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MexaHuka

OCHOBBbI KHHEMATHEKHA

Mexanuka

Kunemaruka — 9T0 pa3fesl MEXaHHKH, M3y4daloniuili Mexa-
HUYecKoe JBHKeHWe Des ydyera npu4uH (CHJI), KOTOpEIE €ro
BEISEIBAIOT.

MexanudecKkoe JBUMKEHHE — 3T0 H3MEHEHHE II0JIOKeHH:
TeJla WM e€ro 4YacTed B IpPOCTPAHCTBE OTHOCHTEJIBHO JPYIHX
TeJI ¢ TeYeHHEeM BpeMeHH.

[Tonokenue Tena B IIPOCTPAHCTEE M eT0 JBHKeHHe MOAHO 3a-
AaTh TOJIBKO OTHOCHTEJIBHO HaKDI‘U-H_HG}T,‘lb CHCTEeMBEI OTCYeTa.
Cucrema oTcyeTa COCTOHT H3:
— TeJia orcdera, OTHOCHTENILHO KOTOPOro paccMaTpHMBaOT
ABHIKEHHE,
— cHucTEMEl KOODIHHAT, CBA3AHHOH C TEJIOM OTCYETA;

(F151 BpeMeHH.

Bearoe ABHIKEeHHE TeJa MOMKHO PasJjlolKHThE Ha IBA& OCHOBHEIX
BHIA IBHIMKEHHH — NMOCTYHAaATeJIbHOE H BpamaTeJibHOe.

nﬂc’!‘y‘ﬂﬂ.TeﬂbHOE ABHHKEeHHEe — JT0O NBHIKEHHEe TeJa, IpH
-

KOTOPOM BCE €TI0 TOYKH OBHRYTCH OJIHHAKOBO.
-

BpamarensHoe ABHKEHHE — 3T0 ABHREHHE TeNd, HpH KO-
TOPOM BCE €I0 TOYKH JIBHIKYTCH 110 OKPYIKHOCTAM, LIEHTPEL KO-
TOPBIX JIEZKAT Ha 0JHOM ¥ TOH 3Ke NpAMOM, Ha3EBaeMol 0ChI0
BpAIIEHHSA.

Ma'repnanbﬂaa TOYKa — 3TO TeJl0, pasMepaMH KOTOpPOro
B MaHHBIX YCJIOBHAX MOMKHO npeaeﬁpeqb.

Crnoco0sl 3aaHus qBHIKEHUA
MaTepHAaJIBHON TOYKH

BexropHsbiil cnocob: mosgoxke- zt

HUEe MaTepHATLHON TOYKH B TaH-

HEIT MOMEHT BpEMEeHH XapaKTepu- Tl Mxyz)
3yeTcs PajguycoM-BEKTOPOM 7, 7 -/:]':
NPOBEIEHHBIM W3 HaYas1a KOOp/IH-

HAaT B JaHHVI TOYKY.

KoopaunaTHsiil crioco: nojiokesne MaTepHAILHOM TOYRH
B JJAHHEIA MOMEHT BPEMEHH XaPaKTEePH3YETCH TPeMs KOOPaH-
HATAMH X, V H 2.

TpaerTopua — TuHUA, KOTOPVIO
ONHCHIBAET MATEPUAJILHAS TOYKA
B [IPOCTPAHCTEE IIPH CBOEM JIBHe- ! _B

HUH, —
I LIV “\

ITo Buay TpaexkTopHii paaIMuaIoT /
MPAMOJIHHENHOE ¥ KPHUBOJIUHEH-
HOE IBHIKeHHS,

IIyts S — paccrosnme, npoligeHHOe TOYKOH IIPH ee JIBHIKe-
HHAH 110 TpaekTopun. Ilyre — cransapras BenmuuHa.

Ilepememenue AF — BeKTOp, COEOMHAIIIAN HAYAIBHOE H
KOHEYHOE TOJIOKeHHA TOYKH.

MO,EL}_-‘JLI:; BEKTOpa IepeMellleHHuH

e . ——

| Ar -\P.E .r .'\.-\]:!‘._"' v. ¥ (2, -$ .
i ——— e ———— e R R

[Tpu npsaMonuHeiHOM ABHKEHHR TEJIa B OTHOM HAIIpABJIe-
HHHE [AF|=S.




Mexaruka

OCHOBbBI KHHEMATHEKHU

Mexanuka

Cxopoctsb

Cpennsas (nyrepas) CKOPOCTh (U) YHCIEHHO paBHA OTHO-
HIEHWI0 TPOHOEHHOro IIyTH AS k mpoMe:RyTKY BpemMeHH Af, 3a
KOTOPBIH 3TOT NyTh OBLIT IIPOHJIEH:

Cpennsas cKOpPOCTH NepeMemeHus (U] 9Hc/IeHHO paBHa OT-
HOIIeHUIO NepeMeleHnsa Ar K IDpoMe:kyTKy BpemeHH At, 3a
KOTOPBIH 3T0 nepeMerieHne OBIJI0 COBEPIIEHO:

MrHOBEeHHAH CKOPOCTH U'— 3T0 CKOPOCTE B JaHHBIA MOMEHT
BpeMeHHu. 310 BekTOopHAaS (DH3AYECKad BEJIWYHHA, YACIEHHO
paBHAH OTHOHIEHWK MAJOTO MepeMelneHHda A7 K MaJioMy
IIPOMEKYTOK BpeMeHH At, 38 KOTODPEIH 3T0 ITepeMenieHHe Ipo-
H30MLII0:

—_——

| o=1im

Cxopocrs XapakTepuayeT OEICTPOTY H HALIpABJIEHHUE qBHIKE-
HuA. CKOpocTh Beerjja HATIPaBIIeHA 110 KacaTeJILHOH K Tpa-
€KTOpHH.

Epwnauna ckopocrn B cucreme CH [v]

Yexopenue

VYcekopenne @ — BeKTOpHAS hU3WIECKasa BeTHYNHA, YACTICH-
HO paBHAaMA OTHOIIEHHIO HAMEeHeHHA CKOPoCTH AU K IIPOMEKYT-
Ky BpeMeHH Af, 3a KOTOpoe aTo H3MeHEeHHE IIPOU30ILIO0:

Av -0,

a=—
At At

! SYCH[)DEHHE XapakKTepHayveT GE-ICTpOT}’ Ha3MeéHeHHA CKOPOCTH
I10 MOAYJII0 H HAITPABJIEHHIO.

! Enmanna yckopenus B cucteme CH [a] = 1 m/e®,

OrHOCHTEIBHOCTE JABHIEeHHUH

[Tepememmenue Tesia AF 3a JaHHBIH IIPOMERYTOK BPEMEHH OT-
HOCHUTEJIFHO HEHOJBHIKHOM CHCTEMEI OTCYeTA PaBHO reoMer-

PHYECKO CyMMe ero nepemMenieHas V A

AF OTHOCHTEILHO IOJIBHIKHON CH- r ]

¢TeMbl OTCYeTa H mepeMemessss | | . AF
Ar, TIOOBMIKHOM CHCTEMEI 0TCYeTa A i AL
OTHOCHTEJIBHO HEeNONBHMKHOH 3a A

3TOT NIPOMEXYTOK BpeMeHH:

Ar=Ar +Ar, '
z 2

CropocTe Tena | OTHOCHTE/ILHO HEMOIBHIKHOH CHCTEMSBI OT-
CcYeTa paBHA M'eOMEeTPHYEeCKOoN CyMMe ero CKOpPOCTH [’ OTHOCH-
TEJILHO MOABHIKHON CHCTEMEI OTCHETA U CKOPOCTH [, MOIBHIK-
HOH CHCTEMEI 0TCYeTa OTHOCHTE/ILHO HeIloIBHKHON:

(rnaccueckuil 3aKOH CAONCEHUA CROPOCMETL)




Mexanuka

OCHOBbI KMHEMATHKHA

MexaHuka

PasroMepHoOe NpaMOJIMHEHOE ABHIKEeHHE

.H,EII-UKCHHE‘, IpH KOTOPOM TellIO 3a JI0ORIe PaBHBIE TIPOMEKYT-
KH BpeMeHH IPOoXOoJHUT OJHHAKOBEIE PACCTOAHHAA, HA3BIBAETCH
PAaBHOMEPHLBIM [IBHIKEHHEM.

[Ipn paBHOMEpHOM DPAMOJIHHEHHOM ABHKEHHAM;

KODEeHHE ]:__‘ 0 __:
CKOPOCT] I U= const '
IepeMenieHHe Ar=oAt |;
PO Ie HERIT TV Th \—H = vt -
KOODIHHATA I__‘_' -_\-___-_-_;_-_‘[_[ (KuneMmamuieckoe ypasHeHie

——————— DABHOMEPHO20 NPRMOJLKEL-
HO20 OBUICEHLE)

[Tpoexitus ckopocTH 1 GepeTes o 3HAKOM «+», €CJIH HAaNpas-
JIEHHE CROPOCTH COBIA/IAET C HAUPABJIEHHEM BHIOpAHHOM
OCH, B IPOTHBOIOJIOKHOM cIydae DEPeTcsa co 3HAKOM «—»,

N X - X X
° . ol = i T &
0 EES e
. -
"
X - Xy x
—_— - —
0] —_—
8

Pasn OonepeMeHHOE nIpsa MOJIHHEHHOe JBHKeHHne

,I_-[BH}KE‘HHE‘ TeJa, IIPH KOTOPOM MOOVJIL CKOPOCTH 3a TiobRIe
pPaBHBIE NIPOMEXRYTKH BPEMEHH H3MEHAEeTCs HAa OJIHY H Ty Ke
BEJITHUHHY, HA3EIBAETCHA PABHONEPEMEHHBIM IBHKEHHEM.

l_[p}’-l pPaBHOIIEPEMEHHOM l'lp.ilMD.‘lI[Ht‘ﬂHOM ABHMKEeHHH,

YCKOpEeHHE [ a=const | ax = .._.v”‘ I U_i(
KOPOCT] U=0, +at _1,‘

! Ecim BerTOp YCKOpEHMS COHAIIPABIIEH C BEKTOPOM CKOPOC-
TH, TO JBUIKEeHHEe OVAEeT paBHOYCKOPEHHEIM, €ClTH BEKTOP
VCKOPEHHSA ITPOTHBOIONIOREH BEKTOPY CKOPOCTH, TO JIBHMKE-
HHE PABHO3aMe/UJIeHHOoe:

N at ;
nepeMenieHne \F=U,f +— :
. : a_-t° , vi-vu, |
npoRAeHHBH nyTh | =y, t+—— nm § K= g
: 2 1+2a

(npu deudcenule 8 00HY CTMOPOHY)

_Lal
x=x,tv, t+—=
g 9

(wuremamuyecikoe yPasHerHUe pasHonepe-
MEHHO20 NPAMOSILHETLHO20 J8UNCEHUA)

L

0 -

! Ilpoexiusa ckopoctH p (IpoekiEA yckopeHHA g ) Depercs

CO 3HAKOM «4», €C/IA HallpaBJIeHHe CKOPOCTH (YCKOpeHud)

COBIIAJIAET ¢ HAIIpABIEeHHEM BEIOpaHHOH OCH, B TPOTHBOIIO-

JIOJKHOM CJIYUAE NPOeKI|A CKOPOCTH v (IpoeRIMa yeKope-
HHSA g ) Geperca co 3HAKOM «-».




MexaHuka

OCHOBbI KHHEMATHUKH

CeoGonnoe nanenne ren

Baxmsiv uacTHEIM crryuaem paBHOIEpEeMEHHOTO OPAMOJIHHEH -
HOT0 NBHKEHHA ABJIAETCS CBODOMHOE MAlleHUe Tell. KOTO-
PO€ OCYyNIECTBIAETCA HOoL OeHCTBHEM TOJIBKO CHJIIBI THIKECTH.
Yekopenue, ¢ KOTOpEIM cBOGOHO MARAIOT Tesa, HAZLIBAKOT
YCKOpPeHHEeM CBOOOQHOrO nageHus.

Vexopenue eBobomHOTO mameHns g co- ﬁf VA
BIIajlaeT [0 HANPABIEHHIO ¢ BEKTOPOM ‘
cusl TaxecTn. OHO He 3aBHCHT 0T Mac- ;

CEl T€JIa, HO 3aBHCHT OT IMHPOTH MecT- e 9
HOCTH H BEICOTHI i, HA KOTOPOH HAXOTHT- { :
CA IBWIKYINEECH Y MOBEPXHOCTH SeMiu Y

tes0. Ha mmpore ¢ = 45° u Ha yposme AY Y
MOPHA yCKOpeHHe g = 9 81 m/c?. Eemm L]

, : : x . b

h < R, (R, — panuyc 3emum), yexope- Y] Y

HUe cBODOIHOrO HAHeHHS g = const, #
TIOTOMY MOKHO HCIIOJIB30BATH hopMy-
Jbl PABHOIIEPEMEHHOI0 IBHIKCHHNT"

l_; =const |;

=t
H Q=3
u)“
]

&)

(npu deudsiceruu e 0ony cmopony

| ™

f 2
o -
" 2

2

KOOpOuHATA y=y,t

10

MexaHuka

JiBnsxcenue TeJia, GPOMEHHOr0 ropu3oHTAIBHO

IEeHUsA

Ha 6pomenHOe TeJI0 B OTCYT-
CTBHM CHJIBI COIPOTHBIEHUA
ABMIKEHHIO JeHCTByeT TOJIEKO
CHJIA TAKECTH.
Jpmxennue Tena, OPOIIEHHOTO
rOPHM30HTAJBHO CO CKOPOCTBIO
, ABJIAETCS TUIOCKHM (IBYX-
MepHBIM) BHIOM [IBHIKEHHS.

B.uo 6 ocd Ox Teso JBHIEETCH |

HXHY

" U,

TpaexkTopUA IBHKEHHS TeJa npenCTaBnH?ﬁ“

10 CO CKOPOCTHIO
BIIOJIb OCH Oy ¢ yCKOpeHHeM CBOGOHOIO na-

H

e

1




MexaHuka

OCHOBBLI KHHEMATHEH

MexaHuka

JBuikenue rena,
GI}OLLIEHHO!'O mon YoM K FOpH3OHTV

Hax H B ClIy49ae OBHIKCHWSA Tena, ODOLLI(:'HHGI '0 TOPH30OHTAIE-
HO, Ha TeJIo, {)]](?!!Tt‘llliﬂt'Lll(}\UDIJCIbKJ Iog yriom K Iropm-
J0HTY, LP]lf TBYET TOJIEKO CHJIA THKECTH (enmoit COIIpOTHR.JIE-
HHS TBHARECHHID IIpe HE.D]J( raem).

Heumenne asnsgeres - . Bnoas ocu Ox
TEJIO JBHIKETCH HOM CO CKOPOCTBIO , & BIOJIB
oca Oy — peM € YCHOpeHHeM CBOGOIHOrO Hame-

HHuA ( 10O \lcll\[‘Ill\Id"I} HOH BEICOT EI ITOOBEMA PaBHO3aMenjaeH-
HO, mocrne ps IBHO_\(ILI)]J{..HIJU],

Tpaextopua nemmenns rena [IpeICTABIAET

XHY

(Bpema nonema meaa é dea pasa

foablue speMeny nodsem meia

HO MAKCUMGAABHYIO ébicOmYy.)

(B nauesicuiell moywke mpaexmopiii

npoexuun ckopecmu v, =0,)

(Maxcun

LOIBHAA JAIbHOCT b NOJIema

npu aadanroll Hawaabhol cKopocmu U,

docmu2aemeca npu yane opocanun

o= 45°.)

12
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MexaHuka

OCHOBBI KUHEMATHUKHU

MexaHuka

JIuueiitnas u yrioeas CKOpPOCTH

Hnsa xapaxrepucruxy nemmenns rena 0 IyTre OKpYyHHOCTH
HCIOJIBE3YIOT VIVIOBVIO CRODOCT

Yrnomas ckopocers — a0 busmgeckas BEJIHYHHA, YHCIEH-
HO paBHAas OTHOIIEHHIO yIyia OBOPOTA panguyca K IpoMesxyT-
KY BPeMeHH, 3a KOTOPKIH a10T IIOBOPOT OBLIT COBEpHIEH:

ITpn paBHOMepHOM Bpantermu o OKpy»HOCTH (0 nst) yron
IOBOPOTa DyAET ONpenesATECS COOTHOMEeHMHEM

Ecnu B MmomenT Bpemenn Ha4YaJbHBIA YTOJI paBeH ¢, To

Yrnosas cropocts xa paKTepuayer GHICTPOTY OBOpoTA TesIa.

i CK CH
! Epuauua yriiopoil CKOPOCTH B CHCTEME

|oj=1pagic=1c".

2l ¥ aE b T
CropocTs U BpAIIAKOIIETOCs Tejla B aTOM cJIydae HAa3hIBaio
JIMHEHWHOH CKOPOCTBIO 9TOI0 TeJa.

% 3 : OOTHOIIEHHAMH
Vriosasa ¥ MTHHEHHAA CKOPOCTH CBA3AHEL C

D= AS = _\cp_R - R
At At

v

R

@ =

! Ilpm BpameHun TEIa OTHOCHTEIEHO HEKOTOPOH OCH 1)(1\(:;1 gz
BOPOTa A@ H YIJIOBasg CKOPOCTh @ [JIf BCex T_Ca‘{eH eﬁﬂaﬂ
OyT OAUHAKOBEIMH. B TO ke BpeMs NyTh _\,'_‘_-, W JIAH i
C;{(th)l."'[‘b p OyIyT 3aBHCHTE OT PACCTOAHUSA [ [0 OCH Bpamie

HHHA.

(&]

] U, [‘.3 le-_,_
o=—L==32 b |

1{ H._. tlg I{‘

14
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Mexanuka

JAusamuxa — 3T0 pa3jes MEXaHUKH, H3YIAIONIHTT TBHKEHIE
TeJI B 3a BHCHMOCTH OT NPHYMH (CHJI), KOTOPEIE €r0 BEIZEIBAIOT,

OcuoBHAaA dana4da MTHHaAMWKH — OIIpeJIeIATE 3AKOH JIBH-
JHEHHA TeJla, eC/IH H3BEeCTHBI NPHUJIOMKEHHEIE CHIILI H HAYAE-
HBIE€ YCJIOBHA.

Obparras sagasa guraMuka — ONpeNe/leHAe 3AKOHOB B3aH-
MOZIEHCTBHS TeJIa IPYT € IPYTOM, €C/TH H3BECTEeH 3aK0H HX JBH-
JKEHUH.

HuepTHOCTE — 5T0 CBOHCTBO Tes COXPAHATE COCTOSHUE TI0-
KO# MJIM PABHOMEDPHOIO NPAMOIUMHEHHOI0 IBHIKEHTS,

Mepoft HHEPTHOCTH TeJla IPH MOCTYHaTeILHOM ABHIKEHHH
SBJIAETCA HHEPTHAA Macca .

Mepoit rpaBHTALIHOHHEIX CBONCTB Test ABRIAETCH IPABRHTAIHE-
OHHAH Macca.

Cornacno npusnmny sxeusarentHOCTH FPABHTAIMOHHAS U
WHEDPTHAA MACCH PARHEL

! IlpuHUMT SKBHBAIEHTHOCTH ABIAETCS ouoﬁmem;pm IKcIe-
PHMEHTAJBHEIX (haKTOB. v

Maceam — a1o (busnueckas BesMunHA, ABIAONIAACH KOJIH-

YECTBEHHOM Mepoi HHEePITHOHHEIX | TPaBHUTAITHOHHBIX CBOMCTE
TeJI.

! Macca — pesmuuna ckanapras. ITpu cropocTax aeuxenns
MHOI'0 MEHBIITHX CKOPOCTH CBETA B BAKYYME MAcca He 3aBU-
CHT OT CKOPOCTH.

18

MexaHuKa

1 Macca — BeJIHYMHA aUTHTHRHAS Macca Teld paBHa cymme

| Emmununa maccs: B cacreme CH [m] = 1 xr

Mace BCeX JacTell 3Toro Temna:

m= m] 4 HI’,:+ e m-n.

Cuna F — BexTopHAs BeNHUMHA, XAPAKTEPH3YOIAad IeH-
CTBHE OJIHOTO Tea (MM CHII0BOrO 10JIS) Ha NPYToe ¥ BEISHIBA-

IIas ero yckopeHue H gedopmManymo.
BexropHas (reoMeTpHdeckas) cyMMa CHIL, MeHCTBYIONMAX HAa
TeJI0, HA3EIBaeT panﬂoneumylomeu cunoii F.

Epmewma cinsi 8 cucreme CH [F] =1 H (smioTon).

Wmnynse j — BEKTOPHAS BeJIMIHHA, THCICHHO PABHAA mpo-
H3BeIeHUI0 MACCHI TEJIA Ha BEKTOP CKOPOCTH €ro ABHAKEHM:

p=mv

Emuanna nMoynsca B cucreme CU [p] = 1 xrw/c

19




Mexanuka

MexakHuka

I(_i};crem OTCYeTa, 0 KOTOPHIX HMieT peus B IIEPEOM 3akoHe
H0TOHA, Ha3kBaoTCy HHEPIHALHBIMH.

y'l Bep}KHEHHH t" IIecrTn
. OBaHuA HH(‘pl}Ha;Ithﬂ( € =
HCTeM oT

CHCTeEMaMu oTcCyera.

HEHHE].'JI.EH&JIBHHE CHCTEeMEI oTCHeTa ABHIKYTCA OTHOCHTENE-
HO PH{EPU;H&JIBHHX CHCTEeM ¢ HEKOTOPEIM YCROpeHHeM -

-
-

Bropoii aaxon Heiorona (ocHOBHOIT 3akoH ,I[HH:!MH'RH)‘
YCKOpeHme, ¢ KOTOPEIM nBmkeTca Teno, TPAMO NMPONOPLHO-

Bropoit saxon HeoToHA MOMHO cOopMyIHPOBATEH B CAEIYIO-
IIEM Bie: HIMEHeHUe HMIY/IbCa Tella Ap 3a HeKOTOPOE Bpe-
M#A Al paBHO HMILYJILCY PABHOIEHCTBYIOMICH cHursr FA/ 33 TO

e Bpems:

Ap=FAt

HJIHA

mo—mi, = FAt

Bropoit saxon Heorona nossossier pemars OCHOBHYIO 3a1a4y
auHamuku. [ToatoMy ero eme HassBawT ocHOBHBIM ypasHe-
HHEM NHHAMHKH HOCTYHIATEJIbHOINO JHBRXEeHHA

! Bropoit sakon HeloToHAa BEIMONHAETCS TOMLKO B HHEpIH-
AJIBHEIX CHCTEMAaX 0TCYeTa.

Tperwnii sakon Helorona: canl, ¢ KOTOPEIMH IBa TeJa fei-
CTBYIOT PYT HA JApyra, PaBHEI 10 MOAYJIO H TIPOTHBONOJIOMNK-
HBI TI0 HAPABJICHHIO ¥ HAIPABJIEHE! BAOIE OTHOH IPAMO:

F, :_Fel

! Tpernit saron Heworona Brmmosaseres B HHEPIHAJILHEIX
cucremax orcuera. CHisl B3anMoneiicTug ABYX TeJl HMeoT
OAWHAKOBYIO IPHPOAY, HO HPHJIOMKEHE! K PA3HEIM TeJIaM.




MexaHuka

Cuna ynpyrocru

He(bogmamm — 9TO H3MeHeHHe (JOPMBI M PaaMepoB Tema
T0X AeHCTBHEM BHenmHuX cuit. Jledopmawmu Hazssaor yIIpy-
TEMH, €CITH II0C/Te HPEKPAIIEHNUS NEHCTRBHS CHIIH TeJI0 IPHos-
PeTaer nepsoHavasIbaylo dopmy u paameps. Ecam atoro me
TPOHCXOMT, To AedopMaltt HASEIBAIOT mwacTHeckmv (He-
YIpPyTHMH). |

Ilo xapakrepy ememenus wacreii Tena APYT OTHOCHTEJIHEHO
APYyTa pasnuqapT caeayoutae gedopMartm: pacTAXKEeHHA-
CIKATHA, CABATE, KPYYeHHA, HIrHOa.

,J;[ecbopmam Ha3bIBAKTCH OOHOPOIHBIME, €CJIH BCe dJIeMeH-
THI TeJ1a fedopMupyorea oguaakoBo. K OTHOPOAHEBIM Aedop-
Manl-;?ﬂm OTHOCATCA JehOPMALINY PACTIKEHIS-CHATHS 1 ClIBH-
Ta. K meonsopoanem dedopmarmsam oTHOE

M ] Ares nedo
Huaruba u KpyueHns, .

Bam_m Tyka (mas ynpyroi nedopmanmn pacTsmenns-cxa-
THS): CHIIA YIPYIOCTH, BOSHUKAIIAA NPH AedopMaIiny Tena,
HIpAMO NPONOPUMOHAJIBHA BEIHYUHE a6COIOTHONO yaJaHe-
HHA!

rae k — roadpdHIHEHT HKECTKOCTH;

Al=[l-1,| — abcomoraoe yamunenne (abcomoTHaR
nedopmanms).

Cornacuo Tpersemy 3akoRy HeOTOHA cana ynpyrocTH pasHa

110 MOAYJIO H IIPOTHBOIMOJOMKHA [0 HANPABIEHHI) BHENTHEN

cune F, gedopMmupyoinei reo ( F_=- ).

! KoadduimenT sKeCTROCTH 3aBHCUT 0T MATEPHAJIA TeJa, ero
¢opMEI B pa3MepoB.

! Epmmmna goaddunuenta smeerroeta 8 CU [k] = 1 Hiw.

Baron I'yra MoxHO 3anHcaTh B CAEIYIONIEM BUIE!

F"—"":EE, nm o=Eg|,
S L

Tae S— miuounaab MomepevHoro ceveHnd Tena;

F
o =—22 — MexaHH4YeCKOe HanpsKeHHAe;

Al
-~ — oTHOcHTENbHOe yiummHenne (oTHOCHTEIBHAS

E=
b nedopmairus);

E — mopyns HO#=ra.

! Moayns IOura E sapnsercs XapaKTepPHCTHKOH yIpPyrux
CBOMCTB BelllecTna. '
! Emuauna monyns IOura B cucreme CH [E] =1 ITa =1 Hh®

Koadduument mecTrocTH PABEH k= Eg
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MexaHuka

Cuna rpenns

llpn nepememennu OMHOTO TeJIa OTHOCHTEJIHHO Ipyroro, Boa-
HHKAeT ABJIEHHE TpeHus. Pazmuuanr sremuee (cyxoe) u
BHYTpeHHe (Ba3Koe) TpeHus. Cyxoe TPEHHE BOZHHEAET npu
B3aMMONEHCTBHA CONpHRAacaoIIXes TBEPILIX TeJ B OTCYT-
CTBHH MEKIY HHMH CMA3KH. Baaxoe TpeHue Bozamraer 1npn
ABHIKEHMH TeJI B 3KUIKOCTH MU rage.,

Cyxoe Tperue AEJIATCH HA: TPEHHEe HOKO4, TPEeHHEe CKOJIb-
KEHHA U TDEHHE KaYeHus, 5=0
Korma x TEJIy TPHKJIAJLIBAIOT CHITY, HO Ni

TEJIO IIOKOHTCS, TO TOBOPAT 0 BO3HAKHO- ]
BEHHH crutel TpeHHS noxos- Benmanna e ]
H HAOPaBJIEHHE CHJIEI TPeHHS [OKOS 3a- FETr e vy
BHCAT OT BeJIHYHHEI H HANPABIeHUA m,‘?i
OPAIOMEHHOH CHITHI,

e ||
Y

Cuna rpesns mokos mosker H3MeHAThest oT 0 10 MakcHMas-

HOr'0 sHAYeHUA F_ - Maxcumansuas CHIA TPeHHsA HoKo7 OI-
PelleJIAeTCs BRIpaKeHueM

Frlﬂ ‘_'#n‘]v B

T

TAe i — rosbdumment TPEHHS TOKO0H;

N — cuma HopMatsHOM pPeariau. -

! Cmna tpenwus noxos BCETNIa HATIPABJIEHA BJIOMTE TOBEPXHOC-

TH COUPHKOCHOBEHHSA JBYX Tesr u npomoﬁeﬁcmye'r opH-

Jiomenton cune. Koaddumnmenr TPEHHS TOKOS 4, 3aBHCHT

OT MaTepuaJia M COCTOSHU (CTemenn 06paborkn) conprra-
CanImMXcsa NoBepXHOCTeH OBYX TeJr.

Ecnu npunosennas cuna bostbnre MakcuMaTBHOMN CHTET Tpe-

HHSA TIOKOA |, TO OZIHO TeJTo HauuHaeT CKOJIB3HTH IO TIOBEPX-
-

HoctH apyroro. Ilpm atom Bosrukaer cmra TPEHHUA CKOJIbIKe-

HHA. Cﬂﬂ.a TPEeHHA CKOJBIKEHHS BCeria Q A

HAMIPABJIEHA B CTOPOHY, IPOTHBOIOJIOK - . -

HYI0 BEKTOPY CKOPOCTH H oopeneasercs ot -

BREIDAMWEHHEM X ——
F"' :ﬂN g mzY

TIe g — xoadbHIIHERT TPEHHS CROILICHHH;

N — criia HOpMaJIBHOM peakiinm,
! KoadduimenT TpeHHs CKOIbReHNS || 3ABUCHT OT MaTepHa-
JIa ¥ COCTOSTHAS CONMPHUKACAIONINXCH HOBEPXHOCTEH JBYX TeJI,
CKOPOCTH HX OTHOCHTEIBHOro ABMskeRuA. [Ipm MamsIx cko-
pocrax koadduIHeHT TpeHNA CKOJIbKEHHA (| MOMHO CYH-
TATh MOCTOAHHEIM. 2

[Ipn xageHmn ogHOrO TEJIA MO MOBEpPX-
HOCTH IPYTOT0 BO3HUKAET CHJIA COIIpO-
THBEJICHUS ABHKEHUIO, KOTOPYI) HASKIBA-
0T CHJIOH TPEeHHA KaYeHu4d.

ITpu xauenun 6e3 MPOCKANBLILIBAHUS CHIIA TPEeHHA KadeHHd

paBHA T N

A =ﬂ.‘ﬁ !

I7e iy — rKoathhHIIHEET TPeHHA KAYeHHs;
= pammyc Tena, KOTOpoe KaTHTCH.

[Ipu nBUzeHAN TeJ B IAAKAX | Ta3000-
PA3HEIX cpeJax BO3SHHKAET CHJIA COIpo-
THUBJIEHHS IBHKEHIIO, KOTOPYIO HASKIBA-
10T cHJ10H Ba3koro tpenns. [lpm ma-
JIBIX CKOPOCTAX 3TA CHJIA OIpPEJeIaeTcsa
ameHHeM - -
e me =—guU |,

©

roe ' ko2 hHEITHEHT BASKOIO TPEHHS-
! KoaddummenT Baakoro TpeHHs 3aBucHT OT GOPMEI M pa3-
] MepOB ABHIKYIIErocd TeJa, OT PoJia H COCTOAHHA KUIKOCTH

WK raaa.

24

25




Mexanuka

Ecim ne yunrssats spamesnns Semmu, To ci11 ¥ THAIECTH MOK-

HO OHpeNe/IHTh, HCHOIb3YH 3aKOH BCEMUPHOTO TATOTEHUS:
mM,,

(Ry+h)

F=mg-G

rae M, — macea 3emun;

R, — paguyc Semuu;
7 — BBICOTA HAT MOBEPXHOCTHIO Semurir,

Vexopenne ¢BoboiHOro naenns B aTom CJIyY9ae 3aBUCHT TOIb-
KO OT BBICOTHI /; M OIIPENeISeTcs: COOTHOMIECHTeM

TAe m, ¥ m, — maccrr ABYX MaTepHaNbHBIX Togex:
" — Paccrosume mexay Huvu:

G=8667 =11 ¥ 52 2
7= 6,67-10-" H-p2/ger? — FPaBHTAITHOHEEA 5 HOCTOSHHAHA.
m, F, F, m,

: -
! B zamucannoii dopme sakon BCEMHPHOTO TATOTeHNH cripa-

?e,u.mas TAKIKE 1A OHOPOmHEIX Ten chepuueckoi dbopmer
Hanmpumep, mapos). B aron CIydae nox r cremyer momm-

Ecrm h < R, (R, = 6370 xm), TO ycropernue cBoGoxHOTO nase-
HHUS paBHO

M,
4y

£ =G

-9,8 %
C

— N, (P=N)
MATE PacCTosHIe MeKay HeHTpamy Teur. Bec Tena P — 310 cuna, ¢ xoro- N :
Currr taroren OH TeJs10, BCIEICTBHE IPUTARCHIH
HA BCer, P : €l P
HaNpaBJIeHk BRoss 11 o SSIOTCH cunaMu OPHTAKEHUT 1 k 3emute, geiicTByeT Ha ONOPY MIH .
eTByI0 o o MPOXORAMEH epes saaumoneii- nozBec mg
T ;
KO cpl;gie e1a. Cust Tarorenus HE 3aBHCAT OT Toros B ga- C P
HAXO0Is R - ! -
. AATCH BIAHMOReHCTRY 0mIe Te 2 Ppanasares ! Cmna Beca npuiokena k 0mope My mos
OHHOE B3auMofeficTare MEKTY Te s . Becy. Cruta Beca paBHA 110 BeMMuHHE U
MO JIAMH ocymecTBAseTes ¢ mo- I
MOMIEIO TPaBUTANMOHHOTO Moy, IPOTUBOMONIOKHA 110 3HAKY CHJIE peak- ¢
IIMH OIOPE! HIIH TIOIBECA. P-F) | F

f{a mﬁﬁoe T€JI0, pacronomennoe 863y noBepxHocTH Sem
11 > i
. ,E{E!PI(_T?YET cana:rm*omuna. OTa cuna B cucreme oTcuera
CBA3aHHOH ¢ 3emuei, HASBIBACTCA CHIION TaskecTH ,

l F:mg 2

Tlle g — ycKoperue cBO6OTHOTO magenHus,

Bec Tenia B 06mem ciyuae ne pagen cuse

THKECTH. P

Ecmm Bec Tema P = (), To TFOBOPAT YTO OHO !

HaXO0OHUTCA B COCTOAHUHE HEBECOMOCTH.

! Cocrosue HeBecomocTn HabmonaeTcs B MI06OM cHcTEME,
ABHDRYIEHCH TOJRKO I0J| JeHCTBHEeM CHITRI THTOTeHHA.

' mg
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MexaHuka

OCHOBBI TMHAMUKH

Mexauuka

JBuskenne nekycersennprx CIYTHHKOB

Hekycersenasimu COYTHHKAMH 3eMIIH SBASIOTes TeJIa
ABHAKYIIHECH [0 KPYTOBEIM HIIH AIITHOTHYECKRHM Tpae}{mpn‘
M <pyr ! > B : *

BOKPYT 3emian. Coyrank neusmeres o4 neHcTBHEM CHITED

a1 TeHH s RO OI A Co W p p
TATQ e 151, TOpa t)UILlaE‘I eM OEHTPOCT CMH]BJ]bHO@
ULI\OD(_ HHe.

Pacen H
- C mTEJHMF,:mu,aeHHe HCKYCCTBEHHOTO CITYTHHKA 3eMH o
KPYTOBOH opbuTe pamuycom r = B + h

Cornacro BTOpomMy 3akony Heorona:

ma=F = pY _omM, .

r r-

U mM.. . =

m—=G—

}j‘)_ }‘.’ ‘.}‘;’{ hl '\ :

{f.‘: = (;_.._qil_ 3

R

28

JluHelTHASA CKOPOCTE CIyTHHKA

= e M, _ ,Ir_"-'_nRt_

\ R,+h \R,+h
rae g, =G My R
R c

YrnoBas cROpOCTH CIyTHHARA

v [ oo B0 e b gl

o=———~= |G == |

R,+h \I,' (R, +h 3 \(R,+h )’

[lepuon BpalleHre CIYTHHEA

{ 3 | 3
@ \ GM, \ g.R;

HacroTa BpallleHHA CIIYTHHKA

ek o Lle M 1 L s

T 2x (R, +h) :23\,'(;{':1';?1”

Ilepras KocMHEYIECKAA CKOPOCTE — 3T0 CKOPOCTh, KOTOPYIO
HYZKHO COOOIIATE Tesry BOJIH3H MOBEPXHOCTH ILIAHETEl, 9TO0E!
OHO CTAaJI0 HCRYCCTBEeHHEIM cryTHHROM. [na Semum nepeasd
KOCMUYecKas CKOpocTh (B npubmmxennn s < R ):

fr_,ﬂf,m o e ——— KM
U, = I(r R.: = \.'lllng :‘MIQ-SIG-;EOIO‘ =79 ? . V
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Mexanuka

3AKOHBI COXPAHEHHS B MEXAHHUKE

Mexauuka

PabGora

Mexanuveckas CucTemMa — 1o coBoRYITHOCTE TEJI, B3aUMO-
AEeUCTBYIOMIX MeXay ookt mocpencrsom cu.

Buyrpennue CHIIBI — 3TO CHUIEL B3aHMOIEHCTEH S MEeR Iy
Te€JlaMu MeXaHHYeCcKoH CHCTEME].

Bremnne cunng — 9TO CHIIBL, JeficTByIOmMe Ha TeJIa Mexa-

HHYECKOH CHCTeME! co CTOPOHEI TeJ1, He BXOASmuX B paccmar-
PHBaeMyw cHCTeMy.

Pabora A — cranspras buamveckas semau-

Ha, YHCJIEeHHO paBHasd IIPOH3BEIEHUID MOOYJIH
CHJIBI HA [TepeMeIlneHde ¥ Ha KOCHHYC VIJIa Mex-

1Y BEKTOPOM CHJIBI M BEKTOPOM oepeMermeHud:

A=F -Ar-cosa | v

! PaGora peaynbrupyioniei catsr PaBHa anrebpamyeckoi cym-
Me paboT BCex CHUI, AeHCTRYIONIMX HA TeJIo.

F

(98
—
A

! Egununa pabors B cucreme CU [A] =1 .

Cucrema Ha3bIBACTCA 3AaMKHYTOM, e Ha Hee He JelicTpy-
10T BHEIITHHE CHUIEI (HoTH px AeicTeHe CROMIIEHCHPOBAHO),

Hmnynsc MEXaHw9eckoi cucremer — aro BeKTOpHAA cym-
Ma MMITIyJIBCOR TeJt, obpaayiomux 3Ty cHucTeMy:

[_) = p1 } p‘r + e F ]3” — nljtii 4 .;”_:_F: F oes

-
3akoH coxpanenus HMIIynRca
Ipu mo6erx B3auMoOgeHcTRa X, HPOMCXOIANIHX 5 3aMEHYTOH
CHCTEME Test, MMIIYJIBC CHCTEME He H3MeHsAeTCs:
P, +P,+...4 P, =my, + MU, +...+m, 0, =const ‘/

! Baxon coxpanenus HMITYJIbCa SBITSIeTCH bysaaMenTaEHEN
3aKOHOM IIPUPOJIEL.

30

Kuneruueckas aneprus

Knnernueckas smeprus rena K — ato aHeprus Tesa, obye-
JIOBJIEHA €T0 ABHIKEHHEM:

. mv° V
K- i

rfie m — Macca Tena;
v — CROPOCTH Tena.
! HI-IHET}IHEC!\'aH JHEPIHA TeJia 3aBHCHT OT BRIDOPA CHUCTeMEl
oTCYeTa.

a - 1 o |- =5
! Egunmna kunermueckoii sneprum B cucteme CU [K] =1 Jlx
Teopema 06 nuamenenmne KuHETHIECKOH JHEPruu: u3me-

HEHHE KHHeTHYEeCKOH JHEPIHH TEJIa PABHO paﬁoTe CHJI, BRI3KI-
BAWITHX 3TO HAMEeHEeHHEe.
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MexaHuka

3AKOHBI COXPAHEHUS B MEXAHUKE

Horennuansuas dHeprus

Horermuansuagn JHeprus tena JI

> — 3TO 3Hepru -
ACHCTBHSA TeuT, eale .

Cuny masursanor KOHCe
paboTa a10if cuser ge 3
CHT TOJILKO OT HAYAIIL

PBaTUBHOMH (nm'enuuam:noﬁj, ecsIm
ABHCHT 0T thopmer TPaerTopuu, a 3any-
HOI'O ¥ KOHEYHOro HOJEOReHTA,
P g - i L -

aoora KOHCEPBATHBHOE CHJIE] PaBHA HaMeHeHHD HoTeHIIA
AIBHOHM 3HEPI'HH, B3ATOH ¢ 0bpaTHEM 3HAKOM:

B =1, I ,b/{

’ =
! PaGora KOHCEePBATUBHON CHJIEI 11
BCerma pasHa Hym0

0 3aMEHyTOMY KOHTYpy

More aJTbH: pr
; If.iurm-rmmn PHEPrus Tesa, NOXHATONO Ha e LOTOPYIO
BEICOTY Han mOBepXHOCTEID Benmy: -

EZ

1 — BRBICOTA, OTCYHTHIBAeMAan OT HyJIeBoro Yporas

( ypnBHua, TZle DOTeHIMAa L A g JHEPIrus cYuTaercs
PaBHOH HyJIID). ’

THe J

l OTe = g .
lorerumamnas JHEPIrus VIIpyro :[ecbf.lpMHntmu]mnr{;"re'm
i o L

e k— roadbdunment #KECTKOCTH TeJa;

Al — abecomorrasg mehopmarms (abeommoTroe YIUITAHEHHE)
Tena.

. "
! Enuwanna HOTEHINANILHOM SHeprun B cucreme CH
{IN=7 pIE"S

MexaHuka

Ionnaa mexanugeckasa oHepPrus

[lomaas MexaHudeckas aaeprua F — 370 cyMMa KHHETH-
geCKOH M MOTeHUMATBHOH 3Heprui Tesa (cuereMnl):

(=] Y

Eciv Ha TeJ1o JeHCTEYIOT CHIIBE THIRECTH | YIPYTOCTH, TO TOJI-
HAs MEXaHH9IecKas JHEePrHsd TAKOrO TeNa ONpeeadeTcs Bhl-
pasKeHHeM

2
muy”
E = —"—;—- 4 nlgh

&

! Enunanuna mexaaudeckoil aneprun B cucreme CU [E] =1 [

3akon coxpaHeHus
NOJHOH MeXaHUIEeCKOH daHepruu

3akoH COXpaHeHHs MOJHOH MEXaHUIECKOH JHePrum:

€CJIM HA TeJIA CHCTeMbl JeHCTBYIOT TOALK0 KOHCEPBATHBHEIE
CHJIEL (CHIBI TAMECTH, YIPYTOCTH, 2JEKTPOCTATHIECKHE), TO
NoJIHadA MexaHH4YeCEaHd JI“I.{:‘[)['HH C TéY9EeHHEM Bl)eMl'Jll.]l He H3-
MEHAETCH:

[El = E, = const | ATH I K +1II, =K, + II, = const I V

3ax0H M3MEeHeHHUs MOJHONH MeXaHHIeCKOI dHePIruu;
©CJIH HA TeJIa CHCTeMbI JIeHCTBYIOT KPOME KOHCePBATHRHEIX CHJI
TAKKe H HEKOHCEPBATHBHBIE CHJILI (CHJIBI TPEHHS, COMPOTHE-
JIeHHA JBUIKEHUID), TO MaMeHeHHe IOJIHOH MexXaHHYeCKoH
JHE‘DI'H[-I l)l—lBI-lU ['IH!’![)’T&' H(ﬁ‘liOliC(?l)H{—lTHHHI-JT\' cHI.

V| E,-E =A,,,|#m [(K+11) - +11) =A,... |
1

3aKoHR! COXpaHeHHS ¥ H3MEHEHHA MOTHON MeXaHnYecKoil
JHEPTrHH ABJIAINTCA YACTHRIMH CAYYAAMH BCEOOIIero 3aKo-
Ha COXpaHEeHH:A ¥ IPEeBPAIleHHA JHePIrUu.,
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Mexanuka

3AKOHBI COXPAHEHU S B MEXAHUKE

Mom#=ocTs

Bemmanny, xoropas XapaKTepuayer OBICTPOTY COBepIIeHH:H
paboTEL, HASEIBAT MOMIHOCTLIO.,

Cpennaa momuoers P’) — aro cransapras dbusmueckas pe-
JIMYHHA, PaBHAs OTHOIIEHMIO PaGoTEl A K HMPOMERYTKY Bpe-
MEHH {, B TeYeHHEe KOTOPOro aTa paboTa HpoM3BOIHTCS:

-V APEF

Ecim 5a temo DEeHCTBYeT nocrosHuasn cuia F, T0 CPeTHAA MOII-
HOCTH paBHA

(P)=F(v)cosa

rae (v) — CpemHsAA CKOPOCTH TeJla;

¢f — YTOJI MeKIy HANPABJICHUAMHA (BERTOPAMH) CHITET 1
CROPOCTH Tesa.

Mruosennas MOIDHOCTE F° — MOIITHOCTHL B TAHHEI MOMEHT
BpeMeHH:

P=F .v.cosa | \(I' ;

“

rae y-— MOOYJIb MTHOBEHHOH CHKOpPOCTH Tena;

O — YTOJI MEeXy HAIIpABJIEHHSIMHA (BexTOpamm) cuJIEl B
CKOpPOCTH TeJia.

! Enmauna momuoeru B crereme CHU [P] =1 Br (BaTT).

MexaHuka

KoadduuuenT nosressoro jeMCTBHS

Hasmoe yeTpoHeTBo (MamuHa) XapakTepru3yeTcd BeJJHYHHOH,
KOTOpAaS MOKA3LIBAET, HACKOJIBKO a(p(eKTHBHO HCIIOJIL3YeTCH
[IOABOAAMAS K HEMY aHeprus. Dra Be/lM9nHa Ha3hIBaeTcd KO-
wpdumrenTom nosnessoro geicrsun (KITM).

Koadpuunuenrom mojie3Horo JeMcTrBus HA3RIBAIOT OTHO-
[IeHue Moe3Hol paborsl A | COBEpIIeHHOMH MAIIHHOM 32 He-
KOTOPEIH IPOMERKYTOK BPEeMEHH, KO BCel 3aTpadeHHOR pabo-
re A _ (monsenenHoit snepruum E) 3a TOT #e MPOMEKYTOK Bpe-

n= L_ 100% |, l/

“Rarp

MEHH:

HJIH

A
_ Auox_100%
""E

KoadduuuerTom no1e3Horo JeicTBMd TAKKe Ha3sBAOT
OTHOIIEHHEe I0JIe3H0i MONTHOCTH K 3aTPA4YeHHON MOIIHOCTH!

P, \/
= —mon .100%
1= .

anTp

! KILJ yerpoiicrea (MammHEl) He MOKeT OBITH OosibiIe enu-
HHAIEL B peaj bHBIX MAITHHAX BCETA CYIIECTBYIOT Hen3be:x-
HEIE IIOTEpPH dHepruu HA paboTy NPOTHB CHJI TPeHHS WIIH
COTIPOTHBJICHMS, TAKKE HeMeXaHWIeCKHe IMPHIAHEI [10Te-
pu areprun. [Hoaromy KIIJl peansuiix yerpo#cTs (ManImH)
BCErA MEeHBIIEe eIHHUIIEL.




MexaHuka

9JIEMEHTBI CTATUKHA

Mexanuka

MomenT el

Craruka — paanen MEXAHUKH, B KOTOPOM H3y9amT YCIIOBH S
PaBHOBECHS TeJr,

PasHoBecue rena — 310 TAKOe ero noJioxkeHne, KOTOpoe co-
XpaHaercs 6e3 NOmogHHTe ThHEIX BO3TeHCTBHIL,

PaBroBecne Grrsaer YCTOHYHBRIM, HeyCTONIHBEIM un Beapaa-
MTHIHEIM

Eciu npu Baisenenun TeJla U3 1o-
JIOREHISA paBHOBECHUS ITyTeM Bec-
KOHETHO MaJsioro mepeMenieHus
PABHOOEHCTBY©OIIASN CHJI, meu-
CTBYIOIIMX HA TeJIO, BePHET Teo
00paTHO B nonomenme paBHOBe-
CH3A, TO paBHOBecue Gyner yeroii-
YHBEIM,

Ecou tipu prisenenmn TEJA U3 110-
JI0KEHHA PABHOBECHS ITyTeM Bec-
KOHEYHO MaJsIoro mepeMemenus
PaBHOZeNcTRYIOINAS GyeT BEIBO-
AHUTE TEJIO U3 NONOKEeHUS paBHO-
BecHd, TO paBHOBecue Gyxer me-
YCTORSHBEIM .

Ecmu mpu HepeMeInenny Tesra ye- N.
JIOBHS DABHOBECH S He MaMeHSTCS,
TO PABHOBECHE HA3BIBAWT Heapag-
JTHIYHEIM, mg 4

Ecim Teno Momer BpallaThsCH OKOJIO HeNnoIBHKHOH OCH, TO OJI8
OIMHCAHWA €ro IBHKeHHA HJIH PABHOBECHA BBOJIHTCA ]IOHHTES
MoMeHTa caasl. MomenTom cumsr M OTHOC‘-HTE."[I)HO TOL[K;
HA3BIBAETCHA TPOH3BEIeHHe MOIAY /IS CHIIEL F na ee nyedo d:

M=Fd

Junus delicmeun

cunsh ——

[Inedom cunael d HassBaercs kpardaiiiliee paccTOSHHE OT
ienrpa Bpamennus O (ocw) 10 TuHNH 1eicCTBHA CHIIEL.

JIuana OeHMCTBUA CHIIBI — 3TO JIHHHA, BI0JIb KOTOPOH IeH-
CTBYIOT CMUJIEL.

! MomenTE CHJI, CTPEMHAINHUXCH BBEISEIBATE BpallleHHe TEeJ 110
YACOBOH CTPeEJIKE, 00BI9HO IPHHATO CYHTATL TOJIOKHTE -
HBIMH, & OIPOTHEB 9aCcoBOM CTPEJIKH — OTpHIATEIEHEIMH.

= - M.
! Egmauna momenTa crisl B cucreme CU [M] =1 H

Yenosue passoBecus rena,
KOTOpPO€ MOYKEeT OJBUTraThCH nocrynaTejabHO

Teno HAXOOHTCA B PABHOBECHH, €CJIH BEKTOPHAaA CYMMAa BCeX
CHJ ,Eleﬁ(:'l‘BY]OIH;HK Ha TeJjio, paBHAa HYJI!

F +F,+..+F =0




Mexanuka

OJIEMEHTBI CTATUKH

MexaHuka

Henrtp Taxecrn.
IenTp mace

Yenosue pasnosecus Tena,
KOTOpoe mosxeT Bpamarscs
OTHOCHTEJILHO HEeNMOABHAKHOMN ocH

TEJIO, HMewIee HBHO;'I.BH?RI—TYR} 0Chb BpauieHus, HaxXoouTes B
PaBHOBeCHH, ecny aﬂreﬁpanqecuaa CyMMa MOMEHTORB BCEX

CHJI, NeHCTBYOIINX Ha TeJ10, OTHOCHTENLHO 3TOH ocH pasHa
HYJTIO:

M, +M,+..+ M_=0

! Ilpumenssa YCJIOBHE PaBHOBECHS HEOOXOMIMO HOMHHTD, 9YTO

MOMEHTEI CHJI, BPaIIAOIIHE Teso [0 9acoBOM cTpenke, Ge-
PYTCA CO 3HAKOM «+», a MOMEHTL! CHJI, Bpaliaonme Temao
IIPOTHB 4aC0BOI CTPeNKH, — co SHAROM «—»,

Ecim B 3anmave ocn BPAIEHUS He yKasaHa, TO ypasHeHme

MOMEHTOB CHJI MOMXHO COCTABAATE OTHOCHTEJIEHO nwboi
OCH.

[leHTPOM TazKeCTH Te/la HASKBAIT BOOOPAKAEMYIO TOUKY,
B KOTOPOH NPHJIOKEHA CHIIA TSKECTH, NeficTBYIOmAas Ha TeJo.

HenTp mace rena — a1o Boobpaskaemas Touka (), OJIOMKe-
HUE KOTOPOH XapaKTepUa3yeT pacHpemecieHue Macehl Teja |
KOOPAHHATA KOTOPOH OIpeessaeTcs BhIpaeHneM

_xm, +x,m,+..+x,m,
T

m, +my +..+m,

) CCEI H
rae m, m, .., m, H X, X, .., X — COOTBeTCTBEHHO MAaCChl
KOOPIAWHATEI YACTeH TeJia.

! Ecnu mone cuitel TAMKECTH CIMTATH OMHOPOXHEIM, TO LEHTD
MAace | HeHTP THKeCTH OYAYT cornamaTs.

? 7T HAXO, 5
! LenTp Macc (LeHTp TAMKECTH) CHMMETPUYHELX TeJT HAXOTHTC
B MX reoMeTpHYeCcKoM LeHTpe.

Yenosue pasuosecus Tesia, o
KOTOPOE MOMerT ABHATraThCHa HOCTynaTeﬂbHO‘
H BpamaTscs 3

Ecnm TEeJI0O MOMKeT ABHTATLCA HocTynaresibHO ¢ BpamaTees,

TO I ero pasHOBecHs Heo0XonuMo BhITOIHEHNE OOHOBpe-
MEHHO YCIOBHIT

F,+F,+..+F =0;
M +M,+..+M, =0

38

PasnoBecue resna sa onope

Teno na onope 6yger HaxoguTHCs B PaBHOBECHH, ECIIH BEPTH-
Ka/lbHa#A JIHHUA, NPOXOAANIAS Y€pe3 ero meHTp THAMKECTH, He
BEIXOJHT 38 HpPeJeshl IJIOMAHA OOPE! 3TOT0 TeJIA.

//;"/.-/I/////r" 7 ///;_,r (L
mg
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Mexanuka

ITpoersivn MeXaHH3MaMu HA3LIBAOTCH YCTpolicTBa, moaso-
JISIOIIHE COBEPIIATE pabory 6ea npumenenms HCTOYHHKOB He-
MEXaHU9IecKol aHeprum,

K muM orroCHTCS: PEYAr, HakaoaHan IUI0CKOCTS, 60K 1 frp.
C nx nomomso MOKHO U3MEHATH MOMYAE CHTE (pBr4ar, ma-

KJIOHHa#A H..'IOCI{OCTB. HO,S,BH}KHBIITI GHCIK) H Hal’[paBJIEHHE CHLIIEL
(6108).

Prrgar

Poraar — TEeJI0, MMEeIIIee 0ch BpaIleHus, |k KOTOpoMy mpuio-
HEeHR! CHJTEI, ﬂosopatmaalom,ne ero OTHOCHTEIRHO ocH Bpaime-
HEs. Permar nossonser MEeHbIIeH CHI0ii ypaBHOBeCHTS, 00J1E-
myro cany. Peryarn 6msaor [IEPBOro 1 BTOporo poxa.

Ecan onopa pacnosaraerecs o (R
MERITY TOUKAMH UPHIIOKEHHS et 7
CHJIEL, TO 3TO pBIYar mepsoro [31
Poaa. =
FY AN
Eciri o6e cums OPUITOKEHEL ¢ e m—
OJHOH CTOPOHEL OIOpPEI, TO 3To L "y - 7oA
PEIMar BToporo poaa. ; L, ] -, |
— f- |
FY

Venosmenm PaBHOBecHs! prlvara sisjisercs PaBeHeTBO 3HAaYe-
HHH MOMEHTOB CHI M =Fd n M,=Fd, HOPHI0KEHHEBIX K

g _m

rae d u d, — nueun cus F m F, coorBercrrenno.

|

MexaHuka

Haxknonnasa mnockocrs

HakoHHAA NJIOCKOCTE IPUMEHACT-
cAl AJIA HOTbeMa I'py3a HA HEeKOTOPYIo
peicoTy. JHA JTaeT BEIMIPEII B CAJE BO
cTOJTEKO pa3 (bes yuera cHi TpeHHH)‘:
BO CROJIKO Pa3 ANMHHA | HAKIOHHOMH
MJIOCKOCTH DOJIBINE ee BHICOTEI h.
KoathduumenT nosieaHoro nefcTeusn
HAKJIOHHOH IIJIOCKOCTH IIPH HAJIMYHUHA CHJI TPEHHS
1

T 14 ctga

rue [ — xoathHIHesT TpeHHs; .
a— yroJ1 HAKJIOHA IIJIOCKOCTH K TOPH30HTY,

Bnox

HenmonsusxHbli 6,10k — 210 HeboJBIIOE KOJTE-
c0, YEPeIJIEHHOe Ha HenoJBH:kHo# ocu. Heno-
JIBUIKHENT O7TOR M3aMEeHSIeT HalpaBsJIeHue CHJILL, HO
HE H3MEHSeT ee BeIHYuHY.

n.'_;}+ YF

vy oxoIH-
&) h—' B cnyuae moaBuskHOro 610Ka cuia, H’GDO B

Masd JIJ18 pABHOMEPHOro NoaseMa rpyaa (oea yuera

TpeH#lsn), B 2 pa3a MEHBIIE ero CHIILI THIKECTH.
ngy

30510T0€ IPABHIIO MEXaHUKH

C momonipio IpoeToro MeXaHU3MA HeJTE3A MOJIYIHTE BEUTPEI

3 JIBKO
1 pabore. Bo ckonsko pas BEIMTPEIBAEM B CHJIE, BO CTO
Pa3 IIpOUTPEIBAEM B PACCTOAHUM.
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Mexanuka

SJIEMEHTBI TUAPOCTATHEH

Hasnenue

Hasnenne p — CRasiTpHas buanueckag BeJIMYHHA, YuCciIeno
PaBHa5 OTHOLICHUIO Be iy CHIIBI F, nelcTryiomeis nepresH-

1
! Enunnng AaBJIEHHA B cucteme CH [pl=11Ia (mackans)

Cm'ra HaBJIIeHnd OIpenensercs COOTHOIIEeHHeM

roe P — IJI0THOCTE HHIKOCTH;

I‘anoc'ra'rnqecxoe IaBlIeHHe

I‘nnpoc-ra'rmecxoe JaBlieHHe — 310 AaBnenue, neiicray-

= :
Iee Ha nﬂgmaaky, Haxogamyiocs B RHIKOCTH, B 06ycioR-
JIEHHOE CHJTON TaskecTH KUIKOCTH:

[r=pet |

£ — YCKOpeHnue cBobogHOrO =

|
HageHus: 1% ."'_, e ol
h — BrIcOTa cTONGA AHIKOCTH, gy B =
8

PacnoaoReHHOM o =
Hal I1oma Ko,

Pappocrarmyecxoe A4BJIEHHEe Ha 3amanuoil riybuse ) g
KHIKOCTH HE 3aBHCHT o1 OPHEHTAIMY IOIMANKH.

MexaHuka

—

['mapocraTUveckoe JaBieHHs HA THO COCYIA PABHO

p,=pgh |,

rae h — BrICOTA YPOBHS MUIKOCTH B COCYIE.

Crusta rejipocTaTHYeCcKOro aBIeHusM, JeHCcTBYIOIasa Ha JIHO CO-
cyna

F;i - pghS“ !

rae S — momans 1HA cocyaa.

'mppocraTiveckoe naBieHUe KUOKOCTH HA OOKOBYIO CTEHRY
cocyma

rae h — BEICOTA YPOBHSA IKHUIKOCTH B cocyne.

Custa rEgpocTaTHYecKoOro gaBIeHus, HeHcTByOIAas Ha 00KO-
BYI0 [IOBEPXHOCTE COCY/Ia:

1 1
Fﬁ e Epghsn

rae S6 — mnomans 60KOBOH IOBEPXHOCTH cocy/a.

3axon Ilackans

3aron Ilackans: smunkoets u rass NepefanT oKkassBaeMoe
Ha HUX HaBJeHWe [0 BceM HAIPABISHHSAM 0e3 H3MeHeHUS B
T00YI0 TOYKY KHIKOCTH MJIM rasa.

Cormnacno saxony Ilackans nasnenwue B cocyzie ¢ JRHIKOCTHIO
Ha riy6ute h paBHO CyMMe BHEIIHEro aTMocdepHOro u ruj-
POCTATHYECKOTO JaBJIeHHIT:

p :plTB +pgh
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Mexanuka

SJIEMEHTBI THII POCTA

Coobmawmuecs COCY 1Bl

Cocymgr, COENHHEHHEbIE B CBORH HHMKHEH
YaCTH, HA3BIBAIOTCS coobmamnmumucs,

Eenu B coobmarnmuxes cocymax maxo- A
AUTCH OAHOPOIHAA KHIKOCTB, TO YpOB-

HH KHIKOCTH B HHX OyayT onuHAKOBLL-
mu (b, =h,).

! Vposens TOBEPXHOCTH OXHOPOMHOM HHIKOCTH B coobia-

IIHXCS CoCYHax He 3aBHCHT oT dopmEr cocy o,

Ecnu 8 coobmanomuecs COCyny HaIH-

THI IB€ Pa3HOPOOHbIE HECMEeITHBAIOIIH-
€CA JRUAKOCTH C IIOTHOCTSMHE P # p,,
TO RHIOKOCTE ¢ Gonbmeit IIOTHOCTE
OIYCTHTCH BHH3 W BEITECHHT RATKOCTE
C MEHBIIeH IJIOTHOCTRIO. Ilpu yenosun
PABHOBECHS MHAPOCTATHYECKHe AaBie-
HHS B 000X Komenax ma BEIGpamHOM
ypoeHe AB papnm, 1.6,

'llgh! & pu-n“ = nghz +Pn‘n~ - H

’ plgh1 = ngh:

MexaHuka

I'appasangecknii npecc

['MapaBIdYeCcKHH npece npej-
craBadeT coboi ABA UHIHHIDH-
JeCKAX coobmammuxes cocyna,
3AM0JJHEHHEBIX KHATKOCTEI0 (BOJOH
HITH MACJOM) B 3aKPEITRIX [OpIH-
HAMH PA3THYHOM ILJIOIAIH.
IlpuHiMn geldcTBHA THIPABIIH-
JeCcKOro Ipecca OCHOBAH HA 3aK0-
ne Ilackang u cBOMCTBe HeciIKUMA -
eMOCTH KHIKOCTH. : y
[To saxony llackasns nasiaeHHe, co3aBaeMoe BHEITHEH cuﬂqa
[, Ha nopuIeHs cedyeHHeM S, nepejaercs De3 H3AMEHEHHUs ero
BeJIMYHHEL Ha [OPIIEHb CeYeHHeM S,:

F, F, S,
ol oy Ep =K —=
by =P; = S1 S‘g = 0 X S

Cuna nasmenus F, BToporo HOpHIHA BO CTOJLKO pas Gossime
CHITHL TABJTEHHS TEPBOTO, BO CKOJBKO Pad IIOIIAIE BTOPOTO
nopmHa GossINe IICIA I IEpBOTo.

13 cBoiicTBa HECHHEMAEMOCTH SKHIIKOCTH CIeVeT, 9T0 00beM
HUAKOCTH V|, BEITECHEHHEIH ePBHIM [IOPIHEM, paBeH oibe-
My EAKROCTH V,, IpUOLIBIIEMY IO BTOPEIM IOPIITHEM:

S
‘;I :"V-_» =g hls] :hgsg - h__, _hts—l

[Miapasimyeckuit npece He gaeT BHMTIPEIIA B pabore: BO
CKOJIBKO pa3 BHIATDEIBAEM B CHJIE, B CTOJILKO Pa3 IPOHIPLIBA-
M B pACCTOAHHH.

FanaBnmecnﬁe MAIIHHBI TAKM¥Ee HCIOOJB3VIOTCH B JOM-
KpaTax A4 noaseMa rpy3oe, B TOPMO3HBEIX CHCTeMaXx H JIp.




Mexanuka

QJIEMEHTBI I'MJIPOCTATUEH

Armocdepnoe nasnenue

Armocdepnoe napi €HHe 00yCIoBIeHO CHIoi THKECTH BO3-
AyXa, HaXo[Auero B armocdepe. Armoceproe fasrenme Ha
YPOBHE MOps paBHO p, = 1,01325 - 105 [1a, C YBeIHYeHneM
BBRICOTHI A mnoTHOCTE BO3yXa, a COOTBETCTBEHHO | aTMmoccep-
HOE DaBleHHEe YMEHBIIAKTCH.

™

! Nasneune raxsme H3MEPHIOT B HECHCTEMHEIX EMUHAIAX —
armocdepax (1 arm = 105 Ila) mmm mm pr. er. (1 v pr.

CT. =
133 Ila).

3akon Apxumena

3aBucumocts naBnenus B HHANKOCTH (MJIH B rase) 0T BEICOTL!
NPHBOAUT K BOSHUKHOBEHHTIO BRITAJIKUBAIOIIEH CHIIBL, TeficTRy-
omei va moboe Teno, HOTPyIKeHHOe B KUAKOCTH (MM raa),
9Ty CHIlYy HA3BIBAIOT CHIION Apxumena.

[ A

4 —_
|
|

o HE

?

*.

i — -
|"[. —.__f_: A=l

| #

! St 1 S F,=F,—F

Saron Apxumena: ga HOTPYKE€HHOE B JKUIAKOCTE (HIH ras)
TeJO AelcTByer BHITAJIKHBAOIIASA CHJIA, DABHAS CHITE THIKEC-
TH JRHIOKOCTH (111 rasa), BEITECHEHHOH 3THM TeJIOM:

F-\ = pmgl,-'“ )

raoe ,l.}; — INIOTHOCTE HHAOKOCTH,

V,— obbem morpysrennoi YACTH TeJja.

46

MexaHuka

YenoBus niaBaHUA TeIa

P 3 rase
Ha HenmoJBH:KHLIE Tela, HAXOAAMIMECs B HIKOCTH HJIH J

‘1131?0’1’"3)(10T ABée IIPOTABOIIOJIOMKEHO HANTpaBJdeHHEBI€ CHJIBL CHIA

rAecTd mg U cana Apxumena F,.
1) Eciin F, < mg, TO Temno ToHer.

2) Ecnu F, = mg, To Teso OyeT HenoABMKHEIM B JIOO0M Mec-
Te 0bbeMa JKHIKOCTH MU rasa.

! B arom cayuae Habmoaaer yenosue 6e3pasinIHOr0 paBHo-
BEeCcH4.

3) Ecom F, > mg, 1o Teno BennkiBaer. Berssaomee Tesno
GyJeT YACTHYHO BHICTYIATE HAJ MOBEPXHOCTHIO, MO3TOMY
obbem MOTPY:KEHHOH YacTh TeJjia OyJeT yMeHbIIATHCH H,
cIegoBaTe bHO, OyaeT ymeHbmaThes cuna Apxuvena.

AF,

HBH}RGHHC BCINTBIBAKOIIETO TeJia NPeKpaTHTCH IIPH JTOCTH-
HEeHHH YVCJIOBHA

mg=F,=mg=p gV

rae V. — ofbem norpy:keHHOH YacTH Tesa.

! DT ycJIOBHS TaKiKe CHPABEIJIMBEL NI BO3YIIHEIX IIAPOB
U pupHkabaei.
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Mexanuka

SJIEMEHTEI I'MTPOTMHAMUKH

Hsmmenne RHAKOCTeH HaskiBaeTes Te€IeHnem, a coroxyr-
HOCTE gacTun nemmymeiics KHIKOCTH — MOTOKOM.
Uneansuag HHAKOCTE — 310 RHUAKOCTE, B KOTOPOH 0TCyTCTRY-
€T BHYTpeHHee Tperue,

Hunkoers HAa3BIBaeTeH HECRMMaeMoi, eciy ee II0THOCTD
BO BCex cewenmsix crpyn onuHaKoBa (p = const).

VYpasnenne HepaspeIBHOCTH —’
A1 HeCIKMMAaeMoii HKUITKOCTH

[Iponasenenue CROPOCTH TeyeHus He-
CHRAMAEMOH KUIKOCTH Ha HnomnepegHoe
CeYeHue TPyOKM Toka ecrn BeJIHYHHA
HOCTOAHHAA 1A TAHHO; TPYORH ToKa:

S,v,= 8,u,= const.

Vpasaenue Bepuynxnu

s YCTRHOBHBIIErOCA Tevenmus HACATbHOR HeckuMaeMoi
HHIKOCTH CHpaBeTHEO YpaBHeHme

-
w” -
’(T +pgh + p=const + a
1,1":
roe pgh — THIpocTaTHYeckoe ma BJIEHUE; 1.’— — AHHAMMHYe-

Croe napnenwe, p — CTATHYECKOe naBneHue,
C smepretmyeckoi TOYEHR 3peHus naBnenne P €CTh pabora

BHENTHHUX CHII, CoBepImaemMasn Han ENHHHIIeH obbema KA~
s

KOCTH; pohu £ ,  HOTEHLIHMANIBHAS H KHHeTHYeCRa s Hep-

I'mH HHIOAKOCTH, SAKJTIOYeHHON B ATOM OG%QMG.

==
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OCHOBBI
DJIEKTPOIUHAMUERN
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OcHoBel 3NEeKTPOaNHaMMUKK

BJIEKTPOCTATHKA

a_fleg?ponuﬂam;ma — 9T0 pasgen pusmkwH, H3VYaINImIi
AMERTPOMATHHTHOE B3auMoJelicTBHe,

dnexTpocraTura — 310 paagesn busnkn, naygaomui B3an-
M'O,E[EfiCTBHB HEMOOBHIKHEIX JEKTPHYECKHX 3apaIoB 1 HJIeKT-
PocTatHueckne IIOJIs, co3/1aBaeMule TAKHMH 3apAanaMu.

OnexTpuyeckuii 3apan — cranapran busmyeckas BEJIHTH-

Ha, ABJISIOMIASACH KOMHYEeCTBEHHOH MEPOH 3NIeKTPOMATHUTHEIX

B3aMMOIEHCTBHIL,

! Emanuna snexrpuueckoro 3apsana B cucreme CH gl =1 Kn
(xyn0m).

Cgoiiersa MEKTPUYECKOro 3apsana

Cymecrsyior YJICKRTPHYECKHE 3aPSAIBI IBYX THIIOR: HOMORH-
TeasHbie ¥ orpHnaTensHRe-
B o6sransix yenopmsax TEJ1a conepxarT OqMHAKOBOE KOMHYeCTRo

HOJTORHETEILHEIX | OTPHIIATENEHEIX 3apanor. Takoe TEeJI0 AB-

JIHETCH ek o

PHYECKH HeHTDAILHBIM:
Ha rene momno €o31aTe M3OKITOK 3apsanoR OHOTO 3HfKa, 1.6
HA3JIEKTPH30BATE ero.

Snen'rpusamm — 3TO ABJEHHE, COLpoBoanammeecs nepe-

pacupenenenuem 3apsnos na Teax,

! Ipocredimmii crocob — IEKTPH3ALMA Tes TpeHuem. Ha-
IPHMED, Ha MOBEPXHOCTH abonuTA, HOTEepTOro o Mex, Boa-
HHKAET OTPHLIATEIBHEI 23 PAL, a HA MMOBEPXHOCTH MEXa —
noaoxuTensuei, Ha TIOBEPXHOCTH CTeKsa, OOTEepPTOro o
IIeJIK, BOSHHKAET [I0JIOKMTEbHELR 3apsan, a Ha HOBEPXHO-
CTH INeJIKA — OTPHIIATE I HbI.

OCHOBLI 2NEKTPOAWHAMMUKA

a10TC . e 3a-
E;;Memw 3apsaasl OTTAIKHBAIOTCH, 3 PASHOUMEHHEL

"HI" axTCH
el HPHTATHBAKTCH,
- H 3 ne=1.6-10" Kia Hocare-
CyIIecTBYeT dJleMeHTapHbi# 3apan e = 1.6 - 10 2 S
Al {TPOHEL J
qAMHA JIEMEHTAPHEIX 3aPAII0OE SBJIAIOTCA JJIEKTP
[IPOTOHEL (+e). e
e MO
!V moboro 3apaKeHHOr0 Tela 3apsid 110 BeJIMYHHe H
ORITH MEHBIIe JJIeMEeHTaPHOTO.

i : CKUE 3apan
DTeKTPHYECKHH 3apaAz AHCKPETEH, T.€. 3MeKTPHYEeCK p
- 2JTA MONMOKHUTEILHEIX U OT-
mi0B0ro TeJIA COCTOUT H3 HeJIOro 9Me) i
pUIATE/TEHEIX 3JIEMEHTAPHEIX 3apsi/I0B:

g=Ne-Ne

rme NV, 1 N — unesna coOTBETCTBEHHO IMOJOMKUTENIBHEIX B OT-
PHIIATEJIEHEIX aJIEMEHTAPHEIX 3apsa/ioB.

DIeKTPHYECKHN 3apa MHBAPDHAHTEH, T.e. 3HAYEHHE ;:.I(Ij:{{:
PUYECKOT0 3apAia He 3aBHCHAT OT CKOPOCTH ero ,I{BH}KEHIE i
YeHHE 3apsaga He HaMeHsieTcd IIpH nf'.pexo,u,e OT OOHOH 1
IVATHFHOM CHCTEMEl 0TCYeTa K Opyroi).

Toueunwiit 3apag — 210 3apAKEHHOE TENO, paagrepamn KO-
i Uh.
TOPOro B YCJIOBHSAX JaHHOH 3a/1a9H MOKHO IIpeHeope

3akon COXpaHeHHd 3JIeKTPDHYeCKOro aapaaa

Anrefpandeckas cymMMa 3apsJIOB TN | YACTHIL, oopaay:oum:
JAEKTPHYECKH H30JIHPOBAHHYI) CHCTEMY, He HIMEHAETCH op

H cHCTeMe:
JM00EIX IIporecea, MPOHCXOIANIAX B 3TO

q,+tq, tq; +...1q, = Zq' =const

-_— Ma
fj-’IeKTpH‘IECHH H30JIHPOBAHHAA CHCTEMA aTO CHCTe A

eJia. 9
KOTOpas He 00MeHHBaeTea 3apallaMy ¢ BHEIIHHMH T MH
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OcHosbi ANeKTpoaAuHaMMKK

SJIEKTPOCTATHKA

3akon Kynona

Baaumoneiicrue TOYEYHEIX JJIEKTPHYECKUX 3apAnos 1o,
HAeTea 3akony Kynona. k"

UPOH3BEAEHUIO BeMuIny 9THX 3apsaos, obpatao OpomopImo-
HAJIBHEL KBa,HPaT'y Paccrogaug MeWIy HHMH | Hanpagrienns
BIIOJTE IPpAMOH COETHMHAIINEH TR 3apAmEL,

Bermuanna camg B3auMoneicTBusA 3aBHCHT o7 CPelsl, B Koto-
Poil HaxomsATCH SapAnkL. ’

Benuranna KAIKNOH U3 CHI onpenenseres BEIpAReHUEM

roe £ — ,LLL‘!;'}.-‘!CH'I'[)I—jtil_'.(:[\‘&ﬁ upmu-zuaum:w'rb CPpelnl
(a5 Baryyma ¢ = 1);

E =8,85.1012 _I'\'ﬂ‘_

H-m2 AIEKTPHYecKan HOCTOAHHAS,
koachdbunment j — _— =9.10° o ‘-
47z, Kn® W .
q, B F {
® - ©

OcHoBb! anekTpoanHaMuku

JJIeKTPUIECKOE [OoJIe

JsIeKTPHYeCKOe 1moJie — 310 0co0bli BU/I MaTepHy, mocpe/-
cTBOM KOTOPOM OCYIIECTBIISETCH B3aUMOSHCTBHE 3apSIKeHHBIX
Tel.
DNIeKRTPHYECKOe MOJIe TIOPOKARLTCH JJIEKTPHYECKHMH 3apda-
JaMH H 00HAPYIRUBAETCA 110 HeHCTBHI0 HA HUX,

[Tome, coanaBaemMmoe HENIONBHIKHBIMH JJIEKTPHYECKHMH 3apd-
AJaMH, HASBEIBAIOT 3JIEKTPOCTATHYECKHNM IOJIeM.

Jyisi Bcc/IeIOBAHMS JIEKTPHYECKOrO 101 HCIOTB3YIOT IPO6-
HbIl 3apan ... O gomkeH BEITE MAJITHIM 110 BeJIHYHHE, YTOOHM
cOOCTBEHHBIM HOJIEM He MCKakaTh MCCIeAyeMoe moJte, 1 NIpH-
HAaJJIeKaTh Ty MAJILIX DA3MEepoB, yTobhl MOKHO OBLIO He-
C/IeN0BAaTE I10JIe B MaJILIX ob1acTax npocrpancersa. s yaob-
cTBAa HDOGHHE‘[ 3apan YCJIOBHUTHCHE CYHTATE HONOMHTETRHL M,

OnekTpUYecKoe mone B KamI0H TOYKEe IIPOCTPAHCTBA XapakK-
XapaKTepu3yoTCa HANPAKeHHOCThI0 I | HoTeHImanoM ¢,

HanpamxenHocrs anexTpuueckoro mons

Hanpsxennoers AJIEKTPHYIECKOr0o HOJIA — 3TO CHJIOBAM
XapaKTepUCTHKA ITOJIH.

Hanpsmennoers £ — 310 BeKTOpHAA (huaHUecKas BeJIH-
AHHA, PABHAS OTHOINEHMIO CHJIEL, C KOTOPOI IoJie neficTByer
Ha TOYeYHBIH MOJIOKUTEILHEIN (IpobHELi) 3apsn, TIOMENIeH-
HEIH B JAHHYI0 TOYKY [OJIA, K BeJTHUUHE 3TON0 3apsana:

q,

Enyamna sanpssxennocrn B cucreme CHU [E] = 1 H/Ka =
| B/m,
JTeRTPHIECKOE TI0JTe HASKIBAETCS O{HOPO/IHEIM, €CJTH B JTIO-
DO TOYKe ero HANpPAMEHHOCTH OIWHAKOBA IO BeJIHYHHE H
HalpaBlIeHHIO,
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OcHoBbI 3NeKTpoaUHaMUKN

SJIIEKTPOCTATHEKA

Hanpamenuocrrn NIEKTPHYEeCKROrIro noJig
TOYEeYIHOTr0 3apsana

Hanpsmennocers £ nons To4edHoro 3aapsaja ¢ Ha pacerogHuu
I OT Hero onupeneasercs COOTHOIIeHHeM

m =
E__l_ J?'-:k.’QL

dnwe, er’  Er

Eemir g >0, 1o Bekrop £ B ramjioi Touke Noas HANPABIEH OT
3apaa mo paTHaNEHEIM JIHHHAM, a echH ¢ < 0 — K 3apany mo
pagHaTBEHBIM THHHEAM.

[Ipuanun cynepno3unun -
. IIeKTPHYIECKHUX IoJIei

[IpyHIMN Cynepno3HOMM: eClIN 110JI€ CO3TAETCH CHCTEMOM
3apAI0B, TO €ro HAIPAKEHHOCTE [ B HaHHOM TOYKE PABHA BEK-
TOPHOH cyMMe HANPSYKeHHOCTEH MoJel, co3naBaeMuIX B 3T0H
TOYKE KamIsIM H3 3apAJ0B CHCTEMEI B OTHeIEHOCTH:

- o . o n
E=E +E,+E+.+E =Y E,

i=1

OcHOBLI ANEKTpoaAuHaMUKK

JIuaun sanpAKeHHOCTH
ANeKTPUIECKOro 1oJis

) reRTPHAYECKoe mojie rpaduueckn M300pamanT ¢ HOMOMILI0
HHEN HATPSKEHHOCTA (CHIIOBBIX JTAHAH).

JIluHHUHA HATIPAKEHHOCTH — 2TO HANpapleHHBIe THHAH, Ka-
caTeJibHEIE K KOTOPBIM B EamI0H TOYKE [IpocTpaHCTBa COBIlIA-
AT 10 HAIIPaBJIEHHIO C BEKTOPOM HallpAXKEeHHOCTH.

E
E, =
,// -
Jinany HATPSKEHHOCTH HauypHAKTCA HA TOJMOMHTEBHEIX
Allax H 3araHYHABAIOTCA HA ( I TPHIIATENE HELIX 3apAagax
Yepes wamayio TOYKY MO IIPOXOIAT TOJBKO OHA JINHAA Ha-
IPAREHHOCTH, HO03TOMY nuHUH HANPAMKEHHOCTH He mepece
KaTCH:
Yem rymie JHHAN HANPAREHHOCTH, TeM 00/Ibile BeTHINHA Ha:
MPAKEHHOCTH JIERTPAYECKOT0 TI0JIA.
! TOTA JHHHHA HAN P AIKEHHOCTH II l!f!ifLr:"!IIIIf]i'}ElJI"a! 184 MOAYJIID

ianpamessoeTd -
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OcHoBbl anekTpoaMHaMUKK

QJIEKTPOCTATHKA

I'padbugeckoe npencrasnenne
AIEKTPOCTATHIECCKHUX MOJIel

dnerTpuyeckoe DexTpEYeckoe OnerTpuueckoe
MOJIe TOYeYHOr0 10JIE€ TOYEYHOr0 H0JIe JBVX TOYeMHEIX
HOJIORATEILHOTO  OTPHIATENBEHOIO  PAIHOMMEHHBIX
3apsana 3apsama 3apAI0B
D/leRTpHYECKOe moJIe JIBYX e R

TOYEYHBIX OJHOHMEHHEIX y NN
(monomuTeBHBIX) 3apAIoR ;

- oo W TR W T

SHERTDH‘IECKOE noJie IJI0CKoro HOHIeHcaTopa -
L]

' | ] 1 1 3 1
...,..,'.'.:a...+_...,.ll,,|,||,|”,_”..

! B mpocrpancrse mesay obKIagKaME IJIOCKOTO KOHOEHCA-
TOpa NEeKTPUYECKOe N0JIe ABAAETCH OJHOPOIHEIM.

OCHOBBI aNeKTPOAUHAMMKN

IHorernHag aIeKTPUIECKOro NoJs

[loTEHIHA JJEKTPHYECKOro MoJid — 9T0 JHepreTudeckasd
APAKTEPHCTHKA HOJIA.

[loTeHIMA g — JTO CHAJISIPHAS thrapgeckasa BeTHIHHA, PAB-
pafd OTHOIIEHHIO HMOTEHIIUAJILHOW JHEPrHH TOYEYHOro I10JI0-
;xATeTLHOro (mpobHoro) aapsna ; , MOMELIEHHOTO B JaHHYIO
rodKy IOJIS, K BEJIMYHHE 9TOro 3apaia:

Enuanna norernuana B cucreme CH [q) /K
( {OJIbT )-

ﬂorenunan JNEKTPHYECKOro nmoJsa
TOYE€YHOrI'o 3apaia

[Torenmman , MOJS TOYEUHOI'O Japsaima q HA paccTodHHH r OT
Hero onpejgesidgercd COOTHOIIeHHeM

|

ifbl.nl
Ecmi, < (), TO HOTEHIIHAI €10 MO 11051055 spn (o> 0)-
Ecmag < 0, Tﬂnmemaﬂ1l’l'j)l!‘.I.‘!'i'-";li.!ll.li! (‘.-. : :;)‘

ITorennuanbsHas 3HEepPrasa B3aUMOOEHCTBUSA
IABYX TOUYEYHBIX 3apaioB

[HorennmuanpsHan dHEprus |j B3aMMOAEMCTBHUA ABYX TO-

YeYHBIX 3APANOB, H, , HAXOISMIMXCH HA PACCTOAHUHM - IPYT

OT gpyra, OHpe,uena'eTca BREIpaREHAEM

1 99, _,99:
4ne, r r

W




OcHoBei eKTpon
- MHaMIKU OCHOBbI ANEKTPOAMHAMMKM

SJIEKTPOCTATHKA e
PaGora anexrpocraruueckoro mons
i 10 NepeMeme 0 3apana
I -
| PHHIMD cy Hepnosunmm ais HNoTeHnuanog Pabora, cOBepIIaeMas CHIAMH 3JIEKTPOCTATHIECKOTO IO npu
R Sire 6 £ 9 3
) Mpusnun Cynepnosnnum s HOTeHnHaNoB: ecny nose mepeN e IO SRR SRS 0 5 TOTRR | 8 Foey %, tpe
i Co3naercs cueremoii Japsanos, To ero loTeHIman @B JaHHOHI A
: i' TOYKe paBen anrebpangeckoii CYMMe NOTeHHUMANOB mosned B'i =q(p, - 9,)=qAp=qU l\/
' COSTaBAEMEIX B 3TOl TOuKe Kasc 0
JbIM H3 33 0 S =4 4 e i
| OTeMBHOCTIH- PANOB cucTemur B rae @, — @, =A@ = U — pasnoers noreHimaion (amerTpHue
CKO€ HANIPAMKEHHe) MEexKIy Tourkamu 1 u 2,
?=¢ +o, tQ +ote, = Z@f : ! EnuHuIa pasHOCTH MOTEHIIHAIOR (HanpssweHna) B cucre-
i1 me CH [Ap] = [U]=1 B.
! PaGoTa cHJI 3M€RTPOCTATHYECKOTO 1T0JIS IpH JBWKEHUH 3a-
' paza 1o moboit saMkHYTO#H TpaekTopun = (), IToaromy cuna
BRBHHOTQHHHaHLHme NOBEPXHOCTH TIERTPOCTATHIECKOTO IO ABJIACTCA KOHCEPBATHBHOM, a
£ AIEKTPOCTATHYECKOE I10J1€ ABJIAETCH HOTEHIIHATEHEIM [TOTEM.
JRBHHOTeHuHanaHme HOBEPXHOCTH — 370 reoMerpaye- EKTPOoCT > 11
! CKOe MecTo Touexk mons, ume [Tpu 1BMRe UM 3APSANOB MO HEHCTBHEM TOMBKO CHLT JTe KTPO-

IOIMHEX ONWHAKOBELT more
HIITAT |, - _ R *
Orn lloBepxHOCTH YIOBJIETBOPAIOT YCI0BHIOD 4 CTaTHYECKOro IoJif TeopeMa 00 H3MEeHEeHHHW KHHEeTHYeCKO

JHEPTHH Oy/IeT HMeTh CJIeAYIONIHI B

i mv: mo? :
T — Y

| e ]
OnerTpuyeckue nosa rpadmaeckn momcuo TaKKe npencras-

JATE ¢ " " ; 5. g L
HHOMOIIBIO AKBHITOT CHIIHATLHEIX MOBepXHOCTRIH, e Macea uacTuisl (3apsna); _
Yepes xasayo Ak il U, M U, — CKOPOCTH YaCTHIL (3apsiia) B HAYAILHON I KO-
Elpmxeaazolcmﬁ 5 POXOIAT ToNEKRO OnHa THHASA HA - HEYHOM TOYKAX COOTBETCTBEHHO;
T o« . -
Oama SKBUIIOTEHIHAILHAS TOBEePXHHeTE. @, — §,— PASHOCTE HOTEHIIHAIIOB MEIKY ATHMH TOUKAMI.

B ka 5 ' - -

RAMKI0H TOUKe MOMA THHms HAIPSIKEHHOCTH W AKBHTIOTE K- Bem monarats, uto na Geckoneuroctn mome OTCyTCTBYyeT, T.€. X

HAT : :

IHaJIbHAA TTOBePXHOCTE B3AMMHO Neprenamy tapre fOTeHIHAaN 10/ Ha GECKOHEYHOCTH PABEH HYJIO, TO MOTEH-

HaJ [HOJIA MOAHO ONpene/IiTeb CAeIyIONIHM 06p3.30M:

A /'__ Ireunomenyuansisie A_=q- ¢ Dp=—"1=

‘ ,..'r-rd“"' nosepxuocmuy

‘“: _fh-’ ' “"'F"Z’H![HZIJI AIEKTPOCTATHYECKOTO IOJIA B JaHHOM TOYRe qHe-

)‘;.r--?"‘ IEHHO paBeH pabore, KOTOPYIO COBEPINAIT CHAA MOJIA ImpH
. epemermennn EIHHHYHOTO HOJIOKATeNEHOTO 3apsana U3 naH-

HOM Touky Ha GeCKOHEYHOCTE.
L.

7 W .k

.
/
Fasa?,
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OcHoset anekTponuHammiy OCHOBbI 3MIEKTPOAMHAMMKMN

IJIEKTPOCTATHKA . e

! EpumHHUIA TOBEPXHOCTHOH IUIOTHOCTH 3apsana B cacreme CU
ol =1 Kn/m?®,

HanpazkeHHOCTE £ o ] - - T -
| Ceaas MEXRAYy Hanpsxeamem u HaOPAXKEeHHOCTHIO e 'd;”wt”( g )H’ R o 3:1 o E(prBo
nAlEeNR CPEPoH (IIapoM), Ha PACCTOAHHHU I OT HeHTpa chepnl
” AJIH OMHOPOIHOTO JJIEKTPOCTATHYECKOTO noJis '.rmﬁ,,_l)- v R 5 . g
C - : (mapa):
‘ BASE MKy HAIPsIsReHHeM (pasrocTRIO HOTeHUHATOB) 1 HAa- Ecma r < R, To

! HanupseHHOCTE 3JeKTPOCTATAYEeCKOr0 MO BHYTPH TIPO-
BoAsAIIedH cepsl Him mapa pasHa (.,

_ 1 |q| |
Ecnmar= R, 10 | E = 1———' L =k-L |
=g — SNE, ET Er”
rne U=g ¢, — Hanpsasxeaue (passoeTs HOTeHIUAIOR) Mesk- 0 E
! ay TO‘IhaM'H. HOJIA, HaxoasuumMues oHa or ApPyToii Ha pac- [paduk 3aBHCHMOCTH HATPAKEHHOC-
t!:":;oamm @, OTCHHTRIBACMEIM BAOTE J1 HHEYM HANDAMKEH HO( TH 10/, CO3TABAEMOT0 3apHAKEeHHOMN
H I10J " 5
| e npoBoasmed ccepoi (mapowm), or pac-
P _—_71_:_—__________ i B, I o CTOAHMA ' 0 HeHTpa cdeps! (mapa): ol B
‘ T —eareeea gy
g P S o HOTEHIFEAT @ 1014, CO3/1aBaeMoro 3apssKeHHON NPOBOAAIIei
Ty P
d W cchepoit (mapom), Ha PacCTOSHAHA T OT 1enTpa chepsl (mapa):
» 1% q
3 ) Ecma r < h'_,'ro QJZI _-_—j_':k_—}?:(‘()llst — NOTEeHIHAJT
JIEKTpOCTaTHYECKOe nnone, coanasaemoe ME, 828 & cepnr
[IPOBOAAINEH 3aPAKEHHON chepoit wirn mapom (mapa).
Ecoa npoonamet [lorernman sekTpocTaTHYECKOro OIS BHYTPH TIPOBOJH-
1eii echepe ;
bepe (mapy) coobmpar, HEKOTOPLIN 3apsy, meit ceprl (rapa) MOCTOSHEH B PaBeH MOTeHIHAIY HA 110-

TO ;
3apan ymer PaBHOMEpHO PacnpenensaTeea 0o Beei IIOBepx- BepXHOCTH chepn (mapa).

1 ¢ q
Ecna r> R p=———=k—|.
L dne, 7 er P A

{p = const

padux 3aBUCHMOCTH IOTEeHIHAA
1014, CO3/IaBAeMOr0 3apAKEeHHOH
TpoBOAAIIe eepoit (mapom), ot pac-
CTOAHHUA I 40 HeHTpa cepsl (mapa)

e S

rae g — 3apsan, panimmepﬂo PacupeneseHHLIH 10 HOBepXHOC-
TH liéﬂ_[]maﬁbm J-H. s cepri (mmapa) ILIOMIATE HOBEPXHOC-
TH S = 4%/ (R — pammyc cdeprr (mapa)).
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OcHosei ANeKTpoaAuHaMukn

QHERTPOCTATHRA

BJIERTpOCTaTH‘IeCKOE noJae,
co3gaBaemoe Oeckoneunoi
OAHOPOIHO 3apaReHHO IVIOCKOCTBIO

Hanpsamennoers E nons, CozgzaBaemoro Gecko

TI(—.‘H.,ELHR)’."IR]}HO K ILIockoern:

E =Ny

2;4-:0 2e5,8 |

-
HaXoauTes 1nmioc KOCTh.

' s noekocru KOHEYHEBIX paaMepoB yrazaHuas BEIIIE
Myna byner ecnpasemnusa TOJIBKO 1711 TOYek, pacero
OT KOTOPBIX 0 IUIOCKOCTH SHAYHMTEIEHO MeHLIITe, e
CTOSHUA OT HUX 10 Kpaes HI0CKOCTH,

HEYHOH 01HO-
POITHO 3apsekennoi IUTOCKOCTEIO, OOHHAKOBA I10 MOIYIIo 1 mep-

rge o '-:% —— HOBEPXHOCTHag IVIOTHOCTH Japsia ILTOCKOCTH:

£€— NHaMeRTPpHYECKRA IIpoHHIIAaeMoeTE CPEIEL, B EOTOpOI
P

dop-
AHHe
pac-

OcHoBbl anekTpoaMHamMuky

r—f OnexTpoemkocTs

YE€OUHEHHOIO NPOBOIHUKA

Ve MHHEHHBIN NPOBOXHHUE — aT0 OPOBOJHHEK, VAATeHHBIH
0T JIPYTHX IIPOBOJIHMKOB, T€JI ¥ 3apsiIOB.

DIeKTPHYECKasan eMKOCTE (3nexTpoemrocTs) C yeauHeH-
HOTO MPOBOAHMKA — IT0 CKANAPHAA (DHIHYECKAs BeTHIHHA,
QHC/ICHHEO PABHAS 3apaAjy, KOTOPEIA HA/JI0 COOBUINTE IPOBOI-
HHEY, 4TOOEL H3MEHHTE €ro HOTeHIHAJ HAa E,LI,HH_H[I.}'I

c=4
@

| Exmsnna snexrpoemkocrn B cucreme CU [C]=1Kx/B =
1 @ (dbapan)

OnerTpoeMKocTs XaPaKTepH3yeT CBOHCTEA MPOBOLHHKOE Ha-
KAILTHBATh H COXPaHATE AIEKTPUIECKHE 3APHA/IEL ¥ CBI3aHHOE
C ITHMH 3apagaMH Ioje.

DN1eRTPOEMKOCTD IPOBOTHIKA 3apucur OT €ro hopMEr 1 paaﬁ—
MEPOB, MHANEKTPAYECKOH TPOHUIIAEMOCTH Cpeisl, B KOTOPO
OH HAXOAHTCH, & TAKIKE OT HATMYHA BOIHAN HEero APYTHX Tpo-
BOJTHHKOB,

dnexrTpoeMkocTs POBOIHHKA ye 3apycpr OT MATEPHAMA IPO-
Bonumka, dhopM u pasmMepor nosocreii BHYTPH TPOBOSHHKA,
OT 3apsajga HA HEM W ero MoTeHIHAaJIA.

JnexrpoemrocTs YEeAMHEHHOro mapa pajuyca R, Haxo-
AIIErocs B OGHOPOIHOM JMANIEKTPHEE ¢ AHBJIEKTPHYSCKOT
IPOHHIAEMOCTBIO ¢!

C=dnee R




OcHogs

s ERTPOCTATHKA

| ANeKTPOANHaMMKY

e e e

A EKTDOEMROCTI; Kolmenca'ropa

3

Ron,c(encarop — 9TO cHCTeMa IByx HPOBONHUKOB, paane ren-
HEIX eoem AHINEKTPHKA, TOMIMHEA KOTOporo mana o cpas- |
HEHHIO ¢ pasmepampu IpoBOIHIKOR, I'Ipoao;mmm, obpaayio-
IHe KoHAeH caTop, HasmBawTes epg obraankamy . Oxnamrn

KoHnenea Topa 3aps. FHEHE]

HOJIOKHBIMKT o 3HaRy sapanamm.

ITo hopme obKnamoR KOHIeHCATOPE KessTes ga IIIOCKEE s b

PHYECKHe H II_H,'IIIH,"L! Ve

oT BO3 Y UIHEBIN HIERTPOIITHY eC kM E, KepaMmdeckn,
Oymaskcanvg, CInasHENVY | 1.

RUH-EI@HCGTOPH OBBAIOT Takxe HOCTOAREOH B pepenern o

! Hopn sapanom KOHJeHca
HOH H3 erg 00Kna 10K,

PaBHEIMT o BeIIHYHHe H OpoTuso-

KHe -

OcHoBbl anekTpoguHammku

rﬁ IInockuii kougencarop

J/IeKTPOEMKOCTE IIOCKOr0 KOHAEHeaTopa

_ 5,8
=F

raeS — IUIOMATEL ONHOM U3 06KIaI0K (mracTuH) KoHeHCAaTOpA;

d — pacerosHUe MeXAY obKIagKamm;
& — MHAJIEKTPHYECKAA MPOHULIAEMOCTEHIO JAUINEeKTPHKA,
+

Cdepuaeckuii KOH/IEHCATOP

OnerTpoeMKoCTE cthepuueckoro KOHJIeHCATOpa

c-Am= R R,
R -R,

' i ¥ OK.
rneR u R, — pamaycs BHYTPEHHEH W BHEIIHeH 00xiay

5 3ax. 943




OcHoBbi ANeKTpoaAnHaMuKy

JIEKTPOCTATHEA

Hanpsmeﬂnocn 3HeRTpH‘leCKOI‘D noJsa
HJIOCKOIo ROH}IEHC&TODR

+o3 -G

E
E| & | &

Hanpasxennoers, ANMEKTPHYECKOr0 1o Mexay obraankamu
IocKoro koumeHcaTopa Onpeznesgercsa cooTHOmeRmen

o o o
E=E+E =28 = %O va . g
:
2e8, 2ez, &, &z,
raek ukE _ HANPSKEHHOCTD TI0JTeit, CO3TABAEMBIX
HOJIOKHUTENBHO U OTPHITATE MEHO 3aPAKEHHEIMYT
ODKJIaRAMH KOHIEHCATOPA COOTBETCTREHHO:
q
¢ =5 — HOBEpPXHOCTHAS IIOTHOCTE 3apsama
2 Ha obrnanke KOHIIEHCATOpA;
9 — 3apax KoHIeHcaTopa: "
S — nnomans 06xaTRn., -

~
¥

Bre o6xnamox KOHJleHCAaTOpa HanpsmeHHOCT: ANeKTpuye-
CKOro noss paBHa HyJmo,

Cana npursakenns MEACLY NBYMSI PASHOMMEHHO 3apAsKe H L.
MH 00KJIaIKaMH MT0CKORD KOHJleHcaTopa:

2
F=gq < q2 is

2z, 205, 2z,

OcHoBbI anekTpoarHaMUKK

Coenunenne kongencaropos

Jls mosTydeHHAA TpebyeMoit eMrocTH KOHIEHCATOPH COeIHHS-
ot B 6arapen. CoenuHeHue KOHAEHCATOPOR MOMKET GHITH ma-
paJyIeNTbHBIM, TOCTIENOBATEIBHEIM B CMEITaHHEIM,

[locnegoBaTensHoOe CoeauHeHHue KOHOeHCATOPORB

A o B AT
U U J

-

U,
S S

[1pu mocegoBaTesHOM 9=q,-q,=q,=..=gq,
COeIHHEHHH KOHIEHCATOPOB U-U+U+0 +_+ U,
BREINTOJIHAOTCH claenviomme 1 2 3 .
3aKOHOMEPHOCTH: 1 1 1 1

Sttt b ——
e g

'n

l'[apa.rrne.ﬂhnoe coeqHHeHHue KOHI€HCaTOpOB

— U: =
q+” C

+,—

ot ™

[Tpu napamremsaom
COETMHEHMN KOHJEHCATOPOR

U:UI:U,zU,:“.zU_.
BEUTIOTHATOTCS coleyionme * ]

A E=C +C,+C,+..+C.
3AKOHOMEPHOCTH: i 2 n




OcHoBsi ANEeKTpoANHAMUKYK

SJIEKTPOCTATUKA

Oueprus 3apaKeHHOoro KOHI€eHcaTopa

OHeprus JAPAIEHHOrO KOHJICHCATOpA Onpenessiercs paboToii
KOTOPYI0 HeobXommmo COBEPIINTD, YTO6HI 3apamuTs KOHIIEeH-

OHeprun KOHJIeHcaTopa MoskHO BBIDA3UTE Yepe3 Haupsken-
HOCTBE F anekTpuueckoro TI0JIst, cocpenoToYeHHEOTO MEKIY ero
obkmanramu, .

Jns nnockoro KOHJeHcaTopa

Torma

LA DN I e 2
w =-—2—=:3.=;1:,:ra—-{h-d)‘:?:::”k‘-A._s' d :-:%:;E,.E* V;

€

-
~
¥

1 a
W= é-EEﬂE‘V = ; e, E°8d |,

roe V=8d— BHYTDEHHHI 06ben KOHIIeHcaTopa.

OcHoBbl anekTpoauHaMUKK

—

3Hepmn SaPHMKEHHOr0 YeAHHEeHHOr o IIPOBOOHHUKA

DHePrusa 3apsayKeHHOr0 YeIHHEHHOTO mposogauka WpasHa

riae g-—— 3apsafg OpOoBOXHHKA;
@ — TOTEHIIHAN TIPOBOIHHKA;
C'— 5/1€KTPOEMKOCTE ITPOBOIHUKA.

OHeprusa U WIOTHOCTH JHEPruM
3JI€KTPHUIECKOTO oA

Hns 0AHOPOAHOrO 3IEKTPHIECKOrO MO aHepruas W
OIpEeNeasteTess COOTHOIEHHeM

A
. -

MA€ £— NU3JIEKTPpHYeCKas NPOHUIAEMOCTE CPE/IbL;
£,— JIEKTpHYeCKad MOCTOSHHA!
E— Hanps:ReHHOCTh 3JIeKTPUYECKOr0 110714,
V— obrwem, B KOTOPOM HaXO[UTCH JIEKTPHYIECKOe [MoJIe,

IlrorHOCTE 3HEpPrUM B/1eKTPHIECKOrO OIS w— 3T IHEep-
FH JJIEKTPHYECKOT0 OIS, IPUXOANIASCS HA eHHUILY 00be-
Ma;

“l:I'! I 2
aa _i;-_ E&“"I}E

Ecmm cpega usorponuas, To BRIDAKEHHE IS JIOTHOCTH
SHEPTHH 1y — lgg,,chupaBe,umo AJIA BIIEKTPHYECKAX
9

nosred mobsIx KoOHGUTYpaTHil.
e —
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ITIOCTOAHHBIN SJIEKTPUYECKHI TOK

Dnexrpuaecknii tox |/

ONeRTpUYeCKHii TOK — 3TO YIIOPSA09eHHOE JBHIKEHHE CBO-
BONHEIX HOCHTENE JIeKTPHIECKHX 3aPS/I0B.

Bemiectsa, npoBojsiiiie aeKTPHYECKHIT TOR, HASBIBAIOT Ipo-
BOTHHKAMH.

K OPOBOMHHKAM IIEPBOT0 POa OTHOCATCH METaJIJIRL.
K MTPOBOTHHEAM BTOPOT'0 poila OTHOCHTCH TEKTPOJIHTEI.

CrobogaeiME HOCUTEIAMHA SJIGKTPHYECKHX 3apsAJ0B B MeTaJl-
JIAX ABJIAIOTCH AJIEKTPOHEI, B OJIEKTPOTHTAX — HOM0MEHTE -
HEIE W OTPHIIATE/ILHEIE HOHEI, B Ta3aX — 3/IEKTPOHEl W HOHEL,
B HONYIIPOBOJHAKAX — 3JIEKTPOHE! W JILIPICH.

! Hanpasnennoe gBuskenme ¢BOGOIHEIX HOCHTE T 3apsaIoB

BO BCeX Cpe/iaX BOSHHKAET MOJ JeHCTBHEM CHJI BHEITHEero
JNMEKTPUUECKOr0 TOJIA.

3a HalpaBJIeHHEe JJIeKTPHYEeCKOr0 TOKAa YCJIOBHO OPHHAH
HanpaBlieHHEe ABHIKeHHA ODOJIOKHATEIHLHO 3apHEEeHHRYX Jac-
THII. -

-

Yenosus cymecrsopanus
ANIEKTPUYIECKOr'0 TOKA

s BoaanKHOBEHMS T CYILIECTBOBAHRA JJIERTPHYECKOT0 TOKA
HeobxoIoumMo HaIuyHe:

a) cBOGOIHEIX HOCHTEJNIEH AMeKTPHIeCKAX 3aPAI0B;

6) BHEIITHEero ANEKTPHYECKOr0 ITOJIHA, JHEepPrud KoToporo 1o01-
KHA KAKHAM-TO 06})33()1\-‘! BOCITOJIHATBHCH.

Cuna Toka \V/

Cmna Toka I — aTo crajusipHas pusndecKkas BeJuinHa, paBI-
HAaS OTHONIEHHIO JJIEKTPAYECKOr0 3aps/a, MPOoMeero ueped
[oTIepevHoe CedeHne MPOBOJHAKA, KO BPEMEHH €ro IpoX0oX-

[eHHA:

A
=t
At

| Enmawuna cuimsl Toxa B cacreme CH
[I1=1 Kale = 1 A (amnep).

Ecna cania 1 HanpagJjieE#e TOKa € TedyeHHeM BpeMeHH He H3-
MeHATCd, TO TAKOH TOK HASHIBAIOT MOCTOAHHBIM.

Ecnl Tok co3gaercda HOCHTEIHAMH oboHuxX 3HaAKOB, OpHYeM 3a
speMsa Al Yepes rnonepevyHoe cevdeHHe HIpOBOTHHEKA HOJIOHCH-
TeJbHEIE HOCHTEIH IIepeHoCAT 3apall Ag" B OIHOM Hanpassie-
HHAH, & OTpULlaATeTbHEIE — 3apAll Ag B HIPOTHBOIOJIOAHOM, TO
cHJia ToKa

_Aq® [pd]

At At

C'iia ToKa A5 METAJLIHYECKOT0 IIPOBOTHUKA (COTIacHo Kac-
HYEeCKoH 3JeKTPOHHOH TeOpHH IPOBOAMMOCTH) PaBHA

— envS |,

e ¢ — aJieMeHTapHEI 3apaj (Moayb 3apana 3JIEKTPOHA);
71 — KOHILEHTPAlUHA CBODOJHBIX 3JIEKTPOHOB (qmeso CcBO-
GOIHBIX 2JIEKTPOHOB B eIHHATE 00beMa TIPOBO/ITHUKA);
U — CpeSHSAS CKOPOCTH YIOPSAI0YEHHOr0 ABHIKeHUSA TIEK-
TpoHOB (cKOpocTh Apeida);
S — @IomAangsh MoNepedHoro cedeHus MPpoBOIHAKA.
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OcHosebl SNeKTpoaAuHaMUKK

MOCTOAHHBIH JJIEKTPUYECKUH TOK

IInorsoCTH TOKA

IlnorHocts Toka Jj — 710 BekTOpHAN tbu
Ha, THCJICHHO paBHAsA CHUIE TOKA, IPOXOs
1Y ILIOMAK onepedHoro cevenus mpop
KYJIIPHOTO HANPABIEHH ToKA.

JHYEeCcKasi BeJIngu-
IIEH Yepea euHHA-
OOHHEKA, ITepIieH/ H-

3a HalpaBleHre BEKTOpA IMOTHOCTH TOKa HOpHEHENMAaeTes HA
nopa . £ :
.p BllIeHWe BEKTOpa CKOpocTH leOpﬁ,E[O"-IeHHOI‘O ABHKEeHH A
HOOJTOKHATETHEHBIX HOCHTeNeHd 3apsana.

):IJ’IH OOCTOAHHOTO TOKA, TeKVIIIEeT0 nepnemmnynﬂpno CeYeHHID
IIPOBOIHHKA HJIOTHOCTE TOKA paBHa

’ n
! Enuauna niorsoern Toxa B cucreme CH [j] = 1 A/m®

ITro1 g
OTHOCTE TOKa B IIPOBO/IHUKE ONpee iseTes COOTHONIEHUEeM

J=ent

riaee — AIEMEHTAPHBIIT 3apsan;
. — KOHIEHTpaImsg CBODOIHEIX HOCHTeIelH 3apsanga;

U — BEKTOD CKOpPOCTH YIOPAROIEHHOTO ABHMKEHHS 110.10-
FHHUTENBHEIX HOCHTe 181t 3apsanos.

OcHOBbI aNeKTPoAUHAMMKNA

3axon Oma ni1s OJHOPOAHOTO YYACTKA LEnu \/

OgHOPOJHBIM YHACTKOM HEeNH HASLKIBAETCH TAKOH YYacTox
mernHd, Ha KOTOpoOM He RBI:‘ICT'B}'R)T CTOPOHHHE CHJIBLI.
"rOpOHHHE CHJIRI — 3T0 CHIABI HE JIEKTPHYECKOI0 NPOHCXOMXK-
JICHHSHA,

3axkoH Oma A4 OOJHOPOOHOIO y49acTKa HenM: cujiaa ToKa
HA OJHOPOOHOM yYacTEe IIellHd NpAMO NponopuHoHAJIbBHA HA-
NPpAAeHAI0 Ha er0 KOHIIaAX | 06[)3"[‘1-10 ONponoprnHuoHAIIBHA ero
COIIPpOTHBJIEHHKD.

U
JF=—
R
raell — COIIPOTHBJIEHHE OOQHOPOJHOIO yHacCTEa LIeIH {COHpD-

THRJIEHUE IIPOBOIHHKA).

Emuauna conporusnenns 8 cucreme CHU
[R]=1B/A=10m.

Cormnacno 3akony Oma rpadux 3aBHCHMOCTH CHIIEL TOKA OT Ha-
npszeHdAs (BoJIbTAMIEPHAS XapAKTEPHCTHRA) I8 JAHHOTO
MPOBOJHHKA MPEICTABIISET COBOMH NPAMYIO
nuuuo. TarareHe yriia HakjI0Ha aToH mpsi-
Mol & ocu abermee o6paTHO IIPOHOPIIHO-
HAJIEH COMPOTHBIEHHIO MPOBOJHHKA:

1

Al _l g (20 Z’:
AU R '

Benwrauay U = I - R 4acTo HA3KBAWTHACHAEM HATPARKEHHST
Ha y4YaCTKe LenH.
Jlas omHOPOAHOrO yYacTKa LENH NaJeHHe HaNpAKeHUs
BCErjla coBIagaeT ¢ HanpsReHueM Ha HeM.

B merannax u sJeKTpoaHATAX 3aBUCHMOCTE CHITEL TOKA OT HAa-
upsaeHnAs nogunHgeres 3axony Oma. Ilns rasor m mosy-
IIPOBOHUKOB 3TOT 3aKOH B 001IeM cliyuae He BHITOJIHAETCA.

—_

e




OcHosel ANeKTpoanHaMUKK

IIOCTOSAHHBIH QJIEKTPUYECKHIT TOK

Conporuenenne NPOBOIHUKA

Conporusnenne OPOBOOHHEA — 370 CRANApHasa (puauue-
CKas BeJIMYHHA, XapaxTepusyoman cnocobuoers IIPOBONHHA-

HOCHTeJIeH 3apanos.

Conporusnenne IPOBOAHMKA 3aBUCHT OT erg PaaMepos u chop-

MBI, a Takske or MaTepuasa, ua KoToporo H3rorosnen IIpoBOII-
HHEK,

Conporusnenne HNPOBOJHUKA NIHHON | ¢ OIHMHARKOBEIM TIOIe-
PEYHEIM ceuenmem S, H3TOTOBJICHHOIO H3 OTHOPOIHOIO MaTe-
bHAana, onpenensercsa COOTHOINEHUEM

e p — ynensuoe COIPOTHBIIEHHE MaTepHana.

Enmnnua ypensmoro COINPOTHBIEHNU B cucteme CH
] =10m - M.

NHP.'H;HU(:‘ COLIPOTHBICHHE Mﬂ'['l?piiil.’]‘i:l SJABHCHT 0T TeEMIiepa-
Type. Jlns Gonsmuuersa MeTaJJIOR B A0CTATOYHQ, umpméom

HHTEepBaJe Temieparyp CHPaBelTHBA THHeHHAS 3aBECHMOCTE,
P OT TeMIIeparypsi ¢: el

[p=pzan] {,

TA€ p — ynensHoe conporuprenmus IPOBOAHUKA IIpH f °(':
P, — YIeJbHOEe CONpPOTHBIeHUS HPOBOTHHKA TIpH () °(
@ — TeMueparypusiii koadgdunment CONIPOTHBIEHHST,

! Emmanna TeMueparypHoro koadbdummenta COTIDOTHBJIEHH 51
B cucreme CH [p] = rpag ! (K7).

OcHoBBI 3aNEKTPoarHaAMUKK

G@J’IH’TH’H&, oﬁpamaa YAEJIBHOMY COIIPOTHBJIEHHIO O, HA3KIBA-
eTcH YAe/IbHOMi ODPOBOOAHMOCTRIO O

o==
P
Enwsnna ynenssoit mposogumocts B cucreme CU
[6] =1 0n! - .
! Jlas 37IeKTPOIMTOR TeMuepaTypHEi koahbumHenT Compo-
THBJIEHUA OTPHUIIATENEH, IJI MEeTAI0B — [TOJI0KUTEIIeH.,

P P

I

0 Memaribe i 0 anexmpoaumse  [°

Ecnu npenebpeun namenenuem pasmepos IPOBOJHHKA IPH HA-

rpeBaHuH, TO R-R(1+at) |,

rie K — conpoTHB/IEHHA TPOBOHUKA mpH { °C;

R, — conporuBienus mposomgauka npu 0 °C.
Benmauna, obpatHas COIIPOTUBJIEHHID R, HA3LIBAETCH MTPOBO-
JHMOCTEIO (7

! Enuauna nposogumocta B cucreme CH [G]=10m! =
=1 Cu (camenc).

ITpn suskux TeMneparypax Habmomaercs OTCTYIJIEHHE OT
JTHHEeHHOM 3aBUCUMOCTH p OT £°.

Y GombmumeTBa MeTANN0B M CILTABOB OpH TeMIepaType Io-
PALKa HECKOMBKHX KEJLBHHOB CONPOTHBJICHHE CKAYKOM 00-
Pamaercs: B Hysh. 3T0 ABJIEHHE MOIYYHIO HA3BAHUE CHEpX-
HNPOBOTHAMOCTH. p




OcHoBbI anekTpoauHaMukm

IIOCTOAHHBIN SJIEKTPUYECKHUIH TOK

HOCJIG,IIOB&TEJIBHOE H napaJjiaejasHOoe l/
COoOeJHHEeHHne HPOBOOHUKOR

HOC.."IE,E[OB&TEJI bHO€ COeIHHEeHne OPOBOOHHUKOB

I I I { [

an IIocJIeI0BaATeJIEHOM COeIHHEeHHn IIPOBOTHHUKOB clipasen-
JIHBEI Clenyioliiae COOTHOIIEHH A

A peoi R SRR

= n

U=U,+U, +U, +..+U, =Y U,

n

R=R +R,+R,+..+R -V R

Eenu R = R=R.=,., = R, To obiiee conporuBaeHne

R=n R,

'
! Ilpm nocnemosarensaom COeTHHEeHUH TPOBOAHHKOB HX 06-

Iee compoTuBiIeHue bymer Gobire HAUGOMBLITEro U3 COTIpo-
THBJIEHHI.

76

OcHOBbI 3NeKTPOgMHaMWKA

.

IIa pa/uieJibHOEe COeJIHHEeHHE NMPOBOIHHUKOB

= (T =
I e
I ===SL{ps o — | R I
o =1 . =g
T o R |
I
: R : -
|_ Tt il Spe=s—y |

npl'[ IapaJimesIbHOM COC/IMHEHHWH NPOBOAHHUKOB CIIpaBeI/IH-
BHI CJIEOYIOIIHAE COOTHOIIEHMH!

I=I+L+L+..+1;
l' = l‘l = L-'.T . Llr'.i = L n
1 1 1 1 1 o 1
T e T TRRE —
I? Rl 1?! Rﬂ Rn ; Rr'

s gByx mapasniensHo coeIHHEeHHBIX NMPOBOXHUKOB HX 06-
1iee CONPOTHRIIEHHE PABHO

_RE,
Rz - R._,

Ecru R =R =R =...= R, To obmee conpoTuBIeHne

R=—
n

ITpu mapannessHOM COeNHMHEHHH ITPOBOAHMUKOB UX obmiee
CONPOTURIIEHHE OYIeT MEHBIIIe HAUMEHLIIEro Ha COIPOTHR-
JIeHHH.
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OcHOBBI aneKkTpoauHaMnKK

IOCTOSHHBIN DJIEKTPUYECKUIN TOK

OcHOBEI 3NEKTPOAUHAMUKM

M ysar

Jta mamepesus CHIIE! TOKA B I I
— —_—
el HCIONLE3YIOT aMiuepmer- @ —@ 2
PBI. AMIIEpMETp BRIIOYAETCH B I
H3MEepPAEMYIO LeITh MoC/IeN0Ra - "
e ! R

rensHO. Kamkasni ammepmerp

PacCYUTaH Ha OLpeeeHHY0 MAKCHMAABHY0 cury Toka. s
PacuIMpeHus pejiesia MI3MepeHus K aMIepMeTpy napaiielb-
HO DOJIKJTI0YATOT COITPOTHBIIEHHE, KOTOPOE HAIBIBAIOT IIYHTOM.

HCHOJ’IBS}VH 3AKOHOMEPHOCTH IapajiieIbHOr0 CoeTHHEeHH,
MOMHO IIOJIVIHTE

I=-I,+1, | R
L m L = /- _i
IHRA - IulRul ] = ! [A(l A R )

Jlna uamepenns cuisl TOKa B n paa Gosblnei, 4eM Ta, Ha Ko-
TOpYIo paccuuran amnepmerp (I = nl ), HeodXoauMO mosicoe-
JUHATH OIYHT CONPOTHBICHHEM

R :E’!- . -
A+ -1 v

MaKCHMabHOE Hanpsamenne. J{na paciiupesns npegesia ua-
MEpPEHHSA K BOJLTMETPY MOCJIeA0BaTeTbHO MOAK/II0YaloT COIIpo-
THBJIEHHE, KOTOPOE HASKEBAKT A00ABOYHBIM CONPOTHRIIE-
HHUEM.

Menonsay s 3ak0HOMEPHOCTHE HOCIEI0OBATEIHHOTO COeTUHEHUH,
MOZKHO IIOJIY9HTH

U=U,+U,| .
U, U, '\>0-U,0+2)
= . l’ v R
Rl" R__J ) ¥

Jlna maMepeHnsa HANPSAKEHU B n paa Ooabmrero, 4em To, Ha
koTopoe paccauTan BoabTMeTp (U= nl, ), Heobxo1uMOo 10/CO-
eTHHUTEH 100aBOYHOE CONPOTHBISHUE

R, =R, (n-1)

JloGaBouHOE conpoTusinenue

s mamepenus Hanpsamke- R
HHE HCIOIB3YIOT BOJIETMET-
psut. BonsTverp Brmouaercs B
H3MEepAEMYo Ienb HapaJi-
nensno. Kaxaeii BonsTmerp
paccuYuTaH HA OIIpeJeeHHoe

PaGora u MmomHOCTE TOKA |/

[Tpr npoxo:KIeHAN TOKA B LEITH 3JIeKTPHYeCcKoe moJjie coBep-
maer pabory 1o nepemenienuio aapsjaa. B arom cayaae pabo-
TV IIEeKTPHYECKOT0 0I5l HA3LIBAIOT paboToi ToKa.

IIpu npoxoxnennn sapana Ag = JAl 1o y4acTRY HENH 3JIeKT-
puyeckoe nosue dymer copepimars pabory

A =Ag(9,-¢,)=AqU = UIAt

Jlis omHOpOgHOTO yuacTka Hemu pabory Toka MOMKHO PACCYH-
TATE CJIEIYIOIIAM 00pa3oM:

A=UIAt=PRAa=-Z
R

At

Momuoers Toka B 9T0M ciiydae Gyner paBHa

T2
Pedeyl-IR-—=
t R




OcHoBbI anexTpoauHammki

IMIOCTOAHHBIN JIIEKTPHYECKUI TOK

3axon Hxoyna-Jleana ),

3 \"4
axoH Jlxxoyna-Jlenna: xomraecrso TEemIoTs ), prinesnsge-

MO€ B HPOBOJHHUKE IIPH HPOXOMKICHEH AJIEKTPHYECKOr'0 TOKA,
HPAMO IMPONOPIHOHAILHO IPOH3BENeHAI0 KBanpara CHJIE
TOKa, CONIPOTHBJIEHHS IPOBOTHUKA W BPEMEHU OpPOXORIeHAN
TOKa 4Yepe3 NPOBOIHUK!

[o-rmar]

Ecin 5a yuacrie LENH He COBEPIIAETCH MeXaHUYeCKkas pabo-
Ta | TOK He IIPOM3BOLAT XHMHYECKOro AeHCTBUA, TO Bes pabo-
Ta 3JIEKTPHYECKOr0 TOKA HIeT Ha HATPEBAHHE IPOBOIHAKA:

3 {’r‘:
Q: A:-I'R.'_\!-; I(rr,-ﬁt::——&t
R

OnexTponsuxkymas cuna QIC) \/

Croponnwe crnsr — 310 caurer HE3NeKTPUYECKOTO TTPOUCXO -
JTeHAS,

-
S.r:ewrpo,unﬂmymaa cuna (3AC) — aro CRanapHaa heam-
YecKas BeJIHYNHA, PABHAA OTHOMEHUIO paboTh CTOPOHHUX cun
1IPA NepeMeIIeHHH aJIEKTPHYECKOro HOM0KHTEILHOTO 3aps-

Ad g 00 3aMKHYTOH LEIH, K BETHYHHE 3TOr0 3apsama;
£- A_
q

1 s 4
. BHERTDG.E[BH&\}?ILIEH CHIIA ABTAETCH JHePreTHYECKOoH Xa Par-

TEPUCTHRON MCTOYHHKE,

!' Enmauna BJIC B cucreme CH[E]=1B.

OcHoBbI aneKkTpoaUHaMMKN

r 3axon OMa 11 HEOHHOPOAHOIO YyIACTKA Henu \4—

Ec/i y9aCTOK 2JIeKTPHYECKOMH IeH COe PIRAT [OCTIeI0BATE -
HO COeTHHEHHRIE PE3UCTOPEI H HCTOYHUKH TOKA, TO TAKOM y4ac-
TOK 1@ITH HA3EIBAETCH HEOTHOPOIHBIM.

Jl1s TaKoro yuacrka BeINOJHAETCA 3akoH OMa 1719 HeOQHO-
POJHOIO y4acTKa Henu:

i]:((p‘_%)ig _(-Z_‘i;—&-

R+r ' R+

rie ¢, — (, — PasHOCTh HOTEHIIMAJIOB HA KOHIAX YIACTKA LIEIIH;
£— énempo,unumyruaﬂ CHJIA HCTOYHHKA TOKA C BHYTPEH-
HHUM COIMPOTHBIIEHHEM I
i — conpoTHBIeHHe YHACTKA LEIIH.

[Tpasumo sHaKos: HanpaBJeHUe 00X0a yYACTKA eI Beeraa
BEIGHpaercs or ToUkH 1 K Touke 2.

. R 5.7

Cuna Toka I cunTaeTes no- 1 — i
TORUTENBHON, ec/id Ha- Q—II I_‘”_Q)
IIpaBJieHHe TOKA COBIIAJIA- _@-9,+E

eT ¢ HalpaBJIeHAeM 00X0- S T

Ia y4acTKa Len#, H OTpH-

HATeJIEHOH — B HPOTHBO-
IOJIOAHOM ciIy4ae.

gait —gfy
g |
1 | 2
o0&
R+r

SJIC cumraerca nosomxH-
TeJILHOH, €CJIH OHO cTpe- —f=
MHTCH CO3JaTh HA Y4acT-

Ke Led TOK, KOTOPHIHA 110 HANPABIEeHHWID COBIANAET C HA-
IipasjeHneM obxona (T.e. ecaw npu obxome V9aCcTEA OenH
MBI HAEM OT «—» K «+» BHYTpH HerouHuka JJ1C), ¥ orpuna-
TeJILHEIM — B IIDOTHBONIOJIOKHOM cirygdae (ecou mpm o6xo-
A€ y9acTKa NEMHA MBI HIEM OT «+» K «—) BHYTDH HCTOUHHEA
1C).

——

6 3ak. 943




OcHOBbI AaNEKTPOAUHAMMKN

 MOCTOSTHHBIN SJIEKTPHYECKUIA TOK

Saxon Oma s noaHO#H nenu

3akon Oma nns noaHOM Henu:
CHJIA TOKA B 3aMKHYTOH IIeIH NPAMO
MIPOIOPIHOHAIBHA 3JIEKTPONBHIKY-
Imell cHJie HCTOUHHKA TOKA U obpart- T!
HO MIPONOPIMOHAJILEHA CYMME COIpOo-

THBJICHUH €€ BHEIIHEero u BHyTpeH- —— }—
HEro y4acTKOB:
£
b= \V
R+r

rae R — CONPOTHBJIEHHE BHEIIHEro YYACTKA IeITH;
r — CONPOTHBJIEHHE BHYTPEHHEr0 YYaCTKA IIeIH.

i

HOH.‘-'UII|)(‘.~'i'HB.’THHI‘1t‘.‘\-‘I BHYTPEHHEr Y9acTra ierns DoOHUMAawT
COIIPOTHERJIEHHE HCTOYHHEKA TOKA.

3axon Oma A1 3amc1—1y'roﬁ NenH MOMHO 3anacaTs B BHIe

E=U+ Irig; ' vany)

-

o -
rae U/ = [R — HanpsokeHWe HA BHEITHEM YYACTKE eI,
Ecim conporuBnenne BHEIIHEro y9acTka UEIH CTPEMHATCS K

Hymo ( — 0), To cuina ToRa B JaHHOH Hemnw OyaeT MaxcH-
manbHOH. Taxoit TOK HA3KBAITTOKOM KOPOTKOTO 3AMBIKAHUS |

Y £ : \/
r

Tor kopoTEOro 3aMeIKaHuA 3aBUCAT TOJIbKO ot DJIC 1 conpo-
THBJIEHHS MCTOYHHKA TOKA.

OcHoBbI 3NeKTpoguHaMMUKL

KoaddunueHT no/1€3H0r0 JeHCcTBHA MCTOTHUKA TOKA —
2TO OTHOIIEHHE MOITHOCTH, BRIZIENIAEMOH HA BHEITHEM yJacT-
we enHd (mo/ie3HoH MOIIHOCTH) K MOIIHOCTH, Pa3BHBAEMOH
HCTOYHHKOM TOKA (IMOTHOH MOITHOCTH):

"P.. 1€ & Rer| V

IToneasas MOIMIHEOCTL: MOIITHOCTH, BELIE/IAeMas HA BHEIITHEM
yuacTRe ey

P-IU=-PR| YV

IMosraas MOIHEOCTE: MOITHOCTL HCTOYHHKA TOKA!

[ = =JE=PR +7r)

nojan

Tepsemaa MongHOCTHE: MOITHOCT, BRIIEJIAeMas HA BHYTPEH-
HEM YyHACTHE [eITH:

Hawnbonsmas moieasas MONTHOCTE BELIEIAETCS B 3aMKHYTOR
eI, ecJId COINPOTHBIEHHA €€ BHEITHEr0 H BHYTPEHHEro y4a-
CTKOB paBHH (R = r):

P :I“R:{

Koachdumment nonessoro geHcTBHA HCTOYHUKA TOKA ITPH 8TOM
n =50%:

82
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OcHOBbI 3NEKTPOAUHaMUKA

TIOCTOSTHHBIM QJIEKTPUYECKHW TOK

OcHoBbl anekTpoanHamMuKi

l'[ocne,aonaTeanoe CoeqHHeHHe
HCTOYHHKOB TOKA

le:{ nmocneJopaTeJIbHOM COEHHEeHHH p HCTOUHMKOB TOKA B
OIHOM HATIPpABJIEHHH CIIPABEIJTHBEI CJIeOVIOIIHEe COOTHOIIEHHA:

Bg o ety By &, r

ot

Ecim merounnry TOKA OOHHAKOBBEIE, TO:

=

E=E+E,+E,+..+ &, :ZS‘. :

n
r=r,+n+n+..4r :Zr.
i=1

L

3axon Oma 18 3aMKHYTOH [EIH B 3TOM ciydae GyaeT uMeTs

B n&,

R+nr,

l'lapa:menbnoe COeHMHEHHE HCTOYHHKORB TOKA

IIpu nmapasiiensHOM COEIHHEHHH g .

OEHAKOREIX MCTOYHHKOB TOKA cIIpa- S ;l e
BEIJIMBEI C/I€AYIONIHEe COOTHOIIMEeHHA: LB
I &1y
[B-E=C=F=. o8 | f
4|
r= r_] . g'—' e r _g

n __||_

3aron OMa nas 3aMKHYTOH IenTH B
arom ciy4ae 0yzer HMeTb BUJT

IIpasuna Kupxroda

Jlis pacdera pasBeTBIEHHEIX 3JEKTPUYECKHX Helel UCHoJIb-
ayior npasuna Kupxroda.

[Teproe npasuno Hupxroda sanucesaercss mig yanos pasBer-
BJICHHOH LIEITH H OCHOBBIBAETCH HA 2aK0He COXPAHEHNA 3apHia
Vanom HaswBa0T TAKYH TOYKY PA3BETBIEHHOH 1LI€IH, B KOTO-
poii cxomaTces TpU 1 00JIee IPOBOIHUKOB.

Ilepsoe npasuino Kupxroda: anrebpamueckas cymma To-
KOB, CXOIANIUXCA B yaJe, paBHA HYJIO:
IL+L+I+...=1I =0

[Tpagmno sHarkoE TOKH, TEKyIIHe 0 HANPAaBJIEHHI K y3JIy,
CHHTAIOTCHA [10JIOKUTEILEHEME 8 TOKH, TeKYIIHE 0 Hanpas-
JIEHHI0 OT y3Ja, CHHTAKTCHA oTpHIlATe/ThHBIME

Bropoe npasmnno Kupxroda sanmuceiBaercs s mioORIx 3amii-
HYTBIX i{m1'|‘_\’];{;;cpaSBeTBJIeIﬂ-I0ﬁ IIenHd ¥ OCHOBEIBAETCH HA 34-
roHax Oma 1 0fHOPOIHOTO ¥ HeOTHOPOIHOIO YIACTKOB IeIH.
Bropoe npasuno Kupxroda: anreSpandeckas cymma mna-
[eHUi HATPAZKEeHWH HA BCeX YYACTKAX 3AMKHYTOI0 KOHTYpa
pasBeTBJEeHHOH IlenH paBHa airedbpamueckon cymme I](C,
cofepKAaNTUXCsa B 9TOM KOHTYDE:

IR +IR,+IR +..+IR =E+E+E+..+E |

[Ipasuno agaxop; HaJjeHHE HANIPAKEHHA CIATAETCH [10/I0HH-
reTBHEVG €CJIH HATIPABJICHHE COOTBETCTBYIOMIEr0 TOKA COBIIA-
IaeT ¢ HanpasJieHueM 00Xo01a KOHTypa (BebpaHHOTO 3apaHee),
H orpuiarensHsmv— B TDOTHBOIO/I0AKHOM ciry4ae. QHC CcCYH-
TAeTCHA roa0KuTe ILHO, €CJIH OHO CTPEMHTCA CO31aTh BO BHEIII-
HEeM y4acTKe KOHTYpa TOK, KOTOPHIH 10 HAIPABJIEHUIO COBIIA-
AdaeT ¢ HanpapjaeHueM DﬁXD,IIa KOHTYpa (T.e. ecJi npH obxone
KOHTYPA MBI HAEM OT «» K «#» BEYTpH ucrounuka DJ10), B
OTPHUATENbHEIM — B IPOTHBOIOJIOKHOM caydae (ecsu mpn

Lt'i,\'n:u» KOHTYPA Mbl H/IEM OT «+» K «—» BHYTPH HCTOYHHKA B10-
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OcHoBe! ane KTpoOOWHaMMKW

NIOCTOAHHBIN ONTIEKTPUIECKUIH TOK

OcHoBBI 3NeKTPOAUHAMWUKK

BHGRTPH“IGCRHI& TOK B JIeKTpOoJIHTax

OJIeRTPOJINTE HASKIBAIOT HIPOBOJIHUKAMH BTOPOTO POJA.

K anmexTponmuram oTHOCSTCH PACTROPEL coJieil, KUCIIOT | TI1e-
Jgogefi. 1lpy pacTBOpeHHH BeIIECTBE NPOMCXOINAT AJEKTPOIH-
THYECKAA THCCOIHAAITNA,

OnexTpoNINTHYECKAA JTUCCONMALINS — 3TO NPOLEce pacia-
[ia BeHIeCTB Ha OT[e/IbHBIe HOHEL.

Ecmm COCYI C 3JIEKTPO/JIMTOM € IMOMONIBI0 AJTEKTPOI0B BKJIH)-
HTHUTH B AJIEKTPHYECKYIO IIEITh, TO HOHEI 3AeKTPOJIUTA IIPHIVT B
ABHMKEHHE H B LIEIIH IToTe4YeT SJ'IEKT[JH‘IECI{I-LEI TOK. le—i mnmpore-
KaHHH TOKA B UElH Ha 3JeRTPOJdaX HPOHCXOIUT shine/leHAe
BEIEeCTB. Oror IpOIect HASBIBAETCH INMEKTPOJIM30M.

Maccy BRIIETHBITIEN0CH BEIIECTBA MOYKHO OIPeIe U Th, HCI0JIk-
3ysa 3axoHer Dapanes.

Ilepseiit 3akon Mapanes: macca BeNecTsa, BLIIEIUBIIET0-
cA Ha 3JIeKTpoe, MPONOPIHOHAIBHA 3apAny Ag, IIpomiee-
My 49epes aJeKTPOJIHT:

; m = kAg = RIAL |, =

~
U

rme m — MAcCca BeUIecTBa, BRIIEJHBIIEI0CH HA 3JIEKTPOIE;
k— ANEKTPOXMMHYECKHI JKBUBAJIEHT BEIIeCTBa;
Ag — 3apan, Npomennui Yepes 3JIeKTPOINT,
] — cuna Toka, TeKYIero uyepes3 aJIeKTPOJIHAT;
Al — BpeM# IpOoTeKaHHS TOKA.

1 Emamﬂm;a AMEeKTPOXHMHYECKOrD SKBHBANIEHNTA BelliecTsa B
cucreme CH k] = 1 kr/Kn.

XuMHaYecHUM IKRBMBAJIEHTOM BelllecTra HA3BBAKT OTHOIIEHHE
MOJAPHON MacChl BEIIeCTBA K BAJIEHTHOCTH HOHOB!:

M

n

rjie M — MonspHasa Macca BelllecTsa;
n — BaJIEHTHOCTE HOHOB.

Bropoii 3axon ®apanes: a/IeKTPOXUMHUIECKHH 3KBHBAJICHT
BEIeCTBA f; MPOTIOPLHOHAICH €10 XMMHYECKOMY JKBUBAJICHTY:

1M

e s
Fn

rae F=eN, = 96 500 Kn/moms — uncio @apanes-

O6nequnenusiin 3axon Papanes:

1 DsiexTposH3 NPAMEHAETCH JUIs HOAYIeHHA MeTaI0B (amo-
MUHASA, DepUIILITHS, KAJILIUA, HATPHA | 1p.), OYHCTKH H pa-
bHHHIPOBAHAA, JIEKTPOIATHIECKOT0 HAHECEHUA OKPLITHI
(aomouenns, cepebpeHus, HUKeIMpoBaHus), (hopMHpPOBAHUA
H300pakeHnii (raJasBaHOIIIACTHRKA) B Op.

! Tlpm npoTexaHUM 3IERTPHYECKOTO TOKA B 3JIEKTPOJIHTAX BEI-
nonasaiores saxkousl Oma u sroynsa-Jlenna.




OcHoBbI 2NeKTpoanHaMUKK

OE I1OJIE

Marautroe nmosie — 3T0 0cobklil BMI MaTepuH, MOPOsKIaL-
MBI ABHIKYIIHMUCSH JJIEKTDHYECKAMHU 3apiiaMu, aJIeRTpHYe-
CKHMM TOKaMH H HAMArHHYeHHBIMA Tesamu. MargarHoe mnoJre
06HapY/KHBAETCA 110 JeHCTBAN HA ABHIKYILHECH 3JIEKTpPUYe-
CKHe 3apH/Ikl, JTeKTPHYECKHE TOKA B HAMATCHHYEHHBIE TeJIa.

BexTop MarauTHON MHAYKIHH

,Ilﬂﬂ XapaKTepHCTHREH MATHHTHOINO HOJIA BBOOHTCH BEKTOpHaHd
(busmveckas BesimauHA B , KOTOPAA HASKIBAGTCH MATHUTHOM
MHAYKIHEeH (BeKTOPOM MarHuTHON uHAyKnnu). Maranr-
Hasd HHIAYKUHA ABIAETCA CHIIOBOM XapaKTeprucTHRON MAarHHAT-
HOMo nDoJis.

Monayns BeKTOpa MArHUTHON HWHIYKIHH PABEH OTHONICHUIO
MAKCHMAaJIBEHOR CHIIE] F"m , JEHCTBYIONIEH CO CTOPOHEI MATHHAT-
HOTO 110J151 Ha IIPOBOTHHK C TOKOM, K ITPOM3BEIEHUI0 CHITEI TOKA
[ Ha n1JHHY OPOBOOHUKA Al :

— —_max
IAl | .
Moayns BEKTOpA MATHWUTHOW WHOVKIIHH TAKAKE paBeH'OTHO-
IMIeHHIO MAKCHMAJIBHOIO Bpamanniero MexaHu4eckoro MoMeH-
Ta M.\.,-.x , JeHCTBYIOMIETro ¢o CTOPOHBI MArHUTHOT'O IIOJIA HA KOH-
TYP C TOKOM, K IIPOHA3BEJIEeHHI0 CHJIEI TOKA [ HA IJIOIIANE KOH-
Typa S:

M.

IS N

! Epusuna marawrsHod wanykmam B encreme CH [B] = 1 Ty
(Tecna)-

| Besmumnap = JS HA3KBAETCA MATHHTHEIM MOMEHTOM KOH-
TYPa € TOKOM,

B=

OcHoBbI 3MEKTPOAUHAMWUKA

B obmem ciy4ae MeXaHUYECKHH BPANIAIONTHN MOMEHT, I€i-
CTBYIOIIHN Ha KOHTYP ¢ TOKOM, PaBeH

ﬁvf:me - sing

TIe (@ — YO/ MesRIy BeKTOPOM MATHUTHOW WHAYRUMH B 1

HOPMAJIEI0 K KOHTYDY.
HampaeneHue BeKTOpa MATHHTHOR
HEAVKIAHE COBIIALAET ¢ HALIpaBIIe-
HHEM CEBEPHOTrO MoJmoca cBo60THOM
MarHATHOH CTPesIKH, TIOMeIleHH0H
B JAHHYI0O TOYRY mond. B HexoTo-
pEIX CIydasx HAIpaBJIieHHe BEKTO-
pa B MOMHO ONpENesuTs ¢ TOMO-
e npaswia oypasuuka (nmpa-
BOTrO BHHTA):

— HanpaBJIeHHE BEKTOpa HHIVEK-
ITHH MATHHETHOIC OOJIA IIPpAMOTo
TOEKA .

Ecyim meukenue octpusa Oypas-
YHKa COBIANAET C HAIpaBJIeHH-
€M TOKa B IPOBOJHHKE, TO Ha-
[IpaBJIeHHe BPAllleHHA PYKOAT-
Ku OypaBduka coBmagaer ¢ Ha-
IIpaBJieHHEeM BeKTOpa MarHur-
HOH HHIYKIHNH,

— HanpapJeHHe BEETOpa HHIVE-
IHH MATHHTHOM HHIOYKIIHH B
LEHTpe KPyroBoro ToKa .

Ecnu Bpamenune pyROATKH 0Y-
paBYHKA COBIIANAET ¢ HAIPABJIE-
HHEM TOKa B OPpOBOJHHUKE, TO HA-
npaBJjieHUE JBUKEHHSA OCTPHA
OypaB4YHKA COBIAIaeT ¢ Hampas-
JIeHWeM BEeKTOpa MarHHTHOH

HHIYKIIUHA.




OcHOBLI NEKTPoaUHAMMKIA

MATHUTHOE I1OJIE

OcHoBbI ANeKTpoauHaMHnKn

Jluany MArHUTHOM UHIYKIAH

MarauTHoe mosie rpaduueckn H306pAKAOT ¢ IOMOIIBK) JIH-
HHH MATHATHON WHIYKIIHH.

JIuENM MarHUTHON WHAYKOMM — 3T0 HANPABJCHHEIE JTH-
HUH, KACATEJBHEIE K KOTOPHEIM B KAMKI0 TOYKe HOJIS COBMA-
JIAI0T ¢ HANIPABJIEHUEM BeKTopa J .

e

[ s
/4

3a HanpapIeHAe JIHHAN MATHATHOW WHIYKITAH IPAHATO CYH-
TATh HATIPABJIEHHE OT I0MKHOI'0 K CEBePHOMY IT0JICY MATHHT-
HOH CTPeJIKH.

——— >

F=———— e e

-
JInHME MArHETHOM MHAYKIMH gceria samrnyrsy. [loaTomy
MATHHTHOE [10JI€ HASLIBAIT BUXPEBBIM. y

! 3aMKHYTOCTH JTHHUK MATHHTHOH HHAYKIMH 03HAYAET, 4TO
MArHATHOE 0JIe He HMEeT HCTOYHMUKOB, T.€. B IPHPOIe HeT
MATrHHUTHEIX 3aPANO0B, IOM00HBIX JIEeKTPUIECKUM,

Yepes xamaymw TOYKY I0JIS IPOXOOHT TOJMBKO OTHA JTHHHUS
MAaTHATHON WHIYKIIAH, TI03TOMY fiHME MarETHON HHAVRITHHA
HE IepeceramnTes .

Yem ryme THHUE MATHATHOH HHIAYKIAH, TEM fo/Tbie MOy b
HHAYKIAHA MATHUTHOI'O T0JIA.

MarauTHOE noJjie 6eCKOHeYHO JJIHHHOI0
NPAMOTO HPOBOIHHUKA C TOKOM —

HMuaayrigmsa MarHUTHOTO ITOJIH, co3/1a-
BAEMOT0 DECKOHEYHO IJTHHHBIM [Tps-
MEIM ITPOBOTHAUKOM ¢ TOKOM [, B JIaH-
HOH TOYKE ONpeaenaeTcs COOTHOIIe-
HHEeM

e, . I'm

Tam_ - 10718 vardwraas [TOCTOSTHHAST
A M

[ — MArHUTHAS TPOHUIAEMOCTE CPEIbI;

r— PacCCTOoAHWE OT IMTPOBOIHHAKA 10 paccmamﬂnaemnﬁ TOMKH.

rae y, = 4n- 107

| Jlns mpoBOOHWKA KOHEYHEIX PA3MEPOB YKA3aHHAA BEIIe
dhopmynia OymeT copaBeiiBa TOJNBKO IJIS TOMEH, PACCTON-
HHE 0T KOTOPHIX [0 HPOBOAHVAKA 3HAYATEIEHO MeHbIIIe, YeM
pPACCTOSHUA OT HUX 0 €ro KOHIIOB,

MarsaTHaA NPOHUIIAEMOCTE CPeIbl | — 3710 (huauveckas Be-

JAYWHA, TOKA3RBAKNIALR, BO CKOIBKO Pa3 HHIYKIIAA MATHATHO-

I'0 OJIA B BeliecTse Dosbine, yem B Baxyyme. Ecimm MareuTHoe

oJie CO3RAETCA B BOZAYIITHOH Cpene (raxyyme), TO 6epyT = 1.

e

MarsauTHOE 1moJie KPyroBoro Toxa

80

I'iH,H,YKIIHH MATHHTHOTO IIOJIA B IEHTpEe TOHROTO KPYTOoBOTO
BHTKA, II0 KOTOPOMY TE4YeT TOK CHJIION [, onpene;iaeTca COOTHO-

meHueM By
g terl
2R R
e f — paJguyc KpyroBoro BUTKA;
| — MaTHUTHa#A MPOHHIIAEMOCTE CPe/Ik; I
iy =4m- 107 T'?i; M = d4n-107 1M varmwrsas nocrosmmas,
. M
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OcHoBb! aNeKTPOANHAMWUKN

MATHUTHOE IOJIE

OcHOBbI ANEKTPOAVHAMMKI

MarsuTHOE noJie coJeHouaa —

ConeHous — 3T0 KATYIIKA, ¥ KOTOPOH BUTKHM HAMOTAHBI B
ojiay cropory. Eciu nimHAa coneHOH1a ropasno OoJbine pagd-
yca ero BHTKOB, TO I10Jie BHYTPH COJEHOMIA MOMKHO CYHMTATH
tl,'HI(lpi'},_'LI{bIM—

Maayenmg MATHATHOTO II0JIA
BHYTPH COJIE€HOHIA, 10 KOTOPOMY
TeYeT TOK CHJION | onpelesidercsH
COOTHOHIEeHHEM

rae /N— YHCJI0 BATKOB B COJIEHOHIE;
|— mamHAa coleHoHIA,

N
n= 3 — YHCJI0 BUTKOB Ha €UMHHIY JIHHEL COJIEHOMIA.

IIpuaOHD Cynepnosunuy MArHUTHBIX IOJIEeH

IlprHOMD Cyneprno3unuu: ecJid MAarHHTHOE IOJIe Co34aeT-
51 HECKOJIBKAMH IPOBOJHHKAMH ¢ TOKOM, TO €ro HHAVKUMAS 3
B JJAHHOH TOYKE PABHA BEKTOPHOMI CYMMe MATHHUTHBIX HHAYK-
OE# moned, co3laBaeMBIX B 3TOH TOYKE KAKILEIM IPOBOLHHA-
KOM € TOKOM B OTHEIHHOCTH:

B=B,+B,+B,+..+B,=3 B,

n

MaranTHOE noJie ropouna T

Topoua — 3T0 3aMKHYTHIX B KOIKLO coneHonsa. MaraurHoe
ToJie TOPOHIa COCPeAoTOYeHO BHYTPH Toponaa. BHe ero gose
OTCYTCTBYET, ’

Waaykigas MarsATHOrO IOJIS BHYT-
pH TOpOHA, 110 KOTOPOMY T€YET TOK
CHJIOH | ompemensieTcs COOTHOIIe-

HHEM -
p, u NI

= —=ppunl |,
> SR v

rme N— 9HCJI0 BHTKOB B TOPOHIE;
[i— paaguyc OCeBOH JIMHHH TOPOHIA;
};\’
n=— — YHCJIO BHTKOR HA €HHHILY IJIHHBI TOpOHOA.

.3” H

Cuna Amnepa

Cuna, meiicTByOIIAs €O CTOPOHBI MATHUTHOTO TIOJIS HA MPO-
BOAHHUK C TOKOM, HA3KIBAeTCH cuioi Amuepa. Moayas caist
Amniepa Brumcnserca mo gopmysie

F. =IBAl - sina }

rge | — cHJIA TOKA4, TeKYIIero B NpoBOAHHKE;
B — HHIYKIIAA MArHATHOT'O II0JIS,
Al — IIHHA TPOBOIHHAKA;
o — YT0Jl MeXIy HalpaBJeHHueM TOKa B IPOBOJHUKE U
BEKTOPOM J.

Hanpasnenue cuier Ammepa F', ONPENeNseTcsl mpasuiom Je-
BOH PYKH l
IIpaBnio 1eBOM PYKH: €CIH JIEBYI
PYKY PACIOJIOKHTE TAK, YTOORI IepreH-
OUKYAAPHAS K IPOBOOHHKY COCTABJISAI-
Imas BeKTOpA HHAYKIHK [ BXOIUIA B JIa-
JI0HE, 4 9eTHIPE BRITAHYTHIX HATbIIA OBLIH
HAIlpABJIEHEl 110 HATIPABJICHWIO TOKA, TO
OTOTHYTELA HA O()° GOJIBINOH Hanel moka-
HeT HANmpaBJeHHE CHJIIEI, JeHCTBYOIIeH
Ha YYACTOK NPOBONHHUKA.




OcHoBB! 3NeKTPOAUHaMUKM

ATHOE ITOJIE

OcHoBbl AnNeKTpoOuHaMUKKN

JAenKenne 3aapsaskeHHbIX YACTHILL
B MarsHMTHOM noJie

Cuna Jlopeuna

Cuna, meficrByoIIAs CO CTOPOHEI MATHWTHOTO HOJIA HA JBH-
IKYIIHiicA B HeM 3apsi, Hageipaeres emnoi Jlopenua. Mo-
nynab canbl JlopeHna BeraucageTes no hopmyie

F, =quB - sina

rie g — MOAyJb 3apsaja;
v — CKOPOCTH 3apfana;
B — MarsuTHasA WHIYKIHAA;
o — YTOJI MEesKIY BEeRTOpaMu i ¥ B .
Hanpasnenne ennnst Jlopena F1 JeHCTBYOIIEH Ha ABHKY-
IHHACH NOJMORATEeTLHEN 3apa/, OIIPeIengeTcs IpaBuiIoM Je-
BOH pYKH.

IIpasuio neBoH PpYKHU: ECIIH JIEBYIO 2 lB
PYKY PacrolioEATh TaK, 4T00bl HepneH-
IHEYIAPHAS K CKOPOCTH YaCTHIIBL CO-
CTABAAOIIAA BEKTOPA HHAYKIIAA J3 BXO-
aAJjia B JIA0HB, & YeThIPpEe BBITHHYTHIX P

manbla yKas3blBaJH HANpaBJeHHe [IBH- ¥5

JREHUS 3apfAla, TO OTOrHYTEIA Ha 9()° O0JBIIOH Masen moka-
JKET HATIPABJIEHHE CHJIBL, JeHCTRYIONer Ha 3ToT aa ph.

Ecmu sapan orpunarensamii, TO I8 ONPEeeHHs HAMPaB-
Jgenns cunnl JlopeHIa MOMKRHO HOJB30BATECH TEM JKe IIPABH-
JIOM, HO B 9TOM cJyvae sextop cunanl Jlopenia Oyzer nanpas-
JIEH HPOTHBOIIOJIONHO OTOTHYTOMY Ha 90° G0JBIIOMY MTambILy
JIeBOM PYKH.

! Cuna Jloperua Becera neprieHIAKyIApHA K BEKTOPAM  H J3 .

! Cumna Jloperua coodmaer aBmskynreMycs 3apsay TOJBKO
LIeHTpOCTpeMHUTENEHOE yekoperue. OHa He HAMeHSAeT BeJn-
YHUHY CKOPOCTH 3ap#Aia U He copepiuaer pabory.

BoamoxaE TPH CJlAy4dasa OBHIKEeHHSHA 3apAXeHHLBIX YacTHIL B
MAarHHUTHOM II0JIe.

1. BexTop ¢ "acTuusl napajuiesieH BeKTOPY MATHHT-
HOM MHAYKOUH B .

B arom ciyuae sapsiReHHAas 9ACTHIA OBHIKETCA B MATHHUT-
HOM M0Ji€ BOJIb JINHAN MariiTHON HHAYKIIAHR, YTOJ ¢ MEk-
Iy BeKTOpaMHu § M B paBeH mymo wim 180°. Tak kak B
aToMm ciy4ae sina = 0, To cuna Jloperna Toke paBHA my 1o -
MBJ‘HMTHOE noJsie Ha 9acTUILy He nei’rc*mye's‘. H OHA IBHMIKEeT-
cfi PABHOMEPHO H IIPAMOJIHHEHHO,

2. BexTop ¢ 9acTUNbI NEPHEHTHKYISPEH K BEKTOPY

MATHUTHOM HHAOYKOHHA /7 .

B arom ciryuae 3apsaskeHHas yacTHIE IBAKETCH B MATHHUT-
HOM I10JI€e HepIeHIHKYISPHO K JJHHAAM MareuTHOH HHIYK-
ITHH.

Vrong=90°, aging= 1. Cana Jlopeana F, = quB TIOCTOSIH-
Ha 110 MOJIYJTIO ¥ TePHeHAUKYIAPHA K TPREKTOPHH YacTH-
ThL. ‘-IacTrm,a B 9TOM ciy4ae GyﬂET JBHTATHCH 110 OKPYEHO-
cru (AmH AVre OKPYMERHOCT 1) B ILTOCKOCTH, NEPIeHIHKY JIAp-
HOU BEKTOPY MarHuTHO#M wHAyKimu. CoriacHo BTOpoMy 3a-
KoHY HeloToHa

94
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OcHoBblI 3NEKTPOAUHAMMKW

OcHoBbI 3NEKTPOAVHAMWUKA

JABrixenne 3apameHHBIX YACTHL]
B MArHUTHOM IOJIe (npooosiceriie)

F.=ma_ = Bu:@i:}z:_
n — | R B

e R —panmyc OKpysKHOCTH , TI0 KOTOPOH OBHKETCH YACTHIIA.

HEDHO,.‘I BpaleHds YACTHILEL

2zR Zn:m
v qB

I=

Yacrora BpameEusa YaCTHIIE

1 B
V==—= —-—q
T 2mm
VrmoBas CROpOCTE
-
o=2nv= _qB -
m .y

3. Bexrop § wacTHIbI HANIPABJIEH NOJ HEKOTOPLIM yr-
JIOM (¢ K BEKTOPY MATHUTHOH MHAYRIHuKA B ,

3apsakeHHAS YACTHIA JBHIKETCA IO YIVIOM (¢ K JIAHHAM
MATHUTHOM MHAYKIHAY. [[BumeHHne YACTHIIHI MOMKHO [Ipej-
CTABATEH B BHJIE CYMMBEI JIBYX JABHIREHHI: a) paBHOMEpPHOro
NPAMONMHENHOrO ABMIKEHHA BIOJL MOJIA CO CKOPOCTLIO
v, = v - cosc; O) pABHOMEPHOTO JABHIKEHHS 110 OKPYKHOCTH CO
CKOPOCTBIO p, = v - SINd-

Cymmaproe nemsresne Oyfer qBHMmeHUEM 110 criapasy (BuH-
TOBOMH JIHHAH), 0OCh KOTOPOM IIapasliebHa BEKTOPY MATHHT-
HOH MHIYKIIHH.

Panuyc suaTOBOMN JTHHEH

mu, musina

R =
qB 9B
Ilepuon sBpamenus
g Bth o
v gB

[llar BuaTOROH TrEwH (PACCTOSHEE, KOTOPOE IPOXOIHT Yac-
THIIA BJOJIL OCH BUHTOBOM JIMHUH 34 BpeMs, pABHOe [IepHo-
Iy BpaIleHHs)

h=vT=veosaTl = EE—"—‘—E;—S—E =2nRetga | —
q

! Ecim 3apsaskeHHas 9acTHIIA OIHOBPEMEHHO JBHKETCA B Mar-
HUATHOM H 3JIEKTPHYECKOM II0JIAX, TO HA HEee KPOME CHJIBI
F AeHCTBYET enle JIeKTpUYecKas cujia F —gE.

a7

7 3ak. 943




OcHoBBI 2NEKTPOANHAMUKN

MarsuTHbBIN HOTOK

MarHuTHBIM HOTOKOM (HOTOROM MATrHWUTHON WH/YKIIHH)
@ yeped WIOMAAL HOBEPXHOCTH, OXBATHBAESMON HEKOTOPHIM
MJIOCKHM KOHTYPOM, HAXOAAIHMCA B OTHOPOIHOM MATHATHOM
ToJIe, HA3LBAETCH BeTHYHHA

@ =BS - cosp |,

rae B — AHOYRIHAS MATHHATHOTO ITOJIA;
S — nnomangsk KOHTYpPA;

@ — YTOJI MEIKAY BEKTOpOM B M HOpMajablo 5 K IOBEPX-
HOCTH KOHTYpA.

! Egmsmna marsursOro noroka B cucreme CH (@] =1 Be™*

(Bebep). 3

MarawrHeiii HOTOK 3ABMCAT OT BEIWSHHEL MATHHTHOW WHIYK-
My B, II0nagd KOHTYPa S B OpHEHTAIIHA KOHTYpA I10 OTHO-
HIeHHI0 K BEKTOPY MATHHTHOH HHIYKIHA.

»

Ecma xouTyp comepskut N BUTKOB, TO POBOPAT O 1HOJSHOM Mar-
HHTHOM DOTOKe, CIIEILJIEHHRIM CO BCEMH BHTKAMH KOHTYpAa, HITH
IIOTOKOCIIeILIeHHH (D“m:

@ . =ND=NBS : cose,

rge (0 — MargWTHEIN MOTOK, IPOHUIEIBAIONIWE OTUH BATOK,

98
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OcHOBBI aNeKTPoOaUHaAMMUKIX

! Tax xax TUHEKA MATHUTHON WHIYKIHH BCETTa 3GMRHYTH,
TO MATHUTHEIH [IOTOK Yepea Ty 3aMKHYTYI0 IIOBEPXHOCTh
BCErJa paBeH HyJo.

ONeKTPOMArHUTHAN WHAYKIIUA

JIeKTPOMATHHTHAS HHAYKIMSA — 3T0 ABJIEHHE BOSHUKHO-
BeHHA B KOHTYpe anerrponemeymei canst (3[C) upa uame-
HEeHHH MATHHTHOIO IIOTORA, IIPOHU3EIBAMINEr0 3TOT KOHTYD.

Bosankamomnyio mpy 9ToM 3JIeKTPOABHIKYILYI0 CHIY HA3BAIH
AMeKTPOABHRYIIEH CHION WHAYKIHMH £,

Ecimu koHTYp 3aMKHYT, TO B HEM TedeT JJIEKTPHYECKHH TOK,
HA3BAHHEIN WHIYKIIHOHHEIM,

! Hamensompiics MArHATHEIH MOTOK MOKHO MOJIYIHTE,
HCIIOIB3YHA NePEMEHHOe MATHUTHOE Tione (uamensasn B),
H3MEHAA TeOMETPHI0 KOHTYpa (MaMeHAa S) MM TI0JI0MKe-
HHE KOHTYPa B IIPOCTPAHCTBE (M3MeHAA @).

Boamoxno # H3MeHeHHe BCeX yKa3aHHBIX BeJTHYUH.
AD=D,~ @ =B,S,-cosp,— BS, - cosg, .

! Bemmunna OJ1C uanyxumnu € me saBucur oT cocoba, KOTO-
PBIM OCYILECTBJIAETCS H3AMEeHeHHe [OTOKA.
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OcHOBbI aneKTpoauHaMUKNA

QJIEKTPOMATHUTHAS MHAVKIIUA

3axon ®apanes-Jleana

Baxon Qapanes-JIeHna: sJIeKTPOABIKYIIAA CHJIA MHIYK-
IIU#A, BOSHHKAKWINAS B KOHTYpe, YMCIEHHO paBHA M IIPOTUBO-
MOJTIO3KHA 110 3HAKY CKOPOCTH H3MEHEeHHS MarHuTHONO OTOKA,
NPOHHZLIBAWINEr0 3TOT KOHTYD:

z_ A0
At

rae A® =@, - @ — p3MeHeHHe MarHUTHOrO IOTOKA;
Al =i, — I — BpemMsa H3MEHEHN MAHUTHOTO IOTOKA;
AD

—.” — CKOpPOCTE H3MEHEHHA MATHHTHOI'O IIOTOKA.

3uak «» B ypaBHeHnu oTpaskaeT npasuiio Jlenna.

Cornacuao npasuny JleHna HHIVKIITMOHHEI TOK B KOHTYpE
WMeeT TAKOEe HANpaBJIeHHe, 9TO ero coGCTReHHOe MArHWUTHOE
10JIe MPEenATCTEYeT HaMEHEeHHI0 BHEITHET0 MATHHTHOTO II0TO-
ka. Hanpasneaue MHIYKIHOHHOTO TOKA ONPENENISETCS C I10-
MONIBK MpaBHJIA OypaBYMKa, YUHTEIBAS, YTO IPH BO3pacTa-
HUH MArHHTHOrO 1MOTOKa &) BEKTOpP MHIYKIMH MATHHTHOTO
II0JIA MHAYKIIMOHHOTO Toka B HampasieH upoq{gmuonom‘im
BEKTOPY MHYKIMA BHENTHEr0 MArHUTHOTO ot 3, a mpu yOkI-
BaauH ) BeKTOp MHIYKIIAM MATHHTHOIO I0/IS HHIYKITHOHHO-
roToxa B COHATIPABJIEH € BEKTOPOM HHAYKIIAY BHENTHEro Mar-
HHATHOTO mojaa B .

Ecmm xouTYyp, B KOTOpoM HEAYmHMpyercs DJIC, cocront ua N
sutkoB, 70 DJIC muaykuuE onpenensaerca dhopMyaoi

AD,_ CAD
= — 10 E _.\ Pl
At At
Benmuauny "D_.-..-,- = N® = NBS - cos@ (rge P — MargRTHE 1T0O-
TOK, IIPOHH3BIBAIONIAN OJHH BHTOK) HA3LIBAKT 1OJHLIM Ml
HATHBIM MOTOKOM, CHOenJIeHHBIM CO BCEMH BHTKaMH, HJIH 110

rogRoCenneHsemM,

Eciu xorTYyp, B KoTopom usayumpyerea DJC, samrayTs, TO B
Henw Oyzer Tedb AHAYKIMOHHEIN TOK, PABHBIN

E AD_ NAD
PR RAt

" RA

rae [{ — conpoTHBJIeEHe KOHTYPA.

Benuuuna zapsapa, nepeHOCHMOro MHIYKIHAOHHBIM TOKOM,
paBHa

Ag=1-At= _'\fpln_-:_. LE NAD
b et soboeByras - B

W3 nocnexnero BeipakeHus BHAEM, 9T0 AG He 3aBUCHT OT
BpeMEeHHA H3MEeHEeHHs IOJHOT0 MATHATHOTO I0TOKA, 4 OIpe-
nesAeTcs Tonbko HavanbHem P g roneunsm P, ero 3na-
YEHHAMU.




OcHoBsbl anekTpoguHaMmKm

OcHoBbI aMeKTPOaUHAMMWKM

Mexanuamsl Bo3aukHOBeHHA JJIC naayrnun

Xorsa semmmauna OJ1C uuayrnan 1 He 3asucHT oT cnocoba H3-
MEeHEeHHs MArHHTHOI'O II0TOKA, MEXAHU3MEI €€ BOSHUKHOBEHHA
1IPH 3TOM OKA3BIBAKTCH PASHEIMH ,

Ecnm MarHuTHBIHE NOTOK MEHHETCA BCJeCTBHE IBHKEHHSI
OPOBOJAIIET0 KOHTYPa B HOCTOAHHOM MarHMTHOM IIOJIe, TO
pasjesieHue PA3HOMMEHHLIX 3aPAJ0B B IPOBOJHUKE IPOMCXO-
AT 1oj AeficTBueM cocrasiAomei cuisl Jlopenua, Hanpas-
JIeHHOH NapasuUle/IbHO YIACTRAM KOHTYpa (T.€, cana Jlopenrna
BEITIOJTHSET poJis cropoasen cuist ). [lox nelicreue sT0# CHIIBD
MOJIORATENLHEIE 3aPANE CKAIUTHBATCA HAa OHOM KOHILIE IIPo-
BOJHUKA, 4 OTPHIATEIBHEIE 3aPAILl — HA Ipyrom. 910 OymeT
NPOHUCXOAATE 10 TeX Imop, noka cuna JlopeHua He yparHOBe-
CHTCH CHIAMHE 3JIEKTPOCTATHYECKOTO I10JIS, CO31aBAeMOro aTH-
ME 3apA/iaMB BHYTPH OpoBoAgHEKA. Taxk BOSHHKaeT pa3HOCTh
NOTeHIHAIOB , KOTOpad TpH pasoMkHyTo# 1ermm pasaa D C
MHIYKIHH.

Ecnm HenoABHIKHEINA KOHTYP HAXOIUTCH B II€PEeMeHHOM Mar-
HUTHOM [10Jie, TO MexaHnaMm BogaukHoBeHuda DJ1C unaymian
cCoBCEM ,npymn HﬁMEHﬂIOHIEECH BO BpeMeHH ME_I‘HH‘T'HOE nee
B030yIK/1a€T BHXPEBOE 3JIEKTPHYECKoe MoJie. Tloa nbitcTeHeM
9TOTO 110J1A HPOUCXOANT InepepaciupeiejieHrne pasHOMMEeHHBIX
3NMeKTPAYECKUX 3aPAJOB, BejaencTBHe dero Bosmmkaer JJ[C

HHIYKIHH,

! HMuaayumposaHHOE dMeRTpHYecKoe IoJe objagaer psamoM
CBOMCTB:

— He ABIAeTCA KyJj10HOBcKHM nosnem. OHo cogaercs He 3a-
psIaMH, pacipeseeHHEIMHE B [IPOCTPAHCTBE, 4 IepeMeH-
HBEIM MATHHUTHEIM [1071€M;

— ABJISAETCA BUXPEBBIM U He NOTeHIMAJIBHEM nosem. Pabo-
Ta, COBEPUIAEMAS B 3TOM [0J1€ IPH IepeMelleHHH 3apaaa
0 3aMKHYTOH [eliH, He PABHA HYIO ¥ YHCJIEHHO paBHA
OJ1C wHAYKUMAN B 3aMKHYTOM [IPOBOIAILEM KOHTYpE.

O C naayxmum,
BO3HUKAIOMIEH B IBUKYIEMCH IPOBOAHUKE

9J1C maaykrIMY, BOSHHKAIONIEH B TPOBOAHAKE, KOTOPLI IBHA-
3KeTCH B IOCTOAHHOM MATHHTHOM [I0JIe, Onpejiederca Bepa-
KeHHeM

€ =Blv - sina

rae B— HMHAYVKIHA MATHUTHOTO II0JIS; %f /l

|— nnwHAa NPOBOAHUEA;

or— YTOJI Me# 1Y BEKTOPAMH CKOPOCTH i W HHIYKIIHH
MATHHTHOIO 1oada B.

Ecim crep:rens Bpamaercs B HEPHEHIHKYISPHOM MATHATHOM
10JIe OTHOCHTEIBHO OCH, IIPOXOAANeH Yepes OANH U3 €0 KOH-
mog, To 3J1C mEayknrm Oymer paBHA

L}

E=_Blv=—aBP=snBP | __
2 2

rge B— HHAYVKIIAA MArHUTHOI'O ITOJIA;

[ — JJuHa OPOBOOHHAKA; B® ®
— JIMHEeHHAaA CKOPOCTE }
0 o ) e 8B\ @
KOHIIA IIPOBOJHHUEKA; 0%
— YITIOBAaS CKOPOCTH BPAIEHHA; @ @ ® ®

— EHHA.
n acToTa Bpaly @ ® ® o
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OcHoBel anekTpoguHaMuKy

O/AC maayKnMy, BOSHUKAIOMAA IPU BPAlleHHH
JAHUCKA B MATHUTHOM I0JI€

Pacemorpum ciiyuailt BO3HUKHOBEHHSA
B1C ro BpamaRIEMes JUCKE ¢O CKROIb-
aamEMu koaTakTamu. Ilyers quck pac-
IIOJIOHEH IIEPNEeHTHRYJIAPHO K JIHHH-
AM HHIVKIIMHA MarHdaTHONO NoJsa H MO-
#EeT BpamaTscad BOKPYT OCH (), IPOX0-
aamen gepes ero ueatp, C nomomnisno
CKOJIB3SIHMX KOHTAKTOBR g U p o0pazoBaHa 3aMKHYTad ILelb
AbaA. Eciy nrck npuBsecTd Bo BpallleHHE, TO B 3TOH HENH BO3-
HHUKAET HHIYKITUOHHLIHA TOK.

Haitmem DJ1C mupyrimmm.

ITpu moBopoTe AMCKA HA MAJIBIH yIOJ PagHyc II0BOpAaYHBAET-
CH Ha yTon A(PH OPOXOOUT ILJIOILATE

AS= %R’*Aga =2

e R— pajuyc JUCKa.
HMamenenne MATHHTHOTO NOTOKA 4Yepe3d 3Ty IWIOMANL Gyuer
pPaBHO -

-

AD = BAS, !
a CROPOCThL U3MEHeHHd MarHUTHOrO IMOToKa Gyner papHa
AD_pAS 1p0:80 1op: ),
Al At 2 AY 2

rune éﬂ =@ — YIVIOBad CROpPOCTE JHCKA.
t

IToncrasnsis aro Beipaskenne B 3akon Mapanes-Jleana, Haii-
dem sentpuuny JJ1C wanyrmn

le:|= 1 8r%.
2
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OcHoBb! 3NeKTPoAUHaAMUKK

I[IpuaIMD DeficTBUA NpoCTEeHIIero reaeparopa
NepeMeHHOro TOKa

[Iycrs pamka, cogepakamass N BHT-
KOB, DPABHOMEPHO BPAIIAETEH € YIJI0-
BOH CKOPOCTEIO () B OOHOPOIHOM MAar-
HHUTHOM TOJIe, TPH 3TOM 0Ch KATyII-
KW JISRUT B ee IJI0CKOCTH B Pacnosio-
MeHa NepHeHIHKYIAPHO K BEKTOPY
B. MareuTHBIH TOTOR @, cuen-
JIEHHEIH ¢ BHTKRAMY KATYIIKH, DABEH

@ = NBS - cos@

B namHBIX ycnoBRAX (D M3MEHSETCS H3-3a TOIO, 910 YIOJX @
MesIy HOpMAJbIo ji PaMKH M BEKTOPOM B B Hpoliecce Bpalie-
HHSHA paMKH MaMeHAeTCHA BO BpeMeHH 10 3aK0oHy

[o-a]
[TosTomy @ = NBS - cosoi.

Yrob6e: Haiitn 3]1C uaayrman €, HAJIO B3ATh IIPOUIBOJIHYIO 110
¢ OT BEIPAMKEHUH JJIS TIOTHOr0 MArHUTHOrO moToka @

g, =—@'=(-NBS - cosat)’ = NBSw- sinot = €_- sinot |,

rae g — MraosesHoe agagenne JJ1C;
}\}'—- YHCJIO BUTKOB B paMEe;
B— HHOVKIIMA MArHuTHOTO MOJIsA;
S — nuTomAmL PAMKH;
€ _=NBSo— aMIumTyHoe (MaxcamansHoe) sraverns 3J1C.

B atom cnyuae B pamie unayumpyerca 3/1C, sHauenue xoro-

POH MEHAIOTCH 110 3aKOHY CHHYCA: Taxoe npuaOUN AeficTBAS

nNpocTeero reHepaTopa NepPeMeHHOro ToKa.

! 3amernM, 4TO NpPH BPANIEHHH KATYIIKH BOKPYD OCH, JIEKA-
meii B ee IJIOCKOCTH M HAMPABJIEHHOH BJOJIL BeKTopa B,
OJ1C He BosHHMKAET, TAK KAK YTOJI MESKAY BEKTOPAMHE HOpMa-
NI 7 M MHIYKIMH B PaBeH HYJNO, II03TOMY MOTOK @ =0
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OcHoBbl 3NEKTPOAUHAMUKN

OcHoBbI 3NEKTPOANHAMWKN

Asnenue camouHayKIUH

Asnennem caMOMHAYKUHH HAZLIBAETCSH BOIHHAKHOBEHHE
BJC uHAyKIHE B OPOBOASIIEM KOHTYPE B peayIbTaTe HaMme-
HEHMA B HeM cmkl Toka. Hoasnmomyoes npn a10M 271€KTPO-
ARy cuay HasuBawT SC camonsayrian.

! fAsnenwe caMOMHAYRKIINA ABIAETCH YACTHRIM CIVIAEM 2J1€K-
TPOMATHHETHON WHIYKIAH,

OnerTpHYeCKHN TOR, OPOXOAALIAN 10 HPOBOJIHHUKY, CO31aeT
BOKPYT Hero coberpensoe maramTHoe mosne. CoberseHHBIR
MarHUTHLH 00ToK @, TPOHUILIBAIHUH KOHTYP, TPONOPIHO-
HAJIeH CHJIe TOKA B KoHTYpe: [

@ =L-I|,

rae L— HHAYKTHBHOCTHL KoHTypa (MIH rosdduument camo-
HHIYKITHH).

IJAC caMoMHAYRIHHM, BOSHAKAIIEH B KOHTYPE OPH H3Me-

HEHHH ero coOCTBEeHHOr0 MArHHTHOTO [I0TOKA, 110 3aKOHY 3JIeK-
TPOMATHUTHOMH MHAYKINHA PaBHa

A(D.:A(Lf)z_L£ .

E.=——
" At At At | o

~
L

rae Al = (I, - 1) — H3MeHeHHe CHJIEI TOKA B KOHTYDE;

At = (t,—t)— BpeM# ero H3MEHEeHWs,

[, — WHOAYKTHBHOCTE KOHTYPA;

Al

v Vi CKOpOCTh H3MEHEHH S CHJIbL TOKA,

! JlanHoe BHIpasKeHUE CHOPaBEIJTHBO, €CJIHM HHIYKTHBHOCTH
KOHTYpa nocroaasaad ([, = const). 3TO YCIOBHE BEIIOIHACT-
Cf, €CTTH ¥ KOHTYpa He H3MeHSoTcs J0pMa B PasMeph |
cpena He deppomarsuTHAA (i = const).

NHAyKTHBHOCTD

HUunyxrusaocTs L — 570 husnyeckas BeIMYMHA, TACTEHHO
paBHas COOCTBEHHOMY MATHHTHOMY HOTOKY, HPOHH3BIBAIOIIE-
MYy KOHTYp, IIDH cHJIe ToKa B KoHType 1 A:
=2
I
Emuauna uanykrasaocty 8 cucreme CU [L] = 1 I'u (resps).
UnuayxrusHocTH L 3aBHCHAT OT pasMepos u (hopMbl IPOBOJI-
HUKA, 4 TAKIKE 0T MATHHTHBIX CBOMCTB CPesl, B KOTOPOM OH
HAXOAWTCH.
Bropoe onpejiesieHe HHIYKTHBHOCTH KOHTYpa:
Hanyxrusaocets L — 310 cranapHad QUIHdecKas BeJTHIH-
ua, gucsrenHo pasHas DJIC caMOMHAYKIINHA, BOSHUKADMIIEH B
KOHTYpe TTpH H3MeHeHHH cuilsl Toka Ha 1 A 3alc:

_E A8
Al

—

L
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WNHAYKTHBHOCTH COJIEHOMIA

WNHOyRTABHOCTE COIEHORAA OOPeIe/IAeTCA BHpamkeHneM

2
L=pa i‘;—s - a0 Sl = ppan’V

roe [ — MarHATHas NPOHMIIAeMOCTh CePAeTHHKA;
I, — MArHHTHAaS TOCTOSHHASN;
N — unca0 BATKOB B COJIEHOHIE;
[ — aywHA cOJIEHOBAA;
S — wromank HONEPeYHOro CeYeHHA COTeHOU A,
n=-— — ypcJ0 BUTKOB HA €IWHUILLY JIJIHHEI;

i
V = SI — obpem conexHonaa.
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OcHoBbI 3NeKTPoanHaAMUKK

BJIEKTPO UHIVKIIUSI

BHBPI'HH H IVIOTHOCTH SHEPIrUdH MArHMTHOIO NoJA

Oneprus marauTHoro noas W, coanasaemMoro TokoM CHIION
I, mpoXOAAIIAM 110 IPOBOMHUKY MHAYKTHBHOCTEIO L, paBHA

w,=1pr
e

SHQDI‘H.K) MATHHTHOTO INOJIH, 3aKJIIYEeHHYI0 B e JHHHILe obne-
Ma ITPpOCTPAHCTBA, HA3EIBAKOT 00'beMHONH IJIOTHOCTEIO JHEep-
'HH MAarHMTHOIO moJIsA &

“J'
1D =l -—

™ ‘;

O0BeMHYO IJIOTHOCTE dHEPTIHE MATHUTHOTO TIOJIA [ MOYMKHO
BEIPA3HUTH Y€pe3 HHIYKLHAKO MarduTHOro mosisa ;

B:
w =—-—- —

2up, | -

rite FF — HHAYKIAS MATHATHOTO HOJIS; .
[ — MATHATHASA NTPOHUILAEMOCTh CPEJE;
[, — MATHUTHASA MOCTOAHHAS.

Onepruo MaramTHOro Hoss W, MOKHO TakKe BEHIPA3HTD Ye-
pe3 HHAYKITHIO MAarHMTHOI'O II0JIH:

w— = If'u 1"’ — i ‘Jr . —_—

6 2,

ST NpeEpTS
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MEXAHUYECKHE
KOJIEBAHUSA
1 BOJIHBI
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Mexanunyeckue konebaxua 1 BOMHL!

KoneGanusa — 310 ABMIKEHUS, KOTOPEIE TOYHO WJIA TPHOIH-
3HTEJIbHO MOBTOPAIOTCA Yepes ONpeesleHHE HHTepBas Bpe-
meru. PagnuuanT cBoboiHEe M BEHYEISHHEE KOIe0aHIs,

B zaBucumocts or pH3AYECKON TPHPOIE! KoIeGaTeNIBHOM CH-
CTEeMEBI Pa3/IHYaloT MeXaHW4yecKHe H aJleKTPOMAarHHTHHEIE KO-
nebauns.

CeoGonusiMu (COGCTBEHHBIMHE) HARKIBAOTCH KomebaHus,
pH KOTOPBIX TeJsio, Oy/Ay9H BRIBEIEHHEIM B3 M0JI0KeHA PaB-
HOBeCHs KAKUM-HHOYIh BHeITHAM BO3IeHCTBHEM, B TaTbHeH-
meM ImpejocraBieHo camomy cebe. B arom cnyuae xomeba-
HHASA TPOMCXOIAT TOJBKO 0/ JeHCTBHEM BHYTPEHHUX CHIT CH-
CTEMBI.

! Cpobonssie konebaHus IPOUCXOIAT € YACTOTOM, KOTOpasn 3a-
BHCHT TOJILKO OT IapamMeTpoR CHCTEeMEL. EE Ha3BIBAKT 9acC-
TOTOH COOCTBEHHEBIX KosieDaHuil (coGCcTBeHHOM YacTo-
TOM).

-

-
BeIHYKIEHHEIME HA3HBAWTCH KOAEOAHUSME, ROTOPHIE CO-
BEPIIAKTCH N0 JeldCTBHEM BHeIIHeH NepHoIHYeCcKOM CHITH,

! Yacrora BEIHYZKAEHHLIX KoJeDaHHI PABHA YaCTOTE BHET-
Hell BHIHYKIAOIIEH CHIIEL

Ecom B Mexanmveckoit konebarensHoit cucreMe He IeiicTBy-
10T CHJIEI TDEHHSA U COIIPOTHRJIEHUS, TO ¢BODOIHEBIE KoNlebaHus
TAKOH CHCTEME! SABJIAIOTCA HE3aTYXAIOIAMH.

B peanpubx KonebaTenbHBIX CHCTEMAX BCEra IPHUCYTCTBYIOT
CHJIBI TPEHHSA ¥ CONPOTHRICHUA. DHEPrusa MEXaHHYECKHX KO-

110

Mexanunyeckue konebaHua 1 BONHsI

nebarrit TAKOH CHCTEME pacxoyercs: Ha paboTy NPOTUB aTHX
CHJI, HO3TOMY CBODOIHEIE KOIeDaHNUA TAKOH CHCTEMEL ABJIAIOT-
s 3aTyxanoname (AMIUTATYIA BX ¢ Te9eHHeM BpeMeHH yMEeHb-
HIaeTest, MOKA He CTAHEeT PABHOH HYJTIO).

[Mpocreiimum BAIOM KoAebaHRH ABIAIOTCA TAPMOHHIECKHE
rosebanua. DTo TaKHe ABMKeHHA, Rorja (husnueckue BeJI-
YHHE U3MEHAIOTCA 110 3AKOHY cuHyca (HIH RocHHYyCca).

KosebaTersHy0 cucTeMy, COBEPIIAIILYI0 Takue Komebanus,
HA3BIBAIOT rapMOHHYECKHM OCHHJISTOPOM.

XapakTepUCTHKH rApMOHUYIECKUX Kore0aHui

Mapmornueckue KomebaHWA XApAKTEPH3YITCA MepHOMOM,
9aCTOTOH, THKIMIECKOH YacToToH, aMIuTy 08, daaoi, Ha-
qankHOK ha3oi rKonebaHuii.

Ilepuon xonebanuii T— 3T0 HAUMEHBIITHHA TPOMEKYTOK Bpe-
MEeHH, 10 HCTeYeHHH KOTOPOro HOBTOPAITCH 3HAYEHHA BCEX
husHYeCKHAX BETMYHH, XAPAKTEPHIYIONNX Koaebanus.

| Epmanna nepuona xosebauwuit B cucteme CHU [T] =1 ¢

B eIUHHIY BpeMeHU: YTr

| Emmauna vacrorn konebanumit B cucreme CH
[vl]=1¢?=1Tn (repn)

[uknuueckas (yraoeas) 9acToTa @— | ., 94
YMes0 KoebaHmil 3a 2 CeRYHL: ' 4

Yacrora KoaedaHUi v — 4UCII0 KonebaHMit 1 \/

2

! EnueEuna maEa@geckoi yactoTs kogebanuit B cucreme CU
[@l=1c¢'= 1Ty (repw).

AMniuryfaa A — MakCHMalbHOe cMemeHue Kosaebmomero

Tesa OT MOJoMKEeHHsT PABHOBECHS.
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Mexanuueckue konebaHun U BONHs.I

MexaHuyeckune konebaHna ¥ BOMHLI

YpaBHeHNe rapMOHHYECKHX Ko1e0anui

IIpn rapmoHuYecknii KOIEOAHUSIX KOOPAMHATA KOJIEOIIONIEe-
rocH TeJIa OIHCEIBAETCS CHEAYIONIMM COOTHOMIEHHEM:

x=Acos (aX + @) |, V4

rJle x— CMelleHHe MaTEpHaJIBHDﬁ TOYMKH M3 NOJIOHEeHUHA paB-
HOBECHSA B MOMEHT BPeMeHH [;

A — amMimaTYnAa KoJTebaHmit;

m— IHKJIAYECKAd YacToTa;

@,— HavanbHas dasa komebaHmii;
@t + @,— basa xonebanmit,

! 3aBHCHMOCTE KOOPAMHATEI 0T BPEMEHH r = Acos (@t + @)
HA3EIBAIOT KHHEMATHYECKHAM 3aK0OHOM rapMOHWYECKOro JIBH-
IEHAA,

Daza xonedbannit ¢ = (of + @) — BeIUUUHA, ONPEIENIAIO-
mas 3HAYeHHe H3MeHAONIeHes BeTHYHHEl B TAHHEIH MOMEHT

BPEMEHH { (ApryMeHT MepHOIRIecKoi (hyHKIImH). &
i
Hauanenas dasa xonebanmii g, — a1o dasa ronedanmii B

HAYAIBHEIH MOMEHT BpeMeHH (B MOMEHT BPEMEeHH { = ()).

Cropocrs rapMoHuYeckH konebmomeica TOYKH Gyner onpe-
AeJAThCA BEIpaKeHueM

v,=x"=A® sin (at+¢) =v_,_-sin(et+g) |,

rae p = A@’— MAKCHMAaJIbHOE 3HAYE€HHEe CKOPOCTH KoJeb-
JHOMIEHCHA TOYKH,

Veropenne FMAPMOHAYECKH KOJIEO/IIOMIENCA TOTKA

ax=vx'=£'=—Aa‘-cos(¢+Qn) =—o'x

re @ = A@w*— MakcuMaJibHOE 3HaYUeHHe yCKOPeHHHA roJe6-
max £
JIOMIEHCH TOYKH.

! Vekopenue rapMOHHYECKH KoJIeOIOIIedcs TOYKHA ITpAMO
NIPOMOPIMOHAIBHO CMEIIEHHI) U ITPOTHBONOJIOKHO eMy 110
HAIIpaBJIeHHI,

InddepenunaibHoe ypasBHeHHE
rapMOHWYECKHX KOJIeOaHuH

VckopeHHe ¥ CMelIeHHe rapMOHIYecKH KoJebmomneicsa Toq-
KM CBA3AHEI COOTHOINIEHHEM

ux=—w‘x=? ax+¢|h:=0

Tak Kak yCKOpeHHe g SIBIHETCS BTOPO NPOM3BOLHOM 110 Bpe-
x

MeHH 0T KOOpPAMHATH x(a_ = x), TO HoiydaeM muddepesnm-

ansHOe YpaBHEHHE r'apMOHWIeCKHX ronedbaHmi

P+ @'x=0

ITo BTopomy sakony HeloToHa Bosspamamoman cunadyAeT pas-
Ha

F_=ma_=-mAe'- cos (& + @) =-maFx=—kx |

roe k=mao’

| Dapmonnveckue kosieGaHHA COBEPINAITCA MO AeHCTBHEM
BO3BpATIAIONIeH CHJ/IBL, TPOIOPIMOHAIBEHOM CMeleHHIO Tesa
H3 TOJIOREHHSA PABHOBECHS (F’ =_k9.

1 Korpa Bosppamalomasi CHIa pasHa HyJo ( F= 0, TO KoOp-
AEHATA TeJa Toxke paBHa Hyaw (x = (0. 9To COOTBETCTBYET
MOJIOAEHHID pABHOBECHA ROJ'[EGJIIOHIEI‘OCH Tena.
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MexaHuyeckue koneGaHus U BOMHLI

Mexanuyeckue konebaHmsa 1 BonHbl

MaremarudecKkuil MASTHUHK

Ipyxxuaasiii MagsTHIk

IIpocreitmeit xonebarenbHoi cueTeMoil
ABIACTCH NPYRHUHHBIH MAATHHK — Tavat M
I'Py3 MaccoH m, OIPEKPENJIeHHE K He- 10
BECOMOM IpYykKUHE ¢ KoadduimenTom
HECTKOCTH k.

Konebaums B stom crnyuae npomexonsar
nop AEeHCTBHEM CHJIBI YIPYTOCTH I’ — —kx.
[pyxuansn masTaUK GEBaeT rOPH30H-
TAJIbHEIM H BEPTHKAJILHRIM.

IIpu ropusonransno pacmonomennom
NPYKAHHOM MagTHHKE [I0JI0/KE€HUe PaB-
HOBECHHA OnpeliesiseTcd NNUHOH Heje-
(hOpMUpPOBAHHOH TIPYIKAHEL

[Ipr peprurannmo pacnonosmesHOM HPYRHAHHOM MafgTHHKE
TIOJIOEHHE PABHOBECUS OMPE/IesIIeTcs JIuHOM 1edopMupo-
BAHHOM NPY’KUHEL IPH OTCYTCTBUE Kosebanmit (hAl = mg).
Ilepuon xoneGaumit NpyRUHHOrO MasTHHKA B 060MX CJIy -
4afAX ONpefesiaeTcs BEpakKeHHeM

-

T:Zx‘j—g ; Ve 3
k

Yacrora xoneGanmil IPYRUHHOTO MagTHEKA

i O N L
T 2zVm |’ \J/

Muxnuaeckan vacTora kKoneGaHmi OPY:RHHHOIO MagTHHKA

2x ’k
=—=2av=,]— |.
w‘ T opd m %

MareMaTHIe€CKHI MAATHHAE — 3T0
MaTepHaJibHada TOYKA, ITI0IBeleHHaA
HA HepaCTSKUMOM HEBECOMOH HHTH
mmHO | B noste Rarux-ymoo et [lpa
MaJseiil yraax orrnosHeHns (¢ < 10°9)
Taxoi MaaATHHK Oyaer coBepmaThb
rapMoHH9ecKHe HOJIEG&HHH.

Eenu mareMaTHUECKHE MafgTHHK coBepliaer korebaHHS B
HoJIe CHJTEI THKECTH 3eMIIH, To HepHo ero koiedbanuil on-
penensercsa BRpaKeHueM

T=2at'\/Z 5 iy
g

rae | — nauHA MasgTHUKA;
g — yCKopeHHe cBOOOIHOr0 HajeHHs.

Yacrora KoebaHui MaTeMaTHIECKOr0 MAATHHKA

-4 ¥ 11 e
T 22V1 || V
Inkargeckas 9acToTa KojedaHui MaTeMaTHIecKoro Ma-
ATHHKA
2 g
o=—-=2nv=]— |.
o T l \/

B obmem ciygae, Korja MaTeMaTHYeCKHi MagTHHK HAXOQHAT-
C51 B OJJHOPOJHBIX TIOJIAX HECKOMBKIUX el ( F, ,F‘,‘, N __,}3‘" ), TO [JIsk
onpejeIeHns nepuoaa (4acToTsl, HUKIHYeCKOH YaCTOThI) BBO-
JAT MOHATHE >thheRTHEHOTO yCKOpeHHA g * , XapaKTepH3YI0-
miee geitereue aTux noJeit. DdderTHBHOE yCKOpEHHE 5% MOK-
HO HAWTH, HCHOML3YH COOTHOIIEHHE
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MexaHuyeckue koneGaHus 1 BonHbI

Mexanudeckue konebaHua 1 BONHbI

Maremaruueckuii MmasTHUK (npodonscerue)

Torzxa mepron konebanmit MaTEMATHIECKOTO MASTHITKA oyner
paBeH
i

F-ox | -5
g*

Hanpumep:
1. MaremaTuyecknit MASTHUK [JIHHO | coBepmiaer Kosaeda-
HHUSA B OIHOPOJTHOM 3JIEKTPOCTATHYECKOM TI0JI€ HATIPSA/KEeH-
HOocThI0 E. I'py3y masTHuERa Maccoit m cooBmeH moJomu-
TeJILHEIH 3apsiaq (g > 0).
B orom cnyuae mg*=mg+F_=mg+qE X
a aexTHBHOE ycROpeHMe Gymer parHo 5* = g+ g5 <

s im

L aE,/ )x

mg
(nonopcenue paenosecus & amon caywae coenadaem
€ HanpasJieriem paswodelicmeayioueii cun mo u
Yiouy mg u F. )

116

9. [MoBec MATEMATHYECKOTO MAATHHAKA JJIHHOIT | IBHKETCH C
YCHOpEHHEM d.
Tak KAk MOABEC MASTHAKA ABHIKETCS ¢ YCKOPEHHEM d , TO
CHCTEMA OTCHeTa, CBA3aHHAN ¢ MAaATHWUKOM, ABJIAETCA He-
HHEepPIHAJIBLHOH,
Yro6u MOMRHO OBIIIO HPUMEHATh 3akoHbl HeloTOHA, BBOJSIT
cuny uHepoun F) , Hanpap/IeHHYI B CTOPOHY, IIPOTHBOIIO-
JIOKHYIO YCKOPEHHIO H 10 Moayio pasuyw ma (F, =-ma).
Ecnm BBECTH CHJIV MHEPIIHH, TO CHCTEMY OTCHETa, CBA3aH-
HYI0 ¢ MASSTHUKOM, MOJKHO PACCMaTPHUBATE KAK HHEPLHAb-
HYIO.
B srom ciygae mg*=mg+ F, =mg-ma,

HH

a achdexTHBHOE YecKopeHue Oyer paBHO §¥=g—d .

(nonodcenue pagnosecln 8 IMoM cayvae coenadaem
¢ nanpaeaenuem paerodelicmeyowet cun mg u F )
L
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MexaHuueckue konebaHus n BonHsl MexaHudyeckme konebaHus v BOMHbI

ry

B orcyTCeTBHE CHJI TpeHHS W COINPOTHBIEHHS BEIIOJIHACTCA
34KOH COXPaHEHUsH MOJTHOH MeXaHHYIeCKOH JHepruu:

Ilpespamenue aneprun o) § T B L L
IPH KOJIeDATEIbHOM IBUKEHNH E-= WEg e —2'“"" ~const | \/

[Ipm rapmormvecknx kKoneGaHmAX MPO-
HMCXOIHT HEIpepLIBHOE IIpeBpalleHHe
KHHETHYEeCKOH JHEePTHH B NMOTEHIIHAIE-
: HYI0 3HEpPruio, ¥ Haobopor.

AHanorudHEIe IIpEeBpalle U JHep-
IHH HMEIOT MecTo npu KorebaHmax
MATeMATHYeCKOT0 MaaTHUKA. Bes
noTeHHalLHAg JHEPrUd TeJia, paB-
HaA mgh, MOJHOCTHIO MEPEXOIUT B

B cnyuae xonebanmsa rpysa va npysn-
He MaKCHMAJbHAA MOTeHIHAIHHAA
aHeprud byner B ToM caydae, Korja rpya
CMEIIeH 0T HOJIOYKEHUS PABHOBECHS HAa
BeJIMYUHY, PABHYIO aMILIATY/Ie KoJseha-
HHA:

\2
KHHETHYECKYIO MV, x MoMmeHTY

¢

HPOXOMKJIEHUS MAATHUKOM MOJIOMNKe-
HHUA pPaBHOBECHS, KOTOpadA HOajee
CHOBA IEPEXONT B NOTeHIHAJIBEHYI0 NPH OTKJIOHEHHH Ma-
ATHHUKA B IPOTHBOMOJOMKHYI0 CTOPOHY.

Y mg

kAz

max 2

I

[Ipu raApMOHHYECKHX KOJIeDaHuAX MaTePHATLHOH ToYKH TOJI-
Hag MEXaHHYECKad HEPrud olpegesigeTCd BrpamseHueM

[Ipu aToM KuHeTHYeCKas 3Heprus Oyaer paBHA Hyso: K = (.
ITpu nepememieHny B CTOPOHY NOJIOKEHNS DABHOBECHS [IOTEH-
HUATHHASA JHePTHA MePeXoquT B KHHETHYSCKYIO SHEPIHI0:

-

3 el

3 mv® kx®
E:Il{vn;——z + 2—.

mA’e’sin’ (et +@,) kA’cos’(et+@,)
B nonomenun pasHoBecHs (v = () NOTeHUHATLHAS SHEPrus 2] 2 - 9
cucremsl Oyzer pasHa Hy/mo: /1 = (), & KUHETHYECKAR JHEPTHA

L Oyner MarcHuMaTEHOM:

Ecmu yaecrs, 9T0 K0aDHIAEHT [k = e TO nosHas 3Heprius
rapMOHHYECKH KoJefuwonieics MaTepHaNbHOH TOYKH byner
paBHa

\

[Mocne MpoXoxAEHAA 10/107KEHHA PABHOBECHS KHHETHIECKAS ma*A? kA®
SHEPrHsi CHOBA IEPeXOIHUT B MOTEHIMAILHYI0 9HEPIHIO TIpy- E= = R
JHHLI. 2 2
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Mexanuyeckue konebaHua ¥ BOMHb

{ a5 _'-o.ei!-ﬁ_:;rb‘.ﬂe.;.

Saryxaomue Konebanus

Crobogable kKoMebaHUS ¢ TEYEHHEM BPEMEHH 3aTyXalT, TAK
KaK B peanbHEIX ycJ0BHAX BCETZIa CYIIECTBYIOT cuisl Tpe-
HuA M conporapienus J1ACTh HOIHOH MEXaHHYECKON 3HEp-
MU CHCTEMBl TPATUTCH HA paboTy HPOTHE 3THX CHJI, 10ATOMY
9HEPIrusA CHCTEMBI OyJeT ¢ TeYeHHEM BPeMeHH TAKKE YMeHb-
WaThCsH.

Tax kak nonHAA MeXaHHYECKAd JHEePrHsa Korebmoneiics cue-
RA®

TEéMBI paBHa E =—, TO IIpDH YMEHLINEHHH SHEPTHH CHCTEMBI

¢ TeYeHHeM BPEeMEHH aMIIHTyAa KomeDaHmil Oyier TaKxe

YMEHBITATHCH.

Konebanmns, aMILTATY/1a KOTOPHIX € TEYEHWEM BpeMeHH YMEeHb-
mAaeTcs BCJEACTBHE IOTeph JHEePru: KojedaTesbHOH cHeTe-
MBI, HA3RIBAIOTCA 3ATYXAION{AMH.

! Ilpm manex motepax sHepram ROTEHAHNS MOKHO CIUTATE
HEePHOAHYECKAMH ¥ HCIIOIL30BATH TAKHE HOHATHA KAK I1e-
PHOJI B YacroTa KonebaHuil.

120

MexaHu4yeckune konebanns v BomnHb!

BeiHy®RIeHHBIE KOTeOaHUA

Yrobu! kKomebaHEA 0CTABAIACH HE3ATYXAKNIHMY, HYXKHO 3Hep-
THK KOJIef/I0Ielcss CHCTEME] IOCTOAHHO TONOJIHATE 34 CYeT
fielicTBHS BHEITHEeH NepHouIeCKONl CHIIBL

rF= F_cosa*t |

Konebanus B aTOM ciyuae COBEpIIAIOTCA C YACTOTOM @* BEHI-
Hy#IaImei CHIIE ¥ HA3BBAKTCS BIHYZ#/IeHHBIMH.
VpasHenue BHHYKIEHHBIX KoIeOaHNN

x=A cos(a’*t + @) I

AmnnaTyia A BEIHYKIEHHEX KosleOaHuil 3aBUCHT HE TOIBKO
HTY, i HO W OT COOTHOIIIE-

OT aMIUTHTYAEL Buﬂymammuez CHIIED 4

HUA YaCTOTH * BRIAYRIAOMEN Cliiel ¥ coDCTBEHHON YacTo-

Th KOneGanwmit cucremn ® B ciydae, Korga o Gmm3ka K @
HACTYIIAET SBJIeHUE Pe3oHaHCca.

fAsnenue peaoHaHca — 9T0 HBJIEHHE PE3KOT0 BO3PACTAHHA
aMILIUTY/IE KoaeOaHuil CHCTEeMEI IPHA COBNAIEHUH 9aCTOTH
BREIHYRIAWINEH CHIEL ¢ c00-
CTREHHOH 49acToTOoi Komeba- A y
HHM CUCTEMEL. AL
Benuunsa aMmyaTyasr B 00-
JTACTH Pe30HAHCA CHJILHO 3a-
BHCHUT OT CHJIBI COIIPOTHBIIE-
HUA, TeHCTBYWOIIEH B CHCTe-

me. HeMm MeHBIE CHJIA COIPO-
THBJCHHSA F', TeMm Gonbiie 4

§ O e o ¢
conp 2 canp

ooup 1

a1

omep I

F,

-

B = s i

e
*

1 Ilpu coBnazeHnn 9aCTOTH BEIHYR/AI0MIEH CHIIEI H cOOCTBEH-
HOIT 4acTOTH KoJebOaHMIT CHCTEMEl BHYTPEHHUE W BHENTHAE
crIsl fiefieTBy 0T caaxporHo. [loaroMy HX nelicTBHe yCHIIH-
BAETCH, UTO TIPHBOIUT K POCTY aMILIUTY bl KoneGaHmit.
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MexaHuyeckue konebaHua 1 BONHbI Mexanuyeckue konebaHma 1 BONHbI

VpasHeHHe BOJIHBI

Ilycers BoHa pacmpocTpaHaTCS B HATPABJIEHHWH OCH y, TOrja

ITpouece pacnpocrpaneHns KoNeGAHMI B CIUIONIHOM Cpejie, yPaBHEeHHE BOJIHBI OyleT HMeTs BH:

NepUoINYecKHii BO BPEMEHH M IPOCTPAHCTBE, HA3KIBAETCH

BOJTHGMA. x =Asin[w[t— z]]-—-Asi:n[m.t—a';e_)«] !
v

! ITlpm pacmpocTpaHeHHH BOJIHEI OTCYTCTBYET IIEPEHOC Belle-

crBa. YacTHIs! KoMebII0Tes OK0JI0 TTON0MKe NS pABHOBECHST, ¢
P rjiae xr — CMellgHHe 0T MOJIOKEeHH A pannoaecnﬂ TOYKH BOJIHEIL]

A — aMIUTATYIa BOJIHEI,

) — IAKJIAYECKas 9acToTa KosiebaHui ToYeK BOJTHEI;

= ”pm‘“?' - _ y — PaccTOSHAE OT MCTOYHMKA KoJebaHmit 1o Habmoaae-
MOH TOYKH,

PacrpocTpaHneHWH BOJHBI CONPOBOXKIAETCH Nepeaadeit
9HEePrHH Kojgebmonierocd Tesja OT OJAHON TOYKH CPEABI

I Bonnogroii dpouT — 310 BOOGpaKaAEMas MOBEPXHOCTH, 10 v
KOTOPOIl JONUTH KoMeOaHuA B TaHHEI MOMEHT BDEMeHH.

[ . . Q= m(g _ ]: ol —ky — chaza BOJMHEBL B JAHHOR TOYKe CPEJIEL;

w
k=— — BONMHOBOE YHCIO;
v

v — CEKOPOCTH pacopocTpaHeHWHd BOJIHEI.

Boanosas (dazopas) noBepxHOCTE — 3T0 ITOBEPXHOCTE,

w ! g
TOYKH KOTOPOH IIpH KoJe0aHUAX HMelT OIUHAKOBY (aay. ! AMiuraTy1a BOJHEL — 3T0 MAKCHMAJILHOE CMellleHre TOIKH

BOJIHEI OT INOJIOKEeHH ] PaABHOBECHH IIPH KonebaHuaX.

Yacrora xonebanuii Touer BONEEl OUpPeNesIAeTca YacToToH
Bonagl 66Ba®T npoponsanME ¥ nonepesHLIME- T
-

Bonna nassiBaeTcs MpPOMONBHOM, €CJIM YACTHIIHI CPEMIEI JO-
71ebII0TCH B HATIPABJICHWH PACIIPOCTPAHEHNS BOJIHEL

! Ilpononeusie BosHE! 06yCIOBIEHE! 1edOPMATHAMHA PACTH-
JKEHHA ¥ CIRATHA | MOTYT PACIIPOCTPAHATLCS B TBEPIBIX TE-
JIax, JKHIKOCTAX ¥ rasax.

8

Bosa #asmBaerca monepevHOM, €CIU YACTHIIE CPebl KO-
nebmoTesa B HaNpaBJeHHy, NePIeHIHKYISPHOM K pacopoct- | Paamocts chaz MKy ABYMS TOMKAMH BOJIHEI
PaHeHHK) BOJIHBI.

Ap=0,~9, =(@t—ky,) (@t —ky,)==(3,~7,)="Ay
1 Ilonepeusnsie BoHE 06yCIOBICHE AeOPMATTHAME CABHTA L 38 0 % V)T g\ NIT,

M MOTYT PacIpOCTPaHATHECA TOJIBKO B TBEPHEIX TeIax.
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MexaHunuyeckne konebaHua 1 BONHs
MEXAHUYE cﬁ: % BOJIHBI

MexaHuyeckme konebaHua n BoNHbI

3ByKOBBIE BOJIHBI

Jlamaa BOTHBI

JlnuHa BoaHBI A — 3T0 PACCTOSIHEE, KOTOPOE IPOXOTUT GPoHT
BOJIHE! 32 BpeMs, paBHoe nepuoay wonebammit T, pyramm
C/I0BAMHF, MJIHHA BOJIHBI A PABHA DACCTOAHUIO Meskay 0JIm-
RAHITHME TOUYKAME CpeJibl, KoNefIIomAaMucs B 0HHAKOBOH
dasze:

A
A
x

B e e nedy. [

v

BotHOBOE 4He/10 MOKHO BRIDA3HTE Hepe3 AJTMHY BOJTHBL A:

-

-

® 2nv 2n
oA A < »

k=

2n
x = Asin|ot - k_\-[:Asin"mt. 7 }'}.

Paanocrs dhas MERIY IByMSA TOYKAMM BOJIHEL

@ 2
Ar;':l= “A_?:—'.—A"V .
v A

3BYKOBBIE BOJIHBI — 3T0 YIPYTHE BOJIHEL, HMEIOIIHE YACTOTY
ot 16 mo 20 000 'u. BoaneiierBys HA opraHsl CJIyXa YeJIOBEKA,
OHM BHI3BIBAIOT 3BYKOBBIE OIYIICHHAN.

Mexaangaeckue Rojgedanns ¢ yactoroii v < 16 ' HassBalTCH
HH(PPAIBYKOBRIMHE, & € 4acTOTOR v > 2 - 10 'y, — yasTpasBy-
KOBLIMH.
BBYKOBHG BOJIHBI XapaKTepH3VIOTCH:
— CHJION 3BYKA, OIIPeessieMoi aMILTATYA0H Komebanuii;
— BBICOTOM TOHA, 3ABHCHINEH 0T YaCTOTHL 3BYKA;

— CKOPOCTHI0 PACTIpoCTpaAHeHH A, KOTOPas 3aBHCAT OT Mexa-
HAYECKHX CBOMCTB CPe/Ihl H OT €€ TeMIIePaTyphi;

— HHTEHCHEHOCTHIO aBYKa, ONpeneaseMod MONTHOCTRIO, T1e-
PEHOCHMOM BOJTHOH Yepes eHHIYHYK [LIOMAIKY HepreH-
OAKYIAPHO K HAIIPABJIEHHIO ee PACIIPOCTPAHEHMA.

Br
! B cucreme CH METEHCHBHOCTE 3ByKA H3MepseTcA B 1—.

YpoBeHb HHTEHCHBHOCTH 3BYKA (YPOBEHB I'DOMKOCTH) Lp oI-
penensaerca o dopmyne

I
L,=10-1g| —
I . ]
0
rae | — WHTeHCHBHOCTE JIAHHOIO 3BVKA;
ubBr
I=1—— — MUHHMAJBEHAA HHTEHCABHOCTE 3BYKA, YIAB-
)

JIMBAeMOr'o yXoM 4e/IOBeKa.

! Epusuna ypoBHS MHTEHCHBHOCTH 3ByKa IL,J =1 B (6en).

! OB6sraHO HCMONB3YIOT B KAYECTBE AUHHIL YPOBHS HHTEH-
CHBHOCTH [Lp] = 1 aB (nemmben) = 0,1 B.
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G(bd;enr Ilowrepa

| Sddexr Tonnepa —aro apienne uamem YACTOTHI KOJe- |
| Gannii, RoTopre NPAHUMAIOTCS NPHEMHIKOM, IIPH JIBHREHUH
| merouEMKA ITUX KoJIEDAHMN U IIPHEMHMKA APYT OTHOCHTEIh-
| mo apyra. Ilpeanonomum, 970 HCTOYHMK H npnamm:c 3ByRA
| ABmkyTCst BIOML OMHOM HpAMOR,
i 1. Hmmnnpnemnmmmnocp&m
Pacnpocrpanssics 8 cpejie, BOJTHA AOCTHTHET NPHeMHMKa ¥ |
BHIZ0BET KOJIeGAHMSA B HEM ¢ T4CTOTOM

2. [Ipuemuauk npubiamKaeTcs K HCTOYHAKY, & HCTOYHEK MOKO- |
wres, CrOPOCTs pacnpocTpaHeHHH BOJHEL OTHOCHTENBHO |
NPUEMHUKA YBeJIMINTCS i CTAHET PABHOM U + U, Torma

VHD, VU, - v+,
A vT v .

3, Hcrounuk npubamskaercs kK IPHEMHHAKY, 4 NIDAEMHHK IH0- |

kouTeA. 3a BpeMs, paBHOe epHoay KoiebaHuil HCTOYHIKA |

T, uanyuennas uM BOJHA Ipoiiner paccroaume A, =vT. 3a |

3TO 3ce BpeMsI caM MCTOMHHK IIpoiijier B Hanparienuu Son- |

eI pacerosume A, = v, 7. TlosToMy nymna BostHsl, pacmpoc- |

TpaHsOMIeHics B HATPABICHHH HCTOYHIKA, CTAHET PABHON |

A=A, -A,=(-v,)T. Torna

v

v kil

V=

| RGN
' 4. croysuK ¥ IPHeMHHK JBHKYTCH viu,,
OTHOCHTENILHO APYT ApYyTa: _V“(uq:u )
et

| | TIpmuem Bepxunit 3HaK Gepercs, ec/IH MPH ABUIKEHHH IIPU-
| eMHHKA B HCTOYHWKA MPOHCXOAWUT ¥X ch/mmxenne, HHKHAL
3HAK — B clIyHae UX B3AUMHOTO yaaneHus.




AneKkTpoMarHuTHLie konebaHus U BOMHbI

' o Ii
'J -
o A x ( x
- i=q'= cos| @yt —— |=1 sl | b
9=9,9 (m. 2) COS 2

TAE g, 4, i — MPHOBEHHEIEC 3HAYESHHA 3apala, HANPIKEHUA 1

KonebarensHbIil KOHTYP

ITpocreitmeit amerTpuyecKoil Koreba- CHJIEI TOK& COOTBETCTBEHHO; -
l "R TeJILHOH CHCTeMOH aBJAerca koieba- q,.U,=q,/C I =q o— avnnaryaHasie 3HaveHus 3aps- |
C 3 TeABHBIH KOHTYP. 9T0 Lels, CocToA- Oa, HANPAXKeHWA H CHJIBl TOKA COOTBEeTCTBEHHO, : l
MIiaA U3 MOCJIEI0BATeIEHO COETHHEeHHEIX @), — UHARIAYEeCKas 9acT0Ta CBOOOIHKIX (cOOCTBEHHAIX) KO- {11
-I_ gaTymky MHIYKTABHOCTRIO [, wommeH- | nebauuii B KOHTYpe. '

caTopa €eMKOCTE CH pesmcropa COIIPo-
THBJIEHUEM [ Eemm COINpPOTHBIIEHHE HOHTYDa R = () TO KOH-
TYP HASBIBAIOT MAEATBHBIM.

! Konebamus 3apsia ¥ HAOPSKEHWS COBEPIIATCA B OTHON |
o To# sxe (ase, a KonebaHMs CHIIBI TOKa OTCTAOT TI0 hase oT
HANPMHKEHNWA Ha KOHJeHcATOpe Ha -

CroboaHble 3NMeKTPOMATHUTHEIE KoJiebaHus B KOHTYpe — 3aT0

nepHoaudecKAe USMEeHeHUA zapsana ¢ HAnNpHEmeHRws u Ha 06-

KJIaJKaxX KOHAEHCATOPA W cpuel ToKa i TEKYIIero depes Ka-

IMepwmos cBoGOAHEL 3/IEKTPOMATHUTHBIX KOJIe0aHuil B mieaib-
HOM KOHType onperensercsa opmynoi Tomcona

TYHIKY WHIYKTHBHOCTHA X PE3HCTOP. =
T,=2xJLC

! Konebanus B KOHTYpe MOMHO BBI3BATH, cO0OmIMB 0OKIaT- !

KaM KOoHZeHcaTopa HEKDTOPBEE{ HAYAIBHEIH 3Japdang HJiH BO3- Yacrora cgoﬁon}m 3JIEKTPOMATHHTHBIX ronebanmii :

Oy/IMB B KATYIIKe HHIYKTHBHOCTH 3JIEKTPAYeCKHiH Tok (Ha-
puMep, MyTeM BRITOYEHHS BHEIIHEr0 MATHUTHOTO IOJIS, o=i= 1
NPOHH3RIBALNIEro BUTKH kaTymkn). [Iponece wonebanuii B T, 2xJLC
TAKOH TenN 3akH0YAeTes B IEPHOIAYECKOl nepesapaike

KkoHaeHcaTopa o/ Aeficraren DJIC caMOMHY KLY 1 BIIPO- é.[H'KJIvE‘IECKaﬂ 9acToTa CBODOIHEIX J€KTPOMATHHUTHEIX KOJIe-
TeKAHHH IePeMEHHOI0 TOKa g = B 2x 1

=——=2 =t B
@y T, RV JLC

[Ipr konebaHuAX B KOHTYpe MPOMCXOANT HElPePHIBHLIL 1e-
PeX0Jl 3HepruH JJEKTPHYECKOro NoJs KOHIeHCaTopa B sHep-

Uneansablil KosrebaTeIbHBIH KOHTYD

B upeansHOM KojefaTebHOM KOHTYPE yCTAHABIMBAOTCH I'HI0 MATHUTHOTO 110J1st KATYIIKY WHJIYKTHBHOCTH, H Ha000poT.

He3aTyxalmue rapMOHHYeCcKHe KojebaHus, Ipu KOTo- ITpu HesaTyxawmux Koe6aHUAX IHEPTHsA, 3aaceHHAS B KO-
l PHIX BeJIMYHHEI 3aPAIA ¢ HANPAKEHUS y U CHIILI TOKA jU3Me- neGaTebHOM KOHTYPE B HAYA/IBLHEI MOMEHT BPEMEHH, He

HSAIOTCA 10 CJIEAYOIINM 3aKOHAM: H3MEHAETCS ¢ TeYeHHEeM BPEMEHH H paBHAa
| g g, coso,t CU; Cs* L LI
' =g cosat | | u=—=""_—=U_cosat | W= + == _const

q=4q,Ccos@t C C - | 2 2 2 2
128 129
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SOnNeKkTpoMarHuTHeie konebaHua U BonHbl

PeanbHbIi Kos1€0aTeIbHEBIN KOHTYD

B nwo6om peansaoM KoaebaTeIsHOM KOHTYDE COMTPOTHABIICHHAES
1 R (axTHBHOE CONPOTHRIIEHHE KATYIIKH HHIAYKTHBHOCTH H CO-

eIMHUTeTbHEIX IPOBOJOR) BCETIa OTIMYHO oT Hyas. Illoatomy
B TAKOM KOHTYp€ IIPOHCXOIAT MOTEPH JHEPIrHH (SHﬁpI’HH, 3a-
naceHHas B KOHTYPe, HePEX0JUT BO BHYTPEHHIOK 3HEPIHIO) U
roJiebaHHsA ¢ TedeHUeM BpeMeHH 3aTyXaloT.

[uknuaeckas 9acT0Ta, C KOTOPOIH COBEPINAIOTCH 3ATYXAI0N{HUe
KoJaebaHud, MEeHbIIe YACTOTEL @), cOBCTBEHHEIX KonebaHmil.

B obmiem cnyuae mepuoq 3aTyxXannEux KorebaHUE onpenen-
eTCH BRIPAKEHHEM

Opnaro ecimm R masno (3aryxanme Kose0aHmil He3HAYHTEIb-
HO), TO € JOCTATOYHO XOPOIIHM IpHOIHKEHHEM MOYKHO II0JIB30-

| BaTeca dopmynamu *
-

T-22JLC |: M .

-

1 |
vV==—=— .
T 2xJLC |
2x 1 p

AnexkTpoMarHuTHbie konebaHua U BonHbI

i
s 2 - - L= . y < paY B £

- ’ "3 - 3 b = )

= "—":.-:‘-'uﬁ::i,_ e *!.‘J_J‘:- o DR i TE L .

BeinysxjeHHEIE 3JIeKTPOMArHUTHBIE KOnebanus

Heazatryxawmue rapMoErgeckae Kojiebanus B peaJbHOM KO-
ebaTe/TbHOM KOHTYPE MOMKHO MOJIYYHTh, €CJTH HEIPepPEBHO
MOTIOJIHATE 9Hepruio kKouTypa. Jisa sroro Heo6XoUMO BRITIO-
9UTE IIOCTIEIOBATENEHO ¢ 3JEMeHTAME KOHTYpPAa IepeMeHHYI
3J1C mm, paszopsas KOHTYp, MOAAaTh HA 00pa30BaBIINeCcs KOH-
TAKTEHI IEPEeMEHHOE HAIIpAKEHHE I .

Il
I

(]
o]

=

u=U_cosat |}

T/le u — MTHOBEHHOE 3HAYEHHE HATPAKEHN;
U, — aMIIATy/a HAUPSKEHH;
() — LHARIAYECKasi 9aCTOTA HePeMeHHOr0 HalpsKeHHA.
HOCJIG 3aMBIKAHHA [1IEITH B KOHTYPE YCTAHOBATCA BBIHYKIEeH-

HEIe K0J1e0aHuA TOKA, YacToTa KOTOPHIX COBIIANAET C 9acTOo-
TOH I10ZaBAEMOr0 HAIIPAMKEHH:

i=1I cos(at +@) |

rlie | — MrHOBEHHOE 3HA9€HHe CHJIEI TOKAa,
I — aMnaATyHOe 3HAYEHME CHIIEl TOKA;
@ — caBur ¢a3 MexRIy TOKOM ¥ HAIPSIKeHHEM.
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OnexkrpoMarHuTHble KoneGaHWusa U BONHbI

— . P - — i —

3nekTpoMarHuTHbie KoneGaHna W BONHbI

L EET YIENTE

»
A RG] o

(FEElcTHT N Cinl I

IlepemMeHHBIN JJIEKTPUIECKHUI TOK

Jloboit Tok, HaMEeHAOMAICA 10 BpeMEeHHN, HAa3kBAKT Nepe-
mMeHHBIM. Yaie Beero mol nepeMeHHBIM AJIeKTPAYECKHM
TOKOM INOHHMAKT TOK, EBMBHH!DWCH oo rapMoHHYIeCKOMY
3aKOHY.

! Tlepemennoe HanpsKeHUE, HE0OXOIMMOe IS BOZHHKHOBE-
HHA ePeMeHHOro TOK4, HOIy4aeTcsa ¢ IOMOIIEI TeHepaTo-
pa HepeMeHHoro Toka*,

B npocreiimeit Mosiesn resepaTtopa nepeMeHHoe HarpaKeHne
BO30yKIaeTcHa B 3aMKHYTOM paMKe conporuBienneM R, Koro-
pas paBHOMEPHO BpAIIAeTCA B O[JHOPOIHOM MATHHTHOM II0JIe.

B srom cliydae CHJia NepeMeHHOI'0 TOKa, TERYIIEero B paMke,
oIrpeieideTcd B COOTBETCTBHH ¢ 3aKOHOM Oma:

. u U_coset U
=—=—mC =7 ——m
1 R R wCOS®E |, -

| * Cx. «llpunyun deiicmaus npocmeilueso 2eHepamopa NepemenHoz0 moxa,

pasfes «AeKMmPoMAZHUMHAA UHOY KLU,

132

Kosnebanus Hanps:keHHs HA AKTHBHOM CONPOTHBICHHH pa-
MOK COBIIAJIAIOT MO (hade ¢ KomeOaHHIMHA CHJIIBI TOKA.

,H.T[ﬂ XH]J&KTE])HC'I‘EKE ,[Eeﬁ(.'l‘BHH HepeMBHH.OI‘O TOKAa BBOIOATCHA
MOHATHA AeHCTBYIOIMeH CHIbl Toka | ¥ meficTBYIOIIero Hanps-
seaus U,

JeiicTByomeii cuoii nepemMeHHoro Toka I Ha3BBAKOT
CHJIY TAKOTI0 NOCTOSHHOTO TOKA, KOTOPREIM B TOM Ke IIPOBOIHHA-
Ké ¥ 3a TO K& BpEeMs BHIJIENISEeT TAKOE ke KOJIHYEecTEO Tellla,
UTO ¥ NAHHEI NepeMeHHBIH TOK.

JleiicTBy0onumM HanpasKeHUeM nepemMenHoro roxa U na-
3BIBAIOT HANPHIKEHHE TAKOIO MOCTOSHHOTO TOKA, KOTOPHIA B
TOM 3Ke IIPOBOJHMKE M 34 TO jKe BPeMsA BhUIEJISeT TAKoe iKe
KOJIMYeCTBO TeILIa, YTO U JAHHEBIN ITepeMeHHBIH TOK.

Jeiteryompe saadenns cwikl Toka I 1 Hanpsxkenus U on-
penensiorTes opMymamu:

I
I=—=|.
Jé 3
U
U=—-2
JE »

rae I, U — pelicTByonipe 3HAYCHUS TOKA U HATIPAREHUS;
I, U, — aMnuary HEe SHAYEHAS TOKA H HANPAKEHASL.

! AmmepmeTpsl ¥ BOJLTMETPHI, BKIIYEHHBIE B JJIEKTpAYE-
CKYI0 1LIeIlh [epeMEeHHOr0 TOKA, M3MepAT HeicTBynIIHe
3HAYEHUA CHIILI TOKA B HANPSAKEHHA.
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OnexTpoMarHuTHele KonebaHus M BoSHbI

5 ';t."_' 3

3axon Oma 118 IOCIEA0BATEIFHOTO YUYACTKA
Heny nepeMeHHOro Toka

B anexTpuueckoi nemw, cocTosme

H3 TO0CHAEHOBATEILHO BRIIOUEHHEBIX
aKTHBHOIO CONPOTABIeHUA R, HHAYK-
TUBHOCTH L, ;’;xoc-m C u ucrounuka
Hanpsuxerud (u = U - cosot), BO3HA-
KaeT HepeMeHHEIH TOK, CHJIA KOTOpO-

T'0 OIpele/IAeTCH BEIPAKeHueM

i=1I cos(at +9) |,

rae ¢ — caBur Gas MeRIy TOKOM U HANDIKEHHeM.,

Amnnuryna crisl ToKa onpegenserca saaxonom Oma:

-
| AnanorayHOe pABEHCTBO CHPABEIJIHBO H I8 JeHCTBYIONIEX
3HAYEHWH HANDPAMKEHUST U CHJIBI TOKA id.

I- = oy
Z

(= (2]

2
Besauunny 7 - JR’ +[wL—~:—(—.] HA3BIBAKT MOJHBIM COIPO-
ol

THBJICHHEM I[ellH NepeMeHHOr'o ToOKa.

OnekTpoMarHuTHbIe konebaHua 1 BONHbI

Benuwuauny R Ha3wBAOT AKTUBHBIM CONPOTUBIEHUEM.
Bemmunny X, = @l — HHAYKTHBHBIM CONMPOTHUBJICHHEM.

1
Bemmauny X . =;C— — EMKOCTHBIM CONPOTUBJIEHHEM.

1
Bemwunuy X =X, - X, =aL "0 — PeaKTMBHEIM COmpo-
THBIEHHEM.

! Conporusnenue R Ha3RIBAOT AKTHBHBIM, TAK KAK Ha HEM
TIPOMCXOAMUT BIIEJIEHNEe TEIUIOTE (coriacHo 3akoHy [moy-
na-Jleana). Conpornsnenne X HaabIBaOT peaKTHBHEIM, TAK
KaK HA HEM He IPOMCXOIAT BEIIAEICHNS TEILIa, a MPOuCXo-
JHT TOJBKO IMEPEeX0] JHEPIHH JJIeKTPUIECKOr0 OIS B SHEP-
A0 MATHATHOTO HOJIS.

Cosur ¢as @ MemxIy TOKOM M HANDAKEHUEM ONpelesseTcs
BRIpaskeHHEM

1
XL _Xc ___‘DL_E
R R

tgp=

Mraosernas MomEoeTs P B eIy IepeMesHOro TOKa

P=iu=I_cos(et-¢)U, coset= -;-IMU,,, (cose+cos(2et-g¢)) |

Cpensee aHaYeHHE MOIMHOCTH 3a IJTUTENBHEIH ITPOMENKYTOK
BPEMEHH onpegensercs (bopMyion

-

(P)= - I,U, cose=IUcose

Bemmauny cos@ HA3HBAWT K0adHAHEHTOM MOIHOCTH,




3neKkTpoMarHuTHbie konebaHna 1M BonHb! | SnekTpoMarHuTHele konebaHns v BonHbI

= ‘r = el 8 UHaykTHBHOE CONPOTHBIEHHE
- -—. L‘ “ l- - ",

_ B [leNy NePeMEeHHOro ToKa
AKTHBHOE COIPOTHBIIEHHE | | Ec/m nienb niepeMeHHoro Toka coxepsuT
A~
B LleIIM IEPEeMEeHHOr0 TOKa TOJILKO HHAYKTHBHOE conpoTusenne X, L
| (R - 0, X.= 0), To 3axon Oma Gyner
Ecmm lienb NepeMeHHOI'0 TOKa COOeprkHT [ I | I HMEeTh cnemmﬁ BHI;
TOJILKO aKRTHUBHOE conipoTaBaeHEEe R (X =0, R -
X = 0), ro 3axon Oma Gyaer umers cieyio- ! . I =—= L g u = U_cosot
M BUI; ' ' muipy oL
U U u=Uspcent ! B peansm0ii e mepeMeHHOr0 TOKA BCeryla pHCYyTCTBYeT
e :_I?m y AJTH =-E : axrusHOe conporusiaenue R. Iloaromy yenosue R — 0 BHI- |
' nonHAeTCeH, ecnu wl >> R.
| Creur dhas Mexay TOROM U HATIPAKEHHEM 5_ Casur dhas Memray TOKOM ¥ HATIPAKEHUEM
0 : X n
tgp=—=0 = ¢=0 |, i tgp=—L 540 = @o>—
= @ E 29 R 9 2

| ! Hanpssrenue Ha MHIYKTHBHOM CONPOTHBIIEHHH omepema- |

T

Cuna Tora 6yneT HaMeHATHCS 110 3aKOHY i RPN S e

: U,
i=1 cosat~ -E—coswt Cuuta Toka Dy/teT H3MEHSTHCS 110 3aKOHY

Adu

| Cpeansas MOIIHOCTE TOKa o I

(P)=31U,=IU

i Cpennsia mommocTs TOKa (P) = 0.

"
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3nexTpoMarHuTHble konebaHus U BOMHBI

BneKTpoMarHuTHsle KonebaHus U BoNHbI

EmrocTHOE conpoTuBienue
B IIeNH NePeMEeHHOIr0 TOKa

Ecnum tens nepeMeHHoOro To0ka CoIepmRuT

11
TOJIBKO eMKOCTHOe CONpoTHBIeHHe X, L’
(R - 0, X,=0), ro saakon Oma dyzer
HMEThH CJeIyoNIni BUI:
U u= Ef,msmt
' =—l'-"~=eJCU_' yama I'=aCU |.
oC

! Tax raxk memnu mepeMeHHOro TOKA BCETIA MPHCYTCTBYET K-
THBHOE conpoTuBaeHue R, o ycaosue R — () Bumosssmer-

cqa, ecom —>> R,
aC

Casur dhas Mex1y TOKOM H HANIPSMKCHHAEM

X /1
tgep=—"C o = g ——
o R s 2

! Cuna ToKa Ha €MKOCTHOM CO-
IIPOTUBJIEHUH OlepelkaeT Ha-
npszenye 1o dase Ha -

Cuna Toxa Gyzer H3MeHATHCS MO
3AKOHY

i= Imcos(wt+%]:Umchos(mt+::—] _

Cpenaas MOIHOCTE Toka (P = 0,

MeToa BeKTOPHBIX JUATPAMM

HYCTL B CETh MEepPeMeHHOr0 TOKa BRIINYEHBL

[I0CJIe0BATEIbHO COeIHHEeHHEIE PEe3UCTOP CO- R
nporusJienneM R, koHgeHcaTop eMKoCcThi0 C'H C L
KATyWka BEAyKTABHOCTEO L. Onpegemuam aM-

IJTHTY/IHOE 3HAYEHUe CHIhl Toka I B nemn. u = U_coswt

Bo Beex nocire1oBaTENIEHO COEUHEHHEIX dJIeMeHTaX IeIH Ko-
ne6aHRAA CHIIH TOKA HPOUCXONAT 10 0AHOMY 3akoHY. [l on-
peliesIeHHs aMILTATYAEI CHJIBI TOKA BOCIIONIbL3yeMcH MeTOI0M
perTopHLX ararpavm. [Tocroum BexTopHyo quarpammy. Ha-
OpaBMM OCh TOKOB ropusonTansho. Ko-

nebaHusa HATPSAKEHHS HA PE3HCTOpEe
H-LT.Q-&:.._._.._. U

coBnamawT no dase ¢ KonebaHUAMHA
CHJTEI TOKA, TI03TOMY HAIIPaBJIEHHE BEK-
Topa U_, coBmajiaer ¢ HampapJeHHueM lU,.,- 2

ocu TokoB. Casar ¢das Mexay HanpAKEeHHEeM H TOKOM Ha Ka-

T

TYIIKE PABEH e casur das Mexay HaupskeHHeM H TOKOM
T

HAa KOHIEHCATOPe paBeH i Hoaromy sexrop U, mosopa-

T <
YHBaeM Ha yIoJl — OTHOCHTeJIbHO OCH TOKOB IIPOTHE YaCOBOH

T
| CTPEJIKH, 8 BEKTOD UmC IIOBOpaYHuBaeM Ha yroji E OTHOCH-

TeJBLHO OCH TOKOB 110 YacoBoi crpenke. M3 nuarpammer BuAna-
HO, 9TO MOAYJIb Hanpsixenus U paseH
bmrn = [Pmﬁ‘-'- (Umf. = i}'n-lf,')2 = (IMR)‘E * (I-nXL_- Ime')z;
9 2 a I 3
Ui=1} (R“ +(X, -X.) ):I;, R* +[mL~E] 3
U U

1= m ==m

"o L o
wgfl gy
[-2c)

Herosrbayss MeToll BEKTOPHEIX [THATPAMM, MBI HOJYIHIIHA 33-

roH OMa [Uig mens nepeMesHoro Toka.
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OnekTpoMarHUTHbIe kKoneBaHus N BOMHSI

Pesonanc s JIEKTPHUYECKOH Henu
IePEeMeHHOro Toka

U3 zaxona Oma mus HotnenoBarensHoro yuacrka memm

U U
IepeMeHHoro Toka I, = = == cneayer, aro

e
R +|wL—-——
[#cc])

aAMILTHTY A IEPEMEHHOT0 TOKA JaBHCHT HE TOJIBKO OT mmapa-

Merpos nenu R, L, C, U,, Ho u or wactorsr IepeMeHHOro
TOKa @,

1
Eerm wl — oC =0, To monaoe COIIPOTUBJIEHHE TPUHUMAEST MH-

HHMAJILHO BO3MOMKHOE 3HAYeHpEe 7 — R. Tak kax TIOJIHOE co-
MIPOTHBIEHHEM MHHHUMAJIEHO, TO AMIUTATYDA CHIIEI TOKA Oy-
JAeT MaKCHMAILHOI

N e
R

-
Yacrora, mpu KOTOPO# Oy/er BEIOAHATECS a10 YCaoBue, pas-
Ha YACTOTe COBCTBEHHBIX KoTeHa UL Y

KoOe Boapacraame AMIVIHTYIEI CHITEL TOKa.

fABnenme pesroro Boapacramus AMILTATYEl CHJIEL TOKA HpH
IPHOIMREHHH YACTOTE BEIHY R IAIIIET0 HAIPS/KeHHUs K dac- |
TOTe COGCTBEHHBIX KoyeGaHmil HaskIBACTCS ABJTCHHEM aTek- |
TPHYECKOro pe3oHanca. '

Onrospemenno ¢ pocrom AMILIATY/LI CHJIEL TOKA IIPH peao-
| HAHCE PE3K0 BO3PACTAIT aMININTYAHEIe HAIIPSIKEHHS HA KOH-
ACHCATOPE H KATYINKe HHAYKTHEHOCTH, DTH HATIPSKEHHUS IPH
®= @), ONMHAKOBEL ¥ PABHEI

. U U 5 i U 1 |L
Pr"—_—I = —m — e W =
UZ =1.X, oL =a,L= = Ua
Uz spx, 2 Va1 Uy NECU, 1 (B
g R oCR C R R\C

S /7,
Bemauuny @, = —Rq‘/*g HA3BIBAIOT NOOPOTHOCTEIO KOHTYPA.,

Ecim pemmunna Q,> 1, To HanpaKeHNE HA KOHJIEHCATOPE HJIH

KaTyIIke MOMEeT BO MHOI'O Pa3 MpPeBOCXOIUTE BLIHYKIAI0IIee
Hanpsskenue. [loaromy anexrpuvecknii Pe3oHaHC B [IOCHeN0-
BaTeNbLHOH e IIepeMeHHOr0 TORA e1le HA3LIBAIOT pesaoHaH-
COM HATIPAZKEHHWIH,

1
Tak kax npu pesonamnce a)L——aE:O , TO

1
el
el "

=0=¢=0. !
R Q

tgp =

! Ilpu peaonance casur das ¢ MexRay CHIION TOKA I M HAIIpS-
*EHUEM U CTAHOBHUTCHA PABHEIM HYJIIO.




BnekTpoMarHuTHbie koneGaHua W BonHbI

Tpanchopmarop

IlepemeHHELT TOK UMEET IPEUMYIIECTBO Hepe/l IOCTOSHHEIM
TOKOM, IOCKOJBKY €ro [eHcTBylonine HanpsuxeHue [/ W cuily
ToKa | MOKHO B OYeHb ITHPOKUX IIPeesIax npeodpasoBkBATE
(rpascdopmupoBaTts) moury 6e3 noreps MmomuoctH. Jns aro-
I'0 CIYIKUT YCTPOMCTBO, HAadnlBaemoe TpadchopmaTopoMm.

ITpocreitmuit TparcdopMaTop COCTOUT B3 ABYX 0OMOTOK, OJHA
H3 KOTOPLIX HA3EIBAETCA NePBUYHOMN, & Ipyrad BTOPHYHOM.

Obmotkn TparchopMaTOpa paciosioskeHs: Ha 0bmIeM cepaed-
HHKe. Ha nepeuunyno 06morky IogaeTcs HCXOQHOe HATTPAKe-
HHE, 8 €O BTOPHYIHOH 0OMOTRE CHEMAaeTca IpeobpaszoBaHHOE
HanpsikeHue.

! JleiierBue TpancopMaTopa OCHOBAHO HA ABJIEHHH JJIEKT-
. -
POMarHATHOH WHIYVKIIHH.

-
-

[epsuanyio 06MOTKY TpaHCGhOPMATOPA HOIKITIOYAIOT K HCTOU-
auky nepemennoi IJIC ¢ peficTRyIMM 3HATYECHHEM U,
(g,= U). Tak xax 0dOMOTEH Hax0ATCA Ha 00IEM cepledHHKe,
TO MATHUTHBIA MOTOK, CO3JaHHEIN NePEeMEHHEIM TOKOM B Iep-
BUYHOH OOMOTKe, ITIPOHM3BIBAET BTOPHYHYK obmorky. Ilo 3a-
xony Qapanes—Jlerna

AD AD
T T H 6‘3 = — 2 —_—
At At

81_ 1

AD
e e
& _Nlﬂ N:
At

rhe'N, o N2 — YMEIIO BUTKOB B MEPBHYHOH M BTOPHYHOH 00-
MOTKax COOTBETCTBEHHO.

Xonoctoit xox tpaacdopmaropa

PexxrmoM X0J0CTOrO X0ia TpaHcopMaTopa HaskBaeTcs pe-
JHM ¢ pa3OMKHYTOH BTOpH4YHOH ob6MoTko#. B arom ciydae
uHanpsukenne U, Ha BTOPUYHOHA 0OMOTKE PAaBHO HHIyLHPYe-
momy B Heit 3J1C &,.

I !
i I8

Koaddunuenrt rpanchopmanuu k — 910 BeH4YuHA, paB-
HAd OTHOLIEHMIO YHCJIa BUTKOB B TIEPBHYHOM 0OMOTKE K 9HC-
JIY BUTKOB BO BTOPHYHOH 00MOTKe:!

B pemume xomocroro xozia koadduiment Tpanchopmamy k
paBeH

k:ﬁ.:"_l:_[i X
N;, & U,

ITpu k > 1 TpascdopMaTop ABJIAETCH MOHMGKAIONIAM, IIPH
k < 1 — moBEIIAIOITAM.




3neKTpOMarHuTHbIe KoneGaHusa 1 BoNHb

o= T TR |

Tpancdopmarop (npodosdicerue)

Snex'rpomammnue konebanus 1 BONHbLI

Pabouuii xon rpancdopmaropa

Pa6ounm pesimom TpaHC(hOPMATOPA HA3BIBASTCS PEIKAM, KOT-
Zla BO BTOPHYHYI 00MOTKY BKIIOYEHA HATPY3KA ¢ HEKOTOPHIM
CONMPOTHBICHUEM.

B arom cnyuae woadduiment -
tTpancdopmanmuy k pasex
U, U,
Nos_ U | | |
Ny 8polUs+de o— ;

rie I, — nefcTByiomee 3SHAYCHHE CHIIBI TOKA, TEKYIIEro BO BTO-

PHYHOK 00MOTRE;
r — COINPOTHBIIEHHWE BTOPHYHON 00MOTKH.
e UL
l{ = -2 — —272 3
111 Tparcdopmaropa P UL

rie P, — MOmIHOCTS, noTpebiisieMas nepBUIHOH 06MOTKOM;
P, — MomHOCTS, BEIAe/sgeMas BO BTOPUYHON 0OMOTKE.

Tar kax HOTEPH MOMHOCTH B TpaHchOpMATOPe HE3HAYHEETE-
HEI (B COBPEMEHHRIX MONIHEIX TpaHC(bOpMB.TOan OHH HE Mpe-

BEIMAanT 2—3%), TO HA OCHOBAHHH 3aK0HA coxpanermn aHep- |

'y MOM¥KHO CUHATATL, 9TO

LU=~=LU, wwm UlU=~I/I,

rae I u [, — AeficTByolpe SHAYEHHS CAJIBI TOKA B NEPBHY-
HOM B BTOPUYHOH 00MOTRAX.

! Tlossnmas ¢ nomomuis TparchopMaToOpa HANPAKEHAE B He-
CKOJIBKO Pa3, MBI BO CTOJIBKO K€ PA3 YMEHBIIAeM CHITY TOKA,
H HAaobopoT.

DJIeKTPOMATHHUTHEIE BOJIHBI
D1eKTPOMArHMTHOM BOJTHOMN HA3KIBAETCS IePHOTHIECKH |

BO BpeMeHH H IIPOCTPAHCTBE IIPOIECC pacnpocwpaﬂem anex- |
“TPOMATHHUTHOT'O MOJIA.

‘B 31eKTPOMArHATHOM BOJIHE BEKTOP HANPAKEHHOCTH E anex- |

TPUYECKOTO MOJIS ¥ BEKTOP MHAYKUHWH 5 MarHuTHOro mojs |
HNeprIeHIMKY/IAPHEL APYT K APYTY ¥ HepHeHInKyIAPHEL K Ha- |

[IPABJICHNIO PACIIPOCTPAHEHNS BOJIHEI (K BEKTOPY CKOpocTH &), |

T.e. 2IEKTPOMATHATHAS BOJHA ABJsiercs nonepeanoi. Kome-

| 6anus Bexropos 2 m B B moboit Touke IPOCTPAHCTBa COBEP- |

manTcA B OAHONA M TOH ke dase.

CropocTts pacupocTpaHeHH: JJIEKTPOMATHHTHEIX BOJIH B Ba-
KyyMe paBHA ckopoctu cBera (¢ = 3 - 10° m/c). B cpene anex-

| TpomarEmTHbIE BONHE! PACIPOCTPAHAITCA CO CKOPOCTEIO

[

===
Jep

roe £ ¥ [I— OH3JIeKTpHYecKad H MarHuTHAaA HNPOHHALIAEMOCTH |
cpelbl COOTBETCTBEHHO.

{ Jlnst anexTpOMATHUTHEIX BOJIH, TAK e KAk U 1715 JI00BIX /Ipy-
| rEx BOJH, cHpaBe Bl COOTHOMICHH T

v A
l: ! == - :l-v-_':,——
U =S v

-

| rae A— pyAHA BOJHEL, V— YACTOTA;

7'— mepHoN AIeKTPOMATHAUTHLIX KoJslebammuit.

| McrounmkamMu 3J1eKTPOMATHHTHEIX BOJIH SBIAIOTCA NepeMes- |

HEIe TOKH I KO/MeG/Tonecs (IBHKyIecs ¢ yeckopeHuen) a71ek- | :
Tpudeckue 3apansl (BuGpaToph). )
Jl/1s1 3MEKTPOMATHETHBIX BOJH, KAk ¥ [UIS IPYTHX BOJHOBEIX |

mporeccos, HabMOAATCA ABJIEHAS OTPa)eHHs, npegomie- |

gudA, uarepdepedian, JaGPaKIdy, T0JIAPHA3ALAA | IP.

Mk rErvs i =3 Ik Lirr e = —df o i e 3




Huaxouacrorane
BOJTHEL

Panuosonnmu
Muxposomms

Branmoe uanyuenye

Vasrpadmoneronoe
HaTyuerne

Perrrenonciie
Jyam

Pamma-myay

3-10°— 100
10— 4,3. 101

4.3 10" — 7.5 10
‘?ls ¥ 10“ -~ 10“

10— 3. 01

3.10"%—3. 10w

100 — 10
107 — 10+
3:104— 7. 107

7-107— 4. 107
4- 1073164

3105 — 100

10-10— 1g-n

Hmunawe (J1B)
Cpenune (CB)
Hoporxwe (KB)

Vasrpakoporkue
(VEB)

3-10°—3. 10¢
3-105—3. 107
310" —3. 10¢

3= 193 LY f..z,‘(..‘: ¥ ‘_.{;,I".;U,i
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Onrukxa — pasaesn GH3HKH, B ROTOPOM H3y4alT CBOHCTEA CBe-
Ta, ero (PH3HYeCKyI0 NPHPOAY U €ro BaauMoIeHCTBHE ¢ Bemle-
| cTBOM.

S i Y sy A

leomeTpuueckas ONTHKA — YaCTh ONTHKH, B KOTOPO Hay-
4aI0T 3aKOHE! PACHPOCTPARHEHHS CBETA B IIPO3PAYHEIX Cpefax
HA OCHOBe IPEICTABIEHHH 0 HEM KAK 0 COBOKYITHOCTH CBETO-
BEIX JIy4ei.

ITon ceerorriM siywom TOHEMAIOT JTHHA, BIO0JIL KOTOPOI pac-
HPOCTPAHAETCA CBETOBAN JHEPTHA.

! B reomerpuyuecKoii OITHKE BOJTHOBASA [IPUPOJA CBETA He VIH-

THIBAETCA.

e —— e ——

3akoH NPAMOJIMHEHHOI'0 PACTIPOCTPAHEHNA CBeTa

3akoH NPAMOTMHEHHOTO PACIPOCTPAHEHUS CBETA: CEET
B IIPO3PAYHOM OHOPOHOM Cpelie PACIIPOCTPAHSOTCS IIPIMOJIH-
HeHHO (CBETOBBIE JIy4H HIpPEACTaBIsIoT coboil npamule auaum).

3axkoH HE3aBHCHMOCTH CBETOBBIX leqeﬁ -
T

3aK0H HE3AaBMCHMOCTH CBETOBBIX JIy4eil: JIy9u NPH Iepe-
CeYeHUH He BO3MYNIAKT APYT ApYyra.

! OToT 3aK0H COpaBeyIuE IIPH HE CIUIIKOM GOIBIIHX HHTEH-
CHBHOCTAX CBETa.

i Hpuamun @epma

| TPOXOXEAEHMA KOTOPOroD emMy TpedyeTcsa MUHUMAbHOe BPeM#A.

148

Npusauun @epma: cBeT pACIPOCTPAHAETCH 110 TAKOMY ITyTH, 1A |

OnTuka

3akOHBI OTPAKEHUA ¥ NMPEJTOMICHHS CBeTa

= -)-l_

Ilpu napeHun cBETOBHIX Jiydeil HA IPAHHILY pas3fesa IBYX
IIPO3PAYHLIX CPeJ MPOHCXOAUT orpazkenne H pPeJOMIEHHE
cBeTa, KOTOPOe OMHMCHIBAETCA CIAEAYOIIHME 3aKOHAMH.

3akoH oTpakeHus: J1yd HANA0NIHI, J1y4 OTpaskeHHbIH B ep-
NeHIUKYJIAP K I'DAHUIE pasjesa AByX Cpei, BOCCTAHOBJIEH-
HEIH B TOYKe HaJeHHsd JIy4a, JeKAT B 0AHOH IFIOCKOCTH, YT
OTpakeHHus y PABeH yIJIy NaJeHus o'

==

Cymectsyer 1Ba BHAA OTPAKEHHASA: sepransHoe H padidyanoe.

Ecnn napaiiesnsHbi My90K JIydel nocsie oTpaskeHns 0CTaeT-
cA apalIe/IEHEIM, TO TAKOE OTPaMXKeHNe HA3BIBAIOT 3ePKAaJIb-
HBIM.

Ecnu nmapanmensHEIN Oy90R JIy9el mocse oTpasmeHns He 0¢-
TaeTcd HApaIeIbHBIM, TO TAKOE OTPAKEHHAe HASKIBAIT (-
hysabIM.
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FRLTTIACS TR g r st POy

3axoHBI OTPaXKEeHUA U NPEJTOMICHHS CBETa
(npodoncerue)

3akoH npenoMiIeHus CBeTa: JyY Ha-
MAIuit, 1yY IPeJIOMJICHHEIH H mHep-
NeHJAKY/IAp K IpaHHIle pa3fiesa OByX \ ;
cpell, BOCCTAHOBJIEHHBLIHA B TOYKe ITane-
HUSA JIy9a, JIeKAT B OJHOIH ILJIOCKOCTH. I}
OrtHOmenue cuHyca yIyia MageHHs o K k
CHHYCY yrJiIa [pesoMJIeHus [J ecTsh Besu- '
YHHA DOCTOAHHAH M5 ABYX JAaHHBIX

cpen:
sina n,
e S===yi
sinf n, 3
Iae n, ¥ n,— abco/IoTHEE NOKA3aTeIH IPeJIoMIIeHI IepBoi
H B’mpoﬁ cpensl COOTBETCTBEHHO,
Ry = OTHOCHTEJILHEIN ITOKA3aTe) b IpenoMIiIeHHus B‘mpoﬁ

cpesl OTHOCHTEILHO IIepBOit.

-
! Heobxoaumo NOMHHTE, YTO B OOTHKE BCE YIJIBL OTCUHGHIBA-
OTCH OT NEePHeHINKYISAPa K NOBEPXHOCTH, BOCCTAHOBIICH-
HOI'O B TOYKAX HaJeHHUs JIyd9eH.,

ABcom0THBIN MOKA3ATETh npeJoMJIeHUS CPensl /1 — 3T0
(husHUecKkas BeTHYHHA, HOKA3EIBAIONIAL, BO CKOJIBKO paa cko-
POCTE CBeTa B BakyyMe 0OoJbIle, UeM B JaHHOH cpefe:

C
n=—
U

rae ¢ = 3 10" m/c — crOpoCTE pacupocTpaHeHus CBeTa B BAKY-
yMme.

OTHOCHTEIBLHBII OKa3aTe b MPEeJIOMJIeHHs BTOPOil cpe-
JIEI OTHOCHTEJILHO TTEepBOH | (uanUecKas BeJIHYNHA, ITIOKA-
3BIBAONIAA, BO CKOJBKO pa3 CKOpPOCThL CBeTA B IIEPBOH cpeje
fosbnre, 4eM BO BTOpOi cpene:

., .y b
R R el
Rl T
Tie p, ¥y, — CKOPOCTH PACHPOCTPAHEHHS CBETA B NePBOH U

BTODO cpejie COOTBETCTBEHHO.

Cpepna, nmenmias 6ompimii abco/TIOTHEIN I0KA3aTeIb IPEJIoM-
JIeHHHd, HA3BIBAETCH pirrHyecks Hostee II0THOMN cpe/ioi M0 CpaB-
HEHHIO CO CPeiol, HTMelInel MeHbIIHI abcooTHRIA ToKasa-
Teb MPeJIOMIIeHHUS.

Cpena, umeomas MeHbIIHT a6COMIOTHEIN MOKA3ATe b [TPEeIOM-
JIeHHS, Ha3bIBAeTCH onTHYECKH MeHee ILJIOTHOH cpemou HO
CPABHEHUI) CO CPEeNoi, MMenmei 0oasmmid abcoTTHEIA 110-
Kasatenb MpPeIOMJICHU,

! AGCOMmOTHEIA HOKa3aTedb MPeJOMISHHS IS JaHHOIO Be-

HiecTBA HMEeT OJHO ONpPEeIesieHHOES 3HAYeHHe W ABJIAETCH
XapaKTepUCTHKOM aTOTO BellecTBa, TOr/1a KAK OTHOCHTE k-
HEIHM [OKA3aTelb MPeIoMIIeHHA n, MOMKET HMeTh PasJiid-
HbIe 3Ha4YeHAs B 3aBUCAMOCTH OT TOT0, C KaKO# IpyToH cpe-
[0# TPAaHuYAT JaHHas cpeaa.

! fApneHus oTpameHns U IMPEIOMIICHUS CBETA JIGIKAT B OCHO-

Beé JeHCTBHA padHooOpasHbIX 3€PKAJ, IPH3M H JIHH3, ABJIA-
TOITHXCS OCHOBHBIMM [ETAISME ONTHYecKUX I1prbopos, dop-
MUPYIOIIAX H300parkeHus NpeMeTos.
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3aKkoH OJIHOTO BHYTPEHHEro0 orpasxeHus

PacemoTpuM mepexos CBeTOBOIO JIVYA B3 ONTHYECKH H0J1ee ILI0T-
HOM CpeJEl B ONTHYECKH MeHee [IOTHYI cpeny (n, > n, B
n, < 1). 3 3akoHa mpesoMJeHHs ciaexyer, uto sinfl > sina
unm fi> @, T.e. yroa upesnomieHus Gosplne yriia NageHus o

I1pn HexoTOpOM yriie nageHus
@ CHHYC yrja IpeJoMIeHus
CTAHET PAaBHEIM EJHHHIIE, T.E.
OpeJIOMJIEHHBIH JIyY CKOJIBE3AT
110 TOBEPXHOCTH Pa3enia AByX

cpen. Torna nmeem

Ie ¢ — HpeHebHBIA YIoJI NaJdeHAs.

np

Ilpu yrae nagesust ¢ > ¢ CBET MOJTHOCTBIO OTPAXKAETCH OT
rPAHUILl pa3fiena, T.€. BOSHAKAeT AB/IeHue NOIHOro OTpa-
JKeHHUsA CBETAa, KOTOPOE YACTO HASKBAKT MOJHBIM BHYTPEH-
HHM OTParKeHHuEeM. :

-

Ecom sropoit cpenoit saeiseTcs BO3AYX HIH BAKYyM, [JIsi KOPO-
poro n_= 1, To "

! 1
Sina{m = :
1

! ABnenwme momHOroO OTpa’keHHA CBeTa MOKHO Habimonarths
TOJBKO IPHA Hepexofe CBeTA W3 onTH4decky Oosee nioTHol
Cpe/ibl B OOTHYECKH MEeHee IUIOTHYIO cpeny IpH YCIIOBHH,
9TO yroJ HajeHus ¢ ayda GoJbine MpenesIbHOro YIJia o

I!i]'
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R RAECR W EE R

Xoj ydeil B INIOCKONAPAJLIeTbHOM IVIACTHHEKE

ITpu nagesus cBeTa HA MJIOCKONAPAJLIC/ILHYIO ILTACTHHKY JIyd
CBeTa, BHINIEAINWH W3 IUTACTHHKH, [tapasiiesied naganmeMy
JIy4y U CMEIIeH HA BeJauqyuny h.

i-' ' .. “. D /

R
B CK "
E(I

Benumuuny cmemerus /1 MOKHO HAWTH CJIeOYIONIHM 00pasoMm:

— M3 3aK0HA IIPeJIOMIIeHHS cBeTa Halgem yrou f:

sina n , n, . o ln B S ;
——=— = sinfi=—'sina = f=arcsin| —‘sina H
sinf n n, n,

— u3 Tpeyroasauka ABC maiinem | = AC:

d d d d-n,

’-"- = = =l
cosf  [1-sin'p " {,,

2 . .2 g a3
J Vi, R sinca

Lsina
n.

— u3 Tpeyroasanka ACD maiinem /i:

h=1-sin(a- =S Rsn@f)

[ 3 $ = 3
Jn, —n sin"a
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TSR N |

b s ﬁa‘l——qr':._-.

Xox ny4eu B npuame

Ilpu npoxomneHaun cBeTa Yepes CTeRIAHHYO NpuaMy (npua-
Ma HaXOIUTCH B BO3MYXE), JIYUH CBETA orriioHsioTes K OCHOBA-
Hu0 npuamel. ['pann, Yepes KOTOPEIE IPOXOIHAT JIyd, HA3KIBA-

OTCA NMpeJIOMJISTIONAMHA IMPasAMH .-
B

Yron p Mexay NpenoMIISIOIUMEA TPAHAMI HASKIBAIOT [1pesioM-
JIAONTHEM yiJioM TPH3MBIL, Vron § memay HanpagpJieHHeM BXO-
JATIEro ¥ BREIXONATIIErD .rry‘!eﬁ HASLIBAIOT yrioM OTKJIOHEHHA -

V1ol OTKIIOHEHHS § MOIKHO HAHTH clieylonuM 06pasom:
-
— DPUMEHHM 3aK0H IpeJOMJeHMA I8 OpeloMIeHus cpera

Ha nepefHel rpaHu MPH3MEL n, HalgeM yrou ff :+

sina,

sina 1
——l=n = sinf, =
sinf, n

rie p — abcosTITHRIE Hoka3zaTelsh OpeJIOMJIeHHA MaTeprana,
H3 KOTOPOro MaroToBJeHa HpuaMa;

— u3 uerhipexyronsauka ABCD maiinem yron ADC;

360°= ZADC +90° +90° + 9 = ZADC=180°—¢ |;
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— u3 Tpeyroasaura ADC Hadizem yrom o

180°=8 +a,+(180°-9) = a,=0-B, |

— ODpPHUMEHHM 3aKO0H HpeJIOMJIEHHS JIsA MpeJIOMJIeHUS CBETa
Ha BTOPOM rpaHH NPH3MEI /1, HaimeM yromx /:

1 3 ;
— =% sin B, =nsina,

— ua yeTeipexyromsauka AECD uaiizem yroa o:

360°=¢a, +fB,+(180°— @) + (180°-8) = d=-a, +f,- ¢

Ecma o, = 3, a cnexgosarensHo, [J, = o, TO yrOJ O OTKIOHEHU
JIy4a OT NepBOHAYAJILHOr0 HaNpaBIeHHA OyJeT MUHHMAIb-
HeM. B atom cyuae

p+5

9 L4

d=a +o, -9 =D =

‘;ﬂ
}jl:q)_-ﬁ; :flj|: -2"

HCHOJIB.‘!YX 3aKOH IIpeJoMJIeHHA CBeTa, IIoJIy4aeM ciaeayonee
COOTHOIIEHHE:

e sin o
sing, _ 2 iR
sinf) sin?
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JInaanl

JInH30# HASLIBASTCA NPOIPAYHOE TEJI0, OrPAHHISHHOE JBY-
M# chepUYIeCKIMH TTOBEPXHOCTSMH,

Jlunaa, TommuHAa KOTOpoH npeHebpeskAMo MaJia Mo cpaBHe-
HUIO C paJuycaMy KPHBU3HE R # R2 TIOBEPXHOCTEH, Ha3kIBaA-
eTCHA TOHKOH.

JluHaa, koTopas B cepeJHHe TOJIIe,

YeM y KpaeB, HA3BIBACTCH BLITYK- R,
710ii IMH30H, a JUH3a, KOTopas y 0, O 80
KpaeB ToJIIe, YeM B cepe/luHe, Ha- R,

3BIBAETCH BOrHyTOl JIMHI0H.
IIpamas, mpoxomAmAas 4yepea LeH-
TPEI 0l H O2 chepHIECKHX II0BEPX-
HOCTEH, KOTOpHIe OTPAaHHYWRAKT INHAY, HA3KBACTCH rirasHol
ONTHYECKOH OCBIO-
Ecnm nmua3a ToHKAad, TO TOYKH A B B PACIIONOReHE CTOME DJIH3-
KO APYT OT APYyra, 9TO UX MOKHEO IPHHATEH 38 OOHY TOYKY, KO-
TOPYP Ha3bIBAIOT oNTHYECKHM HEHTPOM JIHH3EI-
! Jlyum, npoxopsnipe Yepes ONTHYECKHH IEHTD JIMHSEL, He
IPETOMIITIOTCH 2
[Mpsamas, npoxogsuas 4epes OITHYeCKAH IeHTp TROHKOH Maa-
3BI, He COBHANANNIIAA ¢ TVIABHOH ONTHYECKOH 0ChI0, HA3EIBAET-
¢ noBOUHOM ONTHYECKOH OCHIO-
[Tnoexoers, npoxogamas Yepe3 ONTHYECKUI [IeHTP JIMHIB |
neprnesHuRyJIApHas K IJIaBHOH ONTHYEeCKOH OCH, HA3KIBACTCH
FAISBHOH MJIOCKOCTRIO JIMH3EI-
Touka, B KOTOpOH 10C/IE TpEIOMIIEHHAS
Ha JIAH3e MepecekanTed JIy9d, HIyIue y
& paJlIeThHO IJIABHOM ONTHYECKOH ocH, \\F,
HA3BIBAETCH rrasHbiM horycom cobupa- . //\
OIel JIHH3HI v
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Touka, B KOTOPO# HOCIE MPeIOMIIeHNUs \

[~
HA JIAH3E [MepecerkarnTes NPoIoIKeHNA F o
Jygeil, WAYIAX NApaUIelsHO TIIaBHOH o
OITHYECKON OCH, HASKIBAGTCH r/iaBHEM i\

doKyCcOoM pacceHBaNIEH JIHHIBI.

! Moxyc cobupawleil IHH3bI ABIAETCA NefCTEATELHEIM, 3
(oxyc paccenBaOMEN TUHIBE — MHEHMEIM -

Paccrosirne oT ONTHYECKOTO IEHTPa JHHIE JI0 €€ IIaBHOro0

doxryca HasnBaeTcHd hoxycHEM paccrosiaueM F.

[lsi0ckoCTE, IpoXoAsinas Yepes GoKye JUHIEl U IePIeHTHKY -

JIApHAA K PAABHOM ONTAYECKON OCH, HASKBACTCH hokambHOR

MINOCKOCTRI)-

Touka mepecedenns HoKANBHOM IIIOCKOCTA B HODOYHOM OrI-

THYeCKOil OCH HA3HBASTCH mohogasEM (hOKYCOM-

OnTugeckas CHIa JHHABI — BesjuumHa, obparHas okryc-

HOMY PaCcCTOSHH JIHHIEL

il
F

t Enwswnua onrwdeckoit cusl quH3bl B cucreme CH
(D] = 1 gorp (maonrrpas) = 1M

1 Jna cobuparonieii THHIE D > (), A7 paccenBaomie JTHHILT
D <0.

OuTHUECKYIO CHILY JIAH3E MOKHO BEIMHCIHATE 10 dopmyJre

p=| ™ 1<—1-+-1—

- mo R, R,
TAen ®n,— abCoMOTHEIE TOKA3ATE I NPeTOMIeHNA NI Ma-
Tepuasia OKPY:RAIOIIEH CPe/Ibl i JIMH3EL,
R v R, ~— pajmycel KPHMBHIHEI TOBEPXHOCTEH.
! YncoBhie 3HAYEHHSA pa Ty COB KPHEH3HEI BRITYRJILIX [I0BEPX-

Hocrei B (pOPMYJTy TIOZICTABJIAIOTCA co 3HAKOM «+», & pajay-
COB KPHBHA3HBI BOTHYTHIX MOBEPXHOCTEH — CO 3HAKOM «—-

-
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JInuasl (npodoncerue)

! Ecrim abco/OTHEIN HOKA3aTenb IIPesIOMIeHHA BellecTBa

JAH3HL 60IbIIE, YeM OKPYRAIIIEH CpeIEl 2— > 1, TO BEIIIYK-

JIBIe JTHH3H ByayT cobupannmma (1) = (), Blamymmle JIHH-

361 6yOyT pacCceMBAIIMAMY TOIBKO HPH % <1l
@opmysI0ii THH3EI HA3KIBACTCH ypanneaﬁ;a, CBA3BIBAIONIEE

dorycHoe paccrosgaEe F, paccTosHRE OT JIMH3LL A0 H3obpase-
HUA [ ¥ paccToOAHMe 0T NMpeaMera 10 JIHHIEL

— 4

W=
-
."III
htju’
/
>
'y
Fo

iy |

3.0
F

IIponaroas BEMHCIEHUAN 10 GopMyJIe TOHKOR JIMHAEL, HE0O-
XOOHMO YYHTEIBATL 3HAKH («-» MM «-») BenuauH o, /7 F,

IIpaeumio asakos: ecu rHsa cobupaomad, To ee horye*ieii-
2 1 -
CTBUTE/ILHBI A IePe YWICHOM —— CTABHTCH 3HAK &+v, €CJIH He

1

JTHH3A paccenBamiiag, To ee GoKyc MHHMIN U [Iepel 4iIeHOM

1
7 CTHBHTCA 3HAK (.

]
ITepen cnaraemem 7 CTABHUTCA 3HAK «+», eC/IH M300paskenne

IEeHCTERTeILHOE, B SHAK (—» B ¢Iy4ae MHUMOT0 H300paskeHuA.,

1 y
Ilepen cnaraempm E CTABUTCA 3HAK «+» B COy492€ [IelCTBH-

TEJABHO CBeTAINeHCA TOYKH (JeHCTBHTENBHOIO IPEAMETA)
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— BT
M 3HAK «-», €CJIH OHA yummas (T.e. €CJTH Ha JIMHIY HaAaeT CXo-
OAUIMicA IIy90K Jy4eil, Ipoao/keHHA KOTOPEIX epeceKaiT-
cs B OTHOM TOYKe).

! B rom cnyuae, xorna F, f wima  HEH3BECTHBI, TO Hepes co-

OTBETCTBYIOIIAMHA 9JIeHaMHu —-11;—' . l HIH % CTABHTCH 3HAK

F

«». Ho ecsta B peayniprate BEMuc/IeHEA (QOKYCHOTO PACCTO-
SHUS WIH PACCTOSHHSA OT JIUH3ILL 10 W300pakeHns WK 10
HCTOYHHKA (IpeaMera) MoayHaeTes oTpuuaTehHAS BeJTH-
gpna, TO 370 O3HauaeT, uro GoKrye, uaobpameHne HIH HC-
TOYHHE ABJIAIOTCA MHAMBIMH.

Ilpu ucronpzoBarunr HOPMYJIEI IHHIH! CIERyeT IOMHHTD

creaywomee:

— yBeJIHYEeHHOe n3obpaxenue JaeT ToanKo cobupanmasn
nunaa*, [Ipugem BO3MOKHBI ABa CIydas: YBeIUIeHHOE
neficreaTebHOe H300paKeHAe H YBeJIHYEHHOE MHHMOES
naobpakenne;

— paccenBaloniasa JTHMH3A JACT 70/ IbK0 MHHAMOE YMEHBIIEeH-
Hoe H300paxeHne;

— Ha jgpaHe MOXKHO YBHIETD ToLKO JeiicTBHTeIbHOoe H300-
paskeHHe.
JInueusiM yBenudenueM |’ HAZKBAETCH OTHOIIEHHE JIH-
HEeHHOTO paaMepa (IIHHbL UK IHPHAHE]) H300pakeHus Tpejl-
MeTa K JIMHEHHBIM pasMepam ([uimHe WM IIMpHHEe) CaMoro
npenMera:
H_f

“hod |
rae H | ), — pa3Mephl n3obpamenna 1 IpeaMeTa.
VeenuueHne, MoJIyMaeMoe ¢ HOMOIILIO JIYITEL ¢ (DOKYCHBIM pac-
cTosTHHeM F, HaxoguTea 1o hopMyre

d,

I‘:— ]
F

rae d = 25 cm — PaccTOSHUE HAWIYHINero 3peHns.

* Cm. wITocmpoenuie uzoGpavceruli 8 AuUHIe»,
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ITocTpoeHne u3obpasKeHuil B TUH3E 3

(OcHOBHEIM CBOMCTBOM JIMHSEI IBJIACTCSH TO, YTO CBETOBEIE JIVUH,
HexoafAlmpe B3 Rakoi-yimbo Touku npexMmera (MCTOYHHKA),
NpoiiAA CKBO3b JIHH3Y, [IEePeceKalTCs TaKKe B OJHOM TOYKe
(u306pakeHHH) He3ABACHMO OT TOT'O, ¥epead KaKywo YacTh JIHH- |
3B PO JIYYH, :

Ecnm nocrre npesioMieHua IyYd, WAYIIAE OT HCTOYHUKA, T1e-
pecexanTes B OHOM TOYKe 34 JIMH30MH, TO OHH 00pasyioT meii- |
CTEATENLHOE H300pakeHue:

S A n"
Wre——9 I

e A\ X

i, \
AN .

(0] N
\\I\ g r I
\J \*'\.\ }_I

Ecin npomeninwe yepes JIMH3Y Jy9H PACXOIATCA U IIEPECeKa-
10TCA He CaMH JIY4H, 8 HX IPOJ0IKEeHHs, TO H300pakeHHe SB-

JIAeTCA MHEWMEIM. o
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Jlns noerpoenns naobpaxenns B IUH3E TOUKH IPeIMeTa J1oc-
TATOYHO B3ATH /IBA JIyYa, HCXOIANIMX H3 3TOH TOUYKH, ¥ HAUTH
UX TOYKY HepecedeHHA I10c¢/Ie MPeJIOMJIeHHs B TAH3E.

OnTuka

Jna noerpoerus ynobro Gparh JIydm, X0J KOTOPRIX 3apaHee
H3BECTEH.
Cobupaomas 1HE3a

1) myq, mapamomui Ha CODMPAIDIYIO THHIY HAPAANSALHO IIas-
HOH OOTHYECKOH OCH, MOCJIe TpPeJIOMICHH NPOXOHT Jepes
IIAABHEL (POKYC JIAHSEL,

2) ny4, OpoXoAsAImuUi Yepea ONTHYECKHH EHTD IHH3k, He upe-
JOMIISIOTCS,

3) Jiyd, NPOXOAANMiE Yepes rIaBHEH (OKYC AMHIE, TT0CJIe ITpe-
JOMJICHHA HIAET HapaniienbH0 IMaBHOH OUTHYecKol ocH:
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PaccemBawmas juH3a

1) nyd, nagaoninuil HA PACCEHBAIINYI0 JHH3Y N&paiiensLHo
rIABHOA ONTHYECKOR OCH, NOC/Ie NpesIOMJIEHHS HIEeT Tak,
YTO €0 IPOoJ0JIZKeHIe MTPOX0OIHT Yepes INaBHEH (DOKVC -
3HI;

2) ny9, HpoxXogaAnIdii Yepe3 ONTHICCKAH HeHTD AHHIL, He npe-
JIOMIISETCS,

3) ny4, IpOXOJIAKEHHAE KOTOPOro NPOXOMUT Sepes raasmusii go-
KYyC JWH3E], [10CJIe IIPeJIOMIIeHU HAeT lapaiaensLEo riaas-
HOH ONTHYECKOH OCH:

L
S J/I'
5* 1
» F
F
/‘-_ | 2_~§
A
161

11 3ax. 943




2

G, Gt i TR

I S T P —_

IlocTtpoenne n3oGpaskenunii B TUH3E
(npodondicerue)

IIpu nocrpoennn n3obpaskeHne BO3MOMKHBI IIECTh TH-
MHYHBIX CJIy4aes.

Cobmnpamwmas muaaa
1) mpeameT HAXOANTCS epes] TBOMHEIM (hoKycoM.,

B \g B* ofparmoe, yMeHEIICHHOE
oF F O 2F (mpuHIEN paboTs!
A thoroanmmapara);

Haobpamenne B arom
Cayuae nelcTBHTEIRHOES,

o >

¥

2) npeaMeT HaxXOMUTCH B IBOMHOM (OKVCe.

4 Waobpaxkenne B aTom
A clydae feicTRRTeIhLEOE,
B \F 2F obpaTHOe H paBHOE
oF F O B* [0 BeTHIHHE HpeaMeyy,;
-
AR -
Y
3) mpenMeT HAXOMUTCA MKy TBOMHEIM hokycoM 1 horycoMm.
f Wzobpamenue B aTOM
s ] clIydae neficTBHTeNELHOE,
B \\F 2F ofpaTHOE, YBETHYeHHOe
SF F O B* (mpuaIAI pAGOTHI
IpoexrTopa);
 J A*
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OnTtuka

4) npepmet Haxogurca B horyce.

ook Waobpaxenne B 3T0M
A ciyuae Ha DeCKOHETHOCTH,
B \F 2F

TAK KAK JIy4H OT KamJI0H
2F F O TOYKH mpesMeTa mocae |
npesoMieHHs B JAH3Ee |
HOYT HDapasiiiensHo npyr
APYyry;

-

5) npenmer HaxomuTca MesRAY (DOKYCOM M JIMHIOH.

Hzobpasenue B aTom
cliydae MHHEMOE,
NpAMOe, YBeIH9eHHOe
(upEHIMT paboTh!
JYTIB);

Pacceurapomas JTHHE3A

6) nis paccenBanIeil JTHHIEI II0JI0MKEHAS IIpeIMeTa He HMe-
eT 3HAYMEeHNA.

% "/‘ H3zobpamxenne noryuaercs
J BCET/la MEHMOE, IIpPAMOE,
A¥ YMEHBLIIEHHO.,
B FAJO F 2F
2F B*
A
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IHocrpoenne nzobpamenns ToukH,
PACHOJIOKEHHOMH HA INIaBHOM ONTHYECKOH
ocu coOOMpaImen JHHIb!

Yrobsr maitty, rae dhopMmupyercs naobpamenne Touxky S codu-
pawineil JHH30H, IPoBeIeM H3 TOUYKH S asa Jjyua: ayd SO m
ayq SB.

Jiya SO, roTOpEI BOET BAOIE MIABHONW ONTHYECKOH OCH, HE
[IPEJIOMJIAETCH, TAK KAK IPOXOOHT 9€pe3 ONTHYECKHN LEeHTP
JIMH3EL

Jlyu SB napaer HA JTHH3Y B HPOM3BOMLHOR Touke B.
[Iposenem nobouny© och, HIApaIeNBHEYIO Jy4y SB.

[Torom nocrpoum doransuyo miockoers. [lobounan ock me-
peceder HOKANBHYIO IVIOCKOCTE B n1obouHoM dokyce F’.

Iocste npenomiennsa B cofupaninei THHAE Yepes moHoUHBIT
thorye F’ mpoiioyT BCe JIy4H, NapaijielsHEe TaHHON 1m0bod-
HOM ONTHYECKOM OCH.

-

[Mpenomnennsnt nye BF’ nepeceder jiya SO, uaymuid 806
rIaBHON ONTHYECKOH OCH., T

Toura S, mepeceveHHs ITUX JIy4el ABIACTCH H300paKeHneM
TOUYKH S.
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OnTuka

HNocrpoenue naobpasenus TOIKH,
PaCIOIOKEeHHOM HA IJIABHOM ONITHYE€CKON
OCH pacCeuBalome JHH3bI

Yrobul HalTH, TAe hopMHpyerTces maobpaskenne TOYKH S pac-
cenBalolieil TUHI0M, MpoBeaeM #a ToukH S asa jyda: ayd SO
u ny4a SB.

JIya SO, RoTOpEI HWAET BIONL TVIABHON ONTHYECKOH OCH, He
IIpe/IOMJIAeTCH, TaKk Kak MPOXOIHT Yepe3 ONTHYeCKUH LEHTP
JIHH3HKI.

Jlyu SB najaer Ha JMH3Y B IPOM3BOJIBHOM Touke B.

[Iporenem nobounyo och, HapauiensHyo aygy SB. [lorom mo-
crponM oRaILHYI0 TI0cKoeTs. [lobounas ock nepeceder go-
KAaJIBHYIO TJIOCKOCTH B TiobouHOM (oxyce F'.

IMocsie npesioMIIEHES B PACCEMBAKINEH JWH3E Hepes mobod-
HEti oryc F’ IpoiIyT IPONo/IKeHNAs BCeX Iy4eid, napajiielib-
HBEIX JAHHON noD0YHOI OIITHYECKOH OCH.

Ipomomkenue npenomnersoro ayua BF” nepeceuer ayua SO,
HAYIIHHA B0 TVIABHON ONTHYECKOH 0CH.

Touxa nepecedenus S, ABAAETCS H300paKeHUeM TOUKH S.
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Ontuka

HUurepdepennusn ceera

ROI‘EPBHTHOCTB!D Ha3blBaeTCA COrIaCoBaAHHOE OpOTEKaHHE
HECKOJIEKHX KoJIeDaTeTbHEIX MIH BOJHOBBIX Oporeccos.

KorepeHTHBIMH BOJTHAMM HA3BLIBAKTCA BOJHE, AMEOIIHE
TIOCTOAHHYIO PA3HOCTh (ha3 B RayKA0H TOUKE CpPeJIhl.

Hcrounnkn HassBaoT KOTepeHTHBIMH, €CITH OHHA HCIIYCKAa-
DT KOIepeHTHRE BOJIHEIL.

HaTepdepeHuus cBera — 370 SABJEHUE HAJONKEHUS ABYX
H 60JIee KOTePEHTHHIX CBETOBEIX BOJIH, B PE3y/ILTATE KOTOPOro
HabmogaeTes yeusieHne WM ocabnenue pesyaLTHPYONMX
CBETORBBIX KoJieDaHMil B pa3IMYHBIX TOYKAX MTPOCTPAHCTEA, T.e,
BO3HHKaeT HHTephepeHIHOHHAA KAPTHHA.,

Ecnu nBe KOrepeHTHEIE CBETOBEIEC BOIHBI PACHPOCTPAHAIOTCS
B cpeliaxXx C NoKa3aTellIgsMH NpeJyIOMJIeHHUHA n.l H ?T‘_, H NpoxonAT
PACCTOSIHUSA 7| | I, COOTBETCTBEHHO, TO MK 1y HUMH BO3HHKA-
eT JONOJHUTEIbHAA pasHocTs Gaa &;

9
4 =2—,’5(ngr:;—ft,n)=g.£[1-x—bi Y= A i Y
Ay Ay Ay

-

rje — ONTHYECKAd NJIHHA OYTH;

[A =L,— L, =nr,— n.,r,l — OMTHYECKAA PA3HOCTH XOIa.

PeaynbraT murepdepeniun ceera OpH HANOMKEHUH JBYX KO-
FepeHTHHIX BOJIH C OJJHHAKOBRIMH HAYAJLHBIMH (asamu 3a-
BHCHT OT 3HAUEHHSA OUTHYECKOH pasHOCTH X014,

Hurepdepennnonnsie MakCUMyMEl JIJ18 WHTEHCHBHOCTH
cpera HAOIIOJAKTCA IPH BEITOJIHEHHH CJIEAYIOIIEero YCI0BHAS:

s

Azzm—);-zmk,

roe m =0, 1, 2, ... — NOpANOK MAKCHMYMA;
A, — AJIHHA CBETOBOI BOJIHEL B BAKyyMe.

HarepdhepeHIHOHHBIE MUHUMYMBI U4 AHTEHCHBHOCTH
cReTa HAOMoHanTes MPH BHIIOIHEHWN CIIe/IYIOIIETr0 YC/I0BA:

a:(h—l)-‘}:(m—%}?‘

rae m=1, 2, ... — NOPAIOK MHHHMYMA.

—

Nurepdepennns
OT ABYX KOT€PEHTHBIX MCTOYHHKOB

Umeeres qBa KOrepeHTHRIX MCTOYHHKA CBETA, HAXOIANIHXCH
Ha paccTosHuE d ApyT oT Apyra u Ha paccroauann L (L >>d) or
sKpaHa. DKpaH U MCTOYHHKH HAXolATes B cpene ¢ abeosmor-
HBIM IIOKa3aTeseM IIPeJIOMICHHAA .

Haitnem mosioieHue TeMHEIX U CBETIRIE HOMOC HA dRPaHe.

UEEU‘;})‘UUUUUU

Jlna sroro HaijjieM OOTHYECKYIO Pa3HOCTh X04a Memay Jiyda-
MH 1 ¥ 2, HOIVIIMMHA 0T HCTOYHHKOE B PacCMaTpHBaeMyl0 TO9-
ky M. Touka M HaxoUTCsA Ha PACCTOAHUY X OT IEHTPA HHTEP-
¢epeHIHOHHOH KapTHHEL.
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OnTtuka

Huarepdepennns
OT ABYX KOF€PEeHTHBIX HCTOYHHKORB
(npodonscerue)

A=L, L =nr,-nr,~n(r,1,)

L

rae L, =nr,u L =nr, — onTHYecKue MIaHbI IIYTH J1715 BTOPO-
IO H IEPBOro JIy4Yel COOTBETCTBEHHO;

r,Ar \ — reoMeTpHYecKas JJIAHa IIyTH BTOPOT0O H OEPBOro
JIYY€H COOTBETCTBEHHO.

Jnasa rpeyronsaukos S,MB u 8 MA moskHO 3anmcaTs:

3
;-22:L2+(I+g—} 9 a
o f — I"'f—tf: x+(_i - 2
2_ re ( d} X 2
n=L+x——
2
= (n—4 )(n +5 )=2xd .

bRy

~
L

Tax kar L >> d, To MOKHO cYHTATH, YTO ntrn =2k .

(-7 )(r +5 )=2xd = (r, -7, )2L=2xd = (r, -+, )=££—i—

L
Onrryeckas paznocts xoma Oyner pasua

A:n(r2 =g ):%d

TemHEIe TIOJI0CH BHOHEI B TOYKax HA 9KpaHe, JJIS KOTOPHIX
Pa3HOCTH X0a JAy9ell KPaTHA HeYeTHOMY YHCHY NOJIYBOJIH:

A=2m-1NA2 |, m=1,2, ....

Crersisie MoJIOCED BHIHEI B TOYKaxX Ha 3KpaHe, I KOTOPBIX
PasHOCTh X04a ﬂyqeﬁ EpaTHa 9eTHOMY 9HCIY DOJIYyBOJIH!

A=2mi/2 }, m=0,1,2, ....

HO,L[CTEB.TIHH YCJIOBHE MMHHMMYMOE B BhIpaskKeHHe I8 oIITH4Ye-
CKOM PAa3HOCTH Xoja A, MOJIYYHM HOJ0KEeHHEe TEeMHLIX T0JI0C:

nxd A w (2m—-1)AL
——={2m-1)— e
i ol W ond |

e x;“" — MOJOMKEHHE TeEMHOH NOA0CH ¢ HOMepoM m.

HD,E[CTEI.BJIHH yCJIOBHEe MAKCHMYMOB B BEIpaiKeHHe LJIA OIITH-
YeCcKoH Pa3HOCTH X044 A, MONYYHM IIOJIOMKEHHE CBETJILIX No-
Jioc:

nxd A ae . AL
e i
L 2 % nd

rae x°*— T0JIOXKEHHEe CBeTJI0N [0JI0CE C HOMEpoM m.

Paccrosmme Ax Mesx/ Iy COCETHHME CBeTALIMHE TonocaMm (K
COCETHMMH TEMHBIMM ITOJIOCAMH) Ha dKpaHe Dymer paBHO

_xmzm;,L (m—I)AL:rA;L_
T i~ | nd nd




OnTuka

Hurepdepennns s TOHKHX ILTeHKAX

Ha ronxyio IJI0CKONApasne by 0 NIACTHHRY C TOKa3aTesneMm
NPEJIOMIIEHUS i, U TOJIUMHON of Hox yriom e nagaer napaui-
JIeJILHBIHA IIyYO0K CBETA ¢ [IMHON BostHer 4. [To o6e croporsr or

IUTACTHHKH HAXOIUT OJHA | Ta ke Cpesia ¢ mokasartesieM Ipe-
Jomnenus n (m,> nl).

Hapaomas poraa wactmano OTpazKaercs oT BepxHei nHoBepx-
HOCTH DnacTuHky (Jiyy 1') u yacraano npenomnserca (myq AJY).
IMpenomnennas BOJIHA, OCTHTHYB HUMKHEH OBEPXHOCTH 1114.-
CTHHKH, TAKIKe YaCTHYHO oTpazkaerca (ayq JIC), a yaermano
npenomnsgercs (nyw 2Y). To me camoe BHOBL TIPOHCXOIMIT Ha
BEPXHEH IOBePXHOCTH [LIACTHHKH ¢ BOJIHOIA, pactpocTpausmio-
mieficss BAOIE ayua JC, npuiem npenomnennas BonHA (nyyq
1") HaknagBIBaeTCs Ha BOJIHY, HENIOCPENCTBEHHO OTPaskeHHY I
OT BEPXHEeH II0BepXHOCTH (mya 17 ). Ecim ma OYTH OTPaMKeH-
HEIX Jyded 1'u 1" nocrapurs JIHH3Y, TO 3TH JIy4H cobepyTes B
OMHOH M3 TOYeK IKPAHA, PACIIOIOKEHHOrD B hokaneHoit mwoc-
ROCTH JTaH3EL. OcBeIenHoCT 310l Touky byner onpegensaTs-

€ OOTHYECKOM PA3HOCTEIO X01a ayueit 1' u 1" (orpamkeHHbe

ITHMH JIyuamu:

Iy ABJISIOTCS KOPePEHTHEIME, TaK Kak 06pa3oBaHHE! naja-
I0Ieil BOJIHOI 1). Haiinem ONTHYECKYI0 PA3HOCTE X0ma mexmy: |

A=L_3 _!Jj ')

rae L — onruveckas gnmua myta ayqa 1';

L, — onruueckad JuMHA myTH ayda 1"
L=n-AB+ é :
Benwmuuna = npexcrasaser coboit H00aBOYHYI0 PA3HOCTh
xXoza, Bosﬂtﬁcammym IIpHA oTpaskeHHWH Jyda 1'oT omTHYe-
cKH DoJree IITOTHOR cpeshL.
L,=n,-(AD+DC)=2n,-AD .

A=L,—L =2n,-AD-n, AB—%,

U3 rpeyronsaukos AMD u ABC cienyer:

AD=_"ﬂ_ n AB=ACsina = 2AMsina = 2d - tgfsina .
cos

d . i
A=L3—L} :an'Q—H-I ?..dtgﬁsma—E

: : A
A=L -L = (n.z—n,-smﬁsmaj—a

cos fB

W3 sakona npenomiaenus aus ayga 1 cremyer

sina _n, : .
An =—= = sma=—=smf.
smf n n,

C yuerom 3axona npemoMmenns mosyaam

2d g _&-2dn‘3c0qﬂﬁ—£:2dn\ msﬁ—é-
ﬂ:cosﬁ.(nz—nz sin” B) 2 toelt 5 - 3
Tak kar -
T ‘ 1 2 2 A
cosfi=4/1—sin" = ] -—-r—l;-\fn: -n sin"a
TO

PR R R
Az?.dnscosﬁh%:%f n, —n, sin*¢ e




OnTtuka

Hurepdepennus B rorknx mrenxax

(npodonaicerue)

Ecymn, = 1 (manpumep, Boanyx), To orrraueckas Pa3HOCTB X04a
6yzner paBHa

A=2d./n] -sin’a —%

A
Ecrma A=2m = (ycroBre MakcHMyMOB), To npH OTpasKeHHT Oy-

AeT HAbONATECA YCHIEHHEe HHTeHCHBHOCTH cBeta. Tommusa
IJIEHKH Np# atoM OyneT pasHa

2m§:2d‘;n§—sin’a % = d:M-
2 4\/n —sin*a

A
Ecsu A=(2m-1)_ (ycnoBue MHHHMYMOB), To IpH OTpaxe-

€
A

Hum cBera Gyner HabmomaThes ociabienue HHTEHCHBHOCTH
ceeta. Tommuna niueskd npu srom 6yzer paBHa

[2m—1]%=2d n, —sin’a —g = d= e

2 = % .
2yn, —sin"a |

L

Konena Heoroua

Ilpumepom uuTepdhepeHIAR B TOHRHX A
ITeHKAX ABIAIOTCA Koabua HeoToHa,
KOTOpbIe Hab/II0NaloTCs! IIPH OTPAKeHHH
CBeTa OT IUIEHKH, HAXONAIIEHC MY 2 1
IJIOCKOIAPAJIJIEIEHOM IIJIACTHHKOH | \\\

COLPHKACAIOMIENCS ¢ HeH II0CKOBHIITY K- Cir d
JIOH JIMH30H ¢ 6oabImmM PagHycoM KpH-

BU3HEL [IpH ocBemmeHnH MOHOXPOMATHIECKHM CBETOM yCTa-
HOBKH NOJIY4YaeTCH CHCTeMa TeMHBIX H CBeTJIhIX moJioc. Hap‘i-
JeM pagHuyc KOJIell HI)IOTOHS. B OTpaKeHHOM CBETE.
Bripasum panuyc koiabsia HeoTtona ua Tpeyroasauka ABC:
R*=(R-d)'+r = R*=R*-2Rd+d"+r" =
= r"Z22Rd = r=J2Rd -
! Tax kar BemarHA d” 04€HBL MAJIA, TO €10 MOKHO TpeHedpeds.

Haiiem onTHYECKYI0 PA3HOCTS Xoma Mexy 1 u 2 mydamu:
A=L,-L, =2ﬂ'd+%-0=2n-d+—;l,

e n — abeco/IOTHELL MOKa3aTellb IIPEeJ0MIIeHAA CPEeIkl, HAXO0-
nAameidca MeRAy JHH30H H IIJIOCKOIapAasaelbHOR
ILIACTHHRKOH.

Tax kax A7 CBETIBIX KOJEIl BEITOIHATCS YCIOBHE MAKCHMY-
MOB i i i 2Zm—-1)4
A:2m—:>2nvd+—:2m-—=>d:! .
2 2 2 4n
TO paguyc cBeTanx konen Heorora Oyner paseH
(2m—1 ) RA
2n y
Tax xax 118 TeMHEIX KOJIell BEITIOJTHATLCH YC/IOBHE MAHAMYMOB

r=+J2Rd=r=

-

A:(Zm+1)$=>2n-d+%:(2m+1)%:>d= :
s

TO paguye TeMHEIX KoJen HewoToHa Oyner paseH

r=2Rd =r= ["R%
n

! HurepdepeHiEo MOKHO HADIIONATE H B MPOXOASINEM CHE-
Te, IpHYeM B TaHHOM cJydae He IPOHUCXOIHUT IIOTepH HOoJIy-
Bostasl. [Toaromy pamuycs! TeMHEX koner; Heorona B orpa-
JREHHOM CBeTE COOTBETCTBYIOT PajuycaM CBETJIBIX Kojer |
Heorona B mpoxoAmeM CBeTe, 4 Paauychl CBeTIRIX KOJTel]
HeioToHAa B OTpaskeHHOM CBETE COOTBETCTBYIOT PagHycam
TeMHEIX KoJsiell HBI0TOHA B IIPOXOIMINEM cBeTe.
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IIpoceernenue onrruxu

Asnenne unTepdepenumn crera HAXOAUT MIHPOKOe IpHMe-
HeHwe Ha npaktuke. B wactaoern, ato gnnenne HCTIOJIb3YeT-
Ci IPH «TPOCBETNEHWH OHTHKW),

Ornonuporannas HOBEPXHOCTE CTEKOJI OTpaskaeT oroxo 4%
naxamomero Ha Hee csera. CoBpeMeHHEe onTHIeCKHE mpudo-
PBL COCTOAT M3 BOJBIIOro Ymesma onTHuecKux CTEKOJI, JINHA3,
npuam u 1.4. IlosTomy o6mme norepu ceera B ofberTape tho-
Toanmapara coCTaBJIAIoT 0KoJo 25%, B MHEEpocronie — 50% u
T.J1. B peaynprare ocsemennocrs u30bpakeHus nonyyaercs
Ma0H H YXY/INIAETCH TAKIKE KaYecTBO u3obpamenus.

Hna ymensmenus: ceroBsx HoTepk HAa MOBEPXHOCTE CTEK-
JISTHHOM JeTaJIi HAHOCAT TOHKYI0 IUTEHKY C IIOKa3aTelleM Ipe-
JIOMJICHHS 1, MEHBIIUM, 9eM II0KA3aTe/b IPeJOMICHHS n
crekna. Ilpu orpasenun crera or TpaHuIL pasiena BO3IyX—
IIEHKa W IJIEHKAa—CTeKJI0 BOSHUKAaeT HHTepdepeHIns Kore-
PEeHTHEIX Jaydeit 1'm 1",

Tonmmuuy nnenxn d u ee moxasarens TIPEJIOMIICHHUS N TIOJ-
buparwT Tak, 9ToGR HHTephepHpyONIMe JTyYn racHIm Apyr
Apyra (r.e. Habmoganocs ycnosme MHHAMYMA HHTEHCHBHOC-
TH cBera). Haitnem MHHHMAJIBHYIO TOJNIMHY ILIEHKH, TpH
KOTOpo# HabmofaeTca ocnabiieHne HHTEHCHBHOCTH cBera.

s aroro HAWIeM 0OTHYECKYIO PA3HOCTE X018 MeKIy ay4a-
Ma '\ 1":

A=L,-L,

rae L — onTHyeckas qiMHA mMyTH Jayda 1%
L, — onruveckas [UTHHA myTH jyya 17

L=

Do | M

A
L: —udnn+5 v

A w
! Benwumna 9 Tpencrasiser co00# H0DaBOYHYK PasHOCTH

Xoaa, BOSHHKAKIILYIO IIPH OTpameHnH aygeit 1 ¥ 2 ot onTu-

yeckd Goee MIOTHOM CpeJikL.
p o |
A=L,—L =2dn, ‘*E—Ezzd"u .

Yrobur Habmomanocs ociabieEue HHTEHCHBHOCTH orpaﬁcim
HOT'O CBeTAa, HeoOX0IHMO BERIIIOJIHEHHE yCJI0BHA A=(2m—1}5 .
Haiinem TosmuHy IeHKH:

3 (2m—1)4
A=2dn :(2m—1}5 = dzT.

Yrobsl nutenka 6118 MEHEMAJIBEHON TOJIITAEEI, JOJIKHO GBEITE
m=1.

Honygaem

rme 4 — AJIMHA CBETOBOM BOJIHEL
n — abCOTIOTHRIN MIOKA3AaTe b IIPEeJIOMJIEHHA ILJIeHKH.
"




OnTuka

OnTuka

HuTepdepeHnus B KINHOBHAHON IJIEHKE

Komuan ¢ yromom y, uarotossiensstii ¢ matepuana ¢ a6ComOTHEM
noxasatesieM IPeJIOMJICHUSA 7, OCBEIIAaeTCs MapaJiieIbHEIM
IIyYKOM CBETA C JITMHOI BOJIHEL A.

[TapannensHsit myuok nyueii, magas HOPMaJdbHO K I'paHA
KJIMHA, OTPAKAETCA KaK OT BePXHElH, TaAK U OT HUKHEH TpaHH.
OTH JIyun KOrepeHTHEL, W T0ITOMY HabTonaeTcs yCTOHYHBAA
Kapruna uaTepdepentnn, Tak kak naTepdepeHIEOEHEIE TTO-
JIOCHI HABIIOAAIOTCHA TOMBKO NPH MAJBIX YPAaX KINHA, TO OT-
pazkeHHEIe JIyu# 1 1 2 OKA3BIBAIOTCA IPARTHYECKH TAPAJLIEh-
HEIMH,

Haiinem onrmueckyo passocrs xoma ayueit 1 u 2 B Touke A
KJIHHA: i
A:Lﬁ_LI =2dmn_;1

rneL,=2d nu L = 0+% — ONTHYECKHEe NJIHHEI IYTH I

BTOPOT'0 U IEPBOIO JIy4ei cOOTBETCTREHHO,

d_— TOMIMHA KIMHA B TOUKe A, COOTBETCTBYIOUISH
TEMHOH I10JI0C€ C HOMEPOM #1.

Temukle moNOCH BHIHBEI HA TeX y4aCcTKAX KJIHHA, IJIA KOTO-
PHIX Pa3HOCTH XOAA Jy4Yel KpPATHR HEUYeTHOMY 9HCHY HOIy-
BOJTH:

A=(2m-1)1/2 | m=1,2, ...

CaeTrsibie 1I0JIOCHI BHOHBI HA TeX y4acTEAX KIIHHA, AJIS KOTO-
PHIX PA3HOCTH XOJa JIyHSeH KpaTHa YeTHOMY YHCIY IOJIYBOIIH:

A=2mif2 L m=112 ...

Ilopcrasnas ycsoBus MAKCHMYMOB ¥ MUHHMYMORB B BRIpamke-
HHE 1151 PA3HOCTH A, MOJIyYHM TOJIIIHHY IUIEHKH B TOM MecCTe,
e HabmoaanTes TEMHEIE OJIOCKHL

A i mA
— = ) = e
2d_n = (2m 1)2 = |da=5
H T/e HaOMomaoTCa CReTIILE TIOJI0CH
A Zm+1)4
2d n—i=2m— = dn,:———( ) !
T 2 2 4n

Ecnu k TeMHBIX TI0J10C YRAAALIBASTCH HA paccToaHuH [, To B3
rpeyronsEura ABC cienyer, ato

d_.—d,
SEXERE
Ecsm noperasute d_u d_ . TO HOJYIHM
m+k PP ;
t = _—___2?1 2n = _.}i .
=8 I 2nl

AmasiornyHOe BEIpaKeHHE NOJIy9aeTcs | JJ1d CBeT/IbIX I10JI0C.
Yueno 10J10C, TPHAXONAIIAXCS HA [UMHY KanHEAa [, paBHO
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Kuas ¢ yroom ¥, narorosnenusrii ¢ MaTtepuana ¢ abcomoTHREM
foKasaresieM IPeIOMJICHHS N, OCBEMIAGTCH I1APaLIesTbHRIM
Iy9KOM CBETa ¢ AJIMHOM BOJIHEL A,

Mapansensueii nydok nyweit, magas HOPMAJNBLHO K I'PaHK
RJIHHA, OTPamkaeTcs Kak OT BePXHeH, TAK | 0T HUKHel rpaHH.
OTH JIyum KorepeHTHEI, B noaroMy HabiogaeTes yeroiunsan
kapruHa uaTephepenmn. Tak kak HHTephEepeHITHORHELE 110-
JIOCE! HAaG.II0AAIOTCA TONBKO TPH MAJIBIX yriax KJIMHA, TO OT-

PAZKEHHBIE JIyuH 1 ¥ 2 OKA3BIBAIOTCA MPAKTHYECKH TAPAJLIETh-
HBEIMH,

l

T ST

Haiiziem onruveckyo pasmocrs xoma aydeit 1u 2B Toure A
KJIHHA:

A:Lﬁ_Ll =2dmn_%‘

e

A
rane L,=2d nu L =0+§ — ONTHYECKHEe JJIHHE! IIYTH 715

BTOPOro M IIEpBOTO Jy4Yeif cOOTBETCTBEHHO;

d,.. — 'm.rmnfua KJIMHA B TOYKe A, COOTBETCTBYIOMIEH
TEeMHOH I10JI0Ce ¢ HOMepoM m.
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' 2 S

Temurle mos0cH BHAHLI HA TeX YYACTKaX KJIMHA, JJIs KOTO-
PHIX paaaoerb Xona nyqeﬁ KpaTHa HEYEeTHOMY YHCIY OOJIy-
BOJIH:

A=(2m-1)1)2 | m=1,2, ...

CseT/bie IOJIOCHI BUOHEL HA TeX y4aCTKaX KJIWHA, IJId KOTO-
PHIX PAa3HOCTH X0/a JIydell KpaTHa YeTHOMY YHCAY I0JYBOJIE:

A=2mif2 || m=12 ...

ITomerasisas yeJIoBHA MAKCHMYMOE M MUHUMYMOB B BEIPaKe-
HHUE [J15 pa3HOCTH A, TIOJIy9HUM TOJIIIHHY IIJIEHKH B TOM MecTe,
rje HaOMoIanTCs TEMHLIE HOJIOCKE

Y A mi
2d_n-==(2m—-1)= i
=5 = Yo = | FeTrg
H IJie Hab/IoJalTes CBeT/ikie NOJI0CH
i Zm+1)A
2dmn_£=2mi = d":( + )
2 2 4n

Ecnu £k TemHBIX ONTOC YRIA[KBAETCH HA PACCTOAHUH [, TO U3
rpeyronsEEka ABC crenyer, aro

d & _dm

Krsar

Ecnma noncrasurs d_u d_, . TO HoyHum

t = ST e o
g ]

Ananorpusoe BEIpaKeHHE MOJIYHAeTCHA | IJIS CBETIIRIX TI0JI0C.
Yueno nosoc, TpEXOASIIHXCH Ha JMHY kanHAa [ pasHO
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Jludpaknus cBeTa HA y3KOH IMeJIn

Judpaxnus ceera

Jdundpaxnns cBera — orubaHue CBETOBLIMM BOJIHAMM MIpe-
IATCTBHH U 3aX0:eHIe B 001aCTh PDEOMETPHYLCKON TEHH.

! Nudparuns cBera HAOMOAASTCS UL B TOM CAyUae, eciTn
pa3Mepsl TPEenATCTBHHA CPABHHMEI ¢ JJMHOHW CBETOBOH
BOJIHEI,

Hpuanun ojirenca: kaxmelii aJIeMeHT MOBEPXHOCTH, KO-
TOpOﬁ HOCTHTIA B JTAHHEIH MOMEHT BOJIHA, ABJIAETCH HCTOY-
HHKOM BTOPHYHBIX 3JIEMEHTAPHLRIX BOJIH, pACIpPOCTPaHSAID-
IMHXCA B NepBOHaAYAJIBHOM HaIlIpaBJeHHH CO CKOPOCTBLIO HC-
XO,IIHOﬁ BOJIHEL. Omﬁammaﬂ 2JIeMeHTapHBIX BOJIH COBITANA-
eT ¢ HOBEIM I10JIOMREHUEeM BOJHOBOI'O (bpOHTA B CJIEXYIOUIHI
MOMEHT BpeMeHH.

t+ AL

uAl i1 .

-
v

IIpuanun Moitrenca-®penens: BCe BTOPHYHEBIE HCTOYHH-
KH, PacHoJiokeHHBIe HA MOBEPXHOCTH (DPOHTA BOJIHEI, KOre-
PEeHTHEI Mexay coboi. AMmmTyaa u ¢asa BOJHEL B JN0O0H
TOYKE IIPOCTPAHCTBA — 3TO Peay/bTaT HHTepdepeHIHE BOJIH,
H3JIy9aeMEIX BTOPHYHEIMHA HCTOYHHKAMIL,

! Hudparnma ecTs uETEphEpEHIIUA BTOPUYHEIX BOJIH.

[Iycrh mIockas MOHOXPOMATHYECKAS CBETOBAs BOJIHA NaaeT
HOPMAJBHO IUIOCKOCTH Y3KOH IIesH mUpHHOE b 3a mesnabio
OMEIAIOT COGUPAIONIYIO JTHH3Y, B (POKAIEHOMN MIIOCKOCTH KO-
TOpPOH HAXOOHMTCS SKPaH.

[Monokerns MAHHEMYMOB M MaKCHMyMOB OCBEIIEHHOCTH Ha
SKpaHe ONPeNesISIOTCA yITIOM ¢ OTCUHTAHHBIM OT HOPpMAJIH K
IIJIOCKOCTH IIEJIH.

W o

b-sinp=% mﬂ — yCnoBAE MUHUMYMOB;

b-sing= +(2m+1)5 | — YCIOBHE MAKCHMYMOB,

(W]

e h— MUpPHAHA MEeJTH;
m — TopAaoK MuEEMyMa (Makcamyma) (m =1 2 3 ..J;
A— IJTAHA CBETOBOI BOJHEL




Jucnepens ceera

HBCHGPCES cBeTa — sSIBJIeHHe, OGYCHOBIIEHHOE 3aBHCHMOC-
ThID CEOPOCTH U pacnnpoCTpaHeHHHA CBeTOBEIX BOJIH B BellleCTBE

oT AmuHE! BomHEL (dactorsr). Tak kak , — €, To gECTepCHIo

v
CBeTA MOMKHO OMPeJe/UTh KaK 3aBUCHMOCTE ITOKA3aTe d mpe-
JIOMJICHHUSI BENIECTBA p OT JITMHELI ] BOJIHBEI CBETOBBIX BOJIH
(n = n(A)) BaH OT 4ACTOTHL v (1 = n(y))-

Cnencreuem AVCHIEPCHHA ABJIHETCH pas3jioiKeHHe fenoro ceera
IIPpH OPOXOHEIeHHH eI'0 9epes IpH3My Ha COCTABJIAIOIIHE C pas-

JIHMHBIMH JIJIHHAMY BOJIH (npuamamecmd’t CIeKTp cBeTa):

K

D

1 C moMoOmisio NpH3MEl, KAK U ¢ NOMOMILI JU(pPaKIMOHHOM
PeleTKH, MOKHO HOJIYYIUTE CHEKTD CBeTa. 5

B gucniepconHOM ¥ AU PAKIIAOHHOM CIEKTPAX UMERTCSH pas-
TTATHSA:
» JHCIEPCHOHHKIN CIIEKTP He pAaBHOMEDHEIH, OH CIKAT B KPAC-

HOIt 001aCTH ¥ pACTAHYT B (hHONETOBOM; I pPaKITHOHHEIN
CIIEKTP PABHOMEPHO PACTAHYT BO Beex obmacTax;

« B IHUCIIEPCHOHHOM CIIEKTpe DOoJIBIIee OTKIOHEHHE OT HepBo-
HAaYAIHOT0 HAIIPABJICHHUS UCIILITRIBAIT (DHOIETOBLIE JIYYH,
B JU(PAKIITHOHHOM — KPACHEIE;

s B OHQPAKIHOHHOM CHEKTPE HAOMIOAAETCS HECKOJBKO I10-
PAIKOB CTIEKTPA, B IHCIEPCHOHHOM — OJIMH CIIEKTP.

Kpauroras npupona u3jiydeHusd
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Ilpn ofbACHEHNN MEeXaHM3Ma H3JIydeHAs HArperoro Telsa
M. [1naHK ITPeIIoIOKEIL, 9T0 ATOMEl HINY9a0T ANEKTpoMar-
HHATHHE BOJIHEI HE HEIIPEPRIBHO, a TIPEPEBUCTO, T.€. HOpIAA-
MH — KBAHTaAMH, 3JHEPIrasA £ KOTOPHRIX IIpOl’IDp]'.[;I‘I{JHﬂ.’]}:HEI gac-

TOTE V RKOoNeOaamil:
[e=hv ],

rae b = 6,626 - 10-°* Jlax - ¢ — nocrosuuan [Lnanka.

Unes [Tnaska 8 nansaeiinem 6bu1a pagsura A, DiHITTERHOM,
KOTOPAKLA IPEITION0oKMT, ST0 INEKTPOMATHHTHOE HiIyIeH e
He TO/LKO HCIycKAeTes nopuasamu (kBaATaM#u), HO PacIpocT-
paHSAeTCH H TOTJIOMIAETCS BEIECTBOM B BH/IE OTAEILHEIX 9ac-
THI ATEKXTPOMATHATHOO NS — (DOTOHOB.

Doton obaamaeT:

c
sHepruei £¢=hv=hi ;
; T T ® ]
MACCOH "l St S
hv_h
UMY IIBCOM p¢=m¢=—é——1'

pencraBaenne 0 OTOHAX KAK KBAHTAX JJIEKTPOMATHATHOIO
0I5 HALILIO CEOE MOATEEpIKIeHHe | JajIbHellllee passuTue B
psizie APYTHX sBeHuit: doroanexTpugeckom adpderre, ganie-
HEH CBETa, XUMAYeCKoM geiicTeun cseta, apdexre Kommrona
" T.J.
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Buemnnit poroaddexr. Onsirer Crosrerosa

Buaemuunii horoaddert — 310 sBieHHe HCTyCKAHAA 316K
TPOHOR IOBEPXHOCTHI0 BEINECTB M0 JEeHCTBHEM JJIeKTPOMATr-
HATHOPO uaiyuenusd. Briterennme aneRTporsl HA3HBALT dho-
TOIJIEKTPOHAMH. D,

Bremnuit doroaddert 6ui1 geransHo He-
cnenosad pycckum ¢usuxom A. Cromero-
BEIM. s mceneposarmsa Cromeros wme-
II0JIL30BAJI YCTAHOBRY, U300paKeHHY0 Ha
pucyake. B crernanuom 6anmone, U3 Ko-
Toporo GBI BREIKAYAH BO3AYX, HAXOIHIIOCH
nBa anexrpona. B 6annon uepes «oKoIIRo»
nagaeT cBeT Ha MOBEPXHOCTE — KaToll H
HOHB.B&BMOE HA NeKTPOOLI HApPAXKeHHe
H3MEeHHJIOCH C IOMOIIIBIO IIOTeHIIHOMEeTpAa H
uamepsiocs BoseTMerpom V. Ilom neficren-
eM CBeTa KaToll HCOYCKAaJI 3JIEKTPOHLI, KO-
TOPhIE 3aMBIKAJH [IEIIh MEXKIY JIERTPOJaMH, H MIJLIIHAMIIeP-
MeTp NOKAa3bIBAJ HA/THYIHE TOKA B IIeIIH. CI{EL'IS.K ﬂOKaS%HBB
MHJLTHAMIIEPMETPA B BOJLTMETPA, MOAKHO IOCTPOHTE BOJILT-
aAMIEPHYIO XAPAKTEPHCTHRY MEK3JIeKTPOIHOTO IIPAMEKYTKA.

W3 BossTamMnepHOil XapakTePUCTHKA CIeAYET, YTo:

1) npu HexoTopoM Hanpskenun [ (GOTOTOK yke He 3aBUCHT
OT HATIPSIKEHWH, T.e. JocTHraeT Hacsunenus (1 ). fsrenne
HACHITEHRA COOTBETCTRYET CIy4al, KOrjga Bee 3JIEKTPOHRL,
IMOKUHYBIIIHE KATOJ, JOCTHUTAKT aHOoIA;

2) 1IpH HEKOTOPOM 3a/iepiKuBaIeM HanpskeHuu U/ doroTor
CTAHOBATCHA PABHEIM HYJIO. B aroM ciydae pabora amekt-
PHYECKOTO MOMA PABHA M3AMEHEHHD KAHETHYECKOH SHe pruu
doT0aTEeKTPOHOR!

Dlnl_t_

eU,:A:m—
: 2
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W3 sBonpTamMmnepHol XxapaxTepHCTH-
KH, MOJYyYeHHOH NpPH MOCTOAHHOH
9aCcTOTe CBeTa H PA3/MHYHBIX CBETO-
BEIX ITIOTOKAX, CJeIyeT, 9To ¢ yBeJIH-
YeHHeM CBeToBoro moroxa @ cmiia
TOKA HACHIIIIeHHUS BO3PACTAET.

M3 BospTaMIepHON XapaKTepHCTH-
KH, TIOIYYEHHOH IIPH NOCTOSHHOM
CBEeTOBOM IIOTOKEe H Pa3JIHYHBIX 9ac-
TOTAX €BETA, CHeINyeT, 4TO ¢ YBeJsH-
YeHHeM YACTOTH CBETA BeTHIHHA 38-
JIEPIKABAIONIEr0 HAps/ReHns (Max-
CcAMATEHAA KAHETHYECKAA dHepPrus
hoTO2TEKTPOHOB) YBEJIHIHMBAETCA.

1 @ = const
V:_.( VE{ IVl < VI]

U, U0 U

Ha ocroge oimarrog A, CTONeToB YCTAHOBHL TPH 3aK0HA BHEI-
uero oroadderra:

1) MarcHEMaILHOe YHCIO0 DOTOITEKTPOHOB #, KOTOPLIE BHIPHI-
BAIOTCA ¢ KATONA 34 eTHHUILY BpEMeHH, IPOHOPIMOHAIBHO
MHTEHCHBHOCTH NaNaiollero HaiyueHus.

! MagcumaZIbHOe 9HCJI0 (QOTOIEKTPOHOB, KOTOPEIE BEIPEL-
BAIOTCHA ¢ KATOJA 32 eJHHUILY BpeMeHH, Ha3hBaloT oTo-
TOKOM HACBIIEHAT;

2) MAKCUMAJILHAS KHHETHYECKas dHeprus (QOTOdIeKTPOHOB
JIMHEHO BO3PACTAET ¢ YBEJIMUSHHeM JaCTOTH NaJaloniero
HM3yUeHAA | HE 3aBHCHT OT €ro HHTeHCHBHOCTH;

3) isi KAMKIOTO BelecTBa CYIMIeCTBYeT KpacHas rpasuna ¢o-
Toacdexra, T.e. MEHIMAIBHAN SACTOTA N MITH MAKCHMAITh-
Had JJIMHA BOJHEL lw HM3JIYIeHns, 32 KOTOPOi BHENIHHIT (ho-
Toathderr He nabmonaeTes.

! 3uauenme KpacHoi rpaHuisl doroaddexrra saBucuT OT
XUMHUYECKOI TPHPO/IB] BEIECTRA ¥ COCTOSTHHA €10 MOBePX-
HOCTH.
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Vpasuenue Ditnmreiina
ana HemHero oroadderra

fApnenne paemmero dgoroadderra Dimmreitn obBacHRT He-
XO[Od M3 TpefcTaBieHud 0 GOTOHAX W YpPaABHEHHS, KOTOpPOe
VAOBJIETBOPAET 3AK0OHY COXPAHEHHS JHEPrHH /A CHCTEeMEl
doToH-31EKTPOH.

Vpasaenne DitnmTelina A sHemHero doroaddexra

mu®
— i ) T
Ay 2 :

roe A — pabora BaiX0Jia 3€KTPOHA U3 BelecTsa;
e — MEKCAMATBLHAH CKOPOCTE (POTOANEKTPOHOR,
! Pabora Brixona anmexrpona A — 9T0 MUHEMa/IbHas JHEP-
IHSA, KOTOPYIO HYKHO COOBIIUTE aJIeKRTPOHY, YTOOBI OH MOKH-
HYJI BEIIECTRO.

Hexonsa us 917010 ypasHeHHS, MOKHO 00BACHUTE OCHOBHEIE 3a-
KOHOMEPHOCTH BHelHero (oroadpderra: g

— TAaK KaK KakIblid 3JICKTPOH HCIIYCKAeTCsa B Pe3yJIbTaTe §o-
PIIOMEHHS oIHOTO (hoToHA, TO obmiee uucsio hoTodIeKTPO-
HOB 34 eHHHILY EPpeMEeHH MIPONopUHOHAIBEHO 9ucIy hoTo-
HOB, IaJAa0IIHX 38 TO JKe BpeMA HA MOBEPXHOCTH BEIjecTsa.
CrnepoBaTesibHO, YHCI0 7 (DOTOHOB HPONOPIHOHAIEHO TI0-
ToKy @ uanyuenus (n = @/hv);

— HOCKOJIBKY /JIA KAKO0r0 BelnecTsa pabora A mmeer om-
pelelieHHOe 3HAYeHHe, TO MaKCHMAaJIEHAA KHHEeTHYEeCKad
JHEPTUA HCIyCKaeMBIX (DOTOITEKTPOHOR OIPEHeadeTcH
TOABLKO qac'ro’mﬁ H3JIYYeHUsA A He 3aBHCHT 0T MHTeHCHBHO-

=hv—-A_.);

CTH CBeTa (—-
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.

— BHeIMHAH (oToadderT BoaMomeH B eaydae, KOrma

hv=2 A

BRI

Torna gpacuas rpasuna doroadderxra OIPEIEIAeTCa U3 CO-
OTHOIIEHHS

hyn:AmxﬂVn:A;:“ ,

ch
AI“!

1 Yacrora v, ¥ AUTHHA BOJIHEL ], KOTOPBIe COOTBETCTBYIOT Kpac-
HO# IpanuIe doroaddexra, 3aBUCAT TOSBKO OT BeJTHIHHEL
paboTH BEIXONA, T.€. 0T XMMHYECKON NPHPO/ILI BEIIECTRA U
COCTOSTHUS €r'0 [OBEPXHOCTH.

€
V,

Ep

JdasneHue ceera

Hanwawe y dorona mmuynsca skcliepEMEHTAILHO TPOSBIIS-
€TCs B TOM, YTO CBET OKA3BIBAET jqpnenue HA TBEP/ILIE TeJIa H
rasbl.

Ecnu na nosepxHocTs Tea NamaeT My4uoR CBET 4acTOTOH y, TO
JaBJICHHE p CBeTa Gyner pasHO

E
p:nhv(l+p):w(l+p):?‘(l+p)

rie ; — KOHLEHTPALUA dJIEKTPOHORB B IIyYKe IaJal0mero us-
JIYIeHAS;
w — dHeprus (POTOHOB B eAMHUIE 00BeMa;
E — 9HEprus Najaniiero U3JIydeHHs HA eJHHUILY TII0-
' magu B AUHHUIY BPEMEHH;
p— ©02(pPHUITHEHT OTPAKEHNS TOBEPXHOCTH.
! Ecuim noBepXHOCTB 3epKAJIBHA, TO p = |, €CJIH IOBEPXHOCT
3a4epHEHHAS, TO p = (.
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KBAHTOBBIE CBOMCTBA CBETA

Kopnycky 1apHO-BOJIHOBOM J1yain3

Crer nMeeT ABOHCTBEHHYO NPHPOAY: B OMHUX IKCIIEPHMEH-
Tax CBET npoAsser cebsa Kak norox Yacrtu (hoToHOB), B IApY-
I'AX — KaK aJiekTpoMarauTHas sojaa. leolicreenHas npupo-
Ja cBeTa HAIIA CBOE OTPAKEHHME B NPHHIOHIE JOIMOJHH-
TEeJbHOCTH, KoTophli 65wt cchopmynuposan H. Bopom.
CornacsHo NPHHIMIYY AONOJHHTEIBHOCTH KOPIYCKYISPHEE W
BOJTHOBEIE CBOHCTRBA CBeTa IOMOJIHSIOT IPYyT Apyra # TOJIBKO
BMECTE NaKT M0JHOe IOHAMAHHE TOr0, YTO MPEeJCTABISET CO-
oit ceer. [[BoiicTBeHHAR MPUPOAA CBETA MOJVUYAIA HAIBAHHUE
KOPOYCKYJIAPHO-BOJIHOBOIO OyajiH3Ma U ABHJIACH UCXO[-
HBIM OVHKTOM JIJI CTAHOBJIEHHUA KBAHTOBOH MeXaHWKH.

! ” PHHIEI A0N0JIHHATEILHOCTH ABJIAETCA !1';}'!!,'1:1311‘H‘I‘:l.'H.IEI;l\I
HPHHIMIIOM KBAHTOBOH MEeXaHHKH, IHOCKOJIBKY IIO3BOJIAET
IOHATE TPOIECCH], KOTOPEIE IPOHCXOOAT B MEKPOMHDE.

I'umnioreaa ne Bpoiinsa

Ousuk Jiyn ge Bpoitns, omapascs HA peacTaABICHHUA 0 CHM-
METPHH CBOMCTB B IPHPOJE, BEICKA3AJI THIIOTE3Y O TOM, Y0
NOCKOJIBKY CBET Bejer cebs B OIHHX CiIyuasx Kak BOJ-
HA, 4 B JPyrux KAk KBa3UYaCTUIA, TO U MATEPUATILHBIE
YACTHIILI JOJKHEBI 00/1aaTh BOIHOBEIMH CBOMCTBAMM.
Je Bpoiins npeamonosxknr, 9To Kamgod gacrune, obragaio-
e AMITYyJIBCOM 5, IOJIZKHA COOTBETCTBOBATE JIJIMHA BOJIHEI 1,
CBAZAHHAA C MOIYJIEM HMIIYJbCA p TEM K€ COOTHOIIEHHEeM,
9TO W 2118 hoToHA.

Jebpoiinesckan qnuHa BOJHBI YACTHIIE PABHA

h h |

p mv

A

Bp
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3InemeHTbl aTOMHOW (DU3UKK

3JIEMEHTBI ATOMHOM ®U3UKHU

1
—— =

OnemexTbl aTOMHOW hU3UKK

2

CuexTp aToma Bogopoaa

CnerTp aToMa BOAOPOAA COCTOMT M3 OTHEMBHEIX JIHHHN (-
HeifuaTsil crerTp), KOTOPEIe 00BEMHEHE! B IPYIIIIbI, HA3KIBA-
eMBIe cepmstvm- JTHHA BOJHEL M 9ACTOTA JIO0OH CHIEKTPAIb-
HOH JIMHAH B KAMKI0N CePUH CIEKTPA BOAOPOIA OIPEIEIIAeTcH
dopmynoiit BaneMmepa, N0Iy49eHHOH 3KCIIePUMEHTATBHO!

1 1 1 c 1 1
Dz -t e Rl =
y R[ n® k ] g i c(n“ k’ ]

rae B = 1.097 - 107 i — nocrosunas Punbepra;
¢ — CROPOCTB CBETA B BAKYYME; p U J; — LieJIBIe 9HCIa.

Jluaan, guaa (9acToTa) KOTOPEIX OMPEIeISeTCH OJHIM U TeM
JKEe 3HAYEHHEM p, HO PA3HEIMH j, IPHHAJICKAT K OJIHOH ce-
pun (nas cepun Jlaiimana n = 1, Bansmepa — 2, [lamena —
3, Bpakerra — 4, [Idyuna — 5, Xemdbpu — 6). Ilnsa xammoi
cepHH h=n+1,n+2,n+ 3w T.0.

Jlunust, COOTBETCTBYOINAA | = n + 1, HASKIBAGTCH roroBHOIL

JTHHHAEH cepHm a4 JIHHHHA, COOTBETCTBYWIIAH j; — o, HA3BIBAET-
-

]

CH rpaHHLEl cepHRE
Bee marun cepun Jlafivana u 9actb auHEM cepun-Banpmepa
pacmosiokeHs! B yapTpaduoaerosou obnactu (1 « 400 mw), He-
KOTOpBIe JIAHAM cepun BaisMepa paciosioskeHbl B BHIMMOH
obmacta crerTpa (] = 400—760 zay), 2 JHHAH OCTRJILHBIX Ce-
puit — B HH(pparpacHoit 00sacTh crerTpa (1 > 760 am).

JAHTCH TOJORHATENBHO 3apsiKeHHoe AP0 ¢ 3apafoM +Z - e, a

BOKDYT SIIpa ABHKeTCH Z 2/1eKTPOHOB (£ — MOpAIKOBEIA HO-

Mep anmemenTa B tabnuue Menneneesa, € — aneMeHTapPHBIA

3apsan). Jluneitasie pasmepst axpa nopsaaka 10— 10 M, a

pa3ameps! aroma — 10717 m.

! Hnepras mopmens atoma Peaepdopna okasanack B IpOTH-
BOPEYHH ¢ Kiaccudeckoil puauroil. Yrobs!l BRITH H3 aTOTO
sarpynuenns, H. Bop chopmymposan nsa nocrynara.

Crpoenune aroma

Onurrer Pezepdoppa mo paccesaumo anbha-d4acTri] 103BOIA-
JIM TIOCTPOMTH AJEPHYI0 MOIEJb AT0MA, COINIACHO KOTOPOH
ATOM MpeICTABJIAST CHCTEMY YACTHIL, B IEHTPE KOTOPOit HAXO-
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Hocrynarsr Bopa

IlepBriit HOCTYIAT: ATOM MOMKET HAXOQHTHCSA TOILKO B 0CO-
OBIX CTAIIHOHAPHBIX COCTOAHHUAX, KAMKAOMY H3 KOTOPHIX COOT-
BETCTBYET oInpefiesieHHoe 3HaYenune speprun £ (n — HoMep
COCTOSHHA); B CTAIIHOHAPHOM COCTOAHWH ATOM HE HaJIy4aer
3JIEKTPOMATrHHUTHEIE BOJHEL [[71a a/leRTpoHHBIX opOHT B cTa-
ITAOHAPHOM COCTOSHHH CIIPABEIJIABO COOTHOMIEHHE

h

myur.=n ox |’

rae m’ — Maceca 3JIeKTPOHAa; l-‘" — CKOPOCTH 3JIEKTPOHA HA CcTa-

HoHapHOM opbuTe pammycom 7 ;n = 1, 2, 3, ... — HOMep

cranuoHapHol opbuTtel; A — nocrosunasa [Inanka.
Bropoii moerynar: majyueHue cBeTa IPOUCXOIUT OPH IIepe-
X0Ie aToMa U3 CTALHOHAPHOrO COCTOAHNA ¢ DONBIIEH 3HepTH-
eii £, B craMoHApHOE COCTOAHHE ¢ MEHBIIeH sHeprueit E.
OHeprus BaiyueHHOro (HOTOHA PABHA PA3HOCTH dHEPIHi cTa-
IHOHAPHEIX COCTOAHWI:

(E,-E,)
h

! Teopus Bopa, npexpacHo 006ACHIE 9ACTOTH JIMHHIA B CIIEK-
TPE BOJOPOIA, He CMOrJia 00bACHUTE WX HHTeHcHBHOCTeH. [1o-
9TOMY OHA& ABWJIACH NEPEeXOIHEIM ITalloM Ha IYTH K CO3/4-
HHI0 KBAHTOBO-MEeXaHWYeCKOH TeOPHH ATOMHEIX ABJIEHHI.

hv, _=E —E =v, =
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Teopus Bopa nis aroma Bogopojaa

Pacemorpum aToM Bogoposga. AToM Bo-
JIOPOMA COMEPIRAT SAPO, BOKPYT KOTOPO-
T0 ABH#eTCA oaHH asnexTpoH. llerTpo-
CTPEMUTEIILHOE YCKOPEHHE JJIEKTPOHY
COODIIALT CAIA KYIOHOBCKOTO IPATSe-
mnA. W3 sroporo 3akosa Helorona cie-

Ayer:

R
O e
r, 4uas, T,

u

Cornacuo Teopun Bopa s craiimoHapHEIX OPOHT CrIpaBej-
JIMBO COOTHOIIEHHE
muvr=n—,
e n 2;{
Pemas ganHy0 cHCTeMY YpaBHEHHH, MOKHO HAUTH CROPOCTH
ANIEKTPOHA Ha CTAIHOHAPHOH opfuTe ¢ HOMEpOM n:

F A
m 2= — ps 1 -
e 3 |
rn 4"20 rn =0 Un = e S — -
h 2£°h n Y ¥
m,vﬂrn =n—
2z

Torxa pamsye opbaTE ¢ HOMepoM n Oyner pasen

hn g,h*

o= 2
2zmyy =me

2 2
n =a,n

rae a, = gﬂhﬁﬂ = 0,529 - 10" yy — paguyc TepBoi HOPOBCKOH
v OpOHTEL
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| roe R=

SnemMeHTbl aTOMHOR HU3NKK

»

HKunernueckas sHepras aJIeKTPOHA

my' me' 1
StRor Skl n?
HOTEH]IHBJ]]:HM JHEePpIrusa Baauuoneﬁcrm AMEeRTpOoHA ¢ 21~
poM

-1 T
" dms, v, 45k’ n®

Tlonuas sHeprus atoma Bogoposa Gyner paBHa

me' 1 me' 1  me 1
8h® n* 45 h® n* 8sh® n®

E_:K”+H“ =

DHeprus aToMa BOZOPOIA OIpeNeaseTcs HoMepoM opbuTE n
Beymumaa nnonyunna HAZBAHWE [IABHOID KBAHTOBONO YHCIA
OHeprasa aToMa BOAOPOAa B OCHOBHOM cocTosituu (n = 1) pas-
Ha E =-13,5538 B nepsoM B0o30yXIeHHOM COCTOAHHH
(n=2)— E,=-3,38 5B Bo BropoM Bo30ymXIeHHOM COCTOH-
Huu (n =3)— E,=-1513Bu .1

[Homayo sHeprio aToMa BOAOPOAa MOKHO HPEJCTABATE B BHIIE

1
E,=-13,55— (B) |

Corsracso BTopoMmy mocryaaty Bopa 4acrora H3ny4eHHOTO
¢oToHA NpE mepexoge aToMa U3 CTALMOHAPHOIO COCTOAHHS C
sHeprueit E B cTalHOHAPHOE COCTOAHHWE C MEHbIIelH dHepru-
eit k£ _pasHa

V _(E,—E_}= me'’ __1_+ me’ Ey.
e ondk 8sh* k' 8&h® n®)
4

me' (1 1 : R |
:—W(?F"F]'RC[F‘F]
me

——— = 1,097 - 10" m ' — nocrosanas Puabepra.
c

-

2
0

= ] - e T Tou - s T T AT
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ANemMeHTL! aTOMHOW hr3nKu

[EHTBI ATOMHOM ®U3UKHA

Teopus Bopa ans aroma Bomopoaa (npodoJicerue)

Dnepraw uanydeHHoro dporoHa (8 aB) Momuo onpenenwTs O
dopmyme

n® E

ELE -E. - 13,55{ —1_2__1_]3{5

Ha prcyske npuBeieHa cXxeMa yPOBHEH aToMa BOJ0OPOIa U TEX
LIEPEX00B, B PE3yJIbTaTe KOTOPHIX B CIEKTPEe aTOMAPHOTO BO-
J0POAA MOABJIAIOTCH JINHIH, IPUHALIeKA e K ceprusam Jlaii-
mana, Bansmepa u [Tamena.

n=0o) EI__:l)

g T EXETXE]
2 i Cepus [awena E,=-3,383B
Cepus Banemepa

e ['parma cnerrpa E, =~13.55 3B

Cepna Jlaiimana

CrneBa yka3aHBI COOTBETCTBYIOIIHE 3HAUEHHA TJIABHOIO KBAH-
TOBOTO YHCJIA il . DHEPreTHYEeCKoe COCTOAHUE, KOTOPOMY 000T-
BETCTBYeT HauMeHbIllee 3HAYEHHE IHEPIHH aroma n = 1, ma-
3BIBAETCAOCHOBHEIM COCTOAHHEM , 4 OCTANLHEIe — B0y IeH-
HBIMHE , 3HAYEHHIO /1 = *° COOTBETCTBYET COCTOAHEE, B KOTOPOM
2JeKTPOH OECKOHEYHO yaajleH OT Apa H He CBA3aH C IoCael-
auM. IlosTomy maMeHeHne aHEPruH IIPH NEpPeXoje aToMa M3
CcOCTOAHUAN = | B COCTOAHME N = e© HAZHIBAIOT JHEepryAeil HoOHH-
3anuu aroMa. JHeprus MOHH3AUUHM — ATO JHEpPTHs, KOTO-
PyI0 HY3KHO 3ATPATHTS 7151 TOTO, YTOOE! aJIEKTPOH, HAXO/[SII[HI-
Ccs B OCHOBHOM COCTOSHWM, YIAJWTH M3 aTOMa, JJIs BOIOpoaa
onpenensaerca no gopmysie

E,=hv, =Rch=13,55 aB
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OcHoBHEBIE NONOKEHNH
Monelcynapnmnuaemecxoﬁ TEeoOpun

1. JIioGoe Teno cocroAT U3 DOMBIIOT0 KOMUYECTBA BECEMA Ma-
JIBIX 0D0COOJIEHHBIX YACTHUI, — MOJIEKYJl, ATOMOB, HOHOB.

2. DTH 9acTHUIEL HAXOAATCA B GecrnopamouHoM, Xa0THIeCKOM
IOBHAKEHHAH. :

3. Bee wacTHirs B3auMOIeHCTRYIOT MY co00il CHIIaMU IIPH-
TSIKEHUS M OTTAJIKABAHHUS.

WUneanesHslii ras

Hnpeansusiii raa — aTo MOJEJb PEaIBLHOIO ra3a, B KOTOPOil
He YYUTHBAOTCH 00BEM MOJERYN B CHIIH B3aUMONEHCTBHA
MEeKAY HAMH,

! PeaspHBIe ra3sl IpU HA3KHX NaBJIEHWAX (MAJIo IpeBbIIIa-
OIIAX ATMOC(EPHOE JaBJieHie) H TOCTATOYHO BEICOKHX TeM-
neparypax 0/1M3KH 110 CBOAM CBOHCTBAM K HIIEATBHOMY I'ady.

~
L

OcHoBHOE ypaBHEHHE MOJIEKY.IAPHO-
KHMHeTHYEeCKOM TEOPHH UOEaJIbHOIOo rasa

OcnosHoe YparHeHHe MOHeKyﬂHpEO-K!IHETH‘iBCKOﬁ TEOPHHA
HIOeaIbHOTO raza

1 R e 1
=—nmy, =—nE =—2=
p 3 m' uE 3 =

v |

N
raen = — — KOHLIEHTPAIHA MOJEKYJI (THCIIO MOJIEKYJI B €14~
Hulle ooneMe);
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M, — Macca OJJHOM MOJIEKYJ/IL] T'a3a;

U, — CpeJHAH KBAJIpATHIHAHA CKOPOCTh XaO0THYECKOro MOCTy-
NAaTeJILHOTO ABHKEHHA OJHOH MOJIEKYJIH;

=" s i

E =—'= __cpennaad KAHETAYECKAT 3HEpPrud Xa0THYECKOIo

K

OOCTYHATEIHHOTO IBHAKEHHUA OXHOM MOJIEKY /B,

E — xuHeTHYEeCKad JHePIUA Xa0THIECKOT0 IOCTYIATEILHOTO
IBHIKEHHA BCEX MOJIEKYJ Tasa.

OcHoBHOE YpaBHEHHE MOJIEKYJIAPHO-KHHETHYECKON TeopuH
HMIeaJTBHOTO ra3a CBA3RBAeT Mexay coboii Makpockomye-
CKHe MapaMeTphl raia (gaBiieHHe) H MHKPOCKOMHYECKHE
(cpemEss KEHETHYECKAA SHEPTHSA ITOCTYIATETHLHOTO JBHIKe-
HHSA MOJIEKYJIEL).

Ypasuenune Knaneiipouna-Meunneneesa

Vpasuenue Knaneiipona—Menpgeneera:

pV=%RT:vRT

m N i
e v =— =—— — ROJJAYeCTBO BeMecTsa (9|esio MoJreit ras3a);
M N,
m — Maceca raaa;
M — monapuas macea;
N — uneno MoTeRyJI ra3a.

! Vpasuenne Knanetipona—Mengeneesa ceaaninaer napaMer-

PHI COCTOAHMSA ra3a (Maccy, JaBieHne, 06beM U TeMIepary-
PY) M H03TOMY HA3EIBAETCS Y PABHEHHEM COCTOSHHUA HIe-
AJILHOTO rasa.
W3 ypapnenus Hnaneiipora—Menneneesa cieayer, 9To IJI10T-
HOCTH HIEAJbHOro rasa paBHa
_m_pM

BTV BT
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MonekynsipHan cuanka u TepMoauHamuka

Mﬁ.rm.marm OHU3MKA

AbconmoTHan TeMneparypa

AbGcomoTHaa Temneparypa 7 — 310 Mepa cpeHed KHHETH-
YeCKOH JHePIHH ABHIKEHHS MOJIEKYJT (ATOMOB) H30IMPOBAHHON
CHCTEMBI B YCJIOBHAX €€ TePMOOHHAMHYECKOI0 PaBHOBECHS.

Cpepusg kBajpaTHYHAd CKOPOCTS MOJIEKYJI HASANBHOrO rasa

f%kT [3RT
v u T |I— 1
:: \ m, VM
! -
rue f; = N, - = 1,38 - 103 IIsw/K — nocrosinaas Bomsmmanas
= 8.31 Jisef(mons - K)— yausepcansgas ra3oBas MOCTo-
AHHAMS

N,=6.62 - 10 mosis ' — nocrossHas ABorazapo

M t
My, = r\_—‘ Macca 0JHOH MOJIEKYJIEI rasa;

A

M — MoJiIpHAada Macca rasa,

7— abcosoTHAS TeMIIepaTypa rasa. y

Cpennaas kuHeTHYecKad aHepryug Xa0THYECKOI'0 NoCTynaTe/Ib-
HOI'0 JABHIKEHUS MOJEKYJIEl HIea/IbHOTO rasa

2
=Ml i.kT

K D
2 2

AbBcomoTHas TeMreparypa 7'(remiieparypa 1o mkase Kens-
BHHA) CB3aHA ¢ Temnepartypoi no mraite [lenscus cineny-
HIIHAM COOTHOLIEHHEM:
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T =(t+273) K

rae { — remmeparypa mo mxane Lemscns.

V3 OCHOBHOTO ypaBHEHHA MOJIEKVIAPHO-KHHETHYECKOH Teo-
9 L

pHH HAeaJILHOTO Trasa (ngn.lt,) ¥ BEIDAKEHUS A Cpej:

Hell KAHEeTHYeCKOH AHEPIrHA MOJERY MIeaANIBHOI0 rasa

= 3
s ;kT} MOKHO HOJIYYHTE YPaBHEeHHE 118 NaBlIeHUd B

¥

BHIIE
=nkT

Vpasuenune Knaneitpona

Ecmu macca mueasnbroro raza He mamerserca (m = const), To
A T00BIX IBYX PABHOBECHBIX COCTOSHMI I'a3a BEIIOIHAETCA
ypasHenue Knaneiipona

3axon laneroHa

Baxon lansrona: napnenue P radoBoi cCMecH B COCTOSHUH
PABHOBECHS PABHO CyMMe NAPIUANILHEIX IaBICHUE P, TA30B,
o6pasymommx aTy CMech:

P=p,+p,+..+p,

[lapumansHoe HaBiIeHHE — 3T0 GaRNeHWe Ta3d, eC/IH OB OH
OIIAH 3aHUMAaJI BeCch 00'beM.
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MonekynspHas usnka u TepmoguHaMmnka

MonekynapHas husuka u TepMoguHamMuKka

H3o6apaeiit npouece (p = const, m = const):

R e e Th j —-p1v‘=-—-—p!1:3:c()n5t =% E‘.:?.‘- = const

LT I, T,

b4

H3onponeces: 13R)051

IIpomecersr B rasze mocrosHHOM Macehl (m = const), IpH KOTO-
PHEIX OIMH M3 Tpex mapaMmeTpos (p, Vumum 7) ocraercs Heus-
MEHHEIM, HA3BIBAIOT H30MPOLIecCaMHu,

V s
T =const | — aaxon I'eit-JIroccaka.

H VpaBHeHUS, OMUCHIBAIONIHE 3TH IIPOIIECCEI, MOTYT OBITH ITOJIY- P PA VA

yeHsl u3 ypapHenus Kraneipona wim Knaneitpona—Menrne-
JieeBa, XOTS UCTOPHYECKH OHH OBLIH MOJYYEHB! IKCIEPUMEH- 4! T L e

TAITHHO. B s /n.-

A l - ..L’____.._____.—.-..
Haorepmuaecknit npouece (7' = const, m = const): v T T
V .V WNaobaprr <p.
2141 =£j—i= const = p V,=p,V, = const PHl (p, <p)
' L T 2
HIIH -
3 Haoxopuui npogece (V= const, m = const):
pV=const |— 3akoH Boitna-Mapuorra.
/. b, _D;
PLVL: P,V = const = ?1—? = const
4 p PA Vi - T T, T
[ - HIHA -
[ = =const | — 3axon Ilapisa.
P PA v, Vi
By ek T Ty T [ | PPV
i,': b e
Haorepmur (T, <T) : | &l )
| Vi oW, oK T 7

Hasoxops (V, < V)
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MonekynsipHas cu3nka 1 TepMOaUHaMUKE

MonekynapHas u3anka 1 TepMoanHaMuKa

BnasHocCTs BO3nyxa

ABCoM0THONH BIAMKHOCTRIO BO3/yXA HA3LIBACTCHA BEJIHYH-
Ha, pABHAA MACCEe BOASHOIO apa, cogepmanieroca 8 1 m” Boa-
gyxa (IJI0THOCTH BOASIHODO Hapa B BO3Iyxe),

OrHocUTEeIBHAS BIAMKHOCTE BO3AYXA — 3T0 OTHOUIEHUE
[IJIOTHOCTH BOJIAHOIO Iapa B Bognayxe (abco/moTHONH BIAKHOC-
TH BO3/lyXa) K IJIOTHOCTHA HACHINEHHEIX BO/SHBIX APOB IPH
JOaHHOM TeMIlepaType:

o=2100% |,
Py

rae P — abco/THAA BIAKHOCTE IIPH JaHHOH TEMIIEPATYDE;
P, — MIIOTHOCTE HACKIIIEHHOTO BOIAHOTO IAPA IPH TOMH e
TeMIIepaType.

Haceimennslii BOQAHON nap — 210 1ap, H&KO,‘IH]II,H‘E!C}I B

JAHHAMHYEeCKOM paBHOBECHH CO CBOEH UIKOCTHIO. J

JlunaMudeckoe paBHOBECHE MKy KHIKOCTHI0 B IAPOM Ha-
CTYIIAeT TOrVIA, KOrAa YHCI0 MOJIEKYJL, IOKAIATIIHX HHTKOCTE,
PABHO YMCIY MOJEKYJI, BO3BPAINAINIAXCS B KHIKOCTE.

! Ecimumcsio MoKy, DTOKAAAKIHEX EHIKOCTh, 6osbie quc-
JIA MOJIEKYJI, BO3BPAIAINIMXCH B MKHIKOCTE, TO IIPOHCXO0-
OUT MCIIAPEHHE,

e

Ecia uncsio MoKy 1, MOKAIAIIINX JKUTKOCTh, MeHBIIE THC-
Jia MOJIEKYJi, BO3BPAIlAIIIHXCH B KHIKOCTD, TO IIPOHCXO-
HHUT KOHJOeHCAIIHA,

3

Touaxa pocsl — 3T0 TeMitepaTypa t, TPH KOTOpO# BOISHOH

nap, coflep:kalnIMiics B BO3AyXe, CTAHOBUTCH HACHINEHHBIM

(@=100%)-

! Ilpum oxnamaeHun BO3AYXA /10 TOYKH POCEL HAYWHALTCH KOH-
JeHcalnoHd BOOAHOTO mapa.

Vaursisan NPONOPIIHOHATBRHY IO 3aBHCHMOCTE MeER Y IIJIOTHOC-

M
TBIO ' B gasaeHueM p ( p= %{— , OTHOCHTENIEHYI0 B/aKHOCTE
BO3/IyXa MOKHO OIpeIesuTs o dopmysre

p= -—e' -100%
By

]

rie ;) — NapuMasbHOe JABJIEHHE BOAAHOTO IAapa, Cojepika-
IEerocs B BO3OyXe NpH JaHHONW TeMIepaType;
p — JaBJeHHe HACHIIEHHOTO BOASHOr0 napa npH Toi ke
‘ TeMIepaType.
IlapnuansHOE JaBIeHHE BOOQAHOI0 apa — 370 JaBJIeHne,
KOTOpOe TIPOHM3BOHII OBl BOIAHOR map, eciu OBl BCe OCTAJb-
HEIE a3sl OTCYTCTBOBAIIH,

| Touxa pocEl XapaAKTepHayeT BJaKHOCTH Bosayxa. s om-
peliesieHHa TOYKH POCHL BOASHBIX NAPOB HCIOJIL3YIOT Cie-
LHAIbHbBE TPUOOPHE — rurpoMerphl

3nas TemmepaTypy BO3AyXa ; M TOUKY POCHI {, IO TabmuiaMm

HAXOIAT IJIOTHOCTS (ABIeHNEe) HaCHIIEHHOr0 BOAAHOTO Iapa

nipu arEx Temueparypax p (p )u p (p ) w10 dopmyse Ha-

XO/IAT OTHOCHTEJIBHYIO BJIAMKHOCTE BO3AYyXa:

) P
0 =11.100% = —2-100% »
o p

rme p ( 1’”-.) — IJIOTHOCTE (JaBJjIeHHe) HACHIIEHHOr0 BOASHO-
ro mapa npH Temueparype, paBHOH (

P (p_) — NAOTHOCTE (maBJieHHe) HACKIIIEHHOT0 BOJAAHOIO

"=l 1

: rapa IpH TeMIeparype, pABHOH /.

a2
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MonekynspHas ¢huanka 1 TepMoguHamMmKa

Buyrpennsas oueprus

Buyrpenuss aHeprus cucremsur U pasHa KHHETHYECKOH
9HEePIruH XA0THYECKOT0 ABHKEHAA MAKPOYACTHIL CHCTEMEBI (MO-
JEeKYJI, ATOMOB, 3JIEKTPOHOB, AJep) H HNOTEHIIHAaJIbHOH JaHep-
T'HH HX BSH_HMD.IIGI‘:ICTBHH.

B 06miem ciiyuae BHYTPpeHHAS JHEPIAA CHCTEMEL ONpeiesisier-
ca ee napamerpaMu: Temueparypoit ' m oosemonm V. Mamere-
HHe BHyTPeHHe# sHepruy Tesia (CHeTeMar) MoxeT IPOHCXOIATH
B peayabTare ABYX Pas/IMYHBIX [POLECCOB: Tenioo0MeHa H
COBepIIeHHAS MEXAHHIecKoi paborsl,

Ilpouece mepenasy BHyTPeHHEH 9HEPIHHA OT OZHOIO TEIA K JIPY-
romy 6e3 coepieHHs paboThl Ha3kBAETCS TEMI00OMEHOM.

KonmgeeTso aHeprun, nepenagaeMoe CHCTeMe BHeITHAME Te-
JIAMY HpPH TelJIoobMeHe, Ha3sBaT KOJANIECTBOM TeIjio-
ThI Q.

! Coobnienne cucreMe TEIIOTH () HE CBAAHO ¢ MAKPOCKOIIH-
YeCKUMU NepeMenieHaaMa Te1 cucremul, Mamenenue BHyT-
peHHEH SHEePTHH IPH TeIIoo0MeHe COCTOUT B TOM, ITe OT-
JeJIbHEIe MOJIEKYJIEI DoJiee HATpeToro Tena B ponecce CroJl-
KHOBeHHI mepeialoT YacTh CBOeH KHHeTHYeCKOod SHeprum
MOJIEKYJIAM MEeHee HarpeToro Tesa.

CymeersyeT TpH BHAA TEIIOOOMEHA: TETLIONPOBOIHOCTE, KOH-
BEKIIHH, H3JIVIEHHE,

TenaompoBOgHOCTE — 3TO HPOIECC TEII000MEeHA MeMR/IY
TENaMH IPH UX HeNOCPEICTEEHHOM KOHTAaKTe, 00yCIOBIeHHEIT
XaO0TAYECKHMM JIBH/KEHHEM YacTHI] TeJa.

Kousexnna — ato TIpolece MepeHoca IHEPIruH, KOTOPELHA 0Cy-
MeCcTBIAeTCH nepeMemeHHeM CJIOeR KATKOCTH U ra3a oT Mec-
Ta ¢ Dolee BRICOKOM TeMHEpATYPOR K MecTy ¢ GoJjiee HH3KOH
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remneparypoi. Korseripas Habmofgaercs TOMBKO B MHIKOCTAX
# raszax.

Hanyuenune — 3T0 ITEPEHOC JHEPIUH OT OJTHOTO TeJIa K ApyTo-
My (a Taxxe MeROy JacTAMH OJHOI0 ¥ TOro XxKe Tena) myreM
obMeHa 3JeKTPOMATHHUTHEIM H3JIy4eHHEeM, T.e. TeraoooMeH,
06ycnoBIeHHEL TPOIecCaMi HCIYCKAHMS, PACTPOCTPaHeHH,
paccesHUA | OTrJIomeHHua 3JIEKTp0M3.I‘!:LHTHHK BOJIH.

! Tlepenaya 3HEpPruM HJIyYeHHEM MOJKET OCYIIECTBJIATHCA
[IpH OTCYTCTBHH MATEDHATBHOH CPEIBI, pasjenaonien mo-
BEPXHOCTH TeIUtoo0MeHa, T.e. B TI0THOM BaKyyMe.

—

[IpHHATO CIUTATSH, YTO KOJIHIECTBO TerioTh § > 0, xorga K
cHcTeMe moABoAMTCs Temsora. Ecam cuereMa oTaaeT Tem-
nory, To @ < 0. PaGora camraerca A > 0, xorna cacrema co-
pepmaer pabory Han BHemHUME Tenamu. Ecyu pabora co-
BepIaeTcs BHEITHUMHE TeJaMu Hajl cueremoit, To A" < 0.

Ilepeoe HA9AIO TEPMOJIMHAMUKHA

IlepBoe HAYA/IO TEPMOTUHAMHKH: KOJTAYECTBO TENIOTEL Q,
OTYYMeHHOEe CHCTEMOM OT OKPYZKAIIIMX TeJl, HyeT Ha H3MeHe-
HUe ee BHyTpeHHel snepruu AL/ 1 Ha COBepIIeHHE €10 paborsl
A HaJ BHEITHAMMY TeJiamMu (CHIaMu):

Q=AU+ A

[leproe HAUAIO TePMOAHHAMHKH MOMKHO COPMYIHPOBATH
Tak: N3MeHeHHe BHYTpeHHel sHepruu cucreMel AU paBHO CyM-
Me coobmaemoit eff kommdecTBy TemnoThl § u paborsr A’
(A’ = —A), Tpou3BeIeHHON HAJl CHCTeMOH BHEIITHUMHE CHIaMH.

AU=Q + A’

[lepREiit 3aK0H TEPMOIHEAMHKY — 9TO0 YACTHBIHA ciIyvaii Bee-
obIero 3aKoHA COXpAHEHNA U IpeBpanleHus dHepruy B [IPH-
MEHEHHH K CHCTéMAaM, B KOTOPBIX CYIIECTBEHHY pOJib HI-
PANT TEIJIOBEIe MPOLEeCCHL

[
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MonekynsipHas huanka u TepMoauHammuka

MOIEKY/IPHAS OU3HKA

BrayrpenHsas aHeprus upeansHOro rasa

Buy‘rpemiaa JHEePIruda MIeaJiIbHOIo rasa paBHA cYMMe KH-
HETHYECKHX QHEDI‘Ef[ MOCTYIATETEHOIO H BPAIIATEILHODO JBH-
HeHHdA BCeX MOJIEKYJ rasa.

! Tlorerumansuas saeprias B3AHEMOASHCTBHA MOJIEKYJI Hie-
AJIBHOIO I'a3a paBHa HYJIIO, TAK Kak B HAeaJIbHOM Tr'a3e oT-
CYTCTBYIOT CHJIBI B3aHMOJeHCTBHA,

BuyTpenHnas oneprus uiea bHOrO ra3a papHa

U=_vRT |

e | — 4HCI0 cTeneHe CBo00IE MOMeKYTIE Hiea IEHOrO TA3a.,

Hucno crenenen cBOGOABI | — IT0 THCIO HE3ABHCUMBIX [BH-
HEeHHI, B KOTOPEIX MOeT y9acTBOBATh MoJiekyaa. C MaTema-
THYECKOM TOYKH 3PeHHA qHCcI0 cTelneHeld eroboIsI PABHO YHC-
JIy He3aBHCHMEIX NTapaMeTPOB, HEODXOOUMEIX JJId OIpeesre-
HUS HOJ0KeHUA MOJIERYJIBl B IPOCTPAHCTERE.

Jna MoneRy Bl ooaToMHEOTO raza i = 3 &
r=3yRT. s
2
Hns monexymsl jpyxaromuoro raza i =5
= —3;‘ RT.
Hna monexyn, cocrosmmx 113 Tpex u Gonee aromon i =6
U=2vRT.
Hamenenne ruyrpenneit BHQ];!‘HH WIEALHOrO T'a3a PaABHO
AU=U,-U,=LvRr(T, - 1) ~—VRAT :
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PaGora rasa npu naobapHom npouecce

Pabora, coBepmaeMas Hiea bHEIM Ia30M IPH B300apHOM pac-
mmpernu or obsema V| 1o o6wema V,, onpenenseres mo dop-

Y | A=p(V, -V)=pAV
PaBory rasa MolkHO BHIPA3WTH Yepe3 HAMEeHeHUe TeMIepary-
pui AT :

A=p(V,-V)=pV, - pV, =vRT, - vRT, = VRAT

[IprMeHeHe NePBOro HAYAIA TEPMOAWHAMUAKY
K M30Ipoleccam

1. Ilpuazorepmuueckom npomecce (1'= const) namenenne rem-
nepatyput AT = 0, nosromy uaMeHeHue BHYTPEHHEH JHep-
rum raza AU = 0, Torja corviacHo 1nepsoMy HAYALY TepMO-

ITogBenerHOe KOMHYIECTBO TEIJIOTH! NIPH H30TEPMHYECKOM
Ipoliecce MeT TONBKO HA coBepuIeHue paboTel razoM HaJL
BHEMTHUMH TeJIAMH,

2. Ilpu u3oxopuom npounecce (V = const) pamenenune obsema
AV =0, moaromy paboraA = 0. Torna nepsoe Hauasno repMoan-

HAMHKH ODpHEMET BHI :

! HommuecTBo TemmaoThl, coobmaemoe rasy, WieT TOJILKO Ha
yBeJIMHeHWe ero BHYTPeHHeld JHepruH.

3. IlpuuaobapuOM mponecce (p = const) mameHsAeTCA TeMIepa-
typa rasa (AT # 0) u uamenserca obsem rasa (AV # 0), no-
ITOMY MaMeHeHue BHyTpeHHeil anepruu raza AU # 0 u pa-
oora A # 0, [lepeoe nauano TepMOIHHAMHKYN OyIeT HMETh

s [Q=4+40]

IloaBenerHOE KOJIMYECTRO TEILIOTEI IPHA H300apHOM HpOLIEec-
ce pacxojyercs HA W3MeHeHHe BHYTPeHHeH 3HePrHHd | Co-
Bepienme paboTs Ha BHEIITHAMHA TEJaMu.

b
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MonekynspHas uanka 1 TepMoauHammuka

AnuabGaTHslil nponece

AnumadaTHBIH Dponece — 310 npolece, waynmi 6ea remnno-
olMeHa ¢ OKpYRAIONIeH Cpeoit, T.e. Tpu aguadaTHOM Iporec-
Ce K CHCTeMe He NOIABOOHTCH H He OTBOOHUTCH TeIrsora.
Tax kax npu aguabaTHoM mpougece Teroobmena Her, To = (.
IlosTomy nepsbLil 3aK0OH TEPMOAHHAMHKH [IPUMET BHJL

A=-AU

! PaGora copepmaercs rasom npm anuabaTHOM Ipolecce 3a
cueT yMEeHBLIIEHHS ero BHyTpeHHeH aHeprun. Temmeparypa
raza ups aToM OyIeT HoOHHHKATHCA.

! Ecnu BHenrHUe CHITH CIRUMAKT a3, COBEpInag HAL HUM pa-
dory, To Al = A" u Temneparypa rasa Oyaer HmoBBIIATHCH,

TennoeMrocTs Tesa ( — 3T0 KOJIUYECTBO TEIUIOTEI, KOTO-
pOE Hy#KHO COOGIIATE AAHHOMY Ty, YTo05l HOBLICHTE €10 TeM-

neparypy Ha 1 K.
- K
! Exmsuua rennoemeocta Tesa B cacreme CH [C] = -J;ﬁ—

Tax kax @ = C(T, -~ T) = em(T,— T,) T0

@Da30Bble NpEeBpaALICHUAS

KonmmgecTno TennoTsl, He0OX0AUMOe 1714 HATPEBAHHAA TEJIa
Mmacco#t m or remuepartypsl 7' 1o remueparypsl T, pasHo «

Q=cm(T,-T) |

e ¢— yAeJbHAas TeILI0eMKOCTh BellecTsa.

VnenpHag TeNI0eMKOCTH BEHECTBA ¢ — 3T0 KOJHYECTBO

TEIUIOTH], KOTOpOe HY&RHO coo0muTh 1 Kr BemjecTra, 9T00k! 110-

BBHICHTE €ro Temueparypy Ha 1 K.

! Emmanna yaensHo# Teruroemrocety B cucreme CH [e) =ﬂ_3:{,
l .

KonwgecTso TenioTel, He0OX0UMOE Ui HATPEBAHASA Tesa
or Temmeparypst 7' no remneparypsl 7, paBHo

Q=C(T,-T) |

riae (— TenJoeMKOCTE TeJsa.

Inasnesne ¥ KPHCTALIA3ANUSA

Tlponece mepexona 3 TBEPAOro B JKHIKOE COCTOAHNE HASHIBA-
erca nuiasigesnem. Temneparypa, Tpu KOTOPOH 3TO Hpolece
[IPOMCXOIHT, HA3HIBaETCs TeMnepatypou naasnenns T .
| Hporece nepexoia U3 AKATKOTO COCTOSHAR B TBEPA0E HA3BIBA-
ercs KpucCTalIu3anue,

Jlns Toro uToGe! Teso, HAXOAAIHMECS IPA TeMaepaType I1as-
JleHns, PaCILIaBHTE, €My HE0DXOMHMO COODIIHTE KOJIHIECTBO
TerioTel € paBHOE

(@, =4m

rge A— yaeJbHafd Temiora NJIaBJleHHsda; m— mMacca Tesa.

VaensHAs TeNJI0TA WIABIEHHA A— 3T0 TAKOE KOTHIeCTBO
TeIIOTH], KOTOpoe HeoOX0auMo coobHTh 1 KI' TBEPIOro KpHc-
TANIAYECKOro BelllecTBa, HAXOIANUIErocA NpPH TeMIepaTtype

[/IABJIEHNHHA, YT00BL €ro pacijIaBaTh.
! Exusnua ygesnsHOM TemioTs mwiasiesus s cucreme CH
: PIE
pRt.
x KI"
KosugecTBo TEIIoTsl, 0TAABAEMOE HHUIKOCTHIO IPA KPHCTa-

JIH3a1TH aBHO
H3anue P prs.-—ﬂm L

! 3uax «» yKa3eIBAeT HA TO, 94TO TEIlJIoTa B 3TOM ciay4dae oT-
JaeTcH, a He coobmaercs, KAK IIPH NJIABJIEHHH.
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MonekynapHan huanka u TepMoauHaMnka

MonekynsipHas duaunka u TepMoauHamuka

Konmgecrso TenyioThl,
BhIZIEJIA€MOE NPH CropaHuy TOILJINBA

IlapooGpa3opanue u KOHAEHCALHS

Ilponecc nepexoaa U3 MHUAKOTO B ra3oobpasHoe cocTossHAE Ha-
3plBaeTca napoobpasoeanueMm. Temneparypa, npa KOTOpOH
9TO IPOMCXOJHT, HA3BIBAETCH TeMneparypou kunenus T .
Ilponecc nepexoma u3 rasoobpasHoro B HHIKOE COCTOSHHE
HA3LIBAETCH KOHAeHCAIHen.

Jlns Tore 9To6E MHAKOCTE, HAXONAMIYIOCH IPH TeMIIepaType
KUMEHWs, IPeBPATUTE B AP, HEOOXOAUMO COOOIINTE KOJTHYe-
CTBO TEILTOTHL (), paBHOe

(o],

rie /. — ynensHAasd TemJioTa napoobpasoBaHus;
m — Macca KHIKOCTH,

Vaenesnas rermiora napooGpasosanus [, — 3T0 TAKOE KO-
JTMIECTRBO TEILIOTH, KOTOpoe Heobxomumo coobumTs 1 KT sum-
KOCTH, HAXOAMIEHCH IPH TEMIIEPATYPE KATIeHUS, YTO0EI IIPEB-
paTHTE ee B map. 7

-
| Epmauna yoneasbHON TENIoTH [1apoo0pa3oBaHus B CHCTEME
ALK
CH [L]-12P%.
KI®
Hpﬂ KOHIeHCAIIHHM KOJHYeCcTBO TEILNIOTHI, OTIaBaeMoe IapoM,
paBHO
Qnmu % —Lm B

! 3uak «» YKa3elBaeT HA TO, YTO TEIJIOTA B 3TOM CJiy4ae oT-
AaeTcHd.

HommuecTBo TEIioTss BhLIenAeMOe OpH CropaHur TOILJTHEA&

Maccod
KR,

rae g— yAeJbHAA TelIoTa Cropainud TOIJIHBA.

VienpHAs TEMAOTA CrOPaHMA TONIMBA g— 3TO KoJIMYe-
CTBO TEIJIOTHI, BEUIEJIAIIIeecs P Cropasuy 1 K TOILIABA.
| Epusnna yaeabHOU TeNIOTH CCOPAHH#A TOIJIMBA B CUCTEME
T
CH [q]=1 ;

KTI'

VpapHeHue TEIIOBOro fananca

Ipr Banuau® Tonanko TeruoobMena MEHKAY TEJIAMH 3aMKHY-

TOH cueTeMbl BRIIOJTHAETCH YpaBHEHHE TemJI0BOIro DanaHca

[@+0.+Q+.+Q=0}

rae @, @, Q.. ..., () — KoIM4ecTBa TemIOTEL, MOJTyde HHOH
WM OTIAHHOM TeJlaMHu CHCTeMbL.

Tem006MeH TPEKPAIIACTCA IIPH JOCTHREHUH TepMOAHHA-

MUYeCKOro pasHoBecHs (T.e. KOrja TeMmepaTtypa Bcex Tell

CHCTEMEl CTAHOBHTCS OJAHAKOBOH).

VpaBaenue TEnaoBoro DajaHca ABJAETCH CleCTBHEM 3a-

KOHA COXpaHeHH:HA JHEepPrHn,

[Ipn cocTaB/IeHUH yPaBHEHHSA TEIJIOBOTO Hananca HeoOX0-

MO TTOMHHTE ClIe/IyIoniee:;

o IIPH ILIABJIEHA H napooGpasoBaHuy TemIora = Am#
Tenaora Qmp — [m OOJOMHTEThHEIE;

» IPH KPHCTAJIA3AIMN ¥ KOHNEHCAIlHH TenI0Ta Q.:,, = —Am
H Temaora Q'u = —m oTpHilaTelbHbBIE.

.

e

211




MonekynspHas duanka u TepMoguHamuka

MonexynspHan huanka n TepMoguHamuka

Tennoesie gBUTraTe N

Tennossre pBUraTe M — 370 yCTpoicTBa, Npeobpasyonme
JHEPIHIO CTOPEBIIEro TOILIHBA B MeXaHuYeckyio saepruio. Ter-
JIOBEIE ABHTATENH COCTOAT M3 HATPEBaTe s, pabouero Tena u
XOJOOTHIEHHEKA.

[pusnmn gefcTBEA TEIIOBOro ABATATE M.

B TerioBom aBuTaTese oT HArpeBaTesa ¢ B
TeMIIepaTypoi 7' 3a UMK OTHEMAETCS KO- L
JIMYECTBO TEIUIOTH (), , A XOJOAHILHUKY C ¢ @
Oonree HUBKOH TeMuepaTypoil 3a IMKIT me-

penaercd KOJUYecTBO TennotH () . Ilpa PhBansa
atom cosepmraercst pabora A. ITockonbry Te10

TEIUTIOBOM JBATATE I 3a IHKJ BO3BPAIIA-
eTcAd B MCXOHOe COCTOAHME, TO HA OCHOBA-
HUH 11ePBOI0 3aKOHA TEPMOJMHAMHEN pa-
Gora aa MK paBHa N

I:A= Q-Q T,

Koaddunuenr noneanoro neitcreus (KI11) TEIIOBOro

ABHIaTEJIA
e e
Q Q& @

THeA=Q - @, — pabora, coBepmaeMas TBATATEIIEM:
(), H(@), — KONUYeCcTBO TEILIOTHL, COOTBETCTBEHHO HOJIy4YeH-
HOE OT HArpeBaTesid H OTIAHHOE XOJOMHILHHKY.
Makcumanenoe 3gageHne KII1 rennosoro aBurarens
passo KIIJT uxeasnsnoit Tennosoit Mammues, paboraoniei mo
unray Kapao:

]?:

T, -
th! =—+ - -=1 _5 L]
Fyrir0

L:-a

rae 7 m T, — cOOTBETCTBEHHO TeMIlepaTypPhl HarpeBaTessa #
XOJIOMHIBHUKA.

KI1/1 soboro peasibEOro TEnJ0B0ro ABAraTe s He MOMKEeT Ipe-

srmmaTthk K1 mneassaoi rennopoil Mamm#HLl ¢ TEMH K€ TEM-

neparypamu 7' marpesatesns u 7', X0JI0AMIbHUKA:

n S nmns
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XonogunsHAsA YCTaHOBEA

XomoquiisHas YCTAHOBKA — 3T0 NEPHOJHYECKH JeHCTBYIO-
IIfe YCTPOMCTEO, B KOTOPOM 3a cueT paboTsl A’ BHENIHHX CHII
TeIIOTa IepeHoCcHTeA 0T Hosee X0J0OHOTO Tesa K Teqay c bo-
e BRICOKOHW TEMIIEpATYDPOH.

[Tpuanan neicTEMA XOMOAHJILHOH ycTa-

soBKH. B X0NOIHILHOH YCTAHOBKE 33 CUeT Bm:enm}‘,’,mee
COBEpIIEHNA BHEITHAMY CHIaMu paboTsi A’ e

ot Bostee X0JI0/IHOrO TEJIA ¢ TeMIepaTypoH @,

T, 3a UMK OTHUMAETCS KOJMIECTBO Ter-

JIOTE! (), ¥ OTHAETCHA BO BHEIIHIOW CPejy ¢ ALY,
Temnepatypoii (T > 7',) RoIM9ecTBO TenJIo- Teno

T8I, pasHoe § . [l1a onenxu addexTHBHOC-

TH paboThl XOMOAMIBHON YCTAHOBKM mMC- /4 Ay

[OJIB3YIOT OTHOLIeHHEe KOJHYEeCcTBa Ter1o-
TH (),, OTHATOrO 3a IIUKJI OT XOJIOANIBHOR
KaMepsl, k pabore A’ BHEIIHHX CHI. OTY
BEJIMYHHY HaGHBAT X0J0HILHEM K0ah-
dumerTom k.

Bonee xononsoe
Teno T

XonopuneHer KoatddumenT & paBeH

_Q__Q

A Q-Q,
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MonekynapHas (huamnka v TepMoguHamMuKa

MOJIEKV/IAPHASA OU3UKA
U TEPMOJIMHAMHUKA

Bropoe u Tperse HAYAIA TEPMOJAHHAMUKN

Bropoe HaYaln0o TePpMOOUMHAMHKM #ABJIgeTcs obobmennem

OTPOMHOT'0 3KCHEePHMEeHTAILHOTO MaTepHasa i YRa3bIBaeT Ha

HAOpaBJIeHHOCTh CAMONPOH3BOJIBHOI0 TEPMOIHHAMHYECKOr0

mpormecea B 3aMKHYTOMH cucreMe. CyniecTByer paJl 3KBHBAJICHT-

HEIX (QOPMYTHPOBOK BTOPOTO HAYAJIA TePMOAHHAMHUKH:

» HEBO3MOJKEH IIPOIIece, e AHHCTREHHEIM Pe3yIbTaToM KOTOpo- '
ro ABRJAETCH [IEpeada sHepruu B hopMe TeruIoTs 0T MeHee
Harperoro Tena Gonee marperomy Teny (hopmynuposka |
Hnayanyca) |

» HEBO3MOIKEH TIPOLECE, eTHHCTBEHHEIM PE3yILTATOM KOTOPO- |
TO ABJAETCH NPEeBPANIeHHe BCeH TerJIoThl, NOJIVIeHHOH 0T ,
Harpesaresd, B dKBHBAJEHTHYIO pabory (gopmysuposka 1
Kenssnna)- |

! Bropo# aakos TepMmognHaMAky YKASRBAET HA HEPABHOIIEH- _
HOCTB ABYX hopM IIepesayun sHepruom — paboTsl M TEIJIOTHL. !
[lepexon BHYTpeHHEH 3Hepran B paboTy BO3MOMKEH JIHIIL
IIPH YCJIOBHH, YTO OH COMPOBOKAALTCH KAKHM-/THOO HOMOI-
HATEJHHBIM IpoueccoM. Tak, TerIopas MAIIHHA TPOHIBY-
auT pabory 3a cuer HNOABOAMMOR 0T HATPEBATE IS TENIOTES
HO IIPH 3TOM YACTH MOMY9eHHOM TeIIOTH epeaaeTes X00-
IHUITBHURY.

Tperse HAYAIO TEPMOAUHAMUEN: 20COTIOTHEINA HY b TEM-
IepaTyphl HEJOCTHIREM NIPH KOHEYHOH IIOC/IEI0BATEIEHOCTH
TEPMOIMHAMWYECKHUX ITPOLECccoB (T.e. KOHEYHOro 4YHC/IA Ome-
PAIH — IHKJIOB paboThl XOJIOIHIBHON MAIITHHEL).

! Tperse mauano repmoauHamury YKASBBAET HA TO, UTO

abco/moTHOMY HYJIO TeMmmeparyph MOMKHO TOJBKO acCHMII-
TOTHYECKH NpUOIMaHTCs.

214

OJIEMEHTDI
TEOPUU
OTHOCUTEJILHOCTH




3nemMeHTLl TEOPUM OTHOCUTENBHOCTH

HOCTH

IlocTynaTel TEOPpUM OTHOCHTEILHOCTH

B ocaOBE TEOPHH OTHOCHTEIBEHOCTH JIeKaT 1Ba [HOCTYIIATS
T.e. JBA OCHOBHHIX HOJIOMKEHHS, ABJAIOUIMXCA PE3yILTATOM
0000IIeHAN ONBITHEIX (hAKTOB.

IlepBuii noctynar (MPUHIMN OTHOCHTEAbLHOCTH JiilHm-
TeHHAa): Bce PUIMIYECKHEe ABJEHUA [IPOTEKAKT OOWHAKORO B
a0060if MHEePIHAJIBHON CHCTEMe OTcYeTa. JTO 03HAYAeT, 49TO
BO BCeX WHEPIMAJIRHBIX CHCTEMAaX 0TcYeTa (PU3NIecKue 3aK0-
HEI HMEIOT OQHHAKOBYI (hopMy (OIMHCHEIBAKTCA OXAHAKOBEIMH
VDaABHEHHAMH),

! ITepBeiit mOCTyRAT TEOPHE OTHOCATENLHOCTH ABJIZETCSH 0000-
IMmeHHeM MeXaHWYeCKOr0 NpHHIANa 0THOCHTeTEHOCTH I‘&-
Jinesa Ha Bce (hH3UYecKHe ABJICHHA,

Bropoit nocrynar (IpUHOUO NOCTOAHCTBA CKOPOCTH
CBeTa): CKOPOCTh CBETA B BAKYYME OJJHHAKOBA BO BCeX HHep-
IHANBHEX cucTemax orcuera. OHa He 3aBHCHT HH OT CKOPOC-
TH WCTOYHHKA, HA 0T CKOPOCTH IIPHEMHWKA CBETOBOIO CHI'HA-
na. CROpoCTE CBETa B BAKYYMe SIBJIAETCH NpPeJe/sHOM CKopoe-
THI) BCEX MPOMECCOB U JIBHIKEHWH, CONPOROMKIAEMEIX mepeHo-
COM 3HEPTHH. =

OcHOBHBIE CJIeCTBUA, BHITEKAIOIIHE
M3 [IOCTYJIATOB TEOPHHU OTHOCHTEIBHOCTH

OTHOCHTENIBHOCTH OIHOBPEMEHHOCTH — OIHOBPEMEH-
HOCT®H IPOCTPAHCTBEHHO PA3[eJIeHHEIX CODBITHIH OTHOCHTE b-
Ha, T.€. coOBITHS, NPON3ONIeNIIHe OXHOBPEMEHHO B PA3HBIX TOY-
KaxX OJTHOH MHepIUaNLHON CHCTEMEl OTCYeTa, MOTYT He OHITH
OJHOBPEMEHHBIMH B APYTOH WHEPUHAIEHON CHCTEME 0TCIeTa.
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3nemMeHTbl TEOpuM OTHOCUTENLHOCTH

= .

Pensrusucrcknil apherT cokpameHns JIHHBI

Jlpea | Tena, OBHKYIIErocs OTHOCHTEIBHO HWHEPIHAJIbHON
CHCTEMEI CO CKOPOCTBIO 1, OIpeeigercs 1o opMye

[‘2
I:IQJ;_? P

e f” ~— [UTHHA TeNia B TOH HHepLHAaLHOH CHCTeMe, OTHOCH-
TENHLHO KOTOPO# Tesio noKouTesa (coGCTBeHHAA JIH~-
Ha B ¢cofcreenaol cucreme orcderaT.e. B CHCTeMe, OT-
HOCHTEJIFHO KOTOPOH 0OHO ITOKOHTCH).

! Tak xax v<eTol<l;

! Corpamenue JHHEHHLIX pa3MepoB TeJa MPOHCXOOHT B Ha-
npapnennn aswkenus. [lonmepevnnie pasmepsl TesJga NpH
3TOM HE M3MEHSITCH,

Penarusucrcenii adypexT 3amMmeyIieHUA TeIeHNA BpeMeHH

WaTeppasnsl BpeMeHH 7H 7 MeRKAY ABYMA COOBITHAMY B pa3-
HEIX HHePUIHAJIbBHBIX CHCTEMaX CBH3aHbL:

Lo

T=— -
U

1-%

pr-

re f— MHTepPBaJ BPEMEHH MeXIY ABYM CcOOBITHAMH, KOTO-
phlé DpPOM3ONUTH ¢ 00BeKTOM, HAXOOAIIHMEA B cob-
CTBeHHOH cHCTéMe orcuera T.e. B CHCTeMe, OTHOCH-
TeTLHO KOTOPOii 0H ITOKoHTCs (COBCTBEHHOE BpeM#);

; — MHTepBaJl BpEMEeHH MesRy ITUMH JKe COORITHAMM B
CHCTEMe, OTHOCHTEILHO KOTOPOH 00BeKT ABUKETCH CO
CROPOCTEIO x

! Taxkak y <o T0 7> 7,
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JnemeHTb TEOPUN OTHOCUTENLHOCTH

3JIEMEHTHI TEOPUU OTHOCUTEJIBHOCTH

3rnemeHTLl TeOPUM OTHOCUTENBLHOCTH

kS

PesiaTHBHCTCKHI 3aKO0H CJIOKEeHHS CKOPOCTEeH

Teno u mogemxkHAsA cHCTEMA OT-
g’ caera /' IBAMKYTCH OTHOCHATEIb-
HO HEMOJABHKHONW CHCTEMEI OT-
cuera [ B ogHOM HAUIpAB/ICHUH.
B stom cnyuae cropocTH Tesia B
PA3HLIX HHEPIIMAJBHBIX CHCTe-
MAX CBA3AHE COOTHOIMEHHAEM

e
=
=

YA K

U+ v
U,U
L +uiter

U=

rge U — CKOPOCTE TeJia OTHOCHTEJIBHO HeIoIBRHMHOMN cucTe-
MbI oTcuera
U, — CKOPOCTE JBHIKEHUA CHCTeMEI 0TcdeTa /i 0OTHOCHTe k-
HO HEeIOABHIKHON cHUcTeME! orcdera /i
U’ — CKOPOCTH TEJIA OTHOCHUTEIEHO CHETeMEI [ .

PenaruBucrckue macca 1 HMNOYJIbC

Macca m Tesa, ABHKYIIET0CA CO CKOPOCTHIO U, pABHA

3aK0OH B3aMMOCBA3M MACCHI ¥ JHEepPprun

Ouens BaMERM BRIBOI0M TEOPHH OTHOCHTEILHOCTH SBJISIETCH
BEIBOJI 0 TOM, 9TO Macca ¥ 3Heprad [ TeJa B3auMOCBA3aHHL.

Honmas JHEeprusa reqaa Fonpenensaercd COOTHOINEHHeM

E =mc?

T.€. 3HEPIrud TeJia paBHa €ro Macce, YMHOKEHHOH Ha KBaJpar
CKOPOCTH CBeTa.

Hamenenne sHepruy Tesia MPUBOAUT K U3MEHEHHIO €ro Mac-
CEI, © Haobopor:

AE = Ame® |

:‘)Hepl‘ﬂ.ﬂ OOKOA TeJa Ell onpenensaerca COOTHOIIeHHneM

n 9
E =mzc*}

THe m — macca Nokos Tena KOTOPYID OHO MMEeT B cobeTBeH-
HOH CHCTeME OTCYeTa.

1 Ilpu yesroBuHA ) cc ¢ B3 PEJATHBHCTCKON (hopMY B 118 KH-
HETHYEeCKOH dHEePruH clieyer KnaccHdeckas dopMysia 1is
m U.i

2

KUHEeTHYeCcKoH sHeprun K —

Kunernueckasn aHeprus J{Te/la B TCOPHH OTHOCHTEIBHOC-
TH onpeaensercs GopmMy IO

mgc

1
—ﬁﬁ—"‘o'f =mye’| ———
yl-v'/e’ yl-v/c’

K=E-E,=me’'-my"=

m,
m= —r-—-_—a_ ¥
l{_ Y
§ =
Vs
Thoe m — macca NOKo#A Tena, KOTOpPYI OHO HMEeT B coOCTBeH-
HOH CHCTEME OTCUYEeTA.
A wMnyTBC Tenna pasen | L1
=mi =——
v
Ve
[
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4 | Momyumnm @MHY B3aMMOCBA3Y SHEPTHH ¥ HMITYIhca

Baamcnmampmamynma

,I[:myc'raxomenna mammnm.qymmymn aﬂep-
rueil BO3BEEM B nmrmpmmpmmm
| macent m= T

| Vmmomum sripasenye Ha o 1 npeobpasyem:

2292

m'c' —m*v’c* =mge' = E*'-p'c*=E; =

E*=E;+p'c® = E=\E; +p°c® -

E=E+p'c*|,

rae E — moTHAS 3Heprud Tena,
E, - aveprus moxos Tena;
) — HEMIIYJIBC Tena.
Bupaamnamm Bupaxwmm mmym.crena

'—E‘+p’c’=¢p ‘}E’ —~E2...

Haiinem dopmyny B3anMOCBA3H nm:l;yma ¥ KUHEeTHYeCKoi |

HEpPTHH,

TmmmemauepmmapannaK E— E,_To_ _
E' =(E-E,)(E+E,)=K(K+2E,).

Torga mosyanm

E—‘JE’ -1 JK (K+2E,)

" rneK~meemanepxmma,

E — sneprus noxos Tena.
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3nemMeHThl AOepHOR uanKm

BJIEMEHTBI AIEPHOI ®U3HUKHA

Cocras aroMuOro sapa

CormacHo POTOHHO-HEHTPOHHOH Monenn Anpa aTOMHOe AApo
COCTOMT M3 IPOTOHOB H HEHTPOHOE.

[Iporonsr i He#TPOHE nOMyHIH 00LIee HASBAHHME — Hyk-
JOHBE

1 IlpoToHs: H HERTPOHE! YIEPIKABAKTCH B ANPE ANEPHEIMH CH-
namu,

IIporox ! \p— dJIeMeHTapHA JaCTHIA, 3APAL KOTOPOH MOJIO-
HHTEJIeH n paBeH 3HBMEHTapHOMy 3apany e=16-10"Kg a
Macca m_ =1,6724- 10 xr= 1,00728 a.e.m.

Heﬂ'rpon In— 3TO aJIleMeHTapHAA YACTHIIA, 3apsi] KOTOPOH

PaBeH () a’ Macca OmH3Ka K Macce MpOTOHA m, = 1,6748 x

x 10* kr= 1,00866 a.e.m.

1 Macey agep u a/1eMeHTAPHBIX YACTHIL BEIPAKAIOT 00BIYHO B
ATOMHBIX €IMHANAX Macchl (5 e ). 34 ATOMHYD eTUHHILY
Maccel npaHATa 1/12 Macerr aToMa H30TONA YIIepoaa G
1 a.em = 1,65976 - 10-%7 xp

! Ilpu To4HOM H3MepeHWH ATOMHEIX MACC BCEX 3JIEMEHTOB
OuLI0 ODHAPYIKEHO, YTO WX MACCEI, BRIBPAMKEHHBIE B a4.6.M.,
DIMBKHM K LEJBINM YHCIIaM, KOTOPhIe HA3BAIH MAacCOBBIM
YHCIIOM A g -

Yucmno IIPOTOHOB B #pe paBHO 3apAIOBOMY HHCITY /, KoTOpoe

PABHO HNOPAJKOBOMY HOMEpY XHMHYECKOr0 aJleMeHTa B Tab-

muane Mengeneesa.

Maccoroe ameno A onpenenser ofiee 9HCI0 NPOTOHOB 7 H

HEHTPOHOB N

“wuceno nelTponos B Anpe paBHO N = A - Z
st obosHavenns anep npUMEHSETCH CHMBOJ 4%, rae mox X
HoApasyMeBAETCA XUMHYECKHH CHMEOJ ajeMeHTa. Beepxy
CTABHTCH €70 MACCOBOE MHCIIO 4, BHH3Y — 3apsAI0BOE YHCIO Z
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AneMeHTbl AAepHON (huanku

JHEeprus CBA3N

Yro0m pacHienuTh AAPO HA OTAe/IbHEE HYKJIOH! (IPOTOHEI B
HeHTPOHEI), He0OX0AHMO Co00IIMATE APy HEKOTOPYIO dHEPTHIO,
KOTOPYI0 HA3KIBAKT SHEPrUeH CBAIN sapa.

Oneprua ceaan aapa E_ paBHa 3Hepruu, KOTOpas BEIENSET-
cH TIpW 00pPa30BAHMY ANPA W3 OTHEIBHEIX TACTHIL

Er-. =Ame* = (Z H‘lp—'i— N . ”1" _§ ?H“)(_’;! .

rme Am — nederT Mace aapa;
m_,m_ ¥ m_-— Macchl MIPOTOHA, HEHTPOHA W AIpa COOT-
BETCTBEHHO.

Hedert mace — 310 pasHOCTE MeIKIY CyMMapHOH MACCOH Beex
HYKJIOHOB A/Ipa B CBODOJHOM COCTOAHHH H Maccoi anpa:

Am = (Z - m + N-m —-m)

¥YinensHas sHeprus CBA3M — 9T0 JHEPIHA CBI3H, IPHXOIA-
masgca Ha OOUH HYKIIOH aapa:

_—

! Yewm Gosbime yienpHas 9HEPrus CBA3M siIPa, TEM CHJIbHEe

CBA3AHBI MeXAy co00if HYKJIOHEI B HEM, a4 3HAYHT, TAKOEe
axgpo Gostee yeroHuuBoe.
Ecym maBecTHa macca He Anepa, a aTOMOB COOTBETCTBYIOIIETO
aJIeMeHTa, To 1A pacyeTa aedekTa Mace (a cileJoBaTe/ILHO, H
SHEepPIHH CBA3H) MOIKHO HCIOJIE30BATH hopMyTy

Am = Zm+Nm—(m— ‘m) =

=Z my+(A-Z) - m -m ’

ar

rIe m_-— Macca 3JIeKTPOHA;
m, — Macca aToMa;
m,, — Macca aToMa BOZOPOJA.




3nemMeHThLl AAepHOR huanKu

OnemMeHTbl AaepHOR hU3nKK

Asnenne pagHoOaKTHBHOCTH

PaauoakTHBHOCTH — JT0 IIPOLIECC CAMOIPOH3BOILHOTO [Ipe-
BpPANIEHUS OJHAX SIeP OMHON0 XUMHAYECKOT0 IJIEMEHTA B S/1pa
JPYTHX XHMHYECKHX 3JIeMEHTOB, KOTOpOE COIPOBOMKIAeTCA
MCITYCKAHUEM OTHEJbHEIX YaCTHIL.

! M3 M3pecTHRIX B HACTOAIIEE BPEMS 0K0JI0 1500 a1ep, OTIH-
vaponmxces aubo Z ymbo N, mudo TeM H OPYrUM, TOJIBLKO
NPUMEPHO 1/598CTH B3 HUX YCTOMYHUEBA, OCTAJILHEIE pajiHo-

AKTHBHEE

PagunoaxkrusHoe H3JIy9IECHHE

PajgmoakTHBHEN pacmaz CONPOBOXKIaeTca HaaydeHueM. Pa-
AHOAKTHBHOE H3JIyYeHHEe HMeeT CHOZHBINA cocTaB. B MarHmT-
HOM 0JTe Y3KHit TyH0K pajiioaAKTHEBHOTO H3IyHYeHH Pacierl-
JIAeTCA Ha TPpH KOMIIOHEeHTa (1 ﬁ. H pay4dn

o-pacnoan

Q-JIY9M OPEeICcTaBIAfanT cofoi MOTOK OBICTPO ABHKYIIHXCA SIep
rennd ;He (z-9actun). Orn 001agam0T BEICOKOH HOHH3HPYIO-
e crrocoDHOCTHI0 ¥ M0 TPOHUKAKIIEH CII0COOHOCTEIO.

G-pacoall OmEchkIBAeTes CJle [y OIHM HpaBHJIOM- CMenleHHH!

Ay - PRIy A-4 t
Ax ieriema , Ay, Shie

rae N — MATEePHHCKOE SIpo;
Y — nogepHee AIpo.
! ©-pacmag IpOMCXOIHAT TOJIBKO ¢ SApaMi ¢ HOJBITIAM Macco-
BEIM gucstom A (A > 200).

P-pacnan

B-nyuu npencrasasoT cobol noToK GHCTPHIX anexTpoHoB. Ouu
obnamaioT GonbIel TPOHUKAIIEH CIIOCODHOCTLID, A HOHU3U-
PYIONIas COoco0HOCTL 3HAYUTEILHO MEHBINE, YeM Y O-JIydei.

IIpaBumno ememenus a4 [-pacnana:

{ n ‘

| /‘1_ __-;-_:._-:_-_:L>£ 'l}r' 3

FU3IyIeHHe

PIIy9H OPEACTABIAIOT coD0M 2IeKTPOMArHHTHOE H3JIy4YeHue
¢ OYeHB MAaJIoi JIIHHOH BoaHE! (4 < 107" ), T.e. sBasioTes dak-
THYECKH MMOTOKOM }-KBaHTOB. OHH 00/1a7a10T CPABHATEILHO
HEBBICOKOH HOHHU3HUPYIOIIEH CII0CO0HOCTRI) W BRICOKOH ITPOHHA-
Kapieis crnocobHOCTRIO.

! Tlpu yHaJIyYeHHH MACCOBOE YHCIO /A U 3apAn0BOe YHcs0 /
HOpa He HIMeHHAKTCH.

) H3Iy4YeHHe He ABJIAETCH CaMOCTOSTENbHEIM BUIOM pacna-
74, a TOJBKO COIMPOBOMKIAET (- | [-pacHansl.




3nemeHThl SAEPHOR (PU3NKK

B3JIEMEHTHI ATEPHON ©U3BHUKU

OnemeHTbl AAepHON (HU3NKKU

3akoH paguoakTHBHOrO pacnana

3aKoH PANUOAKTHBHOIO PACHANA WMEeT BUL

L
N=N,-2 "= mmaN=N,. e |,

rne N —umucno sgep, KoTopsie He pacnasmcs K MOMEHTY Bpe-
MEHH {;

N — HavyajbHOe YHCeII0 Aaep (B MOMEHT BpeMeHH £ = ());

(1]
T, —nepmox nonypacnana;

-~ L.
A — MOCTOAHHAS pajHOaKTHRHOrO pacnajga (4= T );

2

¢ — OCHOBAHWE HATypaasHOro Jorapudma (¢ = 2.7183).

Ilepuox monypacmana — ato BpeMs, B Te9eHHE KOTOPOro
pacnajiaercs NOJ0BMHA HMEIIEr0cs YHCAa PagioaKTHBHEIX
anep. '

Yuecno pacnasnmaxes sinep AN Oyzer paBHO

1 -

AN=N,-N=N,|1-2 "=
HITH

AN=N,-N=N,1-e%)

! PammoaxrusHBIR pacnaj ABAAETCS CTATHCTHYECKHM (Bepo-
ATHOCTHBIM) TPOLIECCOM.

3aKoH PaAMOKTUBHOrO PacHaja ONpeae/IsieT cpeHee wuc-

JI0 aToMoR, PACHAJAIONIHXCS 34 ONpeJesIeHHEI MHTePBAJ
BpeMeHH.

AKTHBHOCTB PAJIMOAKTHBHOTO Ipenapara

AKTHBHOCTB PAJITHOAKTHBHOIO NpenapaTa — aTo puauye-
Ckasd Be/IHYMHA, paBHAHA YHWCIY pacnajoB, DPOHCXOJIAIIMX B
npenapare 3a eIWHNILY BpeMeHH.

Ecu 3a Bpemst At pacmagerca AN sgep, To AKTHBHOCTE paBHA

AR
At
W3 3axoHa pagHOAKTHBHOTO pacnaja ciaeayer, uTo
LA =AN,=ANje* =A e* },
rae A = AN, — HadaabHA# AKTHBHOCTDL Ipelrapara. .
! Enuunna axrusaoctr B cacreme CH [A] = 1 Bx (Gexrepens)
! BrecucreMHON eTUHHIENH aKTHBHOCTH aeagercs Hu (xopu)
! EAuHHAIIA AaKTHBHOCTH B 1 KIOPH— 3TO AKTHBHOCTH TAKOTO
npenapara, B KoTopoM nporcxogat 3,7 - 10'"arToB pacna-
pa B cexyray (1 Ku = 3,7 - 10'° Br).

Anepubie peaknun

AnepHas peaxumsa — 3T0 OPOLECC BIAHMOINEHCTBAS ATOM-

HOI'O #1pa ¢ 3JeMeHTapHOH 9YacTHIel HIH ApYTruM HSIpoM,

NPHBOAANIAN K NpeofpasoBaHui ANpa WK A1ep.

| dpepHble peakIMH IPOTEKAIOT B TOYHOM COOTBETCTBHH C 34-
KOHaAMH COXPaHeHHH AJIERTPHYSCKOI0 3apana, dHe Iy, HM-
myJbCa ¥ YMCJIA HYRJI0HOB ( MaccoBoro umcia A).

OueprernuecKkHil BHIX0J] PEAaKIHN PACCYNATHIBACTCH II0

dopmye AR < L

rae Am= % m,—~ 3 m, — PasHOCTb CyMMapHBIX MACC BCEX Yac-
' 7
THII 7I0 PEAKIIMY Y /M, ¥ TOCTIe Hee > m,.

; -
| Ecam AE > () TO peaxiys WieT ¢ BhiIeICHIHeM JHepIad | ee
HAa3BIBAKT 3K30TepMuYeckoi, ecia AE < () To peakius uiaer
¢ TOTJIONIEHAEM SHEPTHH U €€ HA3hIBAKT 3HJ0TePMHYECKOM
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3nemMeHTbl AnepHOR hU3rKK

3nemMeHTHl SOEPHOR (U3nKK

OcHuoBbl no3uMeTpUH

HanydeHns paiHOaKTHRHEIX BENIECTB OKA3BIBAOT 09€HD CHJITh-
HOe BO3JIECTBHE HA BCEe KUBRIE OPraHU3MEl. XApPaKTEpP 3TOro
BO3IEHCTRAA 3aBHCHT OT IIOIJIOIIEHHOH K036l H3AYIeHUS H 0T
ero BHA.

I[Mornomennas 103a U3ANy9eHUs [) — 3T0 BeIWIUHA, paAB-

Hafd OTHOIIEHHIO JHEePIrHH AW HaJIy4eHHsHd, IOTJIONIEHHOH 00-
JIy49aeMBIM TeloM, K ero Macce m:

AW
m .

-

Exmauna normomenso# noser B cucreme CH [D] = 1 Tp
(rpei)-

Buecucremnas egMHMIIA TOTJIOMIEHHOH TO3HL (/)] = 1 pas.
1 pax=0,01T'p-

—

.

Hornomennan qo3a onpenensiercs sHEepPruei UaJIyIeHus
€ro HOHM3UPYIOILIEH CIoco0HOCTERIO,

MomHOCTE NOIVIOMEHHOM 10361 H3JIyYeHHs [ — aTo Be-
JNAYWHA, pABHAS NOTJIOMIEHHOM 103e HANyYeH!s, OTHECeHHOK
K @IMHYIE BpeMEHHU! &

No
S

! Enmsauia MONIHOCTH MOJIOMEHHOH H03H B cucreme CH
< §
[N]=1 -E.
C

! BaecucreMHas eIHHHIIA MONIHOCTH IMOTIIOMIEHHON M03E

[Ny =1 B8R
c

JKCno3MIMOHHAA 1034 H3JIy9YeHHdA Dq-— 3TO BeJITHYHHA,

paBHAA OTHOINEHHIO CyMMapHOI0 3apsja ¢ HOHOB, 00pa3oBaH-
HEIX H3JyIeHHEeM, K MAcce ;; Tesa:

3a equHUIY IPHHEMAOT HHTEHCHBHOCTE TAKOTO M3JTyYeHU,
KOTOpO€e IPOM3BOAMT B | o CYXOr0 BO3AYyXa TAKOE YHCJIO
HMOHOB, CYMMAPHEIH 3apsa/] KOTOPLIX COCTABJIAET | [{n Kam-
JI0Oro 3HAKA.

Enwawnna skenosuimmorHo# noasl B cucreme CH | DJ]=1 Ko

e

KT
Ha IIPAKTHKEe 9acT0 HCII0JAb3YeTCHA BHeCHCTeMHasda eITHHHIA

perrren (P). Ora enuHuIa ABAAETCA MEPOH HOHHUIAPYIOIEH

CIIOCO0HOCTH PEHTIeHOBCKOr0 H3JIYYeHHS H TraMMa-H3ayde-

Hua. oza manydyenus pasHA OJHOMY PEHTTeHY, €CIIH B

1 em” CYXOr'o BO3ayxa IpH TeMmMmepartype () °C H HaBJIeHHH

760 MM pr. C1 oDpaayeTcs CTOJIBKO HOHOB, UYTO HX CYMMAap-

HEIN 3apsAa KAKI0T0 3HAKA B OTIE/TBHOCTH PaBeH 4 - 10 .

1P=2,58- 10" Ka/kr- v

OJKBHBAJIEHTHAHA 032 MOIVIONIEHHOTO H3JIy9eHUH — 3T0
BeJIMYMHE, PABHAA NPOH3BEJEHHI IMOTVIOMIEHHON 103kl [) HA
xoathduiment f rkavecrsa manyueHusn. Hoadbdumment kave-
¢THA BanivaesHns k MTOKA3EIBAET, BO CKOJIBKO Pa3 Hopamawnee
aedcTBHE JaHHOTO BAIA H3JIyYeHHs BEIIIE, 9eM PeHTTeHOBCKO-
ro, IpH OAMHAKOBOH [103€ MOIVIONIEHHOI0 H3AYYeHH !

D _=k-D

| Enmanna sxeuBanenTHOoi noss B cucreme CH [D_J=13s
{auBepT)- 1

! 1 3p COOTBETCTBYET IOTJIOINEHHOM 103€ | rpafi HPH K03gh-

duireHTe KAYECTBA HAIYUYCHUS], PABHOM eIHUHUIE.

Ha npaxTake 118 H3MepeHHA IKBABAJIEHTHOM 035l IIOIJI0-

MEeHHOTO H3Ty9eHH s HCI0NB3YIOT BHeCHCTEMHYIO eIHHUILY
Gap (OHONOTHYECKHIT SRBUBAJICHT PEHTIeHA).

1 6ap = 0,01 3s.

.
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3nemMeHTbl AgepHOn HU3nKn

OYHIAMEHTAJIBHBIE

Odoanagsenne HYucnoroe aanuenme

[locrosunan

2
['paBuTannoEHas G 6.67 - 10-1 Hn:
MOCTOAHHAS ot
Cropocts cBera ¢ 3. 108 M
B BAKYyMeE 2
AroMHaa eg@HALA a.e.M. 1,65976 - 102 kr
MACCH!
[Mocroannas Asoraapo N, 6,02 - 10" mons™
Vuaugpepcansuas R 831 Jax
rasoBas IMOCTOAHHAA . Moas-K
g""“’"“*‘*“ k 1,38 . 105 LK

oJBIIMaHAa

Obnem 1 Mons a5
HIeanbHOro rasa Vi 22,41 - 103
TPH H.Y. MUJII:
(p =10° I1a, &
T=272 K}
Marswrnag i, 4 07 15
MOCTOAHHAN M
DnerTpuueckas , D
HOCTOAHHASN € 8,85 - 107" S
[Mocrosunas [nanka h 6,626 - 107* Ik - ¢
Macea mokos m, 9,109 - 10 gr=
NTEKTPOHA = 5,486 - 10 a.e.m.
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OnemeHThl spepHoi huaukn

Obosuavensne |Yncaosoe 3naveHme

HNocroanuas

DHeprusa mokos m c* 0,511 MaB

3IEeKTpOHA

Macea noxos m, 1,673 -10% gr=

NpoToHAa = 1,00728 a.e.m.

JHEeprus moKos mpcz 938,3 MaB

IpoTOHA

Macea mokos m, 1,676 -10% gr=

HeHTpOHA =1,00866 a.e.m.

JHeprusa rnoxos m, c* 939,6 MaB

HeRTpoHA

OrHomenue Maces m_ /m, 1836,2

IIPOTOHA K Macce '

3JIeKTPOHA

DnemenTapHIi 3apas e 1,602 - 10" Kn

OrHomenue sapsaaa 5 Kn

AMEKTPOHA K ero Macce e/m, 1,789 - 10" —

(ynensabIi 3apan) e

II D e

ocrossaHas Papazesn F=eN, 96484 56 Kn

MOJIBL

Pajuye nepsoit a, 0,529 - 10" m

GOpoOBCKOM OpORTHD

Tocrosaunan Punbepra R 10973731,77 m!

1 a.em. | 931,5 MaB

1 aB (anexTpoH-BOJIET) 1,602 - 107® Tl
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