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CodepikaHue:

1.9Hepausi cesa3u amoMHOo20 sidpa
2. SldepHbIe peakuuu

3. LlenHasi sdepHas peakuusi

4. TepMosiOepHbIl CUHME3

5. SI0epHbIU peakmop

6. [IpumeHeHUe s10epHOU 3Hepauu
/. by1IoK KOHMpPOJIsi

8. noccapuu

9. Jlumepamypa




MNasiabist

cesi3u
amoMHO20
sopa




BcrnoMHume, kakoe
cocmae siopa amoma




JHepausi cesi3u amoMHO20
ss0pa - 3Hepa2usi, Komopasi
Heobxooduma
OJs1s1 MOJZIHO20 pacuwlensieHus
ss0pa
Ha omoesibHbl€ HYKJIOHbI

E = m-c?

Fcr = AM:-c?




Legpekm macc- AM -

pa3HoOCmMb Macc rokKosi
HYKJIOHOB,
cocmaeJsissrowiux ssopo
amoma,
U Macchbl uesio2o siopa
Msa <Z-mp+ N-mn
AM=Z-mp + N-mn - Msa
Ha | aem. npuxodumcsi
3Hepaus cesa3u = 93 MaB



CpasHeHuUe si0epHOU 3Hepauu

U mensioeou
CuHmes CeopaHue

4 2 2 8a20H0OB8 KaMEeHHO0e2O0




YOoenbHasi aHepa2usi cesi3u-

IJHepeUsi C85s3U, Eyp, _ ECB
npuxoodsujasics A
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Hacmb 2
Sl0epHbie
peakuuu




5l0epHble peaKuuu -

LICKVCCMReHHKLIe nhenbhaznReAaHIIS

Ycrnoesus:

1) Yacmuubl ennomHyro npubnuxaromcsi K

s0py
u rnonadarom e cghepy deucmeusi iI0epPHbIX

cur;
2) llacmuubl OOJKHbI 06nadamb 60nbwou




lNepebie siOepHbIe

peakuuu
3.Pe3epgpopo, 1932

o.
Sl0epHasi peakuus

Ha 6biIcmpbIx
1RO ax4
Li+/H* He+ He
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Knaccugukauyusi ss0epHbix

| aVaXWI/JENNNN N

L [lo aHep2uu Yyacmuuy, Komopbie ux
ebI3blearom:

Marsible 3Hepauu= I00 3B; cpedHue = | M3aB;
ebicokue=50 Ma3B.

2. [lo eudy sidep, Komopbie y4acmeyrom 8

peakyuu:

peakuyuu Ha nezkux sidpax (A<50) cpedHux
(50<A <100)

u msokenbix sidpax (A>00)

3 1o npupode 6omMbapoupyroujux
yacmuu; -

peakyuu Ha HeumpoHax, KeaHmMax, 3apPsiXKeHHbIX :
yacmuuax;



IJHep2emu4yecKul ebixo0o

s10epHbIXx peakyuu E- am-c?-
pa3Hocmb 3HepauU rnokosi sidep u
yacmuuy

do-_peakuyuu-u-nocrsie peakuyuu
1

2 3 4
ﬂpume H+ H— He+ »
Dgyy=(m 2 + m H) — (M*He + m 'n)

Ecnu E < 0, mo 3Hepausi ebidesisiemcsi
(3k30mepmuYeckas);

Ecnu E > 0, mo 3Hepausi noasiowjaemcsi 4
(sHOomepmuyeckasi). .



Ssl0epHble peakKyuu Ha

\ =4
Ny W aNN_W_.W _WAEFN_ NV

1934 2, 3.Pepmu - obniydasiu HeumpoHamMu
noymu ece 3JsieMeHmbI rnepuoou4YyeckKou

cucmemsil.
HelimpoHbI, He umesi 3apsioa,
GecnpenﬂmcmeeHHo npOHUKafom 8 amOMHbIe

Al +,n —3%Na +

1Y ebizBiearom'lux usme eHug

v
v

Peakuyuu Ha 6bicmpbIx HeUMpPOHaXx.
Peakuyuu Ha MeOneHHbIX HeUmpoHa. &

(605166 3¢pchekmueHbl, Yem 66IcCmpbIe;,,
n AamMelngom e 06LIYHOIT c0loe)



llenneHue si0ep

Omkpbimue 8 4938 &. Ol aH, ®.
llimpaccmaH
O6BsicHeHue 8 /939 2. OPpuuw, J1

Jenenme - - A oefirnas
235

lpu 60M6apdupoeke HeumpoHamu u
obpasyemcsi 80O pa3nudHbIX sidep.
91 142
Haubosnee eepoanoe desieHUe Ha Kr
u

D .. 8 @mHoweHuu ZF\
e S _200 M>B OCKOJIOK
0 : | l \ Rb A
0 -n3nyyeHme BTOPHYHEIE HEATDOHE :

y-n3ny4yeHue 15




Yacmb
eriHas

depHasi
peakuusi







Ans ocywecmenieHuss uenHou peakquu
Heobxodumo,
ymobbI cpedHee Kosiu4ecmaeo 0Cc80060)KOEeHHbIX

OmHowieHUe Kosiu4Yecmaea

HeUumpoHos8

8. KaKOM-/1ubo0 «roKoJsieHUU>» K Kosudecmaeay
HeumpoHOos8

- e —

Ecnu k <1, peakuuss 6bicmpo 3amyxaem,

Ecnu k'='1, mo peakyusi npomexkaem ¢ rnocmosiHHoi
UHMeHCU8HOCMbIO (yripaesisiemasi),

Ecnu k >1, mo peakyus paseusaemcsi 1a86UHHO
(HeynpaesisieMasi) u npueodum K i0epHOMY 83PbI8Y 4

1
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KoagpopuuueHm pa3mMHOXeHUsI
ornpeodesissirom credyrujue

l\’\aumnnl_ r.

1) 3axeam medneHHbIX HelimpoHoe dPpamu U
unu 3axeam 6bicmpbIX HelimpoHoe 3idpaiu
uu u
C rnocsiedyrouiumMm OesieHUEeM.

2) 3axeam HelimpoHoe sidpamMu ypaHa 6e3
deJsieHusl.

3) 3axeam HelimpoHoe rMpodyKkmamu OeJIeHUs,
3amedsiumersieM U KOHCMPYKMUBHbIMU
3JleMeHmamMu ycmaHOBKU. vz

4) Boinem HelimpoHOE HapyXy u3 eewecmea, '
Komopoe desiumcsi.



UmobblI ymMeHbW UMb 8blsiem
HeumpoOHO8 U3 KyCKa ypaHa
yeenuyuearom maccy ypaHa (Macca
pacmem 6bicmpee, YyemM rsiowaob
rnoeepxHocmu, ecsau ¢gpopma - wap)

MuHuUmMasibHOe 3Ha4YeHUe Macchbl YpaHa,
npu _Komopou 803MOXHa UernHasi
peakuusi, Hasbleaemcsi Kpumu4eckou
Maccou.

B 3asucumocmu om ycmpolucmea yCmaHOE 4
U-muna 20pr4Ye20 Kpumu4eckasi macca
usmMeHsiemcsi om 2502 00 comeH %

BRSSO RARAANAD



Yacmb
TepviosioepH
bIU CUHMe3

A
|



TepmMmosiOepHasi peakyusi

peakuyusi c/usiHUs1 J1Ie2Kux ssoep npu
OYeHb

2, BLILOKOH mejymegall,}uépieﬁ]_:>>
conposokdarsliasncsl eLioeReuilem

IHepzespdpeak OYeHb

G od)qalhoddepmueafou;uecn -

s ?’lJf';}:;:ij., 8 Hedpax 3emnu, CosiHya u

o dpyaux 3ee30.

M’is 5k 4 a.. 2. Heynpaensiemas - g00opodHass &
R 6om6all :
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Yacmb

SBepHbIU
peakmop



SA0epHbIl peakmop - ycmaHO8Ka, 8

Komopou
ocyuwiecmeJisdemcs yripaesisieMas UerliHas
peakujﬁﬁ 1 EHEPATOP

Mepebiu gRGAMLIL PRAIRERLIMb &S 2 2
Pepmu,

deneHue s1dep ypaHa.

CTepXHH,
cogepxamne A
oborames- L _
HYIO CMECE L

H20TOIOE

ypaHa

3alura OT pagHalHH



Ycnoeus pabomeai:
g | “’-',~v;~eoda

CTepXHH,
cogepauiuel | o8
oralfeH- L
HYEO CMECE
H20TOIOE

ypaHa

Jaluta oT pagHallHH



Yacmb
[IpyMeHeHue

epHou
3Hepa2uu




AMoMHas

lepeasi ASC,

1954 2,
2. O6HUHCK




AMoMHas
3Hepaem UK fenlid
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0,18

O 1:F

0,16

0,15

0,14

0,13

0,12

AMoMHas

HJona AJOC B npousBoncTee aNneKTpoaHeprum B PO
0,181

-

MNo sHepreTudeckow cTpartervm 2003 r.

0,158 \ 0,155 __—5 0,157
0,155 '\

0.154

0,147

dakTnHeckoe cocTosHue

/o

1998 1998 2000 2001 2002 2003 2004 2005 20068 2007 2008 2009 2010
Odons ASC e npounaeogcTee anekTposneprum: 8 CLLUA — 0,2, EC — 0,35, Anonwvn — 0,33
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Cxema ycmpoucmea
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o l) Heﬂb3ﬂ pasmeuwiams
8 2yCMOHacesIeHHbIX
(Mg ax -
y nomeHyuasibHasi yepo3a
paduoakKmueHOo20
3apaxeHusiill
2) Crio)XHOCmu ¢ 3aXOpPOHEeHUeM
paduoakmueHbIX O0mxo0o08 U -
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B 955" 2. OCHOBAaHO

MAA FATN §
MEXAYHAPOOHOE ATrEHTCTBO MO ATOMHOU SHEPIUN

(MATATQ)
Aesisemcsi MeXxripasumesib.CmMeeHHOoU op2aHu3ayued,
Komopasi Ha ocHoee cozanaweHusi c OOH ¢ 1956 2. exoQum e obuwyro
cucmemy Ob6beduHeHHbIx Hayuu.
MAFAT3 yrnosiHOMO4Y€eHO:

srioowpssmb U nododepxueams Usy4yeHue, pazsumue U npakmu4ecKoe

ucnosib308aHue amoMHoU JHepzsuU 60 eceM Mmupe 8 3pa)KaaHCKUX uesisix,

*riocpedHuU4Yampb 8 ob6MeHe ycrsiy2amu U MamepuasiamMu Mexxoy
C80UMU YJIeHaMu 10 UX JKeJIaHUIo;

sgbecrne4yueamsp ucroJsib3oeaHUe Mamepuasos, ycaye u
obopydoeaHus Os5isi pa3eumusi amoMHOU 3HepP2emMuUKU 8 MUPHbIX UensiX;
srioowpsimb 06MeH Hay4YHOU U mexHuU4Yeckou uHgopmayueu e cghepe
MUPHO20 UCIOoJ/Ib308aHUsI amOMHOU 3Hep2uu;

‘ripednpuHuMams Mepbl 6e3onacHocmu Osisi npedomepauw,eHus
UCoJ1Ib308aHUsI I0epPHbIX Mamepuasioe 8 60€HHbLIX UEisiX;

*@Mecme ¢ omeeYyarowuMu 3a 3mu e0rnpocChkl op2aHaMu U UHCmMmumymamu

cucmembl OOH onpedensmb u ycmaHaenueamb HOPMbI 8 obs1acmu
6e3onacHocmu u oxpaHbl 300POBbSI.



Sl0epHoOe opyxue

. 8 omsiudue om 0bbIYHO20 OPYIKUS,

OKa3bieaem pa3pyuwaroujee delicmeue 3a
cyem

si0epHoOU, a He MexaHU4YecKou usnu
XumMu4eckou

3Hepauu. lo pa3pywumernbHOU MoWwU MOJIbKO

83pbI8HOU B80JIHbI OOHa eOQUHUUa siI0epHO20
OPYKUSI

MOXXem rpeeocxooumb MbICSIYU OObIYHbIX
6om6

u apmusepuuckux cHapsidose. Kpome moeo -
s10epHbIU :

83pPbI8 OKa3bieaem Ha 8Ce >ueoe oo
s2v6LUMenLHOe



Paduyc nopaxeHusi
npu si0epHOM 83pPbiee




UcnbimaHusi 10epHO20 opyKusi enepebie bbiIu
rnpoeedeHbl Ha Anamozopdckol 6a3ze BBC,
pacrnosiokeHHou e nycmbiHHOU Yacmu wm. Hbro-
Mekcuko. llnymoHuesoe sidepHoe ycmpoucmeo,
ycmaHoO8J/IeHHOe Ha cmaJsibHou 6awHe, 6b110
yCreuwlHoO 830P8aHoO o Urosisl 1945. QHepausi 83pblea
npubnusumesibHO coomeemcmeosasia 20 Km
mpomuna. lNpu e3pbiee obpasosasiocb 2pubosudHoe
obsiako, bawHs obpamunacb e nap, a xapakmepHbIU
Osis1 nycmbIHU 2PYyHM o0 Heu pacrijiaeuJsics,
rnpeepamuewuchb 8 CU/IbHO paduoakmueHoe
cmeknoobpasHoe eewecmeo.(Uepe3 I 1lem nocne
83pbiea ypPoOBeHb paduoakmueHOCMU 8 3MOM Mecme
ece euwe 6bin ebiwe HopMbl.) MHpopmauusi 06
yO0a4yHOM OfNbIMHOM 83Pblée COXPaHsi/laCb 8 malHe
om obuwiecmeeHHOcmu, HO 6bin1a nepedaHa
npe3udeHmy [ TpymeHy, komopbIili 8 MO 8pemsi
Haxoousicsi 8 [lomcdame Ha nepezoeopax O
rnocsiee0eHHOM ycmpoucmee epmaHuu. a5
lMpouHghopmupoeaHsb! 6birtu makxe Y.Hepaunnb u U.

Yy ™S riI jLj



llepeasi amoMHas
6omba

CCCP - «P[C-»
S10epHbIU 3apsio
ernepebie ucrbimaH
29 as2ycma 1949 200a
Ha CemMunanamuHCKOM
nonua2oHe. MowHocmb
3apsida 00 20 KUJTIOMOHH

mpomuJio8020

dKeuegalJieHma.
My3eu PPSIL-BHUNT® 2.CHeXXUHCK




bomMmba npedHa3Ha4Yanack OJisi nNpoeedeHuUsT HamypPHbIX UcrbimaHull
s10epPHbIX

3apsidoe 6osibwol mMouwjHocmu (20-50 Me2amoHH).
OHa npedcmaesisiem cobou

6asinucmu4deckoe mesio obmekaemMou ¢hopMbl € X80CMOBbLIM
orepeHuUem.

HAduamemp 2 M, OnuHa 8 M, macca 30 m. [Jns obecrne4yeHusi
803MOXXHOCMU

mpaHCcHopmMuUpoeKuU asuabombbl makoz2o 60s1bWO20 Kanubpa 6bina
npoeedeHa

crneyuanbHasi dopabomka camonéma Ty-95, no3eonueuwas
pasmecmump Ha HEM

asuabomby, Yyacmu4Ho 3a2s1ybue eé eHympu bro3ersisixa.
bomb6bomemaHue

rnpou3eoousiocb Ha 0o3eykoeoli ckopocmu. nsi obecrneyeHusi
6e3onacHocmu

JKunaxa camosiéma-Hocumersiss om nopaxarwux gpaKkmopos
cb6poweHHoOU um

60Mb6bI b6bin1a pa3pabomaHa napawromHasi cucmema: Z 8bIMsiKHbIX
napawroma

nnowjadblo 052 U 5 M 2, 4embipe MOPMO3HbIX - 10 42 M 2
U OCHOBHOU 37

napawrom - nnaowadbro OO M 2. [Mepeapy3ku He npeebiwanu

= A rrerrirs



S1depHasi 6omba
Os1s1 MPUMEHEeHUsI CO C8epPX38YKOBbIX




Omoenssemass MOHOb/1I0YHass 20J/108Has
yacmb b6annucmuyeckou pakemabi

lyck ocywecmenssemcsi ¢ no0eo0HOU /100KU Ha dasibHOCMb 0O
1500 KM.

B amom pakemHOM KOMIJIEeKce ernepebie peasiu3oeaH nmoo8OOHbIl
nyck

pakemsl ¢ a5n1y6uHbl 40-50 M. U30ennue umeem 8 C80EM cocmaese

mepMosiOepPHbIU 3apsi0 Me2amoHHO20 Kiiacca.
FabapumHbie pa3mepsbl: OnnuHa 2300 MM, duamemp BO4 MM.
Macca 144 ke.

U30enue paspabambieasniocb U UCMbIMbIBASIOCL 8 Ha4alsie [9G0-
X ee,

ummqo Ha




[onoeHass Yyacmb MEeXKOHMUHeHmMasibHou
6annucmu4yecKkou pakemsbi

[dnuHa 1893 MM, Quamemp mudernsi 30O MM, Macca 736
K2

3apsi0 mepmosiOepHbIll Me2amoHHO20 Knacca. Kopnyc
umeem

MHOR20CJIOUHYIO KOHCMPYKUUIO,
npedycMampusarowyro

cunosyro o6os104Ky u mennosawumy. HakoneyHux £
Kopnyca 40
ebinosIHeH u3 paduonpo3payHo20 Mamepuana.



BoodopoOdHasi 6omba
O71s1 cmpameau4yecKou
asuauyuu

Camasi nepeasi eodopoOdHasi 6o0mba,
OCB0EHHasli cepuliHbIM nNpou3eoocmeom

U rMpUHsIMasi Ha 800pPY)KeHue
cmpameau4vyecKkou

asuayuu. OkoH4YaHuUe pa3pabomku -
1962 2.

My3eu P®SIL-BHUNT® 2.CHeXXUHCK.



Pakema

ornepamusHoO-MaKmMmuUuYg9ecCcKo20
Had3Ha4YeHUs!

Pakema onepamueHO-maKkmu4ecKoz20
Ha3Ha4eHus,

useecmHasi 8 Mupe Kkak meépdomoriueHas
pakema

Skad' HazeMHo20 6a3upoeaHusi, umeem dege
6oesblie

yacmu: Hesi0epHyro U sidepHyro. [nuHa I m,
duamemp

880 MM, dasibHOCMb cmpesibbbl 00 370 KM.
[lo dozoeopy

O COKpauwieHUU pakem cpeodHel u-masiol
dasibHoCcmu 8ece

ﬂAf\nlll ¥ an\ﬂnﬂﬂﬂllll P FYD F BN FQ SN Y Kl 'y . B



Omoensemass MOHObGJI0YHas

20J7108Hasi-4acme 6asnnucmuyeckoll
pakemasl

lyck ocywiecmesisiemcsi ¢ No080OHOU J10OKU.

lMpu pazpabomke 20/108HOU Yacmu y0asioChb
Mo cpasHeHuro

C npeodbIdywumMm usdesiueM 3Ha4yumesibHO yMeHbWUMmb
2abapumsi,

a eeJ/IUNMUHY Maccbl CHU3UMb noYmu edeoe - G50 Ke.
9mo _noseosniusio noay4Yyums 60siee 8bICOKUE MaKMUKO-

mexHu4YeckKue XxapakmepucmuKu HO8020 PaKemHoeso
KOMIIJIeKCa.

U30enue npuHsIMo Ha 800pYy)KeHue 8 1968 e.

My3set P®5LU-BHUNT®
2. CHe)XUHCK,



boeeou 650k Onisi nepsou
pa3desisirowelcsi 20J/1086HOU Yacmu
6asinnucmuyeckou pakemabi
MOPCKO20 b6a3upoeaHust

llpeOHa3Ha4anacb OJisi OCHaWweHUus!

ycoeepweHcmeoeaHHo& paKembl HOB020
FMMOKOJIeHUHsI.

B cocmaee u3ldesniusi npuMeHeHbI
MasiocabapumHsiu

mepmMosioepHbIU 3apsid u npubopbl cucmemsli

aemomMamuku, uMeruwue MUHUMasibHbIle
pa3mMepsbi.

fMromHass KOMMOHOBKA cOCMaeHkbIxX yacmeu
60eeo020

6s10ka no3eosniusia coloamb J1é2Kkoe
u Masnoz2abapummHoe

ll‘)Aﬁﬂllﬂ IIAI'\Q Il 7 aVeaVeVaYaYalVlaVYREVaYa mnnﬁnaaullﬂn‘



Kancynbl ¢ Knro4Yamu
Kancynbl ¢ noOnUHHbIMU Kirodamu
om 6aweH, Ha KOmMopbIX UCMbIMbI8asIUChH

nepebiU amoMHbIU U nepebiu
mepmMosiOepHbI

3apsidbl. Imu K/ro4u rnepedaHbl 8 My3eu
y4YacmHuUKoM ucnbimaHuu eopauem
lMTaesnoeu4yem JIOMUHCKUM, KOMOPbIU
rnocsie0HUM fnokudas 6awHu.

My3selti P®5LU-BHUNT® 2. CHeXXUHCK.
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[ornoeHasi 4acmb pakemabl

ornepamusHoO-maKmu4ecKoeO
Ha3Ha4YeHUsi

N30enue ssennisemcss HeomoernseMou 4Yacmbio
paKkemeil.

AnuHa 2870 MM, Quamemp muderssi 880 MM,

Macca 950 Ka2. 3apsi0 si0epHbiU, MOWHOCMbHIO
HEeCKOJIbKO

decsimKoe KUuJIOmoHH. Cusnioeasi 060Js104Ka
Kopnyca

ebinosiIHeHa u3 cmanu. Kopnyc umeem
mernsio3awjumy

U menaou3onsayuro, HAKOHeYHUK 8bIMNOJIHEeH

u3 paduornpo3payHo20 Mamepuana.
Moougpukauyus c *



bJ/IOK KOHMpPOJIs

Haudume
3Hep2emu4yecKull ebIxo0
si0epHoOU peakKuuu.

) ‘Gnrpedérume' mun'’ o,

@eaﬁuuu 13 13
CH.p— N — CH+B

3) 1
1H+ 1H—>2He+0n

47



[ nnoccapuu

Hegekm macc [Jegpekm macc Allegpekm macc AM - pazHocmb Mmacc
MOKOS1 HYKJIOHO8, cocmasJsisiroujux

s10pO amoma, U Macchbl Uesio2o ssiopa
KoagppuuueHm pasamHoxeHuss HeumpoHoe KoagpgpuyueHm

pa3mMHoXeHuUs1 HeumpoHoe kKoaghpuyueHm pa3MHOXeHUs1 HelumpoHoe8 k
- OmHoOuWweHue Kosiudecmea

HeumpOHoe 8 KakoM-11ubo «MnoKosieHUU» K Kosiudecmey HelimpoHO8
MasibHOe 3Ha4YeHuUe Macchl ypaHa, npu Komopou

BO3MO)KHa uenHaﬂ peakuun

MAIAT3 (MexxdyHapoOdHoe AzeHmcmeo [To AmomMHoU SHepauu),
ocHoeaHo 8 1955 2.

TepmMmosiOepHasi peakuusl - peakKuyusi CJIUSTHUSI JIe2Kux s10ep npu OoYeHb
8bICOKOU memmnepamype, conpoeoxxoaroujasicsl eblioesieHuUeM aHepauu

A

1
48



YOesibHasi aHep2uUsi cesi3u - IHepausi cesi3u, npuxoosujasicss Ha OOUH
HYKJIOH si0pa amoma

LlenHou sidepHoU peakuuel Ha3bleaemcsl peakyusi, 8 Komopol Yacmuusbl,
eébi3bisarouwjue eé (HeimpoHbl), obpa3yromcsi Kak npodyKmbI 3mou peakuuu

IAHepzemu4YecKul ebixo0 si0epHbIX peakuuudHepaemu4vyecKkul ebixo0
s0epHbix peakyuli E = E = AE = Am-c? - pa3HoCmb 3Hepaul

nokKos ss0ep u yacmuy 00 peaKuuu U rocJsie peakyuu

IOHepausi cesi3u amoMHOo20 sidpa — 3Hep2usi, Komopasi Heobxoouma Ornsi
MoJIHO20 pacujensieHusi sopa Ha omoesibHble HYKJTIOHbI

SdepHble peakuuu — UCKYCCMeEeHHbIe rnpeobpa3oeaHusi amoMHbIX

s10ep npu ezaumodelicmeuu ux ¢ 3jieMeHmapHbIMU Yacmuuyamu
usnu dpya ¢ opyaom

AdepHbIU peakmop — ycmaHo8Ka, 8 KOmopou ocyuiecmersisiemcs
ynpaersisieMasi UernHasi peakuusi 0esieHUsi msixesnbix sioep
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