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CmpoeHue u saxxHeliwue ceolicmea sidep

1. ATOoMHbIe fiipa U Ux onucaHue.

Ss10pom HasblBaeTCs LeEHTpanbHas 4acTb aToMa, B KOTOPOW COCpefoToyeHa
NpaKkTUYecKku BCS Macca aToMa M ero NosoXUTENbHbIA SNEKTPUYECKUiA 3apsig.

B akcnepumeHTax Pe3depdopaa no NnpoxoxaeHuo a-4acTuy Yepes MeTannuye-
ckyto chonbry 6bino 0BHapyXeHO, YTO aTOMHble sfiApa MMEKT pa3mepbl nopsiaka
10~"*—107"%m, B TO BpeMmsi Kak NuHelHble paamepbl aTOMOB npuMepHo 1070,

ATOMHOE $iOpPO COCTOWUT W3 3MEMeHTapHbIX YacTuy — mnpomoHoe (p) 1

HelimpoHoe (71), KOTOpble CUWTaOTCS ABYMSI 3apsSAOBLIMU COCTOSIHUSIMU OfHOM

yacTuubl — HyksioHa (oT nat. nucleus — sapo). NPOTOH MMeeT MONOXUTENbHbIN
ANEKTPUYECKNIA 3apsd, paBHbIA MO abCoOMTHOM BenUUMHE 3apsay JfekTpoHa.
HenTpoH He umeeT anekTpuyeckoro 3apsaa. Maccbl HyKMoHOB:

m, =1,6726-10"kr ~1836m,

m, =1,6749 -107" kr =~ 1839m,

06u.|.ee YUCIIO HYKIIOHOB B aTOMHOM Aape A Ha3blBaeTCA Macco8bIM YUCJIOM.

3apsd s0pa paBeH BenuunHe Ze, roe e — 3apan NpoToHa, Z — 3apsidoeoe
qucso a4pa, paBHoOe 4YMcny NpoToHOB B A4pe (cosnap,aeT C NopAaKoBbIM HOMepOM
XUMUYECKOro JaJieMeHTa B I'IepmonmquKoDl cucremMe 3JiIeMeHTOB — aTOMHbIM
HOMepOoM).

ﬂnpo Xummyeckoro anemeHta X C aTOMHbIM HOMEpOM Z W MaccoBbIM
4yucnom A obo3HavaeTcs

A
Z X
MockonbKy atomM HeWTpaneH, To 3apsd sdpa onpedesisiem YUc/0 IEKMPOHO8 B
aTome, OT KOTOPOrO 3aBUCWT WX pacnpederieHne no COCTOSHWSIM B aTtome, a
cnepoBaTenbHO, 3aBUCAT XMMUYECKE CBOWCTBA aToma.

H3zomonamu HasbiBalTCs sapa C OAMHAKOBbIM aTOMHbIM HOMepoMm Z
(3apsiAOM MU YMCIIOM MPOTOHOB), HO pasHbiMU A (T.e. pasHbIM YNCIOM HEWTPOHOB

N=A-Z7). Hanpumep, usomonsl eodopoda (Z=1): npomuli — iH
(Z=1,N=0), deiimepuii — *H (Z=1,N =1), mpumuii — H (Z=1,N=2).
Uzobapamu HasbiBalOTCS sigpa C OAWHAKOBbIM MaccoBbiM 4ucriom A, Ho
pasHeiMn Z . Hanpuwmep, 21Q)ITI, 2§3Pb, 2;2Bi.
UsomoHamu HasbiBalOTCA sApa € OAMHAKOBbIM - YMACIIOM  HEWTPOHOB
- B ldyg 15
N =A-Z.Hanpumep, ;C, 7N, ;0.
Hapsigy ¢ TepmyHoM 510po amoma 4acTo UCMOoNb3yeTCst TakKe TEPMUH HYKITUO.
CaMbIM TSXKENbIM 13 UMEIOLLUXCSl B MPUPOAE SIIEMEHTOB SIBASIETCS1 M30TOM
ypaHa 2S§U_ OnemeHTbl C aTOMHbIMM HOMepamu 6Gonblue 92 HasbiBalTCA

mpaHcypaHoebiMu. Bce OHM Mony4veHbl MCKYCCTBEHHO B pesynbTaTe pasfnmnyHbiX
SAEPHbIX peakuni.

Pasmep siapa xapaktepusyetcs paduycom si8pa, UMEIOLLMM YCIOBHbIA CMbICI
BBUAY Pa3MbITOCTM rpaHuL sapa. Amnupudeckas chopMmyna Ansa paguyca sapa

R=R4
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8-3

roe Ry =(L3+ 1,7)10’15 M, MOXeT OblTb WCTONKOBaHa Kak MporopuuUoHasib-
Hocmb obbema si0pa 4Yucsly HyKrnoHoe 8 Hem. CnepoBaTenbHO, NNOTHOCTL SAEePHOro
BeLLecTBa NPMMepPHO oMHaKoBa Ans Bcex saep (= 10" kr/m3).

2. [OedbeKkT Mmacchbl U 3Heprua cBA3u Aapa.

MockonbKy GONbLUMHCTBO SAep YCTOMYMBO, TO MEXAY HYKNOHaMu CyllecTsyeT
ocoboe sid0epHoe (cunbHoe) e3aumodelicmeue — TMPUTSXKEHNE, KOTOpPOE
obecneunBaeT YCTOMYMBOCTb $4ep, HECMOTPS Ha OTTankuBaHue OOHOMMEHHO
3apsKeHHbIX NPOTOHOB.

OHepauell ceasu sdpa E_, HasbiBaeTca husmyeckas BenuunHa, pasHas

paboTe, KOTOPY HAOO0 COBEPLUMTL, YTOOLI paclienvTb S4p0 Ha COCTaBnSIIOWME ero
HYKIMOHbI, He COOBLLasi UM KUHETUYECKOW SHEpruu.

M3 3aKkoHa CoXpaHeHUst 3Heprum crieayeT, YTo npu obpasoBaHuM sapa AoSKHa
BbIAENSATLCA TaKas e 3HEePrusi, Kakyto Hy>KHO 3aTpaTUTb NpW pacLLenneHun sapa Ha
COCTaBISIIOLLME E€r0 HYKMOHbl. DHEprusi CBA3W sfiApa SIBMSETCS Pa3HOCTbIO Mexay
3HEepruei Bcex HYKIOHOB B SiApe U UX 3Heprnein B cBOGOAHOM COCTOSIHUN.

OHeprusi CBsi3W HyKINOHOB B aTOMHOM sifipe:

E,=mc® =[Zm, +(A—Z)m, —my]c* =[Zmy +(A—Z)m, — M, ]c*

rae m,, m,, mg — COOTBETCTBEHHO Macchl MPOTOHA, HEATPOHa U SAPa;
my =m, +m,— macca atoma BOAOpOAa 1H; M, — aTomHas macca [aHHOro
BellecTBa.

Macca Am, COOTBETCTBYKOLLAA 3HEpPrmn ceA3n:

E
Am = CCZB =Zm,+(A-Z)m, —my

Ha3blBaeTcs deghekmom macchl siapa. Ha aTy BenuumHy ymeHbluaeTcs macca
BCEX HYKIOHOB MNpu 06pasoBaHnmn U3 H1X SApa.
YOenbHoli aHepauell c8si3u Ha3bIBAETCS IHEPrusi CBA3M, NpUxoasLLascs Ha

E,
OAVH  HYKITOH: Aecs=f. OHa

“E‘f ko] 1238
z 53” | il gV xapakTepuayet YCTONUMBOCTb

62 957 ]
y (NMPOYHOCTb) aTOMHbBIX a4ep, T.e.

5 3l 78
il uem Gomblue A€, , TeM NpouHee

a0po.

3aBUCMMOCTb yAenbHON
3HEPrMM CBSI3M  OT  MaccoBOro
yucna npuBedeHa Ha PUCYHKe.
ZHB“‘ Haubonee YCTONYUBBI anpa
cpedHeli Yacmu [lepuoduyeckol
' mabnuybi (28 < A<138). B atux

apapax A€ cocTaBnseT

CB
npnénuanteneHo 8,7 MaB/HyknoH
(BNs cpaBHeHWs, 3Heprus CBSA3N
BalneHTHbIX 3MeKTPOHOB B atome nopsgka 103B, 4to B MusiiuoH pa3 MeHbLue).
Mpn nepexoge k OGonee TsxKenblM sApam  yAaenbHasi 3SHePrus CBSA3N
yMeHblwaemcs, NOCKOMbKY MPW YBENUYEHUN Yncna NPOTOHOB B SApe yBenMunBaeTcs

)

CB’

=

O

o

Hienonan snepeun chasu Aeyg, Maby mymion

=

40 a0 120 60 200 240
Maccoboe yucao

ApnepHas usmka
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SHEprMs WX KYyJIOHOBCKO20 ommarskueaHusi (Hanpumep, Ons ypaHa 23§U oHa

coctasnset 7,6 MaB). lMoatomy c©BSi3b Mexay HyKMOHamyW CTaHOBUTCA MeHee
CUNMbHON, @ caMu aapa MeHee MPOYHbIMMU.

OHepeemuyecku 6bi1200HO: 1) geneHve Tskenbix sigep Ha bonee nerkve; 2)
CcrnusHWe nerkux sigep gpyr ¢ gpyrom B 6onee tsxkenole. Mpu oboux npoueccax
BblOENSAEeTCA OrPOMHOE KONUYECTBO 3HEPruu; 3TW MPOLECCHI B HAcTosilLee Bpemsi
pearnu3osaHbl MPpakmMu4yecKu: peakuun OesieHUs1 sgep W peakumn mepmosiOepHo20
cuHme3sa sgep.

3. CnuH sgpa v ero MarHMTHbIA MOMEHT.

COGCTBEHHLIN MOMEHT MMMynbca sigpa — CMUH siOpa — BEKTOpHasi cymMma
crnuHoe HykioHoe (paseH 1/2) u opbuTamnbHbIX MOMEHTOB MMMYMbCa HyKOHOB
(MomMeHTa umnynbca, 0ByCrnoBNEHHbIX ABUXKEHNEM HYKITOHOB BHYTPY si4pa).

CnuH siapa keaHTyeTcst mo 3akoHy Lg =#h./I(I+1), rae I — cnuHoeoe

1.3
KeaHmoeoe Yucs1o, KOTopoe MpuHUMaeT 3HadeHus 0, > 1,=,....

2
ATOMHOE S4pO  KpoMe cnuHa obnagaetT Ma2HUMHbIM  MOMEHMOM

P =8algq, THE g4 — KO3MMULMEHT NPONOPLMOHANBEHOCTH, Ha3biBAEMbIN
S0epHbIM 2UpPOMacHUMHbLIM OmMHoweHueM. EavHuuelr MarHUTHbIX MOMEHTOB

h _s50508-102 X
Tn

Aanep CAyXUT s0epHbIli MagHemoH: [lg = AnepHbin

n,

m
MarHeToH B —2 =1836 pa3 MeHblle MarHeToHa Bopa, MOSTOMY MarHUTHbIE
m

e
cBOWCTBa aTOMOB OMpPeAensitoTCsl B OCHOBHOM MarHWTHbIMW CBOWCTBaMu €ero
31EKTPOHOB.
Hanuune marHUTHOro MOMeHTa sigpa OObSCHSIET C8EePXMOHKYH cmpyKmypy
B CMeKTpax aTOMOB BO BHELUHEM MarHUTHOM rorne.

4. CBOMCTBa siiepPHbIX CUI.

1) spepHble cunbl ABNSATCS CUNAMU MPUMSIKEHUS,

2) sinepHble ABMATCS KopomkodelicmayuuMU — UX AeACTBME NPOSBSETCS
TOMBKO Ha PaccTOsHUSIX nopsiaka 107 °m;

3) AgepHbIM cunam CBOWCTBEHHa 3aps008asi He3agUCUMOCMb: MPUTSKEHWEe
Mexay nobbiMU ABYMSI HYKIOHAMU OAMHaKOBO HE3aBMCHUMO OT 3apsiiloBOrO
COCTOSIHUSI HYKIOHOB (MPOTOHHOTO WM HEWTPOHHOIO); SiAEPHblE CuUIbl
MMEIOT HEINEKTPUYECKYIO NPUPOaY;

4) ApepHbIM CUnamMm CBOWCTBEHHO HachklWeHUe: KaXabld HYKNOH B sape
B3aMMOOENCTBYET TONBbKO C OrPaHUYEHHbIM YUCIIOM BrvKahmx K Hemy
HYKITOHOB;

5) sipepHble  cunbl  3aBUCAT  OT  B3aWMHOW  OpueHmauyuu  CriuHo8
B3aVMOAENCTBYIOLLMX HYKIOHOB. Hanpumep MpPOTOH M HEUTPOH 0GpasytoT

. . 2
delimpoH — sppo usotona fgeitepus {H — Tonmbko mpu ycriosuu

napannenbHO OpMeHTaumUn Nx CNmnHOB,
6) A0EepHble CUnbl He AesiAromcsd UeHmparsibHbIMU, T.e. ,D,eVICTByIOLLI,VIMVI no
TNINHWK, CoeanHsoLEN LEeHTPbI BSaMMOﬂ,eVICTBy}OLLWIX HYKITOHOB.
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— KoHcepBaTtuBHag 1-12, 1-22, 3-6

— KO3pUMTMBHagA 4-27

— NopeHua 4-7

— MEXMOIEKYSIPHOrO
B3anmogencTens 2-23

— HopMarnbHoro aaenexusa 1-11

— o6MeHHble 7-27

— noHaepomoTopHas 3-21

— paBHogevcTBytowas 1-8

— pes3ynbTupytowas 1-8

— cBeTa 6-5, 6-6

— CTOPOHHSAsA 3-22

— ToKa 3-21

— TpeHus ckonbxeHus 1-11

— Tshkectn 1-11

— ynpyroctn 1-11

— LeHTpanbHas 1-8

— ueHTpocTpemuTensHas 1-10

— anekTpoasuxyLas 3-22

8-29

cumeHc 3-24

cucmema egmHny 1-2

— auccunaTtmeHas 1-13

— 3amkHyTas 1-8, 2-2

— nsonupoBaHHas 1-8

— KoHcepBaTtuBHasa 1-13

— koopauHart 1-4

— MexaHu4yeckas 1-8

— oTtcyeTa 14

— — VHepumanbHas 1-8

— TepMoanHamunyeckas 2-2

— ypaBHeHuin Makceenna 4-28

ckansipHoe none 1-29

ckanspHoe Npon3BeAeHne BEKTOPOB
1-29

CKUH-appekT 4-16

ckopocmb 1-5

— rpynnoBas 5-23

— KocMmuyeckas 1-24

— MrHoBeHHas 1-5

— Haubornee BeposiTHast MONeKy”
naeanbHoro rasa 2-8

— cpegHsaa 1-5

— — KkBagpaTunyHasa 2-7

— — MoOreKyrnbl rasa 2-8

— yrnosas 1-7

— cbasosas 5-22

cMayumBaHue 2-26

cMelleHue anektTpudeckoe 3-15

cobCTBEHHbIE 3HaYeHus1 7-10

— cbyHkumm 7-10

coneHoua 4-10

COOTHOLLUEHWe HeonpeaeneHHocTemn
enseHbepra 7-7

conpoTueneHue BonHoBoe 5-9

— nonHoe 5-18

— peakTUBHOEe eMKoCcTHoe 5-18

— — VHAyKTMBHOE 5-17

— anekTpu4yeckoe 3-24

COCTOSIHMA CTalMOHapHble 7-3

CMNEeKTp NuUHenyaTbI 6-21

— MOJEeKynsipHbIn 7-21

— cnnowwHon 6-21

CMVH 3neKTpoHa 4-22, 7-16

CnuH sigpa 8-4

CMOHTaHHOEe aenexve sigep 8-16

cTeneHun ceoboapbl 2-11

crtepagmaH 1-3

cToku nons 1-31, 4-32

CTOKCOBBbIW CNYTHUK 7-23

MpeameTHbIN ykasaTenb



8-28

npaeusIo CIOXEHUS CKOPOCTEN B
pPEensATUBUCTCKON MexaHuke 1-26

— cMelleHus 8-7

— Crokca 7-29

npeobpasoBaHus koopauHat Manunes
1-24

— — JNopeHua 1-25

npeueccus 4-22

npvBeaeHHas anuHa usn4eckoro
MasfTHUKa 5-6

npuama Hukonsa 6-24

npumech 2-29

— BHeapeHus 2-29

— 3amelleHns 2-29

npuHYyuUn Bo3pactaHnst aHTponun 2-20

— lovireHca 6-6

— ltovireHca-®peHens 6-12

— KBapK-NenToHHON cummeTpun 8-20

— HesaBucumocTun gencreuns cun 1-10

— HEepasnNUYMMOCTU TOXAECTBEHHbIX
yactuy, 7-17

— oTHocuTenbHocTU Mannnes 1-25

— — OnHwTenHa 1-25

— MNaynn 7-19

— NPWYNHHOCTY B KIacCHU4ecKom
MexaHuke 1-9

— cynepnosnummn BorH 5-23

— — noTeHunanos 3-8

— — anekTpocTaTnyeckmx nonen 3-4

— — MarHuTHbIX nonen 4-4

npober yactuubl 8-8

NpOBOAMMOCTb AblpoyHas 7-27

— npumMecHasa 7-27

— cobcTBeHHasn 7-27

— 9NeKTPOHHas 7-27

npou3sogHasi No HanpaeneHuo 1-29

— no obbemy 1-30

— yHKuma 1-27

NPOHULLAEMOCTb AnanekTpuyeckas 3-3,
3-14

— marHuTHas 4-4, 4-25

npoceeTneHne onTukn 6-11

npotun 8-2

npotoH 3-2, 8-2, 8-20

npoyecc agnabatnyeckui 2-16

— un3obapHbin 2-4, 2-15

— un3otepmunyeckumn 2-15

— W30XOpHbIN 2-4, 2-15

— N303HTPONUINHbIN 2-19

— Kpyrosou (umkn) 2-17

— HeobGpaTumbIi 2-18

— obpaTtumbin 2-18

— nonuTponuyeckni 2-17

— paBHOBECHbIN 2-13
ncesgosekTop 1-6

Ny4YHOCTW CTOSYEN BOSHbI 5-25
nee3oanekTpukn 3-17
nee3oadpdekT 3-17

P

paboma 1-12

— BbIXoAa anekTpoHoB 3-31

— rasa B agnabaTtnyeckom npouecce
2-16

— rasa npu paclumpenunm 2-13

— 3a yukn 2-17

— pacwwupenus 2-17

— cxkartus 2-17

— cunbl 1-12

— aneKTpuyeckoro Toka 3-26

paBHOBECHbIE NpoLecchl 2-13

pagmaH 1-2

pagnoakTMBHOCTL 8-5

— ecTecTBeHHas 8-5

— UCKycCcTBeHHas 8-5

pagnoakTMBHOE cemeincTBo 8-8

paguvoakTuBHbIV pacnag 8-6

pagvontoMuHecueHuns 7-29

pagnyc-BekTop 1-4

pagnyc KorepeHTHoCTH 6-7

— MOJEKYNApHOro aenctens 2-25

pasHOCTb noteHumanos 3-8

— xopa 5-24

paspeLuaroLas cnocobHocTb 6-17

pa3pspa rasosbin 3-31

— pyrosow 3-32

— unckposomn 3-32

— KOPOHHbIN 3-32

— Tnewowun 3-32

pacnpegenexHve bonbumaxa 2-8, 7-18

— bose-OnHwrenHa 7-18

— Makcsenna-bonbumaHa 7-19

— ®epmu-Anpaka 7-18

peakuun cesizen 1-9

pe3oHaHc 5-16

— HanpsbxeHun 5-18

— ToKOB 5-19

pekombuHaumsa 3-31

peHTreH 8-11

PEHTreHoNMMMHecLeHums 7-29

8-5

5. Mogenu aToMHoOro sigpa.

1. KanenbHas _Mopgenb. 3Ta Mogenb OCHOBaHa Ha aHanorum Mmexay
noBedeHMEM MOMEKys B Kanfe XWOKOCTU U HYKINOHOB B sifpe — KOPOTKOAeNCTBME
SAepHbIX B3aMMOAENCTBUIN, oguHakoBas MiOTHOCTb SAEPHOM0 BELLecTBa B pasHbIX
sapax (HeEC)KUMaEeMOCTb), CBOWCTBO HacbILeHUst aaepHblix cun. OHa TpakTyeT agpo
KaK Karmo 31eKmpuYecKu 3apsxKeHHOU HecxumaemoU XudKocmu, NOAYNHSAIOLLYIOCS
3aKOHaM KBaHTOBOW MEXaHUKM.

KanenbHaa mogenb oObsicCHANa MexaHW3Mbl SiAepHbIX peakumin, ocobeHHO
peakunn genexHus sgep, No3sBonuna nomnyyYvuTb MONyaMnMpuyeckyto dopmyny ans
3HEprum CBS3N HYKIOHOB B siApe.

2. O6onoyeyHasa Mofenb. B 3To Mogenn HyKNOHbI CHUTAKOTCA OBWKYLLMMUCS
He3aBUCMMO ApYr OT Apyra 8 yCpeOHEHHOM UeHmparbHO-CUMMempPUYHOM rorsne. B
COOTBETCTBUM C 3TUM UMEIOTCS AUCKPETHbIE SHEPreTUYECKNe YPOBHU, 3anonHaemble
HYKMOHaMu ¢ y4eToM npuHuuna Maynu.

OTW yYpOBHU TPYNNMPYOTCA B O6GOJIOYKU, B KaXOOW W3 KOTOPbIX MOXET
HaxoAMTbCs onpeaeneHHoe YNCIO HYKITOHOB.

fApopa ©  MOMHOCTBIO  3anmonHeHHbIMKM - obornovkamn  ABnATCS  Haubonee
YCTOMYMBLIMU — Ma2uyveckue si0pa, Yy KOTOPbIX YUCIO NPOTOHOB Z WIU HEUTPOHOB
N paBHO ofHOMY 13 Mazuyveckux yucerr: 2, 8, 20, 28, 50, 82, 126.

Aapa, y KoTopbiX Marmdeckumn sensiotea U Z, u N, HasbiBaloTca deaxobl

4 1
Mazuyeckumu. [JBaxpbl Marvueckux saep M3BecTHo Bcero nate: ¢ 3He, 'S0,
40 48 208
50Ca, 5Ca, "5, Pb.

B 4acTHOCTM, 0COBEHHas YCTOMYMBOCTL siipa renus 3 He nposiBniseTcs B Towm,

YTO 9TO eOMHCTBEHHas 4acTuua, ucnyckaemasi TsKenbiMU — sapaMu  npu
paanoakTMBHOM pacrage (OHa Ha3blBaeTcs O -4acTulen).

6. PagvoaktuBHOe U3nyyeHue U ero BuAbl.

PagnoaktuBHoCcTb Obina oTkpbiTa B 1896 r. dopaHuy3ckum usnkom AHpu
Bekkepenem npu u3ydyeHun nOMUHecUeHUMM conew ypaHa. Okasanocb, 4TO
ypaHoBble conv 6e3 BHeLHero BO3AEWCTBUSA (CaMOonpou3eosibHO) WCNycKanm
n3ry4yeHne Hem3BeCTHOW NPUPOAbI, KOTOPOE 3acBeYnBarno U30NMPOBaHHbIE OT CBeTa
doTONNACTUHKM, MOHM30BANO BO3AdyX, NMPOHMKANO CKBO3b TOHKME MeTannuyeckue
MAAaCTUHKK, BbI3bIBANoO MIOMUHECLEHLUMIO psda BeLLecTB. TakMm Xe CBOWCTBOM

. 2] 22
obnaganu v BellecTsa coaepallme noroHUmn 32 Po v paguin 82 Ra.

OGHapyxeHHoe n3ny4yeHune 6biNo Ha3BaHO paduoaKmMueHbIM U3JTy4YeHUeM, a
camo SIBMieHUe UCNyCKaHWs paanoakTUBHOIO U3NyYeHnss — paduoaKkmueHOCMAbIO.

Pa3nuuatotcs ecmecmeeHHasi U UCKyccmeeHHasi paduoakmusHOCMU.

EcmecmeeHHOlU paduoakmueHOCMbIO HA3bIBAETCH  PafMOaKTUBHOCT,
Habniojalowasnca Yy CyLecTBYWOWWX B NpUpode HEYCTOWYMBBIX  M30TOMOB.
UckyccmeeHHOU paduoakmueHOCMbIO Ha3blBAETCA PAAVOaKTUBHOCTb M30TOMOB,
NONyYeHHbIX B pe3yrnbTaTe SAepHbIX peakumii.

PaavoakTMBHoe uarydeHve GbiBaeT Tpex TUMoB: O -, - WU Y -uanyveHve.

CoctaB ¢ -, -1 y-nydeit 6bin YyCTAHOBSIEH MO UX OTKIOHEHMIO B MArHUTHOM More.

(1) o -U3ny4yeHne OTKMOHAETCA ONEKTPUHECKUM U  MarHUTHbIM  MNOMSMMU,
obnagaeT BbICOKOW WOHM3WPYHOLLEA CMOCOBOHOCTBLIO M Marnow MpoHMKatoLewn
CMOCOBHOCTBLI (O -Nyyy MNOrfowaTca cnoem  antomMuHmns TonwmHon 0,05 mm).

A.H.Orypuos. flekyuu no ¢u3suke.

ApnepHas usmka



o -NanyyeHne npedcmasnisiem coboli nomok s0ep
2enusi — 3apsg O -vacTuubl paBeH +2e¢, a macca
COBMagaeT C Maccow sapa usotona renus ;‘He .

(2) B -N3nyuyeHne Takke OTKIOHAETCH 3MNEKTPU-
YECKMM W MarHUTHbIM MOMISIMU; €r0  MOHU3UpPYHoLLast
CMocoGHOCTb Ha ABa Mopsigka MeHblle YeM WOHWU3U-
pylolas crnocobHOCTb (¢ -nyyeil, a npoHMKaloLwas
CMocobHOCTb, HanpoTue, ropasgo Gonblie (nornowia-
€TCA Cnoem antoMUHUA TOMNLWMHOW 2—3 MM), YeM y O -
yactuy. 3 -Uanyuenne npedcmasnsem cobol nomok

0 —
6bicmpbix  anekmpoHoe _je (37 —pacman) unu
UCTOYHUK

no3umpoHose +(1)e (B * —pacnan).
(3) Y -U3nyyeHne He OTKNOHAETCH JMEKTPUYECKMM W MarHWTHbIM MONAMM,

obrnagaeTt OoTHOCUMTENBHO cnabon MOHM3NpYHoLLEe CnoCOBHOCTBIO U OYeHb BoMbLLOW
NPOHMKaoLWEN CNOCOBHOCTLIO (HanpUMep, NPOXOAMUT COW CBMHLIA TOMLWMUHON 5 cMm),
npy NPOXOXAEHWN Yepe3 KpucTanmnbl obHapyxvBaeT audpakumio. Y -U3nyyeHne

npedcmaenﬂem cobol KOPOMKOBOJ/IHO80E J3JieKmpomMacHUmMHoe u3sfiy4eHue C

ypesBblYalHO Marnown AMAVHON BOJHbI A<107%m W, BCreacTBue 3TOro, SApKo
Bblpa)X€HHbIMM KOPMYCKYNSIiPHbIMW CBOWCTBaMW, T.e. SIBASIETCA MOTOKOM YacTul, —
Y -kBaHTOB (POTOHOB).

7. 3aKOH paAMoaKTUBHOro pacnaga.

PaduoakmueHbiM pacrnadoMm Ha3blBaeTCA eCTEeCTBEHHOE pafMoaKTUBHOE
npespalleHne sgep, Npomcxopsilee CamMonpou3BoSibHO. FAApo, UCMbITbiBaKoLLee
pagvoakTUBHbLIA pacnag, Ha3blBaeTCsl MamepuHCKUM; BO3HUKawllee doYepHee
A0po, Kak NpaBuIo, OKasbiBaeTCsl BO30YXAEHHbIM, M €ro nepexos B OCHOBHOE
COCTOSIHME COMpoBOXAAeTCs MCryckaHueMm Y -oToHa. T.0. ramma-usnyveHve —

OCHOBHasi (hopmMa yMeHbLUEHUST SHEPruK BO30YXAEHHbIX MPOAYKTOB paaMoaKTUBHbBIX
npespaLleHni.

Camornpoun3BonbHbIi ~ pacnag  aToMHbIX — siAep  MOAYMHSIETCS  3aKOHy
paduoakmueHo20 pacnada

N =N, exp(-At)

rae N, — uvcro sigep B JaHHOM obbeme BeLeCTBa B HayarlbHbI MOMEHT
BpemeHn t =0, N — uncno sgep B TOM xe 06beme K MOMEHTY BpeMeHn {, A —
nocmosiHHasi pacnada, vMelolas CMbICIT BEPOSATHOCTM pacnaga sapa 3a 1c u
paBHas gone siaep, pacnagarwmxcsl B eAMHULY BpEMEHU.

Teopusi paAMoaKkTUBHOrO pacnaja OCHOBbLIBAETCS Ha ABYX NpeanonoxeHunsx: 1)
NMOCTOsIHHAs pacnaga He 3aBUCUT OT BHELUHWX YCNOBWW; 2) 4ucro sgep,
pacnafarnoLmxcs 3a BpeMsl df NpomnopuMoHanbHO HanuMyHoMy yucny agep (Y6biib
—dN uncna spep: —dN =ANdt, cnepgosaTenbHO, 3aKOH pacnaga MNoMnyuYvM,
pasfenssi nepemMeHHbIe U MHTerpupys BoipaxkeHue 4V =—Adt ).

MNHTEeHCMBHOCTb npolecca padvMoakTUBHOIO pacrnaja XapaKTepusylT [Be
BenuuuHbl: (1) mepuod nosypacnada Tl/2 U (2) cpedHee epemsi XU3HU T

paduoakmugHo20 510pa.

A.H.Orypuos. flekyuu no ¢u3suke.

onbim WTtepHa n Nepnaxa 7-16

— dapagesn 4-13

— ®patka n Nepua 7-4

opT 1-29

OCBELLIEHHOCTb 6-6

OCHOBHOW 3aKOH OUHaMUKN
BpallaTenbHOro aAsmwkeHnsa 1-16

— — — MOCTYNaTeNbHOro ABWXEHUSI
1-9

— — — pengaruBuctckon 1-27

ocb BpaleHus 1-3

OCLUNNATOP rapMOHNYECKUn 5-4

— KBaHTOBbIN 7-13

Mn

nap 2-24

— HacblWeHHbIN 2-24, 2-30

— nNepechbILLEHHbIN 2-24

napakcuanbHbIv My4YoK 6-3

napamarHeTukm 4-23

napameTp agenexHus 8-16

napoobpasoBaHue 2-20

nackanb 1-19

nepemetlleHune 1-4

— yrnoeoe 1-6

p-n-nepexog 7-30

nepuwog eBpatieHns 1-7

— KkonebaHun 5-2

— nonypacnaga 8-7

nepuogmnyeckasi cuctema anemMeHToB
(0.N.Menpeneesa) 7-20, 7-32

nnasnexve 2-30

nneyo agunons 3-9

— cunbl 1-16

nnoTHocTb 1-9

— BEpoATHOCTU 7-8

— 3eKTPUYECKUX 3apaaoB NIMHENHas!
3-3

— — — noBepxHocTHas 3-3

— — — obbemHasn 3-3

— 3MEKTPUYECKOro ToKa 3-22

NOBEPXHOCTHOE HaTsXeHue 2-25

nornowleHne ceeTa 6-20

no3nTpoH 8-6, 8-7

nokasaTernb npenomMmnexHuns 5-29

— — abcontoTHbIN 6-2

— — OTHOCUTENbHbIN 6-2

none 1-8

— BekTopHoe 1-29

— Buxpesoe 4-10

8-27

— ogHopoaHoe 3-10

— noTeHumaneHoe 1-22, 3-6

— camocornacoBaHHoe 7-25

— ckanspHoe 1-29

— coneHoupgansbHoe 4-10

— cTauuoHapHoe 1-8

nonvkpuctann 2-27

nonumepsl 2-28

nonuTpona 2-17

NOJSIHOE OTpaxeHue 6-2

nonockl paBHOro HakmnoHa 6-10

— paBHOW TONLMHbI 6-11

nonynpoBOAHUKN 7-26

— cobcTBEHHbIE 7-27

— npuMecHble 7-27

nonsipusaTop 6-22

nonspusauuns guanektpuka 3-14

— cBeTa 6-21

nonspusoBaHHocTb 3-14

nonspovg 6-24

nocmosiHHasi bonbumaHa 1-32, 3-29

— BuHa 6-27

— rpaeutaumoHHasa 1-23, 1-32

— marHutHasa 1-32, 4-4, 4-6

— lNnaHka 1-32, 6-28

— pacnaga 8-6

— Pupbepra 7-3

— CredhaHa-bonbumana 1-32, 6-27

— anekTpuyeckasa 1-32, 3-3

noctynatsl bopa 7-3

noteHuman nons 1-24

— — TAroteHus 1-24

— anekTpocTaTnyeckoro nonst 3-7

noteHumansHasa amva 7-10

noTeHumansHoe none 1-22

NOTOK BEKTOPA HaMNPs»KEHHOCTN
anekTpocTaTnyeckoro nons 3-4

— — MarHUTHOW MHAyKummn 4-11

— XuagkocTtn 1-19

— n3nyyeHus 6-5

— nons 4yepes nosepxHoctb 1-30

noTtokocuennexue 4-12

— B3aMMHOW MHOYKUMKN 4-12

— camouHayKumm 4-12

npaswna otbopa 7-13, 7-16, 7-22

npaesuno Kupxroga 3-28

— neBon pyku 4-6

— JNleHua 4-14

— npaeoro BuHTa 1-7, 4}-2

— CNOXEHWs CKopocTel B
Kriaccuyeckon mexaHuke 1-25

MpeameTHbIN ykasaTenb



8-26

mMarunyeckue sapa 8-5
marHeToH bopa 3-21

— saepHbin 8-4

MarHuTHast uHaykuus 4-3
MarHuTHbIA MOMEHT 4-3

— — anekTpoHoB 4-20

— noTok 4-11

MaKpOTOKM 4-3

macca 1-9

— MonsipHasa 2-4

— nokos npotoHa 1-32, 3-2
— — anekTpoHa 1-32, 3-2
— penartusucTckas 1-26

— cboToHa 6-31
mMaTepuanbHas Touka 1-3
MasiTHUK MaTemaTuyeckuin 5-5
— MPY>XWHHBIA 5-5

— cbusuyeckumm 5-6
MeXO0Yy3€ernbHbI aTom 2-29
Me30HbI 8-20

MEHUCK 2-26

MeTOo4 BEKTOPHbIX Anarpamm 5-3, 5-9
— CTaTUCTUYECKUI 2-2

— TepMoAMHaMNYeCKnin 2-2

— [OHra 6-9

— onpefeneHuns Baskoctu MNyaseina
1-22

— — — Crokca 1-22

meTp 1-2

MUKPOTOKM 4-3

mMogayrnb ynpyroctn 1-18

— HOHra 1-18

mMornekyna 2-2

MOSEeKynspHbIA 06bem 2-4

monb 1-2, 2-4

MOHOKpucTann 2-27

MOMEHT aunorns anekTpuyeckun 3-10

— nmnyneca 1-16

— — 3N1eKTpOHa MeXaHN4eckun 4-22

— — — MarHuTHbIN 4-21

— nHepumm 1-14

— — rnaeHbI 1-14

— cunbl 1-15

MOLLIHOCTb 1-12

— 3NEeKTPUYECKOro NMOCTOSHHOIO TOKa
3-25

— — ToKa akTmMBHas 5-19

MIOOH 8-20

H

HaMarHu4yeHHocTb 4-24

— ocTtaToyHas 4-27

HanpaBsneHne MarHMTHoro nons 4-1

— anekTpuyeckoro nons 3-4

HanpsKeHne Ha KOHUax yvacTtka Lenm
3-24

— ynpyroe 1-18

HanpshkeHHocTb nons 1-23

— — MarHuTHoro 4-4

— — anekTpocTaTuyeckoro 3-4

Habna-onepatop 1-23, 1-30

Havyano TepmoavHamuku nepsoe 2-12

— — BTOpOE 2-20

— — TpeTbe 2-20

HeBecomocTb 1-11

HenTpuHo 8-9, 8-20

HenTpoH 8-2, 8-20

HepaseHcTBO Knaysuyca 2-19

HopMarbHble ycnosus 2-3

Hyknug 8-2

HYKINOH 8-2

HbIOTOH 1-8

HbloToHa nepBbI 3aKoH 1-7

— BTOpOW 3akoH 1-9

— konbua 6-10

— TpeTun 3akoH 1-10

(0

06ny4YeHHOCTb 6-6

o6bemHas NNoTHOCTb dHeprumn 3-20
OLHOpPOAHOCTb BpeMenn 1-13

— npocTpaHcTBa 1-10

om 3-24

onepaTop MamunbToHa 1-23, 1-30
— Nannaca 1-31

onTuka 6-2

— BOmnHoBas 6-2

— reomeTpudeckasi 6-2

— KBaHTOBas 6-2

onTuyeckas ocb 6-3

— — KpucTanna 6-23

— cuna nuH3bl 6-4

ONTUYECKNI pe3oHaTop 7-24

— LIEHTP NUH3bI 6-3

onbim Bote 6-31

— JlammepTa 2-9

— Pesepdopaa 7-2

— LWtepHa 2-9

8-7

lMepuod nonypacnada Tl/2 — BpeMs, 3a KOTOPOe WCXOAHOe YUCIo pagumo-
aKTMBHbIX A4ep B cCpegHeM yMeHbLlaeTCcAa BABOe:!

N,
70 =N, eXP(_lTl/z) ,

In2 0,693
LA
CymmapHas npoaormKUTenbHOCTb xu3Hu dN agep pasHa t‘dN‘ =tANdt .
CpedHee epeMs KU3HU T [ANs BCEX NepBOHAYarnbHO CyLLEeCTBOBaBLUMX SAep:

oTKyaa Ty, =

15 15 r 1
T=—"/|ANtdt =— | ANt exp(—=At)dt = A | texp(—At)dt =—
NO'(l). Nol 0 { A

AKkmueHocmbio A Hyk.nuda B paaAnOakTMUBHOM UCTOYHUKE Ha3blBAETCA YUCIIO

dAN|_ N

pacnagos, npoucxoaaLymx ¢ aapamu obpasuas 1 c: A=

EaovHuua aktuBHoctn — Gekkepenb (Bk): 1Bk — akTMBHOCTb Hyknuaa, npwu
KOTOpOM 3a 1C MpOUCXOAUT OAWH akT pacnaga. Brecucmemuas eduHuya
aKmueHOCMU HyKNAa B pagvoakTMBHOM UCTOYHUKe — Kiopw (Ku): 1 Ku=3,7-10"° Bk.

8. MpaBuna cmeleHus.
Mpn pagunoakTMBHOM pacnafge 6bIMNOJIHSemcsi 3aKOH COXpaHeHus
anekKmpuYyeckux 3apsiooe:
Zﬂe:ZZie
i

N 3aKOH COXpPaHeHUs1 Maccoe8bIX 4Yuces.
Ay = ZA,-
i

rae Zﬂe n A;{ — COOTBETCTBEHHO 3apAaad U MacCcoBO€ 4YUCIO MaTepUHCKOro

agpa; Z,e wn A, — COOTBETCTBEHHO 3apsabl W MaccoBble uuCna 4acTuu,

nony4vnBLUMXCA B pe3dynbTaTe pagnoakTUBHOIO pacnaja.

Cneactenem 3TMX 3aKOHOB SIBNSKOTCA npasusia cmMeweHusi, nossonawwne
YCTaHOBUTb, Kakoe AOp0 BO3HUKAET B peldynbTaTe pacnaga AaHHOro MaTtepuHCKOro
A0pa B pasfmnMyHbIX TMNax paanoakTuBHOINo pacnaga:

5X—=%3Y+3He nans a-pacnapa
2X—, Y+’ nna B -pacnana
5X—,AY+e nana B*-pacnapa
rae 5 X — maTepuHckoe sapo, Y — cuMBON aouepHero sapa, 3 He — sppo
renus (o -dactvua), e — cuMBOMMYeckoe 0GO3HAUEHMe 3MEKTpOHa, a ,ie

no3umpoHa — 4actuubl C Maccomn Mokos ANEeKTpOHa, U CNMUHOM y, Hecyu.l,e17|

NONOXUTENbHbIN ANEKTPUYECKUN 3apag + €.

BosHukalowme B pesynbTaTte paguMoakTMBHOMO pacnaga siapa MoryT ObiTb, B
CBOIO ovepenpb, pPaavoakTMBHbIMU. 3TO MPUBOAUT K BO3HUKHOBEHWIO YemoYKU, Uin
psida paduoakmueHbIX npespawieHull, 3aKaH4YMBAKLINXCA  CTabUIbHbIM

A.H.Orypuos. flekyuu no ¢u3suke.

ApnepHas usmka



8-8

aneMeHToMm. COBOKYMHOCTb 3N1EMEHTOB, 00OpasyloLmX Takyl LEemnouky, HasbiBaeTcsi
paduoaKkmueHbIM cemelicimeom.
EcTtecTBEHHO pagMoakTuBHble sapa o0pasyloT mpu  paduoakmueHbIX

cemelicmea, HasblBaeMblx cemelcmeoM ypaHa (ZSEU), cemelicmeom mopusi

232 - 235
( 390Th) n cemelcmeom akmuHusi ( Engc), KoTopble nocre uenodkn o - u f3-

pacnazios 3akaHuMBaIOTCS Ha CTAGUNbHBIX M30TONax CBUHLA g3 Pb, “%Pb n %)) Pb

(MmMetoLLMX 0CcOoBYH YCTOMYMBOCTbL SiAEP, COAEPKALLMX Marnyeckoe YMcno NpOTOHOB
— 82). Yemeepmoe un3 WU3BECTHbIX CEMENCTB — cemelcmeo HenmyHus,

2
Ha4YnHaeTCa OT TPaHCypaHOBOro 3neMeHTa ng, NoNy4YeHHOro UCKYCCTBEHHbIM

nyTem, 1 3akaH4nBaeTCcAa Ha BUCMYyTe zggBl

9. Anbda-pacnag.

B ocHoBHOM (¢ -pacnag xapaktepeH ans Tsxenbix agep (A>200, Z >82).
o -Pacnag nogumHsieTCA NpaBuny CMeLLeHUs, Hanpumep, pacnaj u3oTona ypada
23§U NpuBOAUT k 0Gpa3oBaHmMio TopuUst 239%Th
S U—"Th+iHe
CornacHo CoBpeMeHHbIM MPeACTaBlieHNUsIM, O -4acTuubl 06pasyloTca BHYTPU
TSXKEMbIX SAep BCNeAcTBre 06bLeduHeHUs ABYX NPOTOHOB M ABYX HEMTPOHOB. Takas
obpasoBaBlLasCs YacTMLa CUMbHEE OTTarKMBaeTCs OT OCTaBLUMXCS MPOTOHOB Apa,
yeM oOTAenbHble NPOTOHbl. OOHOBPEMEHHO (f-4acTUua MCMbITLIBAET MeEHbLUEe
A0EPHOE NPUTSHKEHUS K HYKIOHaM B S4pe, YeM OTAESbHbIE HYKIOHbI.
CkopocTV  BbifeTalOWMX NpU  pacnafje o -y4acTul OYeHb BefluKU —

1,4+2- 107 m/c, yto cooTBeTcTByeT aHepruam 4+ 8,8 MaB. OnbiTel Pesepdopaa

nokasanu, 4YTo Jaxe MMesi Takme CKOpPOCTU O -4acTuLbl He Mo2ym npubsu3umscs K
S0Py Ha paccTosiHMe, MpU KOTOPOM HayvMHalT OeNCTBOBaTb SAEpHble CUmbl U
paccesiHue  (¢-4acTuy Ha  sgpe  OObSACHAETCA  MOSIbKO  KYTIOHOBCKUM
B3auModencTBMeM. T.0. MOXHO cpaenaTb BblBOA, 4YTO SIOPO  OKPYXEHO
nomeHyuanbHbIM 6apbepPoM, BbICOTA KOTOPOro He MeHblue 8,8 MaB.

C [Opyro CTOpPOHbI, (¢ -4acTuLbl WUCMyCKaemble YpaHOM MWMEKT 3SHEepruwo
4,2 MaB. CrnepoBaTenbHo, ¢ -4acTuubl BbINETalT W3 agpa € dHeprven,
3Ha4yumesibHO  MeHbWwe  BbICOTbl  MOTeHuManbHoro Gapbepa  BCNeacTBue
MmyHHesIbHO20 3ghghekma.

Ona o -4acTyy XxapakTepHa cusbHasli 3asucuUMOCmb MeXay nepuoaom

nonypacnaga T1/2 N sHeprvein FE BbiNeTawlMxX YacTuy. 3Ta 3aBUCMMOCTb

onpegensietcs 3akoHom lenrepa-Hatrona:
InA=4+BInR,
rae A wn B owmnupuyeckue (onpedensieMbie U3 OMbiTa) KOHCTaHTHI,
A=(In2) / Ty, , R, — npo6ea o -4acTuubl B BO3AyXe — paccmosiHue, npoxodu-

Moe yacmuuyeli 0o ee MoJIHOlU OCMaHO8KU.

T.0. 4yem MeHblUe nepuopd nonypacnaga, Tem 6onblue npobez O -4actuubl, a
criefoBaTenbHoO, U ee 3Heprus.

Mpober ¢ -vactny B BO3dyxe (MPW HOPMarnbHbLIX YCMOBUSAX) COCTaBnseT
HECKONbKO CaHTMMeTpoB, B 6onee NMOTHLIX Cpeax OH ropa3fo MeHbLUe, COCTaBMsAs

K

kamepa Bunbcona 8-13

— WOHU3aumoHHas 8-13

— ny3blpbkoBas 8-13

kaHgena 1-2, 6-6

kanunnap 2-27

KaTogontoMuHecueHuuna 7-29

KBaHT 6-28

— nencTeus 6-28

KBaHTOBaHWe NpocTpaHCTBeHHoe 7-15

KBaHTOBasi cTaTMCTMKa
bo3e-OnHwTenHa 7-18

— — ®epmu-Aupaka 7-18

KBAHTOBOE 4MCHO BpallaTenbHoe 7-22

— — rnaBHoe 7-5, 7-14

— — konebartenbHoe 7-22

— — MarHuTHoe 7-15

— — opbuTtanbHoe 7-14

— — cnuHoBoe 8-4

kBapk 8-20

KenbBuH 1-1-22

K-3axeaT 8-9

kunorpamm 1-2, 1-9

KMHEMaTUYECKMEe ypaBHEHUSI
OBWXEHUS TOYKKN 1-4

KOBamneHTHble CBA3N 2-28

KOrepeHTHocTb 5-24, 6-7

— BpeMeHHas 6-7

— npocTpaHcTBeHHas 6-7

konebaHusa 5-2

— BbIHYX€eHHble 5-2, 5-14

— rapmoHudeckue 5-2

— 3artyxaowme 5-12

— NonsipU3oBaHHbIE NMHENHO 5-11

— — umMpKynsipHo 5-11

— — annunTtudeckn 5-11

— cBoOOAHbIE 5-2

— cobcTBEHHble 5-2

konebaTenbHbIN KOHTYP 5-7

KONMYecTBO BellecTBa 2-4

KONM4ecTBO ABWXKEeHUs 1-9

Koma 6-5

KOMOVHaLUMOHHOE paccesiHue ceeTa
7-22

KoMnayHa-agpo 8-14

KoHaeHcauus 2-30

KoHaeHcaTtop 3-18

KOHcepBaTuBHasi cuctema 1-13

KOHCcepBaTuBHble cunbl 1-12, 1-22, 3-6

KOHLleHTpaums 2-6

8-25

KoopauHaTtel Bektopa 1-29

— nonsipHele 1-6

— cpepudeckue 7-14

Ko3aghguyueHm 3aTyxaHusa 5-12

— MoLuHoCcTM 5-19

— nornouweHus 6-20

— MpPO3paYHOCTN NOTEHLMANBHOIO
bapbepa 7-12

— lyaccoHa 1-18, 2-14

— pa3MHOXeHUst HelTpoHoB 8-17

— TennonpoBoaHocTn 2-10

— TpaHcdopmaumm 4-19

— XxonoaunbHbIn 2-21

KpaeBoWm yron 2-26

KpacHas rpaHuua oTonpoBoAMMOCTHU
7-29

KpuBble ha3oBoro pasHoBecus 2-31

Kpuctannusauusa 2-30

Kpuctannuyeckve Tena 2-27

KpucTannuueckas pewetka 2-27

kpucTtannodocdop 7-30

KpucTtannel aToMHble 2-28

— WOHHbIE 2-28

— MeTannuyeckue 2-28

— MoneKkynsipHbole 2-28

KpuTtepwuin Panes 6-17

KpuUTMYeckasa Touka 2-24, 2-32

Krpg kpyrosoro npouecca 2-18

— uukna KapHo 2-22

Ktopun 8-7

n

naBnMHoOGpa3Hoe pa3MHoxeHue 3-32,
8-17

nasep 7-24

namuHapHoe Teyexue 1-21

nenTtoHbl 8-20

nuH3a 6-3

— cobupatowlasn 6-4

— paccewuBatoLLas 6-4

NVHUSA HanpPsKEHHOCTU
anekTpocTaTuyeckoro nons 3-4

— WHAYKLMN MarHuTHoro nons 4-3

— TOKa »xugkoctn 1-19

ny4y 6-2

ny4ncTocTb 6-5

TIOKC 6-6

NOMeH 6-6

NIOMUHecLeHUns 6-25

noMmHodpop 7-29

A.H.Orypuos. flekyuu no ¢u3suke.
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3

3akoH ABoragpo 2-4

— Amnepa 4-6

— Apxumega 1-19

— Bwo 6-25

— Bbuo-CaBapa-Jlannaca 4-4
— bownns-MapwoTtTa 2-3

— bonbumaHa (paBHOpacnpegenexHus)

2-12
— byrepa 6-50
— Bugemana-®paHua 3-30
— BCEMUpPHOro TarotexHms 1-23
— lenrepa-HatTona 8-8
— len-Ioccaka 2-4
—Nyka 1-18
— [NanbToHa 2-4
— Dxoynsa-NexHua 3-26, 3-30
— [tonoHra u MNtn 2-29
— ABWXeHUs ueHTpa macc 1-10
— WHepuun 1-8
— Kupxroda 6-27
— KyrnoHna 3-2
— MakcBenna 2-7
— Mantoca 6-22
— Moanu 7-21
— HbloToHa nepBbivi 1-7
— — BTopon 1-9
— — Tpetui 1-10
— HbtloToHa (BsiskocTb) 2-10
— Owma 3-24, 3-27, 3-29
— oTpaxeHus 5-29, 6-2
— Mackana 1-19

— MNOJTHOro TOKa Anda MarHUTHOro nong

B BellecTBe 4-25
— npenomnenuns 5-30, 6-2
— paanoakTuBHoro pacnaga 8-6
— un3ny4yenns BurHa 6-28
— cMmelenns BuHa 6-27
— coxpaHeHus 6apnoHHOro 3apsiga
8-20
— — 3apsga 3-2
— — umnynbca 1-10
— — — penaTtuBuctckoro 1-26
— — MaccoBbIx Yncen 8-7
— — MOMeHTa umnyneca 1-17
— — MexaHu4yeckomn aHeprum 1-13
— — 3NeKTpuyecknx 3apsgos 8-7
— — aHeprum 1-13, 1-27
— CredaHa-bonbumaHa 6-27
— Odapages 4-14

— Qduka (auddysnsa) 2-10

— ®ypbe (TennonposogHoCTb) 2-10
3apsa eauHnYHbIn 1-32

— TOYeYHbIN 3-2

— anekTpuyeckun 3-2

— anemMeHTapHbIn 3-2

3epkano Jlnonga 6-9

3epkana ®peHens 6-9

30Ha BaneHTHas 7-26

— npoBOAMMOCTU 7-26

— 3HepreTnyeckasn 7-26

30HHas Teopwusi TBepablx Ten 7-25
30Hbl ®peHens 6-13

7

n3rny4aTernbHoOCTb 6-5
n3nyyeHne BblHyXaeHHoe 7-23
— pagnoakTusHoe 8-5

— peHTreHoBckoe 7-20

— ChoHTaHHoe 7-23

— Tennosoe 6-25

— TopMO3Hoe 7-20

— XxapaktepucTtunyeckoe 7-20
nsobapa 2-4, 2-15

n3obapsbl 8-3

n3onpouecchl 2-15

n3otepma 2-3, 2-15

— KpuTunyeckasn 2-24
N30TepMbl pearnbHbiX rasos 2-23
N30TOHbI 8-2

nsoTonsbl 8-2

N30TPOMHOCTb NpocTpaHcTea 1-17
n3oxopa 2-4, 2-15

umnynec 1-9

— pensTuBucTckun 1-26

— cunbl 1-9

— cuctemsbl 1-11
WHBapuaHTHasa BenuunHa 1-26
WHBEpPCUS HaceneHHocTen 7-24
WHOYKTUBHOCTb KOHTYpa 4-16
NHXxXekumst 7-31

WHepTHOCTb 1-7

WHTerpan onpegernexHbIn 1-28
WHTEpBan mexay cobbiTusmu 1-26
UHTepdepeHuus BonH 5-24

— cBeTa 6-8

nHTepcepomeTp 6-12
noHusaums 3-30

ucnapenve 2-30

nctovHmkm nona 1-31, 4-31

A.H.Orypuos. flekyuu no ¢u3suke.
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coTble Aonu MunaumeTpa (O -4acTuubl MOXHO 3agepXaTb OOblYHbIM FIMCTOM
Oymarn).

OHepreTM4eckuii CnekTp O -4acTuu, UCMyckaemblX AaHHbIM pPaanMoaKTUBHbBIM
3nemMeHTOM, OOHapyXmnBaeT "TOHKYK" CTPYKTYpY, T.€. UCMYCKAETCs HECKOSbKO rpynn
O -4acTuu, npuyem B npedenax Kaxgow rpynnbl WX SHEpPruu NpakTU4ecKu
MOCTOSIHHbI. [JUCKPETHBIN CNeKTp O -4acTul, CBUAETENbCTBYET O TOM, YTO aTOMHble
saapa obnagaroT AUCKPETHLIMU 3HEPTETUYECKUMU YPOBHSIMMU.

10.Bara-pacnag.
TepmuHom "63Ta-pacnag” obosHavalT mpu muna sifepPHbIX NPeBpaLLeHUit:
anekmpoHHbIld (37) N MO3UMPOHHBI (ﬁ+) pacnagbl, a TaKkke 3JIeKMPOHHbIU

3axeam (Opyrve Ha3BaHus — e -3axeam vnu K -3axeam).

MNepBble [Ba T1Na NpeBpaLleHnin COCTOST B TOM, YTO SIAPO UCMYCKaET SNEKTPOH

V¢ (noautpon e) u anekTpomHoe aWmuweilimpurHo V.

. (anekTpoHHoe
HelimpuHo gvg). B -OnextpoHbl  poxpalTcs B pesynbTaTe  MPOLECCOB,

NPOUCXOASALUMX 8HYMpPU SiApa NpW fpespaljeHuu OOQHOro BUAA HYKIOHa B siape B
Opyron — HelimpoHa 8 MPOMOH VI MPOoMmoHa 8 HelimpoH:

1 1 0,05 -
oh—p+_jet+,V, (B~ -pacnap)
1 1 0,0 +
| P>t ety v, (B"-pacnan)
3pecb Oln 7 llp — 0603HaYeHnst HeMTPOHa U MPOTOHA.

OHeprvsi NoKosi HEMTPOHA rpesbiliaem IHEPTMIO NOKOs aToma Bogopoaa (T.e.
NpPOTOHa WM 3MEKTPOHA BMeCTe B3ATbIX) Ha 782 kaB. 3a cueT aToN 3HEprum mMoxeTt

NPOMCXOAMUTL CaMONPOU3BONBHOE MPEBpPALLEHNEe HENTPOHa B NPOTOH — [3~ -pacnag
— & mom yucrie u eHe sidpa. U feincTenTensHo, B -anekTpoHbl, poxaaowmecs npu
pagMoaKkTMBHOM pacnage cBO6OAHbIX HEMTPOHOB, UMEIOT aHepruto 782 kaB.

B*-Pacnan ana ceoBomHoro NpoToHa HabrioaaThcs He MOXET, OAHako Ans

NpoTOHA, CBA3AHHOrO B fape Grnarogaps SAepHOMY B3avUMOAEWCTBMIO YacTul, 3Ta
peakuusl OKasbiBaETCH 9HePreTUYeckn BO3MOXXHON.
OHepreTMYECcKNiA  CMNEeKTP  UCMyCKaeMmbIX

N
npu 6aTa-pacnage SMEKTPOHOB  SBISETCS
HenpepbIBHbLIM, NPOCTUPAILLMMCS 10 8epxHel
epaHuuybl  aHepzuu  [3-cnekmpa E,,. .
MorHast 3Heprus, Tepsiemasi siAPoM npu 6aTa-
pacrage Bcergja pasHa £, , HO oOHa no
- pasHOMy pacrpefernsieTcsi Mexay 3JIeKTPOHOM
max

N aHTUHenTpuHOo. MakcumanbHoe 3HayeHue
0O3HayaeT, YTO BCH SHEPrUs YHOCUTCSH SMEKTPOHOM,

3Heprum anektpoHa E=F

HyneBoe 3HaYeHWe 3HEeprun SMEeKTPoHa COOTBETCTBYET TOMY, YTO BCS dHeprus
YHOCUTCS aHTUHENTPUHO.

Anst B~ -papmoakTMBHOCTM CBOGOAHBIX HEMTPOHOB E, . = 782 KkaB.

B cnyyae e-zaxBata (K -3axBara) npespalleHue NpoToHa B HEMTPOH MAET Mo
cxeme

|PT ey gV,

ApnepHas usmka
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Mpu aTOM ncyesaeT OOMH W3 IMEKTPOHOB Ha Grnwkaiiwem k sapy K -cnoe
aToma.

MpoToH, npeBpawasicb B HEWTPOH, kak Obl "3axBaTbiBaeT" K -3MEKTPOH.
OcobeHHocTbl0 3TOro Tuna 63Ta-pacnaga sBNSETCA BbINET U3 sgpa  TONbKO

-~ 0.
HEeUTPUHO Ove' McuesHoBeHne OOHOIo N3 3N1EKTPOHOB B K -cnoe aToma npmuBoaUT K

ANIEKTPOHHbIM nepexonam Me)KOy BHYTPEHHUMU 3NTEKTPOHHbLIMU obonoykamu atoma,
YTO CONpOBOXAOaeTCA xapakmepucmu4eCcKuM peHmeeHO8CKUM U3JTy4eHuUeM.

11. AHTMYACTULbI U UX AaHHUTUNALNA.

OneKTPOH M MO3UTPOH 3TO MNpuMep napbl aHmu4acmuy. CyliecTBOBaHWE
no3ntpoHa 6bINo TeopeTuyeckn npegckasaHo B 1930r [dupakom v NoaTBEpPXKOEHO
akcnepumeHTaneHo B 1932r AHAEpPCOHOM.

MpakTuyeckn Yy Kaxaow 4YacTuubl WMMEeeTcs  aHTMdacTuua, OoBblYHO
o6o3HavYaemas TeM e CUMBOMOM, HO C gobaBneHnem musnsObl Hafd HUM. Y YacTuubl
W aHTU4acTUUbl Macca, epeMsi XXU3HU U cnuH OOuHakoebl. OcmaribHble
Xapakmepucmuku, B TOM YACNe 3NEKTPUYECKUIN 3apsa U MarHUTHbI MOMEHT, pasHsb!
o mModyrio, HO MPOMUEOMNOSIOKHbLI M0 3HaKy. lMpuMepaMn YacTuL, U aHTMYacTuL,
SIBMAOTCA: NPOTOH P W @HTUNPOTOH P, HEMTPOH 11 1 @aHTUHEWTPOH 71, HEATPUHO V,

N @HTUHENTPUHO V,,

B3aumopenicTBmMe 4YacTuubl U aHTUYaCTULbl NPUBOAUT K WX aHHU2uIssyuu.
TepmuH "aHHUrMNAUMA" NEpeBOANTCA Kak "yHUYTOXEHME", HO, pasyMeeTcsl, ero He
cnefyeT TpakToBaTb BykBanbHO. B pesynbTate npouecca aHHUMMAALUK 3reKTPoHa ¢
NO3NTPOHOM poXaaeTcsa ABa (pexe TpU) BbICOKOIHEPreTUYHbIX (POTOHA (Y -KBaHTA):

-_0 + >0
3MEKTPOH e =_je N NO3UTPOH e =¢ =, je.

et Je -2y
npuyemM 3HEeprusi 3NEeKTPOHHO-MO3UTPOHHOW Napbl NEPExXoauT B 3HEPTUIO
doTOHOB. MNosiBNEHVE B 3TOM npoLiecce He MeHee ABYX POTOHOB crieayeT 13 3aKoHa
coxpaHeHust umnynbca. Bo3amoxeH wu o6pamHbil npouyecc — poxaeHue
S/IEKMPOHHO-NMO3UMPOHHOU  Mapbl NpU  B3aUMOLENCTBUN Y -KBAHTOB ((HOTOHOB)

GonbLUO 3Heprun (Ey >1,02M»sB = Zmecz) ¢ BeLectBoM (sgpom X ):

Y+ X > X+ et le
L‘IaCTVILla X HeOGXOﬂVlMa Aansa Toro, L|T06b| BbIMOJTHANMNCb 3aKOHbI COXpaHeHVIﬂ
SHEPrun n nmnynbca.
npOL{eCCbl B03HUKHOBEHUSA U aHHuezurnauyuu 3ﬂeKmpOHHO-nO3UmpOHHbIX I'Iap
ABIIAKOMCA MPUMEPOM 83aumMoces3u pa3syiuvyHbIx 4)OPM Mamepuu: 8 3amux
npoueccax Mamepusi 8 (hopMe 8ewiecmsa npespawyaemcss 8 Mamepuio 8 ghopme
31eKMPOMazHUMHOR20 101151, U Ha06oPOM.

12.amma-usnyuenue.

FamMma-usnyyeHne SBMNAETCA IKECTKMM  SMEKTPOMAarHWTHbIM — U3MyYeHneMm,
3Heprust KOTOPOro  MCryckaeTcs Mpu  nepexofax saep M3 BO30YKAEHHbIX
3HEpPreTN4eckNx COCTOSHMA B OCHOBHOE UM MeHee BO3DOYXOEHHble COCTOSHMS, a
TakkKe Npu SAEpHbIX peakumsXx.

Y-UN3nyyeHne He camocmosimenbHbili  TWN  paguoaktuBHocTu.  OHO
cornposoxdaem npoLecchl O - U 3 -pacnafoB U He BbI3LIBAET USMEHEHWS 3apsiaa 1
MaccoBoro uucna sgep. Y -UsnyveHune ucnyckaetca doyepHUM (a He MaTEPUHCKUM)

A0pOM, KOTOpoe B MOMEHT CBOeEro o6pa303aHM;| OKa3blBaeTcd BO36y)K,D,eHHbIM.

r

ras vageanbHbi 2-3

— 9MEKTPOHHbIN 3-27
ramma-usny4yeHve 8-6, 8-10
rapMoHu4yeckuii aHanma 5-10
reHpu 4-7, 4-17

repy 1-7, 5-3

rmnepoHbl 8-20

rmnoTesa e bponng 7-6

— lMnaHka 6-28

rMpoOMarHUTHoe oTHoleHue 3-21
— — saepHoe 8-4

rmctepesuc 3-16, 4-27

rpagueHT 1-23, 1-30

— ckopocTtun 1-21

rpaHuyHble ycnosus 3-17, 4-26, 4-32
rpen 8-11

nasneHue 1-19

— rmgpocTtaTtnyeckoe 1-20

— amHamudeckoe 1-20

— MornekynsipHoe 2-25

— napumansHoe 2-4

— Nof4 UCKPUBIEHHON NOBEPXHOCTLIO
KUAKOCTUN 2-26

— cBeTa 6-31

— cTatnyeckoe 1-20

OanbHUiA nopsigok 2-25

OBWKeHne BpallatenbHoe 1-3

— 3ameaneHHoe 1-5

— KpuBOnuHewnHoe 1-4

— MexaHu4veckoe 1-3

— HepaBHoMmepHoe 1-5

— nocrtynatensHoe 1-3

— npsiMonuHenHoe 1-4

— paBHOMepHoe 1-5

— yckopeHHoe 1-5

ABOVIHOE Nny4enpernomreHue 6-23

OencTByoLLee 3Ha4YeHNe NepeMeHHOro
Toka 5-19

nentepun 8-2

OevTpoH 8-4

JekapToBasi cuctema koopamHat 1-4

OeKpeMeHT 3aTyxaHusa 5-13

nedbekt macchl 8-3

nedekTbl 2-29

nedopmauua 1-17

— nnactunyeckas 1-17

8-23

— oTHocuTenbHasa 1-18

— ynpyras 1-18

mroynb 1-12

auarpamma coctosiHus 2-31, 2-32

anamarHeTukm 4-23

auBepreHuuns BektopHoro nons 1-31,
4-31

avop 7-31

auonTpus 6-4

OUNOSb MarHUTHbIN 4-5

— anekTpudeckun 3-9, 5-32

aucnokauum 2-29

aucrnepcusa aHomanbHas 6-19

— HopMarnbHas 6-19

— cBeTa 6-18

ouccunaTtmeHas cuctema 1-13

avccunaTtuBHble cunbl 1-22

auctopeus 6-5

aundpakumoHHas pelueTka 6-15

aundpakuymsa 6-12

— Ha NPOCTPaHCTBEHHOW peLueTke
6-16

— ®payHrodpepa 6-14

— OpeHens 6-13

anddepeHuman dyHKUUM NOMHbIN

-28

andpdysna 2-10

anxpousm 6-24

ananektpukm 3-13

OrMHa BOSHbI 5-21

— KOrepeHTHoCTu 6-7

— nytn 1-4, 6-8

— — reomeTpuyeckas 6-8

— — onTu4yeckas 6-8

— cBobogHoro npobera monekyn
cpepHsas 2-9

[obpoTHoCTb 5-13

[o3a nanyyvenus 8-11

[omeHbl 3-16, 4-28

aplpkn 7-27

X

»uakoctb 1-18

— naeaneHasa 1-20

— Hecxumaemas 1-19

— neperpetas 2-24

— nepeoxnaxgeHHas 2-30
— peanbHas 1-20

A.H.Orypuos. flekyuu no ¢u3suke.
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lMpedmMemHbIl ykazamerb

CcbInku B ykasaTerne cocTosiT u3 deyx uucen. llepeoe yucno — coomeemcm-
syrouwas yacme nekyud: 1-MexaHuka, 2—MonekynspHas dusmka n TepMmoguHamuka,
3-3nekTpuyectso, 4—MarHetTuam, 5-KonebaHus u BonHbl, 6—0OnTuka, 7—KBaHTOBast
dusmka, 8—AnepHas pusunka. Bmopoe yucno — HomMep cmpaHuubl.

A

abcontoTHO Heynpyroe Teno 1-3
— TBepgoe Teno 1-3

— ynpyroe Teno 1-3

— YepHoe Teno 6-26
abeppauus 6-4

arperaTHble COCTOsHMA 2-23
aanabata 2-16

agnabatuyeckoe npubnuxeHve 7-25

aKTMBHas 30Ha peaktopa 8-17
aKTMBHOCTb Hyknuaa 8-7
akuenTtop 7-28
anbga-nanyyenue 8-5
anbda-pacnag 8-8
amopdHble Tena 2-27
amnep 1-2, 3-22, 4-6
amnnuTyaa konebanus 5-2
aMnnuTyaHble KO3 ULUMEHTBI
oTpaxeHnus 5-30
— — nponyckaHusa 5-30
aHanusaTop 6-22
aHU30TPONHOCTb 2-27
aHHurunsaums 8-10
aHTUHEeNTpUHO 8-9
@HTUCTOKCOBbIV CMYTHUK 7-23
aHTudeppomarHeTunk 4-28
aHTn4actuupsl 8-10
acturmaTtuam 6-5

b

©apwuoHbl 8-20

bekkepernb 8-7

OuneHusa 5-10

ounpuama dpenens 6-9
GnvxkHUIA Nopsaok 2-25
6030HbI 7-17

— NPOMeXyTo4Hble 8-20
GpoyHoBckoe ABmxeHue 2-9
Oap 8-12

6aTa-usny4yenve 8-6, 8-9
©arta-pacnag 8-9

B

BaTT 1-12

BakaHcus 2-29

Bebep 4-12

BekTop 1-28

— YmoBa (MowituHra) 5-31

BEKTOPHOE NPOV3BEAEHNE BEKTOPOB
1-29

Bec Tena 1-19

BeYHbIN ABUratens nepeoro poga 2-13

B3auMHasi uHaykuus 4-19

BHyTpeHHee TpeHue 1-20

BO3roHka 2-30

BoJfiHa 5-20

— berywas 5-21

— pe bponng 7-6

— nnockas 5-21

— nonepeyHas 5-20

— npopgonbHasg 5-20

— cTosivas 5-24

— cdhepuyeckas 5-22

— ynpyras 5-20

— — rapmoHunyeckas 5-20

— aneKkTpomarHuTHas 5-27

BOMHOBas pyHKuUmsA 7-8

BOJIHOBOE 4nCno 5-22

— ypaBHeHue 5-22

BOJIHOBOW nakeT 5-23

BOMHOBas MOBEPXHOCTb 5-21

BOCMPUMMUYMBOCTb BeLLecTBa
avanektpunyeckas 3-15

— — MarHuTHas 4-23

BpeMs penakcaumm 5-13

BsA3KocTb 1-20

— AuHamnyeckaa 1-21

— KMHemaTu4yeckas 1-21

A.H.Orypuos. flekyuu no ¢u3suke.
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Mepexo M3 BO3GYXIEHHOMO COCTOSIHUSI SAPa B OCHOBHOE MPOMCXOAMUT 33 BPEeMs
npumepHo 107*-107"c, yTo 3HAUMTENBHO MEHbLLE BPEeMEHU X13HU BO3BYXIEHHOM
aToma (npumepHo 1075¢c).

CneKTp Y -U3nyyeHus SBRsieTca uHeliyambIM, YTO [10Ka3biBaeT AMCKDETHOCTb

3HepreTn4ecknx COCTOSIHUI aTOMHBbIX aaep.
y-l/lsnyquMe ABNAETCA CTOSIb KOPOTKOBOJTHOBbLIM, YTO €ro BOJIHOBLIE CBOWCTBA

npoABnATCA BeCbMa cnabo, a Ha I'IepBblﬁ nnaH BbICTYNakdT KOPNYCKYNApPHbIe
CBOWICTBA. |_|03TOMy Y -n3ny4YyeHne paccmaTpmBaloT Kak MNOTOK YacTuLl — Y -KBAHTOB.

Y -kBaHTbI, 0briafasi HyneBoW Maccon NOKos, He Moaym 3aMelsIimbCs B Cpefe,
NMO3TOMY MNPV MNPOXOXAEHUWM ¥ -U3NyYeHUs CKBO3b BeLEeCTBO OHM  nmbo

nornowarTcA, nnéo paccenBaroTCcA nMm. OcHO8HbIMU npouyeccamu,
COMpoBOXAaKLWNMN NPOXOXAEHNE Y -U3NYy4YeHNsa Yepes BeLLeCTBO ABNAKTCA:

— QOIHOSQ@EKTTI unun d)omoanekmpuqeckoe noasiow,eHue Yy -ussiy4eHus
— ncnyckaHue aTtoMoM, BCIieACTBUE MOrMoWeHnsa Y -KBaHTa, 3N1eKTpoHa C

OLHOWM M3 BHYTPEHHMX 3MEKTPOHHbIX 060M0YEK, KOTOPOE COMPOBOXAAETCS
XapaKTepUCTUYECKUM PEHTTEHOBCKUM M3nydeHneM. PoToadpdekT ssnseTcs
npeobnagatoLym MEXaHU3MOM MOTMOLEHUs B 06NacTW ManblX SHeprui 7y -

KBaHTOB Ey <100 «kaB.

— KOMOMOH-3ghhekm (KOMMNTOHOBCKOE pacCesiHne) $BMsSeTC OCHOBHbIM
MexaHVW3MOM B3aVMOAENCTBUSA Y -KBaHTOB C BELLECTBOM MPU 3HEPrusx

Ey =500 kaB

— 06pa3oeaHue 371eKMpPOoH-Mo3UMpPOHHbIX nap (npw Ey >1,02M>B = 2m6c2)

CTaHOBUTCA  OCHOBHbIM MPOLIECCOM  B3aWMOLEUCTBUS Y -KBAHTOB C
BeLLEeCTBOM Npu Ey >10MaB.

Ecnu aHeprus 7Y -kBaHTa NpeBbILIAET SHEPIUIO CBA3W HYKIOHOB B siApe

(7+8MbB), To B pesynbTaTe MOMMOLWEHUS 7Y -KBaHTa MOXeT HaGnoaaTbcs

s0epHbIl ghomoaghghekm — BbIGPOC M3 sApPa OJHOTO M3 HYKIOHOB, Yalle BCEro
HEeNTpOHa.

13. Jo3umMeTpulieckue Benn4nHbl U egUHULbI.
BosgelnctBue y-u3nyyeHuss (@ Tawkke [ApPYrMx BUAOB  WOHM3MPYHOLLETO

M3nyyeHnsl) Ha BELIeCTBO XapakTepu3ylT G030l UOHU3UPYHOU,e20 U3JTYYEeHUS.

Pasnuyatotca:

— MoenowjeHHasi do3a u3nyyeHuss — U3MYECKad BenUYMHA, paBHas
OTHOLLIEHUIO SHEPTUM U3My4eHMs K macce obry4aemoro BeLlecTsa.

EgvHuua nornouleHHon gosbl nanyyenuss — rpen (Mp): 1Mp=10x/kr — gosa
N3ny4YeHns, Npyu KoTopon obnyy4yeHHOMY BeLLecTBY Maccow 1kr nepegaetcs
3Heprus nboro noHmanpytoLlero nanyyenmsa 10x.

— O9Kcno3uyuoHHasi 0o3a u3slydeHUss — U3NYeckasi BeENWYMHA, paBHas
OTHOLLEHUIO CYMMbl 3fIEKTPUYECKUX 3apsgoB BCEX WMOHOB OOHOrO  3Haka,
CO3[aHHbIX 3NeKTpoHamu, OcBOGOXAEHHbIMWM B 06My4yeHHOM BO3adyxe (npu
YCMOBMU MOSTHOTO UCMOSb30BaHNA MOHU3NPYHOLWEN CMOCOBHOCTU 3MEKTPOHOB), K
mMacce 3Toro Bosayxa.

EavHyLa 9KCNO3MUMOHHOW A03bl U3NnydYeHus — KynoH Ha kunorpamm (Kn/kr);
BHECWUCTEMHOW eanHuLEn siBnseTcs peHTreH (P): 1P=2,58'10"* Kn/kr.

ApnepHas usuka
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— bBuonozu4veckasi do3a — Benu4uMHa, onpefensiowas BO3AeNCTBUE U3NYyYeHNs
Ha opraHuam.
EgvHvua Guonornyeckon 4o3bl — OGMONOrMY4EeCKU 3KBUBANEHT peHTreHa
(63p): 16ap — posa nwboro BuOA WOHUIUPYIOLLETO  U3NYYEHUs,
npoussogsias makoe e Ouonormyeckoe [pencTBuMe, kKak M fgosa
PEHTreHOBCKOro Unmn ¥ -u3nyyexus s 1P (163p=102 Mx/kr).

MowiHocmb 003bl U3/Ty4eHUs1 — BENUYMHA, pPaBHasi OTHOLUEHWIO [03bl
N3ny4yeHus K BpeMeHn obnyyeHunsi. Pasnuyator:

1) MowWwHOCTb NornoweHHon Ao3bl (eavHuua — rpen Ha cekyHay (Fp/c));

2) MOLLHOCTb 3KCMO3WLIMOHHOM A03bl (e4uHVLEa — aMnep Ha Kunorpamm

(AJkr)).
14.3dbdekT Méccbayapa.

Spgpekmom Méccbayapa HasbiBaeTCA SABMEHME YNPYroro WUCMyCKaHWs Wu
MOrMOLLEHNS Y -KBAHTOB aTOMHbIMU siApamMu, CBS3aHHbIMU B TBEPAOM Terne, He
COMPOBOXJAKLLEECs M3MEHEHMEM BHYTPEHHEW SHeprum Tena (T.e. npoucxogsiiee
0e3 Bo3byxaeHnsa kBaHTOB KonebaHuin Kpuctananyeckon peweTkn — poHOHOB).

Mpu n3ny4yeHun wvnu nornowieHnn 7Y -kBaHTa siIGpoM ce0600HO20 amoma,
BCNeACTBME 3aKOHA COXPaHEHWs UMMynbca SApPO aTtoma npuobpeTaeT wMMNynbc,
paBHbIA  UMMYNbCY W3MYYEHHOrO WNW MOrMMOLWEHHOro hoToHa, a 3HauuT U
KMHETUYECKYI0 SHepruio — KMHETUYeCKylo aHepauto omdayu sdpa (E).

CrniefcTtauem aToro siBNsieTCs TO, YTO:

— npu nepexoge sapa U3 BO3GYKOEHHOTO COCTOSIHMS C aHeprveid E B

OCHOBHOE, U3MNy4YaeMblii ¥ -KBaHT UMEeT 3HEPruto Er HECKOJIbKO MEHbLLYH,

yem E, n3-3a otgaum sapa B npoLecce UsnyyeHus: Ey =E-Eg;

— npu Bos6y>|<,quvw| a4pa U nepexoge ero U3 OCHOBHOINO COCTOAHUA B
BO36y)K,EI,eHH09 Cc aHeprmeﬁ E Y -KBaHT OOJKEH MMETb 3HEePrnio HeCKOSNbKO

Gonbuwyio, yem E: E, =E + Ey
Takum 06pa3oM, MaKCUMyMbl IMHWIA U3Iy4EHUS 1 MOTTIOWEHNS [AOMKHBI BbiTh
COBWHYTHI [PYr OTHOCWTENBLHO Apyra Ha BenuumHy 2Eg (CM. pUcCyHOK), YTo AenaeT
HEBO3MOXHbLIM PE30HAHCHOe TMOrroleHne ¥ -

KBaAHTOB Ansi c80600HbIX SAep.
o Pe3oHaHcHoe nornolyeHne Y -usnyveHus

nornowenus  MOXET ObITb MONYyYEeHO TOMbKO MPU KOMMIeHcayuu
nomepu 9Hepauu Ha omodayy s0pa. Takas
cuTyauusi peanusyeTcs B meepdom mersie, KOraa
£ aTOMbl XeCTKO CBA3aHbl Mexay cobon 1 aHeprus u

UMNynbC OTAAYM NepeaaeTcs He OfHOMY aTtomy, a

BCEMY KpucTanny B LenoMm. B aTom cnyyae notepu aHeprim Ha oTaadvy CTaHOBSITCA
ncyesaroLle mManbliMu, NOCKOMNBKY Macca KpucTanna ropasfo 6onbliue Maccbl 0AHOMO
aToMa U KMHeTuYeckasi SHeprusi, KOTopyt npuobpeTaeT BeCb KpUCTan, HUYTOXHA.
Mpu gocTaToyHO HM3KMX TeMnepaTypax, Koraa BEPOSTHOCTb BO30YxAeHNs1 (POHOHOB
BCNeACTBME OTAa4um aTOMOB CHWXAeETCsl, MPOLIeCChbl U3MyYeHWs U MOrMoweHns y -

U3My4YeHUs NPOUCXOAST MpakTuyeckun 6es notepb dHepruu (MaeanbHo ynpyro) Ges
N3MEHEHUS BHYTPEHHEN 3Heprum Tena.

265

Tunus
U3AYYeHUR
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4) "ctpaHHbIN" (strange) — s

5) "MCTUHHBIRN" (true) — ¢

6) "npenectHbiit” (beauty) —b.

Y KBapKOB MMEIOTCS aHTUYaCTULLbl — aHMUK8apPKU.

CBopgHasi Tabnuua anemMeHTapHbIX YacTuu,
CumBoin R B
SE LS EL8.] 8
Covima Ha3panue =} é ? es Ef %E E e % S
pyin YaCTHI[bI S e = 8 5 = EE|E28|58
o T
s | E7 8| 8 57|27 &F
= & 2] S Q g s
DOoTOHBI DoTOH Y 0 0 1 — 0
OneKTpoH e et 1 1 12 | — +1 0
DeKTponHoe |, v, | o 0 12 — |+ ] o
HETpHHO
Mioox u u* 1 2068 | 12 | — | +1 0
JlenTone! MI?OHHOG v, ‘7” 0 0 12 _ +1 0
HEATPHHO
Tay-nenTon _ N
(Taom) T T 1 3487 12 | — | +1 0
Taonioe v, 7ol 0 12 — |+ ] o
HEfTPHHO
0 0 | 264,11 0 1 0 0
ITnons!
ot T 1 273,1 0 1 0 0
Me30Hb! KO Ko 0 | 9740 0 12 0 0
Kaonsr
Kt K~ 1 966,2 0 12 0 0
Sra-Me3on n’ 01074 [ 0| —1] 0|0
Iporon p D 1 | 18362 | 172 | 12 0 +1
2 Heiitpox n n 0 | 18387 | 112 | 112 0 +1
gf I'nneponsr:
< nsambra Al A0 0 | 2183 1/2 0 0 +1
>0 50 0 2334 12 1 0 +1
bapuonet curva | y+ S+ [ 1| 2328 [2] 1 [ 0o [+
> - 1 2343 12 1 0 +1
=0 =0 0 2573 12 | 12 0 +1
KCH =
=" =- 1 2586 12 | 12 0 +1
omera Q- o 1 3273 32 0 0 +1

A.H.Orypuos. flekyuu no ¢u3suke.
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B3auMoaencTeuns. CxeMaTuyHo, aNeKTpoMarHuTHoe
B3aUMOAENCTBME  OBYX  3apPSPKEHHbIX  YacTul
npoucxogut  nytem obMeHa  Mexay — HUMM
supmyanbHbiM ¢omoHoM Y. B pesynbTaTte

BO3HWKAET, Hanpumep paccesiHMe 3reKTpoHa
NPOTOHOM, KOTOpPOE CXemMaTu4yecku u3obpakaeTcs
duacpammol  ®eliimaHa (a). A cnaboe
B3aMMOOENCTBME MPOUCXOAUT nNyTemM obOMeHa

MPOMEXYMOYHLIMU 8€KMOPHbIMU 6o3oHamu (W' W~ Z 0) —  TSDKENbIMM

+ o
YyacTmuamu co cnvHoM 1. Mpu aToM W ~-6030HbI OCYLLECTBMSAT B3anMOAencTBue
NpyU KOTOPOM M3MEHSIETCA 3HaK 3apsida UCXOAHOW YacTubl (Hanpumep, 6aTa-pacnag

Oln—>l'p+_?e+g\7€ (anarpamma dernHmaHa (6)), a 7" -6030H — npv KOTOPOM 3HakK He

n3MeHsieTcs (Hanpumep, paccesiHue HeWTPUHO Ha 3MeKTpoHe 8\7+_?e—>_?e+3\7€
(avarpamma ®enHmaHa (8)). Takum o6pasom, mpu MPOMexymoyHbix 6030Ha U
omoH SBMATCA KBaHTaMW TaK Ha3blBaeMbIX KasluGpPOBOYHbIX GE€KMOPHbLIX
noned 3nekTpocnaboro B3aMMoaencTeus.

23.3nemMeHTapHble YacTuubl.

Y Kaxgol anemMeHTapHOWM YacTuubl eCTb aHTU4acTMLa, 0003Ha4YaeTcs oHa Tem
K€ CUMBOJIOM, HO C fJOOaBNeHNeM TUNbAbl Hag HUM.

AHTHYacTUubl CbOTOHa, 7[0- n T]O-MGBOHOB TOXAOEeCTBEHHbl caMUM YacTuuam.

OTM vacTuubl SIBRSIIOTCA  UCMUHHO HelmparbHbIMU, OHW He CMocoBHbl K
aHHUMMMSALMKM,  HO  UCMbITHIBAOT  B3aWMHble  MpeBpalleHusi,  siBhsiowmnecs
hbyHOAMeHTanbHbIM CBOMCTBOM BCEX ANIEMEHTaPHbIX YacTuL.

OnemeHTapHble YacTuupbl 06bEAUHSIOTCS B TPY rPynnbl: (OOTOHbI, NENTOHbI 1
aJpoHBbI.

[pynna ¢oTOHOB cCOCTOMT M3 OQHOM YacTuubl — OTOHa — KBaHTa
3/1eKMpPOMa2HUMHO20 B3aUMOOENCTBUSI.

[pynna NnentoHOB COCTOMT M3 3MEKTPOHA, MIOOHA, 3NEKTPOHHOIO Y MIOOHHOIO
HEeNTPVHO, TSXXENOoro nenToHa — T -nentoHa (TaoHa), TAaOHHOTO HEWTPUHO, a Takke
COOTBETCTBYHOLLMX UM aHTH4YacTul. OHU ydacmeyrom TOMNbKO B 3NEeKTPOMarHMTHOM
¥ cnabom B3aMMOAENCTBUSX.

K rpynne agpoHOB OTHOCATCS Me30HbI (MUOHbI U KaoHbl) U 6apUOHBI (HYKMOHbI
(NPOTOH, HEeMTPOH) M HecTabunbHble Yactuubl). Mpu pacnage GapuoHa, Hapsgy C
apyrumm Yactuuamu, Bcerga obpasyeTcsi HOBbI GapuoH — 3aKOH coxpaHeHus!
6apuoHHo20 3apsida. AQpoHbl 0bnagaloT cunnbHbIM 83aumodelicmeuemM, Hapsdy ¢
a/1eKmpomMa2HUMHbLIM 1 criabbiM.

ALPOHBI COCTOAT N3 K8apkoe. Kaxabli Me3oH M cTpouTcst U3 OJHOTO KBapka
¢ Y OOHOrO aHTUKBapKa ¢ , Kaxablii 6apMoH B — 13 Tpex KBapKoB ¢ :

M =qq, B=qqq
Uncrno NenToHOB PaBHO YUCTTY TUMOB KBapKOB — MPUHYUN KeapK-11erMoOHHOU
cuMMempuu.
MmMeloTca Keapku LLIECTM TWUMOB, KOTOpble MoAoGHO nentoHam o6pasyloT Tpu
aybneta, unu Tpu nokonewus (u,d), (c,s), (¢,b):
1) BepxHwui (up) — u
2) HuxHwit (down) — d

3) "oyapoBaHHbIN" (charm) — ¢

A.H.Orypuos. flekyuu no ¢u3suke.

15.MpubopbI ANsa perucTpauum paguoakTMBHbIX U3NYYEHUA U HYacTuLL.
Ha6niogeHve u pervctpauus pagmoakTUBHbIX UanydeHunin (o, ﬁ,}/) N yacTtuy,

OCHOBaHbl Ha MX CMOCOBHOCTU MPOM3BOAWUTL MOHU3ALMIO UK BO3BYXXOEeHNe aToMOB
cpeabl.

CUUHMUNNSAYUOHHBbIU cYeMYUK — [ETEKTOP SAEPHbIX YacTul, OCHOBHBIMU
afleMeHTaMy  KOTOpOoro  SABNSATCS  cyuHmunnsamop  (kpuctannodocdop,
N3ny4YaroLwmin BCbILWKX CBETa MpW NonagaHnu B HEro Yactuu) U OTOINEKTPOHHLIN
ymMHOXuTenb (PIY), nossonswwmii npeobpasoBaTb criabble CBETOBblE BCMbILLKM B
ANeKTPUYECcKNe MMMynbCbl, KOTOPbIE PEMMCTPUPYIOTCS ANEKTPOHHOW annapaTtypou.

HoHu3ayuoHHble cYemMYuKU — 3anOfIHEHHbIE ra3oM 3neKkTpu4eckme
KOHOEeHCaTopbl — OETEeKTOPbl YacTuL, OCHOBaHHblE Ha CMNOCOBHOCTU 3apsKEHHbIX
YacTuy BbI3blBaTb MOHM3aUMIO ras3a, C MOCneayllwum pasgeneHneM npoayKToB
MOHM3aLMM B 3reKkTpuyeckoM nose. Ecnu cyeTunk permcTpupyeT TOMbKO WOHbI,
obpasoBaBlUMEC HENOoCpeaCTBEHHO MoA AeNCTBMEM 4YacTul, TO TakOM CYETYUK
Ha3blBalOTCA UMMYJILCHOU UOHU3aUYUOHHOU Kamepol. CYeTymKn, B KOTOpPbIX
OCHOBHYIO pOJSib UrpaeT BTOpUYHasi MOHM3auusi oBycrnoBneHHast CTONKHOBEHUSIMU
NepBUYHbIX MOHOB C aTOMaMu U MOJfleKynamu rasa, B pesynbTaTte 4Yero BO3HMKaeT
paspsii B ra3e, HasblBalTCsl 2a3opa3psidHbIMU cyemyukamu. [pumep
rasopaspsifHoro cyeTynka — cyetyuk [erirepa-Mionnepa.

lMonynpoeodHuUKoB8ble  cYemYuku —  TOMYNPOBOAHWKOBbIE  AMOAbI,
NPOXOXAEHNE Yepe3 KOTopble PermcTpupyembiX 4acTul, MPUBOAMT K MOSIBMEHUIO
3NEKTPUHECKOro TOKa Yepes amoa.

Kamepa BunbcoHa — UMNMHOP C MAOTHO NpuUnerawwyM MopLUHEM,
3anorHeHHbI HerTparnbHbiM ra3om. [Npu peskom (agmabatmyeckom) pacluMpeHun
ras3 CTaHOBUTCSI MEPECHILEHHBIM M Ha TPAEKTOPUsiX YacTul, NPONeTeBLUMX vepes3
Kamepy, 0bpasyroTcs TPEKM U3 TyMaHa, koTopble hoTorpadunpyoTcs.

lMy3bipbKOBasi KamMepa — KOHCTPYKTMBHO MOXOXas Ha kamepy BunbcoHa u
3anosiHeHHas NPO3paYHOW MeperpeTon XuakocTbio. [MponeTarwlas yepes Kamepy
3apsKeHHas 4acTuua Bbi3blBaeT pe3koe BCKUMaHWe XXWMOKOCTW, W TpaekTopusi
YacTuubl okasbiBaeTcs 0603HAYEeHHON LEMNOYKON My3bIpbKOB rasa — obpasys Tpex,
KOTOpbI Kak U B kamepe BunbcoHa, dotorpacdupyetca. OddekTnBHbIN 06beM
ny3blpbKOBOW kamepe Ha 2—3 nopsigka bonblue, Yem y kamepbl BunbcoHa, Tak Kak
XWOKOCTW ropasfo nroTHee rasos.

S1depHble ghomoamynibcuu — TONCTOCMOMHbIE oTOorpacduyeckue aMynbcun,
NPOXOXAEHNE 3apshKeHHbIX YacTul, Yepe3 KOTopble BbI3blBA€T WOHWU3ALMIO,
npuBoAsilLyl0 K 06pa3oBaHWIO CKPbITOro M3o0paxeHusi B amynbcuun. [locne
NPOsIBEeHNs criedbl 3apsKeHHbIX YacTul, obHapyxuBalTCa B BMAe LeNoYKku 3epeH
meTannuyeckoro cepebpa. [Ona uvccrnefoBaHWA  BbICOKOSHEPTrETUYHBIX YacTuy,
MCMONb3yTCA CMOMbl MIaCMUHOK — 0Onblioe YMCIO  MapKUPOBaHHbIX
HOTOIMYIBLCUOHHbBIX NNACTUHOK, NOMELLAeMbIX Ha MYTU YacTUL, U NOocne NPosBNeHns
npomepsieMbIX No4 MUKPOCKOMOM.

16.4pepHble peakumMu 1 UX OCHOBHbIE TUNbI.
S10epHble peakyuu — 3TO NPeBpaLleHUss aTOMHbIX SAep Npv B3auMoaencTBum
C 3N1eMeHTapHbLIMU YacTULamu (B TOM Y1CHEe U C Y -KBAHTaMM) UNv Apyr C APYroM.
CVMBONNYECKN peakLMmn 3an1cbiBaloTCsl B BUAE:
X+a—>Y+b, wm  X(a,b)Y
rae X nu Y — ucxofHoe M KoHeyHoe sapa, a u b — GombBapaupyowas
ncnyckaemasi (Unu ucrnyckaemble) B A4€pHON peakuum YacTuLbl.

ApnepHas usmka
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B nwobon sOepHOM  peakuuMu  BbIMOMHAIOMCS — 3aKOHbl — COXPaHeHUsl
a51eKmpuYeckux 3apsi008 U MaccoebiX Yuces: cymma 3apsgoB (M MaccoBbIX Yncen)
SAep W YacTuu, BCTynawLwmux B AOEPHYI0 peakumio, paBHa CyMMme 3apsgoB (M cymme
MaccOBbIX YMCemn) KOHEYHbIX MPOAYKTOB (S4ep M 4actuy) peakuuun. BeinonHsatoTcs
TaKkKe 3aKOHbl COXPaHeHUs1 SHepauu, uMrnysbca U MOMeHma umrysbca.

ApepHble peakuun MoryT ObiTb Kak 3K30mepmMu4Yeckumu (C BbloeneHvem
3Heprun) Tak 1 IHdomepmMu4yeckUMU (C NOTNOLLEHNEM SHEPTUM).

ApepHble peakuuMn npoTekalT 8 HEeCKo/bKo amaros. Ha nepBom 3Ttane
HaneTawLasi YyacTuua 3acTpeBaeT B sape-mueHn, obpasysi cocmaeHoe si0po vnm
KOMnayHO-s10po, W ee OSHeprust nepefaeTcsl He KakoMy-nubo  HyKIOHy, a
paBHOMEPHO pacnpegenseTcs Mexoy 8ceMu Yacmuyamu COCTaBHOro a4pa, Tak YTto
HAW OOHA W3 HWX He MnofyyYyaeT 3JHeprumn, [OCTaTOYMHOM Ans BbineTa u3 sgpa.
CocraBHOe A4po paccmaTtpuBaeTcsl kak BO3DOyxaeHHasi cTaTUcTuyeckas cucmema
YyacTuy, coBepLualoLLlas HeyrnopsiAoYeHHbIEe OBWKEHNS, NOAOOHbIE ABMXXEHWUIO YacTuL
B Karsne xugkoctu. B pesynbtaTte cryyalHbiX OTKIIOHEHWA OT PaBHOMEPHOro
pacnpefeneHns aHepruv BO3OYXOEHWS MexZdy YacTMuaMy COCTaBHOrO sigpa Ha
Kakon-nmbo OOHOM U3 HUX KOHLIEHTPUPYETCS SHEeprusi, AOoCTaTouHas Ansl Bbineta
9TOM 4YacTuubl M3 sgpa. OTOT BTOPOW 3Tan SAEPHON peakumyM npoucxoguTt no

ucteuenmn Bpemenn (107 +10%)-7, nocne nepeoro atana, rme T, —

XapakmepHoe si0epHoe epemst (~ 10722 c).
Cxema sigepHoii peakumm ¢ obpasoBaHMeM KomnayHA-sapa:
4 A 4
2 X+a->7Y—>,C+b
4 4
roe Zi X —wncxogHoe AOpO-MULLEHb, @ — HareTawllas YacTvua, ZZZY —

cocTaBHoe A7po, ;iC — AOpOo — MPOAYKT AfdepHoW peakuun, b — wvactuua,

BbiNleTeBLUAsA 13 Aapa B pesynbTate peakuum.
Ecnv a=b, TOo nNpoucxoaut paccesiHue 4acTuubl SOPOM: yrpy2o0e — npu
E,=E,, Heynpyzoe — npu E,#E,. Ecrnum xe wucnylweHHas vactiua He
TOXAECTBEHHA C 3axBayeHHon (b#a), To waeT afepHas peakuuss B MPSAMOM
CcMbIcre croBa.
ApepHble peakumm Knaccuduumpyrotcs:
1) no pody yyacmeyrwux € HUX Yacmuy — peakuuu nopg Aencrtesmem
HEWTPOHOB; 3apsiKeHHbIX YaCTWLL; Y -KBaHTOB;
2) Mo 3Hepa2uu ebI3bIAWUX UX Yacmuy — peakuuy npu MarsblX, CPeaHMX
1 BbICOKUX SHEPIUAX;
3) no pody yyacmeyrowjux e Hux s10ep — peakuum Ha nerkux (A <50);

cpeaHux (50 < A <100) un tshxenbix (4 >100) sppax;

4) no xapakmepy npoucxodsiuux s0epHbIX MpeepaujeHull — peakuun ¢
MCycKaHMeM HENTPOHOB, 3apsKEeHHbIX YacTuL; peakuuy 3axeaTa (B cryyae
3TUX peakuuit COCTaBHOE SAPO HE UCMYCKAeT HUKAKMX YacTul, a nepexoauT
B OCHOBHOE COCTOsIHUE, U3y4asi OOMH UMM HECKOSbKO Y -KBAHTOB).

MepBas B UCTOpWUU AAepHas peakums Gbina ocyllecTeneHa Pesepcopaom npu
6omGapavpoBKe sapa as3oTa ¢ -4acTULamm:

14 4 18 17 1
sN+;He— (F— O+ p
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Peakuun cuHTE3a Nnerkux snep, CBs3aHHble C NPEOAOSNIEHNEM UX KYNOHOBCKOrO
oTTankumBaHusl, 9d@PEKTVUBHO MOryT MpoTekaTb NWb NpU  CBEPXBbICOKMX
TemnepaTtypax nopsiaka 105—10°K. Takue peakuuu Ha3bLIBAIOTCS MePMOSIOePHbIMU
peakyusiMu cuHmes3a v NPOUCXOAAT B BELLECTBE, HaXoOAWMMCS B NnasMeHHOM
COCTOsiHUU. TepMmosiiepHble peakuuMn SBRASOTCSA, MNO-BUOAMMOMY, MWCTOYHMKaMU
3HEpPrMM  3Be3d, KOMMEHCUpYLWMMKW  MX  u3nyyeHve. [peanonoxutensHo
TepmosiiepHble peakumm Ha CornHue, B KOTOPbIX siApa BoAopoaa MpeBpallatTcs B
sapa renusi, MoryT npoTekatb B (hOpMe OOHOrO U3 ABYX MepMOsiGepHbIX YUKIT08:

1) NPOTOH-NPOTOHHbLIN LKA

Ip+ip—=H+ Je+lv,, H+p—iHe+y, 3Het+iHe—jHe+2p
2) yrnepop-a3oTHbIM LMKN

12 1 13 13 13 0 0 13 1 14

C+p—3N+7y, N> C+_ jetyV,, cCHip—= I N+y

UN+p—=0+y, BO-UN+ et v, BN+ p—'tC+iHe
HononHeHue

22. dyHaamMeHTanbHble B3aMMoaencTBUS.

B HacTosiwee Bpems pas3nuyaloT 4Yemsbipe muna yHOaMeHmanbHbIX
83aumodelicmauli: CUnbHOE, 3NeKTpoOMarHnTHoe, cnaboe n rpaBUTaLMOHHOE.

CunbHoe 83aumModelicmaue CBONCTBEHHO YacTuLiam, Ha3blBaeMblX agpoHamm
(hadros (rpe4.) — CUIbHbIA, MaCCUBHbIN, KPYMHbIN), K YUCIY KOTOPbIX NpUHaanexar,
B 4aCTHOCTM, MPOTOH, M HeWTpoH. Hambonee u3BecTHoe ero nposiBNeHve —
sinepHble cunbl, obecneymBaroLLmne CyLLLECTBOBAHME aTOMHbIX SAep.

B anekmpomazHumHom e3aumodelicmeuu, HaunGornee W3BECTHOM MU
Hanbornee W3y4eHHOM, HEMOCPEACTBEHHO Y4YacTBYIOT TOMIbKO — 3NEKTPUYECKU
3apsKeHHble YacTuubl U poToHbl. OJHO M3 ero NPOsABIEHNIA — KYNOHOBCKUE CUMbI,
obycnoenvearoLLme cylllecTBOBaHWE aTOMOB.

Cnaboe e3aumodelicmeue Tnpucylle BCEM 4acTuuam, Kpome (OTOHOB.
Haunbonee n3BectHoe ero nposieneHve — 6GeTa-npeBpalleHns atomHbix sgep. OHo
Xe obycnaBnuBaeT HeCTabubHOCTb MHOMMX 3feMeHTapHbIX 4YacTuu, Hanpumep
HeWTpoHa.

FpasumayuoHHoOe 83aumodelicmeue CBONCTBEHHO BCeM Tenam BceneHHon,
NposiBNASCb B BWAE CWUM BCEMMPHOrO TArOTEHMA. OTU cunbl 0BycnoenueatoT
CylLlecTBOBaHME 3Be3d, MMaHeTHbIX cuctem, M T. n. [paBuTauMoHHOEe
B3avMoencTBue npeaernbHo cnaboe 1 B MMpe 3reMeHTapHbIX YacTuUL, Npu OBObIYHBLIX
3HEprusx HenocpeacTBEHHON PONu He UrpaerT.

dyHaameHTanbHble  B3aMMOAEWCTBUS  PA3NMYaloTCs  MHTEHCUBHOCTSAMU U
paguycamun OencTeus:

B3aumopencteune NHTEHCUBHOCTb Paguyc pencteus, m
CunbHoe ~1 ~10716
OnekTpoMarHuTHoe L I

137
Cna6oe ~10710 ~107'8
MpaBuTaLMOHHOE ~10738 oo

A.H.Orypuos. flekyuu no ¢u3suke.

B 60-x rogax W.Manwoy, C.BanH6eprom n A.Canamom 6bina cosgaHa meopusi
anekmpocsabo2o B3aMMoAeNCTBUS, 06 beanHMBLLIAS 3NIEKTPOMarHMTHoe u crnaboe
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3) 23920Th — CHYXMUT CbipbeM AfA MOSlyYeHUs! WUCKYCCTBEHHOMO S4EpHOro

Tonnmea %, U no cxewe:

22 Thtin—2Th—E—2B pa—b- 23y

S10epHbIM peakmopom Ha3biBaeTCsl YCTPOWCTBO, B KOTOPOM OCYLLECTBISIETCS
1 NoaaepXKuMBaeTcs ynpasnsiemas LenHasi peakuust oeneHus.

PaccmoTpum cxemy peaktopa Ha MeOneHHbIX
HenTpoHax. B akTMBHOM 30He peakTopa pacrnofoXeHbl
TennoBbIAENsWMe anemMeHTbl (TBanbl) 1 1 3ameanu-
Tenb 2 (B HEM HEWTPOHbl 3aMeanstTca OO0 TennoBbIX
ckopocTen). TBanbl npeacTaBnsitoT cobor 6rokn u3
Aensierocst matepuana, 3aknioyYeHHble B repMeTUYHYI0
060nouky, crnabo nornowiarLlyo HEeWTPOHbI. 3a cyeT
3HEprun, BbIAENSIOWENCA Npu AeneHun agep, TBanbl
pasorpeBalTCd, a MNo3TOMy QAN OXNaXAEHUA OHU
nomMeLLalTcsa B NOTOK TennoHocuTens 3. AKTMBHas 30Ha
OKpy)XeHa oTpaxaTtenem 4, yMeHblUaloWMM YTeuKy

HenTpoHoB. [loggepxaHue cTa-
Sieproe zoprovee i samednimens LMOHAPHOrO pexumMa peakTopa
Tensanocumeso NPOM3BOAUTCS C  MOMOLLbIO
ynpaBnsowWwmx crepxHen 5 wu3s
maTepuanoB, CWUMbHO  MOrNo-
LaKoLWNX HENTPOHbI, Hanpuvep
13 6opa mnu kagmms. TennoHocu-
Tenem B peakTope CryXuT BOAA,
Xuakui Hatpui n gp. TennoHocu-
Tenb B naporeHepaTtope oTAdaeT
CBOe Tenno napy, KoTopbin
noctynaet B MapoBylo TypOuWHYy.
TypbvHa  BpawaeTr  anekTpu-
YeCKWiA reHepaTop, TOK OT KOTOPOro NOCTYMNAET B SMEKTPUYECKYHO CETb.

Pezynupyouyue

Typbuna  [enepamap

CmepwHlL

ANAN N

NYNNSORNNNN

IO {1

NN

pSSS

Jauguma om paduagud
Ompamamens

21.PeaKkuus CUHTE3a aTOMHbIX s4gep.

Peakuus cuHTe3a aTOMHbIX sgep — obpasoBaHue M3 nerkux sgep Gonee
Tskenbix. [py  peakuusx CuHTe3a yOefbHasi 3Heprus CBA3WM s4ep  Pesko

yBENMYMBAETCA NpU Nepexode oT saep AenTepusi 21H N TpUTKS 31H K NIUTUIO gLi "
renuto ;He (cm. cTp. 8-3), uTo NPUBOAUT K BONbLUOMY 3HeproBblgeneHuo O :
TH+ H— H+p (0=4,0 M3B)
H+H—jHe+,n  (Q=3,3M>dB)
H+’H—>3Het+gn  (Q=17,6 MaB) (%)
‘Li+JH—;He+;He (Q=22,4M>3B)
B peakuusix cuHTe3a BblaenseTcs 3HauMTernbHO GorbLue 3HEPrUM B pacyeTe Ha
OJMH HYKIOH, YeM B peakuusx AeneHvst (Hanpumep, nNpu AeneHun sapa ypaHa 2§§U

Bbigensietcs 200 MaB, uto cocraBnsier 0,84 MaB/HykrnoH, a B peakumu (*)
BbigenseTca 17,6/5=3,5 MaB/HyknoH).

17.5gepHble peakuun nog AeMCTBUEM HEMTPOHOB.
B 3aBMCMMOCTM OT CKOPOCTM (SHEPrMM) HEWTPOHbl AENST Ha MeOsiIeHHble U

6bicmpsble.
MefaneHHble HEUTPOHbI: BbICTpbie HEWTPOHbI:
ynbTpaxonogHole (< 1077 3B) ObiCTpbIE (104 + 1083B)

ouetb xonognbie (107 +1075B)  [BbicokoanepreTuunblie (10° +10'"5B)
xonoaHsie (107* +1075B) pensitusmctckue (>10'°2B)
tennosble (10 +0,55B)

pesonaHcHble (0,5 +10%9B)

B BellecTBax, Ha3biBaeMbix 3amednumensamu (rpacuT, Tsxkenas soaa DO,
HDO, coeanHeHus 6epunnus), BbICTpble HENTPOHbLI PACCEMBAIOTCS Ha sApax U KX
3HEprnsi MEepexoauT B 3HEPrNio  TEMMOBOrO [ABWXEHWS aTOMOB BeLLEeCTBa-
3amennuTens.

MepaneHHble HeWTpoHbl 3EKTMBHBLI ANA BO30YXKAEHUA SOEPHbIX peakuuin,
MOCKOJIbKY OHW OTHOCWUTESNIbHO AOMI0 MOTyT HaxoauTbes BGNM3WM aTtoMHOro sapa, a
NOSTOMY BEPOSITHOCTb 3axBaTa HEWTPOHa siAPOM OYeHb BornbLuast.

Ona mMepneHHbIX HEWTPOHOB XapaKTepHbl yrnpyzoe paccesiHue Ha siOpax
(peakumus Tvna (n,n)) n paduayuoHHbIl 3axeam (peakuust Tuna (n,y) ). Peakunsi

Tvna (n,7) NpvBoAUT kK 06pa3oBaHUI0 HOBOTO U30TOMA UCXOAHOrO BellecTBa:

AX+n—="LY +y, nanpumep, '3 Cd+in—"1eCd +y

Mon [nencTBMEeM TenmnoBbiX HEWTPOHOB Ha Jerkvx sigpax HabropatoTtes
peakuny 3axeaTta HENTPOHOB C WCMYCKaHUEM MPOTOHOB M (X -4acTuy (peakuum Tuna
(n,p) v (n,@)):

3 L 3yl 0, 1, Tr:,4
>He+yn—1H+p, sB+yn—;Li+,He

Ho rnaBHbiM o6pasom peakumm Tuna (n,p) u (n,) npoucxomsaT noa

JenctereM BbICTPbIX HEMTPOHOB, T.K. B 3TOM Cllyyae SHEprus goctatoyHa Ans
NpeoaoneHns noTeHumansHoro 6apbepa, NPensTCTBYIOLLErO BLIIETY NPOTOHOB U ¢ -
yacTuy.

[ns 6bLICTPLIX HellTPOHOB HabrloaaeTcs Heynpyroe paccesHue (n,1):

4 1 A~ 1 7
FX+on—7 X +on

rae BbineTawwmuin U3 sapa HEeWTPOH Oln' MMEET SHEPTMI0 MEHbLLYIO 3HEeprum

HareTalwLlero HemTpoHa oln a ocralwlleecss Mocre BbifieTa HeMTpoHa sapo

HaxoauTcs B BO3GYKAEHHOM COCTOSIHUM ;X*, NMo3TOMy ero nepexop B HopmarnbHoe
COCTOSIHVME COMPOBOXAAETCS UCNYCKaHWEM Y -KBaHTa.

Korga aHeprus anektpoHoB pocturaeT 10 MaB, crtaHOBATCA BO3MOXHbIMU
peakumn Tvna (n,2n). Hanpumep, B pesynbTaTte peakuum
238 1 237 1
»Uton—=>"5U+2n
obpasyeTcsa ﬁ " -aKTUBHbIN M30TOM, pacnagatoLmincs no cxeme

237 B~ 237 0
0 U———>"5; Np+_je

A.H.Orypuos. flekyuu no ¢u3suke.
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18.Peakunu geneHus sagpa.

Tskenoe KoMMayHA-si4po, BO30YXKOEHHOE NpU  pe3oHaHCHOM  3axBaTe
HENTPOHa, MOXET pasfenuTbes Ha ABe NPUBNU3MTENBHO paBHblE YacTu (peakyus
deneHusi mspokenbix s0ep). Obpas3oBaBLUMECH 4acTU Ha3blBalOTCA OCKOJIKaMu
OdeneHusi.  HeyctonumBocTb  Tsbkenblx — sgep  obycrioBneHa  83auMHbIM
ommarnkusaHuem 605bLLIOro Y1cna NPOTOHOB, HAXOAALLMXCS B Aapax.

Mpumep peakummn genexHuns:

2 Ut gn—'3 Xe+33Sr +20n

OdeneHne Tsxenoro siapa Ha [Ba OCKOMKa COMPOBOXAAETCHA 8bl0esieHuUeM
aHepauu nopsigka 1 MaB Ha kaxabl HYKNoH. OTO cnegyeTt U3 TOro, YTo yaenbHas
3Heprusi CBA3M Ana a4ep cpedHen macchl cocTaBnsieT npumepHo 8,7 MaB, B To
BpeMs Kak Ans Tshkenblx sgep oHa pasBHa 7,6 MaB (cMm. pucyHok Ha cTp. 8-3).

Hanpumep, npu penenum sgpa ypaHa 23§U, copgepxawiero 238 HyKIOHOB,
BblaenseTcsa aHeprus nopsaka 200 MaB.

B ocHOBY Teopuu AeneHns aTtoMHbIX SiAep NONoXeHa KarnesnbHas Modesb s0pa.
Anpo paccmaTpuBaeTcs Kak Kannsg 3neKkTpUYecKku 3apsiKeHHOW HeCKMMaemown
XMOKOCTU (@) C MMOTHOCTbIO, pPaBHOM AOEPHON, W MNOAYMHSAIOLLENCH 3aKoHaMm
KBAHTOBOW MexaHuku. [Npu 3axBaTe HEWTpPOHa YCTOMYMBOCTb TaKoW 3apsiKeHHOMN
Kannu HapywaeTtcsl, S4pO0 npuxoaut B KosiebaHusi — MOMNEPEeMEHHO TO
BblTArMBaeTCs, TO
cXKumaeTcsl.

BepoaTHOCTb @ @
nenexHusa sgep on-
pegensieTcs aHep- a v b 2 0
a2uell akmueayuu — MUHUMasbHOU 3Hepauel, HeobXoanMONn ANA OCYyLLEeCTBIIeHUS
peakumn paeneHus sgpa. lMpu sHepruax BO3BYXOEHUS MEHbLWUX YEM SHeprus
aKTuBauuu fenenus, gedopmauma sgpa-kannv He OOXOAMT [0 Kputuueckon (6),
SAPO He JenuTcs WM BO3BpaLLaeTcsl B OCHOBHOE 3HEpreTu4eckoe COCTOsHuE,
NCNYCTUB Y -KBaHT.

Mpu sHepruax BO30yxOeHWUA 6osbwe SHEPrMM  akTUBauuu  OerneHus
gedopmaums  Kannum  OOCTMraeT KpUTMYECKOro 3HadeHuss (B) obpasyetca w
yanuHsieTcs "nepetskka" B kanne (r) U HacTynaet genexnve (4).

Tspkenble siapa CnocoGHbI K AENEHWI0, eCnu AN HUX BbIMONHSETCS YyCrnoBue

Z2/A >17, roe Z2/A — napamemp OesieHusl. OTO YCroBWe BbINOMHAETC Ans

BCEX si4ep, HaumHas ¢ cepebpa 1%‘ Ag, ansa koToporo ZZ/A =20.
Kpumuyeckum napamempom deneHusi HasblBaeTcs napameTp
(Zz/A)Kp"T =49. Apgpa c napameTpoM [eneHnst GONbLIMM  KPUTUHECKOrO

Zz/A > 49 coBeplUEHHO HeyCTOMYMBLI OTHOCUTENBLHO AeneHust. Takue sapa, ecnu
Gbl OHM BO3HWKMWM, MFHOBEHHO MpeTepnesany Obl AefieHWe 3a BpeMeHa nopsigka
1072—10"*c.

MNpn Z 2/A<49 BO3MOXHO CaMOMpou3eosibHoe (CrIOHMaHHoe) desieHue
A0ep, NPOVCXOAsLLEEe aHarnorMyHo ¢ -pacnafy 3a cyeT TYHHenbHOro addekTa.
OpfHako nepuoa nofypacrnaga [Afis CNOHTAHHOMO AeneHust saep  COoCTaensieT
10'—10"" ner.

OckomnkvM peneHnss B MOMEHT cBoero obpasoBaHus obnagatoT u3bbITKOM
HEeMTPOHOB, NOCKOMNbKY AN CPeAHUX SAEP YUCHO NPOTOHOB NPUGNU3UTENBHO PaBHO

A.H.Orypuos. flekyuu no ¢u3suke.
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ymcny HeMTpoOHOB (N/Z =1), a ons TAKENbIX A4ep YNCIIO HEUTPOHOB 3HAYUTENBHO
npesbiwaeT uncno npotoHos (N/Z =1,6). N36bITOUHbIE HETPOHBI, UCMyCKaeMble

OCKOmnkamu, HasbiBalTcs HelimpoHamu OJenieHusi. B cpegHem Ha Kaxabld akT
JeneHus npuxoguTcs 2,5  WCMyLWEHHbIX HeWTpoHa. BonblUMHCTBO K3 HUX

~14 g
ucrnyckaeTcsi npaktuyeckn MrioseHHo (1 <107 °c) — MaHOeeHHbIe HelimpoHbl, a
yactb (~0,7%) cnycta HekoTopoe Bpemsi nocne fenerust (0,05¢<¢<60c) —
3anasdblearoujue HelimpoHbI.

19.lenHasa peakuus geneHus.

Kaxabll M3 MrHOBEHHbIX HEWTPOHOB, BO3HMKWMX B peakumMn AeneHus,
B3aMMOENCTBYS C COCEAHUMMU siApamy Oensierocsi BELeCTBa, BbI3biIBAET B HUX
peakumio genexus.

Mpu aTOM waeT sl@a8UHOObOPa3HOE HapacTaHve 4MCra akToB AeneHuss —
HauvHaeTCcsl yernHasi peakyusi 0esleHUss — SAepHas peakuusi, B KOTOPOW YacTuubl,
BbI3bIBalOLLME peakumto, 06pasytoTcs kak MpoayKTbl 3TON peakumm.

YcnoBMeM  BO3HMKHOBEHWSI  LEMHOW  peakumMu  SIBASIETCS  Hanuuue
pPa3MHOXaLLMXCA HEUTPOHOB.

KoagppuyueHmom pazmHoxeHusi HelimpoHoe k HasbiBaeTCcs OTHOLLEHWE
yucna HeWTPOHOB, BO3HMKaKOLWMX B HEKOTOPOM 3BEHE peakumu, K YUCAY TaKux
HENTPOHOB B NPEALLECTBYIOLLEM 3BEHE.

Heobxoaumoe ycrnosue paseuTus LienHon peakuun: k >1. Takas peakums Ha-
3blBalOTCA paseuearoujasicss peakyus. Mpu k=1 naget camonoaaepxusatoLLascs
peakuus. Mpu k <1 naet 3aTyxatowas peakums.

YacTb BTOPUYHBLIX HENTPOHOB HE y4acTByeT B NOAAEPXKaHWM LEeNHOW peakumm
— 3axBaTblBAETCsl HeOENsILLUMMUCS MPUMECAMU, BbIXOAMT M3 30HblI peakumn 6es
3axBaTa SApoM, TEPSET SHEPrui0 B MPOLEeccax Heynpyroro pacCcesHust u T. A.

Moatomy KoagbghuyueHm pasMHOXEeHUsS 3aBUCUT OT NPUPOAbI AensLierocs
BellecTBa, a AN AaHHOr0 M30Tona — OT ero KONMMYECTBa, a Takke pa3mMepoB U
hopMbl akKmueHOU 30HbI — NPOCTPAHCTBA, Ae NPOUCXOAUT LenHas peakums.

MuvHMManeHble  pa3mepbl  aKTMBHOM  30Hbl, MNPU  KOTOPbIX  BO3MOXHO
OCYLLECTBIIEHUE LIEMHON peakuum, HasblBAaeTCS KpUMUYecKUMU pasmepamu.

MuvHumManbHas macca fgensulerocs BeLlecTBa, Haxodslerocs B cuUcTeMe
KpUTU4ecKkMx pasMepoB, HeobxoauMMas Ans OCYLIEeCTBMEHUS LEerHOW peakuumm,
Ha3bIBaeTCA Kpumu4yeckol maccoll.

LlenHble peakumn OensTcs Ha ynpaesisieMble W Heynpaesnsiemble. B3pbis
aToMHOM ©OOMObI — npuMep HeynpaBnAeMON peakuun. Ynpaensemble UernHble
peakLun OCYLLECTBISIOTCS B SAEPHbIX peakTopax.

20.4pepHble peakTopbl.

B npupoge vMeeTcst TpM u3oToma ypaHa W TOPWUS, KOTOpbIE MOTYT CyXUTb
S0EePHbLIM TOMMMBOM UMW CbIPpbEM AJ151 €70 NONyYeHUs:

3
1) 293 U — B ecTecTBEHHOM ypaHe ero cogepxuTcs npumepHo 0,7%;

2) 23§U — B €CTEeCTBEHHOM ypaHe ero cogepxutcs npumepHo 99,3% —
ncnonb3yeTcs ANs MOMyYeHUst TPaHCypaHOBOro 3fieMeHTa MNiyTOHUS Mo
cxeme:

2387, 1. (239 B- 239 B- 239
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