lemlb, H300pakeHHas
Ha PUCYHKe, BKJIloUaeT B cebs cocya co
¢1abbIM PAacTBOPOM MOBAPEHHOH COJIH
(NaCl) u onyieHHBIMH B HEro IABYMs
eKTpoaaMu. B kakoMm HanpaBiieHHH
(enpaso, ei1e60, 6sepx, enu3) OynyT
JBMraThCs HOHBI HATPUSA TPH 3aMbiKa-
HUH Kito4ya?

m

Omeem:

48. DiekTpuyeckas lenb. H300paKCHHas ™~
Ha pUCYHKe, BK:IIO4aeT B cebsi cocyl ¢
pactBopom MeaHoro kynopoca CuSOy u
OMYLICHHbIMKH B HETO BYMS JJIEKTPO-

namMu. B kakom HanpamiicHUM (enpaéo,
6/1€60, 68epx, 6Hu3) OYyIyT /IBHraThCs
cyiaudar HOHBL 1IPH  3aMbIKAHUH
Kaoya’?

Omeem:

49. DnekTpuucckas Lenb, W300paKeHHas — +
Ha PHCYHKe. BKJII04aeT B ceds cocy:1 co 1_: , -
cnabbiM pacTBOPOM MEJIHOrO Kynopoca o]
CuSO; ¥ onyuleHHBIMH B HErO ABYMS
YeKTpoIaMu. Ha kakom 3iekTpone no-
clie 3aMblKaHHWs Kitoda OyneT ocenathb
MeTasuinieckas Meib”!

Omeem: Ha
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50.

51.

52.

B uernu, u300paxxeHHOH Ha PUCYHKE. CONPOTHUBIIEHHE THOMLOB B Npsi-
MOM HalpaBiCHHH MPEHEOPEKUMO Maso, a B OOPaTHOM — MHOTO-
KpaTHO MPEBbILIAET CONPOTURIEHHE Pe3UCTOPOB. I1pu moakoueHnn
K TOYKE A IOJOKUTEIBHOrO MOJI0Ca, a K TouKke B oTpHuaTtensHoro
nooca 6araper ¢ 2JC 12 B u npeHeOpekHMO ManbIM BHYTPEHHHM
COMpPOTHBJIEHHEM, MOTpedisemMas MouHOCThL paBHa 7,2 Br. Tlpu u3-
MEHCHHH IOJAPHOCTH NOAK/IIOYEHHs OaTape 1OTpedisgeMas MOLU-
HOCTh OKasanach paBHOH 14,4 Bt. Onpenennre cOnpoTHBIEHHE BTO-
poro pe3ucropa.

Omeem: Om

B uenu, u300paxeHHOH Ha PUCYHKE, CONPOTUBJIEHME AUOJ0B B Nps-
MOM HarpaBJleHMH NPEeHEOPEIKMMO MO, a B OOPATHOM ——- MHOIO-
KpaTHO MpEeBBIILAET CONPOTUBJICHHE PC3MCTOPOB. [1pn moaxk/rouenyu
K TOUKE A — NOJIOKUTENILHOTO, a K TOuKe B — oTpuuareibHoro no-
moca 6araper 1 D/IC 12 B u npeHeOpeKUMO MallbiM BHYTPEHHUM
COMpOTHUBJICHHEM, noTpelsiemMas MOLLHOCTE paBHa 4,8 BT. Tlpu us-
MEHEHHH NOJIAPHOCTH MOAK/IIOUEHHUs Oatapeu nortpediseMas Moiu-
HOCTbH OKazajach paBHOU 14,4 BT. OnpenennTe conpoTUBIICHHUE I1ep-
BOI'0 PE3UCTOpA.

Omeem: OmMm

B uenu, u300pakeHHoI Ha pUCYHKE, CONPOTHBIIEHHE JAHO/IA B IPAMOM
HanpapJjICHUM MPEHEOPEKIIMO MaJlo, @ B OOpPATHOM ~- MHOI'OKPaTHO
NPEBBILIACT CONPOTHBIIEHHE Pe3UCTOPOB. TIpH MOAKMIOUYECHHH K TOUKE
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53.

278

A — MONOXHTENBHOTO, a K TOYKe B — oTpHuaTensHOro mosoca
Garapen ¢ JJIC 12 B u mnpeHeOpeKUMO MailblM BHYTPEHHHM
CONpOTHBIIEHHEM, NOTpedaieMas MomHOCTh paBHa 4,8 Brt. Ilpu
U3MEHEHHH TMOJLIPHOCTH TNOAKIKOYeHHs Oataped noTpebisemas
MOILHOCTbL OKa3zanach paBHOH 14,4 Br. Onpeznenure cOnpoTHBIEHHE
BTOpPOTr'O Pe3UCTOpa.

A
R,
R,

BO

Omeem: OmMm

B nenu, u300pakeHHOI Ha PUCYHKE, COMPOTHBIIEHHE AHOJA B Nps-
MOM HallpaBJIEHHH IPEHEOPERUMO Malo, a B 0OpaTHOM — MHOIO-
KPaTHO MpEBBIIIAET CONPOTHBICHHE PE3UCTOPOB. IIpH noaKIIOYEHHH
K TOYKE A — MOJIOXKHTENBHOI0, a K TOuke B — oTpULaTeNnsHOrO IMo-
nroca 6ataper U 3JC 12 B u npenebpekMMO MajbiM BHYTPEHHUM
COINPOTUBIICHHEM, NOTpedisieMas MOIIHOCTL paBHa 7,2 BT. Ilpu us-
MEHEHUH MOJIAPHOCTH MOJIUII0UYeHHus Garapen morpebisieMas MOLL-
HOCTh OKazanachk paBHo# 21,6 Bt. Onpenenute conpoTHBIEHUE BTO-
POro pe3ucTopa.

A

R R,

Omeem: Om



10. MATHUTHOE ITOJIE.
AJIEKTPOMATHUTHASA UHAYKIUSA

BekTOp MAarHUTHOH MHAYKIIMH.
JIMHUM MArHUTHON MHAYKIHUH

BexTOop MAarHMTHONH HHAYKUHH B (Tn) — cunopas XapaKTEepHUCTUKA
MarHMTHOrO MOJIS.

Moaynbs BekTOpa MAarHWTHOM MHAYKUMM — (U3HYecKas BEIHYMHA,
paBHas OTHOLIEHMIO MAKCHUMalbHOH CHIbI, ACHCTBYIOLUEH CO CTOPOHbI
MarHMTHOrO MOJS Ha OTPE30K NMPOBOJHHKA C TOKOM, K [IPOU3BEAEHHUIO CH-

4 max

I
BekTop HanpsukeHHOCTH MarHuTHOro nons H (A/M):

JIbl TOKA Y JUIMHBI TPOBOAHUKA: B =

- B
H= ,
HHo
rae U — MAarHuTHasg NpOHUI@EMOCTb cpeabl (y Bo3ayxa pu = 1);

Mo = 41-107 TH/M — MarHMTHas NOCTOSHHAA. Hanpasnenue HanpskeH-

HOCTH H COBIIAAA€T C HaﬂpaBﬂCHl/leM BeKTOpa MaFHHTHOﬁ HHleKI_ll/ll/l, T.C.
HT™ B.

Cnoco0bl onpese/ieHHsi HANPaBJIeHHs BEKTOPa
MATHUTHOH HHAYKUMH (WIH HANPSI)KEHHOCTH)

1. C TTOMOLUBKO TTOCTOSSHHBLIX MAarHUTOB:

1) HanpaBieHHe BEKTOpa MarHMTHOH WH- g N
Aykuuu B coBnazaer c HanpasJ/ieHHEM Ha ce- w
BE€p MarHUTHOH CTPEJIKH;

2) B NpOCTPAaHCTBE MEXAY MOJOCAMU MO-
CTOSSHHOTO MarHWTa BEKTOP MarHUTHOH MHIYK-
UMH B BBIXOIUT U3 CEBEPHOIO MOIIOCA.
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2. Tlpu onpeneneHHH HaNpaBlieHHs BEKTOPa MArHUTHOM MHAYKLUHH C
ITOMOILBIO BUTKA C TOKOM CJIEAYeT IIPUMEHATD [IPaBHJIO OypaBUHKa:

1) ecim No BUTKY TOK HMIET NPOTHB YAaCOBOH CTPCJIKH, TO BEKTOp Mar-
HUTHOH MHIYKIIMM B HanpasjieH BBepX;

B

2) ecyu TOK MIET MO 4acOBOH CTPEJIKE, TO BEKTOP MAarHHTHOH MHIYK-

i B HarpaBJICH BHHU3.

B

O06o03HayeHHsI HANIpaBJieHHH BEKTOPOB

Beepx Buus Bnpaso
7 { -

Ha nHac | mnockocru yeprexa | OT Hac L mIockocTH yeprexa
Bneso
- O, ®

JIMHHH MArHUTHOH MHAYKUHH — JIMHHUH, KacaTeJIbHbIE K KOTOPbIM B
11000i TOYKE MPOCTPAHCTBA COBIIANAIOT C HANpaB/JEHHEM BEKTOpa Mar-
HUTHOH MHIYKUMH. UeM rynie JIMHUM MarHUTHOH HHOYKLIMH, TEM CHJIbHEE
nose. HanpasneHnne BekTopa MarHHTHOW MH/YKLIHH OTIPEICIIAETCH npaegu-
0M bypasuuka.

MarxnuTHoe noJjie ﬂpﬂMOJIHHeﬁHOTO TOKa

1. JInHMM MarHUTHOH MHAYKUHWHM OpPEACTaB- 4
J1I0T cO00M KOHLIEHTPHUECKHC OKPY)KHOCTH, B y B
Jexale B IUIOCKOCTH, MEPICHAUKYISIPHOH @@ R
NPOBOJHMKY. LIEHTp OKpyKHOCTCH COBlIajacT ¢
OCbHO ITPOBOJHHKA.

2. Ecnu TOK HAET BBEPX, TO CHIIOBBIE JINHHH
HalnpaBJ/ieHbl TPOTHB YacOBOIl CTpE/IKH; ecJ
BHH3, TO 10 YaCOBOH cTpernke.

Bun cBepxy
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BCKTOP MarHuTHOMH WHJ1YK1IMH Ha paCCTOSSHHH ¥ OT OCH [IPOBOOHHKA!

B = E”I .
2mr
a HanpsHKEHHOCTb
I/
H=—-.
2

MarnurHoe noJjie KPYroBoro Toka

1. JluHun upeacTaBasitoT COOOU OKPYKHOCTH,
OMOACBIBAIOINIHC KPYTOBOM TOK.

2. Bek1op MarHHTHOH HHAYKLHH B LICHTPE BHUT-

] AYyKLL p k R A
Ka HalpaB/ICH BBEPX, €CAN TOK WAET MPOTHB 4aco-
BOH CTpENKH, 1 BHH3, €CJIM 110 YaCOBOH CTPEJIKE. /

BekTop MarHMTHO#H HHIAYKLHMH B UEHTPE BUTKA, PafIiyC KOTOpOro R:

_ HKo/
2R’
a Haﬂpﬂ)KCHHOCTb B uCHTpC BHUTKaA
!
H=—.
2R

MarauTHoe noJie 3J1eKTPOMarHuTa
(conenouna)

I. JIMHMKM MarHUTHONW WHAYKIIMH SBISAIOTCA
3aMKHYTbIMM, IIPUYEM BHYTPH COJICHOM/A OHU pac-
M0JIaralTes napauielbHo aApyr apyry. Ilone BHyT- d+

/
pH coneHouaa odnopooHo (N =§ — UHUCJI0 BUT-

KOB, / — JUIMHA coneHouna, d —— AuaMeTp MpoBo-
JIOKH).
2. Ecnu 10K 1o BUTKaM COJIEHOW.1a HICT NMPOTHB YACOBOM CTPEJIKH, TO

BEKTOp MAarHMTHOI MHAYKIIMK B BHYTPH COJIGHOWMIA HanpaB/i€H BBEpX;
€CJI 10 YaCOBOM CTpEJIKE, TO BHU3,

281



Bexmop mMazHumHot uHOYKyuu 8 YeHmpaibHOU 061ACMU CONEHOUOA:
g = HIN ol

b

a HaNIpsi>KC€HHOCTb

AJrOpUTM onpejae/ieHUs NMOJAPHOCTH 3JICKTPOMArHUTa

1. OnpenenuTts NOJAPHOCTh HCTOYHHKA.

2. Yxa3aTb Ha BUTKax 3JIECKTPOMAarHuTa yCJOBHOE HANpaBlIEHHE TOKa
(OT «+» UCTOUHHKA K «—»).

3. Onpenenuth HanpaBICHHE BEKTOpa MarHUTHOW WHIYKLHUH C IOMO-
HIbIO MpaBUia OypaBuHKa.

Ecnu no BUTKaM TOK WJIET MPOTHUB YAaCOBOM CTPENIKH, TO JIMHHHM Mar-
HUTHOH MHAYKLHMH HanpasJICHbI BBEPX; €CJIM MO YaCOBOH CTpEJNIKE, TO BHU3.

4. OnpeaenuTh NoJOCa MWIEKTPOMArHuTa. TaM, OTKyJa BBIXOISAT JIU-
HUHM MAarHUTHOHM MHAYKLWH, PACIOJaraeTCsi CEBEPHBIH MOJIOC JIEKTpOMar-
HuTa. C MPOTHBOMONIOXKHON CTOPOHBI — FOXKHBIIA.

3ANAYY

1. Ha xakom pucyHke npaBHIbHO U300paxieHa KapTHHAa JHHHI MHIOYK-
MU MarHUTHOTO NOJIs JUIMHHOTO NMPOBOJHHKA C MOCTOSHHBIM TOKOM,
HaNpaBJICHHBIM NEPIEHINKYJISIPHO TUNIOCKOCTH YEPTEXKa Ha Hac?

) 2) 3) I 4) l

Omeem:
2. Ha pucyHke u3o0paxkeH MPOBOJIHHK, [0 KOTO- Ce
POMY TedYeT 3IeKTpMYECKHH Tok. Hampasie- () ()
_
HHE TOKAa YKa3aHO CTpeNnKol. Kak HampasneH

(6sepx, eHu3, enreso, enpago, om nabrooa-
mensa, K Habnooamenro) BEKTOP MarHUTHOM
HHAYKLMH B Touke C?

Omeem:
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[To mpoBoaHuky Teuer Tok oT Hac. Kak Ha-
NpaBIIEH (86€pX, 8HU3, 8160, 6NPABO) BCKTOP
MHJYKUMM MArHUTHOrO TOJsl B TOYKE, HaXo-
IALIEHCS CIIpaBa OT MPOBOAHUKA?

Omeem:

IIpyn noawIroueHUH NPOBOJHMKA K MOJIOCAM
raJbBaHMYECKOTO 37IeMEHTa Ha MOBEPXHOCTH
NpOBOJHHMKA TMOSBISIOTCA 3apsijibl: MOJ0XH-
TeJIbHbIE BOJHM3M MMOJOXMUTENLHOIO MOJIoCa,
OTpHLIaTeJIbHble BOJIM3M OTPHLATEIBHOTO IIO-
JII0Ca — W BO3HHMKAEeT 3JIeKTpHUYECKUH TOK. 3a-
psAbl Ha IOBEPXHOCTH NMPOBOJHHKA CO3/al0T B
MPOCTPAHCTBE JJIEKTPHUECKOE IMoJie, a TOK —
MarHuTHoe mnose. IIpoBomHMK, MNOAKIOYEH-
HBIN K raJbBaHH4ECKOMY JJIEMEHTY, IPOXOIUT
4yepe3 OTBepcTHe B pocke. Ha pucynkax 14
NpH NMOMOLLM CHJIOBBIX JIMHWHA (JIMHUH mOnNs)
M300pa’KeHbI I1EKTPUYECKOE W MATHUTHOE TO-
JI51, CO3AaBaeMblI€ IIPOBOJJHUKOM (BH[I CBEPXY).

@v

BU T10J14 U30BPAXEHUE CUJIOBBIX JIMHUIA

A) anekTpuyeckoe )
nose
b) MmarsHuTHOE mose

2)

3)‘ 4)

Omeem:

e
©
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Ha pucyHke u3o0paked UpPOBOJIOYHbIA BUTOK, 10 KOTOPOMY TEYET
MEKTPUYECKHU TOK B HANpaBiEHUM, YKa3aHHOM CTPENKOH. BuTok
pacmnonoxkeH B TOPU3OHTANbHOH MIockocTH. Kakoe HampasicHue
(66epx, HU3, 6.1€60, 6NPAEV) UMEET BEKTOP MarHUTHON MHAYKUMH B
LEHTpe BUTKa?

Omeem:

Ha pucynke n300pakeH NpOBONOYHBIA BUTOK, N0 KOTOPOMY TEYET
EKTPUUYECKUH TOK B HamNpaBJIEHWH, YKa3aHHOM cTpenkod. Burok
pacrnoJyiOXKeH B BEPTUKAJILHOM MI0CKOCTH. TOouKa A HaxoauTcs Ha ro-
PH30HTAIBHON NpAMOil, mpoxoadiuei uepes neHTp BuTKa. Kak Ha-
NpaBieH (86epx, 8HU3, 6]1€60, 6NPABO) BEKTOP UHIYKIIMH MArHUTHO-
ro noJsis Toka B Toyke A?

==y

Omeem:

IIpyHUMN cynepno3HIIMHU MoJIeH

Ecnu B HeKOTOpOﬁ TOYKC NIPOCTPAHCTBA HAKJIAAbIBAOTCS MAIrHHUTHBIC

Nojs. TO pe3yAbTHPYIOIWHH BEKTOP MAarHMUTHON MHAYKLMH HaXONAT Kak

FCOMCTPHHCCKYH) CYMMY BECRTOPOB MarHHUTHOM HHAYKIHH, COCTABJIAIOIINX

MardHuTHOC MoOJc:
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YacTHble CIy4ad NPHHIHNA CYNepno3HIHy NOJIeH

CnoxeHHe BEeKTOPOB MATHHTHOH MHAYKUHMH, HANPABJCHHbIX BAOJIb
O1HOH NpsIMOH

g,@@ B. Ecan B, 1 B, . 10
~ B:B]+Bz
B
B, @ B, EcwB, T B,. B> B,, 10
. B=\B, - B
5 |B - B,

CioxeHde BEKTOPOB MATHHTHOH HMHAYKUHHM, MEPHEHAHKYJIAPHBIX
ApYyr apyry

Ecmu B, L B, , To no teopeme IMudaropa

B=+/B} +Bj

Ci0eHHne BEKTOPOB MAarHMTHOH MHIYKIUM, HATIPABJIEHHBIX MO YI-
JIOM O APYT K ApYTY

1o TeopeMe KOCHMHYCOB
B=\B} +B,’ —2B,B, cos(180° — 1)

SALAYHN

7. Ilo 1ByM TOHKMM MpPSAMBIM MPOBOIHHKAM, NAapaLIENbHLIM APYT APY-
Iy, TeKyT OAMHAKOBble TOKH [ (cM. pucyHok). Kak HampaBieHO
(68epx, enus, ea1e6o, enpaso, om nab/00amensn, Kk Had1woameno)
CO3J1aBaeMO€e UMM MaruuTHoe 1oJie B touxke C?

Omeem:
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ITo AByM TOHKHM MpSMBbIM NMPOBOAHHKAM, [APAIENbHBIM APYT APY-
Iy, TEKYT OMHAKOBbIE TOKH / (CM. PUCYHOK), HalpaBJIeHHE KOTOPBIX
ykasaHo crpenkamu. Kak HanpaBneH (eeepx, éHus, eneso, enpaso,
om nabnwoamens, K nabawoamenio) BEKTOpP HHIYKIMH CO3]aBac-
MOT0 UMM MarHMTHOTO NoJj1s B To4ke D?

Omeem:

Cuna Amnepa

Cuna AmMnepa — cuna, KoTopas AeicTBYeT Ha MPOBOJHHUK C TOKOM B

MarHHUTHOM IIOJIC:

F\=Bllsino,

rne B (Tn) — Moaynb BekTOpa MarHUTHOH MHAYKIHH; [ (A) — cuna To-
ka; [/ (M) — [UIMHa MPOBOJHHKA; 0L — YTOJ MEXJY YCIOBHBIM HaIlpaBJe-
HUEM TOKa U BEKTOPOM MAarHUTHOW HHAYKLIHH.

Buumanue. Cuna AMrnepa He I€MCTBYET Ha MTPOBOJHMK, €CJIH OH pacro-

JIara€TCyd napaji€jibHO CHIOBBIM JIMHUAM MAarHuTHOIO I10JB, T.K. sina=0.

10.
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3A0A4YU

C xako# cHIIOH JeHCTBYeT OAHOPOJHOE MarHUTHOE I0JI€ C HHIYKLH-
eit 2,5 Tn Ha npoBOoAHUK UIMHOK 50 cM, pacnoIOKEHHbIH MO/ YIJIOM
30° K BEKTOPY MHIYKIIMH, IPH CUJIE TOKA B poBoaHuke 0,5 A?

Omegem: MH

[IpsMonuHeHHbIi NpoBOAHHUK JIMHOK [ = 0,2 M, [0 KOTOpPOMY TE4eT
TOK / =2 A, HAXOJMTCS B OZHOPOJHOM MarHWTHOM II0JI€ C HHAYKLH-
eit B = 0,6 T ¥ pacnio/ioxeH napamiensHo Bektopy B . Kakos Mo-
IyJb CHJIbI, IEHCTBYIOIIEH HAa MPOBOIHHMK CO CTOPOHBI MarHUTHOI'O
nons?

Omeem: H



11.

12,

13.

14.

MakcumanbHas cuna, feiicTByiomas B OIHOPOAHOM MarHUTHOM I10Jie
Ha NPOBOJHHK C TOKOM IHHOM 10 cM paBHa 0,02 H. Cuna Toka pas-
Ha 8 A. Haiinute Mo1ysib BEKTOpa MarHUTHOM HHAYKLMH 3TOTO MO,

Omeem: MTn

Ha npoBoaHHk, pacnionoxeHHbI B OJHOPOAHOM MAarHUTHOM INoOje
1o yriaom 30° K HanpaBJIEHUIO THHUI MATHUTHONW MHAYKUMH, TEHCT-
ByeT cuna F. Bo ckonbko pa3 yBeJHYHTCS CHiXa, NeHCTBYyIolias Ha
NPOBOJHMK, €CJIH YBEJIHUYUTH yroa B 3 pa3a?

Omeem: B pas(a)

[psiMosinHeiiHbli TPOBOAHMK AIMHON L ¢ TokoM [/ MoMelieH B OJHO-
POIHOE MarHWTHOE MOJe NMeprneHIUKYIIPHO JHHUAM MarHHTHOH HH-
Oykuuu B. Bo ckonbko pa3 yBenu4HuTCs cuia AMinepa, JeHCTByIoLas
Ha MpPOBOJAHHK, €CJIH CHJY TOKa YMEHBLIMTh B 2 pa3a, a HHAYKLHMIO
MarHMTHOro fojs yBequuuTh B 3 paza?

Omegem: B pa3(a)

MeaHblil IPOBOAHUK PACHONOKEH MEXAY IMOJIIOCAMH MOCTOSHHOTO
MarHuTa MEepHeHIUKYIAPHO JHHUAM WHIAYKUMM MarHHTHOTO IMOJIA.
OmnpenenuTte momanb NONEPEHHOrO CEYEHHs IPOBOAHHUKA, €CIIH CH-
na AMrepa, JeHCTBYIoIIas Ha Hero, pasHa 5 H, Moayne BekTopa
MarHUTHOH WHAYKUMHM MarHutHoro nons 10 mTu, a HanpsbkeHue,
NPWIOKCHHOE K KOHLIAM NPOBOAHMKA, 8,5 B. Y nenbHoe conpoTHsie-
Hue Meau p = 1,7 - 10~ OM * MM*/M.

2
Omeem: MM

HanpasJjieHHe CHJIbI AMIIepa ONpPEAETSAETCs 110 Hpasuny A€60t pyKu.

1) 4eTblpe najblia pacnoJIararoT MO YCI08HOMY HAIPaBIEHHIO TOKA;
2) BEKTOp MarHUTHOM MHAYKIIMH BXOIMT B JIAJIOHb;
3) 60s1bLLIOH NaJlel YKaXKET HarpaBJieHHe CHJIbl AMIiepa.
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15.

16.

17.

3ALAYH

B 01HOPOHOM MarHMUTHOM IOJIe HAXOJUTCS PaMKa, 110 KOTOPOH Ha-
YHHAET Te4b TOK (CM. pUCYHOK). Kakoe HanpaBiieHHE (86epx, 6HuU3,
é/1€60, 6npaso, om HabvOamenn, K HAONIOOAmMeNI0) UMEET CUIA,
JEHCTBYIOIAS HA HIXKHIOK CTOPOHY paMKH?

B

e
: A
v.s

Y

Omeem:

DNeKTpHYecKas liellb, COCTOsLIAs M3 YETbIpeX NPSIMOIUHEHHBIX To-
PH3OHTAIBHBIX NpOBOOHUKOB (1-2, 2-3, 34, 4-1) ¥ UCTOYHHKA I10-
CTOSIHHOIO TOKA, HAXOAUTCA B OAHOPOIHOM MarHWTHOM II0JI€, BEKTOP
MarHMTHOH WHIYKLUHH KOTOPOro B HANpap/eH BEPTHKAILHO BHH3
(cM. pucyHok, BHA cBepxy). Kyna HanpaBieHa (esepx, 6nus, 81ego,

enpaeo) cwia AMriepa, 1eicTByIOIIas Ha IPOBOAHHK 1-27

3 2
i . R B
4T 1

Omeem:

CunoBele JIMHHM MarHMTHOIO TOJS MAYT CJieBa  Halpaso
NapajieNibHO TVIOCKOCTH JIUCTa, IPOBOHHUK C 3JIEKTPHUECKHM TOKOM
NEPIEHAUKYJIAPEH MJI0CKOCTH JIUCTA, & TOK T€YET B INIOCKOCTB JIUCTA.
Kyna HanpaBieHa (esepx, eHu3, 6160, 6npaso) cuna AMIepa,
JCHCTBYIOIIAs HA NIPOBOIHHUK?

Omeem:

Yumume: ecnu Toku HarpaBJICHbl B OJAHY CTOPOHY, TO IPOBOJAHHKH

npumsacuearomcs, a €CJIH B IPOTHBOIIOIOXHBIC, TO OMMANKUBAIOMCA.
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18.

19.

20.

Kak HanpaBieHa (88epx, eHuz, om Hab.vwdamensn, Kk HAGAIVOAME0)
cuna AMnepa, AeHCTBYoIAs Ha NPOBOAHKK No | cO CTOPOHBI IBYX
APYTHX (CM. PUCYHOK), €CJIM BCE MPOBOHUKHU TOHKHUE, JIEKAT B O1-
HOH TUTOCKOCTH, MapajiyiciibHbl APYT APYrY W PacCTOSHUS MEXAY CO-
CEAHUMHU NPOBOJHHKAMH OJUHAKOBLI? (/ -— cHJIa TOKa).

————— [
I

——e———— - 2
I

————— . 3

Omeem:

Kak HanpasncHa (66epx, 6nu3, om Habawoamein, K Hadaooamenio)
cuia Amrmepa, AcicTByloLas Ha NMPoBOAHUK Ne 3 cO CTOpOHB! ABYX
JIpyrux (cM. pucyHok)? Bce npoBOAHMKM TOHKHE, JIEKAT B ONHOH
TUIOCKOCTH M NapajuiesibHbl ApyT Apyry. [lo npoBoanukaM uiaeT oau-
HAKOBbIH TOK CHJIOH /.

S P — !

Omeem:

YCTaHOBUTE COOTBCTCTBHE MEXIY HAYYHBIMU OTKPBITMAMH W HMeE-
HaMH{ Y4YEHBIX, KOTOPbIM 3TH OTKPBITHS IIpHHAJUIEKAT.

OUSNYECKHUE OTKPBLITUSI HUMEHA YYEHbBIX
A) 3aKOH MarHWTHOIO B3aUMOJEHCT- 1) A. Amnep

BHUs N1apaJUleIbHBIX IPOBOJIHHKOB 2) 9. X.Jlenuy

¢ TOKOM 3) 1. Kymnon
b) 3aKoH, cBA3BIBAIOLIMIA CUTY TOKA 4) I'.Om

B [IPOBOJIHUKE H HanpsKEHHUE Ha 5) M. dapanen

KOHUAX ITpOBOAHHKaA

A b

Omeem:
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Hoocka3ku K 3a0auam

3aoauu

Ioockaszku

1. IlpoBOAHHK Maccoit m u JJIMHOM
{ monBeuIeH B rOpH30HTAIILHOM TO-
JIOKEHHH B BEPTHKAJILHOM MAarHWT-
HOM [0Jle MHAYKLUHEH B. Ha xaxoii
yrojll o OT BEPTHKAAW OTKJIOHSTCS
HHTH, Ha KOTOPbIX MOJBEWIEH MpO-
BOJHMK, €CJIH MO HEMY MpPONYCTUTh
Tok. Cuna Toka B MpOBOAHUKE 1.
Maccol HuTeil npeHedpeub.

OtBer: o =arctg 2l
mg

OTKIOHEHHE HUTEH OT BEPTUKAIIH!
0X:T,.—F,=0

0Y:7T, -mg=0

F,=mgtga

2. PaBHOYCKOpEHHOE JABH)KCHHE BBEPX
NoA JCHCTBUEM OPH3OHTANBLHOM CH-
Jiel AMIiepa

Bmopoi 3axon Hviomona ¢ sexmop-
Hou ghopre:

mg + N + ﬁ,\ + ﬁ[p =ma
0X:F,cosa—mgsino—F,, =ma

0Y :N-F,sina—mgcosa=0

3. Onpeneaute paboty A4, cosep-
WaemMylo CUJI0H AMIepa Npu [epe-
MELUCHUH TMPOBOJAHHUKA UIMHOH [ C
TOKOM B OJHOpOHOM MarHUTHOM
nosie Ha paccrosHue s. Cuia Toka B
nposoanuke [. IIpoBojHuK pacrio-
JIOXEH MePNeHAUKYISIpHO JTHHHIM
110J5 U JBHXKETCS B HallpaBJICHUH
cunbl AMmnepa. MHAyKLMsS MarHuT-

Horononsd B .

OtBer: A= Blls

Pabora cunbt AMnepa:
A=F,scosa’,

rae o — yrojl MexnIy Hampasie-
HMEM CHJIbI AMIlIEpa M [epeMeliie-
F. =Bllsina
AmMriepa; o — yrojl MexI1y Ha-

HHEM; CHJIa

NpaBJeHUEM BEKTOpa MarHUTHOH
WHIYKLUMHU M HallpaBJI€HHEM TOKa

290




3aoauu Iloockasku

4. TIpsAMOYroneHYI0 paMKy co cto- | MoMeHT cunbl AMnepa

poHaMH @ U b TIOMECTHIIH B Mar- M = Blabsina.,
HHUTHOE IMOJI€ TaK, YTO €ro JHHHH B naHHoi 3anave:
HHAYKLHH TapajuienbHbl MIOCKOCTH
pamkd. Korga mo pamke nponycTH-
JIM JJIEKTPUUECKHH TOK [, Ha Hee
cran AeHCcTBOBaTh MOMEHT cuil M .
UYeMy paBeH MOAyJdb BEKTOpa HH-

JYKIIMH MarHHTHOTO mouis?
OtBer: B=M/lab

sino =1

3ALAYH

21. B OIHOPOJHOM MAarHMTHOM TNOJIE€ N0 BEPTHKAJIbHBIM HAMPaBIISIIOLINM
0e3 TpeHHs CKONb3UT MPAMOH TOpPU3OHTAIBHBIH MPOBOJHUK MAaCCOH
0,2 xr, mo xoTopoMy TeueT TOK 2 A. BekTop MarHUTHOH HHIYKLHMH
HalnpaBjieH FOPU30HTATHHO MEePHEHIHKYISPHO MPOBOAHUKY (CM. pH-
cyHOK), B = 2 Tn. UeMy paBHa JJIMHA NPOBOJHHKA, €CJIH U3BECTHO,
YTO YCKOPEHHE MPOBOIHHKA HAIIPABJIECHO BHH3 H PABHO 2 M/c??

lg‘
1

|

|

Omeem: M

22. [lo npsMoMy ropu3oHTanbHOMY TPOBOAHHUKY JUTHHON 1 M € IIomaaso
[IONIEpEYHOro cedyeHus 1,25 - 107 M2, MOABECIIEHHOMY C ITOMOILBIO
JIBYX OIWHAKOBEIX HEBECOMBIX I[PY>XHHOK ecTkocThio 100 H/m,
TeueT TOK 10 A. Ha kakol yroi oT BepTHKANH OTKJIOHATCS MIPYXXHHBI
IpY BKIIOYEHHH BEPTHKAIGHOTO MArHUTHOTO MOMNS C HHAYKIHEH
0,1 Tn, ecnn abconroTHOE yITMHEHHE KaXIOW W3 MPYXHHOK MPU
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23.

24,

oToM coctanser 7 107 m? (ITnoTtHOCTH MarepHaja MPOBOAHHKA
3
8- 10° kr/m’)

(o]

Omeem:

["opH30HTANBHBIN NTPOBOAAIIMHA CTEPIKEHD TIPAMOYTOILHOIO CEUYEHHS
MOCTYIATENBHO JBHXKETCS ¢ YCKOPEHUEM BBEpX MO TNIAAKOH HAKJIOH-
HOH IIJIOCKOCTH B BEPTHKAJIbHOM OAHOPOAHOM MAarHUTHOM II0JiE
(cm. pucyHok). Io crepxHIO MpoTekaer TOK /. Yron HakIoHa ILTOCKO-
cti o= 30°. OTHOLIEHHE MACChl CTEPXKHS K ero e m/ L = 0,1 kr/Mm.
Monyne HHAYKUMH MarHuTHOTO rojist B = 0,2 Ti. YcKOpeHHe cTepsKHA
a=19w/c. Yemy paBHa cunia Toka B crepykHe? OTBET OKPYIJIUTE 10
UENbIX.

Omeem: A

VY4acTOK MPOBOAHHKA HAXOAMTCA B MarHUTHOM MOJie, UHAYKIUS KO-
Toporo 50 MTa. Cuna 3neKTpU4ecKoro Toka, MpoTEKaUIEero 1o npo-
BOIHHKY, paBHa 10 A. [lpu nepemMerieny NPpOBOAHHKA Ha 8 CM B Ha-
npaBleHUN jeicTBus Ccuibl AMmepa Mnojie coBepiiaer pabory
0,004 Ixx. YeMy paBHa anuHa ydacTka npoBogHuka? [IpoBoaHHK
pacnonoxXeH neprneHAUKYISIPHO JIMHUAM MarHUTHOM MHIYKLIUH.

Omeem: CM

Cuuiia JlopeHua

Cuaa JlopeHua — cuia, IeHCTBYIOIIAS HA OBUNCYWVIOCA 3apadiceli-

HY10 HaCTULY B MAarHUTHOM [0JIC.

Cusa JlopeHua ¥ cuna Ammepa cO31al0TCsl MarHUTHBIM TIOJIEM, HO CH-

na JlopeHua AeHCTBYET Ha OJHY 4YacTHILy, a CHiIa AMMepa Ha JJIEeKTpHUE-
CKHH TOK, T.€. NOTOK 3aPsXKCHHBIX YaCTHIL:

Fo F, Bllsina _ BgnvSlsina
1= = = .

N nV niS

Moayns cuinbl Jlopenua:

F,=quBsina.



Buumanue. Cuna JlopeHua He neiicTByer:

1) Ha HEeHTpaIbHbIE YACTHIIBI (HEHTPOH, aTOM, MOJIEKYITY, (OTOH);

2) Ha HEIOABHXXHBIE YACTHIIbL;

3) Ha 4acTHLBI, CKOPOCTh KOTOPBIX IapalieNbHa HaNpaBIeHUIO CHITO-

BBIX JIMHUH.

25.

26.

27.

28.

3ALAYH

DNeKTPOH JBHXKETCS B BakyyMme cO CKopocTeio 3-10° M/c B onHo-
pOAHOM MarHuTHOM rnosie ¢ uHaykuue 0,1 Tn. Yemy paBHa cuia,
JNEACTBYIOIIAsA HA 3JIEKTPOH, ECJIH YTOJI MEXIY HaNpaBJ€HUSIMH CKO-
POCTH 3JIEKTPOHA M JMHUSMH MarHMTHOM MHAYKUMM paBeH 90°? 3a-
DA 2J1EKTPOHa paBeH ¢, =1,6:107"° Kn. OtBer yMHOXbTe Ha 10",

Omeem: H

DNeKTpOH M TPOTOH BJIETAIOT B OJHOPOMHOE MArHUTHOE TNoJje Iep-
HEHIUKYJISIPHO BEKTOPY MArHUTHOM MHIYKIIHH CO CKOPOCTSAMH 2V H
v. Monynu 3apsnoB 3JeKTpoHa U NpoToHa paBHbl. Onpenenure oT-
HOLUEHHE MOMYJIS CHIIbI, NeHCTBYIOLIEH CO CTOPOHBI MArHUTHOIO I1O-
JIs1 Ha DJEKTPOH, K MOIYJIKO CHUJIbI, IEHCTBYIOLIEH HAa NPOTOH, B 3TOT
MOMEHT BpEMEHH.

Omeem:

[IpoToH M (t-yacTHUA BJIETAlOT B OJHOPOJHOE MarHUTHOE MoJje rep-
NEHIMKYJIAPHO BEKTOPY MAarHMTHOH MHIYKUMH Ha pacCTOSHUU L
IpyT OT ApYyra ¢ OAMHAKOBBIMHU CKOpPOCTSMM U . 3apsiA MpOTOHA B 2
pa3a MeHblle 3apaga a-d9acTuubl. OnpeaenuTe OTHOLIEHHE MOyJIeH
CHJI, TEHCTBYIOIIMX HA HUX CO CTOPOHBI MarHUTHOTO MOJIS B 3TOT
MOMEHT BPEMEHH.

Omeem:

HeHTPOH o/ W DNeKTpOoH _je BJIETAloT B OJHOPOJHOE MATrHHUTHOE
noJie MepreHIuKyJIspHO BEKTOPY MAarHUTHON HHAYKUHH CO CKOpO-
ctamu 2v u 4v. Onpenenurte OTHOUIEHHE F), @ F, MOJYJIS CHIBL.
JACHCTBYIOWIEH CO CTOPOHBI MAarHUTHOIO MMOJIA HAa HEHTPOH, K MOIY-
JIIO CHilBl, AEHCTBYIOLIEH HA 3MIEKTPOH, B 3TOT MOMEHT BPEMEHH.

Omeem: _



Hanpasnenune cuasl JlopeHua onpenenseTcs 1o NpaBuiTy JIEBOH pyKH:

1) yeTbIpe manblia pacloNOKUTh 10 HANPABJIEHHIO CKOPOCTH IOJIOXKH-
TENbHO 3apSMEHHOM YACTHIBI (A1 OTPULIATENBHON YacTHIIBI MEHAEM Ha-
NpaBlicHUE PYKH Ha TIPOTHBOIONOXKHOE),

2) BEKTOp MarHUTHON HHIYKIMH BXOAHT B JIAIOHD;

3) GonpluoH Masen ykaxeT HanpaieHue cuiibl JlopeHia.

3ALA4YHN

29. IlportoH p, BreTeBIUMH B 3a30p MEXIY MOJIOCAMH 3JIEKTPOMArHHUTa,
MMEET TOPU30HTAIBHYIO CKOPOCTh U , MEPIEHANKYIAPHYIO BEKTOPY
MHIYKIMM B MarHMTHOTO MOJs, HAMPAaBJEHHOrO BBEPX (CM. pHCY-
Hok). Kyna HanpasneHa (66epx, 6Hu3, om nabnwdamens, Kk Habao-
damenio) nieiicTByIOIAs Ha IPOTOH cuia Jlopexnua F ?

!
<l

Omeem:

30. DJEKTPOH e, BIETEBIUHH B 3a30p MeX/y MOJIOCAMHU 3JIEKTPOMAarHu-
Ta, MMEET FOPH3OHTAILHO HANPABJIEHHYIO CKOPOCTh U , MEPNEHIUKY-
NSAPHYIO BEKTOPY MHAYKIIMH MarHUTHOrO mojsi B (cM. pucyHok). Ky-
Jla HarpaBJieHa (66epx, 6Hu3, om Habawoamenn, K Habaooamenio)
JeHCTBYIOIIAs Ha YeKTPoH cuia Jlopenua F ?

e

Omeaem:
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3apmlcemlaﬂ YaCcTHIa B MArHUTHOM I10.J1€

B MaraMTHOM nose Ha JBIKYLIYIOCS 3apSPKEHHYIO YacTHILy AeHCTBYET
cuna Jlopenua. Xapakrep IBHXKEHHS 3aBUCHT OT HanpaBlEHHS CKOPOCTH
4aCTHULbI H BEKTOPA MArHUTHOH HHAYKIIMH.

1. EcnM ckOpocTb 3apspKEHHOM 4acTHIlbl Na-
pajuienbHa BEKTOPY MarHUTHOM MHAYKIMH (U || B ),
10 sina = 0. CienoBatensHo, cuna JlopeHua U yc-
KOPEHHE PAaBHBbI HYNMH. [|BH)KEHHME YacTHIIbI paBHO-
MEpHOE U MPAMOJIMHEHHOE,

2. Ecnu ckopocTh 3apshKEHHOM 4acTHILBI IEp-
NEHIMKYIAPHA BEKTOPY MarHUTHOM MHAYKLHH

(D L B), To cuna JlopeHna «3aKpydHBaeT» YacTHITY,

cooOiaer el LEHTPOCTpEeMHUTENbHOE yckopeHHue. IIpouCXoIUT ABMKEHHE
10 OKPY’KHOCTH C MOCTOSHHOM 110 MOJYJIIO0 CKOPOCTEIO.

Cosem: NIpU PELLCHUY 3a/1ay CileyeT BO BTOPOM 3akOHe Hpr0TOHA BbI-
pakaTb JTUHEHHYIO CKOPOCTh M IEHTPOCTPEMHUTENILHOE YCKOPEHHE 4Yepe3
JIpyrie KHHEMaTHYECKHUE BETHYHHBI.

3amem,l BECJIHYHH Hrorosasn
BO BTOpoM 3akoHe HproToHa: dopmy.ia
qU-B =ma,.
. v’ gBR
JIuHeHHast CKOpOCTh a,.=— =—
R m
p Uz R mv
aJIuyC OK HOCTH a,. =— =—
YC OKpyX - R 4B
2 4B
VYrnoBas CKOpOCTb v=0R a,. =0R 0=-—
m
27R 4n°R 2nm
[epuoa =" Ay =—— T=——7—r
P T o g8
, B
YacroTa v =27Rv a,. =4n’Rv’ S
2nm
vZ
HUmnynsc d,. =— p=qBR
R
mv’
Kunerunueckas sueprus E, = 5
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3. Eciii cKopoCTh 3apshKEHHOH 4acTULbl U HanpaBJieHa MOJ yrjloM o

K BEKTOpPY MarHUTHOH HHAYKUHH B , TO 3aps’KE€HHas 4acTHHaA JABHXETCS

1o CHHpaIH.
Paguyc cnupanu R = mosme
gB
War cnupanu i = 2mmu cos & .
qB
3AL4AYHN

31.

32.

33.

34.

296

3apsbKeHHas YacTHLA ABHXKETCA B OJIHOPOJHOM MAarHMTHOM MOJe Mo
OKPYXHOCTH pamuycoM 2 MM. Cuia, JeHCTBYIOLLAsi Ha 4acTHLY CO
CTOPOHbI MarHMTHOrO nons, pasHa 1,6-10""H. Kakopa kuHeTHuYe-
CKas DHEPrusi ABMXKYLICHCS YaCTHLIbI?

Omeem: 3B

[IBe yacTHlibl, HMEIOUIHE OTHOILEHHE MacC m, / m; =8 BIETEIH B

OAHOPOJIHOE MAarHUTHOE NOJIE NEPIEHAUKYIIIPHO JTHHUAM MarHUTHOU
UHAyKUMH. HalnuTe OTHOLIEHHE 3apsJOB 4YacTHU ¢, /g,, €CIH HX

CKOPOCTH paBHbl, @ OTHOLUEHHE PAaAUyCOB TpaeKTOpud R, / R, =2.

Omeem:

Yactuua, obsagaroiias 3apsiaom e=1,6-10" Kn, nBwkercs B 0f-
HOPOIHOM MarHMTHOM I[10j€ UHAYKLHEH B 1no KpyroBod opOute pa-

aMycoM  R=3-10*m. 3HaueHMe HMIyIbCa 4HacTUIBl PABHO

p=2,4-10 * kr - m/c. UeMy paBHa MHAYKIHMS B MarHUTHOTO MOJS?

Omeem: Tn

JlBe YacTulbl, HMEIOLHME OTHOLUEHHE 3apsAnoB ¢,/q,=1/4 u ot1-
HOLLUEHHE Macc m, / m, =2 BAETEAH B OJHOPOAHOE MarHUTHOE IIOJIE

MEPIEHUKYJIAPHO €0 JIMHUAM HHAYKLUUH H ABHXYTCS 10 OKPYXHO-
ctsaM. Onpenenute OTHOLIEHHE paJAMyCOB TpaekTopuil R,/ R, uac-

THIL, €CJIH OTHOIIIEHHE HX CKOpOCTEH U, /v, =2.

Omeem:



35.

36.

37.

3apspkeHHas 4acTHLIA Maccoi m, Hecyllas MOJIOKHUTEIILHBIN 3apsl ¢,
JOBHKETCS TIEPIECHAHKYJIAPHO JMHUAM HHIYKIHMH OJHOPOIHOTO Mar-
HHTHOTO 101 B 1o OKPYXHOCTH paaunycoM R. YCTaHOBMTE COOT-
BETCTBHE MEXAY (PH3HUECKHMH BENHYHHAMH H (OPMYJIaMH, 110 KO-
TOPBIM HX MOXHO PacCUHTaTh.

OU3NYECKUE BEJTMYNHbBI OOPMVYIJIBI
A) CKOpOCTb IBHXEHHSA 4aCTHIIbI 1 qm
110 OKPY>KHOCTH RB
b) nepHoa oOpallieHHS YaCTHIIBI 2) 2nm
M0 OKPYKHOCTH qB
3) 4BR
m
4) gmBR
A b
Omeem:

YactHiia Maccoil m, Hecymas 3apsj ¢, IBHXKETCA B OMHOPOJHOM Mar-
HHTHOM TOJIE ¢ MHAYKIMEH B Mo OKpYKHOCTH paauyca R co CKOpo-
cThIO L. UTO NpOM30#IET ¢ paauycoM OpOUTHI M MEPHOIOM oOpaile-
HHS 4aCTHLBI TIPH YBEJIMYEHUH HHAYKLUMH MarHUTHOrO ToJis?

PU3NYECKHE BEJTMUMHEI X USMEHEHUA

A) pamgyc opOHTHI 1) yBenuuurcs

b) mnepuoa obpaieHus 2) YMEHBIUTCH
3) He U3MEHHUTCH

Omeem:.

[Ty4ox HOHOB MoOMafaeT B KaMepy Macc-CNEeKTPOMETPa Yepes3 OTBep-
CTHE B TOYke A CO CKOpocThio v =3-10° M/c, HampaBieHHOH nep-
NeHAMKYJIApHO cTeHke AC. B kamepe co3aaeTcss OIHOPOLHOE Mar-
HHMTHOE MO0JIe, JINHUH BEKTOpa MHAYKLUHH KOTOPOTO MEPHEHAMKYIISP-
HBI BEKTOPY CKOPOCTH HOHOB. J/IBHrasich B 3TOM I0JIE, HOHBI TONaa-
10T Ha MUILIEHb, PAcNOokKeHHY!o B Touke C Ha paccTosiHHH 18 cM oT
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TOYKH A (CM. pUCYHOK). UeMy paBHa HHAYKUMS MarHUTHOrO Mo,

€CJIM OTHOILIEHHE MAcChl HOHA K ero 3apsay m/q=6-10" kr/ K ?

"t

OF

g

A

Omeem: Tn

IToockasku K 3a0auam

3aoauu

IToockasku

1. 3apsKeHHBIH IapHK BAETaeT B
obrmacte MarHuTHOro noas B,
MMesi CKOpPOCTb U, MEPIEHAHKY-
JISIPHYIO BEKTOPY MarHHUTHOW HH-
Aykuud. Kakoli myTh oH npoitneT
K TOMY MOMEHTY, KOTIa BEKTOp
€ro CKOPOCTH [I0OBEPHETCS Ha yroin
o ? Macca wapuka m , 3apsna g .

OTtBer: | = _mo a®

180°98

Yumume: nBWKEHHE LIapUKa MPOHC-
XOOUT MO Ayre OKpykHOCTH. IlyTh
paBeH JUIMHE IyTH OKPY>KHOCTH:

2. B O0OHOpPOAHOM MAarHUTHOM
NnoJie ¢ MHAYKLHUEH B, Harpas-
JICHHOW BEPTHKaJbHO BHH3, paB-
HOMEpHO BpallaeTcss B IOPH3OH-
TajAbHOW IUIOCKOCTH MPOTHB ua-
COBOH CTpENKH [MOJIOKHUTEBHO
3apsOKEHHBIR [HApUK Maccol m,
NOJABCLICHHbIH HAa HMTH JJIMHOM
[. Yron OTKJOHEHHUA HUTH OT
BEPTHKAJIH 0, CKOPOCTh JABHIKE-
HUs wapuka v. Haitaumrte 3apsn

1L1apHKa.
m (L ~ —g—tga]
Isina v

OtBeT: g = —
1 B

Bmopou 3axkon Hetomona 6 eexkmop-
Holl ghopre:
T +mg + Fy = ma,,
0X : Tsina x fyy = ma,.
0Y : Tcosa—mg =0
B naHHo¥ 3apaue: 13;] ™Mox,re.
0X : Tsina + F,, = ma,,

Yumume: R = [sina

298




YIIPAXHEHUA

JNeKTpoH BneraeT B 06aacte MarHutTHoro mnoas B =0,01 Ta, umes
ckopocTb U =1000 kM/c, meprNeHINKYIAPHYIO BEKTOPY MarHHTHOH
HHAYKIHUH. Kakol myTs OH NpoHAET K TOMy MOMEHTY, KOTa BEKTOD
€ro CKOpOCTH TOBepHeTes Ha 1°7 3apsaa snextpona ¢, =1,6-10 " Ka

 ero macca m, =9,1-107' kr. (9,9 MxM)

B OﬂHOpOI[HOM MAarHluTHOM I10JIE C HHAYK-
upeil B, HANPABICHHOH BEPTHKAILHO
BHH3, PABHOMEPHO BpaIllaeTcsi B FOPH30H-
TaNbHOW TIUIOCKOCTH MPOTHB 4YacoBOH
CTPCJ/IKH LIApHK, HMemeHﬁ MMOJIOXHUTECIIb-

HBIH 3apsan g. Lllapuk mojBellieH Ha HUTH
JUIMHON L (KOHMYECKHH MasATHHK). Yroj
OTKJIOHEHHS HUTH OT BEpPTHKAIH o, CKO-
pOCTb ABHXECHHA INapuka v. Haiiaure
Maccy IapuKa m.

qB

v gtga
Lsina v

IlonoxuTenbHO 3apsHKEeHHBIH [IApHK Mac-
COH m TOABELIEH Ha HHUTH IUTMHOH L M
PaBHOMEPHO JABHXKETCSA MO OKPY)XHOCTH B
OJHOPOJHOM MAarHMTHOM [MOJI€ ¢ HHAYK-
uneit B, HampaBIEHHOM BEPTUKAIBHO
BHU3. 3apsaj mwapHka g. Hute obpasyer ¢
BEPTHKAJIBIO yroa o = 60°, Haigure yrio-
BYI0 CKOPOCTb PaBHOMEPHOro OOpauieHms
IapHKa 10 OKPY>KHOCTH.,

2
2m L 2m
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CpaBHeHHe )IEeKTPHYECKOr0 H MATHHTHOTO MoJIei

BJICKTPOCTaTl/l'-IeCKOC
moJie

Buxpesoe
JJIeKTpHYecKoe 10J1e

MarnuTHoe noJie

Onpeaenenne

Cpena, yepe3 KOTOpYy1O Ie-
penaercs 3JIEKTPHUUECKOoe
B3aUMOJEHCTBHE

Cpena, yepes KOTOpY1O
repeaercs eKTpH-
4eCKOE B3aUMOJCHCT-

BHEC

Cpena, uepes KoTo-
PYIO niepeiaeTCs Mar-
HHUTHOE B3aUMOJEH-
CTBHE

I'ne Bo3nukaer?

B npoctpaHcTBE BOKpYT
HETIOBMXKHOIO 3apsiia

TTopoxnmaetcs nepe-
MEHHBIM MarHUTHBIM
noJeM

B npocTpaHcTBe Bo-

KPYT JBHXKYLLIMXCS
3apsnoB

Kak oOHapyxkuTh?

Ilo neficTBUIO HA MPOOHKI
HEMOABHKHBIN JJIEKTpHYE-
CKUH 3apsija

Ilo peicTBHIO Ha MTPOO-
HBIH HENOIBHKHBIHA
JIEKTPHUYECKHH 3apsa

ITo peiicTBHIO HA
JIBIXKYILMACS 3apsil
WIH Ha MAarHUTHYIO

CTpPEJIKY

O01mne cBoiicTBA: 10J151 MAaTEPHAJILHBI, HETTPEPBIBHO
pacrpeaesieHb! B IPOCTPAHCTBE

CuuoBas XapaKTepUCTHKA

Haﬂpﬂ)i(eHHOCTb JJICKTpH-

HanpsxkeHHOCTH  J1eK-

Bexktop MarHuTHO#M

3apsgaax M 3aKaH4YUBAKOTCA
Ha OTPHUATCIIbHBIX

YEeCKOro nojis £ TpHueckoro nona £ MHAYKUHH B
CunoBble JUHHH

CunoBsle JHHHH HayMHa-|{CHIOBBIC JIMHHUH 3aMK-|CHIOBbBIE JTUHHH

IOTCS Ha TIOJIOKHTENbHBIX |HYThI 3aMKHYTBI

Xapaxkrep noJs

[ToreHuuansHo, T.e. pado-
Ta HE 3aBHCUT OT BHjA
TPackKTOPHUH U IO 3aMKHY-
TOMY KOHTYPY paBHa HYJIIO

Buxpesoe, T.€. pabota
nons Mo 3aMKHYTOMY
KOHTYpPY HE paBHa Hy-
JIKO

Buxpesoe, T.e. pabo-
Ta MOJiA IO 3aMKHY-
TOMY KOHTYpY HeE

paBHa HYJIKO

B npHpoe CyLeCTBYET AUHOE 21EKMPOMALHUMHOE NOJIE.
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3apmlcemlaﬁ 4aCTHIA B JJICKTPHYECKOM
H MAarHUTHOM MOJIAX

3JIEKTPHUECKOE T10JIE MarsaurtHoe nose
Cuna DJIeKTpUYEeCcKas CHiia MaruurHas cuna
(cuna Kynona): (cuna JlopeHua):
U Fy7 = guBsina
Fo = gE =12 174
d
YCKOpEHHE H ero TanrenumanbHOE HopmanwHoe yckopeHue:
HaIpaBJICHUE YCKOpEHHE:! vB "
E ag = il » g ™" Fy
- o~ m
ag = q—, a. ™ F
m
ITonnoe P 3
a =.ag + az
YCKOpEHHE

IToockasku k 3a0auam

3aoauu

Ioocka3zku

1. DneKTpoH ABHXKETCS MO MpAMOIl B
TIEPEKPEILUBAIOIIUXCA MO MPAMbIM
yIJIOM D3JIEKTPHYECKOM [10Jie  HAmps-
KEHHOCTBIO £ M MAarHHTHOM mojie C
BEKTOPOM MATHMTHOH MHAYKUMH B .
Onpenenure CKOPOCTh 3JIEKTPOHA.
OtBer: v =E/B

[Ipy paBHOMEPHOM MpPAMO-
JIMHEHHOM [IBJKEHHHU [0JIHOE
YCKOpPEHHE PaBHO HYJIIO:
a=0=a; =ay

qE _quB

m m

2. DneKTpoH (m, q,), YCKOPEHHbIH J1eK-
TPUYECKUM TIOJNIEM MPH pa3HOCTH I10-
TeHuuanos U, BjieTel B OJHOPOJIHOE
MAarHMTHOE T0jieé  TEPNEHAMKYISPHO
BEKTOPY MarHMTHOM MHAYKUMH B . On-
PELEIUTE paauyCc OKPYXHOCTH, MO KO-
TOpO# OyJeT XBUTaTbCA 3JCKTPOH.

l 2mU
B q.

OTBeT: R =

3akoH COXPAHEHUS SHEPUU .

quzm_v‘.:>v= M
2 N m

Bmopou 3axon Hviomona:
FJ"I = mau.c.
WIH
v’ mo
quB=m—=> R=—
R q.B
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38.

39.

40.
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3ALAYN

B nepBoii 3KCIEpHMEHTAJIFHON YCTaHOBKE IOJIOKHTENBHO 3apsDKeH-
Has 4acTHLA BJICTAET B OAHOPOJHOE MarHUTHOE IOJI€ TaK, YTO BEKTOP
CKOPOCTH U, NEpIeHIUKYISPEeH HHAYKIHH MarHUTHOro noss (puc. 1).
Bo BTOpOii 3KCEPUMEHTAIBHOH YCTAaHOBKE BEKTOP CKOPOCTH U, Ta-

KOH K€ 4acCTHIIBI napaiicjicH HaNpsHXKCHHOCTH 3JICKTPUICCKOTO ITOJIA

(puc. 2).

X X X
XOX X5 .
_—
X VX X .
Uy Uy <
X X X g
Puc. 1 Puc. 2
Mo KaKUM TPAeKTOPUAM JABHXKYTCS YaCTHULbI B 3THX YCTaHOBKax?
JABMXXEHUE YACTHLIbBI TPAEKTOPHA
A) B nepBO# yCTaHOBKE 1) npsamas nuHUA
b) BO BTOpOI yCTaHOBKE 2) OKpPYXHOCTb
3) cnupans
4) mnapabona
A b
Omeem:

JIBa MepBOHAYaIbHO MOKOMUBILHXCS 3JIEKTPOHA YCKOPAHOTCH B 3JI€K-
TPHYECKOM I0JIE: [IEPBbIH B M0JIe ¢ Pa3HOCThIO NOTeHUHanoB U, BTO-
poii 4U. YckopHBILHECS 3JIEKTPOHBI NI0ONAAal0T B OAHOPOAHOE Mar-
HHUTHOE I10J1€, JIMHMH HHAYKLHUH KOTOPOTO MEPIEHANKYIAPHE! CKOPO-
CTH [BHIKEHHS ICKTpoHOB. OnpenennTe OTHOLICHHE PaJUyCcoOB KpH-
BH3HbI TPAaEKTOPHH MEPBOTO M BTOPOTO 3JIEKTPOHOB B MAarHHTHOM
noJne.

Omeem:

[TpOTOH yCKOPSAETCA MOCTOSIHHBIM JJIEKTPUYECKHM I10JIEM KOHIEHCa-
TOpa, HanpskeHHe Ha oOki1aakax Kotoporo 2160 B. 3ateM oH Breta-
€T B OJIHOPOJIHOE MarHUTHOE IOJIE€ U JABMXKETCA [0 Ayre OKPYKHOCTH
paauyca 20 CM B IUIOCKOCTH, MEPIEHAMKYJIAPHOH JIMHUSM MarHUT-



HOW MHAYKUHH. KakoB Moysib BEKTOpa HHAYKUMH MArHHTHOIO 110-
7517 HauanbHOM CKOPOCTBIO NPOTOHA B AIEKTPHUECKOM [10J1€ [IpeHed-
peus. Macca npotoHa 1,67 - 107 kr, ero 3apsa 1,6 - 10 " Kn. Otser
OKPYIJIUTE JI0 LEJbIX.

Omeem: MTn

MAarHuTHbIN MOTOK

®=BScosa,
rae @ (B6) — maruutHeid notok, B (Tj) — Moay/ab BEKTOpa MarHUTHOM
HHAYKUHMH, S (M”) — [J101a/1b, OTpaHUUYEHHAs! KOHTYPOM, 0. — YroJl Me-
Iy BEKTOPOM B U NOJOXKUTEIbHON HOpMaNbIo K KOHTYpY # . Hanpagne-
HHE MOJIONHUTENBHON HOPMAJIH ONPENENIAETCS NPAGUIOM OYPUSHUKU.

Buuvianue. OdeHb 4acTo B YCJIOBHHM 3aJauyM AaeTcs MHPOpMALUA O
3HaYEeHUH Yraa [3 MEkKAy IUIOCKOCTbIO KOHTYpa W BEKTOPOM MAarHWTHOM
UHAYKLUHH, Toraa o = 90° - u

® = BS cos(90° - B).

MaruuTHBIH MOTOK BpallRIOUIEHCS PaMKH:
d = BS cos(wt),

rlie ¢ — YIJ0Bas CKOPOCThb BPALLCHHUS PAMKH.
MaruuTHbli N0TOK Bpawatolieics pamku (N BUTKOB):

® = NSBcos(wt) .

MaruutHblH NOTOK @ M MHAYKTUBHOCTb L NPOBO/IHHKA!
d=L/, Nb=1LI.

UHAYKTHBHOCTH

MuayxktuBaocts L (I'H) xapakTepH3yeT ciocoOHOCTE NPOBOJHHKA CO3-
JlaBaTb MarHUTHbLIH MTOTOK.

MHAYKTHBHOCTE -— KOY)HHIUMEHT MPONOPUHOHAIBHOCTH MEXJIy Mar-
HUTHBIM oTokoM D 1 cumoit Toka /.

MHAYKTHBHOCTb — Mepa HHEPTHOCTH IEKTPHUECKOH LETH.
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IIpaBuio Jlenna

IIpaBuno JleHua: 6 3aMKHYMOM NPOGOOSAUEM KOHMYpe B03HUKaem
UHOYKYUOHHBIU MOK MAKO20 HANPABIEHUS, YO CO30anioe UM MAZHUMHOE
no.ile npensmcmeyem ulMeneHuio MAacHUmN0c0 nOMoKa, 6 pesyibmame
KOMOpO2o dmom moxK 803HuK. Takum o6pazom, UHOVKYUOHHOE MAZHUMHOE
no.1e npensamcmeyent UMeHeNnl0 6HeUtHecO MAcHUMHO2O0 NO.1A.

AJ’H‘ODIﬂ'M PELICHHUA 3a/1aY HA OoNpeaeieHHe HaNpaBJdCHHU s
HHAYKIIHOHHOI'0 TOKA ¢ MOMOLIbIO MpaBHJIA JleHua

1. OnpeaenuTs HanpaBJieHHE BEKTOpPA MarHUT-
HOIt MHAYKLIMM B BHEUIHEro MarHUTHOTO MOJIA.

Yumume: y NOCTOSIHHOrO MarHuTa ¥ JEKTPO-
MArHMTa BEKTOP MAarHHTHONH HHAYKUHH B BbIXO-
JTIMT U3 CEBEPHOTO NOJIHOCA.

2. OnpenenuTk, KakHe W3MEHEHHS MPOUCXOIAT
€ MarHUTHBIM MOTOKOM D,

Yumume.: MarnuTHbpIi NOTOK YBEJIMUWBAETCA,
ecliu:

a) MarHuT (WM WIEKTPOMArHHUT) NPHOIHIKAETCS K TPOBOJIHHUKY;

0) BEKTOp MarHWTHOW HH1YKLIMH YBEJIMUHWBACTCH;

B) MJIOLIAAb KOHTYPa YBEITHYHBAETCS.

3. OnpeaenuThb HanpapjieHHe BEKTOPA MArHUTHON MHAYKIMH B' mar-
HUTHOTIO MOJIS, CO3,1aHHOTO UHYKIIHOHHBIM TOKOM.

Yumume: a) npu yBenuUeHHH MarHMTHOrO NMOTOKA HanpaBJIEHHE BEK-
TOpa MarHMTHOM MHAYKUHH MHAYKUHOHHOIO TOKAa NPOTHBOMOJOXKHO Ha-
NpaBJICHHIO BEKTOPa MarHWTHOM MHAYKLMH BHEIIHEr0 MAarHUTHOIO IOJIA,
Te.ecntu ® T,10 B T B

©) NpH yMEHBIICHHH MarHHTHOTO MOTOKA HAarnpaB/iCHHE BEKTOpa Mar-
HUTHOM MHAYKLHH HHYKUMOHHOTO TOKAa COBMAaAaeT ¢ HANpaBJIEHHEM BEK-
TOpa MAarHMTHON HH;LYKLMH BHCLIHErO MAarlHUTHOTO Mod, T.e. eciu @ 4,
0 B TT B.

4. OnpenenuTh HanpapleHHE HHAYKUMOHHOro Toka [, MOJB3ysCh
nmpasBuiIoM OypaBuHKa.
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41.

3ALAYH

MeaHoe KOABLIO HAa TOPH3OHTAIBHOM KOPOMBICIE HOBOpPAYHBACTCS
BOKPYT BepTHKaNbHOH ocH OB noa aeicTBHeM ABMXYLIErOCs MarHu-
Ta C. YCTaHOBHUTE COOTBETCTBME MEXAY HAIpaBICHHEM IBHKCHHSA
MarHuTa, BpallleHHEM KOpOMBICTA C KOJbIOM H HaNlpaBji€HHEM HH-
IYKIIMOHHOIO TOKa B KOJIbLIE.

L
‘ S
-5
MAT'HUT [TOBOPOT KOPOMBICJIA U TOK
B KOJIBLIE
A) smxercs mno Ha- 1) KOpOMBICJIO ¢ KOMNBIIOM NMOBOpadH-
NPaBJIEHHUIO K KOJIBLLY, BaeTcsl, OTTAJIKHMBAsICh OT MarHUTa,
CeBEepHbIi mnooc 00- TOK WAET 110 YaCOBOH CTpeIIKe
palueH K KonbLy 2) KOpOMBICIO C KOJbLOM MOBOpa-
b) JlBmxercs K Koably, YHBAETCH, OTTAIKHBAsACh OT Mar-
K KoJplly oOpaiueH HHMTa, TOK HAET MPOTHUB YacOBOH
I0XKHBIH TOJTI0C CTpeNKH

3) KOpOMBICIO € KOJNBLOM I0BOpa-
YHMBAETCS, MPUTATHBAACH K MarHH-
Ty, TOK HAET 110 YaCOBOH CTpejKe

4) KOpPOMBICJIIO C KOJIBLIOM [10BOpa-
4YMBAETCA, NPUTATHBAACE K Mar-
HHUTY, TOK HAET NPOTHB 4acoBOH
CTpEJIKH

Omeem:

305



3aKOH JJIEKTPOMAarHMTHOH MHAYKIHH

IC undykyuu pasHa cKOpocmu USMEHEHUs MAZHUMHO20 ROMOKa,
83amoii co 3Hakom Munyc (CieACTBHE npasiia JleHua).

Jliis 0{HOTO BHUTKA s N BUTKOB
. AD O, - AD
g=-—="0 = £ =—N—
At At At
pp,:v—Scosa:uScosa pp,:—NA—BScosa
At At At
. - A
& =—-—Bcosa = — Bcosa r?,-:—N—SBcosa
At At At
zcl:_ACOSOLBS:COSOLU—COSOLBS ﬁ;:_NAcosaBS
At At At

IC unoykyuu pasna nepeoti nPou3eOOHOU OM MACHUMHO20 NOMO-
Ka no 8pemeru, 83s1moii Co 3HAKOM MUHYC:
& = —0'(1) &; = NBSwsin(w?)
&, = BSwsin(of)
DJC uHIYKUMH B ABHXYIIIUXCSH TPOBOAHHKAX:
& = Bulsina,
TJe O -YTOJ MeX/y BEKTOpaMH B H D .

IAC undykyuu npsizo NPONOPYUOHATLHA CKOPOCMU UMEHEHUS. CU-
bl MOKQ, 835MMOU CO 3HAKOM MUHYC:

DJC MHAYKLMY ¥ MHAYKTHBHOCTD MarHHTHBIH NOTOK
. Al Iy -1
Y e Ry S M MHIYKTHBHOCTb
At At NO = LI

AD Al

N— =L—

At At

CaMonHayKnus

[Tpy M3MeHeHHH CHIbl TOKAa B KaTyILKe [MPOMCXOAHUT U3MEHEHHUE Mar-
HUTHOTO [0TOKA, CO3/1aBAEMOI0 3TUM TOKOM. M3MeHeHHe MarHMTHOrO Mo-
TOKa, MPOHHU3BIBAIOLIErO KAaTYIIKY, JO/DKHO BbBI3BIBaTh nosieaende JJ1C
HHAYKLHH B KaTyllKe.

SBnenue Bo3HUKHOBeHHS D/IC HHAYKUHH B 3TEKTPHYECKOI LeNH B pe-
3yJbTaTe H3MEHEHHUS CHJIbI TOKA B 3TOH LIETIM HA3bIBAIOT CAMOMHAYKLIHEH.
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B coorerctBun ¢ npaBwioM Jlenua 3JIC caMOMHIYKUHH MPENATCT-

ByEeT HApPACTaHHUIO CHJIBI TOKa NMpPHU BKIIOYEHHH U yOBIBAHMIO CHIIBI TOKA
NpH BBIKJIIOYEHHH LeNMU. MHAYKTHBHOCTH aHAJIOTHYHA Macce, T.€. SABJISETCS
MEPOH HHEPTHOCTH JJIEKTPHUYECKOH LIeTH:

42.

43.

45,

&, =-L —Al
At
3HepFHﬂ MArHHUTHOTI O ITOJIA.
2
w, =L
2
3AQ0A4YHU

3a 5 ¢ MarHUTHBIN NMOTOK, MPOHM3BIBAIOIIUI NPOBOJOYHYH PaMKY,
yBennuuiics ot 3 1o 8 B6. Uemy paBHO npH 3T1oM 3HaueHue J/1C uH-
JIyKUUH B paMke?

Omeem: B

3aMKHYTBI NpPOBOAHHK compoTuBiIcHHEM R = 3 OM HaxomMTCs
B MAarHUTHOM moje. B pe3ynbTate M3MEHEHHs 3TOrO IO MarHuT-
HBIH MOTOK, NPOHU3BIBAIOINIHIA KOHTYpP, Bo3poc ¢ @, = 0,002 B6 no
@, = 0,005 B6. Kakoit 3apsan npomen yepe3 MONEPEYHOE CEUEHHE
IIPOBOJHHKA?

Omeem: MK

Kpyriislii NpoBONIOYHBIH BUTOK Iuiomany S = 2 M PacMoNIOKEH Mep-
NEHIUKYIAPHO JTUHHAM BEKTOpa MAarHUTHOM MHAYKUHH OZHOPOAHOTO
MardHUTHOTO nojs. BenuyuHa BeKTOpa MarHUTHOH MHAYKUHH paBHa
0,04 Tn. 3a Bpems ¢ = 0,01 ¢ MarHUTHOE 1oJie paBHOMEPHO CHajaeT
zo Hyns. Uemy paBua D/1C HMHAYKUHH, IeHepHpyeMas IIpH 3TOM
B BUTKe?

Omeem: B

BuTtok IIpoBOJa HAXOAHTCA B MAarHMTHOM I10JI€, NEPIICHAUKYJISIPHOM
IUVIOCKOCTH BHUTKA, H CBOUMH KOHLIAMH 3aMKHYT Ha aMIICpMETP. Mar-
HHTHAasA HHAYKLHA I10J1A MCHSCTCSA C TCUCHHEM BPEMEHH COrJIaCHO
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46.

47.

308

rpaduky Ha pucyHke. KakoMy yyacTky rpaduka cOOTBETCTBYET MaK-
CHMaJIbHOE MMOKa3aHHe aMnepMmeTpa?

Ba

o

Omeem:

B omneite no uccnenosanvio JJIC 371€KTPOMArHUTHON HHIYKLMH
KBaJpaTHas paMKa M3 TOHKOTO NpOBOJa CO CTOPOHOMH KBajapara b
HAXOJHUTCS B OJHOPOJHOM MAarHHTHOM IOJIE, NEPHEHANKYISIPHOM
IJIOCKOCTH paMKd. MHAyKUHs mons Bo3pacTaeT 3a BpeMs ! [0 JIH-
HEHHOMY 3aKoHy OT 0 10 MaKCHMAaJILHOTO 3HaueHust B, . Bo ckosb-
Ko pa3 yBeauuuTcs 3JIC MHAYKLIMH, BO3HUKAIONIAs B paMKe, eclid b
YBEJMYHTS B 2 paza?

Omeen: B pas(a)

B HekoTopoit o0xacTu npocTpaHCTBa, OrPAaHHYEHHOH IUIOCKOCTAMH
AB u CD, co3naHo oaHopoaHoe MarHMTHOE ToJie. Merajutnyeckas
KBaJpaTHas paMKa JBHXETCS C MOCTOSHHON CKOPOCTBIO U, Hampas-
JICHHOH BJIOJIb MJOCKOCTH PAMKH M TEPNCHIUKYJISPHO €ro CHIOBBIM
auHuaM. Ha kakoMm u3 rpadMkoB rnpaBHIIbHO [OKa3aHa 3aBHCHMOCTH
oT BpemeHH 3JIC MHAYKUUH B paMKe, €C/Id B HAYaJIbHbIH MOMEHT
BPEMEHH paMKa HauMHaeT nepecekars JuHHIo MN (CM. pHCYHOK),
a B MOMEHT BPEMEHH 1/, 3ajIHeH CTOpOHOH nepecekaeT MuHUI0 CD?

Al MI 1C
lo¥oYofoloJol
OXOXOJOIOJO)
OJOJ0 :
OO OO !
DIOXOXOJOXO}
©OEHOO® O,
B! NI 1D
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0 Iy ¢ 0 ly 1
3) é‘T 4)

REEX
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Omesem:

48. TIlpu ckopocTH v, TNOCTYNATEIBHOTO ABHIKEHHMS INPAMOIMHEHHOIO

49.

MPOBOJIHMKA B IIOCTOSSHHOM OJHOPOJHOM MAarHWTHOM IOJNIE HA KOH-
axX MMPOBOAHMKA BO3HUKAET pa3HOCTb noteHuuanos U . [lpu nsuxe-
HUM 3TOTO MPOBOIHUKA B TOM )K€ HAlPaBJICHHH B TOH e IUIOCKOCTH
CO CKOPOCTBIO U, Pa3HOCTb MOTCHLHAJIOB HAa KOHLUAX NPOBOJHMKA
yMeHblIHNach B 4 pa3a. YeMy paBHO OTHOLUEHHE U, / U, ?

Omeem:

I'OpHU30HTaNLHO PAcCITONOKEHHBIH NPOBOXHHUK ABHKETCA PAaBHOYCKO-
PEHHO B BEPTUKATBHOM OJHOPOJHOM MArHUTHOM TIOJIE, WHAYKLHS
koToporo pasHa | Tn W HanpaBneHa NMepneHANKYISIPHO NTPOBOAHUKY
M CKOPOCTH €ro ABIDKEHHs (CM. pUCYHOK). [IpH HauanbHOH ckopocTH
MPOBOJHMKA, PABHON HYJO, H YCKOPCHHH 8 M/C’, TIPOBOJHHK Iepe-
Mectuiaca Ha 1 M. 3/IC UHIYKIIMK HA KOHLAX NMPOBOJHHUKA B KOHIE
nepeMeuieHus pasHa 6 B. Kakosa qrHa npoBoaHuka?

Omeem: M
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50.

51.

52.

53.

54,

310

B npoBoaxnke HHAYKTHBHOCTBIO 5 MI'H cuiia Toka B TeuenHe 0,2 ¢
PaBHOMEPHO BO3pacTaeT ¢ 2 A JI0 Kakoro-To KOHEYHOIo 3HAYECHHA.
Ilpu 3ToM B mpoBoaHHke B0o30yxaaercs JAC caMOMHIYKUHMH, paBHAas
0,2 B. Onpeaennre KOHEUHOE 3HAUYEHHE CHIIbI TOKa B IPOBOJHHKE.

Omeem: A

Ha pucymke npuBeaeH rpadk 3aBUCUMOCTH CHJIBI TOKa OT BPEMEHH
B KoJebaTelsHOM KOHTYpe, COCTOSIIEM H3 I10CTeI0BaTeTbHO COEqU-
HEHHBIX KOHACHCATOpa M KaTyLUKH, HHAYKTUBHOCTb KOTOpPOH paBHa
0,2 I'n. Onpenenure MakCUMaJIbHOE 3HAUYEHHUE YHEPrHU MAarHUTHOTO
TIONA KaTyILKH.

i, MAA

5——

0 £— : /\>
1 2\3 /4 5 6 twe

-5+

Omeem: MK /DK

YeMy paBHa dHEpTUst MAarHUTHOTO TOJNA COJIEHOM/A, B KOTOPOM IIpH
cmiie Toka 10 A Bo3HHMKaeT MarduTHeIH notok 1 B6?

Omeem: Jbx

Bo ckonpko pa3 HajO0 YMEHBIIUTH HHIYKTHBHOCTb KaTYIUKH, YTOOBI
NPH HEM3MEHHOM 3HAYEHHH CHIIBI TOKa B HEH HEPTHs MarHUTHOIO
10JIs KaTyIIKH YMEHbIIMIIAch B 4 pa3za?

Omeem: B pas(a)
B kaTymike cuima Toka paBHOMEDHO YBEIHYHBAETCSH CO CKOPOCTBIO
2 A/c. Tlpu 3ToM B Helt Bo3HukaeT DJIC camounaykuuu 20 B, Kakosa

SHEPIUs MATHUTHOTO NOJISl KATYLUKH IIPH CHJIE TOKA B HEH 5 A?

Omeem: JIx



IlosTOpeHne

3akon OMma 1

2

ComnpoTtuBneHue R =

vl =™

Jmna Metannudeckoro koaeua | !/ = D, rae D — auaMerp xonbLa

2

[Tnomane ceyeHus npoBoaa S = et rae d — JuameTp nposoja
3A0AYHN
55. MenaHoe KOnbLO U3 MPOBOAA JUAMETPOM 2 MM PacloIoKEHO B OJHO-

56.

POAHOM MarHMTHOM I[10JI€, MarHUTHasE HHAYKUHUS KOTOPOTO MEHAETCA
no Moaymno co ckopoctbro 1,09 Ta/c. [InockocTh KosbLA NEPIEHAN-
Ky/lIsipHa BEKTODY MAarHMTHOM HMHIYKUMH. YeMmy paBeH JauHaMeETp
KOJbLIa, €CJIM BO3HUKAIOIUI B HEM HHIYKLIMOHHBIN TOK paBeH 10 A?
VIenbHOE CONPOTHBIEHHE MEAH Pyen = 1,72 -107 OM - M. Otset

OKPYTJIUTE A0 OCCATBIX.

Omeem: M

IIpsMoyronbHBI KOHTYP, 00pa30BaHHBIH ABYMS pelbCaMH H IBYMs
nepeMbIYKaMH, HAXOQHUTCS B OAHOPOJHOM MarHUTHOM IIOJIE, MEPIICH-
JUKYIISIPHOM IIOCKOCTH KOHTYpa. IlpaBas nmepeMbiuka CKOJB3MT IO
penbcaM, COXpaHss HaJEXHBIH KOHTAKT ¢ HUMH. M3BECTHBI BETHUH-
HBI: MHAYKIMA MarHuTHoro noas B = 0,1 Ta, paccTosHHe mMexny
penbcamMu / = 10 cM, CKOPOCTb ABMXXEHMS NEPEMBIYKH U = 2 M/C,
COIIPOTHBJIEHHE KOHTYypa R = 2 OM. KakoBa cHjia MHIYKIIMOHHOTO
TOKa B KOHType?

U
—>

® o

Omeem: MA
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11. KOJIEBAHUA U BOJIHbI

CBo000/1HBIE

KoJie0anus

OCHOBHBIE XapaKTEePUCTHKH KOJIe0aHHH

MexaHuuyeckHe KoJebaHus
3TO IMpOoHECCbl B MEXAaHHYECKHX
CHCTEMAX, B KOTOPBIX NMEPHOAHYEC-

JIeKTPOMATHUTHbBIE KoJ1e0aHHuA —
MPOLIECCH] B JIIEKTPHYECKHX LEMsAX,
B KOTOPBIX MEPHOAUYECKH H3Me-
HAIOTCA 3apsj, cuia TOKa, Hamps-
xenue U DJ1C

CKH HM3MEHAIOTCA KOOpAWHATA,
CKOPOCTb, YCKOPEHHE H CHJIa
CBoGoaHbIe

KoJ1e0aHus

CBoOoaHBIE MEXaHHYECKHE KoOJie-
OaHHS BO3MOXHBI B CHCTEME, Ha-
XOALLeHCS B COCTOSTHUH YCTOHYH-
BOTO pPaBHOBECHS H €CJIH TPEHHE B
CHCTEME MaJlo.

1. JIna Hauyana cBOOOIHBIX KO.le-
OaHHH OOCTATOYHO BBIBECTH CHC-
TEMy H3 MOJIOXKECHHS paBHOBECHS,
T.€. COOOLIMTE €l JOMNOJIHUTCIIb-
HYIO MEXaHHYECKYIO IHEPTHIO.

2. CBoOOOHBIE MEXaHHYECKHE KO-
nebaHus H3-3a TPEHHS SBISIOTCH
3aTyXarILHMH

B anexTpHueckux HEnsx BO3MOX-
HBl CBOOOJHBIE KOJEcOAHHSA, €CIH

CONpPOTHUBJICHHE  IPEHEOpek MO
Mayio (HampuMmep, NPH CBEPXApO-
BOJIUMOCTH).

1. Jlng Hayana cBOOOAHBIX 3JICK-
TPOMAarHUTHBIX KoJI€OaHUH JocTa-
TOYHO COOOUIUTH 3apsl KOHJEHCa-
TOpY, T.€. epeaaTb KojedaTeIbHON
CHCTEME ICKTPHUYECKYIO SHEPTHIO.
2. CBOOOAHBIE 3JIEKTPOMAarHUTHBIE
KoneOaHus 3aTyXalT H3-3a COMpO-
THUBIICHHUSA

IMepuon 7 (c) — BpeMs OAHOrO MOJIHOTO KoneOaHHs:

=L
N

| _2n

Vv ()]

Yacrora v (I'u) — uncno xosebanuii 3a | c:

N

. =

A%

| w

T 21

Luxinueckass (Kpyropas, coGcTBeHHasl)) wacTora o (pas/c) —

YUCIIO KoJebaHuit 3a 2n cekyH L
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AMINIMTYAA — MOJyjb HauOOJbUICIO 3HAUCHUS W3MEHSOIIEHCS Be-

JIMYHUHbI.

I'apmoHuyeckHne Ko/iedaHus 9TO Koje0aHUs, NPOUCXOMALIUE MO

3aKOHY CHHYCa U KOCHHYCa.

3aK0H rapMOHHYECKHX MeXaHHYEeCKUX KoJ1eDaHuii:

x =X, cos(ot + @,) umm x = X, sin(wt + @),

rne x —- MIrHOBCHHOC 3HAYCHUC CMCHICHHS TEJIA OT IMOJIOKEHHS PABHOBC-

cusi, X, -— amMmuutyiaa koaebaHui, ¢ = ©f + @, — ¢aza xonedaHuii,

¢, — HauanabHas daza KoncbaHuid, » — UMKJIMYeCKas 4acToTa.

Ioockasku k 3aoauam

3aKOH U3MEHCHHS 1-\;0_;);1;%%1 x =X, cos(w! + @)
W‘38.K0H HIMCHCHHS CKOpOCTH v=x'(1) = -X,osin(wf + @)
AMMNIUTYyAa CKOPOCTH v, = X,0
3aKOH U3MEHEHHUS YCKOPEHMS a=x"(t) = -X, cos(wf + @)
AMIUIMTYAA YyCKOPEHHUS a, = X0
AMIUTUTYAHOE 3HaY€HHE CUITbL F, = ma, = mX,o"
3A0A4YHN

[Tpu rapmoHuyeckux KoneOaHusX Baonb ocd (X koopauHaTta Tena
M3MEHSCTCS 10 3akoHy x = 0,9-cos (5/) M. Uemy paBHa ammiutyna
KosiebaHHH?

Omeem: M

CKOpOCTb Tena, COBepLIAoiIero rapMoHHYeckue KosneOaHus, MEH-
€TCs C TE4YEHUEM BpPEeMEHH B COOTBETCTBHH C YpaBHEHHEM
v, = 3-107sin(2nt), rac Bce BC/IHUMHBL BhipakeHsl B CH. Uemy
paBHa amILIMTYda KOJlcOaHUH CKOpoCTH?

Omeem: _ M/c

Ilpn rapmoHuucckux kojcOanusx Bnonb ocu 0X koopiauHara Teja
n3MeHsieTes 1o 3akoHy X = 0.9s51n(6¢) M. Uemy paBHa uukiuueckas

4acTOTa KoJieOaHUH?

Omeem: pan/c
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4. Ilpu rapmonudeckux xonebanusx Baonp ocH 0X koopamnHara Tena
u3MeHsieTcs 1o 3akoHy x =0,02cos(20n7) m. UeMy paBHa yacToTa
KonebaHui?

Omeem: I'n

5. Teno xonednercs BAOIb OCH X TaK, YTO €ro KOOpAHHATA HU3MEHACTCA
BO BPEMEHH M0 3akOHy X =5cos(ms). Onpenenute repuoa koueba-
HUH Tena.

Omegem: c

6. MaTepua.anasl TOYKa JBHXKETCA Mo ocH x. Ee KOOpAHHATa MCHACTCA

M0 3aKOHY X = A cos(w! + @,) .

OUSNYECKHUE BEJIMUYWUHBI DOPMVIJIBI
A) nepuon xonebaHui MaTepHanbHOH 1) 2n
TOYKH T 0
b) amMmnuTtyaa yCKOpEHHS TOYKH d oy 2) 2nw’
3) wA
4) o'4
A b
Omeem:

3aKoH rapMoOHHYECKHX IEKTPOMATHHTHBIX KOJIe0aHHI:
q =q,sin(of + @,) WM g = ¢,, cos(w? + @),
rlle ¢ — MrHOBEHHOE 3HaueHHe 3apAja Ha KOHIEHCAaTope, ¢, — aMIilIu-

Tyaa 3apsaga, ¢ = of + ¢, — (asza konebaHuit, @, — HayanpHas ¢asza

KoJebaHui, ®» — LUMKJIMYECKas 4acToTa

Tloockazku k 3a0auam

3aKoH U3MEHEHHUS 3apana

q = g, sin(0f + @)

3aKOH H3MEHEHHS CHJIBI TOKA

i=q'(t)=qnwcos(of + @)

AMILIHTY/Ia CHIIBI TOKA 1, =4,0
DNEeKTPOEMKOCTh KOHAEHCATOpa .
P A p Czi; u:q—’"sm(cot+(po)
U 3aKOH U3MEHEHHS HANpPSHKEHHS U C
- 9n
AMIUTUTYAA HanpsKeHUS U, = C
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3ALAYN

7. AMIUIMTYAHOE 3Ha4yeHHMe 3apsja Ha KOHjaeHcaTope paBHO 2 MKKIL
YeMy paBHO 3HaueHHE 3apsiaa Ha KOHAeHcaTope dyepe3 1/6 yacTth mne-
pHoaa konebaHHH Mocie HOCTHXxEHUA 3Toro 3HauyeHus? KonebGauus
MPOUCXOIAT 1O 3aKOHY KocuHyca. HavanbHas da3za xonebanuii paBHa
HYJIIO.

Omeem: MK

8. KonebaHus HanpshkeHHsA Ha KOHACHCATOpE B LICHH NEPEMEHHOIO TO-
Ka OIHCHIBACTCS ypaBHeHHeM: # = 50cos(100mz), rae Bce Bemuyu-

HbI BeIpaxkeHsl B CH. EMkocTh KOHIEHcaTopa paBHa 2 Mk®. Ompene-
JIUTE 3apsl KOHIeHcaTopa yepe3 174 mocjie Havyana konebaHuu.

Omeem: Kn

I'padpuxu xonedaTenbHoro npouecca (¢ =0)

Cunyconna Kocunyconna

q, Kn
T

dm T 1
T l,‘C 5 /?\L ¢
0 ’ T \/21‘[ @, pan 0 ‘ \y 21t o, pai

Iloockaska k 3a0aue

(S

3aoaua IMoockaszka

Ucnone3ys rpadux koaebartens-| AMmuMtyaa X, = 0,14 m
HOro npouecca, onpeaciiuTe 3aKoH Hepnon 4 C

TapMOHHYECKHUX KOJICOaHHH. 1
Yacrota v=—=0,25TnQ
X, CM T

1
14 T~7 [uxindyeckas yactora ® = 21V = 5

0. 2\/4 tc YpaBHeHUue x = 0,14Sin[gtJ
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3A0AYN

9. Ha pucyHke npencraBieHa 3aBUCUMOCTh KOOPIHHATHI LIGHTpA LIapa,
MOABCUICHHOT0 HA MpPYXHHE, OT BpeMeHH. YeMy paBHa aMIUIUTyzAa
KoJiebaHui?

x, cMA4
20 +

10 1 /\
0 t }- } +—
] \V4 5 6 tc
_10 +

20 4

Omeem: cM

10. Ha pucynke nokazaH rpacduk xoneGaHWil OJHOH U3 TOYEK CTPYHBI.
Yemy paBHa 4yacToTa 3THX KosiebaHUH?

Omeenn: I'u

AJITODHTM 110CcTpoeHHs rpaduKa KoJiefaTeIbHOr0 npouecca
(o # 0)
3ananwme. [ocTpoiite rpadiik KonebaTensHOrO Npouecca
e = 2sin (507 + )

1. TIpoBECTH rOPH3OHTAILHYIO OCh >

+ >
2n $,paa

2. CHusy mporpanyupoBarth 1o ase ¥ ¥

3. Ceepxy M CHH3Y NPOBECTH OPH-
30HTA/IbHbIC TMHUH B COOTBETCTBUH ' - t >

C aMIUTUTYJAHbIM 3HA4YE€HHUEM
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4. TlocTpouTth (COrnacHO ypaBHe-| ~~~ 7~ ~~~~"""""" ‘
HHIO) CHHYCOMIY MM KOCHHYCOH- /\ /\ o
Iy W3 TOUKH, ¢a3a KOTOpOW paBHa
HYIIO

5. TlpoBecTH BEPTHKAIBHYIO OCh

4yepe3 TOYKY, COOTBETCTBYIOILYIO
HayanbHOH (Paze

6. CBepxy TOpPU3OHTAIBHYIO OCh
IIPOrpajgyupoBaTh MO BPEMEHH.
VYka3aTh aMIIHTYAHOE 3HAYCHHE

MaTtemaTuyeckuii MAaSITHHK

MasTHHKOM HAa3bIBAlOT TENO, KOTOPOE MOXET COBEpLIATh KoieOaHHs
noAa AeHCTBUEM CHJIbI TSHKECTH.

MasiTHUK CUMTAlOT MAaTEMATHYECKHM, €CJIM OH YAOBJETBOPACT TPEM
YCIIOBUSIM:

1) pa3Mepbl HUTH 3HAYMTENBHO MPEBBILLAIOT Pa3MEPbI IPy3a,

2) HUTb HepacTsHXUMa H HEBECOMa, T.€. BCSA Macca MassTHHKA COCpPENOo-
TOYEHA B Macce rpysa,

3) OTK/IOHEHHS HUTH MaJlbl (JUTMHA AYTH = AJHHE XOPJbI).

Pu3znyecKkas BeJIHUHHA ®opmyna

Hepuon T =2n L =2n !
g Auoan

Buumanue. HCPHOH MAaTEMaTHYCCKOro MassTHHU-
Ka H€ 3aBUCHT OT MACChI I'py3a H aMIUJIUTY bl

koaebaHui
Yacrora /
v= V&
271\/7
[ukauyeckas yacToTa g

0= [=

/
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Iloockasku Kk 3a0auam Ha MamemMamuyecKuil MaamHuK

IIyTe Kosebmolerocs Tena 3a 4acTh / T\ e
neproja (3a onpeeIeHHOE H3MEHEHHUE 4) \p) 7"
hazwb1) T
1(-] ~ I(n) = 2x,,
2
) 2]
4 2
I(T)=1(2n) =4X,
ITyTe 32 N nonHbIX KosebaHuH !/ = N4X,
ITonHoe yCKOpeHHe B BEPTHKAIbHOM o = g + gqE
JIEKTPOCTATHYECKOM TIOJIE, B KOTOPOM o m
Elug>o0
TToNHOE YCKOpEHHE B BEPTHKAJILHOM d = g - qE
NEKTPOCTATHIECKOM TI0NIE, B KOTOPOM o m
ETug>0
3A0AYN
11. BO CKONBKO pa3 yMEHBLIMTCS NEPUOI MATEMATHYECKOTO MAasTHHKA,

12.

13.

14.

318

€CJIM €T0 JUIMHY U MacCy YMEHbIIHTH B 4 pa3a?
Omeem: B pas(a)

Bo CKOJNBKO pa3 yBEJIMUYMTCHA HACTOTa TAPMOHHYECKHX CBOOOJHBIX
Koj1e6aHHIH MaTEMAaTHYECKOIO MasTHHUKA NPH YMEHBIIEHHH €ro IJIH-
HBI B 9 pa3?

Omeem: B pas(a)

Ha HexoTopoii MnaHere nepuoj kojaebaHHit CEKYHJHOTO 36MHOTO Ma-
TEMATHYECKOro MasTHHKA OKa3ayics paBHBIM 2 c. Onpenenure ycko-
peHue CBOOOHOTO NaJieHUs Ha 3TOH ILIaHeTe.

2
Omeem: M/C

AMIUIHTYOa cBOoGOaHBIX KonebaHuil Tesa paBHa 0,5 M. Kaxoi nmyts
IIPOLILIO 3TO TeJIO 3a 3 mepuojaa KonedaHui?

Omeem: M



15.

16.

17.

18.

B nepBoi cepuH ONbITOB HCCENOBATUCH Manble KOieOaHHus rpy3a Ha
HHUTH. 3aTeM TOT k€ Ipy3 IMOJABECHIM Ha HUTH MEHBIUEH JIHHBI
Makcumanbhple yTilbl OTKJIOHEHHS HHTH OT BEPTHKAld B ONbITaxX
OJMHAKOBbI. Kak npu nepexone oT NEpBOH CEPUH ONBITOB KO BTOPOH
H3MEHAIOTCS NEPHOA H aMIUJIMTY 1A KoaebaHui?

OU3NYECKUE BEJTMYUHBI X UBMEHEHUE
A) nepuoj konedaHHi 1) yBenuuuBaeTcs
b) ammnnutyaa konebanuii 2) yMeHblIaeTcs

3) He U3MEHAETCA

Omeem:

Lapuk Maccoit m = 20 r monBelleH Ha IIETKOBOH HUTH AJHMHOU
[ =10 cm. llapuk uMeeT MOJNOXMTEbHBIN 3apan g = +107° Kn u

HaXOAMTCH B OJHOPOJHOM 3JIEKTPHUECKOM NOJI€ HaNpPsKEHHOCTbIO
E =10" B/M, HanpaBJeHHO#H BepTHKAILHO BHU3. KakoB nepuon Ma-
AbIX konebaHHi mwapHka? OTBET OKPYTJIHMTE A0 THICAYHBIX.

Omeem: c

INonpli MeTannMyYeckHi MapHK Maccoi 2 T NMOJABEILEH Ha IIeJKOBOH
HUTH JUIMHOH 50 cM. LllapHk nMeeT I0N0KHUTEIbHBIH 3apsil 10° Kn u
HAXOJUTCH B OAHOPOLHOM 3JIEKTPHYECKOM IIOJI€ HANPKEHHOCTBIO
10° B/m, HaIlpaBJIEHHON BepTHKalbHO BHM3. KakoB nepHon Maibix
kosiebaHui wapuka? OTBET OKPYTIIUTE A0 COTHIX.

Omeem: C

ITonblit METANTHYECKHH 1IApUK MAaccoi 2 I MOABENIEH Ha HIETKOBOH
HHUTH W NIOMEIIEH HaJ [10JIOXKHTEIBHO 3apPKEHHOM [UIOCKOCTBIO, CO3-
JarolmeH OIHOPOJAHOE BEPTUKAIBHOE JICKTPUYECKOE IIONE HAarpsi-
wennocTbio 10 B/m. I1lapuk UMeeT MONOKHUTENbHBI 3apsn 107 K.
Ilepuon mansix koneOanuit mapuka 1 c¢. Kakosa anuna Hutu? OTBeT
OKPYTJINTE O AECAThIX.

Omeem: CM
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IpyxXuHHDbIA MagTHHK

Dusnueckas BeJIHYHHA ®opmy.ia

Hepuon — \/;
=2m, |—
k

\Bruumanue. llepmon TNpyXKMHHOTO MasTHHKa HE
3aBUCUT OT aMIUTHTY bl KoJeOaHuH

Yacrora N
Ve ——
2nm

ILluknuyeckas yacrora k

Hoockazxu Kk 3a0auam Ha RPYICUHHBLI MAAMHUK

3akon I'yka Fop = kx,

rae x = Al = |Z - 10[ — nedopmanus nNpy>xHHbI

[TapamiensHOoe  co-

19.

20.

21.
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knapan = kl + k2
€IMHEHHE TPYXXHH
[MocnenosarensHoe 11 . 1
COeIMHEHHE NPYXKHH ki ki ks
3A0A4YHN

Ilepuon xonebanuii npyxuHHOrO MasTHuka 1 ¢. Kakum Oyner nepu-
o] Kos1€6aHHuiH, ecv Maccy Tpy3a MassTHHKa YBEJIH4YHTH B 4 pa3a?

Omsem: c
I'py3 maccoit 0,16 kr, noABELICHHbI Ha NMPYXHHE, COBEPILAET CBO-
6oaHble rapMoOHHYeCcKHe Kojlebanus. Kakoi Macchl HOBBIH Irpy3 HYX-

HO NOJBECHTh BMECTO NEPBOro, YyToOBl nepuol KoneOaHUil yMeHb-
wHiaca B 2 pasa?

Omeem: KT

I'py3, noABELICHHBIH Ha JIETKOH NpyXHHE xecTKocThio 400 H/M, co-
BepLIaeT cBOOOAHBIE rapMOHHYECKUE KoneOanus. [Ipyxuny, ¢ kakoi



XKECTKOCTBbIO HYXXHO B3ATh, YTOOBI YacTOTA KOJICOAHWH HTOro ke
rpy3a yBenMuunach B 2 pasza?

Omeem: H/m
22. K 1ByM NpyXHHKaM OJIHHAKOBOH XkecTkocTH k =50 H/M, coenuuen-
HBIM T10CNE0BATENILHO, IOABEIUEH Tpy3 Maccoi m = | kr. Onpenenu-
Te MEPUOA COOCTBEHHbIX KOMebaHui 3Toi cucTeMbl. OTBET OKPYIJlH-
T€ 0 COTBIX.
Omeem: c
23. I'py3 Maccoii | kr moaBecunyd Ha HEBECOMOM MPYKUHE, U OH MOI' CO-
BEpLIATL BEPTHKAJIbHbIE TAaPMOHWYECKHEe KojebaHHs C HEeKOTOpOH
4acTOTOW. 3aTeM napajlieibHO MNEPBOI MPYXKWHE [IPUCOEAHHUIIN
BTOPYIO TaKyl0 XK€ M MOJBECHIN K HUM Apyroii rpy3. YacTtora koje-
6aHMi HOBOM CHCTEMbI OKa3ajach BABOE MEHBILC, YeM npexkHel. Ue-
MY paBHa Macca BTOporo rpysa?
Omegem: KT
JIeKTPHYECKHI KOHTYP
®du3nyeckas Be1HUYHHA ®opmyaa
[Tepnon T =2nJLC
YacroTa v = 1
2nVLC
Llnknuyeckas yactora o = 1
NVLC

Iloockasku K 3a0auam Ha IneKMPuUYECKuil KOHMyp

DNEeKTPOEMKOCTh KOHAEHCATOPA C - €€
d
[TapannensHoe coeiMHEHHE KOHAEHCATOPOB Crp = C + C,
[TocnenoBareibHOE COEAMHEHHE KOHAESHCAaTOPOB 1 _ L N L
Coow G G
[MapajnenpHoe coeIMHEHHE KaTyluek HHAYKTHB- 1 . 1
HOCTH Loy, L L,
[locnenoBatenbHOE coOeqUHEHHE KATYILEK HH-
AyKTHBHOCTH Luoer = L+ Ly
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3ALAYY

24. Bo CKOJIBKO pa3 YBEIMYHUTCSA Mepuo] cOOCTBEHHBIX KojeOaHHH KOH-

Typa, €CIH €ro HHIYKTHBHOCTb yBeJH4HTh B 10 pa3, a eMKocTb
YMEHBLINTE B 2,5 pa3a?

Omeem: B pas(a)

25. Ha pucyHke npHBeseH IpadHK 3aBUCHMOCTH CHIIbI TOKa OT BPEMEHH
B K0JIeOaTeNbHOM KOHTYype TpH CBOOOIHBIX kosiebanusax. Kakum cTa-
HET MepUoa cOOCTBEHHBIX KOJeOaHHH KOHTypa, ecllH eMKOCTh KOH-
JIEHCATOpa YBEJIHW4UTL B 4 paza?

Omeem: MKC

IIpeBpaiueHusi JHEepruu

IIpyKuHHBIA MasTHUK DJIeKTPHYECKHH KOHTYP

Hauano xonedauui =0

I'py3 oTwioHsOT oT nosoxkeHus | Konagencatop 3apshkaror, cooOuiuB

paBHoBecus (U = 0) €My  JJIEKTPHYECKYIO  JHEPTHio
(i=0)
wo=w,+w, =2 - CUn
2C 2




IIpyXHHHBIH MAaATHUK

JJ1eKTPHYECKHH KOHTYp

I <

T/4

Hedopmauus NpyXHHBl YMEHbIIIA-
erca (E, l), CKOPOCTBh Tpy3a pac-
ter(E, T)

1
2 | <D
g i
ii c
E
2 va
EZEP+Ek——+ >

Konnencarop paspskaercs (W, 4 ),
CHJIa TOKA 4epe3 KaTYIIKY yBEeTHYH-
aercst (W, T)

=

T/4

['py3 NpOXOOUT MOJOXEHHE paB-
HoBecusa (E, =0), a ckopocTh

MaKCUMAaTBHA ( £} ).
{ Om
T

MWD

]
1
O\
mv,,

2

E:Ep+Ek:

KoHaeHcaTop TOJHOCTBIO  pa3ps-
auincs (W, = 0), cuia Toka UMeeT
HauOonbliee 3Ha4eHHE ( W, nax )

1,

LI

Wo=W,+W, =

Yepe3 ueTBEpTH MEpPHOAA MNOTEH-
LHabHas JHEPTHs Nepelia B K-
HETHYECKYIO. 3aTeM OMNATh nepeii-
JIeT B MoTeHUuHanbHywo (77/2), mo-
TOM B KUHeTH4ecKyw (37/4), cHo-
Ba B noreHuManbHyto (7). [Tpouece
npoHcxonun Osl OeCKOHEUHO 0J1-
ro, ecny Obl He TpeHHe

Yepe3 4yeTBepTh MepHOIA IJEKTPU-
yeckas 3Heprus Iepenuia B MarHuT-
HY10. 3aTeM OIITh MEPEHAET B JJIeK-
Tpuieckyto (7/2), moToM B Mar’ur-
Hy10 (37/4), cHOBa B AJIEKTPUYECKYIO
(7). Ilpouecc npoucxoaun Obl Oec-
KOHEYHO JOJro, ecid Obl He ObLIO
COINPOTHBIICHHSA

323




3aKOH cOXpaHeHHUH IHEPrHH

Ecnn TpE€HHE B CHUCTEME MAJIO
(F, > 0),710
Epm = Ep + Ek = Ekm

2 2
kX,  k omvt mo)

2 2 2 2

Ecan  compoTHBIIEHHME LIEMH  Mallo
(R—>0),10
W, =W, +W,=W,,
gn _¢° L' _ LI,
2 2 2 2
120 )]
Cu, _Cu*  Li* LI,

2 2 2 2

PaoTa cHMIBI TpPEHHsSI NPUBOIMT K
TOMY, YTO 4YaCTb MEXaHHYECKOH
SHEPrHH MEPEXOOUT BO BHYTPEH-
HIOIO, U KONebaHus 3aTyXaloT

ConpoTHBJIEHHE MPUBOOHT K TOMY,
YTO YacTb JJIEKTPHYECKOH 3IHEPrHH
MEPEXOUT BO BHYTPEHHIOW, H KO-
nebaHus 3aTyXarT

E,=E+0Q Wy=W+0Q

26.

27.

28.

Tkn:u:ﬁan it

Yumume: T = —-V = 2V qonctanmii-

YHCPIruH 2 2 YCPIHH

3A0AYN

CKonbKoO pa3 3a OAHH NEpHOJ KojieOaHHH rpy3a Ha NpYXKHHE TOTEH-
LHaNbHAas YHEPrUs MPYKHUHbI U KHHETHUYECKAs DHEPTHS Ipy3a MpHHH-
MaloT paBHble 3HaYeHUA?

Omeem:

C KaKoH CKOpPOCTbIO MPOXOIUT I'py3 MPYKHHHOIO MAsTHHKA, HMEIO-
wero maccy 0,1 Kr, nosioKeHHe paBHOBECHSA, €CITH XKECTKOCTb IpY-
*#uHbI 40 H/M, a amnnutyna konedanuii 2 cm?

Omeem: M/C

AMmiinTyaa koneGaHMH NPYXKHHHOTO MasTHHKa 4 CM, Macca Ipysa
400 r, »xecTkocTb npy)uHbl 40 H/M. UeMy paBHa I10SIHasi MexaHH4e-
CKast JHEPIus MPY»KMHHOro MasTHUKa?

Omesem: m ]Ik




Ilpumeps! rpadukon

TIpyKMHHbBIH MAATHHK

x = X, sin(w?) v = x'(t) = X,,ocos(wr)

Mt L v, M/c .
2

! | :

| S T

1 T A
H { 4

[}
|
1
A '
E, :
Epm ____I N :
! 1
! |
! l
i :
ol ' 7, V2T, tc
2 22 2,
2 g2 sin(of) E, - mu~ _ mo X, cos (mt)
E,=—=—""7T7""— 2 2
2 2
HOHHaﬂ 3Hepr“ﬂ Enonﬂ = Epm = Ekm
Frp >0 TE Jox
Epm:Ep+Ek =Ein
2 2 2 2
kX,,,zkx +mu _mo, T ZT, .
2 2 2 2 / C’
2 .
a = x"(t) = —X,0° sin(o!) F = ma = mX o sin(ot)
a, M/’ F.H
Amd o Te—-- - F,
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JJIeKTpHYeCKHii KOHTYp

q = ¢, cos(w?)

i]i _ q» cos’(w?)

2C 2C
IonHas 3Heprus
R0, W, =W, +W, =W,
an _ 9> L% _ Ll
2C 2 2 2

3

HIIH
Cu, _Cu* L’ LI,
2 2 2
qm
U = — cos(wt
c costen
u, B

i =q'(t) = —q,0sin(wt)

I, 4----+-=---—- <
! ﬁ\” S,
[} [}
\ l
W, A E i
Wam == \
[} [}
[} [}
] [
[} 1
[} [}
[} [}
; . >
0 P, 2T, e
W, - Li* _ LI, sin’(o1)
2 2
WnonH :War =WMT
tw, nx
0 T o7, LC

BbIHYK1€HHbIE KOJIeOaHus

BeHyxnenssle mMexanuueckue Ko-
nebanus NPOMCXONAT Mon ACHCT-
BUEM BHEUIHEH MEPHOAMYECKH
HU3MEHSIOLLIEHCSA CIITBL

BhIHYXIECHHBIE 31eKmpoMazHUum-
Hble KOonebaHus TIPOUCXONAT IOXA

‘JeicTBHEM BHELIHEH MepHoaHYe-

cxu usmensoeiica IJC
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Pe3oHanc SBIICHHE PE3KOro
BO3paCcTaHHs aMILTUTYIbI Kosieba-
HHif, KOTOpOE IPOHCXOAHUT TIPH
COBMAJAEHHM YaCTOThl  BBIHYX-
Jarouied Ccuibl M COOCTBEHHOM
4acTOThl KoJIeOaTeENBHONH CHCTEMBI

Pe3zonanc
BO3pacTaHHs
TOKa, KOTOPOE IIPOMCXOAMUT TIpU
COBMNAJEHHH YaCTOTbl BHELIHETO
NEPEMEHHOT0 HanpsHXKeHUs U COO-
CTBEHHOM 4YaCTOThI KOJeOaTeIbHO-
ro KOHTypa

SIBJICHHE PE3KOro
AMIUINTYlbl  CHUJIbL

Pe3oHaHCc B MEXaHMYECKHX CHCTE-
MaxX MOMKET NMPUBECTH K paspyllle-
HHIO

Pe3oHaHc MOXeT NMPUBECTH K IIe-
perpeBy 3J1eKTPHYECKHX LIeTeH, HO
B paZMOCBSA3M IO3BOJSAET HACTpO-
UTh NPUEMHUK Ha 4acTOTy Iiepe-
Jallerd CTaHIHH

I'paduk BIHYKAEHHBIX KOJIeOaHHH

X A\]m

]
]
1
]
)
|
|
]
|
|
I
|

0=,

AMIIMTYA BO BpeMsl pe3oHaHca B
nepBoil kosebaTeNsHOH cHcTeMe
yBenuuyuBaercs Oonblie, TaKk Kak
TpeHHe B HEH MeHbIle, YeM BO
BTOpPOH CHCTEME:

Frp.l < F1'p.2

AMIIIMTYIa TOKa BO BpEMS pe3o-
HaHCa B IEPBOM 3JICKTPHYECKOM
KOHTYpe YBelIMuuBacTca Oosnblie,
TaK KaK COINpPOTHUBJIEHHE B HEM
MEHBILIE, YEM BO BTOPOM KOHTYpE:

R, < R,

IlepeMeHHbI# JJIEKTPHYECKHH TOK

IlepeMeHHBIH dIEKTPHYECKMl TOK — IPHMEP BbIHYKIEHHBIX JJICK-
TPOMAarHMTHbIX Kojiebanuid. Eciu MOIIHOCTH MepeMEeHHOro TOka paBHa
MOLLHOCTH TIOCTOSIHHOTO TOKa, TO TOBOPAT O delicmeyrowem 3HaUEHHH Tie-
PEMEHHOTO TOKa.
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HeiictBytoee (3¢ dexTrBHOE) 3HaUEHUE CHIIbI TOKA!

Im

N

I, =

HeiicTBytoiuee (3 dekTHBHOE) 3HAUCHUE HANPSDKEHUS:

Um

Nk

U, =

3akoH OMa a5 AeHCTBYIOIIMX 3HAUEHHI:

3akoH [lxoyns—Jlenua:

=%
Z
Uz
I’Rt = ¢
) R

Harpy3ku B [I€NH NEPEMEHHOI0 TOKa

ConpotuBieHne Cxema 3akon Oma
AKTHBHOE MM OMHYECKOC O O U,
COnpoTUBNeHue R I = R

5}
LR |
EmkoctHOEe  compoTHBie- 0 O U,
HHE C In = X,
¥ 1 1 | |
C - —_—=
oC 2nvC
HnnykTMBHOE  CONMpPOTHUB- U,
JIEHHE L = X,
X, = ol =2nvl
L
MonHoe  compoTuBieHue O O- U,
Npd  [OCNEN0BATENbHOM I 1 Lo = 7
COETMHEHUH
A c Pezonanc  Obl-
Z = \/R2 (X, - X L BAeT, €U
Xc=X,
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Tpancdopmarop — ycrpoiictBo, mpeobpasyroliiee CHITY MepeMeHHO-
o TOKa H €ro HalpsKeHHe.
N
U 3
1

|1ig

1. IlepBuyHas katyuka [ noakaroyaeTcs B CETh.

2. Ko Bropny4Hoii katyuke I moaxmoyarT Harpysky.

3. CTanpHOM CEpICYHHK U3TOTOBNEH W3 HABOPHBIX MIACTHH.

3aKOH XONIOCTOro xofa TpaHcgopMaropa (1Lienb BTOPHYHOH KaTyIIKH
pa3oMKHyTa):

U, N,
U, Ny
3akoH pabouyero xoaa Tpancgopmaropa:
Uu. I,
U, 1
Ko>dpduument tpancpopmanuu:
— U]
U,

[ossimaromuii TpaHcdopmatop k <1, a MOHMXKaAIOMMHA TpaHCHOpMa-
TOp k > 1.
Usl,
KI1/l rpancpopmaropa 1 = T 100% .

141

YNPAXHEHNA

1. Tpancdopmarop noumxaer Hanpspkenue ¢ 240 no 120 B. Onpenenu-
TE YUCJIO BUTKOB BO BTOPMYHOW KaTyIlKe TpaHcdopmaropa, eciu
nepeHYHag Katymika conepxut 80 BuTKOB. (40)

2. TpaHcgopmaTop noHKaeT HanmpsbkeHHue ¢ 240 go 12 B. Bo ckonbko
pa3 4HCJI0 BUTKOB B MEPBUYHON KaTylKe OTJIHYAETCA OT YMCa BHT-
KOB BO BTOpH4HOI? (B nepBu4HOii KaTyuke B 20 pa3 GoabLue)

3. Hanpsixenve Ha xoHUaxX mnepBHYHOM OOMOTKH TpaHcdoOpMaTopa
127 B, cuna 1oka B Heil 1 A. HampsbkeHue Ha KOHIIaX BTOPUYHOM
obMoTkH 12,7 B, cuna Toka B Heit 8 A. Uemy pasen KI1J] tpatcdop-
matopa? (80%)
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Bo.J bl

JlnuHa BOJAHBE A (M)

e PaccrosiHue, Ha KOTOpO€ pacnpOCTpaHHT-
¢l BOJIHA 3a BPEMs OAHOI0 MOJIHOIO konebaHus

4acvLbl (3a nepuon).

AN
\VARVARV/

e PaccrosiHue Mex Ty JByMst OIDKaHLIMMH «TOpOaMID) WIH «BIaJUHAMIY.
e Kparuaiiiee paccTosHHE MEX1y TOYKaMH, KoeOmomumMucs B gase.

MexaunyecxkHe BOJTHbBI

3J‘leKTp0Mal"HHTH bl€ BOJIHbI

M CcTOYHHKH BOJIH

Konebmomeecs B ynpyroi cpene
TENO

YCKOPEHHO ABHXKYIIAACA 3apskKeH-
Has 4YacTHLA

Bo3nukHoBeHHeE BOJIH

Ecnn oxHa yactuua cpensl mnpu-
XOIMT B KonedaTeabHOe [BHXKE-
HHe, TO Gyarozapsi cujlaM B3au-
MOIECHCTBHA coceaHue ¢ Hed
4aCTHLB! TaKKE HA4YHYT KOJe-
baTbCs

YCKOpeHHO ABHXKYLIMHCA 3apsii co3-
JaeT MepeMEHHbIH TOK, BOKPYT KOTO-
poro BO3HHKAET [MEPEMEHHOE Mar-
HUTHOE noie. OHO MOpOXKIaeT repe-
MEHHOE JJIeKTPHYECKoe MoNe, KOTOo-
pOC NPHUBOJMT K BO3HHKHOBEHHIO Tie-
PEMEHHOTO MArHUTHOTO TOJIS M T.A.

Onpenenenne

Mexanuueckas 6oina — npo-
Lecc pacrnpoCcTpaHEHHst Koseba-

HUM B ynpyro# cpee

DnekmpomazHumHas 601HA — TIPO-
1IeCC PacnpOCTPAHEHHUS NEPEMEHHBIX
MAarHUTHBIX M 3JI€KTPHYECKHX ol

Buabi BoH

B nonepeunvix BONHax Hanpas-
nexne koneGanus wactun (0, )

NepHeHAUKYISIPHO HATPaBICHHIO
PacpOCTpaHeHHs BONHBI (T ):
U. 1 Uy (npumep: BOMHBI Ha
BOZIE)

B npodonsneix Bonnax Hanpas-
neHHe KoseOaHus 4acTHL Mapai-
JeJIbHO HAMpaBJIEHHIO pacmpo-

CTpPaHEHMs BOJHBL Uy || Uy (MpH-

Mep: 3BYKOBBIE BOJIHBI)

3HCKTpOMaFHHTHbIC BOJIHBI OTHO-
CATCA K nonepedHsbiM BOJTHAM!
0V1BLlE

E .
v
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MexaHu4ecKHe BOJHBI

l

aJIeKTPOMaI'HHTHLle BOJIHbI

CkopocThb pacnpocTpaHeHHs

MexaHHueckde BOJIHBI OBICTPEE BCErO
pacmnpoCTpaHsSIOTCA B TBEPIBIX CpeAax,
MEUICHHEE B KHIKHX M €lie MeUICHHEe
B rasax

DJIEKTPOMarHUTHbLIE BOJIHBI
UMEIOT HauOOJNBIIYIO CKO-

pPOCTb B BAaKyyMe, PaBHYIO
CKOPOCTH CBETa

Yymume: MexaHW4YeCKHE BOJIHBI B Ba- c=3-10° mlc
KYyMe He PaclpoCTpaHsIIOTCS
JlJinHa BOJIHBI
B Bakyyme
v 2nv c
A=v-T=—=—— A=c-T=—=-=c2nJLC
\% ® \Y

PaccTrosiHMe OT HCTOYHHKA /10 Hab/TK0aaTe s

) -t
A
rae v = T AV — CKOPOCTb BOJIHBI

t — BpEMA JBHXEHHS BOJHBI OT MCTOY-
HUKa KoJieOaHH# 10 HabarogaTens

l=c-t,

roe ¢ = 3-10% m/c

OTpaxeHHe BOJIH

IX0 — OTpak€HHE 3BYKOBBIX BOJIH OT
nperpaabl. PaccTosHue 1o nperpaasl

T — BpEMs AB)KEHHS BOJIHBI OT HCTOY-
HHUKa 1 00paTHO
CKopocTh 3BYKa B BO3AYyXE

v =~ 330 m/c

3BYKa

Paanosiokauuss — crocod
OoOHapy»eHHsi O00beKTa ¢
MOMOJIIbI0 pannoBoNH. Pac-
CTOSIHHUE 10 O0BEKTA

T

l=c-—

2
CKOpOoCTb paiMOBOJIH
c=3-10° m/c

3ALAYH

29. Bonna c nepuoaoM konebanuit 0,5 ¢
cThto 20 M/c. UeMy paBHa JUIMHA BOJIHBI

Omeem: M

pacnpoCTpaHseTCcs CO CKOpPO-
I}
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30.

31.

32.

33.

34,

332

Y4yuTens npoJeMOHCTPHPOBAJ OMBIT MO
paclpOCTPaHEHHIO BOJHBI MO AJIHHHO-
My WIHYpYy. B oAMH H3 MOMEHTOB Bpe-
MeHH ¢opMa uIHYpa OKa3anach TaKoOii,
KaK MoKa3aHo Ha pucyHke. CKOpOCTh
pacmpocTpaHeHusl KosuebaHusl Mo LUHY-
py paBHa 3 M/c. UeMy paBHa 4acToTa
KonebaHui?

Omeem: T

Myxckoii rosioc 6apHTOH 3aHUMAeT YaCTOTHBIA HHTEpBa oT v, = 100 ['y
10 v, =400 I'. YeMy paBHO OTHOIICHHE JUTHH 3BYKOBBIX BOJH A / A, ,
COOTBETCTBYIOLIMX MPAaHULAM 3TOTO HHTEpBana?

Omsem:

YCcTaHOBUTE COOTBETCTBHE MEXAY HMeHaMu ydeHbIX XIX Beka U ux
BKJIAJIOM B Pa3BHTHE IEKTPOJAHHAMHKH,

HMEHA YYEHbIX BKJIAJ] YYEHOI'O B HAVKY
A) JIx. Makcsemn 1) DxcnepuMeHTanbHO OOHaApyXHl pac-
b) I'.T'epu [POCTPaHEHHE  JNEKTPOMArHUTHBIX
BOJIH B BO3JyXe
2) OO6HapyxuJl MarHUTHOE I0JIE BOKPYT
NPOBOIHUKA C TOKOM
3) Co3man TEOpUI0 PpacHpoCTpaHEHHUs
3JIEKTPOMAarHUTHBIX BOJIH
4) OTkpbUI ABJIEHHE 3JIEKTPOMArHUTHOH
MHAYKLHH

Omeem:

Ha kakyto AjMHYy BOJHBI HY)XHO HacTPOHUTb PaJHONPHEMHHUK, YTOOBI
C/1ylIaTh paguocTaHuuo «Hawe pagno», KoTopas BELlaeT Ha 4acTo-
Te 101,7 MI'n? CkoOpocTh pacnpoCTpaHEHHS 3JE€KTPOMArHHTHBIX

BoJH ¢ =3-10°M / c. OTBET OKPYIJIMTE 0 COTHIX.
Omeem: M

KonebarenbHplii KOHTYp paauonepeaTidKa COACPIKUT KOHAEHCATOP
emkocTH 0,1 H® u karyniky unayktuBHocTH 1 MKI'H. Ha kakoii piu-



35.

36.

37.

He BOJIHbI paboTaeT papuonepenaTyuk? CKOPOCTb pacnpOCTPaHEHHUS
3/IEKTPOMArHUTHBIX BOJH ¢ = 3 -10° M/c. OTBET OKPYTJIMTE [0 LiEJIBIX.

Omeem: M

Ilpu HacTpoiike KOHTYpa paguorepeJaTyuka ero eMKOCTb YBEJIHYH-
au. Kak npu 3ToM HM3MEHWJIMCh 4acTOTa U3JIydaeMbIX BOJIH M ITHHA
BOJIHBI U3J1y4eHus?

OHU3UYECKUE BEJIMYHUHEI WX UBMEHEHHUE
A) yacToTa M3y4aeMbIX BOJIH 1) yBenuuurcs
b) ayiuHa BONHBI U3JTy4EHHUS 2) YMEHBUIUTCH

3) He U3MEHHTCH

A b

Omeem:

Ha pacctosinnu 400 M or Habmromarenss pabouue BOMBAIOT CBau
¢ NOMOLIbIO Konpa. KakoBo BpeMsi Mexay BUIHMBIM yIapOM MOJIOTa
0 CBAl0 M 3BYKOM YyJAapa, ycnblllaHHbIM Habmogatenem? CkopocTh
3ByKa B Bo3ayxe 340 m/c. OTBeT OKpYIJIMTE 10 AECATHIX.

Omeem: ¢
3BYKOBOIi CHIHAJ1, OTPA3UBILKCH OT NPENATCTBUS, BEPHYJICA 00OpaTHO

K HCTOYHHKY 4epe3 5 ¢ nocie ero ucnyckanus. KakoBo paccrosiHue ot
MCTOYHHKA 10 HPEMSTCTBHs, €CJIH CKOPOCTh 3BYKa B Bo3ayxe 340 m/c?

Omeem: M

Hlkana IJIEKTPOMATrHUTHBIX BOJIH. Jluana3zoHbl BOJIH pacnoJjiararoT-

Csl B ONpEIENeHHON MocienoBarenbHOcTH. [lo Mepe mepexoia OT OaHOro
[IMana3oHa K IpyTOMy YMEHbLLIAETCs JUIHHA BOJIHBL, @ 4aCTOTa YBEJIHMYHBACTCS.

Tun BoaHBI I'ne BcTpeuarores
Hu3K04acTOTHBIE JIMHUM neKTponepeaady
PannoBosinbl PanocBs3b, TEJIEBUACHHE, COTOBAs CBS3b
Hudpakpacnoe wu3nyde-|Cylika JaKOKpacOUHbIX MOKPBITHH, OBouIEH
HHE 1 (QpyKTOB, HarpeBarteibHble MPUOOPBI, MpH-

60pl>I HOYHOI'O BHACHUA

Bunumbeiii cBet 90% wuHdbopMalMH 00 OKpYXalIIEM MHpE,
390 HM < A < 770 uM Heo0X0IuM U1 POoTOCHHTE3a
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THn BoJIHBI I'ne BcTpeyaroTes

VYisrpapmnoneroBoe  u3- | [IurMeHTanms KoXxH, BeIpaboTka BUTaMHHA D,

Jy4eHHe OakTepuuKIHOE OeHCTBHE
PentreHoBckoe uinyuyenye | B MeauuriHe — H3ydeHHe BHYTPEHHHX OpraHOB
I'amMma-uznyveHue Brinensercs npy paJHOaKTMBHOM pacnaje U

TIpH SIEPHOM B3pPhIBE

38.

39.

40.

41.
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3A4A4YHN
Pacnonoxwure B nopsiaxe Bo3pacTaHus 4acTOThl JJIEKTPOMAarHUTHBIC
M3IIyYEeHHs Pa3HON MPHPO/IBL.

1) uHdpaxpacHoe uznyuenne CoaHua
2) PpPEHTreHOBCKOE H3JIyYeHHE

3) BUIOWMBIH CBET

4) ynbTpa@uONIETOBOE H3TYUCHHE

Omeem:

Pacnionoxurte B nmopsaxe Bo3pacTaHHsl [UIMHBI BOJIHBI JJIEKTpOMar-
HHMTHbIE H3IIy4€HHS Pa3HOH NPUPO/IbI

1) unbpakpacHoe uznyuenue ConHua
2) PpEHTIeHOBCKOE M3Jy4YEeHHE

3) wuznydenue CBU-neyeit

4) ynpTpadHOIETOBOE H3TyYCHHE
Omeem:

C xaKkoH CKOpPOCTbIO PacHpOCTPAHACTCA PEHTTEHOBCKOE H3yueHHE
B Bakyyme?

Omeem: KM/C

B konebatenbHOM KOHTYpe PaavONpPHEMHMKA YBEIMYHIH PacCTOS-
HHME MEXIy IUIaCTHHaMH KOHAeHcaropa. Beibepute d6éa BEpHBIX yT-
BEPXKIEHHUA. YKaXKUTE HX HOMEpa.

1) HHAOyKTHBHOCTL KOHTYpaA YBEIHYUIACD.

2) YacToTa npMHHMMacMOTro CUrHaJla yBEJIHYHIIACh.

3) JnuHa BOJNHBI IPUHHMAEMOTO CUI'Hala HE H3MEHHUJIAC.
4) DNeKTpOEeMKOCTb KOHACHCATOpa YMEHbIINIIACH.

5) Tlepuon xonebaTenbHOro KOHTYpa yBETHYHIICH.

Omegem:




12. OIITUKA

Ontuka — paszzgen u3MKH, B KOTOPOM M3Y4alOT CBET U CBETOBLIE SIB-
JeHHs.

Kopnycky/1apHo-BOIHOBOI aAyaan3M. JIns oObACHEHHS CBETOBBIX
ABJIEHUH ydeHbie (BO riase ¢ M. HeroTOHOM) Mpennoaokuiu, Yto CBeT —
9TO MOTOK yacTHL (kopnyckyn). [pyrue yuyensie (I'yk, ['tolireHc) ucnois-
30BaJIM NpEICTaBIEHUE O TOM, 4TO CBeT — 3TO BosiHA. CoBpeMeHHas Hay-
Ka CUMTaeT, YTO CBET UMEET JBOMCTBEHHYIO NpUpoay. Bnepsple 3Ty uacko
BuIABUHY Jlyn ne bpoiinb. CBer kak [MOTOK YacTHL — KOPNYCKYJ (§oTo-
HOB) TNIPOSIBISET ceOs MPH nocroujenuu u u3TyyeHuy aToMoB. B apyrux sB-
JICHUSIX, TaKUX KaK uHmepghepenyus, ouppakyus, oucnepcus, noispusa-
Yyusl, OH BeJeT cedsl KaK BOJHA.

3aKoHBI reoMeTPHYECKOH ONITHKH

Jlhyyu ceéema —— JIMHUS, BAOJIb KOTOPOH pacnpOCTPAHSETCH CBETOBAst
JHEprus.

3aKoH NMPAMOJMHEHHOI0 pPAacNpOCTPaHEeHHsA CBeTa BLIMIOIHAETCS B
OIHOPOJHOH Npo3payHoil cpene: ceem 6 0OHOPOOHOU NPO3payHoU cpede
PACRPOCMPAHAEMCSl NPAMOIUHERHO.

3aKOH NPAMOJIMHEHHOr0 pachpoCTpPaHEHHs cBeTa 0ObACHAET 0Opa3o-
BaHHE TEHH M TOJIYTEHHU, COJTHEUHOE U JYHHOE 3aTMEHHSL.

3aKoH OTpaXKeHMs BBITIOJHAETCS, €CJIM HA My- A C B
TH CBETOBOTO Jy4a BCTPETUTCS MJIOCKOE 3€pKalio: alB
nadarowguii vy AO, ompaxcennviit 1y4 OB u nepnen-
duryaap OC, eocemanog.1ennbili 6 moyke nadeHus,

2

Aaedxcam 6 0OHOU NIOCKoCcmu. Y2on nadenus o paeex yery ompaxcenus 3.

3akOH OTpaXeHHUsi OOBACHSET IMOJy4YeHHEe H300paKeHUs B 3epKale,
YCTPOHCTBO NEPUCKONA.
3aKoH npeJioMJIeHHS BBITIONHAETCS, €CAH Ha MYTH CBETOBOTO JIy4a
BCTPCYAETCA TPAHHLA JABYX IPO3pauHbIX cpel: nadarwwui ayy AO, npe-
Aomaennvin vy OB u nepnenoukyvasp xk epanuye 0gyx cped OC aexcam 6
OOHOTI NIOCKOCLL.
sinoe. n, v, A

= =Ny = — =

sin 3 o v: A
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r71e o — yroj naaeHus, 3 — yros npesoMiIeHus; n, — abCoNIOTHbIH TOKa-
3aTeNb NpPeJIOMJIEHHs NIEPBOI Cpedbl, U, -—— CKOPOCTh CBETa H A, — [UIHHA
BOJIHbI B NeEpBOH cpeie; #u,,V,,A, — BO BTOpOH cpede, #n;, — OTHOCH-
TeBHBIN N10Ka3aTeNb [PENIOMIIEHHS BTOPOIt CpeAbl OTHOCHTENBHO MEPBOMH.

AbcommoTHbIH NokasaTesb npejaomieHus — TabnuuHas BenvuuHa. Ero
ONPEAENIUIIN IKCIICPUMECHTATIBHO, paccMaTpHBas MpeIOMIECHHE CBeTa MpH
riepexo/ie U3 BaKyyMa B AaHHYIO cpely. HYem Oorbiie abCOMIOTHBIN MOKa-
3aTelib Cpellbl, TEM OHA cYMTaeTcs OoJsiee MIOTHOM.

n < n n > n,
A C A C
o
a
O \\\ 0
. . B
§! . \\\
B .

Ecnu ny4 nepexoaut w3 ontuyeckH MeHee IUIOTHOM Cpedbl B ONTHYE-
cKu Oosiee MIOTHYIO (JIEBbI PUCYHOK), TO OH OTKJIOHAETCS K MEPNEHIUKY-
aspy u o > .

Eciv nyu mepexoaut H3 onTHYeckW Oojiee IUIOTHOM cCpedpl B
ONTHYECKH MEHEE TUIOTHYIO (TIpaBblii PUCYHOK), TO OH OTKJIOHSETCH OT
TepreHAnKyapa H a < f3.

3aKOH mnpefoMieHus 0ObICHIET BO3HUKHOBECHUE MHpaxei, pedpak-
LMI0 B aTMOocdepe, SBJIEHHE OJHOTO OTPAKEHHS.

IlostHoe oTpaxeHHe ObIBaCT TOJILKO MpU
nepexosie cBeTa U3 ONTHYeCKH 0osiee MIoTHOH
Cpelibl B ONTHUYECKH MEHee TUIOTHYIO, T.e. KO-
rna n, > n,. B 3ToM ciydae npesoMJIeHHBINA

Jy4 OTKJIOHSIETCS OT MepreHauKyspa U [pH- 2N B

OJIMXKAETCsl K 'paHULIE pa3iiesia ABYX Cpesl. .

HacTtynaeTt Takoif MOMEHT, KOTa yroJ npejioMiaeHHs CTAHOBUTCS PaB-
HbIM 90°. Yros naneHus. npy KOTOpPOM yroJ1 npejioMiacHus pased 90°, Ha-
3bIBAIOT HPEOC.TbHbIM!

Sin e n-

H, .
R ° =— = SN Qe = —
sin 90 n, n
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IHoockasku K 3a0auam

OTpaikeHHe OT NJIOCKOI0 3epKaJia

Z AOM — yroa Mexay naiaoLiuM JIy4oM H
3epkaioM; < BOD — yron Mexay oTpakeH-
HBIM JIy4OM H 3epkaiioM; £ AOB — yroun Mme-
Ky NaJarolIHM H OTPaXKEHHBIM JTy4aMH

H3o6paxenue B 3epkaje

MHuuMoe, TpsAMoe, paBHOE N0 pa3Mepy, yaa-
JIEHHOE OT 3€pKaJla Ha TaKoe K€ PacCTOsSHHE,
YTO W TIpeaMeT

YenoBek BH/IEH B 3€pKaJjie B NoJHbIH pocT

Pa3sMmep 3epkana / = %

Yucao u3odpaxeHuit B 3epkajiax
N = 360°
a

1

7

3akoH npejoMJeHHs (BEepXHsS cpera — Ba-

KyyM)
sin o c ﬁ

sin f3 -

2} A,

OTpameHue H NpeJIOMJICHHE

a o
y+ao+p=180°
Y — Yrojdl MEXOy OTPaK€HHBIM H IIPEOM- Y
JIEHHBIM JIy4aMH
p
TeHb HA 1He A
DK wnu OC — riry6uHa Bogoema o o
D
DK — noasoaHas yacTth
AD — HaaBoHast 4acTh
BK — tenn B
B C K
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I'ny6uHa Boaoema
D
DB = — — HacTosas rinybuHa
tgf
oD
DK = — — kaxymascs rinybuHa
tga

3epKalo JIEKUT Ha JHE

AB — riiybuna BogoeMa

CD — paccTosiHHE OT MECTa BXOXK/ICHHUS JIyda
B BOZY /10 ME€CTa BBIXO/Ia
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3ALAYH

[lpeamer, ocBeileHHbIH MaJeHBKOH J1aMIIOYKOH, OTOpachiBaeT TEHb
Ha cteHy. Bricora npeamera 0,07 M, BhicoTa ero teHH. 0,7 M. Bo
CKOJIBKO pa3 pacCTOSHHE OT JIAMITOYKU [0 MPeIMETa MEHbIIE, YeM OT
JIAMITOUYKH 10 CTEHBI?

Omeem: B pa3

Tenb Ha 3KkpaHe OT NpeaMeTa, OCBELIEHHOTO TOYEYHBIM HCTOYHHKOM
CBE€Ta, HMeeT pa3Mephl B 3 pasa Oombille, 4yeM caM npeaMet. Paccros-
HHE OT MCTOYHHKA CBETa 10 npeaMeTa paBHO | M. Onpenenute pac-
CTOSIHHE OT IIpe;jIMETa 10 IKpaHa.

Omeem: M

Jly4 cBeTa majaeT Ha IUIOCKOE 3epKajio. Yron mnajeHus paseH 15°.
Onpeaenute yron Mexxay OTpa)K€HHBIM JY4OM H 3€pKajioM.

Omeem: °

Yron najeHus cBeTa Ha rOpU30HTAIBHO
PacHoJIOXKEHHOE IJIOCKOE 3€pKajio pa-
BeH 30°. Kakum Oyner yron orpaskeHus
CBETa, €CJIM MOBEpHYTh 3epkaito Ha 10°
TaK, KaK [I0Ka3aHO Ha pHCyHKe?

o

Omeem:

[Mpeamet HaXOAUTCS Ha paccTosHUU 50 cM OT mockoro 3epkana. Ka-
KOBO OYIET pacCTOAHHUE MEXAYy HHM M €ro H300pakeHHEM, €CIIH
npeaMeT npubAN3KUTh K 3epkaity Ha 15 cM?

Omeem: cM



6. Paccrosnue oT kapaHzala 10 ero H300paXkeHHs B IUTOCKOM 3epKalle
6bu10 paBHO 50 cM. Kapanpam oTomBuHyaM OT 3epkaia Ha 20 cm.
Omnpenenute, KakHM CTa10 PacCCTOSHHE MEXIY KapaHIAIIOM M €ro
H300pakeHHEM.

Omeem: cM

7. KakuMM OCHOBHBIMHM 3aKOHOMEPHOCTSMH OMHCBIBAIOTCS OTPaXXEHHE
U NIpesloMJIeHHe cBeTa?

OU3UYECKOE OCHOBHAA
ABJIEHUE 3AKOHOMEPHOCTbD
A) oTpaxeHHe CBeTa 1) msina = n,sinf
b) npenomienue ceera 2) a>a,

3) a=p

4) a+P=m

A b

Omeem:

8. B ngHO Bogoema BepTHKaibHO 3a0HMTa CBas JUIMHOM 3 M Tak, 4To €€
BEPXHUH KOHELl HaxoOHuTCa noJ BoAoH. Halaure JUIMHY TEHH OT cBau
Ha JIHe BOJOEMA, €CJIM YToJl MAaJCHHUs COJHEYHBIX JIyuyeil Ha MoBepX-
HOCTb Boztbl paBeH 30°. [lokasatens nmpenomieHus Boasl # = 4/3. Ot-
BET OKPYTJIUTE [0 JECATHIX.

Omeem: M

9. Ha ane akBapuyma riny6uHoi 20 cM JIeXHT mIockoe 3epkano. KakoBo
pacCTOsTHHE OT JIMIA YeJIOBEKA IO €r0 MHHMOrO H300paXXeHHS B 3€p-
Kajle, €CJIM OH paccMaTpHBaeT ero ¢ paccrosiHus 20 cM Haja NoBepx-
HOCTBIO BoAbl? Hcmonb3yiiTe, YTO Ui MaibIX YIJIOB tgal~ sina.

ITokasaTene npenomieHus Boibl 7 = 4/3.

Omeem: cM

JIMH3BI

JIMH3bI — Ipo3pauHble, OOBIYHO CTEKJISIHHBIE TEJa, OrpaHHYEHHbIE
JIByMs CHEPUYECKUMH MIOBEPXHOCTAMH.
Buael nun3;
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JIY4YH, €CJIM HaxoasTCsa B OINTHYCCKH MCECHEE
TLJIOTHOM cpeje

J{BOSIKOBOrHYTbIe JHH3bI PACCEHBAIOT JIYUH,
€CJIM HaXOAATCSA B ONTHYECKH MEHEE IJIOTHOH I
cpene

JBOSAKOBLINYK/IbIe JHH3bI: JIYTa, OOBEKTHB
doroannapara, xpycramuk riasa. Cobuparor
Py

pacCenBarOLIUMH, H COOHpAIOIMIUMH (IpUMeEp:
JIHH3bI B OUKaX)

BbINyK/10-BOTHYTbIe JAHH3bI MOFYT ObITh H (

YcaoBHble 0003Ha4eHUsI TOHKHX JIHH3

Cobuparowias nuH3a PacceuBatolas gun3a

1 |
\

O

AB — rnaBHas ontTu4yeckas och,

CD — nonoxeHue JHH3bI,

O — onTH4ecKHil UEHTp JHH3bI,

F\, F; — doxych! juH3bl,

o — (oKasbHas MI0CKOCTb MPOXOAUT ucpe3 (POKyC NeprneHauKysp-
HO AB,

/ — no0Go4yHas onTHYeCcKas OCb NPOXOAUT Yepe3 ONTUYECKHH LIEHTD,

I1 — nobouHbIli dokyc JIMH3BI — TOYKA nepeceueHus noboyHoi or-
THUYECKOH OCH U (HOKATIBHOM MTOCKOCTH.
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Xoa ayueii B cobuparomeii 1HH3e

1) Jlyuwm,

LICHTP JINH3bI, HE ITPECJIOMIISIFOTCS.

2) Jlyuu, napajulefbHbIe TJIAaBHOI OITHYUCCKOI
OCH, TIOCNIE TMPEeNOMIICHHs B cobuparoleil nHH3e

OPOXOAAT uepe3 GoKyc.

3) Jlyun, npoxomsiume uepe3 ¢okyc, mocie
NpeJoMJICHHST B cobHpalolliedl JTUH3e MNoiIyT na-
paJuIeNIbHO TJIaBHOM ONTHYECKON OCH.

4) Jlyyn, napasulenbHble MOGOYHOH oONTHYE-

NpOXOAsiIHE 4YEpE3 ONMTHUYCCKHH

CKOI1 ocH, IiepecekaroTcs B Ho60UHOM dokyce.

3apanmne. [locTpoiiTe X0 ay4a MOCjE MPENOMIICHHA B COOHpaIOLICH
JIHH3E.

2.

]

—

/

3.

4.

3ananwe. [TokaxkuTe nonoxenune Gokyca B cCOOHparoLICii THH3E,

2.

3.

4.

1/

A
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3apnanne. Onpenenyute NOCTPOEHHEM XOI BTOPOTO JIyda IoOCie Ipe-
JIOMJIEHHUS B COOMpaAIOLIEi JIMH3E.

1. 2. 3. 4.
2 2 1 —2 g v
/
/ \/, <
0) 0]
I\L___, //
)
N

4

H3o0paxkenne cBersiieiics ToukH B codupaoueii auH3e, [[1g no-
cTpoeHHs u300pakeHHs He0OXOJUMO MPOBECTH JIBa JIy4a, HAYIIUE OT CBe-
TAweHca Toukd. Ecnn myuu nepecexarotcs, TO B MECTE MX NEPECEYCHHUA
pacrnoyaraercs deiicmsumensiioe u3obpaxxeHue Toukd. Ecnu ayuu He ne-
PECEKAIOTCs, TO HEOOXOAMMO HANTH TOYKY MEepeceYeHus UX IMPOAODKEHUH.
B aToMm MecTe pacnonaraetcs mMrumoe n300paxKeHHe TOUKH.

3apanue. [locTpoiite n3o0pakeHHE CBETALIEHCA TOUKH B coOHparo-
1IeH JHH3E.

1. ToueuHbI HCTOUHHUK 33 (POKYCOM. *s T

2. ToueuHbIi HCTOYHHK TTEpe/T POKYCOM. T
+ i
O
S %
3. TouedHbli HCTOUHHK B GOKANBHOM MIOCKOCTH. .S T
1 ]
T
ol '
4. TouyeuHblH MCTOYHHK JIEXKMT HA I'IaBHOH OITTH- s T
YECKOH OCH. —*—t 5 l }

H3o6paxenue npeaMeroB B cobupalomedr aun3e. s nocTpoenus
n300paxkenus npeaMera AB HeoOX0AMMO OCTPOUTL H300PAKEHH TOYEK
A" u B'. Otpesok A'B’ — uzobpakeHHe IIpeaIMeETa.

1. Ecnu npeaMer HaxoauTcs 3a JBOHHBIM AT
dokycoM, TO u300paxkeHHe Oelicmeu- TO .
menvHoe, NePEeBEPHYMOE, YMEHbULEHHOE. B | ' l '
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A
2. Ecnu npeameT Haxoautcs Mexay ¢o- 1 AA
KycoM H IBOMHBIM (hokycoM, To H300pa- . 0 .
“ T T
KEHHe delicmeumensHoe, nepesepHymoe, B
yeenuueHHoe. v

3. Ecan npeamer Haxoautcs B (OKadb-
HOH MJIOCKOCTH, TO H300paXkeHUs HeT 1

s
1

A

OI '
4. Ecau npeaMeT Haxoautcs nepen ¢o- T
KycOM, TO H300paxkeHHe MHuUMOe, Hps- .
+
Ol
3aganne. [Toctpoiite H300paXkeHne MpeaMeTa HiH CBETALLEHCA TOUKH
B coOHparouieit TuH3e.

Moe, YBEIUUEHHOE.

1. 2.
/"] 11
5 o] B
3 4.
de—rt OT t f OT t
s °) =
Paccennammaﬂ JIHH3a
AB — rnaBHas onTHYECKas OCb, C
CD — nonoxeHue JHH3LI, { a
O — onTHYECKHH LEHTp JIHH3bI,
F 0]

|

1

|

:

Fy, F; — dokychl nMu3sl, i }
o — (QokarbHas wiIocKoCTs Mpoxo- A ! B

1

1

i

]

IHT Yepe3 $oKycC neprneHauKyspHo AB,
! -— noboyHas onTHYecKas oCh Ipo-
XOJIUT Yepe3 ONTHUYECKHH LICHTD, D N
1 — nobounwit ¢Gokyc JHH3BI —
3TO TOYKA NepeceyeHHs noOoYHOH ONnTH-
4eCKOM OCH U (OKaTbHOMH IIOCKOCTH.
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Xoza ny4eii B pacceHBaloLLei JHH3e

1) Jlyan, npoxonsiire 4epe3 ONTHYECKHIH
UEHTP JIMH3BL, HE MPENOMIISIOTCS. ) 0 |
T T
2) Jlyuu, napajuiefbHbie TJIaBHOH ONTHYE- \ /’
CKO# OCH, I0CJIE IIPEJIOMJIEHHS B pacceH- —_—
BaIOILICH AHMH3€ BBIXOAAT U3 oKyca. ,/"/ o N
1 T
S
3) Jlyuu, uayumme B dokyc, nocie mpe- \:/
JIOMJICHHS B pacCEHBalOLIeH THH3E NOHayT —
MapauiejibHO IV1IaBHOH ONTHYECKOH OCH. O\‘\\L
T T
F F
A

4) Jlyuu, napauieiabHbIE 00OOYHON ONTH-
4eCKOH OCH, BBIXOAAT U3 nobouHoro ¢o-
Kyca.

3ananne. [loctpoiite x0a syya Hocne MPeIOMJIEHUS B PaCCEHBAIOLIEH

JIUH3EC.
1. 2.
b
(6] t +
—t A
3. 4.
t ‘\\\\\‘l 4 o !
T s |
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3ananne. [lokaxure xox jiyua O NpeIoOMIIEHHS B pacceUBaloLei

JIMH3C.
1. 2.
. TO . ,/To .
t J\ T 1 l T
3. 4.
Y,
L 5 B ’V
+ t - }
S )
A

3aganue. [TocTpoiiTe nonoxenue PoKyca B pacceUBAIOILEHN JHH3E.

— )
B N

3aganme. Onpenenure MOCTpOEHHEM XOA BTOPOro Jjyda B pacceu-

BaloLIEH JIMH3E.

1.

4

2.
1/
]/K
2\i
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v A//\

H3o6paxeHue npeaMera B paccenBaloie Jun3e

1. Ecnu npenMer Haxoautcs 3a
JIBOMHBIM (OKYCOM, TO H300paxe-
HHE MHUMOE, NpAMOE, YMEHbULEH-

A

-+

2. Eciiu npeaMeT HaxoauTCs MEX-
Iy GOKYCOM U JIBOHHBIM (JOKYCOM,
TO M300paKEHUE MHUMOE, NPAMOE,
YMeHbUEHHOe.

0]

T

3. Ecnu npeaMet Haxoautes B ¢o-
KaJbHOH IIJIOCKOCTH, TO H300pa-
XKEHUE MHUMOe, npamoe, YMeHb-

UIEHHOE.
b
A

4. Ecnu mpeaMer HaxomuTcs Iie-
pen QokycoMm, TO H300pakeHHE
MHUMOE, NPIAMOe, YMEHbUIeHHOE.

3ananue. IlocTpoiite 300paXkeHHe CBETAIIENHCS TOYKU UM NpeaMeTa

B pacceHBarouieif 1MH3e.

1.
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Eciu onTHyeckas CHCTeMa COCTOMT M3 ABYX JIMH3, TO CHayala CTPOST
nzobpakeHne B NepBOi JiMH3e. IMEHHO OHO CTAHOBHTCH MPEJMETOM i
TIOCTPOEHHS H300paKEHHs BO BTOPOit JIMH3E.

3ananue. IloctpoiiTe u3oOpaxxeHHe CBeTALICHCA TOYKH B CHCTEME
JIBYX JINH3.

3ananue. Onpenenure NOCTPOCHHEM MOJIOXEHHE ONTHYECKOTO LICH-
Tpa, GOKYCOB U BU/{ JIMH3BI.

1. A'T 2. A
A A’
5t !
B’ B
3 A g A
B _B' | B’
Al B lA’
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3ananne. Ilo onucaHuio N300pAXKEHHS ONpPEACIHTE BH JHH3BI U BOC-

CTAHOBHUTE MOJIOXKCHUE NPEAMETA.
1. 2.
A’ * A’
1
Il = } i 1 }
B’ B’

. HzobpaxeHue: Mmuumoe, npsimoe,
UzobpaxeHue: OdeticmeumensHoe,
VYMEHbUICHHOE

nepeseprymoe, yeeiaudeHHoe

3. 4,
a
|
|
|

v

A’ T
BI

H3o0paxxeHue: delcmeume.bhoe
p ’ H3o0paxeHue: MHUMOe, npamoe,

nepesepHymaoe, VMEeHbUIEHHOe
P PHy ; VeeIU4eHHoe

dopmy,jia TOHKOH JHH3BI

1 11
t—=t—t—,

F d f
rae F'— dokycHoe paccTosiHue, d — pacCTOSIHUE OT JIMH3BI JI0 IPEAMETa,
f— paccTosHUE OT JIMH3BI 10 U300paXKEHHUs (10 FKpaHa).

3Haku B opMy./1e TOHKOH JTHH3BI

+F +d +f
cobuparollas JnuH3a JACHUCTBUTENbLHBIN JIEHCTBUTENBHOE
HCTOYHUK n300pakeHue
-F —-d -f
paccerBarolas JIMH3a MHHMBIH HCTOUHUK MHHMOE H300paxeHue

JluHeliHOe yBeIMYeHHE JUH3bI

r-2
h d

rae h — BbICOTa NpeaMeTa, - — BbICOTa H300paXKEHHUS.
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OnTHYeckas cHJIa JIHH3BLI — BEIHYHHA, 00paTHas QOKYCHOMY pac-
CTOSIHHIO.

®opmyrna U eau- I +D y cobuparoliei THH3bI
D =+ — (nnTp) N

HH1Ia H3MEPEHHS F —-D y pacceuBarolieii JTHH3bI

OnTHueckas cuia D=D +D,

COCTAaBHOH JIMH3bI

Brumanue. Ecnu B yCll0BHH 3a1a4H BCTPEYAETCA ONMTHUYECKAs CHIIA, TO
F,d, f obsa3arensho Boipaxats B CH, T.e. B MeTpax (M).

JeiicTBUTe/IbHOE H300pakeHHe B coOMpaloLiel THH3e
(u300paxkenHe Ha JKpaHe)

Ycnosue, mpu KOTOpoM Habnopa-
eTcs Takoe u3obpaxenue: d > F . h
3Hak QOKYCHOIro pacCTOSHUA: +F .
3HaK pacCTOSHMS OT JIMH3bl IO

npeameTa: +d .

3HaK pacCTOSHUS OT JIMH3bI O H30-
OpaxeHus: +f .

. 1 1
CDopMyna TOHKOH JIMH3bI: -—F— = —+ —.

d f

Pacctosnne ot npeamera 1o uzobpaxkenus (3kpana): f + d .

MuuMoe yBe/lHUeHHOe H300pakeHHe B coDMpaloLeii JTHH3e

YcnoBsde, npH KoTopoM Habunoaa- e 4

- \\\\
eTcst Takoe uzoOpaxeHue: d < F . HE s

3Hak GOKyCHOro paccTostHus: +F . }: \,

3HaK pacCTOAHHMS OT JIMH3BI [0 ! T~
npeameTa: +d . S ©

3HaK pacCTOSHHA OT JIMH3bI JO H30- Jv
Opaxenus: ~ [ .

lanans

. 1 11
dopMysa TOHKOH JIHH3BI: — = — — —.
F d f

PaccTosHue ot npeamera 10 uzobpaxenus: [ — d.
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MHuuMoOe yMeHbILEeHHOE H300pakeHHe B pacCeHBaloLIel JIHH3e

YcnoBue, NpH KOTOpoM HabiroaaeT- \
csl TaKkoe U300paXcHHe: NIpH obom d. h T H.~
3Hak GokycHOro paccrosHus: —F. = }
3HaK pacCTOSHHUA OT JIMH3BI [0 i 7 O
npeaMerta: +d. A

3HAaK pacCTOSHUSA OT JIMH3bI A0 U300paxkeHus: —f.

11

DopMysIa TOHKOM JIHH3bI: — = =

d f’

PacctosHue ot npeamera no uzodpaxeHus: d — f.

IToockasku k 3a0auam na nocmpoenue napanniebHblx
JIyuell 6 OnMuYeCcKux Cucmemax

Onmuueckan cucmema
u x00 nyqeit

Yepmedsc u noockaska

1. Cucrema aByx coGupato-
IIMX JUH3 (NaJalolllie U Bbl-
XOJALUME JIYYU NapaliebHbl
IJ1aBHON ONTHYECKOH OCH)

— A A
F‘/y >
_)/\-——)
v v
®dokyc BTOpOil THH3BI JIEKHUT B dokyce
nepBoH

2. Cucrema coOuparoried u
pacceuBaroiiel JUH3bL (Ma-
JAIOIIME W BBIXOALIME JIY4YH
napaJijie/ibHbl TJIABHOH OMNTH-
4YECKOH OCH)

A Y
—N
\r——>
. F
_"‘—>
—
A

®dokychl pacceuBawolled U cobuparo-
1€ TUH3bI COBMAAIOT

L= Fcoﬁup. - F

paccens.

L — paccrosHne Mex1y JIMH3aMH

3. Cucrema cobuparolei
JIMH3bI U 3€pKajia (najgarpinue
Y BBIXOJALUME JIy4yd mapa-
JICJIbHBI [JIABHOHW ONTUYECKOMN
OCH)

3epkano pacrnonaraercsa B (okyce co-
OuparoLueH JIMH3bI

L=F
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Onmuyeckan cucmema
s Yepmeosic u nodckazka
u xX00 ayuei
4. CucTeMa pacceuB4aroIICH U
coOuparoleil AnH3bl  (yuM S~
HUAYT OT TOYEYHOr'0 UCTOYHH- '\x
Ka, a BBIXOAAT MNapaiebHO >
IJ1aBHOW ONTHYECKOH OCH) 11 1 -
- = - 1
Fpacceus dl ﬁ
L = Fcoéup - ﬁ
3A0AYHN

10. Ompenennte yBeaudeHHe, AaBaeMoe JIMH30H, QOKYCHOE pacCcTosHHE
koTopo# pasHo 0,13 M, ecrii npeaMET OTCTOUT OT Hee Ha 15 cm.

Omeem:

11. Haiiaure ontuueckyr cuiy oOBEKTHBA IMPOSKUMOHHOIO amnmapara,
€CJIM OH JaeT ABa/IIATHKPAaTHOE YBeJIHUEHHE, KOFAa Clai HaXOAUTCS
OT HEeTO Ha PacCTOSAHHH 21 cM.

Omesem: ANTp

12. Ha skpaHe C MOMOUILIO TOHKOH JIHH3bI ¢ (DOKYCHBIM PACCTOSIHUEM
F =48 cM nonayyeHo ueTkoe U300pakeHHe NpeAMETa, HaXOaALerocs
Ha TJaBHOM ONTHYECKOH OCH Ha PAcCTOSIHUM, paBHOM 1,5F oT nuH3BIL.
Onpenenure TMHEHHOE YBETHYCHHE ONTHYECKOH CUCTEMBL.

Omeem:

13. Ha sxpaHe ¢ noMouUIbI0 TOHKOH JHUH3BI C (OKYCHBIM PACCTOSHHEM
30 cM mnosnydyeHO yeTkoe H300pa)keHHe MpeaMeTa ¢ TPEXKpPaTHBIM
yBeanueHHeM. KakoBo paccrosiHue OT mpeaMera 0 3KpaHa C €ro
n3o0pakeHuem?

Omeem: M

14. PaccTtosHue Mexay npeameToM H 3kpaHoM 0,75 m. JIuu3a, nome-
LIEHHAs MEXy HMMH, JaeT YeTKoe H300pakeHHEe MpH ABYX €€ MOoJIo-
KEHUAX: OJMH pa3 yMEHbLIEHHOe, a JPYroil pa3 — yBEJIHYECHHOE.
YBenuueHHoe M300paxkeHHE IpeaMeTa Oofblie CaMoro Mpeamera
B 2 pa3a. UeMy paBHa onTHuYeCKas CHJIa JIHH3LI?

Omeem: _____ antp
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BoJsiHOBBIE CBOMCTBA CBeTa

benviti ceem — cnooicnoiit ceem.

H. HetoToH BriepBhie pa3inioxkus Gesblil CBET Ha Co- K
CTABJIAIOLUUE €r0 NYYKH pazHoro usera. [Ing 3Toro oH
NPONYCTHJ Y3KHH ITy4OK CBETA Yepe3 TPEYTOJIbHYIO Y
CTCKISHHYIO MpH3MY. PaayxHyl Mojocky, MOJY4eHHYIO Ha 3KpaHe, Ha-
3Banu cnekmpos. HblOTOH yBHIEN B HEM CEMb LIBETOB.

Ppasa-noockaska: « Kaxxaplii 0XOTHHK 2KeJ1aeT 3HATD, 1€ CHAMT (pasaH».

JducnepcHa — siBieHHE pa3jiokeHHs Oeoro cBeta B CHEKTp. benblit
CBET COCTOMT M3 3JIEKTPOMArHUTHBIX BOJIH pa3HOH yactoTsl. [lonmaxas B
NpU3MYy, 3TH BOJIHbI MO-Pa3HOMY NpeIoMIAOTCA (OONblIe BCEro MPesioM-
JIAXOTCS BOJIHBI, COOTBETCTBYIOLIUE (PHOJIETOBOMY LIBETY, MEHbLIE — Kpac-
HOMY) M M3MEHSIOT CBOI CKOPOCTb (OBICTpEEe BCEro HABHXKYTCS «KpacHble
BOJIHBI», MeIeHHee — «(hHONETOBbIE»). JJucnepcus — 3aBUCUMOCTD a0-
COJIFOTHOIO TMOKA3aTeJIsA MpPEeOMIIEHUS BEIIECTBA OT 4acToThl # = f(V).

[Ipumep aucnepcun — paodvea. Pagyra — 310 pasnoxeHue 6enoro ceera
Ha Karisx J0X/s.

CaeT ¥ UBer
Csemoghunomper — Tpo3pavHble TENa, KOTOPBIE NPOIMYCKAIOT ONpee-
JICHHBIE JUTMHBI BOJH, a OCTaJIbHBIE MMOTJIomatoT. IlpuMep ¢ CHHUM CBETO-

bHIBTPOM

benwiii ceet Cunuii ceeT

> >
> r 4

ITocne npoxoxaeHus yepe3 cBeToMuIsTp O€TIbIi CBET CTAHOBUTCSA MO-
HOXpOMamu4yeckuM, T.€. CONEPHKHT JJIMHY BOJHBI, COOTBETCTBYIOLIYIO O/~
HOMY LIBETY.

L{sem mea onpenenseIcs TeM, Kakue ATUHbI BOJIH Teao orpaxaeT. Ha-
NpUMep, KpacHble Tejla OTPAXKAIOT JUIMHBI BOJH, COOTBETCTBYIOLME Kpac-
HOMY HLIBETY, a OCTajlbHble morjowaroT. I[IpeaMer yepHoro usera Bce Mo-
rJIolaeT, a 6eoro oTpakaeT Bce JJIMHBI BOJIH.

IlBeT Ten Takke 3aBMCMT OT UBETa najaarouiero ceera. Jlydme Bcero
3TO HAbOII0AaTh, OCBellas Oe/ble NPEAMEThI Yepe3 pa3tble CBETOGUIBLTPBI.
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IMoaspusauusn

Ilon nonxpmauueﬁ CBETA NOHWUMAIOT BLLJICACHUE U3 €CTCCTBEHHOIO
CBETa CBETOBBIX KOJeOaHUH ¢ ONPECICICHHBIM HANIPABACHHECM BCKTOpA HA-

NpsHKeHHOCTH E .

SABnenue NnoJisipu3aluu J0Ka3blBA€T BOJHOBYHO 1IpUPOAY CBETa U HO-

nepeyHocms CBETOBBIX BOJIH, T.¢. U L B L E.

OnbIThHI € noJsiponaaMu

Oo0bsacHeHHe

I. EcTeCTBEHHBIH CBET MNPOXOAUT
yepe3 KPUCTA/Ul TypMajluHa (noas-
pouo)

[MTonspoun
%i
EcTecTBeHHBIN HOM?”””“'
HBIH CBET

CBET

EctrecTBCHHBINA CBET — 3TO 3JICK-
TPOMArHUTHBLIE BOJHBI,
pbIX KosieOaHUs BeKTopa Ha-

B KOTO-

npsokcHiocTH E - nlexat B pai-
JIMYHBIX MJIOCKOCTAX.

Hoc:ae npoxoxneHHs 1oJspou-
[1a OCTalTCA BOJIHbI, B KOTOPbIX
konebanus E 7nexar B OIHON
njockoctd. Takol cser Haszbi-
BAIOT NOIAPUIOGAHHBIN

2. Ha nyru ceeta nBa mnonspouia
OJMHAKOBOT0 HaMpaBICHUS
[Tonsipu3oBaHHbIH CBET

’ ‘ [Tonspuso-

BaHHBIH
CBET

EcrecTBeH-
HEIH CBET

BTopoii kpucTann 4acTH4YHO Mo-
I0I@ET CBET M COXpaHser
1JI0CKOCTh NOJISPU3alMH

3. Bropo# nonspoun NoBepHyIH Ha
90°
[TonsipuzoBanHbii
LBc

EctecTBeHHBIH

cRET Caera HeT

Uepes BTopoii 1ojspon Moriu
Obl NPOIiTH BONHBI, B KOTOPBIX
KOslcOaHHst BEKTOpA HallpshKeH-
HOCTH JICWKAT B l'Opll'}l)ll'lehl[O“
1iockocTH. Ho B mazatowuem ro-
JIAPU30BAHHOM CBETE TAKMX BOJIH
Her. [ostomy cBet uyepes BTopoi

HOJIAPOILL HEe TTPOXOAHT

353




HurepdepeHums — caoxeHHe BOJIH OT KOT€PEHTHBIX HCTOYHHKOB,

HHuTepdepeHuns MexaHHYECKUX
BOJIH

HUnrepdepenunsn cera

[IpuMepsl: HCMOIHEHHE MY3bIKH
OpKECTpOM, HHTepdepeHUHOHHas
KapTHHA Ha BOJIE

IlpuMepsl: pagyxHasg oOKpacka
MBUIBHBIX IIy3bIp€d M MacifHbIX
NATEH Ha BOJE

Kocepenmuvie ucmoynuku — 310
COIJIaCOBaHHbIE MEXAy coOOH Hc-
TOYHHMKH, KOTOpble KONeOIIoTCs C
ONMHAKOBOH 4YacTOTOM M pa3Ho-
cTh10 Qa3

N3-3a 00NBILIOH YacTOTHI COraco-
BaTh BOJIHBI, MAYILIME OT pa3HbIX
HCTOYHHUKOB CBeTa, Heab3d. [lo-
9TOMY CKJIaAbIBalOT BOJIHBI, HIY-
lHE€ OT OJHOr0 HCTOYHMKA, HO
TIpoILIeALIHE Pa3HbIi NYTh

Paznocmb xoda — pa3HOCTh B PACCTOSAHUAX OT HCTOYHUKOB KoseOaHHi

IO U3y4aeMoi TOUKH Ad(M)
Ad =

12 _lll

A

B Touke A NpOMCXOAUT HAJIOKEHHUE
IBYX BOJIH (unmepghepenyus).
Ecnu rpebeHb 0JHOH  BOJIHBI
HAJIOXKUTCA Ha rpedeHb JIPYyrow, To
NpoU30HAET yculieHHe KoJiebaHui
TOYKH A (001acmb Mmakcumyma
KoaebaHuil).

Eciu rpebeHbp 01HOH  BOJIHBI
HAJTOXUTCS HA BMAAUHY APYTOH,
TO KoJieOaHHH TOYKH A He OyaeT
(0baacme MuHuMyMA)

Ha skpaHe HabmogaeTcs HMHTEp-
dhepeHLMs cBeTA.

B HekoTOpBIX TOYKAaxX HaJIOKEHHE
CBETOBbIX BOJH [MPUBOAHUT K
YCUIJIGHHIO CBETA (A).

Obaacme Makcuvyma:

«CBET + CBET = APKUM CBET».

B apyrux toukax (B) — k ero
ocabIeHHIO CBeTa.

Obaacme Munumvma:

«CBET + CBET = TCMHOTa»

YC10BHS MAKCUMYMa H MUHMMYMAa HHTepdepeHLHH
Venosue makcuvyya (BoaMel IPUXOIAT B ¢aze):

A

Ad = nA nnu Ad:2n-§.

Veaosue munumy.va (BOJHbBI IPUXOAAT B IPOTHBO(dase):

Ad:(2n+1)%.
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JAudppakuns

Jludpakuusi — orubaHHe NpensaTCTBUH, CPABHUMBIX C JUTHHOH BOJIHBI.

[pumeps! 1UdPaKUHU MEXAHHUECKHX BOJIH: CJIBILIMM 3BYKH Yepe3 OT-
KPBITYIO JBEDb.

Ipumeps! AMdpakUK CBeTa: pagy*Hasi OKpacka KpbUILEB CTPEKO3bI;
00pa3oBaHHE CBETJIBIX H TEMHBIX M10JIOC MOCJIE NPOXOXKAEHHUS Y3KOH ILEIH.

JudpakuuonHas pemieTka — [PO3pavyHas MIaCTHHA, COCTOAIUAsA 3
6OBIIOr0 YHC/a MapauieNbHblX wened. Ecnm Ha nudpakuHoHHyo pe-
HIETKY MaJaeT MOHOXPOMAaTHYECKUH CBET, TO Ha DKPaHe MOJy4aroT HHTEp-
(hepeHLHOHHYIO KapTUHY — YepelOBaHHE CBETIbIX U TEMHBIX IOJIOC.

| |
T
—

+2 max
+1 max

Hentpanbuplii
MaKCHMYM

1 max

1 -2 max

AB — Henpo3pauHas yacTts petietkn; BC — npo3spayHas yacTh,

AC = AB + BC = d — nepuon peuieTKH, NOCTOSHHAS PELIETKH,

AP — pasHOCTb X0/1a COCETHHX MApaIENbHbIX Iy4eH,

AK = b — nepneHauKysp K peleTke (pacCTOSHHE OT PEIIETKH 0
JKpaHa),

K — ueHTpanbHbli (TIaBHBIH) MAKCHMYM,

KM = g — paccTosiHHe OT LEeHTPaJbHOTO MaKCHMyMa IO MakCHMyma
n-TO NopsAKa,

(p — YroJl OTKJIOHEHHA JIy4a OT IIepIeHAnKyspa,

N —— 4HCJI0 ITPUXOB HA JUIHHY /,

AP = dsin ¢ — pa3HOCTb X01a napaUIeNbHBbIX JTy4eH.

H3MeHeHHuss IHPPAKLHOHHOH KAPTHHbI

1. Ecnyn Ha au¢pakiMOHHYIO pelieTKy naaaer Oesblil CBET, TO B LIEH-
Tpe Oyzner Oenas moJjioca (BHIMOJHAETCA YCJIOBHE MakCHUMyMa IUIS Bcex
BoJIH). [1o 06e cTOpoHbI OT Hee pacronaraloTcs YepeayolHecs pasyX Hble
MOJIOCKH.

VYcnoBue MakcuMyMa s HauOOJIbIIEH JIMHBI BOJIHBI B OMPEIEIICH-
HOM CHEKTPaJIbHOHU MOJIOCKE

a,

b

= A -
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YcnoBHe MakCUMyMa JUISi HAMMEHbBIIIeH IUTHHBI BOJIHBI B TOU e CIIeK-
TPaJIbHOM MONOCKeE:
a,
—_— = n)\«min .
Illupuna cniektpa: a, —a, .
2. Eciiu u3MeHUTh UIHHY BOJIHBI NT3AaK0UIero Ha AHGPaKIHOHHYIO pe-
LIETKY CBETA, TO NOJIOXKeHHE UHTepdepEHITMOHHBIX NoJIoC OyIeT cMenaThbCes.
YcnoeBue MakCHMyMa JIJIs IEPBOH BOJIHBL;
a
—1 = n}\l .
b
YcnoBue MakCHMyMa JIJI HOBOH BOJTHBI:
a,
d‘:‘ = n)\.z .
b

3. Ecnu u3MeHuTh IMQPaKIHOHHYIO pelIeTKy (4HCIO LITPUXOB), TO
NOJIOXKEHHE HHTEeP(EPEHIMOHHBIX NOJIOC TaKoKe OyIeT CMenaThCes.
VYcnosue MakcuMyMa 1S IEPBOH pelIeTKH:

¢ a
— L.
Ny b
YcnoBue MakCHMyMa U1t HOBOH peLIeTKU:
{ a
— 2.
Ny, b

4. Ecnu nudpakudoHHYIO pelieTKy noBepHyTh Ha 90°, To nudpakuu-
OHHas KapTHHa TaKxe noBepHeTcs Ha 90°.

Ioockaszku k 3a0auam

YcioBHe MakcuMyMa Ui AMGpaKUHMOHHONH pelIeTKH dsing = n\
TTopsi1I0K MAaKCUMYMa: nepéblii, 6Mopol U m.o. n=1;n=2..
«HanGonpmuii nopanok crnexrpa»
Yumume: nopsnok cnekTpa BCeraa LENoe YHCIO, sing ~ 1
| IOITOMY CM€JI0 OTOpAckIBalTe APOOHEBIE YaCcTH
[Tepnop peweTkn d= 1z
N
Cunyc yrna npu HeOOobLINX 3HAYEHHSAX _a
sing = tge = —
b
Vroa Mexay MakCHMYMaMH MIepBOro Nopsaka B =20
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YINPAXHEHUA

Ha andpakiimoHHYI0 penieTky HOpMalibHO NajxaeT y4ok cBeta. Uro-
Obl yBUAETH KPAacHYyIO JUHUKO (A = 700 Hm) B CIIEKTPE BTOPOro I10-
pAlKa, 3pUTENbHYIO TPYOY MPHLLIIOCH YCTAHOBHTB MOA yriom 30° k
ocu kosunMmaropa. Haiaute nepuoa audpakuMOHHOH pelIeTKH.

(2,810 °°m)

Onpenenute AJIUHY BOJIHbBI [T JIMHUH B JM(PAKIIMOHHOM CMEKTpPE
TPETbLErO NOpAAKA, COBNAAAOIIEH C JIMHUEH CrekTpa 4eTBEepToro rno-
paaka ¢ JyIMHON BOJHBI S10 HM. (680 HM)

JudpakunonHas peuietka umeeT 120 mrpuxoB Ha 1 MM. Haligurte
JUTMHY BOJIHbl MOHOXPOMATHYECKOI0 CBETA, NaJaolllero Ha peuleTKy,
€CJIM TIepBbIl MAaKCUMYM Ha0Ji0AACTCA MOJ YIJIOM, CHHYC KOTOpOro
0,06. (500 um)

Ha nudpakunoHnyto pemetky, umerollyto 500 mrpuxoB Ha 1 MM,
nagaer mjaockas MOHOXpoMaThdeckas BosiHa. JluHa BosiHb 750 HM.
Onpenenutre HauOONbIIUH MOPANOK CIEKTPa, KOTOPBIH MOXHO Ha-
OMroaaTh NpU HOPMATLHOM NaJEHUH YUY€l Ha peieTky. (2)

Ha audpakimonHyio pemetky, umcroiyro 100 mwtpuxoB Ha 1 MM,
HOPMa&JIBHO MajaeT cBeT MIMHOH BoiiHbI 600 HM. Omnpenenure CUHYC
yriia, nojl KOTOpbIM Ha0JIt01aeTCd MAKCUMYM TpeThkero nopsaxa. (0,18)

CKOJIBKO LUTPUXOB COJAEPXUT AUGPPAKIMOHHAs pelleTka Ha 1 cwm
JUIAHbL, €CJIH TIPH HOPMAJIBHOM M3aEHHH Ha HEC CBCTA JAJMHOHN BOJIHBI
500 HM, MaKCHMYM BTOPOI'O MOpsijiKa Habmogactes noja yriaom 30°?

(5000)

Haiinnte HauOonblUit NOPSIOK CHEKTPA AJIS JKEATOH JIHHUM HATpUS
(A = 589 HM), eciu nepHoz peuleTKH paBeH 2 MKM. (3)

Kaxo# HanbonblIMi MopsaoK cnekTpa MOKHO Habnioaarbh € MoMo-
b0 AM(PpaKLMOHHON penleTku, umetomed 500 wrpuxoB Ha 1 MM,
NIPU OCBEILEHUH €€ CBETOM IJIHHOM BOJIHBI 720 HM? (2)

Ji1a onpeaeneHnus UIMHBL CBETOBOH BOJNHBI MCMOJL30BAIM AUDPAK-
LUHOHHYIO pelieTKy ¢ nepnoiom 0,01 mm. Ha skpane nepsbiit Makcu-
MyM MOJIY4HIIH Ha paccTossHHH 11,9 ¢M OT ueHTpanbHOoro. DKpaH oT-
CTOMT OT pewleTki Ha 2 M. Yemy paBHa aaunHa BosiHbl? Cuuraiite
sing = tg @. (595 nm)
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JIeMeHTbI TCOPHH OTHOCUTC/ILHOCTH

IIpuHUHMNbI OTHOCHTeIbHOCTH [anies

1. Bce MexaHuueckue mpoLecchl B MHEPIHATIBHBIX CHCTEMAxX OTCcYeTa
NPOTEKAIOT OJMHAKOBO.

2. IlpaBuiI0 ClIOXKEHHS CKOpOCTEH

0V =0+u.

IIpHHUMIIBI OTHOCHTEILHOCTH JHHIITEHHA

1. Bce ¢u3Mueckue npouecchl B MHEPUHANBHBIX CHCTEMax OTCYETa
HPOTEKAOT OJJMHAKOBO.

2. CkopocTh cBeTa B BaKyyMe OJWHAKOBA IS BCEX WHEPLMANBHEBIX
cucTeM oTcyera. OHa He 3aBUCHT HH OT CKOPOCTH HCTOYHMKA, HH OT CKO-
POCTH IIPHEMHHKA:

c =const, c =3-10° m/c.

IHomuume, uto, cornacHo Teopur DiHUITEHHA, BO BCEX HHEPIIHATBHBIX

CHCTEMax oTcyeTa GU3HUecKHe 3aKOHBl HMEIOT OHHAKOBYIO (GOpMY.

CileacTBHA M3 TEOPHH OTHOCHTEILHOCTH DifHIITEHHA
(peassTHBHCTCKHE IPPEKThbI)

Cas3pb YMeHBIICHHUE ANTHHB] | Y BETHUEHHE HHTEPBAIOB
MAaccChl H SHEPruH BpPEMEHH

E = mc?
AE = Amc”

CrnoxeHue cxopocTeit

, _ L+u
vu
I+ —
C
— EHOZIIH v
C
IMonnas sHeprus Kuneruueckas Pa6ora paBHa
E SHEpPrus H3MCHCHHIO 3HEPIruH
2 2 2
NoJiH m )(‘
EA - ( _ mﬂcz A = mycC myc

C
’ 2 2.2
Enom( =cC p + mOC
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15.

16.

17.

18.

3A0AYN

B HekoTOpoH cHCTeMe oOTcu€Ta C OJMHAKOBBIMH CKOPOCTSIMH
100 000 km/c OBHXKYTCS HaBCTpeuY JPYT APYTY ABE CBETALIHECH KO-
MeThl. UeMy paBHa CKOpPOCTb CBE€Ta, HCNYLIEHHOTO NMEpBOH KOMETOH
OTHOCHTENBHO BTOPOii?

Omeem: KM/C

Bpems jKM3HH 3apsSHKEHHBIX YAaCTHL, MOKOSLIMXCS OTHOCHTENBHO YC-
KOpUTENS, paBHO T. Bo CKONMBKO pa3 yBeTHUYHTCA BPEMS JKH3HH yac-
THLI, KOTOPBIE IBUXXYTCS B YCKOpHTENE cO ckopocThio 0,6¢?

Omeem: B pa3

DHeprus mokos npoToHa paBHa 9,4-10° 3B. Ha ckonbko mosHas

JHEPIUsl NPOTOHA MPEBOCXOJUT FHEPTHIO MOKOS MPH CKOPOCTH JBH-
weuus 0,6¢?

Omeem: M>B
OJNEKTPOH M MO3UTPOH INPH CTOJIKHOBEHHH MOTYT HUCUYE3HYTh, MOPO-

IUB HECKOJIBKO (POTOHOB. DHeprus nokos uekrpoHa 0,51 M»aB. Ka-
KOBa MHHHUMaJIbHAs CyMMapHas dHeprus 3THX GOTOHOB?

Omeem: M5B
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13. KBAHTOBAS ®HU3UKA

TemiaoBoe H3JIYYECHHEC

B Havane XX B. HONBITKH OOBSCHUTE SIBJICHHS TEIUIOBOTO H3Jy'ICHHS,
dororddexra u Ap. IPUBENH K CO3AAHUIO KBAHTOBOH TEOPHH.

Mozens abconoTHO
4€pPHOTo TeNa

Ecnu HarpeTb cTeHKH abCOMIOTHO YEPHOTO Tena, TO HHTEHCHBHOCTb
H3TyYEHHUS HE 3aBUCHT OT MaTepuasia, U3 KOTOPOro CTEHKH MU3rOTOBJICHEI, a
orpeaessieTcs TOIbKO UX TeMmrepaTypoil. CoHIIE U 3BE3/bl HMEIOT N0A06-
HOE M3NTyUeHHe.

LiBeT abCOMIOTHO YEpHOro Tesla MOXET OBbITh JIOOBIM W 3aBMCHUT OT
teMnepatypsl. Hanpumep, xonogusim 3Be3aam (3000 °C) cootBercrByeT
KpacHbld LBeT, Oonee HarpeTeiM (6000 °C) — >kenThlil, caMbIM rops-
yuM — rony6oii (10 000 °C).

IKCIIEPHMEHTANbHANA 32aBUCHMOCTh H3JIyYeHHs
a0Co/IIOTHO YEPHOTO TeJIa OT TeMIePaTypbl

L>T, >T IL>T, >T
T,

T,

>A

|
l:l
] ! >V

C pocToM Temmeparypbl HHTCHCHBHOCTb H3JIyY€HHs pacTeT. M
MaKCUMYM HHTEHCHBHOCTH CMCLIACTCA B o0nacTh KOPOTKHX BOJIH (I/I.HM
GOIBIIMX YaCcTOT).
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Jis oObACHEHHST 3TOH 3aBHCHMMOCTH Y4Y€HBIE MPEIATIONIONKUIH, YTO
3HEPTHs H3J1Yy4aeTCsl MOPUUAMH (KBaHTAMH ). JHEPrUs KBaHTa NMPOHOPLHO-

HaJIbHA YacToTe (MM 0OpaTHO MPOMOPLUHOHAIEHA JTMHE BOJIHBI):

E-—*hv:E,
A

rac h = 6,6-10 ** Ix - ¢ — nocrosHHas ITnanka.

PDorTodddexr

@o10rPdexT — sBIECHHE BHIPHIBAHHSA 3JEKTPOHOB U3 METaJUIa IIOJ
IEHCTBUEM CBETA.

Boasmamnepuas xapakmepucmuxa (CBETOBOH NMOTOK, OCBELIEHHOCTD,
HHTCHCHBHOCTb U3J1yYEHUS HE U3MEHSIIOTCSA).

I,A ‘k
[Hac - — C D
B
A X
Usn 0 U B

1. Touka B (U = 0). Ilon neitictBHeM cBeTa, Jaxke IPH OTCYTCTBHH
3MEKTPHUECKOTO [0Ji, 4aCTh BBIPBAHHBIX (OTOIIEKTPOHOB JOCTHTAET
NPOTUBOTIONIOKHOTO IEeKTpoa.

2. Yyacmox CD — obnacte HacblllieHHs. KOJIMYECTBO 3JIEKTPOHOB,
BBIDBAHHBIX 3a €/IMHHUIly BPEMEHH C TOBEPXHOCTH KaToJa, JOCTHraeT 3a
3TO € BpeMs aHOAA.

3. Touka A. Tlpu HekOoTOpOM 3HauUE€HWUH OOPATHOrO HAMPSXKEHHUS TOK
npekpauiaeres. 1o HanpsokeHHe U,,, Ha3bIBaAIOT 3a0epIHCUEAIOUUM.

3akoHbl poTodpdexTa

I. Cuia ToKka HacbILEHHS TPAMO NPONOPLHOHANBHA OCBELIEHHOCTH
katoaa £ (uiaM nagaoouieMy CBETOBOMY NOTOKY @, MM MHTEHCHBHOCTH
u3nydeHus [, unu duciy ¢GOTOHOB, MAJAIOIIMX Ha 3JIEKTPOA B €IHHHLY
BPEMEHH) M HE 3aBUCHT OT YacTOThHI NaJaloLIero CBeTa:

Lae. = f(E) = (@) = y(]).
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2. MakcuMasbHas KHHETHYECKas dHEepPrus (OTO3NEeKTPOHOB BO3pacTa-
eT C yBelIMUYE€HHEM YacCTOTHI MaJalollero CBeTa, HO He 3aBMCHUT OT OCBe-
UIEHHOCTH KaToa.

3. JIns KaxIoro BeLIECTBA CYLUECTBYET KpACHAA epanuya (pomosg-
¢exma — HauMeHbLIAss 4acTOTa V., (MIH HaHOOJbIIAA JJHHA BOJIHEI
A max ), TIPH KOTOPOH eliie BO3MOXeH HoTo3dheKT.

O6bsacHenne poroddpdexra (Diinurreitn, 1905 r.). DHeprus He TONb-
KO MCIIYCKAa€TCs, HO M Morjomaercs KBaHTaMH. MOTOH NPHHOCHT 3J€K-
TPOHY 3HEPrHI0, KOTOpasi HAET Ha BBIPLIBaHHE 3JIEKTPOHA U3 MeTalia (pa-
60Ta BbIX0OZ1a) U COOOLLEHHE HIEKTPOHY KHHETHYECKON SHEPIUH.

®opmyaa Jiinmreitna: £, = 4, + E, .

he

OHeprus ¢otoHa: E, = hv = o

Pabora BbIXOa — 3TO 3HEprUs B3aUMOACHCTBHA 3JIEKTPOHA C SAPOM.

3aBHCHT OT XUMHYECKOH MTPUPOBI METAILIA.

ABHK = hv = E M

Kp

KuHetnueckas 3Heprus »nektpona: £, = =qU,..=

Iloockasku k 3a0auam

OMMOJIHUTEJIbHAsA €JUHULIA UBMEPEHUSA _
A AMHALL P 15B=1,6-10"" lx

SHEpPrHH
CKOpOCTb CBETa c=3-10° m/c
3apsa d1eKTpoHa g.=1,6-10""Kn

Macca 3nekTpoHa

m, =9,1-107" kr

2

Kunetnueckas sHeprus ¢GoTodneKTpo- E =P
=
HOB H UX UMIIYJIbC 2m,
3kT
Cpennsisi KHHeTHYecKast YHeprus uje- E = R rac
AJIBHOT'O rasa _
k=1,38-10"" /K
2
m.\ .
—_— qu N
POTO3IEKTPOHBI TONAJAIOT B YCKO- 2
pAtolLee dIeKTpU4ecKoe nose (v, =0) mv’ E
= qt’ S
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DIeKTPOEMKOCTh M 3apsj] KOHJeHCa- Co 0

Topa U

@®OTOIEKTPOHBI NOMNAJAKT B MarHuT- Fi=m.a,.

Hoe noste (U L B) q.UB=m.a,.
SA0AYHN

1. MoToKaTos 06IY4alOT CBETOM C 4acTOTOH MTydeHus v =6,6-10" T'u.

KpacHas rpanuua ¢gorosddexra s BewecTsa GoTOKaTOAa COOTBET-
CTBYeT yacToTe cBeTa v, =1,5-10" I'u. Kakoe HampskeHue HyXHO

CO3aTh MEXIY aHOAOM H KaToJI0M, 4To0b! (poTo3d ekt npekparuics?
OTBeET OKPYIIIHUTE A0 UETbIX.

Omeem: B

KpacHas rpanuna ¢oroaddexra ans Bewectsa (oTokaTona
Ao =290 umM. IIpu 06nyyeHHH KaTO4a CBETOM C JUTMHOH BOJHBI A ho-
TOTOK MPEKPAILAETCsl MPH HANPSHKEHUH MEXIy aHONOM H KaTOAOM
U= 1,5 B. Onpenenute [yinHy BosnHbl A. OTBET OKPYTJIUTE A0 LENBIX.

Omeem: HM

[Ipn ocBellleHHH yNbTPadHONETOBBIM CBETOM € 4YaCTOTOM 10" T
METAJITMYECKOTO MPOBOAHHKA ¢ pabotoii Beixoaa 3,11 3B BeiGHBa-
I0TCA JNEKTPOHBL. YeMy paBHa MakCHMasibHasi CKOpPOCTb (OTO3NIeK-
TpOHOB? OTBET OKPYTJIUTE O LIENBIX.

Omeem: KM/C

B aByx ommbitax mo ¢otoaddexty Metanauueckas riacTHHka o0iy-
qayiachb CBETOM C JJIMHAMHM BOJIH COOTBETCTBEHHO A, =350 HM M

A, = 540 BM. B 31ux ompiTax MakcHMasbHbIE CKOPOCTH (OTO3NEK-
TPOHOB OTJIMYAJIMCh B U, / U, = 2 pas3a. KakoBa paboTa BbIXOza C 110-
BepXHoCcTH MeTajuia? OTBET OKPYTJIUTE 10 AECATHIX.

Omeem: 3B
®oTOHBI, MMEIOLIHE FHEPrui0 6 3B, BLIOHBAIOT 3NEKTPOHBI C MOBEPX-

HocTH MeTayuta. Pa0oTta BBIXOAa 3JICKTPOHOB M3 MeTajula paBHa
5,7 3B. Kakoit umnysse 1probperaet 2JIEKTPOH LIPH BBUIETE C MO-
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BepXHOCTH MeTaiuia? TlonyueHHbIH pe3yabTaT OKpPYIJIUTE 10 COThIX U
yMHOXbTe Ha 107

Omeem: _ Kr - M/c

[Tpu kakoii Temmnepatype rasa CpeaHssi SHEPTHs TEIIOBOro IBHKe-
HHS aTOMOB KAEATLHOTO ra3a Oy/leT paBHa IHEPIHH INEKTPOHOB, BbI-
OMBAaEMbIX H3 METAUIMUCCKOW IJIACTHHKH ¢ paboToil BbIxOda
A, =2 2B 11pu 00nyueHuH MOHOXPOMATHYECKHM CBETOM € JUTMHOMH

BoJIHbI 300 HM? OTBET OKpYTUTE A0 LE/bIX.

Omeem: K

@oTOH ¢ AIMHOHN BOJHBI, COOTBETCTBYIOIIEH KpacHOH rpanuue ¢o-
To3(peKTa, BLIOMBAET 3JIEKTPOH W3 METAUIMYECKOM IUTACTUHKH (Ka-
TO/a) B COCy/Ee, U3 KOTOPOro OTKa4aH BO3AyX. DJIEKTPOH pa3roHseT-
Cd  ONHOPOAHBIM 3AEKTPHUECKHM [ONEM C  HANPKEHHOCTHIO
E=5-10" B/M. Kakoif nomkHa 6bITb JIHHA MYTH 31€KTPOHA S B
IEKTPHUECKOM 11071e, YTOObI OH PasorHancs a0 CKOPOCTH, COCTaB-
nsrowed 10% ot ckopoctu cBeTa B Bakyyme? PensTHBUCTCKUE -
(bekThl He yunTbiBaTh. OTBET OKPYIIIHTE A0 ACCATHIX.

Omeem:  c™m

B BakyyMe Haxo:sTcs [Ba ITOKPBITHIX KaIbLIMEM 3JIEKTPOA, K KOTOPHIM
MOAKIHYEH KoHAeHCaTOp eMKocThio C = 8 H®D. Tlpu anutensHOM oc-
BEIICHHHU KaTo/a CBETOM (OTOTOK, BO3HHKAIOLIMI BHauaje, rnpekpalia-
eTcsl, a Ha KoHJeHcatope nospnsiercst 3apan O =11-10"Kn. Pabora
BBIXOJA JJIEKTPOHOB M3 Kanbuhsi A, =4,4-107" JIx . Onpenenute
JUIMHY BOJIHBI A CBETa, OCBCLIAIOILICTO KATOI.

Omeem: HM

dorokaroq, MOKPBIThIi KaJIbLIMEM (pabota BBIXOJa
Ay =4,42-107"" 1k ), ocBem@aercs CBETOM C JUIMHOM BOJIHBI
A =300 uM . BblileTeBIuMe 13 KaTOAa 3JIEKTPOHBI MONAJal0T B OAHO-
POIHOE MarHuTHOE Tose ¢ MHAyKuuei B =8,3-10"Tn nepnenmu-
KYJISPHO JIMHUAM HHIYKUHMH 3TOro noisi. KakoB MakCUManbHBIH pa-
IUYC OKPYXKHOCTH R, 110 KOTOPOH ABHXYTCHA 31eKTpoHbI? OTBeET
OKPYTJIMTE 10 NECATHIX.

Omeem: MM



CBeToBbI€ KBAHThI

3apsin porona g =
hc
DHeprus ¢hotoHa E, =hv = N = myC
_Ey,  hv h
Macca ¢oroHa m, = priair iy
Umn = _ ko = hv = ﬁ
ynbc GoTOHA Py = MyC = . . .
_E_#m
Yucno ¢oToHOB B E, B E, ’
rae P (Bt) — MoutHocTs; £ (c) — BpeMs

YINPAXHEHUA

Kakoii 3apsa uMeeT cBeT yacToToit 4,5 - 10" T'u? (0 Ka)

Kaxoit sHepruedi obnmagaer CBET  4acTOTOH 5-10" T'u?
(3,3-107"° Ix)

Onpenenute Maccy GoToHa y -ny4ed ¢ AauHOH BosHbI 1,24-10 PM.
(1,77-10kr)

HaiinuTe AMMHY BOJHBI H3NTydYeHHs, Macca OTOHOB KOTOPOTO paBHa
-31

Macce MoKosi yekTpoHa. Macca mokost snektpona 9,1 - 107 kr.

(2,4 nm)

Onpenenutre  HUMITYJIBC doroHa, oOnamalOIEro  IHEPTHEH

4-107" Ik . (1,33-10 7 kr-m/c)

Omnpenenure JUIMHY BOJIHBI M3JIYYEHHS, €ClM HMMyiabc (GOTOHA
107 kr - M/c. (6,6-10 " m)

Dueprus nepsoro ¢oroHa B 2 pasza 6onbuie BToporo. Bo ckonbko pas
OTJHYAIOTCS UMIYJIbChl 3THX (oToHOB? (Y nepBoro ¢oroHa HMm-
nyJbc B 2 pa3a foabiie)

Cxonbko KBAHTOB conaepkurcsi B 1 JDk M3NyueHHs JUIMHOH BOJIHBI
0,5 Mxm? (2,5-10'%)
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PryrHas namma umeer momuocth 125 BT. CKoJbKO KBAHTOB CBETa
UCIIYCKAETCA €XECEKYHJHO MPH HIIYYCHHH C JJIHHOH BOJIHBI
5,79-107M? (3,7-10%")

10. Hcrounuk cBeta MourHocThI0 100 BT ncnyckaer 5 - 10% poToHOB 32
1 ¢. Halinnre cpeaHioto JUIHHY BOsiHbE H3nyuenus. (0,99 Mkm)
JlaBiienue cBeTa
w
HHTEeHCHBHOCTD U3Iy4YeHHS 1= S’

2
I (B1/M") — 3T0 MOUIHOCTH U3-
Jy4eHHs, Najaomero Ha | v’

rae W (Jx) — aHeprus H3nydyeHus;

S (Mz) — IUTOLAb NOBEPXHOCTH

JlaBnieHue cBeTa NpH norsoule-

I
p = —, € ¢ — CKOPOCTBb CBCTA

uuu p(Ila) C

JlaBneHue cBeTa NpH 3epKaIbHOM p= 2w _ 21
OTPa’KEHHH : tSc c
Cuna naBnenus csera £ (H) F = pS,.

Bropoii 3akon HbtoToHa mnis
KOCMHMYECKOT0 anmnapara

F = Ma

10.
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3A0AYN

U1 pasroHa KOCMHYECKHX aIllapaTtoB ¥ KOPPEKLMH UX OpOHT rpen-
JIOXXEHO HCNOIb30BaTh COJHEYHbIH Mapyc — CKPEIUIEHHBIH C anmna-
PaTOM JIETKHH 3KpaH OOJbIIOH M1011a1H U3 TOHKOH IJIEHKH, KOTOpast
3epKaJIbHO OTpaXKaeT CosiHeYHBIH cBeT. KakoBo n1o6aBouHOE H3MeHe-
HHE CKOPOCTH KOCMHYECKOro ammnapara Maccod 500 kxr (Bkiouas
Maccy napyca) 3a 24 gaca 3a cuet napyca pazMepamu 100 M x 100 m?
MOIIHOCTh COMHEYHOTO H3TY4EHHS, Najaouero Ha | M° MOBEPXHO-
CTH, NEPHEHAMKYIIAPHON COJHEYHBIM Jly4aM, CoCTaBaseT 1370 Br/m’.
OTBeT OKpYriHTE A0 JECATHIX.

Omeem:  M/c



11. MOHOXPOMAaTHYECKHH MYy4YOK MapajlIe/bHBIX JIydeH CO3JaeTcs MC-
TOYHMKOM, KOTOpbIif 3a Bpemsa Ar=8-107 ¢ wuzmyyaer N =5-10"
hoToHOB. (POTOHBI MANAKOT 10 HOPMATH Ha miomanky S =0,7 cM” u
co3natoT aasienue p=1,5-10"Tla . [Tpu 3ToM 40 % HOTOHOB OTpa-

xaercs, a 60% noriowaercs. OnpeaenuTe JUTHHY BOJHbI H3JIYYCHHS.

Omeem: HM

CTtpoeHue aToma

Okcnepumenmaivhsie pakmel:

1) aTOM B LI€IOM JIEKTPUYECKH HEWTPAJIEH;

2) YacTHIA ¢ HaUMEHBIIMM OTPHUATEIbHBIM 3apAAOM (3JIEKTPOH) Ha-
XOAMUTCS BHYTPH aroMa;

3) Macca atoma MHOTO O0Jblile Macchl JJIEKTPOHA.

Moaeas ToMCOHA — «ITYJMHT C H3HOMOMY.

ITo mMuenuro ToMcoOHa, BE€Cb aTOM 3allOJIHEH I1O-

JIOXKHUTENbHBIM 3apAJOM, a B HEro, KaKk H3IOMHHKH,
BKpAIUIEHbl YIEKTPOHBI.

Pesepbopa HKCnepUMEHTANLHO ONpoBepr Modenb TomcoHa. OH u3y-
qaj paccesHUe o-4acTHl (NO0JOXKUTEIbHbIE YaCTHIbI 00pa3yloTcs MpH pa-
JIHOAKTHUBHOM pacraje, UX Macca CpaBHMMa C MacCcoH aToMa).

. Ilnanerapnas moaean atroma Pesepdopaa

<Yl B ueHTpe aToMa HaxOXMTCA KOMIAakKTHOE, Mac-
CUBHOE, MOJOXHTEIBHO 3apsSHXKEHHOE $1pO, BOKPYr
KOTOPOTO Ha CpPaBHUTEJILHO OOJBIIOM pacCTOAHHH

ABWXYTCSA 3JICKTPOHBLI.

Heoocmamku ymodeau Peszepghopoa: 3neKTPOH, NBUTasICh [0 OKPYXKHO-
CTH, UMECT LEHTPOCTPEMUTCNIbHOE YCKopeHHe. JItoGas yckopeHHO IBM-
Xyulascsi 3apsiKeHHasi YacTHLA JO/DKHA MCNYCKaTb 3JEKTPOMAarHUTHYHO
BOJIHY. TakuM 00pa3oM, 3JIeKTPOH JOJ/DKEH TEPATh SHEPTHIO U «T1aJaTh» Ha
s11po. Bpems xusuu Takoro atoma 107 ¢.
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3ALAYH

12. YCTaHOBUTE COOTBETCTBHC MKy MMeHaMH ydeHbix XIX B. u ux
BKJIAIOM B Pa3BHTHE HAyKH.

NUMEHA YYEHBIX BKJIA/ZI B HAYKY
A) Jbx. JIxk. Tomcon 1) OTKphITHE €CTECTBEHHOH paguo-
B) 3. Pesepdopa AKTHBHOCTH

2) OTKpBITHE 3JIEKTPOHA
3) oTKpbITHE HeilTpoHa
4) OTKpBITHE Aapa aTOMA

Omeem:

10
13. Pa3smep aTtomoB oko:10 10 7 M. Bo ckojibko pa3 MeHblle pasmep Aapa
B MoJzeny atoma 3. Pesepdopna?

Omeem: B pa3

14. Qonbry M3 30J0Ta packaTbiBaloT 00 ToamuHel 0,1 MkM. [InotHOCTH
3os107a 19 300 kr/m’. OueHuTe, CKOJILKO CI0EB aTOMOB 30710Ta «1po-
OuBaeT» yacTHua, ipojeratomas cko3s Goaery. MossipHas macca
sosota 0,197 k1/mMosib. OTBET OKPYIJIMTE 10 COTEH.

Omeem:

[Mocryaarsl bopa

I. AToMHas chcTeMa MOXeT HaXOJUThCS B 0COObIX CTAMOHAPHBIX CO-
CTOSAHHUAX, KaAIOMY H3 KOTOPbIX COOTBETCTBYET OIpe/eIeHHAs IHEPTUs.
Haxoasce B cTaUMOHAPHBIX COCTOSIHUSAX, aTOM HE H3JTy4aer.

2. DHeprus HCMyCKacics WM MOIJIOMIAETCS MPH TIEPEXONIE MNIEKTPOHA
U3 OJTHOT'O COCTOSHHA B JIPYroe:

hv=%:E,,—Ek.

v

Ilo cospestenitbiat npedcmas.ienusy. MOJOKEHHE JIEKTPOHA B aTOMeE
NoA4YMHAETCS TeopHH BeposTHocTeil. CTaunoHapHble OpOUTEI — 3TO Hau-
Oosee BEpOSITHBIC 1TONOKCIIHA YIEKTPOHA B aTOME.
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CxeMa BO3MOKHBIX MepEexoaoB 3JIEKTPOHA B AaTOME

Cxema HCyCKaHHs CxeMa MMorIoLEeHHs
0 0
E 02 |E -0,2
4 16 s 4 Y 7y T6
E; -0,5 E; £ -0,5
3145 314
E, 5 -1 E T -1
1
1
E, -1,8 E, -1,8
Yumume:

1. DHeprus 35eKTpOHa B aTOME OTpULIATENIbHA.

2. Yem Omke K AApY, TeM 00JIbLIE YHCIIOBOE 3HAUEHHE SHEPTHH.

3. Ha 6eckoHeuHOCTH 3HEPrus paBHa HYJIO.

CnexkTpajbHbIH aHAJAH3 — HCCIENOBaHHE CHEKTPOB OT Pa3IHYHBIX
HUCTOYHHKOB. '

Kaxxaoe BelecTBo uMeer cBo HabOp XapaKTepHBIX LBETHBIX M0JIOC.
Kak mpecTynHHKa MOXKHO y3HaTh MO OTMEYAaTKaM NajblieB, TAK XHMHYe-
CKHMi COCTaB pa3orpeToro BELIECTBa MOXHO Y3HATh MO €ro crnekrpy. CHa-
4aja M3y4aloT JIMHeHYaTble CIEKTPhl HCIYCKAHHA, COCTaBJSAIOT CIeUHaTb-
Hple Tabnuuel. [ToToM MpoBOAAT cpaBHEHHE CIIEKTpa HEM3BECTHOTO rasa
H3Y4YEHHBIMH CIICKTPaMH.

Mg

N

las

HanpuMep, IIPH CpPaBHEHHH CIICKTpa NOIJIOLICHHA HEU3BCCTHOIO rasa
U U3BECTHBIX CIICKTPOB MOIJTIOIICHUA MarHia U a3oTra MOXXHO ONPEAC/IHTDH
XHMHYECKHI cocTaB raza. Hem3BecTHBIH ra3 COCTOMT U3 MarHus ¥ a3oTa.
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15.

16.
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3ALAYN

Ha pucynke wn3o0paxeHa ynpoILeH-
Hag  [OuarpaMMa  SHEpreTHYeCKUX
YypOBHEH aroma. YCTaHOBHUTE COOT-
BETCTBHE MEX/Y IPOLECCaMH TI0TJIO-
IIEHHS CBeTa HAaHOONbIIEH JUIMHBI
BOJHBl M MHCIyCKaHHUS CBe€Ta HaH-
OonblLieH JUTHHBI BOJHBI H CTPEIKaMH,
YKa3bIBalOLIMMH SHEpreTHYEeCKHe Ile-
pexo.bl aToMa.

[TPOLIECC

A) norjouieHHe cBeTa HAaUOOJIbIEH
JUTHHBI BOJIHBI

B) wusnyuenue cera HauGonbLICH
JUTHHBI BOJIHBI

A b

Omeem:

Ha pucyHke n3o6paxkeHa ynpouieHHas
JarpaMMa 3HEpPreTHYECKUX YPOBHEH
atoMa. Kakue u3 3THX ueThIpex mepe-
XOOB CBSI3aHbI C NOTJIOLIEHHEM KBaH-
Ta cBeTa C HauOoJjblIel 3Heprueit u
U3Iy4YEHHEM CBE€Ta C HAWMEHBUIEH
JUJTHHOHM BOJIHBI?

[TPOLIECC

A) morjoleHHe cBeTa ¢ HaHOoNbInEH
3HEprueH

b) wu3ny4yeHHe CBETa C HAUMEHBIIEH
IUTHHOU BOJIHBI

A b

Omeem:

0- ______
E, :
BT
EZ
El
E, Yy
1234
DHEPTETUYECKUN
[IEPEXO/]
D 1
2) 2
3) 3
4) 4
E4
E3
3 E,
A El
Y \ i E()
1 2 3 4
SHEPTETUUYECKUM
IMEPEXO/
) 1
2) 2
3) 3
4) 4



ATOMHOE A/1p0O

ATOMHOE AP0 COCTOMUT U3 NPOTOHOB U HEUTPOHOB.

Ilpoton

g, = |q| =1,6-10 K

m, =1,673-10" kr

Heitrpon
g, =0

m, =1,675-10 “xr

OGo3HauYeHHEe XHMHYECKOro sjemeHta ;X , rae 7 — TTOPS/IKOBBIH

Yucno HeHTpoHOB: N =

CyMMa IIPOTOHOB U HEHTPOHOB B siIpe.

A-Z

CxeMbl aTOMOB

HOMEp XHUMHUYECKOrO OdJIeMEeHTa B TalJIMLEe XUMHYECKHX DJIEMEHTOB
J.1. Mennaeneena; 3apsiioBoe YHCJ0; KOJMYECTBO NIPOTOHOB B sJpe; KO-
JIMYECTBO IEKTPOHOB B HEHTPAJIILHOM aToMe. 4 — MaccoBoe 4HUCJIO;

HoHbl — 3apskeHHble yacTUlbl. [10110%KHTENbHBIH HOH — aToM, lio-
TEPABLUUHA JIEKTPOH; OTPUIATENbHBI HOH — aTOM, 3aXBaTHBIUHUH JIMIL-

HHH 2JEKTPOH.

| 4 Ty
+H > He ;L1 ‘
[N — AT
// \ » \\ /r/,%\\\\
4 * / \ I VY
I i '
\ ! \ ,‘ { \ I|+
\ ! \ 1
’ N ’
Nl L N o
== \\—’/

H3oronbr — dTOMBbI, COACPXKALIHEC B AAPC OAHHAKOBOC YHCJIO 11PpOTO-

HOB, HO pa3HOC YHCIIO HCﬁTpOHOB. Uucno JJICKTPOHOB Y H30TOIIOB OJ/IHHA-

KOBO, TIO3TOMY OHH obnanator OJMHAKOBbIMH XHMHYECKMMH CBOMCTBAMM. "

a Cl.)ld3Pl'-ICCKI’IMPl CBOHCTBaMH H30TOMbI MOT'YT OTJIMYATLCH.

H3otonbl Bogopoaa

1 %) o 2 a3
Bomopon |H Jeitrepuit 1 H Tputuit 1H
(/’ ™ I// S /l/ IS
‘@) ‘@ ‘@
N S/ AN S \ S
N=0 N =1 N=2



3ALAYN
17. CKONIbKO IPOTOHOB COAEPHUT AAPO aproHa iy Ar ?

Omeem:
18. CKONbLKO HEMTPOHOB BXOIMT B COCTAB AIpa KPHIITOHA 1o Kr ?

Omeem:

19. OmnpeaenuTte KOJMUYECTBO dJICKTPOHOB B HEeHTpaibHOM aToMe ¢ocdo-
31
pa sP.

Omeem:

20. Ha pucyHke u3o0paxkeHbl CXEMbI YeThIpeX aToMOB. YepHBIMH TOYKa-
MH 0003HaUCHbI 2NIeKTPOHbI. Kakas cxema cooTBeTCTBYeT aTomy '3 B ?

21. Kak u3meHsiercs ¢ pPOCTOM MAaCcCOBOTO 4YHCJIa H30TOIOB OAHOTO H TOIO
KC 3JICMCHTA 4YHCJIO [IPOTOHOB H YHCIIO HGﬁTpOHOB B AApe aroma?
YCTaHOBUTE COOTBETCTBUE MEXAY Q)HSP[“ICCKMMH BCJIMYHHAMH KU Xa-
PAaKTEPOM HX U3MCHCHHS.

OUSUYECKUE BEJIMUNHBI UX USMEHEHUE
A) 4HCIIO IPOTOHOB B spe 1) yBenuuuBaetcs
B) uucno HeWTpOHOB B sape 2) yMeHbluaeTcs

3) He u3MeHseTCH

Omeem:

sinepHble cuiabl, Mex1y NpoTOHAMHU U HERTPOHAMH ACHCTBYIOT CHIIBI
HEIIEKTPUYCCKOH NPHPOABL. DTH CHIblL Ha3bIBAOT AlepHbIMH. [Ipuuem
JUIS JICPHOTO B3aHMO/ICHCTBHS HEBAXXHO HATTHYHE 3IEKTPHUYECKOrO 3apsjia
y IpOTOHA.
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HyKJOHBI — 4acTHLBI, BXOJSILUHE B COCTaB sApa (C TOYKH 3PCHHS
A71epPHOrO B3aUMOACHCTBHA). YHC10 HYKIOHOB PAaBHO CyMME IIPOTOHOB U
HEHTPOHOB (A4).

Macca aromuoro siapa. TouHble ONbITHI OKA3AIM, UTO Macca sapa
MEHBLIC CYMMbI MacC COCTABJISIOUIMX €0 YaCTHLL

m, < Zm, + Nm, .

MedekT Macebi

Am = Zm, + Nm, —m, (a.eM.)
laem =1,66-10 7kr.

DHeprus CBA3M — DHCPrus, KOTOPYI HEOOXOIHMO 3aTPaTUTb, 4TOOb!
pa3/ie/iuTh AP0 Ha OTIE/IbHBbIC HYKJIOHbBI, MJIH HEPTHs, KOTOpas BbLIACIA-
eTcs npu GopMUpPOBaHHH sAapa:

E. = Amc® (3B),
19B=16-10" [Ix.

YiaeabHasi JHeprHsl CBAI3M — 3HCPIHs CBS3H, IIPUXO/AIIAACS HA OAHH
HYKJIOH:

E., Amc?
i

YiebHasl YJHCPrus CBA3M XapakTepH3yeT YCTOMYHBOCThL (IIPOUHOCTD)

aacp. YeM Oosiblue yaciabHas 3HCprus CBA3U, TEM:

([x/HyKnoH ) .

1) ycroituusec sapo, Eo
2) nydiie B3aUMOJCHCTBYIOT HY- %
KJIOHEI,

3) cnoxkHee BbIOWTHL HEHTPOH MJIH
IIPOTOH U3 AApa. [ :
/
W3 rpaduka BUAHO, UTO 3Heple- 50-60 :

3aBUCUMOCTS YCNLHOIT YHEpIHI
CBA3H OT MacCOBOTO YHCII

»

MUYECKU 8bleOOHO JCJIICHUEC TKCIIbIX
A4€p U CIUAHUNC JICTKUX.

PaavMoaKkTHBHOCTL

PaiH0aKTHBHOCTBL - CMOCOOHOCTb HEKOTOPBIX s€p K CAMOIPOH3-
BOJILHOMY TPCBpAIEHHIO B Apyrue siipa. OObIYHO 3TOT MpoLEce COMnpo-
BOXKIACTCS UCTTYCKAHHUEM PA3THUHBIX YaCTHLL.

EcrecrBeHHAas paHOAKTUBHOCTL. SlaepHoe B3aUMOJIEHCTBHE KOPOT-
KoaeHcTByloiee. Sapa TAXebIX 2JIEMCHTOB MMCIOT CPaBHUTEC/IBHO 0O0JIb-
HIMe pa3Mepsl, OITOMY MEXY OTAEJIbHBIMM YYaCTKaMH MOXKET BO3HHK-
HYTb JIEKTPHYECKOE OTTAIIKUBAHHUE, U AAPO pa3pylIaeTcs.
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HCKyCCTBeHHaﬂ PAaAHOAKTHBHOCTD. [Ia;xe JIETKHE sAapa noa JAEICT-
BHEM JPYIHX 3JIEMEHTAPHbIX YaCTHIl CTAHOBATCA paJHOAKTHBHBIMH,

Buabi PA1HOAKTHBHBIX umyqenuﬁ. Ecnu H3JIYUYCHHE, HAYylIECC OT
PAdHOAKTHBHOIO BEUIECTBA, ITOMECTHTb B YJICKTPHYECKOE (l/lﬂl/l M&I‘HMTHOC)
foJie, TO OHO pacnaaacTcCs Ha TpH MOTOKaA.

3apsd Ionoxurenphpii |HelTpanbHbli OTpuuarenbHbId |
Hazeanue |o -nyun Y -Iyuun B -nyan
Cocmas Snpa atoma re-|KoporkoBonuoBoe |[loTok 31ekTpoHOB
uzayvenus |nus 3He 37eKTpoMarHuTHoe | Je

U3TyYEHHE
Ymo npo-|1U3 aapa BbuteTa- |Slnpo m3 Bo30yxueH-|B sape mpoucxonut
ucxooum cler 3He HOTO COCTOSIHMSL Tie-|pacliag HeHTpoHa
sopamu PEXOMIMT B OCHOBHOE |¢n = e + | p
Tpespaiye- | oL -pacnaa Y -pacnag B -pacman
mus 6 50pax | /X = {He + 13Y |1X = 1x IX = et Ay
3awuma om|Jlncrt Oymarn|Cioii cBHHLA ANOMHHHEBas M7a-
uznyyenus  |TonnHOM 0,1 MM CTHHA  TOJILMHON

3,5¢Mm

3A0AYN

22. Kak MCHSIIOTCA MAacCOBO€ HHMCJIO M 3apsA0BOE YMCIO sApa IpH .-
pacnane? YCTaHOBUTE COOTBETCTBUC MEXIY (PU3HYCCKUMU BEIHYH-
HaMH U XapakTEPOM HX H3MEHEHHS

OU3NYECKUE BEJTMYVHBI
A) MaccoBO€ 4HCIO s/ipa
b) 3apsioBoe uncio sapa

Omeenn:

23.

)
2)
3)
4)

UX UBMEHEHHE
yMeHbl1aeTcs Ha |
YMEHbLIaeTcs Ha 2
yMeHblUaeTcst Ha 4
HE U3MEHSETCA

Kak u3MeHaTcs 3apsa U MaCcCOBOC YHUCIIO paJHOAKTHBHOIO sAipa B pe-

3ysnbTare ero B-pacnaga? YCTaHOBUTE COOTBETCTBHE MEXKAY (QH3MUeE-
CKHMH BCJITUMHAMH U XapaKTepoM MX W3MEHEHUS.
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24,

25.

26.

27.

28.

OU3UYECKUE BEJIMUMHEBI X N3BMEHEHUE

A) 3apsan 1) yBenuuurcs

b) maccoBoe uHCII0 2) He U3MEHHUTCH
3) yMeHbLIHTCH

A b

Omeem:

Kak u3MeHATCA MaccoBoe 4YMCIO M 3apsl aTOMHOTO siapa MpH
Y-M3Ny4eHHH?

OU3NYECKHWE BEJIMYHUHbBI X U3MEHEHUWE
A) MaccoBOe HHCJIO siapa 1) yBenumuunace
b) 3apsn atomHoro siapa 2) yMeHBIUUIAChH

3) He U3MEHWIACh

A b

Omeem:

Siapo %5 U npetepneno psa o- 4 B-pacnanos. B pesynbrate 06paso-

BAJIOCh AP0 "4 Pb. Onpejienure 4MCIIO Gi-pPacniaios.

Omeem:

B pe3ynbTaTe cepuM paaHOAKTHBHBIX PAcrajioB ypaH ‘s U mpeBpa-

1aeTcs B CBUHENL ‘g Pb. Kakoe konuuecTBo B-pacnaios NpoM3oLLIo

npu 3Tom?

Omeem:

Slnpo u3oTona HenTyHHs 5, Np, HCIBLITAaB CEPHIO G- U B-pacnasnos,

IIPEBPATHIIOCH B PO BUCMYTa g3 Bi. Onpe/ennte cyMMapHoe 4Y1c-

710 0~ U B-pacnagos.

Omeem:

PannoakTHBHBIA H30TON ypaHa MCNBITal OAMH O- M JABa [-pacnaja.
BriGepHTe déa BepHbIX yTBEpXKICHHUS. YKAXKHTE UX HOMEpA.

1) KonnuecTBo HEHTPOHOB B AAPE HE H3MEHHIIOCh.
2) KoanyecTBO NPOTOHOB B Ape YMEHBIINIIOCh.

375



3) IomyueHHsblii H30TON ABISAETCS U30TOIOM ypaHa.
4) MaccoBoe 4KCIIO sAapa yMCHBILKIIOCH Ha 4.
5) 3apsamoBoe YKCIIO AAPAa YMEHBILIUIOCH Ha 2.

Omeem:

3akoH paaHoaKTHBHOIO paciiaja

N m
N = -,O WIH m = —,O,
27 27
rae N (m) — ducno (Macca) Hepacnasuiuxcst SACp B MOMEHT BPEMEHH [,
No(my) — HauyanbHOE YHCIO (NEpPBOHAYAIBHAA MAacca) HepacnaBUIUXCs

anep; T — niepuona nosypacnajia.

Hepuon nosypacnaaa — BpeMsi, 32 KOTOPOE HCXO/IHOC YHCIIO Aaep B
CpeIHEM YMEHbLLAETCA BABOE.

Ioockazku k 3a0auam

Kosn4ecTBO panioak THBHBIX A1Ep yMCHBLIMIOCH N =M
B 1 pa3 |l n
Macca paHOaKTHBHOIO BELLECTBA YMEHbLIMJIACH )
B 11 pa3 n
Yucno pacnaBiuuxcs saaep Ny - N
3N,

INpousowen pacniag 5/8 UCXONHDIX sLACD Ocranocy N = 2

N 0
Jlonsi HepacnaBiMxcsa Aaep (B NPOLEHTaX) N 100%

0
Jlons pacnaBLIUXCs saep (YacTh paclaBILHXCs No - N
ARCp) S S\ L B
YINPAXHEHUSA

1. B navaneHbi MOMeHT BpeMeHH Obu10 1000 aTOMHBIX siiep M30TOMNa ©
nepHoaAoOM roJjypacrnaga 5 muH. CKoOiBKO AA4CP HTOr0 U30TOoNAa OCTa-
HeTcs Hepacnasliumucs uepes 10 mun? (Oxodto 250)

2. KonanuecTBO paaHOaKTHUBHBbIX aToMOB 3a 32 JHSA YMCHbUIMIOCh B
4 pa3za. Onpenesante nepuoy rojiypaciazia 3roro XMMH4ECKOIO 3Jie-
MeHTa. (16 cyT)

376



3. lleproa nonypacnaaa HentyHus 2,3 cyT. Yepes Kakoe BpeMst KoMye-
CTBO PaJMOAKTHBHBIX aTOMOB yMeHbLUWTCS B 16 pa3? (Yepes 9,2 cyT)

4. Tlepnon nonypacnana crpodumst 29 ner. Yepes CKOIbKO JIET Mpo-
u30igeT pacnan 7/8 OT MepBOHAYANILHOTO YHWC]A pPaJHOaKTHBHBIX
anep? (Uepes 87 Jer)

5.  Tlepnoa nonypacrnana pasona 3.8 nHs. UYepes kakoe BpeMs Macca pa-
JloHa yMcHbLTCs B 64 paza? (Hepes 22,8 1us)

6. llcpuoa nonypacuasna paans 1600 net. Yepes xakoe BpeMs macca pa-
JIMOAKTHBHOIO pajansi yMcHhinurces B 4 paza? (Uepe3 3200 ner)

7. Tlepuon nonvpacnaga uzorona prvru 20 MuUH. Eciu H3HaA4aJibHO
Macca Toro u3otona pasra 40 . TO CKOJNBKO TIPUMEPHO ero Oyaer
aepes 1 w? (Sr)

8. Kakas yacTb HCXOAHBIX PaAHOAKTUBHBIX ANEP PACMAlaeTCA 33 BpEMH,
paBHOE JIByM 1icpHoaam nonypacnana? (3/4)

9. Kakas nons (B npoicHTax) paAMOaKTHBHBIX aTOMOB OCTAa€TCs Hepac-
naslieiics ycpes WHTepBal BpeMEHU, paBHbIH JBYM MEepHOJaM MOJ1y-
pacrnaga? (25%)

Anepuble peakuuH 710 H3MCHCHHA B sJpax, KOTOpbIC MPOUCXOAAT

o/l IEUCTBUCM APYTHX SIACP MM 37IEMCHTAPHBIX YACTHLL:

A A _ 4 ' Ag ot
A X+ 7Y =X+ Y

3aKoHbI COXpAHEHH:

$Z=37";34=3%4"; N = N’

Yumume: B ANCPHBIX pCaKlHAX 3aKOH COXpPAHCHHSA 3apsiia BbITOIHSA-
CTCA [I0JIHOCTLIO, a 3dKOH COXPAHCHUA MACChl «HApYLIACTCA». N3Mmenenue

MaccChl CBA3AHO C BhIAEJICHHUCM WM LIOIJIOLCHHEM SHEpruu. B anepHbix
PCAKLIMAX DHCPIrUsl BbIACHSICTCA, CCIIUM my + my > my + m5, @ TONJIOILaeTCH,

€CIIU my + ms < my + nts .
3HaycHHE BBIJICJICHHOM WJIH (10T 1OLIIEHHOM JHEPrHH BBIYHCIIACTCA IO
dhopmyne:

E - I(m‘ +m.) - (H},’ + m’: )' . (.'l 5

rae ¢ — CKOpOCTh CBCTA.
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OTBETHI K 3ATJAYAM

1. KunemaTHnka

1 20 30 21,6 59 25
2 4 31 3 60 45
3 25 32 3 61 2
4 6,28 33 12.8 62 34
5 05 34 9 63 125
6 45 35 100 64 3
7 6 36 4.4 65 5
) 4 37 6 66 4
9 1,6 38 12 67 30
10 60 39 22,5 68 43
11 13 40 312.,5 69 5
12 6,75 4 20 70 03
13 0,5 42 6 7 2
14 4 43 5 72 0,17
15 320 44 3 73 0,25
16 9 45 6 74 30
17 50 46 31 75 2
18 0 47 41 76 2
19 80 48 13 77 4
20 160 49 24 78 9
21 550 50 3 79 3
22 45 51 2 80 8
23 0,5 52 36 81 16
24 0,7 53 35 82 4
25 2,5 54 8 83 0,034
26 30 55 10 84 4
27 15 56 20 85 13
28 19 57 4 86 314
29 12 58 2

2. JluHaMHKa
1 32 25 4,42 49 2
2 41 26 45 50 36
3 2 27 381900 51 0.2
4 4 28 2,3 52 2
5 8 29 3.4 53 2
6 8 30 84,25 54 1
7 2 31 112738 55 14
8 20 32 1 56 2
9 10 33 184 57 0.2
10 90 34 42 58 12
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11 1000 35 12 59 31
12 500 36 12 60 0,125
13 0,4 37 10 61 1
14 5 38 4,5 62 20
15 1 39 16 63 3,14
16 4 40 10 64 |
17 9 41 10 65 0,76
18 0,5 42 3 66 81
19 22,5 43 0,5 67 1,7
20 500 44 2 68 23
21 2 45 3 69 0,5
22 80 46 0,5 70 6,5
23 80 47 0,25
24 0,25 48 14
3. 3akoHbI COXpaHeHHS

1 0 44 37,5 87 90
2 46 45 8 88 10
3 0,5 46 6 89 20
4 3000 47 3 90 1
5 7500 48 1 91 1600
6 0 49 32 92 9
7 45000 50 0,93 93 10
8 0 51 12 94 0,5
9 2,4 52 20 95 9
10 1,4 53 21 96 3
11 1,25 54 12 97 1
12 2.83 55 0,024 98 2
13 0.1 56 2 99 1
14 10 57 0,08 100 0,25
15 2 58 100 101 0,75
16 0.5 59 20 102 3
17 42 60 82500 103 23
18 9 61 3000 104 0,025
19 30 62 50 105 0.4
20 12 63 8000 106 2,5
21 500 64 10 107 10
22 108 65 40 108 400
23 7,2 66 375 109 65
24 8 67 53 110 0,5
25 6 68 500 111 290
26 10 69 150 112 5
27 5 70 0 113 5
28 2,5 71 150 114 90
29 5 72 43 115 0,78
30 0,02 73 1 116 15
31 2 74 0.1 117 3,2
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32 400 75 500 118
33 4 76 0.1 119 0,1
34 0,8 77 30 120
35 3.5 78 0 121 327
36 2 79 20 122
37 0.2 80 14.] 123
38 25 81 2 124 168,75
39 60 82 3 125 1,5
40 1150 83 23 126 15
41 0 84 41 127
42 942 85 15
43 48 86 20

4. CtaTuKa
1 oD 3 0,15 5 0,2 7 0,2 9 2 11 75
2 [ CD | 4 [ 10 6 | 1 | 8 [075] 10 | 10 | 12 | 472
5. 'uapocraruka

1 20 10 72 19

2 1600 1 14 20 0,4
3 5 12 0,4 21 270
4 700 13 10 22 25
5 1.1 14 12,9 23 1,5
6 | 15 10 24

7 1 | 16 0,7 25

8 26 17 0,7 26

9 700 18 3 27 31

6. MoJuiexyasipHasi pusuka

1 13 19 132 37 18,75
2 23 20 1000 38 22,2
3 23 21 16 39 25
4 0.004 22 4 40 21
5 50 23 4 41 1
6 24 24 1.5 42 2
7 2 25 5 43 4

8 1 26 800 44 I
9 1 27 4 45 3
10 2 28 7 46 32
11 2 29 59 47 0,6
12 1.6 30 0.25 48 2
13 275 31 23 49 30
14 295 32 23 50 40
15 27 33 300 51 73
16 8 34 600 52 1800
17 5 35 400 53 60
18 127 36 4 54 100




7. TepMoaAHHAMHKA
1 21 14 33636 27 69804
2 53 15 3 28 16620
3 41 16 23 29 41550
4 1520 17 2 30 25
5 504 18 4 31 250
6 130 19 2 32 45
7 2 20 13 33 20
8 625 21 50 34 419
9 1 2 20 35 3333
10 1,5 23 30 36 25
11 3 24 500 37 40
12 373 25 375
13 0 26 34

8. JuiekTpocTaTHKa
1 3 2 11 43 12
2 1 23 21 44 26
3 2 24 21 45 190
4 3 25 10 46 66,7
5 1,5 26 153 47 500
6 1 27 0,5 48 2,55
7 200 28 2 49 80
8 4 29 0,1 50 34
9 5 30 3 51 91
10 1 31 2 52 5
11 4 32 4 53 7.5
12 12 33 3 54 0,1
13 BIIPABO 34 400 55 0,1
14 BJIEBO 35 1200 56 1,5
15 2 36 20 57 1
16 4 37 2 58 5
17 400 38 I 59 22
18 270 39 2 60 150
19 25 40 2 61 4
20 17 41 3
21 3.5 42 0,1

9. ITocTOAAHHBIH TOK
1 1.5+0,25 19 0 37 4,5
2 4 20 200 38 57,5
3 24 21 4 39 4
4 1,25 22 3 40 48
5 12 23 2,4 41 0,02
6 14 24 36 42 20
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7 2 25 4 43 20
8 4 26 2 44 1
9 2 27 16 45 1,6
10 0,5 28 1 46 1,35
11 6 29 6 47 BIPaBO
12 4 30 21 48 BIIPABO
13 4 31 1500 49 2
14 50 32 0,9 50 20
15 250 33 12 51 10
16 20 34 21 52 20
L 4 35 6 53 10
18 2 36 0,5
10. MarneTusm
[ 4 20 14 39 0,5
2 K Habnonarento 21 0,4 40 34
77777 3 BHH3 22 45 41 12
4 23 23 4 42 1
| 5 BHH3 24 10 43 1
6 BIIPaBO 25 48 4 8
7 OT HaOMmoAaTeNs 26 2 45 3
8 K HaOmoaaTento 27 0,5 46 4
9 312.5 28 0 47 3
.10 0 29 K HabI104aTe/ 0 48 4
11 25 30 BBEPX 49 1,5
2 2 31 1000 50 10
13 1,5 32 4 51 2,5
4 1 33 5 52 5
15 oT Habnroaarens 34 16 53 4
| 16 BNpaBo 35 32 54 125
17 BHM3 36 22 55 0,2
18 BHH3 37 0,2 56 10
19 BBEPX 38 21
11. KojieOaHHUS M BOJIHBI
B 09 [ 10 [ 250 | 19 2 28 32 37 | 850
2 (003 ] n 2 20 | 0,04 | 29 10 38 | 1342
3 6 12 3 21 | 1600 | 30 6 39 | 2413
4 10 13 2,5 22 1,26 31 4 40 (300000
s 2 14 6 23 8 32 31 41 24
6 14 15 22 24 2 33 | 295
7 1 16 |0513| 25 8 34 19
8 0 17 | 1,15 | 26 4 35 21
9 10 18 12,7 27 0,4 36 1,2

w
x
1)




12. OnTuKa

1 i0 7 31 13 1,6

2 2 8 12 14 6

3 75 9 70 15 300000

4 20 10 6,5 16 1,25

5 70 11 5 17 235

6 90 12 2 18 1,02
13. KBanroBasi pusuka

1 21 11 550 21 31

2 215 12 24 22 32

3 597 13 100000 23 12

4 1,9 14 400 24 33

5 2,96 15 14 25 8

6 16425 16 24 26 6

7 5,1 17 18 27 i1

8 300 18 37 28 34

9 4,74 19 s

10 15,8 20 3
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