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7.1. 3aKOHOMEPHOCTH B aTOMHBIX

CIIEKTpax

H3onuposeannvie amomol 8 euoe pa3perrceHnozo
2a3a uiu napoe Memaiioé UCHYCKAom CHeKmp,
COCMOAWUIL U3 OMOEIbHBIX CNEKMPATIbHBIX JTUHUL
(muneuuamoviit.  cnexkmp). VI3ydeHHE  aTOMHBIX
CIICKTPOB  IOCIY>KHJIO KJIOYOM K  IIO3HAHHUIO
CTPOCHMS aTOMOB.

* JIMHUM B  CIHEKTpaX  PAaCIOJOXEHBI  HE

OCCIIOPSAIOYHO, a CCPHUSIMHU.

*  pacCTOSIHUE MEXIYy JIMHUIMH B  CEpHUH
3aKOHOMEPHO YMEHBIIIAETCS 0 MEPE Mepexoia

OT JUIMHHBIX BOJIH K KOPOTKHM.



JIMCKPETHOCTD, KBAaHTOBAHHOCTD CIIEKTPOB M3y IECHUS
CBUICTEILCTBYET O IUCKPETHOCTH IPOIECCOB, MPUBOAAIIMX K MX
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JInHeyaTrbie CIEKTPbI U3JIyYEeHHUS B BUANMOM 00J1aCTH: BOA0POL,
PTYTh, HeOH. CIIEKTP NOIJIOUIeHUsI BOAOPOaA



CylecTBOBaJI0 MHOI'O MO/IeJIed ATOMOB:

DJICKTPOH
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Mopeins atoma Monens aroma: [LiaserapHas
Tomcona (1903 r): cq)epfl, B LICHTPE MOJIEIb aTOMA,
chepa, paBHOMEPHO  KOTOPOM HAXOAUIIOCH HpeuIoskeHHas .
3al0JIHEHHAS OJOXKUTEIIBHO Pesepdopiom
MOJIOKUTEIIbHBIM 3apsKEHHOE SApo, a
AJIEKTPUYECTBOM, BOKPYT HETO
BHYTPU KOTOPOU pacriojiarajimichb

HAXOIATCS DJICKTPOHBI 3JIEKTPOHBI .



Peszepdopa Ipuecr (1871-1937) —
AHTJIMMCKU U (hU3UK, OCHOBOIIOJIOKHUK
aaepHor  ¢u3ukd. Ero  mcciegoBaHMs
MOCBSIICHBI aTOMHOW M SIACPHOM (PU3HKE,

PaJIMOaKTUBHOCTH.
CBoumu (yHIAMEHTAJIbHBIMU OTKPHITHSMU B
YTHUX 00J1acTIX 3aJI0KHIT OCHOBBI

COBPEMEHHOTO YUYEHHUS O PAJUOAKTUBHOCTH
Y TCOPUH CTPOCHHUS aTOMa.

B 1899 r. otkpbeu1 anbda - u Oera-nyun. Bmecte ¢ ®@. Conau B
1903 1. pa3zpabotai; TEOpHIO PAJAUOAKTUBHOIO pacmnaga u
YCTAaHOBMUJI 3aKOH paJMOAKTHBHBIX IIpeBpameHurd. B 1903
A0Kazall, 4YTo aidb(pa-Iydyd COCTOSAT M3  MHOJOKHUTEIBHO
3apPsSKEHHBIX YJaCTHII. IIpenckaszan CYIIIECTBOBAHHE
TPaHCYPAHOBBIX JIEMEHTOB.

B 1908 1. emy Obl1a nipucyxaeHa HobeneBckas npemMus. 5



Konen XIX - Haua10 XX Beka



7.2. SinepHass moaeAb aToMa (MOAEAB
Pe3epdopaa).

CxopocTsb o - yactur = 107 M/c = 10* xm/cek.
0, - YaCTHUIIA UMEET IOJIOXUTEIIbHBINA 3apsiJi PaBHBIN
+2e.

Onvim OCyuwecmeJilicA no cxeme
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Y3KMU NYy40K (-4aCTHUI[ MCIIYCKAJICSA pPagdOaKTHBHBIM
BEIIECTBOM M Itonagal Ha ¢oiusry. IIpyu npoxoxaeHUM yepes
(bOJIBI'Y 0-4aCTHIIbI OTKJIOHSUIMCH HA PA3JIUYHBIC YIJIBI.

PaccessHHBIC YacTUIBI yOApsUIMCh 00 AKpaH, DOKPBIThIA ZnS
U BbI3bIBAEMbIE WM BCIIBIIUIKW CBETA, CUUHUUIIAUUU,
HaOJII0IaJINCh B MUKPOCKOII.

MuKpoCKkOl ¥ CBSI3aHHBIM C HHM O3KpaH MOXKHO OBLIO
BpalllaTh BOKPYT OCH, MPOXOAsIICH Yyepe3 HeHTp Goabru. T.o.
MOYKHO OBLIO BCETa U3MEPHUTH YIOJ OTKJIOHECHUS.

Becyr npubop momMemianacs B OTKAYMBAEMbIA OObEM, YTOOBI
YCTPAHUTh PACCEAHHUE 0O-YACTHUI[ 34 CYET CTOJKHOBEHUH C

MOJICKYJIaMH1 BO31yXa. 8



Oonapyscunoco, umo HeKOmMopvle a-4aACMUUbL
OMKJIOHANUCL Ha Ooavuwiue y2ivl, 00 180° Pesepdopa
IIOHSLI, YTO TAKOE OTKJIIOHEHHE BO3MOKHO JIMIIb P BCTPEUE
C IOJIOKHUTEIBHO 3apsHKCHHOM YacTUICH OOJIbIIEH MAacCCHI.
Manass BEpOSTHOCTb OTKJIOHEHHS Ha OOJIbIIHE YIJIbI
rOBOpHWJIA, YTO 3Ta IMOJOKHUTEJIbHAS 4YacTHUIa UMECT MaJlbIC
pazmepsl, =107 .
DIeKTpoHbl, 1o Pezepdopny,
IBWKYTCS BOKPYT SIpa.
Okazajioch, 4YTO paJgnycC siapa
R = (100" =+ 107®) M u
3aBHCHUT OT YHCJa HYKJIOHOB B
saape.




DJIEKTPOH

OHAKO, maxkas mooesb 0blia 8 A6HOM RPOMUBOPEUUU C
Kjlaccuyeckou  3J1eKmpoOUHAMUKOU, T.XK.  IJIEKmMPOH,
06U2AACH NO OKPYHCHOCHU, T.€. C HOPMAJIBHBIM YCKOPEHHEM,
O0JLICeH Dbl U3Iyuamev IHEPaUlo, C1e008aAmenbHo,
3ameoniams CKOpocmsy u ynacms Ha a0po. Takum o0Opazom,
Mojzenb Pe3epdopaa He moria OOBSICHUTH, MOYEMY aToOM
YCTOUYUB. -



Il1aneTapHas
MOeJIb aTOMA
POTUBOPECUYHT
IEKTPOANHAMHUKE
MakcgBesiia
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CoriracHo KOTOpOMH,
YCKOPEHHO IBUKYIIIHHNCH

sapsig N3J1y49aeT
3JIEKTPOMATHUTHBIE
BOJIHBI.



I1lpu ABMKEHHUH 10 OKPYKHOCTH
NnMeeTCH

IHEHTPOCTPEMUTEIbLHOE

yckopenue. IloaTomy 31eKTpOH
T0JIKEH TePSTh JHEPIruI0 HA
IICKTPOMATHUTHOE U3JIYUYCHHE U

[aJaTh HA AAPO.



IHonbiTKOMN
criaceHus
IJIAHCTAPHOH
MO/1eJIM aToMAa

CTAJIH MOCTYJIATHI
H. bopa



7.3. dAeMmeHTapHada Teopus Bopa.

bOP Hunvc Xenopuk /lasuo (1885-1962) —
Beigarommics — gaTCKUM  (DMBHUK-TEOPETHK,
OJIMH U3 CO3IaTE€Ie COBPEMEHHOM (DU3UKH.

. ChopmynupoBall HICKHO O JTUCKPETHOCTH
SHEPrETUYECKUX COCTOSHHMM aTrOMOB, B CBETE€ HOBBIX HJIECH

IIOCTPOMJI aTOMHYI0 MOAEIIb, OTKPHIB YCIOBUS YCTOMYUBOCTHU
aTOMOB, M OOBSICHUII Oonblioi Kpyr sBiaeHuil. Cozgan
IIEPBYI0 KBAaHTOBYKD MOJIE€/Ib aTOMa, OCHOBAHHYIO Ha ABYX
IIOCTYJaTax, KOTOPhIC MPSIMO IIPOTHUBOPECUYMUIIM KIACCUYSCCKAM
NPEACTABICHUIM W 3aKoOHaM. bop MHoOro caeman ajs
pa3BUTUSA saepHON (Gu3uKku. OH — aBTOp TEOPUM COCTABHOIO
Aapa, OJUH U3 CO3JaTeNIeH KAIlleJIbHOU MOJICIIH s1JIpa U TEOPUHU
NEJICHUS aTOMHOTO SJIpa. 15




e ATOM CII€OYyeT ONHCBIBATh KaK «IIAPAMMIY»
CTAllUOHAPHBIX  DHEPIreTHYECKUX  COCTOSHHU.
[IpeOniBast B OJHOM M3 CTAaIllMOHAPHBIX COCTOSHUM,
aTOM HE U3JIy4YaeT S3HEPIHUIO.

e [Ipu  mepexomax  MeXAy  CTallMOHAPHBLIMU
COCTOSSHUSAMM aTOM IIOIJIOLIAET WJIM M3Jy4aeT
KBAHT 3HEPruu. llpy MOIIOIEHUH dHEPIrUHA aTOM
IIEPEXOJIUT B 00JIEE SHEPrEeTHIECKOE COCTOSHHUE.

16






U3iayuyeHue
YHEPIruu



Hocmynamuer bopa

e [lepeviii nocmynam (nocmynam CMAUUOHADHBIX
COCMOAHUL). IAEKMPOHbL OBUNCYMCA MOABKO NO
ONpeoe1eHHbIM (CIauuOHApHbIM) OPOUmMAam.

IIpu smom, Oaodice Osuzasico C )YCKOpeHuem, OHU He
U3YYAIOm IHEP2Uio.

* Bmopou nocmynam (npasuno wacmom): uziyueHue u
noziouienue Inepzuu 6 euoe keanma hv npoucxooum
JUWD Npu  nepexooe  INIeKMmpoHa U3 00HO20
CMAUUOHAPHO20 COCMOAHUA 6 Opyzoe. Benuuuua
CBEMOBO2O KBAHMA pPABHA PA3ZHOCMU IHEP2UU mex
CMAYUOHAPHBLIX ~ COCMOSAHUU,  Medcoy  KOMmOopviMu

coeeputaenici CKA4YoOK 2J1EKmMpoHA . .



Ipaeuno uacmom:
yacmoma u3yuaemou J1UHUU, paeHa
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Ilpasuno keanmoeanus opoum: U3 Bcex OpoOUT
IEKTPOHA BO3MOKHbI TOJIBKO Te, IJI KOTOPbIX
MOMEHT MMIIYJIbCA PABEH IeJIOMY KPATHOMY
nocrossHHou Ili1anka

m or = nh
rnen =1, 2, 3,... m1aBHOC KBaHTOBOE YHUCIJIO.

Ypasuenue osusricenusn nekmpona MOIyUINM U3 PABCHCTBA
IEHTPOOECIKHON CHJIE KYJIOHOBCKOM CHJIE:

2 2
v 1 Ze? h“n“4ng,
m,—= > =
-

2 =
4mey r " m,ze



Pagnyc mnepBoM OpOMTBI BOJOPOAHOTO aToMa
Ha3bIBAlOT bopoeckum paouycom.
IIpu n =1, Z=1 nusa Bogopona umeem:

h
2
m,e

r.= 4me, = (0,529 A=

=0,529-107'" m.
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BHyTpeHH: SHEPT U aroma cJjaraeTcs U3
KMHETUYECKOW SHEPTUH IJICKTPOHA (SIAPO HEIOJABHKHO)
)| IIOTEHIIMATIBHOU SHEprueun B3aUMOJICUCTBUA

AJICKTPOHA C SJIPOM.
2

L myU - Ze2
2  Ang,r
M3 ypaBHEHUS IBUKECHUS SIEKTPOHA CIECAYET, 4YTO
2
m,vu V4 62
5 = 2— — KMHETUYECKasl SHEPIUs paBHA
r MMOTEHIINAJIHLHOMU. .
m,e” 1

[ns aroma Bogopota W = - —— —
8h“gy n 23



SlcHo, BumHO, 4YTO W =~ MpUHUMAET TOJBKO THCKPETHBIC
3HAYCHMS DHEPIruM, T. K. n=1,2,3....
(CxeMa SHEePreTHYEeCKUX YPOBHEN OIPEACIIIEMBIX

2 4
Z'm,e’ 1
(W,= - —————; ) NOKa3aHa Ha PUCYHKE
8h“gy n
Cepus banbemepa
(Buaumblii cBeT)
- W=0
Cepus
W Cepua [Tamena
’ 1K)
W,
Cepus
bpekera
VVI (UK)
Cepus
[Idynna
(MIK)




ATOM CJIOKHas CUCTCMA, UMCIOLIAs CJIOKHBIN CIICKTD

BE={
- 0,85
- 1,5

3,4

-5

- 10
- 13,6

- 15

CIUTIOIIHOM CIIEKTP

=
|
W |

n= * * * . Bo30y>X1eHHBIC
l Cepust COCTOSIHUS
n=> Y v v llamena ) Nndpakpacuas oo,
Cepust
banbmepa
Bunumasga
00J1aCTh
n=1 yvyy
Cepus
Jlaimana YaerpaduoseroBas 0025,



IIpn mepexone 37eKTpOHA B aTOME BOAOPO/1a U3 COCTOSAHUS 1
B COCTOSIHHUE Kk U3JIydaeTcsl (POTOH C DHEPIUCH:

hv=- u 1A
sh’es\n” Kk~

N 9aCTOTA U3JIYHCHUA,
4
. m.e (1 1
8h e \k” n’

Ms1 nonyuunn o000meHHy dpopmyny bamemepa, kotopas
XOpOIIIO COMNACyeTCsl € DKCIECPUMEHTOM, IJI€ MOCTOSHHAS

PunOepra b me4

2413
8eqh o




Cepvesnvim ycnexom meopuu bopa sagunoce:
*  BbIYUCTECHUE NOCMOSAHHOU Puobepaa 014
B8000POOONOOOOHBIX CUCEM U
*  00BsCHeHUe CMPYKmMYpPbl UX TUHEUUAMbIX CNEKMPOS.
bopy ynanoce 00wachums 1uHuu cnekmpa
UOHU308AHHO20 2eNU.

27



bop TEOpeTHYECKU BBIYUCIHI OTHOILICHHE
MAacCChl IIPOTOHA K MAacCC€ DJIEKTPOHA mp/me =
1847, »TO HAXOOUTCA B COOTBCTCTBUU C
SKCIIEPUMEHTOM.

Bce »95TO OBUIO BaXXHBIM IIOJATBEPKICHHUEM
OCHOBHBIX HJIEU, COAEPKAIUXCA B TEOPUHU
bopa.

Teopus bopa ceirpaia OrpoMHyX pojb B
CO3JaHMM aToOMHOM (u3uku. B mnepuom ee
pazButus (1913 — 1925 rr) ObUIM CaenIaHBI

BA’KHBIC OTKPBITHA.
28



OmHako Hapsiay C ycCIexamMu B TeopuM bopa c
CaMOro Haydajla OOHApYXWJIHUCh CyUiechneeHHble
HeooCmamku.

* [maBHeWlICE — GHYMPEHHAA NPOMUBOPEUUBOCHID
meopuu. MexaHuuecKoe coeOuHeHue Kaiaccuueckou
puzuku c KeanmoeviMu ROCMYIAMAMU.

 Teopus He wMomIa OOBIACHUTH BONPOC 00
UHMEHCUBHOCMX CIICKTPATIbHBIX JIMHUM.

 Cepbe3HOM Heydgayew SBIsIach aOCOJIOTHAs
HEBO3MOKHOCTD IPUMECHUTH TEOPHIO IS
OOBSICHEHHUS CIIEKTpOB renusa (He) (mBa 3neKTpoHa

Ha opOuTe, U YK€ Teopus bopa He cpaBisieTcs).
29



Crano sicHO, 4TO Teopusi bopa SBIISETCSA JIWIIb
IEPEXOJIHBIM JTAllOM HA MyTH CO3J4aHus Oosee
OOIIe W MPaBHJIBHOM TEOpHHU. TakoW TEOpHUEH H
SBJISIJIACh KBAHTOBAS (BOJIHOBAS) MEXAHHUKA.

30



JlaJbHenniee paspuTe
KBAHTOBOM MEXaAHUKH
IIPMBEJIO K OTKA3Y OT

MEXAHUYCCKOM KAPTHUHBI
IBHKCHUSA JICKTPOHA B IOJIE

Aapa

31



7.4. OnerT Ppanka u I'epua.

Cy11eCTBOBAHUE NUCKPETHBIX IHEPIrETHUUYECKUX
YPOBHEHM  aroMa  IOATBEPKIAACTCA  ONBITOM
Opanka u I epna.

Hemenkue yuennie Jxenmc dpank u |'ycras
lepn, 3a 3KCHEpUMEHTAJIbHBIE WCCIEIOBAHUSA
TUCKPETHOCTH SHEPreTUYECCKOIO YPOBHS
noinyynin HobOeneBckyro nmpemuto B 1925 1

32



B TpyOke, 3amoJJHEHHON MapaMu PTYTH NpPH JABICHUM
p = 1 MM PT.CT., TpH DJIEKTPOAA, KATOH — CETKA — aHO.

L K e A
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DJIEKTPOHBI YCKOPSJIHUCH PA3HOCTHIO MOTEHIIMAIOB U MEXITY
KaToJIOM U CETKOM. DTy pa3HOCTh IIOTCHIIAI0B MOKHO OBLIO
U3MEHSTh C IIOMOIIBIO MOTEHIIMOMETpA /1. Mexy CETKOU U
aHomoM TopMozsiiee noue (= 0,5B).

Onpenensanack 3aBUCUMOCTh TOKa 4epe3 rajabBaHoMeTp (1)
OT PA3HOCTH MNOTEHIIHATIOB MEXIYy KarogoM u ceTtkou (U).

OHM NONYYWIM TaKy0 3aBUCUMOCTb:

1 A :—4,86
b 4,86

-4,86




B
5 10 15 UB

U = 4,86 — COOTBETCTBYET |-My moOTeHIUMAIY
BO30YKJICHHS 35



CornmacHO DbOpOBCKHM TEOPHUU: KaAMCObIU U3
AmMoOMO8 PMYMU MOMCEH NOJYYUMb JUULL 6NOJIHE

ONPEOeIeHHYI0 IHEP2UI0, nepexoos 6 O0OHO U3
8030YHCOCHHBIX COCMOAHUI TIOOTOMY €CJIM B aTOMax
IEUCTBUTEIIBHO CYILECTBYIOT CTallMOHAPHBIE
COCTOSHHMS, TO 32/1eKMPOHbl, CHAJIKUBAACH C
amomamu . pmymu, OOJHCHbI MEPAMb IHEPIUIO
OUCKDEMHO, ONPEOCIeHHBIMU ROPUUAMU, PABHBIMU

Pa3HOCTH SHEPIrUuun COOTBETCTBYIOIIMX
CTAllMOHAPHBIX COCTOSTHUN aTOMa.

36



N3 omnbiTa CIEAYET, 4YTO HpuU YeeaudeHulu
yCcKopawuieco nomenuuana enaoms 0o 4,86 B
AHOOHBIU MOK 803pacmaem MOHOMOHHO, €20
3HayeHue npoxooum uepe3 maxcumym (4,86 B),
3amem Pe3Ko YMEHbUAemCa U 603PACHAeHt 6HOEBD.

JlanpHeNIIne MaKCUMYMBI HaOJIIOIal0TCS IIpH
2-4.86 Bu 3-4.86 B.

biwkallliiM K OCHOBHOMY, HEBO30YXKICHHOMY
COCTOSIHUIO aToMa PTYTHU SBJISCTCS BO30Y:KICHHOE
COCTOSIHHE, OTCTOSAIIEE MO MIKaJle YHeprun Ha 4,86 B.
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Iloka pa3HOCTH IIOTEHIIMAIIOB MEXIY KaTrogoM H
ceTkor MeHblne 4,86 B, 3IeKTpOHBI, BCTpeyas Ha
CBOEM IIYTH aTOMBl PTYTH, HCIBLITBIBAIOT C HHUMHU
TOJIBKO ynpyzue coyoapeHus.

IIpu ep = 4,86 »B osHeprua anrekmpona
CMAHOBUMCA O00CMAMOYUYHOU, YUMOObl 6bl36AMDb
Heynpyui yoap, npu KOmopom 31eKmpoH omoaem
amomy pmymu 6cl0 KUHEMUUECKYI0 IHep2uio,
BO30Yy:KJ1as IIepexod OJHOIO U3 ISKTPOHOB aToMa U3
HOPMAaJIbHOTO COCTOSIHUS B BO30YKICHHOE.

38



DJICKTPOHBI, IOTEPSBIIME CBOIO KHHETHYECKYIO
SHEPIrUI0 YK€ HE CMOTYT HPEOHOJIETH TOPMO3SIIUI
NOTCHIMAI W JIOCTUTHYTH aHOJA. JTUM U
OOBSICHSETCSL PE3KOE IaJICHUE AHOJHOIO TOKA IIpH
ep=4,863B. Ilpu 3HaYEHMIX SHEPIrUH, KPaATHBIX
4,86, SIEKTPOHBI MOTYT MCIIBITBIBATH C aTOMaMH
PTYTH 2, 3, ... HEYOPYITUX COYOAPEHUS, HOTEPSB IIPH
3TOM IIOJHOCTBIO CBOK DHEPrHUI0 M HE JOCTUTHYTH
aHOJIa, T.€. JOJKHO HAOJIONAThCS PE3KOE MaJICHUE
AHOJITHOTO TOKa. UTO AEMCTBUTEIBRHO HAOIIOAAIOCH HA
OIIBITE.

39



TakuM o00Opa3oMm, onbim nokazan, 49TO 31EKMPOHbI
nepeoawm C80W IHEPIUID  AMOMaAM  pmymu
nopuusamu, npuuem 4,86 3B — Haumenvuan
BO3MOMNCHAA — NOpYUs  KOTOpass  MOKET  OBITh
IIOIJI0IIEHA aTOMOM pPTYTH B OCHOBHOM
SHEPIreTHYECCKOM COCTOSIHUH.

CnenoBarenbHO, uaes bopa o0 CylmieCTBOBAaHUH B
aToOMax  CTAalMOHApPHBIX  COCTOSHHUM  OJIECTSIIE
BbIACPKaIa MIPOBEPKY IKCIICPUMEHTOM.

40



ATOMBI PTYTH, HOJYYUBIIHE IIPU COYIAPEHUH C
dJIEKTpoHamMu  dHepruro  AE,  mepexomiaT B
BO30YKI€HHOE COCTOSSHUE U JOJDKHBI BEPHYTHCS B
OCHOBHOE, U3/IyHaAs NPU IMOM, COZIACHO 6MOPOMY
nocmynamy bopa, keanm ceema c wacmomoii

v= AE /h

IIo m3BectHOMY 3HaueHHO AL = 4,86 B MOXHO
BBIYKCIIMTD JJIMHY BOJIHBI CBETOBOTO KBAaHTA

A= hc/AE = 255 HM

41



Takum o0Opa3oM, €CiM TeopHsl BEpHA, TO aTOMBI
pPTYyTH, OOMOapaAupyeMbIC DJICKTPOHAMH C DHEPrUCH

486 »B, HOOKHBI  ABIATHECI  HMCTOYHUKOM
VIBTPA(QHUOICTOBOIO M3IYYEHHUS C A = 255 HM, 4TO
IIEUCTBUTEIILHO OOHapYKUBACT OJIHY

yasmpaguonemogyro TuHU0 ¢ A=< 255 HM.

Takum oOpasom, onwvimer @panxka u Iepua
IKCHEPUMEHMAIbHO HNOOMEEePOUuln He - mojabKo
nepeotit, Ho u emopou nocmynam bopa.

OTH OIBIThl CHITPAJIA OIPOMHOE 3HAYECHHE B
Pa3BUTHH ATOMHON (DU3BHKH.
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