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NPEAHWCJ/IOBHE

ABTOpHI KHUTH, IpenojaBate/u NepBoi B CTpaHe crelHalH-
3UPOBAHHOH (U3NKO-MaTeMaTHUeCKOH IIKOJBI-HHTepHATa IIpH
HoBocubupckoM rocysapcTBeHHOM YHHUBEPCHTETe W Hay4iHBIe
cotpyauuky CO AH CCCP, crpeMuauch cos3natbh He HPOCTO
cOOpHHK 3aj1a4, a y4eGHOe nocobHe, nmpecieayouiee ueapb ynpo-
YeHHS CBA3H IIKOJIbHOTO 06pa3oBaHHA ¢ COBpeMeHHOH HayKoH.

B KkHure cBbIle ABYX THCAY 3a1au PA3JHYHOH CJ0MKHOCTHU:
OT OObIYHHX IIKOJBHHIX 0 OJUMIHAJHBIX, TPeOYWOIUX C006-
Pa3suTEeJbHOCTH H HeCTaHAapTHOTO MbllljeHua. B ornnune
OT aHaJOTHUYHBIX NOcoOuill, H3JaHHBIX 3a IHOCJelHee BpeMd,
R npejnaraeMoM c6opHHKE (3a peKHUM HCKJIOUEeHHEM) HE NpH-
BOJATCA pellleHHs 3aj1a4, a JalTcs JHIIb 0TBeTH. Takas dhopMa
foslee ecTecTBeHHa [ aKTHBHOTO, TBOPUYECKOTO H3yde-
HUA u3uKH. Beib nyTb K 0OTBeTy -— 3TO HHAUBUAYa/b-
HHIH M YBJeKaTelbHBbIH HayuHbeifi mouck. M sToT TBOpuecKuil
npouecc Heab3sl 3aMEHHTb H3YUeHHeM pelenToB pelleHUd
3aj1ay.

IlouTu Bce BK/IOUEHHBIE B KHUTY 3aja4u B3STH U3 c6OpHH-
KOB 3ajau Mo (U3HKe 3THX Ke aBTOPOB, usnaHHbix B HIY
AaS  ydamiuxca ¢Gu3HKo-MaTeMaTHdecKod INKoJb. Ilostomy
ocoboe BHHUMaHHE YIENAJOCH TeMaM, KOTOpBHle BaKHBbI I/
ycnemHoro ofyueHusi B By3e. Tak, 3HAUMTEJNBHO YBeJH-
yeHa JoJas 3ajau N0 KoneOGaHUAM H BOJHAM, MOJEKYJsp-
HOH ¢usukKe, ABHUKEHHIO 3apsKeHHBIX YacTHIl, 3JeKTpoMar-
HUTHBIM BOJHaM, 3TO NEePBHH ONBIT NoCOGHA Noa0GHOTO
THIA, [O3TOMY MHOTHE 3aJa4d NPHILIOCh CHelHanbHO CO3/a-
EaTh A5 TOH UK HHOH TeMbl. BoJbinywo momoulb B 3TOH pa-
6ore Ham oOKaszaau coTpyaHuku uHHcrutyTos CO AH CCCP.
B uacTroCTH, coTpyAHUKH MHCTHUTYyTa THAPOAMHAMHKH paspa-
6oTanu TeMy — TeueHHe CJAOXKHBIX cTpyid (§ 4.3),- npenso-
KUMKW GOJBIIMHCTBO 3a1a4, CBA3aHHBIX C 3aKOHOM COX-
paHenusi maruutaoro noroka (§ 11.5). Corpypuuku Hacru-
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TyTa AJepHOH (U3HKH COCTaBHJIH MHOTO 33jay O JBHXKeHHH
3apsKEHHBIX YacTHI B 3JIeKTPHYECKOM H MArHHTIOM n0JfX.
KpoMe TOro, KHHra COJAEPXKHT MHOrO 3ajaiy BcecuGupckux
oJdHMOHAJ M BCTYNHTeJbHBIX 3k3amenos B HIY. B kuury
BKJIOUEHB! TaK¥Ke HEKOTOphble 3ajayH, TPaJHUMOHHO OTHOCH=
MBle K Kypcy oblliel $u3HKY B By3aX, O/IHaKO Xapaxtep GopmMy-
JHPOBOK M MOPAJOK HX CJeI0BaHHSA IO3BOMAIOT  HalkiTH
HX pelleHHe B paMKaX MKOJbHOro Kypca. Paj usBecTHBHIX 3a-
Jay mepelles H3 APYTHX COOPHHKOB J/If1 IIKOJBHHKOB, HO OHH
COCTaBJIAIOT MEHBIIYIO YacTh OT OOIIEro Yucsa 3ajay, .

Kuura pas6ura Ha TpUHAZLATh IJ1aB, KOTOPbE B CBOKO Oue-
peib pasObuTH Ha mnaparpadbl. B Kaxkjom naparpade, Ha-
CKOJIBKO 3TO COOTBETCTBYET JIOTHKE pasBHTHA TeMbl, 3a 3aia-
YaMM CpPaBHHTE/BLHO 3JEeMEHTapHBIMH cJAeAYIOT GoJee TPYAHBIE
¥ yaite Bcero Gojee yHTepecHble. HanGosbllyio noab3y yua-
uMes NpHHECYT 3aJayl, KOTODble BLI3LIBAIOT XKHBOH HHTepeC,
no6y>XAal0T 3a4yMaTbcAd HajJ (PU3NYECKUM HBJEHHEM, pDasBHe
BAIOT CHOCOGHOCTb CaMOCTOAITENBLHO MBICIHTD, NPHYYAIOT OHTh
FOTOBBIM K HecTaHJapTHOH NOCTAaHOBKEe BONpOCa, K HecTaHs
JIAapTHOMY pelleHHIO. B KHure mMuoro Takux 3sajay. Hanmeemcs,
YTO B CcJydae, KOrja HeKOTOpble H3 HHX OKaxyTcs TPYAHLIMH
JJIs1 yyalllerocsl, 3TO He JIMIIHUT €T0 Bephl B CBOH CHJIHI, a JHIlb
no6yauT K Gojee rmy60KoMY H3yueHHIo pusuky. Takue 3ajauu
LacTO OMeUeHbl 3Be310YKOl U MHOTJa cHabXeHbl OYeHb Kpai-
KHUM peieHHeM. [lna Jyuniero mMOHMMaHHSl YCAOBHSL MHOIBX
3ajlay MJUIIOCTPHPYIOTCS PHCYHKaMH, KOTOphle HHOIJA Crpyii-
THPOBaHbl Ha OT/eJbHBIX CTPaHHIlAX. ,

Kuura npennasnayaercs jaia caymaresell NOAroTOBHTENb«
HBIX OTjJeJIeHHH By30B, /7 yYallUXCA clelHalu3HpPOBaHHLIX
(PU3UKO-MaTeMaTHUeCKHX IIKOJM H KJaccoB, A1 LIKOJNBHHKOB,
KOTOPEIM B OyjylleM IIPeACTOMT 3aHuMaTbes (U3HKOH B Byse
H 103xe, BO3MOXHO, NPO(eccHOHAJBHO.

Apropnl Gnaroaapusl E. M. BytukoBy, A. A. DBmikosy,
A. K. Kasanckomy u A. E, Kyume 3a MHOrOYHCJEHHBIE O3
HBle 3aMeyaHHA MO PYKONMUCH KHHUTH, )

0. A. Casuenko
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3AJTAYUYH

Fmasa |. KHHEMATUKA

§ 1.1. [ABrxkeHMe C NOCTOSIHHOH CKOPOCTHIO

1.1. Ha pucysxe mnpuBefeHa «cMasaHHas ¢oTorpadus»
JIETAIIEr0 peakTHBHOro camoJefa. JlelcTeuTenbHass JJHHA
camoseta 30 M, AjuHa HocoBoH yactd 10 M. Ompegenute mo
sTOH «poTorpadun» CKOPOCTb camoJeTa. BpeMms BbijgepKKH
sarpopa 0,1 c. Popma camosera
u300paxeHa Ha DHCYHKe IITPH- Ton
XO0BOH JHHHeH. ' '

1.2, PapuosokaTop omnpege-
JAeT KOOpJMHAThl caMoJeTa, H3-
Mepsisl Yyroj o MeXJy HamnpabJe-
HueM Ha CeBepHBIH MOJIIOC H Ha-
npaBJeHHeM Ha caMmoJeT H pac-
cToAHHe R OT paauoJoKaTopa
no camoJera. Korja omnepaTop
paanoJsioKaTopa OOHapy:XKua ca-
MOJIeT, €ro mNoJOXEeHHe ONpelessaoch KOOpPAHHATaMH O =
= 44°, Ry = 100 kM. Yepe3 5 ¢ OH CHOBa H3MEePHJ €ro Koop-
AuHaThl. OKasajock, uTo o, = 46°, R, = 100 kM. B nexap-
TOBOH cHCTeMe KOOpPJAWHAT C OChIO Yy, HalpaBJeHHOH Ha cesep,
H C pajHOJIOKaTOPOM B Hayaje KOOpJAHHAT H306pasHTe M0JIO-
JKeHHe caMoJieTa B 06a MOMEHTa BPeMeHH, ONpeje/uTe MOJYJ/Ib
H HanpaBJ/ieHHE €r0 CKOPOCTH. ¥YTOJ OTCUHTHIBATbL MO YacOBOH
CTpeJiKe.

1.3. Uepes oTKpHITOE OKHO B KOMHATY BJIeTeJ XKyK. PaccTo-
sIHHe OT XKyKa J0 NOTOJKa MEHAJIOCh CO. CKopocThio 1 M/c,
J0 3ajHeH cTeHBl KOMHAThl — 2 M/c, O GOKOBOH CTEHBI —
2 M/c. Hepes 1 ¢ YK TKHYJICA B YTOJ MEXJy MOTOJKOM H Go-
KOBOH cTeHOH KoMHathl, OnpejesyTe CKOPOCTb NIOJETa KYKa
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H MECTO B OKHe, 4epe3 KOTOPOE XKYK BJeTes B KOMHaTy. Beicota
KOMHaTHl 2,5 M, mupuHa 4 M, gauHa 4 M.

1.4. Cyeruuku A n B (peructpupymoluue MOMEHT IIPHX01a
Y-KBaHTa) PacloO/MMKeHbl Ha PacCTOSHHH 2 M Apyr OT jpyra.
Mexxly HUMH NpOH30IUe] pachaj YacTMIB N°-Me3OHa Ha JBa
y-KBaHTa. B KaKoM MecTe nmpOH30lles 3TOT pacnaf, eCaH CYeT-
uuK A 3adurcupoBas y-KBaHT Ha 10™° ¢ moszgHee, YeM CHETYHK
B? Cxopocts cBera 3-10° m/c,

A i}
-——-}—-—-—~——<—o—-@-—o—>
i
s @ ] ) 0
P S ¥ - Y
2 | y V] 7
K aapave 1.4, K 3anave 1.5%,

1.5*. Tpu MurpodoHa, pacnosokeHHble Ha OJHOH NpsAMOH
B Toukax A, B, C, 3aperucTpupoBajy B MOMEHTbl BPeMeHH
{4 > ip > Ic 3BYK OT B3pEIBa, KOTOPEIH Mpousowen B Touke O,
nexalner Ha orpeske AC. Hafinute AO, ecstu AB = BC = L.
MomeHT nycka yacOB He cOBIaJaeT ¢ MOMEHTOM B3phIBa.

1.6. Croprcmens! GeryT KOJOHHOH JJIMHBI [ ¢ OAHHAKOBOH
CKOpOCTBIO v. HaBcTpeuy GesKUT TpeHep €O CKOPOCTBIO 4 (U <<
< v). Kaxaplil cnopTcMeH, NOpaBHSBIIHCE ¢ TPeHepOoM, GeXHT
Hasag ¢ ToH Xe cKopocTelo v, KakoBa GyJeT JyIHHA KOJOHHHI,
KOTJa BCe CIOPTCMEHBl pasBepHyTCA?

1.7. C noxmsojHO!l JOAKM, MOrpy:KatollelicA paBHOMEPHO,
HCNYCKAICTCA 3BYKOBBIE HMINYJIBCBl JIUTeNbHOCTH To. Jotu-
TeJIbHOCTb NpHeMa OTpaxkeHHoro oT gHa umnyasca T'. CkopocTh

' ) sByka B Boje ¢. C KakoH

I:I >~y l\—rl_b u cxopocm}ovnorp%wxaema
NOJBOAHASA JIOAKAT

- 1.8. Jlenra TpaHcmop-

. —— \ Tepa HMeeT CKOpOCTh C.
Haxg JenTofi — aBTOMAT,
BEIGpACHIBAIOIIUE v LIapH-
KOB B €JIMHIILY BPEMEHH.
Hlapuku npusunaoT K JenTe. CyeTYHK ¢ (JOTOJIEMEHTOM
CUHTaeT TOJBKO LIapHKH, NpoLIeAIIne TOYHO nox-HUM. CKOJMb-
KO IIaPHKOB COCYMTAeT CYETYUK 3a €JHHHIY BpeMeHH, €C/n
CKODOCTb aBToMaTa v, a CueTYHKa u?

1.9. a) M3 B3pEBUATOrO BeILECTBA H3TOTOBJIEH CTEPIKEHD
AHbl [, CKOPOCTD JeTOHAIMH (CKOPOCTh BOBJIEUEHHA BO B3PHIB
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HOBHIX yYacTKOB B3PLIBYATOrO BelleCTBA) PaBHA U, a CKOPOCTh
pasnieTa NPOAYKTOB B3pEIBA U (V> u). Kak MeHsiercs co Bpe-
MeHeM 00J1acTb, 3aHATadA Mpo- oo

ayKTaMu  B3pbiBa? CresaiiTe
PHCYHOK,

6) U3 p3peBuatoro Belie-
CTBA HYKHO H3TOTOBHTH TAKVIO
TOHKOCTEHHYIO KOHHYECKYIO
000J104KY, YTOGH MpH B3phBe &
ee C BePUIHHBI KOHYCa NPOAYK- K sazave 1,96,

Thl B3PhIBA OJHOBPEMEHHO YJa-
punu no ropusoHtanpHOM maute. Kakofl yrosm a Mexay ochio
KOHYca H o6pasyliollell HYXHO BHGpaTh?

1.10%, Tlo mpsiMoMy 1occe HAeT aBToGyc. B MosxeTe Ge-
&KaTb CO CKOPOCTBIO B [Ba pasa MeHbllieft, 4eM CKOPOCTb aBTO-
Gyca. Bu 3ameTunn aBTOGyc B Touke A. M3 kako#i oGnacru
OKOJIO LIOCCE MOKHO yCHeTb Ha aBTOGyC?

1.11*, CBepX3BYKOBOH CaMOJIET JIeTHT FOpH30HTaNbHO, JBa
MHKPODOHA, NMOKOsALIHeCs Ha PacCTOSIHHM [ APYT OT Apyra Ha
OZHOH BepTHKaJH, 3apHKCHPOBAJIH NPHUXOJ, 3BYKa OT caMoJieTa
¢ HHTepBaJIoM T. CKOpOCThb 3BYKa B Bo3fiyxe ¢. KakoBa ckopocTh
camoJieTa? ’

1.12. [IBa cTep:KHS mepeceKaioTCs MOJ YoM 20 M ABU-
KYTCA C DaBHbIMH CKOPOCTAMH U. NEPHEHAHKYJSIPHO caMuM
ce6e*). KakoBa CKOPOCTb TOUKH NEPeceueHHs CTepKHel?

1.13, TloctpoiiTe mo rpaduky 3aBUCHMOCTH KOODAHHATHE
OT BpeMeHH IpauK 3aBHCHMOCTH CKOPOCTH OT BpeMeHH.

1.14. Kax Halitu ¢ noMoutsio rpaguka 3aBHCHMOCTH KOOD-
AHHATBLI OT BPEMEHH BPEMS M MeCTO COYAAPEHHS YacTHII, ABM«
XKymuxcs no oxuod npamo#? CKOPOCTb nepBoi yacTHUB! ¢,
BTOpO# v/2. [lepBast B MOMeHT £ == 0 uMena KoopauHaTy x=0,
BTOpasi B MOMEHT BPeMEHH T — KOOPAHHATY X = q. .

1.15. TlocTpoiite mo rpaduKy 3aBHCHMOCTH CKOPOCTH OT
BpemMeHH Ipaduk 3aBHCHMOCTH KOODAMHATH OT BpeMeHH. Hait-
AHTE B cayuasx 6) U B) CPEIHIOI0 CKOPOCTb 32 GOJIbLIOE BpeMs.

1.16. Yacruna asuxkercst B nuockoctu. Ilo rpadukaM 3a-
BHCHMOCTH NPOEKUHH CKOPOCTH Uy H Uy OT BPEMEHH OCTPOiiTe
TpaexkTopuio 4acTHUBI, ecaH x (0) =2 M, y (0) =1 m.

117, [IBu:KeHue Jyua no sKpaHy ocuuanorpada sanaetca
rpaduKaMH 3aBHCHMOCTH KOODAHHAT X H i OT BPeMeHH. Kakyio
JIHHHIO omHILeT qiyy Ha 3kpaHe npu T =T, T = To/3, T =

*) HanomuHaeM, 4To PHCYHKH K 3ajauaM HHOFJd PacloOKeHH Ha
OTAEJbHEX CTPAaHHLAX,

S
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= 3T,? B cnyyae a) ropu3pHTATbHBElE THHHH Ha 3KPaHe MOYTH
He BHAHBL. [Joyemy? Ilpu KakoM OTHOLUEHUH T u T, B cayyae
6) nuaus 6yneT 3aMKHYTOH?
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K sagaue 1.17,

1.18. ABTOMOGH/IB ABHIKETCS CO CKOPOCTHIO U MHMO AJHH-
HOfi CTEHBI MOJ YIVIOM @ K Heil. B MOMeHT, Korja paccTosinue
JO CTeHBI PaBHO [, aBTOMOGHJIb N0JaeT KOPOTKHH 3BYKOBOH CHT-
Has. Kakoe paccTossHEe NPORIET OH A0 MOMeHTa, Korjaa modep
ycabiuT 3Xo? CKOpOCTb 3BYKa B BO3AYXe C.

1.19. Ilpu ynpyroM yaape 1apa o IMafKyio HeNOABHKHYIO
CTeHKY YroJ najeHus Wiapa paBeH yray otpaskenus. Ha ka-
KOH yrosl H3MeHHTCS HanpaBJeHHe CKOPOCTH Iuapa mocJe ABYX
YA2pOB O CTEHKH, YTOJI MeXAY KOTOPHIMH paBeH a? Kak nose-
THT I1ap, ecIH yroa o = n/2? JIBuKeHHe NPOHCXOMHT B IUIO-
CKOCTH, NePNeHIHKYJAAPHOH CTeHKaM.

AT
e /// &/ﬁo 4
.

K 3apauze 1.18. K zapaue 1.20%,
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1.20*. B 6uanuapie co CTOPOHaMH @ H b mMycKawT Iuap
OT cepeAuHBl cTOpPoHH &. Ilpy Kakux yraax ¢ oH BepHeTcs
B Ty e TOYKY 60pTa, H3 KOTOPDOH Hayas ABHKeHHe?

1.21, YromKoBEIl OTpakaTelb, YCTAaHOBJEHHEI Ha NYHO-
Xoge, mpejcraBaseT co6ofi TpH B3aHMHO NepNeHAHKYJSAPHBIX
8epkana. [lycTe BBefleHa cucTeMa KOOpAMHAT, MOKa3aHHAasA HA

13



pucyHke. Ecau Ha oTpaareJb I1afigeT cBeT, BEKTOD CKOPOCTH
KOTOPOTO € = (Cy; Cy; C;), TO KAaKHM OYJeT BeKTOD CKOPOCTH
nocsie OTpaxeHHsl OT 3€PKaja, HaXOAsUIErocsi B IIOCKOCTH
y0z? Kakum 6y1eT BeKTOD CKOPOCTH [OCJ/e OTpaxKeHHs OT BCeX
Tpex 3epkaa?

z @

K samaue 1.21, ’ K 3apaue 1,22%,

1.22*, Crpesiok nblTaeTcsl momacTb B JHCK pajuyca R,
KOTODBHI JBHXKeTCS MexXJAy IABYMs CTeHKAMH Tak OBHICTPO, 4TO
38 HUM HeJb3sl ycJaenuTb. Hapucyiite rpadux 3aBHCHMOCTH
BEPOSTHOCTH IIONAJAHHS B JUCK OT PACCTOSHHA TOUKH NPHLEJNH-
BAaHHS Ji0 CTEHOK. BBHICTpesBl MPOH3BOASTCA HA BhICOTe K OT
1oJia MepneHAMKYJ/SPHO HampaB/JeHUIO ABHKeHHS Iucka. I'ze
BEPOSITHOCTh HauMeHbmasi? Haubosbmasi? YeMy OHH paBHBI?
Paz6epure cayuau: L > 4R, 4R > L > 2R (L — paccroa-
HHe MeX1Yy CTeHKaMH).

§ 1.2, Buxende ¢ nepeMeHHOH CKOPOCThIO

2.1. Ha pucyHxke nzofpaxeHa TpaeKTODHs 3JEKTPOHa, KO-
TOphIl gpefidyeT BROMBL IJIOCKOCTH pasjiena odnaacTeil ¢ pas-
JINUHBIMH MATHUTHLIMH TOJSIMH. ETo TpaeKTOpHS COCTOUT W3
uepeYVIOMUXCs MONYOKpYXKHOCcTell pajuycoB R, r. CkopocTs
JIeKTPCHA TOCTOsIHHA N0 MOAY./I0 H paBHa v, Hafaute cpeg-
HIOIO CKOPOCTDL 3/IEKTPOHA 33 GOJIBIHOH NPOMEXXYTOK BpPeMeHH.

2.2, Hapucyiite rpaduk 3aBHCHMOCTH KOOPIHHATEL OT Bpe-
MeHH JJd NPSAMOJHHEHHOTO IBHXKEHHSA, YLOBJETBOPSIOINH 0~
HOBpeMeHHO JBYM YCJIOBHSIM: a) CPeRHSIfl CKOPOCTb 3a BpeMms
oT 2 1o 6 ¢ paBHa 5 M/c; §) MaKCHMaJbHas CKOPOCTb 33 5TO XKe
BpeMsi paBHa 15 M/c.

2.3. JBe yacTULBI B MOMEHT BpeMeHH { = 0 BBILUIH H3 01~
HOH ToukH. OnpejenuTe 1o rpadHKaM 3aBHCHMOCTH CKOPOCTH
OT BpeMeHH MeCTO H BPeMsl HOBOH BCTpeud 4acTull. YacTHupl °
JBUXKYTCS 110 OZHOH NPAMOH.

2.4, Teno B Teyenue BpeMeHH T ABHIKETCS ¢ NOCTOSIHHOH
CKOPOCTBIO Up. 3aTeM CKOPOCTb ero JIMHeHHO HapacTaeT CO Bpe-

14



MeHeM TaK, YTo B MOMeHT BpeMeHH 2t oHa paBHa 2v,. Onpene-
JguTe NyThb, NPOHIEHHBIH TeJOM 3a BpeMs [ > T.

2.5. OkasaJjioch, uTo rpadHK 3aBUCHMOCTH CKOPOCTH TeJsa
OT BPEMeHH HMeeT BUJ HOJYOKDYKHOCTH. MakcumasbpHast cKo-.
pOCTb TeJia Ug, BpeMsl ABUKeHHs! ¢, Onpesesnte nyTh, NpofifeH-
HBIA TeJIOM.

2.6. ABTOGycC mBHXKeTcA B TedeHue 20 ¢ no npsMoH o ocTa-
HoBkH. Ero HauajbHasi ckopocTh 15 M/c, a mpoXoauT oH pac-
crosinue 310 M. JlokaxuTe, uTo ycKOpeHHe aBToGyca MeHsIeTCs
10 HaIlPaBJIEHHUIO.

2.7. KoubkoGexel NMPOXOAUT AUCTaHNUO L ¢ nocTosiHHOH
CKOPOCTBIO, & 3aTeM TOPMO3HT ¢ yckKopeHHeM a. IIpu kakoit
CKODPOCTH BpeMsl JIBUXKEHHSl [0 OCTAHOBKH HauMeHblilee?

2.8. Murpupymoniie peifbl, HAKONUB B MOpe 3amac XKHupa,
3aXOJSIT B YCTbsI peK. B mpecHoii Bosie onu He nuratores. [los-
TOMY UM B&XXHO ROGPaThCsl O HePeCTUJIHL B BEPXOBBSIX peKH
¢ HaHMeHBIUIMMH NOTepAMH Macchl. Pacxopm xupa Ha moagep-
JKaHHe OCHOBHOT'O OO6MEeHa 3a eMHHIY BpeMeHU cocTaBJsieT NV,
a J00aBOUHBIH Pacxox bu® TpaTHTCS Ha ABHXKEHHE CO CKOPOCTBIO
v. C Kakofl CKOPOCTBIO ¥ JIOJKHBI JBUraTbCsl PhIGhI, YTOOHI 3a-
TpaThl XHpPa Ha NYTH AO HePeCTHJHLA ObLIH MHHHMAaJbHBI?
Pri6br npekpacHo ocBenoMseHBl 00 3TOH CKOPOCTH.

2.9. U3 cheprueckoro akBapuyMma paiuyca R, HaloOJIOBHHY
3anoJIHEHHOrO BOAOH, ¢ KaXKAOH eIHHHIBI [IOBEPXHOCTH HCIa-
psieTcsl B €IUHMIYY BpeMeHH oOBheM KUAKOCTH ¢. YUepes Kakoe
BpeMsl BCSl Boja McHapHTcA?

2.10*, a) B KOHHYUECKOM COCYA€ VPOBEeHb BOABI MOAHHMa-
eTcsl ¢ IMOCTOSIHHOH CKOPOCTBIO ¥Up. Kak 3aBHCHT OT BpeMeHH
CKOPOCTb NOCTYIIJIEHUS BOABI B COCYJ uepe3 OTBEPCTHE ceue-
HusA s? B HyJeBo MOMEHT BpeMeHM COCYJ MYyCT.

6) Ctpys Macsa, monajaroliasi Ha MOBEPXHOCTb BOJIBL, pac-
TeKaeTcsl KPYTOBBIM MSITHOM TOJILUHBL /1. KaK 3aBUCHT OT Bpe-
MEHH CKODOCTb [BHIKEHHSI I'DaHHUBl NSATHA, €CH B €JIUHHIY
BpeMeHy nocTynaer o0beM Macsa ¢° HauanpHelll paguyc nsaTHa
HyJIeBOH.

2.11. MaJspuuK HaxyBaeT RO3AYVIIHBIN Inapuk. Korma ero
paguyc npoxoauJ 3HaueHHe 10 c¢M, CKOPOCTb YBeJIHYEHHS Pa-
Iuyca 6euta 1 mm/c. Kakoit 06beM BO3LYXa €3KeCeKYHIHO BBIJBI-
XaeT MaJIbuUK?

2.12. Tlo rpaduky 3aBHCUMOCTH YCKOPEHHSI OT BpeMeHu
YCTaHOBUTE CKOPOCTb B MOMeHTHI BpeMenH 4 u 15 ¢, eciin B Mo-
MeHT BpeMeHH | ¢ cKopocTh paBHa 3 M/c.

2.13. YcKopeHHe DaKeTHOH TesJeXKH OT cTapTa Jo OcTa-
HoBku nepsble 6 ¢ cocTaBasno 100 M/c?, 3arem 7 ¢ OHa jBura-
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Jacb 6e3 yCKOpeHHMsl, a mocjeHue 3 ¢, HMes UrpHLIAaTeJbHOe
yckopenne —200 M/c2, Tloctpolite B momxonsieM Maciuta6e
rpaQHKH 3aBHCHMOCTH OT BpeMEHH YCKOPEHHS, CKOPOCTH H
KoOpauHaThl. Kakoro HauGoapluero sHaueHHsl JOCTHTala CKO-
pocThb TesexkkH? Ha KaKoM OTpe3Kke NYTH NPOHCXOLUIO TOPMO-
»keHne? Kakoe nosHoe paccTosiHde mpolnia Tedexka? Kak mo
rpaQMKy 3aBHCHMOCTH OT BpPeMeHH YCKODEHHS NPOEBEepHTh, IeH-
CTBHT&JILHO JIH TeJeXKa OCTaHOBHJIACK?

2.14. Y pByx yacTHll rpaHKH 3aBHCHMOCTH KOODJIMHATbI
OT BPeMeHH OKa3a/HCh OJUHAKOBBIMH, HO AJIS NEPBOH YacTHUILI
OJIHO JieJieHHe ocH f oTBeuaeT 4 ¢, a aas sTopoit 1 ¢, Kak orHo-
CATCS CKOPOCTH M YCKODEHHSl YacTHI[ AJS TOukKH A rpa-
¢uka?

2.15. Yacts rpadHKa 3aBHCHMOCTH KOOPAMHATLI OT BpeMEHH
HHXe ocH [ nofo6Ha yacTu rpaduka sellle 3Toit ocH, ITocTpoiite
rpaguKy 3aBHCHMOCTH OT BPEMEHH CKOPOCTH H YCKOpEHHS.
CpaBHHTe yCKOpeHHS NPH HaHOGOJbLIEM H HaMMEHbLIEM 3Ha-
YeHHH X. :

2.186. Ilo rpaduky 3aBHCHMOCTH CKOPOCTH OT BPEMEHH NO-
cTpoiiTe rpagHKH 3aBHCHMOCTH OT BpeMeHH KOOpjiHHATHI H
yckopenus, ecan x (0) = 0.

oM/
.
7 -
! 1 . —_
27 17 2 3¢ g &0 00 750 k4
K 3anaue 2.16, K 3apave 2.17,

2.17. Jnauua wxkansl cnugomeTpa 15 cM; OH u3Mepser
ckopoctb ot 0 1o 150 xM/y. Halinute ckopocTh yKasartens cnu-
JOMeTpa, eclH aBTOMOOHJIb JBHIKETCS] ¢ YCKOpeHHeM 2 M/c2.

2.18*, Tesno HauMHaeT jpuXKeHue HM3 ToukH A. CHauana
TeJI0 JBHXKeTcs B TeYeHHEe BPeMEHH T PABHOYCKOPEHHO, 3aTeM
C TeM ke N0 MOAYJIO YCKOpeHHeM paBHO3aMejIeHHO, Hepes
Kakoe BpeMsl OT Hayala JBHXKEHHS TeN0 BEpHeTCs] B TOY-
Ky A? .

2.19*, Bpemsa ornpasaeHus saekTpuuku 12-00. Ha Bammx
vacax 12-00, Ho MHMO Bac y:ke HayaJs Npoe3KaTb Npeanocel-
Hu#'BaroH. OH npoesxai 10 ¢, a nocne1Huft BaroH npoexasn M-
MO Bac 3a 8 ¢. DyeKTpHYKa OTNpaBu/Iach BOBPEMS H JEHMTajgach
PaBHOyckopeHHo. Ha Kakoe BpeMsi OTCTaBaJsH BalllM Yachl?

- . 17



§ 1.3. J1BuxKeHHe B noae TAKECTH *).
Kpusonnueiinoe npHXKeHHE

3.1. BepTuka/JbHO BBEPX C HHTEPBAJIOM BPEMeHH T BHOpPO-

LIeHkl JBa WapHKa cO CKOPOCTBIO U U3 OXHOM W TOH e TOUKH.

Yepes kakoe BpeMsi mocJsie BbUIeTa BTCPOro la-
PHKa OHH CTOJKHYTCA?

3.2, a) M3 Bepxuefi TOUKH OKDY:KHOCTH IIO
JKes106y, HaKJIOHEHHOMY NOX YIJIOM @ K BepTH-
KaJli, HaYWHaeT CKOJIb3HTh 6e3 TpeHHs LIapHK.

- 3a Kakoe BpeMsi OH JOCTHTHET OKPYKHOCTH,
ecsIy ee fuamerp D?

6) M3 Toukn A mo pasnHYHO HAK/IOHEHHBIM
CIHIAM OIHOBPEMEHHO HAYMHAIOT CKOJIL3HTL 6e3
TpeHusl MasneHekue GycuHku, Ha kakofi kKpuBoH
6YyRYT HaxoauTbcss OGYCHHKH B MOMEHT BpeMe-
Hu £?

3.3*. Kag poJsxeH ObITb HanpaBJeH H3 TOY-
Ki A HakJIOHHBIH XKeJy06, 4TOGH HIapUK COCKOJb-

K sazave 3.1, 3Hyn no Hemy O HakJIOHHOH miIockocTH BB’ 3a
HauMeHbllee BpeMs?

3.4. Cpo6onHO majaroiee TeJo MpoJeresio ToYKy A co CKG-
pocteio u4. C KaKOl CKOPOCTBIO OHO MPOJIETHT MHMO TOYKH B,
HaxoaAmedica Huxke A Ha paccTosiHuM AP

3.5. Kamenb 6pocaloT cO CKOPOCTbIO U MOJ YIJIOM @ K FOPH-~
30HTy. Uepes Kakoe BpeMsi CKOPOCTb GYeT COCTABAATb YTOJ O
C TOPU3OHTOM?

3.6. l13 opynus npousBelieH BBICTpes MOX YIJIOM ¢ K TOpH-
30HTY. HauasbHasi cKopocTh cHapsifa v. [10oBepXHOCTb 3eMJIH
TOPH30HTAJIbHA,

a) Hafizute ropusoHTa/IbHYIO H BEPTHKAJbHYIO MNPOEKIUH
CKOPOCTH KaK ()YHKIUU BpPEeMeHH.

6) Hafizute KoOpAuHAaTHI X H y KakK (YHKUHH BpeMeHH.

B) Halinute ypaBuenue TpaekTopuH, T. €. 3aBHCHMOCTb Y
OT X.

1) Hafiqute Bpems nosera 7, HauGosbiuyio Beicotry H u
JAJbHOCTL noJyieTa L cHapsza.

3.7. 1To HaK/IOHHOH MJIOCKOCTH €O CKOPOCTBIO U IYCKaioT
mapHK. Kakoe paccTosiHHe [0 TOPH3OHTa/lH OH IPOHIET,
Opexje 4eM CKaTHTCS ¢ INIOCKOCTH?. [110cKocTh HaKJoHeHa

*) Ecu Ha pHMCYHKe K 3ajade YKA3aHO yCKOpeHHe CBOGOAHOTO Maje-
HHA g, HeoOXOAUM YUeT MoJis TAXKECTH,
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K TOpH3OHTY NOA yrioM 45°. BekTop CKOpOCTH 06pasyeT yroxa

45° ¢ TOpH3OHTAJbHEIM KpaeM IJIOCKOCTH. TpeHHs HeT.

. 3.8. M3 muHOMeTa BeayT cTpesbly no oO6beKTaM, pacrnoJo-
KeHHBIM Ha CKJIOHe ropbl. Ha KaKoM paccTosiHHH OT MHHOMeTa
OyAyT Majath MHHBI, eCJIH HX Haya/JbHAask CKOPOCTh U, YroJ Ha-
KJIOHA TOPHl @ H YroJ cTpenbObl B MO OTHOLIEHHIO K TOpH-
30HTY?

3.9. C Kako# CKOpPOCTBIO B MOMEHT CTapTa pakeThl HYXHO
BBICTPEJIHTb H3 NMYHMIKH, YTOOBI OPA3HTb pakeTy, CTapTYIOILY1O
BepPTHKaNbHO C YCKOpeHHeM a? PaccTosiHHe NYIIKH OT MecTa
cTapra pakeThi L, mylKa crpejseT noj yriaom 45° K ropu-
30HTY. :

3.10. ¥YTKa JeTesta 0 TOPH30HTAJAbHON NpPAMOIL ¢ MOCTOSAH-
HOH CKOpOCTBIO . B Hee 6pOCH/T KAMEHb HEONBITHBIH «OXOTHHKY,
npHuyeM 6pocok Obut chenaH 6e3 ympeKIeHHs, T. €. B MOMEHT
6pocka HampaBJeHHe CKOPOCTH KaMHs (yrol o K TOPH30HTY)
OblI0 KaK pa3 Ha yTKy. Moay/ap HayajbHOH CKOPOCTH KaMHS
paseH v, Ha kakol BeICOTe JieTesla YTKa, €C/IH KaMmeHb BCe Xe
nonana B Hee?

3.11. U3 oTeepcTua 1jaHra, NMpHKPHITOTO nafbieM, ObICT
JIBe CTPYH TMOJ YIJIOM & H P K TOPH30HTY C OJHHAKOBO HayaJ/b-
HOH ckopocThio v. Ha Kakom paccmﬂmm 110 TOPH3OHTaNH
CprPI nepecexyTCH?

3.12*, M3 mnanra, jnexaiiero Ha 3emJjae, 6beT moj yraoMm
45° k ropnsomy Bojla ¢ HavanbHofi ckopoctblo 10 m/c. Ilno-
Iafb ceyeHHsl OTBepcTHdA WLiaHra 5 cM? Omnpejennrte Maccy
CTpyl, HaxojdllleHcs B BO3aYXe.

3.13%, U3 opyans HYXKHO NOIacTb B TOUKY ¢ KOOpJHHa-
TaMH X [0 TOPH3OHTaMH H Yy 1O BepTHKaau. HauvanbHasa cko-
pocTh cHapfjia v.

a) Haiigure tg ¢ — TaHrenc yrsa, o6pas3yeMoro CTBOJOM
OPYLHS C TOPH3OHTOM,

6) Hafizute rpannny o6sacTH, Kyaa MOKeT ONACTb CHAPAA.

B) IIpu Kakofl HaWMeHbLIeH CKOPOCTH U CHapsj MOXeT MO-
nacTb B TOYKY ¢ KOOpPAHMHAaTaMH X, y?

[Ipu peweHny a) BOCHOJb3YiTech TOXKAeCTBOM 1/cos? ¢ =
= tglp + I

3.14, C 0fHOTO H TOTO XK€ MecTa ¢ HHTePBAaJOM BPEMEHH T
OpOLeHb! ABa TeJa ¢ OfHOH H TOH »Ke HavyaJbHOH CKOpPOCTBLIO-U
JOZ yIJOM ¢ K ropHsoHTy. KakoBo ABHXeHHe MepBOTO TeJsa
OTHOCHTeJIbHO BTOporo? IloyeMy oTHOCHTe/lbHAs CKOPOCTH 3a-
BHCHT TOJBKO OT T?

"3.15. Ilo BHYTpeHHe# HOBerHOCTH [JIaKOTo Bepmxanb-
HOTO IMJIHHJpA pajauyca R nox yrioM o K BepTHKa/H MyCKaioT
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mapuk. Kakyio HayaqbHYIO CKOPOCTb €My Hai0 COOGUUTS,
yTOGbI OH BEPHYJICSL B HCXOJHYIO TOUKY?

3.16. OnpenennTte CKOpPOCTb H YCKOpeHHe, KOTOPBIMU 06J1a-
7al0T TOUKH 3eMHOH NOBEepXHOCTH Ha 9KBATOpe M B JIeHHHIpane
u3-332 y4acTusi 3eMJIH B CYTOYHOM BpamleHHH. Pammyc 3emiu
npuHATs paBHbM 6400 xm. Ilupora Jlennnrpama 60°.

3.17. C Kako# CKOpOCTBIO JOJ/IXKeH JeTeTb CNYTHUK, 4TO0HI,
Bce BpeMf najas Ha 3eMJIo ¢ YCKOpeHHEeM g, OH JBHTaJjcs M0
okpyxHocTu? Ilpuuare paauyc 3eman R = 6400 km, a g =
= 10 Mm/c% ’

3.18. YacTtupa ABMKeTCS IO OKPYXKHOCTH pajawyca r Tak,
yTO YroJ NOBOPOTA pajuyc-BeKTOpa paBeH @f B MOMEHT Bpe-
menH ¢. Jlokaxute, yTO BEKTOP CKOPOCTH YaCTHILBI PABHOMEPHO
BpalllaeTcsl ¢ yIVIOBOH CKOPOCTBIO ®, 8 MOAYJb CKOPOCTH U =
= wr. Mcxoas u3 npeapiayliero, Halijure MOAYJb U HarpasJje-
HHe YCKOpeHHs. 3amnuluuTe BBIpaKeHHe IJISl YCKOpPEHHS @
B BEKTODHOM BHJE.

3.19, Bokpyr Touku O 1O OKPYXKHOCTH pajHyca .X, ABH-
WweTesl ¢ YIJIOBOH CKOPOCTBIO ® MajieHbKEH ILuapuk. Bposb
OCH Yy LIApHK OCBelllaeTcsl NapaJJielbHBIM NYYKOM CBeTa, Mo-
3TOMY KOOpAHHATA X TeHH LIapHKa 2aBHUCHT OT BpeMEHH Kak
Xy cOS ®f, ecid B MOMeHT ¢ = 0 IIapHK HaxoauJscsl B Touke A,
HIH KaK X, sin of, ecaix B MOMEHT BpeMeHH ! = 0 IIapuk
Haxoauscs B Touke B. Haliiute B 3TUX c/Iy4asiXx 3aBHCHMOCTH
MIHOBEHHOH CKOPOCTH H YCKODEHHS TeHH OT BpeMeHH.

K sapauye 3.19, K 3anaue 3.20,

3.20. Teso pBHKeTCS ¢ NOCTOSIHHOR CKOPOCTBIO U 110 Tpa-
€KTODHH, COCTOSfIlle H3 ABYX AYT OKPYXKHOCTeH paauycoB R
¥ R/3, nnaBHO coeanHeHHbIX. [T0CTpOiTe BEKTOPbI YCKOPEHHS
B OTMEUYEHHBIX TOUKAX TPAEKTOPHH.

3.21. B MOMeHT BpeMeHH, KOTJa MOAYJIb CKOPOCTH U ==
= 10% m/c, yckopenue yacTHupl @ = 10* M/c? H HampaB/eHO
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"nop yriom 30° K BEKTODY Lxgpoctn. Ha ckombko VBRJAHUHTCA
MOAy/b cKopocTH 32 BpeMsl Af = 1072 ¢? Ha kakoi#l yroJa usme-
HHUTCA HampaB/ieHHe cKopocTH? KakoBa B 3TOT MOMEHT yIVIO-
Bas CKOPOCTb BpallleHHs BeKTOpa CKOPOCTH?

3.22. Teno ABMKETCS MO OKPYKHOCTH pajuyca 7 co CKOpo-
CThIO, KOTopas JIMHEHHO yBeTHUHBaeTCs BO BpeMeHH: U = kf.
Hafinure 3aBHCcHMOCTE OT BpeMeHH MOAYJ/SI NOJHOTO YCKOPEHH S
Tesa.

3.23. Kpafi ropH3oHTalbHOTO CTOJa CKPYIVIEH IO TOJY-
OKpYyKHOCTH paauyca 7. C KaKofl HaHMeHbIeH# CKOpPOCTBLIO

HYXHO NYyCTHTb NO CTOJY Ma-

Joe TeJo, YTOOBl OHO, AOCTHT-

HYB CKpYIJIeHHA, cpa3y mofe-

Teslo no mapaGoJse?

3.24*, Cdepuueckuil pesep-
K 3apaue 3,23, Byap, CTOSILIMHA Ha 3eMJI€, UMEET
paauyc R. Tlpm kako# Hau-

MeHbIIeH CKOPOCTH Ha MOBEPXHOCTH 3€MJIH GPOLICHHHE KaMeHb

MOXKeT nepesieTeTb pe3epByap, KOCHYBLIHCH €r0 BepIIHHBI?

3.25. CHapsij BbLIeTaeT ¢ HayaJdbHOH ckopocThio 600 M/c
tiof yriom 30°, 45°, 60° x ropusonty. OnpegesuTe pajnychl

KDPHBH3HH TPaeKTOPHH CHapsdla B HauBHICWeHl M HayaJbHOH

TOYKaXx. .

3.26. J1ns 3KOHOMHH MecTa Bhe3] Ha-OfMH H3 Bhlcoualnux

B SIMOHMM MOCTOB yCTPOEH B BHjJe BHHTOBOH JIMHHH, OGBHBaIO-

el UHIHHAD panuyca R. ITos0THO JOPOTH cOCTaBAALT Yyroa &

C TOPH3OHTaAbHOH MI0CcKoCcThlo. KaKoBO ycKopeHHe aBTOMO-

OUJIA, NBHKYILEToCs ¢ NMOCTOSTHHOH MO MOAYJMIO CKOPOCThIO UP?

§ 1.4. TNpeo6pasopanne Tanunen

4.1, HayajibHHE MOJIOXKEHHUS] M BEKTOPHI CKOPOCTEH ABYX
KopabJeil 3anaHul Ha pucyHke. KopaGau aBmxyTcsl 6€3 ycKo-
penus. Kak HalTH HanMeHblliee pPacCcTOSHHE MeXKLy HHUMH?

4.2. Ha pucyHnke n3o0paxeHbl BEKTODH CKOpOCTeH liecTH
3allieB, BEIMYLUIEHHBIX cTapblM MasaeM, B cHcTeMe KOOpAHMHAT,
HENOABHKHOH OTHOCHTeMbHO Masas. IlonpoGy#iTe HapucoBaTh
BeKTOPHI ckopocTell Masas u ocTaJ bHEIX 3ailieB B CHCTEME KOOp-
JIMHAaT, HENOABMKHONK OTHOCHTeNbHO 3afina /.

4.3. OnHa W3 yacTuy meLTeBoro o6naka (dactHua A) mo-
KOHUTCS1, a BCe OCTa/IbHbIC Pa3JseTaloTest OT Hee B Pa3Hble CTOPOHLE
CO CKODPOCTSIMH, NPONOPUHOHAJbHEIMH paccTOSTHHAM OT YacTH-
ubl A. Kakylo KapTHHY ABH:KeHHS OOHapyXuT HaG/IOfaTeNb, -
JBHKYILHHCSA BMecTe ¢ yacTuueii B?
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K sanaue 4.1. K 3andue 4.2.

4.4. C yryia A KBaJpaTHOro IJIOTa CHPBITHYJ [eC W IJb-
BeT BOKPYr IJIOTA B HampaBJeHHH, YKa3aHHOM KOPOTKOGil
crpesikoit. Hapucyifite Tpa-
eKTOPHIO JBHKEHHS Ica OT-
HOCHTeJbHO Oepera, ecJH
CKOPOCTb ICa OTHOCHTEJIbHO
BOJBL COCTaBJAET */3 CKOpO-
CTH TeYeHHs,

4,5. a) Kamm poxjsa
H3-32 CONPOTHBJEHHS BO3LY~
Xa MajalT ¢ [OCTOSTHHOH
CKOPOCTBIO U, NEPNEHJUKY-
JISIPHOH IIOBEPXHOCTH 3eM-
au. Kak Heo0xoiumMo pac-
HOJIOXKHTb  IHIHHAPHUECKOE K sazaue 4.4,

BeJpo, Haxojsllieecss Ha JBHU-
XKymelcd co CKOPOCThIO 4 miatdopme, YTOObl KaIJIM He IIO-
Najajqu Ha CTEHKH?

6) Ipu ckopoctd Berpa 10 M/c Kamna f0XKAA MajaeT Hoj
yraom 30° K BepTuKaJju. Ilpu Kakofl cKopocTdH BeTpa Kamas
Oyjer majgaTh 1o yrsoMm 45°?

4.6. Dyep npexcrasisieT co6oil napycusle canu. OH MOxer
JIBUTaThbCA JIMIOb 1O JIMHHH, M0 KOTOPOH HanpaBJIeHbl KOHBKH,
Betep -gyeT co cKOpOCTBIO U, MEPIEHAUKYIASAPHON €ro JBHKe-
uuo. [Tapyc ke coctaBaser yroa 30° ¢ HampaB/JeHHEM JBHKe~
uus. OnpenesuTe MaKCHMaJbHO BO3MOXKHYIO CKOPOCTb Gyepa.

4.7. Kakoil 6y1eT AJUTeIbHOCTb pelica camoseTa u3 Hopo-
CHOHpcka B MocKBY M 0GpaTHO, NPOHCXOAALETO MO HPSIMOI,
CCJIM B TeueHue BCETrO MOJeTa AyeT BETep MOJ YIVIOM G K Tpacce
€O cKopocTsio #? CKOPOCTh caMoJieTa OTHOCHTEIbHO BO3yXa U,
ZnuHa tpaccel L. Ilpu kakoMm HanpaB/ieHHH BeTpa JIHTEJNbHOCTD
peilca mMarcuMmasbHa?

4.8. Tlpy ynpyrom ypape TejJa O HENOABHXKHYIO CTEHKY
CKOPOCTb v MeHSleTcsl JHIIb 1O HanpaBseHuio. Onpegenure,
Ha Kakyio BeJHYMHY HU3MeHHTCsl MOC/Ie yaapa CKOPOCTb 3TOro
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Tes1a, ecny cTeHKa ABHIKETCA: a) CO CKOPOCTBbIO # HaBCTpedy
TeNy; 6) ¢o ckopOCTbIO W << U B HANPaBJeHHH ABHAEHHS TeNa.

—— - s

ar°

K sajaue 4.6, K sagaue 4.8,

4.9. Teno HaneTaeT Ha CTEHKY €O CKOPOCTBIO U NOJ YIVIOM ©
K ee Hopmasau. Onpejenute MOAYJb CKOPOCTH Tesla Nocie
YyOpYroro yjzapa o CTeHKY, ecJH: a) CTeHKa HeNOABHIKHA,
6) ABHXKETCA CO CKOPOCTBIO @ MO cBoell HOpMaju HaBCTpedy
Tey; B) ABHIKETCS CO CKOPOCTHIO @ NOJ yrioM f K cBoeH Hop-
MaJiH HaBCTpeuy Teqy.

4.10. Buytpn cdepsr pagmyca R, pBHXylleficd co
CKOPOCTBIO %2, HAXOQHUTCA WIAPHK pajguyca 7, KOTOpbIH B MOMEHT,
KOTZia OH NPOXOAHJ uepe3 UeHTp cdepbl, HMea CKOpocTb ¥ (&
neprneHJMKyJaspHa ©). Macca cdeprl MHOro Gosblie Macchl
wapuka. OnpenennTe, ¢ KaKoH 4acTOTOM IUapHK yaapsieTcs
0 CTeHKY cepbl, ecH cYHTaTb yaap abCONIOTHO YNPYTHM.

4.11. Teso oTNycKaiOT B NOJE TAMNKECTH Ha BbicoTe /i OT
NJIHTHl, KOTOPasA ABHAKeTCA BEPTHKANbHO BBEPX CO CKOPOCTBIQ U.
OnpenesnTe BpeMsl MEXAY NOCJEJOBATENLHBIMH yIapaMH Teja
0 MIHUTY. ¥ Aaphl abGCOMIOTHQ YIIPYTHe,

4.12. Teso BJieTaeT rOPH3OHTAJIbHO CO CKOPOCTBIO U B NPO-
CTPAHCTBO MEXJY ABYMS BePTHKaJbHBIMH MJIOCKOCTAMH, KO-
TOpble ABHIKYTCA €O CKOpOCThIO 1. OnpenesnTe cKOPOCTh Tena
nocjie n-ro yjzapa o nepeiHiol0 creHKy. PaccrosHue Mexay
creHkamMu L. Ygjapel abcoMOTHO ynpyrHe.

4.13. lectepenka pagmyca R nomelieHa MeXAY ABYMsI
napajiejbHbIMH 3y64aTeiMH pefikaMu. Pefikm nBHXKyTca €O
CKOPOCTSIMH U; H U, HaBcTpeyy ApYT Apyry. CKOMbKO 060poTOB
JieJiaeT LiecTePeHKa B eJUHHIY BPEMEHH?

4.14. 5lnpo, JeTsllee €O CKOPOCTBIO ¥, pacnajaeTcd Ha
JBa OIMHAKOBHIX OCKOJIKa. OnpefiesinTe MaKCHMalbHO BO3MOX«
HBIH YyTOJ @ MEXAY BEKTOPOM CKOPOCTH OJHOTO H3 OCKOJKOB
H BEKTOPOM O, eC/TH NPH pacriafie NOKOSIIErocs AApa OCKOJIKH
HMEIOT CKOPOCTD & < 0.

4.15%. VlmeeTcsi nyuyoK ONMHAKOBBIX f1ep, ABHKYIIUXCA
napaJJejbHO €O CKOPOCTBIO . S§lpa B NyuKe CaMONpPOH3-
BOJIBHO JI€JIATCA HA JBa OAMHAKOBHIX 0cKoJIKa, CKOPOCTh OCKO~
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KOB, IBHIKYIIUXCSl B HalpaBJeHHH Nyuka, paBua 3v. Halinure
CKOPOCTb OCKOJIKOB, ABHXKYHIHXCA B HanpaBJIeHHH, NeplleHaH~
KyJspHoM nyuky. Haligute 3aBHCHMOCTB MOAYJISI CKOPOCTH
OCKOJIKOB OT yIJIa MEXK1y HalpaBJeHHEM [BHXKeHHS OCKOJKOB
H HanpasJieHHeM CKODOCTH sjep.

—
71K 7
9
S >
&£ 4
i l “
K sagaue 4.12. K 3anaue 4.16,

4.16. [ipa nmyuka yacTHil, ABHXKYUIHXCH C OAWHAKOBOH IO
'MOAYJIIO CKOPOCTBIO U, NepeceKawoTcs noj yraoM o. Coyaape-

HHSA OPOUCXOAAT B OrpaHuyeHHol obnactu. [lepefinem, ogHaxko,
B CHCTeMy OTCUeTa, IZie CKOPOCTH YacTHIl PaBHBI MO MOAYJIO
U IPOTHUBONOJOXKHE. Kasanoch Obl, Temepb 0GJacThb Iepece-
qeHKS — Bechb 00beM IYYKOB, W INIOSTOMY HHCJO COYAapeHnH
B €JMHHIY BPEMEHH J0KHO OhiTh Gosblie. COBIACHHTE NOTY-
quBILeecss IPOTHBOpeuHe.

4.17. Hger «BepTHKanbHBIy A0xAb. CKOPOCTh Kaneab u.
Ilo acanpTy co CKOpPOCTBIO U CKOJB3HT MAY. Bo cKOMBbKO pas
Ha Hero nonajaer GoJblle Kanesab 3a CeKyHAY, 4eM Ha TaKoH
7Ke HeNoJIBuKHbI Ma4? MsMeHuTCS JTH OTBET, ec/ly MS4 He KpyT-
JIBIEE?

4,18*, MaJspunk, KOTOpHIH MOXKET IJIaBaThb cO CKOPOCTbIO,
B JBa pasa MeHbllell CKOPOCTH TeueHus peKu, XOueT ee mepe-
IJIBITh TaK, 4TOOBl €r0 CHEeCJO BHH3 IO TEUEHHIO KaK MOXHO
MeHbite. ITox KakuM yrjiom K Gepery oH moskeH maeTh? Ha
KaKoe pacCTOsIHHe erQ cHeceT, ecaH IIHpuHa pekd 200 m?

§ 1.5. JiBMXKeHue cO CBS3SMHU

5.1. Ckopoctb rpy3a A paBHa v4. Hemy paBHa CKOpOCTb
rpysa B?

5.2, ¥YryoBasi CKOpOCTb BOpOTa ®©, pajuyc BHYTpPeHHEro
LuIHHApa r, a8 BHemHuX R. KakOBH CKOpOCTH OCH BOpOTa H
Irpysa OTHOCHTEJIbHO 3eMJIu?
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5.3. KnnH o6pasyer ¢ TOPH3OHTAIBLHOH ONOpOi yron 30°.
Ero «BbiTaiKHBaeT» BepPTHKAJIbHBIA CTepikeHb, ONlycKaioUMics
CO CKODOCTBHIO . KaKoBa CKOPOCTh KJAHHAP

V224 /. 2L

K sapaue 5,1, K sapaue 5.2, K sapgaue 5.3,

5.4. Ha kaune ¢ yrioM o JexHT MoHeTa. C KaKuM HaH-
MEHBIIHM YCKOPEHHEM JIOJIKeH JIBHTaTbCsl KJHH MO TOPH30H-
TaIbHOMN IJIOCKOCTH, YTOGEL MOHeTa CBOGOJHO Majaja BHH3P

5. 5 BeKkTop CKOpOCTH Tesa, COCKaJb3bIBAIOLIEIO ¢ KJAHHA,

H306pa)KEH Ha DHCYHKe. I'padnue-
CKHM TOCTPOEHHEM HaHIHTe CKO-

POCTb KJIHHA.
7 vAp 5.6. Ilnockoe Teso BpaaeTcs
7777 7777777777777 BOKPYT OCH, TNepIeHAHKYJSPHOH
/ €ro IVIOCKOCTH. KoopanHatel Ha-
YaJbHOTO IOJIOXKEHHS Touek A H
B storo tena (—1; 2) u (3; 1), a
Ko”eunoro (—3; 1) u (—2; —3). Hafizute KoopauHATH OCH

BpalleHHs TpadHyecKy

K sajauve 5.5.

K sagaue 5,7,

5.7. a) CkopocTh TOUKH A TBepJOro Teja IO MOLYJIO
paBHa v n oOpasyer yroa 45° ¢ Hanpas/eHHeM npAMOH AB.
CxopocTb TOUKH B 3Toro Tena no MoAyJio paBHa u. Onpeaenute
IPOEKIHI0 CKOPOCTH TOUKH B Ha Hanpas/enue AB.
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6) Ckopoctu Touek A u B TBepjoro tena pasunl v. Mo-
AyJab cKopocTH Touku C, maxogsuefics B IVIOCKOCTH npsiMo#
AB u BekTOpa D, paBeH u. Hafiaute NpOeKLHIO CKOPOCTH TOYKH
C Ha och, MepNEHAUKYISPHYIO YKa3aHHOH IJIOCKOCTH.

5.8. a) IlocTpoiite TpaeKTOpHH TOUEK KoJeca, KaTAILIErocs
6e3 npocKanb3bIBaHHs MO pelbcy. PaceMoTpuTe coydan, Koraa
TOUKH HaXONATCA OT OCH KoJieca Ha paccTosiHHH: p > R,
p=R, p<R.

0) Haiimute yckopeHus 3tux touek. Ochb Koseca fBHKeTCS
C MOCTOSTHHOH CKOpOCTBIO V.

B) Jlns ToukHM, HaxomsmelHcs Ha paccTosiHuM P = R or
OCH KoJsieca, HalIuTe pajiuychl KpUBH3HBI TPAEKTOPDHH B BbIC-
IeM ¥ HU3HIEM IOJIOKEHHSAX. .

5.9*, Karymka KaTHTcSi 1O TOPH3OHTANbHOH MJIOCKOCTH
0e3 nmpocKanb3piBaHHs. HHTE TAHYT CO CKOPOCTBIO ¥ NOJ yT-
JoM a K ropusonty. Halnnte cKopocTh OCH H yTJIOBYIO CKO-
pocTe BpameHusi KaTymwku. [Ipu Kakux yryiax o ocb JABH-
xeTcsl BnpaBo? Bnepo? Hutek Tak jpnuHHA, 4TO O He MeHsAeTcS
NMPH IBHKEHHH. ' -

5.10. Ha pucynke wu3obpaxeHa mnJjaHeTapHass 3y04aras
nepenaua. Kakoe uncjio 060pOTOB BOKPYT CBOECH OCH COBEpIIHT
IecTepeHKa A, ecnu 3y6uaToe KOJecO COBEPILHT 71, 060POTOB,
a HeHTpasbHasl HIeCTepHsl A, 0GopoTOB? BHYTpeHHHH pamuyc
3ybuaroro Koseca R, neHTpanbHOH LIECTEPHH 7.

5.11, Tlo BHyTpeHHeH mNOBEPXHOCTH 3aKPENJIEHHOTO LH-
JHHApA pajguyca 2r KaTuTcsi 06e3 NpPOCKaNb3biBaHHS KOJECO
panuyca r. Halinute TpaekTopuio ToukH 0004a KoJeca.

5.12. a) Jlyna o6pailieHa Kk 3eMJie NMOCTOSIHHO OJHON CTOpPO-
HO#H. CKOJMBKO 06GOPOTOB COBEPLIHT OHa BOKPYT CBOEH OCH 3a
BpEMsI MOJHOro 000poTa BOKPYT 3eMJIH?

6) Ha ckonpKo B cpenHeM 3Be3fHble CYTKH KOpode COJIHEU-
HeIX? 3emasn o6xoaut Coanue 3a 365,25 COMHEUHRIX CYTOK.

5.13. BycuHKa MOXXeT ABHIaTbCsl 1O OKPYIKHOCTH pajiHyca
R, noprankuBaemasi cruneil, paBHOMEPHO Bpaujaiolelcs ¢ yT-
JIoBO cKopocThio ®. Och BpalleHHSl CNHOBl NPOXOZHT uYepes
To4Ky O OoKpy>kHOCTH. KaKoBo ycKopeHHe OYCHHKH?

5.14. BepeBka, npuBsizsaHHasi K JIOAKe, IepeGpolleHa dYe-
pes ctonb. JlogKa ABHXKETCHA €O CKOPOCThIO U, 06pa3ys B HEKO-
TOpPHIH MOMEHT BpPeMeHH yros o c¢ BepeBKOH. C KakoH cKo-
POCTBIO HY)KHO TSHYTh B 3TOT MOMEHT BpDEMEHH cBOOOIHBIH
KOHer BepeBKH, uTOOBI OHa He mpoBHcamla?

5.15. YeTsipe uepenaxu HaxomfATCs B BepLIMHAX KBajpaTa
co cTopoHo#t a. OHYM HaYMHAIOT ABUTAThCS OJHOBPEMEHHO C MO-
CTOSIHHOH MO MOAYJ/IIO CKOPOCTBIO ¥ KamKzuas [0 HampaBJ/IEHHIO
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K aanave 5.8, K sanauve 5.9%,

K sagaue 5.10, K sandue 5.13,

K sapaue 5,17, : K sapaue 5,18,



K cBOeH coceliKe No 4acoBoii cTpeJike. ['e BCTpeTﬂTCﬂ yepenaxu
K 4epe3 KakKoe Bpems?

5.16. TlocTpoiiTe npumepHbIil rpadhuK 3aBUCUMOCTH CKOPO-

- CTH TOYKH B OT BpemeHH, eclid CKOPOCThb Uy TOUKH A NOCTOSIHHA.

Haiinute dopmyay stoit saBucumoctu, ecin x (0) = 0.

5.17. CTepxkeHb OnupaeTcsi CBOMMH KOHUAMH O CTOPOHDI
npsiMoro yrsia. BepXHHit ero KoHel NOAHHMAIOT CO CKOPOCThBIO U.
Haiiaute, Kak 3aBUCHT OT BDPeMEHH CKOPOCTb BTOPOTO KOHLA.
3a Hayaso OTcYeTa BPeMeHH NPHHATb MCMEHT, KOIjJa BepXHHi
KOHell HaXOJHTcsl B Bepiinue yraa. JlJnHa crep:xus L.

5.18. DpeBHO HMXKHHMM KOHIIOM YNHPAaeTCA B YToJ MeX1y
CTeHOH M 3eMJIEH M KacaeTcsl Ha IPY30BHKa Ha BbicoTe /1 0T
seman. Halinute yrioBywo cKopocTh 6peBHa B 3aBHCHMOCTH OT
yrjia o c TOPH3OHTaJbio, €CJH TPY30BHK OTHE3XKaeT CO
CKODOCTBIO .

5.19. CrepeHb BpamlaroT ¢ yrJjoBo#l ckopocTeio . Ilpo-
CKaJb3bIBAaHHA MeXNy UMJHHAPOM H TOPH30HTaNBHOM IJIOC-
KOCThiO HeT. Haiiaure yrioByio cKOpOCTh UMJHHAPA B 3aBHCH-

MOCTH OT yIiia Q.
Tu
\U

K 3zapauve 5.19, K 3apmaue 5.20,

5.20. OKpyXHOCTBb ILBH)KeTCﬂ C MOCTOAHHOM CKOPOCTbIO ¥
nepneHAHKyAAPHO *HENOABHAKHOH npaAMoi. B HavanbHHE Mo-
MeHT BpPeMEHH HEeHTP OKPYXHOCTH
HaxoauJca Ha 310t npsamoi. Hafiau-
Te 3aBHCHMOCTh OT BpeMeHH CKO-
POCTH nepeMelleHMsA TOYeK nepece-
YeHHs OKPYKHOCTH ¢ NpsAMOH.

5.21, Pynon Gymaru pacKpyuH-
BaeTcsl TaK, 4TO CKOPOCTh KoHUa 6y-
MaXHOH JIGHTBI MOCTOSIHHA H PaBHA K sagaue 5,21.

v. B HayanbHBIA MOMeHT paauyc py-
sona R. Kakosa yriosasi ckopocTb pyJOHa crycTsi Bpems f?
Tomuuna 6ymaru d.
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I'masa 2. IJUHAMHUKA

§ 2.1. 3axonn HploTOHA

1.1. Tlo nocTOBEpHBIM CBeJeHHAM, OfHAXKAbL GapoH MIOHX-
ray3eH, yBsI3HyB B 00JI0Te, BHITAILUJ caM cebs 3a BOJIOCHL
Kakue 3akoHbl OH3HKH CyMes HapyIUHTb GapoH?

1.2, Kakas cuna jeficTByeT B CeYeHHH ONHOPOIHOTO
cTep:KH# JJIHHbL [ Ha PacCTOSHHH X OT KOHIIA, K KOTOPOMY MpH-
JoxeHa cuaa F, Hanpap/eHHas BJOJMDb CTEPXKHS?

Jry
 Fo 5
= - 2 . 1.7
X samave 1.2, K sagaue 1.3,

1.3. pa Tesna Macc 1y U 11y CBA3aHBL HUTBIO, BLIJEPKHBAIO-
melt HatsixeHne T. K Tenam npunoxeHs! cuabl Fq = af u
F, = 2af (a0 — EIOCTOHHHbIﬁ Ko3(p¢unueHt, ¢ — Bpems). Onpe-
JlenuTe, B KaKOH MOMEHT BpPeMEeHH HHTb IOpBETCH.

1.4, Hafizute ycKopeHHsl TPY30B U HATSXKeHHsl HUTeH B CH-
cTeme, H306pa)keHHOH Ha pHcYHKe. DJIOK u HUTH HeBecOMbI.
Tpenus Her.

V

Ty
)

K sagaue 1.4, K sanaue 1.5,

1.5. Mansap Maccel 72 Kr paGoTaeT B NMOABECHOM KpecJe.
EMy noHano6u/10ch CpOYHO NOAHATECs BBepX. OH npuHAMAaeTCs
TSAHYTb 34 BepeBKY C TakoH CHJIOH, 4TO ero cuJsa JaBJeHHS Ha
kpecno ymenbiiuaack g0 400 H. Macca kpecna 12 kr. ¥Ycko-
peHHe CBOGOIHOTO MNajeHHsl cuuTaTh paBHbiM 10 m/c2. Uemy
PaBHO YCKOpeHHe Manaspa u Kpecia? YUeMy paBHa MNoJiHas
cusa, AeHcTByOmasf Ha OIOK?

30



1.6. Beptukanbho cTapTyiollas paKeTa pasBHBaeT CHIY
tard F B TeueHune BpeMeHH T, 3aTeM JBUraTeslb BHIK/IOYAETCS.
OnpeZenuTte, yepe3 Kakoe BpeMs IOcCJe cTapTa pakeTa Bep=
Hetcst Ha 3emito. Macca pakeTsl m, ee H3MeHeHHeM npeHeOpeyb.,
ConpoTuByieHHEM BO3JyXa H H3MeHeHHeM YCKOpeHHs cBOOOA-
HOrO NajJeHus ¢ BHICOTOH mpeHeOpeyk.

1.7*, PeaKTHBHBIH caMoJieT Macchl /11, pPasBHUBAIOIHN CHIY
TArn F, IBHXKeTcs OT MecTa cTapTa IO NPSAMOH, HalpasJjeH-
HOH TmoJ yrJaoM ¢ K ropusonty. Ha KakoM paccTOssHHH OT MecTa
crapta GyJIeT HaXOQUTbCS CaMOJIET Yepe3 BpeMs T Ioc/1e cTapTa?
HsmeHennem Macchl caMoJieTa H CONPOTHBJIEHHEM BO3JlyXa Mpe-
HeOpeub.

1.8. Tpu oJuHaKOBHIX IIapHKa CBA3aHEl OJAHHAKOBLIMH
HEBECOMEIMH NIPYXKHHAMH U NOJBEIleHbl Ha HHTH. HHUTL mepe-
»kuraotT. Hafiiute yckopeHHs IIapHKOB
B MOMEHT IepeXKHIraHHs HHTH.

1.9. Hapucyiite rpaduk cumaer Tpe-
Hus, IeHcTBYWOIleH Ha TeJlO CO CTOpPO-
HBEl TOPH3OHTaNbHOH NJIOCKOCTH, B 3a-
BHCHMOCTH OT TODH3OHTAJbHOH CHJIHI,
NIPUJIOXKEHHOH K TeJly.

1.10. Ha ropusoutanbHOB JOCKe )

JIEXKHT Opycok Macchl m. OnuH H3 KOH- K sagave 1.8,
OB JOCKH MeJIeHHO NOJHUMaeTcH.
Hapucyiite rpaduk 3aBUCUMOCTH CHJIBI TpeHHs, AeHCTBYIO-
me#l Ha Opycok, OT yrsa HakJoHa JAOockH a. KosbduiueHt
TpeHHA MexXJy OpYycKOM H JOcKOH W, yCKOpeHHe cBOOOJHOIO
najgeHud g. :

1.11, JleHTOUHHI NOABEMHHK HAKJOHEH Ha Yroa ¢ IO
OTHOIUEHHIO K TOPH30HTY. Ko3(pdHIHEHT TpeHHs Mexpy SiH-
KOM H JeHToH W. Ilpum KakoM MakcH-
MalbHOM YCKOPeHHH JIeHThl MOJHHMae-
MHH AMK He OyJeT CKOJb3WTb 110
JIeHTe TNOLBeMHHKa? JleHTa NOxBEMHH-
Ka He mporudaercs.

1.12. Ha Teno Macchl m, Jexallee
Ha -TOPHU3OHTANBHON TJIOCKOCTH, AeficT-
ByeT cuia F 1nojp yrioM ¢ K ropH- K sanage 1.11,
30HTY. CHila MpUJIoKeHa B IEHTpe Macc,

K03hHINeHT TpeHHs1 paBeH W. Hafinute yckopeHue Tena, ec-
JIH OHO He OTPHIBAeTCH OT MJIOCKOCTH.

1.13*, Tlo [nepeBSIHHEIM CXOAHAM, OOpa3yOLIUM Yroa &
C TOPH30HTOM, BTaCKHBAIOT 32 BepeBKY fILHUK. KosdxbuuueHT
TPeHHus AlMKa 0 cXoaHu Y. Ilox Kakum yrioM f K ropusouty
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clelyeT HanpaBHTb BepeBKY, UTOGHI ¢ HAMMEHDBIUMM YCHJIEM
BTACKHBaTh SILHK?

1.14. Onpezenute ycKOpeHHe LHJAHHAPA, CKOJB3SIIETO 10
Kes100y, HMEWIIeMYy BHJ ABYTPAHHOTO YIJId ¢ DacTBOPOM «.
Pe6po nByrpannoro yrsia HakJOHEHO moJ YrJjoM f K ropu-
souty. IlaockocTn ABYFpaHHOTO yria ofpasyiloT OJMHAKOBLIE
yIJbl ¢ TOpH3OHTOM. KoabdullHeHT TpeHUs MeXKAY LUJAHHAPOM
1 NOBEPXHOCTBIO Keqmoba .

1.15. Onpezennrte cuany, ZeACTBY:OUYIO Ha CTEHKY €O CTO-
POHBI KJAHWHA, TIPH COCKaAb3bIBAHMH C HETO TI'Py3a Macchl fil.
YTon 1pHu OCHOBaHHH KJuHA a. Koa(QpHUHEHT TpeHHs Mexay
TPY30M H IOBEPXHOCTBIO KIHHA . TpeHnst Mexay KAUHOM H
NOJIOM  HeT.

1.16. Ha nocke maccel M, Haxopasimielcsl Ha TJIagkoH Tro-
PH30HT&bHOM IIJIOCKOCTH, JIEXKHT Tes10 Macchl . Koadduuuenr
TPEHHS MEXIY TeJOM H JOCKOH M.

a) Kakywo cuay Haj0 IPHJIOKHTL K JOCKE, 4TO6L TENO CO-
CKOJIB3HYJIO ¢ Hee? 3a. KaKoe BPEMs TEJIO COCKOJB3HET, €CJIH
K JOcKe TIpHiaoxeHa cuaa Fy, a AnuHa focku [?

6) C KakKuMH YCKODEHHAMH IBHKYTCSl Tesa, eclH cuaa F
JefcTBYeT Ha TesJo Macchl m?

1.17. Ha raagxoM ropusonTasbIIOM CTOJE€ PaclofOXcHa
CHcTeMa TPY30B, H300pa:keHHasth Ha pHcyHKe. KoadbuumeHnr
TpeHusl Mexxay rpysamu M u m paBed . [lpasuifi HuxHHE rpy3
TAHYT BAOJb CTOJA ¢ cuiol F, Kak ykasaHo Ha prucyHke. Haii-
JIUTE  YCKOPEHUS BCEX TPY30B CHCTEMHI.

1.18. HeBecomast HUTb, NepeKHHYTas! depes OJIOK ¢ Henom-
BHXKHOH OCblO, TIPOMNYIIeHa Yepe3 wieab. [IpH ABMXKEeHHH HUTH
HA Hee CO CTOPOHEI [IeJiH jieficTeyeT ocTOsIHHAs ciJala Tpenng F.
Ha koHuax HUTH mojJBelleHbl TPY3bl, MAaCChl KOTOPHIX M1y U M.
Onpenenute YCKOpEHHS] TPY30B.

1.19*, Macca Bo3aylUHOTO IIapa BMeCTe C KaHATOM, BOJIO-
yamuMcs no 3eMie, paBHa M, BHTanKKBamwoWas cHaa F, Koag-
buIMeHT Tpenys KaHaTa o 3emsto 1. CHsla CONpOTHBJEHHS BO3-
nyxa, jeHfcTBymooilass Ha BO3AYIIHBIH [Uap, NPONOpLUOHAJIbHA
‘CKOPOCTH 11apa v OTHOCHTENBHO Bo3fyxa: F ., = av. Hafinure
CKOPOCTh lapa OTHOCHTEJNbHO 3€MJIH, €CJIH AYeT TOPH3OHTa/b-
HBIH BeTEp CO CKOPOCTBIO Y.

1.20. Cuna Tpenns Kameab AOXKASL O BO3LYX NPONOPHHO-
HalbHa KBaApaTy CKOPOCTH U KBaaparty paauyca: F = aR%?2
Kakue Kanau, Kpynuble HIH MeJIKKE, NaJa0T Ha 3eMJIo ¢ 60b-
el CKOPOCTBIO?

1.21*, Mogenu kopa6ast macce! 0,5 Kr cOOOMIHIN CKOPOCTD
10 m/c. [lpu panpHelilleM ABH:EHHH MOJEJNH Ha Hee AcHCTByeT
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CHa COMPOTIBJACHHS, NPONOpLUHOHANbHAs - cKopocTH! F =
= kv (k = 0,5 &r/c). . ’

a) Hafigute nyTh, npofiieHHBIA MOJENDBIO 3a Bpemsd, B Te-
yehHe KOTOPOTO ee CKOPOCTh YMeHbIHJach BIBOE.

6) Hafixute myTe, npofifesusiil MOJEAbO 1O OCTAHOBKH.

1.22%, OGbsicHuTe, noYeMy 3BVUHT CKPHNHYHAS CTPyHA
NpH PaBHOMEPHOM JAFMRHHH CMblUKa. YUTHTE 3aBHCHMOCTD
KO3(PIIIHeHTa TpeHrm 0T OTHOCHTE/JIbHOH CKOPOCTil TNOBEpPX-
HOCxLH.

:,o. MasTHHK MPeACTaRIFET ‘cofoft Jerkufi  cTepIKens
,.wm 1Bl [ ¢ TPy3cM Ha KoHue. K Apyromy wmy UDHKpenaea
Jerxad UWUIHHIPLHYeCKas BTYJKA ¢ BHYTPEHHEM DAainyceoM R,
HaAcTast Ia RPAaoyIocs FORHIOHT lbn},vo ock. Kosdipu-
eHT TpeHHSA MeXZy BTY/KOH u ocrio w. Oripelesute yroa oT-
KJIOHEeHSI CTEPIKHA OT BEPTHKENH B PaBHOBCCHIL.

1.24. JlenTa TpaHcnopTepa [IBHKETCA CO CKOPOCTBIC .
Ha newrty pietaer mafiGa, HauanbHasi CKOPOCTh ¥ KOTOPoH nep-s
NeHAHKYASPHA Tpauule JedTe. Hafiiure MHHEManbUYIO L
PHHY JIEHTH, NPH KOTOPOH Lialifa JOCTUrHeT apyr O CTOPOHLI.
Koadp(pmmem Tpeunus Mex 1y waiteh u sentofl W, newTa ropi-
30HTaNMbHA.

1.25%. Koabuo Hagero Ha wuavHjap paguyca R. Oxo
MOJKeT nepeMeriatbcsl TOABKO BAOJAL Luanuipa. Onpefenaure
YCTAHOBHBIIYIOCH CKOPOCTb KOJbLA NOJ JAefcTBHEM cuJabl F,
NPHUAOKEHHOH K KOJDbILY BJOJb UWAHHAPA, €CNU LHJIKHLD Bpa-
11aeTes ¢ YrROBOH CKOPOCThiO . MakcumanbHas cuna TpPeHHd
KoabLua O uuiauHap Fq > F,

K sapaue 1.25%, K 3anaue 1.26%,

1.26*, Onpenennte YCTAHOBHBIIYIOCH CKOPOCTDb IBIMMCHHS
Tena, HaXOLSAErocsl Ha HaKJAOHHON NI0CKOCTH, KOTopas ¢ 60J1b-
oA 9acTOTOH MeHsleT CKOPOCTh ¢ —u Ha -+u. Koadduument
TpeHHS] W > tg @, MJIOCKOCTD HaKAOHEHAa MOJ YTJIOM G K TO-
PH30OHTY.

1.27*, Ha HakmOHHOH NIOCKOCTH, 1151 KoTopo# tg o = pu,
JIeXKUT MOHeTa. MoHeTe coOGLIMAM B HanpaBJeHHH, NMepreHls
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KYJSAPHOM CKJIOHY, CKOpOCTh v. Halante ycraHOBHBIIYIOCA
CKOpPOCTb MOHETHI.

1.28%, Ha kpbume ¢ yrJoM HakJOHa ¢ JEXKHT CBHHLIOBBIH
aucT. Kosddunuent tpeHus cByHHA O KpHmy p > tg ¢.
KosddrunenT aunelinoro pacimpenus csyHua o. JanHa aucra
pH MHHHMaJbHOH Temnepatype f, paBma [. Cupras, YTO TeM-
neparvpa B TeueHHe CYTOK IOBBIIAETCS, AOCTHIas HAUBBIC-
1Ero 3HaUCHHS [y, 2 HOTOM MOHUIKaeTcs 190 Iy, HafinuTe TOUKY,
- HeMOABHAKVIO KaK IpH HarpeBaHiy Jicra, Tak U npi ero ocThl-

eranun. Ha kaxoe paccrosnnue cronser Juct 3a N ¢yTOK ycToil-
4IBOH noroAbP

1.28%, Aepea CKOJABKO 060,JL,FOB CK cpoch Tesa, IBHIYILS

OCA EBHYTPH cepuueckoll MOJOCTH, YMEHBUIINTCH B € pas?
?\osqxpl.mmm TPEHNST MEMKAY NOBEPXHOCTHIO W TeJIOM (L. Buili-
m'ueu CHJBI TSZKECTH Ha JABH:KeHHe Tesa nperedpeub.

.30, Mexny Jjrymsa oxuHaXOBRMH Opycravu Mace A
BCTaBTCH KJAMH Macchl m ¢ yraoM o. Onpefeiure YCKOpeHus
Tedq. TpeHuda HeT,

1.31. B cepuueckyio MOJIOCTD MOJONHIH TaHTelb (1Ba
IIapyKa Macc 11, coe/l{HEHHbIC HEBECOMLIM CTepIKHEM) TakK, Kak
5TO IDKa3aHO Ha PHCYHKe.

a) OupesienuTe Cusbl JaBJEHHS IIAPHKOB TaHTEAH Ha
chepy B MOMEHT, KOTJa TaHTeJb OTIIYCTUJIH. ¥TOJA HaKJIOHA
CTep:KHA K ropusouty 45°. Pajuyc LIapUKOB TaHTeslH MHOIO
MeHblle pajuyca chepsl.

6*) Kak saBucaT cu/ibl faBAeHHs Ha cepy OT yIvia IOBO-

poTa ranrenu?
- 1.32*. K KoHHy HHTH, NPUKPENJEHHO! K cTeHe 1 orubaio-
el poOJHK, YKpemsieHHBIH Ha OpyckKe Macchl M, mofpeliieH
rpy3. Dpycok MoxeT cKOJB3HTh MO TOPUBOHTAJBHOH IJIOCKO-
cTH 0e3 Tpenus. B HauaJdbHBIA MOMEHT IPY3 OTBOIST HA YIoJ «
OT BepTHKARH H ormyckaroT. Onpezedute yckopeHnue Opycka,
eclH yroj, o0pa3oBaHHBIA HHUTBIO C BEPTHKAJbIO, HE MEHf-
€TCH NPH ABHMKEHUH cHcTeMbl. YeMy paBHa Macca rpysa?

1.33%, Koseco pazumyca R MoxeT cBOGOJHO Bpallarbcs
BOKpYr ocH. K G0KOBO# MJIOCKOCTH KOJIeca HA PACCTOSHHH /1 OT
OCH BpallleHUsl NPHAKUMAIOTCA NPHBOAHBIC PEMHH, ABHKYLIHE-
€ CO CKOPOCTBIO V. Onpeﬂenme YCTAHOBHBIIYIOCS YTIJIOBYIO
CKOPOCTb KoJeca.

1.34. Ha nurn JnuHEl | Bpamaercst rpy3 Maccel M ¢ yrio-
BOH ckopocThio w. Halinute nara:xenue HuTH. CHJIOH TAXKecTH
npernedpeub. HUTh 3aMeHHnTe 0/JHOPONHBIM CTEDKHEM MACCH /11,
Haiinure narsixkenne crep:xHs Ha pacCTOSHMH X OT OCH Bpa-
ILeHu,
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1.35. IlBe Maccel 1, u m, Bpal.lla}OTCH C YIJIOBOH CKOPOCTDIO
o. PaccTosAHHA OT HHX 10 -OCH BpalueHus [y u . Onpenesaute
HaTAXKEHHA HHTeH. ,

1.36. [lBoiiHON MasiTHHK BpalllaeTcA BOKPYT BePTHKATBbHOH
OCH TaK, 4TO o0e HHTH JIexKaT B OfHOH MJIOCKOCTH H COCTaBJISIIOT
C BePTHKaJbIO NOCTOSIHHBIE yrvIbl @ K f. JUIHHBL HUTel ofMHa-
KOBHI H paBHH /. HaliiuTe yryioByI0 CKOPOCTh BpallieHRsA MasT-
HHKa.

1.37. JlBa onMHAKOBBIX [HapHKa, CBSI3aHHbIE HHUTHK JJHHBI
{, IBHAKYTCS C OJMHAKOBBIMH CKOPOCTSIMH U 10 TFOPH30HTAJb-
HoMy cToly. lleHTp HHTH HaneTaeT Ha rBO3ib. Yemy paBHO
HaTsSXKeHHe HHTH B MOMEHT CONDHKOCHOBEHHST HUTH C I'BO3JiEM
B clyuyae, e€ClIH CKOPOCTH LIAPOB HANPABJEHBI NOJ, ymom a
K HUTH?

1.38. Ha ryianxoe npososioyHoe KOJBLO pajHyca R Hajuer
MajleHbKHH LapHK Maccel m. Ko/abllo BMecTe ¢ WapHKoM Bpa-
aeTCsT BOKPYI BePTHKAJbHOH OCH, HPOXOAsiUed uepes fna-
MeTp KoJibla, C YIVIOBOH CKOpocTyio ®. I'e
HaXOAUTCHA LUAPUK?

1.39*. ToHKOe pe3HHOBOEe KOJIBIIO Mac- !
cbl m ¥ paguyca R, pacKpyTHJH. BOKPYT v
€ro OCH 10 YIVIOBOH cKopocTH o, Haii-
JHTe HOBHI! paaMyc KOJblla, ecllH KecT-
KOCTb Pe3HHbI k.

1.40. TeJso Maccel /71 HaXOJUTCA Ha ro-
PH30HTAJbHOM JHCKe Ha paccTosgHuu R OT
ocH. Juck-HaunHaeT pacKpyuHBaTbCA C JH- .
HelHO BospacTamoiied CO BpeMeHeM YIJIOBOH CKOPOCTBIO @ ==
= ef. Ilpu xakolt yrioBoil CKOpOCTH TeJsI0 HayHeT NPOCKalb3bl-
BaTb, €CJH KO3(OPHUHEHT TPEHHA MEXAY TeJIOM H JHUCKOM pa-
BeH u?

1.41. KonbkoGexell Ha JieASTHOH 0P OXKKe CTapaeTCH NpoHTH
BHpaXK KaK MOXKHO OJIHXKe K BHYTpeHHell ©poBke. Besocurne-
JHCT Ha BeJOTpeKe, HaoGOPOT, MPOXOAHUT BHPaX BO3MOXHO
Jajblle OT BHYTpeHHe#ll OpoBku. Kak oOBACHHTB 3TO pas-
JIHUHe B JBHKEeHHH KOHbKOGeXKlla H BeJOCHNeIdcTa Ha BH-
paxe?

1.42. C xaxol MakcuMaJbHOH CKOpOCTblO MOXeT eXaThb IO
FOPH3OHTANBbHOH MJIOCKOCTH MOTOLMKJIHCT, OMUCHIBASA KPYT pa-
auyca R, ecnu kKoshbdUUHEHT TPEHHS Pe3HHBI O NIOYBY pabeln ji?
Ha kakolt yros oT BepTHKA/JIH OH JOJ/KeH NPH 3TOM OTKJO-
HHTbcSI? BO CKOMBKO paz yBesHUNTCA MAKCHMAlbHO JAOIYCTH-
Masl CKOpPOCTb [IBHXKeHHA MOTOLHKJHCTA 110 HAKJIOHHOMY TPEKY
¢ YIVIOM HAKJIOHA @ IO CPABHEHHIO ¢ MAKCHMAaJIbHO. 10Ny CTHMOH

37.

K 3agaue 1.35,



CKOPOCTBLIO N0 TOPU3OHTANBLHOMY TpEKY IPH OAHHAKOBOM pa-
JUyce 3aKpYTJAeHHA?

1.43*%. KakoB jo/KkeH OHITb KO3()DHIHEHT TPEHHS PeanHbI
0 BHYTPEHHIOI NOBEPXHOCTb KOHYCA C YIVIOM y BepUiHHbI 2u,
uTOGEl MOTOLHKJHCT MOT JIBHFAThLCS [0 OKPYKHOCTH pajiyca R
C YIJIOBOH CKOpPOCTBIO ®F

1.44. Ha cdepuueckofi NoBepXHOCTH pajiyca R HaxouTCs
teno. KoadduinenT TpeHHA Tela O NOBEPXHOCTb cdepbl i,
VIoJ1 MeXAY BepTHKAJbIO H PaaHyc-BeKTOpoM Tesa «. Kakona
MaKCHMaJbHad VIJIOBasi CKOPOCTh BpalieHus cgepri, npi Ke-
TOPOH TCJO Yiep:KHBaeTCA Ha ee HopepXHOCTH?

1.45%, C xaxoll yrJIOBOH CKOpPOCTBIO AO/XKEH BpailaThbes

OKpPYT cBOeH OcCH TOPH3OHTAJLHO PacMoJOMXKeHHLIH LHJAHHAD,
4yTOOLl MeJIKHe YacTHLb! BHYTPH LHJIHHAPA HE COCK&/Ib3bIBAJH
¢ ero noBepxHocTH? KoshpuLiieHT TPEHHS MeK Y ICBEPXBOCThIO
LIHJAHEApPA W YacTHUAMH paBeH |, BHYTpeHHHE paanyc HHJAHH-
Apa R. N

i.46. Hlapury MasiTHHKa Macchl /11 COOOLIHJH MHHHMaJbe
HYIO CKOpPOCTD, [IpH KOTOPOH OH ellle COBeplLIaeT BpalleHHe B Bep-
TUKaNbHOH miockocT. KKakoBo GyjpeT naTsiKenHe HMTH MasiT-
HHKa [PH NPOXO0KAEHHH T0J0XKEHHS PaBHOBECHS?

1.47. Hate anuen [ ¢ OpUBSISaHHBIM K Hell IMapHKOM
Macesl m oTkaouuan Ha 90° oT BepTHKaJH 1 oTnycTuin., Ha
KaKOM HaHMMEHbLIleM PAacCTORHHH X NOJ TOUKCH MOJAEeca HYKHO
HOCTABHTh T'BO3/b, YTOGH HHUTb, HaJIETEB HA HEro, Nnopialach?
Hutb BbIJIEPKHBAET HATAMXKEHHE T.

1.48. Ha Toukofli HHWTH NOJBelleH MApHK. HHTb OPHBOAAT B
TODH30HTAJILHOE NOJIOKEHHE H OTNYCKAOT. B Kakoi Touke Tpa-
GKTODHH YyCKOpeHHe IapHKa HanpaBJ/eHO BePTHKAJIbHO BHU3?
Beprukantuo seepx? T'opusonranbno? B Hauanblinlii MOMEHT
HHUTb He pacTanyTa. Hafijute HaTsiKenue HHTH, KOTAA Tpy3
NPOXONHT HHXKHee noJoxkeHue, JauHa HuTH [, Macca rpysa .,

1.49. Ha xakoM MHHHManbHOM paccCTOSIHHH OT TOukH A
MH JIOJI)KHBI TIOMECTHTE TeJI0, YTo6kl ©HO B TOUKe A OTOpBAJOCH
OT NOBEPXHOCTH U Hayaso JBHXKeHHe To BaJlllEcTHUecKO#H Tpa-
eKTOpHH? YTOJl HaxJOHA IJIOCKOCTH, 10 KOTOPOH JBHIKeTCs
TeNo, paBeH o, paauyc 3akpymnienusi K. TpeHus HeT.

1.50. C BepmHHBI I1agKoH nonycdepbl pagnyca R cocKalb-
3bIBaeT HeGoabmoe Testo. Ha Kakoii BhicoTe Haj LEHTPOM NoAy-
cepsl TeNO OTOpBeTCA?

1.51. Ha Bricote H Hajl NOBepXHOCTBLIO 3eMJIH HAXOAHTCS
LUHJHHApHYecKHH kenob paanyca R. Kakylo ckopocTh Heobxo-
JIMMO COOGLIMTL Tely HAa NOBEPXHOCTH 3eMJIH, YTOOLI OHO JBH-
rajoch nomepex :keJsoba He OTpbiBasick? TpeHHA HeT.

88



TR ATTSTTS77 NS

K sanave 1.52.

K samaue 1.54%,

~
~
T Ny

K sagaue 1.47,

14/ g ¢5’

4 A
(%//7, s

K aamaue 1.51,

K sagzaue 1,55,

39



1,52, Onpenenaure ciy, NefCTBYIOULYIO Ha BEPTHKAMLHYIO
CTEHKY CO CTOPOHBI NMajarollell raHTeJqH, B TOT MOMEHT, KOrja
oCh TF'aHTe/JH COCTABJSET YroJ ¢ ¢ ropusoHToM. IanTesnn Hauu-
HaeT cBOe JIBUXKEHHe M3 BepPTHKAaJbHOIrO NoJoxeHus 6e3 Ha-
yaJbHOH ckopocTH. Macca kaXjoro uiapuka rautean m ).

1.53. Teserxkka ckaTbiBaeTcsl 10 TJIAIKHM pefbcaM, 06pa-
3VIOLLUM  BEPTHKaJbHYI0 nermo ' pagmyca R. C  kakofl
MHHHUMaJAbHOH BLICOTbI fp;, AOJMMKHA CKATHTLCSA TellexKKa
JJs Toro, yro6bl OHa He TNOKHHYJA pEeJbCOB 110 BCedl HX
naune? KakoBo Gyjer ABUMKeHHE Teﬂeh{}(H €cJIil OHa cKaTblBa-
ercsl ¢ BolcoThl f, Menbuiell Hp;n?

1.54*. Tlo BepTuKanbHO cTOAMEH MafgKoOH H JKeCTKOH CITH-
pany CKOJL3UT MajieHbKasi GycHHKa Macchl m. Pacctodnue oT
CTIHpasu 10 ee ocu R, war cnupasn (paccTosiHAEe MO BEPTHKAJM
MEeXIy ABYMSI COCeAHHMH-BUTKaMu) fi. C Kakoii cujol geficT-
ByeT OyCHHKA Ha cIMpaJb B MOMEHT, KOFJd OHa OIYCTHJA&Ch
1O BEPTHKA/H Ha PAaCCTOAHHE H? Bycunka Gbuia oTnylieHa 6e3
HayaJdbHO# CKOPOCTH.

1.55. C unauniapa paguyca R HauMHaeT Oe3 TpeHHS CO-
CKaJb3bBaTh CUCTEMA M3 JBYX ToueyHhiX Macc M u m, cBs-
3aHHBIX HEBECOMOH HHTLIC IJMHBEI [ = mR. B nayajabHbIH MO-
MEeHT Macchl HaXOAATCS Ha ropH3OHTaNLHOH npamoil. Kakoii
HYKHO B31Tb Maccy M ns1a Toro, utoOLl TeJ0 Macchl /71 copBa-
JIOCh C LMJUHJpA B BepXHel TOuke?

1.56%, Teso cockanbsbiBaeT ¢ ropbl 3a Bpemsa 7. 3a Kakoe
BPEMS 3TO TeJO COCKOJL3HET ¢ rophl, pasMepul KoTtopo# 6e3
H3MeHEeHHU s (popMbI yBeauueHH! B 4 pasza? ConpoTuB/ienueM Bo3-
ayxa mnpenebpeyb, KOI(DGUIHEHTH TpeHHs B OOOHUX -cayuasx
OJIHHAKOBBL, -

ly

K szapaue 1.57.

1.57. B cocyne, HanoJHeHHOM BOAOH MJIOTHOCTH P, BCIJILI-
BaeT my3hipek Bo3nyxa obvema V ¢ yckopenuem a. Hafigure
‘Cusly JaBJIEHHS CO CTOPOHHI cocyla Ha omopy. Macca cocyna
BMecTe ¢ Bojio#l paBHa M.

*) Ecuay B 3amaue He YKa3anbl pajilyc WapyuKa FaHTEH ¥ Macca cTepkK-
B, CYNTATb DAJHYC LIaPHKA TaHTeJNH MHOTO MeHblle JJIMHbI CTEPXKHS H
Maccy cTepHHS MHOTO MeHbllle Macchi WIapHKa, -
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§ 2.2. Hmnyanc, ltentp mace

2.1. Ha nBe yacTHIBI — OJHY Macchl 72, JIETSILYI0 ¢0 CKO-
POCTBIO U, APYIYIC Macchl 21, JIETAHIYIO CO CKOPOCTbIO 2v
neprneHARKYASPHO HAp aseHHio IBHKEeHUS IePBOil YacTHIbI,—
B TEUEHHE HEKOTOPOro BPeMeHH [eHCTBYIOT OLHHAKOBbIe M0
MOAYJO ¥ HampaBJieHHIo cuyipl. K MOMeHTY npekpameHus geft-
CTBUS CHJI MepBasl 4YaeTHUA cTana JABHraTbcsl B OOpaTHOM Ha-
npasJeHiy co ckopoeTbio 2v. C Kaxoi cKOPOCTbIO cTasda ABH-
ratbcsi BTOpAs 4acTHia?

2.2. Tlpw nosieTe Tesia Macchl /1 Hall MOBEPXHOCTHIO 3eMaH
MEXIY TOYKaMH TpaekTopHu A u B monyab H3MeHeHHs HM-
nyJjbca Teja paeeH | Ap |. Ha#inute Bpemsi mnojera Mexay
A u B. ConporuBnieHueM BO3AyXa npeHeGpeyb.

2.3. UesioBek GexXuT MO De3HHOBOH JieHTe, HaleTOH Ha
JIBA TOPH3OHTAJbHBIX POJIHKA (TPeHHe B OCSX OTCYTCTBYeT).
Ha nepBblit B3TIsii KaXeTcs, YTO M0 3aKOHY COXPaHEHHHA HM-
MyJbca HMMIYJbC 4YeJ0BeKa PpaBeH HMIYJbCy, MNepeiaHHOMY
gente. Ho JIerKo BHAETDL, YTO MOJIHLIH MUMMYJILC JICHTHL PaBeH
uymo. Cjenyer Ji U3 3TOTO, YTO YesOBEK He MOXeT cOemaTn
C JIGHTBI?

2.4, Kakyio Maccy TOMJIHBA HYKHO BLIGPOCHTD CO CKOPOCTHIO
Jv OTHOCHTENLHO pakeThl Macchl M, 4TOGLI ee CKOPOCTb YBEJIHYH-
Jgacek ot v go 1,1 v? ,

2.5%. Ha noxosimeecsi Teso Maccet M HajleTaeT €O CKEO-
pOCTbio v Tes10 Macchl 1. Cusa, BO3HHKalomas NpH B3aHMOxeH-
CTBHH TeJ1, JIMHEHHO PacTeT 32 BpeMsl T OT HYJISA JI0 3Hauerus Fy,
a 3aTeM JiMHEHHO y6LIBaeT N0 HYJA 3a TO Xe BpeMs t. Omnpe-
JleJIHTe CKOPOCTH TeJs Moc/e B3auUMOeficTBUS, CUUTAsl er0 LieH-
TpaJIbHbIM. .

2.6. Onpenenute OTHOLIGHHE MacC COyIapsiiOIiHXCs Ted,
OJHO H3 KOTOPHIX [0 CTOJIKHOBEHHSl MOKOWJIOCh, €C]H [ocske
HeHTPaJIbHOTO. YIPYTroro yAapa OHH PasJeTainTCs ¢ OAMHAKO-
BLIMH 10 MOJYJIIO CKOPOCTSIMH.

2.7. Cuapsj, BLlYUIeHHBbIH MOJ YIJIOM K TOPHU3OHTY, pas-
pblBaeTcsl B HauBbIClledl TOYKe TPaeKTOPHH (Ha paccTosiind L
OT NYWKH 110 TOPH3OHTAJH) Ha ABA OJMHAKOBLIX OCKOJKa. OfHH
H3 OCKOJIKOB mNajaeT BO3Jie NywkKu. [Ie ynazer BTOpO#H .
OCKOJIOK, €eCNlH HepBbli BO3BpauiaJc [0 TpaekTopHu cHa-
psna? :

2.8. ApPTH/JIEDUCT CTpeJIsieT W3 NYIIKH SIAPOM MAacChl 1
TaK, 4ToObl OHO  yNaJO B HENPHSTEJNbCKOM Jlarepe Ha paccro-
aHuH L or nymkd. B MoMeHT BbicTpesnia Ha spo caauTcest Ga-
pon MioHxrayseH, Macca koroporo M = 5m. Oupenenure,
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KaKyIo 4acThb NYTH JI0 HENPHATEJbCKOI'O Jareps eMy MpHAETCA
HJTH MeLIKOM.

2.9, Hpuxylneecs TeJI0 pacnajaercsi Ha JBa OCKOJKA C HM-
NYJBCAMH Py H Py, HAIPABJEHHBIMH O] YIVIOM 6 APYT K APYTY.
Onpegennrte HMNyJbe pacnabillerocs Teda.

2.10. Teqo macchl M, JseTsimee co CKOpOCTBIO X, pacrnajia-
eTCsl Ha jABa OCKOJKa, MacChl KOTOPHIX paBHBl m H M—um.
CxopocTh Tesa MacCHl /1 paBHA ¢ H HalpaBJieHa NepleHIHKY-
JSAPHO CKCPOCTH . YeMy paBHA CKOPOCTh Tesa Maccbl M—ni?

2.11%, B cdepe npoiesansl OTBEPCTHA, KOTOPLIE BHIHLL ii3
HEeHTDA ITOJ TesleCHBIMH VIVIEMH ¢y i Oy, MaJbIMH, HO HE paB-
HbIME. B nientpe cdepbl pa3peiBaeTcs Ha MeJKHE OCKOAKH SAPO.
Bapuiz chepuueckn cuvmerpuuer. OCKORxkH, Hajanilie uHa
BHYTPEHHIOK I10BEPXHOCTh cdepsl, npu/inaoT. Onpelennte
CKOpGCTh ‘chepbl nocile B3phiBa, €CJH Macca ee papha Macce
fipa, a CKOPOCTH OCKOJIKOB U.

K sapaue 2.11%, K zanaye 2.13%,

2.12, Jlns cosjiaHusi HCKYCCTBEHHOM CHJIBI TSI2KECTH Ha rac-
CHUBHOM YyuacTKe IHoJeTa [Be 4acTH KOCMHUECKOro Kopab/d
(oTHorieHnHe Macc 1 :2) pasBenu Ha paccTosiHHe R Jpyr oOT
ZPyra H pacKpyTHJIH BOKPYT nenrpa Macc. OnpezennTte nepuos
Epallienus, ecsd JefcTBYIONIas Ha Bee Tesla B 60Jiee MacCHBHOH
yacTH KopabJsl HCKYCCTBeHHad cila TAXeCTH B JABa pasa
MEHbIlIe CUMLL THXKECTH Ha 3eMJie.

2,13*. pa Tena Macc My H My CBA3aHBI HHTBIO MJHHBL {
H IBHAKYTCA MO I'NMafKOH TOPHU3OHTAABLHOH IOBEPXHOCTH, COB-
nazamel ¢ DJIOCKOCTbIO PHCYHKA. B HEeKOTOpHIA MOMEHT Bpe-
MEHH 0Ka3aJa0Chb, UTO TeJIO /71; HENOABUIKHO, @ CKOPOCTb TeJla My,
paBHasg v, meprneHAUKyJasApHa HUTH. OnpefennTe HaTAXKeHHe
HHTH B 3TOT MOMEHT BPeMeHH.

2.14. KocMOHABT Macchl /m npubaukaeTcsd K KOCMUUECKOMY
KopabJio Macchl M ¢ NOMOLILBIO TPoca, JAJKHa KOTOporo paBHa [,
Kaxue myTH npoHIyT KOCMOHaBT H KopabJb JO COMMMEHHS?
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2.15. Ha xpaw 6pycka maccel M, HaxepAmerocd Ha rAan-
KOl TOPH3OHTAADHOH NAGCKOCTH, CTOMT TeJekKKa C IecKOM,
Teaexke coofLIalOT rOPHIOUTAIBHYIO CKOPOCTb U, U H3 Hee Ha-
YHHAeT BHICHIIATHCS INECOK C MAacCOBBIM pacxofoM . [lecok
npuaunaer K 6pycky. Temexka aBnxercs 6es Tpenus. Macea
necka m. HafiinTe 32BHCUMOCTD CKOPOCTH 6pyCKa OT BpeMeHH,

2.16. OGesbsiHa MacCHL /711 VDABHOBEIUeHa NPOTHBOBECOM Ha
Gaoxe A. Biaok A ypasHcoBellen rpysoM Ha Guioxe B. Cucrena
HemoAsikHa. Kak OyjgeT npuratbes rpys-2m, ecan cfesbsilia
HauyHeT DABHOMEPHO EBICHPATb BEPEBKY cO
CEOPOCTBIO ¢ OTHOCHTedbHO ceGa?r Maccamu
6/10KOB M TPelHeM Ipenedpedsb.

2.17. Ha 1poce pnuubl L BHCHT HeBOJb-
[oH AMK, 3aM0JHEHHBIH [MeCKOM, B KOTOPBLA
BJAETAIOT NOVJM, JeTALlHe FOPH30HTAABLHO CO
CKODOCTBIO U. Macca nyau m MHOTO MeHblie
macchl Aamuka M. Tpoc oTxionsercs oT pep-
TUKaJABHOFO HaNpaejaeHus Ha yroa o. Kakoce
YHCA0 MyJb OcTAalavjgHBaeTcd B IECKE 3a ce-
KYyHAY? :

2,18, Pakera, gsurasicb B KOCMHEUYECKOM
TIPOCTPAHCTBE CO CKOPOCTBIO U, MONanaeT B
cOJ1aKo NBELiH MIoTHOCTH p. CeuveHue paxeTh
S. ¥Y1ap DBIHHOK O pakeTy CYuTaTh HEy-
pyrum. Mameneiiem Macchl pakeThl IpeHe-
Opeus. Kakyo cuay TAT" J0KEBL DasBiBaTh ABUrATeAH pPake-
Tbi, YTOGH OHa ABUIafnach ¢ MOCTOSHHOH CKOPOCTBIG?

2.19, JIBa cmiomn#biX INapuka U3 OJHOTO MaTepHasaa MNas
JatloT Ha 3eMJI0, 3aMelJsAfAch B paspekeHHOM OOJaKe NBLIH.
Bo CKOJIBKO pa3 YCTAaHOBHMBIIaSCH CKOPOCTb OJHOIO WapHka
Cosblie CKOPOCTH APYI'OTO, €CAH paiudyc ero BiBoe Gojblue?
YUUTBIBATh TOJIBKO CONPOTHBJACHHE, OKA3biBAEMOe NbIAHHEKAMU
{a He BO3J1YXOM). ¥Yaaphl LLUAMHOK O INApHK CUMTaTh HEYNPY=
THMH.

2.20. Slzpo JeTHT CO CKOPOCTBIO U H HONAfaeT B MNOTOX
NEeCYUHOK, KOTOPhIE ABHXKYTCA ¢ ONHHAKOBBIMU CKOPOCTSMH MG
yraoum 150° K ckopocTu Sapa v IpuARNaoT K Kemy. [oese npo-
OuBaHKEA NMOTOKA HAPO EBLIETENO CO CKOPOCTHIO, B 4 pasa MeHb-
we#, non yraom 90° K ckopocTd noToka. Kakosa CKopOCTb Iec-
uHHOK? CKOJIBKO NeCYHHOK NPUJINIZET K SAPY, eciy Macca OT-
Jenbnoil mecunskH B 1000 pas MeHbuie Maccel Aipa?

2.21*, Ha Gpycox maccel M, HaxousudHcs Ha FOPH3OH-
TAJIBLHOH IIIOCKOCTH, AeHCTBYeT NOTOK TCPH30HTAAbHO JIETsi~
mux yactun,. [loqnas Macca, cojepKamiasncs B equHuIe ofbeMa
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oTOKa, p, CEeUYCHHEC IIOTOKa S CKOPOCTb 4acTHIl B IIOTOKe V.
UYemy paBHa ycTaHOBHBIIasicsi CKOPOCTb Gpycka, ecln yjap
qacmu ) 6pycox yupyrui? KosdduuneHT Tpenus 6pycKa o mio-

by

% a7

K sagaue. 2.20, K sagaue 2.22*.

2.22*, Ha Gpycok maccel M, HaxonsiliHHcsl Ha TOPHSOH-
TaJlbHOH IIOCKOCTH, HeficTBYeT NOTOK YacTHL, JETALUIUX IOJ
" yrJoM a K ropHsoHTy. IlosHast Macca, cojepKallasics B elH-
nulle o6beMa N0TOKa, P, CKOPOCTb YacTHIl B noToke v. Koagdu-
H¥EHT TPeHHs 6pycxa 0 TI0cKOCTb Y. UeMy paBHa yCTaHOBHB-
asics cKopocTh OPycKa, eclH yAap YacTHIl O HOBEPXHOCTb
Opycxa Heynpyruif? Iliomanb ropHsoHTanbHOH NOBEPXHCCTH
O6pvcka S. BpicoTa Gpycka Mand, Tak 4To JeHCTBHEM IOTOKa
qacmu 1a ero GOKOBbIe TPAHH MOXKHO npeHe6peqb

2.23. BogomeTHbIH KaTep JBHKeTcs B. CIIOKOHHOH BoJe.
mea COMPOTHBJEHHS BOAbl ABH:KeHHI0 KaTepa F = ku. Cko-
"POCTb BBLIOpachIBAeMOH BOABl OTHOCHTENBHO KaTepa u. Omnpeze-
JUTe YCTAaHOBHBUIYIOCS CKOPOCTb KaTepa, ec/H ceyeHHe NOTOKA
3aXBayeHHOH JaBHraTeseM Bogbl S. ITMOTHOCTL BOABI P.

2.24. Tpy6a pammyca r 3anoJHeHa IOPHCTHIM BellleCTBOM
IJIOTHOCTH (,. HeBecoMmblfl NoplueHb, Ha KOTOPLIH JAeficTBYeT
nocTosiHHast cuaa F, ABHrasick B Tpybe, VILIOTHSIET BellecTBO
J0 naoTHocTH p. C KakoH CKOpPOCTBIO JIBH2KETCSl NOPLIEHD, eC/IH
VIJIOTHEHHE NPOHCXOIMUT CKAYKOM, T. €. B Tpy6e Kak 6Bl mepe-
MelllaeTcsl ¢ HEKOTOPOH CKOpOCTBIO NOBEPXHOCTb, cIpaBa OT
KOTOPOH IJIOTHOCTH BellleCTBA P, 4 CJeBa Po? B HayaJabHbBIH MO-
MEHT 3Ta NOBEPXHOCTD COBIAJAeT ¢ NOBEPXHOCTbIO MOPIUHS.

2.25. Pakera Macchl M BHCHT Haj IOBEPXHOCTbIO 3eMJIH.
Kaxywo Maccy TomIMBa B eIMHHIY BPEMEHH OHa JOJXKHA pac-
X0/0BaTbh NIPH 5TOM, €cJH CKOpPOCTb HcTeueHHs rasa u? Kax
U3MEHKTCS DeayJbTaT, ecqH pakera OyleT ABHraTbesl BBEpX
C YCEOpenyeMm ar

2.25. liBe oJI#HAKOBLIe TeJEXKKH, Ha KOTOPBIX CHAAT [Ba
O/jiHAKOBLIX JIBOPHHKA, IBHXKYTCS C OJMHAKOBLIMH CKOPOCTS-
MH. B HeKoTOpLIf MOMEHT BpeMeHH Ha TeJeXKH HaunHaeT
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IajaThb CHEr PaBHOMEPHBIM MOTOKOM, JIBOpHHK, cHAsALHMil Ha
on,Hoﬁ U3 TeslexXeK, cOGpacbiBaeT Bce BpeMs cHer BOOK, a Ha BTC-
po¥l TeleXXKe JABOPHUK CNHT. Kakas U3 Tesexex 6bICTpee npof-
neT OIpeneeHHOe paccTosiHHe?

2.27, Haiigute ycKOpeHHe U CKOPOCTb TEJIEXKKH B 3aBHCH-
MOCTH OT BPEMeHH NPH ee JBHKEHHH NOJ AeHCcTBHEM NOCTOSHHOI
ciabt F, eciv M3 Hee uepe3 OTBEPCTHe B MAaTGOPME B €HHULLY
BpeMeHM BBIChIMaeTcsl Macca Necka Am. B MomeHT- BpemMeHM
¢ = 0 cKOpoCTb TenexkH Oblla paBHa HYJ0, a Macca fecka
H TeNleXXKH BMecTe Obia paBHa M.

A

K sapaue 2.27, K sanauve 2.29,

2.28, Ha uame BecoB mpbIrailoT i MapHKOB Macchl m, Ka-
KOBa cpejlHsa cUna, JeHCcTBYloLlass Ha 4amly BecOB, €CNH INpH
yaape -IHapHKOB O 4allly MOLYJAb UX CKOPDOCTH He MeHsSeTcsH?
Ecnu npu ynape MOLyJb UX CKOPOCTH YMEHBINACTCS? ~

2.29, B nununzape nox nopiudeM Macceh M mphiratoT, ynpyro
yAapssAch O NOPIIEHb ¥ JHO WHAKHAPA, N 3> | apHKOB Macchr
m Kapiil. CHla TS)KECTH NMOPIIHS ypaBHOBelleHa yrapamu -
wapHkoB. PaccTosinMe MeXX1y MOpIMHEM M JHOM LHAHHJApa .
Ha xakyto BoicoTy H 6y1yT nojcKaKuBAaTh WAPUKH, €CJH nop-
IHeHb ObICTPO yOpaTh?

2.30. Ha uame BeccB cTosiT mecouHble yackl. Korga necoxk
BHH3y, NOKazaHue BecoB paBHO P, Yackl mepeBopayuBaroT.
Kak saBucAT oT BpeMeHH moKasaHUsl BecoB? Bpems nmagenus
Kax 0¥ NeCUHHKH T,

2.31. C kakoii cunoil gaBUT Ha 3eMato KoGpa, KoTja OHa,
FOTOBACh K INPbDKKY, IOAHHUMAaeTcHd BepTHKa/JbHO BBepX C HO-
CTOSIHHOH CKOpOCThio v? Macca sMeu m, ee anuHa /.

2.32, Tsaxenas BepeBKa nojBellieHa Ha HUTH TaK, YTO HHX-
MM KOHLIOM OHa KacaeTcsl NOBepXHOCTH cTona. HuTh nepexu-
raioT. OnpefenuTe cUNY AaBJeHHsl BePEBKH Ha CTOJ TPH maje-
HHUH.-B 3aBHCHMOCTH OT JIJIMHBI €llle He YIaBIIero KoHua.

2.33. BepeBKy, 0XBaThIBaOLWLYIO I/1aAKHH I'BO3/lb, TPOTACKH-
BAIOT CO CKOPOCTBIO U 4epe3 Wienb. CHna TpeHHs B miean F,
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Macca efMHHUB! IJIHHE BepenkH p. Onpenenute cuay, feiict-
BYIOLLYIO Ha IBO3Jb, €CJAH KOHLbL BepeBKH 00pa3yioT yroa .

Ly
) 4 )
5
K sanaue 2.33, K 3agauve 2.34,

\

2.34. Kanat nepexnuyr uepes Gsox, npuHYeM 4acThb Kanara
JIeXKUT Ha cToJe, & 4acTb — Ha noay. [locie Toro kak KaHat
OTNYCTHAH, OH HayaJ apuraTbed. Hallante cKOpocTb yCTaHOBUB-
1ierocsi paBHOMEPHOIO ABHXXEHHS KaHaTa. Beicota cTosa /1.

2.35. Onpeaennte CUiIy TATH BO3AYIIHO-PEaKTHBHOTO JABIH-
raTensi camoJieTa, JieTsIIEero ¢o cKopocThio v. MaccoBble pac-
XOZbl TONMKHBA H NMOCTYIAIONWIEro B ABHTaTelb BO3AYyXa PapBHHI
Uy H Ky. CKOpPOCTH NPOAYKTOB CrOpaHHs Ha BEIXCJE M3 JBHIa-
Tes1s1 OTHOCHUTENBHO caMoJeTa .

2.36%, a) I'as, BrTeKaomWuil U3 comnsia, HMeeT CKOPOCTh U
OTHOCHTeNbHO pakeTol. OupenenuTe CKOPOCTb pakeTbt MNOclie
TOrO, Kak ee o0lasf Macca H3-3a HCTEUeHHs rasa YMeHbLIMJaach
B 1 pas.

6) CropocTb rasza, UCTeKAlOUEro U3 pakeTH, OTHOCHTENBHO
Hee paBHa 2 KM/c. ClieHHTe Maccy pakeThl, KOTOPast CMOXKET Bhi-
BeCTH Ha 0pOuTy 3eMJslM cnyTHUK Maccel 10% Kr.

b
AN

EXT DA 7

K sazlaqé 2.37, K 3ajave 2.38%,

f

2.37. Ha rmankom noJy CTOMT CGCYA, 32MOJHEHHHIH BOAOH
ILIOTHOCTH *Pp U OOBeMa V. B HeMm Haxoautcs xyk obbema V
u maotHocTH P. OH HaYMHAeT ABHMraThCs CO CKOPOCTBIO i OT-
HOCHTEJIBHO cocyaa. C KaKol CKOPOCTbIO CTAHET JBHIaTbCA Cu=
CY/L OTHOCHTENbHO noja? Maccolt cocyaa npeHeOpeyb,
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2.38%, OnpezennTe YCTAHOBHBUIYIOCS CKOPOCTb TeJa No.
HaKJOHHOH JOCKe, CKOPOCTh KOTOPOil B NPOAOJbLHOM Hamnpab-
JeHHH Mensiercst ¢ €osbloil yacToTol Tak, KaKk NOKa3aHO Ha
pucyHKe. AMIVIHTYIa, CKOPOCTH Up, KOSPHIMEHT TpeHUs [,
IOCKa HaKJOHEeHA MO YIJIOM ¢ K TOPH3OHTY.

§ 2.3, Pabora. Sueprud

3.1, Teno macchl #1 DOZHHMAIOT IO HAKIOHHOH MITOCKOCTH
cuioil F. BricoTa HaRJIOHHOM IJIOCKCCTH 1, yroa y ocHoBanus D,
KC3PDULUEHT TPEHUS MEWAY TEROM H HAKJIOHHOH NJIGCKOCTLIO
p. Onpenenure 1,350"1“’ CHJIEBI TDEeHHST # PafoTy CHJb! TSKeCTH.

3.2, Kaxyio pabory ne - COXOAHMO COBEPIUITh, UTOOL fiepe-
TSAHYTH GPYCOK JAJHHBL { H MACCH #1 42De3 ILepOX0BaTYIO HOA0LY.
wupuesl L? Kos(G@uuHenT TPeEua .

K 2azase 3.1, K 3apaue 3.3%,

3.3%. Ha wuannap paauyca 7 ¢ eCTKO 3aKPENVICHHBIMY HA
HeMm KoJiecamu paguyca R aaBut npecc ¢ cuioii P. Kosddunuenr
TpeHHA MexJy LWJIHHAPOM H NPeccoM, a Taxike Mexny KoJje-
CaMH H TOPH3OHTAAbHOH IMINCKOCTBIO paseH W. Kakyio MuHL-
Ma/JbHYIO paboTy HYIKHO COEEPUIUTH, YTOGH! CABHHYTh OCh Cii=
CTeMEl BIipaBO Ha paccTosHUe [ (MeHblLiee, yeM. paccTosiHHe 10
Kpasi npecca)?

3.4. Kakyo MOWHOCTb pasRMBaeT Joliaib 1IpH IBHKEHHH
caHell, eC/iu OHa TsiHeT UX B FOPY PaBHOMEPHO CO CKOPOCTBIO u?
Macca caHeit m, KO3QPpULHEHT TPEHHS [. ¥ FOJ HAKJIOHA FOPHL <.

3.5. [iBa asToMobuns mouizocteil Ny u N, pa3BHBaiOT CKo-
POCTH Uy 1 U,. KaKyio cKOpoeTh 0HH Pa30BbIOT, €C/IH HX CLENHTh
BilecTe? Hpocxa Ib3EIBAHHA HET *}.

3.6*, ABTOMOOUJbL Macchl M TpPOraercs ¢ MecTa. Koaddnu-
HUEHT TPeHnus xoJjec o gopory k. O6e 6cH aBTOMOGH S BEAyLLHE,

*) Ecom mer Apyrux yKasamm B 3ajaye, CONPOTUBJEHHEM BO3AYXa
npenetpeus,
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Haitnute 3aBucuMocTb GKOPOCTH OT BDEMeHH H HauepTHTe Ka-
yecTBeHHBIH rpaduk 3Tofl 3aBHCHMOCTH. MOLLLHOCTb JIBUTa-
Tensa N. ‘

3.7. BomomeTHblil KaTep ABUXKETCS 110 CIIOKOHHOM BOJE ¢ hi0-
CTOSIHHOH cKopocTbio v. CKOpocTb BhIGpachiBaeMofl Bojbl OT-
HOCHTEJbHO Katepa .u. OnpejeauTe K. 1. 1.

3.8. Kakyo MOUIHOCThL PasBUBAIOT JBUTATEJNU DaKeTbl, He-
IOABUIKHO BHcsleil Hax 3emieli? Macca paketst M, cKOpocTh
HCTeUeHHsI TasoB L. '

3.9. Teso macce! 1 Kr Gponiedo nog yraoMm 45° K TOPH3OHTY
¢ HauaJbHOH CKOPOCTHIO 19,6 m/c. Hapucyiite rpaduK 3aBHCH-
MOCTH IIOJIHOf, KHHeTH'{eCKOH W TOTEHUHAJLHOR SHePrHil OT
BpEMEHH.

3.10. ¥V mByX OQHHAKOBBIX paker, O[Ha H3 KOTOPBHIX JBH-
XeTcs, a Jpyras IOKOHTCA, HA KODOTKOe BpeMsl BKJIHOUAKOTCS
JBHraTeJu. 3a Bpems paGoThHl OHH BbIGpaCbIBa}OT OIHY H TY Xe
MaCCY rasa (MaJyio IO CpaBHEHHIO ¢ MaccCOH paKeThl) ¢ OJUHA-
KOBOM - CKOPOCTBIO OTHOCHTeNLHO pakeT. KuHeTuueckas sHep-
THA JABHKYIUEHcA pakeTel, paBHasd BHauaJe - E,;, Bo3spocia
Ha 4 %. Onpenesure KUHETHUYECKYIO 3JHEPTHIO BTOpPOIl pa-
KEThI. : ,

3.11. Ilpeasaraercss HanoJHATH BaroHBI MOe3fa yIJeM Ha
xony. Ilogcunratite QaGOTy, COBEpIUEHHYIO T0e3/IoM 3a BpeMfl
NOrpy3KH HEKOTOPOIl Macchl /71, H CPABHHUTE ee ¢ KHHETHYeCKOH
sHepruelf, KOTOPYIO IOJyYuJia NOTPYXKEHHAas Macca YIVf,
£CJTH CKOPOCTh moesfia . OOBACHHTE Pe3yJbTar.

3.12 Ilapuk wmacce 1m, YKPEIVIEHHBIHl Ha HeBECOMOM
CTEpIKHe, BpalllaeTcsi ¢ IOCTOAHHON cKopocThio v. Ero KunetH-
YecKasl IHepPrHs B CHUCTEME OTCUETA, HENOJBHIKHOH OTHOCH:
TeJbHO OCH BpallleHHs, NIOCTOSiHHa W paBHa mv?/2, B cu-
cTeMe: OTCYETA, ABUKYLIEHCA B IJIOCKOCTH BpalleHHsl IPAMO-
JIMHEHHO €O CKODOCTBIO U OTHOCHTEJNBHO OCH, KHHeTHuecKas
9Heprusa wWwapuka, Mensiercs ot 0 1o 4 (mv?/2). Kakas rpuunHa
BBISHIBAET 3TO H3MEHEHHe SHePTHHU? _

3.13. B mnose TsAXKeCcTH Ha Teslo MacChl m JeliCTBYIOT CH-
noli F, HanpaBJieHHoil BepTHKasbHO BBepX. Hapucyiite rpa-
(tMK  33aBUCHMOCTH IOTEHIMaJbHOH 3HePrHU OT BpEMEeHHU.
Cnya F peHcTByeT orpaHHueHHOe BpeMs T.

3.14, Ha pncyH Ke IpHBeleHH! rpaduyy INOTeHIHAJTbHEIX
syeprxm TOYeuHOH Macchl B pasHblXx nogasx. Hapucyfire rpa-
(PHKH CHJI, JeHCTBYIOIHX Ha 3Ty Maccy.

3.15. Ha pHCYHKe IpHBEJEHbI IpapUKH 3aBHCHMOCTeH chJ,
JeRCTBYIOIUX Ha Tesa, OT PACCTOAHMS. Hapncyme rpaguku
NIOTEHLIHATbLHBIX SHEpPTHH 3THX TeJ.
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3.16. 3aBHCHMOCTH MOTEHLHAJbHBIX 3HEPTHH Tea OT pac-
crogHHs uMmetor Bua: a) U = Upx/xy, 6) U = Uy(x/x)%
B) U ='on0/x Onpenennre, KaK 3aBHCAT OT DPacCTOSTHHUA
CHJIbI, JeHCTBYIOIIHE HA Te/ld. X HMEeT PasMepHOCTb AJIHHE,
U, — pasmepHOCTb 3HepTHH.

3.17. 3aBHCHMOCTH CHJI, JeHCTBYIOLIHX Ha Tesa, OT pdC-
CTOSIHHSL HMeloT BHA. a) F = Fy; 6) F = Fyx/xy; B) F =
= Fy (xy/x)2. OnpemennTte, KaK 3aBHCAT OT PacCTOSIHHs IO-
TeHLHANbHbIE 3HePTHH Tea. F, HMeeT pasMepHOCTb CHJBI,
Xy — PasMepHOCTb JJIHHBIL.

3.18. 'ny6uHa npOHHKHOBEHHS YacTHI] Macchl M B 05/1acTh
JeHCTBHS TOPMO3AIleH CHJBl MPAMO MNPONOPLUHOHANBHA MM-
nyabcy: ! = ap. Hafiaute 3aKOH 3aBHCHMOCTH CHJIBL OT TVIy-
OHHBIL.

3.19. Ouenute cpefHee YCHIHE, PA3BHBAEMOE HOTAMH de-
JIOBeKa MpH MNpPH3eMJIEHHH NOCJAe MPBIKKA H3 OKHA BTOPOTO
sTaxa. ‘ ,

3.20. Hposa moguaAnu Ha 9-# staxk W coxrau. HUTto npou-
SOIJIO ¢ MOTeHLHAJbHOH 3Hepruell ApOB?

3.21. OkoHHas wWTOpa Macchl | Kr H JVIMHBL 2 M CBeDTHIBA-
eTcd B TOHKHH BaJHK Haj oKHoM. Kakas mpu sToM coBep-
Waetcst pa6ora? TpeHueM mnpeHeGpeyb.
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3.22. Kakyto paGoTy HeOGXOJHMO COBEPLUHTD, YTOOBI JiexKa=
muil Ha croje TOHKHH Opycok mauuel L H maccel M nocra-
BHTE BePTHXAJBHO? vv

3.23%. B kosoaue auaMerpa D crout cBaa jaHamerpa d
H jauusl 2[. IlnoTHocTe Matepuata cBan p. B Komozen
3ajuTa BOJa IJIOTHOCTH Qp A0 CepeiHHul cBau. Onpenenute
paboTy, KOTOPYIO HYHXHO COBEpILHTE, YTOGE BBIHYTH CBAW
H3 BOJBIL. '

3.24. JlByM ON{HaxXOBBIM TeJaM cHCOUIAIOT O0iKHHAKOBLIC
CKOPOCTH TMOJ HEeKOTOPHIM yryloM K ropuacury. OiHo Telo
cBOGOHOE, APYTOe JBHKETCS BAOJIb CIHIlR. Kakce Tejio nojs-
HEM2Tcsl Ha GOJIBLOYI) BBHICOTY?

3.25%, Mereoponoruueckast pakera mMacenl M, sanycxaemas
BepPTHKANABHO CTAapTOBBIM VCKODHTEJNEM ¢ Hadalbiloff Ccro-
pOCTbIO U, HMEST ABHIaTeqb, CNOCOOHBIH B TeUeH#e BPCMEHH T
pasBuBars cuay Ttaru F. B kako# MOMEHT BpeMeHH LOJ:Keil
Hayate padoTy ABHrartesib, YTOOB PaKeTa HOCTHIVIA HaHGOJb=
we# bblcoTe? KakoBa aTa Eeicota? Cumrarh, UTO Macca pa-
KeTHl He MeHseTcsd H YCKODEHHG CBODOIHOTO MajcHHA g Mo-
CTOSHHO.

3.26%. Y npoBoacdkH JUIMHM 3L HIKHUE yuacToK AJH-
HEl 2L chenand BOJIHHCTEIM, Tak 4YTO JiIMHA 3TOTO yHacrka

o A o

ls

K sagaue 3.26%, ; K sanaue 3.27,
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craga L. Onpenenure BpeMsi cOCKaJb3bIBaHHS MO 3TOH mnpo-

"BosOyKe OYCHHKY, epBOHAUANbHO MOKCSKlelcs Harepxy 1po-
BoJIOukH. Tpenuss Her. [lpoBosioyuka BHCHT BePTHKAJBHC.
Pasmepr! BOJHLI MHOTO MeHblue L.

- 3.27. ]IBe ropusoHTaNbHBIE IIJIOCKOCTH, OTCTOSLIHE JPYT
OT Jipyra Ha h, mjaBHO coeiuHeHH. [lo BepxHe#l miaockoctu
ABHXETCS TeJIO MOJA YIVIOM ¢ K HOPMAJIH JIHHHH CONpPSIMKEHHA.
Hafigure yroa P Mexay HanpaBjeHHeM JBHXKEHHS 7¥eja o
HOPMAaJIBIO K JIHHHH COMpPSDKEHHSI B HIXKHeH [JICCKOCTH.
Tpenue orcyrcTBYyeT,
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3.28. Yacrnua Maccel 71 ABHXKETCS MOJ YTJiOM O K IJ10-
CKOCTH, pasje/sioliell 1pocTpaHCcTBa ¢ MOTeHUHaNbHBIMI SHep-
rusmu U; n U,. CkopoeTh yacthubl v;. Hafinute, noa Kaxkum
yrjaoM oHa OyJleT ABUraThesl [OCJE MepeceYeHHs 3TOH mjo-
cKOCTH. [lpi KakoM yCJIOBHH YacTHIa He NMPOHHKaeT B o6JIaCTb
c HOTeHLKHATbHOH 3HeprHell U,?

3.29. Hepecomblfl cTepkeHb AMHHEL [ ¢ OJI{HAKOBBIMH Mac-
caMH HA4 KOHUAX YCTAaHOBJEH BeDPTHKAJbHO HAa TOPU3CHTaJb-
nofi nnockoetH. CrepikeHb ornyvexaror. OnpeienuTe CKOPOCTb
pepxueli Macchl B MOMEHT VAapa O IUIOCKOCTb, eCAM: a) HHX-
HAS Macca sakpelvleHa Ha Mapuupe; 6) HIKHAA Macca MoxeT
3ETH [0 NVIOCKOCTH (es TpeHHs.

4.839*, Ha xonnax cuenb IFHHHOW HUTH NOJBEIUCHE! DABHbIE
rpvasi mace . MiHTh NepexkuHyTa Yepe3 ABa HEBECOMBIX Ma-
Jensrnx (JI0Ka, PacnoNeXeHWLIX Ha paccTodHHu 2] apyr
oT Apyra. HaligdTe cKOpocTh IPy30B 110 UCTEYEHHH LOCTATOUHO
GOSBLICIO NMPOMEN(YTKA BPCMEHH, €CAH K cepeiHlie HHTIH NpH-
KpenJsen Tpys Macchl 2m1.

3.31. Cucremy, H300pazkeHHYIO Ha pHCYHKe, NPHBOAUT
B JBHiKEHHE UeHTpadbHBIH Ipys Macch m. OnpejenHnTte Mak-
CHMAJbHYIO CKOPOCTb LEHTPa/ibHOIO Ipys3a M MaKCHMaJbHOe
yJaaeHHe ero OT HaYaJbHOT'O NOJOXMeHHUs.

3.32%, TpyOka, AHamMeTp KOTOpPOil MHOTO MeHbllle AJIHHEI,
TBEPHYTA B KOJbLO paanyca R u 3anosHeHa BOJOH, 3a HCKIIO-
yeHHeym HeGOJBINOTO yuacTKa OKOJMO TOYKH A, 3anI0JHEHHOTo
MacioM. B HauasbHBIH MOMEHT Mac/siHasi «TpoOka» HauuHaer
BCIIBIBATH B HamnpasJeHHU K ToukKe B. Haitnure ee ckopocthb
B MOMENT, KOIJla OHa MPOXOAUT MUMO Toukn B. ¥ron A0B pa-
per 135°. [1nOTHOCTE Macsa p,, MAOTHOCTb BOABL 0. P => P
Jinnua wmacasiHoll  «npoBku» [ < R. Tpennem O CTeHKH

TpyOKH nperebpeub. IlpocaunBanue yepes «npoOKy» OTCYT-
chVeT

3.33. Onnopo,aﬂaﬂ TXesias BepeBKa ATMHBI L' nepexnnyTa
yepes HepecoMblil GJIOK TaK, YTO OJMH U3 CBelIHBAOLIUXCSH
KOHLoB paBen [. BepeBxy ornyckaioT. Onpenenute CKOpOCThb
BEPEBKH B MOMEHT CCCKanb3bIBaHUA ¢ O10Ka. Pasmepamu 6s0ka
npeHebpeyb.

3.34. OnHopopHast BepeBKa AJAHHBI [ U Macchl m mepe-
Opolilena uepe3 HeGoabllol GJOK TaK, YTO BHayaJse HaXOAHTCS
B paBHoBecuu. Tpenus Het. BepeBKa HauUHaeT COCKaab3bIBATh.
C kako#i cuiofl peficTByer BepeBKa Ha OJOK B TOT MOMEHT,
KOIja JJiHHa BepeBKH Ha OJIHOH cTopoHe 6.0ka paBHa [/3?

3.35%, Ha nByx KaTKax pasHBIX pamlycoB JIEXKUT TsKeaas
JOCKa, obpasywwas yroa o c ropusoHtoM.. Halinure yckope-
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"Hue J0cKH. Maccolt xaTkoB npeHeGpeub. [Ipockanb3biBaHHSA
HeT. : . ,

3.36. Ilpu MenneHHOM noabeMe TeJla Macchl M HO- HAKJOH-
HOH IJIOCKOCTH C YIVIOM HaKJIOHA 0 U KO3(P(hULHEHTOM TPEHHS b
coBeplunin paBory A. OnpelennTe, CKOJbKO BBIAETHIOCH

- fenJa. _

3.37. Kakoe KO/JIMUecTBO Tensia BBIIEJHTCA HPH MepeBO-
pOTe HAIOJOBHHY NOETpPYXKEeHHOTO B BOAY OpyckKa KBaipaTHOTO
CCUEHHS M3 BEPTHKAJBHOIO MNOJOXEHHS B TOPHU3OHTANbHOE?
Macca 6pycka 1072 kr, gauna 0,2 M, ceuerue 0,01 X 0,01 M2

3.38. lBa rpysa Macc m; U my (My=> mMy) COeJUHEHH.
HHUTbK, NepeGpOLUeHHOH uepe3 HENOABHXKHBIH Onok. B nHa-
YasnbHBIA MOMEHT I'DY3bl OKOATCH, a PaccTOsTHUE OT Ipysa My
A0 cToja, Haxoasulerocsl noj HuM, paBHO h. CKonbko TenJsa
BBIIENUTCA NPH yaape Tpy3a o cTon? ¥ nap aGcoNoTHO Heynpy-
THH. : '

3.39. Ha teno mMaccel M B TeueHHe BpeMeHH T AeHCTBYeET
cusia F, HanpapieHHas ropH3oHTaAbHO. KoadduuneHt Tpe-
HUA Tesla O TOPU3OHTAJBHYIO NJIOCKOCTb, Ha KOTOPOH JIeXHT
Tesio, paBeH M. KakGi nyTh npoHaeT Tesio 10 OCTAHOBKH?

' 3.40. Ha rnankoii ropusoHTadbHOH NOBEPXHOCTH JEXKHMT
"AMUHHBIA Opycok Macchl M. Ha kyOuk Maccel m, Jexauisfl
Ha 6pycKe, B TeueHHe BpPeMeHH T JAeHCTByeT ropusoHTalbHas
cusia F. KosdduuueHT TpeHUS MexIy OPYCKOM H KYGHKOM W.
Kakoil nyTs npofizer KyOHK 10 NOBEPXHOCTH Opycka?

3.41. Tesno Macchl m MeIJIEHHO NOIHHMAOT BBEpX NO Ha-
KJIOHHOH NJOCKOCTH TPOCOM, NPUKPEHJIEHHHEM K TeJay U nepe-
KHHYTHM depe3 OJNOK, yCTaHOBJNeHHbIHi Ha BepluuHe. IlpH
IOJHATHY TPY3a Ha BeplIMHY coBepluaercs paGora A. B Bepx-

- Heli Touke Tpoc OOpbIBaeTcsA, H IPy3 cKojb3uT BHH3. Kakyio
' CKOPOCTb OyJeT HMETb I'Py3 B MOMEHT COCKa/Ib3bIBaHHUS C IIO-
CKOcTH? BrbicoTa HakJMOHHOH myiockoctd H. :

b C )

K sagauve 3.41, ﬁ K sagzave 3.42.

ST

3.42. KakoBa paora cusibl TpeHHs 3a OIWH OGOPOT a3po-
caHedl B «MepTBOH metsie» paauyca R? JIBHMeHHe IPOUCXOMNT
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¢ TIOCTOSIHHOYI CKOPOCTBbIO ¥, Macca caHeH m, KodpauueHT
TpeHHus .

3.43. TonkocTeHHbI# UWAMHIAP pazuyca R pacKpyTuail
JO YIJIOBO# CKOPOCTH ® U MOCTABUJH B yroJ, KakK NMOKAa3aHo
Ha pHcyHKe. KoadxbunueHT TpeHHS CKOMbKEHHA MEXAY CTeH-
KaMu yria ¥ uuauHipoMm p. CKoJbKo 06OpOTOB cjenaeT IH-
JIHHAP 10 OCTAHOBKH?P

3.44*, Ha TOHKOCTEHHBIH LUMJIHHIAD HaMOTaHA HETh, KOHeIl
KOTODO# 3aKperuieH Ha cTofiKe B BepxHell TOYKE HAKJIOHHOH
JIOCKOCTH TaK, YTO TIPH COCKAJb3BIBAHMHY UMJMHAPA HHTh
BCe BpeMsi napasyefbHa HaKJAOHHOHA nsockocTH. Ounpejennte
CKODOCTb IMJAKHAPA B HHKHell TOUKE IJIOCKOCTH, € IIHHA
ee [, yroJ HaKaI0HA K TOPHIOHTY ¢, KO3HPHUHEHT TPeEUs L.

3.45. B cdepuueckyio waly pajuyca K MOJOKUAM TaH-
Te/lb B BHJe HEBECOMOTO CTep KHSA IJIHHLL [ ¢ WIapHKaMy Mace M
Ha KoHoax., OnuH U3 WApHKOB JIeXKHT B HIDKHel TOUKe HOmy-
ceprer. Ectb oueHb Manioe Tpenue. I'aHTesap Hauupaer ABi-
ratbc. Omnperennte, Kakoe KOJMYECTBO Telsia BhLISIHTCS
N0 UCTCHEHHH AJNUTENbHOIO BPEMEHH.

3.46. ApTomoGuab ¢ pafoTalOUIEM RBHTATRNEM, HMEIOULNil
Ha4aJbHYI0 CKOPCCTb U, RBe3aeT Ha 06JelsHeNyl0 ropy,
NOBEPXHOCTh KOTOPOH. HAKJIOHeHa NOJ YIJIOM ¢ K IODHIOHTY.
Kakoff BRICOTH rOpYy MOKeT MNpeojo/eTs arTOMOOH/b, echail
KO3(dDHIMEHT TPeHHs KoJec 0 ropy W << tg a? -

3.47. UYenorek, crosuiMil Ha JABHXKyUieMcsl BHHM3 3cKana-
TOpe, pemua nozuAThcs HaBepx. Kakywio pafory OH JoaeH
COBEPIUHTh, YTOOR NOAHATBCS Ha Beicoty H 3a Bpema 1?
Macca venoBeka m, CKOpocTh 3CKANaTOpa v H YTroJ HaKJIoKa ¢.

3.48. Poratka cuenama u3 pesuHB! xecTkoc1u k. Hail-
JHUTe CKOPOCTb «CHapAjJa» Macch! £, BLIMYILEHHOrO H3 3TGH
pOraTKH, €cJqd POTaTKy PAacTREYJIHM Ha JIHHY L.

3.49. Tpu onuHaKxozble Macchl M COeJHHEHB IPYT C ApY-
rOM OXHHAKOBBIMH TIPYKHHAMH 2KecTKOCTH k. OnIHOBpeMeHHO
BCEM MaccaM cOOOLUIM OIUHaKOBYIO CKOpOCTb U B Hanpab-
JeHUH OT UeHTpa cucTeMu. Kakoe paccrosiHHe Lpoier Kax-
Jasg U3 Macc, Npe)kjie uYeM OCTAHCBHTCA?

3.50. Ot rpysa, BHCHIRTO Ha TPYXHHE KeCTKOCTH &,
oTpbiBaerTcs Macca m. lHa Kakyw MakcHMaJbHVIO BBICOTY
MOJHUMAETCSl MOCJ/IE€ 3TOFO OCTaBllasicd yacTb rpys3ar

3.51. I'py3 maccnl m, NpUKpPeNJIeHHBI K MNpYKHHE XecT-
KOCTH R, HAXOJMTCS HA NOACTaBKe, TaK 4TO NPYXKHHA He pa-
ctsinyTa. llojctaBky MruosenHo y6upaior. OnpelenHTe Mak-
CHMalIbHOE pacTsKeHHe NPYKHHE H MaKCHUMAJbHYX CKOPOCTb

rpysa.
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3.52. K cepeguHe HepacTAHYTOTO Pe3HHCBOTO HIHYDPa
IJIMHBI 2/, KOHHB KOTOPOTO MpPHKPEIVIeHbl K CTeHKaM, Moj-
uenuau rpys Maccel M. UeMy paBHa KeCTKOCTb 3TOro IHYpa,
eCIH MPELOCTaBJIeHHbI caMoMy cefe rpys OmyckaeTcs BHH3
Ha MaKCHMaJlbHOe pacCTOfHHE xo'r’

3.53. Ha xowuax nepecoMoH Hp}}VHHbI JKECTKOCTH £ H
OJHHBL [ MMeloTcA MajleHbKue OYCHMHKH MacCH M Kaxaas.
Bycuikn HazeThl Ha XKeCTKO 3aKpenJeHHhle CTepXHH Tak,
KaK MokKasano Ha pucynke. PaccrosHme Mexay KOHIAMM
cTep:kHe# [, COBManaeT ¢ ANMHON MPYMKHUHLI B HEPaCTAHYTOM
cocrosinuu. Onpenenute, ¢ KaKoil CKOPOCTbIO GyIeT ABUTATLCH
NpyXHEa B HaNPABJCHHI X MOCJe TOTO, KaK OYCHHKH COCKOYAT
co crepxkHedl. B HauajspHBI MOMEHT NPYKHHA NOKOMTCH.
TpenuneM H 10JeM TAXKeCTH npeHe6peyb.

3.54. Onpenenute MaKCHMAJbHYIO CHJY JaBJAEHUA Ha mOJ,
ecsi Teno Maccel M magaeT ¢ BhicOThl /1 Ha MpyXMHY KecT-
KocTH 2 ¥ JauHbl [, O6bAcHHTe, T0YeMy TDH YBeJHYCHHH
JKeCTKOCTH 3Ta CHJla BO3pPacTaer.

3.55. C kakoft culol Haj0 HaJaBUThb Ha BerHnﬁ Tpy3 My,
yToObl NOCJIe TpeKpalleHusl NeHCTBHS 3TOH CHJIEL rpys m
OTOpBaJca OT moJsa?

. 3.56*. Ha TeHHHCHBI MAY ¢ BbICOTH | M majaeT KHpmHY
M NOAcKakmBaeT noutH HAa 1 M. OneHuTe, Ha KaKylO BHICOTY
MOACKOUUT MSAY.

3.57*, Ha jpocke J1eXHT Teslo, MOJBelleHHOE HA MpPY:KHHe.
B HayanbHBIT MOMEHT MpyMKHHa He pacTadyTta. Hocky Haug-
HalOT OnyckaTh ¢ ycKopeHHeM a. UeMmy 6yeT paBHO ya/HHeHHe
IpyKUHBL B MOMEHT, KOTJa J0CKa oTopBeTcs OT Tesna? KakoBo
MaKCHMa/bHOE PACTAXKEeHHe NPYKHHbI? Macca Tena mi, XKecrt-
KOCTb TIPYXHHBI .

3.58*. Ha ropn3oHTanbHOH MJAOCKOCTH JiexaT IBa OpycKa
Macc m ¥ M, coelHHeHHble HeHanpAXKeHHOM npyxuHo#. Koad-
(hMUHEHT TPEHHS TPY30B O MIocKocTh p. Onpenennrte, Kakywo
HAaUMEHBUIYI0 MOCTOSAHHYI0 TOPH3OHTAJELHYIO CHJAY HYKHO
NpHJIOKHTL K JIeBOMY OpycKy, 4TOOLI CABHHYJCH M NpaBHH.

3.59*. Cofaka Macchl # TUpPHUBS3aHA MOBOJKOM IJHHBI L
K caHsiM Macchl M (M > m). B HauanbHEIA MOMEHT OHa HaXo-
autes pagoM ¢ cauaMu. KosdduunenTsi TpeHusa cobaku 1 caHel
0 MJOCKOCTb paBHbl p. Ha xakoe MakcHMasnbHOe pacCTOsiHHE
cofaKa CMOXKeT CABHHYTb CaHHM 3a OJUH DbIBOK? )

3.60*. Ha ropu3onTanbLHOM CTOJIE HaXOAUTCS Ipy3 Macch M.
Koadduuuent tpeuus rpysa o croan p. K rpysy npuBsizaHa
HepacTsKHMAasi HUTh, KOTOpasl mepeKHHyTa uepe3 6710K. K HUTH
TpHBA3aHa HeBecoMas npyxHHa. Kakolt Macchl rpy3 Heo6-
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XOJIIMO TIPHKPENHTD K HepacTANYTOH NpysKHHEe, 4ToOk!, nanas,
OH MOT CABHHYTb Ipy3 Maccht M ¢ mecra?

3.61. Ha ramanxom TOPH3CHTANLHOM CTOJe JIeXaT [Ba
O/ HAKOBLIX GpycKa, COGAHHEHHBIX NPYKIHOH IKEeTKOCTH £
i qanssl {;. Ha sesetit 6pycox BHesanHo HauiiHaeT JeHCcTBORATD
NOCTOsSiHHAA ropuscHTajbHag cuaa F. Haliiure muHiaManrnoe
1 MaKCciMaJbHOe paccTOSHHA Mexpny OpycKaMu.

3.52%. Ha raajkoM ropi3cHTaNBHOM CTCJIe IOKOATCH ABA
OUTHAKOBRIX Teja, CBA3aHNBIX Npy:KuHoll xectxocth k. Ha
NPAaBce Ta0 HayHHaeT AeHcTBORATL TopuzonTaabuas cuiaa I

O3HHKIICE KOJeGaTeqbHOE IBHIKeHHe 113-3a TPeH s B IPYKHHE
MOCTEREHNO 3aTyXaeT, H Yepes HEKOTOpOe EpeMst Tesia HauM-,
HAIOT JBUT2TBCS PUBHOYCKODEHHO. Kakroe KoanuecTBO Telldla
BBLICAKTCH K S3TOMY BPEMEHH?

3.83%. C pakJMOHHOH NVIOCKOCTH C YIVIOM [HaKJOHA O CO-
CKaJqhL3plBalOT [Jpa OAHHAKOBBIX TesJa Macc #1, CBS3AHHBIX
NepBOHAYANLHO He e(OPMUPCBAHHON NPYKHHON XKeCTKOCTH £.
Onpegennte MakcHMa/bHO® PacTSXKEHHE NPYKHHBI NPH ABil-
JKEHHH CHUCTeMBI, ecH KO3(hOhHIHEHT TpeHHA Mexay TeJoM 2
H TIOCKOCThIO i, TpeHus mexay TesoM I H INIOCKOCTBIO HeT.

§ 2.4. 3axkoHH coOXpaHeHH: SHEPTHH M HMIIYAbCA

4.1, Ha HenospHXKHBIH 1Iap cO CKOPOCTBIO i HaseTaeT Llap,
Macca KOTOpOro B £ pas GoJblile Macchl HEMOABHXKHOTO, Hemy
PaBHBEl OTHOLIEHUsI CKOpOcTefl WIApOB K CKOPOCTH u HOcie
UeHTpaasHOro ynpyroro yaapa? Hapucyiite rpaduku 3aBH-
CHUMOCTH 3THX OTHOLIeHHH oT uucaa k. K kako#l Bennunne
CTPEMSITCSI 3TH OTHOIIEHHsI, €CJH X2 CTpeMUTCcsl K GecKOoHeu-~
HOCTH? v

4.2*, Ha a6comoTHO I/1afiKOH TOPH30HTANbHOH IJIOCKOCTH |
nokoutcs map. Ha Hero HaseTaeT Tako# ke map. ¥aap a6co-
JIIOTHO YNpyruifl, HelleHTpaJbHeifl. Haligute yros pasmera
HIapoB. :

4,3. JIBe oQMHAKOBEE YacTHLbI, ABHXKYIHECs cO CKOPO-
CTAMH U; H Uy, BSEIHMO}leﬁCTBy}OT YOpYro. Yron MeXjay CKO-
poctsimu a. Ilocse B3aumopeficTBHA CKOPOCTH YacTHI paBHbL
u, u u,. Hafizute yroa paaJera.

4.4. Tloyemy OblcTpble HeHTPOHBI JIETKO HPOXOIAT 4epes
6JIOK CBHHIIA, HO 3aJepXXHBAIOTCsl B TAKOM e o0beMe napa-
¢pMHa, BOJABI HJH APYrOr0 COeAHHEHHS, B CcOCTaB KOTOPOTO
BXOASIT aTOMBI BOAOpOAa’

4.5. Ilpu o6ayyeHHH KPHCTA/lLIa MOTOKOM HeHTpOHOB o6HA-
PYKEeHO, YTO ¢ MOBEPXHOCTH, MNPOTHBOMOJICKLOH OGomOapiu-

58



pyeMoil, BbUIETAIOT aTOMbl, NpPHYEM HaNpapJieHHe Bbliera
aTOMOB 3aBHCHT JIHIIb OT OpPHEHTAUIH KpHeTaada H He 3aBHcHT
OT Hanpapaelust noroka uefirponoe. OOBACHHTE 3TO ABJe-
HIe.

4.6. Jlokomorus ¢ nocrosnuod TArofl F Hauaa ABRHTATHCA K-
CTOAIEMY BarOHY H CTOJAKHYJCA ¢ HHM Yepes ppems T. Uepes
KaKoe BDeMsl OPOH30IieT CJeRyIoilee CTONKHOBeHH2? ¥jaap
yaopyTiii. TpesneM B ocaX KoJec Baroha npeneSpeub. Macchl
parosa H JOKOMOTHBA OAWHaxcBel. Hafigure BpeMa MeKAy
[IOCHE {VIOLHMHE COYA2PSHHAMH.

4.7%. Taxenas yactutia maccsl M CTanKKHBaeTes ¢ [OKCA-

eftcsl Jerkofl wacTuieft Macen m. Ha xaxoil maxcuma bHBI
Yron MOMET OTKACHHTbCS TsiKenaas dacTHia NpH yaape?

4.8, Tpu Gycusiku Macc iy, My, My MOTYT CKOJb3HThb
BJOJb TCPH3CHTAILHONA cOullsl Ge3 TPEeHHs, NBHUYeM /11y > M,
" 1y > my. Ouperenute MakKCHMa/lbHEE CKOPOCTH KpaiiHHX
GYyCHHOK, €CJIM B Hauaabublli MOMEHT BPEMeHH OHW MOKOHAHCh,
a CpeqHsisi HMeJId CKOPOCTh U. ¥ Japbl CUHTATb VIPYTHMH.

4.9, Yactuua Maccel /m HasketaeT Ha Gpyeok accel M
MO/ YTVIOM & K HOPMaJy IJIOCKGCTH OpycKa. Dpycok nokouacs.
Onpejenute, NOjJ KaKuM YIJIOM OTCKOYMT dYacTHia. vaap
yOpyTHi. ‘

4,10, Tlo rnapxofi nOBepXHOCTH CTOJA MOTYT JBUTaTbCA
KOJBIO paupiyca R 0 HaXoAsuficss BHYTPH KOJblia LUapuK.
B HauasJbHBIA MOMEHT LHapHK YTIPYTO COyapsieTcs ¢ KOJbiloM.
Jlo yrapa KoJbLO HEeNOABHUMKHO, a LIapHK HMeeT CKOPOCTL O,
HalpaBJAeHHYIO [0 YIJIOM & K pajuyCy, NPOBeJeHHOMY B TOYKY
yaapa. HafizuTte Bpemst 10 CASAYICILETO Yhapa.

4.11*. Buyrpu U-o6pasuoit TpyGku Macest M maxoxpurcs
HHTb Macchl /7. B HayaabubIll MOMEHT HUTh U TPYOKa JIBHKYTCHA
TaK, YTO CKOPOCTb KOHNA HHTH A paBHa v, a ¢KOPOCTH KO-
na B — pymo. C Kako#t cKopocTsio OyeT ABuraTbest TpyOKa,
KOrja HHTb BBIIETHT u3 Hee? TpeHHE He yuuTHIBATb, PajfHyc
H3YHOa TPYGKY CYNTATh odeHb MaJbiM., TpyOka He BpailaeTcs.

4,127, Ilapuk, asurasch no IJajKOH IIOCKOCTH, HaJje-
TaeT HAa KJIHHOBHAHBIA BBICTYH. [Ipoucxoput ynpyrufl yaap.
Hafiiurte MunuMalLBO BO3MOXHYIO CKOPOCTb IiapHKa, TNpH
KOTCPOH OH MOKET 1epeCKOUHThb Yepe3 KJAWH. YTOJ KJHHA «,
BeicoTa H. :

4.13. Cuapsaj maccul /m nomajaeT B Kauasd, NPOpe3aHHbIil
B Barode maccel 4. OnpejenuTte, NpH KaKoH MHHMMAaJLHOH
HaYaJbHOH CKOPOCTH CHapsji MOXHUMETCH Ha BBICOTY i Haj
Kpblllelt. Tperus HeT. HuxHull cpes kanasa HaXoJuTCA Ha pac-
CTOAHUH H oT KpHuIH,
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4.14%. Ha ropu3oHTaJbHOH IUIOCKOCTH HAXOIHTCA KJIHH
Maccel M M BbicOTbl h. IloBepXHOCTb KJIHMHA, HaKJIOHEeHHas
noj yIJoM O K IOPH30HTY, B HHXXHeH YacTH IJIaBHO comlpi-

JKeHa ¢ TJIOCKOoCcTbio. Ha KJAHH €O CcKOpOCTbio v HaJjeTaer

Tes0 Maccbl m. Ha kakymwo BbICOTY TIOJHHMETCA Teso mocJe
oTpbiBa OT KanHA? TpeHueMm npeHeGpeub.

4.15*, Tlonycgeprueckas mojcraska maccel M u pazmyca R
CTOHT Ha raaaxoM croJe. Teso Macchl m KnaayT Ha Kpa# noi-
CTaBKH H oTmyckaioT. Tpenus Her. HarfinuTe ckopocTH Ted
B MOMEHT, KOIja TeJo Macchl # NPOXOAHT HHXKHIOW TOUYKY
nonycepbl. C KakOH CHJIOH TeO JaBHT Ha MOACTABKY B HHXK-
He# Touke?

4.16. MMnyJsbchl HaseTaoWKX APYT Ha Apyra TeJ DaBHBI p;
H py. ¥Yroa Mexiy ckopocTsivi Ten 0. Ilpu ynape Tesa cau-
naiotcea. Macca caunmerocs tena M. OnpepennTe cKOpocTb
3TOrO TeJsa. -

4.17. Hascrpeuy apyr ApYTy JIeTAT JBa luapa. Mexny
lIapaMH TNPOHCXOMMT Heynpyruil yaap. MasecTzo, 4TO KHHe-
THYecKad 3Heprus opHoro mapa B 20 pa3 OoJblle KHHETH-
yeckOH 3HepruH apyroro. Ilpu KakoM OTHOLIEHHH Macc Liaphbl
nocie yxapa OyAyT IABHraTbcs B CTODOHY IBHKEHHs Ilapa,
ofaagarolero MeHbllef 3Hepruefi? =

4.18. CranpHass nyJsi Macchl m, HMeIOLlas CKOpOCTh 0,
npofHBaeT NOJBeLIeHHbLIH HAa TOHKOH HHTH CBHHIOBBIH IIap
Maccel M, B pe3yJbTaTe 4Yero CKOPOCTb NIYJH YMeHbllaeTcs
BiBoe. Kakas uyacTb KHHETHUYECKOH 3HEPTHH NYJH MOLIJIA
Ha HarpepaHue?

, 4.19. Tlyna maccwt m, JeTeBllas ¢ HAYaabHOH CKODOCTbIO U,
NpoOHBaeT OJHH TNOJBELIEHHLIH TI'PY3HK Macchl M H 3acTpe-
B4eT BO BTOPOM, TakoM Ke. [Ipenefperas BpemeHeM B3aHMO-
IeHCTBHA TNyJH ¢ TIDY3HKOM, HafJHuTe KOJHYeCcTBO TemJja,
BbijJIeJIMBIIeroc B [ePROM I'PY3HKe, €CJH BO BTOPOM BblAe/H-
J10Ch Temao Q. ,

4.20. Hefitpon c sneprueit 250 k5B nanmeraet na ajpo ¢Li.
[lpu stoM ofpadyercs BosGyxiueHHoe siapo ‘Li. Maccur anep
H HefirpoHa 6, 7 u | a. e. M. HaliiuTe KHHETHYECKYIO SHEPTHIO
siapa SLi. 4

4.21. AtoM Macchl M MOXKeT YBEJIHYHTL CBOKO BHYTDEHHIOW
3Hepruwo Ha E. Onpenennte, KaKOH MHHHMAJbHOH CKOPOCTbIO.
JOMxeH 00/1afaTb 3JeKTPOH. Macchl /7, 4YTOGH B pe3yJabTaTte
YAapa BO30YyAuTb aTOM. ¥YAap LeHTPaJbHBIH.

4.22. HenoppuxHoe aTOMHOe $JpPO pacmajaeTcsl Ha JiBe
YacTH Macc my U my. IIpu 3TOM Bbljensiercs sueéprus £ (Kuune-
THYecKas 3HeprHsa ockoaKoB). OnpejieIHTe CKOPOCTH OCKOJIKOB.
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4.23*, TTokosimasics yacTHLIa MOXKET pacrnajaTbest Ha TpH
OJMHAaKOBBIX OCKOJIKa Macc m, ob/ajalliuX cyMMapHoil KHHe-
THYecKoH. 3Heprueil K. PaccMorpurte nyHoK TakuX 4acTHl,
JBIKYWIHXCA cO cKopocTslo v. OnpejenuTe MaKCHMalbHO
BO3MOKHDIC CKOPOCTH OCKOJIKOB.

4.24. B pesyabraTe pacrnaja ABHylierocs sijipa’nosiBH-
JIHCh Ba OCKOJKAa Macec #1; W My, HMIYJbChl KOTOPBIX pasHbl
P1 U py. YTOL Mex;y CKOPOCTSMH OCKOJKOB . Onperennte
SHePTrHIO, KoTopasd BopliedseTcsl DPH pachaje sapa.

4.25. Henopsimioe $2/ApO pacnajaeTca Ha JIBa OANHAKOBBIX
OCKOJIK@ Macc /M 11 GCKOJIOK Macchl f11;. OZHHAKOBEIE CCKOJKH
C HMDYTbCAMH p pasieTAlcTCs NoJN VIVIOM o Apyr X APYTY.
Onpc,.&enmn BBIAGAHBIIVICCH TP DACIajie SHEpriio.

4.28. Peaxnulo cuHTE3a TRXKEJOTO M CBEPXTSAKEJIOTO K30~
TOnOB Lonopoza (*H 4- *H = *He -- n) H3YualoT, HAIDaBLsisl
YCKODEHHBIE JIO 9Hepr;m 2 M5B uonnl 5 firepus Ha TPHTHEBYIO
MiieHn. JleTeKTOD perHCTpHpYeT HeHTPOHB!, BhLiETAOLLie

" IepleHHKY/ISIDHO HanpaBleHHIoO nydka jelitonoB. Omnpeze-
JIHTE 3HEPTHI0 PerucTPUPYeMbIX HEeHTPOHOB, eclH B peaKuUHu
BbliensieTcsl sheprus 14 MsB.

4.27. [ea Teja macc m; H m, ORHOBPEMEHHO HAYHHAIOT
COCKa/Ib3LBaTh 0€3 TPEHHS ¢ JBYX TFOPOK ONMHAKOBOW BBICOTDI
u Qopmpl. [lpu yrape Tena caunatorcs. OnpefesinTe OTHOLIe-
HHEe BEHICOTBI, Ha KOTOPYIO MOJAHHMETCS BHOBb 0OpazoBaHHOE
TesI0, K BBICOTE, C KOTOPOH Tena HayuHaAH COCKaJb3blBATb.

V7
,mg; X

Zp
‘/77 "
‘ (7 SR
Vid
K sazave 4.27, K 3anave 4.28,

4.28. YcrpofictBo Macesl M umeer oteepetue O. Onpesne-
JUTe MHHHMAJbHYIO CKOPOCTb, KOTOPYIO Heo0XOAHMO co00-
ILHTD LIAPHKY Macchl #1, YTOOLI OH BOILEN B OTBEPCTHE, €ClH
JKECTKOCTb [NPYKHHBL R, JMHMHA BBICTYNAKOWEd. 4acTH Ipy-
JKHHBE Xp. YCTPOHCTBO He 3aKpervieHo. Pasmepom inapuka
npeHebpeyb.

4.29. /IBa mwapuka macc m; U M, BHCAT Ha HUTAX OJHHA-
KOBOH JJHHEL. Mexny IIapuKaMu 3aiaTa XecTKas NpYXKHHA.
Oneprusa cxatoll npyxuusl U. Hutb, cBsasblBaloilylo 1apuKH,
nepexurawot. Haligute MaKCHMalbHble BHCOTbI, Ha KOTOpbIE
HOAHHMYTCS LIAPUKHU,
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4,30. Teso HaneTaeT HA HENOABUXCHYIO CTEHKY 10/l YIVIOM G
g HopMmann. KosdHIHEHT TpeHHsI O CTEHKY (L., Onpeaemne,
nojl KaKuM YIJIOM OTpasHTCHA TeJo.

4.31. Ha tenexky maccwt M, IBIKYLIYICCS 0O TNPAMOI
¢ MOCTOAHHGH CKOPOCTHIO ©, najaeT ¢ BHCOTHl {1 KypnHy
Macchl 71. Kupnmi ocraerest Ha teqexxe. OnpeiesanTe, CROJIBKO
npH STOM BLLIEMNTCA TelJa.

4,32, KouabLo Maccwl /71 MOMKST CKOJb3HTb MO CTePIKH:
aauHbel L 1 macest M. Crna Tpenns Mem iy EMMA F. Oapu
JeruTe, Kaky® MENHMAJBLHYIO CKOPOCIb ¥ HVIKHO COOOLIHTH
CTEPIKHIO, YTOOSH! OH MPOJETSN CKBO3b KOJMBLO, ecjid BHavale
KOJAbUO norGHTed. OnniT uyogozmc;{ B meseconiccTH. Kakoe
KOJH4ECTED Temsia BRUeJinTCs .
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K sagaue 4.29. K sagaue 4.33,

4.33. Ha 6pycke jgaunul [ u Macent M, pacnosomeHHOM
Ha TIJJKOH TOPH30OHTAJNbHOH [OBEPXHOCTH, HAaXOJMTCH
TeJJO MacCH . Koaqtﬂ“nuuem TPeRHA MeXy TeloM H Gpy-
ckoM L. C KaxkoH MHHEMAaJbHOH CKOPOGCTBIO JOJIKHA JiBH~
ratbest CcicTeMa, YTOGHL nocne YOpYIoro yjapa 6pycxa 0
CTEHKY TeJs0 yrnajgo ¢ Opycka

4.34*. Ha mopacraBky Maccel M, moJiBelleHHYIO Ha Ipy-
JKHHE JKECTKOCTH R, ¢ BBICOTHL F{ MajaeT Teao Macchl /711 H TIPHs
nunaer K Hefi. que 1eJINTe MaKCHMaJslbHOE pacTsiKeHHe MpYy-
HHHBL.

K sapaue 4.34%, K zagaue 4.35,

4,35. Ha ruazaxoi FOPH30HTAJbHOH IOBEPXHOCTH CTOUT
CHcTeMa, H300paxeHHaa Ha pucyHke. Macca 6pycka M, Macca
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BEpXHEro Tesa, pasMepaMH KOTOPOTO MOXKHO npeHeOpeub, /M.

XectkocTh mpykuHe k. Teso He NpPHKPeNJIEHO K MPYKHHE.

Kosdpduipent Tpenus Mexay TeaoM H 6pyckom . lIpyxuny

cXKaJlH TeJOM Ha X, a 3areM ero otnycTuwiu. PaccrosiHue

OT Teja A0 Kpasi OpycKa B MO-

V MeHT «BblcTpenas [, Haiigure

CKOpOCTb OpycKa mocse Toro,

KaK TeJO COCKOJIb3HET C Hero.

4.36. Ha nokosmyiocss Ha

riagkofl ropH3OHTaAbHOH MO-

K sajaue 4.36. BepPXHOCTH CHCTEMY, COCTOSALILYIO

M3 JBYX TeJ MacC M, COelH-

HEHHDBIX MDYXHHOH, CO CKOPOCTBIO U HaJleTaeT TeJio TaKOl ke

Maccsl m. ¥ pap ynpyruil. Halizure maxcnmanbHoe pacTsixenye
Npy>HHLBl. JKeCTKOCTb NPYKHUBI £,

§ 2.5. Cunuxra tarovenud. 3axounl Kensnepa

5.1. laHa ToHkas cdepa paumyca R u maccel M. Onpe-
JeJinTe HAaMpfKEHHOCTL MOJS1 W MOTEHIHMaA BO BCEM [po-
CTPaHCTBE.

5.2*, lloctpofite rpadmKy HaUPSIXKEHHOCTH MMOJA H MOTEH-
HaJa, cO3JaBaeMOro cepHUECKHM csioeM Macchl M, B 3aBH-
CHMOCTH OT PAcCTOSIHMA A0 HeHTpa. BHelHnil pamuyc ciaoa Ry,
BHYTPEHHHH R,.

5.3. Onpezenute HANpPsXEHHOCTL [OJAS H MOTEHIHAJ,
CO31aBaeMblfl IapoM pagMyca R W paBHOMEPHOH MJIOTHOCTH,
B 3aBHCHMOCTH OT DACCTOSHHS 1O ueHTpa wapa. Macca
wapa M.

'5.4. Onpenenute cHIy M SHEPTHIO BsaHMO,ZLeI/ICTBI‘H JBYX
mapos mMacc 103 kr. Paccrosnue MeXKJly IeHTPaMH Iapo3 10 M.

5.5. Haiinute cuay, ¢ KoTopo#l Bbl IPHTATHBaETeCh K 3emle.
K Jlyne. K Coaniy.

5.6. Bo crosbko pas cusia TAMXKECTY TeJa Ha MOBEPXHOCTH
3eMJH GoJblIe CHJIBI TSPKECTH 3TOTO JKe TeJia Ha Boicote 100 KM?
1000 km?

5.7. Ha KakoM paccTOSTHHH OT Seman Ha npsimoil 3emns —
Jlyna cusibt NpuTsSKeHHS Tesa K 3emse M JIyHe paBHBI [0 MO-
JYITOP ’ 4

5.8. Tes10 Macchl m ABHKETCA MO 5KBATOPY €O CKOPOCTBIO 0.
Hakinure cuay, ¢ KOTOpo# Tesio JeficTByeT Ha MOBEPXHOCTh'
3eMsH. PaccMoTpuTe ciydau JBHXKEHHA Tesa ¢ 3aMaja Ha BO-
CTOK M ¢ BOCTOKa Ha 3amnaf,.
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5.9. Ina 3eman HaliiuTe NepBYIO H BTOPYIO KOCMHUECKHe
CKGPOCTH.

5.10, Kakyo cHay TATH JOJIKeH pasBHBAThb ,U,BHI‘aTeJIb
Ha CNYTHHKE 3eMJH Macchl M AJs TOro, uroGbl TNYTHHK ABH-

rancsl no opGHTe paauyca R €O CKOpOCTbIO, NpeBblLIAoILEH
B 2 paaa CKOPOCTb CBOGOJHOrO I(BH}{eHHﬂ no op6uTe TOrO XKe
paznyca?

5.11, Ha Kakylo BLICOTY HY2KHO 3allyCTHTb CNYTHYK B KBa-
TOpHAJbHOH NJOCKOCTH, YTOOR OH Bce BpeMs "Haxoauscs
Hajl oxuCH H TOH »xe TOHKOﬁ 3eMHOH MOBEPXHOCTH?

5.12*, Kakoea po/xkHa ObITb MHHHMAJbHAs CKOPOCTH
JKIOJIb-BEPHOBCKOTO CHapsiga, uTofbl OH nonaa Ha JIyHy?
Kakyio ckopccTh OH OyZeT HMETb y NCBEPXHOCTH JIYyHBI?

5.13. Paxera, nyllleHHass BepTHKaJbHO BBepPX Ha NoOJIOCe
3eMJiH, nogHssnach Ha pwicoty 3200 KM MW Hauajda najarthb.
Kakoifi nyTs npofifier pakera 3a NepBYIO CEKYHAY CBOEro naje-
HUA? ~

5.14%, Teno 3anycTujaHu BAOML KBaTopa ¢ BOCTOKa Ha 3a-
naj ¢ TaKoH CKOPOCTBIO, UTO OYECHb 1AJIEKO OT 3eMJIH €ro CKo-
pPOCTb cTaja HyfAeeoll. DTO Ke Teso ¢ TOH e CKOPOCTHIO OTHO-
CHTEJIbHO 3eMJIM 3aNyCTHJIH TOXKe BJIOJb IKBaTOpa, HO ¢ 3a-
naga Ha BocToK. C Kakofl CKOPOCTBIO OHO GYJeT JBHIaThCs
Ha OuyeHb GOJIBLIOM PACCTOSTHHH OT 3eMJIH?

5.15%. Ha KaKyio BLICOTY NOIZHHMETCH CHapsifi, ecld eMy
COOCILHIIH BEPTHKAJIBHO BBEPX NEPBYIO KOCMHUECKYIO CKOPOCTh
Ha noJiroce 3eMJiH?

- 5.16*, lllapcBasi TyMaHHOCTb HMeeT Maccy NpHOJIH3H-
TesbHO 410! cosHeuHbIX Macce H- AHameTp okoso 10° cBeToBBIX
net.. Kakylo cKopocTb HeoGXOAHMO coofLIMTL Teay, Haxo-
IsllieMycsl Ha ee Kparo, YToObl OHO IIOKHHYJIO 3TY 3Be3JHYIO

. CHCTeMy?
© 5.17*. Bropas KocMHuuecKasi cKopocTb AJs 3emnn 11,2 km/c.
Kakyio ckopocTb GyJeT HMeTb CHapsiji BlaJjH OT 3eMJIH, €CJH
OH OBLT 3amyllieH ¢ NoJioca co CKOpocThio 12 KM/c?

5.18. Ounpezennte, Bo CKOJbKO pa3 Macca TianeTsl Mapc
MeHblLe MacChl 3eMJIH, eCJH H3BeCTHO, uTo 'cnyTHHK Mapca
@o6oc obpaliaercss BOKPYT Hero no opGure paguyca 9400 km
¢ nepuojoM 7 u 39 MHH.

5.19. CpaBuuTe nepHoAbl ofpamieHHsl CNYTHHKOB, OANH
H3 KOTOPBIX JBHXKETCS BOKPYTr 3eMJIH, 4 BTOPOH — BOKDPYT
JIynbr.. OpGUTBl CNYTHHKOB KPYTrOBBIE H LpOJIeTaloT BOJHZH
NOBEPXHOCTH. :

5.20. Cpeanee paccTosiHHE OT 3eMJIPI 10 Com—ma 1,5 108 kM. .
Ouennurte maccy Cosnua.
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5.21. Jlpe Macchl iy W m, NBUKYTCA OTHOCHTENBHO APYP
Ipyra Tak, 4TOo PAacCTOSTHHE MEXKAY HHMH OCTaeTCHl " [OCTOfH=
HbBIM U paBHBIM a. Hafjute NOJHYIO SHEPTHIO CHCTEMBI.

5.22, Kak wusMenujachb OB NPOJOJKHTENBHOCTH 3€MHOTQ
roga, ecnu Gl Macca 3eMJH YBeJHuuJgach H cjenanach paB-
Hofi Macce ConHIla, a pacCTOSHHE MeXAY HHMH OCTajoCh
IpeXKHHM?

5.23%, Jlpa OfHHAKOBHIX TeJa ABMIKYTCH TaK, UTO B HEKO-
TOPBHIHl MOMEHT BpeMEHH CKOPOCTb OJHOrO Tela COCTaBJser
OCTpBIH yrosl ¢ HanmpasJeHHeM Ha APYroe Teso, KOTopoe B JAal-
HBII MOMEHT BpeMeHH HMeeT HyJeBYW cKopocrb. Hafiaure
Yyrosl MeXJAy HampaBJeHHsIMH CKOpOCTeH Tes B TOT MOMEHT,
KOTJla PacCTOfiiKe MEXAY TeJaMH BHOBb CTaHET paBHLIM Ha-
4aJbHOMY. .

5.24, Jlpe 3Be3gpl NOJA JefiCTBHEM HX B3aHMHOTO INPHTH-
JKeHHS ONHCHIBAIOT KPYTOBble OPOHTHI BOKPYT OOLIETO LeHTPa
Macc ¢ nepuogoM 2 roga. CyMMa Macc 3Bes]l paBHa JABYM COJI-
HeupbIM MaccaM. Hafijiute paccrosine Mexjay 3Be3jaMH,
3Had, 4YTO cpeinee paccrosiine oT 3emau jgo CoflHua PaBHO
150 mrH. kM. Macca 3eman mo cpasreHuto ¢ Maccofl Connia
npeHebpexxUMO MaJa.

5.25. OmnpefenHrte HaTAXeHHE Tpoca, CBASHIBAIOLIErO [Ba
KOCMHUYeCKUX Kopabas Macc mi, KOTOphHle BpallaloTcs BOKPYT
3eMau Ha paccTosiHUAX Ry U R, Tak, uto TpOC BCerja Hanpab-
CJleH OT 3eMJIH.

5.26*. Hafigute oOTHOIIEHHE MAaKCHUMAJbHBIX IIPHJAHBO=
06pasyouux CHJ, BbI3biBaeMbIX JlyHofl u CosHieM. :

5.27%, Cnyrnuk Maccel 10% Kr, sanyLieHHBII Ha KPYTOBYIO
op6uty BHCOTH 500 KM Haj NOBEPXHOCTbIO 3eMH, TOPMO3HTCS
B atMmoctepe. Ha kaxoll BbicoTe oOKaseTcf COYTHHK UEPe3
Mecsl, ecu: a) TOPMO3fllas CHJIa CO CTOPOHBI aTMOC(epbl
2,07-107% H; 6) nab/ogaeMoe yIJIOBOe VCKOpeHie CIYTHHKA
paeso 3-107% paam/c

5.28. KocMuueckn#i kopabnb ABHxKercA K JlyHe mox Baus-
HueM ee npurAxenus. Ha 60NbIIOM pacCTOSHHH €T0 CKOPOCTD
OTHOCHTeIbHO JIyHBI Oblna HyJeBO!l. ¥Yckopeuue cBOHOAHOTO
liaJeHuA HA NOBepXHOCTH JIVHLI B 6 pas Meublue, yeM Ha 3eMse
(7n = g/6). Paguyc Jlyner oxosro 1700 km. Ha kakoil ebl-
cote /i jomxkeH ObITH BKJIOYEH TOPMO3HOH [BHUrATENb J5id
OCYUIECTEJEHHA MATKOH MOCaiKH, ecJu CUMTath, YTG ABHIa-
Te/Ib CO3JaeT NATHKPAaTHYIO mneperpysky (5g)? HMsameHenuem
Maccel KopaGsisi OpH TOPMOMEHHH U 3aBHCHMOCTBIO CHJIBL
gpmmxemm OT BBICOTHI Ha 3Tane TOPMOXSHHS Ipekie~

seub.
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5.29. Ilo pmmamerpy 3eman MpOpLITA MAXTa. Teno ony-
cKaloT B LIAXTy ¢ Hauajabno#i HyJeBoli ckopocTbio. Onpe-
JeNUTe CKOPOCTb Tea B LEHTpE 3eman, cuuTas ee OAHOPOA-
ofl.

5.30. Kakyio ckopocTb HYXHO COOGUIHTBL Teay HeGOJbIION
Macchl B LieHTpe acTeponja Macesl M u pamguyca R, 4ToOwl
o0 uepe3 pajiMaibHYIO IIAaXTy VIO Ha GECKOHEUHOCTh?
Tln0THOCTL acTepouia MOCTOSIHHA.

5.31. CnyTHUK 3eMJld Macchl /M JBHIKETCS [0 KPYTroBOi
opOuTe, paanyc KOTOpOfi paBeH YHBOCHHOMY pPajpuycy 3eMilH.
Kakoll wuMnysnbc HYIKHO MIHOBEHHO nepejaTh COYTHHKY,
yTOObl NJOCKOCTh OpGUTHL MOBEPHYJach HA yroa @, a pajnyc
ne usMenuscs? Paguyce Seman R,

5.32. KocmHuecku#l KopaOab Maccel n1, nponeTass BOAH3H
acTepoMjia, OTKJACHUJCHA Ha yroa o, Munyabc xopaGsasi, BHa-
yajne paBHBIA py, cTaad paBHBIM p. OnpemenuTe Maccy acTe-
pouza.

5.33%. Ha noxosllylocs TOYeUHYIO Maccy M HaJeTaer
13 OeCKOHEUHOCTH TaKas e Macca cO CKOPOCTbIO U W IpH-
LeJbHBIM NapaMeTpoM Q. ‘

o ” v
Ha#mure HAHUMEHDBIIEE  e~p-—-O——wim_
pacc1osiHHe, HAa KOTOpoe Y T
cONH3ATCS Macchl. J_w . e
5.34*, M3 GeckoHeuHo- AN
CTH 1Ia 3eMJIIO ABHIKETCS ' AN
OHOPOJHBIH MOTOK METEO- K sagaue 5.33%, *

pHTOB, B eqUHHUe OO0DBe-

Ma KOTOPOro COAEp:KHTCH

n yacTuy. Macca KaskjJoro MeTeOpUTa M1, CKOpOCTb Ha fecxo-
HeuHoCTH U, Hamante Maccy METEOPUTHOrO BelleCTBA, Bbiiid-
naidmero Ha 3emsmo 3a Bpems f. Paguyc 3emau R, yckope-
HHUEe CBOGOJHOTO NajeHHs Ha [OBEPXHOCTH 3eMJH g.

5.35. CHapsaj sanycTUJIH ¢ IIEPBOH KOCMHUYECKOH CKOPOCThIO
noxg yraoMm K ropusonty. Ilo kakoii TpaekTopuu OyneT ABH-
raTbcst cHapsin?

5.36. HauGonbinee paccrosinne koMeTH I'anges ot ConHita
h = 35,4, nanmenbiice [ = 0,59 (3a elMHHLY NPUHATO pac-
CTOSIHHE OT 3eMJau [0 COJmua) JluHeltHasi CKOPOCTb JABHiKe-
nns KoMetol v; = 0,91 KM/c B Touke HauOOJBIIETO yJaneHU:
ee ot Connua, T. e. B adennu. Kakopa spHeliHas CKOPOCTD ¥,
KOMeTbl, Korja oHa Oauxke Bcero mopxoaut K Coanuy, T. e.
B nepuresuu? B kakoMm rogy kKomera OyjeT BuiHA ¢ 3eMJH,
ecqy nocjefHee npoxoxieHue ee B6au3u ConHua Habn0Aa10Ch
B 1910 ropy?
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5.37*%. CnyTHuxk, nBurasluiicas no KpyroBoil opGute pa-
Juyca R, Obl1 3aTOPMOMXeH W cTal ABHTaTbCS IO 3JJIHNTHYe-
CKOH TpaeKTOpHH, Kacawlilelcs NOBepXHOCTH maaHeTwl. Ompe-
JlenuTe BpeMsl MajeHHsl CIyTHHKA Ha [UIAHETY. Paguyc naa-
HeThl R. .

5.38*%. Onpegesnnrte BpeMs najenuss 3emau Ha CouHue,
€C/IH ee BHe3allHO OCTaHOBHTb.

5.39*. C 6awHu, pacnosnoKelHOH Ha TOBEPXHOCTH NJaHeTH!,
MOCLINAIOT ¢ OJHHAKOBOH CKOPOCTBIO ¥ jBa cHapsifa. Hauanb-
Has CKOpOCTb NepPBOrO CHapsija HampaBJ/eHa Tak, YTO OH IBH-
JKeTcsl N0 HampapJeHHIO pajdyca IJaHeThl; HayadbHash CKO-
pPOCTL BTOPOr'0O CHapsjia NepleHAUKYJASApHA pajHycy NJaHeThl,
W OH JBUZKETCSH [I0 3JLIHNTHUeCcKol Tpaektopuu. Kaxkod us cua-
PAAOB JOCTHTaeT MaKCHMAaJbHOrO YJaneHHS OT IJaHeThi?
Hafiante oTHOlenue R,/R, MakKcUMaJbHO BO3MOXHBEIX pac-
CTOSiHUA OT UeHTpa maaHeTbl. CKOpPOCTh

V2R >v>V¢gR,

rae R — pajmyc mJaHeThl.

5.40*. CnyTHHK MOJaHeTLl ABHIKEeTCS MO KPYToBOH opGute
Ha BBICOTe A Haj NOBEPXHOCTBIO TMJaHeTBl. Ero XoTar mepe-
BECTU Ha JJHNTHYECKYIO OPOUTY ¢ MaKCHMAJbHBIM yaleHHeM
OT MOBEPXHOCTH NJaHeTh f M MuHUMaJbHBLIM A. Ha ckoabko
LA/ 3TOTO HeoGXOAHMO H3MEHHTb CKOPOCTb crnyTHuKa? Ka-
KuM OyneT nepuoj oOpalileHHsl COYTHHKA 1O HOBOH, 3JJIHI-
THueckoll op6ure? Paauyc nmanersl R, Macca M.

5.41%, [IBa OAMHAKOBLIX TeJa JBHKYTCSA BOKPYT SeMan
B OJHOM HampaBJeHUH MO KacawluMmcsi TpaekTtopusm. Ilep-
BOE TeJO JABHIKETCS IO OKPYXKHOCTU paauyca- K. Btopoe Teno
HMeeT BJBOe COJBLIHII MepHOA, ueM mepioe Teso. OHH CTHI-
KytoTcsl. OmnpenennTe MakKcHMaJbHOE pPaccTOSHUE OT leHTpa
SemJsin 00pas3oBaBLIErocsl Tesa.

5.42*, Jlpa GoraThps Ha TMoJOce 3eMJIH GpocaioT BepTH-
KaJbHO BBepX Oy.aBbl. Ileppas ynana uepe3 Henenaw, BTO-
pas — uepe3 30 aHeifl. OL[“HHTe, Ha CKOJbKO pasjHyaluch
HX Haya/JbHbBle CKOPOCTH. )

5.43*. TpeGyeTcsa BbIBECTH KOCMquCKnﬁ.Kopa6nb Ha OKO-
JIOCOTHeuHYl0 op6uty ¢ nepurenuem 0,01 paguyca 3eMHOf
OpOHTRl H NEPHOAOM, COBNAJAIOIIHM C MEPHOAOM BpalleHHs
Semsn Bokpyr Conniua. C Kakof CKOPOCTHIO M B KaKOM Ha-
NpaB/leHHH OTHocutesabHO npaMofi 3emnss — CoslHUE HYKHO
%aOHYCT/HTb Kopabab ¢ 3eman? OpOuTanbHas ¢KOPOCTb 3eMJIH

KM/c.
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§ 2.6. Bpamenne TBepROro Teaa

6.1. OnpenesiTe KHHETHUECKYIO SHEPTHIO TOHKOTO KOJbLA
paauyca R H Macchl M, DacKpydyeHHOro JO YIVIOBOH CKO-
"poctH @. Bosbllle HiaH MeHblle 3Ta 3HEPTHS SHEPTHH CIIOLI-
HOTO JHCKAa TaKOTo e pajgHyca H Macchl? )

6.2. MaxoBHK B BHJe KOJIblla MacCCEl /1 ¥ pajanyca r (¢ HeBe-
COMBIMH CIHIaMH) GBI packpyueH /IO YTJIOBOH CKOPOCTH ®
M 3aTeM npejiocTaBied caMoMy cebe. Ilog BimsinneM cua Tpe-
Husl OH ocTaHosuicsl. HafiiHTe MOMEHT CHJI TPeHHs, cuHTad
ero NOCTOSHHBbIM, TPHHHMAsl, 4TO: a) MaxOBHK OCTAHOBHUJICS
gepe3 BpeMsl T3 6) MaxXOBHK [0 MOJHOH OCTaHOBKH Ccjefal
N o6oporoB. Kakasi sHeprusi npH 3TOM BbIIEIH.IAaCh B BHJE
Tensa?

6.3. Toukuii, 00pyu pagnyca R pacKpyTHJIH BOKPYT €ro
OCH 0 YIVIOBOH CKOPOCTH  H INOJIOKHJIH Ha FOPH3OHTA/IbLHBIH
cToJ.. Hepea Kakoe BpeMsl 06pYY-OCTAaHOBHTCS, €CJTH KO3PhH-
LIHEHT TPEHHS MeXAy CToJoM H o0pyueM paBeH P? CKOJIBKO
000pPOTOB cje/1aeT 06pyu?

6.4*. Onpegennrte, 3a Kakoe BPEMS OCTAHOBHTCSI PacKpy-
yeHHBIH 10 YIVIOBOH CKOPOCTH ® JHCK pajnyca R, NoJoxKedH-
HBI IJIOCKOCTBIO Ha cros. KosddHIHeHT TpeHHS Mexay
JIUCKOM H CTOJIOM paBeH M.

6.5, IlafiGe, mexamwel Ha TOPH3OHTAJILHOH IIepOXOBATOMH
TIOBEPXHOCTH, COOOWIAIOT BpalllaTeJbHOE [BHKCHHE -C  YIVIO-
BOH CKODOCTBIO ® H MOCTYnmaTeIbHOE CO CKOpocThio v. B Ka-
KOM cayyae mai6a npoiigeT OOJBIIHA NyThb 0 OCTaHOBKH:
npH ® = 0 WaM npH ® =0 (Vv ONMHAKOBO B OBOHX Ccay4asx)?

|s .-

i : o
K 3apaue 6.5, K sapaue 6.7.

6.6. Iecsitb MypaBbeB pelIHJIH YTALIUTL €O CTOJA JIEXKa-
L1Yyio Ha HeM llenouky. Kak UM nocTynuTthb, eC/IH CHJIA, ¢ KOTO-
poit Kak/Ablll H3 MypaBbeB MOXKET TAlUTh IUENOYKY, HECKOTLKO
MeHblle OJHOH JecATOH CHJBI TPeHHd, JeHcTByIOWleH Ha Lie-
MOYKY IpPH ee IBHKEHHH OTHOCHTEJLHO cTosa?

- 6.7. I'antenb ¢ mapukamu Macc m H M, coelHHeHHBIMH
HeBeCOMEIM CTep2KHeM JUTHHBL /, BpallaeTcsl BOKPYT BepTHKaJ b=
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no#t ocu OO0’, npoxoasiueH yepe3 LEHTP TaHTENH, ¢ YIVIOBOH
yactoToi @. Onpefenure yros, KOTopelH ofpasyeT ocb raH-
TEJNIH ¢ OCHK BpAIlEHHS.

6.8. Ha rnagkoM ropH3oHTaJbHOM CTOJIE HaXOAUTCS Opy-
cok Maccol M. Ha HeM yKpemJieH TOHKOCTEHHBIH IHJIHHAP
Macchl m ¥ pajuyca R, KOTOpBIH MOxKeT Ge3 TpeHHs Bpalarhbest
BOKpYr cBoedl ocu. Ha uu/IHHAD HaMoTaHa HeBecoMasi TOH-
Kasi HUTb, 3a KOHEIl KOTOPOH TSIHYT ¢ IOPH3OHTAJLHOH CH-
goil F, Haiinute yckopeHne OpycKa U yIVIOBOS YCKOPEHIE
LHJITHpa.

K sagaue 6.8, K 3ajaue 6,.10%,

6.9. Haiigure yckopende, ¢ KOTOpbIM GyJAeT CKaThIBATBCS
0e3 NpocKaJb3LIBAHUS 110 HZKJIOHHOH IMJIOCKOCTH C yIJIOM O
a) TOHKOCTEHHBIH LHJIHHADP; §) cIIOWHON nuiauHAp. Hadaute
CUJIBl TpeHusl, JeHCTBYWOIIHE HA LHUJIHHADHL

6.10*%. OcH TOHKOCTEHHOI'O H CILIOLIHOTO LUJHHJIPOB COe=
JHHeHE HeBecoMO# Immnrtanroft. LluiauHapel ckaTeiBaioTcsi Ge3
NpOCKAJIb3LIBAHHS C HAKJIOHHOH MJIOCKOCTH ¢ yrJaoM o. Pa-
JUYCH IIMJIHHPOB OJHHAKOBEI, Macca KaxKJOro LHJIHHApa M.
Onpenenure HaTsKeHHe IUTAHTH,

6.11. Coutouiolf UMJKHHAP MacChl /1 HacasKeH Ha FOpH30H-
TaJbHYIO OCh. Ha HWJIHHAP HaMOTaH IWIHYpP, K CBOGOJHOMY
KCOHIY KOTOPOTO nojgelileHa rups Maccel M. C KakuMm yckope-
HileM OyIeT ONmycKaThcsl THPS, eCJH ee OTHycTHTb? Miayp
HC NPOCKa/Ib3BIBACT N0 LHIHHADY.

.6.12, Ha cryneHuaTslfi UHAHHADHYecKHH OJOK HAMOTaHBL
B [POTHROINOJOXKHEIX HalnpaBJeHHUsX jBe Jerkue HUTH, Ha-
IpYIKeHHble MaccaMHu my U m,. Halinure yckopeHus rpyson
H HatspKenusl HUTe#. MomeHT uHepuuu GJoxka /.

€.13. Ha Banuk paauyca r HArTyXo HacaxeH CIJIOLHO
ayck. ITosiHBII MOMEHT MHEPIUUH BCell' CHCTEMBI OTHOCHTENBHO
ocu [, Macca m. K BaluKy OpHKpemeHb HHTH OJHHAKOBOM
JJIMHBL, TPH MOMOLLH KOTOPHEIX CHCTeMa MOJBELIMBAeTcs K InTa-
THBY. Ha BankK CHMMETPHYHO HaMaTLIBAaKOTCS HHTH B OJMH
psia, Omarojaps 4eMy AHCK NOJAHHMAeTcs, a 3aTeM IIPEJOCTaBs

V7O,



JSIOT JUCKY ¢BO6OAHO onyckaThesl. Hafiante yckopeHue ocu
JHCKA W HaTsi:KeHHe HuTel.

6.14*, OpHopozHasi TsxKeJsasi BePEBKAa 3akKperljleHa CBOHUMH
KOHI@MH 3a IJOCKOCTH M OXBaTblBaeT HeBecOMBIHI 06pyY.
OnpejenuTe, ¢ KaKUM YCKOPeHUEM OH GYJeT majiath.

6.15. OnpeenuTe ycKOpPeHHE LMAHHAPHYecKOH GOUKH, Ie-
JUKOM 3aloOJIHEHHOH »KHJKOCTBbIO, CKaThiBalolelcs 6e3 IIpo-
CKaJb3LIBAHUS ¢ HAKJIOHHOH IJIOCKOCTH, c6pasymoiled yron «
C FOPU3OHTOM. TpeHueM MeXAY *KHAKOCTBIO H CTeHKaMH GOUKH
npenebpeub. Macca xuakoetu m. Maccy 6oukw M cuurarb
cocpesoToueHHoli Ha GOKOBOH MOBEPXHOCTH LMJHHADA.

CQl

s

R RS S N S TSl

K aaf;al{e 6.14*, K 3agaue 6.16% .

6.16*, Ha ropusonTasbHOH [IOCKOCTH JeXHT KaTyliKa
HUTOK Macchl 1. MOMEHT HHepUHHM KaTyLIKH OTHOCHTENLHO
~ee ocu I. Karyuwky tanyT 3a HUTb ¢ cuno#t F. Ilpu xaknx
yrjax ¢ Mexny CUJIOH H TOPHU30HTOM KaTyllka OyneT OBH-
raThbcsl YCKOPEHHO B CTOPOHY HaTAHYTOH HuTH? Kaxoil nomnxHa
6rITh cuaa F pns Toro, 4To6bl OTCYTCTBOBAJO CKOJbKeHHe?
KosdbduuyrenT TpeHusi MeXIy KaTYIIKOH M IWIOCKOCTBIO W.

6.17*. Tonkoe Kosabuo paamyca R ¥ Macchl M packpyuyeHo
JIO YTJI0BOH CKOPOCTH ® M IIOCTABJEHO BepTHKaJbHO Ha TOPH-
30HTAJNBHYIO ILIOCKOCTE ¢ Ko3dduunentom TpeHus p. Kakas
yacTb HauasabHOH 5Hepruu nepefer B Temno? C kakol cko-
pocTbio 6yJeT JABUraThbc KOJBIO MOcAe IPEKpalleHHsa Mpo-
cKaJb3biBaHHA? Kakofl nmyTe npofifeT KoabLo A0 MpeKpamie-
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HHUA nNpocKa/ib3biBaHus? Hapucyfite rpaduk 3aBHCHMOCTH
YCKOPEHHSI KOJblla OT BpeMeHH. .

6.18*. OnHoponHbIfi UMJHHAP paauyca R H Macchl m
B HayaJbHbIl MOMEHT NyLleH HO TFOPH30HTaJbHOH MJIOCKOCTH
TaK, 4TO OH CKOJIb3HT 10 Hell Ge3 KaueHES. MexX1y LHJIHHAPOM
H [OBEPXHOCTBIO KO3(QULHEHT TPEHHA W. Kakasq wactb Ha-
yaJbHOH 3Heprud uUMsiHHApaA hepefizeT B Temmo? Kakoe pac-
CTOSIHHE NpOfijeT LUMJUHAD, NpekKAe HeM ero JBHKeHHe IIpe-
BpaTHTcA B KaueHwe Oe3 cKRoJbXedusa? KakoBa CKOpPOCTB
UNJHHAPA NocJe npeKpallleHus npockanbabiBanua? Hauanb-
Hasg CKOPOCTh LUJIHHJpA U.

6.19%. Tlo mepoxoBaToMy FOPH3OHTAJBLHOMY NOJY KaTHUTCHA
6e3 NpOCKaJb3bBAKIS TOHKOE KoJbllo. JlOKaxkiTe, 4TO Hepes
HEKOTOpOe BpeMS Nocje YNpPYyroro ynaapa O BepPTHKa/JbHYIO
CTEHKY KOJIbLIO OCTaHOBHTCS.

6.20*. OnHopoxHBIE UMJHHAP paiuyca R W Macchl m pac-
KPYTHJIH 1O YIJOBOH CKOPOCTH ® H MOCTABHJH Ha HAaK/iOH-
HYIO ILJIOCKOCTh ¢ YIJIOM O Y OCHOBaHMs. Ha KaKyio BHICOTY
nojHuMerca unauaap? KosbguukeHT TpeHHs LHJIHNIpa O Ha-
KJIOHHYIO IJIOCKOCTL PaBeH W. '

6.21. Tpu ogMHAKOBHX TOHKOCTEHHEIX UMJHHZpA, pac-
KPY4eHHBIX JO HEKOTOpOIl YIJOBOH CKOpOCTH, NPHBOAATCSH
B CONpPHKOCHOBeHKe. OCH 3THX UHJIHHAPOB LapansesbHbl H
3akpeniensl. OnpejennTe, Kakas 4acTb 3Hepruu nepefijger
B TeILTO. :

K samaue 6.21. K sapaue 6.22%,

6.22*. C kpasa crtosa BbIcOTH H mamaeT 6e3 NpoCKaib3bl-
‘BalHA KoJbLo paauyca R. Ha KakoM paccTosiHHH OT croJa
vnazet 310 KosbLo? Illap Takoro e paauyca ynaieTr Ha MeHb-
ueM- HJIH GOJbILeM PaCCTOSTHUU?

6.23*. ToHkas ofHOPOAHAsA NaJOYKa JJHHBI [ H MaCCbI m
K/JaJeTcsi CHMMETPHYHO Ha JBe OIIOPBI, PAacCTOSIHHE MEeXNy
KOTOPBIMH paBHO a. Oany n3 omnop yGuparor. Haiaute cuiy
peaKqu ocTaBLIeficsl ONOpPEl B NMePBEIH MOMEHT BpeMenH.
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6.24*. HepecoMmblfl cTepxeHb, Ha KOHNAX KOTOpOro 3a-
KpelwleHbl Maccel /11 1 M, onupaeTcsl cepefuHoil Ha >KECTKYIO
NOACTaBKY. B Haya/nbHbII MOMEHT CTepiKeHb pacHoJOXeH

% ¥ N

K sagaue 6.23%, K 3apaue 6.24*,

TOPHSOHTAIBHO, & CKOPOCTL ero paBHa Hymo. C Kaxoil cuoit
JAaBMT OH B 3TOT MOMEHT Ha noACTaBKy°

6.25. OueHuTe, CKOJBKO OGOPOTOB (KbeIpKOB) COBEPIIUT
aBTOMOOHJ/IL, Ha NOJMHOH CKOPOCTH CPBLIBAIGIIMICA B KHJIOMET=
POBYIO IPORAcTL.

6.26*. Haiiaute BblcOTYy noAckoKa ofpyua paguyca R,
_HaJIeTalOMEr0 Ha CTEHKY BBICOTH 11, eC/UT ero CKopocTh .
PaccMotpute cnyuali yaapa Ges

TPeHUsl M yjaapac TpeHueM, Hpei-- , !y
NOJIOXKHB, 4YTO NPOCKAJb3bLIBAHHE o v k
orcytcTByeT. Jo ynapa o6pyu He 5~ I
BpamaJcs. v . W
© 6.27. Tlpu BepTUKANbHOM Na- . 77 a7mmmmrmrr.:
JeHHH Ha NJ0cKocTh 0o6pyy oTpa- _ ‘

xaetcsd nog yraoMm 30° X BepTH- K sanaue 6.26%,

Kanu. Pamuyc of6pyya R. C ka-
KOf yIJIOBOM CKOpOLTBHIO Bpalascs ofpyy A0 ynaapa, ecad
CKOPOCTb €ro nocTynaTe/qbHOT'O ABHMXKCHHS nocae ypapa pas-
Ha v?

6.28. Ilo ropusonTaibHO# r1aakofl NOBEPXHOCTH HABCTPeY
APYr ApPYry cO CKOPOCTSAMH Uy H U, ABHXKYTCA ABa OJHHAKO-

+.

K saxaue 6.28.

— &),

BbIX TOHKMX KOJbUA. YTJOBBE CKOPOCTH KOJMEl ®; H .
OnpenesuTe yraoBbie CKOPOCTH KOJEW Mocle yiapa, eciu
B nocnemmu MOMEHT yJjapa HpOCKaJIb?:bIBaHHﬂ KoJIe OTHO-
CHTEJBbHO JpYT Apyra HeT.
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6.29. B nunumap macest M u paauyca R, mokosmmics
Ha IIOCKOCTH, TNONajaeT IyJs Macchl /7, JETsumas cO CKO-
pOCTBIO U, Hynﬂ JIeTHT MapaJljiesIbHO MJIOCKOCTH Ha BBICOTE [t
OT IlEHTPa UWIHHApA. Cuynrast ypap aGCOMIOTHO HEYMpYyruM
u m<LM, Hafiiute JHHEHHYIO
CKOPOCTh IIEHTPa H YIVIOBYIO CKO-
pocTb LMJAHHApA. TpeHHe OTCYT-

CTBYyeT.

6.30. Ha noxosieMcsi ORHO-

v POJHOM TOPH3OHTAJIBHOM JHCKE

K aanase 6.29, Maccet M u pagmyca R HaxomuT-

~ csl yeJoBeK Macchl m. Juck Mo-
JKeT Bpamarbcsl 0e3 TpeHHs BOKPYT BepPTHKaJbHOH OCH,
NPOXOAsLIeH yepes ero LUEeHTP. B HeKOTOPBIH MOMEHT YeJOBeK
Hayasn jABuratbes. C Kaxo# yINIOBOH CKOPOCTBIO BpalllaeTcs
JIUCK, KOTJa yeJoBEeK HJET MO OKPYXKHOCTH pajuyca r BOKPYT
OCH JHCKa CO CKOPOCTBIO U OTHOCHTEJNBHO [IHcKa?

6.31. Ha kpaio cBOGOAHO BpalalOLIErocsl ¢ yrJOBOH CKO-
POCTBIO ® BOKPYT BepTHKAaJbHOH OCH JHCKa, HMelOLIero pa-
quyc R ¥ MOMeHT uHepiud [, CTOHT yesJoBeK Macchl m. Kaxg
H3MEHHTCSl CKODOCTb BpAIlEHHs JHCKa, eC/IH UeoBeK nepeiier
OT Kpas JHCKa K LeHTpy? Kak HM3MeHHTCS 5Heprus CHCTeMbI
npu sToM? PasMepaMu yesoBeKa No CpaBHEHHIO ¢ pa3MepaMH
JHCKa INpeHebpeyb.

6.32%, Kapanpgami piauebl [ nmajaeT H3 BEPTHKAJIBHOTO MO-
JIOXKEHHSl Ha TJIAJKYI0 T'OPH30HTAJBHYIO NoBepxHocTh. Onpe-
JeJIHTe CKODOCTh BepXHEro KOHI|Aa KapaHjalla B MOMEHT yjapa
€ro 0 NOBEPXHOCTh.

M

<7l
e\ AN/ NN '
K sagaue 6.32%, K 3apaye 6,33,

6.33. TOHKOCTeHHBIHl LHJIMHAP Macchl M W pajuyca r
HayMHaeT CKaThiBaTbCcs € HAKJOHHOH TJIOCKOCTH (HayaslbHas
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ckopocThb U, = (), HaMaTbiBas HA ce6s TOHKYIO JIHIKYIO JEHTY,
Mmacca KoTopod M, pauna l. Kakylo ckoOpocTb GyAeT HUMeThb
LeHTP IMJHHAPA, KOTAA Bes JeHTa OyjeT HaMmoTana?
2nr L£1) .

6.34. Taiika, mMacca KOTOpDOIH -cocpelOTOYCHA MO OKPYXK-
HOCTH pajuyca R, cocKadbzbiBaeT Oe3 TpeHHs mo pesble
cTepXKHA. Jlauna cTepxusa L, mar pessbwl /. Hafigute cko-
pocTb TadiKu B MOMEHT, KOrjJa oHa OTOPBETCH OT CTePIKHA.

6.35. Tonkuii cTepeHb Maccel M U IJIHHB [ JIEKHT Ha
a0co/moTHO raaakod mnopepxnoctd. [Hapuk macce A, ob6aa-
JIalOMIH I CKOPOCTBIO U, KOTOpas HallpaBJeHa NepneHUKYyAApHO
CTEPIKHIO, yaapsieTcsi 06 ofiuH H3 KoHLoB. Cuutasi ypap abco-
JIIOTHO HEYNPYTHM, HAaHAHTe KOJUUECTRO BBIIEJNHBIIEr0Cs TEM1a.
CuMrass yjpap ynpyruaM, HafauTe CKOPOCTb IApHKA MOCHE
yrhapa.

m
s Y < 3
‘ g
K 3apaue 6.34.. K 3apaue 6.36,

6.36. OnHoponHbIE cTep:KeHb Macchl M W AauHbL [ mojage-
1leH 3a KOHell Ha InapHupe 0Oe3 TpeHus. HeGoablnoli Kycok
3aMa3K{l Macchl /M MNpHJHNAET K CTEPXKHIO Ha YDOBHE ero
cepeauHbl. [0 OpUJIHNAHUS CKOPOCTh 3aMas3Ke Obuia TopH-
30HTasMbHA U paBHa v. HaliauTe MaKcHMaJ/bHBIH yros OTKJOHEs
HUA CTePKHS OT BepTHKAJH.

6.37*. Kako#l yacThio JIMHHOH NaJKH HAL0 YAAPUTb, YTOOk!
PYKa He uyBCTBOBaJa yjaapar?

K 3anaue 6.38, K sapaue 6,39,

6.38. lantesp H3 JBYX IIApUKOB PAaBHBIX Macc MOIBe-
[leHA MeXJy JABYMsI HanpaBJfAOUIMMH TakK, 4YTO BepXHu#
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" IIaPHK MOeT 110 HHM CBOGOIHO CKOJIb3HTb B IOPH30HTATbHOM
HanpaBJIeHHH. B nuxHHE WapHK a6COIOTHO VIPYTo yaapsercs
JeTAIHA TOPH3OHTANbHO IIApHK TakoH e Macchl. KakoBa
JIoMKHa OGbITb CKOPOCTb HaJseTalollero IuapHKa, 4ToObl raH-
TeJIb MOIJIa 3aHSTb TOPH3OHTANLHOE INoJoXKeHHe? Paccrosinue
MeXIY UEHTPaMH IIapHKOB [.

’ 6.39. JBe onmMHaKOBble TraHTeJH JIETAT HaBCTpeuy ApPYr

JPYTY €O CKOPOCTAMH U; H U, TaK, KakK H306paKeHO Ha pH-

cyHke. Paccrosiume Mexay wiapHkamH ranrenu [. Kak 6yayT

JBHTaTbcsd TaHTeJIH NOcje YIpyroro yaapa?

6.46*, Ha kaxylo BBICOTY MOXKHO IOAGPOCHTb MEIIOK

C IIECKOM € MOMOILDIO JOCKH Macchl M U IJIUHLL [, ecd Ha ApY-

TOH KOHel 3TOH NOCKH ¢ BblcoTbl H IanaeT TakoH e MeILOK

¢ nmeckoM? Macca Mmellka ¢ neckom M.

L
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&
v ve By
7 7 IRV, A"
K 3anaue 6.40%, K aagaue 6.42*,

6.41*. Ha xpyrayio omgHoponnyio mjatdopmy paguyca R
najzaeT MeJKHH noxab. CKOPOCTb Kanesab U, HX CyMMapHas
Macca B enHHHUe ofbeMa p. Macca niatdopmbl BMecTe ¢ BO-
Joii M. Kakyilo MOWHOCTb J0J:KEH HMeTb MOTOp, Bpalliaio-
WHH nIatgopMy, yTo6bl OHA Bpalllanach ¢ NOCTOSHHOH YIJo-
BOH ckOpocTbio ®? Tpenne kanejb o maargopmy GoJblloe,
TaK YTO HX pafHalbHOH CKOPOCTLIO NPH YXO4e ¢ NIaTdhopMbl
MOXKHO NpeHe6peyb.

6.42*, Onpepenute cuay, neHCTBYIOUYIO Ha IVIAJKYIO
rOpU30HTAJbHYIO IVIOCKOCTL CO CTOPOHBI najalolleH raHTesaH
B MOMEHT, KOIja ocb TaHTeJH COCTaBJseT YroJ & ¢ FOPH30H-
Tom. ['aHTesNb” HAYHHAET CBOe JBHIKEHHE H3 BEPTHKAJIbHOIO
noJioxkeHHs 6e3 HawaJbLHOH cKopocTH. Macca Kaxnoro mapa
rauTeJu .

§ 2.7. Cratuka

7.1.. Ha pucyHnke n306paeHbl CHCTEMBI, ¢ MOMOLIBIO KOTO-
poix yrep:kuBaercsi- rpy3 10 kr. Tpochl Ha puCyHKax H30-
Cpazxkenbl TOHKHMH JIHHHSIMH, CTepXeHbL — JBOHHOH JiHHHEH.
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B cayyae 6) ONMH KOHEU CTEPKHA- COeJHHEH cO CTeHKOH,
a uepes Apyroil Kower nepeCpolleH Tpoc. Onpeznenure HaTs-
JKeHHe TPOCOB B CJAYYae a) H CHJIY, AeACTBYIOLYIO Ha CTEpPIKEHD
€O CTODPOHBI Tpoca,.B cayuae 6).

7.2. Kapangaw Maccnt 0,01 KT CTOHT BepTHKaAbHO Ha MpY-
JKHIe B 3aKpBLITOM MeHaJje. KorJ_'La feHaJ nepeBepHy/IH, KapaH-
Jlall cTaj AaBUTb Ha Kpelmky B 1,2 pasa cuabhee. C Kakci
CHJION OH JaBHJ HA Hee NEPBOHAYaJbHO?

7.3. Onpenenute HauGOJLINYIO BHICOTY J0Ma, KOTOPBIA
MOXKHO TMOCTPOMTL U3 KHPMYYa, €CIH MNpeiesa NPOYHOCTH
KypnHua Ha cxkaThe papen 107 [la, njgoTHocTb KHpHiua
1,5-10% kr/md.

7.4*, Karoii ¢opMbl 10MKHO OBITL 371aHHe, YTOSHI JaBJae-
HYe BJIOJIb BEPTHKAIbHOH OCH Ha /OGO BbicoTe GblIO OAlHA-
KOBLIM?

7.5. Uepes Tpu oTBepcTHS B KPBINKE CTOJd MPONYIEEHE
HUTH, CBfI3aHHHE C OJHOrO KoHIa ofwuM yaiom. K apyromy
KOHIY KaKioH HHTH NpHKpeIJseHbl OJHHAKOBble rpy3pl. Haii-
JHTE YIJIBl MEeXJYy HHUTsIMH. TpeHusa HeT.

7.6. Ilpn KakoM yrJje HaKJOHA MJOCKOCTH K TOPH30HTYV
IapHK BLLIETHT M3 JYHKHM, KOTOpas pacrosoxeHa Ha 3Tcli
njaockocr#? I'nyGHHa nyHKH B JBa pasa MeHblue pajuyca
LiapHkKa.

7.7. lapuk paanyca r u Macchl m yaep:KuBaeTcsl Ha HenoJ-
BUKHOM llape paiuyca R HeBecOMOH HHUTBIO AAHHBI [, 3d-
KpemnjeHHol B BepxHeH Touke wapa C. JIpyrux ToYeK COmpii-
KOCHOBEHYA MEXJY HUTbIO M wapoM HeT. [lpeHefperas Tpe-
HHEM, HAHJHTEe HATAXKEHHE HHTH. :

JBa rpysa coeauHeHbl HeBeCOMOH HHTbIO AJHHBI [
H pasMelleHbl Ha NUJAHHAPHYECKOH T[J1aiKOH# mORepXHOCTH
paanyca R. TIpH DpaBHOBeCHH Yrosa MeXJay BePTHKAJblO H
paguycoM, NMpOBEJEHHBIM B TOYKY, TJle HaXOAUTCA Tpy3 My,
paseH w. Hafigure Maccy BToporo rpyaa.-

7.9." I3 npoBosoOKHM H3TrOTOBJEHA pava B ¢opMe MNpsaMO-
YrONbHOTO TPEYroJbHHKA W MOMelleHa B BePTHKAJIbHOH IJIO-
CKOCTH TakK, KaK MOKas3aHO Ha pucyHKe. Ilo mpoBosoke 6es
TPEHHA CKOJL3AT CBfi3aHHble HUTBLID JABa Ipysa Macc m; ==
= 0,1 kr u my = 0,3 Kr. UeMy paBHO HaTsKeHHe HUTH H
YroJ o B NOJOMEHHH PaBHOBECHA?

7.10. [Ba 0oAMHAKOBLIX IUJAHMHApA NOABELUeHbI HA Hepa-
CTSKHMBIX HHUTAX OJMHAKOBOH AJHHBI. MeXAy HHMH [OJO-
JKeH ILMJHHEP TOTO e jJHamMeTpa, HO BjBOe Goablued Macchl.
Onpegenute yron f, ecam yroa Mexay HHTIMH paBeH O«
Tpenuem npeneGpeusb.
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7.11. Ha CcKoIbKO mnepeMecTHTCS KOHEl HNepPEeKHHYTOH
yepe3 MOABWXKHBIN 60K HHTH (Touka A), eclH K HEMY OpH-
A0XKHUTh cuny F? JKecTkocTw npyxKuH k.

7.12, Ecnu K HHXHeMY KOHUY BepTHKaJIbHO BHCALLeH
OPY:KHHBL NPHKPENUTh Ipy3, TO ee AJAHHA CTAaHET DaBHOH /;.
Ec/au 3TOT ke Ipy3 NPUKPENUTh K cepefuHe IIPYKEHEHI, TO €e
JnuHa craHeT [,. Haiiiute AauHY Heﬂe(popMHpOBaHHoﬁ npy-
JKHHBL.

7.13%. Teno ¢ pacno/o:KeHHBIMH Ha €ro CTOPOHAX KJHHb-
AMII  YCTAHOBJASHO MeXAY JBYMSl [apajedbHbIMH [MJOCKC-
CTAIMH TaK, KaK ITOKa3aHO Ha puHcyHKe. HafignTte npenesbHEI
yroJ NpH BeplinHe KJIHHbEB, [IPH KOTOPOM TeJO MOXKET JBH-
ratbcsl BIPABO U He MOXKET ABHraThesl BaeBo. KosdduuneHTEHL
TPEHHS KJIUHbEB O MJOCKOCTH H TEJO paBHbL {y H Wy, CHJICH
THAXKECTH NpeHebpeyb.

7.14. Kakum po/mkeH ObTh KO3((UUHEHT TPEHUSI MeXK1Y
IMIapUKOM M IVIOCKOCTSIMH, YTOOHl IHAapUK HE BBICKOUHJI» K3
JBYTPaHHOTO yIJa ¢, COCTaBJCHHOI'O ABYMS IJIOCKOCTSIMH, IPH
MOMNbITKAX YMEHBILHTb 3TOT yroJa? CHIoH TsKecTd npeHebpeyb.

7.15. Mexny nByms OfHHAKOBBIMH GpycKaMH KBaJpaTHOIO
ceyenyd, JexalluMH Ha TOpPH3OHTANbHOH IJIOCKOCTH, BCTaB-
JIEH KJIHH TakKo# JXe Macchl, HO ¢ CCUEHHEM B BHJe paBHG«
CTOPOHHETO TpeyroJbpEuKa. Ilpy KakoM MaKcHMa/bHOM KO3(-
¢uuueHTe TpeHHUs OPYCKOB O IJIOCKOCTh OHH HAYHYT Dasb-
e3kaTbcsA? TpeHHA MeXAy KJIUHOM H GPYCKaMu HET.

7.16%, CucTeMa M3 CTepKHeil, COCIHHEHHLIX INAPHHPAMH,
HarpyxeHa rupeff Macchl m, Kak I[IOKa3aHO Ha pPHCYHKe.
Onpenennte culy, pacTATHBAKCINYIO #-H BepXHHH TOpH30H-
TaJibHbI{l CTEpPKEHb.

7.17. lenouka Macchl m MojpelieHa 3a KOHIH. HaTaKe-
HHe IeloYky B HHKHeH Touke pasHo 1. Halinute HaTsi>KeHie
B TOYKaxX IOZBeCa. _

7.18*. Ha UuuauHApPHYECKHH CTOI6 HaMOTaH OJHH BHTOK
xaHata. s Toro 4ToObl KaHAT He CKOJAb3WJA MO c¢Toa0y,
KOTja 3a OfWH M3 ero KOHIOB TAHYT ¢ cuoii F, 3a Bropoft
KOHell KaHaTa HYXHO TAHYTb ¢ cuioil f. Kak uamennres cuaa f,
¢cad Ha cronb OymeT HaMOTAaHO # BUTKOB KaHaTa?

7.19*. Bepenka s3akpyueHa BOKPYI CToJ6a Ha yroa 8
Koaddunuent Tpennus BepeskKH o cToa6 . Kakyw MuHL-
MaJIbHYIO CHJIY HYXKHO TPUJIOKHTL K OJIHOMY H3 KOHLOB Eo-
PEBKH, 4TOObl YpaBHOBECHTL cuay T, NPHJIOKEHHYIO K DY«
rovMy KOHIY?

*7.20. Ha pucynke nsofpaxensl 6aqku, Ha KOTOPhIX HaXo-
AATca 1o ABa Ipysa Macc 10 kr. PaccrosHue Mexxny onopamit
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Ganoxk 4 M. Haltnute cusnl naBneHus 6ajok Ha onopw. Baakw
HeBeCcOMBI. ,

7.21. Jluneilka maccwl 0,01 kr JexuT Ha JABYX onopax
TaK, KaK Mokasalo Ha pucyHke. Ha cBoSoaHoM KoHIe JTHHeHKH
CTOUT Tpy3s Maccel m. [Ipu kako#l Macce rm BO3MOXKHO PaBHO-
BecHe? A

7.22. Ha Tpu mpy:KHUHBI OJANHAKOBOIl [JUHBI, KECTKOCTH
KOTODBIX PaBHul &k, 2k 0 &, nonoxunu Oanky TaK, Kak IoKa-
3aHo Ha pHrcyHke. OnpenesnuTe CHJBI, IleHCTByEOHLIIe Ha GaJKy
CO CTOPOHBI nMpyKiH. Macca Ganku M. 4

7.23. HepaBHomn/ieyne Bechbl YpaBHOBECUJI, [OJOMXKHB J0O-
MOJTHHTENBHBI I'PY3 Ha ORHY H3 yall BecoB. MoKno Ju Te-
Irepb I10Jb30BaTbCST ITHMH BecaMH JNJIf1 B3BelUUBAHHA TaK ke,
Kak H OOGBbIYHBIMH?

7.24. Tlpu B3BeluMBaHUM Ha HepaBHOIJIEYHX BecaX Macca
TeJla Ha OjHON Yallle MoJyyYymsJach paBHOH.3 Kr, a Ha Apyro#
3,4 kr. Onpeslesite HCTHHHYIO Maccy Tesa.

7.25. Taxeswlil crepxeHb COTHYJH B CePe/MHE MO YII0M
90° u momBecusaH cBOGOAHO 3a OJuH K3 KoHuoB. Kawofi yroa
C BepPTHKa/Ablo cOpa3yeT NMpuKpernsJeHHas CTOPOHA?

7.26. Kakum nomkeH ObITb KO3(h(UIHEHT TPEHHUS OJHO-
POJHOTO CTep2KHSA O MoJI, YToObl OH MOT CTOATh TaK, KaK IOKa-
3aH0 Ha pHcynxe? [nuua wutu AB paBHa JiHHe CTepIKHA,

7.27. Touku#l mucr GyMaru MpUKaT K CTONY OJHOPOAHDLIM
CTepXKHeM Macchl M, BepXHUH KOHell KOTOpOro ILIapHHPHO
3aKperieH. ¥YTOJ MeXy CTep:KHeM U JIHCTOM o, Ko3(dHIHeHT
TPeHHUS -MeXAYy HUMH M. Mexny crojoM u GyMarofi TpeHle
orcyTerByeT. Kakylo MUHMMAaJAbHYIO TOPHU3OHTAJIBHYIO CHJIY
Heo6XoAUMO MPUIOKHTD K JHCTY, 4TOObl BBITALIUTL €ro?

7.28. C Kakoii cuJofl JaBHT Ha CTEHKY NUJIHHIPHYSCKOTO
cTaKaHa NaJoyka Maccel M, HaMOJIOBHHY MOTPY:KeHHAS B BOAY P
¥Yroa HaK/MOHA NMaJOYKH K ropusoHTy . TpeHus HeT.

7.29*. OnnopojHass najoyka HMeeT B JYHKe TPH MOJO-
JKEHUs DaBHOBECHS. lloxamme YTO TOPU3OHTANBHOE MOJI0-
JKeHHe DaBHOBECHS HeyCTORYHBO, ec/H ABA APYTHX FOJIO¥e-
HUA DaBHOBecHA Na/JOYKU YCTOHYUBBL. TpeHHS Mexny KOH-
LaMH MaJO4YK4d W CTeHKaMM JYHKHU HeT.

7.30. B rnagko#i sakpemsenHoil moJgycpepe cBoGOAHO
JIEHMT, RaouKa Maccsl M TaK, yTO Yrol ee ¢ TFOPHU3OHTOM
paBeH «, a OjMH KOHeW BBHIXOAHT 3a Kpail. C KakuMH cuJaMu
JIefiCTBYeT mMmasjioyKa Ha noaycepy B TOUYKax conpnxocnose-
Hiug A u B?

" 7.31. Tnapkuit Kpyrabli TOHKHH 06pyq Maccel m yjep-
KHBAeTCH Y CTEHKH C MOMOIIBIO ABYX IBoajeil. IlepBrlil 13 HUX
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pacrosioxkeH BHYTpH ofpyda (Touka A) M KacaeTcsl ero Tak,
4TO pajHyc, NMpOBEIEHHBII B TOUKY KacaHHsa A, cocraBasieT
¢ BeptHRaJbo OC yroa AOC = a. Bropoii rso3gb HaXOAHTCA
BHe oOpyua (Touka B), coorBerctByromuii yron BOC = B.
Hatignre, ¢ Kakolt cuoll o0pyu AeHCTBYeT Ha KaxKAblH I'BO31b.
TpeHHe OTCYTCTBYET.

7.32. Ha umanHop HaMoTaHa HHTb, KOHell KOTopoil 3a-
KpeIVIeH Ha CTOKe B BepXHeH TOuKe HaKJOHHON IJIOCKOCTII.
KosdduuneHnt TpeHuss MHJIHHApPA O IocKocTh W. Ilpu kakoMm
MaKCHMaJIbHOM yIVIe O IHJHHIp He 6y11eT CKaTbIBaTbcsl ¢ Ha-
KJOHHOH IJIOCKOCTH?

7.33. K npepTHKaJAbLHOH IJIOCKOCTH MPUCAOHEH KYOHK,
yaep:KupaeMblii 3a pebGpo BepepKofl. [Ipn KakHX 3HaueHHUSX
yrja ¢ KyGuK HaXOAHTCS B paBHOBECHH, €CJH KO3(D)HLUEHT
TpeHHsl KyOHKa O IJIOCKOCTD -paBeH U?

7.34*%, Ha ropH3oHTaJbHOH TIOBEPXHOCTH CTOHT Ky0.
C Kaxoil MHHHUMAaJbHOH CHJIOH M INOJ KaKHM YIJIOM K TOpH-
30HTY Halo TAHYTL Ky6 3a BepxHee pebpo, YyToOBl OH ONpo-
KHHyJCcA 6e3 NPOCKaJb3LIBaHHSA, €C]AH KO3((HIHEHT TpPEHHS
paBeH p? Macca kyba m.

7.35. B gomuate crouT JsecTtHuuna. Koadduunent Ttpe-
HHS HHMKHETO KOHIA JIECTHHIBI O moJ [, a KoadduuHeut
TPEHHsl BEpXHEro KOHIA - JIECTHHIL O CTEHKY W,. Ilpn Ka-
KHX YIJaX @ JIeCTHHILA MOXKET CTOAThb?

7.36. KaTymka mojBelieHa K NOTOJKY C IOMOLILIO HHTH,
HaMoTawHOH no MasnoMmy paauycy r. I'lo 6onbimoMy paguycy R
TOXKE HaMOTaHa HHTb, Ha KOHIE KOTOpOH mMojBellieH Tpy3.
Kako# nomxHa ObITb Macca rpysa, YTOGH CHCTeMa HaxoAHJ1ach
p paBHoBecHH? Macca xaryumgu M.

7.37*%. llpu gagux yrjax o TpH GpeBHa B Ky30Be Ipy-
30BHKa OynyT pacnoJiaratbcsl Tak, Kak H300paxeHo Ha pH-
CYHKe, ecyqH OpeBHa OJHHAKOBBI? TpeHueM npeHeGpeub.

7.38*%. K oamnopoasHoMy GpycKy Macchl /1, BBICOTHI A It

JIMHBL [ Ha Kpasix eCTKO NPHKpEIUIEHBl OlIOpHl, pasMepami
KOTODBLIX MOXKHO INpeHeGpeub. Kayylo ropH3OHTANLHYI CHIAY
HeoOXOJHMO NpPHJOKHUTL K GpPYCKYy Ha BhlcoTe //2, 4To6Bl OH
JIBHTAJICSl PABHOMEPHO, ecJH KO3(D(HIIHEHTH TPEeHHS MeX1y
ONopaMH H IOPH30HTAJBHOH IJIOCKOCTBIO PaBHBI [y H [y?

7.39. Ha xarymxy, Jjexalyio Ha FOpH30HTAJBLHOM CTOJIE,
JaBHT KJIHH, KOTOPBIH MOXKET cMelaTbCsl BAOJb BEPTHKAJbHOH
mnockoctH AB. Koa(xpulHeHTb! TpeHHS KaTYIIKH O KJHH
H CTOJ OAHHAKOBH H paBHBl W. lIpH KakoM 3HaueHHH W
KaTylika CIBHHETCS BJIEBO, Bpallasgch NPOTHB 4acoBOH
CTpeNKu?
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7.40. Opnopomnas Ganka JJAHHBL [ BHcena Ha 4YeThIpex
OJVHAKOBBIX KaHaTaX, 3aKpel/eHHLIX Ha paccTosHHAX [/3
apyr ot gpyra. Kanar A ynanunu. s yMeHbLIeHHS ONACHOCTH
paspuiBa NpeijaratloT B 3TOM C1ydyae YAAJUTD ellie OIHH KaHaT.
Pa3yMHO JiH 3TO NpepsioeHHe?

7.41. KoHen ©Oankn Maccbl m COeJIHHeH C IUAPHHPOM,
OTHCCHTEABHO KOTOporo GaJjka MOKeT cBOOOJHO BpaIlaTbed.
Banka onupaercs Ha JiBe 0JJHHAKOBLIE OTIOPBI, BEpXHHE YUACTKH
KOTOPLIX B HeJe(hOpMHPOBAHHOM COCTOIHHH HaXOIATCA Ha
OJNHAKOBOM YPOBHe ¢ Ocbio wWwapHupa. OfHa onopa pacmofo-
>KeHa B LeHTpe 6ajkH, BTOpas — Ha CROGOAHOM KOHLE OalxH.
C KakHMH CHJaMH JaBMT Gajka Ha onopw? dedbopmanusa onop
He3HauliTeJlbHA, MO3TOMY MOJOXKeHHe OalJKH NPaKTHYECKH
TOPH30HTANLHO.

7.42*%, Upnuugp pamumyca R, Jexamuii Ha INOACTaBKe,
paspesaH mofiosiaM 110 BepTHKaJbHOH MJICCKOCTH, NPOXOAsilel
uepes ero ocb, Macca KaxJ0H NOJOBHHBI LHAHHApa M, a HX
LEeHTPLI MacC HaXOAATCA Ha PAcCTOAHHH @ OT OCH IIHJHHApA.
UTo6bl UHAHHAP He pacnaJjcs, Yepe3 Hero nepekKHHYTa HHTD
C OJMHAKOBBIMH IPy3aMH Ha KOHLax. Ha#anTe MHHHMaJbHYIO
Maccy Tpys3oB, IPH KOTOPOH BO3MOXKHO paBHOBecHe. TpeHHs
HeT, .

- K sapaue 7.44,

7.43. TlapansiebHO OCH ILMJIHHApPA Ha paccTosiHHH R/2
OT Hee NpOCBepJeHO OTBepcTHe paauyca R/2. Hunuugzp Je-
JKHT Ha JIOUieuKe, KOTOPYIO MeJJIEHHO HOAHHMAIOT 3a OJNHH
KoHel. Hafiiure npelenbHBIl yros HakK/AOHA JOUEUYKH, HPH
KOTOpOM LHJIHHAD elle MOXET HaXOJUTbCS B pAaBHOBECHH.
Kospduuuent tpenus w. .-

. ‘ 8



7.44. Pribagy Tpebyercsi MepeiBUHYTH JOAKY. s 3TOTO
OH CTABUT IUECT BEPTHKAJbHO Ha JHO BOJOEMa H, ONHpasnch
0 Kpa#l noakH, TaHeT mecT Ha cebs. IlecT mo aHy He cKOIb-
8UT, HO MOXeT moBopauuBaThesl. [lepeasinercs s Joaka?

IF'nasa 3. KONEBAHHUS U BOJIHBI

§ 3.1. Manbie OTKICHEHHS OT PaBHoBecUd

1.1. Tlocepennne HaTAHYTOMH CTPYHBI AIHHBL 2/ NPHKpPEN/eH
map. Kakas cuJsa neficTByeT Ha Hero co CTOPOHbI CTPYHBI NIPH
nonepeyHoM cMemenuu x < [? Hatskenue ctpynn 7' He 3a-
BHCHT OT cMelllenusi. [loueMy npu MaJsbIX CMeIEHHAX MOXKHO
CUHTaTb 3aBHUCHMOCTb CHJIBI OT X JHHeliHoH? Kak HanpasJeHa
CHJIa MO OTHOIIEHHIO K CMEIEHHIo?

1.2. Ha pucyHnke nsoGpameHo cocTosIHHe paBHoBecHs. Kak
3aBHCHT CyMMapHas cHJIa, IefCTBYIOMAs Ha TeJlo, OT €r0 MaJIbIX
BePTHKAJNBHEIX cMelleEuH x? JKecTKOCTH NpYKHH k.

1.3*. Ilycts npykunbl He Ae)OPMHPOBAHEI, & HX IJHHHL
paBHu /. Hafigute cuany, JeficTBYIOIYIO Ha Tesao HYJeBoi
Macchl PH MaJlklX TOPU30HTAJNbHBEIX CMeHleHUsX X. JKecTKOCTH
NPYXKHUH &.

1.4. Tlo usornyToif mpoBoJioKe pajuyca R MOMKeT CKOJIb-
3HTh rpy3 Macchl m. Kak 3aBHCHT cuaia, JeficTByiomas Ha Ipya,
OT cMelleHHH X B caydde X > y? ‘

1.5. T'py3uk Macchl m, nojBellleHHLIH Ha HUTH, Koseliercsd
B BEPTHKA/JbHOH ILJIOCKOCTH,

a) ¥Y6enutech, 4TO cyMMapHas cuJa, JeHCTRyomas Ha
TPYSUK B TOUKe C, 3aBHCHUT OT aMIIMTYAbl KoseGaHui. Ha-
pucyiTe BekTOp 3T0fl cuinel B Toukax A, B, C, 0 (O — nux-
uaa, 4 u B — kpaiiHHe TOYKH).

6) Hafinute B Touke C npoexuuio 31ofl CHJIBI Ha Hanpame-
Hlie ABHKeHHA. [ToueMy OHa He 3aBHUCHT OT aMINIHTY Bl KOJefa-
HUMl, a onpejeadeTcs TOJbKO YIVIOM €? BpeamTe cMmeiehne x
BIOJIb TPEEKTOPHH U3 HikHeH Toukd O H A0KaMUTE, 4TO UPH
MaJIbIX OTKJIOHEHHSIX MPOEKUHS pe3yJbTHPYIOeH CHJIb Ha Ha-
npapjieHne TPAeKTOPHH NMpPONOPLUHOHAJABHA X.

1.6, Haligute saBucuUMOCTb NOTeHIHANBHON HEPrUU apa
paaMyca r W Macchl M1 OT MaJoro CMelleHHdA X U3 TOJOKeH:q
paBHOBeCHS BIOJb TPAeKTOPHH LEHTpa luapa, ecJH OH CKOJIbs
3HT 110 MOBEPXHOCTH JYHKH paauyca R.
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1.7. BycuHKa ¢ 3apsAloM ¢ MOXeT JBHraThCsl MO HATAHY-
TOH HHTH JAHHH 2/, Ha KOHLAX KOTOpPOH 3aKpemJeHbi Hemo-
JBHXHBIC 3apSIE Q. Hafigure npupaliedieé noTeHnuanbHOM
SHEPrHl MPH CMellleHHH GYCHHKH Ha X BJOJb HHTH H3 HEHTpA.
Y6enuTech, 4TOo NpPH MajblX CMELEHHAX TNpHpAUEHHE MOTeH-
UHaJbHOH 3HEPTHHM 3aBHCHT OT X KBAaJpaTHUHO.

1.8. Cranbnofi 6pycoK NpHKpenaeH K MPYKHHE XKECTKO-
ctu k. Flpu sro6om ero nojoxkeHHH Ha 6pycoK AeficTBYeT
nocTosiHHasA MarHuTHas chiaa F. Kak 3aBHcHT cyMmapHas
cnaa, geficTBywolas Ha 6pycox OT CMelleHHs X H3 [0JoXe-

HH deHosecnm [Moyemy

2 # F XapaKTep 5TOH 3aBHCHMOCTH
7 v > He cBA3aH co 3HaudeHHeM F?
7 7 777 1.9%, a) HeGoabuoe sa-
’ DSIKEHHOE TeJ0 MAacChl /M

K sapave 1.8, MOXKET CKOJIb3HTb 10 BePTH-

KaJbHOH HenpoBoAsimelt cniu-
1le, B HuXKHeld TOUKe KOTOPOIl 3axpensieH HeNOJBUIXHO 3apsij,
OJHOHMEHHBIH ¢ 3apAnoM Tesa. B COCTOSIHHH paBHOBecHS Te-

JIO HaXOJHTcA Ha paccTosHHH R OT 3T0rO 3a-
. pana. Kak sapucHT cuJaa, AeHCTBYIOWAR Ha Te-
JIO, OT €ro Ma/biX CMEIeHUR X H3 MOJOMKEHHS -
paBHOBECHS ? .

6) [lpu HensMeHHBIX 3apAnaxX Maccy Tesaa
yBeJaHuHJAH BTpoe. KakoBo Tenepb paccTosiHHE
OT Tesla X0 HHXKHEro KOHUA CIHLBI NMPH pPaBHO-

& Becun? Kak 3aBHCHT cuaa, JefcTByoOlAsA Ha
TeJI0, OT MaJblX CMELIeHHH H3 1IOJIOXKEeHHS PaB-
HOBecnﬂ?

N 1.10. YactHua Macchl m IBHIKeTCH 110 OK-

Ksagaue 1.9%, DYKHOCTH ¢ UEHTPOM B Hayajle KOOpPAHHAT B
naockoct xOy ¢ yrioBoft ckopocTblo w. Haii-
IHTe TMPOCKUMH CHJBI, geficTsyloWell HZ 4YacTHIY, Ha OCH KO-
OpPAHHAT B MOMEHT, KOTJla KOOpAHHATHI YacTHULI PAEHH X H Y.
1.11. Teno macchl m coBepliaeT KoJjebaHHS Ha NPYKHHE
TaK, 4YTO HaHGOJbliee 3HAUEHHE MOJYJA CKOpPOCTH PaBHO Ug,
a HauGoIblllee OTKJIOHEHHE OT TOJOXKEHHS paBHOBecHs x,. Hali-
JIUTe KECTKOCTh MpPYIKUHBL.
1.12. TTouemy KkaxkeTcsi, uTo OBICTpPO KoseOsmiomiasicss Ha
NPYXHHEe J1aMIouKa BCIBbIXHBaeT B KpafHHX TouKax?
' 1.13. Teno KosnebeTca NpH HAJHUHH BO3BPALIAtOIIE! CHIHL,
“NPONOPIHOHANBHON CMeLleHHIO, ¢ aMIIHTYI0H X,. BO CKOMbKO
" pa3 BpeMA NMpPOXOXKJEHHS MaJjoro y4yacTKa AJHHH dx Ha pac-
‘CTOSIHHH X OT MOJIOXeHHA paBHOBecHA 06oJblle BpeMeHH Npo-
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" XOWJCHHS TaKOTO e yuacTKa dx OKOJIO MOJIOXEHHS PaBHO-
BeCHs? ’

~ L14% Tlyctb norteHuuasbHasi 3HEPTHsl Teja 3aBHCHT OT
cMellieHus X KBaapaTuuno: U = kx?/2, rae & — xecTKocTb. Ec-
JIH CKOPOCTb TeJia B TOYKe x¥ paBHa U NPH aMIVINTYJAe KoJeba-
Hull x,, TO UeMy paBHa CKOPOCThL B TOUKE AX [IPH aMIIUTY e 1X,?
JloKaHTe HE3aBHCHMOCTb NepHOAa KOeGaHHHA OT aMIVIHTY b, -

1.15. Hazorem KoJe6aTeJLHYIO CHCTEMY OCLHJJISITOPOM
(ocuusnsiuust — KojeGanue). B panbpHeiilleM GyneM CYHTaTb,
YTO MOTeHIHaJbHasi 3HepTus ocuusisitopa U = kx?/2, a xuHe-

nueckast K = muv?/2 (31ecb X — OTKJIOHEHHE OT MOJIOKEHHS -

paBHOBecust, v = dx/df, k u m — nocTosiHHble KO3ddHuINeH-
Tol). OTkaazpBast Mo adclucce KOOpAHHATY, a MO OpJAHMHATe
CKOPOCTb, H306pasuTe 3aBHCHMOCTb CKOPGCTH OT KOUPAHHATLE
OCLHJIAISITOpa NPH MoJHOH ero sHeprun E. Huarpamma v — x
Ha3biBaeTcsl (a30BOH auarpamMMmoi, a rpagHK 3aBHCHMOCTH
v oT x — (asoBoii KpuBoii. HM3o6pasute Qascsrlie KpHuBble A/
HeCKOJIbKHX 3HaueHu#l nosnofi sHeprun. OGpymaiiTe, uTo
03HauaeT 3aMKHYTOCTb 3THX KPHBLIX.

1.16*, ®aszoBrie KpuBble (cM. 3agauy 1.15) npuoGperaroT
0c0o8eHHO MPoCToll BHJ, €c/H 10 OpAHHATe OTKJaJbBaTh BEJH-
uMHL 4 = }/mv, a no aGeuucce g = }/ kx. Y6eautech, uTO
Ha u — g-guarpaMme (a3oBasi KpHBasi OCUH/IATOPA — OKPYXK-
HOCTb. KaxoB ee paguyc?

KaxgoMy COCTOSIHHIO OCHUJIATOPd — KOOpJAHHATE H CKO-
POCTH — OTBeuaeT TouKa Ha 3Tof (asoBofl pmarpamve. Kak
C TeueHHeM BpeMeHH JBHKeTcsl 3Ta Touka no ¢az0BOH KpH-
BOH? B KakoM HampabBJeHHH?

1.17. Tlpu dukcupoBaHHOI NOJHOH 3Hepruu E coCTOSIHHE
OCLHJIJIITOPA MOXHO 33/1aTh YIVIOM @, OTCUHTLIBAEMBIM OT OCH ¢
110 YacoBoOHl cTpeJKe 10 HanpaBJeHHsl Ha TOUKY & — g-AHarpam-
MEl (cM. 3ajauy 1.16%), uzofpaxkamoliylo cocTosiHHe. IJTOT
yros HasbiBaloT (a3ofl. BbIpasuTe KOOpAHHATY H CKOPOCTb
uepes ¢asy ¢. IlpomenafiTe To ke camoe, ecqy H3BecTHA He
rnoJiHasi 3Heprusi, a Haubosbllee OTKJIOHEHHE A,

1.18%. UTo6bl npu H3BecTHOH MNOJHOM 3SHEpPTHH YyCTaHO-
BHTb 3aBHCHMOCTL COCTOSIHHSI OCLHJIISATOPA OT BpPEMEHH, JO-
CTaTOYHO HaWTH, KaK MeHsieTcsl co BpeMeHeM (pasa (cM. 3agauy
1.17). Hafizute cKOpOCTb ABHMKEHHS TOUKH MO (a30BOH KpH-
Bo#. Jlsis1 3TOrO BLIpa3uTe cHauaJja uepes 4 H ¢ cOCTaBJsoULHe
3TOH CKOpOCTH Mo abcuucce H OpAHHATE, HCXOJs H3 PaBEHCTB
dx/dt = v u dv/dt = —(k/m) x, a 3aTeM Bocnosmb3yiTech Teo-
pemoit Iludaropa. JdokaxuTe Tenepb, YTO YIJOBasi CKOPOCThb

Ha asoBoil auarpamme @ = } kim,
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§ 3.2. TNepuon 1 uacToTa cBOGONHBIX KofeBannil

1. I'pys KoJieGseTcsi O BepTHKAJJH Ha PE3HHOBOM LIHYPE.
Bo ckonbKO pas u3MenHTcst nepHoj KoaeGaHHH, ecnH rpys
NOJBECHTL Ha TOM »Ke IUHYpPe, CJOXKEeHHOM BJBOe?

2.2. HenonsukHbBIH Ipys, NOABELIEHHbIH Ha IPYXKHHe, pac-
TATHBaeT ee Ha AIHHY /. KaKoB nmepHoj BepTHKAJbHBIX KOJe-
6anuil rpysa?

2.3. Hafigute miuny mMaTeMaTHYeCKOTO MasiTHHKa, NEPHOT
ManbIX KoseGaHufi kotoporo 1 c¢. Ilpunsare g == 9,81 m/c2

2.4. Yrtobbl crenaTh nepHoJ KoaeGaHHil MasTHHKA GOJbLIe
0e3 upe3MEPHOro YBEeJHYEHHS ero pasMepoB, ocb MasTHHKa
) yCTaHaBJIMBAIOT MOJ YIJIOM O K
BepTHKaau. MafATHUK npeacTaBs-
aseT coGofi JierkKuéi U JKecTKHH
cTepXeHb JUIMHBL [ ¢ Tpy3oM Ha
Konne. Onpejenure nepHop Ma-
JABIX KoJebaHHil.

2.5. Hafiiute nepHos MaJbIx
KoJieGaHHH MaTeMaTHYeCcKOro Ma-
ATHUKa JJIMHBL /, ecH Ha NYTH

K sanave 2.4, HATH Ha paccTosiHHd /2 no Bep-
THKaJH OT TOYKH MOjBeca BOHT
TBO3/(b.

2.6. Hafinute mepnon KosmeGanu#i ocuuasisitopos, usobpa-
JKCHHBIX Ha PHCYHKe. 3aBHCHT JH B Caydyae -B) NepHOJ] OT

9% 0”62%?)”0 J}—'

ky

K sanave 2.6.

PaccTOSIHHA MeXay CTeHKaMH? B; H Ky — 2KeCTKOCTH NPy KHH,
m — Macca TeJsa.
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2.7. Ilse HeneopMHpPOBaHHbIE NPYKHHLI KeCTKocTel By
‘" R, NPHKPEIJICHH K CTeHKaM. Mex1y HHMH, Kacasich CBOSOIs
HBIX KOHLOB, HaXOJAHTCSl WIAapUK Macckl m. Hafizute nepuoj,
FOPH30HTANbLHLIX KOsleGaHni lapHKa, ecid OH He NpPHKpenJeH
K npyxuHaMm. Kak otHo-
CSITCSs1 HauGOJIbLIHE OTKJIO0-
HEHHS lUapHKA BJIEBO H
BIPAaBO OT IOJOXKEHHS
D aBHOBeCHS?

2.8, a) MatemaTuue- K samave 2.7,
CKHH MAasITHHK — KeJe3-
HBIH LIAPHK Macchl /1, BHCSIHIME Ha JJIHHHOH HHUTH, =— HMeEET
nepuop T,. B npucyTcTBHH MarHuTa, pachofOXKeHHOTO 4yTh
HH2Ke I1apHKa N0 BepTHKanH, nepuox KoseGanuit cranm T.On«
penenuTe JeHCTBYIONIYIO HA IHAPHK MAaTHUTHYIO CHJY.

]
i

a— ! —
|
i

g } N

i ” | | |
2 @
K samaue 2.8,

6) [llapuk 3TOT0 MafITHHKA IOMECTHJH MEXKAY NOJIOCaMH
MarHuTa, TakK 4TO Ha Hero JeHcTByeT FOpPH30HTa/NbHAsl MarHIiT-
Has cujaa. HaliiuTe ee H HOBOE N0JIOXKEHHE PABHOBECHS, €CH
nepuoA MaablX Kosebauuit crana 7.

~2.9%, B6iu3n pyaHOTo MECTOPOXKAEHHS NepHoj KosebaHui
MasiTHuKa u3MeHHacs Ha 0,1 %. [110THOCTE pyABL B MECTOPOXK-
Jenun 8 r/ems. OueHnTe pasMep MeCTOPOXK/IEHHS, €C/IH CPeAHss
niorHocth 3eMan 5,6 r/em®, ee paauyc 6400 k.

2.10. Mamwepenuss uacToThl COGCTBEHHEIX KosebaHHi Mac-
CbI m, 3aKpelJieHHOH nocepenHe CTPYHBI IJIHHEL 2{, JaJH 3Ha-
ueHne @ *), Haligure HaTsiKeHHe CTPYHHL

2.11, HafinuTe 4acTOTHI MaJIbIX KosieGaHui cHCTeM, ONHCaH=
HLIX B 33ajauax 1.7 u 1.9%,

Caas
B

*l o = 2ny = 2T, rae T —neproj xoneGanuii,
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2.12. a) OnpenenuTte BpeMs NoJeTa KaMHs ¢ OJHO! CTOPOHBL

3eMaH Ha APYTyH MO NPAMOMY TYHHEJIO, NMPOPLITOMY yepe3
ee neHTp. IlnoTHoCTh 3eMiu cUMTaTbh MOCTOSAAHHOH, ee pajuyc
6400 kM. Bpamenuem 3emnu npeHeGpeub.

6) Uepes 3em10 NpopbIT NPAMOH TYHHENb, HE NPOXOAAWLH
uepes neHTp 3emuan. OnpefenuTe BpemMsi IBIXKEHHA Moe3la
€ BLIKMIOYEHHBIMH JBUTaTeJNsMH IO TaKOMy TYHHE/IO, ecsd
TpeHHA HeT. Bpaienuem 3emsmu npenedpeub.

- .
"o
K sanave 2.12, K 3anave 2.13,

2.13. Jlocka Macchbl m JIeXKHUT Ha IBYX KaTKax, BpallaiomuX-
¢sl ¢ 60JbLIOH CKOPOCTLIO HaBCTpeuy Apyr Apyry. Paccrosnue
MeXJy 0CAMH KaTKoB [, KO3(bhUIHEHT TPEHHS NPH CKOJbXKe-
HUH LOCKHU No Karky (. Haliaute uacrory KoseGaHui.

2.14*, Tenexka eleT N0 HAKJOHHOH MJIOCKOCTH, oGpasy-
Iolllefl YToJ1 ¢ ¢ TOPU3OHTOM, ¢ ycKopeHueM a. Haligure nepuog
MaJibiX KoJjieOaHUH MafaTHUKA JJIMHBL [, YCTaHOBJIEHHOTO Ha
TeJeKKe., :

2.15*, Kocmuuecknii kopabab BpallaeTci BOKPYT CBOeK
OCH C YrJIOBOH CKOpOCTBIO ®. Kak 3aBUCHT nepuoj MaJjblX
KoJeGaHUH MasTHUKa JUIMHBL [ OT paccTosiHUA R TOYKH NOJ-
Beca /0 OCH BpallleHH#?

2.16. Wapuk Maccel m BpamaeTcs ¢ YIJIOBOH CKOpPOCTbiO &
BOKDYT OCH, C KOTOPOIl OH COeJHHEeH NPYXHUHOH KeCTKOCTH &.
Onpenenute yacToTy MajpiX KoJeGaHUH IIapuKa BAOAL NPY-
UHBL.

2.17. Mydra Maccs! /1 HajeTa Ha T2 K Y10 FOPU3OHTANbHYIO
cnuny. K Hell npuBsizaHa HUTb, NepeKHHyTas uepe3 GJOK.
Ha npyroM konme Hutu npuBsaszaH rpys Maccsl M. Ilouemy
IpH MaJblX KoseGaHUAX MYy(dThl H3MEeHEeHHeM HaTAXKeHUs HUTH
N3-32 BepPTHKaJNbHbIX KoJeOaHHH rpy3a MOXKHO InpeHebpeub?
Hafinure wacrory komeGanuii Mydrel. KakoBa uacrora Koses
6anuii rpysa? . i
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2.18*, BosaymwHblfl WapHk mpH c1aboM yrape O CTeHKY
ne¢opMupyeresi, Kak IMOKasaHO Ha pucyHke. llpm artom x
MHOTO MeHblue pagnyca Imapuka R. MoxHo cuHTaTh, 4TO H3-
OLITOYHOE naBjeHHe AP BO3jyXa B llapHKe He MEHSIeTCA MpPH
ynape. Ilpenefperasi ynpyrocTblo o60/0UKH, OLEHHTE BpeMs
coylapeHus co creHKoH. Macca wmapuxa m. ‘

. 2.19. Cuanl, feficTBYIOLIHE Ha YacTHIBl, HAMPAaBJeHb! K He-
koTopolt ocn OO’ M npomopuHOHa/bHBl PacCTOSIHHIO 10 Hee:
F = —kr. ¥ nyuxa.uactui Macchl m B ceueHHu O CKOPOCTH ¥,
napaJsJienbHbl ocH. JloxaxkuTe, 4To yacTrubl OyAYT cofHpaThCs
(doxycHpoBaTbest) B onpeleseHHBIX TOYKaxX OCH.

20. M3 Toukm, sexamell Ha HmkHeH obpasyolied ropiu-
30HTAJBLHOIO UMJAHHAPHYECKOTO esaoba paauyca R, noj He-
GosblinM yrviioM K ofpasyolilefl BhlIeTeJ €O CKOPOCTBIO Uy
MaJeHbKH# wapuk. CKONBKO pa3 OH nepeceveT HHKHIOW obpa-
3VIOIYIO Kejgoba Ha AauHe [?

2.21. MetpoHOM mpencTaBJsieT cofoll JerKuil cTepkeHb,
Ha HHXKHEM KOHIle KOTOpOro Ha PaccTOsiHHK [ OT OCH HaXOJHTCSA
macca M. Bbpitie ocH TOABHXKHBIH TPY3HK M MOXKHO (PUKCHPO-
BaTh Ha CTep:KHe Ha pasHbIX PACCTOSHHAX X OT OCH, TeM ca-
MbIM MOAGHpast HYXKHYIO 4acToTy KoneGaHuii. Cunrtas Macchl To-
YeyHBLIMH, HafiinTe, KaK yacToTa 3aBHCHT OT X.

2,22, Kak u3MeHUTCH 4acTOTa MaJblX KoJeOaHHH MasATHHKA
B BHJE Ipy3a Ha JIETKOM CTEPKHE, ec/y K cepeliuHe CTepXKHSA
NIPHKPENUTL TOPH3OHTANBHYIO NMPYKHHY XKecTKocTH £? Ha pn-
CYHKe H300paxXeHO COCTOSIHHE DpaBHOBECHS.

2.23. K konecy paguyca R ¢ TOPH30OHTaJbHO PAacClo0KeH-
HOM OCbl0 MpUKpenu/IH Ha ofoje Tpy3HK Macchl m. Hafaure
Maccy KoJjeca, NpeanoJaras ee OJHOPOAHO pacnpeieseHHOMN
no o6ogy, ecJH 4acToTa MaJsblX KojebaHHH Koseca BOKPYT
OCH paBHa .

2.24, B cdepuueckoll nyHKe paaHyca R HaxogaTcs nBe
TOYEUHble MacChl, COEAHHCHHblE HEBECOMBIM CTEpPXKHEM IJIHHDI
2!. Onpenenute 4acTOTy MaJblX KojaeGaHHH CHCTEMBI NPU JBH-
JKeHHH B MJIOCKOCTH PHCYHKA H MpPH JBHXKEHHHM NepIeHIHKY-
JIADHO 3TOH MJIOCKOCTH. TpeHHs Her.

2.25. TlpyxuHa KeCTKOCTH £ mpHcoeqHHEHA K OCH KoJjeca
Macchl 71, KOTOPOe CIOCOGHO KATUThCs (€3 MpOCKaJb3bIBaHMs,
KakoBa uacrora kosmeGauufl cucremnl? Macca koseca OfiHO-
poAHO pacmpejeseHa 1o o6oay.

2.26*, Hajigure uactory KosieGaHHH CHCTEMBI, OMHCAHHOM
B 3anaue 1.6, mpu OTCYTCTBHH mpocKaab3biBaHHA. MoMeHT
MHEPLHH 11apa OTHOCHTENBHO OCH, MPOXOAfillel uepe3 LEHTp,
paeeH 2/; mr2,
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, 2.27. Jlsa Tena Macc m; H M, cBA3aHL NPYXUHOH XecTe
kKoctH k. KakoBa wacrora cBOGOAHBIX KoaeGaHHE Takoii cH-
CTEMBI?

2.28, Kax orHocsitcs yacTOThl KoseGanuil mMonekys H, H
HD (D — arom pefitepus)?

2.29*, BosMOXKHEI Ba THIIA THHEHHBIX KOJTe0aHHH MOJTEKY B
VYIJIEKHCJOTO rasza: a) siipa KHCJAOpOAa ABHXKYTCSA B NPOTHBO-
MOJIOXHLIE CTOPOHBI, a fAAPO YIJepoja OCTaeTcid Ha MecCTe;
6) Anpa KHCJAOPOAA JBHMKYTCS C OJMHAKOBBIMH CKOPOCTSIMH
B HaInpas/eHUH, IPOTHBONOJOXKHOM HaNpaBAeHHIO ABUXKEHUA
sippa yraepona. OnpenendTe OTHOLUEGHHME YacTOT STHX KOJe-
Ganu.

2.30. Ha rnazkoit ropusoHTaNbHOH MOBEPXHOCTH HAXO- .
JUTCA TesleXKa Macchl M ¢ yCTAHOBJEHHBIM Ha Hell MarteMa-
THYECKUM MasiTHHKOM AJMHBL [ W Macchl m. Haligure nepuop
MaJiblX KoJeGaHUH CcHCTeMBI.

2.31. UYetblpe oppHAKOBble MacChl M cOeIHHEHBl OJHHAKO-
BBIMH MPYXHUHAMH #ecTKocTU k. OJHOBpEMEHHO BCEM YeThlpeM
MaccaM. cOOOIMIM paBHBIE CKOPOCTH, HAMpaBJeHHEE K LECHTPY
kBajpara. Yepes Kakoe BpeMs IOCJe 3TOTO TNPYXKHUHBEL Oy-
JLyT: a) CHJbHee BCEro CXKarbl; ) CHJIbHee BCEro pacrs-
HYTBI?

2.32. MoMeHT cuJI, BO3HUKAOIHUY MPH 3aKPYUYHBAHUU TIPO-
BOJIOKH, NPOMOPUMOHAJeH yIay sakpyuuBarus. K mposoJgoke
NpHKpeNJeHa Yallka ¢ H3BeCTHBIM MOMENTOM HHepUHH [/, OT-
HOCHTE/JBHO OCH KpyueHHs ITIPOBOJOKH. KaKOB MOMEHT HHep-
LiIIH TPy3a OTHOCUTEJBHO 3TOH 2Ke OCH, eC/H Toc/]e ero INpu-
KpeI/IeHHsl K YallKe NePHOJ KPYTHJBHBIX KojebaHuii usMcs
Huacsa or Ty po T?

2.33. Halizute nepuox xoneGanuit xumkoctd B U-06pas-
HOM COCyJe NocTostHHOro cedenus. Ofmas AuHa 4acTu cocyna,
3aHATOTO KHIKOCTBIO, paBHa .

2.34*, BeprukasnbHasi meperopojka B BEICOKOM COCYJe paz-
JiensleT €0 Ha IB€ COOOIIAOIHECS YaCTH ¢ PASHBIMY CEUEeHHAMM.
Haiizure meproa manbix KoneGaHUil XUAKOCTH, cYHTast, YTO
c2000/Hasl MOBEPXHOCTb XKHUJAKOCTH B KAXKJAOH HaCTH OCTAaercs
rcpuscHTaNbHOR. HauanbHaa rayOuHa xuakoctd H.

2.35. Onpejennte 4acToTy MaJjbiX BepTHXKANbHHIX KoJjefa-
1A JVIMHHOTO LHJIHHIPUYECKOTO apeoMeTpa, MOrpy:KeHHOTro
B COCTOSIHNH PaBHOBeCHH B KEAKOCTH Ha rnybuny H. JKux-
KOCTh HaJIUTa B y3KHH LMJIHHADHYECKHH cTaKaH (pajuyc cra-
kaza MHOTO MeHbllue H).

2.36. Tlocne sarpysku JafiHepa NMepHOA MaJbIX KojeGaHu#
€ro 1o BepTHKaaH H3MeHHJACA oT 7 jo 7,5 ¢, KakoBa ofmasi
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Mmacca rpysa? Ceuenne no Batepaunuu S = 500 m2. Xapakrtep
BOBJ/ICUEHHS BOJAbI B ABHXKEHHe CYUHTATb HEH3MEHHBLIHMCS NpH
3arpyake.

§ 3.3. Tapmonnueckoe fBHXKeHHe

3.1*, Ha pucyHKe UpHBeAeHbl TPaQHKH 3aBHCUMOCTH OT
BpeMeHH JaBJeHHS H o6beMa Bo3AyXa B Jerkux. Orcuer Be-
JeTcs OT cpelHHX 3HauyeHu#. B xopouleM npub.imnkeHun obe
3aBHCHMOCTH MOXKHO CUMTaTh rapMmoHuueckuMHd. Onpelenlite
CABHT a3nl. Hackosbko 05OCHOBAHHO MPEANONONKeHye, YTO
H30bITOYHOe naBiaeHHe AP nponopuuoHansio dV/dé — obremy
BO3/yXa, NpOTeKallleMy B eIHHHLY BpeMeHH?

3.2. Teso maccel mm, MPHKpeNJIeHHOE K NpY:KHHE, CBOGOAHO
KoJeGseTcd. Koopainara Tesa 3aBHCHT OT BPEMEHH [0 2a-
kony A cos wf. Kak Mensiorcs co ppeMeHeM CKOPOCTh H yCKO-
penne? UeMmy paBHa XKeCTKCCTb [PYKHHBI?

3.3. Amnautyna kosmeGaHu#l MaTeMaTHUeCKOTO MasiTHHKA
5 MM,  asiuHa ero HutH 1 M. Kak 3aBHCHT cMmelllenye IlapiKa
MasiTHHKa OT BpeMeHH? 3a HauasJo OTCYeTa BPeMEHH IPHHSATb:
a) MOMEeHT MPOXOXKAEHHS HHXKHETO [10J03KEeHHS cJeBa HalpaBso;
6) MOMEHT NPOXOXKIEHHS KpaHHero NPaBoOTO [OJOKEHHS. )

3.4.-I'pys, cBoGoanO KoJebawolMAcs Ha NPYXKMHe, 3a
Bpemsa 0,01 ¢ cmectuscsa ¢ paccrosiunus 0,5 ¢M OT noJjokeHHA
paBHOBecHS 10 HauOoJbllero, paBHoro 1 cm. KakoB nepuox
KoseSanni? ,

3.5. Hacrota cBOGOAHBIX KoJebaHHil ocuusnasTopa o. Ye-
pe3 Kaxoe HaHMeHblllee BpeMsl KHHETHYeCKas HEPrUsl OCUHJ-
JSITOpa YMeHBIUHTCS OT HaWGOJBbIIEro 3HayeHHsT RO ero IMoJo-
BHHDI? , ‘

3.6, K Hak/JOHHOH CTeHe IMOABellleH MAafATHUK IJHHBL [
MasaTHHK OTKJOHHJHM OT BepPTHKaJH Ha MaJbii yroJ, B ABa
pasa GoJblIME yrja HAKJIOHA CTeHbl K BepTHKAa/IM, H OTHY-
ctuad. Hafiaute nepuon kosaebGaHHH, ecaH yhapbl O CTeHY
20Co/II0THO yNpyTHe.

3.7. OauH KOHel NpYKHHBI IPHKpPEIJIeH K cTeHe, Ha BTO-
pOM — HIapHK, KoJebmomkiica ¢ aMIVIMTYA0H @ H NepHONOM
T,. Ha kakoMm paccTosTHHH OT MOJIOXKEHHS] PABHOBECHS! HYIMKHO
NOCTaBUThL IJIUTY, YTOGBl NepHoj KoJjebaHui ctan T BmecTO
T? Ynapsl 0 miauty abCcOJIOTHO YNpyTHE.

3.8*, CrpeJsiok nelTaeTcs onacTb B IHMCK pajuyca R, ko-
TOpHIH KoseGJeTcss rapMOHHUYeCKH Tak OBICTPO, UYTO CTpPeNIOK
He MOXKeT 3a HUM ycjeauTb. Toraa oH cTpedseT B ILeHTp 06-
Jgacti apuxkeHHa. C Kakoil BepOATHOCTBIO CTPENOK MONajeT
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B MIICK, eCc/i aMIIuTyia Korebann# neutpa [ MHOTrO Gonblie R?
Ecan [ = 2R? ¥YBeauuutca JiI BepOSATHOCTb NONajaHIif, e
cTpesqoK Gyjer cTpesdaTb B TOUKY Ha paccTosfibnu R oT Kpast
o6aactu?

3.9. Ilo rnmaaxofi ropns3oHTaJbHOR INIOCKOCTH CKOJb3HT
B TNPOJOTbHOM Hampan/ieHHH TOHKHH OfHOPOAHLIT Gpycok
Jutuhbe . Ckopoctb 6pycka v. Bpycok KaesxaeT na oSuupHLId
11epOX0BaThlil Y4aCcTOK MJIOCKOCTH ¢ KO3(QMHIIMEHTOM TPEHHSA L.
. Uepes Kaxoe BpeMs1 6pYCOK OCTAHOBUTCSH?

3.10. K opnoMy KOHIY UepBOHAuaIbHO HenedopMipgBane
HOM TP YKHHDI XKeCTKOCTH 2 NPHKPENJEH TPy3 Macchl 71, APYyroil
7K€ KOHEIl CTalH TAHYTb C NOCTOAHHON CKOPOCTBIO i BAOJb
npyxubbi. Ha paccroannn d or HauanbHOroO MNOJIONKEHHA 3TOT
KOHel[ 1IDYKHHbI CHOBA Pe3KO ocTaHoBHJH. I1pH Kakux ckopo-
CTSX ¢ IPY3 TI0C/ie OCTAHOBKH He OyjieT KojebaTbes? ChopMyan-
pyiTe aHaJOTHUHYIO 3ajady AJdsl MaTeMaTHUeCKOro MasiTHHKA.

3.11. IByM ofHHAKOBHIM MasATHHKAM C 0OLIeH TOUKOMH 1moj-
Beca COOGIIMJH TOMUKOM OJiHHAKOBble CKOPOCTH, HO OAHOMY
W3 HUX Ha Hebosblioe BpeMa T no3xe. Korna MafATHHKH BCTpe-
TATCH, €CJAH NMepHoA HX KoueGauu# 77

3.12. Ha NOJCTABKE JIEKHT TeJO Macchi #71, NOJBellleHHOe
Ha npy:KnHe xxectkocTH £. IlomcTaBKy MrHoBeHHO YGHpPAIOT.
Ounuiunte JBHKEHHe TeJa [OCTIE 3TOro, ecjM NepBOHAYAILHO
npyxuHa: a) ve aedopmupopana; 6) cxkata Ha [

3.13. B tenio maccyi M, cBA3aHHOE cO CTEHKOIl NPYIKHHOM
JKECTKOCTH R, MONajiaeT ! 3acTpeBaeT NyJ/s Macchl /1, JeTeBiuas
CO CKOpOCTbIO v. BrifpaB MOMEHT nonajaHus nyJau 3a Hauano
OTcueTa BpeMeHH, HafiiuTe 3aBHCHMOCTh CKODOCTH H KOOp-
JHUHATBLI Tesla OT BPEMEHH.

3.14. Ilo ropu3oHTATbHON NJIOCKOCTH CO CKOPOCThIO U
CKOJIb3AIT JiBa LIapHKa paBHLIX Macc 7, CBA3aHHble HejedopMH-
poBanHOH npyxuHOf xecTkocTH £. OHH HaJeTalOT Ha BepTH-
KaTbHYIO YHOPYyrylo cTenky. OnuinTe JBHMKEHHe I[LAPHKOB
B jaJjbHefimeM. [IponsofiieT nu nOBTOpPHBIA yaap O cTeH-
Ky? ,

3.15. Ha Teno, cBa3annoe co cTeHKOH HPYXHHON M Haxo-
Jsilieecs B PABHOBeCHH, Hauasa AeficTBOBATL BJOJb NPYXKHHBL
nocroAaunaa cuna £. Yemy paBno HauGosbliee HaTsKeHle
NpY:KHHBL H Yepes Kakoe BpeMsl Noc/e BKJIIOUEHHSA CHIbL F OHO
jqocturaerca? Ilepuog CBo6o;1Hb1x KoneGannfl Tesa Ha npy-
xnne 7.

3.16*. B moMeHT Bpemerm_ {, KoopjJHHaTa OCHUHAIATOpA
Xgs @ CKOpPOCTb ¢,. loKakurte, 4T0 3aBHCHMOCTb €0 KOOpJH-
Hatbl OT BpeMeHH IIPH CBOGOAHBIX KoJeGaHHAX MOXHO Npefs
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CTABUTH KaK
x=xc08 0 (I — 1)) + 2 sin o (t —1,).

3.17. Teso Macchl m Kosefaercsi Ha NPYXHHE 1O 3aKOHY
x = A, cos wf. C MOMeHTa BpeMeHH' {y, HA HEro HaUHHAeT Aei-
CTBOBATH BJOJbL TIPYHHHBI NocToflHHas cuiaa F. Onpenenute
aMIIUTYY KoJle6aHHH OTHOCHTEJbHO HOBOTO NOJIOXKEHH A PABHO-
Becus. Ilpu KakoM BmIGOpe £, 3Ta aMIIMTYJa HanGoJbluas?
Haumenspian?

3.18* Ha ropH30HTaJbHOH JIEHTe TPaHCMOpTepa, ABHKY-
meficst CO CKOPOCTBIO U, HAXOIUTCS TPY3 Macchl 71, CBA3AHHBIA
NpYyXUHONH KeCTKOCTH R ¢ HenoiBHIKHOH creHKo#. Koadhdu-
IMEHT TPEHHS MEXAY TPY30M H JeHTo# WU. [1ycTh B HayanbHBIH
MOMEHT NPYXKHHA He AeOpMHPOBAHA H I'PY3 ABHIKETCS] BMeCTe
¢ Jentofi. Onpepenure aMnIMTYAy BO3HMUKIUHX KoJeGaHHII.

3.19*%, Tlycts B ycaoBHsIX 3afayd 3.18% HavanbHas cko-
pocTh rpysa myseBasi. Ilpu KaKo#l CKOpPOCTH JIEHTH! & JBHMKE-
HHe ¢ caMoro Havasna Oyjer rapMoHWYeckuM? Haliaure amniu-
TYJ]y YCTAaHOBUBIUMXCA KoJaebaHuil.

3.20*, Ha ropusoHTaNbHOH NMJIOCKOCTH JIEKHT TEJIO MAacchl
M, cBsizapHOE NPYIKHHOH KeCTKOCTH 2 ¢ HCHNOIBHXKHOH cTeH-

— kofl. Teno orTsiRY/MM Ha paccrosinue [ oT 1no-
g JIOXEHHS paBHOBecHSI H oTnycTHaH. [locre n
7 KosefaHufl Teqlo ocTaHOBHJIOCh. UeMy paBen

KO3(QPHLHCHT TPEeHHA MEXKAY TEJIOM H NJIOCKO-
CTBIO, €CTH TOCIe OCTAHOBKH NPYXKHHA OKa-
sanack HenehopMHUPOBAHHON?

3.21. K mastuuky AB c urapukom wmac-
cbl M noieelieH MasiTHUK BC ¢ llapHKoOM
maccel m. Touka A coBepinaeT rapMoHHYe-
CKHe KOJIeGaHMSA 10 OPU3OHTAIM C YdCTOTOH
o. Hafignre gauay Huta BC, ecaM u3Bect-

K samave 3.21, Ho, uto HuTb AB Bce BpeMms ocraercsi Bep-
THKaJbHOH.

3.22. Teno macce m koneGnercs no 3akoHy x = A cos (wf 4

-+ ¢). Haiijuite 3asucumocts cusbl, feficTeyioumed Ha Teno,
oT BpeMenu. HeMy paBro HanOo/blIee 3HaUeHHe cubl? B Kaxue
MOMEHTbI MOAYJIb CHJbI NPOXOJMT HaHGOJblee 3HAUCHHE?
- 3.23. T'opusonranbHass MemOpana copepiiaeT TapMOHHYe-
CKHe KoJeBanyus no BePTHKAIH C YacTOTOH ® W aMIIuTyaol A.
Ha memGpaHne nexuT MajeHbKHH rpya. IIpH KakoM yCI0BHH
OH OyneT kose6GaThcsl BMecTe ¢ MeMOpaHOH, @ NPH KaKOM —
HayHeT NoAcKakKHBaTh? Huike UMK BbILIE CPEIHETO MOJIOMKEHHS-
MeMGpaHBl [IPOUCXOIHT OTPhIB?
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3.24. Has M3MEPeHHSA MaJILIX aMIIHTYA KosieGaHnil MeMG-
paHBl, coBepllaolllefi rapMOHHYECKHe KoJieGaHus BbICOKOH
YacTOTHL. ©, [IPUMEHAETCA «MOJOTOYEKY. R
_Monoroqex Macchl m IIpHXKUMaeTcH K .
memOpaue ¢ cuioél F, Kotopasi perynau- =
pyeTcsl MHKDOMETPHYECKHM  BHHTOM.
Korza KOHTaKT MOJIOTOYKa ¢ MeMGpa- r i
HOH INpepelBaeTcsl, NpepblBaeTcs TOK B
LeMH U B TeseqoHe CJIBIIHO Apebesixa-
Hue. Ornpenenute aMmIuTyay KoJjeGa-
HHH, ecaH jpefesKaHHe HayasoCh Kak B

pas co sHaveHHsa cuibl F. Il;q

3.25. Ha ropusoHTanbHOH MJHTe Jie-
kutT rpys. IlaHTy HAYHHAIOT JABHraTth _J
110 BEPTHKAJIH C YacTOTOH © M aMIVIHTY- '—lllli}—
noit A. Ha kakyio BBICOTY OT Hauajib-
HOTO MOJIOXKeHHS MOACKOUHT IPy3 nocse
OTpHIBA? N

3.26*. C kako#i aMILIMTYJ0H JOJKHA KOJeGaThCsl IJIMTa
(cM. sapmauy 3.25), uro6Ll HAacTynua cBoeoOpas3HLIfl pe3oHalic:
Tpy3, nojabpackiBaeMbIHl MJKTOH, 1OCAE KaxI0r0 yjaapa yBesu-
yHuBaj OBl CBOIO BEICOTY nozn:eMa? Ypapsl cuutath aGCcoOIOTHO
YIPYTHMH.

3.27%, HbeaoKBapueBaH [IaCTHHKA KOJICGMETCS ¢ aMILIH-
Tynoi 107% cM u yacroroit ® = 107 ¢t ITosoxum Tes0 Maccht

2 ¥

K 3amaue 3.24.
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K sagaue 3.27. K szamaue 3.30*,

m Ha Topel MjiacTHHKH. Ko3(pHIUEHT TPEHHSA MEKIY TeaoM
U nnactuHkoi paBeH 1. OiueHuTe, NPH KaKHX aMIIHTYAaX
HaJlMyHe 3TOH Macchl, CPaBHHUMOH ¢ Maccol MJIACTHHKH, CYLle«
CTBCHHO BJHSIeT Ha YacTOTy KoJeGaHWU IIaCTHHKH.

3.28. TloBepXHOCTb Tesl, KOJEOIOMKUXCA ¢ YALTPa3BYKOBOH
YacTOTOM, KaxeTcs CKOJb3KOH Ha oumynb, a Te/a, OMeIleHHbe
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Ha 3Ty NOBEPXHOCTD, «IJLIBYT® MO Hell OT Masefillero ycusns.
OGmpsicHuTe 3T0. .

3.29%, B ycaoBuax sanayu 3.27 oneHuTe HaunGOJbIIYIO
CKOPOCTb TeJsla Macchi /1 B ycTaHOBHBLIEMCS KoJeGaTeqbHOM pe-
xKkuMe. [aa atoro pasbepHrtecb, KaKOB XapaKTep yCTaHOBHB=
1nerocsl ABHXKEHHA 3TOTO TeJa.

3.30*. Hax/ioHHast mJIOCKOCTb TapMOHHYeCKH KoJeGaercs
¢ OoJibIIOf yacToTOMH BROJL cBoef noBepxHocTH. Kakoso ycra-
HOBHUBIeeCA ABHXKeHHE Tesia Ha Hel? KakoBa ero cpefnfis cKo-
poctb 3a Gousblioe BpeMs, ecIH tg @ < p (o — yroJ HakjIcHa
IJIOCKOCTH K TOPHU3OHTY W -— KO3(D(HIMEHT TpeHHs Teja
0 MJIOCKOCTb)? AMIUIHTYA CKOPOCTH HAKJIOHHOH MJIOCKOCTH Ug.
Yckopenue cBOGOAHOTO MajeHHs g.

§ 3.4. HanoxkeHue KoneGanuu

4.1. KoHIpl mpyXHH MOTYT CKOJBb3HUTb 0e3 TpeHHA N0
HETMOABHXKHOA paMKe, APYTHMH KOHLAMH OHH NPHKPEIIEHL
K TesJy Macchl m. Kakol XapaKTep HOCHT IBHXKEHHe Tenia
B obmeM cayuae? [Tyctn &y 5= k,. Kakue Torna npsamonuuefi-
Hbie ABHAXEHHs1 BO3MOXKHHL ¥ KaK HX Bo36ynuTh? Ha Teso nmocne
BO30yXKAeHHA KOJNeGaHHH AeACTBYIOT TOJNLKO CHJILI NPYHHUH.

4.2. Tlycrs B yesnoBusix sanaud 4.1 &, = &, = k/2. YGe-
JuTechb, 4TO B IVIOCKOCTH PAMKH BO3MOKHBI MDSIMOJHHeHHbIR
KosieGanus JoGoro HanpasaeHus. Kak HyxHo BO3GyIHTb KoOJe=
6anus, 4TOObl NBHAKEHHE MPOMCXOAMJIO NO OKpYXKHOCTH? Jlo-
KaxHTe, 4TO MpH J0G0OM crocobe Bo30OYyKAEHHs TPaeKTOPHA
JBHNEHHUsI 3aMKHyTasi, H HafJHTe MNOJHOe BpeMsi 00OPOTay,

o

yd

[ /
\ |

K sapaue 4.1, K sapaue 4,3,

4.3. [puxeHne nyda ocuusorpada no s3KpaHy NpoHCXoaHT
N0 3aKOHY .
x=Acos(ot —q¢), y=Acos(of-t9).
Ina yaoGcTBa HaMepeHHH mepel SKPaHOM NMOMeIleHa KBajpars
Haa ceTKa, Onpege/nuTe N0 PHCYHKY CABHT (asbl,
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4.4*, B ycroBusax 3amnaun 4.3 omnpenesaute, NpH KakoMm
cIBHTe (asbl HA 5KpaHe BHIEH OTPE30K; OKPYKHOCTh. 34 BpeMs
2n/w cJel 1yua Ha 3KpaHe He yCneBaeT noracHytb. Jokaxute,
YTO B cJyuae NPOH3BOJBLHOIO NOCTOSIHHOTO ¢ CJIeJ JIyua Ha 3K-
paHe mpejcTaBisieT co0Of S/THIC € MOJYOCSAMH, JeKallHMH
Ha JuaroHafnsix Keajpara. Hafinure -3TH noayocH.

4.5, Ilpu H3yyeHHH TapMOHHYECKHX KO/JeGaHHH OCLIMJIA-
TOpa CHTHAJ, NPOMOPIMOHAJBHBIH €ro CMEeNIEHKIO, I10/aeTcs
Ha MJIACTHHBI X ocuustorpada, a MPONOPLHOHAJNBHBIH CKOpO-
CTH, — Ha MaacTHHB y. Kakylo KapTHHY MBI YBHAHM Ha
3KpaHe?

4.6. OTkJIOHeHHe JIyua ocuuJIorpadga:

x=Acos(0—Q/2)t, y=Acos(o-+Q/2)¢,

re € MHOro MeHblle ®, MPHYEM CJel Jyda Ha SKpaHe TacHeT
34 Manylo jomo BpemeH# 2n/Q2. Kakyio KapTuHy Mbl YBHIHM
Ha 3KpaHe ocuu/aorpada?

4,7, Ha miacTHHbl X M y ocuuJJIorpada nogaoT rapMOHH-
YeCKHe CHTHAJBl, H HAa 5KpaHE BUAHBI KAPTHHKH, H306D a:KeHHEle

"

L

K 3apaue 4.7,

Ha pucyHKe. Kak oTHOCSiTcsi mepHOABI KOJIeGaHHH o 2 u g
B cJaIyuasix a) — r)?

4.8. Touka, rapMOHHUeCKH KoJeOMIoWasics Mo X U Y, ONH-
CBIBAaeT JIHHHH, KOTOpBle HasbBaloT ¢urypamu Jluccaxy. Io-
Ka)KHTe, YTO €CJH YacTOThl OTHOCATCS KakK Ligjible YHc/aa, TO
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STH (HUI'Ypbl — 3aMKHYThle KpHBHle. KaKof BHJ OHH HMeoT
IpH pAaBHLIX YacToTax?

4,9. okaxure, 4Tto ecJH aMIVIHTyjga KoseGaHHH IO X
pasHa A, a mo y — B, 1o ¢urypa Jluccaxky BrnuchiBaeTcs
B IPAMOYTOJBHHK cO cTopoHaMH 24 mo x u 2B mno y. Ilycts
hHurypa KacaeTcs rOPH3OHTA/IbHLIX CTOPOH 3TOTC MPSAMOYTOJb-
HHKa B TOYKaxX p, a BepTHKalbHbIX — B ¢. Kak oTHocsaTcs
YacTOTbI? .

4.10*, Ba mapuka Macc m, H i, MOFyT KoJefaTbca Ha
OJHHAKOBLIX MPYXHHAX, cKOJb3A MO 6pycKy Macchl M Ges
TpeHusl. BPycoOK JIeKUT Ha rOPH3OHTaNbHOH miockocTH. Lla-
PHKH CBSI3aHBI HHTbIO, HaTAxkeHHe Kortopoii 7. Hutb mepe-
xuraioT. Ilpn KakoM HanMeHbIIEM KO3(GHUHEHTe TPEHHS [4
MeJKLy IJIOCKOCTBIO H OpycKOM OH He CABHHeTcs ¢ Mecra?

My My
\;g
" gk % %
Secterceeercercrr Bl GITIA JIIIa0 STLITN
SALLED- < ,
K sanaue 4.10%, K 3anaue 4,14,

. 4.11*, KoHUBI NPYKHHBI KECTKOCTH R MepeMelaloT B Npo-
IOAbHOM HampaB/eHHH MO FaPMOHHYECKOMY 3aKOHY:-

xy=Ajcos (wt+ @), x2=A,c0s (0l ¢y);

NpH 3TOM cpelHee HAaTsAXKeHHe NPYXKHHBL HyjeBoe. Kak MmeHs-
ercs HaTsKeHHe co BpeMeHeM? Onpejenute HauGOJbILYIO H
CpelHIO 3Hepruu npy:KuHEL I1pn kakofi pasHuue has cpegss
3Heprus HauboJbluafa? Haumenbiuas?

4.12*, IlycTb KOHIBI NpyXKHHBI (cM. 3agauy 4.11%) xone6-
JIIOTCA ¢ pPa3HOH YacTOTOH:

x1=Acosmf, Xs= AcCOSmyt.

Kak B sroM csiyyae MeHseTcs HaTs:KeHHE NPYIKHHBI CO Bpe-
MeHeM? B cayyae G/H3KHX yacTOT mocTpofite rpaduk 3aBiCH-
MOCTH HATsXKeHHS OT BpeMeHH. [loueMy 3zech roBopsT o Gue-
Huax? OnpezenuTe B c/lyyae HeDaBHBIX aMIVIHTYA H YacTOT
CPEAHIOIO SHEPTHIO NPYXHHBI 3a GOJbLIOe BpeMs.

4,13, Yactuna kosebercsl 1o 3akoHy x = A cos (0f — )
0puH Haduuuu cuael F = Fycos wf. KakoBa cpepnsia wmou-
HOCTb 3TOH CHJBI? - ‘
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' 4.14. CBoBomHble KOJIe6aHHUST CJIOXKHBIX = CHCTEM MOXKHO
TpeACTaBHTh KaK HaJOMKEHHe HECKOJBKHX TapMOHHYECKHX
KosneGaHuil pasHbIX 4acToT. Paccmor-
pHuTe, HanmpHMep, CHCTeMy, H3o0pa-
JKEHHYI0O Ha pHcyHKe. Jlokaxwure, \ly
4TO 37eChb BO3MOMHBI JBA THNA JH-
HeHHBIX FapMOHHYECKHX KoJieOaHHil:
a) KOrga Macchl ABHXKYTCS € OJHHA-
KOBOH aMIVIHTYZO!H B OJHY H TY IKe
CTOPOHY; 6) KOrja Macchl ABHXKYTCS m IR L
C ONMHAKOBOH aMIJIMTYH0H HaBCTpe- e —
gy Apyr. apyry. Haiiaute uacToTthl z;. Z,
STHX KoJeOaHHi, eCJIH KeCTKOCTb K sajaue 4.15%,
NpyXKHHHL .

4.15*, Masple KosteGaHUS MasITHHKOB, CBSI3aHHBIX IIDYIKH-
HO#H, IPOHCXOAAT 1O 3aKQHY

Lk

X, =0 cos (0! -+ @) - acos wt, x,=="5bcos (wef-+¢) —acos wl,

TJe 4aCTOTbl ¥y H O H3BECTHLI. OnpeﬂeJmTe KECTKOCTb NIpYXKH-
HBI, CBfI3pIBAOlei MasTHUKH. B nonoxennu paBHOBECHSA
MAaATHHKH BEPTHKAJIbHBI. ’

N

K zajpaue 4.16,

4,16, Ha pucyHKe H300paxena 3aBHCHMOCTb KOOPJAHHATHI
OT BPEMEHH IJIsI JBHXKEHHS, ABJAIOIEIOCd HAJOXKEHHEM JBYX
rapMoHHYecKuX KoseGaHu#. Onpenesnre no HeMy aMIIHTY/bL
H YacTOTHI 3THX KoJeGaHuH.

§ 3.5. BoiHyMaeHHbIe U 3aTyXawliue KoJaeSaHus

5.1, Bama npHATe/JbHHIA CHAMT Ha KaueisaX. Bbl packa-
YHBaeTe HX KPAaTKOBPEMEHHBIMH ToJUKaMH. Kak 3To HyxHO
JenaThb, yTOObl pacKayHBaHHE IPOXOAMJIO HaHOOJiee ycmeuo?
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5.2, OcunanaTop Macchl /1 [I0BepraeTcsi KpaTKOBDEeMeHHbIM
yaapaM, 34 KaxAbli H3 KOTOPHIX €My [epefaeTcs HMOYJALC p.
Ilycth 3aTyXaHNHs HeT H MepBOHAYaJbHO OCHHUJJAATOP MOKO-
uiacsts OnuinnTe ABIXeHHe, ec/IH YIaphbl CJIelYIOT Uepes BpeMs
To, To/2 (Ty — nepHon cBOGOAHBIX KoseGaHHH).

5.3*. B yca10BUAX 3a1auH 5.2 OCHU/ASTOP UMEJ B HYJIEBOM
MOMEHT CKOPOCTb Uy H KOODJHMHATY X,. Kakoll 6yaer aMinTyna
Kosie0aHHH MOCJ€e N Y1apoB, ec/IH [epBbli NPOH30Ile] B HYJe-
Boit momeHT? [locTpofiTe dasoByiO puarpammy.

5.4. Uepe3 peuky nepeOpolleHa AJHHHAS ynpyrasi aocka.
Korna mMasibuuK CTOAJ Ha Hefl HeMOABHXKHO, OHa nporubaJnack
Ha 0,1 M. Korza e OH moules1 co cKkopocTbio 3,6 KM/4, To Zocka
TaK pacKauaJsacb, YTO OH cBajuicsl B Boay. KakoB pa3zmep
wara MaJbynka?

5.5. I'py30BHKH BDBE3XKAIOT B 3epPHOBON CKJaj, pasrpy-
2Kal0TCs 1 BBIE3:KaIOT ¢ TOoH ske cKopocTbio. C ofHOH CTOPOHLI
CKJajla BLIGOHHE HA JA0OpOTe HAYT uallle, ueM ¢ apyrofi. Kak no
11podhHJIIO IOPOTH ONpesieUTh, ¢ KAKOH CTOPOHBI BBe3l, a ¢ Ka-
Kol BLIesf?

5.6. Karep cran cnjbHO pacKauHBaThbCsl, XOTS1 BOJIHBI Ha
Mope ObLTH CpPaBHHTEJAbLHO HeGoabllne. KanHTaH H3MeHuJ
KyPC H CKOPOCTb. ¥ Iaphl BOJIH CTaJIH B JBa pasa ualle, HO TeM
He Mellee pa3mMax KoJeGaHui KaTepa 3HAUHTEJbHO YMEeHbUIHJCS.
O6bscHuTe 3TO.

5.7. Kasasoch 6bl, CTpessisl H3 POraTKH B MOCT B TAKT €ro
COGCTBEHHBIM KoJeGaHHsAM, 3a GOJIBIIOe UHCAO BLICTPEJIOB ero.,
MOXHO OUeHb CHJIbHO packauaTb. OAHaKO 3TO BpsiA JU BaMm
yaacres. [louemy?

5.8. Cusa cConpOTHRJEHNS KUAKOH UM ra3006pasHoill cpen
51 HeGONMBLIHX CKOpOcTell IBHKeHUs MPONOPINOHANbHA CKO-
pOCTH Tesia M HanpaBJjeHa npotuB Hee: f = —bv. Kak 3apucut
paccenBaeMasli MOILLHOCTL OT CKOPOCTH?

5.9%, IlycTb KuHeTHUecKasl 3Heprus ocuuaasatopa K =
= mu?/2, a noreHuuanspHas U = kx?/2. Tlokaxute, uto Ha-
JiHUHe «noTepb» MowinocTn N, = bv? 3KBHBaNEHTHO HAJTHUHIO
Jno6zgounoll cugnl f = —bo.

5.10. Mcxona us Gajnanca 3HePIrHH, KauecTECHHO OMNHINHTE
JIDIIKeH e OCUMAASTOPA NP COIUPOTHBJEHNH, NPONOPIHOHAb-
HOfl CKGPOCTH, MOA BJAHANHEM OAHHOUHOIO TOJIYKa H MPH OjH-
HaKOBBIX TOJIYKaX, CJASIVIOIHKX yepe3 nepHon. BHauase ocuua-
JATOp MOKOHACH. ‘

5.11*, KoneGaTeabHyio CKCTeMy NPH HaJHUHH CHJILT «Tpe-
HUs» [ = —bv 1a3BIBAIOT OCIMJISATOPOM C 3aTyXaHHeM, a ero
KoJeGaHHsl NpH OTCYTCTBHH BBIHYXKIAWOWEH CHJB — 3aTy-
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“xatomuMH. [TokaxknTe, YTO ypaBHEHHS ABHXKEHHsI ABYX OCLH/JI-

JSITOPOB NPH Ky/my = Ry/my = 0§ u by/my = by/my = 2y
HMEIOT OJHHAKOBHIE pelleHHS NPH OJMHAKOBBIX Haya/ibHBIX
KOOpJAHHATaX H CKOPOCTAX (W, — HacToTa CBOGOAHBIX KoJe-
GaHull Ges TpeHHdA; Y — KO03bbHLMEHT 3aTyxaHus;, Ky, K, —
JKECTKOCTH; My, My — MacChl OCIHJJISITOPOB).

5.12. TlokaxHTe, UTO €C/IH NPOUCXOAAT 3aTyXalolHe KoJe-
Ganus ocUHJATOpPA C¢ X = X; ({) H v = v, ({), To KoneGauusa
TAKOTO Xe OCLM/IIATOpAa € Hava/bHbIMH ycaoBHSMH X (0) =
=nx(0) u v(0) = nv;(0) npoHcxogAT MO 3aKOHY X =
= nx (f), v=nv(f).

.5.13. 3aryxauue Mo}eT GBITb CTOJIb BEJIHKO, UTO JBHXKe-
HHe OCHHJIATOpA NepecTaHeT HOCHTbL KojeGaTe/IbHBIH Xapak-
Tep. OUeHHTe NO NOPSAAKY BEJHUHHEI, IPH KAKOM COOTHOIEHHH
Y U 9 3TO NPOH30HIET.

5.14. Tlyctb 3aTyxaHHe AOCTAaTOYHO cnaboe, TaK YTO OCIHII-
JNATOp, BBHIAASA H3 HYJEBOTO HOJOXKEHHS ¢ MOJOXKHTENLHON
IpOeKIHed CKOPOCTH, Yepe3 KOHedyHoe BpeMsl 1 CHOBa IPOXO-
JUT HYJIEBOE IOJIOKEHHE C TOJIOKHTEJbHOH NpOeKUHeH CKo-
poctd, B # pa3 MeHblnel HawajbHOH. UTO MOXKHO CKasaTh
po CKOpOCTb uepes Bpemsa 2T, 3T?

5.15. Yepes Bpems T, aMIIUTYyAa 3aTyXaloOMHUX KoseGaHHH
yMeHbIIHNAch BABoe. Kak 3a 3To BpeMs H3MeHHJ/1ach MeXaHH-
yeckasl SHeprusl OCHM/IATOpa? 3a KaKoe BpEMS SHeprHs
YMEHBIIHUTCSl BJBOE?

5.16. Ha ropmusonTa/]bHble IVIACTHHH ocuu/orpada mno-
JlaeTcsl CUrHaJ/l, NPONOPLUOHAJNBHHH CMELIeHHIO 3aTyXaloLlero

~ OCIIUAJATOPA, a HA BePTHKaJbHbBIe — CHTHAaJ, IPONOPIHOHANb.
HBIH cKopocTH. M3o6pasuTe KaueCTBEHHO c/ell yua Ha 3KpaHe
npu cjaboM 3aTyXaHHH.

5.17*, TouHoe BbIpaxkeHHe A/ KOOPAHHATH! OCLUHJIATOPA
B CJ1yyae BBIBOJIA OCHHJI/IATOPA U3 DABHOBECHsI TOJNUKOM HMeeT
BUJ

x=Yexp (—y)sinot, e o=Voi—v¥, <o

Uy — HauajbHas CKopocTb. [lokamuTe, uTo TOrAa npH JoGHIX
HayanbHBIX YC/JOBHAX peEIIEHHE MOXKHO 3alHucaTb B BHIEC

x=Aexp (— yt) cos(wt -+ @).

5.18. [To kKapTHHe 3aBUCHMOCTH x OT #, NOJYyueHHOH Ha
3KpaHe ocuuanorpada, onpefenute y, ® U . [loyemy npu
Y £ 0 32 © NPHHUMAIOT ©y?
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5.19. a) JIBa caegyioumx Apyr 3a APYroM HaHGOJbLIHX
OTKJIOHCHHSI BJIEBO CEKYHJHOIO MasITHHKA . OTJHYAlOTCA Ha
OJHY coTylo Jgomo. Kakos
kK03pdUIHEHT 3aTyXaHusa vy
3TOr0. MasiTHUKA?

6) llapuxk storo wmaAr-
HHKA 3aMeHHJIH LIapHKOM
TOrO Ke pajuyca, HO ¢ Mac-
coH, B ueTblpe pasza 060.b-
wel. Kak ato cka:kercs Ha

#  saTyXaHUH KoJjeGaHHH?
' 5.20%, a) Jlo6pOTHOCTBIO
ocumIsATOpa ( HasHBaIOT
Y OTHOLLUEHHe €ro HayaJbHOH
| - SHePTHH K MOTePE 3HEPTHH
y 3a BpeMfl H3MeHeHHA (asbl
Ha | pax. Belpasute p06-
K sagaue 5.18, POTHOCTL Yepe3 Y H oy (Y <
< wy). Kak cpsizano Q c
YHCJIOM KOJIeGaHHH, 32 KOTOPOE SHEPTHs YMEHbLIUTCH B e pas?

6) ¥ MoHOKpHCTaNOB candupa A5 KOoJMeGAHHH MpH HH3-
KOH TeMnepatrype H COOTBETCTBYIOLIEH MNOJABeCKe B BaKyyMe
nodporHocTe Q = 10® — 10°" Yacrora xoJseOaHuil MOHOKDH-
cTanna wy = 10% ¢ Ouenure, BO CKOJBKO pas H3MEHHUTCH
aMIVIMTyAa KoJie0aHuiH 3a CYTKH.

5.21*. Kaxnuwit pas, Korga OTKJIOHEHHE OCHHJIIATOPA HY-
JieBoe, a NMPOEKIHS CKOPOCTH MOJIOKUTENbHA, eMy coolllaeTcs
yAapoM JOINOJHHTEJNbHBIH uMnyabC p. Kakum 6yleT ABHIKECHHE
OCHHJIJIATOPA H KaKas YCTAaHOBHTCSI B KOHIE KOHUOB MaKCH-
MaJsibHasl CKOPOCTh? X apaKTePHCTHKH OCHHJIIATOPA H3BECTHbI.
PaccmorpuTe 1Ba npege/bHEIX carydas: 2ny/o > 1 u2ny/o LI.
. 5.22, IlpuBenuTe npuMep CHUCTEME!, B KOTOPOH BO3JeHCTBHE
CO CTOPOHBI OJHOH YacTH ee Ha APYIyIO OMHCHIBACTCS CHJIOH,
MeHAIoUIleHCs Co- BpeMeHeM TapMOHHYECKH.

5.23. Ha yactuny maccel m geficteyer cusia F = Fgsin of,
 IIPH HAJHYHH KOTOPOH OHa KoJebJeTCs OKOJIO HYJIeBOro I0J0-
xkenus. llpencraBbre, 4TO 3Ty CHJIy pasBHBaeT NPYIKHHA,
NPHKPEIJVICHHAsd OPYTHM KOHIIOM K HENOJBHYKHOH CTEHKe, W
Ha#HIuTe, UCMNOJb3ys 3TO, aMIUIUTYAy KoJeGaHHH 4YacCTHIbL.
CunTaTh, YTO 3aTyXaHHs HeT.

5.24*. B cucremax, u3o0paKeHHBIX Ha PUCYHKe, MPOHCXO-
AT CBOGOAHBIe KoJsieGaHus Oe3 TpeHus. [lokaxkure, uTo cHnaa,
JeHACTBYIOLasd Ha BBbIIEJNEHHBIE IUITPHXOBOH JIMHHEH OCIHUJJIfA-
TOP, MMEET FapMOHHYCCKHH Xapakrep. :
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5.25. a) Teso macchl m, NPHKpPeIVIEHHOE K ABYM NPYKH-
HaM XecTKocTe#l b, U k,, CBOGOIHO KoJe6GJIeTCH € YacTOTOMH

P e e e

K sagaue 5.24%,

o =V (k + ky)/m. Cana co cTopoHE! BTOpOI NPYXHHBl Me-
HSETCS TapMOHHYECKH C TOfl Xe 4acToTol @: F = —kyx =
= F, cos of. Ecin ee 3aMeHuTDb BBIHYXaloLIe# cuioi F, COS®?,
TO JBHXKEHHE OCTaHeTCSl IIPeXHHM.
Takum 06pa3oM, OJHH H Te Xe KO-
JeGaHHS MOXHO pacCMaTpHBATbL H
Kak CBOOOJHBE, H KAaK BBIHYXKIEH- '
yl
l

i
1
1
|
Hele. [losb3ysicb 3THM M cuuTas I
k, = maj, HaliguTe 3aBHCHMOCTL X {
OT { 4 BBIPA3HTe aAMILJIHTYIY BEIHYZK = I
JeHHBIX KoJeGaHHi uepes Fo, © H ©y. !
6) Kakyio ao6aBOYyHyIO Maccy !
CIefyeT NPHKPENHTh K OCHUJLISATO- )
Py Macchl m ¢ cOOCTBeHHOH 4acTOTOH R
®y H C KaKOH aMINIHTYIOH OH J10J- K sagaue 5.26*,
JKeH [ocjie 5TOrO JIBHTAaThCst, YTOOB!
cusia, pAeiicTByiollasi Ha Hero CO CTOPOHHI - R06aBOUHOH MacChi,
paBHaJace F,sin of? CoBnazer JH 3Ta aMILUIATYJa C aM-
IJIHTYN0H BHIHYKAEHHBIX KOJIeGaHHH 3TOTO OCUMJLIATOPa NOJ
IefCTBHeM BBEIHYXjalollel cHJbl Fy sin of?
5.26*, Ecny OTKJIOHHTE TPY3HKH OIMHAKOBO B OJHY CTO-
POHY W OTHYCTHTb, TO BO30YAATCS KoJjieGaHHST ¢ 4acToToH

@y = }/g/l. Ectn e OTKJIOHHTbL HX Ha paBHble PACCTOSIHHS
B [IPOTHBOMNOJIOXKHEE CTOPOHBI, BOSHHUKHYT KoJIeGaHUS € yacTo-

Tolt @ =}/ g/l + 2k/m. B oBmem cryuae ABHMKEHHE TPy3HKOB
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€CTb HaJIOXKeHHEe 3THX KoJsebauuilt

Xy =B cos (vt + ¢) + A cos wl,
Xy =B cos (w4 ¢)— Acos wl.

PaccmoTpuTe Tenephb cuay F, cos of, 1elCTBYIOMYIO Ha JeBHI
IPY3UK CO CTOPOHBI MPYXKHHBI, KaK BLIHYKJAIOILYIO U ONpe/ie-
aute A uepes F,, m, wy 0 ®. Cnaraemoe B cos (wyf + ¢)
npeactab/sieT cofoil cBoGOAHOe KojeSaHHe BBIIEJEHHOTO OC-
nuaastopa. Uem onpepeasnores B u ¢?

5.27%, Pesyabrar 3ajgaud 5.26 oueHb BaxkeH: B oflieM
clyyae ABHIKeHHe OCHWJIATOpa IPH HaJHUMM BLIHYKIalouied
CHJBL SIBJASETCS HAJOXKeHHeM CBOGOJHLIX H BBIHYXKIEHHBIX
kosebannii. IIpn Kaknx HayalbHBIX YCJIOBHUAX OYAYT MpOHC-
XOAUTH TOJBKO BBHIHYZKJeHHBle KoJeGaHHdA?

5.28%, Iloyemy npu JMHeHHOH 3aBHCHMOCTH CHJBL OT CMe-
MeHUA W CKOpPOCTH ofllee JBHKeHHe ABJSETCA HaJOWeHHeM
CBOOOJHBIX H BBIHYXKJIEHHBIX KoJeGaHHuH?

5.29. Ilpn BBIHYXKIEHHBIX KoJeOaHHSX C YACTOTOH, MeHb-
el cOGCTBEHHOH YaCTOTH OCHUJISITOPA, HANpapBJeHHS CMe-
IIeHHA M BBIHYXKJAIOLeH CHIBI COBMAJAOT, a NpH 4YacToTe,
Gonbuiell CcoOCTBeHHOM, NPOTHBONOJOXKHLEL. OOBACHHUTE, IO~
yeMy. 3aTyXaHHe OTCYTCTBYeT.

5.30. Ilpu ManpXx yacToTax BBHIHYIKAAIOMEH CHJBI (IO CpaB-
HEHHIO" C COOCTBEHHOH YacTOTOH OCHMJIATOpPA) €ro CMellleHHs
NpH BBIHYKASHHBIX Kose0aHHSAX MOMKHO CUMTAThb PAaBHBIMH
F (§)/k, tae F (f) — BHHyXjawlias CcHJIa, K — XKeCTKOCTb.
Ilpu Gonbiux e 4acToTax YCKOpeHHe OCLHJ/JSTOPA MOMKHO
cuMTaTh pasHuM F (f)/m, rae m — Macca ocuuaiaropa. OGnsic-
HHUTE 5TH IIpejeJbHBIE CJAydyau.

5.31*. B HyneBofl MOMEHT Ha NOKOALIMHCSA B MOCJOKEHHH
paBHOEECHS OCHHJ/IATOP HauHHAeT NefiCTBOBAThL BHIHYKAAloIast
cuna F, cos of. Macca ocuuiiAtopa m W coOCTBeHHasl 4a-
CTOTa ®, HM3BeCTHHl. HalanTe 3aBHCHMOCTb KOOpJHHATHl OC-
LUANATOpPA OT BpeMeHH MW [OCTpolTe ee rpaduk 1
| © — oy € w,. Ipu nocTpoeHun rpaguka Bocrnoab3yfTech
TOXK1eCTBOM

—B . ath
5 sin——.

cosa—cosﬁ__Qsm

5.32%, Pacxauka KoseGaHu#l, KaK BHAHO H3 Pe3YJbTaTOB

s3agaun  D.31*, compoBoxpaercad GueHHsMH. lIpn o —

pasmax GHeHHH pacTeT, HO 3aTO MX NEDHOJ, a 3HAUHT, H BpeMs

HapactaHMs HeorpaHHueHHO yBesuuuBaroTcsl. IlycTb Bpems,
N3
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npollelice nocae Iadana BO3ACHCTBHA BHIHYMKIAOMEH CHJIN,
MHOro MeHblle 2n/] @ — oy |. Bocnombayfitech npuGanxe-
HHeM Sinl &€ &~ & (e <C.1) 1 BBIACHHTe MepBOHAYANbHBIA XapaK-
Tep packauyku KoJgeGaHH.

5.33*. BolCHHTL XapakTep packauku KoneGaHuit npi
® = ) MOXHO, Nepelada K npeieay o — 0, Kak o6LACHuTD,
4TO «aMIINTYLa» KoJeGaHUH pacTeT B 3TOM CJAydyae Mponop-
LHOHAJBHC BpPEMEHH?

5.34*%, Ilyctb mueercst cnaGoe zartyxanue: KosgpHIHeHT
3aTyxaHua y < 0, Kak oHO CKaxeTcsl Ha packauke Kojefa-
HHH OCHWANATOPA W3 COCTOSHHA IOKOSl B MOJOXKEHHH PaBHG-
BecHa npu | ® — oy | > 91U © = ,? [louemy 31ech ymecTHO
IrCBOPHTb 00 YCTAHOBJIEHHH BLIHYXKJAEHHBIX KoJebaHuii? Ka-
KOBO XapaKTepHOe BpeMs 3TOrO YCTaHOBJIEHUA?

5.35. a) Kakas HysHa BbIHYJKAalollast CHJIa, YTOGHEl y OC-
LHJIATOPA MaCChl /12 ¢ KOS(PPHLHEIITOM 3aTyXaHHs Y MPOHCKO=
- AMJIH TapMOHHYeCKHe KosebaHus x = A cos (0, — ¢) ¢ cob-
CTBEHHOH vacTOTOH ,?

6) AMnauTyaa BEIHYXAAOWEH cHabl Fy, ee 4acToTa @ = o,
OnpefennTte aMIVINTYAY BBIHYKIEHHBIX KojeGaHui. Bo cKo/b-
KO pa3 oHa 6o/bllle OTKIOHEHHS OCUMJIATOpPA NPH AeHCTBHH
NOCTOSAHHOH CHJbl Fy?

5.36. OcuminATOp ABHKETCA IO 3aKOHY X = X, Sinl of,
a BbIHYXJalowas cuia paBHa F, cos of. KakoB koadbuiueHT
3aTyXaHus y OCUHJIATOpa? |
Macca ocuuagasitopa m. A e

5.37. Ha pucyhke mpu-
BeJeHa 3aBHCHMOCTb KBaj-«
pata aMIIUTyAbl CKOPOCTH -
BLIHYXKAEHHBIX ~ KoseOGaHHH
OT ' YacTOTHl BHHYXKjatolel
CHJIBI, aMIVIHTYJAa KOTOPOH
nocrosiiHa. OnpefenuTte cob- \
CTBEHHYIO YaCTOTy OCLIHJL/ISI~
Topa, ero KoahdHIHEHT 3a- - ;
TYXaHHA U A0OPOTHOCTD.

5.38. Ecaum pmna peso-

L) ¥ 1 1 ]
HaHCHOFO OOHapyKeHUd Ma- 200 409 &G0 &40 ‘a_),a"
JILIX BBIHY¥KAAIOUWHX CHJI HC-
NM0JIb30BaTh MOHOKPHCTAJJ K sagaue 5137-

candupa ¢ ﬂ,o6p0THOCTb}o

Q = 10° u vyacToTO#i cOGCTBeHHBIX KosleGanuii @y = 10% ¢, 10
Kakoe Bpems (MO MOPSIAKY BEJHUYHMHBI) HYXKHO JAaTh, YTOOh
YCTaHOBHJHChL KoJeOaHHuA?
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5.39. I'lo cunycoupasbHON KaHaBKe TPaMINIACTHHKHY MOXeT
Je10BaTh HIJa 3ByKocHnMatend. [1ycTb yactoTa coGCTBEHHBIX

KosneSaHuil ursibl 0. [pH Kako#l CKOPOCTH HIJIBI OTHOCHTENBHO
IJIaCTMHKH ©OHa HaddeT BBICKAKHBATL H3 KaHaBKH? MaruGo
KaHaBKH HOBTCPSIOTCS yYepes pacCTOsHHE A.

5.4G*. McTo4HUK YacTil, MacChi 7711 HCIYCKaeT HMX HOUTH
C HyJeBOH HA4aJbHOH CKOpoCTb.. [locsme BbIXOAZ Ha HIX
neficreyeT cuna Fysin wf. Omnpenenute CKOPOCTb 4acTu,
HCHOYLWHHLIX B HYJIEBOH MOMeHT, cmycrsi spemsi f. Kakosa
Cpeissl CKOPOCTh THX wactul? Ha KakoM pacCTosHHH ©T
KCTOUHHKA AOCTHTaeTcesi HauGoabmas cxopocTb? OTBeThbTe 1a
5TH BOOPOCH AJA YACTHL, HCAYUIEHHLIX B MCMEHT BpeMeHH
/o, n/Zo. .

5.41%. C HyJIeBOro MOMEHTa BpeMeHH Ha YaCTHLY Macchl 177
HayHHaeT B HampapjeH#M oCH X JeficTBOBaThL cmya Fy sin of,
4 B Hanpap/jeNnu ocH y — cuna &7y coswt. Halaute Tpaextopuc,
€C/M B Hayasbsbll MOMEHT yactuua noxoutcst. Uemy pamra
CpesifAsd CKOPOCTh UacTHUB 3a Oosbinoe Bpemsa? Kakyio Ha-
LaIbLHVIO CKOPOCTL AGJI’KHA MMeTh dYacTHIla, 4TOGH - OHA ABH-
ranach npu HaJH4HI STHX CHJI IO OKPY2KHOCTH? KakoB paauyc
5TCH OKDYHHOCTH?

~

§ 3.6. Hedopmanun u nanpskenusi. CKOpocTs BOJH

6.1. DovHHYIO Ienb INAPHKOB, CBA3aHHLIX NpYyXHHAMH
YKEeCTEOCTH k, TAHYT 3a OANH KOHell ¢ cujaofl F. IIpyro#i xonen
venu saipensed. Onperennte yVIHHEHHe IPYXKHMH M CMelie-
Hue N-ro mapHkKa OpPH PaBHOBECHH.

€.2. IlpoBosoky AnHuH 1 M pacTAHYJH 32 KOHUB Ha 0,1 mM.
Kak p3seHHTCA pacCTOSHHE MeXIy «COCEAHHMH» aTOMaMH,
CCJIH CpejiHee MeXaTOMHOE pacCTOsIHHe B HejleOpMHPOBaHHOM
maTepuante paBrHo 10710 m?

€.3. Moaysem lOnra matepnana E HasnBaeTcsl XeCTKOCTb
eJUHHYHOrO Ky0a HpH YCHJHH, NPHJIOXKEHHOM MepHeHIHKY-
JIApHO 02HOH U3 rpanef. KaKkopa XKeCTKOCTb CTePKHSA AJIUHBL L
H ceueHHs S ANnf NPOLONBHLIX pacTskeduB u cxatuil? Ilycts
CTepKeHb zakpemVied ¢ OfHOro konua. Kakoil cunofi, mpuso-
JKeHHOHl K ApYroMy KOHIY, ero MOKHO PacTsHyTb Ha AL?

6.4. OueHHTE MECTKOCTb MEMaTOMHOH CBSI3W B BelleCTBe

¢ monysieM tOnra E ¥ CpeiiHMM MeXKaTOMHBIM PacCTOSIHHEM d.
' 6.5. Ha cranbnoMm cTepxxre cedenns | cm? ¥ JVIHHDLI 75 CM 3a-
KpenuJiH Ha paccTosiHHM 25 cM JApyr oT Apyra TpH rpysa
Maccet 2T Kaxapii. Iocsieaknit rpy3 BHCHT Ha KOHIE CTePKHA.
‘Hapucyfite rpadmkn pepopmaunfi M cMellleHHll y4YacTKOB
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CTEPKHSA B 3aBHCHMOCTH OT DAcCTOSIHHA 0 HMXKHETO KOHNA.
Monynb KOwra crann 2-10!! [la. KakoBo pacrsikeniue BCero
CTEPIKHA?

6.6. Pesbcel TpaMBas NpH YKJajiKe CBapHBAlOT B CTHIKAX.
Kakue nanpsikenusi NMOsIBJASIOTCS B HUX IPH H3MEHEHHI TeM-
nepatypbl or —30 °C sumoit 10 30 °C netoM, ecau ykJjajaka
nposoauaace npu 10 °C? Koapdunment auueiinoro pacunpe-
HHA cTanH o = 1,25.107® °Ct

6.7. Hacti cTeHBl MO pasHble CTOPOHBI LISNH COEAHHHJIH
packaseHHOH cTagbHOf nosocoH, kotopasi, ocThiB Ao 0°C,
npHXKana ux 1pyr K apyry. llupuna tpeuunbt I oM, JTHHA TIO-
JIOCH! 2 M, a ee ceuenuHe 2 ¢cm? C Kakoil cujofl CTAHYTHI UaCTH
TGHBI, ec/1i 116/0Ca hepBOHauaJbHO packaJseHa o 500 °C?

6.8. Konouna HcaakueBckoro cotopa B JleHHHTpaye HMeET
BbicoTy 30 M. Ha ckombKo ona ckata noj selicTBHEM COGCTBEH-
ol tsikectr? IlnotHoers rpanura 2,7 r/em®, moayab FOura
101t T1a.

6.2. OrtnocurenbHOe yanuHeHue cTepKus €. Hafinure snep-
THIO YOpYrofi feopMalliHd HA eMHHUILY 00beMa, eCHH MOAYJb
tOunra matepuana E. Bhipasute mosydennyio BeMHUHHY dYepes
HOpMaJIbHOE HanpsiXKeHHe O.

6.10*. Kakylo HaMMeHbIIYIO pa60Ty HYX>KHO COBepILIHTb,
4yTOOBl COTHYTH CTEpKeHb MJAMHBL [ M KBaAPaTHOIO CeyeHUS
a X a B koabno? Moayap lOura martepuana E, ajansa crepikLa
I>a

LLLLLL. L
25¢0m ! il
i I r

K sanaue 6.5; K 3aﬁz§!{é 6.11%,

6.11*. Ilpu nefiCTBHH NPOAONBHBIX CHJ MEHSIOTCS HE TOJNBKO
npOoJIONbHLIE, HO H MOMepevHbie pa3Mepbl ympyroro tesna. Pac-
CMOTpUTE sUYelKY, T/le CBfI3H aTOMOB MpeJaCTaBJeHbl NpYXKH-
HaMH. JKeCTKOCTH AHMaroHaJIbHbIX TNMPYXKHH £, OCTAJbHBIX F,.
OnpejienuTe OTHOIEHHE CKATHSA MONMEPEUHBIX NPYKHH K pacTs-
JKeHHIO NPOJIOJBHBIX MPHU MaJbiX jAedopMaliax.

6.12. Tlon nedopmanueil moapa3yMeBaeTcsi OTHOCHTeJbHOE
H3MeHeHHe JIHHeHHBIX pasMepoB. OTHOIIeHHE NONEepeuHol Je-
dopMauuy K MpoJoJbHON OTpHLATENbHO, a afCco/IoTHOe 3Ha-
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yeHue ero HaspiBaeTca KoaddurnuentoM [lyaccona w. dasa cranu
n = 0,3. YBelHUHBaeTCsl HIH yMeHblIaeTcsi 06beM CTaqbHOTO
CTepKHA NpPH pacTssxeHuu? s pe3uHbl o6beM NPH pacTsixKe-
HHM MOYTH He Mensiercss. UeMy paBHO Torma p?

6.13*, CxuMaeMoCTb BellleCTBAa IIOKasblBaeT, Ha KaKkym
JOJIO OT NepBOHAuYaJBLHOrO ofbeMa yMeHbIHaeTCs o6beM Tesia
NPH €JAMHHYHOM YBEJHYEHHH JaBJICHHS HA €ro MOBEPXHOCTD.
PaccmatpuBasi BcecTopontee cxatie Ky6HKa KaK CYMMY Tpex
NPOCTBIX, BHIpA3UTe CXKUMAeMOCTh uepe3 MoAyab IOHra £ u
koaipunnenr Ilyaccona p.

6.14. CxkumaeMocTb Boabl 5-107% atm™, Ouenure usMene-
HHe IJIy6UHEI OKeaHa, ecau Obl BoJa CTaja HeCKHMaeMoil.
Cpennsas ray6uHa okeana 3—4 kM. B oxeaHe BCTpeuaroTcs
ry6uusl okosno 10 kM. Ha cKo/lbKO NJIOTHOCTL BOABI HA 3TOi
ITyGuHe GoJsbile, 4YeM Ha noBepxHoctu? Kakas ynpyrasn
5HeprHs 3anaceHa B eJUHHUIE 06beMa BOJABI?

6.15. Hesecomasa HuTL nepefpollieHa uyepe3 JABa TBO3JA.
Harsizkenue ee ropusontanbubix yuactkoB . Kak mo npo-
(U0 HUTH ‘HaHTH MacCHl IPY30B U CHJIBI PEAKLUU CO CTOPOHBI
rBO3Icl?

6.16. K gouuam CTpyHBl NpHJIOKeHBI NIPOAOJBbHEIE cuabl T
[Ipy nonepeuHoM CMeIlleHMH YYacTKOB CTPYHBI BO3HHK Ipo-
¢uab, nsobpaxenHelii Ha pucyHre. [locTpolite rpaduk nome-
peuHol coCTaBJAOLIEeH HATAXKEHUS CTPYHBL £ B 3aBHCHMOCTH
OT paccTosiHus ¥ 10 JeBoro kouna. Kak F casana ¢ geopma-
muelt usruba e = dy/dx? Karue nonepcuHwie CHJALL YACpPKaT
TakoH npo}unbp B pPaBHOBECHH?

6.17. YyacTKu CTpYHBI ABWXYTCHA B IIONEPEYHOM HAanpas-
JEHHH Tak, 4To o6sacTb H3ruba CMellaeTcs BIPaBO CO CKO-
POCTBIO ¢, He MeHfs CBOero HakJsoHa. Kak cBfizaHbl jedopMa-
Mg &€°B 06/1aCTH M3rHGa M CKOPOCTH YaCTHIl CTPYHHI u?

6.18. a) OGwsAcHuTe, NOYEMY YBEJUYHBAETCS HUMNYJbLC BH-
JIEJIEHHOTO . yY4acTKa CTpYHHL. OnpejesnnTe CKOPOCTh H3MEHEHHSA
UMIIyJIbCa uepe3 MacCy Ha eJMHMLY JJIMHEL CTPYHH W, jedop-
MauHio B o6aacTu usru6a b/L = e < 1 U CKOPOCTD CMellleHH
ob6macTi u3ruba c.

6) KakoBa cymMa cuja, JACHCTBYIOIIMX HA BHJEJeHHBIH
YYaCTOK, €CJIH HATANKCHHE CTPYHBl PaBHO T? CropocTh H3Me-
HEHHS MMIYJbCa paBHA 3TOH CymMMe cu/. Bblpasute oTcroa
cuepes T u p.
© 6.19. a) Ilo rpaduky npoAO/NbHBIX CMeIEHHH Y4acTKOB
crepxHs ¢ MoayJaeM IOrra E onpenenute aedopManuio u ynpy-
I'YIO SHEPTHIO, IPUXOAAILYIOC Ha eAMHHLY o6heMa, B 06/1acTH
poamyuenus. IlycTe Bo3aMyulenue, coxpauas cBoio QopMmy,
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nepeMelllaeTcsl BNPaBO MO CTepKHIO co cKopocthio ¢. Kakopa
CKOpPOCTb YacTHIL B 06JACTH BO3MYILEHHS?

6) B OerymeM BO3MyLIeHHH, COXpaHSIOWEM CBOWO (opmy,
KHHeTHYeCKasd 3Heprus paBHa ynpyroii. Mcxomsa u3 aroro,
onpejesiHTe CKODOCTb BO3MYIIeHHS uepe3 Moayae [Oura E
H IUIOTHOCTb 0 MaTepHala CTepXKHS.

6.20. a) O6mnacts npogonbHOi gedopManuu & ABHKeTCA
110 CTePIKHIO CO CKOPOCTHIO ¢ BrpaBo. [lycTs niomans ceueHus
cTepkHA S, IUIOTHOCTH MaTepHasta p. KakoBa CKOpPOCTb H3-
MeHeHHs HMNyJbCa CNpaBa OT BLIAENEHHOrO CEYeHH?

6) VMnyJabc, nepeHOCHMBIH 3a €IMHHLYY BpeMeHH Uepes
eMHHILY MJOWAAH MONEePEYHOro CeueHHsi, HA3blBaeTCs IJOT-
HOCTBIO NOTOKa HMMyabca. [ToueMy ona poMKHaA GBITH pagua
HODMaJIbHOMY HamnpsikeHHI0O O B 3TOM CceueHHH? DBpIpasup o
yepe3 Ae(opMaiuio, onpejeaHTe orTcioga ¢ depes £ u p.

6.21. Moayab IOura craau 2- 101 [1a, nnotHoers 7,8 r/emd,
KakoBa CKOPOCTb NPOAOJbHBEIX BOJH A CTAJbHOTO CTEPHKHS?
B Jnucrax CTaaH CKOPOCTh NMPOJOJLHBIX BOJH GOJblle, YeM
B TOHKHX cTepxHfX. [louemy?

6.22. C:KuMaeMOCTH PTYTH, BOAH H Bo3ayxa 3-107%, 5.107°
1 0,71 arv™t, a nootnocern 13,6, 11 1,2-1073 r/em3, Onpeaemne
CKOPOCTH 3ByKa B 3THX Cpejax.

6.23. Ilo rasy uger ynapHasi BOJIHa, €ClIH 3a (DPOHTOM
BOJIHB! JaBJeHHe P i NJOTHOCTh O Pe3Ko NMPeBOCXOAAT jJaBJe-
Hue Py, M NJOTHGCTb Q, HeBO3MylleHHoro rasa. Hafinure no
3THM JAHHBIM CKOPOCTb YJapHOI BOJIHBEL.

6.24*., B GeryuieM BO3MYIlleHHH IUIOTHOCTb O I'a3a IJIABHO
y6bIBaeT 10 IJIOTHOCTH Qo HEBO3MYIIeHHOro rasa. JlaBieHue
raza P oo p¥ (y > 1). O6bsicHUTE, KaK H3 TaKOTO BO3MYIUIEHHA
pasBuBaeTca yrapHas BosHa cxkaruda. [louemy He obpasyerca
YAapHBIX BOJH DPa3peKeHHd?

T STl
K sanaue 6.25%,

6.25*. OnpenennuTe CKOPOCTb «BOJIH Ha MeJIKOH Boge». Tak
OBBIYHO HA3LIBAIOTCS BO3MYIUEHHS YPOBHSA BOAbI, NDPOTSXKEH-
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HOCTb KOTODBIX MHOTO GoJbllie rayGuubl Boasl h. MaMenenue
YPOBHSA 3a CYeT BO3MYIIEHHS MaJjo IO CpaBHeHHIO ¢ A.

6.26*, Ilo nemouke IIAPHKOB MacCHl /11, CBAI3AHHBIX NPYKH-
HaMH JJIHHBI [ B KEeCTKOCTH R = mwmj, GEXKHT NpPOLOJbHAs
CHHYCOHJa/NbHAs BOJHA 4acTOTH . CMelleHHs IIAPUKOB OT-
JIOJKCHEl HAa PHCYHKe MO BEPTHKAJH B YBEJIHYeHHOM Macturabe.

| m/\}:(:;f;mvvj/ wj M!\IV\ } I\I\/\l\?&"\f\.“x{\a\(\/\/\/‘.ﬂ\: VAegAn h
< 7 L \QY \: \j‘ l

K zagaue 6,26%,

AmpanTyna cMeleHH i MHoro MeHbie /. Hafinnte ckopocts pac-
OpoCTpaHeHHus 3TOH BOJIHH. HOJIy‘IHTe CKOPOCTBb BOJIHBI B HH3KO-
yacTOTHOM mnpegerie ® < @y OHeHHTe TPAHHUHYIO YACTOTY
IJs HKeJesa.

§ 3.7. PacnpoctpaHcHue BOJH

7.1. CepenpiHa CTepKHA CeYeHHSA S H IJIOTHOCTH O CMe-
CTHJIaCh TOC/Te NPOXOKAEHHST KOPOTKOH BOJHEI TPOAOJIBHOTO
cxatusl Ha paccrosinne b Bnpaso. CKopoctb BojiHH ¢. Ompe-
JeNHTe MMIYJbC 3TOH BOJIHBEL.

7.2, a) B ynpyrofi cpejie MJIOTHOCTH O JABHIKETCS CO CKO-
POCTBIO ¢ IJIOCKAasl BOJIHA ymaoTHeHHs1 A p. Uemy paBHa mJot-
HOCTH NOTOKa HMIyJbca B OGJACTH CKATHSA?

6) IlporsiKeHHOCTH cJ1051 CPeABl B HaNpaB/eHuH pacmpo-
cTpaHeHHs BoaHE L, a camofi BoaHE /. C KaKo#l CKOpPOCTHIO
JIBHZKETCH HEHTP MAcC 3TOTO ¢J10:? ,

Ha cxonbko oH cMmecTHTCH, Korpa #
BOJIHA TPOHJET MO BCEMY CJOHOP

7.3. Ilo rasy B Tpy6e HeT BOJ-
Ha ¢G CKopocThlo ¢. lloxazsanus o
HEIOJBHKHOTO JATYHKA JIaBJEeHH l : v
NPH MPOXOXKICHHH BOJHBL P (f) K sagaue 7.3.

(cM. puc.). Hafiqute pacnpenese- '
HHe JaBJIeHHs B 3aBHCHMOCTH OT pPacCTOSIHHSA O JaTYHKa B MO-
MeHT BpeMeHH f.

7.4. B BoaHe, Geryueii - BIPABO CO CKOPOCTBIO ¢, CKOPOCTH
YACTHIL CTEPXKHA B Haua/bHBIi MOMEHT 3aBHCAT OT DaccTos-
HHS X JO JIeBOTO KOHIia 10 3aKOHY & = u(x). Haiigure 3aBucu-
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MOCTb OT BpeMeHH ILIOTHOCTH NOTOKAa HUMNYJbCAa Ha PaccTofl-
HHH X, OT JIEBOTO KOHLIA.

7.5. Boay, TeKyulyio no BOJONPOBOJAHOH TPyGe CO CKO-
pocTeio 2 M/c, GBICTPO NepeKPLIBAIOT KECTKOH 3aCJIOHKOM.
Onpenenute cuay, ZeACTBYIONYIO HAa 3aCJI0HKY NPU OCTaHOBKe
BOJIbI, €CJIH CKOPOCTb 3BYKa B Boje 1,4 kM/c. Ceuenue TpyGur
5 cMm2.

7.6. Ha koHeun nmoxosimerocs 1noJyGecKOHEUHOTO CTepHHS
B TeueHHe BpeMeHU T AeHCTBYeT npojaoJsbHas cuna F. Hafinure
CKOPOCTb U Je)opMauuio B BOJIHE, €CJIH CEeueHHe CTepkKHSA S,
MogyJk IOunra £, a miotHocTs p. KaxoBa IJIOTHOCT CTEPXKHSA
B oGsacTH BosMymeHusi? Halifurte uMnyJabC u 3HEPTHIO BOJIHBL
uepes Bpems 0,bt u 1,57 oT Havana JNeHCTBHS CHJIBL.

7.7. CrpyHa pacTsiHyTa 3a KOHLBI IPOJOJBHBIMHE cHaamu 7.
Ona cocrouT U3 ABYX uyacTefi ¢ JHHEHHBIMHU IJIOTHOCTSIMH [y
H Hy,. 32 MECTO COoefMHEHHs ee HAUMHAIOT TSAHYTb MOMNEPeuHOH
cuoft F. Kak MmeHsieTcsi co BpemeHeM ¢hopMa CTPYHBI?

7.8. Ha crpyny, Macca efHHHUBl MJdHBl KOTOpOH u, a
HaTaxeHue T, HajeThl TPH TJAAKUX Kojeuka. KoJeukH
JBHKYTCSl CO CKOPOCTBIO ¥ BAOJB CTPYHBL C TOH e CKOPOCTbIO,

K sanaue 7,8,

He MeHSisi CBoeH (OpMBI, ABHKETCS NPO(U/IbL, CO3LaBaeMbIi
Koseukamu. Kakue cuibl JeHCTBYIOT Ha CTPYHY CO CTODOHBI

Koseuek? UTo mpoucxogut npu npubmauxenuu v K} T/p?

7.9. Cropoctb BosiH «u3ruba» mmuet 160—200 kM/y. YUto
npousofieT Npu MPHOJMIKEHHH CKODOCTH aBTOMOOGHJSI K 3TOH
BeJHYLHe?

7.10. B cBoeli sekuun «O KopaGeJbHBIX BOJHAX» JOpPJ
KenpBUH pacckasbBaj: «...0HO OTKPBITHe (akTHUeCKH cJe-
JaHO JIOWAJbl0, €KeJHEeBHO TalllUBIIeH JOAKY 10 KaHaay
mexay Inasro u Apapoccanom. OnHakIbl Jolmlab HCNyra-
Jach M TNOHecJa, W BO3HHLA, Oyayud HabmoIaTesqbHBIM Yeso-
BEKOM, 3aMeTHJ, 4TQ, KOTJa JIOMdab JOCTHUIJA ONpeeseHHON
CKOPOCTH, TSHYTb JIOAKY CTajo $IBHO JleT4e H MosagHu hee
He 0CTaBaJoChb BOJHOBOrO ciefiay, OGBICHUTE 3TO ABJEHUE,
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7.11. Cornacio npunuuny ItofireHca Kaxapifi Y4acTok
(dpeHTa 3BYKOBOH BOJIHEI SIBJSIETCS HCTOYHHKOM BTOD HUHHIX
cepuueckux BosH. Orubaromuas BTo-

PUUYHBLIX BOJIH 1aeT HOBBIH ()pOHT BOJI-
HBL. [Touemy?

“7.12. Wcxona us npunnuuna Io#-

reica, INOKaXHuTe, HYTO B OJHOPO-

HOH cpefie MJOCKHE (PPOHT mepeMe-

11aeTcsi CO CKOPOCTBIO 3BYKa IO

cBoeli HopManu. Kax pacmpoctpa- .
HseTcsl  UMJIHHIPHYECKHH  QpOHT? K sagawe 7.11,
Codepuueckuii?

7.13. O6s1aCTh MOBBLILIEHHOTO JaBJeHHsl Ha TPaHHUE CPEbI
pacrpocTpansaeTcss BIPAaBO CO CKOPOCTDIO U, SOMbILEH CKOPOCTH
3Byka ¢ B cpeie. Kaxo ¢poHT Bosnnl B cpene? Kakoso ero
HampaBJeHKe PacnpOCTPaHEHHs ?

K sagaue 7.13, K zagaue 7.14.

7.14. Ha niockyto rpanuny paspena cpel ¢O CKOPOCTSIMH
3BYKa €, H €y NI0J, YTJIOM O K HOPMaJH NajaeT INIOCKAasl BOJHA.
Hafigure nanpaBieHus pacnpoCTpaHeHHs! OTPaKeHHOH U Impe-
JomsenHod BosH. Kak meBsieTcsl njHMHA BOJHBL NPH NpesioM-
JCHUH?

7.15. Korma camosieT JIeTHT ¢ NO3BYKOBOH CKOpPOCTBIO, Ha
3eMJie cableH WyM nBurartesefl. Ecau ke Haj HaMu npoJie-
TaeT CBEPX3BYKOBOH CaMoJjeT, TO CHadaJja CJbIIeH CHJALHBLIH
XJIONOK, a 3areM yxe wyM psuratesed. C 4eM 3TO CBf-
3aHO?

7.16. Ilpu nocTaTodHO NOJIOrOM MafeHHH IVIOCKOH 3BYKO-
BOH BOJIHBI Ha TpaHHIY pasjesa B Cpefle, B KOTOPOH CKOPOCTDb
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3ByKa OoJblle, He ofpasyeTcs NPeJOMJEHHOH BOJHBEL 310
SIBJIEHHE HasblBAeTCS IOJHWM BHYTPEHHHM OTpa’KCHHEM.
Hafiqnte KpuTHUeCKHH yrosa nOJHOrO BHYTPEHHELO OTpaxe-
HUS, eCJH CKOPOCTH 3BYKa B STHX CpeAaX ¢; H ¢ (¢ << Cy).

7.17. Han noBepXHOCTBIO BOABI jBHXKETCA BO3ayx. Kak
3TO MOBJIMAET HAa HanpapJleHHs] pacnpoCTpaHeHHs OTpaxKeHHOH
H NPEeJOMJICHHON 3BYKOBBIX BOJIH?

7.18. a) CKopoCTb «BOJIHBI Ha MEJKOH BOAE» YMEHbIUAETCS
¢ yMmeHblleHHeM ITyOuHBL [IpsiMOfi GPOHT Tako#H BOJIHEI MpH
NpHOJHKEHHH K Gepery, NoJoro YXOoAslleMy B BOAY, HCKDHB-
JISIETCA, «CTapaschby NOBTOPHTbL Gopmy Gepera. [Touemy?

6) MsobGpasuTe KaueCTBEHHO, KaK MEHACTCS DPOHT ILIOCKOH
nepBOHayaNbHOH BOJHBI, BCTPETHBILICH HAa CBOEM NYTH Kpyr-
JYI0 H MJAaBHYIO OTMeJb.

7.19%, Ilpn semserTpsiceHNAX Ha JHE OKeaHa BO3HHKAIOT
NPOTAXKEeHHbIe BO3MYUICHHSI TNOBEPXHOCTH BOJABI — BOJIHBL 11y~
HaMu. OcoGeHHO JaseKO OHH paclpoCTpaHsoTCs Hajl noABoA-
HEIMH TOPHBIMH XpeGTaMH, TNOUTH He Tepsis CBoeH paspyuni-
TeNbHOH cnocoGHocTH. OfbacHuTe 3TO.

7.20*. TloueMy nb BeTPy 3BYK CJBIIEH SHAYHTEJBHO Jy4Y-
me, ueM npoTuB Berpa?® CKOPOCTb BeTpa 3aMETHO YMeHb-
1waeTcsd NpH npHOGJIHXKEHHH K NOBEPXHOCTH 3€MJIH.

7.21. Yacrora COGCTBEHHBIX KOJeGaHHH KaMepTOHa V.
Kako#l 4aCTOThl 3BYK MBI YCJABILHM, €CJAH KaMepToH Npubiu-
}KaTh K YXY CO CKOpPOCTBIO U? )

K sapaue 7.19%, ) K sapaue 7.22.

7.22. Boanbl HaGeraioT Ha Geper ¢ 4acToToit vq. C Kakoi
YaCTOTOH OHH YAapAIOT O KaTep, ABHXYLHACH CO CKOPOCTBIO U
oT 6epera? K Gepery? CkopocTb BOJIH Ha Bojec. Paccmorpure
JBH:KEHHE KaTepa Moj YIVIOM 0. K HalpaB/IeHHIO pacnpocTpane=
HHSI BOJIH: '
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§ 3.8. Hanoxenue n oTpaxeHue BOMH

8.1, Ilo ctpyHe pacnpocTpaHsIOTCA JBe BCTPEUHBIC BOJIHHI,
pecyiue sHepruio W kaxnas. Kakoeel 6yayT KHHeTHYecKas
H NOTeHNHa/JbHAs 3HEPTHM B MOMEHT COBMAJEHHS] OCHOBAaHHH
BOJIH, H306paXKeHHEIX Ha pucyHke? Ilpodunau usrubos oxu-
HaKOBBHI.

—_— TN TN
a) .
N Em—————
5 , Derm }
K 3apaue 8.1, K sanauve 8.2.

8.2. Y4YacTOK crajbHOrO "cTepXHA NIuHE 10 cM cKaau
Ha 1078 ero gnunel v ornyctuiau. Kakue Geryulde BOJHBI BO3-
HUKHYT B crepxue? Hapucyfite npodusu gehopMaluu 1 cKO-
pocTH yacTHl crnycts Bpems 51078 c. ,

8.3. Ilpu HOpMaJIbHOM MaJEeHUH BOJHBI HA XKECTKYIO CTEHKY
BO3HHMKAeT BO3MYIIEHHE, B KOTOPOM CMellleHHe H CKOpOCTh Ya-
CTHI cpefbl BOJH3H CTEHKHU

iyJaeBnle. Ecu npencTaBuTh, g L.
YTO Ha MNajalllyld BOJHY :
HaJjlaraeTcsl UAyLas CUMMeT-

pHYHO H3-3a CTEHKH Iepe- N
BepHyTasl BoJIHA CMelleHH, ‘ -
TO IOJYYUTCH BO3MYIIEHHE

K 3apave 8.3.

c TpeOGyeMBIMM Ha CTEHKE

cBoficrBamu. [locrpofiTe ans

u3c6paXeHHoH Ha pHCYHKe Majatolieil BOJHBI pacnpeie/eHHe

CMeILeHHsT cpejibl, KOT/a BOIHA «BOIZeT-B CTeHKy» Ha 1/6, 1/2,

2/3 1JUHBI CBCETO CCHOBAHHSI. ,

, 8.4. Kax 3aBHCHT OT BpEMeHHU [JapJeHUe Ha CTEHKy MPH na-
ZIeHHH Ha Hee CHHYCOMJA/bHOH 8BYKOBOH BOJIHEI C YaCTOTOH
1 ammauTynoil cMeutenuss A? IlmoTHocTs cpenbl p, CKOpPOCTh
3Byka ¢. Ha KakuX DaccTOAIHMAX OT CTEHKH HAXONATCSH y3JIbl
¥ TNYYHOCTH CKOPOCTH? Y3Jbl H MYYHOCTH JAABJIEHHS?

8.5. Ha coGogno#t rpanuue cpeibl HYJeBO€ HaNpsXKCHHE,
a 3HAYHUT, U HyJaeBoe aedopmaunu. BocnonbayiTech npHeMoM
pewenust 3axayd 8.3 A/ HAXOXKICHUST BO3MYIICHHA, BO3HH-
KAIOUero NpH NajeHHH BOJHBI Ha cBoGomHylo rpauuiy. Ilo-
yeMy 37ech BOJHA cMelleHHH, npuxoasmas H3-3a TPaHHLE,
He nepeBepHyTa? ' :
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8.6. CKOpOCTb He3aKpelsIeHHOTO KOHIA CTEPXKHA C HyJe-
BOTO MOMEHTA BPEMeHH cTajla MEHATBCS 10 3aKOHY U, sin wf
}13-3a NPHXOAA BOJHBI MPOJOJBHOTO cMelleHHs. Kakosa amin-
JUTYZa 3TOH BOJMHBI? Ha KakHX pacCTOAHHAX OT KOHIIA CTePKHA
06pasyloTcs y3Jbl H NMYyYHOCTH CKOPOCTH? Y3JBl H HYYHOCTH
JaBJICHUSA ?

8.7. Ha BHemHell cropoHe CTeKJa HJ/IIOMHHATOpA KOCMH-
HECKOro KopabJas uMmeloTcsl paspylleHH:A, BhI3BaHHBIE NMOMana-

y .,
e PR <l — —
| N 4~ z -
N - - ”
5 4 o -
7 s b 4
a P ~ 2 Ice
7 e
K sapaue 8.5. K sagaue 8.7.

HHEM MHIKDOMETEOPHTOB. IloJOGHBIE Ke paspylUeHHsl BHAHBL
Ha BHYTpeHHel cTopoHe. OGbsicHHTe HX HOSABJEHHE.

'8.8%, Jlna 60pbOBI ¢ TaHKaMH NPHMEHSIOT «IJIacTHKOBBIE»
CHap#Abl: B3pLIBYATKa BO BpeMsl yiapa pacinBaercs 1o 6poxe,
a 3aTeM B3puIBaeTcA. BosHa, mopoxaeHHasi B3PEIBOM, IPOXOAHT
TOMIY OPOHH H OTKalbiBaeT C BHYTPEHHeH CTOPOHHI CJOIf,
“JMeTAmUE ¢ GONBLIOH cKopocThio. HafinuTe 3Ty CKOpOCTh U TO.-
IHHY OTKOJIOTOTO cJosi GPOHH, eC/AH JaBjeHHe IPH B3pHIBE
P =5-10"at™ 1 FeACTBYeT OHO B TeueHHe BpeMeHH T = 4 - 107 c.
CKopocTb 3ByKa B OpoHe ¢ =
=DKM/C, IIOTHOCTb OPOHH P ==
= 8 r/ems.

K 3a%aue 8.8%, K sanave 8.9%

8.9*. Tlpesen NMPOUYHOCTH KEPAMHKH H CTEKOJ Ha Das3phiB
3HAuuTeqbHO MeHbllle, ueM Ha cxaTHe. H3-3a  ypapa
MO JIeBOMY KOHILY CTEKJSHHOIO CTepIKHfl moGexana BoJHA
CXKATHS — «IOJIBOJIHBI» CHHYCOHJBI C aMIJIHTYAOH Hamnpsxe-
"HHS Op H OPOTSXKEHHOCTbIo L. KaKoH yuacTOK CTEDKHS OTKO-
JIeTCsl, €CJTH TIPEEN POUHOCTH Ha Pa3phiB 0 < 0y? PaccMotpu-
Te CyYaH Oy > 0 H Oy A= C.
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8.10. CrasbHOfi cTepeHb. JJHHEL 1 M yaapseTcsl TOPLOM
"0 JKECTKYIO HEMOJABIXKHYIO CTeHKY. Ero nepBoHaya/lbHas CKoO-
pocts 100 M/c. Kakoe naBjeHHe OH OKa3blBaeT Ha CTEHKY?
Kaxue BosHBI moGeryT nmo crepxHio? UeMy paBHO BpeMs KOH-
Takta? KakoBa KoHeuHas CKOPOCTb CTEPXKHA?P

_— *

4/1—'>- N -~
7z
K sanaue 8.10, ) K samaue 8.11%,

8.11*, TlpoucxoauT CTOJNKHOBEHHE TOPLAMH YIPYTHX CTep-
JKHel OUHaKOBOTO CeUeHHs, JUIMHBI KOTOPBIX OTHOCSTCS KakK
CKOpPOCTH 3BYKa B CTepIKHfAX. PaccMOTpeB BOJHLI, MOPOXKIAEH-

. Hble IIPH yJape, U OTpa)eHHe HX OT CBOGOAHBIX KOHLIOB, 10-
KaxkuTe, YTO PE3yJbTAT COYAapeHHdA Takoil Xke, KaK H MNpH JO-
goBoM abcCoaIoTHO yrnpyroMm yaape. YUTo npousofper, ecam oT-
HOIeHHe JJIMH He PaBHO OTHOIIEHUIO CKOPOCTeH 3ByKa B CTep-
XKHAX?

8.12*, M3 cpesbl MJOTHOCTH P, NEPNEHJUKYJSAPHO IPaHHIe
pasjesia CO Cpefioli IJIOTHOCTH 0, NMajaeT BOJHA CKOPOCTH Uj.
CkopocTy 3BYKa B mepBofi ¥ BTOpOil cpefie ¢; U ¢,. Hcxona us
3aKOHOB COXpaHeHHs UMNYJbCa H 3HEePTHH, HallUTE CKOPOCTh
cpeapl B OTpaxKeHHOH u npeJoMJeHHOH BoJHax. [Ipoucxoaut
JIW pasphlB CKOPOCTH Ha rpaHulle pasfena? B kakoM ciayuae
3HAK CKODOCTH B OTpaeHHOH BOJIHE MeHseTcA?

“8.13. KoapdurnuentoM NpoXOoXKAEHHA HA3LIBAIOT OTHOIIE-
H{e 3HEepIHH B MPOXOJAlEll BOJHE K 3HEPrHH B Najaloulefi.
Hatizute ero s 38yK0BO# BOJIHBI Ha TPaHUIe BOAd — BO31YX.,
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K sapaue 8.14, K samaue 8.15%,

8.14. UTofbl yBeqIMUHTL MOLIHOCTL Ha Mbe30AaTUHKe, erc
NOJICOSIUHSIIOT K HCC/IELYeMOH Cpejie uepes CrenHalbHyIo Mpos
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Kiaagky. Ilyerb 0, ¢ pc = pct po£s = 4. 3necy p; u ¢; —
IJIOTHOCTH U CKOPOCTH 3BYKa B NPOKJanKe, B cpele H B KpU-
crajute neesonatyuka. CpaBHUTE [0 MOIHOCTH CHTHAJEL, OCTY-
nawlye K JaTYHKY ¢ MPOKAaaKol 1 Ge3 Hee, ec/H ATHTENEHOCT
CUTHAJIOB MEHbIE BPEMEHH MPOXOXKACHUS MPOKJIANKH.

8.15*, Ilnactuuka pasmepamu L X L Kosebaercsa rapmo-
HHUECKH NEpNeHAUKYJASpHO camoil cefe ¢ wactoToil ® > ¢/L,
rje ¢ — CKOpOCThb 3BYKa B BosfyXe. Ouenure cuay, AeficTByto-
IMYI0 Ha Hee CO CTOPOHBI BO3AYXa, B MOMEHT, KOTJa CKOPOCTh
MIAaCTHHKH paBHa v. IlnoTHoCTb Bo3ayXa p. KakoBo KauecTBeH-
HO IBH:KCHHE BO3AyXa npH ycaoBuu o < c/L? ITouemy B 3TOM
clyyae M3nyueHHe 3BYKa cjaboe?

8.16. I'azoBuiil mysbipb pagayca R coBepilaeT TapMOHII-
YecKHe [ajuanbHble KoseGaHus ¢ 4acToTol © U aMiiuTypoll A
B JKHAKOCTH, NJIOTHOCTH KOTOPO!l P, CKOPOCTh 3ByKa ¢. Kakas
3HEPrUsl 3BYKOBOH BOJHLI M3/1ydyaeTcsd B CPeJHEM 3a MepHozi?
Kak wmensiercs amrmiuryia kosdeGaHAfl NaB/aeHHA HO Mepe
ynanenuss ot nyseips? Cuurath 4 < R.

8.17*%. a) B ceueHHn OGeCKOHEUHOrO CTepXKHf HAeHCTBYeT
BHEIIHAS MPOAOJbHAs CHJa fy cos ©f. Kakue BOJHBI CKOPOCTH
1 feopMauuu. mopoxkaaiorcs eo? CeueHHe CTepxKHA S, MIOT-
HOCTb 0, CKOPOCTb BOJIHHI C.

6) Ilycrn ma paccrosiuuu [ Apyr OT apyra JefiCTBYIOT ABa
HCTOUHHKA TakuX cuj. Kaxue saech MOpPOXKAATCS BOJHBI?
ITpu xakux [ usayyaemasi MOUHOCTL HauOonbwas? HauMeHb-
mas? [loueMy Hsiyuaemasi sHeprus He paBHa CyMMe SHepTHA,

. HCMYCKAEMBIX KaXABIM HCTOU-
HUKOM, paBOTaIOLIHM MO OTAENb-
HOCTH?

8.18*, B yciaoBusX npeip-
Ayliell 3ajauu OfHA CHJa Me-
HsleTCs Kak f, cos of, a gpyras
17 =l Kak fo sin of. Ilpu xakux [

) ! BOJIHA By IeT YXOJHTb TOJBKO €O

-~ \ CTOPOHBLI MEpPBOTO HCTOUHHKAP?
- \ TOJLKO CO CTOPOHHI BTOPOro?
K sagaue 8.19. 8.19. K BuGparopy uacrorst

® MpHUKpEeIJeHbl JBa MIapuKa

Ha paccrosiHun L gpyr oT apyra. OHH B036YXKAQIOT BOJHBI

Ha NMOBEPXHOCTH BoAbl (cM. puc.). Haiinure ckopocth ¢ Boau
Ha BOJe.

8.20*, a) Tlpm rapmoHuueckoifl cuje, aeficTBylolell Ha

KoHell CBOOOJHOTO CTepXKHSA AIMHBI L, M3-32 MHOTOKPATHBIX

OTpaxeHui oOpasyercsi crosiyasi BofHa. I'le HAXOAATCS y3Jbl
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nanpsxeHuli B Heli? KakoBa aMnuifiTy1a BBIH YK 1aw0le i CHIIBI Fg,
€CJIH aMIJIMTYy/la HalpAXKeHUH B CTOsIUell BOJIHE Oy, a CeueHue
cTepXkHsa S?

6) IlocTpofiTe pe3oHaHCHYIO KpHBYIO — rpadMK 3aBHCH-
MOCTH 0,S/Fy OT 4acTOTHl ® BhIHYKJatowelt chabl. Jas KaKuX
4acTOT BO3MOXKHBI TapMOHHYeCKHe KOJeGaHHs MpH OTCYTCTBHH
BBIHYXKJlalotled CUJIBbI?

8.21. Haiipute coGcTBeHHBlE YaCTOTHl TNPOJOJBLHLIX KoJle-
GaHuil cTajbHOTO cTepxkHA AMMHBI 1 M. Kak uamensarcs co6-
CTBEHHBle YacCTOTHl KoJsieGaHUH CTalbHOTO IIAaPHKa IIPH YBeJH-
YeHUHU pajmnyca Basoe?

8.22%, Mex1y MeCTKMMH MapasJeJbHbIMH CTeHKAMH Ha-
xoauTcs Bo3ayx. OnHa M3 HUX HauUHaeT T'apMOHKYeCKOe JBH-
xeHHe ¢ amnautynofi A, u uvactorofi ®. Paccrosiine mexay
crenkaMu L > A4,. Jo KakoH aMIIHTYIbl CMEUIeHHS B MyYHO-
CTH «pacKauaeT» BO3yX 3Ta cTeHKa? OLeHHUTe BpeMsl paCKauKH,
€CJIH CKOPOCTb 3BYKa B BO3AyXe paBHa C. '

8.23. OnpejnenuTe mepBYI0 PEe30HAHCHYIO YAcTOTy KoJeba-
HUHl BO3AYyXa MeXAY ABYMs mapaJ/lie]bHBIMH 31aHHSMH, HaXO-
JAmuMHCsS  Ha paccrosiHun 20 M. BreicoTa .
3J1aHHH 3aMeTHO OGOJblle 3TOrO PacCTOsIHHUS.
CxopocTb 3BYKa B Bo3ayxe 330 m/c.
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K sagaue 8.23. /, K zagaue 8.24,

8.24. TlogHecem BHOPHPYIOWHH KaMepTOH K BLICOKOMY IiH-
JMHIDHYECKOMY cocyny. Eciau B Hero NoHEeMHOTY HaJIHBaThb
BOJY, TO Mbl 6yJieM C/IbillIaTh YCHJIHBAIOWMHCS 3BYK, CHJIbHBII,
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noToM cHoBa ocnafepatouiuil, cHOBa ycuauBaloutuitcd. Kax
310 06BsACHATL? TloueMy 6e3 cocyna KaMepTOH 3BYUHT Cj1a60?
8.25. Ilpu xakoii rmyOHHe OKeaHa B HeM MOTYT PACKauaThCs
(PM3HOJIOTHUECKH ONAacHble HMH(pa3BYKOBble KoneGaHHS C JiH-
HeliHo#l uwactotofi 7 Tu?
8.26. 3aueM mosbifi KOPMyC CKPHIKH H BHOJIOHYENH AeNaloT
durypubpiM? Kak OT ero pasMepoB 3aBHCHT TOH 3BydYallusi?
8.27. B 6apokaMepe, HanoJHEHHOR CMeChbIO Tesusl U KHCIO-
posa, CKOpOCTh 3ByKa HaMHOro 6oJbille CKOPOCTH 3BYKa B BO3-
nyxe. Kak H3MeHHTCA 3ByvyaHHe TOJOCOB
JMofel, pasropapHuBawliX B 6apokaMepe?
Hsmenntcs an TaM TOH KaMepTona?
8.28. C kakKo#i CHJIOfl HYXHO HATAHYTS
THTAPHYWO CTPYHY AJAuHBL 60 cM u JuHel:-
Ho# motHoctH 0,1 r/cMm, uToGul OHa 3BY-
uyana c auHefiHoH uactoroit 100 Fn ra
nepBOfi rapMoHHKe, T. e. Ha MepBOH pe-
30HaHCHOH uvacToTe?
8.29. Kone6anus B-cTpyHe J1aHHbBI L BO3-
Gy Aa0T, IPONycKas no Hefl MepeMeHHB
TOK TaK, UTO MarfHTHasl CHJIa CO CTOPOHE!
HeGOMBIIOTO MarHHTA MeHsieTCs TapMOHH-
‘ueckd. UYacToTa TOKa OTBeyaeT TpeThell
rapMoHuge. I'Je HYKHO TIOMECTHTb Mar-
HHUT, 4TOOBl aMIIHTyja KoseOaHuH Oblia
HauGo.buei?
K sapauve 8.29, 8.30. Ecau 3Byvalnyii Ha nepBoi rap-
MOHHKe CTepKeHb B3ATb PYKOH, OH MOYTH
cpasy mepecrtaer 3ByuaTb. O6bsicHuTe, moueMy. Jlns Kakoro
MecTa CTepKHS 3TOT 3¢ekt caaee Bcero? CHibHee BCero?
8:31*, ¥ MOHOKpHCTaNJOB.campupa MpH HH3KHX TeMIepa-
Typax H COOTEeTCTBVIOLleH HmOABeCKe B BaKyyMe IIOTepH 3Hep-
THH 34 NMEPHOJ Ha NepBoil rapMoHHKe cocTapasoTr 1078 ot sHep-
run KonebGaHu#i. Bo CKOMBKO pa3 yBenHuaTcsl 3TH NOTEpPH B
Bosayxe? IlmotHocts camgupa 3000 kr/m3, ckopoctb 3ByKa
B candupe 6 xm/c. {1 Bo3ayxa MIOTHOCTh 1 Kr/M®, cKOpOCTb
sByka 0,33 rm/ec.

IF'mapa 4. MEXAHHKA )KHJAKOCTH

§ 4.1. laBnenne B KUIKOCTH

1.1. Uro Takoe jaBieHue KHEKOCTH? IIpHaymaiite crocos
A3MepeHus AapieHHA.
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1.2. B KuakocTH HaAXoAuTCs OpPSAMOYroJbHAsg MpH3MA,
pa3Meprl KOTOpOIl MOKa3aHbl Ha pucynke. Hafiaure cymmy
CHJI, ACHCTBYIOWIMX HA MEPEJHIO U HHXKHIOW IPaHb MPH3MEL,
ecan AapjienHe xuakocry 2-10° ITa. Uemy paBna cymma cuia,
JefICTBYIOIIUX Ha MPU3MY? ,

1.3. Pesyaprupylolllass cuja, AefCTByIOIlAsg CO CTOPOHBI
cxKaTolf JKHJAKOCTH HA TpPH TpaHH NPaBWIBHOINO TeTpasiapa,
pasHa F. Jinuna pebpa Terpasapa 4. Onpesnenurte aapJeHue
*KHJKOCTH.

1.4. B tpy6e HaxoauTcsl moplleHb, MPOJOJbHOZ CeueHHe
KOTOPOro NOKa3aHo Ha pUcCyHKe. JlaB/eHue XKUAKOCTH ¢ 00CHX
CTOPOH mopuIHA oauHakoBo. Haxoaurcs ju noplleHb B paBHO-
Becnu? ’

1.5. [llap mepekpblBaeT OTBEpPCTHE pajauyca r B MJOCKOH
CTeHKe, pasjendwuell KHAKOCTH C jaBleHHAMH 3P u P.
C Kakoll CuJIof MpHIKHMaeTCsl Wap K OTBEpCTHIO?

1.6. Konnueckass mpoGKa mnepeKpblBaeT cpa3y JBa OTBep-
CTHS1 B IUIOCKOM COCY/€, 3aMOJHEHHOM JKHAKOCTLIO NPH JaBJje-
uun P. Panuycel oteptrufl 7 u R. Onpenenure cuny, aeficty-
I0lyI0 Ha NPOGKY CO CTOPOHBLI JKUAKOCTH.

1.7%. Cepuueckuil 6an1oH paauyca R co CTeHKaMH TO/-
muHb A <& R paspuiBaercsl BHYTpeHHEM AaBieHueM P. Onpeje-
JUTe Mpejes MPOYHOCTH MarepHaja CTEHOK.

1.8, Tlouemy cocucka B KHUIOSITKe JomaeTcs BAOJB, a He
noflepek?

1.9. Tpu coofiarliuxcs cocyia ¢ BOOH NPHKPHITH MOPLI-
HMH. K moplIHAM WapHUPHO OpUKperJeHa Ha BepPTHKAJBHEIX
CTEPXKHAX TOPH3OHTaAbLHAs MNaJjka. B KakoM MecTe HYIKHO
DPUJIOKHTE K NMajKe cuay F, uroObl MajgKa oCTajJach ropH3oH-
TaJbHOM? JHaMeTpel COCYJOB H PACCTOSHHS MEXAY HHMH
yKasaHbl Ha DHCYHKe.

1.10. T'uzpaBanueckuil mpecc, 3anoJiHeHHbI BOfOil, HMeeT
nopiunu cedenuil 100 u 10 em? Ha Gosbluofi nopiuens craHo-
Butca uesnoBek Maccel 80 xr. Ha kakyiwo BICOTY moAHIIMETCS
[0CJIe 3TOr0 MaJblil MOpLIeHb?

- 1.11. Tesao B ¢opme Kyb6a, pebpo xoroporo 20 cm, Haxo-
qurcst B Boje. Hikusid rpanb KyGa yjaajeHa OT MOBepXHOCTH
BoJsl Ha paccrosinne 1 M. Uemy paBHa cuaia, geficrpyiolas
CO CTOPOHBI BOJIbl Ha HH2KHIOW rpalb? Bepxuiolo rpans? Kakas
cuJja aeficTByeT Ha 60KOBYIO rpaHb Ky6a? Hafianure BekTopHYI0
CYyMMY CHJI, JeHCTBYIOLIHX HA TeJo.

1.12*%, Hinkussa rpanb npaBUJIbHOLO TeTpasdjipa ¢ pe6poM a,
NOJIHOCTBIO MOTPYKEHHOIO B XKHUJAKOCTh IJIOTHOCTH P, YaaJeHa
Ha paccTosiHue A OT MOBEPXHOCTH XUAKOCTH. Onpefeute CHaIy,
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JIeHCTBYIOMIYIO CO CTOPOHBI XKHIKOCTH Ha GOKORYIO FpaHb TeTpa-
apa. ¥ CKOpeHHe CBOGOMHOrO MajeHHs g.

1.13. Ha nHe cocyma, KOTOpOe COCTaBJAgeT YroJq & C FOpH«
30HTOM, CTOHT KYG C, peGpoM @, CJeJaHHLIH H3 MaTepHasa
TUIOTHOCTH 0. Haiigute cHaty, ¢ KOTOPO#i Ky6 JeficTBYeT Ha JIHO,
eC/IH B COCYJl HAJIHTA JKHAKOCTD IIOTHOCTH 0y BepxHee pe6po
Ky6a HaxoJHTCd Ha PAaCCTOAHHH A OT MOBEPXHOCTH KHIKOCTH.
Mexny nHOM cocyla M KyOOM KHJIKOCTH HeT.

1.14. Tpy6ka pagumyca r 3aKpbiTa CHH3Y METaJHYECKHM
JHCKOM H MNOTPYXKeHa B JKHAKOCTb Ha rayOuHy [. Pammyc
nucKa R, Beicota Ai. Ocb AHMCKa OTCTOHT OT OCH TPYOKH Ha pac-
CTOAHHH @. [IMOTHOCTb KHIKOCTH Q,, IJOTHOCTb MeTaldna Q.
Jo Kakofl BBICOTHI HYXKHO HAJHBATh KHAKOCTb B TPYOKY,
4TOGBI JHCK OTOpBaJCA OT TPYOKH?

1.15. B kpblliKe cocyaa C BOAOH UMeeTCH LHIHHAPHYECKGE
OTBEPCTHe, IJIOTHO 3aKPbITOe MOABHXKHBIM NOpIUHeM. B mop-
weHb BJeaHa BepTHKaJbHas TpyOka. Pamuyc nopums 0 cm,
paguyc TpyOKH 5 cM, Macca MOpIIHA BMecTe ¢ TpyOkoH 20 Xr.
OnpenesinTe BHICOTY CTOJI6a BOJIBI B TPYOKe @pH paBHOBeCH./I
CHCTEMBL.

1.16. TlopuieHp, RepeKpPHIBAIOMIHH IUJIHHAPHIECKYIO TPY6-
Ky BHYTpeHHero paguyca 10 cM, MOXeT mepemewlaTbcsl € MO-
MOMIBIO JJHHHOTO BEDPTHKAJNBbHOTO IITOKA. TpyOKa ¢ NopIlHeM,
3aHHUMAIOIIHM KpalHee HHXKHee MOJOXeHHe, ONYHIEHA B IIH-
JHHAPHUIECKHH KoJogell paguyca 1 M Ha roay6uny 0,5 M. Ha
KaKy10 BBICOTY OT MepPBOHAYaJBHOTO YPOBHA BOJBL B KOJOAIE
MOXHO MOJHATb BOAY B TpyGke? ATMocq)epHoe JlaBJieHHe

10° [Ta.

1.17*. B no.nycq)epuqecxnn KOJIOKOJI, IJIOTHO JeXallui
Ha CToJle, HATHBAIOT Uepe3 OTBEPCTHE BBEPXY KHAKoCTb. Koraa
JKUJKOCTb JOXOJMT O OTBEPCTHHA, OHA NPHMIOIHHMAET KOJOKOJ
M HauHWHaeT BbITeKaTb cHH3Y. Halinute Maccy Kosokosa, ec/au
€ro BHYTPEHHHH paanyc paBeH R, a MJIOTHOCTb XKHIKOCTH Q.

1.18. JlokaxkuTe, 4TO. B JABYX COOGLIAIOLINXCH COCYJAax
JKHIKOCTB B OJIe TAXECTH HMeeT MHHHMANBbHYIO MOTEHIIHAJb-
HYI0 SHeprHio, KOorja YPOBHH XKHIKOCTH B, obonx cocymax
COBMaJaIoT. -

1.19*, B mHIHHADPHYECKOM cocyﬂe paauyca R, HamoJiHeH-
HOM KHJKOCTBIO MJIOTHOCTH ©, B GOKOBOH CTEHKE MMeeTcCs OT-
BepCTHe, 3aTKHYToe npobKoi. Kakyio paGoTy HYXKHO cOBep-
IIHTh, YTOOBl BABHHYTH NpoGKY Ha anuHy [? Ilpo6Gka umeer
BHJ LHJHHApPa pajauyca 7. LIeHTp OTBepCTHA HaXOMUTCA Ha VY-
6uHe h. Cocyp AOCTATOYHO BBICOK, YTOOBI BOAA H3 HEro He BBI-
JHBasach. TpeHHe -He YUHTHIBATb. : .
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1.20*, HalizuTe naBsieHHe Ha PacCTOSIHHHU 7 OT LIGHTPa KH]-
KOHl IJiaHeTHl pajauyca R, eCH KHAKOCTb UMEeT IUIOTHOCTD P.
UeMy paBHO JaBieHHe B LEHTpe mjaHeTul? I pasmauuonﬂaﬂ
HOCTOAIHHAA Y.

1.21. B cocye ¢ XKHIKOCTbIO HaXOAUTCS Ta30BHIi nysbpr.
INoas Taxkectn Her. CoCyx HauMHaeT JBHIaTbCA C NOCTOSHHBIM
yckopeHHeM. KyJa HauHeT JABHraTb-
cA Ny3BIpb?

1.22, Tlog kakuM yIJIOM K TopH- 1
30HTY pAaCHOMOXHTCA HOBEPXHOCTh AT
HHIKOCTH B COCYyle, CKOMb3fleM |, K
0O HAaKJOHHOH NJIOCKOCTH, COCTaB- M
Jsaouel yron @ ¢ ropusoHtoM? Ko- b
3¢hGHUHEHT TPeHHA [L. : ~6)- i

1.23*. 3akpHTHA NLHAHHAD pa- R__
auyca R, sanoaneHHbIH Ha 3/4 cBoe- . '
ro o6beMa XHAKOCTbIO MJIOTHOCTH P, - K sagave 1.23%,
BpalllaeTCAA B HEBECOMOCTH BMeCTe C .
JKHAKOCTBIO C YIVIOBOH CKOPOCTBIO @ BOKPYI CBOEH OCH.
Kak MeHsieTcss napneHHe B XHAKOCTH B 3aBHCHMOCTH OT pac-
CTOSIHHAL JO CTEHOK LMJIHHIpA?

1.24. Haitaute ¢opmy MOBEPXHOCTH XKHIAKOCTH B BEPTH-
KaJbHO PacnojioXXeHHOM IUJIHHAPHYECKOM CTakaHe, KOTOPLIH
BpaUIaeTcsi BOKPYT CBOEH OCH C YIVIOBOH CKOPOCTBIO @. ¥ CKO-
peHHe CBOOOAHOIO MajeHHA g. ‘

|
|
|
|

§ 4.2. Naasanue. 3akon Apxumena

2.1. Onpenenute AaBaeHHE XHAKOCTH Ha HUXKHIOKO NOBEpX-
HOCTb NJIaBaomell malGel ceueHUss S H Macchl m.

2.2. Ha rpanune paszena ABYX XXHAKOCTeH IJIOTHOCTEH Py
H D, NNaBaeT maiGa NJOTHOCTH P (P; << P << P.). BhicoTa
mai6e k. Onpenenute roryGHHY ee NOTpYXeHHA BO BTOPYIO
FKUAKOCTD. '

2.3. TOHKOCTeHHBIl  CTaKaH Macchl 1 BEPTHKAaJAbHO ILIa-
BaeT Ha TIpaHHLE pasjena XHUAKOCTeH miaoTHocTeldl py H Py
Onpepennte rayGHHY NOTPYKEeHHsl CTaKaHa B HHXHIOIO MKHA- .
KOCTb, €CJIH JHO CTaKaHa HMeeT TOJMUHHY A H maowaib S H
"CTakaH 3anoJIHEH XKHIKOCTBIO IJIOTHOCTH Py.

2.4*, B XHIKOCTH IVIOTHOCTH P, IJIaBaeT HPAMOYTONbHbLIH
napanyiesiénune] U3 MaTepHana IoTHocTy P. Bricota napanne-
Jenunena b, wupHHa H ajuHa @. TIpH KakoM OTHOIIEHHH @ K b
€ro NOJOXeHHe YCTOHUHBO?
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2.5. ﬂepeBHHI{bm Ky6 ¢ pe6pomM 0,5 M I/1aBaeT B osepe, Ha .
2/g MOTpyKEHHBI B Bony. Kakyio MEHUMAJIbHYIO paGoTy HYXKHO
COBEPLIHTD, YTOOHl YTOMHTL KYO?

2.6. Kycok xesnesa BecuT B Boge 1 krc. Onpenenute ero
ooweM. IlnoTHoOCTb xenesa 7,8 r/cms,

2.7. Teso B Boze BEeCUT B TPH pasa MeHbIle, 4eM B BO3JyXe.
YeMy paBHa MJIOTHOCTD Tesa?

2.8. K Kopowmblciy BECOB MOABEIIEHBI fBa Ipysa pannou
Maccel. Eciu 0MH M3 rpy30B MOMECTHTb B KUAKOCTb IJIOT-
HOCTH p,; & IPYroH B 3KUIKOCTh MJIOTHOCTH P, TO PABHOBECHE
coxpaHuTcs. Hafiiute oTHollleHHe NJIOTHOCTEH IpPy30B.

2.9%, B coo6maroiuecss cocybl AHAMETpoB d; U d, HaIuTA
JKUAKOCTb MJOTHOCTH p. Ha CKObKO NOAHHMETCH YPOEEHb
JKHIKOCTH B COCYJaX, €CJIH B OUH H3 COCYJOB MOJOXKHTD TeJI0
MacChl /M H3 MaTepHasa, IVIOTHOCTh KOTOPOro MeHbllle p?

2.10. Onpegeaute HaTsAxKeHUE HMXKHEH JIeCKH Y MOMJaBKa,
u306pa>erHoro Ha PUCYHKE, eCJH NOIJIaBOK norpymeH B BOLY
Ha 2/, cBoedl maumbl. Macca nomnaBka 2 r.

2.11. C KakoH cuJIOH JaBHT TsxKeJsas Majloyka Ha JHO
BOJOEMAa, €CJAH XECTKO CBfI3aHHBIA C MaJOYKOH MyCTOTeJbIi
IIApHK pajHyca ¢ NOrPy3uJacsa B XKUIKOCTb HanmoIoBHHY? [110T-
HOCTb XHUJAKOCTH p, IJHHA MaJOuKy /.

2.12. OmnpejenuTe HaTs2KeHHe HHUTH, CBs3bIBalOeH ABa
mapuka oobeMa 10 cM3?, ec/iu BepXHHUH IIapHK nsapaer, Haro-
JIOBUHY MOTPY3HBIIHCH B BoAy.. HHXKHUH 1Iapuk B TpH pasa
TAXKeJee BEpPXHero.

2.13. JlBa onuHaxoBBIX GpeBHA PAaCIONOXKEHHB TaK, KakK Io-
Ka3aHO Ha pucyHke. HuxHee 6peBHO NpUBA3aHO K BEePTHKa/b-
HOH CTEHKe TPOCaMH, COCTaBJSIOWIHMH ¢ HeH yroa 45°. Bepx-
Hee 6PEBHO HAMOJOBUHY HOFpV)KeHO B Boay. Onpezesute MJa0T-
HOCTb OpeBeH.

2.14.- Onpegenute CHAY JaBJeHUS GPEBEH MacCH M Ha CTeH-
KM KaHasna. BepxHee OpeBHO mnorpykeHo B -BOAY ' HamoJjo-
BHHY, a HHXHee KacaeTcsi BEPXHHM YUacTKOM MOBEPXHOCTH
BOJHI. ’

2.15%., Kak 3aBHCHT CHJ/Ia, MPUKHMAIOLLASA [1BA OJMHAKOBBIX
NONYUHJAMHAPA NJaBaollero Gatickada, oT IJYGHHBI €ro mo-
rpyxeHust H, eclu IJIOCKOCTb COMPHKOCHOBEHHS MOJYUUJHH-
JPOB: a) BepTHKaJbHa; 0) ropusoHTajdbHa? Panuyc 6aTuckaga
R, nnuua L, NJIOTHGCTE 3KUIKOCTH p.

-2.16%*, "loxaxuTe, 4TO CHJa, C KOTOPOH NMPHKHUMAIOTCS 1O~
JIOBHHBI cepHueckoro Gatuckada Jpyr K Ipyry, He 3aBUCHT
OT' HAaKJ/OHa IJOCKOCTH CONPHKOCHOBEeHHs mosycdep Oath-
ckada, eC/H OH. TIOJIHOCTBIO MOrPYKEH B XKHIKOCTb.
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2.17. Konuueckast npo6ka BHCOTH 10:CM C YIVIOM NPH By
"mmue 90° nepekphiBaeT oOTBepcTHe paguyca 5 cM. Uel
JIo/KHA OBITh paBHA Macca 3TOH npo6GKH, YTOGK! OHA He BCIJI
BaJia NP H3MeHEHHH YPOBHSA BOJIbL B cOCYe?

2.18*%. Pemmre 3amauy 2.17 npH YyCJOBHH, YTO OTBEpPCTHE
pazuyca r nepekprlBaer liap pajauyca R, a mJIOTHOCTb XKHAKO-
CTH paBHa p.

2,19%, HaksnoH Ky6HYeCKOH KOPOGKH, HANOJOBHHY NOTPY-
JKEHHOH B XKHJAKOCTb, paBeH «. OmnpejesiHTe MacCy Kaxaoro
H3 JIBY X NIPOTHBOTOJIOXKHKIX peGep KOPOGKH. Macco# qcTanbHEIX
yacredl KOpoOKH npeHe6peub. [110THOCTD XKHIKOCTH , AJIMHA
pe6ep KOPOOGKH a.

2.20*%, Onpenesnute MHHHMaJbHOE HATsKeHHe ABYX KaHa-
TOB, CBS3bIBAIOIIUX LWIHPOKHH IJIOT, COCTOSILMA H3 JABYX CJIOEB
6peBeH. Macca kaxnoro 6peBHa m. Bepxuuil caoll GpeBen 1no-
IPYKeH B BOJY HamOJIOBHHY.

2.21. B nuaunnp pazgmyca R, YacTHYHO 3anoJiHeHHBIH
JKHJKOCTBIO, TNajaeT LMJIHHADHYecKas npobka  pajHyca r H
BbicOTH h. Hauanbzas BECOTa HHMKHero Topla NpoGKH Hajx
YPOBHeM XHIKOCTH H, HauajbHas CKOPOCTb paBHa HyJ0. Ka-
KOe KOJIHYECTBO TelJ1a BBIISMHTCS K MOMEHTY OKOHUAHHS JIBH-
JKEHHS XHIKOCTH H Npo6KH? IlnotHocTh NpobKH Q, HJIOTHOCTD
KHIKOCTH Py => .

2,22, Kakoe KOJHYECTBO TeNJa BBLIIEJIHTCS B BOjOeMe
IPH BCIJHBBAaHHH B HEM BO3AYLIHOTO Ny3Hps pajuyca R =
= 0,1 M c ray6unnl H = 10 M? TlnotHocTs BOABL .

2.23. Kakyio MHHWMaJbHYIO DaGOTy HYKHO NPOU3BECTH,
YTOOHI BEITAILUTE CO JHA MOPA Ha 6opT cyiHa GaTucKad pajauyca
2 M? Macca 6amcxaqpa 35 T, rmy6una Mops 100 M, BeicoTa GopTa
cynHa 3 M.

2.24*%, s co3naHHsl HCKYCCTBEHHON TSKECTH LMJIHHPH-
yeckHH KOCMHYeCKHH Kopabib paiuyca R Bpalllaetcs BOKpYT
CBOeH OCH ¢ yIJI0BOH cKopocThio ®. Baccefin B KopaGae HMeeT
rayouny H, a nnoM GacceiiHa caiykuT 60KOBasi cTeHKa kopabas,

a) CMoxeT JIH KOCMOHABT IJIaBaTh B 3ToM Gacceitne? Onu-
IHTe 0COGeHHOCTh KOCMHYecKoro Gaccefina. Onpenesute nior-
HOCTb IJaBawllell B GacceiiHe NaJioukH AJHHBL [ << H, ecau
H3 BOJBl BLICTYyNAaeT €e BepXHAS YacTb JJHHH A.

6) B Gacceiine MoXHO HaGMOnaTh CleAyIOLEe HHTEPECHOE
‘sIBJIeHHe! JBa Illapa pPasHOH NJIOTHOCTH, CBSI3aHHble HHTHIO,
B 3aBHCHMOCTH OT <TJIYGHHBI» IBHKYTCA HJH K CBOGORHOH
NOBEPXHOCTH, HJH K CTEHKe KOCMHYeCKOro Kopabusi, eclH
fIVIOTHOCTb OJHOTO Wapa GoJbllle, a ApYroro MeHbllle NMJOTHO-

~CTH Bojbl. OGBACHHTE 3TO SIBJIEHHE. ‘
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. 2.25. Hnnnﬂapnqecxnn COCYA paauyca R, 3anoJiHeHHbIH
,;maxocn:}o IJIOTHOCTH g, BpalllaeTcsl C YIVIOBOH CKOPOCTLIO M
BOKPYT CBoeH ocH. B cocyae HaxopuTcs IIapHK pajuyca r U
. IJIOTHOCTH" p > p,. Halipure cuity, ¢ KOTOpOi IIApHK JaBHT HA
GOKOBYIO CTEHKY cocyJa.

'2.26. HHJIHHLLPP"—IEECKPIH cocyn pajpuyca R, 4aCTHYHO 3a-
NOJIHEHHBIH KM KOCTbIO, BPalllaeTCsl BMECTE C YKHIKOCTLIO BO-
Kpyr cBoedl ocu. K Gokosoi . .|
CTeHKe COCYAa HAa HHUTH JJH-
_ HHl [ pUBSi3aH BO3AYIIHHY Ila-
PHK paaMyca r; BO BpeMs Bpa-

K sapaue 2.22, ’ K sanaue 2.26.

IeHHs1 HHUTb 06pasyeT co cTeHKOH yroa a. OnpejennTe yIio-
BYIO CKOPOCTH BpalleHHS. Hone TSXKECTH HaNpaBJIEHO BAOJb
ocH cocyaa

§ 4.3. [ABuxeHue uaeaibHONH KUAKOCTH

3.1. HacocHas craHuus ropoja moamep’KUBaeT B BOJAONPO-
BOJie Ha YPOBHE MEPBOTO 3Taxa AasjeHde 5 at. Onpejennre
(npeHebGperasi TpeHHEM npn TEYEHHH MKHUJKOCTH) CKOPOCTb
CTPYH BOJBI, BBITEKAWOLleH H3 KpaHa Ha IePBOM, BTOPOM H
TPeThbeM 3Ta)kaX, eCJH KpPaHhHI KazxJl0ro MOCJeAYIOLETO 3TaXKa
pacrnosioxeHbl Ha 4 M Bbitie. Ha Kako# 3Tax BOJa M0 BOAONPO-
BOAY YyXKe He nozundMeTCﬂp

3.2. Cocyz ¢ BOAOH noaBelleH K HOTOJIKy BricoTta BOabI B co-
cyae k. Ha ckobKO H3MEHHTCA HaTsiKeHHe MoiBeca, eciu
B JHMILNE COCYJa OTKPHITb MaJleHbKOe OTBEPCTHE, U3 KOTOPOro
BbITeKaeT cTpysi ceueHHsi S? ILnoTHOCTb BOAHI P.

3.3. Hacoc no/mkeH N0jJaBaTh eXeCeKyHAHO o0beM Q BOAbI
Ha BBICOTY A o TpyGe mocTosiHHOTO ceuenus S. Kakopa LlOJI}KHa
6BITh MOILHOCTL Hacoca? [TIOTHOCTE BOABI o.
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- 8.4, a) CranuMoHapHBIA NOTOK KHAKOCTH, NpOoTeKalolieH Mo
TpyOe NMepeMeHHOro CeueHHsi, NapHT C cwioli-F Ha yuyacTok A
MeX1y cedeHHsIMH ] W 2, KOTOpBI MO TperbeMy 3aKoHY Hblo-
TOHA JIaBHT C TaKOH XKe CHJIOH B IPOTHBOIOJOXKHOM HalpasJe-
nHun. CirefoBaTesIbHO, CyMMapHasi CuJa, JiedcTBytoniasl Ha KHI-
KOCTb GO CTOPOHBI 3TOrO y4YacTKa, HampaBJ/ieHa IPOTHUB JIBHKE-
HHUS KUAKOCTH. [ToueMy Ke XKUIKOCTh B 06/1aCTH 2 HMeeT GOMb-
HIVIO CKOPOCTh, YeM B oGJuactu 1?

6) Uemy paBHa cyMMapHasi cuJsa, NeHCTBYOIlasi Ha KHI-
KOCTb CO CTOpOHHI yyacTtka A? Ilmomanu cevenuii B obnactsix
I u 2 paBunt S; u S,. TlnotHocTh XKujakocTH p. B 0o6nactu 2
CKOPOCTb XHJAKOCTH paBHa v, AaBJeHHe paBHO HYJIO.

F ==

K sanaue 3.4. K sagaue 3.5.

3.5. M3 mmpoxroro cocyna uepes Y3KYIO LMJIHHJPUYECKYIO
TPYOKY BBITEKaeT XKHJKOCTb TJIOTHOCTH Q. Kak pacmnpejeneHsl
N0 BepTHKA/JIH JaBJeHHe H CKOPOCTb KHJKQCTH B COCyJe H
TpyOKe? llaBienue Bosnyxa Pg.

3.6, Ilo u3oruyTo# noj npsiMbBIM YIVIOM TPyOe MONEepeuHoro
CeueHHsT S €O CKOPOCTBIO U TeueT MHAKOCTh IIJIOTHOCTH (.
C KaKoii CUJION XKUAKOCTb JeliCTBYeT Ha TpyOy, eCau JaBJjeHue
YKHAKOCTH Ha BEIX0Jie 3 TPYGh! P? Cuilol TsXKeCTH npeHebpeub.

3.7. Hacoc npejcraBiasier coGol pacno/IOKeHHbIH FTOPH30H-
TaJbHO UMJIHHJD C HOPIUHEM NJIomajd S W BHXOJAHEIM OTBEp-,
CTHeM IJIOLIA/IM S, PACNOJOKEHHBIM Ha ocH LuHApa. Onpeje-
JIUTe€ CKOPOCTb HMCTEYEHHs] CTPYH HM3 Hacoca,- €CId NOplLIeHb
1o JeCTBHeM CHJIBL F mepeMelaeTcst ¢ IOCTOSIHHOH CKOPOCTBIO.
ITlnoTHOCTD KHAKOCTH .

3.8. Ilo HaKJIOHHOM IIOCKOCTH CTeKaeT IHPOKHH MOTOK
Bojbl. Ha paccrosiuu ! no TeucHuio INTyOGHHA NMOTOKA YMEHbLIH-
Jack BaBoe. Ha KakoM paccrosiHMM IIyGMHA NMOTOKA YMeHb-
umTes B 4 pasa?

3.9. Ilmura maccht m yJnep:XKuUBaeTCsl Ha MecTe B I'OPH30H-
TaJbHOM NOJIOKeHUH N CTPYSMH HKUJIKOCTH, GBIOIMMH BEPTH-
KaJIbHO BBepX M3 OTBepcTHH ceyeHHsa S kaxpoe. CKOpOCTb
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JKHIKOCTH Ha BbIXOfe H3 oTBepcTult v. Ha Kakofi BmIcoTe Hajg
OTBEPCTUAMH YEePIKUBAETCH IUIUTA? : 1

3.10*. Bo tkosbk0O pa3 yBeAMWMHTCH CGpPOC BOUH uepes
IIHPOKYIO IJIOTHHY, €CJIH YPOBEHb BOJAK! HaJl KPOMKOH MJIOTHHBI
Bo3pacTer B 2 pa3a? [1podub mIoTHHE U306paxkeH Ha PUCYHKE.

3.11*. Bogmoc6poc U3 WHpPOKOro MJIOCKOTO COCYa NPOHCXO-
JMT Yepe3 TPeYToJbHbIH BLIpe3 B €ero KpoMke, Bo ckonbko pas
YMEHBUIMTCA BOAOCOPOC NpH NOHHUMEHHU YPOBHA BOABl OT
H 1o h?

3.12. Ilnockas GecKoHeyHass CTPYS XHIKOCTH TOJIIMHE A
najaeT Mmoj yTJOM ¢ CO CKOPOCTBIO U Ha mJockocTh. Ha kakuc
CTPYH pacmajaercs Najaiouas cTpya?

3.13*, JlBe mnuiacTHHBHI, pacmosioXeHHble MNOJA YrJioM 2a
DPYT K APYTY, ABUKYTCH CO CKOPOCTBIO U 10 HOpPMaJIIM K CBOHM
noBepxHocTM. Haiigute ckopocTu cTpyii, BOSHUKAIOMUX MNpH
CTOJIKHOBEHUH IUIAaCTHH, €CJIH JBHIKEHHe MaTepHaja MJacTHH
paccMaTpHBaTh KaK JBHXKEHHE UJeaJbHON XKUJIKOCTH.

3.14*, Onpegesure ¢opMy CTanuOHapHOH CTpyH moCje
CTOJIKHOBEHHS ABYX CTPYH paguycoB R W r, KOTOpHle JBMra-
JIHCb HaBCTpewY APYr APYry C ONMHAaKOBHIMM CKOPOCTSIMH.
© 3.15. «.. B 1941 rony HeMubl NpHAyMaaH KyMYJATHBHBIH
NpOTHBOTaHKOBLIi cHapax. Ha konyce cuapana — 3anad. [pu
yIape OH BBbI3bIBAaeT JETOHALMIO H BOCIUIaMeHseT BeChb 3apal.
Cuapsp mpo6uBaet Bcio 6poHio. B 1944 ropy Takue Hemenkue
CHapsAJb NMONANH B HalllH PYKW ‘H PYKH cOIO3HHKOB. Hauascs
HIMpOKU# 3KcrnepuMeHT. IIpu 3TOM 0GHApYXHJIM MHOTO JONOJ-
HHTEJbHBIX 3(¢dekToB H mnapagokcoB. Craiy BBICHATb —
YTO JKe JICTUT, yTo nmpobuBaer? CnepBa AyMaJjH, YTO 5TOT CHa-.
psl -GpoHeNnpoXUTaomui, 4T0 GPOHIO NMpPOH3aeT CTPys rops-
uero rasa. Her, okasanoch, 4To JIeTHT MeTaJl1...: mepej IVIHTOH
€0 CKOpOCThio 8 kM/c, BHYTPH IVIUTH 4 KM/C, 3a MJIMTOH CHOBA
8 kM/c» (M3 BcTynmuTesIbHOTO ClioBa nmpeacenaredas [Ipesuauyma
€O AH CCCP akanemuka M. A. JlaBpenTtbepa nepej ywalilu-
mucs JleTHell (usvko-MaTeMaTHueckoii mgosel B 1971 roay).
O0pAcHuTe 3TO sBjeHue. Onpenenute, ¢ KaKOH CKOPOCTbIO
JBHTa/1ach CTEHKa MeTaJJIMYeCKOH KOHWYeCKOH NOJIOCTH, Mepe-
KpbiBaiowell 3apsj, ecay yroa npu Bepiiume nosoctd 30°.

3.16*. T1IOTHOCTL XUAKOCTH p. B HauaJbHBIH MOMEHT
OHA 3anoJIHAET BepPTHKANbHHA yYaCTOK MIMHH I B TOHKOH
L-o6pasuoii Tpy6xe. Haligute, Kak 3aBHCHT OT BPEMEHH BhI-
coTa YpoOBHA xHaKocTH. Halinute pacnpelienenue RaBieHus
B MOMEHT, XOTJja BEHICOTa CTO02 YMEHbIIHTCH HABDADBHHY.

3.17*. U3 oTBepcTHs B XKHe BHCOKOTD COCYZR BHTCKaer
poja. CeueHne cocyaa S, ceucHue CIPYH 8. Yposeab ROZH B CO-

1,38 » . . -~
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CyJle nepemelIaeTcs C MOCTOSHHBIM yCKOpeHHeM. »
Hafigute sto0 yckopenie.

3.18. B nuiuHgpe ¢ NopLUHeM HaXOIHTCH BO-
Jla, BHYTPH KOTOpPOH B HauaJbHBIH MOMEHT HMeeT-
cs nojioctb o6beMa V. IloplieHb OKasblBaeT Ha
BOIY IOCTOSIHHOE JaBieHue P. Kakyio sHepTHIO
NpHOGpeTeT BOJa B MOMEHT, KOTAa IOJOCTb HC-
4ye3HeT?

K 3anaue . i
3.16%, 3.19%, ‘PaccMorpuTe «3aMbIKaHHe» cdepuye-

CKOH nosioctd B GoJbllioM BojoeMe. [laBieHue
Boasl P, HauanbHeIfl pajguyc tonocTH R. Onpepenure €Ko-
pOCTb BOJIbI HA TpaHHMIle MOJNOCTH B MOMEHT, KOTJa ee pajuyc

-t

ObL1 pPaBEH 7.
3.20. a) OneHure, npd Kakoil CKOPOCTH KPOMKH JIOMAaCTH

BHHTA KaTepa 3a JIONACTBHIO BOSHHKHET- MOJOCTD.

© . 6*) Ilpn kKakoHl HHTEHCHBHOCTH YyJbTpasByKa B BOJE IpH

aTMoehepHOM NaBJeHHH HAYHYT MOABJAATHCHA MHKpOHOJIOCTH')

C}KHMaeMOCTb 1301151 5.1071° []a™t.

§ 4.4. TeueHHe BSI3KOH MHAKOCTH

4.1. TIpocrpaHcTBO MexIy ABYMS MapajeNbHBIMH IJIOCKO-
CTAMH 3aHOJIHEHO KHAKOCTbIO BA3KOCTH M. OfHa H3 MIIOCKOCTel
- ABHKETCS CO CKOPOETBIO Uy, Apyrad nokoutcs. Hafigure pac-
Ipejie/IeHHe CKOPOCTel KUAKOCTH MEXIY MJIOCKOCTAMH H CHIY
BA3KOCTH, J.leHCTByEOHLyEO Ha eJHHHIY [JIoLLanu Ka)KlIOH H3
IIOCKOCTEHR. PaccrosiHue Mexay MJIOCKOCTAMH h.

4.2. Hahuute pacrpegenetiie cKopocTel NPH yCTaHOBHB-
meMcs TeUCHHH KHMIKOCTH MeXIy ABYMS IJIOCKOCTSAMH. Pac-
CTOAHHE MEXKNY NJIOCKOCTAMH h, BA3KOCTb XKHJAKOCTH 1. Hafi-
Aute pacXOl XUAKOCTH HA eHHHIY LUMPHHLI MOTOKA, €CJIH Ie-
penan NaBJ€HHS Ha eNUHWNY AJHMHB (B HAaIpaBJEHHH [BHXKe-
HUfA }KH}IKOCTH) paBeH AP.

4.3*. JKunkoctb nepexaunsaetcs M3 OHOTO coCyAa B APY-
roit uepes NIHHHYIO TpY6Ky paauyca R  IJHHSI {. Onpenenure
'3aBHCHMOCTb  CKOPOCTH JKHAKOCTH OT PAacCTOAHUSA OO CTeHKH
TpyOKH, €CIH DasHOCTh fgaBJeHHH Ha KOHHAX TPYOKH AP,
BA3KOCTb KHIKOCTH 1.

4.4. Onpenenute Pacxo) KHIKOCTH Ha €IMHHIY LUHPHHEI
IJIOCKOTO NOTOKa, CTeKaloWero Mo HaKJOHHOH IJIOCKOCTH MOJ
YrJoM ¢ K TODHU3OHTY. BsA3KOCTE H NJIOTHOCTBL KHIKOCTH 1
u po. TonllMHa notoka h.

- 4.5. B tpyGe MIepeMEeHHOTO CeYeHHUS NOANEPKUBAETCH CTa-
LIHOHAPHOE TeYeHue BA3KOH KUIKOCTH. B ceuenusax I u 2 cko-
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pPOCTb MOMXHO CYHTAThb TOCTOSIH-
HOH 1o .ceveHuto. Ilmomany ce-
yeHuit I u 2 paBHM S; U S,
JlaBreHHUs1 KUIKOCTH B cede-
muax I u 2 P, u P,. Cxopoctb
TEUeHHS XKHIKOCTH B CeueHHH
1 vy. Hafinute cuany, ¢ xoto-
poll KHJKOCTb AeHCTBYeT Ha Y4acTOK TPyGbl MeXIy ceue-
Husmu 1 u 2. .

K sanave 4.5.

§ 4.5. NoBepxHOCTHOE HATAXECHHE XUAKOCTH

UTto HasbiBaeTCs MOBEpXHOCTHBIM HaTskeHHeM? Ilpu-
BeJHTe TNpPHMEPHl NpPOABJEHHUS CHJI NOBEPXHOCTHOTO HaTfAXe-
HHSA.

5.2, Tlouemy BOJa B KaGuHe KOCMHYECKOrO KOpalbssi «BH-
CH» B Boslyxe B (opMe luapa? Hem Menblle KaneJbKH PTYTH
Ha 1oJy, TeM 6ogbiie HX popma
noxoxa Ha cdepy. ITouemy?

5.3. Ouenurte MakCHMaJb-
HBIH pasMep Karesab BOJBI, KO-
TOpHIE MOTYT <BHCETb» Ha MO~ |
Tosike. TloBepXHoCTHOe HaTA-
JKeHHe BOIBI 73 JHH/CM. [

5.4. Tlnenku ABYX KHUJKO-
CTeli pa3sfesieHbl MIaHKOH JJH-
ubl /. JloBepXHOCTHEIE HATsAXKe- : K sagaue 5.4.

HUs MUAKOCFeH 0 H 0,. Kakasa
CHJIa -REHCTBYET HA MJIAHKY?

5.5. Hatigute moBepXHOCTHOE HATAMeHHe XKUAKOCTH, €CJH
heTVisl M3 PE3UHOBOH HHUTH AJUHBI [ H ceyeHHs S, HOJOKEHHAA
Ha IJIeHKY KHAKOCTH, PACTAHYJIACh MQ OKPY2KHOCTH paauyca R
nocJe TOrO, KaK MJeHKa Oblia NPOKOJIOTa BHYTPH HeTsiH. Mo-
LyJb [Oura peaunsr E.

5.6, a) JKunkocTs He cMauuBaeT TBEPAOE TeJIO, ecau o,
-l- G, = Oy,, TI€ Oy, O; H O, — NOBEPXHOCTHBIE SHEPTHH KU~
KOCTH, TBEPJAOrO Tesia W TPaHHIbl XKHIKOCTb — TBEPJOe Teqo.
M3 xaxux ¢usnueckux COoGpaxeHHH CJeLyeT 3TOT pe3yJib-
Tar? ‘

6) Koraa KHAKOCTb MOJHOCTBIO CMayHBaeT TBEPJOe TeJo?

B*) OnpenenuTe KOCHHYC KpPaeBOro yria § uepes o,
Ory Oyre

5.7. )Kenesublfi KyO6HK, cMasaHHHIH napauHOM, HJiaBaeT

B Bojie TaK, 4TO er0 BepXHssA I'paHb HaXOJUTCS Ha YPOBHE BOAHI.
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Boxa ne cmaumBaeT napaduu: IToBepxHOCTHOE HaTsKeHHE
Bozbl 73 nuH/cM. Hadfigute anury rpani xy6uka.

K 3agaye 5.6, K sanaue 5.8,

5.8. Bo CKOJIbKO pa3s MI0THOCTD BellleCTBa AJHHHOM NaJIOUKHU
C KBaJpaTHEIM CeyeHHeM GOsbllle MJIOTHOCTH MKHIKOCTH, €CJH
NaJIouKa NJ1aBaeT Ha ee NOBEPXHOCTH TaK, KaK 3TO MI0Ka3aHO Ha
pHCyHKe?

5.9. Onpejie/iiTe MaKCHMAJIbHYIO MacCy eIHHHIL MJIOWANH
TJIACTHHEI, KOTOPAsi He <YTOHET», €CJIH €€ OCTOPOXKHO MOJNOXKHTD
Ha TMOBEPXHOCTb BOAM. IlnacTHHa BOJOH He cMaumBaeTcH.

5.10. OueHnte, KaKuM AOMKHO GHITH yCKOpeHHe CBOGOZ-
HOTO MajicHH A Ha IJIaHeTe, YTOGH YeJIOBEK MOT «XOMHTbY 110 BOJIE
B OGYBH C HecMauyHBaeMLIMH BOJOH MOJOILBAMH.

5.11*. JlnunHas MacTHHA WHPHHBLL [ NPHBeeHa B COMpH-
KOCHOBEHHE C MOBEPXHOCTBIO XKUAKOCTH. 3aTeM IJIACTHHY CTa/ld

K sapaue 5.11%,

noaHuMaTh BBepX. Kak 3aBucuT cuua, feHicTBylomas Ha efgu-
HHIY AJIMHBL [JIaCTHHBI, OT BHICOTH €e mogbeMa x? I1JoTHOCTB
¥KHAKOCTH P, NMOBEPXHOCTHOE HaTAXKeHHe ©. Macca eRHHHIEL
RJIMHE TWIACTHHEL M. ’

5.12. a) CymMa cui1, JefiCTBYIOIHX Ha BBIAGJEHHEI Ha pH-
CyHKe OGBEM JKHAKOCTH, paBHa HyJmo. [Tonbsysch atum, onpe-
AeJHTe BHICOTY, HAa KOTOPYIO JKHAKOCTb MOAHHMETCH NO BepTie
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KanbHO#H cTeHke. KpaeBo#t yroa §. [ToBepxHOCTHOE HaTsKeHUe
H IJIOTHOCTb XKHJKOCTH O H p.

6) Ha xaxylo BHICOTY NOmHUMETCS BOja IO BepTHKaJbHOH
CTeHKe, KOTOPYIO OHA MQJHOCTbIO CMayHBaeT?

5.13, a) Onpeﬂe.nme TOJIIUHY CJIOA XKHJKOCTH, Pa3jHUTOH
Ha TOpU30HTaJbHON miockoctH. KpaeBo#l yron @, mIoTHOCTB
JKUAKOCTH P, HOBEPXHOCTHOE HATSXKEeHHEe O.

6) Onpezle.nme TOJILIMHY CJIOSl BOABI, PA3/HTOH Ha TOPH3OH-
TaJbHOH IJIOCKOCTH, HOKPBITOH napaduHOM.

5.14*, a) Bo.nbmoﬂ YYacCTOK XKHAKOCTH IIOKPBIT C/IOEM MacJja.
IToBepXHOCTHOE HATSIXKEHHE M IJIOTHOCTb JKHAKOCTH Oy H Py,
NOBEPXHOCTHOE HATSAXKEHHE H IJIOTHOCTh Mac/a O, H P, << Px»
NOBEpXHOCTHOE HATAMKEHHUE I'PaHHIbl XKUAKOCTb — Mac/o om.
Onpenenute TOMIMHY CJIOS MacJa.

6) ¢... «Apro-MepueHT», TaHKep BOAOH3MelleHHeM 28 691 T,
HanopoJscst Ha pud; KOpIyC TaHKepa pa3BaJHiCs HajBOe, Bbi-
TJIECHYB B MOpe NOJIHEIH rpy3 HedTH. UepHble niTHa HedTH pac-
NOJ3/UCh Ha THICSYH KBaJpaTHHIX MHJb...» (Henens, 1977,
Ne 19). Ouenute ofmylo mjomanb STHX INATEH. HOBerHOCT-
Hoe HaTskeHHe Hedtu 30 auu/cM, miotHocTs Hedru 0,8 r/cm?,
HeTh He CMayHBaeTCHA BOJOH.

5.15%, JlokaxuTe, YT0 OGBHEM KHIKOCTH, KOTOPHIH MOAHH-
MeTCs HaJl ee O6MUM ypOBHeM (Ha PHCYHKe 3TOT o6BbeM OThe-
JleH LITPUXOBOH JIHHUElN), 3aBHCUT TOJBKO OT NEpHMETpa ceyes
HHUS NOTPYKEHHOH NAaJOYKH M He 3aBHCHT OT (OpMBI CEUeHHS.

5.16. a) llox@)xme, YTO JaBjeHHe NOJA LUHJIHHAPHYECKOH
NOBEPXHOCTBIO KHAKOCTH paauyca R paBHO o/R (0 — mo-
BEpPXHOCTHOE HaTsXKeHHe X(H}lKOCTH) -Jlais nokasaTesbCcTBa BOC-
© MONIb3YHTeCh YCIOBHEM DaBHOBECHSI O6BEMa MHIKOCTH, Jlexa-
1Iero Haj IJIOCKOCTbIO A.

6) Jlokaxute, yTO JaB/JeHHE B 3TOH Ke XKHAKOCTH oA cde-
PHYECKOH IOBEPXHOCTbIO paauyca R paBHO 20/R.

5.17. Onpenenute MHHUMaJbHOE U MaKCHMaJlbHOe JaBJjle-
HHA BHyTpu chepHuecKOl KalJH KHAKOCTH, KOTOpas IJiaBaeT
B JpYyro# »KHAKOCTH. PaccTosiHue HeHTpa KaIUIH OT IOBepX-
HOCTH XHJKOCTH H, pafiuyC Kanau R, NJOTHOCTH XHJAKOCTeH p,
NOBEPXHOCTHOE HATSXKeHHe Ha TPaHHuLe pa3jiena XKUAKoCTeH o,

5.18., JKuAKOCTb CMayHUBaeT BepPTHKAJbHYIO CTEHKY (CM.
pHC. K 3ajaue 5.12). Kak 3aBHCHT pajuyc KpHUBH3HBI IIOBEpX-
HOCTH KHJKOCTH OT BBICOTBI X, HA KOTOPYIO NOJHUMAETCS XU/~
KOCTb HaJl CBOMM YpOBHeM? [1J0THOCTb XHMAKOCTH p, NOBEpX-
HOCTHOE HATSKEeHHe O. '

- 5.19. Buemmnuii - paguyc MBUIBHOTO Nysbips R, TOMIHHA
cTenku h. Yemy paBHO JaBJeHHe BO3yXa BHYTPH Hy3blpﬂ7’
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"B ninenke xuakocTH? JlaBneHue BO3AyXa BHE Ny3blpsi pas-
Ho P.

5.20. OueHme, CKOJILKO MOXHO YHECTH BOABI B peluere?
Pasmep syefiku 1 X 1 mm?, mnomaznp peitera 0,1 M2, Pemwero
BOJOH He CMAauyHBaeTCs. -

5.21*, JIa Nerkux Ttesa, oba CMayuBaeMble HJIH 063 He-
CcMauMBaeMbie BOJOH, 1y1aBasi Ha NOBEPXHOCTH BOABI, IIPUTATH-
BAIOTCA APYT K Apyry. Ecau xe ogHo Testo ¢MaunBaeTcst BOJOH, |
a Jpyroe He CMauyHBaeTCs, TO Tela OYAYT O1TalKHBATbCS.
O6bscHuTE 3TO SBJICHHE. ,

5.22*, ManenbKasi Kamis KHpa IJIaBaeT Ha MNOBEPXHOCTH
XKHAKOCTH C NOBEPXHOCTHEIM HaTsixkeHHeM o. [loBepxHocTHOe
HaTs’KeHUe KUPa Ha I'PaHUIE BO3AYX — XKHP Oy, HA CPaHHLE
KHP — KUAKOCTh 0, Onpenesure TOMIHHY KalH, €CJIH ee
pajHyc paBeH r.

5.23. Ha mbiibnoM nyswipe paguyca R «CHAHT» NY3bIPb pa-
nuyca r. Kakoll paguyc KpUBH3HBI HMeeT IJIEHKA, HX pasieJis-
oias? Kaxue yrinl 06pasy}0T JIEHKH B MeCTaX HX CONpPHKOCHO-
BEHHA?

5.24*, Paguyc KpPUBH3HBI Kaljid B Bepxhell Touke R.
UeMy paBHa Macca KalJH, eCJIH BBICOTA Kamju A, paguyc co-
MPUKOCHOBEHHUS KAIJIH C FOPH30H-

TaJIbHOH MJOCKOCTBIO, Ha KOTOPOH T —
OHa «CHAUT», paBed #? [IIOTHOCTD W= ]
KUAKOCTH P, NOBEPXHOCTHOE Ha- A i
TAXEHHE O, MJIOCKOCTh He CMauu- ; \<’ ! Y
' BaeTCs XKUAKOCTBIO. LN

5.25%, Ha uerTHpe pTYTHHIX ',Lj/ N
HapuKa, JeXkalliX Ha FOPU3OH- TR
TalbHON IJIOCKOCTH, OCTOPOKHO ~
KJafyT KBajpaTHYI0 MJACTHHY K sagase 5.25%

TaK, KaK Hu300paxeHO Ha PHCYH-

Ke. Paauyc wapukos . 1 MM, Macca

nyactdHel 80 I, MOBepXHOCTHOE HaTsXKeHHe PTYTH 5OO JIUH /M.
CMauuBaHHA HeT.

a) Ha kaxom paccTOssHHM OT rOpH3OHTANLHO - ITOCKOCTH
OyneT HaXORUTbCS HHIKHSAS NMOBEPXHOCTb NJIACTHHBI?

6) Onpexenute YacToTy MagbiXx BEpPTHKaJbHBIX KOaeGaHHM
MJ1aCTHHHL.

5.26. Kaxkyio pa6oTy NpOTHB CHJI NOBEPXHOCTHOI'O HaTsXKe-
HHUSI HY?KHO COBEPILUTE, YTOOHI: a) pasbuTh ChepHUECKYIO KaIJI0
PTYTH paguyca 3 MM Ha JiBe OJHHaKOBBIC KallJiH; 6) yBEeJHUYHTD
BIBOe 00beM MBUILHOTO My3BIpfl paguyca l cm?

.
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§ 4. Kannﬁmpime ABJEHHSA

6.1, a) [lpu ynanenuu c TOBEPXHOCTH TKAHH JHPHOTO AATHA
peKoMeHAyeTCs] CMauHBAaTh NPOIHTAHHON GEH3HHOM BaToM Rpas
nsATHa, a He caMo nATHO. [louemy? .

6) I[.nﬂ TOro yToGbl Masbh Jyulle BIIHTHIBANACH B JbIK-
Hble GOTHHKH, KaK HX HYXHO HarpeBarh: CHapyxm HJIH H3-
HYTpH? .

6.2. Kanuaasip paguyca R ONyCKaloT B CMauyHBaloILYIO
XKHJIKOCTh C MOBEPXHOCTHHIM HATSXKeHHeM O U IIJIOTHOCTBIO .
OmnpeznennTe BHICOTY, Ha KOTOPYIO NOMHHMETCS JKHIKOCTB.
Hapucyiite rpaguk 3aBHCHMOCTH JaBJleHHS B CTOJIGe YKHIKO-
CTH B KalHJJsipe OT PacCTOSIHHSI IO YPOBHSI JKHIKOCTH B CO-
cyne. Omnpesenute paGoTy, COBEpUIEHHYIO CHJIaMH IOBepX-
HOCTHOTO HATSXKEHHS, H IOTEHIHAJbHYIO SHEPTHIO XKHJIKOCTH
B KalHMISpe. ‘I"IOqemy 3TH BEJIMUHHEI He COBNAfAOT?

6.3. Kakylo oTHOCHTeNbHYIO OmHOKY MbI JOIyCKaeM NpH
H3MepeHuH arMocepHOro [HaBJeHHs MO BLICOTe PTYTHOTO
crosifa, eCJH BHYTpeHHHH nuaMmeTp 6apOMETPHUECKOH TpPyOKH
‘5 MM, MOBEPXHOCTHOE HaTshkeHHe PTYTH 480 muH/cMm?

6.4. B Tpex OTKpHITHIX' KANMJJASpaX HaXxomuTcA Boja. Ilpu
BePTHKAaJbHOM MOJIOXKEHHH KallHJJISPOB Boja obpasyeT CTOJj-
OHKH NuHBEI 2, 4 1 2,98 cm. BHyTpeHHH uaMeTp KanuJJaspeB
1 mm. Hafinute paguychl KpHBH3HBI HHKHHX MEHHCKOB B KaX-
JIOM H3 KaNWJJISPOB, €CJH CMauHBaHHe MOJHOE.

6.5. BepTukaabHBIA KanmuIgp pafinyca r U BHICOTH h coe-
JHMHEH C IUHPOKHM COCYAOM TPYGKOH. ¥YpOBeHb XKHJIKOCTH B CO-
CyJe NMOBBIILAETCS CO CKOPOCThIO U. Kak 3aBHCHT pasHOCTh ypoB-
Hell XKHIKOCTH B COCyIle H KamuJjsipe oT BpemeHu? Uepes Ka-
KOe BpeMs JXHIKOCTb HaYHeT BRUIHBATBbCS H3 KalHJispa?
IloBepXHOCTHOE HaTsI2KEHHE XKHIKOCTH O, IJIOTHOCTb O, CMauH-
BaHHe [OJIHOE,

6.6. )KugkocTh B JJIHHHOM KalHJISIpe MNOJHHMaeTcsl Ha

BeIcOoTY h. OnpejienuTe pajHyc KPUBH3HBI TOBEPXHOCTH JKHAKO-
CTH Ha KOHIe KOPOTKOTO KalHJIsApa JUIHHEI [ < h. Paguychl
KanmuaJaspoB R, kpaeBo# yroa §.
. 6.7% Kann.n.nﬂp, HalOJIOBHHY 3alOJHEHHBIA KHJIKOCThIO,
Bpamaercsl BOKpYF ocH O0’. IauHa kanuansipa 21, paguyc r.
I1noTHOCTL KHAKQCTH @, IOBEPXHOCTHOE HATsKeHHe o. Kui-
KOCTb IOJHOCTBIO CMauHBaeT Kanu/iasip. [Ipu KakoH ytTJoBo#
CKOPOCTH JXHJIKOCTb HAuHeT BHITEKAaTh W3 Kanwjaaspa?

6.8. B xanuaaspe, onmymeHHOM BePTHKaJbHO B BOIY Ha
ray6uHy [, Boja mojHsA/Mach Ha BHICOTY h. HuXHHA KoHen
KalHJJ5pa 3aKpPhIBAIOT, BRIHUMAIOT KAIHJJISP H3 BOJB H BHOBb
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otkpeiBaoT. Omnpégenute pauHy " cros6a BOJABl, OCTaBlLeiicsd
B KanuJ/Jjspe, ecyiH CMayHBaHHe NOJHOoe.

6.9%. B cocyxn ¢ BOZOH omycKalOT H3OTHYTHI CTEKJAHHbII
kKanuaaap paguyca r = 0,1 mM. TeMnepaTypHas 3aBHCHMOCTD
NOBEDXHOCTHOIO HaTAXEHHA MoKasaHa Ha PHCYHKe. B Kakom
,unanasoﬂe TEMnepaTyp BOJa MOTEUET H3 COCyna, ecau f =
=15 em?

6.10. Kyna 6ygmer gBurathca Kamias CMayHBawouWell W lie-
CMayHuBalomed XHAKOCTH B TOPH3OHTAMBHO PAaCloOKEHHOM KO-
HHYECKOM Kamujjasper

6.11. Ha kakyio BBICOTY HNOAHHMETCH >KUJKOCTb IO BEPTH-
KaJIbHOMY KOHHYECKOMY KaNW/JAApY € YIJIOM [IPH Beplluie
a < 1? [110THOCTD KHAKOCTH P, NMOBRPXHOCTHOE HaTsXKeilke J.
K1 iKOCTb NOJIHOCTBIO CMayHBaeT KalHJIAP, BbICOTA KaMHJIA-
pa H.

6.12. ‘Ha kakywo BBICOTY NOZHHUMETCSH }KHILKOC’I‘I) MEXKY
ABYM#H BePTHKAJILHLIMH NJIACTHHAMH, DaCCTOAHHE MEXAY KOTC-
peIMH A, ec/H KpaeBOH yrosl y nepBoH MIAacTHHLI §,, Y BTOPOH
6q? HJIO’I‘HOC’I‘b XKHIKOCTH 0, NMOBEPXHOCTHOE HATSKEHHE O.

6.13. Kakaa cuaa jeificTByeT Ha mapaJJesbHble KBaipaT-
Hble NJaCTHUbI @ X @, YaCTHYHO MOTPYXKEHHLIC B MKHAKOCTD,
ec/IH KpaeBoH yros y BHeIUHHX noeepxHocteit 90°, y BHyTpeH-
HUX 0 U n—0? [IJIOTHOCTb >KHAKOCTH Q, MOBEPXHOCTHOE Ha-
TSXKEeHHE 0.

6.14*. C kakofl cuJ0f NpPUTATHBAIOTCH APYT K APYTY JBe
napaJJesbHbIe IJIACTHHH @ X @, YaCTHYHO NIOTPyXKEeHHEIE B KU -
KOCTb, €C/IH OHH He CMauHBaloTcqd XKUAKOCTEIO? [II0THOCTD XU A~
KOCTH (, PacCTOsHHe MEXLYy IUIacTHHaMH A, noserHOCTHoe
HaTAKeHHue o.

6.15*%." Hafinure NepHOJ MasblX BePTHKAJALHBIX KoJseGaHui
JKHAKOCTH B Kanuaaspe paguyca r, [lnotHocTs XKHIKOCTH D,
NOBEDPXHOCTHOE HaTfAXKEHHE O.

I'nasa 5 MOJIEKYJIIPHASlI ®HU3HKA

§ 5.1. TenJoBoe ABMMKEHHE YACTHUL -

1. Ouenute maccy HH(by30lpHH, Ha HanpamJeHHOe€ [BH-
JKeHHe KOTOPOH €O CKOPOCThiO 1 MKM/C He CJAMIIKOM BJHSAeT
TeIJIOBOe JBHXKEHHE.

1.2. OueHHuTe CpeIHIO KHHETHYECKYIO 3HEPTHIO H CpejHe-
KBaJpaTHYHYIO CKOPOCTb YacTHYEK TyMaHa auamerpa 10 Mkm,
HaXOAfAWMXCA B BO3gyXe & TeMnepatypoi 5 °C, o
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1.3. Bo ckombKO pa3 pasanyaloTcsl CPEeAHEKBAApPA “IIHble
CKOPOCTH JIBYX 4YacTHYeK, COBepLIAHNX GPOYHOBCKOE ABHXKe-
HHEe B KaIlule BOABI, eCJIH HX MacChl pasiuyalorcs B 4 pasa?

1.4. Onpenesute CcpelHeKBajpaTHUHOE OTKJIOHEHHe MasdT-
HHKa OT TOJIOXKEHHS PaBHOBeCHS, BbI3bIBAEMOE TEIJIOBEIM JBH-
>keHueM IIapuka MasatHuKa. Temmepartypa Bospyxa 20 °C.
Macca mapuxa 1 Mr, anuna HuTH MaATHHKA 10 M.

1.5*, 3epkanblie rajpBaHoOMeTpa MOABeLIeHO Ha KBaplie-
poll HuTH. Ha sepkanbue nanaer napaJjiielbHbIE NYYOK Jaygel
W, OTpa)asich OT Hero, nmomaiaeT Ha 3KpaH. OleHHTe pasMep
nATHA Ha 3KpaHe, eCJU NpPU IIOBOpPOTe 3epKajbla Ha Yroj @
CO CTOPOHBI HHTH JefCTByeT MOMeHT cuabl N = —n@, Tie
% = 1,38-10% H.m. Temmeparypa sosayxa 300 K, paccro-
sinve 10 sxpana 20 m. Kak usmMenurcs OTBET, €C/IH TeMnepaTypy
BO3AyXa moHusuTh n0 100 K?

1.6, Cocyn paspesieH Ha fABe 4aCTH MOPHCTOH HEPEeropoi-

KoH. B JleBoM 00beMe HAXOQUTCS Ta3 U3 JIETKHX MOJIEKYJI, B Ipa+
BOM — 13 TsixeJbiX. /laBjenusi rasos B 060HX 00BheMax ObLTH
OJMHAKOBBIMH. Uepe3 HeKOTOpOe BpeMs jaBJieHHe B INpaBOM
00beMe yBeJHYIUJIOCh. 3arteM, depe3 GoJiee JVIMTEIbHBIH mpome-
2KYTOK BpeMeHH, AaBjleHHS1 B 00beMaX BbIpaBHAJIHUCH. O6wc-
HHTe 3TOT 3¢deKT.
" 1.7. B ofpeme ] HaxomuTcl CMeCh TeJHs C BOJOPOACM.
JlaBieHus Bojopoaa U resiisi OAHHAKOBBI. Ha KopoTKoe Bpems
OTKpHIBAIOT OTBepcTHe A, a 3aTem 3akphBawT. Onpepenute
OTHOIlleHHe 7aBJIeHHs1 TesUA K AaBJeHHIO BOlLOpOlla B 00D~
eme 2. .

K sagaue 1.7, ) K 3anaue 1.8%,

1.8*, Mmeerca 1 OAMHAKOBBEIX H30JHPOBAaHHBIX O0GBHEMOB.
B:o6peme I HaxoguTCA OXMHAKOBOE YHCJIO MOJIEKYJ C MOJIEKY-
JIADHBIMH MacCaMH Wy H W, Ha KOpoTKoe BpeMsi OTKPEIBAIOT
OJMHAKOBble HeGOJIbIIHE OTBEpPCTHS, COEIHHAIOUHE COCeaHHe
OGbeMBI TaK, KaK NI0Ka3aHO Ha PHCYHKe. 3aTeM OTBepCTHSA 3a-
KPHIBAIOT. Oueﬂme OTHOIIIEHHE YHCJIa MOJIEKYJ C MOJIeKYJIsip-
HOM -Maccofl ‘Mg K YHCIY MOJIEKYJ € MOJEKYJIPHOH Maccoi g
B n-M o0Beme.
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1.9*, Uepes oTBepeTHe B CTEHKE COCYJAa Pa3peXeHHHIH ras
TeuyeT B. BAKyyM. Uepe3 BpeMs T B COCYyle OCTaJach NOJOBHHA
MoJleKydl. Pasmeprl cocyfla M OTBEPCTHS YBETHUHIH B 11 pas.
Uepe3 kakoe BpeMs NoOCIe TOrO, KaK OTKPBUIY OTBEPCTHE,
B 00heMe OCTaHeTCs NOJIOBHHA MOJEKYJ?

1.10. OueHure, BO CKOJBKO pa3 HOTOK rasa M3 cocyla ue-
pe3 LHJIHHApHUECKHH KaHaa pajayca R ¥ WIHHH L MeHbllle no-
TOKa uepe3 oTBepcTHe paauyca R. Cun-
TaTh, UTO CTEHKH KaHa/la NOIVIOWAIOT
X o MOJIEKYJIBI. ’
Ty 7:3_ 1.11*, JIBa oxHHaKoBbIX o6bema V
L PO COeJHHEHEl Y3KHM KaHajoM. B ofne-
e - Max HaXOfHTCA HeGOJIbllloe YHCJIO Ya-
ctuil, N (YacTHLl Tak MaJso, YTO OHH 1ou-
TH HE CTaJKHBAlOTCS APYr C JPYroM).
CKO/MIBKO  4YaCTHI[ OKAaXETCH B KaXJOM H3 OOBEMOB, €CJH
-TeMnepartypa nepeoro o6veMa T4, a Broporo Ty > T4? Kakue
JaBJieHus GYRYT npu 3ToM B 06beMax? B KaHaJs NoMeCTHJIH Jer-
Kuft uaxok. B Kakyio CTOPOHY OH OTKJOHHTCHA?

K sagage 1.11%,

§ 5.2. PynKuHA pacnpeneeHHs

'2.1. B 1 c™® npu-nasnenun 0,1 MIla cogepxutcs 2,7-101?
MOJIEKYJI a30Ta, ABHXKYLIHXCSA B Pa3sHEIX HaNpaBJeHUSX H C pas-
HBIMH CKOPOCTHIMH. Yucno MosiekyJ, BePTHKaJbHBIE COCTaB-
JIAIOLIHE CKOPOETEH KOTOPHIX JiexaT B HHTepBase 989—1001 m/c,
paeHo 1,3-10'2,
©a) KaKoe YHCIO TaKHX Mo.nexy.n cozepxuTes B 1 J1 asota?

6) CkoJbKO MOJIEKYJl as0Ta, ABMXKYIUHXCH BePTHKAJbHO
B HHTepBaJsax ckopocte#f 1000 == 0,1 u 1000 == 10 M/c, copep-
®uTcst B 1 M3, ec/iu CuMTaTh, YTO YHCJIO MOJIEKYJ IPONOPIHO-
HaJIbHO HHTEpPBaJy cxopoc1'e1—1?

B) UHCno MoJeKyJs, COCTaBJSIOIIHE CKOPOCTEH KOTOPBIX
BIOJIb KaKOT0-MHGO BHUIEJNIEHHOTO HanpaBJeHHS JeXaT B onpe-
JleIeHHOM HHTepBaJie, He 3aBHCHT OT COCTABJIAIOUIHUX CKOPOCTeil
3THX JKe MOJIEKYJ B APYrHX HanpaBjeHusx. Ilonbaysick 3THM,
OnpenenuTe: YHCAO0 MOJIEKYJ asoTa B 1 cm3, ropH3OHTa/bHBIE
COCTaBJIAIIOIIHE §KOPOCTEH KOTOPHIX, TaK e KaK M BepTHKalb-
Hble, JleXaT B HHTepBaje 999 — 1001 Mm/c; uncao MosekyJs,
TOPH3OHTAJIBHRIE COCTaBJSAIOIIHE CKOPOCTEH KOTOPHIX JeXaT
B HHTepBaje 1000 == 0,1 M/c, a BepTHKa/IbHEE — B HHTepBaJle
1000 == 2 Mm/c. _

2.2. Yucno MosiekyJ HjeanbHOro rasa dN, cocTasJsiolmye
CKOPOCTe ! KOTOPBIX BJIOJIb NPOH3BOJLHOH OCH X JIEXAT B HHTEP-
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Bane (Vx, U, -+ dv,}, onpeneasercsa pacnpenenenneM Makcpenna

) m . mul ‘
AN =N a7 oXp{ — Fo} v

Tie m -— mMmacca MoJeKyJbl, k — nocrosinHas BosbnMana,
T — a6comorHas Temneparypa. ®yHKuua

]‘/ m { mv}}
Hud=V sore*\— zr
HasbBaeTcsl (PyHkuuelt pacnpesesenns. Ha pucynxe npuse-
JeHa QYHKUMA pacrpefeseHHs MOJIEKYN a30Ta NPH KOMHATHOS
Temneparype (7' = 293 K). Hcrnombays rpaduk, Haiigure:
a) CKoNbKO B 1 cM3 BO3AyXa CONEPIKHTCA MOJIEKYJ a30Ta, HMe-

.70 %em
V4
74
] { ! K'
-604 ~300 ) Vg M

K sanaye 2.2,

IOIHX BePTHKaJNbHBIE COCTaBJsAMOIHE CKopoctei or 499 o0
501 M/c; 6) ckoabkO B 1 M3 BO3yXa CONEPKUTCS MOJIEKY.T a30Ta,
HMEIOIHX BEePTHKaJIbHBIE COCTABJSIOIHE CKopocTeli oT 498
no 502 m/c. Jaenenne Bosayxa 0,1 MIla.

2.3, Hajiqure oTHoleHHe 4YHCla MOJEKYJ BOAOPOAA, CO-
CTaBJIAAIOIHe CKOPOCTeH KOTOPHIX BAOJB QCH X JIeKaT B HHTep-
Basle 3000 — 3010 m/c, K uHCay MOJIEKYJT BOJOPOAA, HMEIOMUX
BJIOJIb TOH K€ OCH .COCTaBJfloImHe ckopoctelt 1500—1505 m/c.
Temnepatypa Bogopoaa 300 K.

2.4. Halipure oTHOIIEHHE 4HC/Ia MOJIEKYJ BOJOPOAA, HMeIO-
IHX cocTaBJsAolHe cKopocTelt: Boab x 3000—3010 m/c,
Bloab y 3000-—3010 M/c, Bpoab z 3000—3002 m/c, kK wucav
MOJIEKYJl BOJOPOJA, MMEIOIHX COCTABJAIOLHE CKOPOCTeil:
Broab x 1500—1505 m/c, Bionb y 1500—1501 M/c, Buosmb 2z
1500—1502 M/c. Temnepatypa Bogoposa 300 K.

_2.5. IlpeacraBum, uto ygaloch coTorpadupoBaTh Ha KH-
HOIVIeHKY ra3 ¢ remueparypodt T. ®yHKuMs pachpegesenus
MoJieKyJs1 1o ckopoctam f (v). - ‘

. 4581
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a) Hafiznte GyHKUHIO pacnpeleneHHs! «JaCTHLY» MO CKOPO-
CTSIM, eC/IH H30GpaXKeHHe MPOELUPYETCs Ha SKpaH ¢ yBesluye-
HueM [,

6) Ilnenky Hayasu mpokpyuHuBatb B [ pa3 Grictpee. Hait-
AHTe (PYHKIHMIO paclpefeNeHns «4acTHI» MO CKOPOCTAM B 3TOM
caydae.:

2.6. B crenke cocyma c paBpe)KeHHbIM rasoM, Haxons-
merocst B 60JbINOM BaKyyMHOM 00beMe, CIenaHo MaJjoe OTBep-

ctHe. Kak 6yzer u3MeHsITb-

S / Csl TeMIiepartypa raaa B CO-
e : cyne?

> 2.7*. B Toncroﬁ CTEHKE
cocyna, cojep:kaiiero ras,

ol e e

“' ' » cjesaH mpsMOH KaHad AJH-
SR HBEl [, KOTOpBLIH COejHHsIeT
el COCYL C OTKayaHHBIM 0Obe-
K samaue 2.7%, mMoM. Jasi  dopmupoBaHus
KODOTKOTO My4YyKa  HacTHL
KaHaJl cHabxeH JIByMsl 3aTBODaMH, KOTODbIe MOXHO Ha KOpOT-
KOe BpeMsl OTKDHITb. 3aTBOP / pacmosioxeH Ha BHIXoJe Kanana
B COCYJ, 3aTBOp 2 — Ha BHIXOJe KaHaJsta B o6meM. [lyyok ya-
ctull opMHpYeTCs CaAefyolUM 06pa3oM: CHayaja Ha BpeMs T
OTKPEIBAKOT 3aTBOp I, 3aTeM, mocje TOTO KaK 3TOT 3aTBOp 3a-
KDOeTCst, uepes BpeMH ! OTKpBIBaeTcs1 Ha BpeMsi T 3aTBop 2.
UacTuupl, npoJeTeBIIHe BO BpeMsl 3TOr0 IMpoHecca KaHalg,
06pa3yroT B OTKayaHHOM 006beMe Mydyok. YeMy paBHa AJHHA

nyyka yepe3 BpeMsi T, NOtNe 3aKpbBaHHsi 3aTBOpa 2?
2.8. MosnekyJasipHast MyIIKa CO31aeT Y3KHH JEHTOYHHIH my-
YOK aTOMOB cepefpa, KOTOPble MOMAJAIOT HAa BHYTPEHHIOIO
MOBEPXHOCTb HMJAHHApPA paguyca R = 30 cM H ocejlarT Ha

K %maqe 2 8 _ K sapaue 2.9,

Hell B BHIe NOSITHA. ¥YCTPOHCTBO BpalllaeTcsi C YIVIOBOH CKO-
poctbio @ = 100n ¢™L.- OnpenesiHTe CKOPOCTb MOJNEKYJISIPHOrQ
My4Ka, €C/IH MSTHO OTKJIOHHIOCH Ha yroa ¢ = 0,314 paa oT
nepBOHAYaNbHOr0 MOJIOXKEHHS. -
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2.9. Ha noBepxHOCTH UHJHHApA [Ipope3aH Y3KHI BHHTO-
BOH KaHaJs ¢ waroM h. Ilo ogHY cTOpPOHY TOpla LUHJMHIpa Ha-
XOJUTCS paspexeHHbIN ras, no Apyryo — BakyyM. Mosekyan
rasa JierKO MorJIOWAloTCsl CTeHKaMH KaHaja. Lluauuap Bpaiia-
eTcsl ¢ YIVIOBOH CKOpocThio ®. KakuMu cKopocTsmMu 6ynyT o6-
JlajaTbh MOJEKYJ/bl, NpOLIelIHe Yepe3 KaHau? '

2.10%. B nyuke 4acTHI CKOPOCTH MMeEIOT OJIHO HalpaBJe-
‘HHe W JiexaT B uHTepBaje (v, v + Av), Av £ v. B exnnune
o0beMa NyuKa n 4acTHll, Macca KaxIoH .

a) B TeueHue BpeMeHM T Ha 4acTHLBI B HaNpaBJeHHH HX
JBHKeHHs geHcTBoBasia cuaa F. OnpegenuTe CKOPOCTH H
YHCJIO YacTHL B eIHHHLE 06beMa Nocyae AeHCTBHUS CHJbI.

6) OnpegennTe CKOPOCTH H YHCJIO YACTHIl B €IHHHLE 00b-
eMa nocse NpoXoXIeHHs 06J1acTH, rje Ha paccTOsiHHH [ BIOJb
HanpaBJ/ieHus JBHKeHHMS] Ha yacTHLBI feficTBoBana cujaa F.

2.11*%, TlycTb cO3[aH HanpaBJeHHBIH NYYOK MOJEKYJ
¢ pyHKuMell pacnpenesieHUA

7 f(y) =2V a/mexp (— avs)

Macca mostekyael m. Kak namenatca QyHKuus pacnpeeneHns 0
YHCJIO MOJIEKYJl B eIHHHIe oObeMa, eCaH Nydok npoiper ob-
J1aCTb WIHPHHHL [, B KOTOPO#l Ha KaxKIYI0 MOJIEKYJYy JeHCTByeT
TopMO3siias cujia F?

2.12. Ha BpicoTe 3 KM B 1 cM2 BO3ayXa COZEpIKHTCS NpH-
MepHO 10? MBLIHHOK, Yy TOBEPXHOCTH 3€MJIH — NpuMepHo 105
OnpefennTe cpeHIO Maccy NMBUIHHKH H OLEHHTE ee pasMep,
npeamnoJjiaras, 4YTo NJOTHOCTE NBLTHHKA 1,5 r/cM®. Temneparypa
Bosnyxa 27 °C.

2.13. Y noBepXHOCTH 3eMJIH MOJIEKYJI resiisl noutH B 10° pas,-
a Bogopoaa noutd B 10% pas MeHbule, ueM MoJieKyJ asoTa. Ha
KaKOH BBHICOTE UHCJIO MOJIEKYJI Tesiisl 6YJeT paBHO UHCIY MoJie-
KyJ asota? A pogopoma? [IpuHATH CpemHIOI TeMmepaTypy aT-
Mocepsl paBHOH 0 °C.

2.14%*, a) Ucnapenue *KHIKOCTH MOXKHO pacCMaTpHBaTh KaK
«YXOJ» U3 XKHUJIKOCTH MOJIEKYJ1, KHHeTHYeCKass S3HePTHS KOTOPBIX
B HalpaBJIeHUH, HOPMaJIbHOM K I0BEPXHOCTH HKUJKOCTH, 60JIbllie
SHEPTHH CBA3H MOJIEKYJ B XKUAKOCTH. McnmapeHue KHAKOCTH
«IpoKPAllaeTcs», KakK TOJbKO UYHCJIO «YXOJALLHX» MOJEeKYJ
CPaBHSETCSA C UHCJIOM MOJIEKYJ, KOTOPBIE IPUXOAST B XKUAKOCTD
U3 ra3oBoil (aspl. ['a3, cocToAUA H3 TeX Ke MOJEKyJs, UTO
H XHJKOCTb, HOCHT Ha3BaHHe «HacCBIEHHBIH Nap», €CJIH OH
HaXOMUTCA B PaBHOBECHH C XKUAKOCTbIO. OueHuTe, noabaysch
3TOH MOJEJIBIO, UHCJIO YAaCTHIl B €JHHHIE 00BheMa HACBIUEHHOTO
napa npu TeMneparype T, ecjid MoJIsipHas TeNJOTa HCMapeHHUs
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¥KUIKOCTH ¢, 8 UHCNO YaCTHI B elHHMIle 0O6BeMa XKUJKOCTH My,
YacTHIEl B XXHAKOCTH U rasoBofi ¢ase UMEIOT MaKCBeJJIOBCKOe
pacnpelesieHHe N0 CKOPOCTSM.

6) Ilpu 100 °C mMonsipHasi TeMJIOTa HCN&PEHHA BOJALL OKOJO
4.10% JIx/mMome. B 1 cM® HachieHHOrO mnapa COZepXKHTCA
2-10% yactnu. Kakoi#i pesysabTaT gacr sagaua a)? Ilpu xakofl
TeMnepaType YHCJ0 YacThi B 1 cM3, paccunTanHoe no gopmy.ie,
6yner paBHo 2.101%?

§ 5.3. Croakuosenusi moJyekyda. [Ipoueccn nepesoca

3.1. Ilpn armocdepHoM paBneHnn u TeMmepatype O °C
IJHHa cBoGopHOro mpoGera MoJekya Boxopoaa |3 Mkm. Oue-
HHTe JHaMeTp MOJIEKYJ BOAOPOAa.

3.2, Ouennrte aauHy cBoogHoro npo€era MoJIeKyJ asoTa
B BO3yXe IIPH HOPMaJbHEIX yCJIOBHAX. Paanyc Monexya asora
" M KHCJOpOJa NpHHATh paBHEM 0,18 HM.

3.3. Ouennte, ckoibko pas B 1 ¢ B 1 cm3 Bo3gyxa cranku-
BIOTC5 MOJIEKYJIbI 830Ta YT € APYTOM H MOJIEKYJIbi a30Ta C MO-
JeKyJaMH KHCJOpOJa.

3.4. a) MneanpHuiéi ras HarpeBaiOT NPH MOCTOSIHHOM AaB-
neHHH. Kak HaMeHsioTCst JyIHHA CBOGOAHOTO mpobera [ H YHC/IO
CTOJKHOBEHHH Vv OTIeJbHOH MOJEKYJE B €IHHHIY BpeMeHH
B 3aBHCHMOCTH OT TeMIepaTyphi?

6) I'a3 CxxHMaIOT H30TEpMHYECKH. Hamm’re 3aBHCHMOCTE {
U v OT JaBJIeHHS.

B) 'as cxuMator agnabathyeckH. Halinute 3aBHCHMOCTD -/
U v oT AaBjeHHA: [lokasarenb aguabatel y.

3.5. B ofbeMe HaxomuTcs CMeCh JABYX rasoB. B enunuue
06beMa CMECH COEPIKMTCH fy MOJIEKYJ OJHOTO H f, APYFOTO
rasa. Paguycul Mosiekysn Ry v R,. OueHHnte AJHHB CBOGOJHOFO
npofera MOJIEKYJ 3THX TasoB.

3.6*. I[Ipu HopMaJbHEIX ycnoBuaX B | cM® atoMapHOro BoO-
aopoja conepxkurcs 2,710 atomos. OueHHTe BpeMs, B Teye-
HHe Kotoporo 0,1 yacTe aTOMOB BOJOpOAA ApeBpalllaeTcs B MO-
JieKyJbl BofiopoAa. CuHTaTh, YTO KaxJ0e CTOJKHOBEHHE ABYX
aTOMOB BOJOPO/a IPHBOJHT K 00pPa30BaHHIO MONeKyJbl. Pani:yc
atomoB Bojgopoaa 0,06 HM.

3.7.. a) O’rﬂocme.nbuoe cojepaHHe pPaJHOAKTHBHEIX aTo-
MOB B rase HepeJHKO. VX uHcio B.efHHHUE 00beMa JMHEHHO
pacTeT ¢ BEICOTOH: n = ah. Macca aToma m, AJIHHA CBOGOAHOTO
npotera [, TeMneparypa atomoB 7. Ouemne IVIOTHOCTb NIOTOKa
3THX aTOMOB Ha 3eM/I0.
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'6) Onennre Koshpunuent nuddysun napos Boxk gepes BO3-
ayx npu 20 °C. Papnye moaekya Bogpt 0,21 M. Pagnycer MoJte-
KyJa asota H Kucaopoza 0,18 um.

3.8. Koadpmiuentst 1uddysuu Monekya A uepes rassl B,
u B, paBHel Dy u D,, ecii B e[HHHIIe 06beMa 3THX Ta30B COzep-
Xutcs n yactuy,. Haliznte Ko-
3hduLHeHT Jupy3HH MOJIeKYJ
A uepes cMech, B IHHHIIE 00be-
Ma KOTOPOH COZepXHTCS 1y MO-
JeKysn rasa B, H N, MOJIEKYJ
rasa B,.

3.9*%. B ToHkOM cocyne AH-
Hel L u ceueHusa S Haxoputcs
CyXoH BO3JyX, H30JHPOBaHHBIH
3aCJIOHKOH OT BO3/JyXa, HachH-
LIeHHOro NapaMH BOAbI. JleBasi CTeHKa cocyAa MO3KeT 3amopa-
XHUBATh BOAY. 3acJIOHKY YGHpaioT.

a) OueHHTe BpeMs, 32 KOTOpPOe B COCyJie YCTAHOBUTCS CTa-
LIHOHApHOe COCTOSIHHE mapa.

6) Onpenenute Maccy BOAbl, 3aMOpPa)KMBaeMOil B eIHHHLY
BpeMeHH, KOrjia ‘B COCyJe YCTAHOBHTCA CTalHOHAPHHIA NO-
TOK. '

Koa¢puunenrt AuGdYsHH HaCBHILEHHBIX NapoB D, naot-
HOCThH Q.

3.10. a) Xora TeMneparypa rasa JuHeHHO yBeJHUHBaeTcs
¢ Boicotolt h (T = T, -+ ah), OTHOCHTe/IbHOE H3MEHEHHe TeM-
nepatypel ah/T, ocraeTcss MHOrO MeHblle efuHHIBL. JlInHa
CBOGOZHOTO mpofera MoJieKysn rasa [/, Macca KaxjpoH MoJe-
KYJIBI /71, YHCJIO MOJIEKYJl B eZHHHIe o6beMa n. OueHHTe NJOT-
HOCTb TeIIOBOro NMoToKa Ha 3emimo. VlaMenutcs g njoTHOCTD
STOrO NOTOKA, eC/IH YHCJI0 MOJIEKY! B e IHHIle o6reMa rasa yBe-
JHYUTCA?

6) Bo ckonbko pas Ten.nonposop,ﬂocm Bofopoja GoJiblile
TelJIONPOBOJIHOCTH BO3Ayxa? Paguyc MoJekysa Boaopoja
0,14 M, Mostekys asora u kucaopoza 0,18 uM. TeMnepaTypnt
rasoB OJHHAKOBHI.

3.11*, TennonpoBosHOCTH ra3oB A; u A, PaBHBI %y H .
Onpezennte TEnMONpOBOZHOCT CMeCH, B KOTOPOH MOJIEKYJ
rasa A, B a pas Gosblue, ueM MoJieKys rasa A,. TeMneparypsl
rasoB OZHHAKOBH, Iadbl OIHOATOMHEIE. MonekynsipHbie Maccht
‘Ta30B WUy H Wy

3.12, Harpetoe TeJ0 OCTHIBaeT 3a BpeMs f. 3a KaKoe BpeMs
OCTBIHET TeJIO H3 TOFO XKe MaTepHasa, ecIH BCe ero JHHeHHHe
pa3MepH yBeJUYHTL B /1 pas?

4 .

AW\

AN

K sagaue 3.9*%,
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3.13. TloyeMy MeTajl M nepeBO OJHOH M TOH Ke TeMmepa-
TYPHl Ha OILyNb KaxKyTcs HeOJHHAKOBO HarpertbiMu? [Jouemy
OyMara, MJOTHO HaMOTaHHAasi HA MeTALJIHYECKHH CTep:KeHb,
#a OTHe He 3aropaercs, a Ha AePeBSIHHBIH — 3aropaercs?

§ 5.4. Paspexenusie raspl. Bsaumoaeiicrane mosekyJ
C MOBEPXHOCThLIO TBEPAOro Teja *)

4.1. Ouenure, CKOJBKO Y/1apOB CO CTOPOHBI MOJIEKYJ BO3-
JlyXa HCHBIThIBaeT 1 cM? cTeHw! Bamie#l KomHatel B 1 ¢. Kakoi
AMIYJIbC TIepefaeTcsi CTeHKe B TeueHue | c?

4.2. Bo cKOMBKO pa3 H3MeHHTCS JaBJeHHe Trasa, eC/H
k-5 4yacTb MOJIEKYJ, VAAPSIIIHXCS O CTeHKy, BApYTl HauHeT
IOTJIOWATBCS €10?

4.3. B paspexeHHOM rase C TNOCTOSHHON CKOPOCTBIO U
ABuKeTcd 1uap paguyca R. UHcno Mosiekyas B eAuHuIe oObeMa
7, Macca MOJIeKYJBl #; TEIJIOBble CKOPOCTH MOJEKYJl 3HauH-
TeJbHO MeHbllle CKOpPOCTH mapa.. OueHHTe CHJY CONPOTHBJE-
Husf, NeHCTBYIOILYI® Ha wLap.

4. 4. Tlouemy MeTeopHTBI-paCKaNSIOTCS B aTMOC(bepe 3emiu?

4.5. B paspéeHHOM rage ¢ MOJEKYJ/ISIPHOH Maccoif [ 1BH-
JKeTcsl JUCK pajuyca @ CO CKOPOCTBIO -4, HalpaBJieHHOH BJOJb
ocH aucka. OueHuTe Cisy CONPOTHBJIEHHS, AeHCTBYIOULYIO Ha
JucK. CKOpPOCTb AyCKa MHOTO MeHbHIe TelJIOBOH CKOPOCTH MO-
JexyJa. HaBaenue rasa P, temneparypa 7.

K 3apaue 4.6, . » K zanade 4.7,

4.6. B 3aMKHYTOM COCYyJe HaXOAMTCS a3 noj AaBAeHHeM P.
B cTenke cocyla nMeeTcsi OTBePCTHE IIOMAAH O, Pa3Mephl KO-
TOpOT0 MaJbl 10 CPABHEHHIO C JJIHHOK cBOOOAHOro npodera Mo-

. *) B 3toM naparpade AJA OLEHKH CYHTATb, YTO MOJIEKYJH B pas-
‘PexenHoM rase (ayHHa cBOGOAHOrO Tpobera MoJeKyJ MHOTO GOJblie Xa-
PAKTEDHBIX DA3MePOB CHCTEMH) YXOIAT C NOBEPXHOCTH TBEPIOrO TeJa
co Cpe]lHeKBallpaTHqHOH ‘ CKOpOCTBIO, COOTBETCTBYIOIEH Temmepatype
TBepjaoro Tena, ’
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nexyJ raza. OnpejenuTe peakTHBHYIO cHTy F, HCIBITBIBAEMYIO
COCYJOM TIPH HCTEUEHHHU Tasa B BaKyyM.

4.7. B paspexeHHOM rase ¢ MOJEKYJsIPHOH MacCcoff Y JBH- .
JKeTCsl TOHKasl IJIOCKas MJACTHHA TaK, KaK MOKa3aHO Ha pH-
cyHke. OueHHTe, KaKyl0 CHIY HEOGXOMMMO NpPHKJAIbIBATh
K ILTaCTHHe, YTOOBl OHa JBHTAJNACh C MOCTOSIHHOH CKOPOCTBIO U.
Ilnomany maactuuel- S, naBienue rasa P, TemrepaTypa T.
CKOpOCTb IJTACTHHBI MaJsa 1o CpaBHEHHIO ¢ TEIJIOBOH CKOPOCTbIO
MOJIEKY .

4.8. B o0Oweme, B KOTOpOM MOXHO MeHSITb JaBJcHHE Tasa,
HAXOAATCS JBa NapasfedbHbX gucka. OpMH AHCK MNOJBELICH
Ha ynpyrofl HMTH, ApyTofl Bpallaercs. YTOJ 3aKpy4uHBaHHS
‘TIePBOTO JHCKa NpH AaBjenuu P Obl1 paBeH ¢,. Ilpu yBesanue-
UM JABJEHHUSl Ta3a yroa 3aKpYyYHBAaHHUS CHauajga yBeJIHYH-
BaJjcs, a 3aTeM, JOCTHTHYB BeJUUYUHBI (P, NEpECTa/] 3aBHCEThb
or gaBneHus. OOGBsACHUTE 3TOT 3(hdekT.

4.9. Mexny JaBYMS IJIMHHbBIMM KOaKCHANbHBIMU LUJIHH-
JipaMH paJuycoB r U R Haxoaurcs paspexeHHblil ras. BHyTpen-
HU#l HUIHHAD Bpallaercs c mo-
CTOSIHHO# VYTJIOBOH CKOPOCTBIO

Ouenute yCcTaHOBUBHIYIOCH
VIJIOBYKD CKODOCTb BHELIHETro
UUJIHHpA. .

4.10. Jlerkue caOsHbBIE
NJIaCTHHBL C 3epKaldbHOH mMo-
" BeDXHOCTBIO 3a4epHUJIH € OIHOH
CTOPOHBl M 3aKpemuJgH Ha OcH
RpalleHHsl TaK, KaK [0KasaHo
Ha pUCyHKe. 3aTeM 3Ty CUCTEMY
- TTOMECTHJIH B CTEKJSIHHBIA CO-
CyHd, U3 KOTOPOTO YaCTHYHO OT- -
Kavyaju Bo3gyXx. Ecau Temepb K aapaue 4.10. B
3TOT COCYJL HOCTaBUTb B SIPKO T
"OCBellleHHOe IOMellleHHe, TO CHCTeMa HauHeT BpallaThesl
0 uYacoBOH CTpesKe, mpuyeM TeM ObICTpee, ueM GOJblIe CBe-
Ta B noMelmeHud. TakuMm 06pasoM, Mbl HSTOTOBHJH DajHO-
MeTp — MpHOOp A/l M3MepEHHS HHTCHCHBHOCTH CBETOBOTO
usayuenus. OObICHUTE NPHHLMI AeHCTBUA 3Toro mpubopa.

4.11*, OtleHuTe NOABEMHYIO CHMTY MJIaCTHHBI Moiiagn 1 M2,
HUXKHAS NOBEPXHOCTb KOTOpPOH HaXOJHUTCS NPH TeMreparype
100°C, Bepxusin — npu 0 °C. Temneparypa Bosayxa 20 °C,
naBnaenue 0,1 [la.

4,12, O]_[eHPITe mno nopﬂm{y BeNUYHHEI CKOpOCTh, ¢ KOTOpOPI
OyheT ABHTATbCS B CHJbHO PaspeXeHHOM BO3AYXe IMJIOCKHH
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"AMCK, OfRHA H3 CTOPOH KOTOPOro Harpera 0 TeMmIeparyphi
310 K, a gpyras — jgo 300 K. Temneparypa Bozayxa 300 K.

4,13%, se ojfMHaKOBble NapajJieJibHbe ILIACTHHE MJIO-
IaZH S pacrnoyokeHH B cocyjie GIH3KO APYT K JAPYTry; HX TeM-
nepatypnt Ty u Ty, TeMnepatypa cTeHOK cocyaa Ty. Ilmactusnt
OTTaJIKHBAIOTCS APYT OT Apyra ¢ cujoil F. Ouenure faBieHHe
paspeKeHHOro rasa B COCyZe.

4.14*." B o6beme nopuep:kuBaerca Temnepatrypa T, Bue
o6beMa HaXOAMTCH ras ¢ jaBjieHueM P u Temnepatypoit T.
UeMy paBHO jaBjieHHe rasa BHYTPH 0GbeMa, eCJIH OH CBSI3aH
C OKPYXaIOLIHM ra3oM HeGOBbINHM OTBepcTHeM? I'asel paspe-
JKEeHBI.

4.15*. TennousonupoBaHHas MOJOCTb CBSi3aHa HeGOMb-
LIHMH OAMHAKOBBIMH OTBEPCTHAMH C JBYMS OObeMaMH, COAep-
JKALHMH rasoobpasHuiii requil. JlaBieHHs rasa B 0Goux obbe-

K 3apaue 4.14%, K 3agave 4.15%,

Max MOANEPMKHBAIOTCH MOCTOSHHBHIMH H PaBHEIMH P, a TeMme-
parypa paBHa T B oaHoM o6beme ¥ 2T — B Apyrom. Haiiante
JaBJICHHE H TeMIepaTypy, YCTaHOBHBLIMECH BHYTPH NOJIOCTH.
Ta3bl paspeikeHHI.

4.16*, Mexny AByMs IVIOCKHMH Napa/Vle/IbHBIMH ILIaCTH-
HaMH, Paclo/IoKeHHBIMH Ha paccTOsHHH & Apyr oT Apyra, Ha-
XOJHTCH paspexeHHbIH ra3 (WIHHA CBOGOXHOT'O mpoGera MoJe-
KyJa I>>98). Bruncagte nnot-
HOCTH NOTOKa TEMJa, €C/IH
TeMnepaTypHl IVIACTHH TNOJ-
JePXKHBAIOTCA PaBHEIMH T H
T 4+ AT. B epunune o6be-
Ma rasa COHepXHTCA A1 MO-
aekya. [lokazaTte/ip agnaba- -

300 1 i 1
b= TRy,
g Z s & LK 4.17. B TensoBOM MaHO-
K -saaue 4,17, MeTpe JaBleHHe Tasa onpe-
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JAEASIOT N0 TeMNepaType TeMJOBOTO 3JeMEHTa, Ha KOTOpOM B
€JHHHLY BPEMeHH BRIJENAETCSA BCErla OIHO H TO e KOJHYecT-
Bo Temia. Ha pucynKe npuBeneH rpaguK 3aBHCUMOCTH TeMIe-
paTyphl 3JieMeHTa .OT JaBJeHHs asoTa. Kak, nosbsysch 3THM
rpagHKOM, NOJNYYHTb aHAJIOTHYHYIO KPUBYIO il BOZOPOAA’?

4.18. Ouenute Maccy MKHAKOTO BO3/yXa, HCNAPUBILETOCS
3a 9ac M3 IJI0X0 OTKayaHHOro cocyja Hvloapa, ecsiu JaBiaeHHe
BO3llyxa (npn KoMHaTtHO# TeMmepartype 293 K), ocrapluerocs
'Mexay cteHkaMH, paBHo 0,133 [1a. [ToeepxHocTth cocyna 600 cM2,
yIesabHas Temsora ucnapenus sosayxa 0,2 MIDK/kr, ero Tem-
nepatypa 81 K. 3asop MexXIy CTeHKaMu COCyJa MaJj 1o cpas-
HEHHIO ¢ JJIHHOH CBOGOJHOrO npo6era MOJIERYJI.

- 4.19. [Ipe napasesbHble NJIACTHHBI HAXOAATCA Ha paccro-
AHUH 8, MaJIOM N0 CpaBHEHHIO ¢ UX pa3MepaMu. Mexay nyacTH-
HaMH NOMEINAI0T HeCKOMIBKO TOHKHX H XOPOHIO TelJOoNpoBOAs -
IUX NeperopoioK-3KpaHoB. BuAIOT i 5KpaHEl Ha TenJonpo-
BOJHOCTb MeXAY IVIaCTHHaMH?

4.20*, HM3-3a HeGoabluofl pasHHUILI B TeMIepaTypax Mexay
JBYMSl napa/iebHBIMH [JIACTHHAMH B paspeXeHHOM rase,
B ¢JIMHHLEe 06BEMa KOTOPOTO COAEPXKUTCA 1 4aCTHL, BO3HHK Tel-
JoBo# norok (. Ilpu yBequnueHuu AaBjeHHS rasa TeMVIOBOH
NOTOK CHayaJsla YBeJHYHBAETCH, a 3aTeM, JOCTHTHYB BeJHYUHBI
Q., nepectaer 3aBuceTb OT japJjeHusl rasa. OGbACHHTE 3TOT
a(pekt. OueHute paguyc MoJsekysa rasa. PaccrosHue Mexny
nJaactuHaMu 9.

§ 5.5,. ¥paBHeHHe COCTOSHHA HAEAJLHOrO rasa

B.1. OGbem rasa yMeHbIIH/IH B 2 pa3a, a TeMnepaTypy yBe-
aunynad B 1,5 pasa. Bo ckoabKo pa3 yBeqHUH/IOCH NaBJEHHE
rasa?

5.2. Urofbl M30TEPMHUECKH YMEHBLIUUTL OOBEM rasa B LH-
JUHADE C NOPIIHEM B 1 Pas, Ha NOPIUEHb NOMECTHJH TPY3
Macchl m. Kako#l rpys crepyer n06aBuTh, 4Tohl ofheM rasa
HU30TEPMHYECKH YMEHBIUHJICS elie B &k pas?

5.3. Bannon a6vema 50 1 HanosHuau Bosayxom npu 27 °C
Jo naenenus 10 MITa. Kako#i o6rem BOJAH MOXKHO BBITECHHTDH
U3 LHUCTEPHEl MOABOAHOHN JIOAKH BO3AYXOM 3TOro GaJjJoHa,
€CJ/Id BHITECHeHHe NpPOM3BOANTCA Ha raybune 40 M? Temnepa-
Typa B03 yXa nocjie pacmmpenus 3 °C.

oueMy B GaTHCKade GasOHbl A/IS BCIVILITHS OGBIYHO
HaHOJIHﬂlOT KEPOCHHOM, & He BO3JYXOM?P’

5.5.- I"a3 HaxoauTtca B.cocyae npu. AaBneHuu 2 MIla u Tem-

neparype 27 °C. ITocaie HarpeBanus Ha 50 °C B cocyze ocTanach
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TOJILKO MOJIOBHHA rasa (o Macce). Onpenesnte ycra#oBHBlire-
ecsl JaBJeHHe.

5.6. . JlaBneHue Bo3nyxa BHYTpH OyThliku paseo 0,1 MIla
npu temneparype 7 °C.'Ha cko/bKO HYXKHO Harperb GYTHUIKY,
uto6bl Npo6Ka BueTesa? Be3 HarpeBaHusl NPoGKY MOMKHO BbI-
HyTb cunoll 10 H. Ceuerne npoGku 2 cm2.

5.7. Tlouemy ajiekTpHYecKas JaMIIOUKa 3anoJHseTcs HHepT-
HbIM Ta30M TNpH JaBieHMH, CYLIECTBEHHO MeHbHIeM arMocdep-
HOro?

5.8*%. B BepTHKa/JbHOH y3KOH TpyOKe AMHHBI 2L HHKHHH
KOHell '3anasiH, a BepXHH#l OTKpHT B atMocdepy. B HikHeil
M0J10BHHe TPYGKH HaxOAUTCS Tas npu teMneparype T, a BepXx-
Hs5 MOJIOBHHA 3alloJiHeHa IO KOHNA pTYThio. Jlo Kakol MHHH-
MaJIbHOH TeMiepaTyphl Hajo HarpeTb ras B TpyOKe, UTOGH OH
BBITECHHJ BCIO PTYTh? BHellHee naBjeHue (B MM pT. CT.) L.
IloBepXHOCTHOe HATSIKEHHE He YUYUTHIBaTh.

5.9. 3a cKoMbKO KauaHHH NOPIIHEBHIM HAcOCOM C paﬁquM
061eMOM V' MOXKHO MOBLICHTL JaBJeHHe OT atMocdepHoro P,
Jo P-B cocyne ob6vema V,? Harpesom rasa npene6peus.

5.10. 3a cKOJMbKO KauaHHH MOPIIHEBHIM HAcoCoM ¢ pabouny
o6veMoM V MOXKHO oTKauaTh cocyn obbeMa V, ot naBneHus P,
no P?

5.11. 3aBHCHT JIH MOALEMHAsl CHJIa aspocTaTa OT TeMrepa-
TYPH OKPYKalollero Bo3yxa?

5.12*, ®abpuuHas Tpy6a BBICOTH 50 M BBLIHOCHT ABIM NPH
teMneparype 60 °C. Onpegenute nepenai AasJjeHHs B Tpyde,
ofecreunBaoinmil TATY. TeMnepaTypa Bosayxa —10 °C, mior-
HOCTb BO3Ayxa 1,29 xr/md.

5.13. ["'a30BHIl TEpMOMETP
COCTOHT H3 JIBY X OJIHHAKOBEIX
cocyJoB c rasoM obmema ¥,
KaXJbld, CoeAHHEHHHIX TPy6-
- KOH IJIUHBL [ U ceueHHs1 S.

K sagase 5.13. Tpy6Ky nepekphiBaeT Xams

pTyTH. Ecan TeMneparypsl

, rasop B of6weMaxX OjH-

HaKOBM, DPTYTb HaXOZHTCA -locepenmHe TpyOkH., IlpaBeifi

‘'o6beM MOMelIaioT B TepmocTaT ¢ TeMnepaTypoit T,. Ilporpa-

JAyUpyiHTe TepMOMeTp, Haliisl 3aBUCHMOCTb TeMNepaTypH rasa

B JTeBOM 06beme OT CMeLleHUs X pTyTH OT NOJIOXKeHHs PaBHO-
BecHA. -

5.14, IBa 061>eMa 200 u 100 o® paS,Zle.HEHbI TO/IBU K HBIM
NopiuHeM, He NpoBoAsAmuM Terio. CHauaJa TeMnepatypa rasa
GEIa paBHa 300 K u naBrenue 1()13 rlla, sarem Manbiil 06beM
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oxXJaaguan JbaoM jo 273 K, a Gousbluofi -Harpead mapoM o
373 K. Kakoe jaBjenue yCTaHOBUTCSI B 06beMax?

5.15. B muIMHApUYECKOM COCYJle HAXOAWTCSl B paBHOBe-
CHH TsKeJbIf nopiiedb. Han noplliHeM U 1ol HHM HAaXOJSATCS
O/IHHAKOBHiE MAaCCHl ra3a HpH OfHHAaKOBoIl TeMneparype. OTHO-
lIeHHe BepxHero ofbeMa K HHxkHeMy paBHO 3. Kaxoe 6yner
COOTHOLIeHHe OO6BEMOB, €CJIH
TeMIepaTypy rasa YBeJHUYHUTH ;

B 2 paz&?

5.16. B quaumngpe Haj nopiu-

HeM A HAXOJHTCA ras, 3aKphbl-

K zagaue 5.106.

THIH nopiuneM B, Ha KOTOPBI 10 BepXa LHJIHHAPA HATUTA K-
KOCTb IUIOTHOCTH p. Ha Kakoe paccrosHHe ¥ Hal0 CMECTHTH
BBepX noplieHb A, utobbl Hajp -

nopiudeM B ocrancs CToa6 XKHJ- ly

KOCTH BLIcoThl f1? Maccoii mopiu-
H B W TpeHHeM ero O CTeHKH
npeHedpeus. ATMocgepHoe 1aBJe-
uue P,, HayaJabHble BBICOTHI CTOJI-
fa xujakoctd H,, crosba rasa hy.
Temneparypa rasa IpH CMelleHUH
. IOPIIIHS He MeHseTcs. K sazaue 5.17,

5.17. Ha noBepXHOCTH Kup- “.
KOCTH [JIOTHOCTH p [J1aBaeT IH-
Jmﬂapnqecxuu TOHKOCTEHHBIi CTakall, HaNoJOBHHY HOFpY-
JRETHLIH B 2KHJIKOCTb.

a) Ha cKo/JIbKO norpysurcsl HUKHSIs1 KpOMKA CTaKaHa B XKH ]~
KOCTD, €C/IH €ro IOCTABHTL Ha IOBEPXHOCTb XKHIKOCTH BBEpX
11:{0\/1? Brlcora crakana h, paBjaeHHe Bosjyxa P,.

6) Ha kakywo rayGuHy HYKHO HOFpPY3HTD nepeBepHmiﬁ
CTaxaH, 4TOObI OH BMeCTe C 3aK/IIOYEHHEIM B HeM BO3JYXOM MO-
ulesq Ko Juy?
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5.18*, I'epMeTHUecKH 3aKPHITBIH GaK NOJHOCTBIO 3aNOJHEH
JKHJKOCTBIO, TOJILKO Ha JHE €ro HMeeTCd Iy3hpeK BO3AyXa.
Jasnenne Ha ano Gaxka P, KakuM OHO CTaHeT, €C/IH Ny3hIpeK
BO31yXa BCmbBeT? ['y6una Gaka H, NJIOTHOCTb KUJAKOCTH Q.

5.19*%, T'epMeTHUECKH 3aKPBITH GaK BEICOTH 3 M ITOJHOCTHIO
3aM0JIHEH BOJOH, TONILKO HA JHE ero HaXOAsATCa. [BA OJHHAKO-
BBIX Iy3bIpbKa BO3AyXa. [laenenue Ha aHo Gaka 0,15 Mlla.
KaxuM cTaHer jaBjieHHe, €C/H BCOVBIBET OAHH nyselpek? lBa
ny3abipbKa?

5.20. Haiizute dopMyny coepuHeHHs a30Ta C KHCIOPOICM,
ecau 1 T ero B rasoo0pa3HOM COCTOSHHH B oGheMe 1 J1cosnaer
npu temnepatype 17 °C paBnenune 314 rlla.

5.21, Ilpu xOMHaTHOIl TeMpepaType 4YeThIPEXOKHCHL a30Ta
YaCTHYHO JAHCCOUMHPYET B ABYOKHCH asora: N,O, ”2NO,.
B orkauanueii o6beM 250 cm® BBogutca 0,92 r uncroft N,O,
npu 0°C. Korga teMnepatypa B COCyAe YyBeJHUHBaeTCA J0
27 °C, XHIKOCTh LIeJHKOM HCIapaercs, a AaBJeHHe CTAHOBHTCA
paBueiM 128 xIla. Onpefenute 100 UYETBIPEXOKHCH a30Ta,
KOTOpas JHCCOLHHPOBANA.

5.22. MbIbHBIA NY3HIPh, 32M0JHEHHBI FOpAYHM BO3LYXOM,
HEMOABHIKHO BHCHT B atMocdepe (IaBleHHE H TeMIlepaTypa ee
Py, u T,). [lnoTHOCTh MELIBHOH NJIEHKH p, TOJIHAA O, paguyc
r > 0. Hafinute Temnepatypy BO3AyXa BHYTPH nyswips. Ilo-
BepYHOCTHOG HaTsKeHHe IJIEHKH O, MOJeKyJaapHas macca

BO3AYXa .

K 3azaue 5.22. K sanaue 5.24,

5.23. /lBa MBIBHBIX NMY3HIPS PaJHYCOB 7y H ry CJAHBAIOTCA
B oauH. HafiinTe NoBepXHOCTHOE HaTs KeHHe MBIIbHOH MJIEHKH,
ecaH pajgnyc oGpasoBaBIUETOCsA Ny3HIPA 7, aTMOChepHOe JaB-
JaeHue P.

5.24. Halizute nepnoa Manblx KoaeGaHH# NOPILHSA MAacChl m
B TJIaJKOM HMIHHApHYeCKOM cocyge cevenus S. Ilo ofe cro-
POHBI OT MOPIIHA HAXOAUTCA a3 ¢ napamerpamu P(,, Vo = St
u T, Hpouecc CYHTaTh H30TEPMHUYECKHM.
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§ 5.6. Ilepsoe Hauyaso TepMoanHaMuKK. TemmoeMKOCTs *)

6.1. Cxaryio npyxuHy pactBopuss B kucjore. Ha uto
nomyia NoTeHUHalbHaA 3HepTHA JedopMaliu?

6.2. Uemy paBHa BHYTPEHHsSl 3Heprus (B AKOYJAAX) NpPH
HOpMaJbHBIX ycnoBHAX 1 cm® Bozayxa? 1 kr Bosgyxa?

- 6.3. Bosayx B komHaTe Harpenu ot teMnepaTypbl Ty g0 7.
JaBaenye He n3Menusnoch. Kak H3MeHHJach BHYTpeHHss
SHEPTHsl BO3LyXa BHYTPH KOMHATHI?

6.4. B otveme V', HaxoHTCA OHOATOMHLIHA ra3 npu jabJe-
HHH P; u teMnepatype 7T,, a B obpeMe V, — 0fHOATOMHBLI
ras npu jasieHHH P, u temneparype T, Kakoe paBJjeHue
B Kakaf TeMnepaTypa OKaxKyTcs B 3THX 00beMax IoCsie HX coe-
JuHeHus? OOBEeMBbl TENJOH30JHPOBAHLI OT OKPY2Kaiollero npo-
CTPaHCTBA.

6.5. B TensoH3oqHpOBAHHOM COCYIE INpPH TeMmepaType
800 K naxogutcs 1 mosib CO, u 1 Monb Hg. Tlpoucxogur xnMu-
ueckasl peakls

CO; -+ Hy = CO 4 H,O - 40,1 Jax/xMonb.

Bo ckosbko pas Bo3pacTeT jaBjieHHE B COCYJE NMOCJE OKOHYa-
HHSl peakIUH?

6.6. B OeckoneuHoH rnaakol Tennonsonnposaﬂpon TpyGe
HaXoJATCA NOpIIHU Mace M U m, MexXy KOTOPLIMH HaXOJAuTCS
OJIHOATOMHEIN ra3 ofweMa ¥V, npu jaejennu P,. Ilopinu or-
nyckaioT. OueHuTe HX MaKCHMaJbHble cKOpocTH. Maccoii rasa
10 CpaBHEHHIO C Maccod mopumHeH npexefpeyb.

K 3anaue 6.6. K sapaue 6.7,

_6.7. B anuHHON TenJoKH30MHPOBAaHHOH TpyOe MeKY ABYMS
O/IiHaKOBLIMH MOPILIHSIMK Macc m HaXoAuTcs | MoJb 0jHOaTOM-
HOro raza npu reMnepatype 7. B HauanbHbIH MOMEHT CKOPOCTH
nopiHell HanpaBJieHs! B OJHY CTOPOHY H paBHH 3v H v. [lo
Kako#l MaKCHMaJlbHOH TeMnepaTyphl Harpeerca ras? Ilopluxu

*) Bo Beex 3amauax srtoro naparpada ko/eGare/bHble CTENeHH CBO-
GOxpl CUHTATD BBIMOPOMKEHHBIMH,
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TeI0 He NpoBoaAT. Maccoit rasa mo cpaBHEHHIO C MacCaMu
nopiHeil npenefpeun.

6.8. OueHuTte CKOPOCTh BBIIETA IYJIH H3 NAaTPOHA, OPOIIeH=
HOTO B KOCTED.

6.9. Ob6wsacHHTe, TOUEMY paclIHpeHHe rasa npH NOCTOAHHOIY
TEMIIeparype (HSOTepMH‘{eCKOe pacliupeHye) BO3MOXHO TOJILKO
NpH MOJABEJEHHH K rasy Teria.

6.10. OGpem raza yBeqHuHsics B 2 pasa: OJHH pa3. H30TEP-
‘MHUecKH, Apyrofi pas usobapuueckd. B KakoM H3 2THX ABYX
CNyuaeB a3 coBepiuT GOMb-
‘ wmyto paGory? ‘
i 6.11, TlouemMy narpeaercs
| HACOC NPH HaKauHBaHHH LIHHbI?
|
!

6.12, B nuauHape NOJBHXK-
HBIM TIOpLIHEM MEPEKPEIT O0beM
rasa V npu pasnenun P. [lop-
IeHb ornyckaroT. Kakyio pa6o-
TY COBEPLIXT ras Haj NOpUIHEM,
ecii 06beM rasa npH nepemelle-
HHH NOPLIHSA YBeJHUHTCA B 2 pasa, a AaBjaeHHe rasa npu nepe-
MellieHHH NOPINHA: a) GyIeT OCTaBaTbCsl NOCTOAHHBIM; 6) 6yleT
C yBeJsiHueHHeM o6beMa JIHHEHHO BO3pacTarh 10 AaBjeHust 2/7?

6.13. Ha pucynke gan rpaduk 3aBHCHMOCTH JaBJIeHHs rasa
ot ofsema. Haiignre rpaduuecku paGorTy raza npd paciupe-
HHH OT 2 10 6 J1.

K sagaue 6.12,

Al , < ) 3
4 72 5 4 & 6 Un
14
K 3sapaue 6.13, : K sapaue 6.17,

6.14, Bosayx u3orepMuuecKu pacmupsiica ot 2 go 10 .
Hauansuoe pasnenne 0,8 MITa. Onpenenure paory, copepiiiex-
HYIO BO3AYXOM, TOJAb3YACH TPAQHUECKHM H aHaJHTHUYECKHM
MeTOJIaMH.

6.15. T'a3, 3anuMaBLIHi 06beM 21 npn npaenenuy 0,1 Mlla,
pacuupuica uzotepmuuecku 10 4 a. Tlocne sroro, oxmaxaas
ra3 HM30XOpHUYECKH (IIPH INOCTOSTHHOM OO0BeMe),. YMEHbLUIHIH
AaBJenne B 2 pasa. [Jlanee n3oGapuuecku ras pacllupui/cs 10
8 n. Hafiure pagory, coBeplIeHHY0- razoM. Haueprure rpa-
(bHK 3aBHCHMOCTH JaBJEHHA OT o0beMa.
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6.16. 1 Moab BogoOpOAa HarpeBaeTcs NPH MNOCTOAHHOM fAap-'
sennn ot 0 °C. Kakoe KoMHueCTBO Telia HeOGXOIHMO COOGLIUTD
rasy, utoGH e6bem ero yapouacs? Kakas paGora mpu atoM 6y-
JIeT COBeplleHa ra3oM? v

6.17. Han 1 Moab rasa coBeplIalOT 3aMKHYTBIA I[HKJI,
COCTOSILIU I H3 JBYX H30XOP H ABYX HzoGap. Temneparypsl B TOU-
Kax I u 3 paBunl T, u T, Onpenenute paboty, COBepLISHHYIO
ra3oM 3a LHKJ, eCJH U3BECTHO, UTO TOUKH 2 U 4 JIexaT Ha OfHOI
H30TepMe.

. 6.18. Ilopuwenp maccel M, samblKalomuid o6vem V, ¢ ox-
HOATOMHBIM T'a3oM OpH jgaBreHuH P, U temneparype T, 1BH-
;ercsi co ckopocTeio . OlleHHTe TeMOepaTypy H o0beM rasa
NpH MaKcHMagabHoM cxxathu. CHCTeMa TEeNIOH30MHpOBaHa, Tell-
JIOSMKOCTSIMH MOPIIHS H COCYAa NpeHeOpedb.

K sapaue 6.18. K zanaue 6.19%,

6.19*. B oTKauaHHOM M[POCTPAHCTBE BEPTHKANbHO CTOUT
LWHAKHAPHYIECKHH COCYI, TePeKPhIThIH CBepXY HOJBHAKHBIM [10p-
LiHeM Macchl M. BHYTpH NepeKphITOro o0kera HaXONUTCA OJHO-
aTOMHBIA ras mpu Temnepartype T U HaBjeHHH P. BHyTpenHee
ceyeHHe TIHJIHHApPa S, BbICOTa ofbeMa, BHYTPH KOTOPOro HaXo-
jpurcsa ras, H. Ilopwens ornycrunu. OH Hauana JABHraTbe.
UeMmy paBHa MaKCHMa/lbHas CKODOCTb, DasBHBaEMas MOpPLIHEM,
eCJH a3 CXKHMaeTcsl MOPIIHEM H30TepMHYecKH? AnuabaTHue-
CKH? ¥YcKopeHye cBOGOIHOIO MajeHus g.

6.20*. JIBa rommpeccopa aiHaGaTHUECKH CXKHMAIOT ABYX-
atomuell ra3. CHavuana paGoTaeT OIHH KOMIIPeccop, CKHMaro-
uni ras ot ofpeMa V, 10 npoMexyTouHoro obvema V,. 3aTteM
C:KaTblH ra3 OXJaxJaeTcs JO HauaJbHOH TeMIepaTyphl, OCTE
-yero B paboTy BCTynaeT BTOPOH KOMIPeccop, CKHMaroluil ras
1o ob6seMa V,. Ilpu Kakom ofbeMme -V, monHaa paGora oGOHX
KOMIIpeCCODOB MHHHMMaJIbHa H ueMy OHa paBHa? O6wvembl V,
H V, cuuTaTh 3ajaHHLIMH, HayadbHOe AaBieHHe raza P,. Pa-
00Ta KaKoro KoMIpeccopa IIPH ONTHMaabHOM V; Gosblue?
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6.21. 1 m® Bojopozna npu O °C HaxoauTcs B UUJIHHApHUYE-
CKOM COCYAE, 3aKPBITOM CBEPXY JIETKO CKOJB3SIIUM MOpPLIHEM
macesl | Kr u ceuenns 0,5 M2 AtmoctepHoe paBiaenue 973 rlla,
Kakoe Ko/IHueCTBO TenJa NOTpefyeTC Ha HarpeBaHHe BOAO-
poaa 10 300 °C? Hafizure H3MeHeHHe BHYTDeHHeH SHepruH.
Hafizure yaeabHy0 TenjoeMKOCTb BOAOPOAA, OTPaHHYEHHOIO
STHM NOJBHXKHBIM TOPIIHEM.

6.22, Tlpu Harpesanuu 1 Kr neusBectHoro rasa Ha 1 K npun
NOCTOSIHHOM JaBJIeHHH Toe6yeTc;1 912 JI:x, a npu HarpeBaHUH
OpH  NOCTOSTHHOM  ofbeMe
649 /1:x. Yro 370 32 ras?

6.23*, T'opusoHranabHO
PacloJOKeHHBI  LHJAHHD,
cojgepxamui | MoJab rasa
NpH Hada/lbHOH Temmepary-
pe 7y u naBaeHuu Py, 3a-
KPBIT [OPIIHEM ceueHus S.
CnpaBa OT NOPIIHST MOCTOSIH-
HOe aTMOCepHOe HaBJeHHE

Tas narpeBaercsi cnupasblo. IIpy JBHKeHHH NOPLIHS HA
Hero JeHCTBYET CHJI TPEHHA CO CTOPOHDLI CTEHOK LUAHHApa F.
TMosoByHa Temaa, BHAEMAWLEroCss MpPH TPEHUH NOPINHA O

e CTEHKH IWIHHApA, UAET B ras. BHyT-

7777 va = peHHsst sHeprus rasa U = ¢T. Kak

SRAAAR ~—-_ 34DHCMT TeMreparypa rasa 7 OT Ko-

——  JMYecTBa Temsa Q, NepejlaHHOrO ra-

3y cnupanabwo? Iloctpofite rpaduk
i ] 3TOH 3aBHCHMOCTH.

P 6.24. Uuauuap ABCD, 3akphi-

—| = ’ TBIl CBEPXY H OTKDLITHIA CHH3Y,

a-=nl npUKpenJeH K CTeHke GaccefiHa, 3a-

1 NoJIHEHHOTO BOJKoH. B Bepxmued wacry
7 wnunapa KBCM naxopurest 1 Mosib

o reJusi, OTAEJNeHHBI OT BOABI NOPLI-

K sagaue 6.24, Hem (BK = 2h). Tenu#i marpepaior,

nponyckas ToK no cnupanu. Kakoe

KOJUYeCTBO TelJa HYXKHO NOABECTH K rasy, utobbl NOPIIEHB

ONyCTHJICS Ha paccrogdue h (AK > h)? Maccoit nopiuus, Tpe-

HHEM H TeNJONpPOBOAHOCTBIO NpeHeOpeub. DBaccefin mupokui.
IlnoTHOCTH BOABI O, CceueHHe cocyaa S.

. 6.25%, TlosuTponHuecKHM NpOLECCOM HasbiBaeTCs MpPOLECC,
NPOUCXOASIHIHH C MOCTOSTHHOH TenyioeMKocThio ¢. Hafinute ypae-
HeHHe TNOJUTPONH Ay rasa. PaccMOTpHTe 4YacCTHBE CJayyaH:
De=cy;Dc=cp;3)c=0;,4) ¢=
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6.26. Harpepaerc uam oxJaaxpuaercss ras, pacuupsio=\
muiica no sakony PV2 = const? Haiinure ero Monsipuyio ten-
JIOEMKOCTb B 3TOM INPOLECCC,

6.27. HaiinnTe Teny1I0eMKOCTb CHCTEMBI, CocTosAIEH H3 orpa-
HUYEHHOTO NOPLIHEM COCY/a € OJHOATOMHBIM ra3oM (IapaMeTpLl
raza P, V,, T,). TlopiueHb yaepXuBaeTcsi npy:KHHOM KecCT-
KoctH k. CneBa OT mOpLUHA Ba-
KyyM. TemmoeMKOCTAMH cocyaa,
NOpIIHA H NPYKUHH MpeHeGpeub.
Ecimras orkawarb, nopiienb 0Oy-
JCT HAXOJUTBHCS BIJIOTHYIO K Ipa-
BOH CTGHKe LMJIMHJpA, a OPYKHUHA
e OyJeT jepopmMupoBaHa.

6.28%. Hafnnte TenoeMKocTh ’ K sapaue 6.27,
BO3JyXa, HaXoJALIErocsi BHYTPH
MBUIBHOTO Ny3sips. [loeepXHOCTHOE HATsAXKEHHE MLIJILHOH JIEH-
KH O, aTMocepHOe faBjieHHe Pj, paJHyC MysbIpsd r.

6.29*, B orkayanHoM ofbeMe BepPTHKaJbHO CTOMT LiH/JIHH-
Jpudyeckuii COCYJ, 3aKpLITHIH CBepXy NOJABHIKHBEIM MNOpIIHEM
Maccet M. BryTpu cocyjna HaXOAMTCS OJHOATOMHBIA a3 NpU
Aapienun P. BHyTpeHHee ceveHne UMJHHAPA S, BHCOTA 00b-
eMa, BHYTPH KOTOPOrO HaxouuTtcs ras, H. HopmeHb oTImy-
cruu. Tocae HCIPOAOJ/IZKUTC/IbHBIX KoJsieDaHHi nopLieHb ocra-
HaBjuBaercsl. Ha KakoM pacCTOSIHHUM OT HavaJbHOTO IMOJIOXKE-
HHS OCTAHOBHTCS MOPILIEHb, €CJH TElJI0eMKOCTb raza MpH Mo-
CTOSIHHOM 0GbeMe MHOro O6oJjblle TeMJOEeMKOCTH MOPIUHS H
nuauHApa? Bea cucreMa TemoH30MHPOBaHa OT OKPY:KAIOILEro
NpPOCTpaHCTBA.

§ 5.7. Hcredenue raza

7.1. Ta3 ¢ nokasaresneM anHabaThl ¥ BLITEKAET yepe3 MaJjoe
OTBEPCTHe U3 3aMKHyTOro o6beMa B BakyyM. Ilocrosinnoe nap-
JeHHe rasa B o0beMe MOJJepKI-
BaeTcs nepeMellieHHeM MOJBHIKHO-
ro nopuns. Ilpu agnabatuueckom
HCTEUEeHHH ra3a TeMoeparypa ero
B o0BbeMe Tak:Ke He MeHseTcs, a
ras, KOTOPHIH BBIXOJHT B BaKyyM
H3-3a aguabaTHIeCKOro paciupe-
HHST, OXJaXAaeTCs NPAKTHYECKH 10
0 K. Ouenure, nofb3ysacb 3aKOHOM
COXpaHeHHsI SHEPrHH, CKOPOCTb Ias0BOH CTPYH B BaKyyMe.
Temneparypa raza B o6peMe T, M0JIeKyJIIpHast Macca rasa .
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7.2.%; QOupeznenure CKOPOCTb a4HaaTHYECKOTO HCTEYeHHS
CMECH HBYXATOMHBIX Ta30B C MOJEKYJSPHBIMH MacCaMH [y
H p,. HHeao MoJIeKyJl epBOro rasa B £ pas GoJblle YHcaa MO-
JIEKyJ1 BTOPOTO rasa. Temneparypa cmecu 7.

7.3*. DKCIepUMEHTaTOpy HYXKHBI aTOMbl KCEHOHa, CKO-
pocTh KOTOpbIX paBHa 1 kM/c. MosmekyaspHas macca KceHO-
Ha 131. -

a) [Ipu kako¥l TeMnepaType MOXKHO NOJYYHTb ATOMBI C Ta-
KUMH CKODOCTSIMH Npu afuabaTHUYeCKOM HCTeYeHHH rasa B Ba-
Kyym?

6) Kakyiwo cxopocrb MOTYT NPHOGPECTH aTOMBbL KCEHOHa NpH
HCTEeUeHHH B BaKyyM CMeCcH BOJOPOAa U MaJjorO KOJHYeCTBa
KCEeHOHa NMpH KOMHATHOH TeMIlepaType?

7.4. Onpejenure MaKCHUMaJbHYIO CKOPOCThL UCTEUEHHs rasa
U3 COrJla paKeThl, €CJIM TATa PaKeThl CO3LAETCS PeaKUMsIMH:

a) 2H, - O, = 2H,0 - 483 xk/Ix/Moub;

6) 2Al - 3/,0, = Al,O5 -- 1,66 Mk /Mob;

" B) Be - 1/,0, = BeO +- 610 /Ix/moub.

7.5. Temneparypa ropeHHusl XiMHYECKOro TOIJIMBa B pa-
ketHoM jaBuratene 1 = 3000 K, cpennas MogekynaspHas
Macca npoaykrop cropahus p = 30. Mer€uenue upoayxros
CrOpaHHsl NPOUCXOZHT aauabaruuyecku. MonsApHas Temoem-
KOCTb Cp NPOAYKTOB cropaHus 33,4 Jix/(Moab-K). laBjenve
Tasa Ha BBIXOJe H3 paKeThi MHOTO MeHbIlle JaBJIEHHS rasa
B pakere. OnpeseauTe . MUHMMaJbHBIH MacCOBbI pacxox
TOm/IMBa, OfecHeyuBaloOWUi CcTapT ¢ 3eMJIH paKeTm Macchl
M = 1000 .

7.6%. I'as anuaGaTHueCcKU BHITEKAET U3 cOCya 4epe3 TpyOKY.,

- TemnepaTypa rasa B cocyne T, naBnenue P;. Ha BelXoze us
TpyOKU JaBjeHde rasa P,. Onpenenurte cKOpOCTb ra3a Ha Bbl-
xoae u3 TpyoOxy. MOJIeKmepHaﬂ Macca rasa WU, nokasaresb
anuabatsl Y.

7.7*%. VI3 Gannona, comepxkalllero rejuil Ipu }IZBJIeHHH
1 MITa, BeiTekaer ctpys npu nasienuu 0,1 MITa. Temnepatypa
raza B Gasnnone 300 K. Onpeznenurte Temneparypy U CKOPOCTb
TeNUs B CTpye. ) '

7.8%, Bo3nyx, cxkatblil B 6OIbIIOM Gasjone IPH TeMmIepa-
type 0 °C, BbiTeKaeT npu arMocdepHOM JaBJieHUH H3 TPYOKH co
ckopoerbio 400 m/c. Hafinure TeMnepaTypy BBITE€KAIOIIETO BO3-

ayxa. Uemy paBHO jaBjeHde Bo3ayxa B OastoHe? J1okasatenn
aguabater Bo3ayxa 1,4

7.9%. T'as npu HOpMaJIbHBIX AABJEHHH H TeMIepaType mpo-
TeKaeT €O CKOPOCTBIO U 4epé3 IJIaiKylo TpyOKy ceuenus S.
Korza ras npoxofuT uepe3 NPOBOJIOYHYIO CETKY, OKa3bBaig- '
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LIYIO npeHeOpeXHMO Majioe CONPOTHBJEHHe NOTOKY, OH Harpe-
Baercs. [IpHoGperaeMan MouHOCTh paBHa ¢. Onpenenure CKo-
pOCTb rasa 3d NpoBOJIOYHOH ceTKo#. HeMy paBHa CHJIa 1aBJEHUS
rasa Ha ceTKy?

§ 5.8. BeposTHOCTb TEPMOANHAMUYECKOTO COCTOSAHHS

8.1, a) Pasofbem o6peM V na nBe oguHakoBble yactu I u 2.
Ilycrb B 5TOM 06beMe ABHKETCH OfHA MosleKyJa. Bynem nabaro-
JaTh 3a Hell B TRUeHHe BpeMeHHM T. B cpenHeM IOJOBHHY 3TOrO
BpeMeHH MOJeKysaa OygeT HaXOAHTbCA B o6beMme I, a noJjo-
BuHy — B 00beMe 2. Kakoe BpeMsa B oObeme | BMeCTe C nepBOH
6yJeT HaXOQHUTLCS BTOpast MOJIEKYa, eI B o0beme ABHXKYTCA
JBe MOJIEKYJbI?

6) B o6beme ABHKYTCA TP MOJeKYJbl. Kak uyacto onu 6y-
IYT HaXOOMThCS OFHOBDEMEHHO B o0beMe [?

B) B o6beMe apmxyTcsas N mosaekya. Kak wacto onu 6y;[yT
HAXOAUTLCA ONHOBPEMEHHO B ofbeMe 17

8.2, Ilomo BpeMeHH, B TeueHHe KOTOPOrO YacCTHUIbl HaXo-
JSITCS B KAKOM-JHG0 COCTOSTHUY, Y4aCTO HAa3EIBAIOT BEPOSITHOCTLIO
p 3TOrO COCTOSIHUA. .

a) B cocyre naxoparca pse moJekyJbl. UeMy paBHa Bepo-
AITHOCTB TOTO, YTO 00e MOJIEKYJBl OYJIyT HAXONUTBCHA B JIEBOH
NOJIOBHHe cocyna? B o060l U3 MOJOBHH?

6) UeMy paBHA BepOSTHOCTb TOr'O, YTO MOJIEKYJEB! OyAyT
HaXOAUTbCS B pa3HLIX MMOJOBHHAX cOCyna?

B) B cocyzne HaxomsATcs Tpu MoJeKyJabl. HeMy paBHa Bepo- *
SITHOCTb TOTO, YTO JBe MOJEKY/Ibl GYAyT HaXOIHTLCA B JIeBOK
0JIOBHHEE cocyaa? YUTo B JeBoi NOJIOBHHE COCY/a He Oyzer HU
OJHOH MOJIEKYJIBI?

8.3. B cocyne o6rvema V Haxomsitca N MOJeKyJ.

a) Onpenenure BepOSATHOCTL TOTO, 4TO B 06BeMe V), KoTO-
pbil HaXomuTCA BHYTPH oObeMa V, He GymeT HH OJHOH MoJe-
KYJIbl.

6) Uemy nomxeH OBITb paBeH 3TOT 00beM, YTOOH BEPOAT-
HOCTb TaKOTO COOLITHA Obl1a Gau3ka K 10727

8.4*, OueHHUTe BepOSITHOCTL TOTO, UTO IUIOTHOCTbL BO31yXa
B o6beMe 0,1 MM3 B KaKOM- Hn6ym, yuacTke Ballelt KoMHaTH Oy-
JieT B 2 pasa Goublie OOLUHOH MIOTHOCTH. KaKUM f0J#KeH ObITh
06beM 3TOr0 yuacTka, yToObl 5Ta BepOATHOCTD fbl1a JOCTaTOYHO
BeJHKa?

8.5. 3auem B MOJIeKyJAPEOH (M3HKe HYXKHO MOHATHE «Be-
POSITHOCTH COCTOAIHUS CHCTeMB»? HacTo MOMKHO peau3oBaTh
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MasoBeposTHOe coGbiTie. Hanpumep, B cocylie, pasjie/leHHOM Ha
JBe OJHHAKOBbIe YacTH NeperopoikoH, B OJHOH NOJOBHHE HaXO0-
AnTCA ras. [leperopoaKy oueHb GhICTPO yOupaioT. OcyinecTse-
HO COCTOSIHHe Trasa, BepOsITHOCTb KOTOpOro pasHa 27V, rue N —
YHC/0 YaCTHIl Tasa B cocyje. Takoll pe3ysabTaT AaeT pellleHHe
zagaun 8.18B. B nmocnenyoolne MOMEHTBl BpeMeHH B cocyne Oy-
JYT OCYLUECTBJASATLCS APYrHe COCTOSHHA. A B HauaibHOe CO-
CTOsIHHE CHCTeMa He NepelijieT — CJIHIIKOM Maja ero BeposT-
nocte! CrepoBaTe/IbHO, OY/IeT NPOUCXOANTH HeoOpaTHMBIA Ie-
PeX0j B HOBbIE, GoJiee BepOATHble COCTOSAHISA, MOJEeK YJbl Oy YT
34N0JHATh BeCh -06beM cOCYJa.

STOT npuMep MOKa3bIBaeT, YTO 3HAHHE BEPOSATHOCTH COCTOS
HHS' HOBOH CHCTeMbl SIBJSI€TCS OYeHb MOJIE3HbIM. JTO 3HaHue
laeT BO3MOMKHOCTb MpeJcKasaTh JajbHefiliee INOBeJeHHE CH-
CTeMbl — MaJIOBEpOSITHbE COCTOSHUA OYAYT NepeXOoiuTh B 6o-
Jiee BePOSITHBIC., A KaK BBHIYHCIUTD 3Ty BEDOATHOCTD JVIS1 APYTHX
cucTeM? He CJIHIIKOM JIH CIOXKHBIMH OYIYyT BBIUHCAEHHS? B
YHC/IEeHHS, OKa3blBaeTCsl, He OYeHb CJIOXKHBIE. BbIUNCaATh, BO
CKOJIbKO Pa3 BepOSTHOCTh OJHOIO COCTOSIHHS GOJbllle BEpOAT-
HOCTH JIPYTOTO, HYHO CIeAyiollin cnocoboM. Ecai MBI cocTo-
Az sHuo I npu Temnepatype T coofiium

49 KOJIHZeCTBO Temsa Q, TO OHO nepefi-
g JIeT B IPYTOE COCTOsIHNE, BePOSITHOCTD
-] kortoporo B exp (Q/kT) pas Gomblue
’'] BepostHoctH cocrosiHua I (k — mo-
~ . erosiHHas DosbnMaHa).
K sanaue 8.5, [lpuBeseM npuMep, Kak IPOBO-
IATC Takhe BEIYUCIeHHA. Halinem
5THM CNOCOGOM, BO CKOJIBKO pa3 BePOATHOCTb COCTORHHS,
korga Bce N MOJeKYJ rasa HaxoJATCSl B OJHOH IOJMOBHHE
00BeMa, MeHblIle BePOsITHOCTH COCTOSTHH 51, KOT/1a MOJIEK Y JIBI JABH~
XKyTCsi BO BceM o0beMe. [leperopoaum o0beM, B KOTOPOM HaXo-
AATCS1 BCE MOJIEKYJBI, MOJABHAKHBIM MOplLIHeM (cM. puc.). Ha-
30BeM 3TO COCTOsIHHE COCTOsiHHeM . Tlpn aBHKeHHH nOpIUHA
BJeBO Ha Ax ras coBepluut pabory AA u oxsajures. Jdasa toro
yTo6bl COXPAHUTH TEMMNepaTypy rasa NOCTOSAHHOH, MBI JOMIKHEI
cOoOBIUTD MOJIeKYJ1aM rasa KoanueCTBo Temia AQ = AA (w13
BOCIIOJIHEHHS] SHepreTHYeCKHX noTepb B rase). M Hano gzenatsb
TaK B TedeHHe BCEro Mpolecca nepeiBHKeHHs1 MOPUIHS BJEBO,
yToGBl TeMIeparypa Tasa ocTaBasach nocTosHHoH. CaenoBa-
TeJbHO, 1IpH NepeMellleHHH NOPIUHS BJeBO MBI NepelajuM rasy
npu Temneparype T KosauuecTBo Temsa Q = A.

Ilpu usorepmuyeckom paciupenun A = vRT In (V,/V,),

rJe v — KOJIHYeCTBO rasa (B Moasix), R = kN, — rasoBas
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[OCTOSIHHASA, NA——HOCTOHHHEIH Aporanpo, V, — koHeuHBbiil
o6beM, V, — Haua/JbHBIH 06beM. B Haiem caysae N = vN 4,
Ve Ve = 2. Iostomy dopmyay Aas paGOTEI MBI MOXKEM Tieperi-
catb B Buzie A = NkT In 2. CrefoBatesabHO, BEPOSATHOCTD CO=
crossHus 2 B exp (A/kT) = exp (N 1n 2) pa3 Gosblue BepoAT-
HOCTH COCTOSIHUSL ]. Mpl nOyuuJu pellleHHe 3ajgaud 8.1B,
HCMOJMIb3YSl TepMOJHHAMHUECKHIH npouece.

C noMOWpI0 TepMOAHMHAMHYECKOrO [IpOUecca OIpejeuTe
BepOATHOCTb TOTO, YTO B 06beMe Vy, KOTOpBIfi HaXOAUTCA BHY-
TpH 06BeMa V, cobepyTcs Bee MOJICKYJIbI, ABHKYLLHECH B 00b-
eme V. Mcnosp3ys TepMoauHaMHUeCKHH npolecc, pelllnTe 3a-
nauy 8.3. MoxKHO /i TakuM croco6oM peluuTh 3ajauy 8.17

8.6. Kakylo MHHUMaJbHYIO pafoTy HYMKHO COBEpilHTh,
yTOGB NPH KOMHATHOH TeMnepaType YBeJHUHTh KOHUEHTPALHIO
gosoTta B | Kr nopozet ot 1076 no 1 %?

-8.7*. Jlokaxure, yTo B pa3daB/JeHHOM pacTBOPE Ha MOJY-
[POHHLIAEMYIO MeperopoaKky naeHCTBYeT NpH Temmeparype 1
- naBjeHHe P = nkT, rge n — 4HCI0 MOJIEKYJ PacTBOPEHHOTO
BelllecTBa B efNHHLe o6wema pacTBopa. [louemy sta Gopmyaa
BepHa TOJBbKO A151 pa3GaBjeHHOTO pacTBopa’

8.8%. B ofpeme 2V gBumercs 2N Mosaekysa. Bo cKoJbKO
~ pa3 BepOATHOCTb O0HapyxHTb N MoJeky.a B o6weme V — V)
MeHblle BepOsITHOCTH O06GHApyxKUTb N MoJeKyJa B oObeMe V?

8.9%, B cocyn c Bojoit npu TeMneparype 20 °C noMecTH.1H
B repMeTHYHOH KopoGke | rapaa npu temneparype 0 °C. Ompe-
JeJHTe, BO CKOJBKO pa3 BepOSITHOCTb [poliecca npeBpallenks
JbJla B BOAY 60Jbllie BepOATHOCTH 06paTHOrO mponecca — pac-
TasBlUas BOJAA B KOpoGKe BAPYT HauHeT OTAABaTb TemJO OKDY-
JKatolllell BOje U npeBpaTHTCs B Jej. Temneparypa BoIbl B CO-
CyZe NPH TasHHH JbJa MPAaKTHYECKH He MeHAJach. *

8.10. Ilopulens nepBOHAYaJBHO JEAHUT LMJIHHIPHYECKHH
0o0beM Ha JBe paBHble WacTH, B KOTOPBIX HaXOAATCS OJHHAKO-
Bble Macchl Hea/IbHOTO rasa ¢ OJHOH U Toll XKe TeMmepaTypoii.
Peasen syt npouecc, B KOTOPOM MIPH JBHMKEHUH MOPIUHS TeM-
nepaTtypa npaBoi 4acTH yBeJHUUBaeTCs B 2 pasa, a JeBoft —
yMeHbluaeTcs B 2 pasa? TenjoeMKOCTSIMH NOPIUHS U LHJIUHAPA

npeHebpeub, CHCTEMa H30JHPOBAHA.

8.11, I'a3opnHaMHUECKOe pYIKbe MpeACTaBaseT cofoll Lu-
JUHAD, HamoJHeHHBI! OJHOATOMHBIM ra3oM H 3aKPHITHIH mojx-
BIXKHBIM mopliuneM: ['as, pacuMpssich, pasroHsieT NOpPIUEHb.
Peajien sin mpouecc, Korjga mpu yBeJduueHUH o0beMa B A pas
TeMIeparypa rasa YMeHbLUaeTCH B n pas? B /1 pas? CHCTeMa
H30JIHPOBaHa.
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§ 5.9. BTopoe HAYaJa0 TePMOAUHAMHKY

9.1. HBa OZUHAKOBLIX Te€/1d, HATPETHIX 10 PASHBIX TeMIepa-
Typ, NPHBOAATCA B TelJiOBOH KOHTAKT ApPYr ¢ ApyroM. Temme-
paTypbl Te ypaBHHBaIOTCS. [I0KaXHTe, 4TO PH STOM NPOLECCE
SHTPONHA CHCTEMBI YBEJHUUBAETCH.

9.2. Haiinute npupatienue SHTpOHI/II/I I kr snbppa npu ero
NJ1aBJIE HifH.

9.3. Ha ckoabkO BO3pacTeT SHTPONHS "1 Kr Bombl, Haxo-
asimedicst npu teMneparype 293 K, npu npespatieHiy ee B nap?

9.4, HafimuTe npupalljeHHe 3JHTPONMUH BOJOPOAA NpH pac-
IMpeHUn ero or ookeMa V jo 2V: a) B BakyyM; 6) HaoTep-
muueckoM. Macca rasa m. ‘

9.5. Brluncante npuparienue SHTPOIIHH BOZOPOJA MACCHl M
npu nepexoge ot ob6beMa V, u TeMnepaTypsl T, K o0bemy V,
u Ttemneparype T,,” €Cjiu ras: a) HarpeBaeTcsl NPH IOCTOsH-
HOM oObeme Vy, 3aTeM H30TePMMUECKH pacliupsietcs; 0) pac-
IIMPSIeTCSl OPH TMOCTOsIHHOH TeMmneparype 73 10 oobeMa Vi,
3aTeM HarpeBaeTcsl IPH NOCTOSTHHOM ofbeMe; B) ainabaTHUeCKH
pacuupsiercss 1o oobeMa V,, 3aTeM HarpeBaercsl IIPH MOCTOSH-
HOM OGbeMe.

9.6*%, Kycok Jappa Maccet 0,1 kr mpn temmepartype 0 °C
6pocaioT B TeNJMOU30JUPOBAHHBIH COCYA, cOAepxaliui 2 Kr
Gensosa npu 50 °C. Hafizure npupaiienye SHTPONHH CHCTEMbI

1oCJTe YCTAaHOBJEHMA pPAaBHOBECHs. YJesabHas TelJOeMKOCTb
Gensoma 1,75 kJlx/ (kr- K).

0.7%. B TeNJIOH30JIMPOBAHHOM cocy e HaxoauTes 0, 5 kMo
requs H 1 kr appa. B HavanbHbIH MOMEHT TeMIlepaTypa Jbja
273 K, reaus 303 K. Cocyn 3aKDbIT NOJABUKHBIM NOPUIHEM.
Hafizure npupalleHHe SHTPONMH CHCTeMBI IPH Ilepexoje
K pPaBHGBECHIO. .

..

K 3a;15qe 9,7%, K sapnaue 9.8.

9.8. O6reM V paszeneH Ha JBe OJHHAKOBBIE YACTH JABYMSA
neperopojKaMu, NPOHUHAEMBIMH TOJIbLKO JJ/Is TOTO rasa, KoTo-

172



pHil ¢ Hell conpukacaercsa. [lepBoHaua/ibHBE AaBJEHHA ra-
30B P, Temnepatypbl 7. [loj zelicTBHeM rasoB [eperopojku
JIBH2KYTCA Jlo rpaHul ofbvema. Hafiqute npupalienne SHTpONHH
pu 3TOM ABuKeHHU. [ToueMy Takoll npouecc HeBO3MOXKEH, eCII
rasel ¢ 06eMX CTOPOH OJHHAKOBBI HJIH HEBO3MOXKHO SKCIEP HMEH-
TaJbHO OTJHYHTL OLMH Ta3 OT Apyroro (Hanpumep, B OpOLI-
JIOM BeKe HEBO3MOXHO ObLIO OTJHUMTHL H30TONBI)?

7 F
pz ——=c IUZ .-
8 | 8 i
t i . i i
! ! = i
7 n T 2 v
@ 5

K 3zamaue 9.9%, -

9.9%, TemsioBas MalimHa ¢ | Moab HJeaJbHOro OJHOATOM-
HOTO Tasa B KauecTBe paGouero Tena paboTaeT Mo 3aMKHYThIM
LUHKJIaM, H306paxkeHHBIM Ha pucyrke. Haljjute npupaiienne
SHTPONHHU B MalllHHE 34 OJHH ILHKJI. Te\mepaTypr HarpeBareis
H XOJIO,LLI/IJIbHI/IKa T, u T,.

Ve . P
oo Aduaoama

~ ‘ Py ==
/7, "} . : 7 ___x }

\ Adwasema | X !

) . D ' ?

i - kY 7 L 7

@ a)
K sapmave 9.10%, : .

9.10*, Haiizure k. 0. A. UHKJOB, H306PaKEHHMX Ha pH-
CyHKe, eCIH pPaboyHM TeJOM ABJAETCS OfHOATOMHBIH Hjeasb-
HBHIH ras.

9.11. CyulecTByeT 1M npolecc, NpH KOTOPOM Bce NepejaaH-
Hoe TeJy OT HarpeBaTe/s Temso npeBpaulaercd B pabory?

9.12. MoXHO /i PAKTHYECKH BCIO BHYTPEHHIOI SHEPIHIO
rasa npeBpaTHTh B MeXaHHUecKywlo pabory?

9.13. IlapoBas Mammna MouiHoctd 14,7 xBr norpebiser
3a | 4 paGotel 8,1 xr yrasa ¢ yjejbHOH TelJIOTOH CropaHusi
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3,3:107 Jlx/kr. Temnepatypa xomia 200 °C, xosoannibe
niuka 58 °C. Ha¥iute dakTHueCKH# K. N. [. MalIMHBI H CpaB-
HJTe ero ¢ K. M. A. HjeaJbHOH TeIJIOBOH MalllWHHL.

9.14. IloueMy K. M. A. TeNJIOBOH MalllMHBI B LHKJHUECKOM
npouecce MaKCHMaJieH, KOTla 3HTPOMHA CHCTEMbl He MeHs1eTcs?

9.15. TloweMy K. m. A. ABHTaTensl BHYTPEHHETrO CrOpaHis
pe3Ko mnajaeT MpH JeTOHAUMH (Bspbmﬂom cropaHuu ropioueil
cMecH)?

9.16. B okeane HaXoAuTCA JIOLKA C Ky CKOM J1bJla MaccChl 1 K1
npu O °C. OmpeieinTe MaKCHMANBHYIO paGoTy, KOTOPYIO MOKHO
NOJNIYUuTh, HCNOJB3Ysl Mpellece TasiHHA Jbla. Temneparypa
poabl 27 °C.

9.17. Ouennte, Kakyio paboTy MOXKHO COBepUIHTb, HMes
afichepr obreva 1 KmM® B KauecTBe XOJNIOAHJIBHHMKA H OKeal
B KauecTBe Harpepatens. Kakoe Bpemsi nonanoGutes Kpacho-
‘spckoit I'2C, uTobbl BBIpafoTaTh TaKOe K€ KOJHUECTBO 3HEp-
TUH?

9.18*, Harperoe Teno ¢ HauasnbHOU TeMneparypoit T
UCMOJb3yeTcsl B KauecTBe HarpeBaTensi B TelJIOBOH Ma-
iupHe. TemJioeMKOCTb Tesla He 3aBUCHT OT TeMIepaTyphl
u paBHa C. XOJOAUJBLHHKOM CIYKHUT HeOT'DAaHHUEHHAS Cpelz,
TeMIepaTypa KOTOpOH mocTosinHa u paBHa T, Halizute mak-
CHMAaNBHYIO paboTy, KOTOPYIO MOXKHO IOJYYHTL 32 CUET OXJaxX-
JleHHsl Tena. HpOBeCTI{ pacueT sl 1 Kr Kunsumed Boabl M
TaloLIero JbJa.

9.19*, Umerorcs aBa Tesia ¢ HauaJbHbIMH TeMIepaTypamu Ty
u T,. Tennoemkoctd 3THX Test paBHEl C; U Cy W He 3aBUCHAT
ot Temnepatypbl. OfHO TeJO HCHOAb3YyeTCsl KAK HarpeBaresb,
Jpyroe — KakK XOJOJWJbHHK B TemjoBoH MalmnHe. Hafigute
MaKCHMaJIbHY10 pafoTy, KOTOPYI0O MOXKHO HOJYYHTB TaKuM
ob6pasom. IlpoBecTu pacueT, Korja nepBoe TeJO — i KI' Ki-
nsimed Bojpl, BTopoe — 1 kr Boanl npu 0 °C. '

9.20. Kak wu3MeHHTCA TeMIeparypa B KOMHaTe, eC/H
JBEpILy paboTaiollero XOJ0IHJIBHHKA OCTABHTb OTKPHITOH?

9.21, VMneanbuas TenJioBasl Mallliga € K. M. J. 1} paboTaeT
no o6paTHOMY UHMKIy. Kakoe MakcHMastbHOE KOJMUECTBO.
Temla MOXKHO 3afpaTb H3 XOJOJHJbHHKA, COBEDIUHB MeXaHil-
uecKylo paGoTy A?

9.22, HMpeasbHasl TemyoBasl MalllMHA, paﬁoTaiomaﬂ no o6-
PaTHOMY IHKJY, NepelaeT TeNJo OT XOJOJHJbHHKA C BOJO{
npu Temnepatype O °C KHNATHAbHHKY € BOJOH nmpu Temuepa-
type 100 °C. Kaxkyio maccy Boabl HYKHO 3aMOPO3HTL B XOJ0-
JHJIbHHKE, UTOGH! npeBpaTHTL B Map l xr BOABI B KHDATHAL-
HHUKe?.
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9.23. C noMOlbIO SJIEKTPHYECKOH NVIHTKU MOIIHOCTH
1 xBr B KOMHaTe noxmepkuBaercsi TeMmneparypa 17 °C mpu
TeMmepatype Hapy»kHoro Bosayxa —23 °C. Kakaa Mouwmoctsh
noTpeGoBasack Obl JJA MOIJEPKAHHS B KOMHATE TOH Ke TeM-
MepaTypbl ¢ MOMOIIBIO HAEATbHOrO TEMJIOBOrO Hacoca?

9.24*, Kakylo MHHHMMa/JbHYIO paGoTy HYKHO 3aTPaTHTb
AIS TOrO, 4TOObI 3aMOpO3uTH | KI BOAI, Haxoxsmefica npu
TeMnepatype okpyxatomeil cpept 300 K?
- 9.25, UsBecTHO, UTO MpH PACTBOPEHHH B BOJE HEKOTOPLIX
BelllecTB (HanpuMep, THIOCYJb(pHTA) TeMlleparypa pacTBopd
NnoHuKaeTca. Mcnoap3ysa 3TOT pacTBOp B KauecTBE XOJIOAHJbL-
HHKa, a OKPYXKalUIYI Cpely B Kaue¢TBe HarpeBaTess, Mbl
VMOXKEM MOJYYUTh HEKOTopyl pabory. 3ateM, J0XKAABIIHCh
ELICBIXaHHs PacTBopa, MOBTOpAeM UMK/I. Iloqyunm Jn Mbl
TaKHM 00pa3oM BeUHBbIH JBHraTesNb BTOPOTO pojar

§ 5.10. Pa3oBbie nepexoabi

10.1. B kactpio/mo HaJHJIH XOJOAHOH BOAH (TeMmeparypa
10 °C) u mocrapusu Ha mauty. Hepes 10 MuH BOpa 3akunena.
Uepes kakoe BpeMsl OHA IOJHOCTBIO HCMAPUTCS?

10.2. B kos6e maxoaunaack soga npu 0 °C. OrkauuBanueM
MapoB BCIO BOAY B KoJs0e 3aMoposwsu. Kakas 4acTh BOAbI
KCnapuaach?

10.3. B 100 r soaw! nmpu Temnepatype 10 °C onyieno 40 r
Jbja, uMetouiero temnepatrypy —10 °C. KakuM Gyner cocrosi-
HHe TeIJIOBOTO PaBHOBECHS
B 3TOH. cHCTeMe, €CJAH OHa
TeNJIOU30MHpoBana? ¥ jeJb-
Hasi  TENJNOEMKOCTh  Jbja
2.5 KIIK/KT.

- 10.4, - Temmoo6MeHHHK
COCTOUT M3 [BYX [ATHHHBIX
KoakcHaabupix Tpy6. Ilo
BHYTpeHHell Tpybe MejJseH-
HO [pONyCKaercs BOJAHOI
nap, uMelomufi HadasapHylo TeMneparypy 200 °C. Bo Buemi-
HIOl0 TpyGy nocrynaet B 1 ¢ nporuBoTokoM 0,1 Kr Boapl mpu
tremneparype 20 °C, KoTopasl BLIXOJHMT C NPOTHBOMOJIONKIIOH
cTopoHbl B Buie napa c Temneparypoil 150 °C. Kaxas wac-
ca mapa mocTynaeT BO BHYTPEHHIOW TpyOy TelsooOMeHHHKa?
Hassienne B Tpy6ax aTMocdepHoe.

10.5*%, OnpegesuTe TOMUMHY Jbja, 00pasyiowerocs 3a
1 cyT Ha MOBEPXHOCTH O3epa NMpH TeMneparype Bozayxa —10 °C.
Tennonposoxnocts Jabaa 2,2 Bt/ (M« K), mrornocrs 0,9 r/emd.
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10.6. Ilouemy KacTpionsi nporopaer JHINE 1ocJIe TOro, Kak
BOja BBIKHIIHT?

10.7. M0OXHO M BCKHIIITHTL BOAY B 6YMasKHOM CTaKaHUHKe?

10.8. TloueMy Kan/u BOJBI Ha OueHb pacKasleHHOH IJIMTKe
©KHBYT» NOJblIE, YeM Ha MpOCTO ropsueii?

10.9. TloueMy mepesn 3aKunaHWeM BOXbl YaHHHK LIYMHT?

10.10. TloueMy Boja B KacTpiosie C KPBILUKOH 3aKHNaeT
OblcTpee, ueM 6e3 KPBILUKH?

10.11. Ha snextpuueckoii nntke momHoctd 1 kBT xunnt
Boja B ualHuke. HafinuTe CKOpPOCTh HMCTEUEHHS napa W3 Ho-
CHKa YalHMKa, eCIH nap CUMTaTh HAeaslbHBIM rasoM. laBje-
HHE napa Ha KOHIe HOCHKa | aTM, ceueHHe HOCHKa 1 cm2,
CunTaTh, UTO BCH SHEPIHUS IUIUTKM NEpefaeTcs BOe.

10.12*%, B crakaH HaJuThl [Be HeCMEINMBAIOLIMECS KHi-
KoCTH: uyeThipexxyophctbiil yriepon (CCl,) u Bona. Tlpu Hop-.
ManbHOM . atmocdeproM gasnennd CCl, kumut npu 76,7 °C,
BOJa — IH 100 °C. TlpH paBHOMEpHOM HarpeBaHHHM CTaKaHa
B BOAsHO# GaHe KHIIEHHe Ha TpPaHHlle pasjena >XHAKOCTeil
HauuHaeTcss npu Temnepatype 65,5 °C. Onpenenute, Kakas
U3 KUAKOCTeH OblcTpee (IO Macce) BHIKHIIaeT NPH TaKOM
«TOTP2HHYHOM» KHIEHHH H BO CKOJbKO pas. [laBsreHue Hachl-
LIEHHBIX NapoB Bogbl npHu 65,5 °C coctapaser 25,6 klla.

10.13. Tlouemy B mapoBBIX KOTJIaXx NeperpeBaloT map?

10.14. -MoxHO JM BCaChIBAIOUIUM BOJASIHBIM HAcOCOM MOJ-
HATb KHIAILYKO BOAY?

10.15. Tlpu xputuuecko# Temmeparype TemioTa napo-
00pascBaHHug JIOGOH KHAKOCTH paBHA HyJmo. [loyeMy?

10.16. I[louemy uHeH Ha JepeBbAX HHOra HcuesaeT Ges
OTTEeHeJin?

10.17. TloueMy npoOAyKTEL B 3aKpHLITOM xono*.mlbmme
COXHYT?

-10.18. Ha yauue MOpOCHT XOJOAHBIE OCEHHHH J0XKIb.
B xyXHe paseecmyiy MHOIO BHICTHPaHHOTO Gesbfl. BrIcTpee Jin

BEICOXHeT Gesibe, €CJH OTKPHITh (op-
I 7 TOYKY?
10.19. Upnuunp ceuennsn 20 cm?
pasjeseH HOPUIHEM Maccsl b Kr Ha nBe
yacTi. B uuxkKHell uacTH BHauase Ha-
XOJMTCS BOZA, a BEpPXHffA 4YacTb OTKa-
K sapage 10,19, uyana. [loplleHb CcOefsHEH C  LHJIHHJ-
' poM mpyMuHOM JxecTKocTH 16 /M. .
Buauane mpyxuna He gedopmupoBaHa. Omnpefesure Maccy
ofipasoBaBIerocs napa npH-Harpesanun Bogsl o1 0 1o 100 °C.
Tpenust Her.

Pazzs
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10.20. B nusauHApe, 3aKpHITOM IOpLIHEM, NPH TeMIepa-
type 20 °C HaxozuTca Bo3ayX. Ha aHe WUJIHHApa HaXOAUTCA
Kanejbka Bognl. YeMmy 6ymeT paBHO jaBJieHHe B IHJHHApPE
moc/e H30TEPMHYECKOTO, YMeHblUeHHs1 o6beMa B 2 pasa? Ka-
KYIO JJIs1 5TOTO HYKHO COBepWHThL pabory? [lepBoHawanbHBIA
ob6peM waannapa 0,5 M3, gaBJeHHe HaCHINEHHOTO mapa npH
remneparype 20 °C paBuo 1,73 klla. HayanbHoe paBaeHHe
B uuauuape 101,3 klla.

10.21. B npounoM cocyje H3XOAMTCSl a30T IIPH TeMmmepa-
Type 300 K u paBnaeHun P, B cocyjx BnphICKHBaercsl HeKo-
TOpPOE KOJIMYECTBO PACIBIEHHOTO XKHJKOIO 430Ta MNPH TeM-
neparype kunenusd 77,3 K, Koropbifi GbICTPO HCHAPHETCS.
-CnycTsl MpOJOJKUTEJBbHOE BpeMs, KOTJla TeMreparypa CTaHeT
paBHa HayaJbHOH, B COCyJe YCTaHaBJHBaeTCA jaBjaeHue 2P,.
Onpenenute, KakuM OCBUIO MHHHMAaJIbHOE JIABJIEHHE 430Ta
B COCyJe Mocsae BOPBLICKHBaHMA. MoaspHaa TeroeMKOoCThb
azota ¢ = %/,R, MoasipHas Tensiora ucmapenust 5,53 k [k /MoJb,
R = 8,3 JLx/ (Moas - K).

10.22. B nocratouHo -GosbLIOH OTKayaHHBIH oOBeM, HMero-
muf ¢GopMy UHJAHHAPA, 3aKPEITOTO [OPIIHEM, [OMeleHa
CMeCh BOJHI €O JIbJOM B HeGOJbIIOM KoJsuyectTBe. Macca Jbja 1,
tremneparypa 0 °C, ngaBieHue HacbilleHHoro napa npe 0 °C
paBHO P,. Ha CKOJbKO HYXHO H3MeHKHTb OOBEM C IOMOLLbIO
nopiiHs, yto0Hl JeJ Bech pacTasna? Ka-
KYK IIPH 3TOM HYXKHO COBEpUIUTH pabo-
Ty? YnaeabHas TenjioTa napoo0pa3oBaHust
g, ylenabHas TeljioTa MJIABJAEHHS Jbja A.

10.23*. Uumungap cevenusa 100 cm? mo-

CTaBJieH BePTHKAIbHO B 00GBEM, H3 KOTO-
poro oTkauaH BO3AyX. B uujauuape ka-
XOJMUTCS TOJABHXKHBIA MNOpLUIeHb, KOTOPHI
nepekpoiBaer 100 cm3 Bogwl. Uuaunpp c
NOPUIHEM H BOjAa HMEKT TeMIepaTypy
1060 °C. Iopuwens ornyckator. Korpa on K sapauwe 10. 23*
OCTaHOBHJICS, 0Ka3aJ0Ch, 4TO MO/ I[OPIU-
HeM HaxozdArcsa Jjed npu 0°C u napnl BOJHI. JaBnenue na-
ChlilieHHBIX napoB Haj JapjgoM npu 0 °C pasno 610 [Ta. Bes
clicTeMa TelJION30JHPOBaIla OT OKPYIKaIOUIEro MPOCTPAaHCTBa.
Tennoemkocts wumnuzpa ¢ nopmneM 42 Ax/°C. Ha kakywo
BLICOTY MOAHAJCA Obl mnopiiedb, el Obl TAKYIO CHCTEMY
MOKHO OBLIO clesnaTh?

10.24. Kakass uacTb nepeoxJaxjieHHOH 0 TeMieparyphbl’
—4 °C BOJABI 3aMep3HerT, eCjaH GpOCHTb B Hee KYCOueK Jibja
I 5bI3BATh 3THM KPHCTaJJH3aLHIO?
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10.25. Jlen mpu temneparype 0 °C 3ak/iioueH B TemAo-
HelpoHHLAeMYI0 060I0UKY W MOABEPTHYT AaBsgenuio 100 MIla.
Kakasi yacCTb JbAa pacnjiaBujach, €CJAH OPH TOBBILIEHHU JaB-
genust Ha 13,8 MIla temnepatypa riiaBieHus Jbja NOHUKAETCA
Ha | °C? ¥YjenabHas TemaoeMKocTh Jbja 2,5 x/xk/ (xr-K).

§ 5.1]. TensoBoe usﬂyqenﬁe

11.1. TloBepxHOCTL Tesa, HArpeTOro A0 TeMmmepaTypel 7,
H3JyuaetT ¢ | ¢cM2 noBepXHOCTH B 1 ¢ 3HeprHio, NPONOPLUHOHA b~
HYIO YeTBEPTOH CTeleHM TeMmeparypbl: ¢ = eo7* (IJIOTHOCTH
NOTOKA 3HEPTuH), rAe & — KoapOHIHEeHT W3JAyYeHHs Teua,
o = 5,672-107% Bt/ (cM%- K% — nocrosuunas CredaHa —
Bonbumana, T — aGcomoTHas TeMmmeparypa.

a) OueHuTe, CKOJBKO TEMJIOBOH SHEPTHH ‘H3TyuaeT B | ¢
Haule TeJo (NOTOK H3JIYyueHHS C MOBEPXHOCTH HAllero Tesa).
KoapduuueHT uanyueHus Tea NPUHATL paBHbM 0,3.

6) Cosnite ‘M37ayuaeT Eak alCOJIOTHO YepHOe Te0 MpH
temnepatype 6300 K. Onpejzenute, KakoBa MJIOTHOCTD TOTOKA
u3Jsaydenus noBepXHoCTH CoJsHIua.

11.2. Ouenute TeMnepaTypy CHHpaJIH SﬂeKTpOHJIHTKH MOl
socty 0,5 KBT # HUTH HaKaJa a/1eKTpoJaMnbl MOIIHOCTH 150 Br.
[IpuHATH, YTO TemJonepeAada OCYLIECTBIAETCH TOJIBKO H3/IY-
UeHHEM.

11.3%, OnpegesnuTe IVIOTHOCTH 3HEPTHH TEIJIOBOIO H3JY-
ueHHs B TOJOCTH Tesa ¢ Temmepatypoli T. CKoOpocTb cBera
3-10% m/c.

11.4. Hcnonbaysa YCJIOBHe TEMJIOBOTO PAaBHOBeCHS ABYX
TeJI, KOTOpble OOMEHHBAIOTCA 3HEpTHeH uyepe3 TeIIOBOE H3JIY-
uyeHyue, AOKaXKHTe, YTO KO3(PPHLUEHTH H3JYUYeHHS Tes paBHEI
Kos(bhuuHeHTaM NOTJIOUEHHS H3JyUeHHA 3THMH TeJaMH.

11.5. a) «Harpesas KyCOK CTaJH, MBI IPU TeMmeparype
800 °C 6GygmeM HabmopaTh sipKOe BHIIHEBO-KpacCHOe KajeHmue;
HO MPO3PAaYHBIH CTEpXEHEK I1aBJEHOTO0 KBapua mpH ToH ke
TemIeparype cosceM He cetutcss (Jlandcbepe I'. C. Ontuka. —
M.: Tocrexuspat, 1954). O6bacHuTe 3TOT 3¢eKT.

6) ITouemy MeJs BHIIVISIAHT CPERH pPaCKaJEHHBIX yIJeid TeM-
HEIM?

11.6*, a) OnpeaeJmTe yCTaHOBHBUIYIOCS TeMnepaTypy Me-
TaJUIMYeCKOro’ mapa BOIM3H TWIOCKOH uepHOH NOBEpXHOCTH,
Harpetofi 10 TemnepaTypsl 7.

6) OnpenesuTe yCTaHOBUBIUYIOCS TeMIlepaTypy Ilapa, Ko-
TOpHIH HAXORUTCS MeXAy ABYMS MNapaJ/eJbHBIMH YepHBIMH
TJIOCKOCTSIMH, HarpeTbIMu 10 Temnepatyp Ty v Th.
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11.7. Ilap paguyca R HarpeT go temneparypsl T. Koad-
(ULHEHT H3JIYUYeHHsl MOBEPXHOCTH wapa e. OnpenenuTte ycTa-
HOBMBIUYIOCS TeMNeparypy chepuueCcKol mMBUIMHKHM, Haxo-
Jsmefics HA paccrosHMH L OT meHTpa Wiapa.

11.8. Paccrosnus mexnay CoJqHUEM H IJIaHEeTAMU 3emas,
Mepkypui#i, Benepa 1 Mapc pasum 1,5-10%; 5,8.107; 1,1- 10%
n 2,3-10° xm. CpenHsas TemmepaTypa Ha NMOBepXHOCTH 3eMJH
20 °C.

a) OueHute CpefHIOIC TeMIepaTypy mnoeepxHocteil Mep-
Kypusl, Benepst u Mapca. - ,

6) Ouenute 3Hepriio, uaayuaeMmylo Conuuem Bl ¢ (noTok
nsJayueHusl ¢ nosepxHoctu CoJHLA).

B) OueHuTe TeMnepaTypy Ha MOBEPXHOCTH JIYHBI B MOMEHT,
KOrja COJIHEUHHE JIyud NEPINEHAMKYASAPHB €e MOBEPXHOCTH.
llouemy npH 3TOM Ke YCJOBHH TaKasi TeMIepaTypa He HalJaio-
[AeTcsl Ha MOBEPXHOCTH 3eMJIH?

11.9. [1noTHOCTh MOTOXA M2TyUEHHSA 3Be3JHOrO Hefa 0KOJIO
2.1010 Br/ecm2 Ouenure, mosib3ysich 3TOH BEJHUHMHOH, TeM-
nepaTypy BHYTPHUIagaKTHUECKOH* NbIH.

1.10. Kakas TeMnepaTypa YCTAaHOBHTCA BHYTpH cdepH-
UeCKOr0 KOCMHUYECKOro Kopabsist, KOTOPBIA BpamaeTcs BOKPYT
3aMn? Kopabab He uMeeT BHYTPeHHErO MCTOYHHMKA SHEPTHH.

1. 11%, Onpeaenme MOTOK TEIJIOBOIO H3JyYyeHHA, Mepe-
JABAEMOTO OT OfHOU mapas/esnbHOH IJIACTHHBI K JPYro#, eCaH
TeMneparypa maactii 74, u Ty, KO3(D(HIHEHTH H3JAYUEHUS &y
U &, [lmomage KaXkgol MJIacTHHBL S, PacCTOAHHE MEXKIY
NJIaCTHHAMHM MHOT'O MeHbllle X pasMepoB.

K sagaue 11.12, K sagaue 11.13%,

11.12, BHyTpeHHHﬂ MJIOCKOCTh MOJAJAEPIKUBAETCH MPH TEM-
neparype T.

a) Yemy paBHBl TeMmepaTyphl BHEUIHHX 3KPaHHBIX ILIa-
CTHH? ,
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6) CkOMILKO SKPaHHBIX IJIACTHH HYXKHO MOCTABHTH C O0eHX
CTOPOH HarpeBaTe/bHOH IJIOCKOCTH, YTOOLI YMEHBLUINTB TeM-
nepaTypy BHelUHefi KpaHHOH miacTHHH Jo . T/2?

B) Uemy 6ymer paBHa Temnepatypa BHYTpeHHeH MIOCKOCTH,
€CJM BHeHIHHe IVIaCTHUHH OyAyT MOJAePKUBATLCA IpH TeM-
nepatrypax T, u 2T,?

11.13*, HakanbHas HUTb Daauyca r SKpaHUPYeTCsl TpeMs
IHAHHAPAMH pajuycoB R, 2R, 3R. Temneparypa uutu T.
Onpenennte TeMuneparypy BHe-
UIHero sxpaHa. MaTepHaJ HUTH
U 5KpaHa OJUHAKOB, K03¢ddu-
IHEHT H3Jy4eHusd & = [,

11.14%*, B BakyyMHOM 0Gbe-
Me HaXOJUTCS HarpeBaeMasi Me-
TajJuyecKas I[JIOCKOCTh, KO-
TOpYIO C ABYX CTOPOH 3KPaHH-
PYIOT KepaMHyeCKHe IJIACTHHEL
tomuuubl A, KosdduuueHTss
M3Jy4YeHUsl MJIOCKOCTH U IJa-
CTHH &, TEIVIONPOBOZHOCTH [L1aCTHH X. TeMmmepaTyphl IuIa-
CTHH C BHEWHHX CTOpOH T, TeMmeparypa BaKyyMHOH KaMe-
pot T,. OmnpenesiiTe TeMIepaTypy MeTalJH4eCKOH MIOCKOCTH.

11.15. a) HManyyeHue — 310 oTOHHBIN ras. Sueprus ¢o-
ToHa £ CBsizaHa C €ro HMnyJnCoM p COOTHolUleHHeMm p = E/c,
rjie ¢ — CKOpoCTh JOTOHA, paBHAs CKOPOCTH cBeTa. Jlokaxure,
UTO JaBJieHHe (DOTOHHOTO rasa P CBsI3aHO CO cpejHell 3Hep-
ruefi (E) rasa cooTHolleHueM (E) = P/3.

6*) Ilokaxute, 4TO 3Heprus H3JY4eHHs NPOICPILHOHAMbHA
4eTBEepTOH -CTeNeHH TeMHeparTyphl. Hnas joKasaTeJbcTBa BoOC-
HOJIB30BAThCA yCJIOBHEM He3aBHCHMOCTH H3MeHEHHMS SHTPONHU
CHCTEMBI IIPH MepPexoje U3 OFHOrO COCTOSIHHS B [Apyroe oT Xa-
pakrepa nepexoja. MoxXHO NpoBeCTH, HalpHMep, CJIeAVIOIIHe
nepexonnl: npu TeMnepatype 7 nepedTH OT HYJeBOro ofbhema
K 00bemy V, 3anojsHeHHOMY (OTOHHBIM ra3oM INpH TeMIepa-
Type T; 3aTem HarpeThb o6wveM V po temneparypel T -I- AT
(AT £ T); npu temneparype T - AT nepeiiTu ot HyJaeBoro
obrema K oObemy V, 3anosHeHHOMY (OTOHHLIM Tra3oM MHpH
Temnepatrype ¥ - AT.

11.16. «...KocMuuecKass sixTa HpeACTaBJ/sieT COGOH HeYTo
Bpole cdephbl, BHeWHssA 000JOYKa KOTOPOH — HeoOblualiiHo
- TOHKHHA ¥ JerKuil napyc -— B3JyBajach H [epemellanach
B IMpOCTPAHCTBe, YJaBJUBasi [aBJCHHE CBEeTOBLBIX Jyuell...
Ecnu 6bl 5TOT KopaGauK ocTascs Ge3 ynpaBJeHHs: M0GIH30CTH
OT KaKofi-/1nGo 3Be3Abl... H CHJIa NPUTsKeHUs Oblla HeBesauKa,

K 3apmave 11.14%,
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-OH ycTpeMuscsi Obl. IpOYb OT 3Be3Abl 1O IIPAMOH  JIMHHID
(broae 1I. IlnaHera oGe3bsiH. — BuGnuoreka COBPeMeHHOH
¢danracrukd, 1967, 1. 13, c. 27).

a) Kakoe MaKCHMaJbHOe YCKOpEHHe MOXeT DasBHTb 3Ta
KOCMHUYecKasl fIXTa Ha PAcCTOSIHMH R OT 3Be3JInl, eCJIH I0TOK H3-
JayueHus 3Be3gsl D? [laowmagk
napyca S, macca axtel M.

6*) Kakyio ckopocTs npH-
o6pena Obl sIXTa, NPOHAA NOA
JieficTBHEM H3JyYeHHS paccTos-
HHe N0 pajuycy ot RK; no R,?
Ilapyc noJHOCTBIO OTpamkaer
H3JyUEeHHE.

11.17. a) O6bschHuTe Qopmy
KOMETHOI'O XBOCTa, H300p amkeH-
Horo va pucyHke. llltpuxosas
auuna, orubaromasn Coadue, — ' K szpaue 11,17,
TPAeKTOPHUST KOMETHL.

6) OleHHTe MaKCHMAJbHLIH pasMep aJIOMHHHEBBIX IIBLIH-.
HOX, KOTOpble B KOCMHYECKOM MpPOCTPaHCTBe 110], JeHCTBHEM
COJTHEYHOI'O M3JyYeHUs yjajisjHch Obl oT ComHua.

Koo
SO

I'mapa 6. 3JEKTPOCTATUKA

§ 6.1. 3akon Kyuona*)

1.1. a) Ha#igure cuny B3aumonefictsus 3apsiioB 1 K
u 2 Kot Ha paccrosnun 1 kM. .

6) C KaKoit cHJIoif B3aUMOAeHCTBYIOT JBa 3JEKTPOHA Ha pac-
croauuu 1078 cm? 3apsig snektpona e = —1,6-107® Kn.

1.2. 1 cM® BOABl pasjendaM Ha pa3HOHMeHHBlE 3apsifHl,
KOTOpble VIaNuIM JAPYT OT jpyra Ha paccroguue 1 M. C ka-
KOH cuJioH OynyT NPUTATHBATBCS STH 3apsab?

1.3. Cuna B3aHMOJEHCTBUS MEXKAY ABYyMS ommaxoabmm
3apsiiaMM Ha paccrosuud 1 M paBHa 1 H. Onpenenute atu
sapsasl B CH u CI'C.

1.4, Hafixure HaTs2K€HHE HUTH, COEJHMHSAIOWEHA OJHHAKOBLIE
LIapHKi pajyyca r, B LeHTpe KOTOPEIX HaXOAATCS ONUHAKOBbIE
3apsap! Q. OfHH H3 LIAPHKOB IJ1aBaeT HAa [OBEPXHOCTH IKHJ-

) Ecau B sajaue se NPUBOAMTCSA 3HAYEHHe JIHIEKTPHUECKOH Npo-
HHUAEMOCTH BEUIECTBA, CYUTATh €e PaBHOH elMHHUE,
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KOCTH IIJIOTHOCTH Q, BTOpOIil 1lapHK HMeeT Maccy m U BHCHT
Ha HUTH BHYTDM JKUAKOCTH. PacCTosiHHe Meay LeHTpamil
wapukos 1. ’

1.5. Tpu 3apsza ¢, ¢s, G CBA3aHBl IPYT C APYTOM ABYMA
autavu aauHel [, Hatijgure HaTsXKeHHs HUTEH.

1.6. a) B ropusoHranbHo#l Tpy6e MIMHEI [ HaXOAHTCS
NIC/JI0JKUTEJNbHO 3aPSKeHHBIH 1uapuK. BOIM3H KOHLOB TPyOBI
HaxXOJAATCA C OJHOH CTOPOHHBI 3aKPEIUIeHHEBI 3apsij g, C JApPY-
roil — 3akpemJeHHbH 3apaf ¢,. HalauTe NoMOXKeHHEe PAaBHO-
Becisl Wlapuka, ecnu o0a 3apsifa MOJMOMHTENbHHEL. ¥ CTOHYHEO
21 3TO NOJOXKEeHUe paBHoBecusi? Dygner sm nosoxkeHue pas-
HOBeCHH YCTOHUUBHIM, ecau Tpy6y y6patk? Byzer nu orpu-
LaTebHO 3apsAKeHHBIH WapuK B TpyOe HaXOANTBCA B YCTOL-
YHEOM IOJIOXKEHUU PaBHOBECKHS?

6) B BepTukanuHO! TpyGe 3akpensten 3apaj Q. B kakoum
MecTe [0 OTHOLIEHHIO K STOMY 3apsijy O6yleT HaXOAHTLCS
- B IO/10’KEHHH PaBHOBECHS 1IapPHK Macchl m ¢ 3apajom (J? —Q?

CunTaTtk, UTO B3auMojeilcTBHe MEXAY 3apfAXKeHHBIM Llapi-
KOM H 3aKDERJIEHHBIMY 3apsiiaMH He OTJIHYAeTCsl OT B3auMO-
JIHCTBUSL TOYEUHLIX 3apsitOB.

1.7. Uetnlpe 3apsga ¢, @, ¢, @ cBsi3aHBl NATBLIO HUTAMH
JAKHEL [ Tak, Kak NOKasaHo Ha pHcyHKe (Q => ¢g). Oupene-
"JITe HaTs)KeHWe HUTH, CBAsLBaolielt sapsiul @

1.8. Yetnlpe 3apsajga Q, q, Q, g cBsi3aHEl YETHIPHMA HUTSAMU
JauHel [ Tak, Kak 1okazaHo Ha pucyuke. Oupénennre yroa
MEXJly HUTAMH.

1.9. KaKkoli MUHHMAaJbBHEIR 3apsJ] ¢, 3aKPEIJIEHHLIH B HUX-
Hell TOUKe cepUUYECcKO NOJOCTH pajuyca R, YAEDXKHT B 10Je
TAXECTH B €e BepXHeH TOUKe INapUK Maccel M ¢ 3apagoMm {7

1.10. a) DNEKTPOH JBHIKETCS BOKPYT TSXKEJOTO NPOTOHA
C YIJIOBOIT CKOPGCTBIO « NO KPYrOBOH opbuTe. 3apsj 3jek-
TpOHA —e, Macca m,, sapaj npoToHa -Fe. Halinnte paguyc
opGutel (B cM), ectu e = 4,8-107% CI'C, o = 10 pan/c,
m, = 9-107% r,

6) Bokpyr mnpoToHa BpamamoTcss MO KPYroBOfl opOuTS
ueTLIpE 3JIEKTPOHA, pacroJarasich B yrJax KBajparta CO CTG-
ponoit a. [IpoTton Haxoautrcs B HEeHTPe 3TOrO KBajpara. Onpe-
JEJHTe YIJIOBYI CKOPOCTEL JBHIXKEHHS 3JIEKTPOHOB IO opGuTe.

1.11. Ha xaxoM paccrosinuu GyAYyT HAXOAHTLCS -ABa 3a-
psiaa g, coefliHeHHEE PESHHOBLIMHU ILIHYDPAaMU C HENOJBHXKHEIMH
CTeHKaMHu TaK, KaK I0KasaHO Ha PUCYHKe? PacxokieHue HIHY-
POB, BhI3EIBacMO€ B3aHUMOJEIiCTBHEM 3apsjtOB, MHOTO MEHbLIe
HX pjunel {. Paccrosinue mexXiy cTeHKamu 21, }Kechocxb
PEe3HHOBHIX HIHYDOB R.
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K 3zapaue 1.6,

<L

K zagave 1,7, K szpaue 1.8,

K sagase 1,11, : K sagave 1,12%,
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1.12*., CeMb O/IHHAKOBLIX 3apsiJIOB ¢ CBS3aHLL JPYT C ApY-
- TOM OJMHAKOBRIMH YNPYTHMH HHTAMH Tak, Kak [0Ka3aHo
Ha pucyHke. [Tocse Toro kak sapsiiel OTIIYCTHIIH, JJIMHEL HHTEH
crand paBHH [. OnpejennTe HaTsAXKeHHE KaXKJI0H HHTH.

1.13. JlBa OMHAKOBO 3apsXKEHHBIX IlapHKa Macc M, moj-
BEIUEHHLIX B OJHOH TOUKe Ha HHUTAX JUIMHEL [, pasollHCh
TaK, 4TO YroJ MeXJy HUTAMH cTaa npsamueM. Onpejpennte
3apsij]l WapUKOB.

s

§ 6.2. HanpaXeHHOCTb 3JEKTPUYECKOr0 N0/

2.1, Yemy paBHa HanpsiKeHHOCTH 3/EKTPHYESCKOTO' MOJS,
cosjaBaemoro sapsjgom 10 Ka, B CM n CI'C na paccrostunu
1"u 20 m ot nero? C kakofl cujod

{ JeHCTBYIOT 5TH 3/eKTPHUecKHe MOJIs

i na sapan 0,001 Ka? Ha, sapsug
1000 CIrce

90° .97; 2.2, a) Cuna, JeficTByIOIiasi Ha

sapsy 1 Ka, pasra 1 H. UYemy pag-
Ha HampsXeHHOCTh 3JEKTPHYECKOrO
K sapaue 2.3, nosisl, 1eACTBYIOMErO HA 3TOT 3apfj,

B CH u CI'C? '

6) Cuna, peticrayiomas na 3apsg 10CI'C, pasna 100 aun.
YeMy paBHa HanpsMeHHOCTh 2/J€KTPHYECKOTO uogd, jef-
cTBYlomero Ha stor 3apsza, B CH u CI'C?

2.3. UeMy paBHa HanpsKeHHOCTh 3JIEKTPHUECKOrO M0/
B LEHTPE PaBHOMEPHO 3aps2KEHHOH OKPYIKHOCTH paiHyca R?
Yemy paBHa OHa Ha PacCTOSIHHE /i OT LEHTPa OKPYIKHOCTH?
3apaa OKpyKHOCTH Q.

K sapaue 2.4%,

2.4*, a) Jokaxure, uTO Haups2KEHHOCTb 3JAEKTPHUECKOrO
110151 pABHOMEPHO 3apsKEeHHOI'0 chepHUECKOr'0 CerMeHTa B Lk~
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Tpe cq)epbl pajuyca R, u3 KoTopoit OH BBIp€3aH, DaBHA
¢ nre

= 4ne, R2?

MEHT4, :rtrz — mJowagb Kpyra, KOTOpBIH ero 3aMbIKaer.

6) Onpepenure HanpsXKEHHOCTb  5/EKTPHUECKOrO MOJIA
B LEHTPe PaBHOMEPHOC 3apAXKEHHOH moaycdephl (B Touke 0).
[ToBepxHOCTHAA MVIOTHOCTH 3apfAja Ha noaycdepe o.

B) Hafigure manpsixkeHHOCTb 3JIEKTPHYECKOTO MOJA, CO3-
JABaCMOI'0 PABHOMEPHO 3apsizKelIBIM yuacTKoM cdepbl pa-
ayca R, JexalluM Mexay TPeMsi KOOPIHHATHHIMH MJIOCKO-
CTAMH, B lLleHTpe cepbl, paclolokKeHHOM B Hadalle KOOpAHHAT.
IlorepxHoCTHAA MJIOTHOCTH 3apsfia Ha 3TOM Y4acTKe O.

2.5. Jlokaxire, 4TO COCTABJAIILASA HANPAXKEHHOCTH 3JeK-
TPHYECKOI'0 MOJs, MepHeHIUKYJspHAs MOBEPXHOCTH paBHO-
MepHO 3apSIKEHHOT0 yUacTKa MJIOCKOCTH, paBHa E | = oQ/4me,

rjpe 0 — NOBEPXHOCTHAadA I'IJIOTHOCTb 3apﬂﬂa cer-

K 3ajave 2.5, K 3a1a4e 2‘7:3' 7

rae Q — TeJecHBI YroJ, MOJ KOTOPLIM BHASH 3TOT y4acTOK
H3 paccMaTpUBaeMoOli TOYKH MpPOCTPAHCTBA, G — IOBEPXHCCT-
Hasl VIOTHOCTD 3apsiia. Onpejesiute, NoJAb3yACh 3THM, Hanps-
JKEHHOCTb 3JIEKTPHYECKOTO MOJIA:

a) B LeHTpe Kyba, MATb rpaHell KOTOPOrO paBHOMEPHO
3apsKEHbl C [MOBEPXHOCTHOH MNJIOTHOCTBIO C;

6) B LeHTpe NpaBHUJIBHOIO TeTpa3ipa, TPH I'PaHH KOTOPOro
3apsKeHbl C NMOBEPXHOCTHOH MJIOTHOCTBIO O;, a 4eTBepTasd —
C NOBEPXHOCTHOH IJIOTHOCTBIO Oy;

B) PaBHOMEPHO 3aps2EeHHOH MJIOCKOCTH, eCH IOBePXHOCT-
Hasi IVIOTHOCTb 3apfja o;

r) Ha oCH AJUHHOH TPyOBl C CeyeHHeM B BHJE NPAaBHJb-
HOTO TPeyroJIbHHKAa, €C/IH MOBEPXHOCTHBIE MJIOTHOCTH 3apSJ0B
rpaHed TpyGbl paBHBl Oy, Oy, Oz. °

2.6. a) Merannnyeckoe KOJbLO Da3opBajoch KYJOHOB-
CKHMHM CHJIAMH, KOTJa 3apsij KoJabla Gel1 paBeH Q. Chenasu
TOYHO TaKoe K€ HOBOe KOJbLO, HO H3 MaTepHaJd, NMPOYHOCTH
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kotoporo B 10 pas Gosbme. Kaxoft 3apsajy pasopBeT HOBoe
KOJblLO?

6) Kaxofi 3apsjg paszopBeT HOBOe KOJbBILO, CleNaHHOE
M3 TMpeXKHero Marepuana, ecjad BCe pasMepbl HOBOTO KOJLLA
B 3 pasa 6ojblle Pa3MepoB CTAporo KoJblla?

2.7*. T'panu npaBHJbHOTO TeTpasfpa paBHOMEPHO 3apd:
JKeHbl C OJMHAKOBOW INOCTOSHHO#H mnioTHocThblo. YToGhI Ciio-
JKHTb JBe TPaHH TeTpasapa BMecCTe, HeOGXOAHMO COBEPIIHTDH
padory A. Kakxylo paBory HYXHO COBEpIIHTb, YTOSHI CJIO-
JUThb BCe IpaHH TeTpasipa BMecre?

2.8, a) HanpsxeHHOCTb OXHOPOAHOTO 3JEKTPHUECKOTO
noasi paBHa E. UeMy paBeH MOTOK HAmpsIKEHHOCTH 3JEKIpHi-
YeCKCro 1oJs uepe3 KBaApaT CO CTODOHOM @, IIIOCKOCTD

-~ o~
SE £ N
N

500 B \

a) gl

’ K sajzaye 2.8,

KOTOPOTO pacrnosioxeHa mog yrjaoM 30° K HanpaBjeHHIO 3jeK-
TPHUECKOTO MOJA? .

6) Koraa paccyuThiBaIOT NOTOK HANPSIMEHHOCTH 3JeKIPH-
YeCKOro IoJisl Yepes 3aMKHYTYIO TOBEPXHOCTh, IIOTOKH, BXO,15-
1ue B ofbeM, GepyTcsl co 3HAKOM MHHYC, BBIXOAALLHE NOTOKH
GepyTcs co 3HakoMm mioc. HMcrnoabsys 310 mpaBmso, Hafinure
OTpULATEIbHblE H IOJOXKHTENbHbIC MOTOKH OJHOPOZHOTO
3JIEKTPHUECKOTO [MOJS HanpsXeHHOCTH E  depes 3aMKHY-
TYI0 TOBEPXHOCTb NpPsSMON TPeXTPAaHHOA TNPH3MBI, EbiCOTa
KOTOpO# paBHa h. [lepenuss rpadb NpH3Mbl, ITHPHHA KOTOPOf
paBHa A, mepneHAHKYJaspHa E,
HUXKHSAS TIpaHb MNapajjelbHa

B) [lokaxwuTte, 4YTO MOTOK
HamnpAXKeHHOCTH OXHOPOAHOTO
3/IEKTPHUECKOrO MOJS  gepes

K 3agaue 2.9. MOGYI0  3aMKHYTYIO - [OBepX-
HOCTh PaBeH HYJIO.

2.9. Jokaxwure, UTO NOTOK HAINp IKEeHHOCTH MIEKTPHUECKOID

1oJIsT  TOYeYHOTO 3apsja @ uepes mo6ylo NMOBEPXHOCTh paBeH
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TeJIECHOMY YIVIY, [0jl KOTOPbIM BH/HA 5Ta 1I0BEPXHOCTD, YMHO-
JKeHHOMY Ha Q/g,.

2.10. Hcnoarays 3akon Tlaycca, onmpemesnnTe HampsiKeH-
HOCTb 3JIEKTPHUECKOTO [0JIA:

a) paBHOMEPHO 3apsiKeHHO# cdepsl BHYTpH H BHe cephl,
€CJIM IOJIHDBIN 3apaja chephl Q;

6) paBHOMEPHO 3apsiXKeHHO!l GeCKOHEUHOI HUTH, eC/ilf JH-
HelfHAs IJIOTHOCTD 3apsijia HUTH p;

B) PaBHOMEDHO- 3apsKeHHOH 6eCKOHEUHOH IIOCKOCTH, eCJIH
[IOBEPXHOCTHAS IJIOTHOCTh 33pAja IIOCKOCTH O

I) paBHOMEPHO 3apsXKeHHOTO Inapa pajuyca R BHYyTPH
H BHe Illapa, ecad ofbeMHas IJIOTHOCTD 3apsia p; HapuCyHTe
IrPa@HK 3aBHCHMOCTH HaNPSIXKEHHOCTH 3JEKTPHUECKOIO I10J5
OT PAaCCTOSIHHSI JIO LeHTpa luapa;

L) pAaBHOMEPHO 3apfAXKeHHOro GeCKOHeUHOro UHJIHEADPA
pajiyca R BHYTPM H BHe LHMJHHApA, €CIH O6beMHAsa nyoT-
HOCTH 3apsijia BHYTPH HKJUHApA paBHA p; HapuCyilTe rpaduk
52BHCHMOCTH HAlPSKEHHOCTH 3JEKTPHUeCKOro Iojas OT pac-
CTOSIHHSI 10 OCH LMJIHHAPA;

€) pPaBHOMEPHO 3apsi’KeHHOHl GeCKOHEeUHOH ILT1aCTHREl TOJ-
U{kHbl 7 BHe H BHYTDH ILIACTHHBI, €CJIH OGBEMHAsl IJIGTHOCTD
sapsijla B IJaCTHHe p; HapucyHTe rpaduk 3aBHCHMOCTH Ha-
L SUKEHHOCTH 3/E€KTPHYECKOrO HOJSi OT PacCTOSAHHsA J0 I1a-
CTHHHBI.

2.11. Hafiiure HanpsakeHHOCTh 3J€KTPHUECKOro 110714 pac-
pejieIeHHOro 3apajia, o6beMHas IJIOTHOCTE. KOTOpOoro: a) ob-
parHO NPONOPIHOHANbHA KBaJpaTy paccTosiHus 7 g0 touku O:
p = po (ry/r)% 6) 06paTHO NPONOPIHOHAJbHA PACCTOSTHHIO
10 Geckoneunodl npamoii AB: p = p, (r/r).

2.12. Hafinure pacnpejenenne oGbeMHOI NJIOTHOCTH 3J/eK-
TPUUECKOrO 3apfAja: a) B Ilape pajdyca R (BeKtop Hamnps-
JKEHHOCTH 3JEKTpHUeCKOro noss £, B liape HanpaBJjeH BJOJb
€ro pajiuyca U He MEHSETCA 10 MogyJo); 6) B GeCKOHEYHOM
UHAHHJpe paauyca R (BeKTOP HalPsi:KeHHOCTH 3JEKTPHUECKOr0
nonsa E, B UMAUH/JDe HanpaBJ/eH BJAOJbL €ro pajiuyca U He Me-
HSIETCA 110 MOJYJIO).

2.13*%, a) C xako# cusofl meficTByeT Ha rpaHH TeTpazipa
3apsj ¢, NOMellleHHBIH B ero uenrpe? lloBepxHocTHas HJ0T-
HOCTb 3apfjia rpaHed a.

6) C Kakofl CHJION pacTaJKHBAOTC PaBHOMEPHO 3apsiKeH-
Hble rpaHH KyGa? Terpasgpa? [lopepXHOCTHasi NJIOTHOCTh
3apsAja o, AauHa pebpa [. ’

2.14. a) Uemy paBHA HalpPSKEHHOCTh sneKTqueCKoro
0JIS1 MeXAY JABYMA INapaJJesbHbIMH OeCKOHEUHBIMH ILI0CKO-
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CTSIMH C MOBEPXHOCTHBIMH IUIOTHOCTSIMH 3apsifioB -0 H —0?
+0u +0? —20 u +0? UeMy paBHa B 3THX Xe Cayyasix Ha-
NPSXKEHHOCTb 3JIeKTPHUECKOr0 N0JIs BHE IJIOCKOCTef?

6) UeMy paBHa HanpsXKeHHOCTb 3JIEKTPHUECKOrO TNOJA
CHCTeMBl TpeX TapaJssesbHbIX GeCKOHeUHBIX TJIOCKOCTeH C mo-
BEPXHOCTHBIMH IJIOTHOCTSIMH 3apfJ0B -0, -}-0, 40? +0, —o,
+o0? 40, —20, +0? 40, —40, +30?

2.15. a) [Be mepecexatonigecss noji yIJIoM ¢ GecKOHEUHble
MJIOCKOCTH JeaAAT TNPOCTPAHCTBO Ha 4YeTwlpe obGsacTH. Yemy

F s 7 Va
>~< —
K sapaue 2.15a. K sapaue 2.16,

paBHa HaOp$XEHHOCTh 3JEeKTPHUECKOTO ToJsi B 06JacTsX
! W 2, ecnu TIOBePXHOCTHBIE MJIOTHOCTH 3apsiIOB IWIOCKOCTE(!
+ou —o? +ou Jo?

6) UeTbipe mepeceKaroluecsi 6eCKOHeUHbIE IJIOCKOCTH ¢ [10-
BEPXHOCTHOH IIOTHOCTBIO 3apfja O OrpaHHuYHBalT O00BeM
B dopme npaBuabHOro TerTpasipa. OnpegesnnTe HampsiKe-
IIOCTb 3JIEKTPHUYECKOTO TOJA BHYTPH H BHe 3TOro oOBeMa.

2.16. J/Ipe GeCKOHeuHble 3apsi2KEHHble IUTACTHHH HaJIOMeNbl
Apyr Ha apyra. TomuiMHa nepBoifi muacTHHBI h, o6BeMHas
NNOTHOCTL 3apsifa BHYTPH nepBoit miIacTHHE + p. Uemy pacua
MakCcUMasibHasd HaOpsKEHHOCTb 2JeKTPHUeCKOro noJsi B 3Tofl
cHCTeMe, ecau TemuHa M ofbeMHast TJIOTHOCTh 3apsiia BTo-
poO¥ NJTaCTHHB! paBHBl A U —p? 2h U —p/2? 2h u - p?

1)

i// ////‘T"‘ PG
i V4
Va

i

). RIS
{
i

7, 7
Vs \ ‘ P
AR LN
K sapaue 217, K 2apcue 2,19%,

2.17. B paBHOMepHO 3apAXKeHH O ¢ 00beMHOH NIOTHOCTEIO P
GeCKOHeUHOH muacTHHe BERIpe3asny- CPePHUYECKYH0 NOJIOCTh Tak,
{aK I10Ka3aHo Ha pucyHKe. TouminHa naactunbl f1. YeMy pasua
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HamnpsiKeHHOCTDb 3/1eKTPHUYeCcKoro rnoJs B Touke 4? B Touke B?
HaiinuTe 3aBHCHMOCTb HarpsiKeHHOCTH 3JEKTPHYECKOTO MOJIs
Baoap npsamoit OA ot paccrosnus o Toukd O.

2,18, B paBHOMepHO 3ap si2KEHHOM € OGHEMHOH MIOTHOGTBIO O
mape BHpe3all cPepHYeCKYIO TMOJGCTh paauyca 7, UEHTP
KOTOpOIl HaXOAHTCS Ha pacCTOSIHHH a OT LeHTpa wapa. Hafi-
JHUTe HanpsiXKeHHOCTb 3JIeKTPHUeCKOro MoJs BAOJb NpsAMOI,
coeHHSIIOLIE! UeHTD MOJOCTH U -UeHTp apa. Paauyc mwapa R.
HokaxuTte, 4TO 3/1eKTpHYeCKOe I0JI€ B MOJOCTH OLHOPOIHO.

2.19*, a) Ilpu nepeceuenun ABYX wWapoB paauyca R, ueHT-
Dbl KOTODBIX HAaXONATCSL Ha PacCTOSIHMH a ApYT OT JpYyra,
obpasyloTcs aBa «rosaymecsiiay. OObeMbl «IOJyMeCseBy pPaB-
HOMEDHO 3apsiKeHBl PasHOMMEHHBIMH 3JeKTPHUeCKHMH 3aps-
jamu. OOBeMHasi IJIOTHOCTb 3JEKTPHUYECKOro 3apspa cie-
Ba —p, cnpaBa -+ p. JloxaxkuTe, UYTO 3JeKTpHYECKoe IIoJe
B o6JacTH NepeceyeHHs Miapos ojHopoano. Hailixute namps-
JKEHHOCTB 3TOTO I0JIA.

6) Hcnosapsys pesysabTaT 3ajaud a), NPUMEHss MeTo.
npefeabHoro nepexoaa a — 0, p — oo, ap = const, xHafinute
pacrnpelesieHHe 3apfana Ha cdepe paguyca R, KOTOpoe J1acT
'BHYTpH ctepbl OJHOPOIHOE 3JIEKTPHUECKOe I0JIe Harp skeH-
Hocti E. Kak cBsisaHa ¢ Hanpsi:KeHHOCTbY) MaKCHMaJbHas
IVIOTHOCTE 3apsifa’

2.20%, HaiiquTe pacrnpejeseHne 3apsia Ha [OBepXHOETH
OeCKOHEUHOro UHJIHHApA paauyca R, KOTopoe 1aeT BHYTDH
LNJHHIPA OJHOPOLHOE 3JeKTPHYECKOe NoJle HanpsikeHHoCTH £

K sapaue 2.20%, K sapnave 2.23. K sagaue 2.24,

2,21*, YeMy paBHa HanpsiKeHHOCTb JIEKTPHUECKOTO MOJS
paBHOMEpHO 3apsiXkKeHHOI HUTH AJHHBE! [ Ha npsMoli, KoTopas
SIBJSIETCS TIPOAO/KEHHEM HUTH, Ha PacCTOSHHH X OT GJHKaii-
wero KoHua HuTH? JIMHefiHas MJIOTHOCTH 3apsja HHUTH Q.

2.22, HsBecTHo, yTo BOGJM3M NOBEPXHOCTH 3eMJH Cylle-
CTBYeT 3JIeKTPOCTATHUECKOE [0JIe HAaNPA7KeHHOCTH MOpsiiKa
100 B/m. IlpeanoxunTe 3KCIepHMEHTH AJs I/I3MepeHI/IH 3TOrO
noJsi.
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2.23. Ha pucyHke H3o6paxeHsl 6ecKOHeyHas miockoets 4’ A
¢ TOBEPXHOCTHOH NJOTHOCTBIO 3apsja O H HNPHKpeJeHHbIH
K HeHd HHTBI® OJHOMMEHHO 3apsiKeHHBIH 3apsioM @ mapuk
macesl M. Ilapuk Haxoautcs B paBHOBecuu, Hafigute HaTs-
JKEHHEe HHUTH H YTOJ Q.

2.24. OuenuTe NMOBEPXHOCTHYI MJOTHOCTb 3apfija O mJja-
CTHH 3JIEKTPOCKOINA, KOTOpble pacxoisiTesl Ha yroa a, eciH
a < 1. Macca epuuunsl nolaii nnacTul p. Pacnpenenenue
3apfja Ha MJacTHHAaX CHUTATh PaBHOMEPHBIM.

2.25%, C nomoublo 3aKkoHa I'aycca foKaxkuTe, 4TO CHCTEMA
3aPSOKEHHBIX YAaCTHIL He MOXKET HAXOJAUTBCS B COCTOSIHUH
YCTOHYHBOIO paBHOBeCHs.

§ 6.3. 3aekTpHueckoe AasJeHHe.
DHepruda 3JAeKTPHUCCKOTO MO

3.1. a) C kakoit cuofi NPUTATHBAKTCS APYT K APYTY JBe
napajJie/ibuble PasHGHMEHHO 3apsikeHHble miocKocTH? Ilo-
BEPXHOCTHBIE MJIOTHOCTH 3apsAjnoB maockocreli =t-o. [lnomans
KaxKJ0H MJOCKOCTH S, PacCTOSHUE MEKIY HHMH MHOTO MeHbliie
pasMepoB TmiocKocTefl. Uemy paBHa cuaa, JeficTByroWas
Ha €JWHHIY TIOBePXHOCTH MJIOCKOCTH (3/7€KTpHUECKoe JaBiie-
Hue)?

6) HanpsiXeHHOCTb 3JEKTPHUECKOTO TOJS MEXAY mapan-
JeJbHBIMH MJIOCKOCTSIMH paBHa HYJIO, BHe muockocrell E.
OnpejfenyTe NOBepXHOCTHYK IIOTHOCTb 3apsja Ha  IJIOCKO-
cTax. UeMmy paBHO 3JIeKTPHYECKOe JapJjieHHe Ha MJIOCKOCTH?

B) HanpsixeHHoCTb 1OAS MeXAY MN&PaseNbHLIMH HJIO-
cxkocTamu 10 000 B/cm, BHe maockocTell paBHa Hyg. Onpe-
JENUTe 3JEKTPHUECKOe JaBjieHHe Ha KaXIVIo MJIOCKOCTb
U TOBEPXHOCTHYK MJIOTHOCThL 3apsja.

=

K sapave 3.2, K sapauve 3.3,

.

3.2. ipa a/1eKTpONpOBOAALINX NOPLIHSA Waoaan S B TpyOie
H3 H30JATOpa OOpasyloT IJIOCKHH KOHAEHCATOD, 3amOJHEHHKLI
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BO31yXoM 1npH atMochepHoM JaBienun P, Kaxk Hame-
HHTCS pacCTOSIHHE MeX1y MOPIUHAMH, €CJH HX 3apAjHTh
pasHOMMeHHBIMH 3apsajaMu ==Q? CucTeMa XOpOIUIO IPOBOAUT
TeIJIo, TPeHHe OTCYTCTBYET.

3.3. Uemy paBHa mNOBepXHOCTHasg ILUIOTHOCTL 3apsijfa H
3JeKTPHYeCKOe JaBJeHHe Ha TpaHHLe pasfena JBYX MoJefl
Hanps:keHHoctell +E u +2E? +-E u —2E? TloBepxHocTHadA
IJIOTHOCTDL 3apsfa BO BTOPOM cJydae B 3 pasa Gosblue. [lo-
uEMy e SJIEKTPHYECKOe NaBJIeHHe B o0ouX cayYagx OjHHa-
KOBO?

I 7 “~ “”
Zan P P ”
” @ v ~ ”

K 3amave 3.4,

3.4, PaccrosgHue Mexay asyMms mjacTuHamu h. Tosmupmna
n7acTHH Toxe A. [lIacTHHEL pasHOMMeHHO 3apsiKeHBl C 00b-
eMHOH MJIOTHOCTBIO = Q.

a) OnmpejiesinTe CUAy, JEHCTBYIOIYKD Ha Y4acTOK Iuiac-
THHBEl ¢ €IMHHYHOH mJomajbio. [louemMy 3Ta cusia 3aBHCHT
TOJBKO OT 3JIeKTPHUYECKOUO 3apAja B BBIICJEHHOM 00b-
eMe ph W He 3aBHCHT OT TOJUIUHBl MJIACTHHBI, €CJIH ph =
== const? ,

6) [lokaxure, 4TO 3jE€KTpHUECKas CuJa, AeHCTBYyIOLIAs
Ha BBUIEJEHHYIO UYacTb 3apsAXKeHHON [IaCTHHBL, paBHa
Seg (EY — E3) /2, tne E; u E, — HanpsixkeHHOCTH OJHOPOJ-
HOTO 3JIEKTPHUECKOTO. MO/ Ha NOBEPXHOCTH IJIACTHH, Mep-
HEeHIHKYJIAPHE JIACTHHAM, S — IUIOMWAIb BELIEJEHHOR YacTH.
[ToueMy 3Ta cujla He 3aBHCHT OT pacnpejeneHus 0O0BeMHOH
IJIOTHOCTH 3JeKTPHYECKOro 3apAfa IJIaCTHHEL O (x), a 3aBH-
CHT TOJbKO OT NOJIHOIO 3apfja B BHLIEJeHHOH 4YacTH Iuia-
CTHHBL?

3.5. Onpepenute cuay, NeHCTBYIONLYIO Ha HHHILY NOBEPX-
HOCTH (3JIeKTpHUeCKOe JaBieHue) chephl pamuyca R, paBHO-
MepHO 3apsKeHHOH 3apsajpoM Q.

3.6*. PaBHoMmepHO 3apskeHHas cdepa pamuyca R pas-
pesana Ha JiBe YaCTH MO IJIOCKOCTH, OTCTOsileH HA paccros-
HUH h OT nenTpa ceprl. Hafinute cuiy, ¢ KOTOpPOH OTTasKH-
BalOTCs 3T 4acTH. [lonmHbd 3apap coepn Q. Kakol Munu-
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MaJbHbIH 3apsil HYXHO IOMECTHTb B LEHTD Cepbl, 4TOOHLI
yactH cdepbl He pacTaiKHBalHCh?

3.7. Ilse napaJsie/bHBIE Pa3sHOWMEHHO 3apsiKeHHble IJa-
CTHHBI HaXOASITCH Ha pPacCTOSTHUH, MHOrO MeHblIeM pasMepoB
nacthH. [loBepXHOCTHas IWIOTHOCTHL 3apsjoB Ha [JacTu-

K sanaue 3.6%, K sapaue 3.7.

. - .
HaX —=o, IIomanb Kaxaoi miacturbl S. JoKaxute, 4To npH
pa3IBUIKEHHH 3THX IJIaCTHH Ha PacCTOSTHHE X HYXHO COBEp-
‘wyTh padoTy, paBHYyi0 o0beMy, KOTOPLIH 3aNOJHHT BHOBb
CO3/laHHOe 3JEKTPUYECKOe NCJIe HanpsKeHHCCTH E, yMIao-
JKEHHOMY Ha INIOTHOCTb SHEpTHH €,F2/2.

3.8. B 0/1HOpOAHOM 2/1eKTPHUECKOM N0JIe HaNpsi:KeHHOCTH E
NeprneHAHKYJAAPHO HanpaBJIeHHIO NOJA DPAacCnoJOXeHH ABe
IJIOCKHE Pa3HOUMEHHO 3apsiKeHHble MlacTuHBEL. [loBepXHOCT-
Hble IJIOTHOCTH 3apsjioB IJIACTHH =i=C, pAacCTOsHHE MeXj1y
IJ1aCTHHAMH h MHOTO MeHblle JIHHeHHBIX pa3MepoB IIacTHH.
Kakywo paGoTy HYXHO COBEpLINTb, 4TOCLl TMOMEHATh NJja-
CTHHBI MecTaMu?

.

- +
I I B . G e g e
- 6
- — -&
K sapaue 3.8. K 2apauve 3.9,
i

3.9, Kakyio pafoTy HYKHO COBEpIIHTb, 4YTOObl BCTaBHTb
OJHY CHCTEMY DazHOMMEHHO 3apsiKeHHHIX NapalJesbHBIX Mia-
CTHH B JIpYTYIO TaK, KaK NOKa3aHO HA PHCYHKe? nOBlEp‘(HOCx‘
Hasl MJIOTHOCTb 3aPAA0B Ha IVIacTHHAX —i=0, NJOLIaAb KaXKa0H

'IJacTHHBL S, paccTosiHUe MeXXAY TWIaCTHHaMH /I MHOTO MeHblue
JIHHEHHBIX Pa3MepoB MNJIaCTHH.
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3.10. B mnosne HanpsikeHHocTH E mnéprneHAHKYJSPHO Ha-
Np«BJCHHIO MO PacHoNOXeHB 1Be HeNpoBOAsILIHE MJOCKHE
NPOTHBONOJNOXKHO 3aPAXKEHHHe IJacTHHBL. IHanpsikeHHOCTb
nosaa BHYTPpH miaacTue E;. Kakymo paGoTy HYKHO COBEpIUHTb,
4yTOObl 1I0OCTaBHTb 3TH IJIACTHHBl NapasyieibHO BHEIUHEMY
nomo? Ilnomanb Kakaof mniaacTuHbBl S, PacCTOAHHE MEXAY
IJ1aCTHHAMH /i MHOTO MeHblile pasMepoB MJAaCTHH.

3.11. Onpenenute sHepruto W nons paBHOMEpPHO 3aps-
XeHHOH cdepbl paanyca R. 3apsan cgepbl Q.

3.12. Jueprus mo6oi cucteMbl W cBsisana ¢ Maccof cu-
cTeMbl 1M COOTHOLIeHHeM IfHTedHa W = mc? Crenopa-
TeJIbHO, 3JeKTpHYeckoe moJse obgafaer Maccodl. [Ipeanomo-
JKHM, YTO BCS Macca 3/1eKTPOHa «dyjieKTpHuecKas». Onpenennre
¢KJIACCHYECKHH» pajuyC 3JeKTPOHA, CUMTasi, YTO 3apsij 3JeK-
TpPOHa pacnpejeneH IO e€ro NOBepXHOCTH. Macca ssekTpoHa
m, = 9107 kr, 3apsazn sjaekTpoHa ¢ = —1,6-107* K.

3.13. B sxcnepuMeHTax Ha YCKOPHTEJSIX NPOBEPEHO, UTO
B34HMOJICHCTBHE 3JEKTPOHOB BIJOThH 10 paccroaHui 1071 cm
noqunHsercss 3akoHy Kysona. Mcnoabsysi pelllenne 3ana-
yH 3.12, onpedenuTe, BO CKOIbKO Pa3 Macca 3JEKTPHYECKCTO
nosas BHe cepsl paauyca 10716 cm Gosblle MacchH 3ieKTPOHA.

3.14*. Onpenenute SHEPrHIO SJIEKTPHUYECKOTO MOJS PaBHO-
MEPHO 32pAXKEHHOTO tapa pajnyca R. Ilonnbii 3apaj mwapa Q.

3.15. Kakyio pa6oTy npOTHB 3JEKTPHUECKHX CHJ HYKHO
COBEpILIHTb, YTOOH YMEHBIUHTb B 2 pasa paiHyC 3apsiXKeHHOH
chepri? IlepBoHauanbHel paguyc chepsl R, 3apan cdepbl Q.

3.16. Kakywo paboTy npOTHB 3/JEKTPHUYECKHX CHJ HYXKHO
COBEpIIHMTb Ha €AMHHIE JAJHHbI yyacTKa GeCKOHeYHOH LHJHH-
JPHYECKOH 3apAMXEHHOH IOBEPXHOCTH, YTOOB YMEHbIIHTH
panuyc 3Tol noBepXHOCTH B 3 pasa? IlepBoHauanbHas no-
BEpXHOCTHAS [VIOTHOCTb 3apsja UHJHHADA O, NePBOHAYaMb-
HHIH paauyc R.

3.17. Teno BMecTe ¢ 3apajoM, pacnpeiejeHHLIM B HeM,
CXaJNH Tak, YTO Bce JuHefHHe pasMepbl Tela YMEHbLIHJHCD
B 1 pa3. Bo cKoJIbKO pa3 yBenHYHIach SHEPTHA 3IEKTPHEECKOTO
noJsisi?

3.18. PaproMepHO 3apsiKeHHBIH JHCT B OpMe NP AMOYTO/Ib=
HOTO paBHOGELPEHHOTO TPEyroJbHHKA CAOXKH/IH MONOJIaM.
[lpu sTOM Gbia coBepiueHa paGoTa -A NPOTHB CHJI 3JIGKTpH-
uyeckoro nojs. Kakywo paGoTy HYXKHO COBEPILUHTb, YTOOHI elile
pa3 TaK e CJIOXKHTb NOJYYEHHBIH TPEyTOJLHHK?

3.19. Ha ckoabko yBeJHUYHTCA 3SHEPrHs 3JE€KTPHYECKOro
noJs ABYX TOYEUHHX 3apsiioB @, yAaJCHHHX JAPYT OT Apyra
Ha 6oJIbLIOe paccTosiHUe, npH COMMKEHHH HX Ha RACCTOAHHE a?
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3.20. Hanp skeHHOCTDb SMEKTPHIECKOTO TMOJST MEXKNY NBYMS
KOHIeHTPHYeCKUMH CcepaMu paguycoB Ry H R, (R << Ry)
paBHa E M paauaibHO HampapJeHa, a B OCTa/JbHOM NPOCTpaH-
cree nossi HeT, Kak pacnpeneneHa of6beMHasi IJIOTHOCTb
SJEeKTPHUECKOTO 3apsifia npH Ry << r <C R,? UYemy pasHa
SHEpPTUsl TOoJs?

§ 6.4, IpoBOAHHKH B NOCTOSHHOM 3JIEKTPHUECKOM TONe

4.1, a) TloueMy X sapsKEHHOMY IIApY NPHUTATHBAIOTCA
fterkiie MeTaJ/MYeCKHe TBIMHHKHP

6) K snekTpuueckoMy 3apsily NOJHECH JBe He3apsiKeH-
Hble MeTaJJIHYyeCKde TAaJOYKH — OJHY MJHHHYVIO, APYIYIC KO-
potkyio. KoHupl nanoyex oju-
HaKOBO YJaJeHBl OT 3apsja,
Kakasi ¥3 majouek NPHUTSITHs
BaeTCa K 3apAny CHJbHee?

B) MoxkeT s cHJIA B3aHMO»
NIeHCTBHS ABYX MeTaJJIHYeCKHX
3apsi’KEHHBIX LIApPOB PAaBHSTh=
cs HYJIO?

r) MoxHo iy, cho.nbsys{ LWapHK ¢ 3apsaoM Q, 3apsiauThb
OpOBOAHUK 3apsijoM, GOsablIuM Q7

4.2. a) [loueMy sJMeKTpHUECKOe MoJsie BHYTPH NPOBOAHHKA
PaBHO HYJIO?

6) Hoxaxute, uyTo 00GbeMHasl IJOTHOCTb SJMEKTPHUECKOTQ
Bapsija B IIPOBOAHHKE DaBHa HYJIO.

B) [loweMy sneKTpHyecKOe MoJie Ha MOBEPXHOCTH MPOBOJs
HHKa TepTNeHAUKYJSIPHO K ero TOBepXHOCTH?

r) Mcnoab3yss 3akon I'aycca, nOKaKuTe, 4YTO TIOBEPX~»
HOCTHasl MJIOTHOCTb 3apsiia MPOBOJAHHKA O CBSI3aHa C HaTpsie
KEHHOCTBIO 3JIEKTPHYECKOTO TIOJIsl BOGJIM3H TIOBEPXHOCTH TNPO+
BogHUKa E cooTnoluenueM E = o/g,.

4.3. a) B nosocTd MeTansanyeckoro luapa paauyca R Haxos
Jutest 3apsiz Q. Halipure 3apsaj, uBHAYHHDYEMBIH STHM 3apsie
JIOM Ha TIOBEPXHOCTH TOJIOCTH.

6) Ilouemy Ha TIOBEpXHOCTH INapa sapsin GyzeT pacmpes
lieJieH C MOCTOSIHHON TVIOTHOCTBIO? HeMy paBHa noBepXHOCTHAS
IJIOTHOCTD, €C/IM TIOMHBIR 3apsif liapa paseH HyJqw? Hafianre
Hanpsi?KeHHOCTb 3JIEKTPUYECKOTO MOJIsi BHe IUapa Ha Paccrosis
Huu L OT ero ueHTpa B CJaydyae, eCJTH IOJHBIA 3apsij uapa
paBen Q. 3aBHCHT JIM 3TO TOJE OT MecTa, TAe PacroJioXeHa
frosiocts B 1wape? OT ee dopmui?
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4.4. Meranauyeckufi mwap paguyca K moMemteH B chepu-
YeCKYl0 KOHLUEHTPHYECKYIO [MOJOCTh pazuyca 2R Apyroro
MeTaJJINYeckoro Iapa, paguyc koroporo paseH 3R. LleHTpH
urapos coBnazator. [lonublf 3apan Manoro wapa @, 60abBLIOTO
wapa 8Q. Ilocrpoiite rpaduk 3aBHCHMOCTH HarnpsiKeHHOCTH
3/IEKTPHYECKOTO MOJsE OT PaccTOfHUS [0 UEeHTPa LIapoB.

4.5%, BHyTpH MOMOCTH AJNHHHOTO He3apsKEeHHOTO IPOBOI-
HHKa pajuyca r HaXomuTcsi 3apsn ¢. IlpoBomuuk OKpyKeH

=

, ". /// /A._ ==

K 2anauve 4,5*,

OUJAHHAPHYECKUM 3KpaHOM paguyca R. JauHa npoBomHHKa
L > R. Kak 3aBHCHT HamnpskKeHHOCTb 3JIeKTPHYECKOTO MO
BHE NOJOCTH OT PAacCTOSIHHA N0 OCH BJAalH OT KOHLOB Mpo-
BOLHHKa?

4.6. B ogHoposHOE 3NE€KTPHUECKOE NOJIe HANPSKEHHOCTH £
BCTaBUJIH TOHKYIO MeTannudeckyio naactuHy. Ilnockocts nna-
CTHHBI NEePNEHAUKYNSPHA HaNpaBJeHHIO 3MEKTPHUECKOro Mo,

a) Hemy paBHa noBepXHOCTHAs MJIOTHOCTH 3apsija Ha Mnia-
cTHHe? Uemy paBHO 3/eKTpHUECKOE JaBJeHHEe Ha MNOBEPXHOCTh
NJ1aCTHHDI?

6) Toaumuua nuactuHel A, maowmanb S. Kakyw MUHHMAJb-
Hy©0 paboTy HeoGXONUMO COBEpIIHTH, YTOOL! BHITALIUTL MJiae
CTHHY H3 3JJEKTPHYECKOTO MOJs?

4.7. Kakyio MHHHMaJbHYI paGoTy NPOTHB CUM 3JEKTPH-
YeCKOTr0 MO HYXKHO COBEpLIHTh, YTOObl CoOparh Karw
pTyTH paguyca R c 3apamoM Q u3 N OXMHAKOBHIX 3apscHs
HDBIX Kamnenb?

4.8, a) B onmHopomHOe 3JeKTPHUECKOe I[OJe HampsXKeH-
HOCTH E nNOMeCcTHNH He3apsKeHHBIH MeTalNHYeCKHi I1iap.
Onpenenute pacnpefefeHHe MJOTHOCTH 3J]EKTPUYECKOro 3a-
pAia Mo TOBEpPXHOCTH Iuapa. YeMmy paBHO MaKCHManbHOe
3JeKTPHYECKOE JaBJeHHe Ha MOBEPXHOCTDL 1Iapa? .

6) B omHoposmHoe 3neKTpuUUeCKoe roJie HanpsKeHHocTH E
NOMeCTH/IH He3apAKECHHBIA MeTaqiMueckuil puiauHap., Ocb

»
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UWIMHApA TNEPTeHAMKY/AspHAa HanpasJeHuio mous. Cnpene-
JIHTe paclpejieieHHe TJIOTHOCTH 3JeKTPHYECKOro 3apsjga Mo
MOBEPXHOCTH Lu/HHJpa. YeMy paBHO MaKCHMaJbHOE 3J/eK-
TPHYECKOE JaBJeHHE Ha MOBEPXHOCTb UUJIHHAPAP

Bocnonb3oBaTbesl pes3ysbTaTaMH pellieHust 3ajay 2.19%,
2.20*.

4.9*, B O0JHODOJHOM 3JEKTPHUYECKOM T0Jle HAaXOIHTCA
IIPOBOJHHK, CYMMapHBIfl 3apsil KOTOpPOro paBeH Hyqw. Mame-
HHTCSl JIM TOBEPXHOCTHAs IUIOTHOCTH 3apsfijia NPOBOJAHHKA,
€CJIH BCe ero pasMepbl YMEHBIIHTb B fi pas?

4,10*. Tlo aHaJOTHH C LEHTPOM MacC MOXKHO BBECTH NOHA-
THe HeHTpa 3apsioB. OG03HAYHM B HM30/MPOBAHHOM NPOBOJ-
HHEKe, NOJHBIH 3apfA] KOTOPOTO paBeH HYJIIO, Yepes X, paccrod-
HYe MeXJIy UEHTPaMH TOJOXHTENBHBIX H OTpPHIATe/IbHbIX
3apsajoB. IlpousBeneHHe x, Ha MOJOKHTENbHYIO YacTb 3apsja
HOCHT HasRaHHe JHIOJbHOTO MOMEHTA.

a) OnpenennTe AMNOJNBHBIH MOMEHT METAJJIHYECKOTO IIapa
pajsHyca K B OJHOPOJAHOM 3JEKTPHYECKOM IOJe HampsKeH-
noct E. Onpepennte OTHOLIEHHE 3TOT0 MOMEHTA K HailpAXKeH-
HOCTH 3JeKTPHYECKOro IoJfl (3Ta BeIMYHHA HOCHT Ha3BaHhe
NOJSPU3YEMOCTH NMPOBOJHHKA). UeMy paBHa MOJIAPH3YEMOCTh
TOHKOH METa/VIHYeCKOH MIACTHHBI TOJIIMHBI /1 M IVIOWAH S
B SJEKTPHYECKOM IMOJIe, NEPNEeHAHKYJAAPHOM IJIOCKOCTH IJIa-
CTUHBI?

6) JluneitHble pasMepbl H30HPOBAHKOTO IPOBOJHHKA YMEHb-
WHIN B r pa3. Kak H3MeHHJIachb MOJAPH3YEMOCTb IPOBOA-
HHKa? '

4,11, Toueunnifi sapag @ EaxOUHTCS Ha pPacCTOSHHU N
0T GeCKOHeYHOH MeTasanueckoll miaockoctd. Kakas cuna neit-
CTBYET Ha 3apf){ CO CTCPOHBI IMIOCKOCTH? Yemy paBHO Mak-
CHMAaJbHOE 3JIeKTPHYEeCKoe JiaBjleHne Ha IJIOCKOCTb?

4.12. Onpenenute CHJH, JEHCTEYIOIME Ha KaXKAbl H3
JBYX 3apfioB (), HaXOAZINMXCA Ha pacCTOSHAM A OT Me-
TalNHYeCKOH MJIOCKOCTH H Ha paccrofHuu 2k apyr OT
apyra.

4.13. PaBuoMepHO 3apspKeHHas IWIACTHHa TmJowiagu S
HaXOJAMTCS Ha PacCTOSHUH A OT mapaJnesbHoH el GecKoHeu-
HOH MeTa/JIHUeCKOH TJIGCKOCTH. IloBepXHOCTHAf IJIOTHOCTD
3apfja Ha IJacTHHe O, /I MHOTO MeHbllie pasMepoB MJIACTHHEL
Onpenennte 3aps] Ha MeTaJJIHUECKOH MJIOCKOCTH B 06JACTH,
Tle ee MPHKpLIBaeT 3apsikeHHad MJacTHHA, H HaHauTe 3Hep-
THIO 3JIeKTPHUECKOTO MOJIf. ‘

4.14. JlBe OGecKOHeuHbie TNPOBOJAIIHE TIJIOCKCCTH, Nepe-
CeKanch MOj, MPAMBIM YIJIOM, JeJISIT MPOCTPAHCTBO Ha YeTbIpe
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obnactiu. B ofnacty [ HaxoauTcs 3apAl) ¢ Ha OIMHAKOBOM
paccroaHHE @ OT 00enX IJIoCKocTed.

a) EcTb s snektpuyeckoe nose B obnactax [/, 111, IV?

6) Kakas cuna jefictByeT Ha 3apsap ¢?

B) UeMmy paBHO sneKTpHYeCKOe JaBaeHHe BOMH3H TOUKU A?
C Kako#t cusoil sapsj ¢ AeficTByer B 3TOH o6jacTH Ha ejH-
HHIY NJIOWAaAH 3apA’KeHHOH HOBEpXHOCTH?

4.15%. OueHure cuay, AefcTBYOULYI0 Ha 3apsfi ¢, pacmno-
JIOKEeHHBII B LEHTpPe H30JHPOBAHHOM He3apfKeHHOH MeTaJ-
JIHYCCKOH cdepuyeckoil 000M04KH paznyca K, ecin B Heil
HMeeTcss HeGoJbluoe OTBepcTHe pajuyca r <& R. Tomuuna
oGonouxn A L 7. .

4.16*, ToueuHblli 3apsil ¢ HaxoAHTCA Ha paccrogHun L
OT IeHTpPa H30JMPOBAHHOI0 METAJNIHYECKOrO lapa paauyca K.
Tlonnerit 3apsg wapa pasen Hymwo. Hokaxure, 4TO 3JeKTPH-
yeCKoe MOJe BHe lllapa COBMajaeT ¢ IOJeEM, KOTOpoe MoJy-
yaeTcsd HaJoXeHHeM Ha noJe TOUeYHOro 3apsiia ¢ mojas 3apd-
108 ==Rq/L. Tlepshiii 3apsi]l HaXOJMTCA B LeHTpe lapa, BTO-
PO pacnonioxeH na npaAMOH, COeMHALMIEH HenTp Wapa ¢ ¢,
Ha paccroauun R?%/L ot ueHTpa.

4.17. Kak HM3MeHHTCH CHJa B3aUMOJEHCTBHSA 3apAXKEHHOro
MeTaJIMYeCKOro 1apa ¢ TOYeUHEIM 3apfAJAOM ¢, KOTOPLIH HaXo-
JHMTCS Ha paccTofAHMM L OT ero LeHTpa, eCaH 3apaj luapa
YBeJHUHTh Ha Q?

r 1
B pa + 4 o, T2 Z
¥ IA N )
Cliles -
2 & AN NI
r 4
K zanaue 4,14, ’ K 3anaye 4’.18.

4.18. IIpe GeCcKoHeUHEe TPOBOSILIHE H30JHPOBAHHbIE TIJTHTHD
3apsiKeHBl TaK, YTO CYMMAapHBIH 3apAA Ha eAHHHLY NJOWALH
NOBEPXHOCTH 00eHX CTOPOH NepBO# NJIUTH paBeH 0y, a BTOPOH T,
Haiinure sapsaab Ha eanHHIy NJIOMm@AH Ha Kaxjoil cTOpoOHe.

§ 6.5. IoTernan aneKTPHYECKOTO nOJA

5.1. a) Ilorenuuan szapsKEHHOro MeTaldaH4YeCKoro Iapa
300 B. Kaxkofl MHHMMAaJbHON CKOPOCTBIO JOJKeH 00/aj1aTh
3JIEKTPOH, YTOGH yJIeTeTh ¢ MOBEPXHOCTH IIapa Ha GECKOHEUHO
JajeKoe paccrosune? 3apsg saektpona —1,6-107° Ku,
Macca 9-1073 kr,
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6) ITporon Ha GOJIBIIOM PAcCTOSSHHH OT MPOBOAHHKA HMel
¢kopoctb 108 em/c. [Morennuan nposoanuka —10 CI'C. Tpaeks
TOpHSA NPOTOHA 3AKAHYHBAETCH Ha MOBEPXHOCTH NPOBOAHHKA.
Kakyio ckopocTb HMeJs1 NMPOTOH BOJIH3H TOBEPXHOCTH MPOBOA-
muka? Macca nporona 1,7-107% r, 3apsan 4,8-107% CI'C.

5.2, Ilnactuusl A u D 3asemnensl, cetku B u C uMeoT
o oTHoINeHuio K 3emue mortexunuanst 200 w 100 B. M3 maa-
CTHHEI A 6e3 HayaJbHOH CKOPOCTH BblIeTaeT 3jaeKTpoH. C Kas
KHMH CKOPOCTSIMH OH IepeceyeT ceTKH B u C?

4 g A v/

K 3anaue 5.2, K 3apaue 5.5,

5.3. a) Uemy paBeH moTeHIMAaJ 10/ TOYEUHOTO 3apsija ¢
B' TOUKe, yIaJieHHOH OT 3apsija Ha paccTosiHue r?

6) B Bepirinax KBajpara cO CTOPOHOH @ HaXOJATCS YeTHIpe
sapsana ¢. YeMy paBeH mnoTeHLHaJ MOJsl B LEHTpPe KBajpara?

B) 3apsag 0,1 Kn ynanen or sapsga 0,2 Kn na paccros-
Hue 20 M. YeMmy paBeH moTeHIHas MOJIS B CepeHHE OTpe3Ka,
COETUHSIOUIETI0 3apsaabl?

r) 3apsager 100, 10, 1, —10, —1, —I10 CI'C wuaxomsarcs
B BepIIHHAX NPaBUJBHOrO IECTHYTOJLHUKA CO CTOPOHOIT 2 cM.
UeMy paBeH noTeHiHat MOJS B UEHTPE LICCTHYTOJBHHKA
B CH u CI'C?

5.4. Cepa paguyca R umeer 3apsn Q. Uemy paBeH noteH-
HHaJ [oJisl B UeHTpe cepbl? 3aBHCHT JH NMOTEHLMAJ B LEHTPE
cepbl OT pacnpefiesieHHsl 3apsiioB Ha cgepe? 3aBUCHT JIH
NOTeHIHaJ MoJs B KaKOH-THOO TOUKe HA MOBEPXHOCTH C(ephl
OT pacrnpele/ieHUsI 3apsjia 1o cdepe?

5.5. Meranauveckuft map paguyca 10 cM moMellieH BHYTPD
chepHUYECKOr0 MeTaJlJIHUECKOr0 CJ0s, HMeIOLIero BHEWHHI
panuyc 30 cm u tonuuuy 10 cM, Tak, UTO HX LEHTPHl COBIa-
Aaror. Ha mape naxogurca sapsn 10° Kn, ma cioe 3zapsn
8-10% Ku. Iloctpoiite rpaduk 3aBHCHMOCTH [IOTEHIIHaJa
(B BOJIBTaxX) OT PaccTOSIHHS 10 HEHTpa liapa.

5.6, Ilotenmuan BHyTpeHHefi cdepnl panuyca r paBeH
nymo (cdepa sasemieHa), IloTeHuuan BHellHed cdepwl pa-
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nuyca 2r paBen @. Onpenenure 3apsiaet chep. Uentprr cdep
COBNAAAIOT.

5.7. Tpu -KoHueHTpHYecKHe cdepbl pagHycoB £, 2r U 3F
HMeloT 3apaabl -+¢g, -+29 u —3q. OnpenennTe nOTEHUHAN
Kaxa0H chepsl.

- 5.8, a) Meramnueckufl mwap paauyca R;, 3apsiKeHHbIR
JI0 MOTEHIHada ¢, OKPYXKalOT KOHUEHTPHYECKOH nposopsmel
060/10uKOH paauyca R,. UeMmy cTaHET paBeH mOTEHHHAJ liapa,
©CJIM 3a3eMJIHTb BHEIIHIOW 060/04Ky? CoepHHHTL wiap ¢ 060«
JIOYKOH NpPOBOAHHKOM?

6) Kak uaMenurcs moTeHuMas liapa B 3ajaue a), €CJaH ero
OKDYKHTb META/NIHYECKHM CJ0eM C BHYTPEHHHM paguycoM R,
H BHCIUHUM Rj?

5.9. Hafinute npenenbHblfl 3apsia mapa paadyca R, obay-
YaeMoro yabTpadHoIeTOBBIMH JY4aMH, €CJTH 3JEKTPOHBI BCJC =
cTBHe (h0TOS(]deKTa BBIIETAOT ¢ KHHETHUYeCKOH 3Heprued K.
3apsn 3JeKTpoHA eé.

a)

K sagaue 5.10%,

5.10%, a) Uemy paBeH 3apsjn, WHAYUHpYEMBI} Ha moBepX-
HOCTH 3a3eMJICHHOTO MeTaJIMYeCKOro Hiapa TOYEUHBIM 3a{si-
ZOM ¢, PacHoJIOXeHHBIM Ha pacCTOSHMH L OT ueHTpa Hiapa?
Panuyc mapa R.

6) Ha paccrosannu L oT uUeHTpa 3apSAKEHHOIO MeTaljijiiide-
CKOro Iiapa paguyca R HaxomuTcsi Todeunbiit sapsn Q. [oa-
Hul 3apsn wapa @Q,. UeMy paBeH moTeHuuaJs Iuapa?

B) Meranauueckuii wap paauyca R, 3apsz Kortoporo @,
‘U TOYEUHBIH 3apsji ¢, KOTOPbIH HAaXOAUTCS HAa pacCcTosiHuli L
OT LEHTPAa 3TOr0 11apa, OKPYXKEHbl 3a3eMJICHHBIM ChepHYeCKHM
MeTaJJIHUeCKHM CJIoeM, BHYTPEHHHH pagHyc Koroporo 2L,
a BHewHuit 3L. Onpesenure noTeHUUa Mapa.

5.11*, OcH gByX GeCKOHEUHBIX MeTaJLJHUYECKHX UHJIHHAPH-
UeCKHX INoBepXHOcTed coBnajpaioT. Paguyc BHelHeH nosepx-
Hoct# 2R, BHyTpeHHelt R. IloBepXHocTHaA IJIOTHOCTbL 3ap#ana
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Ha BHYTpeHHeH noBepXHOCTH O. BHellHss noBepXHOCTH 3a-
semsiena. OmnpenendTe HOTeHIHAl BHYTpeHHell NOBepXHOCTH.

5.12. llap paguyca R paBHOMepHO 3apsAXeH C 0GBeMHOM
moTHOCTRIO P, Haliaute 3aBucHMOCTh moOTeHlMana iuapa
OT PacCTOAHHA JI0 ero LeHTpa.

5.13. DeckoHeuHblll MUIHHAP pajuyca r 3apsiKeH ¢ o0BeM-
HOH NUIOTHOCTBIO P M OKPYXeH COOCHOH ¢ HHM . 3aseMJ/eHHO
IHHIMHIPHYECKON MeTal/IMueCKOl HOBEPXHOCTBIO pajgHyca R.
Halinure 3aBHCHMOCTb HOTeHIHaTa HOMA 3TOR CHCTEMbI OT pac-
CTOSIHMA 10 OCH LMJIHHIpA.

5.14. Buytpu wapa paguyca R, paBHOMEPHO 3apsKeHHOIO
¢ 00BbeMHOH IVIOTHOCTBIO P, HAaXOAUTCHA 3a3eMseHHas MeTal-
nuyeckan cgepa pamuyca r. Vx nenrt-
pbl cosnanart. Onpenenute 3apan che-
pbt. Hafigure 3aBHCHMOCTD HoOTeHIy1ana
NOJIfl 3TOH CHCTeMbl OT PacCTOSIHHA 10
eHTpa cgepsl.

5.15. a) Omnpepnesure pasHOCTb IO-
TeHUHAJOB 3JeKTPHYeCKOro MO MeX-
: 1y TouKaMM [ M 2, ecay H3BecTHO, 4TO

K sazate 5.14, 3JMEKTPOH, [BHTasACb B STOM 3JEKTPH-

YeCcKOM I0JIe B OTCYTCTBHe JPYTHX CHUJ,

B Touke | uMes ckopoctb 107 cm/c, a B TOuke 2 CKOpOCTH

-2:10° cm/c. UeMy Obla Gh paBHA CKOPOCTb 3J€KTPOHA B TOY-
Ke 2, eciH B Touke ] 3JeKTPOH HMes Obl HYJIEBYIO CKOPOCTb?

6) B amextposnoft samme 3JeKTPOHBL «yCKOPSIOTCA pas-
HOCTbIO nmoreHunanosy 220 B. Uemy paBHa CKOpOCTb 3JeKTpo-
HOB? KaKyio HYyXHO B3ATH.pasHOCTb MNOTEHHHAMOB, 4TOCHI
CKOPOCTb 3/eKTPOHOB Obl1a pasha !/ CKopocTd CBeta

(1010 ¢cm/c)? -~ :

5.16. a) e napa/nsenbHble PasHOHMEHHO 3apsiKeHHblE
MeTa/lJIMYeCKHe NJACTHHbl HAaXOfATCA Ha paccrostHud 1 cm,
MHOTO MeHblleM pasMepoB MNJacTHH. [loBepXHOCTHas HJIOT-
HOCTb 3apaga maacTun —==3- CI'C/em2. OnpeflesnTe pasHOCTb
noteHnHanos Mexay miaacrhidamu B CI'C u CH.

6) [Be napasenbnbie PasHOMMEHHO 3apsikeHHbIe MeTas-
JIHYeCKHe NJIaCTHHbl HaXOJfTCA Ha PacCcTOsiHHM D ¢M, MHOro
MeHblleM pasMepoB NiacTHH. IloBepXHoCTHas NJOTHOCTL 3a-
paga nuactuu 10710 Ka/em2. Onpepennrte pasHOCTb NOTeH-
uHaa0B Mexay naactuHaMmH B CI'C w CH.

B) UeMmy paBHa PasHOCTb NOTEHIMANOB MeXIY KpaHHHMH
IJIaCTHHAMH B CHCTeMe, COCTOSIIIEH M3 TpeX NapasielbHbiX
GeCKOHeUHbIX NJIACTHH, 3apsXKeHHBIX C INOBEPXHOCTHOH NJIOT-
Hoctelo +-0, -0, -+0? -0, —0o, 40? 40, —20, }0o? 40,
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—40, 4-30? BuyTpennss njacTHHa HaXOAHMTCS HA PAcCTofn-
HIH A; OT MePBOi H Ha PaccTOAHHH N, OT TpeTbell MIaCTHHBI.

5.17. 3apams g = 107 Ku maxoapdrtca B yriax Kpajparta
co cropoHo#i 10 cM. Haiiaute pasHoCTh MOTEHUHAJIOB B TOJE
3THX 3apAN0B MeXAY UEHTPCM KBajparta (Touka ) W cepeal-
HOH OfHOIl M3 CTODOH KBajzpara (Touka 2).

o
i
boer 3 -
1 [y
i 7 : =y °
go--Za sy L
K 3epave 5.17, K 3apaue 5.18G*, K 3énaqe 5.19a,

5,18, a) Uemy paBHa pasHOCTb NOTEHLMANOB MEXKIY LieH-
TPOM H HOBEPXHOCTLIO llapa paauyca K, PaBHOMEpPHO 3aps-
JKeHHOTO ¢ 00BeMHOfi IVIOTHOCTBIO p? Mexay OCBIO H NORepX-
HOCTBIO GeCKOHeWHOro UHJHHIPA paauyca R, DaBHOMEPHO
3apAeHHOro ¢ o0beMHOH MJOTHOCTBIO p? Mexay noBepx-
HOCTBIO IIVICCKOI MJIACTHHBI TOJIMIMHBL /i, PABHOMEPHO 3apsi-
AeHHOH ¢ o6beMHON MJOTHOCTLIO P, H CEPEAHHON MJACTHHEL?

6*) Uemy paBHa pasHOCTh MOT2HLIIAJNOB MeXKAY LEHTPOM
11apa, PaBHOMepHO 3apdeHHOre ¢ 0ObeMHOH MJIOTHOCTBIO P,
H 1eHTpoM chepudeckoll MOJOCTH pajaHyca f, KOTOPHI HAXG-
JHTCA Ha DACCTOIHHH @ OT LeHTpa luapa (CM. pHC.)?

5.18. a) Mexny JaByMsi 3a3eMJEHHBIMH MeTaJJHuYeCKHUMH
NJ1aCTHHaMH HaXOJHTCA OJHHAKOBas C HHMH 1O pa3MepaM
TOHKafA IJIeHKa C [OBEPXHOCTHOH MJIOTHOCTBIO 3apsja o.
Paccrosinne or Hee 10 BepxHell NJacTHHBEI 4, 1O HHXHell b
(a 1 b MHOrO MeHblUe JHHEHHBIX pasmepoB miacTun). Haiigute
HalpsizKeHHOCTb 3JIeKTPHYECKOro Mossi BOJAM3H BepXHell X
HixHell miacTueel. OnpepenuTe NOBePXHOCTHBIE MJIOTHOCTH
3apaJ0B, HHAYUHpPYEMBIX Ha HHX.

6*) Mexay saseMJyieHHBIMH HapaJleNbHBIMH MJaCTHHAMH
Ha pacCToAHUM a M b 0T HUX HaxoauTcs 3apaj g. JIuHelHble
pasMmephl IJIACTHH MHOTO GOJIblUe PaCCTOAHHA MeEXJIy HHMH.
Jokaxure, 4ro 3apsjpl, HHAYUHDYeMble Ha 3a3eMJEHHBIX
nJacTHHaxX, He H3MeHATCA, eCJH 3apsaj] ¢ pachnpeiesuTh [0
IJIOCKOCTH, JMeKallell MexXay MJacTHHaMH Ha TOM Xe pactros-
‘HuW, 4To U 3apan g. OnpejgesauTte 3apaabl NJIacTHH.

B) HaiinuTe HanmpsaKeHHOCTH 3JEKTPHYECKOTO MOJA MEXKAY
TpeMs NJACTHHAMH B CJyuae, ecJH leHTpaJbHAaA IJIacTiHA
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8aseMeHa, PacCTOSHHS MexIy MLEHTpanbHOM MIacTHHOH N
KpalinumMu a u b, TloTeHumansl KpafiHHX NJIACTHH ¢,

5.20, M3 xaneabHuun! / B MoJblfl H30JHPOBaHHBIN MeTaJ-
JHYeCKu#l wap 2 paguyca R majaloT KamiH BOJIBI, KakIoH
13 KOTOPBLIX COOBLIAIOT 3apsf §. Kakoil 1o/ikHa GbITh HaHMEHb-

R was BHICOTA MaJeHHs Kamesib
‘)]}——4}—%7 JJIsl TOTO, 4TOOBI uap MOJHO-
CTBIO  3amosiHujcs?  Paanyc

. Kamau r < R,
g 5.21, IlonoxuTenbHO 3apsi-
o7 JKeHHBIH 0o0pydY OonHpaercs Ha

K 3apauc 5.20, K 3apave 5.21,

ueThIpe POJIMKA M MoxKeT Bpawlatbesi. OpuH yuacTok o6pyua
IPOXOAXT 4Yepe3 OTBepCcTHe, CIeJaHHOE B MNapa//IeJbHBIX
Pa3HOHMEHHO 3apsiKeHHbIX MiacTHHax. [To Meicjn usobpera-
TeJif, y4acToK obpydya BHYTPH IWIACTHH OyJeT MpUTArHBATbCS
K OTPHUATeNbHOH IVIaCTHHE H OTTAJKHBATLCS OT IOJIOXKHTENb-
HOH, a BHe MJIACTHH moJs HeT, Dusarojaps atoMy OyneTr mopi-
JEePXKHBATLCS BpalleHHe ofpyya Ja:Ke [PH HAJHYHH COMpo-
THBJICHHS] IBHKEHHIO — MOJYyYaeTcsl BeUHBIH IBHraTe/b. B ueM
omnOKa u3oOperaTessi?
’ 5.22, ]Jlas Toro urtofbl CJAOXKHTL JBe OJHHAKOBbIe IlJia-
CTHHH C paBHBIMH 3apsigaMH, KOTOphle ObWIH YypAajeHbl JApyr
oT apyra Ha OoJiblIOE pPAacCTOSIHHE,
HeOGXOAHMO COBeplIHTh pabory A.

f ; Kakyio pa6oTy HYKHO COBeplUHTD,
=5 == yroGbl CJOXKHUTb BMeCTe TPH TaKuX

T NJIACTHHBI? A TIACTHH?
T 5.23. Kakymo pa6orTy HYKHO CO-
K sapaue 5.23, BEPUIHTb, UTOGBI BHITALHTL BHYTPEH-

HIOK MpOBOJAULYIO IJIACTHHY Harmo-
JOBHHY H3 CHCTEMEl [BYX NMapajJie/IbHHIX 3a3€eMJIEHHBIX IIa-
ctuH? 3apsaj BHyTpeHHelH miactuHel Q. Iliomanp niacTuu S.
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PaccTosnust Mexay BHyTpeHHeH NJIaCTHHOR M KpaHHUMH mJia-
CTHHaMH a U b.

5.24. DnektpodopHOl MalIHHOMN LapuK 1 MOXKHO 3apAIUTD
Jo sapaga Q. 3arteM, uepe3 CONMPHKOCHOBEHHE C IIAPHKOM 2,
MOXHO TlepejaTh TOMYy 4acTb 3apfAga. IIpu mepBoM comprKoC-

e BaoHGT
AT

K sajzaue 5.24,

HOBCHHH Ha LIapHK 2 mepeltes 3apsan ¢. Onpenenute, 10 KAKOTO
sapafa Q., MHOTOKpATHO NOBTOPAA HPOLECC, MOKHO 3apAAUTh
mapuk 2.

5.25. TIpH MensieHHOM COJIMXKEHHH [BYX OJHHAKOBBIX Me-
TaJUVIHYEeCKHX LIapoB ¢ 3apAnoM Q Oblia copeplueHa pafora A.
OnpegennTe H3MeHeHHe NMOTEHIHATa Ha Liapax.

5.26, Kak H3MeHHTCA €MKOCTb yeIHHEHHOTO NMPOBOJHHKA,
€CJIH ero pa3Mepbl YTPOHTL?

5.27. Omnpenenute eMKOCTbL Il1apa,

§ 6.6, KonaeHcaropsl

- 6.1. a) Uro HasblBaeTCA SJEKTPHYECKHM KOHJAEHCATOPOM?
Uto TakOe eMKOCTh KoHZAeHcaTopa? Uem oT/HuaeTcs onpejene-
HHe eMKOCTH YeJHHEeHHOTO IMPOBOJHHKA OT ONpelie/IeHHs eM-
KOCTH KOHJeHcaTopa?

6) Pasmepnl MmJIacTHH IVIOCKOTO KOHJAEHCATOPa YBEJHUHJIH
B 2 pasa. Kak u3MeHHTCA e€MXOCTb KOHJeHcaTopa? »

B) Kax wu3MeHHTCH €MKOCTb INIOCKOTO KOHJIeHcaTopa,
€CJIH PacCTOSIHME MEXKAY IWIaCTHHAMH VABOHTH? YBEJHUHTb
B n pas?

r) Omnpenenure eMKOCTb IUIOCKOTO KOHJEHCATOpa, eCcaH
H3BECTHA IJIOWafb MIacTuH S u paCCTOHHHe MeXIy IJIacTH-
Hamu d.

n) Ilmomans miacTHH IMIOCKOTO KOH,ILeHCElTOpa 20 cm?,
paccTosinHe MexAy njacTHHamMH 3 MM. OnpefefHTe €MKOCTb
koujeHcaropa B CI'C u CH.

6.2. Ilnomans OCKIALOK IJIOCKOTO KOH}IeHCElTOpa S, pac-
CTOSIHHE MeXAy HHMH d,
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a) Kak u3MEHHTCS €MKOCTb KOHJEHCAaTOpa, eCTH MeXIy

ero 0OK/JaJxaMH [IOMECTHTH MeTaNJHUECKYIO IJIaCTHUHY TOJ-
WHEBL d/3?

6) Kak HK3MeHHTCA €MKOCTb KOHJIEHCATOpa, CCAH MEXILY
ero o6KJafKaMH [OMECTHTh MeTaJIHYeCKYlo ITacTHHY TOH e
TOMIMHE!, HO maomwamd S’ <7 S?

B) VsmeHUTCA JH eMKOCTb KOHJAEHCATOpa, €CJAH 3Ta ILia-

CTHHA KOCHeTCs ofHo#l M3 0OK/IaioK? ,
© 6.3. a) Kak uameHHTCS €MKOCTh IIJIOCKOrO KOHJIEHCATopa,
eC/IH TIOMeCTHTh ero B MeTa/NIHUeCKylo Kopobky? Paccrosnue

i3

T

Y4 =¥ | : \
r——| ° 7

. 42

z
K 3anaue 6.3, K sapnave 6.7,

OT O0OKJaAO0K J0 CTEHOK KOPOOKH paBHO PACCTOSHHIO MEXKAY
obknankamu d.

6) Kak H3MeHHTCH eMKOCTb, €CJH KOPOOGKY COeqUuHHUTh
C ONHOU U3 06KJIaAOK?

6.4. a) OmpenenuTe eMKOCTh KOHJeHcaTopa, o0Gpa3oBaH-
HOTO JBYMSl KOHLEHTPHUYeCKHMH cjepaMH paauycoB R; U R,
(cepruecKHii KoHzaeHcaTop).

6) Onpenenute eMKOCTh chepHUECKOrO KOHAEHCATOpa, eCaH
MeX1y ero o6KJaJKaMH IIOMECTHThb NPOBOASINUY chepHueCKUH
C/I0H TONMIUHE! d < Ry — R,. Pajuyc BHelllHell MOBEPXHOCTH
3TOTO Co1osl R

6.5*. Hafinute eMKOCTh LMJIMHAPUYECKOTO KOHAEHCATOpA,
00pa3oBaHHOI'0 ABYMS COOCHBIMH HMJHHAPAaMH pajlycoB Ry
H R,. JnuHa wmumuHgpos [ > Ry, R,.

6.6. a) Haifiqure npejenbuble 3HAUEHHS €MKOCTH IUJIKH-
JPHYECKOTO U CepHUeCKOTO KCHIEHCATOPOB, €CJAU BBIIOJ-
Hsietca ycaosue Ry — R, = AR < Ry, R,. CpaBsuute ¢ eM-
KOCTBIO IIJIOCKOTO KOHJEHcaTopa.

6) Ilnockuil KoHjeHCATOpP H2rOTOBJEH U3 ABYX JEHT Iiu-
puHBl @ u pauHbl [. Paccrosnue mexay nentamu d < a, [
Hemy GyneT paBHa eMKOCTb KOHAEHCATODPA, €CJAH ero CBepHYTh
B DYJIOH, IIPHYEM YHC/JIO BHTKCB A > | U BHYTPEHHUN paiuyc
pyJaoHa R > d?

6.7. Ilnockuil KOHAEHCATOp HAXOAMTCS BO BHEILIHEM OJHO-
POLHOM 3JIEKTPHYECKOM IOJIe HampsikeHHOCTH E, nepneHau-
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_KYJsipHOM muiacTMHaM. Ilnomiagb IJacTHH KOHjeHcaTopa S.
Kakue 3apsisl OKaxyTCs Ha Kaxuo# M3 IJIACTHH, €CJH KOH-
JEeHCATOP 3aMKHYTh [IPOBOIHUKOM HAKOPOTKO?

6.8. Omnpenmeyre eMKOCTH CHCTeM KOHAEHCATOPOB, H30-
Opa:KkeHHBIX Ha PHCYHKe

I ’ —%}——1—"’ ‘
i #—

a)

g)

.

c
. . Lesworesnar
A A i e
1 E_I . 6’ 0 ..!=,-\_
=0 ==( I ¢ ¢ v
R A R =00 L=yl
%6’ i

2 d)

K 3azaye 6.8,

6.9. Jla niocKUX KOHAEHCATOpa COeIUHEHH NapasiebHO.
Emxocts ognoro Cy, apyroro C,. Mexay maacTHHAMH OJHOTO'
KOHJIeHCAaTopa, TOYHO MNOoCepeauHe, BCTaBJA€HA IJIACTHUHA IJIO=
maan S ¢ 3apsagoM q. IlmacTHHY CABHraloT Ha pacCTOgHHe X»
Kakoifi 3apsaj mpu 3TOM MpoTeyeT MO NPOBOAAM? ,

6.10. Hafigure 3HepPrU0 3JeKTPUUECKCIO IOJA CASAYIOIHX
KOHJIEHCATOPOB, 3apsKeHHBIX [0 Pa3HOCTH MNOTeHNIHasloB V3
a) TIOCKOro KOHJEHCATopa C ILIOWajbid IIacTHH S, pacro-
JIOEHHBIX Ha PacCTOAHUH d JPYr OT Jpyra, eCJaH IIOIalb
nractuH 1 M2, paccrosanue 1 MM, pa3HCCTh MOTEHIHAJOB.
Mexxny nsactuHaMu 1 kB; 6) cdepuueckoro KoHaeHcaTopa
¢ paguycamu cdep ry U ry; B) LHJIHHIPHYECKOIO KOHJAEHCaTOpa
JUTUHBL [ ¢ paguycaMu oOKJIaJ0K 7y H 7s. .

6.11. Kax u3MeHUTCS 3Heprusl KOHAeHCaTopa, eClId NpH
TOH 2Ke PA3HOCTH MOTEHIMAJNOB MeXAY IJIACTHHAMH HU3MEHHTb
BCE €ro reoMeTpuyeckue pasMepnl B & pas? [lpu Tex xe pas-
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Mepax ymenuuuth Sapsi B A Pas? Ba éuet uEfd Meéfigefcs
SHeprus KOHJeHcaropa? -

| l
&

.]}"

K sapaue 6.9, K sanaue 6.12.

6.12, Ha muacTuHbI IIOCKOrO KOHIEHCATOpa MOMEINEH 3a-
pax Q. Ilnomans mnactun S, paccrosinue MeXay HuMH d.

a) Kakyio paGory HYKHO COBEpIIHTb, YTOOBl yBEJHYHTbH
paccTosiHHe MexXJAy NJIacTHHaMu Ha d?

6) -Kakyro pa6oTy HYXHO COBEpIIMTb, HTOOBI CIOBHHYTb
IVTACTHHBI Ha PAacCTOsiHHE X JPYI OTHOCHTEeNbHO apyra? Pac-
CTOSTHHe MeXJAy I1aCTUHAMH OCTaeTCsi HeusMeHHbIM. [lna-
CTHHBI MMeIOT (OopMy KBAaJpaTOB.

B) Kakas coBepmaercs paGora B cayyafx a) H 6), eciau
MeX1y IJIaCTHHAMH KOHJeHcaTopa HoAjepiHBaercs OaTapeei
NOCTOSTHHAs pa3HOCTh mnoTeHnuanoB? IloueMy aTH paGoThl
6yIyT APYTHMH?

6.13, Onpepenute cuny (B HBIOTOHAX), C KOTOpOH ImpH-
TACMBAIOTCH ILJIACTHHBL IJIOCKOrO KOHIEHCaTopa, €CJH HCTOY-
HUK HanpsixKeHHs, 3apsAUBIIMH KOHJEHCATOPbI 10 DPasHOCTH
norennuanos 1000 B, orcoenunen. Ilnomanp nimactun 100 cm2,

‘ paccTosiHue MeXIY IIaCTH-
Hamu | mM. M3MeHurcs Ju
CHJla B3aMMOJEHCTBHA IJa-
CTHH, €CJIU UCTOYHHK Hamps-
KeHHs OylerT IMOCTOSIHHO
MOACOeNMHEH K ILTacTHHaM?
a2, | o2 ﬂ6.lél. B miockuii Kou-
JIeHCATOp € pasMepaMy IJia-
CTHH @ X @ H PacCTOSHHEM
MeXNy HUMH d mnoMellleHa
npoBOAAllas INTACTHHKA TOJMIIMHBI ¢ U ¢ pa3MepaMu a X a.
OnpenesvTe, KaKylo CHJIY HYXKHO NPHJIOXKHTBL K IJIACTHHKE,
yToOBl yAEPHKATh €e Ha MeCTe, €CJIH: a) HA IVIACTHHEI MOME-,

20§

K samaye G.14,



LWeHbl 3apsiasl +=Q; 6) Mexay mnJacTHHaMHM TNOAAepKUBaeTEA
NOCTOsIHHAsK pasHOCTb noteHuuatos V (d < a).

6.15%, BuyTpn 1BYX nap 3asemJ/IeHHBIX METaJ/UIHYECKHX
IJIaCTHH DAacCnoJOXKeHa TOHKAs HEempOBOJsILIAs I‘IJIaCTHHa,
KOTOPYIO MOXHO DABHOMEDHO 3apsiiHTh’
no Bcell noBepxHocTH. Macca 3Tofi mia-
CTHHH M, ee IWIHPHHA MO TOPH3OHTAJH /.
PaccTosinne Mexay 3a3eMJeHHBIMH IJIa-
CTHHaMH @ H b. Pasamepr! mjacTdH MHOTO
00JIbLIe PACCTOSIHHS MeXJy HHMH. Bces
CHCTeMa HAaXOJAHTCS B BEPTHKAJBLHOM IO-
JIOXKEHHH B noJse TskecTd. [Ipu Kakoi mo-
BE€PXHOCTHOI IJVIOTHOCTH 3apsija HenpoBO-
JALIasl J1acTHHA HAYHET JABHTAThCA BBEpX? . 'l

6.16, Haiigute sjieKTpHYeCKOe [aBJe- K sapaue 6.15%,
HHe Ha BHYTPEHHIOI NOBEPXHOCTL cepH-

YeCKOr'0 KOHJIGHCATOpa, 3apsKeHHOTrO 0 Pa3HOCTH NOTeHIHAs
JoB V. BHemnuil paguyc KoHjgeHcaTopa R, BHYTpeHHUI 7,

§ 6.7, DaekTpHUecKOe MOJe NPH HAJHYHH JH3JEKTpPHKA

7.1, a) Uem oObscHsieTcsl YMeHbLUEHHE HampsKeHHOCTH
9JEKTPHUYECKOTO T0JIsl B BelllecTBe?

6) Yro Takoe Qu3JEKTPHUYECKAsl NPOHUIIAEMOCTEL BelleCcTBa?

B) Kak 3aBHCHT JH3JEeKTpHYeCKasi NPOHHILAeMOCTb rasa
ot ero jaasiaeHus? OT TeMneparype?

7.2%, a) Hailigure AunOJbLHBEIH MOMEHT INpPOBOJSALIETO Ila-
pHKa pajuyca r, NOMELIEHHOTO B OJHOPOIHOE 3JEKTPHYeCKOoe
noJsie HanpsikeHHocTH E.

6) Cpeja cocTap/ieHa H3 NPOBOJSIIIHX LIAPHKOB pajauyca 7.
Hlapugu pacnpefejgeHsl paBHOMEPHO mo o6beMy. Hucio a-
PHKOB B euHHle o0beMa n. HaiinuTe AH3/IeKTPHUECKYIO NPO-
HHI[AeMOCThL Cpejibl, npeHe6perasl B3aHMHLIM BJIHSIHHEM LIapHe
KOB.

B) JlHaJeKTpHUecKasl NPOHHIIAEMOCTb TIeJHSl TNPH TeMIes
parype 0°C u pmaBjaeHudH 1 atm pasra 1,000074, Hafigure
JIMTIOJBHEI MOMEHT aTOMa reJlisl B OJJHOPOJHOM 3JEKTPHUIECKOM
nose HanpsizkenHoctd 300 B/cm.

r) Paguyc aroma Ar 0,3 M. OueHHTe AH3JEKTPHYECKYIO
npoHuuaeMocts Ar npu temnepatrype O °C u jaBieHHH | aTM.

7.3*. IlpocrpaHcTBO MexXjay OOK/JIajKaMH IJIOCKOTO KOH-
JIeHcaTopa 3alojHsieTcss rasoM. HHCIO MOJEKYJ B eJHHHIE
o6beMa #. JIHNMONBHBEI MOMEHT KaXKIOH MOJEeKYJbl po. JH-
HOJIH JKeCTKHE, II03TOMY B JIEKTPHUYECKOM I0Jie¢ OHH MOryT
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TOAbKO TOBOpauHBaThbesl. Temmeparypa rasa 7. Ilmomans
06KAafOK S, paccTosiHHe Mexay o6kmaaikamu h. Haiinure
B cayuasx | poE | K RT u | poE | >> RT: a) HanpsxeHHOCTb
gosss £ BHYTPH KOHIeHcaTopa H pPasHOCTb MoTeHUHal10B V
MeX1y ero OOKJaAKaMM, €CJIH Ha IJIaCTHHBI IOMelleHbl 3a-
panpl ==Q; 6) AUNOJBHLIA MOMEHT €JHHHILI 06beMa BelleCTBa
H HanpsiKeHHOCTb noas E, ecIH KOHJAEHCATOP TOJKJIOUEH
K 6arapee, KoTopasl MOALepxHBaeT Ha OOKJIafKaX KOHAeHCa-
TOpa pasHocThb noteHuuas oB V. Kako#l sapsa nporeder B 1enu
KOHJIEHCaTopa NpPH TNOJHOH OTKauke

rasa M3 KOHJeHcaTopa?
| X752 7.4. KonpnencaTop 3amnoJiHeH OH-
3JEKTPHKOM H 3apsiiKeH JO pasHo-
— - CTH MOTEHUHAJIOB MeX 1y OOKJIaiKaMH
K sagaue 7.4, KoHjeHcaropa V. Kiou 3aMkHyJIH

Ha OYeHb KOPOTKOE BpeMsl H Pa3oMK-
HYJIH, KOrJa pa3HOCTh MOTEHILHMAJOB Ha KOHJEHCATOpe YMEeHb-
wistack B 3 pasa. [locne storo oxa MepmeHHO Bospocia B 2
pasa.

a) Kakyio Mozesqb AU3JEKTPHKA MOXKHO NpPENJIOXKHTb LIS
OOGBACHEeHHA 3TOr0 3dhdeKTa?

6) Hafinute AH3/IEKTPHUYECKYIO NMPOHHIAEMOCTb BelIeCTBa,
3aMOTHAIOWET0 KOHAEHCATOP.

7.5. Ilnockuii kompencarop (cM. sagauy 7.4) paspﬂnmm
KJIOUOM OT DAasHOCTH MNOTeHLHasoB Vi, J0 HyJsd 3a Bpemsd,
B TeueHHe KOTOPOIO COCTOSIHHe NMOJSPHU3ALHH IHJIEKTPHKa He
H3MEHHJIOCh, a 3aTeM KJIoY pasoMkHYJH. Kakasi pasHoCTb
NOTEHLHANIOB YCTAHOBHTCSI Ha KOHJEHCATOpE Mocje pa3MbiKa-
HHUS KJIOYa, eCJH ananempuqecxaﬂ TIPOHHIIAEMOCTL CPelbl
paBHa &?

7.6. a) Kak H3MEHHTCA eMKOCTb KOHAEHCATOPa, €CJH Ipo-
CTPAHCTBO MEXAY ero OOKJIaiKaMH 3amOJHHTb AH3JIEKTPHKOM
C AH3JeKTPHUECKOH MPOHHIAEMOCTLIO &7

6) OtcoemuHeHHBIH OT GaTapeH KOHIEHCATOP 3apsizkeH 0
pasHocT moTeruuanoB V. Kak U3MeHHTCA DasHOCTH MOTEH-
LHAJIOB MexLy OOKJIajzKaMH KOHJEHCAaTOpa, €CJH ero 3amoJ-
HHTb AH3JEKTPHKOM C JHJIEKTPHUECKOH NMPOHHLAEMOCTBIO &P

7.7. Kounencarop emroctu C moacoequHeH K Oarapee,
KOTOpasl Mo/ eprKHBaeT Ha 00KJIaJKaX KOHJEHCATOPA PA3HOCTh
norerunagaos V. Kakofi sapsaj npofiser uepes 6arapero npu aa-
NOJIHEHHH NPOCTPAHCTBA MEXKY MJIACTHHAMH XKHJKOCTBIO C JH-
3JIeKTPHUYECKOH NPOHHIIAEMOCTBIO &7

7.8. a) [IBa 0HHAKOBLIX KOHAEHCATOPA 3aMOMHEHBI KHIKHM
JUITEKTPHKOM C AHJIEKTPHUECKOH IPOHHILAeMOCTbIo €, KoHen-
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CaTOPEL COENUHEHBl JIPYT € APYroM MapaJjiesbHO U 3ap siKeHbl
J0 Pa3HOCTH MOTeHIHan0B V. Kak H3MeHHTCS] pa3HOCTb NOTeH-
LHAJIOB, eCJI Y OAHOTO H3 KOHJEHCATOPOB BHITEUET AHIJIeKTPHK?
Kak usMeHUTCS Pa3HOCTb NMOTEHLUAJIOB B Gatapee u3 7 mapaJj-
JeJbHO COeJHHEHHBIX KOHJeH-
CaToOpPOB, 3apsXKeHHOH A0 pas-
HOCTH mnoTeHnuanos V, ecau e
U3 OJHOTO KOHJEHCATOpa BHI-
TeyeT MUSJEKTPHK? I,

6) Batapes us # nocaefo- H
BAaTeJIbHO COEJHHEHHBIX KOH- K 3agaue 7.8a.
JeHCaTOPOB 3apsikeHa JO pas-
ROCTH noTeHunanos V. KoHaeHCaTopH 3aMOMHeHbl KUAKHM
JHU3JEKTPHKOM C JHSJIeKTPHUECKOH MpoHHIaeMOCThi0 €. Kak
H3MEHUTCS Pa3sHOCTb MOTEHIHANOB, €C/TH U3 £ KOHJEHCATOPOB
BLITCYET JUIJEKTPHK?

KoHpeHcaToph OTCOeAUMHENB OT HCTOUHHKA HaNpAXKeHHS.

7.9. a) IlpoctpancTBo Mexny OGKJIaaKaMH IJIOCKOrO KOH-
JeHCaTopa 3amoJqHEeHO JUIJEKTPHKOM, COCTOALIMM H3 JABYX

¢

ﬁ/‘ €/¢/,/W%‘,ﬂ¢r’,,¢/,,ﬁ,’
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K sapave 7.9,

NOJOBHHOK DPaBHBIX Da3MepoOB, HO € DasHBIMH JH3JEKTpHUe-
CKHMH MIPOHHIIAEMOCTSIMH &; H &,. HafiiuTe eMKOCTh TAKOTO KOH-
IeHcaTopa. [lmoanp maacTHH KOHAeHcatopa S, pacCTOSIHUE
MeXJIy MNJacTHHaMH H.

6) IlpoctpaHCTBO MeXJy OOK/IagkaMH SanoMHEHO ABYMsI
CNOSIMH  IU3JEKTPUKOB TOMUHHBEL f1; U h,. JH3JeKTpHyecKHe
IPOHUIAEMOCTH JHIJEKTPUKOB €; U &y, IJIOMAAb [TACTHH S.
Halinute eMKOCTh KOHAEHCATOpRA.

7.10. Mexny ofknazkaMH IJIOCKOPO KOHJeHcaTopa, IJIO-
11aJb MJIACTHH KOTOPOro Sy H pacCTOSIHHE MexRy O6KIanKaMy A,
noMellieHa AH3JIEKTPHYeCKas MJIACTHHA MJICWALH Sy U TOJMIHHEL
h,. dusjexTpuyeckass NMPOHULAEMOCTh miacTuHE €. Hafiaute
€MKOCTb KOHJeHCaToDa.

7,11, TlnacTuHA U3 QUIJEKTPUKA C QUJIEKTPHYECKOR mpo-
HULIAeMOCTBIO & MOMellleHa B OJHOPOJHOe JEeKTPHUeCKGe MoJe
HanpsxeHHOCTH E Tak, 4TO ee HOpMasb COCTABJASET YroJd @
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€ HanpaBfleHHeM HanpsikeHHocTH. Hafiiute HanpsieHHOCTb
MoJIsl BHYTPH IVIACTHHHL

7.12, O0kJ1ajkaM IJIOCKOro KOHJAEHCaTopa COOOIICHDLI 3a-
pansl ==q. 3asop Mexay OOKJIAJKaMH 3amojgHEH BeLeCTBOM,
JU3JIEKTPHYECKas NPOHHIIAEMOCTb KOTOPOro H3MEeHsEeTCA B Mep-
NEeHAUKYJAAPHOM K OOKJNaJKaM HanpaBJeHHH X MO 3aKOHY
e =g (1 4 x/d), rae x — pacCTosiHHE OT MOJIOXKHTENbHO!
IJIacTHHB, d — pacCcTosiHHE MeX1y nnacThuHamu. Hafute
06’bEMH)iO IVIOTHOCTL 3apAfia P Kak (pyHKumo x. Inomans
miactuH S.

7.13. Ulap pamuyca r ¢ sapajgoM { OKpyxeH cepHUYecKsi
o6osnoukofi paguyca R, KaK NoKazaHO Ha pHCYHKe. [lusneKTpi-
yecKasi MPOHHIAEMOCTh BellecTBa 00OMOYKH €. Haiiaure mo-
BEPXHOCTHYIO IJIOTHOCTb 3apsiiOB Ha BHYTPeHHeH H BHelIHeH
NOBEPXHOCTAX JAH3JEeKTpHKa. Hapucy#ite MHHHH HanpskeHHO-
CTH 3seKTpuueckoro nonas E. Hapucyiite rpaduk 3aBHCHMOCTH
HaNpsXXeHHOCTH M MOTeHUHaJa {10/l CHCTeMbl OT PAacCTOAHMUSA
J0 LeHTpa wapa.

7.14. Cuna, neficTBymollasi MeXay LIapHKAMH B KHJKOCTH
C JH3JICKTPHYECKOH MPOHHIIAEMOCTBLIO &, B & pa3 MEHblIe, YeM
B Bosnyxe. llouemy e «aBuraTesnb», MOKasaHHBIH Ha pH~
CYHKe, He paGoTaer? )

7.15. B mytockuil KOHIEHCATOP BCTABHJIH JTH3JIEKTPHUYECKYIO
miactaHy. C Kakoi CHJIOH pacTATHBaeTCs MIACTHHA MOJIeM KOH-
JeHcaropa? Ilmomaxb 06KMafoK KOHAeHcaTopa S, 3apsiibl
Q. [usnekTpuyeckas NPOHHIUAEMOCTb MaTepHala mJa-
CTHHBI & YeMy paBHO OTpHLaTeJbHOe JaBJeHHE BHYTDH IIa-
CTHHBI, BBHI3BIBAEMOE 3JIEKTPHUYECKHM II0JIEM KOHJAEHCAaTopa?

7.16. Kakas cuja BTATHBaET AMIJIEKTPHUECKYIO IJIACTHHY
B KOHJeHcaTop (CM. 3afauy 7.15), KOrJa OHa JHIIb HAMlOJIOBHHY
BXOJIHT B IPOCTPAHCTBO MEXKAY o6KaagkaMu? BeicoTa nnactus i1
YyThb MeHbIlle pacCTOSHHA MeXJy oOkJaajkamu. Pasmepbl maa-
CTHH @ X b.

7.17. B sjexTpuyeckoe mose HampsikeHHOCTH E Buecan
TOHKYIO JH3JIEKTPHYECKYIO TJIACTHHY TOJIIKHBI A H IIIomany S.
Jusjsekrpruyeckas NpOHHIIAEMOCTh BEIlleCTBA MJIACTHHBI &, Kak
3aBHCHT CHJIa, JEHCTBYIOWAA HA €HHHAILY NOBEPXHOCTH IH3ICK=
TPHKa, OT yIVla @ MeXJAy HOpMaJbio K NJacTHHE H HalpasJe-
HHeM HampfXeHHOCTH? Kakyio MHHHManbHYIO paboTy HYKHO
COBEpIIHTb, HYTOOBl MOCTaBHTb IVIACTHHY NEPNEeHIHKYJSPHO
3JIEKTPHYECKOMY MOJMI0?

7.18%. DneKTpodHJABTP COCTOHT H3 JJHHHOH MeTajInHye-
CKOMH TPyObl H HUTH, MEXJY KOTOPEIMH CO31a€TCs PasHOCTb MO+
teHnuanos V, Ilo TpyGe mponyckaioT BO3AYX € NEUIBIO,
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K sanzue 7.13, K 3anaue 7.14

K zepaue 717,

K sapaye 7,18%, K sapsue 7.19%,
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d) K KakoMy 3/1eKTpPOAY NpPHTSArHBAIOTCHA MBIIHHKU?

) 6) Yemy paBHa cuna, AeficTBYIOLLAs HA MBIHHKY ¢ AH3JEK-
TPHYECKOH NPOHHLAEMOCTLIO €, €CMH CHMa, JeHCTByMOlLas Ha

MBIIHHKY TAKOTO e Pajnyca, HO C AHIJEKTPHYECKOH NPOHH-

11aeMOCTbIO €;, paBHa F? OGe NBUIMHKH OJHHAKOBO YAAJEeHBI OT

HHTH. )

B) Kak 3aBucur cuna, peficTyiomas Ha NblIMHKY, OT pas-
HOCTH noTeHnHanoB? OT pacCToAHus 10 HUTH?

r) Bo ckonpko pas cuna, geficTByroluias Ha NMBUIHHKY pa-
auyca R, Gosblle CHJBI, IefiCTBYIOWel Ha NBTHHKY patyyca r?
Juanekrtpuueckass NPOHHIAEMCCTh NBUIHHOK OJHHAKOBA, H
OHH HAXOIATCA HA OAMHAKOBOM PaCCTOAHHH OT HHTH.

7.19*%, Branau OT TOYedHOTo 3apsja Q pacnoJoxeHa mu-
3NEKTPHYeCKasA NJACTHHa NJollagd S, npuueM ee JHHeHHbIE
pasMepnl MHOTO MeHbllle paccTosiHUsA R OT nJacTHHLI 10 3apsja.
[InockoCTe mNJIACTHHLI nepreHAUKYAAPHA HanpaBJeHHIO HA
sapal. Tommuna naactyHbl 8, AHAMIEKTpHUYeckas NpoOHHIAe-
MOCTh €.

a) Haiigure cuny, ¢ koTopofi niacTHHA NpPHTATHBaeTcs
K 3apsany.

6) YCTOHYHBO JIM 3TO NOJOXKEHNe NJACTHHDI 10 OTHOLIEHHIO
K MaJBbIM MOBOpOTaM?

7.20%, Tlnocku#l KoHJEHCATOP 3anOJIHEH JKHIKOCTLIO C JH-
3JEKTPHYECKOH NMPOHHIAEMOCTBIO €. JKHJIKOCTL 3aXOJMT B MH-
KPOHEPOBHOCTH BHYTpPeHHell MOBeDXHOCTH OGKMALOK TaK, Kak
H3obpaxeHo Ha pHCyHKe. HanpaKeHHOCTb 3JIEKTPHYECKOTO
nojia BHYTPH KoHJeHcaTopa £. Kakoe oTpuuaTesbnoe jgasJe-
HHe CO3JaeT 3JIeKTPHUECKOe NOJIE B 2KHIKOCTH?

K sanaue 7.20%, K sanaue 7.21.

7.21. B mupokuil COCYA C XKHIKOCTBIO CTABHUTCA BEPTH-
KaJIbHO TJIOCKHH KOHAEHCATOP TaK, YTO HHIKHASA YacThb NJACTHH
KOHJeHCaTOpa BXOJHT B XKHIKOCTL., KouJeHcaTop nojcoenu-
HeH K OaTapee, KOTOpas MoJilep:XHBaeT HA OGKAaJKaX KOHIEH~
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caTopa pa3HocTb moteHunat 0B V. PaccrosiHie Mexy niacTi-
HaMHu KoHaeHcartopa h. 1LT10THOCTD KHAKOCTH 0, AMIJIEKTpHYE-
CKasl MPOHHIAeMOCTb &. J)KHAKOCTb HeckHMaeMa. [loBepXHOCT-
Hoe HarskeHue Majo. Ha kakylo BLICOTY mojHEMeTCS KHA-
KOCTb B KOHJeHcarope?

7.22. JapsixkeHHBIl 10 moTeHuxasna V merassaudeckuil map
paamyca r OKpYeH CJIOeM KHUIKOIO AHJIEKTPHKA. BHelIHHH
paauyc caos auanekTpuka R. Kakoe naBieHue oKa3biBaeT
IH3JEKTPHK Ha map, ecjd ero AH3JeKTpHuecKas NpOHHIae-
MOCTb paBHa &? MeTass1 He cMaunBaeTcsl Au3JeKTpuKoM. [ToeM
TSXKeCTH npeHebpeub.

I'mapa 7. ABUKEHHE B 9JIEKTPHYECKOM HOJIE

§ 7.1. JiBnxKeHHe B OCTOSTHHOM 3JEKTDHUECKOM [10J1€

1.1. B rarom ciayuae sapsiKeHHAs 4acTHLa B 3JeKTpHUue-
CKOM I10JIe IBHKETCS BAOJAb CHJIOBLIX JTHHHH?

1.2. DJekTpOH BjeTaeT B 06J1aCTh OJHOPOJHOIO 3JeKTpHYe-
ckoro moJsst HanpsixeHHoctH 200 B/M co ckopoctbio 107 Mm/c.
CKopoCTb Hampas/eHa BJOJb 3JeKTpuueckKoro moss. Kakoe
BpeMs 3JeKTPOH OyleT HaXOAUTLCSA B 06JACTH 3J1eKTPHUECKOIO
noaa? Onpezgenute, Ha KAKOM pacCTOTHUH OT MeCTa BJIeTa JJeK-
TPOH BBIHJET U3 M0JIST, €CJIH OH BJeTaeT NoJ yrJoM 45° K Hanpas-
JIEHHIO 1oJId, ' "
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K 3anaue 1.2. K sagawe 1.3%,

1.3%*, O6s1aCTb ¢ 3MeKTPHUYECKHM TMOJIEM B YCJIOBHSX 3aJaUH
1.2 nBHKeTCS1 HaBCTPeUy 3JEKTPOHY €O CKOpocThio 2-107 m/c.
KakoBa jpo/qkHa ObiITb MHHUMaJbHasi LUMPHHA OOJACTH 3JIEK-
TPHUECKOTO MOJIS, MPH KOTOPOH 3JIEKTPOH HE MPOJeTaeT uepes
3Ty 061aCTh? DJIEKTPOH BJIETAET MOJA YIJA0M 45° K HanpaBJIeHHIO
1oJisl. :
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1.4, Yactuna Maccel m ¢ sapsagoM g > 0 BJeTaeT B ILIO-
CKHIl KOHIeHCaTop, 0OKJIa1KaMH KOTOPOTO SBJSIOTCH MeTalliH-
deckHe ceTKH. HanpskeHHOCTh mosist B KoHjeHcaTope £, pac-
cTosiHHe Mexay ceTkaMH d. HauanbHasi CKOpoCTb ¥ YacTHLEL
COCTaBJIfIeT YroJ O ¢ IJIOCKOCTBIO nepBoil ceTkd. C Kakoii CKo-
POCTBIO M NOJA KaKHM YIVIOM K IJIOCKOCTH BTOPOH CETKH BELIe-
THT yacCTHIIa U3 KOHjeHcaTopa?

1.5. IlpoToH W «-uacTuila, ABMrasich C OJHHAKOBOH CKO-
POCTBIO, BJeTaloT B IIOCKHH KOHIeHCaTOp napaJiiefbHO Isia-
cTHHaM. Bo ckosbKO pas OTKJIOHeHHe NPOTOHA MOJIeM KOHJeH-
catopa Gynet 6o/bllle OTKJIOHEHHS Q-4aCTHIR!?

K sapaue 1.4, K 3anaue 1.6,

1.6. Yactuupsl Macc m C 3apAjaMu ¢ BJIETAIOT B IJIOCKHH
KOHJEHCATOp JJIMHH [ NOJ VIVIOM ¢ K IJIOCKOCTH IIJIaCTHH,
a BruieTaroT nox yrioM f. OnpezenuTe nepBOHauaNbHYIO KHHe«
THUECKYIO 3HEPTHIO YacCTHIl, eC/M HaNpsxKeHHOCTb IIOJsA BHY+
TPU KOHjeHcaTopa E.

1.7. IIy90K 3JIeKTPOHOB BXOIHT CO CKOPOCTBIO U B IUIOCKHH
KOHJIeHCaTOp NapaJilelbHO ero mJyacTiHaM. HamnpsizkeHue Ha
KoHeHcaTope U, AJMHAa NJacTMH B HanpaBJeHHH Iyuka /.
CKOJIbKO 3JIEKTPOHOB TNONajaeT Ha I[JIaCTHHY KOHIeHcaTopa
B €[IHHHILY BPeMeHH, eCJIH Ha BXOJé B KOHJEHCaTOp My4YOK paE-
HOMEpPHO 3aloJIHfeT BCe pacCTosiHHe MeXIy MJacTHHamu d
1 UMeeT IIHPHHY b B HalpaBJleHHH, NapaJJesbHOM IJIaCTHHAM?
Uncsio 2J1eKTPOHOB B eIMHHIEe 06beMa NyUKa .

1.8, IMowmmaka Maccel m == 10712 Kr nmajaeT Mexay IJia-
CTHHaMH IJIOCKOTO KOHJeHcaTopa Ha OJMHAaKOBOM PacCTOAHHU
OT HuX. F3-3a COMpOTHB/IEHHS BO3yXa CKOPOCTb NMBUIMHKHU I0-
CTOsIHHA U paBHa | MM/c. KoHueHcaToOp MOAKJIIOUAIOT K HCTOY«
HUKY HanpsxeHud 490 B, U uepe3 Bpems 10 ¢ NBIIMHKA JOCTH=
raer ofHoH u3 miactud. Onpegenute 3apsn NbUIHHKH. Paccto-
sTHUe MeXK[y ItacTHHaMu KoHjencatopa 0,1 M. CuJty conpoTus-
JIeHHsl CUMTaThb MPONOPUHUOHANLHON CKOPOCTH NBUIHHKH.

1.9. Ha pucynke usofpaxkeHa cxeMa BhIIEJIEHHS H3 IyYKa
pPasHo3apsAHKIX HOHOB Bojopoza. CeTku I u 4 3aseMneHn. Ha
TPpy6Ky ¢ CeTKaMu 2, 3 NOJAH OTPHIATEJbHBIH MNOTeHIHaJ, .
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Cerka 2 BHITATHBaeT U3 BOJOPOJHOR IJIa3Mbl, KOTOpas Haxo=
IuTCA 3a ceTKo# I, nporolbl. B 1py6Ky Hanyckaercs ras. I1po-

K sagaue 1.9,

TOHBI, IPOXOXSA Yepe3 ra3 U 3aXBaTblBasi 3JEKTPOHLI MOJIEKYJI
rasa, 4aCTHYHO NpeBPallalOTCA B HeHUTpaJIbHLIE aTOMBI BOJO-
pona H°, yacruuno B wonsl H~. On-

pelesuTe, MOJ KAaKUM YIJIOM K OCH N

TpYGKH OyAyT ABUTaTbcsl HOHBI H™3a . /7%,¢

CeTKOH 4. 0 ~- YroJ MeXAY IJIOCKO-' ' 32 23
CTSIMH CeTOK 3, 4 U OCBIO TPYOKH. \ |

1.10%, DnekTpoH, IBHKYLLHHCA .
CO CKODOCTBIO ¥y, NEPEXOJUT U3 MO- & T
JYNPOCTPAHCTBA C MOTEHLHAJOM ¢; B K sagaue 1.10%,
NOJYNPOCTPAHCTBO C INOTEHLHAJOM
®,. Ilon Kakum yrJyioM K TpaHHLeE pa3-

Jena GyneT JIBUraTbCsd 3JEKTPOH BO BTOPOM MOJIYNPOCTpaHse
CTBe, eCJIH OH NOojJeTesl K Hell moj yrjoM a?

1.11, OueHuTe, npu KakoH pa3sHOCTH MOTEHLHAJOB MeXKLy
NJIOCKHMH 3/IEKTPOJJaMH 3aKHTaeTcsl Ta3oBas JaMIa, eCjay SuHeps
IHSl HOHH3AaLUH aToMOB rasza 3-1071® k. Cpenusas AjadHa npo-
fera 3/eKTPOHOB B rase 1 MM, pacCTOSIHHe MeXIy NJacTH+
HaMu | cM. )

1.12*, OnpenenuTe, KAKOBA 10J/12KHA OBITh YCKOPAIOILASA pas-
HOCTb NOTeHLHAJ/I0B V, YTOOH! 3/1eKTPOHBI MOLLIH 1O NYTH, YKa-_
3aHHOMY Ha pHCYHKe. Pajuycnl 00KJaIOK HUJIHHIPHYECKOTO
KoHzeHcatopa RK; U R,. Ilpuuars, uro rone B 3asope
COBMajaeT C MOJIeM UHJHHJIPHYECKOro KOHzeHcaTtopa. Pas-
HOCTb IOTEHIHAJOB MeXJy obKjaukamu U.

1.13. D71eKTpoH, ABUrasACh NPAMOJIHHEHHO, NONAaaeT B 3JeK~
TPHYECKOe [0Je, NTOTEHLHAJ KOTOPOTO HUMeeT BHJ|, NTOKa3aHHLIH
Ha pucynke. B Touxke B 3/eKTpoH BblieTaeT u3 noss. Hsme-
HHUTCS JI CKOPOCTb YACTHUEI B TOYKe B U BpeMs mpoJera pac-
crosaHus AB, ec/ii BMeCTO 3JIeKTPOHA IOJIETUT MO3HTPOH?

3%}
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K sapaue 1.12%, K zanauve 1.13,

1.14*, Mexay ABYMSA 3aKpenJIeHHBEIME 3apfAiaMu B Touke A
GTHYCKaKT 3apsia ¢. Paccrosiuue AB 3TOT 3apsf NPOXOAUT
3a BpeMs f. 3a KakKoe BpeMsl IpOHJeT 9TO Xe pPacCTOsHHE 3a-
pAax 3¢g, ecnH ero OTNYCTHTL B Touke A? Macchl 3apsa0B o HH2-~

KOBHI.
r’—-\\\ ,’/"\\\
7 Mq \‘\ /// N
[ -29 __________ v < S R — \%
Z];

K zajaue 1.14%, K szjgaus 1.15%

1.15*%, Ha pucyHKe nOKa3aHa TPaeKTOPHS JBHXKYINErocs
B JIEKTPHUECKCM [0Je Tesa Macchl /i ¢ 3apsajoM ¢. CKOpoCThb
Tesna B Touke A paBHa v. Kakoli ckopocTeio B Touke A ofna-
Jano 6ul Tesio Maccsl M ¢ 3apsinoM @, KOTODOE B 5TOM JKe SJ1eK-
TPHYECKOM MOJIe ABHIAJ0CH Obl MO TOH e TPaeKTOpHH?

1.16. [Be cdepnl paguyca R uMeroT OJAHEAKCOBLIH 3apag @,
pacnpejencHHbI pAaBHOMEPHO NO NMOBEePXHOCTH. Kakyio MHHH-
MaJBHYIO 3HEepPrHi0 HYXHO COOOLIHTH 9/1eKTPOHY Ha MOBepXHO-
CTH OfHOI U3 cdep, YToOsl OH AOCTHI BTOpOil cdepr? PaccTos-
HHe MeXkAy LeHTpaMu cgep [ > 2R.

1.17*. B TonKoCTEHHO!, HeNmpoBOjsilleH, paBHOMEpPHO 3a-
psixkeHHOH 3apsgom Q cdepe mMaccel M u paguyca B HMeloTCs
JBa HeGONBIINX AHaMeTPaJbHO MPOTHEOMOJOXKHLIX OTBEPCTLA.
B HauanpHEBIE MoMeHT cdepa mokourcs, Ilo mpsmofl, coexuns-
1ollled 0TBepCTHA, U3 GECKOHEUHOCTH JBHIKETCS CO CKOPOCTBIO U
YacTHIla MACCHl M € 3apsijioM ¢, ofHouMeHHbIM ¢ Q. Haiinure
BpeMs, B TeueHHe KOTOPOro uacTHua 6yaeT HaXOAHTLCS BHYTPH
cephl.

1.18. HenogpuxHast raHTefb ¢ IlUapukaMH  Macc
M pacrnosoXeHa MOMEpPeK 3IJEKTPHUECKOro [ojs Hamps-
KeHHOCTH E. 3apsipl lUapHKOB TaHTelH =£q, paccTOsiHHe
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Mexkay wapukamu . OnpejesnnTe CKOPOCTb IUADHKOB B MO-
MeHT, KOrjla OCb raHTeJu GYJeT pacnoJiokeHa BAOAb MOJS.

1.19. Ha#iante nepuon Manbix KojeGaHuH TraHTeNH JJIHHBE
{ ¢ WwapukaMu Macc #1, PacroJioXeHHOH BJOAb OJHOPOJHOTO
BJIEKTPHYECKOTO MOJis Hanpsixkenxoctd E. Sap;mbl IIAPHKOB
rantenau —=q.

1.20. Haifiznre nepnon Majnlx KoneGaHuil MaaTHiKa, CO-
CTOSIILIETO U3 IIADHKA MAaCcCHl 1 C 3apAJoM (, MOJBEIeHHOro Ha
HHUTH AJIHHEBL [, €C/IH MAsITHHK OMECTHTD
B 3JIEKTPHUYECKOE [0JI€ HAIMpPSAXKEHHOCTH
E, HanpassieHHoe: a) BAOJAb INoNA TH-
*ecTH; 0) noj yraoM /2 K HanpabJe-
HHIO MOJIS TSKECTH.

1.21. Teno Maccet M ¢ sapsjgom ¢
HAXOJHTCSA MEXAY ABYMS 3aKpenJeHHb-
My sapsgamu Q. PaccrosHue oT teaa o
Kaxjoro u3 3tTux sapsajos [ (Qg > 0).
Onpegesnte 4yactoTy MaJgblX KoJeba-
Hu# Tesa BJOJb JHHHUH, COeIHHsIOLEH
sapsaasl Q.

1.22, Hafiaute uactoTy ManibiX Ko-
JNe6aHuii MaTeMaTHYECKOTro MasiTHHKA
OTHOCHTEJBHO €ro HHKHErO MOJOKEHHS
paBHOBeCUS, €CJd Ha pacCTOSIHUH @ MO
BePTHKAJAH OT PABHOBECHOTO IIOJIOXKEHHS LUapHKa 3aKpened
3apan Q. OnuHa uuTH [, Macca mapHka m, 3apsaf g.

1.23*, HafinuTe nepHoA ManblX KoJjeOaHHH Tejaa Macchl m
C 3apsiloM ¢ BHYTPH IMIafKol cdepbl paguyca R, eclH B BepX-
Hel Touke cdhephl 3aKpenseH 3apaz Q.

”

K s3amaue 1.22,

g

K zazaue 1.23%, K sapaue 1.24%,

1.24*, Dnextpounl, ofnajaiomue Ha GECKOHEYHOCTH CKO-
POCTBIO U, NaJAlOT HA MeTAJINUeCKHH H30JMPOBAHHLIA LUap pa-
auyca R. Ha ckO/bKO MOBBICUTCS TeMNEPATypa 1uapa, ecid ero
TenJoeMKoCcTb pasHa C?
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1.25. DeKTPOH YCKOPSIeTCst PasHOCTHIO noTeHuuanoB U
"M jaJjlee OpoJeTaeT MeX1Y NJacTHHAMH KOHJeHcatopa. Paccro-
SIHHe MeXK1y IJacTHHaMH A, AJuHa miaactHH bh. OueHnre, Ha
KaKOM DacCTOSIHHH OT KOHJIEHCATOPa JEKTPOH mepecedeT npo-
JROJIKEeHHe BepXHeH MJIaCTHHBI, eCJH Ha IJIacTHHLI KOHJeHCas
TOopa mojaHo Hanpsixerwe 0,01U, 0,001U. CMmemenneM 3jeK-
TPOHa B BEPTHKAJLHOM HalpaBJeHHH BHYTPH KOHJeHcaTopa
npeHe6peusb.

>
7,

+9 V2 a2y, el
’?‘ E /” \\\
1/7 “ >~
oy RN
L @ NS
K sagauye 1.25, K sapaue 1.26*,

"1.26*, Onna M3 NJ1aCTHH IJIOCKOTO KOHJEHCaTOPa HCITyCKaeT
BJEKTPOHB! € sHepruell K moi yryioM a K HJIOCKOCTH IJIACTHHEL
(yr/10BOi1 pasbpoc 3jeKTpoHoB Aa MaJj). DIeKTPOHBI pasBopa-
YHBAMOTCS 3/eKTPHYECKHM MOJIEM KOHJEHCATOpa H CHOBA MOla-
JaloT Ha nyacTHHy. KakuM josxeH 6bITb yrosa a, yToGhl min-

11ajb, Ha KOTOPYIO NONajaloT 5/1eKTPOHDI, Oblia MHHHMAJ/IBHOR?

OuenuTe pasMep mioLLajm.

K samaue 1.27%,

1.27*. DneKTpPOHHBI NyuyoK (DOKYCHPYETCS MOJIOKHTE b=
HBIM OOGDBEMHBIM 3apSJIOM MPSIMOrO HOHHOTO MYYKa C KPYIVIBIM
ceyenHeM. Ha Kakom paccTosiHiHH x GOKYCHDPYIOTCS S/1€KTPOHEL,
€CJIH HX CKOPOCTh Ha BXOJIe ¥, a 3apsij eHHHIL 06beMa HOHHOTO
nyyka p?

1.28%, TloueMy cHCTeMa OCeCHMMETDHUHEIX 3JEKTPOIOB,

KaK MNpaBuJo, GOKYCHPYET Y3KHH SJEKTPOHHBLIH NYYOK, MpPoO-

XOAAILHH BAOJIL OCH?
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- 1.29. Ha paccrossnuu ! OT 5/JeKTPHYECROH JHH3BI HCIYCs
KalOTCS NOJ MaJBIM YTJIOM K OCH JIHH3EL 3JeKTPoHH. Ha kakoMm

K sagaue 1.29,

paccTosiHuu cOoGepyTCA 3TH 3JEKTPOHBI, eCH napas/iebHbil
NYYOK 3TOH Ke SHepTHH COOUPAeTCs Ha PacCTOSHUH [?

§ 7.2. J\BHKeHHe B nepeMeHHOM 3JeKTPHYECKOM moJe

2.1. OzHa u3 MJAcTHH TJIOCKOTO KOHJeHcaTopa (Karon)
IBJISIETCS HCTOYHHKOM 3JIEKTPOHOB. IJEKTPHYeCKoe NoJe Ha-
npsKeHHOCTH E Mexay mJjacTHHAMH yepe3 PaBHBIE KOPOTKHE
NPOMeKYTKH BPeMeHH T MeHsleT 3HaK. 3a Kakoe BpeMs 3JeK-
TPOH JOJIETUT A0 IPOTHBOINO-

JOXKHOH IIacTHHBI  (aHOZa)? I S
Paccrosinue MeXay KaToJOM H o
anojoM [. e e -

2.2, Ha pucyHke usobpake- #
HBl 3JIEKTPOAbI TPEXIJIEKTPOA~
HOH IJIOCKOH J1aMIBl. SJIeKTpo- K sznaue 2.2.

HBl BEITATHBAIOTCA U3 Karoja K

IJIOCKOH CeTKoH I, Ha KOTOPOH MNOJAep:KUBAeTCs NOCTOSHHOR
Hanpaxenue U. Hanpsamxenne AU Mexzny ceTkamu | U 2 ue-
pes paBHble NMPOMEXKYTKM BPEMEHH T MeHsleT 3HaK Ha MPOTH-
BOTIOJIOKHBIH. Paccrosiine Mexny ceTKaMu / H 2 paBHO /.

a) Onpenenure, KAKUMH CKOPOCTAMH GYAYT 06/1a1aTh 3JeK=
TPOHBI 32 BTOPO# CEeTKOI, eC/TH BpPeMs T MHOTO MeHbIlle BPEMEHH
npoJieTa 3IeKTPOHAMH MEKCeTOYHOr0 npoMexyTka. 6) Onpeze-
JHTE, KaKHMH CKOPOCTAMH OYAYT 00/a1aTb 3JEKTPOHBL 3a
BTOPOH CeTKOMH, ec/id BpeMsl T MHOTO GOJIbILe BPeMeHH mpoJeTa
9JIEKTPOHAMH MEKCETOUHOr0 NPOMeXKYTKa.

2.3. B 3/1eKTPOHHOM reHepaTope UCNOAb3YeTCs Tpuo,u,, B KO-
TOPOM PaCCTOSIHHE MeXIY KaTOLOM H aHOZOM paBHO I MM. Ore-
HHUTe MaKCHMAaJbHYIO YacToTy KoJaeGaHHH, KOTOPYIO MOKHO M0~
JYYHTb, HCHOJAb3Ys] STOT TeHepaTop, €CaH HanpskeHHe
Mexjy aHOHOM H Katofom 200 B,
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2.4. Haiizure 3aBHCUMOCTb yI/ia OTK/IOHEHHS 3JIEKTPOHA OT
nepBOHAYA/bHOIO HAnpaB/eHHs ABHXXEHHS MOCTOSTHHBIM M0J1eM
IJIOCKOTO  KOHJEHCaTopa OT

l . i YCKOPAOULETO HANPAXKEHHA U.

Cunrathb yroJ OTK/JIOHeHHus Ma-

l ;’\K JIBIM.,
I___ ‘ 2.5. a) Bpiuncsure uyBCT-

BHTeJNLHOCTb 3JIeKTPOHHOJYUe-
BOH TpyOKu ocmuanorpada K
Hanpsi2KeHHIo, T. €. OTKJIOHEeHIie
nsaTHa Ha 3KpaHe, BbI3BANHOe HampsiKenneM | B Ha ympas-
JASIOWKX NjacTHHax. JJinHa MracTHH [, paccTOsiHHE MEXKIy
HHUMH d, PacCTOsiHMe OT KOHLA MJAacTHH 10 3KpaHa L. Ycko-
pAiolliee HampsixkeHue U. :

6) OnpesiesiTe  YYBCTBHTEIBHOCTb /1€ KTPOHHOJYUEBOH
TpyOku (B MM/B), ecim U = 10 kB, L = 30 cm, [ = 3 ¢M,
d =5 mm.

2.6. ToHKuil NMy4yoK 3/EKTPOHOB, YCKOPEHHLIH HampsiKe-
HHeM U, MPOXOAHT MOC/IeJ0BATe/bHO 3/IeKTPHUECKHE N0/ ABY X

He6OJIbITHX KOHJAEHCATOPCR,

OTCTOALMX APYr OT Apyra

? Ha pacctosiiun [. KonjeHca-

B 1L TOpPBI COe IHHEHB! NapasJie/ibs

.—_T- ————————————— T > HO W TNPHCOeJHHEHH K HC-
T

K 3apaue 2.4,

TOYHHKY IepeMeHHOro Ha-
npsikeHusl.  Ilpu  wacrore
H3MeHeHHu#l moas [ nydok
noc/e NpOXOXIeHHsT OBOuX
KOHJEHCATOPOB  JBHXKeTCH
napaJJje/bHO nepPBOHayasb-
HOMY HampasJsieHHio. Onpeje/sinTe OTHOLLEHHE 3apsija 2JIeKTPcHa |
K ero macce.

2.7. B ocummiorpaje Ha rOPH3OHTAJBHYIO Mapy N/acTHH
nojaHo HampsikeHue U; = U, sin of, a Ha BepTUKAJbHYIO
U, = U, cos of. UyscTBuTenbHOCTb OCHMJIOrpaga S =
= 5/U, cM/B. Kakoe nsofpaxkeHue BO3HMKAeT Ha KpaHe OC-
uuJIorpada?

2.8, [lpy KakKuX 4aCcTOTAX 3JeKTPHUECKAX CHIHAJIOB H30-
Opaskenue Ha ocuuanorpaMme OYAeT HCKaKaTbCA?

2.9. Tlpu mozjave HWa MJAcTHHBI OCHHUJIOrpPapa BHICOKOUA-
CTOTHOrO CHMTHa/ia ¢ yactotofi v > 1/t (v — BpeMsl npoJera
2JIeKTPOHA UYepe3 IJIACTHHBI) HA ocuuJ/jorpade mojaydeHa no-
Joca WHPHHB 8. YyBCTBHTENIBHOCTD OCIM/LIOrPada B OGEIYHOM
pexxume S. Onpepenure amnautysy BY curradna.
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2.10*. VYnpyro cpasauubiil 3J16KTPOH HMeeT Pe30HAaHCHVIO
YACTOTY ®g. hosduunenr 3aryxanust xoaebauuil y. Haflaurte
YCTAHOBHBUIYIOCA aMIJINTYAY BBIHYKAEHHBIX KoJeGaHHHA 3JeK-
TPOHA B 3/JeKTPHYECKOM M0Jle HanpsikeHHocTH E, sin of.

2.11*, Onpenenire  IH3JEKTPHUECKYIO NPOHHIIAEMOCTD
cpeilbl, COCTOSALEH H3 3/1€KTPOHOB, YNPYro CBA3AHHBIX B MOJe-
KyJe, B 3JeKTPHYECKOM NOJIE HAanpsikeHHOCTH E, sin wf. Pe-
30HAHCHAs 4acToTa @, KO3(Q(HUMEHT 3aTyXaHus y < @,
YHCJO MOJIEKYJ B €AHHHIE o0bema 1.

2.12. Ha cpoGoaHbIil 3JIEKTPOH, HayHHAs C MOMEHTA Bpe-
Menu f = 0, gelCTBYeT 3JEeKTPHYECKOE II0JIe HanpsIKEeHHOCTH
E,sin (of -+ ¢). Haltgute cpeHICIO CKOPOCTb 3JeKTPOHA.

2.13*, Kako#t MakcuMaJ/JbHbIH HMIYJAbC MOXET npuobGpecTH
HOKOAIasACA ePBOHAUAIBHO YACTHIA C 3aPSAOM ¢, €CJH BKJIC-
YHTb 3JEKTPHYECKOE M0JIe, MEHSIOWeecsl 10 TapMOHHYECKOMY
3aKOHY ¢ yacroTodl P AMIVIMTYZAa HanpsiKeHHOCTH nods F,.

2,14%, Kakyio 3Hepruio (B 3JeKTPOHBOJbTAX) MOT'YT OpH-
ofpeTarh 2JeKTPOHBI B 3J1€KTPHUECKOM MOJIE JlasepHoro nyukar
AMINITYa  HAnps:KeHHOCTH
nonss E, = 10! B/m, uyacrora F
w=3.101 ¢t

2.15%, TlpocreHEi HCTOU-
HHK HOHHOTO IyYKa COCTOMT H3
KBapuerofl TpyOKH, Haxoasd-
Wefics BHYTPH IIOCKOTO KOH-
JieHcaTopa, Ha IJaCTHHbI KOTO-

poro nojaercsl nmepeMeHHOe Ha- .,“ 20 sinwt
npsixkenue U, sin of, 3axu- _
rawlliee Ta3oBbHIH paspsAx B K 3agaue 2.15%,

TpyOKe, I3 orBepcTHSA [ NETAT

KOHBI, SHCPTHSA KOTOpBIX 3aBHCHT OT Uy u . OGbacHuTe 3T0
sIpJIeHIie H OnpeAeIHTe 3HepPruio HOHOB. PaccrosHue Mexuy
NJIaCTHHAMH KOHjeHcaropa d, Macca HOHOB M > m,.

?lfgsinm# ' 4 I s
K4 ' e TR ===
T ' i d 1L
K 3agaue 2.16%, K 3agave 2.17.

2.16*. ToOHKHI MyYOK 3JIEKTPOHOB, YCKOPEHHbIl pasHOCTLIO
noteHnHanos U/, BXOAHT B IJIOCKHH KOHJEHCATOP napajiesbHo
ero mJjacturaM. OnpejenuTe yTAOBOH pasdpoc 3/EeKTPOKOB,
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eCIH  Ha IJIACTHHH ' KOHJEHCATOpa MoJaeTcs HamnpsiKeHHe
U, sin of. Paccrosinne Mexay mJacTHHAMH KOHJeHcaTtopa d
MHOro MeHblle JJIHHLI KOHAeHcaropa /.

2.17, CenapaTop CKOpPOCTeH 3JEKTPOHHOrO IY4YKa COCTOUT
H3 IJIOCKOI'0 KOHAeHCaTopa JUIMHBI {, MepeKpHITOro ¢ ABYX CTO-
POH 3KPaHaMH ¢ BXOAHLIM OTBepcTHeM A H IJIHHHEM KaHaJoM B.
Ha nuracTuHBl KOHjeHcaTopa mojaeTcsl IepeMeHHoe Hampsixe-
HHe ¢ 4acToToll ® u ammaurypolt U,.

a) Kakue CKOpPOCTH BHIIEISIET CenapaTtop H3 3JEKTPOHHOrO
NY4Ka, BJIETAOMEro NapaiienbHO MIACTHHAM?

6%*) Ha ckomnbko otBepere A TOMKHO 6LITh yiKe KaHana B
JJISl TOTO, YTOGE! IPYNNa 3JeKTPOHOB C BLIIEJEHHLIMH CKOpO-
CTAMH IIpOLILIA uepes Kanai? PaccTosinie Mexkay miiacTHHaMH d.

§ 7.3. Bsaumope#cTBHe 3apAXKeHHBIX YACTHL

8.1, Uemy 6yayT paBHBI CKOPOCTH JABYX 3JEKTPOHOB Ha
paccrosHuu Ar (A >1) Ipyr oT Apyra, ecjH OHH HAYaIH pas-
JIeTaTbCsl € PacCTOSIHHUS £?

3.2, B yrsax npaBUJIBHOIO KBaapara co CTOpOHOH a mome-
CTHJIH 4eThlpe 3JeKTpoHa. [Toj neHcTBHEM 3JEeKTPHYECKHX CHJ
3JeKTPOHHI pasJfetarorcs. OnpelenTe HX CKOPOCTH Ha Gecko-
HEYHOCTH.

3.3*, B ymrax mpaBuJbHOIO KBajgpaTa cO CTOPOHOH @ 1O
JIUaTOHAMAM IOMECTHJIH JBAa NPOTOHA M ABa nosutpona. Oue-
HHUTe OTHOLIEHHE CKOPOCTell IPOTOHOB U IO3UTPOHOB Ha 6eCKO-
HeyHocTH. Macca nporona B 1840 pa3 60oblile MacChl IO3UTPOHA,
a 3apaabl OAHHAKOBLI.

3.4. M3 GeCKOHEUHOCTH HABCTpedy JPYr APYTY € OAHHAKO-
BLIMH CKODOCTSIMH U JBMXKYTCS JBa 3JekTpoHa. Omnpejenute
MHHHMAJIbHOE PacCTOSIHHE, Ha KOTOPOEe OHH COJH3ATCA.

3.5. M3 GeCKOHEUHOCTH HABCTpeuy JAPYr APYry €o CKOpo-
CTAMH ¥y U Uy ABHKYTCA ABa syeKTpoHa. OnpelennTe MHHHMAJb-
HOe PaccTosiHie, HA KOTOpOe OHU COJU3ATCH.

3.6, Ilo HanpaBJeHHIO K IIEHTPY HENOJBHKHOIO 3apsiXkKeH-
HOTO 11apa U3 6eCKOHEUHOCTH ABHIKETCA BTOPOH 3apsizKeHHBbIH
wap, 3apfAabl pacmpejeseHbl M0 MOBEPXHOCTH LIAPOB paBHO-
MepHO, Kakoit ckopocThio Jo/keH 06/1aJaTh BTOpOH 1ap, 4To0L!
CTOJIKHYTLCA C nepBuIM? Macca, 3apsii, pagnyc mepBoro mapa
paBHLI My, ¢y, R;. IlapamMeTprl BTOPOTO 1Iapa My, ¢s, R,.

* 3.7, CKOPOCTH U JBYX 3JIeKTPOHOB PaBHbI [0 MOAYJIO, Jie-
XKaT B OJHOH NJIOCKOCTH U NPH PACCTOSHUH @ MEXAY 3JeKTpo-
HamHu o6pasyioT yrosa o ¢ npsMoil, coeIHHSIOUEH 31eKTPOHHL.
Ha xakoe MHHUMa/IbHOR pacCTOstHUE COMU3ATCS 3/IEKTPOHLI?
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'8.8*, JlBa 3;1eKTpOHA HAXOAATCA HA PACCTOSHHH P Apyr oy’
Apyra, npuyeM CKOPOCTb OJHOTO H3 HHX paBHa HYJIO, a' CKO<
POCTb JAPYroro HampasJieHa NOJ OCTPEIM YIVIOM K JHHHH, COes
JuHsoel 5aeKTponbl. KakuM OYieT yrosa Mex1y CKOPOCTIMH
SJIEKTPOHOB, KOTJla OHH BHOBb OKA&XKYTCS Ha PacCTOSHHH I
Apyr ot apyra? -

3.9*, M3 GecKOHEUHOCTH K METAJJHYECKOH MJIOCKOCTH JBH=
JKeTCs TeJIO MacCH m ¢ 3apsajoM ¢. OnpejiesTe CKOPOCTD TeJa
B TOT MOMEHT, KOTjJla OHO OV/IeT HAaXOIHThCS Ha pacCTOAHuHM d
OT nJIoCKOCTH. Havanbnas cKOpOCTh Tesla paBHa HYJIIO, €ro pass
Mepbl MHOTO MeHblile d.

3.10*, Bekropnl ckopocTell Tpex yacTHIL Macc m H300pas
KeHbl Ha pUCYHKe. PaccTosiHie OT Kakj10H YacTHUH 0 pebpd.
MeTaJIJIHYeCKOro ABYIPaHHOro yr-

v
M2 q. 3apajbl YacTHIL, JeTAHX \i 90 /”0
B NPOTHBOMOJOXHBIX HampaBJe- +
\

HHAX, paBHBH —¢, 3apAJ TpeTbefi / §°
// 22s
4 v o A
e@/ﬁz—y z %\mg ? 450
e "] 00
K sapaue 3.7, K 3afaue 3.10%,

yacTHUB —-¢. OnpejieuTe CKOPOCTH STHX YacTHI, Ha GeckKo-
HEUYHOCTH.

3.11. B ojuoi us Mojienel Hona Hf sekTpod ABH:KeTCS MO
KpyroBoil op6uTe, Jexallled B [JIOCKOCTH CHMMETPHH HOHA.
Paccrosinue mexjy nporonaMu R. Haifijure ckopocts, ¢ KOTO-
POH ABHKETCA 3JEKTPOH IO opOHTe pajuyca r.

3.12, BOKpyr TsXeJIOTO f/ipa C 3apsAA0oM Zé Ha PacCTOSTHHH
7 BpaliaeTcs o Kpyropoi opOHTe s/1ekTpon. Kakyio MEHHMa/Ib-
HYI0 3HEPTHIO HYKHO COOOLIMTL 3JEeKTPOHY, YTOOLI OH OTOp=
BaJICs OT sApa?

3.13%, PaccTosiHue MeXJy 3JeKTPOHOM H HO3HTpOHOM B [0~
3UTPOHHH r. KaKylo MUHHMAJbHYIO SHEPTHIO HYXKHO COOGIIHTD
5JeKTPOHY, YTOObl MO3HTPOHHH pacnaics?

3.44*, Ipe wactHubl Macc m W M ¢ mpPOTHBOMNOJOXHBIMH
3apsjaMH NoJ BIHSAHHEM B3aHMHOTO 3/1eKTPHYECKOTO MPHTsIKe-
HHS JBHXYTCS MO OKPYXKHOCTAM. CKOPOCTb YaCTHLBI MacCHl
MTHOBEHHO YBEJNHUHBAIOT B 11 Pa3, He H3MeNAs ee HaNpaBJIeHH.
Ilpu xaxoM MHHHMAJBHOM 71 YACTHIILI IOC/IE 3TOTO PA3JETATCA?

3.18*%, Ha noxkosmufics nosuTpoHHH Ha/jeTaeT MOTOK Ta-
KHX ke uactul, KaxoBa Jo/MKHA GOBbITb MHHHMAJbHAs CKO-
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pOCTb YaCTHL B NOTOKe, YTOOH MHOIAA MPOUCXONHJI MOJIHBIA
«pasBaj» IBYX CTOJIKHYBLIHXCA MNO3uTpoHHeB? CKOPGCTh Op-
OHTANLHOTO IBHIKEHHSI YACTHIL B NO3UTPOHHH U.

3.16. BosmoxeH .11 3axBaT CBOOOJNHLIM MPOTOHOM 3JIEK-
TpoHa (ofpasoBaHue aToMa BOJOpOZA), €CHHM HeT H3ayde-
HHSA? ' ,

3.17*. Ha noxosimu#ics NpoToH HaJjeTaeT M3 GECKOHEUHO-
CTH APYyroli npoToH co ckopocTrio v. [Ipunensurli napaverp p.
Onpenennute, Ha Kakoe paccTosiHHe OHMH cOJIH3sITCS.

3.18*, JlBa 3apsAna NOMECTHJIN HA PacCTOSIHHU [ Ipyr OT
npyra u ornyctuyd. Yepes BpeMa 7, paccTrosiHue MeXx1y 3aps-
JlaMH YIBOMJIOCh. DTH Ke 3apsibl MOMECTHIH Ha PACCTOAHHU 21
M OTNycTHJH. Yepe3 Kakoe BpeMsi PaCCTOSIHHE MeXIY 3apsi-
aMH YJBOUTCS?

‘ 3.19. Yacruua Macchl /m ¢ 3apsLioM g nBHKeTcs ¢ GOJbIIOro
PAacCTOsIHHSA MO HANPABJEHHIO K UEHTPY PABHOMEPHO 3apsiKeH-
Holt HesakpensieHHOH cdepnl. Pannyc cdepwr R, 3apsin Q,
macca M. Kakofti cKOpoCTbiO HoJXKHa 00JajnaTh 4YacTHIA Ha
6eCcKOHEUHOCTH, 4ToObI NpoJeTeTh depe3 chepy?

3.20. Yactuua MacCel m ¢ 3apsiioM ¢ CO CKOPGCTBIO U,
npubauxaercs ¢ GOJBLIOrO PACCTOSHHA K 3apsKeHHOMY He-
3aKpervieHHOMY KOJIbLY, ABUI2Ch MO €ro ocu. Panuyc Koabua
R, 3apan @, macca M. Brauane KobLo HOKOHJIOCh. Uemy Gy-
JIeT paBHa CKOPOCTb YacTHLLI, Korna oxa GyneT NPOXORUTD
Yepes LEeHTP KoJibla?

3.21*, Yactuua macchi m ¢ 3apsanoM ¢ npubmmxaercs
¢ GOJIBIIOro PacCTOfHHS K DABHOMEPHO 3apsiXKeHHOMY Heaa-
KpenJeHHOMY ILapy, ABHTrasch 10 HanpaBJaeHHIo K LEHTPY Wwapa.
Panuyc mapa R, sapsin Q, macca M. BHayase map noxouncs.
Kakyno HauMeHBHIYIO CKOPOCTb NOKHA UMETh HacTHLa Ha Gec-
KOHEYHOCTH, YTcCHl NPOUTH Hepe3 LEHTp Iiapa?

K aagaue 3.22%, K sanaue 3.23,

3.22*%, Tpu OOMHAKOBLIX OJIHOHMEHHBIX 3apsiia ¢ Macc m
COS/IMHEHbI HEBEeCOMEIMH, HEPacTSXKHMBIMH H HENpPOBOXALLUMHU
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HuTaMu atuHpl . OpHy u3 HuTedl nepexuraior. Onpepennte
MaKCHMaJbHbEle CKOPOCTH 3apsijioB.

3.23. BuyTpH riankoii HempoBojsweH chepnl Macchl M
M paguyca R HaxopfATcsl 1Be OAHHAKOBble GYCHHKH MacC m.
¢ 3apsigamu ¢. Paccrofinue Mexay G6ycuukamu /. Hailgute Mak-
CHMANBHYIO CKOPOCTb Cephl, ecsn GYCHHKH OCBOGOAHTD. Ilo-
JleM TsIKeCTH npeHeOpeyb.

3.24. [lpa 3apsiKeHHbIX 1iapa Macc m C3apAiaMHu g coean-
HAIOT HefeOPMHPOBAHHON NPYKHHOH JMHHBL [ H OTIYCKAIOT.
CnyeTsi HeKOTOpOe BPeMs BO3HMKILUKE KOJeOaHHs 1uapoB H3-3a
TpeHHA B NpPYXKHHe MNPEKPATHIHCh H INaphl OKasalHCh 1ad
paccrosuuu 2/ apyr or apyra. Onpejenure Telao, KOTOpoe
BLIIEJNHJIOCh B INPYXKHHE.

3.25. Cepa Maccul m C 3apsiioM ¢ B pe3ysbTaTe B3pbiBa
pacnagaercsl Ha 60JblIOe YHC/JIO OJHHAKOBHX OCKOJIKOB, CKO-
POCTb KOTOPBIX B MOMEHT B3DblBa PaBHa U H HaNpaBJeHa BAOL
paanyca R cteppi. Onpenennte MakCHMalbHYIO CKOPOCTH
CCKOJKOB.

3.26. Ha noxosuuiica map paguyca R.u Maccu m Hale-
TaeT M3 GECKOHEUHOCTH TaKOil e Iap CO CKOPOCTbIO U.
Hafigure CKOPOCTH apoB flocae ux passera. llapel ynpyrue,
npoBoAsilHe. 3apsij MOKOAErocs mapa Q, ABmXKymlerocs 4.
3a BpeMs yJapa 3apsijb YCNEBAaKT MNepepacnpeie/uThCs.
Ypap UeHTpasbHbIA. ’

3.27. JIBe oauHaKOBble KaIllJH pTYyTH pamuyca R Jjetsr
HaEcTpeuy APYT APYTY, uMesl Ha OeCKOHEYHOCTH paBHHIE IO
MOJyJ1I0 CKOPOCTH U. IIpOHCXOANT LEeHTPAaJbHLIH yAap, B pe3y/ib-
TaTe KOTOPOTO KallTH CJHBAIOTCA B ofety. OnpeesuTe BbACTHB-
uleecsl NpH yAape TEMJo, eClH: a) KamjiH HMET O1HHAKOBBIE
N0 MOAYJIO, HO pasjHyHble MO 3HAKy 3apsibl +Qu —Q;
6) onHa KamJa uMeeT 3apal +Q, apyrasi —¢. I110THOCTE PTYTH
©, NOBepPXHOCTHOE HaTAXKEHHE . 0.

G . A
— e
" w0 L
.K sapaue 3.28, K sagaue 3.29,

3.28. Ha ocu UUAHHAPHYECKOrO OTBEPCTHS B METaJIHYC-
CKOIl M/IUTe Ha HEKOTOPOM PacCTOSTHUH OT nocjeaHel HaXOAUTCHA
ToueyHbld 3apsin ¢. 3apAn OTNYCKaloT. OnuiuxTe KayeCTBEHHO
ero JABHMEHHE. : :

8 3aaa9u no QusHKe ) : 225



3.29, Mexny AByMA 3a3eMJIeHHBIMH MapalfiesbHbIME FopHd
80HTAJIbHLIMH METaJJIHYeCKHMH MJIOCKOCTAMH Ha OJHHAKOBOM
pacCTOsiHHH A OT HHX HaXOJUTCH 3apfAXKeHHas ¢ MOBEPXHOCT+
HOH MJIOTHOCTLIO O TOHKas mjiactuHa. Ilnomans nnacruuet S,
Macca m. Kakyio MHHHMaJbHYIO CKOPOCTb HYKHO COOOGLIHTH
3TOH mJacTuHe, 4Ttobbl OHA OoJeTesia JO BepXHeH MJIOCKOCTH?
Paccrosinne 10 nJyiockocTeft 4 MHOTO MeHbIle JIHHEHHEIX pa3Mes
POB NJIACTHHBI.

3.30. BuyTpu 3akpemvieHHOH npoBoAsllieft HeszapsiKeHHOMH
cthepbl paauyca R uMeeTcsa cepHyeckas NOJOCThL pagHyca r,
IEHTP KOTOpOH COBNajaeT C IEHTPOM Iapa. KaKyro MHHHMaJb-
HYI0 CKOPOCTb He06XOAHMO COOOLIUTL HaXOASMIIEHCS B LEHTPe
YaCTHIe MacChl /1 C 3apsloM ¢, YToObl, NpOHAA Yepes TOHKHH
KaHa/1 B cdepe, OHa ylIa Ha 6eCKOHEYHOCTDL?

K 3apaue 3.30, K 3apaue 3.31,

3.31. Brosb oCH AJIMHHOTO UHJHHIPHYECKOTO KaHaJa, Bhi-

Pe3aHHOTO B MNPOBOAHHKE, NPOJIETaeT TOHKHH CTEPIKeHb, 3a-
pPAL eIMHHIE! IJHHbI KoToporo p. JJuHa crepxkHA [ MHOrO
Gosbitle paiuycoB R, u R,. Branu ot o6nactu cyxeHus KaHaJa
CrnpaBa CKOpOCThL CTep:HA U, Halaute ckopocTh crepxkHs
BlaJH OT OGJaCTH CYXeHHA KaHaja cJeBa. Macca crepik-
HA m. , .
3.32, Ha ropusoHTanbHOH NJIOCKOCTH Ha PacCTOSIHHH R
JPYr OT ApYyra NOMeCTHJH JABa TeJla Macc m C 3apagaMH Q.
B pesysnbTaTe 3JIeKTPHYECKOTO B3aHUMOJEHCTBHA TeJia Hayd-
HaloT JABHrathcA HO mjockoctdH. Kakoe paccrosiHne mnpoijer
Kax/Joe H3 TeJ, eclHH KOo3(h(pUIHEHT TPEHHS TeJ O MJIOCKOCThH
paBeH p? Kakne MakcHMajbHEIE CKODOCTH NpDHOOpETYT Tesa
B Npolecce ABHKEHHS?

3.33*, UeMy paBeH nepHoi MaJblX KoJeGaHHH YeTblpex
3apfAXKEeHHBIX TeJl, CBA3AHHBIX OJUHAKOBLIMH HHTAMH JJIHHBL |
TaK, KakK [0Ka3aHO Ha pucyHKe? Ha sToM e pucyHke moka-
32HO [BHKEHHe TeJl NpH KosieGanusax. Macca H 3apsj Kaxa1oro
TeNa m U q. : : '
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~ 8.34*%, Il1a3Ma COCTOHT H3 SMEKTPOHOB H TAMKEJBIX MTOJIOKH="
TeJIbHO 33D AMEHHBIX HOHOB. UHCJIO 5/IEKTPOHOB H HOHOB B €H=
HHIIe 06beMa OIHHAKOBO H PaBHO #i. B cj0e nsa3Mbl TOJIUIMHEL /L

® .
’ ' T T N Te
/ &
o T
j ® @15
1 f
Y Y
K sapaue 3.33%, K sapaue 3.34%,

BCeM 3JIeKTPOHaM COOGLLHJIH CAHHAKOBYIO CKOPOCTb U B HANpPaB-
JIEHHH, NEPIEHIHKYAAPHOM cioo. Hepea Kakoe BpeMsl OCHOB-
Has Macca 3JIEKTPOHOB OCTAHOBHTCH 3JIEKTPHUECKHMH CHJIaMH,
ecnu: a) v> he V'nim,; 6) v < he V nim,? e, m, — 3apan u
Macca 3JekTpoHa. OneHure B
00OHX CMydasix 4YacTOTy KoJie-
0aHHs «3JIEKTPOHHOTO CTOJIOH~
Ka».

3.35%, JIBe 0HHAKOBbLIE Ya« g
CTHIBl CO CKOPOCTSIMH U H U,
COCTaBJIAIOMWKMME yras ¢ u fe K sagaue 3.35%,
JHHHeH, HX coeqHHSIONIeH, Ha-

XOAATCA Ha PacCTOSHHH [ JpYyr oT Apyra. 3apsajn Kaxjuol ya-
ctuubl ¢. OnpenennTe Macchl YacTHIL, €CIH H3BECTHO, UTO MHHH«
MaJbHOE PacCTOSHHE, Ha KOTOPOe OHH COJIHXKAIOTCA, PABHO Q.

[nasa 8 3JEKTPHYECKHH TOK

§ 8.1. Tok. HaorTnocTh TOKa. TOK B BaKyyme

1.1. a) B cuHXpoTpOHE 3JIEKTPOHBI ABHKYTCS NO NP HOJIH3H=
TeJBHO KPYroBoi opGute aauubl 240 M. Bo Bpems uukiIa ycko-
peHHsa Ha opGHTe Haxojpurcsa npuMepHo 10% 3jekTpoHOB, HX
CKODPOCTb NMpaKTHYECKH PaBHa CKODPOCTH cBeTa. Yemy paBeH
TOK? ‘

6) Onpenennte TOK, CO3JaBaeMbIH 3JIEKTPOHOM, MBHIXKY«
wuMesl o op6ute papuyca 0,5-1071 M B aToMe Bogopona. 3a-

8* T | 227
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psn snekTpoHa e = —1,6-107? Kua, macca snekTpona m, =
=9,1.10731 kr. o

1.2. B npoBoje oJuHb [ NOJHBIA ABHKYLWUHCH 3apal, paB-
HOMepHO pacnpeleseHHbIH MO npoBoAy, paBeH g. Ompenenure
CPENHIOI0 CKOPOCTb ABHXKEHHsI 3apsloB, €CJH TOK paBeH /.

1.3. B reneparope Ban-ze-I'paada npopesuneHHass JeHTa
mupunbl 30 cM aBHkeTcst co ckopocThio 20 M/c. OKOsO HHX-
HEro WIKHBAa JieHTe coobllaeTcsl 3apsifi, HACTOJALKO GOJbILIOH,
4TO Mo oGe CTOPOHBI JIEHTH OH CO3JaeT MoJie HaNpsKEHHOCTH
1,2.10% B/m. UeMmy paBeH TOK?

1.4. Tok B NpOBOJHHKE CO3Ja€TCs IBHKEHHEM 3JIEKTPOHOB.
JHoxaxure, uTO COYNApeHHs Me}{\}ly 3JIEKTPOHAMH He MEHSIOT
TOK.

1.5. Ecaun npe}monommb YTO YHCJIO SJEKTPOHOB NPOBOAH-

MOCTH B MeTaJjlleé pPaBHO YHCAY aTOMOB, TO KakKoOH OyIeT cko-
pocTh apeiiha 5J€KTPOHOB MPOBOJUMOCTH B cepe6psiHOH mpo-
BoJIOKe JuaMeTpa 1 MM, no koropoit uaer Tox 30 A? Oupenenute
€KOpOCTh -aApefida- s MOJYNPOBOAHHKA, Y KOTOPOTO HYHCJIO
3JEKTPOHOB MPOBOAMMOCTH B eiuHHLe oObeMa MeHblile B 108
pas. ‘ , ,
1.6. Jluctrouex Qosbru, NOKPHITBIA P-panMOaKTHBHBIM  Be-
IIECTBOM, HCMYCKAET C eHHULBI MIOMAAN Vv 3JEKTPOHOB B e~
HULY BpeMeHH. Mx ckopocTb Mo MoAyJIo paBHa v, Jiiofoe Ha-
npaBJieHHe CKOPOCTH paBHOBepOHrHO. Hafigute nuoTHOCTD
' TOKa. '

1.7. B Cpre P-pamuoaKTHBHBIX MBIIHHOK, UMEIOUIUX CKO-
POCTb #, UHCJIO JEKTPOHOB B eIHHHLE 00beMa PaBHO n,. Mo-
LyJb CKOPOCTH 3JEKTDPOHa OT-
HOCHTEJIbHO HCHOYCTUBILEH €ro

[4 Vi v ” ya 7”7 7

v v 1, - MBJIMHKH paBeH v, a BCe Ha-
AN 7, NpaB/JeHUs] CKOPOCTeH paBHO-
s, 2 7 c v, BeposiTHEL. Onpenenurte BeKTOp
PR B P IVIOTHOCTH 3JIEKTPOHHOTO TOKa

P R L, 2 B CTpye. ‘
. s, Lo, 1.8. K rtouke A cpenrl nox-
e L7, g 3 BOAUTCA TOK [, a oT Touku B
P ) otBoguTcs Tok I. Cyutas, uro
PR ” v 7 KaxJas TOUKa He3aBHCHMO CO3-
- JlaeT cTalldOHapHoe CepHYeCKH
K 3cqaue 1.8. CUMMETPHYHOE M0JIe TOKA, OMNpe-

: JIeJIUTe MJOTHOCTH TOKa B MUIO-
CKOCTH CUMMeTpuH ToueK A u B. KaKoB NoviHbIH TOK gepes 3Ty
nJockoctb? Kak uamMenurcs pemeHHe eCJIM U K TOuKe B noABo-
JMTCA TOK I?
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1.9. B penTreHOBCKOH TPyGKe MYy9OK 3JEKTPOHOB C IJIOT-
wocteio Toka 0,2 A/MM? monagaeT Ha y4acTOK CKOLUEHHOFO
TOpUA MeTa/UIHYeCKOro cTep:kHA. lljolagp 3TOro yuactka
1074 M2, a ocb nyuka o6pasyet yroa 30° ¢ noOBepXHOCTBIO TOpLA.
Onpezennte TOK B CTepXKHe. _

1.10. B 31eKTpOHHBIH NYYOK C MIOTHOCTBIO TOKa 1 MKA /cm2

" IIOMeCTHJIH MeTa/UIH4eCKHH wap pazuyca 10 cM. Onpepenurte
BpeMsl, 3a KOTOpoe lap 3apsaiurcs A0 noTeHuuana 220 B.
TlpuHATB, 4TO 3TOT MOTEHIHAJ AOCTATOUHO Masl B CDaBHEHHH
C KMHETHYECKOH 3HePTHeH 3JIeKTPOHOB, NOTOMY MOXKHO IpeHe-
6peub neHCTBHEM €r0 Ha 3JeKTPOHHBIH NYYOK.

1.11. CKOPOCTH 3/7IeKTPOHOB B 3JIeKTPOHHOM NYYKE KPYTJIOro
ceuenus 101 cm/c, paguyc nyuka 3 cM, NOJHHH TOK B myuKe
100 A. Onpepennte Hanps:KEHHOCTb JEKTPHYECKOTO MOJA Ha
noBepXHOCTH Nyuka. OUeHHTe, Ha KaKOM DacCTOAHHH paauyc
nyuKa noj JeflcTBHeM COGCTBEHHOrO 3JEKTPHUECKOro MoJisi yBe-
JuunTCA B 2 pasa.

1.12. TlnoTHOCTb TOKa B My4Ke 3JEKTPOHOB j, CKOPOCTDb
aJsekTponoB v. OnpeesuTe NJIOTHOCTL 3apaja B Nydke.

1.13*, Mexny napasiyeJbHbIMH CeTKaMH CO3JaHO TOPMO3si-
Iee noje HanpsikeHHocTH E. Ilo HopManu K nepeiHeil cetke
najaeT LIHPOKHI NYYOK 3JIeKTPOHOB, Y KOTOPOTO Ha BXOJE MJIOT-

" HOCTb 3apsiia P, 8 CKOpPOCTb ¥,. llpeHeGperas B3aHMOmeHCT-
BHEM CaMHX 3JIEKTPOHOB, HaliluTe pacnpejeseHHe 3apsajia Mex-
Iy CeTKaM{ B CJydae, eclH: a) CKOPOCTb 3JEKTPOHOB JOCTa-
TOYHO BEJINKA, TaK YTO OHH He BO3BpallaioTcA; 6) 3JeKTPOHBI
oTpaxatoTcs Hasaj noJieM. HaunHas ¢ Kaknx Py BO BTOPOM CJ1y-
uae cJaefyeT YUHTHIBATb MOJIie 3apsAja Mexny CeTKaMH?

1.14. B BakyyMHOM AHOJe IBa 3JeKTpOJa: KaTol, C KOTO-
pOro «HcnapAwTCA» 3JeKTPOHBI (ero CrnellaJbHO NOJOrPeBaroT),

Y\ :
! 2
. T2
Y 7;
g ‘ a 1 Va
K 3agaue 1,14, , . K sagaue 1,15,

M aHOJ, HA KOTOPBHI MOMAaJaloT BLIJIETEBLIHE C KAaTONA 3JeKe.
Tponbl. OGBACHHTE, NMOYEMY AHOJA MOXKHO HCIOJb30OBAaTh-KaK
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‘BumpaMHTenb. Ha pHCyHKe NoOKa3aHO, KaK NPH MOCTOSIH+
HOM HampsiKEeHHH MeXJy aHOAOM H KaTOJOM TOK 3aBHCHT OF
TeMnepaTyphl KaTO,Ila. OO0BfAACHHTe KauyeCTBEHHO 3TY 3aBHCH-
MOCTb.

1.15. Ha pucyHnke nmpuBefieHHl TPH rpadHKa 8aBHCHMOCTH
TOKa OT HaNPAXKEHHs! Ha S/EKTPOAAX NHOAA, CHSITbIE NPH pas-
HBIX TeMmmepdrtypax Kkaroaa. Kakas KpHBas HPHHAL/IENHT
HH3KOTEMIIEDATYPHOMY KaTOJy, a KaKas BbICOKOTeMmeparyp-
HoMy? IloyeMy BCe TPH KpHBblE€ COBNAJAIOT RPH MaJbIX HAMps-
JKEHHSX? .

1.16. Korzaa Tox B JHOze AasleK OT HacbIeHHs, TO Ha BHeII-
Hell MOBEPXHOCTH Karoja obpasyeTcsl TOHKHH CJIOH 3JeKTpo-
HOB, H3 KOTOPOTO GOJIBIIMHCTBO 3J€KTPOHOB BO3BpallaeTCsl Ha
Karoj, NPHTATHBAsCh HaBeJeHHBIM 3apPSA0M, a 4acTb AHGGYH-
JHPYeT B MPOTHBONOJIOKHYIO CTOPOHY H YBJEKaeTCd IoJeM
K aHopy. [TouemMy Ha rpaHHIe 3TOTO €105 MOJE€ MOXKHO CUHTATD
HYJIeBBLIM?

1.17*, Karoa u aHoj B BaKyyMHOM JAHOJle — JBe HapasJjesib-
HHlE MeTaJITHYeCKHe IJIaCTHHH ¢ 3a30poM 0,5 cM MeXay HHMH.
Ilnomanp kaxaod mjactuHel 10 cm2 Ilpn  HanpsAxeHHH
5000 B mexnay katonoM u anofoM uiaet Toxk 1 A. Cuuras asek-
TPHYeCKOe MoJle MeXAY MJIaCTHHAMH ORXHOPOAHBIM, Ompele/nTe
IJIOTHOCTDb 3apsifia B 3aBHCHMOCTH OT PAcCCTOSIHHA A0 KaTofa X.
IIpuMHTe HayaJIbHYIO CKOPOCTb 3JIEKTDOHOB paBHOH HYJIIO.
‘MoxHo Jin B paccMaTpHBaeMOM ciyyae mpeHeGpeub AeHCTBHEM
Ha 3JIEKTPOHBl HX MPOCTPAHCTBEHHOI'O 3apsjaP’

1.18%, lng yyera BJIHSIHHS [POCTPAHCTBEHHOLO 3apsija
B IJIOCKOM JHOJE C PacCTOSTHHEM MEXAY aHOAOM H KaToJoM d
HYXHO YCTAHOBHTb 3aBHCHMOCTb IJIOTHOCTH 3apsja p, IIOTEH-
11HaJ1a © H CKOPOCTH 3JEKTPOHOB U OT PaCCTOSHUA IO KaToja X.
CKOpOCTb H HampSIXKEeHHOCTh ITOJIS Ha KaToJie IPH TOKax, Aase-
‘KHX OT HACBIUIEHHSI, MOXHO CYHTaTb HYJeBHIMH. B ciyuae,
KOTJa KaToJ 3a3eMJIeH, HIIHTE NoTeHIHaJ B Buae ¢ = V (x/d)".
Onpenennte orctoga p (x) u v (x), a 3aTeM, HCIIONb3Ys YCJIOBHE
CTALHOHAPHOCTH TOKAa, HaHAHTe mMoKasaTeJb cTeneHH a. Ilosy-
YHTE TOUHbLIE BHIDAXKEHHS AJIF IJIOTHOCTH TOKa H TOKa Yepes
AHoj mnpH 3ajaHHOM HanpsikeHuH V. Ilaomagb ssektpo-
JoB S.

1.19%, AHop u KaToj JHOJa HMEIOT NPOH3BOJBHYIO (OpMY.
Ilycth npu onpene/leHHOM Hanps:KeHHH Ha JHOJe B PeXHMe,
JlaJIeKOM OT HAacCblIieHHsI, MeXIY 3JeKTPOJaMH YCTaHOBHTCSA
IJIOTHOCTL 3apsiga p (X, Y, 2). Bo ckoJbKO pa3 yBeJHYHTCH
IJIOTHOCTb 3TOrO 3apsAja, eClH HampsXeHHe Ha JHOJAe YBeJHs
YHTb B 1 Pa3? Bo CKOJIbKO pa3s yBEJHUYHTCA TOK AHOAA?
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§ 8.2. Mposoaumocts. ConpoTuBJeHHe.
HcTouHHKH 3.4.C.

2.1*, a) Onpesesute yIeNbHYIO NPOBOAHMOCTL MeTalllay
€CJIu YHCJO 3JIeKTPOHOB NPOBOJHMOCTH B elHHHLE ofbeMa f,,
BpeMsl MeXAy MOCAeOBaTeNbHBIMH COYAAPEHHAMH 3JIEKTPOHA
C HOHAMH KDHCTAJJHYECKOH pelleTKH v. 3apsj 3JeKTpoHa e,
macca m,. Cpasy nocie ypapa Jiofoe HanpasJieHHe CKOPOCTH
3JIEKTPOHA DPAaBHOBEPOSTHO.

6) OueHHTe cpesiHee BpeMsi MEXIY NOCJe0BaTeNbHBIME co-
YIapeHHSAMH 3JeKTPOHA NPOBOJAHMOCTH C HOHAMH KPHCTaJl/H-
UeCKOH peIleTKH Me[H. YJeJbHas IPOBOAUMOCTL Mead
6-107 Cm/M, naoTHOCTL 8,9 r/cm®, MoseKyJasipHasd Macca 63,5.
UHCeM0 3JIeKTPOHOB NTPOBOJHMOCTH M YHCJIO aTOMOB MeH B €lH-
HHuLe ofbeMa OJHHAKOBO.

2.2*, KonrefiHep, HaNOJHEHHBIH BO3AYXOM npn KOMHATHOM
TeMmepaType H aTMOC(HEpHOM MABJIEHHH, OCBEIlaeTCs NYyYKOM
PEHTTEHOBCKHX JyueH, HOHH3YIOIMUX HeGOJBIIYIO YacTh MoJe-
KyJa. OTpHnaTe/JbHBIMH HOHAMH SIBJAIOTCA MoOJeKyJan O3,
«3aXBaTHBLIHe» 3JeKTPOH. Paamep KoHTednepa 10 X 10 X
X 2 cm3; ase cteHkH 10 X 10 cM2 cienlaHbl H3 MeTaJdia, a oc-
TaJIbHBle — M3 H30JHPYIOHmero Mareprata. K mnpoBoasmum
CTeHKaM NpHJaoxkeHO HanpsxeHHe 1000 B, BuishiBamoilee TOK
1,5 mxA. KagoBa yznenbHasi MpOBOJAUMOCTL 3TOTO CJAGOHOHH-
30BaHHOro rasar? IIpHHATH, UTO BCe MOJEKYJBLl HUMEIOT OfHHA-
KOBYIO MOJIEKYJSIDHYIO MaccCy, cpeaHior ckopocth 500 m/e
U AauHy cBoBogHoro nmpotera 1077 M. CunTasg YHCJAO MOJNOKH-
TeJbHBIX H OTPHUATENbHBEIX ONHOKPATHO 3apsKEeHHBIX HOHOB
OJIMHAKOBBIM, OMNPEAETHTE [0 HOHH30BAHHBIX MOJIEKYJI
rasa.

2.3, Ilox neficTBHEM MOCTOSIHHOTO 3JIEKTPHYECKOTO M0JsA
B IPOBOJIHHKE YCTAHABJIUBAETCS MOCTOSHHEIH TOK, T. €. MOCTOSIH-~
Hasi cpelHfIsl CKOPOCTb, a He ITOCTOSIHHOE YCKOpeHHe. IT0 03Ha-
yaeT o6d3aTe/JbHOe HAJIHUHe CHJIBI, AeHCTBYIOMIEH. Ha HOCHTENH
TOKa CO CTOPOHBI BelllecTBa. BHIpasute 3Ty cuay uepes yziesib-
HYIO IPOBOAMMOCTD BelleCTBa A, IVIOTHOCTb HOCHTE/IEH TOKa 11,,
CKOpPOCTb HX fApefida v H 3apsz e.

2.4. HpOBo.nquoe MeZiHOe KoJblO pamuyca 0,1 M packpyi
THJH 10 YyrJ0Bo# ckopoctu 103 pan/c. Onpe/:LeJmTe, Kako#l TOK
NOH/eT Yyepes KOMbLO NPH PaBHOMEPHOM 3aMe/IEHHH BpalleHH s
Ao octaHOBKH B TeuenHe 107 c. Ceuenue npososoku 0,5 cu?,
yiaeabHasi MpoBoAHMocTh Mexd 6-107 Cwm/m.

2.5. CpejHsisi CKOPOCTb HANpPaBJEHHOTO IBHXEHHS 3apse
ROB B NPOBOAAX He 00/IbIUE HECKONBKUX CAHTHMETPOB B Ce~
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KyHny. [ToueMy ke Hacro/bHas JaMna 3axuraercsa cpasy mo-
cJie HAXKATHA KHOMKK? . ,

2,6*, Tlo TabauLe TenJaONPOBOJHOCTH U y/IeJbHO 0 POBOAH-~
MocTH psja MetaanoB npH O °C onpefenuTte HX OTHOLLUEHHe.
Uem oGBACHUTH NosyuuBlinics pesyabrat? IlonpoGyiite BbI-
YHCJAWTb OTHOLUEHHE TEeNJONPOBOJHOCTH K YIeAbHOH MpOBOAH-
MOCTH TeopeTHuecku. IloctosiHHas boabumana & = 1,38 X
X 10728 IIx/K.

K sagaue 2.6*
Metanan %, Br/iM-K) A, 107 Cv/m 0, 10=8 Om.m
Menw 385 6,0 1,7
AnoMuuni 210 3,2 3.1
JKeneso 60 0,91 11
Counen ) . 3%, 0,5 20

2.7. TlnotHoCTb TOKa B NPOBOJHHKE j, ero yieabHas npo-
BoguMoctb A. OnpenesuTe HanpsaXKeHHOCTb 3JEKTPHYECKOTO
noJIsl ¥ PAsHOCTb MOTEHLMAJIO0B MeXY TOUKaMH A H B, ecsu TOK
HIeT 10 YIJIOM & K HanpasJeHuwo npamoil AB. Haiigute pas-
HOCTb MOTEHUMAIOB, €C/IH JIMHUA TOKA CORIHHSACT TOUKH AunB
H fBJIAETCA [OJYOKPYKHOCTbIO.
Paccroanue ot A 1o B pasuo /.

2.8, TlnotHocTe TOKa [ mep-
NeHAUKYNApHA MJOCKOCTH pas-
Jena IBYX CpeJl ¢ YIeJbHBIMH MpPO-
BOJHUMOCTAIMH A, M Ay, Hafiaute
MOBEPXHOCTHYIO MJIOTHOCTb, 3apsd-
Jla Ha 3TO# NJOCKOCTH.

2.9, Ha nnockocth pasgena
IBYX Cpeld C YIeJbHbIMH OPOBO-
IUMOCTSIMH A; U Ay 3 MepBO# cpe-
ZBl UAYT JIHHUH TOKa, 00pasys yroJ &, ¢ HOpMaJjbio K [JOCKO-
cti. Kakoit yron o6pasyiorT ¢ 3T0ff HOpPMa/blo JIMHHH TOKa
BO BTOpoOit cpene? Uemy paBHa nOBerHOCTHaﬂ NJIOTHOCTDb 3a-
psAla Ha rpaHuLe paszena cpei?

2,10, YnenpHas npoBOAMMOCTb Cpejbl MeHfAeTcd N0 3a-
KOHY A = Ay a/(a 4 x). Onpenenute NJOTHOCTL 3apsia OpH
CTallHOHapHOH MJOTHOCTH TOKa j, Hanpae/JeHHOM BLOJb OCH X,

2.11%, BHyTpH MeTajna ¢ YIeJbHOI NPOBOJIHUMOCTBIO A,
HMeeTCs HeOQ/IbIIOE BKOUEHHe € YAeNbHON NPOBOLHMOCTDIO A
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OTO BRJKOYEHHE H3MEHSIET 3J1eKTPHYECKOe noJje, KOTOPOE B OT-
CYTCTBHE BKJIIOMEHHs Obli0 Obl ORHOPOZHO. KauecTBeHHO OnH-
LIHTE H3MEHeHHe MOJisl Ha OOJBLIHX PACCTOSHHAX OT BRJIOYE-
Hua. TOK craunoHapes. :

2.12, B nenTpe npoBofsAImero mapa ¢ yReJbHbIM CONPOTHB-
JIEHHEM . p OKasaJjcs H3OBITOUHBIH 3apsaz Q. Kak Gyner MensiThcs
3apsi B LleHTpe CO BpeMeHeM? [ie B KOHIle KOHLIOB OKaXKeTCs
sapsa? Has pewenus Bocmonb3yliteck Teopemoil Iaycca. Os-
HavaeT JIH NOsIBJIeHHe NOBEPXHOCTHOTO 3apsaa, YTO 3apsibl H3
HEHTPa NepeMeCTHAHCh HA NMOBepXHOCTh? Jisi MenH yaedbHOE
conporusJenne 1,7-107® Om-cM.” Kakoli nocrosiHHOH BpeMeHH
JJIA mpolecca nepepacnpe-

JeNeHUsl 3apsifa 3TO COOT- L 5
BETCTBYeT? o] 'D)

" 2.13. Tlnactusbl 3aps- ‘ A
JK€HHOTO KOHJEHCaTopa Co- .
€JHHEHB TOHKHM H30THYTHIM K sagaue 2.13,

NPOBORZHHUKOM. KaK Hanpas- « _
JIeH TOK Mexxny ToukamMH A u B? Kak 3to corJjacoBath ¢ Ha-
npaBJeHHeM NOJAsl B KOHZEHCATOpE?

2,14. HuaueAp M3 NpPOBOASIIEro BeUIECTBA C YAEJAbHOH
NPOBOJMMOCTBIO A HMeeT FJIHHY [ M monepeyHoe cedeHHe S.
PasHocTb noTeHLHaMOB MexAy ero TopuamH parHa U.
‘Onpesesinte TOK yepes cedeHHe LMJAHHAPA. KakoBo ero conpo-
THBRJIeHHE? -

2.15. V3 MeTaanoB ¢ ynesbHBIMH NDOBOAUMOCTSMHU A H A,
H3TOTOBJIEHB! IJIMHHBIE CTepKHH. MexJy KOHIAMH Crep:kHeH

. Lo i

I =gt Ay N
| \

7

K sajauve 2.15. K sapaue 2.16,

NOJIepKUBaeTCsl Pa3sHOCTb noTeHuuanos U. Onpegenute nos-
HO€ CONPOTHBJIEHHE KaXKJ0T0 H3 CTepkKHeH H TOKH B HUX. [lpu
KaKHX YCJOBHAX MOMKHO CYHTATh TOKH Napa//ieJbHBIMH OCSM
CTepKHeR? ' "
- 2,16, DKCnepHMEHTATOP XOUYeT NPHTOTOBHTD 10 aJIOMHHHST
Tosunbl 500 HM, HANLLAAS B BaKyyMe aJIIOMHHHH Ha YHCTYIO
' ; . o 233
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noBepXHOETH crekna. CHAyaa OH HAHOCHT JOBOJIBHO TOJCTHI
cJioit, OCTaBJSASA B IEHTPE YHCTYIO NOJOCKY, 3aKPLITYIO MacKoii.
ITotom, HCTIO/B3YS APYTYIO MAcKy, OH HaNbLIsSET Ha CTEKJIO M0~
nepek 3a3opa NOJIOCKY TOH e MHPHHBL. OIHOBpEMEHHO TOJI-
CTble CJIOH HCNOJIL3YIOTCA KaK BHIBOAGI IJIs H3MepeHHs CONpo-
THBJEeHHA. IIpH KakoM CONPOTHBJIEHHH HamblJeHHe CJenyeT
OCTAaHOBHTb, €CJH V/EJbHOE COINPOTHBJEHHE AJNIOMHHHS NpH
KOMHAaTHOH TeMmepatype pasHO 2,83-107% OM-cMm?

2.17. B cpene ¢ MaJioff yaesbHOH NPOBOAMMOCTBLIO A Haxo-
JIHTCH MeTaJlVIHUecKHH 1ap paguyca a. Onpejiesiute TOK, CTe-
KawIIHi ¢ 11apa, ecyid ero noreHnuan pased V., Ecau takoi
1ap HOACOEAHHHUTb H3OJHPOBaHHBLIM IPOBOAOM K TDOMOOT-
BOJIY, TO KaKHM GyJleT CONPOTHBJIEHHE 3a3eMJIeHHA?

2.18. a) /IBa 3jekTpoja — MeTa/JIHYECKHe II1apbl AHaMeTpa
30 cM — BHCAT B MOpe Ha H30JHPOBAHHBIX KabesaX Ha IJyOH-
He 60 M. Paccrosnne Mexjy imapamu 300 M. ¥YjesabHass mnpo-
BOJIHMOCTb MOPCKOil Bojbl 4 CM/M. OleHHTe CONpPOTHBJIEHHe
MeKy . llapaMH.

6) CHcTeMbl, ogHOH H3 uyacTeH KOTOPBIX ABJSTIOTCS 30H/IbI
H3 IPOBOJHHKA, ONYIIEHHbIe B C/1a6ONPOBOAALLYIO Cpesy, Bax-
Hbl B QH3HYECKHX, TeoH3HYeCKHX
H MHOTHX OGHOJIOTHYECKHX HCCJe-
nopanuax. IlpuayMaiite skcnepu-

' MEHTbI, B KOTOPbIX MOKHO HCIIOJIb~
‘ 30BaTh 3OH.MI. '

2.19. Pagnychl oOk1afok cde-

4 pHUECKOTO KoHJeHcatopa r H R,

3apagpl ==q. Haligute conpotus-

K sagawe 2.19, JIeHHe H TOK YTeuKH B 3TOM KOH-

JeHCAaTOpe, €CTH MeX1y OOKMal:

KaMH HAaXOJUTCS BeILeCTBO C JIHJIEKTPHYECKOH NPOHHIIaeMO-

CTBIO & H MaJIOH YJeJbHOH NPOBOJHMOCTBIO A.

2.20*, Tlocsie 3ano/jiHeHHs] KOHIEHCATOpa CPeAOH C yielb-
HOH MPOBOAHMOCTLIO A H IH3JIEKTPHUECKOH NMPOHHIAEeMOCTLIO €
CONPOTHBJIEHHE MeXAY €ro 3a:kHMaMH OKasasloch PaBHbIM R.
Halinure eMkocTh KoHmeHcaTopa. 3aBHCHT JIH Pe3yJbTaT OT
(opMBI MJIACTHH?

2,21%*, IliacTHHKY H3 C/1a60ONPOBOASAILErO MaTepHaJsa BCTaB-
JISTIOT MeXAy JABYMSI 3JeKTpoiaMH. [IpH KakOM mNOJIOXKeHHH
IITACTHHKH €€ COIPOTHBJIEHHE MHHHMAJbHO?

2.22. Tlpu paccMOTpeHHH TOKOB B BeILECTBe KHHETHUYECKYIO
5HepTHIO HOCHTEJIefl TOKa, CBSA3aHHYIO C HX YIIOP AZ10YEHHRIM JIBH-
XKeHHeM, He YuHThbiBalOT. OneHHTe KHHETHYECKYIO 3Heprmo
mmoro 3J€KTPOHA (B 3JEKTPOHBOJIbTAX) NpH Toke | = 100 A
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"B IPOBOJIOYKE M3 METAJITHYECKOTO HATPHS ceueHHs S = 1 mm2.
Hueno 31eKTPOHOB NPOBOJMMOCTH B EIHHHIE obbema 1, ==
= 2,5.102 cm73,

2.23. B regepaTope Bau-ne-I'paada wHocuTeny sapspa,
«IPHKJIEHBIUHECS» K HENPOBOAsLIEH - IeHTe, NepeHoCATCS npo-
THB NoJIsA. BHYTpH mapa 3ap bl CHUMAIOTCS C JIEHThI CHIBHBIM
noJseM, JOKaJH30BaHHbIM Ha KOHTAKTHOH uieTke, FHeo6xoju-
MYIO JIVISl JBHXKEHHUSI JIEHTBI SHEPTHIO MOXKET MOCTABJATh 3JIEKT+
polBHraresb, GEH3HHOBBII MOTOP MJH UYeJOBEK, Bpallarolmluil
pyuky. IlycTh nomublil 3apsj Ha JeHTe g, ee AauHa [. Onpeje«
JIMTE MOTEHUHAJ ¢ B Touke A B ABYX CJAyuadx: a) JIEHTY JBH«
raloT ¢ NOCTOSTHHOM CKOPOCTBIO U HE3aBHCHMO OT CONPOTHBJIC+
HHA R; 6) JeHTy ABHraioT, NpHKIajbIBas K Hell NOCTOAHHYIO
CUIy F.

K s3apaye 2.23, K sapaue 2.24,

2.24. dnekTpuyecKas «aToMHasl» GaTapesi NpeJCTaBJsier
coboil MeTaIHUeCKYIo chepy C W30JHPOBaHHBIM OT Hee KyCou-
KoM f-pagHoakTHBHOro BellecTBa. UHC/I0 aTOMOB, pacnajaio-
HUXCsl B eAMHHLY BPEMEHH, PaBHO V. DHEPTHs BbLIETEBIINX
asektpooB W. Onpenenurte HanpsokeHHe Ha PasoMKHYTBIX
kjaemmax GaTapen. IIpH KaKHX CONPOTHBJIEHHSIX HarpyskH
HanpsikeHue Ha 6aTapee MOXHO CUHTAaTh TaKuM xe? Kakol HaH-
GosbIKil TOK MOXKET HaBaTh 3Ta Gatapesi? Jlo KaKHX compo-
THBJEHHH Harpy3kd O6aTaperd MOXHO CUHTaTh TeHepaTopoM
TOKa?

2.25%, VICTOUHHK TOKa COCTOHT H3 TOHKOH IJIaCTHHB
PaJHOaKTHBHOTO BEIleCTBA, OKPYXKEHHOMH NPOBOAALIUM KOPIIY4
coM. 3a30p MeXIY KOPNYyCOM H TJIACTHHOH MHOrO MeHbiite JIH
HEHBIX Pa3MepoB IJIaCTHHBL. KaK 3aBHCHT TOK OT Hampsikes
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"uus Ha ucrouHuke U, eciim TOK KOPOTKOTO 3aMblKaHus [, H
5HEPTHsl BbUIETAIOIMX M3 IJIACTHHBL 3JeKTPOHOB ely? DsieKT-
POHBI BBLIETAIOT H3OTPOIHO.

I
o

K 3a11aqé 2.25%, K 3ajaue 2.26,

2.26. He yI‘JIVﬁJIﬂﬂCb B BONPOC O MPOHCXOTKIEHHH «CTOPOK: -
HHX» CHJI, TOCTPOiiTe TpaduK noTeHNMana PasoMKHYTOl M 3aM-

Pt KHyTOH Ienu ¢ comporusjeHneM R. Ha
‘ y4acTKe JJIHHBI [ CTOPOHHsSIA cHia, OT-
* HeceHHast X eMHHIE 3apsija, paBHa E,

BHe 3TOTO ydacTka — HyJ0. Kak Huame-
HUTCA TpadMK, eClH ydacTOK [ HMeeT

by conporuBnerne r? Kakyio suepruw Ha
eMMHUIY 3apsila mepellaeT HMCTOUHHK

Lodwii CTOPOHHHX CHJ Ha ydacTke [?
pacmiop 2.27. B XUMHUeCKOM 3JieMeHTe HAVT
et peaxuun: Ag (t) - ClI- = AgCl (1) + ¢

Ha OTPHIATENIBHOM CepeGPSIHOM 3JeK-
I tpoge u 1/, Cly 4+ e = Cl” na nosoxu-
Kovemezzt!  TeNbHOM MJATHHOBOM 3JEKTPoje (nJaa-
Ayl THHA B peakuuio He Bcrynaer). Ilpu

T . OYeHb MaJiOM TOKe Ha KaKAblH MOJb
obpasyiomerocsa AgCl Bolensiercs BHYT-
Ap pu snemeHTa 3280 kaa remna. Ilpd

K sapawe 2.27, . peakuun Ag + 1/, Cl, = AgCl =Ha
KaxkIpll MOMDb oﬁpasyrouleroc;l AgCl
poigessiercs 29 380 kan. Hafigure 3. 1. c. 3JjeMeHdra, T. e.
3HePTHIO, COOBUIAEMYIO 3JIEMEHTOM eJHMHHIle NPOMIeAIIETO 3a-
psana (1 kan ~ 2,6-10% 3B).
- 2,28, Ilpu pacreopernu B H,SO, nnuka BblAesieTcs Tenso
4,40-10% Ixx/Monb, Ha BheneHue mMeau u3 CuSO; tpebyetca
-3aTpaTuTh 3Hepruio 2,34.10% x/mons. Kasanock 6wl 3. 1. c.
3/eMeHTa [laHH3]S MOXKHO pacCYHTaTbh, NPHPaBHHMBAs pas-
HOCTb 3HEPTHH NpoTeKIeMy 3apsay, YMHOKEHHOMY Ha 3. J. C.
Boumcanre 3. 4. ¢, TakKuM o6pa30M C TO'-IHOCTb}O o 1%,
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OnHaKO HCTHHHOe 3HaYeHHe 3. . C. OKasblBaeTcs OOMbIIMM
(npu HOpMaJILHOMH TeMnepatype oHo paBHo 1,09 B). B uem neno?
Otkyna Gepercs SHeprus?

2.29. duemeHT Hanusasd gaer tok 0,1 A B TeyeHue 8 u.
Hafigute pacxon mueka u MenHoro Kymopoca CuSO,-5H,O
(8 mouasix). Ilocrosinnas Asoragpo N, = 6,02-102 moup™.

2.30%, Ilpu paspsike KoHAeHCAaTOpa C 3apAjoM ¢ yepes
3JIEKTPOJIHTHYECKYIO BAHHY C NOAKHC/IEHHOH BOJOH BBIIEASIETCS
Macca m rpemydero rasa. Macca Buje/ISIIOIIErocs IPH 3JeKTpo-
JIH3€ BellleCTBA 3aBHCHT TOJBKO OT NPOIUEAUIEro 3apsja, 3Ha-
YHT, Pa3psiAMB KOHJEHCATOP Yepe3 £ MocjeNoBaTeNLHO COeJH-
HeHHHIX BaHH, NOJY4YHM Maccy km rpemyuero rasa. Cxuras
3TOT ras, noJayyuM GoJsiblloe KoJiHuecTBo SHepruH. Ilpu gocra-
TOYHO OOJIBLINOM k2 3Ta SHEPTHS NpPeB30HAeT NepBOHAYANLHYIO
3HeprHIo 3apsixkeHHOro KoHaeHcaropa! CiiejoBaTenbHO, B UeM-T0
HalUW paccyxjaeHus omubouHst. Hafizute 3Ty OmHOKY.

2.31, TlosHasi MJIOTHOCTL TOKa B 3JIEKTPOJHTAX SIBJsETCS

CYMMOH TOKa MOJIOXKHTeJbHLIX HMOHOB M TOKa OTpHIIATeJLHBIX
HOHOB: j = e,nv, + env_, rae e — 3apsij HOHA, Uy U H: —
CKODOCTH NOJIOKHUTEJNLHBIX U OTPHIATENbHBIX HOHOB H UX YHCJIO
B eluHHlle o6BeMa. [loueMy Macca BelleCTBa, BBIEJIHBILErOCs
Ha KaToje, NpONOPLMOHAJbHA MOJHOMY TOKY, a He TOKY
e.nu? .
2.32%, [IpotuBo-3. A. C. OJHOH 3JIEKTPOJHTHYECKOH BaH-
HOUKH €. MMeeTcsi KOHIeHcaTOp, 3apsi’keHHBIH 10 Hampsixke-
Hus U (U > &). CKOMLKO OJMHAKOBBIX BAHHOUEK HYXKHO COes
JHHHUTD NOCJIEN0BaTeNbHO, YTOO, Pa3psiJUB KOHAEHCATop, Bbl-
JeMTh Ha HUX MaKCHMaNbHYIO MacCy MeTasja H3 pacTBopa
cou?

§ 8.3. DuekTpHYecKHE LENH

3.1. kana BonbTMeTpa (cM. puc.) umeeT 150 nenenuii,

-BonbTMeTp HMeeT YeThipe KJIEMMbl, paCCUHTaHHBIE Ha H3Mepes
Hue HanpsizkeHus a0 3, 15 u 150 B. Crpesika npuGopa oTkm0
HsieTcsi Ha 50 neneHuil npu
NPOXOXKIEHHH Ue€pe3 Hero wmgg %A 38 .
ToKa 1 MA. KakoBO BHYTpeH- ‘
Hee CONMpOTHBJEHHE npuGopa
1pH BKJIIOYEHHH €ro Ha pas-
JIUYHbBIE JHANAa30HbI?

3.2. Kaxofi 1IyHT HYXHO
NPHUCOEJHHHTb K TaJbBaHO- -

Metpy co mkajo# 100 genes K sagave 3,1,
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Hufl, ueHoil geneHHst 1 MKA M BHYTPEHHHM CONDOTHBJIEHHEM
180 OM, uTO6BH UM MOXHO ObLIO H3MePATb TOKH Xo 1 MA?

3.3. BonbtMeTp co mkanoil Ha 100 B umeer BHyTpeHHee
conporuBaenne 10 kOM. Kakyio Han6osblIylo pasHOCTb NO-
TEHLHAJIOB MOXHO H3MeDATb 3THM NpHOOpPOM, eC/H NPHCOEeH-
HHTb K HeMy ;00aBOuYHOe conpoTHBJaeHHe 90 xOm? “

3.4. Kak 6ynyT pearupoBaTh npuGoph Ha NepeMellleHHe
JBHKKOB PEOCTaToB B Hanpas/JeHHH CTPEJOK B CXeMax a)—B)
N Ha 3aMbIKaHHe KJouel B cXxeMaX I)—e)? BHyTpeHHHE conpo-
THBJIEHHs TeHePaTOPOB O4YeHb MaJnl *).

3.5. a) TpeGyeTcss onpelenHTb HanpsKeHHe Ha CONPOTUB-

JeHHd R. Jlig 3TOro X KOHLaM CONPOTHBJIEHHA NOAKJAIOUAIOT
BoabTMETp. Kakas orHOocHTenbHas omubka GyAeT xonylueHa,
€C/IM NOKa3aHHs BOJBTMETPA NPHHATb 32 TO HaNpPSKEHHE, KO-
TOPOE MMEJIO MECTO O €ro BKIoueHnsa? CHia ToKa B IeNnH Noj-
JepKuBaeTcs noctossHHoH. ConpoTHBAEHHE BOJbTMETpPA 7.
' 6) 1 u3aMepeHHs TOKa B IEMH ¢ CONPOTHBAEHHEM R BKIIO-
uyen amnepmerp. Kakas oTHocHredbHas oluu6ka OynmeT Aony-
IIeHa, ecJid CYATaTh, YTO BK/IIOYEHHE aMIlePMETPa He H3MEHUJIO
Toka? HanpsKeHne Ha KOHIAX LenH NOAAEPKHBAETCS NOCTOAH-
HbeiM. ConpoTHBJeHHe aMnepMerpa r.

3.6. BoabTMeTp BKJIIOYEH napanjenbHO CONPOTHBIEHHIO
ry = 4 Om ¥ noxaseBaer 34,8 B. Hanpsikenne na xiemmax
KMCTOYHHKA TOKAa NOANEPXKHBAETCA NOCTOAHHEIM H DaBHBIM
100 B. Hafigure oTHOUIEHHE TOKa, HIYIUErO dYepe3 BOJLTMETD,
K TOKY, HAYLIEMY Yepe3 CONPOTHBIEHHE r, = 6 Om.

3.7*. Or cetd ¢ nocrosHunM HanpsaxenueM 120 B myxno
nHTath npubop, paccuuTaHHH Ha Hanpsaxenue 20 B; npu sToM
TpebyeTcs, 4TOOb! IpH H3MEHEHHH CONPOTHBJEHHS npubopa or
100 go 90 OM HanpskeHHe Ha HeM MeHAJIOCh TONbKO Ha 1 %.
MoOXHO JIM 3TO CHENaTh C HMOMOLIBIO JENUTeNsT HanpfaKeHHs?
'Kakue conporus/ienus nued Hy»XHO BhIGpaTh?

3.8. UeMy paBHa pa3HOCTb NOTEHI(HATOB MEXAY KJeM-
MaMu (cM. pHC.)? UTO nokaxer aMnepmeTp, €CJH ero NOAKJIO-
UHTh K KJemMmam * #)?

3.9. B Mocte Yurerona COHpOTHB.HEHHH noabupaIoT TaKUM
06pa3oM, 40 YyBCTBHTEJbHBIH TIaJbBAHOMETD, NOAKJIIOYEH-
HHf Kk ToukaM A u B, noxasemaeT HynAb. Cuntaa Ry, Ry, r
H3BECTHRIMH, ONpeJeNHTe CONPOTHBJEHHE 7. Ec/H NOMeHATh

¥) KpyxxoM co crpenxofi Ha cxemax o6o3paueH remeparop, Crpeska
¥KasniBaeT HanpaBJeHHE TOKa I'eHepaTopa. »
- **) ConpoTnBjedns Ha pHcyHKax npubejeHH B oMax 0e3 ykasanns
CIRHHIL Ha CXeMaX,
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‘K 3agaye 3.6, K 3ajgaue 3.8,

K 3agaue 3,11,
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1

MecTamMH $aTapeio W rajJbBaHOMETP, TO CHOBZ, MOJYHYHMTCS MO
croBaf cxeMma. CoxpaHuTcs Jiu 6allaHC B HOBOfl cXeMe? :
- 3.10*, YacTe cxeMbl COCTOHT H3 HEH3BeCTHHLIX conpomsne)

uuil. Kak, uMes amnepmerp, BOJbTMETp, GaTapeio M COECAHHH |

ﬂ

Te/bHble MPOBOJA, H3MEPHUTH CONMPOTHBJIEHHEe R, He paspuiBasy

HY OJIHOIO KOHTAaKTa B cXeMe? )
3.11. Uemy paBHO CONpOTHBJIEHHE MeXJy KJEeMMaMH B
cxeMe, H30GpaKeHHOH Ha pHCYHKe? *
3.12%, a) KaxkuM JNOMKHO GBITH CONMPOTHBJIEHHE 7, YTOGH
BXOAHOe COMPOTHBJIEHHE MeXAYy KJeMMaMH Toxe OblIO 7?

K sagave 3,12%,

6) Kaxoe conpoTHB/eHHe 7 HYKHO MPHCOEAHHHTb K KJjeM-
maM C 1 D, uToBbl CONPOTHBJ/IEHHE BCeH IIENIOYKH MeXKIY KJeM-
MaMH A H B He 3aBHCEJIO  OT YHCJIA 5/IEMEHTApPHBIX fueeK?

B) Tok ot A x B pasen I (cM. cxemy 6)). OnpejenuTte TOKH
B n-U suefiKe, eCcJH IenoYKa CONMPOTHUBJEHHH GeCKOHeyHa.
UYeMy paBHO CONPOTHBJEHHE TAKOH LEMOYKH?

3.13*, ArTeHioaTOop npeicTaBafeT cO0OH cnelHaNbHBIH je-
JINTeJIb HANpPAXEHHS, CXeMa KOTOPOro NpejicTaBjeHa Ha pu-

: 7 i 7y &
o ——
””z ”’72 '_g”z”kz ””z ”"
& -

K sagaye 3.13*,

cyHKe., KaKoBbl 10J/KHBI GBITH CONPOTHBIEHHS R; H Ry, YTOGH
Ha KaXJIOM CJelyIOlleM BepTHKaJbHOM CONMPOTHBJEHHH Hamp:-
xKeHHe 6bp10 B 10 pas MeHblle, YeM Ha NpejpiayllleM?

3.14. B conporuBieHHH R Ha eJMHHIY OpolUejilero 3a-
pfAla paccenBaercsl SHeprus /R He3aBHCHMO OT HanpabBieHuf
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ToKa I. I'eHepatop Ha eJMHMIY NpOILIeNUIEr0 Yepe3 HEro 3a-
psla mepeaaeT 3HEPTHIO (3. A. C.) &, eCM HampaBJeHHe TOKa
COBNIaJlaeT C HampaBJjieHHeM HalpsKeHHOCTH CTOPOHHHX CHJI,
U 3abupaeT sHeprui0 &, ecqM WX HampaB/eHHs NPOTHBOMNO-
JoxHBL. TIpH npoXoxaeHHH TOKa uspe3 TeHepaTop Ha BHYTPeH-

8 ! 8 7
D : ‘—@—-:__)l
. R P R
a) : a)
& & . 1 & & I
Sn,enz R 7y R
)] 8)

K 3agave 3.14,

HeM CONPOTHBJEHHH TOXKe MNPOHCXOIMT paccestHUe SHEPrHH.
Hcnonp3ys sHepreTHuecKkHe CoOOpaxKeHHd, ONpelesHTe HANps -
JKEeHMS Ha yuacTKax Lernefl, NpUBEJEHHBIX Ha PHCYHKe.

3.15. barapest ¢ 3. 1. ¢. € U BHYTPEHHHM CONPOTHBJe-
HHEM 7 3aMKHYTa Ha CONPOTHBJEHHUS R; U R,, BKJIOUCHHbIE Na-
pannenbHo Apyr apyry. Hafinute Tox uepes Gartaper u Tokx
yepe3 comporuBieHne R;. Kak usMeHuTCS TOK uepes com-
pOTHBJeHHe R;, €CAH OTCOeJAHHHTb CONPOTHBJEHHe R,?
Kak wMeHsleTcs 35TOT TOK B. CJIYy-
yae r &< Ry, Ry?

»3.16. Darapes, 3amknytada Ha
conpotuBienne 10 Owm, jpaer TOK
3 A; s3aMknyTasm lia CONPOTHBJEHHE
20 Owm, paer ToK 1,6 A. Haiiau-
Te 3. 1. C. M BHYTpeHHee CONpOTHUB-
JeHue Gatapen. '

+3.17. KUKy ¢ ABYMA KJeMMa-
MH MOAKJIOUHMJH aMIepMeTp, CONpo-
tuBseHHe | OM M HCTOYHHK IMOCTOSIHHOTO HanpsixkeHus 5 B.
Amnepmerp nokasan ok 1 A. Korpa Bkmounnu Apyro#i ucrou-
HuK Hanpsikenus 20.B, amnepmerp mnokasan Tox 2 A. Uro
HaxoAMTCS BHYTPH SfIIHKa? '

3.18. MneanbHbIM reHepaTOpoOM HaMpsiKeHUS Ha3bIBAeTCH
TaKo# reHeparop, Korjaa npu mobo# Harpyske HalpsikeHHe Ha
HeM OJHHaK0BO. MeasbHEIM reHepaTopoM TOKA HA3bIBaeTCH Te-
Heparop, Co3jarolluil OJHHAKOBBIA TOK NPH JIOOOH Harpyske.
Kaxofi cmbica uMeeT yTBepxKjeHHE: «¥Y HeaJbHOIO reHepa-
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TOpa TOK2 OeCcKOHEeYHOe CONDPOTHBJEHHE, 8 ¥ Hieamnyoro
reHepaTopa HaNpsXeHHA — HyJeBoes? Peaibubiii TeHeparop
HAOpSIKEHHS TepseT 3HEPTHIO Ha BHYTPEeHHEM conpoman‘emn,'
OH KBHBAJICHTEH HJaibHOMY FeHepaTopy HaNPXEHUS ¢ ros
CJIEI0BATE/IbHO MPHCOEJHHEHHBM compoTHBAeHHEM. Peanpyni
reHepaTOp TOKa HMeeT KOHEYHOE COmpOTHBJEHHE YTeUku, om
SKBHBAJICHTEH MJealbHOMY TeHepaTopy TOKa C Iapaiespuo
NPHCOEJMHEHHBIM conpoTuBJeHnem (wyHToM). HM3o6pasure
CXemMy TeHeparopa TOKAa C BHYTPEHHHMM LIYHTOM, 5KBHBAJeHT«
HOTO reHepaTopy C HanpsixeHdeMm 120 B u BHYTPEeHHHM compo«
tuBaeHHeM 20 OM *).

3.19. Ilpu onHolt Harpy3Ke reHepatop otiaeT TokK 4 A npu
nanpsikenuu 120 B, a npu Apyroii Harpyske — ToK 2 A npu

- Hanpsixenun 160 B. Haiigute napameTpsl 3KBnBasIeHTHBIX
CXeM reHepaTopa TOKa M reHepaTOpa HampsKeHHS.

3.20. Yepes akkyMy.1ATOp B KOHLE 3apSAAKH TedeT TOK 4 A.
IIpu sToM Hampsixxenue na ero kaemmax 12,6 B. ITpu paspsaike
TOTP XKe aKKyMyJsitopa ToKoM 6 A HampsikeHHe COCTaBJsIO
11,1 B. Haligute TOK KOPOTKOrO 3aMbIKaHy.

*3.21. B cxeMe gaHbl CONPOTHBJEHHS Ry, Ry R3 1 TOK I
Yepe3 conpotuBjenne Ry OnpefennTte TOKH Yepe3 CONpPOTHB-
JeHust Ry u R, u HanpsixkeHHe Ha OaTapee.

K sagawe 3,21, ) K sagase 3,22,

3.22, B cxeme yKasaHBl CONpPOTHBJEHHS (B OMax) H TOK
Yepe3 OfHO H3 conporHBaeHuH, OnpenesnTe BCe TOKH H Hamps-
JKeHHe reHeparopa.

3.23. Hcnoab3ys cHMMETpPHIQ CXeM, pellHTe cJelylomue
3ajlauH:

a) CropoHH NpPOBOJIOYHOTO Ky6a HMEIOT OfHHAKOBEIE CONPO-
TuBJeHus r, Tok B onHoM pebpe i. OnpenennTe pa3HoCTb NOTEH«
LHasioB Mexay TodkaMH A u B, conpoTHBIeHHe MEXAY 3THMU
TOYKaMH H NoJHBI TOK oT A K B.

*) HanpsxenneM TeHepaTopa HasSHBAi0T pa3HOCTh NOTEHLHA/OR
Ha PasOMKHYTOM BHIXOLE reHeparopa,
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6) Onpezesute TOKH BO BceX CONMPOTUBJICHHSIX, MOJHBIH
T0K OT A K B 1 nosinoe conpotusienne Mexay A u B. Cropona
Kaxaoll fuefikn uMeeT COMPOTHRJEHHE r, H TOK Ha ORHOM H3
COIPOTUBJIEHHH paBeH .

i

’-.-

o 2 8
K sapaue 3.23,

B) Kaxnas cTopoHa KBajpata HMeeT COIIPOTHBJIEHHE r.
Onpeznenute conporuBieHue MexAy Toukamu A u B. Uemy
paBHO CONpOTHBJEHHe MexXAy Toukamu C u D?

3.24, Ilpu pelumeHHH 3aJa4 C HECKOJLKHMH HCTOUHHKAMH
3. A. C. BO3HHKaeT UCKYIIE€HHe CHAaya/la pacCuuTaTh TOKH, CO3-
JlaBaeMble Kax/IbIM HCTOYHUKOM 3. X. C., II0TOM HAlTH IOJHBIH
TOK KaK CyMMY 3THX TOKOB. JTOT ClIOCO0 BIOJIHE 3aKOHEH, eC/IH
IpH pacveTax IPHHHUMAThb BO BHUMAHHe BHYTPEHHHE COIPOTHB-
JleHHsl McTOYHUKOB- OH HasblBaeTCAd MeTOJOM CYIIePIIO3HLHH.
Onpegfenute, HCNONB3YS 3TOT METOX, TOK Mexay y3jiamu A
H B.

3 72 N
A
o HHH
wWhE . 728
g ¥ .
K 3ajaue 3,24, ’ K zagaue 3.25%,

8.25*, a) Ecnu B GecKoHeuHO! cerke ¢ KBaApaTHLIMH
suefikamMu vyepes ofuH ysea A NOABOAAT TOK f, a Yepe3 cOCel-
Hull yses B oTBOAAT TOK &, TO KakKoOHi TOK HJAET [0 CONPOTHB-
JIEHHIO, COCAHHSIOMEMY Y3JIbI A u B? KakoBO 3KBHBaJIEHTHOE
COMPOTHBJIEHHe Bcell ey MeXAy STHMH Y3/IaMH, ecJH COIpo-
THBJIeHHEe CTOPOHE! siuelikd r? KakoBo skBHBaJieHTHOE COIpoO-
THBJICHHE MeXAy COCeJHUMH Yy3/laMH KyOWMUYECKOH CETKH,
€C/IH COMpoTuB/IeHHE peSpa Kyba r?



——

6) OmnpenesiuTe COMPOTHBJIEHHE MEXKAY Y3JaMH ABYMEPHOH
6eCKOHEYHOH ceTH ¢ AyelKaMH B BUJIE P AaBU/IBHBIX IIECTHYTOJb-
HUKOB. CTOpOHA KaxKa0H syeldKH HMeeT CONPOTHBJICHHE. I.

3.26, - IBe Gartapeu ¢ 3.a.c. & =20 B, €&, =30 B u
BHYTPEHHHMH CONpPOTHBJIEHHsIMH r; = 4 OM,. ry, = 60 Om co-
elMHEHB! MapaJiesibHo. KakoBbl napaMeTphl € W r reHepaTopa,
KOTOPHIM MOKHO 3aMeHHTb 3TH 0aTaped 6e3 H3MeHEHHsS TOKa
B Harpysker : .

3.27. [Be GaTaped ¢ OAHHAKOBLIMH BHYTPEHHHMH COIpO-
THBJICHHSIMH COEJHHEHBI TaK, 4TO 3. A. C. 0Opa30BaBIIErocs
MCTOYHHKA HanpskeHHs paBHa &. D. 4. ¢. onHOH U3 Garapei
3/,€. Hapucyfite Bce BO3MOXHBIE CXeMbl coeluHeHus. [lis
KaX/JoH U3 CXeM OnpejesuTe 3. 4. C. BTOpo# 6atapeH.

3.28. Tpu onuHaKOBBle OarapeH, COeJHHEHHBIE MapaJ-
JIeJIBHO, MOJAKJ/IOYEHB! K BHELIHEMY CONpOTHBJeHH. Kak uswe-
HHUTCSI TOK Ha 5TOM COINPOTHUBJICHHH, €CJIH MePEKJIOUUTD [OJIsp-
HOCTb OJIHOH H3 OaTapeH?

3.29. Uto nmoKamKeT BOJILTMETP, €CJAH FeHepaTophbl OJHHA-
KOBHI? KakoH TOK HIeT B HENH, e€CJH HampsKeHHe KaXa0ro
rereparopa 1,5 B, a BHyTpennee conportussenue 2 Om?

b

®
o 1

K sanaue 3.29. K sazaue 3.30,

3.30. Halizute mokasaHusi BONBTMETPA, €CJH CONPOTHBJE-
Hue ogHol Gatapeu 3 OM, a apyroi 1 OM. 3. 1. ¢. Kaxzao# Ga-
taped 1,5 B. -

3.31. DJeKTpONIUTKA IMeeT TPH CEKHHH C.OJHHAKOBBIMH
conporuBJeHusAMH. [IpH napaanesbHOM HX COeJHMHEHHH BOJA

. B UYalHUKe 3aKHIaeT uepes
r{:————{:}—l 6 muH. Uepe3 Kakoe BpeMst 3a-
 I— —Z  KHIHUT BOJA TOH e MacChl H

' TOH XKe HayaJbHO# TeMmeparTy-

¢—— -3} Dbl IpPH COEIHHEHHAX CEKHHH,
MOKAa3aHHBIX HA PHCYHKe?

ﬁ——f:)—:E:I—éf' 3.32. Hmeercss npoBosoKa’
: C COMpOTHBJeHHeM R, uepe3

K 3agaye 3,31. KOTOPYI0 MOXHO nponycKarhb

[
©~
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HauGosbliKi TOK [ Ge3 pHCKa ee nepexeub. Kakylo Hal60J/1b-
Y0 MOHIHOCTh MOXKET HMEThb 3JIEKTPHUeCKHH HarpeBarteib,
H3TOTOBJIEHHBIH H3 3TOH NpPOBOJIOKH, IPH BKJIOUYEHHH B CeTb
c HanpsxenneM U < [IR? IlpoBoJiOKY MOXHO paspesaTh Ha
KYCKH H COEJMHSITh [0CJeI0BaTeNbHO H NapasenbHo. .

3.33. /IBe 3JeKTPONJHTKH, BK/IOUEHHBIe B CeThb mnapaJ-
JeJbHO, NoTpebasoT MomHocTh N;. Kakywo MolHocTh 6yayT
noTpebJATL 5TH 3/JeKTPONIHTKH, BKJIIOUEHHble N0CJIe10BaTe b-
HO, €CJIH OJHA M3 3JEKTPOIJIHTOK norpefifer MOHMIHCCTh N?

3.34. B crapoit akkymyJsiTOpHOH 6atapee, COCTOALIEH H3
7 NOCJeLOBATENbHO COEIMHEHHBIX OaHOK C BHYTPEHHHMH CO-
NPOTHBJIECHHAMH 7, BHYTPEHHee CONPOTHBJIEHHE OJHOH W3 Oa-
HOK pe3ko Boapocso a0 10 r. Cuynutas 3. A. c. Bcex 6aHOK OjH-
HaKOBBIMH, ONpeJeAnTe, NPH KAKHX CONPOTHBJIEHHAX HAaTPy3KH
MOIHOCTD, BbijeJsieMasi Ha Harpyske, He M3MEHHTCH NpPH KO-
POTKGM 3aMbiKaHHH IOBpeXJeHHOH GaHKH.

3.35. AKKyMyJSITOp 3aMbIKaeTCsl OJIHH Pa3 BHeliHeH enbio
C CONpPOTHBJIEHHeM R,, Apyro# pas — ¢ R,. [Ipu stoM kKonu-
YeCTBO TemJla, BhIe/sIOLIeeCcs BO BHEIUHell NeNH B eIHHHIY
BpeMeHM, oqHHakoBo. OnpenesnTe BHYTpeHHee conpoTHBJIeHHe
aKKyMyJsTopa.

3.36. CpaBHHTe Hanpﬂmex-mﬂ Ha KJeMMaX, a TaKkxe MOLIHO-
CTY, pa3BHBaeMbie BO BHELUHEH Lenu: 6aTapeeH u3 50 sseMeH-
TOB, COGJHMHEHHBIX MOC/eJ0BATENbHO M HMEIOIIHX Kaxbii
5. 1. ¢. 2 B, ec/1M BHELIHAS LieNb HMeeT conpomsnenneamvcma
0,2 Owm, H b.nempodnopx—xon MallHHOH, co3jaollell Ha [IapOBLIX
KOHAyKTOpax pasHocTh noteHunasnoB 100 kB u o6naparoues
BHYTpeHHHM conporueJedneM 108 OM, ecan oHa noikJouyeHa
K BHellHeH nenH ¢ conpotusiaenneM 10° Om. Kak usmenstes
TOKH H MOILIHOCTH BO BHeILHeH LienH, eCJIH CONPOTHBJIEHHS BHEIL-
HHX Lenel ynBoATcS?

3.37. Ot ucrounuka Hanps:kennsa 10 kB TpebyeTcs nepe-
JaTh Ha paccrosHue b KM MolHocTk 500 KBrt; gonycrumas no-
Tepss HanpsikeHHs B nposogax 1 %. Kakoso MHHHMa/JbHOe
ceyeHHe MeJHOro mpooja? Bo ckonbKO pas ciaejayeT MOBbi-
CHTb HalpskeHHe HCTOYHHKA, YTOGbI CHH3HTb NOTEPH MOIIHO-
ctd B 100 pas B TOH xe JIHHHH @pH Nepenaye TOH »Ke MOIL-
HOCTH?

3.38. Kak 3aBHCHT MOIU.HOCTB, BbiZesfieMasd Ha BHYTpeH-
HeM CONpOTHBJEHHH, OT ToKa [? Hanpdmenue reneparopa &,
BHYTpPeHHee CONpOTHBJIeHHEe 7. KaKOMY CONpPOTHBJIEHHIO COOT-
BETCTBYeT MaKCHMa/JbHad MOIMHOCTDL?

3.39. Kakyio HaHGOJBIIYIO MOIHOCTE MOXHO, IOJYYHTh OT
reeparopa ¢ 3. A. ¢. 100 B H BHyTpeHHHM CONpPOTHBJEHHEM
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20 OM? Kaky1o MOHHOCTH MOXKHO NOJIYYHTDb OT TOTO XK€ reHepa-
Topa mpH K. I, 1. 80 %? Ecnx MakcHMalbHO AOMYCTHMEIH
TOK yepes reHepaTop cocrapJser 0, 1 ot TokKa KOpOTKOro 3aMmbi-

KaHHs, TO KaKylo HauOOoJblYIO, MOIIHOCTD

|-A MOXKHO NOJYYHTb OT reHepaTtopa, He oma-
T M casich ero mopuu?
3.40*, B TepMocTaT HYXKHO HOJABOJHTb
TEMJIO C MIOCTOSIHHOF CKopocThio. Bo BpeMs
ONEITa B TepMOCTaTe MeHseTCS TeMmepa-
D Typa, YTO BHI3biBaeT H3MeHEHHe COMpPOTHB-

JIEHHs] HarpeBaTe/JIbHOH cmupaau. HyxkHo

: . .CHeJaTb pacCeHBAaEMYIO Ha CONPOTHBJIEHHH

K sapave 3.40%  “orypany r MONIHOCTB OYTH He MeHsiOMIeH -

csl TIPH MaJbIX H3MeHeHHsAX r. [loctpoiite
rpadHK 3aBHCHMOCTH MOIIHOCTH OT + H ONpefiesIuTe, HCHOMb3Y S
3TOT rpadHK, NPH KaKOM COOTHOIIEHHH R H r JOCTHraeTcs
JKeJlaeMasi HEeUyBCTBHTEJbHOCTh MOIHHOCTH.

3.41, 3apsigka akKyMyJssTOpa C 3. 1. C. € OCyLIeCTBJIsIeTCS
3apsaHOH cTaHuuel, HanpsiKeHHe B ceTH KoTopo# U. BuyTpen-
Hee CONpPOTHBJIEHHe aKKyMyJsitopa r. OmnpejiennTe NOJNE3HYIO
MOIIHOCTh, PacXoJyeMyIo Ha 3apsiKy akKKyMyJsiTopa, H MOLL-
HOCTb, HAYUIYIO Ha BbIeNeHHe Teljla B HeM. [IpeBhiuaer JH
noJiesHasi MOIIHOCTb TeMJIOBYIO MO~

"'f@i'. . HOCTb akkyMyJsitopa? [Touemy npu Gbi-
CTPOH 3apsjKe aKKyMyJsiTOpa HYMKHO
creyHanbHO 3a60THTbCST 06 OTBOJE Tem-

- A+ 5
Il . Ja:
3.42. Barapes ¢ 3. 1. ¢. 4 B u BHYyT-

K sajave 3.42,  DEHHHM compoThBieHHeM 1 OM BXOAHT

_ B COCTaB HeH3BeCTHOH uenH. K momocam
faTapeH MOJKJIOYEH BOJBLTMETP, OH NOKa3bIBAeT HampsiKeHHE
-+6 B. OnpenenuTe KOJHYECTBO TelJa, BHIIENSIOWETOCS B €1~
HHI[y BpeMeHH Ha BHYTpPEHHeM CONPOTHBJEHHH GaTape.

3.43. B cdepuueckoM koHjeHcaTope eMKOCTH C MOJjiep KH-
BaeTCsi noctosiHHoe Hanpsikenne U. Ompejennte Ko/HYECTBO
Tell/1a, BbIJeJIHBlIEeCs] B eJHHHILY BpeMeHH Ha KOHJeHcaTope,
€CJIH yJe/ibHas POBOAHMOCTb Cpejibl, 3aN0/NHsHoUIeH KOHIeH Ca-
TOp, A, @ AU3JEKTPHUECKasl NIPOHHIAEMOCTb & =~ 1.

3.44. 30Hz, npejcTaBJSIOLHHA COG0H MEHYIO CETKY, 3a3eM-
JIeH Yepe3 CONPOTHBJEHHe R H NOMeLIeH B MYYOK 3JIEKTPOHOB,
CKOPOCTb KOTOPHIX Ha GOJIBIIOM PacCTOSIHHH OT 30HJa paBHa v.
Onpejenute Temio, BRAeNSIONMeecs B €IHHHIY BpeMeHH H3-3a
6om6GapHpOBKH sonaa 3JIEKTPOHAMH, €CJIH TOK 3a3eMJIeHHsA
paBeH [,
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8.45*%, Illap pamuyca @ Hepe3 conporusjeHHe R coenuser
¢ 3eMsell. M3 GecKoHeYHOCTH Ha apHK HasleTaeT NOTOK 3/IEKTPO-
HOB CO CKOPOCTBIO U H MHCJOM HAacTHI| B efHHHLle o6beMa f..
Onpenenurte npenetbHbll 3apaj mwapa, CyutaTh CKOPOCTb Yas
cTHI Gosbllof (mopyMaiiTe, IO CPaBHEHHIO C KaKOH BeJIHYH~

Hoii),

~ ~—0 ;8
E -<—o/775,e -0
: -0 re—0
. —c —~
-t ~a ’
R .
K sapaue 3.44, K 3apave 3.46*,

3.46*, Ilotok TemJa OT CIHpa/d 3/eKTPOIVIKTKH JIHHEHHO
8aBHUCHT OT Pa3HOCTH TeMIepaTyp COMPaJH H KOMHATHOI'O BO3-
ayxa: N = »% (T = T,). ConporuB/leHne COHpaJH TOXKe JIH-
HEeHHO 3aBHCHT OT 3TOH pasHocTH: R = Ry [1 4 a (T — Ty)l,
rae R, — COmpOTHBJEHHe CUpaJHd NPH KOMHATHOH TeMIepa-
Type. Jlo Kakofl TeMnepaTyphl HarpeeTcsi CHpasb TOKOM [?

§ 8.4, KonneHcaroph! u HeluHelHbIe 3JeMeHTHI
B 3JIEKTPHUYECKUX Lienmax

4.1. Cxembl Llenefl MOCTOSSHHOrO TOKa C KOHJEHCATOpaMH
JaHBl HAa DUCYHKe.

DL w7
\_/ -
1208 ]
[]m; []70 [Jfo | 2008
1727 e ,
:\, 2 . IR o 4

K sapaue 4.1,

a) Onpejnesinte 3apsii KOHAeHcaTopa eMKpcm C =4 mxd
B CTallHOHAPHOM peXHMe.
&4



6) Uemy paBHO HanpsxeHune Mexay ToukaMH A u B B cra-
UHOHAapHOM pexkuMe? UTo noKaxeT BOJBTMETP € BHYTPEHHHM
conpotHBJ/eHneM 5 KOM, ecan ero noax/ouutb K A u B?

B) Onpejenute CTauHOHApHbIE HAMpPSIXKEHHSA Ha BCEX KOH-

’ JeHcaTopax, €CJH BCe CONPOTHBJICHHSA OJHHAKOBLI.

4.2, Onsa uaMmepeHus HanpsxeHHH NPUMEHSIOTCA BOJBT-
METpH! ABYX THIOE:, 3JeKTPOMarHuTHbIe, H3MepsAIOlUlHe Hanps-
XEHHA 110 TOKY, PoXojfllleMy uepe3 paMKy npubopa, H 37eKT-
pocTtatHyeckne, rpyfbas cXeMa KOTOPBIX JaHa Ha pHCYHKe.
Yepe3 H30aHpYIOLLYI0 NPOGKY K JBYM NapaJjJeabHBIM NIacTH-
HaM NOAXOAHT fpoBod. [lnacTHHB YJepXKHBAIOTCA Ha MecTe
NpyxHHOH XKecTKoctu k. [loteHuman mpoBojAlefl Kopo-
Gouxn @p. OnpenenuTe NOTEHUHAN @4, €CAH PACTAXKEHHE NPY-
JKHHBl X. B HepacTAHYTOM COCTOSIHHH NPYXHHBI PacCTOSHHE
OT IJACTHH JO CTEHOK KOpoOGOoukH [; NJOMaAb MJAacTHH
S> 2, x?

4.3. Onpéenenute pasHOCTb MOTEHIHAJNOB MEXIY ToUKaMu A
u B. KakxuM BoJbTMETpOM ee cieayeT HaMmepaTh? Kakue sa-
pAasl OyAYT Ha' KOHAeHCATOpaX NpH NPHCOEAHHEHHH 3JIEKTPO-
MarHHTHOrO BOJbTMeTpa? [loyeMy KauyecTBO 3JIEKTPOMAarHuT-
HOTO BOJBTMETPA OMNpejensieTcsi €ro OOJBIINM BHYTPEHHHM
CONPOTHBJICHHEM, @ 3/EKTPOCTATHYECKOTO BOMBTMETPA — €ro
MaJIOH eMKOCTBIO?

4.4*, HalianTe KOJHYECTBO TeMJia, BHIACAUBIICECA HA Kax-
JOM CONpPOTHBJIEHHH IHOCJe 3aMbiKaHusa kimoua. OQHH KOH-
JeHCaTop BHauaJle Obu1 3apsxeH A0 HanpsxeHus U, a BTopo#
He OBLT 3apsiXeH.

4.5. Hafizute KonpuecTBO Temua, Bbmennsmeec;i Ha Co-
NPOTHBJICHHH, €CAH NpPH INOOYEPEAHOM H3MEHEHHH €MKOCTH
KoHaeHcaTopoB oT C-jo C/2 satpaunBaercs pabota A. [lepso-
HayaJbHBIH 3apfAl KaxJA0ro KOHJCHCATopa g.

#4.6. Kako#l 3apsj npoTeuer uepes TraJbBaHOMETP MoC/e
3aMBIKaHHA KJo4a? Kakoe KOMHYECTBO TeMJa BHJECJHTCA HA
CONPOTHBJICHHH?

4,7. duon uMeeT BOJBbT-aMIEPHYIO' XapaKTepUCTHKY, H30-
OpaxeHHYI0 Ha pucyHke. [Ipu Hanpaxenun U, oHOJ OTKpH-
BaeTcs. KoHjeHcaTtop BHavyane He 3apfxeH. Kakoe KoJHYeCTBO
TeIJIa BBIACJAUTCA Ha CONPOTHBJECHHH NOCJE 3aMBIKaHHA KJioua?

4.8. AKKyMyJATOp 3apsAXK8&eTCA OT KOHJEHCATopa C MmepBo-
HayaJbHBIM HanpsaxenneM U. Kakoe KOJIHUYECTBO XHMHUYECKOMH
SHEPrHH 3amacaeTcsi B HEM MocJe 3aMBIKaHHA Kaouya? Kakoe
KOJIMYECTBO TeMJia BBLAGAHTCA IPH 3TOM?

4,9*, Batapes ¢ 3. 1. C. & COCTOHT H3 A NOCJE]OBATENbHO
COeJHHEHHBIX OJHHAKOBHIX 3/eMeHTOB. Kak 3apAAHTb KOHICH-
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K ségaqe 4,8,

K 3anawe 4,3,

) A;'-'/’

K sagaue 4,10%.
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catop emroctH C, uTOGH MOTEPH COCTABJS/IH HaMMEHBIIYIO
BO3MOXKHYIO J0JII0 3anaceHHOH snepruu? KakoBa sta jpons?

4,10%*, C 1 ¢ — Haya/JbHBIE €MKOCTb H 3apsjJi KOHJeHca-
Topa. EMKOCTb KOHJEHcaTOpa HauMHalOT MEHATb CO BPeMeHeM
TaK, YTO TOK B IIEIIH OCTAaeTCH NOCTOSHHLIM H paBHBIM /. Bblun-
CJIUTe MOIIHOCTb, NOTPeBG/IAeMYI0 OT reHepaTopa, H CPaBHHTE
ee C MOILIHOCTBIO, ITOIJIOMmaeMoil KoHieHcaTopoM. Ilouemy cpas-
HUBaeMble BEJHYHHBI OTJIHYAIOTCH?

4,11, B menu TedeT NOCTOSIHHBIH TOK. Kuio4 pasMBIKaioT.
Uepes Kakoe BpeMs 3apfjJ Ha KOHJeHCaTOpe H3MEHHTCA Ha
1/1000 mepBOHayaNbHOH BEJHYHHEI?

- 4.12*, Koy 3aMBIKaIOT 0OYEPEHO C KaXK/bIM H3 KOHTaK-
TOB Ha OuYeHb MaJjble OJMHAKOBBIE IIPOMEXKYTKH BpeMeHH. 3a
BpeMsa KaXJOro BKJKOUeHHA H3MeHeHUe 3apsja KOHJeHcaTtopa
oueHb Maso. Kakofl 3apsijl oKa’keTcsi Ha KOHJIEHCATOpe IOcJe
GoNbLIOTO uHCJaa. Nepekaoueniii? OnpejieqnTe 3apfAj] KOHJIEH-
caTopa B cayyae, KOTJla BpeMsl 3aMbIKaHH A NepBOH LieNy B £ pa3
MeHbIlle BpeMeHH 3aMbIKaHHS BTOPOH HENH.

4.13*, Ha cxeMmy mojawTcs nepHOAHYECKHEe IIPAMOYIOJb-
HBle UMNYJbCHI Hanpsxkenus Uy. IIpojo/mkuTeIbHOCTL HMIYJIb-
ca T, nepuox mnoeropeHusa 7. MMnyJabchl nOJAlOTCA Yepes
JIHOJl, KOTOPBIl MOXHO CYMTAaThb HieanbHBM KJouoM. Omnpe-
JleldTe HanpsAXeHHe, YCTAHOBHBIIEeCs Ha KOHJEHCAToOpe, ecad
3a KaxJBlfl IepHOj HanpfxeHHe Ha HeM H3MeHseTCd OYeHb
MaJo. _

4.14*, KoupeHcatop emrocti C, sapsikeHHBIH 0 Hanps-
wenus U, mocne 3aMBIKaHMA KJio4a paspsxKaeTcs uyepes
conporuBaeHde R. Kak cBfizaHa CKOPOCTb H3MeHEeHHA HaIps-
xeuusa dU/dt ¢ HanpsxkeHHeM Ha KoHjeHcaTtope? UeMy paBHO
HanpsiKeHHe Ha KOHJEHCAaTOpe M TOK B LENH 4Yepe3 BpeMs T
MocJie 3aMbIKaHHUSA" KJK04a?

4.15. IlogkmoyeHne HEOHOBOH JaMIIbI OCYILLECTBJISAETCS C 110-
MOUIBIO CXeMbl, NMOoKa3aHHOH Ha pHcyHKe. [locie 3aMBIKaHus
KJI0Ua KOHJIEHCATOp HauHeT 3apaxaTbcA. Koria HanpsikeHHe
Ha KOHJIEHCATOpE JOCTHTHET HEKOTOpOoro sHaueHus U, mamma
saropuTca. MuHHMa/bHOe HaNpsXKeHHe Ha JaMmile, IIPH KOTO-
poM oHa eile roput, 80 B; npu 3ToM TOK depes smamny 1 MA.
. 1. c. Garapeu 120 B, 80 B << U < 120 B. Ilpu kakom
CONPOTHBJIEHHH JlaMna OyJeT CTalHOHAapHO ropeTh (He Oyjer
racHyTh)?

4,16*, Kak 3aBHCHT yacToTa reHepartopa, H306paXKeHHOrO
Ha DHCYHKe, oT HanpfxeHua U? HeoHoBas snaMna saropaercs
npu Hanpsikenun U, u racHer npu Hanpaxenud U, << U,
ConpoTup/gHueM FopAllell J1aMnbl npeHeOpetb,

%0
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K 3apaue 4.11, K 3apaue 4.12%*,

X sajaue 4.13%,

K sagaue 4.15,

K 3apaue 4.16%, K 3ajaue 4.17%,
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K 3agaue 4,18, ) K sagaue 4,20%,
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4.17*, a) Mexay nnacTHHaMH KQHAEHCATOPA C NOCTOSHHOH
CKOPOCTBIO U IBHXKETCs1 pABHOMEDHO 3apsXKeHHas TOHKasa Ija-
CTHHA ¢ 3apanoM ¢. OnpesennTe TOK B LEMNH, €CIH KOHAEHCA-
TOP 3aMKHYT HaKOPOTKO, a DACCTOsiHME MeXay OOK/aaika-
Mu d.

6) MameHHTC JIH pe3ysbTaT, e€cNH MexXIy OOKJaaKkaMi
KOHJeHcaTopa JBHIKeTCA ToueuHasi 3apsAXeHHan yacrtuua? Kak
B 3TOM CJyuyae, H3Mepss TOK B LENH, ONPEAeNHTh ee 3apsi H
CKOPOCTh?
© 4,18, B mnockuil KoHEzHCaTOp ¢ pasMepaMH NJacTui a X b
C TOCTOSIHHOH CKOPOCTBIO ¥ BABHTAIOT MJIACTHHY TOALIMHH 4,
PaBHO# pacCcTOSHHIO MeXAY NJ1acTHHAMH KOHJeHCcaTopa. Kaxoﬁ
TOK HIET B Uenu? d. 1. c. 6arapen &, ANSIEKTpHYeCKas Ipo-
HH1IaeMOCTh BELIECTBA IIJIACTHHBHI E.

4.19. [1pn nONOXHTENbHBIX HANPAXKEHHAX V Ha AuOAe TOK
yepe3 auon / = aV? npu OTpHUATENbHBIX HanpsXKeHHAX TOK
HyJepoi. Hafiaure TOK B uenu, ecau 3TOT AHOA Yepes COIpPO-
THBJIEHHe R NOAKMIOueH K Gatapee ¢ 3. 1. ¢c. &

4.20%, Ilvox c BoMbT-aMNnepHON XapaKTepHCTHKOM, n3obpa-
JKeHHOH Ha DHCYHKe, NOJACOAMHHUIM K Garapee ¢ 3. A.c. 6 B
yepe3 conpoTubiente 1,5 kOm. Onpenennre Tok B nenu. Ilpu
KaKHX CONPOTHBJIEHHAX AMOJ NepecTaer paboTaThb Ha NpSAMO-
JHHEHHOM y4YacTKe XapaKTepPHCTHKH?

.

F'nasa 9. TOCTOSIHHOE MATHUTHOE TOJIE

§ 9.1, Wnayxuus MarHuTHOro NoJjs.
JleficTBe MarHUTHOTO NOJIS HA TOK

t. Ha nuneiHblil npoBoguuK AaHHEL 10 cM, pacnooxer-
HBIH - NepNeHANKYAADHO MarHHTHOMY INOJIO, AeHCTByeT cHJa
15 H, ecan Tok B npoBoxHuKe paseH 1,5 A. Hafignre naayk-
LHIO MarHUTHOTO NOJA.

1.2. Ha sapan 1 Ka, apuxymuiica co ckopoctbio 1 M/c,
B MarHuTHOM noae¢ feiicteyer cuaa 10 H. 3apsan apuxkertcs
nox yrJoM 30° K BEeKTOPY HHAYKLHH MarHHTHOTO HOJA. Yemy
paBeH MOAYJb 3TOTO BeKTopa?

1.3. Ha snHe#HBIHl NpOBOAHHUK ,ANHHHL [, pacno.nomeHHmn
NepeHAMKYIADHO MATHHTHOMY N0/, AeAcTBYer cunia F,
€C/IH-TOK B NPOBOJHHKE paBeH I, C gakKo#l cusioll MarHuTHOE
foJie 6y11eT nefiCTBOBATh Ha:
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- @) M30THYTBIH MOA YIJIOM @ NPOBOAHMK AauHE! [ 4 L, ecau
MJIOCKOCTb H3ru6a MNeprneHJHKYJSPHA MarHHTHOMY MO0, a
TOK B NPOBOJAHHKEe paBeH [, *);

6*) mosyoKpyXHOCTb pajHyca R, uepes KoTopyio Teyer
TOK [,, ec/ii TIJIOCKOCTb OKPYXKHOCTH NePHeHAHKY/spHAa Mar-
HHTHOMY TOJIIO?

il
!
/’-—:»P
%
L -1}
K 3agaue 1.3a. K 3amaue 1.4%*,

1.4*. B npsIMOYroJIbHYIO KIOBETY, JiB€ NPOTHBONOJOMKHBIE
CTeHKH KOTOpPOH MeTaJlJIMUeCKHe, a OCTajbHble CAeJdaHbl U3
H30J/151TOPA, HAJHT JO YPOBHS A 3JEKTPOJIUT, MIOTHOCTb KOTO-
poro p, yhejbHas MPOBOAMMOCTB A. K MeTa/iHuecKHM CTeH-
KaM TpHJIOXKeHO HanpsikeHue {/, M BCS1 KioBeTa noOMellena
B OJHOPOJHOE BEPTHKaJbHOe MarHHTHOE Mojie HHAYKUHH B.
OnpejsiesuTe pasHOCTb ypOBHEH KHAKOCTH OKOJIO TepenHeli H
3ajHed CTEHOK KioBeTbl. [lJIHHA KIOBETHI 4, WIHPHHa b.

1.5. B onHOpoaHOM MarHMTHOM mnoJe (JHHHH HHAYKLHH
BEPTHKAJIbHbI) Ha JIBYX TOHKMX HEBECOMBIX HHTAX MOJBELICH
TOPH3OHTA/NbHO MPOBOAHHK Macchl 0,16 kr u piuuel 80 oM.
KoHup! npoBogHHKa npH moMolu ru6KHX NMPOBOLOB, HAXOMSA-
IHXCS BHE NOJIs, MOJCOEJHHeHbl K HCTOUHHKY ToKa. Hafimure
YTOJI, Ha KOTOPHIH OTKJIOHATCS HHTH MOJBECa OT BePTHKAJH,
€CJIH 110 NPOBOJHHUKY TeueT TOK 2 A, a HHAYKIHSA MaTHUTHOTO
noas 1 Ta. :

1.6. KBanparHas pamka C TOKOM CO CTOpoHOH @ (Macca
paMKH /m) 3aKpelvieHa Tak, YTO MOXKeT CBOGOJHO BpAILATBCS
BOKPYT' TOPH3OHTAJbHO DPaCNoJIOXKeHHOH CTOpOHB. PaMKa Ha-
XOAUTCS B BEPTHKAJIBbHOM OJIHOPOJHOM MarHHTHOM MOJIe HHAYK-
uMH B. ¥Yron Hak/MOHa paMKH K rOpH3OHTY o. Haiigute Tok
B paMke.

1.7. a) B onHOpoaHOM MarHHTHOM noJle IOMECTHJIH MPSIMO-
yrosbaye paMKky ¢ TokoM /. MHaykuusi MareuTHOro moass B

~

*) Ha pucynKax KpyOK C TOUKOH O3Hauaer, UTo WHAYKUMS MATHUT-
HOTO 1oJis (WIK TOK) Halipap/eHa Ha Hac, KPYXOK C KPeCTHKOM—OT Hac,
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napasjenbHa MIOCKOCTH paMkd. ITmowans pamxu S.. Hdoka-'
)KHTe, 4TO MOMEHT CHJ, JeHCTBYIOMHH Ha paMKy, paBeH N =
= BM, rne M IS — MarHHTHBIA MOMEHT _PaMKH.

K 3agaue 1,6, K 3ajave 1.76,

6) JokaxuTe, UTO MOMEHT CHJI, NeHCTBYIOIMH Ha PaMmKy

B 3ajaue a), B Ccayuae, Korjla BeKTOp B HampaBleH Tak, Kak'

u306paxeHO Ha pucyHke, paseH N = [B X M, rze M —

MATHHTHBI# MOMEHT pavx, MOAYJb KOTOpOro paBeH /S, a Ha-

~ npaBJeHHe nepneHnHKmepHo
womangd S.

B*) ﬂoxamee YTO MOMEHT
CHJI, NeHCTBYIOMMH Ha JIOGYIO
IVIOCKYI0 DPaMKy C TOKOM B
OJHOPOJHOM MATrHHTHOM TOJ€
HHIYKUHH =B, paBen N =
=[B x ML

K sanave 18, ‘ 1.8. TpeyronbHas npoBo-
JIOUHAsT paMKa C TOKOM / MOKeT
BpallaThCA BOKPYT TopH3oHTalbHOH ocu 0O0’, npoxopsieH
yepe3 BePLIHHY TpeyrosbHHKa. Macca elMHHUB JJHHBI MpO-
BOJIOKH p. PaMKa HAaXOIMTCHl B NOJIe TAXECTH H B MATHHTHOM
noJle HHAYKUMH B, HaNPaBJeHHOM BIOJb noJs TsxecTH. Onpe-
JIeAUTE YroJl OTKJOHEHHS INVIOCKOCTH TPEYroJbHHKa OT Bep-
THKAJIH, '
1.9, a) IlpoBonouHass paMKka B BHJAE OKPYXXHOCTH € TO-
KoM [ MOXeT BpalHaThCsl BOKPYT TOpH30oHTanbHOH ocH OO0,
Macca eIHHHLE! IJIHHBI NPOBOJIOKH ©. PaMKa HaXonuTCA B mone
TAXECTH M B MArHHTHOM MOJ€ HHAYKLUHH B, HanpaBJleHHOM
BIOJbL mnons TsxkecTH. Onpezenute yrosn OTKJIOHEHHS IO~
CKOCTH OKPYXXHOCTH OT BePTHKAaJH.

6*) IlpoBosiouHasi paMKa B BHJAE OKPYXKHOCTH HMeeT HO
JHaMeTPy TNPOBOJNIOYHYIO NepeMbIYKy, NapalseNbHYI0 TOpH-
souTanbHON ocH (00, BOKPYr KOTOPOH MOXKeT BpallarbCsd
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'paMka. MaccH epuHMUE! AMHHEL DaMKH H TepeMLIYKH OlUHA-

koBbl H paBHH p. Tok, Bxogamu# B pamky, pasen /. Pamka
HAaXOJHTCA B IOJI€ TAXKECTH H MarHUTHOM NoJie HHIYKLHH B,
HalpaBJIEeHHOM MapaJ/iieJbHO Moo TsakecTH. Ha kakoii yroa
OTKJIOHHTCSI PaMKa ©T BEepPTHKAaJH?

K sagave 1.9,

1.10. Burok paguyca R COTHYJH 1O AHAMETDY NOJ P SIMBIM
YIJIOM H TOMECTH/IH B OAHODOJAHOE MATHUTHOE hose HHIYK-
uud B Tak, 4TO OJHAa H3 INIOCKOCTel BHTKA OKaszajach paclo-
JIOXKEHHOH NOJA YIJOM G K HanpaB.neHmd HHI[yKHHH B. Tok
B BuTKe J. Onpejennte MOMEHT CHJ, AEHCTBYIOIHH Ha BHTOK.

K3 . . ]
K 3apave 1.10, .K sapaue 1.11,

JLIL Kosbiio papuyca R, No KOTOpOMY UHPKYJHPYET
ToK '], NIOMECTHJIH B HEOJHOPOJHOE aKCHAJIbHO- CHMMeTPHYHO®
nose. Ocb KOJIBLIA COBIIAJIaeT C OCBIO CHMMETPHH MarHHTHOTO
Joas1. MHAYKIHSA MarHHTHOTO NoJis B, JeHCTBYIOUETO HA TOK,
HanpapJeHa IOJ YTJOM & K OCH CHMMeTpuu noiasi. Macca
koJsbua m. Onpefesnnte yCKOPeHHe KOJbIa.

1.12*, Tlpogoasiiee KoJbLO MOMECTH/IH B MarHHTHOE IIOJeE,
neprneHIHKYJISAPHOE ero IVIOCKOCTH. [lo Koably UHPKYJaIHpYeT
ToK /. Ecsi npoBoJioKa KOJiblla BHAEPXHBAET Ha PaspbiB Ha-
rpy3ky F, To npuH KakoH HHAYKIHH B KOJbIO pasopBeTcs?
Pannyc kosbna R. [leficTBHeM MarHWTHoOro mosisi Toka [ Ha
KOJIb1O IpeHebpeyb, : '
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§ 9.2. MarnuTHoe nosie ABHXYUWErocH 3apaja.
WHAYKIUHA MarHHTHOTO NOAA JIHHEHHOro ToKa *)

2.1. Dnexrpuueckoe noJje HanpsiKeHHocTH E, IBHKYyLIeecs
€O CKOPOCTBIO P **), cO3JaeT MarHHTHOE I0JIe, HHAYKIH ST KOTO-
poro B = K [0 X El (|B|=KvE sina). Kosddpuunent K pa-
BeH pogy B CHM 1 1/c B CI'C, rme ¢ — ckopocrb ceera. [losn-
3ySICb 3THM CBOHCTBOM JBHXKYIMErOCSI 3JeKTPHYECKOro MoJsi,
JOKAaXHTE, 4TO MarHuTHOe B3aUMOJeHCTBHE IBYX ABHKYUIHXCS
3aps/loB cnafee HX 31EKTPHUYECKOTO B3aHMOACHCTBHS.

r4

_;K 3ajate 2.?. ' ) K sanaue 2.2,

2.2, Ioab3ysicb GopMyJolt npexplaymiefl 3agauu, onpefe-
JHTe B TOYKe A MEAYKUHMIO MarHHTHOTO II0JIS, CO3JaBaeMoro
3apsioM @, ABHKYIIHMCS CO CKODQCTBIO 0.

2.3. Onpenenure MHAYKLIHIO MArHHTHOTO MOJS 3J€MEeHTa
TOKa JJIMHBL [, 10 KOTOpOMY TeueT ToK /, B Touke A Ha pacecTos-

HHH r >> [ 0T 3TOr0 3JeMeH-

A ra. Paauyc-sektop r ofpa-

3yer C 3JeMeHTOM _ TOKa

yroa a.

2.4, a) Haiigure pacnpe-

J€JeHHe HHIYKUHH MarHuT-

K sagaue 2.3, . HOTO NOJsi BOKPYr 6ecko-

HEeYHOH HHTH, 3apsIKeHHOH

¢ JHHeHHOH NJIOTHOCTHIO P, B C1ydae, KOTAAa HHTb JBHIKETCH
B NPOJOJBbHOM HaNpaBjeHRH €O CKOPOCTBIO U.

6) Onpenenure pacripejeneHHe HHAYKIIH MardUTHOTO [OJS
BOKPYT GeCKOHEUHOro IPSIMOro NpOBOAA, IO KOTOPOMY TeueT
TOK /.

*) Ecniu B 3ajaue He YKa3aHO 3HaueHHe MarHHTHOH NPOHHIAGMOCTH
Cpeisl, CYMTaTh €e pPaBHOH eluMHMUe. 7
**) Ecau chennajbHO He OroBOPeHO B 33jave, cynTaTh U £ C,
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2.5. a) Ha xaxnpifi MeTp NpsIMOro IJIMHHOTO NPOBOJA CO
CTOPOHBI- TAKOTO 2Ke NapaJ/lie/IbHOTrO 'NpoBOAa JeHCTBYET CHJIa
2-107 H. Paccroanune Mexay nposojgamu | M. Tokn B npoBo-
Jax oauHakKoBH. KakoH TOK TeyeT mo mpoBojgam? ‘

6) Ha kaxIplil MeTp npsiMoro JATHHHOTO NpPOBOJA C TOKOM
1 A co cTopOLBl BTOPOTO NPOBOA C TEM Xe TOKOM AeHCTBYeT
cuaa 2,5-1077 H. Paccrosinue mexny nposogamu 1 M. ITposona
HaXOJATCA B MarHHTHOH cpele. UeMy paBHa MarHHTHasi mpo-
HHIlaeMOCTb 3TOH Cpeabl?

2.6. ITo 4YeTbipeM JJTMHHBLIM NPAMBIM NAPANIENbHBIM I1PO=
BOJHHKAM, NPOXOAAIIHM uepe3 BepLIHHLI KBajpara (CTOpOHA
keagpara 30 CM) NepUEHAHMKYJSPHO €ro IJIOCKOCTH, TEKYT
oAvMHaKoBble TOKH 10 A, npuyem No TpeMm NpPOBOJHHKAM TOKH
TeKYT B’OJIHOM HanpaBJIeHHH, a M0 YeTBEPTOMY — B NPOTHBO-
nosokHoM. OnpejiesIHTe HHAYKLHIO MATHUTHOTO NOJIA B LEHTpE
KBaJpara. : .

2.7. Hafiiute HHAYKUHIO MATHHTHOTO NOJS B TOUuKke A-Ha
paccTosiuuy [ OT TOYKH NepeceyeHHs ABYX NPSMBIX NPOBOJOB
¢ ToKamu [; u [,.

K sapaue 2.7, ’ K sanaue 2.8.

2.8. Tpu npsamuix nposoga ¢ Tokamu I, I/4 u 31/4 nexar
B OJHOH IJIOCKOCTH H CoeJHHeHHl B Touke (0. Hafinute mHnyk-
L[HI0 MarHUTHOTO NOJIA Ha NPpAMOH, NpoxoasAuel yepes Touky O
neprneHIHKYJ/JIsIPHO BCeM TpeM NpOBOJAM.

4
a - d)

K 3apaue 2.9.

2.9, a) OnpefleluTe HHAYKUHIO MATHHTHOTO NOJIA B LIEHTpe
KOJIblla M HA €r0 OCH Ha PacCTOAHHH M OT LEHTpPa KOJIblLa.

6) OnpepennTe HHAYKUMIO MATHUTHOTO NOJIS B LEHTPE NOJMY-
KoJblLa. '
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2,10*. Uemy paBHa HHAYKUHSA MarHHTHOTO MOJA B UEHTpPE
KBaJpaTHOH paMKH, 1O KOTOpoH UHpKyJaupyeT Tok [? auna
CTOpPOHbl PaMKH a. _

2.11*. a) OnpelenuTe MHAYKUMIO MATHUTHOTO MOJA Ipf-
MOYTO/IbHOH paMKu @ X b ¢ TokoM [ B Touke A Ha pacCTOsHNH
r > a, b. Pamuyc-sekTop r ofpasyeT ¢ NJOCKOCTBIO DaMKIil
yroa a. _

6) Ha Gonbluux paccTosiHUSIX MATHHTHOE I[0J€ IJOCKOTG
KOHTypa C TOKOM OIpeJe/IsieTcst MArHHTHBIM MOMEHTOM KOHTYDA
H He 3aBHCHT OT ero gopmul. Joraxure 370.

2.12*, a) BHyTtpu Gosblioro KBajpaTa paBHOMEPHO pac-
npejesieH0 MHOTO MHKDOKB3JPaTOB C KOHTYDHBIMH TOKaMil.
MaruuTHBIE MOMEHT Kax-
JIOTO MHKDOKOHTypa M.

Hoxaxute, uro Ha pac- D B D ] ]

I.HHXd;aC(’:TOﬂHHO;/’(I) Mg(:;i;y 10 ‘.
! “loaoooo
00000
----- Tl goaoQg

K sapaue 2.11*a, K sapaue 2.12*a,

MHKPOKOHTYP&MH, HHAYKUMS MarHMTHOIO MNOJS 3THX MHKPO-
KOHTYPOB COBIaJaeT C HHAYKIUHEH MArHUTHOTO [0J15% 6OJBLLIOTO
KBanpaTa ¢ MaTHHTHEM MoMmeHToM NM,, rne N — 4uc/I0 MHK-
POKOHTYPOB BHYTPH 6OJBLIOTO KBajpaTta.

6) ToHkasi KBajpaTHas nsactuHa a X a X h (h & a) nHa-
MarHHYeHa B [ONEPEUHOM HanpaB/ieHHH. VHAyKuusi MarHut-
HOTO NOJIst B LeHTpe NJacThHE B, OnpenesuTe MarHuTHHH MO-
MEHT ¢JHHHUBl 00beMa BEIIEeCTBA IJACTHHBL.

2.13, V3 HaMarHu4eHHOro XKeJe3a Bhipe3aju TOHKHE JHCK
panuyca R u ToqnuHb h. [110cKOCTb nMCKa NEepIEHIHKYAAPHA
HanpaBJ/eHHIO HaMarHNYNBaHKWA. MarHUTHEIH MOMEHT €JHHHIIL
obreMa xenesa M. Onpepenute HHAYKUHIO MAarHHTHOTO HOJ5
Ha OCH JUCKA Ha PacCTOSIHHH [ OT ero ueHTpa.

2.14. a) Meraniuyeckoe KOJbUO PasopBasoch, KOTAa TOK
B KoJblle Obl1 /. Cnemanu TOYHO TaKOe K€ HOBOE KOJIbLO, HO
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U3 MaTepuasa, npefes NPOYHOCTH KOTOPOro B 10 pas GoJblve,
Kakofi ToK pa3opBeT HOBOe KOJBIO?

6*) Kakoil TOK pasoppeT 1I10BOe KOJbLO, CICJAaHHOE H3
3TOro NMPOYHOro MatepHana, €CaH BCe pasMepbl HOBOTO KOJIbla
B 2 pasa 6oJblle pasMepos CTaporo?

§ 9.3. MaruuTtHoe noae Toka,
pacnpe/ieNeHHOro MO INJAOCKOCTH HJIH 0GbeMy

1. Hcnonwayss dopmyny, mpuseseHHyio B 3ajave 2.1,
onpejeuTe HHAYKIHIO MArHUTHOrO MoJssi BOJIH3H pABHOMEPHO
3apsAXKeHHOH NJIACTHHBI, KOTOPAs IBHIKETCS CO CKOPOCTBK) U
BJIOJb cBoefl 1uiockocTH. IloBepXHOCTHAS IJIOTHOCTB 3apsijla
NIJIACTHHEL C.

3.2. HadguTe HMHIVKIIMIO MarHUTHOIO MOJAS BHYTPH NJ0-
CKOT0 KOHJIeHCaTopa, ABHKYIIErocs Co CKOPOCThIO Y M/¢ napaJ-
JeJJbHO CBOUM GOKJagkaM. PaccTosiHie Mexay o0xJanikaMH
10 mm, Hanpsiskerue 10. xB.

3.3. UeMy paBHa HHIYKUUS MArHuTHOIO MOJS:

a) GeCKOHeUHOH IJTIOCKOCTH, MO KOTOPO# HAET TOK C JHHeMH-
HOIl TUIOTHOCTBIO £; ‘

6) MexkIy ABYMSI TapasjebHEIMH GeCKOHEUHBIMH TIJIOCKO=
CTSIMH, TIO KOTOPHIM B OJHOM HaNpaBJeHHH TEKYT TOKH C JH«
HeAHBIMH NJIOTHOCTAMH [ M 2i, [ U [, 3{ u 4{; BHe 3THX IJO-
CKOCTeH;

B) BHe JIBYX napamenbﬂbxx NJIOCKOCTEH, O KOTOPHIM B NPO-
THBOIOJIOXHBIX HANPABJIEHHUAX TEKYT TOKH C NOBEPXHOCTHBIMH
NJIOTHOCTSIMM [ U 2{, { ¥ [, 3[ U 4{; MEXTY STUMH TJIOCKOCTSIMHU?

3.4. a) Ilo gpyM napa/jieNbHBIM IIHHAM TEKYT OJHHAKOBBIE
tTok# /. IluprHa wHH b MHoro GoJibllle pacCTOSHHUS MeXIY
nmnHamu. UeMy papna cusa, JefiCTBYIOUIasl Ha €IUHHULY ZTHHDE
ILIMHEL?

6*) Uepes nuacTHHY NP IMOYTroJIbHOro CedeHusia X b (a &
< b) nponycruau Tok /. Moiynb NpoOJONbHON YIpYrocTH InJja-
crunbl E. Onpenenute, Ha KaKylo BeJIHYHHY YMeHBIIHTCS pas-
Mep a moj neficTBUEeM MAarHUTHBIX CHJI.

B) Msarkas Menp «TeueT» npu jgaBjeHuu okKomo 4107 Ila,
a cranb — npu gajenunn 5-108 ITa. Ouennte MUHUMAaNbHBE
HHIYKUHH MarHUTHBIX ToJied, MOA AeHACTBHEM KOTOPBIX 6YAYT
Teyb MeAb H CTajlb B YCJOBHSX 3agadyd 6%).

3.5. a) I'lo yyacTky mniIoCKoH MoBepXHOCTH, H300paxKeHHOMH
Ha PHCYHKe, TeUeT TOK C JHHefHHOH mioTHocThio i, Jokaxure,
YTO COCTABJSIIOWIAs] BEKTOPA» HHAYKUHH MarHHTHOIo IHOJs,
napanjenbHas NOBEPXHOCTH H NEpHEHAMKYIsApHaA £, onpeje-.
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asteTcst hopmynol By = p, iQ/4n, rge Q — rtenecHri yron,
noJ, KOTOPBIM BHAHA MOBEPXHOCTD,

6) UeMmy paBHa MHAYKUMS MarHMTHOTO MOJis GeCKOHEYHO
OAUHHON NOJIOCHI IIWPHHEI 2A
Haj cpelHell JHHHeH MOJIOCH
Ha pacCTOAHUH A OT JIMHHH,
€CNMU BAOJb IOJIOCH TeYeT TOK
¢ MMHeHHOW MJOTHOCTBIO i?

3.6*, a) Uemy paBHa HH-
AYKIHA ~ MarHUTHOrO  OoJs
BHYTPH OGeCKOHEYHO AJIHHHOIO

K sapauve 3.5a, UHIHHADA, N0 NOBEPXHOCTH KO-

TOPOr'o TeYeT MOMEepedHLI# TOK

C JIMHEMHOW IVIOTHOCTBIO {? 3aBHCHT JIM 3TOT DE3yJbTaT OT
(OpMBI IOMEPEYHOro CeueHUs LMJIMHAPHUYECKOH MMOBEPXHOCTH?

6) Kakoe HaTsixeHMe BHI3BIBaeT B BHTKaX JJIHHHOTO COJie-
HOMJa TOK /? UHCNO BUTKOB Ha €AMHHIY AJHHLL CONEHOHAA 11,
ero paanyc R.

3.7*. Tlo moBepXHOCTH MONYGECKOHEUHOrO KPYroBOLO ILH-
JIMHJPA TeyeT MnomnepeqdHnld TOK C JIHHEHHON IJOTHOCTBIO i.

Ar

K sanaue 3.7%,

a) Onpenennte COCTaBJASIIOILYI0 BEKTOPA MHAYKIHH Mar-
HHUTHOTO TOJISl BAOJIb OCH B KpaliHeM cedeHHM Luaungpa AA’.

6) Kak 3aBHCHT MHAYKUHMf MarHHTHOTO HOJIST Ha OCH IH-
JIMHAPA OT PacCTOAHMH X; H X, 4O ero koHua? Uemy paBua 37a
HHAYKIMSA Ha GOMbIMMX paccrosHHAX? Pamuyc muauaipa R.

3.8%, a) CnomHOM UMJIMHAD BbIpe3aJH H3 HaMaTHHYeH-
HOTO JO HaChIIEHHA KeJe3a Tak, YTO OCh LWJIMHApPA COBMaja
C HalpaBJieHHeM HaMarHH4HBaHus. JlokaxuTe 3KBUBAJIEHTHOCTh
NOJIE 3TOTO LWJIHHAPA MOJIO HOMEPeYHOro TOKA, TEKYLIEro ro
€ro NOBEPXHOCTH C JIMHEHHOH MJIOTHOCTBIO, PaBHOH Maruut-
HOMY MOMEHTY eJMHHIB o0neMa KeJjesa. -

6) M3 pnHHHOTO CTepIKHS, HAMATHHYEHHOTO 0 HACBILIEHHS
BJOJIb OCH, BhIpe3aqH KyOHK TaK, 4TO OfHO H3 pebep KyGuka
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OblIO HamnpaB/eHO BJOJb HampaBJeHHA HaMmarHuumpaliun. Lo
CKOJIBKO Pa3 MHAVKIHS MaTHHTHOTO 170JS1 B LEHTpe ky{iuka
6yzeT MeHblIe HHIYKIHH B CTepKHe?

B) Tonkue xBajparHble nacTHHE @ X a X I (b < ¢) na-
MarHM4YeHbol JO HAacbIIEHHST B [OMEpPeYyHOM HampapJiciiid.
B ueHTpe mJacTHH MHAYKUMS MAarHATHOTO ToJds B, UYowmy
OyJeT paBHAa HHAYKUHS MOJS BHYTPH JAJHHHOIO NPAMOYTOIb=
HOTO cTos6a cedeHHS @ X @, COGPAHHOTO U3 3THX IJACTHH?

3.9, B mauHHbIE cogenoun ¢ TokoM 0,5 A
NOMECTHJ/IH UHJANHADHYECKHH CTONOHK (eppo-
MarHeTHKa € Y3KHMH MOJOCTSIMH. HHC/IO BHT-
KOB Ha eJHHHNY JJHHBI coteHouna 10, mar-
HUTHas POHHIAEMOCTE ¢eppoMarHeTnka 600.

Onpenentite HHAYKUMIO MAarHHTHOTO MOJSI B °
TIPOJO/IBHOM M TonepeyHol MoJocTsX (B TOY- °
Kax A u B). o

3.10. Juck pamuyca R u BEICOTH h <& R, ok
CAeNaHHBIH M3 MaTepHasja ¢ MarHHTHOMH Ipo- o}
HuuaeMocteio p = 1 4 % (® < 1), nomectu- 0 o

JIH TIOMepeK OJHOPOAHOIO MAarHHUTHOTO- MO-
JAa HHAYKUHMH By. Ha ckoabKO HHAYKUHA B-
LeHTpe AHCKa OYJeT OTIHYyaTbCs OT By?

3.11. Hupkyasuusi BeKTOpa HHAYKUHMH MOCTOSHHOrO Mar-
HHTHOTO TG/l 10 3aMKHYTOMY KOHTYpY («pafoTa» BeKTGpa
HHAYKUUHM MAarHUTHOTO MOJSI 1O KOHTYpPY) B BaKyyMe Bcerja

K sagaue 3.9,

K 3agaue 3.116,

paBHa TOKY 4Yepes MOBEPXHOCTb, OTPAHHYEHHYIO 3THM KOHTV-
pOM, MOMHOXKEHHOMY Ha Wo. [IpuBenute npuMeps!, MOATBep -
Jamllie 5TOT 3aKoH, PellinTe, HCnoap3ys ero, c/lepyioline 3a-
Jlaum:

a) Ilo GeckoHe4HO NJMHHOMY NMPAMOMY MPOBOAY pajauyca 7
TeyeT Tok /. Tok pacnpeseseH paBHOMEPHO MO CEYEHHIO MpPG-
Boja. HafiinTe MHAYKUHIO MArHHUTHOTO TNOJSI BHYTPH H BHe
npososa.

6) Tlo piuHHOH IIKPOKOH IIMHE C MONepeuyHbIM PasMepoM &
TeyeT TOK, PABHOMEPHO pacnpeje/eHHBIA M0 CEYeHHI0 NPOBOi-
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uuka. [11otnoctb Toka j. Kak 3aBHCHT MHAYKLHS MarHHTHOTO
[0J151 OT PacCTOsIHHA X A0 cpelHeH IJIOCKOCTH LIHHBI?

B) Yepes TOpOHJAJNBHBIN COMEHOHI, HMewolluii N BUTKOB,
nporekaeT Tok /. Brewnu#t paguyc topa R, BHYTpeHHHII r.
Onpesennre MUHHMAJIBHYIO H MaKCHMaJ/bHYI0 MHIYKUHH Mar-
HUTHOTO [0Jil BHYTPH COJIEHOMJA.

3.12, a) Tok I uget no AAHHHOMY NPSIMOMY [POBOAY, HEp-
DEH/AHKYJIAPHOMY NPOBOASIIIEH MJIOCKOCTH, H pacTeKaeTrcs nno
vell. OnpefenuTte pacnopeiesieHie HHAYKIHH MarEHTHOTO 10JI5.

6) JuHHBIH NpoBOjx ¢ TOKOM [ nepeceKaeT NepHeHAHKY-
- JISIPHO NPOBOAALIAA IVIOCKOCTh. TOK, YXOASIIMH Ha IJIOCKOCTD,
pasen [;. Onpejenure pacnpeeseHHe HHIYKIIHH MarHHTHOTO
10JIA 3TOH CHCTEMBI TOKOB.

B) KoakcHasbHEBIT Kabesib BXOAHT B CepHYECKY!O N0JOCTh
TaK, KakK H300pakeHo Ha pHCyHKe. HafauTte HHAYKIUNIO Mar-
HETHOTO N0JIs BO BCEM IIPOCTPaHCTBe.

3.13%, Tok [ no AMUHHOMY NpPsAMOMY TNPOBOAY BXONHT

B NpPOBOJHHK NEPNEHAUKYJSAPHO ero MOBepXHOCTH W pPaBHo-
MEpPHO pacTekaeTcsl 1o HeMy. Kak 3aBHCHT MHIYKLHMA MarHuT-
HOTO 10/ BHYTPH NPOBOJHHKAa OT yrsia P H paccToAHuA r?
© 3.14. Pacnpegenenne Toxa B JABYX B3aHMHO MNEpHEHIHKY-
JADHBIX IJIACTHHAX TOJIIHHH A [I0Ka3aHO Ha DHCyHKe. B oG-
JIACTH nepeceyeHHsl INJACTHH TOKa HeT. Hapucyfite rpaguk
3aBHCHMOCTH HHAYKIHH MarHHTHOTO MOJs OT X.

3.15. B GeckoHeuyHOH NJaCTHHE TOJLIUHB! /i BbIPE3aJH IiH-
JIMHPHYECKYIO N0JIOCTh pajanyca i/2, 0och KOTOpOH napaijlienbHa
NOBEP XHOCTAM I1JIaCTHHE. Bo BceM 06beMe IJIACTHHEI, 33 HCKITIO-
YeHHeM [0JIOCTH, TeyeT TOK, HalpaBJ/eHHBIH BAOJL OCH IO-
Jgocty. Hafigute pacnpefeseHHe HHAYKLUHH MArHHTHOTO 10151
BJA0Ab npamoii OA, KoTopasi npOXOJAMT uepe3 OCh INOJAOCTH i
neprneHauKyJ/IApHa 0BepXHOCTSM [JIaCTUHEL 1110THOCTE TOKS f.

3.16*, OnpeaesnnTe HHAYKIHIO MAarHHTHOTO I0JA B JJIHIH-
'HOH LMJIMHAPHYECKOH I10JIOCTH BHYTPH LHJIMHAPHYECKOTO Npo-
BOJHHKA, €CJH OCh NOJOCTH NapasjesbHa OCH NPOBOJHHKA ¥
OTCTOUT OT Hee Ha paccTossHud d. ToK pacnpejeseH paBHO-
MEPHO MO CeYeHHIO NpoBoAHHKa. [lr1oTHOCTB TOKa j. ‘

3.17*, a) 3awmtpuxoBanHele 06nacTH 00pasyioTcsl NOBepX-
HOCTAMH JBYX LHJHHAPOB paauyca R, LEHTPHl KOTOPBIX Ha-
XOIATCSl HA pPaccTOSIHHM a Apyr oT apyra. YUepes sTH obaacTu
BJOJbL OCeH B NPOTHBOINOJIOKHBIX HalpaBJEHHAX TEKYT TOKH,
IVIOTHOCTH KOTOPBIX f. Halinute HHAYKIUHIO MarHHTHOTO IIOJSs
B 00/1aCTH, Jexalllell MexX/y 3alITPHXOBAHHBIMH 06/1aCTAMH.

6) Hcnonn3ys pes3yJbTaT 3aJayH a), IPHMEHsIsl METOJ Iipe-
JeJbHOrO mnepexoja a—» 0, j—» co, HalHauTe pacnpelescHHe
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JUHEHHOH NJIOTHOCTH TOKAa HA MNOBEPXHOCTH UHJIHHIPA pa-
aHyca R, KoTopoe naeT BHYTPH UWJIHHApa OJHOPOAHOE Mar-
HHTHOe nosie HHAYKOMH By,. Kak cBf3ana MakcHMaJsbHas
JIMHEHHAsl IJIOTHOCTb TOKa C HHAYKIHEH nosas By?

- 3.18*%. [MHHBIH UMJIHHIPDHYECKHH KeJe3HBI CTePXKEHb
pajgMyca r HaMarHH4eH B MaTHUTHOM MOJIe, IepNeHAHKYJIPHOM
OCH CTeP¥XHA. MarHuTHHI!l MOMEHT eIMHH B! 06beMa cTepKua M.
Kak 3aBHCHT HHAYKIHS MarCHHTHOTO MOJS OT X Ha PaccTod-
HHSIX, MHOTO MEeHBIIHX JJHHBL CTEPIKHA?

§ 9.4. MarnuTHbli NOTOK

4.1. a) UHayKuus 0OZHOPOAHOTO MarHHTHOTO noJsi B. Uemy
paBeH MarHHTHBIH NOTOK 4epe3 KBaJpaT cO CTOpOHOH a, IJIo-
CKOCTb KOTOPOTO pacnosioxkena noj yriaom 60° Kk HanpapJeHHIO
MATHHTHOTO TOJISA?

6) UeMy paBeH MarHHTHBIH NMOTOK Yepe3 IIOCKYIO NOBEPX-
HOCTB IJoliaau S, KOTopasl pacnoJioXeHa Noj yrjom ¢ K Ha-
IPaBJEHHIO MArHHTHOTO MOJIS?

Vs >
V. e
A}
A
/YA
K sanaue 4.1a. . K sapave 4.2.

4,2, OnpesennTe MarHUTHHIH NMOTOK Uepe3 BbIIEJEHHBIH Ha
pPHCYHKe ydYaCTOK cgepsl ‘paguyca R. MHIyKuus MarHuTHOTO
[OJIs1 HanpapJeHa BJOJb OCH CHMMETPHH 3TOrO YyyacTka.

4.3. TloKaxuTe, 4YTO MAarHHUTHLIA NOTOK OT IJIOCKOCTH C JIH-
HeMHOH NJIOTHOCTBIO TOKA [ uepes mo6y}o SaMKHYTyEO NIOBEP X~
HOCTb paBeH HYVJIO.

4.4%, JloKaXuTe, YTO MAarHUTHBLIA NOTOK OT 3JIEMEHTa TOKa
yepes3 JIOOYIO 3aMKHYTYIO NOBEPXHOCTb paBeH HYJAI.

4.5. Tlnockas ropu3OHTasibHAs TPaHHIA JEJHT NPOCTpaH-
CTBO Ha JiBe 4acCTH. B HHXKHell YacTH MHAYKUHS MArHHTHOTO
noja paBHa HyJo. [lokasKHTe, YTO OJHOPOJHOE MAaTHHTHOE
noJje BOJH3H NOBEPXHOCTH B BepXHEH 4acTH HanpasJeHo na-
paJ/lelbHO NOBEPXHOCTH:

4.6, BexkTop HHAYKUHH MAarHUTHOTO noJds B, nepexons
yepe3 NJIOCKYIO NMOBEePXHOCTh, MEHAET YTOJ HAKJIOHA K NOBEPX-
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HocTH ¢'a Ha P. Bo cKoJMbKO pa3 MeHsileTcst MHAYKUMA MOAs?
YeMy paBHa JHHEHHAs MAOTHOCTb TOKA HA TOBEPXHOCTUP?
4.7*, IlnockocTy, nepecekawlldecs M04 YIJIOM O, AEJAT
NPOCTPAHCTBO Ha YeThlpe 0GaacTH. MarHuTHOe mosie B KaXaof
ob6nactd opHopoaHo. B obna-
crax I u 3 noas napanjenbHbl
NJ0CKOCTH cumMmeTpud AA’ u
HanpaBJeHbl B OfHY CTOPOHY.
Hnpykuun stux noneit By n B,.
Onpenenute HHAYKIMH nNoJeH
B obsactax 2 u 4. Vel
4.8. a) CoctaBnsomas uH-
AYKIHH aKCHAJIbHO-CHMMETPHY-
HOr0 MAarH{THOTO MOJS BJOJb
OCH CHMMETPHH JHHeHHO 3a-
BHCHUT OT x: B, = Byx/x,, rhie X,
i B, — nocrosHHble. Onpeue-
JIHTe 3aBHCHMOCTb PafiiaabHON COCTaBANLIeH HHAYKIHH MO
OT paccToAHHSA A0 ocd. Kak 3aBMCHT yToJ Hak/JOHA moJs OT X
H r? Hapucyfite cumoBble JUHUH 3TOTO NOJA.

K zanaue 4.7%,

K 3anaue 4.6.

6) CoctaBasollas WHAYKIMH MaTHUTHOTO MOJS B 3ajave
a) MeHseTCs BHOMb OCH Kak By (x/xp)*. Onpenenure paiuadit-
HYI0 COCTaBJSIOULYI0 HHAYK-
uuy nons. Kak onpemenutsb - 8,
B, B o6f1ueM clyuae, Korpa R .ﬂ”

x = BO (X)") ] i

4.9, CocraBaawlias HHAYK- - HL_-Z’_.,_] z
I[Hd MAarHYTHOTO TOJS BIOJb
cc 00’ 6eCKOHEYHOTO LHJHH]- K sapaue 4,8,
pa pamdyca R Menserca Kak
B, x/x,. Bue unmdngpa sta coctaBasiomlas paBHa Hymo. Kax
3aBHCHT pajHalbHas COCTaBJAOWAA MOJA BHE LUUIMHAPA OT
paccrosHus o ocu 00'? ‘
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4.10*, a) OnpeneuTe MarHUTHBIN NOTOK uepe3 NOBEpX-
HOCTb MOJYGeCKOHEYHOTO UMWJIMHAPA, MO KOTOPOMY LHPKYJIH-
pyeT ronepeyHblll TOK ¢ JIMHEHHOH MJIOTHOCTBIO i. Paamyc
uuanHapa R.

6) C KakoH CHJIOH MpPHTATHBAIOTCA HOJIOBHHKH JJIHHHOTO
coJienoHa ¢ TokoM [I? Pagnyc coseHonga R, YHCJIO BHTKOB Ha
eJMHHLY JJHHBLL COJeHOWia A.

B) JIBa I/MHHHBIX CTepXKHA, HAMATHHYEHHBIX B MPOJIOJbHOM
HanpapJeHHH, TPHTSIHYJIHCh APYT K APYTY CBOHMH TOpUaMH
Jl1s Toro uroOhl OTOPBATH HX APYr OT ApYra, HYXKHO [pHJO-
JKHTb B OCceBOM HamnpaBJsenuHd cuny F. Ceuenne crepxueil ogu-
HaKopo, miolanpb ceuenusa S. Onpenesnte HHAYKIIHIO MaruuT-
HOTO MOJisT B MeCTe COEIHHEHHsI CTepxKHeH.

r) B HeoaHopoJHOM MAarHHTHOM MoJle HAXOAHTCS COJIEHOMJT
¢ Tokom [. YUHC/A0 BHTKOB Ha €JHHHUY AJHHBLI COJEHOHAZ NH.
MaruuTHbIe MOTOKH, BXOAfLiHe H BBIXOAALINE UYepe3 TOPIbl
coneonsa, pasubt @; u @,. OnpegenuTe cuay, AeHCTBYONLYIO
Ha COJIEHOHJ BJOJb €r'0 OCH.

4,11. B3auMHoll HHAYKTHBHOCTBIO JBYX KOHTYPOB Hasbl-
BaeTcss KO3DGHUHEHT NPONOPUHOHANBHOCTH MeXAy TOKOM B
O/IHOM H3 KOHTYPOB H CO3JaBaeMbIM HM MATHHTHBIM HOTOKOA,
NpOHM3BbIBAIOIIHM BTOpPOH KoHTYp. OmnpejennTe B3aHMHYIO
HHAYKTHBHOCTb: a) IBYX KPYTOBBIX KOHTYPOB PaguyCoB r U R,
PacrnofioskeHHbIX Ha OJHOH OCH CHMMETPHY Ha PACCTOSHHH
{>>r, R; 6) LIHHHOTO COJIEHOHJA paaHyca r C # BHTKAMH Ha
€JIHHYLY JJHHBI H KPYTOBOI'O COOCHOTO KOHTypa, OXBAThI-
BaIOILETr0 3TOT COJIEHOHI.

F'nmasa 10. ABUXXKEHHE 3APA)KEHHDBIX YACTHL],
B CJO)XHbBIX IMOJAX

§ 10.1. JIBuXeHMe B 2JEeKTPHYECKOM M MArHUTHOM MOJSIX

1.1. Tlporon, yckopeHHbl#l HanpsikenneM 2-10% B, Baetaer
B ofHOponHOe MaruuTHoe noje uuaykuuu 0,1 Ta mepnensan-
KYJsipHO CHJIOBBIM JIMHHsIM. Halinure paauyc oKpy»KHOCTH, MO
KOTOpOIl JBHXKeTCsl NPOTOH B MarHUTHOM TMoJIe.

- 1.2. DnexTpon, yckopennwil Hampsizkennem 200 B, nBu-
JKeTCS1 B MaTHHTHOM MoJle 3eM/IH HHAY KLHH 0,7-107* Ta. Hai-
JMTe paJnyC OKPYXHOCTH, HO KOTOPOH IBHXKETCS 3JIeKTPOH,
€CJH CKOPOCTb ero nepheHAHKYJAdpHa MoJ0 3eMJH. '

266



1.3. IIBa 3/eKTpoHAa ¢ KHHETHUECKHMU 3HeprusaMu Ky u K,
ABIYTCH B MATHHTHOM MoJe, NepPreHJiKyJAApHOM HX CKOpO-
ctaM. Hafizute oTHoleHHe X MepHOOB o0pallleH s H pajuy-
COB TpaekTophil.

1.4. Onpenenure vactoTy Bpallenus (UMKJIOTPOHHYIO ua-
CTOTY) HacTHLBI Macchl /71 € 3aPHA0M ¢ B MArHHTHOM [OJi€ HH-
AyKuug B.

1.5. Uepes kakoe Bpemsi 1ocJie nepsoil Berpeun npousofiner
BCTpeda ABYX 3apsMEHHBIX 4acCTHL, ABINYUMXCA LePrueHu-
KyJaApHO MarHuTHOMY nouto nuaykuud B2 Tlpi nepeoil BeTpeue
YaCTHLB ABHTAJHCh B3aUMHO NEPNEHjHKY/AAPHO. 3apal dHa-
CTHI[ g, Macca mi. CKOpOCT!I YaCTHIl O/} HAKOBBI, B3aHmoaeHcT-
BHEM YacTHI[ npeHeSpeub. A

1.8. C nmoMoiitbio KaMepbl BusbcoHa, NOMeUieHHOl B Mar-
HHTHOe [oJjie HHAyKiue B, HalJIoOXalT ynpyroe paccesiHue
a-4acTHl, Ha siapax gefirepusi. Halinute HavasnbHyO 3HEPTHIO
C-YaCTHIbI, €CAH PaAHyChbl KPHBH3HEI HauyaJbHBIX Y4YacTKOB
TPaeKTOPHH szpa M @-4acTHULI NOCAE PACCEsHHS 0Kasaduch
OJHHAKOBBIMH H paBHbiMi R. Ofe TpaeKTopHH JiexkaT B IJIO-
CKOCTH, NEPHEeHAHKYAAPHON HELYKUHH MarHHTHOTO MOJd.

1.7. Daexktpon BJeTaeT B CJOH MarHHTHOIO MOKd TOJ-
munel /. CKOpocTh 3JeKTPOHA O MECPNEHAHKYAAPHA KaK HHAYK-
IHH 1oJst B, TaK U rpanuiiaM caod. 1loj kakun yI/ioM 3,7eKTpoH
BLIETHT H3 MarHuTHOTO noJs?

A

1 1
| |
L
/ 3
, 80° | e = g9
v ’f’
e i
i 7 i
b — &t
K sapaye 1.7, K 3apave 1.8,

1.8. Ha pucynke usofpaeH npocTefilinii Macc-crneKTpo-
MeTp, HHIYKUHA MarHHTHOTO noasi B kotopom 0,1 Ta. B noxni-
3atope A o6pa3syroTC HOHBI, KOTOpble YCKOPSIOTCS HalpsiKe-
HueM 10 kB. Ilocne noBopoTa B MarHHTHOM NOJIe HOHEI NONa-
LAT Ha (GOTOIMIACTHHKY H BHI3BLIBAIOT ee noyepHeHHe. Ha Kakom
PacCTOSIHUH OT WeJH GYAYT . HaXOAMThCH Ha (OTOMNACTHHKE
nosocel novos HY, H%, H, He}? Kakaa nomxua 6biTh lunprHa
wetH, uTo6Bl noJsockl HoHOB O1f 1 Ni; paspenunucs?
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1.9. B ycrpofictee aas onpeleleHHs H30TONMHOrO COCTaBa
HOHBl Kkanaus ¥K* um *'K* cHayajna ycKoOpsioTCA B 3JEKTpHue-
CKOM M0JIe, a 3aTeM NOoNajalT B OJHOPOAHOE MarHHTHOEe NoJe
HHIYKUHH B, neprneH UKy pHOE HANPaBJISHHIO HX JBHMEHHA.
B npouecce onbiTa M3-3a HecoBeplEHCTBA ammapaTtypbl yCKO-
‘pAolliee HaNpsAXKeHHe MEHsIeTCsl OKOJIO cpejHero sHauenus U,
Ha BestHunHy Z=AU. C KaKoH OTHOCHTeIbHOH TouHOCThIo AU/U,
HYXKHO TNOAJEpXKHBATh 3HaueHHe YCKOPSIOWEro HampsiKeHHUs,

yTo0bl MyYKH H3OTONOB Ka/HA He

o 0-""5 neperbIBa.HHCb?
s /- 1.10*, M3 toukH A BBLIETAIOT
o ! o YaCTHIBl €O CKOPOCTbIO ¥, HMes
ree MaJblfl yIo10BoH pasGpoc da, H na-
\ i
A |\
o o\ @
\\\
N
Wl o
® ® ® Y]
K sapaue 1.9, K sapaue 1.10%,

Jiee [BHXKYTCA B OJHOPOJHOM MAarHHTHOM IOJ€ HHAYKUHH B
NeprneHAHKYMAPHO eMy. Onpefenute, Ha KaKOM DacCTOSIHHH
oT ToukH A cobGepeTcsi NYUYOK, H OLUEHHTE B 3TOM MeCTE ero
nonepeuHsli pasmep. Macca uactuu m, 3apan g. '

1.11. B ozHopoaHoe MarHuTHOe moJie HHAYKIMH B BieTaer
NOJ, YIJIOM 0. K NOJIIO CO CKOPOCTBIO U YaCTHLA MACCHl /M C 3a-
panoM ¢. HalanTe pamuyc M Iar cnupajH, o KOTOPOH ABH-
KeTcsl yacCTHlaA.

1.12*, Bnoab O,lIHOpOlIHOI‘O MaTHUTHOI'O NOJA HHAYKIHH B
H3 ONHOH TOUKH BELLIETAlOT 3JEKTPOHBI CO CKOPOCTBIO U, HMes
MaJblil yrJ0Bo# pas6poc da. OnpeleaHTe, Ha KaKOM paccros-
HHH OT MecCTa BblJieTa NyuYoK OymeT HMEeTb MHHHMAJbHbIA norne-
peunnlii pasMep, H OLEHHTE ero.

1.13. a) YCTpoHCTBO COCTOMT H3 COOCHBIX LHJMHApa pa-
IHyca R M NPOBOJIOUKH, NOMELIEHHBIX B NPOJ0JbHOE MarHHTHOE
noJie HHAYKuuH B. [IpH HarpepaHHH NPOBOJOUKH H3 Hee Bhlje-
TAIOT JIEKTPOHbI ¢ KHHETHYecKOH aHeprueH K; mpH 3ToM BO
BHellIHEeH UenH MeXny UHJIMHIPOM H MPOBOJOUKOH GyneT mpo-
TeKaTb TOK. Hapucyire 3aBucuMocts / oT B 115 BaKyyMHpO-
. BaHHOTrO ycTpoiicrBa. Halinute snauenus B, npH KOTOpPBIX TOK
B BakyyMe PaBeH HYJIIO.

6) Ha pucynke u306pa>xeﬂb1 nBe saBHcuMoctH [ or B
NpH Pas/HYHBIX 1aBJeHHsIX OCTAaTOUHBIX rasos P, H P,. Kaxoe
naBneHne GoJblie?
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1.14. JlBa sneKTpOHA. ABHKYTCS C OAMHAKOBLIMH MO MO-
Ay J/iH0 CKOPOCTSIMH U B OJHODOJZHOM MArHHTHOM MOJI€ MHAYK-
uian B. B HekoTophiii MOMEHT PaccTOSIHME MeXKJ1y HHUMH PaBHO

\

K sapaue 1.13,

2R, a BeKTOpH CKOpPOCTeHl aHTHIApPaJeNbHB APYr APYTY U
niepneHAUKYJSpHH B. Tlpn KakoM B paccTosiHye MeXKay 3JeKT-
POHAMH OCTaHeTCs HeM3MEHHBIM? YcToHuuBa JM cucieMa?

1.15. Ilo opbute paguyca R BOKpYr NpOTOHA BpailaeTca
3/71eKTpoH. Kak H3MeHMTCsl YacToTa BpalleHHsl 3JeKTPOHA IO
srofl ke op6HTe, €U cHcTeMa ndéMellieHa B cjaboe MarHUTHOR
noJje WHAYKIUH B, HanpaB/leHHOE BAOJbL OCH BpAllEHHA?

1.16. Kakoe HanmpsizKeHHUE HYKHO MPHJIOKHTb MEKIY 0OKIal-

KaMH HHJIHMHAPHYEeCKOTO KOHJACHCATopa,

yToOBl OH

«3axBa-

THJ Ha OPOGHTY» 3JEKTPOHBI, MPOIIEJIINE YCKOPAMILYIO pas-
HOCTL noteHnuanos U? KoHpeHCatop HAaXOAWTCA B OXHOPOA-
HOM MATHHTHOM [OJie HHAYKIMH B, HampaBJeHHOM BIOJb OCH
KOHJeHcatopa. Pacctosinne Mexay oOKJagkaMH KOHJeHCa-
TOpa A MHOTO MeHbllle CPeJHEero pajauyca KoHJeHcatopa R.

K szapaue 1.16,

“v
&

S

g -l

K éaﬂaqe 1.17.

1.17. a) B mjiockKoM KoHjeHCAaTOpe AJIHHBL [ HANPSAXKEHHOCTD
3JIEKTPHUECKOTO noJist paBHa £, a HHAYKIUA MarHUTHOTO 104,
- HanpaeJeHHoro Baoab E, paBma B. Y BXoa B KOHJEHCATOp
UMeeTcsl PAAHOAKTHUBHBIH HCTOUHHK, HCMYCKAIOUWHH 3/71€ KTPOHBL
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C pasHbBIMH CKopocTaMH. M3 HUX (OpPMHDYIOT TOHKMIl RYHYOK,
KOTOPBIH MPOXOAMT Yepe3 KOHJeHCaTop, a 3aTeM monajaeT Ha
(oTOMIaCTHHKY, paclo/oKeHHYI0 Ha paccrosnuu L > I. Ka-
KYIO KPHBYIO «BBLIUEPTAT» MEKTPOHB Ha (DOTONJIACTHHKE, €CJH
HX OTKJOHEHHS MaJbl?

6) Hafimure xpusylo Ha QoTtonnactiuike aag B =1 Ta,
E=05.10 B/, [ =5 oM, L = 50 cwm.

B) [Tpu Goabmiix cxopocTsiX Macca 3JeKTpPoHA 3aMeTHO
namensieres, Cormacuo dopmyde Jlopenua m, = m,,/}/ 1 — Bz,
rae  — oTHOILeHHE CKOPOCTH 3JEKTPOHA K CKOPOCTH CBeTa,
My — Macca noxost sJaeKTpoHa. Peiunte 3amauy a) ¢ yueToM
apeKTa U3MEHEHHST MacChl JIEKTPOHA.

1.18. Yckopsiolliee wHanpsizkeHue Ha JyaHTaxX IUKJOT-
pona U. HMuayknusi MarHMTHOIO MOJSl ycKoputedss B, ero
pazuyc R. Onpezennre Bpems yCKOpeHus MPOTOHA, BXOJSIETO
B LIEHTP YCKOpHTeNsA ¢ KMHeTHUECKO# auepruei K. Bpemenem
JBMKEHUSA TPOTOHA MEMKAY AYAHTAMH YCKOPHTENs Npeledpeys.

1.19. IlaacTuHBl NJOCKOTO KOHAEHCATOPa C 3a30poM d pac-
T0JI0KE BBl NIEPTIEHAUKYASIPHO MaTHHTHOMY TOJI0 WHAYKIHH B.
OKono KaToja pacCHosOMEH HCTOUWHK MEJIEHHBEIX 3JEKTPO-

- K sapaue 1.19: K 3apaue 1.21%a.

HOB, BBUICTAIOIMX B Pa3HLIX HaNpaBJeHHAX K NJIacTHHAM.
Ilpy xakoM HanpszKeHWH Ha KOHAGHCATOPE 3JEKTPOHEL GyiyT
toxycuporathest Ha anome? Yem ompenedsieTcs pasmep nsTHA?

1.20. Onpenennte, Kakyl MaKCHMaJbHYIO CKOPOCTH pa-
30BbET 3apsi’KEHHOE TeJIO, CKOJb3sllee M0 HaX/JOHHOH IJIO-
CKOCTH B MarHHTHOM [oJle HHAYKIIHKH B u noJe TsxkectH. Macca
H 3apaj Tesla m ¥ g. MarHHTHOE noslg napaJnJlesIbHO HaKJIOHHOH
IIJIOCKOCTH H NepHeHAUKYJSPHO TI0MI0 TAKECTH. YToJ HaKJaoHa
K ropu3oHTy a. KoaddHuHeHT TpeHHA Tesla O MJIOCKOCTH |i.

1.21*, a) [okaxurte, 4TO [OAHOE H3MCHEHHC MOMEHTa
HMIIYJIbCa JeKTPOHA IpH JABHXKEHHH OT TOukd A 10 Touku C
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B AKCHa/NbHO-CHMMETPHYHOM MarHuTHOM NOJE PaBHO pasHHIe
MArHHTHBIX [OTOKOB 4epe3 Kpyroeble cedenus Sy u S,, ymio-
HCHHOH Ha e/27.

6) OnpesenuTe MiHHMaJbHLIA paanyc, KOTOPHIH MOXeT
HMeTb MYYOK 3/1eKTPOHOB NPH Nepexoe U3 NoJs ¢ HHAyKiuel By
B noJe ¢ nuaykuuell By,. Ocl CHMMETPHH NEPEeXOJHOro rnoJas 1
[fyuKka coBnafaioT. B o8AacTH mepsoro nodst CKOpocTh 3JeKT-
POHOB mapaJjJenbHa BexTOpy By, a paidyc nyuka pasen K,

§ 10.2. dpeiidosoe ABHMCHHE HACTHI

2.1, IlpocTpancTeo pazseseHO Ha JABE [10A0RIIbL IINCKN-
cThio. B BepXuell nososHite CO33aHO0 MalHUTHOR f0J4€ HHLY K-
una By, B HHKHell — uHAYRUMU By, npudenr nodd OAHOPOUH:!
H napajnenbHel Apyr apyry. C njoCKOCTH paziend nepreHii-
KYJADHO eff CTAPTYET 3JICKTPOH CO CKOPOCTRIO U B CTOPOILY Bepx -
ned nojopuesl. OnuiuHuTe janbHefiiliee JBHMKEUH: LIEKTpPOHA.
Onpeznennte jpefidoBYI0 CKOPOCTE 3JeKTPOHA B 0Jb [PAHHLEL
pasjiesnla MarHUTHHX noJefl.

® @ @ﬁ/ ® © 006 © 6 0 00 0
© © 0 006 0 0 o 0
2 © 00 00 0@eo0 o
® eofo o o °g0 °/ohe °/8%e o
o 0 ¢ o oo o
1 1
© o o)\g/o o‘\\o/o [}
X - Lo

™ LT
o 4, ® ] @ 9.0 6B o o o

K sapaue 2,1, K aapave 2,2%,

2.2*, Ornerniyte CKOPoCTh apefida 3JeKTPOHA NOUEPER He-
OMIIOPOAHOIO MalEHTHOTO [0J15, KOMIOHEHTH MEAYKHHH KOTO=
poro: B,= 0, B, = 0, B, = By (I + ax). CxopocTb 54/¢KT=
poHa v. ;

2.3. O6nacTH MarHMTHOTO H 3JeKTPHYeCKOro noJneft pas-
JieJieHBl BooGpaxKaeMofl TpaHHLedl — MI0CKOCTRIO., B Bepxhell
of1acTH OJHOPOAHOE MarHUTHOe I[0Je HHJAYKUMH B napaj-
JeJbHO MJOCKOCTH pasjena. B HHXHeH obsnacTH OLHOPOAHOC
3/JeKTpHUECKCe N0Je HANpsMXKEeHHOCTH £  [NepreHIUKyAspHO

* IJIOCKOCTH pasjesa. B aJiekTpuuecKOe noJie Ha paccTofHuu !
OT IPaHHILI NOMeNlaeTcsl YacTHLA Macchl m ¢ 3apAajoM ¢. Ha-
pucyfite Tpaektopuio uactuubl. Hafinure ckopocts apefidia
YACTHUR BJAOJL FPaHHUBI pasjfena HOJeEH.

2.4. BszauMHO nepnenpUKyAApHLIE 3JeKTPHYECKOE M Mar-
HUTHOE [0J11 Ha3LIBAIOTCs CKpelleHHHMH. Kakylo HadaabHyto
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CKOPOCTDb JOJIKHA HMeTh 3apsKeHHAS YacTHIlA B HaNp aBJMeHHH,
HNepreHuKyJASPHOM 3THUM MOJIAM, UTOGH! ee JBHMKEHHE B CKpe-
IeHHBIX MOJSX 0CTaBajoch NpsMouHefinpiM? HanpsiskenHocThb
3JIeKTpuUeckoro moJis E, HHAYKUMS MaruutHoro mojs B.

of

Yy
K samage 2.3. K sajave 2.5.

2.5. B CKpelleHHBIX 3JIEKTPHUECKOM M MArHHUTHOM IOJISX
yactTuua «apefipyer» nonepek nosell. Uemy paeua npeiiopas
CKODOCTb UYaCTUIILI?

2.6. Uemy paBna ppeiihoBasi CKOpPOCTb 3apsiKeHHOH ua-
CTHIIB! MOMepPeK 3JMeKTPHYECKOro M MarHWTHOro MmoJei, ecau
yron Mexny E u B papeH a?

2.7. Jloxaxkute, 4TO 3apsiKeHHasl 4aCTHIA B CKpeEIUeHHBIX
3JEKTPHUUECKOM H MarHHTHOM INOJSIX BpalllaeTcss € 4acTOTOH
®© = gB/m BOKpYr ueHTpa, KOTOPHIi ABHXKeTCsS ¢ ApeldoBoit
CKODOCTBIO (M MO3TOMY CKOPOCTH YaCTHIB! B JIIOGOH MOMEHT
BpeMeHH DaBHA BEKTOPHOH CYyMMe BpalllaTeJbLHO CKOPOCTH
BOKPYr MrHOBEHHOro IeHTpa BpallleHusl U apei#idhoBOH CKO-

poCTH).
?0

£ e E/B
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K sapaue 2.7, K sapmaye 2.8.

2.8. Tlnockuii koHaencatop moMellleH B OAHOPOJHOE Mar-
HHTHOe nOJe HHAYKIMK B, napasieqbHoe mjaacTuHaM. I3
TOUKH A BBLIETAIOT JEKTPOHBL MEPMEHAHKYJASPHO HampapJe-
HHIO MarHuTHOro nossi. Hanpsxeuue, mpusioxendoe K mJja-
cruHaM, paBHO U. TlpH KakoM yC/AOBHM 3JEKTPOHBL GyAyT
NPOXOAHTE Yepe3 KOHAeHcaTop?

2.9. Mexny NJIOCKHMH aHOJOM H KATOAOM IOjJaeTcs BHICO-
koe Hanpsixkehde. CucTeMa HaXOAMTCH B MArHUTHOM IIOJie
UHAYKUHM B, KoTopoe napamienbHo ssektpoiam. Ompere-
JMTe, MPU KAKUX HanpsXeHHSX 3JeKTPOHH JOCTHIHYT aHOAA.
Halinnte Hanpsxkenue, eciy B = 0,1 Ta, h = 2 cm.,
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2,10, OnexTpoH BpaillaeTcs- B IOCTOSIHHOM MarHHTHOM
noJle MHAYKIMH B, HMesi cKOpoCTb ©. BKitodaercsl 3/eKTpHYUe-
CKOe ToJ¢ HampsikeHHocTH E, KOTOpoe HampaBJ/eHO MNOA-yT-
JIOM @ K BEKTOPY CKOpOCTH 3JeKTpoHa. Onpejenute AanbHel- -
Liee JBHKeHHe 3JEeKTPOHA.

‘/ g Axod -, A
o fTe T\ e el o o] e e
o AN 5
: \
',’ e o \ b s ‘o | @ ® @v & if
SN 7727 NN ' . !
K sanaue 2.9. K samaye 2.10,

2.11. Haiinure apeiihoBylo CKOPOCTb HacTHLB! B NepreH-
JIHKYJIAPHBIX ApYT APYTY MarHHTHOM JioJle HHAYKIHH B 1 noJe
NocTOAHHOH cHuIbl F. 3apsj] yacTHlbl g.

2.12. Halinure npefidoBele CKOPOCTH 3JIeKTPOHA H NPOTOHA
B I0JIe TS2KeCTH ¥ MarHUTHOM 1oJie 3eMJIH, HHAYKIHA KOTOPOro
paBHa 0,7-107 Tn. MaruuTHoe noJe NepneHAUKYJIAPHO MOJIO
TAKECTH. -

I'masa 11. 9JAEKTPOMATHHTHASl HHAYKUHS

§ 11.1. JiBuxeHHe NPOBOJHHKOB
B [IOCTOSSHHOM MATHHUTHOM mnoJe. DJIeKTPOABHTATENH

1.1. Mexay KaKHMH 4aCTSIMH caMoJieTa B NoJIeTe Yallle Beero
BO3HHKAeT MaKCHMa/lLHOe HanpskKeHHe 3JeKTPUYECKOro noJjs?

1.2. [lonepek MaruuTHOro noss HHAyKnH 0,1 To nBUxKeTCA
co ckopocTbio 1 M/c npsimoit nposox AauHb 0,3 M. Hemy paBHO
HalpsiXKeHHe 3JIEKTPHYECKOTO NOJs1 MeXX1y KOHIAMH NpOBOAA?

1.3. BexTop MHAYKUMH MarHuTHOrO noss B nepneHAuHKYy-
JipeH IJIOCKOCTH NpPOBOJOYHOH KBajpaTHOH pamkH. Haiinute
pacnpejie/ieHHe Hampsi)KeHHOCTH 3/eKTPHYECKOro INO0Js 110
paMke, eClIH paMKa JBHXKETCAl TNONepeK MoJs ¢ INOCTOSAHHOH
CKOPOCTBIO ©.

1.4, MHayxuus nocTosIHHOTO MarHHTHOTO I10JIS1 U3MepsieTCsl
C moMoWbio KBaApaTHOH paMKH a X @, Bpauawouefica ¢ yrio-
BOH cKOpOcThi0 ®. Ocb BpallleHHsl NeprNeHAHKYspHa HaNpaBs-
JIEHHIO 'MarHHUTHOTO MOJiA. AMIUIHTYyJa 3JeKTPHUYECKOro Ha-
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npsikKeHHst, CHHMaeMoro ¢ pamkH, pania U. Hafinure nuayk-
IO MAarHUTHOTO [10JIS.

1.5. Meraaanuecknfi 6pycok a X b X ¢ (8 L a, ¢) aBu-
JKeTCSl CO CKOPOCTBLIO ¥ B MAarHHTHOM moJie WHayKuuu B. Hail-
JliTe PasHOCTb MOTEHIHAJIOB MexXAy GOKOBBIMH CTOpOHAMH H
NOBEPXHOCTHYIO NJOTHOCTh 3apsijioB Ha HHX.

1.6. [lpeanonoKuM, 4TO aToM MOXKHO MNpPEACTaBHTL KakK
paBHOMEDHO 3apﬂ}KeHIibe:I OTPHUUATEJAbHBIM aJIeKTpI“{eCI‘\'VM 34-
pAAOM Wiap pajuyca r, B LUEHTPe KOTOPOFO HAXOAWTCA TOYed-
HOe AP0 C 3apsAuoM Ze. Haiinute, ¢ Kaxoli CKOPOCTLIO AOJIKEL
JBHIATECSA Taxoﬁ aToM MOMnepPeK MarHHTHOIO NoJst HHIYKLHH
B, utoBbl HOHH30BAThCH.

1.7, OueHnTe; npu Kaxof MHAYKUHK MaTHHTHCTIO NOAS pas-
PYLULITCA aToM BOAOPOJA, BJeTaloUilii B HEro €O CKOPOCTLIO,
6113K0H K CKOPOCTH CBeTa.

1.8%, B 01HOpOAHOM MAarHHTHOM nOJIe HHAYKUHH B Haxoc-
JATCA 1Be BepPTHKaJbHbIE peiiku, pacnoJsoxeHnHble B IJIOCKOCTH,
IepIeHAHKYISPHOH CHJIOBLIM JHIUAM noJas. [To pefikam MoxeT
CKOJNB3UTbL 0€3 TpeHUs NPOBOAHHK AMHHBI [ M Maccel m. Kax
OyJZeT JBUraTbCA NPOBOAHHK, €C/IH BepXHHE KOHIBI peeK 3aMK-
HYTH Ha: a) conpoTuBjeHue R; 6) emkocth C? B Kague BHAbI
3HEPTHU NepeXOJHT paloTa CHJH THAKECTH? YCKODeHHe CBO-
6onHoro nafenHs g. ConpoTUB/JAEHHEM KOHTAaKTOB, peeK H
HHAYKTHBHOCTBIO TNpeHebpeyb.

1.¢. KpagpaTtHulii 3aMKHYTHIH BHTOK [POBOJICKH, JIJHHA
CTOPONBI KOTOPOFO b, a CONpPOTHBJEHNE eAMHHIbl AJHHLI Q,
NPOXOJHUT € MOCTOSSHHOH CKOPOCTbIO ¥ Mexpy OaiiMaxam
3J1€KTPOMarHuTa, CO3Jaiolero OJHOPOAHOe MAarHHTHOE MoJe
uHAykKuun B. Cuutas noje BHe 0aliMakOB paBHLIM HYJIO,
OTIPEJEJIUTE SHEPTHUIO, PEBPATHBILYIOCA B TENNO, ANA CJAYYaEER,
Korja pasMep OalllMakoB B HanpaBJCHHH JBHIKCHHA BHTKA
a < Lbua>b.

1.10, Pamka a X b noMelueHa B MarHHTHOE NOJE HHIYK-
uHd B, npHueM B Hauyanbibli MOMEHT BpPEMEHH MJIOCKOCTD
DaMKH TepHeHJHKYyJsipHa CHJOBLIM JHHHAM noJgd. Pamka
BpalilaeTcs ¢ YIJIOBOH CKOPOCTLIO .

a) [loctpoitte rpadnk 3aBHCHMOCTH TOKa, TEKYLIEFO B
pavMke, oT BpeMmenH. ConpoTuBieHne paMKH K. quymma-
HOCTbIO TpeHebpeyb.

6) Kaxk 3aBHCHT OT BpeMeHH MOMEHT CHJI, HEOOXOAHMBIH A/15
NOALEpXKAHUSA NOCTOSAHHON CKOPOCTH BpalleHHS pPaMiH?

1.11*, Meraqinueckuii npyT AB, conpoTHB/IEHHEE eIHHHLbI
ILJIHHBI KOTOPOTO P, ABHIKETCA C NOCTOSIHHOH €KOPOCTbIO ¥
(v L AB), 3ambikas jBa upacanbHuHX npoBogHHka OC u OD,
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K sagaue 1,2, K sagaue 1,3,

K sajaue 1.4, K sapaue 1,5,
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K zapaue 1.9, K sapave 1,10,
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//7//////////////

K 3anaqé 1,11%, K sagave 1,13,
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o6pasylomux yroa a. duawna OC pasua ! u AB | OC. Bes
CHCTeMa HaXOJHTCA B OJHOPOIHOM IIOCTOSIHHOM MAarHHTHOM
110Jie HHAYKUMH B, NeprneHAHKyJsPHOM IJIOCKOCTH CHCTEMBI.
HaiianTe nojiHOe KOJHYECTBO TEINa, KOTOPOE BLIAGIHTCS B LENH
3a BpeMsl IBHKeHHs pyTa oT ToukH O 1o Toukn C. MHIyKTHB-
HOCTbIO KOHTypa npeHebpeyb.

1.12, B mnpocrefimeli cxemMe MarHHTHOrO THIAPOAHHaMHue-
CKOTro reHepaTopa IUIOCKHH KOHAEHCATOD € MJIOMAAbI0 Iula-
CTHH S M pacCTOSIHHEM MeKAy HHMH d NOMeIlleH B NOTOK Ipo-
_BoAsilell KHAKOCTH C ynem:Hon IPOBOAUMOCTBIO 0. KHAKOCTD
JBHKETCA C IOCTOSIHHOM CKOPOCTBIO U l1ap ajl/leJIbHO MJaCTHHAM,
Kongencatop HaxojuTcsli B MarHHTHOM II0Jle MHAYKUHH B,
HaIpaBJIeHHOM MepPIeHAHKYASPHO CKODOCTH XKHIKOCTH H Ia-
pajlyieIbHO IIOCKOCTAM IiacTHH. Kakasi MomsocTh Bblge-
JSETCS BO BHeIUHeH lemmH, HMeolleli conpoTnBaeHue R?

1.13. Tlo npoBoasiueii JeHTe INHPHHBI d TeueT ToK /. JlenTa
HaXOJKHTCA B MarHUTHOM mose HHAYKUHH B. Hanpasnenue
T0JIsl nePIEeHAHKYJ/STPHO IIOCKOCTH JeHThl. Haifinnte pasHoCTb
‘moTenlnanoB Mexay ToukamH [ u 2. Tojmuea JeHTH A,
ofbeMHas IVIOTHOCTb 3apsja HOCHTeJeH ToKa p.

1.14. a) PenbCoBBIH YCKOPHTEJb MJAa3Mbl COCTOHT H3 IBYX
napaJJeJqbHbIX [IPOBOJHHKOB, JeXallHX B IJIOCKOCTH, ME€p-
NEHAHKYAAPHOR MaCHHTHOMY NOJIO HHAYKUHK B. Mexny Tou-

K sapaue 1,14. K sagaue 1.15.

kamu A u C B Bojopoje nomxuraior paspsa. Tok I B paspsije
NOAJep KUBAETCS IIOCTOAHHLIM. [loi ZeHCTBHEM MAarHHTHOTO
noss 06/acTb paspsja nepeMellaeTcst, pasTOHsSACh K KOHIaM
peJsIbcoB, M CpLIBaeTcs ¢ HUX. UeMy paBHa CKOpOCTb IJIasMeH-
HOTO CrycTKa, ec/H ero Macca m? PaccTosinne Mexay peJb-
camM [; AJMHA yyacTKa, Ha KOTOPOM nponcxommo yCKOpeHHe
I71a3Mbl, paBHa L.

. 0) Pemme_sa}laqy aypa B=1Tn,l=0,1m L=1nm,

= 10 A; B mnsa3MeHHoM crycTke cozepskutcsa 10'* nHoHOB
BOZOPOJIA. ’
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1.15. Tpy6a npaAMOyroJbHOro cedeHns a X b 3amoJiHeHa
ra3oM IJIOTHOCTH P. BeprTukasbHble CTeHKH TPYyOBt — H30J1M-
TOpBI, TOPH3OHTAJIbHBlE — 3JIEKTPOABL. B KpaliHeM CeueHHH 3a-
JKHTaeTcsl paspsj, nocje yero T0K / noaaep:kuBaeTcs NOCTOSH-
HbM. BOSHMKIUAf Ayra MarHMTHBIMH CHJIaMH BBITaJKHBaeTcs
BHYTPb TPYO6HI, «crpebasy mepea cobolt ras. Onperennte cko-
pOCTb MJIa3MeHHOH - «poGKH», CUWTasi, 4TO OHAa BCe BpeMs
6oJsbllle CKOPOCTH 3BYKa B rase. MarunTHoe noJjie HHAYKIHH B
IIepTIeHIMKYJ/ISIPHO BepTHKaJbHBIM CTeHKaM TPYOHI.

1.16*. B none TsixxecTH mOMellieHO BePTHKaJbHO MeTaJ/lIn-
YeCKOe KOJIbLO. MeTanTuuecKuil CTepKeHb AMHHBL R ¥ Maccel /7
1iapHUPHO 3akKpel/ieH B IeHTpe KOJbLa H KacaeTcs KoJiblla
IPYTUM KoH1OM. [leprieH AU K YJIsIPHO TJIOCKOCTH KOJIbLIA HMEETCsl
OJHOPOJHOE MarHuTHOe ToJe HHAYKINH B. Ilo kakomy 3aKOHY
HaJ0 MeHSITb TOK B CTep:KHe, UTOOBI CTepXKeHb Bpallascs paB-
HOMEpPHO C yriopoli CKOpocThbio ®? TpeHueM mpeHeGpeub.

K sapaue 1,167, . K sapaue 1.17%,

1.17*. Ha pucyHKe H3ofpaxeHa MOjiesib IBUraTesIsl MOCTO-
SHHOTO TOKa. ,

a) OnumnTe ABMMKEHHEe NOJBHIKHON nNepeMbIKH IJIMHBL
M MaccChl 771, eCJii 3. A. C. 6aTapeH paBHa &, HHAYKLHS MarHur-
HOoro noJsis B, conporuBienue nenu R. TpeunneMm npeneGpeds.

6) OnpenesuTe YCTaHOBHBIUHECS! YIVIOBYIO CKOPOCTb H TOK
B LIENH, €CJH CHJIa TPeHHS B MOABHXKHOM KOHTaKTe F.

1.18%, [lpoeoasmuii OMCK BpalllaeTcss C YTJIOBOI CKOpO-
CTBIO @ B OJHOPOJHOM MarHHTHOM IOJIe HHAYKIHH B, nepneH-
JVKYJADHOM IIOCKOCTH JucKa. YTo mokaxer amnepmerp,
BKJ/IIOUeHHbI{i uepe3 conporuBieHHe R? Haiiante uuciioBoe
3HaueHue Toka, ecnn R = 1 Owm, paauyc aucka r = 0,05 w,
®w=2n-50 ct, B=1 Tu. ,

1.19. Ha ocu O wapHHpHO 3aKpemJieHa OAHOH CTOPOHOM
KBajpaTHas MpPOBOJOUYHAs paMKa a X a. Bokpyr srtofi xe
OCH BpallaeTcsl C YIVIOBOH CKOPOCTBIO ® MAarHHT, CO3/alOlMHH
B 06J1aCTH, I'Zle pacnosioKeHa paMmKa, pagHajJbHOe MarHHTHOE
noJse. Onpesenite YIVIOBYIO CKOPOCTb PaMKH, €CTH CONPOTHB-
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JeHHne e IMHU B! JJIHHBI paMKIL 0, MOMEHT CHJI TPEHHA Ha .OCH A/I,
a HHAYKIOHUSA MarHuTHOI'O IIOJIS Ha Kpakw paMKH B.

K sanaue 1.18%, K sazeue 1.19.

1.20. [duravoMaluuza ¢ 3. A. ¢. 12 B u BHyTpeHHUM conpo-
tuBjgeHHeM (,2 Om 3apsikaer GaTapeld aKKyMYJsTOPOB ¢
3. A. ¢. 10 B u BHyTpenuuM conporusaenueM 0,6 Om. [Tapan-
JeJIBHO $aTapee BKJAIOUEHA JaMIOUYKa ¢ CONPOTHBJeHHeM 3 OM.
Onpenennte TOKH B Garapee H JaMIOUKe.

1.21. Tloyemy 3JEKTPOMOTOpP MOXKET CTOPEThb, €CJAH OCTAHO-
BUTB €ro poTtop?

1.22. D/1eKTPOMOTOP NOCTOAHHOIO TOKA, BKJIKOYEHHBIH B LIENb
6artapen ¢ 3. j. c. 24 B, npu nosHoM conpoTtupaeru nenn 20 Om
Jenzet 600 o6/MuH npu Tore B nenu 0,2 A. Kakywo 3. 1. c.
PasoBBET TOT Ke MOTOp, paGoTasi B KauecTBe JHHAMOMAIIHILI
npu 1400 o6/muu? ,

- 1,23, CroabkO OGOPOTOB B EJHHHILY BPEMEHH pa3OBBET
3/JEKTPOMOTOP MOCTOSHHOrO TOKa € MOCTOSHHBIM MAarCHHUTOM,
BKJIIOYEHHBIH B LeNb € 3. . C. &, MPH [OJHOM CONPOTHBJAEHHIE
nenu R, ecau, paboTasi B KauecTBe AMHAMOMAIUHHBI, OH pa-
30BbET 3. JI. €. &, NpPH 4HCIe 000POTOB B €HHHILY BPEMEHH 1),
a MOMEHT CHJI TPeHHs Ha OCH MoTopa paBeH M?

1.24. Kakyio 3. A. ¢. pasBHBaeT AHHaMOMallHHA MOCTOSIH-
HOTO TOKa, ecJH Npu conportuieHuu nenu 300 Om Ha ee Bpa-
IeHHe 3aTpaunBaerca MomHocts 50 BT, a moTepu Ha TpeHHe
cocraasiioT 4 % no MomHocTH? Kakylo MOIHOCTB A1 MOA-
Jlep:KaHHsA TOro ke yhc/aa o6opoTOB HeoOXOAHMO 3aTPavyHBaTh
npH compoTHBJeHHH uenu 60 Om?

1.25%, OpHH KOHell mpoBOjA TpaMBalHOH JTHHHH HaXOAUTCA
MOJ MOCTOSIHHBIM HanpsixkeHHeM U OTHOCHTesbHO 3eMJsiH. Ha
KaKOM PacCTOSIHHH OT TOTO KOHIA JHHHH HaXOAUTCSt TpaMBak,
CHaGXKeHHBIH ABYMS OJHHAKOBBIMH JBHTAaTeJsIMH, H C KaKoH
CKOPOCTBIO OH JBHXKeTCs, €C/IH NPH MOC/e10BaTebHOM BKJIIO-
UeHHH JABHTaTe el TOK B JIMHUH paBeH [, npH napanjieabHoM [,
a CKOpPOCTb TpaMBasi MPH TAKOM NEPEKIIOUEHHH He H3MeHSeTCH?
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Cuna tpenus F, conpoTuB/eHHe eIMHUUBL JAJHMHBI NIPOBOZA P,
CONpPOTHBJIEHHe OGMOTKH KaMjoro apurartess R.

1.26*. jlkopn ABYX OJAMHAKOBLIX 3JEKTpOABHTraTesiell no-
CTOSTHHOTO TOKa COOCHBI M KECTKO COEJHHEHBl JAPYT C JPYTOM.
K o6moTkam #AxopeHl nOjKJ/IOUEHH OJHHAKOBhIE HCTOYHHKH
TOKa ¢ 3. j. ¢. &. Ilpu aToM yr/0Bas CKOPOCTb BpalleHHs sKO-
pelf 6e3 Harpy3KH paBHa ®,. EC/H ABUTaTesH NIOJHOCTBIO 3aTOP-
MO3HTb, TO TOK B IKOpsAX 6yneT paBeH [, OMUH U3 HCTOUHHKOB
NepekJIOYMJIH Tak, YTO Bpalllalollie MOMEHTH JBHrarteseil
CTaJH NPOTHBONOJOMXHE. KaKOH MOMEHT HYKHO TNPHJOMXHTb
K COeIHHEHHBIM SIKOPAM fJ1s1 TOTO, YTOObl OHH BPAlAIHNCh C 3a-
JaHHOH YIyoBO# cKopocThio @? TpeHue B ABuUraTensX npeHel-
peXHMO MaJjio; MarHHTHOE I10Jie CTaTopa CO3/AaeTcCsl IOCTOSH-
HBHIM MarHHTOM.

1.27. B MarHHTHOM noJie ¢ 00JbLIOH BBICOTHI NAJaeT KOJbILO
paanyca a u macce m. ll10CKOCTb KoJblia BCe BpeMsl TOpH-
30HTanbHA. Haligute YCTaHOBHBINYIOCHA CKOPOCTb IajeHHUSA
KOJbIA, €CJH BePTHKAJbHAS COCTABJAIOLLAS HHAYKIMH MaTHHT-
HOTO TIOJIS H3MEHSIETCS ¢ BLICOTON no 3akouy B = B, (1 -+ ah).
Ycekopenne cBoGogHoro najeus g. ConpotHBaeHHe Koabua K.
HMupyKTHBHOCTEIO KOJblla IpeHeGpeub,

1.28*%, .Atom (cM. 3agauy 1.6) BjieraeT B OpHOPOAHOe Mar-
HHTHOE MOJle HHAYKIHH B €O CKOPOCTBIO Uy, NeprneHAHKYAsap-
HOH nosto. OnpepenHTe CKOPOCTb aToMa MO HCTeYeHHH Goab-
I00TO npOMesKyTKa BpeMeHH. Haliaute cMemenue azpa us no-
JIOXKeHHs1 paBHoBecusi. Macca aroma m, paguyc r.

VL L
PRENY

. /778

K 3agaue 1.29%, K 3apaue 1.30%,

1.29*, Mertasindeckuii 6pycoK, uMelomuil gopmy npsamo-
yroJibHOro napadaenenunena a X b X ¢ (b <L a, ¢), co cKo-
POCTBIO U, BJeTaeT B MATHHTHOE NOJEe, HMHAYKIHA KOTOPOro
Mensiercss oT O go B BjOJAbL HanpaBJeHHA mnosera. Hafliaute
CKOpocTb Gpycka B o6JacTH, IJe HHAYKIHUA OCTHIMIA 3Haye-
Hua B. Macca 6pycka m.
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1.30*. Ilnockas mnposojsimiasf NJacTHHA Macchl m, NJo-
Wasu S W TONLIMHE! O MPHBOAUTCH B JBHIKEHHE B OJHOPOJHOM
MaTHUTHOM TM0JI€, NapaNjeJbHOM IJIOCKOCTH IIJTACTHHBL, CH-
Jgoft F, nepnenaukynspHoil uHAyKRuuH nonast B. Hafigute ycra-
HOBHBLIeeCS] yCKOpEHHe IIacTHHBL, cuntas & < V/'S.

§ 11.2. BnxpeBoe ajekTpuueckoe nojae

Yemy 6bl1 paBeH MarHUTHBI IOTOK Yepes IJIOWAADb,
OTpPaHHYEHHYIO 3aMKHYTBIM KOHTYPOM, €CJIH NIPH PaBHOMEPHOM
y6blIBaHHH 3TOr0 IIOTOKa B TeyeHHe | ¢ 10 Hy/As B KOHTYpe BO3-
HHKaeT 3. 1. ¢. HHaykuuun 1 B? 100 B? | CI'C?

2.2, MHayRuUS OJHOPOJHOTO MATHHTHOTO [0S BHYTPH
mMauHApa paauyca R = 0,1 m JuHeiiHO BO3pacTaeT CO Bpe-
MeHeM: B = af (kosdbduuuent o = 102 Ta/c). MaruuTHoe
noJie HalpasJ/eHO BAOJb OCH LUHIHHApa. Bre munuuipa mons
HeT. UeMmy paBHa HANpFAXKEHHOCTb BHXPEBOTO 3/EKTPHUECKOTO
noasi Ha paccrostHuM 0,2 M OoT ocH HMJMHApaP?

2.3. IIpoBoafiee KoO/bLO, HMelollee MO JHAMETPY Mepe-
MbIUKY C 2JEKTPHYECKOH J1aMIOYKON, NMPOXOAHUT Haj TOPLOM’
COJIEHOMJa C TOKOM TaK, YTO MJIOCKOCTb KOJbLA MEPHeH[H-

K 3zzgaue 2.3,

KyJAsipHa OCH COJIEHOM]a, a NepeMbldKa C JIaMIOYKOf nepneH-
JUKYJfSpHA HanpaBJeHHIO CKOPOCTH [IBHKeHHS. B mnosoxe-
HUaX Koabna A M B Jnamnouka ceeTHTCS, a B nonoxenuun C
racHer. OO0BsCHHTE HalMIO/aeMblid SCI)CI)eKT
2.4. UHayRuusl MarHUTHOTO IOJST BHYTPH LMJHMHApPa pa-
JaHyca 8 ¢M Bo3pacTaeT CO BpeMeHeM 110 3aKOHY B = a#? (koag-
¢uument ¢ = 107 Ta/c?). MarHuTHOe noJie HanpasJeHo BOJb
ocH nUAHHApa. UeMy paBHa HanpAKEeHHOCTb BHXPEBOTO 3JIEKT-
pHUYECKOro moJs Ha pacctosiHud 0,1 M OT ocH LUHJAHHApA B MO~
" MEHT BpeMeHH f = | ¢? £, =4 ¢?
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2.5. Tlo 1BYyM napa/iesbHbIM GeCKOHEUHBIM MJIOCKOCTSIM
7€KyT OINMHAKOBHIE 10 MOAYJIO H NPOTHBOINOJIOXKHBIE 110 HANp aB-
JICHHIO TOKH, NOBEPXHOCTHbIE MJIOTHOCTH KOTOPHIX H3MEHSIOTC 5
N0 3aKoHy: | = af. Hai- '

JIHTe pacnpejeneHHe Hanps- A

2KEHHOCTH BHXPEBOIO 3JIeK-
TPHYECKOTO MO  MEXJy
9THMH IJIOCKOCTSAMH,

2.6. Uepes comeoug /;7 /

AuEb 20 cM B paaHyca 2 cMm
- TeUeT CHHYCOMIAJbHBIH TOK
= I, sin (2nv?), tne I, = .
=10 A, v =50 I'u. Une- K sapaue 2.5,
JIO BHTKOB B COJIEHOH/IE€ PaB-
Ho 200. Hafizute pacnpenesieHne HamnpsKeHHOCTH BHXPEBOTO
SJIeKTPHYECKOro IoJs BHYTpPH cosleHomaa. Kaxoff ammaury-
Jbl HamnpsiKeHHe CO3JaeT 3TO NoJe B KaTyllke JJHHbl 5 CM H
papuyca 1 cM, nomellleHHOH BHYTPb COMEHOH/A BIOJb €0 OCH?
Uueno BHTKOB B 3Toit KaTymke pasxo 100. ,
2.7. CKOpoCTb H3MeHeHHS] MAarHHTHOrO JI0TOKa yYepes HO-
BE€DXHOCTb, OTPAHHYEHHYK 3aMKHYTBIM KOHTYpPOM, paBHa €.
a) Onpepenute 3apsij Ha KOHJEH-
catope eMKocTH C, KOTOPBIH pasphl- p
BaeT 3TOT KOHTYD.
6) KoHnTyp pasphiBaioT jBa KOH-

Tty

dencatopa emkocrefl C; u C,. Onpe- & _5'2
JleNHTe 3apAjpl Ha OOKJaajgkaXx KOH-
J@HCATOP OB. @
2.8. a) KoHTyp HMeeT BHJ OK-
PYKHOCTH M paspblBaeTCs JABYMs K sazaue 2.8,

KoHJleHcaTopaMH eMkoctelt C; H C,. .
Kenryp coemuHsior mo- jauamerpy ,
npoBOJHHKOM ab. Omnpenenute 3apsiibl Ha OGKJIaLKaX KOH-
ZeHcaTopoB. MaruuTHOe MnoJe, cosjaiollee MarHUTHBIA MOTOK,
OIHOPOAHO, CKOPOCTb H3MEHEHHs] MalHHTHOTO NOTOKa Yepes
KOHTYpD paBHa @.

6*) Hemy Gbl1 Gbl paBen sapsn KOHJieHCaTopa eMKoctu C,,
KOTOPbIM Obl pascpBaJH NMPOBOAHHK ab B 3ajaue a)?

2.9. Ha pucynke H3o6paseHbl NJ0CKHe GHTYDPBI, CleNaHHble
H3 NPOBOJIOKH, CONPOTHBJIEHHE e IHHHIbL JTHHBI KOTOPOH PaBHO
1 Om/M. Onpenennrte ToKH B HHX, eClH GHIypbl NMOMELlEHbI
B.OZIHOPOJIHOe MAarHHTHOE NoJe, KOTOPOe MEHSIETCST BO BPeMeHH.
CKOpPOCTb H3MeHEHHS! MarHHTHOTO NOTOKA Yepes eIHHHIY IJ10-
wamu 0,1 B6/(M2-c).
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o)

K sagaye 2.9,

2.10*. Ilnockas cnupasnb ¢ oueHb GOJBIUMM UHCJIOM BUTKOB
H HAPYIKHBIM PajuycoM R HaXOAUTCS B OJHOPOJAHOM MarHHTHOM
noJie, HHAYKLHSA KOTOPOTrO NepNeHIHKYAAPHA NJOCKOCTH CIH-
paqH M nsMeHsieTcs no sakony B = B, cos of. Hafigute
3. . C. HHAYKIHMH B COHpatH. Paccrosnue MeXAYy BHTKaMH
CHOHPAAH MOCTOSHHO.

2.11*. Ha menposojisiuieM KoJjblle MacChi m W pagmyca R
paBHOMepHO pacnpefiesieH 3apsan ¢. Koabuo MoxeT cBoGOIHO
BpallaTLCH BOKPYT cBoell ock. B HaualbHBI MOMEHT KOJALIO
nokoircsi. B uentpanbHoH ofiacTH Kogbua paiuyca a << R
HMeeTCsl HePHNeHAUKYJsIpHOe IIOCKOCTH KOJbIlA MAarHHTHGE
T1oJie, HHAY KNS KoToporo By. Muayknnsa marautaoro noss pas-
HOMEpHO yMeHblaercad 10 HyJasd. Kakyio yriosylo ckKopocTh
npHOGpeTeT KOJAbIIO K MOMEHTY HCUE3HOBEHHS MOJSA? Hane-
HHTCH JII Pe3yJbTaT, eCH HHAYKIHSA MarHuTHOTrO noas Oyjer
YMEHBIIATHCSA 10 HYJASA HepaBHOMepHO? HMHAYKIMS MarHHTHOTO
0J1s1, CO3/aBaeMOr0 BPALIAIOIHMCS KOJbIIOM, MHOTO MeHblile
MHAYKIIHH BEELIHErO MarHHTHOTO IOJS.

®
7 s
\\“‘& ® ®
® ® . ®
K sagaue 2.10%, . K sapaue 2.12%,

2.12*, BHe umausjgpa paaMyca @ WHAYKIHA OJHOPOJHOTO
MATHHTHOTO IO/ Hapactaer JMHEHHO BO BpeMeHH: B, = ut.
Kak posmxHa MeHATbCS BO BpPeMeHH HMHAYKIHMSA ORHOPOZHOIO
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MACHUTHOTO MOJIA. BHYTPH UHJIHHAPA, YTOGH 3JEKTPOH JBH-
rajacs IO OKDYXKHOCTH paauyca r > a? Ilpu ¢ = 0 3JeKTpoH
MOKOHTCS. ‘

2.13*, B 0ZHOPOAHOM MarHHTHOM IIOJIC 3JEKTPOH ABHIKETCS
TI0O OKPYXKHOCTH OIIpPeJesIeHHOr0 Pajnyca. ¥YMeHbUIZeTCS HJH
VBeJHUYHBAETC PAaJHyC KPHBH3HBI
TPAEKTODHH 3JeKTPOHA NpU MepeH- Dz
HOM BO3paCTaHWUU HHAYKIHH MarHHT-

HOTO noJisi? N

2,14*, MHAYKUMS MarHUTHOT O MO~ N

Js1 3aBHCUT OT PACCTOSIHHA JIO OCH SO
2 TaK, Kak H300pax{eHO Ha PHCYHKe. N
MaruuTHoe mosie HaOpaBJNEHO BAOJb S
oct z. Ha KakoM paccTOAHHH OT OCH i P
BpaliaeTcs IEKTPOH, KOTOPbIH NpH
BO3PAaCTaHHH IIOJSI OCTAeTCs Ha CBoeH K sagaue 2.14%,
opGute? Bo CKOJbKO pas yBeJUUH-
BaeTCs 3HepTHsl 3TOrO 3JeKTpOHa IIPH JeCATHKPATHOM YEe-
JIHYeHHH HHAYKUMH noasa? Kak 6yayT ABHratbCsd NMpH BO3Pd-
CTAHHU TOJIsI 3JEKTPOHBI, KOTOPbIE ABKTANHCh IO APYTHM KpY-
rOBbIM Op6uTaM?

2,15%, ‘Ha noBepXHOCTH AJUHHOTO CIIOLIHOTO HENPOBOAS-
niero IUJIHHApa pajuyca R paBHOMEPHO paclpefiesieH 3aps
C MOBEPXHOCTHOH IJIOTHOCTbIO O. BHelllHee OJHOPOJHOe Mar-
HIITHOE IIOJIe HHAYKUHH B, HampapJeHO BAOJb OCH IHMJIHHLpPA.
Onpenennte yIVIOBYIO CKOPOCTb BpalUeHHS LHJAHHAPA INOCJE
BBLIKJIIOUEHHS] BHEIIHero moJsi. IlJIOTHOCTH BelllecTBa M-
JUHIpA P.

2.16*, Ilpy YyCKOpeHHH 3apsjA0B BO3HHKAICT BHXPeEEDIE
3JIeKTpHUeCKye MOJIsI, KOTOpLe, eCIH MpeneSpeub Haayue-
HHeM, IpOMOPUHOHANbHE YCKopeHHo. llosromy Ha abnxy-
IHHCA ¢ YCKOpPeHHEM @ 3apsj CO CTOPOHHI 3THX 3JEeKTpHuec-
KHUX NoJel ‘gefictByer cusla F = m,,a. Koahduunuert nponop-
LHOHAJI bHOCTH M,, MOXXHO HA3BaTh 3JeKTPOMArHuTHOH Maccol
3apspa.

a) Bo CKOJbKO pas 3JeKTpOMATHHTHAsl Macca 3JAeKTPOHA
B JJHHHOM coJjeHouje paauyca 0,1 M ¢ uHcIOM BHTKOB Ha
eJHHHIY JJHHBI cojeHonga 103 m™ Gosbllie Macchl CBOGOA-
Horo anekrpona? CeueHue npoBoga cojeHouaa 1 MM2, uucao
3JIeKTPOHOB NPOBOJAUMOCTH B eAuHHIle ofbeMa 1023 cm3.

6) Kakumu mnapamerpamu gojKeH o006JajaTb COJIEHOH,
4yTOOL B HEM 3JIeKTpOMAarHUTHASl Macca 3JeKTpoHa 6bl1a paBHa
Macce cBoGogHOro 3JeKTpoHa? UHCIO 37eKTPOHOB NPOBOAH-
MOCTH B eAHHHIE o0beMa MaTepHaJsa coJeHoHaa 1023 cm73.
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2.17*, Tlnocku#i KOHAEHCATOP JABHXKETCH. C YCKOPEHHEM
napaJyIeIbHO CBOMM IJIaCTHHaM. EC/JH yCKOpeHHe 10CTaTodHO
MaJlo, BHXpEBOE 3JEKTPHYeCKOe I0Je B MOMEHT, KOTAa CKO-
pOCTb KOH[ZEHCaTopa PaBHA U, MOXKHO PacCUMTATDh CJIJYIOLIHM
06pazoM. Bradase pacCYHTRIBAeTCS HWHAYKLHS MarHHTHOIO
N0/ Kak JJ DPAaBHOMEPHO [BHXKYLIErocf €O CKOPOCTBIO U
KOHAEHCATOpa, a 3aTeéM MO0 U3MEHEHHIO MHAYKUHH 3TOTO Mar-
HHTHOTO II0J151 BO BPeMeHH ONpeJesfAeTcs HaMpAMXKEeHHOCTh BHX-
peBoro sJjekTpuueckoro moJs. IlycTh 3apsia KoHzaeHcartopa ¢,
emkoctb C. PaccuntaiiTe ero yckopeHHe noj JeHCTBHEM BHeLI-
HeH CcHJBl F, ecJM Macca He3apsiKeHHOTO KOHJeHcaTopa pab-
Ha m. Cuna F HanpaBjeHa BJOJMDb ILJIACTHH.

2.18%, DKcnepHMEHTH Ha BCTPEYHBIX 3JEeKTPOH-3/1eKTPOH-

"HLIX My4YyKax MOKasadH, 4TO 3apfAj] 3JeKTPOHA pacmpejeseH
B 0671aCTH, pa3Mephl Kotopo#t MeHbule 10718 M. Ouenurte BepX-
HHH Tpejes 3JeKTPOMAarHHTHOH Macchl 3/ekTpoHa. Ilpenso-
MHTE THIOTE3y, KOTOpas o6bACHsA/IA Obl, MOYeMy MOJy4YeHHas
31eKTPOMATHUTHAA Macca #l,, 3JeKTPOHA MHOTO 60J/IbLIE MACCH
cBOGOJHOTO 3JIeKTPOHA M,.

§ 11.3. B3aumHas WHAYKTHBHOCTb.
HuaykruBnocTs nposoanukoB. Tpancdopmatops

3.1. OnpesennTe MarHUTHHH IOTOK Yepe3 MJOCKHIT KOHTYP
ceueHns S, KOTopblﬁ HaXOJUTCS BHYTPH JJIMHHOTO COJIEHOH]IA
¢ TokoM /. Uycao BHTKOB Ha enH-
HHUY JJHHBL coJseHouga n. [lno-

/ /\\ CKOCTb BHTKa pacrnoJjioXeHa Moj yr-

JIOM @ K OCH COJIeHOMaa. -

// /\190)\’ 3.2, Butok paadyca R corHygau

[L/ ’\V\))\ 0 AHAMETPY TMOA TNPSMBIM YIJOM H

- MOMECTHJIH BHYTPb AJHHHOLO CoJie-

'HOMJ4 TaK, 4TO OJHA M3 IJIOCKOCTed

OKaszaJjachb pacHoJioXKeHHoH moj yr-

K sanave 3.2, JOM 0 K OCH cosieHoHzAa. YHcio BUT-

KOB Ha EeJMHHIY JJHHBl COJIGHOMJA

n. UeMy paBHa B3aUMHas HHAYKTHBHOCTb COTHYTOTO BHTKA H
coJieHOHaa? -

3.3. BHyTpH AJHHHOIO COJIEHOHJA HAaXOJAHTCA KOPOTKHH
cosleHou paguyca r. Yneso BUTKOB BHyTpeHHero cojleHouaa N.
Pajguyc BHelHero coseHonia R, 4HC/IO BHTKOB Ha eJMHHLY
IJUHBL 7. YeMy paBHa B3aMMHas MHJYKTHBHOCTb 3THX COJie-
HOHJOB? .
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3.4. KopoTkuii coseHOHA paguyca R OKpyXaeT AJHHHBIN
cosieHoH 1 paauyca r. Uncjao BHTKOB KOPOTKOro costeHonaa N
YHCJIO BHTKOB Ha €JHHHIY JJHHBl JJHHHOTO COJMEHOHza fl.
YHepes kopoTkuil comeHonp Tewer Tok [ = [, sin of. Onpe-
JieJUTe HaNlpskKeHHe HA KOHIAX JJHHHOTO COJIEHOHAA.

3.5. UeMy paBHa MHIYKTHBHOCTb COJIEHOMJA pajuyca R-H
aaueel [ (R & l)? Uncso BHTKOB Ha- €JHHHILY ,ZLJIHHbI coJie-
HOHJa 1.

3.6. PaBuomepHO pacnpeaeneﬂﬂme TOKH B JBYX napaJ-
JIeTBHBIX IJIOCKOCTAX @ X b NPOTHBOIOJOXKHO HAamnpabJeHLi.

77/

K 3anaue 3.6. K sapaue 3.10.

Paccrosnune Mexay miaockocTsMH h. OleHHTe HHAYKTHBHOCTD
NJI0CKOCTel, eCiH i MHOI'O MeHblle JIHHEHHbIX pPasnMepos o-
CKOCTeH.

3.7%. JIMHHA COCTOMT H3 JBYX KOAaKCHAJbHBIX TOHKHX IIH-
JIMHJDHUYECKHX 0GoJI0ueK paiuycoB a U b (a < b). llpoctpan-
CTBO Me:X1Y HHMH 3allOJIHeHO BelleCTBOM ¢ MATHHUTHOH NpPOHH-
naeMoctbio W. Hafiaute HHAYKTHBHOCTb JHHHH HAa €AHHHILY
Jauebl. [lo nHauHApaM TeKyT paBHble 1O MOAYJIO, HO MPOTH-
BOIIOJIOKHBIE 110 HAlpaBJeHUIO TOKH.

3.8*. BHyTpH TOHKO# npoBojsiliell IHIHHADHYECKOH 06o-
JIOUKH pajuyca @ HaXOJHTCSH KOAaKCHAJBHBIH NpoBoj pajuyca b,
MarHHTHas MPOHHIIAEMOCTb KOTOpOro W,. IlpocTpancTBo Mexay
HHMH 3aMoJIHeHO BellleCTBOM ¢ MAarHUTHOH NMPOHHIIAEMOCTBIO Uo.
HafianTe HHAYKTHBHOCTD JINHHH HA €IHHHILY AJHHEL. TOK B nipo-
BOJie PaBeH [0 MOAYJIO H NPOTHBONOJOMXKEH MO HanpaBJeHHIO
TOKY UMJHHIpHYecKOH oGosouxkd. CyuTaTh, YTO TOK pacipe-
JesleH PaBHOMEPHO 1O CeyeHHIO NpOBOJA.

3.9*, HalizuTe MHIYKTHBHOCTb HAa €IHHHIY IJHHBI JBYX-
[IDOBOAHOH JHHHH. JIMHHS COCTOHT H3 JBYX NapaJJeJbHBIX
NpAMBIX TNPOBOJOB PajHyCa @, DacCTOSiIHHE MeXJY OCEeBbIMH
JIHHHAMH A > a. [To npoBojaM TeKyT paBHHE 0 MOAYJIO, HO
TPOTHBOIIQJIOKHbBIE 110 HanpaBJeHHIO TOKH. MarHuTHOro noJss
EHYTPH NPOBOJOB HeT.

3.10. Uemy paBHa HHAYKTHBHOCTb [BYX COJIEHOHJOB pa-
AHYCOB Ry H R,, coelMHEeHHbIX TaK, KaK NoKasaho Ha PUCYHKe?
BHyTpeHHHI COJIEHOH HMeeT NJIHHY ll, BHeHHH [, Ymncno
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BHTKOB Ha €JHHHIY JJIHHBI BHEIUHErO COJIEHOHJA M;, BHYTpeH-
Hero n,. PaccMoTpHTe coryuan, Korjga HarnpaBJieHHs TOKOB B BHT-
Kax oOOHX COJNIEHOHZOB: a) OJIHHAKOBHI; 6) NPOTHBOMOJOKHEL

3.11. Bce pasMmepsl NpoBOIHHKA YBeJIMUHJH B R pas. Kak
H3MEHHTCA HHAYKTHBHOCTH NPOBOJHHKA?

3.12. O6veMm cosntenonga 10°4, ero unaykrusHocts 0,01 T'n.
Ha conenonn nonanmu Hanpsixenune 10 B. Uepes kakoe BpeMs
nocJsie NMojJa4yy HanpsKeHHs HHAYKIHS MarHUTHOTO IOJSl B CO-
JeHouae craHer pasHoit 0,1 Tu?

3.13. Llenb cocTonT U3 JBYX MOC/IEA0BATETBHO COENHHEHHbIX
KaTylleX HHIYKTHBHocTe#l L, u L,. BaanMHasg MHIYKTHBHOCTb
Katviiek Ly,. Halfigure nosHylo HHAYKTHBHOCTh llend. Kax
H3MeHHTCS TNOJIHAsA HHAYKTHBHOCTb, €CJH BHTKH OJHOH Ka-
TYIIKH I1ePeMOTaTh B JAPYTYIO CTOPOHY?

3.14*, Ha ojuH cepieyHHK HaMOTAaHBI jiBeé KaTyluku. MH-

IVKTHBHOCTH KaTyileK B OTZeABHOCTH Ly n L,. Uemy paBHa
B3auMHas I‘IH}J,YKTHBHOCTI)')
PaccesasneM MAarHUTHOTO I10-
o "'—_""‘_(] |, Jisl peHeOpeyb.

. fg;;‘) 1 3.15*, B nepBuuHo#l Ka-

fpsine? < # "’kF TylUlKe TpaxchopMaropa Te-

st 177" uer tok I, sin of. Maruur-

HBIH [IOTOK, CO3JaBaeMblil

. STHM TOKOM, KPaKTHUeCKH

K sapaue 3.15*. NOMHOCTbIO  TPOXOJUT  Ye-

pes KeJle3HbIHl CepAeYHHK

Tpanchopmaropa. MarnutHas npoHHIIaeMOCTb CepAeUHHKA .

Omnpejeante 3. 1. C. HHAYKIHH BO BTOPHYHOH Pa3OMKHYTON

KaTylIKe, eCJIH YHCAO BUTKOB B MEPBHYHOH KaTyllke N, a BO

Bropuunoit N,. Kakoe HanpsiKeHre mojaercss Ha IepPBHUHYIO

Karywry? CeueHne cepjieunska tpancopmaropa S. ddeKkTuB-
Hasl JiMHa cepjieyHika [.

3.16. Tox B nepBuuHOH 0oOMOTKe TpancdopmaTopa paBHO-
MepHo yeeauunBaioT. Ilo kakoMy 3aKOHY MeHseTcs Hanpsxe-
HHe BO BTOPHYHOH OOGMOTKe?

3.17. TlokamxuTe, uto B TpanchopmaTope Ge3 noTephb ¢ 3aMK-
HYTOH HAaKOPOTKO BTOPHYHOH OOMOTKOH HMeeT MeCTO COOTHO-
wenne /1, = Ny/N,, rne I, n [, — TokH, a Ny 1 Ny — uncio
BHTKOB B OOMOTKaX.

3.18%, a) Hoquy OIlacHO 3aMbIKaHHe -XoTaA Obl OJHOTO
BHTKA BTOPHYHOH OOGMOTKH TpaHC(bopMaTopa9

6) 3aMbikaHHe BUTKA BTOPHYHOI O6MOTKH NPHBOAUT HHOTa
K BHXONY M3 CTPOSl NepBHYHOH OBMOTKH TpaHcdopmaropa.
IMouemy 3710 mMpoucxoaut?
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3.19. O6bacuuTe yCTPORCTBO N1a60OPaTOPHOrO peryJIHpOBO'-I-
Horo TpaHctdopmaropa (JIATP).

3.20. IToueMy HarpyxeHuHbll Tpancdopmarop ryaut? Ka-
KOBa OCHOBHasl 4acTOTa 3ByKa, €C/il TPaHCHOpMaTop BKJIOUEH
B IPOMBIIIEHHYIO CETh?

3.21. 3auem cepaeyHHK TpaHchopmartopa COGHPAlOT U3 OT-
JeJbHBIX MJIACTHH?

3.22. JIns NHTAHHS 3JEKTPHUECKOTO 3BOHKA I0Jb3YIOTCS
NoOHMKamuM TpaHchopmaTopoM. [louevy oOBHYHO KHONKA
(BKJKXUATE/Ib) 3BOHKA BKJIKXUEHA BO BTOPHYHVIO LeNb, a mep-
BHYHAA LeNb OCTAETCS HOCTOSHHO NOJKJIOUEHHOHR K CeTH?

W\HWKHHH o | — -
& ﬁ :;7 2 /_:
o 2208 g_l____,’ [ -
K sapaue 3.19, K sapnaue 3,23.

3.23. Ha XenesHblll cepleYHMK HAMOTaHBI JIBeé KAaTYUIKH.
MarHuTHEI MOTOK, cO37MaBaeMbI KaxkJOH KaTYIIKOH, He BEI-
XOJMT U3 CepleYHHKA H JeJIUTCSl NOPOBHY B pasBeTBJEHHUSX.
Ilpu BKIUEHHH KATYLIKH [ B 1eNb NMepeMeHHOro TOKa ¢ Ha-
npsaxenueM 40 B HanpsaxeHHe Ha karylike 2 pasHo [0 B.
Kakoe wnanpsikenue 6yfeT Ha PasOMKHYTBEIX 3axiUMaX Ka-
TYLIKH /, eci¥ KaTyIIKy 2 BKJIOUHTD B LieNb NepeMeHHOro ToKa
¢ nanpsixkeHuem 10 B? .

3.24*, ViMeercs 1Ba OJHHAKOBBIX HJeastbHBIX TpaHchopMa-
Topa ¢ KoathduipientaMu TpaHcdhopmauun | : 3. [lepBuuHas
08MOTKa OJHOI0 M3 HHX COeJHHEHA MNOCJeI0BATENLHO CO BTO-
PHYHOI BTOPOro, H CBOGOJHbBIE KOHIBI 3THX 0OMOTOK BKJIIOUEHH
B CceThb NepeMeHHOro Toka ¢ Hanps:xenueMm 100 B. Bropuunas
06MOTKa MNepBOro TpaHcopMaTopa MOCAENOBATENBHO COEMIM-
HeHa ¢ nepBUYHOH 0OMOTKOH BTOporo. Onpejenute aMnauTy1y
repeMeHHOr0 HanpAKeHHS MeX1y ApPYrUMH KOHIIAMH OGMOTOK.

3.25*, TlokaxHuTe, 4TO TpaHCGopMaTop 6e3 paccesiHH S, OMI-
YeCKHM CONpOTHBJAEHHEeM OOMOTOK KOTOPOI0 MOXHO MpeHeb-
peub, paboTaromHi Ha OMHYeCKYI0 HAarpysky, NpeicTaBJser
JAJA UCTOYHHKA 3. 1. C. TAKYIO Ke HAarpysky, Kak H cXeMa,
H306paxeHHas Ha PUCYHKe cnpaBa (# — KO3pDHIEHT TpaH-
copMaluu).
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n

K sapaue 3.25%,

3.26*. Ha TtopouaanbHb#t cepieunnk H3 ¢eppHTa ¢ Mar-
HUTHOH npoHuuaemocTbio U = 2000 HaMOTaHb! JBe KaTYLIKH:
neppuuHas cofepxut 2000 BuTKOB, BTopHuHas 4000 BuTKOD.
Korna Ha nepBHuHyr KaTyIIKy ObLJIO NOJAHO HampsikeHHE
100 B, Ha pasomkHyTOH BTOpHMuHOH Gbl1o 199 B. Haiigure,
KaKkoe HampsiKeHue 6yeT HAa PA30MKHYTOH BTOPHYHOM KaTyllIKe,
€CJIM CepJIeYHHK 3aMeHHTh Ha CepJedHHK TaKOro Xe pas3mépa,
HO 113 ¢epputa.c p’ = 200. PaccesitHneM MarHHTHOTO MOTOKA H
[0TePSAMH B CepredyHHKe npeHebpeus.

3.27*. Tloayunte opMyay AJs1 HHAYKTHBHOCTH COJIEHOHAR,
He npeHe6perasi BJAMSHHEM Ha HHAYKTHBHOCTb MacChl 3JEKT-
poHa m,. CeueHHe NMpOBOJA COJIEHOHJA S; YHCJIO 3JEKTPOHOB
NPOBOJMMOCTH B eJHHHIE o0beMa INPOBOJHHKA 1N, JJHHA,
paiuycC H YHCJIO BUTKOB COJIeHOHAA paBHH [, R 1 N. MoxXHO JH
npeHefpeyb 5THM BJAHAHHEM A5 HHAYKTHBHOCTEH, HCMOJb3ye-
MBIX B pajHOTeXHHKe?

§ 11.4. daekTpuyeckHe uenu nepeMeHHOro Toka

Barapes Ge3s BHYTPEHHETO CONPOTHBJAEHHS MOAKJIIOUEHa
K COJeHOWJY HMHAYKTHBHOCTH L. OmnpejpesnuTe TOK B 3aBHCH-
MOCTH OT BPEMeHH, eclH 3. . c. Oarapen €. Halinure paGory
Gatapeu 3a BpeMs T. B Kako# BHJ HepruH NpeBpaliaeTcs 37a
pabora?

4.2*%, Teneparop ¢ 3. A. ¢. & = &, sin of B momenT { = 0
NOAKJIOUAIOT K KaTylike MHAYKTHBHOCTH - L. Onpenenute ToK
B LenH B 3aBHCHMOCTH OT BpeMeHH. OMHUYECKHM CONPOTHB-
JeHHeM Lenu npeHetpeub. OGbSICHHTE MONYUYEHHBIH pe3y/bTar.
MOXHO JH JaHHYIO CXEMY HCIIOJNb30BaTb B Ka4eCTBE BLINPSIMH-
TeJss?

4.3. B uenu, cocrosilieil H3 3apsKeHHOro KoHAeHcaropa C,
H COJIeHOHMJa MHAYKTHBHOCTH L, 3amblikaloT Koy K. Kak
B 3aBHCHMOCTH OT BPEMEHH { JOJI)KHA H3MEHSITbCSI eMKOCTb
KOHJIeHcaTopa, YToGh! TOK B uemH Hapacran pSIMO NPONOPUHO-
HaJIbHO BpEMeHH?

4.4. B nso6paxeHHOH Ha pHCYHKe LeNH KoHieHcatop C
sapskeH a0 HanpsikeHusa U, CHavasna 3aMblKaloT- Kmou K.
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B MomeHT, KOra TOK Yepe3 HHIYKTHBHOCTb L JOCTHraeT Mak-
CHMaJIbHOTO 3HayeHusd,- 3aMbIKaloT Kiiou K,, OIHOBpPEMEHHO
paambikas K;. KakuM okaswiBaercss HauGoJbliee 3HaueHHe
HanpseHUs Ha CONPOTHBJEHHH R?

4.5. a) B xaxoli MOMEHT HCKPHT PYGHIBHHK — NPH 3aMbI-
KaHHH HJaM pasMbiKaHuu? Ilouemy HCKpeHue npekpaiiaercs,
€CJIH. NapanieNbHo pyGH/bHIIKY BKJIOYHTL KOHJEHCATOP?

6) Yacrora HanpsiKeHUs B 3JieKTPUYECKON LENH v, HHAYK-
THBHOCTB lieni L. Kakyio eMKOCTb HYKHO NOJACOEIMHHTD ap as-
JIeJIbHO HHJIYKTHBHOCTH, YTOOBI NpPH pPa3MBIKAHHH KOHTaKTa
BO3HHKA/NO r-KpaTHoe nepeHanpsixkeHne? Onpejnenute 3Ty
eMKocTb B cayuae v = 50 I'n, L = 0,1 T'u, n = 10. ,

4.6. VicTouHHK C 3. A. C. & U HYJIEBbIM BHYTPEHHHM COINPO-
THBJIEHHEM B MOMEHT BpeMeHH { = () MOAKJ/IOYAIOT K IOCJEN0-
BaTe/IbHO COeJUHEHHBIM HHIAYKTHUBHOCTH L u emkoctu C. Hai-
JUTe MaKCHMaJIbHBIA TOK B llelH W MaKCUMaJbHbIH 3apsj KOH-
JeHcaropa.

4.7. Halizute MakcHManbHble TOKH B WHIYKTHBHOCTAX L,
u L, nocne saMblkaHusi KJawoda K B nenu, n3obpakeHHOl Ha
pucyHke. EMKoctb KoHAaeHcatopa C, HauajbHOe Hanpsixe-
Hue U.

4.8. B cxeme, usobpaxeHHOH Ha PUCYHKe, B MOMEHT Bpe-
MeHH ! = 0 3ambixaioT Kiaod. Onpenesute TOK B LENH, €CIH:
a) MCTOYHMK JaeT NOCTosiHHoe HanpsikeHue U,; 6) HCTOUHHK
J1eT KOCUHycouja/ibHoe HanpsixkeHue U, cos wf.' Onpeneniite
MaKCUMaJbHBIH TOK, ecan U, = 100 B, L =102 I'n, C =
=103 @, v= w/2rn = 50 '

4.9*. B mMomeHT BpeMeHH ¢ = ( TOK B KOHTYype paBeH f,,
a HanpsikeHHe Ha WHIYKTHBHOCTH paBHO HyJwo. Haligute Tok
B IocCJIeyiolllie MOMEHTb! BpeMeHu. Yepes Kakoe BpeMs 3JeKT-
POMAarHHTHasA 3HeprHsi KOHTypa yMeHbluuTca BABoe? CuHTaTh
R<LVLIC.

4.10. Hafiqute ycTaHOBUBLIMICS TOK B IeNH, H300paxKeH-
Holl Ha pucyHke. KaTyuiku He 06/1aa10T B3aUMHOH HHIYKTHB=
HOCTBIO.

4.11. Cxema Mocta npuBejeHa Ha pucyHKe. Ilpu kakux
cooTHouleHUAX BeduuuH L u C TOK uepe3 rajbBaHOMETP
OyzeT paBeH HyJo? ]

4.12. TlonGepuTe HWHAYKTHBHOCTbL apoccensi, L Tak, YTOGLI
aMIIuTyAa HanpsixkeHus U, Ha BbIXofie GH/IBTPA NPH 4YacCTOTe
100 T'u 6bi1a B 10 pas menbuie amnautyasl U; Ha BXoge.

4,13*. Umeetca ¢a3zocasuramiias Lenb. K kiemmam 4
‘u B nogeomutcs HanpsixkeHue V = V,sin of, a ¢ Kiemm M
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1 N cHumaercs HanpsxeHue U = U, sin (of — ¢). Hafinute
Uy u ¢ pu RC = R,C,.

4,14. 3HaueHHS Hanps:KEeHHS, TOKa M cJABHTa (a3 Mexny
HanpsiKeHHeM H TOKOM B II€NH HArpysKH MNOKa3aHBl Ha Bek-

® 724

&°
7208
K sajaue 4.14.

TOpHOH auarpamme. OnpejieIuTe aMIIUTYAY 3. A. C. HCTOUHHKA
H K. I. . YCTaHOBKH, ecad R == 10 Om.

4.15. Hailigure ycTaHOBHBIIMECS TOKH B 3JEKTPHUECKHX
nensx, u3o6paxeHHbIX Ha PHCYHKe. BHYTpeHHHe conpoTHBIe~
HHSl HMCTOYHHKOB HamnpfXeHus paBHH Hymo. Onpejenurte

sine?  §;sinef R &, 2 &ysinet 4

Q) )
K sapaue 4,15,

Cpe/IHHe MOUIHOCTH, BEIEAfAIOmHeCs B LensX, ecau &, = 200 B,
R =100 OM, C = 10*% @, L = 1 I'n. Yacrora HanpskeHus
HCTOUHHKa © = 2150 7L,

4.16. TlocnenoBateibHO C 3JEKTPOIVIHTKOH B TOPOJCKYIO
CeTh NMOAKJIOUHIH KaTyIKy HHAYKTHBHOCTH L. I1pu 3TOM Moui-
HOCTh IUVIHTKH ynana B 2 pasa. Hailizute uuaykTHBHOCTL. Pa-
Gouee conpotuBieHHe MIHTKH R == 50 OM. AKTHBHEIM cOmpo-
THBJIEHHEM KaTYIUKH NpeHeOpeub. :

4.17. Hailizute peficTByOlUlee 3HAUEeHHE HANpPSIKEHHA TeHe-
paropa, BHpaGaThbiBaloWero NPAMOYTOJLHEIE HMIYJBCH C Ile-
puojgom T', IJUTENBHOCTBIO T M aMILTHTYIOH V.

4.18. DnekTpHUecKas LE€Mb, COCTOAILAs U3 JBYX KaTyllek
HHYKTHBHOCTH H JIaMIOYKH, NOAK/IIOUEHa K FeHepaTopy nepe-
MEHHOro HampsiaeHus. Ecau B OJHY M3 KaTylieK BIBHHYTDL
JKeJe3HHH cepleYHHK, TO CBeueHHe JaMIOYKHM YCHJIHBAeTCH.
Ecnu ke ceplieyHHK BABHHYTL BO BTOPYIO KaTyIIKy, TO CBe-

10 ‘ : , 291



YeHHe JaMIOUKH ocnabepaeT. COCTaBbTe CXEMY 3MEKTPHYECKOMH
HelH. '

4.19*, Havaabroe HanpsixkeHue Ha KoHIeHcatope Cy paBHO
V,. Uepes Kakoe BpeMs noc/e 3aMuiKaHHs Kiaioua K npo6bercst
KoHneHcaTop Cy, ecan ero NpoGOH NMPOHCXOAHT NMPH Hanpsixe-
Huu VP

K sapaue 4.19%, K sanzue 4.20%,

4.20*. Kougencatop emkoctu C, 3apsiKeHHHIH 1O Hanpe-
xeHusa Uy, paspsikaercsi uepes HHIYKTHBHOCTD L. Kakor
MaKCHMaJIbHBIH TOK MOXKHO TOJIyYHTb B HHIYKTHBHOCTH Ly, eC/H
3aMKHYTh Kaiou K B MOMEHT, KOrJia TOK B HHIYKTHBHOCTH L
MaKCHMaJieH?

4.21. a) Ilpu nepexome B CBepXmpoBojsiulee COCTOSIHHE

’ N TOJIbKO HeO6OJIblIasl 4acTb 3JIEKT-
i L POHOB IBHXETCS 6e3 CONMpPOTHBJIE-
i l - nus. CBepxXnpoBOASMHH CONEHON,

[, HHIYKTHBHOCTH L  samyckaoT,

HOAK/IoUast K HEMY B Teuelike Bpe-

T MEHH ! MOCTOSIHHOEe HaNpsAKEHHE.

R . MakcHMaJIbHEIH TOK B COJIEHOHJE:

K sanaue 4.216. I. Omnpenenute BepxHHH npenen

Temsa, BBIIEJSIIOIErocss B CoJle-

HOHJE IIpH - ero samycke. [lepex nepexoioM B. CBEPXIPOBO-
Jsillee COCTOSIHHE CONpPOTHBJIEHHE COJeHoHza Obl1o R.

6) Kax H3MenuTcsi 3TOT INpeles, €CaH COJNeHOHX OYyIeT

3allyCKaTbCsl OT CETH NePEeMEHHOr0 TOKa 10 cXeMe, 0Ka3aHHOH

Ha pucyHke? [Totepsimu B TpaHcopMaTope H [HOze MpeHeGpeyb.

L A 4 ' 4 4
A T&’ I&‘ —l—i' TJ' -I—-é’
K sapave 4.22%,
4.22%, TIpu pacnpoCTpaHeHHH CHHYCOHAA/bHBIX BOJH B
GeckoHeunofi LC-nemouke ¢aza KosneGaHHH HaNpsXEHHs B

KaXIOM y3Jle OTCTaeT Ha ¢ OT (asnl KoJieGaHUH B mpejlue-
. CTBYIOLLEM Y3.Je,
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Onpenennre 3aBHCHMOCTL @ OT @, L, C. UeMy paBHa CKO-
POCTb pacnpoCTpaHeHHs CHHYCOHIaNbHOH BOMHH 1o LC-nenoy-
Ke, ecau iMHa sdeiiku [? Korga sta ckopocTh ciabo 3asH-
CHT OT ®?

§ 11.5. CoxpaHeHHe MAaTHHTHOT'O MOTOKA.
CBepXnpoBOAHHKH B MarHHTHOM moJje

5.1. TTouemy npH nedopMauHH CBepXMPOBOAALIETO KOJbIA
C TOKOM TNOJIHBIH MarHUTHBIH NMOTOK Yepes KOJIbIO COXpaHsaeTcs ?

5.2, lIuaunIpHYeCKYIO - META/VIHYECKYI0 OBGOJNOYKY pa-
JHyca R, KoTopas HAaxoIHJacb B MOCTOSIHHOM MArHHTHOM
nojle HHAYKOHH By, B3pLIBOM CXKajd g0 paxpuyca r. Ompege-
JIUTEe HHAYKUHIO MarHHTHOTO MOJISI BHYTPH CIKATOH OGOJIOUKH.
AKTHBHBIM COMPOTHB/IEHHEM OOOJIOYKH MpeHeGpeub.

K 3apaue 5.2. ) K sanpaue 5.4,

5.3. Kak H3MeHHTCS TOK B JBYX yJaJeHHLIX APYT OT Apyra
OJMHAKOBLIX TOHKHX KOJbIaX H3 CBepXIPOBOIHHKA C TOKOM [
MpH MX COBMELIEHHU? ‘

5.4. ‘CBepXmpoBojsiuee Koabuo ¢ TOKOM [ CBEpHYJIH B
«BOCBMEDKY», a 3aTeM CJOXKHJIH B jBoHHOe Koabuo. Ompefe-’
JIHTE TOK B IBOHHOM KoOJble. Bo CKONMbKO pas HHAYKLHS Mar-
HHTHOTO MOJIS B HEHTpPe ABOHHOTO KoJibLa 0Obllle HHAYKIHH
MAarHHTHOTO MOAS B LEHTpPe NePBOHAYaJbHOI'O KOJbLA?

5.5. KOpOTKO3aMKHYTHI JJMHHEIH COJIEHOHI ¢ ToKoMm I,
CleMaHHbIl H3 CBEPXMPOBOJHHKA, CKalH TakK, YTO €ro JJIHHA
yMeHblIHAach B 3 pasa.- Kak H3MeHHTCS TOK B COJEHOMIe?
Llar BuTRa COJIEHOMJA MHOTO MEHBIIe ero pajHyca.

5.6. [lo KOpOTKO3aMKHYTOH CBepXNpOBOAsALlIEH KaTyllKe
JIJIHHDBI [, mpoTeKaeT cpenHui TOK [y. [IJIHHA KaTyIIKH MeHAeTCS
no sakoHy [ = I, + a cos ot (a L l,). Halinute 3aBHCHMOCTB
TOKa OT BPEMEHH.

5.7. TlpoBogsiee KOMbLO HHAYKTHBHOCTH L Haxo,m{'rc;l BO
BHEIIIHEM MAarHHTHOM MoJe (MarHHTHBIH NMOTOK Yepe3 KOHTYD
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xoabla pased @;), 3aTeM TeMnepaTypa NOHHKAeTCA H KOJIbIIO
NePeBOJUTCS B CBEPXNPOBOAsilee cocTosiHHe. KaKol ToK Gyzer
TeYb MO KOJIbILY, €CTH BHIKJIIOUHTb BHeIIHee MarHHTHOE NoJje?

5.8. Cpepxmnpopojsilee KOJbLO HHAYKTHBHOCTH L, B KO-
TOpPOM TeueT TOK /o, BHOCHTCSl B OJHOPOJHOE MarHWTHOe IoJie
‘UHayKuMH B,. Hailigute TOK, KOTophli Gyjer nporekaTb MO
Kosbly. HopMasnp K NJIOCKOCTH KOJIbIld COCTABJISIET C Hampa-
BJIeHHEM B, yroa «; pajHyc KoJblia 4.

5.9*%, B mocTosiHHOM OJHOPOZHOM MarHHTHOM NOJI€ HHJIYK-
Iuu B HaXOAMTCA KPYIJIoe NMPOBOASILEE KOJbLO Dajuyca a.
B HauaJpHBIH MOMEHT NJIOCKOCTb KOJIbLlA NapalJelbHa M0JI0
H TOK B KOJiblie oTCyTCTBYeT, Onpejesute TOK B KOJbIE Nocae
NOBOpOTA ero Tak, 4TO IWIOCKOCTb cTaja NepNeHAHKYJsApHa
MarHHTHBIM CHJIOBbLIM JIHHHAM. BBIUHCIHTE HHAYKLMIO 10JA
B LIEHTPe KOJbIld U NOCTPOHTEe MPUMepHHIA IpaduK usMeHeHUd
HHIYKIHH T0JS 1O OJHOMY H3 JHaMeTpOB. I/IH,ZIyKTHBHOCTb
Kosbna L.

5.10*, Uepes KaTywKy ceyeHHs S H JJIHHBI A, H3TOTOBJIEH
AYIO M3 CBepXNpPOBOAALIEH NPOBOJIOKH, NPOJIETAET C MOCTOSIH-
HOH{ CKOpOCTBIO CBEPXNPOBOASIIUHA CTepXKeHb .CEUEHHS] O U
zausbl [. Haueprurte rpaduk 3aBHCHMOCTH TOKa B KaTyIUKe
OT TOJIOKEHHS CTepKHs, eCIH KaTyllKa 3aMKHYTa HaKOPOTKO
‘M HauaJIbHBIH Tox B melt /. PaccMorpute cayuan: a) 1>k
6) [ £ h. KpaeewMu 3dhdeKTaMH npeHeGpeyb.

K sanaue 5.11%, "K sapaue 5.13%,

5,11*. BrniuncauTe  MHAYKTHBHOCTh  CBEPXNPOBOASIIErO
KDYT/IOTO coJleHouaa cevenns S H AiuHbL A (b > }/S), nowve-
LIEHHOTO Ha OCH AJIMHHOH CBEePXMpOBOAAEH IUJIHHAPHIECKOH
Tpy6hl. [lnomanb 3a3opa Mexxay Tpy6oil U cosleHOHAOM 0 (A >
> ]/B). Yucsao BUTKOB coJsieHonga N. HaliguTte cuabl, geicr-
BYIOLIHE Ha COJIEHOM] NpH NPOTeKaHHH [0 HeMy Toka I.

5.12*%, Uepes juHHBIA NpAMOH NpPOBOJ, KOTODBIA Haxo-
JIUTCSL Ha BBICOTe A HaJl CBEPXNpOBOAsLUell MJIOCKOCTBIO, NpPOo-
nyctani 1ok I. UeMy paBHO MaKCuMaslbHOEe MarHHTHOE JaB-
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JIeHHe Ha TOBepXHOCTb CBepXNpoBoAHHKa? C Kakol cunoit
JeHCTBYeT CBePXNMPOBOJHUK Ha eNUHULY ATHHBl MpoBoja?

5.13*. B KOpPOTKO3aMKHYTOM CBepXNPOBOJSIIEM COJNEHOHIE
teueT TOK /. OnpejiesiuTe yCTaHOBUBLIYIOCS BBICOTY COJICHOUA
M TOK B HeM MoCJe TOTO, KaK Ha BEPXHHH Topel CoJeHOHAa
MOJIOKUIHY TPY3 MacChl 7, eClH COJeHOU] He nedopMUpyeTcs '
B pajyajbHOM HampaBJeHHH, a NpHU JepOopMaluH B OCEBOM
HalpaBJeHUH BefeT cefsi Kak MPYKHHA KeCTKocTH k. CeueHle
coJeHouga S, HauanbHasl BBICOTA Hy.

5.14%, JIMHHHBIH KOPOTKO3aMKHYTBIHl COJIEHOMJ H3 CBepX-
NPOBOJHHKA BJABHFAIOT B MarHUTHOe MNoJe HHAYKUMH B, nof
YIJIOM O K HanpaBJeHHIO noJsi. Kak pacnpeaenuTcss HHAYKUHS
MarHHTHOTO TOJIf B COJEHOMJE, €CJAH OH JIHIIb HanoJOBHHY |

K 3apaue 5.14*, K sapaye 5.16*,

BofizeT Bo BHemHee mnojse? Kakywo pa6oTy Haio COBepIIHTD,
4TOGBl BBITAIUTb 3TOT COJIEHOHJ U3 MarHuTHoro moasi? Ceye-

Hue cojeHoupa S, pauna [ (I > V'S).

5.15%. Brosp ocH AJMHHOH CBEPXNMPOBOASINEH KpYr/oh
TpyOLl ceueHHst S Ha GOJIBILOM PACCTOSHHH PacloJioKeHa Ko-
POTKO3aMKHYyTas CBepXNpoOBOJAsllas KaTyllka ¢ TOKoM [.
UHco BUTKOB B Karylike N, NJHHa KaTyLIKH H CeueHHe h
H 0, Macca KaTywku m. Kakyio CKOpOCTb HYXKHO COOOIIHTb
KaTyIKe, 4ToObl OHA NpoJeTesa CKBO3b 3aKpeleHHyIo Tpy6y?

5.16*%. Kakell MUHHMAaJbHOH CKOPOCTBHIO NO/MXKeH 06JajaTh
CBepXNPOBOAAIHA TOHKHH CTepxKeHb ceyeHHsa S, AJMHBI [
M Macchl m, 4yToObl BJIETETh B NpPOAONBbHOE MarHHTHOE TMOJe
MHAYKUHH B? ’

5.17*. Mexay nByMs IIMHaMHU C MOCTOSIHHOH CKOPOCTBIO U,
JBHKeTCS MOpIIeHb MO HaNpaBJeHHIO K MepeMbluKe Macchl 1.
Onu 06pa3yioT CBepXMpPOBOASAILYIO Lenb. Halinute MakcHMalb-
HYIO CKOPOCTb NEpeMBIUKH, eCJU B HauaabHbllf MOMEHT OHa
JIOKOMJACh, TOK B LenH Gbl1 /o, a pacCTOSEUE MeXKIY MOPIIHEM
H epeMbluKoH X, WHAYKTHBHOCTb Ha eAMHHMLY AJIMHBI IUHH L,
TPEHUS HeT,
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5.18*, KopoGka H3 cBepXnpOBOAHHKA DasjeseHa Ha 1Be
paBHble YacTH CBEpPXTPOBOAsiEH mNepeMBIUKOH TOJINMHEL d.
Pasmeprr kopo6KH nokasanel Ha pHcyHKe (h <& a, [). Tlo xo-
poOKe mneprneHUKYJISPHO MepeMbluKe LUPKYJIHpYET TOK, JIH-

(=7

—l——:»Up /JT
/
K sapaue 5.17*, ' A K sapzue 5.18%,

HeilHasl MIOTHOCTb KoToporo i. C KaKofl wacroToil 6yner KoJe-
61TbCA mepeMBluKa, €CIH el COOOWHTb BJOJb KOPOOGKH He-
OOJBIIYI0 CKOPOCTL? Macca nepeMblUKH .

5.19*. MesnHoe KOJBUO pajHyca @ W Macchl /M BHCHT Ha
HHTH, COBepILIasi MaJkle KPYTHJbHBIE KoJebaHHs ¢ nepHonoM T.
HMuaykTHBHOCTD KoJbla L. Kak H3MEHHUTCS nepuHoj KoJeGaHHIT
KOJIbLld, €CJIH €ro IOMeCTUTh B OJAHOPOJHOE MarHHTHOE IoJe
HHAYKUHH B,, HanpasJeHHe KOTOPOTO NMEPHEeHAHKYJSPHO MJI0-
CKOCTH KOJIbLIa B IIOJIOXKEHHH DaBHOBecHs? MOMeHT WHepuuu
KOJIbILa OTHOCHTEJIBHO OCH, NIPOXOASLe 10 1uaMerpy, pased J.
ConpoTHBJIeHHEeM KOJbIA npenebpeub.

5.20*, B oaHOpONHOM MArHHTHOM Ii0JI€ HHAYKUHH B Haxo-
JSTCH 1Be BeDTHKaJbHbIE DeHKH, DACIIOJOKEHHBIE B IVIOCKOCTH,
flepIEeHUKYASIDHOA CHJIOBBIM JHHHAM nodasi. [lo pefikam mo-
3eT CKOJIb3UTh 0e3 TPeHHH IPOBOIHHK JJIMHBEI [ W MaccH .
Onuiute ABHXKEHHE IPOBOJHHKA, €C/JIH BepXHHE KOHIBl PeeK
3aMKHYTBEl Ha HHAYKTHBHOCTH L. YCKOpeHHe CBOGOAHOrO ma- -
jenust g, ConpoTHBJIEHHEM KOHTAKTOB H peeK npeHeGpeub.

5.21*. BuyTpu npoBopsiell - IHIHHAPUUECKOH 0GOJM0UKH
CO3aHO MarHuTHoe 1nose. OGosouke cooblaeTcst CKOPOCTb ¥
TakuM o0pasoM, 4TO 06OJOUKA HAUMHAET CXKUMAThC K OCH,
He Tepsst cUMMeTpud. HafinuTe MakCUMaNBHYIO HHIYKIHIO
MarHUTHOTO MOJsI, KOTOpasi MoxKeT OBITb MoJydeHd TaKHM
crioco6oM, ecsii HayaabHast HHAyKuus By = 10 Tor, v = 3 km/c,
HayaJbHBIH paguyc obosoukn R = 20 cM, TOJUMHA CTEHKH
~0,5 cM, nuoTHOCTE MaTepuasa obosouku 8,9 r/cm®. Hailinure
MaKCHMaJIbHOe MaTHHUTHOe JaBJeHHe, JefCTBYyIOllee Ha 06o-
JOYKY. DJEKTPHUECKHM CONpPOTHBJEHHEM oéonoqxu npewe- -
6peub. '
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5.22*, Ua-3a KoHe4HON Macchl 3/J1€KTPOHOB BHeIllHee Mar-
HUTHOE MoJiIe HHAYKUHH B, He NOJHOCTBIO SKPAaHHPYeTCA ¢BepX-
NPOBOAHHKOM H YaCTHYHO NPOHHKAeT B JJIMHHYIO CBePXNpPOBO-
pamyio Tpy6ky. Och TpyGKH HanpasJieHa BJOJAb MarHHTHOIO
noss, paguyc Tpy6kH K MHoro 6oJiblie TOJIIHMHBEI CT€HKH
Tpy6Ku h. UucI0 cBepXnpOBOAALNX 3J€KTPOHOB B €XHHHIE
ofreMa MaTepHana TpYOKH n,. PaccuuraliTe HHAYKLUHIO 3TOTrO
nons B cayyae By =10 Ta, R =1 mm, 2 = 0,1 MM, 2, =
== 1020 cM73

5.23*. Ec/H pacKpyTHTb 10 YrJOBOH CKOPOCTH & JJHHHBIH
CBEPXNPOBOAAIMA TOHKOCTEHHBIH UHJIHHAP BOKPYr €ro OCH,
TO BHYTPH WUHJMHApPa BO3HHKdeT MarHuTHoe noJe. Hakpure
€ro HHAYKLHIO.

§ 11.6. CBs13b mepeMeHHOr0 NEKTPHUYECKOTO MOJS
¢ MArHUTHBIM

6.1. CornacHO 3aKOHY 3JeKTPOMAarHUTHOH HHAYKLHUH ne-

PEMeHHOe MarHHTHOE€ IIOJIE€ INOPOXKAaeT BHXPEBOE 3JEKTpHUE-
CKOe TioJie. Touno Tak 2K¢ NEPEMEHHOE 3JIEKTPHHECKOE 1oJIe

s

uniil ;

gent E-nt

]

&

a) )
K sanaue 6.1,

NOPOXK/AaeT BHXPEBOE MarHHTHOE TOJIE, TOJbKO NIPH H3MEHEHHH
3JIEKTPHYECKOTO TIOJIA HanpasJeHHe BeKTopa B o6pasyer
npaBblil BUHT ¢ HanpabJjeHueM Bektopa dE/df. Kosbduument
ke nponopuHoHanpHoctH B CI'C, cBA3bBarolHi a6CcoMOTHOE
3HayeHHe .LHPKYJIAUHH (paGoThl) IO KOHTYPY BeKTOpa OJHOro
MoJIsl CO CKOPOCTbIO H3MEHeHHS NOTOKAa BEKTOPa Yepe3 3TOT
KOHTYp APYroro moJis, B o6OHX SIBJEHHAX OAUHaKoB. [loJib-
3yfChb 3THM CBOHCTBOM 3/1eKTPOMarHHUTHOIO TOJISI, ONpejiesTuTe
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B CI'C 1 CH 3aBHCHMOCTb LUMPKYJSUHH BeKTOpa HHIAYKLHH
MarHHTHOT'0 MOJIS 110 KOHTYPY OT CKOPOCTH H3MEHeHHS! MOTOKa
HanpsxKeHHOCTH 3JIeKTPHYeCKOTO MOJIST yepe3 3TOT KOHTYP.

6.2. a) IlnockHH KOHJEHCATOp IBHKETCS CO CKOPOCTBIO @
BNOJIb CBOMX MacTHH. HanpsieHHOCTb 3JEKTPHUYECKOTO MOJIsi
mexay nnacteHaMH E. OnpefennTe CKOPOCTb H3MEHEHHS MO~
TOKa HAnpKeHHOCTH 3JIEKTPHUECKOTO MOJs Yepes IMpsIMOo-
YrOJNBHBIH KOHTYp abcd M UHDKYJASIUHIO BeKTOpa HHAYKIHH
MATHHTHOTO MOJISI MO 3TOMY KOHTYpY. Kak cBsizaHbl HCKOMBIE
pennunusl B CH? B CTC?

K 3agaue 6.2.

6) IlpuBenuTe npHMepHl, MNOATBEPIKAAIOUHE MPONOPUHO-
HaJbHOCTb UHMPKYJSIHH BeKTOPa HHAYKIHH MarHHTHOTO IOJs
10 KOHTYPY CKOPOCTH H3MeHeHHS NMOTOKa HANPSAKEHHOCTH 3J1eK-
TPHYECKOTO MOJIsI 4epe3 INOBEPXHOCTH, OT'PAHHUEHHYIO 3THM
KOHTYPOM.

6.3. Uemy 6bl1 paBeH NOTOK HaNpsIXKeHHOCTH 3JI€KTPHYeC-
KOTO MOJIsI yepe3 MJIOLajb, OTPAHHYeHHYIO 3aMKHYTHIM KOHTY -
POM, eC]H IIPH DPABHOMEDHOM YOBIBAHHH 3TOT'O NMOTOKA JI0 HYJIS B
TeueHHe | MKCB KOHTYpPe BO3HHKaeT LMPKYJALMS BeKTOpa
WHAYKUHMH MarHuTHoro moast 0,001 Tu-wm?

V 6.4%. MaruuTHoe mosie Npu paspsiike KOHIEHCATOpa CO3-
JlaeTcsl He TOJbKO TOKOM B IPOBOJHHKE, HO H H3MEHSIOLUHMCS
3JIEKTPHUECKHM TMOJIeM B NPOCTPAHCTBE MEXAY OOKNaJKaMH
KOHJIeHCaTopa, HpPHYeM H3MeHsIoleecs: 3JeKTPHUECKOe [MoJe
CO3JlaeT TAaKOe Xe MarHHTHOe MoJie, KaK ecsH 6l Mexxnay o06-
KJaJKaMH CyLIecTBOBaJ TOK, PaBHBIH TOKY B NPOBOAHHKe. [o-
KaXHTe 3TO. . )

6.5. Hanpsi:keHHOCTb OJHOPOJHOTO 3JIEKTPHYECKOTO MOJIA
BHYTPH IIJIOCKOTO KOHJeHcatopa ¢ o6knajikaMH paauyca 10 cm
JIHHEeHHO pacreT co BpeMeHeM: £ = af, rae a — 9-101 B/(m -c).
"Uemy paBHa HHAYKUHS MarHHTHOTO MOJSI BHYTPH KOHJeHCa-
TOpa Ha PaccTOAHHH 5 cM ot ero ocH? Iloctpoiite rpaduk 3a-
BHCHMOCTH HHAYKUHH MaTHHTHOTO IOJS OT PAcCTOSTHHS [0
OCH B CpeJHeH TJOCKOCTH KOHIeHCaTopa.
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6.6. B xosieGaTe/ibHOM KOHTYpe BO36YIMAH CBOGOAHbIE KO-
JgedaHHs. Bo cKoJbKO pa3 MaKCHManabHasi HHIYKLUHA MarHuT-
HOro MoJsi BHYTPH INIOCKOTO KOHJAEHCATOPa MEHblle MaKCH-
MaJbHO{l HHIYKUHMH MArHHTHOTO MOJISI B KaTyUIKe WHAYKTHB-
HocTH? PagHyc njacTHH KoHJeHcaTopa R, jgJuHa- KaTyuikH L,
YHCJIO BHTKOB M.

6.7. IljgockHii KoHIeHcaTop, HaNpsSKEHHOCTb 3JeKTpHUe-
CKOTO MoJisl BHYTpH KoToporo E, IBHIKETCS CO CKOPOCTBIO D.

Bektop ckopoctH ofpasyer v
YIoJ o ¢ IJOCKOCTBIO IJIaCTHH. —
UeMy paBHa HMHAYKIHS Mar- ef
HHTHOI'O NoJisl BHYTPH KOHJIEH- 77 7
catopa?
6.8. TIpH 1BHKeHHH paBHO- K 3anaue 6.8,

MEPHO 3apsKEHHOH MJacTHHBL
CO CKOPOCTBIO D NapaJJsieibHO MOBEPXHOCTH METAJIa BOSHHKAET
MarHuTHoe noje HHAyKiuH B. Onpelennte moBepXHOCTHYIO
[KIOTHOCTb 3apsifia MIACTHHBL.

6.9. a) BuyTpu nsockoro KoHJeHcaTopa napas/eqbHO ero
O0OKJIaZiKaM [BHIKETCSI CO CKODOCTBIO O NJIacTHHa H3 IPOBOJ-
HIKa, TOJLIHHA KOTOpPoli paBHa MOJIOBHHE DAcCTOSHHA MEXKIY
o0KJIaKaMH KOHjeHcaTopa. Mexay oOk/JaJKaMH KOHJeHca-
TOpa MNORJEp:KUBaeTc HanpsixkeHHe U, paccTosiHHe Mexny
HiMH h. UeMmy paBHa HHAYKUMS MarHHTHOTO NOJS1 BHYTPH
NpOBOAHHKA? Meikny JBHIKYLIHMCSI HPOBOAHHKOM H O6K/aj-
KaMH KOHJieHcaTopa?

6*) Kak H3MeHHTCH HHIYKIHS MArHHTHOTO MOJSl B [BH-
KymieHcs MJIacTHHE, €CJH NPOBOJAHHK B 3ajaye a) 3aMEHUTh
JIH3JeKTPHKOM C JH3JEKTPHYECKOH IPOHHIEEMOCTbIO &P

6.10*%, B HemoIBHIKHOH JH3JEKTPHUECKOH CpeJe C JHIIEKT-
PHYECKOH MPOHHIIAEMOCTBIO €& JBHIKETCS MapajjiejbHO CBOHM
njacTHHAM IJIOCKHE 3apsikeHHBbIH KoHpencatop. Kak wusme-
HUTCSl MHAYKIMS MarHHTHOrO moJisi BHYTPH KOHJeHcaTtopa,
ecaH cpeia GyaeT ABUraTbCS BMECTE C HHM?

6.11*. a) Hanpsi:keHHOCTb 3J€KTPHYECKOIO MOJSA BHYTPH
KPYIVIOTO IIOCKOTO KOHJEHCATOpa, 3aMOJHEHHOTO BelleCTBOM
C JIH3/JIeKTPHYeCKOH NDOHHLAEMOCTbIO &, JHHEHHO pacTeT €O
BpemereM: E = af. OnpenennTe HHAYKLHIO MarHHTHOTO [OJIS
BHYTPH KOHJEHCATOpa Ha PacCTOSHHH 7 OT ero LeHTpa.

6) HanpsixkeHne Ha oOKJajKaxX IJOCKOTO KOHJeHCaTopa
JHHefiHO pacTeT co BpemeHeM: U = a?. Pagnyc obkaanok R,
‘paccTosiHHe Mmexay HHMH h. Ilo ocH KOHpeHCaTopa BCTaBJieH
JIH3JE€KTPUYECKHH IMJIUHAD pajuyca 7- ¢ JH3JIeKTPHYECKOH
MPOHHULAeMOCThI0 €. OrnpefenuTe HHAYKLIHIO MAarHHTHOTO MOJS
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Ha OOKOBOH NOBEPXHOCTH NUJIHHAPAa H HAa KPai0 KOHIEHCA-
Topa. . '

6.12*, I'lnockuii H30MMPOBaHHBIH KOHJAEHCATOp, MJIACTHHLI
KOTOPOTr0 — napaJJesbHble MeTaJ/JIHYeCKHe KPYTH pajHyca R,
3an0JIeH BelIeCTBOM, HCK/OYas LEHTPaJbHYI0 HHJIHHIAPHYe-
ckylo ofsactb paanyca r. KoHpaeHcaTtop paspsxaercs yepes

4

Yy gy o @ "."'.>'.'_ ! *
7 vy g # 7 _:~'_'..
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b —.L—- l V4 I

K szagaue 6.11%G, K sapaue 6.12%,

3T0 BelllecTBO. Tok paspsaaku paBeH [. Onpejfenure 3aBHCH-
MOCTb HHAYKIIHH MarHHTHOTO NOJA BHYTPH KOHJEHCaTopa OT
paccrosHus 10 ocH KoHjeHcatopa. [locrpoiite rpadux 3TOH
3aBHCHMOCTH.

Tnasa 12. 3MEKTPOMATHHUTHBIE BOJIHbI

§ 12.1. CsoiicTBa, U3JyueHHE H OTPaMeHHe
9JIEKTPOMATHUTHBIX BOJIH

1.1, Ha pucyHke u3006paeH «MOMEHTAJbLHBIH CHHMOK»
- 3JIGKTPOMArHUTHOH BOJIHEL. Bextopsl E U B B BoJIHe neplneHiH-
KYJAPHLL APYT JpYry H NEPNeHJHKYJAPHLI HanpaBJeHHIO
pacnpocTpaHeHHsl BOJIHBI. Ecau Bpamiath 6ypaBuHK C NpaBoii
Hapeskoli oT BekTopa E K BeKTopy B, TO nocrynartesnbHoe
nepeMelieHie 6ypaBuHKa OYAeT COBNAJaTb € BEKTOPOM CKO- -
poctH BoaHbl ¢. [losb3ysicb 3THM npaBW/OM, OmNpeie/HTe,
B KaKOM HanpaBJIeHHH PacrpoCTpaHAeTCs BOJHA, H300paen-
Has Ha DHCYHKe.

1.2. Kak usMmeHHTCS HanpaBJeHHe pacCpOCTPaHEHHs 3JeK-
TPOMArHHTHOH BOJIHbI, €CJAH B BOJHE H3MEGHHTL Ha MPOTHBO-
NOJOXKHOE HaNpaBJeHHe: a) BEKTOpa HHAYKIHH MarHUTHOTO
nodas; 6) BEeKTOPa HHAYKIHH MAaTHHTHOTO NOJs H BeKTOpa Ha-
NpsAKEeHHOCTH 3JeKTPHYECKOro NoJasa?

1.3. a) Ha pucyHke H306paXkeHO 3JEKTPHUECKOE MOJe
HJIOCKOH CHHYCOMJAJIbHOH BOJIHBI B HYJI€BOH MOMEHT BpPEMEHH.
HanpabjieHne pacnpocTpaHeHHsI BOJIHBL YKa3aHO CTPeJKOH
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Kak 3aBUCHT HanpsiKeHHOCTb 3JIEKTPHUYECKOrO 1o OT 2 U {?
6*) TlosmyunTte ypaBHeHHE MJIOCKOH CHHYCOHJANbHON BOJIHHI,
KOTOpas pacrnpocTpaHfeTc BJOJAb JHHHH, COCTABJSAOLIEH
yras @, B, y ¢ OCAMH KOOpJAMHAT. AMIUVIMTYJa HanpskKel-
HOCTH 3JEKTPHYECKOro moJs BOJHBI Eg, J1HHA BOJIHBL A.

1.4. [lBe cuHycoMja/bHEIC BOJHBL C OJHOH MoJisipu3amueii

E;sinlo (f—2z/c) + o u E;sinlo (t — 2/c) - ¢,l
HaKJajplBalOTCA APYr Ha Apyra. Uemy paBHa ammiautyja Ha-
IPSIKEHHOCTH 3JIEKTPHUYECKOrO MOJIA Pe3y/IbTHPYIOUEH BOJIHBI?
UeMy paBHa {aza 3TOH BOJHBI?

1.5. [lBe mockHe CHHYCOWMJAJbHLIE BOJHBLI, AMILIHTYIBL
KOTOpbIX paBHbl £y, uMeloT 9acToTel ® 1 © + A (AL o) u
pacnpocTpaHsoTCst B OJHOM HANpaBJeHHH, HaKJIaJblBaAcCh
Apyr Ha japyra. Uemy paBHa MaKCHMaJbHas aMmiHtyja pe-
ayaprupyoomel Boanel? Onpejeaute pacnpefesneHue CpejHel
IJIOTHOCTH HEPrHil pe3yJ bTHPYIOMeH ROJHBI BIOJIbL HalpaBie-
HHS PacnpoCTPaHEHNs BOJIH.

1.6. a) DiekTpoMarHUTHAs BOJIHA 3aHUMaeT NPOCTPAHCTBO
MeX1y JABYMA NapajjenbHbIMM OECKOHEYHLIMH [JIOCKOCTAMH
AB u A'B’. zo6paxeHHDbIH Y4aCcTOK 3JeKTPOMArHUTHONO MOJIA
IBHIKETCA CO CKOPOCTLIO CBETA ¢ B HATPABJIEHHH, NEPIEHIHKY-
JasapHoM niockocth AB. Hanpsa:KeHHOCTb 3/1€KTPHUYECKOro ToJIs
posiHpl E. TIpuMeHsast 3aKOH 3JeKTPOMarHHTHOH HHAYKLHH K
NpAMOYrOJLHOMY KOHTYPY a’b’ba, onpejesaute HHAYKIHIO
MaruuTHoro nosia BosHbl B CHU u CI'C.

6*) CuHycoujalbHasi BOJHA pacnpocTpaHsieTcsl B Cpeje

C IH3JeKTPHYECKOI NpPOHHIAEMOCTLIO & cO cKopocThio ¢/} e.
AMIINTYJa HanpAXKEeHHOCTH 3JEKTPHYECKOro noJsif BOJHLI K.
OnpejenuTe ammauTyly HHAYKLHH MarHuTHOrO MOJS.

1.7. a) Ha pucyHke u3obpakeHbl HampfAXKEeHHCCTH 3JEKT-
pPHUECKOro noJs GeryuiuX HaBcTpeuy ApYyr Apyry IIOCKHX
3/JIeKTPOMAarHUTHLIX BOJIH B HyJeBOil MOMeHT BpeMeHH. Hapu-
cy#ite rpaduku pacnpenenenua E u B nosel 3Tux BOJH B Mo-

MEHTBI BDEMEHH -5 g—, % -‘;— , % - Hemy paBHO OTHOWEHHE SHEPI A
3JIEKTPHYECKOr0 MoJsl H 3HEPrHH MAarHUTHOro moJjs K oOuiei
354ePrHH B 3TH MOMEHTbl BPeMeHH?

6) OnHopoAHOe 3JeKTPHYECKOe TMoJe HanpsxkeHHocTH E
3aHMMaeT TNpPOCTPAHCTBO Mexay mnJaockoctamn AB n A'B’.
PaccrosiHue Mex1y MJIOCKOCTAMH d. D10 mose 06pa3oBagoCh
[IPH HAJOMEHHH JBYX IUIOCKMX 3JIEKTPOMAarHMTHBIX BOJH.
Onpegenute 3TH BOJHBL.,

B) Ha kakue s/neKTpOMarHuTHBIE BOJIHBI pacrnajaeTcs CBO-
GoaHOe MarHUTHOE [10Jle HHAYKIMU B, CocpeioToueHHOe MeXIY
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nockocTsiMH AB u A’ B'? BekTop HHAYKIIMH MarHHTHOTO NOJS
napanJesieH MAOCKOCTAM.

1.8. a) JIBuxylueecsl 3apfIKEHHOE TEJO HMeeT MarHHTHoe
noJe, a HEMNOJBHXHOe — HeT. [105TOMy npu MrHOBeHHO# oCTa-
HOBKE TeJla MAarHHTHOE [O0Jie CTaHeT «JIHIIHHM», CBOGOIHBLIM.
OHo pacnajaeTcst Ha SJ€KTPOMarHHTHBIE BOJIHH. TakHM oGpa-
30M, NPOLECC H3AYUEHHS 3M€KTPOMAarHUTHLIX BOJH MOXKHO pac-
CMaTpHBaTb KaK pacnaj «IHINHHX» noJeH, BOSHHKAIOMMX [IPH
H3MEHEHHH CKODOCTH 3apsiKeHHoOro Ttesna. OcoGeHHO NpPoOCTO
5TOT NPOLECC ONHCHBAETCS NPH OCTAHOBKE NJOCKOTO KOHJIEH-
catopa. EciaH KOHmEHCAaTOp IBHralcs CO CKOPOCTbIO U BHO/ib
CBOMX MJIACTHH, TO HHAYKIMS MAaTHHTHOTO noisl B B JBHXY-
meMcsl KOHAEHCATOpe CBSI3aHA C HANpPsIXKEHHOCTbIO 3MEKTpHUe-

v N
cKoro noas E cooTHoilenueM B = - E. Ilpu MruoseHHO# ocTa-

HOBKe HHAYKIUS B oxasbiBaeTcsl widiuHeH». Torga sTo nose
MOXHO CUHTATh HAJOKEHHEM [BYX 3JEKTPOMATHHUTHLIX BOJH
C HHAyKHHeH B/2, 1BHKYyLIHXCA B NPOTHBOMOJOXHBIX Hanpa-
BJIEHHAIX NEPNEHAUKYJAPHO NJIACTHHAM, TaK Kak CyMMapHas
HHIYK1Hsl MarHUTHOTO NOJIfA STHX BOJH paBHAa B, a cyMMapHast
HanpsiXKeHHOCTL 3/JeKTPHUECKOTo nossl paBHa Hymo. Omnpene-
JIHTe HaNpsSXKEHHOCTb 3J€KTPHUECKOro NOAs B KaxAo# BOJHE,

6*) Kakyo sHepruwo H3JYUYHT GPH MTHOBEHHOH OCTaHOBKe
3apsn Q, pacmperesieHHBI Ha cdepe paguyca R? CKopocTh
cepbl 1O OCTAaHOBKH V.

B) Mexny nByMms nposonaMu, pasjesieHHBMH BO3JYIIHLIM
NPOMEXYTKOM, NOBBIUANH HanpslKeHHe 10 TeX NOp, NOKa
MeX1y HUMH He NpPOCKOYMJa Hckpa. [locie 3TOro BO3HHKJH
3JIEKTPOMalrHHTHLE KOJeGaHUsA TOKa, KOTOPHlE CTalH HCTOUHH-
KOM 3/71€KTpOMarHHTHbiX BOJIH. OlleHHTe, BO CKOMBKO pa3 yBe-
JIUUHTCA MOLIHOCTL H3JYUeHHs 3THX BOJMH, €C/IH NPOGOHHOe
HanpskeHHe B 1Ba pasa YBeJNHUHTCSH P

1.9*, a) 3apskeHHas NAOCKOCTb C S/IeKTPHUECKHM TI0JIeM
Hanp s KeHHOCTH —=E, mamxymaﬂcn BROJIb CBOEH MIOCKOCTH CO

CKOPOCTbIO U, CO3/1aeT MarHUTHOE NONe HHIYKUHH B =i72~E.
IlosToMy npH yMeHbLIEHHH CKOPOCTH Ha dv B OKDYXKalolleM

- IJTOCKOCTb NPOCTPAHCTBE BO3HHKAET «THIIHECE» MATHUTHOE MHK-

dv .
ponone HHAYKIMK dB ="t E. Pacnai Takux MHKponolieit

JaeT 3JCKTPOMAarHUTHY!O BOJIHY, HanpsfAzKeHHOCTb 3JIEeKTpHUE-
CKOoro noJssa KOTOpOﬁ 3aBHCHT JIHIOb OT CKOPOCTH HOJOCKOCTHE

Epa(ty %) =CBoon(t, x)=c== "’”E.—_‘i:;i’sf.
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Unpexc # — x/c o3HayaeT, YTO Ha PaCCTOSHHH X OT MJIOCKOCTH
3HayeHUe CKOPOCTH IJIOCKOCTH HYXHO O6paTb B MOMEHT Bpe-
MeHH ¢ — x/c. HampuMep, HampsKeHHOCTb 3JIEKTPUUYECKOIO
0J1S1 U3J1YYEHUS [1aCTHHBL, CKOPOCTL KOTOPOH paBHa vy sin o/,
Ha PacCTOSHHH X OT TJaCTHHBL B MOMEHT BpeMeHHM ! paBHa
%’-sinm(t—x/c)E, TaK KaK CKOPOCTb MJACTHHbI B MOMEHT

BpemeHH ! — x/c Gblla paBHa ¥, sin o ({ — x/c) . Tloabaysch

Vs x/c

¢opmyaoit E,,, = E, onpepennTe HanpsieHHOCTb 3J1€K-

TpHYECKOIo noJifi B l'IJIOCKOH BOJIIE, HSJIlea\,MOH MJIOCKHNM

Y ff /
®
- 2
|
[
- l_f | -
@ ‘ b

K sapaue 1.9%,

' KOHJEHCATOpPOM TpPU ABHXEHUH C MOCTOSTHHBIM YCKOPEHHEM &,
HanpapJieHHBIM BAOJb ero nJacTuH. PaccTosiHue Mexay nsacTu-
HaMH d, HanpsIKEHHOCTH 3/ECKTPHYECKOTO MO/ BHYTPH KOH-
zencaropa E.

6) 3apsKeHHbIH MJIOCKHIT KOHAEHCATOP pacKayHBalOT BAOJb
ero mjaactHH. C yBeJHYeHHEM YacTOThl KojeGaHHH v cpeaHsas
HHTEHCHBHOCTb H3JIyYeHHsi KOHAeHcaTopa [ CHauaJla yBeJHYH-
BaeTCH, MMOTOM YMEHBILIAETCA A0 HYJS, 3aTeM ONATb YBEJHYH-
BaeTcst U T. A. (cM. pHc.). . UeM oOBSICHAETCH TaKoe YepenoBa-
HUe MHTEHCHBHOCTH H3JyuyeHHUs? [IpH KaKHX yacTOTaX KOHJEH-
catop He M3JayyaeT sHepruwoo? OueHHTE YacTOTy, NPH KOTOPOil
HaGmonaercst |- U k- MAKCHMYMBI H3JYUeHHS.

B) JluHeliHas MJOTHOCTb TOKAa Ha MJIOCKOCTH MEHSIeTCH CH-
HYCOHAAJBbHO ¢ aMIHTYAOH iy. Onpeaenute aMnjauTyay Ha-
IIPSKEHHOCTH 3JEKTPHYECKOTO NOJSI B BOJHE, usnyqaemoﬁ
[JIOCKOCTBIO.

r) Onpepesure KOS(DULHEHT OTpaXkeHHs 3JI€KTpOMaI‘HHT-
HOH BOJIHBL, Najawollell nepneHAHKYJ/ASPHO Ha TOHKYIO IIPOBOAS-
myto mieHKy. TomuyHa njeHkd A, YHCIO0 3JeKTPOHOB MPOBO-
IUMOCTH B eiHHUIE 06beMa 7., YaCTOTa BOJHBI V.
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1.10. Ilpn pa3gBuranum AByX napasuie/IbHbIX [0J1ynpo3-
pauyHBIX 3epKaJbHBIX MJACTHH MHTEHCHBHOCTb 5JeKTpoMar-
HHUTHOTO H3JyUeHHs, Mpollellllerc Yepe3 3TH MJIACTHHBI, Ne-
PHOJHYECKH MEHSETCS B 3aBUCHMOCTH OT PACCTOSIHMS MEXLY
nnactiHaMi. OGBACHHTE 3TO fBJEHHE H ONpeJe/HTe, NOJb-
3ysch PUCYHKOM, IVIMHY BOJIHBI Najamllero uaaydenus. Many-
ueHHe PaCIpOCTPAHAETCs NepNeHAHKYJIAPHO NJIACTHHAM.

! E

] R

~ Fe————
N e e e e

5
z,70 “oM z, Z, z

K 3apaue 1.10. K sapave l.il.

1.11. AMniuTysa HanpsixKeHHOCTH 3JeKTPHYECKOro noJs
3JIeKTPOMarHUTHOH BOJIHBI, OTPaKeHHOH OT NpoBoAsAlLeH nJeH-
KH, TeM GoJiblle, ueM ToJille nseHka. Ha pucyHKe npHBeleHa
THIHYHAA 3aBHCHMOCTb aMIJIUTYAB OTPask€HHOH BOJIHBI OT
TOJILMHBI NJIeHKH. B Haua/bHbI# MOMEHT (10 TOUKH X;) aMmJIH-
TyJla JMHeHHO 3aBHCe/a OT TOJIIUHDI VIEHKH X, 3aTeM JIHHeHHas
3aBHCHMOCTb HapyIlaeTCsi, U B 00/1aCTH X => X, aMIVIUTY/la OTpa-
’KeHHOH BOJIHBI MaJ/IO OTJIHYaeTcs OT aMIUIMTYAbl najfaoliefi
BOJIHBL Ey. O6bACHATE 3Ty 3aBUCHMOCTD.

1.12. a) Ouenure rnyGUHY NPOHHMKHOBEHHS NepneHAHKY-
JAPDHO najawolledl 3/JeKTPOMArHHTHOH BOJIHH B NPOBOJHHK.
YacroTa BOJHBL Vv, YHCJIO 3Je-

KTPOHOB MPOBOAMMOCTH B e]H-

Hyle obbema #,. | -—>
6) Peunre 3anauy a) B BUAH- "\'

Mot obacti (v == 10%° 'ny) paist

MeTadia ¢ n, = 102 cM™3.
- 1L.13. a) Ilpm pocraTouHo ’
60bLIOM YHCJIe 2JIEKTPOHOB NPO- ‘

BOJHUMOCTH B ejHHHIlEe oOnLeMa
MeTaJlJ1a COCTaBJISIOILAsT Hanpsl-
HEHHOCTH 3JIEKTPHYECKOro no-
JI BOJIHBI, NapaJijie/ibHast no-
BEPXHOCTH MeTaJ/l/la, ocCJabasieTcst npaxmqecxn 1o Hyas. Io-
ITOMY pellieHHe 3aja4Yd B3aHMOJEHCTBHSA JeKTPOMATHHTHOH
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BOJIHBL C METaJJIOM CBOJAHUTCA K OTHICKAHHIO BOJIH3H HOBEPX-
HOCTH JBYX TaKHMX Oeryluux BOJH, HaJOMKeHHe KOTOPBIX jpaeT
HYJeBYIO COCTaBJAKILYI0O HaNPSKEHHOCTH 3JIEKTPHYECKOTO
10J18 BAOJb NOBEPXHOCTH. TaKHMH 5J€KTPOMATHHTHBIMH BOJI-
HaMH ABJATCSA NPH NepHeHUKYAIDHOM NajeHHd Ha MeTaJlJy-
YECKYIO CTeHKY JBe BOJIHBI: OJHA BOJIHA pPEabHO JBHKETCH
B NPOCTPAHCTBe BHe MeTaJsna, a Apyras, QHKTHBHAsA, «IepeBep-
HyTasiy BOJIHA JBHXKETCSl HABCTpPeuy MepBOH BHYTPH Merasia
(Ha pucyHKe 3Ta 06/1acTb BMecTe ¢ (GUKTHBHOH BOJHOH HaXo-
JUTCS CrpaBa oOT mIockoctd AB). QUKTHBHAA BOJHA CTaHO-
BHTCA pealbHOH, KaK TOJbKO OHa BBIXOANT 3a rpanuny AB,
rje OHa HaKJaablBaeTCs Ha nepByio BoaHy. Hasoxenue stux
BOJIH CJieBa OT IJOCKOCTH AB jaeT HyJeBYIO HanpsiKeHHOCTb
3JIEKTPHYECKOro nojs Bioab AB u, ciaejoBaTesbHO, pellaet
NoCTaBJIEHHYI 3ajauy. HMcnonb3ys onucaHHbIH npueM, Hail-
JHTe HanpPSKEHHOCTb W HHAYKHHIO 3JeKTPOMArHHUTHOIO MHOJIsI
B6AM3H nJockocTH AB B MOMeHT, KOTja BeplMHA majaimief

BOJIHBI JOCTHIaeT MJIOCKOCTH.
6*) Awmnaurtyjaa HanpsiKeHHOCTH 3JeKTPHUUYeCKOro MoJs nJ0-
CKON CHHYCOHAaJbHON BOJHBI paBHa E. KaKoe cpenHee jnagm-
JeHHe OKasblBaeT 3Ta BOJIHA

— NpH HOpPMAaJIbHOM HAaJeHHH Ha
IJIOCKYI0 METaJJIHYECKYIO CTeH-
— Ky?
1.14. Cuofi- ¢oToamyabCHn
. HaHeceH Ha 3epKaJibHYIO MeTaJ-
7 JIHUECK VIO MoAJ0XKKY. [Tpu HOp-
——

MajibHOM [aJeHHH CBeTa Ha

paccroauuu 1078 MM oT MeTas-

K sanase [.14, JIHYECKOH IMOBEPXHOCTH IPOHC-

XOAUT TMOUYepHEHHE 3MYJbCHH.

Oﬁbﬂcnme 5T0T 3ppekr. Onpenennre AJHHY BOJHBI CBeTa,

Najamoiero ka MeTaalHdecKylo nmosepxHoctb. Ha kakom pac-
CTOSHHH GyJeT HaXOAHTbCS BTOPOH CJIOH moYepHeHHA?

1.15. [Tonb3ysicb MeTOJOM, H3JI0XKEHHbIM B 3ajade 1.13,
JOKaXKHTe, 4TO YIoJ NajcHIs 3JeKTPOMArHUTHOH BOJIHBI paBeH
yrJay otpaxeHusa. PaccmorpuTe caywau: a) Bekrop E napato-
el Ha MeTasaJs 3JeKTDOMATHUTHOH BOJIHBEI mapaJiielieH Me-
TaJNIHUECKOfl 1OBepXHOCTH; 6) BekTOp B 3/eKTpOMarHHTHOH
BOJIHBl HapaJliiesleH MeTalJHUECKOH NMOBEPXHOCTH.

1.16. Cpeanee naBJleHHe IJIOCKOH CHHYCOHAAJbHOH BOJIHBI,
najamimei nojg yraoM @ Ha MeTa/lJIHY4eCKYI0 MOBEPXHOCTD,
paBHO P. OnpejeuTe aMIJIUTY Ay HanpsKeHHOCTH JeKTpHYe-
CKOro oJif 5TOH BOJHHL
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1.17*, a) OuenHTe MakCHMaJbHBIH pasMep alTOMHHHEBBIX
NBIMHOK, KOTOPble B KOCMHYECKOM IIPOCTPaHCTBe NOJ JaBJie-
HHEM COJIHEUHBIX Jyueill yjpansanuce 6pl ot CoJHIla.

6) UeMy paBHO [aBJIeHHE COJIHEUHBIX Jydell Ha 3epKab-
HYI0 NOBEPXHOCTb BOJH3H 3eMJH NPH HOPMAJbHOM MNajeHHH
ayuedl Ha sepkano? Ilpuw najeHHH JyyeH Ha 3epKaJjo TNOJ
yraom 30°?

ﬁ N

\
£ N
N . N
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N
N Q £>
N
N
N .
§ - /
N N N ’
\ \ % 7
N N //
o) - 0) '
K sanaue 1.15, K 3anaue 1.18%*,

1.18%, Meton (DPMKTHBHBIX BOJIH (cM. 3anawy 1.13) MoxkHO
HCIIONB30BaTh H 1S pelleHHs 3aJadd 00 OTPaXKeHUH 3JEKTPQ-
MarHUTHOH BOJIHBHI OT IBHXKYILEHCH CO CKOPOCTBIO U MeTaJIHyue-
CKOHl moBepXHocTH. L1 pellleHHsl 5TOH 3ajaud HYXHO IOJO-
6paTb (PHKTUBHYIO BOJIHY TaKHM 06pa3oM, 4Tofbl OHa, BOHIA
B 00J1aCTb BHE MeTa/la H CTaB «PEaJbHOH», MPH HaAJOKEHHH
Ha najalomyto BosiHy nasajia 6bl B CI'C HanpsXeHHOCTDb 3JEKT-
PHYECKOTO TOJSA, B U/c pas MeHbIUYI0 HHAYKIHH MarHHTHOTO.
OO6DBsICHHTE 3TO YCJOBHE.

1.19*. Ha ngeuxymylocs co CKOPOCTBIO U METaJIIHYECKYIO
CTEHKY NaJ&eT NepIeHIHKYJISPHO NJIOCKas 3JeKTPOMAarHHTHas
poiHa. HanpskeHHOCTb 3JIeKTPHUECKOTO MOJS BOJHB E.
Kakoe naBjieHHe OKasblBaeT BOJIHA Ha CTEHKY?

1.20. Tlpu oTpaxeHHH CHHYCOHIAJNBHOMH BOJIHEI, Najatouleii
NEePNeHANKYJ/SPHO Ha [BHXKYILYIOCA MeTaJIHYeCKYl0 CTEeHKY,
ee yacToTa MeHsletcsl Ha A. [lepBoHayasnbHas 4acToTa BOJIHEI V.
OnpenennTe CKOPOCTb CTEHKH.

1.21. TloueMy npu nepexole 3JeKTPOMarHHTHOH BOJIHBI
yepes IVIOCKYI0 TPaHHIy BakKyyM — HeNmpoBOAdillas cpeja:
a) HOpMasbHas COCTaBJSAIOIAs HanpsKeHHOCTH 3JeKTpHue-
CKOTO II0JI5] YMEHbLIAeTCs B € Pas, a napajie/bHas He MeHsercs;
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6) HOpMaJbHas COCTAaBIAIOLIAA HHAYKLHH MarHUTIIOrO HOJA
He MEHSETCSl, a. mapajJesbHasl YBeJHUHBAeTCs B | pa3? & —

JIM3JEKTpHUECKas, | — MarHuTHast MPOHHIIAeMOCTH Cpelbl.
1.22. Kak MeHsieTcst ¢a3a BOJIHBI, OTPAXKEHHON OT MJIOCKOH
TPaHHIBI pasjena ABYX IHSJACKTDHKOB C JH3JEKTPHUYCCKHMH
NPOHHIAEMOCTAMH €; H €5 B

£ cayvae gy << e,? B cayuae
Lpp———— g, > &, Boana mnapnaer Ha
IJIGCKOCTb paszfesa nepreH-

. IHKYJSPHO.

» 1.23. a) Tlokaxure, 4to
B clepHueckod BoJHE, H3-
JydaeMoil TOUYEUHBIM HCTOY-
HHKOM, aMILIMTYALL Hampsi-
JKEHHOCTH  3J1eKTPHUYECKOro
noast H HHAYKIHH MaruuT-
HOTO MOJI BOJIHBL YOBIBAIOT
o6paTiio  MpOMOPIHOHAILHO
PacCTOSIHHIO OT MCTOYHHKA,
€CJIH 3HEPrHs BOJHBI HE 110-
FJouiaeTcst cpenoi.
6) Ha pucyuke usobpa-
K sapaue 1.230. JKEHO pacrpeje/ieHHe 3JeKT-
puueckHX noJeit AByx Oery-
mHX chepHyecKHX BOJH B HYJIEBOH MOMEHT _BpeMeHH. H3o-
Gpasute pacnpejelieHne 3IEKTPHUCCKHX MoJIell B MOMEHT Bpe-
MeHH ro/c. Kakum OyJieT pacnpelie/ieHke SMCKTPHUECKHX nosel
npu {— co? Onpene/uTe 3HEPTHH STHX MOJEH.

+§ 12.2. PacnpochaHehue 2JCKTPOMATHUTHBIX BOJIH

2.1, Cornacuo npunuuny IofireHca — @peHenst Kaxurlf
y4acToK (pOHTA BOJHBI ABJIACTCS HCTOYHHKOM BTODHYHON ce-
puueckofl Bosubl. Orubarolias
3THX BOJIH JaeT HOBGLIH (pOHT
BoJIHBL. [loKa)knte, Hcmosb3ya
3TOT MpPHHIMM, YTO: a) MJIOCKHI
(PPOHT 3JICKTPOMArHHTHOH BOJI-
HBI TepeMelLaeTcsl Co CKOPOCTBIO
CBeTa ¢ B HamnpaBJeHHH, 1nep-
NIEH IHKY IAPHOM TJIOCKOCTH
¢ponta; 6) panuyc cheputeckoro QpoHTa 3a BpeMﬂ T BO3pa-
cTaeT Ha Tc. ,
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2.2, Kak uameHAIOTCA AJHHA H CKOPOCTb BOJIHLI NIPH nepe-
XOlle B Cpely C MoKasaTeseM npesomJeHus n? MeHserca Ju
yacTora BOJHBI?

2.3. C noMolblo BTOPUUHBIX BOJIH JOKaXKHTe, UTO NpH Na-
JIeHHHU TJIOCKOH BOJIHBI Ha PPaHHLY pasfefa JBYX Cpel: a) yrou
najieHus paBeH YIJy OTpaxeHUs (a; = &g); G) OTHOILUEHHE
CHHYCA YIJla NMajeHHus K CHHYCY yTJla IIPeJOMJIEHUA PaBHO OT-
HOIUEHHIO CKOPOCTH BOJIHBLI B mepBOH cpele K CKOPOCTH BOJIHBI
BO BTOpO#l cpefe (sin a,/sin ay = v,/v,).

2.4, Hafigure yrubl, onpegensioline HanpaBleHHe MHHH-
MYMOB H3JIUeHHSI, ec/IH IJIOCKasl BOJHA NajaeT MeprneHjukKy-
JAPHO Ha IMesb IHPHHBL b, [InHHA BOJHHE A < b.

2.5. IlnpnHa wrpuxop AMbPaKIUOHHOH PpEIIETKH MHOTO
MeHbllle JJIHHBI BOJHBI, BO CKOMBbKO pa3 yBeJHUHTCS HHTEHCHB-
HOCTb H3JIyueHHS B HampaBJieHHH MAaKCHMYyMa H3JyueHHSsI, eClu
YHCJIO IUTPUXOB AHU(PaKUHMOHHON pellleTKH YBeJHYHTh B k pas?

2.6. Ha creknsuHyIO 1U(QPAKUHOHHYIO PElleTKY, HMEIOMYIo
200 nuHH# Ha | MM H DOKPBITYIO TOHKUM CJIOEM 30JI0Ta, Nafaer
oueHb y3kull nyuox Kg-uanyuenust mean (A = 1,541.1071 m)
non yriom 20” K ee noBepxHocTH. Onpee/iTe pa3HOCTb. yIJIOB
OTpaXKeHusl MeXjy My4YyKaMd MepBOro W HYJIEBOTO MOpsiKa.

2.7. Ha orBepcTie pajuyca r najfaeT neprneHAHKYJSPHO
IJIOCKasl CHHYcOMAanbHasi BosHa. Hauna Boanel A < r. Hu-
TEeHCHBHOCTb BOJIHBI 10 OCH Z MepHOAUYeCKH MeHseTca. Ha ka-
KOM pacCTOSIHUM OT LeHTpPa OTBEPCTUSI HAXOAUTCHA MOCJEHHUH .
MakcHMyM? OnpenesuTe paccTosHHE MeXJIY MaKCHMyMaMH HH-
TEHCHBHOCTH HA YJaJIeHHU 2, OT LEHTpa OTBEpCTUsl, €eCJH
r’lh >z >r. ‘

2.8, Ecau xpyrjoe otBepcTde (HampuMmep, HpUCOBasl AHa-
(parma) yBenuyHBaeTcd TakUM 00pas3oM, 4TO pasMep ero ot
oZHOH 30HBI PpeHenss NOXOIAMT JO IBYX 30H, TO B TOuKe A
* UHTEHCHBHOCTb H3JyueHHSl 3HAUUTEJLHO YMEHBIUHTCS, Majgas
JI0 HYJ, XOTS. IOTOK M3JyUeHHsl u4epe3 OTBepCTHE BO3pacTaeT
nouTH B ABa pa3a. Kakum 06pasoM coryiacyiores sTH 1Ba paKra?

2.9*%, Ha 9KpaH, ‘UMEIOLIHA KpYrJoe OTBepCTHe, majaer
napajJie/lbHBIH Ny4oK cBera. Paidyc OTBepcTHsI COBMaiaer
C PajJMycoM HeHTpaJbHOH 30HBI Ppenens Aaa Touku A (cM.
puc. K sazaue 2.8). Hcnoab3ysa rpaduueckuii MeToj, ornpe-
JlesluTe, BO CKOJbKO pa3 HHTEHCHBHOCTL CBeTa OT LeHTPalbHOH
30HBI Obla Gbl GOJIbIle HHTEHCHBHOCTH CBETa, MPUXOAAINETO
B 3Ty Xe TOUKY, ecqu Obl He ObIO 3KpaHa.

2.10. Hsobpasute Ha rpaduke 3aBHCUMOCTb HHTEHCHBHOCTH
cBera B Touke A or pajuyca OTBEPCTHS, MepeKpLBAIOLIEra
napa’iae bHbIi NOTOK U3JNyUYeHHs C JJIHHOH BOMHEI A. Paccrose
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HHe OT ToukH A 10 neHTpa orBepctus b. MHTEHCHBHOCTD M3y~
YeHHSI B 1oToke [.

2.11*, a) Ha pucynke unsobpaxkeHa IJTOCKasi CTeKJsIHHAs
IJIaCTHHKA. DTOH IIJTaCTHHKOH IEePeKPLITH NapasjeNbHbIl 110-
TOK MOHOXPOMAarHYeCKOro cBeTa ¢ JUIHHOH BoaHbl A. Oxasa-
JIOCb, YTO 3auepPHEHHBIC KOJBLEBBIE YYaCTKH IJIACTHHKH COB-
aju C YeTHBIMH 30HaMH Dpenens mis oceBoil Toukuw A. Kax
H3MEHHJaCh HHTEHCHBHOCTL CBeTa B 3TOH TOYKe?

6) TlapannenbHelii NOTOK MOHOXPOMATHYECKOTO CBETA Iepe-
KPBLIH ITaCTHHKOHA, KOTOpas OTJIHYaeTCs OT IVIaCTHHKH B 3a-
Aade a) TeM, YTO 3auyepHEHHEIE
KOJIbIIEBHE  YYaCTKH  IOKPBITH
CJIOEM JU3JIeKTPHK2, U3MeHsIollle-
ro asy mnpoxojsllell BOJHBI Ha
n. Kax H3MeHWJachb MHTEHCHB-
HOCTH ¢BeTa B Touke A B 3TOM Cay-
qae?

2.12*, PaccuutafiTe aMIiuTy 1y
3JleMeHTapHOH BTOPHYHOH BOJIHEBI
Tiofirenca — @penens. (AMmin-
TYAa a [PONOPIHOHAJBHA AMILTH-
tyge A KoneGaHUs, AOWIEANIETO OT
saeMeHTa AS, INIOaAH 3TOTO 3JeMEHTa H OGpaTHO IIPOIIOp-
uuoHanbHa r, T.e. a = ¢;AAS/r. Ina onpenenenus ¢, cpas-
HUTE aMIVIUTYy 4y IJIOCKOH BOJIHBI B KaKOH-H00 TOUKe U aMIIJIH-
TyAy, paccuuTaHHVIO 1o Metony ®peHens, B 3TOH ke TOUKe,
KOTJa B KawueCTBe BCHOMOFATeNIbHOH [OBEDPXHOCTH B3AT ()POHT
IJIOCKO# BOJIHBI.)

2.13. a) OneHHuTe pasmep cBeToBOro naTHa Ha JIyHe OT
Jazepuoro jyua. Jlazep Haxoputcs Ha 3emye. Paguyc sayua

§uum N

K sanaue 2.12*,

K sanaue 2.13a.

nasepa 10 cM, pauna Boausl 107 cm. (I'panuna nstHa ouenu-
BaeTCsl M3 yCJAOBMS, 4TO B 00JaCTH NATHA JYYH, HAYLIHE OT
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OTZeNbHBHIX YYacTKOB ()pOHTa BOJIHBI, He TracAT JPYyr Apy-
ra. , .

6) OueHuTe pasMepsl aHTEHHH! PAapa, U3JayUalollero Tpex-
CaHTUMETPOBLIC  3JIEKTPOMarHuTHBE BOJHBL BHYTPH yrIua
0,01 pan. ’ '

2.14. OueHHTe MHHHMAJIbHBEIH pasMep NpeaMeTa Ha NOBEpPX-
HOCTH 3eMJIM, KOTOpHIH MOXHO cdororpadupoBaTe co cnyTt-
HHKa, Jersaulero Ha BeicoTe 200 KM, a Takke MHHHMaJIbHLIH
pasmep mpeaMeToB Ha JIyHe W Ha Mapce, KOTOpHE MOXKHO
chotorpadupoBath ¢ OKoMo3eMHOH oOpGHTHL. Paszperaroumas
CNOCOGHOCTL (OTONJIEHKH HE OrpaHHYHMBaeT YeTKOCTH H300pa-
JKEHHA.

2.15. a) PackajieHHasi HHTb HaKaja 3JeKTPHUECKOH JIaMIbl
HMeeT KPacHBIH OTTEHOK, eCJIH CMOTpeTh Ha Hee yepe3 MaToBYIO
noBepxHocTh miagoHa. OGLACHUTE 3TO ABJIEHHE.

6) Ilouemy KpacHbIf CBET MeHblle PacCeHBAeTCsl TYMaHOM?

B) [loueMy aneBHOe HeGo roay6oe?

.

IF'masa 13. TEOMETPHUECKAS ONTHKA

§ 13.1. NpsmoaunneiiHoe pacnpocTpaHenHe
H OTpaxkeHHe cBeTa

1.1. Onpezenure 061acTh NOMHON TEHH OT KPYIJIOTO KapaH-
Jiala, eC/IH MCTOYHHKOM CBeTa CJYKHT IHJ/IMHAPHYECKasl raso-
cBerHas jaMna. Kapanzail H JlaMna pacnoJsioKeHbl 1ap ajl/IeJbHO
Apyr Apyry.

1.2. MarToBas 3/eKTpHUeCKas JlaMnouyka B BHJe Llapa jaua-
metpa 6 cM ocBelnaer ruo6yc aumamerpa 26 cm. Onpenennre
JudMeTpbl NOJHOH TeHH H MOJYTeHH raofyca Ha creHe. Pac-
CTOsAIHMEe OT ryobyca 10 JIaMNOuKH 1 M, 1O CTeHBl 2 M.

1.3. «KoMHara, B KoTopylo BcTynua MBan MBanoBuu, Gelia
COBepIIIEHHO TEMHA, NIOTOMY YTO CTAaBHH ObLIH 3aKPBITHL, H COJI-
HEUHBIH J1YY, TPOXOAA B ABIPY, CIEJAHHYIO B CTaBHe, ... yAapsAaAch
B NPOTHBOCTOSIHIYIO CTEHY, PHCOBaJ Ha He# mecTpHi naHamadT
W3... KpBIl, JepeB H pasBellaHHOTO Ha JABOpe mJaThs, Bcé
TOJLKO B o6paiiennoM Buzge» (H. B. I'oeoas. [loBecTb 0 TOM,
Kak noccopuics Msan MBanosuu ¢ MBanom Hukngoposnuem).
OGnscHuTe 3TO fABJIEHHE.

1.4. B 1wTopax, 3aTeMHSIOMHX KOMHaTy, 00pa3oBaioch
MaJieHbKOe OTBEepPCTHe. B OTBepcTHe 3arJIsiHYJIO COJIHIE, H MO
¢reHe monos3 Kpyrabi safuuk. Ilouemy ¢opma saliunka He
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3aBHCHT OT (OPMBI OTBepCTHsI (TPeyroJbHOe, KBaipaTHOe)?
B xakoM caydae nosiBUTCSI 3aBHCHMOCTb OT (JOPMBI OTBEPCTHS?
(Tot ke 3(eKT MOKHO HabmlofaTh MPH MOMOUIH MaJjeHbKOro
OCKOJIKa 3epKana.)

1.5. Ilpu oTpa>keHuu B M/10CKOM 3epKaJjie npeiMeThl KamyTcs -
nepeBepHYTHIMH CIIpaBa HaJjeBo. [loueMy 3Ke sepxano He «rnepe-
BOpauHBaeT» H306paXkeHHe CBEPXY BHH3?

1.6, UToCbl mosy4nTh NPaBHAbHOE H300pakeHke, HYKHO
COCTaBHTb U3 ABYX 3epKan IBYrpaHHBIH YroJl ¢ yriloM npi Bep-
muHe 90°. B Takoe sepkajso MOX-
HO CMOTpeTbCSl U3 JI0GOH TOYKH
kKoMHaTel. OOBSICHHTe, MOUYEMY.

1.7. Ompepennre  ¢GokycHoe
paccTosiHHe CcepPHUECKOTO 3epKa-
na paauyca R.

1.8. Ha Bornyrtoe sepkano na-
H3eT CXORSIIHHACH  KOHHYECKHH
Ny40K CBETOBBIX nyqei’i Ha xa- : K 3agauve 1.8,

KOM PacCTOSIHHHU ‘0T (PoKyca re-

peceKyTCsi OTpaMKeHHble Jy4H, ec/lH PajHyC sepkana 80 cM,
a TMpOoJOJXKeHHe Nyuell mepeceKaeT TIJIABHYIO ONTHYECKYIO OCh
Ha pacctosiHMH 40 cM oT sepKana?

1.9. TlpenmeT pacrojiokeH Ha IJIaBHOH ONTHYECKHH OCH
BOTHYTOro 3epKaJ/ia Ha pacctositHHH 60 ¢M oT nosioca sepkaJa.
Cupenenute GoKycHoe pacCTOfHHe 3epKaJja, ecnH H3oGpaxe-
HHe NpeaMeTa NEHCTBUTENbHO H yBeiauueHo B 1,5 pasa. -

1.10. M3obpaxeHHe mnpeaMmera B BOTHYTOM 3epKaje YBe-
anyeHo B 3 pasa. Ilocme Toro Kax mpeIMeT OTOABHHYJAH OT
3epkana Ha 80 cM, ero nzoOpakeHHe cTano B 2 pa3a MeHblUe
npeaMeTa. Haliinte okycHoe paccTosiHHe 3epKaaa.

1) &)
/

K 3apave 1,11, K 3apaue 1.12.

1.11. TloctpoiiTe H30GpaxkeHHe KBajapara co CTOPOHOH f.
IlepenHss cTopOHa KBajipaTa HaXOLHTCS HA PACCTOSIHHH [ OT
noJioca cepHueckoro sepkana. PoKycHoe paccTosiHie: chepu-
ueCKoro sepkana f,
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1.12. Tlocrpoiite H306paxkenue CTpesKH JJIHHBI /2, Haya/10
KOTopo#l pacnoJsiokeHo B touyke 2f. CTpeska Hak/oHeHa MO
yriaom 45° K onTHyeckofl ocH cdepHyecKoro sepkaJja pa-
ouyca 2f.

1.13. ITokaxuTe, 9TO ecJH PacCTOstHHA OT MpejaMera H
nsofpaxenus 1o ¢dokyca BOTHYTOrO 3epkasia paBHBL [} H Iy,
To L1, = f2.

1.14 . Kakoit dopmbl no/mkHa ObITH OTpaxarwllias MoBepX-
HOCTb, 4TOGH OHa cofupana Bce NapaJJesbHble JYyYyH B OIHOH
TOYyKe?

1.15. HeGonbimoe niockoe 3epkasno BpalllaeTcd ¢ NOCTOAH-
HOM yryioBo#l ckopocthio ®. C Kako# ckopocTblo OyzeT Hepe-
MelllaTbCsl «3afiuHK» Mo cdepHUeCKOMY 3KpaHy pajauyca R,
ecJu 3epKaJjlo BpalllaeTcs: a) BOKPYT IHaMeTpa 3kpana; 6*) Bo-
Kpyr KacaTteabHolt? Jlyu cBeta, majamouiit Ha sepkajo, nep-
NeHJHKYJAAPEH OCH BpalleHHA.

K zapaue 1.15. K 3amave 1.16%,

1.16%. Tlonyunnnuapuyeckoe 3epKajo MOMECTHUJH B IIHPO-
KHH MYYOK CBeTa, HAYWHH MapaJjebHO IJOCKOCTH CHMMeET-
pum 3epkKaja. I'paHuna nyyka coBHajgaer € IJIOCKOCTBIO CHM-
MeTpHH 3epKana. Haiijute MaKcHMaJIbHLIH YroJ Mexay Jay-
YaMH B OTPaXKEeHHOM OT 3epKaJja MyyKe (YroJ pacXxoxKaeHHS).

§ 13.2. Npenomaenue ceera. OnrHyeckue JHH3BL

2.1. Puoi6a Buaut Cosnunue noxy yriaoM 60° K noBepXHocTH
soaul. KakoBa nacrosmas sbicota CoslHIA HAJ TOPH3OHTOM?
[Toxasatenb mpejommaeHuss Boabl n == 1,33. .

2.2*, a) Kaxymasics ray6una Bogoema 2 M. KakoBa ncrus-
Hasi royOHuHa 130;10eMa>

- 6) C noxBoaHOM JOXKH B MOIPYKEHHOM COCTOSHHH ompe-
JeJHJIH CKOpPOCTh camoJieTa, MpoJieTalollero Haj Joakod. Bo
.CKOJIbKO Pas KamylWascsd CKOPOCTb CamoJieTa OTIHYaercs OT
HCTHHHOH?
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2.3. Uto npouszoiiieT c- H300pa’keHHEM TOYEYHOI'O HCTOU-
HHKa B IJIOCKOM 3epKaJie, eCJHd MeXJy HCTOUHHKOM H 3epKa-
JIOM NOCTaBHTb NapaJjjeJ]bHO 3epKa-

Jy CTeKJSHHYIO IJIACTHHY TOJILIHHEBL

A ¢ TmOKasaTeseM IpeJIOMIeHHS n?

v 2.4. Hap akBapuymoM riyGHHBL

h, HAKPHITHIM TOJICTEIM CTEKJIOM (TOM- ‘s
mHHa d, NMOKasaTesNb MNpeJOMJIEHHS
n,), BHCHT HCTOUHHK cBeTa. (Ber
KOHYCOM C pacTBopoM 20 najpaer
Ha CTekJ0. AKBapuyM J0 CTekaa
HANOJIHEH BOJOH, MOKa3aTesb Ipe-
JoMJIeHHs1 KotopoH n. Ha ckojb- K sagave 2.4.

KO H3MEHHTCA pajHyC CBETOBOTO

nsiTHa Ha JHe, eCaH yOpaTh CTeKJIO H BBUIHTL BOAY?

2.5. Tlokazatenp mnpenoMJeHHs Ha TpPaHHLE BO3AYyX —
creka0 1,5, a noKasaTesb NpeJIOMJIEHHS Ha TPaHHIE BO3AYX —
Boja 1,33. UeMy paBeH NoKasaTesb NpeNOMJIEHHS Ha IpPaHHIe
BOJla — CTeKJIO?

2.6. a) OnpenenuTe yrJibl MOJNHOTO BHYTPEHHETO OTPaXKeHU A
a1 anmasa (n, = 2,4), Boawl (n, = 1,33) # a4 anuasa, no-
IPYXKEHHOTO ‘B BOJY.

6) Tlouemy HeGosbluiHe NY3bIPH BO3AyXa B Boje «cepeGpH-
CTBIE»?

2.7. a) MoxHO JIH YBHJETh YTO-HHOGYAb Yepes JiBe CMexkHble
rpaHd CTeKJsHHoro Kyfa? IlokasaTesb mpeaoMJeHHsI CTeKJa
1,5.

=~

@ , 2

K sanaue 2.7,

6) Yroa MeX1y CTeHKaMM U JHOM CTeKJSHHOTO TpaneleH-
janeHoro cocyna 45°. Cocyn samosiHeH Bogoil. BuueH JiH kYK
Ha JIHe 3TOTO COCyjaa uepe3 ero GOKOBBE CTEHKH?

2.8, Ilpn kKakOM MHHHMaJBHOM YTJIe MajeHHsd Jyda cBeTa
Ha CTONKY IJIOCKHX IpPO3payHbIX IIACTHH, NOKa3aTesb Ipe-
JIOMJIEHHS1 KaXXJI0H M3 KOTOPHIX B & pa3 MeHbliie, yeM Y BBbIlLie-
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! JexalweHl, Jay4 He npoHuer
\"‘<; CKBO3b ~cTonky? [lokasartenn
4 fIpesioMJIeHUs1 BepXHel miaactu-

% % # o 4
\ 4w F A mbn > 1, uncno mnactul M.
A N N
NI BN v2.9, a) YUepes KIMH C Ma-
P 4% 2 VA
\v_ 7 P, # JbIM YIJIOM O 0pH BepliKHe
Ny N

IPOXOAHT JyY CBeTa, KOTOPLIi
NepneHJUKYAApeH  nepejHei
rpaHn KJauHa. [lokaxkure, 4to
YIOJ OTKJIOHEHHS! Jlyya OT mep-
BOHAYaJbHOTO  HampaBJ/IeHHS
npuOAH3HTeNLHO paBeH (n — 1) a. [Tokasatenb npesoMJIeHHS
KJ{HA N.

6) Uepes K/IMH C Ma/bM yIJIOM G OPH BepliMHE NPOXOIHT
JyYy CBeTa, KOTOPLIH majaeT noj MaJjbM YIJIOM y K nepeiueii
NOBEPXHOCTH KJHHA. JlOKakHTe, YTO yrosl OTKJOHEHHS Jyya
CBeTa OT MepBOHAYAILHOIO HANPaB/IeHHs NPUOIH3HTENbHO pa-
Ben (n — 1) a. IokasaTenn NpeIOMJeHUs] KJHHA 7.

7
v
4
“
2
P
.
K%
& %
L_,_L/

K szapaue 2.8.

Q)

K sanaue 2.9.

B¥) Brieeaute dopmyny aas QOKYGHOTO PacCTOSHHA TOH-
KO JIMH3bl. Painychl KpPHBH3HBI MOBEDXHOCTEH JIMH3BI Ry H
R,, nokaszaTe/b mpenoMmyeHHsl MaTepHasna JHH3BL A.

2.10.  a) Hafigute ¢okycHoe paccTosiHHe ABOSIKOBBIMYKJOMH
JIMH3BI C paguycamu KpuBH3HH 30 ¢M, H3TOTOBJIEHHOM U3 CTeK.1a
¢ noxasartesem npenomienus 1,6. Hemy paBHa onTHyeckas
cusa 3TOH JMH3L B JHONTPHIX?

6) Onua mOBepXHOCThL JIMH3LI IJIOCKasl, Apyras — cdepu-
yeckast. Onruueckas cuaa JauH3bl [ antp. JIMH3a u3roToBsieHa
U3 CTeKJa C moKasaTeeM mpejomaenus 1,6. Ompenenute pa-
JUYC KPHBH3HBL chepHUYECKOH MOBEPXHOCTH JHH3LIL.

2.11. U3 crekna ¢ nokasarteseM npesomsenus 1,61 usro-
TOBHU/H JIBOSKOBLINYK/AYIO JHMH3Y C OJHHAKOBLIMH DajHycaMH
KpUBH3HBI 0oOeMX mnoBepxHocreH. OnTHuecKas CcHJa JHH3BL
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B Boste 1,6 nntp. Hafinure panuycsl KpHBH3HBI NOBepXHOCTeH
JIHH3HL ) . ‘

2.12. TlnockonapannenbHasl MJacTHHA COCTaBJIeHa H3 JBYX
CTEKJISIHHHX KJIHHBEB ¢ MaJbM YIJIoM a. [ToKazateau npesoM-
JIEHHS] KJUHbEB M, U ny. Ha miacTHHY HOpMaJbHO K MOBEPX-
HOCTH TNajiaeT napaJ/iyieTbHbIA MyYyoK CBeTa. 3a IJIaCTHHOH pac-
noJIOJKeHa cobuparolmasi JIHH3a € (POKYCHBIM paccTosiHHeM f.
B ¢okaabHOM MIIOCKOCTH JIHH3BL HaXoauTcsl 3KpaH. Ha ckosbko
CMECTHTCSI CBeTJlasi TOYKa Ha 3KpaHe, ecJH yOpaTb NJaCTHHY?

2.13*, Ha m1ockylo NOBEPXHOCTb CTEKJSHHOFO TNOJYIH-
JUHIpaA HajaloT nojy yrjaoMm 45° cBeTOBBle JyuH, JexallHe
B IUIOCKOCTH, NepneHJAHKYJAPHOH OCH mnoJyunaunppa. Hs
KaKOH 4acTH GOKOBOH mMOBEPXHOCTH NOJYIHJAHHAPaA OYAYT BHI-
XOJMTh Jyud cBeta? IlokasaTesb npeJsoMJIeHHs! CTeKJa 1.

2.14*. ToHKHH nyyYoK cBeTa, NPOXOAALIHH uyepe3 LEHTD
CTeKJIsIHHOrO mapa pajauyca' R, ¢dokycupyercsi Ha paccros-
HUH 2R ot ero nentpa. Onpejle/iuTe noKazaTesb NPeJOMJIEHHS
cTekJga.

2.15. Ha TtoHkywo chepHUYecKylo KoJOy, NOMELUeHHYIO B
JKHMJKOCTb, MafiaeT napaJijielbHBIH NMy4oKk cBeTa TaK, UTO OCh
Ny4YKa NPOXOJHT uepe3 LeHTP Koabbl. Ha nmporuBonosoxHo#
CTOPOHe KOJIOH IIY4OK HMeeT JHaMeTp, BiBoe OOJbIIHE aHa-
MeTpa NydYka cBeTa, majaioollero Ha KoaGy. KakoB mnokasa-
TeJib NMPeJIOMJIEHUsT XKHJAKOCTH, B KOTODYIO TNOTPY»KeHa KoJjba?

2.16. Y3kull my4yok cBeTa, UPOHJs uYepe3 HOJYIIApHE H3
CTeKJa ¢ NNoKa3aTeJsieM NPeJIOMJIEHHA n, coOnpaeTcs Ha paccTos-

7 # |
o |
B I
A |
- 4
’ 7 |
s N
» P 7 \@:_
K 3aaaue 2.16. © K sapave 2.18%,

HHH X OT BHIMYKJOH noBepXHOCTH. Ha KakoM paccTOsiHHH OT
IJIOCKO# MOBEPXHOCTH cOGEpPYTCS JIYUH, €CJIH NMYYOK NYCTHTb
¢ 0BpaTHOH CTOPOHHI?

- 2.17*. Ecai cMOTpeTb Ha KaNWJLISPHYIO CTEKISHHYIO TPY G-
Ky COOKYy, TO BHAMMBIfi BHYTPeHHHH papuyc GYJeT paBeH r.
Kakos ucTuHHBIA BHyTpeHHH# pamuyc? IlokasaTenb mnpeJow-
JIEHHS1 CTeKJa A, :
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2.18*%, B BornyToe cepuueckoe 3epKajo pajudyca R HaIuT
TOHKHH CJIOH HEeM3BECTHOH KHAKOCTH. IIpu atom oxasamaoch,
YTO JlaHHas ONTHYECKas CHCTeMa IPH HEKOTOPOM MOJIOMKEHHH
HCTOUHHKA JiaeT JBa JeHCTBHTENbHBIX H300pa)keHUs, OJHO H3
KOTOpPBHIX COBNajaeT C CaMHM HMCTOUHHMKOM, a JApPYyroe OTCTOHT
OT Hero Ha paccTosiHuu [. HafiquTe nokasatenp mpesoM/eHHSA
KHUJKOCTH.

-2.19*, Tlokasatenp mnpesJoMJeHHs1 = aTMocepbl MUIAHETH
IpH h<n/a yMeHbLUAeTCsl C BbICOTOH /i Haj ee IOBEPXHOCTbIO
no 3aKOHY #'= n, — ah. Paguyc naaHetsl R. Hafinurte, Ha
‘KaKoH BBbICOTe HAaJ. MOBEPXHOCTbIO IJIAHETBbL JIYY, HCNYIIEHHbH
rOpH30HTATbHO, GyAeT 00XOAUTb IVIAHETY, OCTaBasCh Ha IOC-
TOSIHHOH BBLICOTE.

2.20. Ha ropH30oHTaJbHOH IUVIOCKOCTH 3aYepHEH KpYr pa-
quyca R. B ueHTpe Kpyra BepTHKa/JbHO CTOHT, ONHpasCh Bep-
IIHHOH Ha LEHTP Kpyra, CTEKJIAHHBIAI KOHyc. ¥YTos pacTBopa
KoHyca 2a = 60°, paauyc OcHOBaHHA R, nokasartenb Ipe-
Jomaenus crekaa n > 1,5. Ha kpyr cmotpatr c¢ Goabluoro
paccTosiHHUA BJ0Ab OCH KOHYyca. KakoB BUAHMBIH pajuyc Kpyra?

s

K sazave 2.20, K sapaue 2.21.

2.21. Y3 naekcuraaca HaroToBJeH KOHYC C YIJIOM NPH Bep-
mHHe Za. Ha ocHoBaHMe KoHyca Najaer napaJJesbHblil NYYOK
ceeTa. OnHilHTe NoBejeHHe cBeTa. I[loKasaTesb NpesoMJeHHSA
miexcuraaca 1,5. .

2,22, B CTeKJSTHHOM BOJIOKHHCTOM CBETOBOJIE BXOJHble H
BBIXOJIHbIE YYacCTKH BOJIOKOH DAcIOJIOXKeHb! 0JHHAKOBO Ha ero
BXOJHOH ¥ BBIXOJHOH maockocTax. [lokaszaTesb MpenoMJeHHs
crexsaa n. [lo cBeToBOAY mepenaeTcs H3oOpakeHHe Kpyra pa-
auyca r. Kak 3aBHCHT pasmep H306paKeHHs1 Ha BBIXOJAE OT
pPaccTOSAHUA GT MAOCKOCTH Kpyra A0 BXOJHOH IJIOCKOCTH CBe-
TOBOJA, €CJAH pajHyC Kpyra MHoro G6oJblle pajHyca BOJO-’
KOH?
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§ 13.3. OnTHYeCcKHE CHCTEMBI

3.1. Ha pucyHkax nokasaHel npeaMeTsl U (DOKYCHI JIHH3.
IMocTpofite H30oOpaxeHHA 3THX mpeaMeToB. UeMmy paBHO yBe-
JHYeHHe B KaxXJIOM caydae?

\ F 4 _ } —
PR | ' d)
&) ' . 2)
. K szapgaue 3.1,

3.2. Hcrounux ceera Haxoputcsi Ha paccrosHud 90 cM oT
3Kpana. Tonkasi coGuparoulas JiHH3a, PacloJoiKeHHad MEXAY
3KPAHOM H HCTOYHHKOM, A2eT YeTKoe H30GpaxeliHe HCTOYHHKA
Ha 3KpaHe B ABYX 10J0xKeHHs1X. Onpenennte GoKyCHOe paccTos-
HHe JIHH3B, €CJIH PACCTOSTHHE MEXKAY NOJI0KEHHAMH JIHH3BI, 1alo-
UM YeTKoe H3obpaxenue, 30 cM.

3.3. a) Kakue oukH BHl Iponuimere GJH30OPYKOMY YeJio-
BEKY, KOTOPBIH MOXKeT YHTATh TEKCT, PacloJOKeHHbLH He fanee
20 cM? A Kakde [aJbHO30PKOMY, KOTODEII MOXeT 4HTaThb
TEKCT, pacnojoxeHHbll He 6auke 50 cm? '

6) Dansopykuil WM HaJbHO30PKHE 4YesOBEK, HOPMaJbHO
BUASALMUHA B Boje?

3.4. Ha xakoM paccTosiHHU OT JIHH3Bl PACHOJIOXKeH Mpej-
MeT, ecJH pacCTOsiHHE MeXAY NpPEeAMETOM H ero AeHCTBHTENb-
HBIM  u306paxeHueM MuHHMaAbHO? (OKyCHOe paccToskue
JKH3H .

3.5. HMzobpaxenue npeaMeTra Ha MaTOBOM CTeKJe ¢oToam-
napara c paccTosinusi 15 M noayuusoce BbicoTsl 30 MM, a ¢ pac-
croaHuss 9 M — BoicoTel 51 MM. Haiiaute $okycHoe paccrosi-
HHe O0BEKTHBA.

3.6. B TeuenHe KaKOTrO BpeMeHH MOXKET ObITb OTKPBIT 3aTBOP
poroannapaTta npu cheMKe MpbXKKa B BOAy € BBILKH? PoTo-
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rpadUpyeTcs MOMEHT MOrpYXKeHHs B BOAY. BricoTa BbIIKY 5 M,
¢ororpad naxoautes Ha paccrosinuy 10 M ot npuiryHa. O6mek-

. THB anmnapara uMeeT (OKyCHoe
pacctosinne 10 cM, Ha Herartuse
JOMYCTHMO pasMbITHe H300pa-
*eHus 0,5 mm.

3.7. Tlpu dororpadmuposa-
HHH OYEHDb YJIAJIEHHOTO O0beKTa
nepen o6beKTHBOM (poToanmnapa--
Ta Ha pacCTOAHHH, PABHOM TpeM
(DOKYCHBIM pacCTOSTHHAM, MOMe-

K sanaue 3.7, CTHJIH TOHKYIO JIMHEHKY IuH-

puHbl D. IlnockocTh JHHEHKH

nepneﬂunxynﬂpﬂa ontHueckoi ocH. OOBEKTHB — TOHKAas JIHH-

3a auamerpa d << D. OnpeﬂeJmTe WHPHHY TEHH Ha IVIEHKe

(wHpHHY ob6JacTH, B KOTOpOH JUHEHKOH OYAyT 3aTeHEHb! Bce
JyuH, Hcxousuipe oT ¢ortorpadupyemMoro ofbekTa).

3.8. Ilpu dororpaduposanun Jlynsl ¢ 3emian JHH30#H ¢ do-
KYCHBIM pacCTOsiHHeM [ MOJyYeHO PasMbIToe H300paeHHe
B BHAe JHCKa pajuyca r,. Peskoe wHzo0paxenHe Jlyuu
nMeJ1o OBl pajuyc r,. OnpejennTe, Ha KaKoe paCcCTOSTHHE HYXKHO
CMECTHTbL (IOTOIJIACTHHKY, 4YTOOBI H300paXKeHHe MOJIYUHAOChH
peskuM. Jluamerp snuusel D. O6JacTbio H300pakeHHs] CUHTATD
06J1acTh nonanaHua cBeTa Ha goTomiacTHHky. Judpakmimo He
YUHTBIBATD.

3.9. IlpeunMeT B BHAE OTpe3Ka IJIHHBI [ PacnojoxeH BAOJIb
ONTHYECKOH OCH COGHp atoLLeH JIHH3BI ¢ JOKYCHBIM PACCTOSTHHEM [
CepeiiHa OTpe3Ka pacnoJiokeHa Ha PacCTOAHHH a OT JIMH3WI,
H JIHH3a gaeT JeHCTBHTeNbHOEe H300paXeHHe BeeX TOUeK mpen-
Mera. Onpegesnte npojloJbHOe yBesHUeHHe npeamera. Kakum
GyzeT yBeJH4YeHHe mpejMeTa, Koria pasmep ! npeimeTa 3Ha-
YHTEJbHO MeHbIue [?

3.10*. Ocrpue KoHyca C yrJoM 2a paccMaTpPHBAeTCs 4epes
JIHH3Y C (POKYCHBIM pAaccTOsIHHeM [, pacCnoJIOXKeHHYIO Ha pac-
. CTOSIHHH G OT BepUIMHBl KOHY-

ca (a << f). KakuM BuIeH yron

KOHyca 4epe3 aHH3Y? OCh JHH-

3Bl IPOXOAHT Yepe3 OCh CHMMET-
N puu Kouyca.

- 3.11. a) Ha dokycHoMm pac-

K sapaue 3.11a. - CTOSTHHH [ OT JTHH3BI PACHOJIOXKe-

. HO MJOCKoe 3epkaJio. Halinure,

Ha KaKOM DacCTOSIHHH OT JIMH3Bl GyJeT HaXOAHThCs H30o6parke-

HHe npejMmera, pAaCHOIOXKEHHOIO HA PACCTOSHHH 4 OT JIMH3EL
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6) [lnockyio cTopoHy HJIOCKO-BHLIMYKJAOH JIMH3BI, QOKYCHOR
paccrosiHue KoTopo#t 6bl10 f, mocepeGpusn. Haiiaute ¢okyc-
HOE pacCTOsiHHe MOJIYUYHBILEroCs 3epKasd.

3.12. DokycHbIe pacCTOAHUS IBYX TOHKHX COGHPAIOLIHX JIHH3
paBHH f; U f,. UeMy paBHO (pOKyCHOE PacCTOsIHHE CHCTEMBI H3
5THX ABYX JIMH3, coGpaHHLIX BMecTe? UeMmy paBHa onTHuecKas
cuia 3Tof cHcTeMbl? UeMy 6yjaeT paBHO (QOKYCHOE paccTosiHHE
CHCTEMBl B CJyyae, €CJH BTOpas JnH3a 6YIeT pacceHBaro-
1eh?

3.13. IlBe TOHKHE MNJIOCKO-BBIMYKJbie JIHH3B, (GOKYCHBIE
paccTOsTHHA KOTOPBIX B BO3JYyXe PaBHBI f, NOMEILEHBl B ONPaBy
TaK, YTO BbINYKJIble NOBEPXHOCTH conpukacatorcsi. Onpepennte
(POKYCHOe pacCTosiHHe TaKOH CHCTeMBl B XHJKOCTH C MOKasa-
TeJleM mnpesomyenus. n. CYHTaTb, YTO BHYTPb ONPAaBBl KHI-
KOCTb He ncmnajaer. Kak H3MeHHTCS OTBET, €CJIH XKHJIKOCThb
nonajaer Mexay JuH3amu? IlokasaTenb npeslOMJIEHHS CTeKJa,
‘U3 KOTOPOTO cjelaHbl JIHH3BL, 1.

. 3.14. Tloctpofite M306paxkeHHe npeaMeTa, KOTOpPoOe jaer:
a) cucreMa u3 coGupatolledl nunsel ¢ f; = 1,5a u pacceunsaio-
we#t ¢ f, = —1,5a, rie a — paccrosinue MeXAy JHH3aMH;

) cHcTeMa M3 ABYX coGuparoluX AuH3 ¢ f; = 1,6a u f, =
= 0,5a. Ormerbre mnonoxkeHue ¢okycoB cucreM. Ilpeamer
 HaXojiuTcA Ha paccrofaHHH 10a oT mepBo# JIMH3BL .
; 3.15. Jlana cucreMa ABYX JHH3 ¢ ofllell onTHYeCKoH
ocblo. PaccrosiHue MexXay JHH3aMM [, QOKYCHBle pacCTOSIHHA
auH3 f; v f,. Heo6xoauMO HalTH OAHY JIHH3Y, KOTOpas jJaeT
uszobpakeHHe MNpeaMeTa, pPacCHOJIOKEHHOFO BHE JIHH3, 3KBH-
BaJleHTHOe H306paxeHHIO mnpeaMmera cHcTeMol. Kakoo ee
(OKyCcHOe paccTosinue?

3.16. 'Jlunswl ¢ GoKyCHBIMH paccTosiHHsIME 30 cM HaxoasTcs
Ha paccrosinnu 15 cMm. Haligute, npu KakuX NOJOXKEHHSIX Mpej-
MeTa CHCTeMa JaeT JeHCTBHTeJbHOe H306GpaKeHHe.

3.17. PaccenBaiomas JHH3a ¢ (QOKYCHBIM pacCTOSTHHEM
—0,6 M pacrnosioxkeHa Tak, 9TO OJHH H3 ee (JOKYCOB COBHEJaeT
¢ MOJIIOCOM BOTHYTOTO 3epKana. KakoBo okycHoe paccrosiHne
3epKaJja, ec/H H3BECTHO, YTO CHCTeMa jaeT MHHMOe H3o6paxke-
HHE MpeaMeTa, MNOMEUIEHHOTO Ha Jio60M DPacCTOSHHHM mnepel
JNH30H? M306paxkeHue co3/aeTcs Jy4yaMu, BTOPHYHO MpPoIlei-
IIHMH 4Yepe3 JIHH3Y MOCJe OTpaXKeHHsi OT 3epKaJa.

3.18. IlBe coGuparomwne AHH3EL A W B ¢ 0HHAKOBBIMH (O-
KYCHBIMH DAacCTOSIHMAMH [ pacmosioxkeHsl Ha pacCTOSIHHH &
apyr ot apyra. OntHueckasi ocb Q0 nun3bl A napaieibHa
ontHuyeckoi ocu 0’0’ NHH3B B M HaXOAWTCA HA PACCTOSIHHH 4
or ocu 0'0’. HalinuTe paccrosinne Mexkay H300paxkeHHEM H
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HCTOUHHKOM CBeTa, pacro-
JOxeHHbIM Ha ocy OO Ha

L R paccTosiHHH 2f OT JHH3BL A.
& 3.19. a) /[pe omuuHako-

. Bhle cofHpawilnge JHH3BL C
o’ OJHHAKOBBIMH  (DOKYCHBIMII

paccTOosIHHSIMH [ pacnofioxe-

K sapaue 3.18. HBI TaK, YTO HUX ONTHYECKHE

ocH 06pasyroT yroJ o H oCb

BTOpOH JIMH3bl NPOXOAHT uepes uenrp nepsoil. B doxryce nep-

BOH JIHH3BI PaClo/IoKeH TOYeyHblH HCTOUHHK cBeTa S. Haidiaure

BAaCCTOSIHHE MEeXKAYy HCTOUHHKOM S H ero HaobpaxeHHEM B na-
pe JHHS.

a)
oL o
s
Ry ™~
——-—/?\ . — - . . A\Q{
4)

K sapave 3.19.

6) Ha ontuueckoit ocu cobupatomel THU3bL Ha pacCTOSAHHH,
pasHOM GOKYCHOMY; paclosioXeH TOUeUHBIH HCTOUHHK CBeTa S.
ITo apyryw cTopoHY JIHH3HL Ha 5TOH XKe OCH Ha PAcCTOSHHH a
OT ee LelTpPa PACHON0KeH HeHTDP TaKOH e JIHH3BI, 0Cb KOTOPO#
o6pasyeT ¢ oCbIO [lepBOH JIMH3EL yroa o. Haklinute paccrosinue
MKy HCTOUHHKOM CBETa H ero ‘H300pazKeHHeM B Ilape JIHH3.

§ 13.4. doTomerpusn

# 4.1. CorsnacHo HOpMaM ©CBellleHHsT pafodyero MecTa MeTaj-
JILCTA, BHUIOJIHSAIOMIErO TOHKYIO PaGoTy, OCBEIICHHOCTD J10/KHA
6o1th 100 k. Ha Kako# BEICOTe OT pafouero MecTa A0/KHa GbITh
nomeileHa jgamna 100 ka? UeMmy paBHa MOUIIHOCTb 3TOH JiaMIbl
(B BaTTax), ecqu TOJBKO JecsTasi 4acThb SHEPTHH ToKa nepe-
XOJHT B CBETOBYIO SHEPTHIO?
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4.2, Bo CKOMbKO pa3 HYXKHO H3MEHHTb BPEMS 3KCIIO3H-
IIHH, ec/d paccrosHue doTrorpaduyeckoii Hymard OT HCTOY-
HHKa CBeTa YBeJHYNWBaeTcsi BTpoe?

4.3. OcBellleHHOCTb IJIOCKOH MOBEPXHOCTH B TOYKe, GJIH-
Kafilmell K ToueyHOoMY HCTOUHHKY, 200 snx. Kaxopa ocpelueH-
HOCTb B TOYKax, Tge yroa naaenus 30°, 45° u 60°?

4.4. Haj noBepXHOCTBIO Ha BHICOTE 2 M PaCNOJIOXKEH TOYey-
HBll HeToynuk cseta 120 ka. Ha paccrosuuu 1 M ot ucrou-
HHKa MepHeHAHKYJASIPHO NOBEeDXHOCTH HAXOJNUTCS NIJIOCKoe af-
COJIIOTHO OTpaxaiolllee zepkaso. OmnpeleauTe OCBELIEHHOCTH
HNOBEPXHOCTH MOJ HCTOYHHKOM.

4.5%, Mexnay J1a3epoM H (GOTOJETEKTOPOM TNOCTaBHJIH TOJI-
CTYI0 CTeKJsiHHYyl0 mnaactuHky. IlokasaHus @orozerexropa
yMeHbIIHJIHCh, Koria BMecTo J1asepa NOCTABHJIH JaMOy Haka-
JUBaHUs, TO NOKa3aHHs (POTOJAETEKTOPA YBEJIHYUIHCh. O6bsic-
HHTE 3TH 3((eKTH.

4.6*. Kakasg uacTb CBeTOBOTO NOTOKa MNapaJJesbHOTo
Ny4YKa CBeTa NOIVIOTHTCS Ha UePHOM KpyKKe pajiHyca 7, IEHTp

.,

1 p =g WL

— - «
R ee—— M A \
—_——————— - —
J
K 3apnave 4.6*, K 3anaue 4.9.

KOTOpOoro coBmajaeT ¢ (oKycoM ctepHUecKoro 3epKaJja pa-
auyca R? KpyxoK pacnosioxeH nepneHUKYJJISPHO ONTHYeCKOH
ocu. Juamerp nyuka d > 2R.

4.7. B ¢okyce chepuyeckoro sepkaJja noMelleH cocya, Co-
pepxawHit 100 r Boasl. KakoB fo/KeH GbITh AHAMETD 3epKana,
4yToOBbI BOJIa BCKHIesa Yepe3 | MHH, eC/IH 3epKajo HaupaBUTh
npamo Ha CouaHue? IlnoTHoctb noroka sHepruH ot CoJsHiaA .
0,14 Br/cm2 TlotepsmH npeHe6Gpeyb.

4.8*, Moxno s, cobupas ayud Cosuna B ¢okyce chepu-
4YECKOro 3epKaJja, MOJYYUTb OCBelleHHOCThb (OJblle APKOCTH
nosepxHoctH CosHua? KakKyno MaKCHMalbHYIO OCBELlEHHOCTD
MOXKHO TOJy4uTh B ¢oKyce 3epKaja? [lromazes ¥ paauyc
KPHUBHU3HH 3epkana S H R, apxocrb nosepxHoctd CosHua /.

4.9. Jkpan ocpelllaeTcs mnapajJlesbHBIM INYyYKOM CBeTa.
Kak uaMeHHTCS OCBellleHHOCTb 3KpaHa, eClH Ha OYTH Jyuel
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NOCTaBHTb NPH3MY C YIJIOM & H cTopoHo# AB, napaJienabHoi
skpany? Hapucyiite rpapuK H3MeHeHHs OCBELIEHHOCTH BJOJb
skpaHa. [lokasaresb npegoMaeHHsl npusmbl n. OTpaxeHHeM
CBeTa OT MPH3MBI IpeHe6peub.

4.10. K xaguM nocieJCTBHSIM IPHBOIHT nua(pparMHpOBaHHe
o0BeKTHBa (oToannaparta?

4.11*, )Kyka dotorpadgupyioT B ABYX MacliTabax, MOAHOCS
anmapaTt Ha paccTOsiHHe, paBHOE CHauaJjla TPOHHOMY, a 3aTeM
NATHKPATHOMY POKYCHOMY PacCTOAHHIO OO0BbeKTHBa. Kak HyXHO
H3MEHHTh fHaMeTp AHadparMbl OGbEKTHBA, YTOOB! OCBELEHHOCTD
H300paxeHHsl Ha NJIEHKe B 0GOHX c/ydasx Obla OIHHAKOBOMH?
Huamerp nuadparmbl B 0GOHX CydasiXx MHOTO MeHbLIe paccTos-
HHA JIO XYKa.

4.12. Yto npousofieT ¢ H300paxKeHHEM, JaBaeMbIM JIHH-
30f1, €CJIH BEPXHIOIO MOJOBHHY JIHH3bI 3aKPaCHTb 4epHOH Kpa-
CKOH?

S W .

K 3apaue 4.12, K eapaue 4.16,

\'/

4.13. B KpbILIKe 3aKPHITOrO fAIIHKA BBICOTHI | M HMeeTcs
Kpyrjoe OTBepcTHe. I3MeHHTCS JIH OCBEIUEHHOCTb JHAa IOJ
OTBePCTHEM, €C/IH B OTBEPCTHE BCTaBHTb JIHH3Yy, ONTHUECKas
cisa KoTopofi paBHa | nnTp? SILIMK CTOHT NOA OTKPHITHIM He-
6OM, 3aTAHYTbIM paBHOMEepHOH mNesjeHOH 06JaKOB. _

4.14. ToueuHbId HCTOYHHK PaCIOJNIOXEH Ha BLICOTEe /i Haj
FOPH30HTAJNbHON NOBepXHOCTBIO. Haj HCTOUHHKOM HaXOAUTCA
IJIOCKOE 3epKaJjio, NapaJsienbHOe noBepxHocTH. Hapucyiite
rpadHK 3aBHCHMOCTH OCBELIEHHOCTH MOJ, HCTOYHHKOM OT pac-
CTOTHHA MeXAY 3ePKajJOM B HCTOUHHKOM.

4.15. Bo ckoJbKO pa3 OCBelleHHOCTD B IYHHYIO HOUb B MGJI-
HOJTYHHE MeHblle, YeM B COJHeUHbIH JeHb? Bricota JIyHbI H
CosiHLIa Haj FOPH30HTOM OjWHakoBa. CuMTaTh, uto JlyHa pac-
ceMBaeT BeChb MAaJAIOWIMH Ha Hee CBET PAaBHOMEPHO MO BCeH
noaycoepe. IIpuuaTh paccrossure ot JIyHbl 10 3EMJIH PaBHbIM
400 000 kM, paguyc Jlynn 2000 kM.

4.16. Hepen cepHUIeCKHM 3epKaJioM palmyca R, B ¢o-
Kyce KOTOPOTO HaXOJWTCs TOuedHbIi HCTOYHHK cBeTa S, Ha
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BbICOTe h HaJ ocbio 3epkaJsia SO noMelileHa HeGoJblifasl 1Jac-
TUHKA, IVIOCKOCTb KOTOPOH NepreHAMKY/sipHa ocu. Haligure
OTHOILIEHHE OCBElIeHHOCTeH JIeBOH H PBOH CTOPOH IJIACTUHKH,
ecmn B L R.

4,17. Tlyuok cBeTa HHTeHCHBHOCTH [ najaeT Ha ILJIOCKO-
napanjieJIbHylo IJIaCTHHKY 110 HOPMaJd K ee IOBEpPXHOCTH.
I'lpeneGperas noryolleHeM H CYHTasA, YTO KOS(DPHIHEHT OTpa-
JKEHHSl CBeTa Ha KaxKJOH NMOBEPXHOCTH B JIOGYIO CTOPOHY pa-
BeH &, onpene/uTe HHTEHCHBHOCTD Y4Ka, MPOLIEALIEro CKBO3b
NJIaCTHHKY. :

4,18*, UsobpazkeHue CoaHIA OMYUEHO C NOMOULbIO 0GbeK-
THBA, COCTOfALIEro H3 cobupamlled U paccedBarolledl JHH3
(J; = 10 cM, f, = —10 cM), pacnoJio}KeHHBIX Ha PaCcCTOSIHUY
5 cm. TlocpenuHe Mexxay JMH3aMH NOMelleHa Kpyryiasi auag-
parmMa nuamerpa 0,5 cM. [lpennosarasi, 4To JIMH3LI UMEIOT JO-
ctaToyHo GoJablue pasMepbl U He OrPaAHHUUBAIOT CBETOBBIX
Iy4KOB, ONpefiesiuTe, BO CKOJIBKO Pas OCBELIEHHGCTh H300pa-
»KeHHS GOJIbllle OCBEILEHHOCTH 5KpaHa MNPSMBIMH COJIHEUHBIMH
JAydamu. Yrioso# auamerp CosnHua npuHaATh pasubM 0,01 pan.

4,19. ToueuHblfi MCTOYHHK C MOMOIIBIO TEJIECKONA C O0beK-
THBOM jauHaMmeTpa D, MoxeT ObITb 3aMeTeH Ha pacCTOSIHUH L.
Ha kakoMm pacCcTOsiHHH MOKHO paccMOTDETb 3TOT e HCTOUHHK
B TesJeCKon ¢ 00beKTHBOM JAHameTpa D?

4.20. Kak usMeHHTCH OCBelleHHOCTh H300p axkenusa ConHua,
JlaBaeMOT0 IJIOCKO-BBIITYKJIOH JIMH30H, eC/lu JIUH3Y paspesaThb
110 IMaMeTPy H CJOXKUTb IVIOCKUMH CTODOHAMH?

4.21. Tlouemy npu HaAOJMIOJEHHH B TEJECKON SIPKHE 3Be3Jbl
BUJHBI Jaxe JHEM? ) ’

4,22*%, HHuTeHCHUBHOCTb CBeTa Masika Ha paccTosiHuH L

yMeHbIIHJAch H3-3a TyMaHa Ha 10 %. Paguyc Kaneab Tymana r,
OueHdTe KOJHYECTBO Kaleb TyMaHa B elUHHIle ofbeMa BO3-
nyxa. .
4.23*. B jppiMOBOH 3aBece I3 HeNpPO3payHbIX YacTHIl pa-
Juyca 5 MKM npH cofep:xaHuu Macchl BemlectBa 0,04 r B 1 m®
BO3jyXa BHAHMOCTb cocTaBiseT 50 m. Kakas macca periectpa
B | M® BOzayXa pacrblifeTcss HCTOUHHKOM 3aBeCH, CO3JAtOIHM
yacTHisl pagnyca 10 MKM, €C/IH-BHIMMOCTb COKpPAILaeTcs jio
20 m? ’

4.24. B cucreme onTuyeckoil CBAI3H lepejalollui Jiyy Jia-
3epa HMeeT BHJ KOHYcCa C yIJoM npu BepuuiuHe 107 pan (yroa
pacxomuMocTu). B npHeMHOM YCTpOHACTBE CBETOBas 3Heprus
(pokycupyeTcsl Ha (GOTOZJEMEHT C INOMOILBIO JIHH3B JHaMeTpa
1 M. Okasanoch, YTO NIPU U3MEHEHHH PAaCCTOAHUSA MeXKIYy epe-
JIaTYHKOM B NPHEMHHKOM ¢ 5 10 10 KM CHrHaJ Ha BbIXofe (oTo-
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' 3/€eMeHTa yMeHbLIMJCA B 2 pasa (M3-3a NOIJIOWIEHHS B aTMO-
cdepe). Bo CKOJIBKO pa3 U3MEHHTCS CHTHAJ NMPH YBEJIHYEHHH
paccroanua ¢ 10 no 20 km?

§ 13.5. KsanToBas npupona csera

Ha pucynke n3o6paxeHbl NPOBOJIOYHBIE HHJIHHIPHYC-

CKHe pa3pANHHKH. YacTHibl cBeTa GOJBILOH SHEPIHH (y-KBaM-
THL), nposieTas yepes paspAAHHIH, 3AXKHIAIOT B HHX Dasps.
Paspannuku, KOTOpHS «I10/10-

Tt B d raipchy Y-KBAHTOM, HAa PHCYHKE
3awTpuxoBansl. Jlmuna paspsi-

== =3 £ £=— HHUKOB 5 cM. Paccrosine mMexay
psAkxamMH  paspsmHHKOB 6 cM,

= a3 2
YO 4
B VAVANR () RAVAVS . 4
B & F 3 = 7z’
K sapave 5.1, K sapade 5.2,

paccTosiHne MeXJy TopliaMH coceqHuX paspsaaunkoB | cu. C
KaKOH TOYHOCTBIO MOXHO ONPEeNeNHTh HanpapJeHHe IBHXKeHHS
Y-KBaHTa?

5.2. Mexny nByMms ¢oToAeTeKTOpaMH, PACIONOKEeHHBIMH 11a
paccTosinuy 5 M JAPYT OT Apyra, npousollesn pacnaf n’-MesoHa
Ha 1Ba y-KBaHTa. [lepBLl JeTeKTOp 3aPHKCHPOBAJ Y-KBAHT
coyerss 1078 ¢ mocne cpaGaTeiBamsisi BTOPOTO jeTekTopa. Ha
KaKOM PacCCTOSTHHH OT MEePBOTO JeTeKTOpa HaXoAuJacs n’-Me30H?

a) g) 8)
K sapaue 5.3,

5.3. UyBcTBHTENLHOCTE POTOMIACTHHKH Obl1a HACTOJIBLKO
BeJHKA, YTO Ka bl ¢OTOH BLI3BIBAJT HA Hell mosBJIeHHe yep-
Horo maTHa, Tpu doTorpaduu KeajpaTa moJydeHbl Ha AJHHE
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BoaHel 5-107% cMm. PasMepnl uzo6paxenus 10 X 10 cm2 One-
HHTe, moab3yAch ¢opmynocit TlnaHka £ = hv (h = 6,62 X

X 107 3pr/Fu — nocrosiuHas TlnaHKa), OCBEIIEHHOCTh (OTO-
TUIaCTHHKI B Ka)KA0M CJaydae. Bpemsi cpabaTuiBanis 3aTBopa
¢otoannapara 107 c.

5.4. B BakyyMHOM 0GbeMe HAXOAATCA JABe mapaJlesbHbe
MeTaJiliyecKHe MjiacTiHel. Ha 3aseMIeHHVIO MI2CTHHY Majaet
MOTOK YJALTPAQHOJSTOBOIO H3JAYUYEHHS C YaCTOTOll v, KOTOpGE

g7 | ki

S~ q
N
7 1
= ‘ A o v
a). )
K zapaue 5.4.

BBIOUBAET H3 Hee 371eKTPOHBI. TOK STHX 37€KTPOHOB 3aBHCHT OT
Hanpsi>KeHHsl, TOJAaBaeMOTrO Ha BTOPYIO IVIAaCTHHY, TakK, Kak
H300pakeHo Ha rpaduke. OmpenenuTe U3 rpajuka paboty
BLIXOJla 3/J€KTPOHOB H3 TepBOH MJACTHHBI.

5.5. Ilpy CTONKHOBEHHM TMO3UTPOHA C 3JEKTPOHOM HYacTO
NPOUCXONUT AHHUTHJSLHS STHX YaCTHI OHH NpeBpallaloTcs
B JIBa y-KBaHTa. B KakoM ciyvae SHepTHH STHX Y-KBaHTOB OYAYT
paBHBI H OHU GYAYT JABHTATLCS B NPOTHBOIO/IOXHLEIX HampaBJe-
Husx? Uemy GyjeT paBHa MHHHMAaJbHAs 4acTOTa TaKUX Y-KBaH-
TOB?+

5.6. a) Ilpu pacnajme sm-Me30Ha Ha JBa QoToHa 3aduKCH-
poBaHbl (OTOHEI C SHEPTHSMH €; H &, KOTOpLIE JIETAT B NMPOTH-
BONOJIOXKHBIX HampaBaeHusax. Onpenenute CKOpPOCTh pacnas-
mierocs MeaoHa. Jsia GpoToHa CBA3DL SHEPTHH H UMIYJIbCA HMEET
BHJ € = pc, TJie ¢ — CKOPOCTh CBeTa.

6) Tlpu pacnaje HedTpanbHOH YacTHUp! HA nBa GOTOHA 06-
Hapy:keHbl (DOTOHHI, JeTsLLHe TOX
yrjaaMu 6, H O, K HanpaBJ/IeHHIO
IBHxkeHusi wactHiel, Omnpejenute
CKOPOCTb pacrnaBlleHCsl YacTHIE.

5.7. a) y-KBaHT C YacTOTOH V
paccesisicl Ha HENOABHKHOH ya-
CTHHe 0Oj YIVIOM § K IepBOHa-
yaJpHOMY HampaBJeHuio. IIpu sTOM uacToTa KBaHTa yMeHb-
muacs Ha Av & v. Onpepieute Maccy 3TOH YacTHIHL.

K 3apaue 5.7,
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6) DoToH ¢ yacToTOH v pacceHBaeTcsl Ha sJaeKkTpoHe. Omnpe-
JieJIUTE U3MEHEHHE 9acTOThl POTOHA, PACCEAHHOTO MOJ YIJIOM 8.
hv <& mc?, _

5.8*. ATOMHI, JeTslllMe CO CKOPOCTBbIO U, U3Jy4YalOT B Ha-
TpaBJIeHHH IBHXKeHHA (QOTOHHI ¢ yacToTol v. C KaKoH yactoToil
U3ayualTcsl (QOTOHH B HampaBJEHHUH: a) MPOTHBOMOJIONKHOM
JIBUKEHHIO aTOMOB; 6) NepneHAHKY IAPHOM IBHIKEHHIO aTOMOB?
HUMnyabc ¢oToHa MHOTO MeHbllle HMIYyJabca aToOMa.

5.9. Ceer, uU3/nyyaeMulil ¢ NMOBepXHOCTH 3Be3]lhl, HMeeT TeM
MEHBUIYIO YacTOTy, YeM MacCHBHee 3Be3ja M MeHblle ee pa-
auyc. Uem obbsacHsercs 10T >¢pgekT? [loueMy ero HasbBaioT
KPacCHBIM CMelleHHeM?

5.10. Onpezennte KpacHoe cMellleHHe A 3Be3bl Macchl M
u paguyca R, ecan yacToTa CBeTa Ha NOBEP XHOCTH 3Be3[bl paB-
Ha v. Ouennte KpacHoe cmelneHue mias ColHOA B BHIMMOH
obaactu. Kakue sgeKkTh! MelnaloT 0OHApYXHTh KPacHOE cMe-
meHHe B uaayuennn Coanna?

5.11. Ilpu kakoMm paguyce 3Be3na Maccsl M mnpeBpatuTCs
B «YEPHYIO JIbIpY», T. €. MepeCTaHeT H3JyyaTh cet? OleHHTe
3ToT pazuyc ana CosHia.

5.12*, Muorue ruranTcKye KBasH3Be3HbIe CKOMIEHH S (KBa-
3apbl) OKPYXKEHBl TYMaHHBIM 06JaKoM. DOJBUIMHCTBO yueHbIX

IO
7230 A<
A\ E)/f)ﬂ/) 3\1
= esis == IR
K - a)

K sapaue 5.12%,

CYHTaET, YTO 3TO 06J1aKO — MPOAYKT pacnaja KBasapa. Omui
MOJIOZIOH# HayuHBIH COTPYAHHMK NPENJIOKHI APYTYIO TUIOTE3Y.
OH cuHuTaeT, 4TO TyMaHHOe 06/1aKO — 3TO LI1apOBasl rajakTHKa,
KOoTOpas (OKycHpyeT TpaBHUTALMOHHBIM MOJIEM CBET AajeKoi
3Be3/lbl Ha Hallly 3eMJI0, a KBa3ap — 3T0 «C(OKYCHPOBaHHas»
3Be3na. Onpenenure GOKYCHOE pacCTOSIHHE IIAPOBOH ralakTHKH
paguyca R u Maccel M, ecau 3Be3fbl B Hell pacrpejesieHbl
paBHOoMepHO. OneHuTe ¢oKycHoe paccTosaHue TyMaHHOCTH
AH}IpOMellbI Pagnyc TymanHocT okoso 20 KuJaonapcek, noJ-
Has Maccd okomo 3-101! macc Connua. OneHHTe, Ha KakoM
MHHHMAJLHOM PacCTOSIHMH JOJ’KHA HaXOAHUTbCA 3Be3/a, KOTO-
pas ¢oxycupyercsa Ha 3eMaio TakoH ranakTHKOMH.



OTBETH! )

Faaspa 1. KHHEMATHKA

§ 1.1. [IBHXKeHHEe C NOCTOSIHHOH CKOPOCTbIO

1.1. v=200 m/c.
1.2. v=0,7 KM/c; Ha IOTO-BOCTOK.
1.3. v=3 M/c; B 1 M OT NOTOJKA M 2 M OT GOKOBOH CTEHHI.

1.4, x=1,15 m.
3, —2t,—1t
1.5%, A0=L 2 2_C
2(ta—1p)
, _jUu—u
1.6. [ -‘l—_v—}—u .
To—T
1.7. v=¢ Tn-}—T"\
1.8. v/ =w cu .
c—v

1.9. a) Nlpu ¢ <CI/v rpanuua obJjacTH —KOHYC C BepIIHHOM, HaXo-
Asuedca Ha PacCTOSHAM Uf OT KOHUA CTePxKHS, Mepexoasmuuil B Kacalo-

E<ly A Y
K oteery 1.9a.

mylocs ero cdepy pasuyca uf. Ilpn {>I/v—cdeps c 1leHTPaMHu Ha
KOHIIAX CTepHA W pasuycamMH uf n u ({—I/v) ¢ KacareJbHOH K HHUM
KOHHYeCKOH NOBepXHOCTLIO. 6) cos o= u/v.

1.10*. M3 yraa 60° c BepunHO# B Touke A, GHCCEKTPHCA KOTOPOro —
iocce. )

L% v=c/V B—c%i2."
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L4

1.12. u=y/sin c.
1.13. CM. puc.

ame|

l
|
|

79

N
L
S
5]

K oteery 1.12,
1.14, Oppunara B aGcuncca TOYKU NepecedeHus IpabHxos x; =17 |
Xp=a-v ((—T)/2 naloT BpeMsi H KoopiuHaty: ' =(2a—-vuT)/v; x=
== 24 —UT. .

ZM, &M,
oM
3
7
7 2amM
K orBery 1.15, K omsery 1.1b,
_ L TR
/\ ) 2
g | 71,

ANA
r=70'/3\/ \/ \/ T/

P f— |
_ >< : 2 § A
TRan, > | e

T~ U |

(] )
K orsery 1,17,

e ]l
=
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1.15. Cv. puc; 6) vep=0, B) vep=1-m/c.

1.16. Cm. pHe.

1.17. Cum. puc. a) DBosspaumenue Jyua mo x 3aHHMaeT OueHb Majne
BPEM#d, COOTBETCTBEHHO Ha eMHHIY AJHHBL! TONAajaeT Majio 3/1eKTPOHOB,
6) Ilpu T/Ty=m/n, rie m U n—ao0ble LeJble YHCIA.
vsina--V F—v? cos? o

118, x=2l0 "

1. 19 B=2c. B HanpasneHdH IPOTHBOMOJOXKHOM HA4albHOMY,
1.20%. tg 9=2ma/nb, rie m U n—molOble LeJble UHCJA,
L2l (—cx ¢ €2)y — 0

Y L>47 gy URSL>ZR

W L2 L z

K orBery 1.22%,

1.22*, CM. puc. Hynepasi y creHok. HauGoabwmad: B JMoGOM MecTe
Ha paccrosiHuH, GoabwmieM 2R, OT creHOK M paBHa 2R/(L—2R) npwu
L >4R; B mo6GoM MeCTe HA paccTOAuuH, GospweM L—2R, OT CTEHOK A
paeua 1 mpu 4R > L > 2R.

§ 1.2. IpuxkeHHe € DICPEMEHHON CKOPOCTHIO

2 R .
R—l— i
2.2, JI}oﬁon rpabHK ¢ H3MeHeHHEeM KOODJMHAThl 33 yKasaHHOe BpeMsl

Ha 20 M W ¢ HanGOJbIIMM «HAKJOHOM» KacareJbHOH 15 M/cC.

23, t=12 ¢ x_24 M.

2.4, —vot—|— L (t—

2.1, vep= HanpapJeHa 0o rpaHdie pasfena.

2.5. x=% Yoly-

2.6. Cpeansin ckopoctb Gousibile Hada/lbHOH, a KOHeWHass CKOPOCTb
‘HyJeBast.

2.7. v=VLa.
2.8. v=VN/b.
2.9. t=R/q. -,



€3,

o

2
a,n/c b N

7F
779 =1 6
1 [ | | "
4 8 72| Jze 5t
_/4/7‘7 " 4 B
3k
GME 21
SEG |- p——— :
)/ 7—
vl 1 L 1 Ji 1 I i
&4 8 727 te. 48 72 e

—4 - N
2,77 "m

K otsery 2.15,

T

~ N N
T

2/77 77 Fde -1 7 Lvto -

K oteery 2,16,




_miftgla - 1 7

2.10*. a) U—-———s-——-—-, 6) U——»‘2'j —n—ht'.

2.11. ¢=125,6 cmd¥/c.

2.12. vy =43 M/c; v,=423 M/c.

2.13. Cm. puc.; v=600 m/c. Or 6 1o 6,9 kM. x=6,9 kM. [Tpo-
BepbTe PaBEHCTBO TUIOmMAjed Ha rpabuKe YCKOPEHHS Hay H TOJ OCbIO {.

2.14. 4 u 16.

2.15. Cm. puc. OTHOWEHHE MOAYJieH yCKOpeHHsi paBHO 2,

2.16. Cm. pHc. ' *

2.17. v=0,72 cM/c.

2.18% t=(2+V2)r.

2.19*. Ha 31 c.

§ 1.3. JlpvKeHHe B moJe TAXECTH.
Kpusonuneiinoe apyxenwe

3.1. t=v/g—1/2.

3.2. a) t=V2D/g. 6) Ha oxpyxHocTH Juamerpa gi%/2 ¢ Bepxnefl
TOukOH A.
3.3*. ITox yrJioM @/2 K BepTHKaJH,

3.4, vp=1/v% + 2gh.
3.5. t=—;— (sin ¢ —cos @ tg ).

3.6. a) vx¥vcosq), vy =v sin ¢ —gl.
6) x=vcos@-f, y=vsin Q-{—gf2/2.

—xtgp_ &2 _ &2 oo
B) y_xtgq) 2U2C032q) _xtgq)— 202 (tg (p""l)-
. 2 2 2 si %
1 T=2vsmq>, H=v sin q)’ L=L sin 9,
g /2g . g e
3.7. L=V2 vyg.
_ 2v%cos?P

39. v=V1L (a+g -
—_ 2
3.10. H=2u(vcosa v) tg o
g
202
311, L=—r——7+.
g(tgBttga)
3.12*%, m=7 Kr.

T Vs 2g0% — gox?

gx
6).IlapaGoson] BpalleHHs C L—i’f _ext
):Ilap 4 Bpait =%z = 2

3.13*, a) tg =

333



o) v=Vg+Vrry -
. 72
314, Xopy=0COSP T, Yory ="V SiN qawc—%——grt. OtnocuTensuas
CKOJOCTh MOCTOsIHHAE, HaMlpasJjeHa BEPTHKAAbHO BHH3 H PaBHA MO MO-
AyAI0 gT.
3.15. v=]/-k”/ ——, rae n—aoboe HaATYPaibHOE YHCLIO, TPH

@ == {} CKOpOCThL Jio6as 1Mo MOAyJiO.

3.16. v, = 1675 kM/u, @, = 0,034 M/c% v =838 kM/u, a;==0,017 n/c2,
‘ 3.17. v=8 Km/c.

3.18. g =— w?r.

3.19. v, =— wyx, sin 0f,
Uy = Xy COS W/;
a, =—w?x, cos 0f,
a, =— ©2%, sin ©f.

3.20. CM. puc.

3.21. Ha (V3/2).-102 wm/c; Ha
5-107% pag; w=5-10"3 pag/c,
3.22. a=V B+ £Hi 2

K orteery 3.20,

3.23. v=Vrg.
3.24%, v=V 3Rg.
3.25. 27,5 u 42,4 km; 18,3 u 52 kM; 9,17 u 73,4 KM,

3.26. =5 2 Q.
6. a R Cos“ &

§ 1.4. Ilpeo6pasopanue anunes

4.1. B cHcTeme oTcuera BTOPOrO KOpafisi MepBblfl ABHKETCS 1O Npsis
MOH BJOML BEKTOPA @) — Ty I1epNEHAHKYJSP, OMyLIEHHBI Ha 5Ty nps-
MYI0 M3 MECTOHaXOXKIEHHSI BTOPOro Kopabist, H OyleT HaHMeHbILIMM pac-
CTOSHHEM.

4.2, Cu. puc.

4.3. Takyw xe.

4,4, Cm. puc.

4.5. a) tg 9==u/u, TIe ¢ —yTOJ C BepTHKAJbIO B CTOPOHY JBHIKEHHS,

6) 10V'3 wm/c.

46. v_, =vV3.
2L Vzﬂ—u2 sin? a
- 02— 12

4.8. a) Av=—2 (v-+u); 6) Av=—2 (v—w). [Tpoekuus Ha Hanpap-
* NeHHe HayaJbHOH CKOPOCTH CYHTAeTCA MOJIOXKHTEJbHOH,
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4.9, a) u=v; 6) u=Vu2+4vw cos o - 41p2;
B) 4= sz—}—4vw cos a ¢os f -~ 4w? cos? .
4.10. v=V 02 12/2 (R—r),

4.11. ¢=2V u%g? 1 %ijg.

- 4m

K otBery 4.4,

4

7
MJ V‘z /
J
K orsery 4.2.

4.12. TlpoeKuusl Ha rOPH3OHTA/b Uy =0 — 2u; TNIPOEKUHs HA BEPTHKA/b
o — 2n—NHL
5T u—u

4.13. n=(vy-+uv,)/4nR.

4.14. sin a=u/v. ,

4.15%. u=0vV3; u=0(V 3-Fcos? ¢ -k cos ).

4.16. B HoBOi cuCTeMe oTCueTa I€OMETpPHSI IYYKOB, a 3HAYHT, H
ofiacTh TiepeceueHHst Te Ke, UTO M paHbiie, CKOpOCTb He 0653aTesibHO
HampasJieHa BJOJb MyuKa.

4.17. B VI-}—vﬁ/u2 pas. Boo6ue na.

4.18*%. a=60% [=200V'3 M~=345 M,

§ 1.5. JipHkeHHe CO CBSI3AMH

5.1. 0y—20,.
5.2, 0, = 0R; v, = (R—r),
5.3. v, =0V 3.

5.4, a=gctg a.

5.5. Cm. puc. VA g
5.6, (—2,8; 3,1). ge / “
5.7. @) uyy=2/2)0; Uer

6) wy=V ur— vk K oreety 5.5,
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5.8. a) Cm. bnc.:

6) a=(c?/R*) 0 B) ry=(R-+0)¥/p, ry=(R—p)%p.

PR

(A

K oreery 5.8a,

R

5.9% u==

Rcosa—r’
BJIeBO MpPH cosa << r/R.
5.10. n,= (anfn2r)/(R—r).

5.11.
5.12,
5.13.
5.14.
5.15.

T Rcosat—r"’

; BIIPaBO INPH COSQ > r/R,

Jlnametp umHJIHHApA.

a) Onun; 6) Ha 4 wmuH,
a=402R.

U=10C0s .

B uentpe KBagpara uepes spe-

Ma {=a/v.
5.16. Cm. pHC.; v =20%1/]/ LEF oy,
517, u=v2/V [ — 02
5.18, w =wv sin?a/H,

K ortsery 5.16.

5.19. o' = /2 sin? (a/2).
5.20. u=r202/} RZ —v2f2.

5.21. @ =v/V R2—v dijxt.
Fanasa 2. JHHAMHKA

. § 2.1. 3akonw HnioTona
1.2. T=F (1 —i/l).
1.3. t="T (my+my)/a (2m -+ my).

= _ 2mymy _
1.4. g4 = Qy ngm, Iﬂ'—"——*—‘ml_}_mz g TZ—-—QT].
1.5. a__3,3 m/c?, N==1,1. 107 H.

1.6. t—-— 1+]/



2 ——
1.7%. =52 (V(—F—) — cos? @ — sin a\) .
2 mg /

1.8. YcropeHHe BepXHero wAapHKa paBHO 3g, HWKHHX — HYJIO.

1.9. Cum. puc.
f
*
Fal ==
t
|
i
1
7 ¢ T nlie
K orsery 1.9. K otpery 1.10,

1.10. CM. puc.; F;‘p=mg sin a*, tga* = p.

L1l a ., =g (ucosa—sina).

F - F wing .

1.12. a:——ricosa—pg<l~-7n—§ sin a) npu F;mz
e=Fy; a=0 npu F<F,,.

1.13*. f =0 - arctg p.

cos B

1.14. a=g<sm[3 sitl(a/?))

1.15. F=mgcosa (sina—pcosa) npn p=stgo: F=0 npu p=
=tga. .

AM
1.16. a) F>pM-+m ,t_]/__—_
) wM+-m)g Fo—p(M¥mg
Fo—pmg |
6) am=°—rn-, aM%ng—AT'
., _ _F 2pmg M+ m) _
1.17. am———a/”—Q(/H—_F,?) npH FQW:FO‘ yC](Ope-
F—pm m,
HUe TIPaBOrO HHXKHEro rpyaa al=———M}i——g—, OCTa/IbHBIX @y = H—Fgm
npu F = Fy.
1.18. ‘a,_M_F upu- |[my—myig=F;, a=0 npu’

I
|y —malg<F.

1.18%. v3=u—g(Mg—F).

1.20. Kpynuee.
1.21%. a) S;=5 m; 6) S,=10 m.

1.23 sin @@ = ————
(R Vife

1.24, d=——V v?+u2.
:zugV +



1.25%, v=R/V (Fo/F)?—1.
1.26% v=utgo/V pi—igta
1.27*. u=uv/2. '
12sv, As=n Ea—H 8% (tz—lfl) tee,
1.29%, n=1/2nu.
mgtg (a/2) mg

.390. —_— S R -
180 = odig @ “m T mr ot @) -
1.31. a) N,=3/ymg; Ny=1/ymg.
6%) Ny=1/ymg (5 cos ¢ 3 sin ¢ —2);

No=1/mg (5 sin ¢4 3 cos p—2).
1.32*%. a=gtga; m=M sin a/(l — sin a)2.
1.33*. 0 =vh/R2.

. 2
1.34. T=Ma¥; T, =Mmzz+’l§— (12 —x2).

1.35. Ty =m0%;; Ty =m0 4 myeH,.

— gtef
1.36. 0= ]/ (sinafsinp) *

1.37. T_ Z sm2
1.38. cosa--za— npu —g—< 13
R 0%R
=0npu ég—z}—)\ = 1.
K oreery 1.38. 1.39%. R—=R, 4n2:?—2ia)2’

gzuz__EZRZ\IH
1.40. m:(———Rz———) .
— L4 _y/ _bdtge
1.42. szugR» B=arctg 1; ?'—]/p,(l'—p,tga)'
groRtga
143% W= o g
_y/ gecea—)
B I G I R (W sin a+cosa)”
145¢. 0>V gV 2/R-
1.46. T =6mg.
T— 3mg
1.47. x=I T —mg

1.48. B pepxmeil, B HmxHell. YCKOPeHHe TOpH3OHTANLHO, KOTAA

HHTb COCTaBJseT yroa o =arctg V2 c Bepmkabio. T =3mg.
1.49. l=1/2R Ctg [e
1.530. A=2/3R.
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1.51. v=V QHF3R) g-

1.52, F=mg (3sina—2) cosa npu sino=2/3; F=0 npu sin o<t
=< 2/3. N

1.53. H pin=2,5R.

2nRmg
154%. F = V APRI L R 16T,
1.55. M = 3
n—1
1.56%, =21,

1.57. F=Mg—opoVa.

i,

§ 2.2. -Umnyusc. Lentp macc

2.1, u="5/.
2.2. t=|Aplimg.
2.4. m=M/31.

2.5% u,=v-—~F/m uM::FOT/M.
2.6. my/my=1/3.

2.7. Ha paccrosinuu 4L ot mymxH,
2.8. S/L=35/36. , '
2.9. p=V pi+ pi+-2p,p; cos 6.
2.10. ' =V (mo)2J- (Mu)2/(M — m).
2.11*, y=v (a; — a,)/4m.

2.12. T=2nV 2R/3g.

mymyu?
2.18% Fee V2
(my4-my)
M m
2.14. lm*lm, lM“lm'
¢ m m fedl
2.15. u=v L f<s—:u=v =
M4ut’ p m—+M U
2.16. Co ckopoctbio u/4 BBEDPX,
217, n=Mgtea
mu
2.18. F =pSu?,

2.19. B V7 pas.

2.20. u=(V'3/2) v; N =1000.

2.21%, u::v—]/uMg/QpS; u=0 npn 20Sv? << pMg.
nMg ‘

2.22%, y= — b si e .
u=yv (coso— L sin &) oSusna’

. pSv? sin 2a
2 (pSv? sin2 4 Mg) * \
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2.23. v=u—k/pS.

_ F(p—pd)
2.24. v= W.
2.25. p=Mg/u; p' =M (g+a)/u.
2.26. Bropas.
: F . ___F Amt
227 ¢ (0=F1—Ami’ ”“)—“‘A‘a‘“<“7>

2.28> F=nmg; F' <F.
2.29. A =h (M/mN+1),

A 2.30. Cm. pHC.

2.31. F= % (v2+ gi).

]

[}

! 2.32. F=3mg (1—x/l).

! 2.33. N =2 (F—pv?) cos (a/2).

=

p- 1 2.34. v=Vgh.
‘ 2.35. F=pu-+ps (w—u}.
K oreery 2.30. 2.36*. a) u=vinn, 6 M=o
/5,5 102 Kr.

V (00— p) .

2.37. v=— 0P
oY +poVs “

2.38%, p— 0 '8%

m

§ 2.3. Paora. 3neprus

3.1. A;p=- pmghctgB; A=--mgh.
3.2. A=pmgL.

-3.3% A=pPl (1+1/R).

3.4. N =mgu (sin a4 p cos o).

. Ni+N
3.5. v=vUy 2.
e Nyva+Nauy
3.6*. v (f)=pgt npu tétosm*(ﬁg)—z;

2N N
U(’)=V 7‘(3—-27(@2—} Lpu [ = 1.

3.7. n=2v/(v+u).
3.8. N=Mgu/2.

3.9, Cum. puc.
3.10. E=4-107E,.
3.11. A=u2m.

3.12. B npmkKymedcsa CHCTEME OTCYeTa cHJa HATSKEHns] CTePIKHA

copepwaeT paboTy.
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/i e

200 b
790 K
700

J i

a0+ ’ !

i

) ; tr 2 re/my Hht
K otsery 3.9, K otsery 3.13.

3.13. Cu. puc.;

3.14.- Cm. puc
FH EH A
7+ 7 i

\ 7+

1 1 1 1 1 Il \ ! .2’5'” L

7 2 3 an 3 § N -7
,/4 —7h.

o ) o) )

K orsery 3.14.
3.15. Cm. prc.

04w

K croety 3.15.

3.16. 2) F=—Up/xy; 6) F=—2Upt/x%; B) F—=Upry/ 22,
3.17. 8) U=—Fyx-+C; 6) U=— Fx%/2x,1-C; B) U= Foro/x+C
rae C— HpOH?rBOﬂbHaﬂ NOCTOsAHHAadA,
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3.18. F=l/a%m.
3.21. A=9,8 [Ix.
3.22. A=MgL/2.

% @R ) ___‘i
3.23%, A= 5—&\e 4> 1 D2>‘
3.24. Mpmxyueecs BlIOJ'[b CIMIBI.

v F F

¥ f— __,‘.__L _L
3.25%. {=0; h 5g T < +2M><M
3.26% t=V2Ljg(2V 2 —1).

U €08 &t
3.27. tgp=tg ot e
= Vieteost o -+ 2gh

3.28. tgf=tga Uy COS Q&

<U,— U,

uttge
3.37. Q=4,4-103 Ox.
N
3.38. Q= nghm
’F
- 3.39. S= ng( ug; ; npu F<<uMg S=0.
F ITF / moy)
ng<1+7w—>

3.29. a) u 6) U=V2_:gl.
3.30%, v=Vgl.

331 v, =V 4gl (2—V'3)/3; x,, =413,

3.32%, U%i 5[;( p“’/(1/2 +2).

3.33. v==V 2gl (1—l/L)-
3.34. F=5/mg.
3.35%. a==g sin (&t/2).

3.36. Q=4 — "

<umg(l—l——/’—$—> S=0.

342

3.41. v=V2gH (1 — A/2mgH).
3.42. A=2npmo2,
W?R (14 %)
3.43. n=——— "1,
P g (1w
3.44*. v—l/gl (sin & —— 2 cos &)«

Voicosta—2 (Uy— Upim

3.45. Q=2mgR (1—V T—1%/aR2) V T— [2/R%.

_g>',

12
g

mus cos? o

2

F<



©?

3.46. h=’m.

2
3.47. A= mgH+ - <+Tsina>'
3.48. u=2LVk/m.
3.49. x=vV m/3k.
3.50. h=2mg/k.
3.51. h=2mg/k; v=gV mjk.
3.52. k=~Mgxy/2 (Y 2Fdxz —1)%
3.53. v=(l—1ly) V k/2m cos .

3.54. F=Mg (1 T]/1+_— (H— lo))

3.55. F —(rn1+n22) g
3.56%. hm025 M. -

3.57% x=" (g—a) X, —~—~(g+y2ga—a2),

3.58%. F = ug (m-+M2).

3.59%, x=Lm?/(M2—m?%).

3.60%. m > pM/2.

361 xp, =1, —Frk; x =1, F/k.

3.62*. Q=F2/8k.
3.63%, x= p.mgcosoc [1—}—]/1—2/1— tga ) ]npa tgomn =<

wmg cos o o 2m sin ¢
k B

=3tga; x= npu u=3tga.

§ 2.4. 3axoHbl COXpaHeHUd FHEPTUM H UMIY.JbCa

Louyju=(1—Rk)/(14k); ug/u=2%k/(1-F).
4.2*, a=m/2,

Ccos a.

NG
4.3. cosp=—L2
Uylig
4.4. Macca nefitpora 6am3ka K wmacce nportona, Ilosromy npu

YOPYrOM paccessHUM Ha BOLODOAE HeHTPOH TepseT 60Iblle IHEPTUM, yem
IIpH pacCeqHHH HaA AApax CBunua,

4.6. t=t,—1, =21

4.7%. sina << m/M.

Mgt ST mm
48. 0 =v]/__2_3__, =0 my
! Ty (e ) V it

4.9, Cm. puc.; tg p= mt% g .
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o7 a.10. t=£cv—°si.
ETr~- M v / m?2 )
- 7 4.]]*-_ u—-——2—kl— M————m .
4.12%, v ——VgH ctgZ /2 cos 2.
4.13. vmm=]/2g (HFR) (1 + m/M).
S v2—2gh (14 m/M)
a.14%. H=h+ 2g[1+(m/M) sin? )

4.15%, vm~]/2gR Wi UM ]/2gR v

N =mg (3+2m/M).

4.16. v=V pi-- pi+ 2p,p, cos 6/ M.
4.17. my/my > 20.

Q 1/, m *
418, % = (3 7&4‘)

4.19. =2V Qum (v—2V Qe/m)-
4.20. E = 35,7 k3B.
4.21. v, =~V 2Eim,

oEm , 2Em
4.22. v =]/—-—-—2-—- =]/—_’__—.
! my (my+my)’ my (my - my)
4.23% v . =u+42 VK/3m
P1m + p3m3 — 2mymyp Py €08 6
2mymy (M, +-my)
1 2 a
w2 e e s
4.25. E=p (m + mlcos 2).
4.26. E = 12 MsB.
h my—mgy \2
a27. B~ _1_.1) .
hq <m1+m2
4.28. v, =x, VE(I/m+F /M),
MU =_ﬁ‘1__._
mg(m;~+my)’ ng (my+my) *

4.30. tgp=tga—2u, pe E% g0, p=8%,

2
4.31. Q=mgH 4 Mmuv?/2 (M+m)
4.32. v=]/-w, Q=FL.

—

K otBery 4.9.

sin?a.

4.24. E =

4.29. hy=

Mm
t
4.33. 0 = l‘s"_<1+ )

M T ORH
430%, gy = £ (1+]/1+ (M—l-[-rln)g)
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m (kx} — 2umgl)
4.35. ”“]/- R e

4.36, Xpax =0V M2k,

§ 2.5. Cana tarorenns. 3akonbnl Kennepa

M
’<R E=y z,m——vﬂ, r>R, rae

5.1. E=0, ¢=—y 5 R
! — pacCTogHue J0 lleHTpa Cq)epbl Y —TrpasnTalMOHHaA IOCTOAHHAA.
Ri+R
"5.2*%. C —— M L2
M. pHC (pO V R +R1R2+R

M M
5.3. E=‘V'E§~rv (P=—V—2“’R—(l+ﬁg>, f<R, E=Y72‘, Q=

M
=—7 WF , r> R, rAe r — pacCTofHHe A0 UEHTpA tuapa.
5.4, F=6,67-10"7 H; U=—6,67-107% Ix.
5.6. FO/FI{)(]: 1,03, FQ/F]()Q(): 1,3

5.7, r=3,4-100 x™. £
_ _{oR % v)2J ¥l
5.8. F_mg[l —R | 7ﬁ7z

I  — YrA0Bad CKOPOCTb 3eM-
aH.

5.9. v, =79 xM/c; Uy=s
=~ 11,2 kM/c.

5.10. F =3yMm/R?, rae y—
TPABHTALHCHHAS MOCTOSHHAM.

5.11. h=4-10* xm.

5.12%. v, == 11,1 &k™/c;

U, == 2,3 KM/C.

5.13. S==2,2 m.

5.14%. v==5 xMm/c. K orsety 5.2.

5.15%. H == 6400 xwm. :

5.16*, v==1300 xM/c.

5.17%., v==4,3 x™/c.

5.18. B 9,3 paza. .

5.19. Ty Ty N(MnRa/MaRﬂ)l/‘-’f\-O 21.

5.20. M==2.10% kr.

5.21. E=—7y '""”2
5.22. T,=0,7 rona,
5.23%. a=1/2.

/
5.24. r=23-10% KM,
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?Msm (Rn__Rn)
RRy
5.26%. F p/Fc==2,4.

5.25. F =

' 5.27*. a) h=490 kM; 6) h=497 xm.

5.28. h =55 KM,
5.29. v=7,9 xM/c.
5.30. v =) 3yM/R .
5.31. p=mV 3gR sin («/2).
5.32. M=m E_“_ILST_QEZEL@.
pi—p
5.33* =Vp2—'—4“.72f7127;1 — 2y m/ol,
5.34*. M=mnR2nv, (1 +2gR/v}) 1.
5.35. Ilo saannTHueCKOR TDPACKTOPHH.
5.36. vy=0vh/[=54,6 KM/c. B 1985 roay.

5.37*. t—nl/_ [ < R)Jm

5.38%. =065 cyr.
5.39*. Ilepeuil cunapsang. R;/Ry=2gR/v2.

_ v V 2(R+H)
5.40%, AU—]/R‘}_I'L( 2R+H+h—1>.

r__2n (R+H;—h)3/2.

Vi
5.41% R~ 1R,
5.42*, Auv==75 wm/c,
5.43%, v=40 KM/C; a == 40°

§ 2.6. Bpamenune TBepioro rtena

6.1. K=mR20w?/2. Bonbue,
mrio mrin? mrew?
) 6) M= aaN Q= 5 .
6.3. t=wR/pg. N=02R/4npg.
6.4%. t=3wR/4ng.
6.5. Bpamaiomasca. wafi6a npofiget 6onkuni nyTe,
6.6. ITonepeMeHHO TAuLUTb 33 KOHILbI WCMOUKH NEPNEHINKYASIDHO eil,
aM—m) o gM—m)
WRM+m P R(M+m)
6.8. a=F/M-+m), e=F/mR.
6.9. a) a=1/,gsina; F=1/,mgsina.
6) a==2/3g sina; F=1/3mg sin a.
6.10*. F=1/, mgsin a,

6.2. a) M=

6.7. cosa= << 1; mHaue o =7/2.



6.11. a=g2M/(2M +m).

. (M Ry —myRy) Ry (MR, —myRs) Ry
6.12. =g ———— s
T T R bRy T T 8 TR maRy
. I—l—mzRo (Rl"l"Rz) - I+mlRl (R1+R2)
T= e R F Ry 2 TR mR:
mr2 !
613 a=g s T=m sy
6.14%, a==g/2.
6.15. _(M-+m)gsino
QMJ—m
. LAy wrag (I +mR?)
6.16%. cosa> R F= = Tcosatn (I +mR2) sin af-mRr*
6.17%*. Q/E=1/2; v=0R/2, S= 2
= 02R?%/8ug. Cm. pwc. V44
Q 1 5 v2 2
*ON g ey,
G.IS.E 3,8 ISHg'u 30
6.20%. hz(;)ZRZ(‘ucosa—sin a) wh/ng *

4g Bucosa—sin ) *

6.21. Q/E=8/9. -
;o -
6.22%, x= {8? KB V3 —}—VIG -Z —5). Ha meubmewm.

6.23%. N —=mgi%/(i2-1-3a?).
6.24%. N =4Mmg/(i - m).

{ otsery 6.17*,

6.25. n=1 o06.
2uh (R—h) QR —h) 9
C ot il
6.26%. H, = oS s Hy= 15 Hie
6.27. w=u/R.
6.28. 0] =30, —w,)/4; 0;=(3w,— 0,)/4.
6.29. u=~mu/M; o= 2muvh/MR2.
6.30. @=2mor/(MR2-}-2mr?).
2 2
6.31. Ao— m’ilR— AE=m2m§ (1+m';2 )

6.32%. v=)3gl .
@m+-M)glsina
6.33. u_]/ ICES R
6.34. v=) 9gLh2/(F®+ 4nZR%).
6.35. Q_l/lonz u-—3/5v
_ 3m2?
gl (M m) @M +3m)"*
6.37*. Ha paccrosuuu 2/3/ oT pykH, i
6.38. v=2V gl. : , .

7

6.36. cosa =1




6.39, 'Ilentpul ranteneR GynyT HABHraTbcsl B MPOTHBOMNOJOMHEIX
WAlpaBAGHHAX CO CKOPOCTbIO (U, —U,)/2 Kaknas. [aHrend GYAYyT epa-
1aThCsl B pasHble CTOPOMBI C YIVIOBOH CKOPOCTBIO () - Ug)/i.

M \2 :
* - VoV .

6.40%, h_H<6M_|_m>
6.41*%. N =pnRinv.

2—2sina+sinta
6.42% F= £ sna-p S
F=2mg (2 — sin? a2

§ 2.7. Cratuka

7.1, a) T=98 H; 6) F=138 H.

7.2, F=0,98 H.

7.3. h== 660 M.

7.4%. S,=S,exp {— pgx/0p}, TAe P —NNOTHOCTb, Op— MPOUHOCTD
MaTepHana, S,-—cCeueHHe 34aHHs Ha BLICOTE X, So—Yy OCHOBaHUS,

7.5. Cocepnve HHUTH ofpasyior yroa 120°,

7.6. a>a/3.

7.7. T=mg(@-+r)/R.

sin
78 =M ({/R—a)’

7.9. T=2,6 H; a=arctg3 V3.

7.10. tgp=2tg .

7.11. x=05F/k. ,

712, [y=2l,—1,.

7.13%. tg o= (v, — pg /(1 4 paita).

7.14, p =tg (a/2).

7.15. p=1/V 3.

7 2n—1 m
‘ Vs "€
7.17. F =V TEEX (mg)¥/4.
7.18%, [, =F (f/F)".
7.19%, T =T 1o,
7.20. a) F;=F,=98 H; 6) F,=24,5 H, Fo=171,5 i1,
7.21. m=7,5-1078 kr.
7.22. F=F3=Mg/4; Fo=Mg/2,
7.23. Heab3sn.
7.24. m=3,2 &r.
7.25. a=arctg (1/3).
7.26. p=1/3.

7.27. F=

16%, F, =

pmg cos o
2 (p sina-+cos @)’
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- 7.28, F=1,Mgclga.
7.30. FymMgiga; Fp= Mg S22,
_sinp _ sin o
731 Fy= sm(ﬂ —~’ Fp=mg sin (B—a)*
7.32. a=arctg 2u.
7.33. tgo << 1/p.

_me o L.
7.34%. = a=0 nps p= 5

= 1_”2” npy p<<1/2.

Fe VeI te o =
2HV5” i, tea

7.35. tg o= (1 —pmpg)/2p,.

7.36. m=Mr/(R—r).

7.37%. 13V 3 <tga<1/V3.

x g Mg (1)

T =0T e — )

7.39. p << Rcosa/(R sin a-r).

7.40. Pasym#o. Ecaw yganuTh Kawar D, Harmkenne Kanata C
yMcHbIIHTCH B 7/6 pasa. )

7.41. N,=mg/5; Ny=2mg/5.

7.42*, m=Ma/R.

7.43. Ilpn a>arcsin(1/6) — kauenne; npH o> arctg i — CKOJIbkEHNeE.

7.44. TlepensuHercs.

IF'nmasa 3. KOJEBAHHUSA U BOJIHbBI

§ 3.1. Manble OTKJIOHEHHS OT paBHOBECHS

1.1. F=—2Tx/l.

1.2. F=-—2kcos?a-x.
1.3%. F (x)=— kx3/i2.
1.4, F=— mgx/R.

1.5. 6) F=—mgsin a.

_mg x*
1.6. U= P79
1 [ qQ 20Q\ __ 24Q
1.7. U_4nso<l+x l-—x { > 4m-:ol3x v
1.8. F=— kx; rpabuK CyMMapHOH CHJILI HMeeT MOCTOSIHHBIH HaKJOH
npuy JMo6ux F.
2mg ' 2mg
1.9% a) F=—="21x; 0) R=—=; FF=—"2x,
. R V ’ R
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L10. Fy=— moi; F,=—mo?y.
L11. k=m (vo/Xq)2.

v
f\ 113, B xo/V =3 pas.
/mz 3 1.14*, v’ =nv; CKOPOCTH NPOXOXK-~
\&__// & JEHUs YBEJHYHBAIOTCA B TaKOe Xe YHC-
JIO Pas, 4TO H JJIHHbl COOTBETCTBYIOUMX
OTPE3KOB,
£y <by<ty : 1.15.

—

3aMRKHYTOCTb (2a30BBIX KDH-
BLIX 03HaYaeT NepPHOAHYHOCTb [BHIKCe

HHS.
1.16%, Vq- uZ:VQE, rne E—noawasi sHeprusi. PaszoBas TouKa
JBHKETC TIO OKPYKHOCTH B HanpaBJCHHH IBMXeHHS uacoBOfi CTpesXi,
1.17. x=V 3Ejkcosq; v=-—V 2E/msing. x=Acosq; ©v=
=—V kjm A sin ¢.

K otsery 1.15.

§ 3.2. Ilepuon ¥ yacTota CBOGOAHLIX KOJeGaHHik

2.1. Tlepnoa yMeHbLIMTCA BJBOE,

2.2. T=2nVIjg.

2.3. [=24,4 cMm.

2.4, T=2onV /(g sin &) -

.25 T=aVijg(1+V2/2).

2.6. a) T=2nV mjlli+ly); 6 T=2rV i (ky+ ky)lkys 1) T =
= 2V mJ{k;+ k). OT paccTOSIHUSA MEXIY CTEHKAMH MEPHON He 3aBHCHT.

2.7. T::n(]/ﬁz/_k;ﬂ—]/m. OrtHoweHHe HanGONbMIHX OTKJIOHEHHH
BJICBO H BIIPaBO PaBuoO Vkl/kz.

2.8. a) F=mg[(To/T)2—11; 6) F=mgV (To/T)*— 1, cosp = (T/To)%;
3jeCb ¢ — yroJl OTKJIOHCHHSI OT Bep-
THKAIH HOBOFO MOJIOXEHHS paBHO-
BeCcHs (CM, pHC.).

2.9%, r==30 KM, J1J5 OLEHKH
MECTOPOXKJEHHE CUHTAJ0Ch IapOM.

2.10. T =mw?l/2.

2.11. ml_VW

o=V YR,
2.12. a) { == 42 MuH;

6) t == 42 muu,
2.13. o=V Iug/i.

2.14%, T—2n (______—_12 "
T T \g*fa?—2agsing, °

K otpery 2.86.
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2 l - .
2.15%. 1H=—— —R——_—l:z 1Js1 KoJieGaHH{l B nJIOCKOCTH, lipoxoxsieli

vepes ocb; T =—- ]/_R JJ1s1 KoJleGaHHI B TJIGCKOCTH, uepnemmxy-

JspHofl ocH. .

2.16. o=V ki/m—q2

2.17. Cmewenne rpy3a M y=cx2/2l, rje x — cueuweHue MyQTH; IpH
x <l y< x Yacrora koacGanuit mydrst V Mgjmi, a rpysa 2V Mgjml,
u6o cos? wf=(1-4cos 2wf)/2. .

2.18%, (= V m/(21R AP).

2.19. CokycHpYIOTCA Ha paccToAHHAX T (n--1/2) v, ]/m or O,
Tie n—unetoe YucAo.

l .
2.20. buaumxaimee K —— -=- MeHbllIee [(eJloe YHCJIo pas,

R
2.21. m2=g(Ml~—mx)/(Ml2—}-mx2).
2.22. w%=g/lJ-k/2m; KBagpar YacToTEl BO3pacraeT Ha k/2m,
2.23. M= m(g/(DZR-—l)

®2 =- ___*. 2 g
2.24. of=7 ]/ & Ol= =
2.25. 0=V Hom.

2.26%. ©2=>5g/7 (R—r).

2.27. o?=k/p, roe p=mym,/(m+-my),
2.28. oyp /oy, =V3/2.

2.29%. wy/0, =V T1/3.

2.30. T=2n VIM/(M+-m)g.

n m 3n m
2.31. a) t-—il/ﬁ, 6) ’_7]/276

2.32. I=1,[(T/Ty)2—1],
2.33. T=21 V2.
2.34*, T=2nV Hg-

2.35. 0=V g/H.
2.36. m =900 T.

§ 3.3. N'apmMoHHuecKoe ABHXKEHHE

3.1*., Caur asbl paBeH m/2 (YeTBepTb MEPHOLA); NPOHIBOAHAS
rapMOHH4YeCKOH BEeJHWYHHBEI CIBHHyTa TOoXe Ha m/2.

3.2, v==— A0 sin ©f; a=— Aw?cos & =— 02x; k=mo?.

3.3, a) x=>5sin(3,13¢) MM, 6) x=>5cos(3,13f) MM, Bpems B ceKyHAax

3.4. 0,06 c,
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3.5. t-_n/4co.
4n T
3.6. T=—:—3—- E.
3.7. b=acos [ (To—T)/To].

3.8%, 2R/nl npu {> R; 1/3 npu [==2R. L[a yBenuunTes.

n T — v { v
3.9, {= -]/_-—— NpH v =< I (= ]/ " arccos — npu
5 Vg P Vg ag TV g avceos 5 m

o>V pgl, rae v’ =V 2 pgl-

3.10 u'-——-——d-——]/_— rae 72— Leoe YHCJAO
T T w@nE0) me T u '
3.11, t=T/447/2.

3.12. a) x=~'%g— {cos of—1); ©6) x=<~’;—lg—+ l) (coswf—1), Ocp x

Hamnpas/eHa BePTHKA/NbHO BBEPX, HAYalO OTCYETAa —B HadajibHOM IOJIO-
HEeHHH, .

3.13. Havanbnasg CKOPOCTb HAXOAUTCA H3 33KOHa COXpaHeHud
HMI’IyJIbca'

PR ]/ k
M+m COS]/M Er=vroem oV

Ocb x nanpasjieHa BAOJDb U.

3.14, C MoMeHTa IepBOro yapa B TedeHHE NOJYNEPHOAA NPOHGMOAHT
cKaTue < B BOSBpallleHHe NPYXKHHHL B Hele(OPMHPOBAHHOE COCTOSHHE.
3aTeM NPOHCXOAMT BTOPOR yJap B MOMEHT, KOTa NPYXKHHA He JedopMH-
poBaHa, mocje 4ero IAPHKH HAYHHAIOT JBHTaTbCA PABHOMEDHO CO CKO-
pocTeto —vu. Ilepuox T=2n V' mj2k.

8.15. F . =2F; 1=T/2. .

2 2
3.17. xn_]/A,,+1;2 - 'ZOF cos Wy, TIpu  ty=m 2n+1)/0,

‘rge n-—uesoe HYHCJO, aMmIIMTyAa HaubGoJblnias; NpH fy=2an/o—
Ha#uMeHbILas, - , '

3.18%, xy=uV m/k.

3.19%, Ilpu u=pg V mik Cpa3y HauHYTCA TapMOHHYECKHe KoJeba-
HUA ¢ aMIHTyloR A=umg/k, TPH MeHbIIMX u YCTaHOBATCA KoJseba-
HHA ¢ aMIIHTYIOH A=ul/-ﬂ?/§g

3.20%. p=Fkl/4Mgn.

3.21. BC=g (M +m)/w*M.

3.22. F=— mwix=--mun?A cos (0f{--@); HauGosbmee 3Hadenue
MOJYJIA CHJBl mw2A JOCTHIAeTCS B MOMCHT BDEMERH f== (N —¢)/©, rie
n— Henoe 4HCIo0. )

3.23. Ilpy ©2A > g rpy3 NOACKAKKBaeT, OTPbIE NPOHCXOAMT Bhbile
CPeIHErO IIONOKEHHs MeMODatbl, - :
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3.24, A=F/mw?.

3.25. Ilycts HawanabHas CKOpOCTb HYyJeBas H IJIHTAa HAaYHHAeT JIOf-
At

HEMATBCA; TOra BHICOTA [IOLBEMA IPy3a eCTh hu= A4 | 25)2 +’-——2—g———,

rie Aw?>g.
3.26%*. C-'A= Egi ¥ n2n? -+ 1, rae n—uenoe yucio.

3.27*. AmnunTyna yckopenus topua w24 =108 M/c? MHOro Goabie
yCKOpeHHs g == 10 M/c?, 'koTopoe MoxeT ofecneyuTb TPEHHE, ITosTomMy
rpy3 INpaKkTHYeCKH OCTaeTc Ha MecTe, NiOYTH HE BJHAA HA YacToOTy.
Ipu amnautyge A << 10711 o rpys ABHXKeTCS BMecTe C TopuOM H BJHAET
Ha YacTOTy 3aMeTHBIM OGpa3soM.

3.29*. v=ng/2w ~ 1,67 -10"% M/c L wA=107 M/c.

3.30%, y— Wotg2

20

§ 3.4. Hanoxenne xoJebanuit

4.1. HanomeHue rapMOHHUeCKMX KoJeGaHHH MO TOPH3OHTAIH H
BEPTUKAJW C YaCTOTAMH (u1=]/2k1/m " (o2=]/2k2/m. [pu &, == ky, nipsi-
MOJIHHeHHple ABHXKEHHS BO3MOMKHB! TOJBLKO MO BEPTHKAJIH H FOPHU3OHTAJH,

4.2. Tlpn OTK/JIOHEHHM Ha 7 OT TNOJOMEHHS pAaBHOBECHS HYWKHO
B MNepleHAUKYJADHOM HampaBJeHHH COOCLIHTb CKOPOCTb U==@r, Tie

(o=VE71_ﬁ. 3a nepuon T=2m/w Teno BepHeTcs HA INpEKHEe MeCTo
H MO BEPTHKAJH, H IO FOPH3OHTAMH.

4.3. 2p=mn/3. ’

4.4*, Tlpu 2¢==nn, rae n—uenoe 4YUCJIO, BHAEH OTPE3OK; IPH
2¢p =t 7/2+ 2nn — okpyxuocTs. ‘[lonyocu aamunca Acos¢p u A-sin g,

4.5. 3anunc ¢ OCAMH MO BEPTHKAJH H TOPH3OHTAJH.

4.6. OTpesok mNO AMArOHATH TPEBPATHTCA B BLITAHYTHII 3JUIHIC,
NOJIYOCH KOToporo GyayT cCamkaTbesl; NPeBPATHBIIHCL B OKPYKHOCTS, .

SJJMIC HaYHET CKUMAaTbCd KO BTOPOH nuarox—xanu H T. 1.; 4epe3 BpeMs
2n/Q) BeCh LUMKJ NOBTOPHTCH.

4.7. Ty: Ty=1:2, 3a uckiwouenueM caydas r), rae T, : Ty=2 1.
" 4.8. Ecn Ty:Ty=p:g, rAe p u.¢—uenibie yucna, TO 3a Bpemst
pT,=qT, Touka BepHeTCca K TeM e 3uakeHuam x u y. [lpu T, =T,
MOYyYaTCs SJJHICH,
4.9. 0, 0x=p:q.
4.10%, u=2T/(M~+ m,+m,), 3a HCKJIOUEHHEM CJydas le/mz =
= p/q, Tle p H ¢—LleJble HeyeTHbIE YuCJIA.’
4.11*, Haraxenne F=k[A;cos (0f+ @y — A, cos (0t + @)
HawuGoapmas sxeprus BABoe GoJblie CpefHeH; CPeAHSS IHEprus

k
=7 {A3-+ A3 —2A4,4, cos (92— @) ]

12, éanaqu o Qusuke A . " 353



TIpy @u— ;=7 CPelnss 3Heprust HauGOAbMmast; NpPH Qg— =0 —
HauMeHnbuiasd,

4.12*, Hataxenne F=2kA sin Cpenusa

W—0 , . O30
5 { sin 5 =32

pHEprus Ecp=-§ (A}+ A3). Duenns nso6paxkeHH Ha PHCYHKE,

K otBery 4,12%,

FoA(D

2
4.14. a) o=V &/m; 6) o=V E+2K)/m.
4.15%, k=m (02— 0})/2.

A+ B " on I
4.16. A,,= 3 ; 0.)1,2=TI7‘.

4.13. N= sin .*

§ 3.5. BoiHyX1eHHble H 3aTyxawouiue KoaeGaHusa

5.2. CM. puc.; o=21/T,.

e .

Z
]
<

K otsery 5.2,

5.3%, Cwm. puc. Haa T, amnautyna 4,= V(—qg—l- mm> 4 %23

@

v
‘maa Ty/2 amnautyaa A,= V(;O—l- mm) -+ x3 413 HeYeTHHX A,

An=']/£§,+xg AN YeTHHX n; ©=2m/T,,
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K otsery 5.3%,

5.4. Oxono 63 cM.

5.5. Pexe MAyT BEIGOHHBI CO CTOPOHB! Bhe3jid, i

5.6, I HecHJLHHE yapbl B TAKT COGCTBEHHLIM KOEGaRHAM {IPUBONST
K Bx CH/IbHOH packauke, llsMeHeHHe Kypca M CKOPOCTH MeHSeT wacToTy
TONUKOB, ’ '

¥4

AR

K otsery 5.10.

5.7. C pocToM aMnIHTYIsl YBEIHYUBAIOTCS - NOTEPH 33 MEPHOA.
Korja oHM CpaBHAOTCA ¢ MPHPOCTOM SHEPTHH H3-32 yiapa, ZJajbrefimag
packayka npekpaTHTCi,
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5.8. N=pod.!

5.9%, -:T (%ﬁ + 22 )::—— bu?; orciona m 5t—=-—kx——bv.

5.10. Cm. puc. a) Ilocae ONHHOYHOrO TOJMYKA NPOHCXOAHMT 3aTyXaHHe
koneGauuit. 6) [lpH mepHOAMUECKHX TOMYyKaX
NepBOHAYaJbHO MPOHCXOAHT packaika KoJeGa-
HHil, a 3aTeM, KOrja NPHPOCT 3SHEPTHH ~ pU
CpPABHHBAETCH ¢ TOTEPAMM 32 nepHol ~ bu2T,
KOJIeGaHUs yCTaHaBJIHBAIOTCH.

5.13. Ilpu y == w,. )
5.14. Menbuwie B n?, n? pas HavaipHo#

+ CKOpCCTH.

5.15. 3a 1, anepruﬂ YMEHbIUHTCS  BueTse-

K orsery 5.16. po. 3a BpeMs Ty/2 OSHEPrHs yMeHbLIHTCS
BJIBOE.
5.18. Cm. puc.

5.17*, Ecnu TOJUOK Npou3BelleH B MOMEHT BPeMEHH [;, TO -
x=% exp {—y (f—1)} sin o (1 —1y).

Bui6opom v; H {; MOXHO YIOBJETBOPHTb JIOGBIM HaYajbHBIM YCJIOBHAM,
a BbIpaX<€HHE JJf X NPHBOAUTCA K BHAY, NAHHOMY B TEKCTe 3aJauH.

5.18. y=102¢"1, ©=3,1416-10% c1, @y=3,1432. 103 ¢, Ownbka
NpH 3aMeHe ® Ha ®) 'KBAJAPATHYHO 3aBHCHT OT MaJOH BeJHYHHB Y/Wg.

5.19. a) y==10"2c7%; 6) vy =v/4. .

5.20%. a) Q=wy/2y; n=Q/2n. 6) [Ipumepuo B 50 pa3 npu Q=108
H Toabko B 1,5 pasa mpu Q=10°. "

5.21%, Uz—%ml—'e@ (l__ SIe)" ITpn 2ny/@ > 1 va=p/m; npu
2ny/o €1 v=e p/2nuym. i

5.23. A=Fy/mu2.

5.25. a) Kose6auua cucTeMH fABJASIOTCA CBOGONHLIMH KOJEGaHHAMH
Tena, NMPHKPENJIEHHOrO K MpPYKHHAaM XecTKocTeH k; W k,. HacTora TakHx

KoseGaHuA (0=V(k1+k2)/m > w,. [Ipn amnanTyne konebasuit A aMnig-
Tylla CHJIB CO CTOPOHH BTOPOil NPYXKUHBI DPaBHA kA, Tak uto A= Fg/k,.
Vi3 ycloBHA H3BECTHO @, a by =mw3. [Tostomy ky=m (02 —w?). Torna

Fy coswt, A= Fy

= ——————
m (03— ©?) m (0% —o})

IipuxenHe ompefenseTcs JHILb HaualbHuMH YCIOBHAMH H AeiCTBylomedt
Ha TeNO CHJIOH, HEe3aBHCHMO OT XapakTepa ee HCTQUHHKA. [lostomy oano-
BPEMEHHO DeEllEHA H 3ajlaya O BHHYXICHHHX KojAeGanuax ¢ > 0o

6) Am=(w}/0*—1)m, A Fo/m (@2 — @3), Cosnaget.
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5.26%. A= F,/m (0?— ®}). B u ¢ noabupawTcs TaK, 970 B HyJeBok
MOMEHT BPEMEHH BHIOJNHSAIOTCA HayaJbHHe ycaosHd x (0)=x,, v (0)=0,.

5.27%. x, = fo to=0; Torga B=0.

. om () —0?)’ ’

5.28*. Koopaunaty yactHub! pa36uBaeM Ha JBa CJaraeMblX, MepBoe
H3 KOTOPHX COOTBETCTBYET KOOPAHHATE BHIHYXKIEHKHX Kodebanuil. TouyHo
TaK e pa36uBaeM Ha Jpa CJaraeMblX BHYTPEHHIO CHJIy H YyCKOpeHHe.
YCcKopeHHe, YMHOXEeHHOe Ha Maccy 4acTHUbl, TIOC/IE BHIYHUTAHHS COOTBET-
cTBywel BHyTPeHHeH CHJBI JaeT AJs TepPBOro CJara€MOro BHIHYXKAAIO-
Y0 CHJIY, AJIS1 BTOPOTO — HyJb. 3HAYHT, BTOPOE CJ1aTaeéMoe — KOOPXHHATA
CBOGOAHHEIX KOJIeGaHHil. . ’ .

5.29. BhHYXAeHHble Ko1e6aHusi ¢ yacToToH, MeHbuell co6cTBeHHOMH
YacTOTHl, MOXHO TPEACTaBHTb KaK CBOGOAHEIE KoJieGaHHs Ha TOH e mpy-
KHHe ¢ 106aBOYHOH Maccofi, TPHKpemJeHHoil k Tedy. ChJa CO CTOPOHHI
9TOH Macchl U sBJAsieTcs BHIHy:KAawoueil. OHa HampasJeHa NPOTHB ynpyroh
CHJBl, a 3HAYHT, B HampaeJeHHH cMelteHust. Kosebawua ¢ dacroTof,
6onpurefi COGCTBEHHOH 4YAacTOTBl, MOXKHO TPEACTaBHTb KaK cBoGojHble
KOJIeGaHHsl TOTO 3Ke TeJa ¢ TPHKPenJeHHOH K HeMy J06aBOYHOH mpyxu-
nofi. Cnaa co CTOPOHBI 5TOH NPYXKHHBEI U sBJseTCs BeIHYyXAawowell. OHa
HanpaBJeHa NPOTHB CMELLEHHS.

2Fy . 00—y . >oo—|-oo0
* p— .
5.31% x ()= (o — o9 sin ——5—1 - sin — t. Cm. pHc,
) 2
!z, \ - (23]

74
-6,
K orsery 5.31%.
5.32%. x (f) ~~ —0 in 0+ ®

si
m (® -4 o) 2
’ - Fot .
5.33%, x ()= s—"— sin wyl.
2m,
5.34*, Ilpn |®—®,{>Yy MNepBOHAYAJbHO BO3HHKIIHE GHEHHA
NOCTENEHNO MepeXoiAT B BbIHYMAGHHBIE KoJeGaHHA H3-33 yMeHbHICHHS
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ov ¥ cnaraemoro ¢ gacrotoft @g. 1Ipn ® = @, NepBoHAYAILHAA pacKauKa
Kose6aHHll ¢ aMIVIHTYyJ0oH MOYTH OO/ MJIABHO YMeHbHIaeTCcAd M ycraHas-
JIHBAIOTCA BLIHYXIeHHBle KoseGaHHsa. XapaKkTepHoe BpeMs YCTaHOBJEHHHA

&

= l@-eg}»

K otsery 5.34%,

paBHO BpeMeHH 3aTyXaHua CBOGOIHEIX KoJeGauu#l T=1/y, Korga ux
aMIIUTYd YMEHbLIAETCsl B € Pas. :
5.35. 2) F=—2Aymu, sin (0 —); 6) A=— Fo/2ymwg; B 02y
pas, .
5.36. y=F,/2xq0m.
5.37. ©y=550 ¢, y=50 ct, Q=5,5,
5.38. Oxomo 2108 c,
5.39. v=gA/2m,

5,40%, vé%(l—cosmt); CpelHA CKOPOCTb Uy, = Fy/mw; wans

' : F
Gospluad CKopocTb 2Fg/mw NOCTHraeTcsd Ha paccTOAHHAX mo.;zn @n+1

OT HCTOYHHKA, TJe 71— IeJoe YHCJIO.
J19 4acTi, HCIYINEHHHIX B MOMEHT BPEMEHH /@, CKOPOCTb ¥ ==

*F
= ﬁ (cos ®f—1); cpenHss CKOPOCTb Vep==Fo/Mm®; HaHGOJbIIAA CKOPOCTH

2Fy/m® JOCTHTaeTcsl MO APYT'YI0 CTOPOHY OT HCTOYHHKA HA TeX Ke pace
CTOSIHHAX.

. F
I8 4acThi, HCOYHMIEHHBIX B MOMEHT T/2®, CKOPOCTh U= —L X
mo

X sin @f; cpeiHAA CKOpoOCTb HyJeBas; HaHGOJbWAA CKOPOCTs Fo/mom
JOCTHTAaeTCs Ha PacCTOSAHHH Fo/mw? OT HCTOYHHKA.

5.41*, I[uKJOHHAa; CpelHAS CKOpOCTb Fo/m Hampaejena no x, Ecau
npu =0 vy=—F¢/mo, a v,=0, To 4acTuna GyAeT ABHTaTbCsl [0
OKPYXKHOCTH pannyca Fo/mm?.

'§ 3.6. leopmaunu ¥ HanpsukeHus. Ckopocrb BOJH

6.1. F/k, (N—1) F/k. ’
6.2. YBeauuuTca Ha 10714 M,
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6.3. k=ES/L; F=ES (AL/L)

6.4. k=Ea.

6.5. 3 MM,

6.6. Or 108 g0 —0,5- 108 ITa.

6.7. 5. 104 H. )

6.8. Ha 1,2. 1071 M.

6.9. w= Ee?/2=02/2FE,

6.10%, A=i‘~2--1‘cla4 .

6.11%, Axl/Ax“_kI/(Zko—l-kl),_

6.12. Ysemuuuraercs. B == 0,5,

6.13%. »x=3(1—2u)/E.

6.14. Bospacrer npumepno Ha 30 M. IT1oTHOCTS Gonbme Ha 50 xr/yvf,
Dueprus B enunnue o6nrema 2,5+ 108 TIk/m3,

6.15. opusoHTanbHAast COCTABJAIOLIAS HATSKEHHA paBHa 71; 10
HAKJOHY YYACTKA HHTH HAXOJATCA BEPTHKAMbHbE COCTARMIONIKE; 1O
HUM — TpeGyeMele CHJIBL, ‘

6.16. Cm. puc.; F=Te., Cunsl NpWJOKeH! K TOYKAM H3JI0MA.
Fy=—Tb/L; Fo=T (b/L+bjl); Fg=— Tb/l,

F ._"_:_ — D N
rolie ity N T_;—:']*:
7 .
I — Y _T"Jl_"»&;"
7 2 i e 2 —— [ — =
iy IR, T S
K orsery 6.16, K orsery 6.25%,
6.17. u=—ce.

6.18. a) dp/dt=— pc2e, 6) F=Te; c=VT7—pj.

6.19. a) e=—b/L, w=Eb2/2L2 u=— ce=cb/L.

6) c=V E/o-

6.20. a) dp/df =pcuS =— pc2eS.

6) 6=— Ee, c=V Ejo.

6.21. 5 KkM/c. MbIC/IGHHO BBIZEJIHM CTepKeHp B Jiucre. Ero nomepeu-
HHIM CMEIIICHHSAM ¢MeWaloT» COCelHHe YYacTkH, YKeCTKOCTb TAKOTO CTepiKHs
6oJble, 4eM Y CTep:KHs CO CBOGOAHOH GOKOBOH NOBEPXHOCTHIO.

6.22. 500, 1400 u 340 Mm/c.

6.23. c2=p (P —Py)/po (p— 00)-

6.24*, Ilpn cxkaTuu, RJaBHO yGbIBaOUlEeM K (GPOHTY, CKOPOCTb 3BYKa
Gosnbwe y OoJiee -yAAJEHHLIX YYaCTKOB, BO3MYINEHHS JOrOHSIOT JIpyr
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npyra. B cayuae paspeenHs y JaibHHX Y4acTKOB CKOPOCTb 3ByKa
MeHbUE, OHH OTCTAIOT, BO3MYUIEHHE PaclJkuBaeTcs.

6.25%. CkopoCTb YaCTHL M TOABEM YPOBHS BOAH B Geryuefi Bo.axe
CBA3aHBl COOTHOWEHHeM u/c==Ah/h. TlpupaBHSleM CKOPOCTb H3MEHEHHS
HMOYJbca PasHUUe CHJI JaBJeHus: phcu=pgh Ah. Orcopa c=V gh.

! '

6.26%, C=—2—a-rc—sm. ITpy 0 € 0, c=Wyl;. 2005 = 1014 I'.

§ 3.7. PacnpocTpanenHe BoJH

7.1, p=pcbS.

7.2. a) g,=Ap ¢t 6) v= Appc_ll_:; x=%l.

7.3. P (t—rjc), rae r— paccTosive JO AaTYHKa,

7.4. I110THOCTD TMOTOKA UMAYJBLCA §p==pcu (X — Ci).

7.5. 1400 H.

76. u=F/SV Ep, e=—F/SE; o' =p(1+F/SE). Hunyasc
p=0,5Ft u p’ =FT1; SHeprus W =0,5F*t/SV Ep n W' =F2t/SV Ep.

6y F

7.7. Cu. puc,; u= kG T o=V T, c2=]{T/u2.

7.8. BepTHKaabHBE CUJIB Fq 5=
F =(pv?—T) b/L u Fo=2 (T—puv?)b/L.
Mpu v—>V T/i cuasl cTpeMsTes K

4 ur 4 .
= — HYJI0 —CTPYHA  «HE  TPOTHBHTCA»
G 2 u3ru6y. Ecim cusnl dukcuposatb,
K orsery 7.7. 10 npu  v-»V T/ HeorpaHHuCHHO

pactyT pedopmauHH,

7.9. CKOPOCTH BOJIH «H3THOa» M BO3MYLIEHHS COBNAAYT, 4TO NPHBO-
JHUT K Pe3KOMy yBEJHUEHHIO aMILIHTY bl BOJIL. 3TO B CBOIO OYepeAb MOMKET
NPHBECTH K Da3puiBY UIHHBL

7.10. CKOPOCTH JIOAKH H BOJHEI, KOTOPYIO BO3GYXJaeT JOAKA B peKe,
COBIAJIH. ‘ .

7.13. Ilnocku# ¢pout. Hanpasnenne pacnpocTpaHeHHs o6pasyeT
yroa o ¢ HOPMa/pl0 K TIpaHiie (sin o=c/v).

7.14. o, =0, sin o= (cy/c;) sin ct. [lanaroman BoiHa ujgeT B mepsoH
cpefe. [IJIHHBI BOJH OTHOCATCH KaK CKODOCTH 3BYKa,
*  7.15. llyM peurateneil pacnpocTpadsieTcsl -MelJeHHee ¢poHTa ynap-
HOH BOJIHNBI, CO3ZaBaeMOH CBepPX3BYKOBEIM CAMOJIETOM,

7.16. sim og=¢,/c,. .

:7.17. M3MeHHTCS] HanpasJ/IcHHE TOIBKO NPEJOMJIEHHOR BOJIHKBL sin o, = -
_ CGpsinoy
T g Fusinoy’
pocTb BO34yXa, @;— YroJ INajgeHus,

TIe ¢; H ¢, — CKOPOCTH 3BYKa B BO3JyXe H BOJE, U — CKO-
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7.18. a) Bosee ygajesnsie ot Gepera y4acrknm GPOHTa ABHKYTCA
¢ Gonbwed ckopoctbio. [TosToMy yros Mexay (pPOHTOM BOJIHH # ﬁeperom
ymeubmae'rcn 6) Cm. puc.

K orsery 7.18.

7.19%, Ha rpangue pasiesa I‘J]yGHH BOSMOXHO [10JHoe BHyTpeHHee
.OTpaxeHHe.

7.20%. Cu. puc. B Hanpaaneﬁuu BeTpa 3BYK HJAET MOYTH BAOJb
NOBEPXHOCTH 3eMJH, @ B MPOTHBONO/IOKHOM HANDABJICHHH YXOIUT OT Hee,

>y

A

K otpery 7.20%,

7.21, v=w,/(1 —v/c).
7.22. vi=v, (1 Ev/c); v‘,=v0 [1—(v/c)cosal.

§ 3.8. Hanoxenne u oTpakénHe BOIH

8.1. a) Kuneruyeckas sHeprus HyJb, noteHumanwnas 2W, 6) Kune-
Tuyeckas sHeprus 2W, norteHuHanbHas HYJb.

8.2. PasGeraiounecs BOJIHH jepopmanny ¢ e=—0,5-1073, Cu. puc.

8.3. Cm. puc.

8.4. Cm. puc. P=2pcow A cos ¢, Jdauna poaubl A=2mc/w. B6ausn
CTeHKH — y3eJI CKOPOCTH M NyuHOCTh uaaneﬂuﬂ. IMepprift y3en AaBieHns
OTCTOMT Ha A/4 OT CTEHKH.
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15cM
S t=510"%
-— s . L — — x
0 e e - (-
ufe
N R
. > = 577 %
05107 =~ A z
; 50/1[ Gom|scm

K orsery 8,2,

\A

K oreery 8.3, ’ K omery 8.4,

‘ Vs
' 12/4%
‘ Py J
K otsery 8,5, K orsety 8,6, \
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8.5.‘CM?,pHC. B «HenepesepHyTOR» BOJHE cMemeHufl 3Hak pedopMa«
I[HH TIPOTHRONOJOKEH 3HAKY JeopManHH najariell BOJHH.

8.6. A=uy/20. Ha koHue CTepkHs— yYHOCTb CKOPOCTH H y3el
paBsenusi. [TepBHH y3eJq CKOPOCTH OTCTOHT Ha A/4 OT KOHIA CTEpKHHA
(cM. puc.).

8.7. Ilpy oTpameHHH BOJHBI OT BHYTPeHHeH IIOBEDXHOCTH CTeKJa
BO3HHKaeT 006J1acTh BHICOKOIO HATpsikKeHHs] (PacTSAkKeHHs) HA HEKOTOPOM
PACCTOSIHHH OT 9TOH NOBEPXHOCTH.

8.8%. u=2P/pc=250 M/c; [=ct/2=1 cM.

8.9%, l=% <L——% aresin —%) = % <1 ——% arcsin ———) Ilpp gy >0
l=L/2; upn oy=~0c [=L/4.

8.10. P=pcu=3,9-10¢ arM. Cns1a, NpHJOKEHHAS K TOPIUY CTePXKHs
CO CTOPOHBI CTGHKH, NMOPOXJaeT BONHY cxkaTusl. [loxoas jgo cBoGOgHOro
TOpLa, OHa oTpakaercsi. OTpaeHHas BOJHA SBAAETCS BOJHOH pactsi-
sKeHuus. IIpH HaNOXEHHH OTpaKEeHHOH BOJHBI H BOJIHH, NOPOXKIacMOH
CHJIOH CO CTOPOHBI CTEHKH, JebopMallusi CHHMaeTcsl, a CKOPOCTb y4acTKOB
cTepxHs MeHsteT 3Hak. Korna ¢ponT oTpaxeHHoH BOJHHE JOXOJHT [0
CTEHKH, BeCb CTepPXeHb OKa3hlBaeTcs Heneq)op\mposarmbm H KOHTAaKT
ucuesaer. Bpemst kourakta tT=2//c=4.10"c,

8.11%, BpejeM CKOPOCTb /JBHMKEHHsT TJIOCKOCTH COTPHKOCHOBEHHS
crepxkHell. B cucTemax oTcuera, rjie NepBOHAYaJIbHO NCKOHJIHCh CTEPIXKHH,
PacCMOTPUM BOJIHGI, TOPOKICHHBIE BHKEHHEM COTIPHKACAIOUWHXCS TOPLOB,
H BOJIHEI, OTpaMKeHHble OT CBOGOJHBIX TOPLOB. [ebopMauHH CHHMAKOTCS
O/JHOBPEMEHHO, TNpDH 3TOM KOHTAaKT Hcue3aeT. Korja OTHOIIeHHe JJIHH
cTepxHe He DAaBHO OTHOIIEHHIO CKOpOCTell 3BYKa, OJHH M3 CTep:kHefl
ocTaHeTcst ' 1epOPMHPOBAHHEIM K MOMEHTY HCUE3HOBEHWS KOHTAKTAd. YAap
B 3TOM cJydae He alCOMIOTHO ynpyruil, n0o BHYTpeHHss anepmm nocJjae
gero Bo3pocija.

0161 — Paly Uy Uy— 20:01 u. Her,
P16 Pata ¥ P01 Pal;

Uy +torp=uy. IIpn pscy > pyc; 3HAK CKODOCTH B OTPAKEHHOH BOJIHE
MeHsercs.

8.12%, nypp = TaKk Kak

8.13. D= OS2 4001 gy 0,
(P11 F02C2)? Pala ’

8.14. Hannune npokJajkH YyBeJHUHBAET TNPOXOASIUYI0 MOUHOCTL C
0,25 g0 0,41 naparomeli. IlosiBSITCSl eme «3XO-CHIHAJBD C >HHTepBaJIOM
BpeMeHH ‘2//c, MOMIIOCTL KOTOPBIX yGhIBAaeT B reOMETpHUECKOH MpOrpeccuH.
[Ipn npoTsskeHHOM NajalolieM CHIHAJe, HaTpHMep CHHYCOHMAJbHOM,
€9XO0-CHFHA/B» HAJNAraiTCst, TOrga moABOpOM TOJNUMHH [/ - IPOKJAJKH
MOKHO  JOGHTbCSL TIOYTH TIOJHOIO TPOXOXKJSHHS HJIH OTParKeHHs.

8.15%. F=2L2cv. Tlpn ® < ¢/L NPOKCXOJNT NOUTH MOJIHO® BBIp aB-
HHBAHHe JaBJIEHHs W3-3a TeueHWs BO3AyXa, NOITOMY H3JyueHHe c1aboe.
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8.16. W =4n2R2wA%c. AMIIATYa AaBJIeHHS B BOJHE OGpPATHO MPO-
NOpPLMOHAJbHA PAacCTOSHHIO 1O weHTpa ny3uipsi. [IpH pagHasbHOM. e
TeYeHHH HeCKHMAEMOH XHJKOCTH H3GHITOWHOE NaBJeHHe OGPaTHO MPONOpe
UHOHANBHO YeTBEPTOH CTeleHM 3TOrO PaccTOsHHs! -

8.17*. a) u =2£“')c cos @ (t ——%), rje r— paccTosiiHe [0 HCTOUHH-

Ka. JlepopMaunsi €= u/c, 3HaKH I- JJ4 H3Jy4YeHHS HANpaBO H HAJCBO
COOTBETCTBEHHO. 6) MeXX1y MCTOMHHKAMH — CTOS1Yasi BOJIHA

_fo ( _l_> or,
u——S—p—Ecosw ¢ 5 ) 08 3

BHe — (eryuiue BOJHBL

=T o5 0L ( _1,>
u= cos cosco t ,
Spc 2¢ c
THe r— paccTosiHHe [0 cpeiHell TOUKH MeX1y ucTounHKamu. [Ipm I, pas-
HOM LeJIOMY YHCJY JJHH BOJIH, — MaKCHMAJbHAasl MOUIHOCTD, MpH HeyeTHOM
. YucJe MOJYBOJH — MOU[HOCTb HYyJle-
Basi. MOUIHOCTL oONpefensieTcs He
TOJILKO CHJIOH, HO M CKOPOCTLIO
'TOUKH MPHJIOXKEHHS CHJIbI, 8 3T2 CKO-
 POCTL 3aBHCHT H OT JPYTHX HCTOY-
HUKOB. '
8.18*, [lpn I=(1/44-n)A; npu
1=(3/44+n) A, A=2nc/0.
8.19. L=2\; c=Lw/4m.

i 1 ) 8.20%, a) VYsabi Hanpskenuit
m/L 2wo/l Gme/l o HAXONSTCS Ha PacCTOSIHAAX, KpPaTHLIX
K oteery 8.20%, -A/2, ot cBoGonHOrO KoOHHA. Fo=

=0,S | sin (@L/c) |. 6) CM. pHC.; © =
= 2mnc/2L, rie n—uenoe YHCIO.
" 8.21. v,=n-2500 I'u. ITonnsarca .eaBoeE.
8.22*%.° A= Ay/ sin ( . T=a=2mn/0 | sin (®L/c) |,
8.23. v=¢/2L =8,25 Tu.
8.24. C u3meHeHHeM BBICOTHI CTOJGa Bosnyxa BO3HHKAIOT Pe30HaHC-
Hble KOJeGaHus.
8.25. 50, 250, 450 M u T. L.
8.26. Jlns GoratcTBa HaGopa COSCTBEHHLIX 4acToT. TOH NOHMKaeTcs
C yBeJIHueHHeM pa3Mepos.
8.27. B 3Byvamue roJioca BHOCAT BKJaJ - COGCTBEHHBIE KOJeGaHus
- po3fyxa. COOTeeTcTBYiouHe JJTHHL BOJH HeH3MERHH, a YacTOTh BOSpaCT\yT
npM pocTe CKOPOCTH 3Byka. OBwmii ToH rosoca noshicutes. Yacrora we
Kose6aHuR KaMepTOHAa He H3MeHMTCS, ToH e 4acroThl OyleT H 3BYK.
8.28. T=4I>vlu=144H,
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8.29. Oxkono ny'-iHocmﬁ cMemeHuft Ha paccrosiuun L/6 uam L/2 or
KOHIIOB CTPYHHL.

8.30. M3-3a TpeHHsa TpH npocxanbamsaﬂuu BO3HHKHYT G6oJblHe
norepn, OHH HaHMeHbWHE S CepelHHBI, TAE y3es ckopocrelf, HaHGOMn-
He — ANt KOHIIOB, TAe MyYHOCTb CKODOCTeH.

8.31*., OcHoBHHIE TOTEPH CBA3aHBI C YXOJOM BOANBL uepes TpaHHLY
campup—soanyx KosgduuneHt npoxoxaenus D=4p.cn/p.ce==0,7 - 1074
¥ 1aeT OTHOWeEHHe NOTePb SHEPTHA 32 NEPHON K SHepTHH KoJIeGanu .
Tlotepn ymeauuaTcst mpuMepHO 8 10% pas.

Fnava 4. MEXAHUKA XXHUIKOCTH

§ 4.1. JlapneHne B KHAKOCTH

1.2, F=2000}'2 H. Hyxs.
1.3. 4 F
VB @’

1.4. Ha.

1.5. F=2nr2P. .

1.6. F=mn (R?2—r?) P,

R
#* p—

1.7*. 0—2—5 P.

1.8. Cuna F,,” pelicteylomasi Ha €IWHAMY LJHHBEI TlepuMerpa mone-
“PEuHOTO CEUCHHs COCHCKE, MeHblle CHJH Fj, jeicTByiomledl Ha eARHMUY
JJHHBl MEPHMeTPa MPOJOILHOTO CEYeHHsl COCHCKH.

\[£)

K orsery 1.8.

1.9. Ha paccTosiHuH l—-—M
o A pac QTR R
1.10. h=727 cM,

1.11. Fy==392 H. Fy=23l4 H Fg=353 H. F= 78 H.

1.12%. F=Y,pga (3V 3h—V 2a).
1.13. CocTapJisioliHe CHJIH, napan.nenbuaﬂ 74 nepneunuxynﬂpnaﬂ any:

@ OT UEeHTPa NasiKH.

f“_~..a3(p—po)gs_in @, ._aﬁpog\»~cosa—|—»—r sina -~ ﬁ)
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1.14. x=l—---(1+ )(5;—1)/1.

1.15. A=85cMm.
1.16. h=10,1m.
1.17*. m=1/3nR3p,

1.19%, A—=mns <h+¥ " >pgl.

1.20*. JlaBneune P, MOmHO HaliTH U3 YCJIOBHs P3IBHOBECHS BhIIEJIEHs
HOTO 1A PHCYHKE TOHKOrO IMJAHHIADHUECKOro o0bema: CHJA NPUTsKeHus:

K OTBeT); 1,20%, K otsery 1.23%,

3T0r0 O00BEMAa KHMAKOCTH. K [CHTPY IJIAHEeTHl paBHa CHJE JAABJCHHSA,
IeficTBylonieli Ha HHMXHee CeyeHHe obwveMa. P,=2/;nyp2 (R2—r2%); Pp=
= ?/3nyp?R2. ¢

1.21. B nanpaB/enHH BekTOPa yCKOpEHHS.

1.22, f=o —arctgp.

1.23%. Jlapnenue P (x) MOxHO HaHTH M3 yCJOBHA, YTO CHJa jaBJe-
HHsi Ha BHYTpeHHee CeYCHHe BBIICNCHHOTO HA PHCYHKE TOHKOrO IMU/IHH-
ApHYECKOro ofbeMa paBHa mw2y, rile y— pacCTOSHHE OT LeNTPa LHJIHH-
ipa }10 ocH Bpamlenus, m—macca BbljeJeHHOro obbema, P (X) =
=1/,p02 [(R —x)2—1/,R]. '

1.24. y~—~l~%,\c2

§ 4.2. Nuapanne. 3akon Apxumena

1. P=mg/S.
2.2, x=2"01y,
Pe— P

2.3. x=(m—hp;S)/S (Pa—p1)-
2.4*. Ecap npu noBopore lapaJfiesieNuNesa BOKPYT OCH, NMPOXOAf-
weld yepes Touky O, LUEHTP TAKECTH CHCTEMH muaxocrb-—napannenenu-’)
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Tles, MOBHINARTCS, MOJIOXKEHHE HapaJlieNienHnelia YCTORYMBO, DTO yC/I0BHE

BHIMOHAETCS NPH — > ]/B. ( ..B,)
b Po Po

7 ” -
7”7 P »
) 46 T
———— > —— = o —
- -1
N 7 -
- L ” - 1 =
- ” Y [,
” 7’ 7

- K orsery 2,4%,

25. A=32,5Tx.

2.6, V=147 cm3.

2.7, p=1,5r/cm8,

28. n=p,/ps.

2.9%, x=4m/np (&% d3),
2.10, F=9,8.10"3 H.

2.11. F=‘%nr3pg<1+2.r7.).
2.12, F==1’2. 102 H.
2.13, p=2,3 r/cm3,
2.14. F=mg/V'3.
2.15%, a) F=2pgRHL, ecnu H < L/2; F=pgR(H-+L/2), ecan
H> L2
1 1 H
= 3 N
6) F ﬂpgR<3+2 :
ecan H > R.
2.17. m=520 r.
4 3/2
2.18*, m=§ﬂ<R2—-r9> 0.
2.19% my="/5,003(6 -5 tg o+ g20); my=1/54p@ (6 5lga—tgoe).
V3

+ é_%), et H <R, F=mnpgR2H,

* — ¢
2,20%, T= i3 mg.
1 A p re
=72 —_—— —_——
2.21. Q=nr2pghH [I—f— 5 H e <1 pa )] ,
2.22, Q=1%/;nR3Hpg =410 %, mJIOTHOCTE BOIW P = 103 xr/mM3,
2,23. A=283 gdx.
l A
*, =] —_- i 3
2.24*. a) Cmomer, p <I SR—3H—A l) (I l) Kr/cm3,

2.25, F=4/3nr3(R—r) (p —po) 02
gtga
h 2.26. m_]/R—(l—r) sin o*
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§ 4.3. Nsnienne nReanbHoOR MHAKOCTH

3.1. 28,0; 27,3; 26,5 m/c. Ha ppenajuatmit stax.
3.2. AT =2ghpS.
3.3. N=pQ (gh-+Q2/25Y).

8.4. a) H3-3a pasnoro paBnenus B 06aacTaX [/ W 2 ua XHIKOCTb

B obnacty Mexay I u 2 pefictByer CHJa  JaBJCHHS B Hanpabienny
ABUXMEHHUS munxocm Dta cuna Goavwe F.

0) F= pvzs,< —gf> .
3.5. B cocyge P=Py+pgx; B TpyOKe P==Py-}-pg (x— H).
3.6. F=V2 (P+pc%S.
3.7. v=V 2F§jp (ST—39).
3.8. x=5l,
T, mg \?
3.9. h::ié‘[v——— (}E%V) ]
3.10*. Pasmepn IPOLOHHOTO CeueHMst CTPYR ysenuuates B 2 pasa.
CropocTH NoZoGHbIX yHacTKom B CTpye yseamuarcst B V2 pas. Mostomy

c6poc yseamantca 8 2V 2 pasa.
3.11*, Crpyn Oyayr nogoSebl. PasMepbl CTPyH NpDH UOHHIKEHHH
ypOBHs BOAM YMenbwatca B H/h pa3, CKOPOCTH NOZOGHHIX YH2CTKOB

B cTpye yMembwarca B V H/h pas. [TosToMy BOZOCOPOC yMeHbWINTCA

H\ey /' H [H\52
GV a=(3)" o
3.12, Ha nJaockocTH COXpaBfeTCsl SHEPTHA BbIIeNEHHHX Ha pPHCYHKe
yuacTKOB CTPYHW H HX CyMMapHLil HMUYAbC BOJb maockoctd. Ha sakona

"

K orsery 3.12. K otBery 3.13%,

COXpPaHeHua aHeper “&IeAYCT, YTO CKOPOCTH 3THX Yy4acTKoB Ha MJIOCKOCTH
TOXKe 6yz1yT PaBHH U, 2@ H3 3aKCHa COXpaHEHHs] HMIyJbCa CACAYET, uiv

hy=h({+cosa)/2, hy=h (1l —cosa)/2,
368 ‘ .



3.13*. Hyxmo nepefitd B cucreMy OTCueTa, B KOTOPOH MJACTHHLL
JABHXKYTCH BJOJb CBOUX MJOCKocTed. B sTo# cHCTeMe MaTepHasa maacTHH
GyaeT ABHraThCsl KaK [iBe BCTDEUHBI® CTPYH, H306pakeHHpIe Ha PUCYHKe.
Hx npumende Hag H mox maockocrbio OO’ nosropsier jsHKeHde CTPyH,
_paccMorpenHoft B sagave 3.12:

vy =vtg(a/2), vy=vctg(a/2).

3.14*. Pewenne ana/qoruyHo peweHuio 3agaud 3.12 (cm. puc.). Koimye

C Cos & =(R3_r2)/(R2 _i__,.z).

K ortsery 3.14*, K otsery 3.16*,

3.15. 3anaua csogdrcs K 3agade 3.14, ecan mepeditd ‘B CHCTEMY
oTcuera, B KOTOPOH BCTpeuHbI€ CKOPOCTH OpOHH M CTPyd Merajaa Gynyw
paBHBI 1O Mojaymo. v.=1 KM/C.

3.16*, h=lcong—/l—t. P=xpg/2 B sepTHKaILHOR YacT® TpyOKH,

P=ypg/2 B ropu3oHraqbHOR YacTH TPYOKH (CM. pHC.). ~
3.17*. a=g(s/S)%
3.18. E=PV,

R ) T
3.19%, v=]/_—§- g_ (% —_ l), P — IVIOTHOCTb BOAHL.

. 3.20. a) Ilpu ckopocry, Goaswe#t 14 m/c, 6*) [Ipun MHTEHCHBHOCTH,
Goabwmedt 700 Br/m2,

§ 4.4. Teuyenue BA3KOH KHAKOCTH

" 4.1 v= vox/h 0< x<h; F=1uo/h,
4.2. v=——x(h x), O<<x<<h; Q= h’AP
4.3% 9=AP (R?*—x?)/Av. v
. 3 H
44 Q_hpg&s)ma. ‘ . )
4.5. F= PyS;— P18 — 90”81 (1 —384/Sy)
13 3azaus oo ¢usske ‘ E 889



§ 4.5. INoBepxHOCTHOE HATSKERWE XHAKOCUTH

5.3. r==0,5 cm.
54, F=2(oy—ay1,

l 21 l
55 0= ES <T .__>,

R
5.6. 6) [IpH Oy << 0p— Oppe  B¥) €08 0= (07 — Opr)/Opge
5.7. a=2,1 mm,
5.8, n=5/4.

5.9, m=20,546 r/cm2,

5.10. Menpwe 0,2 cm/c2.

5.11%. Ha pucynke wusofpameHbl CHNB, AEHCTBYOWINE Ha yyacTke
€IHHEYIOH AJHHE! (ABONHBIMH CTDAJKAMH OGO3HAYEHH CHJBI, AEHCTBYIOILHE

K otsery 5,11%,

Ha TUIACTHRY; MKUPHEEMHA— CHIE, ACHUIBYOUIHE Fa GOROBYO FOBEPFHOCTR

¥KHLAKOCTH): F,— HCROMaa CHJIS; 7Hg—OCHJIa TSNRECTH DJIACTHHEL ==

==pgxl u F“=pgx2-—cmbi, BHI3LIBAEMHE OTPHI@TETLHEIM  JaBlleHHeM

JUAKOCTH; O— CHJIBI NGBEPXHOCTHOIO HaT#AxeHHs, 3 ycl1oBuss pasHOs

BeCHsi OOKOBOH NOBEPXHGCTH KUJIKOCTH CJAELYeT
Fy=pgx?/2=0—ocosb, cosb=1-—pgx?/20,

3 ycsioBHS PaBHORECHS MJAACTHHBEL HMEEM

F y==Fo+mg+20 sin 6= qagxl +mg+20 V' T—cosTh= .
= mg +pgx (I +20 V'ojpg —+2/4).
5.12. a) x=V 20 (1 —sin 6)/pg. 6) £=3,9 mm.
5.13. a) x=2sin (5/2) V o/pg. 6) A=35,4 mm, “
5.14%. a) x———]/Qp"‘ (Out%ux—%%) 6 Oxopo 3 K2,

/ Pu (Px—Pu &
5.15*. BepTHKa/bHAsi COCTABJ/SIONLAS CHJB TOBEPKHOTTHOr O HATsKe-

Hus DaBHA MNEPHMETPY NaNOURH, YMHOMKERHOMY Ha ©«cos®, Ilosromy

B



06bEM KHWEQETH, NRAHKIGE NORCPRHOCTHRIM. HATAKEHHEM, HE 3ARUCHT
OT (JOPMEI CeueHHs IANOYKH, A SABHCHT OT ee IePHMETpa.
5.17. P, =20/R-+p0g (h+R), P, =20/R--pg ("—R).
5.18. R =o0/pgx.
5.19. P=P+20 <l+~1—> Py=P 20
T R "R—hj "t R*
5.20. Oxoso 3 .
6040, g2
5.22%, h=r ]/-0__01__02 e ——
5.23. Ry=rR/(R—r). a=120°
5.24%, m=nr¥(ph--20/Rg).
5.25%, a) h=0,1 MM. 6) v==50 I'n.
5.26% a) A=1,6-10"% Ix. 6) A=0,01 Ix.

§ 4.6. Kanuanapusle gsjenus

6.1. 6) Usnyrpa.

6.2. fi==20/pgR. A=4n02%/pg, U=2n02/pg. Yacts sHeprad nepe-
XOJHT B TeINJO. '

6.3. A=0,38 %.

6.4, r,=1,50 mr; rp="T,4T MM; rz3=co.

20 h 20 20 h 20
widh. == 3 ~—————',A(.=——— T
6.5.. Ax > ,0<t<v ogro’ X oF vt,t>u ok
20 h -
e o
h
6.6. Re=R o5

6.7%. o= ]/2p

6.8. x=2h, ectn [ >h; x=1+4h, ecnu [ < h,

6.9%. 17°C<<t<45°C,

6.10. CmaunBalomas XHIKOCTh OyleT ABHIATbCAd B CTOPOHY Y3Kof
YaCTH KanHMIgpa, HeCMauHBAIOMad —B CTOPOHY IMHPOKOH 4acTH,

6.11. x=~—H<l—-]/-l 160 ), o > 160/pgH?

pgeH?
x=H, < 160/pgH?.
s
6.12. x=p—gK(cosel+c0502)a

6.13. F=a0 (L—cas 0)s
6.14%, F=2a0%/pgA2.
=
p
13« 871

6.15%, T=EI—‘
g



Fanasa 5. MOJIEKYJIAPHAS ®U3UKA

§ 5.1. TenJosoe ABHMEHHE YACTHL,

1.1. m> 0,0l ur.
1.2, K==5,8.10"2 JIx, ¥V (v&)=1,5:10~% m/c.
1.3. B 2 pa3sa.
1.4 V3 = 6,441078 u,
1.5% da=7 cM. Ilpu T=100 K d==4 cM,
1.6, DricTpee BHIpAaBHHBAeTCs YHCJO YacCTHL B eJHHHLe ofbeMa Gouee
DOJBHKHBIX JIETKHX MOJIEKYJI,
LT, PyPa=1/Y2.
1.8%, Ny/Ng== (ug/p) "~ V2,
1.9% 7' =nr1,
1.i0. B L2/R2 pas,
LU Ni=NV TV T+VT), Ne=N VTZI(VTH-VTI)
Py=NkT |V, Py=N,kTy/V. B cropony mnepporo o6nema,

§' 5.2, ®yuknua pacnpejeeHus

21 a) N=1,3.1018 a3, 6) Ny =1,3+10% M3 No=1,3+ 104 m—3,
B) H,=6,2+10% cM73; No=1,2 104 cm 3,
2.2, a) Nes 10 cM73; 6) N =w 2. 10%2 M3,
2.3. n=0,13.
2.4, n=06-10",
v

, 1 v '
2.5. a)f‘“Tf(l) 6),’ f(/?)
2.6. TemnepaTypa 6yAer yMeHblIaTbCa,

- 21,
2.7% L=l (1+t+21)
2.8. v =300 M/c.

2,9. v = ho/2n,

) FT Ft !
2.10*. a) v ., ==v+'—n--, O nax =U+in + 40, n'=n 6o, =

oV T 2Ffms, ooy =0V IF2Fym? + Ao/ TF9Fm?, 6 =
= af/V T 2Flms.

2.11%, He u3amenuTcs, ¥YMeHslnaerca B exp (2Fl/m) pas,
2.12. m = 10738 Kr, r =="10"% M.

2.13. hy =9 111 KM, hy == 123 KM,

2.14%, 8) n = nyexp (— q/kT), 6) n=1018 M8, T =660 K,
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§ 5.3. Croakuosenne moaekya. Hpouecch mepenoca

3.1. d=10,25 um,
3.2. I =54 um.
3.3. vy =6-108 cl.cM™3, v3==3.1028 c1.cm73,
34. ) I~T, v~ 1/VT.6)l~1/P, v~ P,
B) I~ 1/PY, v ~ PVF1I/ZY, '
3.5. i ~ L [4RIn, 4 (R4 Ry)? nel™;
ly ~ 1 [4R3ny 4 (Ry + R)2 m] L.
3.6%. {==30 mc.
3.7. a) Ha eboicore h d4epe3 TOpDH3OHTAIbHYIO €IHHHYHYIO MJ0-
waaxy AB cBepxy HAer NOTOK pagHOaKTHBHBIX aTOMOB, YRa/JeHHHIX OF

K orsery 3.7a,

Hee Ha paccTosHHe nopanka !, TlaorHocTs 3TOrO MOTOKA OLEHHBaeTCH
gopmynoit Wy==0,n,. /2, The T,—cKopocTs, OJH3Kad K (ﬁg)lﬂz
=V&T/m, a npy=a{h-41) —uncno aroMoe B eiHHHUe o6bema Ha
Boicotre h--I. [liotHocte Ke TMOTOKA  aTOMOB, HAYMICTO CHH3Y,
W,=~05,_ l/2~VkT/moc(h—l)/2 Pesyabtapyiomass MJIOTHOCTb MO-
Toxa Ha 3emmo W =W, — Wy~ al V&Tm.

6) D =12 MKkM/c.

3.8. -D = nD D,/(n,Dy 4 ngD,).

3.9*%, a) t=L/D. 6) m=DSp/L.

3.10. a) PemeHHe 3ajayd AaHAJOTHYHO pelleHHIO 3ajaud 3.7at
W ~nalk VkTo/m; He HaMeHuTcd. 6) B 6,2 pasa, '

B.11% %= oY +
L p‘l 1272
l+4°‘ l+ )

-+

Ke

172
gl BT
+4 + S 1
3.12. ¢ = nf.

3.13. TemnepaTyponpoaonaocrb MeTa/la 3HAYHTe/IbHO BHIILE,

< ‘ 373



' § 5.4. Paapexentbte rasnl. BaanmogelcTpie moJekya
€ NMOBEPXHOCTbIO TBEPAOFO TeJa

4.1, vee 1024 c1.om~2, Ap/Al = 10 H.

4.2, Ymenbwures B 1 —k/2 pas,

4.3. F &= nR2nmy?2,

4.5. F =47a%Pu’V W/3RT.

4.6. F= Po/2.

4.7. F~PSuV pn/3RT. B

4.8, Tloxa pawna csoboanoro mnpofera MoJeKyJ rasa Soapiue pace
CTOSHHA MeXJy HAHMCKaMH, MOMEHT CHJ/bI BSI3KOCTH 3aBHCHT OT JABJEHHA.

4.9. v’ =0 (r/R)2.

4.10. Ilpu ocBelmeHHd nJacTHH TeMIlepaTypa 3auepHeHHOl nosepx-
HOCTH BBILE, YeM 3epKaaLHOH. HosTomy B Da3pEeKEHHOM Trade jasJc-
HHe Ha Hee HECKOJbKO BBIie,

4.11*, F=~10"2 H,

4.12, v=1 Mm/c.

4.18*. P =<FT,/S (Ty—Ty),

4.14*, Po=PV TyT.

4.15%. P'=P (14V9).27%, T'—TV3.

16, Q~kn AT 3RT

4.17. LLeHy ZeNeHust mxanm TEMIIEPATYP HYXKHO YMEHbIIHTE
B V14 paa.

4.18. m==0,l xr.

4.19. Ecnu ras paspexeH, To TEIJIONPOBOAHOCTL YMEHBILHTCS,
Ec/u ra3 njoTHEH, TO He H3MEHHTCH,

©4.20%, r= (Q,/Qund) 2.

§ 5.5. YpapHeHHe COCTOSIHMSI HJlea/IbHOTO rasa

1. B 3 pasa,

52, M=m (k—1)n/in—1).

5.3. V=850 n.

5.4. KepocuH, B OTJIHYME OT BO3AyXa, 06JanaeT HH3KOH CKUMaeMo-
CTBIO,

5.5, P=1,166 MIla,

5.6. At= 140 °C.

5.7. B pafouemM pemume, Korza ras B OajjioHe Harper, €ro jgass
J€HHe He [OoJKHO TIPeBHIIaTh aTtMmocdepHoro,

5.8%, T =19/4T,. _

5.9, Il=(P—PQ) VDIPQVA
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In (Po/P)
In(1+V/Vy*
6.11. He 2aBucHT.
5.12*. AP =137 Ila.

o 2V S ({421
5.13. T_To-————2vo+s (l—?x)"
5.14. P=1146 rlla.
5.15. Vo/Vu=~1,9.

4
5.16. x= (Hy— (1———p§l—>.
R

5.17. 2) H_ﬁ<1+_§P_2pgi_>. 6) H=§+§g‘l

~+pgH
5.18%, P=Py-}{-pgH.
5.19*. P, =0,166 MIla. P,=0,18 MIlla.
5.20. N,O,.
5.21. 28 9.

5.22. T=T,

5.10. n=

B (Pyr + 40)
uPor—369RT0 '
JlekyJlapHas Macca Bo3iyXa.
_ Pritri—nr
5.23. 0= 4 m.

5.24. T=2nV mij2P,S.

TEe R —rasoBad NOCTOSHHAA, |L —MO&

§ 5.6. llepsoe Hauaso TepMoaHHAMHKH. Ten10eMKOCTL

6.2, U;=025 Nx. U, =0,2 MIx.
6.3. He usMenurcs.

_PViAPY, PyVy+4-PyV,
L A A e A
6.5.- B 2 pasa.

' 3P0V0m -l/_ 3P0 oM
86. uy~V woar+m =V npivm

6.7. Tmax=To-+2muv2/3R, rae R —rasoBas NOCTOSHHASL.

6.8. v = 10 m/c.

6.9. Tpr pacuiMpenun Ge3 MoOjBENEHHS] TelJla Tad COBEDUIAET i)
GoTy H oXxJaxkjaercs.

6.10. Ipu uso6apuueckoM paculnpeHud,

6.12. a) A=PV; 6) A=5%,PV,

6.13. A=460 Mx.

6.14. A=2,6 KIx,

6.15. A =240 Ik,

6.16.-Q~= 7,94 kIx, A~>2,27 g1k,

6.17. A=R(V T3—V T)% |
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_ Mu? _ 3PV, A3
6.18. T—T°(1+§—P.To—>’ V—‘V"(B“—%—Po -|-Mu2) .

" PS  PS._PS
6.19*, umax=]/2gH 1—— Mgl MUJ

PS'3/5 3 PS
umox =/ a1~ (Mg/ + 2 g

6.20%, V, =V ViV Amin=5P,V, [(vo/v2)1/°_1] Kakau# kou-
mpeccop copepwaer patoty Amin/2.
6.21. Q=10,36 MIx. AU=0,26 MIx. ¢=1,2 K/_I}K/K,
6.22. Kucaopon. )
6.23%. T=Ty+ Q/c npn Q=< Qy=cTF/P,S;

Q4 cTo+RTy (1 +F/2PS)

TUFFPS) T RAFERPS | TF/PeS) mon Q= Q.
6.24. Q= 10pgSh2. :
6.25%. PVn=const, rne n==(c—Cp)/(¢~ c;) —noKazaTenn nonu-
gponel. 1) V =const; 2) P=const; 3) PVV=const; 4) PV =const,

6.26. Oxnaxnaercs; ¢=¢, —R,

6.27. ¢=2P.V /T, _

4mr3 40 1 3Py + 120
* — iy

6.28%, ¢= A (Pﬂ—l— >(Y—1 4 3Py 80 >

PS)

3
£ —_ = [—
6.29.x-._5H(1 M

T =

§ 5.7. Ucreuenune rasa

7.1. v =V 23RT /0 (y— D).

7.2*. v=V7 (k+ 1) RT/(kp; + prg)-

7.3* a) T a= 3150 K. 6) ves3 KM/C,

7.4. a) v==5,2 KM/c; 6) v==5,7 KM/€; B) v==7 KM/Cs
7.5. my==3,8 1/C.

2yRT, [ (P2>(v—l)lv]}1/2
7.6% p=<_- "L~ L 1]1—(32 .
v {u(v—l) P,
7.7%, T =120 K. v=1370 M/c. .

7.8%, T 193 K. P~ 0,33 Mlla.

o 2_2(*—1Dgq
7.9%. v ——Ul_l__Y[ pug>+]/ pu2> pSu3 ]'
F=pSv (v —uv), rae p= Pu/RT.

§ 5.8. BepoarHocTs Tepmop,i-mamnqecxoro COCTOAIHH S
8.1. 3) I=1/4. 6) {= 1'/8 8) 1—1/2”

1 3 I
8.2. &) =, P= 6) p—-- B) ps=g: Po=1.
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8.3, 2) p=(1—VyV)V. 6) V,=V (1—10~%N).
8.4%. p~ 107102 V ~ 10747 — 19715 cu3,
8.5. p=(V W)V,
8.6. 200 xJIx.
8.8% p'/p=(1—VVV,
8.9%, B 104810% pa3

8.10. He peanen.
8.11. He peaJen. Peasen.

§ 5.9. Bropoe Hauano TepMOJUHAMHKR

9.2, AS=1,2 xIx/K.
9.3. AS=7 xI[x/K.

9.4. 1), 6) AS=§—R1n 2.

9.5. 2), 6), 5) As=%Rln{KE(TE>3/2}.

9.6%, AS~=20 Ilx/K.
9.7%. AS~=60 [lx/K.

. PV
9.8. AS:T In 2,

Ql Q2 5 (] 1 7 2)2
* ——— —— — - —_— »
9.9*%, 3) AS = i T, 2 R T, rre Q, u Q, — Kosvue

CTBA TenJa, NepelaHHBIE Harpesaremo H XOJIOZRJbHHKY 38 OfHMH- [HHKJ,
_ R PV, Py V, vy
6) AS= 5 [ 7 V1+3 +2 1+2V—2_ IO].
) v,y /3 2(Ty—T,) In(PyPy)
* S D S § . — 1
sor. o) n=1—(p " 0 =g O T
9.11. He cyumecrsyer,
9.12. MoxHo.
9.13. n== 19,8 %, Mp=230 %.
.9.14. Ina moforo TenJoBOrO LHKJHYECKOTO npolecca

(72‘2 Q’; =0; Qu— Qx'—A’ n_Qi;;

rie Ty B Tx—TeMuepaTyphl HarpeBaTels H XOJOZHJIBHHKE, Qy ¥ Q —
KOJHMYECTBA TeNJa, NepefaHHble HArpeBare/i0 H XOJOJHJLHHKY 33 OZHH
nukJa, A—pabora 3a OFHH LHKJ. V3 mpHBefeHHHIX COOTHOWEHH{ CJe-
nyeT, uT0 K. M. . N<< (Ty— Ty)/Ty, (pHUSM 8HAK DABEHCTBA HMeeT
Mecto B caydae Qu/T,—Qx/Tx=0, T. €. KOrja 3HTPONHA He MeHseTcd,

9.15. Tlpn neroHauu# BO3PACTAET SHTPOMHSA CHCTEMHI,

9.16. A =33 g/x.

9.17. A=3.10% [k, {~60 cyr,
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9.18%. A=C [T, — Fo—To In €F,/To¥ =~ 62 wlln.

9.19*. A=CT €Ty — (€ +Cpp POV Er T EITLACF Co)
== 32 kJx.

9.20. [TosbicuTCH.

9.21. Q=A (1—n)/n.

9.22, m=>5 Kr.

9.23. N=138 Br.

9.24*% A=46 xIx.,

9.25. Her. Ilpomece anutcs 7m0 Tex mop, MOKa He MPOM3OIJET Ha-
ChIlleHHEe OKPYKalOlleH Cpejbl BOLAHBIM MapOM.

§ 5.10. dPazosuie mepexojn!

10.1. /=1 u.

10.2. 13 % BoxHL

10.3. Cmecp 109,5 r Bomw! u 30,5 r apna npa 0 °C,

10.4. m=098 r.

10.5%, x=0,11 M,

10.6. TToka B KacTprosie eCTb BOAa, TeMIepatypa JHa ualHEKa —
nopsaka 100 °C.

10.7. Moxno. .

10.8. Mexay NOBEpPXHOCTbIO pacKaseHHOH NJIHTKH H KamJell oGpa-
syercd TMpPOCAOHKA Mapa, 3aTpyAHMOuIasd MOABOA Teia,

10.9. Oxosio ropsiuero axa uaiinuka obpasyercs u OprIBaETCH 60/b+
LIo€ KOJHYECTBO MEJKHX MY3LIPHKOB Hapa.

10.10. Bes KpHIIKH BOja C IOBEDXHOCTH HCIapsered, IS uero
TpeGyeTcst JOMOJHHTENbHQE KOJHYECTBO TeMJia,

10.11. v = 8 wmy/c.

10. ¥2*, YeTnipexxiopuctblii yriepoa Boikwmaer B 25 pas GhicTpee.

10.13. YTto6Ll NpeioTBpaTHTL KOHACHCAIHIO ‘napa.

10.14. Hennas.

10.15. Ilpu Kpu'mqecxou TeMrepaType KHIKQCTb H Tap Hepaafu-
YUMBL. -
10.16. [laBjeHHe HACBIUEHHOrO mapa Hajg MNOBEPXHOCTHIO /bJa OT-
JHYHO OT HYJ.

10.18. BricTpee,

10.19. m=11,7 r.

10.20. P=0,2 MlTa. A=35 xlx.

10.21. P=0,37P,.

10.22, AV =mART/P, (g -+ RT), A=mART/(ug+RT), rne
Il — MOJEKYJIApHas Macca BOfbl.

10.23*%, h =~ 580 m,

18.24. 59 poibL

10.25. 6 % nbaa,
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§ 5.11. Tennaosoe u3NyyeHHE

11.1. a) ®=0,2 kBr. 6) p=289 MB1/m2,

11.2. T, =600"C, T,=s2000"C.

11.3%, w=7,56- 10-16T4 JI:x/m3,

11.5. a) KBapu, B OTJIHUHE OT CTaJH, NOYTH HE MOTAONIAET BHIK<
Mbeif ceT. [losToMy np HarpeBaHHH OH B BHAHMOI OG/JacTH H3AyUacT
3HauyHTeJbHO caabee.

6) B ominume OT uYepHOro yIJs, MOYTH MOJHOCTRIO MOIVIOMAMIIEr0
BHIAMBIH CBeT, GesBlil MeJ 3TOT cBeT oTpaxkaer. [103TOoMy Npm Harpesa-
HHM Mel H3TYyaeT 3HAUMTENLHO MeHbile CBETa H BHIVIAZAT Ha (oe
CHJILHO H3JIYHaloIlero yrJisi TeMHBIM.

11.6%, a) T,=T/}/2. 6) T.=3 TIF+7TH/2.
11.7. T.=TV e (R21)%
11.8. a) T=200, 70, —35°C. 6) ®~=4.10% Br, B) T=140°C.

. 119, T=2,4 K.
11.10. T=20°C.
1%, O=—0 2382 59117y,

&1-+€3— €18y
1112, a) Ty=T/y/2. 6) n=32. B) T=T,} 16,5,
1.13*. T,.=T/y 6,5+ 4R/r

N A e . o A
1145, T= T,—T2+[T1+2_8(T1—T2) K
SO ., (1 1\q/S®
11.186. a) a_‘Q—ﬂ—RZ—MC'. 6) U—<§:——R_2_) m_c._

11.17. a) Ha xomernbii XBOCT JeficTByeT JaBJIeHHe COMHEYHBIX JIY+
gell. 6) r=s=1 MEM,

Fmasa 6. IJIEKTPOCTATHKA

§ 6.1. 3akon Kyaona

1.1. ) F—=1,8.104 H. 6) F=2,3.10-% H.
1.2, F=2,57. 10 H.

1.8. Q=1,06-10-% Kn1=3,17.10* CTC.

14, T= Q 4 s '

A T=1M8 T piggn — 3 V0E

_ 4 {4g,+95) 93 (48:+q)
15 To="Hgem » 189~ [gng,m

il___]/_q_;—ﬁl oT 3a
§1— 33

1.6. a) Ha paccrosinan x=

Her,

pana gy JHa. Hern

. kYo



6) x=—Q:, YCTOAYHBOE NOJIOKEHHE DABHOBECHH)

2 Vneomg

X =

2 Vneom g’
1

N _ { 2
17 7= e KQ

1.8. =2 arctg (g/Q)%¥3.

1.9. ¢g=8mgR?/Q.

1.10. a) r=1,4.10"% cm,

L11. x=19/2g2%/kne,.

Li2*. T = i—<_ +V3>

8re,l2

1.13. g=1V 8Mgne,.

~

HeyC‘TOﬁ‘{HBOC MOJIOXKEHHE pPaBHOBECHA,

V o 52

§ 6.2, HanpsiKeHHOCTb SJNEKTPUYECKOTO MONSA

2.1. Ha paccrosnum 1 M E,=9.10° B/u=3.108 CIC; Ha pac-
croanun 20 M E;=2,25.108 B/M=7,5.108 C'C, Ha sapsg 0,001 Kn
F,=9.10" H, F,=2,25.108 H. Ha sapag 1000 CI'C F;=3-10* guH,

Fy=17,5.10% nuH.

2.2, a) E=1 B/m=3,3.10% CIC, 6) E=3.105 Bm=1 crc

K orpery 2.4*a,

2.3. E;=0. ‘
- &
dmiey (R2+h2)>%
2.4%* a) B touke O Ha-

. NPSKEHHOCTb 3JCKTPHYECKOro

noJs OT 3apsaga MaJofi mio-
wanku dS paBHa o dS/4meyR2,
a MpOoeKHHS 3TOH HAMpsKeH-
HoCcTH Ha ocb OO0’ pasua.
o dS’/4ne,R2.  Creposarenp-
HO, TOJHas HAampsKEHHOCTb
3JeKTPHYECKOro MoJs B TOY-
Ke O paBsHa omnr?/4me R2,

6) E==o0/4e,.

8) E=V30/16g,.

a) E—o/6e, 6) E=(0,—05)/4e, B) E=0/2,. 1) E =

== V(Tf + 0§ 40§ — 0,02 — 0,03 — 0;03/3¢q.

2.6. a) g=V'10Q. 6) ¢=9Q
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2.7%. A,=6A.

28. @ (D=Ea2/2 6) ®—Eh2, ®—— Efe.

2.10. a) E; =0, Eexy=0Q/4ney2 6) E=p/2neyr. B) E=0/2%,
1) CM. pue. Ej =pr/3ey, r < R; Ecx=pR¥3eer2, r > R, 1) Ej==0r/%%n,
r <R; Eex=pR%2e4r, r > R. &) E; =px/ey, x <h/2 (x—paccrosiuue

OT [UeHTpa TnJacTeHbl); Ei=
o/ £
= ph/2&,, x> h/2, B iadly
211, a) E=pord/eos &g ”5\\\
©) E=poro/2s- : L N
2,12, a) p==2Eey/r; 6) p= ] ! —
== E4€o/T. q A I
2.13%, a) Cuna, nefictyio- oF £ 2
masi Ha TpaHb, paBHa TpOHU3Be- ST ;
I€HHIO TOToKAa HampsKeHHOCTH - Il
&JEKTPHUECKOTO NOJs Uepe3 3Ty { ~—
rpab Ha 0. Ho noTox HanpsokeH- x Al7 =
HOCTH 3/JIEKTPHUECKOro T0JIs1 PaBeH : &)
g/4e,. 3HauuT, cuna F=ogq/4e,. V- £
' i P A
6) 'Cuna, neficTByoumiass Ha 28, . |
BhIIEJMEHHYI0 TpaHp Ky6a, F= ! -
::oSE,,dS, rueSE,,t{S—Ho- 7 Vi vz
TOK HanpsKeHHOCTH. 3/1eKTpHuec- — . ;
KOTO MNOJs, CO34aBaeMBll OCTas- _,ﬁ_/’_
WHMHCST TATBIO TPaHsIMH, Uepes ) &)

BhlJlesleHHYI0, B KauecTBe 3aMK-

HYTOH  TIOBEDXHOCTH TOCTPOKM
Ky6, HeMHOro 6OJbUIKE NaHHOTO,

Torna Bce wIeCTh 3aPMKEHHBIX IpPaHell NAIOT TOTOK HANpSKEHHOCTH
BJEKTPHUECKOTO NOJsI UYepe3 BCE WIECTL CTOPOH TOCTPOEHHOTO Kyda
N =gq/ey==60l%/e,, a uepes onHy rpaue N’ =0i2/g,. Ho :

K oteery 2,10,

: ol
v={Eaas+ o
- OT NSITH oT Bbuxeneﬂ-
rpase# HOR rpaeHn

gl2 g2 gl? !
CJlleioBaTeNbHO, EpdS = e —— = . 3Haupr, cuna F =
&y 280 230 -
= 02[2/2¢,. ‘AnanorpuHo  paccy®pas, NS TeTpasipa  MOMyuEM  F ==
= V'3 02/2/8¢,. :
2.14. a) E; =0/ey, 0, 30/28; Eez =0, o/y, G/2e,
6) Ein1=q/2ao, 0/2¢ey, Gfeq, 9/Co; Eln2=o/230, G/28y, Ofeos 30/eq)
Eex=230/28y, o/2e, 0, O,

ECH



c . o S 6 o,

2.15. a) E1=8—0- sin -, E,=gcw§, Ey=
o . .« o ,
=~ Sin -+ 6) E;,=0, Eex ~a

2.16. Ema_x—':ph/BD, Emax=ph/80, Emax=3ph/280‘

2.17. E y=ph/6¢;, Ep=ph/3e, E=0pr/3e,.

- _pa _ . B

2.18. E—380 ma a—r<x<<atr;, E [x-l— a= x)2]
ana 0<<x<<Ca—r, The X OTCUHTHBAETCS OT LEHTpa mapa paguyca R,

2.19%, a) E=pa/3e,. 0) 0=23¢E cos &} Omax=38,E.

2.20*. o =2E¢g cos a.

2.21%. E =pl/4neyx ([ 4 x).

2.23. T=]/M2g2+02Q2/4e§, o= akctg (6Q/2esMg).

2.24. 0~ ]/pgoceo.

§ 6.3. JDnexkTpHUECKOe JaBJIEHHE,
3Heprus 3JEeKTPHUECKOro NoJs

3.1. a) F=02S/2e,, P=0%/%¢,. 6) 6=¢,E, P=e,E%/2.
B) P=4,425 Ila, 6=8,85 MxKa/m2
3.2. Ymennmurca B 1-4-Q%/2Pe,S? pas.
3.3. Ilo Teopeme TI'aycca onpemenuMm 1o-
lE BepXHOCTHYIO NJIOTHOCTb 3apfla Ha paHuie
pasgena noJeli: o=¢gyE. Mcnoarays npuHumn
- CyNepnosHIHH:
Eex—0/28g—=E, Ex+/220=2E,

pafifeM HaNPsXKEHHOCTb  BHEINHETO  NOJSA:
E.y=3/,E. Cuna, KoTopasd JeHCTByeT Ha 3a-
K oteery 3.3, - pAR, NpHXONSIHMACA Ha eMHHUY RO
NOBEPXHOCTH pasfiesa NoJefi, {1aBieHne) co
CTOPOHBl BHEIIHeTO0 Mol P = E,0 =3/,60F2% [aa noneit E u —2F,
aHaNOTHYHO paccyxias, HONYUHM 0 =—3g0E U Eox=—1/3E. TakuM o6-
pasoM, BO BTODOM Clyuae HOBEPXHOCEHA IJIOTHOCTb 3apsiia B 3 pasa
Gosbie, HO HANDAXKEHHOCTb BHEmHEro MoJjs B 3 pasa MeHbime. ITosto-
My SJeKTpHuecKoe fAaBjeHHe Oyzaer TeM ke: P=E . ,0=3/,8,F2..

3.4. a) P—=p?h®/2, G6) DneKIpHuecKag CWa, NEHCTBYIOULAS . HA
BEIeJeHHEH  YYACTOK NJIACTHHEl, paBHa NpOH3BeJeHHI0 3apsja 9TOM °
adct ¢=Sgy (E;— Ey) Ha HanpAmeHHOCTh BHEINHETS NOAE Eoy =
=1/ (Ey+ Eo): F=qEex=1/,8¢o (E{— Ej}).

3.5. P=0Q%/32n%,R* (cM, peweHue sagawd 3.3},

3.6%. F==0Q% (R*—h%)/32neeRt, q=Qi%

8-8. A=2E0’hSo
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3.9. A=025h/2e,.

3.10. A=¢gphS (E2— E.E).
3.11. W =Q2?/8neyR.

3.12, r=1,4-10"1% M,
3.13. B 1400 pas.

3.14%, W =3Q2/20mngoR,
3.15. A=Q?8me,R.

212;

3.16. A—TRT 143,
€o

3.17. B n pas.

3.18. A,=V2A.

3.19. AW =Q2/4neqa.
3.20. p=280E/f. W=2/3T530E2 (RE_R?)-

§ 6.4. TpoeoauukH B MOCTOAHHOM 3JEeKTPHYECKOM MoJe

4.1. 6) Nuuunag. 8) Moxer. r) MoxHo.

4.3. a) —Q. 6) 0=Q/4nR?; E=0Q/2meyl?, HeT, Hem.

4.4, Cm. pac. £=0 npu 0 <<r < R; E=Q/4meyr® n1pu R <<r < 2R;
E=0 npu 2R <<r <<3R; E=9Q/4neer® npn IR <7 <o,

9 R IR R r
K otsery 4.4,

4.5*, TloepXHOCTE NOJOCTH GyZeT HUMeTb 3apij —¢, 2 3apsl IHo-
BEPXHOCTH TDOBOJHHKAa —¢. 3TOT 3apaj (32 HCKJIOUCHHeM -06.J1acTH
BOIM3H KOHNOB INPOBOJHHKA) DaBHOMEDHO pacnpejelsieTcs MO MORepX-
HocTR TposomHuKka. Tlostomy E=0 npu 0<x<<r, E=vq/2nxL npu
r<<x<<R, E=0 npa x> R; Xx— paccTosgHHe OT OCH.

4.8, 3) o=¢yE, P=¢toE%/2. 6) A=¢goE?hS/2.
@ ~2/8
4.8. a) Cum. puc, o=3eE cosat; P, =%, E%/2. 6) 0=26,L cos
max = 26E™ ) i
4.9*%. [lopepxsocTHAA MWJIOTHOCTH :SAPAJA Ha COOTBLTCTE YROLMMX YUacT-
Kax MOBepXHOCTH NPOBOLHHKA OCTaHeTCS NpeXHeH. .
4.10*%, 8) p=4neyER3, @& =4meR%; w=—egh$, 6) YMeELmHTC

B -1 pas,

P
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K omzery 4,8,

4.11. F==(2/16nech?, P =Q2/8nieght,
4.12. F =3Q2/32neph?.
4.13. g=aS, W =0o%S/2e,.

4.14. a) Her. 6) F=

- _ 1\
8n%eqat \5 VS

# V-1

32ngqa?

)y pBl=5VEN

1000n2e0as  ° Py=

a

4.15%, Hanpsxgeﬂﬂoc’rb noJsl OT 3apfA0B, pacmpejieseHHbiX no cde-

K otsery 4,15%,

puueckoli 060JIOUKe, B HEHTpe chephl
paBHa HyJ/MO M .MOXeT ObiTb mnpef-
CTaBJieHa B BHIE

E (0) npoélm‘l‘
-+ Ec(pepu 6ea npo6xn = 0.

IMpe A<r<R nose or npobky
SIBJISIETCS! [OJIEM JHIONISA, HanpsKen-
HOCTb KoTOporo B Touke O paBHa
Euposkn (0)=¢"A/2neoR3. [Tocae ypa-
JeHHA TNDOOKH mepepacrpefeseHye
3apsAlloB Ha OCTaBlueficsi uacTu cge-
puueckoill obonoukn npu A < r - Gy-
HeT HEe3HAUWTEJbHBIM, M ANA OLEHKH
MOIKHO CYHMTaTb, YTO

E (0)= Ecpepti 6es npobrr ~=— Eqposxn="-— AVPAITINS
[lo Teopeme Tlaycca ¢ =-=— qr%/4R%._C yueTOM 3TOTO HMeeM F =

= q2r2A /8neRE.

4.16*. Tlone BHe wapa JAO/KHO GbITb HOPMAJIBHO K €I'0 MOBEPXHOCTH, H
NOTOK HamnpsAXKEeHHOCTH 3/IEKTPHYECKOIO [OJIs Uepe3 3aMKHYTYi0O NOBEP XHOCTD
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no/KeH OHITH pPaBeH HYJIO, eC/IH BHYTPH Hee Her 3apsfia ¢. DTHM ycJo-
BHfIM noJie 3apsanoB ¢ W * Rg/L ynosiersopser,
4.17. Yseanuutcs Ha F=Qq/4ng,L2.

4.18 0,+0; 6,—0; _ 0;,—0y 0;}0y
i T2 2 T2
§ 6.5. MoTteHuHan 3JeKTPHUECKOro NONH N

8.1. a) 107 m/c;, 6) 1,25.108 m/c,
5.2. vp=8,4-10% mM/c; v.=6- 108 m/c.
5.3. a) p=q/4neyr. 6) (p=]/§ g/nepa. 8) 2,7+ 108B, 1) 1,35 104 B==
=45 CI'C.
5.4. p=_Q/4ng,R; Her; Aa,
5.5. Cm. puc.
6
3751 ©,0°6
27—~

|
|
|
I
{

g W W W Ko
K orsery 5,5,

5.6. g, =— BEy P, Gpr = 16TEre.

5.7, @, =q/dneor, @;=q/8ney, pz=0.
5.8. a) @, = 2_Rl(p;\ q)2=13_1 @. 6) YMenbmutes Ha
Ry Ry

'5.9. Q=A4ne,RK/e.

R, (R3—Ry) "
RaR3

1
5.10%, a) Q=_R—L‘7. 6) q’=4_ns‘o<%+%2>'
_1r1e,9@—9Q
B) q)—4ﬂ80[R_+_~2L ]
5.11% =R 2.
€

5.12, q)_QL<R"‘——-> npy 0<<r<<R; q)_—eR—r npu.r >R,
o :

P x
513 o=5- (,zln___l_.ﬁ__.) npu 0<x<f§
0 >

2
(p—p 1n—1!i mpu r <x<R.
2npr p(rt—x?) p
5.14. 2__rY), p=t——-—2=_ s Q==
BR*—r?). ¢ 6y npro<x<<r; @ Beg X
X <3R2—x2 3Rr+~—> npu r<<x<<R.

5.15. a) 850 B; V3. 10 M/c. 6) 0,88 107 m/c; 3- 10+ B
885
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5.16. a) 37,7 CI'C=11,3 &B. 6) 19 CI'C=5,7 kB.
g Cl—hy), 0(ta—hy), o lin—t), 0(3n—Ph)
2, 2eg i € ; €0

5.17. 14,4 B.

5.18. a) pR2/6es; pR2/4eq; Ph?/8es.

6*) p (2r3—a® — 3r2)/6e,a.

5.19. a) Hanpsxennocts mons BOu3H BepXued miacTHHH ob/e, (a--b),
B6IM3H HHMHeH 0a/€q (@--b); COOTBETCTBEHHO MOBEPXHOCTHEIE MJAOTHOCTH
— ob/(a+4-b), —oaj/(a-b).

6*) g, =— gb/(a--b); qy=—qa/(@+t b}

B) ¢/a; @/b.

5.20. h=3¢2R?/16n2e,pgro.

5.22. 3A. %‘—9 A.

5.23, A=Q2%ab/2Se, (a-}-b).
5.24. Q. =qQ/(Q—q).
5.25. Ap=A/Q.

5.26. Ysennuutca B 3 pasa.
5.27. C=4ngyR.

§ 6.6. KonneHcapou

6.1. 6) Ypeqnuutcs B 2 pasa. B) YMEHLIIMTCE B 2 Pasa; yMeHbs
"mutcs B n pad. 1) C=¢,S/d. n) 5,3 eM=5,9 nd.
6.2. a) Ypeauuurcs B 1,5 pasa. 6) Yeemuaures B 1-}-87/2S pas,
B) He usmenurcs.
6.3. a) Ypenuuutcs B 1,5 pasa, 6) YBenuuutcsi B 2 paaa
Rle 1 | d -1
6.4. a) C= 4neoR . 6) C_4ne0[§:—‘t.\)—z—m] .
6.5%. C=2ngyl/in (R2/R1)
6.6. a) Cy=2neglR/AR, Ccp=4neoRY AR, r1e | — Anuna unnung-
PHUECKOTrO KOHJAeHcaropa. €) C=c¢gylajd,
6.7, g== goSE.
6.8. a) 1/,C, 2C. 6) 1/5,C. 8) 7/sC. 1) Y (V'5—1)C. 1) ¢/5C.
6.9. Ag=CC,Qx/(Cy-|C)) &,S.
6.10. a) W=4,4- mllig. 6) W.p=2meoryroV2/(ra—ry. B) Wy=
= neolV/In (ry/ry).
6.11. Ypenuuutcss B k pas. Ypeanuurcs B n? pas.
6.12. 2) A=0Q2%d/2¢,S. 6) A=0Q2d x/2e¢a? (a —X).
B) Aa,=Q%d/4e,S; Ag,=Q2dx/20%,.
6.13. F=4,4-10"2 H, Her.
- 6.14. a) F=2Q%dc (d—c)jeyad 2d—c)%; 6) F=goacV/2d (d—c),
6.15%, o=V 8e, Mg/l (a— b).
6.18. P=ggRW%2r2 (R—r)3,
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§ 6.7. JaexTpHyeckoe noJe NpH HAIH4MH nna.uex-rpnxa

7.2*%, a) p=4urdg,E. 6) s—l+4nr3n B} p=7-10"3Kn-m 1) & =
== 1,0091,

7.3* a) | pE|<€kT: E=

| PoE | > ET: l»
1

PR npo<% E’—“;(%—”Po)y V=;(%'—ﬂpo>hi

3RTQ Ve 3kTQh
S @3 T+npY) ' "~ S (ESkT+npd)

0

npH npoz% E=0, V=0.

npiV 1% npVS
6) | poE | < £T: P=~3—l{:—“ﬁ, E=—4, Q= ?f;"Th .
| PoE | > KT
npu npo<§9‘—/ P =np,, E=%, Q=npoS;
vV eV 14 gVS
npu npo>59— P——%—, E=+,Q= Oh .

7.4. a) JIumosNpHEle MOMEHTHL B JHSJEKTPHKE G 3amasablBaHHeM
ODHEHTHPYIOTCH 3neKTpuqecxuM noneM. 6) =2, :

7.5. v_’s—l V.

7.6. a) yBeJIHl[HTCH B e paai 6) YMeHbIIMTCS B € pa3,
7.7. g=(e— l) VC

_kEe—1)
7.8. a)AV— H s[!v 6)AV —-—n——V.
. g (814 82) S £08.82S
7.9. a) C=—————~——. 6) C_—___—h182 hos,’

7.10. C= 80"2(81—’)(32 89+ e Sy
By (b —hy) e4-Huhy

0s2 o
P11 E=E ) sntat- 7

7.12. p=—qd/e;S (d+x)%.
7.13. o, =— (e—1) Q/4ner? Oex=(e —1) Q/4neR?. Cm. pua,

£
¢ g
e T TN ol (L
hmee,r o ‘47:5,,,(47 eﬂ+ep)
4me,R 1 g
g I Yime R
dmee,R? ! ’
1
¢ r K z 4

K otsery 7,13,
887



705. F=(s2— 1) (?/20e2S, P = (e2—1) Q%2252

7.16. F=2hQ2 (e — 1)/eoba? (e 4 1)2.

7.17. F=g¢E?cos? a (24 1)/22% A =(e-——l) ShE? sin? at/2e.
7.18* 8) K HutH. 6) F = 21(28 ];F1 B) F~ V¥ Fn~ 18,
r) B (R/r)? pas. '
7.19%, a) F—(e-——l)S(SQ2/8ﬂeeoR5 6) HeT

7.20%. 113-32 MUKDOHepOBHOCTE! IOBEPXAOCTHLIE 3aPA/bl HA IIACTHHE
He «lIEPEMEILHBAIOTCA» C - NOBEPXHOCTHHMH 3apfAlaMi, HaBeJSHHbiMK

K otsery 7.20%,

B xuakocTH. [lostomy cpennas cuaa, nei«’xcmymméa Ha HaBelleHHHE 3a-
PAAH CO CTOPOHH GJamkalfiiefl mjacTuHel, paBHa Hymo. Ha HaBenennnie
3apANLl JeHCTBYET JHMb 3JeKTPHYECKOe I0Je 3apsJioB, Jexalux BOIH3H
ynaJeHHOH IJIacTHHH, HanpskeHHOCTb S/1eKTPHYECKOro MHOJA STHX 3apsi-
goB E/2. Tlostomy «pacrarMpamomas» KHIKOCTh cuida F= ESo,/2
(S—nJomans MIACTHHE, O — HABEJEHHE 3apsij HA €IHHHUE ILIOMAAH
IJaCTHHLY), a OTpPHMUATENbHOE JABJEHHE B HHAKOCTH P =F0,/2 =
= gg (e — 1) E2/2,"

7.21. x=¢gp(e—1)/2h%g.

7.22. P=¢gg (e2—1) R2V2/2r2 (R —1)2,

I'masa 7. ABWKEHUE B 3JEKTPHYECKOM IOJIE
§ 7.1. JlBHKeHHe B MOCTOSIHHOM 3JIECKTPHYECKOM moOJje

1.1. .Korja HagaJbHas CKOPOCTb YACTHUH HAMpaBJeHa BJOJDb MpAMO-
nuHefinofi eWIOBOA JIHHHH.
1.2. {=0,56 MKc; x=2,8 M,
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—_—

1.3% x=10,3 M.

S0Ed 2 Ed
1.4. u=v]/1+ 4 7 tgﬁ_tga]/- +muﬂqsm2a

1.5. B 2 pasa,

1.6. K=¢qEl/2 cos? a.(tg a1 tg B).

1.7. N=neUbl?/2m,vd,

1.8. ¢g=10"17 Ka.

1.9. B =arctg (V' 1F sin? a/cos &).

1,10%, tg p=tg aV1 +e (P2 — ¢,)/m,v? sin2 .

1.11. U~==19 kB.

1L12%, V=U/2 In (Ry/Ry). )

1.13. CKkopocTh He H3MEHHTCs, a4 BpeMsl nNpoJeTa MO3HTPOHA GyjeT
Gosbure. [TO3HTPOH MOKeT BOOSIle He [OJeTeTb O TOUKH B, eClH ero
HauaJbHasg KHHeTAuecKaa sHeprus Ko << ey,

1.14%, ' =¢/V3.

1.15%, ' = u]/mQ/Mq

eQ 4 .
1.16. K—~4R—8< + — —R 1 ) YcnosseM MRHUMAJILHOCTH GyneT

TpHXO], 3/JeKTPOHa B cpezxmozo TOUKY OTPe3Ka, COelHHAIOULETO LEeHTPB!
chep, ¢ HyJeBOH CKOPOCTHIO. '

2R qQ (m4-M) 1—1/2
LI7Y. t__J[l— QRsORmMUZ] :

1.18. v=V gEl/m.
‘1.19. T=2nV mi/2gE.

1.20. a) T=2nV ml/(mg+-QE) npu mg+QE > 0;
6 =21V mljV (mgP ¥ @EF.

1.21. © =V Qq/2Zne,MPB.

1.22. m—]/g (i?'cs:n-zic_z:? TpH chﬂigo-;l)<mg.

9Q  \—le 99
) TP¥ 39ne,RE oR?2 = —mg.

* —_ - 1%
1.23% T 2n<R + SR

1.24% At =meoR (m,v2)2/2¢%C.
1.25. x,=17,5h; %= 175h.
I

= ~ 2,
1.26% a =7 eE(Aa)

1.27*. r=v ]/%.
2 ep

1.28*. Hmnyipc, KOTOPHl MpHOGPETAOT 3MEKTPOHEI MO HAIpaBJe-
HHIO K OCH, IPONOPIHOHAMEH PACCTOAHHIO 3JeKTpoHoB or ocH, [Tostomy,
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HEe3aBHCHMO OT 3THX pacCTOsHHR, BCE &JEKTPOHH HEPEteKaio? OCh
B OfHOHA TOuKe.

1.29, x=fl/{{—f.

§ 7.2, JlpxeHue B MEPEMEHHOM 3JEKTPHUECKOM TOJE

2.1. t=2m,l/eET,

2eU eAUT 2eU eAU 17.
6) Ul=]/2i(£ir_A_U_); 02=]/ M npu AU<U.
me g
2.3. va=10° I :
2.4, aco l/U.

2.5. a) S=LIlj2Ud. 6) S=0,09 mM/B.

2.6. e/m,=12{2/2U (n+1/2)2, rie n—1ien0e 4YucJo,

2.7. OrpyxHoCTh pagMyca 5 cum.

2.8. Ilpu v oo l/1, roe T—BpeMsa NpoJjera mHJIacTHH,

2.9. Uy=mndvt/2S.

2.10%. A=eEy/m,V (0 — 0l)2+ 47202,

©2.11% g=1+44ne? n/m, (0? — 0?), TAe n — YHCJIO MOJEKY]l B €eJHs

HHle o0heMa.
‘ 2.12. ve, =eE, cos ¢/m,0,

2.13*. p=2q9E,/w.

2.14*, K=400 5B. i

2.15%. }3-3a yTeyKH 3J€KTPOHOB, YCKOPEHHEIX 3JIEKTPHUECKHM MOJeM
{cM. sajauy 2.12), norennuan paspaja U Oyler YBeJIM4HBATLCS NO TeX
fop, NOKa CpeIHHe CKOPOCTH HOHOB H CaMbIX OBICTPHIX 5/€KTPOHOB,
YXOAAIHUX H3 pasp;{):[a, He CPaBHAIOTCA, YCTaHOBHBIIMYCA DOTeHIHAaJ

Uy ely
md) , @ SHEpTHsA HOHOB Ka=—<_6a_>

e e
e

2.17. a) v=ol/2an, 6*) Ab=4neln/m,0%d, rie n-—ueioe gucio,

paspsaja U—’-‘a — <

§ 7.3. BsaumojeiicTeHe 3apsiKEHHBIX YACTHL,

3.1. v— e ‘I/A,'—‘l
o V dnegm,r A

8.2. v=Ve2(4+V2)/8nem,a.

3.3%, vp/v:eVme/mp (4V2+1)==0,0l. [In9 OHEHKH MOMHO CHE-
TATh, 4TD JETKHE NOSKTPOME YXONAT Ha JA7lekOe PACCTONHHE MTPERKUE,
YEM NPOTOHE! CJBHHYTCH € MECTB,
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8.4. r=c®tngom,vs.

3.5, r=-e¥/meym, (v;+ vx)2.

3.6. 0=V 4.4, (m,-F my)/2meommy (Ry+ Ry).

3.7. r=ae?/(e? - dneom,v2a cos? a).

3.8%. a=mn/2.

3.9%, v=l/q2/8nsomd

3.10%, U=UO’VI _(M__ﬂl}_ mvﬂ >9_2_(_212___1) Ecin

8negmuia 2 167tgq

BMECTO JBYIPaHHOTO YIjia NMOMeCTHTs B Touky A 3apan g, 10 B ofJ1a-
CTH BHe MPOBOJHMKA B5JEKTpHYeCKoe Io-
e, a CIeIOoBaTelbHO, H CHIH He H3Me- ,Ua\ ; / Uy
HATCH, MO NOSEOAZET PACCMOTpeTs RBu- ~~ "4 @~~~ ~r—~—¢7¢
JKeHHEe CHCTeMLI H3 UeTHIpex 3apslIoB, H30- !
Opaennoit HAa pHCYHKe.

3.11. o=V 4err¥meym, (4rz+ R%*)?'/2
3.12. K ,;,=Ze*/8neor.

3.18% K _;,=e2(2—V 2)/4negr.
3.14*, n—(VQ—I)m/M—}—VQ. :
3.15% o . =20 K omsery 3,10%,
3.16. Heaosmomeﬂ.

__ e a e 2
win= gy + V0 gz
8.18% =2V 724,

8.19. v =V qQ (m+ M)/2neRmM.
+ MUO' >2 _ QM
m—}— M 2nggRm-(m-+M) *
3.21% v_lf 39Q (m-- M)/anegnMR.
3.22%, v, =V ¢2/bmeoml; v, =vy=V %/24negni.
3.23. v=V ¢*m (2R —1)/2me,RIM (M - 2m).
3:24. W =3¢?/32meql.
8.25. v o=V VI -+ q?/4me Rmu3,

3.26. al_,<1+]/ +8(T?8 Ri'ﬁvz
Q—9)
vz 2 <I_“/ +8“30Rm02>

Ilpn Qq/2n80mv?>R =9, v,=0.

.._i 3712 ‘L 2/3)-
8.27. 2) W =5 AR +4WOR -+ 4nR2g (2 — 2%/%);

4 @+q¢2  Q—9? . 2
6) W = -— nR3po? - - 4nR2g (2 —923),
) 5 Rt + SweR B, V2R+ R2g ( )

3.17%. r

3.20. v—= ”"’"
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3.28. 3apsan 6yner koaeGaThesi BAOAbL OCH ILHJIHHAP}HLLKOIO OTBep+
crus. Ero ckopocTk MaKcuManpHa B TouKe O,

3.29. v=V 2gh (I —Sa¥deqmg) -

i
3.30. u—]/-m%m -—--ﬁ).
_ A q R
. U=0, Vl m‘omz@ R}'

\

. [ Q A
3.32. x= 2 <4ﬂeopng2 l)’ max—VLLgR V4ngo umgR?e —1.

3.33%, T=2nV dne,mi3/V 2 2.

3.34*%. a) DJEKTPOHB H HOHBl DA3ZESIOTCS NOJHOCTHIO, DJICKTPHUe-
CKOe TOJie HOHOB HanpsuxeHHOcTH Ej;=neh/2e, OCT2HOBHT 3JIEKTPOHH
yepe3 BpeMa /== 2e9m,u/e?hn; v == ehn/8egm v, :

6) YacTb HOHOR M 3/7€KTPOHOB 06pasyeT Ha rpaHHuax ca0d 3aps-
XKeHHble 00acTH (CM. pHC.), S/JEKTPHSECKOE [0Jie KOTOPHX BbI3HIBaeT

.

+ +  +
et et |
= - +
+ - + hand
- +
-4 T+ +
- +
+ _ + + +

K oreery 3.34* 6,

TapMOHHYECKOE NBH)KEHHE OCHOBHO!l MaccChpl 3/IEKTPOHOB ¢ NEPHOJAOM T =

oon
=2m l/ anTomy 3/1KTPOHB OCTAHOBATCS Yepe3 BpeMa f=
gomm,’

e2n
=7 l/eome
8.35% m=- bl ‘““32
al [u“+u”+2uu cos (& +P) —a sin & — v sin ﬁ)z]

»}‘ﬂ
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I'nasa 8. JEKTPHUYECKUH TOK

§ 8.1. Tok. Muornocts Toka. Toxk & wakyyme -

1.1. a) /=0,02 A. 6) /=0,0012 A,

1.2. v=11l/q.

1.3, /=1,3.10"1 A, .

1.5. v,=3-10"3 mM/c; v;=3-10% m/c.

1.6. j=ev; HanpaBJeHa [0 HOPMalu K ¢oJaure,

1.7, j=—en.u.
.2l 2/ 2 '
1.8. h=agmm i2=ZR;—2 l/l gy TRe [ —paccrosinie OT cepe-

IWHB OTpe3Ka AB [0 TOUKH, B KOTOpOH ONpeNessieTCs f; r — pacCTOsTHUE
or A uau B 5o 310H TOuKH, B mepBOM cCydyae MJIOTHOCTb TOKA j HOp-
MalbHa K MJOCKOCTH CHMMETPHH, BO BTOPOM—JieXuT B Heil, IlosHbie
TOKH uepe3 MJIOCKOCTH paBHEl, COOTBeTcTBeHHO, [ B O, '
1.9. / =10A.
1.10. {=0,8-10"%
L1l. E=1,5.10%
L12. p=j/v.

¢ R
B/m. [=0,1 u,

13*. a) pl=&————, rjle x— pacCTosIHHC JI0 uepepHei
l/v?,—2eEx/me
CeTKH, '
6) py=2p, mpy X << x9="m,u3/2eE; p, =0 npu x> x,. Ilo 3aBucu-
_ MOCTH Py OT X HAaxOIHTCA HaHOOJbluas HANPSIKEHHOCTh MoJs 3apsiga
Mex1y CeTKaMH: )

.

_l pomevn
I_T szd = TeE

BsaumogelicTeueM MOKHO npeHeSpeun, ecan £y < E. Korfa E; cpaBuumo
"¢ E, T. e. pmpvifeeE=E, _HeO6X011HMO ero yuuTeiBath. OTClOfa OLEeHKa
o == eE0E?/myv.

1.15. UeM sbitle NAaTO KPHBBIX, TEM Bhille Temneparypa. Ilpn mannix
HanpsKEeHHSIX — PeXHM MPOCTPaHCTBEHHOrO .3apsja.

1.16. Ha rpaﬂnue CJI0sl CKOPOCTb MHHHMAaJsbHAa,

p—‘ V-28V'V—;—l 75 10 GT_ K‘J]/MB, an x->0 naor- -

HOCTb 3apsifa P —»CO, TeM He MeHee 3apfAj, NPHXOASIMACA Ha efHHHIY
d

nJomagd, o= Spdx OrpaHHueH: 0 =3,5. IO‘GV&_. OrpanHueHO MO3TOMY
0

# HanGoJbLlee sHaYeHHe HANP MKeHHOCTH MO/A NPOCTP AHCTBEHHOrO 3apana:
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E,=0/2¢. B nax-mou cryuae By € V/d n peficTeuem BROCTPAHCTBEHHOrO
sapsfa MOXKHO npeHereqb

3/2
1.18*. n_—, ,_— ]/26 Y i—js.

1.19%, TlioTHocTs sapsja BO3pAacTeT B A pas, a TOK—B n>'° pas,

§ 8.2. HNposoaumocts. Conporurienne. MCTOYHMKH 9. 3. C.

2.1%. a) A=e2n,T/m,. 6) T=2,4-10"1 c.

2.2% A=0,3.10"8 Cm/m; AN/N =1,5.10"15,

2.3. f=— ne2v/\; cuna f OTHeceHa K QJHOH HacTHILe.

2.4, I =1,7 MA,

2.5. Tlepectpoiika meJis NMPOHCXOZHT CO CKOPOCTHIO CBETa,

2.6*. OTHoweHHs #/A MOYTH OJHHAKOBH AJA 3THX MerajloB, Teope-
THYECKas OueHKa wH/A=n2k2T/3¢?, rjie k-—mnocrosfiHHas DoJabuMana,
T — reMneparypa, e-—3apiAl HOCHTENEH TOKa.

2.7, E—-x; Ul——]}-f-cosa, U,—-Q—’}f

2.8. g =gof (1/A3—1/A;).
2.9. tga2=§:—: tg a;; 9=goj cos a, <E — Ta)

2,10, p=¢ggj/Aa.
2.11*, Tlo Teopeme 'aycca A/s1 NOBepXHOCTH, MOJIHOCTLIO OXBATHBANO-
well BRIIOUCHHE, HUMeeM

g=¢o & E =?}§§/ds (A== const),

Tak KaK NOJHHIH TOK @de:O BBHIY CTAalHOHADHOCTH, TO CyMMapHslf
3apaj Ha rpanune srJodeHus ¢=0. Ilose Takof CHCTeMH 8apAA0B Ha
6OJILIIHX PACCT@AHHSAX OT Hee HMeeT BHA NOJSA RHMOJS.

2.12. @Q=Qyexp(— t/pe,) 3apsal okaxeTcsi Ha MOBEPXHOCTH MPOBOJ-
Huka. Her. T=gp=1,5-10"19 ¢,

2.14. 1 =ASU/l; R=I/AS.

EA 1 Iy L,/ o —
2.15. RI—F\E—I-E), RII_E(%_I_;E_};)’ Iy =U/Ry, III“'m
=U/RI[ npH [fa—r1i<ll, lﬂ' .

2,16, R==5,66 Om.

2.17. | =4nahV; R=1/4nah, _
2.18. a) R==0,13 OM. 6) HccrefoBanHe n/1a3Mbl, CTCICHA HOHH3aUHK

arMoceph, KPOBH H T. M.

1 1 1\ , g
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2.20%.
2.21%.
1

2.22, K=? m,

2.23, a) ¢ =quR/l; 6) ¢=Fl/q.
2,24, U=Wle.

C ==¢eg¢/AR, Her.

Tlpu R=W/e2v,

He MCHSACTCA ¢ U3MEHEHHeM HArpy3KH.

2.95%, [=1,(1—=V UIUs)-

2,26, Cm. puc. W=E..

2.27. €=1,13 B.

2.28. €=1,07 B. Ecm
l’IpHTOK TenJa ot Opr}KalO-

mell cpenst.
2.29. v=1,5 + 10~2 moJb. i
2.30*, Konpeucatop He

pa3psfiuTcs NOJIHOCThIO

K otBery 2,21*,

Korna SJICEKTPQAR KacamTCd LEHTPOB CTOPOH MJIACTHHKH.

LY 2.10-19 5B
(enes) - il

L. =6v. Ilpy R << W/c?v TOK

et
/“,
- t I
] t
0 T i T Iy
g
pr———— 4 "
I_—_z-——-l
P

K otBery 2.26.

H3-32 XHMHYECKOH 9, O. C., Bo3pacrawuledl OpH MO0CIeJOBATENbHOM CO=

€HHCHHH,
2.32%, h={U/2€,

§ 8.3. daexTpHyecKHe uenH

3.1. r=1, 5 u 50 xOm,
3.2, r=20 Owm,
3.3. U=1 kB.

3.4, B cxemax a), 6), 1) MoKa3aHUA npHGOpOB yMeHbluaTcs, B CXeMe
r) BO3PACTYT, B CXEMe €) He H3MeHATCA. B cxeme B) y BepxXHEro ammep-
MeTpa NMOKa3aHHs BO3PACTyT, Y HHKHETOo He H3MeHsitcd,

3.5. a) AU/U=R|(R-+-r); ©) AI/I_r/(R+r)

3.6. 1,/1,~02.



3.7*. ConpoTuBJjenHe IJeda, MOACOeAMHEHHOTO K npubopy, Ry=
== 12,2 OM; conmpoTHB/eHHe BTOPOFO niaeya Ry ==54,2 Om.

88. U=48B; I=15A.

3.9. ry=rRy/Ry; coXpanutca,

3.10*, vaHBelleM YacTb  CXEMEl;
BKJIIOYAIOIIYI0 HCKOMOe CONpOTHBJIERHE.
K ysnam A u O nogkmounm Gatapeio,
"a k ys3naMm C u O—ponpT™eTp. Y 3Iul
A, B n C CoelMBHM NpPOBOJAMH (BMe-
€10 Mo60ro M3 HHX MOXKHO BKJIOUHTDH
amnepMmerp, ne MeHAS TokoB), TOk ye-
pes conportusieRue R pasen [, +1

cB*

K otsery 3.10%, Torna R=V/(Ics+1cp), Tae V —mo-
: Kasanme BOJbTMETpA.
3.11. R=7Om.

8.12*. 2 r—-VB R 6 r=(VT—1)R. 8 I,=1(@—}3)+1
B ropusontanshux, In=1(2—¥3)" (V'3 —1) b sepTuranchbix conpo-
THBJIEHNAX, n—HOMep COl'IpOTHB.’IeHHH, €CJIH CUHTaTh HX OT KJEMM,
Ru=(V3+1)R.

3.13%, Ry=09r; Ry=19/,r.

3.14. ) U=&—1 (r+R); 6) U=—&E—1 (r+R);

B U=Eit 8=l (ihrat R 1) U=E,=E—I (1 ratR).

_ Rit+Ry ., Ry n .
3.15. I_grR1+rR2+R1R2 L —_8IR1+IR2+R1R2. pr oTCOR
TRy +rRy;4-RiRy

DMBEHHA R, TOK 1, ysenmumics B pas. Tlpnr £ Ry, Ry

‘ R R, ¥ -
TOK /, MOUTH He H3MeHHTCH.

3.16. £=34,3B; r=1,43 Om.

3.17. Barapess ¢ 9. 4. ¢. E=10 B u BHYTPEHHMM CONPOTHBJIEHHEM
r=14 Om, :

754 7,64
)401! 7
55,4 454
24
K otBery 3,18, K o1Bery 3,22,
3.18. Cm. pme.
3.19, /=10 A, r=20 Om; 8 200 B, r =20 Om,
8.20. /=80 A,
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8.21. [y=13Ry/Ry; Iy =13 (Ry-+R3)/Rs}
U==13(RiRy+ R R3- RaR3)/ Ry

3.22. CM, pHC. ‘

3.28. a) U=bir; R=2%¢; 1=06i, 6) Cm. puc. [ ="/,{; R="%/r,
,B) RAB=13/7I; RCD=§/7r' i

3.24. =8 A. o

3.25%. ) L=1/4is R="1sr; Ry = /o7, 6) R=1fy.

3.26. E=(&, r2+£2r1)/(r +r2)-—24B r=rryf(ryFry) =2,4 Om.

3.27. Cm. pHc,

%3 hE
& 1 i e
438 -3
A 2 L. __i Jﬁ*
20 1V ows [ T ms |7
—i}— —i
s %8 &
i @ | —
K orsery 3.23, K oisery 3,27,

3.28. YmenpwuTca B 3 pasa,

3.29. V=0; {=0,75 A,

3.30. V=0,75B,

3.31. Yepes 12, 54 u 27 MuH,

3.32, N=1I%R.

- 3.33, N2=N(N1—N)/N1.

3.34, R=9 (n—1)r,

3.35. r=V R;R;-

3.36. 2 v 100-B; 20 u 0,1 Br, ToxH nouTH He W3MEHATCS, MOIHOCTH
3Ke BO3PACTYT MOYTH B/BOE,

3.37. $=8,5 MM% npumepro B 10 pas.

3.38. N-_(g-—-lr)l R=r,

3.39. N;=125 Bt N2—80 Brt§ Ns =45 Br,

3.40%. [lpu r=R,

341 Ny=U-—8)&/r; Ny=(U—8E)%r. Ectu & > U/2, 10 noses-
Hasg MOIHOCTL GOJbilie TEfI0BOH,

3.42. N =4 Br.

3.43. N =ACU%zq.

3.44. N =1 (mv?/2e—1IR),

3.45%, g =4n2eia%n,Ru, v > aZe®n,R/m,.

8.46% T=T(+ Rol2/(x—I2Roa), ¥ > I2Roc,
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§ 8.4. Koupencaropst m wesmmeRnbie SReVMERTHr
B 3JIEKFPHYECCKHX HEnsx

4.1 & ¢=8.10* K 6 V=060 B. By ¥ pepanera kaujescaropa

100 B, y umxuux no 50 B,
23
4.2, = (pB-|-2( 2) %s"
4.3, o4 —o =& (—3—1——-——6—1-——-) HiamepATh ee HyKHO -s.nex-
B Ri+Ry C+Cy) .

TPOCTATHIECKHM BOJLTMETPOM, g, ==Ci R, E/(R, + Ry); Go==CoRoE/(R, + Ry).
B srom cayuae yMmeHblnaercs BJMSHME BOJBTMETPA HA 3JEKTPHUECKYIO
1nenb.

_cur R CU2 R
* . _Ltu* 2
4% Q== At = RxRs

4.5. Q=A—q?/C,

4.6. g=CE&; Q=CE&%4,

4.7. Q=C (E—Up)2/2, &> Uy Q=0, 8<U0.

48. W=C(U—& E&; Q=C U —&?2/2.

4.9%, CxayaJi# OT OJHOrO 3/IEMEHTa, ITOTOM OT ABYX IIOC/ENOBATe/bs
HBIX W T. L, Torpa notepu cocrasagior l/n momwo.

4.10*%., Np=1Iq/C>Ny=1g/2C. 214 BeJHUHHbl OTJIHYAOTCA M3-3a
paboThl, COBepllaeM@H Hp#: H3MECHeHHH eMKOCTH KOHJeHcaropa,

4,11, UYepes 1==1073RC,

"~ & R,-E.R &R, - k&R,
4,12%, =(;__2___1. =Cc 222l

7 Ri+R; 17 R+R,
4.13%, U =U,R7/(rT 4-rv+RC),

dU__ U . \ U . T
4.14%, Et__ 'E—C, U= erxp( RC) 1—-——R—-exP<-—E(—:),
4.15. R << 40 xOm.

_ U—Up\™

4.16%, v_<_RC In U—Ul) .

4.17*. a) I =gquv/d. 6) Her; ¢ =1t, m=dj/t, rae { —T0K H t —Bpems,
B TeUeHHe KQTOpOro OH HieT.

AZ

K orsery 4,20%,
38



4.18. [ =gofe—1)Ebv/d.
4.19. 1=__1__ +§ — [(-1_ + E)g _ gf]’llg,
20R? " R 20R? " R R?

4.20*, Ha BonbT-aMNEPHOH XapaKTCPHCTHKE MPOBDAUM MPAMYIO
1=(8—U)/R; UX TOYKa mepeceycHHsa Jaer TOK 2 MA. Tlposonst cooTser-
CTBYIOLLME NpSIMBElE Yepe3 KOHUBl NpPSIMOJHHEHHOr0 yuacTKa XapakTepH-
CTHKH, HaxofuM, uro npu R << 0,3 XOm H R>3 KOM gHOjg muepecTaer
pafoTaTk Ha NpAMOJHHEKHOM Y4acTKe.

I'nmasa 9. MOCTOAHHOE MATHHUTHOE MOJIE

§ 9.1. UHAyKkuHS MarHATHOIO MOJs.
JeicTBHe MAarHMTHOrO MOJI Ha TOK

1.1. B=100 Ta.

1.2. B==20 Tx.

1.3. a) Fy=F I‘ 1/1—]—1z 2%cosq), 6%) Fo=F. 213;2
*

:.; aAh 45c°kuB/bpb, %€§\

1.6. 1=§’Z—gctga. ‘ - .

1.7. B*) PaMKy C TOKOM paso-
6peM  Ha TpaneneHjaibHhle MHKpO-
KOHTYpH € TOKOM | Tak, Kax H30-

6pa)keHO Ha puCyHKe, MowmeHT cmm, 4%
IeHCTBYIOLMA HAa BCE MHKPOKOHTY- '
pel, npu Ah— 0 cosnajaer B npe- \ -

“ AN R L?sﬂ
ZeJle C MOMEHTOM CHJ, JefiCTBYIOWIAM <=
Ha paMKy C TOKOM: ~ . K ortBery 1,757,

N&=s [Z BXAMi:l:[BXZ AMi] THs [BX ML
| 7 ]

1.8. tga=18/4pg,
18 (44 IB
1.9. t =555 6%) 1 = D B o
A lea=gpar O Ba=rm g @

1.19. N—’l/an"TB (sin & 4cos a)
LIl a— 2aRIB
m

1.12%. B—F/RI.,

SN Gy



§ 9.2. MaruuTHoe noJe ABHKYIIErocs 3apsaja.
Huayxuus MarsiMtHoro noasi AMHe#HOro Toka

2.2, Bt

nasma

Yol
2.3. B—4m3 [txr].

2.4. a) B==yypv/2mr, i€ 7 — paccTOAHUE 1O HUTH.
6) B=y,l/2ar, rae r —paccTosiune 1o nposoja.
25. a) I=1A. 6) p=1,25.
26. B=1,88.10"%Ta. *
2.7. B=y, ({,—1,)/2al sin (2/2).
2.8 B=u,/ V5 /81, rae [—paccTofiuMe 10 TOUKH Mepeccuenms
pOBO1Oa.

. , . ol (n—1) Yol 1 R
2.9 2 Ro= hr\, i Bp="5- [nz ) + RIF-h2f
—HR Ve po

ﬂ(R‘z’/z’)f : » 4R'
2.10%. B=u,/ ¥ 8 /ma.

2.11%, a) BJ‘°M ViFisnta smza, M=1lab.

6) [lBa MJIOCKHX KOHTYpa C TOKOM /, MMEIOUIHX pa3nyio hopMy, HO
O[lMHAKOBYIO IJIOWALb, pa3ofbeM Ha KBaLpaTHble Muxpoxourypu ¢ TokoM /

A NN
N e e D,
A - /

| - \ LJ (J

‘\
4%

K otpery 2.11*6,

TaK, KaK H306paMeHO Ha PHCYHKe. MHIYKUUA MaruutHoro mnous, coaga-
BAEMOrO STHMH MHKDOKOHTYpaMH, MpH At — 0 COBMNAjaeT ¢ HHAYKUWeH
KOHTYPOB, BHYTPH KOTOPHIX HaXo#ATCA MHKPOKOHTYpH. Ha Gombmux
pacCTOAHUAX MArHHTHBIE MOJIA PACCMATDHBAEMBbIX KOHTYpOB GyayT coBma-
0aTh, TaK KaK STO MOJie 34aBHUCUT TOJLKO OT 4YHCJaA Muxpoxourypoa,'
®0TOpOe B mpejene Ah— 0 B oBoux KowTypax GyNeT OAHHAKOBO.
2.12*, a) Ha Goabmmux PacCcTOAHUAX HMHIYKUHS MAarHUTHOTO noJA

N =n? Muxpoxourypoa NJIOWAMH §) C TOKOM Io B BHIYKUHA MarHHUTHOTO
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nosist KOHTYpOB aX @ ¢ TOKoM [ =/gs5/a% = Mgy/a? 6ynyT opunakoBp. Ho
MarHuTHOEe MOoJie HOBBIX. KOHTYPOB COBMNAJA€T C MATHHTHHIM moJieM GOJibe
IOro KBajpara ¢ TOKOM /. MarHuTHBIR MOMEHT 3TOr0 Ksajpara

M= (na)? = %o (na)?=n2Mo= NM,.

6) MarHuTHOe NoJI¢ TOHKOH IJIACTHHB! GJIM3KO K MarHHTHOMY MOJIIO
KOHTYpHOro toxa /=hM, rae M — MarHHTHBIA MOMEHT egHHHLb! 0GbeMa

}

2
a
Tl
i3
0l

|
|

_I_ -_
|

J-
i
_+
|
|
I_.
14
ll
5
|
h
i

it

—
]
.
~—
——
.
——

JEsfinesl
=
__‘:_+
ity
=t
ol
il
B

el

I
|
|
+
1
|
_..l._———
14
t
_I_
I
it
-
Y|
{

gl
Gl

v
_:‘;__I_
L
...l._
|
|
L
)
g
!

-
—
E*
—~—
—
.
i
—
.

K oteery 2.12*a,

Bemectsa maacturnl. Ho B cesizano ¢ [ coorHomenueM B =,/ V'8 /1a
(cM. oTBer sapaun 2.10%). ITostomy M =mna/peh VE.

2.13. B=p,MR?i/2 (R2+[2)%/2,

2.14. a) I,=I1V 10; 6% I,=2IV T0.

§ 9.3. MaruutHoe moJje TOKa,
pacnpezejeHHOro MO MJIOCKOCTH HJIH 00beMy

3.1. B=1/,n.00.

3.2. B=10"1 Ta. :

3.3. a) B=1/,ni. 6) Mexny mnockoctamMu B;=1/noi, B, =0,
Bg=1/,mi; BHe muockoctelt B =3/,uol, Bj=Wei, B;="T/,noi. B) BHe
nnockocrelt  By=1/,ui, By=0, Ba=1/,pi; MeKLY IIOCKOCTIMH
Bl =3/nof, By=Mpei, Bs="/yli. .

3.4. a) F=pol?/2b; 6%) A=neal?/12Eb?% ) By =~10Ta, By=35Tx,

3.5. a) B”=poeoEJ_u=poch/4n=poiQ/4n, rae EJ_=O'Q/4ﬂ80—-
coCTaBJsliomas HanpsKeHHOCTH 3JEKTPHYECKOro ImOJis HOCHTeNeH ToKa,
G — HX THOBEPXHOCTHAA NJOTHOCTb, U—HX CKODOCTb,

14 3agaum no ¢usHke . 401



6) B =2,

3.6%. a) B=of; He 3aBHCHT. 6) T = nRI%/2.

3.7*. a) Buzproi‘QMn, rae Q —TeJsleCHBbIR yroJ, noj KOTOPHIM BHIHA
NMOBepXHOCTh NHJAHHAPA (CM. 3aaauy 3.5a). B cedenun AA’ resecHuiil
yroa == 2, nosromy B”———poi/2

L. . [R\
)B~2w( ,B;l—:o.sfuot(,ﬁ/.

V) 1+< )
5}@ 4_]/1 s sz_'m
+ xq

3.8%. a) MarunTHoe NOJe UMJAHHZPA CKJAaJHBAeTCA H3 MarHHTHLIX
noJiel TOHKHX JHCKOB TOJUKHBI A, HAa KOTOPHIE MOKHO Pa3GHTb 3T0T

B= Hole

M

{
I
I
I
I
1
it

K orsery 3.8%,

UHIMHAD. MarHHTHOE e nofle Kaw/JIOro JAHCKAa COBMAjaeT ¢ MATHHTHBIM
noJjeM TOKa, TeKyWero ¢ JHHeHHOH nJoTHOCTbI0 M (M — MarHuTHELR
MOMCHT eIMHHUBI COLeMa Kese3a) NO BHeIHed IOBEPXHOCTH jHcKa
(cM. pemlenne 3amauun 2.12%).

6) Hanpapsenre BexTOp2 HHAYKLMH MAarHHTHOTO INOJA B UEHTpe
KyGUKa COBMajiaeT ¢ HanpasjeHHeM HamarHuuueauua M. Monyas storo
BeKTOpa OyJleT BO CTOJIbKO Pas MeHblle MOAYJA BEKTOpa WHAYKLHH
MArHETHOrO 1105 BHYTPH CTEPXKHS, BO CKOJILKO pas 81/3 (TesecHbi yrod,
NoA KOTOPLIM BHIHB GOKOBHe TpaHk KyOHKa ] —4) MeHbwe 4w,
n=1,5 pasa.

B) MHAYRKOHA MarHHTHOrO [OJst BHYTPH HPAMOYIOJbHOrO crosba
6yneT BO CTOJbKO pa3 Gogbwe By, BO CKOMBLKO pas 47 GOJblue TeJEeCHOro
yraa, TNOX KOTOPLIM BHAHbLE GOKOBEIE TIpPaHM MJACTHHbI H3 € neHTpa,

B=maB,/2V 2 h.
' 3.9, B)=6,28" 1074 Ta, B =0,377 TJl.

3.10. AB = Byxh/2R.
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3.11. a) B=pelx/2nr2, 0 <<x << r; B=pol/2nx, x> r. 6) B=x],
x<<a/2; B=aj/2, x>a/2. 8) B, =WN{j2nr, B, =p,NI2nR,

3.12. a) Hap mnaockoctsio B ==
= o /27x, CHJIOBBIE JIHHHH MarHuT-
1HOro MOJs COBNAJAIOT C CHJOBBIMH
JIBHHAMH 6eCKOHEUHOTO TP SIMOTO TIPO-
BOj1a; noj nJockocThio B =10. 6) Hag
IJIOCKOCTb0  B==,//2nx; mox mJo-
croCTei0 B=n ([ —[;)/2nx. B) BHyT-
pH Kabeas B=,//2nx; pHe xabeas

min

K orBery 3.14,

B=0.

3.13%, B= “0’ tg g

3.14. Cm. pnc. B,,lwpohj/Q

_ Mo, hogoMo iR R

3.15. B= 5 I, 0<x< 5 B=-1 2 0 ih \1 4x> x>, The
X — paccrosiuie no Touku O,

3.16%. B=pojd/2.

3.17%. a) B=1Y2. ¢) i=2_30_51_“£'i,

2 Mo
V4

S

VAT
2274\

K otsery 3.17*6. K orsery 3.18%,

3.18%. Jlng onpeneneHHst 5KBHBAJCHTHHIX IOBepXHOCTHHIX TOKOB
(cM. peuenHe 3ajaud 3.8%a) 06HeM NHAHHIAPA HYXKHO pasGHTL Ha TOHKHe
CAOH, OJMH M3 KOTOPHIX H300paxeH Ha pHCYHKe, [l1ockocTH cJjoes
LOMKHLL  GBITh  TMePHeHAHKYASpHL  HANPABJCHHIO HaMariHYHBaHH{,

2
B=~;— poM npu x <Cr; B=~»;~ peM <~;~> npH X >7,

§ 9.4. MarHuTHBIH TOTOK

4.1, a) ®=V'3 Ba?/2. 6) ®=BS sin a,
4.2, © =nRb? (sin? & — sin? f).
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Pi

48, n=sina/sinP, i=Bcosa (I —tge-ctgp).

. a
4.i% By,=B;=B,— =

2B Bj cos (a/2)

ay  (Bi+Bi+2B,Bycosa)'’?’

K oteery 4.7*,

HHAYKUBS MarduTHOrO noss Bo=s g,

K orsery 4.8a.

r
<7 M. pc.

1 r [ x \n-1
9 B=gnbo (5]
1 7]
By = g 7o gk

4.9. Tag Kak MarHHTHBIH [10-
TOK pPanualbHOi  CcoCTaBAsiLe
nodd pHe (HJAHHAPA COXpaHdeT-
Csl, UHAYKUHS MAard4THOro noas
Oyner yGusate Kak oR/x, rje
X-—DPacCTosiHue [0 OCH [HAHHI-
pa, a=ByR/2x (By— painaip-
Haf cOCTapstowlas  MHIYKUHH
MarHHTHOrO 10/ BOMH3H noBepx-
HOCTH LHJHHAPA).

4.10%. a) Ha n0cTatoudo GOJLWIOM PACCTOSRMA OT KOHIA ILHAKHADA

a MAarHuTHoi OOTOK B CevyeHun

K orsery 4.(0*%a,

pased mR2B,, Uactb s10r0 nOTOK2 (M;) BHIXOZHT H3 LHMJHHAPA Yepe3
ceqerine AA’, yactp (O)— uepe3 GOKOBYIO NOBEPXHOCTE: TTR2B =D, W,
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Orciona @ =nR2By— @,. Tax xak B“=Bo/2, 10 O, =nR2B, =nRB /2
(cM. pemenme 3agaun 3.7*a) u @ =nR2B,/2 = u,niR%/2.

6) Cuna, peficTBylomiasi Ha BBIEJIEHHBIH yyacTOK coJlenoHaa 2 B oce-
BOM HamnpabJieHHH, AFll=BLAS -nl=nl-AQD, rge AQ—MaruuTHLIA

MOTOK OT coseHonpa I uepe3 3TOT yuacTokK. I[lostoMy nonHasm oceBas
cHlla F”=n1-CD, rie NOJHBIH MATHUTHHH MOTOK OT cosleHouza ] uyepes

NoBepXHOCcTh codleHorga 2 D =p,anfR%/2 (cM, 3anauy a)), 3HaAUHT,
F”=M0n (ﬂ[R)2/2-
" B) B=V o F/nRe. 1) F=nl (@;—®,),

4.11, a) L=p,n (rR)?/8, 6) L=pynmnr?,

Tnasa 10. JABVWKEHME 3APSDXKEHHBIX YACTHL
B CJIO)KHBLIX MOJISX

‘§ 10.1. Jlguenne B 3IEKTPHYECKOM H MArHUTHOM KNOJAAX

1.1. R=0,2 M.
1.2, R=0,68 m.
1.3. TyTa=1, RyR,=V K/K; -
1.4, o =¢qB/m.

1.5. t=2nm/qB.

1.8. K=3 (eBR)?*/4m,. .

1.7. sina=eBl/mu npu eB/m,<<v/l; a=n npu eB/m, >v/l.

1.8, x,=0,29 M; x,==0,41 M; x3=0,5M; x,=0,58 M. Al ==3,7 cM,

1.9, AU/Uy < 0,025,

1.10*%, Ha paccrosnun x == 2mv/qB or ToukH A; Az == mv (8at)2/49B,-
mu sin @ 27umu cos o

LI R=—p ™ k= g -

1.12%, x = 2nm,v/eB, Ay=<=nmyv (6c)?/2eB.

1.13. a) CM pﬂc B>2V2m,_,1</eR. 6) Py> Py

1.14. B ="

Heycroitunba.

R + lﬁna R’

1.15. ® == 0y x eB/2m,; 3HaK onpejeisdeTcd HanpasJieHHeM IO,
1.16. V = 2UhR/R— BhY 2eU/my.

1.17. &) y=——2e= 'ngL 2, 6) y==1,1- 10742,

_ mgk 2 eBIL \?
B) ¥ =i’ ]/z +< oot ) *
_qump e2B2R2

2BU< 2my, )"

L18. ¢
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eB2? 1
1.19. U=§:’{27ﬁe— Gz TRe k=1,2, ... Pasuep mnstua onpenensercs

HauaAbHLIMA CKODOCTAMH 3J€KTPOHOB,

/
1.20. vmaxz—;—%‘i—cosak-%i— >npu p<stga; v=0 npu u=tga,

1.21.* a) Bpens ABMIKeHHs! 37€KTPOHA yepes BhIgeJNeHHbIT Ha PUCYHKe
yuactox f=Aljv . [TosToMy H3MeHEHHE HMnyJbCa B HATPABLEHHH, Tep-

K oisery 1.13, K oiBery 1.21%*a,

NeH HKYAPHOM NJOCKOCTH DHCYyHKa, ApJ_=eBJ_vi . Al/UJ_ =eB | Al =
= ¢ AD/2nR, rae A®D —MarHuTHWA MOTOK 4epe3 BhIENEHHLIT HA pUCyns
Ke yuacToK, M3aMenenwe MOMeHTZ MMIYyJbca

e e
AM=RAp =5 A0, it My~ My=-— (D;—Dy),
6) r=R} By/By.

§ 10.2. HpeiioBoe ABHEKEHHES HacTHLL

2.1, vyp =20 (By— By)/7 (By+ Ba)s
2.2%, upp == amgv?/eB.
2z %l
2.3. Cm, puc, R=_1_. 2 El. Ugp = _2__V2‘7 E .,
BYV g 2V 2l BV mE
2.4. U=E/B
2.5. vnp—.:E/B,

2.6. Upp= % sin a.

2.8. v<<eBh/4m, uan p=—

\ 2.9, U=eB*h¥2m, U= -
K otBery 2.3, = 3,5-10% B,
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2.10. B cucreMe KoopiMHaT, IBHxYyIuefics ¢ npeHhoBOfl CKOPOCTHIG
E/B, 9J1eKTp0H JIBH)}(eTCH N0 OKPYXHOCTH pajHyca mgv'/eB, rie v =

Y] 12
—\v—]— cosoc—l—B,‘l .

2,11. vnp_F/qB.
2.12. v,2=8. 107 M/c, vy~ 1,5 1073 M/c,

IFnasa 11, 3JIEKTPOMATHHTHAA UHAYVKUUA

§ 11.1. JiBuxeHue NMPOBOAHHKOB
B MOCTOSIHHOM MACHUTHOM MoJie, DJICKTPOABUIATENH

1.1. Mexay KOHUAaMH KpPBlJIbEB,
1.2, U=0,03 B.

1.4, B=1U/a%0.

1.5. U=uvBb; o =¢4xB,

1.6. v > Ze/4ne Br2.

1.7. B=2.10% Ta.

1.8%, a) v(t)=g—%(l—exp {—- izg t}); B TeMJO.
6) v () =gim/(m+-CB2[2); B 35HEPIrHMI0 3JEKTPHYECKOrO MOJS KOH#
JlelcaTopa.
- 1.9. @Q=B%ab/2p, a L b; Q=B2b%/20, a> b,

2
1.10. a) CM. puc. 6) M—M sin? @f,

Mﬁa) % ____________ -
AN

\/ ‘
ﬂﬁiﬂ) —— e N = e e v [
s

K otsery 1,10a,

__ Biwiga
1.11%, Q——Q'p———c

_ (@BdRR
Lz N =R rdjese
1.13. U =1IB/ph.

1.14. a) o=V 2BIIL/m; 6) vas 1,1 107 mM/c,
1,15, v=V 1B/ob.,
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1.16% I="€ cos ot

BR
w0 3B82r2
1.17% 2) o ()= B,z[ —exp !_ “ImR })
o8 2FR 2F
6) ® = 1— P ’ [__
) @yer B,a( Bg,) Br

1.18%, | =0B%*2/2R=0,4 A.

1.19. 0,=0 —4Mp/a3B2,

1.20. [,=3,65A, Is=1,58A.

1.21. IIpH 5TOM B HeNH TeueT MAKCHMAJLHLI TOK, TaK Kax OTCYT-
CTBYET 3. 1A. C. HHAYKIIHH.

1.22. €=46,6§>.

/& QJTMRnl

1.23. n nl\gl & >

1.24. €=125B; N =250Br.

— 2__J2

1.25%, x = 2Y s 29[3;_1315”‘ [2), v=2[—}",[2U—12(29x+R)].

1.26%, M =28/0/03.

1.27. v=mgR/(Byna’u)2.

1.28*, Tlpu cMemeHHH fAApa Ha pacCTOsIHHE X OT IEHTpa Ha HEro
cO CTODOHBI OTPHIATEJNBHOrO 3apajga JAeHCTBYeT CHJAa — kx, rie
g=e2/4negyr3. B paBHOBeCHH 3Ta CHJIa paBHA 1O MoAyJ0 cuse Jlopenna
evB. TloaTomy Xo=4mneor3vB/e. Tlpu BAeTe B moJe HAYHYTCA rapMOHH-
yeckHe KoJeGaHHsA ¢ aMIVIMTYROH Xg. 3aryxaHue KoJeGaHUH THpHBEAeT
K notepe sHepruu £x3/2. TloTeHnuasbHasa SHeprHs B pPABHOBECHH TaKKe
kx2/2, V13 3aKOHa cOXpaHeHHs SHEPTHH HOJydaeM

v (——————m ——“\]/2 x==4ngyBrivy/Ze
=7 j == "
O\ m-C8uegrsp?; * Eai
1.29*, Tlox ZeficTBHEM MarHHTHOTO NOJS 3apsiabl NPOBOJHHKA pa3ge-
asoTes, Kak B IJIOCKOM KOHAeHcaTope eMKOCTH C=ggac/b, 3apsameHHOM
mu mu?
Jo HanpsixeHHA U =vBb, 3aKOH COXpaHEHHA SHEPTHH 5 =5
cu? aeT © m 172
e RAET V=1 | ———p5——
o A *\"me,B2abc | *
1.30%, a=F/(m--¢goB%S9).

§ 11.2. BuxpeBoe aneKTpHYECKOE moJe

2.1. 1B6, 100B6, 300 Bé.

2.2. E=2,5.10"%B/m.

2.3. B nonoxennn C aKcHalbHAA CHMMETPHSI MarHHTHOrO 1oJs He
HIPHBOAHT K BO3HHKHOBEHHIO TOKAa B MEPEMEIUKS.

2.4, E;=06,4-10"%B/M, E;=2,56 . 102 B/m,
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2.5. E=,0x, TIe X — paccrosHue OT cpefHeH JNRHH.

2.6, E =“°—n}l’l—vﬁ4cos (2nvf), T r — paccTOSHHE OT OCH KaTylKH;
&,=0,12B.
Cc,C
2.7. a) q=C¢. 6) q1=qy =2 @,
) g=Cq. 6) q,=q, c+ca"°
-c, ¥ —c. 9. s __(:3_(9'2_—_(:1_)2
2.8. a) ¢,=C, 5 2 Ce PR 6%) qa—C1+C2+C3 g

2.9. a) [=1,44mA; 6) [=2,5MA, TOK uepe3 mNepeMbldKy paBeH

nyawo; B) [;==2,75MA, I, == 1,78 mA, [3=0,97 MA,
. TR?

2.16*%. &= 3

2.11*, ® =qBya?/2mR?. He usuenurca.

2.12%, B () =al (14 r2/a2).

2.13%. ¥Ymenbwaercss, C pocToM HHAYKIHH MArHUTHOTO NOJs PacTyT
cuia JIOpeHna H CKOpocTb 3JekTpoHa. OJHAKO MOC/eHAS HEAOCTATOUHO
ObICTPO A/ TOro, 4TOSHl SJIEKTPOH OCTaICT HA OKPYKHOCTH TOTO 2Ke
paauyca,

2.14*%, R=23ry/4. B 100 pas. Ec/iu HauanpHH paguyc r << R, 3Jex-
TpOH 6yAET ABHrarThCsl Mo CXOjAmefCs K LUeHTPy CHHpaJH, mpH 7 > R —
no pacxopsuiefica cnnrpaJit. ,

2.15%. 0 =208y/R (p+ 21(02?).

2.18%. a) B my,/m,=2,6- 102 pa3, 6) NSR~=7 10714 x2, rae N —
YHCJI0 BHTKOB Ha eAHHHIY MJWHBI COJEHOHZ2, R — pajHyc COJIeHOH.4,
S — ceucHHe NPOBLAA.

2.17*. a=FC/{(mC + exo7?).

2.18%. myy = 107%7 kr,

§ 11.3. B3aumHaas HHAYKTHBHOCTb.
HHpykTUBHOCTS npoBoAHHK0B. TpaHcgopMmaTophl

3.1. O=pylSncosa.

3.2, L= @%B i3 (cos a4+ sin @),
8.3. Lyp=1ymr2nh.

3.4, U=pyu2aNwl,cos of,

3.5. L =ponR2:2/,

3.8. L= phd/a.

3.7% L = ”‘01 b

!
3.8*, L——H(,Ll—‘—Qpa i;)

g% L=t
1 a
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3.10. &) L=puert (13R3; -+ n3R3ly - 2n,1,R35);
6) L=t (3Rl -+ n3R3, — 2n,n3R3).

3.11. VYpenuuurcs B k pas,

3.12, {~8,9.102c.

3.13. L=L,+Ly4-2L,. L' _LI—LL2—2L12.
3.14%, L=VL,L,.
3.15%, 6’2:&.}%

3.16. Uy=const.

3.20, v==100Tu.

3.21. Yro0bl yMeHbIHTb TOKH PyKO,

3.23. U=10B,

3.24%, U=60B.

3.26*, /=190 B.

3.27%, YpaBHeHHE JBHKEHHA 3JIEKTPOHA B COJIEHOMIS!

e(E—fSp)=meGr  1=27RN.

72
Ioo cos wt. Uy =_W‘L‘?£ 1,6 cos of.

[ dt €dr?
Ho en,vS =1, [1os3ToMy nepBoe ypasHeHHE MOXKHO 3aliMcaTb B BHIE
mel \ dlI
Ei=U (L s €n,S >

TakuM o6pa3oM, BJIHsIHHE MacCH 3J1eKTPOHA Ha HHAYKTHBHOCTb COJeHOWINa
CBOAMTCA K YBEJHMYCHMIO MHAYKTHBHOCTH Ha AL=2nm,NR/e?n,S. Moxuo.

§ 11.4., SnexkTpuyecKue Lend MepeMEHHOro ToKa

4.1. [(t)=gt/L, A=&212/2L, B 3HePrHI0O MarHHTHOIO NOJs,

= (;L (1 —cos o). Henbad,

4.3. C(1)=Co (1 —12/2LCy).

44. Uy, =U,RV CIL.

4.5. a) Ipn pasmbikanuy; 6) C=1/(2nvn)2L =~ | Mx®,

4.6. I, =EVCIL, 9., =26C. |
CL, I Vayo»

47. 1 1max — =U ]/-Ll (L1+L2) 2max_U§/;L2 (Ly+-Ly) ¢

4.8. a) I1=U, VC/L sin ot, tie wo=1/V'LC;

6) I = —E_(-UFO—TQ) (@ sin wgf — @ sin ©f); [m§x=gO/[‘ (0 — ) ==
~4,8 kA,

4.9% [ (f)y=1I,ex _Re €08 Wof R sin wef e W, ==

e 0P AT EL o B, MO b=
= I/VLC; 1=(L/R) In2,
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a0, 1= LWL

4.11. Ipu 1/LC = 02.
4.12. L=2,3TH,
20CR

4.13%. Ug=V,, tgo =WF—_—1'.
4.14, &~ 208 B, n=1/3.
(€4

4.15. 2) I, =0, I,=-2 sin of, N =200 Brs
L R R

€) 1R=-ii sin w?, 1L=—€om0(sin @f +cos @f), N =200Br,
4,16, L=~0,16 I'n.

4.17. V=V, VT
4.18. CM. puc,

€08 s

K otgery 4.18,

L 74 C
4.19*%, ¢ = ]/-Crl(flco arccos{l——V—:(l-l-—c,—j)}, ecin Vo>
BV (14Co/Cys

— l-l-sm( ]/L—1>
T/ oL L
4.20*%. I,=U, ]/-l— (L—I—-L1> N (— ‘l/lz) .
2 L
4.21. 2) Q=L22/Rt. 6) Q= (aLI)¥/4Rt,
4.22%, ¢=2arcsin (0 V' LC /2); v=0l/¢ npH co<2/VLC [Ipn
o<1V LC.

§ 11.5. CoxpaHeHHe MArHHTHOrO MOTOKa.
CBepXnypOBOJHHKH B MATHHTHOM ToJe

5.2. B= B, (R/r)2.
5.3. YMmeHbWIHTCA B 2 pasa,
5.4. I'~2I; B/By~2.
5.5. I'=1/3.
5.6. 1(t)=10(1+lﬁ coscot).
5.7. [=y/L.
2
5.8, [ =], Becosa
L
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5.9% | = Bna?/L; By=B (1 — nena/2L);
CM. pHC.

5.10*. CM. pHC. X—KOOpAHHaTa Ie«
PelHero TOpua CTEePHHs, OTCUHThIBaeMasi
OT Hauana Karymxu. a) I .. ~1,.8/(S—o0),
[>h6)] =T [1+Ic/h(S—a)], I <h.

5.11*%. L = nyoSN/h (S 4-0). B nponos-
HOM Hanpas/JeHHH COJEHOH] CKHMaeTcs

Q- ——— oo

- —\i_/ L cuaolt  F=o/208N?/2h2 (6--S), naBJe-
- HHe B PaifaJbHOM HanpaBJeHHH Pygy =
pol2N2 60— 8
K otsery 5.9%, =T oS

5.12*. BasanmozefictBue IAMHHONO NPOBOAA CO CBEpXNpOBOLAILEH
NOBEPXHOCTPIO 3KBHBAJEHTHO B3aHMOJACHCTBHIO JBYX [JHHHBIX napal-
JeJbHEIX  NPOBOZOB C IIPOTHBONOJIOKHO  HanpaBJeHHbIMH  TOKaMH,
HaxXO[sMHXC HA PAacCTOSHHH 24 APYL OT APYra: Pory=Pol?/2n2h2,
F=Wol2/4xh.

A A

/mu-:u ) /mum

b o e e

I
I
|'
i
' T X 2R
o) J)
K orsery 5.10%,

Bk e

5.13*%. h=ho—mg/k, I=1,(1 —mg/khe).
5.14*. MensgeTca ToNLKO OceBasi cOCTaBJAONAsS HHIYKIHH MarHHT-
§oro noss. B o6JacTH BHelsHero NoJsi OHa paBHa 1/,B,cos o, a BHE

B:Sl

—1/sBpcos . A=— 8 cos? o,

Mo

5.156*. Korzpa xaTymxa HaXoguTcsi BHYTPH TPyObl, NOJe COCpeNoTo-
ueHo B 06JacTd AJMHHBEL i, OGOSHAaUHM HHEYKUHIO BHYTPH KaTYIIKH Bin,
Mexay KaTywmxoill 0 TpyGoft B.x. 3aKOH COXpaHEHHI MarHHTHOrO TNOTOKa

uepe3d cevyeHHe TpyObl H KaTylKy AaeT
Bi,0=18,, (8§—0a), Bj,=By=pIN/h,

1

H3 3axona COXpaHeHHda SHepFﬂH
: B B -
in ex 0
h S—0)h= —ch
o O 5 (S—0) h= a7
nonysaem v=NIc V pojm (S—o)h.
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5.16*. Ilpu BXoje CBepXMPOBOASILErO CTEPXKHA B [0JE B HEM BO3-
HUKaer TOK, CO3MaouMil MarHHTHOe MOJe, HHAYKUHS KOTOPOro paBHa no
MOAYJIO HHAYKUHH BHEUWHETO IOJA H NPOTHBONOJOXKHO HAMpAapJeHa.
Pz€oTa no cospanuo Toka /== B2S!/2) paBHA H3MEHEHHIO KHHETHYECKOM
sHeprum crepkHs, Otciona v==Y B2SI/Mm «

5.17%. v=v, (1+V T+ Lxol2/mu3).

5.18*% o=V 4uahi2/m ((—d))-

5.19%, T =T,y (1+ B:a*T3/4LJy~ 12,

5.20*%, Ilpopoznuk OygeT cosepwath Koge0aHHA C YacTOTOH O ==
= BV mL. :

5.21%, B~=500 Ta. P ==10111]a,

5.22%, YpaBHeHHE JBHIKEHAST 3JEXTPOHAa B TPyOKe:

e %:eE=e —5— —d—%;i)—,
rie B u B;— HMHAYKIMH BHEUWHEr0 MarHMTHOIO HOJS H MOJs, CO3laBaes
MOTO JBMXYWHMHCs 3JeKTpoHaMH. [TostoMy mu=eR (B — B,)/2. C npy=
roit CTOpoHel, er,uh=j, By=[j, TAe j— NHHeliHad MNJOTHOCTb TOKa, k3
NocJIeHHX yPaBHeHH nosyyaeM
j=e2nhB/(2m, + ARy ),
a 2aTeM
B — By = B2my[(2m, + eER o h)
B nawem cnyuae B=B,. CaenoBatennHo,
AB = By2m,/(2m, - e2Rpyn.h).

5.23*. B=2m,w/e.

§ 11.6. Cea3p mepeMEHHOro 3JEKTPHYECKOTO MO
€ MarHUTHBIM
1 an
6.1. CB::;— dt
HHAYKIHA MarHHTHOro noJjd, N — notox Haﬂpﬂ}KeHHOCTH SJICKTPUYCCKOro
noJast, ¢-—-CKODOCTbL CBeTa, € H Ng—3JCKTPHYCCKad H MarHHTHasg
HOCTOAHHBIE.

dN
B CIrcy; CB=LL0897 (8 CH). Cg—unpxyauus

aN N 1'dN
6.2, a) 7=U1E; Cp=ye Ul E. CB=“080‘7[ (8 CH); CB:FT
(8 CIQ). ‘
6.3. N=9.108 B-m.
6.4*. [Tosakony 'aycca noToK HanpsIXEHHOCTH 3JE€KTPHYECKOTQ MO
BHYTPM KoHgeHcatopa N =Q/e;, rie Q—3apsg KOHJEHcaTopa, a CKOs
14dQ 1

3MEHEHHsS [0TOKa av _ 149 — [, the [—TOK B uéml
pOCTb M3MeH T dt_sodt_eo'r .
4_1_;}



. dN
TlosToMy NHPKYJANMS HEAYKIHH MarHHTHOTO TONs (Cp= .8, ke wot

CoBmajaer ¢ UHPKyJAlHeH HBHAYKIHH MariHTHOIO NOJS, KOTOPYHO Okl
co3jgan toxk I.
6.5. B=2,5.10"6 T.. Cm. puc,

Y/l

SN oW h Y

! — i
V4 .20 aon

K orsery 6.5,

6.6, n=4aNR/L.

6.7. B=ypyeoEv cos a,

6.8. 6= B/uev,

6.9. a) B=geulU/h BHYTDH TNpPOBOAHHKE; B==— yye,vl//h Mexay
TPOBOJHHKOM H OGKJAJIKaMH KOHJeHcaTopa.

6%) Yuenbmmures B (- 1)/(e —1) pas.

6.10*. Cm. puc, B mepeoM ciiyuae M3-3a TOKa HOJADH3ALMH, MPOTEs
KaIOIEro 4epe3 KOHTYp abb'a’, NMPKYJMIIHA BeKTOPa HHAYKIHH MarCHHT=

o A

K omery 6.10%, K ormsery 6.12%,

HOTO MOJIA Yepe3 3TOT KOHTYP OyjaeT B € pa3 GoJblle, 4eM BO BTOPOM
cnyyae, ITostoMy [BHKeHHe Cpejlbl BMECTE C KOHTYPOM YyMeHbluaeT HH=

IYKIHIO MarHHUTROTO TIOJISL B € Pas.
6.11*. a) MHpykuus, BH3bBaeMasi IEPEeMEHHBIM 3JIEKTPHYECKHM IO+

Jem, By=mriaplye/2nr = Woggoer/2, MHAYKIA, BEIBEIBAEMas TOKOM IOJIA-
pH3alHMH JM3JIeKTpHKa, B €—1 pa3 Goablue: By={(e —1) By, Iostomy
B =B+ By=2gB; = pgeocar/2.

6) Bl__——“"s"z":u’ , By=to%o
6.12. Cm, puc, Bo=u0[r/2nR2

414
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I'nmasa 12. 3JIEKTPOMATHUTHBIE BOJIHEI

§ 12.1. CpoiicTBa, H3JlyueHHE H OTPAKEHHO
3NEKTPOMATHUTHBIX BOJH

1.1. B HanpaBJeHHH OCH 2.
1.2. a) MamennTcst Ha NMPOTHBONOJIONKHOE; 6) HE M3MCHUTCH,

1.3. a) E=E,sin 2—;5 @—cl).

6*) E=FE;sin %} (x cos ooy cos B 42z cos y—ct).

14, Ey=V ET+E3+2E E; cos (¢, — 92);
_ z E, sin @+ E, sin @,
b=0 (t T >+arctg Eycos @+ Ezcos @y
1

5 E1 cos2[<t—-%>A+q>].

1.5. E=2E,; @=

1 1
1.6. a) B=?E (8 CH); B=E (8 CI'C), 6%) BO:CVE Ege
1 1 1 1
1.7. a) CM. puc, PR 13 g 5; 0, L
E IAY
Lpt-- H [ a
: =
2a z ‘ a z
I3 Bl
2[0"‘—"_'_ ¢ g

Ry
~Y
b

£y

z
K orsery 1.7a,

6) JlBe mJOCKHe BOJHGLI, Oerymue B NMPOTHBONONOXKHBLIX HaNpaBJies
HusAx, ITpoTaxenHocts BOJH d, HaNpPAXKEHHOCTh SJMEKTpHUECKOro noud £/2,
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8) Ha npe nuockue BOJMHM, DACHDOCTPAHSIOUIUECS MePHEHIHKYAAPHO
nnockocTaM AB M A’B’ B NpPOTHBOMOJIOMHRX HanpasfieHusX, HuayK-
LHs 3JCKTPUYeCKOTO MOJA B BOJHAX ¢B/2.

1 v
1.8. a) Eu3n="—|'-’§‘?E.

6*) Ilpu octanoske 3apaza Q B sHePTHIO H3NyueHHs mepefizer Bcst
SHePrHsi MarHUTHOTO moJsi. B Je60H Touke HHAYKLUHS MAarHHTHOTO INOJS
Astxywerocs 3apsaja pasHa B CI'C Hanps)KeHHOCTH 3JeKTPHYeCKOro MoJs,

o v
YMHOKEHHON Ha — sin 0. I'loatoMy HaJdyyeHHas 3Heprus Ghia Ob pasHa

SLCPIMH  3JeKTPHUeCKOTO mnoasa Q%/2R, yMHOMEHHOH# Ha (v/c)%, ecln Oul

A

K orsery 1,86%, K orsery 1.9*a,

He 6bw10 MuOxHTENs sim 6. H3-3a 310r0 MHOMKHTEJS SHEPTHS MAaTHHTHOTO
noas ymempuaercs eme B 1,5 pasa, TaruM o6pazon,

P5( 35 e

AL
-2 (2} @ cw.
12ne,R \ ¢ .( )
B) HanpsxenHOCTs «IMwHHX» noJell yBeauuurcs B 2 pasa. Hany-
uaeMas SHEPrud NPONOPUHOHAIbHA KBajpaTy HanpsmKeHHOCTH. [TosTomy
MOLIHOCTb H3Jy4eHHs yBeJHuuTcs B 4 pasa.

1.9%. a) CM. pHc, B MOMeHT BpeMeHH ¢ B TOYKe A HampHXEHHOCTb
SJIEKTPHUECKOTO moasg u3ayyenus Eu;,=E;+ E,, tie E; 0 E;—nanps-
KEHHOCTH H3Jy4yeHuH, reHepHUpyeMblX BepXHell H HUXHel NJ4ACTHHAMH:

1 1 x
El—%Evt_£=-22 Eﬂ(t—T),

Buauur, E,,,0hE[2¢,
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o c
6) Hutepepennineil H3TYUeHHs OT PasKbIX [VIACTHH. VZ:E k, v, ~

¢ I
scz(\k-{—E), k—ueJjoe yHclo.
2) Eu3n=p0d0/2=i0/2580'
T) B sJeKTpHYeCKOM INoJe BOJHB! Ey sin @f (@ = 27v) CKOpPOCTh 3JeK-

eE
TPOHOB U =—"coswf. AMIVIATY/a HAMPSDKEHHOCTH 3JIEKTPHUECKOLO IO
m

€
eEy nee

W 2cey
LHEHT OTPaeHHA k== (Ey;,/E0)? = (n.e2A/4mm, veyc)?.

MoxHo Takke HaHTH KosthOhHIMEHT OTpaXkeHHd, OMNpeleluB, HA
CKOJILKO OCJIaBHTCA BOJIHA IOCJe NPOXOXKIEHHA NJeHKH. B stoM cayuae
cllefyeT yyecTh BTODHUHOE H3JyYeHHe 3JeKTPOHOB, BbI3bIBAGMOE B3aHMO-
nefictBHeM C BOJIHOH, YyXKe H3JyUeHHOH 3THMH Ke 3JIRKTPOHAMH H3-3a
p3auMofieficTBHA ¢ mnagaiomel BoJdHOM. 3-33 HANOXKeHHA HA BOJHY,
NpOoLIeAy0 MJeHKY, BTOPHYHOIO H3JyUeHHS, HMIYyUero B NpoTHBODa3e,
HHTEHCHBHOCTb BOJIHBl YMeHbWAeTCH, a H3-3a HaJOXKEeHHS Ha Hee NepBHY-
HOrO H3JyYeHHs, HAYILEro CO CABHIOM ¢aswl /2, yBeanuuBaercs. Ilepsoe
BJIHAHHE B JiBa pasa Gojbuie BTOporo. II03TOMY HHTEHCHBHOCTbL BOJIHBI
pocJie NMPOXOXKIEHHd TJIeHKH YMeHBIIHTCS Ha BeJMUHHY, PaBHYIO MIITEH-
CHBHOCTH OTpa)KEHHOﬁ BOJTHEBI,

1.10. A=4-10"8 cm.

1.11. 10 TOYKH x; B OTPa)XeHHH BOJH Y4aCTBYIOT BCE 3JIEKTPOHLI
TVIeHKH. B 06/1acTH ¥ > ¥, 9JeKTPOMAarHHTHHIE BOJHB! OTPaXKa0TCs NpaK-
THYECKH MOJIHOCTBIO «[IOBEPXHOCTHBIMH» 3JIeKTPOHAMH.

1.12. a) A== dnmyvegc/nge?. 6) A== 1078 cm.

1.13. a) E=0, B=2E/c. 6*) P=¢gyE%~

1.14) A=4-10"% cm, x=2-10"38 cm.

1.15. C™. puc. a) E'=—E, |B"|=|B|; 6) |E'|=!E|,

. Koadu-

B BOJIHE, OTPaXEHHOH 3ITHMH 3JICKTPOHaMH, E,3;=

ﬂ N d’ // E , //
4 Y- 4
£ ‘\/Séf b /;’j\f
/ /
¥ y
! Y
W

L4

4
o

a) 0)
K ormery 1.15,
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1.16. E=V P/egcos? cts
1.17*. a) d~ 104 cM. 6) P;~4,4.1071% at™, Py~=1,1. 10710 arm.
1.18*, Cuaa, peiictByrolas Ha 31eKTPOH BAOJIb MeTalJHUECKOH NOBepX-

HoctH, paBHa B C['C F=e<E—% B):O. ITostomy E/B=v/e,

1.19*, =~ o P
C'—U

1.20. U=AC/(2\70—|—A).
1.21. a) HaseneHHple 3apsabl Ha MJOCKOH TPaHUIE COSAAIOT HATPs-
JKEHHOCTh 3JCKTPHYECKOTO MOJsA, MNEePHEeHANKYJADPHYIO IJOCKOH TpaHHIe.
[TostoMy B e pa3 yMeHblaercs JHIb Niep-

. P ” » NEeHARKY/JAAPHAA COCTABJAOWAS HampsXKeH«
e 7 HOCTH 3/1eKTPHYECKOTO TNOJIS BOJHEHL
/i s 6) Hapeaennsle noBepXHOCTHBIE TOKH
e
”, CO37a10T HHAYKIHIO MarHHTHOTO noJs, Ma-
- panneJbHYi0 HOBEPXHOCTH, [losromMy B 1
sz pas yBeJIHYHBAeTCcA JHWb NapaJjJelbHas
A N COCTaBJANNAsA HHAYKIMH MAarHATHOTO IO-
N
N N E” JisT BOJIHBL.
LV @ ) 1.22. .C pasHbIX CTOPDOH TIPAaHHUB Pas-
“ N N & Jela HaNpSIKEHHOCTh 3JeKTPHUCCKOTO MO0«
> ~ A H HHAYKUHS MarHHTHOTO MNOJA OfHHa-
B K oTBetTy 1.29, KOBbL: E"_EO::Enj B+BO=BH! a B=

= EjcV e, By=Eq/cV &1, Bp=Enfc Vey
{cM.  zajauy  1.66%). M3  srHx ypaBHeHH# cneayer Ey=
=V eg—=Ve)/(Vea 1t Ve).Tipu Ve, <V'e, snaku E, u E ORMHAKO-

pet, a ipu Ve, >V e, mporHpononokus., D10 O03HaUaeT, UTO B IePBOM

P?=ca

K orsery 1,230,
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cayuae (a3a OTpaeHHOH BOJIHBEI He MeHseTCsl, a BO BTOPOM C/Ay4ae Me-
HsieTCA Ha M,
7
—_— 243 —_— 2 43
1.23. 6) Cm. puc. W, = 3 E3rd, Wy=2E:r3.

§ 12.2, PacnpocTpaHeHHe 2/eKTPOMATHHTHLIX BOJIH

2.2, JlAuHa BOJIHBI M CKODOCTb BOJIHBI YMEHbWAOICK B # pas, 4Ya=

CTOTa He MEeHsercs.
2.4, sina,="FkA/b, rOe k—uenoe 4yucio,

2.5. B k% pas.
2.6, Aa=13,5,
2.7, 1=2r%A.
2.8, YBeJHUHTCS HHTEHCHBHOCTH H3JIyUEHHA B JPYTHX TOUKax,
2.9*. B 4 pasa.
2.10. Cwm. puc,
/i
-\
U\ __VY ————— W —>_MM
. ninve cen S
Vab A5 »>VAi »

K orsery 2.10,

2.11*, a) B 100 pas. 6) B 324 pasa.

2.12%, c1=-i—, azé;%—s—i (yMHOXXeHHe Ha { o3sadaer CABUT bassl
BTODHUHOH BOJIHBL Ha 71/2).

2,13, 3 R=~1 xM. 6) R~ 1,5 m,

2.14. ~1 mM; ~0,5 kM, ~ 150 Km.

2.15. a) Ioay6asd dacTb CHeKTpa pacceHBaeTcsl Ha MaroBOH IIOBepX«
HOCTH cHJbHee, 6) M3-3a AHDPaxkUHMOHHOTO «OTHOaHMST» KamelJeK TyMaHa
RpacHbM CBETOM. B) M3-3a QAYKTYalHH NJIOTHOCTH aTMOCHEPHOTO BO3AYX§

ronyéaﬂ YacTb CHEKTpa pPacCenBaeTcs CHJbHEE,

I'masa 13. TEOMETPHYECKAA ONTUKA

§ 13.1. HpamoaHHe#iHOe pacnpocTpaHEHHE
H OTpameHHEe CBETA

1.1. Cm. puc.
1.2, Cum. puc. d,=60 cM, dy =90 cM,
1-3’- Cw. pHC.
419



1.4, Ha crene nonyuaercs wusobpawmenue Couauna. B cnyuae, Koraa
pasmep orBepcTHs Oyper Gosbiue H306paxenus ConHLa Ha CTeHe,

Jonaems mumwos mewy

e ¥4
Focr

K oreery 1.2. K otsery 1.3.

1.5. 3epkano He «nepenopaunBaeT» usobpaxende. Ho nenpospaunui
NpeiMeT KaXeTCs HaM NepeBepHyThIM ClpaBa HaJeBo, Tak Kak OBBIMHO
OTPaXKEHHYIO 3€PKaJOM CTOPOHY Mbl YBHIAHM TONbKO B CAywuae, ec/ad
npeiMeT passepuyTs Ha 180°,

1.6. B peaynbrare ABOHHOrO OTPaKEeHMs «IePEBOpauUBaeTCA» H30-
Gpaxerue, MOAyuaemMoe OT 3epKad,

1.7. f=R/2.
1.8. [=20 om.
1.9. f=36 cm.

1.10. f=60 cu.
1.11. Cm. pse,

K orsery I.11, c K otsery 1,12,

1.12. Cm. puc.

1.14*, TlapaGosoup BpaumieHus.
1.15. a) v=20R; 6*) v=40R.
1.16*. o =120°,
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§ 13.2. Mpenomaerne ceera. ONTHUYECKHE JIHH3BI

2.1. aa=42°,

2.2%, a) h=2,66 M. 6) Ilpn Majofl rayGHHe NOTPYKEHHS KAKY-
mascs ckopocte B 1,33 pasa Menbuwe ucrunHo# (1,33 —nokasarens
Npe/IoMJIeHNA BOJLY).

2.3. CmectuTest Ha 2h(l—1/h) N0 HampaBleHH0 K TMJIOCKOCTH 3ep-
Kana.

2.4. A= (d+1) tg o — dsina hsina

Vini—sinta - VnE—sin?a

2.5, n= 1,13.

2.6. a) o, =25° ;=45 o;3=233° 6) [13-3a nojHoro BHyTpeHHero
orpaxeHus JayyeHl OT mysbipedi.

2.7. a) Her. 6) Her.

2.8. sin a=n/kN_1.

2.9. 8%) f=(n—1) RiR:/(R1-Ry).

2.10. a) f=0,25 m. 6) R=0,6 M.

2.11. R=0,35 m.

2,12, A=a (n,—n,) f.

2.13*. M3 uacti GOKOBOW IOBEPXHOCTH NOAYUHJAHHADA, OTpaHHYEH-
Ho#t yraom o= 2 arcsin (1/n).

2.14*%. n=4/3.

2.15. n=23/2.

2.16. y=x/n.

217%, r' =r/n.

2.18*% a=R/(R—1).

2.19%. H=l<5’9-~ )
o

2.20. r=RJ2.

2.21. TIpn o> arccos(2/3) ceer yxe NPH NEPBOM OTPAKEHHH YaCTHUHO
Boifijler 3 komyca. IIpu o << arccos (2/3) cHauana GyjeT NOJIHOe BHYTpeH-
Hee OTpaxenHe OT GOKOBOH NMOBePXHOCTH. 3areM uepe3 HeCKOJbKO OTpa-
JKEHHH yron NajeHHs yBeJHYHTCS H cBeT OyJIeT oTpaxarbesi oT GOKOBOH
MOBEPXHOCTH JIHIUIB YACTHUHO,

N

R g

[ .
L.

K orsery 2.22

2.22. Cw. puc. R=r+xV (i#=1)/2—n?, ectu n<V 3. Her
H306p axenns, ecan 1> Y 2.
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§ 13.3. OnTHyecKHe CHCTeMbl

3.1. CM. puc. a) k=1/2; 6) k=3/2; B) k=1/4; 1) k=3/4,
3.2, f=20 cm.

422

2 o

—— B
-
-
-

f

|
__.;._:r\\ :

|

N

|

& 2)
K oteery 3.1,

3.3. a) fi=—2>5 putp, fo=-+ 1 antp, 6) Ouenn GaAM30pYKHA,
3.4. 1=2f.
3.5. f=1/7T u,

3.6. t=5 mc.
3.7. h=(D—d)/3.
3.8. l=r1+D/2f
2 PV oon
3.9. kz(a—f)2~—-12/4’ ka—:(a_f) npu [ -0,

3.10%, tga' =(1—a/)) tg .

3.11. a) [=f __fo, 0 F=y

B, L _ L1,
12 I'= S =gt Pl
8.03. h=fgims h=f

3.14. Cwm. puc.

12— 2f f

3.15, f—me— V2

I=r—i-m

3.16. Ha paccrosinusx, Goabwux 20 cM OT GamKaHied JIHH3LL
3.17. f>0,3 m.

3.18, =V 492 +a?/2,



z)

K otsety 3.14,

3.19. a) l=f‘V(3+cosa)2+(tga+sin o)
6) l=[+a-|f/cosc.

§ 13.4. doromerpus

4.1, h=1wu, N=20 Br.

4.2. YeesmuHtca B 9 pas.

4.3, ;=130 1x, [,=T71 ax, [3=25 5K,

4.4, | =41 nx.

4.5%, Tlokasauusi (GOTOJACTEKTOPAa B NEPBOM Ciayyae YMEHBIIHIACDH
¥3-32 OTPAMEHMA CBETA OT MJAcTHHKH. BO BTOpOM ciyyae §osee CHllb-
ELIM 3BEKTOM ABJSETCS CMEUICHHE H30JP AKCHIA J1aMIBl K (OTONCTEKTOPY
KOTOPOE ¥ NPHUBOJMT K YBEJHUCHMIC CBCTOROTO NOTOKA B (OTOACTEKTOP.

4.6* n—(2 3}/ OR%/d)?, ecan d=>2 3}/ 2Rr; n=1, ecnn d<<2} 2R%rs

4.7. OroJyo 1 M.

4.8%, Her, [ = [,S/nR2,

4.9. Cu, puc.

N
2
&
Sh
&

K otsery 4.9. K otsety 4.14,

4,10, YMeHbllaeTcss APKOCT, M YBEJIHUMBACTCS UETKOCTb M30Jpames

Hud,
4,11*%, Ypemuunrs Ha 1/10 gumamerpa.

4.12. SIpROCTb H300paMeHHs YMEHHLIUTCA: BEPXHEH JacTH CTPE/IKM —
HECKONMILKO OoJbine ueM B 2 pasa, HAXKHEH — HECKOIbKO MEHDIUE ueM
B 2 pasa,
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4.13. He wusmenurca.

4.14. CM. puc.

4.15. B 80000 pas.

4.16. n="hR2/4 (12 h?)3/3,
, 11—k

4.17. I'= Ny — 1

4.18* B 25 pas.

4.19. L=LyD/D,.

4.20. Yeenuuutcsd B 2 paza.

4.21., Pes3go yBeHYHBaeTCsl CBETOBOI MOTOX 3HEPTHH OT 3Be3AH

K raasy.

4.22*%, n== (10ar2L)71,

4.23*, m=0,2 r.

4.24. B 8 pas.

§ 13.5. Kpaunrosas npupoaa csera

5.1. C rouHocTe!o - 8°,

5.2, [=4 m.

5.3. 1 =4.10"7 Br/m2%, [ =4.10"% Bt/m2, [ =4.10"8 Br/m2.

5.4, W =hv—el,.

5.5. EcJu CKOpOCTH 3/1eKTPOHa H HO3UTPOHA pAaBHHl MO MOAYJQ
" ﬂpO"I:PIBOl"OJIOH(HO Hanpasjenn, v=1,24 . 1620 'y,

—&a, _,_sin (0;+6y)
5.6. 2) v=c —l—e’ 6) S 6, L sin 6

5.7. a) m=(1 —cose)

5.8*. a) Ilpu nsnyqex—mn qJOTOHa B HaﬂpaB.neHPIPI JBHIKEHHS1 aToMa

1
5 5 (1)
[Tpu usayverun ¢OTOHA B HAMPAaBAEHHH, MPOTHBOMOJONKHOM JBHKEHHIO
aToMa,

2 p— ;
mu” _ ﬁ(ﬁ_m)_.f_hv—l—e, mo=m(v— hv

,7120. w—l—fw ~+& muv=m@v-FA’ v)—h—}. (2)‘

B (1) u (2) m— macca atona, Av H A’v— H3MEHEHHST CKODOCTH, €— H3-
MeHeHHe BuyTpeHHell SHepruH atoma, V' — HcKoMas uacrora ¢oroua.

. , 1=/
ITpu Av, A'v € v u3 (1) n (2) caeayer vV'=v T o/
6) v ==v(l —v/c).
5.9, IIputaxeHHeM ¢oTOHA K 3Be3je.
5.10. Av=yvM/Rc? y—rpasATauncHuas NocTOsIHKAsT. Ave==103 I'w.

Ten/oBoe jBHKeHHe aTOMOB Ha noBepXHOCTH CoJIHLA BJIHAET Ha YACTOTY
ua/IydaemMHx (OTOHOB GoJibule, yeM PABHTAIIHOHHOE MOJeE,

5.11. R<<yM/c% Ry~ 1,5 kM.

5.12% f=(Rc)2/6yM; f==5-10? cB, ser; x== 101 cB. Jjer,



(edd9n0dn
1 bl ndaa =2 Ifh=a 0JONIOhHTOHdSL) BLOLIER
HHaURLY goadasn
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aLedyead g
i 20/Yed ArHA¥2aD vu neuYed P} 1o=2 sHHadoNIA sodowIg
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11. NMpucrapgku CH paa o6pasopaHns AecATHYHBLIX KPaTHBIX
A JONbHBIX €IHHULY

Tpucraska CH Ilpucraska CH
Muoxu- MHoX%HU-
Telb HauMeHoBa- o6o3Ha- TeJb HaHAMeHODRa-~ ofo3Ha-
HHE yeHHe Hile yeHiHe
Kpamnaa Hoarshan
1018 3KCa 3 101 ha(ehin] I
1018 nera I 10-2 CaHTH c
1012 Tepa T 10-3 MHJJIH M
109 rura r 10—¢ MHKPO MK
108 Mera M 19-9 HaHO HA
103 KHJI0 K 10712 NHKO o
102 FCKTO r 10-13 ¢em10
1N neka na 1018 arTo a

I11. Ocuoguuie ¢opMyasl anekTpoMarnetnama 8 CH n CI'C

HauvenoBanue

CcH

CIrc

Bakon KyJsoua (cusa B3a-
HMOJeHCTBHS MEXKAY 8a-
pPALaMH)

Cuna, neficTeywmas na
sapag B 2JeKTPHUECKOM
nonae

Ces3b MeXAY HAaNpsKeH-
HOCTBIO 3JE€KTPHUYECKOTO
MOJS H CMellleHHeM

HanpskeHHOCTb 3JeKTPH-
YeCKOTO MOJsi TOUEHHOTO
3apsiaa

IToTox HanpsaAXEeHHOCTH
BJICKTPHUYECKOoro noJas
yepes [1OBEPXHOCTH

PaGora mnepeselneHus 3a-
Pf8 B 31eKTPHYECKOM |-
noJe

TloTeHnBAJ MOJS TOUEYHO-
ro 3apsaa

4neo

o= 41e,

1 q19:

rz

N = YE,

A = qU

A
r

AS

‘[-Q
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I podoricenve

HauvenoBanue CcHu cre
2UICKTPHYECKAA eMKOCTb C=gq/U
EMKOCTH  MJIOCKOrO  KOH-
[eHCATODA ¢ AHIAEKTDH- c = fotS c-_ =88
KOM d 4nd
TITOTHOCTL 5HEPTHH SJCKT- e E? E2
PHYECKOro 1o.1s5 Wy =—3 w, = g
3akoH Owma I1=U/R
MOILHOCTL  3JIEKTPHYECKO~
ro Toka P=1U
3aroH J:koyns— JleHna Q= I*R¢
MarnuTHEIT NOTOK © = BS
Cunia B3aEMONEHCTBH A
ABYX TapasieabHBIX TO- Fe Ho 2005l ol 2l
KOB B Bakyyme 4 r ¢ 5
3agoH Buo—Casapa — ue 7AIsin i
Jlannaca AB=—‘43—?£——-—’TIE— AB:.—-i— lAlrszmo',
HMuagykuus MarauTHOro no- we 7 1 91
JIsl MpsIMOrG TOKa B = B ="
HHAyKuus MarHuTHOrO [o-
1 B COJEHOHJR B =poin B =4Tn In
IloTox MarHHUTHOH HHAYK-
LLHH O=YB, AS
3akoH Amnepa F=]B Alsina F=1—lB Alsino
¢
Cuna JlopeHua = guB sina F= 1 quB sin &
¢
3akOH 3JEKTPOMar HHTHOH ddpg 1 dog
HHIYKILHE @E=——d—t— €E=—-_c__d_t.__
Cns3b 1€ DEMEHHOr O 3J/ICK T~ ddp 1 dog
HYECKOrO 1OJAst € Mar- & = —_ = —
R THEM B = Hoto — 3 ¢p ¢ di
u
WuyKTHBHOCTL L= ~zTar
TInOTHOCTL 3HEPrHH Mar- Be B2
HUTHOTO MO W, = P = T
Qopmysia ToMCOHA T =2xVIC

PeaxTuBHOE
HHe

CONpOTHRJE~
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Bopobves Hoan Henatsesuuy
3ybkoa [lagea Haanosuu,
Kyrysoaa Taruna Aasekcanoposia,
Casuenxo Oauaep fkosaesuu,
Tpybaues Anaroauti Muxatirosuy,
Xapuroros Baadumup Ipueopvesun

3AIAYH 1O ¢HU3HKE

Ioxn penakuuei O. A. Casueriko





