BBe 1eHEe .

B mannofi MONRJE (yHRAMEHTANSHEME “KEDIR

Haujie T9aMilnX B a0COJOTHO CTalHJ

aHTIvacTInOH. EcaE y9ecth, 9TO 5TH JENTOHH TOYEYHONOHROOHH H
EMEDT CUMH DaBEHA #/2, TO WMEHHO OHE SBISKTCH NAPTOHEME B
ja. [losTOMy HOBY® MOUEJABL MOXHO pac-
CMATDHBATH KAK JENTOHHYD MOFEJh HNapToHOB. ONHEX0,B OTMYNE

n3BecTHO mMome m Qe

OT XaOTH4Ye CKOI'C JBHXEHHA NaDTOHOB,JEITOHH B YaCTi

e"‘;_\_){ ;_)éinn

cd MO BIOJHE ONpeNeJEHHHM TpacKTOpHAM — opCuTam, WIS

L
[lockouBKy npE gE-pach

BMECTEe, TO E B YacTunax OHE NOJXHH OHTH TaxKike BMECTE:

=

baaromapsa TakoMy OpOHTAJEHOMY IBEXEHEHI € HMEET IOCTOSHHO

21 E

e B Y BHICTANT BCETNa TOJBKO

Gy

"npE ce6e™ pOmCTBEHHOE €My Y, , & € — Y, .

B3aumone ICTBHE MEXIY BCEeMHM JEHTOHAME B YacTHIE OCYyleCcTBJA-

eTCH IINDHBE

IHHMY 5JIEKTDOMATHHTHHM E TI'DABHTAIIMOHHEM I1OJIAME

PR .
Bechk ynop B padore cHeJaH Ha HaTlJEJHOCTH B IPOCTOTY. OF0B-

HHM HCTOYHMKOM HHOpMAIME CAyXaT SKCIepUMEHTAaJEHHE JNaHHHE. B

9 TOM cJaltocTh WM HOBOM MOmeJm. KOHEYHO Xe IIpA pacuerax

9Jl. 3apAna, HMIyJbca, MOMEHTa MMIyJhca H T.I.
lipexnme 4em Nepeii™s K He HOCPEJCTBEHHOMy IOCTPOSHHI JaCTHII
He OOX OIIMMO ONpeNIeJMTh OCHOBHHE 32KOHH B OCOGEHHOCTR IBRHRCHHUA

&
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BHY TPEHHEX JEeHTOHOB. JTHM MH B 3aiiMéMcd B yacrm I.

YaeTs L.

=

§I- Wi k-
1.Onpenesmm ycloBuA HaXOXNEHES 3apAxeHHOR JacTuiM [ Ha opOm

oM HOJI& YacTUIM < C YIETOM DEJITEBHCTCKMX S¢-—

Pe KPOB.

o

pEc.Ll.I.

Ha sapareHHYD JacTdny B IEHTPAJRHOM I[OJeE e fcTBynT TDH CH~

JIH ¢
2 2
I/ KyJoHoBCKas cuJa TS MR i 1
Ky MDRPAMEHBL [k = — K ~%r
r7e
7, m, 2, 177
£ =5 *

R’ 3 RZV/—ZV-;/C)Z :

I'ie /7 — peJATUBHCTCKAA MACCA YaCTHI.
3/ lLieHTpoGexHas CHJ _ iy V,‘? = " 1 sz

fy = R — RV/I-(Vise)

Yrol6H vacTEna 1 Haxommiach H& OpOHTEe, 3TH CHEIN HOJKHH OHTH
AHMOY DaBHOBEHNEeHHH ¢ Foy = 5+ Fi
777 4 V/z -~ :F V78 /77 > + K é’z
R V1-(vi/c)f RV 1-(vy /e )P R*

Pemas ero OTHOCHTEABHO A , HMEEM:

Z N .
R = —l-/{?(;(mz + 'ﬁf y'/“(Vf/C)

yp.l.l.
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Besm, [loyuenHOe ypaBHeHEE HE 3alpelae?T NBEXECHHEe JeNTOHAa
AEYy C MEHENE panEyca NepBOil OOpDOBCKOiM

eHHe cKopocTH JenToHa. OHO

OpOETH, HO B3aMeH TpelyeT yBeJut
Xe NaéT ECTHHHO MEUHEMAJNBHOE 3HaYeHEEe panumyca. (Ienyd ypaBHe-
HENP,JelITOH (yIeT NBETaThCA IO TAKOV OpOHTE IpE MAKCHMAJLHOH
CROPOCTH paBHO# cCKOpOCTE CBeTa, W ero NBHieHHe COyIeT OIpene-—
IBH OT'Q

JATECA TOJBKO I'DABHTANMOHHHME XapaKTepPUCTHKaME IIEHTPe
IoJsd — DSJSKTPOMATHHTHOE MOJEe IJA Hero HeYe3HeT. YpaBHEBaHUE
DOM CXOLWT HpaKTHye CKH

IpE CKODOCTR CBeTA.

2.0npene mM MEHEMATEENT paguyc BpalleH®mA e BOKpyT e’ :

Rm = -—Lﬂ—€-=6 » 764 - IO-S?/H/

/ SIegch M pJaJee 3HAYCHHA KOHCTAHT B3ATH [G,cm. QII-QIBJ I &
JYNTHBAA, 9TO pealBHO Jac™WiIy COyIyT BpaumarbCi BOKPYI' odme-
Ir'o LEHTpa Mace / T.K. /7, = /77,/ STOT paiNyCc CyOeT BIBOS MESHBIE :

Roin = 3,382°107°° /m/

AJIBHE fieM HaM IOHANOCHTCA pACIET K B OCHOBHOM TOIBKO

I e. llomeraBiasd B yp.l.1l. 3HAUYSHHA KOHCTAHT, IpeHeOperas

76
O —

8,448-10"1 8,988-10"- V,
%

4.0mpeneJum pasmMepH JeHPOHOB. JJAd 3TOro Haimém me yp.I.I. pa-
IEyC OpOHTH ) BOKDYT e. Kak m3BecTHO U3 §-pacmana, CKOPOCTH

0fero Y OYeHb CJMSKE K CKODOCTH CBETA. [05TOMy, yUHTH~
Badg, 4T0 ) He HMEeeT 5J. 3apAja, DANMyC BPANEHEA HeHTPEHO Y-
IeT DPABEeH:

BHJIA P8

= i _ e _g mea-10"7/w/

R = G- &
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EcTe CTBEHHO pasMepd JEI'TOHOB NOJEHH CHTH MBHEIE 370 Bem—
YHHH : Zo < 1077Ce) ; ¥, & 107¢er)

Kax ceropps H3BeCTHO U3 OLNHTOB, COCCTBEHHHE Da3MepH SJeK-

TPOHA MEHEe 2*10_”/1/, K eClll HOBasA MOIPJb OKaXeTCA BepHOIi,
OpOANET emé He MAJO BPeMEHE NpeXIe YeM yHacTed SKCIepm—
MEHTAJIBHO CHPSHEJMTE PaSMEpH JeHTOHOB. K COXAJRHNN Teope TH-
96 CEM eme He pelleHa HpodMeMa& HpOCTpaHCTBEHHOH IpoTAREHE

JeHTOHOB | 2,CTp. 248-252] ¥ CpaBHETH NOJYS

Ka He C YBM.
0.0mpene/M IJOTHOCTH MACCH 3JIEKTDOHA:

= s L &

leurygeHHaA MIOTHOCTE KOJIOCCANEHA M HA MHOI'C HOPANKOB Hpe-

BOCXOIUT DaCYETHY® MIIAOTHOCTH "LepBoaTOMA" M3 KOTODOI'0, KaK

npeanoJarapr, o0pasoBa

[ACh Hala BceJeHHaA. HO MOXRT B >T0 He

npened. MoxeT HeidTpuRo, ¢ e& HEWuTOXHO} Maccofl moxos, co Bpe-

MEHEM YIMBHT Hac eme OOJihNe CBOHME

[HO# ILIOTHQCTHD.

b. Temeps MOXHO ONpeNSJMTE TOT NDOMEXYTOK NDOCTDAHCTBA ¢ KOTO—
&= w. A -75

DM HaM IOpHACTEd pacorarth.0H pacHOJOX

ME H SynoBm

eH B npezeaax I0 - IO /m/.
JTy 4YacTh IPDOCTPAHCTBA MOKHO HO IpaBy HasBaTh MEKDOKOCMOCOM,

TNU BE

H ero pasMeph HE 9yTh HE MSHEHIC pasSMEpOB IHOT'O HaM KOC-
MOca. B sTOM He TpymHO yOemuThced. [[ycTs pasmepH a /107" w/
CyAyT HEROTODOH yCIOBHOH Tpasmnei. YBeJu4uM pasMepH Sfpa BO

- Halleid HEXHe# TI'pa—

JBRO X2 pa3, BO CROJBKO CaMo AIpo OOJIHINE
72 _
[ymuTcd cjepa pammycomM ~10 cBeroBHx JetT. Ha
7
"omES BENEMAS IACTH BesJeHHO# cecraBaieT Toarko ~ 107 cme-

PoBEX ST [ 5,c7p.37].
JT0 JpHCTBHTEJJBHO HSJHA HOBHE MEp, M 3&KOHH LADCTBYHIEE B
ie ke HeOOhYHHE, Kaxk B pe3yJAbTaTH 3KCIepEMBHTOB. IO ero




¥ CCJB [OBAHHD-

Kag wMb yBHOEM IaJBIe, pasMepH BCEX COCTABHHX YacCTHI] HE ME-
nee 107 /M/. B CpaBHEHNN C HNME pasMEpH CHCTEMH €—) HUYTOKHO
maiH. [loaToMy B JaJjbHefileM cucTeMy e-) MOXHO CYMTATH TOUSUHOHR.

Ha 31

M MH IIOK& OCTaHOBHMCH. JHEDTIE THYECKYHR CTODOHY IBIRE
HHS BHYTPEHHEX JeINTOHOB pacCcMOTpEM B YactTE 4, mocie Aipa B
"saeMeHTApHEX" YacTum. J3 5Toi 9YacTH HaM HpEASTCA 9acTO HOJB~

opMyJioit 4.1. mji pacdéra CKOPOCTE ODOHTAJEHHX €-) .

DOCTyJaTa, HO TeM He M8Hee €€ pe3yib-

PaTH OTINIHO COTVIACYNTCA C SKCIepHMeHTOM.

Pacuét oplutT e-Y GymeT BECTHCH B CJEJyRIeM LD,
I/. U3 -pacnana YacTHIR B CepEM MaKCHMAJIL
936MOT'0 DJEKTPOHE.
2/« lomeran 37Ty SHEPIED B yp.4.1l.,00peAgldeM CKODOCTH Op—
émTauasHof e-) ,M3MyuénHHOR B pesyisrare S-pacuana
3/. llo moxy pammyc OpOmTH
u3Jy9EaHOTO e-) .,

IEHHOA CKOpOCTH,HE3 YP.l.<. HAXOIANM

B wactTn 4 mpoBenEH il pacdeT

DALy ca OPﬁlﬂ H CKO-

pOCTH SJeKTPOHE Ha NepBOii GOpOBCKON OpOHTE B aTOME BONOpPOILA.

YaeTs 2.

ie¢ CTalWIbHH H HX CBOHCTBa

HamboJee m3Yy9eHHH. CTPYKTYypPYy HNpOTOHE paCCMC i B CcJenynme i

JaCcTE BMECTE C OCT@JIBHHME YaCTHIGMA .

§I. Heidirpon.
N —p + e"+;;+ 0,782 /MsB/

Hmesa npemcTaBETH HeHTpOH
OpOTOH& M 3JEKTpOHa Heé HOBa. Kak M3B&CTHO, BIEpBHE OHa NOABH—

B BHIS CHCTEMH HS3

Jack B 1920 romy B pacore

Pesepiopma. [IpuuéM B B IpeNCcTaBJE -



Epee= 0,782 + 0,511 = 1,293 /MoB/
V, = 2,754.10° / w/e / mo yp. 4.I.
R,=1,320-10" /w/ mo yp. I1.2.
U3 [ 7,0!1@.441_] IEKTPHIS:CKUK panyyc NpOTOHA: RP=O,7'?‘-IG~" ﬂ_/l/.
0 K HOBEp—

I _ ' T.e. e-) HBEKeTCA OYeHE GJIN3K
DPHC.<Ze 2. -
XHOCTH HIpDOTOHA. Pacnaym cBOOOIHOI'O HE ji-

TPOHE MOXKHO OCBACHUTH HECKOJERKO He ciepuanoii {opmo
CHORHON IMHaMERO# cocTaBJ

CHJBHOT'O HCKaXeHNA SJEKTpHISCKOI'0 HOJHE B HEHNOCPeICTBEeHHOI
OJII30CTHE OT IPOTOE

MHEYA BEL OPOTOHA HOKASEH B cJAeHymmeH
JacTH .

CpaBHEM HOJyYeHHHE peSyJBTaTH C SKCICDEMSHTOM. I10CMOTDETE
Ha pes3yJbTaTH ONHTOB IO DAaCCeNBAHHD
He HTpoHax [7,0?9.442] :

§2. Crpyrrypa smpa.
Kex m npexmosarais B cBo€ Bpemd Pesepfopl, HeiiTpom mneitcr
TCJBHO HOXOX Ha& aToM

CIMH, MATHHTHHE Mo

Hpmm p H /’L 9 MOXH O Hm!:&
BCe W3BeCTHHE SIpa XEMEYE CKEX SJ8-




i,

ne HN’B H

pa, paBHOI'O pasmepy HefiTpona.
JunTHBaA, 9T0 AEPO ONHODONHO N HYKJOHH mDI

lloxyanrs 3Ty JHAKOBKY OYeHB HpOCTO. JAd 3T0r'0 GepyTcHd MmIOC-

KH€ ILIOTHE ille YDAKOBKM MapoB:

cde prae croi dopuy.



B

llycrs: A — uUmcA0 mMapOB-HYKJIOHOB,
a — paccTrodHye MeENYy IEHTPaMi IBYyX COCeIHEX MapoB.
I MOME

ANpO EMEST peleTIaTyld YHAKOBKY. JIEeMEHTapHO# Adeiikoi wrakoii

IAi NpocToTH pacYETa APEMEM, YO B JHAHE HT BpeMeHH
pelleTKI SBJAETeA NapaJlienuie]] — OPaBWIEHHI DPOMGOSID, COCTO-
AMAA W3 OPaBHJIBHOI'O OKTEAIPA M NBYX NPABUABHHX Te TPasIpos:
,pnc..?.’?. ’ B BepmmHaX poMOOS[pa HaxOUATcA IESHTDH

mapoB. Bee JEEHHE @T0 pédep paBHH a.
OOnéM 5T0il AYEiKH paBeH :

S

aS

V;' = 7 [I,cwp.SB]

B mpom3BOJIEHOM MLém-Véymr mpEMEpHO A = ¥ . B
Hamem ciysae Y — OCb&M mapa /sSupa/, NO3ToMY: :

a=2R =2,640-10 " /w/
roe R, — pamayc HeiTper

DI e QOpMY L DASMEDOB ALpa:

Re = (I,3 = I,?)*IO'”: 7% /M/ [6,crp.807]
_ - ..

Ri= (1,17 + 1,5)-10" VA /w/ [3,cm.9]

RJIK
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Kax m3Be cTHO,

JHe MOMRHTH SNEep CPABHEMH IO BeJANYHHE

c ANSPHHM MarTHeTOHOM, koTophi mpmsepHo B 2000 pas memmme

MOMEHTA SJACKTPORE: _{_“e= 1838,238 Z_“.a [ 0, CTD. 911-912_7.
KoMueHcHpOBaThk TaKoif orpo

HHE COOCTBENHHN MATHETHHNE MOMRHT

SJEKTPOHA B fAnpe / m HeiT

HEMHOT'O OTINY2eTCd OT HPOTOHHOIO, YKa3HBaET Ha HeHE3Be CTHHE

NOK& TOHKOCTH [BHREHEA OpCMTAABHOI'C 2UBKTDOHE, CRA3aHHHE BO3-

, B HOOTOMYy MH

MOMSHTAM 3JEeKTpOHA:

Lowa = A
L ) = 7‘$/ 2
[OMEHT HeVTPOH& Yepe3 MeX. MOMEHTH p X
ero e-) 0CONOMKH. 3MBCH BOSMOKHE

JBEe KOMOHHE

CTBEA MOMEHTOB:



10~
1/ Lns =(Le~Lp)tLlpe =(h/2-£/2)th/2=%1/2

2/ lLing = (Le +L_£) ~ Lips = (£/2 + £/2)-£/2 = f/Z

B caysee /I/ womeHT e-) oConouxk paper ( B OHA He B3aMMO-
EHTOM OpOTOH&. JTOT 4d¥ MOEKHO IDHNHCATHL
My COCTOSHMD HeHTpPOHA, T.K. 3IECh COlEe BepodATeH
B -pacnag. B ciyiae /2/ moMEeHT OCOJNOYKE paBeH P o Teneps ona
B3aUMOJIE ICTBYET C @HTHNApAJUBJBHHM MOMBHTOM IpDOTOHA, yca—-
eT HX CBA3H / AIepHOE COCTOSHHe HefiTpoma /.

Jesi SHARGEHET MeX. MOMBHTOR e,V m p: [, ; LyiLpsy Lpops
/ THe Lipops — opOmTaNsEE# MEX. MOMEHT IPOTOH@ BOKDYT OCH Bpa-
I0OXHO NOJYYRTE CIMHOBOX MEX. MOMEHT
OIETCA K yX& H3B&CTHOA: BHDA3HTE snpa

Yepes MeX. MOMBHTH D H /2 .

9e CKNM, HOSTOMy C HEM MOKHO O0CO/THCH mpome. Kaxk ¥ BCaxmi
OpeTW4e CKHZ 3aKoH HpuAUMN [aiisemdepra EMEeT CBOM TI'DAHUIM HpH—
MEHEHHEA H B HaleM CIy4Yae HeNpEMEHNM,

Temepr mompofyeM BHACHETE OTKyZa Gepércd Takxad OT'poMEad
afa 8,7 Mes na'fcamuﬁ

SHEPTWA CBASE MeXNy HYKJOHaMM, LOCTHTal

HYKJOH. (pasy MOHATHO, IOHOpHO-aKIe ITOpHAA CBA3H €& JaTh

HE MOXET, JaXe €CJE e-) NOXEepTEYyeT LJAL 5TOre BCH CBOK SHEPIUD.
Ecl SHEprED He MOKET IATH e-) , TO OcTaETCA TOABKO HDPOTOCH.

Kax mseecTHO OH MMEeT cuH. [lpoToN cocraBHad YacTuIa ¥ HO3TO-
My €T'O BpalleHHE MOXHO DacCYHTaTh KJaccHde cKumy QopMmysamm. Qe -

HEM SHEDIHR 3TOT'0 BpameHEA.



Za oyme T pzama:

rax,5HepIEE BHOJHE AOCTATOIHO. HO HANO 3aMETETH, Lys —
DEKIIEA CcIEHa. (CaM MOMBHT MOXET HOCTHTATH BeJHIH-
B Ly p,= 1,465 1 , 4TQ coorBeTcTByeT W, = 187,768 Mom. 3rvoT

pe3yJarTrar noJgyde

IapAKa-NpoToHa NBEXYTCA CO@ CHKOpDOCTHE CBeTa. Pacuér Béacd mo
HEPEeNATHBUCTCKUM QOpMyJaM, H IO3TOMy peaJbHHe SHEPIUE CyIyT
emne GOoJnle .

2@ TCGA H E3OHTOK SHEPIHH

m3JydaeTed B BHIE )'-KBaHTa. lpwaeM OpoeKIm:
BHOHE #/2

CIHH& OCcTaceTCcAd He-

EXIy co00il TaKke CHJBHO, K&K E IDPOTOH C
HeWTPOHOM E HeATPOH ¢ HefiTpomoM. OImEaxko B NpHPOHe HET YHCTO
OHHHX sAnep. Ecim mno-

NDOTOHHEX / He cuaTad ,H / H YHCTO HeiT
CMOTPETh Ha OCHOBHHE CBO#cTBa Anep [3,019.10—31], TO HETPYIHO
3aMeTETE, 9YTO KaXnoe AIpoO CTPeMHTCA K ONpeneJIEHHOMYy COOQTHONE-
HED 9ECJA NPOTOHOB ¥ HelTPOHOB / IpOoTOHOB 1 e-Y / m moGuBaeT-
¢ ero NyTEM TOI'0 WM EHOT'O THIA& paclaia.

B Hamem ciy%ae NpuTaXeHHe ABYX Z GoJee "TIoJHX" IpOTOHOB He-
BO3MOXHO, T.K. ODOMTaJEHOE e-) ABJAETCA HEOCXOMUIMHM Y CIOBHEM

AnepHoro B3ammoreficTBEA. e-) He TONBKO SKpAHEDYeT COJMSHBIIME-




CorzaceHo HoBO# MOmeJm Anpa SAnepHHE CHJW M AIpa NOJKHH OG-
JAnaThk cAeNyOIMME CBOHCTBAMMA :

-~ KODOTKOJE ficTBMe: cHJ / THEa BaH-IeP~BaaJbCOBHX CHJ MERIY

aromeMz /,
—— ONpeneJICHHHe pacCTOAHRA MEXNY HYKJOHAME B KOHEYHOCTSH
DasMepa dAipa B Ie.JoM,
— HeIleHTpaNbHH{t Xapaxrep >THX CHJI,
~—— HacCHMEeHNe CHJ.
CIMH-CHEHOBOE B3aUMOJE icTBHE NPOTOHOB 00 CIeYHBaeT:
— SHAYMTEJBHYD SHEpI'MD CBA3H,

TEJBHY 3apAnoByH He3aBHCHMOCTH: SANEPHHX CHI /A -~
n- p /!
—— 3aBHCHMOCTP BEJMIMHH SNEPHHX CHJI OT OpHEHTAINM CHMHOB

IPOTOHOB H JIRI'TOHOB.

OYeHb MPOYHO ¢ NaHHHX NO3MIMHA CymeT BHTIANETH o -YacTHIa:

pEc. 2.10. leHTPH HYKJOHOB O6pasylnT IpaBHAEHHI

TeTpasAp - CAMyN IIPOYHYH OCBEMHYN

r'e OMe TPRYe CKYyD (UTIypy.
Kax BumpM, nanHad MOIRJE AIpa OYeHb CXOIHA& C KaneJEHO# m
IMCET NPaKTHYeCKH BCE €€ DJISMeHTH. [[OCMOTDEM Tellephk HA Bpama-

pmeecA AIpo.

§5. Immammde ckoe Ampo.

Kax M yme SHaeM,dIpo MOXHO NOCTDOHTH, RAKJSINBAA NPT Ha
gpyra cjonm mapéB. [Ipy 5TOM OCh CHMME TDUM T&KOI'O CJIOEHHOI'Q
NpoJmeT YacThk CJAOEB Yepes3 [eHTpaARHHR map,
9epe3 DABHOCTODOHHEA TpEyTOIBHHK, OCDA3OBaHHHI IEHTpaME TPEX

. »




Pannycn TAKEX "OpGHT" OYLYyT CTPOr0 QUKCHMpOBaHHHME. BHpa3mM
¥X pamuycH 4epe3 pamEyc Heifrpoma K,

1. R =0 L =0
iRt =—},§2-.—-Rn L .-.-_-;i-m,,_cgﬁf
Lx: P &2, L =4 ma R,
II.2. £ éy—%& L =% po, R,
I.3. R =273'R, L =—-/2m,,__;g’f€’:
I.3. K =2V%%, L =2 m, u R,
I.4.. R =4R, L =76 n,, iR,
4. R =FZR, L =2 ne, 0k,

JINBHTEJABHO, HO TAKOE DAaCIOJOXSHNE HYKJOHOB B Anpe oCecume—

YMB3ST CTPOr'06¢ KBaHTOBaHNE HX OPOHTANEHHX MOMEHTOB. ECM IDE-
Y

HATH 38 eJEHMIy MOMBHTA [, = -?—-m,,g,éf , TO B 5THX eJe-
HENEX OPORTAJBHH MOMBHT HYKJIOHA CYHET PaBe

> W N
W
A
/
S

" R L B R
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Ec?s BHTEpDECHOE COBNemeENe. OTHONEeHEE SHEPTITH BpainmaTe IRHHY
ypoBre# EAT YSTHO-YSTHEN SIED, WSBECTHO® W3 06o0mEmmol Mome-
AR Axp&, pasno: B : E,¢ E,: E,: ...=1 :3,33:7:12:...

[3,cfp.357] . llocmorpuTe Ha mmOpPH CoeIMHEHHHE WYHKTHpHOR Jm-
HEe .

Ckopee BCET'O SnpO BpamaeTed ¢ PENITHBECTCKON dacraroi, qUro
TMOJRHO 38METHO MCKASHTH NOJIVIRHHY!

XOIATCA B CBABAHHOM COCTOAHMM. YaCTh €TI0 MaceH NOKOL /7, HIST

Ha SHEPI'ND® CBASH M BHDEHINDE MOXeT OHTEH BeJWIHMHO# mepeMeHHOM,
saBmcmmol o paw ca "opCETH" ISHMOTO HYKJOHa&. B pesyJbraTre
TOJKHE €yiie CTBOE i CIEH-ODONTAJEHAA 3aBUCHMOCTb.
3aBucEMOCTS 4 /77, = $(F) Gymer MME'TH IOBOJE

10 CJIOMHBA BHE, €C-
JH y49ecTh, IT0 HeddexT Macc NTONKEH KOMIEHCHpOBATH SHEDTHD

B3BECTHHI 3anac SHEpI'MM CBASH.
Tenmeps BepHEMCA K HameMy KBaRTY OpCHTAARHOIO MoMeHTa /.o .
ABEH BeJHYHHE if)Z. [loxaxenm

a Y

i~

IPHHATO, 970 CKOPOCTHOM H3CHTOK MaceH /77, HOJHOCTHD

CKOMIEHCHDOBaH IE{eKTOM MACC; HSCHTOWHAR DHEpTul CBASE He y4i—
PHBaGTCA /.

Lot Lo = /2 = 5,273-10 /Ix o/ L& = 1,865-10° /2
EcTecTBEeHHO BCe HY

H B Anpe IONKHH BpamaThcd IO CBOEM "OD-
200604 kP OCTER & ’ D

OETaM" ¢ ONMHAKOBOMH HaiifM 3aBECEMOCTE KHEHETHYE CKOii
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3nech Ham® yYeCThH, YTO Macca NOKOS /7, KOMIGHCHPYET KUHE

Ky SHEPIHD H HOSTOMYy 3aBHCHT OT HEE: .
e #,,, — Macca IOK0A CBOOOINHOIO ~ .
JaKeHEe IJd /77, B OHpeannymee ypa

? =1 =} 71— 2043.0°7 8"

YIEHHOI'O ypaBHEHNHd EKHHETHYE CKy® 3HEep—
CaMOr'0 HaJABHEI'0 OT OCHN BpameHES HYKJ

/ Ra= 7K, /: B.= 85,865 MoB
Cam MORET NaTh MAKCHMA

HYD 9HEDTUD CBESE:
Eotmai=™ Wb 1susk ~ Wi Az = 187,768 - 21,872 = 166,894 Mo

Kax BHIMTE, H § caMoro TARESIOr0 Agpa BeJWIMHA /. BHOJHE

XeT OHTEH DaBHOI if/z. SHauYeHHe L,.,:fw TAKOT'0 AOpa NaéT cJml-
KoM OoJmnyw E, / 422,9 MsB /.

Kie Apa EMeDT GoJnnee 3HaYeHEEe /. .

Bc€ 3P0 MH paceMoTpeJm LA ANED ¢ HOJHOCTHO 3aNO0JHEeHHHME
"opOuTaME", EMSONMX OCh CHMVETpEE. HO 3amoimeEme "opour® mpo-
HCXOINT HNOCTEIEHHO. lIpECaBleHHE K CHMME TPHYHOMY AINpY HOBOI'O
HYKJIOH& BH30BET NSIEHTPHDOBaHEE EI'0

CHasaThCd Ha

IEHOM SHEPI'ME CBsfASH HYKJOHOB. BeJWYNHa SHEePIHE

NOJKH& HEeCKOJBKO yMEHBIETHCA. Jadnme jime

8 3anoJHeHEE "opOETH"

CHa4daJla OyIeT ycHAMBaTh 5T0T odfex?, a 3aTeM, MEDE NPHOJH-



ki
KSHUT YHCAA HYKJIOHOB Ha "oplmre" K
yMEHEIATH, HOKa NEeIRHTDHDOBAHNE HE NCIYSSHET COBCEM, E AID
CPaHeT GHOBa CHMME TDENYHHEM. B pe3yJhTate MH HOJyYMM KOJ&OSHRS
IMYMHH YHSJABHON SHEPTHH CBASH. MAaKCEMyMH NOJIKHH NDEXOINTHCH
Ha CHMMVE TDIYHHE SIpa. JPH KoJeCaHus NOJEKHH OHTH HaAmCOJee 3a-
MeTHH IV JETKmX fnep. JAd HEX aMIMTyna OyneT HauCoJmmnei / T.
K. Macca 3THX fAIep CpaBHEMa C Maccoi HykJoHa /, a HepHON —
HauMeHEMWA / T.K. HAQ HePBHX "opOuTax" MaJo HYKJOHOB /. Ilo mMe-
IHYCHUSA MacCH Anpa aMiLmuTyna OyIeT 3aTyXaTh, a Nepuol

HMATEIONY SHAYeHND —

e YBGMBETB% 3

OmzcannHe KoJeOaHus RBReJIHY] VASJEHOA SHEPI'HE CBA3E HYKJOHA

OTYEP/HMBO BHIHH Ha HMIEpEYeCKOM I'DaquKe :

pmc.2.13.l

Tenmepr HaBaiiTe paceMOTpEM paciamH Axep. Kak BUIHO H3 DHC.
Qold. OT'poMHASA peJATHRUCTCKAA YacTOTa BpamMEHEA fAlpa NPHBOLET
K OCHCTpDOMy HapacTaHH KWHeTudYeCKO# SHepruu "OopOHTANBHHX" HYK-

JOHOB IO MEpe yIaJeHWA HX OT OCH BpameHuA Anpa. lalbHue HYK-
JIOHH TAKEJHX AIep EMBHT OTDOMHYN KEHE TM4YeCKYWl SHepInb. HeGoan—
IB08HEAME HYKJOHOB, MOXET

Mo TONYEK, BH3BaHHHI HYJeBHMEH K(
CHABHO H3MEHETH COOTHOMNEHHNE MEXIY KHHETHUYE CKOl W CIHHHOBOM

SHEPI'WAME KpaiHero HYKJOHA B IOJB3y NEepBOi, YTO NpHUBeEHE
N3JAYYEHNID STOI'0 HYKJIOHA. [logeMy Xe B HaTABJAANMEM 4YHCJe cJydYa-
eéB IPONCXOINT M3JIYYSHHUE o(-YaCTHIH, N JMIb H3DEIKA — HYKJAOHAT
[lonyumB nocCTaTOYHHE EMIOYJABC, HYKJOH THHET 3a& c000# cocemEmii
/ T.X. SHEPTHA CBA3E OYEHE BeJMKa /, KOTODH# B CBOD OYepelb
yBJEK2E T CBOETO COCSHA N T.H.. JPOT Oponece uHET X0 Tex HOp,
IIOK& OH BHEpPTeTHYeCKE BHT'OIEH. }/3 mpemnnymero puc.<.l3. BUIHO,

970 SHeprus CBASE GHETPO M JMHefHO yBeJwduBaeTed oT ;H mo ;’He,

a 3aTeM pe3KO0 CHuXaerTcA. llos



il P

Ha yHe — £ -9acTHIE.
Wz vadmm; pacnama sgep [ 3,cTp.27 | BHAHO, 9TO HauMHaA C AApa

7192

2P0 / Ka= 6,38 £, / ® Nanee WAST MHTeHCMBHHE M OpaKTH9e CKR
HeHpepHBHHH £ —~pacHay, Ko1
N .

C yBeJmYeHHEM pasMepa fArpa OyjeT yBeJMYMBaTHCA "MATKOCTH"

opHil NpeoCJanaeT HANL BCSME OCTAJEHH-

anpa, & TaKXe yCUMJMBATHCA DPA3HOI'0 pOJ& HyJeBHE KOJeOaHEA eIo
¢opMH. HeGoupnoe yImHEHHEe (OpMH AIpa B HJIOCKOCTH BpalleHBA
OPEBEHET K CHABHOMYy YBeJNYCHHN KHHE THYCCKOH SHEeDIHH YIRAJCHHHX
OT OCH BpameHBA dacreii Agpa / cM. pEc.2.l12. /. B pesyiabrare
poGexHas cuja pasopBET Ha JBe NDHMBDHO paB-
HHEe YacCTH: |

DEC.2.14.
i)

JepHEe JacTE OyIyT MHTEHCHBHO IepecTpa-

OrpoMHAS IEH?

[locne npJeREA €TI0 IO

c@m M B D)
He Hano 3aCHBATH, 9P0 MH EMEeM NeJ0 ¢ KBAHTOBHME OOBeKTaME /.

DJySMBIINE CA Anpa OynyT Epame

Kormeuyno %e mnpolece JeJieHHd BO3MOXSH TOJABKO MAS HamOOJee
O OJI BRI ANLPD. U3 PacJmil pacmma[& 0“]-29] MOI, 9TO JieJieHue
ANep HaYMHEETCA TOJBKO c;’fﬂ/ka: 6,7%K, /. Kax msBecTHO,

neJeHNe TPOMCKOIMT M IpyTEM OPEYHHAM: SHEepIHTHYE CKE

3HT'OIHO HAA TARSJINX Anep; OOJIBHOM 3JEKTpHYSCKEM 3apdl, STHX

ANep TaKke CHOCOOCTBYET EX IEJSHMN.

IRCHepEMEHTANEHO OCHapy®eH pasMHTH mudiysHHE cao# Ha mo-
BEPXHOCTH fAnpa TOJMEHOX ~2,5=I0-ﬁm / T.@&. MOYTH DABHHA mHa—
MeTpy HyRJIOH& / Ipm A > 16 / 9TO coOTBeTCTByET V., > 4,9’74-107
-2/, B npemsJjax KOTOpOre AEepHAd IJOTHOCTH CHANaeT RO HYJH

c
[ 3, emp. 9] . JP0 BIOJHE €CTEeCTBEeHHO, T.K. HOBEDXHOCTH fAnpa
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Kax My M yBHIGJN, SIpO — 27O KBaH

pa. Mexny REME ¢ peNATHBHECTCKO# CKODOCTHI NBETANTCA e-) , mo~-
DOHEM B MeTalilax. /M B neJom Bpamaercd BOKPYT
y ¢ T@ﬁa

cBoell ocr ¢ pPRJATHBECTCKO# uda
Tarad mones» ofofmaeT cBojicTBa KaKk KameJsHo#, Tax X 060J0-

HOft / M HeitwpmEmoi /.

b oo 3Ty MOIRJE pacCcMaTpEBa

H CUNTaA 3Ty CHCTeMy HEUTDOHOM, MH HOJYYMM NDHBHYHYW HDOTPOHHO-
HEeATPOHHYH CTDPYKETYpY fmpa.

Yaers 3.

HoBoe IpeNCcTaBJeHNE O CTPYKType Ml a TpeOyeT HeMHOIO

ESMBHHETE IDHHATYW KJACCERQMKAIHIO "3JeMeHTapHHX" YaCTHII:

,
’mﬁ.n.SgI I

llepBHe mBa KJacca coIepXarT TOYeUHHEe M OeCCTPYKTYDHHE UaCTH-

>TOMY HAYHEM C TPETHETO KJIACCA ~—— Mp3OHOB.




-] O
§2. Mezom:u.

I. K sroMy xiaccy oTmecéM "NeHTpAIEMEE" YaCTHIN, B KOTODR
e-) IBEXyTCS BOKDYT 00mero IEHTpa

Bee mm(p smechs mp EHHHE / KpOM® OIOpDHHX SHepruii moxed
AT . sHepruil £ -pacuama “% 7/ T.x. 3mech npumATO,
YTO BHENHWH e-) BpamaeTci B LEHTPANEHOM HENOIBWKHOM IHOJS

SHO JCJOBHC /, & TaKie He yuUTeHa HOUHas SHEpTHA Y .

L. M2 30HOB.

MexaHm9e CKEl MOMBHT ODOHTANEHOT® e€-) B Me30HE DABEH:
Lipy=Lie —by = Z/2— K/2=0

MexaHwdye CKMii MOMEHT ISHTDAJBHOI'O €—) B MS30H&X DABeH :
Le..)? ::Z-lg_g ""L)? — f/z"' f/Z :p

il g .

IR, ecim MB30H COCTOMT TOIBKO H3 e-))

VBRI f—nsen HOKa TpyIHO CKa3arh, T.K. OHll MOI'VP? GHTH
NONOOHHMM KaK MOOHaAM, TaK ¥ IIEOHAaM.

3. Temeps ¢ momOmbi HpEHATOH CTPYKTYDH MESOHOB ONMIEM MX pac-

Nanh, MSBeCTHHE M3 ONHTOB .
I/ Z +#_Pf +€++—% i i- YACIHE

2/ Z+ "‘""'_,/_("'4_).7,,*1 SI8CEh IEPpEKPHBANTCA IBe BHEIHHE O00QIOUKE

™ +Y.  UHOHA. [[pOMCXOINT AHHETHJIAIEA 9TEX OpOH-

o

PaNEHNX JSHTOHOB X B pe3yIbTaTe pozaeTci mapa V.- )./ uoxe®
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A
/. ). yXOIW?,a ), — saxBamHBasTCA NeH-

{HM 5JIKTDOHOM. mem /“ M8 308 .

3/ 7’ —— 27+, Pacnall NpOECXOLUT B pe3ydbTare NOJHOIO
et_%_ IpOCTO HE ¢ 9eM aHHET

Pacnan DpOMCGOIMT B pe3yJAhTarTe aHHNIHI-
[EH OpOHTAJBHOM e"'i-_)é_ C ILI®@HTpPaJEHOH’ 5::_)3;; .

4/_./f(__i"' é’++_)é+

4., HexoTope 0COGEHHOCTH, BHTEKANNE H3 CTDOSHMS ME30HOB:

i{/. YTO0H HOJy4INTH aHTHMS30H HEOOXOINMO 3aMEHNTH Kakmuil Jem—
TOH HE& @HTHJISHNTOH, & QHTHJEIITOH — Ha Jmnmm

</. Hapa 8K, Yepelyd u—-)71 ey,
HO HOJYYETH> HOBHE ME30HH C @lé GOJ

YECJIO BHEIHEX 000.JIQ

e 1 uacceﬁ. Ho pammy
BHelHel OpOmTH NONKeH CHTH M GEEES M2HEe D
OOpPOBCKOH OpDOHTH.

aEyca nepBO#

3/¢ T.K. MB30OHH COCTOAT H3 JEITOHOB K aHTHJeNTOH

OB BHEpPEMBUKY ,
nX OpONTH HaXOBATCA OdYeHb OJM3KO IPYT K NpyTy K NOJEas
SHepIEs IBERSHET e-) Ha oplETe MOJOKE

» IEEE, TO MBSOHH
NOJFHH NMETH KpalHe MaJioe cpelHee BpeMA XM3HHU.
4/. ERmMCTBeHHSS BHENMAS e—) mm mmsmmmmll 7IOKHE ECKARATH OpOH-

KHIX JEeHNTOHOB, M HO9TOMy He/TpaJbHHE Me30HH HOJIRHH
HME TH HECKOJABKO MeHEIEe BpeMdi XE3HE, HeReJHM 3apAXeHHHe CO—
Iy copaBa / cM. Talbk.3.2. /.

5/ « ﬂ' ~MB3QH NIOJREH EMETH CBOD &HTHYACTELY 7 7°. Ha omiTe MX

NpaKTH4Ye CKM HEeBO3MOKHO OTIAMYNTE: ApyI' OT Ipyra, T.K. OHHE
o0a HelTpaJbHLE, EMEOT HYJeBOH# CIMH ¥ OYeHB MaJoe BpeM:d
KE3HH, E NOJHOCTHI Cr'opakT. l/ix pas3/m4yue CMOXeT HDOABHMTHCA

reme B BO3MOKXHOM j? —-pacuane:
—’-i-f-é‘ +)) + 4,08 /M?B’/

7"‘"’—*-5_—!—6’ +)) +y4p08 /IM>8/
/ ecim 3TOT pacmal cymecTByeT, TO cmi—nsma paBen 0 /.
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JOTHO HeOoOXOomumMivE. OTHDHTEE 5THX MB3QHOB MOXET HAIEKHO

HEG TS m pMﬂ em_ IV]
5. OnpeeIMTE: 3aKO0H KBaH

InA SHEPTHH OpCHTANHHHX e-) HoKa

Heé yHaioch, HO OH O/M3OK K BEIY :

52 574
Eé—-;?—z—' ’ Tne /2 — HOMSD OpOHTH.
Eﬁn.3.31
ln7 HATIATHOCTE MOXHO NOEa3aTh pasMeph opOET e-) B MB30HaX

B Machmrade :
ﬂ-

02. Kaacc kaomes.
1. CrpyxTypy 2T0Te RAACCA YACTHII
[/ K= Z 4 542192 Mok Jg) Kt 0+ ¥+, + 358,3 Mg
/3 K T+ T+ T+ 75 Mg 7] Kiom T4+ 77—+ o%+ Vo +274,1 M58
/8] Ko It + T2 T2+ 84,2 115 [8) K1 JLF I 4 €420 42741 M6

OIIpe IgJIEM B3 KX DacClIanoB:

He Tpymio 3aMeTuT:, YTO BOe THIH DACNANOB NOAYYADTCA E3 Dac—
mara /3/. B BEX Hapany ¢ 9THM pacHaroM NPOMCXOLAT pacHami ca-
8P B pacmane /4/ NpONCXOIMT AEEATHAAIMA Da-
DH e‘il é-), . B pesyasrare N3 map JL -7~ noxydaeres mapa 7 -

==

—}E‘" HeTpyzmo ySHATH Tlf HaXONWIECH 9T €-) RO AHHMTUIIHMN:

Pasmuna smeprosumesienyud /4/ B /3/ paBra:
AL = §4,2 - 75,0 =92 Mg
9,2=2(GS5t+4,059)=2(E.e+4,059) Ms5

Pacnay, cBOGOMHOTO MHOHA: 77t 77°. g*% + 4,08 Msg

BrioJe e CTECTBEHHO, YTO NpM pacliaie KaoEa BHyTpeHHEe 7 m J -

MEX TIHOHOB. : THK
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CHYYAV/HO CONPHKQCHYJHMCEH MMBHHO BHEIHEME OGOQJIOYKAMIE .
Urak

MOXHO CKas3aTh, 4?0 K* cocrom? H3 PHEX nlwaa:_'z* 2L s
_Zr_:_’ " o T.K. IMOHH M 8HTHIMOHH HE MOTYT COIDEKACATECH, TO
CTPYKTYpa kaoma K' CymeT BHIVNIETH TOLEKO TaK:

Hy9P0 He MeilaeT yBeJNYHBATH YHCJO OCQIOYEK ¥ OPCHTANEMHX NN-—
OHOB, I MOJYyYaTh: emeé OoJee PARSIHE YaCTHIM. K TOMyRE NNOHH RaK

BTV mmm Bk4~-
EMOIIe ICTBEA HYKJOHOB B Anpe, eie OOJLNe VBeJJNIEBaET KOJM-—
98 CTBO YacTHI KJacca KaoHOB.

SHHX KaOHOB:

TCATTCAT“HG3 Mog J5) Ko T 48+ Yo+ 3579 Mg
J2) Ko T JT+ T4 25 Mok J5)K % T+ €%+ )p + 3SZ G 156
/3/ Ke""‘_{_f—”'_é(__"_“?;f_*z-‘fzf FMoe)T/K=m T Y+ ~+ 270,57 M6
&) K=m T4+ Y, +252,7M52/8) KEmm T4+ L0+ 22820 MR

Heitrpansauit K° cocromr w3 Tpéx mmomoB: 7 '; 7 3 7° wmm: 7* 3 70~
"

ems ¥ e ¥ o)
,

"~ C o
Corzacso >reit CTpyxType K, HeT HeOGXOUEMOCTH OTMYaTh K, I

Ho HEYTO He 3amnpemaeT cyleCTBOBAHNE ¥ NTBYXIHOHHOI'O He i

°
¥

I'c KaoHa / NpaBia ero Macca NOKeA CyIeT SHaYNTENHHO MeHEKIe

maecH K°/: -

ACHANOB "Me30HHHX" pe30HaHCOB [6.0m,878—879]
[9¢CTBO IMOHOB, COENMHAKIMXCA B YaCTHIM, )

OKe T OHTEH paBHO M
4, m 5, m 6. B IpuHuEme WX YHCNO HEOIDAHUYEHO.

B naneHeVpmem Bce YaeTHIE, COCTOSNEE TOJIBKO K3 IHOHOB H AHTH-

INOHOB, OyIeM OTHOCHTH K KJaccy KaocHOE.
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4. XodeTci QOpATETH BHEMAHEE HA TO, ITO HOJYYEHHOE CI

KAaOHOB MMBET OOmMNE YepTH CO CTpOeHNEeM TAKEX pasHHx O0BeKTOB,
KaKk fAnpa B MB30HH. YaCTh €I'0 BHYTPEHHMX HHOHOB COGIMHEH& IO
HH# CEMONO3 B3auMOIp #cTBEH Ji
HOCTR" BTHX YaCTHII.

H‘M MH m L‘h*;}-é'._ "% b M
VINTHBAA, ¥TO NpH CTOJKHOBEHHE NMyIKOB NPOTOHOB M AHTHIDOTO-

NpEHIMIY, ApyTrad 4ac?h — II0 ME 30HHOMY. Takoii HeOOHY-

ATKO QOO BACHSE

3T H3BeCTHHE "cTpaH-

OTCH I
DCTONT MS IIHOHOB. TOJNBKO COSINHEHH OHE 0oJie¢ NPOYHO YeM B

HOB DOXNE

HH, €CT6éCTBEHHO IPeIIOoJORNTH, YT0 N HPOTOH

KaoOHax .

Kax m3Be CTHO HPOTOE
Ha OOJIEHINY®H OTPHLATeJEHYH SHEpINI CBA3H. Takyw SHepIEND CBA3R
MOXST IATH TOJBKO CIMH-CIHHOBOE B3aNMOJIE iCTBHE

YYAHO DACIeNENTHE, 9TO yKa3HBE

ero Me30HOB./ CBASH NONOCHA ANEPHOHE /.

[lesTOMy NpOTOH MOXHO HpeNCTABNTH B BEIE COCINHEHMA H&GE@.EB-

mﬂ"pl omaoro { . Smech { BHCTYHAET B DO mPOT
POJIE HEeTpOHA/ 1O @HAJOTEN ¢ SOpoM /. B IeJoM Tarkad CuCTeMa

EMSe T 3J. 3apan +1L.

lloka He E3BeCTHE SHepIWR CBA3H B HPOTOHE, H HEJBL3H 06 COJNT-
HO yBepEeHHO OIpeNeMTEL YHCAO COCTABJAANIMX €I'0 M830HOB. Mx wme-
Jo noJKHO GHTH B mpénesax 7-I2. Huwkuuit mpemes B3iAT M3 SHepIe-
HA, BeDXHE} — H3 I'€¢OME TPHYE CKEX.
YYNTHBAA OGOJEINHCTBO ONHTHHX (AKTOB MOKHO IIpeJOKHTH CJeILy-

HYD KOMONHAIINIO MB30HOB: P
lpnc.B.S. ’

\THBaA NOCAeNOBATEJBHO NPYT HA Ipyra STE TPH CJOA Wapos,

HOJNYYNM CTPYKTYDPY NIDOTOHA:

m M -::r - 1 I
Al




Y .

Taxoit mpores cocromr ¥3 12 mMesemoB — I1 Z° m 1 _f: Ecamm mo-

CMOTDETh Ha HEI'O CBEDXY, TO MH YBHIMM TPEYT'OJEHUE / €O CKBOS-
HO#t mMHpKO# mocepenmue /. YieJEHad SHePIWA CBA3E MR 30HOB B
SToM caydae OymeT paBHa -56,440 MPB/MB30H M BCET'0 COCTABET
~6657,274 MpB. Taxo# orpoMmEo#l SHepTHEM CBAISH HHYETO HE& COCTaBET
MOTACHETE NOJNYyYeHHYD HaMy paHee CIMHOBYD SHePTHI BpamerRus Npo-
rora / Wn = 187,758 lbB /.

T.x mpore

i IMeeT CKBO3SHYD JNHDKY, BHOJHE BO3MOXHO, pH
OTIpE N8 AEHHHX YCAOBEAX HeITpOH HpEHHMAST 09eHDH SK30THYE CKEH

BHEI S

B cBfSE CO CTPYKTYpO# NpOTOH@ HETEpe CHH De3yJBTATH DacCeH—
BSHNT JBITOHOB HA IIPOTOHE [5,0113-.146-149;164—168]. OHE TIOKE

3HBAOT, YTO IPE YYBCTBETEJNEHOCTH NYYEa JENTOHOB 10 NODATKAE

IO-“_M, JENTORH "BRIAT" NMPOTOH B BHIE MapHKa. KC/ML Daspemaniias
cTIOCOOHOCTH cocraBateT~10 M, TO NDOTCH BHTIAIMT B BHAE TPEX
MACCHBHHX YaCTEI], IEHTPH EOTODHX 00pasynT Tp UK. Kceam

e eme NOBHCHTH YYBCTBUTSJBHOCTE IydYKa IpeneJIEHO BO3N
ro smaweEms ~10 M, TO Ji ITOHE

BHIE AT B CTPYKTYype HpOPOHA
TOYSYHHE TACTHIN H 8N THYACTHIM, KOTOpDHE OCHApYRMBALT "KHIYYyD

da OIlICaHO B CTAaTEHES

IpOTO-

Bo MHOTHX y9eCHEKEX M CIPABOUHMKAX NPUBOIMTCA Ip iito-
openeJieHnd 3JeKTDY Imfﬁlx

78 CKOT'O 3apAna BHYTpHR IDOTOHA:

et

lpm 5ToM pesyJbTaT pacCeHBaHui DACCMATDHEBAJICE KaK HEYHNpyIoe

IeIITOHOR HA HEHNEJHMMOM M IIDOCTPaHCTBEHHO IDOTIKEE

R = » E i
pacce EBaH!

HOM IIOJIORHTEIEHOM 3aD$

18

NPOTOH&. KOHEYHO M MHCJM He oIy CcKa-
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A0CH, UTO B NPOTOHE MOTYT OHTEH N OTDHIATEJEHHE 3apAIH.

lipe CTONKHOBEHNMN NIPOTOHA € AHTHIPOTOHOM / WAM HeliTpoHa ¢
ITPOHOM / HpOMSOHnéT & IOHHAS BCHHNKS. [IpEIEM
CTOpDAT TONBKO CONPHKOCHYBINECI KpajiHue Me30HH. (Ocrainine Xe,

B pe3ylipTaTe B3phHBa, pasjeTiTci B pasHHE CTOPDOHH B NOJHOM CO—
TJACHH C 3aKOHOM COXpaHeHMs HMIyJbca. JTOT LpPOLECC NOLTBEpKEA—
eTCA B SKCHeDHMBHTEX .

Ecim Xe HpE BCPTPeYHHX IYYKax D l'f;ﬁ,n;yr TOJBKO DALOM
Ipyr' ¢ ApyroM, TO BO3MORKHA peaKimd: p + F-—-—rn'/:z" [7,0@.48‘7].

~
B pesyJrTarTe TOPMOXEHEA D K D

DHC. 3. 9.

NX SHEDTWA IBEXGHEA JaCTHYHO Ie-
PeXOINT B NOJHYD SHEPTHD POXSHEEX Nap €-Y, M €-) . B mTore 06-
pasyeTed mapa /2 - /7.

i@ peaKIMi L0 3TOMy IPEHINIY. Hampumep
OpE BCTPEYHHX € M € HyuKax: € + W= JC A
§4_ TrIien oMk
Kak MH yke BHIEeJ, NMOHH / MJM JPpYI'Ne ME30HH / MOI'YyT C I0-
Iie ICTBEA MRXNY COO0# OCLeEMHATHCHE B (0~

BosMOXHH H GOJiee CJOXH

¥ DE30HaHCH.

MOIBI IBYX BHIOB B3amM
Jiee TAXKEJHEe YaCTHLM — KaOHH. [MIEDOHH K&K M KaoHH OTHOCATCA

K "CTDaHRHM" YacTHIlaM, YT0 YKa3HBaeT HA NONOCNE HX CTDOCHES.
Omiaxo Kpome OTHeJEHHX NHOHGB I'EIEDOHH NOJXHH EMETEH MAaCCHBHHE
ImOHHEE “Anpa"” c¢ umeJoMm IHOHOB > II. KpoMe HEOHOB B HEX IOJ-
XHH IDECYTCTBOBATH -f. IpyTEMm caenamn "Spo" IMOJKHO COCTOSTH
U3 OpOTOHA B HONOJHMTeJEHEX [MOHOB / MB30HOB /. B bToM ecayuae,
YYNTHBasA NPOYHOCTH NPOTOHA, OylIeT aBTOMATHYE CKE COCJNIATECH
Oro 3apAna”. Kak OH T'MIEpPOH He pacla-

3@8KOH COXpaHeHHEs “GapMOHE
najici, HWKe IpOTOHA HE paclameTred.

AdBHEGHHK C ,@y—

OHHHMM SIpaMu" HMeeT NO-BEAMMOMYy Ty Xe NIpHpDOLY, YTO U
NpEYNHA IPOYHOCTH OOHYHHX HYKJIOHHHX sSAmep. HO @Clli CpelN HYKJIOH-




28

HEX ANep uMeeTCA MHOKE CTBO YCTOWYMBHX COCTOSHEIA, cpe I

"HMOHHHX fAIep" MMBeTCH TOJBKO OIHO, KOTODOe M SBJAETCA HPOTO-

HOM.,

KaOHaM M THIEDOH&aM CTPYETYpY .
@& Ha3BaTh WX YaCTHIAMH MOXHO TOJIBKO YCIOBHO, IIOCKOJEKY BpeMd

Pe30HaHCH NME T MHOLOGHYH

WISHE DeSOHAHCOB HENTTORHO MAlo Naxe NO CPABHEHND C NHOHAMH.
e . ".'1-;' |

Ilo cBoe# mpupome OHE HaXOZATCA TI'Ie-TO MBELY YaCT

TO IBHKeHEeM. Tax cKasaTh NepexonHOe COCH
IpyT Ha Ipyra YacTHIM
He CKOJBKO OCOpOTOB BOKDYI' o0mere IeHTpa. IMBHHO Taxk paccmarTpi-
CKmil (m3ux-TeopeTHK EmTupo Hamoy
B cBoe# kHuMTe "KBapku"[ &, crp.SIMB].

OCmee koJHYeCTBO I'EIEDOHOB X DE30HAHCOB Kak M MX MACCH NO-

YeM paccedrhesd ycleBanT CcueJiaTh

BaeT DE30HAHCH W3BeCTHHI AMOE

KOA HEHYEM He OI'DaHHYEeHHH.

9 5.
B 3Toil yacTH MH NOCTapaJHch PacCMOTpeTh Ham(oJjiee THINIRHE

OZeHUe
B4 TET 3 ..

JHNI0 OIIMCATHE CBOMCTBA Yac—

IJA pasHHX KJACCOB YacTHIIM. K COXaJ
THII, MX BHYTPEHHOKN INHAMEKY (Co0Jiee OOIPOCHO INOK& HEe BO3MOKHO.

I 5T0T0 HeoOXomum JoJiee TIyCORWiH MaTemaTwye cKEfi momxXom K I -
HaMuKe BHY TDE@HHUX JBF

FOHOB, HEOOXOINMH HEKOTODHE ClleldaNBHLe

. ¢
JEMED Y3HAB TOUHOE 3HAYEHME MACCH Hmi

o~
0 ), B MOOHE, M TeM CAMHM YSHATH OTHOCH-

MOXHO DacCYMTaT: SHEPTH

T@JEHOEe pacHpeleJieHHe INOJHHX SHEepPTHil e n_)?‘ B cucremMe e-V,.
lloure Bce m3BeCTHHE HA CeT'OIHA "DJEeMEHTADHHE" YacTHIM EME P
HAYTOXKHOE IO 3eMHHM MOHATHAM BpeMA XMSHE / 0 DEe30HAHCaX BOOGme

He TOBODEM /, HO B CBOEM MaciTade BpeMSHN 5TH YaCTHIE CoJiee

IHH. [Japamoxe? Ho B 5TeM He TDYIHO yOemuThed. Jlaxe

YeM CTalow
B 7 3a BpeMi €T0 XMSHE BHeWHAA e-) / camai MeIJeHHAA 30 BCex
OCTANBHHX / meJaeT NeCATKN MWLINOHOB 0GODOTOB IO OpOHTE.
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C »Poit PouxE 3peHus e-) Boodme mNpexCTaBiAieTCA BEUHOI.
C momMombLo PACUYMTAHHOT® B TadJk.3.4. ﬁa.;; 10 TaEHHM Ta0Jd.3.2.,
MOXHO IIONyImTh el OIMH WHTepe cHHif gaKkT — xapaKTepHOe Bpems

NpOTeKaHus ANEpHOI'0 B3auMoneiicremi. I[Ipx

HefiTporoM e-) NepexonmT Ha MX O6TMyL OpPCETY. SfuepHoe B3amme

CTBEE OCylleCTBETCA KaK TOJBKO NpON3OHNET 5TOT mepexonm. A ﬁpo-

H304NET OH BTEeYRHKH i‘d;. llosaToMy Bpemd 000pOTa BHeHHeiH e-;_)z_ B

HEeUTpOHEe SABJIAETCA BpeMeHeM SNePHOT'0 B3aNMOmeicTBHA. I3Ta BeJM—
23 ~22

YHHa XOpome corjacyetrcd ¢ SKenepmmenToM — 10 -10 ¢ [6?,0@.
8 ICTBEA HIPOM3OANYT 3a BpeMd

8671. Ocransrne " cuabpHEHe ' B3aHMC

bogg. % Lo
B sakJwYeHuNe MOXHO NATH ONpeIeJeHEA "cHimHOTo" m "caadero"

IMOTe ACTBH i :

P
B3¢&

— llog "caaCHM" B3amMole fcTBEEM HaN0 NOHMMATH 3JIEKTDOMATHHTHOE

DABHTAIMOHHOS B3aMMOUSACTBHA ODONTRJBHHX YaCTHI[.

— Ilog "cmasHHEM" B3amMOmIe iCTBHEM — CHNH-CHEHOBOE B3amMOIeiic-

TBHE YACTHI] NOCDELCTBOM ODGNTANLHOI e-) .

Yaers 4.
JHEpI'e¢ THYGCKaA CTOpDOHA IBHASHEA OPOHTAJIEHHX

JEIITOHORB o

JHEPTETHKE JIEITOHOB CIeLHAJEHO DACCMATDHBAETCA B KOHIE Da-—
O0TH, MOCKOJBKY 5T0 HamlOoJee CJAOXHHY BOIpoc. CIOKHOCTE 22KJi0—

926 TCH B HEBOSMOXHOCTHE OIlMCATH SHEPIeTHYECKYH CTODOHY IBHXeHMA

JeATOHOB B paMKeX KJaccEde CKOl (M3HKH. BH yXe HaBepHOEe 3ame TH-

Jm BOTIpEKY KJACCHYECKNM NpeICTaBJeHusiM OpOHTaNtHAA e-)

IMEET MOJORMTEJNBHYD IOJHY®D SHEPTHD. B 53T0# YacTh MH IONpOCyel

"yTpACTH" 5TH DACXOKIEHES ¥ DACCMOTDEM GoJise meTammmo "ciadoe”

B3auMOe icTBEe .
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§1. OnpeneJiaM NOJHYD SHEPIWO OPOHTAAEHOT® JEHTOHA:

E‘,Pf—' E.x +U yp. XK
SHe ch:

P, Co
I/ TlosHas SHepImE CBOGOIHOTO JENToHA ([, /= —F———sy
7’ /"‘(V 7 / C)
2/ HoreHmmaysHad SHEPTHA CBASK

2 2 .
- . Lo e R
a/ mas SJexTpoHa U, = TEER T R V1 -V, /c)?

6/ LiAi HeATpHHO %=—fﬂ*—@ - —%(%ﬁ*

B ofomx ypaBHEHWUIX BHpaxeHwe WAL R B3ATO H3 yp.I.l./ 0e3

yuera Jc'lﬂz JgZ yp. a/ /.
Kax Buiws ypaBHeHEA NOTEHIMAABHO! 3HEPIEN JENTOHOB EMBKT

ONMHAKOBH BH : PY . ,°
V- (Vi/c)’

[lomcraBigasa NOJNYy4YeHHHE BHpDaKEHEA SHEPTHEH B Yyp. X , HOJYTAM:

w,c* m, W° 2
4 SRR .. 4 — w, C ;/1 (V,/t)
7—/ 7=V, /c) V71— (V,/c)

thmw, 90 ,C%2=E, — SHepI'WA HOKOA JEHTOHA, 3AMMISM:

E"P o 7/{__—3—’ — i .
T - (V, /c) —~~ YpaBHEHEE CHEHHAYHO# OKpY X~
(4

HOCTH.

. pﬁc.4.I.i

Kag BHIHO B3 T'padEKa, C VBeJMYEHEHEM CKODDCTH SNENNNS ODOR-
TAJBHOT'O JEHTOHA €TI0 HOJHaA SHepTus / BRJINYANNAS M 3HEPIHD
IOKOA / HOCTENEHHO YMeFHuseTcA gy, a Ipu NOCTUXCHEE CKOpOC-
T CBeTa, JEITOH NOJHOCTHN JMIaeTea €. KOHEYHO Xe OHa& He HC-
ye3aeT, a TOQJIBKO IEePeXONuT B IpyIyik @opMy, HO 00 5TOM HHXE.

B ciyvyae opOuTANABHOI'0 NBMXEHHA JEHTOH pDEaJBHO MOXET NOCTHYb
CKODOCTH CBeTa, INOCKOJBKY IIDA 5TOM O€CKOHEUYHOCTH SHEpPI'HH IBH-
REHEA JIEOTOHA NOJHOCTHN KOMIEHCHPYETEA OeCKOHEYHOCTH 2HEpPIHH

CBHA3H.

B meJiom, nBu¥eHFEE CBOGONHOTO B ODOMTAJBHOI'® JIENTOHOB 00JAaNa-
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eT OIpeneJEHHO# cuMme Tpuei. Ilpy yBeJWMYEHMH CKODOCTHA JIEHNTOHA

or 0 mo cropocTH cBeTa, €IV IOJHAaA dHEPTHA B OIJHOM CAydae

yBeJmuuBae rei OT E, 0 + o2 , B IpyroM — yMEHEIaeTcd of E,mo U.

EcTs emé omHa HHTepecHas 3a8BUCHMOCTH, CBA3HBAWIaA CTOJbL Da3-—

JIMYHHE THIH IBHXEHUA JeHOTOHA:

— NPOW3BENEHNE DHEPTHE CBOCONHOI'O H SHEDPTHK OPOMTEJEHOT'O Jiel-
POHA IIPH ONMHAKOBON CKOpDOCTH IBHRXCHMA €CTH KBaupaT €I'o
SHEPTHHA IOKOS :

vt *Eop = iz €V 1- (/e = E

[lonrydyeHHasa 3aBECHMOCTH HE 38BHCHT OT BEJWYNHH CKODOCTH JEH-

rora. W3 He& ®e moaydaerci: f =V FE,,-E,,

T.e. SHepI'mB® NOKOA JENTOHA MOXHO OXa8paKTepu30BaTh Kak cpeln-

HEee T'eOMe TpHYe croe MeXIy SHepTuAMI e€I'0 CBOOONHOTO M OpOMTaJIb-

HOT'O IBUXCHHA.

§2. Ompemesmm SHEPT'HH NBAXEHRA OpOMTEAJIBHOI'O JENTOHA:

E'?; Lo —Ey = E,(V4~(W/c)2 "“/)
Orcna: _Ei:V/"—(V{/C)Z - f

!pnc.4.2.| Kax BumHo m3 rpafmea, 5HepTus IBHKEHES

OPDOHTAJEHOT'O JEIITOH& OTpHEIATEJNEHA TIDH
JINOHX EKODOCTHAX, Hake IPU CKOpOCTE cBeTa. (CucTeme JEeITTOHOB,
TBEXKYyMEXCA N0 OpOMATaM, B IEJIOM TaKke ROJJXHA 00JanaTh OTpHIa-—
TeBHOW SHepTHe# / 9T0 W CymecTByeT B aroMax /. OmHaKo mpu

£ -pacname >HEepTHA BHUEJASTCA, YTO YKA3HBaET HA IOJIOXHATEABHYW
sHepruo INBukeHus e-) . CoTacHO KIAGCHIeCKOi (M3HKe 3P0 COOT-
BETCTBYEe T NHAMHNTHOMY IBRXEHMI H HM O KaKWX OpOMTaxX He MORET
OHTE W DEeYH. ITO OPOTUBOpEYME MOKHO IOBOJIEHO IIPOCTO DEIMTH Iy-—
PEM OMNHOTO JONymeHHs. [JIA 5TOTO NOCMOTDEM HA IBAREHNE € B aTo-
Me . KpoMe IBURCHWSA opmTe , OH MMEET BpamaTeJJbHOe NBHXEHHE
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BOKDYT' CBO€¥ OCH — CIMH. J 570 IBEXeHHE O0CJaIAeT IIO0JIOKA TeJJb—
HOY SHeprue#. TOJBKO 3Mech OH& MHOI'O MEHHIE OTDHLATEJABHOH Op-
OMTAJBHOM SHEPIWH .

B HameM ®e cJiydae SHepTHA ClEHA ABASeTCA IpeodJananimei, u

38BECHMOY OT OpOMTAJEBHOW CKOpOCTE JENTOHA. B HTOI'e, CHCTEMA
e-) NBHXETCA IO OplETe / & ) — BOKDYT € / COTIACHO KJACCH—
yeckoif mamke, o6Jamas B TOXe BpeMd IOJNOXMTEJEHO! SHEpTHE .
[lpE sToM IpOEKIMA clUHA OCTAaSTCA DPAaBHOII f/.?,:

Ipﬂ0.4.3.l

9HEPIUM MOXET OHTBH CKOJEL YyT'OOHO OOJIHNO#, M CTPEMETHCA K + oo ,

VvMeHHO B CIMHE JIENTOHH HAaKaILIEBalT IIOJOXH-~

TEJEHYHD SHEPTHK. [[pwuém BeJWUMHA 3 TOi

IpE COOCTBEHHO# dYacTOTe BpalleHUHA JENTOHA WU = ":(';"/ rge 7 =
pamuyc JeNToHa /. BHpasSETh 5Ty SHEepIUKN B BHAe (POpMyJih IIOK& He-
BO3MOXHO, IIOCKOJIBKYy OH& CBA3&Ha €O CTPYKTYpPOM caMuX JeHTOHOB.
Kiaccrve cKkEe 3aKOHH 31eCh HE NpUMCHHEMH. JTO BUIHO XOTA OH M3
TOT'O, YTO C MX NOMOMBI0 HEBO3MOXHO BHBECTH IIPDABHJEBHYI BeJAYHUHY
climHa SJIEKTpOHA 4Yepe3 eI'0 cOOCTBEHHOe BpalleHMe. Taxke MH IIOKa

HH9EI'0O Hée MOXEM CKa3aTh KaK paclipeleJdeTCA CIMHOBaA SHEpPI'nA

MEXNy JEeNTOHaMA B cucTeMe e-)Y .
Ho Tem He MeHee Ham IJiAi paccY4EéToB HEOOXONUMO 3HATH CKODOCTH
opOmPansHEX e-) . Kak m3BeCTHO U3 _$-pacnanos, BiJeTawuye Jem-

TOHH MMBOT Camheé DasHOOOpa3HHe CKOpPOCTE M SHEPIUMM B MHTEpBaJe
or U X0 HekOTOpOi BepxHe# I'panmim. HO Ha OpOMTe JENTOHH IOJIKHH
EMETE BIOJHE OIpeIeJICHHYH SHEpPIH H CKODOCTH, INO2TOMY IIpelIio-
JIOXM,/ B BHIe INocTyJaara /, 4PO:

— CKOpOCTHE CH CTEMH e—iﬂa OpOuTe paBHA MaKCHMEJEHOJ CKODOCTHE

3JEKTPOHA, W3JAYTaeMOTO Ipu @ -pacmame.
JlBuKeHAE CHCTEMH €-) 1O OpOMTe GJAWSKO [0 BULY K NBAKEHHD

ONMHOYHOT'O € B aTOMe, T.K. M, > M,), ¥ MO3TOMYy N@HHOE IPEJION0-

KEeHHE€ BIOJHE MOXET MMETH MECTO. JTOT €IMHCTBEHHH# HE OTKyILA He
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BHTEKANNKH HOGTYJAT IIO3BOJMJ HaM IIOJYYATH XOpoike pes3yJJbTaTh

pE OIEHKe Pa3sMepoB HefTpOHOB,ME30HOB, HO3BOJMJ DACCIATATH

CKOPOCTH _ e
EEmgamms OpCuTalEEHX e-) . [0 cyTd NpaxkTuieckd BeCh NPOBEIEHHHI

BHIIE paccuYeéT OasmpyeTcd Ha 3TOM IOCTyJaTe.

Ho make ecim OH OKageTCAd He BEepHHM, [OCTDOEHHAA HaMmi MOIEJb
MUKDOMADE HMCKOJBKO KadeCTBEHHO He M3MBHHTCA. JHEPTHA CIEHA
JEeNToHa CMOKET CKOMIIEHCMPOBATH OTPUIATEJEHYH 3HEPTHI IBAXREHHA
opu Jio00# eT0 CKOPOCTH.

CorJlacHO NPHHATOMY IPEINOJOXEHHI, YTOOH OIpENeJMTEH CKOPOCTH
e-) HOCTaTOUHO y3HATH MAKCHMAJEHYD CKODOCTH K3JY4aeMoro e.

[lpm 3TOoM OH OyIeT HMETH MAKCHMAJIBHYW HNOJHYKD 3HEDPIHD,
E
S T SR

P iER
o YViI-(v,/c)?
JTa 8HepruA ompeleJigeTcA IO BepxHeil IpaHulle SHEPTHH (5-pacHa-

nma. Orcioga BHpas3mM CKOPOCTh:

\G:C‘/ 1#(E06/EW)2

[logcraBisas 3HAYEeHHA KOHCTAHT, NOJYyYMM BTODYKL pacouyw ¢GopMy-—

yp.4.1.

rne E,...— B MaB.

[loxy9enHHe nBe pacYeéTHHe POpMyJH yp.l.<. B yp.4.1l. MOXHO
IpOBEPDETE HaA pacYyéTe rnapameTpoB NepBOi ' OOpPOBCKO# OpPOCHTH /
IpaBra NocTyJaT IIph 2TOM He IpoBepdAeTcd /.

Kak mnoxasaHo B [7,crp:.240,yp‘-.71.11] KAHE TuYe CKad SHeprusi e
B aToMe BOIOpOJa MO MOAYJie paBHA €I'0 SHEPTHH CBA3KM / HOHH3&-
e /.

JlJii mepBOii OOPOBCKOY OpPOMTH :

—- DHEpIUA CBASK paBHA E,= -13,53 9B [ 7,0@1.239]
— KMHEeTHYSCKasd oHepIusd paBHa E = 13,53 9B
— IOJHasA SHEepruA OpOuTaJBHOT'O € paBHA:
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E=E,+ B, = 0,5[1006 + 13,53-I0" = 0,5II01953 Mom
.Honcmm NOJHYKH DHepIHo B yp.4.1. / Ipm Gojiee TOYHOM 3HA-
genuu E,,= 0,511006 MsB /, moJywnm:
V, = 2,183-10° m/c
o yp.I1.2.: R = 5,315:10" m

Tao/myHoe 3HaYEHME pajuyca — 5,292'10'”M [6',0Tp?.913] .

Ha ocHOBe HOJYYEHHHX B 2T0i Y&CTH DE3YJALTATOB MOKHO IIpeIa0o-
¥NTH CIelybilyl cXeMy E-3axBaTa H f-pacnaja.

[lpoxona 4Yepe3 HEHTPaJEHOE HOJe HIOJOXKATEABHOT'O 3apAna, SJeK-
TPOH CO3IAET Iapy Y, -7 / TIpH pac‘EQ/fEI:IHH IO LIEHTpa IoJi MeHee

panuyca mnepBoil OOpOBIEKO# OPOMTH /. _))f OCTaETcA Ha OpOHTE SJCeK-

TPOHA, a_)_7€—- m3JyqaeTcA. [lpE NpONBAKEHAN B 3TOM IOJE C IOCTO-

AHHOJ CKOpDOCTHI, IIOJHadA SHEpIHWA IBHEKEHHA CBOCOIHOI'O 3JIEKTDOHA

[IOCTENEHHO HNEepeXOmUT B HOJHYD BHEPTUIN IBHWKSHAA OpPOMTAJBHOIO.
JBOHTOK SHEpPIr¥NM HaKammBaeTcA B CIMHOBOM JBUXEHHH, T.€. COO0-
CTBEHH&A YacToTa BpalleHUA 3JIEKTPOH& yBeJUYEBEETCA. JJIEKTPOH
KaxKOH HIpEcHocad/mMBaeTci K HOBHM yCJAOBHSAM. T.K. ODOHTH HMEXT
CTPOTO ONpefe/EHHHE NapaMeTpH, TO M3CHTOK CKODOCTE e-) TacHT
m3iygas DOTOH, W TEM CAMHM NIEPEXONAT HA CTAIMOHADHYD ODGHTY.
_g -pacnan IPpOHCXOLNT B OOpatHOM IOpAInKe, T.€. DdHEDI'WA CIMHOB
HEePEXOIUT B SHEDIU NBHARESHHA CBOOONHHX JEINTOHOB. T.K. € M __)_)_
TECHO CBA3aHH MEXNY cOC0#, TO IpH _fi—pacnane HX SHEPTUA MOXEeT
repepaclipeneJaAThcAd ¥ pe3yJAbTUDYNRY CIEKTp SHEPTH# OVHET
CIUIOWHHM. JaHHOe nepepaclpeneJieHNe MOXHO OCBACHHTH Da3JM4HOC-
THO IIPOCTPAHCTBEHHOY OpHEHTALME BEKTOPOB CKOpOCTE# M CIMHOB

OPOMTAJBHHX JENTOHOB B MOMEHT HX F-pacuaina.

JaeTs O.
B mpemHIymuX YacTAX MH NONHTAJJACH C IOMOMED IpOCTeMuMX oue-

HOYHHX DAaCY&TOB [IOKa38Ph BO3MOKHOCTH IIOCTDOEHEA MUpa "3JEMEH-
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PAPHEX " YacTHI] ¢ IIOMOWBH OpOM TAJBHHX JeNTOHOB.
B sT0if JactTu MH PAcCMOTDEM HOBYH 00JacTh MUKpOMEApA IieJMKOM,

CPaQBHEM €€ C MUDOM aToMa H CHeJiaéM HEKOTOpHEe OOiMe BHBOIH.

PaccMOoTpeHHH# HAMi YpPOBEHB CTPYKTYPH MaTepuy CHJABHO H O4Ye-
BUIHO OMIWYaeTCA OT yXe NpHUBHYHOTO MUpa aToma. Takue cBepxXma-
JHE DPacCTOAHHA B OKO0JIOCBE TOBHE CHKOpDOCTH OIpeIeJiAlT OCHOBHHE
9POI'0 YPOBHA. JOECH CO BCei OQYEeBHIHOCTHD

K&a4e CTBeHHHE OTJIHYHN
NOJIKHH yCHJANBATHCA SQMeKTH, CBABAHHHE C BOJHOBHMEA CBO#CTBaME
JENTOHOB / Takue Kak TyHHeJBHHi 3@dexT, mednakmda # T.m. /.
BO3MOXHO NpPOABETCA YJABTPOTOHKAA CTPYKTypa Baryyma noJe it

/ OCOGEHHO JJIf pasMepoB e-) /, WSMEHETCA TeOMeTpHS HpOCTDAHC-
TBa, TEYeHVE BpEMEHV ... B IIeJIOM TEOpETHYE CKOe M3YY9EHHE DTOTO
YVDOBHA CBA3S8HO C CEPBESHHMHE TPYIHOCTSAMA.

HO Tem He MeHee yXe cejYyac MOKHQ CIeJaTh HEeKOTOphe OoOmme 3a-—
KJOYeHnA. HanpuMep NpeKpacHO NpOCJeXuBae TCA BLIIOJHEHKE OCHOB-
HOTO (MJIOCOPCKOI'0 3aKOH&: 34aKOH Iepexoma KOJMYe CTBEeHHHX H3Me-
HEHHV B Ka4eCTBEHHHE, HemnpepHBHOE yBeJMYEHME CKODOCTH OpOHTAJE-
HOI'0O SJEKTpOHAa INPUBOLKT MEMNNNNME K DE3KOMy CKaiYKy eI'o CBOICTB:
NOABJASETCA OPOHTANBHOE HEeVFTpHHO; €I'0 CIMH CTaHOBHTCA IepeMeH-—
HO/ BEeJMYMHOJ. JTa Kade CTBEHHAA I'DAHMIA HaXOMUTCHA INEe—-TO Me X-

Iy pamuycoMm fAnpa M DPanuy coOM IepBO# OOPOBCKO# OpPOHTH.

MeXmy STVMMA DAa3JIMYHHME MADaMA €CTh OMHA MHTEpEeCHasA U HeOXHu-
IaHHaA KOJM4YeCTBEHHaA CBA3b. K&K BH yXe HaBEDHOE 3aMe THJM, Da-
Iy CH OpOHMT, BCE SHEPI'HMHM JENTOHOB Ha 2TMX OpOMTax 3a8BUCAT TOJE-
KO OT CKOpOCTH JEITOHOB. CKOpOCTH HJiA OpOUTAJEHHX JIEIITOHOB SB-—
Jile TcA OCHOBHO# XapakTepEcTuKoi. C 9T0M TOUYKM 3pEHHA HHTEDECHO
HO BO3MOXHHX CKOpOCTe# OpOHTAJBHHX JieITo-

COOTHOHEHHE MaKCHMaJ
HOB IBYX COCEIHWX MHMpOB: MEpa "aJeMeHTapHHX" dacTui / T.e.
CKOpDOCTH CBeTa / ¥ Mupa aToma / T.€. CKOpDOCTH € Ha INepBOM 0GO-

DOBCKOHt opGuTe /.
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Ina srore m3 yp.l.I. Bupasum V), / mpemedperas 3wavenuem

/ Tne K; — pamuyc nepBOft GOPOBCKO# opOHTH /.

[lomcrapnasa 3HAYEHWS KOHCTaHT: Ky = 5,29I7715 IO-” M
M, = 9,109558 - 10 kT
e = I,602I917-10" Ka

IOJTy SHM: Xoda o
VWQ_‘?. 137,03747

9TO JIOBOJIBHO TOYHO COOTBETCTBYET 3HAYEHMI IOCTOAHHO# TOHKOM

CTPYKTYDH : 1

S gty s ismnes
S 137,03602

losToMy £ MOKHO CYMTATh HEKOTODHM MACCHTACHHM KO3{{HIMeHTOM

CTPYKTYp:

IBYX T'DaHUIHHX

C nomomeio pearimi "eaadoro B3ammoje ficTBEA" MOXHO IIOJYUYATH

MADA aToMa H MEpa "3JIeMEHTapHHX" dYac-

emeé HeCKOJBKO MHTENeCHHX (aKTOB:
Pl

I/ @ -pacmam: ~11 —— P+ e"+_)7¢
2/ § -pacuan: p —=(p + e'+9;)+ eH_Qf, — 47 4 e“'+_2)£

4/ Y -sexmar: p +), = (p+ ev*.ff)_j et—— 174 o

5/ Y -saxBar: b+ Ve —= P+ € 4+ ( Y+ ), ) p+ €
[locMoTpuTe ¢ KaKkuM 38BHIHHM YIODCTBOM JOCHB&ET 3JEKTPOH CE-

e HeATpmHO /3/. ITHM peaKIlM¥ NOKa3HBAWT, UTO HEATpHHO SABJSIETCH

a0COJITHO HEOCXONMMHM Y CAOBHEM OpDOHTAJEHOI'O IBAXEHHAA 3JEKTDOHA.

JTO NONTBEPKIaeT U pacnan /5/. Kax BHmHO 3 /4/ He TOJBKO €
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x -+
, HO n_{) MOXET CO3IaTh Iapy e-e .

MOXeT TIODOIMTH HADY %),
B meJioM JemToHH € M Y 1O CBOEWM CBOjCTBaM OYeHb CXOKE. 0Ce

CHMME TDMIHH IPYT OPYTY, Kak dJeKTDOMATHUTHOE IOJE CHMMETPHIHO
I'DaBUTALWOHHOMY « B3auMozie iCTBHE _2)_—-—- I'DaBATELMOHHOE MNOJie [OYTH
NOJHOCPED ITONOCHO B3aHMOIE CTBUN € — JJEKTPOMATHUTHOE IOJE.
Ecim GH cyue ¢cTBOBaJa SHTHIDaABUTAIMA, TO HOHLOOHE OLJO Ob IIOJ-
HEM. Kpome TOT'0 00a JeIITOHA ONMHAKOBO IBHXYyTCA B CBOMX IOJHX.
Ecom yyYecTh, 9TO OpdﬂT'Hi IOJURHH COOTBE TCTBOBATH OpPOMTaM €,
T.€. BHEDPIUA opﬁmamore-_)?_ moJikHa OHTH TaKke KBaHTOBaHa, TO
BIIOJIHE €CTECTBEHHO MPENIOJOXATE, YTO nepexonj_ C OMHOTO 3HEp-
I'eTHYe CKOI'0 YPOBHA Ha& INPYTIo# NOJKEH COIPOBOXKIATHEGA M3JY4YSHHEM
HJ¥ HOTJialleHHEeM KBaHTa COOTBETCTByWHEI'0 HOJA -—— I'DABHTOHA.

Hcxoma u3 5TOro, M3JyYeHMe Yy-KBaHTa Ipd OCpa30BaHMM JI0GOil
"sJaemeHTApHOA" YacTHIm / BI::D{.(.)-,I.I‘ e-;_)_)_ Ha CBOW OpOMTy / o00Aa3aTeJlib-
HO JIOJKHO COIIPOBOXTATHCA M3JAyYECHHEM H g-—rr.BaH'ra / BthOJI_i Ha
CBOD OPCHTY /. M3Jy4YeHHEM I'DaBHTOH& NOJUKHH COIDPOBOKIATBHCA pe-
armmv /2/,/3/ u /4/.

ARHUTWIMDOBATE HEATPUHO IOJJMKHO IIOMOCHO 3JEKTPOHY :
,a/

e + e*—a—i+3: _2_-#-_2_-—*—?' +y

MoXroO mIpoBeCTH aHaJOTHD:
I Ta0M.5.1 I

HoBasA MOIeJip MEKpOMEDa HEET emé ONHY MHTEDECHYD CHMME TPHI:

Ha xaxmoM mMacnTacHOM NpOMEXYyTKE IOCHOICTBYET TOJIBKO ONHO H3

IByx QyHmameHTaJBHHX B3auMOIe ACTBH i.

YaeTh 6. SaxJIouATeaEHadA.
B 3arjmo4eHHe 5TO0i paGOTH XOTeJOCh OH COIOCTaBUTH JIEIITOHHYR

MOZIEJIb "9JIEMEHTAPHHX" YaCTHI[ ¢ INONYJADHHMEA CET'OIHA KBapKOBOM

m NapTOHHO# MOIEeJAME ¥ IONBEeCTH HTOIH.
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Kak y%e ykasHBaJjioch BO "BBemeHmu", JenTOHHAA MOICJE ABJLIE T—
cA JIOTWYe CKEM IpOIOJIKEHMEM IapTOHHO# MomeJm Peimmaua, U umMeeT
IpaKTUIeCKl BCE €€ 3JIEMEHTH. ENUHCTBEHHOE OTJMYME —— OpOHTAlb~
HOe NBHXEHNE JieNTOHOB-NAaPTOHOB —- [IO3BOJIET OIMCATH BCE8 OC-
TAJEHHE SABJEHNA MEKpOMUpa, HEOImCcHBaeMHe HapTOHHO# MOIEJIB.
Ha ocHOBe JIENITOHHO# MOIEJH JEeI'KO OOBACHHTE M TPYHIHOCTH KBap-
KOBO¥ MomeJm. Hampumep (eHOMBH He BHJIETaHMA HS YaCTHI CBOGON—
HHX KBapkoB.

B camom neJie, 49TOCH BHIEJMTH HaIpHMEp B Me30HE IBa KBapKa,
IpHLETCA paspe3arThk HE TOJBKO OpOHUTH JENTOHOB, HO M pa3leuTh
KaKoi-HuOynb €. BHOJHE eCcTeCTBEHHO, YTO €CJM Terneph IOmposo-
BaTh paccraiTh 5TH "KBaApKH" C COXpaHEHHEM HX CBO#CTB, TO HH-
gero He BHiHeT.

B HOBOM MOjeJm HET HEeOOXOIMMOCTH M B OOMEHHHX TEeOpHSX B3al—
wumm&w
MOIE UCTBUA, H TeM caMHM'HapymaTh 3aKOH COXpaHeHUA SHepIul.

HeT™ HeOOXOIMUMOCTH ¥ KBAHTOBATH OCTaBlEe ¢ InB& (yHIaMEeH TaJEHHX
IIOJIA: SJEKTPOMATrHUTHOE M IDABMTALMOHHOE .

C HOBHX NOSMIM/, OCBEMBHHHE TEOpMMU B3auUMOIEICTBUS M TeOpHd
KBaGpKOB ABJANTCA TOJBKO YIOCHHMA MaTEeMATHYECKUMH MOmeJsAmME. HO
TOJBKO OJaromapda mM, (u3MKa CMOIJia HAKOIHTH TaKO# OIpoMuLi
SKCIEepUMBHTAJNEHHY MaTepuas. be3 5T0I'0 HDBafA JEINTOHHAS MOIEJb
BOOOmE HEe MOIVIa OH NOABATHCA, IOCKOJBKY OHA ABJAE TCA IIOJLYSMIE—
puge CKOH.

C NOMOREBI HOBOI MOIEJM MOKHO OCBACHHTEL MHOXE CTBO CaMHX™Helo-
HATHHX" (m3Wde cKuX ABJeHH. Hanpumep OOHapyXeH HELOCTaATOK COJ-
HEUYHHX HEUTPHHO /IpUMEPHO B TpH pasa/ M0 CPaBHEHHD C DACYET-
HEM. JTO OCCTOSATENBCTBO YKa3HBaET HA PO, YTO HEPANY C TEPMO-
AMEePHHM CHHTE30M B Hempax coJHIa MIAT ems omHa peakima — $o-
TOHHaA, B PE3yJARTaATE KOTOPO/ &TOMH CTODENT IIOJHOCTED:



n—— Y+
p— €+ 2%+
aToMm —a-x_-?; +y /T x — qﬂc.wm_% paBHOe 3apAny Anxpa /.
OrpomMHbe HNaBJEHHA ¥ TEeMIEpaTyph B ILIEHTPE 3Be3NH CMAHAKT HYKJO-
HH H NPpEBONAT K MX caMocropaHi®. MOomHOCTH, BhieJJddeMasd HIpy (Qo-
OSHEePHOM, M B HPUHIM-
ne OOBACHETH I'ODEHHE 3BE3N MOKHO E 063 NOMOIM DEaKidlm TepMOo—

TOHHOX peakim B 140-210 pas GoJisiie

AIEPHOTO CHETE3&. B 3TOM cJy4Yae 3Be3Oe BOBCE He 00A3aTeJEHO
COCTOATH M3 IJIa3MH H30TONOB BOHLOPOHa, HOCKOJBKY B (OTOHHOH
"POIKE" MOXET CI'OpeTh JCO# XHMHWYE CKHiE SJeMEHT.

Ecim MH KOTMa-HUOYLb CymMeeM OBJaze Th QOTOHHO# sHepTmed#, ToO
B PYKaX y HacC OKaxeTcAd NpaKTHye CKH HeMcuepHaeMhil #CTOYHEK
9HepIWr. ROTOHHHE IBATATEJM CTAHYT HE TaK0i HANBK0oi# (aHTacTH-
KOH.

QOTOHHHM B3DHBOM MOKHO OCBACHHTEH B3DHB CBEpXHOBOH 3Be3HH, B
pesyJbTaTe KOTODOI'0 BHIEJAETCA KOJOCCAIBHOE KOJMYeCTBO SHEpIUU.

lipy XeJiaHMM MOXHO IPOLOJIKETH 5TOT IIEepeYeHb, HO MH OI'DAHUYEM-
¢ CKa3aHHLM.

HecmOTpA Ha NPEHIMIMAJIEHHE OTJHYWA, HOBad MOIEJL M DAa3JudHHe
VET MHOTO OOMMX IpencKasaHmniti: HecTaGHJb~

COBPEMEHHHE TEOpHUH ¥
HOCTE IIDOTOHA; BOSMOKHHI pacuan OapMOHOB Ha JENTOHH M (OTOHH;
BO3MOXHOCTH Cylie CTBOBaHMA 00Jiee TAKEJHX HEOTKDHTHX YaCTHI] I

PE30HaHCOB; BO3MOXHOCTH Cylle CTBOBaHHWS I'DABETOHA M T.IH.
MOXHO OTHECTH M IpEHCKal3aHHe OOBeIMHEHWMA BCEX YeTHpPEX H3BeECT-
HHX H& CEeI'OIHA BHIOB B3aMMOIE ACTBHY IIpH IOCTATOYHO OOJIHIMNX
S9HEPIHAX vYacTull. CoryiacHO npenJjoxeHHo# X .lxopnxu u C.IVpmoy B
1974 romy TeopeTHYecKOit cxemMe BeJMKOT® OCBEIMHEHHMA, OHO IOJIKHO
mpou30#TH Npu SHEPruAX wacrun ~ 10" 5B, 9TO COOTBeTCTBYyET pac-

- 31
CToAHmAM ~10 M. 9TOT pesyabTaT MOXHO JeI'KO OOBACHUTH M C HO-
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BOY TOYKM SpeHud. B camoMm neJie, NpH yBeJUYEHUM DHEPIHHM CTaJ-
KHBaOMUX CA YacTull, MOKHO NOCTHYD TaKol SHEpIHWM, Ipd KOTOpOii
IBEXSHYMEM BHYTPEHHEX JEITOHOB MOKHO OyIeT IpeHeOpedb. B3ammo-
JeAcTBHA JIENITOHOB BHYTpM YaCTHI[ CTAHYT HEHYTOKHO MAaJHMA I10
CP@BHEHHI0 C B3auMOIE iCTBAECM MEXILY JCITOHAMU CTAJKMBAWIMX i
qacTHIL. [Ipm Taxoi sHepTHM Bce YacTHLM OyLyT BHIVANETH NPOCTO

JENTOHOB, ¥ B3amMOIeCTBOBaTh MEKNY COOO# OyIyT cOBED-—

[IEHHO OILEHAaKOBO.

B 3agJioyeHme, Ha OCHOBE NpeIJOKSHHO# CTPYKTYpH MMKpOMADA,

MOXHO CHEeJAaTh HEKOTOpHE OOMue BHBOIH :

— "pJleMeHTapHhe" YacTHIM HpaKTU4de CKH MOy CTH;

— Macca IIOKOSA 3TUX YacTull cKJIANHB&E TCA K3 CIHHOBOM SHEDIHH
BHYTPEHHEX JIeIITOHOB;

- Macca NOKOA Jiooro (m3myecKOoI'0 TeJa €CTh pe3yJbTaT IBAKESHEA
COCTaBJANIMX €I'0 BHYTPEHHEX CTPYKTYDHHX 3JEMEHTOB;

— HEXOIs M3 TOI'0, YTO JENTOHH DOKAaKNTCA TOJBKO IapaMi H B
aToMax HaxOomidTCA HECKOJBKO "JMIHEX" HeATpHHO / MX 4YHCIQ B
aroMe DaBHO 3apAny fAIpa LaHHOI'0 aToMa /, TO B OKDYyXanueM
HaC IpOCTPaHCTBE IOJKHO HaXOIUTHCA CTOJBKO X8 SHTHHEHTDHHO.
T.e. IOJKEeH CyleCcTBOBATh SHTUHE ATPHHHHA (POH, O0pa30BaHHHI
BO BpEMEHAa DOKIEHHA aToMOB ,/ peJMKTOBHil Hg/ :

— [IJA JIEIITOHOB INy4YKa, BEpOATHOCTH NpAMOI'O NOHANaHMA BO BHYT-

PeHHHuH JeNTOH IpaKTu4yecCKM paBHa O, T.K. JENTOHH TOYEYHOIO-
IOCHH M HMX CKODOCTH OTHOCHTEJBHO IpPYI Ipyra Bcerna OCJm3Ka
K CKOpOCTH cBeTa, YTO CO3LaET OI'DOMHYN LEHTDOOECHHY® CHJY .
[1os Tomy _)Z , KOTOpOE BIOOABOK HE VMMBET M 2J. 3apajga, Be-
mecTBO BOOOME He SABJAETCA HNpelliTCTBHEM.

— BO3MOXHO, YT0 OTKDHTOE He,ztamo_)_)f co crvHOM %/2 W ecTh HOBHF

o =
f-meson / wim ,““me30H /. BOSMOXHO, UTO I ), He ABASETCH
Gums—_ e

2JeMEHTEDHEM, & IpefcraBiieT cofolft cucremy %-Y / ecum
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BCNOMEUTS KAK OHO poXnaeTesd mpu pacnaue /7 . K Tomyxe mjs
Hero He HalJIoch MecTa B Tabl.5.l. /;

— HO CaMHii BaXHH# BHBOI B TOM, 9TO HHYTO He MellaeT IOCTPOHTE
CTOYKTYDy MEKpOMApa BceTo u3 Tpéx (yHIaMeHTaNBHHX JENTOHOB,
X TPEX SHTHYACTHI ¥ IByX NoJei. Ipmicm m300peTaTh HX He
Hano — BCe OHH CymeCTBYOT B IIDUDOIE.

HoBas JeNTOHHAS MOIEJhF HOKa BCET'O JHIIE THIOTEe3a, IpennOJONe-—
HEe, M TpeOyeT SKCIEepuMeH TaABRHOM IpOBEepKH. [Jarke ecJm OHa ION-
TBEeDARTCA, HE CTOMT €€ paceMaTpUBaTh KaK HEKYW IOTMy. BIOJHE
BO3MOXHO, YTO HEKOTOpDHe (M3KHYeCKHe OpOLeCCH B MUKDOMEDE BHIJIA-
IAT HECKOJBKO HHaYe.

3aKOHYMTE XOTEJOCh OH CJAOBaME M3BeeTHOTO (paHIy3CKOTO MEca—

reid AHPYana Jle CeHT-OK3KIepH:

"HcruHa — 5T0 BOBCE HE TO, YTO MOXHO
yOoenuTeJIbHO J[OKa3ar?h, 3T0 TO, 4YTO ne-

JaeT BcE Mpome | MNOHATHEE."

[lommach /‘5__%;: / Hacenkwn /

Jara: 30.12.85.
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[loicHeHHMs K DU CYHKaM M -I'Da@uKaM.

pee.I.I. 3meeb: /77 — Macce JaCTHIN;

@ — 5J. 3apAjn FACTMIE pDaBHHH 3apsmy SJex-

PHOHA.

puc.<.1l. He¥TpoH.

pue.2.2. Heifrpon B macirade.

pHC.2.4. H.

DHC.2.8. lileHTpadBHH cJ0f# caMor'e TAKEJOT'O Anpa.
pEe.2.10. < -gacruna.

puc.2.14. Jlesenne sAnpa.

pHC. 3.2. SapAXeHHHE KaoH K.

PHC. 3. 3. HeliTpaldbHH} TPeXIMOHHHK KaoH K.
pEC.3.4. HeltpadbHH# OBYXIHWOHHHY! K&OH.
pEc.3.6. IIpoToH.

pEc.3.7. Bo3moxuH# BuI He#PpoHa.
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Vel
T&ﬁi.f}.z- I‘,IIe:. » — Ze.; @ — e ; ® —
Xapaxrepucruku opCur / E,V , R / IpuBeIeHH IJs

Buemme it e~y .



AHHOTALME

DA00TH: C IOMOMBN JeITOHOB IIOCTDOMTDE CTDYKTYDPY 3Je-
MEHTApHHX YaCTHI]; OHNCATE Cladoe H CHIEIOe B3aEMOJe icTBEA ;
IOKasaTh NPDEPOAY ANEPHEX CRIA, <-DacI&la E IeJeHI
BEPHYTHCA K HNPOTOHHO-3JEKTDOHHON MOIEJM AIpa.

B padore HOJy4YeHH: IpDEMEpHHE SHEPIHE HE CKODOCTE BHYTPEHHEX

JEHTOHOB, HX KOJHYECTBO M B3aEMHOE pDAacHOJIOXEHEE TpaecKTOpHH

TOH > PasMEpDH CaMi

X

JeH~

IBEFSHES B DA3JINYHHY Y&CTI

OAHHOM TOHKOM CTDYKTYPDH -é-'

JEYe CTB& HYKJOHOB; 3HAYEHHE HO(



