HAOPOT'HE IOHOIHU U TEBYIIIKH !

Mockosexuil rocyxapcTseHHsIl YHHBEPCHTET HMEHU
H.3. BayMaHa roToBHT CHIEUHATHCTOR IO BeeM COBPEMEHHDIM
Oo0aCTAM HAYKH H 3KOHOMHKH, CIIOCOBHBIX OCYLUECTBIIATS
HCCMEeNOBAHHA 1 Pa3paboTKy HOBOK TeXHHKH, MATEPHATIOB
' TEXHONOTHIl HA ypOBHE, MPEBHUUAIOUIEM JYUIIHE MHPOBbIE
TOCTHAKCHHSA.

Ecay Bu xorute momywurs 3SHAHUS u YCIICWIHO CONTh

BCTYIIUTCABHEIE 3K3aMeHbl B MITVY unu ADYTHE TeXHHUYECKHC

BY3H,, ipuxonute na IIOJTOTOBHTENBHBIE KYPCL

3ayaTna nposoXATCA 3 pa3a B HENE/DO MO MAaTEMATHKE,

QHU3LUKE, PYCCKOMY S3BIKY H JIHTEpPaType.

HPHEM HA KYPCBIC 1 CEHTAEPA.
3AHATHA HA KYPCAX 3AKAHYMBAIOTCH 20 MAPTA.
C23 110 31 MAPTA IMPOBOSATCA TECTOBDIE DK3AMEHSGI.

B BeceHHHe KAHHKYILI eKeHEBHO PAGOTAIOT IKCIPece-KypChl.
HeAcTBYIOT 32049HbBIe KYPCBI CO CPOKOM 08yyenus | v 2 roma.

Ham anpec: Mocksa, 2-1 Baymasickas yi., oM 5, KoMHaTa 201a.

TEJE®OH I CTIPABOK: 263 - 64 - 22,




Hoporoii npyr!

OuudpoBaHHbII BapuaHT BTOPOM YaCTH JAHHOTO MocoOus i noctynaroimux B BY3e1 o0nerunt Bam 3agauy noucka 3To
CTaBUIECH MOMYJISPHON Cpeid a0UTYPUEHTOB KHUIH.

Martepuall KHUTH U3JI0KEH TaKUM 00pa3oM, YTO TEOPHUSl U METO/IbI pelleHus 3a7a4 (B TOM 4Mciie 7X 3aja4, npejjiaraeMbix
Ha BCTynuTesnbHOM 3k3aMeHe B MI'TY um. baymana) OynyT mHTepecHbl aOUTypUEHTaM HE TOJBKO CO CPEIHUM W BBICOKUM
YPOBHEM TOATOTOBKH, HO ¥ TIOHATHBI A0OUTYPUEHTAM C HEBBICOKHM YPOBHEM YPOBHEM.

Knwura sta - xopommii momomauk. Ho Moit Bam coBeT: mpocTo mpodyuTaTh penieHue 3aJa4i HeJIOCTaTOYHO, MONPOoOyiTe
CaMOCTOATEILHO MPOpPELIaTh MOJOOHbIE 3a1a4M, YXKE HE 3arisibiBas B KHUTY. He Haznelitech Ha TO, 4TO Ha 3k3aMeHe y Bac Oyzer
BO3MOKHOCTh JOCTaTh pacleyaTku 3Toro ¢aina pasmepamu 2cmX3cM, XOTs Takas BO3MOXXHOCTh y Bac Oynmer. IlompoOyiite
HNOHATH METOJBI, JIOTUKY pemeHus. [loBepbre, Qu3uka - HE MPOCTO MPEAMET, KOTOPBHIH HEOOXOAMMO ClIaTh Ha OTJI. Ha
BCTYIUTENbHBIX dK3aMeHax B MI'TY, ¢usuka - 310 dyngament s opmupoBaHusi Oyayiiero mHxkenepa. Yem Oosbiie Bbl
CIENAETE CETOHSA, TEM MEHBIIE BaM MPUIETCA JI€TaTh 3aBTpPa.

YcnexoB Bam Ha sx3amenax!
C yBaxxenueM, $e® gun.

Bompockr moxxHO 3a7aBaTh Ha e-mail: ser_gun@mstu.ru
icq: 100804070

3axoaure Ha HeodurmansHbIi caiT MI'TY um. baymana http:/www.mstu.ru .

3.bl. bnarogapaoctu npuHUMaro B Jr000M Bue nocie Bamero nocryminenus B MI'TY um. baymana ;).
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PriERe.

ARYOp HaZeercs, 9To mocobue Oyaer noneseM mnA ywammxes ¢
Pa3THIBRM YPOBHEM TOATOTOBKH,

ISBN 5-93022-010-7

Yuebroe u3ninue .
Bradumup Anexcandposuy Konecnuroe
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Fnasa 8. JnexrpocraTuxa

8.1. dnexTpuaecknii 3apsg o ero csoiicTna
Tena B nprpoze CriocoGHs IneKTPHIOBaTLC, T. €. nprobperare

. drexTprreckuit 3apra. Hamaupe snexrpuyeckoro sapana pOAB A~

ICA B TOM, 470 JAPIKERHOE TE/I0 BIAUMOASHACTBYET ¢ APYTHMH 3a-
PO¥CENLIME Tenamy. CymecTayer npa BAN2 33pAJCR: HOJOEHTEh-
HLIe H OTPARATCILHEIE. 3APAAK OJHOTO 3HAKA OTTANKHBAIOTCA, A

 PA3HLIX 3HAXOB — NPHTATHBAIOTCA. B 3nekTpoCTaTHKE M3yHatoT CBOM-

CTRA HENOABWEHBIX 3APAUOB H SNMEKTPHYECKHX NOACH, EMH COAma-
BACMbIX. '

Cymecrsyer MMBRMambubii 3nexrpraeckuit 3apaa, KOTODHIA
HZ3WBAIOT JieMeHTapuLM. Yim obnasaer anemenTapras wacrima —

IeKTPOH. 3apan anexrpona € = —1,6-107'° Ku. 3apan npyroi ane-
MeHTapHOl ACTENE — npovoua paser |¢] = +1,6-10" K. Teno
JApAUKEHO B TOM CIIY4ac, KOTAA OHO COOEPXHT H3OKTOMHOE KOTHye-

CTBO JICMEHTAPHBIX “ACTHI C OAHHM 3HAKOM 3apsaga. 3apux moborg
TENA KPATEH JNEMEKTapHOMY

g=tNle, (8.1)

rie N - narypamsmoe uncio. Benmuna 3apsm He JaBHCHT OT CKO-
POCTH €rO ABFKEHH:.

Baskneiimpm 3aK0HOM JMEKTPOCTATHRH BIACTCH 3AKOH coxpa-
HEHMA 3APAAA: B 3aMKHYTOH CHCTEMe anreGpamieckas Cymma 3aps-
ZOB BCCX YACTHI OCTAETCA HCH3MEHHOM.

8.2. 3akon Kynoua

3apsDKeHHOE TENO, pasmepamu KOTOpOro MoxHO npexelpeus mo
CPABHCHHIO C PACCTOAHMAMM O OPYTHX 3ADDKERHMIX TN, HATKBAIOT
TOYEUNLIM 3apAIOM. .

BaaumozefictBre Toveunnix 33pANOB ONHCHIBASTCA IAKOHOM
Kynona: cuna mammoneiicrsma ABYX HCHOABMXKHBIX TOYEHUMEIX 3a-
PAI0B B BaKkyyme NPONOPUHOHAILHA MPOW3BEICHHIO MOAYJCH 2apa-
AOE H OOPATHO MPONOPUHOHANBHA KBANPATY PACCTOAHUA MEXXY HH-
MH. :



& |91 IIQZ'
- 2
r .

3necs ¢, M ¢, — BEIWMHHBI 3APAJOB, I — paccTosuue MeKIY

HumH, kB - xoaduument IponopuHOHAMLHOCTH. B cucreme CH

k=

(3.2)

T TR Bg = 8,85-107 d/m - snexrprveckas mocTosm-
. ‘

Has. Taxum obpasom, B crcreme CH =910 H - M? / Kn?

Cwisl B3aEMOREHCTBEA MEXTY TOYEMHRIMH sapmun Hanpas-
ACHH BRONB MPAMON, COCAHHANOMEH 3apATLL, H ABNAIOTCA CHIAME
TPUTDKCHHA, €CI0 3APAIB! IPOTHBOIIONOXHOTO 3HAXa, H CHIAMH OT-

TANKHBRHES, ECIH SAPANH OTHOTO 3HAKa,

q} 49: Ha puc. 81 H300PAKEHO, KAK B3AHMO-

ACHCTBYIOT NBA TOMCUMEIX 3apaja ¢, H

Puc. 8.1 ¢, TPOTHBOIONOXKHBIX IHAKOB.
. OTMeTHM, YTO B COOTBETCIBHM ¢
TPETHHEM 3akonoM HsroTowna :
F=F,=F K-

8.3. daexrpocraTnyeckoe noje

Henmompmicnie 3apaak! CO3MAKT B npompaﬂcrse MEKTPOCTA-
THIECKOe noJje. ['napHoCc CBONHCTBO 3MEXTPOCTATHYECKOTO nONA -
er0 JICHCTBHE Ha NIOMEWEHHEIE B 3TO MOME SNCKTPHYECKHE 33PA/bI C
HEROTOPOH cHnoi. KommuecTsennoit xaparcrepncmon ANCKTPOCTa-

THYECKOTO NIOMA AB/HETCA HAPOXEHHOCTs B |

HanpmxenHocTs 3nekTpocTaTHYeCKOro moags ects BEKTOPHAs
BE/IMYMHA, PABHAA OTHOWEHHMIO CHUIBL, NEHCTRYIOWEH Ha TOueyMbrit
3apan ¢ , BHECEHMBIH B NOME, K 3TOMY 3apaay

E=— o (8.3)

M3 (8.3) craeayer. o RefiCTBYIOMAs HA 34PAA CO CTOPOHEL AOJIA CHIA
FK = qu (8.4)

Ecmn ¢ > 0. 1o nanpasnenue Bexropa HANpskeHHOCTH COBMa-

AAET C HaANpaBICHWEM CHAB] FK, HEHCTBYIOIHEH Ha 3apas; ecifu

¢ <0, 10 crna Fy Hampasnena MpOTHBOMONOKHO BEXTOPY Hamps-

KeHHOCTH K .
HanpssxeHHOCT: NONA HE 3aBHCHT HK OT 34pAJA ( , BHECEHHOTD

B rione, MK OT cuml Fp, pelicrayiomed Ha Hero co CTOpOHE! HOAA.

HanpmxeRHocTs ONpeaenserca 3apAnaMy, CO3AIIEMH TMONE, H
PACCTORHHEM [0 TOMEK NPOCTPABCTEA, B KOTOPEIX OHO H3YHACTCA.
BHYECTEM HANPREXEHHOCTS 31EKTPOCTATHYECKOIO IIOJIS,

CO3ABAEMOTO TOMETHEIM 3apaaoM Q. B Touky, pacnonomessyio ‘
OT 3apaaa @) Ha PACCTORHMM T° , BHECEM TOMEuEHLIX 3apax ¢ . Ha

“ITOT 3apAx CO CTOPOHE! NOAS ACHCTBYET CHIIA, MOZYTL KOTOPOM BbI-

THCIETCA Mo 3axoHy KyroHa

Q]
F K = k—;.-ﬁ_ .
. Fy
Moayms vanpsxermocrs E = ? .
Oxor4aTeLHO =k 1?;'— (8.5)

B cmy4yae, KOraa nofic CO3IACTCA He OJHAM, 3 HECKONBKHMH 3a-

PANAMA, /UIX BRMHCNCHMA HANDAKEHHOCTE £ wcnomssyior mpuu-
AN CYNEPNOSHIMHE NoJieH, CONTACHD KOTOPOMY :

E= E +E +.. +E (8.6)

tne B\, E,,. . E, - HanpmDKeHHOCTH, CO3ZABIEMBIE KIKIHM 32pA-

' IOM B PacCMaTpHBAcMOM TouKe,

Ecmw 3apan He ABNercd TOMEMHRIM, TO OH MOXKET pacnpene-
NATBCA TIO 00BEMY 3aPMKEHHOTO TE/IA, IO NOBEPXHOCTH, A TAIOKE 110
HEROTOPOH MMHMM. B nepeom ciyuae pacnpeneneHue X2paKrepusy-

eTcA 06HEMHAOH ILT0THOCTEIO 3apsRa

Q
: VvV’
roe @) —3apan, a V - ofsem, no KOTOPOMY 3TOT 3apan pacmpeac-
JIEH.

Bo sropom ciyyae pacnpenencHuMe 3apana OIMCEIBAIOT MO-
BEPXHOCTHOM MJIOTHOCTLI) JApPRAA

r

p:



8.7

rae @ —3zapana S - TOWALE, [0 KOTOpOH 3T0T 3apszx pacmpe/ie-
fen. .
B 1pernem cmyuze rosopar o mumeitnoi IWIOTHOCTH 3apa1a

le

7’
rae @ —3apag a l - ATHHA RHHYK, N0 KOTOPOH TOT 3apaa pacmpe-
ACTIEH,

Tpu ssencrEme Bemomm OIHCHBAIOT PABHOMEPHOE pacnpe-
AENeHHE 3apaa.

Pasuomepuo japmxenuas cdepa pamuycou R, ma NOBEpX-~
HOCTH KOTOpO# pacnpenencH 3apan @, cospaer ACKTPOCTATHYECKOE
none. Ilycrs 7 - paccroamme, orcumThBaemos or UCHTPa cepbi.
Mpa r <R (Touxn PACTIONOKEHB! BHYTDH CHICPH) HANPIKEHHOCTL

. N S ' pu) E“—'k—lg-'. I'padmk 3amucumo-
Rl

et E(r) npeacrasnen ua puc. 8.2.
Beckonenan PABHOMEPHO Ja-
0 R r  PIDKEHHa®W NAOCKOCT: CO3maer no
Puc. 8.2 0be cTopomsi none, OAHHAKOBOE {10

MOIYM:0 ¥ Hanpasnewwio. [axoe moxe
HAIRIBAIOT  OMHOPOAHMBLIM, Monym

HAOPOKCHHOCTH 2TOFQ MO

(8.8)

TAC O — NOBEPXHOCTHAA IUIOTHOCTS 3apana.
Ana xavecreewmoro omucamms MCKTPOCTATAYECKOTO NOMA He-
HOAB3YIOT CHIOBBIC THHUH ( THHHH HANDDKEHHOCTH).
Cunosasn manus VIEKTPOCTATHMECKOTO MONR ~ 37O JTHHHA,
KacaTenbHad k KOTOPOH B KaXUION TOYKE COBMANAET C HATPABIICHHEM

sexropa £ . CumoBste muun ua PHCYHKAX RPOBOIAT. MPUACPKHBA-

ACk CNCAYICUHX TPABHA;

G

.rE.. ' E=0.Hpur>R-(‘m-nmnHe'cd)e-‘

1. I'ycrora cunoBux mummi (MHCTO MHEMI HA COMHMIY ToWa-
AH) NPOTIOPLUHOHARHZ RAIIDOKEHHOCTH.
2. Cunossie MY NICKTPOCTATIECKORO NOMA HE 3AMKHYTEL:
OHM HAHHAIOTCA HA IIOJIOMHTEIBHELX JapAjgax H 3aKAHMMBANTCE HA
' OTPHIATEIbHELX;
CCIH  OTPHIATE)IB-
HEIX 3apAloB HeT,
TO CHIOBRIC JTHHHH,
HAYMHASCL HA IO-
JOAMTCALHEIX  33-
PARax, yXoasr ma
waoaewom;
€C/IH  OTCYTCTBYIOT
HOIOXHTE ILHBIE
'apANKL, TO CHAOBLIC AHAYH OKANYHBAIOTCH HQ OTPHUATEMLHBIX 3ADs-
X, MpHX0a9 U3 HECKORETHOCTY, ‘ .
3. Crnontie jHuy 3nexTpotraTHYECKOro Mong HE IEPeCeKaloT-

b5
Ha puc. 8.3 wiobpaxenmu
CHIIOBBIE JTHMHHH DOJOXXHTE/L-

HOTO TOYEYHOTO 3apsAna, OTPH-
. DATENEHO 33psoxeHHON (paBHO-
‘ MEPHO) Chepn, nonoxmremuo

3ApORCHBOH OecroneyHOl
NIOCKOCTH.

Ha puc. 8.4 mobpanenns
CHAOBBIC JHHHM NONY, CO3xA-
BAEMOFO ABYMA TOVEYHBIMH 13-

Pnc. 8.4 PAIAMH  NPOTHBRONMONOXXHOIQ
[@dK3, DABHEIMEA IO MOIYITO.

8.4. PaGora u notemmuan IEKTPOCTATHYECKOr O
noJan

Ilpn nepememesnun sapana q B INEKTPOCTATHYCCKOM NOJNE CH-
, ACHCTBYIOINAR Ha 33PRA CO CTOPOHKI MOII%, COBEpIAET paboty.
Bora chnmt IMEKTPOCTATHHECKOTO NOMA HE IABUCHT 0T TPaeKTo-
M ABMOKEHMA 3aPRAA M ONPefENAeTCT AMims HAYANLHOH B KOHEY-
H TouxaMu apwxenns. Eciu 3apAn mepeMemacTCs o JAMKHYTOH
1EKTOPHH, TO paboTa paska HyIo.- Cneposatemue, cua INCKTPO-



CTaTHYECKOro Nons {ee HaIWBANOT KYMOHOBCKOH CHIIoH) ABjercs
KOHCEPBATHBHOI (HOTEHUMANbHOMH) TIONOGKO rpaBHTAIMONHOMN CUTe
K CHC YNIDYTOCTH. JJIEKTPOCTATHYECKOE NOJE ~ mojie KOHCEDBATHB-
HBIX CHJI. 3apsn @, BHECEHHKIH B 310 moJie, ofIanaer MOTCHLMANIE-

HoR aneprucik Wp, koropan nponopiuonansha semrmme 3apaza.
DloTeRumanoOM 3€KTPOCTATHUECKOTO MO HAILIBANKYT OTHO-
IEHKE NOTEHITHABHOH IHEPTHH 3apSaa B Noje K ITOMY 32pARY.
W,
p=—=
q ‘
IMorewiman — ckanspras sesHHHA, KOTOpas He 3aBHCHT OT 3a-~
pana, sHeceHmoro » none., Hapany c HANP/DKCHHOCTEE) HOTEHIMAN
ARIACTCA XAPAKTEPHCTHROH NOMA. OH 3aBHCHT TOMBKO OT 3APAAOE,
CO3JAXOMHX HOTE, M OT PACCTOAHHA 0 TOUEX NPOCTPAHCTEE, B XOTO-
PHIX HIYYAETCH TOMIE, __ _
ToTenunansHyIo 3nepriio 1apsna ¢ MOKHO BRIDA3HTH KAK

W, =qo¢ (8.10)

. {8.9)

. PaboTa KOHCEDBATUBHEIX CHA :
A=-AWp = '”(WPz -Wp, ) =Wp - Whp,,
rne Wp, 1 Wy, ~ Hauansnoe H KOHEMHOE IHAMCHES MOTEHIMA:-
HoM 3epruy. C/ICOBATENLHO, NDH REPEMEmMENUH 3apAa § B K-

TPOCTATHYECKOM HOIE M3 TOYKH ¢ NIOTEHIHATIOM (b, B TOMKY C FO-
TeHIManoM @, coeepuaerca pabora A =g, - g, , wm

| A=gl9, - 0,)] @.11)

Bennunny (‘:pl - qoz) HALIBAKT PASHOCTBI0 NOTEHUNATOB
HIIH HANDPRAKCHAEM,

3HAYCHHE MOTEHIMANLHON JHEPTHK M NOTCHUMANS B AAHHOH
TOYKE 3ABKCHT OT BGOpA HyNeBOTO YPORHA OTCYeTa, HampuMep, no-
TEHUMANEHAA IHEPIHA MBYX TOUCHMBIX 3apapos @ u ¢, pacnono-
JKEHHBIX HA PACCTOAKHH I, paBHa ’
szkgﬂt‘ (8.12)
rre C — nocrommmas semrmma. Ee shiGuparor Tak, wTobbl mpu
r—w Wy =0, 3romy ycnosmo yaosaereopser C = 0 .

—

IIycTE TOUCu LR 3apax @ cosnaer none. BerucTim NOTCHIM~
VI TIOJIA B TOYKE, PACHIONOKCHHOM HA PACCTOAHME I° OT 3100 3aps-
@. Ilo dopmyne (8.12) uaiiaem meprimo 34pAda ¢, BHECCKHOIO B

one: W, = k,-@g » 3 3aTeM Mo popmyne (8.9) onpenemyM noven-
r _

(HAJT [FOJIA TOYSHHOTO 3apanA;

- ¢e=£k Q i
) r

ToTesnpran TouicH, ynanemwoii ot 3apana @ Ha ouens Gomsmoe
ACCTOAHHE (1" — 00 ), paBeH Hymo.

JAnt Haxowaenws nNOTEHUMANA LONA ¢, CO3ABACMOIO He-
ROMEKAMH 32DAAAME, HCHOIL3YIOT NPHHIKN CYIEPIO3HUMK
=9+, +.. 40, (8.14)
© ®1.9;;-, P, — MOTEHUMANM, CO3MABAEMEIC 3APARAMH B pac-
4aTPUBAEMOH TOYKE.

Cdiepa pamaycom R ¢ PABHOMEDHO PACTIPC/IENCHHLIM 3aPATOM
) Ha ee mOBEPXHOCTH CoamaeT - Eme ee (r> R) norexuman

(8.13)

»=kg.Bnypnc¢epuunaeenosepximm (rSR) MOTEHNEA
BO BCEX TOMKAX OJMMAKOB H DaBeH

q)-——k% (pasen notestmany no-

BEPXHOCTH). I'padmux 3apHCEMOCTH
b r) ama Q>0 npeeesen ua
puc. 8.5,

ITorermiman nons, cozgaBaemo-
ro GecKOHEUHOH paRHOMEpHO 3aps-
HKCHHOH TLIOCKOCTBIO, H3MEHACTCH
N0 THHEHHOMY 33aKOHY B 3ABHCHMO-
. CYH OT PACCTOAHHA IO MIOCKOCTH.
OPHMED, AN IUTOCKOCTH, 3aPSDKEHHOR TOJOAKHTEITLHO,

o(x)=¢, - Ex, (8.15)
* P — MOTEHUMAR WI0CKOCTH, E -~ Moayas HANPOKEHHOCTH, X —
‘CTOAHHE OT IIOCKOCTH.

' (p(r)

Rl 2Rk

0 R
Puc. 8.5



H3 gopmynst (8.15) ClEIYET. 4TO MOTEHIMAN INEKTPOCTATH-
IECKOr¢ NoJjiA YOLIEAET B HANPARTEHHH CHAOBLIX JHHHH. 370 yT-
BC[UKICHHE CHPABCUTHBO AJIS Ji0H0re 2IeKTPOCTATHUECKOro NoJIg.

HanpmaeHHOCTs 0AHOPOAHOIO 31EKTPOCTATHHECKOO TOMA Bhi-
4uCIACTCA No opMyne

, d d
rae (cp, - (pz) — PA3HOCTE MOTCHUHANOB (HANPIKCHHE) MEXKIY TOU-

KAMM MOJA, DacHOJOKEHHBIMH HA paccrosxsumu d BAOME CHROBOR
' JTHHHH,
~ Eme omauM cno-
¢oboM XKa4eCTBEHHOIO
ONMHCAHNA . JICKTPOCTA-
THYECKOTO HOJIA ABRA-
€TCA ' NDOBEACHHE 3K-
BHTIOTCHUHANLHLIX NIO-
sepxHOCTE. . IKBHNO-
TCROBATLHAS no-
BEPINOCTL (B ciy4ae
IUIOCKOCTR — JKBHIIOTCHUMANLHAS /THHHA) — IT0 HOBEPXHOCTD, NO-
TEHIHAN BCEX TOMEK XOTOpOl o/uHakoB, Ha pucysxax sxeRmOTEH-
IMAHHEIC NOBEPXHOCTH POBOAT “CPC3 PABHOS YHCHC BOJBT. Baxk-
HO OTMCTHTE, 1O JKBEIIOTEMIMATLHLIC NIOBEPXHOCTH NEPIICHIMKY-
" MApEL CANOBRIM JHERAM. Ha puc. 8.6 mio6pameHh KapTudsl CHEO-
BEIX THHMH H 3XBRANOTCHIHANEHEX MOBEPXHOCTEH (MYHKTRpHAS JH-
HAA) JIS NONOKHTEALHOIO TOYEYHOIO 3APAAA H OTPHIATENBHO 33D~
JCHHOH ILIOCKOCTH.
B cayvae Toueunoro 3apaaa 3KBHIIOTEHIHANILABIC NMOBEPXHOCTH
- cepsi, B Cnyae 3apMKEHHON IIOCKOCTH — IIOCKOCTH,

(8.16)

Puc. 8.6

8.5. IlpoBoasHKH B AHDNEKTPHKH B
INEKTPOCTATHIECKOM N0JIe

B nposoaMHKAX, K KOTOPHIM B IEPBYIO 0YEPEIh OTHOCKTCH Me-
TAMLTHI, HMCIOTCA 3APSKEHHBIE ACTHIbL, CTIOCOBHHIE NEPEMEMATECA
BHYTDH NPOBOAHHKA TOA AEHCTBHEM JMEKTDHYECKOro nons. Taxme |

YACTHIB! HAIMBAXT CBOGOAHLIMH 3apﬂnaun B merannax cnoﬁon-,.,‘
HEIMH 3apPANAMH SBRIVROTCS IMEKTPOHM. B lov® meranna COEPHMTCA |

\‘#

i

i

10

T et

x010 10%° cROBOMHLIX 37€KTPOHOB. [103TOMY NPOBOZHHKH B 37K~
XCTATH4HECKOM HOJIE NIPOABIIAIOT CJCAYIONHE CROHCTBA.
1. Ha xoHIaX HE3apsDKERHOT0 NPOBOMKHKA II0CKE BHCCEHAR €10
INCKTPOCTATHYECKOE MOJE HMAYUHPYIOTCA (HABOAATCS) 3APAILI
JOTHBOMONOMKHBIX 3HAKOB. 3TO ABICHHS HAIKIBAIOT WIEKTPOCTATN-
ECKOH HHAYKUMEIH.

2. JMEKTPOCTATHYECKOE T0J1€ BHYTDH KAK 3apDKCHHOIO Hpo-
YIHHKA, TAK W IPOBOJHEKA, BHECCHHOMO BO BHEINHEE IOJE, PABHO
710,

3. 3apxn TPOBOIHMEA PaCcTIONATACTCA HA ET0 MOBEPXHOCTH.

4. Bce TOYKH MOBEPXHOCTH NMPOBOJHHKA HMEKOT OAHHAKOBLIH
yreHuMan,

5. CunoBpic JHHHH 3MEKTPOCTATMMECKONO IOIA NEpNCHmHKY-

AFPHE HOBCPXHOCTH MPOBONRMKA.
Paccmorpum cyuakk, worza

" HCIADKEHHRNN — MCTANNEMECKMi
map BHOCAT B OAHOPOAROE NONE
(puc. 8.7). Ha nosepxHocTs mapa
HOR REHCTBHEM BHEIMHEIO IMOAA
BOZHHMKAIOT (HHAYUHPYIOTCE) 33-
Puc. 8.7 PAIN MPOTHBOMONOKHLX 3HAKOB.

Tlo npminany cynepnosauum pe-

IBTHPYIOMEE NoAe B moﬁoﬁ TO9KE €CTh BEKTOPHAN CYMMA BHEIn-
nero mons E ® wons E , CO3TAHHOIO

HABCACHMBIMM 3apanaMe. Brytpn mapa
PE3YIETHPYIOIIAA HANPAKCHHOCTS PABNA
HyF0. Bhe mrapa oOpasyerca none, Cumg-
BBIE JIMHHH KOTOPOTOQ NEPNEHAHKYISPHEL
NOBEPXHOCTH mapa. Kaprema pesymuta-
PYRWETO IONA NPEACTABNEHA HA PHC. 8 8.
' B monexrpmxax Taxke npHcyrcr-
~>" T~ BYKT CBOGONMMIC JMEKTPOHEL, OMHAKO . MX
Puc. 8.8 KOHTCHTpaum coctanzer 10° +10° o,

T.€. JHAMMTENLHO MCHBIUE, YEM B MCTAN-

X. Aromm H MONCKYIIH COCTOAT M3 MOJCMKHTENBHO 1aDTKEHIBIX
YaCTHIl — SACP H OTPHMATEABEO 3apa-
AHCHHBIX YACTHN — InexYpowos. Sapa u
3NEKTPOHK B HEHTPANLHMX aroMax ob-
Pa3yloT CBHIAHHBIE 3APWABL KOTOpPSIT

W

-E-b-— O0—®
Puc. 8.9

11



HE MOryT NOA NeHCTBHEM 3NEKTPHYECKOI® NOMA CBOBOAHO nepeMe«
WATLCA N0 AMINEKTPHKY. B nenonsphom AMIIEKTPHKE HEHTPH
PACIPEICNEHHA MONOMHTENLHBIX H OTPHUATEIbHBIX 3apgAoB B Mojie-
EYAC COBNANANT, B NOMAPHOM JMINEKTPHKE - He COBIAXANOT.
Monekyna nonsproro AMINCKTPHKA NPEACTABIACT COBOH AMNOAL —
SNCKTPOHEATPAEHYI) CHCTEMY ABYX TOYEMHEIX 3APANOB, PABHLIX 1O
MOZ 0 i IPOTHEOTIONIOMNHBIX MO 3HAKY, ¥ HAXO/ALTHXCS Ha HEKOTO-
POM pacCTOAHHY apYT OT ApyTa.

Boewmee snexrpocratmueckoe none 33CTABILIET JICKTPONEI
CMELATECA NPOTHR NONA, HONOXKHTENbHEIE A1pa — N0 HAUPABJCHHIO
TIOMA, T.€. H3 HENONAPHOTO AMANEKTPHK - CTAHOBHTCA TTOJIADHbBIM.
BHemmee none oxkazmeaer Taxe OPHEHTHPYIOINCE BOACHCTBHE KaAK
HA DONSPHEIE, TAK H HA HENOJAPHEIE MONEKYIbL HX CBI3AHHLE 3aps-
ABI CMEIAIOTCA B MPOTHBOMIOIOKHLIE CTOPOHBL, KX COGCTBERHOE no-
S HAMPABRICHO NMPOTHE BHEUIHETO. 310 ABNEHAE HAILBACTCH IOJIS-
pH3anmHeit xuaiekTphika (puc. 8.9). _

Tennosoe aBmxerne TIPEnATCTBYET

E TOMY, YTO BCC MONEKYNM Gyayr opuen-

| THPOBAHK TAK, KAK NOKA3AHO HA PHC. 8.9.

B pesynsrare ma MOBEPXHOCTH OHINEK-

TPMKA BOSHMKACT CPA3RHHWH  3apsan

Baympu minextprka cpasamumi 3apan
pasel nysmo (puc. 8.10).

INEXTPHCCKOE NoNE B AHITEKTPHKE
CYIIECTBYET, NPHYEM €10 HANPOKSHHOCTH
B £ Da3 MEHbINC HANDDOKCHHOCTH NONA B

Puc. 8.10 BAKYYME. € - AMIAEKTPHHECKAN mpo-
HHIAEMOCTE cpeast (€ > 1),

CWia B3AMMONEHCTBHA TOYEHHBIX 33PAJ0B, PACIONOKCHHBIX
BHYTPM JHINCKIPHKA, B € PA3 MCHBINE, YeM B BAKyYME. Hanpsmoxen-
HOCTF H DOTCHLHAN, CO3NABAEMHIE CHCTEMAMH 3aPANOE, HAXO/AIH-
MHCA BHYTPH RHIAEKTPHKA, TAKKE YMCHBINAKOTCS B € Pa3 mo cpas-
HEHHIO H BAKYYMOM.

12

~

8.6. Inexrtpoemicocts. Ilnocknit KOHAEHCATOp

INEKTPOEMKOCTLIO NPOROJHUKS HAILBAOT OTHOMIEHAE 3ApS-
A3 WpOBOMHMKA @) K ero moteHuMany @

= Q ' 38.17)

: P

OmuiT mokaswisaer, 4T0 3apsn npoeoxHMEA APONOPIACHAICH
ero moreHImany. [Tosromy 31eKTPOEMKOCTS HE 3aBACHT MH OT 3apn-
A3, Wi OT MOTCHIMANA B onpeaenserca Gopmoit ¥ pasMepaMy mpo-
BOZHHKA. B 4acTHOCTH, wap pamuycoM R w sapspom Q wmeer no-
Q

1 @ ' ‘
TOBEPXHO =k—== — , MOITOMY ET0 1€ -
TEHUMAN HOBEPXHOCTH R im, R My KTpO

[C=4ns,R] (8.18)

IMEKTPOCMKOCTLIO TBYX MPOBOARMKOB HAILIBAOT OTHOMIC-

HHC 33apina OMHOrO H3 NPOBOZHHKOB K PAHOCTH NOTEHIHANOB MEXK-
AY ITHMA TPOBO THAKAMY :

Q __l9

I‘Pa - ‘le Iul

Ilnockaii Konpencarop mpeacrasnaer cobol ape NApaJIE -
HKIC [LIACTHHEL, PA3fIENCHHRIC CNIOEM JHINCKTPHEA, TONIUIMHA KOTOPO-
TO M4JIA' N0 CPABHCHHIO C PA3MEPAMM IITACTTOH.

€MKOCTE

- (819)

ono|*1 - Mpu sapanxe
= —— KOHZCHCATOpa oOf-
E, E, H2 M3 €ro ILTACTHH
PR BT oomon
1 2 —> E 1 2 yaeT MONONGATENS-
D E, HEIH 33psa, apyras
——p : ~ PaBHBI MO MO-
" IYIH0 OTPHUATE b~

Puc. 8.11 HRNH 3apsan.
Zapaaom

KOHAEHCATOPA HA3KIBAIOT aGCOMOTHYIO BEMMMHHY 3apafa ORHOM M3
IL1aCTHH. :

Iycrs S - mnowaas oxmoit 13 TUIACTHH, TOTAA NOBCPXHOCTHAS
LUIOTHOCTE 3apAAA HA KAAOH M3 MNACTHH .

13



of=2L

_. B BAKYYMC KaXOad DNIACTHHA CO3ARCT NOME C Ha-
(o] ,

npzxenkocthio E, = E, =—2l—~l—. Pesymsrrpyio-
€

[EHEE MONE MIACTHM HAXONHMM 0 OPHHUHIY Cymep-

——+——  posumn £ = E: +.|E-.:‘2 (pHc. 8.11).

P
L

A J

L 4

L 4

Croxcenme pexropos E, n E, 5 o6mactax Hu 1]

Puc 8.12  (pye [IACTHH) MPHBOJMT K pesymtary E =0 . B

. obnacru I (meyTpH KOHACHCATOPA) HANPIKEHHOCTD

YABAHBACTCH O CPABHCHEI C HANPADKEHHOCTEIO, CO3aaBaeMofi 0a-
HOM NIACTHHO#M, ‘ '

Ep

Pesymstupyromee none w306pameno na pHC. 8.12. l'locxdw noe

B KOHACHCATOPE 0KA3IAIOCKH OQHOPOAMBIM, TQ €ro HANPEKEHHOCTS
MOXHO paocmnmm no MYNC

E=

i
d (8.21)
TA€ U - pasHOCTH NOTEHUMANOB (HARDDKCHME Ha KOHAEHCATOPE),
d - paccTosHEe MeXTY mIaCTUHAME.
NEXTPOEMKACTH ILTOCKOTO KOHAEHCaTOpa
‘ €,8

C= g 8.22)

Koraa sce mpocrpancreo mexay ofwmamramu KOHAEHCATOPA
JAHOTHCHO AHINEKTPUKOM, ICKTPOSMKOCTh BO3DACTACT B & pas

101 = EC = E.EUS

(8.23)

Japsxennnii KoHaencarop obaapact smeprmeii, KOTOpYIo
BRMHCMOT N0 fopMynam '

Cuz 2
2 2t (8.24)

14

E=2F = H © . (8.20)

Enpnuna o6kema, B X0TOPOM COCPEAOTOMEHO MONE KOMACHCA-
TOpa, obnanaer Ixepruei

Wy _ SSOEz
|4 2 i
3712 BEAHYMHA HASHBACTCA MUIOTHOCTLIO

__":._*”:_ JHEPrHE  NICKTPOCTATAYECKOTO ~  DOJISL.
C, C,| ®opmyna (8.25) CTIpaBe/UIMBa ATA JIOGHIX
IEKTPOCTATHYECKHX MOJICH.

@ = (8.25) -

y—

th- KoHaeHcaTopH MOMHO COSHHHHTD TIO-
i u CNEAOBATENLHO H NAPAJIIENBHO.
s IIpr nocstenoBaTensioM CoeavHeHAN
Puc. 8.13 (puc. 8.13):

1. 3apane KOHAEHCATOPOB ONHHAKOBM:

=9 =..=4q,.

2. HaopmxeHse Ha KOROEHCATOPAX PABHO CyMME HaNpPDKEHHHA
Ha KOHACHCATOpAX: L =4, +U, +..+ U, .

3. Emrocts Garaper nocicAOBATENLEO COCTHHCHHBIX KOHIECH-
CaTopOB BEMHCIACTCA IO dopMyne
I ¥ 1 1
— S e— e — 8.26
C C-I Cz ‘Cn ( )
rae C; ~ eMKDCTS KOMIEHCATOPOB,

[pr n = 2 ynobuo moms3oBatscs Gopmy o

¢ G,
| €= C,+C,’
Opr C,=C, =..=C, =C, (eMKOCTH BCeX KOHMAEHCATODOB.
paenn C,)
c=5.
n

Tlpu mapannrersHOM CcoOeMHERUH KOR-
~encaropos (puc. 8.14); ‘
1. 3apax Garapeu paBem cymme 3apamos
KOHJACHCATOPOB:
g=q, +q,+.+q,.
2. HanpsokeHus Ha KOHICHCATOPAX OMHa-
Puc, 8.14 KOBBI-

15



i, =U; =..=U, =U.
3. EMxocTs 6atapen mapaniensto coeamHenmax KOHIEHCATOPOR
C=C +C,+..+C, (8.27)

8.7. [lpamepni peenus 3anauq

3anaqa 8.1 Yersipe monoacHTemHLX sapam 4,Q,q,Q ces-
JaHM MCTHPEMA HHTMH, Kax MOKA3AHO Ra puC. 8.15. Onpememrs
YTJBI MEXKAY HATAME.

Pewenue,

Tak Kkax weTu HMEIOT OZHHAKOBYIO JUTHRY [, 10 3apsm pacno-
AOEHH B BEPUIMEAX POMGA, YTILI KOTOPOTO O K B. o Teopeme
KOCHHYCOB MEHBINAA THATOHANME PpomGa

Puc. 8.15

d =217 - 2l%cosa = 21°(1 — cosat) = 4sin 2 % :

AHATOIYYHO BHIpaKaEM OGomporyio muaroxan:
d; = 21" ~ 2cosP = 4sin* —g—

Ha sapan q neficamyior kynonoscxue chm E n 17'2 €0 CTOPOHBI
3apsaos & . Moxymu ITHX CHN OIMHAKOBHI, 1O 3akoHy Kyroma

16

)
F =F,=F, =k!%u;-]:k%?- (|q|=q,IQ':Q,TaK KAK 1O yC-

nopmo Q>0 u g >0). Kpome Toro, na 3apal ¢ AeHCTBYET cuia

OTTANKHBAHUA F; CO CTOpOHB! JDYrOore 3apifia ¢, mpwueM

F, :kq—zzk-—i—. H, wakoren, k 3apally ¢ npwaoxeHn
T dl 4sinta/2

CHITBI HATSDKCHHA HMTEH 2-;] H f’z MOAYH KOTOPBIX PaBHel 1 , 41O

ABJIACTCA CNCACTBHEM CHMMEIPDHH PAcCCMATPHBAEMON CHCTEMBI,
CrpoemHpoBap yKASAHHLIC CHIIRI HA MCHBINYI0 JHATOHAE K YIMTLI-
Bad, "TO 33ps ¢ HAXOIHTCA B PARHOBECHH, LI0y4a€M YPABHEHHE:

2Fxcos-§—+fg -—2Tcosg:0:> F, :Z(T—Fx)cosg— (1.
K 3apany @ co croposs! 3apanos ¢ mpraokeHsr: Ape omaHa-

KOBEIC 10 Mozy/mo chmt Fy =k i—z ABE CHIB! HATSOKCHHS HMTH,
MOJZYIH KOTOPBIX PaBHw T, i cuila orranxwsanus F, co cropom

Q’ Q’
oro sapama @, mpuuem F, =k =p— %
aad P ® YU A2 T 4sin B2
POBEB 3TH CHTH Ha HOMBITYI0 AMATOHAIE, TOJTYYEM:

ZFKcos—;i+F4 —2Tcos%=0m F, = 2(T~FK )cosg— (2).

Crpoeum-

Pasznemtm  ypaewemme (1) ma YpaBeeHHE (2), TOrma
F;  cosp/2
F, cosa/2’

*sin® B/2 /2 -
qzs%nzﬁ,J :cos[}, . Tak vax B+o=1n, 1o E=E—E 7
Q7sin“a/2 cosa/2 2 2 2
cosf/2 = cos(n/2 —a/2)=sina/2 . a sin?B/2 = cos’ a/2. Te-
raa

loncraenan smavesns F, w F,, nozyuaem




2002 in o/ i
2 H
EM__——__SI““"?:(EJ =tg’a/2=1ga/2=

@’sin*a;2  cosa, 2 Q

> 2 2 2
AT 8= remis)
B=r-a.

3anawa 8.2, [lpa omuHAKOBAIX JAPTKEMHBIX INAPHKA, DOABE-
[ICHHRIX HA HHTAX OAMHAKOBOH JUTHHM, OMYCKARTCA B kepocHH. Ka-
KOB3 AOMKHA OBIT: MAOTHOCTD WAPHKOB, YT00K Yroa pacxoKACHKA
HHTCH B BOIRYXC M KepocHHE Ghul omuuaxos? usnexrpuieckas
OPOHHIAEMOCTh  KepPOCHHA €=2, muoTHOCTH KEPOCHHZ
p =800 xr/m” (puc. 8.16 x 8.17),

Pewenue,

Tak max OIADHKH HMe-
KT OAMHAKOBYID MACCY, TO
OHH OTKJIOHAIOTCH CHMMET-
PHYHO OTHOCHTEILHO BCp-
THEATH Ha yron o . K xax-
HOMY DMAPHKY HPHIOXKCHE
CRIN TIDKECTH MF . HaTs-
wcAuA HaTH T w0 ﬁx — Ky-
TIOHOBCKAA CHAA OTTAJIKHAA-
HHA (pHC. 8.16). 3amucas
Puc. 8.16 YC/IOBHA PABYHOBECHA IIapH-
K3 Ha ropw3oHTambEOe X H
BEPTARAMEHOE Y  Hampae-

JCHHA, NOJIY'IHM CHCTEMY YPABHEHHI:
{FK ~ Tsina, = 0, {Tsina =F,,
i

= tga = 1K (1)
Tcosa - mg =0, B = mg

Tcosa = mg,

18

[To ycnosmzo 3amauu npu
MOrPYKERHH B KSPOCHH YIon
PACXOKICHHA HE H3MEHMICH,
NOITOMY HE H3IMEHHIOCH H
PACCTOAHHE MEXKIY IIAPHKA-
MH, 3 3TO 3HAYHT, YTO KyNO-
HOBCKAA CHJIA YMEHBIIHIACEH B
€ pas. Harokenwe uuTH
YMCHLIOIHTCA H CTAHET paB-
meM T, Tak xax B kepocuue
HA MIAPHK HAMHHACT JCHCTBO-
BaTh BHTATKHBAIOMAA CHMA

F, (puc. 8.17). 3anncas yc-

Puc. 8.17 TIOBHA PABHOBECHS HA TE Ke
OCH, TIONy-HM:
_E_—T'smazo, TsmG.:._-;K_’
e = £ =

F, +T'cosa —mg =0, T'cosa =mg - F,

>tga—EK (@)
8 elmg-F ')
Ipupasias npassie wacru (1) u (2), noaydsm:
Fy Fy

= < mg =e(mg - F,). Obosuamm ue-
mg  e(mg-F,) _

pe3 P, IUIOTHOCTE mapuka, mafineM M =p,V  rtae V - o6vem
wapura, F, =pVg, rre p — wiorsocts kepocuma. [Toaromy

p.Ve=e(p, Vg -pVg)=p, = —8"—13 p, =1600 K/’
—

3axaua 8.3. ToHKOE NMPOBONIOYHOE KOMBIG pamiycom R pecer
MEKTPHYCCKHI 33pAN ¢ . B neHrpe Kombia pacrionoxeH oQHOMMCH-

Hlif ¢ ¢ 3apan @, mprdem @ >> g . Ompenenmurs cHIy, pactars-
BAOIIYIO KONk (PHC. §.18).
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Pewenue,

Tak kKax @ <<@ ., 10 Biam-
MOJEHCTBHEM MEXTY OTOE/LHbIMH
SACMCHTAMH KOMBUA MOXHO mpe-
HeOpeur u paccMmaTpHBaTL B3aH-
MOICHCTBHE TOABKO MEMIY INe-

MCHTaMH KONBLA H 3apsnom .
BelgendM na Komene Touewmmri
33paRx AQ, pacnonoKeHHmii Ha

Puc. 8.18 ayre
KO/In1Ed,
COOTBCTCTRYIOWICH MAJIOMY YOIy @, TO-

raia Ag = —zq—a. Ha anemenr xomeua
T

ACHCTBYIOT: CO CTOPOHH! 3apama @ xyno-
oTTamxmpanmn  F. X
ralQl_, alel

R? 2nR?

T, pacrarusaromme xonbLO (puc. 8.18). 3anucas ycnosue parnone-
cus Ha ock X (pHc. 8.19), nmomy<wum

Fy —2Tcos(£-—EJ:O=>FK —2Tsin> =0,
2 2 2

HOBCKax CHIIa

Puc. 8.19

Fy =k

Tak xax yron o man, 1o sina/2 = a/2 w nocneanee ypase-

HHE JANHINeTCH B BHAC kﬂca—’a-—ZTE:O::’T:k«lgﬂ.
2nR? 2 2nR?

3amaya 8.4. Boxpyr HEmOBICKHOrO TOYCYHOIC  3apsna

g, = +10°Kn PABHOMEDHO BPAMIAETCA [OA ACHCTBHEM KyNOHOBCKOH
CMIIbl MANCHBXHA IADHK, 3APAKEHHLINA OTPHUATENHHO. UYemy pasno
OTHOIIEHHE €T0 3apAaa X Macce (YAeALHLIE 3aPsA), €Cd Pauyc
opOmrsl R =2cM, a yraosas CKOpOCTh Bpamerms o =3¢
(puc.8.20)?7

20

Puc. 8.20

x=ma, =k

RI

faolel_

Peuwenue,
Ha Bpammaromuics wapHk ¢ 3apaaoM
g <0 H Maccoil M AcHCTBYET CO CTOpO-

HBl  3apafa ¢, CHIA  IPHTHKCHHA

Fy = kl—q}%”égl. Jra cana coobmaer ma-

PHKY LEHTPOCTPCMHMTENBHOE YCKOPEHKE
a, =o’R. Ho sropomy 3axony Huto-
TORA:

p RB
mo’R = ]El =2

= =8-10° Kuxr.
m kg,

3anaua 8.5. Ha sepruxansHoif nnacruse GoMLOIMX pa3mMepoB
IBHOMEDHO DPaClpeiencH JNIEKTPHICCKHI 3apan ¢ NOBEPXHOCTHOH
10THOCTEI0 O = 3 107° Kov'm®. Ha npuxpennesmoif x miactuue Hu-
[ DOABCHICH MANCHEKHM MAPAX Maccoil M =2 r, HeCymmii 3apan
TO JXE 3HAKA, YTO M wiacTHHA. HaliTa ero sapan, ecim muTs ofpa-
€T ¢ BSPTHKATELIO yrox « = 45° (puc. 8.21).

|

+

E
<

mg

PHc. 8.21
F, - Tsina =0,
Tcosa - mg =0

y

Pewenue.
InactuHa coimaer opmo-
pOIHOE NONE, HANPOKCHHOCTE

(o}
xoropore E = -—"—  Tlone geii-
)
CTBYET HA 3apad (¢ ¢ cHnoi

(o}
F, =Eqg= il Kpome Toro,

2g,
HA 3apAA JSHCTBYHT. CHAA TA-
JKECTH ME M CHTA HATOKCHUR

wurd T Beomumocu Xn Y
H 3ANMECBIBAEM YCIOBHI PABHO-

BECHA:
Tsina = Fy F
s tga = £ =
Tcosa = mg, mg
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99 _, o= 2EMERE s 10Tk
(o]

=>mgga =-——=
2g,

3anaua 8.6. flo KoLy paauycom R pasHoMepmo pacmpene-
nen 1apaa Q. OnpeaenuTs HANPOKEHHOCTh M TIOTEHIHAT B 1LEHTpe
KONLUA, 3 TAKXKC B TOYKE, OTCTOAMSH Ha pac-
cToxman K OT UEHTPA KONELA NO NEpHeHIH-
q KYJAPY X €ro IUIOCKOCTH.

Pewenue,
Bymem cumrate, wro @ >0. 3apaa,
pacOope/ieNICHHbI 10 KOMBIYY, HENHAA HAIRATE
q " TOYCURKM HA HOGOMBIKX paccTofHMAX oT
Komsua. Pazofsem tapan @ Ha Toucumme

Puc. 8.22 Q
3apAIEl q;ﬁ,me N —wmcno smax 3aps-

A0B. Kakmeoi ToYeyHhdl 3apa co3AaeT B LEHTPE KOJbUA HAMPDKEH-
HOCTH, MOOy. s koTopolt E = & —gz— ) |

1. JIpa ToMeyHBIX 3apapa, paéuono:xemmx Ha KOHLAX OHOIO
AMAMETPA,  CO3MAOT B NEHTPS  KOMLUA  HANDSOKSHHOCTH
) E=E +E,=0 (puc. 822). Tpn-
MCHHB AHANOTHYHBIH MPHEM KO BCeM
TOMETHLEIM 3ApANAM, HAXOAAOMEMCE Ha
KOMBIUE, HAXOMHM, YTO HANDDKEHHOCTE
B uerTpe xomua E, =0,

Kakmi zapsg ¢ B uewtpe
KONBIA CO3AAET NOTCHUMAT (= k—% :

mno MPHHEMHITY

=No=N.£L_,9
Po P R R
2. Nycre AO=Fh (puc. 8.23). B

Puc. 8.23 TOYKe A IHAMETPaNLHO MPOTHBOMO-
JIGIKHBIC TOYEHUHLIE 3apAObLl CO3MANOT

CYNEPNO3IHIHE

22

HATIPRKECHHOCTH E =E,=k g g1

(4Bf (&7 +n7)
E,=F + B,

Yerwpexyromuux ACDF - pom6, DO3TOMY
£ZCAD=/DAF = /BAO = /KAQ, te. nexro E, nanpas-
aen snoms AQO . '

Ep =240, =2E cos/CAD.

H3 ABAO : cos/BAO = cos LCAD — jg ___h

VYR* +h?

h
Tozromy Ep =2E, ﬁ Creayromas napa TodevHEIX 3a-

PAIOB JACT TAKOMH 7Ke BEKTOP EP, ¥ Tak manee. B Touke A momy-

N -
'nm-z—— Bekropos K |

N N h
creonaemno By = Br =y 2By s
h Qh
=N'k q . = k .
R? +h* JRE +h2 (RZ +h2)%

Kaxpaid 3apan ¢ cosmaer B rouxe 4 norenmuan
q

YR* +h?

Horemman touwn A ¢, = No=£k

o=k

Q
VR  +h?

3axara 8.7. Ha paccrommn d ot Gommol nposoammeit wia-
CTHHBI HAXOJHTCA TOYEYHRIA [OJIOXKHTEIbHEI dapan ¢ . C kakoit

CHIOH IeHCTBYET HA HETO MNACTHHAY
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Petucnue.

[10 3aKOHY 3NEKTPOCTATHYECKOH MHIYKUMH H3 NOBCPXHOCTH
MUIACTHHLI BOIHHKAXOT OTPHUATCIBHBIE 3apagst. M3 3akoHa coxpame-
HHA 3apg0a CHeAyeT, YITo Ha ILIa-
CTHHE BO3ZHHKAKOT H NOJOXH-
TEAbHBIC 3apAdbl, KOTOPHIE pPac-
NpeAcnenhl BA YAANCHHBIX Kpadx
nmaacTeHel.  Tak Kax IAACTHHA
BEMeeT OOMbIIME pasMEpEl, TO MO~
jJeM TIONOKHTETLHBIX KHIYLHDPO-
BaHHbIX 33PAA0B MOAHO NPEHEO-
peysb. B COOTBCTCTBHM ¢ NPHHIIK-
TIOM CYHEPHO3HUHH [OJE BO BCEX
TOYKAX MNPOCTPAHCTBA IMPEACTas-
Puc. 8.24 et co00oM BEeKTOPHYIC CYMMY

noneH, CO3MAHHEIX 3apAIOM ( , ~

E, % oTpunaTebHbM WHAYIMPOBAHHBIM 3APAZOM HA TIOCKOCTH —

—

Ei . OT™MeTHM, YTO MHAYLHMPOBAHHBIA 3apAl HE ABIAETCA TOUCUHLIM

H N0 IUIOCKOGTH pacnpefeneH HepasHomepHo. M3 csoiicTs nmposon-
HHKOB B 3JEKTPOCTATHHMECKOM IIOJNE CICXYET, YTO Pe3yNLTHPYHOWES
NONe B IUIACTHHE PABHO HYTIO H NOJ IUIACTHHOH OTCYTCTBYET (DHC.
8.24).

Tak kak o rwactusohi E, =E + E; =0=E, =-E_, e

NOJie OTPHUATEABHEIX HHAYUHPOBAHHLIX 3ADAJ0B COBNANACT C NONEM
TOYEYHOrQ OTPHEATENBHOro 3apAjga (— ¢ ), NOMEMEHHOTO Ha pac-

crosnus d mox mactunoit. Mtak, 3apan ¢ maxomirca B none B,

KOTOPOE HAX MIACTHHOH NpEeACTABAACT coboil moNie IBYX TOYSHHbIX
3apAACE, OJMHAKOBHIX MO MOAY.THO H NPOTHBOHOJOKHBIX 1O 3HAKY.
CnepoBareipHO, HCKOMAT CHIA PABHA CWIC B3AHMOACHCTBHA MEXKIY
TOYEUHLIMH 3apAiAMA ¢ H ( — ¢ ), pacHOJOKEeHHBIMH HA PACCTOAHMH

2d.

z

q
F, =k .
K=" ad?

24

- 3apaua 8.8, [lpe nnockee 0AMHAKOBEIC MAACTHHAI [IOUIAALIO

S KKNAA HAXORATCA HA PACCTORHMH C , MATOM MO CPABHEHHIO C HX

pasmepamu. Ha omuol i3 nactun HAXOAHMTCA 3apsft + q , HA APyTOi

+3¢. Onperemurs: 1) cuny B3aMMONeHCTRMA MEKAY IUTACTHHAMH,
' 2) HANPIHEHHOC

1

-  +q E, Ez +3g -2 Th  3IEKIPHYC-
I ¢ ¢ ) CKOTO HOMA, CO3-
e D ZABAEMOTO  3TOH
) tmt—p oF .

A . . CHCTEMOI,
) : T o — 3) pasnocTs mo-

N — B 4________L Ay ILTACTHRAMHY,
| < > — > 4) pabory  nmo

1 5 NEPEMEMEHHIO
sapama @ w3

Puc. 8.
‘25 Toukn A B T04-

. ky B, ecm
AB =1 w saman yron o mexay AB u nopMamao x mmcTEHAM
(puc. 8.25).

Pewenue. ‘ ~
1. [InacTina 1 cosmaer no 06e CTOPOHK OAHOPOAHOE IONE, MO~

yms wanpoxesmoctn xotoporo B, =— =~ Miacrama 2
28, 2g,8
- - - fo .
E, +q By +3q E, o:maerc none 3c HANPDKEHHOCTBIO
> < —  E=—1c q_ Pacnpepenen-
- . —— %, 26,8
—  [—*— i Ha wacase 2 3pag 3¢ maxo-
——a— |  AHICA B OIHOPOOHOM mOME C HATIPA-
> < axennocTeio K. PazoBrem zapan
. < > 3¢ ma Toueumbic 3apanm Ag,. Cu-
1 2 ma, pelcTBylomaa Ha 3apan Ag;:
, Puc. 8.26 F, = Aq,E,. Ha sapan 3q neiicr-

BYCT CHIIa



2

' 3
Fy =) AqE =E Y Aq =E,-3¢= zqs 3g= zfs-
¢

[Io TpereeMy 3axoxy Herorona Taxan xe mo uo)(ymo CHIa AcHCTRYye
Ha mnacTury 1. Hrax, Moy nmactanamu neficTeyer ¢Hia OTTanKH

3q?
2¢,8

2. B cooTBeTCTBHH C OPHHIHIOM CYNEPTIOZHIHH KANPDKEH
®ocTe mona B oboit Touke BE=E, +E,. B rome C (cnera o
TUTACTHRBL ) nonyqaei(, uTO

E.=E +E, = g 9 __ 2 :

26,8 26,8 g,8
B rouxe ) (MexOy IIACTHHAMH):

panua Fy =

ig q q
E,= -E = - = .o
p=8 ~ & 28,8 28,8 &,
B rouxe F' (cnpasa or wracTess 2):
2q
E,=-E +E, =
A £,5

PesyMETAPYIOMIEE NONE NPEACTABNEHO Ha PHC. 8.26.
3. Tak gax mone MEXAY MIACTHHAMH OZHOPOIHO, TO PaiHOCT.

MOTCHUHANOB MEXY MiacTaname U = Epd = ;qiS .
) L]

4. Pabora 3/1eKTpOCTATHYECKHX CHJI IPH NEPCMEIICEHH 3apasa
Q@ w3 Touxu A Brouxy B passa A=Q(p, —pp). Touxn A ;
N pacnosoxers Ha OAHOK IKBANOTEHIMATLHON IOBEPXHOCTH, T.6.
cpA =@y (prC. 8.23). BmecTe c TeM, Oy <@g, TaK KaK NOTCHIHA)
MEKTPOCTATHYECKOTO MONA YORBACT B HANMPABICHAH CHEOBRIX TH-

wait. Pg ~ @y = Ec(xy - %p)=Eclcosa.

Py —Pr=Py —Pp= _(‘PB (PN) -Eclcosa .
A=-QE lcosa = - 299
€y

A <0, 1 e. npu nepemenmicHry 3apina 13 A B B weofxoammo co

BEPIATE PAGOTY IMPOTHB CHI IEKTPOCTATHYECKOTO TOJIA.

lcosa . Ecma ¢ u € omHoro Imaxa,
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3axa4a’ 8.9. JIpa nporoHa ¥ ABa NO3ZMTPOHA, MEPBOHAYANLHO
ROKOHBOIMECA B BEPINMHAX KBAAPATA, paineraiorca. OTHOMCHHE WX

M
“MACE _n-t-: 2000, a zapam omaraxosme. Haifte oTHOmEHHE CKO-
. POCTeH OPOTOEOB ¥ NIO3HTPOHOB HOCHE MX pasnera (Ha GecKomeHo-
iCcTH) (pHC. 8. 27
i Pewenne.

[osurpon — >neMeRTapHAR YACTHIA, MACCZ KOTOPOR pamla

Macoe 3ACKIPONA, €¢ 3apAd TONOMKHTENEH M pameH
e op M-lE107I

H3 cHMMeTpHE 33034H CICAYET, MTO Ha

a MPOTOMS! H MOIHTPORK B TOT MOMEHT, XOTAa

OHH PAacUONIORCHN B BEPIIHHAX KBAADATA,

+  JCHCTBYIOT OMARAKOBHIE CHARL Tak Kak Mac-

p a e -

€a NpOTOHOB MHOIO OONBINEG MACCK NOIM-

Puc. 8.27 TPOHOB, TO CHAMANA PA3NCTATCH HO3ATPOHH,

a 3areM — NPOTONH. BrrmciamM moTeHmE-

ANLHYIO IBCPTHIO, XOTOPOR 061ANAI0T NOIATPOHEL, BAXOMACE B BEp-

IIHHAX KBAAPATa. JHEPrEd BIAHMOACHCTBHA NOZHTPOHOB MEXIY CO-

) _
Goii k—ej_z_' rae @ — CTOPOHA KBAAPATA. DHCDPIHA BIAHMOACHCTBHA
a

MEKTY . IPOTORAMHA H THO3ATPOHAMK paBHA

z 2 2
2(k%—+k—}=4k—e—-. Taxem 0bpa3om, moTeMImMansHas uep-
a a

2 .
e nosurposos Wy, =kh—— +4k -e— =k (—-i— + 4) . Korna
aJ_ a

7z

HO3HTPOHE! OKAXKYTCA Ha 6ecxone-mocm, on# OyayT obnanats Tomp-
, ) _

my; 2
KO KMHCTHMECKOH suepruei W, —2—-—2—— mv;, roe v, — cxo-

pocrb no3uTponoB Ha Gecxonewmoctn. [o 3akomy coxpanemis IREp-
i Wo =W, = k-——(-—-l- +4J.=mv'1 =
. a

V2
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2 :
=, = Jk?—(-—l— + 4} . Tocye TOro, KaK MO3HTPOHKI PA3NETAT-

ma\ 2
’ 2

: e
Cs, NOTCHIMANbYAY 3Heprux mporonos Wpo, = & 5 Iocne pas-
. a

Jier? Ha OecKOHEYHOCTH oHM OyAyT oOJajaTs TOXBKO KMHCTHICCKOH
Muv;

aneprueit W, =2 = Mv?, rae v, — cxopocts npoTOROS,

INo 3axoHy CoXpaEeHHA 3neprm:

2 e’
==, = k .

a 2 Ma-2

WP2 =

Hcromoe o'l?lomenne: :

LT L C— ~Jﬂ—-—1 =0,01
v, M‘l4+1/\/§|72 Maf2+1

3ana4a 8.10. B rockuit xoxgencarop ammaoi L = Scm sae-
TACT 3NEKTPOH MOA yraoM o = 15° x miacranaM. InexrpoH oGnaxa-

er snepreeli W =2,4-107" Jix. Paccromine mexay FLTACTHRAMM

d = 1cM. Onpefenms BeTWHANY HANDOKEHAS HA IUTACTHEAX KOH-
JIEHCATOpa U4, IPH ROTOPOM 3/ICKTPOH NPH BRIXOAE W3 nnacTuH Gy-
ACT NBHTATLCS MapaiuiensHo M (pHc. 8.28).

Y a | - Pewenue.
U, ‘ - 75 - Ilyem» v, - HavanbREAdg
" CROpOCTH  Jmexrposa. Ero

X muv?

QY \a —> sHepran W = 20 , The
TE . m - macca nextpoHa. Ha
: ¥ ‘INEKTPOH ACHCTBYET CO CTO--
FY ‘ ponut o cuna Fy =|e|E

rme E - SOKEHHOCTE
Prc. 8.28 . -

B momofmenx 3amawax
BeHCTBHCM CHJI TADKECTH Ha 3EMEHTAPHBIC “ACTHI MOXHO NpeHed-

28

peus. Pasnodxmy croxmoe JBIDKEHHE JNCKTPOHA HA B3 NMPOCTHIX:
BAOMs ocH X, MADANNENEHOMH SUIACTMHAM, K BAOML OCH ¥ , NEpIeH-
Ky AaprOH nnactusam. Hawano cacremu xoopmumar O nomecrim
/B TOYKE BJICTA JICKTPOHA B KOHAEHCATOD. HavansHeie KOOPAMHEATH
ﬁmmpom X, =0,),=0;, ero mavammme cxopocr
i { Ugy = UpCOSQL, Vg, = UySING . Yexoperne a, =0, ceosaremuo,
‘B manpannerin X ABHKCHME ABIACTCH HPAMO/MHEHHEM DaBHO-
MCPHRIM,

Ycxkopenne a -——";--—-—-—-const CnemoBarensto, ABH-

ACHUE 0 OCH Y AB/IICTCA PABHONCPEMEHHRM.
3aKOHBI ABMAXCHRAS N0 OCH X
v, (t)=v,cosa, x{t)=x, +v,, [t)="v,cosat.
3aKOHM IBIOKCHHS HO OCH ¥ :
fE,

v,(t)=v,, +a,t= vosmu.—

a, t’ ) Et?
y(t)=y, +v,t+ -—---—"2 = D,sinaut ~ 'elzm .
HcxmoysB H3 BTOPOTO YPABRCHEA BpeMs f = H HOf-
v,cosa
CTABHB ETO B MCTBCPTOL, TONYIEM
2
Y = v sina d _HE' i nxtga—ﬂ—-xz.

pgcosa.  2m  y,lcos’a 2muv,’cos’a

310 ypaprerne rmapatomLl. M 70Ka3a/MH, 970 SapHKEHHAT YACTHIA,
BJCTCEINAA IOA YIIOM K CHIEOBHIM JRHHAM OXHUPOJHOrO NOAf, ﬁy-
IET ARMTATECA B 3TOM MORE 0O Napadone,

B 1ouke sunera v, = 0,x = L, noaromy

Iel

Jv,sina — —¢=

vycosat = L.
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BbIpa3HM W3 NOCNEOHErO YPRBHCHAA BPEMSA NpoNieTa INEKTPOHA

HEPE3 KOHAEHCATOp: § = . M3 nepBoro ypapuerHs Haiem

v, cosa.
HANPOKCHAOCTE HOJIA B KOHICHCATOpE:
myesine. _ mugsine.  mu,°

E= = =—2L_. Isinacosa =
lelt o L 2L
U v cosee
.
0 1 o W
=3 I‘-’IL sm2af }e]L sm2Zo. .

Haupsmxense B2 niacTHHax @ =FEd,r.e.

d W .
E-Hst;:.-ISOB.

3anaua 8.11. Zlpa xompencaropa, emxocr rotopsx C, u C,,
COCIMHCHBI IOCHCIOBATE/BHO M NOMUNCYENN K HCTOYHRKY C Ha-

opsoxeateM 4. Onpenemirs HANMpOKCHHE H3 KOHACHCATOPAX.
Perwene,

IlycTs 4, B U, — manpoxeHns na KOHASHCATOpAX, TOTAA 3api-
m wa, wex pasest Cyu, w C,u, . Hcnomays ceoiicTea nocneopa-

TCIRHOIO COCAHMCHMA KOHICHCATODOB, MOAYMHM CHCTEMY ypaBHe-
O

u ——C-"'—u y, = 1%
C,z;,:(,'zuz',z:> e, " - ‘T +cy’
thti, =4, u +9—'~u =u u LG

e, T Y

3ana4a 8.12. Onpenemurs passocrs HOTCHIHAIOB MEXAY TOY-
xamu A B B g cxeme, wioGpaeruolt ua prc. 8.29,
Pewenue,

Tpocrasam nonomemrensuo Touxn M # N sa cxeme. Kon-
neacaropsl C; u C, Cocaumensr mocne nOBATEINBHO, HANPOKEHHE HA

30

HHX PaBHO PA3HOCTH NOTCHUMANOE MeXAY Touxams M u N -

Py — Py =& . B Hamedt janaue
~ 4 - +{¢M_(p8=817 7
’ Czl'_ s~ @y =€;.

N Hocne crnomemms smux ypammemit
I Halifiem, 1o

) Hanpsxenue Ha KosgeHcarope
Prc. 8.29 C, paswo @, - ¢, =u,. Hanps-

 Menue ma xougewcarope C, pasmO @, — @y =u,. Toraa mo
* CBOJCTBAM TOCHEOBATEILHOTO COSTHNEHHA KOHSHCATOPOR MOXKHO

COCTABHTE: CHCTEMY YPABECHMIH;
u +u,=u=g, +€,,
Ciu, =C,u,.
Bocnons3osasmmcs pesyastatamu amavme 8.11., mafinem

u =880 (€ +E,)C

C +C, ¢ +C,

Hrax,

Pr — P =& £C -&.C
{ M B_ l=>‘PA_‘I-"Ja:‘c;l“‘“l=‘}C'l ___Cz___z.
Pr — Py =Yy il 5%

3ana<a 8.13, Kouncucarop emxacrsio C, npa momomm nepe- |
xkmovarens K npucoenmESOT crayama x barapec ¢ DAC E, a no-
TOM K HC3APTKEHHOMY kouueHcaropy emkocteio C, (puc. 8.30).
Hitfri 2apan, KOTOPAIk NOABHTCA 1A KOMAEHCATOPE C,.
) K Pewenue.

l ® | iycts kmou K paxomprres
€ C —L_C, B JNCBOM NONOKCHNH, TOT/IA KOH-
- aexcarop €, nogcoemmuen
werounuky 3/C; xompmemcarop
C, or acrowmmmxa orxmoven

Prc. 8.30 Kounencarop C, sapwxaerca no

31



Hanpsokeras €, ero sapan ¢, =CE .

IlepeGpocHB KIOY B NMPABOE NOMOMKEHHE, Ml OTCOSAMHACM HC-
TOYHHMK OT KOHACHCATOpPOB, ofpajyercd 3aMXEyTad Hellh H3 ABYX
xomaencaropos C, ® C,. Komnencarop C, 6Gyner paspmiarscs,

vouzeucarop C, - sapsoxarses. Iponece nepepacnpeacicHny 3apg-
O08 NPOMCXOZHT JO TEX NOP, MOKA MOTCHITHAJLI BEPXHAX H
IACTHH KOHASHCATOPOB HE CTAHYT PABHRMH. 3HAMMT, H PAtHOCTH
DOTCHIMANOB  (HAIMDWKCHMA) H3  KORJCHCATODAX  PaBHAI
¥, =u, = 4. Ha xounencarope C, ocramerca 3apan Ciu, a m
xorzencatope C, nossurcs sapaa C,u . Tlocne oTkmouenna uc-
TOYHAKA KOBACHCATOPH 00pa3yiorT 3aMKHYTYI0 CHcTemy. ITo 3axoHy
COXPAHCHHA 3apAnA

Ce
g, =Cu+Cu=CE=(C, +C,)u=u =G +C,
Ha xonpencarope C, noseurca 3apan
_CC.E
7 =Cou= C +C,’

3anaua 8.14. Konnencarop emxoctsio C) =4 Mx® 3apsoxen 10
pasHoCTH noteHmuanos U, =10 B. Kaxoii 3apanx Gyzer Ba mwiacTuHax
ITOT0 ROHASHCATOPA, ECTIH K HEMY HOAKMOUKTE APYIOH KOHIEHCATOD
emkocTeio C, =6 Mx®, SapDREARbI 40 PasHOCTH NOTCHIHMATOB
i, =20 B? CoeuReHE! NITACTHHD], HMEIOMIAC 3aPSIhl PA3HEIX JHAKOB
(puc. 8.31).

Pewenue.
R C, - Do coemmueRms  3apax
C “ NepBOro " KOHAEHCATOPA
1

q, :C]u], a 3apsa  BTOpOTO

-1+ .- ; ' ‘

” ‘ q; =C,u,.

c, . C, [Mocne COCAMHCHEA TUMA-
noce, CTHH TPOROAHHKAMH HAMMHALT-
COCTRHEHHR coeanHelnz A TEPEPACTIPEACTICHHE 3aPAOB
' Puc. 8.31 maacTHH. Kax oTMeuanoces B 3a-

mage 8.12, ator mpolecc mpo-
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- AORAACTCA R0 BEIDABHMEBAHKS NOTCHIMANOB. MPABLIX K, COOTBETCT-
- BEHHO, JICBBIX IIRCTHH. 3HAYHT, IOMIE NEPSPACHPENCACHAS 3aPINOB
PA3HOCTR NMOTERIHANIOE HA KOMJSHCATOPAX PABHE! U . 3apsx MEPROTO
mmucampa crarer pasasM C,u , a Broporo - C,u.
Tlpaswie mnacTREL KOHACHCATOPOB (KaK M JCBME) ofpasytor
mym CHCTEMY, TIOITOMY anrebpaHyeckas CyMMa HX 3apaioB
- IETOAHHA. JI0 COEMHEHEA CYMMa 3aPAJOB OPABLIX NIACTHH DABHA
g, —C\it; >0, nocne coenmperms: Cu+Czu € +C)u.
ACM YPABHCHHE:

A C,u -—Cu
Cu, - =(C,+CJu=> u=-"22_"171
U, ~Cuy ( 1 z) ¢ +C,
3apazx meproTo KOEAERCATOPA
C,(Cu, -Cu,) _
’=Cu: ] 22 1% :32_105 ‘
ql 1 C C H KH

. Tpasmie nuacTHE 3apa:na-rcx MOJIOKATCALHO, A JICBHIC — OTPH-
--Ji‘mmm .

3anava 8.15. [Tnockril KORAEHCATOP 3ANOMHEH JTITEKTPHKOM,
npbmeuocrb KOTOPOTO 33BHCHT OT HANPDKCHHS HA KORJIBHCATOPE

eC no sakoHy € =a¥, rie a=1 B IMapamemuo

. ITOMY KOHACHCATOPY, KOTOPhLi BHAYANE HE 3aps-

‘ KCH, TONKMOYAOT TAaKOH e KOMACHCATOp, HO Ges

: JWINEKTPHKA, KOTOPHH 33PMKSH A0 HANPIKCHAL

C U, =156 B. Onpeae/mTs MANDSKEHHEE, KOTOPOS Y-
- TAHOBHTCA HA KOHISHCaTOpax (pHC. 8.32).
c mec 8.32 Peuienue.

s — EMKOCTE KOHIEHCATOpa 03 AMdICKTpHRA,
Cuy — mavamsenii 3apsz Ha ves, 6C ~ EMKOCTS RORACHCATODA
mm::rpnxou Tocne coemumenns XOHACHCATOPOB HA HAX YCTAHAB-
OMIMHAKOBOC HATDAKCHHS U, 33PATH KOHICECATOPOB CTa-
. n Cu u eCu=au’C. o saxony COXPANCHRA 3aDAA
mmﬂneu YPaBHEHUE:

Cuy=Cu+ou’*C=>au’ +u—-u,=0.

' ',.§§r, -'l‘ .‘:".i: -
HyY
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Pemas 3ro xsampaTHOe ypaBHeHME M yuWTBIBad, ¥T0 U > 0,

—1+1/1+4au0 ~12B

plel

HAXOMHM: U =

3anausa 8.16. MexIy MIACTHRAMH NWIOCKOTO BO3AYIIHOLO KOH-
AcHCaTopa (PacCTOAHME MEKIYy NNACTHHAMH d, MIOMAXS KANIOH
IUACTERL S') BBOAMTCA MAPANTENBHO IUIACTHHAM META/UTHYECKAA
IUIACTHHKS, TOMIHHA koropoit d, < d . OnpeaemuTs eMKOCTS moMy-
YHBIIETOCH KOHAEHCATOPA.

Pewenue.
Tpemnonoskum, 410 HA [UTACTHHBL Kom:encaropa, B KOTODHIH

BBEJCHA IUIACTHHKA, TIOJAHO HANDAKCHWE, TaK KAK MEKTPOCTaTHIe-

+ - + - ¢ o

N
+
i

Y
+
Y

c::}- - [

. o} c,
P <
x4

Y
+
A 4

v
F 3
b, 4

d-d —=x x d-d -x

a) )
Puc. 8.33

CKOE MOoJe HE NPOHKKACT BHYTP: METAJUTMMECKOrO NMPOBOIHMKA, TO
NOMe BHYTPH KOHACHCATOPA CYMIECTBYET TONEKO B NPOCTPAHCTBE, HE
3aHATOM IIacTHRKOH (puc. 8.33a).

Ha mosepXs0CTH NIACTHHKE HABOJATCA 3aPAABI PA3HRIX 3HAKOR,
"HO BC IIACTMHKA NMPH 3TOM ABMIETCA NOBEPXHOCTHK) PABHOIO MO-
TexuuAna (3KBHNOTEHIHANEHOK nosepxHoctbio). [Tosromy KOHICK-
CaToOp C BECACHHOH METa/UTHYCCKOH IACTHHKOH IKBHBANCHTCH JIBYM
NOCHEAOBATENRHO COCHHCHHBIM KOHZCHCAaTopam (pHC. 8.336), Em-

€S

d-d ~x

C pruMcnserca 10 GopmMyse Ay NoCcneAoBaTenbHOIC COSAHHEHUA:

5,9
xocrs C, = -2, a emxocts C, = . Hcxomas emxocTs
1 o 2

34

1 1 x d-d -x d- £,8
—_———= + 1 = d] =0=—2"_
‘ I(ax BUIHO, eMkocTe C He 3a3BHCHT OT X, T. €. OT TOIO, B Ka-
KOM MCCTC BBEAEHA ITACTHHKA, EcmiW TOoMmmMHA nmnacTuHxe Mmam

(di - 0), 10 eMKoCTS KOHAEHCATOPa HE HIMERSAETCH.

|

1
c

3anava 8.17. B miockait BO3AYIIHKI KOHAEHCATOP C PACCTONS-
d MeXOy MIACTHHAMH BBOAMTCE TAPAILICHLHO HM JHIICKTPH-
1 IVIACTHHKZ, TOMOMHA kotopoii d, <d. Onpepemums em--
. KOHICHCATOPA, EC/TH JHIACKTPHYECKAd NPOHMUAEMOCTL MaTe-
IIACTHHKH ~ £ , IUIOMAAb IUIACTHH H IVIACTHHKA — S .
Peiuenue.
¢ TlpenmonoxwM, 4T0 Ha OGKIANKY xon.ncncampa C IHICKTPH-
'KOM NOJAHO HANDDKEHHS. DNEKTPHYECKOE NMOAE NMPOEHKAET B JH-
,ranempmc, HTO IPHBOXHT K BOJHHKHOBEHHIO CBAIAHHEIX 3ApANOB Ha
‘ero moBepxHOCTH. ECIH NOBEPXHOCTD ILIACTHEKH NOKDEITE OYEHE
”mnmm OPOBOAAIIEM CIOEM, TO, KAK NOKA3aHO B 3ada4e 8.16, Ha ero
“TRBEPXBOCTAX TOABSTCA 3aDANH MPOTHBOMOSOKHEIX 3HAKOB. J7ek-
* TENIECKOE TIOJIC B KOHICHCATOPE HE HIMERHTCA, KAK HE HIMCHHTCA |

Y -t -

+ -+ + -

B =
. >

A 4

%
\

2

= I -

v

k 4

\\\\\\

Cl CZ !CB
i d-d -x x 4 d-d-x
e Prc. 8.34
3;'cm,g¢mcocrb B 3T0M CiTyyae 06pasyioTcs TpH OCTEAOBATENBHO CO-
emerumx KOHICHCATOpa, emkoctw  koropsix: -C) = ?—-S~
IR x
, _BE,S €03 '
y T —— = —————— (puc.8.34). O6myio emxocts C na-
S d, Td-d -x ® )
¥oxmM no Gopmyae:

i



L1, 1,1 _x & dod-x
C C C, C &S e,8 €8
1d—¢+_4‘=ad+0-Q¢:$C= 85,8
€S  EE,S gg,S sd+(1-¢€)d,
EMKOCTE KOHACHCATOPA C AHINCKTPHYCCKOH MIACTHHKOH HE 3a-
BHCHT OT X, T. €. OT TOr0, TA¢ BBEJCHA IUTACTHHKA.

+

3anaua 8.18. Mexay mIACTHHAMH IUIOCKOIO BOZAYHIHOTO
KOHACHCATOpPAa MAPAUICHSHO WM PACHOAOMKEHA [UIACTHHKA M3
AH3CKTPHKA € JMAUICKTPHYECKOH NpoHMIaemocToio £ =2. Ee
TOMMRA BIBOE MEHRMEC pPACCTONHHA MEXAY ILNACTHHAMM
KOHACHCaTOpa. KOHACHCATOD MOAK/DOYEH K HCTOMHNKY NOCTOAHHOTO
HANpAOKCHAA U . TINACTHHKY MIBICK3IOT M3 KOHAcHcatopa. Kakyio
pabory nPE 9TOM COBEPIIAKOT CRIK 3NEKTPOCTATHYECKOrO LOMA
roHaeHcaTopa? PaccMoTpeTs aBa Clydas:

a) IVIACTRHKY H3BACKAIOT MOCAC OTKIOYCHHA MCTOMHHERA;

6) MAACTHHKY H3BNCKAIOT NMPH NOAKMOYEHHOM HCTOYHHKE.

Emxocrs koHzeucaropa Ge3 nnacTaam pasgaC, .

Pesuenue.

S - momams wmcrHe, d — paccrosnue MEXAy HMMH, TOTI3

€,
C, = T Korza meonexkTpHYECKad IUEACTHHKA HAXOAMTCA B

g, S

sd +(1-€)d,
45,8

Mpn =2 u d, :g C= :z :%C 3apax koHgeHCaTOpa

Cu?

Q=Cu=gcou, 4 €TI0 3HCPrus m =—=

KOHASHCATOPE, ero eMkocts C = (cM. 3azaqy 8.17).

-

ECOuZ. Ecnmu uc-

TOMHHK OTKNOMEH, TO MPR MIBICYSHHH IUIACTHHYXH 34PAJ KOKAEHCA-

TOPa OCTAHETCH MOCTOAHHEIM, 3 €ro eMKOCTh ymensmutca no C .

370 NPHBEAST K YBEAHMCHHIO JHEPrHH KOHICHCATOPE, KOTOpax
8

2 .
craner pasoit W, :ZE’C—: gcouz. Hsmenewue  3mepruu
1]

A
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: ' 2
AW =W, - W, =:£—;’-Cﬂu2 >0 . Tak xaK HCTOMHHK OTK/EOYEH, TO
paboTa  KOMCEDBATMBHBIX CHJI  2MEKTPOCTATHMECKOrD  MOIA
-2

A=-AW = ——Couz, Bhemmze cmmm npr  3toM  GyayT

HPOH3BOAMTE PABHYKO N0 MOIY.TH NONOKHTEILHYIO pabory.
) Ecmu uCTOYHHK OCTAETCS MOAKMIOUEHHBIM, TO HANPAKCHHE HA
- KOHTEHCATOPE NOCTOAHHOE, & €T0 eMKOCTh Ymerbmaercs a0 C, . Jro
' OPMBOZHT K  YMCHSUIEHHIO  SHEDTMHM  KOH/CHCATOpA  JIO

;WZ'nCu

. I3MeHCHHE JHEPTHA B 3TOM Cnyae

AW:WZ'-—W =~%Cﬂu2<0- Tak  Kak  eMKOCTE

KOHJEHCATOPA YMCHBINMTCA, 4 HANPSOKEHHE HA HEM NOCTOAHHO, TO
-3apan konzeRcaropa ymensmmrea 10 Q' = Cu . UsMenenne sapam

L ' I
AQ=Q —Q:Cou—gcﬂuz-gcou. Cnenoparensso,

HCTOMHMK COBCpIHT pabory A, = AQu = —%COUI.

Mo saxony  coxpaseEMA JHeprud ora pafora mger ma
H3MCHEHHMC SHEPIHE KOHACHCATOPA M Ha paboty cun mona A

A=A+ AW = A=A, —AW:-—%CQUZ w[-%COusz

= ».Ecouz . BHEIINAC CHIBL OPUICKEHHWE K AWOICKTPHYECKOH

fINACTHHKE, MPOM3BEAYT  PABHYIO IO MOLYIHO NONOXHTEMBHYIO

;paﬁory_

- 3azaa 8.19. OnpenenuTs 3apAxs! KOHISHCATOPOB B cxcMe no-
Kazamuol Ha puc. 8.35. '
- Pewenue
~ Tlpocrasum 3uakm 3apsaop wiacTvd. OBO3HAYAM HANPOKEHS
'BA KOWIGHCATOPAX T),U, U, . 3aDAMBl KAKIOTO KOHACHCATOPA PaB-



q, =Cu,,q,=Cu,,q,=C u3 Tax KAK TPH ILACTHHB! CXOOSTCA B

M N E OFHOI TOuke A, Henocpeacr-

; BCHHO HE NOAEMHOYCHHOH K HC-

£ {’" s cﬂ e TOYHHKAM, TO HX CyMMAapHRI
2

1 - 43- 3apsa papeH Hymo. ITomysaem
- ‘ -

e
C A

YpaBHEHEE!
C2 .

Ciu, +Cou, -Ciu, =0 (1),

OO6xoaa 3aMXHYTHIL KOH-
wp MNAKM no uacosoii
CTPENKE, TONYYAEM YpaBHEHHE

Pnc. 8.35

€ =u,+uy, )
Obxona samxuythii xoHTyp AFENA 1mporwe wacosoi

cTpemku, noxy4EM ypasuerue £, = u; +u, (3).
Ypasrerns (1), (2) u (3) obpasyiotr cucremy:

Cu +Cu,-Ciu, =0 D,
€ =u; +y 2), <
By =Uy + U, (3),.
had U, =&, —u;,
C\(€, —u;)+C, (€, -u; )-Cyuy =0.
CE, +C,E
M3 DUy = TR
TPETLETO YDABHEHM RAXOMM: Uy C,+C, +C.
' G,E +CE, (.8,
T U =€, -u, =
o th =5 T C, +C,+C,

C,+C,+C,
3apsapl KOHACHCATOPOB HAMAEM, YMHOXKHE HANDHCHHS HA CO-
OTBETCTEYHIIME EMKOCTH.

u2 =82 -
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Thaea 9. 3axkonu BOCTOAHHOIO TOKA

9.1. 3.ne|rrpmlemmii TOK

. IAEKTPHIECKHM TOKOM HAIHBAIOT YIOPSAOHCHHOE TAMKCHAC
CBODOAHRBIX IMEKTPHHCCKEX 3aPAIOB BAOTL NMPOBOJHHE. 3a nanpas-
NeHHE TOKA NPEHHMAIOT HaNpaBICHHOS JBIDKEHHE NOJOKHTEIBHO

. JApOKCHHEIX 4acThl, Ecnd 10k 06pazopaH ABIDKEHHEM OTPHUATEND-

RO 33PMKEHHEIX Y4CTHI, TO HATPABIEHHE TOKA CYMTAIOT TPOTHBONO-
JNOKHBIM HAMPABICHHIO NBHKEHHSA ITHX YACTHIL

INEKTPUMCCKI TOK MOXET TMPOM3BOOMTH TeIUIOBLIE, XHMEE-
CKHE H MATHHTHRLIC ACHCTBMA.

KoneyecTBeHROR xapampacrrmoﬁ TOKA ABNAASTCA cu.rla TOKA

=—_=const| ©.1)

rae Ag - japan, DpOmEANIMIE Yepe3 MONEPEHHOE CEYEHHE MPOBOI-

“HEEa 33 Bpema Al. EcoM cHaa TOKa © TEUEHHEM BPEMEHM HE MCH:A-
. €1CA, TO TOK HA3HBAIT ROCTORAHEIM. CHia TOXA 3aBHCHT OT 3apAja

g, vacTHu, o6pasyiOmEX INCKTPHYECKHN TOK, KOHUCHTDAIEH 7

- ITHX “MACTHL, CKOPOCTH U X YIIOPANOMCHHOTO ABIDKCHEHAL, ILIOMIAIH

S TONIEPEHHOTO Ce4EHNA MPOBOHAKA B BRIPAXKACTCA (HopMyoiL;

I=|g,|pvS 9.2)
B ofimem cyuae TOK HE ABMACTCA IOCTOAHHAIM, €T0 MTHOBEH-
i(t) Hoe 3Haverme i(f) ecrs mpomssoamas or sa-
1 B C paaa q(t) TIO BPEMEHH:

~ i(t)=q't) ©.3)
' : I’chn._ 330aHA NPOH3IBONLHAHY IABHCH-
Al !B mocrs 1oxa ot Bpemenn i(t) (puc. 9.1). 3a-
; . tT P24, MPOTEKAIOMMI Yepe3 MONEPEUHOE CeYe-

1 2

HHE NMPOBOJHHKA 33 NPOMEKYTOK BPEMEHM
At =%, ~1,, 4MCHEHHO paBeH mIOMANK
xpHBoOHMHelHoH Tpaneumn ABCD :
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Y
q(t)= S a5cp = [ilthit . (9.4)
h

ILE0THOCTLIO HJIEKTPHYECKOI0 TOKA HAKBAKT OTHOMCHHCE
CHAN TOKA { K ITOMAZH NONEPEHONO CEYEHAA MPOBOIHIKA S °

. I
= 9.5
J S (9.5

Jinf BOIHMKHOBEHHA ¥ CYIIECTBOBAHKA HOCTOZHHOFO 3MCKTPH-
“€CKOT0 TOKA B BELICCTBE AO/UKHEI BHITOHATHCA JBA YCAOBHA

1.B BemecTae nouokim OpECYTCTBOBAT CBOGOIHLIE JapA/IRHI.

2. Heobxomuma cuna, NelCTBYIOIAR HA 3apaisl B OTpeJeNeH-
HOM HANPABIICHHH. _

B Meranmax, HanpHMep, CBOGOAHBIMM 3aPSIAME SBISIOTCA CBO-
Bogxsic SNCKTPOHBL )M CO3nANMA CWIEL, JEHCTBYIONIEH HA 3apAILL,
K KOHIAM MPOBOJHMKA HNPMKMAZLBAIT MOCTOAHHYIO PA3HOCTS MO-
TCHIHAIOR. B pesynsrate B MPOBOMHHKE BOIHEKACT 3NCKTPHUECKOE
MONE, KOTOpoe JEHCTBYET Ha CBOOONHHC 3apaabl ¢ cuuroi

F=|g,|E, rre. E - manpmoxessocts nons, B1a cuia 3acramaser
CBOGOIHEIE 3APANEI CMEIMATECA BAGAL HPOBOXHHER.

9.2, Conporupnerne nposoannxa. 3axou Oma ans oa-
HopoaHoro ysacria uenn. Ilocneaosarenchnoe u napan-
JAeSIbHOE COSAHHEHHE NPOBOIHHKORB

[IpoBoank xapaxrepusyercs CBOMM conporupienmem K
INCKTPHUCCKOMY TOKY. CORNPOTHBACHHME NPOLOARHKA 3ABHCHT OT €10
Pa3MEpOB, 4 TAKKC BEIMECTBA, W3 KOTOPOTO OH M3FOTOBNEH, H pac-
CYMTRIBAETCA IO PopMyne:

{
R=p 3 (9.6)
rac | — pmena oposommmxa, S - WiomaTs MIONEPEHOND CCHEHNS,
p- YJI&JH»HOC COMPOTHBIICHHE.
DIEKTPHYECKOS CONPOTHBICHHE METALTHHECKHX NROBOIHM-
KOB C POCTOM TEMNEPAaTyph! BOIPACTAET M BbIMMCHAETCH NO opMy-
ne;

R(#)=R (1 +at), (9.7

40

ctme Ry - conpoTHRIEERe mpoBomHKa mpH 0°C, ¢ — Temnepary-

pa °C, ot - teMnepaTypubiii KO3((HIHEHT CONPOTHRICHNA.
Y4acToK JNMCKTPHYECKOH ULEIH, HE COAEPXAIMA HCTOYMHKOB
TOKA, Ha3bIBACTCH 0AHOPOAHEIM. OZHOPOXEH Y4ACTOK LERH MOKHO
paccMATPHBATE KAK OPOBOMHMK CONpOTHBIEHHEM R .
Jaxon Oma yrBepKmacT, 41O CHA TOKA B OPOBOJHHKE TPO-
 NOPUMOHANBHA HANDDKEHMI) (PAIHOCTH MOTCHIMATIOB) HA TPOBO/-
- HHKE H 06paTHO IPONOPHHOHANEHA €10 COIPOTHRIICKHIO;

u_ ¢ 9 '
I:—:——————
17_R R

(9.8)

L ITPOBOZHHKE MOKHO COCAMEATS B 3NCKTPHYECKOH LEMH HOCHe-
- JA0BATCABHO H NAPANIEABRO.

Iipn nocsenoBare Luom coennnensn (puc. 9.2):
1. Cwma ToXa B NIpOBOMHAKAX OAMHAKOBA!
L=I,=.=I,=1I,

x 2. HanpskeHHC PaBHO CyMME HANPDKERUMA HA nponommmx

u=u +u,+..+u,
3. ConpOTHBNEHHE PABHO CYMME conpo*rmmeimii NPOBOIRH-

AOB:
' R=R +R,+..+R, - (9.9
I, R I, R, I R=R +R,
gy T g W e T o
P " H ‘ ' WI=1 =1,
l‘_—’lq———bl l‘—-—bl
u, u2 1!J=t.l,l +u2
Puc. 92

Hpu napaniensnom coexmuenun (puc. 9.3):
7 1. OBmmii TOK paseH CyMME TOKOB, IPOTEKAIONHX Hepes Npo-
I=I+1,+..+1,.

2. HanpmkeRHe Ha NPOBOTHMKAX ORWHAKOBO!

U, =U, =...=u,.
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3, ConmpoTHBAECHHE Y4YACTKA NEKTPHYESCKOH UEnH, COCTOMIETD
H3 NAPAAICIBHC COCOAHEHHBIX MPOBOJMMKOR, PACCHHTBIBACICA IO

tpopmyne

1 1 1 |
—=—— 4 — 9.10
R R R 19
H3z popmym (9.1 )onylmeumnamm'mcmmcny-ma
1 =2 R= R R,
o n = "R +R,
R,
2Mlpu R, =R, =.=R, =R, R=7.
Il Ri
I:Il+1'2
o ol Jre
R
o S—

Prc. 9.3

9.3. Pa6oTa 1 MOILIHOCTD TOKA
[Ipr nepememenyH 3apana A¢ N0 DPOBOAHUKY CHUIIN HICKTPH-

4ECKOro NOMM COBEPIIAIOT pa50'ry A= Aq(tpl (p2) Aqu. B
TOM CJIyHae TOBODAT, 4TO IEKTPHICCKHIA TOK coBepmaer pabory.
Ecax tox I nocrosmssii, T0 32 BpeMa Al [0 OPOBOAHKKY MpoTe-
kaer sapaa Ag = JAf, pabora IMEKTPHHCCKOr0 TOKA BRMHCIAETCA

o dopMyne:
o1

' u
Mo 3akony Oma [ = R nO3TOMY

2
A:%At (9.12)

42

%
By

Ywuurpsax, wo &= IR, nomyyaem eme oamy dopmyny amn
BRMECACHNA pabOTRI

. A=I"RAt 9.13)
B cny4ae, xoria NpoBOZHHK OCTaerca HENMOABIDKHBIM, HE CO-
BEPIACTCA MEXAHHYECKAd paboTa H TOK He NPOHIBOMT XHMHYECKHX
AedicTeuit, pabora MEeT Ha yee/DrucHME BHYTDPEHHEH 3HEPrUH npo-
nomxa TIposogmnk npa 3roM Barpepaercs, Mrak. npu NPOTEKAHKHA
mﬂpmecxom TOKA B NPOBOAMMES BRIACIIACTCH KOJH4ECTBO TeIUIo-

. :

Mg

2
Q=TuAt= BR— At = I*RA# (9.14)

' -Hocnemm (opMyna Gbna yCTAHOBACHA IRCHEPHMEHTANBHO H Ha-
3umaercs 3axonom Mxoynn-Jlenua.

MomHocTbIo WIEKTPHIECKOr0 TOKA HAZLBACTCA BEMHYHHA
A

At
m A - paBora 1oxa, Af —npem,aaxmopoempaﬁm-a coBep-
' Monmom‘mxa MOKHO PACCYMTRIBATE O OAHOK H3 (BOPMYN:
2

P:Iu=I2R=% o (9.16)

(9.15)

9.4. 3axou Oma gna IAMKHYTO# :mexrpuqecrcoi‘r ues

3aMKHYTAS INEXTPHUCCKAS HEMs CONCPIKAT BHEIIHHK OpoBOI-
HEK COMpOTHBNEHHeM R M HCTOMHMX TOKa, KOTODEIL XapaKTepH3y-

.\ MnexTpoaBIkymeH caaoit (3JIC) € u BHYTPEHHHM COnpo-
_a“lmmenuem r (prc. 9.4),

TIpH NpOTEKAHHE 3EKTPHYCCKOTO TOKA
e r I' ua ysacrxe uenu ot Touru B & Towke A
(4€pe3 HCTOYHMK) HA 3aPAOLl JEHCTBYIOT CH-

B T HEICKTPHYECKOH NPHPOALI. DTH CHAN
HAILRAKOTCA cropoummma. [Tox neiicTereM

CTOPOHHHX CHJ1 MONOMHTCIbHBIA 3apsn ¢

R ncpememaerc_n OT «-» K +», NBHTAACH mpo-
Puc. 9.4 THB CHITBI CO CTOPOHBI ITECKTPHYECKOTO MONA

BHYTPH MCTOqHWKZ. Pabora cropommmx cun
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MPH NEPEMEIUCHHH 3APAA HO 3JAMKHYTOMY KOHTYPY HE PaBHA HYIBO,

NeKTPOARIDKYINAA CHNA MCTOUHMEA eCTh OTHOMEHHe palboTH
CTOPOHHHEX CHJI, COBEPHIACMOH N0 MEPCMEIMEHHIO 3APAAA MO 3AMKHY-
TOMY KOHTYPY, K BEIIHUMHE ITOT0 3apAia:

E:é’— 9.17)

q
Pabora cropoymux cmn A, =€q, rze q = IAt, moaromy

A_ =EIAt . 3a cuer sroit pabOTH Ha BHYTPEHHEM H BHEIIHEM CO-
NPOTHBACHHAX BHJCIAETCA TEIUIOTA, PABHAS IO 3aKOHY llxcoyml-
Newma Q=I*(R+r)At.

Takxak @=A_, 10

€

R+r

Gopmyna (9.18) ewpakaer 3axon OMa AT 3aMKHYTOH 3/I€K-
TpHueckoli nemi Bemrmma (R + ) Hasmaerca noamm compo-
THBJICHHEM LElH. '

Hi3 dopmyas: (9.18) momysaem, wro € = IR + Ir . Tipowssene-
awe IR = U - panpsixenMe Ha APOBOHHKE compoTmBnenmeM R,
T.e. BanpsokeHue Bo BHemHeH nenu. Mpomsenerne Ir - panpoke-
AHE HA BHYTPCHHEM CONPOTHBJICHHE MCTOMHEKA. HTak,

E=u+l1Ir,

OTKyZa CHeQyeT, TO HANPMHKCHHE BO BHEmRell mermm He pasmo €.
€=u npu =0, T.¢. KO BHYTPEHHHM CONPOTHBICHHEM HCTOY-
HEK3 MOXHO TpeHebpeys.

I= (9.18)

e.r [Ipu pemIeHVH HEKOTOPKIX 33hAY

1n *‘I.‘ _y3  HorouHEK SJIC MOXKHO 3aMEHHTH €ro
|' IKBHPAICHTHON CXEMOH, COCTOAIueH

H3 JBYX NOCACHOBATCALHO COSTHHEH-

H HBIX 3MIEMEHTOB. HICAILHOIO HCTOY-

TOYUHHWKA, HO BHYTPCHHHM COOPOTHB-

: €,l- r P 3JIC DaHHOFO PEalbHOTO MC-
b——{l—'—:-—’
=01 2 NEHHEM, PABHBIM HYNIO, W MPOBOXH-

KA4 CONMPOTHBIEHHEM I, PaBHBM
BHYTPCHHEMY COTMpPOTHBICHHIO WMC-
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Ha puc. 9.5 mpHBeaena cxema. IKBHBANEHTHAAL PCANLHON 3I[C
Tox yepe3 HCTOYHHMK MOMKET NMPOTEKATh OT To4YkH | k Touke 3, a Mo-
keT ¥ HaobopoT. HanpaBacHHE TOKA 3ABHCHT OT TOID, KAKHE BHENI-
HHE NIEMEHTH NOAKIOUCHB K ToukaM 1 H 3. [IpH HCHOIB30BAHHM
F10ik IXBMBATCHTHON CXEMEl HANO NOMHMTB, 10 HOTCHIMAR TOMKH 1

seerpa Gonente nmoTeHMMAana TOMKM 2 Ha BemmEHY &, Te

¢, — 9, =E . Kpome 10r0, Yepe3 IPOBOHMK TOK HPOTERACT OT TO-
ek ¢ GONLITHM MOTEHIHANOM K TOMKAM C MEHBIIMM MOTCHLHANOM.

Wycrs, HanpaMep, TOK J 1poTexacT oT ToukH 3 K TOuKe 1 (MCTOYHMK
ACT B PEXHME PAIPAAKM), TOTIA

_{‘-Pl -, =€,
@, —@, =1Ir.

[Tocnie BEIMHTaHUA HOAyHAEM, YTO P, — ¢, =& — Ir . Ecom tox

\
‘i,
W
K

" HPOTCKACT OT TOYXH | K TOMKE 3 (HCTOMHMK paboraer 2 pexume 3a-

| pRAKH), TO
’ + {‘Pt -, =E,
@, -9, =1Ir.

Hocne Cnoxenus no}tqua, uro ¢, — ¢, =E+1Ir.

9.5, Mpaeuna Kupxroda

© Jna permeHHA HEKOTOPHIX 33734 HA PasbBETBIICHHAE IenH Heob-
XOZHMO HCTIONL30BATS MPABHIA Kupxroga
1. Am’eﬁpmecm cyMMa
BCEX TOKOB, NPHXOZAIIAX B TOYKY
pasBeTBACHHA (Y3€/I} M BRIXOAA-
UHX M3 HEE, DaBHA HY/IO, T
A, +1, +. + 1, =0 Mpu srom
TOKH, BXOAAIHHE B YIEIL, CHUTAKT-
CA TIOJOMMTENBHEIMH, a4 BEIXOAS-
mME H3 ¥313 — OTPHUATETEHBIMH.
Puc. 9.6 - Jdna yama A (puc. 9.6)
IL-I,-I,+1,=0.
. 2. ITpu 06xoae MoGOTO 3AMKHYTOTO KOMTYPA B CNOMCHOHA IMEK-
TPMMECKOH LienmH anrebpaniecxan CyMMa HANPAKEHHA HA IPOBOIHH-
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xax (BKJIOYAA H BHYTPCHHEE CONMPOTHRICHHA HCTOYHUKOB) PABHA aji-

rebpauyeckoi cymme 3C, HMEIOLMXCA B 3TOM KOHTYpE:
IR +ILLR,+ .+I R, =€ +€,+.+E,.

€,h 1 I Hanpasnenue 06xoza
KOHTYpPA H HafipaRncHus
I o= TOKOB B HEM BRIOMpaeTcs
R, NpoH3BONMLHO.  Hampsowe-
HHE HA TNPOBOIMMKS CUM-
TAETCA  NMONOMHTCHBHEIM,
eCIIH Hanpaenepue 0bxoaa
COBRAJACT C HANpaRICHH-
€M TOKA B MPOBOAHAKE, W
OTPHUATEMLHEIM — B Npo-
THBHOM CTy4ae.

Ecrm mpu  ofxoae
KOHTYpa NepexoaAT or oT-
PHLATEILHOIO fI0/HCA HCTOYHHKA K DONOXHTENEHOMY, TO 2C 310~
7O HCTOUMMKA CYKTAIOT NMOJOXHTE/ILHOH, B MDOTHBHOM COydae — OT-
PHUATCALHBIM.

Ha puc. 9.7 saMKHyTHIi KOHTYP OfXONAT NPOTHB YaCOBOM
crpenkd. B nansom cayuae cana toka | 3o BceM KORType omHBaxo-
Ba, HANPABIICHAE TOKA BRIOPAHO NPOTHB 4acoBoif crpenxm. Torza mo
BTOpoMy npasiiy Kupxroda

R, ]— 5 €.
+

€,., R, I

Pac. 9.7

IR, +Ir, +IR, +Ir, +IR, + I, =8, -£,-€, =
R +r+R,+r,+R, +r,
Tok 6yAeT TNpPOTEKATh B YKAZAHHOM HANDABNEHHM, eCIH

€ -8, -€,>0,1e. € >E€,+E, Eom §, <&, +&,, 10k B

KOHTYpE OyAeT OpOTEKATh MO YacOBOH CTPEIKE. l'[pu £, =E,+E;
I=0.

Ecnd B 3nexrpadeckoil cxeme cozepaarca N y3nos, 10 mo

nepeoMy NpasHay Kupxroda MOMHO COCTABHTL (N - l) HE3ABHCH-
Meix ypasHeHu#. [To sropomy npasuay Kapxroda moxHo cocTasurs
n- (N - 1) ypaBHEHHH, TAe 2 — YMCNO HEH3BECTHBIX TOKOB B CXe-
ME, '
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W 9.6. INEKTPHIECKHI TOK B IKHAKOCTAX.

\ .

3aKoHb! JIeKTPOAM3A

DNEKTPHYCCKHE TOK MOMXET MPOTEKATR MG TOILKO B META/LIAX,
HO H B PacINaBax H PAcTBOPAX IMEKTPOIHMIOB. KHCIOT, MEAoyeH M
coReit B pacTeopax noj BIHAHKEM 3NCKTPHYECKOTO WOJA NOIAPHEIX
m:texyn BOAM INCKTPOHSHTPANBHAY MONEKY/IA pacHaJaeTcs Ma no-
n THHO H OTPHUATCABHO 3apAKCHHLIE HOHEI (MBMEHMHE NIeK-
DJIHTHIECKOH RHCCOUHANMM), YIIOPATOUCHHOE JBIDKEHAE HOHOR
NEHCTBAEM INEKTPHHECKOrO HOMA CO3JACT TOK. Y BOMEIX pac-
DOB H PACTIIABOR — HOMHAS MPOBOAHMOCTE,
Konncmpamlx 3ADOKCHHLIX MOHOB B PacTsOpax H PacinaBax
ACTCA C POCTOM TEMNEPAaTYPHl, MOITOMY CONPOTHBICHHC
mrponnmn C POCTOM TEMNEPATYPH YMEHBIIACTCA.
' B mpocrefimieM ciy4ac NONOKATENSHEI HOH, OKA3ABIACH Ha
" OTPHUATETLHOM IMEKTPOAC (KATOAEL), NPHCOEAMHAET HEAOCTANOIHE
- eMy Jnexrponnl. B pesymhrare Ra KATONE BEUICACTCA H3 pacrsopa
BEIHECTE0. AHANOrHMHEIE HPOUECCH HAGMIOAAIOTCH Y NOAOMKHTE/b-
' HOro MeKTpoAs (aHOAA), K KOTOPOMY ABHKYTCA OTPHIATENLHO 3a-
poweHHLe MOHK. TIpomece BRTENEHHA HA MEKTPOAE BCIECTBA H3
"PACTBOpA NMPH NPOXOKACHHH YEPeE3 HETO ANEKTPHYECKOr0 TOKA HA3H-

BACTCA NICKTPOIAIOM.

ITepewii 3axon 3nexmponusa yTBEPKIACT, YTO MACCA BEMECT-
BA, BHACTHBINASCA HA JMEKIPOAS, NPONOPIHOHANLHA 3apAxy (,
NPOIEISMY HEPE3 INCKTPOIHT:
m=~kq

(9.19

rac & - 3NMEeXTPOXMMUYECKHH IKBHBANCHT BCIICCTEA.
XHMH4eCKMil IKBHBAJIEHT BEWECTRA €CTh OTHONICHHE MO-
ASDHOIi MACCH! BEINECTBA | K €F0 BANEHTHOCTH 72,

. Bmaopou 3axon 3nexmponuza YTREPAOACT, IO MICKTPOXAMH-
MECKHH JKBHBANICHT BEUICCTBA NPONOPIHOHANIEH ET0 XHMEYECKOMY

mmnemy

(9.20)

rae F =9,65-10* Ka/moms - nocrossras Papanes.
" B cny4ae nocrosunoro Toka B3 gopmyn (9.19) u (9.20) Haxo-



B2 S AT ©21)
m_F[n)q—F(n]

Hpemlonom, YTD HA INEKTPOAC BRIACTHIACE Macca Be_mecr-

B3, YACCHHO PABHAA CTO XHMHMECKOMY IKBHBAJCHTY, T.€. /b=~

1
Torna w3 (9.21) nomydum 1=Fq = g =F . CnenoBatenbHo, xo-

crosmnas Dapaged — 3TO 3apai, KOTOPBIL XOMDKEH NpOHTH 4epes
3NeKTpONMHT, YToOb HA JMEKTPOAS BAHUICIHRAACE Macca BEIUECTRA,
YHCNEHHO DABHAL €T0 XMMMICCKOMY sxeuBancHry. [Ipn 72 =] HOHK
HMET  3apan, paBHbiii MO MOOYMO  3apAny INCKTPOHA

le]= 1,6 - 107" Kn. KommniecTso noHOB B Macte M = % = (B MoONE
Bemecrsa) paso wichy Asoraxpe NV, =6,02- 10 mons™, moaro-

wy 3apsz, nepernocumbil Romamy, ¢ = N , je|. Caenosaremsxo,
F=N,l 9.22)

9.7. DaeKTPHIECKHH TOK 8 rasax. [Inasma

MoJeKy sl r230B IIEKTPOHCHTPANLHEL, NO3TOMY a3kl B obnry-

HEIX YCNOBHAX HE NMPOBOAAT JMEKTPHHECKHH TOK. [Mon neiicranem
Pa3MCHEIX BHCIIHHX BO3ACHCTBHE (HArpeBaHHE, PEHITEHOBCKHC Iy~
qH, O -H3IY4CHHE) MOICKYIA

I'4 rasa pacmalacTca Ka IOA0AM-
TEARHO JAPAKSHHENIA HOH H
OTPHUATC/ABHO  3ADSDKCHHBIH
Hac ' anextpoH. B rase moryr o6-
) PasOBLIBATECA E OTPHUATENE-

Hble HOHBI H3-33 NOPUCOETH-
HEHHA 3ISKTPOHOR Kk HEH-

> TPanbHBIM ATOMAM.
L Un u BremnHe BO3ACHCTBHA,
'npano,m:mne K TOABIECHHIG B
Puc. 9.3 rasax ceoBOAHBIX HUCHTENEH

3APAJOB, HAIBIBAIOT WOHHW3Ia-
Topamu. [1oN AeHCTBHEM INEKTPHYECKOTO noa% 0Gpa3oBaBIHECH

48

. MOAOAHTENBHEIE HOHE! ABMXKYTCA K KATOAY, A IAEKTPOHL — K aHOAY,
gepe3 ra3 NMpOTCKACT JIEKTPHMECKHH TOK (MIEKTPHYECKHH, Ia30-
" phIi paspaa).

| 3nexTpuqecKkuit Paspas, KOTOPHIE HPOHCXODHT TOJNEKO B IPH-

* CYTCTBHE MOCTOSHHO ACHCTBYIOMICIO BHCHIHEIO HOHMIATOPa, HAZH-

BFTCA HECAMOCTONTEMLHBIM. [IDH yBETHCHRH RANPOKEHRA MEKIY

SP0J0M H KATOZOM TOK BO3PACTAET, HO JMINL 10 ONPEACTEHHOTO

MAKCEMANBHOTO 3HAYEERA, HABKBAEMOTO TOKOM Hachunesms. Tox

§REHIIEHIC! COOTEETCTEYET TOMY, YTO BCe 00PalOBaBIUMECH TOA ACH-

eM HOHH33aTOPA [IOJIOKHTCLHBIC HORBI ¥ 3MEKTPOHE! JIOCTHIZIOT

PKTPOAOB. Hauuias ¢ HEKOTOPOro 3HAYCHHA HANPKEHHS, /K-

IHOHBI 0CMAZAIOT MOCTATOMHOM 3HEprHell, YTOOK HOMMIMPOBATH
RENTPATBHYIO MONEKYTY (nonmamm INEKTPOHHEIM yaapoM). Obpa-

© 3YIOMMECA HOBEIE CBODONHRIE IMEKTPOHKI TAKKE BRIBBAIOT HOHH3A-

_HO APYTHX MONEKyn rasa. IIpoMcxomHT RasuHO0OpA’HOE YBEIHuCe-

J “HBe WHCIIA INEKTPOHOB H HOHOB M, KAK CIIEACTBHE, PEKO BO3PACTAET

1 TOK Yepe3 ra3. 3aBECHMOCTH TOK3, IPOTEKAIOMErD 4epe3 ras, or Ha-

: HPOKCHAA MEXUTY SNEKTPOSAMM NPEICTABICHA Ha PHC. 9.8,

 TIpH HAUDOKEHHM U > U, 3NEKTpHHcCiuil paspsa Gombme He

*3¥BMCHT OT BHENHETO HOHM3aTopa. Takoil paspsan HasHIBAIOT CAMO-
- CroRTenbHEIM. CAMOCTOSTENEHBIME PASPANAMM B Ia’ax ABNAFOTCH:
TIHEIONNHH, ACKPOBOH | KOPOHHBIH PAPAIAL.

- Ilpw anexrpAd¥eckoM palpane B rase uabmoagercs ocoboe co-
CIOSHHME BEIIECTRA, HadnmBacMoe rmnasmoli. Minaima — aro wacTirmo
HAM TIOJHOCTHI0 HOHH3HDOBAHHKIH a3, B KOTOPOM KOHIGHTDAUMA
TOYOKHTEILHEX H OTPHIATENLHEIX 33PANOE OPAKTHYCCKH COBIamd-
eT: IlrasmMa ABIACTCA INCKTPOHEHTPANMLHOM CHCTEMOH,

5 9.8. JexTpuIecKHii TOK B II0AYIPOBOZHHKAX

- K nonynposoHWKAM OTHOCAT BEIIECTBA, KOTODKE 3AHHMAKT
WOMex(quaoe MOJIKEHHE MEXITY NPOBOJHHKAMH, XOPOIO IpO-
BONATHMM JNCKTPHYSCKUH TOK, H THINEKTPHKAME (M30IATOpaMH),
mam-;ecm HE MPOBOIAIMUMHE TOK. [T0MyNPOBOAHMKAMH BIMOTCH;
erumm Si, repmammii Ge, Hmamii In, -a TaKKe HEKOTOpbIC
mmecrme COEAHHEHAA.
.+ B KpHCTaIIE MONYNpOBOMHEKA, HANPUMED, KPeMHHA Si, cocea-
HME aTOMBI 00PasyloT KOBANEHTHYIO CBA3L, NPHYEM OT KANKIOTO ATO-
Ma B  00pasoBaHMK 3TOH CBA3H YHAacTBYeT NO OZHOMY BaNEHTHOMY
:mercrpouy 3nempom.1 o0pasyronmc KOBANEHTHbIC CBA3H, MOLYT

r
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NEPEMEIIATECA TI0 BCEMY KPHCTAILTY, OCTABAACH NPH 3TOM CBAZAH-
HBIMH C ATOMAMH MONYNPOBOAHMEA. TIPH HH3KMX TEMMOEpaTypax B
NONyPOBOTHUKE MPAKTHYECKH HET CBODOAMEIX HOCHICNCH 3apAI0B,
H OH HE NPOBOAMT INEKTPHYeCKMH TOK. ITpH MoBbUUEHHH TeMnepa-
TYPS! HACTYHOAET Pa’pLIB YACTH KOBANCHTHBIX CBR3cH, H B HOAYNpPO-
"BOAFHKE MOABAOTCA CBOOOAHKE 3neKTpoMbL. [TpoBommMocTs mony-
OpPOBOTHAKOB, 06YCIOBICRHYIO HAIYHEM Y HMX CBOOOAHBIX 2Mex-
TPOHOB, HA3KBAKT WIEKTPOHIOR IPOBOAHMOCTEIO,

B ToM MecTe KpPHCTANNA NOJYNPOBOIHUKA, TA¢ NPOHIOMEN pas-
PhiE KOBANCHTHOH CBAIH, 00palyercH H3OMTOUHBIH IOMOMWTCIILHBIH
3apan, Hazemaemedi AeIpkoli. Kozanentsas ceasp MOxer OuTh BOC-
CTaHOB/ICHA NPHCOCOTHHEHHEM CBA3AHHOIO 3MCKTPOHA, obecmeuH-
BABIIErQ APYyTHE KOBAICHTHBIC CB3H. IIpH 3TOM Ha Mecre, rne koBa-
JICHTRAA CBA3b BOCCTAHABJIMBACTCA, OBIPKA BCUE3ACT, TaM, I pa3-
preactca, ofpasyerca HOBadA Aupka. Ecmy B nomynposoammke or-
CYTCTBYET 3MCKTPHUECKOE NONE, JBIDKSHME /IBIPOK B HEM HPOHCXO-
AHT XaoTwiHo. [1py Hamr{MM INEXTPHIECKOrO MO JWPRH Hepeme-
AKOTCA YOOPANOYEHHO B HANPABRNCHHUH IIONA, B ITOM CHY%3ae TOBO-
pAT 0 AnipovHoi nposoaumMocTR, OONUsl TOX B MONYIPOBOARHKE

I pasen cymme mupownoro I, m smextpommoro I, Tokos:
I=1,+],. DnextponHas H ZLIPOYHAS NPOBOAHMOCTH HA3BIBAIOT-

¢ cobcTREHNOH NPOBOAMMOCTEIO NONYRPOBOANKKA. M3 cxazammoro
BEIXE CNEAYET, YTO C POCTOM TEMNEPATYPH IEKTPHUECKOE COMpPO-
TUBIEHHE NONYRPOBOXHHUKOB YMEHBIMACTCA.
[Tpu xaneasu MpHMECEH B MONYNPOBOAHMKE €r0 CONPOTHBIE-
HHE YMCHBIAETCA. B 3TOM Clyyae roBopAT o NpAMecHoH uporoaa-
mocth. [lpu 100asneHuy, HANPHMED, B HCTHIPCXBAJCHTHBE! repMa-
- mui Ge HeO0MBIIOro KOMHYECTBA NATHBANEHTHOO MAIIEAKA AS Is-
THI BANCHTHEIK 3NCKTPOH ATOMA MBILAKA OKA3BIBACTCA CROOOI-
HBIM, YTO NPHBOAMT K pPEikOMY BO3PacTaHIIO KOHUEHTPAIMH CBO-
GonHBIX 3MEKTPOHOB. [IprMecH, nooGHbIC MENIBSKY, HA3BBAIOT A0~
HOPHALIMH, 2 TOJY IPOBOSHUKH C JOHOPHLIMH MPHMECAMH HA3GIBAIOT
OOJAYNPOBOAHKKAMH 1 -THDA. B nomynposoguukax 72 -THIZ KOH-
UCHTPaLMA CBOOOAHBIX JICKTPOHOB MHOTO G0XBING KOHLEHTPAIHH
ABIpoK. CBOGOANKBIE 3NCKTPOHBI B NOMYIIPOBOSHHKAX 71 ~THNA HASKI-
BAKOT OCHOBHLIMH HOCHTE/IAMHA, 3 OBIPKH — HEOCHOBHBIMH.
ITpu A0GABNEHHH B YETHIPEXBANEHTHBIN MOy POBOANUK TPEX-
BANCHTHOH MPHMECH, HATIPHMED, HHIMA [N, B NoyNpoBOZHKKE 06pa-
IYIOTCA ABIPKH. TAKHE NMPHMECH HA3BIBAIOT AKUEIITOPHBIME, 3 YO-
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“HBIX HOCHTEIIEH.

AYNPOBOAMHEKH C aK-
UCHTOPHBIMK IIPHME-
CAME -~ MOAYHPOBOL-
HHKaMH pD-tsma. B
NOJIYIPOBOXHUKAX
P -THIIa OCHOBHEIMHA
HOCHTCILDMH  ABJIAIOT-
¢ ABPKH, 3 HEOCHOB-
HBEIMM — NEKTPOHBL
Koxraxr mony-
NPOBOTHHKOE p- M

N <THIOB HA3HBAIOT
P — I -nepexonom.
B pesymrare mud-
Gy3ma  OCHOBHREIX
HOCHTCJICH, T.€.
JMEKTPOHOB, M3 IO-
TyNpOBOAHAKA 7T~
THIA B NOJYIIpOBOA-
HHK D -THIA, 2 Mu-
POK - B ofpatHOM
HAOpaBleHMM, 00pa-
3yeTcia ABOHMOR 3a-
POKSHHEMIE ~ croii
Tomunol d~10"m
# PasHOCTRIO MOTEH-
IHATIOB u~0,5B
(prc. 9.9).
B p-n-
OEPEXOAE BOTHMKACT
JNMEKTPHUECKOE TOHE

u
E == ~10°Bh,
d ]

KOTOPOE  HPEHATCT-
BYET  JansReHmen
ZHQPYIHE  ocHOB-



EcTH TIONYPOBORHMK ¢ P —R-
"‘H = HEPEXOAOM BKJIOMHTH B NEKTPHYECKYIO
p n Henb, Kak nokasaxo Ha puc. 9.10 (ops-
MOH OEpexoA), TO pe3yIbTHPYIOMICE No-

ne
E, =E .y - E cnocobcrsyer mpmxe-

Prc. 9.12

HHIO OCHOBHbBIX HOCHTCICH 4epe3 P — M -Acpexo.

ConporupneHne P — 1 -fepexofa B 3TOM CHYMae Mano, 4 B 3JeK- -

’

TPHYECKOH LENH NPOTEKAET TOK.

I EcmM momynpoBOMHHK BRIIOYHTS,

KaK MOKa3ano Ha puc. 9.11 (obparmsui
nepexoa), 10 pelyNBTHPYIOMEE HONE
Ep =E . +E npemxrcrayer aproxe-
0 u HHEQ OCHOBHBIX HOCHTENCH wepes p—n -
mepexod. B nmemm mporexkaer HesHauH-

TEILHEIA TOK (B PALC CAYYACB BM MOXHO
npesebpeys), BROBAHHLIN  JBHAKCHHCM

Prc. 9.13

HEOCHOBHEIX HOCHTENeH depe3 P —n-nepexos. ConpoTHeimeue

D — N -NEPexosa B ITOM CAydae oueHs Gomsmroe,

TlonynpoBOHHK ¢ P — I -niepexofoM o0NAZAET OQHOCTOPOH-
ueii IPOBOIMMOCTSEQ: B NPAMOM HANPABICHHH CONDPOTHBICHME Ye-
PEX0oAA 3HAMHMTENIRHO MCHBINE, 9¢M B 00parHOM. Ero MOXKHO BCIIOIB-
30BATHh B KAYCCTBE LHOAA /UL BRINPAMICHHA DEPCMEHHOIO ToKa. Ha
AMEKTPHYCCKAX CXeMaxX NONYNPOBONHMEOBEIE awon m3obpaxalor,
KaK MOKA3aHO HA puc. 9.12. 3aBHCHMOCTH TOXA OT NPHACKEHHOTO K
JTHOY HANDYOKEHHA (BONLT-AMICPHAS XADAKTEPHCTHKA) MPEACTABTIE-
Ha Ha pHc. 9.13.

9.9. Ilpumepsi pemeHHAsR 3784

3anaya 9.1. [To MemmoMy NPOBOAY ceyeryeM S =1 MM’ npore-
xaer Tok 1 =10 MA. HaiiTa CPemHION CKOPOCThE YNOPAMOUEHHOTO
IBIKEHHA 3ICKTPOHOB BIOMs NPOBOJHHKA. MongpHas Macca Mexw

n=6356- 1072 srfmons, motHocTs p = 8,9-10%kr/v®. Ha raastit
ATOM MEJH OPHXOIMTCA CAHH 3IEKTPOH IPOBOJTHMOCTH.
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- Pewenue.
" To dopmyne (9.4) cuna Toxa I=lejnSv, rme v - cpemnas
CKOPOCTS. g Toro, yroOr onpesenHTs KOHIESHTPAUMIO CBOGOIHBIX

3BEKTPOHOB 1, PACCMOTPRM Maccy /n Memu. Ee obsem V = T g
A p

. m
. 3rom 06beMe cozeprarca N = — N, aroMoB MeIH B Takoe ke

BOTICCTBO CROGOTHLX nextporos (N, =6,02.: 102 1/vom -

N (m m) p .
n=—=/—-N —~|==N,=084.10"m"
(e 5 )
I

Cnenosaremsho, V= ——=7,4-10" m/c= 74 107 cm,

|e|n
3agaua 9.2. TnoCKuii KOHREHCATOP ¢ ANACTHHAME KBAXDATHOM
thopMBl pasMepoM
axa=02x02w H
C, PACCTOAHMEM MEXKAY ONA-

creRaMH d = 2 MM mpm-
COEMHMHEH K MOMOCAM HC-
. TOYHHKA c IAC
E=750B. B mnpocrpan-
CTBO MEXIY TUIACTHHAMH C
MOCTOAHKOH ~ CROPOCTEIO
v =0,08 M/c BBODAT CTEK-
Buc. 9.14 JAAHEYK) TUIRCTHHKY TOJ-
murok  d = 2 mm. Kakoit
MK Byzer npOTeKaTh MpH 3TOM B enu? JIMIIEKTPHYECKAR TPOHK-
iw:m)crb CreKIa € = 7.
“ - Pewenue.
. . TlycTs B KOHNEHCATOP BBEACHA YACTH CTEKIAHHON IUIACTHHKH
ﬁmmox X =0vt. B 3TOM Cily9ae K HCTOMHMKY TOAKIOYCHBI Mapan-

ng;uo ABa KOHNCHCATOPA, INCKTPOCMKOCTH KOTOPhIX C uC, (oM

B85 o a(; x)

pnc 9.14), mpiiem C, = . Hx obman
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- C, +C, = -a—gi(ex +a-x)= E2’1[—a(a " vi(e - 1)). 3apmn
370l CHCTEMbI HIMEHNETCA B 3ABHCHMOCTH OT X B BpeMerH f
gl)=€(C, +C,)= S%Q(a + vt(e - 1)).
B nens GyaeT MpoTeKaTh INCKTPHYECKUH TOK, CHIIA KOTOPOro
i(t) =q'(t)=¢€ %ﬁ (e —1)=const .
ITocne NOACTaHOBKM HHCIOBBIX 3BAYCHMH MOJYYHM:

i{t)=1=32-107 A

3apaua 9.3. Uermpe OQMHAKOBBIX PEIHCTOPA COCRMHCHE! KAk
nokasaro Ha puc. 9.15. ConpoTHBNEHME KAKIOI0 PEIHCTOPA PABHO
R . Onpeneaurs conporusrenue Mexay rouxame A u B . Conpo-
THBIICHACM COCIHHHTEIBHBIX pOBOJOB nperebpeys.

yowe— _ Pewmenue
‘_L _T D INpu pemeHMH
e o | '—El:--ﬁ NoxoOHLIX 3aJa4 Hano
AK B HAWTH TOMRYH, ISMCIO—
: ME OZHHAKOBHEH NO-
Puc. 9.15 TEHLHAN, a4 3aTeM HX
, cosMecTHTR. B pac-
R CMarpHBAEMOH 3anade

—1 00 WpOBOLY, COCOH-

TAX KaK CONpPOTHE[C-
Puc. 9.16 HHS mposona

R, =0= ¢; =¢p. Copmemas rouxn C n D, nomywum sxsn-

BAJICHTHYIO CXEMY, n306pamem{yro na puc. 9.16.
Conporusnenne yuactka KCD  3rot  memm  paso

R+ R _ER Ob1uee conpoTHBacHHE MEKZY ToukamMu A w B
2
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| | SRR §
R wgomemy Tom C @
A C D IE D, nporexaer anex-
~ : ! TPHUECKHH TOK, HO
K R B ¢c-¢p=1IR,, =0,

" BRXOMHM 1O QOpPMYNE MAPRLIENLHOIO COSHMHEHHA ABYX TPOBOIHH-

R-3R2 3
KOB: R = e—— =
OB MaB T B 3RIZ 5

3axaua 9.4. AMnepMerp paccuETaH Ha MaKCHMATLHLIE TOK 1.

if0 conporusicrMe passo R, . Kaxoe conpormenienne Hago BKmoO-
’ 'f" NapaACLHO aMuepMeTpy, YTo0K uM MOXKHO O30 H3MeEpATH
kB N pas Gonummmi?

R Pettenue.

AT Conpotusnennue, 0 KOTOpPOM BAeT peus
B YCNOBMH 33/]a4H, HA3KBACTCA IIYHTOM.
HIyHT BXHOYAIOT WAPAJNENLHO AMIEPMETPY
(pec. 9.17), o ycroswo 3anaun o6mumii TOK

paser nl;, Tox uepes amnepmerp — I, cne-

m AOBATCIBHO, HEPE3 MYHT NIPOTEKAT TOK
Pﬁc 9.17 nly~I,=(n~-1)I,. Tax xax nanpsoresye
. HA AMIEPMETPE H IMYHTE OTHHAKOBO, TO
R -
LR, =(n-DI,R, =R, =-—A
n —

3azaua 9.5. BombTMEIPOM MOXKHO HIMEPATL MAKCHMANEHOE
RaRpoxende ;. Ero conporusnenne PaBHO RV . Kakoe conporms-
MIEC HAZO BIUTOMHTS MOCICAOBATENHFHO C BONLTMETPOM, YTOOH
MOKHO OITO HIMEPATH Hampsie-

R, R.u HHC B Tt pa3 Goneore?

F ( : ) Pewenue.

L, ConmporHeiieHne, o KoTopoM
- | . HHCT peub B YCTOBMH 3aJAyM, Ha-

3uEBaETC:  aobamoumniM.  Ero
BKTOYAIOT HOCHCAOBATCNBHO ¢
BonsT™METpOM (pEc. 9.18). Ilo yc-
HOBHIO 334K obINce HAMPAKEHME

— RU,, UPHYEM HANDDHKCHMC Ha

nu,

Puc, 918

mmmerpe ~ ;. CIICHOBATENBHO, HA HOGABOYHOM COMPOTHBACHHR

ﬂnpmkeﬂne paBHo Rii, — (n l)u0 Tax kax TOK uepes
mm;mm;p H D00apouHOE ¢ oxrpm'uaneune OIHHAKOB. TO
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u, :(n-l)uo =R, =(n-1R,
R, R

A

3anava 9.6, Ecnu x amnepMmerpy, pacCYMTAHHOMY HA MAKCH-
MabHYIO CHTy Toka [ = 2 A, MpHCOCOMHMTS WYHT CONPOTHBICHHEM
r=0,50mM, To ueHa JeNeHHA LIKANMM aMRepMETpa Bospacter B 10
pa3. OnpenemuTh, Kakoe N0DABONMHOE CONPOTHBACHHE HEOOXOIMMO
OPHCOCAHHHTE K TOMY K€ AMOEPMETPY, YTOOB €ro MOMKHO OLUIO MC-
[ONB30BATE KAK  BOIBTMETP, H3MEDAIONMHE  HANDMKEHHE 1O
u=220B.

Pewenue.

Tak xax ucHA AeNeHHs aMnEpMeTpa Bo3pocia B 10 pa3, To B
MAKCHMATbHOC 3EAYCHHE TOKR, HIMEDREMOE HM, BO3pocio B 10 pas.
B samave 9.4, G0 mokalaHo, 4To compoTHBRICHNE OIYHTA

A

n-1
nepmerpa R A= (n - l)r =9r.. Ha Tako# amnepmerp (Ge3 no6asoy-
HBIX CONPOTHB/CHHH) MOXHO MOAABATL MAKCHMAILHOE HANPIKEHHE
U . =IR, =9Ir =9B. 31um nputopoM HeoGXomEMO H3IMEDATH
Lo @ pa3 Gompmmee. A 3TOTO, KAk MMO-

U 9
Ka3aHo B 33434¢€ 9.5., IOCTEAOBATENBHO K NMPHOOPY TOMKIHOYAT J0-
6aBOYHOE CONPOTHB/ICHAE

R,=(m-1)R, =(m- 1)9r=(3~2-9 - 1)- 9-0,5 OM=105,5 Om.

r o=

. B Hamem cnyqac 72 =10, nostomy conpoTHEncnue am-

HAIPDOKEHHE B /7L =

9

3anaqa 9.7. B cxemy sxmoueHs! Ba MHKPOAMNEPMETPA | /BA
OMMHAKOBBIX BOMLTMETPA (puc. 9.19). Flokazanna mHkpoaMmepmer-

pos [, =100mMxA u I, =99MKA, noxazamms worETMeTpa
4, =10 B. Haiits noxasanua BOIBTMETP U, .
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Pewwenue.

Yepes neperiit BOIETMETD HpoTEXaeT Tok I |-

Crenosarensuo,

MY OH NOXA3EIBACT HATIPDKCHUE

u,=I,R, =(II "Iz)'?“z
- i

€r0  COHPOTHBICHHE

u
R,=- Ilo ycno-
i
BHIO 3a[1a4M TAKHM ke
CONPOTHBIEHHEM OO~
Anaer BTOpOH BONBLY-
Merp. Cam ToKa yepes
BTOpOi BONBIMCTD
I,=1-1,, noaro-

(1 - f_—’}u, =0,1B.

!

3anaua 9.8. Jins perymMposanus HanpoKeHHA Ha HATPy3Ke Co-

peocmam | razpyixa

A
“ Rl
B n

 Pmc. 920

Hz)

R/2

R/2 | RQ2R)

Puec. 9.21
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©paHa cxema, HI00paKEHHAN KA
puc. 9.20. ComporumieHne Ha-
TPYIKH H NONHOE CONPOTHRIC-
HEe peocrara paeen R . Ha-
TPY3K2 NOJKIHOYECHA K NMOICBRNHE
peocrata. Bxozmoe nmanpmxe-
HHC, OOJABACMOE HZ KNEMME!
A n B, memmenno. Onpene-

JHTD, KAK H3MEHHTCH HANPIKRC-
HHE HAa HAIPY3Ke, €CIH ee co-
NPOTHBICHHE YECIHYRT: B 2
pasa. '
Pewenue,

[Tycrs Bxopmoe Hampsxe-
HHC DaBHO I W HATPY3Ka IOA-
KIOYCHA K MOMOBHNE PEOCTATA.
Coorsercrayiomian sxpuBanenT-
HAN CXCMA BPEACTABIICHA Ha DHC.
9.21. ObGmege compoTHECHHE
RAPAIICABRO COCAUHEHHEIX pe-




o

R2-R R

3IACTOPOB R/Z u R passo ———— RI<R 3

3

uennucmmmun An B paBHo §—+§=%R.Oﬁmu‘imxn

u 6u
5R/6 SR

Harpokenme Mexay touxams C s D paswo

vene [, =

‘ . 910 H ecTh HAMPOKCHHE EA HAIDY-
3 SR 3 5
joynoM pesrcrope R B mepsoM cayuae.

. Bo Bropom Ciyuae conporusnesde mexny roukame C u D

HO M—ER O6mee ¢o HHE DEnM
pas R/2+2R S . HPOTHRAJIE ne PABHO
R 2. 9R u 10u

—+ =R =", O6muit I, = = -
AT %2 =5R10 9R

Hanpoxerxe na yuacrke CD, pasroc manpoxeHMO Ha Ha-

yaxehnostopomcny'iac u, =1, 2R 10—“-212 u
i » 5 9R 5 9
’ u, 10
OrHoTIcHAE HANPSOKCHRH HA HATPYIKS ;—-'—-9—

1

3anaua 9.9. Ha xaemmu AB (puc. 9.22) nomaerca Taxoe me- -

HAIOMISECH BO BPCMCHH HANDDKEHHE, YTO HANPSOKCHME HA o0Kknakax
KOH/JICHCATOPA MCHAETCA 1O 33KOHY, MPEACTAB-

A. | c C nenHoMy i pHe. 9.23. IocTpoHTs rpadux 3a-
BHCHMOCTH HAaNPHKEHHA OT BPEMEHH Ha KIIEM-

max CD .
R Pewienue.
B D Hampsokerre sa xnemmax AB - 370 Ha-
NPDKEHHE Ha NOCASAOBATENBHO COGKWHEHHBIX
Puc. 922 rorgencatope C w pesucrope’ R . Hanpsmxe-
mxe Ha keMmax CI) — om0 manpsxenre Ha

pesncrope B . TTycTs Hampssense #a KOHZERCATOpE — u(t), rorma
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, obee CONMpPOTHRACHHE

oo sapan q{t)=Cuft). Cnenosaremsno, cuna toxa i(t), npore-

KAIOMETN0 Mepe3 KOHNCHCATOD U NOCNEA0BATCILHO TIOOKMIOUCHHBIA K
HEMY PE3HCTOD, panna IPOMIBOAMON OT 3aP47A 10 BPEMEHH.

i(e) = g'(t) = (Cult)) =Cu().

Hanpsxenne Ba pesacrope ey = i(t)R = CRu (t).

Tipm t[0,2,] u(t)=0=>uep =0; mpm teft, 26,] ult)
gBNAETCA THHCHHOH QYHKIMER BPCMEHH, CICAOBATENBHO, NPOR3BOA-
Hax OT u(t) €CTh KOHCTAHTA, WHCIICHHO DaBpad igol (pnc 9.23).
3uavuT,

uop =u, =CRtga..

MNp= ¢ € [2¢,,3t, ]
T u(t)=const = u'{t)=0=>
= Ucp =0; npu
tel3t, 5t,] ult) - mmen-
Has (yHKIEA BPCMCHH, IO3TO-
0 g, 2t 38, . ist, My w()=tgy=-1gh<0.
3uavmr, U, =—-CRtgh. W
psc. 9.23  caeayer, H4TO

th:-%tga. I'pajux 3apa-

” CHMOCTH  HANPAXEHHK  HA
xnemmax CD npeacrasnen Ha -
pec. 9.24. M3 rpaduka BRIHO,

Puc. 9.24 ' YTO B CIyYaE, KOLAA HATpIKE-
: HHE H3 XOHACHCATOpPE HOCTO-

auHo (e [Zto ,3t0]), TOK
i{t)=0, Te. nocTosEMLI ATeKTPHtCCKHIl TOK MePed KOHACHCA-

* TOp HE MPOTEKAET.

3apa4a 9.10. Onpesenuts BHYTPEHHES CONMPOTHBICHHE AKKY-

¢ MYAATOpPA, €CMH M3BECTHO. YTO NPH JAMBIKAHHH €ro Ha BHCIIHCE CO-

-nporuencrre R, =1 OM Hanmpsxeuwe Ha 3aXCMAX AKKYMYJATOpa
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‘U, =2B, a npy JaMuxaHME HA conmporupnes#® R, =2 Owm na-

NpAKEHWEe Ha 3a¥MMax U, =2.4B (pmc.
I+ -E r 925). -
t | Pewenue, -
Hanpsxceunse 2a ja3MMax akkyMyna-
TOPa U — ITO HANPSDKCHUE HA BHCIIHCM
conporupncure R . ITo sakomy Oma mns

R saMEHYTOH uemn E=u+Ir, me cum
u
Puc. 9.25 TOXa B nerm J =E. Hcrnome3ys ycnosus
3343H, COCTABJIAEM CHCTEMY YPABHEHHI:
"
€=u, +-Lr,
R, u
=S U +=Lr=u, =
S:U +—l~t-2—r ! R2
2 .Rz ?
-‘:
u o, 2~ U y
——t oy —y = =0,50mM
[Rl ﬁ;}r ? ] u’l/Ri -u,/R,

3azasa 9.11. Onpencimurs 3apsa KOHACHCATOPA B CXEME, M30-
Opaxcryofi 1a puf. 9.26. R, =R, =R, =R, =20 Om; £=500 B;
7 =10 Om; C =10 mxd. '
A Pewenue.
— —t - Ilpg pemeryy nogoGHBIX 3a-
R, le R, BAY HA/0 YYHTHIBATE, YTO IOCTO-
AHHBIH JMCKTPHMECKHE TOK yepes
KOHACHCATOP  HE  MPOTEKAET.
CrpenkaMs Ha PUCYHKE DOKAZARO,
KaK NPOTEKACT TOK B JITOH LCHH.
Jdns toro, wrobm mHafTH 3apsy
KOHZEHCATOPA, HAlO 3HATH pas-

‘I II"S : HOCTE NOTCHIHAJIOB 4 —{g HA
i ¢ro obxnanxax. Taxk Kak yepes pe-
Puc. 9.26 sacrop R, Tox e nporexaer, o
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-9 =0=>¢, =@p. Tak xax Tomu D n' N coemmens

| HPOBOZOM, COMPOTHBICHUE KoToporo R, =0, 10

C®p —@y =0=>¢y =¢p =pp. Takum oSpazom, pasxocTs mo-

" TeHuBAnos Ha ofknamxax komaeHcatopa C @, ~ Qg =@, — Py,

‘a o e HanpwkeEMe #a  pesucrope  R,. Tlycms

"R, =R,=R;=R, =R, 10112 CONPOTHBICHHC 1CIH MEXAY TOH-
' " 2R-R 2

‘ M N Ry,y=——==
, R " MN "9R+R 3
g 3E

I= =
2R/3+r 2R+3r

QOOmuit  TOR

. PA3HOCTE MOTEHIHANIOB MEKIY TOYKAME

3 2. 2€R
_ ¥ "2R+3r 37 2R+3r’
' TOKA Yepe3 NOCNEAOBATENHHO CocauuCHENC pesucropwr B, u R,
I, = Par — (‘PN = £
" R,+R, 2R+3r

Crma

‘"M uN @y-py=IR

. Pa3HOCTH nOTEHIMANOR MEKAY TOY-

: SR

KaMH Ax N (pA—CpN =(PA f‘PanIsz zm. Bapjm
ERC

KOREHCATOPa g=Clp, _—(pﬂ)z SR +3r ~1,43.10°Kn.

-

3anaya 9,12, Onpeaenary 3apan xomaeHcaropa C B cxeme,
' H300pakeHHOH Ha puc. 9.27.

-t
£ 'I , ;I ~ BHYTpPEHHMM CORPOTHMBACHHCM

II v Oatapeek rpeHetpeds.

Peuwienue.

SR B R CrpenkaMu NOKA3AHO Ha-
npaenexse Toka I B nenm (mo-
DL""‘J ) L A CTOAHHBIR TOK YEPE3 KOHACHCA-
-H-r_[T -”1- TOp HE TNpOTEXacT), NpPHYEM
3C N 2C I= 5%- PasHocTs NOTEHIHa-
Puc. 9.27 . noB Mexay Touxama A u B
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£
Qa4 ~ Py =IR=§-,apa3mm MOTEHIMANOB MEXIY TOuKamB B

28
u D ¢p-9p =I'2R=T' Tycrs q,.9,,9; — MOXym 3aps-

aoe xomzencaropos C,2C,3C coorsercreenno. TIpeaxiomomum,
YT0 [UIACTHHR KOHACHCATOPOB 32D/DKCHE! TAK, KAK MOKA3AHO HA PHC.
9.27. N — obmai TouKa TpEeX IIACTHH, KOTOHE He NOZKMIOUSHN K
HCTOMHHMKY. TOrma HX cyMMapHmi 3apsi paBeE HYMO, T.C.
—q -, +¢; =0 .

Ilycrs 4,,u,,u, - wanpmowenus Ha koHmencaropax. Toraa
¢, =Cu,,q, =2Cu,, g, =3Cu, = nocneanee ypapHeRue NPUBO-
murca K Buny: 3uy — U, —2u, =0 (1).

3amumreM oueBMAHOC am'eﬁpamecxoe PaBeHCTBO;

((PB on)+{ex —Pn)=0s “0p.

B 3stom paseactRE Qg — @y =

2€
N = Pp =iy, MOITOMY Uy +Uy = (),

'_3""-a @ — PN =U,, a

3amameM ee OO PaBCHCTBO:
(‘PA ‘“‘PN)_(‘PB "':PN)=(PA —@p.

€
B 3rom paBeHcTBe cpA—(PB=§ Pa — Py =U,,
A
(pB-—(pN=u,,n03muyu2-—u,:—3— 3). ,
[Tomyyaem crcTeMy Tpex ypasHemuit:
[ [, -2
Sy —uy -2, =0, iy, =3u,+2u, YT g
<U, +u - @i“\um -2u _2 < {u =3
1 i 3 ’ ' 3 2 3 # 2 9 2.
£ € 4E
U, —uy =—, 3u, —3u, =—, U, = —.
2 1 3 | 2 ‘3 3 3 9..
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{_ Tak xax Bce HANPLKSHANA NOJNOKBTEABHbL, TO NPEANOIMKEHHE O
AHAKAX 3apamoB Ha ofkmamkax xommencaropa C mepwo. 3nax Ha-
, HPKEHHA, HAXOMHM 3aPIIEl KOHACHCATOPOR:

. 2Ce 10CE 4CE

L T e E T BT

" 3amaaa 9.13. Onpenemrs pa3roCTh NOTEHIMANOB HA KOHICH-
aa‘mpe C s cxeme, mobpaxermodt ua puc. 9.28. MapaMeTps cxemul
" 3apaHLI HA PHCYHRS, BHYTpeHHAM CONPOTHBICHMEM HCTOYHHKOB

; npexcﬁpe% Kaxkoii 38ax Gym HMCTh 33pA0 HA BepXMei WIACTHHE
. XOHAeHCATOpa? .

%-y' © Pewenue.

Yuacrox Inextpudeckoli uenn mexnay touxaMs A u B co-
ncpxm KOHJACHCATOP, MOTOMY TOK H2a JTOM YHACTKE HE NPOTEKACT.
» Tipesutonoxmm, 4o Tox { B NENH HANPARICH KAK NOKA3AHO HA PHC.
''9.28. 3amxnyrsii xomryp MNKLM obxommm mporus wacoBol

« crpesxd. [lo sropoy npasmny Kapxroga momyuaem

Y 2g—€=I.2R+I.R=>I=-5
3R

Tak xax I >0, 10 ma-

‘ N M - mpaBneHRe Toxa Gnim0 BGpaHO
I I ~ mpaswispo. ITockomeRy compo-
Fafim THRICHHEM HCTOMHAKA MOKHO
. R TP 2R npemebpes, 10 @ — g = 2€
€ _ - 2 TNocne BHMHUTaHHA ITHX
I l YPABHEHIE MONy4aeM
r s L @4~ 95 =26 -2R[="7
Puc. 9.28

Tpemmonoacm, 410 BEpX-
" MAK MNACTHHA KONIEHCATOPA MMEET TOJIOMMTEIILHR 3apAn, TOTAA
: !p A > Pp, MPHYEM P,y ~@Pp = U — €CTh HCKOMOE HANMPKCHHS HA
fimﬂﬂeﬂca‘mpe Kpome 1010, @p —@p = E. [IpoBOAR BHrMETAHHE
F-_:ﬂocncmnm ABYX YPaBHEHHEH, moxyaem

Vipy ~@g=u-€=>u=(p, ~pg)+E=
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'

:i-g—+8:z3§_ Tak xak u>0,fro MPEeONIQNKEHUE O TOM,

YT0 BEPXMAA MWHACTHHA 3apIDKCHA NOJOAMTEILHO, BEPHO.

3agxaua 9.14. [lawa 3nexTpHiecKkas Nek, CoAepAanial MCTOY~
mak IJIC. K HCTOMHHKY NMORKMOYEHO BHCIIHCE CONPOTHBACHAC
Haiitd nOAE3HYK MOIHOCTE H Ko3(praEenT HOEIHOTO AcHCTBHA

penm (prc. 9.29).
Pewenue.
Hone’Has MOMHOCTE — 3T0 MOITAOCTH,

KOTOpAS BMNEIMETCA HA BHEIIHEM COMpOTHB-
nenuy ] . Bo BCell menH BeUSHAACSTCS MOML-
HOCTh, pasHax pabore HCTOYHMXA B CXHHHIY
spemenn, .. £, rae I — cwna TOKa B HEDH.
Tipu 3TOM HA BHYTPCHHEM CONPOTHBICHHH HC-

Puc. 9.29 TOMHEKA prRUIEACTCA MommEocTs [ .
Mo 3aKOHY COXPAHCHAN SHCPIHH
' €I=I’r+P, 1(9.23)

rae P, — nore3was MOIIHOCTB. Mopmyny (9.23) yAOOHO HCTIOML30-
BATh IPH PEICHHH PAJA 372,

Cuna Toxa 8 nems I = , MOITOMY DONEIHAS MOMHOCTE

g
_1’p=
P,=I'R (R.”

YHKUMIO BHEIUIKETO COTPOTHBICHI R . Ina 3toro HAKAEM MPOM3-
BOMHYI0 OT NONE3HOH MOHIHOCTH

P [ 3 R]’ o R@er) -R(Rerf)

2 .
} R Vccrenyem TONC3HYIO MOIHOCTh KAK

(R+r) (R+r)
_ 2(R+r)”—?.R(RM')___ . T-R .
=E T R ® ey

n

sospactaer. a nipy B >7 P, <0. nosromy P_(R) y6swaer. I'pa-
(pHK 3aBHCHMOCTH P (R) npeAcTanfieH Ha PHC. 9.30. Hone3nas
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P =0 ecnu r=R. Tlpu R<r P,>0, nosromy P (R)

MOIIHOCTE JOCTHTAeT MAaKCH-
MATHHOTO 3HAMCHMA, PABHOTO
2
A npr R=r.
4r
Koapdumenr none3soro
JeHCTBME JJICKTPHEMCCKON uems

P
nz—-;, rae P - mommocts,

BHCIMOINAACA BO BCEH HEIH.
Taxkax P, = I’R,
a P=I*(R+r), 10

-n= . I'padrx 3aBucEMO-
"=gir paprx :

CTH 1| OT BHEIUHEr0 COMPOTHMB-
Puc, 9.31 nesus R npepcraBnen ma pHc.
93],

3aaaua 9.15. lenepatop momgocTsie P pripaGarsmaer mek-
TPOIHEPTHIO, KOTOpas nepepaercd norpeGaremo 1o mposogaM, 0b-
HiEe COMPOTHEJICHEE KoTophix pasto R . Hamporenwne reEepaTopa —
& . OnpeaenuTs OTHOMICHHE MOTHOCTH, BRIIE/ISEMOH HA HATPYIKE Y
NOTPEOUTEA, K MOIHOCTH reHepaTopa. COMpOTHBICHHEM MeHEPaTo-
pa npereGpets,
Pewenne. :
_3 [IpoBOAa H HATPY3KA MOAKMOYMCHH K TCHEPATOPY WMOCNEA0BA-
- TemeHo. HozroMy B nems mo npoBOAaM H HATPY3KE NPOTEKAET OMH-
: HAKOBBUH TOK. TaK Kak W3BECTHBI MOIHOCTE rEHEPATOPa H BhIpaba-
’ ThIBaeMoe uM Hanpoxenne, 10 P =wl , rae I ~ cuna toka B venm.
ngnenonamno, I= 1—:- . TeroBad MOIHOCTB, KOTOPA&X BBLACAAETCA

kB nposonax, B =1 R . MomuOCTh, XOTOPadA BBUICTACTCA HA Ha-

:
&
&
i
i

HekoMoe oTHOIEHHE:

é{_rpymeynorpeﬁmm, P =P-P_ ~-P-I'R.
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3azaua 9.16. H3 ognoposHON MPOBONOKM MOCTOAHHOIO Ceve-
HEs COOpaHa INEKTPHICCKAL CXEMA B BHIE NPAMOYTOALEHEA CO CTO-
.poHaMH a = 6cm u b =8 oM (pure. 9.32). Haitrs OTHOMIEHHE KOIH-

YCCTB TeITOTEL ——— Q’ , BAAC/MIONIMXCA B COMHHIY BPEMEHH Ha Y4a-
31-4
crrax 1-2 u3-4.
b ‘
34 A 34 4 30 4
al O
= ) '
14 2 1¢ 2 1 2
Puc. .32 Pmc. 933 Puc. 9.34

Pewenue,

[Tpencrasum ICH-
Tpanbroe coeannerne O B
BHAC JBYX Y3I0B, COCRH-
ACHAHX I@OpoBOAOM 5-6
(prc. 9.33). M3 cummerpun
CXEMH CreayeT, uTo foka B
atoM npopoae Her. Crnepo-
BATENRHO, MOKHO NEPCHTH
K JKBHBAJICHTHOH CXEMe,
NpeacTABACHHOH HA pHC.
9.34. ConpoTuBaeHAE NPO-
BOJTHHKR BHIPKACTCH

dopmyncii R = pé, no-

ITOMY COMPOTHUBIEHHA OTAETHHAIX YIACTKOB CXEME! PABHEL:

Puc. 9}.35
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’ mnpcmmmcm R ,:

B

;"-R_ =R,,=8r,R_,=R,, =6r;
§R3 ;=R _¢=R,;=R, ;=5r, tne r>0 (r- conporssicuue
GIMHMIL UMK TipoBonokk). COOTBETCIBYIOMAS IKPHBAICHTHAL

_CXeMa TpencTaBnesa Ha puc, 9.35. [lycrb HANPMHKEHHE MEXTY TO-

xauul-ZpaB!{ou a MODHOCTD, nsmennomaxcxnayqacnmlz
u?

B ==

i Hanpmﬂue meoxny Toukami A B B pasno u. Comporme-
"mepme  yuACTKAa memM  MeKIy TOWKAaME 3 - H 4
g, 10r-8r 40r

. JKBHBANCHTHAL CXEMA YUACTKR UEKH
: 4" 10r+8r 9
A 5 — B npeacrasncsa Ha puc. 9.36.
‘ I . Ofmee CONpPOTHBICHME ITOTO y4a-
'3 4 4 148r
,. 401 cma R,z=12r+ —25-—- Tox B
. or e 6r 9 9
‘ 9 171 Su
rom yuacrae [ = ——=-——_ Mom-
7 Puc. 9.36 HOCTh, BRIACIRIONALCK BA y4acTke 3-4 —

IT0 MOUHOCTS, KOTODAS BBLIICTACTCE B

2 2
2 u \ 40r} 90u”
B =I'R;, [1487’) ( 9 _5476r'"Q3“'

HckoMOe OTHOIICHHE:

Q]-Z — Ei 9_0].‘.2. =L3~§’;—76
T @y, \8r)[ 5476, 180

 3apaua 9.17. Kompencarop empoctsio C, sapawermsti xo
mocm noTeHnmaios £, RoMUDOMAESE wepes GOTRMOE CONpPO-
‘!mcu:ne K Garapee ¢ JIC 5€. Onpe.wnm KOMWHCCTRBO. TRMAA,
'ROTOpOE BRUICHETCA IPH ADAIKS KOHACHCATOPA [0 HANDIOKCHHA

-§E. TlopKuOYeHHE KOWIENCATOPa NPONMOARTCE 0O CXCMe, H3O-

Gpamernoi Ha puc. 9.37.
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Pewenue.

[ | Hauanensiit  3apsaz  xompencaropa

g, =C€ . Korna xongencarop sapamur-
_ 58 |+ ¢ A0 HanpokcHMas S5E, ero aapan

- C A
- g, =C-5E . TIpu srom 4epes ucrowrmx
R npofiner 3apan Ag =g, —gq, =4CE.
Hcrounwkx npu a3roM cosepmmr paGoty
A = (5€)Aq = (SEMCE = 20CE? . 3ra
.paboTa ROeT Ha BLUEICHAE TCILIA B LENH K HA YBEHYCHHE JHEPTHHU

koupencatopa A =Q+ AW, rie AW =W, - W, . Hauamnas
2

I-i-

Puc. 9.37

Ineprax konpencaropa W, = . Koneunoe 3uaverme aneprum

C(5e)’ _ 25Cg?

2 2 "
_25Ce?* cg? |
Tloaromy AW =W, —Wﬂ=25' & 5 =12Cg?,

Bbmennnmaaéxnncnnremora:

Q@=A-AW =20CE* - 12CE* =8CE> .

xonnxeHcaropa W, =

3anaua 9.18. [Mpr AUKeMHPOBANAN M3NEMHA TONMIHEA COS HH-
KeJst pOcia co ckopocthio U =9-107° m/c. OnpeaeanTs mioTHocTs
TOKA NMPH IEKTPOJM3E. IMEKTPOXHMMHECKHH DKBWBANEHT H IUIOT-
HOCTH  HHKENA DaBHbi  COOTBETCTBERHO Kk =3.1077 w/Ky,
p=289-10%kr/w’.

Pewenue, -

Macca,  BBECIMBINASCA  NPH  3NEKTPOMH3E HHKENA,
m==Fkg=kit="kjSt rae t - spems nporckanms TOKa, j — ero
MIOTHOCTE, S~ nuomiame mafenua. C  Apyro#  CrOpoH
m=pV =pSk, rae h — rormpsa cnos nuxens,

Hrax, pSh = kjSt:;»pf:—: kj, rne %-—-v — CKOPOCTH Poc-

T& MOKPBITHA,
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pv=kj=>j=%)=267A/M2.

3agaqa 9.19. B cxeme, H300pakeHHOR Ha puc. 9.38,
C, =10Mxd, R =2xOm {Inomams npacruu xomzencaropa C,

S =100 cM’, paccrosrme mexay wumu d = 5 MomrocTs pert-
FEROBCKOrO W3MYATEI, KOTOPHIE HOHHYMPYCT BOMYX MEXIY IUa-

c CTHHaMmy Komgencaropa C,, pasua

n=2-10" nap nocurenei sapsaa
3a 1c B IM’, 3apan wocemeneii pa-
BEH JCMCHTADHOMY 3apATy
le|=16-10""Kn. Bee o6paso-
BABIIWECA HOCHTEJH 3apPANA AOCTH-
ra0T npacTHH Kompercaropa C, .
Onpeenurts 3apay xoraencaropa C, .

Pewuenue. ' .

B npoctpancrse Mexay nmactumanm korzencaropa C, ofpa-
3YIOTCA TONOKHTENLHO IAPMACANME HOMBL H 3NEKTPOHEL, KOTOpHE
TOR ACHCTBHEM 3NEKTPHYECKOTO MO/ NBIDKYTCH B MPOTHBOMONGHK-
HEIX HANDIBNCHHAX, COIABAA INEKTPHYECKHE TOK Yepes pesHcTop
R . 3a npomesxyrox BPEMERH Al nmoj AeHCTEHEM DEHITEHOBCKOTO
HInyicHHA B obseme V' obpasyerca N =nVAf# nap HOCHTenei
3apanos. Tak kak V =Sd u xaxnomy monosuremsso 33PDKCHHO-
MY HOHY COOTBETCTBYET OTPHLATENLHQ 3APDKEHHBIN HOH, ‘TO nepe-
HOCHMbUH 33 Bpema Af nommiit sapax q=2elN = 2lelnSdAt .
Crenosaremso, yepes pesucrop R nporexaer 1ok '

I= -f{ =2|e|nSd . Hanpaxesme na pesEcTOpe

PHC. 9.38

u=IR=2le[nSdR panuo RANPDKEHIMO HA - Kokzencarope C, .
TTostomy cro sapsz ¢, = Cu= zlelnSdC2 R=64.10"Kn
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Jagaua 9.20. Mmeercs macanbupid anuparomuii coit c©
P — n-nepexonom. Tommmna 3toro croa — o, AHIEKTPHYECKAR
MPORHLACMOCTE — € . HapucoBaTs rpaguK HIMCHECHHS HANDIKERHO-
CTH H NOTEHIMAIA INEKTPOCTATHUECKOTO NOJA, SCIM PACTIPCAC/ICHHE
_[UIOTHOCTH 33psisa P B CJI0C Takoe, KAK PEACTABICHO H2 PHC. 9.39.
Pewenue. !
HafineM HanpMKEHHOCTE 3MEKTPOCTATHYECKOTO MONA B TOYKES
A | pacnonoxeunoil Ha paccToAHEH X > (0 OT CCPCAHHEI AMHPAIO-
mero cnos. Jlas 1oro Beck CHOM Pa3oOheM HA YYACTKH TONMIMIMHHOR
Al 50 ¥ nnomaneio S, paBHOH NIOMWAME CCHEHAA 3AMHPAIOTIETO
cnos (puc.9.40). Moaynb 3apAna KAk NONOKKTENBHOA, TAK | OTPHIA-
Temsuol wiacrue Q =poV =p,SAl. Cneforarensno, MoIy:b HO-

p‘ S ) p— M——g/z -
Po "SI
_é d L I
2 5 2 2 A : -‘2 >
1 ]
1 =Po I o ! EW
[ 1
: 0 1
ol e ;_,:.'3.
Puc. 9.39 Puc. b.4o

. Q
BEPXHOCTHOH IUTOTHOCTE 3apANa KauI0# NAACTHHE G = 3” poAl.
TInacTHHA CO3MAET NONE, MOAYIh HANPMKCHHOCTH KOTOPOra

E,=—

5 . JIBe MPOTHBONCNOKHO 3aPLKCHHBIE IUIACTHRBI, Pacro-
EqE '
o

FIKEHHEIE cmuerpmo B TOMKE A CO3JAIOT MONE C HANPAKEHHO-
Al
creto E, =2E, = — P
:—:oa £,8
ABYMA PaCCMATPHBAECMEIMH TUTACTUHAMY, PaBHO Hymo. TakuMm obpa-
30M, B TONKe A TIONE COIMACTCH NAACTHHAMHE, PACIONONEHHKIME B

d
cnosxronumnoﬁ(—z—-x)npn xz20.
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. BHe 3T0# napsl [OJIE, CO3AABAEMOT -

Ecrm x <0, 10 TonmmHA CHOR, CO3AANINErC TONE, PABHA

——x|={—+x|,rme d >0,a x <0 ¥ ueprexa cnexyer, Y10

1

d d d
—>ll=2o>-x=>—+x>0=>
2 2 2

—+x

d
=—t+X.
2

PACCMATPHBAY MPH CHMMETPHYHO PACTIONOMEHHBIX ILTACTHH,
* HAXOJHM PE3Y/IFTHPYIOMYIO HANPSKEHHOCTS:
PoAl Po Po 2_
E= ZE z ZAI x| mpu x20

E,E\ 2

am E = —pi(%ﬁr) ppu X <0 . 'padHK HANPOKESHHOCTH 3JIEK-

* TPOCTATHYCCKOIO HOJLL B 3ANHPAIOTIEM CIIOE PHBEJICH HA PHC.9.41.
' [Iycts norcHumEan cepeaAHB
E cros ¢, = 0. PaccMOTPAM RNOAOKH-
TEABHBIH 3apaj , PACTIONONKEHHLA
NepBOHAMANBHO B cepemmme cnoA. Co
CTOPOHBI 3JIEKTPOCTATHYIECKOr0 MOIA,
CYIISCTBYIOIMETO BHYIPR P -—N-~
p TEPEXOJA, HA 3APAX NECHCTBYET KyNo-
mosckan cmna F(x)= E(x)g. Ipa-
¢HK 3JABMCHMOCTH CHITW OT KOODJIMHA-

Prc. 9.41 - ThI mprBeaeH HA puc. 9.42. Ton aeii-
: CTBHEM CHUIN 3apal § NepeMemmaerca

, Pod
f €48

o d o)

R

% B TOYKY C kKoopauHaTod X >0 u noreHumanoM (p(x) Ips atoM Ky-
’ nononcxax CHNA coBepmaer TMONOKHTEALHYIO pabory

A =q{p, - ¢{(x))=-qe{x). C mpyroi cropom, padora nepenteic-
iaoii CHAEl YHCIEHHO PABHA INOIAJH KPHBOMHHCHHOH Tpancius

f‘ OABC (puc. 9.42) (cm. rmasy 3). Mrak, A_mj?:j— X, e

7



F :F(O)z zﬂdaq F =F(x)=£~9-g[§-~—x). Ilocne noacra-

€4E £o€
HOBKM mOmysuM A = —P-wc-’g-—(dx - xz)_
2e,8
TIpupaBHHBAs BHPAKEHHA UIA paboTLL, NOMy44eM ypaBHERAE
—pﬁm(dx - x?)= —qo{x) = ¢fx) = Po_(x2 - dx), (x>0).
2g,8 2e,8
Tpu nepememenun 3apsaa § > 0 #3 CCpeHHEE CHOR B TOUKY C
' KOOpEHHATOH X < 0 KyIOHORCKAS CIIA HANPABJEHA NPOTHB NEPE-
MemeHHs, H modromy ee pabora orpmuarensHa. Moayns paboTa
ypcenso pascH nnomaxs tpanemmr NDAQ (pac. 9.42).
+F, d x
IAI:_F‘___.O_'.lx‘: go...._g.g.g_?..q_ E.‘.x) |_....|_
2 Z0E  EE\2 2
Pabora A <0, nosromy:

A=—|A|={P_°‘.’Jl+9_b.?.(£§.+xnﬂ___

2e,e €48 ")) 2
:{P_ﬁL&?_ﬁ]lﬂ: 2o (g e,
£,E €8 ) 2 2848 -

Tak kax x <0, 10 |x[=—x b A=M(dx+x2)_
2g48

Puc. 9.43

72

C mpyro#i cropomsr, A= —Q(p(x). MpupaBuuBat, HAXOLMM
-p _
cp(x): Ei_(dx +:c2) mpu (x <0). 'paduk 3aBHCHMOCTH nO-

il
TCHIHATA INEKTPOCTATHYECROrD NONA NPHBEACH HA puC, 9.43.
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Taasa 10. MaruauTHoe noJje. eKTPOMArHHTHAR
HHAYKUHSA

10.1, OcroBHbIc MATHHTHBIC SBACHHR

HenoasmkHbie 3MEKTPHYECKHE 3apSAnl CO3AAKT BOKPYT cebg’

INCKTPHYCCKOE TONe. JIBHKYIHECA 3apAanl COZMAIOT TAKKE H Mar=
umuTHOe none. OCHOBHBIC CBOHCTBA MATHATHOTO MO, YCTAHOBIEH-
HEIC IRCICDHMCHTALHO, TAKOBH:

1. MarHHTHOE NOJC MOPOUACTCA INCKTPUICCKHM TOKOM (XBH-
HKYIUHMHCA 3aPANAMHE), ‘

2. Marusrioe none OOHAPYKHBACTCH N0 ACHCTBHIO HA K-
1pryeckril TOK (ABHKYINMECH SAPAIR).

MarHuTHOE NMoJe CYIMEecTBYET BOKPYr MOBOro nposoAHMKA, N0
KOTOPOMY MpOTEKAaeT 3nekrpuueckuii Tok. KpoMe Toro, marsurHoe
NONE CO3AACTCA NOCTOFHHMMH MArHMTaMH. [lepedsciuM OCHOBHBIE
ABNCHHA, MOATBEPXKAIONME CYIECTROBAHRE MATHHTHOTO TIOJIA.

1. MarsHTHOE OONE OKA3LIBAET OPHEHTHPYIOMES ACHCTBHE HA
MarsdTHy10 CTPEIKY.

2. Jlsa mapamienbHLIX GPOBOAA, NO KOTODAIM HPOTEKAIOT TOKH
ONHOr0 HATPABICHMSA, IIPHTATHBAKOTCA, ECHH KE IO ITHM [IPOBOJaM
MPOTEKAX0T TOKH NPOTHBOMONONHOrQ HANPABICHHA, TO OHH OTTAI-
KHBalOTCA. ‘

. 3. MarruTHOE NONE OKA3BIBAET OPHEHTHPYIOMEE ASHCTBHE HA
AMKHYTHIH KOHTYD (paMKy) ¢ TokoM. B 4acTHoCcTH, BOMM3H MpOROIa,
NO KOTOPOMY HPOTEKAET TOK, PAMKA C TOKOM PACIIONIATAETCA B OJHOM
IUIOGKOCTH C NPOBOJOM,

4. MarnuTHOe noJe JeHCTBYET Ha ABIKYIMMIACS 3MEKTPHYECKIH
3apaz.
5. MarauTROoe none AcHCTBYET HA ITPOBOJXHHK C TOKOM.

10.2. Bexcrop MArHHTHOH HKHAYKIXHA

Basxueiinie# XapakTepHCTHKOH MATHHTHOTO NOMA  ARIACTCA

BexkTop MarHuTHOH muaykuun B. Moxym. mexropa MarxurHOlM
HHAYKUHH MOXET GBITE ONMpefeNeH ABYMA CTIOCo0aMH.

H3secrno, ¥T0 MarHKTHOE MONe ACHCTBYET C HEKOTOPOH CHAQH
Ha NpOBOAHKK C TOKOM, OPHYEM 373 CHIa MAKCHMAThHA, KOIDA BEK-

Y]
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?} TOP MATHHTHOH MHIYKLUMH DEPNEHAMKYNSPEH Tposoamuky. Torma

©. MOZYJb BEKTODA MATHHTHOH HHAYKIUHH ONpcAcaseTcs GopMy ok
Flﬂlx

=— : 10.1
IAl (10-h

rae F,. — MAXCHMAN:HAA CHIA, ACHCTBYIOMIAS HA YHACTOK NIPOBOA-
; HEKA Al, 0 KOTOPOMY IPOTERAET TOK craaii [ .

- Jlpyrok cniocob ompenenerus Moxyns BEKTOpa L ocHoBam Ha
; TOM, YTO H3 3JAMKHYTHIH KOHTYP C TOKOM J CO CTODOHBI MArHHTHOIO
- MOMA AeHCTBYET MOMEHT CHIL JTOT MOMEHT JOCTHIAET MAKCHMAlb-

" Woro 3pavenna M __ | xorma xomTyp noeepmyt Ha 90° or PaBHO-

© BECHOTO TIONOXKEHHS, 3JAHHMACMOTI0 MM NIPH OTCYTCIBHH MATHWTHOIO
. noas. B stoM cayuae

B=—mx
IS (10.2)

t rae S — IWIomans KOHTYpa.

' 3a HAROPARIEHHE BEKTOPA MArHMTHOM HEAYKIMM HpPHHAMA-
€TCH HANPABJIEHHE OT FOXKHOTO MOMOCA S K CEBEPHOMY N MAFHMTHOM
CTpenKH, CBOOOAHO YCTaHARIMBAIOMEHCE B MATHHTHOM 1107,

10.3. Jlauus MaraBaTHOR REAYKIAM
JinnusMy MATHRTHOI HEXYKUAH HASLBAIOT JTMHWH, KACA-

TCABHBIC K KOTCDRM HARDABNICHN TAK e, Kak U Bektop B B AaHuoi
TOMKE MOMA. Kax W CHNOBEIC JHEMH EKTPRYCCKOTC NONA, JHHWE
' MAaTHUTHOH HEYKIMH IPOBOAAT TAK, YTOGH EX rycrora 6xum npo-

TOPNHOHANLHA MOAYJAK BEKYOP2 MATHATHOR muayxnma V -

HHUE MATHHTHOH MEIYKIHH €CTh BAKHOE OTIHYHE OT CHIOBbIX MMHHIL

JNCKTPOCTATHYECKOTO NOMIA. JIHHAR MArHHTHON MBAYKIHM 3aMK-
HYTBY. 3TO CBHICTCIBCTBYET O TOM, 410 Y MATHHTHONQ AOAS HET

0COOBIX HCTOYHMKOB — MATHETHEIX 3apA10B. MATHHTHOE NONE ABIA-

CICA BAXPEBHIM. B HeM B OTIHMME OT NOTEHIMATRHOTO HOMA {HA-

MPHMED, JMEKTPOCTATHECKOTO M NOMA ToKecTH 3emym) pabora
. APH NCPEMEIIECHHM O 3AMKHYTON TPACKTODHH HE PaBHA MY/HO H 3a-

BHCHT OT $OPMRI TPAEKTOPKH.
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. -10.4. MarnaTHoe noje NPAMOro TOKA

Ecan marumrHoe none co3zaHo roxoM [, mporekaroumim no
npaMeMY OECKOHEYHOMY HMPOBOZY, TO MOAYXbL BEKTOPZ MarHMTHOH
HHIYKIHH BEIMHCIAIOT 10 GOpMyIe:

I
B=lo (10.3)
2rr
roe I - PpacCTOAHHME OT & TPOBOAR A0 TOMKH  IIONA,

Ho=4m- 10" H/A’<4n- 10" Twim — mar-
RHUTHAA MOCTONHHAA.

@ HanparneHe BEKTOpPa MATHHTHONH MHIAYK-
LMH ONPEJENSIOT ¢ NOMOIIBEC MpaBKAa Gypas-
YHKA, KOTOPOE B 3TOM CHy<4Ac 3BYYHT CAEHYIO-
mEM 00pa3oM: ecAM HaMpaBNeHHME IIOCTYNA-
Puc. 10 1 TETLHOrO ABEOKEHMA OypaBuMKA COBOAJACT ©
T HANPABICHHMCM TOKA B IPOBOOHHKE, TO HANpAB-
BCHME BPAUIECHHA PYYKH OYPaBUHKA COBIIAJACT C HANPABTICHHEM BEK-

TOpPA MATHATHOMN MHAYKIMH.
JIHHHM MATHWTHOH HHIYKUHM DPAMOLO
NPOBOAHHKE C TOKOM TIPEACTABITIOT CoO0H OK-
_ PYKHOCTH, JEKANME B INOCKOCTAX, NEPHEH/IH-
@ KyNIPHEIX NPOBOAHMKY, NPHYEM HX LEHTDBI
HAXOAATCA HA OCH npoBoguuka. Ha puc. 10.1
NOXA3aNbi JHHHA MATHHTHOH HHIYKIMH MOJIA,
COIAHHOIO TOKOM, TEKYIIMM OT HAC, a Ha PHC.

Puc. 10.2 10.2 - TOXOM, TEKYIHM K HaM.

10.5. MarauTHoe ROJIE B EHTPe KPYroBOTro TOKa

Ecms MaraWtHOe MNONE CO3XAHO TOKOM, MPOTEKAIOIIHM 1O
3AMIKHYTOMY KOHTYPY, TO HANDABIICHAC BEK-

topa B B 3TOM cmyuae comnamaer ¢ manpas-
JCHHEM HepeMeilenny OypaBuMKa IPH YCIO-
BHH, YTO HANIPABACHHE €r0 BPAUEHMA M TOK B
KOHTYPE COBNAnaioT, IIpH 3TOM roBOPAT, 4TO
aewxeHHe OypaBumka 3ajaer HANpaBiICHHE
NOIOKATEALHOH HOPMATH K KOHTYPY ¢ To-
KOM, B 9acTHOCTH, B WEHTPEC KPYTOBOro BHT-
Prc. 103 ka paguycoM R | 1o KOTOpOMy mpoTeKaer Tox
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I, wupyruun maruutiOrO NoJA

ol
B=""" 10.4
R (10.4)
ITpeieM A% TOKA, MPOTEKAOWIETO DO BHTKY MO 4ACOBOH CIPEC/-

Ke, BekTOp B B IeHTPE BRTKA HANPABEH OT HAc (puc. 10.3).

10.6. Marnurkoe none cosenounaa

OcoOulif mHTEpEC NMPEACTABAAET MATHHTHOE NONE KATYIKM C
TOKOM, HA3LIBAEMOH cosieHommom. ECIM [UIMHA CONCHOMOZ MHOro
fomsine erg AMaMeTpa, TO MATHHUTHOE HOJIC BHYTPH COJCHOMIA B~
CTCA O/THOPO/THBIM, T.. OAMHAKOBBIM II0 MOJYSTH0 ¥ HAPABJICHHIO BO
BCEX TOYKaX. JIHHMM MATHHTHOM MHOYKIMH TAKOIO NONA Hapai-

il
-

S iy
7 ~

Puc. 104

nensHLl. KaprvHa mHHWH MATHWTHOM WHAYKIHH CONEHON/IA NPHBE-
AeHa Ha puc. 104,
" BuyTpH coneroMxa MEAYKIMA MATHHTHOTO NOLA

B:p,:,.l’-}lE (10.5)

rae I —cunatoka, N - mcno eurkos, I — Anuna coneHoma,
10.7. IlpuHOBD cynepnosHUHH MATHHTHBIX Monei.
3axon buo-Carapa-Jlannaca
Jlna MATHETHBIX TOMEH CIPABE/THE OPWHINN CyNePHO3HIUHK:
B KAXKAOH TOUKE [OJA BEKTOP MAarHUTHOH HHaykuuu B pesymeru-
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— \
PYHOMIEro NONA paBeH CyMMe BexTOpos B; nosneit, coynasaembix xa-
HKIAbBIM TOKOM B DTI[GHLHOCI' H.

LB B +B +.. +B—} (10.6)

Bce npHregeHnbie PaHCE pE3YNLTAThI, CBA3AHHEIE C BBIMMCRE-
HHCM MarHHYHBIX IFOJEH, MOXHO IOMY4HTL, HCROTB3YA 3aKOH BHO-
Casapa-Jlannaca. Cornacko yroMy 3aKoHy 3meMeHT mposoaa Al | no
koropomy Teuer ok I (pre.10.5), cosmaer B nekotopoi Touxe A
MarsUTHOE 1OJIe, HEIYKIMA KOTOPOTO

IAlsina
AB=Ho — (10_7)
. 47 . r
TAe I' — PACCTOSHME OT MeMeHTa TIPOBOAA 2o Toukk A | o — yron
MEeXIY HATPABICHHEM HA TOMKY M HANDABJCHWEM 3NEMENTA. Tipn
atom nexrop AB TEPHCHAMKY MAPCH X MIockocTH P, conepmameii
leMeHT mpomroza Al m
NPAMYI0, OPOBCACHHYIO B
rouxy A . Hanpasncwme
-Bextopa AB  ompenens-

€1ca npasHnoM Gypavun-
Ka.

Yrobw HaWTH Don-

HYI0 HERyKuEro B, mano
CIONHTE BekTOopa AR,
CO3A3BAEMBIE  KDKILIM
JICMECHTOM NpOBOZZ B
PacCMaTPHBACMOM TOMKE.
H3  npusepenmmix
PaHCC TPHMEPOB EHAHO, MTO MOAY./Ih BEKTOP2 MATHHTHOMH HHAYK-
HH HpONOPUHOHAIER TOKY, COZIAIONIEMY ITO MATHHTHOE MOIe:
-B~ I

Puc. 10.5

10.8. Cana Amnepa

_ MaruuTHOE nosie AeHCTBYeT Ha NMPOBOAHMK C TOKOM C CHIIOH,
KOTOPYXO HA3BIBAIOT CHAOH Amitepa, Ecmu wmHa mpsmomaueinioro

NpoBOAKKKE ~ I, TOK B mpomommuxe - I | HHAYKIMA MarHKTHOrO

7%

nons B cocrasnser YIOM O € TPOBOAHHKOM, TO M3 IIPOBOJHHK

JeHCTBYET CHna AMmepa;

F, =Bllsina (10.8)
Hanpasnexne cuitel AMNepa onpeenseTca no NpaBuiy Jesoi
PYKH: DACIONOKMM NEBYIO PYKY Tak,
4TOOB! NHHHHE MATHWTHOH HHAYKIMH
(MX COCTABIAIOMME, NEPHEHIKKYNAD-
HLI€ IMPOBOAHAKY) BXOJMSH B JANOHS,
4 HETHIPE BRITAHYTBIX LAMLUA [NOKA3HI-
BaNH HANpPABIEHHE TOKA, TOTAa OTO-
rayTeri Ha 90° Gomwwoi maneu yka-
KET HANMPABACHHE CHIN AMIeEpa.
B Cuaa AMmepa mepHeHIUKYIApHA
Puc. 10.6 ITIOCKOCTH, MPOXOMATUESH Hepe3 mpo-
BOJHHMK H BEKTOD MATHMTHOH HHZYX-

1 (pHc. 10.6). .
Cuma Ammepa obpamfaerca B HOJB, KOCAA BEXTOD MATHHTHOM

maykms B napanrenck nposoasmxy ¢ Toxom. Cuia AMncpa Mak-
cumanbha M passa BI!, xorna sexrop B mepmenmixymapen mpo-

BOJTHHKY.
10.9. Cuna Jlopenua

MéarusTHoe none AeifCTBYCT HA ABAKYIMICA 3apai C CHIOH,
KOTOPYH0 HA3BIBAKT cwioit Jlopenua. Ecrn g — pemrmiua 3apaza,

U - ero COpoCcTh, B — HHIyKUMA MArHHTHOTO HOA, 0BpasyIOmero
C BEKTOPOM CKOPOCTH Yol O , TO Ha 3apan achcrsyer cuina Jlopen-

Ia
90
v
X~ AOHB, @ YETHIPE BRITAHYTHIX Masbla

i ObIH HATIDABICHBE TIO BEKTOPY CKO-
Puc. 10.7 POCTH. CTH 3apsail NOJOMHTENLEHEIN,

Fp=|glvBsina. (10.9)

Hanmpapaenue cuml Jlopenua
ONPeJesAETCa N0 TNPaBRIY JeBOH
PYKH: DACHOOIONHM JIEBYX0 PYKY TAK,
YT00B! IMHAH MATHHTHOMN MHAYKUAR
(X COCTaBNAOMME, IeprICHINKY-
AAPHBIE CKOPOCTH) BXOMAIN B Nd-

wu Bl
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¥ NPOTHB BEKTOP2 CKOPOCTH, €CAK 3aPAll OTPHLATENLHBLH, TOrAA OTO-
rayTeiii Ha 90° Gonsmo# manew ykakeT RanpasacHue cuab Jloper-
- Cuna Jlopcima TIEPREHANKYJIPHA IUIOCKOCTE, npoxoureit ye-
pes sektops O K B Te. F,,LU a Fpl B (puc. 10.7).

Cuna JlopeHna o6pamaeTca B HOMB, KOTAA BEKNOp MATHHTHOM
HHIYKITHH B [DapanIeicy BEKTOPY CKOpPOCTH 3apaga. Cana JiopeHua
MAKCHMATBHA M pasna qUB , xorma BLD.

10.10. MaruuTinie CBOHCTBS BEIECTBA

OneiT NOKABACT; YTO BCE BEHISCTEA, MOMEMISHHREIC B MATHHT-
HOS MONE, HAMArMHYHBAIOTCH, T.2, CAMH CO3AIT MAIMHHTHOS IONC.
To3ToMy MarHHTROS TONE B BEINCCTBE OTNHMACTCA OT MATHHTHOTO
mons B Baxyyme. OTHONIEEHE MOAY/A BEKTONA MATHHTHON HHXYKIHH

scpeae B’ x mogymo BexTopa MATHETROM HHAYKIHH B BaKyyme B

HASLIBACTCA MAFHATHOR NPOHUMACMOCTRIO cpem
B 13
o (10.10)
=3

Y BemecTs, HA3KBACMbIX AHAMATHMTHLIMN, MATHHTHAS ApO-
HHIUAEMOCTh HECSHAMHTE/GHC MCHBIUE COHEIITL. JHAMATHNTHLIMA
BEMCCTBAMM SBANIOTCA. BHCMYT, 430T, BOOA, MEb, 30JI0T0. V BHCMY-
ta p=0,999.

Y BEmIECTB, HA3LBACMEIX NAPAMArHAHTHLIMM, MATHHTHAS HPO-
HMIACMOCTh He3IHAUMTELHO Ooxsmie emmAHus. TTapamMarHHTHEIME
BEMECTBAME ABILFOTCA. KUCIOPOX, IUIATHMHA, BAIUAMWN, ANFOMBHEI.
Y amoMMART M = 1,000({23 -

VY Bewecrs, Ha3HBAaCMbIX (PEPPOMATHHTHLIMH, MATHHTHAS
MPOHHUAEMOCTh 3HAMHTCIBHO Oonbme eaMHHIE. DCcppOMArHATHEE-
MH BCIICCTBAMA ABMAKOTCA: JKEAC30, HHKEHD, KOOANET H PAIHIHEE
cnasel. Y cramm p = 8000 . Jiaa xaxnoro Qeppomarumrsoro seme-
CTRA CYIMIECTBYET ONPEACNICHHAA TCMIEpAaTypa, BRINE KOTOPOH cro
(eppOMArHMTHEIE CBOKCTBA HCYE3AXOT H BEIIECTBC CTAHOBHICA Na-
paMArHMTHRIM. 3Ta TEMNeparypa HalsBaercs remneparypoii Kio-

H. :
P Maruurisie CBORCTBA BEINECTBA OOBACHAXOTCH TCM, 9TO BHYTPH
MOJIEKYT B ATOMOB LIMPKYIHPYIOT AMEMEHTAPHLIE IMEKTPRYECKAE TO-
K4 (THIoTe3a AMOepa). 3tn Tokd o0pa3yioTea BCIEACTBHE JBHME-

, : 80

NCKTPOMOB B atoMax. ITLMOCKOCTH 3ITHX TOKOB PACHOIONEHSI,
KAK NPaBHIO, GecropagovHO, MO3ITOMY GO/IBIIKHCTBO BEMECTE B
{OOBIMMOM COCTOAHHYM MaTHMTHBIX CBOHCTE HE MpOABJIIOT. [pu BHe-
{CCHHH BEWIECTBA B MATHHTHOC [0/]I€ INEMEHTAPHBIC TOKH OPHEHTH-

”*pyro’nca TaK, YTO HX ACHCTBHA CKAAJKBAIOTCA, H BEIECTBO NPOSBIA-
1e'l' MAarHHTHEIC CBOHC-TBa

10.11. Marnn"mbn‘i TIOTOK

Marauranmm TIOTOKOM (MOTOKOM MATHHTHOM MH/YKIIKH)

@qepea IUIOCKYIO TIOBEPXHOCTD WIOMANBI0 S, NOMEIEHHYIO B OO-
nopomloe MATHHTHOE DOAS, HAIBIBACTCH Bemﬂnmfi

0.1y

‘rae B - MOZYJIh BEKTOPA MATHHTHOH MHAYKIDAH, O, — YTOI MEXIY

'sexropoM B u BEKTOPOM HOPMAanH A k nosepxHoCTH (pic. 10.8).
_ EcnH moBEpXHOCTS HE ABMKETCA IIOCKOH, TO MOXKHO JOKA3ATE,
“YT0 MATHETHELL DOTOK “Epe3 Hee PaBeH MATHHTHOMY TNOTOKY Yepes
IUTOCKY0 TIOBEPXHOCTE, HA xo-mpym HEMTOCKAA TIOBEPXHOCTE OTHa-
‘erca (puc, 10.9).

Korza Marumrsoe RONE CO3AAETCA HECKONHKUME HCTOUHAKAMH,

‘70 M3 IPHHIGNA CYMEPIO3MIMH CIEAYET, YTO DPelyNbIHPYIONH
' MArHMTHEIH TOTOK

=0, +QP, +..+®,, (10.12)
rae @ ~ MATHHTHBIH MOTOK, CO3NABACMEIH KAMIKHM HCTOUHHKOM.
-7 Ecma B xaxoM-muG0 3amxHy-

TOM KOHTYpE mpoTexaer Tok [, 1o
OH CO30AET MATHHTHOE MONE, WH-
AYKI[HA KOTOPOr0 NPONOPUHOHATE-
ia Toxy (B~1). Ilpu srom Mmar-
HHTHOC OOJIC COZHACT MATHHTHELH
NOTOK “epe3 NNomae, OrpaHHueH-
_ HYIO KOHTYPOM. JTOT MATHUTHEIH
Puc. 10.8 NOTOK  HAZMBAKT COGCTBEHHRIM
maraMTusIM notoxom @, . Ero se-

JIHYMHZ NPONIOPLHOHANLHA HHAYKLMH B, a 3HavuMT, Tmcy I, mpo-
TEKAILIEMY B KOHTYpE, T.C.

@, =£{] (10.13)
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Koappuwpent nponopumonanenocty L B 31om pasercrse na-

3HIBAKT WHAYKTABHOCTHLIG KOHTYpA.

VIHAYKTHBHOCTE 33BHCHT OT I€OMETPH-

YECKMX pa3Mepos H (opMbl KOHTYpa, a

TaKHE MAFHUTHBIX CBOHCTB CPEIMI, B KO-
TOPOH HAXOAMTCA KOHTYD.

[pounmocTpupyeM CKA3AHHOE,

Puc. 10.9 BLIMHCIIHB HHAYKTHBHOCTb CONEHONIA, ¥

koroporo N Butkos. Ilycte mo cone-

HOMY HpoTekaeT Tox [ , KOTOPBLl BHYTDH £r0 CO3IAET OMHOPOIHOE

e g W
-—-
-
-

N

N
MArHUTHOE NOoje ¢ uHgykmucH B=p [ T {cM. dopmyny (10.5),

MEArHUTHEGE NOTOK HCPE3 OAMH BHTOK COMCHOMAA ILIOMALBIO S

@, = BScos0° = BS (a =0°, tax xax pexrop B nepnexanxy.s-
per WIOCKOCTH BHTXA). COOCTBEHHBIH MAarHUTHBH TIOTOK “epes Co-
NeHOng

. 2
®, =®,N =BSN =p,I -];ISN =, -Jifs

Taxum 00pazoM, HHAYKTHEHOCTD CONECHOMAA

L:poTS (10.14)

TTycTs NPOM3BONBHLIH KOHTYP HAXOJHTCH BO BHEITHEM MAIHHT-
HOM noje. Honuerft mMarmuTseii motox @ NPOHU3LBAIONIHE KOH-

TYP, COCTOHT H3 TIOTOKA BHeryHero moit &, u cobcrBeHMoro Mar-

HHTHOTO MoToka @,

Q=@ +@ (10.15)

10.12. 3aKon 31eKTPOMATHHTHON HHAYKIHN

OnbTHRIM MyTeM ORIO YCTAHOBREHO ABJICHHE IeKTpoMar-
HUTHOW HHAYKIHM, COCTOALIES B TOM, YTO NPH BCIKOM HIMEHEHWH
MAarHMTROrQ HOTOKA, NPOHHIBIBAKOWIETO KOHTYP, 0OpA3I0BAHHBLIA
3AMKHYTHIM MPOBOAHHKOM, B NTPOBOOHHMKE BO3HHKAET MHAYKLAOH-
HBIIl TOK, CYIMECTBYIOIMH B TEUCHHE BCEr0 BPEMCHHM HIMEHCHHA
MATHHTHOTIO NOTOKA.
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Opasunc Jlewua nossondcr ycranosHTs HAMPARREHHE HHAYK-

| LHOHHOTO TOXA: HHAYKIKOHHLIH TOK B KOHTYDE HANpPAaB/IEH TAK, “TO

€ro MAarRHTHOE NONC NPOTHBOACHCTBYET HIMEGHEHMIO MATHUTHOTO
AOTOKA, MPOHM3LIBAIOWIEIO 3TOT KOHTYP.

B Gonee obmem srzae mpasuno Menna dopMynHpyerca Tak: M-
AYKUHORHEBIH TOK BCErna MPOTHBONCHCTBYET NPNYHHE, BLIIBAR-
meii ero.

3akon aexTpomaruuTHOH HMHAYKURH YTBEDAKIACT. NPH H3-
MCHEHHH MATHWYHOIO IIOTOKA B KOHTYPE BOZHHKAET JJIEKTPOBIDKY-

" IEAA CHJA HHAYKLHH, PEBHAA CKOPOCTH M3MEHEeHMSI MATHHTHOIO NO-

TOK3 CKBO3b MOBEPXHOCTD, OFPAHMYEHHYIO ITHM KOHTYPOM, A BRI3bi-
BaEMBIH CI0 TOK NPOTHBOJCHCTRYET H3AMEHEHHIO MATHHTHOTO NQTOKA,

| MPOHM3BIBAIOILETO KOHTYD:

€, =-2'(t) {10.16)

rae €; - aNeKTPOABIKYImAN CHIA HAYRKIHH, Q)'(t) -~ MPOH3BOIHAA

0T MarHHTHOrQ MOTOKA No BPEMCHH, KOTODAs B ABMACTCH CKOpPOCTRED
H3IMEHCHHA MATHKHTHOIO NOTOKA,

B ciyuae, xorpa MarsuTHLUT IOTOX H3MeHsETCH paBHOMEPHO BO

AD
' BPEMCHH, NPOH3BOOHYIO MONCHO 3AMCHHTh OTHOMLICHHEM e rae

AQ - wIMeHCHME MATHRTHOTO TIOTORA 34 speMa At . Tipuuem mme-
Henue AQ paBHO PAIHOCTH MOKIY KOHEMHBIM P, ® HaYaMLHEIM
@, sHaveHmAMH MArHMTHOTO MOTOKA, T.¢. AQ = @, - @, . Torna
AQ
" At

(10.17)

10.13. Daexrpoasmxymas cuna CAMOHRHIYKIHH

Cornacko dopmyne (10.15) Markurabi motox @ = S +P,
noACTapiA B dopmyay (10.16), gomyunm, yro
g =0 —@ (10.18)
B pine cnyuaes cOGCTBEHHBIN MATHUTHEGE NOTOK MOMHO HE

‘ywurnieare (mpy L — 0), u torma IJIC HHIYKIWH ONpEAe/IseTca

TONBKC CKOPOCTBID HAMEHCHHA BHCITHETO MaArHuTHOTO NOTOKA:
gi = _¢;H .
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B rex cryvanx, koraa Hemmee MarnuTHoe none OTCYTCTBYET, B
KOHTYpe Bo3HHKaeT JJIC HHAYKHHH TOILKO 33 CHET MIMEHCHHA COG-
CTBEHHOTO MarMHTHOrO noToka. Ee mazemaior IAC CAMOHHAYKIHH

€.. U3 gopmymt (10.16) nonyuaem, uro €, =-@. Tak xak

!
P, =LI 10 € =~(LI). B bomsmmoictae 3ana4 wEgyRTHBROCTS
xortypa L = const , noaromy
- _
€,=-LI(¢) (10.19)
rac 1 '(t) — MPOH3BOAHAS OT TOKX B KOHTYDE JIO BDEMEHH, KOTOPYIO
HASBIBAIOT CKOPOCTHIO M3MEHCHHA CHJIBL TOKA,

B cayuae, xorma Tox mimensercs PaBHOMEDHO EBO BPEMEHH,
AC camonHay Kipuu ' '

E.= —L£ (10.20)
At

rie Al - mimeHenme Toka 3a Bpema Af, PaBHOE Da3sHOCTH MEXIY
KOHCYHEIM H HAYANLHAIM IHAYCHHAMHE TOKA.

' Korza 3asucumocts notoka # T0xa or BPCMCHH HEM3IBECTHBL, HO
H3MEHCHHE HX BO BPEMEHM HepaBHOMepHOE, $opmymsi (10.17) u
(10.20) BepaxaioT cpemmme 3naucHun 24C mrayxmMuM M camMOMH-
AYKITHH. '

1

10.14. Buxpenoe 3teKTpuuecicoe mode. 4C
HHAYKUHH B XBHXXYIMHXCS HPOBOAHHKAX. JHePrHs
MArHHTHOrO mOJA TOKA

lprinnoii BosnmxnoBenns DJIC MHIYKIHE B HCNONBIDKHOM .

KOHTYpe ABIACTCA (yHAAMENTANLHBIH 32K0H NPHPOABL; NEPEMEHHOE
BO BPEMEHH MATHUTHOE HOJC [IOPOKAACT BHIPEBOE dICKTPHYECKoE
1mo.xe. JIHHHK HAIIPOKEHHOCTH TAKOTO NOMA 3aMKHYTHL Paforta Bux-
PEBOTC 3NCKTPHYECKON0 MO NPH NEPEMEMEHHH 33paga ¢ 1o
3AMKHYTOMY KOHTYDY HE PaBHA HY!O, 3 €6 OTHOMEHHE K BEJWYMHE
Jroro 3apaja ecte IC wugyxumy

A

q

SAC RHAYKUMH BOZHHEAET W B ABIKYIMXCS B MATHUTHOM [IO-
AC NPOBOAHKKAX. PaccMoTpuM npamo nHHe L NMPOBOAHME [THHOR

l. KOTODHIN NEpeMEMAETCA B MATHHUTHOM TiONe ¢ HHaykomeidn B co
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g == (10.21)

‘. cKopocTsio U, mpHueM yron MEXNy Bextopami B u U pasen o .

Cam mMPOBOAHMK 0GPa3yeT ¢ mepneHImKy-
mapoM CD k mnockocts sexropos U u
Byron B (prc. 10.10).

Ha xaxnmeii cBOGOAMBLA IMEKTPOH
BHYTDH IPOBOAHHKA AeHCTBYeT criaa Jio-

penua Fp, wanmpasmenmas saoms CD wu

pasias Fj=|efvBsina, rae e} — wmo-
Ay7H 3apAna INeKTpona. Pabora voil crust
npH nepemememm JJEKTPOHA ¢ OJHOTO
KOHL@ NPOBOAHHKA HA XPYroi

A = Fp- lcosp ={e[vBsin « - Icos = [eloBl sin ctcosp .

ISJIC MHAYKIMH 30eCh BOIRWKACT H3-33 JCHCTBHS CHITRI Jlopen-

Puc. 1010

.. 2 ¥ paBHa

- g, =I%|-:Bvlsinucosl3.

Korza nposonsvk nepnesicy tapen mnocxoctx pexropos B u
v, B =0, oraa

€, =Buvlsna (10.22)

Ecmm no xoHTYpY ¢ HHoykTHRHOCTRIO L mporexaer Tox cunoit
I, 7o cosnaumoe um marsmTHOS NONE OGMamAET JHEpIHei

2
w L
2

(10.23)

10.15. Ilpumeps: pewrenns 3é,uaq

3anaua 10.1. TTpamommmeinbii OHOPOHBIH MPOBOAHHK, MO/~
BEIICHHBIA Ha ABYX THOKHX NPOBONOYKAX OAWHAKOBOW JFJIHHEL, MO~
+ %ET BPAWATECA BOKPYT ropusontamsHok ocu AC . TIporonmuk Ha-
XOMHTCA B OAHOPORHOM BEPTHKAITLHOM MATHHTHOM mone. Ecmd mo
* MpoBORHMKY TeweT Tok [, =1 A, nposoaoyxu oTKIOHSIOTCE OT BepP-

THKAnAH Ha yToR o) =30°. IIpn kaxoii cAne Toka OHM BYAYT OTKIIO-

HATBCA HA YTOA O, =60° 7 Maccoit npoBonoYex MoxNHO npened-
peus (puc. 10.11).
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Pewenue.
MpenmonoxkuM, yro Tok
A C OpPOTEKAET, KAK NOKAZaHO Ha
. puc. 10.11, Bua cboxy mpean-
B cramaeH Ha puc. 10.12. Ha

NPOBORHUK JEHCTRYIOT CHIBL
CHIA TXECTH mg (m -

—_——

I

Prc. 10.1%

MACCA [POBOAHHMKA), pABHOAEHCT-
BYHLAA CHIT HATOKSHHA IPOBOIOYEK

7-;, cwia Amrepé FA, HApasncH-~
HAad IOPHIOHTANBHO. YCIOBHA DaB-
HOBCCHA MPOBOAHMKA, 33MHCAHHEIC
INs TOPHIOHTANBHOH W BEPTHRAL- Puc. 10.12
Hoit oceit X u Y , mator cucreMy ypaBHerwit:
noocu X [F, —Tsina =0 Tsina = F,

: <
‘doocun Y | Teosa—mg =0

Fy
= tga = —.
Tcosa = mg mg
B paccmatprBaeMoi 3amaye MpOBOIHHK NEPTICHIMKY IAPEH MATHHT-

HoMy 1ojmo, noaromy F, = Bllsin 90° = BIl .

Hrak, tga=———BH TMpartoke I, tga, =—'; nputoke I,
mg ' mg
BI,{
tga, = —=—  OTHOWMEHKE TAHITEHCOB PABHO
mg '
I

B Ly o 8% g,
tga, I, tga,

3agaua 10.2. Bnoms HaxIORHOM IwUockocTy, 06patyomei ¢ ro-
PUSOHTOM yrom ¢ = 30°, nponoxeHL! pemschl, mo KOTOPBIM MOMXKET
CXOIB3HTE NPOBOASIMHA CTepxenb Maccoli m =1 kr. Kaxolt Munm-

MATbHOH BE/IMMUHEL TOK HY'KHO NPOIFYCTHTB YEPE3 CTEPIKEHD, YTOObI
OH OCTABAJCA B HOKOE, CNH BCA CHCTEMA HAXOLMTCH B OAHOPOMHOM

MarHHTHOM nofie ¢ aykineit B = 0,2 Tn u nanpasncHuvii Bepri-
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-KameHo BBepx? Koadiprument Tpesnsa CTCpPKHA O penscsl p =02,

. paccrosHue Mexay pemscamu [ = 0,5 M. MarnuTHeM nosem 3ems

npeHeOpeys.
Pewenue.

[lepeviii cayuan. Tox HEPE3 CTCPIKEHL HATIDABIEH OT HAC (pHC.

- 10.13).

Puc. 10.13
Ha crepens neficTByioT: CHAa TspkeCTH Mg, CHIA peaKuuy

N, cuna 1perns noxoa F,, w cma Ammepa F, . TInockocts, B ko-

. TOPO# PaCTIONIOKEHE CTEPKEHE ¥ BexTOp B, — BepruKambHas u mpo-

Xoaur 4epes crepxenb. IlosroMy cuna AMnepa Hampasnewa ropu-
* B0HTAMLHO Kax NOKA3AHO Ha prC. 10.13. TTpeAcTaBuM, YTO MATHHTHO-
- 10 nons HeT. BemCEpM, WT0 GyAeT APOHCXOMMTE CO cTepkmeM. [
| 3TOTO HAZO CPABHHTL (20 H L

tga =tg30°~ 058 >u=0,2.
Takum obpasom, crepskens A0MKER COCKATBIbIBATD BHE3. CHna

Puc. 10.14
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AMnepa, OEHCTBYIOIAA KAK TOKa3aHo Ha puc. 10.13, mmeer

npoekino F .y, KOTOpad M 3aCTABMY CICPKEHb COCKAJILILIBATE.

Hrax, B nEPBOM Clty4ae HE CYIIECTBYET TOKA, MPH KOTOPOM CTEPIKEHS
OOKOHTCA.

Bmopoti cayvai. Tox Yepes cTepkeHs HanpasneH K HaMm. (Puc,
10.14).

Bo BropoM ciiyuac Ha CTCPXCHB ACHCTBYIOT T€ JKe CWILL, HO
cuna AMepa H3MEHWIA CBOC HAnpasfexne, [IpoelMpys CHIH Ha OCh
Y , nomy:mm

N —mgcosa — F,sina =0 = N =mgcosa. + F,sina. .

Tak Kak CTep/keHs ITOKOHTCH, TO, NMPOSUHpYS Ha ock X , NOMy-
wm mgsino. — F cosa - F, =0=
= F,, = mgsina. — F 4cosa..

F,p — CHJIZ2 TPEHHA TMOKOA (IO YCIOBHIO CTEPKEHE MOKOMTCA), TO-
ITOMY ‘ ‘ -

F <pN = mgsina — F,cosa < p{mgeosa + F sino)=>

= mg(sina — poosa ) < F, (cosa + psina).

Toncrasnas F, = BIl (yron memay sexropom B u manpae-
NEHHEM | TOKA I paBeH 90°), nOMy4a-
sino — pcosa
Bl(coso + psinat)

KOTOPOM CTEPIKEHE NOKOHTCA
_mg sino —pcosa - mg g —p ~332A
Bl cosa + psina Bl ptger +1

emI >mg

. MHHAMATBEHOE 3HAYCHHE TOKA, HpH

min

3a1aua 10.] B ogHOpoAHOM MArHKTHOM ToNe ¢ xuaykuneir B _

Y3CTHHE MACCOH T W 3apAaOM ¢ cOOBmAKT CKOPOCTs U, HaNpas-

JCHHYO TIEPIICHAHKYJIAPHO THHHAM MArHEKTHOR HHAykimH. Kax Oy-
JeT ABHIaThCA 374 YacTHLA B Marmm{ou noJie (pue. 10.15)?
Pewenne.

Bynem i onpexe/IeHKOCTH CYWTATh, YTO BEKTOP MATHMTHOR

unaykitnd B mepneRIHKyMApeH IUIOCKOCTH YEPTEXA H HANPABAEH
OT HAC, @ YACTHIA JAPDKEHA MONOKHTENRHO. B MATHHTROM Noie Ha

.1

4 yacruiry Aelicrsyer cuna Jlopenma Fip, wa-
IpaBJEHHAA BCE BpEMA NEPNCHAHKYJIAPHO
cxopocta. Tl 3Toi npermme ona paboty He
COBEPIHACT M KHMECTHMECKAA IHEPIHA HACTHI
He M3MEHASTCA, 3 3HAYMT, HE WIMEHACTCA H
Momym» ckopoctH. OcraBasch TOCTOSHHOK
o Moaymo, cima JIOpeHHa coo0maeT wac-
THIE NOCTOAHHOS MO MOXYII0 YCKODEHME,
i HAIPARMEHHOE NEPTIEHIHKYIAPHO CKOPOCTH.
Puc. 10.15 Brpoa: MaCTHOA ABIKETCH MO OKPYXHO-
cTn. 3ammcas BTOpOi 3akon HelTOHZ B
2

HDOCKITHH Ha PAIMYC, TIOMYTAM Fo=m-a, e @, = & e

4

gpocwpcmmmnoc ycmpem{e, a F,=quB. Hrax, quB= m-E .

muv
Pan;nyc OXYYIKHOCTE, 110 KOTOPOH BEDKETCA HACTHIL, R=—rr.

-gB
’ Tlepron oGpAIMEHHS YACTHIE! FIO OKPYKHOCTH:
2nR _ 2r{mv)_2mm
v (93} qB
Ieproa o6pamlerHs HE 3aBHCHT OT CKOPOCTH NBIDKCHUT HACTH-
WL

3anaua 10.4. Yactara maccolt m = 6,65-107% kr u sapsnom

g=3,2- 107" Kn cHayana yckopsercs B 3ACKIPOCTATHHECKOM NOIE,
HPOXOA YCKOPAIONEYIO DAasHOCTE NOTCHIHANOB U = 2500B. Ha-

YanpHAS CKOPOCTh HaCTHURI PABHA HYJIO. 3aTeM YACTHIA BICTaeT B
"f OAROPOJAHOE MAIHWTHOS MONE C HHIYKiIHEH B=2-10"°Ta, nep-
| DEHUKY/APHOE BEKTOPY CkopocTd. HallTH HIMCHCHHC HMITyIBCA
| uacTHus 33 Bpema [ =_12t~-1,039-10"30 MOCAE BHETA B MAFAEMTHOS

none. ONpescTHTDL BEMHIMHY UEHTPOCTPEMMTENBHONO U TAHICHIM-
" ANBHONO YCKOPSHMSA HYACTHI! B ITOT H HOCHCAYIOMHAE MOMEHTE! BpC-
‘ MEeHH.
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Peuniernue.
Tlycrs B HAYANMBHBIA MOMEHRT BpEeMEHH 3apOKCHHAA “ACTHLA Ha-
X0auTCA B Toyke A IMCKTPOCTATHUSCKOTD AOJA, MOTEHIHAT KOTO-

po# paser @, . Torga 3HEpras HaCTHUb — MOTCHIUMANLHAS IHEPTHA
B anextpocrarmieckom mome W, =W, =¢@,. B toue B

IHEPIHA YACTHIRI COCTOMT H3 ToTerumamnoil Wog = gpgp u xu-

mv2 2

..o 3axoHy

nerideckoit W_ , re. Wg=qopg+

2

coxpanesns snepran Wy = Wy = g, = ggp + =

muv?
= Q(qlA - (PB):: 5

Ho @, —¢p=u=qu= , ¥ CKODOCTB YaCTHUBL HPH €€ BJe-
2qu
m
YacTMIIA TIoA ACHCTBAEM Cuibl JIOpEHLA IBEKETCA IO OKPYKHOCTH C
DOCTOAHHOH 10 MOQYmO ckopoctsro U (puc. 10.15). ITo sropomy
sakony Herotoma Fp=m.a,, rae cuma Jlopemua Fp,=quB, a

. )2
LIEHTPOCTPEMHATEILHOC YCKOPEHHE HacTHUM G, = T Tocrre noa-

T€ B MATHHTHOE TNofe U = =4,9.10% m/c. B marsurHOM ROE

2
v
CTAROBKH nomysaem GuB= mE—, OTKYIA paJHyC .OKPYIKHOCTH

muv
=—l~3—=510 M. Tlepuoj 0OpAmEHMA YACTHLH MO OKPYXKHOCTH
q
po2eR _2mm 1039410 P
v gB

OrHonteHHe BpeMEHy ABIDKCHHA [ K nepHoxy
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;ﬁ:—: n‘1039'103)/(211-1,039-10"): bt rem
;-. T \2 4 4
ylcasannoe BpeMs YACTHIA OPOXOAHMT 1/4 OKPYXHOCTH, a ee BEKTOp
CKopocm nosopayusaercd Ha 90° (pmc. 10.16).

HMimenenne HMOyabca Ap D, Dy =P, + (- pl) rae
P! p,=mv.
Monynb Bekropa Ap = «/—p, \/_pz -—46 10% xrm/c . Mozym
LEHTPOCTPEMHTEIBHOTO  YC-
KOpeHuA B mobol TOYKE OK-
DYHRHOCTH

v2

a, =—=47-10°u/c?.
R

g,

G SEt R

o

dirn

R

7]

Tax xax cuna JlopeHna, neH-
CTBYIOImA® HA YACTHLY, Ha-
IpaBI€Ea N0 Ppaguycy OK-
PYXHOCTH K UEHTPY, TO TaH-
remmamuoe yckopenne B moboit Touke @, =0.

PRy

R RS

; 3anaga 10.5. B omHOpoaHOE MarHKTHOE none ¢ Huayxmeit B
xmerae'r CO CKOPOCTHIO I YACTMIA MacCOM I7 u 3apanoM ¢ . Yrox

mxm;y BEKTOPAMH CKOPOCTH U M MAIHWTHON MHIYKIHH B paBer
; o. . Kax Syaer apurarses wacruia B MarHurHoM none (puc. 10.17)7
Pewenue.

4 bynem ana OMpeENIEHHOCTH CHHTATS 3apAA YACTHIED [OJOXH-
v]

el

Puc. 10.17
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TenbHBIM. BBeaeM cHCTEMY KOOPIHHAT, 0cb X KOTOpOR Hanpasie-
HA BADJL TIONA, A IIOCKOCTs Y OZ neprneHavkymap Ha momo. Tak
KAK CKOpPOCT: U mepreHaMxymapHa cwie Jlopenua F,,, neiicrayio-
mek Ha yacTHIy, To CHia JIopemua paborThi He COBEPUIAET H, CREO-
BATE/IBHO, CKOPOCTH . OCTACTCA NOCTOAMHOK 1m0 Momymo. Tak kak
FpliB, 10 F, 10X . Ilpoexuna cumst JTopenua Ra ocs OX pas-
HA HY/IO, 3HAYHT, B HATPABNCHMY NMORL Y YACTHII HET YCKOPEHHA, H
OHa ABIXKETCA pPaBHOMEPHO INPAMONHHCHHO CO  CKOPOCTBHIO
U, =vcosc.. Tak kak v, =const ® U =Const, To yron o Mexmy

' BEKTOpAMH D H B Gyzer ocraBarbed nocTosHARM. [loaToMy B cluta
Jloperua Fp=quBsino Gyaer mocrofHHOH IO MOXYMIO, TIPHYEM

BEKTOD f‘n mapamnenes wiockoctd YOZ . TlepHeHIAKy TAPKAs Bek-

Topy B, npoexums CKOpOCTH U; = USIN G, HAXONHTCS B TUIOCKOCTH,
mapaurenbHO# muockoctd YOZ . CnenosatensHo, B ILIOCKOCTH,
TIeprer MKy IIpHOH BexTopy B, 4acTHIA ABIDKETCH 10 OKpYAKHO-

* CTH, PaIMyC KOTOpOM MOXKHO HAMTE H3 BTOpOro saxowa Heiorona:
2

) v
F,=ma, = quBsina.=m--=
b n R
. 2 .
(vsina) _ musina
gB
Hrak, B HANpaBXEHHM IOMY YACTHLZ IBIDKETCA NMPAMOMMHEHHO
PaBHOMEPHO CO CKOPOCTRIO 17, = UCOSQL, A B IIOCKOCTH, NepIICH,A-
KYJAApDHOE MO0, OHZ ONHCBBACT OKPYKHOCTH  PAFHYCOM

musina .
R =——"" B urore noay4aemM C.I0KHOE ABIIKCHHE N0 BUHTO-

gB

" woit uanm, [lar suaTosol ;ammn H  — 310 paccroaxue, Ha ko-
TOPOC CMCIIACTCA YACTHUA B HANPABICHWM NONA 33 BPEMS OJHOrOC

o6opora T WO OKpYAHOCTR, T.€. paccToAHHE Mexxy Toukame C u

D (prc. 10.17).

H=vT,meT-=

':qusinOL:m =R

2zR _ 2n(musina/qB) o ﬁ
v - vsina qB

922

o w

: m  2umucosa.
" H =vcose, - 2 —= = ——————

qB qB

3ana4a 10.6. JnexTpod BneTaer B 0ONACTE NTPOCTPARCTBA C OA-
‘HOPOAHBIM  3NEKTPOCTATHYECKMM [ONEM C  HANPHKCHHOCTHIO
"E=6-10"B/M ICDNCHAMKYIAPHO JMHMHAM  HANPSDKEHHOCTH
(puc.10.18). Onpeaenuts BelnruHy M HANPABICHHC HHIYKIHE Mar-
HHTHOTr'O NOJM, KOTOPOE HAIO CO35ATh B 3TOH 00AACTH A4 TOTO, MTO-
. 6Bl 3NEKTPOH NPONETEN €€, HE MCHLITHIBAA OTKIOKCHHH. OHEPrus
‘_‘j-:me!crpomi W =16-107" nx.
Peutenue, -

2
m,v
Dmeprea 3nektposa W = "2 ,

roe m, =9,1-102 xr — macca anexrpo-

j;"K Ha, U — ero ckopocTts. CIENOBATEIBHO,

=

Puc. 10.18 DAEKTPOCTATHYECKOES NONC

£
aclicTBYeT Ba 30eKTPoH ¢ cumoit Fy = |e|E , e le| — MOayTh 3aps-
' ma Inexrpona. JinA T0T0, YTOOL 3ACKTPOH HE HCHLITHIBAN OTKIOHE-
HEl, HeOGXOMHMO CROMIIEHCHPOBATh 3Ty crury cuiolf Jloperma F,
ZeliCTBYIOmEH CO CTOPOHBI MATHHTHOTO no/s. Tak kak

- " E m
= B = :-—-:E €
Fy =F,=>lE=|evB=B ; W

Bexrop BLD u BLE (puc. 10.18).

=0,1Tn.

Jaxaua 10.7. Tlo MeTawmyeckoil feHTe TOMUMHOR /2 Teder
1ok J . Jlenta MOMEMEHA B OSHOPOAHOE MArHHTHOE NONE C HHIYK-

"wmell B, HADpaBNCRHOH NEPHCHIHKYIAPHO NOBEPXHOCTH JCHTAI

(puc. 10.19). OnpenemuTs Pas’HOCTE SIOTEHUHATOB MEXKIYy TOHKAMH
A u C nenTH, ecni KOHUCHTPAUMA CBODOTHEIX HMEKTPOHOB B Me-
TAJUIE paBHa T, ‘
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Pewenue.
B meransie anexTpaMecinil TOK — 370 HANDABNEGHHOE JBHECHHE

CBOOOZHEIX 3MEKTPOHOB, Tipiriem I = le[nSv (1), rae || - moxyms

japaja JekTpoda, U -
B . CKOPOCTh YIIOPAJOYEHHO-

C N h o ABWKEHHSA INCKFPOHOB,
e/?(
’ E

S=dh - nnomam mno-

I ™o (d - ee mmpHHA).

' MarmntHOE none JeHCT-

+ + + + .
£ d BYET HAa CBOOO/THEIC 3NEK-
TPOHBL ¢ CHIOH JIopenua,
Pac. 10.19- HANPABICHHOH#  mepnes-

IMKYAAPHO TOKY B JEHTE,

KaK [PKA12HO HA PHCYHKE.

IMocko/eKy Ra OmHOMH H3 MOBEPXHOCTEH NEHTH 00pasyerca H3-
6urTox ANCKTPOHOS, MEKEY TOPUAMH JICHTHl BOSHHKHET INEKTPHYC-
ckoe none E, cnepowaremsro, Mexnay Touxama A w C 6yzer cy-
OICCTBOBATE PA3HOCTh NOTCHIMANOB. [lepeMemenne 3nekTponos Gy-
AET NPOACDKATECA 0 TeX NOp, Noka cuaa Jlopenna He Byzer ypas-
HOBCIICHA CHIOK €O CTOPOHW  3ACKTPHYECKOIO hHOMd, T.C.

Fy =Fp=>|e|lE =lejvB= E=vB (*).
Ckopocrs  2NSKTPOHOB  BRpaXAEM u3  ypaseHus (1):

I .
U= IEI—nTg—. HanpsokeHHOCTE noNA CBA3aHA C PA3HOCTHIC NOTCHLMA-
nos cootHomenuem K = Pa”Pe . TopcTaBnas » pasencrso (¥),
MOyYacM
Pa—¢c 1B IB

d  fepan P T idnn

3anaua 10.8. HesapmoxeHHBGH METAUTIMECKHI UWHIMHAD BPAWA-
€TCS BOKPYF CBOECH OCH B MATHHTHOM IIOJIE C YITIOBOH CKOPOCTHIO (.
HHayKuus MArHHTHOrO NONA HANPABACHA BAONH OCH UMuhHApa. Ka-
KOBO AO/DKHO ObIT: 3HAYEHWE MHTYKLHH MATHHTHOTO NMONA, YTOGH B
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TEPEUHOTO CEYEHHA JICH-

E WHTHHAPE HE BOMHMKIO MEKTpMueckoe mone? Macca 3JexrpoHa -
m, aerolapaa— €.
~ Pewenue.

Q/’ [pennonozsM, YTO IHAMHIP
1

; BPaIMaeTca MPOTHB YACOBOH CTPETKH,

‘ K4K ToKajawo Ha puc. 10.20. Dnex-

TPHMECKOe Tojie BHYTPH IMAMHApPA He

; —  BO3HHKAET, €C/IH OTCYTCTBYET CMeEme-~

Hue CBOGOIHBIX INEKTPOHOB. 3TO CO-

: B OTBETCTBYET TOMY, WIO KAXKABIH CBO-
t

GoIHuIE INCKTPOH ABHDKETC TO OK-
DY’KHOCTH C YINOBOH CKOPOCTHIO @ .
JlumeitHa®  CKOPOCTR  3NCKTPOHA
UD=0r, o I' - DACCTOAMHE jeK-
TPOHA ZO0 OCH Bpamemms Cnegosa-

TENBHO, Ha KUKRDH INEKTPOH aeficTayer cuna Jlopernua Fj,=lejvB,

XoTOpax CooOmAET €My UEHTPOCTPCMETENLHOE  YCKOPEHHE
. @, =®°r, IOCTATOuHOE AN ABIDKEHHS IO OKPY)KHOCTH DAHycOM
. r. Jina Toro, 4robm cHua Jloperua ObuUa HANpaBneHa K OCH Bpawe-

#H1, HeoOXOMMMO, UTOOR! HHAYKIHS MArRETHOTO nona B 6sina ua-

* MPABJICHA BBEPX, SCIIH IWIKHAD BPANIACTCH MPOTHBE “acoBOH CTpen-
- KH, H BHH3, €CJTH [ILTHHAD BPAINAETCH 00 YACOBOH CTpenKe.

o sropomy 3axowy Hutorona Fp=ma, =|evB=m,o’r.
m, o
g

Prc. 16.20

Toxcrasans U = @r , gaxoxum, yro B =

. 3agauya 10.9. Kpyrosoli BeTOX pamuycom R, no xoropomy
‘nporekaer Tox 1, HaxonuTcs BGIK3K GECKOHEMHOTO PAMOTO TIPO-
BOAA, MO KOTOPOMY NMPOTEKAET TOK -

I, I,. TIpoBOOHMK B BHMTOK JEHAT B

® oZHOH mIockocTH, Paccrossme oT

_ I, npoBoJa A0 LEHTPA BHTKA PAaBEO

- 3R . Ompeneanrs HHAYKUMO Mar-

HHTHOTO 704 B IEHTPE BHTKA (pHC.
10.21),

Prc. 10.21
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Pewenue,
CornacHO HOPUHUMHY CYNEPIO3HUMM, HHIYKIHA MATHHTHOrO

B nons's moboii Touxe B=B, +B,, e B, - mn-
AYKIMA MATHATHOTO NOJIA, CO34ABAEMOT0 TOKOM, TIPo-
o

TEKAIOIMM A0 NPOBOAY, 1§2 - MHOYKUHA MACHHT-

HOTO MOJA, CO3TABAEMOr0 MOTOKOM, NPOTEKAFOHIHM

B': o purky. B uenrpe 1}lmca nps}uoﬂ OPOBOA COZTAET
Ho Kol

Puc. 1022 T Bt R T xR
taly
2R

; B LEHTPE Kpyro-

Boro Toka B, = . B, n B, nanpasiensl kak

MOKA3an0 HA pAC. 10.22.
Moay e nempa Marn:umoi‘i MHIYKUAH Pe3yABTHPYIOIICTO [O-

I M, |1
B=|B -B 1 _Fola}_ Ho |4
m B=|B, ~By|=[¢ xR 2R | ZR[r

21-

I -
Ecmu —~>1I,, 10 Bekrop B HampaBnen Tax ke, KAK BEXTOP
4

B,.
I, =
Ecmu 3—<I-2, T0 BekTop B HANpABNEH Tak e, KAK BEKTOP
u :
Ez -
14
Eciu P I, , BHAYKUAS MArHHTHOTO NOJA B LEHTPE BHTKA
paBHa HyJIO.

3apaua 10.10. Yepes coneHoug, mmmnuocﬁ KOTOpOro
L =0,4 I 1 miowmans nonepeunoro cesenns S = 10¢mM’, npoxo-
aur 1ok cunoif [ =0,5A KakoBa HMHAYKIMA MAarHHTHOLO TOMA

BHYTPH CONEHOHAA, ecm oH conepxur N =100 surron?
Pewenue.
[TycTh yroJ Mexay HOPMANBIO K IUTOCKOCTH BHTXA CONICHOHAA H

BEKTOpPOM MarmuTHOX mExyximn B pasen 0°. IToTox MarMsTHOR

HHIYKIHH Yepes oau BuTok paseH BScos(® = BS . Torma mar-

96

HHTHBIA noToK yepes comewonn @ = BSN . C mpyroit croposs:,
marnuthei notok @ = LI | nosromy

BSN=LI=B=2L _5.10%
SN

3agaya 10.11, B 0ZMOpPOOHOM MATHHTHOM TORE ¢ HH/YKUMCH
B =01 Tn pacnonoxes mIOCKMH NpOBOMOYHEIR BUTOK, MIOMAID

xoroporo S =107 a conpormenemse R =2 Om. Tlepsonauans-
HO MAOCKOCTE BHTKA ICPNCHIMKYILAPHA

" THHMAM MATHWTHOH WHIYKIHM. DBHTOX
3aMKHYT HA ranbBanoMeTp. [MoxmsiR 3apaz,
IPOTEXIIHE Yepe3 TajJbBAHOMETD ApPH Mo-
Bopote BuTKa ¢ =7,5-107° K1, Ha xaxoi
YTOJl NOBEPHY NH BUTOK?

Prc. 10.23

Pewenue. _

TlycTs HOpMamk 72 K MIOCKOCTH BHTKA COBIAZAET IO HANDAB-
JIEHHIO C BEKTOPOM MArHMTHOH HHZXYKUHH B (puc. 10.23). Hauans-
HbIH MArHHTHBIH MOTOK YEpe3 IIOMAAb, OTPAHMYECHHYIO BHTKOM,
@, = BScos0° = BS . Ilpy nosopore mioCKoCTH BHTKA HA YTOI O.
HOPMAJIb, CBA3ANHAS ¢ BHTKOM, TAIOKE NOBOPAYHBAETCA HA Yrod &,
MOITOMY MArHWTHLIA MOTOK CTaHoBHTCK paseM @, = BScoso .

Takx kak MarsMTHEIN NOTOK H3MEHWICH, TO B BHTKE BO3HMKNA DJIC
MHAyKIKH. OOHAKO, 33KOH H3IMEHEHHA MATHYTHOrQ MOTOKA BO BpC-
MeMH He 3aaH. Hembia yTBEPXIAT: TAKOKE, YTO MOTOK M3MEHAJICA
PaBHOMEDHO Bo BpeMeny. ITosroMy ang srrmcienms IAC HHAYKIMH

BocromE3yemca Qopmynoit €; =—-@'(t). Mo swrxy nporexaer mw-

()

AYKIHOHHME TOX 1(t)-—§—= . Japas, UPOTCKANIHH no

' 4

BHTKY H PCTMCTPHPYEMEI TaNbBaROMETPOM, ¢ = S ABCD = ji(t)dt .
Y

3pece t, — HauanmbHLIA, @ 1, — KOHGUHBIH MOMEHTH BpeMenH. [Tocae

noncranosky i(t) nomysum
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T @(t) 1% 1 &
=-—dt=—— | @(tt =-—D(t)|’ =
=1"r R;{ (£t =- g ot

1 | 1
:“E(m(tz)" ‘:D(tl))z "E(‘Dz _®1)=—EA¢'

Hrax, HE3aBHCHMO OT TOIQ, Kak NOBOPAYHBATH BHTOK, IPOTC~

KAIOUIHK Yepe3 JAMKHYTHIA KOHTYP 3apaj BEMHCAETCA o Gopmyne
g=- A% (10.24)
L4 R -

Dopmyna BHBEACHA B NPEANONOAKEHHMH, Y10 HHIYKTHBHOCTb
KOHTYpa (BHTKA) NpeHeOpEAKMMO Mana (L - 0). 312 dopMyna 6y-
J€T HCIIONL30BAHA NPH PEMIEHHH APYIHX 34434, B KOTOPHX BLINON-
HACTCH YKA3AHHOE YCHOBHE,

B nameii 3anaue '

AQ=Q, - P, = BScosa - BS BS(cosa - 1)

IMocne nopcraHoBkH B (10.24) Haxonm

BS(cosc - 1) qR ' R

g=- R =>l—cosa.=§-§=>cosa=1—%§=_0,5,
In

Crenosatemsno, o = arccos{~ 0,5) = 3 120°.

3axa=a 10.12. Ksagparsas paMka CO CTOPOROH @ noMemaerca
B ONHOPORHOE MATHMTHOC MONE, MEPHEHAMKYIAPHOE €€ TUIOCKOCTH.

Tpu 310M MO pamke mpotexaer 3apsn & . Kakolt sapan oporever no

‘ = ®
a I B p - :
Y n@ a/zv - /|
a/2 a/f2
1 1| I
Puc. 10.24
98

: Q=—F=>Q=-
* KOHTYp.

5pamce, ECITH MpH HEM3MEHHOM MoJie eit mpuaaTh GopMy ABYX PaBHBIX

xeaaparos (puc. 10.24)7
Pewenue.

[TycTs MArHHTHOE IIOIE B HANPABNCHO OT Hac. Bribepem HOp-

‘Mans 7i, HAMPABICHHYIO K HAM H3 IUIOCKOCTH uepreska. [lo ycropuio

327124M BHAMANC PAMKA HAXOOWTCH BHE MATHHTHOTO NONA, TMOITOMY
maruaTre notoxk @, =0 . Koraa paMKy NOMECTHIH B MAarHATHOS

none, marsmmEd notox @, = BScos180°=-BS, me S=a’.
"Bocnonsiosasmmcs  dopmymoit  (10.24), nmonydEM,  4TO

A® (-BS)-0 BS
R R

, Ine B — compoTruBneHmHe

Jlanee B MarauTHOM moJye KOHTYp [ ZcdopMHpYETCS B KOHTYD
II. OmveraM, uwro mwiomams Koerypa II cramosuTcs paBHOH

2 2 '
SI=2—[%) =3 1.e. yMeumsmmerca. Tak xax obmas AmHHA

: xoHTypos I u II He H3MeHMNACh, TO COmpOTEENCHRE KOHTYpa 11 ocra-

eTca PaBHEEIM CONpOTHBICHMO KoHTypa I. Teneps Hauamsuutf mar-
HUTHBIE NOTOK uepes xonryp | paser BScos180° = -BS . Koneu-

| MBI MATHUTHEGA HOTOK (HOTOK uepes komryp II) paser — BS,. Ma-
" MEBEHHE MATHATHOTO MOTOKA

AQ'=-BS, - (- BS)=BS - BS, = BS[I - §S‘—) .

CHoOB2 BOCNONB30BABITHCH Gopmynoil (10.24), madineM 3apan,
ApOTEKANIME HO KOHTYPY NpH €ro Ae(opMaIMH B MATHHTHOM NOJE

Q'=—£=“§( -i] qumsan, 4T BS =@ wu
. R R S
—S‘*S"-% nony4aeM @' “——Q MHEYC YK43KIBACT Ha TO, YTO MH-

AYKIHMORHRIH TOK, nepenocsmmii sapsn @', MpoTekaeT » Hanpasne-
* MMM, MPOTHBOMONOKHOM HEIYKUHOHHOMY TOKY, NEPEHOCHBIICMY
. sapan Q.
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Ilo ycaosmio 3apaym xomryp I nONy4aXOT H3 KOHTYpa | no-

CpeacTBOM acopManmu €ro B B3 KBazpaTa Co CTOPOHOMK H

N R

2
a
wiomamso S’ = (—i—] KDKIbLH ¥ TOCHCAYIONMIETO TIOBOPOTA IIOC-

KOCTH mepXHEro xpanpara Ha 180°. 3o swawmr, wro mopmam x
| BEPXHEMy KBAZDATY Takoke OBOpawBAeTcs Ha 180° , H YFON MEXKAY
Heli B BEKTOpOM B paBeH HymoO. B 3TOM chiyyae HavyamsHLIE Mmar-
HHTHBIA JIOTOK (NOTOK Yepe3 KoHTyp I, DACTIONOKCHABIN B MATHHT-
HOM nonc) pasen — BS . KoueuHbIi MArHHTHEGE DOTOK (MpOHM3BI-
BaioneeiH koutyp 1II) paser cymme moroxon YMCPE3 BEPXHMN H HIDK-
HHH KPaapaTLL;
BS'cos180° + BS’cos(° =—~BS' + BS’ =0.
HM3meHeHMe . MarHMTHOrO mnoTOKa B ITOM chayiae
AP" =0 - (— BS)z BS . 3apan, nporeraronmmit no KOHTYDY:
AD* BS

3agawa 10.13, Ypoeoasmmii rwrockmd KOHTYD naomameio
5=200cM’, B xoTopME BKmOuEH KOHICHCATOP eMKOCTBIO
C =10,0 Mx®, pacrionoxen B OZHOPOZHOM MATHHMTHOM NOJE TAK,

WTO BEKTOp HOPMAMM X KOHTYPY 06pa3yer ¢ BEKTOPOM MATHMTHOI
HHAYKIMH yron o =60°. HsMencHme Marmwrmoit HHOYKUMH BO

BPEMEHH OMHCHBAerca ypasnewweM B =2.10 2¢os —:—t Ta. Onpe-

ACITHTE JHCPTII0 KOHOCHCATODA B MOMEHT BpEMEHK ¢ = 2¢. Hinyx-
THBHOCTBIO KOHTYPA NpeHeOpeys.
Pewenue.

Tlo onpeaenenuro MarHKTHE MOTOK, MPOHH3LIBANOIIMHA KOHTY]D
fD(t):: B(t)Scosa. Kax BumHo, 34CCE HIMEHEHHE MarHHTHOrO I1O-

TOK BBIIBAHO H3MCHEHHCM MATHHTHOH HHAyxuwan. IC HHIYKLMH B
3TCM KOHTYpE

€, =-0(t)= —(B(t)Scosa)' =—B'(t)Scosa =

100

;‘f‘:=— 2-102cos Z¢ Scosa =2-10%{ sin Z¢ | & Scosa =
3 4 4 A4

; = lS"ncosozsin Lrs
g 2 4

i Iocxomsky B rockoM korzercarope paccrosmme Mexay muia-
é{:n-mznvm Mano, To I/IC uHayKImi, BOIHMKMAS B KOHTYPE H PaBHO-
%%{Mepno B HCM pacmpeseNieHuas, MPeACTaB/AeT CoBOM HANPMKEHKE Ha
Eflmmueucampe. OHeprus KOHEHCATOpPA B JHOGOH MOMEHT BPEMCHH

5 Caf 1 A (4 2
¢ paska W= Y C{ Sncosasin Et . B MomenT Bpememu

T

_ . )
t=2c¢ sin ) t=smn 0 =1 H  JHCPrHEA  KOHJEHCATOpa

LR T

LW = %C(S‘)’ccosa)z =1,23-10"° I

ez

£ T I

3anaua 10.14. TIpoBomHEK, HMerommHii ¢opMy mnapabomm
Y y=kx®, maxommcs s omsopommom
{ MarwTHOM none B, nepnemmaxynsp-
Dl 4 HoM mwiockoctn XY . M3 Bepmmms ma-
Pabofel MEPEMEIAIOT TOCTYIATENLHO H
) fe3 HavameHOH CROpoCTH NEPEMEBIMKY C

' NMOCTOAHHEMM yCcKOpewHeM @, Haitru

1 X 3JIC wnaysums b 06pAIOBABMEMCH KOH-
O A TYpe IpE 3HAMEHHK KOODAMHATHL I = ¢

c

Pac. 10.25 (puc.10.25). '
Pewenue.

MaruHTHbIH TOTOK “EPe3 3AMKHYTLII KOHTYD, 06pa3OBAHHBL
HepeMuriKoif u mapaGonoit, ® = BS | rae S - mwromans 31oro koi-
Typa. Beipasum a1y nnomaas xax QYHKINNO KOOPIHHATH X, a Cle-
ROBATC/ILHO, H BpeMenu ¢ . Tax wax ICPEMEMEA ABHKETCA ¢ NOCTO-

at?
JHHEIM YCKOPEHHEM, TO e koopAHHaTa Y(t) = 5 C apyroii cro-
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2 atz 7 2 atz
POHBI, Y = RX ", crenoBaTessHo, T:kx =x’=—" nam

2k
. a
x20 aeM, x:w}——t *).
MOJYHACM, YTO By "

[Inomazs 3aMKKyTOro KOHTYpa B MOBOH MOMEHT BPEMEHH Haii-
A€M KAK yABOCHHYIO Da3SHOCTD MENTY ILIOMAbIO TPAMOYTONbHHEKA
OAFD o nuomansio KpuBOMMHEHHO Tpancuur OAF . Uraxk,

Sfx)= 2(_xy - Iy(x)dx] = 2(ka - I kx’dx) =

=2 kx? _kx3 "

4
=—kx® e x - MTHOBEHHOE 3HACHHE
0 3 ‘
abCICCBI TOUKH nepecedenna HEPEMBIMKH M napabonsr. Yuwrssag,

3
a 4 a 2 3/2,3
x=_—1t, S(it)=—HK J—t| =—— 1,
4TO W}Zk nomysaem S(t) 3 { oF J Bma

Maruuraeni HOTOK B JABHCHMOCTH or BPEMEHH

CD(t): j_ Ba’?t* anc HHIYKUXH B KOHTYpE

IV2k

’

g, = —(t)= {;J%Bamﬁ] __ Jz_kBam'tz -

4 F; atz 'Jg ), 8a
=-—=Ba"?| =— |= X2 Bg'2y = _By [5%
R (zj Vi By =By

B 10T MOMenT BpeMenw, xoraa Y =c, mogyms 3JIC mwaykmm B

xorTYpe |E;|= BCJ%.

3aaa4a 10.15, ITo ABYM MenHEIM trHHAM, YCTAHOBIEHHLIM 1O
YTIOM O K rOPH3OHTY, CKOJB3HT NOA JEHCTBHEM CHIEI TSACCTH

TPOBOAAIAA MEPEMEINKA MAcCOit M u Ltnuo#t | . Cromakenne npo-
HCXOZIHT B ONHOPOAHOM MATHUTHOM Tone ¢ muayxikeh B . TTone

102

_' 3aMKHYTa, 10 Hell mpoTeRaeT My KuHOR kL Tox ] = e

" peaxinm co cropomst mam N, cum TPCHEA CKOMBKEeHRR F,

NCPNEHAMKY APHO IIOCKOCTH NEPEMEmEHHA NEPEMBMKH. Brepxy

UIHHL COCAHHERN PESHCTOPOM C COIPOTHB-
nemmeM R . KoaddurmeHnT Tpenus ckons-
HEHHA MEHTY MOBEPXHOCTAMM INHH H Iie-
PeMBriKH pabeH ([ < tga ). TIpenebpe-
A CONPOTUBACHMEM MHH M NEPeMEMKR,
HAHTH € YCTAHOBMBINYIOCH CKOPOCTD. [le-
PEMEMKA HAXOAMTCE B IOPH3OHTANLHOH
Puc. 10.26 IUIOCKOCTH H NEPIEHAMXY/APHA DIHHAM
(prc.10.26). :

N,

Pewenue.
Ilycts ycTamoBunmascs CKOPOCTh NMEPEMEINKHA paBHA U, TOraa

. B nepemprike Bosuwxaer JAC wnaykupr €; = Blv . Tax xak uems

€ Bl
7
CHITEL, REACTBYIOMEE HA TIEPEMBMKY: CHIIA TAKECTH M@ , cuna

Ly

( Fm =N ) u cuna Amnepa, DeHCTBYIOMAA CO CTOPOHK! MATHHTHO-
;7o moss. TTpAyem MoAy b cimkl AMmcpa

B*l%y

Blv
F, =BIlsin90° = BIl = =
. = Blisin 2 R) L

 (3necy yureno, yTo YTOX MEXIy HANPABJCHHEM TOKA K BEKTOPOM
. MATHHTHOH HRRYXIMH paBen 90° )

Ilycts wumykuus B MarsuTrOro nmoms mampasnena TAK, KaK

noxaszano xa puc. 10.27. Toraa npu IDBiokeHmy TEPEMEMKA BHH 10
MHHAM NOTOK BHEITHEro MArHATHOTO NOIX YEPe3 3aMKHY T KOHTYD

F Y N AMNC (puc. 10.26) sospacraer.
Cnenoparensro, no npaemry Jenua
HHIYKIMOHHEIA TOK B KOHTYPE Ha-
NpaBiICH Tak, YTOOB! COSMAHHOC HM
MATHATHOE I0JIE CTPEMHIOCH CKOM-
NEHCHPOBATE YBEIHYCHHE MAarHMT-
Horo moroka. Orciona Moxao cae-
JaTh BLIBOJ, YTO MHAYKI[HA MACHHT-
Puc. 10.27, HOI'0 MoJR, CO3AAHHOTO MHAYKLHOH-

HhIM TOKOM, HANPABJICHAZ IPOTHBO-
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TONOMHO BexTopy B. Hcnonssys npaewio Oypaswrmka, Haxomuw,
I0 HHAYKUHOHHLIH TOK B koHTYpe AMNC nanpasnes no saco-

BOK CTpe.IKe, CC/IH CMOTPET® HA TOT KOHTYp ceepxy. Ha puc.10.27
HEXYKUMOHHBEH TOK HATIDARNIEH K HAM, NOITOMY CHUIa Awmnepa, npu-
JIOKCHHAA K IEPEMLIMKE, HANIPABNCHA BBEPX BAOAL ILMH.

Beexem ocd koopmamar X w Y u sanwmewm BTODOH 3aKOH
Hxioromna.

Hoocu X |mgsina—-F _ ~F, =0,
IloocuY |N -mgeoso =0.

3AeCh y4TEHO, YTO NPH MOCTOSHHON CKOpOCTH NEPEMBIYKH ce
yckopenne a = 0. :
" M3z Broporo ypassermus N = mgcosa., IOITOMY
F,, =uN =umgcosa. .
Ioncrasus B meppoe ypaBHEHME, MOMyTHM

1%y

mgsina — pmgcosa, — =0= ;21 it (sina — peosa) .

3axava 10.16. Merammrseckuit crepxens AB, conporuse-
HHC CTHHHIB! JUTHREI KOTOPOTO PABHO P, HBIKETCH C IOCTOMMHOMN
CKOPOCTBI0 U, mepreRmnkytapuoit AB | samuas npa NPOBOHUKA
OC u OD c npeucSpexammo mamsnu CONPOTHBNEHHAMH, 06pa-
SyromumMH mexkay cobol yron oo . OC =1 w ABL1OC . Ben crcre-
Ma HAXOMTCA B OAHOPOANOM MArHHTHOM MONE, HHAYKIHA B koto-
POTO NMEepreHIMKyIIpHa KIOCKOCTH cHcTeMbl HalTH nonsoe komm-
MECTBO TEMNOTEL, KOTOPOS BRUIENHTCS B LEIH 32 BPEMA ABEDKCHHMA
crepxus AB ot rouxu O mo rouiu C .

BF Pewenue,

B IMycts OA = x, Torma mmama
/’b HacTH crepxEs AB | ofpalyiomero
y 3AMEHYTBIH  XOHTYpP, ¥ = Xigo.

C SAC vnayxuam, KOTOpAA BO3ZHHKAET

x 'J B MONBHKHOM CTEDKEE H AeiicTByeT
BO BCEM  3aMKHYTOM  KOHTYpe,

€; = Byv. Hngyxipionnwii Tox B

Puc. 10.28 .

104

g
2y

- xouType I = Eﬁ , Tie R — CONpOTHBICHHE KOMTYpa, PaBHOE COMpPO-

2Tnsneumo y4acTKa crepacus amumoit Y. ITostoMy R=py n
E Byv Bv

i J=—"—=-—=const. Taxum 06pazoM, B KOHTYpE MpOTEKaAET
3 PY P ‘
TIOCTOAHHBIH TOK, BRUIENAIOMANCA B HEM MOIHOCTS
: 2 2 2
 P=I'R z(@}j) pyz_(BU) (BU] (vthgo =
P p
B*?

tgof . 3mech ydTeHO, MTO HPH DABHOMEPHOM JBIOKCHHH

TR B T

CTepkaA B moGol MOMERT spemenn X = Ut . TakuM 0GPaIOM, MOI-
. HOCTh, BRIGJMIOMAACA B KORTYPE, HE AB-
NACTCH MOCTOAHHGH, a2 nuHeliBo Bo3pac-
TaCT C TEYCHHEM BpeMeEH. Jlad Toro,
YT061 HANTR DONHOE KOXHVECTBO BEiffe-
JBIICHCA - YEIUVIOTHL, WOCTPOHM rpadEk
sasucamocre P(t), xoropssi mpencras-
ngeT coboi apAMYyEo HEI0 (pHC. 10.29).
Bpew: ABIKCHHA CTEPAHA .E[0 TOY-

Pnc. 10,29

O G —i. KoamiecTso  TemnoTs
* sucrenso passo miomamn AOMN IPHYEM Ero KATET
2 3 ‘2'1. '
MN P, =Plt;) = B a[—f;): (Bz) tga . Hrax,
P : ‘

_'1(Bv)'t (z} B*vl
=— -t — =
Q Pc c=5 o tgar o)™ 2 tgo

3anaua 10.17, B MarHutHOM nonie ¢ SORBMON BLICOTEL NAnacT
xoxmuo mmeromee quamerp d n conporusienwe B . Tliockocrs
;xonbna BCC BPCMA TOPH3OHTANbHA. Haiftw ycramoeEBmyloca cko-
*pom NAJeHWA KONBIA, CCIIH BEPTUKANLHAS COCTABIAIOMWAL HHIYK-
| IHM MAFHHTHOrO nonx wiMenserca ¢ swcoroik H  no saxomy
B B,(1+aH), rre o = const (puc.10.30).
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Pewenue,

IlycTs 71 — HOpMAaN® K WAOCKOCTH KOJBIA, TOrAA MArHHTHRIN
TIOTOK, CO3JAMHbIH BEPTHKAIBHON COCTABIANMEH MAISHTHOIO NONA
2

®=BS=B(1+aH)S, rze S= n—:—- - WomAms KOHTYpA.
IC MHAYKITHY, BOZHEKAIOMAA B KOIBLE,
€, =-0'(t)=—(B,(1 + «H)S) =-B,SaH'(t).

I'Ipoussomlax H'(t)= vy - 310 npoexums cxopocTs komsia a och
H . Tawina oGpazom,

_ © &;=-B,Sa(- UH). Tak xax cko-
POCTE KONBIA HANPABJICHA NPOTHE GCH
H, 1w Dy =-0, rae U - Moaym
]
H,

]

cxopocTH komeua ¥ €; = B Sav. Mo
. KONBHY OPOTEKACT MHAYKUHOHHBIA TOK

) R Pe3yIBTATE B
Puc. 10.30 KOTBIE 33 NPOMENKYTOK Bpemeru Al

BRACAACTCA KONMMYeCTBO TeMAQTIRL
Q@=I*RaAt. ‘

Ha smcore H, xommo ofmamaer mexammueckoil 3meprueit

2 2
mu
W, =mgH, + mv

»

(v =const, re. CKOPOCTb KOIBLA HE MeHACTCA). TH0 3akoHy coxpa-
HEHHA JHCDTHH

W, =W, +Q=>mgH, =mgH, +IZRAt=>
B,Sav

= mg(H, '—Hz)z[ =

) RAt =

2 .
= mg(H, —HZ):@&-%L)M (*).
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Pasuocts (H, — H,) ects paccTosnuc, MPOHACHHOE KORLLOM TR

paBHOMEPHOM aBikenns, moyromy H, — H, = VAt u ypasrenne
(*) mpuMeT BHI;
(B,Sav)? (B,Sa)v

R - -

)
At
= mg =

mgvAL =
mgR  16mgR

. (B,Sa)* (Bc,m:izm)2

3aga4a 10.18. MiMeerca 31€KTpOABHTATENh IOCTOAHHOIO TOKA C
HE3ABKCHMEIM BO2OYKACHHEM. 3amucaTsh 3akoH OMa JJtx BEnM AKOps
TAKOrQ ABHTATENA, MOMKIIOYEHROIO K HCTOYHMKY MOCTOAHHOTO Ha-
npoKeHMa 1. Bapaiurs mone3nyro MomHocts gsuratem. [loctpo-
HTh TPAUKH 3aBHCHMOCTEH CHJIBI TOKA B IEMM AKOPA H IOIC3IHOM
MOIIHOCTH OT YTHOBOH CKOPOCTH BPAaISHHA SKOPA.

Pewenue.

Jhioboil 37eKTPONBHIaTEND TOCTOAHHOIO TOKA BRIIOYACT B cebs
TAKHE KOHCTPYKTHBHBIC JICMCHIN, KAK HHAYKTOP (CTATOP) B AKOPb.
HHRYXTOP CO3MAET MATHMTHOS MOAC (MM MOXeT OBITH MATHHT KIH
nexrpoMaramT). Korma no o6MOTKe AX0pA NPOMYCKAIOT JNEKTPHYE-
CKMH TOK, AKODH, HAXONAIIMHACT B MATHHTHOM TIOJIE KHAYKIOpa, Ha-
HHHAET BPAATHCA. TCPMUH «HE3ABHCHMOE BO30YHACHHEY 03HAMACT,
4yr0 OGMOTINM AKODA ¥ HMHAYKIOPA MONCOENMESIOTCH K PAVIMMHLIM
HCTOHEKAM TOKA. B jnexapomsurarTenc mpOHCXOAMT Npeobpaiora-
HHE INCKTPHHECKOH IHCPrHY B MEXAHWYECKYIO.

Hpu pabore >nEKTpOABHTATENA B 3MEKTPUHCCKOH IICIIH SKOPA
HMCIOTCA IBE EKTPOABIDKYIIHE CHIbE — HANPHKCHEEC BCTOUHHKS 1

¥ IC mwapyxiau £, Bo3HEKAOmMAL B OOMOTKE AKOPR NPH €r0

BpameHHy B MarHuTHOM none. Ilpeyem 3C WuEyKUMHH, COTAACHO
npaexny JIcHua, NpPOTHBOMONOXKHA HANDPMKSHMI0 HCTOMHHKA TOKA,
TOITOMY 3aK0H OMa JUIY UEen# AKOPA 3aIHEIETCA B BUAC

iL—|g;|=1IR (10.25)

rae I — cuia Toka B uenu sxops, K — o0mee CONPOTHBICHEE Neny

* ROPA.

H3 3axoma COXPAHEHHMA IHCDIUH CACAYLT, SIT0 MOMHOCTE, I10-

TpebIseMas OT MCTOMHMKA W paBmas Wl , “MACTHMHO BbLAENAETCA B
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BHAE TerLToBok MougHocTi 7R, a acTs €€ nepexoauT B MoNCIHyI0
momuocts P . [lorromy ul =I’R + P orkyza
- |P=ul-I’R| (10.26)
HMomuonas pasenctso (10.25) ma I, nomywmm
ul -[g; [I—IZR:»uI—I:RﬂS I

Ortkyna creayer, w10 none3nas MOHOCTS
P=[g || (10.27)

u M3 3aK0Ha nexTpOMArHHTHOH HHTYKIGH

R caeayet, yro IAC HHIYKUMK, BOIHRKAIOMAS B

@ OOMOTKE AKOPA, DPONOPIUEOHATHHA CKOPOCTH

H3MCHECHHI MATHUTHOTO NOTOKA “Epe3 3Ty of-

MOTKY. B CBOI0 o4epemm, sra cxapocTs mpo-

Puc. 10,31 NOPUHOHAILHA YIIOBOH CKOPOCTH BpameHds
axops @ .'B wrore noxywaem, 1o |€;|= an

FAC & — KOM(PPHIMERT TPONOPUHOHAIEHO-

P cTi. Buparas m3 dopuymsr (10.25) cuny
TOKA, DOy MaeM, Y10
I= u_|8i| L oo I'pajux 3aeucu-
% u. _ wmocta I(o) npueenen ma prc. 10.31.
P - INonesnas MommocTs
Puc. 1032 . . ' u-lg,
P:'Silf"lei(—}is—'-]:
ulS I ' l U — oo uo. a? .
= —_— — e ) 1" v}
R R B @ R ® patl)mc aTOk

33BHCHMOCTH — napaﬁona (puc. 10.32).

3agawa. 10,19, '-IeMy paser KILI snexrpomoropa, eciu mpH
BKTIO4EHHH €10 B CCTh NOCTOARHOTO TOK3 TOK, MPOTEXAIONIHIL IO e10

obmotre I; =15 A, a B ycTanOBMBIEMCE PeAHME TOK CHIDKAETCH
ao I=9A7
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Pewenue. '

IIycTs MOTOP MOAKMOMACTCE X MCTOMHHKY C C-)I[C paeso# £ .

L B zanawe 10,18 Gsuto moKasawo, 4T 3aKoH OMa /A LENH AKOpA 3a-
i  mucriBaercs 8 Buxe: €—|€,|=IR, rne €; — DC muayxinm, so3-
| mmxaromas B uenu sxops, J — cuia Toka B 3ol e, R — ee non-
b noe CONPOTHBIEHHE. B MoMeNT Mycka fAKOPE HENOBIOKCH, TO3TOMY
»aﬁl =0 1 E=1,R (*). Tam e G510 YCTAROBNEHO, YIG NOMCIHAS

Esommocts Moropa P = €1 - IR, a notpe6iieMas iM MOHOCTS —

‘GI Koagupmmment nonesuoro jeicrsua MoTopa

. P EI-I’R R

MN=——— = =]-J = W HCTBAa (*) cmeayer, uTo

P VT ET €l g paneHorsa (1) onewy

R_1
€ I’

no:mmy n 1—%:04 w1 =40 %.
0

? 3axaua 10.20. Jlpe xarymxe muAyKTEBROCTEIO L, B L, woa-
Emmemqepesmnom K, n K, x ucroummxy ¢ 3JIC € u muyt-

PEHHEM conpo'rlmneﬂaeu I'. B HAYANMLHEIA MOMENT 062 Kmoua pa-
i 3oMKeRYTHL. [locme Toro, xak

% xmoy K, samkuymm, m Tox ve-
pe3 xatymxy L, mocrar smauc-
ma I, samemaror xmou K, .
OmpenemuTs  yCTAROBMBIUMFCS

- 10K yepes karymxu L, u L,
NoTAC 3aMElcAHHN Kmoua K, .

ConpoTuBICHKEM KATYIUCK Npe-
rebpes (puc. 10.33),

4 T

i Puc. 10.33

Pemenue. _
; 3a Hauano orcyera BpemeHn NMPHHMMAEM MOMEHT BPEMCHH 3a-
Mukannx kmoya K, . Bpema 10 yCTaHOBKY TOKOB 0GO3HAMHM uepes
T.
" Tlocne 3ambixanss xmoua K, 8 rkatymwe L, meiicrayer 3]IC
mommymxm pasnas — L i/ (t). 3AC CAMOMEYXIMH B KATYHIKE
L-_, pasua - L,i} (t). Tak xax conporusnenmen’ KATyIieK M IpOBO-

S S

-

e o

19



J0B MOMHO npeHebpeys, T0 nocie 3aMeixanna xmoya K, B moboi

MOMEHT BPEMCHH Da3sHOCTH NOTCHIHANIOB HA KATYIOKAX, pPaBHLIE
SOC caMOHHOYKUWM B HHMX, OZHHAKOBRL. [lONy4aeM PpaBEHCTBO:
- L i;(t) ==L,i, (t) =L, i{ (t) = Lyi, (t) .

l'lpomrrerpnpyeu IT0 PABSHCTBO:

IL i(t)de= J'L iy(t)dt = L, Iz (t)dt=L Izz(t)dtzb

= Lij, (t); = L,_lz(t} = L ()-1 (0))— L, (i, (1)~ ,(0).

3 yenosas samawm cnenyer, o i, (0)=1,, i,(0)=0. Kpowe roro,

L(t)=1,,ai,(t)=1,, tne I, u I, ~ ycranosusmniics B xarym-

xax Tok. [Tocne noacranoske nomyuaem L, (7, = I, )= LI, ™.
- Hampasnerme TokoB I, w I, moxasamo ma puc. 10.33. Pas-
HOCTH TIOTEHIMANOR MexTy TouxkaMH A u B ecrs £, noaromy o6-

mouii Tox T =§-. Hcnoms3ya neppoe mpasuno Kupxroda, samcemsa-
emypasuerme I ~I, -1, =0=>1, +I,=I = (*.

Bupanaesm us ypasuenws (**) I, =I -1, u noacrasnsem B

ypassenne (*). [Tomyuaem, wro L, (I] —‘I0)=L2(1_11)=>

LI+LI L(I-1,) £
:}I :_2__...__Li, ‘-;_i..#’ I-__-.____'
! L, +L, a5 \L1_+L2 e r

3agaqa 10.21. CeepxnpoBoismee KPYFI0e KOMBLD PaaHYCOM
r, uMeromee uHgykouei L, Haxoamres B oTHOPOAHOM MArHHTHOM
none ¢ maAykiel B . TleproHavansHo ITOCKOCTE KONBEA OBLUTA ma-
pamIensHa BekTopy B, a Tok B xomsue pasen nymo. Kaxyro pabory
HY)KHO COBEPIIHTb, YTOOH NOBEPHYTH KOALHO TaK, YTOOL! €ro wioc-

KOCTDH CTAJIA NEPNECHIHKY IAPHA RHHHAM HBIXYKIHHA?

' Pewienue.

Koo mpoOHH3LIBAETCA KAK BHCIDHMM MAFHHTHRIM HDOTOKOM
@, . Tax K COGCTBEHNEIM MATHHTHLIM NOTOKOM @, COAIZHHEIM TO-
KOM, NPOTERAKOMUM N0 KoAbLy, [103TOMY NOMHME MATHHTHBYE mO-
Tox @=@_+@ . a 3[C wHHAYKUEE B  KOAbLE
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-—(D' - -, =-®, —Li', rae i’ ~ cKOpOCTE HIMEHE-

*‘m roKa.
; ConpoTHBACHHE CBEPXIPOBOAAINETC KOMBLA R =0, nostomy
m sakory Oma E,=IR=0. Orcroma cmexyer, =m0

—@! —Li'=0=>-®,, = Li’'. INpousrerpuposas 3T0 PaBEHCTBO
?r Hyid A0 T, TAE T — BPeMA NOBOPOTA KOJkIA, HAHIEM, 4TO

= W*:.—"‘ﬁﬁi

f @' dt = ]Lz’dt = -@,,(t)] = Li(t |

=@, (- @, 0)= L) 10).
‘B savwans et mosent spemenn 1(0)=0, @, (0)= BScos90°=0.
‘B MmoMent speuelm T, KOTAA KONBUO TEPHEHIHKYIAPHO JTHHFALM

mmymmn, @, (1)=BScos0°=BS, me S==r’, a Tox

BS
1(1:) I . Taxum obpasom , — BS = LI::Iz—T.
! Havamsan SHEPIUA MATHHTHOTO NOJA KONBUA W(O) 0, xo-

LI*

9‘
-~
B
J
i

' Bewmoe amavenme ot snepran W (z)= . VBenmmicHRe JHED-

rlm mpoM3omNe 33 cder pafoTh BHCIHMX CHI, ROITOMY
L _(Bsy _(Bnr*f
2 2L 2L

AW=W(I)—W(O)=A:>A2

3agawa 10.22. B cxeme, mobpaxensoi na puc, 10.34, B ma-
" yansHLIE MOMEHT BpeMeHu Kmou K pasOMKHYT, KOHJCHCATOp HE
" ' 3apsoken. OnpeensTs MAKCHMATLHOS 3HAMCHHE TOKA NOCHE 3aMbl-

- xarms kmoua. 3anamnt L, C, €, . Comporusnennem KATYHGH B HC-

§ TOYHMKA MPCHEOPEYS. ‘

5 c 'I_ﬁ Pewerue.

T ] DAC CaMOMHAYKIMH B KATYIIKE
i L € = ~Li'(t), rme i'(t) — mpomeoxHas

€,~T or Toxa mo upemenn. Korza uepes xa-
TYHmIKy NPOTEKAET MAKCHMANERMEDE TOK,
T2 npoulBojHad ofpamaercd B HOME.
Cneposaremsno. 1 £ = 0. TTosromy Ha-

RTINS ®

m
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'IP:DKEHHE HA KOHIEHCATOPE B ITOT MOMEHT PABHO HAMPSKEHHIO HC-
Toumnka €, . Tlpu 3rom 3apam xomzencatopa ¢ =CE,. Hmerro
ITOT 33PAR MPOTEKACT ePe3 UCTOMHBMK, DM 3T0M PatoTa CTOPOHHHX
cunr A, =¢€, =CE,”. Ira pabora maer na mMeHenHe IHEPTHE
KOHZICHCATOpA H KATYWIKH HHAYKTHBHOCTH, Te. A, =W, + W,

ce,’
ze W, = — 3HEPIHA JICKTPHYECKOrO N0 KOHAEHCATOpa, a
L1z
W, = — IHEPTHL MATHATHOIO NOAA KATYIIKH. Hirax,
cg,’  LI: C
Cel="20 (tmm 17 _g [=
T T 2 2 YL
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;i;";I‘.nana 11. Kone6anns, Mepemennniit JneKTpuIecKui

TOK

11.1. Ocnornble cBolicTBa KoneharenbHbIX
IIPOLECCOB

B IPHPOAE U TEXHHKe CYINECTRYHOT NMPONECCH, B KOTOPRIX H3-
Menerme BO BPEMCHH (PESHYECKHX BEJHYHH MPOHCXOAMT MCPHOTH-
t:ecm HJIH NPHOMU3KTEIBHO TepAOIMyeckH. Takue mpoueccs HAIbI-
“BaroT KoteGannsamu. TIpocTeimm IpYMepoM KONeGAHKH ABIAOTCA

-MEXaAH1eCKHE K0/1e02HAs — JBIDKCHAA TeJl, MOBTOPAIOMIHECA TOY-
+BO HITH MPAGITH3HTENLHO YEPE3 OXMHAKOBLIC TPOMEXKYTKH BPCMCHH.

weckux Bo3meHCTBYiL (B MeXaHHKe

KoneGanus, apoucXoNfmre no/j| BIHAHHEM BHEIIHHX NEPHOIH-
CHJI) HA CHCTCMY, HA3LIBAIOTCA

. BRHYEICHHLIMH Koaebannavu,

KoneGanus, nponcxogsmye b cHeTeMe 6€3 BHEHIHKX IICPHOIH-

‘qecmx BOJJCHCTBHI HA Hee, HAKBANOTCH CcBOGOTHBIME Konela-

THRSMIL
HecMo1pa 13 10, 970 KONEGAHHA MOTYT MMCTH DA3IITHHYIO $u-

‘3WYECKYIO MPHPOAY, OHH ONMCRIBAFOTCA OXHHAKOBBIMM BC/THYHHAMH
. ypabreRWsME. J[14 OmAcaHMA KONeOaHEH HCROTEIVIOTCA BEIHYM-

HEI, XaPAKTCPHIYIOIHE KOMeOATC/ILHOC JBHKCHHE B LENI0OM: HEPHOA,

‘MACTOTa M AMINATYAA KoneOanmii.

Heprox weneGamuii T — 310 MEHHMamBHMIF TPOMesyTOK

'BPEMEHH, 4Cpe3 KOTOpHH KOoNCOATCHbHEIN MPOLECC NOBTOPAETCH.

Jlpyremu cioBaME, NEPHOS — 3TC HPONO/DKHTEABHOCTE OAHOIO KO-
ebanud,

Yacrora Konebammit v — 3710 MHCIO KoneGaHuil B emMHMIY
BpeMeHH (B cucreme CH 3a lcekynny). Yacrora xoneGanmit — senn-
“IHH, obparHas neprony:

v= (1L1)

1
T

IDymkmraeckas (KPyroBas) 4acToTa © — 9T0 YACIO Konmeba-
HHiT 32 270 CekymI

(11.2)
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Yacrory cBoGOIHBIX KONEDAHMA HA3LIBAIOT coGCTREHHON ACTOTOM
KojtefaresHoH CHCTEMBI H 0603KAYAI0T O . '

AMiuinrysa xoaeGaunit A > 0 - 310 HauGossinee OTKIOHE-
HHE KOTEOMOIETOCA TeNa OT NOJOKEHHA DABHOBECHA., B cy4ae, ko-
rA2 PeYb MACT HE 0 MeXaHwueckuit xonebanusux, aMumrysa xoneba-
HH YKAIRIBACT MPEACITHl H3MEHEHHA (Y HELHU x(t), KOTOpaA Xapak-
TEPHIYET KOJICOATELARIT HPOLECT:

-A<x(t)<A.

EC/H AMITHTY 2 KONCOAHMI ¢ TEMEHHEM BpeMeHH YOLIBALT, TO

KOMEOAHHA HAIBIBAIOT 3ATYXAIOMIHMA.

-

11.2. T'apmoungeckre xoaeGanus

H3 pasnuvHLIX BHOOB K0IeGaTENEHEIX TIPOLECCOR (CBOGOMHbIX
H BRIHYKACHHRIX) OCOOBIH HATEpEC MPEICTABIAIOT CAPMOHAIECKHE
KoJrefanun — konehaHnd, MPOHCXOMMIIME HO 3aKOHY CHHYCA HAR KO-
cHHyca oT BpeMend T . QM OMHCHBAIOTCA OpMyTaMH
x(t)= Acos(wt + @, )| wm | x(t) = Asin(o? + @, )
rae x(t) Gyuxuusa, onachBaromas KoaeOaresHuE Mpouece.

Dazoi xo.neﬁaumii HA3BIBAIOT BEMYMHY
olt) = ot + ¢, (11.4)
rac ¢, - haza xoneGanmit B MoMeHT Bpemenu I = (), ee HazEBalOT
HauarpHoil Qalol KoreGammuii.

B ciyyae Mexammrdeckux xoneQaHwi cbyﬂmmx x(t) B thopMy-
nax (11.3) npeacrabaster cobol KOOPIHHATY KONECOMOIMEroCca TexA.

INycts Havamsead ¢asa xonebanuii ¢, =0, Toraa koopamsaTa
xonebmolneroca Tena Bhipaxaercs popmynoit x(t)= Asinot. Hs
310l (POPMYIBI CIEAYET, ITO B MOMEHT BpeMeRu £ = ) x(t)= 0,te
TEN0 HAXOAMTCH B HAYANE KOOPAMHAT. BLIACHHM, uepe3 KAKOH MH-
HHMATMBHEN NMPOMEXYTOK BPEMEHH [ CMEIICHHME TENa CTAHET paB-
noiv ammrryne A, Ilomyuaem ypasuenme  x(t)=A =

2n, =« 1

T
Asmmt A = sinat = 1:‘»0)1——-:>—t—-—:>t:——T,
27T 2 P

T - nepron koncbaruii. Hrak, TENO CMEIAETCK M3 MOIOKEHHS PaB-
- HOBECHA HA PACCTOAHMHES, PAaBHOEC aMIIMTYAS KoneDaHHiA, 3a Bpema.

(11.3)
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PABHOE HETBEPTH Nepuoda Konebapw#. JIerko A0kasars, ¥TO BpeMA
NBIDKCHAA B 00paTHOM HANpPABJCHHN TAKKe PABHO YETBEPTH NMEPHO-
na KoeOaHHi,

11.3. CkopocTh H ycKOpeHNMe Téa, COBEpIIAIoLTe-
r0 rapMOHHUuECKHe Konebanun
ITycts Teno corepmacT rApMORHYCCKHE KOICOAHHA IO 3AKOHY
x(t)= Acos(w? + @, ). Hi3secTHo, 40 nepBas MPOMIBOIHAL OT KO-
OPAHHATEH! TS NIO BPEMENH eCTh NMPOEKIHS CKOPOCTH JTOr0 TElA HA

HANPABICHHE JBIDKCHUA, HO3TOMY cxopocm Tena, COBEPAIOMETD
FapMOHHHECKHE KONeGAHN:

0, ()= 5'0) = (Acos(ot + ¢,) =-Asin(ot +g,)- (ot +¢,) =

=-Aosin(ot + @, )= Acnoos[mt + @ + g) :

3amerus A Ha U, , OJydAM

v, (t): 'vmcos(mt +@, + —;-) .

CrenoBarensao, MPH FAPMOHIMMECKHX KONCOAHHAX CKOPOCTE TEN3 HE

(11.5)

’* IOCTOSHHA, 4 TAKKE COBEPIIACT FAPMOHWYECKHUE KONeDANHA ¢ Toli e

; 2n .
QaCTOTOH @, A 3HAMMT, H NEPHOXOM 1 = —, H AMILIETYROMH
o ‘ o

v, = Aw . CpaesmBas ¢opmymt (11.3) u (11.5), noAydaem, 4To

- hasnl KoneGanmi CKOPOCTH ¥ KOODNMHATH OTAHHAKTCA Ha 7/2 . Vi
. 3TOTO, B YACTHOCTH, CEIYET, YTO KOTAA CMEMEHHE TENA OT HOJIOKE-
. HEA PAaBHOBECHA PABHO aMILIMTYIE, T.6. MAKCHMAIBHO, CKOPOCTh Te-
' ma obpamaercx B woms. M, Ha060poT, KOrAA TENO NPOXOMMT HOMOMNKE-
' HHE DABHOBECHA, T.¢. CMEICHHe MHHMMAJIBHO, MOAYTh CKOPOCTH

i
i

|- MOCTWraeT MAKCHMATLHOTO 3HAYCHHA.

Bropas IpoE3BOIHAA OT KOOPAMHATHI HAH NEPBAS MPOMIBOAHAL

., OT CKODOCTH N0 BPEMEHH PaBHbI IIPOCKIHH YCKODEHHA TENA, MO3TO-
My YCEOpEHHE TENA, COBEPIRAIOMIETD rapuoumecmc KOncOaHuA:
T.

4

T

L a (t)-v(t) (—Awsm(mt+tpo)) =

= —Amcos(mt +q>0) (cot + (pn) -—Amzcos(mt + (p0)=
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= Ao’cos(wt + ¢, + 7).
3amenne A’ Ha @, , nOMyMHM

a.(t)=a cos(wt+(po+1t) (11.6)

Cne,z{ona'remno TPH TAPMOHMYCCKHX KOJE0AHHAX YCKOPEHEE
TE/NA HE MOCTOAHHO, 2 COBEPIIACT FAPMOMMYECKHE KoneGaHud ¢ ToH

E YACTOTOH (0 M mepuHogoM T, ¥TO KOODZHMHATA M CKOPOCTh. AM-

wmryna KoneGanui ycxoperns @, = Awm’, Cpasmupas QopMyms
(11.3),(11.5) m (11.6), nprXOIUM K BHIBOAY, YTO (a3l KoneOani

YCKODCHHA H KOOPDAMHATH OTNHMAKTCA HA T (YCKOPEHHE H KOOPIH-
Hara KoneGmoTcs B npoTusodasax); dass xoneOanmi YCKOpeHHiH H
cxkopocTa oTuMaroTcA Ha 7i/2 . Hi 31oro caemyer, o KOTAA CKo-
POCTE TCIA MAKCHMANBHA (TEN0 OPOXOAMT NOJIOKEHHE PABHOBECHA),
ero yckopesme oGpaimaerca B Homb. i, HaoGopor, korza cropocTh
MHHHMANTBHA (CMELICHHE TENa PaBHO aMILTHTYZe), MOAYAb YCKOpe-
HHA TEN3 AOCTHIACT MAKCHMANLHOTO 3HAYCHHN.

HITaK, npH rapMOHMHMECKMX KONCOAHMAX TENA €I0 YCROPCHHE
a, =-Ao’cos(t + @, )=-0*(Acos(wt + ¢, )} = -02%{t), 1.
DPOTIOPIHOHANGHO KOOPAMHATE. B COOTBETCTBEM €O BTOPRIM 3aKO-
uoM HBIOTOH2 NPHHHOH, BHILBAICIIEN YCKODEHHE, ABISCTCA NPH-
noxeRHa% K reny cuna F=ma, = ~ma’x . Cnepoparemsno, npu
FAPMOHHMECCKHX KOMSOAHAAX HA TeNIO J0/DKHA AeHCTBOBATL CHNIa HIH
PaBHOACHCTBYIOMAS CHII, NPONIOPUHOHANLHAS CMEIICHHIO TENa U Ha-
NpaBICHHAA K ROMOMCHHIO papHOoBecHa. Ee wacto masmmaror Bo3-
Bpamaromeii CAIOH, XOTA 710 He ocobas cwia, a PaBHOACHCTBYIO-

Mad PeAdbHBIX CHI IPHPOIL], OOYCIOBNEHHEIX B3AMMOACHCTBHEM
TENA C APYTHMH TEIAMA.

11.4. IpyxuHHBIH MARTHUHK

PaccMoTpHM B kadecTse mpEMepa koaeOanns npymmﬁoro Ma-
ATHUEA. OH TpeACTaBIAET coboli rpy3 Maccoli M, PacnOOMEHHBIH
HA Ko TOPH3OHTATEHOH NOBEPXHOCTH, Koncﬁam [POHCXOAAT

Ha NPYXRHHE C kOIpQHImEnTOM xecTkOCTH K (puc. 11.1). Hauano
. KOOPAMHAT X, =0 HaXOAHTCE B TOMKE, COOTBETCTBYIOIIEH MOMOMKE-
HHIO DABHOBECHA IPY33, KOIA2 NPYKHHA He AediopMHPOBAHA.

116

Taxmu obpazom, cMemcm:e MajATHHKA COBNAHAET ¢ €r0 KOOp-
miHatod. B peprikamssoM manpasse-
HAH HAQ MANTHHK ACHCTBYIOT, CHIA TH-

KECTH ME B CHNA peANIEM OmoOpH
N, npryeM HX MPOEKUEM HA rOPH3OH-
- TameRyio ock X pasHml Hymo. B ropu-
g., 30HTATHOM HANPABJNICHUM K MASTHWKY
X NpHIOACHA CHNA yipyrocts F, npo-
eKims xoropoil Ha ocs X B moGoi
MOMeHT Bpemenn F, = -kx (sakon I'yra), rme x — KOOPAHHATA

Tena. [o sropomy saxony Hsiotora F, =ma,, rae npoexuma yc-

KOPCHHA C, paBHA STOPOH NPOM3BOAHON OT koopmmEarsl [Tocne
noacranoek F, u @, momyuaem

FIXTTXTIITIY

Puc. lll

~kx=mx'=>x”+£x=0_
m

~ INomyvennoe ypapreHHe OTHIACTCH OT YPABHCHHA, KOTOpPHE pema-
'IOT B IIKOJIE, TEM, YTO B HETO BXOXHT HEH3BCCTHASA (JyHKILHA :c(t) H

e BTOp2A NPOMIBONHAA. TaxWe ypaBHeHHS Ha3wBaioTca Audepen-

uHaasuLME. OG03HAYHE HONOKHTELHYIO BT Ky kim wepes
o, IIOJIY'!BM

" +olx=0 (117
Herpyano noxasats noacramoskoi, wro pememmwamu 3toro

* ypaeHemux Gyayr ¢ymamm  x(tf)= Acos(w, t+@,) wm

- x(t)= Asin{w ¢ + ¢y ). CEXOBATELHO, TPYXIHHEDH MAATHEK CO-

. BepuiaeT CBODOAHBIC KOMEOAHUS, KOTOPHIC JRIMOTCK rapMOHMYe-

. CEHMH. ONHOBPEMEHHO G110 MOKA3AHO, YTO FAPMOHHYLCKHE KoJIe-
Gamm moboii Pusnaeckol npupoaL] ONUCHIBAIOTCH Magpepen-

i, MUANBHLIM ypasaenuaem (11.7),

L CobcTaennas yacToTa kONeHaNH i HPYKHHHOTO MASTHHKA

B \ k '

Do =4/ | (11.8)
m .

T JEATR e R
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a NepHoa

T=—2-’1:2n\/E$ (11.9)
© k|

dopmyast (11.8) u (11.9) HITOCTPHPYIOT obmiee CBOHCTBO CHC-
TeM, COBEPIIAIONIAX CBOOOIHEIE KONEOARHA: cofCcTBEHHAA YacTOTa H
nepHoa KoneHauuit 3aBHCHT TOJLKO OT CBOMCTB CHCTEMBI (A8 MpY-
JKUEHOTO MASTHMKA — OT MACCH Tena /M W xod(uIuerTa HKECTKO-

cTH MPYRHEEL & ). Yro KacaeTcs aMILIATYs! U HaganeHo# ¢ass xo-
NefanHit, TO OHH ONPEACIOTCA HAYANLHBIMH YCNIOBHAMH, T.8. TEM,
KaK BO30YKIAEHEI KoNe0aHuS,

Vpabserune KoncOaHMil NPYHHMHHOTO MAfATHHKA MOAHO TONY-
MTH WHAYE, BOCTIONBIOBABIIHCH TCM, “TO MPH OTCYTCTBHH TPEHHA
[OTHAS MEXAHHUECKAA FHEPIHA KOACOMOMErocd Tesid Ke H3MCHACT-
cq. Mexammieckas ueprus MasTanxa W CKIANEBACTOS H3 KHHC-

Tirieckoi anepran W, u noresmMansROf 3HEpruM ynpyroi achop-

MAHH W, T.E. W=W, +W,=const,  rae
2 N2 k 2 . .
W,:m; =m(:;) .a W,= Z . HaineM npoM3BOJHYIO OT

NORHOK YHEPTHH 1O BPCMCHA.
r r '

W,;(m(;c')z +kf} :[m(j)z) ,,[kf) _

=%((x')2)' +§(x2)' =%- 2x’-x"+§—-2x-x‘=

= mx'x" + kxx' = (mx’ + kx)x’.
Tak KK MOMHAS MEXAHHYECKAA IHCPTHA HE HIMCHACTCA, TO €C Ipo-
mponuan mo ppemenn W' = 0. TlonyuaeM ypasHEHHE

E .
(mx'+kx)x’=0:>mx"+kx=0=:>x'+-n—zx=0=>

, k
:bx'+c()§x=0, 11 mg =E' Taxkum ofpa3oM, momyvaeMm

sudepe AIHATEHOC YPABHERHE FAPMOHHCCKHX KoMeBaHKii.
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11.5. MaTemaTuuecKiii MASTHHK

PaccMoTpHM Manibie KOAOanust MATEMATHUECKOTO MAATUH-
K2 — HeGONBIIOro MApHKa, COBEPIIAFOMETO
konehaHuA B BEPTHEANBHOH IUIOCKOCTH Ha
HeBecOMOM HepacTsHKUMOl HATH AmuHOM [
(puc. 11.2).

Dpu mamex xome(aHHAX Yroi OTKIO-
HEHH® HHTH He npesummaer 10° Konefamna
MASTHHKA COBEPIIANOTCA IMOA ACHCTBHEM

ABYX CHN CHJBI TSOKECTH Mg W CHIB! Ha-

TOKEHHA (YIPYrOCTH) HHTH F. Bemaum-
HOH, ONHCHBAIOMER JAHHBLI KoneOaTeis-

HbIH - TPOLECC, ABIAETCA YTOMA a.(t) — yron
OTIVIOHEHHA HATH B MOMEHT BpEMeHR ¢ OT BEPTHEAIBHOIO PasHO-
BECHOTO HOJOMKCHHA. ‘

Copoenmpyenm neficTByomue CHIB Ba och X , HANDABNCHHYIO
N0 XAacATeNbEON K OYyTe¢ B TOMKE, Iie B JABHMMWA MOMEHT BPEMEHH
pacnonoxeH mMasTHuK. [Ipoexipis CANH HATAKCHHWA PaBHA HYO, 4
HPOEXIHE CHIB TAKECTH PaBHa (— mgsino. ). HM3secTHO, ¥TO IpPH
MATIBIX YLHAX C., BHPDKEHHLIX B paguamax, sinca =o . B moGoi
MoMenT BpeMenn fyra AB =lo., a xacareabHoE (TARTCHUHATBHOE)
YCKOPCHMC €CTH BTOpas mMpod3sommas oT [0 mo BpemenH, Te.
a, =la” . Tlo sTopoMy 3akoRy Hetorona momyyaem

- mgsina=ma. :>—§a:ld":a'+%a:0.

Puc. 11.2

Tonaras %zmg, NOTy4aeM nmbtbepeamnoe yPaBHEHHE rap-

MOHHYECKHX KONCOAHHE MATEMATHIECKOTO Maa'rmma
a’+oa=0.
Ero pemenme: aft)= Acos(co of t (po) . CobcrpeHMas 4acTora H

nepuos KonebaHKH MaTeMaTHYECKOTO MASTHHKA HE 3JABHCAT OT
MAacCh! H BRPAXKAKOTCT HOpMy TamMu: :
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W,y = % (11.10) faTzch\/-;'i (11.11)

11.6. Co6oankle 3IeKTPOMATHHTHBIE Kosehanns
B KoIefaTeIbHOM KOMTYpe

B npupoie CYMECTBYIOT HE TOJBKO MEXAHHICCKHO KONcOanHA.
Katymga urnyxrsBeocTH L H kOHZEHCaTOD C ofpasyior xoneba-
TeNLHLIE KOHTYDP, B XOTOPOM HDPO-
q(t) RCxoadT cBoGozmmsie. koneGaHmsa 3a-
; —— pAIA KOWZEHCATODA, TOKA M HAnpa-

L ll(t) ¢ u(t) AeSHHA HA KoHAeHcaTope (pxc. 11.3).
Cpobomusie konefamns B ITol
CHCTEME BOJIHMKAIOT, HANDHMEP, MO-
Prc. 11.3 cie COODIMEHMA KORZEHCATOPY 3apa-
5a (,, , KOTOPBIH 3aTcM pa3poKacTca

gepe3 KATyIrKy, CO3AaBas TOK B KOHTYPE.

' ITycTs B MOMEHT BpeMerE | 3apiT KORIEHCATOPA — q(t) , 8 TOK

‘B KORTYpE — i(t). [Toamas IHEPTHA KOHTYPA PABHA CYMME JHEpIHH

MarHHTHOTO ¥ 3JCKIPHICCKOro moneit: W=W,+W_, rme
2 : '

W, = g—c- ~ JHEPIHA, COCPEAOTOYEHHAA B IMEKTPHNCCKOM TOAE

.
KomzeHcatopa, a W, = ~ — JHEPIMA, COCPEMOTOYCHHAS B Mar-
q2 LLZ
WETHOM mone xarymmku. TakuM obpasom, W z~ﬁ+—2—. Ecmu
AKTHBHOE (OMWYECKOE) COMPOTHRICHHE KOHTYPAa PAaBHO HYWO, TO
[TOJIEAA IHEPIHA KOHTYPA COXPaHACTCA: W =const . .
HaiizeM OpOH3BOIHYIO IO BPEMEHH OT TOXHOK HEPTHH KO/C-

HaTENLHOTD KOHTYPA:
: 1i?) (¢ Li ) _ 4 (ay, L)
W'= .q— | == || == 2 _i2 =
(2c+ 2] [29] [2] 2c(q)+2()
1 L LT
. 2q-q'+=-2-1"=2 + Lii'.
zc q q +2 C 4+ L.IL
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Y4TeM, YT0 MIROBEHHOE 3HAYEHME TOKZ eCTh TPOH3BOAHAS NO Bpe-
meHH or 3apam. [Tosromy i = ¢, a i'= ¢" . Cnenomaremsno,

;_qq’ Ly ” r
w ——C'—+qu :(-g-—-{-Lq )q ;

Tak xak W = const , o W' =0, g, cnexosarensso,

g ol ' v, g I
+ Lg ) =0= == " __g=
(C Lq" g | Lg C 0=q"+ g=0.

i 2 .
Obo3HauHE — =@, MONYIACM YPaBHeHME TapMOHHYECKEX KOJIC-
p

LC

CaHMit B KOHTYPE .
q"+olqg=0 | (11.12)
Pememze sroro ypasserws: g{t)=gq,,cos(® ot + @, ), Tae ¢

~ aMmnATYZA XomeGamuii 3apsAd. 3apax kOHOEHCATOpA COREPIIACT

FapMOHMYECKHE KOMeOaHAs C YaCTOTOH H NepEOAOM, BRMECIACMBIM
1o GopMynam:

1
B, = ——
0 JITCT . (11.13)
a|T=27vLC|  (dopuyma Towmcoma) ~ (11.14)
B mioboit MoMeHT BPEMEHH HANPIOKEHAES Ha KOHACHCATOPE
uft)= 1) _In |
C C

cos(@yt + 9o )= tcos(@,t +9,),  (1L15)

= g-!!l—- |

o
W3 dopmynm (11.15) cremyer, 9T0 HampsKeHHE HA KOHICGHCATOPE
COBEPIIAET FAPMOHHYECKKE KOMEDAHMI ¢ TeMM K€ 4aCTOTOH ©, H

nepuogoM T, wro n 3apan. Ammmiyna xonefammni HanpAKEHAA

q .,
u, = —?'3"— ; ase koneGaHM HANIPHKEHRS M 3apLaa COBIAKAKOT.

e U,

Tox » xomrype i{t)=q'(t)=(g, cos(w,t + g, ) =

=~ 0,5m(0,t + Py )= m®,cosla t + @, + )
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e 9n0, =1, . Orcona crexyer, uro Tox 5 KOHTYPE COBEpIIacT
TAPMOHITICCKHE KONEOaHMA ¢ TeMH ke HACTOTOH B mepHomOM, yTo
3ApAR W Haupmwenne; daza xoneGanmii Toxy onepexaet (asy kone-
Gamedi 3apaza w manpmxenus ua /2, aMrmrryza xonebasmii Toxa

I, =q,0,.

11.7. Bomyxaennnre KonebanHn, Pezonanc

Brmyxnernrie xoneSamms NPOHCXOAAT, KOIga Ha CHCTEMY
ACHCTBYIOT BHEUTHME TICPHOAHYECKHC CHM (ro3melicTang). Mpu per-
HYHRACHHBIX KONEGAHMAX B CHCTeMe “CPE3 HEKOTOPBI mpoMexyTOK

A BpeMeHH YCTAHABHBAKYTCH koncbamms,

aCTOT2 KOTOPHIX PABHA YACTOTE BHEm-

HEH nepuommyeckodt cum B obmem
CITy4ae 1aCTOTa BHEINHEH CHIILI He Cop-
TAA2eT € COOCTBEHHON HacToTOH Kkojte-
Gammii cacremn. Ecmy BHCIHAA 1re-
— PHOIMYECKAs CHIA HIMEHACTCH Mo rap-
MOHITICCKOMY 3aKOHY, 70 MpPH coBna-
ACHEH €€ YACTOTHI @ ¢ COBCTBENMOH

YACTOTOH KoneOarmii cucremu @, Ha-

CTYHAeT pesomaHc — peskoe BO3pacTa-
HHC aMIUIMTYALI Y CTAROBHBIINXCS BRIHYRACHHRIX KoneGanwmit, Hrax,

YCNOBHE PE30HAHCA:
(11.16)

Pasymeercs, OpH BRIIOMHEHHW YCAOBMA (1L.16) 6yayT cosma-
DaTe NEpHOA BREmMHEH CHMRI ¥ NEPHOA COOCTBEHHBIX KOmeGamuit
cucremsr, te. T =T, .

Ha puc. 114 NPHBEIEH fpadMK 3aBHCHMOCTH AMIUTYARE BhI~

HYMIOCHHEIX konchamwii A ot gactorn o BHCIIMEH Nepromnye-

===

Puc. 114

11.8. Ilepemennsit JIEKTPHYECKHF TOK B Lenn,
Conepacaiueii pesncrop., Hedicrsyrommue 3HAYEHHS
TOKA H HanpsKenus

Bouryxnennrie koneGanus DPOHCXOMAT B 3XCKTPHYECKOH LETH,
COACPHAWEH HCTOMHUK, HATIPOKEHHE KOTOpOro waMensercs no rap-
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! neDaHmi. 7

5 PaccmoTpum sumyxaennmie NCKTPHYECKHE KonebaHns B IeT,
fco,uepxameﬁ AKTHBHOC (OMHYECKOE) CONPOTHBACHHE R {puc.11.5),
MruoBennoe 3Ha49eHHE TOKA

g i{t)=3—=—u"’—cg-sm—t:3fl‘-cosmt, Cre-
- R u(t) ‘a R R

. AOBATENLHO, B MPOBOIHUKE C AKTUBHEIM CO-
TIPOTHBNICHAEM KONEGAHAA CHITB TOKA NPOHC-
: XO[AT C TOI e “acToTOH @, ¥T0 H Komeha-

g}'_’mmecxouy 3aKOHY u(t):: u,coset, rae U, — avnmETYa KO-
f

Prc. 11.5 HHA HATIDSDKEHHA, 1o (ase OHE COBIAMAIOT C
_ KONCOAHMAMH HANDDKCHES, AMIHTYIA ON-
PesieIeTCR paBesCTEOM
' u
I, = =2 (11.17)

o aaxonmy Mhxoyns-Nlemua B OPOBOOHHKE OYyJET BLIZEHATHCK
TEINOTa,  NPHYEM  MIHOBGHHOE  3HAYEHHE  MOMHOCTH
pt)=i*R =12 Reos?ot. SHEPTHA, BLITE/OMANCH B IPOBOIHK-

. Ke3anepuon T :

T T T 7
W= Ip(t)it:f[,f,Rcos?‘mtdt =I,f,RJ'coszcntdt =
0 0 0

T Fi T .
=ILR[ l—'f—"‘;—s@dt:%fj,fz(jdt + [ cos Za)tdt)=
1] 0 0

1

T o1 . TY 1 sin2e T
:—I;R(tlo +2~m—sm2mt|0)=§IiR[T+——~———]_

2 20

Omverm, uro sin20 7 =sin2 - [%JT =sindn = {, nosromy

W:-;-I;RT.

TlepeseHHLLi TOK MpHHATO XapaKTepU30BaThL Cpeaneii Mommo-
CTLI0 34 NepHOA, onpenenseMol Popmymol
p-¥

T - (11.18)
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Cpeanns monmocTs NCPEMEHHOIO TOKA, BBLAE/NHOAACA B aK-
TMBHOM CONPOTHBICHHH;

, _
W 1 I - ‘
= =_I’R=|1n| R (11.19)
73n=(g)
Hpu s1oM Bemrmmy
I =I (11.20)

Im
f 2
Ha3RBAKOT AeHCTRYIOMMM 3navennem Toxa. Toraa
P=I’R (1121

AHANOTHYHO MOXKHO BBECTH RefiCTBYIOMEE IHAYEMUE HATPsIKe-
HHS:

u, = (11.22)

um
V2
The U, -~ aMILTHTYAHOE 3HAMEHWE HAUDDKEHHAL Herpyano nony-
YHTH, YTO |

I =% | | (11.23)

Aa

|| -F

11.9. Ilepemennniit 3mexTpHuecKHii TOK B Henm,
copepxkaiueii xoHaeHcarop. EMkoctioe
CONPOTHBAEHUE

Paccmorpim BEHYXaenmsie koneGamin B SNCKTPHYECKOHR memH,
conepsxarmed koHAEHCaTop (puc. 11.6),
Tlepemennoc HampsxeHHe Ha KoOk-

C= u(t) '~ neucarope uft)=u,cos0t. Tycn
q(t) - MFHOBEHHOC 3HaYeHHe 3apaaa
kouzencaropa, torma ¢(t)=Cu_coswt .
Cuna Toxa 8 nerm i(t)= q’(t)_:

" Puc. 116
A T . Tt
= (Cumcosco't) =~Cu, osinet = U,,,Cmcos(cot + -j—) :

Crnezxosarensno, koneGamus chimnl Toka IIPOMCXOJAT C TOH ke HacTo-
TOH, 4TO M KONCOARMA HAMPSOKCHMA, KONEGARHA CHIRI Toka onepe-
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:mo-r Kone0aHHA HANPAKEHMA Ha 7/2 ; aMINHTYAA KoneGaHuit Toxa
:‘;' I,=u,Co. Tochemee BBIPKEHHE MOXHO 3amucate B (opme,
{{; aHANOrHYHOM 3aKkoRy OMa A/ NOCTOSHHONO TOKA!

u u o

I,=7""2_ "2 11.24

= Wal) " X, (1129

1 o

) . X, =— 11.25

rae oC ( )

|~ eMxocTHOE conpoTna.aenne KOHJCHCATOPA HEPEMENHOMY TOKY.

Ecm koHzeHcarop orcyrereyer, o C —c0 u torm X, =0. B
} OTIH'EE OT AKTHBHOTO CONPOTHRNEHUA Ha KOHJICHCATOPE B LEMH Iie~
- PEMERHOTO TOKA 3HEPrHA HE BhUteNAeTcH, B Tevenue 4ETBEPTH Ie-
- PEOIIA, KOTAA KOHACHCATOP 3APDIACTCH, IHEPTHA NOCTYIAET B ICID,

B cnexyromgyio HCTBEPTE NEPHONA, NPH PA3PAAKE KOMACHCATOPE, ITa
 JHCPTHY BOIBPAMACTCA K HCTOMHMKY.

11.10. Mepemennntii 3mexcrpuyuecicuii Tok B HOenH,
copepxainedt KATYIIKY HHAYKTHBHOCTH.
Huayxrieuoe conporusienne

? PaccMoTpEM BemyRacHrbe koneGanux B perm, cofepxamei
JKATYIUKY HEAYKTHBHOCTH L (puc. 11.7).

f B moGoit MoMenT BpeMenu HATPDKEHHE HA KATYHKE SCTh Cym-
MA BHCIIHETO HAITPSDKSHHA u(t) # 3]IC camommayrmu €, Bo3mu-
] Karome# B XarymKe MPH NPOTEKAHHH MO Keil
NEPCMEHHOTO TOKA,

Tax Kax AKTHBHBIM COMPOTHEICHHEM KATyHI-

Y

T T R g
TR AT DT

L ult) ~ npexebperaen, To
u(t)+€, =0=>€, =—ult). Myom cam
TOKA B LENH H3MEHACTCA N0 TAPMOKHMECKOMY
Puc. 11.7

sakony i(t)=1I sinat, e I, - amnnu-
Tymwoe sHatenwe Toka. OJAC CAMOMMAYKUME B RaTymrke
€, =-Li'=-L(I ,snot) = ~Lol ,cosot. Hanporenye na xa-
Tymxe & =Lol,cosot=Lol, sin(of + n/2).
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CnenoBarensHo, KONEOAHHA HANDSKEHHA HA KATYIKE ONEPEKAKOT
konebamma CcWmIM Toka HA N/2. AMIIMIYAA HARPIKCHHS

=Lol 6 =
u
I,=-=. 11.26
Iy HopMyTy MOMHO 3aIHCATE B BHAC
I, =im 1127
m = X * -
rac | X =ol (1128)

-~ mmymnuoe cunpommeuue Karymxn. Ha xawymxc B LEMH
IEPEMEHHOrO TOKA JHEPIHA HE BHIACACTCH, :
CootHomerma (11.24) u (11.27) cupaBennush: HE TONBKO A7IA

AMIUTATYOHBIX, HO H Aanda JeHCTBYIOOMX 3EAYEHHH TOKA H HAMDIAE-
BREA.

. 1L1L Merton sBexTopHbIX Anarpamm. MomuocTs
REPEMEeHHOro TOKA

Pacuer TOkOB H HaNpoKeHUE B 60/ICE CIOKHBIX 3MEKTPHUECKAX
Uendax npOBOJAT ¢ MOMOIILI) BEKTOPHLIX AHATPAMM.

Mem;l BCKTOPHEIX JHATPaMM OCHOBAH HA TOM, 4TO FAPMOHH-
YeCKOE KOJEGAHHE MOKHO 3A0aTh C
NOMOIIEIO BEKTOPA, MOAYAL KOTOPOrO
paBeH aMIIETYAC KOEROasHi, a yron,
KOTOpHi 06pasyer BEKTOP C HEKOTO-
R 'L < poii ocslo, paBeH HayaaeHO#H (ase xo-

C neGanvit. CHOXKEHHE HANDMKCHMHA H
TOKOB, H3MEHAIOMMXCA RO TAPMOBHYE-~
CKOMY 33KOHY, CBOIRTCH K CIOKEHHIO
BEKTGPUB, OPEACTABMIOMEX Koacha-

u(t)=u, cosot
N,

Puc. 11.8

HHA HANDAKEHAR H TOKOB,
PaccmorpuM B kadecTre nprmepa uerns (puc. 11.8), B xotopoii

BCE 3NEMCHTH BRIFOYEHE! MOC/ACROBATEILHO, HMOITOMY CHIA TOKZ B

o6OH MOMEHT BpEMCHH HA BCEX YYACTKAX LEHH OJHHAKOBA, 2 CYM-
Ma MIHOBCHHBIX 3HRYCHHN HANPDKCHUH Hi HUX PaBHA 3MAYECHHIO
NIPHNOXKEHHOrO HANPIKEHHA u(t) =u,cosot.
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B cucreme koopaHHAT
XOY sapamaM Bekrop Ko-
nebamma Toka I koopoHHa-
tamH o ocam OX = OY
re. I (I,,;0), tue I, —am-
morTyAa 1oka.  KoneBGaws
HANPDKSHMA HA PE3HCTOpE
R coenaparor no dase ¢ xo-

: . nefaHHAMH TOKA, OPH 3TOM
Puc. 11.9 aMmmeTyAa  KoneOanui  Ha-
npokerns &, =1 R . Bek-

T0p @i (I,,R;0), mpencrapmmommi xofe6anus HanpDKeHnd, pac-
nonaraerca taike Baom och OX . Konebamms manpsxeHus Ha
KOHJEHCATOPE OTCTAIOT OT KoneGaHuit TOKA Ha n/2, noITOMy OHH
NIPECTABNIEHE! BEKTOPOM I, pacmonoseHusM ua ocu OY (pac.'
11.9). AMIUTATYZa HATIPOKCHHA Ha KOHAECHCATOpE

: . 1
up=I X.= oI)_mC , MOITOMY i =ile [0;—«0)—'6—). KoneBarus Ha-

MPMKEHHA HA KATYIIKE ONEPEXAOT KoneOaHnd Toka Ea /2 , noaro-
MY OHM NPCACTAB/ICHH BEKTODOM if; , HANPABACHHLIM BAONML OCH
OY . Amnmmyga xoneSammit u; =1, X, =I oL. Bexrop
i, =1, (0,I,wL). Mpmoxermoe nanpmxenue u(t)=u, coswt
MOXHO MPEACTABHTS B BAJE BEKTOPA U , M NOCKOMBKY CYMMa BCEX
HANPOKEHWHE HA AMEMEKTAX UCTIM PABHA TPHIOMEHHOMY Rampske-
HIO, TO

zﬂ:ﬁ[ImR+0+0;0—I—’“+ImmL]:>
: oC

=i :ﬁ[ImR;I,,, [mL - —LD
' : oC

+ Moayms moGOro BEKTODA PABCH KOPHIO KBANPATHOMY H3 CYMMBI
E-mamn €r0 KOOPAHHAT. TIOITOMY
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1 2 1 2
u, = \/(I,,,-R)z +I§,(mL-;—C—] =I_ JR’ +(mL—a—6] :

Hon aMomary et Toxa [, momyvaem dopMyny:

I = bm SUmo gy29

R2+(mL— 1)2 z
. - aC

5 :
rae Z = JRZ +[mL _co_lé) = \/Rz +(X; -X.) - nomoe
COMPOTHBJICHUE UETTH HEPEMEHHOMY TOKY.

l'coMeTpuyeckuil METON NOCTPOCHHA BEKTOPA { OpPHBEAEH HA
pac. 11.9. M3 nocTpoeHHA CEYET, ITO MEXAY KoTeGAHRAMN bHEIm-
HEFO HANIDAKEHHA H KONEOAHMAMH TOKA B eMM CymECTByer pas-
HOCTDb (ha3, NpHYIEM, KAK 3T0 CAEAyeT U3 pHC. 11.9,

ml.'..---_-L
Uy ~Up mC=XL"Xc_

up R R
Taxsu o6paszom, ecim OPHIOKEHHOE HANPIREHUE
u(t) =, cosat, 1o cra Toka & nemu i{t)=1I, cos(ot ~ ), na-

(11.30)

tgp=

NpKEHHE HA koHmencatope Ug(t)= ;)I%cos(mt -p-7/2), Ha-

NpPsDKEHEE HA KaTymke Uj (2)= I,o0Leos(ot — @+ n/2).

TTpr HEKOTOPOM 3HAYECHHH YACTOTH BHEINHErO HAUPDKEHHA
@ =, PCAKTHBHBIC CODPOTHB/IEHMH KaTYIUKH M KOHZERCATODA
* CTAHOBATCA OJHHAKOBBIMH, T.€.

: : 1 1
Xo=X;m0,l=—=20,=—.
| ¢ L 0 0.C i
B atom chy'ae ammuiMTyaa koneGanuit TOKA B UemH MAKCHMATHHA K B
_‘ 7
COOTBETCTBHH ¢ (Jopmyoit (11.29) pasua I ;a—ﬁ—. [px srom am-

IIHTyAa  kONeGaHmii  HANDOKEHHR®  HA  KOH/CHCATOPE

128

L ‘ .
mOC_ ,,,Jg, AMITKTYZA  HANDOKSHMA  HA  KaTyIuKe

L
ImmOLzImJ’—Ci' AADYTHME (IOBAMM, YKAZAHMEIE AMIUTHTYZM

CTAHOBATCA PABHBIMH. TaK rar MNPOKEHHA Ha KOHOCHCATOpe H Ka-
TYIIKE KONeOMOTCA B IIPOTHRONONOMGHELX ¢asax, To Ax cymma B mo-
6okt MOMeHT BpeMenH pabwa myxo. CrenosaTenbHO, HAMPEKEHHE Ha
AKTHBHOM CONPOTHB/ICHHH X [4BHO NPHICKERHOMY BHEIIHEMY Ha-
npoxenmo. Casur ¢az Mexty okom HATIDIKEHHEM B COOTBETCT-
BHH C (hopmynodi (11.30) o=,

Haiinem mMruosermyn HOIHOCTH, BRIACIAIOMYKOCA B UCIH De-
PEMEHHOI0 TOXA:

Ple)=1t)u(t)= I ,slot - )1, cosm t =

=T, u,cos{ot - g)cosoi=1 y_ -%(ws(Zrnt— @) + cos) =
I 1
=5Imumcc)5(p+-2-1'mumcos(2mtm(p). Cpenmss MommoCTs 22

T
[ (et
meprox T': P =2 7 . llposens npeoBpasosamms, momywwm,
9710

= 1
P = —2“I mumcoszp_
IToncrabnas nefcreyromue mveims TOKA H HANDOKECHHA, TPHXO-

REM K hopmyne
‘ IP' =Lucosp| (11.31)

TAE COS(p — CABHT (a3 MEXKY T0KOM 1 HADSDKEHMEM, KOTOPHIH Ha-
3BBAOT KOIGDHIUMENnTOM MomRKTH,

11.12, Tpsueopmarop

Tpanciopmarop mepemer MEKIPHYCCKYIO IREPIHI0 H3 OJHON
Iend B APYTYKO M TIDH 3TOM WX0Gpa3OBLBACT BENMMHKEL TOKOB H
Ranpoxeryit. PaGora tpamciopmaropa ocHOBaHA Ha senerum snex-
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TPOMATHMTHOH HHAYKIHH, MO3TOMY OH MOxker paGorarh TONEKO Ha
nepeMeHHOM TOKE.

TpanchOpMATOp COCTOHT H3 3AMKHYTOrQ (ePpOMArHHTHOrO
CEPAECYHHKA, HA KOTOPLIH HAMOTANLL JBE HITH OONBING KATYINKM (00-
MOTKH Tpaichopmaropa). OoHa 3 HAX, NepBHYHANA, NOMKIFOYAETCA K
HCTOMHHKY NEPEMCHHOTO HAUDSOKCHMA, JPYTad, BTODHYHAA, — R Ha-
rpysxe. TIpn npoxOXaCHHM NEPEMEHHOTO TOKA MO MEPBWMHOH 00-
MOTKE B CEPACYHMKE MOABIACTCA NMEPCMCHHBIH MAIHHTHBII HOTOK,
"YTO TMPHBOAKT K BOSHHKHOBEHMIO D/ MHIYKUHMH BO BTOPHYHOA 06-
Morxe. Ecin nepeunas o6Morka comepxar N, a sropuwaman - N,
€,()_N,
€,() N,
xatonue B 0OMorkax. B wacamHOM TpaHc(HOpMATOpE AKTHBHEIM CO-
NpOTHBICHAEM  OOMOTOK  MOXKHO  npeHeOpeub,  HO3TOMY

1€,(2) = Ju, (2). rne u,(t) - manpmrerme, nonasaemoe wa mepsir-
Hy10 06MOTKY. [IpH pa3OMKHYTO! DENMH BTOPHHHOR OOMOTKH (peXkuM
XOIOCTOTO XOAa) |Ez(t] =|u, (t] , THe U, (t) — HANPHOKCHAE HA

BHTKOB, TO , e €, u €, — D/IC unoyKuHH, BO3HH-

u,it) N
KOHLAX BTOPHMHOH 0OMOTKE. QTCIONA CHEAYET, 10 it )= —L
: U, (t) N,
Ilepexona K ASHCTBYHOIIHM 3HAMCHHAM SOKCHIA, TIOTYYUM
' u N
ey ) (11.32)
un2 N 2

Koadduunenr £ Haswmaerca koadduuuenToM TpanchopManny,
mpudeM npH R > 1 — tpaucopmarop nommxaromui, npy B <1 -
MOBBIITAKO IR,

[Tpy NOJKMOMEHKM HAIPY3KM K KOHIIAM BTOPHHOH OOMOTKR B
€¢ LCNH BO3HHKACT NICPEMEHHBIH TOK. ECH#M HE YUMTBIBATh HOTEPH
3HEPrHH Ha BbIOE/ICHHE TCIIA HE TONBKO B 0OMOTKAX, HO K B cepaey-
HHKE, TO MOBIHOCTD TOKA B JICPBHYHOH H BTOPHYHOH 0OMOTK2X OOH-
HAKOBHI:

unll}ﬂ :unzI‘mz .

L (11.33)

roe i m,uﬂ,I 3~ JNEHCTRYIOLIHE 3HAYCHHA TOKOB M HANMPDKE-
HME.
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11.13. Ilpameps! pewueHns 3a5a4

AL

* 3aga4a 11.1. [py3ux Ha npyxcme xonebneTca Baoas NPAMOK C
amnauryaokk A =2cm u nepaogom T =2 c. B HAAIBHEIR MOMEHT
BpEMEHM IPY3UK NPOXOJHI UOMOKCHHE PasHOBeCHA. OTMpeaeianTh

£KOPOCTB M YCKOPEHHe IPy3uka uepes 1) = 0,25 ¢, Tpenus Her.

Peuienue.
Tak ¥aK TPEHHA Her, TO IPY3HK COBEPINACT FapMOHHIECKHE KO-

ﬁeﬁam{x, YPABHEHHE KOTOPHIX
)= Aot )= s 2

daza xomebammi. Tlo ycnesmo 3amaum npr =0 x=0. Torma
L Asing, = 0=> @, =0. OxoHuarensso ypasnermc xoncbanui rpy-

t+(p°J, TAe (P, — HAYANLHRA

XA JAMMCKBACTCH B BAIE: x(t)= Asm(%? t]. MrHOBEHEASA CKO-

o o= 1) i 25| - 25 2.

B MoMenT BpemeHr § =1,
' 27‘ 2“ -2 T -2

t )=-—Acosl —¢ |=6,28-10"cos— =4,4.107" m/c.
o) T S(T ‘) 4

VYckopese rpy3aka B moboit MOMEHT BpeMEHH

a(t)=v(t)= (2?“ Acos[%’,f t)] = —[—2%)2 Asin(%?-t) .

B momenr Bpemenn t =,

2w\, . (2m n EAS. T 1391072 wic?
a(tl)z —T“'" ASlﬂ —’ITt‘ == ? _mz=— R c

3agaua 11.2. CropocTs TENa, COBEPINAIOMErD TAPMOHWYCCKHE

konebanuwa, mIMensercs no 3axoHy: U =107'sin100¢m/c. Cocra-
BUTE YPABHEHHE IApPMOHMYECKHX KoneOammil Tena W ONPEICTHTEH
MAKCHMANILHOC 3HAMEHHE ero ycxopenHs. Havamhyro ¢aly CuMTaTh
PABHOI HYJIO, )
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Pewenue,
Kak mirectHo, cropocTs u(t) €CTh APOH3BOAHAA OT KOODAMHA-

8 x(t). Toaromy, econ v(t): 107'sin100¢ , 1o koopmimara ssna-

€rcH nepBooGPasHoi OT CKOPOCTH M paBHa x(t): J' v(t}lt +C, rne

C - upomssomsmas xoncramra. Mina ee ONPEJCACHHUS REOOXOIHMO
324tk KOOPIHHATY B MOMENT Bpemer ¢ = (). lockombxy 310 ¥cio-
BHC B 3a0aM¢ OTCYTCTBYET, OYAEM CYMTaTs, 41O mpa t=0
Xx=x,=0, Te TeN0 HAXOAMTCE B Havame koopamHar. Hrax,

x(t)=[1075in1008dt +C = ~ 107 cos100¢ + C ne Hcromsyx

HAYaNBHEIC ycroBud, nomydaeM: O0=-102 +(C=C=107n
YP2BHCKHE rapMOHHYECKEX koNeGaHuh Tena 3anumercs B BHAE:

x(t)=(~10cos100¢ + 107 )u
' YCKOPCHME Tena eCcTs NPOH3BOAHAR OT CKOPOCTH:

" aft)=v'(t)=(10"5in1002) =10c0s100¢ 3ic*  Vexopomne

TAlOKE COBCPINACT TapMOHHMCCKHE kogeOaHns ¢ aMIUMTYIoH

2, = 10w’ Makcumamsmoe 3Havenue YCKOPEHHA DABHO aMIIH-
Tyze, T.e. @, = 10 M/c*.

3apaua 11.3. Touxa cosepmiaer F2PMOHHYECKHE KOneGanmng
BRONL HEKoTOpo# npamoii ¢ nepuonom T = 0,6c u AMANHATY A0
A =10 cm. Haiire cpemmon CKOPOCTB TOYKH 3a BpeMsf, B TEYEHHE
KOTOPOro ORa mpoxomar myts A/2 '
1) H3 noNOKeHNA paBHOBECHS, 2) W3 KPaitHero NOMOKEeHHUA.

Peuenue,

3ammmeM ypaBHEHHE rapMOMHMECKHX KOnebaHui  TOYKH:

x(t):Asin(cot+¢D)=Asin[%§t+(po], TZe ¢, — HAYANBHAA

(basa xoneGanmii. ITycrs B HAYALHET MOMEHT spemenn ¢ =0 Touka

HAXOAMTCA B mavuane koopaumar X, =0. Torma ans onpegenenus |

Ha4AMLHOM (a3st KoneGaHmi omyvacM ypasReime
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. (2xn
Asing, =0=>¢, =0 . Cnenoraremo, x(t):Asm(? tJ .

TIycts B MOMEHT Bpemenn ! =f, Hocie MPOXOXKTEHHA HAMANA

‘ . A
KOOPIMHAT TOUKA MMeeT koopuuraty X(2,)= 5 Onpenensem Bpe-

Mat,:

A . {2n . (2n 1  2xn T T

—= —% = —bhL === — ==t =—.

2 Asm(T’J sm(T’) 2T s '
Bpema aproxenns w3 TOUKH ¢ koOpmMBaTOH X, =0 X0 TOYKH C

xoopauuaroli X = A cocrasmter T'/4, nosromy Bpems meIbKeHHA

#3 TOMKH C ROOpIMHATOM X = A/2 no Touxu ¢ koopaKHATOH X = A

T , T T T

4 4 12 6
Cpe/wsd CKOPOCTS HA TIEPBOM YHACTKE NyTH
S_An sA
t, T/2 T
Cpeansas CKOPOCTE HA BTOPOM YMACTKE My TH
o =S AR A

Rt T T

3axa4a 11.4. I'pys nexwr #a wiardopMe, COBCPMAIOMEH 1OpH-
30HTANBHEIE KOMebamma ¢ vacrorod v =2Iu u ammmarynoi
A =1lcM. Byget in rpy3 CKONB3WTE 1o mIaT(OpMe, eCIH KOIPhH-
UHCHT TPEHHUA IPY3a 0 miaTdopMy paseu 0,27

Pewernue.

IIycTs rpys DOKOMTCH OTHOCHTENBHO TIAT(OPMBL COBEPIIAL
BMCCTC C HEH APMOHHMECKME KONCOAHMA, 3a7aBacMbic (opMymoi

x(t)= Asin2nvt . Cxopocts rpysa v(t)= '(t) = (Asin2nvt) =
= 2mvA cos 2mvt . Yekopenue rpysa aft)= v'(t) =

=(2nvA cos vat)‘ = ~(2av)’ Asin2nvt =

=(2nv)’ AsinQ2nvt + ) = a,sin(2nvt + 1), rae
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2
@, =(2nv)* A - amnmmryza. ScHo, 4o 3Ta BeNMMMMA €CTH MAK-
CHMAIIbHOE 3HAYCHHC YCKOPEHMs, KOTOpsM OBNAZAET rpy3, cosep-
LIAFOIHMH KOIe02HHA BMECTE C TUIATHOPMOA.

B BCPTHKANEHOM HAMPABICHHMM HA IPY3 NEHCTBYIOT: CHNA TNE-
cTH Mg u cuna peakumn N O CTOPOHRI MMATHOPMEL, mpHIEM
N -mg=0=N=mg . Vckoperne rpysa Bo3BaHo aeHcTBUCM
HA HCTO B TOPH3OHTANLHOM HANPABICHMM CHJIbI TPCHHA IOKOS CO
cropoHel  mmargopmsr.  [lo  Bropomy  sakomy  Hbloroma

F, (t)=ma(t). Marcimantroe 3eavchme cunst TPEHHS KOKOS CO-

OTBETCTBYET MAaKCHMAILHOMY 3HAMeHmO ycxopewws F, =ma,,.
Ecawu rpy3 OTHOCHTEIBHO waT(GopMBE MOKOUTCA, TO

F, <uN = ma, <pmg=>(2nv)’ A <pug . Toncrapus wicno-
BRIC 3HAYCHHAA, MPOBEPHM CHPABETHBOCTE NOMYMEHHOTO HEPABEHCT-
sa: (2-314.2)-102<0,2.98=158<196. Tpys no mnar-
topme cromb3uTs HE Syner.

3apava 11.5. Onpenenuts nepuoa koneGanus Tena Maccolt m,
NOABCIICHHOTO BEPTHXANLHO HA NPYKHHE C KOIHIHACHTOM ®KeCT-
koctH B (puc. 11.10).

Pewenue,

[TycTh rpy3 HAXOANTCA B PABHOBECHH.

K HeMy IpWIOKEHBI, CHIA TOKECTH ME W

CHIA ynpyrocTk npyxamw F, wozym
KoTOpoi paBeH kX, rae x, >0 — mo-

Ayms gedopmaumy npyxmmel. M3 ycnosus
PaBHOBECHA HOMY#ACM YPABHEHHE

Puc. 11.10

m _
mg-kx, =0= x, =Tg(*)_

Ilomecram ragano koopauuar ocu X B TOUKY, COOTBETCTBYOMYIO
ONOKEHHMIO DABHOBECHA TPY3d, TOrAa NpPH xoaeOammsax » ool
MOMEHT BPEMCHH Je(OpMALNA MPYKAHEl DaBHA X + X, e X -

TEKYINai KOOPAMHATA, H, CJICACRATENBHO, IPOEKUHS CHILI YIPYTOCTH
maoce X F, = —k(x + xo). Tlo sropomy 3akony Hsrorona nomy-
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3

_a

M m§+f'y =ma, a pgna npoekmwiE Ha  ock X
mg — k(x + x,)=ma, . YuuTemas, uro yCKOPEHHE eCTh BTOpAs
IMPOH3BOAHAA OT KOODOHHATEI Clx = x" , [IONYHACM

mg - k(x+ x,)=mx" = mg - kx, =mx"+kx.
B cooTsercreun ¢ parencreom (*) mg — kx, = 0, nosromy

m
Taxum 06pazoM, NOMYYHMAH YPABHEHHE TAPMOHHYECKIX KOJCOAHMI.
CrenoBarensHo, cobCreeHHAs  4acrota KonebaHuit  rpysa

’ k ‘
©, = ,]— , a nepuoa konebamuit T = 2n % - Kax sumHo, 1acrora
m

H NCpHON kone0auuil rpy3a Ha BEPTHKATBHON MPYKMHE OKAIBIBAIOT-
CA TAKHMH K€, KAK ¥ NPH KONeOAHMAX HA OPKH3OHTATRHOL TUIOCKO-
CTH.

k k
mx"+kx=0=x"+—x=0=>x"+0)x=0, e o)==,
m

3anaya 11.6. Yanmka npyHHHLIX BeCOB MACCOR /7, CoBepma-
€T BCPTHKAIBHLIE rapMOHWYECKkME Koneamma ¢ aMmwmrymoii A .
Korza yamka maxozmmacs B xpalilem HIKHEM TONOKEHHH, HA HCE
NOROMMIH TPY3 Maccod /M,. B pejymprare koneGamma npexpatu-

mmcs. OTpeaenuTh NePBOHAYATLHBII

nepHox xoneOammi “EIIKH  (pHC.
eAeQ OpMHpOBAHHAR 11.11).

x_' ApyaaRa Pewenue.
"". [epporavameHo  koneOaups
NoROKeHHE
K paBHOBECHH HAUIKA  MPOHCXONAT C MEPHOAOM
m
Al L F, T = 21:1’—-"1—, tae k - x03duum-
m, k
. 4 EHT XCCTROCTH Rpyxunbl. [IpH 3TOM
m; Yamka KONeGNeTCA OKOMNO MOJIOWKE-
_ HUS DABHOBECHA, B KOTOPOM Ipy-
(my +m,)g KHHA Ze(opMHpoBaKa Ha
mg
Puc. 11.11 Xy = —— (cM.3ama4y 11.5).

k

135



Ilpn rapmoHHqecKHX KONEOAMMAX YALIKH B KpaHHeM HIDKHEM
TIONOKEHHH €¢ CKOPOCTH PABHA HYJIIO, 3 MOAYJS YCKOPEHHMA MAKCH-
ManeH. OOHAKO, KOTA3 Ha YAIIKY NOJIOMKIIM JOMOJHHTE s Ipy3
H KOJcOAHHA IPEKPaTHIMCD, YCKOPEHHE IPY3a OOGPAaTHIOCE B HOJS.
Tlo sTopoMy 3akony HesOTOHA MOTyuaeM ypaBHenue

F, - (m, + m, )g =0, re MOAYJIb CHIIM YOPYTOCTH
F = E(x, + A). Mocne noxctarosks noyyaem
k(xy +A)=(m, +m,)g=0=>kx, + kA-m,g-m,g=0=

akA:ng:k=m;g.

Tloacraenss k& s dopmyny ans neprona xoseGanmit, Haxozum

T=2n e
m,A

3anayqa 11.7. Barou qemxercs Ha APYXUHHLIE YIIOP CO CKOPO-
Crel0 U. B MOMEHT, KOra CKOPOCTh BATOHA obparwiace B HOMb,
APYXHHA CKANacs Ha [ . OnpeaeiyTs, 3a kakoe BPEMS IT0 NIPOHIOM-
no.

Pewenue.

_ mu?
Hauamnas Mexamwdeckas SHeprux sarowa W, =

, IO

M — macca BaroHa. B ToT MoMeHT, xorza CKOpOCTH BaroHa o6paTa-
kl?

NaCh B HOMB, €T0 MEXAHWYECKAS IHepTHA W, = - Io zakony co-

XPAHCHKA MCXAHWYECKOH IHEPIHH

2 2 E v
JIBIDKEHHE BATOHA NPH €TI0 TOPMOKEHHA Ha NMPYKAHHOM yIope
MOMEHO CHMHTAT: TapMOHHYECKHMM KONCOAHMAMH ¢ nepHOIOM

2 2 2
muv m
W, =W, :>———=E~£——=>-— £—2—
m {
T=2n "y =21 —. TIpM TADMOHHMECKHX KONCOAHWAX CKOPOCTE
v
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]
obpamaercs B HOID “epes ZT NOCTE NMPOXOKACHHA MONOMKEHHA

1 nl
PABHOBECHA, OITOMY HCKOMOE BpeMa £, = 1 T= 75"

3anaua 11.8. Ha BepTHKAILHO PACHONONEHHEON NPYXHANE C KO-
pHupeHTOM KecTkocTH K moaBemen rpys maccoli m . I'py3y co-
00MmArOT HAYANBHYIO CKOPOCTh U, HWANPABICHHYK) BEPTHKAJIBHO
BHu3. Ompefemure mnepwox ¥ amwmaryny Koaebammit rpysa
(pmc.11.10).

Pewienue. .

B samage 11.5 GeUIO NOKA3AHO, YTO [Py B BEPTHEATLHOM HA-
NPAaBNCHHH COBEPIIACT TAPMOHHMECKHC KONE0ARUS C TEPHOAOM

T= 2n.‘}%. Konefanus nposcxoasr OTHOCHTENRHO HOBOIO pasB-

mg o .
HOBECHOTO NONOMKCHUA X, = 5 Haiinem aMnmTyQy xomeOasust.

N

‘B nonoxeHMH paBHOBECHA IPy3 00M3AACT KHHETHIECROH IHED-

. mu} 5 5 ; :
rueit W, = 5 H NOTCHUMANRHOH Heprueil ynpyroii aedopma-
kx? y
wm W = - HyneBoe 3Ha4YeHME MOTEHLMANLHON IHCPTHH B

MOC THKECTH BROEPEM HA YPOBHE, COOTBETCTBYIOHIEM TONOMKEHHED
pasmosecus, T.e. W, =0 Tomas Mexamwrieckas Jmeprus Tena

2z k 2
W =W, +W, +W, =%—+%_

TIycTs TENO OTKAOMMIOCH OT MONOMCHHS PABHOBSCHA BHIG H3
PacCTOAHME, PABHOS aMIUTHTY e konedauni, Toraa U =0 H xudern-
4ecKas IHeprux tema W, = 0. IMoTeHnmansHas 3HeprHA ynpyrok

2
k(x, + A)

repopmam W, = , @ IOTCHIMHATBHAA SHEPTUSA B NO-
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ne Twectd W, =-mgA . Tlonnas MEXaHINMECKAA IHEPIHA

k(x, + A)
W, =W, + W, +W,, =_(_°5__)_—mgA.
Tlo 3aKORy COXpAHEHHA SHEPIHH
2 2 2
W, W, = mvy | kxg _ K(x, +A) _mgA—
2 2 2
= mvl +kxl =kx} +2kx,A+EkA’ -2mgA.

VuurHBag, 110 X, =—"—;£. Haxomum 2Rx,A =2mgA . B mrore
upHxomEM K ypasmermo RA 2 — mu} =0=>A=UOJ%.

3asaga 11.9, Ha ropusonTansHOH MPYXHHE YKDEIUIEHO TENO
maccoi M =10 xr, nexamee Ha abcomorHo TaaakoM croae. B ato
TEN0 MOMAZIeT H 3aCTPEBAET B MM Mynax Maccoit m = [0 r, neraman
co ckopocTei0 ¥ =500 M/c, HANPABNCHACH BIONS OCH HpPYHKHHLL
AMIUTHTYA2 BOHEKIIMX npH 1oM koneGaumit A = 0,1 M. Haiiru me-

- puoa xonefaumit, Kax Oymyr
P M - HIMCHATBCH KOOPAHHATA M
g7 CKOPOCT: npH  xoneOCamAsx?
(Prc. 11.12).
Pl 4 P A A SV VA O T Pemnue.
< X Tlycts & - CxOpOCTH TE-

Prc. 1112 myad. B ropHIOHTANBHOM Ha-
npasnessy X HaYATLHLIE HMIYTBC CHCTEMBI KTCIO-MY/Is) PAaBER
MU, a KOHSYHMH WMIYALC (Cpa3dy MOC/HEe NONAajaHdd mynn) —

(M + m)u : Mo SAKOHY COXPAHEHHA HMITYJIbCa
mv
m+M

TMocne nNOMajaHMA RyTH MCXaHMYCCKAS JHCPTHA CHCTEMBI

(M +mp?
2 .

aMITHTYAE A |, CROPOCTh Tena 06pAIAETCA B HOMB, W MeXaHuueckas

mo=(M+mu=>u=
W,

. [1pH OTKJIOECHHE T¢Ia HAa PacCTOAHME, PABHOC
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o (Memp? (M4 mmo/ (M4 m) | (mo)

Ja cpaly mocae NONAJaEHd

¢ aHeprua cucremsl W, paBHA TMOTCHUMATBHOH IHEPIiH yIpyroi xe-

A2
dopMauEs, T.€. Wf2 =-’E—2——, e B~ xo3(HIHEHT XKECTKOCTH

mpyAHHEL Tak KAK TDEHHS HET, TO MEXAHWMECKA] JHCPIHA MpH KO-
2 2 :
(M +mp® _kA*
2 2

aebarmax coxpamaerca: W, =W, =

e B

A’ A M+m)

A

| M+m 2r{M+m
7 = = —_— =126¢c.
Tlepnox xonebanni T 21!:1‘ > 1 ( — ] 1,

Ecis HAYANO0 KOOPHHHATHOK ocH X MOMECTHTH B TOUKY, FAC B
MOMEHT HAMAIA KOJMcOAHHE HAXOQHJIOCH TEIO, TO KOOPDAHKATA M CKO-
POCTH ero Gy/yT H3MEHATRCA 110 FAPMOHEMECKOMY 3aKOHY OT BpEME-

HM M BHPAKATHCA GOpMyTAMEL
v(t)= % Acos(%t— t) :

()= Asin(%". t)

i pesymeTaThl GRUH HOMYeHs B 3amaye 11.1.

3agaua 11.10. ORHOPOAHY0 MO AMHE MPYXHHY C JKECTKOCTRIO

k paspesanu Ha ABe HACTH TAK, YTO OTHOIEHHC HX MR PasHO 7.

C noMOHIBK ABYX NONYUMBIIEXCH

m MPYXEH HeGONbIOE TEI0 MAcCoH

aw' WE m akperIH  MEKAY ABYMA

CTCHKAMH TaK, 4T0 00€ NpYXHHbL

+— :O OKazamuck  HEASHOPMHPOBAHHE-

Prc. 11.13 MA. [IpencOperas MaC(iOﬁ OpYHHH

Y M CHIOH TOKECTH, HANTH NEPHOA

MATBIX KoneBarmit nanHoro Tena, TperueM npenebpeds (puc. 11.13).
Pewienue.

[Tycrs L & 1, - Ammsst obpasosasuncxes mpysns, a [ — amia

Boel mpyawusl, Toraa 4 /1, =n. Haitnem xoadummentrr skectTko-
CTH KKIOR IpyxuEbL. VI3BeCTHO, YTO K03 HIMERT HECTKOCTH BLl-
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E
paxaercs dopmynoi k= TS, rae E — monyme IOura, S - mwo-

WAagh CeCHMA MPYKUHEL | — ee mma (oM. rasy 2). ClexoBares-

HO, —I?-'- = l_2 = l (1).
k, L, n
Kpome Toro. i = i i e l—z TTocne CNOKEHHS 3THX PAaBEHCTR
k1R 1 P
N0y THM —£+—k——~'— i-—l::- t3 =1=
- kR k I 1
k= klkz ¢
= k= —-—k k (2). (PopMyna mIm MOCHEAOBATENBHOrO COCmMHE-
HHA NPYXHH.)
Vpasuerua (1) u (2) oﬁpasym CHCTEMY
B
PR k, =nk, b k(1+n)
2 1= >
kR = kl n -k = n
2 =k : =
PR J'z+nli:1 k, = k(1 +n),

TomecTim Hauano xoopamarnoit ocu X B Touxy, COOTBETCTBYIO-
10y10 NONOMKCHHIO papHOBECHA Tena (puc. 11.13). IMpu cMemensn Te-
713, HANPHMCP, BACBO HA HEro OYAYT ACHCTBOBATH CHITBI YNpPYrOCTH,
HANPABNEHHEIC BNPARO. (I103TOMY MpoeKIMM 3THX CHN OTPADATETL-
Hh1.) o BropoMy muy Hetotona

~khx-kx=mx"=mx"+(k +k,)Jx=0=

+ & +
=>x"+~k'——x 0= x"+alx=0 r,qeoao_k‘ k,
m m

[Toryuwim ypaBRCHHE rapmommMeCiX KojeGammil ¢ YACTOTOH -

+
@, = 1’ k‘ kz . Cne.uona'remuo, nepuoa kKoncbanwii 1 = 21}» =
:27t mk =2z 1+nm =2 __m.’.z_2=
k +k, b nﬁ+k(1+n) V &(1 + n)
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SRR

_2n n
1+nk

3axa4a 11.11. Ha xaxyro 4acTs A/MEL HANO YMEHLIIATH JIHHY

© METEMATHYCCKOrO MafTHMEKa, 4rolm nepmof KoneOaHul MASTHMKA

Ha BricoTe 10xM OBUI paBeH nepuoxy ero xoneOaduii HA NOBEPXHO-

© i 3emnn? Pamayc Jemum R, = 6400 .

Pewenne.
[eprox xoneGammii MATEMaTHUECKOrO MASTHHKA MmOk [ Ha

; l
/ mopepxuoctH 3emnu pasen T =27 [— . M3secto, wro yckopeHne

: CBOOOXHOrO NAACHAL HA MOBEPXHOCTH 3eMITH PaBHO £ =

4

3

2
3

» TS

' G - rpapHTaiEOHEAN NocTOAMKAK, a M, - macca 3emnm C yBemi-
. YCHHEM PAaCCTOSHKI OT MNOBEPXHOCTH 3eMMH YCKOpPEHHE CBOGOAHOroO

MAZCHMA YMEHBIIACTCH, W HA BeICoTe R =10xM oBo pasro

GM .
g, = --——3—)2 Hna Toro, yro6nt mepuon xonefamuit ocTancs He-
+h

(R,

© M3MEHHBIM, HAAO YMCHBIIHTS ANMHY MAfATHEKA, caenas ee [ . Torma

nepuo koneGanuit 6yner pasen 1| = 2=n féi . Tak XK no yCHOBHIO
: 1

samaun T, =T | 10 —{L:L:ﬂl:lg’—j’ucmme}memmxﬂn—
- g g g
™l -1, =l[1—i}nucmmoe OTHOICHHE
g
! R, Y
Ph_o & (B | 50
l g R, +h

3anaua 11.12. MaremaTHdeckuit MASTHAR AmHHOH [ coBcpmma-
€1 konebanna BOMM3N BeprarambHOR cremin. Tlom Touwkol noaseca
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AMTHHKA, HA paccrosuur [/2 oT Hee Mo BepTHxamM, B CreHe 3abuT

o3mb. Haiiru nepuox T’ konebamui MasTHHKa (pHC. 11.14).
Pewenue.

Ha yyactke AQ wmMadaTHUK COBepmIAeT KOTeOAHMA HA HETH
axtoit [ .

[Tepuon TAKHX Konebanmii

l
T =2n E , @ BpEMA, 3aTPAYMBAEMOE Ha

[POXOAICHHE ,uym A0, t, = T Ha
yuacrke OB masTruK conepmae‘r xone-
Gamnua Ha Huru ymemoit /2 ¢ neprosom
: l
Puc. 11,14 T =an \/2) l
g 28’

1
M Bpema mpoxoxaerui yuacrka OB ¢, = ETZ. Hycrs T - nec-
MBI mepuon KoneGaumit MasTHEKA, TOrIa

S R 1
=ZT| +ZT2 =Z(Tl +Tz):>

>T=_;.(T, +Ty)= "\g(HUI‘EJ'

3agzaua 11.13. Tpu xaxoif CKOPOCTH NOE3Na MAITHUK ATHHOL
= 20 cM, MOABCLICHHBIN B BATOHE, OCOGEHKO CHIILHO PacKauHBaeT-

, €CITH PACCTOAHHE MEKAY CTHIKAMH penncoB L = 20 M?
Pewenue,

ITpn NpOXOXKAECHHH KONECAMM CTRIKOB Ha BATOH H HAa MAsTTHHK
HCTBYeT BHemHAA CANA. Be nepHOA pamer BpemeHH mpoXomxmenws

FOHOM DAacCTOAHHA MEXAY cThikamu, T.€. 1 = LU, rae v - cko-

cTh  noesga. Yacrora koneGaHwi  ITOH  BHEMMEH R
2n

T

t
= 27‘CE. CobOcTBcHEAl  4acTora  KOJE0AHMIT  MaTTHUKA

142

= J% . MagTHHK 0COGEHHO CHIBHO PACKAMHMBACTCA, KOTAA Ha-

CTYRAeT PE3OHAHC

0= m0=>2n—-(=>v— ( 22,3 m/c= 80 km/u

3azaga 11,14. B coofmaronmmxcs COCYSaX UAIHHAPHIECKOH
popMer HamuTa pryTs. HalfT nepuon Mambix xonebaHmii pTyTH, eClu
IIOMAAb NONEPEYHOTO CEHEHAR Ka-

¢ — X4 xmoro cocyza S =0,3cm’, a macca
A_..____ .:.:-'.'::? pryra m = 484 r. [TnoTHOCTS PTYTH
1" :E‘f:'é x p =13,6-10° kr/m’. Tpenmem mpe-
g =l webpews (puc. 11.15).
=S o ] Pewenne.

ITycts B paemoBecun cBoOOA-
Prc. 1115 HEIC MOBEPXHOCTH PTYTH HAXORATCA
Ha yposne AB. Eciu B neBOM cocyAe PTYTH ONMYCKAETCA HA pac-

crommue (X <<}), 10 B NpaBOM OHA MOJHMMAETCA HA TAKYIO KE
BrCOTY X . CHumi TEecTH cronGukos Ao ypopas CD ommaxosst,
IHAYHT, HA PTYTh ASHCTEYET BOIBPAMIAROMIAA CHNA TDKCCTH CTOIOHKA
pryru C, D maccoit m, =pV = pS-2x . U3-aa ManoCTH X Mo-
HKEM CUMTATh, YTO BO3BPAMAIOmMAA CHIA /1,§ NPHIMKEHA KO BCeH
Macce xuKOCTH It . Bropoit 3axkoH HelOTOHA 3anMIuETCHd B BAZE

2pS
~pS-2xg=ma=>-pS-2xg =mx"=>x"+ pmgxzo.

2pSg

R
Iycts o) = , TO'ia YPAaBHCHKE mpumer Bua. X +0,x =0,

1.6. TIOTY4AEM YPaBHEHHE rAPMOHMYECKHX komebaHuii C coOCTBCH-

W = ‘2_9153 % HEePHOAOM
m

HOH YACTOTOM
P2 o | ™ 154
D, 2pSg
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3apaya 11.15. ToHkOe NPOBONOYHOE KOMBUCG paaHycom R

HMEET IISKTPHMCCKRI 3apag @ > 09 Kak Oyzer aBurarsca To4ed-

HBIH 3apaf MACCOR /1, HMCHOLIHiT 3apx,u'[— q) (g >0), ec B Ha-
YANKLHELT MOMEHT BPEMEHH OH TIOKOWICA B HEKOTOPOI TOUKE HA OCH

KonbUA Ha paccrosuuu d << R or ero nentpa? Komsno wenoasmok-
HO.
Perucnue.

Komsuo npurarasaer K cebe 3apsa (— q). Ilycts B HeKOTODRIR
MOMEHT BPEMEHH 3aPRA HAXOAWTCA Ha paccrosmmn X <d <<R or

HEMTPA KONBUA H €ro CKOPOCT: NMpH 3toM U =X’ . Kuseruyeckas

3HEPruA 3apana

mv?  m(x’)?
= > Ero noTeAnmansHag IHCPIHA —

2
3TO NOTSHLUHAALHAA JHEPTHS B JNEKTPOCTATHUECKOM MONE KOMbIA,
paBHas (— q)cp(x) e (p(x) — NOTCHITHAN, CO3AABACMLIH KOIBIOM B
TOUKE pacnoONOKeHHA 3apana. B rmase 8 6i110 mokazano, 4To NOTEH-
IHAJ, Co3aABacMELH JAPOKEHHLIM KOJBLOM, paBcH

o(x)=k __9 , tne k= L. 9.10° H'MYKn®. Creno-

vR? +x? 4ne,

BATCIHHO, MOTEHUMANLHAN JHEPrHs 3apAIa paBHA wk———ﬂ—

VR +x*
TTomsas 3HEPIHA 3apAAa CKIANBIBAETCA M3 €T0 KHHETHYECKOH M Mo-
mx) . 4@

2 VR? +x*

YTO 3T3 SHEPrHEA B NMPOLECCE ABIDKCHHA 3apAAa HEC HIMCHACTCH, T.C.
W =const . .
Haiizem mpou3iBoauy:o OT HONHOH IHEPru# 3apsaia N0 BPEMEHH:

wo (MY, 4@ J

zglx'-x'—kqQ[

TeHUMANLHOH smepruit: W =

. OrmMermm,

—%](Rz +x2)—; 2x-ox'=
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Tak kak W =const, To

mx'l+kqQ—-~w-f—— .
\J(RI +x2)3}'

W'=0, u nocac COKpameHHs Ha X
x

"+ kgQ ———cc
e

! 3
bmmm yTO (R"+x2)’= [R’[H%—]) . Tak xak

IONY4aeM
=0 (.

g R
P xyY.
x << R, 10 orHOmCcHuE (E) —0, B B sroM npaSmoKeRRM

;i;pangenne (*) NpEBOIUTCA K BRI

F ' . E - . =
g;'_mx'+kqQ———;3=0=:>x +——g-Q—3-x=0=>x +“)‘3?—0» rac
. o kqQ

6D > 0. Mu noayHid ypaBHCHHE rapMOHMMECKHX KOTIC-
3 mR*?
‘ | - k9 Ho-
{Ganvil 3apANA, HPOECXOAMMAX C YACTOTOR O = ;I? H IEPHO-
mR?
‘oM T =2n :
: quQ
3axaua 11.16. [Tpoommx Maccoll . w mol | moapenien
' K HINCKTPHKY C MIOMOIIBEO ABYX O/BHAKOBAIX TPOBOASIHX MPYZKIH
" ¢ obmeli xecTKOCTRIO B
OpuopojiHoe MAarHHTHOE MO~
ne ¢ mnayximed B Banpas-
AER0 . MEPNEHAMKYIAPHO
IIOCKOCTH Heprexa - (pHC.
11.16). K BepxHeM KOHLAM
IPYKSHE NPHCOCAHKCH KOH-

OCHCATOP  €MKOCTBIO
Puc, 11.16 Tlpencbperas CONPOTHB/ICHH-

7 AR YT WS TR T
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eM, coDCTBEHHOM HHIYKTHBHOCTBIO H €MKOCTHIO NMPOBOAHEKOB, OM-
peaeuTs NePHOI KoneOaHui CHCTEMBI B BEPTHKANBHOH ILIOCKOCTH.
Pewenue. :

m,
Ipu paBHOBECHH HPOBOOHMEA IS — kxo =0, e x, = —E

k
— HavameHas AedopMamux npyxun. BoiGepem och koopamHat X,
HANPABICHHYIO BEPTHEANBHO BHE3. Eec Ha9ano moMecTMM B TOUKE,
COOTBETCTBYIOLICH MOMOKEHHIO PABHOBECHA, TOTAA B MOOOH MOMENT

BpeMcHM ne(opMaLis IPYKHH paBHA (x + xo), e X — KOOpIEHa-
Ta npoBoAHKKA. TIpu KoneOaHHIX HONTHAA JHEPTHA CHCTEMBI CKIAAb!-
BACTCH H3: - : _ -

2 N2
1) KMHETHMECKO# SHEPTHK NPOBOHHKa W, = m; - m(:;c ) .

- 2) NOTEHUMANLHKON JHEPrUH NPOBOJHMKA B NOJNE THKECTH JeMau
W, =-mgx (uyneBoe 3HAYCHHS NOTEHUMATLHON IHEPIMH COOT-

k)

BETCTBYET TIOJIOKEHHIO PABHOBCCHA MPOBOXHMKA, T.€. KOIZR TPOBOL-
HHK HAXOJHTCA B HAYANE KOOPAHHAT), -
3) MOTCHUMANLHOM ~ JIHEpruM  ympyroit jgedopMaudM  OPYKEH
— Bx+x,)
y -2 ?
4) 3nEKTPOCTATHYECKOM JHEPTHM KoHmeHcatopa W = T, Ine

U — HANPsSKeHHE HA KOHACHCATOpE.
Tak xax mPOBOJHMK NRHXKETCA B MATHMTHOM IIONE, TO H& €0
konuax sosmmkaer JC mumyxums £; = Blv = Blx'. Ilockomsky

CONPOTHB/ICHHEM NPOBOXHHEA H MPYXKHHOK MOXHO MpeHefpeys, TO B
mobGoit MOMEHT BPEMEHH HANPMKEHHE Ha kouneHcatope pasao J3J1C

_C(Bix')
—
Tlomas sxeprust cuorems W =W, + W, + W, + W, =

ungyxuen, T.¢. U =&, . Crenosarenstuo, W,

BuMHCIMM NPOR3BOAHYIO OT NONHOH IHEPIHH 0 BPEMEHH:
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' B’ , . ..
W’:—?—Qx'-x"—mgx'+%2(x+x0)x'+£(—-2—~)~—_-2x cx"=
= mx'x" ~ mgx' + kx + x, )x' + C(BI) x'x" =

_(m + C(BIY Jr + b ~ (mg - ke, '

_ HamoMmuM, wro mg — kx, =0, noaromy

W' = ((m +C(BI) )x" + kx}:' :
Tlonras IMCPras CHCTEME! COXpaHAeTCH, T.C. W =const , cnegosa-
remsuo, W' =0. TofcTaBnss u cokpammas Ha X', MONYHaeM ypas-

uem@' '(m+C(Bl)2)x"+ kx=0=x"+ ;:C—f%l)_zxz 9:»
__k__
m+C(BILY
HraK, MpOBOIHHK COBEPINACT IAPMOHIHECKHE KOACHAHKA ¢ ACTOTOH

= x" +02x=0, e 0] =

k ’m+C(Bl)2
= ———— mogoMm T = 29| ——————.
o dmw(Bz)’ e k

Jagawa 11.17. Komgencatop emxocrsio C=350n® cuavama
MOIKMOTAT K ucTounuky Toka ¢ D/IC € =3B, a 3aTeM K KaTyike
¢ wanykTHehocThio L = 5,1 MxlH. Haira: wactoty xomeOanuii, 503-
HMKIIAX B KOETYpE, MAKCHMAILHOS JHAMEHHE CHITI TOKA B KOHTYPE H

ero JeHCTByOIeE 3HAYCHMC

-K,— (prc. 11.17). -
e L Pewenue.
'[ C Ha puc. 11,17 K —xmon,

TPH MOMOIIH KOTOPOTO KOHACH-
carop C DoOKmO¥alOT K HC-
Prc. 11.17 tounnky JIC. IIpu 3TOM KOH-

JICHCATOP 3apAKAaeTca 20 Ha-

npsokerma 4 = € ¥ ero 3apaa g, = CE. 3arem npa nomommm kiko-
A JapAKEREBI KOHJCHCATOP MOAKTIOMAIOT K KATYMIKE. B xone6a-
TEHHOM KONTYPE BOSHUKAIOT kONeOamHa 3apsAfa, TOXA H HANpMIE-
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. KouaeHcarope. CoBCTBeHHas vacrora  KomeOammii

1 7
©, = -\/_ =6,3-10"Tu
LC
OnpeaemuTe MaxCHMATBHOE 3EAYEHNE TOKA MOMHO XBYMSA CHO-
cobamm.
¢ 1. Tax xak B KoHTYpE mmm FAPMOHHYECKHE xoneﬁamm,

TO q(t) qmcos(coot+cpo) rae ¢, — Haqa.xmnamlmamnaﬁa}mﬁ
B MoMmeHT BpeMenu £ =0

2(t)= g(0)= gy, = 4,050, = cosq, =1=> @, =0.
Hrax, xonebawmsa sapsma KOHIEHCATOPA OIHCHBAXTCH qupuynon
g{t)=gncos0,t. Tox B xomype i(t)=q'(t)= (qmcosm t) =

= —(,, ©oSIMO t =g, &, COS coot+/ Orcrona cne;wer YT

HHA Ha

amrnmTynatoka I, =g, 0, =CE- ——SJ_ 9,4.107 A,

2. Havam.pas 3HEPIHA KOMTYPA COCPEAOTOYEHA B JIeKTpOCTa-
2

THYECKOM MOJIE KOHACHCATOPA H paBia W, — - B ToT MoMeHT,

KOrAa TOK MAKCHMAJICH, 3apal KOHACHCATOPA DAaBEH HYINO, BCA JHED-

2
LI . o

THA KOHTYPA COCPENOTO4YEHA B KATymke H paswa W, =

3aKOHY COXPaHEHHA YHEPTHH

2 2
W, -w, -G8 LI

C
ﬁfng E

JeACTBYIOIES IHAMEHKE TOKA

I, C
I, ="m_ 1/ =8,6-107A.
2 Py

3anaua 11.18. SapmxeHHBH KOHACHCATOP 3AMKHY/TH HA KaTynI-
Ky HHIYKTHBHOCTA. Uepes KaKyl0 MACTH NEPHOAA MOCAE NOJKIIOYE-
HES SHCPTHA B KOHACHCATOPe OYACT PABHA SHEPIuM B KATYIIKE HH-
AYETHBHOCTR?
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B s ]

i

Pewenue.

Iycte C - emrocts, L - wnayxrusnocts, @, ~ cobCraennan
acToTa XOHTYPA. B 3apave 11.17 Gru1o nokasaso, 4To 3apsay #a KOH-
ACHCATOPE MIMEHACTCH N0 3aXOHY q(t)=qmcoscuot . MO3TOMY €ero
3HepruA B moboit MOMEHT BpeMeHH

W, = (q(t) b _gncos’et .
2C
Tok B KOHTYpe l(t) ~q,® 0sum) t, a 3Heprud, coc:pe,aorot:em{as:
B MArHHTHOM TOJIC KATYIIKH -
| Li* Lqﬁ,mgsinzcoot
M ) - ) .
o yenosmo samam W, =W, =

2 2 02,2 2
ImS0S @t _ Lg; agsin’e ¢

= cos’w,t = LColsin’o t.

2C ' 2
1
Yunreirag, yro mﬁzz—c-,nonym: LCal=1=
L . I+cos2ms¢ 1- t
- > cos’o,t =sin’a = co; B co;sZcoa

= 2c0s2a,t = 0=>cos2mut=0:>2cnot= 125 =

S, r T

T 2 8

3ana4a 11.19. Konebaremsueni xouTyp uepes wmoy K noa-

KIFOUEH K KCTOUHHKY 3/IC ¢ HEKOTODEIM BHYTPEHHIM CONPOTHAE-

wmeM 7 (puc. 11.18). Mepronauamsuo kmoy K samksyr, Tlocne yc-

TAHOBJICHHA CTAHMOHADHOTO DEH-

N E- M Ma IUHOY PA3MBIKAIOT H B KOHTYpE
J‘—8 r

BOZHMKAKOT KOMEOAHHA ¢ NMEPHOIOM
T . Tpn a1oM aMmikTysa Hanps-
MKCHHA HA KOHJEHCATOpe B /1 pa3s
6omme DJIC Garapen. Haiirn me-
AYKIMBHOCTE - KATYIIKH ¥ EMKOCTH
COnpOTHBICHHA. CONMpOTHBICHHUEM

{to

Puc. 11.18
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| KATYIIIKH MOXKHO MpeHeOpeys.
' Pewenue.
1. Kmou 3amxHyT. I'Iym JJIC wucrounnka pasHa &. B cra-

LIHOHAPHOM PCHMMC HOCTOSHHSIE 10k [ NpOTEKAeT MO KOHTYPY

ABMN uerozpauenne I = E
r

2. Kmou pasomxuyT. B konefaTemHOM KOHTYPC BOZHHKAKOT
xone6anmsa ¢ nepuoaom T = 2w/ LC (1.
B MOMCHT PasMbIKAHHA KOHAEHCATOP HE 3apMiEH, a Mepes KATYRIKY
npoTexaeT TOK I , panHil AMIUIRTYIHOMY 3HAYEHWIO TOKA APH KO-
nebammsx: I, = I . I'lpu 3roM BCA 3HCPIHA KOHTYPA COCPEAOTOUEHA

L2

. B TOT MOMEHT,

B MATHUTHOM TIONE KATYIIKH H paBHa W, =

KOTJ2 HANPIKCHUC HA KOHACHCATOPE MAKCHMANBHO, TOK 4epe3 Ka-
TYIOKY PABCH HyJEO, H BCA JHEPrHA KOHTYPA COCPEACTOYEHAa B KOH-

aeucarope, r.e. W, =

LIZ Cu? L
W, =W, = 2"’: 2"’:>um=1m‘j;.

L
u I’"\/;_

Ilo ycmoBmio 3a0ayn —
Y £ €

I
=
U

__8 ’._L

ryC L

— 1 = = 2y,
= n=s>nr 1’ (2)

Vpasuenns (1) u (2) obpasyror cucreMy

2
T=2ayIC, |Lc=[L), , (TY
2n (Cnr) i T B

= 2r =

r'zr—‘/z L
“Yeo -é—=(nr)2, L=C(nr).
=»C= T .a LZ_T:{L_:

2nnr 2n
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3agaua 11.20. Onextpudeckdii MALTBHHK mommocTsi0 50 Br
. PACCURTAH HA BITIOYCHAE B CETh NIEPEMEHHOIC TOKA C HATIPAKEHHEM
» 127B. Kaxas MOmHOCTE OyleT BRAEAATECS B NMAANBHHMKE, €CIH €T
| BKJIOUMTH B 0STH MEPEMEHHOTO TOKA C Hampaxennem. 220B nocne-
‘ IOBATENBHO C HACANEHRIM AHOIOM? ConpoTHBICHHES OHOJA NpH

. IPAMOM HANPABICHHH TOKA CYMTATH PABHEIM HYMO, IpH 00paTHOM —
; BeckoHeuHOCTH, CONpOTHRICHHE MAYLMLHKKA NOCTOSHHO.

Pewenue.
‘B 3azaye peusr uICT 0 HAXOKICHHM CpeaHell MOMHOCTH. 3a-
nalmme BANPOKCHHA ©CTh OCHCTBYIONHE 3HAMCHHA HANDMKCHMI.

Cpemuas MOIHOCTS P =50 Br, ua xoTopyio

PACCYMTAH  NALUILHHK, 13“1 = —lil—,
~ R R
u, =127B — pelcTBYIOmEe 3HAMEHHE Ha-
npsoxerna. M3 nocneameit dopmynsl Haxo-
UM COTPOTHBIAEHHE MaanpHnka R = %‘i .
1
Hpu pabore masnpHAKa mO cXeMe Ha puc. 11.19 meiicTryiomee

rape

. Puc. 11.19

; SHAYCHHC HampKeHud U, = 220B. IIpu 3ToM B TeueHme nepmoii
. HIONOBMHEI NEPROAA 4EPE3 NANIHHHK TEUET TOK, H B BEM BBUIEHHTCH

“rennora Q=P - T [uz] (T) B TeueHHe BTOPOH TOMOBHHLI

2 | R 2

- TIEPHOJA TOK 4epes IIB.SU]LHHR HE TCUECT, H TSIIOTa HE BEIACITIACTCA.
" CremoBaTenbRO, CPEMHAS MONIHOCTE 33 TIEPHOZ

Q (gj(g] ué‘ﬁ

Fz%-:-—T:ﬁ.Honcranm R, naxonmm
2
ﬁ:la[”—z] = 75Br
2 |y
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3apaya 11.21. B wemn (puc. 11.20) L =0Tk, C =10 mxd.

YacTora nepeMEHHOro HANDDKEHM, NOJABACMOTO HAa KNeMME A H

B, @ =10°I'u, Hajftx 10K, npoTexarommi uepe3 pesucrop R .
Peutenue. .
KoHnencarop ¥ KaTynna BIUIOYEHB NAPALIENBHO, HOITOMY B

MoBol MOMEHT BPEMEHH HANPAKCHUSA Ha HMX OJuHAKOBH. TOK B Ka-

TYHIKE OTCTACT OT HANP/DKEHUA Ha Helf HA 7/2 | a TOK Yepe3 KOHJEH- |
catop onepexaer mampoxenme wa /2. Tlycts sexrop (i, ;0) _

. L (¥,, - aMumMTyaHOE 3Haye-
R M, N HME) OIUCKIBACT KoJcOaHHA HA-
— | NPEKCHAA MEXKAY TouKamu M

u N . Ornoxans ero no ocn X

C (puc. 11.21). - -
R v 25 I(0;1,,) - sextop, omacu-
A B BAIOIME kOJe0aHHA TOKA Yepes
Prc. 11.20 KOHCHCATOD, npAYeM

Iom ==~ - ammwmrymmoe
Xe

IHAYEHHE TOKA Yepes koHAcHCaTop, X, — eMKOCTHOE CONpOTHBIC-
. HEC KOHJEHCATOPA NEPEMEHHOMY

R¢ toy. I (0:-I;,) - sexop,

Ioptm/2 omucHBalomMii  koneGamMs Toka

— »x  tepes KATyHIKY, IpHHEM

N e Y I, =2m _ vmmmymios sma-
IL Lm XL TUIHTY,

Puc. 11.21 YEHHE TOKA Yepe3 KaTymKy, X ~

HHIAYKTHBHOC CONMPOTHBICHHE KaTymkn. H3 ycnosma 3amavyu cneny-

;,ymo X; =0l =10° 107 OM=10°Om =

Xp=t o1
oC 10°.10"
Tak KAk TOKW “epe3 KOHACHCATOD M KATYIUKY KONEGMOTCH B npoTH-
30()a33X ¢ OAMHAKOBRMH AMIUIMTYZAMH, TO CYMMA TOKOB Hepe3 Ka-
[YIKY H KOH/IEHCATOP B HOGOH MOMCHT BPEMEHH PABHA HYIIO (CyM-

~OM=10°0m, 1. X, =X, u Ip, =1, .
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M3 BEKTOPOB fc +fL =0 na puc. 11.21). Mrax, obupsii Tox Yepe3
PE3HCTOP PaBEH HYJIO.

3agaua 11.22. OnpeaemuTs CHAY TOKA B LEMH HEPEMEHHOTO
TOKa (prc. 11.22). IlapaMeTpel 3MEMEHTOB UEMH M HANPDKSHHME HC-

roumma: R, R,.C.u,0.
C -~ Pewenue.
B moBoii MOMEHT BpEMe-

I 1 EL HH HANDPOKEHHE HA KOHJEHCA-
T tope C u pesucrope R, onu-
R, | HAKORQ, TAK KAK OHH COCOmMHC-

Hhl DApajNeakHO. JT0 HANpS-

ucoas’gz_____ KeHHe OyseM OMHCHBAThH BEK-

Puc. 11.22 Topom iZ,, xoropuii pacnioio-

XEM BAOTL OCH X  BEKTOPHOH

IOmarpammsl, T.€. i, = i (u,;O). KoneGarns T0K2 B pezuctope R,
coBnanaoT no ¢aje ¢ koneGaHHSIME HANPADKEHMA, HX AMILMTYAA

i,

pasna F NOITOMY OHH ONHCHI-
1
- —- u;
BaroTcA Bekropom I, =1 —ﬁ—-,O
1

Konebanma Toka Ha xoHACHCATOPE
ONEPEAAIOT KOACOAHNA HATIPSDKCHHA

I i X Ha 7/2, UX aMIHYYAa paBHA

~—-=y,0C, nosromy oMW omu-
Prc. 11.23 X, 1 \

cumarorca sexropom 1o =1, (0; u,0C). Crowus sexropa I, u
I ¢ » HalneM Bexrop I , IPEACTARMIOMME CoGOH RoncGaHHA TOKA B
pesucrope R, , a 3uawmr, U 8o Boeit nemu (puc. 11.23).

- =fu
Urax, sextop | =I(~ﬁ—;ylmC), IpHEYEM MOJYIE TOKA
1
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f:J[R_} +(ulmC)2 W ) eoms

amnnHTyaa KoneGamwmit Toxa wepes pesucrop R.,. Kone6amms xa-
npokemis Ha R, coBnagaror mo $hase ¢ koneGaHusMe ToKa, MX aM-
nuryna paska IR, u onm omecrsarorca pexropoM i, = IR, Tax
KAK KOOPIMHATLI BKTOpa | BLIpamenst, To

I T ‘ _ |

i, = uz[R—Rz,ulemC]. Cymma mampoxesmit &) u &, ®o-

1 o
NEOMOMMXCA ¢ PASHOCTBIO (a3 ¢, B mOGOH MOMEHT BPEMEHH PABHA

HANPOKEHWIO BO BeeH MemM I, NpuveM MOZYNL BEKTODPA i paBeH
aMmymTYae  KoneBamwmi NEPEMEHHOINO  HANPROKCHYA.  Bextop

(&, +4,) wumcer woopamHary nmo ocH X, paBHyiO
' u R

U, +u,, =Uu, +R—‘R2 = u{1+—l . Ero xoopmmara no oca
| R,

Y: paswa u), +u,, =0+uy, R,0C = u,R,0C . Moxym sexropa

- : 5
(4, +4,) u= (u1[1+—%~)} +(ulemC)2 =

1

" .
=u, = : - == . Tengpb o dopmyne (¥) maxo-

R 2
[1+Rf) +(R,0C)’

M TOK:

I:i 1+{R0C)* :u‘/
R, RV
(l+-R2J +(R,0C)

1+(RoCY

3apaua 11.23. Y4acTOK LENM NepeMeHHOTo TOKa (puc. 11.24)
COCTOMT W3 CONPOTHBNEHHS R, COCHMHCHHOrO TMOCNEIOBATERABHO C
HATPCBATCABHOH CIIHPANEIO, 00IANaIoME! HEKOTOPOH WHIYKTHBHO-
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(R, +R,) +(R,R,0C)*

L CTHIO H ZKTHBHBIM CONPO-
4‘-‘: o —r THBIICHHCM. )Iencrnylcimne
” u, IHAYEHKR HANPOKEHHA Ha
S 14 — BCEM VYYACTKE, CONPOTHMB-
» MEHWH M CIHPAIH pPaBHSI

COOTBETCTBEHHO U,, U H

"Puc. 11.24 U, . 33 CKONMbKO BPEMEHH C
OOMONIBIY TOH COHpam

feMICpaTypy BOAl MAccoll /7L MOXHO TIOBBICHT HA AT, ecm

/TEMbHAS TEIIOEMKOCTh BOAM — € 7 II0TepaMH TEmAoTH mpeHed-

Pewenue.

; Ha rfpeACTaBACHHOM Y4ACTKE NCHH R, - conporueneHye cim-

pam, I — ec MEAYKTHRHOCTS, 3aJaHE! ACHCTBYIONHE HANDAACHUA.

"I'ax KAK COCIMHCHHS MOCAEI0BATSILEOE, TO BO BCEX 3JIEMCHTAX 3TO-
FO YHACTKA B MOO0H MOMEHT

BpEMEHH TOK oQmHakoB. Ko-
nebamms TOKA OUMINEM BEK-

Topom [ , MOAYIL KOTOPOTO
— I . Hanpasam 3T0T BEKTOP
proms ocu X (pmc. 11.25).

- KoneDauna HampoKeHHA HA

conpormenciwix R, # R
mo {ale cOBNAKAIOT C KONE-

Puc. 11.25

“6anumn ToKa, MX aMmmmarysl pasHH U, =IR, w u=IR & na

BEKTOPHOMH JHATPAMME TAKKE HANPABACHH! BAONE OCH X . Konefa-
HHA HANDDKEeHHS [, HA MHAYKTHBHOCTH OTCPEXAIOT KONEOaHAA TO-

xa ma 72, ax avnumryna papsa [X; = IoL=u, , n na sexrop-

- HOH JHATPAMME BEKTOp ii; MANpaBieH BIOMs ocH Y . Hampmxerme

:‘na companm U, =U; +U,, MHanpsmkeHWe Bo BCCH lemH
‘U, =i, +1 (COOTBETCTBYIOMC MOCTPOGHVA NPHBEACHB! HBA PHC.

-11.25).

[lo TecpeMe KOCHHYCOR
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ul =u? +u? ~2uucos(n— @) =u’ +u’ +2u,ucosp, rae @ -
CABHT ()a3 MEXIY TOKOM H HANPAKEHHEM HA YIACTKS, TAe BKIIOYEHA
ul -ul -u®

crHpans. H3 mocaeanerc ypaBHeHHa COS¢Pp = >
U

u
JeficTByionee 3JHAYCHHAES TOKA I= E MonpocTs, BRAeHseMad Ha

yuacTke co cmupamsio: P = Ju,cosp=
(u) ui-ul-u' uy-ul-u
N (EJ ' Juu. 2R
Jna narpepanws some 82 AT efi noxamoBurca coofmuars xomrde-
creo Temiorht Q =emAT = Pt, e 1 — BpeMa paboTH CrMpa,
IMocne moACTAROBKH OOMY4YACM

ul -ul -u?  2¢mRAT

emAT = -2l == -
2R ul —ul-u

S3agaua 11.24, Tlepeuumas oGmMoTKa TpamchopMaTopa HMeeT

N, =2,4.10° purxos. CKOTEXO BHTKOB J0/DKH2 MMETH BTOPHUHAA

oOMOTKA, 4T06K NPU HANPMHKSHWH Ha e¢ 3akuMax U =11B mepeaa-

BATh BO BHEIMION mems Mommocts P =22 Br? ComporueneHNe

sropwinoii oomorkn R =0.,2OM. Hanpmxerme, nogasaemoe Ha
NEPBHYHYI0 00MOTKY, U4, =380B.

Pewenue.

N, N, I Tlo ycnoBHIO 3aja4d TpaHC-

y ' (opMaTOp 3JAMKHYT HA HArpPysKy

u, R, no seit 1 no propmumoii o6-

u, R lul lR MOTKE ~  NpOTERaeT TOK

I (puc.11.26). OTrmeTum, 3T0 Ha-

4 NpOKSEHE U HA 3a3¥MMAaX BTOPHY-

_ HO#H OOMOTKH — 3TO HANIDDKCHHE HA

Puc. 11.26 HATPY30MHOM CONPOTHBNEHKH F_ .

' [IpwemM OHO OTHHYHO OT AeficT-

BYIOIIET0 HANPKCHHA L, , BOIHHKAIOUIErO BO BTOPKYHOH ofMoTxe,
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1

lHa BCIHMMHY TAZEHUS HAOPOKCRES Ha 1ol obMoTKE, TC.
tu=u, — IR . TiepenaracMas MOMMOCTE — 10 MOIMHOCTE, BRIC-
AMOM@AACA ~ HA  HATPY3OMHOM  CONpOTHBICHHH,  [pHicM

P=Iu=1I-= 2 Ha NEpBOro YPABHCHHA HAXOJTHM
. U

Uy :u+IR=u+£R. IMycts N, — KONM4ECTBO BUTKOB BO BTO-
; u

: pUdHO# 06MOTKE, TOrIR

t z

¥ u u’+PR

i PL=E~L$N2=-—2N1$———"’“N]=72-

u, N, u, uts,

= -

‘ Saxaua 11.25. Mmerorca aBa OMAHAKOBBHIX HACANBHEIX TPAHC-
- dopmaropa ¢ koaddmmerTon TparnchopMawm k = 1/3. Tlepsurmas
© oGMOTKA OAHONO H3 HEX TMOCIENOBATEABHO COCIMHEHA CO BTOPHHHOM

I-# mmcq:ognam'p
v 1 2
; € Lol
) B N

Ku,t n‘fuo C iu,

i i 2 I
‘ €, U,

I-& manctilop;;';op

a) 0

Puc. 11.27
0BMOTKO# BTOPOro, 3 CBOGOAHBIE KOHIBL ITHX 0OMOTOK BKAIOHCHE! B

' CeTh TEPEMEHHOIC TOKA C AMIUTMTYAOH HANDSDKEHWA U, —100]3

 BropHuRas o0MOTKa nepeoro TpaHchopmaTopa [OCTEOBATCALHO

' COSAMHEHA ¢ NEpRHYHOR 0OMOTKOI Broporo. OnpesenATs AMIUIHTY-

AY NMEPEMEHHOTO HAMPMKCHHSA MOAIY cB0DOITHBIME KOHIAMH ITHX

 obmotok {prc. 11.27).



Pewenue.
[lycte B ofmorke AB - posmmkaer DAC HHAYKIMH

-’_78, =—L,i'(t), a s obmorke CD - D/C uunyxumn €, = -L,i'(t).
Taxk kax obmorxu AB u CD BrnoueHst NOCIEA0OBATENBHO H TOKH
B HHX OJTMHAKOBH], TO

. 2

g - £‘.L = Ny _k?
€, L, N,

3aeCh Ml BOCIIONB30OBATHCH TEM, YT0 HHAYKTHBHOCTD KATYMIKH [PO-

NOPIHOHANLHA KBAAPATY 1HC/IA BHTKOE B ueit (cm. rnaey 10).
- Cymma €, +&€, =u, . [Tomyuaem cucremy ypaBHCHHH

u
€, = ——,
'8"}—=k29 8] =k282: : 1+k2
<€, = e (1+k2)—u b B
- H — Q
[fycts  wanpmxesWe, nomyuaemoe B  obmorke  MN,
Uy =Qym — PN - s cBoiicTR Tpancopmaropa
€ g |
—=k=>u, =—.
u, ' YTk

Iycts Hanpmkeuue, nomyuaemoe B obmorke KL, U; = Qx — @y .
H3 onpenencHus x03(upHmenTa TpaHchopMaHx

u, N,

—=—"=k=>u, =kE,. Hrax

€ N, P
g,

Py — Py —

=1 € :
k f—'“’(‘PM - ¢, )+ (0x —q)N):?‘+k82_
®x — Pr =RE,,

VuBTRIBAS, UTO Qx =Py, @ QPp — Qg = U, — HCKOMOS HATPIDKE-

HHE, [0Iy¥aeM JUIA CocAHHeHHA obmoTok (puc. 11.27a)
1 u,k? ) uk  usk 2k

Uy = — t R R -
R 1+k 1+&° 1+k* 1+R° 1+k

Jnn cnaywan, #M300pKCHHOTO Ha PMC. _11.275, noche BBMHMHTAHMA

ypasueHuil CHCTEMBI HAHIEM

iy =60B.
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€
(px —ppr) +loy — 9, )= kE, -=L Taxx

A Qg = Q. APy — Py =U,, TO
u, 1 uk

U :k —_— =
1+k* k 1+ %

x

3anaua 11.26. Tpanc(opMaTOp, HMEIOIMH 4HMCNO BHTKOB B
nepervroi obMorke N, a Bo sropwumoit - N, , nomxmoueH X Mc-
r ‘Io A R ;oqnuxy NepeMEHHOr0 TOKA ¢

JC € H BHYTpeHHHM CONpo-

‘ THBNEEREM I . Harpyska c co-
l I npotHBieHueM R nomkmoue-
2 HA TAK, KAK NMOKA3AHO HA PHC.
N, C 11.28. Onpenesurs Hanpske-

HHE H2 Harpy3Ke.
Pewenue.
B It I,.1

Prc. 11.28 YOI Uy, Uy, Lysd; -

‘ OeACTBYIOTIHE JHAYMCHHA Ha-
TPAKEHMIL H TOKOB COOTBCTCTBCHHO B NCPBHYHOH H BTODUMHOH 00- .
motkax. [, - geficTBylomee 3HadeHHe TOKa B HCTouHHKe. Tlpesmo-
JIOHM, YTO TOKH B HEKOTODEI MOMEHT BPEMCHH HANPABACHKI TAK,
KAK NOKasaHo ka puc. 11.28, 1 ceoficrs Tpancopmaropa cneayer,

5
N,

YTO i :u&(l). Tox I, =1, +1, (2). Tax xak Tpaschopmarop
u, N, .

waeamuniit, o 4,0, =u,I, (3). Hanpaxenwe s€a nepsHusO# 00-

Motke ¥, =€ — I (4). Pa3HOCTb ROTEHIHANOB MEXIY TOMKAMH

A v B ¢, —¢g =, Pa3HOCTs NUTCHUHATOB MEHIY TOYKAMH

AuwC @, —¢c =1, Bruyurad NOCHEJHES YPABHEHNHE H3 Npe-

'HBIE)’I'IIGI‘O, nﬂmcM (PC ""(PB = u' ""uz. HO (('PC —q]B) — Ha-

NPADKEHHE HA HAIPY30uHOM compoTHBienud, passce [, R | mosto-

My I,R=u, -u, (5). ‘
Ypasrenus (1)-(5) obpasyoT cHCTEMY



p{m N = k. M3 ypaerenus (1) ¥, = ku, . Iogcranmsem B

N,
(‘3.),' monyqaeM kI, =1,=1, :%; NOACTABNAEM B (2), NOAyYaEM
1+k '
I, 12 +1 =I,=I,— x —— MOACTaRTAEM B (4), TOMydaeM
u, ——- *E w o u2=-l;%_ IMoacrasasem B (5):
U, i k-1 l+k k-1
IR*‘“I*?—“'(I—'};J‘“EJI % (8 I k —'-‘k—)=

k-1 1- &2 1-k2) k-1
=£ k+I2r 2 :Iz[R—r h2 J=8 % =

-8@wﬂ

- ER(k-1) ERk(k-1) :
=I - , k:"—.
el 1—k2 " KRk’ -1) IO,

=1, =

ER-r
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I'nasa 12, Teomerpuyeckan onmruka

12.1. CeetoBoii ryu

B onmuke u3yyaeTcA pacnpoCTpaHeHMHE H B3aMMOZCHCTBHE C
BEIIECTBOM J/ICKTPOMATHHTHBIX BOJTH, ANMHA KOTOPBIX JEHHT B JHA-

masone o1 1077 gm0 107° M. BuyTpu 3roro mmamasowa maxomercs
yHacTok 2umH BonH o1 41077 m g0 7,6 1077w, cooTEercTBYIOMMIE
BHIKEMOMY CBETY. B ONTMUECKHIK qHANAI0H, XPOME BHIMMOTO CBETa,
BRIFOMAI0TCA undypaxpackoe m3mysense (A > 7,610 M) n ymr-

paduonerosoe Hamyuenne (A < 4- 1077 M). '

Hanpasaéhne pacnpocrpasesis moGHX BOMH, B TOM HHCIE M
CBETOBEIX, ONPCACNACTCA C MOMOIMIBIC JTyuelf — nunmil, nepnenau-
KYJAADHLIX BOJIHOBHIM NOBEPXHOCTAM H YKAILIBAIOIMMX HANDAB-
JIEHHE PacPpOCTPAHEHAR JNeprum BwMbLL Takum 06pazoM, cee-
TOBOM JIy" YKa3hIBaeT HANPABNCHHE 'pacnpocmaﬂcm CBETOBOH
3RCPTHH.

Teomerprnueckoii onTHKOM HASKBACTCH PAIIEH ONTHKM, B KO-
TOPOM H3IYMAIOTCA 3aKOHM PACHPOCTPAHEHHN CBETOBOH JHEPYMM B
MpO3PAYHLIX CPEAAX HA OCHOBC NPEJCTARNCHWH O CBCTOBOM Iy4ue.
3aKOHEI TEOMETPHUYECKON ONTHKK NPUMERAIOTCA B CNYMAAX, KOIAa

- IJIHHA CBETOBOH BOJHE! 3HAYHTCIEHO MCHBIIC pasMcpOB OpCnATCT-

BHH, BCTPEYAIOMMXCA HA HYTH €€ PACNPOCTPAHCHHA.

12.2. 3axonbl reoMeTpHYecKoil ONTHKH

1. 3aken npAMOAHHENHHOr0 pACIPOCTPAKEHNS CBETA:

B OJHOPOHOMH Cpede Myu CBET2 PACHPOCTPAHSETCA MPAMO-
JHEEHHO,

2. 3axoH He3aRACHMOrO PACHPOCTPAHEHHA CBETA:
OTHEMLHLIEC CBETOBRIE MTyYH HE BJIMAKOT JPYT HA APYTa H pac-
NpOCTPAHAKITCA HE3ABHCHMO OT APYTHX JTy4eit.

3. 3axon oTpaxenHs cBerTa:

TAANOMHH JIYY, OTPDKCHHBIMH JyY ¥ NEPUCHMKYILIP K Ipa-
HHIE Pa3gena ANYX Cpej, BOCCTAHOBIEHHLIH B TOMKE Iange-
HHS JTy4a, JICKAT B O0H0H IUIOCKOCTH, IPHYEM YO MaJCHHA
PABEH YIITy OTPayKEHHS,
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Ha puc. 12.1: MN - rpanvua pasaena msyx cpes; AB - naparo-
writ 1yy; BD - orpawennnit myw; CB - NEPHCHANKYAP K Tpa-
HHLIE ABYX Cped; mo onpeacnemmo £/ ABC = o - yron nazcuus, a

C ZCBD =y - yron orpawenus,
A ‘ D npHYeM O = Y .

O oly AGCOTIOTHBEIM  TIDKAlATENIEM
M ' N TpesomKuHuA T HEKOTOPOH Cpenbl
B HA3BBAIOT OTHOLUEHHE CKOPOCTH
@ cmera B Bakyyme ¢ = 3 10% wic &

Nigd F CKOPOCTH CBETa U B 3T0i Cpeae
Puc. 12.1 n= % (2.1)

Ecimn paccMaTpuBaoTCa nBe Cpemsl ¢ paMIMuMBIMEH A6COMOT-
HbIMH TTOKA3ATECIIAMH OpCIOMIICHHA, TO Cpeny C MEHLOMM ITOKAZaTe-~
7ICM TIPENIOMJICHHS HABKIBAIOT CIITHYECKH MeHee ILTOTHOW, a CPEay ©
G0 OmM OKA3ATENEM — onTHYECKN 50J1ee NAOTHOM.

4. 3axon nmpenomMneHus cBera:

NAZAOMHH JIy4, MPENOMICHHEDE Tyd H NEPUCHAHKYIAP K
I'PAHMIE Pa3sAena ABYX CPEA, BOCCTAHOBICHHBLL B TOUKE Na-
ACHMY JTy4a, NEKAT B OZHOM IIOCKOCTH; OTHOMEHHE CHHYCA
YIIa NanCHHA K CHHYCY YT7a NPEROMJICHHA PABHO OTHOME-
HHIO NOKAZATC/A MPENOMACHHEA BTOPOH CPERl K NIOKASATCITIO
OPEAOMIICHHA NEPBOH CpefR

sina. N, n ' 12
o === -2
sinfi n, )
n,
OrHomeune ';‘ = B HA3RBAIOT OTHOCHTE/ILHBLIM M0KA3ATEe-
™t :

JIEM MPETOMICHHA BTOPOH CPeibl TIo OTHOINEHIEO K Neproit. Ha pre.
12.1: BF - upenomnenninti nyw; LNBF =B - yron npenomue-
[Ipeobpazosar dopmyny (12.2)  sray sina = nsinp , moxso
CHENATh CHEOAYIOMNE BRIBOIBL,
CCAH JYM BAAaeT NEPNeHAMKYILIPHO [PAHAUE pPa3iena ABYX
cpea (o = (), To OH He MpenoMIAETCA (B =0y
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: €CIH Jiy4 HEPexXOIHT H3 CPeabl ONTHYSCKH MEHEE IUIOTHOM B
gcpen:y ONTHYECKR Gonee rmoteyo (B, > R, = N > 1), T0 yron

b

IPENIOMICHIS MCHbIIE (WIH paBeH mpH o = () yraa nagewus, T.e,
‘B < o (puc.12.1).
: 5. IIpuxuun o6paTHMoCcTH X042 CBETOBBIX Jiy4eii:
€CIM TPH BBIXOJE CBETOBOTO Ayya M3 Mobolf crcTeMsl mpe-
! NOMJISIOIAX H OTPAXKAIOIHX CPEAl 33CTABATH CBETOBOH Ty
v M OTPa3KTECH TOYHO HA3AM, TO OH WpOoHAET
” BCIO CHCTEMY B OOpDAaTHOM HAIPaBJICHHH
TEM K€ IYTEM H BEDHETCA K CBOEMY HC-
TOUHEKY.
Hanpumep, Ha puc. 12.2 npenoMacHHLLH
sty+ obpasyer B cpeae 1 yron P ¢ Hop-
vamsio MN . Ecu w3 cpempt 1 myc-
THTh Ty4 B 00paTHOM HANpPABICHHH, TO
Puc. 12.2 OH, OK23aBIINCH B Cpeae 2, obpasyer
sopMasio MN yron a . '

12.3. Ilonnoe (Bryrpennee) oTpaxenue CBeTa

Ilycts cer PaCIpOCTPaHAETC H3 ONTHYECKY bosnee miorHoH
Cperdpl 2 B ONTHYCCKH MEHEE HIOTHYIO Cpeay 1. ¥Ton majgcHusg paper
@, a yroi npenomiueHnda pase P (puc. 12.2), 3ak0H NpenoMIeHHs

sing ' 1 1 n
—_— :El—z————-‘ =~ e n=—>1=
sinp n, (n,/m) =n n,
= sinf =nsina . Tak xak 7 > 1, 10 B > O B OpE HEXOTOPOM yT-

3A0HMCTCA B BHAC:

ne nagerya o, < 90° yroa mperomnenns {3 cramer pasmsm 90°. B
ITOM CHYYae MPETOMNCHHBIA NyY CKOMB3HT MO HOBEPXHOCTH -PA3ACTa
. OBYX cpel, H¢ OpoHmkas B cpeny 1. Tlpm o > @, CymecTByiOT
TONBKO MAAIOMTHH K OTPAKCHHBIN Iy4H, npcnomnemmné Jyqa Her.

JT0 ABNCHHC, B KOTOPOM Iy H3 onrudeckn Oonee MIOTHOM cpemsl
HC OPOHHKAET B ONTHYECKH MEHEE IUIOTHYIO CpeJy, HA3BIBACTCA

TMOJIHBIM OTPKEHHEM. YTOI NaJCHHA O ,, MPU XOTOPOM HAcTyMaeT

NMOIHOE OTPAKCHHE, HA3KIBACTCA MPECALHBIM YIVIOM MOJHOrQ OT-
paxesns. Ero HaxomAT M3 YC/IOBHA, YTO YIOA WPEIOMIICHHA
B = 90°, noaromy :



_ 1
sinotg = — (12.3)

12.4. M306pakesie B n10CKOM 3epKaie

Copmymipyem ofmee npasuno 0OCTPOCHMA H30OpaxcHus B
TWIOCKOM 3epkaie (paEc. 12.3). ITycts S ~ Todeuwsii nCTOUHHK CBE-
ta, MN - mnockoe 3epxano. BrGepem aBa myua SA u SB, na-
parommx Ha sepkano MN . Tocne 0TpaKeHHA OT 36pKAIA JY4H HOYT
PACXOISAIEMCS ITYYKOM.

' B Touxe S; 3a jepkasoM

MEPECEKATCA MX NPOZODKEHHA.
370 H ecTh MHMMOE H300paxe-

Hue Touka 8. Y3 3axoxoB oTpa-
IKEHKS CNEAYET, HTO
ZSBA = Z/8,BA u
" ZSAB = /S| AB, npuuem
AB - obmas cropoma y
ASAB u AS,AB, nosromy
ASAB = AS|AB = SB = 8, B, cnenosaremsuo, MB - Gmc-
oempuca' yria npn pepmEne pasHoGeaperworo ASS, B, nozromy

MB - ocs cummerpan. O0mmmit BLIBOA Takos; Hio6pakenune npea-
METa B IUIOCKOM 3EPKANE ~ MHHMOE H IONY92ETCA CHMMETPHIHBIM
OTpa>KEHHEM TIPEIMETa OTHOCHTENBLHO IIOCKOCTH 3EPKATA.

Pnc. 123

12.5. TonxcHe JJHH3LI

CeeT MOXKET MCIBITHIBATE MPENOMIEHHE HE TOALKO HA MIOCKOH
TPAHHLE OBYX CPEX, HO H HA C(ECPHYECKHX NOBEPXHOCTAX. BasamiM
CIY4iEM TAKOTQ IIPEJIOM-
NeHAA SBIAETCA NpEIOM-
JICHHE B THH3E.

Jinnsa npeacramaser
cobol  npospavHOe TENO,
OIpaHHdEHHOe cdepHde-
CKHMH  NOBEPXHOCTAMH.
JIum3sl, KOTOpBIE HOGEpE-
Puc. 12.4 HHHE TOJINE, YeM Y Kpacs,
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HA3BIBAIOTCA BBLINYK/ILIMK, B NPOTHBHOM CIydae MHH3B ABIDOTCH
BOFHYTEIMMN,
Ha puc. 12.4 npeacraBncHa BEINYKIIAad NKH3A,

Koraa mawGombmas Ttommua mmonm AB << R,

AB << R,, mm3y HasbiBaior TomKoil. B 310M ciryuae Touku A ¥

B - pepmumnt cepryecKAX CErMEHTOB — MOMKHO CUMTATh CORIIA-
Aaongumu B Touke O . Ee HA3KBAIOT ONTHYECKAM HEHTPOM JIHH3EL.
JhoGas mpaMas, MPOXOMAMAA Yepe3 OMTHYECKMH HEHTP JMHH3BI, Ha-
3BBACTCA ONMTHYECKol ockio. Onmudeckas oce 0,0, Hasmmaercs

FAABHOM OITHIECKOH 0CEI0, _
: YCragoBaeHo, 410 mocae
HPOXOXKACHHA uEPE3 BBINYK-

_ TYIO JHH3Y CBETOBRIC JIyMH OT-
KIOHAIOTCA K €€ [IABHOH On-
THYECKOH OCH, TNOITOMY BBi-
MYKILIE THH3M HA3WBAIOT CO-
Oonparompmna. Ha pucynkax u
YepTexax CoSHPAIONTHE NHIAL!
H300pAKAIOTCA, KAK MOKAAHO
Ha prc. 125,

l'Iocnc OPOXOMACHHA BOTHYTOH JHMH3E! CBETOBHE Jy4H YAAMA-

KOTCH OT €€ TABHOH ONTHYECKOH OCH, MO3TOMY BOIMYTHE JIHH3b Ha-

SHIBAIOT ' PACCEMBAIOMIMMH. Ha prcynxax mx H30GPAKAIOT, KAK TIOKa-
3aHO 84 pEC. 12.6

CuMMeTpHYHO  OTHOCH-
TEIRHO IUTOCKOCTH IMHOBL HA

. €€ CNaBHOH ONTHMCCKOH OCH,
PACMONIOKEHE! OCOORIC TOMKH
JIHH3EI, KOTOPBIC HA3ZBBAKITCA
ec Qoxycamm. Paccrosuue or

Puc. 12,6 3THX TOYEK A0 OAOCKOCTH JIMH-

“ i 36 HA3LIBACTCE  QOKYCHBIM

1 ' paccTonnuem F . DOKYCHOE PACCTOSHHE JTHH3H 3ABHCHT OT PaJHy-

OB KPHBH3HE! R, u R, cdepuvecknx nmomepxmocTei, obpasyzo-
 IUX JIMH3Y, # DOXA3ATENA NMPENOMICHHS /! BEINECTBA, M3 KOTOPOIO
A3TOTOBNEHA JHH3a. PoKyCHOe PACCTOAHME JHHIK BEMHCIAIOT NO
AbopMyﬂe

Puc..12.5

F ' 144



={n-1 —+—-J ' (12.4)
’ 2

Y cobupatonmx mms F > 0, y paccemsaronpx ~ F < 0.

1 .
Bemrimmy D = — HA3BBAIOT OOTHUECKOH CH0H JIHHILL

F
TL10CKoCTS, MpOXooAmax 4epes QOKYC MHE3H NEPNEHIAKY IAp-
HO ©¢ IJIABHOMH ONTHYECKOH OCH, HA3eBAETCA (okanbHON IIOCKO-
CTHI0 SIAHILL,

| Ni Jlysn 'CBTa, PacmpocTpa-
A ) HAIOIMHECA OJMHM3K0 K [NABHOH
e OITHYECKOH OCH JHH3W (WX Ha-
0l o, SBBANOT NAPAKCHATNBHBIMH), 06-

- IAJAN0T PAAOM BAKHEIX CBOKCTB.
IMepeuncamy 3TH CBOHCTRA OA%
cobuparowux MH3.

Puc. 12.7 1. Jlyu, pacmpoctpassio-
npgica Baoms Jrofoi  omTEIe-

ckoll OCH Jummsl, NpenoMicHui He monmwmaer (nyur AA, u
' 0,0, naprc.12.5).
2. CeeroBpic JyuM, Oapan-

0, OCH, IOCHE UPeROMIcHHA B COOK-
palomicH ' JTMH3E TEPECCKAIOTCH B
omuoit Touke — QOKyce MMHIH
- . {puc. 12.5).
Puc. 12.8 3. Jiyuu, nagarompe Ha TEH3Y

MApAINCIBHLIM ITYYKOM, [FOCHE NMPEOMICHHL B THH3E MEPECEKAtoTCA
B Touke N, npHHAAICKAMCH
(OKaNMbHOH TUTIOCKOCTH  (pHC.
12.7).

4. Jlyu, mpoxoasnped ye-
pe3 (OKyC JHH3BL, NOCHE Npe-
NOMJIEHHS B HCH PacupocTpa-
HAeTCA NAPANNETREO TAIBEOH
onrideckoit ocu (ryx AB m
puc. 12.7).

JETLHBIE CIABHOH  ONTHYECKOH -

IMepeusnicnum Hanbonce BakHbic CBONCTBA MAPAKCHATLHLIX ny-
yell AR PacCeURMGULNX NtH3. -
1. JIyu, pacrpocTpaBmonmmiica BA0NE moOOH ONMTHHECKOH OCH,

npenoMnernii e nenertasaer (yus AA, # OO0, ma puc. 12.6).

2. CseroBoie JIyH, NAPALICALHbIC IMABHOH ONTHYECKOH OCH,
NOCHe NMPCNOMIICHHA B JIHHEIC HOYT PACXOMAIAMCA [IYIXOM, NPHYEM
HX DPOJODKCHMA mepecexaroTes B Goxyce nHAIN (pHC. 12.8).

3. Jlyyn, N2AAK0MHE HA PACCEHBAIOINYIO THH3Y MAPAJICTLHAIM

| DYHMKOM, NMOCHE NPENOMICHHA B THR3E 00pa3yioT pacxojsmpiics my-

4OK, TIPHYEM IPOZIO/DKEHMA MPENOMICHHBIX Mydeil NMepecexalTcd B
Toukg¢ A doramuoi mIockocTH MIK3H (pHC. 12.9).

12.6. Mzo6paxense B ToHKOH nunse. Popmyna
TOHKOI IHA3bI

IMocrporm m3oGpaxkernne mpeamera AB B Tomkoit coSuparo-
meit mase. s onpenencHrocTH GyaeMm cuuTars, uro npeaver AB
HAXOZBTCA Ha paccrosEEd @ > F or mousl (puc.12.10). TTposenem
yepes Touky A ayd AD, napannensHsGi TIABHOR OIFHYECKOH OCH
mae3sl. [T0CAC MpENOMJICHMA B JMH3E OH NPOXOmMT uepes (OKyC
mams F . Bropoit nayy AO Bo3sMem NpOXOMANIHM 4Epe3 ONTHye-
cxmit ueHTp (. Takoit Ay4 ApeTOMCHEA B JTHH3E HE HCIHITLIBAET.
I‘[epeceqe:-me nyqeli DF w AO maer rouxy A,; A, B, - zeiicr-
\ D BHTENBHOC OOpaTeOe m30- -

A / Opaenue mpeamera AR
. B JIHH3C.
o1, \F e Bemenem  ¢opmyny,

B FO | B, CBSLIBAIOMYI0 TPH BEIM-

J A1 4MHBI. paccToinme < OT

OpeaMETa OO NHH3BL, Pac-

Pac. 12.10 crosuue [ or wm3obpame-

HAS A0 W3kl H oxycroe pacctoarme F . Ys moaofus tpeyroms-

_AB BO

wixos AOB u A OB, A B BO M3 momobua Tpe-
0D OF

YrOJBHEKOR ODF wu A]FB| = H = F__Bl Tak kak
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AB OF

OD=AB= H:—E-B—l— TTpUpABHUBAS MpPABBIE MACTH MPO-
MOPOHIA, HAXOAHM, YTO & = gf—-
BO FB,
Ho BO =d, - BO=f, ' OF=F,
FB,=B]O—OF=f—F,no3mMy '
d F

-f=?-:—ﬁ-=>d(f--F)=fF-—'->df=dF+fF.

‘.\Pamem nocnedHee paBeHCTBO Ha npomsseacune dfF | momydaem
dopmyIy TORKOH AMHIEI )

11

1
F d ' f

(12.%

2ra dopMyna CnpaBeIHBA NNA BCEX TOHKMX /HHS, KAk Cobm-

PAIOIIMX, TAK ¥ PACCCHBAIOMMX, NPK JHOGHIX B3AHMHBIX PACHOJIOKE~
HHSX npeaMera # mause. B dopmyne (12.5) F > O y cobuparomeit
mmss B F < 0 y paccemsaromeit marser, [ > 0, ecan msobpaxe-
Hue neficreuremnoe, H f < 0, ecmn mammoe; d >.0 B ciryuae aedi-
CTRHTEIBHOMN ceTAmeHcA TOMKH, ¥ d < 0, €CIH HCTOURNK MHHMBIH

(HanpHMeEp, Wa T3y MaAaeT CXOOMIMIICS mMy<oK JIyyeH, mpoaomKe-
HHA KOTOPBIX NIEPECCKANITCA B OJIHOﬁ TO‘I'KE).

" Hs puc. 12.10 caenyer, 4T0 YBCAMMEHME JIHHIBL %—’— = -g—
B ofmeM cayuae yBEMYCHHE JTHH3HW HAXOAAT 0o HopMye
AB f '
= ‘--——-‘ H = (12.6)
AB d

12.7. @®oroannapat

Ha 3akoHaX reoMeTpHYECKOH ONTHKH OCHOBAHC JCHCTBHE MHO-
- THX ONTHYECKHX MPHOOPOB, B TOM 4Mciac H (oroannapara. doroan-
fapaT COCTOHT W3 CBETOHENPOHHMIACMOl KaMephl, B MEPEAHEH “acTH

KOTOPOH HAXOAMTCA CHCTEMA JIMH3, HAILBacMaa ofnexTuBOM (pHC.
12.11)
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BoO MHOrHX CIyMasxX OGbeKTHB MOKHO CUKTATh TOHKOH COOH-
patomnelt nui3oi. OTKPHIBACT H 3AKPRIBACT OOBEKTHE CHEHHANBHBIH

jaTBOpP. Bpema, B TCHEHHE KOTOPOTO 06BEKTHB OCTASTCH OTKPBITHIM,
B samgeil YacTH KaMmephl pactionoxena HOTOMIEHKA, 'Ha KOTO-
POt IIPH MOMONTH 00BEKTHBA
0 ‘ CO3JACTCH  JCHCTBHTEIBLHOC
''''''''' ' I~ pyemoroc mpenmera. Poto-
rpadupyeMsit  0DBEKT MO-
_ AKET HAXOAMTLCA HA PABHBIX
Ina Toro, 4robkr H300paxe-
HHE OKa3aiioCh TOYHQ B IIOCKOCTH ¢oTONNEHKH, 00LEXTHE MOXKET
NepEMEmATLECA BAOME ONTHHECKOH OCH. F1uM OCYIECTBIACTCE HA-
CRreTOYyBCTBHTEIBHAA MY /TLCHA $OTOMIERKE MPeACTABIACT
coboit KpucTalm! GpOMHCTOro cepebpa. Kpucraims: HMEHT KOHE-
HEIE PAIMEpHL, TOITOMY ECITH HIOCPKCHHA ABYX PalAH-HbX TOMCK

HAIBIBACTCA BPEMEHEM JKCIIOHIHH.
nsobpanenue  Gororpadu-
Puc. 12.11 PacCTOMHMAX OT OOBEKTHBA.
BOZKA HA PEIKOCTS.
NOTIAMYT HA OAMH W TOT KE KPHCTAL, HA (OTOIUICHKS ROy HTCA

- onHa Touka. OTCroma creAyer, uro mobad UIEHKR MMEST ONpCIeeH-

HYIO PA3PEMIAONIYI0 CHOCOGHOCTE.

IOTOK CBETOBOH IHEPIHH, MPOXOAAMHE HCped 0OLEKTHB, Pery-
mmpyerca amadparmoit [l JInadparma MO3BOIACT TAKOKE YBCIHHTE
YeTKOCTh H30GPAKERNS KN IIyOHHY PEIKOCTH. -

12.8. 3penne. Ouxu

a3 4eN0BCKA HMEET O4eHb CKHOE cTpoeHke. B nenoM rra3
MOMKHO PACCMATPKBATS KAK COOHPAFOMIYIO IHH3Y C HEPCMCHHBIM to-
KYCHBIM PACCTOAHHEM, C NOMOIIBIO KOTOPOH NONYHAIOTCH HeHCTBH-
TENBHME OOpaTHBIC HM300pOXEHHMA NPEJMETOB HA CCTHATKE [a3a.
TIpu 3TOM PACCTOAHWE OT CETHATKY O JIHH3HI (rnaza) ocracrca mx-
CHPOBAHHEIM. ' '

Ecii mpeaMer PacTionokeH JANEKO OT Ia3d, TO H300paXKEHIE
H2 CETHATKE HOPMAMLHOrO ria’a Moxy4acrea 03 HATTPSOKEHHA ML
rmasa. TIpH npuODKCHHE TPSMETA MBI 1333 pedrexTOpHO
WIMERSTOT €T0 QOKYCHOE PACCTOAHMC, B PEIYILTATE HET0 n3obpaske-
HHE DpPEAMETA CROBa TOJYMAETCA HA CETHATRE. 3TOT MPONECC HA3BI-
BACTCA AKKOMOAAIHEd rasa.
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MHEHHMABHOEC PACCTOAHHE OT HPEAMETAa OO INaja, MPH KOTO-
POM MOXKHO PACCMATPHBATE ACTany apexMera He3 GONBIIOro HANpA-
AEHHSA, HA3BIBAETCA PACCTOSMMEM HAWRYHIICro jpenmus. Jan Hop-
MAJbHOIO I1a3a OHO PABHO 25CM.

' B HEKOTOPBIX CAY4ASX [1a3 B HEHANPIKCHHOM COCTOAHHH CO3-
JaeT u300pa’keHHE YJANCHHOTO OOBCKTA HE HA CETHATKE, a NCpel
Hell. B atom cayiae uesoBeK MOMXET PE3KO BHAETH MPEAMETHI, pac-
HONOKEHHBE HE JANbOE HEKOTOoporo paccrosmma. Taxolt gedexr
JPEHMA HAZKIBAIOT BAHIOPYKOCTHIO.

B Apyrux coy4asx H300paKeHHS YAANCHHBIX NMPEAMETOB MOTY-
YAIOTCA 33 CETYATKOM, H YENOBCK MOJKET PE3KO BHJACTh NMPEIMETSL
pacnonomemiue He OmmKe HEKOTOporo paccrosHns. Taxod gedekr
HAIBIBACTCA JANLHOZOPKOCTLEO. )

3TH HEAOCTATKH 3PCHHA MOXHO KOMIEHCHPOBATE C MOMOIMIBIO
04k0B. TIpM 3TOM JHHIN OYKOB MO/DKHBI CO3/ABATh HioOpaXkeHue
IpPeMETA HA TAKOM PACCTOAHHMM, ¢ KOTOPOrQ Ifa3 MOXET 3T0 H30-
Opaxenne BEOSTH pe3ko. KpoMe TOTo; MONYMEHHBIE ¢ MOOMOIBIO
JHMH3 HI00paKEHHA ACDKHB ObiTh mpaMeME. Jlerxo yGeamTncs B
TOM, ¥TO NPAMHE A300PAIKEHNA, CONABAECMKE TOHKMMH [THH3IAMH,
BCeraa MHuMEEE. Takum 06pa3oM, JTHH3H ONMKOB JODKHBI CO34ABATh
OpAMBIE MHHMBIC H300paOKCHMA HA PACCTOSHHAX, HAXOMANIHXCA B
npeaesiaXx aKKOMOAAIMH I1a3a.

12.9. Ilpumeps! penieHHs 33024

3apaua 12.1. [JIpa ni0ckeX 3epkana o0pasyloT ABYTPAHHEIH
yron o = 60°. Ha ogxo u3 3epkan mazaer jyd, pactuoNOKeHHLL B
IIOCKOCTH, NEPHeHTHKYIAPHOH IMHUH NepecedeHHa 3epkan. Hairu
YroJ OTKJIOHEHHA 3TOro Jy4a 0T NEPBOHAYANBHOIO HATPABICHHKA NO-
CAC OTpaMeHHs 0T 000Mx 3epkan (puc.
12.12). :
Pewenue,
MN u ML - nnockue 3epxana,
AB - mapapoumi Ha zepxano MN
nvs. BB,IMN ; BC - naparompii na
sepkano ML myw, CB,LML; AC -

OTPAJKEHHBIA OT ARYX 3epkanm myw; 8 -

Puc. 12.12

HCKOMEI YI'OJ OTKJIOHCHHA JIYa NOCHS ABYX OTPROKCHHN OT 3¢pKa.

B ueTaipexyronpHuke
BMCB, £MBB, = /MCB, = 90°, noatomy
£BMC + #BB,C =180° =
= ZBB,C =180° - Z/BMC =180° -« .
B tpeyromsuike BCB, «B,BC + ZB,CB =
=180° — ZBB,C = 180° - (180° — &) = & . M3 2axoma orpane-
mad crenyer, wro £LABC = 2/B BC uw £ACB = 2£B,CB.
TosTomy ZABC + £ACB = 2(4/B,BC + /B CB) 20,

Hcxombiii yron oTRIOHEHRA § ABNAETCA BHEIARM N0 OTHOMEHHIO K

ABAC , nosromy 8 = ZABC + £LACB = 20, = 120° .

3anaua 12:2. Ha crene, nnockacts x&ropoii OTKIOHEHA OT Bep-
KA Ha 4,87°, yepemneno nnockoe
Jepramo (puc. 12.13). C xaxoro Maxcu-
MATBHOI0 PaCCTONHMA YEN0BEK, POCT KO-
Toporo h = 170¢m, cmoxker yeugers B
seprane xota 6B vacTs coero HI06pa-
HEHEA?

Pentenue,
Mycre AB - yenoBex, crosmmmii y
Puc. 12.13 sepkam, Torma A B, - ero msobpase-

wue B sepkane MO (puc. 12.13). AB,
B AB cummetpwimm otHocarensHo seprama MO . AcHo, uro B
ITOM CHy4ae HeNoBeK BMAuT cBOe W300paxeswe. [Ipememurtit cy-
2l Dory4aercd, koraa npamax A4, mpo-
Xomur 4epes rouxy O (puc. 12.14). B
AAOB ZAOB = a, noaromy uckomoe
PACCTOSHAE

op-A8_ 1

ga  tgo
OrmeruM, Y10 yron o man, TO3ITOMY
iga = 0. OpH YCHOBHM, YTO QL BHIDAXKEH
B pafHAHAX.

Puc. 12.14
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o =487 = 1:; - 3,14 pan= 0,085 pan. CrenoBaTelbHO,
OB = L 20 M.
a

Zanaua 12.3. [Ipa wiockux sepkama MN u ML ofpasyior

mByrpaHmbil yron o = 60° . Touednbit HCTOMMEK CBeTa S HAXO-

IATCA MEXTY 3EPKATAMHE HA PABHOM PACOTOSHHH OT KAXKIOTO H3 HUX.

HaitTi uucio H30OGpaOKEHMi HCTOYHIKA B 3cpkanax (puc. 12.14).
Pewenue.

Crpoum msobpaxerne Toxu S B 3cprane MN , orobpakas
3Ty TOMKY CHMMETpHYHO oTHOCHTENBEO muockoctd MN . Tlomyya-
eM meproe MIoGpamkeHue ;. AHANOTHMHO CTPOHM H30OPAIKCHHE

Touxa S B eprane ML , nomyuaem sropoe iiobpaxcnue S, . Tak
xag AS,MC = ASMC = ASMK = AS,MK (no asym xare-
Tam), 0 S,M =SM =8, M.
Crenosatemuo, Todkn 3,, S, S,

PacnoI0XeHBl HA OTHOH OKPYXKHO-
cTH ¢ uentpoM B Touke M n pa-

maycom SM .
Janee crpowM u300paKECHHE
touxn S, B sepkanme ML w mo-

Gpaxenue TOMKH S, B 3cpKaie

. IT eM COOTBETCTBCHHO
Prc. 12.14 MN . Tonyuaem co

| toyxu S; u S, . IIpu 3ToM BeposT-
F4 CHTYauHsA, KOTAA HE XBaTdeT JUIOCKOCTH 3epkan. B atoM cmyvae
TNNOCKOCTH 3epKan Haxo mpoxomkuts, Tlockomeky S, u S; cEM-
METpYHHB! OTHOCHTETsHO ruiockocts ML, a S, u S, cumMer-

DHHEL oTHOCHTEMLHO miockoctn MN , 10 8, u 8, naxoastcs Ha
HOCTPOeHHOH OKPY KHOCTH, :
Jlance cTpouM B306pKEHUE TOMKH S, B seprane MN

roukn S, — B epxane ML Tak xax ZNML = a = 60°, 10
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uzobpaxenuem Touex S, u S, seazerca rodxa S, . Hrak, nomyya-
eTCA MATH K300 PAKeHHI.

Jama4a 12.4. Jiyy, nanarommil A3 TIOCKYIO TPaHHI JBYX CPEA,
OTHOCHTCIBHBIA MOKA3ATCIs OPCROMIICHES KOTODHIX [P, 4aCTHYHO
OTpasKAETCH, YACTHYHO npenomidercd. [1pu kakoM yrie naaeHHA OT-

A M POKCHHBIH Ty4 NEPICHAMKYIAPEH K Npe-
a| o/ B JMOMIEHHOMY Ty¥y?
Pewernue.
90° -~ A0 - naparommit my4 (puc.12.15),

BO - orpaxensnit u CO - npenom-
B C  nemueni myun. 3anMmeM 3aKOH TPEIOMIe-

N HuA, :I:; =n. Io YCIOBHIO 33Ja4H
Puc. 12,15 «+B =007
[ToxyyaeM CHCTEMY YPABHEHHH '
sina, _ (B =90°-a, B=90°-a,
sinf & sine <> {sina =
o + P = 90°, sin(90° - a) " cosat

= tga = n = o. = arctgn.

3apaya 12.5. OnpeneiMTe CMEMEHHE AyYa NOC/IC NMPOXOMkKae-
HHA 4epes IUIOCKOMApaLICIBHYIO
CTEXAHHYH) IUIACTHHKY TOJIIH-
Hoit d = 6 cM, HMEIONLYI0 NOXa-
larens npeaomaexus n = 1,6

* Yron MAJEHHA JTy4a Ha [UIaCTHH-
Ky a = 60° (puc. 12.16).

Peweiue.

AB - majamuii Ha nia-
cruaxy myd, BN - nepneuns-
KYNp B TOMKC MAfCHHA, O —
yron magesua. BC - npenom-

menusii nyd, $ - yrox mpemomnenus. CM - neprenamkynsp B
TOMKE MAACHHA Myia HA HIDKHFOR IpaHk NRACTHHKR. Tax Kak

Puc. 12.16
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CM [/ BN |, 1o 7y manaet Ha HIDKHIOK [DAHb TUTAGTHHKE TOZ yT-
nom . Ha ocHoBauK 0GPATHMOCTH XOAA CBETOBBIX Iy4EH MOMHO
YTBEPXKAATE, YTO OH BBIXOMMT M3 NUIACTHHXH oA yriom o . HTak,
AB /{ CD, oamaxo HpOMCXOIMT CMENIEHHE Ny4a H3 PACCTOAHHE
CF (CFLAB). 3amumes 3akoH IpeIOMICREA B Touke B
SN _ 5 = sinP = S2% = sinp = 0,54 = P = 32,8°.
sinP n
/KBF = #/ABN = a (Bepimamme' YR,  [OITOMY

ZCBF = o—p.vs ACBK : BC =25 - % acBF
cosp cosB
' . dsin(x - B)
cmemerue ayya CF = BCsin/CBF = ——~p—— =33cm
cos

3anaua 12.6. [fpeamer naxomwrca Ha paccrosumn [ = 15 cum or
’ nnocxonapmemaoﬁ cTextanHOH naacTHHE. Habmoparens pac-
CMAaTpHBaEeT MPEAMET dcpe3 IUm-
CTHHY, TPHYCM JIydY 3PeHHS HOP-
ManeE Kk Heidt. Omnpepemrs pac-
croamHe X or w300pakeHHd
npeaMera A0 Omoxaimed x Ha-
OIOJATEMIO TPAHH, ¢CITH TONXHMEA
mractene 4 = 4,5cm, nokasa-
TE OpenoMIcHHA CTerna
n=1L15.

Pewenue,

Hoctpoum H300paKeHHe
npenmera (puc. 12.17). § -
S npeamer, SA - ay4, nagaompii
mepneH MKy LpHO naactue, SB
-~ JTyd, NaJAI0MMi nog yrioM O. K
nnactrHe, OrMerdm, 4T0  AYYH
SA w SB romkusl nonacTs B I1a3, NOToMy yron o man BD -
nopmam k nmacrune. £DBC =B = ZBCN . '

Puc. 12.17
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Hocae nmpoxoxaerun miacrunet aysr SA w CK pacxonsrca.
Hx nponomxerns nepecexatorca B Touxe S,, xotopas smmsercs

MHUMBIM  w300paenncm  Toukn S, Hcokomoe  paccrosmme
AS =x. '
M3 ASAB: AB = SA - tgo = ltgat .
Hs ACBD: CD = BD - tgsDBC = dtgf.
AC=AD+CD=AB+CD = liga + dtgf .
B AASC: ZAS8C=0 @« SK |/ SB) nomomy
A8 =x = ACctga = AL _ lgo+ digp = +dt—gE.
tga tga tga

Hsobpasenue nomyuaerca OPE JOMYINSHHM, YT0 YION O MAJN, 3HA-
“HT, MAT K yToA npenomicHud 3. Chenorarensno,
tgf  sinp 1

d
= — H = —_=
e sino - 7 TaK, X l+n 18 cm.

3anaqa 12.7. Ha e cocyna, HanoTHCHHOTO BOZOH 0 BRICOTHI
h, naxomwrcs TovewHnGt meTowsmx cera. Ha NOBEPXHOCTH BOJHI
[IABAET KPYITIBIHA JHCK TakK, 4TO UCHTP JHCKA HAXOAWTCS HAJ HCTOY-
HHKOM CBETa. I'Ipn KAKOM MPHHMANLHOM DPajHyce AHUCKA HH ONMH
Myd He BEIHAET 4epel no-
BepXHOCT:E Bomm? Tlokasa-
TEMb NPEJIOMACHAS BOAKI
paBeH 1.

Peruenue.

Jlyum, Hexomsume ot
HCTO'HHKA S M nomaparo-
MHE Ha JHMCK, OTPAXAKOTCA

S OT HET0 W 4epe3 IoBEpx-

Prc. 12,18 HOCTb BOJBI HE BHIXOAAT

(puc.12.18). Ecam yron na-

Aexua 1yda SA paBeH NPCAENEHOMY YTy HOMHOTO OTPAMEHWA, TO
3TOT My TAKOKE HE BRIXOZMT 4EpPE3 MOBEPXHOCTh BOmML. JIyw, na-

AAOIMHE HA TIOBEPXHOCTE BOARI Nenee TOMKM A . HMEIOT yrom nage-
Hux Gombme o, ¥ TaxKe He BRIXOANT YCPE3 IOBEPXHOCTL BOALL Ta-



kuM oOpasoM, and ny4a SA [I0DKHO BBITOJHATECA YCIOBME
: I
singt, = —.

n

Uz AAOS: e, = 49 _ —1-?— C apyroft CTOPOHH,

SO h
sinot, n

AN

tga = = =
G CoSOL ﬁ_ Sirle.O J; [ 1 ]2 \/;2 —

n

I'Ipupanmaﬂ BRIPIKEHHA A% TAHTCHCOB,  FOMYMaeM

_B_ p._"
2—1 o n? -1 -

3ana4a 12.8. Ha nonossory mapa pamaycom 7' = 2 oM, H3rO-

TORJICHHOIC K3 CTEKA C NOKA3ATENCM NPEJIOMACHHA 11 = '\/- fnazxa-

eT mapaaneabHeii MyuoK sydelt. Omnpeaenurs PaaHyC CBETIONO IT-
3 Ha HA 3KpaHe, pacTiono-

JKEHHOM HA PACCTOSHHU
L = 4,82 ¢m ot menrpa
wapa.

O, Pewenue.

- Paccmorpum  TIyY
BC, nagmonpit ma
IIOCKYID MOBEPXHOCTH
E (puc.12.19). OB npoHu-
KACT B LIAP H, HC OTKIO-
HAsCh, TIOMANAET HA

Puc. 12.19

socts B Touke A . OA

— paguyc mapa, ZOAC - yron nanesus fy4a Ha ctpepmecxym no-

oc _oC

BCPXHOCTB, MPHYEM SINQL = a Cnenona-remno 0o Mepe

r
yIATEHHA TANAIOLIETO Tysa o1 ock cummerpuu OO, yseanuuBactCi

yron naacHus ¢ . B HEROTCPOH TOUKE OH CTAHOBHTCA PABHLIM MPS-

HENBHOMY YTHY MOTHOTO OTPAMCHIA

CHCPHHECKYIO  TIOBEPX-

: 1 ‘ |
sina, = — = = 45° _ [Ipu 310M yTON NpemoMenus

1
—_—>
n 2 @
pasex 90°.

Hamapannﬁwrmmrenytmnyuxa,xmopuenmna
IUIOCKYH0 NIOBEPXHOCTL Mexay ToukaMu C 1 C,. Omn-10 & o6pa-
3YIOT DOCNE IPENOMICHHA HA CQEPHIECROH MOBEPXHOCTH CBETIOE

UATHO HA 3KpaHe, pammyc koroporo pasen O\E=0,L. [pu

o = 45° AOAF - xeanparu OF = QA2 = r2 =

= OF=00,-0F =L-ry7.

B AO\FE: £O,FE = o. = 45° , nosromy
OE=0F=L-rJ2=2cm

3a.ua'm 12.9. B Boay ONywIeE UPAMOYTOMBHBIE CTCKITAHHEIL

KmH. [Tokazarems nperoMncuus crexma n =15 Ilpu ki Ima-
YeHWAX YIIA O Jyd CBeTa, MAmaK-
nmit HopMaubEO Ba rpank AB | ne-
JHxoM pocturnet rpamn AC 7 [To-
KAa3aTelb  NPENOMICHHA  BOIBI
n, =133 (puc. 12.20).

Pewenue.

: JIy4, nazaromuit nepueHIuKy-
napro rpapn AB, se npenomnser-
ca. Ilycre O — Touka naneHms ero
Ha rpass BC. DO - nepnewau-
Kyndp, BOCCTAHOBJCHHEI{ B TOMKe
nagenus, torza ZDON - yron

m.c[em HpHYEM ZDON ZCBA = a.. Jlyy uenuxom mocrur-

?cr rpar AC | ccmn or rpann BC oH Gyaer mommoctsio oTpa-
#ATECA. /19 37010 HEOGXOMMMO, HTOBM O > &, rAe a, - yron
&o.rmoro OTPZKEHHA Ha TPAHMIE CTeRI0-B02, '

i n,
!t _
_-l;‘,s‘lﬂag = 7 =089=>a, =625 Mpu «=62,5° myu ceera

jeruxom poctarker rpane AC |
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3anaua 12.10. Jlyu cseTa manaer Ha rpex:pam‘iyzo CTEKIAHHYIO
npuIMy mox yraom o . [ToxasaTens npesOMsIeHAs crexna — 72. Tlpe-
AOMIMOIUKI YTOJI TPU3MbL — ¢ . TTon KakaM yraoM myd BRIAZET H3
NpPR3MBI H KAKOB YTOJI €10 OTKIOHCHHA OT mepmnamuoro HANpPAB-
neuns?

Pewmenue.

NA - mammonmit ayy (prc. 12.21); ABIPQ: AC - npe-
TOMNCHHLEH B NPHEIME 1YY, .LBAC B ~ yron mperomicHns;
BCIQR: Z/ACB =y; y ~ mcxombii yron BHXOA2 Tyda H3
mpismer, ZCDM = © - yron orenonenus xy+a. [Tposenensoe no-
CTPOGHHE MOKAIKBACT, YTO OPHIMA OTIIOHACT NAgAIOIEA HA Hee
Y4 K OCHOBAHHIO. 3mnmeuaamnnpemunemnwmax AuC.

.s‘f‘_“=n , sy 1w,

sinf - o.siny R
Tax xax AB!PQ u BCLQR, o ZCBL = ZPQR = Q.
ZCBL - suemmnit yron AABC , noatoMy OH pascH CyMMe ABYX
'BHYTPEHHHX YTJIOE, C HHM HE CMCXKHBIX.
£CBL= ABAC+4ACB LM p= B+7 3).

Puc. 12.21

3 (1): sin = —l-:-— =B = arcSM(mza]-

H3(3): Y =@- B=o- arcsm(m;:a]

1o

H3 (2): siny = nsiny = nsin[tp— arcsin{%‘B =

n
. : . { stnat sina §,
= n(sm(p oosarcsm(———J - coscp———) .
n n

U3 TpHrosoMeTpEn miBecTHO, uTO cosarcsint = y1 - x? | moaro-

]

qr& - sin’a - cosgsine . Cenoparem:Ho,

Y= arcsm(sm(p n® —sin’a - ooscpsina)' ).

Ommerem, uro <ZDAB=a (sepruxamsEbe yriow) &
ZDCB =vy. Toyomy <«DAC =/DAB-B=0-f, a
LZACD = ZDCB-y=y 7.

" 0 — puenmmii yron AADC |, nosromy ‘

0 = ZDAC + ZACD = (0. - B)+ (W - y)= (@ + y) - B +7)

Ho, wxax e AOKA3LIBATIOCH, B+y=¢, cacrosareibHo
8=(a+y)-@ (5. Omnsram, 4o yron ¥ BAMECTSETCH TIO

(opmyze (4).
' TIpA Mansx NpENOMIBOIMMX YTAaX (P M MAIBX YTJIAX MAASHAA

a  dopmyny (5) MOXEO CymecTBemHO ympocTHTs. Hs (1)
sina = nsinf . Tak kag o ¥ B - mMamy, 10 o = np. W3 Q)
siny = psiny. TIpa MamsIX O W @ YOI M Y TAKOKE MAJIRL HO-
IToMy W = 7y . QOpMyNa NPHHHMACT BMHA

0=(np+ny)-p=nB+y)-9=np-¢=(n-1y.

. 3amana 12,11, PapnoGeApeRRAs CTEXTAHAN IPH3MA C MATHMY
prn:aun npenoMiIcHHa ¢ (OvmpusMa) NMOMEIEHA B NAPALIENBHBIH

OK Jy4eli, NAfAIonmX HOPMANEHO K e¢ ocHoBanmwo. [Tokalarem
omaeHna crexma B = L,57, ocHoBamme mpmiMm @ = 5om.

Yron p, eCne B cepeme IKPAHA, PACHONOXKCHHONDO HA pac-

1 .-y



crostud L = 100 cm or npusmsl, obpasyercs TemHas monoca
mupuHoit d = | oM,

Prc. 12.22

Pewenue.

YxasanrRyo pannoﬁcnpem{ym MPM3MY MOFKHO CHHTATR COCTaB-
nerHOl U3 IBYX NMPH3IM ¢ 06mmM ocnorammeM AB w mamos npe-
NoMIAIOIMHM yrioM ¢ (puc. 12.22). B 3agase 12.10 Opino noxa3asxo,
YTO ECHH MPENOMILIONMMA Yrof MAN, TO YrOJ OTKIOHCHHA moboro
JEy4a  OT NEPBOHAYANLHOrO Hanpaenchus 6 = (n - l)(p. Tax xax Ka
BEPXHIOI) NPHIMY NMAAACT MAPANICILHLIK Oy4O0K, TO NOCHC OPSAOM-
JICHRA B NPH3ME OH OCTaETCA NAPARNCIRHEIM (KpaiHue JTyME ITOrO
ayika ~ CD u BN ). Cosepmenno aHANOrMYHO NAPAIICTbHBIHN
Oy4OK, NANANOINHA HA HIDKHIOK MPH3MY, OCTAETCA NAPATUICTEHBIM
(ero xpaiirme my'm - BF w MK ). Kax sugmo w3 puc. 12.22, Ha
sxpane obpasyercs Temuas nonoca KD .

KE d
PE=——=—.
Hs AKPE: PE 120 2tz
AM a
Hs AAPM : AP = —— = —.
g6 2tgd
| AP+PE=L=-2 4% _1=
Ho ycnosmo sagaym 2tgd 2120

=> (@ + d) = 2Ltgh . Tax xax yron 8 — man, To tgd = 8. [lox-
crapaan O = (n — 1)p, momy4aem ypapuenue -
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a+d

(a+d)=2L(n—l)<p:><p=2L(Tl—)

= 5,26 -10"* pag = 3°.

3agaua 12,12. Touxa S HAXOAWTCA Ha IVIABHO# OITHMECKOH
OCH pacceHBalomeH THH3b. POKYCHOE PACCTOAHME THH3H — 40cM, a
PAcCTOSHHE OT MHH3L A0 w30bpanemud ToukH - 30cM. Ha xaxom

PACCTORHHE OT MH3H PACTIONOMNEHA TOMKA S 7
Pewienne.

1 1 I

Bocnom.:syeucx d)opuynou TOH](OH TMB3EE F = :i— f

F - doxycuoe paccrosime, d - paccToAHHE OT HCTOMHRKA 10 JTHE-
381, f. — paccrosmme or MmN 0 W30Gpaxenns. Uckomoe paccros-

roe

F
mae d = f_—% Tax xax mux3a ABIAETCA PaCCCHBAIOWEH, TO B MO~
nyqenHyw (opMyny mamo noacrasurs F =-40cMm, f = —-30cu
- Toraa
_(40)-(C30)
-30-(- 40)

3anava 12.13. Jlana paccemBaroman NuH3a, ¥ Koropolf 3agano

TONOXKCHAC [NABHOH OITHMECKOH OCH {monamenne doxycop we 2a-

mano). AB - nyy, mamaromuii na memzy, BEK — 3TOT X¢ JIy4 nociae
npenomMeHia B wuse. Iloctports xon yaa CD nocne npenomue-

HHA B THH3C.

e S TS e v T T
RS

TN

Pewenue.

THoctpomy ays MN | waymmsi
BIOJIh ONTHYECKOH OCH JIHH3EI # 1ma-
pamemnnit  aysy AB  (pmc.
12.23). B vouxe P nepecexaorca
npogommkenus et BK u MN |
npudeM touka P pacnionomena B
(QOKANLHOH  NIOCKOCTH  NHH3IM.
IlnockocTs, TEPICEAHKY INPHA
FNABHOW ONTHMECKOH OCH H mpoXxo-
naman vepes ToMKy P, smmserca

Puc. 12.23

1R1



. toxamsnoii miockocTsio, [Tposesem myw K| L, waynmit paons on-
‘THdeckoiil ocH W mapaemsinit ayqy CD . Jlyu CD nocne mpe-
JIOMJICHHA B JIMHAE HACT TAK, YT0- €r0 NPOAOKEHHE NEPECEKALTCA C
aysom KL B rouxe @, npumamnexameii $poxamsHol WIOCKOCTH
menset. Taxam ofpasom, D@ - npomomkenme MCKOMOTO Ay4a, a
DT — ycxoMutit myy, '

3anawa 12.14. Nana cobuparomnas munsa ¢ GOKYCHEM PaccTod-
uwem F . Tocrponts rpadux sasucumoctst [ (paccTosHme oT M30-

GpaoxeHHA 10 MHH3L) OT d (PacCTOAHHE OT PEMETA KO JIMH3HI).

Pewenne. :

Hz ¢opmynbt TOHKOR JHHIN ——11; = -(-li-+% BRIpRKAEM
f(d) = ﬁ Taxum o6pasom, 7(d) ABAACTCA PAHMOHANBHO
bymxameil. fna nocrpoenus rpaduxa npeobpazyem MOCHETHEE BLI-
paseHse cnenyrom obpasom: f(d) = % =

(d-F+F F( F ' |
= " e r—r— = I_ — KaK N -
F\ T-F ) g FJ mmu_o oA o

ts F - crpoesus  rpadmxa  f(d)

' : CEayana neodxommmo mo-

2Fp--1--

1
‘ crpours rpagHxk —, capH-
Y i R Y

d
w o by HyTe ero #a F smpaso mo
1 l > OCH abCIHCC, YMHOMKHMTE HA
ol\ F 2F d F, cosmayts Ha 1 mo ocn
. OpIMEAT K yMHOM®TS Ha F .
! : ' OxoH4ATENBHBIH  BHJ

" .

Puc. 12.24 rpajrxa  dymxwimm @) -

npHBeneH Ha puc. 12.24.
I‘patpnx Tpe/ICTaB/IAET coboii Jpe BeTBH rEnepboIM ¥ WILTHCTPHPYET
8aNCHeAKIUE CBORCNEA H3OGPANCERUE, ROTYHAEMbX & Cobupalo-
WX nun3ax.
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1. Ecan npeamer naxomrca MEKITY MHHIOH H dokycom, T.e.
0 <d < F, 1o ero msoGpancuue — mummoe: f < 0.

2. Ecqn mpeMeT HAXOMMTCA B (IOKYCE TTHHIBL, moﬁpaxcem
mpeaMera He cymectsyer. Ilpu npnﬁmcemm npesMera K (OKyCy,
e d—->F, moﬁpamerme CTDEMHTICE K BeckonewnocTa:
foto.

3. Ecm ipezamer waxommres 3 dokycoM nemsm, Te. d > F
cro wsobpaxerue Aelicrsaremsuoe: f > 0. Ipn yeemmienuu pac-
CTOAHMA QT HPEAMETA A0 MHHILL, €70 HIOOPMKEHME MPHORIAGAETCA K
Goxycy mosw; f — F . |

4. Eciu npeMeT HAXOZMTCA HA ABOUHOM (OKYCHOM paccros-
HEH OT mme, Te. d = 2F, 10 waobpaskenue nomyuacrca no apy-

TY10 CTOpOHY OT JIMH3BE TAIGKE Ha ABOAHOM (POKYCHOM PACCTONHMM:
f=2F.

3azaua 12.15. Tlana cobapatompax mnra ¢ QJoxycm paccros-
HHeM, pasnee F . JlocTpowTs rpagMk 3aBHCHMOCTH yBeMAIeHMs
mass [ or d (paccmmneo'rnpenumno JIHEH).

Pewenue.

B 3anaye 12.14 65ur0 noRa3ano, 4TO paccTosEME oT H300paxe-

HHA JI0 ;THHAW Bupamc'rcn Gopuynotr f(d) = dFdF .

f F
Veenmuerne monu [ = = -
B lEI a-Fl Bns nmocTpocrma 3TOro

1—-“ _— rpadHEra cHavwana HeoGXOH-
: / MO HOCTPOHTH paguk

d-F 0 METOIMEE, H3JI0-
JKEHHOH B 3agauve 12.14. 3a-
TeM 4acTs rpaduka, pacmo-
JOXKEHHYIO TIOA OChbIO abc-
IMCC, OTOOpa3HTh CHMMET-
~ PEMEO  OTHOCKTEIBHO 3TOM
Prc. 12,25 ocn. OROHVATCIBHELT BHJ

rpadmxa saencamocrs {{d)

[ S .
]
1

o]

A

b
ﬁj’
_

. - \0
. _1\

”»

-
-
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npeAcTasaAcH Ha puc. 12.25.

1ot rpaduK WUDOCTPHPYET sadiCHEUMNE CRoNCINEa yeenuyie-
MR, ROTYNAEMO20 RPU HOMOW COBNPAIOWIER NUNTH.

1. EcrM mpeMer pacnonoxeH MEXIY JHMHIO0H H cboxycom T.E.
0 <d < F, nonydaerca MHMMOE YBEIHMCHHOE HI00paXKEHHE:
r>1.

2. ECIH TpeaMeT HaXouTcA Ha paccroanuy F <d <2F or
JHE3HL, TO H30GpaXKenue reHCTBHTEMbHOE U ysemensoe: | > 1.
3. Ecnd npesMeT HAXOZHTCA HA ABOMHOM (OKYCHOM paccroa-
guy or ymmse, 1.e. d = 2F, 10 miobpaxenue NcHCTBHTCABHOE,
PAcUONOMEHO TAIOKE Ha ABOHHOM (OKYCHOM PacCTOAHHH OT THH3BL
f = 2F u pajmep n306paxerus paser pasmepy npeamera: [ = L.

4. Ecu npenMer Haxomurcd na paccroammu d > 2F, 10 mio-

GpaxeHHe NeicTRETENBROE yMeHbIIeHHOe: [ < 1,

[Mpeobpasyem dopMyIy HMA yBEIHUEHUA, Pa3ASTHE TMCIHTCTH
|
|ld-F| |d/F -1

HOM (HOPMYMNEL BHAHO, YTO YBENMYCHHE JIHHIR BO3PACTACT C YBCNH-
YEeHHEM c¢ HoKycHOrO paccromz ‘

u suamenatens va F | rorma = 'H3 nomyyecs-

3agaua 12.16. Ha jxpaHe, pacmolOXXCHHOM Ha paccmmmu
f = 60 cM or coGHparomeit MAH3L, NOMYYEHO HI0OpaXKCHHE TOMEY-
HOTO HMCTOYHHKA, PAclONOKEHHOTO HA TNRBHOM ONTMMECKOH OCH
3w, Ha xakoe paccroAHMe
NIEPEMECTHTCA H300DAKEHHE Ha
JKkpaHe, eClM NPH HEenoIBIDK-
HOM MCTOYHMKE NEpEMECTHIb
JHMH3Y B IVIOCKOCTH, YEPNCHAH-
KyZADHOH IIaBHOK OITHYECKOIl
ocu, Ha b = 2cm? DokycHoE
paccrosmue munisl Fo= 20 cm,
Petzenue.
[lo YCAOBMIO 3aJauM H30-
o Gpakenune A, Toukn A nomy-
;. Puc. 12.26 YEHO Ha. JKpaHe, CAENOBATETb-
: HO, 3TO M300PLKCHHE ZCHCTRH-
tenenoe u d > F . roe d — paccToAHHE OT TOMKH A 10 mmHIE

104

(puc. 12.26-a). U3 dopMmynsl TOHKOR THHIB —F!,- = -(li— + ';? HAXOMHM
d= fI_?__fF =30cm.

Korza nmuH3y nepemMemnaioT NEPHCHAMKYTAPHO €€ OCH, TO BMe-
CTE C Hell CMEIAN;TCH M TNIABHAA ONTHMECKAS OCh, H (JOKYC JHHBAL

Ha pmc. 12.26-6: 0,0, - HOBOC DONOKCHME TIABHOH OITHHECKOH

ock nu3e, A, — HoBOE w300paxenne Touxn A ma axpame, 4, A,

— cMeueHme H3oGpaxenua. Ha noxobas AAOO' u AAA A, no-
| AO' 00"

a ' = -, O’ = AO =d = 30cwm,
nyqaeMm AA CAA rae A A Ocm
AA =AO’+O'A, = AO+0OA, =d+f =90cm,

00" =b=2cm Ha NPONOPLEK HAXOZHM
AA -0O0'
:fl,Az = _4:17)?2 = 6 oM.

3anaua 12.17. Paccrodume 0T OCBENICHHOrO MpeAaMeTa OO 3K-

pana L = 100 cm. JIur3a, nOMEIIEHHAA MEX(Ty HHMH, JE€T YETKOS

H300pAKCHHE NPEAMETA HA JKPAHE NMPH JBYX MOIMKEHHAX, PaccTod-

_Hpe Mexay korophiME I = 20cm. Hajri Qoxyckoe paccTOsHHE
nuH3 (pHC, 12.27).

Pewtenue, ,

Tak kax H306pakKEHHIE MOTYYEHO HA IKPAKE, TO OHO ABIACTCA

" NeHCTBHTECNBHBLIM, CICAOBATEILHO, AMH3A ssngercd coduparomeii.

A AB. - npenmer, 4B, - ero

B 3 H3oOpaxenme, Toraa AQ =d u
R ) A, O =1, upuem Mo yCIOBHIO
' samaym f+d=L. Tostomy

A4 B f(d)=L-d. T'paux 3moii

Puc, 12.27 IABHCHMOCTH — HPAMAA JTHHHA
Kpome Toro, n3 dopmymnt ToH-
Fd

d-F

KO THH3M f (d) = Ipadux 310fi 3aBUCHMOCTH OBUT MO~

E
%
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crpoes B 3ajakde 12,14,
Fpaduxy ofeHx 3aBHCHMO-
CTCH NpEeACTaBICHBI HA PUC.
12.28.
Mpmas  f(d) =
. MOXCT HE MMETh HH OZHOH
¥ obmel TOUKH ¢ remepbonoi
(mpamax AB), omty ob-
myro Touxy (mpamas CD),
ngBe obmme TOMKH, COOTBET-
CTBYIOIDME MBYM PDAasHbIM
PacCTOSHMAM OT NpeaMeTa

Puc. 12.28

xo maxsel (npsvan MN ). '

“ Fd
HaiizieM 3TH TOYKH M3 YPaBHCHHMA d—:—§=L—d=>
=d>-Ld+LF=0. [IACKDHMHMHAHT  3TOT0  YPABHCHMA
4F

D=I?~4LF = Lz(l - TJ Vpasaemse GyAeT HMers perme-

HHA, ec/H D>0::~L2[l-—-‘%‘-)20=:>4F<L YTO B HAWECH

320a4¢ BRIIOIHACTCA.

Pemcrux 3amamyrcs B Buae: d = —[L + L’(] - 4‘5]]

= —Lz-(l + 1’1 - ff—) NpryeM 003 KOPHR NOIOKHTEIbHE, PazHocTh

yux xopueit d, — d,, no yenosmo 3anaum, pasma I, orcioma

Liy, ho2E L[
2 L) 2 L

105

f 4F AF I? 4F 1’
=>L1""'—"'l l—--—--=-—- —_ ]
7 17 L2:>L 1 LZ:

: _ g2
::»F:L_l

= 24 cm.

3anaua 12.18, Paccrosmme Mexay AByMS TOYCHHRIMM HCTOY-
Hukamu ceeta L = 36 cM. e Mexay HEME HANO MOMECTHTS COBH-
paromyro TMH3Y ¢ POKyCHsM paccrosHEeM F = 10 cM, 1rofst m3o-
6paxerua 060X HCTOMHMKOB NONYHINCE B OHOR TOUKE?
Pewenue.

Tax Kax mH3a PACTIONOKEHA MEXAY HCTOMHAKAMH, TO HX ACH-
CTBHTE/ILHLIC M300paxeHHs COBNAATh He MoryT. He MoryT cosma-
IATh H BX MHEMBIE H300pasenus. OCTaeTca TONBKO OMHA BOZMOM-
HOCTb, KOTAA M300paNECHNHE OAHOTO HCTOYHHMKA — ASHCTRHTENLHOE,
JPYroro — MHEMOE.

Hycrs d; n d, -~ PacCTOfHMS OT HCTOMHMKOB [0 ISTHH3EL
Iipeanonomscam s ONPEACNCHAOCTH, YTO H300PVKEHHAE IEPBOTQ UC-
TOUHHKA — GEHCTBHTEILHOE, 3 H30GPRKEHYE BTOPOTO ~ MHEMOE, pac-
CTOAHMA OT H300p@OKCHME 7O NWH3BL COOTBCTCTBEHRO — [, H [,

npeeeM f; > 0, f, < 0. Ilpemerss dopMyny MHH3H, BEpaXaeM

LA * S

1 d1—F Z_dz_F' Yy Vnmo Jaaaun
. 4F  4F

heth= 0 T 7>

= & (F-d,)=d,(d, - F)= F(d, +d,)= 2dd,.

H3 ycnosus cnenyer, uro d, + d, = L Tlocne noacTaHOBKE TOTY-

< 4ACM CHCTEMY

{2d,d2 -FL, | {zdI (L-d)= FL,

Y Y T

d +d, = L, d,=L-d,

‘= 2d} - 2Ld, + FL = 0 =

' L++L*-2FL
=:’(di)n.z: ) 2 ="L-[li I“EJ

2
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{(dl)l =30€;M, | - {(dl)z =6eMm,

(d,), =6cm. | {d,), =30cm.

3ana4a 12.19. Ha 3xpaHe ¢ NOMOIIBIO TOHKOM JIMH3LI Oy HIIH
u3obpaxenne npeaMera ¢ yeemwuenwem [, = 2. TlpemMer nepe-
JBHHYTH Ha lcm. Jit Toro, ¥robhl mONy4HTs pe3koe H300paKeHue,
DPMIUIGCH, BEpEABHHYTH 3KpaH. IIpH 2ToM yBEIHMEHME OKA3AMOCH
pasaev [, = 4. Ha kakoe pacCTOAHHE MPHILTOCH NEPEABUHYTH IK-
pan?

Pewenue.

B 060MX cayuasxX u300paKeHEA NOJIYYAlOTC HA JKPAHE, CISI0-
BATENLHO, K300paKeHHA ~ JCHCTBHTC/BHEIC, MH3A ABIACTCR COOH-
paromeii. B mnepsoM caysae no GOpMyne JTHH3BL TOTYHAEM:

1 i 1
—=—t —
F -4 f
PACCTOSHHE OT H300pKEHHA J0 THH3L, F - (oxycHoe paccromme

lﬁ' f

rae d, — paccTOAmMe OT NpeJMeTa 10 M3, f -

Ananormmo JUIS BTOPOTO CIIY4as MONy4acM.
i a s

F d, [, d,| d,

B 3asaue 12.15 6rino moxazaso, yto npe @ > F  yeenwuchuc
f(d) ABaAeTca yosmaromeii dyskumeit (Cm. puc. 12.25), nosroMy u3
yemosua [ > [, cneayer, o d, <d,, cnenoparensyo,
d —-d, =lcm

B samave 12.14 ycranosnero, wro mpr d > F dymams f(d)

(paccrosume oT H300pDKEHHA JO JTHH3BL) ABIACTCA yObIBAromeH (CM.
puc. 12.24), nostomy f, > f,. Paccrosuue, #a xoTopoe ReoGxommMo

cmecraTs axpax — (f, — f,).
NprpabHAB Mpasbic uacTk Buipwkennit gy I/F, nomyuuw
1 1 1 1 1 1 1 |

o = =
d f 4 I Tnh 4 4

1R%

fomf, _d-dy _ AR
TR g, RS [d,dj(d‘ “)-

= (%Ié_z](dl - dz) = rlrz(dll - dz) = Bem

3anatua 12.20. Boome riaBHOM ONTHYECKOH OCH TOHKOH cobu-
paromedi 3kt ¢ PoxycHsM paccrosEmeM F = 12 oM pacnionoxen
NPEAMET, OOHH KOHCIL KOTDDOI‘O HAXOOHTCA HA paccmxm
d, = 17,9 cm or mum3sl, a apyroi — wa paccrommur d, = 18,lem.

Onpenenurs ynememje k w306paxeHus.

Pewenne.

O6a xoHuA mpeamera PAcTONOXkeHH Ha paccrommwx d > F
OT JHM3R(, HOYTOMY H300pakeHHe Beero mpemmMera B coOHparommuii
muH3e OyaeT aelicredrenbasiM, Tax KaK OPEAMET PACTIONONEH BAOIL
TTABHOM OITHYECKOH OCH, 10 ® ero H3obpaxenne OyJeT moay4yeHo
BAOND 310# ocH. Hao0paxeHus KOHIIOR MPEAMETA HAXOAATCA Ha pac-

F, Fd

_Fa, af, = 2
y6umanus dywxuun f(d) mpn d > F f, < f,. Pasmep npemmera
paeex (d, - d, ), a pasmep mobpanerma — (f, - f,).

B nanuo# 3373y peub HOCT HC O TONEPSYHOM YBEIMYCHHH
JIMH3EL, 2 © NPOAONEHOM. OMERHIHO, YTO OHO PABHO k= —dt];%,_ =
.~
Fc:l1 Fd 1 F?
=4,
\4,-F d4,-F)d,-4, (dF)(d -F)

croanusx f; = OT JTHH3BI, IPHYEM H3-3a

3anaua 12.21. Cramsrolt mapHux cBOGOAHO MazaeT ¢ BBICOTR!
h = 0,8M na cobuparomyio mHH3Y ¥ pasOmBaer ce. B Mauamemuri

: MOMEHT BpeMeHH PacCTOAHME OT IEAPHKA [0 MMH3BI PAaBHANOCH pac-

CTOAHHIO OT JIMH3B OO NeHCTBHMTETLHOTO H3IOOPAKEHHA IIAPHKA.
CKOMBKO BPEMEHH CYIIECTBOBANO MEHMOS H30OpaKeHMe mapuka?

1R0



Pewtenue. : ‘

Mycrs F -  @Qokycnoe paccroswme mum3m, Toraa
L : + I Mo ycnosmo 3amawm b = f
— = =+, w h=f,
F n 77 _ ,

h
hj ¥ l N 1 2 h
& > CACAOBATEIHHO, 7o = F 5 (mapuk
0 B HAYANLHEI MOMEHT BPEMCHM HAXOMIICA Ha
OBoiHOM (JOKYCHOM paccTosHuM). Mimmoe
Xv H300pKCHHE CYIIECTBYEY, KOTAa MAPHK Ha-

X0mMTCA Mexay ¢oxycom W mmesoi. Cso-
Goaxoe maneHME MIAPHKA OrmCHBaerca (op-

2 2
mynoit x(t) = x, + v t + % - £

Puc. 12,29

(puc. 12.29). B momeRT

gt]
yhapa O Jumzy x=h=T, rae f, — BpeMdA NANSHHMA INAPHKA,

(h t2
CIeJOBATENERO, I, = gg_ B Touxe F x=£=gp, rae

2 2

h
tp = —g— - npeml Jpspxenns Ha ywactke OF | [apux raxonsres

Mexny doxycoM JHH30H TeYEHHe

=t -t,,wlel—( ( -l =0]lc.

3aaaua 12.22. Ha puc. 12,30 moGpaxen otpesok AB, pacno-
TOMEHHBIH HA TIABHOH ONTHYECKOH OCH TORKO coﬁnpammen TAH3E
¢ (oxycHuIM paccroarmem F' . IlocTpouTE H30GpaXKeHHE 3TOrO OT-
pe3Ka B JIMH3E.

Pewicrue.

Tak xak TO4ka A pacnonoxeHa 32 GOKYCOM JMH3LL, TO e¢ Hio-
OpaXecHHe QeHCTBHTENbHOE. JUIA MOCTPOCHMA H30GDAMEHHS TOYKHM
A crponm npousBoseHeiit myd AC , MpoBoaMM NAPANIETBHO eMy
noboumyro orruyeckyo ock MN | kotopas nepecekaer doxamenyio
miockocrs B Touke K . CK -~ xon mysa AC nocne npermomnenus

B nunse, A, - uzoOpaxenme Touxn A . AHANOTHYEO MOXHO No-

190

CTPOMTL ACHCTBHTCINBHEIE HIOGDAXKEHMA BCEX TOMEK, NPHHANLTENA-
OHX YYACTKY [A.F ) Tpn npubmoxenin x pokycy F uzobpamenne

KT N

P — 1 _
P B 4ATFB~lo 'F ey

Puc. 12.30

TOYEK YHACTKA [AF) YCTPEMIAETCH K GECKOMEMHOCTH (CM. 3ajauy
12.14, prc. 12.24). Takum 06pa3om, yacTox [AF) moﬁpaxcaemu B
JHH3e B BHAE Ny4a A, D.

- Touxa B pacronoxena Mexay THEION H oxycom, noaromy
¢c usobpaserne Oymer mmmand. Iposexem nya BE | MN |
KE - xon nysa BE mocre npenomnenns » nmmse, B, - mummoe
H300paerue TouxE B . ARANOTHYHO CTPOAICE MEMMEBIE m306paxe-
HHA BCEX TOYEK, NPHHAUICKANMEX YMACTKY [BF ). Tlo mepe pH-
Omxerns k QOKyCy u3o0pareHns Touex ITOro ydacTxa YCTpeMIIA-
H0TCS Kk GeckomeHooTH, ¥ yuactok [BF) usobpaxaercs B piae Tyya
BP.

Hrax, otpesox AR uzobpascaerca B e B BRIC JBYX MyHei:
Ae#cTBurenbHOro aywa A, D u mamvoro B, P .

3agaua 12.23. HeroumMk cBeta HaXOmMTCA Ha PaccTOsHHH
a =35cM oF cobmparomeil JHHIR C doxycrrm  paccrosxmem
F, = 20 cm. Tlo apyryro cropony mH3s! na paccrommm b = 38 oM

~PACTONIOKEHA DacCeHBAIOMIAR JHH3A C (OKYCHBIM DACCTOMHMEM
- F, =12cwm (puc.12.31). Txe Oyaer waxomuThcA m306paxceHue Hc-
- TOUHHKA? _



Pewenue.
HaobparkeHne MCTOHHKA S MOXHO nompom Ha OCHORAHHK
METOZMKH, WINOMEHHOK B NPEABLIYINHX 3aaavax. PaccMoTpum Xox

mysa SA. IMpopomam NO, [[ SA, npoxoaanmit wepes onrwic-

JI[ .-HzW/
Al_B, D
i |cC
. N
s|r o R sk p.M
a ) b - | 4
N ¥  hA R
Puc. 12,31

CKI EHTD AT J1, . On nepecexaeT QOKANLHYIO INOCKOCTE 3TOH
mumzpl B Touxe B. AB ~ xon myda SA mocne npenomieHus B
muse JI, . 10T Ayd HONANAET HA PACCCHBAIOLIYIO JIHH3Y JI, BTOY-
ke C. Uepes onrmueckuit uenrp O, mumou JI, nposomam yd
O,M |[{ BC . On nepecexaer joxansHyro miockocts masst JI,
rouxe K . KC — npopomkenue Jy4a MOCHC NPENOMASHHA B JIHIE,
CD - ero xox nocne muset J1, . [Iponomkenre nysa CD nepece-
| K4CT OITHYECKYIO OCh CHCTEMHI /MH3 B Touke S,. 8, — mminvoc

H306paKeHHe HCToURMKA S B'CHCTEME, COCTOANIIEH H3 cobuparomeH
¥ PACCEHBAOIICH THHS.

HaiigeM nonoxerue TouxH S, (H300paxenue l'[pe,I[MCTa B CO-
6uparonreit nume). Hycrs 8,0, = f| (paccTosHKe 0T M306PKCHHS
S, mo amHsH JI,). To ¢opMyne ToMxod ITHE3B

1 1 1 Fa '
Foatn T TaoF

Paccrosmwe 0,8, =f, - b= (46,6 ~38)=8.,6cM=d,, nps-

wem S, RIPaeT Poih MHHMOIO MCTOYWHHKA JUI% PACCEHBAIOMIEH THH-

= 46,6 cm.

1972

1 1 1 F.d
3. [TosroMy ~— = — 4+ — = f, = — 22 Tax xax mumia
F 2 dz fz ? dz - F, 2
PacCeHBAIOMAN, A HCTOYNHK MHHMBGL 10 F, = —12cm,
d, = —8,6 cm. INocne noxcranoskn Haxommm, uto f, = 30,3 cm.

Hrak, MErMOC H300paKEHKE HCTOYMHKA OYIET HAXOMHTLCA HA
paccrosmmm f, = 30,3 cM BaeBo ot mn3sr JI, .

3aga4a 12.24. Onruveckas CHCTEMA COCTOHT H3 coOmparomedt
MMM C doKycHEM paccroarneM F u sepransroro mapa pamaycom
R, ueHtp XOTOpOro HAXOZHTCA Ha ONTHYECKOH OCH NMHIAL HA Pac-
p crosiun d > F or wee. Ha xa-

C B _ KOM DAcCTOAHUH OT JMHIBI HYHKHO
S (F : ~

PACTIOJIONHTL HCTOMHHK CBETA S
HA ONTHYCCKOH OCH CHCTSMBI,

*xr | d © \TobH ero u300pakeHHe CoBOAo-
- C CAMHM HCTOTHHKOM?
Puc. 12.32 Pewenue.

PaccqorpeM  cayuaii, w30-

Gpaxennsiit A2 puc. 12.32, xorma d < R + F . Ecam mocne npe-
noMNCHUS B JME3E AyY OyaeT mazares Ma JEPKATHHLLE MAP MO HAa-
IDABJICHHIO €TI0 PANMYCA, TO, OTPAIHBIIMCE OT MIAPA, OH NPOKAET TEM
HE MyTeM, HO B ofpar-

HOM HanpaBJICHHH.
Hzobpaxemie HCTOY-
S < HHKa CBETa S B CHC-

'
L o

F F ky TEME, COCTOAMCH M3
x d. d - THH3LI M [Eapa, cOBNa-
v i AET ¢  HCTOYHHKOM.
Puc. 12.33 " Hrak, B oM cmyqae

H300pakeHne  HCTOY-
HHKA cBeTa B JmH3e Oyner raxoauTncs B Touke O . [Mpavenss dop-

1 1 1
MYNY TOHKOH AHH3IM, nOTy¥aeM — = — + ~ tae [ = d . Orcioma

F x f
_ Ff - Fd
f-F d-F

TN



IMvete d > R+ F . Ha puc. 12.33 n3obpaken coyyai, aHano-
THYHBIA  pa3o6paHHOMY BBIE, W3 KOTOPOr0 C/GAYET, 4TO

Fd

" d-F’
Omiaxo, npu & > R + F BO3IMOXKEH H JPYTOii BADHAHT.

JICHHOM Ha pHC. 12.34,
HI00DKCHHC HCTOY-
Huka ceeta S B IHH3E
MOMYM3ETCA B  TOMKE
A . B cury cHMMer-
pHEH  JIy4, KOTOpBIH
NEPBOHAYANEHO  TUEN
no myre SDA, no-
CiAe OTPAKEHHL OT
mapa noiiger mo mytk ACS, a ayw, xoTopsii mpoxommn myTh
SCA , orpasupmmcs or mapa 8 rouxe A , npoier myrem ADS .
Takum o6pasoM, B ITOM Crrydae H300paKenre HCTOYHEKA CBeTa S B
CHCYEME, COCTOAIICH W3 JHHISL H IIAPA, COBMAZACT C MCTOMHHKOM.

Hsobpaxecrne HCTOuHMKa S B AMH3e GyJeT HAXOAHTLCA B TOY-
1 1

k¢ A, eclH BLIIONHAETCA YPAaBHECHHE — = — + —, [I¢

F x f’
Ff  F(d-R)
. f-F d-R-F’
3apawa 12.25. Ilpu a’spodoTOCHEMEAX HCTOABLIYETCH (oTOAm-
B napar, O0LEKTHRE KOTOPOTO RMEET

doxycroe paccrosnue F = 8 oM
Paspemaromas CNOCOBHOCTE

Puc, 12.34

f = d ~ R . Orciona naxogum, 4ro x =

By

wienkr A = 107 mm. Ha xakoi
BEICOTE NO/DKEH NETeTh CAMOJET,
yroOe Ha (Qororpadum MOKEHO
BBINO PA3MNKTD THCTEA NCPCBECE
pasmepoM [ = 5cm? Ipu kakoit
CKOPOCTH caMonera HioGpaxkenue He OyAET PA3MBITBIM, GCTH BPEMA
Ixcnosummu T = 1073 ¢?

Puc. 12.35

1aAd

B cayyae, mpeactas-

Pewenue.

H - BHICOTA, HA KOTOPOIt JIETHT CaMoNieT, [ — PaccroAKue oT
mieEKkH g0 obwexrasa. [lo  dopmyne nME3BL RONMYy4acM

1 1

1,1 Tak kaxk f<<H, 10 ——<<-—-=
H ¥ H
= % = }1'; =f=F, 1e wuiobpaxesue nony4actci B (GOKATBHON
IUIOCKOCTH, PACCTOSHHE MCHKEY ABYMS COCEAHHMHE MHCTHAMH MOKHO
B24TE paBHeiM [ . Ha IIeHKe 370 PaCCTOAHKE JOTAMO NOMYYHTBCA HE
menpmie A (puc. 12.35). M3 nonobus tpeyromumkos AOB &

1
7

' i
A, OB, monyuaem —?: —f}—: = H:FL—=4OOM.

H30BpaxeHne CUMTASTCA HEPA3MBITEIM, €C/IH 33 BPEMS IKCIO-
IHIMA OHO CMEMIAETCA HE Gombrme, yeM Ha A . 33 BpeMA IKCTIOHIHH
cMemecHAe Mo00H TOUKH IMCTREB paBHO DT, Ie U — CKOPOCTH Ca-

_ F -
MONETa, TOTAA B CMeulerse H300paKeHHA PaBHO E (m:). H3 ycno-

BHA HCPAIMBITOCTH K306PAMKCHUA TOMYYAEM HEPABEHCTBO

£015A¢v££é=100wc=360m4/q.
H F

»

Janaya 12.26, JTarsHO30pKHH YETOBEK BAZMT PE3KO MPEAMCTE,
pacnonoxenisie He 6mmwke d = 1M or wero. B kakuX oyKax oH Hy-
WAaeTcd, JToO0Bl uMTATH Tasery. JAepXKA €€ Ha PACCTORHHH

- dy = 25cm ot rmas?

Pewenue.
Paccrossue oT mpeamera (raserst) Ao mmuskt d; = 25¢cm. B
JAHHOM CNY4a€ JHH32 O4KOB JO:DKHA CO3MATH MHHMOC MPAMOE HM30-

GpakeHHe NpEAMETd, HAXOMMIeecs Ha paccroasumn d = 1M or we-
JIOBEKA, TIPHYEM 3TO €CTh PACCTOAHHE OT H3oOpakeHuA 10 muH3bL [10

1 1 1 |
q;opmyne TOHKOM NHH3M monxy4aem: [ = a + ? = ?d: ] (3HaK
MHHYC GepeM NOTOMY, YTO H30OPDKECHHE AOMKHO OBITh MHHMEIM).

1 1 ‘
% D= ——-1=+43 :
e (0,25 1} AP
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T'nasa 13. Boauni. BosiHOBaA H KBAHTOBAS ONTHKA

13.1. OcuoBHbIe cBOHCTRA BOJHOBBIX MPOLECCOB

Bonnoit Ha3mBAKOT KONCOAHMA, PACTPOCTPAHAIOMIHECA B NPO-
CTPAHCTBE C TEYCHHMEM. BpEMEHK. TIpH pacnpoCTpaHERHH BOJIHB Ha-
6/mozaeTca nepHOAHYHOCTE KoAeOaHuH RO BPEMECHHM H MPOCTPAHCTBE,
NPH 3TOM NPOHCXOAMT MEPEMEIMEHHE ONPEACACHHOrO COCTOAHMA KO-
neGmomeiica cpeapl, HO HC MEPEHOC BEINECTBA.

BonHEr pacnpocTpaEmOTCA B MPOCTPAHCTBE ¢ KOHEUHOH CKopo-
CTHIO. DNEKTPOMATHHTHLIE BOMHE PACTIPOCTPAHAIOTCA B BAKYyyME CO

. cKOpOCTHIO cBeta ¢ = 3 - 10° mfc. |
B nonepeunoii Boxe KONeGAHHA COBEPIIAOTCH B HAMpABNE-

HHH, TEPNECHAMKYIAPHOM PACHPOCTPAHEHHIO BOIHbL JNCKTPOMATr-
HEHTHHC BOTHH IONEPEIHEL.

B nposeaLmoil BogHE XoneOaHHA COBEPINAIOTCH B HATIpABNE-
HEH PacnpOCTPaHeHKA BOJHEL

BaxueiimyuM CBOHCTBOM BCEX BONH HE3ABHCHMO OT MX IPHDO-

HBI ABMACTCA NEPEHOC IHEPIHH, NOCTYNAIMSH OT HCTOUHMKA KOjie-
Oarmsii. IIpH 3TOM HE MPOHCXOJHT MEPEHOCA BEINECTRA,

Jasoit BOMMBI ). HA3KEBACTCH HAMMEHBINES PACCTOAHHE Me-
ATy ABYMA TOUKAME BOJHAL, KOJEG/IOMMMHCA B OJMHAKOBLIX (jazax.
Cxopocis pacHpOCTPAHCHHA BOMMLL U, €€ JUIMRA A H MacTora Vv

CBAMAHE OTHOILNCHUEM !
SENERY

TTOBEPXHOCTH, Ea KOTOPHIX COBEPIIAIOTCH KoAcOaHus B OQMHA-
KOBBIX (pa3aX, HAIWBAKOTCA BOJHOBBIMM NOBEPXHOCTHMH. JIMHuK,
NEPNEHAMKYIAPHAS BONHOBOH MNOBEPXHOCTH, HAIBIBACTCH JIY“OM.
JIyy yxaswmaer HaNpaBASHHME PACTIPOCTPAHCHNA BOTHDI, T.€. HANPAB~
JICHHC, B KOTOPOM BOJNIEA IIEPEHOCHT IHEPIHIO.

13.2. BonHoBbIe cBoficTBA cCBETA
Ypaenenue nnocxoii sonust.

Ecmu BoaxoBas nosepXHOCTL — IWIDCKOCTB, TO FOBOPAT O HLI0-
Ccxoii BoyiHe. IIycrs miocKad BONHA PacMpOCTPAHACTCA B HAMpaBAC-
mun X, TOI/A e¢ YPABHCHHE 3aTHCHIBAIOT B BHJE:
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s(x, t) = Acos[m[t - i—ﬂ (13.2)

‘Toe § - mxnoueané yaACTHI( B BONHE, U — CKOPOCTH BONHGL, © — &8

Kpyrosas uacTora, A -~ aMIUKTYAA koneOauuif, X — PACCTORHHE,
poiiIeHE0E BOMHOI OT BCTOMHHKA Ko yeGanmii,

x ' .
B dopmyne (13.2) m(t - ——) — (aza xoneGamuii. JT0 BHPA-
v : _

JKeHHe MOKHO IICPeAHCATEL B BHIC!

t__._(zn/T)x=mt,—mx=
v v

[1]
ol-—x =0
{7}

2n
=t - —2-15:: —ot—kx, e R= ~ BOJIHOBOE “HCJI0.
A .

YpaBHEHHE TIOCKOH BOJIHEL npeobpasyeTca Kak
s(x, t)= Acos(wt - kx) (13.3)

FEcH BOTHOB24 NOBEPXHOCTh — C(Iepa, TO BONHA HAIBIRACTCH
chepmiecioii. Ha GOmbImix PacCTOAHHAX OT HCTOTHHMKA KonebaHuH
chepEIECKYI) BOITHY MOKHO CHRTATE TOCKOH.

Humepdepennus eonn. Hnmepepenuus ceema.

B page sBACHME MOXHO HABMOJATE CIOMEHHE HECKONBKHX
ponH. TIpy 3TOM BHIIOMHACTCA UPHEHIAD CYDEpPnoINIUN. PETYRLTH-
pyiomee KoneGaHue IMPEACTABIACT cobolt cymmy koneGanm, BB~
JBRHHLIX KKNO0H BOJHON B OTACABHOCTH. _

B HexOTOPEIX CNYYafX HpPH CIOKEHMH BOTH B IIPOCTPAHCTBE
obpa3yeTca MOCTOAHHOE BO BPEMCEH pachpeAg/ieHue aMILTHTYA pe-
IYALTHPYIOUHX KoNcOaHHH. 10 ABNEHAE BA3sRacTcA HHTEphepen-
wmeis Bosin. TIOCTOANHOE BO BPEMEHH PACTIPCACICHHAC AMILTHTY I pe-

Iy ARTHPYIOMEX KOMeGaHuil HA3BIBACTCA
d C unTepdepenimonnol KAPTHHOH.,
HrrepdepeHIMOHHAT KAPTHHA BO3-

31 . dz HMKAET TOMRKO TOrAA, KOraa npouc:go,um

Ad B3AMMOZEHCTBHE KOrepeHTHRIX BOJH,

T.€. BOJIH, IONYYCHHEIX OT HCTOHHKOB C

S, ONMHAKOBBIMM YACTOTAMH H MMCIOHMH
NOCTOAHHYIO PasHOCTh (a3 BO BpEMEHH.

Pac. 13.1 g PaccMOTPEM B KaueCTBE WLIOCT-
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PalEH 1BA KOTEPEHTHLIX HCTOMHHKA BOMH S, H S, y KOTOpBIX pa3-

Hocts a3 A = 0. PacCTORHHA OT HCTOMHHKOB JI0 TOUKH C, s xo-
TOpO# paccMarpuBaerca cloxenue Boad, d, u d, (puc. 13.1). Ecnn

» Toyky C BONHE! OPHXOZAT B OTHHAKOBRIX (ha3aX, TO OHH ITPH ClIO-
JKEHHH- YCHUIAT JpYyr Opyra, H B Touke C Gyaer uabmopmareca MH-
TepdepenmmosHEIi MakcaMYM. s 3toro Heobxommo, 4To0H
pasHocts xopa Bomi Ad = d, —~ d, Obula paBHA LENOMY HHCIY

BOJIH. ) _
(13.4)

- rae k=0,1,2,... Gopmyna (13.4) saseiBaeTca ycnosuem wurepdic-
PCHUMOHHBIX MAKCHMYMOB,
Ecnm »xe pa3sHoCTh XOMA PABHA HEYCTHOMY YHCITY NMOXYBOJH, TO
B Touxy C BO/DMLI MPHAYT B NPOTHBONOJOMHEIX (Da3aX, YTO NPHBE-
ACT K YMECHBIICHHIO AMIUTHTY/TEI Pe3YNBTUPYIOITMX kxonebanuii. Ta-
" ‘xum obpasom, ycnoHe METepEPEHIHOHHEIX MHIHMYMOB 3anu-
JMETCA B BHIC:

Ad:(2k+l)l

= 13.5
2 (13.5)

e k=012 ..

Ecma pasHocTh X043 BOMH Ad NPHHHMACT 3HAYEHMA, OT/IHY-
' HBIE OT TeX, KOTOpHe moay4eHn mo opmynam (13.4) m (13.5), To
aMIUMTYJa KoneGassmi paBHA HEKOTOPOMY TPOMCIKYTOUHOMY 3HAYE-
HHIO MEXKIY MHHHEMATLHOH # MAKCHMA/IbHOH AMILIHTY AAMU.
XapaKTCpHLIM MPH3HAKOM KHTEP(CPCHLHH ABNACTCA MEPEpAC-
MNPEACNCHAC 3HCPTHH B NMPOCTPAHCTBE: B HEKOTOPHIE TOMKH JHEPIHA
MOXET HC NOCTYNATH, @ B HHTEPOEPEHUHOHHBIX MAKCHMYMAX JHEp-
rHa xoneOanwié Oonblle CyMMB! 3JHEPIHH, NEPEHOCHMOH KKOOH
BOJTHOH.
Hyrepdepennsio MoxHO HAOMOMATS ANd BONH JI0GOH ApHpo-
Ibl, B TOM “HC/IE H AJIA CBSTOBBIX BOJH. B omTuke TpyaHO nomy4sTs
HEIABMCHMBIC KOIEPEHTHRIE HCTOYHHKH CBETA, TAK KAK OOBMHBIC HC-
TOYHHKH (HE JIA3€PLl) MCIYCKAIOT BOAHBI ¢ OBICTPO W CIYyHAlHO H3-
mMensmowekica (aszoil. [TosroMy A NOTyYeHHA HATEPdEPEHLHOHHOH
KAPTHHBI CBET OT OQHOrO HCTOYHHKA Pa3IeAOT HA JBa TyuKa, a ja-
TEM MPOH3BOAAT HX HAJOKCHHE JPYT HA ApyTa.

198

Hudbpaxuun sonn. Juppaxyusn ceema.

OTKIOHEHHE OT IPAMOJHHEHHOTO PaCcIpOCTpaneHud, orubanue
BOJHAMHM NPENATCTRHE HA3LIBaeTC AnGpakunei. Judpakins o
HabmONAETCA, KOTAA JIMHA BOAHEL CTAHOBHICK CDABHHMON MIH
Gompmie pa3sMEPOB MPEMATCTBHI, BCTPEHAIOIIMXCH HA MYTH pacnpo-
CTpaHCHHA BOANEL Jludpaxumo MoxkHO HAG/MOIATS MyiA BONH moboi
MNPHPOJEL, B TOM YHCIIE H CBETOBbIX.

HOudpaxums pomrH OOBACHYSTCA HA OCHOBAHWM [PHHUHNA
Tiitrenca-Mpene/n: kaKAad TOYKA CPeAwl, A0 KOTOPOH RONIIO
BOMHOBOE BO3MYILEHHE, CAM3 CTAHOBMTCA HCTOMHHKOM BTOPHMHBIX
BOJIH, TPHYEM IOBEPXHOCTDH, KACATEBHAA KO BCEM BTODHYHBIM BOJI-
HaM (BOTHORAA IOBEPXHOCTD), B MOOOH MOMEHT BPEMCHH NpPEaCTaB-
naer coboi pe3ynbTaT MRTCpQEPCHIMA BTOPHHEIX BOIH.

Audpaxnuonnan pewmemxa.
Ha smneHus mud)pakiMH OCHOBAHO YCTPOHCTEO ONTHYECKOIO
nputopa — audpaxnmonmoii pemerkn. Osa npeacTasmser cobodt

'COBOKYNEOCTh OONBIMOr0 YHCHA OMEHb YIKHX NPO3PAMHBIX MENeH,

PA3MENCHHBX HENMPOIPAYHEIME IPOMEXyTKaMH. Tlepuox pemerkH
d — 3TO MHMpPHHA MPOIPAYHOHR METH H HENPO3PALHOrO MPOMEXKYTKA.
Tlycts Ha AMQPAKMHOHKYIO DEMHETKY HANACT IUIOCKAA BOHA
omaHoit A . Torza kakgas mejth CTAHOBHTICHE MCTOYHAKOM BTOPHY-
HEIX COEPpHYECKHX BONH, PACHPOCTPAHAIONMXCE MO BCEM HANDABTIE-
3  muam. B Touxy P Ha 3xpane
3 TpR MOMOOIH “JHH3BL. CO-
Oupaiorcs BCE BTOPHYHEIC

_ BONHH, PaCTpOCTPanAIOLIHE-
CA MAPANTETBHO MOA  YIVIOM
P ¢ x pepromavammomy wa-
¢
A 4

2 n ' npasneHmio (puc. 13.2). B
a0 touke P 6yner mabmozars-
CA  MHTEpQEPEHIHA  3THX
soms. HMmrepdeperunorEme
M2KCHMYMBE HOJYYAKOTCA B

Ad TOM CIY4ae, €CNHM Pa3HOCTE
Puc. 13.2 xoma Ad = dsing paeua

LENOMY YHCTY BOTH:
dsing = EA ‘ (13.6)

VL
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roe R=01,2..

[Ipu k=0 u ¢ =0 B ueHTpe 3Kpana pacmonaraercs uen-
TPaneHplii MakcuMym; npr R = 1 CHMMeTpH4HO OTHOCHTEIBHO
UCHTPATBHOTO MAKCUMYyMA DACTONOXKATCA JBA MakCHMYMa HepROFO

MOPAAKA; MpH B = 2 - 183 MaKCHMyMa BTOPOro MOpsAKa H T.A.
Cregyer oTMETHTB, YTO NPH 3aJAHHOM 3HAYEHHH JUTHHBI CBETOBOM

BOAHBI A H nepuose AMQpakuHOHHOH pemeTk#d ¢ MOPATOK MAKCH-

MYMa MOXET MPHHHMATH OIPDAHHYCHHBIC 3HAa4eHuA. [elicTBATEbHO,

H3 popmyansi (13.6) cieayer, 4To sing = % <l= k< %

‘ Ilpn napermy Genoro CBeTa Ha JUPAKIHOHHYIO PeImeTKy yc-
nosue (13.6) ana pa3ubx AmMH BOMH Oyner HAOGmMOAATECA B pasnMy-

HBIX TOMKAX 3kpasa. [TosToMy TMGPAKIEOHKAS pemeTxa PaCKNANEI-
Baet Geibiit CeeT B cnexTp.

Aucnepcus ceema. Monspusauus ceema.

Bomnoate CBOHCTBA CBSTA NOATBEP/KIANITCA TAIOKE ABJICHAAMHE
JECHEPCHHM H NOXAPU3AITHY, ' '.

JlHCTIEDCHA CBETA — 3TO 3ABMCHMOCTE MOKA3ATCIA IPENOMIIE-
HHA OT QJIHHEI BOJTHEI CBETA.

YCTraHOBACHO, YTO CBET — ITO DONEPEHAT INEKTPOMATHHTHAN
Bo/MHa. B ecrecTBeHmoOM cBeTe KoeGaHMA BEKTOpA HANPKEHHOCTH

SMEKTPHYECKOTO nofia J (Kak ¥ BEXTOpa HHAYKIMKH MACHATHOTO IO~
JI1) IPOHCXOJAT BO BCCBOZMOKHBIN HAMPABJICHHAX, NEPNEH/HKY D~
HBIX HANPABNCHHIO DACTPOCTPAZHEHHA BONHH. B noaspH1osauuoi

CBeTOBOI BosTHE KoneGamwy sekropa F mpoHCXoAsT B OnpcaencH-
HO# MIOCKOCTH — NJIOCKOCTH MOJIHPHIAIHN, '

13.3. KsanToBhie CBOIMCTBA CRETA

Ilpn pacnpocTpaHcHMH CBeTa NPOABIAKITCA €10 BOTHOBMC
cpoiictea. [Ipa HCMyCKAHHH B NOMIOMICHNH CBETA NPOABIMWOTCA EIO
KODITYCKYIAPHBIC CBOHCTBA. OKa3anock, 4To ceet (Kak moboe apyroe
AMEKTPOMATHHTHOS M3IYYCHKE) HCIMYCKACTCA ¥ MOLJIOLIACTCA Onpe-
AeTCHHEIMH NOPUHAMY — KBAHYaAMH. SHEPIHA KaXA0H NOPLUKH

T )
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FOe V — 4acrora wymy4euns, A = 6,63 - 107 Ix-c -~ nocroanHas
Tnamxa. D12 nopums CeeTa 06AaNAET CBOHCTBAMMH YACTHUE! C MACCOi
IOKOA, PABHOH HY.I0, €8 HAZKBAKT GOTOHOM.
CornacHo T€OPHH OTHOCHTEIBHOCTH Macca QoroHa
W hv
m=— =

2 ¢’
rre ¢ = 3 - 10® m/c - cropocTs ceera B BakyyMe.
Kak ¥ mobaa JBIKYIAsC vacTung, PoToH obnanaet umiyms-
coM : .

(13.8)

hv hv h

Bekrop umMITybca (OTOHA HAMPABJIEH MO CBCTOBOMY JyHY.

13.4. 3axons:1 hotoaddexra. ¥Ypasuenne Jiinmrelina

KopIycKy IpHBIEC CBONCTBA CBETA NO3BOMMIH OOBACHHTE ABE~

cper  HHC dorozdpdexra. Gorerddex-
TOM HA3KBAKOT BHPRIBAHHC INCK-
TPOHOB H3 BEHECTBA MOA OEHCT-
BHeM cpeta. [IpH usyuennu oro-

_ A ' . 3pperra GRUH IKCHSPHMEKTANBHO
K YCTaHOBMCHEI ddd 3aKONA.

1. KOMHYECTRO JNEKTPOHOB, BHI-

- +u punaem.[x CBETOM C IMOBEDXHOCTH
._,'l METANNA 33 1 cexyufy, fpomop-
LMOHANBHO MOTIDINAEMOH 34 3710

Puc 133 :

BpeMS HEPFHH CBETOBOH BOJHBI
(CBReTOBOMY NOTOKY).
@ 2. MakCuMambHAS  KMHCTHYCCKAR
I 3 JHEprMA  BHPBAHHBIX  CBETOM
@, 3NEKTPOHOB JHHEHHO BO3pacTaer
@, ¢ YACTOTOHR CBETA M HC 3ABMCHT OT
€0 HHTCHCHBHOCTH.
DoroadpekT MIYHAOT B
JAMKHYTOH 3ICKTPHUSCKOH uenw,

> cogepaaureit METALTHYECKYHO
u; 0 u mmactunky K (xatop) - Merou-
Puc. 134 HEK ¢QorosnexkipoHos - u A

(anon), HA KOTOPHIH MOJAKOT MO-
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AOKHTETHHBIHR OTHOCHTENLHO KATOAA [MOTEHTMAN (puc. '13.3).

I'padsx 3aBMCHMOCTE TOXA OT HANDDKSHHA MEXIY KATONOM B
4HOAOM ITPH Pa3IHYHEIX CBETUBBIX MOTOKAX NPHBCACH HA phe. 13.4.

Ilpy u = 0 B HenM nNpoTEXaeT HEKOTOPHIA TOK, TAK KAK BHI-
PBaHHBIE NOX ACHCTBHEM CBETA M3 KATOHA (POTOINECKTPOHEI MOIYT
HMETE CKOPOCTH, HAMPABNCHHLIC B CTOPOBY aHoAa. C yBeTHueRHReM
HAMPDKCHHA YHCI0 SOCTHITIHX aHOAA POTOINCKTPOHOB YBEIHYWBA-
€7C4, COOTBETCTBEHHO BO3pacTaer H Tok B uenu. OpHako, npu 2amaH-
HOM CBETOBOM NMOTOKE M3 KATOJA BHPHBACTCA BIOMNE ONPEACACHEOE
KOJIMYECTEO JIEKTPOHOB, TIO3TOMY KOTAA BCE OHM JOCTHTANOT AHOAZ,
TOK GONBIIC He YBEMMUMBACTCA (XOCTHrAeT HaChuewns). Jna mpe-
xpamenusa Qorodpdexra Ha aHOA K KATON MOJANOT 3IAZEPAKHBAN-
NLY10 PAIHOCTH NOTEHUMATOB L, <0, Tak uro

m,v’ ‘ '
e =fefusf| (13.10)

2
m,v

— MAKCEMANbHAS KMHCTHUCCKAX YHEPrua (OTOINEKTPO-

e

HOB, |e| — MOAYIb 33PAAA SACKTPOHA.

Ama obbacHenna ¢oroaddexra DHEMTEHH NpesTONAI YPAB-
HEHME

2
m,v

hv=A4, + (13.11)

KOTOPOS NOKAIBIBACT, YTO JHEPrAA HOTJIOMERHOTO METALIOM (oToHA
hv uzer Ha coBepmeHHe MEKTPOHOM paboThl BRIX0ZA A H Ha co-
_ 5

m,v

2 .
Ecmu hv < A,, 10 dorosdpdexra He Gyner. Dorosibexr na:
6/MoaeTCA IPH YCIIOBHH, wto AVZ A .

Hanmensiran $acToTa CBETAa JUIA JAHHOTO META/IA, MPH KOTO-
poit mavmEAETCA GoTo3ddieKT, HALBACTCA KPacHoi rpaHuue ¢o-
Tooddexra. Ee Haxoxar u3 ycnosus

oBImeHRE INEKTPOHY KWHETHYECKOH SHEPTHH

hV'kp =An = Ve =f:: .

CDOTBETCTBY]OIII&H JTTHHA BOTHBI,

072

c ch
e

B

Vip

®otoddderT HABMOAAETCH A4 YaCTOT V 2 Vo BIM UL JUIMH BONH
AL ?L,p.

13.5. Ilpnmeps! pelienHa 3a1a4
3anaga 13.1. TInockas BOMHA MPEICTABICHA YPABHEHHEM

s(x, t) = 0,05(1998¢ — 6x), rae § — CMeINeHHe YACTHI B CM, ¢ -
‘BpEMA B CEKYH/AX, X — DacCTOSHHE B METPax IO OCH, BIOIE KOTO-
' poit pacpOCTpaHAeTCH Bo/HA. ONPEACTHTE Pa3HOCTD (a3 MEXKIY KO-

MeOMOmMEMHCE  TOMKAMH,  HAXOOAIIMMHCA HA  DACCTOSHHH
Ax = 35 cm mpyr oT apyra.

Pesuenue, ,

CpaBaHBAA JAHHOE B YC/IOBHH 3a]34H YPABHCHHE ¢ YPARHCHHEM

nmockoli ommt 8(%, t) = Acos(wt — kx), maxomm, w0 BOMHO-

2n

 BOC MIACTIO k=~l—=6u'l.

Ilo onpeneneHyI0 MMHEMANBHOC PACCTOAHEE B BOJHE MEXKIY
JBYMA TOUKAMH, COBEPIIAKMIMMY KONCOaHHA B OXMHAKOBRIX (azax,
PaBHO AJMHE BONMHEI A . PasHocTs a3 xoneOamuii 3TMX T¢4eK PaBHA

- 27, CHENOBATSIBHO, HA SAMHMLYY AJIEHM BOMHEl TPUXOAMTCA Pa3-

‘ 2n
- HOCTE (a3, paBHAA -~ PasHocte (a3 MexIy TOYKAMH, Pacmaiao-

HEHHMMH HA PACCTOSHHH AX 8 BOJHE!
Ap= (%]Ax =kAx =6m ' -0,35m =2,1pan = 120,3".

3agaua 13.2, ONpeACINTS 4ACTOTY 3BYKOBHX KoneGammi B
CTANH, €CMH PACCTOSHME MEXKIY OMDKAHNIEMM TOYKAMH IBYKOBOH

BOJIHBI, OTNHYANIMMACA 10 Jate ma Ap = ©/2, I = 1,54 cm. Cro-

POCTB 3BYKOBSIX BOTH B cTanu U = 5000 m/c.
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Pewenue
B 3agave 13.1 Buino noxalaHo, 4ro pasHocTs a3 MeKIY HBYMH

. 2n
TOYKAMH BOJIHBL, PACTIONIONKEHHAIME Ha paccroamun [, AP = Y {,

rae A — amuHa BOMHK. OTCIona CheyeT, To pasHocts dad /2 co-
OTBETCTBYET TOYKAM BONHBL, PACRONOKCHHBIM HA PACCTOSHNE
I = A/4. Cacpoeatemsuo, mmuma somust A = 41, a wacrora xone-

v 3]
Garwht v = — = — = 8- 10°Tu=8 xl'mm.
A 4 THTRER

3apaua 13.3. Pagwonokarop paboraer Ha IUMHE BOJHLE
A =15cM H HCnyckaer mMmymscet ¢ wactorolf v = 4xlm. Jm-
TEALHOCT KKIOrO umiyneca T = 2Mic. Kakopa mamGoymmmas
AATLHOCTS OOHAPYXeHuA uenH? Cxensko xoneOammii COOEPAKHTCI B
OJHOM HMITYJRCE?

Pewenue.

3aBHCHMOCT: MANPAKCHHOCTH moma E  3nexTpoMarsmTHOro
H3IY4YCHHA OT BpEMEHH NPUBEXEHA Ha pre. 13.5.

PaaHOIOKATOp H3IMY4aeT MIEKTPOMATHHTHKIE BOMHEI YACTOTOH

c _3-10°m/c

== = 2.10°T
AT 15107y Il H NEPHOKOM

T = % =0,5-10°c=0,5-10" mxc.

Ilepron cneAOBaHMA HMITYALCOB!
Sl L 025107 = 250 ke,

v 4-10°Ty

IMycrs uems Maxoamrcs Ha paccrosHum L or pammonoxaropa.
SNeKTPOMATHHTHEIR HMIYABC MMPOXOZMT X0 uUemu ¥ obparmo pac-
cromume 2L, pacnpocTpanssack co CKOPOCTRIO CBETA €, 3ATPauHBAA
Ha 310 BpeMs t = 2L/c. Tlpn arom 00paTRO HA PAXMONOKATOP
3EKTPOMATHHTHBIA MMITYIRC IOIDKEH BEPHYTRCA A0 TOrO, Kak Gyner
H3MyueH cheayonwi mmnymc, te. t < T, =

S22 p<th
c 2
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MaxkcHManbHad JATBROCTE
T .
Loy = 0% = 037510 1 = 37,5xm.
Taxk xak MIHICJABHOCTH OOHOIO
3NEKTPOMArHHTHOTO AMITYTHCA
T = 2 MKC, 32 TIEPHOR 3NEKTPOMAarHHT-
HRIX  koneDammi B HMITymBCE
T =0,5-107 mMxc, 10 B ofHOM HM-
My THCE CONCPIKHTCH
T 2Mxc
T 0,5-10"Mxe
JebaHui.

_ =4000 xo-
Piuc. 13.5

_ 3anaua 13.4. Camoner NeTHT TOPHSOHTANBHC HA BHICOTE
H = 4 xm co crepxssykosofi cropocTsio. 3syx fomen Ao Rabmoaa-
tens yeper ¢ = 10 c mocne Toro, Kaxk Ean HEM DPOJNETEN CAMOMET.
OnpepemdTs CROPOCTH  CAMONCTA, ©CIH  CKOPOCTE  3BYKA
v, = 330 M/c (puc. 13.6).

Pewenue.

B — 1ouxa, B koTOpOii HaxOAMTCA HAOMOmATENL, A - TOUXA, B
KOTOpOi HAXOAUTCA CaMoJIeT 8 MomeHT speMern 1. M3 kakmoit Tou-
KH, KOTOpYyHO HpOIC-
TACT CAMONCT, pac-
opocrpatsercs  ce-
pHHcCKas  3ByKOBad
BoHA. ECTH CHOXMTH
BCE JBYKOBLIE BONHBI
JUIA MOMCHTA, KOT/JA
CAMONIET HAXOJHTCA B
rouxe A, 0 mony-

Puc. 13.6 9RICA BOJHOBAA 1O-

BEPXHOCTL B BHIOS KO-

Hyca. Ilo Mepe IBHOKCHHSA CAMONETa 3Ta TIOBEPXHOCTE {(PPOHT BOMHLL)

PAacIpOCTPAHAETCA CO CKOPOCTBIO 3BYKA Uy. JT0 H eCth yaapHast

1pykopan BosHa. Ha puc. 13.6 ODLAB, nprvem OD = v, t,
AQ=vt, OB=H =n

IMNK



BD = JOB? -0OD? = JHz -{v,t) . ZBOD = ZBAO
KAK YITBI C B3aMMHO NEPHEHIMKYNAPHBIME CTOpoHaMH. losromy
npamoyronsHeie Tpeyromsiukd BOD u BOA noaofm.t. M3 no-
nobna CneayeT, $To
0OA OB vt H Hy,

= =
oD BD Uyt J H?_ (vgt)z J H? - (vot)z

3agaua 13.5. Konebareupnriii KOHTYD NPHEMHHKA COCTOHT M3
KATYIIKH H KOHACHCATOPA ¢ Miomagsio maacteH S = 800cM’ m
paccrosmmeM d = 1 MM MEXAy HAME, 3aTIONHEHHOTO CMOAOH (Au-
MEXTPUUESCKAd MPOHKIAEMOCTs € = 7). Ha xakyw AMHHY BONHM
HAaCTPOEH KOHTYD, €CTH HW3BECTHO OTHOIDEHHE MAKCHMANBHOTO Ha-
NPDKERHMA WA KOHACHCATODE K MAKCHMANLHOMY TOKY B KATYUIKE

n = 100B/A. AXTURHEIM CONPOTHRIIERHEM MOXHO NPEHEODEE,
Pewenue.

~ Yacrora crobOAHBIX koneOaHMit B KOHTYpe V, =

1
2nJLC’

£8,8 . , .
— eMKOCTh KOHHEHCATOpa, a L — MEIyKTHBHOCTH

rne C =

KAaTyIIKK, KOTOPYI0 MOMKHO ONPECACNMHTL H3 YCIIOBHA COXPaHEHHA
3HeprHH B KoHType. Koroa HanpsmkeHHE HA KOHACHCATOPE MAKCH-

MATLEO, T.€. U = U, , BCA JHEPTHA COCPENOTOUCHA B MIEKTPHYECKOM
Nl KoHAeKcaTopa & pasma W, =Cul/2 .

Ecnw Tox wepes xarymky maxcumanen, T.e. I =1, 10 BCa

SHEPTHA KOHTYPA COCPEAOTOYEHA B MATHHTHOM NONE KATYHIKK M,

passa W, = LI2 /2.

Io 3axoxy coxpaHesns suepred W, =W _ =
=Cul [2=LI2 2= L=Cu,/I,) =Cn*.
Taxum 06pa3zom, COGCTBEHHAR 4ACTOTA KONTYpa
I

° " 27JLC 2,;,/0_5”2 " 2nCn’

v

. Kom'yp HACTPOEH Ha JI/IMHY BONHEI A JNICKTPOMAIHHTHOTO H3-

' 'erﬂenwl 4acTOTA KOTOPOro v = v (YCIOBHC pcaoﬂaﬂca) Tax K3K

V= c/?», rme ¢ = 3 - 10° M/c - cropacTs caera, TO NOAY4aEM YpaB-
¢ 1

- — = =
e .~ 2nCn

| 2 S
= % = 2neCh = chn(sa S) “";E'J = 933u

3agaqa 13.6. Habmomatems yaamaeTca ¢o CKOPOCThIO U OT HC-
TOYHHKA 3ByKa C Jactoroi v . Kakoil 4acroTsl 38yk o Oyzer Boc-
NMPHHAMATS, €CIIH CROPOCTD 3BYK3 U, ?

Pewenue.

IlycTs B HEKOTOPHIH MOMEHT npeuelm malmozarens NpHUHUMA-
€T 3BYKOBYIC BOJHY B onpenenennol dase xonebami (HanpuMep, ee
MaxcuMym). Ecima 6u maGmomarens Oblt HEMOABMKEH, TO CIEAYLO-
il MakCHMYM KoneGanuid OH mpEHA OR uepe3 BpeMs, PaBHOC Ie-
prOxy 3ByKoBMX koneOawuti T . Ho Tak kak HaGmonarens yaanger-
€& OT HCTOUHHKE, TO OH NPUHUMACT CACHAYIONHA MAakCHMYM Komeba-
Huit yepes spemMa T > 1 HA NPOMEXYTOK BPEMEHE, HEoOXOMEMBIA
JULA TOTO, 41006 BOHA NPOIIIA PACCTOAHEE UT, HA KOTOPOC CMEIMA-

Dt
eTcx HabmogaTeids. ITOT MPOMEXYTOK BPEMEHH PABCH v—- , TOE Uy
' (I
~ CKOPOCTE 3ByKa. Uax,

T— =--~13*~'r=:»-|:=T+1:i (*).
Do Yo
Takum 00pa3oM, MepHON 3BYKOBRIX KoncOammi, BOCHPHHMMAEMBbIX
HAGmOzaTeneM, PABEH T, 4 MX uacToTa — V', mpmueM T = I/v'.
TlepHOA H3MydAEMEIX HCTOWHHKOM Kkonebammit 77 = 1/v. IMojcras-
7 B opmy Ty (¥), momyvaem:

1 1 1lwv_ 1_ ( )
—=+t——= l~—1.
viov v, v v v,
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B nrore waxomum:

Hs ¢opmynn (13.12) suamo, 4o Habmoaarens TPHHHMAST
3Byk Sonee umskoit yacrorst. Ecnu HabmoaaTens ABmKETCa K HCTOY-
HHKY, TO OH OyAeT mpHHMMATH 3Byx Gonee BRICOKOH yacTorss Pac-
CMOTPCHHOE BRINE CNPABEHBO H B TOM CITY4ae, KOT/A HEMONBEKEH
HaOymonarens, a ABHKETCA HCTOMHHK. .

310 geacHue HasueacTcA Adpextom Jomnepa. Iddexr Hon-
NEPa MOXKHO HAGMONATE R AT BONH APYTol GU3HIECKod MpUpOIL,
HANPKEMED, A8 BOJIH ONTHYECKOTO AHAA30HA,

3anaua 13.7. Baoms ocu X pacnpocrpamsmorca B mpotvmoro-
JIOKHBIX HAXDABJICHHAX JBE TUIOCKHE BOMHBE C OZMHAKOBOH 3CTOTOS

© HaMInTyaod A . Y10 nopyaHTcs B PE3YMBTATE CHOMKEHHA ITHX
BOJMHT . ,

Pewenue.

YpasHenuwe OAHON M3 BONMH MOKHO 3alHCATE B BHJE
8 (x, t) = Aco's(cot - kx), TOTJa YPABHCHME BOJIHEL, pacnpocrpa-
HAIOIMEHCS HABCTPENY: 8, {x,t) = Acos(wt + kx), tne k = -2—; -
BONHORBOES ncno. B pesyneraTe closkeHMA MOgyyaeM:
s(x,t)=3+s, = Acos(et — kx)+ Acos(ot + kx) =
= Alcos(wt ~ kx)+ cos(wt + kx)) =
_ ZAOUS[(mt - kx);- (0t + kx))cos( (@t - kx)- (ot + kx)) _

, P
= 2Acosotcoskx . )
Kax srymo, mocne cnoxenns ofpasyerca soxma 8(x, t) ¢ ammmry-
noit xoneOanuii, pasnoii 24 . OrmernM make, yro coskx = 0

. T T .
nmpr kx = S+ = E(ZR +1), e n=0,1,2,.. (n<0 ne
NOAXOAHT NO cMucnjr 3azaum). CHCAOBATEIEHO, B TOYKAX BOIHEI

x, = % (2n + 1) orkmonenme  s(x, £)=0. Toxcraenis
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v'—v'l--1 13.1
D, ( 2)

k= %—:5 nony4aeM X, = % (2n +1). Paccrossue mexury moGH-

n
MM [IByMA COCCAHHMH TOYKAME BOMHLI, B KOTOPHIX OTKIOHEHHWE 00-
pamaeTcs B HOMb, PABHO

¥ -x :%(2(n+1)+1)—%(2n+1)=%.

Bomwy, 3anaracMyi0 ypaBHEHHEM
s(x,t) = 2Acoswtcoskx (13.13)

HAIBIBAIOT CTOS¥EH BOJIHOM, A CC HCTOZBHKHHIE TOMKH X, HasH-

BAX)T ¥Y3J1aMH BOJHLL Bce TowrH
BONHBI, PACHOJMKEHHRIE  MEHKXY
ABYMA y3MaMH, KONcOMEOTCA B QIH-
HAKOBRIX ()a3ax; Mp# Repexone Jepes
y3ea da3a kopeOanmil ToUex HIMEHR-
erca Ha % . CToguas BONHA HE nepe-
HOCHT JHEPTHIO.

Ha puc. 13.7 npeacrasiiena crogsad
Puc. 13.7 BOJHA [UIA TpEX PAIIHYHRIX MOMEH-
ToB BpemenH £, ¢,,1,.

3axaua 13.8. IpueMHHK PaJMOCHTHANIOB, CICISIHI 33 IOAB-
JICHWEM CHYTHMKA 3eMJH H3-33 [OPHAOHTA, PACHONOAEH HA Gepery
o3epa Ha Beicore H = 3 M nap nosepxnocruio Bomel. ITo Mepe noa-
HATHA COYTHHKA HAA FOPH3IOHTOM HabMoZalorcs MepHOTMYEcKHE W3-
MCHEHHA HHFCHCHBHOCTH IPHHHMACMOrc curHana. OnpemensTs Jac-
TOTY ' PAZIHOCHIHAIA COYTHMEA, €CITH MaKCHMYMbI HHTEHCHBHOCTH
HAGmOZAMMCE MPH YTAAX BO3BRIMNICHHA CIyTHHKA HAal TOPH3OHTOM
o, =3"na, =6°.

Pewenue.

Tak KaK CNYTHHK HA-
XOOWTCA HA OOJILIIOM pac-
CTOSHHMH OT NMPHCMHUKE, TO
NPHHHMAEMEIH OT HCrO pa-
AHOCHTHAJT MOMHO CYHTATh
mwiockok BonHoH (BC -
BOJNHOBAL - MOBEPXHOCTH)
(puc. 13.8) B mpueMHHK

¥



P nonagaer nyu 1, wayumii HENOCPEACTBEHHO OT CIYTHHKA, H Ty Pewenue.
2, OTPA3UBLINICA OT NMOBEPXHOCTH 03epa, MpuucM B Towke C BH- Tiycrs A - 104K, B KOTOPOK HAGMONACTCA WHTEPOEPEHIBONK-

NOMARAETCA 3aKOK oTpakenma. [Tosromy ZACP = £ MCK =a - HbIH MaKCHMYM PacnonoeXeHa Ha PACCTOAHHM R OT CEeIMHEL 3Kpa-
YTO/ BO3BIMICHMA CITYTHHKA HAM TOPHIOHTOM. AR2 nwa O . PazHoCcTe XONa CBETO-
Iiposogum  PF || AC, rorpa  ZCPF = ZACP=a & S, X o vom mn::aemm He-
ZBPF = Z/MCK = o Kak yrisl C COOTBETCTBEHHO napaneIL- Y R bl gl TO'HHAKAMH, paB
3 S,A-S,A. Hs mpwo-
HbME cropoHamu. Urak £BPC = 2a. / N
Pasmocts xoma nyuer passa CP - BP. Y3 AACP /2 N yromoro AS,AB :
H 2 _ 2 2.
CP=-"—, a m ABCP BP =CPcosla = —-.H—cosza di 1o Q 5,A° =8B "';AB
sinct . sina % :‘*\ =L +(h —d/2) =
_ N .
Crepoparemsuo, CP — BP = A icosZa = 3 N . (r-d2)
singo SNt S,|e— __Jc =L 1+a————L2 )
=—H—(1 cosZa)——Ifl—w 2sin’a = 2Hsina . ' L
sinot, sina h-dj2
Tockomsxy yroa a. Man, sina = o, Toraa CP - BP = 2Hat. . Puc. 139 S,A=L 1+( I ] .
MAKCEMYM HHTEHCHBHOCTH NPHHHMAEMOrO CHIHANA Habmona- ‘ .
€TCs, eCNM PasHOCTh XOAA PaBHA LCIOMY “HCIY BOJEBI, CICXOBA- [lo YCMOBHKY  3aJa4M d<<L mn h<<L, mosroMy -

| TENBHO, A4 YITIOB O, H O, NOAY4AEM YPABHCHHA

(r-d/2) .0
3Ho, = kA, 2Ha, = (k + D, tne & - —-—L——<<1.H35ecmo,trronpn I << Vi+2x =1+ 5

[Tocne BEIMHTAHMA NEPBOTC YPABHEHHA H3 BTOPOTC MOy MM ‘ noIToMy

(k+ DA - kA =2H(a, - )= A=2H(x, -a,); wcoma h-df2 i (h-d/2)
¢ ¢ SA=L1 ( ] =L+—-—a—.

pagEOCHTHANA V = — = ——————%, TJe c-3103m’c— L 2 L

» 2H{e, - o)’

13 npsmayromssioro AS, AC:
CKOpocTS CBeTa, @, = 3° = 1c/60pa.n, ao, =6°= /30 pag. I'Io— e ?

S,A? =S,C* + AC? =17 +(h+d/[2)" wm

cfie nOJCTAHOBKH NOTYYHM V = 10° lu

. | h+d/2 (h+d/2Y
Janaua 13.9. Jlpa TOYEYHSIX KOTEPEHTHLIX HCTOYHHKZ CBETA 32A2 Lz[ [ L/ ) } SzA:Lﬁ“'[ L ]

. 8, u S, pacnonokel Ha paccrosuu d Ipyr ot apyra. Ha pac-

croauun L >> d or HCTOYHHKOB NOMemeH kpaH. Haifry paccros- _Tak kaK ~———— (h +a/ 2) <<], 10

HHE MEXIY COCCTHAMH WHTEPECDEHIMOHHMRIMH NOOCAMH BONHIH ‘

Cepe/AMHBE YKPAHA, €CTH HCTOMHHKH HAIYYai0T CBET C ATHHOM BONHEI h d/2Y
A (puc. 13.9). S,A= L( ( +Ld/2] ]_L+}i(_hj_f/_)_..
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Crnenoratensno, pasHocrs xoma 5,4-S 4 =

L(r+d2) 1(h-d2) (r+ d2) —(h-d/2)’ hd
2 L 2 L 2L L
C npyroii croponm, Tak Kak A - Touka umTEpdepeHuEOHHOTO
MAKCHMYMa,  TO S, A-SA=Fk\, rme k=012,
hd

Cnenona'nehu{o, kA = —E;_ . Orcrona MOy4aeM, Y10 -

HMHTCPEDEHIMORHEIE MAKCHMYMM — pacrionmaralorcs  Ha 3i<parie
CHMMETPH'HO oTHOCHTeNbHO HHE O,0 Ha paccrosmmax
A
h=h, =k=-L.

Maxcumym, cooTseTcrBylomES nErOMY wncy Kk, Hassmaerca
MAKCHMYMOM nopsiaka %.

Maxcemym (k + 1) nopanxa BYNeT HAXOAMTHCA HA PACCTOAMMM

k+1 '

h,,, = g__d)_A._L_ OT CepeAMHEI 3KkpaHa. PaccrTosHwe wmexmy
MaKCHMyMaMy:

hk+] - hk

:(k+l)lL_k?LL_lL 1314
| r P 3 . (13.14)
M3 nocnemmeli  opmymst CICAYST, YTO PaCCTOAHHE MEXTY

MAKCHMYMAMH TeM Gobime, uem Gomme orvomenne L/d |

3anaua 13.10. Jlra nockux 3eprana obpasyror Mexay coboit -

yrofi, 6mmsxuit k 180°. Ha pasueix paccrosmmax ! or 3CPKATA pac-
NONOMCH HCTOMHHK cBeta S . Onpeaennrs paccrosmme MEXIY Co-
CCOHHMHE MHTCP(HEPEHIHONHLIMH TIOOCAMM Ha JKPAaHe, HAXOAAIIH-
MHCst 1A paccrosnny L >> I ot muwm nepeceuenns sepan. Mmma
CBETOBOH BOMHEI — A . Hempospaumssi axpan 3, npemarcrayer
MPAMOMY MONIANAHMIO CBETA Ha JkpaH 3 (pwc. 13.10). Yrox o sa-
AdH.
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Pewenue,

IMocne oTpaxenune ceta or mIOCKUX 3epkan o6pa3yioTca Kore-
PEHTHBIE BOTHEIL, KOTOPhIE Ha
3KpaHe I CONACT HHTEPhE-
PEHIMOHHYI0 kapTumy. Mox-
'BO CYMTaTh, YTO MCTOMMEKA-
MH 3ITHX KOTEPCHTHRIX BOJH
ABMMOTCA MHHMMBEIE H300pa-
xemua S, # S, scTrOwmKa

S B mnockux sepramax. B
paenobenpernom AS S,S :

85,8=8,8S=2ln

Pre. 13.10 - £8,80=18,80=a,

n

rey

ey A
/
-

-

ApPHYEM YTOJ O, MAN, TAK KaK -

yron Mexay sepkanamu 6musox x 180°. Paccrosmme Mexay mmm-
Mo scrownmkamy d = 8,8, = 28, F =28, Ssina. =
=2-2sina = 4la. . Tak kak L >> 1, 10 MOAHO cyuraTs, uro pac-
crosHue or uctounukos S, H S, pasno L . Torma, mcnomays pe-
JYMBTAaTH 3aaaun 13.9, madinem, wro paccrosmme Mexay HTCpde-
pemonm;mn NONOCAMH PABHO A E = LL—

‘ d 4al

3anaua 13.11. Cobupaomas num3a ¢ GOKYCHBIM PACCTOAHHEM
F =10 cm paspesana momonaM BAOME rnaBHOM ONTHYECKOH OCH W
NONOBHHEKH PA3ABKHHYTE! Ha paccroskme [ = 0,5 MM, QueruTs wncno
HHTCPQCPCHIHOHHBIX ONOC HA IKPAHE, PACIOA0KEHHOM 33 THH3IOH
Ha paccrosmmm b = 60 cm, ecmH nepen, AMH30H HAXORHTCH
TOYEYHb(H HCTOYHHK MOHOXPOMATHMECKOTQ CBETA C JUIMHOH BOJIHEI
A = 500 mm, ynanenmedi ot mee wa @ = 15cu. Vuacrox 0,0,
3RKPHIT HEMPO3PaYHEIM 3xpanom (prc. 13.11).

Pewenue.
ITocie Toro xax jME3Y paspesanH, ofpa3sosanoch ABe THHIBI —

T, u JI, c onrweeckumnu uenrpamvu O, 1 O, u dokycamr F, u
F, . Tak xax pamsycsl KpHBH3HBI IOBEPXHOCTEH HE MIMEHHINCEH, TO



(OKYyCHEIE pacCTOAHM® OOPajOBABUIMXCH JIMH3 PAaBHEI (POKYCHOMY
PAcCTOAHMIO Hepaspesarmoi bl F .
CeeT OT HCTOMHHKA S pasAe/geTcd Ha A8a KOTEPCHTHBIX

my4xa; yepes mEE3y JI, npoxogMT MyHOK, OrpaHMYCHHBIH JTy4aMH
SO, n SD, a 4epes mmy JI, mpoxomer ceeroBoi myHox,
orparmycrreii gyuamu SO, w SM . Bee nyun Bepxmero myuka
IepecexaloTca B TOUKE S , ABMAOMENHCA H300pAKEHNEM HCTOMHHKA

S s mmse JI;.

a - f L
— < ple
1
Puc. 13,1}

A
L 4

CeeToBOi Myuyok, mpomeamui vepes maasy JI,, masaer Ha Ixpan
- Mexay Toukamm A u C . Bee nyus HIDIGHETO IYHKA NEPECEKAIOTCH B
Touxe S, apnmomeiica H300pwKenyeM ucromrmka S B e J1, .

Ha 2rpan 3TOT CBCTOBOM My4OK NONANAET MEXAY TOYKAMHE BuP.
TaxaMm 06pasoM, Ha JKpaHe KOTEPEHTHBIC NMYUYKH MePeKpHIBAOTCA
mexny Toukamu A u B . Ha yroif uacTH 3xpana MOXXHO Habmozars

HHTEPJCPEHUMOHHYIO KAPTHHY. MOJKHO TalKe CYHTaTh, UTO

MHTEP(EPUPYIONIME MY KH COMFANBL HCTOURHKAMH S K S,.
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Hycfaf—paocromxemmmanomoﬁpmuuﬁ S, 4 8,.To
tl)opMyneTouxoﬁmmsunl—»:—i—+-!~=>f= Fa = 30¢m.
F a f a-F

Paccrosmme MexIy wiobpaxermwamu S, u S, ofo3mavmm

yepes d, Torma w3 mopobus ASQ,0, um ASS S, mnomywaM

Olozz:?—-o— i: a :}d:éga—‘t—f—)zl[l-i-—f—]:
S8, SN d a+ f a a
= 0,15 cm.

Paccromme or S, u S, no axpama J: L=b-f =30cm.
CleOBATEbEO, HCNOMb3ys pe3ynsratsl 3agawm 139, wMoxmo
OIpeaeHTE PAcCTOAHHE MEKIY dHTEephCPCHIHONEBIMHE
MakCHMyMaMH 1o fopmyne:

L_3%  200a=10"m=10"cu.
d 015 | -

Pasmep AB uETepdepeHUNOHHON KADTHHLI Ha JKDAHE MOXKHO
onpenemaTs i3 nopodua ASQ,0, u ASAB: ,
00, SO _ ,5_00, SK _ l(a+b)=‘(l+2]=

AB SK SO a . a
=0,25em.

Yucno HHTepePEHHOHHEIX HOMIOC HA 3KPAHE PABHO pa3MEpy
vHTEp(ePEHIMOHHOH KADTHHBI AB, pencunoft ma pacCTOSHME

0,25cMm =25
107 %cm

Meaxay maxcemymamy, T.e. N =

3anaua 13.12, ToueUHBHi HCTOMHHK CBETA S pACIONOKEH B
$OKyce THMEIEL, 32 KOTOPOH HAXOZHTCA OHIpH3MA € yIIOM
a = 0,01 pax (puc.13.12). Ha kaxom paccrofmus L or GHmprsMet
MOJKHO HAG/HOATS HAHOOMBIIEE YHCIO HHTEPHEPEHUMOHHBIX NONOC?
CKONBKO TIONOC B 3TOM CHY4ae MOXKHO yBWAeTh Ha dkpame? Hemy
paBHa muprKa nonoc? KoaddmmenT npeomMienus Crexna GHIpH3-
met 72 =1,5, amea somsm ceera A = 0,5 MKM, IHAMETP JIHH3L
D=6cMm
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Pewenue.
TTOCKONBKY MCTOMMMK CBETA HAXOZHTCA B toxyce nuush, Ha
SHIpUIMY MaJaeT napanIe sHbIE ny4ox ceera. CpoiicTpa 6MIPH3MB!

Ha 2

Puc. 13.12

C MAMBIM YIIOM O, GRUTH PacCMOTpeHnl B 3anaye 12.11. Brmo moka-
32HO, YTO MAPANNENBLHLIA My40K CBETa pasbHeaerca GHIpHIMOH Ha
AB2 NAPAINETLHBIX NYHKA, KOTOPhE OTKIOHEHHK OT MEPROHAYATEHOLO
HANpABNCHMA HA yron P = (n - l)w. HawGommee uncno mirepie-

- DCHITHOHHBIX MOJOC MOXHO HAOMIONATL B TOM MECTE, Iiae camas
Gonpmas nuomAms mepeceders HHTEP(EPHPYIOMMX OYUKOB (KaK
BH/IHO M3 NOCTPOCHHA, IT0 GyAeT Mesiay Touxama A u B). Ha ak-
pase J, mpoxommuem wepes Touxd A u B, moxmo mabmonats
HHTCP(EPEHIHOHAYIO KAPTHHY.

Uz ACEM : CE=M£=—D— OrmeTHM, uTO

tgf  2tgp |
CE = KE + CK = CK ,rakxax KE << CK .
- Hermpexyromwuk  ACBK  ~ pom6, nosromy CO = KO =

= CK=2K0=CE=K0-SK_CE_ D __
N 2 2 4tgp
Vunreisas, uro yroz B Manu tgB = B naxomum
= % = '4(1(%1—) = 300cm = 3m. IMperebperans KE | nomyum,
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) A.O:%ME=>M=%MNZ—?—=3CM. 310 M eCcTh

pasMep MHTEpGhEpEHUHOHHON KapTumnl [IpH 210M MAKCHMATRHAL
PA3HOCTS X04a nMyded Apyx myuxos pasna MA - KA. Bepasuu
3TY Pa3HOCTS.

L

Ma AAPM - MA:—B. W AKEM - KE:gtga.

Cos :

KO:EO-KE:L-%ga_

s AAOK: KA =20 _ 1, D2 .
cosp cosf
Virax, MA - K4 = L _ L—(D/2)ge _ (D/2)ee _
cosf cosp cosp
Dige Do _ o i3en

T 2cosp 2
([lpx Mamux yrnax o v B tga = a, cosP = 1),
PajsocTs X013, COOTBETCTBYIOMAS ABYM COCEIHIMM MAKCHMY-

MaM, paRHA AMWEE BOMMEL A . TakmM 06pazoM, 4Mcio HHTepdepen-
HHOHHEIX OJIOC, 0OPA3YIOMAXCA HA IKPaAHE.

N = MA - KA _ 3-107*m
i A 0,5-10"°m _
Tak xag BCA MHTEPQEPCHUHOHAAR KAPTHHA 3JAHHMAET 3 CM, TO IIHpPH-
Ha OHOH MOJOCH paBHa
3cMm

6-10°

=6-10%.

=0,5-10 %cm = 0,5-10"*m = 50mxMm .

3agaua 13.13. Ot TOUEYHOTO MOHOXPOMATHYECKOI'0 HCTOMHHMKA
A OTOABUIAIOT TOYEHHRIE MOHOXDOMATHYECKHH meTourmk B (uc-
TOYHHKH KOTEPEHTHM H CHR(AsHLI) A0 TEX nop, noka » 1o4ke O,
rae HabmonaeTcs muTepdepenuns, He HacTymaer noreMucHue. [Ipu
wom paccroanue mexay A u B d = 2 mm. Paccrosmme mexay
MCTOMHHKOM M 3KkpanoM L = 9m. Ha cxkombKO HyKHO NepeaBHHYTH
xpaH, 410661 B Touke O, BO3HHKIO notemueHne (puc. 13.13)?



Peuienue.

Ipu ymanemnw ucroynuka B
nepeoe MnoTeMHeHde B Touke O
BOJHMKACT NPH YC/IOBHH, 9T0 Das-
HOCTB XO/1a BOJH OT HCTOYHMKOB B
M A pasHA mONOBMEE NIMHL BOT-

O‘i o s, re. BO - AO=i/2 wuwm
< . > .
L L*+d* -L= % =
Puc. 13.13

| ay A
=L 1+i—=| -1l{== 1).
(&) -1-2 o
B 3azave 13.9 0TMeMAI0C, 70 npH || <<l Vi+x = 1+%x. B

d ay 1(dY
nameiiaa.uaqez<<],nomuy I+{—=| =1+=|—=]| =

o L 2\ L
CNEAOBATENBHO, YpaBHCHHE (1) IPHBOIATCS K BHAY:
2
a Aoy
2L 2

Ec/y 3kpaH nprO/M3ATE K MCTOUHMKAM HA PACCTOAHHE X, TO

. : 3\ .
MHHIMYM B TOYKE Ol Gy,mer COOTBETCTBOBATE paaﬂocm Xoma - l y

rc. BO, - AO, z%x wm (L — %) +d° —(L-x)= %x.

Crenosaressuo, (L — x) 1+( d Y -1 -_-.311.
: L-x 2
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YUHTBIBaA, YTO H B 3TOM C/Iy4ae

<< |, IpHXOOHM K ypaBHe-

a> 3
HHIO ————~ = ——

= d* =3L-xh. 11 -
2T 7) = (L - x)». Tlpupasemsas spa

serms gna 42, momyuaem: LA = 3(L—x)7x = x:%L:GM.

3anaua 3.14. Meproa andpaxmmonHoit pemerky d = 4 MKM.
Hudpaxuponsas xaprua nabmogaerca ¢ nomommro mmysr JI ¢
' (pOKYCHEIM  pacCTOAHAEM
F =40cm.  Onpenenurs
JUMHY A CBETOBOH BONMEL
HAJRIOMET0 HOPMANBHO HA
pemeTKy CBETa, €ClH Mep-
BhIH MARCHMYM ROMYHAETCH
a3 paccroanni b = ScM or

. ueHTpambHoro (puc. 13.14).

Puc. 13.14 Pewenue.

‘ [TyCTh HEANpABACHUE HA
NEPBE MAKCHMYM Xapak-
TEPUIYETCH YEOM (p, TorRa no gopmyne AGPAKIMORHOM pEImeTKH

. ‘ AF b
= = =1. ; i = —=
ds#lcp EA =) takxaxk k = 1. M3 AOAF : tgo OF 7

Tpe Manbix @ tgop = sing = %,no:n‘ouy lzd%:O,Sm.

3anaua 13,15, Judpaxuronnas pemerka conepxut 400 mrpu-
XOB Ha lMM. HOpMambHO Ha pelieTxy maaaer MOHOXDOMATHUCCKHH
KPaCHEIH CBeT ¢ AHHOR BoMEs A = 650 aM. Tloa xakmM yrnoM BH-
JeH nepBrni MakchMyM? CKOTBKO BCETro MakCHMYMOB JaetT 37a pe-
meTka? Kakos MaKCHMANBHBIH YIOJl OTKJIOHCHHA JTYHEH, COOTBETCT-
BYKMIMX NOCNEAHEMY AH(PAKIHMOHHOMY MAKCHMYMY 7
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Pewenue. ,

Ha M pemerku npuxomrcs N = 400-10° = 4 - 10° IWITPH-
xoB. [lepuon muippaxumonsoit penierxu d = -J—L,—- =2,5-10"°m. M
$opMy k1 mndpakunorsoit pemerku dsing=&A npn k = | naxo-
AHM  yTroa Py, MNOX KOTOPHIM BHOEH NEPBLIA MAKCHMYM!

sing, = % =0,26 = o, = 15°.

B pasnene 13.2 6510 nokazamo, ¥ro mpH noMomm nEdpaKim-
OHHOH pewleTkM MOXHO HAGNIONAT  MAKCHMYMbI TNOPRKA

ksx=3,8. Yunrsmat, wo B - uenoe wmkcno, nonmyuaem

k .. =3. Urax, nawmas AM(PAKIHONHAA pemieTKa GYAeT AaBaTh
UCHTPANBHBIA MAKCHMYM, COOTBETCTBYIOMMH % = 0 1 1o A8a cum-
METPICTHO PAaCTIONOMKEHHEIX MAKCHMYMA TIEPBOTO, BTOPOTO H TpeThe-
T0 NopAakoB. Beero nomyyaem 7 MakcumMymos.

MaxCHMATBHEG YrOX OTKIOHGHHS Ay4EH COOTBETCTBYET Mak-

CHMYMY TPEThEro nopamka: dsing,,. = 3A =

= sing,, -—:3%'=0,73=>(pm = 51,3°.

3ana4ya 13.16. Haiita cxopocrs ($oTO3MEKTPOHOB, BRLICTARO-
MHX H3 UMHEA MPH OCBEMEHHH CI0 YNLTPA(HOMETOBEIM CEETOM C
LTTHHOH BOMHeI A = 3008M, ecrm paGota exoaa JJICKTPOHA M3 IfMH-
@aA,=64-10"x

Pewenue,

IlprMensem  ypaseewwe Difwmrreitna g dorordidexra:
.2

v

e

v =

c
+ A, . YunTEBasK, YTO 4acTOTa V=I, HAXOMHM CKO-

OCTE (POTOINEKTPOHOB: U =
pona. llocne noacraHoBkE Haxomam U = 8,7 - 10° mic,
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3agaqa 13.17. Kpacuah rpaHnna Qorodekra y auTHS
Ap = 52107 M. Kaxyro 3aaepiuBaioumyto pasHOCTS NOTEHHHA-
A0B HYXHO MPHIOAHTE K QoTOINEMEHTY, YTOOH 3aJCPMATL ITCK-
TPOHBL, HM3TYYaCMBIE NTHTHEM NOA AeHCTBHEM YIbTPaPHONCTOBBIX
mydei ¢ amoi ok A = 2- 1077 m?

Pewenue. '

Mo saparsoll KpacHo# rpammie Goroappexra nerko ompeze-

c _
JHTH paboTy Bhixona mrwa hv,, = 4, = hi——-=A, ().
: _ xp
B cmyyae, xorna nuruit ocsemaercs yILTPadUONeToRRM CBE-
TOM, KBAHTEI XOTOPOro o0yaxaror Gombmei Inepruei, BRIPBABINHCCA
(oroanexTponsr 061ANAIOT CKOPOCTHIO U, a 3HAMMT, M KHHETHYC-

m_ v?

ckoll yxepruci, papHoit , Tog M, - Macca 3JIeKTPOHA.

Vpaekexne DiHnrreina s tpotoathdexTa 3amumerca B BHIE:
' 2
m :
h % =A, +—£ v ).

AnA Toro yroOul 3a4CpXaTh INEKTPONSL, NPHKIATLIBAIOT 3ANCHHH-
BAIOINYIO PA3HOCTh MOTEHIHANOS L., DPHYCM

m, v’
2
tae [e| ~ Moxyis sapsaa 2nexTpona,

MNocne noAcTaHOBRH 3Ha4%eHUit paboTs! BEX0AA 13 (1) K MaKca-
MANBHOR KMHCTHYCCKOH 3HEPTrHM H3 (3) B ypaBHEHHE (2) NOMy4HM:

= lefz,| 3),

-A '
hf’i:hi+|e"u3|:,|u3|=h°(L=3,sB.
Ay A,

3ana4a 13.18. H3myvenue. aproHoBOro Aa3epa ¢ JUTHHONH BOJHbI
A = 500 mm cioxycrposano Ha nnockoM (oOTOKATONE B NATHO AHA-

merpoM d = 0,1 mm. Pabora saixona dotorarosa A =25B Ha
TUIOCKMit AHOM, PacTIONOMEHHsIH Hi paccToauuE L = 30mmM oT xa-
TONA, NOAAHO YCKOpAIOWMee Hanpsoxenne & = 4 xB. Haittn quamerp

a1



naTHa (OTOINEKTPOHOB  Ha

K o, E A amome. Awog A pacnoncxkeH
- j
v “ _ NAPANNENEHO  NOBEPXHOCTH
d xaroza K.
- L Pewenue.
¥ < ™+ - Hcnome3ys  ypaBHeHHE

Jfpmrefina and porordpdek-
Ta, MOXHO OnpeAchMTe U, —

" Puc. 13.15 ~ CKOpPOCTE  (POTOINCKTPOHOB,
BEIMETCBIEHX  H3  KATOjA:

f

C

h1-=A + —— 'MpHYEM  BCKTOD

CKOPOCTH 3IEKIPOHa D, Ranpasies NPOEIBOILEO B MPOCTPAHCTBE

(cM. pac. 13.15).
Meskay aHoaoM H KAaTOAOM CYIMESCTBYET OAHOPOAHOE SAEKIpH-

YecKoe NoJe C HANpmKeRnocThio K = i HanparNeHHOE OT aHOAA

K KaTozy. 310 none ACHCTRYCT KA JMEKTPOH C CHION, PaBHOK 10 MO-
nymo |e|E w ranpasnennok » CropoHy, HPOTHBOMONCKHYIO BEKTO-

py E (le] ~ monym 3apsna snexrpona). Buenewm ocn xoopmurar X

H Y , HATIPARNEHHMIEC KAK MOKa3aHo HA puc.13.15. B wanpasxewwu
_eE
ocu X 2MEKTPOH OPHODBPETAET HOCTOMMHOE YCKOpPeHHE &,

, (;
(m, — mMacca 3McKTPOHA) ¥ COBEPMIACT PABHOYCKOPEHHOC ABHKC-
HHE, ‘ :

B HanpaBneruu oCH Y Ha NCKTPOM HE ACHCTRYIOT GHIIR, €TI0
YCKOPEHHE B 9TOM HANDABICHHH PABHO HYJIO, a ABHKCHHE ABJIAETCA
APAMOTHHEHHEIM PABHOMEDHLIM.

JHAMETp MATHA Ha AHOAE OMPEASNHETICH MIEKTPOHAMM, BhUIC-
TCBIIAMH H3 KDaHHMX TOMEK Katoaa. Kpome Toro, AMaMerp mATHa
Tem GONMElE, weM OOMBING CMCUICHME 3NCKTPOHOB B HANPABICHHH
ocH Y . B CBOIO 0uepens, 370 CMEIEHHE MAKCHMAILHO, KOLAA MpO-
EKIIMA CKOPOCTH 3ICKTPOHA HA OCE Y MAKCHMANILHA, K KOTIA BpeMs
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x(t)y=L=

nopoleTa JAEKTPOHA
Y MAKCHMANBHO. 3710
. B ' COOTBETCTBYET TOMY,
vO ) YTo CROPOCTh 3K~
4 . TPOHOB  RANMpaBICHA
_ 2 BIOMB  OCH Y

K X (puc.13.16).
, : ITomecTHs EHada-
70 KOOPAMHAT B IIEH-
A TPE KATOMZ, 3ANMIMEM
Puc. 13.16 JBIDKEHHS 3JEKTPOHA

: IO OCAM KOOD/JIMHAT:
IelE

B

x(t)=x, + v,

y =y, +vot=%+v°t.
Ilpn nonagaAHHH 3CKTPOHA KA AHOA

a,t? |eE ' .
--*‘—”:L[-—t:. Orciopa creayer, wto ¢, = [—f—
rae ¢, — spems mpornera. B Toaxe B, B koTopoit anexTpon nomanaer

HA aHOZ yﬂzg—-i-votn.,,umucrp ATHA HA AHOZE D=2y1‘3.:

3amaua 13.19. MOOmHOCTE TOYEHHOr0 HCTOYHHKA MOHOXpOMa-
Trdeckoro ceera Py =10Br. Jymea porest A = 500 nm. Ha xakom
MAKCHMAILHOM PACCTOAHMH ITOT HCTOYHMK OyzeT 3aMeveH yenose-
KOM, €C/TH /a3 PEATHPYET HA CBETOBOH MoTOK 7t=60 (oromoe B
cexynxy? Quamerp spauka d = 0,5 om.

Petuenue.

3a MpoMEKyTOK BpeMeHR Af ‘ml:e*nm:ﬁ HCTOYHHK HAJTY4aer
meprico P, Af. opmicM B /H0G0H MOMEHT BPEMEHH 3TA SHCpIHA
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PacrpencnieTCs paBHOMEPHO [10 MOBEPXHOCTH ciepht paauycom R .
Ha eaunnuy nosepxmocru npuxonmrcs JHEPrHA HIMYHMCHHS, PABHAA

P,At[4nR? | u, CAEACRATENBHO, B 3PAYOK, HAXOMAINMECS HA pac-

2
R]Azs,rnc S=nd
4nR*

Bpema At B 3pawok momagaer N oronoB, TOrmA CBeTOBYIO IHED-

cromuuk R | nonaaer sHepras . [ycrs 3a

- ¢
THIO MOXHO BRIPA3uTh Kak NAv =Nh1_' IIpupaBHuRas SHAYCHU

JHEPrHil, nomy4daenm:
2 3
POAt[nd ]=Nh£=:> B g2 N,c

arR? | 4 A 16RZ . Ar %

Ho ﬂ.-_-n, NO3ITOMY -P—"dzznh-c—::,ﬂzg -ﬂ’}_z
At | 16R? A 4Vnhc

=10° M=10% km.

3anaya 13.20. Cser or comuna mamaer ua NJIOCKOE 3EPKANO
momamsio S =1M? nox yroom ‘o = 60° . Haitu CHIY CBETOBOTO
AABTICHMA, CHUWTAd, MTO 3EPKAT0 MONHOCTHIO OTPKAET BECh MANAM0-

| opit Ha wero ceer. MssecTro, uto CPERHAA MOLNHOCTE CONHEMHOrO
MIMYSEHRA, TIPUXOaMNAICT Ha 1M NCPNEHIMKY IIpHOM K 3myc-
HHIO 3eMHOM noBepxroctH, P =14-10° Br/m?.

Pewenue

Tlanaromue na 3epkanc Qoromn ynpyro OTPAXAKYICA OT HEro,
MpUYEM HX CKOPOCTB OCTACTCA PAaBHOH CKODOCTH CBeTa ¢ . [locie
OTPAKCHUA UMITYJTbC (JOTOHOB HANIDABIICH BIONS OTPANEHHOrO yya.
Hsmenenne ummymeca orosos 00YCNOBIEHO HMIYNECOM CHIM,
ACHCTBYIOEH CO CTOPOHH 3epKaa Ha (oromsL. ITo TPCTBEMY 3AKOMY
HeroToHA TO4HO Taxas xe mo MOaymo cuiaa Syaer peficTBopats Ha
IEPKANO CO CTOPOHK POTOHOB. :

-3a npomexyTox Bpemenn A? Ha miomamky S, PacROAMKEH-
HY0 NEPUCHIMKY/IAPHO HANMPABNCHHIO PACHPOCTDAHCHHA CBETA, IMa-
AACT CBETOBAA SHCPTHA, paBHas PALS . Ecmv xc miomamxa pacno-
JOKEHA (KaK B HAOIEM CHY43e) noX YIIOM, TO 3HEPrH#, KOTOpas Ha
nee nagaer W = PAtScosa (puc. 13.17).
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Ha unonixmy nagaer Genwit CBeT, comepxaumil GoTokel pai-
HBIX Y4CTOT, MOITOMY MaJAOMAN

ameprus W =) N,(hv;), e
N, - xomrtecrso ororos wac-
TOTH  V;, NPOMEMUHX 4epes
IUIOMAZAXY 3a Bpems Al .
Paccmorpem oTon 4acro-
TH V;, YIPYro OTpasaroupiics
Puc. 13.17 OT muomanke. Moayms ero wM-
OyMbCa A0 H NOCHE OTPAXKEHAN

hv.
PaBHBL, T.. P, = P, = i Beenem ocu X u Y , manpasnenmric
¢

KaK NOKa3aHO HA pHC. 13.17. [Ipoekusy HAMANMEHOTO H KOHEYHOIrO
HMITY I6COB BHPAKAKTCSE GOPMYAAMHE:

Pox =Py COSQ; Py, =PysSINQ;

Py =Dpycosa; p, =pysina,

Orciona crenyer, wTo H3MeHeHME HMIYILCOB IO 0cAM X u Y

_ pasmst Ap, =p, - p,. =2p,cosa, Ap, =0 . HsmereHEe HM-

nyneca oroma Ap = Api—Ap; =2p, cosct, ,
Hsmenerne mumysca N, $oToHOB pasmo (2p, cosa)N,, a
WIMCHEHHE HMITY.1hca Boex (otonos - ) N 2p; coso . M3 ocsos-

HOTO YPAaBHCHUN JHHAMHKH H3MEHCHHC HMIYNBCA PABHO BMITYABCY
AefcTByromeit CHITh:

Z(NI- 2p, cosa):FAt:» Z[Nﬂé—z-i—cosa) =‘FAt=>
=>—2—cosaZ(Nihvi)=FAt.
c : _

Kax yxe ormeyanoce, cymma ZNihvi =W - IHEDIASA H3-
MyMCHHA, paBHas, B cBolo ouepeap, PyAtScosa. Ilocae moxmcra-
HOBKH B IIOCIICAHEE YPABHEHHE DOTYYACM:
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%cosaPAtScosa =FAt=>F= 2£Sco52 a=23-10"°H.
¢

3ana4a 13.21. Ha oCH JymmHOI TOHKOCTEHHOH TPYOKM pammy-
coM I'=1cM C 3¢pKANBHO OTPRKAIOMHMH BHYTPEHHHMH CTEHKAMH
PaCOONIOKEH TOUCHHBIH MCTOUHHX S, MOIHOCTE KOTOPOro
P =1Br, naommit winyuenme ¢ mmHoH BomHM A =05MrM. 'Y
TOpNa TpyOKE Ha paccTosmH L =1M 0T HCTOMMHKA PacHONOXKEH
doroanemerT @3. Halitu yncno GoToHOB, Nomasaromux Ha QoOTo-

IMCMCHT B OOHY ce-

A D

KYHQY fIoChe IBYKpaT-

cTeHKAX TPpYOKRm (pEC.
13.18).
Peweniue.

IIpesxxne uem pe-

LTI IITTIIS

ONPCACIHTE TeReCHbIH
yrol Kak NpOCTPaHCT-

Puc. 13.18 OMHOH B HeHTpe C(be-

PHYECKOH - NOBEPXHO-
crn pamaycoM . I . Ec-
IH 3TOT YTOJ ONHpAacTCa na ChepHUeCKOHR NOBCPXHOCTH Ha ILIOMAL-

xy 8,10 a=£z- (png. 13.19).

Ha puc. 13.18 npuseaen xoq myua SA , XOTOPEIA HCIBITEEBAET
JIBA OTPAKEHHA HA CTeHKAX TpyOku. Ec-

JM Ny BHIXOZMT W3 Toukd S mox

OGoneImM YTAOM K OCH TPYOXH, TO OH

. g  HcmuThBaer Oonee HABYX OTPAXKEHWH.

Xoa Takoro nyya H3cOpaREH NMYHKTHD-
_ HO#l THHACH H3 puC. 13.18,

AB u DF - nepnenamxymnspsi,

BOCTAHOBIICHHEIE B TOYKAX MAXSHAA TTy-

Puc. 13.19 ya. Tak kax ZSAB=<BAC, T
-ASAB=ABAC . ARanoruyHo n0Ka-

226

HOTO OTpaXwCHHA HE .

BCHHBIA yrom ¢ Bep--

smBaercd, 410 ACDF =AKDF . /BCA = /DCF xax sepru-
kaneubie, noyromy LBAC = ZCDF . Aranormuso IOKA3EIBaeM,
yro AKDF = AKMN . B wrore nomydaes, ¥ro

ASAB=ABAC =ACDF = AKDF =AKMN . Cneporarems-
w0, SB=BC=CF=FK = KN-—L

* M3 town S BsrxomsT Taioke Ay, PACKPOCTPARAIOMIMICH CHM-
METPAYHO OTHOCHTENEHO OCKH TpyGKm, — 310 ;yw SA,. Tenecwsii

yrox o, cooreercrayromuii nyqam SA u SA,, umeer pepomny b
Touxe S . Tak kak 7" << L, 1o pamuyc cpepsl ¢ uenrpom B Touke S |
SA=84, =SB=-§-L, a mIomaAns chepHUSCKOH NOBEPXHOCTE,

Ha KOTOPYIO OHPACTCA YroA O, , PABCH IUIOMANH CEYEHHE TPYOKH —

2 2
nr? . Taxum obpasom, o, = LU Ly

Ec  yMmeHB-
IHMTH YTON BHIXOAA
ny4ya ¢ oCsi0 TPYD-
KH, TO IpH HEX0TO-
pOM 3HAYEHHH ITO-
FO Yroz KOJMHECT-
BO QTPANCEMI 0T

Prc. 13.20 CTEHOK  CTaHeT

' DaBHEIM  OXHOMY.

Xox raxoro nyqa SE npescraenen xa puc. 13.20. ‘
Henoms3ya 3aK0H OTPOKEHAA, TOKAIBIBAEM, YTO

ASTE=ATEQ= AQZY =>ST TQ=QY = —L

Tenecnsiit yron, cocmaermymumu myvam SE n SE
' rr®  9nr’

L3} L




Hrak, BCce NyuH, HCHBITHBAKIHE ARA OTPRKCHHA, HAXOAATCH B
opeaenmax o, <o <oy, Toueunsii nerounyk S HINY4aer pasHo-

MCDHO TIO BCEM HaNPABICHIMAM, NOITOMY MOIGHOCTD, IMPHXOAAMAACH
| 3 5 P

HA eMHMHYHBIH TEIeCHBIH yron, paska —4— (Tenecmnof yron, onu-
n

parommiica Ha Bcro cepy, pasen 4 1), CrenoBaTenbHO, MOBHOCTE
HIJIyCHHA B TENECHOM Yriie (a., - az) paBRa

P, \ P(25wr® 9nr’ r?
41‘(‘11“12)—5[ — - =4PF.

r L’
C apyroii CTOpOHBI, MOINHOCTE HITYYEHMS MOMHO BRIDAINTE,
YMHOXMB 3HEPrur0 (poTona Ha wmcno doToHOB B 1 cexymny, T.C.

hvN = h%N . [Tomyuaem ypapHeHEE:

rY 4P,
4Pl T | hEN=N=22E[ D) o7
' P(LJ 8 ke (L] =107

e

Tnasa 14. DneMeHTbI TEOPHH OTHOCHTENBHOCTH.
Aromnan u apepHan pusKKa

14.1. IMocTyNATH! TEDPHH OTHOCHTEILHOCTH

OCHOBY TEOPHH OTHOCHTE/LHOCTH COCTABILIOT JBA IOCTYNATA
HPHHLBN OTHOCHTEABHOCTH Bﬁnumziina' H NOCTY/AAT ¢ CKOPOCTH
CBETA B BAKYYME. ,

Ipunyun omnocumensrocmu cbopuymtpyercn Tak. /mobne

- ‘hHIMgECKHE ABICHAA NPH OFMHAROBHX YCIOBHAX MPOTEKAIOT

OAMHAKOBO BO BCEX HMCPUMANBHBIX CHCTEMAX OTCUETd, T.€. JAKOH
dnsmcn mmeror omHMy H Ty ke dopMy BO BCCX HECPUMANLHBIX
CHCTEMAX OTCHETE.

[oemyram o ckopocmu ceema 6 6aKyyMe YTBEPAAACT, =10 BO
BCEX HHCPUHANGHEIX CHCTEMAX OTCHETA CKOPOCTh CBETa B BAKYYMC
ABISETCA OPENENBHON CROPOCTRE0 H HE 3ABHCHT OT CKOPOCTH
IBIDKEHHA HCTOMMERA W RaOmomarend. CxOPOCTh CBCTA B BaKyyme
c=3-10" m/c. '

TlocTynaTel TEOPHK OTHOCHTCHBHOCTH OTPRAN0T PEAIBNBE
3AROHOMEPHOCTH, CYMICCTBYIOMEC B mcpyvlca!omeu mape. Mz Hmx
BRITEKACT PAX BAMKHKIX CIC/ICTBHH.

14.2. OctoBHble ¢ opMyJIbl TEOPHH OTHOCHTEILHOCTH
1.0Omuocumensiocme paccrmnoRuuii,
TMycrs I, — Ammma Crepxef B HEKOTOPOH HRCPUHATHHOH
CHCTEME OTCHeTa, OTROCHTE/LHO KOTOPOR CTepaens mokomrcs, [ —

IUIHHA ITOTO KE CTEPHEA, HO B CHCTEME OTCYETA, OFHOCHTEIBHO
KOTOpOH CTEpXEHb JBHKETCA CO CKOPOCTEIO U, TOLRA

1=l 1-(v/e) (14.1)

uy xotopoik ciaemyer, wro l<l;. Tlpm v <<C OTHOmMCHHE

{v/e)’ =0 u ! npaxrreckn passo [, .

2.0muocumenbHOCInG NPOMENYMKOS SPEMERU.

TTpomexyTok BpeMeHH T, (CODCTBEHHOE BpEeMA) MEXITY OBYMA
COGHITHAMHE, NPOHCXOMANIHMH B HEKOTOPOH HHEpUHATHHOH CRCTEME
OTCYeTa {HEMOIOBIDKHAN CHCTEMA), H MPOMEKYTOK BPEMEHH T MEXTY
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ITEMH Ke COOBITMAMM, HO HIMEDCHHRIH B CHCTEME OTCHETa,
ABWKYMEHCE CO CKOPOCTBIO U OTHOCHTEIEHO “HemoOABHXHOK
CHCTEMBI", CBABAHE! COOTHOIIERMEM

T -

—— (14.2)
V1-(v/c) |
KOTOPOC MOKAIWIBACT, 4T T> T, (3PdexT lameanerus BPEMEHH).

2
IMpu v<<e Wie)y* -»0mnr NPAKTHYECKH PABHO T,.
3. Penamueucmexuii 3axon cnoxcenus cropocmet,

T =

Ecmm U, - cropocs tena ormockTenmEo HEKOTOpO#H

TMONBIGKHOR ~ CHCTEMBI OTCYETa, JAPHXYEHCH  OTHOCHTENSHO
HCMNOABIOKHOR CO CKOPOCTHIO @, TO CKOPOCT © 3TOro Tea
OTHOCHTCIIBHO HCNOBIKHOK CHCTEMHl OTCMETa ONDENE/AIACh

WIACCHMECKHM 3AKOHOM CTOWEHMA CKOpoCTe: D=ii+1D, . B
HACTHOM CJIy4ae, KOIZA BCE CKOPOCTH HanNpaplIcHL! BJOG COHOH
TPAMON, JUI% HX MPOEKIHH MOMYIAN0CH COOTHOME HE: [ = u+v,,.
Cornacso TeOpHE OTHOCHTERLHOCTH YKatawHle BRIE CKODOCTH

. SPA3AHK 6018¢ 06mHM COCTHOMCHHEM '
- U+v,,

I+ Ew;“‘

[4

KOTOPOC  HAIWBAIOT PEISTHBHCTCKHM — 3AKOHOM CIIOKeHHn

-

(14.3)

" : uvrmt
Ckopocreii. Ipn & <<€ n°v,, <<€ orsomenue s~ >0 us
¢
Opeacne NOTy4aeTCA KNACCHYECKHH 3aKOR CHOXKEHH CKOpOCTEiL.

4.3asucumocms maccer om CKOPOCII d6uICeRILA.
Macca Tena 3aBuchT or CKOPOCTH €ro ABIPKEHHA H BRIPDKACTCA
QopmyJoit

m,

m=. - (14.4)
Vi-(/c)?

TAC U - CKOPOCTH ABIDKEHNA TENA, M7, — Macca MOKOA Tema, ITpm

v=0 m=mj, mpn v <<c MACCA TeJIa MPAKTHYECKH PABHA Macce

Mok, € ypenuYeHHEM CKODOCTH IBPIDKEHHA Tena MACCE €ro
BO3pAacTaeT.

S, Penamusucmckuii umnynoc mena.
WMy mse ABEXYImIEFocf CO CKOPOCTBIO U Ted BHpPAKACTCA
dopmynoii

- myo

pemo= J1- /ey

The M, —wmacca noxog. [Ipn U << ¢ HEMIYJBC TENa BRMUCIIETCS 10

(14.5)

opMyne knaccuyecKo Mexamuka: P =m0,
6. Consv mexncoy maccoii u nepzueii, )
Cemss mexay maccofi m oHepraedl BeIpaxaieTcs (Popmymok
Jiinmrreiina '

2
m,c

V1-(v/e)

Mps 0=0 W=W,=my’, npr srom W, massmaerca
3uepraeil MOKou,

Hanpuwmep, 3nepria nokos 3eKTpoHAa
W, =m,c? =910 1~ (3-10%)? (/) > =819-107' i -
Kax  mpaBmno, 3HEPrEIO 3MEMCHTAPHKIX HACTHI BHIPREQIOT B
INCKTPONBOMETaX, mpuacm 13B=16-107"° i TMostomy smeprus
NOKOA J/RKTPOHA;

W=mec?= (14.6)

WD =819‘~10-i6 ‘(E—%F;]3B=511‘1033B=51133B=

=0,511MaB. |

Ha dopMymsr (14.6) crefyer, ¥To H3MEHCHHE JHEPTHH TENA
AW  ceasamo ¢ mIMemewdmeM Maccel Ha Am, npwueM
Am=AW/c? . |

T Kunemuneckan IHEPUR OBUNCYWEZOCR MENG.

Kuneruueckas INeprus ABWDKYIIEIOCH TENa pPaBHA PasHOCTH
MEXI €T0 JHeprHell W JHEPTHEH MOKOA, T.e.

W, =W-W,=me’-mec? 4.7
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14.3. Ctpoenne aroma. llocTtynars: Bopa

AToME MMeroT pasmeps mopsmka 107°m. Arom  moBoro
XHMHYCCKOTO 3ACMEHTA COCTOHMT H3 MOJOMKTEABHO 3APHKSHHOIO
APa WM IANEKTPOHOB. HApo aTOMa  HMECT  PasMEPHl  MOPAAKA
107 +107° M u B Hem cOCpenOTOWENA MOUTH BCA MACCA aTOMA.
TonoxuaTeNbEKI 3APAX ATOMHOTO AADA PABCH NOPAUKOBOMY HOMEDY
snementa Z B nmepwogEueckok  Ttabmane  Mempeneena,

YMHOKEHHOMY ' HA MOXY)(b 3apPSAA SNEKTPOHA |e|, Ywco IMeKTPOHOB

B 4TOME PaBHO DODAAKOBOMY HOMEpY dneMenTa. [losroMy atom B

HENOM IACKIPOHCHTpaICH. :

ATOMHHIE CHACTEMB HOTMHMHAIOTCA JAKOHAM - KBAHTOBOM
MexaHuky. CICACTBHCM ITHX 3aKOHOB ABIAIOTCH NOCTYNATHI bopa,
NPABHILHO OTHCHIBAIOIIHE CBOHCTBA aTOMA BOXOPOAA.

Iepauiii  mocrymar Bopa: aroMHAS CHCTEMA  MOMET
'HAXOOATECS TOMBED B  0COOBIX craunonaplmx (KBAHTOBEIX)
COCTOAHHAX, KAXJAOMY H3 KOTOPHIX COOTBETCTBYET ONPEICHCHHAN
smeprus W,, rae n — HATYPAIBHOE YACIO; B CTAUMOHADPHOM
COCTOXHHE ATOM HE HITyJaer.

Bropoii nocrynar Bopa: BxnydeHHe CBeTa NMPOHCXOJHT IPH
OEpEXOae ATOM3a W3 CTAUMOBAPHOTO COCTOANHEA ¢ Gonpmeii sneprueii

W, B crammonaproe cocrosmue ¢ meHbmieli sxeprueit W, (n a

k- marypamsme umcma, W, >W,), mpwuem ameprun

HANYMEHROrO (pomna PaBHA pA3HOCTH OJHEPTHA CTANHOHADHLIX
COCTOSHMM

hvk,n = Wk ”Wn s (14.8)
rne h=6,63-10" Ibx-c — nocrosmman [Inawxa, a Vg — 9aCTOTA
HATy4EHHOTO PoTOHA,

IToctymatet Bopa HAOTOIHAIOTCS NPABMIOM KBAHTOBAHMA
BEIHIHRLI MM, Ur (MOMCHT HMOyABca), raé M, -— wmacca

3MEKTPOHA, U — €ro CKOPOCTh Ka opbute pamtycoM 7. Cornacso
ITOMY NPABHITY MOMEHMT HMIYNSCA JMEKIPOHA MOMET NPHHUMATS
TOABKO SHCKPETHEIC 3HAYEHUA, ONpeensemuie GopMymoi:

mevr=n-’fm - . (14.9)
2n

rac 1 — HarypankHOE “HCII0.
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14.4. JHeprus CTAHOHAPHBIX COCTORHH aTOMA
BOOPOAA

TMonHAS SHEPTEA aTOMa BOJOPOJA PABHA CYyMME KHACTHHCCKOH
m,v’

sueprum Jncktpoma W= H [OTCRUMANBHOK 3HCPTHH

INMEKTPOCTATHYECKOTO BIAHMONCHCTRHA MCEKIY 3NMCKTPOHOM H
npotosoM simpa W, , mpmiem
2 v
e | € e’
I A
r dung r dne,r

rie £, =8,85-1072 ®fm - anexipirieckan nocrosHuas. Takkm
obpa3oM, HEPIHA aTOMA BOKOPOAA
2 2
w1l € (14.10)
2 4ne r

Jipwxenue IMCKTPOHA MO KPYroBod opOHTE NPOBCXOIMT TOX
OeHCTBHEM KYAOHOBCKOH CHUILI IPHTLKCHAA
2
ol e

A dnert 41t50r2

KOTOpad cOO0WACT 3MCKTPOHY UEHTPOCTPEMHATENLHOC YCKOPCHHE
a,=v’[fr. To w=opomy saxomy Hmioroma F,=m,a, =
e’ v’ '
= ——— = m,— . H3 nocneanei GOPMYIBI OTPEACAIEM
4ne,r r

2

m,v? = —— © o (14.10)
4ne,r
H TOCTE MOACTAHOBKH B (popmymy (14.10) HaxoAuM:
e’ e’ e’

= - = =-1-Wp, (14.12)
8ne,r Ane,;r 8me,r 2



BurpasaM w3 dopmynn (14.9) v=n H TOACTABHM B

2nm,r

e2

dmg,r

TOCNEHET0 PABEHCTBA HAXOAMM DAJHYCHI OPOHT JIEKTPOHA B aTOME
BOJIOPOAA: :

2
dopmyry (14.11), Torna momydsM: me[n h } =
: 2zm,r

252
n‘h'e,

r:rn_ 2t

neN. . (14.13)

nm,e

Kax sugwo, :mempon B 3TOME BOJOPOAA MOMET ABHIATHECH TOJNBKO

" OO0 BOOAHE  ONPERCNCHHRIM ~ OpOHTaM, pamMyc  KOTOPBIX

PACCUHTHIBACTCA MO (bopmyng (14.13). Tlocne noacramopku I, B

bopmyny (14.12) HAXOAEM 3IHAMCHMA 3MEPrHii CTANMOMAPHBIX
COCTOSHEH aTOMa BOJOPOIA.

2 4
e m.,e
W, =- = 2‘2 —. (14.14)
8ne, r 8e h’n :

* =1 COOTBETCTBYET OCHORMOMY OJHEPIETHHECKOMY COCTOSIHHIO
aToMa BONOPOAR, B KOTOPOM OH MOXET HaXOAMTRCA CKONG YTOIHO
4
m.,e
nponro: W, =— T =-2,168-10"" Ix=~13,6 3B.
€y

Hna T1oro, vrofH HOHM3WPOBATE ATOM BOZOPOJA, €My
He0OXoaHMO coOBmuUTE IHEpPrmIo

W, =-W, _m"xz—e—_136313 (14.15)
< saeh

IIpa nepexone aToMa W3 CTALMOHAPHOIO COCTOAHYA C IHEPrHei
W, B cocrosmme ¢ sucpruer W, (k,ne N.k>nW,>W, )
aToM H3AY4YaeT KBAHT 4ACTOTHI
4,
We-W, me (1 1
* h 8s2h*

Vi

n kK
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VMHOAKHE 00¢ YACTH MOCASIHEr0 PABEHCTBA Ha K, MONYHHM, 4TO

me* (1 1 mee*
hvkln:ﬁz—[_{—k—z]. VypTmBad, 410 T =W,

1 1 _
hv kn = W""“[n_z - -’;—?) (14.16)

14.5. Crpoenne aTOMHOI 0 iapa

fOpo aTOMa HMEET CIONKHYIO CTPYKTYpRY. B ero cocrap BXomsT
NONOKKTENLHO JAPAKCHHMIC NPOTOHM H “acTHOR Ged 3apana -
HelTpoHbl. TIPOTOHE B HEATPOHB! HA3HIBAKT HYKIOHAMIL

Tiporon H HEHTPOH HMEKT NPHMCPHO PaBHYIO MaccCy.
TWwATELHO BHIIOMHCHANS IKCIEPHMEHTH TNOKA3ANH, YTC MACCa

npotona M, =1,67252-107" kr, a macca eliTpona

=1,67495-107" kr
B AfepHOR q)mmcc MAcCy BRIDAXAIOT B ATOMHBIX CUAHHIEAX
Macchl (a.¢.M). ATOMHAS eEHHHANA MACCH PaBHA 1/12 MACCHl aTOMA

yrnepoza: laem =16605655-10"" kr. Brpamessne B aeM
MACCHI NPOTOHA K HEHTPOHA COCTABMMOT: M, = 1,007825aem u

m, =1008665a.em.

Konmu4ecTeo MPOTOHOB B AAPE MKCICHHO PAaBHO NOPASKOBOMY
HoMepy Z snpa s neproaudeckol Tabmuue Meraenecsa. ‘

KONWYECTBO HYKROHOB B spe (CyMMa NMPOTOHOB M HEHTPOHOB
AIpa) HASHIBACTCA MACCOBEIM UHCaoM A supa

Komuuecrso neiirporoB Bsgpe N =A - Z .

fapa ¢ oxHEM H TEM K€ YHCIOM IPOTOHOB, HO Pa3AHHBIM
YHCHOM HEHTPOROB, HAIBIBATCA HIOTOMAMM., HX XEMAYCCKME
CBOHCTBA TOMICSCTBEHHEL.

Jna o603HAYECHHUA ANEp OPHMEHAETCS CHMBON ZX roe X —

XUMWYeCKRA CHMBON dMemcrra, A — Mmaccooe tmcno, £ —
MOPAIKOBBIH HOMED B NIEPHOMIECKOH TabmHue.

TTpOTOHE! M HEHTPOHEI YACPAKHBAIOTCA BHYTPH AIpa OCOOBIMH
CHIAMH — AIePHBIMH. SICPHEIC CHIBI BO MHOTO pa3 MPCBOCXOAAT
JAPYrHE  M3BECTHME CMIBl Mpupoast. [lo  3TOR  mpHMMHC
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B3AHMONCHCTBME TOCPEACTBOM ALEPHBIX CHA HA3LIBAIT CHILHLIM
B3aUMOJeHCTBHEM. SncpHbic CHIBI MPOABIAIOTCA HA PACCTOAHMIX,
CPaBHMMBIX C pa3MepoM Aapa, T.€. HA DACCTOAHMAX NOPAAKA

107 2107

14.6. PaanoakTHRHOCTL. Jakon PARHOAKTHBHOTO
pacnaaa. JHepras cBA3M AApa

fAnpa  HEKOTOpBIX  XHMHYECKHX  ONEMEHTOB  MOLYT
CAMOIPOHIBONBHO NPEBPAATECS B AAPA JPYTHX  XHMHYSCKHX
INMEMEHTOB. 3TC JBJICHHE HAZKIBACTCH DPAMMOAKTHBHOCTLI0, OHO
COMPOBOXKAAETCA DANMOAKTHBHBIM HITyYEHHCM, NDECTABILAIOIIEM
cobo#i noroxH -, B- ¥ -m3MyyeHmHi:

Y-HMIYMEeHHC  NpPCIOCTABIMET  coDOH  KOPOTKOBOIHOBOE
usyucnue (LmuHa somast o 107" g0 1075 M, -

P-mumyaenme — TO HOTOK INCKTPOHOB, ABMAYIHXCH CO
CROPOCTAMH, GIM3KMMH K CKOPOCTH CBETa,

. _(:l-umy‘lenne €CTh TOTOK O-YACTHI, T.8, ADCP aTOMa remms.

Ilpuw  pammoakTuBHOM pacnase BENIOAHAETCA  MpPaBRIO
CMEHIEHAA.

Tpu oi-pacniaje AAPO TEPACT NMOAOHKNTE MLHKIE 3apan 2Je|, a ero

Macca yOLBacT Ha JETWpPE ATOMHBIE SAMHMULI, B HTOIC 3IEMEHT
CMCIIACTCA HA JBC KIETKH K HAa4aly NCPHOAMYECKOM Tabmmms.

@.-pacnaa orobpaxaercs dopmynoii:
X4+ He
rae ‘;X ~ AOpO, HCOBITABHIEE CL-DACHAX, ‘}__‘ZY —  sapo,

obpasosasineecs B pe3yibTaTe (L-pacnaza.
Tpu B-pacnane 3apan snpa ysenwmmaercs Ha |e|, a ero macca

. OCTaeTCA MNPAKTHYECKH HeHsMeHHolt. [-pacmas  oroGpaxaercs
- thopmyroi:

‘ A A 0
. z XY+ (e,

Ilocme [B-pacnagza anpo cmemaercs Ha OAHY KIETKY K KOHIY

nepHoaHyeckoi TabmHmt.
' Y -H3MY4YCHHE HE COMPOBOKIACTCA H3MCHCHMEM 3apsia aapa;
Macca apa OCTaCTCA MPAKTHYCSCKR HEMIMENHOH,

236

Ond  xaknoro  paJMOAKTHBHOrO  BEIOECTBA  CYIUECTBYET
ONPEAENEHNRHE HHTEPBAN BPCMCHH, HI MPOTHKEHHH KOTOPOre ero
AKTHBHOCTD (MMCHO DACAZOB B CAMHMLY BPEMEHH) yOmmaer B 2
paza. 1o MHTEPBAn HAILIBAECTCH mEpROJOM momypacmana 1. 3a
NMEPHOA MONypacliadd pacnajaeTcCs IOMOBHHA HAYAILHOIO MHCHA
PATHOAKTHBHELX ATOMOB.

PANHOAKTHBHBIN pAacTaf ONHCHIBACTCA OCHOBHLIM 3AKOHOM
PAAHOAKTHRHOIO pacmana

t
N{t)=N,-2 T} (14.17)
rne N - uuCNO pAmMOAKTHBHLIX ATOMOB B MOMEHT BpeMenH ¢ =0,
N(¢) - mmcno pazmoaxruesex atomos B MoMenT epeMenn ¢, T’ —

mepHox noigypacimaga. Hcmomesys Gopmyny (14.17), Moxaio
OMPEACIHTE KOMHYECTBO ATOMOB, PAacNaBIMXCA K MOMCHTY BPEMEHH

t . OHO paBEO

t i
AN=N,-N({t)=N,-N,- 27T =N |1-2 7

TIpH pafHOAKTEBHOM PACHANE BHLIE/AETCA FHEPTHA.

Hccnenosanua NOKA3AMN, 4TO Macca mokos aapa M scerma
MEHBIIE CYMMBI MACC TOKOA COCTAB/IMIONMX €r0 NDOTOHOB M
Hefirponon. Ecnm sapo conepxur Z nporosos ¥ N HeHTpoHOB, TO
AM=Zm,+Nm,-M_ >0, 310 seresme najsmacTca

neextom mace. CleaoBaTENBHO, IHCPrBA CHCTEMEL, COCTOAMMCH M3
Z npororos u N HeltrpoHoB, B CBOGOIHOM COCTOSHHH NPEBLINACT
IHCPTHIO 1O S CHCTEMBI, KOTAA MPOTOHB! H HEHTPOHH 00pasylor
anmpo, Ha AW =AMc?. 3sawur, mia pajsenenms saupa  Ha
OTACABHBIE HYKIOHBI €My COOBmAroT HexoTopyio aHeprio AW .
Oncprua, HeoOxomumas A% OOTHOTO PA3ACHEHHA  sapa  Ha
OTAeTbHLIC IPOTOHK H HEHTPOHBI, HAZBIBAETCE JHCPTHEH CBAIM

sapa W . 3Heprifo CrAsK pacCHMTRIBAIOT N0 GopMmye:
W, =(Zm,, +Nm, ~M,)c’ - (14.18)

DHeprug CBAIH, MPUXOAAMASCA HA | HYKIOH (yRe/bHAA IHEPIrus
cBssu), ana CombmmHcTBA Adep cocramiser nopaaka 8MbB. C
YBETHYEHHEM MACCOROTO YHCIIA YACTbHAZ IHCPrHA CBAIH MCANCHHO
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yOrBaeT: Gonee TAKENbIC AApa MCHES YCTOHYMBREI MO CPABHEHHK) ¢
AOPAMH U3 CEPEAHHLI NEPHOAHICCKOI TabmuImL.

14.7. SnepHeie 1 TepMOSIAEPHBIE PEAKIHE

Anepuoii peakmued HA3KIBACTCA HWIMCHCHHC ATOMEBIX SA€p
NpH BX B33HMONCHCTBHH C IMEMEHTAPHBIMH Y2CTHIAMA AIH Apyr C
ApyroM., SlaepHBIC PeakuEM  NPOMCXOAAT, KOrJA  YACTHUM
 MPUOIHKAIOTCA K AIPY H2 CTO/IL MAMIOe PACCTOAHHKE, MTO NOMAJAIOT B
chepy aciicrama AgepHRIX CHA. SInepHBie peakuMM, KAk W JEOORE
APYTHE B3aMMOACHACTBHA, HPOTEKAIOT B CTPOroM COOTBETCTBHHM C
GyHAAMECHTANBHBIMH 3aKOHAMH COXPAHEHHS: 3aKOHOM COXPAHEHMA
JHEPIHH, HMITYNBECA, IACKIPHYECKOTO 3apada H HEKOTOPEIX APYTHX
(PHIMYECKHX BEMMMHH. B 4acrHOCTH, UpHM AACPHAIX peaKIHIX
ACHCTBYET 3AKOH COXPAHEHMS! MACCOBBIX WMCEN MACP 10 M NOCHE
peakumd. Hanpuwep, agcpHas peaxkuis, B xotopoll np obay4enun

anep- asora 3N  o-uacTHmAMH (4IpaMm atoMa rems) o He
ofpasyerca npoToH :H (#Ap0 aroMa BOAOPOAR) M AAPO ATOMA

xicnopoza '3 O, sammmerca B pume: '3 N+3He— H+'10 . Kax
BHAHO, CYMMbI BEPXHHX HHACKCOB B IPABCH W JICBOH 4ACTH PABHLI B
COOTBETCTBHH C 34KOHOM COXPAHEHHA MACCOBBIX “HCEI, 4 CYMMB!
HIDKHHX HHICKCOB PaBHEL B COOTECTCTBHH C 3AKOHOM COXPAHCHHSN
3apaaa.

YYACTBYIOIIHE HIH DOMYYMAKIGHECS B SACPHMX PEaKIHiX
OpOTOHBL, HCHTPOMB!, DJICKTPOHE! M Y-KBaHTH  0003HAYANOT
COOTBETCTBEHHO! :p, O'n, _?e,'y.

JHEPreTHsiecKHM BRIXOA0M SACPHON PCAKIMH HA3KIBACTCH
PAIHOCT JHEPTHI MOKOA YACTHII [0 H noche peaxumn. Ecnu sneprus
ROKOA 4aCTHH [0 DEAaKIHH -NPEBLINACT JHCPrAN) NOKOS HaCTHO
nocAe, TO PEAKIMA HIST C BELIGTICHHEM OJHCDIHH, B TNPOTHBHOM
Chayuac, AACPHAS PCAKIMA NPOTEKAECT C ROTACIIEHHEM JHEPTHH. '

Hoporopast JHeprus AAEpHOE pPeAKUKE — 3T0 MHHUMATLHAR
3HEPrHsA HANCTAIOMEH 4ACTHURI, NPH KOTOPOH HPOHCXOAMT SICpHAN
peaxknpa. Moxno aokasare (CM. damqy 14.10), y$r0 noporobas
IMEPTHA COOTBETCTBYET CJY4AX), KOIrAad OOpAZOBABINMECA B XOOe
PeakuMy YACTHIb! JBIDKYTCA C QAHHAKOBOR CKOPOCTEIO.

TepmosinepHLIMH PEAKIMAMH HA3HBAIOTCA DEAKIIRM CITHAHAA

ACTKHX AACP TPH CBEPXBLICOKHX TemmepaTypax nopaaka 107K, Jru
PCAKUHH COMPOROIIANITCA BBUICACHHCM 3IHCPIHK. MOCKOIBKY Macca
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NOKO# NPOAYKTOB pEaKIHM MCHBHIE CYMMB! Macc TOKOA
BianMoacHCTEYIOIEX Anep. [IpHmep TepMOAREPHOH PEAKIG!

‘H+ H—3He+,n,
rie 2H - pedivepuwii, }H - Tpurmii, — msotons: Bonopona. Jta
PEAKIHAA NPOTEKAET C BEUICICHHEM JHCPTHM.

14.8. lenenue sinep ypana, llennas peaxnns.
Hnepurrii peaxTop

H3 BCEX AAEPHBIX PeAXIMi HAHOOMLIIKH HHTEPEC IPEACTABIACT
peaKIuA JeficHES AJpa ypaHa 235 ;U (wm mayromus 29 s P1) TpH

3aXBaTC HM HCHTpOHA o72. OKa3anock, “TO B pelybTate STOH
peakmm  O6PA3YIOTCE ABA OCKOMKA-SIPA, 3 TAKOKE HECKONRKO
HelTPOROB, MPMYEM CYMMAPEAA MACCA NMPOJYKIOB PEAKIHY MEHBIIE

MaccH aapa 5 U o peakumn. Peaxmua HIET © BHUICTCHHCM

SHEpI®H, NMPIIEM NDH JEEHHHM ONHOTO NP o5 U  BEEMRETCH
IHeprua nopaaxa 200 M3B. Ipa onpenenenubix ycnommx TIPOUSCC

JACICHHA A0Ep YPaHA 239; U nog aciicteuem HeifTpoHOB mpuobperaer

NaBHHCCOPAIHEIA XADAKTED, B ITOM cnyqae TOBOPAT O ANCPHOH
LEenHOH peakiium.

Llcnnas szepras peakimud MOXKET NPOTEKAaTh IPH YCIOBUH, CCIH
Macca ACIMIETOCH BEIIECCTBA NPEBLIIACT KPHTHYECKYI0 MACCY.
EcnM Macca BeuISCTBa MEHBUIC KPATHYCCKOH MAcCsl, TO KOIHYMECTBO
HEeUTPOHOR, NOKHAAIOMMX MPOCTPAHCTBO, LAE MPOMCXONMT ANCpHAA
peaKnMA, NPEBBIINACT KOJHYECTBO HEHTPOHOB, 3aXBATRIBAEMBIX
gOpaMH. B 3TOM chayvae IEMHAS PEaKiHs NPOMCXOJHTE HE MOXET.
YCTaHOBNEHO TAKKE, YTO BEPOATHOCTh 3aXBATa HCHTPOHA AAPOM C
TIOCNEAYIOHM €r0 JCICHHEM BO3PACTAET ¢ YMCHBIICHREM CKOPOCTH
HelfTpoHOB. B 3T0M CIy4ae TOBOPAT 0 MCANCHHBIX HEHTPOHAX.

. YmpaBadeMan NEHAA AACPHAN PCAKIHA NPOTCKACT B SACPHOM
peaxtope. OCHOBHBIMH IEMEHTAMH AACPHOTO PEAKTOPA ABRSIOTCA:

ancpaoe ropiouce (‘o U, %0 Pu, % U), samemmrens HeiTponos
(Tooxenan WIH OORIMHAA BOMA, rpad;n'r), TEMNOHOCHTEM: A BRIBOAA
3Heprun, o0pasylomeiica nps paboTe peakTopa (Bo#a) ¥ YCTPOHCTBO
ONA pPEryI¥poBaHHA CKOPOCTH peakuuM (BBoguMBE B pabouee
NMPOCTPAHCTBO PEAKTOPA CTEPXHH, COAepkauIHe KaaMHil wiH Bop —
BEINECTBA. KOTOPbiE XOPOIIO MNOIMOLIAKT HeHTpoHBI). CHapyxu

laBa XAl



PEAKTOD  OKPYNANT 3JAIIHTHOH 0060NOUKOH, 3azepxuparomedt -
HIMYMCHHE W HEHTPOHBL. (O00A0YKY BHIIOMHAIOT M3 OCTOHA C
MKCIE3HBIM 3ATIO/IHUTEAEM.

14.9. Ilpumeps! pemenus 3apau

3anavya 14.1. Macca Tena, gBwKymerocs c ORpeJEIeHHON
CKOPOCTRIO, yBemriunace Ha 20%. Bo ckomsko pas mpH IToM
YMCHBLIMTACE €10 JTHHA"

Pewenue.

ITycrs macca noxosa tena paBHa M, 4 ¢ro JAIHHA, KOrA3 OHO
noxoutcs — I, . U3 (OpMyn TeOPHH OTHOCHTENBHOCTH Creayer, UTo
OpH ZBEDKCHHM TeNa CO CKOPOCTHID U ero Macca /77 M mmama [

S T l:l;, 1-(v/c)* .
Vi-(vre)

[To ycnommo 3agaum m=12m,, mosromy u3 neproro

OynyT pasuer; m =

YP4BHCHMA cnehye'r, 4TO - (v le) =m,/m= /1,2

Iloncrasnas Bo sropoe ypamuemme, maxommm, wro [ = [,/1,2, 1e
ATHHA YMEHBIUMTCA B 1,2 pasa.

3anaa 14.2. Jlokazars, ro sueprus wacrumst W a Monyms ce
MMIYILCA P CBA3aMsl cooTHowermeM W2 — p’c? =m2e*,
rae € — CKOPOCTD CBETA, /M, — MACCA MOKON “aCTHIDI. .

Pewenue.
mye’ .
Oueprus wactHmet W =me? = —"—o, 2 ee mMuymc
yl-{v/e)y

2
_ m myc?

p= .Hoafomy W?_plel= | —2 | -
J1-(v/c)’ J1-{vic)
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m,v ,  miet  mlev?

Ni-ref ) 1=} 1-@ief
_mie*le’ -v?)
- 1- 1)2/(.'2

=mje*.

3anaua 14.3. Kocvuyeckuii xopabisp IBIKETCE CO CKOPOCTEIO

U= TC K 3Be3fie o - LleHranpa, pacmonokeHHOA Ha pacCTOAHMH

4-X CBETOBBIX J€T OT 3eMAH. CKONMBKO BpPEeMEHH 3QiMET 3T0T
MEAGBEAANEIN MONET M CKONBKC BPEMEHH mpolaer Ha 3ewse 1o
BO3BDAINCHHA YYACTHMKOB noncra Ha 3emmo? B obpatuom
HANPaBJIEHWH KOpalim ABIKETCA ¢ TOH JKE CKODPOCTHIO H Y 3BEIIRI
Q. - Llenrappa omo He 3aqepaHBacTCA.

Pewenue.

‘B acTpoHOMMHM 4ACTO HCHONBIYETCA B KAYSCTBE €NHHMIDL
H3MEPEHKR CBETOBOM TOA ~ PACCTOAHME, KOTODOE MPOXOMHT CBET CO

cropoctsio € =3-10°m/c 33 1 rog Herpyaso nogcumrarms, o
Icsron= =9,5-107 kM =9,5-10" u
Ecnn 6m1 xopabnb fBRTanca co CKOPOCTBN) CBETa, TO IR

NPCORONCHHEA PACCTONHAA B 4 CBETOBBIX r0Ja €My NORamoGHI0CH OB
4 roaa. JIpu OBIOKEHMHE CO CKOPOCTBIO U < C Kopabmo norpelyerca

B ¢/U Gombume BpeMerm. WTAK, BpEMA MONETA [0 3BEIERI COCTABHT

. g ‘ .
T, =4—= =4,6rona. 3ro’ Gymer cobcTREHHOE

¢
v eI VB
2

BpEMA, 3JATPAEHHOS HA [EPENCT B CHCTEME OTCYETa, CBAIAMHOM ¢
kopabneM. B cucreme otcuera, cessamHoM ¢ 3emnci, kotopas
ABIDKETCA CO CKOPOCTEI) LU OTHOCHTENRHO CHCTEMBI OTCHETA,
CBA3AHHONA ¢ xkopabneM, mpoiyer

S B, \ P S,
Ji- @) 12
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ChaenopaTensHo, Ha BeChb MONCT TYZa M OOPATHO KOCMOHABTHI
norparst Bpema 2T, =9,2roma, Torma Kak Ma 3eMne mpoMaeT
21=18 4 rona.

3anaya 14.4. Bo CXOMBKO Pa? YBEAMYMICH MACcCa BHKYIETOC
3NEKTPOHA MO CPABHCHHIO ¢ MACCOH TOKOA, €CIH 3NEXTPOH, IPOHAX
YCKOPAIOIIYIO DPA3HOCTh MOTCHLHANOB, NPHOOPE] KHHETHMECKYIO
sueprmo W, = 0,76 MaB?

Pewenne,

KHHETHYECKYIO IHCPTHIO, TPHOOPETEHHYIO NSKTPOHOM, MOAKHO
BLOUHCNHTE KAK PAIHOCTh MENly noimoi smeprueli W =me? u
aueprueii noxkon W, =m, ¢’ =0,511M3B.

Hrax, W =W -W,=mc®> -m,c*. Tlocie menemms ofemx
W m

uacTeit ypaBHEHMS Ha T,C°  NOAYYaeM: s — -]
. . mec me

- 74 114 | |

S e 1 Ze 1 978 h g

m, m,e* . W, 0,511
Macca 3neKTpoHA YBENMYABACTCA IPHMEPHO B 2,5 pasa.

3anaua 14.5. OnpeaenuTs CKOPOCTb IMEKTPOHA, PA3OrHAHHOID
H3 COCTOAHHMA HOKOS 3JCKTPHYECKHM TWOJNEM C  YCKOpAomei

PA3HOCTEIO TIOTCHIMHATIOB ]u| =10°B.

Peawenue. . .
IMox mefCTBHEM YCKOPAIOMICH PA3HOCTH MOTCHIMANOB INCKTPOH

HPHOGPETAET KMHETHIECKYO 3Heprmo W, =|e|u =10°3B = IM3B
(mpofins passOoCTy mnOTCHUHATOB 1B, JaexTpoH mpmoOperaer
3HEPriO 13B, NPH NPOXOKZEHMH PA3HOCTH TNIOTCHIKMANOB 10°B

3nmexTpoH npuoGperaer ameprio 10° 3B).
Kak n B 3amavye 14.4 xuyeTHYeCKylO IHEPrHIO BRIDA3HM Kak
PAa3HOCTE MEXZY monHOW »mepruci W m  meprecH mnokon

anexrpona W, =m,e? =0,51 1 M3B.
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_ m W '
H Iq}l = mcz _ mecz = —= 5 + l . HOIlClammﬂ
' m, m,c

[

" J1- (v/c)2

a ytmnmax' . 4TO m,cZ:WD ,  TOIY4YHM

¥ +1=
YpaBHEHHE:! =
1-{v/c) W,
2 L 13
= 1-(v/e) = — = (fe) =1~ Feg
S E+l] = E 4]
£Wo ] [WO
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CrnenpparenbsHo, U= -3—c =2,83-10% mfc.

Zagaua 14.6. Dnexipod o0NagaeT KHHETHYECKOH suepruel
W_ = 2 MaB, OnpeacauTs MO /b EMITYIBCA SNCKTPOHA.

Pewenue.

Kak ¥ B [OpednIymed  3asaue  noay4acM, 4mo

‘ W,
W, =W -W,=mc’ —-m,c* = n o X +1=>

m, m,c
2+/6
:>1+-‘-2-—=5.H0 £=--I——=5:>u:——{—c.Monym
0,5 m, [1 ~(v/e)* 5
HMITY TRCA 3NEKTPOHA BEIMHCNACTCA o dopmyne

-l __-5m, 2—‘5@-:: =2J6m_c=133-107" xr-m/c

B \fl - (v‘/c)2 |

3aaaua 14.7. PeHTTEHOBCKOE TOPMO3HOC H3TyUEeHHE BOSHHKACT
opu ComOapauposke OBICTPHIMH 3NEKTPOHAMH META/LIRYECKOTO
AHTHKATOZA PCHTTEMOBCKOH TpyGrm. OmnpenejinTh MiHHY BOJHBY
KOPOTKOBOQJIHOBOM IPaKHuUbl CHEKTPA TOPMO3HOIO HIMYMEHWA, CCH
CKOPOCTH 3MEKTPOROB cocrasnaer 40% OT CROPOCTH CBETA.
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Petenue,
Tak Kk 3nexrpor JpKercs co ckopoctslo U =0dc .
CPaBHHMOH CO CKOPOCTBEO CBETA, TC €10 KMHETHMCCKYI) SHEPIMIO

BLPA3HM Kak M B mpemaymmx samavax: W, =me? -m_c? =
. |
m,c 2 2 1

=——‘/_:—__—;-—mec =m,C ~————-—2——1
1 (U/c) \/l-(v/c) :

- KopoTkosonmsoBas rpanuma CriekTpa HITyYeHKS COOTRETCTBYyeT
CHY4al0, KOTAA BCA KHHETHMECKAS JHEPIHA 3NEKTPOHA DEPEXOHMT B

FHEPrIIO KBAHTA PCHITEHOBCKOrO MANYHeHHs, PaBHyio AV = h % .

Hrax, nonyyaem ypaswenne: m ¢’ ——-1—-——1 =<
VI-(v/e) *
-1
h | -1
Orxysa A = -1l =27-107""m

mec | J1-(v/e)

3apana 14.8. Panuyc mepsoit opbursl B arome BOAOPOAQ
7, =53-10" M. HaliTH HANDDKEHHOCT 3NCKTPHMECKOrO mOMS

AP HA 3TOM PACCTOAHHMH H KHHETHHCCKYIO 3HEPTHIO MEKTPOHA HA
3108 OpduTe. .

Pewenne.

HanpspxeHHOCTE 3MEKTPHYECKOTD MONA HAlmeM Mo thopmyne

E:k,—il—,rnc k=
r 4ne,

=9.10°H-m*/Kn?, -

: -1
|e|=l,6- 107" Kn. Tlocne NOICTAHOBKM HUMCIOBBIX 3HAYCHMI

noxysmm E =51-10"" B/,

Hnsa orsera na Bropoi sompoc sammmem BTOpOM 3aKOH
Herorona, npeHumas 50 BHHMAamMe TOT (JaKT, 410 Ha INCKTPOH
2
. e
AEWCTBYCT KYNMOHOBCKA# CHNA mpuTmkewus F, = k—z, KOTOpas
1

744

02

co00maeT eMy HEHTPOCTPEMHTEIBHOE YCKOPEHHS &, = —-, [Ae U
r
. 1.
—~ CKOPOCTh IBIKCHHA 3NCKTpoma. MTax, monyvaem ypaeuexme
Fy=m,a, & k—=m, —=>m,v* =k— . CrenoaremsHo,
" n 4!
KHHETHUCCKAA IHCPTHA JNEKTPOHA
2 2 :
m,v e’ . B,
W, =——=k——=217-10"" flx = 13,6 3B,
2 2

3apawa 14.9. [Ipa o6nyMeHHH WApOB PTYTH INEKTPOHAMH
IHEPruaA aTOMa PTYTH yBEIM4HMBACTCA HA 4,93B. Kakoii anuunl soany
Oyner U3My4aTh ATOM BPH NEPEXOAC B HeBo3OyxACHHOE cocrosHme?

Pewenue. .

Ilpr nepexone atoMa PryTH B HEBO3OY)KACHHOE COCTOSHHE €TO0
SHeprus yMeHsmmTCa Ha W =4,93B, npu Ir0oM aroM WayduT
toron ¢ amepracit W M wacrotolt v . [lomyuyaeM ypasHeHMe:

W=hv=hSma=2_254.107 .
AW

Jagawa 14.19. IlepronavampHo Hepo30YMAeHHLIE BOmOpOA
HAYKHACT H3MYYaTh (OTOHBI, €CTH HEPE3 HETO NPONYCTHTh My4OK
3MEKTPOHOB, MPOIMICANIMX PasHOCTh NoTeHUManoB U, =10,2B.

Kakyio MHHMMAJIBPHYI0 YCKODSIOMYRD pA3HOCTL =~ NOTCHIMANOR

JOJEKEH NPOKTH MY4YOK NPOTOHOS, HTo0bl NP NPONYCKAHRH HX Yepe3

NEPBOHAYANEHO HEBOJOY:KICHHLIH BOAOPOA MOCHACAHHI Hayan

Himy4aTs Qotonk? CHHTATE, MTO Macca 3IEKTPOHA MHOTO MEHAILE

MaCCHl TIPOTOHA, 4 aTOM BOAOPOAA NEPEa CTONMKHOBCHHEM TIOKOHNCA.
Pewienue.

[Tycte macca manetaromeit “acTuuel ~ M, ee CKOPOCTs — U,
Macca aroma somepoaa — M, CKOPOCTH yacTHI mocTe CTOMXHOBE-
HEA - U, mD,. _

IMo zaxoHy coXpaHewus uMmIymeca mv, =mv, + Mwv, . Ipu
CTONIKHOBEHHH ATOM BOOPO/A NOTJIOMIACT IHEPrio, pasHyio W, .,
TMO3TOMY TO 3AKOHY COXPAHCHHSA JHEPTHM
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mv! ‘mv} Myl
- + Wn B
2 2 2"
IMomysaeM cucTeMy YpaBRHEHHE:
mv, =muv, + Mv,,

mv; mv: Mv?

= +W, ..
2 2 2 i
o L mu?
JoxaxeM, YTO IHEprHA HANETAIOWEH HACTHIMI Wo = 5

- dymer MIUMHHEMANBHA, ©CAM NOCAEe CTONKHOBCHHMA YACTHIA H aToM
‘BOTOPOAA OBWKYTCA C OJHHAKOBBIMH CKOPOCTAME (adCOMFOTHO
HEYNPYFO€ CTONKHOBEHME). BRIpAa3AM M3 NEpBOIO  ypaBHEHHA
mu, - muv,

M
mv; mv;] M [mvo - mu, ]2
= +——— +W,

2 2 2 M

mu; _ mv} . m’v;  m’y,, .\ m*v}
2 2 2M M 2M

mu2 2
- 0(1__n_1]=mv, (1+Ln_] m*v,v, Oy

CHCTCMEI Uz = H NOACTABHM BO BTOPOC YPABHCHHE,

TOTJA TOMYYHM:

+W,,.,, =

2 M 2 M M

. 2 _ 2 2

_, g [M m)_my (m+M) m’v, b+ W, =
2 M 2 M M )

:ﬂ]p,:mvg:mv,2 M+m\ my, M
T2 2 \M-m) (M- m) (M—m)

Takum oOpasom, 3Heprus Haneraromeli vacTHipl W,
BLPAKCHA KAK KBAJPaTHYHAA (YHKUHI OT U, C IEpBbiM

' ' m{M+m
TONKHTENEHEIM KO3 dummerTom @ = —-| ——— | > 0, Taxas
M-m '
Gyuxmus  wMeer MmbiMyMm B Touke U, =—-b/2a., rne

2
m-u
b= (————0—) . Utak, ckopocTs, COOTBETCTBYIOMAN MEHUMYMY W,
M-m

(m v, /(M - m)) mu,
2(m/2)((M cm)(M-m) (M+m)

my,
' m v, - - -
mvy, —mv, _ M+m _ vy,
M M  (M+m)
Hrak, JoKalaHO, YTO 3IHEprud HAICTAIONMECH 4MaCTHIH MHHHMAIbHA,
eClM TOCAE CTONKHOBEHMA HYaCTHLES ABIKYTCE € OJHHAKOBBHIMM
CKOPOCTSMH, T.e. U, =D,. MHHMMAnpHOC 3HAYCHHC >SHEPrHH
HRAJICTAIOMEH 1aCTHLB
2 2 2
mv; Mv m+M
W,=W__ = —+—+W _(m+ Mpoi )v1+W
0 min 2 ]

nk — 2 nk

Ipn atom U, =

mu
(m+M{ °. ] \
M+m W __mvo( m ]+W

"2 \m+ M k=
=W, +Wo =W - W 2 _- =
= mm+M & min o ar n.k

m
=>Wrnin = n'h(l-i**ﬁj.

: , m
B ciryuae, KOTIA YEPE3 BOAOPOS MPONYCKAOT SREKTPOHEL, I -0,

noaromy W, =W, ., T.e. 5CA 3ueprus 3IEKTPOHOB MOTIOMACTCS

BOLNOPOAOM, KOTODHIH MEpEXOART B BO30YKICHHOE COCTOAHHC.
DnexTpossl TPROGPETAIOT IHEPTHIO, MPOH/A YCKOPSMIOMIY? PA3HOCTE
notenumanos U,, Te. W, =leu, = W, , =10,2B,

B c¢ayyae, KOTAA “eped BOAOPOX [POMYCKAIOT MPOTOHBI,

m
OTHOINEHUE —I\T{« =1, AD3TOMY MHMHHMAJIBHAR JHEPIHA HANCTAFODIHX

=W, ,(+1)=2W,, =2043B.  Taxiv

0Opa3oM. MHHHMANBHAS YCKOPAKOIIAA PAjHOCTL NOTCHUMALOB ANA
nporonos pasHa 20,4 B.

RPOTOHOB W,
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3anaua 14.11. Kakue cnexTpaibHbic IHMHW MOABATCH npH
BO3OY)KICHMH aTOMAPHOTO BOAOPOAA 3NEKTPOHAMH C JHEprueit
W =12,1.B? :

Pewenue.

B 3azaue 14.10 610 mokasaHo, YTO B SHEPTHA AICKTPOHOB
DOFNOmACTCA BOROPOAOM, KOTOPBIH BO30Y)KIACTCH M DEPEXOIMT H3
OCHOBHOTO 3HEPIETHHECKOr0 COCTOAHMA ¢ 12=1 B HeKoTOpOS
COCTOAHME, XAPAKTCPH3YEMOE HATYPANbHEIM 4nCioM K. [o 3axomy
coxpancrmst sueprun W =W, - W, . C apyro#i cropomss, 6uuo

IOKAZAHO (M. popmyny 14. 16), YTo
W,-W,=W,_, [niz - ;}2—] , rae W, =13,63B. Honylme‘m_.
YPaBHEHHE; _ ‘
W=WH°,,[1—-L)::>I——I-= w :Lz M_“_:=

k? B W B W e
-1- 1132;,:;?; =011=> k? =6-1~i—l=9,09=>k=3 (ke N).

s

M3 cocromums ¢ k=3 BposMomen npamoli nepexox ®
cocrosnue ¢ =1 wmm n=2, a tawke nepexox co BTOPOTO
SHEPICTHICCKOrO YPOBRA HAa neperid. Taxmm o6pazom, nomyumrca
TPH CHEKTPAJIBHLIX JTHHAH. PACCUMTRIBACM COOTBETCTBYIOTIHE A/THELI
BOJH, MCNOIB3YA QopMyy:

= 1 1 Wuon 1 1
th,n _Wﬂnn[;‘_{_?)::’ Vk,n :T(____J:

3.1*,” =_E_: Ch

Vk,n W 1 _ 1 '
: Hon nz kz

Mepexony w3 cocrosmus ¢ k=3 B cocrommme ¢ n=1
COOTBETCTRYET CNCKTPA/ILHASL THHHA C JUTHHOMR BONHBI

ch
A;, = _"‘3“'—1—" =103-1077 wm.
Wnon (l - 2 J
3

lNepexoxy w3 cocrosuus ¢ k=3 » cocrosmme ¢ n=2
COOTBECTCTBYET CHEKTPANBHAA JMHHA C JTHHOH BONHEI

248

ch

1 1
Wmm(zf - 32}
Tepexony u3 cocrosmmi ¢ k=2 B COCTORHMC C n=1

COOTBETCTBYCT CNEKTPANbHAA JHHHA C JMWHOH BOJIHEL
A, —e— P 122107

1
Wuou(l - Ez ]

Zagauwa 14.12. HanpsokeHHOCTE 3ICKTPHYECKOro monsit B
@=2-10%¢",

iy = :6,6-10"71«.

AMCKTPOMATHMTHOH  BOHE  C YyacTOTOH
MOy HpOBAHHOH 1O AMILTATYAE ¢ wacrotodi (2= 2-10%¢™,
MEHASTCA CO BPEMEHEM IO 3AKOHY: E= A(l + coth)cosmt, rae
A - nocroguras. ONpeaETHTE SHCPTHIO 3ICKTPOHOB, BHOHBAEMBIX
7Ol BONHOM H3 ATOMOB ra3o00pa’HOTO BOZOPOMA C 3HEPPHCH
pormamm W, =13,6 3B

Petuenue.
TlpcoGpasyeM BBHIPAKCHHE ik HAMPDKEHHOCTH

3NMCKTPHYECKOTO NOJLA, HCNOME3yA GopMy bl
E=A(l+cos Qt)cosat = Acos wt + Acos Qt cosot =

= Acos ot + —;—Acos(cu - Q)t + %Acos(w + Q).

Takwm 00pa3oM, MOAYNMPOBAHMAA 1O AMILTUTYNE BOJKA
npencTasiieT coBoli CyMMy Tpex MOHOXPOMATHHECCKHX BOMH ¢
YACTOTAaMH ), O :(m—Q) # 0, ={o+Q). B coorsercrsun ¢
mocrynataMe Bopa aToM BOAOPOZAa MOKET M3NyHaTh H NOrIOmAath
JNEKTPOMATHHTHYIO JHCPIHI TOMbKO ONPEACHCHHAIMH MOPIGLAMH
(kBaHTaMH). BoiuBCIHMM  KBAHTHL IMEPTHH, COOTBCTCTBYHMME
HalJeHHBIM MOHOXPOMATHYCCKHM BO.THAM.

JUj15 BOTHH ¢ YACTOTOH O !

W=hv=h—=21-10" jx.
2

Jina BOJIHEI C YACTOTOR @, = (o~ Q):
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W, =hv, =h 2V =189-107 Ix
2n

Jina BOTHBI ¢ YACTOTOR ©, :((n+Q):

W, =hv, =h=2=231.10™ IIx
2n

Oueprua  moHH3aMM aroma somopoxa W, =13,63B=

=2,168-107"° [ix, n xax smmmo, owa Gomsme, wem W n W,
MosToMy KBawThl C wacToTaMH © n (® -2} He Moryr
HOHM3KPOBATH ATOM BOJODOAA. MOHMIAIHIO BRI3KIBACT TOMBKO KBAHT

€ 4acToroi (co +Q) H [0 3AKOHY COXDAaHEHHA JHCPTHMH 3IHEPrus
BLIGHTEIX 3THM KBAHTOM ICKTPOHOB

W,=W,-W,_, =0,142-10""% 1%=0,88 2B.

3amawa 14.13. B  nepHomuyeckod Talmmue  psgom
PACTIOJIOCHLI TPH SNMeMeHTa X, Y,S. PanHOAKTHBHBA m3oTOm
3nemenTa X TIPEBPAIMAETCA B 3MeMEHT Y , 4 TOT, B CBOKO OYEPENb, —
B 3gemeHr S. Ilocnemuuii npespamaeTcA B H30TON HCXOIHOTO
snemerra X . KarkeMH npoueccaMH OOYCMOBNGHEL mEpexoant
X3Y, Y8, S§-X7?

Pewenue.

3apan anpa anemenra Y Ha | 3neMEHTAPHBGI 3apsn 6omLIIe,
4eM 1apAN AApa 3MemenTa X (N0 YCIOBHIO 3aXa4H B NEPHOMHNECKOM
TaONHUE 3TH 3ACMCHTH PACOONOKEHM panoM). Crexopareino,

nepexon X > Y ectb -pacman. INo ananornu nepexox Y — S —
Taike B-pacnaa. B mpouecce S — X 3apaa aapa ymembmaerca na

2 JIeMEHTApPHBIX 3apAAa, CASIOBATENHHO, 3TO Ol- PACHAN.

Zamaua 14.14. Slapo Hermrysms o) Np nocre paga o- u P-

PacnaoB NPEBPAIIAETCA B A0PO BHCMYTA o Bi . Kakoe uHCIO o - M
B - pacnagor npomcxoauT mpu IToM?

Pewenue.

B pesyabrate pacnagos MaccoBoe UMCAC  H3MEMAETCA HA
237 - 209 = 28 aromusix eanmmn. Kak w3sectso, npr PB-pacmaze
MacCa AOpa He HIMEHAETCA. CNEJOBATEILHO. HIMEHEHHE MACCOBOro
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YHCTA TPOHCXOXMT TONBKO 33 Cuet o-pacmazos. [Ipe omHoM Q-
pacmaje MacCOBOE 4HCJIO0 HMIMEHAETCA Ha 4 ATOMHBIC CIMHHIL,

IHAYHT, AODKHO Mpowsoia 28/4 = 7 a-pacnagos, Ipu 310M 3apan
AIpa ROJDKEH YMEHBIIHTHCA Ba 7 - 2 = 14 ameMeHTapHRIX 3apanos. B
HAIEM CHy4ae YMEHBIIEHMe 3apama sAfpa pasHo 93-83=10.
CrnenoparemsHo, B pelyasTate [B-pacmanop 3apsn yee/MYHICS HA
14 — 10 = 4 snemenTapueix 3apana. Tak kax npu ogsoM [3- pacnaze
3apsa AOpa YBEIHYMBACTCH HA 1 MEMCHTAPHBIA 3PN, TO JOIDKHO
npomsoitru 4/1=4 P -pacnana.

Zapaua 14.15. AKTHBHOCTD PAJMOAKTHBHOIO Dpenapara 3a
t, =244 ymenpmunacs B 8 pas. Haitre nepwon nomypacmama T
3toro npenapara. OupeeHTs, Kaxas MacTs PaJHOIKTHBHBIX AMCP
10r0 NMpPenapara pacmafeTcH 3a BpeMdA, PaBHOE YCTBEPTOH “acTH
NepHOZa Homypacnana?

Pewenue.

Kak HIBeCTHO, AKTHBHOCTH PAIXHOAKTHBHOFQ IPEHapara &cTh
YMCO paclagoB B cAMHRUY BpeMeHH. OUYEBHIRO, 4TO WHCIO
PacnanoB NMPONOPIHOHATLHO KOMMYECTBY HCPACHABITHXCA HACD B
JAHHLIA MOMCHT BpeMeEH. [lo3TOMy H3 YCHOBHA YMCHBIICHHA
AKTHBHOCTH B 8 pa3 CACOyeT, ¥TO BO CTOMLKO XE pa3 YMEHBITHIOCH

umcno nepacmasmuxcs ancp: N(¢, ). Hrak,

F(‘;—) =8. Boipaxaem
4
u3 3akoHa pammoaktsesoro pacmaga N{t,)=N,-2 T, e T -
N,
nepuoa noxypacnasa. CnexoBaTe;hHo, — = §=
N,-2T

h t,
T g oo by
T 3

Jdnx oreera Ha BTOPOH BOOPOC 3a4avd PACCMOTPMM MOMEHT
1
Bpemens 1, :ZT OT Havana HADMOJCHMA 334 MOPEOapaToM.

KOoNM4YeCTBO HEpacmaBHOMXCH #AEp B ITOT MOMEHT  DAaBHO
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_h N
= 2T = Ly 49
N{t,)=N,-2 T =N, -2 5 CrieoBATENRHO, K 3TOMY

womerTy pacnanocs AN = N, — N(t,)="

N, 1
=N.-9% - N.|1--—=|amep. Ornomemte K HAMAILHO
o ‘-‘\/5 o[ ‘«‘Ji] P MY

AN o1 oie

N, 42

uNCITY AACP

Zanaua 14.16. Panon ‘.2 Rn — 370 O-DAZMOAKTHBHLIA ra3 c
atomuoii Maccoii A =222. Kakyio Jjomo momsoll  3HEPrHM,

ocBOBOKIAEMOf TIPH pacnaze PajoHa, YHOCHT o.-uactiua? Cumrars,
9T0 A0 pacmafg sApo PagoHa NOKOHTCH.
Pewenue.

PaooH pacmajacTcsd Ha O-4aCTHIY H HCH3BCCTHRIR JNEMCHT
£ X Tax, YTO PACTIAX 3ANHCHIBAETCA B BAJE:
poe) 4 A
e Rn— JHe + 72X
[lo 3aKOKAM COXPAHCHHMA 3aPANA H MACCOBOTO YHCNA NOPAIKOBBIH

HoMep onementa Z =86-2=384 % -ero atoMHat Macca

A =222 —-4=218 . B nepuoaxueccxoii TaOIHALE HAXOMHM, TO ITHM

JMEMENTOM ABNACTCA TONOHHA ‘4 PO, W OKOHMATENBHO pacnaln

PAfOHA 3ANKCHIBACTCA B BUJE.
222 4 218
e Rn — SHe + "5, Po.
IIycts M — macca ot-vactuusl, a M — macca sapa mOnoHHS,
U, M D, — COOTBEFCTBEHHO HX CKOPOCTH MOCAC Pacnana.
Haua pHBOi HMOYIsC CHCTEMBI MO YCIOBHIO 3aJa“H PaBeH Ky,
xoHeuHBIH WMmyAbc pasen mu, — My, (ouemmmuo, WTO O-

YACTHUA H 20pO 2;5 Po pasneranorca B OPOTHBOMOIOKHBIE CTOPOHBI,

OTCIOJA K NOABJIAETCH 3HAK «~—»).
Tlo 3akoHy COXpaHeHHs wummymbca: 0=muv, — Mv,, =

Vp, M

v M

v
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DHeprHs, KOTOpOH obnagaer CUCTEMA, CRIAILIBACTCH H3

KMHETHYSCKHX JHEPTHH O-HACTHERLI H TIONIOHHA, T.€.
2 2

muy Mu;,

= ——

. CnegopaTensHO, C-HAaCTHUA YHOCHT OGAK
YHEPTHH, PABHYIO

muv? /2 _ 1
mv? 2+ Mv, /2 1+ Mim-(vp, /v, )
) 1 11
T1+Mim-(m/My  1+m/M  1+4/218

= 0,98 Wi 98%.

3anaua 14.17. B xanopamerp ¢ temoemroctsio ¢ = 100 JadK
noMemeH o0pajen PaTMOAKTHBHOrO KobajkTa C MOAAPHOH MACCOH

|.L=61'10-3KI‘/M0M:. Macca ofpasua m =10wmr. [Ipu pacmage

omHOro sapa kofamsTa Bememierca smeprma W =2 107" Ik
Uepes ppema T =50 MMH TEMIIEPATYpa KANOPHMETPA NMOBRICAIACH KA
At = 0,06° C. Kakop nepuoa noxypacraja xodamsTa’

Pewrenue.

[ToBLINEHHE TEMNEPaTypsl KANODEMETPA  ONPEACIAETCH
BLUICCHHEM JHCPrHM @ TpH pacmage aroma kobamsra. Oty
3IHEPrHIO MOYKHO PACCHMTATH Kak @ = CAL, 2 ¢ APYrOH CTOPOHE!, KAK
ANW , rae AN — 4HCTO PacnaBIIHXCA 32 BpEMA T AIEp, KOTOpoe
onpeACNAETCA K3 3AKOHA PaJMOAKTHBHOTO PACHaza:

T 1
AN=N,-N{)=N,-N,-2 T=N,|1-2 T |,

rne N 0o — NMEPROHAYATLHOC KOMMYECTBO PAAHOAKTHNBHRIX ATOMOR,

m
Haijizem ero, ONDpENENHB KOMMYECTBO  BEOICCTBA V= —.

13

m
Crenosatensuo, N, =N ,v=N, —, rae N, —mcio Asoraapo.
n
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Hrak, HMeeM ypaBHCHME!

T
cAtﬂANW:cAtzNAE{le T)W:
1

T
1. T At cAly :>2*%=1-_-9—‘3—t!-*~—:>
B

cAt
T=—'/log2£lﬂ N m}';v)zS'IOO c~ 95 Mun.

3amaua 14.18. Ipy BIaWMOnCHCTBHH aToMa NEHTCPHA ¢ AAPOM
GepHIIHA 3Be HCIyckaeTrcs Heirpon. Hamucars gaepHYyIO

peaKIpio.

Peuwenue.

Jleifrepuii ~ 370 H30TON BOLOPOAA, SJPO KOTOPOTO MOMHMG
NPOTOHA COZCPAMT OAMH HelTpoH. SAapo acitepns obO3IHAYACTCA

2H . Sinepnas peakuna 3aMHCHBACTCA CIEAYIOLIM 06pazom:

2H+ 5Be— X+ .1,
rae %X — AP0 HEKOTOPOro HCMCHTA, OOPA3YIOMErOCH B DEAKIMI.
Vicronesys 3aKOH cOXpameHws 3apafa, xomum, wro Z=5. W3
sakOHA COXpaHcHMi Maccosoro wwcma A =(2+ 9)-1=10. B
NepHOMMYECKOH TAOIHIE IOPANKOBbIH HOMED £ =5 HMMeeT 3JEMEHT

Gop B . Oxonuaremsmunt sua peakmm: |H+ §Be > SB+ on.

Jagaua 14.19. Aapo kKakoro 3IMCMEHTa MOTYYacTCA INPH
B3aHMOIEHCTBHHM HCHTPOHA C TNPOTOHOM, CONPOBOXKIANOBIMMCH

BHUICTCHHEM Y-kBaHTa? HamucaTs peakinmo.
Pewenue,

SlncpHAs PEAKUNA 3amHMChBaeTcA B BUIE (7 + P —> X +7,

rae ‘;X ~ sApo 3neMenTa. obpasyromerocs B peakumnu. Ilo saxony

A

COXpaHEHMA 33paza u wmaccosoro umcma Z =1, A=2. B xone
peaKIHH nonyyaeTca neirepuit L H . OxonvatenbHbii BUA PEAKUMH
! ] 2

o+ p—> Hey.

3agaua 14.20. Hanmcars HenocTaromue o003HAYCHHA B
sgepHol peaawn oK+ — 2Ca+ H.

Peiuenue.

[py OpPOTEKAHHWHM SAEPHLIX PEAKUMA BBIICJIHACTCH 3AKCH

COXpAHEHHT 3apAma M MaccoBhix uHcen, CnenoBarenbHO, 3apiax
HCH3BECTHOr0 AApa B  NEBOM 4aCTH  ANEPHOH  peakuuu

Z =(20+1)-18=2, a maccoBoe HHCTO A=(44+1)-41=4.
Orcrona cneayer, YT0 HEH3BECTHO AP0 — A4p0 ATOMA refmd ‘;He
(o -uacTHiia). SlAeprAA PEAKIMA JANMHCHBACTCA B BHIE!

"K+ 3He— 3Ca+ H.

Zagaga 14.21. BrrucauTh JHEPTHMIO CBAIM  Aapa  aTOMA
AIFOMHKHHA.

Pewenue,

HarnomMyuM, 4To B aroMHOH (M3HKe MAcca BRIDAXACTCA B

ATOMHBIX enMHMIAX Macch, mprdeM 1 aem=16606-10"" xr,
COQTBETCTBYIOIIAA i IHEPTAA:

W = me? =1,6606- 10" xr (3-10° m/c) =14,9454.10° o

=931 MaB.
Siapo Y] Al comeprarr Z =13 nporonosu N=A-Z=14

HelitponoB. Macca npotoHa cocraswier 1,0078 aeM, a macca
Heitrpona -~ 10087 aem Macca BCeX HYKIOHOB AIpa paBHA

(13-1,0078 +14-1,0087) a.e.m. = 27,2232 a.c.m. Macca ampa 1; Al

- 26,9815 a.e.m. Jegexr macc Ant =(27,2232-26,9815) =
=02417 aeMm.

Dueprua ceam W, = Am-W =0,2417-931=
=225 MaB.
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Zamaua 14.22. Kakoe KOAHYECTBO ypaHa o U pacxomyercs s

CYTKH Ha ATOMHOfi JMCKTDOCTAHUMH MOWHOCTRIo P =5-107 kBr?
KoapdumienT noneanoro xeicreua 1 =17 %. Ipu pacnage oaxoro

anpa 25 U saigenserca sueprus W, = 200 MsB.

Pewenue.

3a CYTKH JICKTPOCTAHLMA BHIPAGATHIBAET MONE3HYI0 FHEPTHIO
W =Pt roe t =24 4= 86400 c. 3aTpaticHHAA IHEPIHA W,-aro
JHCPrHA, BLUENUBIIAACA B PE3YTHTATC YIPABMACMOH LENHOH
PEAaKIHMM, NPH KOTOpOH NPOHCXOMMT PACNAN AJEp YpaHa > U.
[IycTh 32 CYTKM pacxoAyercs Macca M ypama. B meit comepxmrea

N= r_n_NA atomoB. 3pech p=235-107 xr/mons — MoOmApHAs

K
macca, N, =6,02- 10% 1/mons - HCNO Amoraapo.
ChnepopaTensHo, 34 CYTKH BLIACHACTCA SHEPrHs
m
W,=NW,=—N_,W,. Ha OnpeAEIeHHs KT
K
W, Pt Pty
w, m N, W, N, W,
U
=0,031xr.

3agaga 14.23. TepMosacpHas PEAKLA
H+ 2He— *He + | KIET C  BbUNCISHHEM  JHCPIHH
] 2 2 1 p
@, =18,4M3B. Kaxas 3HepI¥s  BLUICIHCTCH B PCAKUHA
‘He + He — 2He+2/p. ecmn nedexr macc ampa ,He wa

Am = 0,006 a.em. Gompme, wem y sgpa ;H? Kakas sHepraa

BRLIEHTCA BO BTOPOW PEAKUHH NpH CrHTe3e 1kr rems?
Pewenue,

Iycts M, - Macca MpOTOHA, M, — Macca HEHTpOHA, M, —

macca agpa ;He, m, — macca sapa ‘H. Jedexr macc y aapa

3He , coaepaamero 2 MpoTona ¥ 1 HeHTpoR,
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Am, =(2mp +mn)—ml. Jedpexkr macc y AApa H,
comepramero 1 ApoToH H 1 He#tpor, Am, :(m pt m,,)— m,. To
YCTOBHIO 3a7a4H
Am=Am, - Am, =(2mp +m,,)--—m1 —(mjJ +mn)+ m, =
=m, —(m, —m,). Crenosaremsto, m, —m, =m, — Am.

Mycts M, — macca agpa reaua 3 He, T0TAa sHeproTHeckmi
BBIXO/l IEPBOA ANCPHOM PEAKLHH
2
Q =((m1 + mz)“(’"ﬂ + mp))c '
"JHepreTHYeCKH i BRIXOA BTOPO SACPHOH peaKilmi
2
Q, =(2m, - (m3 +2mp))c :
Crenosarensio, @, — @ =((m, - mz)— mp)cz. YuuTRIBAA, HTO
m, —m,=m,—Am, nomyiaeM, 4TO Q,-& = -Ame?.
Orciona @, = Q, — Ame? . Tak kax | 2.€.M. COOTBETCTBYET IHCPrHA
931 MaB, 1o Amc?® =0,006-931 =56 MsBu
Q, =18,4-5,6 =12,8 MaB.
MTak, BO BTOPOH PCaKUMM MM CHHTEIC OFHOrO #apa remai
sHe Bbuzensercs 3meprua Q, =12,8 MaB. 1xT Teama COQEPHKHT
1kr
v = ey
4.107 kr/monb
coneprarr N =vN , =0,25-10° .6,02-10% =1,5-10* aromor

resus. Tlo3TOMy NpM cHHTE3S KM remdd BO BTOPOI pCaKLUMH
BBUYETHTCA JHEPrHA

W =Q,N =19,2-10*MsB=19,2- 10°25B =3,1-10" IOx.

=025-10°Moneii M,  CUGHOBATENBHO,

3amaqa 14.24. [Ilpm pacnane HeHTpaneEHOA  YACTHIR
obpasosajock Ba (OTOHA, NETAMX NOA Yrnamd O B x

HANPABICHMIO  JRIDKCHMA — {aCTHIRL Onpencnure  CKOPOCTH
pacnapeiica yacTHus! (pHC. 14.1).
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Pewenue.

Nycre W, - sueprus wacrmwsr, a W, u W, — sueprmm
oOpasosaBmmixca  oroHoB. [lo  3aKOHY COXpaHeHMS JHEPIHH
W, =W, +W,. Iycrs Macca noxos wacruigu -m,, Toraa

2
mye

—=——————, THE U — CKOPOCTb YACTHIIAL.
V1-(v/c)

Ipu pacmaae YACTHL
BBIIQIHACTCH TAKKE 33KOH

CoxpaMeHms uMmymsca. Ecm Py -
MMy 9aCTHEB, a4 D, M D, —
HMIEY ALCH (DOTOHOB, TO BRINOTHIETCH
BEKTODHOC papeHCTB0 P, = P, + P, .
Beenem xoopaumatrre ocn X Y
KaKk MOKa3aHo Ha puc. 141 w
CIpOCOHpYEM BEKTOPHOEC DABEHCTBO HA ITH OCH, [loayumM aea
YPaBHeHHA: no ocE Y :  p;sino - posinB=0, no ocm X -
m,v

—_————— 3
yl-(v/¢c)
I

HMOYIBCEL (OTOHOB DaBHM P, =—> u p, =—2 . Tlocre
¢ ¢

W, =

Puc. 14.1

Py = pycosa + p,cosP. Ormernm, wro p, =

IOACTAHOBOK MOMYYAEM CHCTEMY M3 TPEX YPABHCHHIA

2
4w, -
yl-{v/e)f

= ¢ W,sine. = W,sinf,

W+W, =W,
Esina=£sinﬁ,
¢ ¢

_ mguc
‘—V—~cosu+—cosl3=Po, Wicosox+ Wacosf =

1 W, —_—
¢ ¢ JI-(/e)

sinqL

Y3 proporo ypasuerus W, = W . Noacrasmas B TpeTbe

YPABHEHHE, NOIy4acM

m,vc
W, cosa + W, S cosp = —mer0¥C__
sinf 1-(v/c)
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' i sin{o+B) _
sinfcosa +sinacosfp  mybe =W, ( -

:>W1 sinf - II (U/c)z sin|3

_ mgve m,ve
1[1—(0/0)2 «Jl (v/e) sm(a+ﬁ)
W, - myoc  sina

»? sin(a+p)
Ve

TIOACTABNIAA HAHNCHHbIC 3HAHCHHA » TIEPBOE YPABHEHHE CHCTEMBL,
nosyaeM: 2
o JC (sinat +sinB) = e
J1-(v/c) sin(a +B) yi-(v/e)’
csm(a +P)
sinc +sinp

=






