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CmpoeHue u saxHeliwue ceolicmea sidep

1. AToMHble sgpa U Ux onucaHue.

510poM Ha3blBaeTCsl LieHTpanbHasi yacTb atoma, B KOTOpOii cocpefoToueHa
NPaKTUYECKM BCA Macca aToMa U ero NONOXUTENbHLIA SMNEeKTPUYEcKMii 3apsa.

B akcnepumeHTax Peaepdopaa No NPOXOXAEHMIO a-4acTuLL Yepes MeTannuue-
CKyl0 hOnbry 6birlo OBHapyKEHO, YTO aTOMHble SiApPa MMelT pa3Mepbl NopsaKa
107"*—107"%m, B TO BpeMSsi KaK NMHElHble pa3Mepbl aTOMOB NpUMepPHO 107 M.

ATOMHOE $IpO COCTOMT U3 3MEMEHTapHbIX YacTuly — mpomoHoe (p) U

HelimpoHoe (1), KOTOpble CUMTalOTCA OBYMSI 3apsSiAOBLIMU COCTOSIHUSIMU OLHOM

yacTuubl — HyknoHa (oT nart. nucleus — aapo). MPOTOH UMeeT NOMNOXUTENbHbIN
ANEKTPUYECKMIA 3apsid, PaBHbIM MO abCOMIOTHOM BENUYUHE 3apsay JNEeKTpoHa.
HenTpoH He nmeeT anekTpuyeckoro 3apsga. Maccel HyKNOHOB:

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

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

O6LLee YMCTIO HYKMOHOB B aTOMHOM sipe A Ha3biBAETCA MaccoebIM YUCIIOM.

3apsd sidpa paseH BenuunHe Ze, rae e — 3aps[ npotoHa, Z — 3apsidosoe
qucsio siapa, paBHOE YMCHy NPOTOHOB B sApe (CoBnadaeT ¢ NopsAKOBbIM HOMEPOM
XUMUYECKOro JaJieMeHTa B I'Iepmop,mquKoﬁ cucremMe 3r51eMeHToB — aTOMHbIM
HOMEpOoM).

Aapo xummnyeckoro anemeHta X Cc atoMHbIM HOMepoM Z U MaccoBbIM
yncnom A obosHavaeTca

A
. X
MockonbKy atom HerWTpaneH, To 3apsi0 sA0pa onpederiiem YUCIO 31EeKMPOHO8 B
aTome, OT KOTOPOro 3aBWCUT WX pacnpeferieHMe no COCTOsiHMSIM B atome, a
cnepoBaTenbHO, 3aBUCAT XMMUYECKME CBOMCTBA aToMa.

Hzomonamu HasbiBalTCS s4pa C OOMHAKOBLIM aTOMHbIM HOMepoM Z
(3apsiAOM MU YMCNIOM MPOTOHOB), HO pasHbiMU A (T.e. pasHbIM YNCIOM HEWTPOHOB

N=A-Z7). Hanpumep, usomonel eodopoda (Z=1): npomuii — iH

(Z=1,N=0), deiimepuii — H (Z=1,N =1), mpumuii — H (Z=1,N=2).

U306apamu HasblBAlOTCA fApa C OAMHAKOBLIM MAacCoBbIM 4McrioM A, HO
pasHbiMn Z . Hanpumep, 218O|Tl, zéng, zégBi.

H3omoHamu HasbiBalOTCA sApa C  OAMHAKOBbIM - YMCMIOM  HEMTPOHOB
N =A -7 . Hanpuwmep, lgc, l;‘N, 1;0.

Hapsiay ¢ TepMrHOM SI0po amoma 4acTo UCMoSb3yeTcs Takke TePMUH HYKIUO.

CaMbIiM TShKenbiM M3 UMEKLLUXCH B npupoage 3N1EMEHTOB 4ABNAEeTCA U3oTon

ypaHa zggU. OnemMeHTbl C aTOMHbIMW HOMepamu Gonble 92 HasbiBaloTCA

mpaHcypaHoebiMu. Bce OHM nony4yeHbl MCKYCCTBEHHO B pe3yrbTare pasfnunyHbiX
SAEPHbIX peakuni.

Pasmep sgpa xapakTtepuayeTtcs paduycom siopa, MEeKLMM YCIOBHbIA CMbICH
BBUAY Pa3MbITOCTM rpaHnL sapa. dmnupudeckas opmyna onsa paguyca sgpa

R=R4
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8-3

roe Ry =(L3+ 1,7)10’15 M, MOXeT OblTb WCTONKOBaHa Kak MpornopyuUoHasib-
Hocmb obbema si0pa yucsy HyKroHoe 8 Hem. CnepoBaTenbHO, NNOTHOCTL SAePHOro
BeLLecTBa NPUMEPHO OAMHAKOBA AN Beex saep (= 10" kr/m®).

2. [ledhekT Macchbl 1 3HEprusa cBAsu aapa.

MockonbKy GOMbLIMHCTBO AAep YCTOMYMBO, TO MEXKIY HYKMNOHaMW CyluecTByeT
ocoboe sdepHoe (cunbHoe) e3aumodelicmeue — MPUTSIKEHNE, KOTOpoe
obecrneunsaeT yCTOMYMBOCTb Aep, HECMOTPS Ha OTTarkmBaHue OOHOUMEHHO
3apsHKeHHbIX MPOTOHOB.

OHepauell cesasu sdpa E_ , HasbiBaeTcA (huamyeckas BenuuvHa, paBHas

paboTe, KOTOPYI HAA0 COBEPLUMTbL, YTODLI paclenuTb S4po Ha COCTaBnsoLWne ero
HYKIMOHbI, He COOBLLAst UM KUHETUYECKON SHEPTUN.

M3 3aKkoHa coxpaHeHWUst aHeprum cneayet, YTo npu obpasoBaHMK sgpa AoSKHa
BbIAENSATLCA TaKas e 3HEeprusi, Kakyt Hy>KHO 3aTpaTuTb NPW pacluenneHun sapa Ha
COCTaBISIIOLLME E€r0 HYKMOHbl. DHEprusi CBA3W sfiApa ABMSETCS Pa3HOCTbI0 Mexay
3Hepruei Bcex HyKINOHOB B SiAPE M UX 3Hepruel B CBOGOAHOM COCTOSIHUMN.

OHeprusi CBsI3W HyKNOHOB B aTOMHOM siipe:

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

rae m,, m,, mg — COOTBETCTBEHHO Macchl MPOTOHA, HEWTPOHA W SAPa;
my =m, +m,— macca atoma BoAopoAa {H; M, — aTomHas macca AaHHOro
BellecTBa.

Macca Am, COOTBETCTBYOLLAA aHeprmn cB4A3n:

E
Am = CCZB =Zm,+(A-Z)m, —my

Ha3blBaeTcs deghekmom macchl sapa. Ha aTy BenmunHy ymeHbluaeTcs macca
BCEX HYKIOHOB Npu 06pasoBaHumn U3 HKUX Sapa.
YOenbHoli sHepzuell cB8s13U Ha3bIBAETCS JHEPIUs CBA3U, NPUXOAsLLAascs Ha

E
OAMH  HYKIIOH: Agcng- OHa

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

62 957 ]
y (MpOYHOCTb) aTOMHBLIX aaep, T.e.

5 i 78
B yem Gonblwe A€, , TeM NpoyHee

a0po.

3aBUCMMOCTb yAenbHON
3HEPIMM CBSI3M  OT  MaccoBOro
yucna npuBedeHa Ha PUCYHKe.
ZHB“‘ Haubonee YCTONYUBBI anpa
cpedHeli 4Yacmu [lepuoduyeckol
' mabnuusi (28 < A<138). B atux

aapax Ag, cocTaBnser

npnénuanTteneHo 8,7 MaB/HyknoH
(BNs cpaBHeHWs, 3Heprus CBSA3N
BaleHTHbIX 3MEKTPOHOB B atome nopsiaka 103B, 4To B MUsIIUOH pa3 MeHbLuUe).

Mpn nepexope k 6Oonee TskenbiM sApaM  YAENbHAs 3HePrns CBSA3N
yMeHblaemcsi, NOCKOMbKY NPU yBENUYEHUN Ynicna NPOTOHOB B SAPe yBenMunBaeTcs

)

CB?

=

O

o

Hienonan snepeun chasu Aeyg, Maby mymion

=

40 a0 120 60 200 240
Maccoboe yucao

AnepHasn dusmka
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3HEprMs WX KY/IOHOBCKO20 ommarikueaHusi (Hanpumep, Ans ypaHa 2;§U oHa

coctasnsetr 7,6 MaB). [Moatomy cBA3b MeXay HYKMOHaMu CTaHOBUTCA MeHee
CUNMbHON, @ caMu apa MeHee NPOYHbLIMMN.

OHepeemuyecku 6bi200HO: 1) OeneHve Taxenbix sgep Ha bonee nerkve; 2)
CnusHWe nerkux sigep Opyr ¢ gpyrom B Gonee Tsxenble. Mpu oboux npoueccax
BblOENSAEeTCA OrPOMHOE KONUYECTBO 3HEPruu; 3TWM MPOLIECChbl B HAcTosilLee Bpemsi
peasnu3oeaHb! MPakmMu4YecKu: peakunn OesieHuUsr sigep N peakuun mepmosioepHo2o
cuHme3sa sgep.

3. CnuH Aapa v ero MarHMTHbIA MOMEHT.

Cob6CTBEHHbIN MOMEHT UMMyNbca sapa — CMuUH si0pa — BeKTopHas cymma
crnuHoe HyknoHoe (paseH 1/2) u opbuTamnbHbIX MOMEHTOB MMMyMbCa HyKIOHOB
(MOMeHTa uMnynbca, 06yCrnoBMEHHbIX ABWKEHNEM HYKITOHOB BHYTPY SApa).

CnuH spgpa keaHTyeTcs no 3akoHy Lg =h.I(I+1), raoe I — cnuHoeoe
3

1
KeaHmoeoe YucJs10, KOTOpoe npuHUMaeT 3HaveHus 0, > 1,=,....

2
ATOMHOE AOpO KpoMe CchnvMHa obnagaeT Ma2HUMHbIM  MOMEHMOM

P =8algq, THE g4 — KO3(PDULMEHT NPONOPLMOHANBEHOCTW, Ha3blBAEMbIN
s0epHbIM 2UpOMacHUMHbLIM OMmHouweHueM. EpuHuuelt MarHWTHbIX MOMEHTOB

h _s50508-102 X
Tn

Aanep CNyxuT s10epHbIli MasHemoH: [lg = AnepHbin

n,

m
mMarHeToH B —2 =1836 pa3 MeHblle MarHeToHa Bopa, MOSTOMY MarHWUTHblE
mC)
CBOCTBA aTOMOB OMPeAensioTca B OCHOBHOM MarHUTHLIMU CBOMCTBaMu €ro
3EKTPOHOB.
Hanuuve mMarHUTHOrO MoMeHTa fiapa OGbACHAET CEePXMOHKYI0 CMPYKmMypy

B CNeKTpax atToMoB BO BHELLUIHEM MAarHUTHOM none.

4. CBOMWCTBa siAepPHbIX CUI.

1) spgepHble cunbl ABNSATCS CUNAMU MPUMSIKEHUST,

2) sinepHble ABMATCA KopomkodelcmayuuMUu — UX AENCTBUE NPOSBSETCS
TOMbKO Ha PaCCTOSHUAX nopsiaka 107 °m;

3) AgepHbIM cunam CBOWCTBEHHa 3aps008asi He3agUCUMOCMb: MPUTSXKEHWEe
Mexay nioGbiMM OBYMSI HYKIOHAMU OAMHaKOBO HE3aBMCUMO OT 3apsiiloBOrO
COCTOSIHUSI HYKIOHOB (MPOTOHHOTO UMM HEWTPOHHOIO); siAEpHble CuIbl
MMEIOT HEANEKTPUYECKYIO NPUPOAY;

4) ApepHbIM CUnamM CBOWCTBEHHO HachiWeHUe: KaxAbll HYKNOH B sape
B3aMMOOENCTBYET TOMbKO C OrPaHWYEHHBbIM YUCAIOM BnMXKanWKnx K Hemy
HYKITOHOB;

5) sipepHble  cunbl  3aBUCAT  OT  B3aWMHOW  OpueHmauyuu  CruHO8
B3aVMOAENCTBYIOLMNX HYKNOHOB. Hanpumep MpoTOH M HEWUTPOH oGpasytoT

delimpoH — $ApO u30Tona AevTtepusi fH — TONbKO MpW YCNoBuUK
napanneanon opueHTaumm X CNNHOB;

6) sinepHble cunbl He senSMCcA UeHmparnbHbIMU, T.6. OEUCTBYLWMMU MO
JIMHUM, COEAMHSIIOLLEN LLeHTPbl B3aMMOAECTBYHOLLMX HYKITOHOB.
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— pes3ynbTupytowas 1-8

— cBeTa 6-5, 6-6

— CTOPOHHSAA 3-22

— Toka 3-21

— TpeHus ckonbxeHnst 1-11

— Tshkectn 1-11

— ynpyroctu 1-11

— LeHTpanbHas 1-8

— ueHTpocTpemuTenbHas 1-10

— anekTpoasuxyLwas 3-22

8-29

cumeHc 3-24

cucmema eanHuy 1-2

— auccunaTtmeHas 1-13

— 3amkHyTas 1-8, 2-2

— nsonupoBaHHas 1-8

— KoHcepBaTuBHas 1-13

— koopauHat 1-4

— MexaHu4yeckas 1-8

— oTcyeTa 14

— — VHepumanbHas 1-8

— TepMoanHamunyeckasn 2-2

— ypaBHeHuin Makceenna 4-28

ckansipHoe none 1-29

ckanspHoe Npov3BeaeHne BEKTOPOB
1-29

CKUH-appekT 4-16

ckopocmb 1-5

— rpynnoBas 5-23

— KocMmuyeckas 1-24

— MrHoBeHHas 1-5

— Haubornee BeposTHast MONEKyn
naeanbHoro rasa 2-8

— cpegHsaa 1-5

— — KkBagpaTuyHas 2-7

— — MoreKyrnbl rasa 2-8

— yrnosas 1-7

— cbasosas 5-22

cMauumBaHue 2-26

cMelleHne anekTpuyeckoe 3-15

cobCcTBEHHbIE 3HaYeHust 7-10

— cpyHKumm 7-10

coneHoua 4-10

COOTHOLIEHWE HeonpeaeneHHOCTen
enseHbepra 7-7

conpoTuBneHne BonHoBoe 5-9

— nonHoe 5-18

— peakTyBHOE eMKOCTHoe 5-18

— — VHAyKTMBHOE 5-17

— anekTpuyeckoe 3-24

COCTOSIHMSA CTaluMoHapHble 7-3

CNEeKTp NuHenyaTbin 6-21

— MOIEeKynsipHbIn 7-21

— cnnowwHon 6-21

CMVH 3neKTpoHa 4-22, 7-16

CnuH sigpa 8-4

CMOHTaHHOE aenexve sigep 8-16

cTeneHun ceoboapl 2-11

ctepagmaH 1-3

cTokm nons 1-31, 4-32

CTOKCOBbIW CMYTHUK 7-23

A.H.Orypuos. flekyuu no gusuke.

MpeomeTHbIN yka3aTenb
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npaeusIo CIIOXEHWS CKOPOCTEN B
pPensaATUBUCTCKOM MexaHuke 1-26

— cMelleHus 8-7

— Crokca 7-29

npeobpasoBaHnsa KoopanHaT Manunes
1-24

— — JNlopeHua 1-25

npeueccus 4-22

npuBedeHHasn AnuHa dusmnyeckoro
MasfTHUKa 5-6

npuama Hukonsa 6-24

npumech 2-29

— BHeapeHus 2-29

— 3amelleHns 2-29

nApuHYyun Bo3pactaHuns aHTponun 2-20

— TlovireHca 6-6

— TltovireHca-®peHens 6-12

— KBapK-NenToHHOW cummeTpun 8-20

— HesasucumocTu gevictens cun 1-10

— Hepas’NMYNMOCTU TOXKAECTBEHHBIX
yactuy, 7-17

— oTHocuTenbHocTK Nanunea 1-25

— — OnHwTenHa 1-25

— MNaynn 7-19

— MPUYNHHOCTU B KITacCUYECKON
mMexaHwuke 1-9

— cynepnosnummn BorH 5-23

— — noTeHunanos 3-8

— — 3nekTpocTaTuyeckux nonen 3-4

— — MarHuTHbIX nonen 4-4

npober yacTuubl 8-8

NpPOBOAMMOCTb AblpoyHas 7-27

— npumMecHasa 7-27

— cobcTBeHHasn 7-27

— 3nEeKTpOoHHasnA 7-27

npou3sogHasi No HanpaeneHuto 1-29

— no obbemy 1-30

— yHKuma 1-27

NpPoHMLAeMOCTb AnanekTpuyeckas 3-3,
3-14

— marHuTHas 4-4, 4-25

npoceeTreHne ontukn 6-11

npotun 8-2

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

npoyecc agnabatudeckuin 2-16

— un3obapHbin 2-4, 2-15

— un3otepmunyeckmn 2-15

— W30XOpHbIN 2-4, 2-15

— W303HTPONUNHBIN 2-19

— Kpyrosou (umkn) 2-17

— HeobpaTumbl 2-18

— obpaTtumbliii 2-18

— nonuTponuyecknin 2-17

— pPaBHOBECHbIN 2-13
ncesgosekTop 1-6

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

P

paboma 1-12

— BbIX0Aa anekTpoHoB 3-31

— rasa B agnabaTtunyeckom npouecce
2-16

— rasa npu pacwumpenmm 2-13

— 3a yukn 2-17

— pacwwupenus 2-17

— cxkartuns 2-17

— cunbl 1-12

— anekTpuyeckoro Toka 3-26

paBHOBECHbIE npouecchl 2-13

pagmaH 1-2

pagnoaKkTMBHOCTL 8-5

— ecTecTBeHHas 8-5

— UCKyccTBeHHas 8-5

pagnoakTMBHOE cemelncTeo 8-8

pagunoakTuBHbIV pacnag 8-6

pagvontoMuHecueHuns 7-29

pagnyc-BekTop 1-4

pagnyc KorepeHTHoOCTH 6-7

— MOJEKYNAPHOro gencteus 2-25

pasHOCTb noTeHumanos 3-8

— xopa 5-24

paspeLuatoLLas cnocobHocTb 6-17

pa3pspa rasosblin 3-31

— pyrosown 3-32

— uckposom 3-32

— KOPOHHbIN 3-32

— Tnewowun 3-32

pacnpegenexHve bonbumana 2-8, 7-18

— bose-OnHwrenHa 7-18

— Makcsenna-bonbumana 7-19

— ®epmu-Anpaka 7-18

peakuun ceazen 1-9

pe3oHaHc 5-16

— HanpsbxeHun 5-18

— ToKOB 5-19

pekombuHauus 3-31

peHTreH 8-11

PEHTreHonoMmHecUeHums 7-29

5. Mogenu aTomMHOro sigpa.

1. KanenbHas _Mopgenb. 3Ta Mofenb OCHOBaHa Ha aHanorum Mexay
noBeAeHMEM MOMEKyn B Kanse XWAKOCTU U HYKNOHOB B sApe — KOPOTKoAeWCcTBMe
SAepHbIX B3aMMOAENCTBUI, oanHakoBasi NAOTHOCTb SAEPHOMO BELLecTBa B pasHbIX
sAapax (HECKMMAeMOCTb), CBOMCTBO HacblWweHusa saepHblx cun. OHa TpakTyeT sapo
KaK Karmo 31eKmpuYecKu 3apsxKeHHOU HecxumMaemol Xudkocmu, NOAYNHSAIOLLYIOCS
3aKOHaM KBAHTOBOW MEXaHWKN.

KanenbHaa mogenb obObsicHANa MexaHW3Mbl SAepHbIX peakumin, ocobeHHO
peakunn aeneHus saep, No3Bonuna MonyvyuTb MONyaMnupuyeckyto dopmyny Ans
3HEprum CBS3N HYKIOHOB B siApe.

2. O6ono4yeyHas Mogenb. B 31O Mogeny HYKNOHbI CHUTAKOTCA OBWKYLLMMUCS
He3aBUCMMO ApYyr OT Apyra 8 yCpeOHEHHOM UeHmparibHO-CUMMempPUYHOM rosne. B
COOTBETCTBUM C 3TUM UMEIOTCS ANCKPETHbIE SHEPreTUYeCckne YpoBHU, 3anonHsaemMble
HYKMOHaMu ¢ y4eToM npuHuuna Maynu.

OTW yYpOBHWU TPYNNMPYOTCS B O6GOJIOYKU, B KaXOOW W3 KOTOPbIX MOXET
HaxoAMTbCs onpeaeneHHoe YNCIO HYKITOHOB.

fApopa C  MONHOCTbIO  3anofiHEHHbIMM - obonovkamn  ABRATCS  Haubonee
YCTOWYUBBIMU — Ma2uyveckue s10pa, Y KOTOPbIX YNCHO MNPOTOHOB Z U HENTPOHOB
N paBHO ofjHOMy 13 Mazuyeckux ducest. 2, 8, 20, 28, 50, 82, 126.

Aapa, y KoTopbiX Marmyeckumu sinsiiotea U Z, u N, HasbiBaoTc deaxobl

Mazuyeckumu. [lBaxzbl Maruvecknx soep M3BecTHo Bcero nmate: ¢ 5 He, 'S0,
40 48 208
50Ca, 5Ca, "o, Pb.

B uacTHOCTM, 0OcOBeHHas yCTOMUMBOCTL sapa renus 3 He nposensieTcs B Towm,

4YTO 9TO eAMHCTBEHHas 4acTuua, ucnyckaemasi TsKenbiMM — sapaMu  npu
pafavoakTMBHOM pacnafe (OHa Ha3biBaeTca ¢f -4acTuuen).

6. PaguoakTuBHOe u3ny4YyeHue u ero Buibl.

PagnoaktuBHocTb Obina oTkpbiTa B 1896 r. dopaHuy3ckum usnkom AHpu
Bekkepenem npu wusydeHun noOMUHecueHUuun conew ypaHa. Okasanocb, 4TO
ypaHoBble conu 6e3 BHeLHero BO3AEWCTBUSA (CaMOnpou3sosibHO) WCMycKanm
n3ry4eHne Hem3BeCTHOW NPUPOAbI, KOTOPOE 3acBeYMBaro U3oNMpoBaHHbIE OT cBeTa
doTONNACTUHKM, MOHM30BANO BO3AdYyX, MPOHMKANO CKBO3b TOHKWME MeTannuyeckue
MAAaCTUHKK, BbI3bIBANoO MIOMUHECLIEHUMIO psida BELLEeCTB. TakuMm Xe CBONCTBOM

2] . 22
obnaganu v BeLlecTBa cogepallme nonoHui gZ?Po 1 pagui 82 Ra.

O6GHapyxeHHoe n3ny4yeHune 6biNo Ha3BaHO paduoaKmMueHbIM U3JTy4YeHUeM, a
camo SIBMieHUE UCNYCKaHWsl PaanoakTMBHOIO U3NyYeHUsi — paduoakKmueHOCMbHO.

Pa3nuuatotcs ecmecmeeHHasi U UCKyccmeeHHasi paduoakmusHOCMU.

EcmecmeeHHoOl paduoakmueHOCMbIO HA3bIBAETCH  PafMOaKTUBHOCTD,
Habniojalowasnca y CylWecTBYOWMWX B Npupode HEyCTOWYMBBIX  M3OTOMOB.
UckyccmeeHHOU paduoakmueHOCMbIO Ha3blBAETCA PafMOaKTUBHOCTb M30TOMOB,
NONyYeHHbIX B pe3ynbTaTe saepHbIX peakumii.

PaauoakTMBHoe w3rydeHue GbiBaeT Tpex Tunos: O -, - u Y -uanyuexve.

CocTaB O -, -1 y-nydeit 6bin YyCTAHOBIEH MO UX OTKIIOHEHMIO B MArHUTHOM rore.

(1) o -UsnyvyeHne OTKIMOHAETCA SNEKTPUHECKUM W  MarHUTHbIM  NOMSMMU,
obnagaet BbICOKOW WMOHU3MPYIOLWEN CMOCOBHOCTLIO WM Manow MNpoHMKatoLewn
CMOCOBHOCTBLI (O -Nyyy norfowarTca crnoem  antoMuHns  TonwuHon 0,05 mm).

A.H.Orypuos. flekyuu no gusuke.

AnepHasn dusmka
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o -NanyyeHne npedcmasnisiem coboli nomok s0ep
2enusi — 3apsg O -vacTuubl paBeH +2e¢, a macca
COBMagaeT C Maccou siapa u3oTtona renvs ;‘He.

(2) B -NanyuyeHne TakKe OTKINOHAETCH SMNEKTPU-
YECKMM W MarHUTHbIM MOMISIMU; €70 WOHU3UpPYHoLLast
CMocoGHOCTL Ha ABa Mnopsiaka MeHblle YeM WOHWU3U-
pylolias crnocobHOCTb (¢ -nyyeil, a npoHMKaroLwas
CMocobHOCTb, HanpoTue, ropasgo Gonblie (nornowia-
€TCA Cnoem antoMUHUA TOMNWMHON 2—3 MM), YemM y O -
yactuy. f -Wanyvenne npedcmasnsem cobol Momok

0 —
6bicmpbix  anekmpoHoe e (37 —pacman) umu
UCTOYHUK

no3umpoHos +?e ( ﬁ+ — pacnan ).
(3) Y -UsnyyeHne He OTKIIOHAETCS INEKTPUYECKMM W MarHWTHbIM MONSAMM,

obrnagaeTt OTHOCMTESNBHO CNabon MOHU3MPYIOLLEN CMOCOOHOCTBIO N 0YeHb BornbLUOW
NPOHMKaloLWEeN CNOCOBHOCTLIO (HanpMMep, NPOXOAUT CIOM CBUHLA TOMNLWMHON 5 cm),
npy NPOXOXAEHWN Yepe3 KpucTannel obHapyxuBaeT Audpakumio. Y -U3nyyeHne

npedcmaenﬂem cobol KOPOMKOB8OJ/THO80€E 3J/iIeKmpoMacHUMHoe Uu3/fiy4eHue C

ypes3BblYaHO Marnown [AfIMHOW BOSHbI A<107%m W, BCreacTBue 3TOro, SApKo
Bblpa)KEHHbIMW KOPMYCKYNSIPHLIMU CBOMCTBaMM, T.e. SBMSIETCA MOTOKOM YacTul —
Y -kBaHTOB (POTOHOB).

7. 3aKoH paAMoaKTUBHOro pacnaga.

PaduoakmueHbiM pacrnadoMm Ha3blBaeTCA eCTEeCTBEHHOEe paaMoaKTUBHOE
npespalleHne agep, Npoucxoasilee CamMonpou3BONbHO. FAApO, MChbITbiBaKoLLee
pagvoakTUBHbLIA pacnaj, Has3blBaeTCsl MamepUHCKUM; BO3HUKalollee dovyepHee
s0po, Kak NpaBuno, OKa3blBaeTCs BO3OYXAEHHbIM, M €ro nepexos B OCHOBHOE
COCTOSIHME COMNPOBOXAAeTCs UCMyckaHnem Y -poToHa. T.0. ramma-usnyveHve —

OCHOBHasi (hopMa yMeHbLUEHUS] 3Heprn Bo3byXOEeHHbIX NPOAYKTOB paganoaKTUBHbBIX
npespaLleHni.

Camorpoun3BonbHbIi  pacnaf aToMHbIX — siAep  MOAYMHSETCS  3aKOHy
paduoakmueHo20 pacnada

N =N, exp(-At)

rae N, — uvcro sigep B JaHHOM obbeme BeLIECTBA B HayarlbHbIA MOMEHT
BpemeHn t =0, N — uncno smep B ToM xe obbeMe K MOMEHTY BpemeHun ¢, A —
nocmosiHHasi pacnada, VMelLLasi CMbICIT BEPOSITHOCTU pacnaga sapa 3a 1c u
paBHas gone saep, pacnagatroLmxcst B €AMHULLY BPEMEHW.

Teopus paaMoakTVBHOIO pacnaaa OCHOBbLIBAETCS Ha ABYX NPeAnonoxeHusx: 1)
NMOCTOsIHHAsi pacnaja He 3aBWCMT OT BHELIHMX YCMNOBWKW; 2) 4ucno agep,
pacnafaroLmxcs 3a BpeMsi df NponopLuoHanbHO HanmuyHoMy uucny sgep (Y6biib
—dN wuncna spep: —dN =ANdt, cnepgoBaTenbHO, 3aKOH pacnaga NoMnyuvM,
pasfensist nepemMeHHbIe U UHTerpupys Beipaxetue <V, = —Adt).

MNHTEeHCMBHOCTb npolecca paAvoaKTMBHOMO pacnaja XapakTepusylT [Be
BenuuuHbl: (1) nmepuod nosypacnada Tl/2 u (2) cpedHee epemsi XU3HU T

paduoakmueHoz20 si0pa.

A.H.Orypuos. flekyuu no gusuke.

onbim WTtepHa n Nepnaxa 7-16

— dapapgesn 4-13

— ®patka n Nepua 7-4

opT 1-29

OCBELLIEHHOCTb 6-6

OCHOBHOW 3aKOH OUHaMUKK
BpaLLaTenbHOro aAsmwkeHna 1-16

— — — MOCTYNaTeNbHOro ABWXEHUSI
1-9

— — — pengartuBuctckon 1-27

ocb BpaleHus 1-3

OCLUNNATOP rapMOHNYECKUn 5-4

— KBaHTOBbIN 7-13

n

nap 2-24

— HacblWeHHbIN 2-24, 2-30

— NepechbILLEHHbIN 2-24

napakcuanbHbIi Ny4yok 6-3

napamarHeTukmn 4-23

napameTtp genexusi 8-16

napoobpasoBaHue 2-20

nackanb 1-19

nepemetleHve 1-4

— yrnosoe 1-6

p-n-nepexog 7-30

nepuwog spaiieHusa 1-7

— KkonebaHun 5-2

— nonypacnaga 8-7

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

nnasnexve 2-30

nneyo agunons 3-9

— cunbl 1-16

nnoTHocTb 1-9

— BepoATHOCTH 7-8

— 3eKTPMUYECKNX 3apsaoB NIMHENHas
3-3

— — — noBepxHocTHas 3-3

— — — obbemHas 3-3

— 3reKTprYecKoro Toka 3-22

NOBEPXHOCTHOE HaTsXeHue 2-25

nornowleHne ceeTa 6-20

no3nTpoH 8-6, 8-7

nokasatenb npenomrnenus 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

— ckansipHoe 1-29

— coneHoupgansbHoe 4-10

— cTauuoHapHoe 1-8

nonvkpuctann 2-27

nonumepsl 2-28

nonutpona 2-17

NMOJSIHOE OTpaXeHue 6-2

Nnonockl paBHOro HakmnoHa 6-10

— paBHOW TONLWMHbI 6-11

nonynpoBOAHUKN 7-26

— cobcTBEHHbIE 7-27

— npuMecHble 7-27

nonspusaTop 6-22

nonsipusauuns avanektpuka 3-14

— cBeTa 6-21

nonspusoBaHHocTb 3-14

nonspowvg 6-24

nocmosiHHasi bonbumana 1-32, 3-29

— BuHa 6-27

— rpaButaumoHHas 1-23, 1-32

— maruuTtHasa 1-32, 4-4, 4-6

— lNnaHka 1-32, 6-28

— pacnaga 8-6

— Pupbepra 7-3

— CredpaHa-bonbumana 1-32, 6-27

— anekTpuyeckas 1-32, 3-3

noctynatsl bopa 7-3

noteHuman nons 1-24

— — TAroteHus 1-24

— anekTpocTaTmyeckoro nons 3-7

noteHumansHasa ama 7-10

noteHumaneHoe none 1-22

NOTOK BEKTOPA HaMNpPsXKEHHOCTN
anekTpocTaTuyeckoro nons 3-4

— — MarHUTHOW MHAyKummn 4-11

— xuagkocTtn 1-19

— n3nyyeHus 6-5

— nons 4yepes nosepxHocTtb 1-30

noTtokocuennexue 4-12

— B3aMMHOW MHAYKUMKN 4-12

— camMouHayKumm 4-12

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

npaeuno Kvpxroga 3-28

— neBon pyku 4-6

— JNleHua 4-14

— npaeoro BuHTa 1-7, 4}-2

— CNOXEHWSA CKopoCTel B
KIlaccuyeckon mexaHuke 1-25

MpeomeTHbIN yka3aTenb
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marunyeckue sgpa 8-5
marHeToH bopa 3-21

— siaepHbin 8-4

MarHuTHast uHaykuus 4-3
MarHuTHbIA MOMEHT 4-3

— — 3nekTpoHoB 4-20

— noTok 4-11

MaKpoTOku 4-3

macca 1-9

— MonsipHas 2-4

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

— chboToHa 6-31
mMaTepuanbHas Touka 1-3
MasiTHUK MaTtemaTtmyeckni 5-5
— MPY>XWHHBIA 5-5

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

MEHUCK 2-26

MeTO BEKTOPHbIX Anarpamm 5-3, 5-9
— cTaTtUCTUYecKun 2-2

— TepMOoAMHaAMUNYeECKUn 2-2

— [OHra 6-9

— onpepeneHns Baskoctu MNyaseinns
1-22

— — — Crokca 1-22

meTp 1-2

MUKPOTOKM 4-3

mMoayrnb ynpyroctu 1-18

— HOHra 1-18

mMornekyna 2-2

MOSEKYNsipHbIA 06bem 2-4

monb 1-2, 2-4

MOHOKpucTann 2-27

MOMEHT Aunons anektpuyeckun 3-10

— umnynsca 1-16

— — 3NeKTpOHa MexaHu4eckui 4-22

— — — MarHuTHbIN 4-21

— nHepumm 1-14

— — rnaeHbI 1-14

— cunbl 1-15

MOLLIHOCTb 1-12

— 9NEeKTPUYECKOro NMOCTOSHHOIO TOKa
3-25

— — ToKa akTuBHas 5-19

MIOOH 8-20

H

HaMarHu4yeHHocTb 4-24

— ocTaToyHas 4-27

HanpasneHne MarHMTHoro nons 4-1

— anekTpuyeckoro nons 3-4

HanpsKeHne Ha KOHUax yvacTka Lenm
3-24

— ynpyroe 1-18

HanpshkeHHocTb nons 1-23

— — MarHuTHoro 4-4

— — anekTpocTaTu4eckoro 3-4

Habna-onepatop 1-23, 1-30

Hayano TepmoavHamukn nepsoe 2-12

— — BTOpOE 2-20

— — TpeTbe 2-20

HeBecomocTb 1-11

HenTpuHo 8-9, 8-20

HenTpoH 8-2, 8-20

HepaBeHcTBO Knaysuyca 2-19

HopMarbHble ycnosus 2-3

Hyknng 8-2

HYKINOH 8-2

HbIOTOH 1-8

HbloToHa nepBbIv 3akoH 1-7

— BTOpOW 3akoH 1-9

— konbua 6-10

— TpeTun 3akoH 1-10

(0

06ny4YeHHOCTb 6-6

o6bemHas NNoTHOCTb 3Heprun 3-20
OLHOPOAHOCTb BpemeHn 1-13

— npocTpaHcTea 1-10

om 3-24

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

onTuka 6-2

— BOmnHoBas 6-2

— reomeTpuyeckas 6-2

— KBaHTOBas 6-2

onTuyeckas ocb 6-3

— — KpucTanna 6-23

— cuna nuH3bl 6-4

ONTMYeCKnn pesoHaTop 7-24

— LIEHTP NUH3bI 6-3

onbim Bote 6-31

— JlammepTa 2-9

— Pesepdoppa 7-2

— LWtepHa 2-9

8-7

lMepuod nonypacnada Tl/2 — BpeMs, 3a KOTOpPOe WCXOAHOe YUCNO pagmo-
aKTMBHbIX A4ep B cpegHeM yMeHbLlaeTCAa BABOE:
NO
5 M exp(-ATy,),

In2 _ 0,693
A A

CyMmapHas NpoAoIKUTeNnbHOCTb *u3Hu dN  agep paeHa t‘dN‘=t?Lth.

oTKyaa Ty, =

Cpednee epemsi XXU3HU T Onsa BCeX nepBoHaYaribHO cyuwiecTBoBaBLUNX A0ep:
15 15 r 1
T= —JANtdt = —JlNotexp(—At)dt = )thexp(—)u)dt =—
NO 0 NO 0 0 /’L

AKkmueHocmbio A Hyk.nuda B paAnoakTMUBHOM UCTOYHUKE Ha3blBAETCA YUCIIO

aN|_ v

pacnagos, npovcxoaawmx ¢ sapamu obpasya s 1c: A=

EovHuua aktmBHoctn — Gekkepenb (Bk): 1Bk — akTMBHOCTb Hyknuaa, npwu
KoTopoi 3a 1c mpoucxoguT OAWH akKT pacnapja. BrecucmemHas eduHuya
aKmueHOCMU HyKNAA B PaAMOaKTUBHOM UCTOUHMKE — Kiopu (Ku): 1 Knu=3,7-10"° Bk.

8. lMpaBuna cmeLieHus.

Mpu  paaMoaKTUBHOM pacnafe  6bITOJHSIeMCs1  3aKOH  COXPaHeHUsi
anekmpuyeckux 3apsidos:
Zge= z Ze
i

N 3aKOH COXpPaHeHUs1 MaccoebIxX YuceJt:
Ay =24
i

rae Zge n Ay — COOTBETCTBEHHO 3aps[ U MacCOoBOE YWCMO MaTEPUHCKOro

anpa; Ze w A, — COOTBETCTBEHHO 3apsdbl W MaccoBble unCra 4acTu,
MOMNYYMBLLMXCS B pe3yrbTaTe pagnoakTMBHOIO pacnaja.

CrieacTBMeEM 3TWX 3aKOHOB SIBMISIOTCS Mpaeusia CMeuwjeHus, Mo3sorsiowme
YCTaHOBUTb, Kakoe SiAPO BO3HUKAET B pesynbTaTe pacrafa AaHHOro MaTepUHCKOTo
A0pa B pasnyHbIX TUMax pafnoakTMBHOrO pacnaja:

Ay Ady 4

2 X—",5Y+,He nana o -pacnaga
A Ay 0 -

s XY+ e ana B -pacnaga
A Ay, 0 +

7 X—,Y+,e ana B -pacnaga

roe ’;X— maTepuHckoe sapo, Y — CUMBON [oYepHero sapa, ‘Z‘He — aapo

renua ((x-qacmua), _?e — cumBoOnM4yeckoe 0603HaveHue ANEeKTpoHa, a +(1)e —

no3umpoHa — 4actuubl C Maccon nokost ANEeKTpOHa, U CMUHOM y, Hecyu.l,e17|

NONOXUTENbBHbIN ANEKTPUYECKUA 3apsag + e .

BosHukalowme B pesynbTate pagvoakTUBHOIO pacnaga sigpa MoryT ObiTb, B
CBOIO ovepenb, PaAMoakTUBHbIMU. OTO MPUBOAMUT K BO3HWKHOBEHUIO YermoYKuU, Unu
psida paduoakmueHbIX npeepawjeHull, 3aKaH4YMBAOLWMNXCS  CTabUIbHbLIM

A.H.Orypuos. flekyuu no gusuke.

AnepHasn dusmka



8-8

aneMeHToMm. COBOKYNHOCTb 3/IEMEHTOB, 06pasyolLMX Takyl LIerno4ky, HasbiBaeTcsi
paduoakmueHbIM cemelicmeom.
EcTtecTBeHHO paguoakTMBHble sapa 00pas3yloT mpu  paduoakmueHbIX

cemelicmea, HasblBaeMblx cemelicmeoMm ypaHa (23§U), cemelicmeoMm mopusi

232 " 23
( 390Th) n cemelicmeom akmuHusi ( 8gAc), KoTopble nocre uenodkn of- u f3-

2 2 2
pacnazios 3aKkaHuMBAlOTCs Ha CTaBUIbHLIX M30TONax cBuHLA ‘g Pb, “53Pb n *0) Pb

(MmetoLmx ocobyro YCTOMYMBOCTL Aep, CoaepX)aLlumx Marm4eckoe YMCrno NpoTOHOB
— 82). Yemeepmoe wn3 W3BECTHbIX CEMENCTB — cemMelicmeo HernmyHuUsl,

237
Ha4YnHaeTCa OT TpPaHCYypaHOBOIO 3JiIeMeHTa 33Np, NONy4YeHHOro MUCKYyCCTBEHHbIM
nyTem, 1 3akaH4nMBaeTCcA Ha BUCMYTe ZggBl

9. Anbdra-pacnag.

B ocHoBHOM O -pacniag xapaktepeH ansa Tskenbix agep (A >200, Z >82).
« -Pacnap noguuHsieTcsl npasuny CMELLEHWsi, Hanpuvep, pacnajg usoTona ypaHa
2 234
3;‘ U npusoauT kK 06pasoBaHuio Topusi 390Th
238 234 4
0 U= o Th+;He
CornacHo CoBpeMeHHbIM MpeACTaBNeHUs M, Of -4acTulbl 0BpasyoTca BHYTPU
TSXKEMbIX SAep BCNeacTBe 06bLeduHeHUsT ABYX NPOTOHOB M ABYX HEMTPOHOB. Takas
06pa3oBaBLUasCs YacTiua CUrbHee OTTakMBAETCs OT OCTaBLUMXCS MPOTOHOB A4pa,
yeM oTAefbHble MPOTOHbl. OAHOBPEMEHHO (f -4acTUua MCMbITHIBAET MeEHbLUee
A0EpPHOE NPUTSHIKEHNS K HYKIOHaM B A4pe, Yem OTAEeNbHbIe HYKITOHbI.
CkopocTy BbiMeTalowyx nNpyM  pacnage o -4acTul OYeHb 6efuKU —

1,4+2-107 M/C, 4To cooTBeTcTBYeT aHeprusm 4 + 8,8 MaB. OnbiTel Pesepdopaa
nokasanu, 4To Aaxe MMes Takme CKOPOCTWU (X -4acTuubl He Mo2ym npubnu3umbscs K
S0Py Ha paccTosiHMe, NpPU KOTOPOM HauMHaT AeCTBOBaTb SAEPHbIe CUMbl U
paccesiHue  (¢-4acTuy Ha  agpe  OObACHAETCA  MOSIbKO  KYFIOHOBCKUM
B3auModencTemeM. T.0. MOXHO cAenaTb BblBOA, 4YTO SIOPO  OKPYKEHO
nomeHyuanbHbIM 6apbepoM, BbICOTa KOTOPOro He MeHbLue 8,8 MaB.

C [Opyro CTOpPOHbI, (¢ -4acTuubl WUCMyCKaemble YpPaHOM MWMEKT 3JHEepruio
4,2 MaB. CrnepoBatenbHo, O -4acTuubl BbIIETAlOT M3 s4pa C  3Hepruen,
3Ha4yumesibHO  MeHbWwe  BbICOTbl  MOTeHuManbHoro Gapbepa  BCNeacTBue
MmyHHesIbHO20 3aghghekma.

Ona o -4acTuy XxapakTepHa Cu/ibHas 3asucuMocmb Mexpy nepuoaom

nonypacnaga T1/2 N sHeprvein E BbimeTaloWMX YacTtuul. 3Ta  3aBUCMMOCTb

onpegensieTcs 3akoHoM lenrepa-HatTona:
InA=4+BInR,
rae A wn B oawmnupuyeckue (onpedensieMble U3 OMbiTa) KOHCTaHTHI,
A=(In2) / Ty, , R, — npo6ea o -4acTLpl B BO3AyXe — paccmosiHue, npoxodu-

Moe yacmuuyeli 0o ee MosIHol 0CMaHo8KU.

T.0. yem MeHblUe nepuof nonypacnaga, Tem Gonblie npobez O -4acTvubl, a
criefoBaTenbHO, U ee SHeprus.

Mpober o -4acTvy B BO3Ayxe (MPWM HOPMAsbHbIX YCIOBUSX) COCTaBnseT
HECKONbKO CaHTUMEeTPOB, B Gonee NNOTHbIX cpeax OH ropa3fo MeHbLUe, COCTaBMsAs

K

kamepa BunbcoHa 8-13

— WOHU3aumoHHas 8-13

— ny3blpbkoBas 8-13

kaHgena 1-2, 6-6

kanunnap 2-27

KaTogontoMuHecueHuua 7-29

KBaHT 6-28

— nencTens 6-28

KBaHTOBaHWe NpocTpaHcTBeHHoe 7-15

KBaHTOBasi CTaTUCTMKA
bo3e-OnHwTenHa 7-18

— — ®epmu-Aupaka 7-18

KBAHTOBOE YMCMO BpallaTensHoe 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

KMHEMaTn4ecKkne ypaBHEHUSI
OBWXEHUS TOYKKN 1-4

KOBareHTHble CBA3N 2-28

KOrepeHTHoCTb 5-24, 6-7

— BpeMeHHas 6-7

— NpocTpaHCTBEHHas 6-7

konebaHusa 5-2

— BbIHYX€eHHble 5-2, 5-14

— rapmoHuyeckme 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 ABWXEeHUs 1-9

Koma 6-5

KOMOVHaLMOHHOE paccesiHne cBeTa
7-22

KoMnayHa-agpo 8-14

KoHaeHcauus 2-30

KoHaeHcaTtop 3-18

KOHcepBaTuBHasi cuctema 1-13

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

KOHLleHTpaums 2-6

8-25

KoopauHaThbl BekTopa 1-29

— nonsipHele 1-6

— cepudeckue 7-14

Ko3agpuyueHm 3atyxaHus 5-12

— MoLujHocTM 5-19

— nornoueHus 6-20

— MPO3payHOCTX NOTEHLMANBHOIO
bapbepa 7-12

— lyaccoHa 1-18, 2-14

— pa3MHOXEeHWS HEMTPOHOB 8-17

— TennonpoBogHocTu 2-10

— TpaHcdopmauun 4-19

— XxonoaunbHbIn 2-21

KpaeBoMn yron 2-26

KpacHas rpaHunua oTonpoBoAMMOCTHU
7-29

KpuBble ha3oBoro pasHoBecus 2-31

Kpuctannusauusa 2-30

Kpuctannuyeckve Tena 2-27

KpucTannuyeckas pelletka 2-27

kpucTtannodocdop 7-30

KpucTannbl aToMHble 2-28

— WOHHbIe 2-28

— MeTannuyeckue 2-28

— MoneKkynsipHbole 2-28

KpuTtepun Panes 6-17

KpuUTMyeckasa Todka 2-24, 2-32

Krpg kpyrosoro npouecca 2-18

— uukna KapHo 2-22

Kiopun 8-7

n

naBuMHooGpa3Hoe pasmHoxeHue 3-32,
8-17

nasep 7-24

namuHapHoe TeveHue 1-21

nenTtoHsbl 8-20

nuH3a 6-3

— cobupatowan 6-4

— paccewuatoLas 6-4

NVHUSA HanpPsKEHHOCTU
anekTpoctatuyeckoro nons 3-4

— WHAYKLMN MarHuTHoro nons 4-3

— TokKa »xugkoctn 1-19

ny4y 6-2

ny4ncTocTb 6-5

TIOKC 6-6

NOMeH 6-6

NIOMUHecLeHUns 6-25

noMmHocdop 7-29

A.H.Orypuos. flekyuu no gusuke.
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3

3akoH ABoragpo 2-4

— Amnepa 4-6

— Apxumega 1-19

— Bvo 6-25

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

— BbonbuMaHa (paBHOpacnpegeneHms)

2-12
— byrepa 6-50
— Bupgemana-®paHua 3-30
— BCEMWPHOro TArotexusa 1-23
— lenrepa-HatTona 8-8
— len-Ioccaka 2-4
—Nyka 1-18
— [NanbToHa 2-4
— Dxoynsa-NexHua 3-26, 3-30
— [OtonoHra u MNtn 2-29
— ABWXeHUs ueHTpa macc 1-10
— WHepuun 1-8
— Kupxroda 6-27
— KyrnoHna 3-2
— Makceenna 2-7
— Mantoca 6-22
— Moanu 7-21
— HbloToHa nepBbivi 1-7
— — BTOopon 1-9
— — Tpetun 1-10
— HbtoToHa (BsizkocTb) 2-10
— Owma 3-24, 3-27, 3-29
— oTpaxeHus 5-29, 6-2
— Mackana 1-19

— MNOJTHOro TOKa AnAa MarHMTHOro nond

B BellecTBe 4-25
— npenomnenuns 5-30, 6-2
— paavoakTuBHoro pacnaga 8-6
— un3ny4yenns BuHa 6-28
— cmelleHnst BuHa 6-27
— coxpaHeHus 6apnoHHOro 3apsiga
8-20
— — 3apsga 3-2
— — umnynbca 1-10
— — — penaTmeucTckoro 1-26
— — MaccoBbIx Yncen 8-7
— — MOMeHTa umnyneca 1-17
— — MexaHu4yeckomn aHeprum 1-13
— — 3NeKTpUYeckux 3apagos 8-7
— — aHeprum 1-13, 1-27
— CredaHa-bonbumaHa 6-27
— Odapages 4-14

— Qduka (auddysua) 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

— npoBoanMocCTn 7-26

— 3HepreTnyeckasn 7-26

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

U

narny4aTernbHoOCTb 6-5
n3nyyeHne BblHyXaeHHoe 7-23
— pagnoakTusHoe 8-5

— peHTreHoBckoe 7-20

— CMoHTaHHoe 7-23

— Tennosoe 6-25

— TopMO3Hoe 7-20

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

n3obapsbl 8-3

n3onpotecchl 2-15

n3otepma 2-3, 2-15

— KpuTunyeckas 2-24
N30TepMbl peanbHbIX ras3os 2-23
N30TOHbI 8-2

nsoTonsl 8-2

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

umnynec 1-9

— pensTuBucTckmn 1-26

— cunbl 1-9

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

WHEepTHOCTb 1-7

WHTErpan onpegenexHbIi 1-28
WHTepBarn mexgy cobbiTuammn 1-26
MHTepdepeHuuns BonH 5-24

— cBeTa 6-8

nHTepcepomeTp 6-12
noHusaums 3-30

ucnapenue 2-30

ncTovHmkm nonsa 1-31, 4-31

A.H.Orypuos. flekyuu no gusuke.

8-9

coTble fonu MunnuMeTpa (O -4acTuubl MOXHO 3adepxaTb OObI4HbIM NUCTOM
Oymarn).

OHepreTM4ecKkMn CrnekTp ¢ -4acTul, WUCMyCKaemblX AaHHbIM pPaavMoaKTUBHBIM
3NeMeHTOM, OOHapyXnBaeT "TOHKYK" CTPYKTYpY, T.€. UCMYCKAETCs1 HECKOMbKO rpynn
O -4acTuu, npuyeM B npedenax Kaxgow rpynnbl WX SHEpPruM NpakTU4ecKu
MOCTOSIHHbI. [JUCKPETHBIN CNEKTP ¢ -4acTuL, CBUAETENbCTBYET O TOM, YTO aTOMHble
saapa obnagaroT AUCKPETHLIMU 3HEPreTUHECKUMU YPOBHSIMU.

10.Bara-pacnag.
TepmunHom "63Ta-pacnag” 0603HayalT mpu muna SOepHbIX NpeBpaLleHuii:
anekmpoHHbIld (37) n mo3umporHsIll (B ") pacnagpl, a TakKke 3/IEKMPOHHBII

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

MNepBble [Ba TNa NpeBpaLleHnin COCTOST B TOM, YTO SO UCMYCKaET SNEKTPOH

_?e (no3uTpoH +?e) W  3NEeKTPOHHOE aHMmMuHelUmpuHo 8\76 (aneKkTpoHHoe

HelimpuHo Sve). B -OnexTpoHbl  poxpawTcs B pesynbTaTe  NPOLECCOB,

NPOUCXOASALUMX 8HYMPU SiApa NpW fpespawieHuU OOHOro BMAA HYKIOHa B siape B
Opyron — HelmpoHa 8 MPOMOH VI MPOoMmoHa 8 HelimpoH:

L0 05 -
o= p+_jet+,V, (B~ -pacnap)
L1 0.0 +
| P>t ety v, (B -pacnan)
30ech (71 M | p — 0BO3HAYEHISI HEITTPOHA M NPOTOHA.

OHeprvsi NoKosi HEMTPOHA fpeasbiwiaem 3HePruo Nokosi atoma sogopoaa (T.e.
NPOTOHa W 3NEeKTpOHa BMecCTe B3siTbIX) HA 782 kaB. 3a cyeT 9ToW 3HEeprum mMoxeT

NPOVUCXOAUTL CaMONPOM3BOIIbHOE MPEBpaLLeHe HeNTpoHa B NpoToH — 37 -pacnag
— & moM yucrie u eHe sdpa. N nencTenTensHo, [3 -anekTpoHbl, poxaaowmecs npu
pagMoakTMBHOM pacnage cBoOOAHbIX HEMTPOHOB, UMEIOT SHepPruto 782 kaB.

B*-Pacnan ans ceobofHoOro NpoToHa HabnogaTbCs HE MOXET, OgHaKo Ans

NpoTOHa, CBA3AHHOrO B sape 6narogaps sAepHOMY B3aMMOAEWCTBMIO YacTul, aTa
peakuys OKa3blBaeTCsl SHepreTUYeckn BO3MOXHOM.
OHepreTUyeckuin  CnexkTp  MCrmyckaemblx

M
npu 63Ta-pacnage  SNEKTPOHOB  SBMSiETCH
HEeMpepbIBHLIM, MPOCTMPAILWMMCA A0 8epXHel
epaHuuybl  aHepzuu  [3-cnekmpa E,,. .
MonHas aHeprus, Tepsiemas A4poM npu 6aTa-
pacnage Bcerga paBHa E, .., HO oOHa no
> - pasHoMy pacnpefensieTca mMexgy 3MeKTPOHOM
max

N aHTUHenTpuHo. MakcumanbHoe 3HayeHue
aHepruu anektpoHa E =FE ,  03Ha4aeT, YTO BCA SHEPTUSt YHOCUTCA 3SNEKTPOHOM,

HyneBoe 3HaYeHWe 3HEeprn SMEeKTPOHa COOTBETCTBYET TOMY, HYTO BCS dHeprus
YHOCUTCS aHTUHENTPUHO.

Anst B~ -paproakTmBHOCTU CBOGOAHBIX HeMTpoHoB E, . =782 kaB.

B cnyyae e-zaxBaTta (K -3axeaTta) npeBpalleHine NpoToHa B HEMTPOH MAET Mo
cxeme

|PT ey gV,

AnepHasn dusmka



8-10

Mpu aTOM WcYe3aeT OAMH U3 3MEKTPOHOB Ha OGnuxainwem k sapy K -cnoe
aToma.

MpoToH, npeBpallasicb B HEWUTPOH, Kak Obl "saxBaTbiBaeT" K -3NEeKTPOH.
OcobeHHocTbl0 3TOro Tuna 63Ta-pacnaga sBAseTCA BbINET U3 sigpa TONbKO

HeIZTpVIHO (())Vg. McuyesHoBeHne ogHOro u3 ONEKTPOHOB B K -crnoe atoma npmeoauT K

ANEKTPOHHbIM nepexoaam Me)Kay BHYTPEHHUMWU 3NEKTPOHHbIMU obornoykamu atoma,
YTO CONPOBOXOAETCA XapakKkmepucmu4eCKUM peHMmMaeHO8CKUM U3y4eHuem.

11. AHTMYACTULIbI U UX AaHHUTUNALWA.

ONEeKTPOH M MO3UTPOH 3TO MpuMep napbl aHmuYacmuy. CyliecTBoBaHuE
no3nTpoHa ObiNo TeopeTnyeckn npepckasaHo B 1930r [dupakoMm M NOATBEPXKAEHO
akcnepumeHTaneHo B 1932r AHAEPCOHOM.

MpakTuyeckn Yy Kaxgow 4YacTvubl MMEeTcs  aHTMdacTuua, Oo6blYHO
o0603HavYaemas Tem xe CUMBOJSIOM, HO C AobaBneHnemM musib0bl Haf HUM. Y YacTuubl
W aHTU4acTUUbl Macca, epeMsi XU3HU U CrnuH oOduHakoebl. OcmaribHble
Xapakmepucmuku, B TOM YACNE 3MEKTPUYECKUI 3apsig U MarHUTHbI MOMEHT, pagHb!
o mModyrio, HO MPOMUEOMOIOXKHBI M0 3HaKy. [puMepaMmn YacTul, U aHTMYacTuL,
SIBMSIOTCA: NPOTOH P W @HTUNPOTOH P, HEMTPOH 11 U @aHTUHEMTPOH 71, HEWTPYHO V,

N @HTUHENTPUHO V

B3aumopenictBme 4YacTvubl M aHTUYacTWUbl NPUBOAUT K WX aHHU2uIssyuu.
TepMuH "aHHUrUNAUMA" NepeBOAMTCA Kak "YHUYTOXEHME", HO, pasyMeeTcs, ero He
cnefyeT TpakToBaTb GykBanbHO. B pedynbTaTte npouecca aHHUMUASLUK reKTPoHa ¢
NO3NTPOHOM POXAaeTcs ABa (pexe Tpu) BbICOKOSHEPreTUYHbIX (DOTOHA (Y -KBaHTa):

-_0 + = 0
3MEKTPOH € =_e M MO3NTPOH e’ =€ = e.

et Je -2y
npuyemM 3Heprusi 3MNeKTPOHHO-MO3UTPOHHOW Napbl NEPexoauT B 3HEPTUIO
doToHOB. MNosiBNEeHVe B 3TOM npoLecce He MeHee ABYX (DOTOHOB credyeT M3 3aKoHa
coxpaHeHust umnynbca. Bo3amoxeH wu o06pamHbil npouecc — poxaeHue
S/1EKMPOHHO-MO3UMPOHHOU Mapbl NpU  B3aUMOOENCTBUN Y -KBaHTOB ((HOTOHOB)

Gonbwoit sHeprum (£, >1,02MsB = Zmecz) C BelyecTBoM (sapom X ):

Y+ X > X+ et le
L‘IaCTVILla X HeOsXO,D,VlMa anga Toro, L'|TO6|:>| BbIMOJTHANMNCb 3aKOHbI COXpaHeHVlﬂ
SHEePrun n nmnynbca.
npOL{eCCbl B03HUKHOBEHUSI U aHHueusnayuu 3ﬂeKmpOHHO-rIO3UmpOHHbIX I'Iap
ABIIAKOMCA MPUMEPOM e3aumMoces3u pa3siuvyHbIx 4)OPM Mamepuu: 8 3amux
npoueccax Mamepusi 8 (hopMe eelyecmea npespawyaemcss 8 Mamepuio 8 hopme
31eKMPOMazHUMHO20 101151, U Ha06opPoM.

12.Mamma-nsnyveHue.

Falvnvla-wsnyqume ABNAETCA KECTKMM  3NIEeKTPOMarHUTHbIM  U3JTyHeHnem,
3HEepPrna KOTOpOoro ucnyckaetcda npu nepexopgax 4dgep U3 BOS6y)K,D,eHHbIX
JHEepreTn4ecknx COCTOSIHUN B OCHOBHOE WM MeHee 3036y>|<,quHb|e COCTOAHUA, a
Takke npu aaepHbIX peakunsax.

'}/-M3ﬂyHeHMe He camMmocmosimesibHbIl T™n PaanoakTUBHOCTU. OHo

cornpogoxdaem npoLecchl o - [ -pacnafos U He BbI3bIBAET M3MEHEHUs 3apaaa
MaccoBoro uucna sagep. Y -UanyyeHne ncnyckaerca o4epHUM (2 He MaTePUHCKUM)
A0pOM, KOTOPOE B MOMEHT CBOero o6pa3oBaHusi OkasblBaeTcsi BO36YXOAEHHbIM.

r

ras vageanbHbi 2-3

— 9NEKTPOHHbIN 3-27
ramma-usny4yeHve 8-6, 8-10
rapMoHu4yeckuin aHanma 5-10
reHpu 4-7, 4-17

repy 1-7, 5-3

rmnepoHbl 8-20

rmnoTesa ge bpowns 7-6

— lMnaHka 6-28

rMpOMarHUTHoe oTHoLeHne 3-21
— — saaepHoe 8-4

rmctepesuc 3-16, 4-27

rpaguenT 1-23, 1-30

— ckopocTtu 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

— cratnyeckoe 1-20

OanbHUiA nopsigok 2-25

OBWKeHNe BpallartenbHoe 1-3

— 3amepaneHHoe 1-5

— KpuBOnuHenHoe 1-4

— MexaHu4veckoe 1-3

— HepaBHoMmepHoe 1-5

— nocrtynatenbHoe 1-3

— npsiMonuHeriHoe 1-4

— paBHOMepHoe 1-5

— yckopeHHoe 1-5

ABOVIHOE Nny4enpernomreHue 6-23

OencTByoLLee 3Ha4YeHNe NepeMeHHoro
Toka 5-19

nentepun 8-2

0evTpoH 8-4

JekapToBasi cuctema koopauHar 1-4

OeKpeMeHT 3aTyxaHus 5-13

nedbekt maccbl 8-3

nedekTbl 2-29

nedopmaums 1-17

— nnactuyeckas 1-17

8-23

— oTHocuTenbHasa 1-18

— ynpyras 1-18

mroynb 1-12

auarpamma coctosiHus 2-31, 2-32

anamarHeTukm 4-23

auBepreHumns BektopHoro nons 1-31,
4-31

avop 7-31

auonTpus 6-4

OUNOSNb MarHUTHbIN 4-5

— anekTpuyeckuin 3-9, 5-32

aoucnokauum 2-29

aucrnepcusa aHomarneHas 6-19

— HopMarnbHas 6-19

— cBeTa 6-18

ouccunaTtmeHas cuctema 1-13

avccunaTtuBHble cunbl 1-22

auctopeus 6-5

aundpakumoHHasa pelueTka 6-15

aundpakuymsa 6-12

— Ha NPOCTPAHCTBEHHOW peLLeTKe
6-16

— ®payHrodpepa 6-14

— OpeHens 6-13

anddepeHuman dyHKUUM NOMHbIN

-28

anddysma 2-10

auxpounsm 6-24

aunanektpukmn 3-13

OrMHa BOMHbI 5-21

— KOrepeHTHoCTM 6-7

— nytn 1-4, 6-8

— — reomeTpuyeckas 6-8

— — onTun4yeckas 6-8

— cBobopgHoro npo6era monekyn
cpepHsas 2-9

nobpoTHoCcTb 5-13

Aosa nanyyexuns 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 gusuke.
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lMpedmemHbIl ykazamernb

CcbInku B ykasaTene coctosiT u3 deyx yucen. llepeoe yucno — coomeemcm-
syrowas yacme nekyud: 1-MexaHuka, 2—MonekynsipHas dusmka n TepMmoguHamumka,
3-3nekTpuyectBo, 4—MarHeTnam, 5—-Konebanusi u BonHbl, 6—OnTuka, 7—KBaHToBasi
dpusmuka, 8—AnepHasn dumanka. Bmopoe yucsio — Homep cmpaHuubi.

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 npubnmxkeHne 7-25

aKTMBHas 30Ha peaktopa 8-17
aKTMBHOCTb Hyknuaa 8-7
akuenTtop 7-28
anbga-nanyyenue 8-5
anbda-pacnag 8-8
amopHble Tena 2-27
amnep 1-2, 3-22, 4-6
amnnuTyga konebanus 5-2
aMnnuUTyaHble KOadhULUMEHTBI
oTpaxeHus 5-30
— — nponyckaHusa 5-30
aHanusaTtop 6-22
aHU30TPOMNHOCTb 2-27
aHHurunsaums 8-10
aHTUHENTpUHO 8-9
@HTUCTOKCOBbIV CNYTHUK 7-23
aHTudeppomarHeTuk 4-28
aHTn4actTuupbl 8-10
acturmaTtuam 6-5

b

©6apwuoHbl 8-20

Bekkepenb 8-7

OuneHusa 5-10

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

— NpoMeXxyTo4Hble 8-20
GpoyHoBckoe ABmxeHue 2-9
Oap 8-12

6aTa-usny4yenuve 8-6, 8-9
©arta-pacnag 8-9

BaTT 1-12

BakaHcus 2-29

Bebep 4-12

BekTop 1-28

— YmoBa (MowiTtnHra) 5-31

BEKTOPHOE NpOou3BeLEHNE BEKTOPOB
1-29

Bec Tena 1-19

BeYHbIN ABUraTens nepeoro poga 2-13

B3auMHasi uHaykuus 4-19

BHyTpeHHee TpeHue 1-20

BO3roHka 2-30

BoJiHa 5-20

— berywas 5-21

— pe bponns 7-6

— nnockas 5-21

— nonepeyHas 5-20

— npopgonbHasg 5-20

— cTosivas 5-24

— cdhepuyeckas 5-22

— ynpyras 5-20

— — rapmoHunyeckasa 5-20

— aneKkTpomarHutHas 5-27

BOMHoOBas pyHKuUmsA 7-8

BOJIHOBOE 4ncno 5-22

— ypaBHeHue 5-22

BOJIHOBOW NakeT 5-23

BOMHOBas MOBEPXHOCTb 5-21

BOCMPUMMYMBOCTb BeLLecTBa
avanektpuyeckas 3-15

— — MarHuTHas 4-23

BpeMs penakcaumm 5-13

BsA3KocTb 1-20

— AuHamnyeckaa 1-21

— KMHemaTn4yeckas 1-21

A.H.Orypuos. flekyuu no ¢gpusuke.
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Mepexod M3 BO3GYXAEHHOMO COCTOSIHUS SAPa B OCHOBHOE MPOMCXOAWUT 3a BPeMms
npumepHo 107"°~107"*c, uTo 3HAUMTENBHO MEHbLLE BPEMEHM XN3HU BO3BYXIEHHOMO
aToma (npumepHo 1075¢).

CneKTp ¥ -uanyyenus SBnseTcs JuHellyambiM, YTO [10Ka3biBaeT AMCKDETHOCTb

3HepreTn4vecknx COCTOSIHUIN aTOMHBbIX a0ep.
j/—l/lanyqume ABNAETCA CTOSIb KOPOTKOBOJIHOBbLIM, YTO €ro BOJIHOBbIE cBOMNCTBaA

npoABnAKTCA BeCbMa crnabo, a Ha I'IepBbIl7I nnaH BbICTYyNnaKT KOPNYCKyNAPHbIe
CBOWCTBA. |_|03TOMy Y -n3ny4yeHne paccmMaTpmBatoT Kak NOTOK YacTULl — 7Y -KBaAHTOB.

Y -kBaHTbI, 06nafas HyneBoW Maccol Nokosi, He Mo2ym 3amedriimbCs B Cpefe,
NMO3TOMY MPW  MPOXOXAEHUM Y -U3MYy4YeHUs CKBO3b BeLEeCTBO OHW  nnbo

nornowarTcA, nnéo paccenBaroTCAa M. OcHO8HbIMU rnpouyeccamu,
COMpPOoOBOXAAKLWNMN NPOXOXAEHNE Y -U3NYyYeHNa Yepes3 BeLWeCTBO SABNAITCA:

— _d_)omoa@_@,dgekm nnm d)omoanekmpu'-lec:(oe noasioweHue Y -ussny4eHusi
— ncnyckaHue aTtoMoM, BCrieCTBMe MOrNoWeHus Y -KBaHTa, 3NeKTpoHa C

OLHOWM M3 BHYTPEHHUX 3MEKTPOHHLIX 0BOMOYEK, KOTOPOE COMPOBOXOAETCH
XapaKTepUCTUYECKUM PEHTFEHOBCKUM U3nydeHneM. ®oToadekT sBnseTcs
npeobnagatoLwym MexaHM3MoM MOrMoLLeHUs B 06nacTu ManblX 3Heprui 7y -

KBaHTOB Ey <100«ksB.

— KOMOMOH-3ghhekm (KOMNTOHOBCKOE paccesiHne) SBMNsSeTCs OCHOBHbIM
MexaHVW3MOM B3aVWMOAENCTBUSA Y -KBAHTOB C BELLECTBOM MPU 3HEPrusx

Ey =500 kaB

— 06pa3oeaHue 31eKMPOH-MO3UMPOHHbIX nap (npw Ey >1,02M>B = 2m6c2)

CTaHOBUTCA  OCHOBHbIM MPOLECCOM  B3aUMOAENCTBUSI Y -KBAHTOB C
BeLLEecTBOM Npu Ey >10MasB.

Ecnu aHeprusi y-kBaHTa nNpeBbIAET 3HEPrui0 CBS3W HYKIOHOB B siApe

(7+8M>bB), TO B pesynbTaTe MNOMMOWEHUA 7Y -KBaHTa MOXeT HabnoaaTbcs

s0epHbIl ghomoaghghekm — BbIGPOC U3 SApPa OJHOTO M3 HYKIOHOB, Yalle BCero
HEeNTpoOHa.

13.Jo3nmeTprUyeckue BenMYMHbI U egUHULbI.
BosgeinctBue y-msnydeHus (a Takke ApYrMX BUOOB  WOHM3MPYHOLLETO

M3nyyeHnsl) Ha BELLECTBO XapakTepusyloT 0030l UOHU3UPYHOU,e20 U3JTYYEeHUs.

Pasnuyatotca:

— MoenowjeHHasi do3a u3nyyeHus — U3MYECKass BenNUYMHA, paBHas
OTHOLLIEHUIO SHEPTUM U3NYyYEHMS K Macce 06nyvyaemMoro BellecTsa.

EgvHuua nornouleHHon gosbl nanyyvenuss — rpen (Mp): 1Mp=10x/kr — gosa
N3ny4YeHns, Npu KOTOpon 06nydYeHHOMY BeLlecTBY Maccow 1kr nepepaetcs
3Heprus nboro noHmanpytoLlero nanyyenmsa 10x.

— O9Kcno3uyuoHHasi 0o3a u3slydeHuUss — U3NYECKasi BENWYMHA, paBHas
OTHOLLEHUIO CYMMbl 3fEKTPUYECKNX 3apsdoB BCEX MOHOB OOHOrO  3Haka,
CO3[aHHbIX 3MeKTpoHamu, OCBOBOXAEHHbIMW B 0OnyvYeHHoOM Bo3gyxe (npu
YCMOBMU MOSHOTO UCMOSb30BaHNA MOHU3NPYHOLWENA CNOCOBHOCTU 3MEKTPOHOB), K
mMacce 3Toro Bo3gyxa.

EavHyua 9KCNO3nLUMOHHOM [03bl U3NyYeHUs — KYJOH Ha kunorpamm (Kn/kr);
BHECWUCTEMHOW eanHuLEn siBnsieTca peHTreH (P): 1P=2,58:10"* Kn/xr.

AnepHasn dusmka



8-12

— bBuonozu4veckasi do3a — Benu4uMHa, onpefensiowas BO3AeNCTBUE U3NydYeHNs
Ha opraHu3m.
EgvHvua Guonornyeckon Ao3bl — OGUMONOrMYECKUA IKBUBANEHT peHTreHa
(63p): 16ap — posa nwboro BuAA WMOHU3UPYIOLLETO  U3NYYEHUs,
npousBogsias makoe e ©Guonormyeckoe [fencteuMe, kak M gosa
PEHTreHOBCKOro Unun 7y -usnyyexuns s 1P (163p=102 Mx/kr).
MowiHocmb 003bl U3/Ty4eHUs1 — BENUYMHA, paBHasi OTHOLUEHWIO [03bl
N3ny4yeHus K BpeMeHn obnyyeHusi. Pasnuyator:
1) MoOWHOCTb NOrNoLWeHHON A03bl (eauHuLa — rpen Ha cekyHay (Ip/c));
2) MOLUHOCTb 3KCMO3ULMOHHOW A03bl (e4uHMLE — aMnep Ha KunorpaMmm
(A/kr)).
14.3ddbekT Méccbayapa.
Spgpekmom Méccbayapa HasbiBaeTCcs SIBMIEHUE YMNPYroro WCMycKaHus Wnu
MOrMOLEHNS Y -KBAHTOB aTOMHbIMU SiApaMK, CBA3aHHbIMWM B TBEPAOM Terne, He

COMpOoBOXJaKLeecs U3MEHEHNEM BHYTPEHHEN SHeprMu Tena (T.e. npoucxogsiiee
0e3 B0o3byxaeHnsa kBaHTOB konebaHuin Kpuctaniamyeckon peleTkm — QOHOHOB).
Mpu n3ny4yeHMn wunu normowieHnn 7Y -kBaHTa siOpoM c80600HO20 amoma,
BCNEeACTBME 3aKoHa COXpaHeHus uMmnynbca sApo atoma npuobpetaeT MMMYrbC,
paBHbIA  UMMYNbCYy W3MYYEHHOrO WMW MOMMOLWEHHOro OoTOHa, a 3HauuT U
KMHETUYECKYI0 SHEepruio — KVHEeTUYecKyto aHepauto omdayu sidpa (E ).
CrniefcTtauem aToro siBNSieTCs TO, YTO:
— npy nepexofe sapa U3 BO3BGYKAEHHOTO COCTOSIHUSI C 3Heprven E B
OCHOBHOE, U3MNy4YaeMblii Y -KBaHT UMeeT 3HEePruto Ey HECKOJIbKO MEHbLLYH,

yem E, n3-3a otaaum sapa B NpoLecce UsnyyeHus: Ey =E-Eg;

— npu 5036y>K,quvw| A40pa un nepexoae ero nm3 OCHOBHOIO COCTOAHUA B
BO36y)K,EI,eHH09 Cc aHeprmeﬁ E Y -KBaHT OOIMKEH NMETb AHEPrU0 HECKOJIbKO

Gonbuyio, yem E: E, =E + Ey
Takum 06pa3oM, MaKCUMyMbI MIMHUIA U3NYYEHUS U MOTNOLLEHNS [AOMKHBI BbiTh
COBVMHYTHI PYT OTHOCUTENBLHO Apyra Ha BenuumHy 2E4 (CM. pUCyHOK), YTo Aenaet
HEBO3MOXHbLIM PE3OHaHCHOe TMOorroleHne 7y -

KBaAHTOB Ansi c80600HbIX SAep.
o Pe3oHaHcHoe nornolyeHve Y -usnyyeHus

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

UMNynbC OTAAYM NepeaaeTcsl He OAHOMY aToMmy, a

BCEMY KpucTanny B LenoMm. B aTom crnyyae notepu aHeprum Ha oTaadvy CTaHOBSITCA
ncyesaroLle mManbiM1, NOCKOSbKY Macca KpucTanna ropasgo 6onbliue Macchbl OAHOMO
aToMa U KMHeTUYeckasi SHeprusi, KoTopyt npuobpeTaeT BeCb KpUCTanm, HUHYTOXHA.
Mpu gocTaTovHO HU3KUX TeMnepaTypax, Koraa BepOsiTHOCTb BO30YxaeHWs1 (hOHOHOB
BCNEeACTBME OTAa4M aTOMOB CHWKAEeTCs, MPoLecChl U3MyYeHUs W MOrmoLleHns Y -

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

265

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

5) "MCTUHHBIN" (true) — ¢

6) "npenectHblit" (beauty) —b.

Y KBapKOB UMEIOTCS aHTUYaCTULbl — aHMuKeapKu.

CBoaHas Tabnuua anemMmeHTapHbIX 4acTul,.
CumBon . =
© 3 < = ) )
& Ol - 5 | 8~| BN EX
Covima Haspanne z £ °© | g=s °lge|5g|E¢g
py YaCTHIIBI 5 g 3 = S5 £ 55| ES|&E
3 = = E | g SFgF
= e o = ©] § 42
®oToHbI doton Y 0 0 1 — 0
DNeKTpoH e et 1 12 | — +1 0
dueKrpomnoe |y, v, Lol o 2| —|+]o
HCUTPUHO
Moo u 'qu 1 206,8 12 — +1 0
Jlentons! ME?OHHOE vV, ‘7” 0 0 12 . +1 0
HECUTPUHO
Tay-nenTon _ 4
(Taom) T T 1| 3487 | 12| — | #+1 | o0
Taomnoe v, vV, | o 0 121 — | +1 ] o0
HEUTPUHO
0 0 264,1 0 1 0 0
ITuonsr
Tt - | 1] 2131 | o 1 0| o0
Me3zoHbI K° KO | 0] 9740 | 0 [ 12| 0 0
Kaonsr
Kt K~ 1 966,2 0 1/2 0 0
Sra-me3on n’ 01074 [ 0| — 1] 0|0
Ipoton p P 1 | 18362 | 12 | 12| 0 | +1
2 Heiitpon n i 0 | 18387 | 1/2 | 1/2 | 0 | +1
;8{ I'uneponsr:
< mMGza Al N 0 | 2183 1/2 0 0 +1
30 S0 10| 2334 | 12| 1 0 | +1
bapuonst curva | 3y S+ [ 1| 2328 [12] 1 | 0 |+
5 S- [ 1| 2343 [ 12 | 1 0 | +1
=0 Zoo[ o | 2573 [ 12|12 0 |+
KCH =
=- - 01| 2586 [ 12| 12| 0 | +1
omera Q o 1 3273 372 0 0 +1
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B3auMoaencTaus. CXxeMaTuyHo, afekTpoMarHuTHoe
B3aUMOAENCTBUE  [OBYX  3apsBKEHHbIX  YacTuy
npoucxogut  nytem obOMeHa Mexgy ~— HUMM
supmyanbHbiM ¢omoHoM Y. B pesynbTaTte

BO3HMKAET, Hanmpumep paccesiHie 3reKTpoHa
NPOTOHOM, KOTOPOE CXemaTu4ecku usobpaxkaeTcs
duacpammol  ®eliimaHa (a). A cnaboe
B3aMMOOENCTBME  MPOUCXOOUT nNyTeM obOMeHa

MPOMEXYMOYHLIMU 8€KMOPHbIMU 603oHamu (W' W™, Z 0) —  TSOKEIbIMM

+ o
YyacTmuamu co cnuHom 1. Mpu aToM W~ -6030HbI OCYLLECTBMSAT B3auMoAencTeue
NPy KOTOPOM U3MEHSIETCS 3HaK 3apsiaa UCXOAHOM YacTuupbl (Hanpumep, 63Ta-pacnag

Oln—>11p+_?e+8\7€ (amarpamma PeriHmana (6)), a 7" -6030H — npv KOTOPOM 3HaK He

n3MeHsieTcs (Hanpumep, paccesiHne HEeWTPUHO Ha JNeKTpoHe 8\7+_?e—>_?e+g\7€
(avarpamma ®enHmana (8)). Takum o6pa3om, mpu MPOMEXYMOYHbIX 6030Ha U
OomoH SBMATCA KBaHTaMW TaK Ha3blBa€MbIX Ka/luGpPO8OYHbIX GE€KMOPHbLIX
noneu 3nekTpocnaboro B3aMmMoaencTBUs.

23.3nemMeHTapHble YacTUlbl.

Y Kaxxgol anemeHTapHOWM YacTuubl eCTb aHTM4YacTMLa, 0003HayYaeTcs oHa Tem
€ CMMBOJIOM, HO C fOoGaBnNeHNeM TUNbAbl Hag HAM.

AHTHYacTUubl CbOTOHa, 71'0- n TIO-MGSOHOB TOXAOEeCTBEHHbl cCaMUM 4YacTuuam.

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

OnemeHTapHble YacTuubl 06beAUHSIIOTCS B TPU rpynnbl: POTOHbI, NENTOHbI U1
aJpoHBbI.

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

[pynna NnenTtoHOB COCTOMT M3 3MEKTPOHA, MIOOHA, 3NIEKTPOHHOTO M MIOOHHOTO
HEeNTPVHO, TSHXXENOro NenToHa — T -nenToHa (TaoHa), TAOHHOro HEWTPUHO, a Takke
COOTBETCTBYIOLMUX UM aHTUYacTuL. OHU yyacmaeyom TONbKO B 3NE€KTPOMarHMTHOM
¥ cnabom B3aMMOAENCTBUSIX.

K rpynne afpoHOB OTHOCATCS Me30OHbI (MMOHbI U KaoHbl) N 6apuOHbI (HYKMOHbI
(NPOTOH, HEMTPOH) M HecTabunbHble YacTuubl). MNpu pacnage GapuoHa, Hapsgy C
Opyrumm Yactuuamu, Bcerga obpasyeTcsi HOBbIi 6apuvoH — 3aKOH coxpaHeHus!
6apuoHHoz0 3apsida. AQpoHbl 06nafalT cusnbHbIM 83aumodelicmeuemM, Hapsdy ¢
3/1eKmpomMa2HUMHbLIM 1 criabbIM.

ALpPOHBI cocToAT 13 Keapkoe. Kaxabii Me3oH M cTpouTcst U3 OHOrO KBapka
¢ Y OOHOrO aHTUKBapKa ¢ , Kaxablit 6apuoH B — 13 Tpex KBapkoB ¢ :

M =gqq, B=4qq
Yucno NnenToHOB paBHO YMCHY TUMOB KBApPKOB — MPUHUUM KeapK-1enmoHHOU
cummempuu.
MMetoTca KBapKky LLECTM TUMOB, KOTOpble MoAoBHO nenToHam oBpasyloT Tpu
ay6neta, unu Tpu nokonewus (u,d), (c,s), (¢,b):
1) BepxHwun (up) — u
2) HuxHwit (down) — d

3) "oyapoBaHHbIN" (charm) — ¢

A.H.Orypuos. flekyuu no gusuke.
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15.MpunbopbI ANs perncTpaumm pagmoakTUBHbLIX U3NTYYEHUN U YacTuL.
Ha6niogeHve u pervctpauus pagmoakTUBHBIX U3nydYeHun (o, ﬁ,y) M vactumy

OCHOBaHbl Ha UX CMOCOBHOCTU MPOM3BOAMTL MOHMU3ALMIO MU BO3BYXOEHNe aToOMOB
cpeabl.

CUUHMUNNAYUOHHBbIU cHYeMYUK — [ETEKTOp SAEPHbIX YacTul, OCHOBHBIMU
afieMeHTaMy  KOTOPOro  HABNSOTCA  cyuHmuansmop  (kpuctannodocdop,
N3ny4YaroLwmin BCbILWKX CBETa MpW nonagaHnn B HEro 4actuu) U OTOINEKTPOHHLIN
ymMHOXuTenb (PIY), nossonsAowmin npeobpasosaTtb cnabble CBETOBble BCMbILLKM B
ANeKTPUYECKNE UMMYNbChl, KOTOPbIE PErNCTPUPYIOTCSA IMIEKTPOHHON annapaTypoW.

HoHu3ayuoHHble cyem4YuKu — 3aMOfIHEHHbIE [a30M  3feKTpuyeckne
KOHOEHCaTopbl — [AETEeKTOPbl YacTul, OCHOBAaHHble Ha CMOCOBHOCTU 3apsKEHHbIX
YacTul BbI3blBaTb MOHM3aUMIO ra3a, C MOCNeayllWwuM pasgeneHneM npoayKToB
MOHM3aUMM B 3rekTpuyeckom norne. Ecnu cyetynk permcTpupyet TOMbKO WOHBI,
0o6pa3oBaBLUMECSH HEMOCPEACTBEHHO MOA AENCTBMEM 4YacTul, TO TakKOM CYETYMK
Ha3blBalOTCA UMMYJIbCHOU UOHU3aUYUOHHOU Kamepol. CYeTyMmKku, B KOTOPbIX
OCHOBHYIO pOJib UrpaeT BTOPWUYHAs MOHU3aunsi oBycrnoBreHHasi CTONKHOBEHUSIMU
NepBUYHBIX MOHOB C aTOMamy U MOJieKyllaMu rasa, B pesynbTaTe Yero BO3HMKaeT
paspsii B rase, HasblBalOTCsl 2a30pa3psA0HbIMU  cyemyukamu. [lpumep
rasopaspsiiHoro cyeTymka — cyeTyuk levirepa-Mionnepa.

lMonynpoeodHuUKo8ble  cYemYyuku —  NOMYNPOBOOHWKOBbIE  AMOAbI,
NPOXOXAEHNE Yepe3 KOTopble PerucTpyMpyemMbix 4YacTul, NPUBOAUT K MOSIBMEHUIO
3MEeKTPUYECcKOro Toka Yepes AUOA.

Kamepa BunbcoHa — UMNMHOP C NAOTHO NpunerawwyM MopLIHEM,
3anorHeHHbIV HenTparnbHbiM rasom. [pu peskom (agmabaTvyeckom) paclunMpeHun
ras CTaHOBUTCSI MEPECHILLEHHBIM U Ha TPAEeKTOPUSAX YacTul, NPONeTeBLUUX 4vepes3
Kamepy, obpasytoTcs Tpekn 13 TymaHa, Kotopble dhoTorpacdupytoTcs.

lMy3bipbKOBasi KamMepa — KOHCTPYKTMBHO MOXoxas Ha kamepy BunbcoHa u
3anonHeHHas Mpo3payvHol MmeperpeTon XuakocTbio. [MponeTtalwas yepes kamepy
3apsKeHHas 4acTuua BbI3blBaeT pe3koe BCKMMaHue >XWMOKOCTW, W TpaekTopusi
YacTuubl okasbiBaeTcsl 0603HaYEHHOW LIeNOYKOM My3blpbKOB ra3a — obpasys Tpex,
KOTOpbIN Kak M B kKamepe BunbcoHa, doTtorpacdupyetcs. OPdeKTUBHbLIN 06beM
ny3blpbKOBOW kamepe Ha 2—3 nopsgka bonblue, 4emM y kamepbl BunbcoHa, Tak Kak
XWOKOCTW ropasfo nroTHee rasos.

S1depHble ghomoamynibcuu — TONCTOCMOMHbIE hoTorpacduyeckne aMynbcun,
NPOXOXAEHNE 3apshKeHHbIX YacTul, Yepe3 KOTopble BbI3bIBAET MOHU3aLMIO,
npuBoOAsilLyl0 K 0Opa3oBaHWIO CKPbITOro u306paxeHuss B amynbcuu. [locne
NPoOsIBNEeHNs criedbl 3apsXeHHbIX YacTul, obHapyXuBalTCa B BUAE LIeNOYKMN 3epeH
meTannunyeckoro cepebpa. [na uccrnegoBaHWA  BbICOKOAHEPTeTUYHBIX  YacTuL,
MCMONb3yTCA CMOMbI  MIaCMuUHOK — 0Onbluoe YWUCMO  MapKUPOBAaHHbIX
HOTOIMYIMBLCUOHHBIX NAIACTUHOK, MOMELLAEeMbIX Ha MyTW YacTuL, U Nocne NposiBneHns
npomepsieMbIX NOA MUKPOCKOMOM.

16.4gepHble peakumMn 1 UX OCHOBHbIE TUMbI.
S1depHble peakyuu — 3TO NPeBpaLLEHNss aTOMHbIX SAep Npy B3anMoaencTsum
C 3N1eMEeHTapHbIMU YacTLamu (B TOM YNUCIE U C Y -KBaHTaMu) U ApYr C APYroMm.
CVMBONUYECKN peakLmmn 3anmcbiBaloTCst B BUOE:
X+a—>Y+b, wm  X(a,b)Y
rae X u' Y — vcxogHoe U KoHeuyHoe agpa, a@ v b — Gombapaupyowas u
ucnyckaemasi (Mnm ucnyckaemble) B a4€pHON peakumm YacTuubl.

AnepHasn dusmka
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B nwobon sOepHOM  peakuun  BbIMOMIHAOMCS  3aKOHbl  COXPaHeHUsl
arekKmpuyecKkux 3apsdo8 U Maccoebix Yucesi: cymma 3apsgoB (M MaccoBbIX Yucen)
SAep W YacTuu, BCTynaloLWmxX B S4epHY0 peakumio, paBHa cymMe 3apsgoB (M cymme
MaccOBbIX YMCeN) KOHEYHbIX NPOAYKTOB (SAep M 4acTuy) peakuuun. BeinonHsawoTcs
TakKe 3aKOHbl COXpaHEeHUs 3Hepauu, UMynbca U MOMeHma UMybsca.

AnepHble peakuun MoryT ObiTb Kak 3K3omepmudeckKumu (C BblAeneHnem
3Heprun) Tak 1 3HdomepmMu4eckuMu (C NOrNoLEHNEM SHEPTUM).

foepHble peakuun MNpoOTeKaloT 8 HeCKosbKo smariog. Ha nepsom 3Tane
HaneTawLas YyacTvuua 3acTpeBaeT B sigpe-MuLLeHn, obpasyss cocmagHoe s10po unm
KOMnayHO-s1I0po, W €e OSHeprusi nepefaeTcs He KakoMy-nnbo  HYKIOHy, a
paBHOMEpPHO pacnpegenseTca Mex0dy ecemu Yacmuyamu COCTaBHOro siapa, Tak YTo
HA OAHa M3 HWX He nofyyaeT 3Hepruu, [OoCTaTOMHOM AN BbiNeTa M3 agpa.
CocTtaBHOE AA4pO paccmaTpuBaeTcsl Kak BO3OyxaeHHas cTatucTudeckas cucmema
YyacTuu, coBepLiaroLLas HeynopsaodeHHble ABMKEHNS, NO400HbIe ABUKEHMIO YacTuy,
B Karsne xuakoctu. B pesynbtaTe cryyalHbiX OTKIOHEHU OT pPaBHOMEPHOro
pacnpegeneHns 3Hepruyv BO30YXOEHWs MexZy 4acTuuamMu COCTaBHOrO sigpa Ha
Kakon-nmbo OAHOM M3 HUX KOHLEHTPUPYETCs 3Heprus, ocTaTovHas Ans Bbineta
3TOM YacTuubl M3 sgpa. OTOT BTOPOW 3Tanm SAEPHOW peakuuyn NPOMCXOAUT Mo

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

XxapakmepHoe sidepHoe epems (~ 10722 c).
Cxema sigepHoii peakumm ¢ obpa3oBaHMeM KoMnayHa-aapa:
4 A 4
2 X+a->7Y—>,C+b
4 A
roe Zi X —wncxogHoe AOpO-MULLEHb, @ — HareTawlas 4yacTviua, ZZZY —

cocTaBHoe fa[po, ZC — AOpo — MNPOAYKT afdepHoi peakuun, b — vactuua,

BbineTeBLUas U3 aapa B pesynbTaTe peakuuu.
Ecnm a=b, To npoucxoout paccesiHuUe YacTuubl SOPOM: yrpyaoe — Mpu
E,=E,, Heynpyzoe — npn E,#FE,. Ecnu e wucnyweHHas vactiua He
TOXKAECTBEHHA C 3axBaueHHon (b#a), To uOeT sigepHas peakuusi B MPSAMOM
CMbICriE CrioBa.
AnepHble peakuunmn knaccuduumpyroTca:
1) mo pody yvacmeyrowux € HuXx 4Yacmuy — peakuuu noa OelcTBueEM
HEWTPOHOB; 3apsHKeHHbIX YaCTUL; Y -KBAHTOB;
2) no 3Hepauu ebI3bI8arOWUX UX Yacmuy — peakumu Npu marsbix, CPeOHNX
1 BbICOKUX 3HEPrusix;
3) no pody yyacmeyrwux 8 Hux si@ep — peakuun Ha nerkmx (A <50);

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

4) no xapakmepy npoucxodsuux f10epHbIX MpeepaujeHuill — peakuum c
MCnycKaHMeM HENTPOHOB, 3apsXKEHHbIX YacTuL; peakuum 3axeaTta (B criyyae
3TVX peakuuit COCTaBHOE SAPO HE UCMYCKaeT HUKaKMX YacTuu, a nepexoauT
B OCHOBHOE COCTOsIHUE, U3My4ast OOUH UMN HECKOMBKO Y -KBaHTOB).

MepBas B UCTOpUK AaepHas peakums Gbina ocyllectsrneHa PesepdopaomM npu
6omGapavpoBke sapa asoTa ¢ -4acTulamu:

14 4 18 17 1
sN+;He— (F— O+ p
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Peakuun cuHTe3a nerkux sgep, CBs3aHHblE C NPEOAONIEHNEM UX KYNOHOBCKOrO
oTTankmBaHusl, 9@@EKTUBHO MOryT npoTekaTb INWllb NPU  CBEPXBbICOKMX
TemnepaTtypax nopsigka 105—10°K. Takue peakuuu Ha3bIBAIOTCS MepMOsIOePHbIMU
peakyusiMu cuHmesa v NPOUCXOAAT B BELLUECTBE, HaxoAsiluMMmcs B NnasMeHHOM
COCTOsiHUN. TepMmosiiepHble peakuuu SBASIOTCS, NO-BUOAMMOMY, WCTOYHMKaMU
3HEprMn  3Be3d, KOMMEHCUPYKLWMMU  UX  K3nydyeHve. [peanonoxutenbHo
TepmosiiepHble peakumn Ha ConHue, B KOTOpbIX siApa Bogopoaa npeBpallatoTcs B
sapa renusi, MoryT npoTekatb B (hOpMe OAHOro U3 ABYX MepMOosi@epHbIX YUKIT08:

1) NPOTOH-MPOTOHHbLIN LUK

Ip+ip—=iH+ Se+v,, H+lp—iHe+y, iHe+iHe—3He+2/p
2) yrnepoa-a3oTHbINA LMKI

12 1 13 13 13 0 0 13 1 14

¢C+p—>3N+vy, iN=C+_ jet,V,, cCHip—= I N+y

14 1 15 15 15 0 0 15 1 12 4

N+ p—=3:0+7, ;0= 3N+ jetyV,, N+, p—C+,He
HononHeHue

22. dyHOaMeHTanbHble B3aMMoOAeNCTBUS.

B HacToswee Bpems pasnuualoT yYembipe muna yHOaMeHmanbHbIX
83aumodelicmeuli: CUnbHOE, ANEKTPOMarHMTHoe, cnaboe u rpaBUTaLMOHHOE.

CunbHoe 83aumModelicmeue CBONCTBEHHO YacTuLiam, HasblBaeMblX agpoHamm
(hadros (rpey.) — cunbHbIA, MACCUBHBIN, KPYMHBINA), K YUCIY KOTOPbIX NpUHaanexar,
B 4acTHOCTW, MNPOTOH, M HeWTpoH. Haubornee wun3BecTHoe ero nposiBNeHve —
snepHble cunbl, obecneymBaroLme CyLLecTBOBaHME aTOMHBIX SiAEP.

B anekmpomazHumHom e3aumodelicmeuu, Haunbornee W3BECTHOM MU
Hanbornee W3y4eHHOM, HEMNOCPEACTBEHHO YYacCTBYIOT TOSIbKO — 3NEKTPUYECKU
3apsKeHHble YacTuubl U PoTOHb. OQHO U3 ero NPOosiBNEHU — KYNOHOBCKUE CUMbI,
obycnoenvearoLLme CyLLecTBOBaHWE aTOMOB.

Cnaboe e3aumodelicmeue Tnpucylle BCEM 4acTuuam, kpome (OTOHOB.
Haunbonee n3BectHoe ero nposiBrieHne — beTa-npeBpalleHns aToMHbIx saep. OHo
Xe obycnaBnuBaeT HeCTabWIbHOCTb MHOMMX 3fieMEHTapHbIX 4YacTuul, Hanpumep
HeWTpoHa.

FpasumayuoHHoOe 83aumodelicmeue CBONCTBEHHO BCeM Tenam BceneHHon,
NposiBNASCb B BMAE CWUIT BCEMUPHOrO TATOTEHUS. OTW cunbl 0BycnosnueatoT
CyllecTBOBaHME 3Be3d, MraHeTHbIX cuctem, W T. 0. [paBuTauMOHHOE
B3avMoencTBue npegensHo cnaboe n B MUpe aneMeHTapHbIX YacTuL, Npu OObIYHBbIX
3HEeprusix HenocpeacTBEHHON PONu He urpaert.

dyHaamMeHTarnbHble  B3aUMOOEWCTBUS  Pa3nUyaloTCAd  MHTEHCUMBHOCTAMWU U
paguycamun OencTeus:

B3anmopenctene MHTEHCMBHOCTb Paguyc gevicteusi, m
CunbHoe ~1 ~10716
OnekTpoMarHnTHoe L )

137
Cnaboe ~1071° ~107"®
MpaBuTaLMOHHOE ~10738 o

A.H.Orypuos. flekyuu no gusuke.

B 60-x rogax LW.Manwoy, C.BanH6eprom n A.Canamom 6bina cosgaHa meopusi
anekmpocsabo2o B3aMMO4eNCTBUSA, 0ObeanHUBLLAS 3NEKTPOMarHuTHoe 1 crnaboe
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3) 23920Th — CINYXXUT CbipbeM Af1A MOSyYeHUst WUCKYCCTBEHHOTO SiAEePHOro

Tonnmea %, U no cxeme:

22 Thtin—2Th—E—2B pa—b- 23y

S10epHbIM peakmopom Ha3bIBAaETCsl YCTPOMCTBO, B KOTOPOM OCYLLECTBSIeTCS
1 NoaAepXKMBaeTCs ynpasnsemas LenHas peakunst eneHus.

PaccmoTpum cxemy peaktopa Ha MeAOneHHbIX
HenTpoHax. B akTMBHOW 30He peakTopa pacrofioXeHbl
TennoBbIAENsAWMe anemMeHTbl (TBanbl) 1 1 3ameanu-
Tenb 2 (B HEM HEWTPOHbI 3aMeansloTcA A0 TennoBbIX
ckopocTten). TBanbl npeacTaBnstoT cobon 6roku u3
Aensierocst matepuana, 3aknioYeHHble B repMeTUYHYI0
060n0ou4Kky, crnabo nornoLwiarollyo HeMTpOHbl. 3a cyet
3HEprun, BbIAENSIOWENCA Npu AeneHun agep, TBanbl
pasorpeBalTCcsl, a M03TOMy Afs OXNaXAEHUS OHU
noMeLlalTca B NOTOK TennoHocuTtens 3. AKTUBHas 30Ha
OKpy)XeHa oOTpaxaTtenem 4, yMeHblUaloWUM YTeuKy

HenTpoHoB. [logaepxaHuwe cTa-
Sieproe zoprovee i samednimens LMOHApPHOrO pexuma  peaktopa
Tensanocumeso NPOM3BOAUTCS C  MOMOLLbIO
ynpaBnsowmx crepxHen 5 us
maTepuanos,  CUNbHO  MNOrMo-
LaKoLWNX HENTPOHbI, Hanpumep
13 6opa unu kagmms. TennoHocu-
Tenem B peakTope CryXuT BOAA,
Xuakni Hatpui n gp. TennoHocu-
Tenb B naporeHepartope oTaaeT
CBOe Tenno napy, KoTopbiv
noctynaet B MapoByl TypOuWHY.
TypbvHa  Bpawaetr  anekTpu-
YeCKuiA reHepaTop, TOK OT KOTOPOrO NMOCTYNAET B 3MEKTPUYECKYHO CETb.

Pezynupyouyue

Typbuna  [enepamap

CmepwHlL

ANAN N

NYNNSORNNNN

IO {1

NN

pSSS

Jauguma om paduagud
Ompamamens

21.Peakuus cCUHTE3a aTOMHbIX sigep.

Peakuus cuHTesa aToMHbIX sinep — obpasoBaHue U3 nerkux sgep Gonee
Tskenbix. [py  peakuusix cuHTe3a ydenbHasi 3SHeprust CBA3W  s4ep  Pesko

yBENUYMBAETCS NMPU Nepexofe oT siaep Aelitepus le N TpUTUS 31H K NUTUIo ?Li n
renuto ;He (cm. cTp. 8-3), uTo NpPMBOAWT K BOMNbLIOMY 3HEproBbiaeneHnio O :
TH+H—{H+p (0=4,0 MsB)
*H+ H—jHe+,n  (Q0=3,3M>dB)
H+H—>jHet+gn  (Q=17,6 MaB) (*)
‘Li+JH—;He+;He (Q=22,4M>3B)
B peakuusx cuHTe3a BblaensieTcst 3HaumTenbHO Gosblue SHeprn B pacyeTte Ha
OZMH HYKIOH, YeM B peakuusx AeneHus (Hanpumep, nNpu AeneHun sapa ypaHa 2S§U

Bbigensietcs 200 MaB, uto cocraBnsieT 0,84 MaB/HyknoH, a B peakumu (*)
BbigenseTca 17,6/5=3,5 MaB/HyknoH).
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17.5gepHble peakuum nog AeMICTBUEM HEUTPOHOB.

B 3aBMCMMOCTU OT CKOPOCTM (3HEPrUM) HeWTpOHbl AENAT Ha MedseHHble W

6bicmpsble.
MeaneHHble HEUTPOHbI: BbICTpble HEUTPOHBI:
ynbTpaxonogHole (< 1077 3B) ObicTpble (104 +108 3B)

ouetb xonoghbie (107 +1073B)  [BbicokosHepreTuunbie (10° +10'"5B)
xonoawbie (107* +1073B) pensitusuctckue (>10'"B)
tennossble (107 +0,55B)

pesonaHcHble (0,5 +10%5B)

B BeluecTBax, Ha3biBaeMbix 3amednumensamu (rpacuT, Tskenas soga DO,
HDO, coeavHeHus 6epunnus), BbICTpblE HENTPOHBI PaccenBalOTCA Ha sapax U KX
3HEprnsi MEepexoauT B 3HEPrNi0  TEMMOBOrO [BWXEHWS aTOMOB BeLlecTBa-
3amennuTens.

MepaneHHble HeWTpoHbl adpeKkTMBHLI ANA BO3OYXOEHUA SAepHbIX peakuuin,
MOCKOJIbKY OHW OTHOCUTENBHO AONFO MOrYT HaxoAuTbCst BGIM3M aToOMHOro sapa, a
NOSTOMY BEPOSITHOCTb 3axBaTa HEWTPOHA SAPOM OYeHb GonbLuasi.

Ona mMepneHHbIX HEWTPOHOB XapaKTepHbl yrpyzoe paccesiHue Ha siOpax
(peakuusi Tvna (n,n)) U paduayuoHHbIl 3axeam (peakuus Tuna (n,y)). Peakuus

Tvna (n,7) NpMBOAUT K 06pa30BaHMI0 HOBOMO 130TOMa MCXOLHOMO BELLeCTBa:
9 X+n—=",Y +y, anpumep, 'j3 Cd+gn—'4sCd +y
Moa ApencTBMEM TEMMOBBLIX HEWTPOHOB Ha nerkvx sigpax Habriogatotcs
peakuuu 3axBaTa HEUTPOHOB C MCMYCKaHWEM MPOTOHOB U O -4acTu, (peakuum Tuna
(n,p) v (n,Q)):
3 L 3pp, 1 0, 1, . T7:, 4
;He+yn—1H+p, sB+,n—;Li+,He
Ho rnaBHbiM o6pasom peakuum Tuna (n,p) u (n,0r) nNpoucxomsaT nof

OenctemeM ObICTpbIX HEMTPOHOB, T.K. B 3TOM Cllydae 3Heprusi JoctaToyvHa Ans
npeofoneHunst noTeHumMansHoro 6apbepa, NPensaTCTBYIOLLErO BblNeTy NPOTOHOB U (X -
YyacTtuu.

[nsi 6LICTPLIX HETPOHOB HabriloaaeTcs Heynpyroe pacceaHue (1,7)

4 1 A~ 1 7
FX+on—7 X +on

rae BbineTalowmuin U3 sapa HEeNTPOH Oln' UMEET SHEPTMI0 MEHbLLYID 3HEeprum

HaneTawoLWero HemTpoHa Oln a ocTawolleecs Mocrne BbifieTa HEMTpoHa sApPo

HaxoauTcs B BO30YXAEHHOM COCTOSIHUK ;X*, NnoaToMy ero nepexod B HopMasnbHoe
COCTOSIHVE COMPOBOXAAETCS UCMYyCKaHWeM Y -KBaHTa.

Korga aHeprus anektpoHoB pfocturaet 10 MaB, cTaHOBATCA BO3MOXHbIMU
peakumn Tuna (n,2n). Hanpumep, B pesynbtaTe peakumu
238 1 237 1
»Uton—=>"5U+2n
obpasyeTcsi 3 -aKTUBHbIA M30TOM, pacnafaroLLMincs Mo cxeme

237 B~ 237 0
0 U———>"5; Np+_je

A.H.Orypuos. flekyuu no gusuke.
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18.Peakunu geneHus sgpa.

Tsxkenoe KOMMayHA-sopo, BO30YXKAEHHOe MpW  pe3oHaHCHOM  3axBaTe
HENTPOHa, MOXET pasgenuTbCcsl Ha ABEe NPUBNU3MTENbHO paBHble YacTu (peakyus
deneHusi msikenbix si0ep). O6pa3oBaBLIMECH YaCTU Ha3blBalOTCA OCKOJIKaMu
OdeneHusi.  HeyctoumBocTb  Tsbkenbix — sgep  obycnoBneHa  83auMHbIM
ommarnkugaHuem 60NbLIOro YMCcna NPOTOHOB, HAXOAALLMXCS B aapax.

Mpumep peakunn geneHuns:

2 Ut gn—'3 Xe+33Sr +20n

OeneHne Tsxenoro sapa Ha [Ba OCKONKa COMPOBOXOAETCHA 6bl0esieHuUeM
aHepauu nopsagka 1 MaB Ha kaxgbii HYKInoH. OTO cneayeT M3 TOro, YTO yaenbHas
3Heprusi cBA3W Ans s4ep cpedHen macchl coctaensieT npumepHo 8,7 MaB, B TO
BpeMs Kak Ana TskenblX sigep oHa paBHa 7,6 MaB (cM. pucyHok Ha cTtp. 8-3).

Hanpvmep, npu peneHun sgpa ypaHa 2S§U, copgepxawiero 238 HyKIOHOB,
BblaenseTcsa aHeprus nopsgka 200 MaB.

B ocHOBY Teopuu geneHus aToMHbIX ssaep NonoXeHa KarnesnbHas Modesb s0pa.
Anpo paccmaTpuBaeTca Kak Kanns 3neKTPUYecKu 3apsiKeHHOW HecXkuMaemow
XMOKOCTU (@) C MMOTHOCTbK, PaBHOM AOEPHOW, W MNOAYMHSIIOLENCS 3aKoHaMm
KBAHTOBOW MexaHukun. [Mpu 3axBaTe HEWTpOHa YCTOMYMBOCTb TaKOW 3apsKeHHOW
Kannu HapywaeTtcsl, S4pO0 Npuxoaut B KosiebaHusi — MOMNEPEMEHHO  TO
BblTArMBaeTCs, TO
cXKumaeTcsl.

BeposaTHoCTb @ @
nenexHus sgep on-
penensieTcs aHep- a v b 2 0
a2uell akmueayuu — MUHUMarbHOU 3Hepauel, HeobXoaAMMON AN OCYyLLEeCTBIIeHUs
peakumn penenvs sgapa. lNpyu aHeprusix BO3OYXOEHUS MEHbLWUX YEM 3SHeprus
aKkTUBauumn genenus, gedopmMaums sapa-kannum He OOXOAUT [0 Kputudeckon (6),
SAPO He [JenuTcs M BO3BpaLLAeTCsl B OCHOBHOE 3JHEpPreTM4eckoe COCTOsiHuE,
MCNYCTUB Y -KBAHT.

Mpu aHepruax BO3OyxaeHUS 6Gorbwe 3HEPrun  akTUBauun  OerneHus
gedopmaumsa  Kannmu  JOCTUMraeT  KpUTUYECKOro 3HaveHus (B) obpasyetca w
yanuHseTcs "nepeTtsbkka" B kanne (r) U HactynaeT genexve (4).

Tspkenble siapa CnoCo6HbI K AenNeHuto, ecrnv ANsi HUX BbINOMHSAETCSt YCrnoBue

zZ? / A217, e Z* / A — napamemp JdeneHusi. ITO yCroBue BbIMOSHSAETCA AN

1 2
BCeX aaep, HaunHas ¢ cepebpa %Ag, Ans KoToporo Z /A = 20.

Kpumuyeckum  napamempom  OeneHusi  HasblBaeTCs napametp
(Zz/A)Kp"T =49. Apgpa c napameTpoM [JeneHus GoNbIMM  KPUTUHECKOrO

Zz/A > 49 coBeplUEHHO HeyCTOMYMBLI OTHOCUTENBLHO AeneHus. Takue sgpa, ecrnu
Gbl OHW BO3HWKMW, MFHOBEHHO MpeTepnesany Obl AerneHWe 3a BpemeHa nopsgka
1072—10"%c.

MNpn Z 2/A<49 BO3MOXHO CamMoOrnpou3eosibHoe (CrloHmaHHoe) OenieHue
A0ep, NMPOUCXOAsiLLlEE aHarnorMyHo O -pacnafy 3a CYeT TYHHENMbHOro addekTa.
OpfHako nepvog nonypacnaga [Ans CMOHTaHHOro AerneHust shep  CocTaensieT
10"—10"" ner.

Ockomnkvn [peneHnss B MOMEHT cBoero obpasoBaHusi obnagatoT n30bITKOM
HEeMTPOHOB, NOCKOSbKY ANs CPeAHUX SAEP YACNO NMPOTOHOB NPUGNU3UTENBHO PaBHO

A.H.Orypuos. flekyuu no gusuke.
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ymcny HeMTpoOHOB (N/Z =1), a ons TAKENbIX A4ep YNCIIO HEUTPOHOB 3HAUUTENBHO
npesbiwaet uncno npotoHos (N/Z =1,6). N36bITOUHbIE HEMTPOHBI, UCMyCKaeMble

OCKOmnKamu, HasblBaloTCs HeUmpoHamu OesieHusi. B cpegHemM Ha Kaxabld akT
JeneHus npuxoguTtcs 2,5  ucnylleHHbIX HenTpoHa. BomblUMHCTBO M3 HUX

~14 N
ucrnyckaeTcsi NpakTuyeckm MrHoeHHo (1 <107 " c) — mMeHoeeHHble HelimpoHsbl, a
yactb (~0,7%) cnyctss HekoTopoe Bpemsi nocne fenennst (0,05¢<¢<60c) —
3anasdblearoujue HelimpoHbI.

19.LlenHasa peakuus geneHus.

Kaxabll M3 MrHOBEHHbIX HEWTPOHOB, BO3HMKWMX B peakumn AeneHus,
B3aMMOAENCTBYSA C COCEAQHVMMMU siapamMu AensLlerocsi BELLEeCTBa, BbI3biIBAET B HUX
peakuuio geneHus.

Mpu aTOM wgeT sl@a8uHOObpa3Hoe HapacTaHue 4ucna akToB AefieHns —
HauvHaeTCcs yernHasi peakyusi 0esleHUsI — siiepHasl peakuusi, B KOTOPOMW YacTuubl,
BbI3bIBalOLLME peakumto, 06pasyoTcs Kak NPOAYKTbI 3TOW peakuuu.

YcnoBMeEM  BO3HWKHOBEHWSI  LEMHOM  peakuuMn  SIBMSIETCA  Hanmuue
pa3MHOXarLNXCA HENTPOHOB.

KoagppuyueHmom pasmHoOXeHusi HelimpoHoe k HasblBaeTCcs OTHOLLEHWE
yucna HEeWTPOHOB, BO3HMKAKOLIMX B HEKOTOPOM 3BEHE peakuuu, K 4YuMCny Takux
HENTPOHOB B NPeALLECTBYIOLLEM 3BEHE.

Heobxoaumoe ycrnosue paseuTus LenHon peakuun: k >1. Takas peakums Ha-
3blBalOTCA paseuearouwjasicss peakyus. Mpu k=1 nget camonoagepxueatoLLasics
peakuus. Mpu k <1 naet 3atyxatowasn peakums.

YacTb BTOPUYHBIX HEMTPOHOB HE y4acTBYeT B NOAAEPXKaHWM LEnHON peakumm
— 3axBaTblBaeTCA HeOensWMMNCS MPUMECAMU, BbIXOAMT M3 30HbI peakuun 6e3
3axBaTa S4ApoM, TePSET IHEPIM0 B NPOLECCax HEYNpPYyroro paccesHns n T. A.

Moatomy KoagbghuyueHm pasMHOXEeHUS 3aBUCMT OT NpUpoAbl AensLierocs
BellecTBa, a AN AaHHOrO M30Tona — OT €ro KONMMYeCcTBa, a Takke pa3mMepoB U
hopMbl akmueHoU 30HbI — NPOCTPAHCTBA, FAe NPOUCXOAMUT LienHasi peakuus.

MuvHuManeHble  pa3vepbl  aKTMBHOM  30Hbl, NpPU  KOTOPbIX  BO3MOXHO
OCYLLIECTBIIEHNE LIEMHON peakunmn, Ha3blBAaeTCs KpUmMuUYecKUMU pasMepamMu.

MuvHumManbHas macca gensulerocs BeLecTBa, HaxoAsllerocs B cucTeme
KpUTUYEeCKMX pasMepoB, HeobGXxoauMmasi AN OCYLUECTBREHMSA LeMHOW peakumm,
Ha3bIBaeTCA KpumMu4ecKoul maccou.

LlenHble peakumn OenaTtcs Ha ynpaesisieMble W Heynpaensemble. B3pbis
aToMHOM ©OOMObI — npuMep HeynpaBnseMon peakuuu. Ynpasnsemble UernHble
peakLum OCYLLECTBSIIOTCA B SAEPHbIX peakTopax.

20.5pepHble peakTopbl.

B npupoge vmeeTcsa Tpu M30TOMa ypaHa M TOpWsl, KOTOpble MOMYT CyXUTb
S0EePHbLIM TOMMMBOM UNW ChIPbEM AMS €r0 NOMy4eHUs:

1) 23§U — B €CTECTBEHHOM ypaHe ero cogepxuTcsa npumepHo 0,7%;

2) 23§U — B €CTeCTBEHHOM ypaHe ero cogepxutcs npumepHo 99,3% —
Mcnonb3yeTcs ANsi MOflyYeHust TpaHCypaHOBOro 3fieMeHTa MNMyTOHUS Mo
cxeme:
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