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Or arropon

flpegcranneuuuil Barrreuy BHrrMaHr{ro yue6nnx fiBJr{ercfl c6opxur<orrr
(rconcnerrom) lexqrafi, Koropbre qr{TaJrr{ ero aBTopbr Ha nporfiKeHlru
MHorrdx ne:r ceoefi rreAaror{.recr<ofi gexrenluocru B fTy ra npo.(oJDrilror
qrlTarr no cefi .qeur. Y.re6Hr{K npr{3BaH 3arronHrrrb Huuryn o6paso-
B;:IBIrryIoc[ B cB,f,3H c rpafiueil HeAocraTorrHocrEro y.re6nrarcon Ha pyccKoM

fl:brKe, nplr Aocraro.rHo 6omruoM rrlrcfle pyccKof,36rrHbrx cryAeEToB.

K.urra, s 5ofirmefi crerreH]r, [pe,qHa3HaqeHa An r cryAeHToB Brrclnero
npo$eccuonrurbHo-Texgr{qecKoro o6y.renur - Marepr,Iurn s uefi [groxeH
oqeHb KoporKo, xors, rlo Bo3MoxHocrl{, rrpocro I{ B BecbMa gocrynuofi grra

He oqeHE HcKyrrreuHoro qr{TareJrfl $opue. B yle6uuxe AaHbr oqpe.qeJrenu,

ooHoBHLrx, npolpaMMHrrx, $usravecxux Berr.rqru, [paBeAeHbr Soprnry-
nrrpoBrra $yuganaeu'rall,Hbrx 3axoHon ([usrarlr, a raKxe MareMarllqecrure

$opuynrr, ortr{cbrBarcrque yKa3aHHhre 3a(ou6r rr xapaxTepr.r3yrou$re rrx

$usu.recxue Berr{rruHEr, B neo6xogravrLrx cnyqaflx ,{aerc, u rpa$rvecroe
o[I4caHr.re Toro, I{JII{ I4HOTO SBIeHUX. Mareprnan a yue6Hurce H3JIoxeH B

[ocreAoBareJrrHocrrr, peroueugoxauuofi uporpalruofi Kypca o6rqefi

Szerzxu anq BTY3-oe r{ [orrHocrbro coomercrryer efi.
Anroprr c 6naro4apuocrblo rypr{Myr Bce 3aMearaHufl r,r peroMeu.qaur.ru ri

o6neareluro yqryr Hx n 4anruefiureM, B cfleAyro[trrn( r{3.{Eurrlrx yve6xuxa.

A.B, f lrruneuruBl{Jrrr,

H.I. Kananga^qe,

f.f. t{llxnaase.



3l errpo,4zn auu rca

SneKTpoAHHaMr{Ka
$1. Ilocroqnurrfi 3 JreKrprrqecKufi ToK

/ 3.nerrpu.recrgft ron qBrflerct nororoM 3aptrKeHHblx qacrr{u I{JrH
I{OHOB.

/ [ocroqnn],rM 3 Jre roprrqecKrrM Tor(oM Ha3 brBaercfl y[opflAoqe HHoe ABr{-
,r(eHl{e sapflrKeHHr,rx qacTHlf,

$nopr4o'rer*roe - aBlDKeHr{e qacrurr B oAHoM ranpaBneHr.rr c ormraxoBofi cropocruo)
lnaauofi xapaKrepucrrtr(ofi rora frBrs.wcfr crula rorca .I.

/ Cuna rorca - [pou]BoAnafl 3apqAa, E]rqyqero qepe3 rrcnepeqHoe
cetreHue npoBoAHHKa, no BpeMeHH

t=4.
dt

B cnyuae fiocrorHuorotoxa (l) npeBparqaerc, B

I =!. e)t.
B ueraruuqecxrD( npoBoAHEKax Hocrl:reilfiMr 3aps.Aa f,BJrxrorc, 3JreKr-

poiru. 3nerrprqecxufi ToK Bo3Hln(aer B clyqae rrailt,fltufr,3nelcrpr4qecKoro noJrt
Bu,,rpu [poBoAHr,rxa, T.e. Halrrqflfl p€l3Hocrl.r rroreHrlr,raJroB (uanpaxenur) ua
KoHqax npoBoAHqKa. Hanpae.neHue roKa Eporr{BoflonoxHo HanpaBneHr.rro
ABrrKeHr,Irr 3neKrpoHoB B npoBoAHr.r(e. B cacreue CH e.qr.ilruqeft roxa ssJr{ercs
alvnep. Pacnpereneulre roKa B ceqeHHr4 npoBoIIHuKa OnpeAeJr{erc, ruror-
HOCTbro rorca .7

.dI
'- ds'

[ppr 3ToM crrJ]a roxa oripeAenrrrcfl cneAy]orqr.rM o6parolr:

(t)

(3)

r = Ijds. (4)

B crryuae rocronuHoro rorca (3) ,lo; oo"ru**K,rc, B

j =I,1=./s.r (s)

Cnna rora Moxer 6utr onpegeJrer{a s qepes cpegHrcxr cmopocrb
3JreKTpoHoB, HiBrrBaeMyro cKopocrrrc apefi a e.nerrpouon D:

t =fu =) q = eN = env = ensl =d(nesl) = nrsL.ro 4 =o,dt dt '--* 
dt

*B;;=;?u,-*(*",..1
I=neSu, (6)

a ruroruocrr ror<a 6yge,r panna
j:neD. (7)

e,n, S - 3apt& KoHrrelrrpalpr, 3[ercrpoHoB ffIorr1a.& cerreHr4{ npoBorHlrrca.



Slexrpogxnauuna

$2. 3"ne rcrpoABrDrcyqafl c rrrra (3AC)
.{ru no4.4epxaHl4r roKa B rlen}r neo6xogm,ro coBeprrmTb pa6ory no

nepeMeulenr{ro 3apflAa B [poBoAHuKax. 3'ry pa6o'ry, [oMr4Mo 3neKrpuqecKoro
nOJIr, COBepIrraIOT ITCTOTIHIIKII TOI(:I - yCrpOilCrea, rryeBpaqarOque .nrOooft
BraA 3rreprurr B gJreKTpuqecrqyro. tr4cT ouHrirrr roKa xapaKreprcyrorcfi oco6oft
sr:fl tlq HHo ii - 3 Jre I$poAB lorcy ure ft c u,ro fi (eac ):
r'' 3.nercrpoABlamyrIar{ crrJra paBHa orHorueHr.rro pa6orr,r cropounux cran'

(nnemum crul) no nepeMerqeHr.fio 3apsra B rlerrll K BeJrr.rqaHe 3Toro
3apflAa

n=L
q

B cucrene Cl4egc lr]Meprercfi BBonbm(x.
IIorHas pa6gra, coBepuarcrrFrcs B rlem,r, onpeAeJrrercfl cplrr.rofi pa6or

Brrer[Hnx H BHyrpeHHIrx (xylouorcrcrx) crrr no flepeMexrcHrrro 3aps.Ea B rlenr{

W* =W *Wr.
fIoAeruB gro BrrpaxeHrre Ha 3aprA q, nonyqrlM:

14/>F W ,Wo
qqq

IIo onpe4ere ,^o Wo/ 
= et - (pz - patl{ocrb

/Ll

AByM, ro,iKaMH uer,, W/-=g- 3ac, a W Y= u -
,r, ,roo.ro ,u*r*"rr{ fu.qaHHoM ,ru"rn. (!t^.r.r.

U:gt-gz+fi.

$3. CoeguHeHr{e rpoBoAHrrKob
v' Iloc.fleAosareJlbnoe coeAr.rHeHrre - Korreq oAHoro npoBoAHr{Ka coeArrHeH

cHaqa.rroMApyroro W---ffi
i't= Iz -...= IN, Rr+ Rr+...+RN =I&, Ur+Ur+...+UN =2U,.

ii
/' Ilapasle.nbuoe coeAHueHr{e - HarraJra npoBoAHrrKoB coeAuHeHbr BMecre

U ITIOHUbI TAIOI(E BDIECTE
_Tr rr
-u2-...-uN,
I,+12+...+lN=21,,

i

(8)

NOTEHIIHTIJIOB MEXIry

naAeHr{e HanpsxeHrff

(e)

l/ - l/ - l/ r - l/ -\- 1,//R- /& ' /Rz ' "' ' /R, - l/n,'
t ,Crcpoume rurr - qrbrH@reKq)m trrc D npoxqorqou4 goi rqi rcql e s g eKpuqecmi qou



3lextpoauraMEKa

$4. 3aron Oua AJIfl yrlacrrca llgru r{ ero
Arr$Qe pe Hllr{arrbHbr fi BrA

Arx oAlropoArloto yqacrKa IIeIIu, He coAepxaqero e4c (ctopot*tlIe CI'IJIbI

crrcyrcTByroT), cocrrnoureuue MexID/ ToKoM r.r HafipfixeHr{eM 6ruo ycraHos-

JreHo HeMeqKuna $usUrcOu leOprorr OruOiu u HOcI{r Ha3BaHHe 3aKoIIa Orrla AIq
yqacTKa qenH

t=V.
R

(10)

/ Cwta Toran B [poBoAHuI{e npflMO npO[OpqnOHaJIbHa IIA[psxeHIIIo Ha

KoHrrax flpoBoAHHKa u o6parno Eponopql{oHaJrbHa ero co[porlBJre-
HIIK).

Benuqusa R= p l/"- cofipcnlrBJle,ue npoBoAIrI'IKa - ero uIaBHa,
/J

xapaKrepr,rcrr.rKa, I,BMepterc, B aMcE (fl). 3necu I - Nru:fla npoBoAHHKa, ,S -
rUIotllalsnofiepeqHoroceqeHlrr[poBoAHI,IKa,p-yAelbHoecoEpoTI'IBneHI'le

MaTepnaJra 11pOBOAHI{Ka, YgenlnOe COnpOTHBne H11e MeTaIJII{rIeCKOro IpOBOA-

Hr,rKa pacTe1r c pocToM ero TeMllepaTypbl:

p= po(t+at), (ll)
po - y$el[,,{oe conpsrr.IBJleHlle npoBoArlHKa npu }oC, p - EpH tac, d -
TeM rre parypHur ft r<oeQQ nune HT coIIporEBJle HI4q, qucre HHo pae6t fi orHoc I'I-

TeJrEHOMy lBMeHeHlIrc yAeJIEHoro co[poTIrBneHI,IJi npoBoAHI'IKa npll IIBMeHeHIII'I

eroreMneparypsr na l'C
P- Po (12)

I

pot

!,ra .rucrsrx MerarnoB o = /Zll.
3aron Orr.ra Moxer 6rtTL npe4cmBJleH B .qlaooep€Hu[anEHoM BI'IAe, ecJlu

corlporlBreHue H H€]IIptxeHI'Ie 3aMeHETb coorBercrByIoIrIHMH BbIparlKeHI{,MI'I

R=pL,(J=El,' s'
E - uanpxxeuH@Tb gnexTprr{ecKoro noJlt BI{yrpH [poBoAH[IKa.

- EIS I E I .1I = ":7, | = 1+ ; = j,- = o > j = oE, o - rpoBoArrMocrb.pl S p ,S "'p
j=oE. (13)

(13) npeacmnnaet alrt$$epenquamr*Ift BI'IA 3aKoHa OIrla, rge npoBo.qtl-

Mocrb xapaKreplayer roKonpoBoArllryrc cnoco6nocr:s MarepI{EIJra IIpoBo,{HI{Ka,

TOrAa, KaK yAeJr6Hoe co[poTI4BJIeHUe - COnpoTI4BJI-rIeMOCTb MaTepI{aJIa IIpoBoA-

Hr,IKa flpoxoxAeHl,[o B HeM TOKa.



3lerrpotrEHaMilKa

$5. Pa6ora rr MonlHocrb roKil. 3ar<on {xoylra-
Jleuqa u ero Arr+$epenrlrraJrbHbrft nqA

flpe4cTaama 'rox, rerryqufr qepe3 oAuopo4rurfi npouogHux. B reqeHr,rr4
gneMenrapHoro npoM ex)"rKa BpeMe Hrr dt z apa g, uepeuoc rara rr fi B [poBoAHHKe

dq = Idt. (14)
Ilpr.r sT ou pa6ora slercrptFrecxoro rroJr, rro nepeMerqenurc 3aps,Aa, a 3Ha-

urr, n pa6crra roKa paBua

dWr =Udq =UIdt. (15)

C [cnomsoeauueM 3aKoHa Oua Aru yqacrKa r{eflH MoxHo floryr{Irrl
etue ABe Soprraynu 4nr pa6oT uT ora:

rr rt tt2
I =\, dw =IJ \d, =y^.a,, IJ = IR. dvfi = IRRdt = 12Rdr. (t6)R, R R

florsaq pa6o'ra, coBeprueuHafl ToKoM no BceMy npoBoAHaKy 3a vpev,t t
ofipeAenurc.fl prHTerpalroM, 83 rrLrM rro 3neMeuTapnofi pa6ore :

w = I aw = ! Utdt =tJIt =!i, = f n,.
R

Mouuoc'ru ToKa orrpeAeffercr, KaK cropocrb coBeprrreHru
paBn:r flpor{3Bognoii pa6orsr no BpeMeur.r

p=dw =uldt =[JI=!t =pp.drdtR
B crryvae nocrofiHHoro roxa An AaHHoro co[portrBJreHrrfl MoulHocrt

BeJlrlrrrrlrHa flocTosHHar. (18) cnpaee4rr.rBa B ToM ctryqae, eclrr.r Bcfl 3[eKrpu-
qec(aJr 3Heprufi B rrpoBoAHHKe Bsr.{eiurercfl B Br{Ae renJra. Tarlre [poBoAHr.rK]I
Hal3brBarorcfl EaccrrBHbrMH pe3rrcropaMn. $rccxufi yueuufi Jlenq r,r anrlufi-
crraft Srrrm [lr(oyJrb cnKpbrnr,t 3aKou, uocxrqrlfi px HMr:
/ S.rcrrpuqeclcafl 3rrepr[fl B naccrrBHoM pesrrcrope rroJrHocrbro

rrlaeTcrr B Teruo

dQ= 12Rdt '
B crryuae nocroflHHoro roKa

Q=12Rt'
Ilpespaxrc HHe 3neKrpr{qecrofl e Hepr uu B TerJro o6sxcrisercs cJre4yro-

ulrara o6pasorr,r: rrp]t cBoeM ABrDKeHr,[r 3nerTporrbr B npoBoAur,rxe craJrKr4Barorc{
c HonaMr! pacnonoxeHHbrMu B )BJrax Kpr.rcraJuruqecxofi perue.rru - npl4 3ToM
KI,II{er}FrecKzur 9Eeprr4s gneKrpouoB [epeAaercx r.rouaM. B pesyntrare 3Heprrrr
rolrebanlrq HoHoB Bospacragr, a BMecre c rrcft lr Br{npeHnrr{ 3neprrrr qpo-
BOAHT.IKa, KCnOpaf, , COTJIaCHO rrepBoMy 3aKoHy TepMoAr.rHaM I,IKI,i, BErAeJr{eTC' B

BrIe TerrJra - [poBoAHr.rK HarpeBaeTcs.

'(17)

pa6o'rrr u

(18)

npeBpa-

(1e)

(20)



3rexrpoaxnauaxa

flpe.{crarrnr 3aKoH Axoyrs-Jlenqa B r[Q6epeHqr{ilrbHoM BHAe : Bbr.qe-

rruM B [poBoAHr{Ke 3rieMernapHbrft o6re,u dv = sdl . Fro conporraslenxe
)t ,/

R = pu/5, a crzrra roxa, Ter(yulero qepe3 Hero - 1 = _/5. Temo, BrrAeruBure-

ec.r B AaHHoM o6'beMe dV zaBpeMfl. dt , [peAcraBrrflercr B cire.ryrcu{eM Br.IJIe:

de = I2 Rdt = i2 s2 p{ at = pj2 Sdldt = piz dvdt .

,s
flpamrvecr<afi r4HTepec [peAcraBJrter r.H. ruroruocrb 3Heprrru B eArr-

HHl{y BpeMeHH - cxopocrb pac[peAeJreHr,r, Te[Ira no o6teuy npoBoaHrrxa

dO .)*=;ffi- pt-.

flporcne4a roAcraHoBKH p = yo, j= oE, nory.{r.rM: ]4, = +,6
w:o82. el)

3ro E ecrr an0QepenuualuHsrfi BUA 3aKorr:l lxoy.nr-Jlenua.

$6. 3arcou Orvra Arrq rrorrHofi (rarrrnyrofi) ueuu
Iloluas 3Jrercrpuqecr€ur qerc trpeacraBJrrrer co6ofi coaoxyfiHocrr

IIpoBoaHuKa, [oArJrroqeHHoro K r,rsrorrnuKy rora. Cocrrnoruenae naexrlr clurofi
ToKa, HafipflxeHlreM Ha KoHqax npoBoAHHKa u 3neKrpoABraKyuefi cnnofi (s4c)

HcrotIHHKa (Y=Wf - *ro*"uue paomrr croposr{ux cr4Jr tro fiepeMeule-' /q
HI4Io 3apfiAa B r{s[r.r K BeJrurrr,rHe rapr4a) orype.(en erc, 3aKoHoM a*ra Nts
nonnoE qenu (uenu, cogepNaupfi sgc). BunegeM 3To coorHorueHrre, ofilrparcr
Ha 3aKOH COXpaHeHrlUr 3Hepruu - 3JIeMeHTapnar pa6ora cTopoHHEx CLIII rro
ubperueqeumo 3apfl.\a B rlenr{ qucneHgo paBlra cWMe 3neMelrrapgbrx KoJrH-
qecrB TerrJrorsr, BlrAeJrrrourrD(c fl Ha lHeutHetw (R) 

" u,ry*p"unea (conpo.rvs-

JIeHHr.r caMoro rrcrotrHr,rra rora) (r) co[pc[r.rBJreur{rx qen}r

dW*- dQ^+dQ.
flprnaeru,u K 3ToMy BrrpaxeHr.to Qoprraynrr rts 3aKora ,{xoyru-Jlerrra u

<popruyny eac SIdt = 12 Rdt + Izrdt . Coxpaqar na ldt , nonyliru.

fr = ^IR+ Ir = I(R+r) *,crreAoBarerrbHo 1= -I-.R+r
Ecnu qenr coAepxr.l:r HeoArropo.qgBrfi y.racTor, To.B [ocneAHeM BErpa-

xeHr,rH norBJIrIeTc, eue lI IIa.4eHl{e HaIIpr}KeHrL tm 3TOM yqagrKe

I =fi*u .
R:8

3Aecr R*- rroJraoe coflporr,rBJreHr{e uem{.



3rerrpoAnHaME(a

$7. Ilpanr{rra Kupxrosa
./ y3floM Ha3blBaercq roqlcr IIenH, rge coopano IIe Melae rpex [poBoA_

III{KOB.
/ Ilepnoe npaBr.rJro Knpxro$a - a.nre6pauuecr€rfl c],lvrMa roKoB, Tercyqux

rrep$ JEe& paBHa HyJrro:

Q2)

r' Bropoe npaB,Jro KupxroQa - B 3aMKH)"Toii qenn alre6pauuecrcaa
cyvrMa Hanpaxenafi (nporrrseAeHnft cr.rn rorca H conpornBJrenaft) na
KO Hrra x npo Bo BoAHr{KO B pABHa a.nre6pa uuec ro fi cyrurre ogc, 4e ficroyro-
rurrx B qerr[:

Zrono =Zur = Ifr,
kki

83)

ZIr, =0.
k

Yser
3arra xnyrrrft yqacror( qenu, cogepxau.prft sAc.

$8. 3nerrpuqecrcr.rfi ToK B xtrurcocrrx" 3arcorrr
@apage n AJrfl 3 Jre Krpo Jrr{3a

llucrue xlrrxocrrt KpoMe pryr]L upr,r o6rrvnof TeMneparype, KaK [pa-
Brrflo, IUIoxue npoBoAHr{r(u 3reKTpr{qecrBa. Ho ax npoBoAlrMocrb pe3Ko BoB-
pacraer, ecJrr,i cMec6 coaepxlrr coJrH r,uu KLrcJr0Tbr. Taxae xlrgxocrr.r Ha3brBaror
xr,rAKHMtl [poBoaHrrKaMH r.rJrr{ 3JreKTpoJrr{TaMr.r (npoeoAruacu BToporo poAa,
TOTIA KAX MCTANUITIqECKI'IE IPOBO,qHIMI,I _ IPOBOAHI,IKI4 IrEPBOTO POAA). IIPrA
cronKHoBeHr,ra uefrrparrsrux MoJreKyJI Siler$poJrrlma oHI,r pacqelrlurrorcr, Tepfl,
ulrr'r 3a)GarLrBa, oAr{H mrr 60lee 3neKrpoHa. T.o., ognu MoJre(yJrBr nonyqaror
rc 6rrT oqrurfr rroJroxr{reJr6HLr[, a 4pyrae - Eg 6rrro.rrGrfi orpr.rqarenrnufi
3apsl6r, o6pa-: ya, cJreAoBarelb Ho, Houbr o6orac s Haros.
/ Irporrecc pacqerureHrrfl neitrpa.rrnrrx MoJrer(yJr B r{oHr,r rra3r,rBaercq

IuccoulraUuefi.
/ o6parnrrfi upoqecc - Boccra,oBrenue rrirrpaJrb,Lrx MoJrer(yJr rB

r{oHoB, Ha3 blBaercfl pe xom6una qr.re [.



3lexrpoaEHaMHKa

lIpN norrleqeHHfl B 3neKrporl{r snsKrpoAoB - (+) aHoAa A H (-) KaroAa

K ra uoAxrircqeHl4q I,D( K LIcroqHI4Ky roKa I1oA .qeftcrBl'IeM BogHHKIIrero

3JleKrpr{qecKoro ToKa orpuqa.renbr.rbre r.roHbr (aur,rouu) ABIDKyTCfl K aHoAy, a

rroJroxrrrreJrLHbre r{o}rEr (ratr.rolsr) * K KaTOAy. B enerrpolrme Bo3HI4KaeT

3reKrpl4rlecKl,tfi TOK, a Ha KaToAK OTyJIaAbIBaeTcf, BeIuecTBo, pacTBOpeHHOe B

3nerponrre (nanpmuep, MeAb B MeAHoM Kyllopoce CuSOol
/ Ilpouecc BbIAereHHq BeqecrBa Ha 3flenTpoAax (pacueruIeHue MoJre-

rcyJr 3Jrercrpo.nrra), cnreannrrfi c oKrrcJrr{reJIbHo-BoccTaHoBIITeJIbHBlMH

peAKIIHflM Hr IIa3 [,IBaeTCg 3JIeKTpOJIIB OM'

C uarpeaaulleM [poBoAl4Mocrb 3JIeKrponIroB Bo3pacraer (conporm-

neHr.re weHbumercx) - [epeAaBaeMoe Teluo BeAeT K yBe,'I}IrIeHLIIO 3Heprnl4

MOJreKyJr, cIeAoBaTeJrBHO, CI4Jrbr r{ qacToTbl CTO;1KHOB9HT1fi uoleryr' a 3Harlm'

I.I K pOCTy rIHCJra Hocrrenefi 3aptAa - I',IOHOB' T'O' TOK B 3neKtporEte

BO3pacTaeT,

AHr:rraficrczft $rcrarc Mafilol (DapaAeil oTKpr,IJI 3aKoHbI 3neKrpoJMa:
/ Ilepnufi ranoH OapaAefl - Macca BeuIecTBa, BbIIeJIIIBIueroCfl npll

3JrerpoJrrBe HA 3JIeKTpoAer nponopquouaJlbHa 3aPqIY; npoureAlrreMy
qepe3 3reKrpoflEr

(24)

llolnas Macca, BEIAeJII'IBIIIaflc, Ha SJIeKrpoAe 3a BpeM' f , onpege'nrrcr

rtrrT€rpafloM

dm = kdq ) I =o%r,0, = Idt = dm = kldt'

*=[dm=lkldt=klt,
k - e;re rrpoxrnr uqec rorfi 3 KBI{BaJIe HT Be[IecrBa.
/ Bropofi rarcon (DapaAes - gJleKTpoxrauuueclo'rft

uHoHa JIe H ero xlrMlrqecl(()My ? KBHBaJIe rrry :

Xnau.recrurii e rcnnearerrr * : %,r, M, fi - cocnssic, eeHHo, IvtoJlflpHafl

Macca H BaJrerrTHOCTb BeIrIecTBa:

Q7)

F =eNe =96500- qlrcJro (DapageL Nn- nocrorHHaa Aaoragpo, e-
orreMerrrapHblfi r apaa (3 apqA e.ne rrpoHa)'

Coealrnsx o6i saroHa, ,,puxoAlrM r o6teAuHenHoMy 3aI$Hy (Dapaaer:

1k=-X-
F

ox Mo M-
l/l=L-=-----L=-lt,FnFnF

Qs)

3KBr.rBa,rIeHT flporcp-
k-x. Q6)

Q8)

C nparruuecroft roqxra 3peHI4{ oqeHb Baxno orrpeAeJll{rb cpeAHIoIo cro-

pocTb rlapacTaHl{rl cJIo, BeuIecTBa IIa 3neKTpoAe npu 3nel(rponrBel



Slextpogrnauura

dm = kldt, dm = NV = psdh, I = iS ,

psdh = kisdr . d/0, = %. 
,%,= o .

ki/cr.reAoBareruHo, u ='t/p, (29)

BeLrIecTBO, 86rAetrr.rBrrreec, Ha 3IercrpoAe,
p - rursTHocTr, Ber{ecTBa.

$9. Te pruo3 JreKTpo HHafl 3 MHcc r{fl
3lerrpousr npoBoAr,rMocru (cno6ogr+re 3JreKTpoHbr, He cBr3aHHBre c

-silpoM aroMa) s ue'ra"rue a o6rr.{rrrx ycnoBr.t x cno6o4uo nepeMerr\fl$rc, B
o{5teue npBoAHr4Ka, Ho He cnoco6rsr errrrru Hapyxy rlsaa clrr.r llprrrtr){{eHu,
[r)Jroxme.iibHLrx ,roHoB KprrcraJilr]rqecxofi peuerru. Ho ecnu oHr,r [onyqaror
AonoJrHlrreJrbuyro 3Heptrco rcrne (o6rrvuo rrocrynaro[ryro B euqe rerua),
ctfu[bl npl{tflxeHwl uoHoB npeoAoneBalorc, Lr 3JleKrponst uaqugatgr- ucna-
p.,rTbc, c noeepxuocrrr MeTaJrJra - 3Tcn Ilpoqecc Ha3brBaeTcs TepMo3fleKTpoH-
s,o ii e *r lrcc r.re ii. Te pnao:aercrpo nuu fi ror Aaerc, ypa BHe HrreM puva pAc o Ha :

^_bI=ATze T,

slpct A - flocrorHHar, b - uocroxuHar, Ha36rBaeMaa pabo.refi $ynrcquefi.
Tepnr oe.nercrponHa, 3M r,rccl4rr npl4M errrrerc, B TeJIeBr.B opax, KoM flr,rc-

TepHLIx MoHmopax 14 T.A.: 3neKrpoHEI, l4cllapJlloxlaec, c noBepxEocrll OITJIEHO

HifPCTOTO METAJUIA, JIET{T B BAKYYM}IPOBAHEOM CTEKJI'IHOM oArurOHC A 6OIr-
6apalrpyror 3al[ilo]o qacrb (r{Hecrona. 3lelcpouHEre rryqKrz ynpaBn_s]orc,
3NEKTPI{qCCKI,IM I4JII,I MATHI,ITHEIM IIOJI'MH B COOTBETCTBI,IT C IIOCTYNATOIJtr4I\T HiI
ar:rTeHHy curHalrroM; rom6ruralluq ocBeuleHHbrx l.r 3aaeMHenr$Ix Toqe( AaeT
xro6paxeuue Ha 3xpaHe.



3r errpo4rHaun ra

$10. S.nercrpurrecKrrfi ToK B ra3ax
/ IlpoxoxaeHrre gJrercTprrqecrcoro 3aprga qepes ra3 rrtulbrBaercr{ gJreKTprr-

qecKHM pa3pqloM.
llpr.r o6ulvuorrl AaBrreHHH 6orsru[Hc.reo ra3oB rre o6aagarr cBo6oAHErMH

3apqxeHH6rME rracrrfl-IaMr-r, T.e. ,BJtfirorcf, rtoJr{TopaMr.r. Cyulecrsyror pa3Hbre
MeroAEl [peBpauleHr4rr ra3oB B npoBoAr{ul(I{ 3neKrpuqecTBa - HaAo r4oHr,r-
3I{poBarb ra: - o6rrqro sroro Aocrr4ralor ero HarpeBau[eM luu o6ryueuueu2.
Iloayuax ,qoflorrHr.meJrbHyro oHeprruo, xefrrpa-nunre MoJreKyJUr qaqe u crdrrrHee
cTaIKr{Ba}oTc, Apyr c ApyIoM B llpoqecce xasrHqecKoro ABr,DKeHr,r{, [pi.r 3ToM
oHr.r pacurenJrrlorcfl Ha noJIoxprreJIbHLIe I{oHbI u 3neKrpoHrr. Clegyer o'rue-
TI,nb, qro Bo3MoxHo IIorBJIeHlIe LI He6on6luoro qHcJIa qrpilrrareflLHblx troHoB.

Paccnrorprur,r c'rernsunrtft 6ataou c Brl;rrHHbrMlr ry.qa aHoAoM r,r Karo-
.qoM, [oAcoeAr.tHeHHErM, coorBercTBeHHo, K (+) ra (-) uc'louxnxa .roxa, I4osu-
3aTOp nopoxAaeT B rA3e rroJloxrreJrbrrrJe u oTpr{rBTenbr{bre 3apr)KeHHbre qac-
rrarpr (nonoxHteJrbHbre uoHbr rr srercrpourr), Koropbre r{IrrHHaror ABr,DKeHr,re k
cogrBercrByro[IrzM 3neKrpoAaM - B ra3e npoxoAr{r grercrpnqecKr,rft ror. C
noBErrueur.reM ltanprxeHr.rfl Mex.qi 3JrercrpoAaMr,r pacTeT H ToK, o.4HzKO nO

aocrlDr(eHur{ o[peAeneHHoro 3uaqeHtul - ToI{a HacrlqeHug, Aarnnefiruero
yBerErIeHLIfl ToKa He na6.nroAae.rcr - IIpurIH[Ia B ToM, qro Bce 3apr)I(eHHEIe
qacrul6r Aocrr,ralor coorBercrByroqr.rx SjreKrpoAoB, 3Haqur rox 6omrue He
Moxer pac'ru. Taxoft pa3prA ra3a Ha3LrBaror rrecaMocroflTeJrrHLrM ra3oBbrM

Ecnn ua npaxeinE c urs uo rroBsrc r{T6, 3neKTpoHbr pa3ronrrrorc, MouEbrM
3nercpEqecKr4M noJreM go 6olrruux cxopocrefi u c orpounoft cu.noft cramu-
BaIOIC' C MOJreKyrrrMr.r ra3a, pacqeruUl, I,D( Ha noJlor(meflbHbre uol{El a sJreKr-
poH6r B oolruronr Kori,I.IecrBe. rlopoNgaroqlrec, IIpI,t 3ToM SJIeKrpoHbr, oKal:r6r-
Baficb B 0I4II6HoM 3rel(rpEqecKoM noJle, ctlMH HaqI{HaIor pacrqeunar:r ne['r-
p€ulbHbre MoneKynr,r r{ T.,4. - cTpeMr,re.[6Ho Bg3Hru(&eT OTpOMHO0 KonrrqecTBo
3apfixeHHBrx rracrr.rq o6oero 3naKa, ycrpeMJrrrouryD(c.ff K coorBercrBylouE\4
greKrpoAaM, [pr.r 3ToM [oJrox]IreJrBHbie I,roHbr enle r.r sH6uBaror 3neKTpoHbr !n
KaroAa - flpoucxoAr.rr Hexourponrpyenrrft pocr rrHcra 3aprxeuHrrx qacrr.rq a,
3Haqllrr, H ToK IIOqTI{ MTHOBeHHO [OCTIrraer orpoMHblx guaqenrafi - STcrt
flpoqecc Ha3brBaeTcr caM ocToflTeJrr, H6tM ra3 OBETM pa3 pflAOM.

3 Gryv mqlw notr3arp M Mo ry 16 rrc: rc w es ea1ryH, p Emo Eo etrsyc rug
yr rp {xol m rrerycu,p atrm Ha e Esyq 6re

pa3psAoM.

caMocTorre



$ 1 1. 3ne rcrpr.r.rec rcufi To K B rro Jry rrpo BoA Hurcrx
Ilotynpoeognuru.r (r/n) orHoc.rrrc.{ K KJraccy rBep.Erx reJr, HaxoAr_

II(HXC'I MEX.ry NPOBOAHHTCAMI{ II IBOJIqTOPAMII 
',O 

3HAqEHI4'M YAEJI'HOTO
c,Jnporl4BreHHq. Ha[6oree rBBecrHBrM u nln sensrorca repuannii (C") 

"rcperunnii (S;). O", nplrHaAnexar 4 rpyune nepr4oAprec,.oft cac.reur,r MesAe-
r'eeea. Y lrx aroMoB Ua eHeur'ei op6nre no 4 eanerilr*rx 3neKrpoHa. Kax&rfr
aroM B3ar4MoAeftCrrym c 4 coceAn nr{ aroMaMr4 06MeHr.{sascr 3fleKrpoHaM,,
nprr 3ToM o6pa:yrcr rerpa3aplrErecra, crpyKrypa. Tarax a*rr" ,*ruu"ra,
r<oea,e*rHoii cBrBl,r.. rlpu urrrro< TeMneparypax BaJreHTH're 3JrercpoHbr
[poqHo cBfl3aHr,r c rApou aroua. Ogaaxo, c yBeJrnlreHueM TeMneparypbr reruo_
Bia, 3HeprHrI BaJreIIrHbIX 3JlerrpoHoB CTaHOBLrtc, 60nrme 3HeprHI{ cBr3r{ c

''[potvI, 
KoB€uIeHrHbIe cBq3 I'r pa3pblBalorcfl 

' I'I 3JreKrpoHEI craHoBfiTc, cso6oA-
usrur. Mecro, rAe paHbrrre HaxoArrncfl 3JIeKrpoH, nortruyrruafi aroM, Ha3br_
Baercfi gr,rprcofr, u oua HMeer noJrolrurelrrurft 3aprI, paBHErft saprAy e.rerr_
poHa, T'e- 3JreMelrrapHouy. -flcuo, rrro .&rpKa 6yAer: 4er.rra'rLcr B HarrpaBJreHr{r,r,
trporr4BoEonoxHoM HanpaBneHHlO ABr,Dr(eHr,UI SneKrpoHa. B o6srvr4,rrycJroBlrrix
I'rx ABroKeHrlre xaorlfrrHo. HO eCAU ga n/n [oAar6 r{aqprxeEae, ABlDKeHlre
s.IIeKtpoHoB u hrpox craHoBrirc, ynoprAoqesHbrM - s Jn reue:r rox. T.o., nn/n lnaeer uecro xou6unapoBaHuar - gJrer$poHHo-AbrpoqHas rrpoBoAu_
V'OCTT. IIOgNI,DKHOCTL 3JIEKTPOHOB, KAK IPABI,INO, 3I{AqETEJIbHO NPCBbIIIIAET
IIoABIDr(HOCTL ltrrpoK.
r'' truc*re r/n: nporo4r.auocrE ecrecrBe'HLrx, trpnpoarmrx n/n nasrleaerc.s

'rucroii [poBoAr,Mocrrro. rluc*re r/n oonaAargr cBo6oAnsrur HocrrreJ,r-
Mu 3apfrpa, Koroprre nopoxAeHsr HarpeBoM. I4x xolaqecreo, o6rluuo,
HeBenuKo.

v' flpuuecqrre nlnz npoBoAr{Moc* r/n uoxso r4c*ycrBe'Ho yBenr,Hr{rE
Ao6aeresueil{ o[peAeneHublx np neceii. Ecru aron fl/n sa.N,reHrerc.fl Apy-
rrrM, HMerour,rM 6o*rue 3JreKrposoB (a rh 4 rpy[n6r ao6aimrqr iln 5 wru
6 rpynn), Bo3HuKaror Ao6asoqrcre cuo6ogr*re 3JrerTpoHbr (1,2 u 6onee)
3JIeKrpoHHru [poBoAr.rMocrb n/n pamer - TaK[re [pr4Mecr{ Ha3ErBaroT
AoHopHbrMr.r 

',p,MecqMrl 
a r/n crauoBlrrcfl n:TH[a (c rc6rnouuoft

snerrpouuofi npoBoAfiMocrrro). Bnu x r/u Ao6aerrlor np1rMec6, y aroMoB
xoropoft MeHLrle sreKrpoHoB (2 r,r 3 rpynn), osrr 3axBar'rBaror HeAocraro-
qI.IE ANj{ OPTAHIAAqII{ XOEAICIilEOI CB'3I4 3JICIOPOHbI, qPII sTOM BOSHI,IKACT
r*6rrro.{Hoe q,ncao AErpoK (1,2 w 6onee), pacrer &rpoqHaq npoBoArlrMocrE
r/u- raxse npr4Mecr{ HiB'IBaror a*rpnropHbrMn flpr.rMecrM 4 a nluera,o-
Br4rcfl p-Trrna (c ar 6rrrovuoft .6rpo.ruoft npono4ma oc.rrro).

3lemprtecxax rlpoBoAnMocru r/n pac:rer c pocroM TeMueparypbr.
Tbxraru o6pa:oM, Bo3'aKaer_6olrrue 3Jreropo'Ho-Abrpoq,brx uap, 4eicrayro_
I-IIr.Dq KaK HOClmeJrr{ 3aprAa. 3rerrponrr r4 .&rpKr{ s r/u.faro(e IIo,&rDI(HEr, r(aK
n cro6oAnale gnercrpoHEr B MeraJUrax.



M arn etu eu

M a r H e rr{ 3 M

$1. MaruHTHoe uoJre. I{u4yrcqufl MarHlrrnoro rroJrff.

Mar sr.rrmre crrJro Bbre JrHHrrI{
/ B npocTpaHcrBe Borcpyr MarHrrTa HJrrr npoBoAHUKa C TOKOM CyIUeCT-

ByeT MarHrrTHoe rroIe.
Paccuorpnr.t 3aMKHyryIo paMICy B MaTHIT THoM none (pucyuor)' 1 ec'rl

cr4Jra roKa, Te1ylqero B paM1e, S - unoqa.qb paMKI'I, a ,? - noro)KlneJlbHa'

HopManL K Korrypy paMKn, olpeAenreMar{ [paBI{noM npaBoro 6ypaavma'

KorAa rox TeqeT r{epe3 paMKy, BO3HI{KaST MoMeIrr CBJILI, BpauJatorqtlfi paUxy u

HaflpaBneHLIlI, rAe HOpManE coB[aAaeT c HaIIpaBneH[eM BeKTOpa ruarnrrrnoii
--)

rrr{AyKqHH ,B- rnasuofi xapalcrepl'Icrl'Irofi uarurrrnoro flollf,, T'e-

-) [---+ -+l
x =l pxBl,

IILJ
-,
p- BeKTop MoMeHra MarHrrt'Horo AunoJrt paMKI'I. ,{.m ruocrl& paltox

+ + 
-/p = IS n . Oruoueuue B = TIS, "npur",qnlrBo 

An{ Bcex ruIocKI'D( paMoK.

Marurmnoe noJle xapaKleplByerc{ cI'IJI0BMI'I cvnwtMt4 - JIHHL'MH Mar-

srruofi ,rH[yKq]Iu:
/ Kacare.nsHafl K JrHHrrtI *rarurrrnoft HHAyIcuHl. KaxAofi Toql<e coB-

naAaer c Irn npa BJre HrreM Be KTopa tr ar nrrrHoft I{IlAyICIIIrl{;
/ Ilac.rOra CwrOBbIx uunufi uarnrrrnOft rlrrIyKIIUU [ponOpqIIOHaJIbIIa

MOAyJrrc BeKTOpa lrrl4yKrlHn s KaxAofi TotrKe. Tau, rAe ctuloBble JII.IIIHH

pac[OJIOxeH!,I rycTo, MaTHHTHO€ n0Jle ClLflLHOe - BeKrOp HII{yIfl{I'U
r.rMeer 6o.nHuoe 3lraqeHlrer a rAe JIHHTIII pacnoJroxeHbl peAl{or noJre

c;ra6oe.
Cffioeble JILIHT,II{ MarHmHoro noJL 3aMKHyrbI, y HID( Her tmqilJla r'I Her

KoHrIa. Hx saMKuyrocrb AoKa3blBaer, qro y MarHrruoro uoff HET He[o.{-

BIDKHbIX ECTOTIHI.IKOB _ MATHLTTEOE IIOJIE IIOPO)I(AAETC' SNEKTPIIqECTIM TOKOM _

ABIDr(yu$,IM t'Ic{ 3JIeKrpI{qecKI{M I,I 3aprAZlMI'I.
/ Ectr*t ror Teqer no nllqMorl,rnefiHouy [poBoAHIrIqyr clrJroBble JII'rHrrlt

noJrfl-IooHIIeHTpHqecKIreoKpyrcHocTurOKpy2l(arcqsenpoBoAHIrKr€cJlrr
xe roK Terler no rcpyrooofi paMle, clrJroBbre JrI{HI{I{ - npt{MEIe JIITHT{r'rt

npoHH3blBamlque paMl(y, H JrIrIIrb B OTAaJreHIrrr oT r8e coeAl'IHflroTcfl'
/ Ilpasnro 6yparvurca - ecJrn pyKoffrrsl 6ypanwrma BpaulaeTcfl B Han-

paBJreHHn cHJIoBbIx .nuullfi MarHI{THoro lrcJrfl, I(oHeIr 6ypanuurca

ABrD(ercfl B rranpaBJleHurr rolcar ecJIH ,I(e pyI$fiTICa 6ypanuura rpa-
ulaercfl B HanpaBJreHurr rolca, KoHeq 6ypanuruca ABt Kercq B Ha[paB-

JreHIru cltJroBrrx lunnfi MarH[THoro rroflq.



M ara eru:u

$2. Marnr.rrHbrfi rororc. Teoperua laycca
Marnurnr,rfi noror d@ r, upourcrrearorquE 3neMeurapHyro

fioBepxnocrr, d,S nepneu4uKyrurpHo e ii, oupe4enxerc, BLrpinKeuraeM

d@n - Bnds , (l)
3AecE Bn - HopMarrEna.r (nepnerguxynrpnax) r rroBepxHocrr,r Kolrrypa
cocraBrrflrorua, MarHr,mEoro [or_s. B o6u{eru Br{Ae 3To BblpaxeEr,le
[epen[cbtBaerc, c noMoulbro ttila d, MexAy lr.nrueii r.rHAyKrlr.rir r4 HopM€Inbro K
Konrypy

d@ = BdScosa. Q)

; 3aecr B, = Bcosa ecrb npoeKul,H

" BeKropa uHryKrlrlu Ha HopManb. Ilolurrft
xe MarHr{THBrft ngrox qepe3 HeK)rIo
noBepxHocT6, o[pe,qenlrrcf KaK

a=[ao= la,as. (3)

Ecnu norepxsocrr s 3aMKHyra, a c,rloBbre rvt*Lrr, KaK IBBecrHo, Taro(e
3aMKH),TLr, To noroK qepe3 Taxylo noBepxHocrr 6yger paoeN nyaro

@= !BdS=o. $)
s

3ro eupaxerue reopeMBt laycca B MarHerrBMe, floAqepKrrBaroqee
nrxpeeofi xapaKTep MarHr{THOTO nO;rr. E4raulrrla MarHr{THOfi Nri4Zxqlrr.r -
Tecna (tr), MarurrrHoro noroKa - Be6ep @6).

$3. -Ilnprcyrquufl Be Kropa MarHlrrHofi rurgymquu
Korfi'recrseH,oe coorHorleHue Mex.no/'rorolr .I ra uug5lxqrefi MarHnr-

Horo fionfl B laercs, cJre.ry]oqr.rM BErpaxeHr.reM:

CB= IBdt=Follo,
lk

rxe dl - 3neMerrraprbfr I,ritt'rra, po = 4/t.10-7 w/a.u- MarHr{THa,
rrMquBocrb cpeAbr. 3.ro earpaxeHr,re H€BbrBaercx quprcy.nrqnefi
I{HryKrIr.r[ BAonb 3aMxuyroro Korrrypa o cno6ogxolr.r fipocrpaHcrBe e).

Pucynox t< 3axor{y Buo{aaapa-Jl aflJtaca.
Arranepa.

BOC[prr-

BeKropa

PlrcyHor K c[Jre



Margeruru

^ $4. 3arcou Euo-Canapa-JIarrJraca
onuureu o6uq*r fi cnoco6 srr.rficneHr.r; eeKropa r4HAyKrlr,rfi M ar H,urHoro

rron{, cooAaHuoro roxoM B [poBoAur,rKe. Ilo4earu yqacroK npoBoAHr,rxa c
TOKOM rra 3neMeHTapHEre o'rpe3KH H, r{C[OJr63yr Sarou Buo{arapa-Jlaruraca,
paccqr4TaeM MarEr[HOe soxe dB B [pol43BoJr6gofi .roqxe flpocrpaHcrBa,
oKp)D{€roupro Aaru+rfi npoBo.qnr,rK c roKoM. Onpegetnrur HHA/Kuri}o
MarHrrnoro nor,t dB, cBrcaHrr)ilo c 3JreMelroM ToKa B o.rpere d/ r
flpor'BBonbHoft roqre [pocrpaHcrBa P na pacc.roaFluv r or [poBoAHrrKa:

)D psldl sin a
,r,.e d yron Mexl0/ HanpaBJreHr{eM r r.r oJreMerrou dl .n4m'

,,rli t -if
nerropnofi Sopr,ae 3Tsr 3aKoH 3am{ruerc, B Br4re dB = --1 . I. g"c"

4m'
'IpoBoIHHK 

g ToKOM, KaK OAHO I{en0e, nopoxAaeT MrIrH}rTHOe nOJre, paBHoe

B = Fo. [Idl.4*'i

$5. Cnna, AeficrByrouafl Ha rrpoBoAHrrrc c ror(oM B
MarHr{THOM rroJre. cwru Arvrnepa

Oupeaenlaa sneMenrapnyro cr4r!/ di e 1"*ryA*rnepa), geficreyrouryrc
-)

na srelaerr d / [poBoAHrlxa c roxoM f, pacuoaoxeuuoro B oAHopoAHoM

MarHr.rEoM roJre c rHAyKrIHefi i. arur*"r,fi yvensrfi Arr.rnep sKcrepr-

Me,r€lrr'ro Ao*a3a,, [pf,Monponopq[o*€urbr{yrc 3aB,c,rMocrE Mex.ry di n 
^-) -+

tr,8,d I , r.e. Ha roK 4eiic.raye'r ,,epneHA,Kyn puax (nopnransnar) cocrae_
JUIIorrE-a BeKropa MarHrrnoft rngyxuyu Bo = ,Bsin o, r.Q.

dFA=Bldlsna=Bnldl.
B rerropuofi Soprue crua Arranepa 3aflxrrrerc, cJreAyrou[.rM o6pa:ou:

-+ l- + --+l
dFA=tla txnl. 6)L]

Crua, 4efic.rnyroup, Ha BecL EpoBo.4sr{K, ofipe.{eJrlrrcr r{HTerpaJroM

Fe=ldFe= laSil=Bnlt. (6)
I

Hanpanleuue cwrrr Alruepa o[pe.UeJurerc, [paBr,rrroM .neaofi pyrra:

t6
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/ Ectttt HopMaJrLHarr cocraBJrsrorrl4q BeKTopa rlrr4yxrrr.rfi BxoAnr B
JraAoHr,, a qepbrpe BbrTrlrryTblx naJlr,qa HarIpaBJIeHr,r IIo Tolqy, To
ororrryTbrfi Ha 900 6oluruoft naJrerl yraBl,rBaer HanpaBJreHr{e cr4rrLr
Anrnepa.

$6. Cuna, AeficrByroulaq Ha 3apflxeurryrc qacrr{rry,
ABurryuyrccs B MafHrrTHoM noJre. cwru Jlopenqa

Curry, c xoropoii MarHlruoe nole geficrayer Ha ABlDKyulyrcc.f, B HeM
3apfixeHuyro qacrurly, Ha36rBaror cruoii Jlopenua - no t[arrannlrfi yqeHoro,
o6uapyxrcruero ee. .{.ru ee o[peAeJleHrrrr Bocnon*yeMc, BLrpaxeHI{eM c[1rr6r

Arranepa dFg = Bldlsinu, noAcraBrrB TyAa OopMyny Arrf, roKa B Merarrrrax
I =neSu:

dFA = BneStdlsina . (7)

Kax rlleecrHo, cwra dFo geficrsyer Ha 3reMeHT npoBoAHr,rKa c roKoM
dl , r.e. Ha 3apfl&r, cocpeAoroeHubre Buyrpr{ o6reua Sdl , u r,rx .iucao
dN = nSdl ,T.o. cma Jlopemp, Aeficrsyrcqar nir oAHy 3aprxeHrryro qacrr4lry
(4m rpa'rxocrra, :apx4) e (r cnyuae MerarrJloB lra oAr,rlr enerrpon) o[peAe-
JrrreTc, BblpaxeHaeM

- dF, BneSodlsina
H 2 tr

'' dN nsdl
nocre coKpar.qeHr.r, noryqr.rM BbrpoKeHr,re crrJrEr :

Fn = Beusina. (8)
3ro aupaxeuue cr,LrrH Jlopenqa, HanpaBreHr,re xoropofi Tarome orrpeAe-

Jrrerc, npaBHnoM leaofi pyrn:
/ Ectn HopMaJrbuafl cocraBJrflrorrlafl BeKTopa urrAyrcrrHrr BxoArrr B

JraAoHr,, a qepbrpe BbrrflHJ,"rBrx naJrbrla HanpaBJreHbr no cmopocTH
3apflAa, To oTofrryTbrft Ha 900 6o.nsurofi [llJrerl yrcasbrBaeT HanpaBJreHrre
crenu JlopeHqa.

B nerropnoft {oprrae cwra Jlopenqa BLrrrrAr,rr cne.ry/rc[Ir4M o6pa.sou:

[- *lFn=elBxul. (9)
L]

B crryvae EporBBoJrrHoro 3aprAa 4, AsrD(yuerocfl B Marar,truoM [oJre,
crura Jlopenqa npuMer Br,rA:

CrcarapHaa Sopua - Fn = q uB sina, BeKropHan rlopua - Fr, =n[;- ;T.L .-l'
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Ecnu rapr4 ABIDiKercfl rurp€umeflEHo IIoilIo, T.e. BAoJIL cI4IIoBhIx luru'rfi,
(-+ +\
I u ll A l,sina = 0 u sa 3aprA He teftctaye'r crna Jlopenua, ue 4eficreyer ona

r.r Ha HeIIoAB[DKrUft :aprA, qro qcHo BI{AHO [B ee $opruyaEl. cleAyetT alo.e
gtMeTkt6, qTo cHIIa JIopeHrIa, KaK I{ BCtKas, flepfleHlyKynf,pga, HanpaBJIeHH[o

AB1DKeH1rfl Clilra, He coBepilraer paSoty, 3aTo r.rcKpr4BffeT TpaeKroplalo

ABT,DKeHwI qacrI,IrFI, T. e. Bblcrynaer B poJIIr uerrpocrpeMl{renbHofi cnnbl

$7. O npeAe JreHrre yAe Jrbuoro 3a prAa 3 JIe lcrpo Ha
YAe.usnrrrvr 3apqroM 3JIeKrpoHa HirblBagrc, orHolueHl{e ero 3ap'{Aa K

*r""" l/*).flpe4cmenra 3rleKrpoH, re'rsuufi B MarHI'rrHoM none repne,rl'I-

Kyn pHo cIiIIoBbIM rlrlHluM. Cu.na Jlopeuua Ft = €oB , leficreyn KaK uerlpo-
)/

crpeMrrerlHafr cl,lrl,a Fn=*'[, Bpauraer 3neKrpoH no oKpyxHocrll

paALryca r. flpupaenuBiul, noJryqIIM i 
, /

€uB=*"/r,
coKpaTr.rB cKopocTb D, flOJIyTII,IM

"a:*%.
(10)

Yqnrrreas ro o6crorteirbcrBo, tITo cropocrb 3relcrpoHa lrMepl4rb

HeBoBMoxHo, cJleAyer or Hee rB6aBnrbcr, 3aMeHIB Apyrofi, rcuepxerr'rofi

neauqanoft. C atofi qeJIbKt IIpoBeAeM cJle,ryrctr1rle paccyxAeHu{: fipex(Ae qeM

IIoIIacrb B MarHurHoe [oJIe, gJreKtpoH pa3rorulerc, B 3reKrpHr{ecKoM flone c

r{anpflxeHl{eM U, r.e. pa6om 3neKrpuqecKoro noJUI HaA 3JIeKrpoHoM

IlpeBpau]aerc.r B efo KI{HerEecKyIo 3eHeprpilo:

W =Ex)W =e(J,EK=+)eU =*,r=ff
floAc'ragfiss BlIpaxeHLIe cKopocrl'I a (10) I'I Bo3BoA.,I [oJlyqeuuoe

BbrpaxeHl{e B KBaApaT, noJIyq}IM

e2B2:

Corpaunr erm,fiofiyqvm

2eUm2

"B'=2u! 
.

r'
flporc ee4a sarelvl Heo6xoAIrMLIe nepecranoBKl4 oKolrqarenbno rrolrytll'lM

" ='^u r= 1,758'1011 x/ro'
m r"B'

(1 1)
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$8. 3Q{ercr Xo.n.rra
Anrnnficxuft rpu:rrc Xonr HccJreAoBan [o.rrBJreHr4e pa3,ocrrr rroreH-

ur'IanoB (nanprxenrar ) rr,reN4y [oBepxEocr{M u M eraJUr}Frecrofi nuacrur*r,
n'oneuleHuoii B MarHrrrHoe noJre nprr npoxoxAeHnr{ qepe3 Hee 3neKrplfqecl(oro
Tlfra, repfieHlr,rKyJurpuoro nonlo (clr. pacynor). Mirrumsoe nor. nporr_
3l;IBaer rlfiacrl{Hy, ToK Tetler cJreBa r{anpaBo, rlpl{ 3ToM oAHa cropoHa IUIacrrrHbI
30p'Arrc' [oJIoxI4TeJrEHo, Apyra, - orpIrI{areJIEHo, I4 Bo3HItKHer Hanp{xeHrre
MexAy cToporraM[.

O6rscHr.rNa 3To sBre,r.re: [peAcraBr4M 3neKrpoH6r, ,qBlDKyrq,ec, B
[IracrHHe CnpaBa EaJreBo, npoTr.rBonono]KHo HanpaBneHHro roKa. corlacuo
flpaBprjry leeofi pyrn, noA AeficrsueM c[I{Lr Jlopeuqa 3rercrpoH6r cMerrnrorcfi
BBepx, 3apflxall BepxHIoIo cropoHy Ilflacrl'Il{bt c[pr4uarenLHo, Toraa r{rrD(r{r,
c'ropoHa 3ap'Arrrc' IloJIoxlITeJIEHo, BcneAcrBal4 qero Bo3HI4KHer 3neKrpl,r-

-)
rI'|sCKOe rIOJre c Ha[paBneHHofi eeepx HaflpqxeHHocrrro E, r(oropoe KoMrreH-

-+ --+
c apyer cmy Jlopenqa csoefi ererrpuuecroil caroil Kynona F x = - F n:

I
Fx = F,t. U ='*,O* = eE, Fn = et)B, eE = eDB, E = t-tB.

C

Kax u g rperbrriyqeM naparpa$e,
3.[eKrpoHa - CAeJIaeM 3TO C IloMorrr.ro

cneAyer i.B6aerlrrcs gr cKopocrr,r

$opruyau carmr rora I =neSu,
t, = I/ -. nDr4 3roM/ neJ' S=ab A L)=I/^^^r, KpoMe roro, BErpa3uM/ neab
HAIIP'}I(EHUE ME}I(AY CTOPOHAMI4 IUIACT}IHEI qCPE3 HANP')(EHHOCTb TIOJUI
{l = Ea. Ilo4craaraa croAa 3HaqeHr.re ru.rp"*a"*,oaru E c yqeroM
flonyqeHHoro BbrpaxeHr4! /4rI' CKOpOCTT4 [Onyqr.rM

(J=Ea=uBa=!!o = 
IB

neab neb'

rrocroflHHar Xo.n.na, xapaicreprcyrorrR, Marepr,rajl
-looo3Haqa.fl 

-=K-ne
nIIaCTI{HBI, OKOHqaTeJILHO LrMeeM

-- IB
=.ll-

A" lir
L,Y

J-,
Ft

U,
B

(12)
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$9. MarHrrrHbre cBoficrBa BerrlecrBa
. 1. Marnurnrrfi Anuolrg.'fi MoMeHT 3JreKTpoHoB rr aroMoB

rlpocrefi,reft ua*rrrsof crpyrrypoft cpe.{Br fiErurercr *rarHrrrnrrft qr.r-

noJrr,, xapaKrepr*yroul,Xcs MaTHHTH'TM Arr[OJrbHLrM MoMerrToM j *. *"-
cMarpHBa' 3neKrpoHbl 14 fiApa, KaK cocraB.Ilrrcull4e aroMa, B6rf,cHrrercfl, lrro
AAXE 3TI,I 3NCMEIITAPTIbIC qACTI,II,EI 

'BJI{IOTC' 
AHNOffMI.I. BPArr{ArCr B ATOMC IIO

ofipeAerreH'oft Op6NT e WAtryca r, 3rercrpo' reger ce6r uoAo6no rcporueu'oft
paMKe C TOKOM r{ o6ra4ae'r oporrranrnuM MarHr{rHbrM At{noJrbHbrM }roMerr---) -)
ToM Prr=ISn. F:^o MoAyJIr p-=IS=etS,rge I,vrS- coorBercr-
Belr,o, cnrra roKa, qacrcrra Bpa.rleHlrf 3JreKrpoHa no opoure 14 rurorrPs
op6nru. 3nerrpo, o6na4aer T aror<e opdrrrarbH'rM yrJroBbrM uMnynbcoM
? [--l -+ -+t=mluxr 

lcMoAyJreM L=mw.Hanpaueuua p*u L cBr3aHbrApyrcL-l
ApyroM EpaBr{floM 6ypanvr'rra, a MoAyn[ B3afiMHO nponopqlrdnanrnH

P*=-'/2*. Kporr,re roro, Bce 3neKrpoHbr obraAarcn crurHoM r,r, crreAo-

BareJIbHo, c[HHoBbIM yrJIoBLrM [MrryJrEcoM 7s u cnnaosr,rM MarHrrrHbrM

Au[oJrBHbtM MoMeHToM i *r. ,.o.,nonnsrft uarru..nrifi Aauoarnsrft MoMerrr
aToMa paBeH

Po =Z P* +L p*"-
OuraErran, qro uolnrrfi uarnarr*tE gunonrrrlfi MoMeIIT ,Aep Eo

cpaBHeHI'[o c 3JI'ICTp.HHLIM HecyxrecrBe,eH H, [o3ToMy, He paccMarpl{Baercfl.

2. Marnurnoe noJre B BeulecrBe
KorAa uaruerltr<u, noMerrlalorc, B Marnl,rrHoe [oJre, BoBHr,rKIur.Ie gJreMeH_

TAPH'IE MATHHTH'IE .III4NONE (UOCTOXMTUC E,IIII HHTYIII{PONAHTTTC) flOPOAf,T
co6creeuHoe [oJre, r*Me'rroulee [€pBorraq(ur'Hoe. rioanuE 

""oop "*r*-
uofi r.rn2ryxqr.rH B Marr{errrKe i, ,u"rrrro co3,{aH sJreMetrrapHbrMrr roKaM4
6ayxAarcrqwu B BerrlecrBe, qacrarr*o - xe r{aMarHrrrrrrBaHr{eM Marepl{aJla

-+ -+ _)

+ B=Bt*Bu'
Br- nnayKrlr,r, cGAaHHarr ro*aMr! ir- ,*r**uaa 

'narogap, 
HaMarHH-

qrrBaHHrO MaTeplfiura.

I MaalrL o6rarctrrreEpxpoAHM MffixEM csrmilf,.
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Marnrrrr*rfi MoMerrr eAr{Hr,rrEr o66eMa o6pa3qa - [rrorHocrL MoMeHTa
Ei€I3brBagTcfl BeKTOpOM MaTIIeTITB aqrut

+/-+/
M =LP/v ,

3AeCb p- trlaff*mnrrft.qanolrnsrfirraoueHTa aToMa, v - o1rnur o6pa:ua.
BetuquHa

u_B-ltoM
(13)

lto
rjr€l3brBaercfi Hallpq,l(eHHocrbro MarHnrHoro rloflq. ona npxnro npo[opqr.ro*

--)
nraJrbHa BeKropy urgyrcqar B

-+ -)
B = plto H, (14)

/z - MarHuTHaq npoHrrrlaeMocTb cpe&r.

g = FltoH - poM 
= pH - M =) M = H|r-t)= Y = trt-l'= 7./lo'\'/Hr-

X Ha3rlBawr trarnr.rrnofi Boc[pulrMrrrrBocrBlo BeulecrBa.

3. .{naruarnerrr3M, rrapaMarnerr.r3M, eepponrarlrerr{3M
3xcneprurerrrEr Ha.u pa: noo6pas r*lM r,r BerrlecrBaM r.r, EoMerqeHHbrM r.r B

NIarHllrIIbIe roll IIoI(o3alIE, qro HeKcrrop],Ie II3 HID( orr€IJIKI{BaIorc{
IvtarEItHbIM IIOJIeM' T.e. BeKrop MarHerH3aruH TaKoro BelIlecrBa HanpaBJIeH

npsrlrB MarHr,rrHoro floJrq,3rtrrrrrrn ryH aa, tr <0,3.ro ssneHr.re 6rrno Eagsa-

I]O AIIAMATHETI'3MOM. MArrUrrrrrrft MOMCI{r ATOMA AIIAMATH9TI,IKA PABEH HYJIIO.
h4arrurrgas Boc[paprMql4Bocrb I oqeHb Mar.ra u MarHurr{afl flpoHr,rqaeMocrr

1:l=1+ x xr. Bce BeuFcrBa o6ra4aror Ar.raMarHr.rrH.lrvru csoftcrBarr,r,! xorf,
BO MHOTTD( Ar{aMarHerlBM cKpbrBaerc, 3a [apa- r,r tpepponaaruer:rBMoM.
l[raarrlar'eri,ixaur{ rBJrrrorcfi 6acMym, cypbMa, sonomo, uoio,-i"rpr4 u oodopod.
l[uauaruerraM rBJurerc, ecresrgeugoii peaxqnefi BerrlecrBa Ha-frpriloxeHHoe
IuarHlnHoe [oJIe u He 3aBlrcltT of TeMlepaTypLr.

Px4 neupctr (uanpnaep, rwamuu a) flprr*r.rBarorc.,r M[trHr4THbrM noJreM,
T.E. BEKTOP MATIICT}BAIITUI TAKOTO BETITCCTBA HAIPABNCH IIO HANPABNEEIIIO MAr.
HrrrEoro no*, (, > 0, I >0. 3to rBJregr.re'6uro na:saHo rapaMarHerur-

IV]OM. MATHETE6Tfi MOMCIIT ATOMA TIAPAMATIIETI4I€ OTJIHqEH gI IIYJI{.
I\4armrrnag BocIrpuLIMrII,IBocrb t oqeur MaJIa, rto rroJro)KIrreJlrr@, I{MarHI{THafl
npoHurlaeMocrb cJrerKa [peBErrfl€rer eAlrHr4r-U/ p =l+ t >7. IIpn
npLIJIoxeHr{I{ MarHI'ITHoro [oJI{ MarHI,trHEre MoMerIIbl aroMoB llblTarorc,

2l

l'
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pacnoroxrrEc, no fio.Ilro, Ho SToMy MeIuaeT xacrriHHoe TeIIr.IoBoe .{BIDKeHr.re

MoJrercyJr. T.o., ArraMarHeruKr.r TeMneparypo3aBr{cuMbr. flpu Hr,r3Kr.rx

TeM nepaTypax MarHr,rTHr,re MoMeHrEr aToM oB JrerKo ynopflAoqHBaroTcq rlo
fiorrro, Ho c pocToM TeMrrepaTypEr Bce 6orLuyrc ponb ,{rpaeT TerUIoBoft +aKrop
- yEopqfloqeHr{e MarHrfrHbrx MoMe}rToB He npeAcTaB.irrreTc, Bo3MoxrrbrM, H npH
B6rCOKr,D( TeMlepaTypax [apaMarHeTplKu flpeBpaularoTc.q B Ar{aMarHeTr{Kr.r.
Cootsourenue Mex.e/ BeKropaMr.r MarnerrBarrurr, HHAyKrI.Ir4 r{ TeMfleparypofi
Aaercr3ar$HoM Kropu:

-) +/
M=CR/^.,/l

C - nocroquHafl Kropu. IlapauaruernrcaMr{ xBJrrrorcs. ruamuHa, a.nawuHuil.,
coda, r\4apeaHeq, Kucn.opad,

B uexcnoprrx 3JreMerrrax - ucere3e, rco6atume, HuKer.e, Kadwuu I,I pa3Ho-
o6pa3lsrx crutaaax Hcl tN ocHoae na6*oAaer:cq Bbrcorr,rii ypoBerrb
HaMarHEqeHHOCTr4 T.e. MarHr.rTHOrO y[OpffAOqeHWr, BHe 3aBHCI4MOCTH OT

reugeuqrafi K xaoruqHocru rerrJroBoro ABr,D(eHr.rJr aroMoB. 3ro .fieJreHr.re

Hit: l,rBaerc, Se ppo*rar uerrr MoM, a caM r,r sfl eM e Hrr{ - $e pponrar lrerrlrcaM n.
(DepporuarneTrcM o6lqcuqerc, Ha ocHoBe reopnu AoMeHoB: B o6pa3ue
ipeppouarne'u,rKa [peAflonaraercfl Harr,rque AoMeHoB (rvranux o6lacreft c
qpe3B6rqafiHo BbrcoKofi HaMarHlrqeHHocrbro), rAe oco6o ynoprAoqeHbr
MarHI,lTHbre AlInoJrbHLIe MoMeHIbI - BCe OHr,I COHa[paBner{bI, XOT{ B IIenOM CaM

o6pa:eq Moxer o6aaAaru oqeH6 MrlrrrrM cyMMapHErM MarHrarubrM MoMeHToM -
crerreH6 ero HaMarHr4qenHocrr,r oqenb Hr,r3rct. 3aro ona pe:Ko )rBennquBaercf,
flprr noMerlenua $eppouarHerfixa Bo BHerunee Marnr,rrHoe noJre, [pr{ 3ToM
r,ttr,teror Mecro ABa e$$elna:
/ ParnrepAoMeHoB, opr{euT[poBaHHbrx no BHeruHeMy noJ'rro, pacrer;
/ HanpaB.reHue Auno.reil Bnyrpr{ .{oMeHa paccMarprrBaercs r(am eArruoe,

u coBnaAaeT c Ha[paBJreHueM BrSruHero noJrff.
B ueroroprtx Marepnana)q rarr,x KaK l4nzKoe 2fiene3o, AoMeHbI BoBBpa-

rrRroTC, K - rrepBoHar{a}JISHoMy pac[oJroxeHHro flocJre cw$tM BHeIuHero
MarHETHoro floJrr, T.e. Beu{egrBo pa3MarnrrrruBaercfl. B gpyrrc< (nanprnlep,
cmano) .4oMeH6I coxparurror HoBoe yfloprAoqeHrae I,r flocJle orKJrroqeHlu
BHeIIIHeTo MarHl,rrHoro rIoJIr, T.e. ocralorcfl HaMarHr{qeIrHbIMI{. &nu
TeMneparypa o6pa:qa npeBbrcrd HeKyrc KprruqecKyro BeJrr{rrrruy, Ha3hrBaeM1fto

TeMrreparypoft KropH (era reuneparypa pa3JirnqHa Aflq pa3nr.rqHbrx BerrlecrB]
$epportranrerr{Krr npeBpanBrorcr B flapaMarrrerrrKn. 3ro oqeBr,uHo, T.K. npu
crlrbHoM noBbrrrreHr{r,r TeM[epaTypbr ynopf,AorreHHocTb B AoMerrax HapymaeTct
I{ rrpeBaJrnpyer xaoruaruoe rerrJroBoe ABlDKeHfie, cyutrapr+rfi uarsrrrnufi
MOMeBT )Ke CTpeMrrtof K Hynro.

22
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$ ! 0. fln"rre Hr{e 3 Jre Kr po Mar Hr{T Ho fi r{rrAy KrIrrH
)9 orra6pa 1831 r.2 

".rr*,ifi anrluficxufi $rcrac Ma?rcn rDapageia
naCruorar Bo3HraKHoBeHr.re lrsAyr(quoHHoro rora (acrycraer*ro,. HacnJrrcr-
BEfiIIO BEBBAruTOTO) B KATYIIIKE NPI,I ABI,DKEHI,I}i MAXHIITA OTrIOCKTEJIEIIO HEE.
Tor e r<aryrme BoSHHKaer roJrbKo [pH AB]DKeHr.rr4 MarHr{ra r uefi, ruru crr Hee,
OTI(YAA 6TTA C4C.iTAU 86IB0A, IITO EHIYKIII,IOHTMTfi TOK IIOPOXAAETC' IAMEIIJIIO-
IIII,IMC' BO BPEMCHII MATHIIIHbIM NOJICM. 3rUU 6ETIA AOKA3AHA }IEPA3PEIBHtT' }I
BCeCTOpOHHTI, cBs3b MexAy MatHr.rTrr6rM rroreM r43JleKrpll.recKr,rM ToKoM _/ arerrpuvecxui ror [opoxAaer MarHHTHoe noJre Bor(pyr npoBoAHnna,

B CBOrO OqepeAL,, H rrepeMeHHoe MarHrrTHoe noJre [opoxAaeT [rrAyK_
quoHuuft Tort B 3aMKHyroM l$rrrype. :aurlryrrfi

$ I 1. 3aro n sJre KrpoMar Hr{THo fi rrrrAyKrlr.ru --
- 3aKoH @apa4er

Maifos @apa4eft nprrHrrn 3a ocHoB*yro nplFrr,r*y no{BireHrrfl r{HAyKq}roH_
Holo roKa B KorlType ,BMeHeHI'Ie MarHI{THoro IIqtoI(a, npoH]I3hlBarcIlpro
KoHryp. !:[sr\,reHeHHe MarHpnHoro fio:roKa Moxgr 6rt.rr erlsBaHo KaK MarHrrroM,
TaK r{ caMHM KorrypoM. 3aron (Dapa4efl rracm:
d 3gc ur{Ayr(qur.r B 3aMKrrJ,'ToM rtorrrype paBHa orpr{r8renrnofi nporc-

no4Hofi rto BpeMeHu MarHlrruoro noroKa, flpoxr.rsLIBaKrIr&ro r<oHryp.
Mateu aruqecKr.r 3 aKoH 3 anr{cbrBaercf, B cne.qyrculeM B raAe :

€ = -d@/,= -@'. (npru ( ) ro xe caMoe, no 
^ 

d/r.) (l 5)/ dt - ' \--r--" v$rr'vv, 'rv " /dt,
(-) yxassmaer ua naar.naoo6par*yro cyrrl,ocrb Mar,r.rrHoro floro*a r4 oAc

unAyKrrr.ru. B cnyuae 6rrcrpo MerrrrrcElerocfl floroKa
(D=B,Scosa=B,Scosa;/,

-+
.B ec'rr BeKrop rraarnrrnofi r{HAyKrIHr.r, S - nnor{a,{6 Ror{rypa, a) - w,rKlru-
qecKarr qacTgra rBMeHeHriu noToKa. floAcrasrf,s e (15), no;ryvnu:

t = -O'= -(B.Scosarf) = Bsrzsinat > BS:rz'= €. )
t = €*sinrot,

t* - aurntnyAa oAc. B cly.rae Karyrrrr{H rc N nuTros

€ = Nt^sinatt.

(16)

(17)

? p q4q ai ui oyr a1 n u ry re, rc qa u3recm a rcsHs a am Batr rc n o rrp 6ru { - rgq r 6M orrp Hr BHA). Kqsomrfi Drs oE xeEefrqxuE o4 rcrpsuqaowmp mpop nonrryffir



M aru eru:u

$ 12. tlpaBr.rJro JIe nqa
Hanpar.uenue lrH.uyrc{HoH'oro roKa 6ruo onpegeJreHo rB 3aKoHa coxpa-

Herrrr, 3 Heprlrlr pyccrr.rM yqeH6rM Jlenqervr :r' }I*ray*q"onnrrfi ToK rrMeer rar$e HarrpaBJre,rre, qro nlreuffTcrByer
nro6orvry l.r3 Me He Hr.ilo Mar Hrrr Horo rroroma, no poxAaro[rcro ero.

3rmr nrunyc B 3aroHe (Dapaaer rlpeAfionaraer 3ro [porr4Bo4eftc.reue
ToKa ero IBMeHeHr,ra. llpanrato llenUa cnpaee.q,n!{Bo ArIf ,HAyKr{r{orrHoro ToKa,
T.e. onlrcElBaer 3aMKryrcbre Kolrrypbr. Kar BHAHo vB pr,rcyrlra, rrpu
npr.r6amrieruarr Marrrr{Ta K Ko}rrypy oH yAarrercc or Heto,
nperurcrByr,.rarrna o6pasoM, yc,JreH,ro ,ry
noroKa, npoHr{rbrBarouero KoHryp. I \ (Z

Hao6opor, npu yAaJreHr{r.r Marrrrra or KoHTypa, l. *v
nocaeAurEfi 

"r",ryr.r 
* Hr,rM, orurb ,u*r, .rupur"r't*' + 'l 

-, /rrfl
Bocnpen rcrBoBarE, Ha3Tor pul3, ocla6aeuHrc noroKa. \ // \(,4

Kor.ua uarsrr He aBruKercr, Koi{ryp roxe 3aMHpaer " I lvz
Ha Mecre - r4Hryr(uHoHHoro ro*a B HeM Her _TorrbKo I L
nepeMeHHoe Bo BpeMeHH MarrMTHoe none cnoco6no \ - 7
nopoxAarr ,rHAyKrIHoHHrrfi rox s 3aMKuyrbrx r(orrrypax. V

$ 13. I4HqyKrrrBHocrL CaMouHAyKrIHfl
Ecnn Aae Kary[rKr.r HaxoAqrc, no6lrurocru Apyr cn Apyra, Tor( s o.uHofi

r€Tyrrme flopoxAaer lrail{[rrnuft fioroK qepe3 Apyryrc. EcrI{ oH Merrrrerc, c
taMeHeHHeM ToI(a, Bo3Hltrcaer 3Ac I'IHryI(quu, floAqHHqlolrraflcfl 3aKoHy 3JIeKr-
poMarHmHor EHAyKqua. Paccrr.rorp n cpeAHroro qacrE coJreHolrga (Arrr.{HHofi,
'rosxofi raryuucr'r), IIcrroK, Bo3Hrtr{arorurft B K&K.qoM BlfrKe npr,r trpoxoxAgHrir,I
TOKA' OAI,IHAKOB BO BCEX BTTTKAX CONEHOHAA. 3ArOrr OAPAAEfl AJUI TAKI/D(
Kary[rer 3anurrrercrr cjre4yro[x{N{ o6pa:orvr :

e =-o(**t,=-i/@,, (r8)
-A/@ - no*m,rfi uarrrrn,fi florox qepe3 coJreHor.rA, flpo.,oprl'oHa*urrft roxy
i, reryrqenay B coneHor{Ae

(1e)
z - ,ray**Hocr6 Karyrrtr{" 

yfr#;pr.rcruKa 
Marepnarra npoBoJroKr.r }r

pa3MepoB Karyrrmu. floAcrasrrr (19) n (1 g), roryqr,rM:

€=-L4=-Li,.
dt

(20)

3gc rrp5rxqux, corJracHo 3axouy @apa4ex, BogHr.rKaer B KaryruKe rrpil
II3MEHEIII,IH MATHETHOTO IOTOKA IIEPE3 HEE. HO OrIa TAIOI(E BO3HIMAET E IIPII
rBMeHeHIrrr roKa, Tel(y4ero e caMofi Karyru(e. 3ro sBreH[e rrir36rBaerc,
caM o HHAyKrIue fi, a coo:reercrByro[Iafl gAc _ 3Ac caM ouHAyKrlrru.

I{ugyrrurnocr' Karyutr(r{ l*Meprsrcfl n renpu c "i u, (20) nonyum,r



M arq err gu

,=*%. Qt)
Hcnor:yeu Ql) llt pacrrera L wx orpes*a Ka'ryrrrKr, Arrr{nofi / s6rrr3r.r

qeHrpa AJTHHHOTO COneHO4Aa. lloffrsrft uarrurrnufi norox B coJrerror{.{e paBeH
l/@ = AB,S 3 N: nl > nlBS ,

n - qvcno BurKoB Ha eAHHHT-(y rruHbr, B = lJqni - MarHHTlnu r4H.ryKuH,
BH)"Tpr{ coJreHouga, s - mrorqaA6 floflepeqHoro ceqeHr{fl coJreHorrAa. llogcrac-
Jrrrfl 3HalreHHe r,rHAyKrlrrn B B6rpaxeHr.re rroToKa, [onyqHM NQt = ponzsli, a,
ro.4craBr{B ero n (21), rmeev (V - o6reu ucc.negyerraofi vacru xaryru<u)

1= 74n2 Sl - pon2v . Q2)

$14. 3neprrrfl MarHrrrnoro rroJrfl
Kor.{a sK,roqaror roK B KaryrrrKe, 3Ac caMor4Hr0/Kr{Hr{ qpefirlTcrByer

HapacraH?&o roKa, cJreAoBareJrEHo, ToK coBeprrraeir pa6ory npgrrr6 eAc. KorAa
ero BeJr[ItIHHa ycraHaBJl]IBagrcr - ToK craHoBI,ITc, IIocro.tHHEIM, 3Ac ilcqe3aer
w pa6wa qpcnm Hee roKoM He coBepruaercr. 3Heprrx, paBHaA pa6ore no
AOCTIDKEHI,IO:TOXON,T CEOCfi XOHC'IHOft BEJII{qUHLI, KOIIIfrC' B MATHI,ITHOM IOJIE
KATYIIIKI,I. OHA ETTCNO6OX l@,gr.Cfl,, KOrAA TOK OTKII}OqAIOT, I,I IOJIEM COBEPIIAETC'
pa6or:a Eo no.qAepxaH,K) ero flepBoHaqar6,oro 3rraqe,r,r. ,{aa uogcuira eroft
3ueprl* 4peAcraBr4M ce6e, .,o roK Bo3pacraer no 3a*ouy d/4r, rwrrroM 3Ac

[onyqaer 3 r{aqeuue t = L d/ar .3renaerrapuaa pa6ora no roKy paBrra

dw=Edt=N/nriat=Lidi,
paBHa, cocnBercrByrolqe fi saeu enrapnofi s nepr lr u d E 7a, narorurensofi uonen

dE* = 1;41,
nonHafl xe SEeprus MarHr.rrHoro no.rx ganHofi KaryrrrKr,I, paBlafi pa60re no
yBenuqeHlrro roxa or HyJ"r.s Ao rrocro{Hnoro 3Haqesru .I, paara:

I I ,,2
Eu =ldEu = luai:LIidi=+.o02



3r *poumuurte rc16 auq

Snem rpo MarHrI rH bre KoJre6aHr.rfl

$ L. IapuoHuqecKre (cro6ognrre)
3 Jre KTpOMaTHTITHbIe roJreoa Hlrfl

/ IlepuoAuqecK0e rIJrn noiITIr nepr.IoAuqeclaoe raMeueHlne 3apflAa, clllrbl
Torcl H Hn trptrRe HIrf rla3 blBaerc f g JIe KTpoM arHIrrHbIM rr rone 6a nuqvr u.

3nerrpou arrrrrnste xore6aullf Bo3 HI4KaIor s rofle6arenrHoM Konrype -
cr,rcreMe, cocrosqeil I,B KoHAeHcaropa c 3neKrpoeMrocrllo C u raryumu c

HHAyrcrrrBaocruo L, rroAcoeAlrueHsofi t< o6xnaArarra KolrreHcaropa. flpa
xone6anuu fipoficxoAr{r npeBpauleul,Ie 3nelctprFlecxoft sueprzu 3reKrp[qec-
KOrO IIOJln KOHAeHCaTOpa B MaTHilTHyIO 3HepflIIO MarrllrrHoro fiorul KaTyIIIKH.

CrmqaJa KoureHcarop 3aprxalor o't IrcrotIHI,IKa roxa Ao 3HepllIH
2,/

E, =a%.c, a 3areM flepercrrroqaror KoHAeHcarop Ha Karyntr(y. KoH,qencar:op

pul3prxaerc, - ero 3aprA IlocreIIeHHo yMeHEirlaercr, 3aro pacrer rol( B

Karyurxe. KorAa xosAencarop fioJlHocrbro pa3prA]rrcr, BcrI ero rr."5p7"a*,

3'epr,, fipeBparrrcr B Mar.Irr,yto 3Heprl4ro Kary[IKH E, =""/z .rb,

3ToM ToK Aocrmaer MaKcnM,lJIrI{oro 3HaqeHI{rI I*.3areu KonreHcarop r{IqH-

Haer nepelaparrarbcfr - ToK B Karyrlrxe )a{eHblxaercfl, a 3apflE na o6runAxax
KOHAeHCaTOpa paCTeT H B KOHL{e KOEUOB BC' MaTHI,ITHa' 3HeprruI KaTyILIKI'I

nepefiAer B gneKrpraqecKylo gneprrilo KoHleHcaropa - coBepluznocb oAHo

noJrroe role6anr.re. 3areM sce noBToprerc, cHoBa H cuoBa - s rore6a'renbHol{
Korrype coBep[Brorc, ceo6oAtste (uesaryxaroque) xone6anru, .flcuo, .rro 3To

t,t,qeanrc?rpoBarrrstft cnyvail (conpcnmleul4e I{enI{ otcyrmnyer} T.K. tm ciuo{t,
AeJre 3Heprlu repqerc, H€[ coeAr,lHI,ITeJIbHbIx npoBoAax, BElAerqscb B BI',IIe

TerrJra - rone6anpu 3aryxaror, Ho npex4e, qeM lByqarb peaJlbuble rI'IIIEI

rone6anufi, cJre.ryer norytlrrb ypaBHeHI,Ie coo6ogrux rone6arulii, rrocJle qero

nerro 6yrryr [onyqeHbl ypaBHeHI.rrI 3aryxarcqflx I.I BBIrIyx,qeHHEtx xone6ansft.
Cso6oArrre xore 6aH[rq xapalcrep]B ytorc, ne pHoAoM n qacroro il:

/ flepuop, rco.xe6anufi (f) - up.*, oAHoro norrHoro no.ne6anuR, qacrora

(v) - """ro 
rco.ne6anuft B eAEHI{qy BpeMeHrr, BeJII{quHil' odparnaa

repr{oAy.

flepraoa E qacrsraAalorcn Qopruy.nofiToucona: f = 1/,=2tJLC ./v
Kpoue o6uquofi rlacrorbl, ecrr ert1e [I qulcill{qecrca s o =ZlEv =Zlt//7,

/ Kone6anua, coBepruarcrquecfl rro 3aI$Hy cl{Hyca H l(ocl{Hyca, rra3bl-

Ba IOTC fl raplvroHrrqec KHM Ir.

Vpamrenue ceo6o.EHrtx rapMoulrqecxru< xo;re6anuft uonyuml .pynr
cnoco6arr,r n: cnoc o6 oa HanpnzrceHun-edc u euepzemusecKul cnoc o6 ou.



EEIE rcn6 aUf,

Cnoco6 sarrpflxeH
Cornacno BTopoMy npaBrrfiy Krlp>oo$a e

rone6arermnou Korrype Hanp{xeHr,re na o6xlaA-
Kilx KoHIeHCaTOpa paBHO 3AC KaTyrlK,r

Uc = €r,,

r{fl-3AC

Lrc =7/C u €1:-tO/O,noAcraBrrrrr,

nrryqr.rM %= -to/*,r* Ld/or*fl =0. rlo4e,rrc Bce urer{Er sa L u

yrq^rbrBrur, oo d/ar=o'%f=q", npuxoA,M K oa'opoAuorr,ry gu$SepeH-

qfiiurbHoMy ypaBHeEmo Broporo poAa ofHocr4renbHo 3aprrAa 4:

A"+fio =0.

q"+atfrq : g.

B[aecro r$cnrryca r (2) uoxno il{carb u crtrryc,
A rlrrecKr.re oyrNrIIrI,I.

(l)

3ro a ecrr ypaBneurre raplroHrrqecKlrx cno6o4urrx (neraryxargqux)
role6anufi, perueHue Kcnoporo 3apaHee u3BecrHo v 1iaetcsB BrrAe:

Q=e*cos(a4t+rp), (2)

3;\ecb q,qm - coqrBercrBeHHo, MrHoBeHHoe ri aMrrfirrryAHoe (marcalranr_

H,ce)srm.{eHue 3apflAa, @ot +(p - Qara rone6anufi, (p - tfiqalif'/f,An ea:a, a
oo - co6crseHnaq urrKllurrecrclfl qacrora xole6a'rengnoro Konrypa,

orpeAeJr.,reMar u: $opllynu Toucona, Kar{ a)0 = /.rfn, 
r.o. (l) neperur-

[teTC' B BUIE

(3)

r.r. o6e - nepuo-

fpa@ r,rvecru raxlre role6anru om,rcrrBarorcs crrHyco44ofi.

lpa$lu< rapMourrlrecxrrx cno6olnrx roneIauail.



3lerpoumumue rcn6rur

3u ep rerrr rr ecKr.r ft cno co 6
flonyvmr ypaBHeur,re rapMorflfiecKrD( cBo6oAlrHx (He3aryxarcu{ID()

Kore6aHufi Apyrrr{ cflocoooM - gHeprerEqecKllM, TeM caMBIM IroArBepx,qarl
nplrnrlurI ,,qucroro grcflepr.rMer{Ta" - Aea pa3Hblx noAxoAa K oAHoMy t{ ToMy
xe pe3yJr6Tary,4oxa3ErBaror ero cnpaBe.qlll{Bocrb. B nro6ofi MoMeIrr BpeMeHI,I

IIoJrHa{ 3Heprr4q cgoboArrBrx xore6aruff B Korrrype ocraerct lrocroflHHoft,
qpe.qcraBJrm co6ofi cpmrry MrHoBeHHrrx 3 HaqeI{Hf snelffpl,r.tecKofi e nepruu
KoHreHcaropa H MarHrrrHofi enepruu KaryrrrKn:

2 ..2
n .r q ,LlL.+L,,=1+-=const.2C2

llpoawp$epeHrlr.rpyeM sro paBeHcrBo no BpeMeHH c IIeJIEIo auaJrrBa
npotrcxoAr[Iru( B Korrryp€ u3ueueuuft, ytrirrrlBa, paBeucrBo Hynlo

npou:soguofi crr nocrorHuoii eerIlguHBr - npaeoft qacru paBeucrBa

( n' zr2)
r -j-+- 1,= o=2qq' *Zli|:0 = 

Q4' * 1yy=0.(2c 2) 2c 2 c

C yqsroM Toro, qro i = Q' , i'= e" , nonyqr{M Q1 + Lq' q" = g..C

,"**n= 0, uo

(4)

CorparrBr *ra q' u Aen Ha I, uolyurnu

rmKoHerI

l.>
-=a;. 

u
LC

q"+atf;q =g. (s)

Mrr noryuunr{ oAHopoA}roe auQ$epenunirrbuoe ypaBHeHHe BToporo
poAa cnHocr[eJrbHo 3aprAa 4, u peruenue ero AaETc, B cJre.ryrc[IeM Brale:

Q=Qntcos(aot+g). (6)

T.o., noryue no ypaBue Hr.re rapM ouurrecKm< cso6oAlr6rx (ues aryxarorqlx )
xore6anuft u ,qpyrrlM cnoco6oru - gHeprerr,rqecrr,rM, .rro ilo.qrBepxAaer cllpa-
Be.ErruBocrb rronyqeHrsrx cocrrnotuennf.



3r expoumasne nt6 asz

$2. 3aryxarc rque 3 Jre KrpoMa r Hr{rHbre r$Jre6aHr.rfl
Kax.ryrft pearmr+rfi rore6arelsrsrfi xorrryp oltayaet aKrr,rBHErM corpo-

TpiBJreHI,reM, Ha KoropoM BrrAeJrrerc{ T€rrro H xole6anus no g,ofi npfiqr{He
3iilyxaror. floryrrara ypaBHeHr.re 3aryxarcutx role6auafi a, T.K. Mbr y6egrarrrncr

Ha npm{epe cBo6oArrrx rcone6anaft, rAe 6rrno Ec[oJrE3oBaHo ABa
HE3ABI{CHMbIX CUOCO6A BbIBOAA YPABHCHI,I', IITO 3TI{ BbIBOAI,I IPABI'IJIbH6IE,

ucflonb3yeM nr{uL oAr.ru cnoco6 - Ha[prxeHr4, - gAc: o[rrrL xe, corJracHo
BropoMy rrpaBlury Klrp>o'orfa, cyMMa Haflpflxesuf Ha KoHreucarope vt

aKTI,IBHoM co[porrrBJrerralr paBua 3Ac Karyr]rxu U *+U, = € unt

;a+fu= -fi%t,repe'eceM eAc HiureBo:

td/a,* iR +% = o. Li'+iR *% = o

.{eficrrya yxte rplrBbrqHbrtr cnoco6ou, a lrMeHHo, AeJUr Bce qJreHEr r{a

I4HAyKTHBHocrr L, u npoBoA, 3aMeHEI i = q' , i'= q", no.ryqrnra orolrlarerbHo

q"+q'Yt*%c=0. . (7)

Kax rcsecrHo , /r, = at|, a %=rP, B- xoessaqlrerrr 3aryxa-

Ht,ff) pt

q"+2Bq'+af;e =0 . (8)

(8 ) npe4craonxer co6ofi cTar{qaprHoe guQQepe Hura Jrbnoe ypa BHe Hue

3aryxarcqux ro.ne6anufi. B crryuae, xorya B2 < a)62, peurenre (8) 4aercx e

BLU(e

Q=Q*e-ft cos(att+p).
'l L;

o = 106 - P' - qrnrlurrecrcrq qacrora raryxarc[Inx r<o.le6anuft

(ra*). x*m F2 >otl , sueyro 3aryxarculrx roneoanafi qporcxoAm

cnorrranr+rfi anepuoA[qecrurfi parpan Koulencaropa, coorBercrB)Eoqee
cofiporuBrreurre KoHTypa Ha3rrBaror Kprrrriqecruvr - RW. ho sHa.reH[e

R2 I
onpeAeJr_flercfi t,[r coorHoureH* 

4I] = 
LC

Aunnrnyaa role6arurfi Qor€-fr q

3.aBr,rcrr sr BpeMer{4 a rcoae6anrx 3aryt<aror
r1o SKCrroHeHrILruurEHoMy 3aKoHy.

r{ paBHo R*o = 2

(e)

L

C



3l erpouarsumqe rct6, ast

$3. Bm nyx4eHnbre o Jre KrpoMar Hrrr Hbre Ko Jre 6a Hr{rr
Ecru s rcore6a,ersurrfi ronryp BKJrroqeH HcrorrHHK c uepeuennofi e4c,

rore6aur.rs He 6yay. 3ar)rxarb, T. K. gHeprer[.recKue [orepr{ Ha

conporraneHuu 6yqn KoMrreHcrrpoBaHBr r{croqultKoM - TaKr{e xore6anr.u
Ha36lBarorc, Bbrr{yrr(AeHHbrMrr. Nts rar(oro Korrrypa 3arrurrrerc,
HeoAHopoAHoe an$<[epeHqr,rEur6Hoe ypaBueune BToporo poAa B cnelryIouleM

, " t!+/R+ *=t*cosa)t,rlrrrn, roAerrlrB Bce ureHbr na I, a rarcredtC
npoBer, raBecrH're noAcraHoBKH , q'+q'!*!, =9-"orr, .,L LC, L

Kar u:sec'rHo , /rr: at|, a Yt= 2p , p - xo4snurerrr 3ar)D.u-

Hr4fl, t4

q" +2 fu' +atfi q = 9- cos att .

(10) npeacrasflre'r co6ofi crarlAaprHoe aussepenquarrbHoe
HeHIre BbrHyxAenlrbrx ro.ne6anuii. Fro .{acrHoe peIrreuue Aaerc, B BlrAe

e=Q*sin(att+rp),pe3oHaHcH6re

(10)

ypaB-

(t l)

(12)

r(pr4B6re f Ae

R:>

i=@
dt

BpeMer{u [pr.r 3ToM aMrurrryAa roxa 6yAe'r parHofi

o€^t1
I*=0)q^= (13)

3to ypaeneul,re nora3ErBaer, qro roK .qocrmaer MaKcr{MaJIbr{EIx €tMrrrra-

ryAHbrx ruaqewnfi npw aL: l/--.- vnw cD= 1/
/ td- /Jrc'r'e'' 

KorAa qacrsra

npuloxeruofi 3Ac paBua co6c'rseHnoE qacrgre Korrrypa o) = a)0.
/ Perrcoe Bo3lxrcraHr{e aMrrJrrrryAbr BErHyxAeHHErx rto.te6axruft rrpil

coBrlaAeHrru sHe urHe fi H co6crre uuo ft .racror rra3 brBaerc fl pe3 oHIrHc oM.
t{eu uensrue conpcnr,rBJleHne rlela, TeM ocrpee peaouancurril urx. flpr.r

MaJrBrx conpgruBneur4rx peonaHc Ha3brBaror o c r p r,r M, a npa 6oarruux
conpoTLIBJ'IeHI'tflX- Ty II bI M.

L
€*

Rz > Rr. aMrurrry.qa 3aprAa Konrypa. Tor; rcxryrqafi r xonrype

= q'= cqmcos(ot + e), orpeAermc, nporcroAuoii 3apr.qa ro



II ep eu esr rrE ro r

IIepeMeHHbrfi ToK
$1. Ilepeueunrrfi rorc l{enr nepeMeHHoro rorct

Korga npxnao),ronrHafl Eru Kpyrflar paMKa Bpauaerc, B MarHr{rHoM
[oJIe raK, qro MarHrrrHbrfi norox qepe3 paMrqy flocroflHuo Me]rrrercr, B paMxe
I{HAytrr4pyercs sAc. Ecra Brrb r@TyrrrKy [JroqaAEro S, cocroau-ryrrc r: l/
BIrrKoB, To ncnor uarnrmnofi HHAyKIruu .B vepes nee 6yger paeeH

(D = i/BS. (1)
Eclr.r sa speua / BmKu KaryurKa norepny'rcx Hir yron a, norox 6y4e'r

(D = NB,Scosa. o)
Kax rcsecrHo, qr.rrJrr{qecKarr qacrcna , =% ,orc[oAa d = at 14

s4ecr Or, = NBS - aMrtnrryAa rrorora (ero uarcauaaruoe sua'reure).

3Ac r.rnrryxrlr,ra, Bs3rrr{(arcrr{a, npr4 3ToM B Karyrffie, 6y.uer panna

dab = ---- - = -(D'= -(O,, cosa;rl = afrrsinatt .
dt

3lecs €* = afr o, - aMr[rrrry,{a gAc, TorAa

t = €.sinat. (4)

Ec.nu xonrpr flpoBorruero Korrrypa (raryumu) BKrrroqeHbr B rler]b, TaM
BO3HHKHeT nepeMeHHoe HanprxeHr.re, KoTopoe, ecTecTBeHHo,3aIrHIrIeTcg aHa-
JrorlrqHo nepeueuuoft s gc

U =U^sinat. (5)
Eclu xe Haflprxeure B r{enu fiepeMeur{oe, To r,r ror B rlenr4 6yae.r nepe-

MeHHbrM, T.e. uonoBr.rHy o6opora Karyutrtl oH Teqer g oAHy cropoHy, a BTopyrc
[oJroBlrHy - B Apyrfo. Coorserqrnenno MeHr{ercfl r,r ero qucJreHroe 3uaireuue

- or Hyrr Ao HeKoroporo MaKcr4Mturbnoro (aururr.r:ryAuoro):uavenNa:
/ Totg lrepr{oAnqecxlr rueHqrotuuftcfl rro B&Jrr{qrrHe rr HanpaBJreHr{rc,

Ha3 brBaeTcrr IIepeMeHHbrM.

I=I*sinrot. (6)

Ecat.t s qenr Br.[toqeHo roJrEKo arcrlrBgoe conporgBJleHlre (pe:ucrop)
(t-->O,C -+0), ro ypaBHeur,re BrruyxgeuHbrx rone6anr.rfi ypeeaerca 4o

Ri =U^cos(Dt 14

i =!-"ori;;t = I*casa)t,

rae I*=+-
- aMrutrryAa ToKa.

R
I.U



$?. Ur*yKrr{BHocrb B rleru repeMeHuoro rorslKor4a qerm nepeMeHHoro rora coAepr(m rorrxo rargyrrmuocrr (r.e.
I@ryIIrKy anAyKrrBHocru) (R-+ 0"C _+ 0), ro ypaBuelrue BlrHyxAeHHErx
xone6asafi 6y4er nraeru caeAyroquii auA:

[) ,, cos 0t = 1!! .

dt
BCe BHe[rHee Hanpflx(eHue rypr]Jro)r(eHo K KaTyrlKe
(7) rvoxno o6osraqrrr ,rcpez Ul lr ero r{a3brBaror
I4HryxraBHocru. flepenI,truerr,r (7) n nlrge

di =U* cosastd.t
L

rr npouHrerpEpyeM rIO BpeMeHrr

i = I dr = Ily 
"or 

rtdt = llLsin at .L aL-"'*"'/ _\
i = I.coslalt -: I,\ ), ' (8)\ -/

t =U*/rm - /aL (9)
aMruEryAa cujrbr ToKa. llpnraerua x (g) aaxou orrra, nolyuaeM rurAyrorrBHoeconpoTrrBJreHlle qeau nepeMeHHOrO TOKa B Brrle

(7)
B 4anlrolr cnyqae

r{HAyKr}BHOCTE, rro3TOM y
na,4eHrreM HalpsxeHr.uI Ha

R1_ = aL. (10)



$3. 3nerrpoeMrcocrb B rpnu nepeMerrHoro rorcl
(orAa rlerr nepeMer{Horo roKa co.4epxnr roJr6ro 3[eKrpoeMKocrb

(t.e. xou4encarop; (R -+A,L-+0), *ra.rpxx(eHr.re Ha o6rcua4xax KorrAeH-

caropa 6yae, paauo npunoxenHoMy BHeurHeMy HarrpflxeHr{ro, rl ypaBreur.re
BErHyxAeHHbrx xole6auuft 6yAe.r nrae.ru caelrylorqali erg:

Ur=*=(J^coslalt. (tl)
L

Tox s [enu orrpeAenttrc.x no Epolr3BoAnofi sapqAa KoHAeHcaropa rro
BpeM eH fi cneAylouruM o6pas orr,t :

llepeueauqfi ror

rIpHqeM aMnrrryaa 
"oKa 

paBHa

Io, = afrU..
I& (13) [onyqaeM Bbrpaxeulre Arr eMr$crHoro conporr.rBJrenrrs rr&nlr

D -l/n, = /orC' (14)

Cpaeurmaa BbrpaxeHr.u Haflp.flx(eur,ur (1 l) N ornu roxa (12), y6exaa-

i = * = $tc 
u r) = fi tr, * cos ,,t) = -at IJ o, sin oil = t - *r(*, . [)

(12)

(l 3)

eMcr, qro moK onery,caem HanpgzteHue no Qtme ,o %.

r5'L^



IIepeueHanfi ror

$4. Ilo.rrnan rrerrb rrepeMenuoro rorcl
Ilorurar qeflE fiepeMeuHoro roKa Br;rroqaer s ce6s aKrr*Hoe conporr.rB-

JIeHIae R, uuAyrcrmsocm I r4 3neKrpoeMxoctr C. flpu npoxoxgeruEu
nepeMelrHoro roKa B rlenr aMErtmy.6r nanpaxenufi sa R, L r,l C o6osHaqra]tr.

cogrBercrBer{Ho, qepe3 U p,U 1,Ug. Cocranmr.r BercopHyro .{fiarpaMMy
uanpaxenuft Ha 3JleMelrrax I{enH, c fioMorr{r-ro xo:ropofi ropa3Ao rerqe oflucarE
flpoqeccbr, npoHcxoAsxll4e B I{enH rrepeMeHl{oro ToKa aMrIIIrryAa
trpunoxeuHoro BserrrHero Harrprxeuu{ paBHo BeKropnoft cynlrrae aMrmlrry.n
orAenrHblx uanprxeuaft B rlert]r:

-.} -+ -> -)
U m =U n*U L+Uc.

Iloar:yrcr reopenrofi llu$aropa, us eerropuofi AraarpaMMll [onyqrrM
Bblpa)KeHae npI4IIOxeHHorO HaIIpsxeHlt$I

u'* = utr + (u, -us)z rnw 12 22 = 12 R2 + I' @, - RrY .

coxpaupr Ha KBaApar crrr6r ro*a (1') , *"r"** Koperrb, florry.r,M:

Ur

Us

Z_
rile Z - IroJrHoe coflpgrr{BneH}Ie qenu [epeMeHHoro roKa, H€l3BIBaeMoe r{}{ne-
AarrcoM. I,b rerropuofi guarpanau Br,rAHo, qro roK orcraer gr npulroxcenHoro
HaIIprxeHEr rm Sasy p, onpeAenreMyro rc BErpilKeHr{f;

R, - R" 'l'- 
1 

o{lqQ=-* =---------:--orRR
rt /

a ero aM[nrryAa orrpeAen erc{ Br,rp-axeuweu I^ =" /Z v, ecryt Hanp-rxe-

HI,Ie B rlent,r [BMerrrrercfl flo 3aKoHy u =U-cosot , To BrrpilKenr{e .4[rr coor-

BercrByroqero roKa 3arrauerc, B Br{re i = I. cos(at - rp).

ConpoT maeuwe R1-RC : R* rmsatsa1g,r peaKU.IBHLIM co4pornBne-
Huetlr. CneAosareJrbHo, notHoe c onpomuzneHue 4enu (uune dauc) onpe4eys.ercx

t;
c [oMolr{Ero aKmulHozo u WcrnmuoHoeo co[porr{Bneuuit Z = r/R' + R *' .

R'LR, _n;f = F *6t_ ;7,1f ,



flepeuouxrrfi ror

55. Moulnocrb rlenu rrepeMenHoro rorcl
Mruonennoe, T.e. 3aBl,Icrulee or BpeMeHH 3HalreHI,Ie MouIHocr?I, BblAeflq_

rc,qeIc3 B UeIIH [epeMeHHoro roKa, oflpeAenflerc, Bbrpit]Keflr{eM
P(t) = tti = (J,, cos a)t . I. cos(at e) = U o,1,, ior rr. cos(arr - E) =I

_ U*1..("os2 ot.cose+stnatt.cosrilt.s;np).
Ber,rgqz nepuoAr.rrr,ocrlir rIe[H flepeMeH'oro ro(a BirxHo onpeAenr,rr'

cpeAHee 3HaqeHr.re Mouluocrr.r, errgerxrouleficfl 3a rreprroa. T.x. cpeAHee

3r{aqeHHe cos2 oll = 71., u s'r-r.alt . cosalt= 0, no,ryvae,nt p =W"or r.//' 
2

lls aerropuofi AuarpaMMbr cJreryer, .rro cosp = %,KpoMe roro,

u*/_,
/z - ",'IIoAcT aerr.fi errl Bbrpax(eHr,rrr e Sopuyay cpeAsei.naorqHocrr4, rroryrruM:

D _ T:,R

2'
Taxoe xe BLrpa)I(enue I4Meer Ir MotqHocrb nocro{Huoro rora

P=I,R'2
Cparnunar .@a 3Trlr BbrpaxeHwr, flolryqaeM:

I=L.
"12

3ro r.n. aQ$ercrunHoe (qeilcrryroupe) rHavenue crirrbr rrepeMeHHoro
rorca. AHa.norwrHoe Bbrpax(eHne roryrraer cr. u Ntn Harrpfixeflrrr

,, -u*"-Ji'
/ S$QerrrcHurvr (4eficrnypunu) 3rrarreHueM cr{,rEr rrepeMeHHoro rorcr

Ha3EIBaeTCfl 3lmqeHrIe clnrrEl [ocToflHHoro Tolgl, BLIIeJIflIOilIee B uenu
Ty ace MorrlHocrb, qro H rrepeMeuHbrfi roxgaHnoft aMrurr{TyALr.



3r erpoumuso efioneu Drubr

S"rrercrpoMarHrrruoe floJre H BoJrrrbr
$1. 3nerrpoMarHr{THoe [oJre. Torc cMerqeHrrfl
Kar 6ulo yKa3aHo Bbrrue, rBMerr{rotrreec{ MarurrrHoe rroJre nopoxAaer

3relcrprrqecKoe floJre. B csorc oqepe.s, r,BMeHrrrou{eec.rr 3neKrpr,FrecKoe floJre
rtoporrAaer MarulrrHoe. 3ro yreepxAeHl{e [oAqepKr{Baer c[rMMerpr{rrnocrb
[pocrpancrBa v frBJrs.ercfl i[yHAarurerra.rrrnrur.r.

flpegcrarrar.r, qro Hanprx<eHuocrb orercrpurrecKoro flolu

'ilocKoro ArDneKrpHKa ]BMeHrrerc, no 3aKoHy d%, 
" coorBersrB,rr{ c

3aptAoM, I.AaHHLIM Ha IAaCTLIH'I TaIOKe, KaK H MaTHETHO. IOJI. 
'"***,n 

j,
Bo3nllxalouee raM xe. Ilponoga aHaJrorHro c 3aKoHoM Oapa4ea o6
3neKrpoMar Hmnoft asAyxqfi ]r, Moxuo 3arr]rcarb

laat = po€o*L,
idt-

T.e. MarHurHoe floJre Moxer 6rms nopoxAeuo [epeMeHHbrM 3neKrpr,rqecKaM

rorreM. H: Qopnaynu ur{pKyrururn BeKropa i "r"*"t
[Bdl = prl,
I

T,e. MarHurHoe floJre Moxer 6rrru coegp.uo rarol(e u roKoM B flpoBoaHrrxe.
Cregora'reasHo, cyqecrByer rro Meubrrreft rraepe gea cnoco6a nopoxAeH[rrr
MaTHI{THOTO non,g
/ IlepervrennrrM g JrcKrpuqecrcrrM noreM,
/ 3rerrpuqec(rrM Tor(oM.

Patyueurca, o6a cnoco6a paBHoIIeHHbr [r nprrMeurlMll, T.e. MoxeM
3aII[Icar6

laat= ^u,** 
pol = ^(^+.,)

vaeH ag I ,*""r pa3MepHocr6 roxa. 3'roruy rrrreHy npr{cBar{Baercs"dt
Ha3BaHr,re rorcl cMeulenua (ror trepe3 KoHAercarop). Tor nporo4mrtocrn
qepes r(orAeHcarop He relrer, T.K. rrepe3 KoHleucarop He [poxoArrr sapa4. Tena

He MeHee, ToR cMelueHr4s geficterrrenrno ,Brlrerc, ToKoM, noArBepxAa, TeM
caM6rM KOHrIeruIr{rO O HenpepbrBHocTr{ ToKa.
r' Coso(yuHocrb BBa[MocBrBarrHLrx, nepeMeHxbrx gflercrpuqecnoro H

MarlrlrrHoro noJrefi nal rrsaercq 3JreKTpoMarHrrrHbIM [oJreM.

->
E enyrpn



3r errpoumumo enon eH mrEH

$2. Ypaerre Hrrq Malc reana
Ocnosusaqcr Ha r{Ierx @apagea o6 snerrpuuecKoM r.r MarHrrrHoM

rtoJrrx, eenm(rlft amnruicxrfi Qrcm< [xefruc K.uepr Mamcserr pn3Br.rr
l4aKpocKo[uqecKyro Teopr4ro 3neKrpoMarHr{rsoro noJrrr, co3AarrHoro SaprAaMl,r
u roKaMn, suaqrrreJrsuo EpeBbrrlarcqr{Mu pa3Mepr,r MoneKyn. Ocnoeofi Teopur,r
rrBrurlorcfl ypanHeHr{fl Mar<cne.nna:

[InrerpaJrbHaq Qopua./ [IepBar napa ypaBHerulfi Marcee,.ura cocraBnerta ypaBHeu]rrrMr.r

llepnoe ypaBHe Hlre onlrcbrBaer 3aKoH 3neKrpo*rarnrrrnofi r.ru.ryKrlr,rfi.
Ilropoe ypaBHeHHe yx€t3brBaer Ha 3aM(rqmocrr lunufi lrarunruofi r4HAyKuHr,r, a
3TO O3Har{aeT, qTO y MarrurTHoro noJL HeT He[oABtDI(HLrX IICTOT{HIIKOB.
,/ Bropas napa ypaBHer*rfi Marcne.rura cocraB[eHa ypaBHeuxrMr{

u [o,at=-+,n, !z,ar= 1[*l ds,z) lsds=o
' tl"' ), s

lr,*= li,as.{*1,,D lBdt= p,(",ff.')"""

z1 lr,as --L ,n lo,as = [Nr.s"osy
Ileproe ypaBHeHplq cBr3brBaer roKr{ npoBoAr.tMocrrr r4 cMeqeur{{ c

IlopoxAeHHLrM MarslilHrrM rroJieM. Br:opoe ypaBHeHHe rroKa3brBaer, qro
3JreropEqecKlre clrJtoBble rrl.tH]dil LtAr{.u}laroTc, rr 3ar(aHqr.rBaroTc, Ha 3aprlAax, T.e.

l/ 3neKrpHqecKoro IIoJH ecTb He[oABlDKHbre lroToqHrmr,r -3apflAbl.
Au Q Q ep eH rI r{a rr b Ha n Qo p-naa

Ilepaaa napa:
-)

-+ AD -+
rorE=-uu.divB=0.0t'

Bropan napa:
->

,o,i = ,-**, divi= p."At
Berrufiutr, Bxo4rrqlre n Qoprrrylrr, cBr3aHbr cogrHorrreHusMlr:

-+ --+

D=eseE,
-) --)

B = popH , D- unayrcqurr areKrprqecroro floJrrr, 11- nanprxeuHocrb
-+ --+

I\4arHl,rrHoro notll;', j = o E- rar<on Orra n au$SepenUr{aJrBgoM Br4Ae,

jt - rrrror'ocrb rorca, o =o%r- rurorHocrb3apsra.

t'



3r erpoumnuo e[oreI EnHEr

$3. SrcrcrtrxlMarnrrrHble BoJrHbI
Corracno reopnu Marcuerrua, KorAa B seroefi Toqre fipocrpaHcrBa

BO3HHKaeT nepeMeHHoe MarHr4THOe fiOJre, OHO 3AreM paCnpOCTpaHrrgTCS B

[pocTpascTBe.
/ PacnpocrpaHeurre B fipocrpalrcTBe rrepeMeHHoro gJrercrpoMarHuTHoro

no Jrfl Ha3 rrBaercq 3Jre Krpotr ar Hr.rrno fr soJrHo fi.
3nercrpou arnrrr{arr BoJrHa xapaKreprc yerc{ grer<rprrrecxr4M r,r MaTHHT-

(* -\
HrIM BeKropauu I E,B l. Aonlcrmrr, so B 6ecrcoHe.rHo[4, HerrpoBoAru{eM\i

--+

lpocrpaHcrBe Bo3Hr{Kaer 3nercrpuqecKoe [oJre c Hanpfixenuocruo E. Baury
orcJircrBlur raM 3aprAa, gro flone BcKope Hcqe3Her Ho, rro reopl,ru Maxceeruta,

),rlueH6ureHr,re Ha[prxeuHocrra E nopoxAaer Bo3Hr,rKHBeHrre MarHrrrHoro rro.trt
-'

HanpflxeHHocrrrc If. Beruy orcyrcrBr{r raM ToKa,3To [oJre roxe Bcrope
[cr{e3Hgr - nopoxAa, npr.r 3ToM Br4xpeBoe SneKrpEecKoe [oJre c Hanptr-

-++
xeuHocrblo E*, xo'ropoe, yHurlroxa, [€pBr{rruoe none c HarrprxeHuoc.ruo -E,
Bo3HHKaer B,qpyrrD( ToqKax qpocrpaucrBa. Yruesrueuue 3neKrpurlecKoro

--)
norq B gauuoE roqre nopoxAaer MarHHTHoe noJre c H€rrrprxeHuocrbro I/x,
KOTOpOe, B CBOIO Oqepe.46, yHEIITo)I(EUI nepBr{rlHoe IOJIe C HanpgXeH]rOCTb]O
+
.I1, roeurmaer B Apyrux roqKax npocrpaHcrBa, E npoqecc fioBToprercq u
npoAoJrxaerc{ - TaKI,IM o6parorr,r rpoucxo,qrm Bo3Hr,rKHoBeHHe gneKrpoMar-
unrsofi BoJrHbr. Anq ee nopoxAenr.rq rpe6ye.rcx [epeMeuHoe sneropoMar-
Hr.rrHoe noJre Aocraroquo BsrcoKofi uactcrrrr, u o6uumft, ,r.H. :artprrrufi
rcole6arerusufi rcorrryp 4nr eT oft qenr.r Henpmogeq 6ygy.rr.r He B cocrocuuu
Irryqarb 3Heprmo B npocrpaHcrno. Herueqrafi {rcnx lexplx fepu.Elr aroft
Ilenx Hc noJrb3 brar orrpurrrft no.ne6arenrHsrfi Ko rrryp - npeo6pasorar*ru I
:axpu'rrrft - ruracrr.rHbl KoHgeHcaropa yAaJreHrr Apyr or Apyra Ha MaKcE-
M€ltrbHoe paccrorHue - Ha Arrr.rry pacr:rxyT ofi B npoBoJroKy Karyrrtr(E Kor$ypa,
IIpI{ 3TOM pa3Mepbr IInacT,rH }MeHbrrraroTcr, HacKoJrbKo sro BoErUoXHo. B
pe3yJrrTare [onyqaercf, o6rrqnas aHTeHHa, Kc[opbrMr{ Mbr rroJrr3yeMc, exe-
AHeBHo B TeJreBu3opax, paAr.ro, nao6rnrnux'relerlonax ra.r.g. flpa e.roM y KoH-

( - 6^aS\rypa cllrrsHo yMeHrrrraerc, oreKrpoeMKocru I C =:u- J, r.r. werureHuer d)'
.S u yeeruuentae d yN(eHbrxaer C, a ralorce r.rHryrffr,rBHcru (oHa [ponop-
uHoHanbHa rHorr\aAr{ KaTyrrrKr,r, KoTopar cBoAlfrc, K rryJrro IIpa pacTtrrrBaHrrr{
Kary[tr(rr B npoBoJroKy), .rro no r$oprr,ryne Toucona ($opr.ayra flepproAa H
qacrorrr 3JreKrpoMarH!{THbrx xone6annft )



?ffipoMffiHEoenoneE DnHbr

I
u'= 2om'

BeAer K yBeJlr{lreHr'to qacrcrur, a 3Haqlrr ra:nepruu rcnyqeHllrrl BoJIHbr, KOTOpa'

nponopuroHarrbHa qacr,re \g - "o).
3nerrpouarrrrusre Bo;rubr o6ragaror cneAyroulrMr,r csoficreal{ lr:

/ 3aewnpouctzHumHde 6otHd nonepeqHu;
'/ B saKwJve (ceo1odnotvr npocmpaucmae) 3neKmpoMctzHumHbte 

^onHbtpacnpocmpaHnptncr co cKopocmuo c6ema c, a no6oil dpyaou cpede _ co

cKopocmbrc u= c/-- 
;

/ l€/1

/ B exm oput i,rt,; $ alo,tH o nepneu dur<ytnpr,ot ;
--t -)/ Mody,tu 6eKmopo6 E,H ceasauot dpye c dpyeoa,t arcdynt4,.,vu coomHowe-

Hlttt^iu: E"[W = H,[lW , a c*opocmb c*emq 6 *aKwMe onpedett]emcn

tn Qop.nry,rat c = l/ 
-- = 3 -108 u/;c

./ t!€olto
/ 3uepzua ua eduuut4y noaepxHocmu rutocroil 3,xeKmpotwazHumaoil eotuot

onpede,rnemca qeKmopoil lroilHmuaza - ou npedcmaLtflem lzromHocmb
--) [* --+l

nomo,a )Hep?uu [l = | r* a I ou ,irpo*"n no HanpavneHunL.l
pacnpoc mpaHeHus. eneKmp oM azuumuoit 6ottHd.



BonHoBa, oETgNa

Bo"uHoBag OTITTIKA
$1. CneroBble flyrrlr 3arconrt orpa)rrcHnfl,lt

[peJIoMJIeHHfl CBeTa
Cecrosrte BoJIHELBluIIorcn 3nerrpoM arHI4T HsIM I4 BqJIHaM I'I, Hx rrlaBrafl

xaparrepucrr,rKa - cre'rorofi lYu.
/ Ceerorrtltl JryrroM Ha3blBaercs HanpaBJIeHI{e pacnpocrpaHeHus cBero-

roft enepruu.
Bonnoerle ceoficrea csera Hal'I6oree ,pxo flporBJlrlorcfl, KorAa luttrit'

HEre pa3Mepbr ocBetqaeMblx o6terroe (nperxrc'rrafi; (d) .*rao*eJIEHo trpe-

Bbr rraror .4[EHy c BeroBofi eorlct (Z), t.". c npaBeArI'IBo coorHo lue HI{e

d >> )..
JIyv ceera pacrpocrpaHrlercf, Ilo npxuofi rttuulr4 - tro.(rBepxAeulle

SToMy Hanwrr,re reHLI flprl ocBeu{eH}rl,I cBeroM HelpoparlHoro o6T enra. Ha rpa-
Hr.{qe ptrAeJra AByx [po3paqnblx t,Inrl flonyripo3paqublx cpeA c pa:uofi omu-
qecrcofi [JrorHocrblo ua6rro.&aercq gtpaxeHl'Ie E [peJIoMneHHe cBera
/ IlaAarcurufi, orpaxeunrrii u npelounennutft;ryvu, a ralofie HopMaJIb K

Toqlte naAeHrlq Jlexar e oAHoii nJrocmocrl'L
/ flpn orpa11qegrrfl cBera or rJraAr{oft noBepxHocrlt yroJl flaAeru|q paBeH

yrrryorparcewsna =F,
/ Ilppt [peJIoMJIeHI{k cBera

Apyrylo

lAe nzt - orHocnTeJlbHsrfi norsasareJlb npeJloMJlenun mopoft cpelEl

orHoc1rreJrbHo nepeoii, Ecrr eule u a6comgrgrrfi nox'asarenr npeJloMneH[r,

cBeronpoBoArup* cpelFt n
/ A6co.rnomrrft uoxalarert [peJIoMJIeHHq nolcnr,IBaer, Bo cKoJrbl{o pa3

^/
cmopocrb cBera B BalqyyMe 6o.nrue, qeM B AaHHoii cpeae , = 7u.

Iloxasarerr npenoMJIeHI,It 3aBI'IcIIT ot alII{HbI cnerosofi sortct. krrl
cBer flepexo.qrlr IB omwlecrn 6onee ruotuoft cpeAEI B omutlecrlr MeHee

rurcrruylo, c pocroM yrJla rtct.{eHla' pacrer I'I ytoJl IIpeJIoMJIeHHTI, XOrOprtfi

lBrnqiltrHo 6onrurc yrna [aAeHI,IrI E, paHo I4[I{ [o3AIJo, Hacryll'IT MoMeI{r,

KorAa yron npeJroMneHLIrI crauer nprMEIM yrnoru (900) r.e' npelouneuurrfi
nyv 6yaer ct<orb3rrb rro rpanllue pa3,uena 9TIo. cpeA - coqrBercrByloqnfi y4o.tt

[a.qeHr4s (ag) **"tuu".ct rpeAeJIbHbIM yrJIoM [oJIHoro BHJrrpeHHero

orpaxeHuq. IIpu garm,ueftrueM yBeiil{qeuxl4 yrJla rta4euvfl, yror npenoMreHl4t

crauoBr.ncfl 6omure flprMoro, I{ iryq orpaKaerarl BHyrppI nepeoii cpe.&I -

- npu nepexoAe

sina--:- = nzl,
stny

cBera IB o,qHoft cpegrr a
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oTcroAa u tIzl3BarII,Ie tBJIeHI4f nOJtHOe BHrrpeHHee oTpaxeHrre,
. 1/

sl[ta,^ = r/" /n

\___-_Y_-_____/
TEI{E

rlpqM onr.rHe [Hoe paanpocTpaHe Hue

CBETA

BH)',rpeHHee

oTpaxeHlre

$2. Jluttzr;t (Dopnry.na Jrr{H3br.
"' Jlwtrl- of't Ha3 brBaercr npo3 paqHoe reJro, orpaHnqeuHoe ceepuvecrcnulr

noBepxHocTflMrr.

flpanruuecxuE unrepec rlpeAcraBJrtror r,H. ToHKr{e Jrrrll3br - Jrurljbr, y
r(:oTopbrx cpe.qHff qacTb MaJro oTnr,FraeTc{ oT Kpaets, T. e. paAr,ryc KpEBrBHr,r
n,oBepxHocrr,r 'rarofi lr.rmrr R->oo. Ilompoenue u:o6paxenr,rtr B ToHKr,rx
JrI,IlB&x CBq3aHO C OnpeAeJreHHbrMr,r ryqaMrt xoA KoTopbrx 3apaHee rBBecTeH:
rJraBuafl orrrrlqecrclrr ocr, - ryrr npoxo4aqufi qepe3 qenrp torrr<ofi lan:rr
nepnegArmyJrrpHo ee rurocrocrr,r. Jlyvn, upoxoAflflue qepe: qerrrp rrr*BEr, He
ntpeJloMrrrrrorcx (no6o.ursre ocr.r). Jlyur.r, r.rAyrlr4e rrapaJureJrbHo rnasHofi
c,mrrecroft ocu, flocJre npeJroMJreHrrfl co6uparorcx B Toqr(e, uagHsaeMoft
fioqycoru rrrrBbr. Y groaronrrnyrrrofi nnngu (co6uparcupn rulrra) Soryc
iteilcmeumetauatil, y Ayotxoeorrqrrofi (paccermaroup fi) oa auuuott4 T.K. nyiu
n. treff noc.ne ilpeJroMreHr,rfl paccer.rBarorc, H B MHuMoM Soxyce Mo]r(Ho co6paru
Jr.r{rrrb M rrr.rMbre npoAoirxeHrrfl erlx nyueii.

B

0
;"*"_* f,_ ;x.;",, ff;;:J;",,a U 1l
oc*oBbrrD/rurar, l/- *o"*ouor').rar. J I

\ 
roHKuenrrnj

41
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F'

Hror<enepturacJreHabre BeJrr.FrErrBI rroJruocrrro
HCTOTTHHKa CBeTa I4 ero rBO6paXeHHt crrHocEreJILHo JIIIIBbI:
/ Paccrosrnre or om. qenrpa rrHrBEr Ao Soxyca - {orcycHoe paccroflwre F;
/ PaccrosH(e or rrcrorrHr,rra cBera Ao om. qeurpa rnrr,br- d;
/ Paccrognpre or rco6pu(eur,rfl Ao om. qeHrpa nprrrrr - /;
/ Pa3Mep r,tcrorrHr.rKa cBera - h, pazvep rco6paxeHnx - 11.

3ru neluqunsr cBr3aH6r Apyr c ApyfoM Sopuynoft;runsu:111-: = l+^- Aefictrlrrenruoe rao6paxeHr.{e B co6rEparoupftJrH]Be;Fdf
1_i_l_
F d f 

MHl'liltoe uro6paxeru're nco6uparcupft'nurae;

111
MHHMoe rco6paxenr,re B paccer.rBalou{efi nurgeF f d

(e paccermaroulefi larce He Moxer 6smr aeficrsnreJrEuoro
rco6paxeuue, oHo BcerAa Mnnruoe)

Ornorueune pa3Mepa rso6paxenul K pa3Mepy prcroqur.rxa cBera

Ha3blBaerc, yBeruqeH,eM ll.Irr:sI f = y = fhd
BelaunHa, o6parnaa sorycuorr,ry paccTo{Hr.rrc, Ha3brBaeTcf, orrruqecnoii

I
cunoftlururr D=1.

F
Omnqecrax cnna rl:Mepf,ercxs duonmpuax (dnmp : r'tS.
(Dotcycnoe paccrorgr{e co6upanupfi Jrlrrr br noJroxrreJrbuoe, paccea-

Baroqe fi - orpHrlareJr6Hoe.

3ne rrpoMarHrrrHaq rrpllpoAa cBera
Ceem [peAcraBJrrer colofi ercxmpoMazHumHyo eotuy. Bonwoaan

flprrpoAa cBera noArBepxAaercr reM, qro cBeroBrre nyuw uumep$epurytom,
du@pazupytom, tmreer mewo ducnepcun, noznot4eHue n paccenHue aBsra - rlce
3To xapaKrepHo Alr{ ruo6oro BoJrHoBoro rrpoqecca. Cne4ret orMerrrE, rmo
6onurms qacrE cBeroBoro eoegeftctenr Ea [pupoAHbre o6rerru
(fiomon*vuvecKoe, menfloeoe w ap.) flpr.D(orqrrc, Ha ero 3flerTprrlrecryro
cocmaqn.flroulyro, rrro Kacaercfl uazuumaoil - TaK oHa no 6o.nrruefi qac'ur
,BJI'ETCf, JII{'IE rIEPEHOCqIMOM SHEPTN{.



Borqosar ourE(a

$3. IrtrrrepQepeuquq cBera. Onrrr IOnra
-f,sreHue urnep0epenqlru [oArBepxAaer BoJIHoBy]o npupoAy cBera.

-SaJrerrue urrep$epenqwr cBera cnxprln arnruficxtlft yvenslft Torvrac IOm:
v' HrrepQepe Hrrue ft cBera lra3 blBaercfl sBfleHDe IrilJIorI(eHHn (cynepnoe ll-

qun) rorepemHrrx' cBeroBblx BoJIH, B pelyJrbrare qero B Aannofi
o6nacru Bo3Hrrrcaer rre peAoBa HHe ycnlreHr.rff u oc,'ra6ne uufl Hlrre HcI{B-
IIOCTH CBETA.

KorAa e seroeft Toqre npocrpaHcrBa Ilrrreucl{BHocrb flpeBbllrner
c'FMMapHyro or AByx I{e3aB}IcLIMEIx, Eo Kotepenrllblx I,IcroqHI4Kon (lpxo
or BeuleHr{a{ o6nacrr), urrrep$epenqruI Ha36lBaerc{ I{0lrcTpyl$ustrtofi, ecru
xe lrHTeHcr.rBHoc:rr 6yAer MeHbIIIe cynallapnoii (sa,euneuuax o6lacrr)
u rrepSepe nur4, AecrpyKr nB Ha.

urrreptf epeurryla

B orrrrre lOnra comre.rlsrft ceer LB orBepcrl,tlS fialar, Ha

H()[po3paqnbr[ expan c AByMfl orBepcrI,IrMLI MaJIoFo (nopxgra Altttrrt cserosofi

",rro, 
(d -.1.)1 pas*repa (,Sl ,,S2), Koroplle cryxEILI BropLltIHbIMLI, Kore-

pgrrHElMrl rlcroqnr{KaMr,r cssra. Ha gKpaue IIo{BrurJII{cr IIBerHbIe o6.nacrlt
nepeneHuofi ,rHrerrcr{BHocru. KorAa corureqHui nyq 3aMeHI'uII4 Morloxpo-
MarrrqecrcrrM (oAnoqeernsrrrr) rryvom, lla grpaHe e o6racrs rmnoxeurax lyuefi
Itt BTOpHTIHbIX I,TCTOTIHHKOB rIOqBpUII.ICE tleperyrcU{Ueox OCBeIIIeHTILIe lI
3€rreM$eHHbre o6racru - sa6moAalacr ranrepSepenl{Hs. Bo RTopEqHbIx Llcroq-

HHKax cBera xe rm6rroAaracr 4urlparuur cBera (o nefi'nosxe). Taxrna

o6pa:ont, reHIaJrBHocrE Tolraca loru'a npoxerulacb B ero cnoco6gocrr,I
rqrocrefuuuu orrrlToM ottlrcarb .rya aaxuefiul4x IBJIeHIIUI eonuosofi oTITI4KLI -
nwrep$epe ruuro u gw{ parlluro cBera.

Ilycrr 41,42 - aMrrrnrylEl BOJIH, nprrureArur,D( B TOqKy

urrreE[epeuuur,r rc BTopr{rrHEIx I{crolIHI{KoB, H flpoIrreAllltd( pa3Hble

orrllrrecKl{e rryru dpd2. CreAosarenrgo, y HI{x ecrb pa3Irocrb xoAa, I{ npI,I

HturoxeHrlrr Melrquy HHMH Bo3HI{KHer pa3uocrb Sas. Kar rBBecrHo, ecJIH

prrsHocrE xoAa AByx BonH paBHa Anldlre BonHbI 2, ro pasuoctr Saz panta 2n .

B naueu rre cflfrae, npl4 pa3nocru xoya d2 - dt = A, pas noctr 6as 6yaer d .

s/ -Ll^n^*"Irr:Pen nPonoprlurci vh, 
,/ L

l'

' xb.rp a*r"ryru Htr Dnflbr uMmroArHm ry rcs m rry ?r = v2 ft no rc mEyrcp eooE 6a ? : const.
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d ='1: . (r)
).

Yrasannsre nyqrr orruuryrc{ BoJrHoBbrMr{ ypaBHeurrrrMr,r

{t = Arsin ail u 6z = Azsin(ror + d),
1* /, = o'7T,rILe I - neprroA xone6auaii. Coraacno flpr,rurlr{fly cynepnocr,rqlru:

4 = & + €z = At sin att + Ar sin(at + 5) = Ar sin at + Ar sin att . cos d +
+ Arcosatsind = sina/ .(.q, * A.rcos6)+ Arcosott.sind.

Bne4eu o6ogna,{eHuq

Ar+ A, cosd = Rcosd, e)
ArsinS = Rsing, (3)

rae R,0 cyrE HoBbre flocroflHHbre BeJrr{rrnH6r. Taxrna o6paaonr, flotrylrraM:

6 = Rsinatcosd+ Rcosattsin7 =Rsin(a;f +d). g)
Brrpaxeur.re (4) noffrsepxAaeT To oxu.qaeMoe o6croqTerrrcrBo, rrro

PE3YJIETIIPYrcUIAfl ABYX I(ITEPCHTHbIX BOJIH TAIOKE flBJIqETCfl SOCIHOE C

anarurrrygofl R. BogeoA, B KBa.qpar H cKnaAbrBa, e)u (3), norr5rrrHM:

R2 cos2 0 + R2 sin2 0 =(A, + Arcos6)2 +(drsnaf =
=Al +2ArAzcosd+ Alcos2 d*4sin2d.

T.x. cos2 0 + sin2 0 = I u cos2, + sin 2 d = l, uonyqrar,r :

R2-4+ZArArcos|+Aj.
3aueg n aMrurHtyAEI B.JIH Ha LIHTeHcLrBlIocrE cBera, c )rqeroM I,D(

B3aHMo3aBr.rcr4MosTrlr - I * A2,R2, yflpoulafl, TeM c€MbrM, BbrpaxeHr4e TaK,
qTo oHo rrepenulneTcfl B BrIe:

I =It+Ir+2"[I{rcosd.
Korrya cos d = *1, r.e. 6 = Ztm, r? - uenoe qucJro, rc (5) nonyur.ru

I = Ir * I, +2"fir1, ,

T.E.- CWMAPHAfl H}ITEHCI{BHOCIE 6O.rrgrUC C)A,!MEI OTAEJIbHEIX I,IIITEIICI4B-
HocT efi (t , tr + Ir), u r{HreHcr.rBrrocrr 1 lrar(crrya.nrna (ocneu8HHar
o6;racru).

Cocneercrryroqee nlrpaxeur{e IUu pa3Hocru xoAa A nEprr{ [B (1):

2*=2'L u a,=n),.
,L

Kor.qa cos d = - 1, r.e. 5 : (2.n + l)x, w (5) nonyvrarr

I = It * Iz -Z^[ItIz ,

(5)
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T.E. CYIUMAPHAfi IIHTCHCI'BHOCTb MEHbIIIE CYMMbI CTTAEJIbHbIX I,IIITEHCI,IBHOCTE'i

(t a t, + I2), waHreucr,rBuocrr 1 ruuurnuamna (rareuneunan o6.racrr).
Cocrruercr:nyrcqee Br,rpa(eur,re Arts pa3Hocrlr xo.qa A aaonr rarqerr,r n (1):

Qn+t)r =+ ^ 6=(zn+i1' .L ' ',z
T.o., urteHcunuocrs cBera B pa3HbIx roqKax 3KpaHa MeIUIercf, or MaKcI4-

MWa Ao Mr.rHr.rM).[4a, r.e. r,ffrrep{epeHrlrroHHafl r(apr[ma npe4c.rarrue:r co6oii
qepeAoBaHlre ocBerqeEHErx r{ 3areMHeHHErX O6naC'refi pasnravuofi $oprrrrr (e
3aBI{Cr4MOCTr'I Or $Oprr.rrr caMoro t4crorrHHKa cBera I4 BTopl,tqrrtx lac.ro.rmu<or),

Hara6o,ree apxo uurep$epeHqr,u npoflBJurercr, KorAa HaJraralolq,ec,
cBeroBrre eoarnr o6na4aror oAr4HaKoBofi umencrcno.r"o (1, = Iz = I *).
Maxcnr,ralrnas cyr!{MapHa, uureucr{Buocrs - I - I* +I* +21* = 4I* -treTErpexKpaTHoe yBenr,rqeH[re r4r]TeHcr,rBHocTrr - qeTbrpexKpaTHaq flpKocTb;
MHnuua-lrsa.,r cyMMapHafl r.rHrer{cr4BHocrs - I = I * + I * I F = 0 - nynerar
ameHcLIB Hocru - a6co,nrorHafl TeMHora.

$4. I{rrrepQepeHrrrrfl B ToHKril( rureHrcax
Paryxrue MbrJrrubre rry3Lrpu fi Macflsuafr rrJrem(a ralor(e Ltsera paAyru

HA IIOBEPXHOCTII BO.&I CCTb Pe3YNETAT rEIrrCP(}EPEHIIIII,I CBETA B TOTIKHX
rure HKax, KoTopbrM Lt H TBJUTTOTCq Bbrue nepeirucJre HHsre npe4werH.

flpeqcraeura roHr(yro [neHKy parxolrepuofi ToJruIr4HBr d c noragareneu
lpeJroMneHB, n. frAilarcil\Ltfi rn eepxmorc noBepxHocrb rureHKr.r MoHoxpoMa-Tnqecxrzfi nyq qacrrruHo crrpaxaercfl o.r Hee eaoJn AE qacrutrHo x(e
npeJroMJr{e"c.rr BHyrpE eAo[6 AD. [anrure 3Tgr nyq orpax(aercr or nroxnefi
noBepxHocrl{ [,IeHKI'I, I'IAer BAoJIb DC, ntoplruno npeJloMnterc, I4 BbIxoALrr
Hapyxy, ,tsJryqarcb sAoflb CE Boeumaer, cJreAoBareJr6Ho, pa3Hocrb xoAa A
Mex,ry ryrraME AF ra CE Kqropyrc cne.ryer BLrrrEerrrrL. B 4aruroru clyqae Mhr
6yAervr .maerr Aeno Ee c reoMerpHqecrofi, a c omrqecroft pul3HocrEro xoAa:
L=n(AD+ DC)- AB.

l,Is rpeyroarHra(oB areAyer 
d 

= "orr.AD = 
d 

. r.n.' AD cos/

' cosy AC
AC = AO+ OC ) AO =OC = AC =2AO, AO = dtgy, AC =Zdtgf

,r, cJreAotsarensuo, AB =Zdtgysina. cornacHo 3axoHy npeJroMJreHr4q cBera

sina--:- = n, orcrc.4a slna = nstny , [oAcTaBrur{ yAB uywtstBar, qTo
slnr
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sinv ' ''

rgT = 

-,noryquM 

AB =Zdn.s1m- 
Y

cosy cosy
A renepr noryqeHHrre Bbrpaxeuru Ne n(AD + DC) w AB noilcra-

eurra e Sopuyny A:

L= 2d' 
-zdn.stn2 

y 
= 

2d' (l-sin2 7)= zdn-"ot'/ =zdncosr.cosr cos/ cosy cosr
CneAyer orMgtrrrb, rITo 3To BbipaxeHr{e Aaer nnulb BrrrlrMoe, Ho or-

HrcAb He rrcTHHHoe, 3raqeHr4e pa3Hocrlr xoAa. 3xcneplrMellTaJlbHo, a ralol(e I{

Ha ocHoBe 3[eKrpoMarHrrHo[ reopaa cBeroBbrx eoln, 6uno ycranoBreHo, tITo

npu orpartteHrrrr cBera or noBepxHocrr{ omwrecxu 6onee mo'r'soft cpeAbl,

Tepsercfl $asa n, coorBepcrByloua.,r pa3uocrl xoAa /r. CnercaareJlLHo,

r4cTr,rHHa, pa3HocTb xoAa B AaHHoM cnyqae oKoHrraTeJIbHo oflpeAenrrcfl Bblpa-

XEHI4EM:

L=zdncosy */2.
IIpn A =fi),, wteer Mecro MarcuMyu urrrepQepeHuuouuoft rcap-

TrrHbI - ocBe ITIeHI{nq o6nacrs Zdn cos y - %. = n^, 
^

2dncos.r =(2n+t\l/ -\-" ' ') /2'
Ilpr.r A =(2.n+l)/r, *t"n Mecro MrrHrrMlru unrepQepenuuonuoft

rcaprunbr - 3areMrrcHHas o6.nacru Zdncosy - %.: n^,,
Zdncosy =(n+t)X.
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$5. Ilpuuqur frc foenca-@pe rrerrrr
flpr'ruqr.rn ftoiire xca-@peHeJ,r Aaer Bo3MoxHocrB onpe,qerrrrr rroJroxe-

nr're Sporrra Bo.qurr' s rro6ofi MoMeEr BpeMeH[, ecJrq rBBecrHo ero HBrHerr-
HEE NOJIOXEHI,IC:
/ Bce roq*u Oporrra BoJrHbr orrpeAeJlflrorcq, rca* ToqerlHble rcTorrH,Krr

BTopl{qHbrx c$epr.rvecrurx eolu. tlepes onpeAeJreHHbr[ npouexyrorc
BpeMeHu HOBOe noJroxeuae Qporra BoJrHbr 6yAer noaepxEocrbrc, rsrca-
re.nunofi K 3Tr.tM BToprrqHBIM BoJrHaM.

Kaxgar roq*a, B Koropylo npr.xo,4rr BoJrHa, craHoB,Tc, Hcroq'r.rKoM
BT0pr'rrrH6rx BonH, pacnpocrpar#rrorqExcfl rro BceM HanpaBjreH}ull,r. rlplr e'rou
na6ffoaaercq B3aI{MHa' ranreptpepeHqr4{ BTopurrHbrx BoJtr! B pq3ynbrare
BTOpr'rrrHbIe BoJrrrbr racflT Apyr Apyra e 60Kosslx HaflpaBneHr,rfx, 3aro
ycr'f,rrlrBarcTcfl B nepBoHaqaJrbHoM. rIO grofi IIpI{rrHHe cBer pacnpocrpaHrrerc,
TOJTBKO B nepBoraqanbHoM HanpaBJreHHU. Tarrzrr,r o6pasoM graHoBffrcq ,cHo,
tITO

csem npflJilanuueiluo pacnpocmpaHsemcn o no1oil oduopoduoil cpede.

$6. fiu$paKrlrrfl cBerar' AuQparcurefi na:umaercq or'6aHne cBeroM MaJrbrx npeunrcrnaft, upo-
xo)I(aeHlrc ero cKBo3b MaJrbre orBepcrufl rr npoHHKHOBeHne B o6.nacrr
reoMerpuqecrcofi renu.

Ecnr'r pasrvrep oru6aeuoro cBeroM nperurrcrB,Jr rilrr,r cnBepcrrxr, B
Ksropoe rpoxoAr.rr cBer, Marr - ropqA^a Arlr{rrbr "or*, (d -+ l), gr.rSpaxqax
nporBr.aercq qerxo, c pocroM pa3Mepa orBepcrur, (npenarcrrux) glepaxqr,
trpo-rlBJlrlerc.t cnaGe a, HaKoHe I! acrle3aer.

' Boruo m uo rpxHo 6E Bce rcc M m opoi rca 6r ma r oauofi eae (ouQmo ).
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06 r,fl cn eufi e A H +pa Kru{r.r MeroAo M @p eu enn :
Paccnaorpur,l [poxox(Aeur{e cBera qepe3 Muuroe Kpyrnoe orBepcrue B

3KpaHe. .[Jra o{em<u rrrrreHcr.rBHocrr.r cBera B ToqKe 0 ucuomsyeu cne.ryroqrfi
MeroA: rB TotrKH 0 crporar,r KoHr{qecKr.re noBepxHocrH Ao rD( [epeceqeHr,r, c
[oBepxHocrsro crpepr.recxofi BoJrHLr. HX 4nunrr uo46upaeu raKfiM o6prBoM,
qro6Lr oHr, orJrr{saJrr,rcE * )/r. BorHosa, floBepxHocrb, T.o. ,qennrc-f, Ha//.
KoJrbqeBbre rourr (sonu @pene.nn) o4rauaxonofi rurorrFAH, KaxAa, pr! Koropbrx
flB ilqer cfl r,rcroqHr{KoM BTo purrHbrx no.ns I rofu e nc a.

flycrc 41, A2,,.,, AN 6yayr artlunrryAbr BrrrueynoMqH)"rrrx cBeroBErx
eoau (lyuefi). IIytu, BrrxoArrqae rs raxAo[ coceguefinapbr 3oH, pa3fir,Frarorc,

uo (base, rrro coorBercrByer pa3uocru xoAa % perynrrupyroqax

(cyuuaprna) aMrurrryga B ToqKe 0 6y.4er, r.o. onpeAea{rrc.fl cre.ryrculuM
BbrpaxeHr.reM:

A=A.-Az+A3-...!AN. (6)
I4rrencusHocrr (anrnirrryAa) cnera )MeHbrxaerc, crr qeHrpa dbrrrr K ee

KparM A, > Az > ...> Am >..., flpuqeM aMrurrryAa nro6ofi m-oi eot+;r

ofipeAer;rerc, qepe3 coceAulre cne.ryrculfina o6pa:ou :

, _Ao,_t*Ar,*lAor=- 
u*, o)

(* -t),(*+ 1) nonaepa efi coce4Hax :on.
Ilepenraueu (6) r cne4yrorueM BEAe:

A = +.( 4 - A, * 4\*( I -,q^ * 4z\ +...+ 4L.2 \2 " 2) [Z "+ 2) "',- Z'
Eraro4apr (7), errpaxeHu.r s cxo6xax parnrr nyjrro, fiocre.uHr.rM rrrreHoM,

(t t \
BBHJ(y ero Mirnocrr4 MoxHo npene6pe.n l "r/, + 0 | r, r.o.

\ /L )

A=+. (8)
2/ Cyruuaprnfl aMrurlrryAa paBHa [oJroBr.rHe aMrurrrryAu nepaofisonu.

B o6rqeu cJryqae, €cnu arr.rcno 3oH HeqemHoe, B cepe.unue 4n$par_
quonsofi KaprurrKr{ na6nroAaercs reMHoe rrnrHo, oKpyxeHHoe qepe.ryro-
XIT4MI{Cf CBCTJIBIMII I,I TEMHBIMI,I KOJIEI,IAMI{. B CTTYVAC )KE UEMHOZO III{CNA 3OI! B
cepeAr{He gu$parqr.rounofi raprarNn na6.nrc4aercx cBerJroe rrflTno, oKpy-
n(eHHoe tlepe.uyrcrrlHMlrcfl TeMHbrMr,r ,r cBerjrbrMr,r Kon6rlaMr{. .{pyrae, 6onee
ctroxHBre .qxbpar<ryronnue Kapr[]rKr.r o6rscrulgrcq aHiurortrqHbrM o6pa:orra.
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$7. 3oru @peue"rrn
B nparrnrecrr,D( uen x or{eub BarKHo l4Merb Bo3MoxHocrb BlIaILIcJI}rrb

re,cMerprrqecrue xapaKrepvcrrmrt son @peuerx Ha sorHorofi floBepxHocrx, B

qacrHocrr{, ofipeAenlfrl pacqeTHlle sopr"rynu nbtcombt cezweHma souot h,
nnouladu souot LS w padtryca 3oHbt r . Kax BHAHo rr: pr4cym(a, paccrotulle cn
KpaA moi43oHbr Ao roqKr.r 0 oupe.{eruercfl, KaK

b,, =b+m!, (9)," 2,
& - paccroanne or uenrpa eorHoeofi floBepxHocrr,r ao'roqru 0.

onpeAenr,nra BHaqzrJre Br,rcofy cerMeHra 3oHLr, c IIoMou-E]o roropoft
3areM onpeAeJrr,ncfl r{ ee flJroiua&. Ltrcnonssyeu reopeMy llir@aropa An AByx
[prrMo)rFoflbHbrx Tpe]ToJrLHHr(a Ha plrcyHKe

* = o' - (o - h*)' 
^ 4 : *- - (b * h*)' .

ifpr.rpannma, 3Tr.r B6rpaxeHr4, H lic noJr63ya (9), nonyvana :

o'-(o-h^)'=(r* **)' -(n+n*)2 .

Orxpoerra cro6ru

o2 -o2 +Zah--fi,
"a2

= b2 +zbm ! + *' + - b2 -2bh^ -- hl,
.AL+

)"
=b+m-

2
bn

Ilocre corparqeHufl flonyqraM :

12

2aho' =bm)'+ *' +-zbh* '",4
Ans ge o.rerc 6oaruzx gnaqeunft m H, yttb{tbrBtur MaJrocr6 .IrII4HLI

cesroeofi BoJrHbr 1, qfleHoM m2 L BnoJrHe 6es6oregueHHo MoxHo
4

TTP,EHE6PC , IIOJIYqI,IB, T.O., BbIPAXCHI{C AII'I BI,ICOTbI CCIMEHTA 3OHbI



Boasorax onruKa

(10)

flnorrlalE m-oit3oto, onpeAeJrrrercrr, KaK pa3rrocrb rmorrlaAeft m-oro 14

m -l-oro cerMelrroB eoruoeoft noBepxHocrH:

A,S=Sr,-Sr,_1.
lfrroqa.u rro6oro cr[epuuecr<oro cerMerila paaua S =2zRh (R_

pa4Lryc, a h - s$cwa cerurenra). CneAonare.nsHo, B rra[reM cryqae

S =Zrah,,=
trabm2

a+b'
a rr:lorrreAb m-oitzosst @penem 6yaer parua

LS =*bA .

a+b

tt
00),

(12)

(l l)

_ Kar BrrAHM, (1 1) neaeucrana or m.3ro ogmqae.r, qro npu He oqeH6
6orrrum( g HaqeHlisx m nnorT\a1t4 3on Ope Her.q rrpaMepno paBH6r.

A reuepr HaM ocraJrocb nonyq,nr' BbrptD*eHr.re A* B,er[Eero paAr{yca
3OH6r, KOTOpOe Mbr [onyr{HM rB flepBoro cooTHorJrer{ar, a rrMeHHo

,], = a2 - (, - h.)' = 2ah, - 4,.
flpu ne oqeHr 6olrurwx 3*aqeuillx m hrr11a, T.e. qreuoM

BnoJIHe MoxHo npene6pevr, r.e. fi=Zoh^ r4 noacraBrrg croAa
nonyqHM

Eb*)v - l-''' - ! a+b
Cne4onarelrHo, Bce reoMerp[qecKr{e napiuerpbr, xapaKreprBytoque

:or+r @pexerx, a r{Merixo h* LS,r* orrpe4enenrr.

$8. flonaprr3a rlrrfl c Bera.
3arcorm Ma.nroca n Eprocrepa

CneT sarre:rcfl no[epeqHofi elerrpouarrunsofi ^ronuofi, 
IIprI groM

BEKTOPEI 3ICKTPHqECI(OrO I.I MATHI4TEOTO NOrrEft B3AIIMHO IIEPIIEHTIMYJI,PHbI I4
NEPNEHII'IKYJIIIPHEI HANPABN€HI,ilO PACTPOCTPAHCHH' BOJIHbI. AIOUTT VI
MOJIeKyJT6MCTOTIHHKOB CBeta .qeftc're)fior He3aBI,ICHMO, I{ CBer Cocrolrrt I43
He3aBI{CT4MEIX BOJIH, [nocKocr]I XOne6anua KoropElx xaorlrqgcK]I
opr{elrrrrpoBarrbr 0T}rocrreJlbHo Ha[paBneHr4Jr pacnpocrpaHeHr,r, csera. Throil
crer, 6ypyva nonepeuuofi norHofi, HenoJr{praoBaH U Ha3hrBaerctr ecrecr-
BeHHbIM CBerOM. B Cnnraqrne or Hero, B noJrgpIBoBaHIroM Cnere rone6anur
rrpoucxoArr n oguoft, onpeAeneHHofi rurocrocrr4 nepnengurynrpnoft
flJrocKocTr,t ilonrpr,B arllru.



Borsosa* otrTEKa

Ecru ecTectBeHHbrfi cBer rEIAaer Ha flilacrltrry Ia noffIplr3yloulero
MareprraJ'ra (nonxpouga), mIacrI,IHa npo[ycKaer roJIbKo Te Jryl{il,9 rAe

3[eKrpEqecKLIi BeI$Op Kone6neTc, fl€rpanJlenEuo Ha[paBneHI{Io rroJrflpI'rlalpll{

(napalnenruue JIHHIIII Ha pI&ylIKe) l,l florJloulaer re, rAe Kore6aHI4,

n.porrcxoAST rIepneHALIKyJI-rIpHO sTOMy Ha[paBneHulo. BuueAuru[ lts

nongpolr.4a cBeT [nocKo-nonrpl,I3oBaH, npllqeM ,ffiTeHoI'IBHOCTE B6II[e.IIUero

cBera MeHrrercq B 3aBI,ICI4MOCTH OT yI'JIa no.flflp]Barll4ll 0 $trot Mexry
n.oJrflpoi4AoM r,r aHa-rri43aropoM ) cJlero/rcqliM o6pa3oM

I = I^cos2 0,
rAe I* - MaKcI,IMaJISHoe 3HaqeHI{e H}ITeHc?IBHocrI'l BbIrIIeAUJero cBera,

.n,ocrrfaeMoe [ppr 3HaqeHr.rrx yrna 0=0 u 9=1800. 3ro nrtpaNeuue

Ha3rrBaerc, 3 arco HoM Ma.nroca.
Oveauguo, npoAoJIbHEIe BoJIHrr He nporBJlflIor [oAo6]slx 3(b$emor.
Henorxprcoaasnstfi cBer, Ila.[afl Ha nonfipol'I,4, paculeflnflerc, Ha ABe

COCTABIUIrcUI{E:

"' Odua - nepneudurcytnpnqn tw@Rocmu nadeHm
H (8 uA Ae mCL 0-C OC mAAtnnw il,

{ flpyzan - rclrcat4afl s smoil ruocKocmt4
H B bt6 oe mctt x - c oc maenaro t4e il.

B 4uuempurax cyulecrByer )rroJl [aAeHIr.{,

rasueaelrnfi yrnoM rron pl,I3au,vlpt d p, npI,I KoropoM

He Ha6rrcAaerc, cn'paxenu{ fi +octasagrcrqefi .

'li. o. orpaNennsl fi rryu M arofi I4rrre Hc IIBHocTI'I

rurocKo -nonqplr oBaH, ero rrJlocKocrr rone6asuft
ileprreIIAHKyrUIpHa [rIocKocTI{ naAeHLIr.

a;<oc'rasrfl rouxa, IlonHocTblo qpeIoMflfie"c{,
rrpr, 3ToM o{ocTaBlulrcIllat [peJIoM JIteTCfl ]1EIII6

9IACTI{TIHO. rIPU YTAE NAAEHI,I{, PABHOM YINY NON'PIBAIIHII,

cfpaxeuHbrft r,r rlpeJloMreuHblfi lyvtl B3aI'IMHo [epneH,u{Kyn,IpII6I

dp+Y=900'
I4s saroHa Epe[oMreHI,Iq cBera cne.ryer

(o6os uaue aa rnavxattu),

o6os uaqena cmpettxaruu)

sina. n^ Sina, th sina-, tb n. /L = --=- - ----r-----!----- = ---2- => = -. WlLl tgd- ^ = ,/
siny n, -- sin(9oo -o) \ cosrlp nt o P / nr

rI

3ro nsrpaxenae EpeAcraBllrer r amoH E procrepa.



Bolsorae otrTuKa

$9. ,.{rcnepcrrfl cBera.
I{caax Huoron o6uapyxrur, qro KorAa 6ensrii cner flaAasr Ha [peJroM-

JrrrrcrrryK, [oBepxHoc'rb nprBM6r, nyq noc,Ie npeIoMIeEIr,q pa3JraraeTc, Ha Bec-
KoJrBKo p€t3lrbrx MoHoxpoMarI{qecxr.rx (oguoqne'rursrx) cocraBn ro[rrD( (HrrcnoH
HacqrraJr ceMb r.Ee'roB - r.peroB palryrlr: rpacnrrft, oparomenufi, xemrrft,
3e,ircusrfi, ro.ny6oir, cunnfi, Quo.neroarrfi). 3ro flBJreHrre Hrrgron Ha3mJr
gnc nepc ue fi crera. [py' raa a cJroBaM lr,
/ gucnepcraeft narr,rsaercq 3aBncuMocrb norcuarerq [peJroMJreul{fl

Berr&crBa or AJrr{HLr BoJrHbr (uacrorrr}

D=4, HassrBaerc, roo$Qaquerrorvr Ar,rcflepcru BerqecrBa,/dA
IIoKzl3bIBaOIUI4M

aonurr), sfiu a)
ll:MeueHue n B 3aBvcurocru or lr]MeueH]ur 2 (gltltru

rulL
x.

HOpMrrjrBHajr AHOMAJI6IIA'

ar4cnepcar ar,rcnepcil,
Kax nrgno rB plrcyHKa, [oKa3areJrb rrpenoMnear.rfl npoepavnofi cpe.pr

pacrer c ),,LreHbruenlreM grrr4ri6l BoJrHbr. Taxyo gucnepcuro H€l3ErBaror

nopruaruuofi. Kor.qa xe norca3areJrb [penoMneHr,r{ yr!{eubmaerc, c y!(eHb-
IIIeHT{eM A,rr.rabr BoJrHbr, ua6mogaer:cx aHoMaJrbHafl Al,rcrrepcnr. O6H.rHo ona
rrMegr Mecro e6rrlr r.r o6nacr:s EornouleHr.rr,

Paccnacnpmu 3nerffpoHryrc Teopruo Ar{cflepcuu - ro stofi Teopur,t Ar.rc-
nepclu cBera [peAcraBrurer co6ofi pe:ylbrar Btsar4MoAeftcrs[, snercrpo-
MarHrrrHbrx BoJrH c 3apflxenHbrMr,I qacrlqaMr.r BerqecrBa. Crerosrte sorrtrr
BErHyxAaror xoae6amas 3JreKrpoHoB B TBep.&rx'renax. flpnreHr,rM 3Ty reopuro
K oAHopoAHoMy Alr:ner<rpr.my. Kar r,tsBecrHo, rrora3areJrl rq)enoMneHlrrr
Ber{ecrBa oqpenenqercr ero Ar,DleKrpuqecroft nponr{r{aeMocrEro

,=Ji,s=1+ X=t*4,
€oL

Z - AwnextprFrecKa, Boc[p[HMrr[Bocr6 cpe,&r, P - unrorenuoe 3HarreHr.re

[oJlfiprBaqurr, E - nanpxxennocrb 3JreKrpn recroro nonx. Tlo.

n'=1+ P

soE

P=nopa=Lrg€x*
IIpn etou



Bolgonar otrTuKa

t4e no - KOHrIeHTpaqr4fl aToMoB B ArlI}nerCTpHKe, pd - HaBeAeHlrErfi MOMer{r

AHrroIIr, .xrr? - cMeqeHHe 3JreKrpoHa BBlrIy BGAefiCTBI,Ir 3JreKrpI,HeCKOtO IIOJL

cBeroBr,rx ryqeft, e- sapfl.A orreKrporla (eleiraelrrapusrfi sapxq). llo4cTanorra
Aaer:

n2 =l +/lo€x*
aoE*

llpr,r HanrulrIl cMerrleuu, gnercrpoHa r $opayne [rarrrerc,

(*)

aMrlfluryAa
Ha[pfl]I(eHHOCTLT 3neKrpl{qecKoro IIoJL cBeTa.

llpeAcraua,a c Ber B Br,rAe c r,rHyc ourarE Hof glrerctpoM ar Hril Hof Bortr*l
E = E^sinat.

3amlurelr 14 peruraM ypaBHeu[e BrrHyxAeHHErx xo.ne6aunfi An, 3rreKr-
POHOB BCIIICCTBA, KOTOPEIE OHI{ COBCPNHIOT NOA BO3AEftCTBI,ICM 3IEK|PI,FIEC-
I(oro non

dzx a4n o)"()x = L"orr, ="E* 
"os@t 

, x = xmcoso)t ,dt'mm
d2x 1
-;-- = -0'xn, cosail ,
dt-

)
- a- x^ cos 0t + azo x* cos aI = 4- 

"or 
rt .

m
Coxpaupx Ha cosrd, , nonyqrrM:

t*(-"*d)="E^,?= e' m b.n;Vr:A
noa"rur*, */ e (*), nprorogr.rM K KarrecrBenHoMy BbrpaxeHr.rrc) Arr.,r/"m

floKa3arenff [penoMreH]H 4uc nepcuofi cpe4u

z . t1n€2n = t-r--_7-7---T\.
eom\ag -a')

3ro *rpaxeHue, rroM r4M o BrlrleyKa3auHoro gMnrirpr.Frecxoro, yr(e Mare-
MarI{qecKH .qeMoHcrpkpyer 3aBLIcIrtMogrE [oxa3arers qpeJroMJreHr.rfl Bex{ecrBa
or rlrlxrnqecKoft qac,roru srercrpur{ecKoro rroJrr o6lyvarcqero ero cBera.

B o6aacrr.r 0 < al < (og, /t2 > 1 ra pacrer c pocroM rracrorbr a; (uoprrra-

JrBHa{ Ar,rc[epcux), npr.r a = a)g, n2 : lq,a s o6aac.ru @o < o a *, n2 <1,,
HO pacrer (uopua-rrrnaa 4racnepcNx), s o6racru xe AB na6nroAaercs
aHoMaJrEHa' Ar4onepcwr (nora:arerm [penoMreHrrs y'MeHErrraercr c pocroM
qlrxrnvecroft vacrcrru ).



$10. Ilor.noqeHrre r paccerrHr.re cBera
flpu npoxoN.ue,rrri cBera B BeruecrBe cB€ToBar g,eprurr qacr[rrrHo npeB-pallBerc' Bo BIryrpeHHIoIo 3Hepralo BelrlecrBa, qagrl{rrHo xe B gHeprr4ro

BTop[rrHoro lBJryrieHur B pa3nr+rHbrx ranpaBneHwrx. 3ro ssreuHe EB6rBaerc,
[orJrorrre HrreM c B€Ta. rlOrno1l1e uHe cBera on]rcbrBaercr 3 ar{oHoru Eyre pa :

I = Ioe-6,
16r1-cocrrrercrBeHHo, HrrreHcrB,ocrr,r naAarorqero Ir nporxeArJrero Belr{ecr-
Bo rlgnyqegIar, J - Tonrq[Ha EornoruarcilIero cJro{, a _ roe$$raqrerrr rror-
norrleHHr, sanucxulufi or r,nErr6l ronHrr (uacroru) xrur,ru,recxoro cocraBa r{cocror'l,rl BelrlecrBa, u a6coarcrruo He 3aBUCrr or IIHT.HCIIBITOCTTa cee.ra. Ha
prlcyHr(e [oKa3aH6r 3aBricr,rMocrb roas$aqr.rerrra [ornouleHr4, r,r rroKa3areJu
flpenoMneHu, [orJrorrlaroqero BeulecrBa crr .4rruH6r cseroeofi sorHbr. Itax
Br'rrHo rlB pr{cy'Ka, e o6racru nornoule,H' Ua6arcAaercx aHoMarrB}ra, Ar{crcp-clrrr cBera. 3asficraMoc'rsro r<ososuqueETa [orJrorrleHuq or AnHHbr BoJrHbr
o6rrcnse'rca pacr*er*a ren, Korqa r,u reJro rraAaer 6en'fi (cnoxrmrft) ceer:,
TeJIo nourorrFer Bce Jryqu, KpoMe oAHoro, ro.roprrfi oHo orpaxaer. 3rgr rper
H TBJLSeTCT. tEeTOM TeJIa.

Cee:rosaz BoJrHa, nagarcrqa, Ha npo3paqHoe rerro, Blrr{yxgaer 3JreKrpo_
HBr rBepAoro rera rone6arEc.rr B 3aBlrcHMocrH or xo.ne6annii sneKrpfiqecKoro
BeKTOpa cserosoft BoJrrIEr. Koae6arolIlr.recr 3neKrpoHEuBrurrorc, HcroqHr,r(aMr{
BTOptHH'rx 3neKrpoMar'Hrnrrx (caeroerrx) noaH, pacrpocTparurcnlr,D(c, B
qPOI{IBOJILHLIX HAIPAEIIEHII'X. MAXCTTAJIbHAfl I{IITEECI.IBHOCTS NPOUTEAUEfi
BeruecrBo ceerosofi roanu naG.nrcgaercr B Ha[paBJreHr.r]r nepBoHaq:urb'o
[AAAIOqEfi BOJIHEI. EOTOSOE I,BNYqEHH9 PACNPOCTPAIUIETC' B 3ABI.ICI4MOCT'I OT
xagr[qH6rx xorre6anui 3reKfpoHoB * Ua6ntoAae,rc{ pacceflHHe CBerA, T.e. ero

BolHoraa otrTHKa

pacrpocrpaHeHr{e B [polBBoJrbHErx Ha[paBIIeHr,r{x. pacceqHr.re csera Hau6oree
,pxo EporBrrerc_s [pr{ npoxoxAeHr.ru cBera qepe3
r€B - rAe xore6anru 3JreKrpoHoB crrnrHee o, tr

I{mencronocrr pacceruHoro cBera 3aBuct.rr or
Arrr.rHEr cserosofi BOJrHbr. 3axou Eyrepa NM paccesfius
cBeTa [eperu{rueTc.rr B cJreAy}orqeM Br.rge:

I = 1rn-(o+g)' ,
,x" 0 - xoeQsrrrr.rern ar{cruHrur{H (paccernua)
cBeTa.



Borsorar onraKa

$1 1. TerrnoBoe rrcJrJrrre Hrre.
/ Tertrosoe IBJIy.reHr{e ecrr,3rreprr{fl, rBJryqaeMafl TeJroM B coorBercrBull

c ero reMrreparypoiil.
BceT e,ra cnoco6ru tnnyqars 3Heprulo. H:ayvenue upegc, artaer co6ofi

3neKrpoMarHurHbre BoJrlrbl. Oun nutrr pa3nuqalorct .4rIHHaMI,I eoln, o6lagax
o4anarcoaofi cKopocrrro (cxopocuro cBera) B BaKyWe r{ noAqaHrrcb oAr{Ea-
KoBbIM 3aKoHaM pacflpocrpaHenr{{, orpaxeurrr, npeJroMJrer*rx, urrrep$epeH-
qrx, 4Ir$paxunrl u nonflprBaqr.ru, B 3aBrrcrrMocrr.r or Arlrnbr BoJrHBr, onu rroA-
pa3AeJr{roTc, Ha

y-.ryy vlt W Hme e H 06 c Kue ry uu, yn a mp aQ u or e mo6 bt e ny qu, 6 uduM bt it c rB Kmp,

un$paxp ac u orc ty.tu, Lt aKp 06 ott Hbt, padu oe ot u ot, Hu3 K ov ac m om Hd e 6 an H d.

Cnucox cocraBJreH B noprAKe ),t!{eubrueHlrr{ gHeprr4tr (yeelmeunr
.EJII{rGI noluu). B npupo4e sau6olee qacro Bcrpeqaercfl r4MeHHo reruroBoe
u3flyrreHHe. .{nx ero omrcaHr4, BBeAeHET noHrrrrrrr [Bflyqare&,Hofi uournocru
I{ norJroula relsnofi MorrrHocru.
I{r.ryvaremHaq MorrtrHocrb - KorAa reMrreparypa reJra BErrrJe orpyxarorqeft
cpeAsr oHo rcryqaer reruroByro 3ueprrco B oxpyr{arcqee npocrpaucrso. Ilpr.r
AaHnofi TeMrreparype ypoBeHr lBnyqeHrl{ 3aBr.rc}rr cn rprrpoAsr fioBepxuocrr.r
TeJIa, ee rnoiqaAr4 I4 AJrLrHbr BOnHbI IBJryqeHr,It.
/ Wnyvererc Ha-rr Mo[IHocrE ecrs 3Hepr6r, r,r3ryqaeMar B eA].rHur-ry BpeMerM c

eArrHHr-Er rroBepxHocru rartu E1,
a Arur Bcero Ar.rana3oHa AtrHH BoJrH

E = IEfit =jr^o^.
20

Iror.rrorr(are.irEuafl MoulHocrb - [pr,r rerrJloBoM o6nyqerr{r4 noBepxHocrr,r reJra,
qacT6 3Heprr4l,{ OTpaxaeTcq oT [oBepxHocTq, qacTL florJlorrlaeTcfl, a qacT6

rlpoxoArr cKBo3b rexo (nponycKaercx re.tott). IIpu 4auuoi TeMneparype
flol:Jroll{eHHas qacT6 3HeprEfi3aBilcyn cn flpr4po,sl rroBepxHocT,r TeJra r,r AJrIrHbr
BOlrHbr rBnyqeHHr.
/ IlornorqarerbHafl Morrlnocrb ecrE oruorJreHr.re [orJrorI{eHxofi nonepxuocrurc

sueprru,r Q 
* r eHeprlru, ua4aroupfi Ha [oBepxHocrs 3a ro xe rperua Q, o*/h = -,/9.

3neprux, norrorqeHHa{ eAunar{efi floBepxHocrr{ Tena B eAr{Hr{rry BpeMe-

HI,I oflpeAenqerc{, KaK AI,LQ, Ap - sueprr.ra r.BJryqeuuq, rraAaroIr1a{ Ha re;ro.

55



Bolxo rar otrTu (a

3aron Kupx ro @. A6 oo.nrorno qepuoe rqro
/ A6co.rtorno qepgoe reJlo - Tal(oe reJro, Korolloe noJrHocrbrc rrorJrolrlaer

naAarou{ee Ha rrero rcJryqeHrre.
/ OrnoureHue rcJryqareJrr,noft rrourHocrr{ K norJrorqareJrbHofi ,urfl [BJry-

.resnft oilpeAeJreHHbrx AJrHH BoJrH rr o[peAeJreHHHx 'reMrreparyp
nocroflHHo AJrff Bcex ter. Eo;ree roro, oHo paBHo rrJryqare.nsHofi
uorquocru a6coJrrorHo rrepHoro reJra - 3ar{0H KnpxroQa.

3ueprtu, florrorrpeMarr eAl,rullqnofi rrJrorqa,s]o rena B eA]rHIlrS/
BpeMeHu AoJrxH€r paBrurrbc, 3Hepr ru{, rcrryveuHofi e4ruuunofi xe rmoulaAr,ro

TeJra B eAr,rHr4r{y BpeMeHrr, T,e.
ti / _tQ/AtLQ= EtLA ^, 
"/.q.-- / L2./ n).

Am a6conrcnHo qepHoro rerra A7 =1. O6osHaq[B ]Bryirareabgylo

MorrlHocTb a6congrHo qepHoroTella gepe3 R1: fiOJryqaeTcs

F/
Rs =")'7, = const," ,/ as.

T.e.

x op owuit n el omumet b s He p uu n6rfe mc n u x opowt tlt rB ny uamet eid u
uao6opom.

3amo u C re@ xa-EoJrbrlMa Ha
Yporenr rBJrytteHHofi e1uuuqefi floBepxHocrrr a6conrgrso qepHoro rera

3 Hepr lrr4 nponopqr4olrarre u veT aeprofi cre lre Ha a6comsruofi reMreparypEr

RL = oT4, cr - rocro{HlIiu Cre$aHa.

3arcon cMerrleHuq BnHa

Anuna Bolrr+;r 1,m, coorBgrcrByrorqarr MaKcr,rMaJurofi eneprru urrry-
qeulrs u a6corxnrnsT eMfleparypa ? nsanuocgfl3aHbr cJre.ryrcqunr o6pa:ou

l*T = const .



Kaauronar ourtrKa

KnanroBafl, orrrlrKa
$1. (Doro3rrer(TprrqecKr{fi aQQercr

@usural,ra MHorux crpaH K yaqirJry XX sexa 6rmo srrqsreuo Aocra-
Tcrqgoe KoJlr,rqecrBo oflTr,rqecKrlx lrleuufi, neo6rscglrrdrtx c roqK[I 3peHr{Jr

ecnHoeoii rpupoAlr cse'ra. Bsrxo.E r,r3 He[pocrofi curyaquu saruer Marcc
flnaHr, rcoroprri pa:pa6oran KBaHToByro reoprrrc cBera, BBeAs B o6uxoA ll
noHrrr.re KBaHToB - oqeHb M€rrrbrx nopuuft 3Heprr4r,r. Tev caur,ru 6rlro eeeAeEo

r,r flourrr,re ,qyaJrr{3Ma (AroftcrneHuocru) caera - oH oAHoBpeMeHHo nporBnqer
K?rI( BoJIHoBL,Ie, TaK LI KBaHToBrIe ceoftc'raa. Cor.uacno xsaHroeofi Teopllrr cBera

/ Cser pacnpoerpaHqercq B npocrpaHcrBe B BlrAe noroma Me,rr.rafi-
urux nopuuii 3HeprHH - KBaHToB.
3ueprax KBaHTa EponopurroHaJrEHa qacrore (zurune rorusr) cnera

E = hv: h%.($oPuYna fhanra)

(h = 6,625. 10-34aN'c - nocroxHHa"n fhaura)
OAnrarra rt3 o[Tr4qecKplx lenenwfi, neo6rxcHulraux c rorl(H 3peHat BoJIHo-

noft r:eopulr, 3aro fipeBocxoAno o6rscsreMbrx rnanronofi, anaaerca Soro-
3rreKTprrr{ecKuft eSQenr unu, rpocro, Soroe$$err:

/ s peryflsrare o6lyveurrfl MeraJrJrr{.recrcofi ruIacrIrHKrI cBeroM orrpe-
Aelennofi rlacrorbl, c ee [oBepxHocrH HarruHaercn tlcnapenHe SJIeK-

TpoHoB.
Onnparcr Ha KBaHToBylo reopuro llrasrca senurufi t[u:ux A.nr6epr

Sftuurreitn Aiur Kar{ecrBeHHoe r,r KoruqecrBeqgoe o6rscnesur rBJIeHHlo

$oros$Serra. flo 3fturutefiHy, xraHr cBera, norraAa;r Ha Mera:rJruqecKylo
nJIacTLIHKy, IIpOHrrKaer BHyrpE MeTarUIa, [O.trHOCTbtO nepeAaBa, cBolo 3Heprruo
clroooqHoruy (He cnrlauuoMy c ,ApoM a'rorrra) 3JreKTpoHy, T.H. 3JIeI{TpoHy
rrpoBoAlrMocru (no flplrHrlr{rry: odua xoaum * oduoay en-eimpouy). 3a cqer
n,uyqennoii 3uepruu 3JreKTpoH rroKr,rAaer o6'seru uerarla r,r BlrxoA[rr Hapyxy

- rrpoucxoAuT rdcflapeHue 3neKTpoHoB c floBepxuocrrr MsraJrna. llpoqecc
sr{epro[epeAaqu cleAyrorqnfi: noryvenHyrc or KBaHTa 3ueprurc 3JrerflpoH
qilcrr.rqHo rparr,rr Ha coBeprrreHue pa6oru Bbrxola r.r3 Mera;rJra, a ocraBlrra;Ie,
rrlcrb flpeBprrrlaercr B ero Kr.ruerr{qecryro 3Hepr[Io, 3a cqer roropofi 3Jreropou
r.r MeeT Bo3MoxHocTb nepeMel{aTLcr B npocTpaHcTBe

E =W * Ey,LtJIuxe hv :W +*""7 (Qopuyna 3finurrefina)

3geu, W,m* D, coorBercrBeHuo, pa6o,a BErxoAa 3JreKTpoHa r.r3 Merar-

JI.a, ero Macca H cKopocrL.
Onrr, no $oroe$$erry 6rrr npore4eH pyccKI4M yqeHLrM Crorerosrhr

(pncynor): B BaryyMrirposauHuft 6alnon B[iurH6r [oJroxr4TeJrbHuft (anoa) n
o'rpur{arenrurrfi (raroa) gJrercrpoAbl, noAcoeAr{Heurrrie K coorBercrByloqr{M



Kgaaroaaa olrtrKa

NOJIIOCAM IICTOIIHI4KA. IIOA UOSAEfiCTB}ICM MOI{OXPOMATI,ItICCKOTO ,I3IYqEHAS,naAaroqero Ha KaroA (croneroe Hc[oJrE3.BrUr cepe^6p.snyro nou"rr"*y'- lurooL ynbrpalbEoJreroBbre lyvn), alex.rpor", no*rAu*T MeraJrJr a IIoA BO3Aefi-
CTBLIeM 3neKTpI,rqecKOrO flollf,, cyrqecTByroqero MeXAy_ aHoAoM r{ KaTO,qoM,ycrpeMnrrorc, K aHoAy - qellb 3aM6r(aerc, _ B Hefi Teqer ToK, Ha3BaHH6r[
Soror:oxou. C pocroru HafiprxeHr,r, Me)r(Ay 3neKTpoAaMH pacrer r.r QororoK,oAlIaKo, A.crarHyB o,,peAeneHHOrO 3HarreHr,rr (ror uacurqe'ar) oH [epecraerpacru. O6racHeHHe 3Toro rBJreHr.rrr BecBMa flpocroe _

y BbIIrIeAIxEx I'I3 MeTaJ"Lrra SJIeKrpoHoB ptI3HiuI Kr{Herr.IqecKa, 3,eprr,rfl - y or'IrxoHa BeJrHr(a H TaKAe 3neKrpoH6r CaMocTorTeJrBHO AOJreTaroT AO aHoAa, y Apyrr4xoHa MErJra E uMeHHo Hx nepeHo€r4T K aHoAy 3reKTpHqecKoe noJle. Ognaxo, npr.roupeAeJreHHoM Hafiprxe.Hn a6colroT Ho BCe 3reKrpoH'r, ,,oKr,fAaro,orre MeraJrJrB eAI'IHI'Iuy BpeMeHI'I' Aocrl{ralor aHoAa' a raK KaK BeJII4tII4Ha roKa 3aB[cr.rr orqr{cJra Hocrrreaefi aapqa, To ro* Aocrr.rraer cBoero MaKcr,tMyMa _ cocroq,E,HacbrrrleHrr'' 'flcuo, vTo 4anrHefiruee yBerurreH,e Haflpsxe'rrfl Teprer Bcrrrec-xni cusrca. H: rpa$ur<a 
_Br4AHo, 

rrro ror( cyulecrByer r{ npir orpr,rqarEJr'Hbrx3raqeH[rx Harrprxe,r,r, (6naro4apr gJreKTpoHaM C 60n'uofi rfiHsrr.{.recrofienepruei)' To guaqeuNe orpr4uarefi'H.aO aa.rpr^aurs, Koropoe npeKparrlaer
$orosrf$err, Hr*brBaergtr TopMo3ffr{HM Hanpflxe,r{e M ur . coorne:rctnyro-qax efi pa60ra 3rercfpqrrec*oro [oJrq, oqeBHAHO, 6yrer pu"ra rr.*rsrnrecroE3Heprlru 3aTOpMOXeHHbrx ero 3neKTpOHOB

e(J7 =*"U'/ .

Manzuanrnar qacrora (uarcutralur as 1t1tr4la eo.nnrr) [aAarcrqero HaMer.urJr H3JrfreHr,rr, npra xoropo[ Haq[Haerc, QorosQSerr,-;;;;rr""
rpacnoft rpanr.rqefi Soros$eercra 

"* - /^*. -flcHo, rrro coorBercrByrouaa

3HCPM' KBAHTA qICJIEHHA 6YAE' PA,UA PA6OTE BBIXOAA 3JICKTPOHA H3 M'I'IJIIA,T'K' Ha nprrAa,E'{ sneKTpoHy r<uHeil4qecxoft 3Heprril.r cserosofi B.nse yxe HexBaTaeT 3Heprl4r.r

hv^=pc/ -W.
/ '"m
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Ksaurosax onr(ka

C yueroru 3Tlrx coorHorrreHr,rf $opMyna 3ftmureffHa Moxer [puurrr6 r.t

TAICOft BI4A:

hv = hv- + e[Jr ,n hl = h+ + e[Jr.'21*
B AzurrnefiureM, AJrr yAo6crBa Bocrrptlrrr{, r.r Apyrux flpaKrr.rqecKux

upneft, B KarrecrBe 3€rMeubr KBaHTy, 6ulo nse4euo floHrrr{e eoroua - 3JreMeH-
rapHofi qacrurlbr, o6.naAaron(efi eHepruefi KBaHTa r{ cyrqecrByrouleft Torr,-
I(:o B ABr.rx(yqeMcq cocrosnuu (y Qoroua Her Macclr uorox). Ouerr4no, vro
oquoii as ocuoBHbrx xaparcepr{crr,rr no,uo6uoii qacrr.rubr 6yaer ee r,rMrrynbc

)2 = m* c. 3neprua Qoroua, rroMEMo ugeec.rsofi $oprraynu llnatr a, onpeAe-

rrerc{ eule tl o6u1e[ <[opruynofi 3uepruu 3iinulrefina E = m* c2 . Cparrura
BCe BO3MOXHbTe BbrpDKeHr,rr Ipyr c ApyroM, rronyqrrM p{A oqeHb [oJre3H6rx
comHoruenaft:

E= p", m*c2 =n1=m*c=!= r=!, **c2 =hv.

$2. SSQeKr KoMrroHa
IIpu 6ou6ap4upoBKe rroroxoM 6rrc.rpux 3nercrpoHoB TBepALrx ren

B,O3HI4KaeT MOIIIHOe, HeBI,IALIMOe [3nyqeHl,Ie, Ha3EaHHOe peHTTeHOBCKHMIT
JnyqaMrr rro r,rMer{[ r.rx orxpbrBareJr, - r.r3Becruoro Qu:uxa PenrreHa.

/ penrrenoacKne fiyqr{ - oqeHb KoporKoBoJrHonoe (nsrcorovacrornoe)
3JreKTpoMarHH'rHoe r{3JryqeHrre orpoMHofi upoHuraroulefi cnoco6noc-
ru, ee Qoronrr o6.ragarcr KoJroccarrHoii sneprueft.

- 
3xcnepalreuftrJrbuo Bbl.rrcrrrlrrrocl, qro peHTreuoBcxue nyqlr ABr,rxyrcfl co

c.Kopocrlro cBera c=3.108r,a/c, oHr,r He orr;rou{Iorc, .B MarHr,rrHoM lr
3nerffpr,rqecroM rrorqx u, cJleAoBareJrlHo, ue o6lagaror 3apuoM, our.r
uour{3r{pyror ra3 npu rrpoxoxAeur,ru B HeM, noABeprarorcx lru.replfepenquu,
Itnibparqnu, floJrrpr{3arlprn rt T.A.

I,IaeecrHufi $usNx Komron Ha6lro4al trpoxort<AeHre peHTreHoBcrr4x
rryrefi vepes rBepAoe BerrlecrBo H, K cBoeMy r,r3yMJreHr{ro, o6uapy:rrm e pac-
c€.flHHoM E3nyqenl4r.r BoJrHbr 6otrrueft ArI{H6r, HexeJrH B llaAaroqeM X'> },,
L)" = .L'-)"- KoMrrroHoBcxoe cMerr{eHae. On o5r-rcurlrl eror $arcr c KBa}rro-
rrof To.mK 3peHrfi: peHTresoBcKr.re $oronrr craJrKr4Barorcx co ceo6ognrrnar
3,neKrpoHaMr.r paccer4Baroqero BerrlecTBa, [epeAaBarr r4M rracTb caoeft eneprltn.
IIpu e:roru rrx 3Hepr[, yMeubrrraerc, (anusa BolHEt pacrer). I,Icnonrcyr saro-
FI6I coxpaHeHur gHeprr,ru u r{MnyJrbca, Kouuron noJl)trrr,rn BrrpaDrer}re Anq cMe-

rqeHru: nS" = 
h 

0- cos 6), rrc 0 - paccer.rnarcr{rfi yron.
moc



ArcM rmr rl sAepuax i] urma

Aronrr afl. *t flAepHan Su:urca
(nparrcnfr o6:op)

Aroivtras Qnrurca
AroM ssrflgrcs cocrasHoft rracrEto MoneKyn BeuFcrBa. ctpoenue a.roua

cnKpErro aru'arftcxuu Qurzxorrl 3puecroru pesepQopAorvr. Arou cocror{r }B
rloJloxllrreJrbHo 3apf,xeHHoro ,IApa H SJreKTpoHoB, BparFrorquxcE BoKpyr Hero
IIo IIocrofHHbrM KpyroBErM op6rrraru. B a4pe cocpeAgroqeH Becb [oJroxr{TeJr5-
r+rfi sapxg aroMa r{ floqrr4 Bc, ero Macca.- o6upx Macca 3JreKrpoHoB 3Haqlr-
TeJrLrrO MeHbrrre MaccbHApa- 3aro canao flApo 3aHnMaer BecEMa He3HaqErenb-

Hyro qacrb o6rerua aroMa: paAnyc ,apa 10-15r, a pa4ryc cr[epsr, e xoropofi
cocpeAororreHbr gJreKrpoHr,r - oH xe lr pa3Mep caMoro aroMa, paBeH 10-10 

".Arou ererrpoue ftrpaleu - o6qufi orpprqarenrHrr fi zaptl_ sreKrpogoB
paBeH noJroxr,rrerrbHoMy 3apfl Ay flapa.

Iloee4erue aroMa onlrcaHo nocrynaraMu AaTrraHr,rHa Hrmrca Eopg:

/ Reda amau umodumcn 6 cmaquoHapHoM oHeryemu.recKon, cocmonHuu,
oH He tBJtyucem u He n@rouwm eHeryab.

/ IIpu nepexode w odu,eo 
"ma4roripr*o s*epemwrecK@o cocmor*w

e dpyern, amaM myuqem unu n@lot4aem K6aHm gHeryuu

hv=Ei-Eo,Qrk).

Pacnpe4eneur{e 3neKTpo,os no op6r.rrau B aroMe Aae'rc, 4 rearrroeHM,n
rrrrcJraMu Lr npHHrIHrroM 3anpera llaylu:

Ksarronrre qucJra:
1. uamroe KBarrroBoe .uucJro - n,
2. op6u:riusuoe KBaHToBoe ,lwctrc - L,
3. uarnr.rrnoe KBaHToBoe vir4clto * m,
4. cuNnopoe KBaHToBoe qucro - ,s.

Ilpunqun Iray,.r: na odnoil op1ume Mozrcem umodumocn ue 6otee
deyx eaermpoHol, npuve^l y HLa npamulonotoJtcHbte cnu*bt + /r, - %

Cyqemeyrcrr BerrlecrBa, caMonporaBoJrbHo lBfiyqarcu[4e grreptmo
(ecrecrre Hnafl paA,a KrilBxocru) B fipocrpaHcrBo - paAriarcrr{BHEre BerqecrBa
(ypau, nnymonuil, mopuil tr gp.).I4x r.nnyverrae Eo.{pa3Aerr_,{erc, r*r rpr{ Br.rIa:
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Aroiu nas u x4epnax $ rcm<a

/ u-wtty,aexlre - norox flAep renni (r(FyKparHo r4oHrcr.rpoBaHH6rx
aroMoB renlrr) 3To r{xenoe, MeAreHHoe (cxopoc:rr c/l5 :20000 rua/c)
r{3JryqeHrre,

/ p -wny,teEr4e - norox 6uc.rpux 3neKrpoHoe (uo.rrr cKopocrr, cBera),
J.rerxo€, 6rrcrpoe lr:ryqeHue,

/ y -wttrywHr4e - oqeHr, KoporKoBoJrxoBoe 3reKrpoMarHrrnoe rBryqe-
Hr.{e c orpoMHoft enepraefi, xoloccanruoii fipoHr.rraroqefi cnoco6uoc_
TEIO 14 p€I3pymr.freff Hofi crrrofi.

B crrlHqrae cJr u u B ryueft, y ny!.r He orK[oHrrorc, sneKrpr{qec(rrM
I{ M ATHI,ITHI'IM TIOI,'IM H.

Hesosr4oxHo ror{Ho onpeAenurb noJ'roxeuue B npocrpaucrBe lproKy-
rqefica sreueHrapgofi qacrr.rl{Er e Hexaii MoMeHr BpeMeHu. Henaer+<lrii Srcm<
Marc Eopn BBeJr [orrrrr,re eorHoeoE SyHrqraa y2, onpe4erarcqefi Beporr-
Hocrb HaxoxAeHHrr qacrlflEr e6r[Br,r Aannoft ToqKr,r {pocrpaHcrBa w, eclw dV
ecrr, 3reM e HTapnrr fi o6reu, co4epxarqrfi 3Ty roqKy, To Bepofl I'Hocrr rmxbxAe -

Hr.r, qacrr.rr.Er BH),Tpr{ groro o6beMa cocraBJrrer Y2dft .

@yuganaexralrHoe ypaBHeHr,re KBaHroBofi l,rexanr.rru, onpeaeJr.srorI1ee
BOnHoBylo synxquro Y npr,r pasuoo6pa:nux BaAax ABr,DKeHr.UI U n:anraogefi-
crBru qacrlrtt Hocrrr Ha3BaHHe ypaBHeHrra lllpeAunrepa:

-h'z X+(J(x,y,z,t)v = inY,
zrew h=%o, A- oneparop llarurrca, (I(x,y,z,t)- roreHuranbHa,

sHeprr.Dr qacTElFr.
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Ar:ou mr u rAepqar O rBrfi(a

.{4epnaa Suurrca
Arounoe ,IApo cocror{r ra 3neMerrapHErx qacrr,rq AByx Br4qoB: [o;roxrr-

TeJrbHrrx nporonoB ra nefrrpa.rrrux nefrrpoHor.3apt4 npororta paBeH 3apflAy
gneKrpoHa IIo Mo.ryJIIo E npoTHBorroJroxeH IIo 3HaKy, {cHo, rITo I,D( KoJIIMeoTBO

B flApe raror(e oArrHaKoBo. r{sclo nporoHoB o6osHaqeHo uepz Z, a ueirrponoe

- qepe3 ltr. Hx cyMMy Hul3BrBaror aroMHbrM r{r{cJroM I r,r o6uee Ha3BaHHe y
Hlrx - HyruroHbr.

A=Z+N.
Jlro6o[ 3JreMeHr c r]D( rroM orr{Rro 3afiucbrBaerc, KaK X f . Not rst oAgoro

I{ TOrO xte 3JIeMeETa, LIMeIOqUe OALIHaKOBOe I]UCJIO rIpOTOHOB, HO pa3Hoe qI{CIO

HefrpoHoB r,r, no 3ro[ [pHqHHe, pa3nwraroiluecfl prAoB crofiorn, tltBErBarorc,
rrloro[aMu. Y lccrrouos oAr{HaroBoe Z, tto pasw,te N, A.

B o6qeu cnyqae Macca noKofl ,Apa MeHrrxe c)a,rM Macc cocraBJrrrou+rx
ero HyruroroB. Pasuurry Mexrry 3TlrMH MaccaMrr Ha3rrBaror ge0errou uaccrt

LM =lZ*o + Nm,)- lrto.

ffipoffin=1836me - Maccbl rlporoHa, ueirrpona I{ oJleKrpoHa, cocnBercr-

BeHHo, Mg - M.ACCA nOKOrr flApa.

Mex.ry Hyx.rroHaMr4 cynlecrByrgr orpoMHbre no BeJrurrr,rae currbr B:larrMo-

AeEctrus - HacKoJrrro rpyAHo pac[reflurr ,Apo rrr HyKflorbr, Taror(e HeBo3-
MOX(HO COeAHHr.mb OTAenEHbre HyKtroH6r B ,Apo r.B€a Bo3H[rKaroulax crdJl

B3anMHoro rtprrqxeHll, I4 orraJIKI,rBaHI,H, coorBercrBeHHo. Orponruoe qacreH-
HOe 3HaqeHHe r.MeeT H COOTBeTCTByTOUIafl 3rrcprrur CBfl3rI aTOMHbTX .rrAep -
gueprr4rr, BbrcBofuxrarculaficr nplr pacqerne Huvt fl.\pa

E" = LMc2 '

Paguarrunuocrb, Hrrl,r )Ke drB,y -[t]Jryr{en[ur, r.tMeer Mecro flpa pac-

u{erureHuu aroMHoro fl,qpa. Pacu6rtrreHrre ,Aep noAq]rr rerc{ crarl,tcrr{qecKoMy
3aKoHy BeporrHocrr{. Xo'rx HeBo3Moxno onpeAenlrrb 3apaHee, roropuft ur
aroMoB pacuenrmcfl B AaHHbIfi MoMerrr, ru.rcno pacqerrJrrroryrxc, B eAuHr4lry
BpeMeHI{ aroMoB npo[opqlronaJrBuo tlucny HaxoAqqrD(c, B Aannufi MoMettr
paAr.raKruBHblx aToMoB

dN 
-_ rn,

dt
I - flocrorHHa{ pacfltrAa, paArlaKrmHa, xapaKrepficrrrra aroMa. Mrrryc
yKa3BrBaer sa ro, rrro c yBeJrr&reulreM rperueuli / qucno aroMoB N
yMeH6IrraeTcg.
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ATo{r{ru.s u,

I
I

EcnrE uepes N6 o6osHavrr6 rrracJro aroMoB, cyqecrByrotqr4x B HaqaJrb_

hi T'ron'renr BpeMeHr,r (r = o), a qepe3 i/ - qucro aroMoB, ocraBrrruxc, K
KoHr{y flpoMe)rqrrxa BpeMeuu t,.ro rjMeeM:

NrdN t

Jr; 
= *a 

lat ' t'A/|il, = -)"t 'rr' crleAoBare,Ib,o,

N = Noe-xt .

IIe puo4onr [oJrypacnaAa paAuaKrHBHoro 3fleMelila T 1, vazueaetcx

/ 
"p"t', 3a rooTopoe pac,,rc.,rqercs noJroBr{Ha Bcex aroMoB gJreMerlTa,
T.e.3a 3TO BpeMg paAHar$IIBHOCTb 3JIeMeHTa yMeHb[raeTcff HanoJro_
BlrHy.

No_
2

flpolree4a e Sopuyae ws N 3aMeHEr W * No/, 
,t - rli,uonyquM

-)Tr lTr
Noe 2, e '2 

-2, 
^rr, 

ln2,r.e.

Tt _ln2 _A,693
z)")"

I{enuue rgepnbre p€aKqrrfi/ pacupnnenue cAep .- rrpoqecc, upa r<tTopolr EApa rrD(eJrbrx
3rreMeHroB (d>ZlO) pu.*ou*r", Hrr ABa H 6oree ocr(orrroB
pa3 Horo pru Me pa c rrrc so6oxAe Hr.reM r(oJrocca,rruofi s ne prun.
Ilpr.r 6orra6apalrpoBxe ypur* Ul]s Me4rreHHrrMrr uefrrponauu ero {Apo

pac[aAaercrr Ha ma ocKoJrKa, Ko.rop're flpr,r 3ToM ooparyrouApa 3JreMer{roB
6apwn u Kpr.rmoHa. Bo aperua peaKrlr{tl nucro6oxgaarct 24 weinpoHa, Koro_
pble, B cBoto oqepeAb, pacueruurror ApyrMApa. Thxmra o6pasorra ocyqe-
crBJUlercfl T'H' rrcrrHar 

'AepHafl 
peaKIIHt, t4(Jn;a,fl yxe caMocrorreJrbHo, IIoc-

IC IIEPB}I.IHOTO O6IYUCUTU AO TEX NOP, IIOKA YPAH HC I{CC,'IKIIET I,IIII PCAKI,II4'I HE
6yget ocranoBJreHa [cKycrBeHHErM .ry."r,rtp, ,"*orr.ponNpyenrofi pea*rlr.rr4
oqeHb cropo oua rrpuHrrMaer nanunoo6pa:ruft xaparrep [r npoucxoArr .aAep_
rufi rsprrn. Ecrra'rrrcro nucro6oxgarorqr,xcx nefrrpo"ou (atr) MeHbrue c)a,rM6l
EorJrorr{ennbr* (f) , BburereBrrrr.D( Hapyx(y (I) nerrpouon, r.e. N < K + L

N_K
lrJrr{ xe < I- ro paHo r4nr4 [o3.qHo peaKr{{f, rrpe(parrrcs. Ecla xeI,



N > K + L unw *" {= > l, ro peaKrlrrs upoAoiixaercq H r.rAer. FL
uapacrarcrqefi. 3r:o o'rnoruenae (ornoruerute uacna HefrrpoHoB HOBOTO [oKoJre_HI{, K vr.rcrry neft.rpouoB [peArrAyrqero noronenr) ua:rraae:rcr noeS_
Q uqlre nrou pa3MrroxeHrrfl nefrrpouor,t :

_ k <1 - peaxqr,u 3aryxaer, k>l* pear(qurr fipoAorxaercq.
Pearry'u craHoB 

^c, EeynpaB-rureM oft (nporlc xo4rrr a.rou risrfi s: p'r ) np u
3HaqeHrrlr xos$Suquema parMHoxeulur k =7,01 .

/ repuoa4eo""" r]"?#fl"ffiffixtr x:k^ AByx nAep rrerKrn
sJreMeHroB (,a a S) npn oqeHr, srrcorcor reMneparype c o6pasoea-
HH.M AOCTaTO qHo rglr(e Jroro gApa Lr MrHoBe Hnnr,rrr,r s'rc no60xAe rr,eiu
oqenr 6o.nrruofi e neprlrn
Thrne peaxqau r,rMeror Mecro Ha Conuqe u Apyr-ux 3Be3Aax npr.r reMne_

pType - I07 K c no.uriofi roura:aqueE aroMoB. Berqecreo B TaKoM co€TorHnn
o6pasoaauo or.EenE,brMr'r, ovenr 6ucrpo ABIDKyTTIHM ucfl frEpa^u rr 3Jrercrpo-
HaMu u HtBrlBaerc, rurasN{ofi.

.{o aava'na pea*rr,r{ cocraBH're ,rApa HaAo npuo*rrrs Apyr K,*pyry Ha
paccrofirrr{e noprAKa l0-14 nn. .&s raxoro 6lnrxoro c6nuxenr.ra cneAyer rrepe_
AarE HM 60nruryro KrrHer,fiecKylo 3Hepr*lo, qro Aocrnraercs nyreM r,D( Har-
peBa Ao oqeHb BErcoKofi telrneparyp", (ro'rr) rp, oqeHb BrrcoKoM AaBrre'ra,.

Ctegyer orMerar', rrro y,erbHaq 3*rcp[-Hq (oneprlu np, nepecirere Ha
oAHH HyKroH) repnaoxgepuoft pearqr.u.r srraurr"r"ro npeBrrrrraer yAenbHyro
3 r{epr r4ro rgepuo fi peaxu4r,r.
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