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CmpoeHue u s8axHeliwue ceolicmea sidep

1. ATOMHbIE ifpa U UX onucaHue.

510poM Ha3bIBAETCA LieHTparibHasi 4acTb aToma, B KOTOPO COCPefoTodeHa
MPaKTUYECKM BCS MACCa aToMa 1 ero NOoNOKUTENbHBIN 3NEKTPUYECKVIA 3apsia.

B akcnepumeHTax Pe3epdopaa no NpoxoXaeHuo a-4acTul, Yepes metannanye-
ckylo porbry 6biNo OGHAPYKEHO, YTO aTOMHbIE SAPa MUMEIOT pasMmepbl NOPsiAKa
107"*-107"%m, B To Bpemsi Kak NIMHelHbIe pa3mepbl aTOMOB npuMepHo 107 "%m.

ATOMHOE SPO COCTOMT M3 3reMEHTapHbIX YacTul — npomoHoe (p) u

HelimpoHoe (1), KOTOpble CYMTalTCA OBYMSl 3apsSAOBbIMU COCTOSIHUSIMW OZHOM

YyacTuubl — HyknoHa (ot nat. nucleus — s0po). MNPOTOH UMEET MOMOXKUTESbHBIN
3MEKTPUYECKU 3apsifi, PaBHbIi MO aGCOMTHOW BenvuuHe 3apsifly drieKTpoHa.
HelnTpoH He uMeeT anekTpuyeckoro 3apsifa. Macchl HyKMoHOB:

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

m, =1,6749-10*"kr ~ 1839m, .

O6LLiee YnCIIo HYKIIOHOB B aTOMHOM siape A Ha3blBaeTCs Macco8bIM HYUCIIOM.

3apsd sidpa paBeH BenuuuHe Ze, rae e — 3apsp NpotoHa, Z — 3apsidoeoe
qucso sgpa, paBHoOe Yucny NPOTOHOB B fape (coBnagaeTt ¢ NopsAKoBbIM HOMEPOM
XUMUYeckoro anemeHta B [lepuoanyeckoit cCUCTeME SIEMEHTOB — aTOMHbIM
HOMEpOM).

Anpo xumuueckoro anemeHta X C aToMHbIM HOMepoM Z X MaccoBbIM
yucnom A o6o3HauaeTcs

A
Z X .
MockonbKy aTom HerTpaneH, To 3apsi0 ss0pa orpedesiiem YUCIo 3/1EKMPOHO8 B
aTome, OT KOTOpPOro 3aBWUCUT WX pacrnpeferieHne Mo COCTOsiHUAM B aTtome, a
crefoBaTenbHO, 3aBUCAT XMMUYECKME CBOMCTBA aTOMa.

Usomonamu HasbiBalOTCH sf4pa C OAMHAKOBLIM aTOMHbIM HOMEpoM Z
(3apsaoM WUnu YMCNIOM NPOTOHOB), HO pasHbiMKM A (T.e. pasHbIM YUCIOM HENTPOHOB

N=A-Z). Hanpumep, usomonbi eodopoda (Z=1): npomui - }H

- - 2 -
(Z=1,N=0), detimepuii— 1H (Z=1, N =1), mpumuti — 31H (Z=1,N=2).
N306apamu HasbiBalOTCA siApa C OAMHAKOBBIM MacCoBbiM 4yucriom A, HO
210 210 210 1y
pasHbiMu Z . Hanpumep, “¢T1, %, Pb, "¢ Bi.
H3omonamu HasbiBalOTCS SApa  C  OOMHAKOBLIM — YMCIIOM  HEUTPOHOB
13~ 14 15
N=A4-Z . Hanpumep, ;C, 7N, ;0.
Hapsgy ¢ TepMrMHOM 90p0 amoma 4acTo UCMOSb3yeTCst Takke TEPMUH HYKTUO.
CambIM TsKenblM M3 MMEILMXCS B NpUpoAe 3MEeMeHTOB SIBMSIETCH M30TOn
ypaHa 23§U. OnemMeHTbl C aTOMHbIMW HOMepamu Gonbwe 92 HasbiBalTCA

mpaHcypaHoebiMu. Bce OHM MonyyeHbl UCKYCCTBEHHO B pesyribTaTe pasfuyHbIX
A0epHbIX peakumii.

Pa3mep sigpa xapaktepusyetcsi paduycom s10pa, MEOLLUM YCIIOBHbIA CMbICH
BBUIY PasMbITOCTM rpaHuL, sapa. AMnupudeckast popmyna ans paguyca agpa

R=R,/A4.
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rae R, :(1,3+1,7)10’15M, MOXeT OblTb UCTOMKOBaHA Kak pornopyuoHanbHOCMb
obbema sidpa 4yucry HYKIOHO8 6 HeM. CnepoBaTenbHO, MMOTHOCTb SAEPHOro
BeLlecTBa NpMMEPHO OAMHaKoBa Ans Bcex agep (= 10" KF/M3).

2. OedbekT Mmacchbl U 3HEPrusa cBA3MU aapa.

MockonbKy GONbLUMHCTBO S4ep YCTOMYMBO, TO MEXAY HYKIMOHaMu CyLlecTByeT
ocoboe si0epHoe (cunbHoe) e3aumodelicmeue — MPUTSIKEHME, KOTOpoOe
obecneynBaeT YCTOMYMBOCTL f4ep, HECMOTpPs Ha OTTankMBaHWe OOHOUMEHHO
3apsKEHHbIX NPOTOHOB.

OHepaueli ceas3u sdpa L, HasbiBaeTca usnyeckas BenvyMHa, paBHas

paboTe, KOTOpYlO Hafo COBEPLUUTL, YTOBbI paclenuTb AP0 Ha COCTaBmsloLWMUe ero
HYKJIOHBbI, HE CO0bLLas UM KMHETUYECKON IHEPTUN.

M3 3akoHa COXpaHEHWUs1 3Heprum criedyeT, YTo Npu obpasoBaHuK siapa AOMKHA
BbIAENATLCA TaKasi )Xe SHeprusi, Kakyro Hy>HO 3aTpaTuTb NpW pacluenneHnn sapa Ha
COCTaBSIIOLLME €r0 HYKIOHbl. JHEprusi CBSI3U siAapa ABMSETCS Pas3HOCTbO Mexay
3Hepryel Bcex HYKIOHOB B SiAPe 1 UX SHepruein B CBOGOAHOM COCTOSIHUN.

OHeprus CBA3WN HYKIOHOB B aTOMHOM siApe

Ey =mc® =[Zm, +(A—Z)m, —mg1c® =[Zmy +(A—Z)m, - M,]c’,

mg — COOTBETCTBEHHO MacCbl MNpPOTOHa, HeVITpOHa n Aaapa;

rae m,, m,,
my =m, +m,— macca atoma BOAOPOAA 'H; M, — aTomHas macca AaHHOro
BellecTBa.

Macca Am, COOTBETCTBYIOLLAS SHEPTUM CBSI3N

E
Am = cc; =Zm, +(A-Z)m, —my

HasblBaeTcs deghekmom Macchl sigpa. Ha aTy BenuumHy ymeHbLIaeTcss Macca Beex
HYKITOHOB Mpy 06pa3oBaHUM U3 HUX sapa.
YOenbHoli aHepauell c8si3U Ha3bIBAETCS 3HEPIUs CBA3U, NPUXOAsLLascst Ha

E
OAVH  HYKIIOH: Aecng- Ona

e 53 o 1238
L f&j —Fﬁé\h ol XapaktepusyeT YCTONYMBOCTb

; ™ P ]

o 78 (MPOYHOCTL) aTOMHbIX Saep, T.e.
Al yeM 6Gonblue Ag_., TeM NpouHee
L AAp0.

3aBucMMoCTb yAenbHom
3HEprMM CBA3M OT  MaccoBOro
yucna npvBedeHa Ha  pPUCYHKe.
He? Haunbonee YCTONYMBBI anpa
12 cpedHeli yacmu [lepuoduyeckol
L mabnuusi (28 < A<138). B atux

aapax Aeg, cocrasnseT

npubnuantensHo 8,7 MaB/HyknoH
(ons cpaBHEHWs, 3SHeprus CBA3MN
BarleHTHbIX 3MEKTPOHOB B aToMe nopsiaka 103B, 4To B MunnuoH pa3s meHbLue).

Mpyu nepexome k Gomee TspKenbiM SApaM  yaenbHasi 3SHEPrusi  CBA3M
yMeHbLWaemcsi, NOCKONbKY NpW YBENUYEHUM YMCra NPOTOHOB B SiAPE YBENUUMBaeTCs
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Hienonan srepoun chasu Ae,y, Maby mymion
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SHEprUs WX Ky/IOHOBCKO20 OmmarikusaHusi (Hanpumep, AnNs ypaHa 2;§U oHa

coctaBnser 7,6 MaB). [Moatomy CBS3b MeXAy HyKIIOHamy CTaHOBUTCA MeHee
CUIMbHON, a caMu siApa MeHee NPOYHbLIMU.

OHepeemuyecku 6bI1200HO: 1) AeneHwe TsxenblX saep Ha Gonee nerkue;
2) cnusiHne nerkix saep Apyr ¢ gpyrom B 6onee Tspkenbie. [Mpu o6oux npoueccax
BblAENSEeTCA OrpOMHOE KONMMYECTBO SHEPruu; 3T NpoLecchl B HacTosiliee Bpems
peariusosaHbl MPakmMuU4yecKu: peakunn OenieHusi aaep U peakumn mepmosidepHo20
cuHme3sa apep.

3. CnuH Aapa v ero MarHMTHbIA MOMEHT.

CoOCTBEHHbIN MOMEHT MMNyfbca sapa — CAUH sidpa — BeKTOpHasi cymma
CrnuHoe HyK/ToHOE (paseH 1/2) n opbuTanbHbIX MOMEHTOB MMMYMbCa HYKIOHOB
(MomeHTa umnynbca, 06yCnoBNEHHbIX ABWXEHNEM HYKIOHOB BHYTPU siapa).

CnuH sigpa kBaHTyetcs no 3akoHy Lg =#A./I(I +1), rae [ — cnuHoeoe

1.3
KeaHmMoegoe 4ucJ1o, KOTopoe NpuMHUMmaeT 3HadeHus 0, E, 1, E,
ATOMHOe s4pO Kpome cnuHa obnagaeT Ma2HUMHLIM  MOMEHMOM
P =8alg, The gg — KOI(OULMEHT NpOMOPLMOHANLHOCTH, Ha3blBAEMbIN

ﬂdeprlM 2UPOMacHUMHbLIM OMHOWeHuUeM. EaovHuuen MarHWTHbIX MOMEHTOB

o 5.0508-10% 2K Gpepmmi
T

Anep CNykuT s10epHbIl MazHemoH: |lg =
m
P

m
MarHeToH B —2~1836 pa3 MeHblle MarHeToHa bBopa, MO3TOMY MarHUTHbIE
mL’
CBOMCTBA aTOMOB OMpedensloTcad B OCHOBHOM MarHUTHbIMKA CBOMCTBaMu €ro
3MeKTPOHOB.
Hanuune mMarHMTHOro MoMeHTa siipa OObLACHSAET CEePXMOHKYI0 CMpPyKmypy
B CMEKTpax aTOMOB BO BHELLUHEM MarHUTHOM More.

4. CBOMCTBaA S4epHbIX CUJl.

1) sgepHble cunbl ABNSKOTCS CUITAMWN MPUMSIKEHUST,

2) spepHble SBNATCA KopomkodelicmeayowumMu — X AeACTBUE NposiBrsieTcs
TOJSIbKO Ha PacCTOAHUAX nopsaka 107" M;

3) sgepHbIM cuam CBOWCTBEHHa 3apsidosasi He3asucUMOCMb: NPUTSDKEHWE
mMexay nobbiMyM ABYMS HYKMOHaMU OOMHAKOBO HE3ABUMCUMO OT 3apsifoBOro
COCTOSIHUS  HYKIMOHOB (NMPOTOHHOTO WNW HEWTPOHHOrO); SAepHble CuIbl
MMEIOT HEANEKTPUYECKYIO Npupoay;

4) AapepHbIM Ccunam CBOWCTBEHHO HachiWeHUe: KaXdbll HYKNOH B sape
B3aMMOJENCTBYET TONIbKO C OrpaHWYEHHbIM YUCIIOM OnvKamwmnx K Hemy
HYKIOHOB;

5) spepHble  cunbl  3aBUCAT  OT  B3aWMHOW  OpueHmayuu  CriuHo8
B3aMMOAENCTBYIOLLMX HYKNOHOB. Hanpumep, NpOTOH U HENTPOH obpasytoT

. . 2
delimpoH — sgpo wusotona pdeuntepuss H — Tombko npu ycnosum
napannesnbHoW OpueHTaLuun Nx CrMHOB;

6) sinepHble cunbl He SeNAMCcs UeHmparbHbIMU, T.6. OEUCTBYOWMMA MO
FIMHUM, COELMHSIIOLLEN LLEHTPbI B3aMMOAEWCTBYHOLLMX HYKITOHOB.
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5. Mogenu aToMHoro sigpa.

1. KanenbHasa mopgenb. OTa MogeNnb OCHOBaHa Ha aHanorum mexagy
NnoBeAEHMEM MOSIEKYN B Karnfe >XUAKOCTU UM HYKNOHOB B SiApe — KOpPOTKOAeWncTeue
SAAepHbIX B3aMMOAENCTBUIN, oauHaKoBasi MMOTHOCTb SAEPHOrO BellecTBa B pasHblX
aapax (HeCXKMMaeMoCTb), CBOMCTBO HachILeHWs saepHbIX cun. OHa TpakTyeT S4po,
KaK Karsro 31eKmpuYecKu 3apsikeHHoU Hecxumaemol XUOKoCcmuU, NOSYNHSIFOLLYIOCS
3aKoHaM KBaHTOBOW MEXaHWKM.

KanenbHas mMogernb OGbACHMNA MeXaHu3Mbl SAEPHbIX peakuuit, 0cobeHHO
peakuuMn OenexHvs sgep, NO3BOnwUia NonyyYuTb NOMAYaMAMpUYEcKyto dopmyny Ansi
3HEeprum CBsI3N HyKIMOHOB B sape.

2. O6ono4eyHas Mogenb. B 3TON Mogeny HYKNOHbI CHUTAKTCA ABMXKYLLUMMUCS
He3aBUCUMO OpYyr OT Apyra 8 yCpeOHEeHHOM UeHmparibHO-CUMMEeMPUYHOM rlosie.
B cooTBeTCTBUM C 3TMM MMEIKOTCA [OWUCKPETHbIE 3HEepreTudeckme YpOoBHMU,
3anosiHsieMble HYKIMOHaMM € y4eToM npuHumuna Maynu.

OTW yYpOBHW TPYNNMPYOTCA B O6GOJIOYKU, B KaXOOW W3 KOTOPbIX MOXET
HaxoauTbCsi onpeaerieHHOe YNCO HYKITOHOB.

Aopa ¢ nomHOCTbl  3anofiHEHHbIMM  obBonoykamu  siBRsitoTcs  Hanbonee
YCTOWYMBLIMU — Ma2uyeckue 30pa, y KOTOPbIX YUCIIO NPOTOHOB Z WU HEUTPOHOB
N paBHO ogHOMY U3 Mazuyveckux ducert: 2, 8, 20, 28, 50, 82, 126.

Aopa, y KoTopbIX MarMyeckumun sienstcs U Z, n N, HasbiBaloTcs deaxobl

4 !
Mazuyeckumu. [JBaxzbl MarMyecknx soep M3BecTHo Beero msath: ¢ ;He, 'S0,
40 48 208
0Ca, 5Ca, 7, Pb.
. 4
B yacTHOCTU, ocobeHHas ycTonumMBoCTb sipa renust , He nposiensietcst B Tom,

YTO 9TO eOMHCTBEHHas 4acTuua, ucryckaemasi TsDKenbiMM — sapamu  Mpu
paguvoakTMBHOM pacrnaje (OHa Ha3biBaeTCcs « -4acTuuet).

6. PaguoakTuBHOe u3ny4yeHve n ero Buabl.

PapgnoaktmBHoCcTb Gbina oTkpbitTa B 1896 r. dhpaHuysckum cusankom AHpu
Bekkepenem npu wu3yy4eHUuM nOMUHEcCLEHUMn conen ypaHa. Okasanocb, 4TO
ypaHoBble conn 6e3 BHELWHEero BO3AEWCTBUS (CaMOrpou380sibHO) Ucnyckanm
N3nyyYeHne Hen3BeCTHOW NPUPOoAbl, KOTOPOE 3acBe4YnBano N30NMPOBaHHbIE OT CBETa
OTONNACTUHKN, MOHU30BANoO BO3AYyX, MPOHMKaNO CKBO3b TOHKME MeTannuyeckue
NNacTUHKW, BbI3bIBANO MIOMUHECLEHUMIO psda BewecTB. TakuM Xe CBOWCTBOM

. 21 o 22
obnaganu n BelwecTBa cogepXallme nonoHui 82 Po v paguin 8;’ Ra.

OGHapyXeHHOe M3ny4yeHue 6bino Ha3BaHO paduoakmMueHbIM U3/TyYeHUeM, a
camo SIBMeHNE UCNyCKaHUs paanoakTUBHOMO U3NyyYeHUss — paduoakmueHOCMbHO.

Pasnnyatotca ecmecmeeHHas u uckyccmeeHHasi paduoakmueHoCcmu.

EcmecmeeHHOlU paduoakmueHOCMbIO Ha3blBAaeTCsl PaavoaKTUBHOCTb,
Habnogawwancs y CyLEeCcTBYHOWMX B MNpUMpoAe HEeyCTOMYMBLIX  M30TOMOB.
UckyccmeeHHOU paduoakmueHOCMbIO Ha3blBAaETCS PaAMOaKTUBHOCTb M30TOMOB,
NOMyYeHHbIX B pe3ynbTaTe SAepHbIX PeakLnii.

PapvoakTuBHoe w3nyyeHue GblBaeT Tpex TUMOB: OL-, - W Y-u3nyyeHve.
CocTaB o.-, -1 y-nyyeii Gbin yCTAHOBMEH NO UX OTKIIOHEHWIO B MArHUTHOM Tore.

(1) o -A3nyYeHne OTKINOHAETCS JNMEKTPUYECKMM W  MarHWTHbIM  NOnsMuU,
obnagaet BbICOKOW WOHU3MPYHOLLEN CMOCOOHOCTLIO UM Marnow NpoHMKatoLewn
CMOCOBHOCTBIO (OL-Ny4M MOrMOLWATCA CMoeM anioMuHua TonwmHon 0,05 mMm).
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a -UanyveHvne npedcmasndem coboli nomok sdep
2enus — 3apad o -yacTuubl paBeH +2e, a Macca
coBnagaeT C Maccon siapa nsotona renust gHe .

(2) B -M3nyyeHne TakKe OTKINOHSIETCA 3NEKTPU-
YeCKUM W MarHMTHbIM MOMNSIMKU; €ro MOHU3MpYloLas
CNOCOGHOCTb Ha OBa Mnopsiika MeHbLUe YeM WOHWU3U-
pyloLiass CrnocobHOCTb O -Nny4vei, a MnpoHMKawLwas
CnocobHOCTb, HanpoTuB, ropa3go OGonblie (nornowa-
eTca Crnoem anMUHWUS TOMWWMHON 2-3 MM), Yem Yy
o -vactuy. P -UanyyeHune npedcmaensem  coboli

0 —
rnomok 6bicmpbix aekmpoHoe _je (B~ —pacnan) unu
UCTOYHUK 0 +
nosumponoe e (B —pacman).

(3) y-U3nyyeHne He OTKMNOHAETCA SMEKTPUYECKUM W MarHWTHbIM MONAMM,
obnagaeTt OTHOCMTENBHO CNabon MOHU3MpPYHOLWEN CNOCOOHOCTLIO N OYeHb BornbLUOW
NPOHMKaoLLEN CNOCOBHOCTBLIO (HAanpuMep, NPOXOAUT CIOW CBUHLA TOMNWUHOM 5 cm),
npyv NPOXOXOEHWM 4Yepe3 KpucTanibl ObHapyxuBaeT audpakumio. 7y -MsnyyeHne
npedcmasrsnisiem Ccobol KOPOMKOBOSITHOBOE 3/IEKMPOMAazHUMHOe U3J/Ty4YeHue ¢C

ypesBbl4aiHO Marnown AfVHON BOJIHbI 7»<1O’1°M WU, BCreacTBMe 9TOro, SpKo
BblPaXX€HHbIMU KOPMYCKYNMAPHLIMW CBOWCTBaMW, T.e. SABMSIETCA MOTOKOM YacTul —
Y -kBaHTOB (DOTOHOB).

7. 3aKOH paguoakTUBHOIO pacnaga.

PaduoakmueHbiM pacrnadoM Ha3blBaeTCs €eCTECTBEHHOE paauoakTUBHOE
npesBpalleHne saep, MNPOUCXOAsilee CaMomnpou3BOSbHO. AQpo, uUchbITbiBaLlee
paavoakTUBHbLIN pacnaf, HasblBaeTCsi MamepuHCKUM, BO3HUKaiollee do4yepHee
A0po, Kak NpaBuNo, OKa3biBaeTCs BO3OYXAEHHbIM, M €ro Nnepexoa B OCHOBHOE
COCTOSIHME COMPOBOXAAeTCA UCnyckaHuem y -poToHa. T.0. ramma-usnyyveHue —
OCHOBHas (hopMa YMEHbLUEHNsI SHeprun Bo30OyXOEHHbIX NPOAYKTOB paaMoaKTUBHbIX
npeBpaLLeHuii.

Camonpoun3BonbHbIA ~ pacnag  aTOMHbIX — siAep  MOOYMHAETCA  3aKOHY
paduoakmueHo20 pacnada

N = N,exp(—At),
rae N, —u1crno spep B AaHHOM 06beme BELLeCTBa B HauasibHbI MOMEHT BPEMEHN
t=0, N —uncno saep B TOM xe 06beMe K MOMEHTY BPEMEHU [, A, — MOCMOsIHHas!
pacnada, nveloLLas CMbICN BEPOATHOCTM pacnafa sapa 3a 1¢ v paBHasi fone aaep,
pacnagaroLmXcs B €4UHNLY BPEMEHU.

Teopusi paanoakTUBHOMO pacnaja OCHOBbLIBAETCS Ha [ABYX npeanonoxeHusx: 1)
MOCTOSIHHAs pacnafa He 3aBUCWUT OT BHELLHUX YCMOBUW; 2) 4MCro  Aaep,
pacnagarwowmxcs 3a spems d¢ nponopLMOHanbHO HanMYHOMY Yucny saep. Y6binb
—dN wuucna sapep: —dN =ANd¢, cnemoeaTenbHO, 3aKOH pacnaga Monyyum,

dN
pasgensis nepemMeHHble U MHTErpupys BblpaxeHue Y2 =—Ad¢t.

MNHTEHCMBHOCTb npolecca paAvMoaKTMBHOMO pacrnafja XapakTepusylT [Be
BenuuuHbl: (1) mepuod nosnypacnada Tl/2 u (2) cpedHee epemsi XU3HU T

paduoakmueHo20 sidpa.
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Mepuod nonypacnada T, — Bpems, 3a KOTOPOE WCXO[HOE 4MCIIO paavo-
AKTUBHbIX A4ep B CpeaHeM YMeHbLUaeTCca BaBoe

N,
70 = Nyexp(-AT;),

oTkyaa T, = In2_0,693
2=y o
CyMmmapHasi npogorkutensHocTs xuskn d N sagep pasHa t|dN|=t7\.th.

CpedHee epeMs KU3HU T [ONs BCEX NEPBOHAYAmNbHO CyLLECTBOBaBLUMX SAEp:
17 17 T 1

T =—Ithdt =—IKNOtexp(—Xt)dt = kjtexp(—%t)dt =—.
Ny Noy 0 A

AkmueHocmbio A Hyknuda B pagvoakTMBHOM UCTOYHMKE HA3bIBAETCS YMCIO
dN
dt

EovHnua aktmBHocTn — Gekkepenb (Bk): 1Bk — akTMBHOCTb Hyknuga, npu

KOTOpOW 3a 1C MpOUCXOAUT OAMH akT pacnaja. BHecucmemHas eduHuua
aKmueHOCMU HyKNAA B PaavoakTMBHOM UCTOUHMKE — Kiopu (Ku): 1 Knu=3,7-10" Bk.

8. MNpaBuna cmelleHus.
Mpn pagunoakTMBHOM pacnafe  eblIrnoJIHAemcsi 3aKOH COXpaHeHus!
anekmpuYeckux 3apsiooe
Zﬂe:ZZie
i

N 3aKOH cOoXpaHeHUs1 Maccoe8bix Yucen
Ag=>"4,
i

roe Z,Ie n Aﬂ — COOTBETCTBEHHO 3apAn M MaccoBO€ YUCIIO MaTepUHCKOro A4pa;

pacnagos, NPOUCXOAALLMX C aapamu obpasua s 1 ¢ A AN .

Z,.e n Alv — COOTBETCTBEHHO 3apsAadbl U MacCoBble 4Yucna 4YacTtuy, nosyyvymBLUMXCA B

pesynbTaTe paguoakTMBHOIO pacnaja.

CrneacTBueM 3TWX 3aKOHOB SIBMSIOTCS Mpaeusia cMeujeHusi, nossonsiolime
YCTaHOBUTb, Kakoe siApO BO3HMKAeT B pe3yrnbTaTe pacnaja AaHHOro MaTepUHCKOro
A4pa B pasnuyHbIX TUNax paguoakTMBHOMO pacnaja:

QX—>AZ'_42Y+‘2‘He ansa o -pacnaga,

X—,AY+)e nana P -pacnaga,

XY+ nans B*-pacnapa,
roe ‘;X— maTepuHckoe f4po, Y — CUMBON [A0YepHero sapa, gHe — Aapo renus
(o -vactuua), _?e — CUMBONMYeckoe 0603HaYeHne 3MeKTpoHa, a fl)e — Mo3umpoHa

— 4acTWLbl C Maccoil MOKOsi 3MEKTPOHA, W CMIMHOM Y, HECYLLEl MOMNOXUTErbHbIi

3neKTpUYecKuin 3apsg + e.

BosHukatowme B pesynbTaTe pagMoakTUBHOMO pacnafa sigpa MoryT ObiTb, B
CBOI 0Yepefb, PaAMOaKTUBHBIMK. DTO NPUBOAUT K BO3HUKHOBEHUIO UernoYKU, UIu
psida paduoakmueHbIX npeepawjeHuli, 3aKaHYMBAOWMXCA  CTABUMNbHLIM

AnepHasa dusvka
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anemeHToM. COBOKYMHOCTb 3M1eMEHTOB, 06pasylolmnx TaKkylo Lenoyky, HasbiBaeTcs
paduoakmueHbIM cemelicmeom.
EcTecTBeHHO paguoakTuBHble sapa o6pasylT mpu  paduoakmueHbIX

cemelicmea, HasbiBaeMblx cemelcmeoMm ypaHa ( 23§U), cemelicmeom mopusi

232 - 235
( 390Th) n cemelicmeomM akmuHusi ( §9Ac), KOTOpble Mocne Lenovku o- U P-

206 208 207
pacnafoB 3aKaH4MBalOTCA Ha CTabUNbHbIX U30TOMax cBUHLUA "¢, Pb, "¢ Pb u "5, Pb

(Mmetowmx ocobyto YCTOMYMBOCTD SIAEP, COAEPXKaLUMX Marnyeckoe 4Yncrno nNpoTOHOB
— 82). Yemeepmoe 13 U3BeCTHbIX CEMENCTB — cemMelicmeo HernmyHusi, Ha4MHaeTcs

2
OT TpaHCYypaHOBOro J3J1eMeHTa g;Np, NoNy4eHHOro WCKYyCCTBEHHbIM nyTem, W"

209y
3aKaH4YnBaeTCd Ha BUCMyTe 83B1'

9. Anbda-pacnag.

B ocHoBHOM oL -pacnan xapakTepeH ans Tsxkenblx sgep (A4 >200, Z >82).

o -Pacnag noguuHsieTca npasuny cMelleHna, Hanpumep, pacnag m3otona ypaHa
238

oy U npueoaut Kk 06pa3osaHmio Topusi 4y Th
5 U—"Th+;He.

CornacHo CoBpeMeHHbIM NPEACTaBIIEHUSIM, OL -4acTULibl 0BPasylOTCs BHYTPH
TSDKESbIX SiAEp BCeAcTBUE 06beAUHEHUST IBYX NMPOTOHOB Y [ABYX HETPOHOB. Takas
06pa30BaBLLasiCs YacTULa CUIbHEe OTTarkMBaeTCst OT OCTaBLUMXCS! MPOTOHOB siApa,
4yem oTAerbHble NpOTOHbl. OJHOBPEMEHHO OL-4acTuLa WCMbITbIBAET MeHbLUee
siAepHoe NPUTSHIKEHUS K HYKIMOHaM B siipe, YeM OTAerbHbIE HYKIOHbI.

CKOpoCTM  BblNeTaloWmx MNpu  pacnage oL-4acTuL, O4YeHb 8efuKu —

,4+2- 107 m/c, uto cooTBeTcTBYeT aHeprusim 4 + 8,8 MaB. OnbiTel Pesepdopaa

rokasanu, YTo Aaxke UMesi TakMe CKOPOCTU OL -4acTulbl He Moaym npubnu3umscs K
S0Py Ha paccTosiHWe, MpU KOTOPOM HauMHalT AeiicTBOBaTb SAEPHbIe CUMbl U
paccesiHe  O.-4acTuy, Ha  sigpe  OObSCHAETCS  MOJSIbKO  KYJIOHOBCKMM
B3aMmMogencTBneM. T.0. MOXHO cAenatb BblIBOA, 4YTO $SOPO  OKPYXEHO
nomeHyuasbHbIM 6apbepPoM, BbiCOTa KOTOPOro He MeHbLue 8,8 MaB.

C [Opyroi CTOPOHbI, OL-4acTuLbl WUCMYCKaemMble YpPaHOM MWMEKT 3SHEepruwo
4,2 MaB. CnepoBatenbHo, O -4acTuubl BbINETAOT M3  s4pa  C  3Hepruen,
3HaYyuUMesnbHO  MeEHbWe  BbICOTbI  NOTeHuuanbHoro Gapbepa  BCreacTeBue
myHHesIbHO20 3ghghekma.

Ona o -4acTuy XapakTepHa Cu/sibHas 3asucuMocmb Mexay nepuogom
nonypacnaga TI/2 n aHeprvein FE BbiNeTawolmMxX YacTuy. 3OTa 3aBUCUMMOCTb

onpepaenseTcsi 3akoHom errepa-HatTrona
InA=4+BnR,,

rae A v B smnupudyeckue (onpegensiemMble U3 OMbiTa) KOHCTAHTbI, Xz(an)/Tl/z,

R, — npo6ez oL -yacTuupl B BO3AYXe — paccmosiHue, npoxodumoe yacmuuyel do
ee roJiHol ocmaHO8KuU.

T.0. YeM MeHblUe nepuog nosnypacnaga, Tem Gonblie npobez o -4acTuubl, a
crnefoBaTerbHO, U ee SHeprus.

MpoGer o -vacTuy B BO3gyxe (Npy HopMarsibHbIX YCMOBUSIX) COCTaBnsieT
HECKONbKO CaHTMMETPOB, B 6oree NNoTHbIX cpedax OH ropasfo MeHbLUe, COCTaBnss

A.H.OrypuoB. ®usuka dns cmydeHmos
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coTble AonuM MunnaMmeTpa (Ol -4acTuubl MOXHO 3adepXaTb OObl4HbIM FIMCTOM
Bymarn).

OHepreTM4eckMin CnekTp oL -4acTul, UCMyCKaemblX AaHHBIM PaavMoaKTUBHBIM
3aneMeHTOM, 0BHapyXUBaeT "TOHKYH" CTPYKTYpY, T.€. UCMYCKAeTCs HECKOMbKO rpynmn
o -yactuu, npuvdeMm B npefdenax Kaxaon rpynnbl UX 3HEprum npakTUy4eckm
NOCTOSAHHLI. [JUCKPETHBLIN CNekTp O -4acTuL, CBUOETENbCTBYeT O TOM, YTO aTOMHbIe
aapa obnagaloT AMCKPETHBIMU 3HEPreTUHECKMMIN YPOBHSIMU.

10.Beta-pacnag.

TepmuHom "GeTa-pacnag” obosHayaloT mpu muna soepHbIX NpeBpaLLeHuii:
anekmpoHHbIl (7) v mo3umpoHHsbIl (B+) pacnagpbl, a TaKkke 3/IeKMPOHHbIU
3axeam (Opyrve Ha3BaHusi — e -3axeam vunn K -3axeam).

MNepBble ABa TUNa NpPeBpaLLEHUI COCTOSIT B TOM, YTO SIAPO UCMYCKaET SNEKTPOH
_?e (no3uTpoH +?e) MU 3NEKTPOHHOE aHMUuHelmpuHO 8\7e (aneKkTpoHHOoEe

HelmpuHo 8\/6). [}-OnekTpoHbl  poxpatoTcs B pesynbTate  MpOLEcCos,

NPOUCXOAAWMX 8HYMPU SApa NPV rpespalyeHuy OOHOTO BuAA HYKMOHa B siape B
Opyron — HelimpoHa 8 MPOMOH VN MPOmMoHa 8 HelimpoH
0

1 1 0, -
o> Pt _jetV, (B~ -pacnap),
1 1 0,0 +
P> on+ e+ v, (B™ -pacnap).
1 1 .

3peck (n n | p —0603HaAYEHUA HEMTPOHA U NPOTOHA.

OHeprus Nokosi HEMTPOHA rpesbiliaem 3HEPrui0 NoKos atoma Bogopoda (T.e.
NPOTOHa WM 3f1eKTpOHa BMeECTe B3ATbIX) HA 782 kaB. 3a cueT 3aToN 3aHeprun moxet
NpOMCX0AUTb CaMoNpou3BOribHOE MpeBpaLleHe HEMTPOHA B NPOTOH — 3~ -pacnag —
8 mom yqucre u eHe sidpa. N pencTeuTenbHO, [3-aneKTpoHbl, poxaatolmecs npu
paaMoakTMBHOM pacnage cBOOOAHbIX HEMTPOHOB, UMEKT SHepruto 782 kaB.

B*-Pacnan ana ceo6ogHoro mpoToHa HabriogaThbCs He MOXeT, OfHako Ans

NpoTOHa, CBSI3aHHOro B sApe Grarogaps SO4epHOMY B3aUMOLEWCTBUIO YacTul, 3aTa
peakumsi oka3blBaeTCs SHEPreTMYECKN BO3MOXHOW.
OHepreTMyecknii - CMekTp  UCMyCKaeMbIxX

N
npu 6GeTa-pacnage ONIeKTPOHOB  SIBMAETCH
HenpepbIBHLIM, MPOCTUPAIOLLMMCA A0 8epxHel
e2paHuybl  3Hepeuu [-cnekmpa E . .
MorHas 3Heprus, Tepsiemas sapom npu GeTa-
pacnage Bcerga paBHa E, .., HO oHa no
» [Pa3HOMy pacnpenensercs Mexgy SneKTpOHOM

Emx E n  anTWHeNMTpuHO. MakcumarnbHoe 3HaueHue
aHepruu anektpoHa E =FE _,  03Ha4aeT, YTO BCS SHEPIUSi YHOCUTCS SNIEKTPOHOM,

HyneBoe 3Ha4YeHWe JHeprnn I3NeKTpoHa COOTBETCTBYeT TOMY, 4YTO BCA 3Hepruda
YHOCUTCA aHTVIHeVITpVIHO.

Ons B~ -pagnoakTMBHOCTM CBOGOAHBIX HeliTpoHoB E =782 kaB.

B cnyyae e-3axBata (K -3axeaTa) npeBpalleH/e NPOTOHa B HEMTPOH UAET Mo
cxeme

1p+ Yes in+iv,.
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Mpu 3TOM McYe3aeT OAMH M3 BMEKTPOHOB Ha Grvbkaiwem k sapy K -cnoe
atoma.

MpoToH, npeBpallasicb B HEWTPOH, Kak 6bl "saxeaTbiBaeT" K -anekTpoH.
OcobeHHoCTblO 3TOro Tuna OeTa-pacnaga sBnsieTcs BbineT M3 agpa  ToNbKo

HEeWTPUHO 8\/@. WcuyesHoBeHWe 0AHOrO 13 aNekTpoHoB B K -crioe atoma npueoauT K

QNEKTPOHHbIM nepexoaam Me)KOy BHYTPEHHUMU 3NEKTPOHHbLIMU obonoykamu atoma,
YTO CONPOBOXOAETCA xapakmepucmu4eCKUM PpeHmaeHO8CKUM U3jly4eHuUem.

11. AHTMYACTULIbI U UX AaHHUTUNALUSA.

OneKkTpoOH WM MO3UTPOH 3TO MpuMep napbl aHmuyacmuy. CyuiecTBOBaHuWe
nosutpoHa 6bino TeopeTnyecku npeackasaHo B 1930r Oupakom v noaTBepXOeHO
aKcnepumMmeHTanbHo B 1932r AHOepCOHOM.

MpakTuyeckn y Kaxgoh YacTuubl MMeeTcs  aHTMyacTuua, 0obblYHO
o0603Ha4Yaemas TeM e CMMBOISIOM, HO C AobaBneHneM mussObl Hag HUM. Y YacTuubl
M aHTU4YacTUUbl Macca, 6peMsi JKU3HU U CnuH oOuHakoebl. OcmaribHble
Xapakmepucmuku, B TOM YACMe SNEKTPUYECKUI 3apsia U MarHUTHbI MOMEHT, pasHb!
1o Modyrio, HO MPOMUEOMNOSIOXHbLI 10 3HaKy. [pumepamMy YacTuy U aHTM4acTuL,
SIBSIOTCA: NPOTOH p W @HTUNPOTOH P, HEWTPOH 71 U @aHTUHEWTPOH 71, HEUTPUHO V,

1 @HTUHETPYHO V,, ANEKTPOH e~ E_?e M NOSMTPOH e =&~ = +?e.

B3avmopeiicTBME 4YacTuUbl U aHTUYacTWLbl NPUBOAUT K UX aHHU2uIsyuuU.
TepMyH "aHHUMNAUMA" NepeBOAMTCA KaK "YHUYTOXeHMe", HO, pasyMeeTcs, ero He
crnegyeT TpakToBaTb OykBanbHO. B pe3ynbraTe npouecca aHHUMMNALUN 3NIEKTPOHA C
MO3NTPOHOM POXAAETCA ABa (peXe TPU) BbICOKOIHEPreTUYHbIX poToHa (7 -kKBaHTa)

,?e+ +(1)e —27.
npuyem 3Heprusi 3NeKTPOHHO-NO3UTPOHHON Napbl NEPexoauT B 3HEPTU0 POTOHOB.
MosiBneHne B 3TOM npouecce He MeHee [ABYX (DOTOHOB crnegyeT M3 3akoHa
coxpaHeHus uMmnynbca. BoamoxeH n 0b6pamHbili Mpoyecc — poxaeHue 3/1eKmpOoHHO-
no3UMpOoHHoOU napb! NPU B3aUMOAENCTBUN Y -KBAHTOB (POTOHOB) GONbLLLION 3HEPrUK

(Ev >1,02M>»B = Zmecz) c BewecTBoM (sapom X ')

0 0
Y+ X —>X+ _je+ e.

Yactua X HeoBGxoguma Ans TOro, YTobbl BLIMOMHSAMNMUCH 3aKOHbI COXPaHEeHUs
SHeprum n umnynsca.

Mpoueccbl 803HUKHOBEHUSI U aHHU2UMSIUUU 3IIEKMPOHHO-MO3UMPOHHBIX 1ap
S6MSIOMCST  [PUMEPOM 683aUMOCESI3U  Pa3fuYHbIX (hOPM Mamepuu: 8 3Mmux
npoyeccax Mamepusi 8 hopMe eewjecmea npespawiaemcs 8 Mamepuo 8 hopme
371eKMPOMagHUMHoO20 roJisi, U Haobopom.

12.Famma-usny4eHwue.

FamMma-usnyyeHve SIBNSETCS KECTKUM  3NEKTPOMAarHWTHbIM - U3MydYeHuem,
3Heprusi KOTOPOro WCMyckaeTcsi nNpu  nepexogax sgep M3  BO3BOYXOEHHbIX
3HEpreTM4ecKMx COCTOSHUA B OCHOBHOE WU MeHee BO3OYXAEHHble COCTOSIHWSA, a
TakkKe Npu SAepHbIX peakuusix.

y-WN3nyvenne He camocmosimernbHbIl  TUN paguoakTuBHocTU.  OHO
conpogoxdaem npouecchl oL - U [3-pacnafos M He Bbi3bIBAET U3MEHEeHUs 3apsgda u
MaccoBOro yucna sgaep. 7y -Manyvenve ncnyckaetcs AoYepHUM (a He MaTePUHCKUM)
A0POM, KOTOPOE€ B MOMEHT CBOEro obpasoBaHMs OKa3blBAaeTCA BO30YXAEHHbLIM.
Mepexon v3 BO30GYXAEHHOrO COCTOSIHMS siApa B OCHOBHOE MPOMCXOAWUT 3a BpeMs
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npumepHo 107"°=107"c, yTo 3HaUMTENBbHO MEHbLLE BPEMEHU XW3HN BO3GYXIEHHOTO
aToma (npumepHo 1075c).

CnekTp ¥ -u3ny4yeHns SBMAeTCA JIUHelYambIM, HYTO JOKa3blBaeT ANCKPETHOCTb
3HEpPreTUYECKUX COCTOSIHUIA aTOMHbIX siAep.

Y -M3nyyeHne saBnsieTcsa CToNb KOPOTKOBOHOBBLIM, YTO €ro BOSTHOBbIE CBOWCTBA
NposIBNSIOTCA BecbMa crnabo, a Ha nepBbii NNaH BbICTYNAT KOPMYCKYNspHbIE
cBoncTea. [10aTOMy Y -U3nyyeHne paccMaTpMBaloT Kak NOTOK YacTULL — Y -KBAHTOB.

v-KBaHTbl, obnagas HyneBoi Maccol NOKosl, He Mo2ym 3amedsnsimbcs B
cpede, NO3TOMY MpW MPOXOXAEHWWN Y -WU3MyYEHUs] CKBO3b BELLECTBO OHU NGO
norrnowatotcs, nunbo pacceuBaoTcd UM. OCHOBHbIMU  MPOYECCaMW, COMPO-
BOXJAOLLMMU MPOXOXAEHNE Y -U3NYyYEHNs Yepe3 BELLECTBO SIBMSAOTCS:

— ¢homoacbgpekm nnv homoasieKmpuYecKoe no2souseHue y -UssyyeHus —

ucnyckaHue aToMOM, BCIEACTBME MOrOLWEHUs 7Y -KBaHTa, 3MEeKTpoHa C
OfHOWM M3 BHYTPEHHMX 3MEKTPOHHbIX 060MoYeK, KOTopoe COMpoBOXAAETCs
XapaKTepUCTUYECKUM PEHTTEHOBCKMM n3nydyeHneM. PoToaddekT sABnseTcs
npeobnagamolwmmMm MexaHW3MOM MOrmnoweHuss B obnactu marnbix 3Heprun

y-kBaHTOB E, <100K3B;

— KOMMIMOH-3hghekm (KOMNTOHOBCKOE pacCcesiHNe) SBMSIeTCA OCHOBHbIM
MeXaHW3MOM B3aVMOAENCTBUSA 7Y -KBAaHTOB C BeLLECTBOM MNpU 3Heprusx
Ey ~ 500 kaB;

— 06pa3osaHuUe 31eKMPOH-MNO3UMPOHHbIX nap (npu Ey >1,02MsB = 2mec2 )

CTAHOBUTCA OCHOBHbIM MPOLIECCOM  B3aWMOAEWCTBUS Y -KBAHTOB C
BelLleCTBOM Npu Ey >10MaB.

Ecnu aHeprusi y-kBaHTa MpeBblllaeT 3HEPrUi0 CBS3WM HYKIIOHOB B siApe
(7+8MbnB), To B pesynbTaTe MOIMOLEHUS Y-KBaHTa MOXeT HabnogaTtbcs

s0epHbIl pomoaghghekm — BbIGPOC U3 siApa OOHOTO M3 HYKMOHOB, 4alle BCEro
HEeWTpOHa.

13.Jo3umeTpuryeckne BenMUYMHbI M eANHULLbI.

BospeictBne  y-u3anyveHns (a Takke [OpYyrux BWOOB  VOHW3MPYHOLLErO
M3MyYeHUs) Ha BeLLECTBO XapakTepu3ylT G030l UOHU3UPYHWE20 U3JTyYeHUsl.
Pasnuyatorcs:

— lMoanoweHHasi 0o3a u3sny4eHuss — u3nyeckas BennynHa, paBHasi OTHOLLEHUIO
3HEeprum nsnyyeHns K macce obrnyyaemoro BeLlecTsa.

Eavhuua nornouleHHon gosbl uanyyvenus — rper (Fp): 1Mp=1[x/kr — gosa
U3ny4YeHns, npu KOTopoi o6rnyy4yeHHOMY BelLecTBY Maccol 1kr nepepaertcs
3Heprus nboro noHmanpytoLero nanyyenusa 10x.

— 3Jkcno3uyuoHHass 0o3a usny4YeHuss — (u3ndeckas BenUYMHA, paBHas
OTHOLLEHUIO CYMMbl 3fIeKTPUYECKUX 3apsdoB BCEeX WMOHOB OAHOrO  3Haka,
CO3[aHHbIX 3NeKTpoHamu, OcBOBOXAEHHbIMW B 06nydYeHHOM BO3ayxe (npu
YCMNOBMU MOSHOMO MCMONb30BaHNA MOHU3NPYHOLLEN CMOCOBHOCTU 3MEKTPOHOB), K
mMacce 3Toro Bosgyxa.

EavHyua 3KCno3vumMoHHONM 403kl U3NyYeHus — KynoH Ha kunorpamm (Kn/kr);
BHECWUCTEMHOW eanHuULEen sBnsieTca peHTreH (P): 1P=2,5810"* Kn/xr.

— bBuonozuyeckasi do3a — BenuyuHa, onpepensiolwas BO3OENCTBUE U3NYyYEHUs

Ha opraHuam.

A.H.OrypuoB. ®usuka dns cmydeHmos

AnepHasa dusmka



Eavhunua Guonornyeckor [03bl — GMONOrMYECKUM 3KBUBANEHT peHTreHa
(63p): 163p — go3a NbHOro B1UAa NOHU3UPYIOLLLETO U3NYyYEHUs, NPOU3BOAsALLAs
makoe e Guonornyeckoe [fencTeue, kak M [03a PEHTFEHOBCKOro UNu
Y -u3nyyenus 8 1P (16ap=1072 [x/kr).

MowiHocmb 003bl U3/TyYeHUsI — BENUYMHA, paBHAsi OTHOLUEHWIO [03bl
M3MnyYeHusi K BpemeHn obnyyeHus. Pasnunyator:

1) MowHOCTb NOrNoLWweHHON Ao03bl (eauHvua — rpen Ha cekyHay (Mp/c));

2) MOLWHOCTb 3KCMO3ULMOHHOM A03bl (€AVHMLA — aMnep Ha Kurorpamm

(A/kr)).
14.3dbdekT Méccbayapa.

Spgpekmom Méccbayapa HasbiBaeTCsi SIBMIEHNE YMPYroro WUCMycKaHust Wmu
MOrMOLWEHNS Y -KBAHTOB aTOMHbIMU $IAPaMW, CBSI3aHHbIMW B TBEPOOM Tene, He
COMpOBOXAaloLEeecs U3MEHEHNEM BHYTPEHHEN 3HEpruu Tena (T.e. npovcxogsiiee
6e3 Bo30OYyxaeHNs KBaHTOB kornebaHuii KpucTannmnyecko peLleTkn — OHOHOB).

Mpu n3nyyeHWM UM nornoweHun Yy-kBaHTa siOpoM c80600HO20 amoma,

BCMEACTBME 3aKOHa COXpaHeHUst uMMMyfibca s4po atoma npuoGpetaeT UMMYnbC,
paBHbIA  UMMYNbCYy W3Mly4EHHOr0 WM MOFMOWEHHOrO DOTOHA, a 3HauuT U
KUHETUYECKYIO SHEPTUI0 — KUHETUYECKYIO dHepauro omda4qu sidpa (E ).
CnepcteueM 3TOro ABMSeTCs To, YTO:
— npu nepexofe sapa M3 BO3DYXAEHHOrO COCTOsHWS C 3Heprver E B
OCHOBHOE, W3My4aemblil Y -KBaHT MMEET SHEpPruio £, HECKONbKO MEHbLUYIO,

yem E, n3-3a otaaum sapa B npouecce UsnyyeHus: EY =FE-Eg;

— npu BO36y)K,EI,eHVIVI a4pa U nepexoge ero U3 OCHOBHOIMO COCTOAHMA B
BO36y)K,EleHH06 C 3Hepruemn E Y -KBaHT OOMMKEH NUMEeTb 3HEeprnto HECKONbKO

GonbLuyto, Yem E: E; =E+E,.
Takum 06pa3oM, MakCUMyMbl JIMHWIA U3NYYEHUs U MOTMOLLEHNS JOMKHbI BbiTh
CABVHYTbI APYr OTHOCWTENBHO Apyra Ha BenuunHy 2Eg (CM. pUCyHOK), YTo aenaet

HEBO3MOXHbIM Pe30HaHCHoe nornowieHne
Y -KBAHTOB ANs c80600HbIX SAEp.

— Pe3oHaHCcHoe nornolleHve 7y -U3nyyeHus

nornowenus MOXET ObITb MONYYEHO TOMbLKO MpU KOMMEeHcauuu
rnomepu aHepauu Ha omoayy sopa.

Takas cuTyauusi peanusyetcs B meepoom

£ Mesie, KorAa aToOMbl XECTKO CBSi3aHbl Mexay

cobol 1 3Heprnst 1 UMNynbC OTAauYM nepenaeTcs

He ogHOMYy aToMy, a BCeMy Kpuctanny B Lenom. B aToM crniyyae notepu aHeprm Ha

oTAayy CTaHOBATCS McHe3awlle MarnbiMu, MOCKONbKYy Macca Kpuctanna ropasgo

Gorblle Macchbl 0OQHOrO aToMa U KMHeTMYecKas 3Heprusi, KOTopyt nNpuobpeTaeT BeCb

KpUCTans, HUYTOXHa.

Mpyn [OOCTaTO4MHO HM3KUX TemnepaTypax, Korga BeposTHOCTb BO30yxaeHus
(POHOHOB BCREACTBME OTAayYM aTOMOB CHWXaeTCsl, MPOLECChl W3NydYeHus u
MOrMOLWEHNS Y -U3MNy4YeHUs MNPOUCXOAAT MpakTudeckn 6e3 noTepb  3SHeprum
(noeanbHO ynpyro) 6e3 M3MeHeHNs1 BHYTPEHHEN SHEPrMKM Tena.

2k

Tunus
U3nYYeHUR
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15.MpnbopbI Ans perncTpaumm paguoakTUBHbIX U3NYYEHUN U HacTuUll.
Ha6niogeHve n pervctpaums pagmoakTUBHBLIX uanydeHun (o, B,y) u vactuy

OCHOBaHbl Ha WX CMOCOGHOCTM NPOM3BOAMTL MOHM3ALMIO UMK BO3OYXAEeHWe aToMOoB
cpeabl.

CUUHMUNNSAYUOHHBIU CHEeMYUK — [ETEKTOP SiAEPHbIX YacTul, OCHOBHBIMU
3arieMeHTaMy  KOTOPOro  SABNSOTCA  cyuHmunsmop  (kpuctannodocdop,
M3MyYaloLmnii BCMbILWKX CBeTa Npu NonagaHny B HEro 4actuu) U poTOSNEKTPOHHbIN
ymMHOXUTenb (PIY), no3sonsowmii npeobpasosaTtb crabble CBETOBble BCMbILLKM B
3NeKTpUYecKne NMMynbCbl, KOTOPbIE PETMCTPUPYIOTCA AMNEKTPOHHON annapaTypoii.

HNoHu3ayuoHHbIE CcYemMYuKU — 3anoflHEeHHble ras3oM  3JfeKTpuyeckne
KOHEeHCcaTopbl — OETEeKTOpbl 4acTul, OCHOBAHHblE Ha CMOCOBGHOCTU 3apPSKEHHbIX
YacTul BbI3blBaTb MOHM3aUMIO rasa, C MocredylolmMM pasgeneHneM nNpoayKToB
MOHU3aUMM B 3MEKTpUYEecKoM nosne. Ecnu cyeTunk permcTpupyeT TOMbKO WOHBI,
obpa3soBaBlUMEC HenocpeACTBEHHO MNo4 AeNCTBMEM YacTul, TO TaKOM CYeTYMK
Ha3bIBAlOTCA UMIYJIbCHOU UOHU3ayUOHHOU KamMepol. CyeTymku, B KOTOPbIX
OCHOBHYIO pOfb UrpaeT BTOpPWYHAs MOHU3aUMsi OOYCIOBMEHHas CTONKHOBEHUSIMU
NepBUYHbIX MOHOB C aTOMaMu M MoOriekynamu rasa, B pesynbTaTe 4ero BO3HWKaeT
paspsia B rase, HasblBalOTCSl 2a30pa3psA0HbIMU  cyemyukamu. [lpumep
rasopaspsiHOro cyeTymka — cyeTumk errepa-Mionnepa.

lMonynpoeodHuUKOBbIe cYem4uKu — NonynpoBOAHMKOBbIE ANOAbI, NPOXOXAe-
HMe Yepes3 KOoTopble PerncTpupyemblx YacTul, NPUBOAUT K NOSIBNEHUIO 3feKTpuyec-
KOro Toka Yepes aunon.

Kamepa BunbcoHa — unnuHap ¢ NAOTHO MpuUnerarowmm nopLuHeM, 3anosnHeH-
HbIi HenTpanbHbIM ra3om. [lpu peskom (agmabatuyeckom) paclimpeHun ras
CTa@HOBMWTCS1 MEPECHILLEHHBIM W Ha TPaAEKTOPWAX YacTuy, MpOoneTeBlUX 4Yepes
Kamepy, obpasyloTcsa Tpekn U3 TymaHa, kotopble poTorpacmpyroTcs.

lly3bipbKO8asi kamMepa — KOHCTPYKTVBHO MOXoxas Ha kKamepy Bunbcona u
3anonHeHHas Mpo3payHoi MeperpeTon XuakocTblo. [poneTatolas yYepes kamepy
3apskeHHas vacTuua Bbi3blBaeT pe3koe BCKUMaHWEe XMAKOCTW, W TpaekTopusi
YacTULbl OKa3blBaeTCs 0BO3HAYEHHOWM LIEeNOYKOM My3bIpbKOB ra3a — obpasys Tpek,
KOTOpbIA Kak U B kamepe BunbcoHa, dotorpadumpyetca. SddeKTUBHbIN 06beM
ny3bIpbKOBOW Kamepe Ha 2—3 nopsigka Oonblue, YeMm y kamepbl BunbcoHa, Tak kak
XWOKOCTM ropasao nioTHee rasos.

S10epHble ¢homoamynbcuu — TONCTOCIIONHbIE hoTorpadmyeckme aMynbLcum,
NPOXOXAEHMEe 3apsKeHHbIX YacTul 4Yepe3 KOTopble BbI3biIBAET MOHM3aLMIo,
npuBOASLLYl0 K 00Opa3oBaHWI0 CKpbITOro M306paxeHuss B amynbcun. [locne
NPOSIBNEHNS crnefpbl 3apshKeHHbIX YacTuL, 0OHapyXXMBalTCA B BMOE LEMNOYKM 3epeH
meTannuyeckoro cepebpa. [OnA uvccrnegoBaHWW  BbICOKOSHEPreTUYHbIX YacTuy,
MCMOMb3YIOTC  cmonbl  MJIacMuHOK — 0onblUOe  YWCMO  MapKUPOBAaHHbIX
OTOIMYNBCUOHHBIX MIIACTMHOK, NOMEeLLaeMbIX Ha MyTN YacTUL U Nocne NPosiBNeHNnst
npomepsieMbIX NOA4 MUKPOCKOMOM.

16.daepHble peakunn U UX OCHOBHbIE TUMNbL.
S10epHbie peakyuu — 3TO NpeBpaLLEHNs aTOMHbIX SAEp NMPY B3auMOAENCTBUN
C 91IeMeHTapHbIMU YacTuLamu (B TOM YUCIE U C Y -KBAHTAMW) UKW APYT C APYroM.
CUMMBOSMYECKM peakLum 3anvceiBaloTcst B BUAE:
X+a—>Y+b, wim  X(a,b)Y,
roe X u Y — ucxogHoe M KOHeuyHoe sapa, a u b — BombBapauvpylowas u
ucnyckaemas (Mnu ucnyckaemble) B SAEPHON peakumm Yactulbl.

AnepHasa dusmka
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B nwbon agepHOW  peakuuMn  BbIMOHSAOMCS  3aKOHbl  COXPaHeHUsi
anekmpuYeckux 3aps008 U Maccosbix Huces: CyMMa 3apsifoB (M MaccoBbiX yucen)
f0ep Y YacTul, BCTynalLWmxX B SAEPHYI0 peakuuto, paBHa cymMMe 3apsifoB (M cymme
MacCOBbIX YMCEN) KOHEYHbIX MPOAYKTOB (S4ep M Yactuu) peakuuu. BoeinonHsioTcs
TaKKe 3aKOHbl COXPaHEeHUs 3HepauU, UMIybca U MOMeHma UMrysbca.

AnepHble peakuuyn MoryT ObiTb Kak 3k3omepmuyeckKumu (C BbloeneHnem
3HEeprum) Tak 1 IHo0omepMuUYecKUMU (C NOTTNOLLEHNEM SHEPTUN).

ApepHble peakuun NpoOTeKalwT 68 HECKO/IbKO 3marios. Ha nepBom 3Tane
HarneTaloLlas YacTvua 3acTpeBaeT B siape-MuLLeHu, obpasys cocmaeHoe s18po vnm
KOMnayHO-si0po, W €€ JHeprus nepenaeTcs He KakoMy-nnbo HYKIOHy, a
paBHOMEpPHO pacnpefenseTcs Mexdy ecemMu yacmuyamu COCTaBHOro si4pa, Tak YTo
HA OfHa M3 HWX He MnonyyaeT 3Hepruu, [[OCTaTOMHOM Ans BbileTa M3 sgpa.
CocTaBHOE S4pO paccmaTpuBaeTcst kKak BO3OYyxaeHHas cTatucTudeckas cucmema
YyacTuu, coBeplLialoLLas HeYNnopsAoYeHHbIE ABKEHUS, NOA0OHbIE ABMXKEHWNIO YacTuL
B Karse xuakoctun. B pesynbTate criyyalHbiX OTKNOHEHUM OT paBHOMEPHOrO
pacnpegeneHns aHeprun BO3OYXXOEHUs MexXAy 4YacTuuamyu COCTaBHOro sfapa Ha
KaKoW-nMbo OAHOM M3 HUX KOHLEHTPUPYETCS SHEprusi, JocTaTovHas Ans BbineTta
3TOM YacTuubl M3 sgpa. OTOT BTOPOW 3Tanm SAEPHOW peakuuy MpPOMCXOAauUT Mo

ncteuernn spemern (107 +108)-r;, rnocne nepeoro aTana, rae Ty — Xapakmep-

Hoe sidepHoe epems (~1072¢).
Cxema siilepHoit peakunmn ¢ obpasosaHnemM komnayHa-aapa:
4 4 4
72 X+a—>7Y > 7C+b,
4 4
rae 7 X — MCXoaHoe SApo-MUlleHb, @ — HaneTalollas Yactuua, 7Y — cocTasHoe

aapo, ZC — A0p0 — NPOAYKT AAepHON peakumun, b — vacTuua, BeineTesluasn U3 aapa

B pesynbTaTe peakumu.

Ecrm a=b, To npoucxoauT paccesiHue 4acTuubl SiAPOM: yrpyz2oe — Mpu
E,=E,, Heynpyzoe - npu E,#FE, Ecnu xe wucnylweHHas 4vacTuua He
ToXaecTBeHHa ¢ 3axBaveHHon (b+#a), To uaeT sigepHas peakuusi B MPSMOM
CMbICrie CroBa.

SlnepHble peakunu knaccudmumpyloTes:

1) mo pody yyacmeyrowux € HUX Yacmuy — peakuun nog Aencrtesmem
HEWUTPOHOB; 3apPSHKEHHbBIX YaCTUL,; Y -KBaHTOB;

2) no aHepauu ebI3bi8aroWUX UX Yacmuy, — peakumn Npy mMarsblX, CPEOHUX U
BbICOKMX SHEeprusx;

3) no pody ydacmeyrowux e Hux s0ep — peakuun Ha nerkux (A4<50);
cpepHux (50 < A <100) v tshxenbix (4 >100) sppax;

4) no xapakmepy npoucxodswux si0epHbIX npespawjeHull — peakumm ¢
UcnyckaHuem HeNTPOHOB, 3apsKEHHbIX YaCTWL; peakuun 3axeaTta (B criyyae
3TUX peakuuii COCTaBHOE SAPO He UCMYCKaeT HUKaKUX YacTul, a nepexoaut
B OCHOBHO€E COCTOsIHWE, U3My4asi OAMH U HECKOMBKO 7Y -KBAHTOB).

MepBasi B uctopun sigepHas peakuusi 6bina ocyluecteneHa Pesepdopaom npu

GombapavpoBke siapa asoTa o -4acTULaMu:

14 4 18 17 1
sN+5He— JF— 0+ p.
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17.5gepHble peakuuu nog 0ENCTBUEM HEUTPOHOB.
B 3aBucMMOCTV OT CKOpPOCTU (SHEpPruv) HEWTPOHbI AENAT Ha MeOsIeHHbIe U

6bicmpeblie.
MeaneHHble HEUTPOHbI: BbICTpble HENTPOHbI:
ynbTpaxonogHsle (< 1077 3B) GbICTpbIe (104 =108 3B)

oueHb xonoaHble (1077 +107*2B) BbicokoaHepreTudHbie (10° +10'"3B)
xonoaubie (107* +107°3B) pensitueuctckue (>10'75B)
tennossble (10 +0,53B)

pesoHaHcHbie (0,5+10%5B)

B BellectBax, HasbiBaeMblx 3amednumensimu (rpacduT, Tskenas soga DO,
HDO, coeanHeHua 6epunnus), GuiCTpble HEMTPOHBI paccenBaloTCs Ha sapax, U Ux
3Heprust nepexoaut B SHEPruio TEnnoBOrO [AOBWXKEHWS aToOMOB BellecTBa-
3amegnuTens.

MepneHHble HeWTPOHbI 3MEKTUBHBLI ANs BO3OYXAEHUS AOEPHBbIX peakuui,
NMOCKOMbKY OHW OTHOCUTENbHO AOMro MOryT HaxoauTbCst BONM3W aTOMHOro siapa, a
No3TOMY BEPOSITHOCTb 3axBaTa HEMTPOHa SAPOM OYeHb GonbLuas.

Ona menneHHbIX HENTPOHOB XapaKTEpHbl yrpyz2oe paccessHUe Ha sidpax
(peakumst Tuna (n,n)) u paduayuoHHbIl 3axeam (peakuns Tuna (n,y)). Peakuus

TMna (I'Z,Y) npmBOoaUT K OGpaSOBaHVHO HOBOIO M30TOMa UCXO4HOro BeLllecTea

IX+on— LY +y, wanpuvep, 'JCd+ jn—'jsCd+y.

Mog [4encTBMeM TEMnoOBbIX HEMTPOHOB Ha ferkMx sapax HabnopatoTces
peakuuy 3axsaTa HENTPOHOB C WCMyCKaHWEM MPOTOHOB M OL -4acTuL (peakuuu Tuna
(n,p) v (n,a))

SHe+ gn— H+|p, "B+ gn— jLi+jHe.
Ho rnaeHbiM o6pasom peakuum Tuna (n,p) u (n,0) NPOUCXOOAT MOA

,D,eVICTBI/IeM 6bICTDbIX HeVITDOHOB, T.K. B 3TOM Cly4yae 3Heprma OoCTaTo4dHa Anda
npeofonexHns noTeHumanbHoro Gapbepa, MpPensaTCTBYHOWEro BbINETY MPOTOHOB U
oL -4acTuu,.

[ns BLICTPbIX HEMTPOHOB HabogaeTcs Heynpyroe paccesHue (n,n'):

A 1 A~r* 1
7X+on— ;X +4n.
.« -~ 1
rae BblneTawowmn U3 aapa HEeUTpoOH Ol’l' MMEeeT JHeprnio MeHbLUY 3Heprmn
-~ 1 -~
HanetalwLllero HemTpoHa (7, a ocTawLlleecsa nocne BbineTa HENWTpoHa HAApO

A
HaxoguTcs B BO3BY)XOEHHOM COCTOSIHUM ZX*, NnosToMy ero nepexof B HopMasbHOe
COCTOSIHVE COMPOBOXAAETCH NCMYCKaHWEM Y -KBaHTA.
Korga aHeprua anektpoHoB pocturaet 10 MaB, cTaHOBATCS BO3MOXHbIMU

peakuuy Tvna (n,2n). Hanpumep, B pe3ynstaTe peakumu

238 1 2 1

U+ gn— 51U +20n
oGpa3syeTcs 37 -aKTUBHbIN M30TOMN, pacnafaloLniics No cxeme

237 B~ 237 0
o U——"3Np+ _je.
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18.Peakuuun geneHua sagpa.

Tspkenoe KOMNayHA-s4po, BO30YXOEHHOE Mpu  pe3oHaHCHOM  3axBaTe
HEMTpoHa, MOXeT pa3gennTbCa Ha ABe NPUBNU3MTENbHO paBHble YacTw (peakyust
OdeneHusi msikenbix si0ep). O6pa3oBaBLUMECA YaCTWM Ha3bIBAOTCS OCKOJIKamMu
OdeneHusi.  HeyctomumBocTb  Taxenblx  sgep  obycnoBneHa  83aUMHbIM
ommarikueaHuem 60nbLIOro Yucna NPOTOHOB, HAaXOAALMXCS B aApax.

Mpumep peakumun aenexuns

23U+ dn—> YXe+ BSr+20n.

[eneHne Taxenoro sapa Ha ABa OCKONKa COMPOBOXAAETCA 8bldefieHuUemM
aHepauu nopsgka 1 MaB Ha Kaxabii HYKMOH. OTO crnegyeT M3 Toro, Y4To yaenbHas
3Heprus CBA3M ANdA a4ep cpefHen Mmaccbl cocTaBnsdeT npumepHo 8,7 MaB, B 1O
BpemMs Kak Ana TsbkenblXx sgep oHa pasBHa 7,6 MaB (cMm. pucyHok Ha ctp. 8-3).
Hanpumep, npu peneHun sgpa ypaHa ZSEU, copepxawero 238 HYKIIOHOB,
BblaensieTcs aHeprus nopsgka 200 MaB.

B ocHoBY Teopuu AeneHns aToMHbIX SAep NonoxeHa KaresbHas modesb s0pa.
Anpo paccmaTtpuBaeTcs Kak Kanns SneKTPUYECKU 3apsiKeHHOM HecKumaemon
XWMOKOCTU (a) C MNOTHOCTbIO, PaBHOW SAEPHON, W MNOAYMHAIOWENCS 3aKoHam
KBAHTOBOW MexaHuku. [Npu 3axBaTe HEWTpOHa YCTOMYMBOCTb TaKOW 3apsiKEHHOM
Kannu HapyliaeTcs, SApo NPUXOAUT B KoslebaHUsi — NONEPEMEHHO TO BbITSrMBaeTCs,
TO CXKMMaeTcs.

BeposTHOCTb
py 0] b 2 d)

penensieTcss aHep-
2uell akmueauuu

— MUHUManbHOU 3Hepeuel, Heo6XoaMMOWN ANA OCYLLECTBMEHUS peakumu AerneHus
anpa. MNpy sHepruax BO3OYXOEHUS MEHbLWUX YEM SHEPrUs akTMBaLWUW OeneHus,
nedopmauma sgpa-kannum He JoOXoauT OO0 Kputudeckon (6), 94po He genutes u
BO3BpaLLaeTcs B OCHOBHOE 9HEpPreTM4eckoe COCTOSHUE, UCMYCTUB 7Y -KBaHT.

Mpu SHeprusix BO3OYXKOEHUS 6OfblWEe SHEPTMM  aKTUBAUMKW  OerneHus
aedopmauns  Kannu  JOCTUraeT  KpPUTUYECKOro 3HauveHusi (B) obpasyetcs w
yanuHsieTcsa "nepeTsikka” B Kanne (r) u HactynaeT aenexve (a).

Tspkenble siapa CnocobHbl K AeNeHuo, ecrnv ANns HUX BbINOSHSAETCS ycroBue

VA 2/A217, roe Z 2/A — napamemp JdenieHusi. OTO YCrOBUE BbINOMHAETCH ANsi

BCeX Aaep, HaunHasa ¢ cepebpa 1% Ag, ansa koToporo Zz/A ~20.

Kpumuyeckum  napamempom  OesleHusi  Ha3blBaeTcA  napametp
2
z /A)Kpm:49. fAlnpa ¢ napameTpoM AeneHus  GOMbLIMM  KPUTUHECKOro

2 <

VA /A > 49 coBepLUEeHHO HeYCTOMYMBLI OTHOCUTENLHO AeneHus. Takue sapa, ecnu
Gbl OHM BO3HUKMU, MFHOBEHHO MpeTeprneBany Obl AeneHWe 3a BpemeHa nopsaka

1072-10"%c.

2
Mpn Z /A<49 BO3MOXHO Camonpou3eosiHoe (CrloHmaHHoe) denieHue
s0ep, npoucxodsllee aHanorMyHo « -pacrnagy 3a cyeT TYHHernbHOro addpekTa.
OpHako nepuopg nonypacnaga [Ans CNOHTaHHOro [eneHus saep  CocTaBnseT

10'°-10" rer.
Ockonkvn aeneHnss B MOMEHT cBoero obpasoBaHusi obnagalT u3bbiTKOM
HEeWTPOHOB, NMOCKOJIbKY ANs CPeAHUX SAep YWUCHO NPOTOHOB NPUGNU3UTENBHO PaBHO
uncny HeiitpoHos (N/Z ~1), a ans Tsbkenbix sAep YNCO HETPOHOB 3HAUUTENBHO

A.H.OrypuoB. ®usuka dns cmydeHmos
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npesbilwaeT 41cno npotoHos (N/Z ~1,6). W3bbITouHbIE HEATPOHBI, MCTyCKaeMble
OCKOMKamu, HasblBaloTcs HelimpoHamu OesieHusi. B cpegHem Ha Kaxaplih akT
JeneHus npuxoauTcs 2,5  UCMyweHHbIX HEUTpoHa. BomnbWKWHCTBO 13 HUX

14 -
ucnyckaeTcsl npakTuiecku MrHoBeHHo (1 <107 °c) — M2HOeeHHbIe HelimpoHsblI, a
yactb (~0,7%) cnycts HekoTopoe Bpemsi nocne fenenust (0,05¢<¢r<60c) —
3anasobiearoujue HelimpoHbl.

19.LlenHas peakuus geneHus.

Kaxgblh 1“3  MrHOBEHHbIX HENTPOHOB, BO3HWKIWIMX B peakuuum AeneHus,
B3aMMOAENCTBYA C COCEAHUMMU sApamun Oensierocs BeLecTBa, BbI3bIBAET B HUX
peakumio genexus.

Mpn atom wuget slaguHoobpa3Hoe HapacTaHwe 4ucna akToB AefneHns —
HauMHaeTCs yenHasi peakyusi OesleHUsi — AepHas peakunsi, B KOTOPOW YacTuupl,
Bbl3blBalOLLME peakuumto, 06pasytoTcs Kak MPOAYKTbI 3TOW peaKuuu.

YcnoBneM  BO3HWKHOBEHMS  LENHOM  peakuMnm  ABNSETCS  Hanuuune
pasMHOXatoLLUMXCA HEATPOHOB.

KoagppuyueHnmom pasmHoeHusi HelimpoHoe k HasblBaeTcs OTHOLleHue
yncna HEeWTPOHOB, BO3HMKaKOLWMX B HEKOTOPOM 3BEHE peakuuu, K YUCHY TaKux
HEWTPOHOB B NPeALLECTBYIOLLEM 3BEHE.

Heobxoanmoe ycrnosve passuTus LenHon peakuun: k >1. Takas peakuus Ha-
3blBalOTCH paseuearoujasicss peakyus. MNMpn k=1 vgeT camonogaepxusatoLlascs
peakums. Mpu k <1 ngeT 3aTyxatowas peakuus.

YacTb BTOPUYHbIX HENTPOHOB HE y4YacTBYyeT B NOAAEpKaHWU LENHOW peakummn —
3axBaTbiBaeTCAd HeOenAWwuMUCa MNpUMECcsaMW, BbIXOOUT M3 30Hbl peakumn 6es
3axBaTta S4poM, TepPSET 3HEPIUIO B NPOLLECcCax HEYNPYroro paccesiHnsa u T. A.

[MoaTtomMy KoagpgbuyueHm pa3MHOXeHUsI 3aBUCUT OT MpUPOAbl AensLierocs
BellecTBa, a ANA [aHHOro M30TOna — OT ero KoNMyecTsa, a Takke pa3mepoB U
(OopMbl aKmueHOU 30HbI — MPOCTPAHCTBA, rAe NPONCXOAUT LenHas peakums.

MuvHMManbHble  pa3vepbl  aKTMBHOM  30Hbl, MNpPU  KOTOPbIX  BO3MOXHO
OCYLLeCTBIEHME LIeMHON peakunm, HasblBaeTCa KpumuYyecKumMu pasMepamu.

MuvHMManbHas Macca [Oenswerocsl BeLLecTBa, HaxoAsierocs B cUCTeMe
KpUTUYECKMX pa3MepoB, HeobxoduMas Ans OCYLECTBMEHWUS LENHOW peakuuu,
HasblBaeTCs Kpumu4yeckoli Maccou.

LlenHble peakumn Oensitcas Ha ynpaessieMbie W Heynpaessembie. B3pbiB
aToMHoM 6GOMObI — MpMMep HeynpaBfAsieMON peakuuu. Ynpasnsemble LUenHble
peakumn OCyLLIeCTBNSATCA B SAEPHbIX peakTopax.

20.5gepHble peakTopbl.
B npupoge vmeeTca Tpu msoTona ypaHa U TOpuWs, KOTOPble MOTYT CRYXWUTb

A0EePHbLIM TONJTMBOM UK CbipbeM ANA ero nony4veHua:

2
1) g; U - B ecTecTBEHHOM ypaHe ero cogepxutcs npumepHo 0,7%;

2
2) §§U — B eCTeCTBEHHOM ypaHe ero copepxutca npumepHo 99,3% —

ncnonb3dyeTca AOna nojiydeHnusa TpaHCYypaHOBOro 3nieMeHTa MiyToHuA no
cxeme

238 1 239 B- 239 B- 239
nU+n— U o3 Np osPu.
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Tonnmea %, U o cxeme

B2Th+ ln— 2BTh—F523pa & 23y

S10epHbIM peakmopoMm Ha3biBaeTCsi YCTPOMCTBO, B KOTOPOM OCYLLECTBISETCS
1 NoadepXMBaeTCs ynpasnsiemas LenHasi peakuusi 4eneHust.

PaccmoTpum cxemy peaktopa Ha MeAneHHbIX
HenTpoHax. B akTMBHOM 30He peakTopa pacrnonoXeHbl
TEeNnoBbIAENSOWME dnemMeHTbl (TBanbl) 1 1M 3amennu-
Tenb 2 (B HEM HENTPOHbI 3aMefnifAtoTCAa 4O TEnnoBbIX
ckopocTten). TBanbl npeacTaBnsAlT cobown 6nokn un3
Jenswerocs matepvana, 3aKkioYeHHble B repMETUYHYIO
obornoyky, cnabo nornowiawLLyto HEeWTPOHbl. 3a cyet
3Hepruu, BbIAENSIOWeENca Npu AeneHun saep, TBanbl
pa3orpeBaloTCsi, a MNO3TOMY [Ans OXNaXOEHUS OHU
nomeLyarTcs B NOTOK TennoHocuTens 3. AKTUBHas 30Ha
OKpy)XeHa oOTpaxartenem 4, yMeHbLIaWNM YTeyKy
HenTpoHoB. [logaepxaHve cTa-
LUMOHApHOro pexuMma peaktopa
npounsBoanTcs c NOMOLLbO
ynpaenawwnx crepxHen 5 us
matepuanos, CUNbHO  MOrNo-
LaKoLWNX  HENTPOHbI, Hanpuvep
n3 6opa mnu kagmms. TennoHocu-
TeneMm B peakTope CMyXuT BOAA,
XUOKUA HaTpui n ap. TennoHocu-
Tenb B naporeHepaTope oTAaeT
cBoe Tenno napy, KoTopbIv
nocTynaet B MapoByl TypOuHy.
TypbuHa  BpawaeT  anekTpu-
YecKuUi reHepaTop, TOK OT KOTOPOrO NOCTYMNaeT B 3MEKTPUYECKYIO CETb.
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21.Peakums CUHTE3a aTOMHbIX sigep.

Peakunsi cuHTe3a aTOMHbIX sigep — obpasoBaHue U3 nerkux sgep 6onee
Tskenbix. [pu  peakumsix CuHTE3a YyAeflbHasl 3Heprus CBA3M saep  Pesko

yBENMYMBaETCA NpU Nepexoae oT siaep Aentepus 21H N TpUTKA ?H K NUTUt0 g’Li 7
renvio gHe (cm. cTp. 8-3), 4TO NPMBOAMT K GONbLIOMY 3HEproBbliaeneHunio O
H+ H->H+p (0 =4,0 MsB),
*H+]H—>;He+sn  (Q=3,3M>dB),
*H+JH—>jHe+,n  (Q=17,6 MaB), (%)
SLi+]H—jHe+iHe (Q=22,4M>1B).

B peakumsix cvHTe3a BblAensieTcs 3HaunTerlbHO Gorblie SHEPruK B pacyeTe Ha
OOVH HYKIOH, YeM B peakuusx AeneHust (Hanpumep, Npu AeneHnn sapa ypada 23§U
Boigensietca 200 MaB, uTto coctaBnset 0,84 MaB/HyknoH, a B peakumn (*)
Bblgensetca 17,6/5=3,5 MaB/HyknoH).
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Peakunu cuHTe3a nerkux sgep, CBs3aHHble C NPeodoNeHNEM UX KYNOHOBCKOIO
oTTankvmBaHusl, 93MEPEKTUBHO MOryT MpoTekaTb NWWb MNPU  CBEPXBbICOKMX
TemnepaTypax nopsigka 102-10°K. Takue peakumn Ha3bIBAIOTCS MePMOSIOEPHBLIMU
peakyusiMu cuHmesa W NpPoONCXOAAT B BELLECTBE, HaxoAsLWMUMCS B NNa3MeHHOM
cocTosiHMM. TepmosigepHble peakuun SBMSTCH, NO-BUAMMOMY, WCTOYHWKaAMM
SHEeprMu  3Be3f, KOMMEHCUpYOLWMMKU  MX  u3nyyeHue. [lpeanonoxutensHo
TepmosifiepHble peakumum Ha ComHue, B KOTOpbIX siApa BOAOPOAA MpeBpallaloTcsi B
saapa renus, MoryT nNpoTekaTb B (oOpMe 0OHOro U3 BYX MepMOsiOepHbIX UUKITO8:

1) NPOTOH-NPOTOHHbLIN LKN

lp+ip—>3iH+ Je+dv,, 2H+!p—>3He+y, 3He+3He— jHe+2/p.
2) yrnepopA-a3oTHbIW LMK

12 1 13 13 13 0 0 13 1 14

¢C+ p—> IN+vy, N> C+ je+,v,, C+ p—> TN+y,

14 1 15 15 15 0 0 15 1 12 4

sN+,p—=> 30+y, 0= N+ _je+ v, N+ ,p—> C+,He.
HononHeHue

22. dyHoameHTanbHble B3aUMOAEeNCTBUS.

B HacTosillee Bpems pasnuyaloT Yemsbipe muna yHOaMeHmarbHbIX
83aumodelicmeul: CUNbHOE, 3NEKTPOMarHuTHoe, cnaboe v rpaBUTaLMOHHOE.

CunbHoe e3aumodelicmeue CBOWCTBEHHO YacTuLaM, HasbiBaeMblX agpoHamMu
(hadros (rpey.) — CUNbHBIA, MacCUBHBIN, KPYMHBIA), K YACIY KOTOPbIX NpUHaanexar, B
YaCTHOCTU, NPOTOH, U HeNTpoH. Hanbonee M3BeCTHoe ero NposiBNeHne — siaepHble
cunbl, obecneymBaroLLme CyLLeCTBOBAHNE aTOMHBIX SiAEP.

B anekmpomazHumHoM e3aumodelicmeuu, Havubonee W3BECTHOM WU
Havbornee W3yYeHHOM, HEMNOCPEACTBEHHO Y4YacTBYOT TOMbKO  3MEKTPUYECKU
3apsKeHHble YacTulbl U POoTOHbI. OOHO M3 ero NPOSIBNEHUA — KYFIOHOBCKUE CUMbl,
o6ycnosnuBatoLLme CyLLeCTBOBaHNE aTOMOB.

Cnaboe e3aumodelicmeue rpucylle BCEM 4acTuuaMm, Kpome (OTOHOB.
Hanbonee n3BecTHoe ero nposiBreHne — Heta-npeBpalleHns aToMHbix siaep. OHo
xe obycnaBnmBaeT HeCTabUNbHOCTb MHOTMMX 3MEeMEHTAapHbIX YacTul, Hanpumep
HEWTPOHa.

MpasumayuoHHoe e3aumodelicmeue CBOVWCTBEHHO BceM Tenam BceneHHow,
NposiIBNsisicb B BWAE CUIT BCEMUPHOrO TArOTEHUsi. OTW cunbl OGYCroBnuBaroT
CyLLECTBOBaHMe 3Be3[, MNaHeTHbIX cUcTeM, W T.n. [paBuUTaLMOHHOE B3avMonen-
CTBUWE npefenbHo cnaboe 1 B MMpe 3neMeHTapHbIX YacTul, Npyu obblYHbIX IHEPTUSX
HEenocpeacTBEHHON PONu He UrpaerT.

dyHOamMeHTanbHble  B3aWMOAEWCTBUS  PasnMyaloTCs  WMHTEHCUMBHOCTAMU U
pagnycamun AencTBums:

Baanmopenictene MIHTEHCMBHOCTb Pagwyc gevicteus, m
CunbHoe ~1 ~107'6
OnekTpoMarHuTHoe L 0

137
Cna6oe ~10710 ~107'8
paBMTaLMOHHOE ~1073# ©

A.H.OrypuoB. ®usuka dns cmydeHmos

B 60-x rogax LW.Manwoy, C.BaiH6eprom n A.Canamom 6bina cosgaHa meopusi
anekmpocsiabo2o B3aMMOAEeNCTBNSA, 0ObeanHUBLLASA ANeKTpoOMarHuTHoe 1 crnaboe
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B3aMmogencTensi. CXxeMaTUyHO, 3MEKTPOMarHuTHoe
B3a/MOAENCTBME  [OBYX  3apsKEHHbIX  4YacTul
NpouUCXoauT  myTeM obMeHa  Mexay  HUMU
eupmyanbHbiM ¢homoHoM y. B pesynbTate

BO3HMKAET, HanpuMep paccesiHe 3NeKTpoHa
MPOTOHOM, KOTOPOE CXemaTuyecku M3obpakaercs

duazpammoli  PeliHmaHa (a). A cnaboe
B3aMMOAENCTBME  MPOUCXOOUT nyTeM obmeHa
MPOMEXYMOYHLIMU 8eKmopHLIMU 6o3oHamu (W' W~ Z 0) —  TSXEenbIMu

yactuuamu co cnuHom 1. lMpu atom W * -6030HbI OCYLLECTBIAT B3anMoaencTeme

Np1 KOTOPOM M3MEHSIETCA 3HaK 3apsiaa UCXO4HOW YacTuubl (HanpumMep, 6eTa-pacnag

Oln - llp + _?e—i— 8\78 (anarpamma ®deriHmaHa (6)), a Z° -6030H — npv KOTOPOM 3HaK

He  u3MeHsieTca  (Hanpumep,  paccesiHue  HEUTPUHO  Ha  3MEKTPOHe

8\7 + ,(l)e - ,?e + 8\78 (avarpamma ®eitHmana (B)). Takum o6pasom, mpu MPOMexy-

moyHbIx 6030Ha U hOMOH ABASIOTCS KBAHTaMMU TaK Ha3blBaEMbIX KaJlu6pO8OYHbLIX
8EKMOPHbIX noJiell 3nekTpocnaboro B3anmMoaencTems.

23.3nemMeHTapHble YacTulbl.
Y Kaxgomn aneMeHTapHOMW YacTuubl eCTb aHTU4YacTuua, 0603HayYaeTcs oHa TeM
e CUMBOSIOM, HO C Jo6aBneHnemM TUnbAbl Haf HUM.

AHTUYacTUUbl hOTOHA, 7°- u T]O-MGBOHOB TOXOECTBEHHbI CamMMM 4acTuuam.
OTM yYacTuubl SBNSATCS UCMUHHO HelmparsibHbIMU, OHW HE CMNOCOGHbI K
AHHUIMAAUMKW,  HO  WUCMbITLIBAOT  B3auUMHble  NpeBpalleHus,  ABnsAlLmMecs
dyHAamMeHTanbHbIM CBOMCTBOM BCEX 3fIeMEHTapHbIX YacTuL.

OnemMeHTapHble YacTulbl 0OBLEAMHSAIOTCA B TpU rpynnbl: OOTOHbI, JIENTOHbI U
aapoHbl.

[pynna OTOHOB COCTOUT M3 OJHOW YacTuubl — OTOHAa — KBaHTa
31eKmpoMa2HUMHO20 B3aMMOAENCTBMS.

[pynna NenToHOB COCTOMUT M3 3MEKTPOHA, MIOOHA, 3MEKTPOHHOIO U MIOOHHOIO
HEWTPUHO, TSXENOro nenToHa — T-fenToHa (TaoHa), TAOHHOTO HEWTPUHO, a Takke
COOTBETCTBYIOLUMX UM aHTn4acTul. OHU yyacmayrom TONbKO B 3NE€KTPOMarHUTHOM
1 cnabom B3anMoaencTBUSX.

K rpynne afipoHOB OTHOCATCS ME30HbI (MMOHbI U KaoHbl) 1 6@apuoHbI (HYKMOHbI
(NPOTOH, HENTPOH) M HecTabunbHble Yactuubl). Mpu pacnage GapuoHa, Hapsgy C
apyrmmy yactuuamu, Bcerga obpasyeTcs HOBbI GapuoH — 3aKOH coxpaHeHusi
6apuoHHo20 3apsida. ALpoHbl 06nafalT cunbHbIM 83aumoldelicmeueM, Hapsdy ¢
aneKmpoMa2HUMHbLIM v cnabbiMm.

ALpPOHBI COCTOAT U3 Kkeapkoe. Kaxablii Me3oH M cTpouTcst U3 OHOrO kBapka
g VI OOHOrO aHTUKBapKa ¢ , Kaablil 6aproH B — 13 Tpex KBapkoB ¢

M =qq, B=qqq.
YMCro NEnTOHOB PaBHO YMCIlY TUMOB KBApKOB — MPUHUUN K8apK-erimoHHOU
cumMmempuu.
VIMeloTcs KBapKU LIECTW TWMOB, KOTOPbIE MOAOGHO nmenToHam obpasyloT Tpu
aybneta, unu Tpu nokonewws (u,d), (c,s), (¢,b):
1) BepxHui (up) — u
2) HwkHuiA (down) — d

3) "ovapoBaHHbIN" (charm) — ¢

4) "cTpaHHbIn" (strange) — s
5) "MCTUHHBIN" (true) — ¢

6) "npenecTHbli" (beauty) — b.
Y KBApKOB MMEHTCS aHTUYACTULLI — @aHMUK8apKuU.
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CsogHasg Tabnuua anemMeHTapHbIX YacTul,.
CuMBOII R i
v 3 < E 5] )
= = % ) = S~ :? ~ g Q
Tovima Ha3zBanue 2 E © = = S l1EZEz/58/35¢8
py 4aCTHLBI E s | 2| 8% = |EE|Eg|5¢
Q =4 | & 2 E | & °Cle F|lgF
& % o s @) g = 42}
DoToHBI ®doToH Y 1 — 0 0
OnexTpoH et 12 | — +1 0
3J'IeIiTpOHH06 v, {«/e 0 0 11 . 41 0
HelTpHHO
Mrioon pno pf 1 206,8 12 — +1 0
Jlentons! MI?OHHOC v, \711 0 0 12 o 4 0
HelTpHHO
Tay-nenTon _ +
(Taom) T T 1 3487 12 | — | +1 0
Taonioe v, V. | o 0 12| — |+ ] o
HENTPHHO
d 0 | 264,1 0 1 0 0
ITnonst
TC+ T 1 273,1 0 1 0 0
Mesons! K° K° 0 974,0 0 12 0 0
Kaonst
K K~ 1 966,2 0 12 0 0
Dra-Me30H n’ 0| 1074 | 0o | — | 0|0
Iporon p P 1 ] 18362 | 12 | 12 0 +1
2 Heiitpon n n 0 | 1838,7 | 12 | 12 0 +1
é. I'unepoHsr:
< TAM6/1a Al A0 0 2183 172 0 0 +1
>0 50 0 | 2334 | 12 1 0 | +1
bapuons! curma |y S+ 1] 238 2] 1 [ 0|+
> S 1 2343 1/2 1 0 +1
=0 =0 0 2573 12 | 12 0 +1
KCH =
=" =" 1 2586 12 | 12 0 +1
omera O O 1 3273 32 0 0 +1
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lMpedmemHbil ykazamernb

Ccbinkn B ykasatene coctosit u3 deyx uvcen. llepeoe yucso — coomeemcm-
syrowasi Yacms nekyud: 1-MexaHuka, 2—MonekynsapHas usmka n TepMoguHamMmumka,
3-OnekTpuyecteo, 4—MarHeTnam, 5—Konebanus n BonHbl, 6—OnTuka, 7—KBaHToBast
busuka, 8—AnepHas pusnka. Bmopoe 4ucnio — Homep cmpaHuupbi.

A

abcontoTHo Heynpyroe Teno 1-3
— TBeppoe Teno 1-3
— ynpyroe Teno 1-3
— YepHoe Teno 6-26
abeppauus 6-4
arperaTHble COCTOSIHUA 2-23
agwabara 2-16
agnabaTtumdeckoe npubnmkeHne 7-25
aKTMBHas 30Ha peaktopa 8-17
aKTMBHOCTb Hyknuaa 8-7
akuenTop 7-28
anbda-nanyyeHune 8-5
anbda-pacnag 8-8
amopdHble Tena 2-27
amnep 1-2, 3-22, 4-6
amnnutyaa konebaHus 5-2
aMnnuTyaHble KO3 ULMEHTDI
oTpaxeHusi 5-30
— — nponyckaHus 5-30
aHanusaTop 6-22
aHU30TPOMHOCTb 2-27
aHHurunaums 8-10
aHTUHEeNTpuHO 8-9
AHTUCTOKCOBbIV CMYTHUK 7-23
aHTudeppomarHeTunk 4-28
aHTnyacTuubl 8-10
acturmatuam 6-5

b

6apwvoHbl 8-20
Gekkepenb 8-7
beTa-usnyyexve 8-6, 8-9
beTta-pacnag 8-9
oueHusa 5-10

ounpuama OpeHens 6-9
OnKHWMIA Nnopagok 2-25
0©030HbI 7-17

— NPOMeXyTo4YHble 8-20

6poyHoBCKoe ABMxeHue 2-9
Oap 8-12

B

BaTT 1-12

BakaHcus 2-29

Bebep 4-12

BekTop 1-28

— Ywmoga (MNowTtuHra) 5-31

BEKTOPHOE Npou3BeaeHe BEKTOPOB
1-29

Bec Tena 1-19

BEYHbIV ABUraTens nepeoro poga 2-13

B3auMHas nHaykumna 4-19

BHyTpeHHee TpeHue 1-20

BO3roHka 2-30

BosHa 5-20

— berywasn 5-21

— e bponnga 7-6

— nnockasi 5-21

— nonepeyHas 5-20

— npogonbHasa 5-20

— cTos4as 5-24

— chepuyeckada 5-22

— ynpyrasi 5-20

— — rapmoHmnyeckas 5-20

— anekTpomMarHuTHas 5-27

BOMHOBas oyHKUmA 7-8

BOJIHOBOE 4Mcno 5-22

— ypaBHeHue 5-22

BOJIHOBOW nakeT 5-23

BOITHOBas NOBEPXHOCTb 5-21

BOCNPUMMYNBOCTb BELLECTBA
avanektpuyeckasa 3-15

— — MarHuTHas 4-23

Bpems penakcaumm 5-13

BsA3koCTb 1-20

— OuHamu4yeckas 1-21

— KnHeMaTu4deckas 1-21

A.H.Orypuos. Jlekyuu ro ¢gpusuke.

r

ras ugeanbHbin 2-3

— 3NEKTPOHHbIN 3-27
ramma-usnyyenue 8-6, 8-10
rapMoHu4eckuin aHanus 5-10
reHpu 4-7, 4-17

repy 1-7, 5-3

rmnepoHsl 8-20

rmnoTesa e bponns 7-6

— MnaHka 6-28

rMpoOMarHNTHoe oTHoLleHne 3-21
— — anepHoe 8-4

rmctepesuc 3-16, 4-27

rpaguenT 1-23, 1-30

— ckopocTtun 1-21

rpaHunyHble yenosus 3-17, 4-26, 4-32
rpen 8-11

nasnexne 1-19

— rngpocrtaTtuyeckoe 1-20

— anHamuyeckoe 1-20

— MornekynsipHoe 2-25

— napumansHoe 2-4

— noA, UCKPUBIEHHOW NMOBEPXHOCTLIO
XKnUOKocTn 2-26

— cBeTa 6-31

— ctatnyeckoe 1-20

AanbHWUi nopagok 2-25

OBWKeHve BpallartensHoe 1-3

— 3amensnieHHoe 1-5

— KpUBONUHENHoe 1-4

— mexaHu4veckoe 1-3

— HepaBHoMepHoe 1-5

— noctynateneHoe 1-3

— NpsMonuHeriHoe 1-4

— paBHomepHoe 1-5

— yckopeHHoe 1-5

ABOViHOE NnyyenpenomneHune 6-23

OencTByloLLee 3HaYeHNE NePEMEHHOTO
Toka 5-19

nevitepun 8-2

OevTpoH 8-4

JekapToBas cuctema koopauHart 1-4

OeKpeMeHT 3atyxaHus 5-13

nedekt maccbl 8-3

pedekTbl 2-29

nedopmauma 1-17

— nnactunyeckas 1-17
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— oTHocuTenbHasa 1-18

—ynpyras 1-18

okoynb 1-12

aunarpamma coctosiHua 2-31, 2-32

avamarHeTuku 4-23

OmBepreHunst BekTopHoro nonst 1-31,
4-31

awnopa 7-31

aunonTpusa 6-4

OUNOnb MarHUTHbIN 4-5

— anekTpuyeckun 3-9, 5-32

aucnokauum 2-29

aucnepcus aHomaneHas 6-19

— HopMarbHas 6-19

—cBeTa 6-18

auccunaTtmBHas cuctema 1-13

auccunaTuBHble cunbl 1-22

aunctopems 6-5

AndpakumoHHas pelueTka 6-15

andpakumnsa 6-12

— Ha NPOCTPaHCTBEHHOW peLleTke
6-16

— OpayHroepa 6-14

— ®peHens 6-13

anddepeHuman yHKLUM NOMHbIN

-28

anddyans 2-10

auxpouam 6-24

ananektpukn 3-13

OJMHa BOMHbI 5-21

— KOrepeHTHoCcTH 6-7

—nyt 1-4, 6-8

— — reomeTpudeckas 6-8

— — onTu4yeckas 6-8

— cBobogHoro npobera monekyn
cpeaHsia 2-9

nobpoTHocTb 5-13

[osa usnyyenus 8-11

OOMeHbl 3-16, 4-28

aplpkn 7-27

X

XuagkocTtb 1-18

— naeanbHas 1-20

— Hecxumaemas 1-19

— neperpetas 2-24

— nepeoxnaxgeHHas 2-30
— peanbHas 1-20

[MpeameTHbIN yKasaTernb
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3

3akoH ABoragpo 2-4

— Amnepa 4-6

— Apxumega 1-19

— Bbuo 6-25

— buo-Caeapa-Jlannaca 4-4

— bonnga-MapuortTa 2-3

— bonbuMaHa (paBHOpacnpeneneHus)
2-12

— byrepa 6-50

— Bugemana-®paHua 3-30

— BCEMUPHOTO TAroTexusa 1-23

— [evrepa-Hattona 8-8

— len-Ioccaka 2-4

—lyka 1-18

— NanbToHa 2-4

— [xoyna-fleHua 3-26, 3-30

— Owonoxra n Nt 2-29

— OBWXKeHUs ueHTpa macc 1-10

— nHepuumn 1-8

— Knpxrodpa 6-27

— Kynona 3-2

— Makcsenna 2-7

— Mantoca 6-22

— Mosznn 7-21

— HbtoToHa nepsbin 1-7

— — BTOpOW 1-9

——Tpetun 1-10

— HbtoToHa (BA3koCTb) 2-10

— Owma 3-24, 3-27, 3-29

— oTpaxeHus 5-29, 6-2

— Mackansa 1-19

— MOMHOro TOKa ANl MarHUTHOTO Nons
B BellecTBe 4-25

— npenomnenus 5-30, 6-2

— pagmoakTuBHoOro pacnaga 8-6

— na3ny4yeHus BuHa 6-28

— cMmelleHus BuHa 6-27

— coxpaHeHusi 6apnoHHOro 3apsaa
8-20

— —3apsaga 3-2

——wumnynbsca 1-10

— — — penaTneuctckoro 1-26

— — mMaccoBbIx yucen 8-7

— — MOMeHTa umnynsca 1-17

— — MexaHunyeckon aHeprum 1-13

— — 3NeKTpuYeckunx 3apsgos 8-7

— — 3Heprum 1-13, 1-27

— CtedpaHa-bonbumana 6-27

— ®Gapages 4-14

— duka (guddysunsa) 2-10

— ®ypbe (TennonpoBoaHoCTb) 2-10
3apsa eauHUYHBIA 1-32

— TOYeYHbI 3-2

— anekTpuyeckun 3-2

— anemMeHTapHbI 3-2

3epkarno Jlnonga 6-9

3epkana ®peHens 6-9

30Ha BaneHTHas 7-26

— npoBogumocTu 7-26

— 3HepreTuyeckas 7-26

30HHasa Teopwust TBepablx Ten 7-25
30Hbl PpeHens 6-13

n

n3nyyatenbHoCTb 6-5
n3riy4deHue BbiHyXaeHHoe 7-23
— pagmoakTmsHoe 8-5

— peHTreHoBckoe 7-20

— CMOHTaHHoe 7-23

— Tennosoe 6-25

— Topmo3Hoe 7-20

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

n3obapsbl 8-3

nsonpouecchl 2-15

nsotepma 2-3, 2-15

— KpuTudeckas 2-24

N30TepMbl pearbHbIX rasos 2-23
N30TOHbI 8-2

nsoronsl 8-2

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

umnynec 1-9

— penatuBncTckun 1-26
—cunbl 1-9

— cuctembl 1-11

WHBapWaHTHasa BenuynHa 1-26
WHBEpCUSA HaceneHHocTen 7-24
WHOYKTUBHOCTb KOHTYpa 4-16
nHXekuma 7-31

WHEepTHOCTb 1-7

WHTerpan onpegenexHHbii 1-28
WHTepBan mexagy cobblTnsmm 1-26
UHTepepeHLUns BoNH 5-24

— cBeTa 6-8

nHTepdgepomeTp 6-12
noHmsaums 3-30

ucnapexve 2-30

MCTOYHMKM nons 1-31, 4-31

A.H.OrypuoB. ®usuka dns cmydeHmos

K

kamepa BunbcoHa 8-13

— WOHM3aLUMoHHas 8-13

— ny3blpbkoBas 8-13

kaHgena 1-2, 6-6

Kkanunnsp 2-27

KaToAontoMmnHecLeHUma 7-29

KBaHT 6-28

— pgencTeus 6-28

KBaHTOBaHMe NpPoCTpaHCTBeHHoe 7-15

KBaHTOBasi CTaTUCTUKa
Bose-OnHwTenHa 7-18

— — ®epmu-Anpaka 7-18

KBaHTOBOE YMCMO BpallaTtensHoe 7-22

— —rnaBsHoe 7-5, 7-14

— — Kkoneb6aTtenbHoe 7-22

— — MarHuTHoe 7-15

— — opbuTancHoe 7-14

— — cnuHoBoe 8-4

kBapk 8-20

KenbBuH 1-1-22

K-3axsart 8-9

kunorpamm 1-2, 1-9

KMHEMaTU4Yeckme ypaBHeHUS
OBWXeHMs Toukn 1-4

KOBarleHTHble CBs3n 2-28

KOTE€PEHTHOCTb 5-24, 6-7

— BPeMeHHas 6-7

— NPOCTpaHCTBEHHas 6-7

KonebaHus 5-2

— BblHY>XA€EHHbIEe 5-2, 5-14

— rapmoHuyeckue 5-2

— 3aTyxatowue 5-12

— NoNsApM3oBaHHbIe NTIMHENHO 5-11

— — LMpKynapHo 5-11

— — annunTnyeckn 5-11

— cBOOOHbIE 5-2

— cobcTBEHHBbIE 5-2

konebaTenbHbI KOHTYp 5-7

KONnM4yecTBO BellecTBa 2-4

KONMYeCcTBO ABMKeHus 1-9

Koma 6-5

KoMBMHaUMOHHOE paccesiHne ceeTa
7-22

KoMmnayHa-agpo 8-14

KoHaeHcauus 2-30

KoHaeHcaTtop 3-18

KoHCepBaTuBHas cuctema 1-13

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

KOHUEHTpaums 2-6
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KoopauHaThl Bektopa 1-29

— nonspHele 1-6

— cchepuyeckue 7-14

KoaghpuyueHm 3atyxaHusa 5-12

— MowjHocT 5-19

— nornoueHus 6-20

— NPO3pPaYHOCTH NOTEHLMANBLHOro
6apbepa 7-12

— MNyaccona 1-18, 2-14

— Pa3MHOXeHWUst HeUTpoHoB 8-17

— TennonposogHoctn 2-10

— TpaHcdopmaumm 4-19

— xonogunbeHbIn 2-21

KpaeBowu yron 2-26

KpacHas rpaHuua poTonpoBoanMOCTH
7-29

KpvBble ha3oBoro pasHoBecus 2-31

kpuctannusaumus 2-30

KpucTannuyeckune Tena 2-27

KpucTannuyeckas pelletka 2-27

kpuctannodocgop 7-30

KpucTanmel aToMHble 2-28

— NOHHble 2-28

— MeTannuyeckme 2-28

— MonekynsipHble 2-28

kputepuin Panes 6-17

KpuTnYeckasa Todka 2-24, 2-32

Krng kpyrosoro npouecca 2-18

— umkna KapHo 2-22

Ktopmn 8-7

n

naBuMHoOObpa3Hoe pasmMHoxeHue 3-32,
8-17

nasep 7-24

namuHapHoe TeveHne 1-21

nenTtoHbl 8-20

nunH3a 6-3

— cobupatowas 6-4

— pacceuBatoLlas 6-4

NIMHUA HaNPSXKEHHOCTMN
anekTpocTaTuyeckoro nons 3-4

— MHOYKUMW MarHUTHOro nons 4-3

— TOKa »XuakocTtn 1-19

nyy 6-2

ny4ucTocTtb 6-5

NoKC 6-6

noMeH 6-6

noMUHecLeHUns 6-25

ntomuHocpop 7-29

[MpeameTHbIN yKasaTernb



8-26

mMarudeckue sagpa 8-5

marHeToH bopa 3-21

— anepHbin 8-4

MarHuTHas nHaykumsa 4-3

MarHuTHbIA MOMEHT 4-3

— — 9neKkTpoHoB 4-20

— noTokK 4-11

MaKpOTOKu 4-3

macca 1-9

— MonsapHas 2-4

— nokosi npotoHa 1-32, 3-2

— — anekTpoHa 1-32, 3-2

— penatuBucTckasa 1-26

— ¢poToHa 6-31

MaTepuanbHas Touka 1-3

MasiTHUK MaTemMaTtunyecknn 5-5

— MPY>XUHHbIA 5-5

— dousmyeckun 5-6

MeXa0y3ernbHbI atoM 2-29

Me30HbI 8-20

MeHuckK 2-26

MeTOo[, BEKTOPHbIX Anarpamm 5-3, 5-9

— cTaTUcTU4eckun 2-2

— TepMoavHamuyeckumn 2-2

— KOHra 6-9

— onpegeneHns BaskocTu MNyasenna 1-
22

———Crokca 1-22

meTp 1-2

MUKPOTOKM 4-3

mMoay”nb ynpyroctu 1-18

— KOHra 1-18

mMonekyna 2-2

MONEKYNspHbIN 00bem 2-4

monb 1-2, 2-4

MOHoOKpucTann 2-27

MOMEHT Agunons anektpuyeckmi 3-10

— umnynbsca 1-16

— — 3NEeKTPOHa MexaHn4yeckumn 4-22

— — — MarHuTHbIN 4-21

— nHepumn 1-14

— —rnaBHbi 1-14

—cunbl 1-15

MOLLIHOCTb 1-12

— 3NEKTPUYECKOro NOCTOSAHHOIO TOKa
3-25

— — TOKa aKkTMBHas 5-19

MtooH 8-20

H

HaMarHn4eHHocTb 4-24

— ocTaToyHas 4-27

HanpasrneHne MarHuTHoro nons 4-1

— anekTpuyeckoro nons 3-4

HanpshkeHue Ha KoHLax yyacTka Lenu
3-24

—ynpyroe 1-18

HanpskeHHocTb nonga 1-23

— — MarHuTHoro 4-4

— — anekTpocTatuyeckoro 3-4

Habna-onepaTop 1-23, 1-30

Hayano TepmMoavHamMuku nepsoe 2-12

— — BTOpoe 2-20

— — TpeTbe 2-20

HeBecomocTb 1-11

HenTpuHo 8-9, 8-20

HenTpoH 8-2, 8-20

HepaBeHcTBO Knayanyca 2-19

HopMarsbHble ycrnosus 2-3

Hyknug 8-2

HYKIOH 8-2

HbHOTOH 1-8

HbtoTOHa nepBbIvi 3akoH 1-7

— BTOpPOW 3akoH 1-9

— Konbua 6-10

— TpeTui 3akoH 1-10

(0

obnyyeHHoCTb 6-6

o6beMHast NNOTHOCTb 3Heprumn 3-20
OAHOPOAHOCTL BpemMeHn 1-13

— npocTpaHcTea 1-10

om 3-24

onepatop MamuneToHa 1-23, 1-30
— Jlannaca 1-31

onTuka 6-2

— BOJIHOBas 6-2

— reomeTpuyeckas 6-2

— KBaHTOBas 6-2

onTunyeckas ocb 6-3

— — KpucTanna 6-23

— cuna nuH3bl 6-4

onTuyeckun pesoHaTop 7-24

— UEHTpP NnH3bI 6-3

onbim bote 6-31

— Jlammepta 2-9

— Pesepcopaa 7-2

— WTrepHa 2-9

onbim WtepHa n Nepnaxa 7-16

— ®apages 4-13

— ®paHka un Nepua 7-4

opt 1-29

OCBELLEHHOCTb 6-6

OCHOBHOW 3aKOH AUHaMWUKN
BpalLaTenbHoro ABmxeHns 1-16

— — — nocTynarternsHoro Asnxexusa 1-9

— — — penaTtusuctckon 1-27

oCb BpalleHuns 1-3

OCUUNNATOP rapMoHu4eckumn 5-4

— KBaHTOBbIV 7-13

n

nap 2-24

— HacbIWeHHbIN 2-24, 2-30

— NepechbILeHHbIN 2-24

napakcuanbHbIN My4yok 6-3

napamarHeTuku 4-23

napameTp genexHus 8-16

napoobpasoBaHue 2-20

nackanb 1-19

nepemetlleHune 1-4

— yrnosoe 1-6

p-n-nepexog 7-30

nepvop Bpaiienus 1-7

— konebaHwui 5-2

— nonypacnaga 8-7

nepvoguyeckas cuctema af1ieMeHTOB
(O.N.MeHnpeneesa) 7-20, 7-32

nnasnexune 2-30

nneyo aunons 3-9

—cunbl 1-16

nnoTHocTb 1-9

— BEpOATHOCTH 7-8

— 9NEKTPUYECKNX 3apsaoB NUHENHast
3-3

— — — noBepxHocTHas 3-3

— —— o0bbemMHas 3-3

— 3NEeKTPUYECcKoro Toka 3-22

NOBEPXHOCTHOE HaTsbkeHue 2-25

nornouleHue ceeta 6-20

nosuTpoH 8-6, 8-7

nokasarenb npenomnennst 5-29

— — abcontoTHbIN 6-2

— — OTHOCMUTENbHbIN 6-2

nosne 1-8

— BekTopHoe 1-29

— BuxpeBoe 4-10

— ogHopoaHoe 3-10

8-27

— noTeHuuanebHoe 1-22, 3-6

— camMmocornacoBaHHoe 7-25

— ckansipHoe 1-29

— coneHougansHoe 4-10

— cTauunoHapHoe 1-8

nonukpucrann 2-27

nonvmMepsl 2-28

nonutpona 2-17

nosHoe oTpaxeHue 6-2

nosnockl paBHOro HaknoHa 6-10

— paBHOW TOMLWMHbI 6-11

NonynpoBOAHUKM 7-26

— cobcTBEHHbIE 7-27

— npuMecHble 7-27

nonsipusatop 6-22

nonspusauunsa amanekTpuka 3-14

— cBeTa 6-21

nonsipusoBaHHocTb 3-14

nonspowug 6-24

nocmosiHHasi bonbumana 1-32, 3-29

— BuHa 6-27

— rpaButaumoHHas 1-23, 1-32

— marHuTHas 1-32, 4-4, 4-6

— MNMnaxka 1-32, 6-28

— pacnaga 8-6

— Pvpbepra 7-3

— CredpaHa-bonbumana 1-32, 6-27

— anekTpuyeckaqa 1-32, 3-3

noctynatbl bopa 7-3

noteHuman nons 1-24

— — TaroTeHus 1-24

— anekTpocTtaTuyeckoro nons 3-7

noTeHumaneHasa sima 7-10

noteHumansbHoe none 1-22

NOTOK BEKTOPA HaMpsXXEHHOCTH
anekTpocTaTuyeckoro nons 3-4

— — MarHWTHOM MHAYKUMKN 4-11

—xuakocTtn 1-19

— n3nyyeHuns 6-5

— nong Yyepes noepxHocTb 1-30

noTokocuennexue 4-12

— B3aMMHOW nHayKumum 4-12

— caMouHAyKumm 4-12

npasuna otbopa 7-13, 7-16, 7-22

npaesuno Kupxrocga 3-28

— neBow pyku 4-6

— NeHua 4-14

— npaBoro BuHTa 1-7, 4}-2

— CINOXEHUs1 CKOPOCTEW B
Kraccumyeckon mexaHuke 1-25

A.H.OrypuoB. ®usuka dns cmydeHmos

[MpeameTHbIN yKasaTernb



8-28

npasu’sio CrioXXeHUs1 CKOPOCTEN B
pPensTUBMCTCKOM MexaHuke 1-26

— cMmeLleHus 8-7

— Ctokca 7-29

npeobpasoBaHusi koopauHaTt anunes
1-24

— —JlopeHua 1-25

npeueccus 4-22

npvBeAeHHasn annHa pmanyeckoro
MasATHUKa 5-6

npuama Hukons 6-24

npumech 2-29

— BHeapeHus 2-29

— 3ameLLeHns 2-29

npuHYyun Bo3pactaHusa aHTponum 2-20

— lovreHca 6-6

— [NonreHca-PpeHens 6-12

— KBapK-nenToHHON cummeTpun 8-20

— HesasucumocTtu gencreua cun 1-10

— HEepPasnMYMMOCTU TOXOECTBEHHbIX
yactuy, 7-17

— OTHocuTenbHocTw Manunes 1-25

— — OWHwWTenHa 1-25

—Maynun 7-19

— MPUYNHHOCTU B KIaCCUYECKON
mMexaHuke 1-9

— cynepnosuumy BonH 5-23

— — noTteHunanos 3-8

— — aneKkTpocTaTuyeckux nonen 3-4

— — MarHUTHbIX nonewn 4-4

npober yacTuuybl 8-8

NpOBOAMMOCTb AblpoyHas 7-27

— npumecHas 7-27

— cobcTBeHHas 7-27

— 3NEeKTPOHHasn 7-27

npou3sogHas no HanpasneHuno 1-29

—no o6bemy 1-30

— doyHKuma 1-27

NPOHNLL@EMOCTb AnanekTpuyeckas 3-3,
3-14

— MarHutHas 4-4, 4-25

npocBeTneHne onTukun 6-11

npoTtui 8-2

npoToH 3-2, 8-2, 8-20

npoyecc agnabaTtnyeckmn 2-16

— n3obapHbii 2-4, 2-15

— nsotepmMmumyeckun 2-15

— N30XOpHbIN 2-4, 2-15

— U303HTPONUIAHBIN 2-19

— kpyrosow (uukn) 2-17

— HeobpaTumbin 2-18

— obpaTumbI 2-18

— nonutponuyeckun 2-17

— paBHOBECHbIN 2-13
ncesgoBekTop 1-6

NMy4YHOCTW CTOSAAYEN BOSHbI 5-25
nbe3oanekTpukn 3-17

nbe3o0ad ekt 3-17

P

paboma 1-12

— BbIXo4a anekTpoHos 3-31

— rasa B agmabaTnyeckom npotecce 2-
16

— rasa npwv paclumpexum 2-13

—3a umkn 2-17

— paclvpenus 2-17

— coxaTtua 2-17

—cunbl 1-12

— 3neKTpuYecKoro Toka 3-26

paBHOBECHbIE npouecchl 2-13

pagvaH 1-2

pagnoakTMBHOCTb 8-5

— ecTecTBeHHas 8-5

— UCKyccTBEeHHas 8-5

paanoakTUBHOE ceMelncTeo 8-8

pagvoakTMBHbIV pacnag 8-6

paguoniomMuHecLeHums 7-29

paguyc-Bektop 1-4

paanyc KorepeHTHocTh 6-7

— MOJEKynspHOro gencreus 2-25

pasHoCTb noTeHumanos 3-8

— xopa 5-24

paspeLuatoLas cnocobHocTb 6-17

paspsg rasosbiv 3-31

— pyrosou 3-32

— nckpoBow 3-32

— KOPOHHbIN 3-32

— Tnewowmn 3-32

pacnpegenexue bonbumana 2-8, 7-18

— bosze-OnHwTenHa 7-18

— Makceenna-bonbumana 7-19

— ®epmu-Aupaka 7-18

peakuuu csazen 1-9

pe3oHaHc 5-16

— HanpskeHun 5-18

— TokoB 5-19

pekombuHauus 3-31

peHTreH 8-11

PEHTreHotoMMHecLeHLUms 7-29

A.H.OrypuoB. ®usuka dns cmydeHmos

penatuBMcTckasi guHamuka 1-27
poTop BekTopHoro nons 1-31, 4-31

Cc

camouHaykuus 4-17

cekyHaa 1-2

cepusi banbmepa 7-3

— Bpakerta 7-3

— JlanvaHa 7-3

— MNawena 7-3

—MNdpyHpa 7-3

— Xamdppu 7-3

CBEPXTOHKas CTpykTypa 8-4

CBeT eCTeCTBEHHbIN 6-21

— NIIOCKONOSSIPU30BaHHbIN 6-22

— NONsIPU30BaHHbIN 6-21

— LIMPKYNSPHO NONSPU30BaHHbIA 6-22

— SNAUNTUYECKN NONAPU3OBAHHbBIV
6-22

CBETUMOCTb 6-5, 6-6

CBETOBOW NOTOK 6-6

cBA3n 1-9

cerHeToanekTpukm 3-17

cpeHas anvHa ceobopgHoro npobera
monekyn 2-8

cuna 1-8

— aKkTuBHas 1-9

— BHelHsA 1-8

— BHYTPEHHero Tpenus 1-21

— BHYTpeHHsAs 1-8

— auccunatuBHas 1-22

— kOHcepBaTtuBHaa 1-12, 1-22, 3-6

— KO3punTMBHag 4-27

— JlopeHua 4-7

— MEXMOreKynspHoro
B3anmogencTeums 2-23

— HopmMarbHoro aaenexHns 1-11

— 0BMeHHble 7-27

— noHaepomoTopHas 3-21

— paBHogewcTByowasn 1-8

— pe3ynbTupytowas 1-8

—cBeTa 6-5, 6-6

— CTOPOHHSAS 3-22

— Toka 3-21

— TPeHus ckonbxenus 1-11

— TskecTn 1-11

—ynpyroctun 1-11

— ueHTpanbHas 1-8

— ueHTpocTpemuTenbHas 1-10

— anekTpoaBuxyLiasa 3-22

8-29

cumeHc 3-24

cucmema egnHny 1-2

— guccunaTtmeHasa 1-13

— 3amkHyTas 1-8, 2-2

— n3onuposaHHas 1-8

— kOHcepBaTuBHasa 1-13

— koopauHart 1-4

— MexaHu4yeckas 1-8

—oTcyeTa 1-4

— — WHepuuanbHas 1-8

— TepmoanHamuyeckas 2-2

— ypaBHeHu Makceenna 4-28

ckansipHoe none 1-29

ckansipHoe Npou3BefeHne BEKTOPOB
1-29

CKUH-ahpekT 4-16

ckopocmb 1-5

— rpynnoBas 5-23

— KocMmuyeckas 1-24

— MrHoBeHHas 1-5

— Hambonee BeposiTHast MONeKy’
naeansHoro rasa 2-8

— cpepHsas 1-5

— — KBagpaTtuyHasg 2-7

— — Mornekynbl rasa 2-8

—yrnosasi 1-7

— hasosas 5-22

cMauunBaHue 2-26

cMeLleHue anektTpuyeckoe 3-15

cobcTBEHHbIE 3HaYeHus 7-10

— doyHKumm 7-10

coneHoua 4-10

COOTHOLLIEHNE HeonpeaeneHHocTen
[enseHbepra 7-7

CONpOTUBMEHNe BonHoBoe 5-9

— nonHoe 5-18

— peakTUBHOEe eMKOCTHoe 5-18

— — UHAyKTUBHOE 5-17

— anekTpnyeckoe 3-24

COCTOSIHUS CTauMoHapHble 7-3

CMeKTp NuHenyaTbin 6-21

— MOneKynsapHbIA 7-21

— CcnnoLuHon 6-21

CMWH 3nekTpoHa 4-22, 7-16

cnuvH sigpa 8-4

CMoHTaHHoe aenexue saep 8-16

cTeneHun ceoboapbl 2-11

crepagmaH 1-3

ctoku nong 1-31, 4-32

CTOKCOBbIN CMYTHUK 7-23

[MpeameTHbIN yKasaTernb



8-30

cybnumauusa 2-30

cdepa MonekynsapHoro gencteus 2-25
cumHTMNNsTop 8-13

cYeTYMK rasopaspsigHbii 8-13

— WOHM3ALMOHHbIN 8-13

— MoNynpoBOAHUKOBbIN 8-13

— CUMHTUNASAUMOHHBIN 8-13

T

Teno otcyeta 1-4

— HecBobopgHoe 1-8

— pabouyee TennoBoro asuratens
2-21

— cBobogHoe 1-8

TemnepaTypa 2-3

— KpuUTM4eckas 2-24

— TepMoanHammnyeckas 2-3

TemnepaTypHbI KO3 DULNEHT
conpoTtuenexus 3-25

meopema Maycca anst MarHUTHOro
nonsi B Bakyyme 4-12

— — — 3NeKTpPOoCTaTU4YeCcKoro Nons B
Bakyyme 3-6

————— B Ananektpuke 3-16

— KapHo 2-21

— Jlapmopa 4-22

— HepHcta-lNnaHka 2-20

— O UMPKynsiLMKN BeKTopa
HanpsXKEHHOCTW MarHUTHOIo
nons 4-25

—————— o6o6uweHHas 4-30

— — — MarHuTHOro nons B Bakyyme 4-10

— — — 3NEKTPUYECKOTO MOonsl B Bakyyme
3-7

— Crokca 1-31

— WrerHepa 1-15

TennoBoe uany4veHune 6-25

Tennosow asuraTtens 2-18, 2-21

TEnnoeMKocTb 2-13

— MonsapHas 2-13

— NPV NOCTOSIHHOM AasneHun 2-14

— ——obbeme 2-14

— TBepAbIx Ten 2-29

— yaenbHasa 2-13

TennonpoBoaHocTb 2-10

TepmoavHamu4yeckast Wwkana
TemnepaTtyp 2-5

TepMoanHamMu4eckne napameTpsbl 2-2

TepmoanHaMu4eckui npouecc 2-2

TepMoanHaMmn4yeckoe paBHoBecue 2-3

TepmocrTart 2-21
TEPMOsiAEPHbIE peakuun cuHTesa 8-19
— umknbl 8-19

Tecna 4-7

TeyeHne xugrkoctn 1-19

— — cTaumoHapHoe 1-20

— — yctaHoBuBLueecs 1-20
TOK BUuxpesow dyko 4-16

— HacblweHus 3-32

— nepeMeHHbIn 5-16

— MOCTOSIHHbIN 3-21

— cMmelleHus 4-29

— anekTpuyecknn 3-21
Topoua 4-11

Touka Kiopu 3-17, 4-27

— Heens 4-28

TpaHaucTop 7-31
TpaHcdopmatop 4-19
TpaekTopusa 1-4
TpubontoMmHecueHuusa 7-29
TpUTUIA 8-2

TpoKrHasa Toyka 2-31

TpybKa Toka xugkoctn 1-19
TYHHenbHbIN addekT 7-11
TypbyneHTHoe TeyeHne 1-21

y

yron bptoctepa 5-31, 6-23

— oTpaxeHus 5-29, 6-2

— nageHus 5-29, 6-2

— npeaeneHbIn 6-3

— npenomnenus 5-29, 6-2

— CKONnbXeHus 6-17

yoap 1-14

— abcontoTHO Heynpyrui 1-14

— —ynpyrun 1-14

— LeHTpanbHbIA 1-14

— —npsmon 1-14

yAaenbHas TennoBas MOLHOCTb TOKa
3-26

— Tennota nnasnexuns 2-30

— AneKTpunyeckas nposoanumMocTb 3-25

yAenbHoe anekTpuyeckoe
conpoTtueneHune 3-24

yAaenbHbIN 3apsag anekTpoHa 4-22

y3nbl CTOsiYEN BOSHbI 5-25

yHUBEpcarnbHas ra3oBasi NOCTOsSIHHas!
1-32, 2-5

ynpyrocTb 1-11

ypasHeHue bepHynnu 1-20

A.H.OrypuoB. ®usuka dns cmydeHmos

— BaH-gep-Baanbca 2-23

— BOMHOBOE 5-23

— BbIHYXX[E€HHbIX KonebaHuin 5-15

— rapmoHudeckux konebaHmn 5-3

— Knanewnpona-Knayanyca 5-32

— Mawepa 2-14

— Makceenna 4-30

— MeHgeneeBa-KnaneripoHa 2-5

— MONEKYNAPHO-KNHETUYECKON TEOPUM
naearnbHbIX ra3oB OCHOBHOE 2-6

— HepaspblBHOCTK 1-19

— MJI0CKOW BOJHbI 5-22

— MNyaccoHa 2-16

— COCTOSIHMA naeanbHoro rasa 2-5

— cTOos4en BOMHbI 5-25

— ypaBHeHwue LLpeaunHrepa 7-9

— OWHLWITENHa ANs BHELIHero
doToadpgekra 6-30

YPOBEHb aKLenTopHbIn 7-28

— AOHOpPHbIN 7-28

— NpuMecHbIN 7-27

yckopeHue 1-5

— cpegHee 1-5

— MrHOBeHHoe 1-5

— HopmarnbeHoe 1-6

— nonHoe 1-6

— TaHreHuuaneHoe 1-6

— yrnosoe 1-7

ycnoBume nHTepdepPEHLNOHHOro
Makcumyma 6-8

— — MUH1MYMa 6-8

()

¢asza 2-24, 2-31

— konebaHusa 5-2
basoBbin nepexoq 2-31

— — nepsoro poga 2-31

— — BTOpPOro poaa 2-31
capag 3-3, 3-18
denHmana gnarpammel 8-20
depmnoHbl 7-17
ceppomarHeTukm 4-26
cdurypbl Jlnccaxy 5-11
dusnyeckme 3akoHbl 1-2

— mogernu 1-3
dnyopecueHuus 7-29
dokanbHas NnockocTb 6-2
OKyC NnH3bI 6-3
¢oKycHoe paccTosHne6-4
¢gopmyna banbmepa 7-3

8-31

— BbapomeTpuyeckas 2-8

— Bbonbumana 2-20

— BuHa 6-27

— Bynbda-bparros 6-17

— laycca-Octporpagckoro 1-31

— e bponna 7-6

— Jlannaca 2-26

— JlopeHua 4-8

— MnaHka 6-28

— Panes-xnHca 6-27

— TomcoHa 5-9

— TOHKOW NH3bI 6-4

— ®peHens 5-30

docopecueHumsa 7-29

doTontoMmHecueHuus 7-29

coTomeTpusa 6-5

¢oToH 6-30, 8-20

— BUpTyanbHbIn 8-20

¢boTONPOBOAMMOCTb NpUMecHas 7-28

— cobcTBeHHas 7-28

¢oT0-3C 6-29

oToadpdekT 6-29

— BEHTUINbHbIV 6-29

— BHELHWI 6-29

— BHYTPeHHU 6-29

— apnepHbIn 8-11

dyHAaMeHTanbHbIe B3aMMOAENCTBUSA
8-19

dyHkuma Knpxroda yHusepcanbHas
6-27

dypbe pasnoxeHue 5-10

X

XeMUNIMUHecLeHums 7-29
XUMUYeckuin noteHumnan 7-18
xonoaunbHasa MawuvHa 2-18, 2-21
XpoMaTuyeckasn abeppaums 6-5

L

ueHTp nHepummn 1-10

— KayaHui 5-6

— Kpuctannmsaumm 2-30
—macc 1-10

uenHas peakuus 8-17
umkn 2-17

— KapHo 2-22

— obpaTtHbI 2-18

yuks npamon 2-18
unpkynaums 1-31

[MpeameTHbIN yKasaTernb



8-32

— BEKTOPa HanpsiKeHHOCTH

anekTpocTaTuyeckoro nons 3-6
— — MHAYKUMW MariuTHoro nons 4-10
Lyr BOSH 6-7

y

YyacToTa BpalleHuns 1-7

— konebaHun 5-3

— Kkpyroeas 5-2

— umknnyeckas 5-2
yacTHada npoussogHas 1-28
qucso Asoragpo 1-32, 2-4
— 3apsgoBoe 8-2

— NNowmunara 2-6

— maccoBoe 8-2

— PenHonbgca 1-21

— cTeneHel ceoboabl 2-11

LU

wkana KenbBuHa 2-3

— Uenbcua 2-3

— 3NEKTPOMAarHUTHbIX BOSMH 5-32
LteriHepa Teopema 1-15

EC)

34cC 3-23

— caMmouHayKumm 4-17

— ANEKTPOMarHUTHOW MHAyKummn 4-14
OnHwWTenHa noctynatbl 1-25
3KBUMOTEHLUManbHble noBepxHocTn 3-9
aK30TEpPMUYECKME peakuun 8-14
3KCTPATOKN CaMOoMHAYKUmKM 4-18
3KCUTOH 7-29

anekTpoaBuraTens 4-15
anekTpoeMkocTb 3-18

— KoHAeHcaTopa 3-18

anekTpoH 3-2, 8-20

— onTunyeckun 6-19
anemeHTapHas pabota cunbl 1-12
anemeHTapHble Yactuupl 8-20
aMUccus aBTo3NeKTpoHHas 3-31
— BTOPUYHas anekTpoHHas 3-31

— TepmoanekTpoHHas 3-31

— POTO3NEKTPOHHasA 3-31
3HOoTEepMUYECKMe peakumm 8-14
aHepaus 1-12

— BHYTpPeHHss 2-11

— lenbmronbua 2-19

— 3apshKkeHHOro koHaeHcaTopa 3-20
— — npoBogHuka 3-20

— noHusaumm 3-31, 7-3

— KnHeTuveckas 1-12, 1-27

— — BpaweHuns 1-15

— 3apsiga noteHumanbHas 3-7

— marHmuTHoro nons 4-20

— MoOneKynbl cpegHas 2-7, 2-12
— oTgaym aapa 8-12

— NoBepXHOCTHada 2-25

— nokos 1-27

— noTeHumanbHas 1-13

— PENATMBUCTCKON YacTuubl 1-27
— cBobogHasn 2-19

— cBsA3un agpa 8-3

— cuctemsbl 3apsigos 3-19

— — nonHas MexaHudeckast 1-13
— Tena nonHas 1-27

— ANEKTPOMarHUTHbIX BOMH 5-31
— anekTpocTtaTnyeckoro nong 3-20
3HTpONuA 2-18

aghghekm gramarHuTHbIN 4-23

— Honnepa 5-26

— 3eemaHa 7-15

— Keppa 6-24

— KomnToHa 6-32

— KotToHa-MyTTOHa 6-24

— Méccbayapa 8-12

— NnapaMarHunTHbI 4-23

— Pamana 7-22

— Qapagesn 6-25

— Xonna 4-9

— WTapka 7-15

3(hPEKTUBHBIN namMeTp Mornekyrnbl 2-9

A

SIBMEHWE 3NEeKTPOMarHMTHOW MHAYKUMM
4-14

SABNEHUA KanunnsapHble 2-27

— nepeHoca 2-9

spaepHble oToamynecum 8-13

— peakTopsbl 8-18

sapo atoma 7-2, 8-2

— poyepHee 8-6

— maTepuHckoe 8-6

SIpKOCTb 6-5, 6-6

avelka Keppa 6-24

A.H.OrypuoB. ®usuka dns cmydeHmos





