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Adesnk B. L. Suepuan dnzuka u saepase PEAKTODPLL, ¥ yed-

HITK 117 TeXHHURYMOB.— M3, 4-e, nepepa6. tt geon.-- M.: Artonuziat,
1970, 288 ¢,

YUEGHIK COCTONT M3 ABYX YacTell: «AToMHan H HAEPHAA PH3IKA s
h «HaepHble peasTophi». B OCHOBY €ro ModomeH KOHCREKT MeKunil, Ko
TOpHE aBTOp 4HTAN B TEYEHHE HECKOJbKHX JeT B OGHHHCKOM noaires-
ikyMe. B nepeoit vacTd npHBeAeHLl CBedeMMs W3 ATOMHORN (ITETISIR
OMHCAHBI 3AKOHOMEPHOCTIL CTPORHHA aTOMHOTO AAPa H PaANOAKTHEHOCTIL
B3ZHMONEACTBHE ¢ BEILECTBOM, PELHCTPAlA N I03HMeTpHs HGHH3HP Y-
WAX  H3JYHEHHH, MeTOAW YCKOREHHS 3apAMEHHLX uacTil, CBONCTBA
KOCMHUCCKOTO A3AYYEHII 1 (HIUKA HelTPOHOB. Bropas wazTb 3naxomnT
UUTATEAA € ATOMHONL SHEpreTHROfi. B Hef PACCMOTPEHLl  VCTPLIC TG,
bustiKa, padoTa M KOHCTPYKUMA AZePHBIX pPeaKTopos, nyTh pazenTH
H 3KOHOMHKA aTOMHON sHepreThxil. TpeThe Hanawne suhnao B 1975 T

¥uebHui paccuntan na yyalmxes TEXHHKYMOB  hH3HueCKny  cne-
IianbitocTef, Ha TexHnkos u JjafopanTtos thusuweckirs gadopatopuii. Ha
TEXHHROB H NABOPAHTOB, o0CAYKNBAIOULIN ALEPHUE PEAKTOPH I APYTile
ATOMHLIE YCTAHOBEKN,

Puc, 83, Taba. 38,

PEUEH3EHTHI:

Hoxkrop TexH. Hayx, npod. H. I'. Paccoxuy
¢T. nperojasarear M3U M, C. Aaxyros
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TPEAUCNOBME

Kudra «f1epnada ¢H3HRA ¥ AZeDHbEe peaxTopbl» Hanlcana HA
OCHOBE KOHCAOKTA JeKUHH, KOTOpbleé aBTOP YHTaAA B TeueHHe HeCKOMb-
KX JeT 1J8 yHalluxcs moaxTexhukyma. KHura cocToWT 13 IBVX
yacTeh: «ATOMHAA 1 Ajgepuas Gusnka» u «SiaepHble peakTophl». ‘

B nepsoli u BTOpO# TNaBaX MepBOH YacTH NPUBEISHDI ,_Kpan\ﬂe
CcBeNeHHS 113 aTOMHOH (PH3HKH W KBAHTOBOH MexaRliku, 1eobXolHMble
AAS  NOHBMaHUA MNOCAEAYIOUIENO COLEPMKAHHA KHHrd. B ocTadbHBIX
raasax nepscil YACTH OMHCAHB 3AKOHOMEDHOCTH CTPOSHMA AaTOMHOTD
Afpa M PaaHCAKTHBHOCTH, B3aHMOREHCTBHE C BOULECTROM 11 PEFHCT-
PaHs HOHH3UPYIOILEro M3JYYSEHHA, MeTOAbl YCKOPEHHA 3apsiKeHHBIX
YacTHU, AIepPHBIE PRAKUHHE M CBOHCTBA KOCMHYECKOTO HITYUEHHA.

Oraeapnas  Godbliasi r171aBa  [OCBSAULEHA ocpﬂsnxeu HeATPOHOB.
B stoit raase paccMoTpeRbl HCTOUHHKH I CBOKCTBA HeHTPOHOB, pe-
THCTPALIHS HeATPOHOB, SAEPHbIe PeakUHH Mol AelCTBHEeM HEHTPOHOB,
UeMHaA Peaking JeJeHHs s1ep U T. 4. . .

Bropaa 4acTh KHUTH 3HAKOMHT YHTATENA ¢ ATOMHON 3lepreTHKoil.
B Hefi npuasenesw csepenus of VCTPOHCTBE, ¢usuKe H paboTe AAep-
HBIX PRaxTOpPOB, 00 3IKOHOMHKE ATOMHOH JHEpPreTHKH H T. A Knpr?
33KaHYHBAETCA KPATKHM OMHCAHAOM HEKOTOPBIX HCCAEAOBATENBCKUY,
FKCIEPHMENTAILHEIX H 3HEPreTHUSCKHX AAEPHBIN PEakToPOoR. .

Pu3uKa H3yuaeT MPHPOAHBE ABJAEHIST ABYMA MeTCAaMi. TeOPCTH-
HUECKHM I IKCMIePUMEHTAJILHEIM, NOITOMY €€ NOApPASIENsIOT Ha Teope-
THYECKYIO M IKCTepHMeHTaAbHYI0. TeopeTHueckas (HIHKa, MCNOIb3Y A
MaTeMATHUECKRR anoapat M pe3yibTaTsl IKCHepHMEeHToB, laer ¢uisl-
UYeCKYlo KAPTHHY DPHPOARBIX ABJEHHA. ITa B3anMOCBA3L TEOPETIYE-
CKofl M aKcnepuMmenTaabHOH GM3HKH H oTpaxeHa B Khnre. B rexcre
HCHOJAB3yeTCsl HeCHOKHBIN MaTeMaTHueokMB ammapar, odHako 114
BEIBOJIOB HEKOTOPHIX (PHBHUECKHX 3AKOHOB NPHMEHEHbI BNEMEHTH! BblC-
el matemaTHku (amdepeHunpoBarne # nHTerpupobaHne). Yurare-
JIE0, - HE 3HAKOMOMY C HHTETpHPOBAHHEM H xnd)tl)epeﬁu'npgaa}mem,
CAeLyeT YCBOHTL H3 3TOTO Marephana ToAbko $HINYECKUE CMBIC
OKOHYATENBHEX BHBOJ0B.
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§ 1.1. BELLECTBO M SNEKTPHMYECTRO

Beutectso sBagerca ¢Gopmoll NpUPOAB, MATEPUAABHOTO  Mlipd.
YV KamJAOTO BEIIeCTBAa ecTL Mefbuaiilag vactdua (aToM, MoaeKvaa),
ofMANGI0MAT BCEMH €70 XHMuHUECKAMM cBoficTBaMit Mofekyaa npo-
CTHIX BEURECTB COCTOHT M3 OIHOTO T1JH HECKOJNBKHX OI1KHAKOBBIX aT0-
MOB, MOJEKyAa CJAOKHBIX BELIECTB — H3 aTOMOB PasTHUHBIX XHMIIMe-
CKHX 3JIEMEHTOB,

ATOMBl XHMHUECKOIG 3JeMeHTa, pasJnualollyecs mo Macce, Hasbl-
pator wudoronamu sieventa (cM. § 3.1). ¥ nprpoianory yraepoaa
eCTh 1BA H30TONA. 34 aromuyro eQunuyy macco: (4. e. M.) NPUHATA
/12 4acTh Macesl GoJee Aerkoro H3oTONma MPHPOIHOTO yIJIepola.

Macca atoma (MOJeRyan) cpaBHuMa c Maccoft 1072 xr. Tanne
MaJbie MacChl H3MEPAT CTeNUabHbMH TpROOpaMH, KOTOpbe OBl
g306peTeHbl CPABHHTENLRO HeAaBHO. [0 MOABJISHIA 3TIX npiHdHopoB
MacChl ATOMOB # MOJIEKYJ BBIPAKaJll B OTHOCHTEJALHBIX eJHHIMlAX.
OTHOWERE Macchl aToMa (MOJIEKYJBl) K aTOMHOU eIllpuie waccest
HARMBAIOT OTHOCUTEALNOU aTommoi (moaexyaaproil) maccoft [xpar-
KO — aToMAan (Mosexgaspuasn) macca] *. Cornacho ompeleacHyio,
37a pefnunHa GespasmepHass. OHa NOKa3bBaeT, BO CKOJbKO pas Mac-
ca atoMa (Mojekyabl) 60Jplle aTOMHOH eXIMHHIBl Macchl. AToMHYIO
Maccy oBosHauatloT Gykeo#t A, MOJeKYASPRYIO — GYKBOH L.

XHUMHUECKHI 37eMeHT npeacTaBafer coboH cMech H30TOMOL. Otho-
CHTeJbHOE KOJHYECTBG H30TOMA B XHMHYECKOM 3J7eMeliTe HaxbBaloT
codeprcanuem wsorona. Ero BBHIpaXxkawT B AOMAX WAM MPOUCHTaX.
ATomhas uacca saeMmenta (tafa. 1.1) paBHa cpeineMy 3HAHCHAK
ATOMHBIX Mace H30TOMOB »JeMeHTa. Tak, NPUPOAHbIE Gop COCTONT 113
ABYX H30TOMOB C COAEPIKABUEM 18,8% (4=100129) 1 81.2% (i==
=11,0093), a ero aToumHas Mmacca A=10,8220.

Macca aToMa (MOJEKYJbl) B ATOMHBIX EIMHHLAX MAacchl 4licaed-
HO paBHa aToMHOH (MOJeKy/apHOf) wmacce. Hanpumep. Macca atoMa
requs papHa 4,0026 a. e. M., KHCIOpoOAa — 15,9994 a. e. M.

JN5 0ZHOPOAHBIX REWIECTB, T. €. BRIUECTB, COCTOAWHX 113 HaCTAR
¢ OAWHAKOBLIMH CBONCTBAMHN, B MOJEKYJAAPHON GH3MKe, XuMinl 1 Jpy-

* OTHOWeHHe MaccH ATOMA (MOMEKYb) K aTOMHOH €1MHHIE Maccst B JHTEpa:
TYPe HA3HBAIOT TAKKEe ATOMBHIM (MONGKYAAPULIM] BECOM.
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wi 12,0==55,2. B KaXAYI0 MOACKYAY BXOAAT HCTHPE aTOM

Ta6anua 1.1
ATOMHBIE Macew IeMeHTOR

3 . Aromuan . ATompan

nemedT . Chvisoa vacea Saemenr ( CrnRo.1 1 Maces
| .

Bosopon | H 1.00797 || Hatpuit | N, 22,9898
Tennit [ He 4,0026 Heteso | Fe Db, 847
Jlnrni ; Li [ 6,9300 Hikens | Ni 58,71
Bepraami | Be 9,0122 Uppkonust A 91,22
Bop B 10,8220 || Mzun ] In 114,82
¥rnepoa C 12,01115 Topnit Th 232,038
Kucaopoa o 15,9994 )| ¥pay ll U 238,03

THX 00JaCTAX HayKM BEegena BHECHCTEMHasa e

TPaMM-MONb. (kMosTb). Ola pasha KOTHYECTBY OAHODOUIH:

B KUJOTPAMMAaX, uychaeHNo PABROMY €r0 MOJeKyAapHOH {aToMuoi1)

Macce. Hampumep, KHAOrpaMM-MOb  yrieposa pasen 12,01115 kr,

Gepusang — 9,01 92 Kr, Boasl — 18,0154 kr 1 1. 71,
KHIOTPAMM-MOMe JI0GOro omXHOpOAMOrG BELIECTBA COZEPHKHUTCH

URcno Monekyn Na, pashoe 6,02- 102 Beawunny N, wasmzaior que-

A0m Asozadpo. Tlo ancay Asoraapo n KHIOTPaMM-MOMIO  yTaepoaa
PAaCCUHTAEM aTOMHYIO €RHHHLY Macchl:

_ LAz 12 e
1 a. e. M.-—-—I'Q—HN:—-I—Q-W_—I,ﬁﬁlo Hr.

Koanuecrso HaCcTHY  (MOAeKy.T, aTOMOB), 3aK/JOYEHHBIX B I m3
OMHOPOIHOTO BelleCTBA, HA3BIBAIOT NAOTROCTOR wacTuy N. Ee naxo-

AAT NO H3BECTHBIM MAOTHOCTH BEIIECTBA o (Kr/m?), MOJMEKYAAPHON
(aTomuol A) macce n yneny Asoragpo:

Nt Ng Nt (1)

[ipu pacuere Beaminpm N HaCT0 HCHOMB3YIOT HPUBAHKEHHBIE 3Ha-
YeHHA U H A, orpaduvengple NMEPBHMU TpeMsl uwmppamu. Tak, NpH-

GIHKeHHBle aToMMas macea Bepunans  Ape=~=9,01, MOJIERYNApHA Y
Macca BOLH oy o == 18, 0,

Hpamep, Hairy IIOTHOCTE  MOJEKYA sogm  H.0. InotHocts Bomm p=
= 1000 xr/m2. Monexynapnaa macea BOAE w=x18. I1o dopmye (1.1)

1000
Nyo= T8 6:02.10% = 3,34. 1ges Monexyna /MY,

Ecau ussectanl naotuocrs g XHMAvecKasa ¢popMmysa MOJEKYSBl Be-

IECTBA, TO NeTKo PAaCCYuTATH YUCAO aTOMOB JIOGOrO aneMenta B | M3
BeILECTBA:

N,=n, _E_NA, (1.2)

TAE f; — YHCAO aTOMOB [-ro 3JAeMeHTa B MOJIEKYne. )
G .

I Mm% kapfupa Gopa B.C, ecan
MOB GOpa COAGPKHTCA B Sopa paci0.8X
i Monexyaspnas Macca 1(:])66(;451: [n£=4)‘

' . CKO/IbKO aTo
f;.gr'f;:cif pagHa 2,3-10° kr/m

ae (1.2}
rlo o Moo g 220 00102 — 1,00- 102 arom/m?.
B=* 7553 ™

: JHYECTBO TIPH-
ellecTBaX OOBIUHO NPUCYTCTBYIOT anMECH.Halg?:[BaIOT KOHUEHR-
e IHeCEHHOE‘ K emuniue ofbeMa peliecTsa, (aToMax, MOICKY-
St O“T-npnmebﬂ Ee supaxaiT B Kuno-rpaM.m;(axHuempaLum e
TpaygLen ' npouentax M T. 8. Ko .
HHHIlY 00beMa, mp - moit (1.1}, B koTopoit
nax} Ha el 3) ceg3anb GOPMYIO :
3) m N (uact.jv i mpamecu m. Ecan
cn m (KrjM eTcst KOHUEHTpalHed mp -
¢CTBa p 3aMeHs entax P, 70 m=
NAOTHOCTh Belll HA [pITMecH B NPOoH : . i
asl KOHLLeHTpal ’ 1z HUECHTpa-
H3BeCTH£10M§]C?§2 pen — TUIOTHOCTh ¢MecH Berects. Toraa Ko P
:Ppr.\l' . CH. :

WHs MpiMecH NV paccuHTHiBaeTCs 1o GopMy.Te 0.3
sz%lNA-IO"‘,

> I.
rie p — MOJEKYJIApHaA {atoMHaf) macca npHMec R
. one, ecnd P=2- .
HTpankio Sopa Ns B yraep nepons
» pnmepl:nsl?gfl:ﬂ';?i }(gﬁl& Er,’ms. Tak kak KOHueHTpauha Gopa B yraep
TLOTHOCTE ¥ =1, K !
?{esuauu‘renbﬂa, TO Pewfq ¥ N0 Popuyne (L.3)
g (-1 819 0o 1026 2 2,0.108% azom,w
NB= A0 —'T— '
‘ Hbl ROAJOT-
Monekyas ‘B TBEpAbIX H EUIKHX Be?mec.TBax paillgzé.im:: e -
r. . 'I‘yK apyry. [lostoMy oObeM v, npux-onﬂmnoqemﬂ‘ Omen,
J]:é[{}oyfypyn sTx selliectsax cpaB’HH"‘\liI c Oﬁi{biﬁngOCTL MOAEKY,T BOIbE
' abl. 1aK Ka S k
&M MOJMRKYJAbl BOI i . .
f\}aanMgegAOﬁ;;s ModeryaajM¥, To obbeM MOJMEKYJIbl BOAD
O —_ + i

" Hy Vﬂok1/3-34‘10“&3,10-29 "

' i aBasger cobofl
Ecau npubau:KeHHO APHHATH, UTO MOJ€KyJda NPeacT
Bl
Map, To AMEMETP MOJCKYABl BOX

d= 3/ Ve 3,86-10"" u.

2
necrpen (A),
Uy AJAHHGL OPHHAT &
Hofl pu3HKe 3a elliHHLY tpen L
paBEhIi?TFS‘[‘[TEM.q)B THX eJHHHIAX AHaMeTp MOAEKYJNBl BOI p

<

' 86 A. : ecTBa, Ho
npﬂxfgﬁﬁai CTpoeHHst HaGaloJaeTca ne TOﬂb%‘olﬁ} faep";ﬂ g 0
Y 3JexTpuuecTBa. DneMeHTapHbIi 3‘19KTP1’_P“9CKL 3a‘pﬂ£tv e e Mo
X101 K. Jlio6ofl 3meKTpHuecknil Sap;*il();\(l;[f‘;]bl{bm W oTplLaTeb-
eCTBYIOT MMOJ bt
XeT SLITh MeHblle ero. Cym ¥IOT MO HooHTeney  sneetap
i — Kde 3apsasl. enTar
HTAPHBIE 3JEKTPHUECKH B e o rom ot
ﬂ'cﬁ) 3;]1?anszep.nbﬂor-o 3apAja ABASETCH SNEKTPOH, xrac;:;im -_—_l.]f’6><
s':r*a-——‘éil—pl{)—3l Kkr=>5,5-10-% a. e. M., YAeJbHbHIH 3ap?{i¢ee'r I'IPUSIITPOH;
xel_{)ll‘}(n;m, DneMeHTAPHEIH NOAOKHTEJIbHBIA aapﬂllv exrposa. To-

Y Hero TaKMe XKe Macca H ylIeJbHbif 3apsf, ng{ HY ¥
3HTPOH 0BO3HAUAIOT CHMBOAOM e, MeKTPOH —e&.
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§ 1.2, BEPOATHOCTL U CREKTP

Upnpoguric coderrus (ABICIHA) WonpasgemsioT Ha 70CTOBepHBle
H caydafinwe. Hocroseproe cofuirye - ITO TaKoe cobbiThe, KoTopoe
OBA3ATCABITO IPOHCROTAT NPH BHUIIOLHEHHH S yeaoBui, Tax, wunewne
BOABL B cocyie - - gocrorepnoe cobuITHe, ceau TeMIeparypa Bojgm
1=100°C, a aangenue rasa Halt l0oBEepXHOCTLIO BoAL p=1 artu, Cofu-
THE, Tic RalaI0AaeMoe IPH 3a1aHHbX S YCAOBISX, HasbiBAIOT HeBn3-
MOKILIM. Tax, noga ne xunuy n COCYAe NpH TeMmmeparype < 100°C
M gasdaennn p=I| ary.

CoduiTue HazbBaloT CAYUAUHBIM, ecin B CIPEILICHHBIX VCJIOBHUSIX
QHO WIH NPOUCXOAUT, WA He HpoHcxoaut. Hanpuwep, noaBpouren-
Hasd MOHCTA IAJacT Ha 3eMTI0 won repBoyM, uau uundpoft Bsepx.
Bumagenue repda u IHPPE — cayuafinse codnTHs.

3axonoMeprocTH MHOMECTRA CAVYAHHLIX COOBITHA, BEITAZAIOMIY
IPH ONPCAGNEHHBIY VCIOBHAX, HIyuaer TCOpHA BeposTHocTedl. Oao
U3 OCHOBHBIX HOHATHH Teopui BEPOATHOCTEH — [onaTne BeposTHOCTH
HOABIEHAA COBRITHS.

Homyeram, wro n onsrre TIPH OIMHAKOBEIX YCT0BHAX 1ablio1aior
Cilydadnbe cobpitng A; ((=1,2, ..., k). [lycts codmitne A4, BEIIAJAeT
1 pas, codniTiHe Ay—ny pas u T. 4, a ofec yucag CODBITHE n=—
=yt on, goctaTouno BeJdUKS.  Bepoatnocrnm codultng A;
HasbBAIOT BeaHunHy f(A;), PABHYIO 107¢ colbThll A; B ofmewm KO-
HecTne COORITHE!

[{Ai)=nqfn.

ABNCHHA cobuitha A;. Tak, ecun MOHETY BPOCAIOT BEEPX B 0IHHAKO-
BBIX YCIOBRAX, TO BEPOATHOCTH BBIMaNEHIS repba n nudpst pasiw 0,5,
Ha oupegenenus BepoATHOCTH f(4;) cuegyer, uro CyMMa BCceX gpe.

k .

PoATHOCTel 2 FAY=F(A)+](A) A =1. Crenosarens-
i=l

HO, pH BHUTOAUEHHH 3afallHbIX YCNOBUA ©XHO U3 & coBbTHfi 0fs3a-

TEILHO IPOUCXOANT. OTMeTHM, yro BEPOHTHOCTD A0CTOBEPHOTO COBLL-

THS DABHA CAMHHUIR, a4 HEBO3MOKHOIG — "y,

Ananormme CAYHAUHBIM  COBBITHANM OUPEIRIIOTCT  cayqalinsle
Pusuueckue seaununsn, K auw OTIIOCATCA Takue (PUANYECKHE BeTHYM-
HEL, iROTOPBIE TPHITEMAKT pasiHYLBE 3HaYeHUs B OIHHX H TeX HKe
yoaonuax. Hatipumep, cxopocrs MOJERYARl TA3a — CIV9aliHan BeTi-
UdHa. llpu nabiewun rasa 1 aty MOMCKYJIA HCOLITRIBAET OKOJO
108 cromkwoeniui aa CCRYHIY © VPYIUMM MOJCKYIaMU, MOCAE RAIMK-
AOTG U3 KOTOPLIX €€ CKOPOCTb UAMCHACTCSH. [TostoMy moxHO TOBOPHTE
JHIL O BEPOATIOCTH TOTO WIAN HHOO 3Hayeirs ‘CKOPOCTH MOJEKY.THI.

Teopuio BepostioeTci IPHMEHSIOT B CTATHCTHUCCKOH MH3HKe, nay-
MAKIMER 3AROEB CHOTeM (MITOXKECTB) Goasuoro wucaa yacrul. Yacru-
WL OGBEIHHAIOTCS B CHCTEMY HAH CHa4MU NIDHTAMEHNS, HAH APYTHMH
yemosuamu.  OfHa U3 TakuX  CcHerew HACTHIL — a3, 3aRII0YeHBf
B 3aMRIYTOM 00EeMe (cocye),

8

: b i TJdaB-
' ; 0T HOPMAJBIEIX YCIOBHAX (A4
. KuorpaMM-Modb umﬁmolﬁzﬁe;én%pe th:0°(])  Jonosmx (s
=760 mM pT. CT., TC) :

o 8, 11 g OTHX YCAGRUAX WIOTHOCTL MOJEKYJd BCeX rasck
past 22AOM . pxo;mcs K4K 9aCTHOE OT JeNCHHS 4ucaa Asoralipo
4. OHa Haxo, - ’ ’ 24p0

AR qA T apua 2,7-10% Monexyma/fms,
5 JOrPaMM-MOJIA raza H p . : >
Ka 0Omen M i { ; "a3a CJAeLyeT, UTO PaccTos

OIOTHOCTE MOMTeKkys BOMBL M Ia3a chenyer,

HOITHA HJI0THOCTEH MOodeKxy asa ol 0 pa
cpiﬁ\.[(‘){{ TV MOJCKYJ/JIAMU Ta3a 1TaMHOTO MPCBBILAST HX P?SMEPE e
o B cHCTeMe YaCTHIL EPOTEKAET OTPOMHOE UHCIO CJIy-‘IdHHIbIX | é)cmg.q
coB (MBHXeHHE KaMJIoH uacTHID, M3MeHelHe ee BHEEEII{[I;’CC(C)'B npr;—-

3VALT STUX CaydaldHbx T
). B pesyabrarTe 1asdomenHs ST -
HBTE.}'I[I(;T)CFI sgkuhbi HasHBaeMmble crarvucruxeckumt. OHIE B oupele
ABJ - : :
: CCH CHCTEMLl UaCTHIL,

IT OBCACHHE BCCH CHCTEN ' N
M“C-TaTHCT'meCKne 34KOHH XapaKTepHayioTes cpq)e;,?:HHL?égK;J;{aléa;?;;[m}l
¢ . BO ' 'PCAHHM 3HAMENHIM ;
anmueckux peanvuin. ITo cped 5 aec AL
(II{}H;V,IHT 0 COCTORIIHM CIICTEMBl H3 HOJIBLIONT Y1Caa YacTHI, 0 IPOLU

\ X0 Hefl,
cax, MPOUCXOARIUNX B H - .

Cpggﬁme 3MAUEHAS (PHUIHYECKHX BeJIMHI T15d nerl'ocg;fslﬁéﬁgé

; e, HAH HAXO0JAT 110 CHEKTPY :
IMEPHIOT B IKCHepHMEeHTe, 14T 10 ' oo
gg}?rull{)ufﬁu [log cnexTpoM (H3HHECKOH BCAHYHHLL -(cenieéfgmgiaqca
GKOPOCTER N : acrpeese -

H, T aCrToOr H T. A.) TIOHHMAKT p
amepruit, ckopocref, yac r. TOHHM
cmﬁ CHCTOMEI 110 3HAUCHIAM STOM thrzmaecKo B(‘J‘LH‘-IJHHL:I, S

' BCULCCTBE HAXOJATCH B COCTOSHHHA HENPCPL .

D ' I(;GHH B upomecce TEMIOBOTO IBHMKCHIN
KENns], HASHBACMOTO TEAI08bIM. 1 , LK
MOJEKYJB Ta3a 4acTo CTAJKMBAKTCS APYI ;Lp}-r‘orxgﬁel]’lly?: f{?%mq}{-

X Veao; g ; oleract o1 CTOAKIT J
HLIX VCACBHAX MOJEKYJIA Tazd np I' 1%
Eﬁl;egnﬁ B cpeaneM 10—% M. Bo BpeMA CTOAKHOBEHIS MemIy ’Moéfnrrerae
Jami nOpoucXoZut ofMeH 3Hepruefi, mpu kotopou Godee GHCTD

Al e_
' i seprun Sojee MedleHHEIM. B p
MOJEKYALI nepejalT 4acTb CBoel 3Hepry

f THY N
3VJABTATE OFPOMHOFO HUHCaA4 TAKHX CTONMKINMOBEHHR B 3aMERY T‘OI\*I;)([:J"&;CK;[)E
. | T -
-rgsa YCTAHABAMBAETCH DABHOBECHOE paclipefiefieHHe MOJeKY,
OCTAM (CINEKTP CKopOCTel). | "
p Pasnuuamr 1Ba THOA cnekTpos. Ecaun .pacnpegcne::lﬁ qi?fi}f;p
— KOA BeJIHUKIE ‘Henpepb . .
CTeMbl 0 3HAYCHUAM (H3HYeC ‘ 0 CnexTp
HA3KBAIT cricwikvis (Henpepviguoim). Ecan me DEE;Z?BI;?f;Te“(?;CTHHbI
qer HYCCKOH BCAWYHHLL TIPEPBIRI
CTHIl [0 3laveHusiM U3 1RHLL 31 _ o
CIPYIOHPOBAIN OKOMAOQ OTAEJbHBIX JUCKPCTHLIX 3Haqe‘.H1}?«1l,n;rOumciiCKrj
HaSHBAIOT JuCKpeTHotM (AureddaTomm). IBnpmlepO]\;ﬁ;}Tlfggngcg ) ek
; Z 5 HTa., - HeM H J : 3
Tpa CAYXKHT CHEKTP MAaCC 3JeMen . on arouu
CpO’I‘,F.IEJIyLHblMH '3HAYCHHAMM MACCDL Pac-n;penene-nnenga\(:glveggg}(;;; |
- ; : TCH) OTHOCHTCA K CHACIONOMY V.
CKOPOCTAM (CIEKTD CKOPOCTCH) : KT e
- HAVHAIOT TCOPETHUECKIME 1 ;
ChnexTpsl (DH3MUECKHUX BEHUMH WYY nerona
Na3blBAEMBIMH  CREKTPOMECTPOMU.
MH  UIK  H3MEpAT NpUGOpaMH, . [pam
HavecTHsle criexTpnl naoGpaxkalor b Bije I:parimKOB, IpHBOISIT
JIHIAX HAH OUHCBBAIOT AHAJIMTHUCCKHME QYHKUHAMI, -
[IyeTh yacTuupl CHCTCMEI XapaKTePH3YIOTCH c.flyqamf cn?lib'lﬁHP
Boi#t L, maMensmomeiics menpeprsro. Taxk wax B.e..'IHT-II/IHa. anﬁ'i}s;aqe‘:
TG HE WMEET "¢Mblcga DOBODHTE © 4YHCJIe YacTHI C T'OLI. N a e
nueM- L. 3710 udeno weogHo3payllo U MoxKeT GLIThL jame pa 3

J0: OLHAKO - UMCHG 4acTHML CO 3HAYEHUSMU B uHTEpBade or L ﬂgl



L+dl  unoane OUPEARISHHO W pasHO dN(L). Hwuaue TNBOPSK, °
dN (L) —310 wnesao HACTHU B uHTCpBane dL w6iusy 3Hayenug L.
Hucao dN (L) HPOOOPIHOBAALIG dueay wacTuy B cHeteme Ny wonm-

TepBaay dL: .
AN (L) =f (L) NodL.
Kosdpunnenr NPONONUUGHANLITOCTH
1 dN{L
[ =52
N, dL

HaSBIRAOT NACTHOCTHIO 8epoarsoctu. Ona sasucuT ot L u pPamHa JoJae
HACTHIL CHCTEMDI, OTHECOHHOH K CAMNNIHOMY mHTepBany B6uman [,
Dynxtus f(L) PaBHA TAKNC BEPOATHOCTH TOro, uro YacTHIla Xapak-
TCPUSYCYCA 3Haucnuem (usnyeckol BEAHUHHL, 3AKAOUEHHLIM B equ-
HHYHOM #irrepBaje BGAH3NM [,

[Toa enaomupmy CHEKTPOM PUIHYECKON BeaHYpiH Ly MonuMaKwT dying-
und f{(L). 3ror CIICKTP HOPMHPOBaH g CAHHHUY, TaK Kak MHTerpaJ
OT dynxnun f(L) uo seey BOAMOMHBM 3Havennsy [, PaBen emunuIe;

Tf(L)dL:_T:,:TdN:L
]

i

TBolicTa  cxetenm HaCTHII ONMCLIBAIOTCH CPCAMAMH 3HAYEHUAMH
DHIHYCCKEX Hemyun L, koropere HOMYYATCA ¢ T0MOUBD CleKTpa
dhuanyeckoly ReNHYHHAL:

f:TLf (L) di, /off(L)dL.
5 | ¢

Tar kax pyurimg F(L) nopMuposuna na EAHHHIY, TO
.
L=\ Lf(L)dL.
;

CUCKTR ckopocreit jlo) MOJERYT Taza B orpaniuycHuon 0dBeve
BOCPBBIC 1u3yyuy Makeneua. [To HMEHN YH4eHOro thymxiruio [ (v) Hasm-
Bawr crekrpom Makcseasa, wan Pynxyues pacnpedesenun Makcee-
44, Awaanraucckas zamuch cnexrpa Maxeneana wnmeer BiLA

- £ om o3, nrp?

f(w)==4zx l\g':';'ahf_/f u exp(--— 5,@?).
TAE ©-— CKOpPOCTL MOJIEKYJR, M /[cC;
i —Macca MOJeKyJsl, Kr; f==1,38x
> 1023 Hx/K — noctonugas Bouey-
Mana; I'— remnepaTypa rasg, K.

Ha pue. 1.1 MPUBEAEH  cnerTp
Makcpenna f(v). Cxopocrn MOJIEKYJ
NSMEHSIETCH OT RyJs Ao 6OJbIIHX 3HZ-
Yenudi. OpgHako GoabmHHCTROG MoJe-
K¥J1 ABHXYTCS €O CKOPOCTAMH, GAH3-

Pre. 11, Pacopegeaenne MOJIeKYVT
T43a Mo CKOpoeTaM

10

p A i p ¢

BeJlL y o 429
. a Ameer MakcuMyM. Co CROpPOCTBIO U<Up nann;ez::s; OIK?SS pasxo
gl x Modexya. [Jo3ToMy CpelHAs CKOPOCTh MOJEKY! . 2
Bce - 3

u3o-
e vp. Hona Monexysn B unTepsane dv BOaAsH cx:gg}t{:’;ncfmﬁﬁv
60.ﬂbﬂéHa 2émTpHXOBaHHOﬁ nnouiaapio croaduka. OcHo
ﬁaa;iiBHO duv, & cpcepdsis ero BoicoTa —f(v).
. Crextp sreprull f(E) monery.a rasa
: e VE ( E)
[ (B)== = ——=7—txp| — .
vz 372 E
JT(E) V_‘_:. (ET) ! T

: Fel npe
MaKCHMYM 3JHEPTeTHUCCKOTD cnekTpa Makceenna pacnodqo J
SHEPTHH

En=Er}2=kT|2.
. itekyan E HETHUECKasa 3HCp-
C eIHAAd KHHETHUECKAA IHEPIHA MOJEKYJ Eu K.PIH.EiI:[OeﬁC C.Knpocf;ﬁ
| Sro.neKyTI Er, coorsercrBylomas Hanbouaee B?poﬁ
1;?0‘161('\?.)‘1 Up, NPONOPIHOHANBIIE TeMOepaType rasa 7.

E=3!2k}"; ETZ}CT

TIpE MOJERY T

- IlpH parpeBaHMH ra3a NPOHCXOIHUT nepBPQCHPCMMHH:M\:;{ ey

}310 cropocTaM. Kaxk cmegctere s10ro fIponecca MaKe My ciek

;?)Za Maxepeana CIBHTAeTCH B HAaOPABACHHN 00bINHY p ;

41 wle
a TeMTepaTypa rasa -n:osblmaeT}ti:;:L Ny wacran cryeshran senmora L
Me No L
[lycTe Temepp B cHCTE T ¢ )
gonus L; (i=1, 2, ..., &, .

€T IHCKPETHBIE 3HaY ), a Ni—
Hgff;mf;i.@mﬁ CHETEMI:I ©o a3Hauenuem L. 'BE})OHTHOC'Il‘IheHTI;)é‘“,L_I
Lé’r-nvua uMeer aHaueHHme L; paBHa joae "4acTull co 3na M L;

F(L:)==N:/No. _
Muckperuuift cmextp f(L;) HopmMHpOBaH Ha eIMHMIY, TaK Kak

cyMMa
’ [we]

2 fl)=1.

CpenHes 3HAUCHIC IHCKPETHOR BEAHIHHEL

o0
L=3 Lij (L.
i=1 .
' aBHYIO cpejureit
W3 wra (cMm. rabn. 1.1), pasH} :
MHVIO Maccy aJaeMe v chentny
gfgﬁrrigomaz-ce H30TOMOB 5MAeMeNTa, HaxXOUAT N0 U3BECTHOMY P

Mace 2;JIeMeHTA.

§ 1.3. MACCA U HEPTMA

y ; B HHEPIII-

'MEXaHH‘-‘IE)CKDE‘. JABHM¥KeHHe OFHHX Te.d B?Elﬂavl‘liiga’fl?&;a“” OE;HO-_

AJbHBIX CHCTemMax KOOPJAWHAT, CBASAHHBIX € ﬂ_p}'FI;IC;;FCH I_;EH'QHT;H}KH'H__
.CHTETIbHO KOTOPBIX KOODIHWATHEBEIE CHCTCMDI CUHTE .

- - Y 61)] T




TIOIL3YIOT 1a00PaTOPHYIO CHCTEMY KOOPAMHAT, CBA3AHHYIO © MOBepX-
Hocthio 3ewal. O1HaKo Bee Tela, B TOM 4Yucae u 3emas, ABHAIYTCH,
TOSTOMY MOXKHO OGHAPYMKHTE TOABKO OTHOCHTENbHOE JABHIEHHE TeA,
a He abcodIeTHoe,

B HHepuManbHBIX cHCTeMax KOODANHAT 3aKOHBl MeXaHHKH 0ANHA-
KoBbl. Hanpumep, sakon csobognoro nazenus tea Ha 3emse He oTaH-
Haercsa OT 3aKoWa CBOBOIHOTO mafeHHs Teq B PABHOMEPHO IBHIKY-
HMXCa moesne, napoxoae, camoaete u 1. 1. B 3TOM 3aKJlYaeTCH
IIPHHUMA OTHOCHTENbHOCTH IBHMKEHHS, OTKpBRITHH [anumaeem.

CornacHo 3aKoHaMm KaaccHueckoit MEXAHWKH Macca Tesa He 3aBH-
CHT OT CKODOCTH €rc OTHOCHTeBHOIO IBHIKSHMS OTH 3aKoNBl Ghuan
PKCMEPUMERTANBHO MPOBEPenH Auas CKOPOCTEH Tesl, MHONO MeHbIUHX
CKopocTh csera. OnHako B page FKCMEPUMEHTOB OBA0 BNOCTEICTENH
OTMEUEHD YBeJNHUEHWe Mace vacTHn NpH OOMBUIHX CKOPOCTSX. Bnep-
BbIE 3aBHCHMOCTL MACChl YacTHUBl OT CKopocTd Habmonan Kaydman
AIPH UIMEPEHUH YAeTbHOrO 3apsiga JICKTPOHA.

B 1905 r. Amn6epr Siirmreiin O0BACHAT MHOCHe 3KCIepHMeH-
TAJbHbIe Pe3YABTATH, He YKJaILBAMHECA B PaMKH KJaccHYecKod
GU3IKNH, B CBoeli TEOPHH OTHOCHTEALHOCTH, B OCHOBY JNepBOfl wacTH
TeOPUHY, Ha3BAHHOR cneyuassmol; Teopued OTHOCUTEAbROCTH, DHHIITe ]
TIOIOKHA 1BA TOCTYNATa, MOCTPOEHHME Ha IKCIIEPHMEHTANBHLIX pe-
ByabTaTax.

l. Huxakumn onsitavn BHYTPH 1000f HHEPUHAMBHON CHCTEMB
HEJIb37 ODHADYIKUTE, ABHKETCS JH aTa CHCTEMaA HJIH HAXOGHTCH B CO-
CTOSHHH noKos. Hpage TOBODHA, HeAb3n 0oOHaPYyXKUTh abcooTHOE
ABHMKEHHe TeJ,

2. Cropoetb ceeta » BaKyyme paeHa 3.108 M/c Bo BCex HHep-
AHATLHBIX CHCTEMAX,

BuBonb cnenmmanbuoii TEOPHH OTHOCHTEJBHOCTH HMEIT OrpoMHOE
SHAYCHHE A7 MOHHMaNUS (BUIMYECKHX NPOUECCOB b aTOMHOH ¥ saep-
#ol dusure. Kak pas B staAx o6aacrax PHUKH H3yuaror cxopocTH
ABHAKECHAA 9acTull, 61H3KUe K OKOPOCTH cBeTa. OCTAaHOBUMCS KpaTKo
Ha ABYX BLIBOLAX CNEUHABHON TEOPHH OTHOCHTENBHOCTIT

I. “Macca nwoboro Tena m 3aBiCHT oT ero CKOPOCTH v:

Ht
: 4
VI (1 )

Tae nie —Macca nokos (Macca Teda wapu v=0). Maccy gBuxKyuierocs
Tela m HasbIBAOT peasrusuctekod. TIpH oTHOMERHSX v/e ]l macea
M==ni.

B raba. 1.2 npuseseno othomenue Mfmy B 3aBUCHMOCTH OT vfe.
Peastueincrckas macca Teaa zamerto BO3PACTACT MPH CROPOCTHX,
BIH3KHX K CKOPOCTH ¢BeTa,

o —1

Tadanupa 1.2
OTHOCHTEIbHOS H3MeHeHHe Maceh TeAa NpH yBedHYeHHH ero CKOpOCTH

0,004
1,00002

uvie 0.06

1,002

0,55
1,20

0,955
22,4

mfm,

12

i

2 Macca m 9 sHeprus W rtesa CBA3aHHl COOTHOLIEHHEM

W—=mc? (1.5)
sacca Tena. ¥ IOKOfALIErocs TEJ'IEII sx;ai(ﬁ
¢ (3Hepeus nOoKoA). Ypasnei}]:g (ﬂ.}oﬁow
pBaeT, UTO IHEPrHs H Macca He cymecm%%/u;; O%lﬁgpmﬁ ooy
o : veT Macca m=— .3
I epritit. W COOTBETCTB) : ] i
Bnlﬁaasx-'ﬂme sHeprud noxoa Wy H KHHETHYECKOH 3HEPT
pas VM2

W=W,+E.

3a eINHULY SHEPTHH B AaTOMHON M AAepHOH -tggzl;:{:f;goa]]{gm;;rn 3;;?}
TPOHBOALT (sB), paBnblil H3MEHEHNIO SHBeop;‘:TH: : |
XOHCAEHHI PAa3HOCTH MOTEHUHAM0B. B OJIH BO

1 2B=1,6-10"19 .
ABAACTCA

e M — PeIATHBACTCKAR
m—;mo. a Heprua Wo=tt

% ME2AICKTPON-
Boaee KpynHofi eluHlilleH SHEPrHH

goabr (M3B): 1 M3B=108 3B==1,6-10-'3 Jix.

{1 KHHETHUECKYIO SHEPTHIO H CKOPOCTb 3.neKTp0};arlec[:(T;g§g:
W5 M>sB. PaccupraeM cHauala 3JHEPTHI0 TOKOH 3 2
e o1 10-3 0. 1010 8,10+ 10-1 [T==0,51 M3B. (3averin.
e '{Oﬂ-LI.IHX-CH YACTHIL 4WACTO BLIpaxKawt B Maccaﬁacmuu
q;gx’:;)a;:: a?l‘loﬁbl yaHaTh, BO OKOJbKO pas3 Maii;{?:[{;}?eprmo bt
y . ' TATOUHO MOAES q
S et 1-11210Ka?:e]?;‘WI?EI({}TP‘I?SI?E)HHO;JIEKTIPOHE. Hanpumep, :Hi]?ng
o :321231&; soaopoia Wy=937 M3B, a ero macca TIOKO H
TIoKOo A

— . —h— =449 MaB.
-—11‘8{?{7[’-1!3;[;“480}(2151 sueprus snexrpoa E=W—Wy=5—051

Toraa n3 ypasreruit (1.4) u (1.5) nueem
' vie=— T —(W,/W)" = 0,99
HAIl CKOPOCTDL 31€KTPOHA papHa
2==0,99c=297-10% :m/c. o
Ecau ckopocTh Teda WMala [0 CPaBHEHHKY CO CKOPOCTh
{v/c< 1), To cornacko Sunomy HeloToHa

z]—142 1 v 2
= (T (]
¢
W no bopuyae (1.4) 1 o
m=m,+ 5 m ()
LT B), moavyuM
TloacTasns 310 BHpaNKeWHe s Maccs B dopmyay (1.5) \
=m062—1—‘ fg.'?l[)fﬁ.

: ~— KHHeTUYe-
TlepBbifl unen paseH 3HEPrHN BOKOA TehAa W,, a sropoh

fi sHepTHH Tena:
eHon E=/ymoo?. 13



§ 1.4. DNEKTPOMATHHUTHOE HINYYEHME

DAEKTPOMATHUTHELE BOMHE H3IYHAIOTCA 3aDALAMH. ABIDKYILHMHCS
C yCKOpelineM. Ecan 3apsan komebiercs o MOCTORHHOH YacToTOH v, To
BO3OYKN2ETCH SeKTPOMAaTHHTH as BOJHA Takol ke wacToTe. Snex-
Tpuveckas L w MmariutHas H HANDAKEHHOCTH  3J€KTPOMATRHTHOTO
IOJA PABHE 10 aGCOMOTHOMY 3HaueHHIO. O KOTe6moTes ¢ oauna-
KOBOH dacToroff v MEPUCHAHKYAAPHO ADYT K APYry n K HanpaeAeHHO
pacnpocrpaHenus Bodub. Ecan B anrenye co30aTth Konebanusa snex-
TPOHOB € YacToToll v, To oHa Gyaer Hanyyath paxnoBoanb, Opyruw
IPHMEDOM YCKOPEHHOTO JBHIKeHHS SACKTPOHOB ABAACTCH HYX I1BHIKe-
HHE IO KPYTY ¢ 4acToTol v,

Ileproa xomeGanna T n AJNARA  BOJHBL ) 3JeKTPOMATHHTHOO
H3JTYUEHHS CBA3AHBI ¢ HACTOTON v COOTHOLIEHHRMMU

T=lyx; A== fv,

SIeKTpOMaTHATHOe H3JydeHHE MOAPA3NeNACTCT Ha HECKOALKO Bji-
Aok (taba. 1.3).

Ta6anna 1.3
Bupw  anextpomarmmrioro H3NyverUs

Hanywenpe Hpanazon wacror v, Ty JHanason AAHE Boad h, w
Pagnorong 105—01 3.104—0,3. |0-2
Undparpacuoe [(—q. [ 0.3-10-2—7,5.10-7

eTOBOE 4. 10147 5. (14 7,5.10-7—4.10-7
Yavrpadmoneronoe 7.5-104—3,0.101¢ 4-10-7—10-10
Pentreroeckoe 3.1019_3. to2e 10-4—10~12
Tamua 3101831022 (3= 11— - 14

CaoflcrBa snexTpomaruutoro USAYYEHHA 3ABHCAT TOABKO OT ya-
CTOTH v, a He OT chnocoGa erg roaydenus. Hudparpacnoe Hsayvenue

AJZA THATHOCTHKH ‘Goe3Hel, Tak Kak OHo HMeeT GOJBIIYIO MpoHnKaIo-
Y0 CHOCOGHOCTE B BelmecTse.,

Bonaosbie csoficTra SJAEKTPOMArHHTHOrO H3MyYeHus NoATBEPKa-
IOTCSH  skcnmepuMenTaabHO, HaOpHMep B AUPPAKUAOHHHIX oOnbiTay.
Audparnns waayvenns Habmonaercs mpu B3AHMOMEHCTBHE U3MyYeHus
C TENaMH, Pa3MepH KOTOPHIX COMSMEPHMM ¢ AJHHON BosHBL }. B pe-
8yabTare nndparunn ofpasyiores HEPEAYIOMHNECT MaKCHMYMB 1 My-
HAMYMEL HHTEHCMBHOCTH SIEKTPOMATHHTHOTO H3NyvYeHus. Jing Iprve-
Pa ‘paccMotpuM nudpakiuo PEHTICHOBCKOTO H3JYUeHHS TIpH oTpawe-
HAT OT  noBepxHOCTH MoHOKpucTassa (puc. 1.2). MoHokpueTa 1T
COCTONT H3 NMPABHJBHO DACHONOKEHHLIX ATOMOB, DACCTOSHHS Mew 1y
KOTOPBIMH (mocTOSHHax KPHCTaMIa) NMpHMEpPHO papHE pasMepy aro-
Ma (l10-10 M) U COH3MEDHMH ¢ ATHHOMN 'BOJHE! PEHTT€HOBCKOTO M3y~
qeHus,

14

5 M

-‘.*E-iqem;{:o ia 70BEPXHOCTb MOHOKPHCTANAa,

Sy

' fmoexocm
oTpaNawT, a Hac
kKAM 0BpasoM, MOHOKDICTA
HKAOUHX NIOCKOCTEH.

Gpasyor K aaan-
ne;allne B 0AHON TI0CKOCTH, 00pasyioT KpHCT

] : nero nol
H3JIVMEeHHA, Haidl '
o romoNpHCT . BCE IK'pI/lCT'd.,’].'lII'—IEC]\lIe

ca 1AM Hi H4aCTHYHO
N ) 3epha;]aMH. On
% NOAVIPO3PEHHBIMA : savueHie. Ta-
ﬂB”H}OT(:LHO n-polsl}-’t’:KaK)T pEHTI'e-}lDBCI\OE. m:l_\.qe_HH oTpa-
. nn mpeicTasaser cobofl nabop Takil

Bce aToMBl,
ycKoeTh. M

THYECKUX TIIOCKOCTEeH o*rpa'ma-
| 1.2}. Pazurncti xo0aa

IBVX CMEMKHBIX KpPHCTAA
CB n BD. Yroa

flyem o (myukn / u 2. puc.

v CUeHIA
Paé, 1.2, Otpaxenne PeHTIeHOBCKOrD IE;.*J'I)'-!(,HI |
' OT KPHCTAMLIHYECKHX NAOCKOCTE!

0vTOMY  PAMO-
ray ero orpaxenus. [l A
JMEHHA paBeH YLy SLHO, OTDe-
fTaleHHA };_me} ronpiukd ABC w ABD papubl Cﬂe.EOBE::‘BEQETCH ecl.)nn
YFOHEHCHE Bgid sin 6. MHTEHCHBHOCTD W3/Yy9eHHs -\Clé“gl dase. Taxoc
30K el - KpuCTaJjga B OAH :

/YJKH BHXOAAT U3 KP \ Tes medioe
OTpa}KeHHB[ileno?]iﬁeTCH KOria Ha pacctoimii [ yknaibpae
ycaoBHe ;

'H BOJH: _
YHCI0 ANUH B Aem2d sin 6.
: AVUHAN pye-
' HE3aBUCHMOU OUAYUL 3
=1, ¢ .... JanHoe ypaBHeHII® 'BHCH e
riﬁﬁn:ﬂu]s:uz‘ E?\,’.nb@ u anraufickufi Gpu3uk Bpsrr, 110 HMEHH ROTOY
c »
OMO Ha3BaHO ypasHeruenm Byavgpa — Bpseefz‘ ABita HeLeAONY e
Ecan pasHocth Xoaa NyuKoB B ‘KpHCTaJ/e Pab O aamn
THH UBO-'Iﬂ TO OTpaeHHble NYYKH BBHEXOIAT 1i3 ]"pHCIIe(:iacano e
T q)agapg Beaenetsie 3Toro oTpaxkenHoe i3ayyed le uaCTINRO B
I:I?)]iHOCTb[O' racutesa. [Tocaennuil addexT HM;?T ;Licwﬂ, Ry
padaen HEUSTHOMY YHCJAY MOJYANHH BOJAH 1 HaOJ0 . \
onpejeaeMslM ypaBHeHNEM

2"_‘;1_3.=2dsine.

(He RBACHIA,

BoAHOBaA TeOpHA H3AYYeHHA XOpOLIO oﬁ*bﬂcgmoe:a T;;\;;C aancws
Kak -Andpakuus, unrepdhepeHuUa u T.H ;itl.cl)%f;aagq;ema
0 . H i .

Pe3yALTATH HPH PACCMOTDERAH ABAC .



JHBAR CHCTEMA H NPH HeBRICOKUX TeMIniepaTypax He usayuaer, AToMbt
HAYNHAIOT H3MY9aTh NPy Harpepanun BELLeCTBA N0 BBICOKOH Temmepa-
TYPBL, Iplidem coekTp Asayyens rason AHHEHYATHIE,

Buixo1 13 cozrasmerocs TOMOKEHNA Hawen aaTekuil dusux Hunpe
Bop. B 1913 r. oy paspabotan HoBYI Momedn aTOoMa, 3a OCHOBY
‘KOTOpOIl Obita npuusTa NiaHeTapHas Mogenb Pezepdopra. Yuenwii
JIPEANONOKHUN, YTo ABHMKenHe SICKTPOHOB B 2TOMe, H3AyYeHHe W Jo-
TVIOLIEHHE aTOMOM SNEKTPOMATHHTHEIX BOJIH NOAYHRAIOTCH He Kaacen-
YECKHM 3aKOHaM QII3HKH, KaK B TIRAHETAPHOH MOMRM, @ HOBBIM, KBAH-
TOBLIM 3aKOHAM. IJTH 33aKOHB OH ehopMyanposan p ABYX MOCTV/4Tax.

. daekTponn, ABHAYIUHECH B aTOMaX Mo OTXebHBIM, CTalNOHap-
HbIM  opbnTaM, He HamyuwaioT SJICKTPOMATHATHLIX BOJH, a sHeprus
3AEKTPOHOB NPHHHMAET AUCKPETHBIR psim 3Havemiii W, Wi, ... W,

2. Tlpn nepexoge SJCKTPOHA ¢ OAHOH OpGHTH Ha APYryw sHEeprus
FICKTPOHA N3MCHACTCA CKAYKOM Ha BEJIHYHHY

AW":W”‘— W

mt

rae W M W, —Hatamuas u komeumas 3HEPrUs 3nekTpoda. Ecuau

AW >0, 10 atom TIOLIONIALT 3uepruw, ecan AW <0 — atom uenyekaer
POTOH ¢ YacToTol v=—A Wih.

Mo teopuu Bopa opOHTANbHBlE SAEKTPOHBI B aToMe crpynmHpo-
84Hbl MO 3MEKTPORHEIM 0G0M0YKa W, HOMEPA KOTOPHIX BospacTaioT o
MEPe HX yHaJeRRA oT fipa. Homep o6oaoyky n=l, 2, 3, ... wasu-
BAIOT KBAHTOBLIM YHCAOM, DVIEKTPOHHbIE 06GR0YKY ¢ KBAaHTOBBIMH uuc-
AaMn n==1, 2, 3, 4, 5 6, ... 0003HAYAI0T COOTRETCTBEHHO OykBamu K,
L, M N, O P ... Tax, mepsas o6oa0uka (n=1) — K-060004ka
H T, 1. DAEKTPOHH 7-ii 060a0vKy XaParTePH3YIOTCA OIMHAKORON SHep-
rueit Wy, KoTopyio oGemno OTCYHTHIBAIOT OT CYyMMAapHOii SHEPTHU mo)-
KOS AApa 10 BeeX aTOMHBIX 3MEKTPOHOB.

Ha snexrpon AeACTBYET He TOABKG cHug NPUTAXKEHIS sfApa, HO W
1A OTTANKHBAHHA APYrux SJICKTPOHOB, KOTOpas ocanabageT cpasn
JAEKTPOHA ¢ s1poM. ITOT sddpekT HA3BIBAIOT Ikpanuposron, Yey
AdJblile 3J€KTPOHHAA 060404Ka OT ALPa, TeM 6OJblle 3KpaHHPOBKA
>AEKTPOHOB. B MHOroJeKTpoHHBIX aTomay NIOYTH He sKpaHupy0TCH

SNEKTPORHE K- n L-o6onouek. Dty 31CKTPOHBl Haubo.1ee KpemKko crsiza-
HE B atoMe.

¥ atoma Secroneynoe HHCTO 3eKTPOHHBIX 0Gosovek. HeBosbmasn
A0 060J0YEK 3aN0HEHA HOMHOCTLIO HAH YaCTHYHO Z 3J1eKTpoHaM
2 Ha OCTalbHBIX 060/J0YKa X 2JACKTPOHOB HeT, Ecau Ha atoM He geii-
CTBYIOT BHEIIRHE CHJBI, TO 3/JEKTPOHH B aTome pacnonaramTes Ha ca-
MBIX GAH3KHX K AApY 060m04kax. B xaxpuofl n-if o6oaouxe MOKeT
OLITE He GoJee 2nt SACKTPOROB. Ilpu TakoMm pacmoaokenuy JMEKTPOo-
HOB SHEPrMA aTOMa MUHMMadbHA, yTo obeceynBaeT AaHTesbHOO
YCTOHYHBOE COCTORHHE aToMa. Dro COCTOfIHHE aTOMa Ha3BIBAIOT OCHOB-

.

Hbln, a SHEPrum aTOM&——OCHOSHbIM IREPETUHECKUM HpogHem (OC*

HOBHHMIM yposHeM). Ecan na aroy AeHCTBYIOT BHeIIHHE CHAL (ne-
i8

rue ¢TO * T JIEKTPO-
yapY TON OMaMH, CBOOOZHBIMU 241
JKHOBEHHA ¥ ¢ APYPHMH a >
HaMH H T. A.), TO 3/EKTPOH MOXKeT MOJYYHTDb onpeﬂ,eﬂeﬂﬁgm TIOpiHIO
rif | mep HOE MeCTO OJHOH H3 BHemHuX o00/I0ueK.
3Hep # mepeilTH Ha BaKaHT |
Takoe COCTORHHE ATOMAa Ha3bIBAIOT 8030yIcdennslm, a4 €ro IHEPruIo —
a

0BHEM).
go3bYIMOCHHBIN 3HEpeeTUeCKUM Yposnem (BO3OYKIACHHBIM VP )

= ATOM
Ecad ¢ 060JOUYKH fy SNEKTPOH yZaldeTcs H3 aToMa (fe=00), TO _
e :
eTcd. e
HngiggﬁmneHHbm aToM HeycTofiuns. Bpema ero mnﬁ:a;?eeco%aam“ym
pumepro 10—8 ¢, 3aTem sJAeKTPOH NEPEXORUT Ha}{oe aee OamsKyo
e aercAd B OCHOB :
; 060JIOUKY, H aToM BO3Bpall i
Kpgﬁg}ngpexona}éoaﬁymneﬁuoro aToOMa B OCHOBHOE COCTOSIHHE HCIY
B .
OTOHHI. i
CKaﬂcﬁ :{pa'rom OTHOCATCA K CBA3AHHBIM CHCTEMAM qac;uuCBBﬁsla s
CTeMpa\( YACTHLE YAEPKHBAIOTCA CHJAAMH anTﬂmiﬂu 5 o
CHnum Q4 B CHCTEMe XapaKTepuayeTc sxepaued €813 Hiraﬁ o papu?
g;e THH, KOTOpYIO HeoOXOAHMO 3aTpPaTHTbL AJsd gnan:m 1 dacTinib
H3 (I:JHCTéMbI (HanpuMep, JMEKTPOHA H% a’romao)é nﬁ‘;ppaapbma Jucre
XOZHM
W, pasHa sHepruu, Heo h
Mbixzacrgéémncqgcmuamn cactemel. Tlocne BOSB]’J&LLICHHZ nqa;T?#H_
1::1"%13 Cgi'-ISa-HHy}O CHCTEMY YACTHLU, BRIAESETCA IHEePrHA £, 2 | paaxoay
Te3e CHCTeMBl uacTHil — sHepras W CJIe)IOBaTeJIbHO,aCTb o
(1.5) B mpouecce cHHTe3a CBA3AKKOA CHCTEMB lfll?)g%;al;oaaﬂue D,
! BHIBL 3HEPTHA.
ofipaszyeTcqa B JAPYTHe BHIL mep-
?}?:Or;l[o?cgi Bpﬂp};zme BUAb HEPTHHM HA3BIBAIOT KPAaTKO 0CB000%
cenent Me MOXKRO
- gxcﬂepumeuranbno SHEPTHIO CBA3H 3JeKTPOHOB BKTaE?igiIH. i
H3MepuTh, OoMOapAHpYsa aTOMBl YCKOPEeHHBIMH 3J€ 6%M6ap,unpylo~
onpeneﬂehnom YCKOpAIOWeM HaNPSKEHHK U; aneprus Somgaprpye:
MyX 37eKTpoHOB E; CTAHOBHUTCA PABHOH 3HEprHH CBHTOHOB Thoros
Ha pHemHel oBosouke Wi, M HauuHAaeTCA HOHH3AUHS ATOMOB.
HeHHe U; Ra3HBAIOT ROTEHH{UAAOM HOHUIAYUL. wcna SeKTpOHOB
XuMHugeckrne CBORCTBA 3/1eMEHTOB 3aBHCAT OT | JaekThonos
BO BHellHell ofosouke. DTH JeKTPOHB cnabee CBﬂBaHb;aHMOEeﬁr;TBHH
3JIeKTPOHH BHYTpeHHUX ofosouer. TIpH xAMAuecKoM BBaJIeHTHblMH, oy
4TOMOB SJICKTPOHH BHemHe#l of0JI049KY, Ha3u3aeMbIeHEMHm Hem, Te-
PeXoRdT OT OZHOTO aTOMa K APYToMY. SJIEKTPOHBI Bome e o
HHX (3aMKHYTHIX) 060J04YeK CHJbHee CBA3AHH B aﬁT fe, deM snextpo-
HEl BHEIUHHX, He3anoJHeHHBIX 000J0UYEK. STI:.IM 0 EHH e nim o
cKafg MHEPTHOCTb OAArOpPOAHMX rasoB (reJuit, He03 a’roﬁbs pi_Fop-
MAJIBHBLX yenosHaX. Daaropofgele rashi COCTOAT H TOMOE, 2 He M3
MHOTOaTOMHbBIX MOJEKYJ, TaK KaK BHelllHUe 000J0YK] ;
razoB 3aMKHYTHL. N
Paccmow};tm nocJaea0BaTelbHOCTh 3aﬁrlcmmegnf:I 2{23}3{2252 anomon.
Bonopon umeer onnm saektpon B K-06omoux

' I pac-
X0AYyeTCA HA H3IMPHEHHe HX BHYTPeHHEro COCTOSHIR. yngg ekay daermiamn . 665
HCXOART TOJBKO OepepacnpefiencHde KuHeTHuecKoll sHepr
H3IMEHERHA HX BHYTPEHHETO COCTOAHHA.
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HHe
aﬂegr p?; YacTora )OTOHA CTPEMHTCS K I
CBSI3H JIEKTPOHA Ha 000J04Ke 5
I-

Duepruo
71eK
TPOHOB B 000NOYKAX aToMa H306paxaio
T B BHJe

AHarpaMMu (p
HC. 13) Oxn
PACIONOKEHHE - Ha COCTOHT H3 pajia
X TOPH3CH M
JIHHHH Ho Haqau’gp}e;l;‘c}tllzﬂ ADYrOM. paCCTOﬂHHepn-ﬁ ;‘(é;ﬂEme s
JHHHI HAHOCAT 3SHEprHu T{?y IPOnopUHOHAJBHO 9Hepl"nnp "}?HTa.I[bHOH
P n W KBauToBbie YHcaa n. Bep . OKoao
. THKa/bRbIE

CTPeJIKH MOKa

3BIBAIOT BO3MO3

ACHHOM aToMe. SMOKHDIE TEPEXOAB! 3JEKTPOHOB B B030
VK-

Ipn nepexo
ax
Ha L-oﬁonoquﬂ_. L_gggxpgﬂga HaKK-otionquy uenyckaerca K-ce
rux smHul, L-cephsi —us L - —L.Il.- -Cépus COCTOHT us K -, KS_HES}?:’
@ »

p JI 2K R S o

HBle M
€CTa, KOTOpLle MOTYT 3aHATh 3JEKTPOHH ¢ Apyrux obo

| 4
E;po]fgﬂocm nepexona 3J1e$;g.»
OﬁoﬂquﬂK-oﬁoquy C Apyroi
0801¢ coc’) 2 3HAYAT M HHTEeHCHR-
) HoCTi TBETCTBYIOULe#l JIHHNHH
M(n=3) YMEHBLIAeTCS ¢ POCTOM 'KBaHTO’
ig;o t]r_lréc.aéa n. HaunGonee Bepos-
vos o pexon Ha K-o6oaouky
K., ;{gﬁpOHa ¢ camoil GauzKoR
X e L-oBoaouxn. Tlostomv
o~ THHHA — CaMaf HHTEHCHBHASN

B -
‘{OKocepim. CoBokynHOCTL mepe-
X0H0B 3MIeKTPOHOB Ha K-060/10Y-
Kn=1) Er); BC BCeX BO30VYIKAGHHBIX aTo
511:1(‘, 1.3. Dueprus amextpona B o6 BoaXH}?I?eT i pvra. cepmn o
OMa H CEpHH pPeHTI¢HOBCKOTO onyonin A atowa.

aanyuenns IYYEHHS aToMma.

Kaxapiit nepexog SICKTPOHS

BOJKJlaeTcs Hen B Bo36
CKa VKIEHHO
YCKaHHeM OZHOro ¢poToHa. HOSTOMy'np:[ ME;{T;)m conpo-
FOKpaTHBIX

nepexofax ajex
TpoHa B BO36
doronon. Tak, e YHACHHOM aTOM
) on e BO3H
3JIEKTPOH Cpas"y H'3H-B Ha cBoGonHoe mecTo B :‘(’-oﬁo‘.rllmaerr Mmoo oNO
Ecau na K-o60a0uk HelllHe# ofonoukH, To chycxaeT?:m{e Ll
nocneﬂHmm_aﬂeI{TblgDnHonaﬂaeT CHAYAJIA 3JeKTPOH ¢ L- ggé’ﬁ““ $oToR.
potora u . 0. O C BHeliHeH 060A0YKH OURH, 4 Ha
1. OTMerH , TO HCIyC
ATOM Ha NpYivio COOT:IQ)T(I:]:;) :epexon 5JEKTPOHa ¢ onﬁ{,‘;a'ﬁggﬁ nBa
YECKOTO YPOBH 'eT mepexosy at .
A Ha Apyroii y 2T0Ma € 04HOrO 3
it oM 5T Heprern-
ﬁgilggggm};a OIAHY H TY XKe pBeﬂqunl:iyaHepmH 2CKTPORA N g'roma
" :
HPOTOH—ososuat?;;?:OﬁM ABJAETCSA aToM BoLopola. Slapo
B 1836 pas Goawize MayKBoﬁ P; Macca mpoToHa m =F00137%I;0p0,11a—»
ToHa pane otemenr CCH SJEKTpOHA. 110J0MHTeNbHb ba.e.u.
PHOMY 3JIEKTpHYeCKOMY 3apamny 16(?31[)(};!—%9 npo-
,0U- Ka.

Crextp us
JYYEHHA
COOTHOIICHHEM ° Bolopoda mo reopuu H. Bopa onucup
aetes

K-copus L-cepud  M-cepusn
Nin=4)

4

Ws

W,

W

22 =cR(1{n%—1n%), (1.6)

paHHHHOﬁ. Vro=¢gc/ 1, Fae &g, —~
Mic.
o Bo30y®L

*aus teopnit H.

e R-=10973731 M—1 — HOCTOAHKAR Pud6epea, ¢— CKOPOCTD ¢cpeTa,
fr eHHBle aTOMbl BOAOPOAA UCIYCKAIOT Ceplito Banpmepa NpH

pepexonax 51eKTpoHoB € 000J0UEK ne=3, 4, 5, #a L-060J0UKY
n=2). 712 _cepud Gyina WaBeCTHa SKCTEPHMEHTATOpAM Jio TIOSBJIE-

Bopa. Tlo cOOTHOWERHIO (1.6) H. bop npeackasad
KoTopuie OblaH HafifleHbl BNO-

apHo. CoBNajeHHe Teopud H IKCTIepUMEHTA

no cmeKTpy BOLOpOAA [OATBEPAMAO CNpaBeAIHBOCTD NOCTYAATOB
H. Bopa 06 oco0eHHOCTAX JRHKEHUS 3JEKTPOHOB B aTOME.

CrexTp MHOTO3/EKTPOHHLIX ATOMOB HMeEeT OUeHb CJAOKHOE cTpoe-
ppe. JTa CA0KHOCTh ofyciosfena 3KpaHypOBKOH /NEKTPOROD B aToOME,
KOTOpAs W3MERAETes M0 MEpe yaa/JeHus sMekTpoRHOl ofogoukH OT

supa.

AToMbi  HCILyCKATOT PEHTTEHOBCKOC usayuerie Npy nepexolas
33eKTPOSOB HA BHYTPEHHAUE oBonoukk, C nepexoRaMi 3JeKTpOHOB Ha
aHCMIKIX 00oMOYKax CBA3AHO onTHUECKOE M3JYHeHHe, KOTOPOE noA-
pasileanercsi HA yALTPadnoNeTOBOE, cpeToBOC H ITH(PAKPACHOE.

PaccMOTPHM BJHSAHHE 3KpaBBPOBKH 3JEKTPOHOB Ha cpoficTsa onTH-
4eCcKOTO H PEHTTEHOBCKOTO CIEKTPOB. Panee TOBOPHUIOCH, UTO SIEKTPO”
yol BHETHeR 060N0uKH cfabo cBAzaful ¢ ALPOM. Ha znexTpoi BHell-
weli OBONOUKM JEHCTBYET HE noausf, a s PpeKTHBHBI 32PAL ARPa.
paBHblit €. OcTtanpdoil 3apajg fAapa yefiTpaanayercs ApYrHMH Z—
y1eKTPOHAaMII aroMa. [losroMy eBOfiCTBA OMTHYECKOro CTIEKTPa nouYTH
OAHOCTDIC ONpenensTes CTPOEHHEM premtefl 060JOUKH 1 MaJto 3a-
sHcsAT OT NMOPAAKOBOro HOMEpa 7. TloCKOMBKY CTpOEHHE pHerusedl 000-
MOYKH TEPHOLHYECKH TOBTOPACTCT, To, KaK caeicreue 3TOrO. uabato-
naeTcd NEPHOAHYHOCTH M B CcBOMCTBAX ONTHYECKOTO CHEKTPa. Tax,
v aTOMOB [IRJIOUHBIX pMeTaJIOB BO gHewngefi obojouKe HAX0AHTCA
fonbKo AR 3MEKTpoH. OBM HCIYCKaloT CBETOBOE p3AyueBle, 4acToT-
Avle JUHAR KOTOPOTo Mafo MEeHRIOTCA TpH mepexole o7 OfHOro 1UleaoY-
Lol 3ieMeHTa K ApyroMy. B ONTHUECKOM CTNIEKTPE HET peskoll 3aBi-

CUMOCTH 4aCTOTh oT I'[O]JS[II.KOBOI"O HOMEPA.
To-uHOMY naMeHAeTeH 4acToTa peHTTeHOBCKOFO H3JAYyYeHH . UacTo-

T JiliHlIﬁ peHTT‘eHOBCKOFO cneXTpa HAXOAHTCA B C}I.ﬂbHOﬁ 3aBHCHMOCTH
ot sapafa fAapa. [lorameM 5T0 na npumepe K -AHHHH. Ha snekrpo-

ubt K- o L-oBomouex neficTByeT 3¢¢e1{maﬂuﬁ sapan #Apa, pasHbl
(Z—1)e. HacToTa K _-nuHUK MO TEOPHH H. Bopa HaxoAWTCH H3 COOT

nowmenua  (1.6), npeABapHTEIbHO YMHOKEHHOTO  Ha (Z—1)% npu

=1 1 1=2

HECKOMBKO CEpHil M3JYHERIIA BOLODPONA,

chelcT BHH SKCHGPI{ME‘HTQ

=3 fg,CR (Z— 1)2

7 TOPALKOBBIX HOMEPOE Z> 1 uacroTa K -qmuua pacTeT Npo-
nopwIoHANbHO Z2 TaxuM 06pa3oM, ¢ YBENHUCHHEM NOPAAKOBOIO HO-
Mepa B PEHTIEHOBCKOM ciekTpe He HabiolaeTc TakoH HepHOILHYHO-

CTH B MOBTOPEHHH CBOHCTB, Kak B ONTHYECKOM CHEKTDE.
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A=V TRZ— 1. " § 2.4. NPEAMET KBAHTOBOA MEXAHMKM

Knaccuyeckasa (u3uKa paccMaTpPHBAST 3aKOHKH MaKpPOCKONHYECKOTO
mupa (Maxpomepa). Od COCTOHT u3 Teq, ofpasOBaHHLIX OrPOMHEIM

Habmonawotes gug g b JIHHEHHbE sancinocry Vi 3
TH 3aBHCHMOCTY BnepBu:H L "CePAI penTreHoBcKOrg o /A ot W - ucnom aTOMOB MM MOJeKya. Braromaps orkpertnam [aamnes, Hbio-
Prsnkom Mozay g 1913 Tosydenmy SKCIepHMenTaNbHG ay HeKTpa. ToHa, JIOMOHOCOBa Il APYTHX YHeHBIX KJaaccHuecKas (QH3UKA K KOHLY
KenepaMentanpuoe y3 I ¥ Bllocsegcrany Ra3Banwl agion o TCKi XIX B. 00BACHK1A NMOUTH BCE IKCIeplIMeHTalbHEe pe3yabTaThl. OcTa-
YTOUHHTD N0 3akony M YaeHHe yacrory K, -maung '3JIeMeHmOM Mozau, ganach HescHOH nmpupoaa boTosdh@erTa H HEKOTOPHX APYrUX ABJAEHRB.
AKIB BﬂeMegT HOHSJH 3apaa fapg B moMoras C u3yueHUsi 3aKOHOMEDHOCTEH STHX ABJEHHH M HAYAJOCh HPOHUKHOBE-
KeHue apapy n PEHTF(;HQ;T OTIHAHOE OT Apyrpx sTeMento HAe QU3HKM B TAHEl MHKPOCKONIYECKOTO MHpa (MHKpoMHpa), B KO-
CHEKTPA, OTpazamowen Ly BCKOM cnmextpe, Crpoenne PEHT? pacnoao- - TOPOM CYLIECTBEHHYIO POJb HTPAIOT €BOHCTBA ATOMOB, 51€KTPOHOB H
ABJAeTcn XaPaKTePHCTHKo?SIHCTBa BRYTDEHHUX 51K TpoHHpix eléOchoro Apyrux mukpovacThi. Hceaegpopanus Ilnanka n Diniiteiina 1o Bsan-
CKHJl CTEKTD sementon aroMa. ITostomy JTHHeAYA TR f, 0J109€K, MOJCHCTBHIO CBETa ¢ BELIECTBOM 3A/M0KUIN GCHOBBI KBAHTOBON TeOPHH
eopus H. Bopa npe B3bIBalOT XAPaKTepucTLYeciyy PeHTreHOB- 3JCKTPOMArHHTHOrO 1aAydenus. [lo kBaHTOBOH TeOpUU cBET — 5TO PoO-
gl‘poeﬂna aTora PeSyanpaTl;e T}éggsﬂaﬂa Ha OcoBermenes .BHYTpeHHem TOHBL ¢ anepruefi £ 11 umnyiabcoM p:
ECTAIIE COBNAMY ¢ Nanpuy H 00 H3iyvensio atoma. p E == hv;
HIIA MPHYHHY Hemyekamys oo KCHEPHMENTa. Teopus H. Bops «ons ' (2.1)
MH, neprom: T A JHHEWYaTHIX chegr o 202 00bsc- p=h/i
Ko OCT];BEI?TOE:CT{}L];;{BJI?{H nﬂ{;qH' eHlleseena Eogagggf\gglaﬁi a(;OMa- ! Jlepbie 4acTH {SHEPIHs, HMIYabc) cHeTeMbl (2.1) sABaAfOTCH nps-
ABYM TocTynaTam. H. Bo EMY JABHXeHue B arope noaun _ 3HAKaMH YacTHUB (KOPNYCKYJAB), 4 HNpaBble 4acTHl (4acToTa W AJHHA
dCCKN nonyyns pap Pe3Yﬂ€r:?e'ﬂ HX Ges AOKasaTenncrsa y Tégﬂemﬂ . BOJAHBl h=¢C/v) — 3JAeKTpoMarHutrHoll soaHul. B 3amucu cHereww (2.1)
MeHTa. TeopeTnueckoe p3 OB, CoBNagatomuy ¢ AAHHBIMY 3 fon OTpaxaeTcs Ayaausm (BosHa — vactuua) csera. CeeT, ¢ oAHOH cTO-
TOBAast MexaHmka, g KOTOp);:‘ieHHe CTPOEHHS aToMma Hpoﬂoﬂmmgmepﬂ' | POHHL, HOX03K Ha ras, cocTodamuil A3 (HoTOHOB ¢ 3HeprHedl E 11 uMmyas-
MEPHOCTH ABMKeHug Ha HOBOH ocHoge YCTaHOBMeHp 33}1({:}??- - £oM p. C apyroil CTOPOHE!, OH NPEACTABAAECTCA HENMPEPLIBHOH 3MeKTpo-
) MAarHMTHOK BOJHONH ¢ yacToTofi v. B pasfauuHBIX YCAOBHAX 3KCNepH-

B
4ATOMe y Apyrux KBaHTOBEIX CHCTeMax

MEHTA CBeT NPOARJAAET HAH KOPNYCKYASIpHBIE, 1141 BOJHOBLIE CBOWUCTBA.

B 1923 r. ¢panuyacknii ¢uasux Jiyu ne Bpofiib BHCKa3ad THOOTe-
3y, HOATBePKJEHHYI0 BCKOpe SKCIepHMEHTAaJAbHO, 4TC Mioboe ABUKY-
Lleecd Teno o0aagaeT H KOPOYCKYJASAPHBIMH, U BOJHOBHIMH CBOHCTBa-
M. KiBeTHyeckad sHeprHA W MMNYJAbC Teda CBA3AHEI ¢ YacTOTOH H
AMHHON BOJHLL ypasHenusamu (2.1). JauHy BONHE ABHMKYIMUXCA TeJ
HaXoffAT M3 BTOPOTO yDaBHEHNd, B KOTOPOM HMIYJhLC P 3aMeHeH Npo-
H3BeeHHEM PeJATHBHCTCKOH Macchl /7 HAa CKOPOCTE U:

A==h /. (2.2)

C yBeamueHHeM MAacchl TeJa IJHHA BOJHB CTPEMHTCH K HYJIO.
¥ MaKpOCKONHYeCKIIX Tl OHa HeCPABHHMMO MeEHbIle Pa3MepoB CAMHX
TeJ Jajke [IPH CaMHX He3HAUHTENBHBIX cKopocTax. [losTomy Ha B3aH-
MONeficTBHe OJHHX MAaKPOCKONHYecKNX Tes ¢ APYTHMH BOJHOBOH Mpo-
liece He OKA3bIBAaeT HHKAKOLO BJAMSHHA.

¥ MNEpodacTHl (2MKTpoHA, NMPOTOHA, HeHTpoHA, ATOMA H T. M)
Macca cpaBHHUMa ¢ aTOMHOH eJHHHUeR Macchl, ¥ IJHHA BOJHBI MH-
KpOUacTHUB Npil HeOOMBIINX CKOPOCTAX MOMKeT OblThb BechMa 3Hayy-
TeabHoH., Tak, 1MMHa BOJHB 3JeKTPOHA ¢ KHHeTHUeCKOH SHepruefl

=3

100 3B, pasmas 1,33 A, cousMepuma ¢ TMOCTOSIHHON KpHcranaa d.
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Ecau na [IOBEPXHOCTL Kpuctanaa (om. puc. 1.2) wanpasures Ny4oK’

3NEKTPOHOB ¢ MJAUHOH BOJNR A==d, To B OTpaxenuoM myuke Gymer

HabaoAaThes AHppakuus SJAEKTPOHOB. DKenepuMentamn o oTpaxe- §
HUIO MYYKOB 3MeKTPOHOB oT OBEPXHOCTH KPHCTAMIOB M Gbing saep- 1

BEIE MONTBEpPKACHA AOCTOBEDHOCTE THIIOTE3h Jlyn ne Bpoias.
YBENTHYEHHEM CKOPOCTR © 1iHHa BOJIRBl YacTHUEL yMeHbluaeTcs.

lpn ckopoerax, 6ausiux x CKOPOCTH CBETA, LAMHA BOMHBL cTahOBNTCS |

OReHb Manof. Tak, sHeprun 3MeKTpoHoB 100 M3B COOTBETCTBYET A1l q
L]

CTal10M DHPDAKLHA He MpoABAReTcs.

B kpanToBHY fBMENMAX CYWECTBeHROE BAMSHIE Ha TBuMKCHKe OKa-
SBIBAIOT BOJMHOBBIE cBoficTBa wacTur, danna ponun YacrTid, ocobende
OpH HeGOMBIINX CKOpoCTAX, CPaBHHMA ¢ pasmepaMu aTomos p MaJe-
Kyn. [lostomy MHKpOYacTHII b, B3aumoneiicteys MEXAY coGoi, B OnHny
GIy4aax BedyT cefa rak BOJHBI, a B apyTUx (BhCOKHe CKOpOCTH) —
KaK vacTuusl. 3to ogua js 0cobeHHoCTe MHKpOMHpa,

Bropas oco6ennacrs MHKPOMHDA — TuCkpeTHOCTD MeXaHHYecKix
H MarHHTHHX Beanyuy (3Heprun, Momenra KOHYeRCTBA  IRIKennn
H Ap.) CBA3ARHBIY CHCTEM vacTui (atoma, Aipa W 1. n). Ecan
B MAaKpOMHpe 3TH BeXWunpp NSMEHAOTCA HenpephBHo, To g MHKPO-
MHPE OHH MOTYT NPUHMMAaThL Toubko JHCKpeTHBIE 3HaYeHus.

K npeamery PaCCMOTPeRKA KBAHTOBOH Mexauixn OTHOCATCS 34KO0-
HOMEDHOCTH nBMkeHus p MUEKpomupe. KBahtoBan mexanuka oTpaxa-
€T Ka4eCTBEHHO HOBYIO CTvhens NO3HaHHS mpHponw, NO3TOMY  OHa
» KaKk uMnyaoe,
MOMEHT KO/IHYecTBA NBMKenus, MACHRTHBIH MOMEHT U 1Ap., OHA 32uM.
CTBOBaJMa H3 KaaccHYecKol $usukn, Onuako B KBAHTOROM Mexanuke
Y HHX Jp¥roe comep:anise.

KBAHTOBOH MeXapnke HHOOPMANIO 6 EBMKenun p MUKpoMEpe
TOJYYAIOT MOCPEACTBOM BONHOBOH GyERun (nen-dysxuns), apaso-
Lehca pelllenney BOJIHOBOIo ypaBHeHHs, KOTOpOe moayypn ABCTDUN-
CKHH ¢pusuk Wpeaunrep. 3o YPaBHeHUe HasmBawoT Ypasrenuen
Ulpeduneepa. Owno ONNCHIBART KBAHTOBHE fAR/eHms OpH  cKopocTax
U< e. PeasTupucrckne KBaMTOBbe sIBAeHUg (v==c) omucmpaer yhae-
Henue Huparka. B 3alauy KBaHTOBOH MeXauuxy BXOOHT oTeIcKahue
peiledus ypapuaenyi Llpennnrepa nay Hupaxa zas KONKD@THEIX KBaH-
TOBLIX cHCTem (aTow, AApo 1 T. 1.). Boauopag byHKuMs otpaxaer -
pacnpelenedue yactuy o KBAHTOBBIM COCTOAHNAM, KOTOpble Xapak-
TePH3IVIOTCH AHCKPETHBIMY SHEDTHel, MOMEHTOM KoMMyecTha ABHEHRR
H IPYTHMH BeJRYHHAaMY. CrenosatenpHo, BOJHOBasA MHyHKNUA — 370
bYRKUMS cocToanng d4cTHU B MuKpoMupe. Boarosas Pyskuus W
B obllem CAyHae — KOMIVICKCHAR BeanunHg, ®rasuyecknii cmeicq Hume-
€T KBaXpaT MOAy.aA BOJHOBGH Oyuruny | ¥ (r, ¢) |% PaBRENI naoTwo-
CTH BEPOATHOCTH HaXOXIeHusn HaCTHUB B ompeleseHHoy COCTOAHAM
BOMN3H Toyky r g MOMEHT BpeMeni /.

B kBawropoit Mexaunke ocobyio poas Urpaet nocroannan Haanka.
Ona Bxomur » BEIDAKEHHA 1A9 Beex BEJIMHMH, xapaxTepusyiowux
KBAHTOBEIE #BJacHHA (sueprus ¢orona, ANNHA BOJHHL YacTHI 1 T a1.).

Gpeub
AKOTO-AUH0 NBHACEHUA MOMKHO g}g;;esgm_
cuye
aMH, TO JBH:KeHHe MOAYHHAETCS KI:iﬂXa(f[‘eJI KM SaKo
' HM:{HBeJIH_‘;?:p -nf)H ABHKEHHH MaKp%CKOHT;(:saKOHu KAaCCHYeCKOH
N aaTh 1 T =h{mv. 110370 ecxot
zntaTb moTeR Bogzgﬂiﬂumj ciydaeM 3aKOHOB KBAHTOBOH

Kil ABJAIOTCA TP o
Mexiﬁgpn nepexoAe OT MHKPOMHPa K MAKPOMHP
HHK

oM OpH PAcCMOTPEHUH K

.

KeaurtoBoe COCTOH:;/Ieﬂg
KOJIHYeCT

mozeﬁg?ﬁd npuHAMATL TOJABKO }ZLH:
p?e 5TH BEJNYHHBI B aTOMe KBaII;l gneprne
3 BUAYTCA ¢ OHHAKOBO el
e reopm atoma H. Bopa, xapakTepusy Juickpe
p TESE’I‘I:IOHHHHH‘E)H&KTPOHOB H HOMED 3INEKTP
cKne ,

clo 71 HasblB
TOBOM MeXaBHKE 4YH o cans

. l,{‘

TOMe OMMCHIBACTCSl IHEPTHE :
neKTpo:aH BM:rHuTHblMH MOMEHTaMH, KDT(;
bxo eTHHIe 3HaueHnd. Vimage FOBOPOi
Krg'rcﬂ‘ DneKTPORH 6GOIOUKH € }?aK
#. Yucao n=1,2,3, ..., a
NHCKpeTHble 3HEpreTH
6onouyKkH. B KBan-
AI0T 2AQBHEIM KBANTOBLLM uuiﬁg;:j.
KTepusyerca opOuran

us
Howesie SICKTpONE BO i L. On HampapBJeE Mo Ocli Bpallled

MOMEHTOM KOJIHYECTBA ,ElBIl}KeH:HnﬂO
3JexTpoHa, NeprneHHKyAApHO

HHM
Monayab opOuTafsBROrO MOMEHTa MIpH

cKoeTH opOnthl (pHe. 2.1).

aeT JUCKPeTHBIE 3HAYEHHA

— —[_ _ . p‘é b

-# ofo-
HOM KBAHTOBbIM HUCAOM. ﬂé.:}l[fllmnol‘:kr g0 L
NOYKH OHO NMPHUHHMAaeT 3HaY i,
}1—1‘ BosMOo&xKHOe YHCAD 3Haqf; i opo-
TanbLHEOTG KBaHTOBOTO qu%.naoqxe o
nouke papko n. B K-oBon axe oo
-}a.nbﬂoe KBAHTOBOE YHCIIO MO T |"
TONbKO PaBHBIM HYJIO. ﬂ.ﬂﬁﬁ D nc:
HOO JBHMKEHHS TO Kamere mpoTHSO”
peyusuim. Bce ofvacHAeTcA oM, HT
o ¢ =0 He HMeer onpen HOM
BH%KTT% Fro ¢ papBHoil BEpPOATHOC b
:)1%}1?}[0 'Hal':ITH B Jboii Toqﬁxe gt?:?lip%llax N
cTH cthepH € pagHycoM O Oimeerl 2
Kak OPOHTAJbEbIH MOMEHT e o,
npasAeHue B NPOCTPAHCTBE, > npw pan
e cpenH HBI:I}:qe;?P?e ?)J;J%I/I'IPE]JII:HOTO
cpefdee 3 i 0
ilq;iipeemap paBHO Hymo, B L-06070UK

) H

-000J10vKe, KAK H B amen
EaLcogil? I;M;BeT foJee oNpeleNIeHHYIo Op

Pue. 2.1,

wenue  opOHTANBHOTO

Cpejsee sHaueHHe MORYJA LKOTIH
nouke (n==3) MopyJb MOMEHTA KO

anauenns: 0, 12, RV6.

J10-
cUTeJbHOR MO,
P MOMEHRTA

1"-
koaHdectBa ABitHerHs b 11T mOaHa
HHTHOrO MomMeHTa M 3AeKTD

npHHHMaeT ABRA 3Haq:(£1;1;1é
PaBHOBEPOATHO engnempo-
o & bHOE ZRHIKEHH
N K-o6oaouke. Opbutan T asenne.
2, B M-o6o-
mpt n=1 pasuo R}'2. B ZITOT]JH
qyecTRa JABHAKEHHA MPUARMA
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B MAarHHTHOe noge,
Marnutsoe noge 0
B OUpesefeHux #
HAUPHMep, cymlecTayer ogpo ¥
HUTHBIH MOMEHT Hanpapen mo oo, OIpyroe aeno g MAKpOMupe,
Marratuetit  momenr pacnona

HOro MomeHTa Ha ocChb

Cocroanng INeKT
MH KBAHTOBBLIMH yye

ITOMY -1 060J0yKa paccaausaeres na
Onn XapakTepusyoTey OOHHM rnaBHL
HBMHE KBAHTOBLMY YUCAAMY,
pOuTaILHOE ABHMKEHHe 3NCKTPOHAE MOMKHO baccMarpumarte Kak
Kpyroeoit SREKTPHYECKH]T Tok. HanOMHHM, YTO 3a HA
IPHHUMAIOT HallpasJaenne nepeMeniennyg OO0 KTe
bHBIH TOK Teyer

POHOB 7-if 0GoouKy ¢ Pa3aHYH L
TAMH HeCKOABKG OTay

Puc. 2.2, Bosuow-
Wbl sHaYenus mpo.
€KUNA OpSuTanbHOro
Momenta L=# V|3
Ha nanpapienne ma-
FEHTHOTG moag
{f = 3)

Pure, 2.3 OThocu-
TeNBHOE MOMONKEeH e
COBCTBEHAOMD Mo~

MEHNTA  KouigecTpa
ABIDKEHHS  (cnuma)
H MareNTHOTG wo-
MeHTa 3NeKTpona

Teneps PaceMoTpuM, uyto e TPOM3ORIeT, ecan aTom IOMECTHTh
HAIPAKEHHOCTL KoToporo Hampagiaena no ocn 2.
PHEHTHDPYET Op6HTAMbHBIe MATHUTHBIE  MoMeHTL
anpasieHHax. Iag MarHHTHOH CTpesikp KoMnaca,

CTofiuuBoe Halpas/enue, korna ee mar.

raercs Tak,

ITO Npoekuas opSuras-
¢ TPUHHMAeT 3dayeun

A, KpaTHele 7. Hanpumep,

MH OpOHTANLHEL-.
1a10TCH ApYT 07 Apyra. Ilo-
A nopotogouex 3MEKTPOHOB.
M, HO DA3NHYHEIMY OpGNTAADL-

npaBaenne toka W/

0 == — Mb OpHeHTa‘
ﬁ’]'a.flbﬂblﬁ MOMEHNT L h 2 - 3) MOMKET HMETb <€

1':[ B ]l|]()C |.'l T Vl (! T oMeHTa Ha

t uf TPaHCTBE ]'IpH FTOM npoeKuHH 0_06}{ aNbHOTO M l

I ' : B3

B paBHEHHe o1 anHHMael 3HaueHdda: ——3&, —-Qﬁ, —ﬁ., 0, n 2]1 1 3?1
‘gan

A.
CHIBAIOT KpaTKo /71
. L. Ha ock z 3anmu OoT0
eKIKH MOMEHTA 2 M. A Kam
{puc- 2'23)'}531;”;133}01‘ MAZHUMH LM mgaﬂnwﬂbml Qiﬁﬁmu&nuux 3Have-
“hic o ﬂaoro MOMeHTa OHO npuammaer 2/+-1 1

HTANE L. ?
:‘lgg B eapHBHax f: oT —/ ﬂoh_-!—cOBnanaeT ¢ pPasMEpHOCTBIO JeficTBHS

HCTaHTHL
PasmepHOCTE KO

BpeMs).
, He 3IHEPrHH HA

HA, TMpPOH3BEACH

yeCTBa ABHIKEHHA,

(MOMEHT KO.JH

3

Mep mT! b -
¢ MOMEHTO KOJR4YeCT H h CRUHON. :)JIEK-

olobue
OCH co3llaeT 0
BOKpYT CBOeH ATDAB-
Ha Kak 3apsia o eKTpoHa Hanp
memne aﬁeﬂ?{‘; Co6cTBEHHDIA MATHUTHBIH MOMEHT 3NEKTP

KpyroBoT: .

3.
feH NPOTHBOMOJOKHO CIAHY H PaBeH ;;:J?HHTHOM nose 06ycaoBANBA-
TpoHa B ] [Tocaennii
HA CIHHA 3JeK MenTa.
TCSPOH;:;?#auHeﬁ cofeTBEHHOrD Mam!?:oﬂonr;?oeﬂfmﬂ CInHa S Ha na-
e CTBe TakK, 3HAUEHHA:
¢A B NpOCTpaH IMaTb 1Ba 3Ha
yCTaHABJINBAET MOKET NPHHI: i
b, HOTO oOnda awT OIH
By ;aQFH]gomo:ﬂKHue MPOCKLUHH CTIHA afgm}]l);ibmaun cie-
=12 i+ {'S"— fi,m. Yucno ms, pashoe 12 n —1/2,
BHIpaKeHlNeM S,=fm;. _
Y oM HUCAOM. DOH H IpYyrax
Hogu REARTOS eHHAX © JBHEHHH CBA3AHHBIX aquKI(PS]bI‘?HO HX Mak-
[Tpu E;;cﬁgcim'm momentsl L, S n M 33M6¥2Kmne VnpolLeris tic-
‘clﬂ;‘ﬂi}[gmn npoeKursMa Al %2, Pb‘J][?HT'a i!r]'(;n{me B TEKCTAX ApyTHX
f T€ KHHTH, 1BHOM
: ApHeflleM TeKc npH Moaed
noabaymTCﬂKBa;aanuu CTHAOB vacTHi B Tabanuuax, np
KHHr MpH ¥
YaCTHLL MAKCHMABHBIE
mOﬁpameHH}{nc 2.3 HzoGpaxken 3JEKTPOH H YKazaukl o
aK, Ha . 2 MOMEHTA .
! . cm]?lHa 7if2 % COGCTBEHROTO MArHHTHOTO Hble UACTHUGL MO
npog{u THM, YTO TNO 3HAYEHHIO CIHHA 3JEMEeHTap G MoAyUeds
TMETHM, , HOHOB © ;
b, ¥ depu T HbS
MAOHEE W Go30H HEL MDOTO
pﬁa?ége.?glhlqgﬁ H? %epuum oTHOCATCH, Hanpnmepl.)aiggiigp?o " Sﬁ,, ).
(R/2, 3%/2, ...). ‘2. ¥ 6030HOB CIHH K , o
5 nuHoM ;2. CIHH KOTOPO
'Plt"HempOHb[n;g,mETaameneM Go30HOB ABAfETCA POTOH,
HITHUHBM ; !
. (apakTepusyerTcs ue-
Pk 0e cOCTORHHE 3JeKTPOHOB B aTo.\de6 )\f&ﬂfwb& I varsnt-
Lo TOBLIME 4iCAaMI: TIABHBIM 7, OpOH N CTPOEHHA 3NEK-
appMn KBCE;'IHHHOBB;M ms. Jlas 06bacHenus COchgliuav.nn 5 1924 r. chop-
?;loh:mn:[xnoﬁonoztelc aToma weedinapekuil pusux llay
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) o IpHHuAny [1
B OlHHaKoRL %

TOBBIE cOCToaNng ay0
TIHd210Tes 1p

=

M4 BCeX  3iexTpomnos 246410+, 4
! MpeacTaBaser coboj Bospacranmy apncpmemqecxym
] i Mparpecernio, COCTORIUYIO W3 £ clAaraeMery ¢ PasHOCTBIO, papmoj 4
18 Makcuvanpnoe HHCAO snekTponog g n-i obonoyxe baBHO cymye
- YICHOB iporpeccnn, T, e
-Q—iﬂzﬁ:_f_)_nzgne,
2
HpuHany HNayny TORYUHAIOTCT Re
Pbepmuons, B STOM cymlecTpennoe OTIHYHe (he
Ha KOTopue mpuruyg ITa
YTounmg qmanqecxyfo cy
AeieeBa, orpaxammere
KBAHTOBBIM COCTOR KA
STOM Taparpage y
Ta anektpona. K
YT04HeHO B corep

B atoMme,

Bl HCROMB30BANY KAaCCHYeCKHl Tepmuy opbu-

AKOH CMbicH Hpeer 3TOT repumny g MHKpOMUpe, Gyper
Yiolem naparpage.

§ 2.3, COOTHOWEHKy HEORNP

ERENEHHOCTER
B RIacchyeckon

i Mexannge Tpaekropus
3YRTCA ero Toyypmy, Koophaunartogn
MOMEHT Bpemeny ¢, HpHYEM 06e R
MED.  paBHOMepRoe TpAMOTHHEe Hpe ABHMCHIe

CKOPOCThI ¢ ONMHchiBaeTe g KCOpankaTof x(#)
Orcrona GIeayer, grg x(t)=

ABHIKEH NS Teq g
X(f} n IMAVALCO M P{f) B mobos

Teda Maccofi o
=0f, HMITVYabeo P==muv.

Kop-
Opa, MOXHO Rafity
r8e. OmHako Tagof

H npusyunoy Hayau. (Huorpa |

a4y nasym SJIeK- |
KBAHTOBBIX cocTos-
Oux apyx 3AEKTPO-

YT OT ADYra Xo7# 6m ogumy KBAHTOBLIM'
YHCTOM, Hanpuwmep, p K-06010yke (n=1) v STEKTPOHOB [=0 y m=1,
Hell moryr Haxoanmrses rogpkg ABa aJleKTpoHa ¢ gy
i =—1/2, v uux OR¥MYaKopmie

=12 u m= 1

HeH, Kak y p f(~060.noq1<e, He Bojsee
i ABYX 3NCKTPOHOB ¢ J—) u m=0

. Mpy = MarHuTHOR KBaHTOROE.
Y YHCI0 puBMaer 2+1=3 SHadeHwus: -i. O +1. B KAMIA0M y3
! STHX COCTORHK MOMERT HaxomnTecg o 1Ba YNEKTPOHA ¢ IpPOTHEO-
: TOJ0MK KO RafpapaeHHu My CnhbHamu. Qfujee
C f=] B

KOIHYecTRe 3MEKTpOHGR
-060M10yKe cocTaBnger 2(241)=9.3 . CJIG,HOB&TEJHJHO,
3ME€KTPOHOB: Apa =0

Hatiney MakCHMambHoe yueno JICKTPOHOB B - 060/10uKe. B ¢o-
CTOANUY [— HaXolsaTcs npa 3JeKTpoHa, f=1 — precry, SNMEKTPOHOR,
=2 — Jecqary SACKTPOHOB 1 1, 5. B COCTOANNY [=p—_] Haxomgurcs
2(2n— SMCKTPOROB.  Cypua

i
o K KaK BOJHOBO
HCTB yacTuub. Ta ]
eT BOJHOBBIX CBO KOOPAHHATH
AN %rc?;ﬁzr Goblioe MPOCTPARCTBO, TO HOHATHE KOOP

a
ouecc 3 0 CMBICJA. a-
H H3WYeCcKor ACTHL, NOK
BOJHbl HE HM:;; g:exaHHKe ¢ YHeTOM BOJHOBLIX °B°f§:§ ;lquhlx KOop-
B KBaH'Ll"Igo Y YaCTHIE He CYLIeCTBYeT OIHOBpeM

|
3pMBaCTCA,

.

ee MecTonoMOKe-
HUB HMEeT TOUHO MHEpOMIipa
Ecan llmnwzgleqﬂaﬂcg ﬁ #a000poT. Taxas 3aKOHOMepHOCTE p
el ,
HHEe HEONp

g duye Ha3bplBa-
nrocred, Ero nu
- uem Heonpedese
< TCA COOTHOUEN
oTpaxae

0T op-
eMelKoro (pH3HKa, BII

QOTROU 7 0 HME&HH HeMme P-
OTHOULEHILCAL ieuseuﬁepea, n re o b

Bh,[ec ClJOIlM;JIHpi)BaBI.LIEi‘D ero. Ilo cooTHOmenHO Fgugeléﬁepﬂbnpoou )

BeJ HCH HEONPEACICHHOCTH HMIY/AbCA Ap Ha Heogp ﬂ JNEeHHO Koop

: i Ilnank ﬁ
,Il?iHE;Ib[ Ax NPHMEPHO PABHO MOCTOAHHOH

CApAx = R

) bl-
A, 4TO » i T e e ‘I EH3eHOEeDT 1.1 HeOnpe

AvAx =k m.

4. Orpa-
' MHKPOMHpA, OIp
7 aXKan OpHpoAY M _
Pefisen6epra, orpa oukipa, oipa
Coogogﬁgeaﬂamm 06 OOHOBpEMEHHOM N;e(é;m;(;h:ifﬂu e
Tvnes He 3aBuCH _
HHYEHHA , picpH
ot A 9P H KOOpPIHHATA Y3
romRELs DY {a4K TOYHBIE HMMY.IbChI -
) o Ak HH YacTHUb
i e npggggymr OJHOBPEMeHHO, TO 0 Tpae;I{TI?IgJIHH{EHl[e.\'L L
bl He :g:l MOKHO TOBOPHTD TOJIbKOCH@KOTOprMOqEWIO e e
oD, i HeJb3A NPHAHCATh T y. deii-
KTPOHY B aToMe ’ o 8 Brons cpu
Hp:nh;?jl’bf[ge He%npeieneﬂ HOCTh Koopmfizaa}"um“m&%w;% 12 B ATOME cpaE
" ‘ Ax=z]0- M.
1 aToMa, T. €. =
4 © pasMepaMy a . T
;é{fﬁeprap HEOMPEAELTEHHOCTL CKOPOCTH 3JEKTp

B L & 1,15-10° e,
Ay == =

1. 1D-a1.|g=Te
Mmedx 9,1 LO-10¢ w/c epin-
BHa npuMepso 1, 7 >
OHa U B aToMe pa na ropopi
CKOPOCTbegﬁeg;gneﬁﬂocm}o Av. [lostoMy He HMeETBCI:\i:IeCHH opopute
Héma %HHTG gnem‘pona. OnHako 66ablyI0 qac*rbTeOp H.ﬁ Bops o
ek OHB! ABHXKYTCA BOJU3IU GOPOBCKHX opﬁmt LITOpB weih e PR
aﬁi?ie}compue cBOfiCTBA aToMa JHIUbL gng;IgﬁTPOHOB o o
€H '
BEPOATHHIE MOJOXK POHO! ve Hucer
P Haﬂgoggﬁbmopﬁ MAaCCOH COOTHOMIEHHe Fenseﬁno?cpTia woonpenc.
{{L;]HquT(?I?OTO 3HavyeHuda. [lpusepem ofuH HpHMZg'AxLIO—N npee
ggsﬂocm KOGPAUHATH! JeTAUIEI'C TEHHHCHOrO MA
macca m=>0,06 xr, rorga

=2 .
Av==1,05- 103/ (0,06 10-1¢) =],75-10 Mfc _—
’ < a M cKo
[lpu takux HeonpenesennocTssx Ax M Av I;loe(i}{pﬂ,li]HHaT
BbI[)qHCJIHIOTCﬂ C BHICOKOH TOUHOCTBHIO OJHOBpPEX .

¢ /T HeompeleieH-
Bropoe cooTHowewnue leiizenbepra- }}apamepnayeT p
HOCTb 3HEPTHH CHCTeMbl AW 3a Bpems Af:

AWAL = A,
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TNABA 3

ATOMHOE az1po
§ 3.1. CBOHCTBA ATOMMOTO ANPA

POTOHOB W Hefitponop p anpe A=Z+4N. Upeao A
HA3BIBAIOT Mmaccogeiy HHCAOM, TAaK Kak Macchr atoma p Apa Sanskp

KA a e m Hanpumep, macca atoMma Gepraang (A=9) 9,0122 a.¢. 4
H Macca 9 a. e, . Pasaudamres NpHMePHO Ha 149, [

Habmoreane 34 AApOM, H3yueHye H3MYecKHY CBOACTB aTOMA BO3-1
MOXHO TOJBKO IPH AAHTeABHOM CYWEeCTROBAHNHY Aapa. Cpean wmuo-
HECTBA AREepHBIX SHepreTuyeckux cocrosump €CTE HeBoJbhIoe KonHye-;
CTBO AONTOKHBY X COCTOSAHUT ¢ OTHOCHTeIbHO OoNbLHM BpEeMeHeM

KH3HR (cM. § 3.3). K unm OTHOCATCH OCHOBHOe MeTacTabuaby e !
SHepreTHYecKkue cocroanus A3pa.

Hykaug ¢ AAPOM B OCHOBHOM COCTOmHHY 0603HayawT ;X ,

C AAPOM B Meracrabumpyonm COCTOHHHH-—-ng » The X — cuMBoa xnmu- i

- UeCKOrO 37leMenTa, O6osnayenns X u x OTPAXKAT cocTas sxpa |
{Z — vpcao IpOTOHOB, A-— Z — yuedo HEHTPOHOB), 3HepreTHYECKOE
COCTOARNE Axpa, KoauuecTso SAEKTPOHOB B HyK/mpe (2). Hamnpumep, |
HYRIML yriaepoda, 1/12 macew KOTODPOTO npudsita 3a ATOMHYIO eJiHU-

o603HaA"AOT ;2C {yrrepon mecrs — ABEHAANATE),

HYKIug

Iy Macce, u ero sifpo

» @ BOKPYr spa ABRAKYTCH wectp ek~ |

COOTBeTCTB}’ET

ONpENeNCHHB  NOPAAKOBL) HOMeD b [lepuoanueckoji CHCTeMe

FIN % ¥ Mengeneesa, o HacTo B obosHavenuy HYKAHAA Nopazkopbii
HOMep omyckajor: 12C (yraepon-12), 10 (KHCJIOpO,[[-Iﬁ).

YKIHAB BodOposa, Kak HCRIIOUeHHe, YacTo 060382val0T Ge3 yxa-
SaHHA nopsaxoBore HOM®epa u MmaccoBoro wmeaa: BoJopon :H-—H*,

AefiTepuii fH——D, HCKYCCTBEHHBIE HyK/nx TPHTHI ,3H-—-T. Sapa mo-

‘He HCMONB3YIOT KAk YacTHUBI aas Gop.
) OPOia RazmBaOT APOTOHOM, 22po
TPHTHA — TPUTOHOM; AApO ,He-—annga-
HacTHUE-AApa 0603HavaioT COOTBETCTBEHHO GykBany

Aehitepug — AeATOHOM; 2APO
YacTHuell, 3ty

* B xummy H30TON BA
HepBhi),
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20opoaa ,‘H H4CTS HA3BIBAWT NpoTHem (0T rpeq. profos —

OB
cioM  3JeKTPOH
_ " cBA3aHEl ¢ 9H ABH-
oficTBa aTOMa epy, H He 3
qucxn;{a 06:.20‘11{3}(, PABHLIM nopﬂﬂKO:}?ITJ?H;;MCpgﬁHHaKOBHM“
TPOHHAD Bcreacrsue 3TOrO HH H Té
qucaa. BIMH HMEWT O

Macco'ﬁ.oro 3HBMI MAaccoB KOro

K, HO pa U XUMHYec
B3 1 KOBBIMH HHCJ;?:)MﬁCTB&. Hx wnaszmpairt usoromel;tenemom HMH-
IXHMHHE}%KH;GHC HYKJAMA ABJAAETCA H3OTONOM Omp

10

MeHTAa.

HELX
NEMEHTA. 12 COCTAB NPHPOA
KOro '2C — a70 usoTom yriaepopa ¢C. B

. T3K$ H’){KJ‘IH,D. [

H30TONOB.
0 HeCKOJIBKHX

_ HT OT OAHOTO 1

BH71eMeHTOB BXOL

0BO — ﬂecﬂTb’
MHUYECKHX KACHIOPOA4 — TpH, OJ1

4K, YIJIEpOJ HMeeT IBa H30TONA,
£

HO pA3NHYHBIMH
: iumbﬁK“O'agHbﬂHHaKOBHMH MaccosuMg ;gﬁamf? Hsot‘I))aPaM OTHO
"HykIHAB BaloT u306a :
- ﬂgKOBHMﬁ HOMepaMH Hashl ey, 1w He.
nop KARAB ; Ag B 4,5 Cd, BIMH
¢ATCA, HANpHMEp, HY 7 OBBIMM HOMEPAMH H Maccos
l, | K H CcO-
aKOBHIMH NOPAJK reTHYECKHM
_ HyKkaHAB © on::ﬂmmml JLOJTOXHBYUIHMH 1’}?3 Tak, HYKAHAB
[ancnaMy, HO cap Ha3HIBAIOT SOEPHbIMI UBOMEPAMU.
sAp
" CTOAHHAMHA

oMa.
.y PBr 5710 anepuble H3OMepH Op e
BrM cits aapa. OnHOH M3 TI'MABHEIX xapaM 5
ac . )
";X apJsercss ero Macca, ofo3HauaeMas ,

YeHb
epUTb HEMOCPeACTBEHHO Maccy ana’rgxoro
?]33?:1]{])0 TaK KaK Tepex npoile;f:;a:l:ce aKoro
; 0
axc“epnmﬁgm}iogi?éﬁre gnaqa.na uame-p:g;
acey giHOSapﬂﬂ.HOI‘O HOHAa aToMa, a asa o
:gc;gsynmamm H3MepeHHi Macch HOoHA P
CUHTATH MAcCChl aTOMa H s{n[;f. P
_ Macca nmykauaa M(Z, A) Apna.nempo-
aBra cymme macc saapa Ma(Z, A) 27eKTpO-
o Z IpuGamKenne 3aKIMI0OYACTC o,
:gg H?e‘quTbIBaETCH Macca, JKBHBAJIEH

THK ATOMHOIO AAPA
A) Han Mg (;X)

sace-
H  Puc. 31 Cxema

B uykange. Ilp poNeTPa:

H 3JIeKTPOHOB . CReKTP o
BHEPrid CBA3 3 fApa W JEKTPOHOB BBl TT — nprewnux  voton; U —
CHHTESE HYKANZA H HOil SHep- AoLee HANPAHEHHE;

enseTcs IHeprHdA, PaBHAS CyMMap Y CrowRHY HOHOB

Aea ’

[Tosto-
THH ¢BA3K W, 51eKTPOHOB B HYKJ:]HJII{%ﬁ e
MY Macca HYKAHJA MeHbIIE CYMM 1:»Ha ety A
CBOOOAHBIX AApa U Z 3ACKTPOHOR By
BellHYHHA AM ovyeHBL MaJa IO CpaBH
mwem Gyaem monarartb

M(Z, A)=Mx(Z, A} +Zm..

. ct, CywecT-
Macey Hykauga paMepAioT ¢ BHCOKOH creg%l;b*%goggi HCIOJAB3YIOT
© 8YeT HeCKoAbKo Merofiop Hamepeuus. B ?\f (puc. 3.1). Ou cocTout
- IpHOOP, HasbBaeMBll Macc-CIEKTPOMETPO npHeMHRKa 3apanos. Hy-
i c'rc:qﬂnxa HNOHOB, BAKYYMHOH KaMepsl H TP Hagaja YCKOPATCA
:.?mlj{m nonnsnponaﬁnme B HCTOUHHKE HOHOB, C
?

B 3JEKTDHUYECKOM n T e]I] R HOROB BXOJIHLIJ,HX
*
3* 5

M=W,/c®. Tak KaK
ft M, TO B ZaJbHER-

(3.1)




B BaKYYMHYIO Kame

HOHOM oT SJACKTPR orn ﬂHaq}parMY’

YECKOTro moJja;:
e Mu(Z, A)v22—py,
e x—Macea mona; U — YCKOpsioiliee ‘Hayn
PaTHO mponopuwonansa VAL,

H

A
o, 64

20

r5 ——

{4 —H

5 a

160 99 g8 g7 95 95 94 g7 8z 4 |

Puc, 3.2, Crierrp mage MONMHGTeHA
K CKOpPOCTH HoHOB v. B
cJe

LRy oA 0 o ACTBHE 3TOr0 HOHB p BAKYYMHOl Kamepe

’

Mwv?[R=euB,
X ABYX ypaBHeHHS cko
Mu=eB2R2/21/,

Hernouus us nocneanyu
pocts @, moay
UHM

R yCRopsmowee HanpsKenne

-U=a/2MH(Z, A},
— NOCTOSHHAA BeAHulHa,
.2 npuBenen CIEKTD Macc

H3 CeMH mHKoB M
OHHOTO i
CEeMH H30TONOB MOJHG o B Rett

HOMY COAepKaHnio us
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:Houuﬁnena, KOTOPHI cocTouT
K cooTBeTcTBYyer OAHOMY H3

Pa BHa SHepruy, noayyenng

ee paKenne, Ckopoers Hoyg
STOMY 1IDH OFHOM M Tom x

W 11sMepuTeabHbIl TPpHOOP XapaKTepPH3YeTCs paspelllcHHEM. Ono pas-
5 pasHoctd AL aByx cambix Gan3KkMX sHauenuit L, xoropbie paspe-
ofcA (pasiensiorcd) npubopom. HeM MeHbIIE PasHOCTb AL, Tem
uile paspelienne npubopa. OueHb YacTo NOMBIYIOTCS OTHOCHTECABHBIM

aspewenneM AL/L.
AM{M=

Paspemente Macc-CHeKTpOMeTpoB

COBPEMEHHBIX

' 10-5=—10-5. TakaMH Macc-CIEKTPOMETPAMH H3MEPAIOT MACChl HOHOE C

forpeuHocthio 10-4—1 030,
CIMH M MATHUTHBIA MOMENT siApa. [IpOTOHB H HEfiTPOHBI OTHOCAT.

ca ¥ QepmuonaM. Wx cnun paser R/2. OrHocuresbROe (op6HTANEHOE)
. gBMMKEHME YACTHIL B AApe, KAK H MEKTPOHOB B ATOME, XapaKTepuay-

eTcA LEJOUHCNEHHEIMH OPOUTAJBHEIMH MOMEHTAMH. CyMMmapHblfl Mo-
MEHT KOJNHUECTBA JIBMKEHHs Afpa CKJIANBIBAETCS H3 CNHHOB HacTHI H
opOHTaNLHBIX MOMEHTOB. Ero NpHEATO Ha3blBaThb CRNUHOM 20pa.

DxenepdMeHTH MOKA3blBANT, YTO CIUH AApa 3aBHCHT OT MAaccOBOro
gucaa A. Slipa ¢ uersmiM A HMEIOT UEJOUHC/ICHHBIH CTIMH (0. %, 2
M T. 1.), TOrJAa KaK CHHHBl Afep C HeUeTHBIM A — noayueasle (2,
/2.4 T. A). Y Afep ¢ UETHBIMH Z u N cnuH paBed HyMO.

+
TRREERRR

Puc. 3.3. Mogean nporota () u nefirpona (6)

IMpoToHbl ¥ HeATPOHH XapaKTepH3YIOTCHA TaKXKe MASHUTHBIMU MO-
sentamu M. CHuH H MATHWUTHEIN MOMEHT IpPOTOHA OPHEHTHPOBAHB
B ONHOM HAMpABJEHMM, 3 COHH H MATHUTHBIL MOMEHT HefiTpoHa —
B TPOTHBONOJOKHLIX HANpaBieHAsX. B3anMHYIO OPHEHTALHIO 3THX
ABYX BEJHUHH YKA3BIBAET 3HAK MATHHTHOrO MOMEHTA. On noJsiokuTeREH
y MpoTOHA W oTpHuaTenen y Hefirpona. Hanuune MardHTHOro MOMEHTA
y HefiTpoHa, He HMewoulero 3apsia, oTpamaer 0COOEHHOCTL pacnpene-
JleHHA 3apAga BHYTDH HeHTpOHa.

Ha puc. 3.3 mokaszaHsl MOAeJH TNPOTOHA II HeATpoHa. ¥ RpOTOHA
NOJOKHTEAbHbI 3apPAK pacupesiesied 1m0 BeceMy ofbemy. B ueHTpasts-
ROl uacTH HPOTOHA PACTIONOXKEHA TAXKeNasd ceépilueBHHA (kepH), B Ko~
Topoit cocpefioroyeno okoro 10% sapsaa. QOcTanbHoll 3apAk paccpeno-
ToueH B cpefHeil 06JacTH H BHelLIHel 0GO/IOYKe. Y uefiTpoHa KepH H
cpefHan 064acTh 3apsMeHBl OTPHUATENBHO, a BHEIIHAA ofonouka —
NOJIOKUTeNbHO. T100KATEABHEI H OTpPULIATeNbHEH 3apAfibl KOMNEH:
CHDYIOT APYT APYra, TaK 4TO CYMMapHHH 3apAx HefiTpOHA PaBeH HYJK,

: 37




H B mporone, n HeH#TpoHe rpannub
4 3apAA NVIABHO pacrpefieneH o

MeXny obaactamu Pa3MbITHI,
MarunTabilt Momen

Taﬁnﬂua 3.1
0 06bemy

Maccw HYKJUIOB ¥ HEPTHY CBASH AAep
T SAED HIMEDSIOT B SNEPHBIX MATHETOHAX g, w, | HePUA GRg AR
Or B 1836 pas memsie MardetroHa Bopa pwo. Ecam op6mraabumii u A, - Maccosoe qucio A | Macea ¥ykauza, a. e M. e
COOCTBEHHBI MATHHTHEI MOMEHTHI 3/IEKTPOHA NPHHHMAIOT 3HAYeHHUH, X
KpaTHEIE Wy, TO TaKas KpaTHOCTH y anep e nabmonaerca. Haxe —_— 1,008665 "
Y WPOTOHOB H HEHTDOHOB MATHHTHbIE MOMEHTH He KPaTHBl AflepPHOMY n 11 1,007825 9,2246
Mar#eTony p, HsMepenHbe MarmntHbe MOMEHTEL mpoToda M,— § H 2 2,014102 8,4822
2,79y, AeiTpOH Mam1,91 3y, 3 D 3 3,016049 7,7184
: T 3,016029 '
i 2He s 02603 98,296
§ 3.2. SHEPTMA CBA3M appaA 2 4 4,0 9%
‘He 6,015123 31,9
Cunres sgep us upotonos u HEATPOHOB CONPOBONKIAETCH 0CBOGON- 8Li 6 7,016004 39,245
ACHUEM SHEPrHH. DKBHBAJEHTHYIO 5TOR SHEPTHN Maccy AM Haswmieaior TLi 7 ' 182 58,167
Oepexrom maccer. Oy PaBeH DASHOCTH CYMMAapHON Macchl 7 NPOTOHOB : 9 9012 56, 050
H A—Z HelTpoHoB 1 Macch sapa: {?ﬁ 9 9,013300 64‘752
‘ AM(Z, A)y=Zm,} (AHZ)mn—M,,(Z, 4). : ?51133 10 i?’gﬁgﬁ 76,208
B ra6aunax o6emno TPHBOAAT MacChl HYKJHAOB. Hostomy pacyer- - “ . 12,000000 92,165
Hasa dopmyaa aas AepeKTa MaccH CcTaHOBUTCH Bosee YROGHOH, ecan f 1;(3 12 ' 355 97,111
SaMEHHT B Mocaentell popmyne maccst AHEP Ha MaccHl HYKJAHIOB M3 M 13 13,003 104,662
popmyan (3.1): o s 14 14,003074 r‘494
AM=Zmu-+(A~-Z)m,—M(Z, 4), (32) Y 15 1500010 o7 624
TAe my—wmacca nykanaa H; M(Z, A) — macea HyKnuga 49X, Tax J . ,f%l 16 15,934915 131,766
KaK BequyHHa AM Becex masecTHBIx AXEP MONOKHTeNLHA, TO NIpH CHH- _ 1? 17 16,999133 139 813
T€3€ fApa H3 IPOTONOB H HelTpoHoB OCBOGOKIACTCH SHEPTHS, T. e. 0 18 17,999160 ’
9aCTb SHEPruH NOKOA mpeofpasyercs B KHHETHUECKYIO IHeprHIo. Ana- ‘20 '
JIOTHYHOE ABJIeHHE Habmiomaaercs NpH CHHTE3€ aTOMa H3 fapa M siek- ¢ aun K AAPY gHe. B nep-
| | TPOHOB, B 5K30TEPMHYECKHX XHMUYECKHX peakunuax. B nocneanem mpo- BeplIAeTCs Tepexol K TPUTOHY
i LECCe 32 cyerT nMepecTpofikH BHeWHKX SNEKTPOHHHIX 060J0YEK OCBO- ‘TIPOTOHA COBEP
| Goxaerca Bcero [0

SHEPrHA NOKOA MoaekyJel. IIpu cunrese 2apa
- H3 TIPOTOHOB M HefiTPOHOB 0CBOGONKZAETCH
|

3SHEPIHfA, AOCTHraioL[an
10— aneprun noxosn Aapa. CnenoBaTenbHO, wacTHIb! B ARpe CXKAaThl CRH-
JlaMH, B MHJIIHOHEL pas

6.250 MaB, a 80
4ae IpHpallelHe SHEPTHN CBISY f;f%ﬁﬁﬁ cBasu 0,759 MsB
BOM CJY npHpaulen .
HHUA B TIPHP nOHOBCKHX
sropom 5,500 MaB. Pasunlk SHe 3a cuer xyioH

Anep. OHa pacTer ¢ yBeAnueHueM wHena YACTHI] B SI/IpE H MaJ0 3aBM-
CHT OT ux copra. Tak, npu po6apaeHnd K AeATOHY d weHTpoHa /N
38

NPEBLINAIOMHMHE CHAB B3aHMOAEHCTBHA MeK-
AY aTOMaMH B MOJIEKY.JIe,

Ilo n3Bectuomy AedekTy Macchl D0BOAbHO MPOCTO PacCUNTaTh SHEp-
THIO CBA3H AApa, T. €, 5He

PTHIO, HEOOXOAUMYIO ANA pacllenieHHs fOpa
Ha COCTABHHE YACTHM:
W{_‘,:AM{??.
YunthiBas, yro 1 a. e. M.=1,66-1

027 kr, Haxomum 3HEPTHIO, COOT-
BeTCTByIOHJ.YIO ATOMHON E€NIHHHITe MaC

ChBl
W=1,66-10-%". (3.108)2=1 492.10-1° HAx==931 MsB.
Ecan nedexr macew AM BEIPAXKEH B aTOMHBIX €XHHHILAX MACcCH, TO
We=931AM MsB. (3.3)

B Taba. 3.1 eMecte ¢ maccamu HYKJIHI0B NPHBENERA SHEPrHs CBS3M

)
© wacTHny (HYKAQH), OT MAccoBOF

: e
oBbsicHASTCA ocnalieHHeM CBA3H B ALp

MH.
CHJI OTTAAKHBAHHA MeRILY NpoTOHA

KO-
qHeAa HMeeT He
CTOM MAaccOBOTO N eetn
THH CBA3H C PO HES 3aBHCIH
YBenHLIgg::Oﬁ;p O#n BHABJAAKTCA W3 Pauigg;pg onHy AMlepHYIO
Ble 0CO . b UXOLS >
I:ggnueﬁ SHEPrHH CBA3H 8‘W°/A’q3§qa {puc. 3.4). Be”ﬂq}éuapi o
) 8,7 MsB 1
BHOTO 3HA4YEHHA O, to-
raeT MakKcHMan T K mocTene
~60qa.r1a Hoenony ILOCII: noGapJeHns HacTHI B ALPO Be?)f anep {(A>200)
.ﬂogne}lywﬂ-émw yacTuil. B ofnacTh TAXKEIb
My ocaabaeHHIo B .
Bgﬂmnﬂa e ymenbrast I:?O gﬁi;;‘jn £ XOPOLIO J[O}Kz;{r)cﬂsgasgnﬁggo-
- cpeane
o, o ngqe}:mem Agep, HMEIOnX 21,_[8, égﬁenﬁme ‘wena Mpo-
KPHBYEO’ZS% Hﬂmﬂ) 50, 82, 126 HEHTPOHOB. pﬂgmsam‘ MazUYeCKUMIL.
7oHoB 1 tefiTporoB 1 AApA, COLEPHKAlLKeE BX, Hauauﬁo.nee THIOTHO yNa-
TOHIO]B o HHH lii HeliTPOHB B MarMyecKHX AApax Sosbilte, YeM y H1€P
pbclml)'l;*romy sHaueHHe & Y MAruieckoro sapa
KOBaHHI.

" Jl.
¢ GAN3KHMH 3HAYEHHAMH MACCOBHIX THCE 19




CaMbiMi  nerraMy Margecky
Moebiwennoe apagenpe < Ha6n
AKX paBHLMe KoJHuecTma pf
UHXCA K Maruyeck

ME AZpamu sBasiored agpa fHe u 10
OA2ETCA TAKKE y Nerkux sgep, cogep.
POTOHOB u Heitrponos (1°C) H

H
M sApaM. Bo mcex Alpax ¢ A>20 cpennas “3Hep-

H IpHMepHO paBHa 8 MsB. []

2
7 .
MW T wr

Puc, 34. 3aBrcuMocTy ¢

eTHel
HA HYKAOH & or 4 SHeprin - caasy

MaccoBOro yhcena A4

B JaH-
€prus. DHepraro, ocsoﬁomﬁaemym
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§ 3.3, SHEPFETHYECKME YPOBHM SPA

Dyueprus nokos sapa W moxer NPHHMUMATh TOJbKO JHCKPETHLIE
©. e Wo, Wi, Wy, Ws, ..., Wa, ..., KOTOpHE HASBIBAIOT SHEPEETU-
eckuny yposaamy 20pa. OBH NOAPASASNAIOTCA HA OCHOBHOHM H BOS-
GyKACHHBIE YPOBHW. FlIpo HAXOIMTCS B OCHOBHOM ~COCTOAHHH (na

| QCHOBHOM ypOBHE), €C/IH HA #APO He AefiCTBYIOT BHELUKHE CHALI. B oc-
" HOBHOM COCTOSIHHH SHeprus sapa W, MuHHMAaNbHA, '

[lpu B3anmMOAeficTBHM C HAacTHUAMH S1pO, TOAYYHB IMCKPETHYIO
fOPLHIO SHEPIHH, MEPeXOJUT B BO3GYK/EHHOE COCTOAHNE Ha OAHH H3

" cBOMX BO30YXIEHHBIX ypoBHeh W; (i=1, 2, ..., n). BoabymxienHoe
" cocTosiHHe AApa HeycrofumBo, Hepes BpeMs, paBHOe BPEMEHH WH3HH

g 10141018 ¢, Bo3BymAesHOe AAPO
mepeXOANT B OCHOBHOE COCTOSIHEE,

OcoBeHHOCTH Mepexoaa SApa H3 BO3- |
COCTOAHMS B OCHOBHOE

ONPEAENAIOTCS  IHeprHelt BO3CYKACHAA Ws

B BO3OYIKAEHHOM H OCHOBHOM COCTOSIHH-
ax. FEcau osmeprus Bosbyxzenns Wi
6obIIE SHEPTHY CBIA3W YacTHnbl ¢ (Heil-
TpoHa, TPOTOHA, @-Y4acTHIM H ap.), TO
BosOyxeHHOe HAPC HCmycKaeT HIH
raMMa-KBaHTHl {y-KkBaHTH) — QOTOHH W)
ANEPHOrO NMPOHCXOKACHUSA, HAH HaCTHUY
a. Ecan sHeprus Bo30yxAeHH:A MeHblle !
_SHEprHH CBA3H YacTHIH @, TO BO30yH- W,
JeHHOE ANPO HCHYCKaeT JHIUE y-KBaHTEHL
AuepreTHyeckHe YPOBHH sApa H30-

Gpaxalor AHaTpaMMoil (cxemoil)
(pwc. 38.5), aHaNorHuHOH JHarpaMme .. , )
SHepreTHUeCKHX ypoBHeHM arToMa {CM. 2 N

§ 1.6). Tak wak sneprus agpa W>Ws,
TO yao6HO 3a HAYAJNO OTCUETA IHePTHH
Ha AMaTpaMMe NPUHHMATh OCHOBHOMH ypo-
BeHb azpa. [IpH TakoM Hayaje OTCUeTa _
3HepreTHUeCKH ypOBeHb COBHaJaeT ¢ 3HeprHeli BO3OYKAEHHA AApA.
Caecea ot TOpHM3ORTAJBHBIX JHHAH AHAarpaMMBl NPHBOAATCH SHEPrHU
.yposueii W,, W, W, ..., W,, ... Beprukanbisie CTPeJaKRY, HaMPaB/ACH:
HHE CBepxXy BHH3, NOKA3HIBAIOT NEPEXONbl MEXIY SHePTeTHUSCKHMH
YPOBHAMU ¢ HCMYCKAHHEM y-KBAHTOB. DHeprus y-KBaHTA paBHa pasHO-
CTH BHEPrufi ypoBHeH, pacrmofOXKEHHBIX Ha AHarpamMMe B Hauaje H
KOHUE CTpenku.

Bueprun poabykpeHHoro sapa W; B i-M COCTOSHHH Haxoantcs
B Y3KOM HHTepBasje SHeprufl BOAH3H HanGonee BEPOSITHOH SHEPruH
yporHa W, 3apucHMOCTb NIOTHOCTH BePOATHOCTH OOpa30BAHHA BO3-
Gyxaennoro anpa f(W) or sweprun W umeer BuA nrKa (CM. pHC. 3.5):
¢ yBenHueHnem sueprun W oyuxuus f(W) cHavana pesko BO3pacTaer,
AOCTHTaeT MakcumyMa f(W;), a 3aTeM DPe3Ko yMeHbluaercsl. 3a LIMpH-
Hy ypoBHs I' npuauMaioT WHpHHY mHKa Ha BhicoTe 'fof (W3).

Pre. 35, CxeMa 3HEPreTHUeCKHX
ypopHelt Jgerkoro (@) B TAXeN0-
ro agep (6)
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C yBenuuenneM smeprum BO3OYKIEHHA H MAcCOBOTO uicia paccro-

AHHE MEXAY CMEMHBIMH SHPTeTHYeCKHMH YpoBuAMU D ymenviiaercs, ]

Y -aerknx smep (A< 50) npu smepruu BO36YKaennuas Wy—1-+3 MsB
BeqnunHa Di==] MsB, a npu W8 MsB Dy=10 K3B; y Tamennix
A1ep (A>>200) Beanunnb Di=0,1 M3B, Dy=10 3B. B obaacTH sHep-
THH BO3Bymzenna W8 MsB paccroanme D craHoBHTCA MeHpIle
IUHPHHE HepreTHIecKOro ypoeHa I. Benencrsne 3TOTO 3HepTeTHYe-
CKHE ypOoBHH B ofnactu W;>8 MaB NepeKprBaloTe,

Crexrp y-usayuenns BOSOYX/IeHHBIX sifiep {y-cnekTp) B ofaacry i
sHepruit W, <20 MsB nunefiuatoii Ipn népexome aapa us B030yxK- |

ACHHOI'O COCTOAHHSA Cpa3y B OCHOBHOE COCTOAHHE HCOyCckaeTca oJauy

V-KBANT ¢ sHeprueli £, =W, CaHako BosMowmen TaKe mochaenopa-

TENbHBI [Iepexoy uepez uacTe max HEPE3 BCe MPOMEKYTOUHHE BO3-
Oyxaenubie ypoBun (cwm. puc. 3.5). B aroM cayuae Hemyekaeres
Uesblit KacKag y-KBAHTOB ¢ CyMMapHOH sHeprneii W,. B oSnacru
sHeprudt Wy »>8 MaB Y-CHEKTP CRJOLIHOI.

AHaJIU3 y-CHEKTDPOB — 3T0 OAMH U3 METOL0B H3YYeHHS SHepreTHue-
CKHX ypoBHelt Aapa. Tlocie 3KkcnepuMenTaibHbIX H3MEpPEHHH y-CIeKTpht
paciingposnipaor. [lo pesysibTaTaM pacH(pOBKH onperensioT SHep-
F€THYeCKHe YPOBHH sapa.

Mnpuuy sHeprerwueckoro ypoBHs I' H3MepsioT ¢ BhICOKOH CTemenbio
TOUHOCTH. JKCHEPHMEHTANLHO ONPeAeeHb! wHpsHel I'25-10-° 5B, Ms-
MEDHTb K€ BpeMd IKH3HH BO3GYKIEHHOTO Aapa 2= 10" 10-8 ¢
CYIECTBYIOLIHMHE TNPHGOPAMH  He BOSMOKHO, osTomy Bpema kusmup <
HAaXOJAT U3 cooTHoUwenus [eiisentepra © = 7/ o ussecTHoR mHphHe I’

¥ Goabiuncraa BO3GYXRK/JIEHHBX YpOBHENl wapntia I'=0,01+-0,1 3B,
2 BpEMA Ru3HM 7=10"1—+]0-1% ¢, Onnako nabmomaoTes AOATOXKHBY-
e BO3CYKIeHHBE FAPa, ¥ KOTOPEIX IWHPHHA OAHOIO HJIH HeCKOJbKHX
BO3OYMIeHHBIX yposHell I' << 10-15 5B, Bpems »xusun v rakmx pos-
Gy ICRHBIX COCTOAHMI, HA3HIBAEMEIX METACTAOUAGHOIMU, NANTCA OT
RONEH CEKYHAb 10 HECKOABKUX NECATKOR adeit. Ilpu 6oabmux 1 crano-
BUTCA BO3MOXHLIM H3YyaTb CBONCTBA MeTACTAGHAbHBIX SOEp IKCIepH-
MEHTaJAbHHMHU MeTonaMmH. MapectHo Gosee 200 A0€p, HMEIINHX ONHH-
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ABa MeTacTabusibHLIX yposma. Tak, y A2pa 5 Sb  nacywTHBaeTcs
AB2 METAaCTAOGH/LHBIX YPOBHA C BPEMeHeM KHU3HH 1,9 u 30,3 mun.

§ 3.4. AREPHBIE CUAMLL, CTABMALHOCTL SAPA

Slnpa GoNBINMHCTBA TIPUPOAHBIX ATOMOB——OYeHb YCTOHYHMBLIE CHCTe-
MBl. HeTpoRE! H npoToRE yaepxusaiotes s AApe MOWHBIME SAEPHBL-
MH CHIaMH NPHTAXKEHHS, NOAaBASIONHMA pacTajskuBawliee neficTEUe
KYIOHOBCKAX I MeXNY MpoToHamu. Paccemorphm KPaTKO HEKOTOpHe
CBONCTBA SAAEPHBIX CHJI.

HnepHete BaHMoneficTBHA MERAY ABYMs NpOTOHaMH (p—p), ABy-
M5 HefTpoHaMH (n—n), poronom u HeHTpOHOM (p-—n) ogwHAKOBLI,
T. €. ALNEPHLIE CHJABI He 3aBHCAT OT SJEKTPHYECKOID 3apsina. B srom u
3aKJIIOHAeTCA CBOHCTBO 3apAIOBON HE3ABHCHMOCTH AZepHBIX cua, Ha
HETO CJCNYET BBIBOA, YTO NPHPOAA AZEPHBIX CHI OTAHYASTCS OT npH-
POAbL SACKTPUYECKHX U IPABATAUHOHHLIX cual. [IpoTonam u HeATpoHAM
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aNpHON  SHEPLHH HEE
. ViameHeHHe TOTEHIH cit
pﬁgﬁa&?a) u npotoHa (6) B 3aBHCHMOCTH o p
R CTOAHNA HO AApA

1 HauboJjiee
AApAX ¢ MACCOBHMH qpcAaMu A<1f121~ Hg;;ogbamm one
5 JIerm{lxov.-uacmue. Jlga mpoToHa H maaﬁ ﬁﬁpr‘K B e
cgﬂizl;blcl)TBHaCbIMEHHyio cucremy. Ecan no0aB
o0p

GunpHOE A1pPO. fi-
QJIYUHTCS HECTa AZHVC WX 1€
B Hymomc;?u: A KopoTKOAeHCTRYIONIHE C‘;‘;"I'pz;ag 10-15 w,
ﬁnepnuﬂenm I gepwu (exmnua AT ¢:£O Do) .
?{Eﬁgugogo HAMEHH HTAJNbAHCKOTO q’Ha};{ea B?Efmoneﬁcmuﬂ npoToHa H
;paTKO HAa XapaxTe Ecau paccTosHue
OcranoBuMea Kpat TH OT paccTosHui. EC "
, M B 3aBHCHMOC lCTBYET KYJAO
ueuﬁﬂﬁg%ﬁ ;ﬁg; Goabue | GepMu, TO Me}l{c,;l&};ﬁﬂclr;MI;l( ﬂ{{eHacs;maeMblM
npo opan OTH (CT=
HBaHHs, KOTOP ANMONENCT
HOBCK&He(igrlé?:yrgﬂs;“cnnam‘,HOTeuunaanaﬁ SHeprus B3
AAALHOJ
B AEpa 1 IpoTOHA V(r)=Zetj4nea,
Kas TMoCToAHHAS. .
rie g=38385.10-"12 CD”MraﬂﬁaP?gch /B uucneHHO PpaBHA IlOTeHlJr;:IH
- Tocrosnnas bo=1/4nee= Me ABYX 4acTHIL ¢ 3apAaa
ANbHOM 3HEPrHH B3anMOLEHCTBUA Bﬁal{yg epe MpPHOJHKEHAS npogog)a
— Q ]
" paccToAHHH r=1 m. TeT (HC. b).
e Knngie}?uﬁgnbnaa SHEPrHs OTTa.I'IKHBaH“;E!aEi&;\?OHeﬁC'FBHH npo-
K ALPY HTAKEHHA SHEpPrua 3
B orcyTcTBHE siepHOro NP




A0JKana 6M BO3pacTarth mpH YMCHBIIEHHN PacCTOSHUSA r (WITpHXOBAs
JIMHHA Ha puc. 3.6). Oanaxo Kak TonbKo NPOTOH BXOAHT B 30HY AeHi-

CTBHA SNEPHBIX cuAl (r==R, rxe R — pagnye fnpa), orrankHpanue }

PE3KO CMeHgercs npuTakennem u TIOTEHUHANBHAR SHEPIHS CTAHOBHTCH
OTpHuaTtenbuoi. I'padux V(r) pasbuBaloT Ha ABe uacry: TIOTEHIHA/ b-
HBIi 6apbep (r>R) BricoTof Vi TIOTEHIHANLHYIO AMY (r< R) ray6u-
Hoit Vo Bricora morennuatsgoro 6aprepa Vi pasua MaKkCcHMaJbBHOMN

CTHUB ¢ 3apagoM Zie Belcora NOoTeHNNANEHOrO Gapbepa aipa ¢ 3aps-

aom Ze
' Vi=b4Z,2¢%R.
loxcrasns R=1’4‘10-”13/2 M (M. §3.4) u samenns
BT =910 200 64 107 Tkn 1 Mo,

NONY UM

Z.Z
V,‘=~ﬁ MsB.

Bsaumoneficrene HeHITPOHA ¢ SAADPOM HauHHAeTCH Ha paccToAnny,
6anskom x pannycy sapa R. IloreHunansnas 2Heprus B3auMojeficTEHA
HENTPOHa ¢ sapoM AAPaKTEPHBYETCA TOMLKO TAYOHHOM NOTEHIHANbHOK
amet V.

Hyxnonm asuxyres s ANpe, YAEPAKHBAACH B HEM OTPOMHBIMHA CHJIA-
MH TNpHTAXeHnA. KuHetuyeckas SHEPrHA HYK/JAOHA MeHbllle 1o afco-
JIOTHOMY 3HAYEHHIO MMyGHHbI MOTEHUHAMLHON MM Ha €r'0 SHepTHIO CBs-
31 ggq.

¥ noas amepHBIX cHA ecTb CBOW OOMEHHblE YaCTHIBI — HecTAGUE-
HEIE JT-MESOHEI (MH-Me30HHI), KOTOpHeE HHaye HasHBAIOT nuonamy. Cy-
MECTBOBAHHE NHOHOE GBIIO MPENCKA3AHO SIOHCKHMM pusuxos Xngsxu
IOxaBa B 1936 1., a OBHAPYXKHAH HX B 1947 T '

Iwower moppasaenmorea na TPH BHfla, DPa3nHYAOUIHeCs 3aPANOM, Mac-

COfl H BpeMeHeM JKU3HH, MMonoxurencussii u OTPHUATENBHEIA THOHEL {7=-
MESOHBI) XapaKTepusyloTCst Maccoll mokos mn .=273,2m,, 3apafoM g =—

==te, BpeMeHe! wusHm t=25.10-% ¢, ¥ HeITPaMbHOro MuoHa (-
MES0HA,' Macca moxos m,==264,2m,, a BpeMA Kusuu t=1,8.10-" ¢,
CnuH mioHOB Beex TP€X BHACB DaBeH HyJIo.

O6Menuble B3auMogeiicTsns MEXKAy NBYMs HYKNOHAMH NPOHCXOLST

BeH MaKCHMaJbHOMY pPacCTOAHHIO, KOTOpOE npoJieTaeT BHPTYaNbHEL
ol 3a 4-10=2% ¢ co ckopoctbio, GaH3KON K CKODOCTH CBeTa: Rawd )
X10-24.3.108=1,2. 10~15 . :

Hpa nporona, npa HeHTpOHa, TpPOTOH H HeHTPOH OGMenMBaloTCS
HeHTPAAbHBIMH THOHaMA. B sTom CiyHae He IPOHCXOANT NPEBpAILCHHT
4
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C xapaKtepoM NPOTBIERIA RACPHHY CUA HeTOCh B

Ha cTaGHAbHOCT AApa. B nmpHpose cyllecTByeT O STOHOB H HEATPOHOB.

ep, COMEPIKAMHX ONMpe/eeHHbEe KOAUYeCTBa Mp . 13 KOTOPOR

ﬂfina p}‘)’nc 3.7 mpuBeieHa HeﬁTPouHo-npOTOHHaﬁNm:)aTreI Hc_ua’r[pOTOHOB 7

- H HOB

HMOCTh UYHC/Ia HEHTPO a.

noxae.aﬂaqs:;;::e TOYKH Ha AHarpaMme 0003HaualT CTabHAbHEIE AAD

; THH} CTa-
%:}Itlpsaaxﬂumalo'r ROBOJABHO Y3KYIO NMOJOCY, Ha3hBaeMylo ofsac
OHABHEIX AXEP. i



Jlerkue craGuapupre AApa Aexar B6AUIH mHRUp N==Z. C yeenuye.
HHEM yHCra Z wayppaer CKa3nBaThes ocsabaenue ANEPHEIX CHyT 34
CHET KYJNOHOBCKOr OTTaNAKHBARKS MeXAy nporonamy, r06e xomnen

9g.
HEro craduabkoro aapa 83 35 JoCTHraer 3Havenns 1,52, 3o BepXHAx

TPaHnua ofnactu crabuapypx fanep. B anpax ¢ Z>83 B3auMoneficr-
BH HYKJIOHOB yike e p COCTORHHH NOAHOCTBIO KOMIIeHCRPOBATL Ky.10-

MOZenell onuulem Kpartko KanenbHyo u oBoioveunyio mozeay fApa.

Kaneavnas mopens, fapa.  Hekoroprie CBOHCTBR SApa u kamuy
HUAKOCTH cxomub. Ha stoy €XOACTBE H NocTpoena KanenoHas Mmo-
ACAb Anpa. Kamas sugkocry HMeeT cheprueckyio PopMy. Memnay
MOJIEKYJaMH Kangn NposABasoTes KoporkoneitcTayiomuye MeXMoneKy-

BHCHT OT ee pasmepa. Takump CBONCTBAMH oGnanaer y AAPO, B KOTO-
POM MoAekyab n MEXRMONERYAADHBIE cuiy SAMEHEHB HyRJAOHamMy u
AREPHUIME cunamu. Urak, no kKaneabnofn moxenu AP0 mpencrapaser-
CA KaK Kamis wuixocry, Hyxaoner mo KaneawHol Mogeny HHTEHCHBHO,
Gecnopsanouno ABHKYTCHA, HCRBITHIBAg MHOTOYHC/IeHHEI e CTONIKHOBeHug,
aXaoe CTOJNKHOBeHHe CONPOBOMKAACTCH CHIBHEI N B3aHMoReficTeHem
HYKJIOHOB, 06GMenom MEXAY HUMH SHeprhef HMOV/IbCOM.
Kanaq mpenoxpansercs or PacTekanus nosepxHOCTHLIMY CHIAMH Ha-
TAXKEHHA.
Ipr noayyenuy onpexeneHto TOpUHN 3Heprum ARPO Nepexoau
B ONIHO H3 CBOHYX BOSOYMKNEHHBIX cOCTOSHRI, Tak xkak nykmopy YacTo
CTANKHBAIOTCA, TO nosdyyennag SHEPTHA GbicTpo epepacnpenengercs
MeXAy WHMH, Hocaenyoupe MHOTOYHCTe e CTOJKHOBENHS HyK/0- .

| ¥ Ho-
"B'MOFYT [PHBECTH K COCPENOTOYEHHIO nc)mygii}:imgﬁae%ii;unq :c?r o
o -yacTHIA),
' HOH uacTHue (HYKJIOH, eI
Bepxion e, TO YacTHIa TPeoNoAeBaeT CH
€ ee SHepPTHH CBA3H B fAApe, A
ggg::[l{uocmoro HaTsXeHHA (AfepHBte CHﬂH)paHaimaigﬂg:egangﬁgpennm
i HEbl H3 AL
HOH MOAeSH BHOpPOC HacTH mo
Ki.?ﬁei;nbr M3 KalI# KHAKOCTH. [loBepXHOCTHAA MoviekyJa Hcmaps
M:

e -
) A U3 KaIlJIH II0C/E€ TOTQ, KaK OHA NOJAYUYHT OT IpYyrHx MOJAEKyJ 5Hep
c Y y

TAXKEeHHA.
HIO, AOCTATOURYKY AJii NPeodONeHHA NOBEPXHOCTHBIX CHJ HATH
THE),

3 ' oXKer
' (QEHAKO, B OTJHYHE OT KalJH KAIKOCTH, BosﬁymneHﬂoeH:&%?lbh;O %
2 neﬁ)eﬁ'ru’ B OCHOBHOE€ COCTOSIHHE, HCTYCKas ONHH HJH

KBa;;cl)'llz‘JIbHaﬂ MoOesb NpHTOARa HJIA o0'bACHEHHS, HanpuMep, ABJICHHA

geneHus TsKeawx aaep (cM. § 10.10). Io Hell paccuuTHBaKT paanyc

. . .
'mp(a)é'bem sopa-kanau V sanoaHen Hy'I;MOHaMH, KakK :ﬁgﬁﬂmﬁggol{nooc;y
IPONOPIEHOH _
amu. [loatomy ofmweM sagpa /
M}??f}f{y;ll a paguyc ﬂgpa R=0A'*, KoapuuueHTt nponopu;zﬂagl(::l;g-
::IT}[‘.Ec Héxona’r PAasAHYHBIMH SKCOEPHMEHTAJAbHBIMH METOHAMH.

IMCH Ha OOHOM H3 HHX. i . . .
HOBi’gﬂuyc OPOHTEl 3apsKEHHON YacTHIB, ABHKYIEHCH BOKHpTyt')I‘ rféupK:
ofpaTHo mponopluHoHasieH ee Macce. [TosToMy ecaH momecT o oo e
oﬁg.noqu KaKylo-HHOYIb THXKEIYIO OTPHLATENAbHYIO qac*mu};,T ‘pr):I e
OpOUTHL HyneT GJH30K K pamgHycy a;[pi. ;Igﬁgzﬂezoﬂggg%nm[ewr npo-

OTpHUATeABHEI ,
BENCHHA 3KCIEePHMEHTA B e e
KTPOHA, CIIHH ,

07 pas Hoablie Macchl 3Je K O,
;}gm?ufﬂmo%ca npuninny [Tayuu, OTpHuaTeBJIbHHﬁ MIOOI;a si{)fc’;aa?aﬂmﬁ
Hasg YACTHIA C BPEMEHEM MKH3HH 2,2-10- c—nme:; }Kg L paphiif
3apfAfly 9]MeKTPOHAa, M B3aUMOHEHCTBYeT C SApPOM T ke, Kak sme-
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PAAMOAKTMBHOCTb

§ 4.1, OBILAR XAPAKTEPUCTMKA PARHOAKTHBHOCTH

B 1896 r. ¢panuysckuil ¢pusuk Axpu Dexkepe/b OTKPELT palHOaK-
THBHOCTb ypaHa. JT0 siBJIeHHE, KaK H BCe HOBOE B HaYKe, 3AHATEPECO-
paJo MHOTHX yueHbX. HsyueHueM pagMOAKTHBHOCTH 3aHHMAJIHCD BbI-
patoumecs ¢usukn [lbep u Mapns Kiwopu, Dprect Pesepdopa u Ap.

PamHOAKTHBHOCTb — 3TO CHOCOBHOCTb HEKOTOPLIX siiep (pajuoak-

" rMBHBIX f7ep, HYKJIHIOB) CIOHTAHHO {caMOIpOH3BOJIbLHO) HCNYCKAThL

qacTHOB {G-9aCTHIBI, 3JMEKTPOHB, y-KBAHTH H Ap.), pPeHTreHOBCKOE
p3AyyYeHHe, COMpOBONKAAOlIEe 3aXBAT OpOUTANBHOIO 3MEKTPOHA SAPOM,
AeABTbCS Ha ABa Oojee JerKuX sAApa. CaMOIPOH3BOJAbHHH Mpouece
NpeBpaleHHsT PaJHOAKTHBHEIX f/lep HASHIBAIOT PACUORKTUBHEIM PAC-
nadosm. Ilocne paaHoaxTHBHOrC pacnaja #apa ofpasyercd .. HYK/IHI,
OTJHYARIIANCA 110 CBONM (GH3HUECKHM H XHMHUYCCKHM ¢BOHICTBAM OT
HCXONHOTO. PaafoaKTHBHOCTD HEMOCPEACTBERHO OOYCIORIHBAETCH TONb-
KO BHYTDEHHHM CTpOGHHEM fApa W He 34BHCAT OT BHELIRUX YCJAOBHH
(1aBAeHUS, TEMIEPATYPHl, arperaTHOro COCTOAHHA BeNleCTBa 1 T. a}).
Bee MOMMTKA TOBJHATh HA XOA PaldOAKTHBHOLO paciajad MpH OMOLLH

© H3MEHEHHH BHEUIHHX yC.ﬂOBHﬁ He AafH HHKaKHX pe3yabTaTob: 3aKOHO-

MepHOCTH PaNKOAKTHBHOTO pachaja OCTABaNHCh HEHIMEHHLIMU,

PannoakTuBHble AIpa 3MeMeHTa CONepHKaT H3OHTOK HelTPOHOB HJH
NPOTOHOB 1O CPABHEHHIO CO cTaBHABHBIMH ALPaMH TOTO JKe 3JAeMEHTa.
Siapa, pacnoioMKeHHbIe Hal 0GIacTbio cTabuAbHEX agep (cMm. puc. 3.7),
mepechilleHEl HeltrpOHaMH, a AApa, HaXOMANIHECA TOA 06acThI0 CTa-
GUABLHBLX AAep, NepecollleHsl NPOTOHAMH. B nepseix snpax GoJblle,
yeM HeoOX0AHMO AAA <Tal0KABHOCTH AApa, (n — ) -B3aUMOAGHCTBU,
a BO BTOPHX spax — {(p — p)-B3auMOZENCTBHI. CamMonpoH3BoJLHO
M3MEHsIS CBOH COCTAB, OHH NEPEXOAST B 00JaCTb CTaGUABHBIX AAep
{cm. puc. 3.7). _

PannoaxkTHBHbI pacral ToApasaenseTcs Ha a-pacnaa, $-pacnaf,
cloHTaHHOe AefeHne afep H y-pacnag. B a-pacnafe palHOaKkTHBHME
AOpa ACNYCKAT ¢-4acTHLBL 3apsa ¢-yacTHUB paBeH +-2e, a ee mac-
ca m,=4,0026 a. e. M. B B-pacmajie PalHOAKTHBHHE FAPA HCMYCKANT
HAK P-dacTHUSL (3meKTpoHBl), HAH BF-yacTHLEH (no3uTpoHLl), HIK
%P0 3axBaTHBaeT opbutTanbHblit 3JieKTPOH {5MeKTDOHHBIH 3aXBaT).
DAeKTPORE H MOSHTPOHDI, H3AYUAEMEIE PANHOAKTHBHEIMHK AAPAMH, Ha-
appalor P-uactauami. OHu He BXOAAT B COCTAB siipa H BO3HHKAWT
B p-pacmage.

CroHTagHoe fefeHHe siep Hafaojaercss y TSKEAbIX slep ¢ Mac-
coBbiME uucnamu A==240 (ypaH, HeNnTyHHH, mayTonuit H ap.). Takue
s7pa CaMOMpPOU3BONBHO AGMATCA HA ABA Gonee nerkux siipa (OCKOJKA
JleIenHtsT), MaccoBble UHCAA KOTOPHIX 3aK/II0uensl B npeaeaax ot 70 go
170. KpoMme OCKOJIKOB B MpoOlecce CMOHTAHHOTO nenedus spep obpasy-
eTcsl vy HeWTPoHOB (v;==2--3).

K y-pacnafly OTHOCHTCS HCIyCKaHHe y-KBAHTOB MetactabuNbHBIMA
agpaMi. OHH BHEASIOTCA CPEAH BO3GYKIeHHBIX Anep GoabliuM Bpe-
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MeReM HKH3IHY. METaCTaﬁﬂﬂbele Aipa BO3HUKAIOT B HEKOTOPDHIX @- K

$-pacnanax wan npu BSAHMONEHCTBUN YacTHL ¢ ampamu, B Y-pacrnage !

€T4B ANPA OCTAETCH HEH3MEHHBIM,
Pannoaktnanoe ARPO MOXNET NpeBpalmaTees p Apyrué sgmgpa no

AAEP, NPOHCXONHT M ¢-pacman. B Taxux BEIeCTBaX fApa npespaia-
40TCA B A71pa APYTHX 3aeMenTOB N0 ABYM KaHAlaM pacnajia: crosTan-
HOe xeneHHe Afep U a-pacnan.

Pannoaktherbte AApa NPUAATO REAHTb Ha ecTecreenmsie HeKyc-
-cT8eHRbie. EctecTBennpe Pa/IHOAKTHBHbIE S1Pa BCTPeyarOTCH B npu-
Ppoxe. Onn coctapasior HeGOIbillYIo AoM0 cpean H3BECTHBIX PafHOAK-
THBHBIX sifep. :

Boabuiancrso pagmoaxtismmx FACP TIONYYAIOT MyTeM HCKYCCTBEH-

Kax xe nonyuaior HCKYCCTBEHHBIE PafHOAKTHBHBLIC azpa? Ha neii-
‘TPOHHO-NPOTOHHOM mHArpamme (eMm. puc. 3.7) o6macts CTAGHIBHBIX
SIIEp pacnonoxkena mexny obnracramu, B KOTOpLIX HecTaOHIbHbIe Axpa
HMEWT WM H3GLITOK HEATPOHOB (BepxHAs 06.1acTb), AN M36bITOK
TIPOTOHOB (HHXHAA o6aacte). Ecau p CTabHIbHO® SAPO HOGaBHTH
OIOWH MJAH HeCKOAbKO HEATPOHOB, To OHO IEPEMECTHTCH H3 cTabUabHON
‘06AaCTH BBepX u cramer PaaHoaktusHbiM. Ecauw ypeamunry 3apsan
A4pa, TO AApo Nepeitmer B HUKHIOW, HecTabHAbRAYIO 0671aCTh. SAnpa
© H30OBITKOM HeilTpoHOBR HCNYCKAIOT B--yacThuw, sgpa c H3GHITKOM
-HIPOTOHOB — B+-yacrnim.

HekycerBennste PaJHOAKTHBHbIE RApA HOAYYAOT B SREPHBIX peak-
unax. B agepuodt peaxmun MOMET NDOM3OATH AaepHOe npespamenne,
T. € H3MEHEHHE COCTABA HCXOAHBIX anep. :

Bnepaele HCKYCCTBEHHYIO PaZHOAKTHBHOCTD OTKDPH Mper n ®pe-
Repuk JKoano-Kiopy & 1934 T, O6nyvas amomuuui Q-9aCTHOAMH, OHH
Habaonany ALEPHYIO peakituio

?;Al +a —-?SP —+ n.

3anuce spepHoi PEAKUHH TIOX0XKa Ha 3anUCh XHMHYECKOR] peakuuu:

‘CI€BA — S/IPO H uacTHLA, BCTYNAMOIHE B PEaKIHIo, crpaBa — npopyk-

Th peakuny. B peakuun noayuarworcs HCKyCCTBeHHbIe Bt-axTHBHEIe f1-
30

pa P. Mocne 1934 r. MOMTyYeHo H u3yyeHo Gonee Thicauy pasannu-

HBIX DANHOAKTHBHBIX SAep.
DKCnepHMenTaNbHOE H3YUCHHE DajHOAKTHBHOTO DACTIANA HOKa3a-
10, 9T0 KOJXHYECTBO pPamHOAKTHBHBIX AREP YMEHBIIAETCH MO ompene-

ANOAKTHBHBIE AApa, XapaKTepHayeics nepuodom norypacnada T V2. OH
PABEH BPEMEHH, B TEUeHHe KOTOPOro KOJHYECTRO PAAHOAKTHBHLIX fimep
80
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T y
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HHA
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X g ta

WIH COKPAIIEHRO

- Ao b A
X=7Y
KUM;
HasulBaeMoe MarTepuHC
X — HOe DajHOaKTUBHOe HADPO,
rie X — Hauanb P

lY JJ,O'-lepHee H,Il,po (ﬂ}lpo npOﬂ.yK]), y ) a , T
leHCKOI'O AApa; a— HCIIYCKaeMaﬂ qaCcTHLA (Cl.-llac THUA, B YyacTHIA 't -
1

KBAHT).

TlpuBenem MpHMepbl PajfOAKTHBHBIX PaCcTaloB:

§?Ui§;x+§;y+v,n (A,-]—Ad—\j, =338; Z,+2,=92)
:Mn_agpe—l—ﬁ +v;
YC—BHp v
' ZTS"’CO —aCo+1.
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[lepuoAsl TMoaypacmaja CHOHTAHHOTO AEJERHA SAEP o T
: . n 4,5
TBEHHO paBHel 8-1
f)x %Y g a-pacnaja coOTBETC
Aesesus X, 7

2% 0, €M €ro a-pac-
net. CriogTamHoe jeneHue supa o, U MeHee ::c;’)}cl):::ﬂ{;e e
: ¢l ONHO
: -10* a-pacnajiop TPUXOJMT !
e %Mn u 'C BMecTe ¢ sapmmensofi vacTHued
ooy omyes HTpaJibHas YacTHUA
( pOH, TIO3UTPOH) MHCMYCKAETCA M 3JICKTPOHEUTP
3JIEKTPOH, : y 5
fi THHEHTPHHO v, ¢M. § 4.5). rommL. 10
(HQETPI:IH(L;:I;I)HHQE ﬂ;[i:l))o BO3HHKAET B Bosﬁy}xnell{(ggn}e:ﬂgo Tom B,pa-
. KaTeda y- . ,
acrnaga Hcnyc
aTHOAKTHBHOTO P rax B b
mostn pacnage 2515 28T gons  BO3BYKAEHHBIX AOUEp
AHOAKTHBHOM Dac .
o €HHA 3Hep-
Hﬂ.&% cocTﬁgﬁ:;oﬁ pacnaje BbINOJAHAETCHA 3axo:;;;)x§;:ﬂa aoptmn
b HA MAaTepHHCKOTO
{0TOPOMY 3IHEpT Ha SHepTul
1po, corg:cggc;anaPBa);lﬂmeM 3aKOH COXPaHeHHs SHEprHH Ip
npOayKT : . .
MaTepPHHCKOM AJpe: . |
e P Ma(Z, A)c?=[Ma(Z,, A))+ms]E+Wp -
T noaroli snepeued pacnada. OHa paBHa 1a-
o sxpa, npeoGpasyonlefics B KHHe

Beanyuny Wy HaseBaiwo e
yacTHIB @ H y-KBanToB: Wp=Es

CTH 3HepriH noKos MaTepPHHCKOD

yepHero dapa, . : acnana.
UeCKY10 SHEPTHIO A0UEp SMBAIOT B NPABOLl YACTH yPABHEHRA P
-+Eq,+E. . Ee nacro yka a
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Ep=EqtL, nasuisaior suepeues pacnada. OHa BHIAEASETCH B MOMENT |

pacnala MaTepHHCKOrO siapa M paBHa sueprau Wy, ecau nouephee

AAPO 06pasyeTcs B OCHOBHOM COCTOSHHY, Otmetny, wTo gas ompege-

JICHHOTO Daj#OaKTHBHOrO pacmafa SHepraa Ep MoxeT npuBHMaTh op- |

HO HAH HECKOJSbKO 3HAYEHHH.
BripasuM maccw B aToMubIx CHHHHLAX MAcChl, a 3HEPTHIO — B Me-
Tas/eKTPOHBOJLTAX, TOTAA
Wp=931 [M(Z, A)—Mx(Z,, Ay)—m,].
3amMensas MaccH amep Maccamu HYKIHROB.no opmyre (3.1), npe-
o6pasyeM HocaenHee YPABHEHHE K BHAY : :
W’P=93I IM(Z, A)—M(z, A,)——ma—(Z—Zl)me]. (4.1}
JHePrHs pacnaza Wp He MoxeT GHITDL OTPHOATEALHON BeJHYHMNOR.
Hs sToro monowenns u nz ypasnenus (4.1) cneayer 3HepreTHYecKoe
¥YCI0OBHE PAAHOAKTHBHOCTH apep: o
M(Z, A)—M(z,, A,)—-ma—(Z-—Zl)me>0. (4.2

Kpome 3aKOHA COXpPaHeHHs 3HEpriHu B ‘PAAHOAKTHBHOM pacnane
BHTIOJIHAIOTCS 3aKOHBI COXPAaHEHUA HMNy.bea, SJICKTPHYECKOro 3apsiaa,
HHCIA HYKAOHOB. 33aKOH COXpaHeHHA HMIyAbCa 3allHCBIBAIOT B BHje
BEKTOPHOTO paBeHCTEA:

Mo (Z, A)yv=Mg(Z,, AV iF-mgv,,
rThe v 4 V[*CKOPOCTH IBHXEeHHA MATEPHHCKOTO H AcUepHero Anep;
Vg — CKOPOCTb YacTHIH 4.

Marepunckoe 21po npH oGbIYHBIX YCAOBHAX MOXHO CYHTATh MHoO-
KOAIMUMCA M MOJOXKHTL €r0 CKopocTh v=0. B 370M clayyae goyepHee
AAPO # MACTHIA & pAa3NeTalOTCSI B NMPOTHBOMONOKHDIX HanpaeBAeHHAX,
4 HX CKOPOCTH 0GPaTHO NPOMOPUHOHA/IBHEl MACCAM:

02/01=Ma(21, Ay)[mg.

Haiipem ‘wunetnaeckyio suepruio a-uacTumu £, u xovepnero sappa
£, nocne a-pacnaza. Bossegem ofe yacti NOCJIEAHETG PABEHCTBA B KBa-
Apar. Yuntbisas, uro M, (Z,, A)=A a. e, M, m, =4 a e M, A=
=A, 44, v <o, E,+E,=E, noaysaenm

E.=(AlAEy; E,=(4/QE,

MaccoBoe umHeno @-arTHBHEIX spep Az=210, u npumepro 98Y% SHEpTHH
pacnaaa £y npuxoantcs Ha a-4aCTHILY.

ITocne B-pacitana ROYEPHEE AP0 ¥ P-yacTHUA NBUXKYTCHA B MPOTH-
BOTIOMIOMHHX HANDABJCHHAX TOJILKO TIPH SHEPrHH HEHATPHHO E,==0. One-
HAM 93CTb SHEDruH pacliajia, NepenaBaeMyo AouepHeMy SAPY, ecJH
E =0, Tak ®gak macca RouepHero saapa M, (Z, A)=A, a. e. M.—
=1836A1m6, 4 HahMeHbilee sHayemne A, =1 (HefiTpoH), TO oTHOEe-

Hue

my/M,(Z,, A)==1/1836A,< 5,5-10-*.
52

B MOMEHT CINOHTAHHOTO AEJNEHHA Ajpa

' MeHee
HeMy #AApy Nepelaercs
nbHO, B f-pacnale pouep no-
38%E3232Prnn’pacnana. Ente MeHbIIYI AOAI0 3HEPTHH pacrnana

. e.
yuaeT AOuepHee AP0 B y-pacnal 0cBOGOXKIAGTCA 2HEpPrHs

~160 M3B. Ona pacrnpeaeasieTca MeXay ABYMS OCKOJKaMH ZeJse-

B qpsi OOPATHO NPONOPUHOHANLHO HX MACCOBBIM THCIAM:

EJEs=A./A,, E\Eq=Ep.

| Tax, ecau Maccossie uncaa A, =95, A;=139, 10 E;=100 MsB, a Ex=

. =69 MoB.
GV
{ oda
71310 2’8%3% : 5272
2
2,504 M3B —
Iz
1,332MaB ——1—
0,769 M38
a2 2
8
4169 M3 0
0 N'
‘G Th Pt
G,
Puc. 4.1, Cxema o-pacpafia 23U u B--pacnana 0G0
H 3JeK-
TIpORILAIOCTPHPYEM 3aKOHBI COXpAHEHHA HHCAA HYKJOHOB |

o 3apsna Ha TMpHMepe c-paciana:
e 25 2 Th+a + 4,2 MsB.
= c/eBa
Yycao HYKIOHOB (/1€Ba PABHO 238, cnpasa 234-44=238. 3apana

92¢, cnpapa 90e--2e=92e.

B - M p-pacmajax HaMe
YHMHUECKHe CBOHCTBA /EMEeNT
YCTaHOBHTH NPABH/IA CMELLeHHA. >
Ma yMmeHbINaeTCs Ha JBE €AHHHL , 10 o o
e nerkit. B 'E 9 ﬁiﬂgﬁgqeuﬂe Z ymeHbplIaeTcAd Ha eAMHUILY,
a Irlgfl iﬁiﬁg&%ﬁﬁﬂaﬂﬁg Ha ofHY kKneTky. B f-pacnazne, HaoBopoT,
aa

aeTcd Ha
OPORCXOAHT yB'eJ'lH‘{tEHI/Ie Z ya eiHHHLY, 4 aTtoM nepeMelrn

e | tugecky, Ha
e : i pacnag yAoGHO wm300pamaTh CXeMa :
PafpoakTUBHEIN D& b
safbl CXeMbl (fHarpaMMel) %-Paciiazid o
puc. 4.1 noxa .

T CYMMADHYIO 3HE
80 eTa sHeprud HPHHHUMAIOT CY

yano oTcH P

o 07, ) 3a Haua

HO#l YacTHUH &.
KOSl OCHOBHOTO COCTOSTHHS ﬂoqepneroa:ipﬂa Tl;ﬂabalFoﬂ}:":;eHeHHe et
a YUHTHB oB-

[lpu raxoM Hadaue OTCHET oe Wp. DHepreTaueckHe yp
NOKOS B pafHOAKTHBHOM pacmaje, paBH e 53

HgeTcs 3apfAi AApa, ¢ KOTOpPbHIM CBBilz?KHHbCI)
op. ITo uaMeHenkio 3apana Aapa Ko
B g-pacnaje nopaAxoBbH HOMED o
nostomy atoM B Ilepnoanuec

aeTcs cnpaBa HamaeBo




HH MAaTePHHCKOrO u Hoye
TaIbHBIMH JAHHHAMH. [lo
Egﬁgz H 3HEPrHu ypoBHel
TOro Hysa. PanuoakTHpHEe pacmanm (o

'y

Hanpumep, wecrs |
) u3 100 agep U n
B ampa 2T g2 TIOCHE a-pacnafa npespa
Pa “oTh ¢ sHeprueit BosSywxaenns 0,389 k3B, B o pacnz);:a}omﬂ
- B 0CBO-

Goxnaerc
A sHeprua Ep—4,17 M
SAPO McmycKaer = 3B. 3areM Bosbyx
X " AeHHO.
COCTOSTHHE. V-KBAUT sHeprieii 0, . © Aouepres

§ 4.2. PARMOAKTMBHbIE CEMEACTBA

Pagnoaxr P
HBHHIT pacnag u
HUEM CTaGHAbH ¢ BCErda cpasy 3akau
paﬂHO&KTHBHblxoroagﬂpa- Bo muornx C.J'lleaFl);{ Haﬁﬂfggga;oe;;cg royaes
PACIIAN0B, B KOTOPEIX fAApa HaxoZsTes B Hp e
: «POACTBEH-

HBIX» OTHOLNEHHA
X _Apyr ¢ Apyr
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pacnag oﬁanaueH HaKAOHHEIMK c‘rpen}ligmna ﬁ{f-
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I}();{:;% A0EpP IOKasaHBl Ha cxeMax ropH30
: Melfg«;ﬂuﬁ HAMHCAHN HepHoam no.rlypag'
/IEKTPOHBONILTAX, OTCYHTAHHBLE O
L
f*), B Kotoprix sapag
Hampae/AeHHLIMH BHH3 4

389 k3B u MEePEXOAUT B OCHOBHOE |

i

} Bce OHH pACOJOXEHBL B KOMI® ITepn
- 1. U. Meugeneepa u BXOMAT B Tpynny

Cpellsi €CTECTBEHHBIX PAAHOAKTHBHHX BEIIECTE €CTh TPU BelISCTBA
. NepHOAAMH TOJYpACTIaNd, CPABHEMbIMI C BpeMeHeM JKH3KA SeMiH,

paBsM nipuvepro 4,5:10° ser. K mn omwocarea U (T, =45X

W 10° qer), *RU (T, =T7,13:10" se7) ®Th (T, ==1,4:10" zer).

onuuecKoll cHCTeMbl 3JEMEHTOB
AKTHHOMAOB. JTH TPH BellecTBa
MM CceMeHcTBaM — ypata

JawT HavYano Tpem ecTeCcTBeHHEIM PAAHOAKTHEH

a ("gzU), AKTHHHSA (2321.}) U TOpPHS (QfoTh).

Ha puc. 4.2 noxa3sansl pafiMoakTHBHOE ceMeficTBO ypaHa H HepHOAB
noAYpacnaja paiuoak THBHLIX BEUIECTE. CemeficTBO ypaHa 3aKaHUHBAETCH

5] o
CTAGHILREM SIPOM “wPb. CeMelicTsa aKTWHHI W TOPHA 3aKanyyBaOTCA

.
craGubHBME sApamMsl oPb 1 *GPb COOTBETCTBEHHO.

MsmeHenue MaccoBOTO uHcAa A B KaKIOM CeMeHCTBE NPOHCXOAMT

TOJABKO IIPH o-pacnajie, npHYeM B KamioM TAXOM pacnane ypcno A

yMeHbmaeTCﬂ Ha 4eThIpe €NHHALLT. HOBTDM}’ 3gAYLHHE MACCOBBIX 4H-

cenl spep AwGoro ceMeHcTBa BhHIpAXKaeTcd eauHoi GopMymoh:
A=4n+C,
rae n u € — Ledble YHCTA.

Has cemeficTBa ypaHa
aaa ceMeficTBa aKTHHHA C—=

C==2, a n JeXHT B Npeaeaax 51<n=<<59,
3, 5l=<<n<b8; nas cemelicTea TOPHS C=0,
5lecn<58. B Brpaxennn A A nocrofnHas C npHHHMaeT 3HaveHAsd
0, 2 u 3. PanoaKTHBHOE CEMEHCTBO HENTYHHSA (C=1) 610 mOAyHe-
HO HCI;;!CCTBEHHO. HaunGosee AOACOKHBYIHM B 3TOM CEMENCTBE sBJA-

eTca o NP ¢ TepHOAOM TOAYpacnaia 2,2.108 aer.

§ 4.3. 3AKOH PAAAMOAKTMBHOTO PACTIARA

3axoH PpAamHOAKTHBHOrO pacnana — 310 CTATHCTHUECKHfT  32KOH.
OaHO# N3 XapaKTEPUCTHK 3aKOHA PAJHOAKTHBHOTO pacnaja CAyXHT
NOCTORHKAR PAOUOGKTUBHOSO pacnada (KpaTKO — NOCTOAHHAS pacia-
na) A, UMemouUlas pasMepHOCTD c-1. Oua nmoxasnBaeT, Kakas 1044 pa-
HOAKTHBELIX A pacranaercs 3a eJIHHHIY BPCMERH.

O603nayuM N (f) — KOMTHYECTBO PaLHOAKTHBHbX Agep B MOMEHT
spemenn £ Torma, 04 AASP dN/N (), pacnapamiuxcs 3a HHTepBal

BpeMeHH df, paBHa
AN/IN ()=—2dL.

3gak MMAYC B AH(deperlHaIbHOM ypaBHEHHH YKasblBaer Ha yBbiab
yiicna pajgHOAKTHBHEIX slep 32 HHTEepBal BpPEMeEHH df. Tlocae HHTET-
pHpOBaHHs €BOH H npapofi wacTell 5TOF0 ypaBHEHHA NOJIYIHM

N (f)=Be™ .

[locTOAHHYK) RHTErPHPOBAHHA B HaxoLAT W3 HauaJbHBIX YCJOBHH
pacpaga: npH {==0 uuHcIO paNHOAKTHBHLIX siiep OulIO N, mostoMy

B=N,. TTocne NOACTAHOBKH B MOCIENHIOHO dopmyny No BmecTo B mo-
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208

pacnada:

N{)=Npe™, :
(4.3) 1

30T 3ak :
OH cHpapefau .
Arep. Pyukyy B LM GOABMIOTO wuen :
YHKRUS In N (¢) nunedino sasmeur or BPeMeI-?H ?a%gz?pKTHBHblx.
. HK 37Ol 1

bYHRIAN 1py
PHBeIeH Ha puc. 4.3, Hepes spems, PaBHOe TepHOAy noay

N(T /N, =1/2=¢""T12

OTCI0Aa

T, =0,693/a, (4.4)

k t—l—d]? HHTEpBaNle BpeMeHU MexAV f u

H pacnapaercs ANdt apep, rax-

meee HB3 KOTOPBIX Ko Bpems { O6.
e paeMH KHBHA ITUX 5ep paBHO
HOCTS i3 Beax Ny b T ee-
o AJ€p PABHA HH-

N ;er];pany oT nponaﬂenenﬂi INdt
4 pelenax no BpemeHH or HYJIA 710

& CKOHEUHOCTH, CpelHee BpeMs xH3-
H PaJHOZKTHBHLIX SIX€pP T PaBHO oT-

1
18 f 2 3 4
5
Yucao nepusdod nomypa cﬂ% é‘a7 HOUIEHHIO uHTerpana k Nj:

Komiyecmbs oom
AR C2008
g fewsemba

Pue,
¢ 4.3. 3akon PanHOAKTHBHOTrO

kel
=1 [
)pacnana T jlmth: A jfe Mt
v b

[Mocae HHTETPUPOBAHHA NOayynM

=1/

Dopmyna (4 ' 45
Aa A, I'}rer«,"i mlfcfr'ge):erm'{a“"ﬂﬂe'r, ITO 4YeMm. 60JbIIe MOCTORHHAS -
o opryiny (44) G AT PIBMORKTISIC 2apa. Moncraniy

= UM CB '
nana 7'z u cpexnnm Bpemeﬂen-ry}f{ﬂlsﬂﬂ :.35 MEHAY NepHOLOM noxypac-
T/9==0,693r.
Xa Tat6a
PRKTEPHCTHKH HEKOTOPHX PaXHOAKTHBHMX HYKIHT0R e

B IT

ViCAuR ol ;gaaconzgm il'Ic.cTo;mHis_rl pacnana, - Teanan suepcus

aCTHLLA pacnaga

2331-] o MsB
o) +0:10% per 4,84.10-18 o 4

2?023i 24810 ser 8,17-10-1¢ & 4,55

83 L]

X4 4,97 mnun 1,61-10~-¢ B- i1

&1 1,32 mun 8,75.10~3 f- 1,8;
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a TaxXKe THIL HCTIYCKaeMoil 4acTHum H 3
ipHBEIEHEl XaPaKTePHCTAKH HEKOTOPHIX PaAHOAaKTHBHHIX HYK/HIOB.

' 1. e. 931 4 pacnanaeTes 0,6% anep g

BEULECTB YKA3HIBAIOTCH 3HA4YeHHd TO-

noaypacnaia Tz HIAK OJHO H3 HHX,

B Ta0aunax panHoaKTHBHBIX
Heprus pacnaja. B raéa. 4.1

ToAHHON paciaia A H NMepuola

Mpumep. Kakag jona agep E?Bi pacnafaetcss sa 1 a7 Hs ypasuenun (4.3}

NiNg == e--—-33001 —_ e—l.ﬁl‘lﬂ"‘ﬁﬁoo = 0,004,

Hons siep 251‘%81, KoTopble Heyeans 3a | u, paeda 1 — N/Ny=1 — 0,994 = 0,006,
210
Bi.

X H3MEpAIOT AKTUBHOCTo 6eutecTsq, paBHYIo THCIY

B skcriepuMeHTa
1 c. AKTHBHOCTb & [AcCYHTHIBAIOT H3 YypaB-

qpep, pacnajzarllHxca 3a

HeHHA
a=|dN/dt|=AN.
3a eaunnny AKTHBHOCTH HpHHAT | pacmaj B CEKyHLYy (pacn.fc),
na3biBaeMbiil Gexxepeas (BK). Hacro Nosb3yoTCH BHECHCTEMHOH €1H-
Hullell Kropu H €8 HOJAMH:
1 xioph (Ku)=3,7-10" pacnjc;
| muankiopn (MKn)==3,7-107 pacn.fc;
1 Mukpoxiopu (MkKn)=3,7-10¢ paci.fc.
KoHUEeHTpauHI0 pajdoaxTHBHBIX BELLECTB B Ia3ax

BRIpaXKAaT B AHHHIAX KIOPH HA JHTP (Ku/a).

Macca palMOAaXTHBHOTO BEILECTBA /# ARTUBHOCTRIO B 1 Ku ceasana
¢ ero mepHomoM moaypacnaga Tyve H aTomHoli maccofi A. CorsacHo
dbopmyae (1.1) B Macce f1 COUEPIKUTCA N==(m/A)N 4 paiHOaKTHBHEIX
aTOMOB, 4 AKTHBHOCTL BeIlleCTBA a=(MmfAYN . (3mece Ng—uncio
Aporaapo.) Tak xak 7o ycJaosuto a=3,7-10' pacn.fc, TO

m=8,86-10-"" AT, ,

rie m BHpaXKeHa B KHAOIPAMMAX, Tvg — B CEKYHAAX.
AKTHBHOCTH | KI palHOaKTMBHOLO BEIECTBA B KIODH paBHa

14
a=1,13-10"/AT, , .
Mpumep. Onperenyts aKTHEHOCTD 10 r 98U, Paccuuraem no dopmyre (1.1)

qucao atomos B 10 © 238U
N={0.01,."2.3’8}-Ei,if}2-1t3I25=2,53-1022 aToM.
. AXTHBHOCTL YPaHA a=4,84.10—18X

H MHIKOCTHAX

(4.6)

Mocroanuasn pacnafa h=4,84-10-18 ¢!
N2 53.102=1,22-105 pacn./c =331 mxKH.
Mpwumep. Paccuntats maccy %°Co (T1/:=527 roaa) aKTHBHOCTBIO a=1 Kx

Tlo dopmyne (4.6)
m=38,86-10-17.60.3,15-107.5,27~-8,82 «10-7 gr=>0,882 Mr.

HaxomnieHne paAHOAKTHBHBIX JIOUCPHHX AAep 3ABUCHT OT CKopocTel
pacnaga MaTepHHCKAX H CAMHX AOYEPHHX ANED. O6osnauum N (f) u
No{(t) uHcaO MaATEPHHCKHX H AOUEPHHX paZHOaKTHBHBIX AAEP, & At H

Ag — HX ToCTOsHHBIe pacnapa. Ecau B fHayanbHEIf MOMEHT BpeMeHH
t—0 yHCI0 MATEPHHCKHX sijep paBHO Noy, a JOYEpHHX suep He OEBINO,
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TO H3MEHeHHe YHCTa
byuxuuei

N, =52

NM (e-—}]t — e—"’f).

Pac
5 f}i\{érfumcﬂlsa C1y4an PafHOAKTHBHOIO pacmaza
CTONbKG Be.ﬂ}i'}{o pqeéﬁii BDEMS JKH3HH MAaTEPHHCKOTO BeillecTsa N
henr opes Bpe;ﬂﬂ t>>l(/:;30 €T0 sAlep TOUTH He H3MEHAeTCH o Bpe a-
Rala (=0 N, (1). D10 coomHOmeRe - maeirolt MOKSHO “Peﬂ%pelzibmeﬁ
S Sy lleHHE  HA3BIBAIOT 3AKOHOM BEKOS020
Marepuncko
€ B JAouepHee Bellec
KosoM) Da TBa HAXOIATCH B
KA ﬂ.o)rop K%an:é‘T“BHOM PaBHOBECHH MEXAY cOBoil, np:ilfrlgln:eg;HDM (e
pacnana Tyy. Saxon nctenoro henoPoHAILHA €ro "ePHOHT;Bzgﬁ;b
: 0 pPaBHOBecHd )
JEHHS HCTIOb3
; Cemeffgiipmaﬂnﬂ PATHOAKTHBHLIX BelleCTB B cgég; 11.}1{;1 orpeac:
ypaua sinpa 81 (T1/,=4,5-10' ser) Haxo:nmcanpﬂmep’
A B AJu-

. T&TbHOM PaBHOBECHH =
coa 234 |
pebHOM apamu MU (T1/2=2,48-10% jer). HUs coot-

N O, () =T2YT% — 0,54. 10+
12l 41 p=0,64-10

ONpeaeTAIT ¢ 2847 |
6) Al>k2.oﬁap$;ﬁﬁ§ *U' B npuponnom ypane, pasuoe 5,4 10-39
B L0MepHAe 33 Konoix KHE AXpa IOYTH NOJHOCTBIO npeBl;aU.lafoTO'
XOHT paﬂHOB'KTHEHb]xoep:g]?;{;, B T€YEHHe KOTOPOTO NOYTH He nponia
OB AOYepHHX safep. I1 )
- lostomy nputau-

KEHHO MOMKHO HOJIO
: WHTh Nyo=
3aKORY 02==Noi. Hsumenenne N, (¢) nponcxoant mo

) N, () =N, e~

Tak, B cemeil
’ CHCTBE ypaHa aapa 2%¥[J y =
H 4
DABHOBECHH HEDe3 fBa Ko : XK U Haxoaares B aanrenbmonm
pHC, 42) Hx BpeMs POTKO HBYLIHX fnpa: 234Th H 234Pa (
JLHSHI OUEHD Malo, It MOKHO NPHGAHKeEHHO C'—cli\{{

TaTb, 4T0 281 npen
pallaercs ¢ 234
CTaluu pacnaga. pasy B *4U, Munyn npomexyrountie

§ 4.4, ANbA-PACHAL

SABneune a-pa
cnana 6el1¢ OTKPH
ey e | PEHITG IIpH H3YYeHMH pa
e ) ng rl?mﬂ:bl;j:; aﬂeMﬁHmB. EcrecTsennrie a-aKTHBHbIepH}?ﬁﬂO}?;:IHBHO“
HUe llepnomuyeckoir cucTeMsl saementos JI. U I\Eg;-

YpaBHenHe a-pacnana nMeer caeAyOWHU BHL:
Ay A—d '

. =V tat W,.
0C/e MCTYCKAHUA Q-YaCTHUH 34

CIHHHAUBI,
nana:

paA aapa ymeH
enye YMeHbIlaeTca Ha
COBOE HYHCAG-—HA weThipe eAuuuuEl. [Tpumep a-piie

. 239
o 235

. s — “yU4-6,56 MaB,
3

. _
JOUCPHUX AZep BO BpemeHu Ny(f) OITCHIBALTCR

YVuuteieaf, uro my==m, W Z—Z,=2, NOAyuHM SHEPreTHUECKOR

_?c_nosue a-pacriafia, 3aMeHdB B YDABHEHUH (4.2) m, +2m, BeJIHYUHOA
M (He)

M(Z, A) =M(Z—2, A—4)+M(,He) +Wp/c.

Tak xak sheprua W,>0, To @-pacrax BO3MOXKEH B TOM cayuaae,
KOTAa Macca MATepUHCKOTO HYKAHAA Gospiue CyMMbi Macc HYK/IHIOB

4
pouepHero H ,He. B nocnenneM npumepe Macca 239Py npesbilIaeT

cyMMapHYIo Maccy 2§§U H ;He na AM=0,007 a. e. M.

Mpoiecc q-pacnana HMeET ABe 0coBEHHOCTH, KOTOpHle GHUIK Haf-
fleHbl Ba OCHOBE H3YYEHHH IKCIEePHMEHTANBHBIX pesyabraros. Ocrano-
BHMCS BKPATIE HA 3THX OCOOEHHOCTAX.

1. TlocTosiuHaa pacriaga A #1 3Hepras o-4acTHL E,

nos [efteepa — Hemmoaa:
Ina=B,InE_+B,.

Jlna Bcex ceMeficTB HocroaHHas B, oama # Ta XKe, a HoCTOAHHASA
B, H3MeHsieTCsl OT CeMeNCTBa K cemeficTpy. 3akon lefirepa — Herrosa
OKAsLIBAET, UTO UeM KOpoue BPeMs JKH3MH g-H3ayyarels, TeM Goabnie
SHEepPTHA o-4acTHILbI.

2. dneprus o-4acTHi, HCIYCKAEMbiX pasAMYHBEIMH Q-H3/1ydaTesiMH,
saksouena B npenenax 4—9 MsB. Ona sHAUUTEIBHO MeHblile 3HepTHil,
KOTODYIO G-YaCTHIbE MOMKHEI G MOMYYHTH I0C/IE a-pacraja mnpH yc-

KOpeHHH B SJEKTPHUECKOM nonae aapa.

-3
HanpuMep, B a-pacnape 233U — ﬁg;Th NOTEHIHANbHAA SHEPrUf OTTadk-

KHBAaHMA (-UACTHUH HA TpaHKue sApa TOPHA COCTABAALT OKOJC
30 M»B. CaegosarenbHo, a-4a- |, -
CcTHUA HOCAe TIpeciIojeHHd no-
TesnianbHore Oapbepa AOJAKHA
YCKOPUTbCSL HE MeHee UeM 10 W
30 MsB. OnHako 3KCHepHMeH-
TagbHo HadAwAATCA  TOJABKO
g-uacTHUB ¢ Heprueft 4,2 MaB.
Kak o6bsicuuTh 3akon I'efire-
pa— Herrona? TloueMy 3Heprua
HCAyCKaeMBIX @-4acTHIl CPaBHK-
Te/bHO HeBmCokKa? OrBerel Ha
3TH BONPOCH AaeT KBaHTOBad 7
mexanuxa. [Ilepen HavaaoM a-
pacnaga BO MHOTHX fApax Yike
cyllecTBYyeT N0 OAHOH @-9acTH-
ge. Ouu ABHKYTCA © 3HEpPrd-
eit £',. Ecau 6bl He Obino noTeH-
wuaipHoro Gappepa, TO g-4acTHUa BEIXOLHJA 6p w3 Aapa ¢ sHeprueft
E“—_—E’u——vg (puc. 4.4), rae Vo — rayGHHa NOTeHUHATbHOH SIMb. Kak

pa3s ragad 3HeprHd ¢-4aCcTHI H HaOawgaeTcH SKCHEPHMGHTaﬂbHO.
59

CBA3AHL 3AK0-

Puc. 4.4. Cxema, HAmOCTpUpYOLIas Dpo-
HHKHOBEHHE (-9acTHUB CKBO3b NOTCHIHAB-
ERIT Gapbep




Mokunas anpo, g-yac
UHAJABHOrO 6aphepa,
CorracHo saxonany KBARHTOBOH MexaHHKkH g-
BOJHOBLIMH CBOACTBAMY. losromy npu nonamanun ma CTEHKY NOTeH
HHaIbHOTO Gapsepa onn orpamcarorcs OT Hee, KaK Bosiubl, OAHako oq
CTEHKH OTpaXalTces He nee G-HACTHLBL YacTh uX nmpoHmraer cxkpoap
CTEHKY H YXONHT M3 PafHOAKTHBHLx NP C sHeprueht £, Jpdexr npo-
CaUHBAHNA @Q-UACTHU yepes NOTEHUHATLHEI  Gapbe
HHIRE €r0 BHICOTEI HA3KIBAIOT Tynmerombiy spdexrom
€1 HU3KHE 3HAYeHHSH SHepraii C-44aCTHU B g-pacrnage.

C pocrom suepray E'. ymempluaercy UHPUHA  NOTeHNHaTbHOro

Gapbepa (cm. pue, 4.4). Uem yxe TIOTeHIHANIbHLIE Gapbep, TeM Goyip- |
L€ BEPOATHOCTE BHIXOZa G-HacTHibl H3 agpa. Takomo PusHYeCKoe
OO'bACHeHHEe 3aKoHa T'efirepa — Hertroua. ;
Homo cronknosennii @-HaCTHIL ¢ NMOTEHUHMAABHEIM GapbepomM, npy--
BOAALIHE K G-pacnany, HaswelBalOT KOshduyuenton npospadnocry D,
C yBeauyenuen SHEPTHR ¢-YacTHUB Koadbuunenr Npo3paunocTy pac-
TET H CTAHOBATCS DABHHIM COHHMIE NPH SHEPrUsix 2y DOJBWRX Bhico-
TBl TI0OTeHHanbhoTO Gapbepa V. 3ametumM, yro IpH BHelHeM o6.1y-
TEHUH A1DA 3apsaKeHHbIME YacTHLAMH g C SHEPrUAME L4 < Vy Kosdpepu-
LHEHT Po3payHoCTH NMoKasbBaer nogmw HaCTHU, HPOHHKAIOLIHX B anpo §
Hepes NOTeHuHa bHbl Gapvep. 3TH vacthnm BCTYNAIOT BO B3auMonefi-
CTBHE C SAPOM. -
 DHeprua e-yacTHU 3aBucHT OT SHEPTeTHYECKOTO COCTOSHHS noyep-
Hero aapa mnocne a-pacnama. Ecay AOUCPHEE AP0 06Pa3YeTCs TOAbKO
» TO HCYCKAITCH MOHOSHEPreTHYecKYe a-YacTH- |

THIIZ KaK 6Bl He 3aMeqaer CYIWECTBOBAHHE NMOTexny

P _npu sHeprusx
- Hm o6bsacusaior-|

6y}KJIeHHbIX COCTOAHHAY, TO HCyCcKawTed HeCKOJbKO SHEPTEeTHUECKHX

TPynmn a-yacTHU M y-KBauThI. CaenoBarensHo, CNeKTD a-YacTHIl Amc-
KPeTHBIA.

- Ha puc. 4.1 nokasana cxema pacnaja QSZU, HINOCTPAPYIOMAS He-.
NYCKaHHE SHepreTHYecKHx Ppynn a-yacrou, B a-pacnape 2§§U HaG.o-
AAQeTCd TPH FPYONE o-qacTHi ¢ SHEpruaMu 4,559; 4,370 u 4,170 MsB,
Houeprue anpa QSJTh 06pasyloTcs B OCHOBHOM M ABYX BO3GYHlew-

HBIX cocTosnuax. JlancHefimpi EPEXOA TOPHA M3 BO3GYIKAEHHOrO co-
CTOAHHA B OCHOBHOE COMPOBOMKAAETCH H3YYEHHEM Y-KBaHTOE.

§ 4.5, BETA-PACNAR

B p-pacnage NIPOHCXONHT TPEBpalleHUe ONHHX H3006apoB B Apyrhe.
Ha HeHTPOHHO-IPOTOHHO Auarpamme (cm. pHC. 3.7} nenoykp paguo-
AKTHBHBIX H3004pOB PacCHONOMKeHH| BAOJIbL JNHHMH A==const. Ogna n3
ocoBeNHOCTe B-pacnana — sro CIVIOLWIHON  SHEpreTHYECKH CHEeKTP
p-uacrun f(E,) (puc. 4.5). OHeprus B-vactuy H3MEHARTCA OT Hynq go
SHepruH pacnapga £y, KOTOPYIO Ha3BIBAIOT MAKCHMAJIbHOLN (rpaHuqHOﬁ-)
sneprueit £, Ee ykasmsalor na cxemax P-pacmana (cm. pre. 4.1).
60

HMA OGeTa-
DHepreTHYECKHH CHeKTP f-UacTHI H3MEPAETCst MarHuTH

OHCTBY OHH MO~
cieKkTpoMerpamu. Tlo ¢soeMy NPUHLHIY pafoThl H yCTP ¥

Mace-CIeKTPOMETPHL. . oo
XOH{KH gnaae mosuTpoHa (3A€KTpoHa) B f-pacmane ncnycgawgi ;;Iem 5113 ©
{ HTHEeﬁTpHHo ¥). Ono xapakTepHsyerca criuHoM B/2, naapﬂna ,Heﬁ_
: ] KOsl H .

HMeeT MAacchl mo )
- CKOPOCTBIO CBeTa, He . pana. Tieh

v Y:c?a;gﬁggaer grpOMHoﬁ IPOHHKAIOLIEH CcnocofHOCThIO, I y
TPH

4Tb €r0 QuUeHb TPYAHO. -
P seorn E —F"™° _E , Ona 3aBHCHY OT 3Hepr#u Hefr
Sueprua p-uactuupl £ =F ,

MAKT
BCNCACTB e
o E anHuwiarom.eﬁ moBbie sHageHna or O Xo ie ;MH CeBOBOK
pl;:o Cl'levl’{‘rp B-yaCTHIL CRIOLIHOH. B cpemnem ¢ B-uac :11 Takoe Kamy-
:aeT cq By [ KOTOpast M3MepAeTcH B SKCIEPHMEHTE.
S ¥

meecss HapyLIeHHe 3aKOHa coxpa}f(-)
HHA sHepriH B P-pacnajte Bb13BeE:m-
B CBOe BpemMs COMHEHNs B IIpHM“ !
MOCTH 3TOTC 3aKOHA AAs MHKpCﬁM pﬂ"
B 1933 r. weefiapckiil GU3BK aaLHe
TeopeTHUecKi 00OCHOBAA chyc1; e
HefiITPHHO H 3AKOH COXpaHeHHs P
B-pacnane.

I‘HHI'?O Bcgapemeuuoq TEOPHH ucnycgg_—
HHe B-YaCTHI M HEHTPHHO (aHTI;IHeB‘
TpHHO) B f-pacmajie CBA3AHO C S.JI')[eK-
pallleHHeM HYKJOHOB B aApe.

cTa0HALHbIM
B M0 CPaBHEHHIO €O

T H3BWTOK HeATPOHO Ou b iy
o Ciﬂign}f };Ke MOPALKOBHIM HOMEpOM Z, TO npogcxo,u,m p—-p .
gngglipom HefiTpOH B fipe 3aMeHHeTCd MPOTOHOM:

n—p+4-B v
3apsa Anpa yBeauuHsaercsd Ha edMHHUY, a Ma

BHEHHHA
NOCTOAHHBIM. DHeprus f~-pacnaia Ha)lml:r;”fmﬂ-s ypa
B KOTOPOM CHEAYET MONOKNTE Z—Z =—1, Mo==Me!
W,=931 [M(Z, A)—M(Z+1, A)].
D_W onoxkuTenbHas pennguda. [lostomy $~
H 1o “rorma HYKJIHOE
Snepr;i:Mg:{c;H frlo.nbl{(l; TOrga, KOrAa Macca ﬁa?i};mf))m y
Ef?ga%ﬁl;& Goablile Macch AodepHere Hykanaa M( , A4},
n p # M ep. Haiitu sneprmo fi~-pacnana ~
40— 9Ca 4 b= + 3+ Wy

EMQ L
&
Fnepaun f-yacmul,

Pacnpedenenue
B-ugomuy, ng sHepelsh

45, OuepreTHueckHil cnekTp
B-uactii

PHc.

CCOBOE YHCMO OCTé(lleC)ﬂ
A},

Maccr MaTepUECKOTO H A0Y¢PHET0 HYKJIHAOB: )
M (19K) = 39,9640 a. e. m.; M (¥Ca) = 39,9626 a. e. M.
Sueprasa pacnaja

W, —0931(39,9640—39,9626) =1,3 MsB. .
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COBO€ YHCAO I
pu fit-pacna

€TCS Ha eAuHu Re He H3MeHsercs, g

OTNHYAKTCR Hélyéair;epremqecme YCAOBHS +_§;£Hﬂéq AApa yMeHplra-

M=, cH. TloacraBum p ypaBHeHie (ial)ﬂg -%acnaga
. —_— ______] H

W,—=M !
r=M({Z A)—

Mosutponnsiit pa ) —M(Z—1, A)—2m,.

TEPHHCKO Pacnag Hamonaercs p e

Ha o HYKAupa 60J'Ibﬂje Maceh X cayyaqx

ABE SMEKTPOHHKIE MaCCH,

Mpume

P- Haiitu seeprmo g+- I

BAEKTpoHa: prito $*-pacraga 'gC — B - g+
i1
MEO=1010114 a. e, m.; M (!1B) —
SHeprud pacoaga > 5=
w’ _—
Tperni m; ﬂ_]i?:cgal,om— 11,0093 — 0,0011) 22 0,93] MsB

C H30BITKOM npoToHOB Ad — ITEKTPOHHEIT 3axBaT. MaTe .1«1
KOii-1H60 0600wk ngg}xe? SAXBATHTb OPOHTANBHEIN 9.r]1)e CKoe AAPO
. KTPOH ¢ Ka-
aTOM  HCchnyckae ¢ 3axBaTa sApoM op6 Ka

T HT

¥y XapaKTepHCTHYeCKOe peﬂfreﬂoiiizgro 31EKTPOHA
H3JIyueHHe,

4 OIHH NpoTo
. H B fApe, kak
B HeflTpon: ’ H B NO3UTPOHHOM pac
: nage, npeepaiu

aeTcHd

-+ v Maces nyximaos n

11,0093 a, e. M.; m,=0,00055 a. &. u

0003H - -
anaior eﬁ_, e; W1 oA

B saexrp
OHHOM 3axBarte f
auny (Z—2 NOPAAKOBHIE HoMe
=] MeHb
SHeprus pac ), 8 o srexrpon cheaaeg 0 o oeTcR Ha exn-
pacnaza §o ypaskentio (4.1) (Ma==—ine), nostomy

TRe HEAeKC n=K e P s
=K, L ur A. — oBo3HaYeHye SACKTPOHHBIX oBolouek

Crnenosar
CJABHO, 3MEKTPOHHBI{
P sATeTBI TH 3aXBAT MOMeTr Haba
by ypaBHey HAa, Macca Kotoporo Goabuie Mac TouepHerc sy,
HHE 3JIEKTPOHHOrO 3axBaTa: o ACIEpRETo Hyis-
Ay " a4
Hax crp # o
eJIKOH, yKasbiaomeil
o1 ot ETE , LieH pagHOaKTHBHBIA
HpHBeﬂei-[HHe 060/104KH, ¢ KoTOpOli 3axsamsaerlzzicg?lg;c'r3 ort T
npuMep K-zaxsarta ' s
Wpemnt 06 oy Ha Be c sHeprmefi K-saxsara

o Ko7
4Be'—*3[.1.
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, Tq ero cocTtae H3MeHA-

§ 4.6. BHYTPEHHAA KOHBEPCHS. ANEPHAA M3OMEPUA

BHyTpenissn Konpepcua. BosGyxenibe Apa ¢ sHepriefl Bo30yH-
jAeHHs, MeHbllell SHEpPTHH CBA3H HYKJIOHA, NCPEXOMAT B OCHOBHOE CO-
crosiHMe, Henyckas y-KpaHTel. OnHako HaGA0OAAOTCH H LpYrae Ha-
npaBAeHHs 0CBOGOXKAERHA SHEPTHH Bo3Gyxaennd. Bo BHYTpeHHeN KOH-
pepCHH 2HepTHs BO3GYKACHHA SAPA HEMOCPENCTBEHHO mepenaercs op-
GUTATbHOMY SJEKTPOHY, BCJIEACTBHE UEr0 SMEKTPOH BHIPBIBAETCA H3
atoma, [locyie 3TOT0 B aTOMe HAYMHAKOTCHA TEPEXONbl AEKTPOHOB  Ha
HeaanoSHEeHHHE MeCTa BO BHYTPEHHUX 0B0JIOUKaX H aroM HCRyCKaeT
xapaKTepPHCTHYECKO® PEHTTEHOBCKOE H3JIYHEHHE.

YacTb 3HepriH BO30YKIeHHd siipa BO BHYTpeHHEeH KOHBEpCHH Pac-
XOAYETCH HA Pa3pblB CBASH MEKTPOHA C ANPOM 2o Apyras 4acTb npe-

06pa3yETCﬂ B KHHETHYECKYIO 3HepTHIO SACKTPOHA L.l
WB:Ee+€e-

Tak Kak 3HeprHs BO3OyHIEHHd Alpa H
B Kamaoil o60/s0UKe aTOMa HMeEIOT JHCKPETHBIE 3§auenns1, TO BO BHYT-

peHHell KOHBEPCHU HCIYCKAKTCA 3JEKTPOHLI TAKKE ¢ AHMCKPeTHBIMH
aHaueHHAMH 3HeprHu. B 3TOM CylleCTBEHHOE OTIHUHE f~--pacnana,
UMeIoLIerc CILIOIIFON CHEKTP 3AEKTPOHOB, OT BHYTpeHHER KOHBepPCHH

3/1€KTPOHOB.
B Tabn. 4.2 npuBefed AHCKPETHHI SHED
KOB BHYTpEHHell KOHBEPCHH, Ha6monaeMol 1
g . n .

214 214 - 214
gPD— Bi. TouepHee sApo bl oOpasyerca B Boa0yKASHHEIX CO-
BX AP NepexoAHT B OCHOBHOE COCTOA-

crosuaax. Yacte Bo3OYXKIeHH
HHE B pesyabTaTe BRYTpewHell KOHBEPCHH, a4 HACTh HCNYCKaeT y-

KBAHTELI.
Tacdauuna 4.2

JHEpPTHA CBA3H JASKTPOHA

reTHYecKHil CIOeKTp 3JAEKTPO-
pH paZHOAKTHBHOM pacnaje

Crextp 5MeKTPOHOB BHYTPenHell KOHBEPCHH MPH paAMOAKTHBHOM pACna ke

SHeprad ‘:a‘nec_:-rponon SexTpoinan ofonouxa Seeprid c;:au Z.!‘leKT]JDHUB Bﬁeprns; ’1 R’(ﬁangs
¢,0368 L 0,0i61 0,0529
0,1510 K 0,0887 0,240
0,1617 K 0,0887 0,257
0,2041 K 0,0887 0,293
0,2605 K 0,0887 0,360

Beauunnel E,, ¢, w E HamepaioTCA skcnepumenTanbio. CymMapHas
sweprus E.feo (nepBas 1 TpeTbd KOJIOHKH) W 3Heprusl y-KBafTOB
(weTBEpTas KOJOHKA) XOPOWO COBNAAAIOT, UTO 1 TIOATBEpHAAET Npo-
HCXOMAeHUEe KOHBEPCHOHHLIX 3J1€KTPOHOB.

fipepHas m3omepha. SlpaeHue CYUIECTBOBAHNA aflepHbIX H30MepoB

i uzomepuedi. Nsomepnl 06-

(KpaTKO — H30MepOB) HA3BIBAIOT f0epHo
pasyiotca B f-pacnape, B AAEPHBIX peakiunsax. Bnepeble H30Mephl 06-
nemeuxHil xumHKk [as. Cpenn npoayxTos f~-pac-

Hapyxna B 1931 T
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234, :'
nafa "o Th on ma6mopan H3OMEPLI IPOTAKTHHHS C NEPHOJAMH TIONY- |

pacnaza 6,7 u y 1,22 mun:
2Ty Ay + ngpa
90 -
NBT v - Bmpy,
B 1935 roay akazemnx U. B. KypuatoB otkpuin H3OMepPH §po-

Ma. [lpn oBayuennn pHpoAHOro 6Gpoma weltTpomamu MPOHCXOTHT
fAepHan peaknHA:

4 2Bt - — "By,
LI e

78,000 Ma8 -
Arpo "y Br obpasyercs B BoaByx-
IeHHOM COCTOSHHH (3TC OTMEYeHOo

3Be3sfouKoi}. Ecnu sueprus Hefi-
TPOHA GAN3KA K HYJIO, TO SHeprus
BO30YRACHHA paBHA 3HEPTHH CBS-

fomg. 31 ReiTpoHa B sigpe s Br. Uacts
207 MaB G4y BO3OYK/NERHBIX  Agep, WCOycRas
" p y-kBaHTh {phe. 4.6,f), nepexoanr
1900 xBr ¥ Ha MeTacTabHibHbI YpOBeHb, ApY-
1990 M38 18 mun rag vacrb (cM. pue. 4.6,) —
B B OCHOBHOE COCTOSHHE,
p [epro nosrypacnaga nsomepa’oBr
8,
3ok paeer 18 mun. [TosToMmy mosyuen-
Hbl® B SIAEDHOH peakuuu szpa gBr
HCUe3AI0T 33  CPABHHTENBHO KO-
poTKoe BpeMs.

Anpa SoBr cHAMawT SHepruio BosOyXACHHA C NEPHOJOM moJypac-
naga 4,4 4 B ABYX KOHKyPHPYIOUMX NpOLECCAX: {-pacnane (3 Br—y 4+
—l—ggBr) H BHYTpeHHeHl KOHBepCHH @’“Br—wz' +2§Br). B sxcnepumen-
Te (M HabMoJaoCh HCMyCKaHue KOHBEPCHOHHBIX  3eKTponHoR (T =
=4,4 ) u B~-uacrHn (T, =18 mun).

2 17

Pic. 4.6. Cxema oSpasoranus H30MEpOB
80m 80
3501 1 3:Br

Meracrabuneneie f-akTHBHBIE AApa MOTYT NMPeBpalllaThCa B OOYEp-
Hie Anpa mo HeCKOJAbKHM KaHajdaM pacnafa. Tak, sapa 32’“1(1- HCITEL-
TBIBAIOT HJH y-pacnan, iy f--pacnaa:

&5,
SSmKr } T _l— %Kr
3 N -
B4+ FRb.
§ 4.7. NPHMEHEHHE PAAMO AKTHMBHLIX BELIECTB

H]JOPISBO,[[CTBO HCKYCCTBEHHBIX PAagHOAKTHBHLIX BELLECTER HeNpephIB-
HO pacTer BO MHOTHX CTpaHaxX MHpa. 3T0 BH3BaHO TEM, YTQ HCOOJB-
64

-3oaanue PallHOAKTHBHBLIX BEWIECTB NMOMOIaeT pPelleHHId MHOTHX CJ0XK-
¥ HBlX 3a7auv.

[py H3yyeHHR HEKOTOPHIX TPOLECCOB NPUMeHAeTCA METOd MEYEHBLX
arox08. Hzortons saeMedTa 06/aA20T OAHHAKOBHIMH XHMHUECKHMH
cpoficramMi. Ecau B kakoM-n1HOO XHMHUECKOM COeOHHEHHH CTAGHNb-
Hbll H30TON 3aMEHHTb PAAHGAKTHBHBIM M30TONOM (MeueHBIMH aToMa-
MH) 3JeMeHTa, TO HCCAeHOBATENb, PETUCTPHPYA NEpeMelledne pajluo-
AKTHBHOTO H30TONA, H3y4aeT pOJb KAKOTO-HHOVAbL »JIeMEeHTa B MCC/ae-
AVeMBIX XHMHYECKHX H QHU3IHUECKHX Npoleccax.
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Puec. 4.7, Cxenla pagHOH30TONHOrO repepaTtopa «Bera-3»:

! — padnon3oTONHLA  Baok; ¢ — TennoH2omAnud: 3 — TepModataped; 4 — nophye:
5 -~ KPHIOKA;, § — PapnaTop (XOToIHALHHK)

B menHnuHe MeyeHble aTOMBl HCHOJAL3YIOT AAA AHATHOCTHKH M Je-
yeun Gonesnei. [pupegem aBa npumepa. Jlas yCTAHOBJEHHS OTKJIO-
HeHHHA 0T HOPMAALHOTO KpOBOOOGpalleHHR B BeHy 4e/0BeKa BBOAAT He-
GOABUIOE KOJHYECTBO PAJHOAKTHBHOTO HaTpuna, [lopuus pamHoaKTHB-
HOTO HATPUMA He cpa3y paBHOMepHO pacnpocTpanfdercs no teay. He-
KOTOpOE BPEeMT palHOAaKTHBHBIE ATOMBl ABHIKYTCH KOHLEHTPHPOBAHHO
Nno KPOBEHOCHHIM cocymaM. Tlocne BBeZeHMS MeuyeHBIX aTOMOB B KpOBb
K CTYOHAM HOT MOAHOCAT CUETYHKH y-KBAHTOB H H3MEDAIOT H3JYYEHHE,

5—890 : 5



AClyCKaeMoe palHOAaKTHBHEIM HaTpreM. Ecuu He/JOBEYeCKHH OpraHuami
310POB. TO CKOPOCTH cueTa GHCTPO PaCTeT U MeHee yeM uepes yac fg-)

CTHrAET MAKCHMANbHOTO 3Haveuus. Fean KposooGpaillenne Hapymeno,
TO CKOPOCTL CyeTa H3MENSeTCA MefleHHo. Hamepas cropoets cuers

BGAN3H Pa3.THYHBIX 4YacTei: Teaa, Haxonar CKONl1eHHA MeyeHmly, aATOMOR

H MeCTO 3aKYNOpKH KPOBCHOCHBLX COCY0R.

[Ipu Gaseaosoli 6ome3ny 5 IUHTOBUIIHON kenede Habmonaercs no-
BRIIIEHHOE codepKaHue wona. YUTobw YCTAHOBNTD, KAK (yHKUHOHHDYeT

HIHTOBHAHAR HKedesa, B OpraHH3M BBOMNAT PAIMOAKTHBHBIN HOT. Hzame- |

PAA CKOPOCTL cueTa B 06JACTH WHTOBUAHOR AENe3Bl, BPAuH yCTaHAB-
MHBAKT CTeneHb ee 3aGoMeBaHIa.

Buogorn H3YHAIOT MeTomoM MEUYEHbLIX aToMOB ¥CBOeHhe 1o paciope-

ASTEHHE S1EMEHTOB B KHBBIX OpraHusmax. Hanpnuep, pamnoaxtns-
HBIT (ocop BBoasAT B HEOOXOAMMBIX KOJIHYecTBaX p COETHHEHHS, KO-
Tophle veBausaT pactenrns. OnbiTHOe pacTeHne noMemanT oxono

dboronnenkn, sakpuTo cretome-

Padusisomonned NPOABACHMA Ha DOTOmAEHKe no-

dox AYHERT N0MRYI KapTHRY pac-
fiperenchns gocdopa B creduax
H JHCTBAX.

B MamurocTpoeHnn ¢ no-
MOLLBIO MEUCHBIX aTOMOB M3yyga-
I0T CTOMKOCTL K h3HOCY MopLIHe -
BBIX KoJelr, NOAHNHHKOR
¥ T. i B cocrar marepnana ge-
Tasell  BBOAAT PaANOAKTHBHELe
H30TONBL nenesa. Bo Bpems pa-
OOTBl ABHTaTeNs MeweHEIe ATOMES
NOMafa0T B cMasoyHoe Macho.
i Wsmepsaa nepuoanaeckn axrus.

HOCTL  Macsa, MOMHO VCTaHo-
L Xoaohumnux 7 BUTb, KAaK NPOHCXOANT H3HOC
Tpyulelica geradan.

B npomuiurrennecry Y-HCTOY-~
HHKH DPUMENSIOT #as npoBepku
Kayecrsa roToBbix AeTajged, e-
AOCTHOCTH CBAPHBIX WBOB K T, 1,
Puc. 48. Tpumnnuassnan ciema pagio-  J€Tadb nomemraior MEXILY uc-
HBOTOMHOrO  TePMOSTEKTPHYeCKoTO remepa- TOYHHKOM Y-KBAHTOB 1 C[JOT0-

TOpa nnenkon. IMocae npoasnenna wa

¢orTonnenke ormeuaior paKosii-

HBL M Apyrue Aeektsi B GpakoBanHmx Aetanax. Ha npokatioix cra-

Hax y-H3JIyRaTeaH noMoraior HEHPEePHBHO H3MePATH. TONHHY  npo-
KaTa.

B paanoaxtuenou pacnaie HCMyCKawTCs 3apameHisle YacTHIBI .
V-KBAHTH. Topmomenne 3apsamKennprx 14CTHU ¥ NOTJIOWIEHNE y-KBAHTOR
B BEILECTBE CONPOBOKAANTCA BHIACTCHHEM TemNna. PanuoakTisnne pe-
WECTBa, cyXallhe UCTOUHHKAMH Temna, Ha3blBAIOT paduou3oTONns b
66
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Ipohunaemoii  Gymarofi. [Tocae |

X
'-mnﬂusom‘ EFO HC"OJ‘[bB,y[OT B paﬂHOH30T0ng[X TepMOSJ'IeKTpI/IlIeCKH
E reneparopax.

JIOK
FAnasHBIMH Y4acTAMH FeHEpaTOpa ABAANTCA pﬁaﬂHO}lee;lOngg:i)ﬁH3ﬁoﬂﬂ-
.(amny.na C pagHOH3OTOIMHBIM TOHJIHBOM), TepMoLarTapes,

TH NO-
* JMs, KOHCTPYKLHOHHEIE CBA3H H XOJOZW/IBHUK (pPHC. 4.7)‘MP(l)aﬁaqTaacpeH ‘
.-_ue XHOCTH PATHOH30TONHOTO BAOKA pacnoJ0KeHh Tepﬂonsoronuoro
"io%mpykuuonnh{e CBA3Y, 0CTaMbHAA MMOBEPXHOCTL DAl

KpBITa TEMNTOWIOIATIHEH. ) .
6ﬂ0[[—(1?31{i)0K I:-I)'(El'l..l'la Q1 C MOBEPXHOCTH PAAHOH3OTONHOTO GJ0Kxa nagaeTr H

&epMOﬁﬂTapefO (puc. 4.8), B KOTOpoH yacTh MoToxa Tenaa AQ=Q,—Q;

' nepe-
.paCXOﬂyeTCH Ha nonyveHde saexktposvepruu. [Totok Temma Q2 nep

' eHHOH
faeTcs yepe3 KOHCTPYKUHOHHbBIE CBA3H K XOJOAHABHHKY Ceeopne]:?opﬂpaﬂ-
gHéMHef[ NOBepXHOCTBIO 11 ¢BpachiBaeTcd B OKPYKAWIL

' e TOIINBO — 3TO METanN] HAH XHMHUYECKOe COedH
Psﬂé{t;i?ggﬁggo VIeAbHOH MOWHOCTbIO {3HeprHd, Bb];i“eﬂf;?i?_;?
HeHHHHHlIe MaccH MJH eIWHHAUe 06BbeMa 3a | ¢} H BHICOKOH Tee 1onpo
N enocrbro (tabn. 4.3), ¢ Temneparypoli NJaBIeHHS He MeEH ¢ o
%Om-[lJaIUIOHBOTOHHOI\*Iy TONAUBY H KOHCTPYKUHOHHBIM oraaTHPPI)LIeHHﬂ-
TIpeIbABATOT CTPpOrHe Tpebopanus. OHu CBHSaH;ﬂﬂ::g;(H(SHH(}))ﬁ utsenns.
MU TIO pasMepam H Macce rexeparopa, Tax n ¢ 1?{0 e 59 wotws
HOCTBIO OCJIE apapuiiHBEIX CHTYALHA NPH TPAHCTOP

SKCTAYATALHH TEHEPaTOPoOB, Ta6anua 4.3

ro TOpIOYero
XapaKkTepHCTHKH HEKOTOPHLIX BHAOB METANAHYeCKOTO DARHOAKTHEHO p

fleproa moay- \l‘r’oﬁ;ﬁ?z
Foprovee nfE?T'rTcﬁlirsb' nﬁ?ﬁ%ﬁi"?c Trn pacnada | pacnana. rox “KBr/ur
- 27,7 0,936
05y 2,6 770 E_ . 8
i s % 8- 30 0,411
191 1,37 28,5 i o o
2T 8,7 1495 i o7 { I
420 13.5 250 ; 0.4t iz
210Pg 9,4 254 “ 0.8 i e
#*Pu 16,5 60 | i

' chaen-
PamnoakTHBEBIN METATT HE BCETAd MPHEMIEM K?:ng)g;;iigg,ﬂsonoﬁ
CTBHE CBOEH TOKCHUHOCTH, XMMH4eCKON aKTHBHOCTg HJ]&BTIE;IHH, o
H c MaTepuasavMu aMny/bl, HH3KOH TemnepaTpr Haan,“ep e
HCTIOAB3YIOT XHMHUECKHE COeLHHeHH: MeITVEEﬂgo), k
<rpoHuAa SrTiQz monubgenat uepusa Cey (Mo e& :{onap CHBRHMAL TO-
TepmoGarapea mpeacTanafer coboit pii Tep RELER i
taenopareabio. Coafl TepMmonap, Ha KOTOPBIK nanBTO o anadt ep0:
H3 panHON3OTOMHOrO 6.10KA, HA3LIBAWT TOPAYHM, 0ﬂp” et
'TAp — xoA0AHBIM. TepMorapa COCTOHT W3 ABYX goﬁ)}:[{g A,
BeTBel. OmHy BeTBb H3rOTABJAMBAIOT H3 nonynpon‘rmﬂ KA ¢ saekTpon
HOW TpPoBORAMOCTbIO {A-TIOYIIPOBOXHHKA), npyr;n B 3
NPOBOAHNKA ¢ ABIPOUHOIN MPOBOAHMOCTBIO (p-NMOJAYID

67
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B repw '
— 5:‘rleepKI:{amﬁaTapee pacxoldyerca Temno AQ Ra ofpasoBauue coGony
X° 5 POHOB  (n-TIOAYNPOBOAHUK) NONOXKATEIbHEIX HOHOB (,J;

noay '
YIPOBONHUK), NpHUYEM KOAHYECTBO 3apaios YBEJHYHBAETCH ¢ T

g'éﬂﬁ:?ﬁﬁﬁ?ﬂ;:ypm' Tak xax TeMIepaTypa ropavero cnasg !
s ; ¥pbt XONMOAHOTO criafd {4, To :.
oo % pacnpenenenue sapsnsg
BETBAM HEPABHOMEPHO M B TepMoGaTapee BOSHHKAaeT 3‘1.emplfmi‘;i-

\”—laﬂ 1 . [} ]epM‘)"ai

Si—Ge (900—1300 K).

nas ‘

P, CPOKHCbJIerAgpaKTepHCTHKH TEHEpATOpa — 3/1eKTPHYCCKAA VOINHOCTE
. IYKObI Tr, BbIXOJIHO® HATpskKeHHe {/ Koaqupuuném nojaes
TPONOPUHOHANBHO 3K- |
Y DAz THYHBIX |

F:I?ro AEHCTBUS 1. Mownocts Py (f) H3Mmensieres
! BHOCTI patnousoronnoro tomansa. Cpok CIY RO T
B _ : .
paci%d r0|}0:fa 3aKk1oued B npeneaax ot 0,27y, 10 T.xg‘lﬂepnoi 1oy

Aa 1473 06bi4HO BBIGKDAOT oT 100 THei 10 100 ner, o

Harnpa: ] .
pazenie U nponopunonansho TeMnepatypHosy nepenaay Al—

=fH—b 1 K

BHCIHT ;I Tez,;:qecmy TepyMonap B tepmobartapee. Kosddpuunenr T 3a-

omenr 0 TIO'.I !n paTypHOro nepenaﬂaoAt, TEMNEPATYPBI TOpAYero cnas u
JdYNPDOBOAHUKOBBIX BeTBef. JAaeKTprueckas MOWHOCTE feli

CTBYIOILHX T€HEPATOPOB cepun «bera», «3dnup», «[Iugrenms (CCCPy

SNAP.7 3
o roHel{)(ﬂ.{[)[;xo)B;anl}érxg Aocturaer 100 Br, nanpakenne na wpens
h - » 8 3HAYEHHE 1 H .
Paanonsoronnuie M cemepironn
IE TEPMOIEKTPUYECKU '

_ € reHepar >
HUKAMU nuTanns asTOMaTHYeCKHX paﬂnomeTeol O S
EIZ&JOIJ&,-’[HO.\I&FIKOB, Boprosoit anmapartyps mck

MM 1T, y £ .

o T ,l.a;ﬂda‘roraﬁapnmbre FEHEPATCPHI HANOIAT MpHMeHeHHe
» HANPHMED 1as nHTanus crhMyasTopesy cepaua. A

Ba.1 remnepatyp 200—600 K), criaem Pb—Te (600—1000 K;ep!;:

POJOTHRECKHX cTaHuui, |
VCCTBEHHBIX CNVTHHKOR §

TNABA 5

B3AMMONEACTBUE
UOHMU3MPYIOLLErO M3NYYEHMA

C BELLECTBOM

§ 5.1. NAOTHOCTL NOTOKA M HHTEHCHBHOCTE HOHMIUPYIOWENO
M3INYMEHMA

HoHU3HPYIOUIUM HA3LIBaIOT N1000e H3IyYeHHe, B3IAKMOJEHCTBHE KO-
TOPOTO € BEILECTBOM TNPUBOAHT K OOPa30BAHUIO 3JEKTPHUECKHX 3apsi-

* poB pasnblx 3HaxoB. HMouusupyloulee naayuexie (B fajbHeflleM KpaT-.

KO — H3AYYEHHe) TOAPAIAEJANT HA 3aPAXKEHHOE (3J1eKTPOHHL, MPOTO-
Hbl, @-UACTHOB M AP.), 3MEKTPOMAFHHTHOE (y-KBAHTHI) N 3AEKTpOHEH-
tpajbHoe (HefiTponbl, HefiTpHHO U Ap.}. JapAXeHHBE YaCTHiLLl HOHH-
3UPYIOT MOJEKY/bl BEIieCTBA, B3AUMOAEHCTBYA € ATOMHBIMK SJICKTPO-
samu. [log AefiCTBHEM y-KBAHTOB H HEHTPOHOB B BelleCTBE BO3HUKAIOT
3apAXKEHHBlE YaCTHIbL, a 3aTeM STH BTOPHYHBIC HACTHIBL HOHH3HPYIOT
MOJEKYABL. :

KonuuecTBeHHUEIMH XAPaKTEPHCTHRAMH H3JTyueHUs ABaAlOTCA A10T-
HOCTb NOTOKG 4ACTHY ¢ UNTEHCUBROCTL u3aywenus. Omnpefenud 5TH
BEJHYHHBl N MOHOHANRPABAEHHOTG H3JAYUYEHHA, HACTHLbL  KOTOPOTO
ABHKYTCA TOJDKO B OJHOM Hanpapieunnd. [1noTHOCTL NOTOKa 4“acTHUL

- {p paBHa 4HCAY 4YAacCTHIL, NamgaloBllHy B eIHHHUY BpeMcHH Ha €ZHHHIY

NOBEPXHOCTH, PACTOJIOKEHHYIO NEPIEHINKYMIAPHO K HanpasaeHuio pac-
npocTpaHeHus H3nyuenna. [1peanonoxuM, YTO Ha NJOCKYI0 MHIICHb
nazaeT NOTOK YACTHL HOCTOAHHON MAOTHOCTH . OB603HayUM UHCIO Ya-
CTHL B eayHHUe o6BbeMa, ABHMKYLHXCS [0 HANpasleHHId K MHUIEHH,
GykBOil #1. DTO YHCAO HASHIBAKOT NAOTHOCTHIO HGCTHY. :

[Tyctb BCce uaCTHUB ABHXKYTCA B ONHOM HANPaBJEHHH C ONHHAKOBOM
ckopocTbio v, 3a | ¢ eNMHHUYHYIO TLTOLIANKY MHIUEHH NepeceKaloT ua-
CTHIB, 3AKJIOYEHHDIe B LUAHHAPE BLICOTOH, YHCAEHHO DaBHON CKOPO-
CTH WACTHUH U, H eAHHH4YHON [JOWlaAblo Monepeuroro cevexus. Cie-
AOBATEJNBHQ, TJIOTHOCTb NOTOKA YaCTHL

p==riy.

MMA0THOCTb MOTOKA YACTHL, H3MEPSIOT B efAuHAuax yacT./(m2-c).

Haayuenne, cocrosillee B3 YaCTHL OLHOTO BHAA C OHHAKOBOH 3HEp-
THell, Ha3BIBAIOT MOHO3NepeeTUyeckism. KonHuecTBO yacTHll, MagaiouIux
NepnenuKyNApHO H2 NOBEPXHOCTb MUIIEHH MJIOLLAAbI0 S 3a egHHHILY
BpeMenn, HasblBawT forokom wacrig @. Ecan nlIoTHOCTD HOTOKA Y-
THI, TOCTOAHHA Ha maolwlagk S, To notok uactuy O=¢S. Hanpnmep,
€CAM Ha MJIAcTHHKY maomazbio S=10 cwm? mamaer NoTOK HEHTPOHOB
naotHoctbio =107 Hefirp./(M2.¢), TO TOTOK HEATPOHOR

®=10'7-10-3=10"" nefitp./c.
Hurencuanocre nanydenna [ — 370 SHEprHs H3JAYYEeHHS, Dajalolle-

. O B eIWHHEIlY BpeMeHH Ha eTHRUYHYI0 TUIOIALb, NEepHneHAUKYNAPHYIO

K HampasJeHHI0 PACHpOCTPAHEHHd H3AyuyeHHA. EXMHUNE HHTeHCHBHO-
6%




CTH HBJYYERHus: BaTT Ha MeTp KBAAPATHRIA (B71/M?), MerasnexTpon- ]

BOJLT Ha MeTpP KBaipaTHEI B cekyHny [MsB/(m2.¢)] n Ap.
HurtercusroeTs B eauHnnax MsB/(m2.¢) uncaenno Goabllie HHTEH-
‘CHBHOCTH B elHHHNaX Br/m2 B 6,25. 1012 pas:

! MaB/(m2.¢)=6,25. 102 7 Br/m2.

Has monosuepreruyeckoro M3JYUEHHA C KHHeTHUeCKoW SHeprued £
TIOTHOCTE noToKa wacTh n HHTEHCHBHOCTL H3/IVYEHHA CBA34RK npo-
'CTBIM COOTHOLIEHHEM:

I=¢F.
Ecan nanyueune coctont ns HCMOHOSHEpPreTHURCKRX YacTHL, To pe-

JU4nHa £ B nocrennei dopMyne pasna CpelHell KHHeTHYeCKO] 3Hep-
THR YacTtyy &

I=¢FE.

Bo muOrRX cayyasx HaCcTHUBL He HMEIOT onpegeseHHOTO HanpasJe-
HHA IBHXEeHHA B BellecTBe. Bsaumoneiictehe ¢ BEINECTBOM M€ 3aBHCHT
OT HATIDABJIEHHS IBHKEHHA yacTul, Mostomy ans pacyera psiga Beau-
1MH BBOZAT oftlee NOHsTHe MIOTHOCTH TIOTOKA YaCTHU U HHTEHCHBHO-
CTH H3AYYeHHA. 34 HHTEHCHBHOCTH ussnyuenus {(r) [naorHocTs motoxa
dactal ¢(r)] B rouxe r fIPHHHMAIOT SHEPrHIO W3AYYEHHA (UHCIO ya-
CTHU}, NPOHAKAIOIEro 32 CAMHHIY BPEMEHH BHYTph cheprl ¢ enHHNY-
HOlt Ao anbIo cevenns ¢ IeHTPOM B TOYKe r,

Hactueim cayvaem IOCACAHETO ONpeNeAeHHs ABATIOTCH onpefene-
HHA OJI0THOCTR MTOTOKA YacTHU u HHTEHCHBHOCTH MOHOHANPABAEHHOTO
HB.TYUEHHS.

Buipaxenne nas mrornocrs HEMOHOHANDABJAERHOTO MOTOKA HACTHII
€pe3 IIOTHOCTL YacTHL H CKOPOCThL MMeeT Takofi e Bum, Kak m

06beMa Mo MOGBIM HANPaBeHHS M. -
Hemonosnepeernueckoe USIMYHUCHHE COCTONT M3 wacTuy c passauy-
HbIMH SHeprusmu. Tax, cmextp SJEKTPOHOB f~-pacnaga saHHMaer uy-
TEPBAA SHeprHk oT Hyas go EVUC Hewmonosneprernueckoe H3/yYeHHe
XApPaKTepHSYIOT NAOTHOCTBIO JIOTOKa HacTu Y(r, E), orHeceHHOf
X CRUHHYHOMY HHTepBa/y 3Heprun BOmmsH suepru £ B touyke r.
KpaTko ee nasmBant mioTHoCTBIO NIOTOKa YaCTHU ¢ 3Hepruedt £ B toy-
K€ 7 W U3MEepAIT B enMuHHmAX uact./(M2-¢c-MsB). ITnotHoeTs TIOTOKA
HACTHL B Y3KOM SHEpPreTHUeCKoM HHTepBane dE, 3aka0YenHon Mex oy

FE n E-+dE,
Q(E, rYy=y(E, r}dE.

Hoaunyio naoraoeTs noroxa HACTHL B TOYKE &' HAXOAAT HHTErpHpo-
BaHHEM M0 3HEePTHH:

?()={¢(E, r)dE.
il

HHrencushocrs HEMOHOSHEPTETIHECKOrO U3AyUeHUs g Y3KOM HH-
Tepeane dE B6H3Y sHeprun £

I(E, rydE=y(E, r)EdE,
70

I r
Ky TONHAS AHTEHCHBHOCTD HATYUEHUA B TOYKe

f(r')_'—.-of(.I)(E, r) EdE.
0

cueHHe He-
HsnyueHne B3aHMOAEHCTBYET ¢ BELIECTBOM O0BIYHO B T

gHA), NPOHHKAIOIUHX 3a Bpe:u:: fue
€HH
bI0 TIONEPEYHOro ce
;Jﬁrlzxa yacTHI ¢ (r) NOCTOAHHA BO BpPEMEHH, TO

HHHYHON 6710~
BHYTpb chepm ¢ el
HTy]JCI))M B Touke r. Ecan IVIOTHOCTh
(pJII0eHC YacTHIL f(r}:
r=i{r)t.
¢ (r){, a nuTErpajbHan HHTeHCHBHOC}I:Tg;J;g;l;g?bIL(a.quelgu)ﬂ e
= 3 0 ;
ACTHIL H HHTETPAAbHY e
m?ﬂtgf)lfrieqrcmeﬂﬂo B 4aCTHIAX Ma KBajpaTHuIfE MeTp (
|

B/m?).
apqerasnempounonb'rax Ha Knanpgﬂﬂ(ﬁl{ }11\1%1;{;)(: H(BN;EC '1{1; I}BJ]Y‘I&HHH
HOCTH MOTOKA 4ac cnia) e
Eé:;“cgn;;emenem, TO HHTErpafbHble Be/AHUHHb HAXOA ¥
HAeT

370#l BpeMeHHO 3aBHCiIMOCTH! f
F(r)=S¢(r, ) dt; 1,(r)=_{f(r, f)dt.
0 0

) namMe-

U
§ 5.2, B3BAMMOJAEMCTBHE TAXKENBIX BAPTMEHHLIX YACTHULL

¢ BELLECTBOM .
BIX B COT
K TsKelmM YacTHUAM OTHOCAT YacTHIH, Ma;c:leuljgzgge X b cor
pa3 Gomemie Macch syekTpona. Ilpu ﬂalr}gigigponamn T O ane
OMHBIM MH, po
ned T B OCHOBHOM ¢ aT K
:I Oﬁ:ﬁgz?ryﬁmocmenbno Manwii o6pem B atome. Tlo3aTOMy AAp
a

BAHAIOT HA TOPMOMKEHHE TAKEIHX Ha- Y, ¢
CTHL BELLECTBOM. -

Pacemotpum  (puc, 5.1) B33P(Ijhé$b £
ZeficTBHe TSXKeJof YacTHUB (CKOP T /F
yacTHUM ¢, 3apAf wacTubl g¢>>0) , P
¢ MOKOAIMMCHA CBOGOAHBIM 3JEKTPO-

HOM H VCTAHOBHM 3aBHCHMOCTB no*reI; \ . ) .
H SHEepruM uacTuuell OT BelH4H .

P : r
U R q. /

Bo Bpemsi ABHIKEHHA YacTHObl Ha ‘
NoXoALINicA SACKTPOH AeficTByer Ky- Puc. 5.1 Cxema CTMKHOMHMS“I::
AOHOBCKAA CHA4, MOAYAb KOTOPOH Kenof aapﬂmef:mj:acmumc !

F==byqejer?,
ABHCA s or DDEMCHIL M. 3apﬂfflﬁhag’mj® — mOCTOAHHAA, & — OTHOCH-
ppeMeHH, M; by=%" - omHoctt
'?‘::Eflﬁagu:fngekgpnqecxaﬂ IIPOHHLAEMOCTb CPEJIH, me,:i?k:i?e?{ b:lle, 20
CKOJABKO pa3 CH/Ia B3aEMOMNEACTBHA 3apsI0B B CP
: . puc. H.1)
° Bla(l;gl?liﬁscxaa cuna F, npuaoxeHHas K 34eKTpOHY (cM. p ,

9 9 . He: l _




=F,+F,. Cuna F, HalpaBJeHa nepHneHAHKYIApHO K CKOPOCTH

2 cana Fy — napanaensuo CKopocTH v. Cura F) & CHMMETPHYHBIX TOYS

HOM HampasaeHUH Ha YUHacTKax TPACKTODUH RO W Noce ToukH O B3a.
HMHO KOM]’IGHCHPY!OTCH, 2 3JeKTPOH nocae CTOMIKHOBEHHA C qacTHU &l

JABUNKETCA TOMBKO B BEPTHKAALHOM HanpasjaeHHn,

Kynonosckan cuaa 06paTHO NponopuUHOHAdbHA 2. Ona 3aMeTHO §
OTIMYAETCH OT Hy.1s1 TOJbKO Ha y4acTke /, pacnoaoikenHoM B6AH3U TOY- §
Kn 0. Paccrosinne r va yuactke [ mano H3MEHAETCH B NIPHMEPHO pag- |

o R,

Tlo zakony coxpanenss HMNYJIbCA m.v.=F)yt, rae m, M v, — macca ]
# CKODOCTB 3ieKTpoMa; I=Ifv — Bpems B3aHMONEACTBHA YacTULE] 3§
€ JIeKTpoHoM. Ha yuactke ! cnaa Fo=F. 3a BpeMs ! wacTHla niepe-

A4ET 3/IEKTPORY KHHETHUECKYIO 3HEPTHIO L

i . man?, gi®
Bo= Tt =B,

rae B — kosppunuent nponopunoHancHocTH. TlosoxuTeabHo 3apa-
HEHHAA 4aCTHUA NPUTATHBAET 3JEKTPOH, H OH ABHMETCS K TPaeKTOpHH

gacTuusl, Ecau He 3apaa yacTHUB OTPHUATEeTbHBIH, TO SJAEKTPOH Ioche |

CTOIKHOBEHHA YRAIACTCS OT TPAGKTOPHH HaCTHLEL Npu opunakoswix
CKOpOCTAX p ¥ paccrosimun R g-yacTHia TEPACT NPH CTOJNKAOBEHHH

POCTH V BpeMd I, a 3HauHT, U noTeps SHEPTHH YaCTHUB NPH CTOAKHO-
BEHRH € 3JCKTPOHOM YMEHbIUAITCSI,

B neficreutensHocTy 3/J€KTPOHBl B BeHIECTBE HE CBOGOMHBI, a CBI-
3anbl. Tlostomy wacThua amomer NEPEAABATL SJEKTPOHY TOMBKO MOp-
LUI0 SHEPruH, OCTaTOYHYIO AJAA HOHH3AUHH UAH BO30YKIEHNA aToMa,
Beneaersre storo Haynpas c HEKOTOPOro paccToauus R>Ry yactuna
B3ANMOJEHCTBYET He C OTASAbHBIM AEKTPOHOM, a4 CO BCEM aTOMOM
B uenom. B stom cayvae npowncxomur YNpyroe CTOAKHOBeHHe 4aCTHUbI
¢ aromoM. MaxcumanbHoe paccTosiHHe Ry, DA KOTOPOM aToM BO3GYH-
AACTCA - HIH HOHM3HUPYETCH, 3aBHCHT OT NOPALKOBOTO HoMepa Z, T. e,
OT CTENEHH CBA3SAHHOCTH 3JEKTPOHOB B aTOMe. : _

, - DHEpreTHueCKHe TMOTepH 3apAKEHHOA 9aCTHLB B HeyNpyrux (Boa-
Byxnenne u HOHU3ALMA) U YNPYrHX CTONKHOBEHHAX ¢ aTOMaMH mpH-
HATG OTHOCHTL K HOHH3aLHOHHBIM norepsM. OHH XapakTepuayioTcs
YReJAbHOH Honusauueir Ny, paBHO# YHCIY Map HOHOB (94EKTPOH, MOMO-
KHTEAbHBI HOH), BOSHUKAWINNX Ha eAMHALE NYTH YaCTHLH B BellecT-
se. Ha cospanue ommoir napsr wonos 5 OOHOM H TOM e BEILleCTBe BCe
3APAMECHHBE YaCTHUBL TPATAT B CpegHeM OAMHAKOBYIO JHEPTHIO gy, Ha-
SBIBAEMYIO suepeuerr 06pasosanus nape: uonos. Ipumepro opna mo-
WIOBRHA SHEPTHH &x HAET Ha MOHW3AUHIO, a Apyrag — Ha Bo30yXIeHue
H yOpyrde CTONKHOBeHHS ¢ aToMaMH (monexkynamu). Hanpumep, aa-
PAMEHHBIE YACTHUB DACXOAYIOT Ha 00pasoBaiue OXHOM Maph HOHOB
B BO3/yxe 36 5B,

YaeabHy0 uoHH3auU© HETPYAHO IOACHHTATL 1O yAeabHOH noTepe
sHepriu Ey, KOTOpas pasHa n3MeHeHHIO KHHETHYECKOH SHEPTHH YacTh-
72

e
B H4 eJHHHLEe NYyTH B BEIUECTBE, Uueno nap HOUOB Ny Ha efnHHL
i}

nyTH PABHO YIeJbHOI
BAHHSA MAPLl HOHOB &y

1 oTepe 3HEPrHH, NeMeHHOH Ha 3Hepruio obpaso-

N[.1=En/8y[.
ViensHylo MOTepio SHEPrHH HHAYe HA3BLIBAIOT TOPMO3HOUL CHOCOGHO-

THIO geljecred. Oua 3aBpHCHT OT KBaJApaTa sapsafla HaCTgLL:Lé:l)?'l'agzi:
y aTta ee CKOpPOCTH. Kpome TOro, OH& MNpPONOPLHOHANBH e .
ggOHOB € KOTOPbIMH CTAAKHBAETCA YaCTHNA HA eAHHHUE MYTH,

)

4AT, H IJAOTHOCTH ATOMHBIX 3J/€K- 407,

TPOHOB BellectTBa N \| ,
EHMNequﬂ? 0,05 L -MEI0HE! fipomatist ar—’mcmuuwi

Ha puc. 5.2 nprseneHa 3aBHCH- o8 i :

MOCTh YAENLHOH TOTePH 3IHEPIHu : \\ \ \ |

B BO3/AYXe ANS ME30HOB, NPOTOHOB, % 00 _

AeiiToHOB H ¢-vyacTyi. Bee xpHBHIE S o] \ \ |

HMEWT ONHHAKOBBIH BHA, TOJIbKO 2 o :

CMEIIEHB! 1O OCH SHepraii ofHa or- &% \\ \\ \

HoCHTeMbHO Apyroil. C  pocToM 0,02\ .

SHEPrHH BpeMs B3aHMOIeHCTBHSA \?E(mpom \ "\ |

4acTHUEl C OMIEKTPOHOM, a BMecTe | \A’e&-

¢ HAM H HOHH3ALUHOHHEIE no*repg 4 N ooy

- awres. [Ipu KuHeTHYeCKO

g;{:;flﬁi‘l qacTHLI, [?aBHOﬁ npUMEPHO %-z w1 1 5T nt

HX ABOHHOHR PHePrHUH TOKOA, HOHH- JuepeuR waomuus, M3B

3a0HOHHBIE MNMOTePH HAYHHAKT TO- Puc. 5.2. 3aBHCHMOCTD YAeNbHOH 1;2:
BHIIATLCA. ITO ODBACHACTCS TeM, TepH SHEFHH B BOSAYXE OT 3HEPTHH
4TO INEKTPHUECKOE NOJIE 3apANEH- pRHKeHHOA 4YaCTHUE

HaCTHY, ABHXKYUIHXCA CO CKO- _ i
gﬁé{rbm U>6,9 ¢, AeopMHApPYeETCs: OHO yCHJIHlEaETCﬂ B&gp;&;&%};ﬂ;ﬁ?ﬁ
Hi uactHuel. Benencr
HOM HanpaBJAeHHH K TPASKTOp AcpopM Ak
cA 30Ha JHeHCTBHA 3/EKTD
3JeKTPHUUECKOr0 MONs YBeJHYHBAET I
cHn qzri)cmubl H B Hee TomajaeT GOJblle 3JEKTPOHOB, 4eM TpH HeSOA

IUX CKOPOCTSX.
§ 5.3. MPOBEN TAMENDLIX IAPAHEHHLIX YACTML, B BELLIECTBE

: o
JapsamenHasa vacTHLa NPOXOAHT B BELLECTBE HeKOToll_Jl%emli?;cr}‘;Tb
BCHO KHHeTHUecKywo aHeprho, [loJ
HHe, mpexae ueM NoTepser o L
i TBE A0 OCTAHOBKH Ha3
© 3@PANCEHHOI YaCTHILl B Bemlec A e
] fHBI Tpober ompefensercd YR
Hotu npoBecon K. Jnueflanil mp : e
3J1eKTPOHOB ]
: 1bllle IJIOTHOCTH @TOMHBEIX
D o ine npofer yacTHUE B Be-
epH H TeM MeHblle TP
YaCTHIB, T€M Bblllle 3TH [OT T uactiiel b be
YACTHIE, B3aHMOAEHCTBY
ectee. TAmXeawrle 3apiaKeHHBIE e
HmOBHOM ¢ ATOMHBIMH 3J€KTPOHAMH, MaJ0 ol'_r[mogﬂJOTﬁgo%eriggfemﬁ
' pueHna. [lostomy
HUA CBOEro neppoHavyanbHOro I [ Keaoit
YACTHUL H3MEPSAIOT PACCTOAHHEN MO NPAMOH OT ACTOMHHKA YacTHI I
TOYKH ee OCTAHOBKH. | —
Xopowell HANOCTpanHedl TOPMOKEHNA @-YaCTHU B BO3AYXe CAy

Acku#t H3HK
Kpupaa (puc. 5.3), kotopywo moayuna B 1905 r. aHriH i) .



Bpsrr  naa  monosueprernueckux G-4aCTHI C HaYaibHOH SHepruef
7,68 MsB. C ynanennem wactun or HCTOYHHKZ yAefbHad HOHH3AIHg!
CHaual1a MeNJeHHO pacTeT, a 3aTeM Pe3KO YBeAHYHBAETCH M Tak Ke
Pe3Ko nagaer. XapakTep Xoaa KpHBOH 06bLAcCHSeTCS H3MEHEHHEM CKO-]
POCTH «a-vactHU. BHauafe.q-uacTHILI ABHXKYTCA ¢ GOMBIIONK * cKOpo- |

CTBIO, TOSTOMY yZe/fbHAA HOHHSALHA CPABHHTENbHO HeGoublasg. B pe-

3YMbTaTe HOHH3ALHAOHHBIX Nnorepb ABHXKeHHe G-HACTHL 3aMeansercs. |

Oun nposoaaT Gosbire Bpemenn oKoso 3JIEKTPOHOB, H YAEAbHAS HOHH-

3auvs pacrer. B koHue c¢Boero nBuKeHns @-YaCTHUB OCOBEHHO MHTEH- |
CHBHO TEPAIOT 3HEPrHI0 Ha HOHH3A- )
uio. OgHako, MemIeHHO ABHT2fChH, ]

Cay

OHH 3aXBaTHBAIOT cHaganla OoHH Op-

T
|

£

e BALHOHHBIE TIOTEPH Pe3KG yMeHblra-
T IOTCH,
; InorHoete  notoka a-JacTHI[
’ L JPAKTHYECKH He H3MeHFeTcs Ha pac-
CTOSIHHH X npolera or HCTOMHHKE,
2 4 6 8 @ HHTCHCHBHOCTbL ¢-YacCTHLl YMeHbLIA-
PACCMOSKHUE Om uCMOYHUKA, e eTes o YBENHUCHHEM PacCTOAHUA OT
_ HCTOYHHKA BCALACTBHE MOHH3ALHOH-
Puc. 53. Hsmemenne yaeasnoi HBIX TOTEPD
HOHTUZALHH  11pH TOPMOMXKEeHHH {-ya- B -
ctin & Bosmyxe (xprsas Bpsrra) 3aMMOAEHCTBHE O-YaCTHIL ¢ 3JeK-
TPOHAMH HMEET BEePOSITHOCTHHIN Xa-
Paktep, [lostomy npoGerw g-uacTi B BeUleCTBe HMeloT HeKOTOPHLH
pasbpoc. Hesuaunteabnas wacTh o-yacTuir TPOHHKAET AAAblUe APYTHX
©T HCTOUHHKA, :
Cpepanit npoSer R, MOHO3HepreTHyeckux «-yacTui oGLITHO paccud-

TRIBAIOT MO smilaprueckuM Gopmynam. B Bosgyxe npu HopMaseHIX yeao-
BUAX

o

Ydemsmas uonusauus, om. od

T

-

o

R,=aE;, (5.1)
Fae R —npober, cu; E_ — KuHETHYECKAS 3HEpPrus a-ggacTH, MaB,
2 a p:

Jns z2-vacTu, HCMyCKAeMHX €CTEC TBEHHBIMH a-H3aydarenamu (4<E <
<9 MsB), a=0,318, n=15. faa a-uactHu ¢ Gosice BHCOKHMH
aMepruamu (E_ <200 MsB) ¢ =0,148, n=1,8. Tax, %-YaC THOB ¢ 3HEP-
raell £, =5 MsB npoGerawor B Bosgyxe paccroauue 3,51 cM, a ¢ agep-
rHeit £, =30 MsB 68 cm.

OrHoweHue NHHeRHBIX MpoGeros ZBYX BHIOB YACTHU, HAUYHHAIOLLUX

ABHIKEHHE B BO3AYXe ¢ OJMHAKOBBIMHA CKODOCTAMH, NMPpONoOPIHOHARBHO
OTHOIIEHHIQ Y8 bHEIX NOTepb 3HEPTHH YACTHU:

K (G_) 5.2)

My U
TAC M H Ms — MACCH HaCTHIU, ¢ H {fa — 3apAOE YaCTHI.
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*  ¢KOPOCTHIO MPOTOHOB:

OUTAJABHEI 3J€KTPON, a 3aTeM BTOpPOH }
H  TOCAAOBATENLHO MNpPeBpaILaloTCs |
B OJHOKDATHO 3apsiKeHHEe HOHBEl re-
4 AHA W aTOoMbl renus. Ilostomy uHoun- |

Mpamep. Onpefeants AHASANbIH npoGer npoToHa ¢ suepruel Ep =10 MaE

B Bosnyxe.M CHAUAJA KHHETHYECKYI0 3HEPrHi0 0-UACTHUH, ABRIKYLIERCH ¢ HAMAALHOMW

Haifine

Juueftupii npober «-dacTHL C 3Hepraed E, =40 M3B = Bossyxe

R,=0,148EL3 = 114 en

Jlnnetinbi mpober npoTona ¢ suepruedl Ep =10 MsB {em. dopmyay (5.2)]
1 2.2
B =114 cM.
Ry=—j ( z ) R,
JKOB JeAeHHA B BellecTBe, B OT-
1
JHUME OT flepe3apsiiki (-4acTull, MPOHCXOANT HE B g{;lé[é%ea 31;?313*%?;-
B
! AOK JeneHHs, 3aXBAaTHBAA B
Aaube mpolera. Ocko Jemecrse sqextpe
oHHBle 0OONOUYKH, B DE3y
Hbl, 34[0JIHAET CBOM HIEKTP . 5 fero ero
‘ - ' fi npeber B BO3AYXe Kocx
A4 yMenbwaerca. JluHedHBl . ]
;igeﬁngc MaccOBHM uHcaoM A OPH HOPMAAbHBIX YCNOBHAX OLUEHH
BAIOT 10 SMITMPHYECKOH popMyse
Ro(-5%4—"1,3'5° 10_2A CM.
: = 03y X€
cnoMm A=120 npoberaior B B
KOJIKH JeJIeHHs ¢ MacCCOBBIM Hh pob ©
ECK(LQJE:M. B TBepAblX BellecTBax AHHEHHBH Npober oCKoNKa I
J‘lg;l;{ﬂ r’l:pn-MepHO B 10°-=10% pas MeHbIle, 4eM B BO3LYXe. P
B asKcnepHMeHTaJbHOR (H3MKe OYEHb HACTO BMECT&CTHHH )
- maccossil npoGez 3apsKeHHO ,
npofera HCMONb3YIOT ﬁ o ) e
Ha KsBaZpaTHHA MeTp
JKaeMHii B KHAOIPAMMAX H A | e
3211?}?0 OH paBeH Macce BEILecTBa, 3aKIOUEHHOH B umnﬂng:, Bab]';?rm
KOTOpOro paBHa JuHEeAHOMY npogery yacTHOK R ‘B MeTpax,
waipb MOAepeuHoro ceyenns — 1 M% .

R 'm=pR ’

: 3
— NAOTHOCTH BELlecTBa, KrfmMa -
meEl))\maqueCKaﬂ dopmyaa AAf MaccOBOTO npofera ¢-yacTHL ¢ 2HEP

ruamu ot 4 10 9 MsB .

R.,.=V AE® riv’, 5.4y
rae A — cpefHee MaccoBOe WUHCJIO BEIUICCTBA; E_— sneprusi o-4acTHUH,
MaB,

M pumep. Halit vaccoshili o munefiabil TPOGETR «-UACTHIL € sheprusil E =5 M3sB
B Gepumimu {A= 9, p=1800 kr/m%). Maccoreil npoSer no dopuye (5.4)

[lepesapsinka ABHMKYULHXCS OCKO

"R, = VG125 = 33,5 r/m%

Juneiisuit npoSer no gopuyne (543}
R ==33,5.10-%/1800 = },85-10-% M = 18,5 MEM.
o




© & 5.4. BRAMMOAEACTBHE B-HACTML, C BELILECTBOM

Morepu
PH SHOPTHH ABHXYU[UMHCH IEKTPOHAMH B BelIeCTRe I0J- §

a3aeJq0T -Ha HOHHR3aTHOWHbIE H paiHalHOHHBIE

.

HBIX YaCTH
u {cMm. puc. 5.2). KpuBas noTepb majgaer ¢ yBeJHYEHHEM

CKOPOCTH - |
p A0 KHMHETHYECKHX 3Heprufi, paBHHX YABOEHHOH 3Hep-1‘HH

n-oxgzlaé'[aex}"[rpor{a. a 3aTeM MeATeHHO TOAHAMaETCA
cB0BORMOT SapIHENHOR HacTHLN B SnextpiCoRoN Hote Axpa. TTpo.
B 3JIEKTPHYECKOM TOA
e agpa. [Tpo-

Jetas BbHanu .
3% AApPA, 3apAMKEHHAaa HacTHIa OTKJOHSAETCS OT CBOEro ]

nepBoHAaY !
CKE}"{ CH']E[‘H]}:}‘{E;)DZE??EZ’BHSBHHH ABH¥EHHS NoA AeHCTBHEM KYJAQHOB
/ = er?. JTa cunma cBa3 . ' i
ee  yCoKope aHa ¢ Maccoff dact
sapAl, EB::IK%H%CBTOPHM 3akoHoM Heiotona F==ma. %‘:O(L'lﬁbc]mr:bl]ffll
KOTOPHIX 'ﬂponopquH;:mz,cKOpeHHEM a, H3ayvaer <HOTOHE, IHEPrHus
Kak a’~1/m?2, To paama a KBajfpary yckopemns: a?=F’/m?. Tax
CTHIL 3HAWHTEABHO p“ LHOHALIE TIOTEPH TAMEABIX 3apAKEHHLIX Ha-
fBIX 4ACTHIL (27€KT] eHblle DaIHALHOHHLIX NMOTEPb JErKHX -3a'p$}}KeH-
fIOTEPH 3JIEKTPOHOB POHOB H ROSUTDOHOEB). HanphMep, painaunoHRHe
PaTHalHORHbe nofr: (mpfm.)2=3,5-10% pas Goawiue, YemM OPOTOHOE
QHOHHBIMH TIOTE PH TAXEJABbIX YacTHI II¢ CPpaBHeHHH) ¢ HOHH3 :
ax OoGHYHO He pfmu_ HE3HAYHTE/bHB [0 BecbMa BLICOKUX SHEpTHil o
pajinaHuoHHBIE n)oqugbumifglfhoémam P ABHMKEHAH JErkKHX pqacr,nz
] : BITH BeCbMa CVIIECTB .
HO E);;Iﬂ;elfgaax ¢ GONbLINM IIOPAAKOBEIM 'HOMEBISOM Z eHMH, ocoder:
; OHHBI . : :
TOPHOSHEM, DTO EH;?T@‘PH npeofpasyoTea B H3JAYYEHHe, HashiBaeMoe
BapAHeARIX 3IVUCHHE MOABAAETCA KAK CAEICTBHe TopMO::K'ei{
yelHe BOSHHK;ECT““ B 3JEKTpHUeCKoM mose sapa. Topmoshoe HsuHH
opBHTAM B '\:CKB ;axme fpH ABHKERHU SJEKTPOHOB Ao KPYFOB;»l);
= . PUTEAAX 3ITEKTPOHOB —GeTATPOHE M CHHXPOT He
Y,EleTII):HbIe € HA3LBAWT HeTarpoHHbIM N cunx-porpo&umm‘ potie.
b pagHauHOHKBEe ToTepH Ej ¢ ' '
51eKT. pu Ey, mponopunonane
TpoHos E. W KBaZpaTy TOPSAKOBOTO Homepg Be]_]_leCT::I. IHCPTHA

Ep""‘szg.

HoHA3aUHOAHE :

le OTEpH Yy 3JeKTPOHO

o B £y npeod

CPABHUTES ph w npeobnanator B 06

Cﬂoﬁ BH:;::I:) B}‘:{eﬁmbm“x snepruit. [lo Mepe yBesnuueHns .Km?er'[r?{ielf

SMeHLIAETCS T;Iaﬂ 'HOH%SEIH,EOHHI:IX noTeph B GOLIHE TIOT@PH HEpPrHH

-t . K K&K [ OTHOILeHY

; , e YIeAbHBEX ; .

Y HOHH3AIUHNOHHBIX TOTEPE 3IHEDPTHH & npon-crpyunonanbnopazl};?um“bu
o

k=1,25-10~% ZE,

(3![5(:}:1 Ee— B MErasieKPpOHBOJAbTAX)

€pTHIO 3JMEeKTPOHOB, I 0t

‘ , IPH KOTOpPOH B :

{k==1), RaSHBAOT KPUTUHECKOL y e pra e bamis
) o g . KpuTHdeckas SHeprHa AJAs Kene3a
) D 3B, a pas ceunna (Z=82)— npumepuo 9,8 MaB
B HOHl»IsauHOHHQMHm'{I‘eaPIZHH painallHOHHHE IIOTepH npeoﬁ'.;ra,nalo'f
\ ) B XKeJe3e Pa,

; , e pasHANHOHHBIE NOTEPH V 3JeK-

JPOHOB €

pelTreHoBeKoTo H3J
rpybrax ¢ BBICO
Nodb3YIOT

.=10% 2B}, a 3aTeM TOPMO3ATCA B THIKE

seHiil 3J€KTPOHOB HCRY
plzyesoe CHIOUIHbIM CTMEKTPOM.

7o W onpenenfer Xxa
BEHHH C ATOMHHMH 3JeKTpOHAMH H
KIOHSATCA OT CBOETO

II[JOHCXO:LHT ‘He
cTHIL, a To H3BHJIH-CTOﬁ TpaekTo

jecTBe 3HAUHTENBHO
yactun. O1HAKD Npax

npoBer »AeKTPOHOB.
Blaer. 3MeKTPOHBL. SddexTHBHRA MaC

suHue B 10,2 pasa

sueprieii 100 MsB B 3,25 pa3a, 2 B C

¥ Hoablle HOHHU3ALHOHABIX.
Topmo3Hoe H3AYUEHHE an

eKTpPOHOB € UacTOTaMH g BHTEPBA’E
yueHls Toay4aT B cranHaTbHblX peHT['E‘HOBCKHX

wrv anTHkaTozom. Ero. jic-
B MeLHuUMHe A7 AHATHOCTHRA Gosestel. ek THORD!
pybxax yokopawTes 10 30-—100 k3B (1 k3B=

now anThkatole. Tipn TOpMO-
xapaxre-

KHM BaKYyMOM W THKE]N

pBHTTeHOBCI(HX T
craerca peHTl’EHOBCKOE H3NYUEHHE,

Macca >MEKTPOHOB 3HAYHTENBHO MeHbIIE MACCH TAReJNbX HacTii.
pakTep HX ABHIKEHUT B pentectse, [Ipn CTOAKHO
SLPAMH BAEKTPOHBI CHABHO 0T-
[epBOHAUAbHOTO ABHKEHUI. Ux NBHMEHHC
no mpavol JAuWREH, KaK ¥ TAKEMHX 3aPSKEHHbIX Har
pry. Tloaublil TyTh 3JeKTpOHOB B BE-

NPEBOCXOAHT npoBern  THAEMBIX 32PANEHHBIX

THyecKnil UHTEpec npeacTaBnfer agpperTusHbLL
KoTOpoe NOrI0-

Ou paBeH TOMIINHE BelecTBa,
coril mpofer Rme 3JIeKTPOHOB

B anOMIIHAH HAXOMAT 110 SMIUPHIECKAM PopMyIaM:
R =—D5,43E,— 1,60, ecan 1,0= E,<25 Ms3B;
e a (55)
R,,=530E, — 1,06, ecn E == 2,5 MsB,

sae R, H3MepAOT B Kr /M2 Ec'——maxcnmanbﬁaﬁ SHepTua p-uacrhli
HJH HHEPLHA MOROZHEpTETHUECKHX SJEKTPOHOB, MsB. @opmyast (5.5)
¢ TOrpeuiHocTb0 NpHMepHo 10% MOKHO HCMOABSOBATD AR DREHKH

BoaHUILHE Rie B BO3A
NMpamep. Haird TOSILHHY AJKMHEHA,

neckoit anepried 2 MaB. )
TTAoTHOCTD ANOMBHWA 9700 xr/m®. 110 nepson dopmyne (5.3)

Rm=5,43-2-—1.60-—=9,26 KT/ M
—=0,26/2700 = 3,43 10-3 m=0,343 cm.

BuicTpble NO3NTPOHH, KaK W 9JEKTPOHH, paCXOAyIOT SHEPrul0
4 penlecTBe Ha HOHHM3ALHIO H TOPMO3HOE H3AYUEHHE. 3amenJeHHbBIE
TO3HTPOHH, ABHKYysRECT B BelllecTBE C MaJOR CKOPOCTHIO, BHIPB{BAIOT
3 atoMa BHEIHHE SJeRTPOHDL KoTophie cnabee cBasalibl ¢ AAPOM,
yeum BHYTpEHHHE. Tlapa MO3ATPOH — HIEKTPOH ofpaayer cambill nerkuit
Bo;to-ponono,uoﬁublﬁ aTOM — nosurponud. B 5TOM aroMe JAEKTpoH N
NO3UTPON ABUKYTCA BOKPYT obliero UeHTpa TsKecTH. Bpems KH3HH
TIOSNTPOHBS HCUUCAACTES MHIARAPIHBIMA  AOAAMH CexXyHAbl, fOCAE
yero NO3WTPOH 1 HIEKTPOH AHHATBRJAHPYIOT (ncue3aloT) W BMECTO HHX
opazvioTcs ABa HIH TDH y-kBaHTa, CymmapHas 3Heprua p-KBAHTOB
1,02 MsB paBHa yABORHHON 3HEPTHH NMOKOA 3JeKTpeHa. AHAHFAARLNA
yneKTpoHa H NO3UTPOHA MOMKET NPOHCXOAHTH # ez obpasoBaHHs TO-

BUTPOHITA. V[’SJ’I}"-IQHHE, posHHKaollee B ﬂ'pOU.eCCE AHHATANALHN €K~

TPOROB H No3HTPOHOR, HA3HBAIT annueuﬂﬂquonubm‘
77

yXe H Keneiec.

noraolLanuere INeKTPOHBE ¢ KURETH-

Ry = Rueieal




§ 5.5. BBAMMOJEACTBME 3NEKTPOMATHMTHOTO M3JTYUEHMA
€ BELLECTBOM ’

3akon ocaabaenns u3yveHHs B BelUlecTBe, PeHTreHOBCKOe, 6eTa-
TPOKHOE, CHHXPOTPOHHOE H Y-H3AyUeHHA OTHOCATCA K 3AeKTPOMATHHT- ]
HOMY H3JYYeHHIO, CBOHCTBA KOTOPOrO 3aBHCAT OT 4acToTH. OHH He !
Pa3anyualoTCA, €CAH HMX 4acTOTH coBNaAaor. [losroMy paccMoTpum |
0COGEHHOCTH B3aUMOASHCTBHA y-H3AYUEHHA ¢ BenlecTBoM. Takue ke 3
0COGEHHOCTH CBOHCTBEHHH M APYTHM H3AYUEHHAM B COOTBETCTBYIOIEM |

HaCTOTHOM HHTepB&JE y-H3NYUeHH.
}?-I/ISJ'I}"-IEHIIQ OTHOCHTCA K CHALHCOOPOHHKAKIEMY B BelIeCTBe

usnyyennio. [Tpoxols CKBO3b BEUIECTBO, y-KBAHTH B3aHMoAeficTsyior 1}
C aTOM2MH, 3JeKTPOHAMH N SAPAMH, B PE3YJAbTaTe Yero HX MHTEHCHB- -

HOCTb YMeHbIIaeTcs. :
Hafinem saxod ocnabienns napafnesbHOTO MOHO3HEDPTETHUECKOTO
MOTOKa TEePBUYHLIX 9-KBAHTOB B NJOCKOA MUIeHU. [Tepsuunsimu
: 4ACTHUAMI HASHIBAJOT TakKue 4acTHIb, KO-
TOpHIE He  HCOBITAAH  B3aHMoAeHCTBHSA
C 3JIEKTPOHAMH, SIApPaMH U ATOMAMU MpPH
JABHKEHHH B BellecTBe,
[Tycte Ha noBepXHOCTL MAOCKOH MHIIe-
HH MePHeHHHKYAIPHO K Hell najaeT napad-
JeNBHE  (KOANUMHPOBAHHEI) NOTOK y-
kBaHTOB (puc. 5.4). [lepBHUHBIA ny4ok
B BellecTBe ocialaseTcs 3a cyeT NOLaolle-
¢ hus u paccesHHs p-KBaHTOB, PacceMpasch
Ha 3JICKTPOHE, y-KBAHT TEPHET YACTb 3Hep-
FHH H MEHAeT HaNlpPaBJEHHEe CBOere ABH-
XeHua. Ha paccrosmup x or BRewHedt
\ OBEPXHOCTH IVIOTHOCTE TNOTOKA MepPBHY-
HBIX y-KBARTOB ocaabuisercs Ao BeJHYHHH ¢(x). B TOMKOM cioe
MHIIEHH dX NJOTHOCTD MOTOKA y-KBAHTOB YMEHbLIAETCA OF Sp{x)
3o @{x+dx). Tak Kak ca0fi TOHKHEH, TO TIOTHOCTH NOTOKA P(x) #u
e(x+dx) mamo oTamyalores. IIpH TAKOM VCAOBHH WHCAO B3aMMO-
HeHCTBHI y-KBAHTOB ¢ BELICCTBOM B TOHKOM CJIOE OPONOPLUHOHATBHO
MJAOTHOCTH NOTOKAa ¢(X) HA NOBEPXHOCTH CN0A H TOJUHHE Cnod dx-

do=—pgdx. (5.6)

3HaK MHHYC B NPaBOA YaCTH YPABHEHHS NOKA3BIBAET, YTO B CJ0E
dx TIJOTHOCTb NOTOKA Y-KBAHTOB YMeHblIaeTca Ha de. Koadppuunenr
PONOPUHOHANBHOCTH | HE3BIBAIOT NOANBIM AUHEURBIM KOSduyuen-
Tom ocaabaenus. OH HMeET Pa3MepHOCTb M~! U YHCJASHHO PaBeH RoJe
MOHOSHEPTETHYECKHX P-KBAHTOB, BHIOBBAKIIAX H3 NapaaielbHOTO
NyYKa Ha eXWHHLE MYTH H3JAYUEHHH B BellecTBe, BeAHunHa y 3aBHCHT
OT INMIOTHOCTH 4 NOPAZKOBOTO HOMePa BeIecTBa, a TaKKe OT 3Hep-

THH y-KBaHTOB:
p'=p'(P! Z’ E_‘).

B § 4.3 6uao paccMoTpeno penisiue AnddepeHIEainHONO ypas-
Hernd, ananoruyHoro (5.6). O6osnaunB o MIOTHOCTL TOTOKA y-KBaH-
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Muiiesb

fomax
7-wBarnmol
Y
a2

X x¥dx

Pue. 54. Tlotok vy-Keantos,
MATAIIHY BA TAOCKYI0 MH-
wens

OB H& TOBEPXHOCTII MULLEHH,
JIeNBHOCO  MOHOZHEPreTIUeCKoro

ecTee:

3anHileM 3aKOoH ocnabaeHHA napad-
ny4ka neppUUHbIX Vy-KBAHTOB B BeE-

; ~
px)=gp, 8" . (5.7)
THOH TOMULIHE BEUleCTBA 1jd, rie d—

' -KBAHTOB
a® TJAOTHOCTH MHOTOKA ¥
o uueckoro mpH-

Beauynna p paBia oépﬁa

1260

oJIAHa BelecTsa, O K !

B e=2.72 pasa. Bonee v100HOR BeﬂH%Hggla;%ﬁqaeﬂr:{p;ah&rm BT pen

, i MoAOBHHHOTO J .

Hus ABJgsieTcd caci non ldewiy

Efs; gelilecTsa, ocaad foWEMy NJOTHOCTD -'HOTOKaO(p sorf\'pacrl)la;la
Beanutiibl p U d)/z CBA3AHBL TAK e, KAk TepHol A3

[ it ] a:
¢ MOCTOAHHOR pacnal 0693 du

' ; nonaned
Monusfi  aunefinuiii  Ko3(dHUHEHT ocnafaenna npernopl

MAOTHOCTE BELECTRA, TO

nAoTHOCTH BellecTsa. Ecan pasdenntb p Ha =pjp, KOTOPLIH
SrvalM MACCOBOLE  KOIPHUYUERT 0CAQGAEHUS P S /o, O -
noayHl Ha Kuaorpamy (M2/XT).

U3MepsioT B KBAAPaTHLIX METPax

3 OWHX 13
meHHo paged 10Je€ MOHO'BHE])I‘@TI/I‘-[(:‘C]{IIX v-KBAHTOB, BHIOBIBATOLL

moft 1 xrfvz Koadd-

nyuka Npy JPOXOKAESHIN CHOA an-gjr%HuH;m;l; S co e
[ | 0T MNOPAKKOB ,
UHEHT M, 33BHCIT
V-KBAHTOB!
l-"mzp‘m.(zt ET) E
; LeTcst
Tlocte 2aMeHbl p=—Hmp 38KOH ocnabaenus (5.7) mepenu
b —thypM (58)
PN =% € ) .
1 M2 n TOAULHHOH X.
qe M.=px — Macca MILERH MAOIKAARID
r1e My=px — macc S

ro ocatdaeRnst napainetit ia
{(Z =82) u amouHHud (Z=13)

a xpaAPATHHIl MeTpP), ocaaduawn-

Paceyutarh: a) 0l NHAIBHHAO

LAAALN M3sB ang ceusEILld

{-KBAHTOB ¢ 3nepruell E\' ==
) MACChi CBHHLA H QTOMIHHA (s KHJIOTPAMMAX W

-1
. B NEa pasa. . =80 m~!, pa=15 m7H
\mu}(ﬁg:g;; inuell?;}me Koad PHUACHTE ocnabaenus: pep="580 ;1

2

usotHecTh: ppy="11340 kr/M®, par=2700 Kr/M%.
Coly TOACBUHEOTO ocnadaeHs:

i e d”,», ={,693/p.p), = 0,603/80 = 8,65- i0-* .

1A AAWMHENA P 10-2 w.
. dypp = 4,6-107% n

Maccopbift xosddmenT ociaGaeris:

] ‘,‘ ] a .
JAR CBUATL a0 T 10 Nt

JIA AGIHOMINIRA )
um=5,55’10_3 M?',I’Kl".
ocnafasiolleff MOTOK B ABA pasa,

Macea MuIIEHR H3 CBUBIA, q
— 11 240-8,66.10-* = 98,7 PATATEN

wpp = Peodiye

#H3 aJMAHLHA MAl_.__._le_ Krfmz'
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Y6LIb y-KBaHTOB w3 )1 |

_ nyYKa obycJIoBAHB "
HE3aBHCHMEIM : . KoMmon
oo oﬁga;o%ﬁ?:arﬂ‘ porosdiperrom, KO'MHI;‘OHMS\CI)%:I?:;::M
pitayer paanobasoBailis ap. Kaxauift us sTux stdexros xa‘palKT -
Tpoman o aroefc Bcﬂ']?-KBaH‘[‘.OB COOTBETCTBEHHO ¢ atoMaMu sneeE
R 'paBe-HeleT'BHe 9TOTO B NOJHBIR JAHHEfHbIY -Kéaq;qu.i
e ocaz QJOTOBJIEKTpH‘;:g(;{{ngTqTEX HE3aBUCHMEIX JIHHeHRbIX K03£:
B3aUMORCACTBAR py W 3hpexTa -oﬁpaggggﬁ?ﬁgp Tlm” roronoReorol
AT 3

W=Lg + px+ pr.

Ka}K,ﬂb.[ﬁ H3 T ex Al £ X '(II TO T - 8] |

Poroaddrexr. Porosdpexrom

Hue (GOTOIEKTPOHA GAH3KO K HANPABNEHHIO 3/MEKTPHYECKOR Hamps-
HEHHOCTH 3AeKTPOMArHHTHOTO nosd. Jro MOKa3uBaeT, 4to (]JOTOQJIEK-
TPCH BLIPDBIBASTCH H3 ATOMA INeKTPHUYECKHMH CHAAMH.
GoTosAEKTPHYECKOS TIOTJIOIIEHHE Y-KBAKTOB Ha #-fl 060NOUKe yMeHD-
Q1aeTcs ¢ POCTOM 3HEPrud {-kBaHToB, OHO MaKCHMANBHO TPH 3HEPriH

E_, 6muskoli K SHepruu CBA3M s;"’. [Tpu sHeprun E1>>e(") BEPOSITHOC Th.

4
(GOTOMEKTPHYECKOTO HOIIOWeH A B f-H 060J0YKe CHHXKAETCS B Th-
cA4H pas. OTMeTHM, UTO CBOGOAHMIA 3AEKTPOH He MOKeT TONNIOTHTL
y-KBAHT, TAK KaK B TAKOM [Ipoileccé HapyLIZloTCs 3aKOHbl COXPAHEHNA
3HEPrUH H HMITYsibCa.

JinHefinbii kO3pOULHEHT POTOIEKTPHYECKOPO [OTVIOWEHHS gy TPO-
MOpUAOHaNes OTHOLIEHHIO Z’/E?‘E. Ha puc. 5.6 npupejiena 3aBHCHMOCTh.
Kos(puunentra py, A4f CBHHLA OT SHEPrHA {-KBAHTA. Kosduusent g,
pe3Ko yMeHBIIAeTCA € YBEJNWUEHUEeM OSHeprud, W TpH ET_>10 MsB

: Ha YacTh »
pacxozyvercyg Ha Pa3pHB CBAZY 31 oo otam ET

P eKTpOHa ¢ -
VeTCs B KHHeTHYECKYIO SHeprHio anexngHa EHFPOM’ Apyran mpeopa- §
el 3

Puc. 85. OcHopune Ttunm
B3GNMOACHACTBHA  y-KBan-
TOB ¢ BelMeCTBOA:

@ — doToshdert; &

; — KoMR-

ToH-3(berT: e-—aﬁbcbem'ogg—
Pazopanua map

g0

Dotoatphert OPOHCXOAUT To
{-KBanTa GoJbUIe 3Hepruu cagsy

E‘I =E, -} e;”)

.

3JIEKT Mg n.j
POHa ¢ B n-H 060m0uKe aToMa,

ch.nu SHEPIHS Y-KBAaHT2 MeHbile
W 3A€KTpoHa B K-06010uke, Ho

» YeM B L-o6omouxke, o
. oTo3dhhe
MOXET HATH Ha Beex obomoukax cg'roma(p?( o
Me K-060a0uky, + pe

Kyﬁgboggaﬂex'rpon ABHMETCH DOYTH nepmeHgy-
nomg K HampaeieHHIo pacnpocrpanenns
LMeHHOro y-kBaHTa (puc, 9.5). Heuxe-

Hisem™,
e M
2 |—p :

AN Ve

05 \ / o

46 -

o4

42

a

Hanpumep,

07 40

Puc. 56. 3aBucumocrs wo3ddunuentop sau-
_Heﬁnom oclataenna  or 3HEPTHIl y-KBaH-
TOB 048 CBHRuA:
t-—_I'IEHHOFD: p(b-d:oroanemplmemom TOC 100 BHRR
T _o;i_rrmnoncxom BaumonelicTong; o — sperTe

ofpazoBatna nap f

BKO B TOM cayuae, Korza sHeprin }

i

B CBUHLE NPAKTHUECKH HE BOBHHKAIOT (POTO3/MEKTPOHHI.

Komnton-agpdrext. Ha aTOMHBIX 3/IEKTPOHAX TPOHCXOAHT pacceanue
v-KBAaHTOB, HA3bIBAEMOR KOMNTOH-3(hpexTom. BaanMmonedcTBHe y-KBaH-
TOB ¢ 3/JCKTPOHOM B KOMNTOH-3(pexTe NPeNCTaBAAETCS KaK CTOJAKHO-
BeHHME IBYX ympyrdx UIapukoB (cM. puc. 5.3) ¢ wmaccamn m =
=hv{c® U m,. B KamuoM yNpyroM CTOJNKHOBEHHWH y-KBaHT mepeaaer
4acTh CBOefl 3HEpPrMH 5AeKTPOHy W paccenBaercs. ITockoabKy pacces-
HHe }-KBAHTOB 3aBUCHT OT IIOTHOCTH ATOMHBIX 3MEKTPOHOB N.~Z,
TO H KOMITOH-3(p{eKT onpeeinsercd NOPALKOBHIM HOMepOM Z Be-
wectBa. Paccesnne y-KBAHTOB MPOMCXOAHT TJAaBHBIM 00pasoM Ha
c1aB0CBsI3aHHBIX JeKTPOHAX BHEIIHHX 080s0uex aToMoB. JluHeAHBIA
Ko3GMpHIHEHT KOMIOTOHOBCKOTO B3aUMOHEHCTBHA [ NPOMNOPHHONA/EH
orHomennio Z/E  T[lostoMy ¢ yBeJdYeHHEM SHEPrHH A0S paccesd-
HbIX 9-KBAHTOB yMeHbIIAeTCsl.

Kounron->ddekt B cpuHie (cM. puc. 5.6) HauuHaeT npeoGiaiaTh
Hag (poTosdxpekrToM B 3HepreTHyeckoli ofmactu E >0,5 MaB. Ymevnb-
weHHe koshdunHenTa p, ¢ 3Heprueidl GoNee NAaBHoe, ueM KO3(pdH-
UHEHTA try. B obnacTH sHePrud E.‘>0,5 MsB B ceuhne ofpasyercs
Gollblie KOMIITOH-3MEKTPOHOB, 4eM (oT03NeKTpoHoB, KoMnroH-sgdpext
CTAHOBHTCA He3HAUHTEJBHHIM IIDH 3Hepruas cepine 50—100 MsB.

Addexr ob6pazosanua nap. y-KpaHT B mMoje Aapa MoKer obpaso-
BaTh Mapy 4acTHI: 3MEKTPOE H NOSHTPOH (cM. puc. 5.5). Bes sHepras
y-KBadTa Ipeodpa3dyercd B IHEPTHI0 MOKOS JIEKTPOHa H NO3NTPOKHa
217,62, BX KHHETHUECKYIO SHEprHio Ee+, E _  u xnHeTHUYeCKyio SHEp-

ruio aapa Eaq:

—_— 2
hy=2me*+E _ —i—EH—q—E,.
. [Mapa uvacTHLl BO3HMKaeT TOALKO B TOM CJaydae, KOTAa 3HEPruAa
y-kBaHTa TpeBHIlaeT YABOSHHYH) Maccy MOKOA 3W1eKTPOHA, DABHYIO
1,02 M3B. Bue nons sapa y-KBaHTY 3anpelleH0 WPeBpallaTbhed B IMa-
Py yacTdll, TaK Kak B 3TOM Cjyyae He BBINOJHAETCA 3aKOH COXpane-
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HuA wmnyanca. Hanpusmep, y-xpant ¢ SHeprued 1,02 MsB sneprery- ]
JECKI MOMET NOPOAUTH 3JEKTPOH H MO3UTPOH. OfHAKO KX UMIYAbe §

OyJer pasen HyJaw, TOorga Kak UMNyJbC y-KBaHTa paBed hv/e.
B mone szpa umnyaec u SHEPTUA  y-KBAHTa pacnpeleffwTes

MEHAY IJMEKTPOHOM, NO3HTPOHOM M AApoM §e3 HapyleHH#t 3aKoHOR 3
COXpaHeHHs 3HepruH U uMuyanca. Macca Alpa HecpaBHEHHO GoMble
Macchl SMEKTpoHa U NMO3HTPOHE, NOITOMY AApO moayvaer npereGpe-
HHMO Manytlo Aonwo sHeprin. IlpakTHueckH Bses 3Heprisa y-kBaHta .

nMpeobpasyercs B SHEPTHIC SA6KTPOHA i MO3HTPOHA.

Jlanefinelll Koaddunuenrt sppexta obpasoBapus map g, NponopuHO-
Hanex Z"InET. Opekr obpasoBanus flap saMeTeH B TAKeJBIX BellecT-

Bax NpH GONBLUIMX SHEPrHAX Y-kBauTos. Koadduumenr p, cramoburcs

OTJHYHBIM OT HyJAs NPH NOPOTOBOf 3HEpriu ET= 1,02 MsB. C ygequ- -

1CHHEM SHEPTHU KOIPOUUHEHT pn pesko pacrer. Hayunas ¢ smeprun
10 M3B ochosHOe noraomenye V-KBAHTOB HDOHCXOAKT 3a cuer sgpex-
Ta 06pa30oBanus nap.

TMoansiii auneBHbl) Koaphuunent ocnabaenus B XaK cyMMa Tpex
KOYPDHIHERTOR g, py H pn © YBCJAMUEHHEM 3HEPIrUH CHAYada yMeHb-
maercs (cMm. puc. 5.6), npunuMas MHHHMaJbHOE 3HAUEHHEe IIPH 3Hep-
ruy 3 MaB. a sateM ysenHunBaeTes.

Takoft xom Kpusoii ofbAcHTEeTCS TEM, UTO NPH HHUBKHX SHEPrUsax
34BUCHMOCTh p.(ET) oBycaoBauBaercs poroapdexTom u KOMIOTOH-3(pex-
TOM, a yXe NpH 3Heprusx, Goapwnx 3 MsB, i KO3{pHuUeHT 1 ocHOB-
HOMl BkJ/IAAL ZaeT sdper oGpasoBanus nmap. Ceuuen HamGosiee tpospa-
4€H AN 7-KBAHTOB ¢ aHeprueft oxono 3 MsB. Auasoruunas 3aBHCH-
MOCTD KO3(bpunuenra (£ ;) HabJiofaerca 1 gud APYrUX THKeNNX 5.ae-
MEHTOB.

Kesdduunent nepegaun PHEPruM H3AyvenHns. IJuepris y-H3ayye-
HUA. BIAUMOAERCTBYIOIErD C BEWECTBOM, npeodpasyerca B KHueTHue-
CEYIO SHEprHl0  31CKTPOHOB B 3Hepruio BTOPHYHOIO  y-H3JYYeHIIs
{peHTrernBCKoe H3lydueHie nmocte doroadpderra, pacceslinple P-KBaH-
TGl B KOMOTOH-3(ipexTe, aHHHrUAALHOHHOS Hsayuenne). Bemeacrmire
9TOT0 KOXPPIUHEHT (4 TpesCTABARIOT CYMMOR

W=pas+ s

KOs puunenT p, RaswiBalor aunetnoy Koapuyuentom nepedaun
FREpeun U3ayueruld. OM paseH JoJe SHEPTHH y-HITYYeHNSA, NepepaH-
HOH OCBOGOMIEHHBIM SMEKTPOHAM B Chaoe BeecTBa €IHHHYHOH ToJI-
Wikel. Kosp@uuuenr w, pasumi 1o.e SHEPTHU p-U3NyUenud, npeod-
Pa30BaHHO# B 3HEPrHI0 BTOPHYHOrO T-HIAYHEHHS B eRMHUYHOM CJ0e
BEUIECTBA, HA3LIBANT AUHEHHbIM Koaghpuyuentom pacceanus. Koad-
(GUUHENT g uMeer Godpluoe 3HAYEHHE B LOIUMETPHH M3AYYEHHI (cM,
§ 956), rax xax normomenwas gosa H3MYYeHHR RPONMOPUHOHAIbHA
HHTEHCHBHOCTH H3/y4YeNHA H KOMPOHINEHTY p, BelwecTsa. Hng 5oa3-
AyXa Maccoblit Kos(puUEEHT mepegawn SHeprun (raGa. 5.1) mano
ASMEHARTCA B SHEPreTHHUECKOM HHTepBate oT 0.2 0 L5 MsB,

B no3uMeTpun y-usayuenmi cnommbe BELIECTBA XapaKTepHU3YiOT
SPPEKTHBHBIM OPATKOBBIM HoMepoM Zyp. OH pasen NOPSAAKOBOMY
82

] T
HOMEpPY TaKOTC YCAOBHOTO 3JeMeHTa, ,Il.ﬂﬂﬁ KOT-OpOI‘:[) -aizi?;?ounu}:i r

i UeHHA, PACCUHTAHHBIA Ha 0N
fnepefayyd SHePrHH U3TY , JaexTpon ane
Ke KoxpduUHeHTA )

HT2, He OTAHYAeTCA OT TAKOTO
gl'lfa'-lel,{}{ﬂ Zsp BOIH, BO3AyXa M XKHBOA TKaHH MaA0 Da3HYAOTCA H
GJIM3KH K 7,5,

Tatanuwa 5.1

MaccoBwii kosdHUHEHT nepelavuH DHEPrHN AAA BO3AyXa

. MESKT
BT’ MsB Yam® ME/KD E.‘. MaB - MY E.‘. MsB (A
| : 0 0,104
4 0,40 0,296 4, 194
3’%3 3'3%6 0.60 0,296 gg 3{23
0.10 0,233 1.0 0,280 - 8D 0,160
0,15 0.251 15 0,256 10, .
0,30 0,288 3.0 0,211

DBHU-
Ochadnenne paccroaduem. Ocaabnenue nnomoc-r-uEr::?:;?K;OSEE;?:TB
- BOM.
- i OLHT He TOJbKO BSllecT
HBX Y-KBaHTOB IMPOHCX b
i KYyyM, TO IJIOTHOCTH HOT ¥
TOYEUHBIH HCTOYHHE B BaKYyyM, oTORA. YKBANTOD OF:
BeAHYEHHEM PacCTOAHHS OT .
JET H3MEHAThCH C ¥ crousitka, I Towew
OQUHWKH, PasMephl KOTOpPH
biM OPHHATC OTHOCHTH HCTO . '
: quH-ge pasa MeHbIle PAcCTOSAHHS OT HCTOYHHKA A0 TOUKH Habiwo
HHA. X .
ae [TycTh UCTOUHHK, PACHKOAOKEHHLIH B Ba-)Kyéme, Hc;g:;&:e; gzg;ﬁg
-KB .
B HATpaBJAeHHAM VK
HO (paBHOMEPHO N0 BCEM nanton B_cexyniy.
- oxpaHgeTc® Ha JaloGoM
fulee YHCAO Y-KBAaHTOB <O o
SCT'I(])J"H-HHKa. [TosToMy NJAOTHOCTL NOTOKA '}J-'KBa-HTOB2 @(r) Ha paccro
HUH £ OT UCTOUHAKZ Ha NOBEPpXHOCTH chephl S=4nr

o (r)=Q/4nr2
. o
OTHolUleHHe NAOTHOCTER MOTOKOB y-KBAHTOB Ha CPEPHYECKAX N
BEPXHOCTAX paanycaMi r=R 1 r=1 cM o
¢ (R) fpo=1/R%, | (5.
= oT
- Ha pacCcToAHHH r=1 cM
; — NNOTHOCTb TOTOKA y-KBAHTOB U
;ﬁo':p}?nxa [To Mepe yIanedsa OT TOYEUHOTO HCTO'—IHHi{aRzl'IJTOTHOCTb
TOTOKAa 9-KBAHTOB B BaKyyme ocnabisercs Ho 3akony 1/ ' enabie.
Ecau TouewyHHl HCTOYHHK NOMeEWieH B BELUIeCTBO, TO Ha

- : X HHTEH-
HHe IJOTHOCTH NOTOKA MOHOIHEPTEeTHUECKHX y-KBaHTOB H ::mquHe
CHBHOCTH BJHAIOT H B3aiMOAeHCTBHe ¢ BEIECTBOM, H YBEJ

P aCCTOAHHA.
s (R) =29, e_}"R/R?. (5.10)

7Yy a
dakTop HAKONAEHHA. 3aKOHL, -Bbl.pa:»KeHH%le Sgs?h;}éﬁehégla 0(3 ?ep-
' peHUMH ocnaabne
10), cnpasea uBB NPH PacCMOTE | 1
ézqng",o 'ﬁnaﬂyqenns. OuH He YYATHBAKT BKJAGL B HHTEHCHBHOCTD

paccesIHHOTO H3AYUEHHS. :
6%
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ket s o R .

T ey

TpoHAMI 7
35111-111‘}[01“0“0?;;9%:1%1;1]{ aror pan e B TOUKY A (pic. 5.7) mocne
v-kBaKTY. Towtamy o 3ia;m KaK nepBHuYHbIEe, TaKk M paccesHHbie
CKABABIBACTCS 114 “HHEeHc:Bp:aH HHTCHCHBHOCTD H3JAYYEHHS B TOouke A
H3RYUCRITT: OCTeHl nepsuuHOTG [y W paccestHoro
2 . r

' I=ly+1

Orxow : N
HOro H:;ﬂ\:igﬁﬁqc'\MMapHOﬁ HHTERCHBHOCTH K HHTEHCHBHOCTH IEpBHY-
2 HA3LIBAIOT hakropom naxonienus B. On qu;ﬁga;

a0 BRI B HHTEHCHBHOCTD
H3NyUeHHA
fomox ST paccesHy - - )
Pt . : bIX ¥-KBAHTOB:
B==I;1I,

7 HHTencHBHOCTD H moTHOCTS NO-

/ —»  TOKA MEPBHYROTO HM3MyueHHA Mpo-

L \‘_1/' nopunoranbiel, Ilosromy H3 no-

CAeJIHErD COOTHOWEHNR W 3aKOHOB

ocaabaenus (5.7) wu (5.10) cae-
agyet

7

—_—— e >

W/%
_W%

{ (R)=B! . e_“R;’R” .

llokazarean cremenn n pPaBeH Hy
49 [IOCKOTO W ABYM A9 TOUYEUHO-
r0 HCTOYHHKOB y-KBAHTOB.
Daxrop HaKOACHHS O6bIYHO H3-
MEPAIOT  3Kche
. PHMEHTAABHO,
n?)?]:gﬁfarg;uiewe?pm HCTOUHHKA, 3HEPTHH MEePBHUHBIX ?~Kgamg)uﬂ
J X CBOMCTB BEILECTBA H €ro TO ' ’
NIIHHEL. B Ta6anmax
nora ) JHILAX -
l:])ypH'Ki-:L?dI:g"ngHﬂ TPHBOAAT JMIA KaxAoh reoMerpuu HCTOHHHKaq)I?aKK
e IIPOHU3BEACHHA nd, rie §-— TOAUIMHA 3IANHTHOTO CcnOs
HHK,? KBaHgogagoggenna 38 ;3 R?HHH.Q, OKPYIKAIOMEM TOYeuHH i m:orou'
-KBa: epruef 3B, HaM . .
55 T , edserca ot 1,35 (pbé=1) ao

§ 5.6. RO3LI M3NYYEHMA

D)

Puc. 5.7. Cxema npoxomienns xoman-
MHPOBRHHOTO NYUKA y-KBAHTOB uepes
£a0H BelecTBa

Ilpa pa

Luecrspam?aqio:oea Ha ATOMHBIX YCTAHOBKAX H ¢ PafHOAKTHBHEIMH Be-
A, oa.neeK NOABEPraeTCs BHOIIHEMY 0OAy4YeHUI0 y-KBZHTaMH
, BMEKTPOHAMN M ADYTHMH 4acTH ' 03
HHK : " naMu. Houwzamus, -
3Haggmg:[);éarﬁr{qﬁaHmoaeucqgnn H3NyYeHus ¢ KHBOH TKaHLLK) c?l?g
KOe BO3IeHCTBHe Ha Y ‘ ‘

et ; eOBEUECKHH OpTaHH3M.
e‘zou;eunojib 3{?;1@@1;{9 BELECTEa KOJHIUECTBEHHO xapaxfepuaylm no-
ool oo ou usayuenus (KpaTko — K030l u3NMyueHnus, Jo3olt)
opan P SHEPTHH H3/y4eHHS, MOrJoliaeMoli | Kr BelllecTpa 33‘
ol Ko%oﬂggb;; ?anyqenna npHuAT 1 pad. On pasen noze H3leqeﬁ'uﬁ
BPC o p KF BeleCTBa MOrAcllaeTesd 3Heprus, paBhag 10-2 ﬂ)}(’
ng:ui:{ﬂfra CAHHHNA NO3B1 usaygeHns eped: | Fp=100 pas .
.ﬂpaxmqelzl{;b A03Y Y-H3NYUEHHS HENOCPEACTBEHHO B JKUBOHK TKAM
AP aKTHILex TOMH?[?EIMO}KHQ Onnako moracmeHne Y-H3JAYIEHHS B Be-

. € H B TKaHH

iy » 3aBUCHT OT 2peKTHBHOrO NOpPAAKO-

Pacceanu K |
BIE p-KBAHTHI Ntocne MHOMOKpaTHBIX CTOJKHOBEHHHA ¢ aJex- °

co3nasaeMofi B TKAHE3KBHBAJACHTHOM BellecTBe — BO3

BOro HOMepa Zup. BEIECTBA, MAAO OTAHYAIOLWNECS N0 3HAUCHUIO Zap
oT TKAHH., Ha3LBAIOT TKAHEPKBUBANEHTHHMH. Hx Hemoan3ywT g4

H3IMEpEeHHA A03b y-H3JYUCHHS B TKAHH.

HauGonee NpocTc U3MEPATH A03Y y-H3JAYyUEHUA TNO HOHHIALAH,

ayxe. HasecTHo,

4TO Ha HOHM3AUMIO MOJEKyJdbl BO3IyXa pacxoayercs oxono 36 3B

_ JHepTUu H3aYyueHHs. HSMepHH HOHH3AUHW Bo3dyxa, JErko paccunTaTh

A03Y U3TYYEHHA.
B cBA3K ¢ H3MepeHMeM LO3H y-H3AYUEeHHs IO HOHH3ALMH B Ipax-

THYECKON IO3MMETPHH HCROAB3YKOT FKCHOBUUUORKYIO do3y uznyenus.
Ee enunuua — penreen (P)-—paBHa j03e PEHRTIEHOBCKOr0 HJ/H y-H3-
AyueHus, mnpu Koropod B 1 cM® BO3Zyxa npH 0°C u daBJIEHHH
760 mm pr. CT. 06pasylOTCs HOHBI, HecyLlHe 3apsill KaxAoro sHaxa,
pasubil 3,33- 10719 K. B mepecyete Ha TOTJOIMEHHYIO JOSY B BOAAYXE
1 P==0,80 pan, B xuHBOH TKahk I P=0,93 paa. Hosa } P HemHoOTO
MeHbme f03e 1 pai. OXHAKO SKCAO3HUWOHHAA [032 NPAKTHUECKH
yaobHa, TaK KakK HOHH3AlHMIO BO3LyXa JeTKO HIMEPHTB ¢ TOMOULBIO

HOHH3AUHOHHON KaMephl.
Ta6auwuna 5.2

KoapdmurneHT HadecTBa M3 yueHHA

' KE BiLL isaydema KX

Bu namyyeitn

1 HeiiTpoHs ¢ 3Hepruei:

PeurrenoBcoe H Y
1 5 xaB
10 20 x»B

|
8 ‘ 2
o (E <10 M3B) ; z
Nporoun (Ep<C10 MaB) | . 10 égg II::E ?O
| 9
7
| 6

Tstensie Aapa 0TAAYH 20
Tendosble HeHTPOHbLL 3 é ng !
10 MaB ]

Buotornyecknit agrpeKT BO3ACHCTBHA H3NYUECHHA HA KHBYIO TKAHDB
23BIICUT HEe TOABKO OT WOHW3AIMM, KO # OT YReNLHOH MOHH3aUHKA.
Tlosbl NPOTOHOB, -4aCTHU H HeHTPOHOB OKa3LIBAIOT 3HAUNTENBHO
SoabLiuil OdogorHuecKuil sdMpekT, yeM paBHBIEé HM [03Bl PEHTIEHOB-

CKOTO U y-U3/yYeHHH.
Buoaornuecknit spdext H3AyuYeHHH TIpH XPOHHYECKOM (npodeccno-

HAABHOM) OOJIYUEHHH BCETO TEJMA YYHTBIBAIOT K0IpPutUEHTOM Ka4ecT-
ga usayuenna KK (raGa. 5.2). OH noxasbiBaer, BO CKOJABKO pas aK-
Mbifi BUZ H3AYUeHUA TPOH3BOIHT OOABLIUH Sucaornueckuil 3 PeKT,
qeM y-H3JAyueHHe, IPH PaBHBIX 032X OBOHX HAMYUEHHH.

TpousBerenne norJomennofi 103k [ san#oro BuAa H3JydeHui
#a ero kosdounuent xavecrsa KK HasuBawr axeusarenTHold 0o30i:

D 3=KKD .

Enunuiia 3KBHBAJAEHTHOH A03H — Bluoao2uueckuil 3K6UBAACHT pada
{63p). O pasen fose noboro BHAA U3NYWEHHSA, KOTOpag BHI3BIBAET
ToT e BuoJOTHUecKHN dbeKT, uT0 H K03a B 1 pag PEHTTEHOBCKOTO

@ P-U3NyyeHUd.
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Hosy us
Mouwocyrb;o gﬁ:&ﬂﬁg, OTHECEHHYI0 K eIHHHite BpeMeHH, HaskBa 3
Ayduaa D e CIH 32 MHTEPBAN BpeMeHH o #; o ¢ or )
203y D, T0 cpeanas MOWHOCTD 1035 o 2 Cpela qo-
P=Dp(ty—t,).

Buo
MOMHOCJ;ﬂrn:ggzoenﬂeﬁcmHe H3IYYeRHA Ha opramusm 3aBHCHT
: - LpH oxMHaKoBOR noze H3ayYyeHus 6nonornqecHK,?3 i
THYECK ML

5 .
alq;q:leymBB;a;%a:)cqrﬂaXeT € YMEHbUIeHHeM HRTEPBANA BpeMeHH fp—¢,. [] .:
MOMEWEeHHAX RAePHBIX YCT4HOBOK KOHTpOﬂﬁpyfg'; |

He TO
ABKO D03y H3JYYeHUN, HO H MOIIHOCTL 03B H3JaYYeHus

Has nmepcon 3
Dongeruyd SoTallero 5 noe HINYYEHHA, yCTaHOBAeHa §

npedeavro donycruman dosq (I
G ocAuHO AN). Ona BBIODAHA H3 yea -
5 Tquﬂﬂeﬁf)%pﬁiim;i eoﬁnyqeuﬂa IIPH paBHOMepHOM Haxoﬁneﬁ?aﬂlf ’ﬂ]::;.?):
Cromtng sncpos oo BbISLIBAaJ HEGNATONDHATHHIX H3MeHemus: B CO-
yoTaonmpOReT VIYIEHHOTO M ero moroMersa. Us Takoro yCAoBAS
yctaior » PaBHaa 5 6ap/rox miam 100 MB3p 3a

. padouyio

[pexeanno AONYCTHMAS MOIIHOCTL 0311
o s Pan=100/¢ MGap/u,
€ ¢ — NpPOdOMKHTEeNBHOCTD £
Pt § o pabouefi Hemenu, v, Ecnu =36 4, 10

Ipenensio g
" Hg gCHOBgﬂiinﬁcmmue AQ3bl BHYTPeHHEr0 06ayveHus YCTAHOBJTE-
22X Ke HpHHL[Hl'.I-OB, qT0 U npene.ano ILOHVCTHMJHG

NOCTOAHHON KOHUEHTpauHy
foer . PAAHOAKTHBHOIO BeLIECTBA B B -
X noMemtennin ITATT (MKnfrog) u CIK (Kuya) CBHg:fIEIXiogi-

HOUleHHeM
[MAMN==25.10"2C K.

CIHK saBucur or 7
-CBOHCTB PafHOaKTHBHOTO
AK . BelllecTBa. Ta -
,i[‘}; —IOE?EO;HIXOJ-T?B{-EI?QHN COK 2%Py y 135] coomercmennﬁ’ gaﬁ;ir
; Kuja. B aTMocdepHOM Bo3myXe H Boge CIOK

Ha HeckKoqbRO no ATIKOB
. MeHD .
HLeHHi, p MCHBIIe, 9eM B Bosgyxe pabouynx mome-

Bellfec -—
IEeCTBa CH/JbHBIE NOTAOTHTENH H3MVUeHHA. pa,I('HOElKTH-BHbIe Be-

Hrectsa u3 BO3AYXa
BaNa0
TOMelLeRl. ¥ T Uepes cHcTeMy B&HTH.namm padounx
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§ 5.7. XAPAKTEPHCTHKY HMCTOUYHMKOB y-MINYUEHMA

B paiwoaxTupHOM BellecTBE MocAe @ W P-pacnaioB Jdouephue

Agpa MOTYVT OﬁpaSOBbIBaTbCH B BOS-ﬁyH{ﬂeHHOM coctoAaHHH. Takoe

BEIHeCTBO ABMAETCA HCTOUHUKOM y-H3JIyueHHs (yp-ucrousnurxom). K xa-
PAKTEPHCTHKAM  y-HCTOUYHHKOB  OTHOCATCA: NEpHOA  MoJypacunana,
aKTHBHOCTD H CHEKTP y-KBaHTOB (y-cmektp). MCTOMHHKH HCHyCKaloT
-KBaHThl ¢ AHCKPETHHIM (IHHEHYATBIM) cleKTpoM. B Hem HACUHTHI-
BaeTcs 0T OAHOH 10 HEeCKOJNbKHMX AeCSITKOB JuHHH. Tak, B y-ClexTpe
226Rg, HaxogAllerocA B PaIHOAKTHBHOM pPABHOBECHH ¢ OCHOBHBIMH
JOYepHHMY MPOAYKTAMH pacnafa, BhLaededo oxono 50 jguunit. B G6oas-
IHACTBE CJAOAKHBIX y-CIEKTPOB €CTh HEeCKOJBKC Hanbojiee HHTEHCHB-
HulX y-iuuni. Tak, B y-cnekTpe 226Ra oTmeuaeTcsd WIECTb TAKHX AHHUI
B HuTepBane 3Hepruit E =0,3+1,76 MsB, B y-cnexkrpe #*Na — nse
y-Aubuy ¢ sHepruamu 1,37 1 2,75 MsB.

v-Hcroynuku nmewr Hefoapirne pasmepsl d. Ha paccroannax
rZ224d ¢ xopolluM NpHOAHKEHEHeM MOMKHO CYHMTaTb Y-HCTOUHMK Toueu-
HBIM [ TIPH pelleHdAd 3aZay He YUHTHIBaTh €ro pasMmeps d. Kpome
TOTO, TOUEMHbIE Y-HCTOUHHKI OTHOCATCS K H3OTPONHBIM HCTOYHHKaM,
ECMYCKAWILHM y-KBAHTBl ¢ CARHAKOBOH BEPOATHOCTBIO MO BCeM Ha-
TNpaBJeHHIM,

PaIH0aKTHBHOE BELLECTBO 3aKAI0YaleT B TePMETHYHYH) MeTaqJiH-
YEOKYl0 aMMyJly, CTEHKH KOTOpOH H3MEHSOT CHeKTp +Y-H3JyYeHls.
CTeHKH aMMyJibl, 4 Take MaTepHanabl, HCNOMB3YeMbie RAd MOTJIOIle-
HUA 4acTH y-JHHAHA, Ha3BIBAOT PUALTPAMU.

MolHoC T 9KCMOSHUBOHHON JO3HI B BO3AyXe OT TOYEYHOTO H3OTPOM-
HOTO WCTOYHMKA XAPAKTEPHIYETCA uoNu3asuonKol y-nocmosntont K.,
OHa YHCJAEHHO PABHA MOMHOCTH SKCOO3HUMOHHON J03bl (P/4) nedusbr-
POBAHHONO Y-H3MYUCHHAS OT TOYEYHOrD HBOTPONHOTO Y-HCTOUYHHKA AKTHEB-

wocTeid 1 MKH Ha paccrosHud 1 cm oT Hero. Beauuuny KT BHIPAKAOT
B eaunnax P-cv®/(u-MKn), Ee RaxopdT no H3BeCTHOH AHarpamMe pac-
1lafia pagHOAKTHBHOTO AAPA WK HAMepAI0T IKCMepHMEHTANbHO | HPHBO-

JST B cripaBouHukax (radna. 5.3).
Taoaumna 5.3

HouH3a LHOHHBE 7-NOCTOAHAWE H (=3KBHBAJEHTH JNH HEKOTOPHX
paAAHOAKTHEHMX Bel{eCTR

; r P.cm2 1-2HEHRATENT
Belecrro : i/2 YT 1 mﬁ(rll ;:mﬁg’m&.
#Na 14,9 1 18,55 2,20
5o 5,27 ropa 12,93 1,54
5Se 127 mnedt 1,84 0,23
1ai(y 2,2 rofa 3,58 1,02
225Ra 1622 roaa 9,36 1,11

dunpTpanus Y-HaAyueRHA yMenbwiaer sdavenne K, go K, (8), rae
§ —TomuuHa ¢uabTpa. B pacueTax H3MEHEHHE BeEJHYHHGL Kr YUHTHI-

BaeTCH [ONPABOUHBIM MHOXKHTENEM X, MCHBIUMM CHHHHIM, T. €. K1 (0)=
a7




=K. Jlng cBUHUOBHIX, Xedesubix u MOMHHUEBLIX  aMIyJ  TOJMHOM §
0,1—0,3 cm sHavenne % sexur B mpefesax 0,85— 0,98 npu SHEPTHH
T-KBanTOB £ > | MsB. Uecnosmsosanue CNIPaBOUHLIX 3HAYeHUH K, s 3
HePHILTPOBAHHOrD Y-H3NyyeHHA Haer HEKOTODHIE 3amac o MomHOCTR

AOSH HA paGouEM MecTe H MO TOJmHHe PARHAHOHHON 3aLIHTH.
Besnunna K, suaunremsho ympomaer pacyeT MOIIHOCTH 3KCMO3W-

UHOHHOK RO3Bt P(R) Ha PaccTodAHHH R OT HesalmumeHrHoro TOYey-
HOTO y-HCTo4Huka. Tak Kak HHTeRCHBHOCTL V-HIIYYeHHR, COrMacHo
$opMyse (5.9), mpomopunoransua 1/R2, 10

P(R)=QK1/R2, (51])

rae P(R) — Momuocrs SKCNOSHUNOHHON A03H, Pfu; @ - akTuBHOCTE
P-HCTOYHHKA, MKH; R — paccroanne ot Y-HCTOUHHKE, CM,

AOCSHMETPHH y-HCTOUHHKH YacTO CPaBHHBAIT no HOHH3ALHH
Boafyxa. [/IBa pammoakTusHEIX BEIMeCTBA, CO3NAIOIHX NPH TOXKAecT-

HOH J03bl, HMEOT OAHHAKOBBIf V-3KBHBaJeHT. y-DKBUBAJEHT HaMme-
PAIOT B MHJAAUIDaMM-3KBHBaJIEHTAX pangust (mr-skB. Ra). Sra eguuu-

- Lla DpaBHAa TakoMy KOMRYECTBY paguoakTHBHOro BEILEeCTBa, y-H3ayde-

HHE KOTOPOTD OPH AaHHOH QHABTPALHE M TOXAECTBEHHbIX YCAOBHAX
H3MEPEHHA CO3JAeT TAKYI0 Ke MOILHOCTD IKCNOIHUUOHHON T03H, YTor
M y-usnyueHne 1 mr pagus ocylapeTBeHuoro sTanqoHa pagns CCCP
OpH TNaTHHOBOM QPHABTDE TONUIHHON 0,5 MM,

MolHocTs sKenosHIHONROA f03B! 0T TOUEYHOrO HCTOYHHK# € y-3KBH-
BaJeHTOM 1 mr-sxB Ra ma paccrosmmu 1 em paena 8,4 P/u, y-Dksupa-
JEHT BellecTBa /m (MI-3KkB Ra) cBsisaH ¢ ero aKTHBHOCTEIO @ (MKu) n
sexuunnoft K, [P-cu®/(u-MKu)] cootnomennem m=akK [8,4. 3amenum

- 1
B Qopmyae (5.11) aK,'=8,4 n :

P(Ry=84m/Re, (5.12)

vae P(R) — MomHocTs 9KCHO3HNHOHHOH Ao3H, Pju; M — y-5KBHBa-
JIEHT BellecTBa, Mr-3xp Ra; R — paccrosiiine or pemecrea p BO3LY-~
Xe, CM.

Npumep. Ha wakom PAaccToAxny R oT TouewHOro HCTOMHHKA $°Co MaccoR
10=% r 3a wecThyacosoy paGounit KeHb no3a pabma NOO? Paccunrats Y-3KBHBa~
JCHT BeUleCTRA.

Koanvecrso aromos p 10-6 #Co no dopmyae (1.1):

1,0.10-¢

N= &0 6,02.10% = | 0. 1(e aTOMOB.

" ARTNBHOCTE KoGadbTa (712 =15,27 rona)

0,693 1,0.10m¢ ,
“ =M= st e = 18 uka.

“[Tpenentko  monyeTinag MOWHOCTE 0038 ngl WECTHIACOBOM pasodem Ame Pj =
=2,8-10-2 63p;q. Tax xax KI (*Co)y=12,93 -cM*/{a-MKu), To no dopuyne (5.11)

R:V{IK.‘,J'RH_D‘ =V1,(3-12,93/2,8-10-% == 72 o,

Y-DKBHBANEHT BemlecTsa
m=ak,/84=1,13.12,93/8,4 = 1,74 ur-sxs Ra.

88

§ 5.8. PACHET PADMALMOHHONA 3AILMTH
OT TOMEYHOTO y-MCTOYHMKA

) Ha

DKCOOIHILHOHAYIO Z03Yy 0T TOHEYHOro ?-HCTOT-lll-[-HKa CHggzﬁTpac-

abouem mecte go IIJJ HeCKOJBKHMH cTOCOBAMM: YBeﬂH:ueM HC.TOLI-

;IEJT-OHHHH MexJy HCTOUHHKOM H paboudm MecToM, mhgemgbﬁpamennem
HHKa B 3allUTHBIL 3Kpad (paZHallMOHHYI0 3alLHTY),

T. I

AITEAbHOCTH palouerc AHA H o

npo’#gﬁmaﬂy SamnTHpom 3KpaHa NOBOJbHO HPOCTO pgc;‘:lHT}?T‘];npa-

KpaTH::)cm ocrnafinenns ¢ NOMONIbIO yHHBechg;HzIexHHT; JET&’&J‘I. ane:

‘BOUHHKOB IIO 34I0HTE OT HOHH3HPYIOLIHX y a6 5.4).

TONNHHR SAWHTHL X YKPAHOB, CM

. Be (p=2,2 CfeMY)
21| ety | o8 £ it
22 gl Ey, pasHol oA Eq. pasHol
:‘g . MsB
§"§ | MoB| 2 M3B] 3 MsB | { MsB| 2 MsB| G MoB| I MsB | 2MeB | sMe
14,1 15,3
2,1 3,3| 3,9 4,4| 12,9 . :
13 ég 29 6.5 | 85110122 gg,g gg; ;jg
100 | 7.0 11,3} 12,2 | 145|195 22,1 58’4 1 | |18
100 110,2] j6.5 lg’g gg'g §§§ %'é gg'z 118.6 | 143,2
R as % . 205000 | 1068 | 144.4 | 173.8
98,9 | 31.5|43.2 | 50, .
: ig: }gfg g?:% 34.3 | 37.0 506|588 | 124.4 | 171,4 | 2054

HMO
Kpartnocts ocnabaenus K, 10Ka3piBaeT, BO CKOJLKO 1?:33;:1?2;“05“0}{_
- H H3MEePEeHHYI) MOHIHOC
'MEHBIUHTL PACCUHTAHHYID WA o
}Hh;; J03bl Pp,ao 3aAaHHON MOUIHOCTH 3KCMIO3HUMOHHOHR HO3Hl Py, T

Ko=P|Py.

- 3
ITo u3pecTHHIM KPATHOCTAM OCNABJEHHS 3Hepruu Hmyq;lz};iogo
yHuBepcaABHBIX Tabaui (cM. Tabn. 5.4) HaXOLAT TOJILIHHY 3a

KpaHa &. o
> p'-lacm TOJWHHY 3&HTHOIO 3KpaHa BbpaxalT B KHIOTPa

B ATHHA MeTp:
A P Sm=p?. (5.13)

: ro npe-
NMpumep. Pacculitate TOMUHHY CRHHOOBOrO axpigséqggilcniggﬁﬂwﬁg“ “%0
: ana ¢
THMHE YCAOBHA PaGoTHl NEPCoH | o
%3?;;£HB§321¥¥ m=40g Mr-3kB, Ra) Ha paccTofHun 1 M NpH LIKRTENBHOCTH P

ean 30 u.
e MounocTs $KCNO3AUKOHHOR Ao3H 00 dopmyne (5.12)

P=84m/R*=28,4-400/10*=0,336 P/u.

MOU.[HOCT]} Hpeﬂ.e-ﬂbHO }].Dl'lycTHMOﬁ JO3E
Pon=100/t==100/30=3,3 M03p/u.

Kpatnocte ocnabaerns

K0=prn,n=336f3.3=:‘lﬂﬂ.

5 HTEP-
SHeprua y-KBauTos HCTOWHHKA *°Co papua npumepro 1,25 MsB. Merozow nutep

MONAUHA, T¢ JaHHWM [36.]1. 54, ll{lJI)ul-lHM MJII.IJ.IHH} CBHHUOBOIO SKpaHa 6«,8'- ,I <M.
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o popmyae (5.13) romumna
8y =11,34.8,102 rfeMmz=9,2 Kr /M2,

Tonmuyy samUTHOTO 3KPAHA PACCYATEIBAIOT TAKKE 110 CADI0 OO
BHHHOID ocnabienus dye. OHa paBHa TOMLIHHE 3aMIHTH ocnaﬁﬂom-
WeR MOUROCTb SKCRO3MUHOHHON J103M B ABa pasa. Be,.n-n-quna ?im—
H3MEHSIETCA C pOCTOM TOMUIMHB 3alIHTH, TAK KAK B MOIIHOCTD 3Kcn”2
SHIMOHHOH RO3bl AaIOT BKJAJ MEPBHYHOE M PACCEANHOE V-H31VUEH e
C yBenuueHHeM TOMWMHB 3amMTH di/y CHAYana pacn};r :ElySHT}:EiE
ymenbaerca. dns npuOANKeHHBIX PACYETOB TOAUHHDI 3ani}17u uacro
.;:Icgo%ncl;sglﬁrq cpeadee 3Havenue dyp. Tak, Add HCTOUHUKOB 226Ra
" —J6,9 CM‘EHHE di/y cBUHIA paBHO 1.3 cM, xenmeaa —2,2 cM. BeTo-

Oann CIOH NOJOBHHHOTO ocnalleHns yMeHbllaeT MOLIHOCTH 3Ke-
MO3NIHOHHON NO3Bl B ABa pasa, ABa cJof B 224 'pae.zba. a n cjaoes —

B 2"=K, pa3. Ina cunxe
. HHA MOUIHOCTH A03B B K, '
o a3 no !
3AMHTH ADAKHO YKAAABBATHOA P rontune

n=I\g Koflg 2==3,321g K, *
CIGER MONOBHHHOTO ocaabienns. CneflOBATeIbHO, TONIHHA 3aMATHE
6:!’351;’2‘

flpumep. B ope
. ABIYLLeM NpHMepe rRafTH
TOJOBHHAOLO 0CHabneHHs CBHHUA (fpi/zzpl,S CM. FOTUIY chunosore skpaxa. Caok

Uncao CA0eB MOACBRIHOMO OCAabaeHHA

n=3,32 lg 102=6,64,
CJIe,H.OBaTe.UbHO, TOJIWLHHA CEHHUOBOLO 3Kpana

d=nd:/s= 6,64-1,3 =8,62 cM,

TNABA 6

PEFUCTPALLMS -
MOHH3UPYIOLIEFO M3NYYEHMS

§ 6.1. MOHM3ALMOHHBIE METOAB PEFMCTPALIMM M3NYHEHWA

B3auMoJeiicTBHE H3JYYEHUSl ¢ BELIECTBOM COMPOBOMAAETCA PAAOM
5(p@erToB: 06pa3oBaHHeM HOHOB, UCNyCKaKHeM (OTOHOB, BBHAENCHHEM
renaa. St 3PderTH I HCTONb3YIOTCA AAf 0OHAPYKeHHA H3AYUEHHH,
¥3MEPEHHA NJIOTHOCTH MOTOKA 4YacCTHU, HHTEHCHBHOCTH M CRHEXTpd
Hanyyenus. PafoTa MHOTHX H3MepHTeJbHBIX NPHOOPOB {#eTeKTOPOB)
OCHOBAaHA HA CNOCOOHOCTH H3MyUeHHH WOHMSHPOBATH MOMEKyuhl. Ilox
AeficTBHEM MH3JAYYEHHA B JeTeKTope BO3HHKAIOT HAPBl HOHOB, KaXIad
H3 KOTOPBIX COCTOHT H3 NOJOXKINTEABHOTO HOHA MOJMEKYNb H 3/EKTPO-
Ha, Wounzamnso selllecTBa mod AeHCTBHEM H3JAYUYEHHA HA3bLLBAIOT
Aepauunol. 3apTMEeHHBE YacTHUBL HENOCPeACTBEHHO HOHH3HPYIOT MO-

Puc. 6.}. Cxema BRAOUEHHA NAOCKO)I HOHH3ALIHOHHON Ka-
Mephl B TOGOBOM {#) W HMOYAscHOM () pemumax:
f — NOTOK 94CTHL, £ — WHOHW3AUHOHHAA KaMepa, J — MHEpoaMiiep-
METp; 4 — YCHARTEAb; § — PerHCTPaToR

JIeKyJbl; y-KBAHTHl CHAYaJa BBIPLIBAIOT H3 MOJEKYJ dboTO3NEKTPOHEI,
KOMITOH- %JeKTPOHB H 06pasyior napsl (371€KTpOH — NO3KTPOH), a 3a-
TeM 9TH 3JeKTPOHEl NMPOH3BOAAT HOHH3ALHIO B AETEKTOPE. Hamepas
3apsi B AETEKTOPe, HAXOAAT XaPaKTEPHCTHKH H3JMY4eHHd, MPOXOAS-
mero yepes NeTeKTOp.”

CaMBiMH paclpoCTPAHEeHHBIMH LETEKTOPAME H3JYHEHNA ABJAAIOTCA
HOHHBALLHOHABlE KAMEpHl, NPONOPUHOHANBHBIE CUETUHKH H CHUETHHKH
Tefirepa — Mioanepa. Ifo npunnuny AefcTBHS M KOHCTPYRUHMH STH
AETeKTopbl cx0MHBl. OHH NPEACTABAAKT coGOH COCYABl C ABYMs BMOH-
THPOBAHHBIMA H€KTPOAAMH, K KOTOPBIM TNPHJOMKEHO 3AEKTPpHUECKOE
Hampsixenne. TIPOCTPaHCTBO MEXAY 3NEKTPOAAMH 3aNMOAHEHO CyXHM
rasoM.

Jlast BLISICHEHHA NpHHINNA paGoThi FA30HAMOJAHEHHBIX AETEKTOPOB
paccMOTPHM PaloTy M CXeMy BK/IIOUEHHA NIocKoN HOHH3AMOHHOH
KaMephl. DTOT AETEKTOp TpeacTapiser cobof MAQGOKHE KOHAEHCATop,
K 0OKJAajKaM KOTOPOro MpuAoXeHo Hampsxenne U (puc. 6.1).

Cyxoft Taz — Xopounit H3oaAATOp. lloN0KEHHE HW3MEHAETCS, ecad
B ras moflafagt uaayuerue, OO MOHH3HPYET MOJEKYJABl, H ra3 CTaHo-
BUTCA MPOBOAHHKOM 3JEKTPHUECKOTO TOKA. DNeKTpHUECKasn lemb 3a-
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MBIKaeTCs, H 10 Hel TeveT 3AeKTpHYeCKHH TOK. Ero Moo Hemocpen- §
CTBEHHO H3MEpHTb MHKpoamnepMerpoM (cm. pue. 6.1,4), xotopmii

TMOKa3LIBAET CPeAHHI TOK, IPOTeKaloOWHH 4epes AeTekTop. Takoil me-
TEKTOP M €TI0 PeKUM pab0oThl HA3LIBAIOT TOKOBGIMIL.

Ecan HeoBX0IHMO 3aperncTpHpoOBaTh Kamayio YACTHUY, TO HEIMOJb-
3YIOT umnyvcHbii JeTekTop. Ero BRIOYAIOT B 3/IEKTPUUECKYIO leMb,
oBecmednBaIONLYI0 MMOYIBCHBIA PEKHM PaBdoThl detekropa. Otaeapnan
HacTulia JeflaeT rad MPoBOANHKOM Ha KOpoTKoe Bpems. Ha narpy-
304HOM conpoTHBReHH! R {cM. pue. 6.1,0) NPOUCXOAHT H3MeHehie
HanmpskeHHs. Hwnyabe HanpsameHHS NogaéTca Ha YCHAHTEADL, KOTO-
PBIT YBEAHYHBACT AMNANTYIY UMAYAbCA B COTHH H GoJee pas. 3arem
YCUJIEHHBIA MMOYALC 00CTymaeT B PErHCTPHPYIOLIVIO CHCTEMY (pe-
rucTpatop). o ckopocTu cyeTa HMOYJALCOB, PaBHOI YHCAY 33PETHCT-
PHPOBAHHLIX HMINY/bLCOB B €IHHHUY BPEMEHH, H CYIAT O TMAOTHOCTK
MOTOKa YacTHI B JETEXKTOpE,

Hwmnynbchble JeTekropel npuMedalor aas H3MEPEHHs 3HepreTuve-

_ CKHX CreKTpoB vactuu. [Ipu mostHOM - TopMoOMeHdan uacTHub B psige
AETOKTOPOB aMMNJANTYAA HMNYJAbCA Ha HATPY3OUHOM CONPOTHBICHWR R
IpONOPUHOHANbHA 3REPTHH 4acTHUL. COPTHPYA YCHIEHHKIe HMOY.JbCHl
00 aMIANTYAaM, HaxQAAT pacnpeiefeHHe YACTHL 06 IHEPIUAM.

ITpu perucrpauuu MaAyyeHHs YacTo TpebyeTea BBIASINTL Kakoe-
MUGO ABTENIE M3 pRia APYrHX (IBHKeHUe GBICTPOH wacTIUL B onpe-
ACJIEHHOM HanpaBaeHud R 1. A.). JsA 3TOro HCHOJABL3YIOT CXEMBE
cornajlennil. K cxeMe moikailo4aioT BHX0IM OT ABYX Jetextopor. Ecn
JacTdila NpoJeTaeT 4Yepes o6a ZeTeKTOpa, TO Ha BXOL perHcTparopa
HOAAETES HMOYIbC HaTIpsi>kKeHusi. B cxeMe anTHCOBNAdeHufl BXoaHble
CHCHAJIM JIOCTYMAIOT TaKKe OT ABYX AeTekTopoB. OaHako cxeMma cpa-
faTHBaeT TOMLKO TOra, KOTAA HA €€ BXOILI NPHXQIAT HMNYALCHE
HANPAXKEHHS OT OJHOTO H3 AETEKTOPOB. i

§ 6.2. BONLT-AMNEPHAS XAPAKTEPMCTHKA [A3OBOIO PA3ZPAA

IlporeKkanne nonuWsauHOHHOrO TOKA Yepes ra3oHANOMHEHHbLI Hqe-
TeKTOp (ra3oBwlfi paspsl) 3aBHCHT OT CBOHCTB rasa, IPHAOKEHHOr O
K 3JEKTPOJAM HANpAKEHUst H POPMB SIeKTPOROB. OCHOBHYIO Xapak-
TEPHCTUKY Ta30B0r0 paspaina -— 3aBACHUMOCTb CHABL TOKa [ 0T Hanps-
Xeuus U 1pH NOCTOAHHGH HHTEHCHBROCTH R3XYUeHHS B JeTekTope —
HaSHIBAIOT B0abT-amnepnot xapakrepuctuxkod (puc. 6.2). Ilpn ysean-
JEHHH HANPAMEHHS TOK CHavyaja PacTer, 3aTeM Ha HeKOTOPOM HHTEp-
BaJle HanpsiKenua oH OCT4€Ted TOYTH NMOCTOAHHBIM, IOCHAE Yero CHOBa
pacrer. :

[Tpoananusupyem npuuynusl Takoro u3MereHms Toxa., Tak Kax
B Ta3pBOM OPOMEHKYTKE eCThb 3MeKTPHYECKOE II0Je, TG BO3HHKANMIHE
HOHBl HAYHHAWOT ABHTATHCS K MPOTHBOMONOKHO 32pSKEHHBIM 3JeK-
TpoAaM. CKXOpoCTb HOHOB ¥ NPONMOPHHOHANbLHA HalPAXKEHHOCTH 3JeK-
TpHyeckoro noas E: v=uE, KosdduuueHT NPONOPUHOHANBHOCTH 1
Ha3bBAIOT 1008UNHOCTON uoK08. OH YHCAEHHO PaBeH CKOPOCTH HOHOB
{M/c) npu Hanmpaxennoctu E-=I B/M H u3Mepsercs B exuumHax
M?/ {c-B). TToABUKHOCTL HOHOB ABATETCH XaPaKTEPHCTHKOR Tasa-Ha-
nonuATens. Uem Sonbille MOABHKHOCTD HOHOB B rase, Teu ‘BHICTpee
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" HaUHH HOHOB 3aBHCUT OT OAOTHOCTH

coGupatoTca 3apAlbl Ha 3/MEKTpolax. Monexyabt BMEKTPEO;pl}iug;gJ:;:
HBIX T4308, TAKHX, KAaK ra’oreHel, 3aXBaTHIBAIOT 3JEKTDOE pno;ua;;m-
HoBeHHUAX H 00pa3ylT oTpulaTesabHble HOHBL B 3aTHX rasax IOABILN
HOCTb  MOJOXKHTEbHEIX W OTPHUATEJBHBIX ~ HOHOB . COC oo
(1—10) 10~* m?/(c-B). ATOMbI 31€KTPONOJOKHTEIbHDIX ra301:ma$eﬂb..
reqsiii B Ap.) He NOrACILAIT JEKTPOHBL. B 3THX rasax orp

HBIMH HOHAMH ABJAAKTCH

[]
3€KTPOHB, MOABHXKHOCTS ! f P ié%._.‘: T Is
KOTOPHIX MOMKET JAO0CTHraTh i %5 |g°E= 1@53
1,5 M¢f(c-B). M3 cpaswe- wocems | S8 C -
HAA MONBHKHOCTEH MOHOB - pysquommod %“-lgtﬁ;{re&eepa@gg
cnefiyer, uro CHauasa Ha sameps | §§ S5 S%%
aHo/e, HasblBaeMoM CcOGH- LS RS | S
palolIUM 3JEKTPOAOM, 34 \ | |
KOPOTKHHA MPOMEKYTOK li l |
speMenn (okoao 1077 ¢) | | i
coBupaloTca 3ACKTPOHbLI, 4 | o |
3aTeM HAYHWHAETCA MEAJIeH- | b |1
Hblfi cBop THKENBIX HOHOB: } |i / |
NON0XKHTENbHBIX — HA  Ka- | /i i
TOAE W OTpHUATENbHBIX —- | | ; !

Ha aHoZe. { v {

[Mpn HeGOBIINX HANPS- Iy | { |
JKeHHMAX CKOpocThb Hanpae- : P ! N
JeHHOFO JABHIKEHHHA HOHOB 7]

Mana H NOoYTH He BAHAET
Ha MnepeMellenne HOHOB.

B ocHoBHOM HaOmwogaercsd . | I
<A0THUHOE TENJCBOe ABHMMKEHHe HOHOB. B pesyaprare MHOIO

HbiX CTONKHOBEHUN HOHOB C MOJEKYJaMH H Mexay coboif ApOHCXONAT
IBa ABASHMS: peKOMOHHAIMA M AHGPY3HA HOHOB. o~

CTOJKHOBEEHE 2JEKTPOHOB M rio.no:»xmenbm%tx Hougg 1:[3:03 oab-
IyX CKOPOCTAX MOXKeT 3aKaHYWBAThCA PEKOMOMHALH .

CxopocTh peroMOu-
31eKTPOHEATPaAbHOH MOJNEKY . -
e o samcIL : wonoB B rase. Uem 0Ooable.

B H NOJOMHTEILHBX HOHOB H MOMNEKyJd, TeM BhI-

'BOAHUEHIIEM CKOPOCTH
noHeB, OAHAKO ¢ YBCAHUEH!
onet 1 pexomGunanns

PHe. 6.2, BoapT-aMnepHas xapakTepuctiika raso-
BOro paspAfa

OACTHOCTE 3JEKTPOHO
e CKOPOCTh peKoMOu t
MOHOB HX BpeMsi B3aHMONEHCTBHA, a BMECTe C HAM
HOHOB Y¥MEHbILAKTCA. | )

[MaoTHOCTE HOWOB, 00pa3syeMblX H3JNYUEeHHEM. Hep?‘ﬁiweﬁﬁbu&

TitHX TAX oOra OoJblie, B APYTHX —? .

ob6beMy rasa. B ozimx wac PN
: H TH B rase M TeTmJaDBOro
BeaelIcTBHe pa3nM4yAOH MJAOTHOC ¥ : '
m}nbfrl nepeugmalo"rca n3 Mect ¢ Ooabliei l]J]OTHOLTbIg BM\?{?‘(;-;C;
¢ Mesblleft NAOTHOCTblo. Takoe nepeMellleHne HOHOB MO ODDBEMY Ta
HaswmBawT Jupysued wonos. ' N

PexoMOuHauna v Indrby3na HOHOB yMeHbIIANWT TOh”qepesufle;:.}}‘\‘{
Top, TBK KaK He BCe MOHH NMOMANAlT HA SNEKTPOLBL Y3 ﬂB}rémeﬁ‘i
ABJeHI anpdying HOHOB B MeHblued Mepe BIHACT Ha

pasps. .




Npu mosbimenun HANPAXEHHA Ha 3neKTpogax Anpdysus u pe-
KOMOHHALNA HOHOB YMeHbIajoTes H_KOJHYECTBO 3apafoB, momagalo-
- WHX HA 3ACKTPOAB, YBEIHYHBAETCH. Ilpu onperenennom HaNPAMKERHH
8CE DNepBHUHBlE HOHBI CofHpaloTes Ha SACKTpONAX. [danbheftwee no-
BBIICHIIE HANPAMEHHA NPAKTHUECKH He U3MEHseT TOK. Hacrynmaer
COCTORKHE, TP KOTOPOM TOK AROCTHraeT HachIteHHsA, No3ToMy ero u
Ha3bIBAOT TOKOM HaCbuyenus |,

B oBaactu nacwhumenns NPOHCXORUT YNPYroe paccesHlie NoWos kHa
MoNeKkyrax rasa. Knnernueckag SHEPTUus, nonydaeMas HoHamMH or
HAEKTPHUECKOTO NOMA, elle HexOCTAToUHA AN HOWH3ALHI MOJeKY.T.
Oawxako npn ONPEefeTEHHOM RanpaxeHHH {rparnua obmacty pacw-
WeHHs) JeTKOROIBHKHble SACKTPOHBL MEXIY ABYMS ROCIEIOBATENL-
HBIMH CTONIKHOBEHUSAMH yeKOpAIOTCH 10 TaKOH KHHeTHYeCKof 3HEprui,
KOTODOH XBaTaeT 18 HOHH3aumH MOJEKYN. ITY HOHH3AUMIO HAzbL-
BalOT 6T0pu«sod. B mocaenyoumx CTOMKHOBEHHAX 37eKTPOMB HOHM-
SHDYIOT ADyTHE MOMEKYAB N T. . Boznuxaer JaBHHOOGpasHBti npo-
Hece pasMmuoerns 3apsaaos. Benegersme NOABACHUA AOMOJHHATENbHBIX
3apAdoB B obveMe raza Tox YBEIHUHBALTCA, H TeM Gosiblue, yeM Belne
HanpsmKeHHe. 3710 ABAeHHe Ha3LBatoT FasoBeIM ycHaeHueM. Qo xa-
PaKkTepusyercs xosdpduyuentom easosoco yeunenua k. pasHbM 0THO-
WEHHIO  sapana, cobupaemoro pa SMEKTPOAAX, K  MepBUYHOMY
3apsay.

CHMT oOT HepBHYHOrO 3apanla, Has3BIBAKIOT OﬁﬁaCTb.‘O RPpOnoOpyLORaAs-

HOCTH. B KoHlUe oGaacTy IpONIOpIHOHaNbHOCTH Xoahdaunent & ao-
CTHTaeT 3Havendh 109104,

3a oBaacTbio IPONOPUHOHANBHOCTH HIET obidcTe C2PARUYCHNOT
nponopyuorasonocti. Kosdduumwent Ta30BOTO YCHMIGHHS B 3TOH 06.7a-
CTH 3aBHCHT H OT HaNPAKEHUS, B OT MePBUYHOTO 3apsAa.

-B ompexenennofi o6nacry Hanpaxenutt U razoewi paspan ywxe

Tapul HOHOB B Ta30BOM cipe. 31y obaacrs HanpsKeHHA HAa3bIBAIOT
obaacroro Teieepa, T'asopuift paspaz, BOSHHKAWIWNA mox 1eficTeuem
a3ayuedus B-obaactu Tefirepa, me wmomer IIPEKPATUTBCA CAMOCTOR-
TEIbHO. H AAA ero raleHng HCOJAB3YIOT PAJA MeTOA0B, © KOTOPHIX
Oyaer pacekaszano B AdaxpHeliieM. O6aacts Pefirepa saxanuusaercy
06.1acT6i10 CAMOCTOATENbHOZ0 2a3068020 paspsda.

B mepeoit oBaactu 1 5 06sacTH HachiIMeRus Tokxa pa6oTanTt Hony-
3aLIOWHLIE KaMephl STor HHTEPBAN HanpsukeHHfi WHave HaswbiBaor
00.1aCTbI0  HOHH3ANHOHHO KaMepul, B o6aactu TPONOPUHOHAABHOCTH
‘pabotaior IPONOpUHOHANbHBIE CYeTUHKU, a & obaactic Tefirepa —
c4eT9HKH Tefirepa — Mioanepa.
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§ 6.3. MOHMZAUMOHHAAQ KAMEPA

Horusaunonsas Kamepa — OdIH H3 caMbIX pacnp_ompaHeHHObl;..
JetextopoB. Ee npumensior aas uaMepeHus HSHyHEHHHK:S(;X HBHTJ:[D,IL;-
[To KoHCTpyKUHOHHOMY OGOPMIEHHUIO HOHH3AHUHOHHBIE KaMep
PasfensoT Ra IJOCKUe, UHINHAPHYECKHE U IHAPOBHE. R

B mnockoli kamepe 3jeKTpoABl (NJacTHHBI) pasiexe razoney
CJ0eM H 3aKJIUEHBl B KOPIYC. HMBO@?H:J?Z:;E}K;I?\«?O&HT{H conp(J:--

KOPTIYCA KaMepsl MaTef , M 3 C
?:gﬂgﬁﬁga?gl*‘—c—)IIO"* p(O.{I (HHTapF;, NOJHITHIEH, TEKCTOJIHT‘,O}:;zzléH?{};C:
u Ap.}. Mexay naockIMu 2/1eKTpoJaMH, K KOTOPBIM HggllgﬂHanpﬁH{eH-
upsienne U, BO3HHKaeT OJHOPOIHOE 3JMEKTPHYECKOe 7 HapAmen
HocThlo E=Ufd (d— paccrosiHme MeXIy NJAaCTuHaM G l'l'la(I:JTHH
HOCTb  3/JICKTPHYECKOTC TOMASL Hapyllaercs BOSH3H Kgiem MaCTH
(kpaesoit adert). B 31HX yacTax o6bema KaMepbl 3! . gx ecKoe
noae ocrabaserca. [Tostromy noss Co?il;p;imﬂrl;a.;ljuzlie];%pqaimﬁ How

KpaeBhlx obnacTefi MeHblIe, yeM J , :
gim[p I3 HEAOCTATKOB IUIOCKOM KaMephl, BCAeICTBHE ;frgﬁzgimli
YECKH TPYHHO yCTaHOBHTb ee pabounii ofbeM, T. e'ETBHqHOﬁ M. 13
KOTOpOro ¢oGHpalTCa Ha 31eKTPoJaxX Bce 3apsibl mep ;
Bauggﬁpomanemie H30JATOPOB R, HCIOAB3YEMBIX Ha 'npgl\;{}meéBgE
npeebiinaer 10% Om. Ecau tok, npoxonﬂmllisﬁ qepesyl\_a;aﬂg_. p
10— A, To TOK uepe3 H30AAUHIO npn R=10" Om n U=

I=UjR=2-10-"" A

— 10

[Tokasaung uamepiTenbHOro npuﬁuopa OyayT paBHB 1,2-1300/ An}:]
MOrpeliHGCTy B M3MepeHHH TepBHYHOH HOHM3ALMM COCTaiﬂgﬁ”lcaoﬁepbl
sToft mpuunne pafouee Hanﬁpﬂmeﬁneaélb?m%leﬂxgpoqax nJo b

KO0 Hauada o8aacTd A . -
Bb[%{;]x):;o;: OCHOBHBIX XaPAKTEPHCTHK ZETEKTOpPA -— €TI0 uyecifézgﬁ.:;_
#octe. Ona moxasnBaeT, Kakyl MHHHMAJbHYIO nep-amﬂy}o Jounaa-
UHIO MOXHO 3aperHCTPUPOBATE C NOMOUIBI0 AETEKTOpa. J[]s;[m Baute
HASL 4YBCTBHTE/bHOCTH KaMepHl HeBoﬁxeop,c]L:;\:Io c};IB;qnaTP;ianTl?Hﬂércsa nyﬁ:
eTeRTOpa, WIH JaBJeHHe Tasa. oep: - yaa)
iapﬂ}]{eEHOﬁ HaCTHUBl B oObeMe 1(:]131§pbé, ngseBTogo.\gﬁg:lfH[;T;f;;ﬁ
anuna wupobera 3apamenuoit uact . i Ayuan
JAHYECTBO 1IOHHBIX 71ap, o0pasyeMbiX YacTHLUE k

Ei:«?;:l[.]{l? cuaa toka. IlaockHe Kauvepn MoOryT perHCTpﬂfé)]f;Tio'::‘:::j
Ao 10-'2 A, UypCTBHTeNbHOCTh GOJBIWIHX KaMep orpaHH] eHa
4eCKHM H3JTYYeHHEM, PainOAKTHBHBIMH 3arpA3REHUAMH .'j,sﬂécn; Ons

Bropasi xapakrepincTuka JerekTopa— ero sghghexr eTEK’.l‘DPD\"I
paBHa OTHOWEHHIO UYHCAA YACTHL, PETHCTPHPYEMBIX 1 3¢q)ei<f
K MOJHOMY YHCAY 9acTHU, NONAfamlEdax B ofbeM ,E[ETEKTO];? 2dpex
THBHOCTL 3aBHCHT OT THNA M KOHCTPYKIHH JeTeKTopa,
qacfﬂ-grmmzpmemcaﬁ HOHH3aUHOHHAA KaMepa (puc. 6.3) 02105:}1(:;][{1'“;3
MOJMOTO TepMEeTHYECKOr0 UHAHHAPA, TIO OCH KOTOPOro Bpacnme Wy
TaMIHYECKNH  CcTepKeHb — cofupalomwnii  anektpod. Boico "




a UMAMHAPMYECKH[] KOPOyC 3a3eMAAloT. BHICOKO-
YYBCTBHTEJLHbIE UMAMHAPHYECKHE KAMEPHl PEru-
cTpupyT TOKKH o 10-1¥—10-15 A, UYrobu Tok
yTeuKH OBT WaMHoro menpime 10-1% A (pricOKoe
HanpsiKeHHe HOAaleT Ha cobMpalouuil 3/eKTpol
H OXpaHHOe KOJIbUO, YCTAROBJICHEOE MOCEepPelNHHe
snekTpodsonsuun.  Hampsaxenue Mexay cobu-
paWMUM  3AEKTPOAOM H OXPAHHBIM KOMbIOM
GJH3KO K HYJIO, MOPTOMY OCHOBHAA YacTh TOKa
YTRYKH NPOTEKAaeT OT OXPaHHOro KoJbla K KOp-
nycy, MHHYS MHKpoaMmepMerp. [IpumeHenue
OXPAHHOTO KOMbUA B 3HAUMTENbHON CTEMIeBH CHU-
JKaeT TpedoBatNA K MaTepyallaM IMeKTPOUIOMNA-
HHH H IOBLIMIAET TOYHOCTH HAMEPeHHS.

U nakoden, Tperu#t Tun HOHN3AUMOHHBIX Ka-

Pre. 6.3. Laannapyue-

ckas  nomwsaunomsas  HAH, Mellb, ¢Tanb). B ueHTpe Kamepnl pacmofo-

Kamepa: Ked coOHpAIOWHE 3JEKTPOA — METAJIHYECKHR
§ — mukpoamnepmerp; 2 — HlapHK. Hanpfm{e}me K METAMIHYECKOMY IUapH-
IMEKTPORIOAALNA: & -

OXPaHHO®  HOABND, 4 —
kopnye; 5§ — coBppawuruit
3NeKkTpoa

Ky MOABOAAT Yepes CTeKARHHHEIE H30MATOp.

Horu3aunoHHEIE KaMephl B 3aBHCHMOCTH OT
H43HAYEHHS M KOHCTPYKUHHM Moryt paborarth
B HMHYJbCHOM M TOKOBOM peXumax. HMmyabcHbie KaMepbl HCNOJb-
BYIOT A PerHcrpallid OTACJBHBIX THMEAWX 3apAKeHHBIX HACTHIL
{IpOTOHOB, ®-YACTHIU, OCKOMKQB JeJeHHH H T. A.). ¥JelbHad HOHM3a-
Mg JerkHx 4actuil (37eKTPOHOB, MOIUTPOHOB H AP.) CPABHHTENbLHO
Mana, MOITOMY PErdCTpallis MX HMIYJbCHBIMM KaMepamu Heagdek-
‘THBHA.

WmMnyancHLle JeTexTOPB XapaKTeDHIVIOTCS DPA3PelIaoulyM BpeMe-
HeM Tp. OHO paBHC MUHMUMaJbHOMY HHTEDBANy BPEMEHH, 4epe3s KoTo-
PHl cxema perHcTpHpyeT OTIefbHble HMIOVJBCH Ha HAarpy3ouHOM
CONPOTIBAEHHH R.

[To paspewralontemy BpeMeHH JIETKO PacCYHTaTh PAa3PeIROUIYIO
<nocobHOCTb MMIyJbcHOro gerekropa Np=1/1y. OHa paBHa MaKcHu-
MaJbHOMY YHCIY YacTHI, PErHCTPHPYEMBIX HMIYJIBCHBIM NETEeKTODOM
sal ¢

ToxkoBee KaMepel TPHMeHAKT JNAS H3MEpPeHMs CpelHeil HHTeHCHB-
HOCTH BCEX THIOB H3NAYYEHMs, KOTOPAX NPOMOPUHOHANBHA CpeTHeMy
TOKY, TEKYIIEMY Yepe3 KaMepy.

§ 6.4. NPONOPLHMOHANLHLIA CHETUMHK

Umnyabcel HanpsmeHnds Ha BLIXOAE H3 BLICOKOUYBCTBHTEJIbHBIX
HOHA3ALLMOHHBIX KaMEP HACTOJBKO HE3HAUHTeJdbHBI, 4TO AAA HX pe-
THCTPAaUHK NMPHXOJANTCA HCIOAb30BATbH MOIIHBIE YCHIHMTEAbHBIE CXEMEL.
TIponopUHOHAABHEIN CUETYHK BBIFOAHO OTJIHYAETCS OT HOHHIAUMOHHOMN
KaMepbl TeMm, YT0 HavyaALHOe YCHAEHHE MEePBHUHOM HOHM3AUMH [TPCGHLE-
XOANT BHYTDH CamMoro cuetddHka, Tax Kax XKoxpdHIHEHT ras0Boro
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JKeHHe noABOAAT K coﬁuparol.uemy IIEKTPOAY, k

T Mep — wapoeas. Kopnyc mapesoli HOHH3ALHOH- .
HOll KaMepH HU3FOTOBJAIOT HZ MeTaJssa (aaioMu-

yCHAEHHST & B NponopuuoHaibHol o6nacTd nocturaer 10°—10% to npu
OAHOR H TOH e TMepBHYHON HOHHIAUHH aMIIHTYAA WMIIy/abca Hamps-
KEeHHA OT NPONOPHHOHAABHOTO CcuUeTYHKA B & pa3 GoJblle, YeM OT
HOHH3aLHOHHOfl KaMepht. [1oSTOMY AN HPOMOPUHOHANBHOTO CUETUHKA
3HAUNTEABHO yNPOLIAeTCA CXeMa YCHJIeHHS CHTHANOoB.

KOHCTPYKUMIO NPOMOPLUHOHANLHOrO CYeTUHKA BHOHPAT TakoH,
4ToOBl NMPH CPaBHHTEJABHO HeGOJLLIHX €ro pasMepax M HaNpAKeHHAX
Ha 3JIEKTPOJAAX MOAYYaThb BHICOKMA KO3 (DUNHEHT rasoBOTC YCHJEHHS.
Hans sroro HauGojiee MOAXOAAT UUJHHAPHYECKHe CUETYMKH (pHe. 6.4).
Onu cocToAT H3 KaTOZA-KOpmyca, 70 OCH KOTOPOTC HATAHYTa MeTal-
quueckas  MpoBoJioka —cofupawiunfi  snekrpod. Ha cobuparomud
SJEKTPOA MOJAAIT BHICOKOE HANPSIKEHHE, a KOPNyC CHETYHKA 3a3eM-
NS0T,

4

Ny

e o et k|

Puc. 6.4, YeTpoiicTBO URAMHAIPHYECROrO CHOTYHKA:

)‘—.coﬁupalow.nﬁ spexTpon; £ — oXpaHHo® Koasmo: § — H3oaAtTop; 4 —
KOpn¥e

Hanpsxennocts aaekrpuyeckoro noias E MeXAy »AeKTpolaMH
B UMAHHAPHYECKOM CYETYHKe HepaBHOMEpPHA: OHa HaMeHderca ofpar-
HO NPONOPIHOHAJbHO PACCTOAHHIG OT OCH CHETYHKA 7 MO 3aKOHY

U 1 .

E:m r_’ (6.1)
rie R — pagMyc CYeTYHKa; @ — paanyc CoOHpaioulero 3JeKTpoAa;
U — Hanps:KeHHe Ha 3JEKTpojax. .

TTocne apoJeTa 3apsKeHHOHl YACTHIBl 4Yepe3 CUETUMK JIerKono-
JNBHXKHEIE SMNEKTPOHB HampapBisAlTCd X coOHPAIOLIEMy 3AEKTPOAY.
Branau or coBHpalOLiery 3/IeKTPoJa HafnpAsKeHHOCTh £ HeBenHKa, No-
3TOMY 3JE€KTPOHBl MCNLITHBAIT TOMRKO YNPYrHE CTONKHOBEHHS € MoO-
AexynaMHu rasa. XapakTep B3aHMOAEHRCTBHfl 3JEKTPOHOB ¢ MONeKysa-
MH Trasa B 2Tofl oOJIACTH CUSTUHKA TAKo# 3Ke, KAK M B HOHM3AIHOH-
Hol KaMepe, OpfHako B HefoawbmioMm o6beMe BOKPYT IPOBOJIOKH,
Ha3LIBaeMOM KPUTHYECKHM, HANpsKeHHocTh £ pesko Bospacraer.
DHeprus yCKOPEHHBIX 3JIEKTPOHOB B KPHTHUECKOM o0beMe MpeBbIINaeT
NMOPOTOBYI® 3HePrAK Epep, MPH KOTOPOH HAYHHAETCS HOHH3ANHA MO-
Jekya. B EpuTHYeckoM o0beMe H HPOHCXOAHT TA30BOE YCHJEHHE 3a-
PSLAOB, B pe3yabraTe wero Ha COOHPAIOHIHIA 3JIEKTPON Momajaer Henast
JIaBHHA 3JIeKTPOHOB.

JLasg mosyyeHds BHICOKMX 3HaueHMt KoxpdHUHeHTa & Ha CUETYHK
nonalor Hanpsxenne IJ 2 1000 B. Iuamerp coGupaioliero 3aeXTpo-
aa Buifupator B mpegenax ot 0,00 a0 0,3 mM. Bepxuuit npeiea aua-

" MeTpa cOBHpalollero 3J€KTPojAa OrpaHHUeH OdYeHb BHICOKHM HampsKe-
7—8%0 97




HHEM, KOTOpoe He0OXOAMMO NOABOLHTh K CHETYHKY, HHKHHA nmperet —
XPYNKOCTbIO MaTepHaja mpoBofokH. IIpoBostory AJd coGupamuero
3JeKTPOAA OOBIYHO H3TOTOBJAKT H3 BOJABPpaMa nau cranau. [lesepx-
HOCTb NPOBOJOKH TOMHPYIOT, TAK KAK HEe3HAUHTeJIbHBIE LIEPOXOBATO-
CTH Ha TPOBOJIOKE CHABHO HCKaMalOT 3JAEKTPHUECKOEe NOJE OKDJIO ee
nopepxHocTH. CUETYHKH HANOAHAIOT T430M TNOJA [JaBiAcHHEM 50—
760 MM pT. cT. C MOHMXKeHHeM AaBJEHHS BO3PACTAlOT MPODEr 3NeK-
TPOHOB B 43¢ H IHEPrHA, NMOJAYYaeMas 3JICKTPOHAMH OT SJEKTpHUC-
CKOFO IOJS, BCJAeICTBHE Yero ra3oBOe YCHA€HHe HauuHaeTcs MNpli
MeHBLUIHX HANpAMEeHHIX,

JIerkonoABMXKHbIE MEKTPOHE cOOHPANOTCA HA aHOAe NPUMEPHO 34
10-7 ¢. 3a Takoe KOPOTKOe BpeMA THAXKeJule MOJI0MHTE/NbHBEIE HOMBL,
Haxopsliuecs B KpHTHYecKoH ©00JaCTH, NPAKTHUECKH OCTAKTCA HA
smecte. OHH 06pa3yloT NOJOKUTEAbHO 3aPAMEHHHHA «UeXos» BOKPYT
NPOBOMAOKA B YACTH KPHTHYeCKOTO o0beMa, PaclonokKeHHOro BOAHIH
NPOCKIMH TPAEKTODHH 3apSKEHHON 4YacTUIH Ka NPOBOJOKY. IMoxo-
JKHTe/IbHBE HOHB 3aMETHO 0CHalJaAI0T HANPAXKeHHOCTh AEKTPHUeCcKo-
D NMOJIA B KPUTH4ECKON 06JAacTH B TeueHHEe BPEMEHH Ty, HA3BIBAEMOTO
MEPTBOIM BPEMEHEM CHETHURA.

B unrepsane 1y B 0CAAGNEHHOM 3JAEKTPHUECKOM INOJE HE IpoHC-
XOIMT 2HAYHTeNBHOTO YCHJAEHMs Ta3gBoro paspsana. Ecin 3a BpeMA Ty
yepes NpPONOPUHOHAJBHBEIR CHETUMK NPOJETHT 3apiXeHHas dacTuua,
TO aMOAHTYAA HMOYJbCA Ha CONPOTHBAEHAM R 6ymer MeHbIIe nopora
YYBCTBHTEABHOCTH YCHANTENR N HMOYJbC HANPAKeHWs He 3aperlct-
pupyerci. B NponopuHOHANbHBIX C4eTYHKAX 3HAYEHhe Ty =2 1079 ¢

[prbawxkaoisnecs K KaToldy ROJOXHTeNbHHE HOHB NOCTEREHHO
BOCCTAHABAMBAKOT HANPIMEHHOCTh 3JEKTPHUECKOre MOJA B KpHTHUE-
ckol ofaactd. KosddunueHr razoBoro ycHIAeHHA Uepe3 BpeMia Tp
CTAHOBHTCA TAKMM, YTO AMMJIHTYAA MMIOyJbca HA CONPOTHBJIEHHH R
HAauHHAeT NpeBHIUAThL HOPOr UYyBCTBHTEABHOCTH YCHIHTENA U CO3/a-
JOTCH  YCAOBHS AAS PETHCTpPanuu OuepeAHOfl HaCTHUEL CaoiicTBa
CUETYHMKA MOMHOCTbE BOCCTAHABAMBAIOTCH TOcNe HeHTpaaH3ailuH NO-
JOKHTEbHMX HOHOB Ha KaTtoje. Bpemsl Ty, OTCUHTZHHOE OT KOHUA
MepPTBOro BPEMeHH, B TeUeHHe KOTOPOro BOCCTAHABAMBANOTCHA CBOHCTBA
CUSTUMKA, HAZLIBACTCA épeMenem B0CCTaHo8aenud. Bpema ts B Ipo-
MOpUHOHANBHBIX cueTyuKax ~10-% c.

Paspematoniee BpeMs CUeTYHKA Tp 3aBUCHT OT BPEMEHH Tm H TIO-
poTa UYBCTBHTEJNbHOCTH yCUnHTead. [l NpomopUHOHAJNbHBIX CHETHH-
KOB Tp= 105 ¢, a paspelnalonias cnocoGHOCTL Np <L 108 aMmn/e.

Ha nporekadue rasoBore paspsia B CUCTYHKE BIAHAT ¢BOHCTBA
rasos-uanojaurteteil. Ecau cyeTYdK HANMOAHHTL 3JIEKTPOOTPHUATENb-
#oiM rasom (Og, Clp m op.), to Bpems cOopa OTPHUATENbHBIX HOHOB
Ha COGUPAIOLIeM IAEKTPOJE YAMHUHHTCA H paspellaioilan ClocoGHACTE
cueTyHKa OyjJeT HeBhbicoxol. [1osToMy npu BEIOOPE Ta30B-HAMOJIHHTE-
Aell MpeAnoYTERHEe OTHAIOT 3JEKTPONMONOKHTEABHBIM TrasaMm (apron
u Ap.). Takne rasn olecneuuBaloT GHCTpoe COOHpaHHE JIEKTPOHOB
Ha aHOMe.

B cueTyukax, HanoJAHEHHBIX YHCTHIM apProHoM, eCTh BepOATHOCTD
BO3HHKHOBEHHS] JOROJAHHTeNbHEX JaaBuH. Houw aproHa, monajas Ha
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aToJl, BHIPHIBAIOT H3 METaJa 3JeKTPOHBI, B pe3yabTare uero ofpa-
* 3y0TCA BO30yKAeHHbe aroMbt aprona. [Tociesnne, nepexols B OCHOB-
goe COCTOfIHHE, HCIYyCKaroT (OTOHB B IMHPOKOM SHEPreTHYECKOM MHH-
reppaje. QOTOHH yAbTPadHOIeTOBOrO H3/AYUEHHS MOTYT BHIPBaTh H3
KOpnyca cueTynKka ¢oTo3nekTponsl. [losBusitHeca B rase QorTodiex-
TPOHBl LAIOT Haualo rasoBOMy pa3psany (nocaepaspary). Ilocaepas-
pAABl YXYAIIAKOT CBOHCTBA CYCTUHKA. '
CyulecTByeT ABa MeTOAa raweHus nocaepaspsagos. B cooTpercr-
BHH C 3THM INPONOPUHOHANbHBIE CYETYHKH MNOAPA3NLAAOT HA Necamo-
2acAuiiiecs M camozacajuecs. HecamoracsiliHecs CYeTYHKH HamoJ-
HAIOT TeJHEM, 2pTOHOM H IPYTHMU JeKTPONOJNOKHTEAbHEIMH Ca3aMH,
He 00eCNeUHBAWUIHMYA TalleHHe mocAepaspaia. [TosToMy BTOpHYHBIE
aexTh racATCH BHEIUHHMH yeTpofictBamH., OHHO M3 HMX AOBOJBLHO
TPOCTO: NMOCAEAOBATENBHO CO CYETUHKAMH K HCTOUHHMKY BBICOKOTO Ha-
NpANKEHAs BCErfla NOAK/AOYAIT HATPY3OUHOE COMpPOTHBJAeHHe, ECaH
370 COMpOTHBJeHHe He MeHee 10% OM, To HanpsIKeHHe Ha aHoje 3Ha-
YHTENBHO CHHKaeTca B TeueHne 103—10-2 ¢, 3a Takoi Goawwofi
NPOMEKYTOK BPEMEHH B rase HCYe3aloT BO3OYKAEHHLIE ATOMH, MOCJe
4ero MOCJAEpaspainl yXke He BO3HMKaOT. HecaMoracdillmecss CUETUHMKH
paboTaT AAHTENbHOE BPEMSA, HO y HHX BechbMa 00JbINOe pa3pelaio-
‘Iee BpeMs, RocTHrapwee 10-2 ¢,

Camoracsiyueca CYeTYHKH HANOJHAIOT CMECHI0 aTOMOB aproHa H
MOJIEKYJT MHOTQATOMHOTO rasa (cnupra, MeTaHa W ZIp.), KoHuUeHTpa-
LU KOTOPEHIX B cMecH cocrasasger 10-—15%. MuoroaToMuele rassl
XOPOWIO MOrJIOWAKT yAbTpadHoAeTOBOE H3dXyYeHHe. [IpH cTOMKHOBe-
HUH C HOHOM aproHa MOJeKy/Ma MHOTOATOMHOTO rasa Jerko OTRAeT
€My ORNH 3JEKTPOH M HeWrTpanuayer ero. [omagas Ha KaTod, HOH
TAKENOH MOJEKYJH BHIDEIBACT W3 MeTaJlla 3JIEKTPOH, B pesysbraTe
yero ofpasyerca Bo3GYXKACHHAA MOJNEKYAA.

BpeMmsa xusHu BO3GYKIEHHOH MOJEKYJNHI 10 OTHOWIEHHIO K JHCCO-
Liallid Ha COCTaBHMIE ATOMBI B CTO pa3 MeHbUIE BPEMeHHM BbiCBeuM-
Banua (poToHOB. [To3TOMY 2HeprHs BO3CYRIEHHS NOYTH BCEX MOMEKYJI
Pacxonyercs Ha HHCCOUMAIHIO, a He Ha HCOYCKawne (OTOHOB.

CpoK ¢IyK6B NPONOPLHOHANBHOIO CUETUHKA H3MEPHAIOT UHCIOM
34pCTHCTPAPOBAHHBIX qacTHL. B HecaMoracalHxcs cYeTYdKax rasoBhe
Pa3pslbl He BJMAIT Ha COCTaB TIa3a-HamoJHHTeAd. [loaToMy cpox
CAYXKOLl HeCaMOTACANMMXCA CUETYHKOB OTPaHMueH XedeKTaMi KOHCT-
PgKHHH (Haaymeﬂue repMeTHYHOCTH Kopmyca M aAp.}. [locne perncr-
ﬁpﬁ;}; ;él.ﬂﬂ; Y2CTHUOB B CAMOFacCALIHXCA CYETYHKAX AHCCOIRUpPYeET
;i p MHOTOATOMHHIX MOJeXyJd Tak Kak B rase-HaloaHMTeNe

AEPEKATC He Gosee 10 MHOTOATOMHHIX MOJIEKYJ, TO CPOK CaIyiKOGHI

CaMoTacsAllHXed Cue
TYUKOB OrpaHuue i
10'% yaeruy, p M permcTpalieli  He  Gonee

ra Ejéﬁzmﬂa?'g o;:oanblx XapaKTepHCTHE NPONOPUHOHAABHOTO CYETUH-
CKOpOCTH Gy P]?::L{Tepncmxa (puc. 6.5) moKaseBaeT 3aBHCHMOCTh
CTORHHBX. Himsye y/bCOB OT HAMPHIKEHHS Ha INEKTPOAAX NPH MO-
ayBCTRHTE R BHOCTH H3AYUeHHs B obbeMe cUeTUHKA H HOPOTE
ot xapaKTepHcm;};rcmme'“’ Mexay naopaxenuamn Uy u U, cyer-

4 HMeeT TOPH3OHTAJBHBIA YuacTOK (nmjarto), Ha

e
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 KOTOpOM CROpPOCTh CUeTa MOCTOSTHHA, AM&I‘IJIHTY}.I& HMIOyJAbCa Nponop-:
LHOHAJABHA nepBanoﬁ HOHM3alluN, 3aBHcAlledi oT HANIpABJICHHA ABM- ¥

HedHd YaCTHUL B rase. '-Iacmuu, ABHAKYMIHECH B PASJAHUYHLBIX Ha-

npasneHHAX, MPOJIETAKOT HEOJHHAKOBLIE pacCTORAHHA B Ta3e, BCAEACT- '
BHE 4ero Habuionaercss pasdpoc B aMIHTYAAX HMIYABLCOB. HeM G0db- |
e paadpoc B aMIOJAHTYAAX HMNYJNbCOB, Tem (oMblie TPAHWUHOE Ha- 3

npsxkenue Up. TIpH ompepeseHHOM mopore UyBCTBHTENLHOCTH YCHAU-

TeAA Ha Beanundy Uy BAHAGT W BHA H3- |
ayyenusa. Hns o-vacTan rpapnyhoe Ha- |

]
Ciy

npaxenne Uy, Mmenbllle, ueMm niaa $-ua-
CTHI, TaK Kak yAefibHad HOHH3aURA A1A
B-yacTHL, B rase 3HaYHTe/IbHO MEHblIe
YACJAbHOA HOHH3AOHH AJA  «-YacTHL
B ToM e rasze. CHHXeHHe mopora uys-
CTBHTEJBHOCTH YCHAHTENR CcMelllaeT Be-
/ muuuny Uy B o6nacts Gonee HUIKHX Ha-
Puc. 65, Cuetnaq xapaxrepicry-  TWPAKEHN, o
K& NpONOpUHOHANEHOrO CYETYHKA [laaTo HaKJOHEHO K OCH HanpAXKenhH
. oA HeGoabiwiuM yrnoMm. Hawnorn nnaro
XapaKTePHSYIOT OTHOCHTEALRHIM H3MeHeHHeM CKOpPOCTH CUeTa MMNYb-
coB Ha 100 B naaTto. OH paBen npuMepHo 0,1% na 100 B #u cBasan ¢
ra3oBHIMH PAa3pAAAMHE OT YaCTHI MIOCTOPOHHHX HCTOUHHKOB H3JYUYEHHS.
[IpomopuHoHaAbHble CYETYHKH NOAKAIOYAIOT K HCTOYHHKY ITHTAaHHA
C HampsxeHHeM u3 obaacTH nnato. X mpHMeHAwOT AJA perHcrpauhu
3apAMKeHHBIX UYacTHH, HedTpPOHOB, A8 H3MEpPEHHA BHEPreTHYeCKHX
CIeKTPOB, AKTHBHOCTH HCTOMHHKOB.

oM GYEIT,
MUK

g
> R

[~ -]
&
3
&
=
2
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§ 6.5. CHETYMK FERIEPA — MIORAEPA

O6nacTb orpaHHYeHHON NMPONOPUHOHAJNLHOCTH NPAKTHYECKH He He-
TOMB3YIOT AJA padoTel € TA30HANOAHEHHBIMH cyeTuHKamu. Koadrdu-
LUHEHT Ta30BOTO YCHJaeHHA B 3Tofl 00/7aCTH 3aBHCHT OT HANpPAKEHMHs
H OT NepBRYHOH MOHH3ALHWH, YTO JeflaeT CUETYHK HeyROGHBIM 1J1d
PerucTpalid H3AYUeHHS.

[asoHanoMHeHHule cueTUHKH, paboratomue B obaacru Ceiirepa,
HassaHW Mo HMeHH H3obperarenedi cuerquxamu [elizepa — Mioarepa.
ITo cBOEH KOKCTPYKIHH OHM MaJio OTJHYAIOTCH OT NPONOPLHAOHAIBHELX
cueTykKoB. Ha cyerunk Tefirepa —Mioastepa moaaercs Gosee BrICO-
KOe HaNpAXKeHue, KOTOpoe pacHIHpsieT KPHTHYecKYK obaacth H yBe-
AHYHBACT KOXPPHUHEHT ra308or0 yeRAeHHa g0 1010, Beaeacreue atoro
Aas cderunka Ieifirepa — Miosnepa xapakTepHa caMasi BBICOKAfd 4yB-
CTBHTE@ABHOCTE CPefiH ra3zoHamoJHeHHBIX HeTeKTOpOB. C BEIXOHA CYeT-
YHKa CHHMAIOT MOULHLIe HMITYAbCH aMmuTyAol 10 50 B,

B nmpoltecce /naBHHHOrO pPA3MHOMKEHHA SJEKTPOHOB 06pasyerca
OTPOMHOE UHCJO HOHOB M  BO3OYKAeHHHIX MoOJeKyad. BosbyxieHHsle
MOJEKYJ/Bl HCIYCKAIOT OYEHb HHTEHCHBHOE YALTPadHOACTOBOE H3AYUE-
HHe, KOTOPOE BHPHIBAET (POTONEKTPOBE KaK U3 MeraJjla KaToAa, Tak
¥ K3 Moaexkyn rasa. QDoTosNeKTPOHB NOPOKNANT HOBHE JaBHHHE
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fMeKTPOHOB, H ra3oBbH paspan 6BICTPO OXBaThBaeT Beck OO0DbeM
yeTYHKA.

" Jlocne cOopa 3JAeKTPOHOB BOKPYr aHoja oGpasyercs IJIOTHHH

gexoq NOJGKHTEAbHBIX HOROB. On ocaabager HanpAXeHHOCThL 9/EK-

TPHYLCKOTO noas BOAH3H aHOAA, ,H.Hame'rp aHoma Ha HexXoTopee Bpe-

MA Kaxk Oul -yBeJHuHBAETCA JAO AWaMeTpa KPHTHUECKOTO ofbema.
BeaeacTBHE 3TOTO NPHAOMKEHHOE K EKTpPOoAaM HaIpAMXEHHE He obec-
neyHBaeT }’CJ]OBHﬁ Add NpOTEK&HHEA JaBHHROIC pasMHOMKEHNA 3AEK-
TpOHOB.

MepTBOe BpeMf, BpeMs BOCCTAHOBJAEHHMA H paspeliaioliee BpeMA

_cueryukos Tefirepa —Mwanaepa 6ansku k 104 ¢,

TTonoxHTeALHEIE MOHBL, HeliTpanH3ydAck Ha Karoge, HCIYCKAMOT
yALTP2HOAETOBOE H3JYTEHAE, KOTOPOEe BHIPBIBAET U3 MeTajla Karo-
Aa PoroanekTpoBr. Uepes 10—+ ¢ mocae Hayana paspsfa B CUETHHKe
BOSHHKAIOT mocaepaspanel, Mx racar TakiMi e cmocofaMu, Kak H
nocaepaspaibl B TPONOPIHORAAbALIX CUETIUKAX: BHEWHHMH yCTpOHCT-
BaMi, A0GaBJAEHHEM MHOTOATOMHBIX MOJEKYST K Tazy-HANOJHUTENIO.

Camoracsuyecst cderynkd Iefirepa — Mioanepa HeZoJroBedHEL.
K rasy-nHanoaruremo g00aBasior He OGoaee 10?0 Mojerysa crnupra.
B kaxioM paspfaje cUeTHHKa HOHCCOLHHpYeT oKouo 100 wmoaexyn,
ITosToMy cpoK CAyxOBI cHeTUHKA OFpaHHUYeH perMcTpauHed NPpHMePHO
1019 3apAKeHHBIX YACTHIL,

Bpemst pafoTni caMoracallerocs CUETYHKA MOXKHO NPOLIHTD, eCaH
HANOJHHTL €r0 HHePTHHIM Ta30M (HeoH, aproH) ¢ He(GoabiHO#i A006aB-
Kofi ranoredos (xaop, Opom). CueTynkH, HamoJHEHHHE TAKAMH CMé-
CAMYU, HA3BIBAKT 2AI02EHHbIMU.

JIByxaToMHBle MOJEKYabl I'aJ0reHoB, CTAAKHBAACh ¢ HOHAMY HHepT-
HOTO rasa, JErko OTAAI0T CBOH JeKTPOHB U NPEBPALIANTCA B MOJO-
XHUTeNbHble HOHH. HefiTpanusyace Ha KaTole, NOJOXKHUTe/bHbEE HOHBI
ragorepos 06pasyrT poalyxKAeHHble MOJEKYJL, KOTOPhe AHCCOUHHDY-
0T Ha COCTaBHBIE ATOMEL

Takum o6pa3om, rajoreHsl BHITOGAHAKT POJb TacAmero rasa. lipu
CTOAKHOBEHHAX ATOMB FaZoTeHOB, B OTAAYHe OT aTOMOB HPYTHX ra-
ciNMX Ta30B, PeKOMOHEUPYIOT B MOJeKyabl. BesemcTBHE 3TOro Koan-
YeCTBO MOJEKYN racsiied No6aBKH B CYETUHKE NOCTOAHHO BOCCTAHAB-
JHBaeTes.

[ aJOTeHHl OTHOCATCH K XHMHYeCKH aKTHBHHIM BelliecTBaM. ITo
OrpaHHYMBAeT BHIOODP MaTepHajia s Kopnyca cueTuHkos. Ecan xop-
nyc oGHYHBIX CYETYHKOB H3MOTOBAAKT H3 aNIOMHHHA, cTeKna, Melw,
TO AAA FAJOreHHHX CYETUHKOB MPHXOAHTCHA HCIOAB30BATh HePKaBer-
Iy cTadib.

Cuernas xapakrepHcTHKa cyetynka [Iedirepa — Mionnepa anaso-
reqga no opMe cUeTHOR XapakKTepuCTHKEe NPOMOPUHMOHANBHOTO CHer-
wuka. o noporosoro (rpauuuxorc) ranpsamenus Uy cyeTuHk pabo-
TaeT B 0GJACTH OrPaHHYEHHON MPOMOPUMOHAABHOCTH. AMAAWTYAA
VMIYJABCOB elile 3aBHCUT OT NepBKUHOH HoHu3anuu. CxeMma permcTpu-
pyeT TOABKO Te HMUYJbCH, AMIAHTYAA KOTOPHIX TpepBliliaeT NOPOF
YYBCTBHTEALHOCTH YcHARTeAA. C pocTOM HanpsXKeRHs aMNANTYAa BceX
HMOYJNbCOB CTAHOBHTCA GoJblleé H CEKOpPOCTh CUeTA YBEJHYHBACTCA.
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Tpy wanpsikenusx, 6oapmwux noporosoro {/y, Bce yacTHNH BH3LIBAKOT

HMIYJBbCH ¢ aMOWHTY/laMH, NPEBBILUAIOHINMA TOPOT YYBCTBHTEALHOCTH
CXEMBI, H BC& HMOYJABCH DETHCTPHPYIOTCS.

Iloporosoe Hampsikesne saBHCHT OT rasa-wamoduuTens. Camoe
HH3KO® TIoporoBoe HanpsKeHHe (350—400 B) —vy ranoresamx cuer-
YHKOB, HallOAHEHHBIX HEOHOM € NpHMechbid aprowa (0,1%) u ramorena
(0,1%). K cuetunkaM ¢ ZpyruaM cocTaBOM Ta3a-HANOAHHTE[s N0ABO-
AAT HampskeHnue 800—1300 B. :

CueTHasi XxapaKTepHCTHKA CYeTYHKa lefirepa — Mionstepa  umeer

OAHO MAATO LIS BCEX BUIOB H3NYYEHHS, TaK KaK aMIANTYAA WMITYb-
€& HE 3aBHCHT OT NEePBUYHOH HOHH3AUHH, [TpOTAKEHHOCTh NMAATO cyeT-
UHKa JIOCTHT'A€T HECKOJNBKO COT BOJBT. Haxmon miato o6bgcHEeTes
HOABACHUEM JIOKHBIX HMIYAbCOB, He CBA3AaHHBIX C PETHCTPHPYEMBIMH
yactHnaMy. JIOMHBHE HMIOYJbChl BH3HIBAIOTCS SJCKTPOHAMH, BHpPH-
BAa€MLIMH H3 KaTONla 3JEKTPHYECKHM HoJeM H (oroHamu, C yBeJaHYe-
HHEM HANPANKEHHA 4HCIO JIOKHBIX CRIHANOB CTAHOBHTCA GOJbINE, MO-
9TOMy CKOpOCTh cveTa NOBHINAaeTesd Ha 3—4% Ha kamase I[00 B
nJaaTo. :
Haanune maato B cyetnof XapakTepucTHKe Jenaer cyetyHk [eil-
repa —Mionnepa oueHn ymoGHBIM netextopoM. Ecan paGouce mamps-
HEeHHE CUeTYHKa BHODATH B cepeinHe IATO, TO CKOPOCTb cueTa Oyner
yeroiiunBoil. Ha Hee mMaso BausioT cayvaiiubie HeBosbie Koe6anns
HANpPAXKEHAA HA 3JeKTpojaax. :

Ilocsie naaTo cKOpocTh cueTa pesko BospacTaer. IMpu manpsxerun
Bbie Uy riaBubifl BK/IaJ B MOKA3aHHSN CYCTYHKA BHOCST caMonpons-
BOJIBHEIE pa3pafbl. [anTeapHas paboTa cUeTYHKAa B OGJACTH CaAMO-
[POH3BOJLELIX PAaspAA0B [leJlaeT ero HeNpUrofHBIM AMs perscTpa-
LHH H3JYYeHHA.

CueTunkn leitrepa — Mioaiepa npumensior aas perucTpanuu
Y-KBAHTOB, B- M g-yacTul. AMIAHTYZa HMIYABCOE Ha BBIXOJE cuer-
YHKA HACTOMBKO BEJHKa, UTO B HEKOTOPHIX CXEMAX HE HCMOMB3YIOT
YCWJIHTENH, 4 WMIYJbCH [OCHJAIOT HeMOCPEJCTBEHHO B PErHcTpaTop.
Beaeacreue storo yeraHosku adas perucTpanuy co cueTunkamu I ei-
repa — Mioslepa OYeHb HPOCTH H KOMITAKTHBI,

§ 6.5. CUMHTMANALMOHHBIE CYETYMKM

DHeprus YaCTHL pacXofyeTci B BeLleCTBE Ha HOHH3ALUHIO H BO3-
OymAeHHe MOJIEKYN. B CUHHTHANANMOHHOM MeTofe perucTpauHy raas-
HYI0 POJB HrpaloT BO3OYKACHHEIE MOAEKYALL ¥ MPO3pauHBIX BellecTs,
HasbHiBaeMbIX QocthdépaMit, YacTe H3TyyeHHS BO36GYAKIOEHHBIX MOJEKYJT
JACHAT B cBeTOBOH oGnacth. TMosToMy NpoxoIeHHe YacTHUB! B doc-
hope COMPOBOKAACTCA CBETOBOH BCIBILKON (cuunTHANSUHER) . OTHO-
IIeHHe CBETOBOH IHEPTHH, HsAydaeMol docddpoM, K HOrIoLIeHHON
SHEPIHH YaCTHUE! HAZLIBANOT KOHBEPCUOHHOL cnocobrocTeio pochopa.

CUHHTHNAAUMORAEIA CYeTUHK (puc. 6.6) cocrouT H3 ABYX OCHOBHMX
aMeMeHTOB: ¢ochdpa U 3aeKTPOBAKYyYyMHOTO npubopa — oTosreK-
TPOHHOTC yMuoxHTeAn (PDY). B docdoprr BBOAAT HeGombiyio npH-
MECb AKTHBATOPOB, KOTOPbIe NOBHINAIOT HX KOHBEPCHOHHYIO CNOCOG-
HOCTb. AKTHBHDYIOIUee BEIIECTBO YKA3HBAIOT B ¢KOGKAX HOCHE CHM-
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-'. nuch Nal(Tl) noxasriBaer, 9T0 HOAMCTHIH Ha-
“qpufl aKTHBHPOBaH TaJLIHEM. Yacrb ¢BETOBOH

. cobupaerca Ao™ 3MeKTpoHOB. Kosdduiuent

posueckoil sanucu docdépa. Hanpumep, sa-

pCMBILIKA Ronajaer w3 ¢ocddépa Ha KaTog
&PY u BLippiBaeT H3 Hero (HOTO3MEKTPOHHL.
KaToZ H3rOTOBAAIOT H3 CBETOYYBCTBHTEJbHBIX
MATEPHAN0B C BLICOKHM BBIXOAOM 3JEKTPOHOB.
Tak, CypPbMAHO-UE3HEBHH KaTOd HCOYCKAeT
8—15 ¢oTosnekrpoHos Ha 100 napawomux po-
TOHOB.

B tpybre ®3Y mnocaenopaTesbHO pacHo-
aoXeHn 8—13 3MeKTpogoB, Ha3HBAeMHX Ou-
podamu, Mexily KaToAOM H aHOAOM BEJIOYAIOT
manpakenue 1500—2500 B, kortopoe pacrpe-
Jefdercsd yepes CHCTEMY CONPOTHBJICHHH Mex-
ay AuHoiaMH. PoOTO3JAeRTPOHB, YCKOPEHHBIE
aJeKTpIYecKiM noJjem fo 150-—200 3B, yna-
PAKTCS O MOBEPXHOCTh IEPBOTO AHHOLZ H BHI-
61BAKOT H3 HEro B cpelHeM no ¢=2--4 BTO-
pHYHBIX 3JekTpoHa. [locnennue, B CBOW oue-
pelb, VCKOPAKTCA U BBIOHBAIOT H3 BTOPOro
JNHOLA TaKkKe Mo ¢ HIEKTPOHOB H T. 4. Ecan
Ha Oepsblifi AuHoA nonmamgaeT A $oToamTeKTpo-
H#OB, TO € MOCJERHEro, m-ro, MMHOJA Ha aHOL

yeunenna @Y k=c¢™ 3aBHCHT OT Marepuaja 3
IHHOAOB, HX uncaa B GOTOYMHOXKHTRIe ¥ Ha- °
NpsKeHHA MeXKAY HHUMHU. 3HayeHus & coppe-
MeHHBIX O3V nexar B npedenax 105—107,

Ha Bmxome ®3Y H3MepAIOT 3JeKTPHYE-  Pye 6.6, CxeMa CLUUHTHA-
CKHe MMIVYJbCEI Ha Harpy3ouHOM COMPOTHBIIC- JAIHOHHOrO CHETYHKA: .
Hu R, Ecaw anekrpryecKHe HMNVJABCH Ma- Jouctomme | weayeesus;
Jbl, TQ Nepex  PeTHCTPATOPOM HX  YCHIH- #— AuHonH; § — amoR
BAIOT.

®ochSpr H3rOTOBAAIOT H3 OPTaHHYECKHX H HEOPTAHHYECKHUX BE-
LeCTs, HMEIONIUX BHICOKYI0 MPO3PauHOCTL ANA HCNYCKAEMOro CBETA.
DTo 0AHA U3 BaXKHEHIHX XapaRTepHCTHK docddpa. Uem Goablne cpe-
Ta BWXOAMT U3 (ochopa, TeM Goablle GOTOINEKTPOHOB BHIPBIBACTCHA
13 doToKaTOAA,

Ipyroit xapakTeprcTHKOA ocdépa cayxnT B]JEMHNBI:ICI?;HHBaHHH:
Yactuna npoJeraer uepes (ocdop npumepro 3a 1071 ¢. 3atem Ha
UHHAeTCcA ¢BeTOBasd Bemelwka. JLiasg monyuenHa HeOOABIIOTO paspeniao-
ilero ppeMeHH BHOHpaloT QochépH ¢ BpeMeHeM BBICBEYHBAHHA
10-8-—10-% ¢.

CUHHTHAAANMOHHBE CUSTUYHKH TPHMEHSIOT AJAA perHeTpaliuu pas-
JHYHBIX H3JyYeHHH., B 3aBHCEMOCTH OT HX Ha3HauyeHHA HCIOJb3YIOT
$ochlpu ¢ naGupaTesbHOH UYBCTBHTEABHOCTHIO K OTHENBHBIM BI'I,[LahE
uanyuenus. Tak, pochdp ZnS(Ag)} xapakTepusyeTcs BHCOKOH YYBCT
BHTe/bHOCTBIO K @-9acTHLAM, H HM MOXHO PEerHcTpHUpOBaThH a-49acTH-
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Ibl, Najxawllie BMECTE ¢ 3JEKTPOHAMH H y-KBAHTaMH. :

Kpueraan Nal(Tl) — xopownit Gocép AAf CueTyHKa y-KBAHTOB. |

On umeeT A0BONBHO BBICOKYK MIOTHOCTb — 3,67 riem®. Tlpucyretsie
B KPHcTalie HoZa (Z==53) nosbunaer ero sdderTHBHOCTL perncrpa-
Ui y-KBautoB 10 60%, B TO BpeMsa Kak > peKTHBHOCTh PErucTpalHH
V-KBaHTOB cuetyukom Ieitrepa —Mioasepa cocrasaser scero 1—2%.
Paspemaroniee BpeMa CHUHTHANKUMOHBBX CHETYUKOR H3IMEBAETCHA
oT 10-% no 1075 ¢. 3To 3HauHTeNbHO NOBHINAET CKOPOCTh CYETZ MO
CPABHEHHID CO CKOPOCTBI) CYETA ra3CHANOAHEHHBIX CYETYHKOB.
HHTeHCHBHOCTL CBeTOBOM BCHMINKK B pAZe docddpos, TAKHX, KK
Nal(Tl), antpauer H T. 4., IPOMOPUUOHANBHA NOTJOUICHHON 3HEPrHi,
Beaencrane 3T0ro CUHHTHANARHOHHEE CUETYHKH NPHMEHAIOT KaK CNeK-
TPOMETPbL Y-KBAHTOB, 3JEKTPOHOB M APYFHX 4acTHU. JHepreTHYecKoe

paspetledte CHHHTHAAANHOHHBIX  CIOGKTPOMETPOR He MNpeBHIUAeT
7,5—10%.

§ 6.7. TONYNPORBOAHMKOBLIE AETEKTOPD!

MuHEMaNbHble Pa3MePHl Fa30HANONHEHHOH HOHH3ALUHOHHON KaMepbl
OFPaHHYKBAIOTCA yOeNbHOW HoHu3auHelr yacTRL B raze. C yMmesblde-
HHEeM pa3sMepoB HOHH3AUMOHHON KaMepel ee >POHEKTHBHOCTL K pas-
JITUHBIM BHAAM W3JyueHHs najaer. OOHAKO eClM 3aMeHHTb B HOHH3a-
LMOHROH KaMmepe ra3 TBeDABIM BELIECTBOM, TO YIAeJbHAN HOHH3ALHA
yBesHuHTCA npuMepuo B 10 pas. TIpn takom «Hanoanenus» sdhex-
THBHOCTL [JETEXTOpa CTaHOBHTCA JAOBOABHO BHICOKOH, [Aaxe ecaH
pasmepw jAerekropa HeGoabwne. Co3faHne KOMIAKTHBIX JETEKTOPOB
CTA/IC BO3MOMHbBIM NOCAE H3VUEHHN CBOHCTE H OCBOGHHA TeXHOJQTHE
NpPOH3BOACTBA ROJAYNPOBONHHKOB. K nonynposoanukam othocsTes Be-
IEeCTBa, FNEKTPONPOBOAHOCTL KOTOPBHIX 3aHHMAeT [POMENKYTOHHOE
IOJIOZKEHHE MEMAY IJMEKTPONPOBOLHOCTAMH MeTaios (NpOBOAHHKOB)
H AH3NEKTPHKOR (H30/a4T0opoR). CBOHCTBAME NOJYIPOBOLKRHKOB 08.ja-
AaeT wactb saeMentoB III w IV rpynn [Nepuoandeckol cHCcTeME sae-
vento [A. M. Menneneesa. M3 Bcex moaynposonurkos Hanbonee npH-
FOTHLL AJIS1 AeTEKTOPOB MOHOKDHCTAJIB ABYX adeMerToB IV rpynnsl —
repMaHus U KpeMmHHus,
© [aa nosyyeHds NOAYIPOBOZHUKOB € HEOBXOAMMON 3JEKTPONIPOBOA-
HOCTbIO B YHCTHH MOHOKDHCTAA repMmanus (KpeMHHS) BBOIAT He-
Gosblune npuamecy seMmentoB III wan V rpynne. BuachuM, Kak Baus-
10T 9TH MPHMECH HA SICKTPUYECKHE CBOACTBA NMOAYNPOBOIHWKOS.

B xaxzoMm ysajie KpHCTaRTHUeCKoH PELMIeTKH MOBOXpHCTaana rep-
MaHNsl DACITONO¥EeHO N0 OLHOMY UeThipexBasieHTHOMY aToMy. B moHo-
KpHCTaajde T€PMaHHA B BaJEHTHBIX CBA3AX Y3JOBHX aTOMOB YdacT-
BYIOT BOCEMb 3JCKTDOHOB: 4YeThlpe BHEHMIEHX 2/eKTpoHA Y3JI0BOrO
aTOMa M YETHPe BHEIUHHX 3JeKTpoHa dWeThpeX COCELHHX Y3JA0BHIX
atomMoOB. IIpeano/soxuM, 9T0 B OLHOM y3J€ KPHCTANAHYeCKO pelleTKH
aToOM’ TepMaHHs 3aMeHeH aroMom dochopa — sneMenta V rpynnol.
Y tocdopa o BHewHe# 06oNosKe NATH 3JAeKTpoHOB. UeThipe H3 NATH
3NEKTPOHOB CKOMNEHCHPYIOT BaJeHTHEIE CBA3H YAAaAE€HHOTO aToMa rep-

Mannd. [lsThii 27eKkTpoH, Bpamlasick BOKPYr fXpa aroMa docdopa,
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'-TaJIKHBaeTCH ¢ ATOMAMH KPHCTaNAa, KoAeGJOUIMMHCA OKOAO CBOEro

aBHOBECHOTO TONOKeHHS. B pesyibrate TakHX CTONKHOBEHHH CBASH

‘4TOTO 3JeKTpoHa ¢ sapoM ¢ocdopa paspbisaercd. B repmanuu
-¢ mpuMecbio Hocdopa M APYTHX 2JAEMEHTOBR V [PYMNNs MOABASIOTCA

cBOﬁOJleIe 3JeKTpOHBl H HeNOIBHKHLIC NON0KUTEAbHEE 3apAMeHbbe

‘HoHBl Gocdopa. BesepcTerue 3TOr0 OH HMeeT SJCKTPOHHYIO TIPOBOAM-

MOCTE M Ha3biBAETCH f-NOAYNPOSOCHUKOM.
XapakTep 3JeKTPONpPOBOAHOCTH FW3MeHseTcs IpH AoGaBaeHHU

'k KpuCTandy TtpexsatentHsix aTomos Il rpynmet (6op, amOMHHHH

% ap.). Kaxapti atom Gopa, BHEAPEHHRH B y3eq PEWIETKH, CTPeMHTCA
3aNOJEHThL BCe YeTHpe _Ba.neH'erme CBR3H VAAMNEHHOI'O aToMa repMma-
una. Tak kak y atoma 6opa He XBaTaer OAHOTO BAJEHTHOLO 3/CKTPO-
Ha IJA KOMHeHCAllHH 4YeThipeX BaJeHTHHX CBs3eH, TO OH OTHHMaeT
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Pre. 6.7. CxeMa OXHOCTOPOHHell TPOBOAHMOCTH #—p-NOAYNPOBOANAKSE

- OOHH BaJEHTHbIH 3JeKTPOH Y COC.e,I[HET‘O aTOMa IrepMaHusg H fnpeppa-

T maeTcs B HEMOABHKHBIL OTpUuATeNBHO 3apsaKeHHHIH HoH. Mexny

Y3IaMK PelieTKH BO3HHKAIOT cBOOOMAHBIEC BaNEHTHME CBA3H (MOJIOKH-
TeJbHble 3aPAAM), KOTOpHE NPHHATO HASHBATL JbIpKAMI.

CBofOMHYI0 BACHTHYIO CBA3b MOXKET 3aHATb BANEHTHHN 3JMCKTPOH
U3 COCeIHEero y3ja pellleTKM. B pesysbTaTe TaKMX NMepeXofoB ABIPKA
{nosoxHTEAbHLIE 3apAj) NMepeMeluaeTcs no Kpuctanny. [Tepemewenue
ABIPKH CXONHO ¢ ABHXKERHEM NOJOMKHTEILHOTO HOHA. OTanYye COCTONT
JHIIb B TOM, YTO B MOHOKPHCTaJXJe MOJOKHTEJbHbIH 3apAl Mepefaer-
¢l 10 UeNOoYKe HeHOABIOKHEIX aToMoB. MOHOKpHCTAANbl TrepMaHus
¢ npuMecbio atomos JII Tpynmer HA3HBAWT pP-HOAYAPOBOJHUKAMU,
a HX 3JeKTPHUECKYI0 NPOBOAHMOCTD ~— Qbipounoil.

KosanvecTBo cBoBORHLIX A€KTPOHOB B A-NOJYNPOBOIHHKE H ABIPOK
B p-HONYNPOBONKIKE DABHO KOJHYECTBY COQTBETCTBYMOILIX NpUMEC-
HLX aTomos. OTAeAbEBE #- W pP-NOAYRPOBCOHNKH 3JeKTpoHelTpasb-
BB, Tak Kak 3apajbl ABIPOK H 3JEKTPOHOB KOMIEHCHPYIOTCH B HHX
3apAgaMn HemOABHAHBIX HOHOB.

[peanonoxkun, wTo NONYIPOBOAHHK COCTOMT H3 ABYX uacTedl
{pyc. 6.7,0), onHa W3 KOTOPHIX HMeeT MSKTPOHHYW, a BTOpas — Abl-
POUHY® nposoauMocTh. B nepsoil YacTH NOJyDpOBOAHHKA €CTh CBO-
6ondele snekTponbl, BO BTOPOH — IHPKH. VMIEKTPOHLI, TepeXoisd H3

" - B pr-loaynpopofHuE, HefiTpPaAK3yIT dacTh ALPOK B TOHKOM rpa-
HAYHOM ciaoe, [lo3ToMy uacTh 3apsfia HENMOABHMEHX OTPUIATENbHO
3aPAKEHHBIX HOHOB OCTaeTCs HeCKOMOEHCHPOBAHHON, H TOHKHA cJAo#
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pP-TOJYNPOBONHHKA 3apAMKaeTcss oTpullaTenbvo. [LBIPKH, momapatolilie :
H3 p-MOAYNPOBOAHHKA B 7-NOJYNPOBOAHUK, HEATPAMHIYIOT YACTh BJIEK- i

TPOHOR, H TOHKHH CAOH n-MOJYNPOBOLHHKA 3aPAHKAETCS MONOMKHTENDb-
uno. TaxuM o6pasoM, KOHTAKT fn- M pP-NOAYNPOBOJAHHKOB NPHBORUT
K 00pa30BaHMI0 Ha rpaHulle TOHKOro CJ0s, Ha3hIBAEMOTO A—p-Tiepe-

XOMOM, JTOT ¢A0H o0eIHEeH HOCHTEAAMM IMEKTPHYECTBA (BHEKTpOHElMH ]

H ,H,I:IpKaMH), NO3aTOMY €I'0 SJICKTPpHUECKOe CONpPOTHBRJACHHE HeCcpaBHEH-
HO BHIle, UeM Y OCTA/JbHOH YACTH MOHOKpHCTaMIa. B n—p-niepexolie
BO3HHKAeT KOHTAKTHAH pa3HOCTh NOTEHNHAJIOB C HaNMpPAMKCHHOCTDHIO E,
KOTopad OFpaHHYHBAaCT NepeXOodbl 3MEKTDPOHOB B P-IIONYIPOBOAHHK,
a4 ABIPOK — B A-NMOAYIIPOBOOHHE.

HOJI}’HPOBOJIHHK ¢ n—p-nepexoioM npOoBCGRHT Qﬂel{TpHHECKHﬂ’ TOK
TOJNbKC B OOHOM HANIpABJCHHH H ABJAACTCA NMONYNPOBOIHHKOBBIM JAHO-
Jom. Ecnu nmpucoeAuHuTh A-TIOAYIPOBOZHHK K MHHYCY, 4 P-NOAYIpPO-
BOIHAK — K Takcy Satapen (cm. puc. 6.7,0), 10 paBHOBecHe B A—p-
nepexone HapyWHTCA. E)JIEKTPOHH non ﬂeﬁCTBHEM SJMCKTPHYECKOTO
mosisg HAYyHYT NPOHHKATH B pP-NOJAYRPOBOOHHK, @ ABPKH — B A-NOAY-
NpOBOIHHK, H B LNENH IOTSYHET B.JIEKTpHHECKIIﬁ TOK. HpH H3MeHeBHH
nonspHocTH (cM. prC. 6.7,8) Bce cBobonHBle 3JEKTPOHE OT R—p-Ne-
pexona CMeIAKTCd K aHOAY, a ABpPKH — K Katoay. ToammpHa n—p-
nepexoia ypeJHYHBAETCA, H MOHOKPHCTAAN CTAHOBHTCA HIOJATOPOM.
Ha stoMm cBoficTee n—p-nepexcia U OCHCOBAHO NPHMEHCHINe INOJYNIPO-
BOOHHKOBHX AHOACGB KaK AeTEKTOpPOB.

JleTexTop H3 H—pP-NOAYIPOBOAHHKA — 3T0 HeGoJbLIASA I1AACTHHKA,
Ha MOBEPXHOCTD KOTOpOﬁ HaHeCceHH ABa IJOCCKHX 3JEKTpOIa, K -To-
AYNMPOBOAHHKY NOABOLAT BBICOKOE HanNpsi:KeHHe (HeCKOJ'lhKO COT BOJIBT}
NOJGKHTEJABHO0 3HAaKa. Hpn TAKOM BKJIYEHHH HANPAXKEHUA 172—p-
MNONYTIPOBOAHHK CTAHOBHTCH AHINCKTPHKOM H B OTCYTCTBHE H3AYYEHHHA
pasMbKaeT JEKTPHUYLCKYIO OeNb. ~Ka}< TOJIBRO B A—p-Mepexod To-
TanaceT H3AYUCHHE, B HeM DGP.’:B)’IOTCH JNCKTPOHBL II ABIPKH 11 NHOA
Ha KOPOTKOS BpeMdA CTAHGBHTCA NPOBOAHHKOM.

BpeMH NpOTEeKAHHA TOKa B €NH OTPaHHUEHO BpPEeMOHEM COﬁI{paHHﬂ
SJMEKTPOHOB 1 ABIPOK Ha COOTBETCTBYHHIHX 3JAKTpPOILAX. 10T TOK
€O314eT HA HATrPy30OUYHOM COINpPOTHBJA€HHH HMITYJERC, KOTOprfi nozaceTcH
Ha cxeMy perucrpatiin, [locne ynrajeHMst 3JIeKTPOHOB 1l ALIPOK H3
H—p-nepexoja HNOAYNPOBOIHUK CHOBA CTAHOBHTCHA H30JAATOPOM, W
SJIeKTpHYeCKad Lelb pasMBKaeTCH.

DHeprua ob6pas30BaHHUA Napel 3JEKTPoH — IABIPKA B TepMaHIl 4
KpPeMHHH ¢OCTaBNAET NpHMepHO 3 3B, BCaefcTBYHE Hero B MOJAYNPOBO[I-
HHKOBOM JIeTeKTepe BO3HHKAeT NPHMepHO B HeCHTb pas Gojblie mep-
BHUHHIX 3apALOB, 4eM B rase, NpH TODMOMKEHHN OJHHX H TeX e Ha-
cTHU. TlosTeMy YyYBCTBUTENBHOCTH MOJYIPOBOAHHKOBHX JEeTERKTOPOB
BHILIE UYBCTBHTEALHOCTH HOHH3AUHOHHBIX Kamep.

lepsaHieBbie 1 KpeMHHIEBEEe A—p-BOJAYNPOBOAHUKH 00nanaloT ps-
JIOM XOpOHIHX KauecTB KAaK AeTeKTOpH. B HuUX J0CTaTOUHO BHICOKAd
MOJABHKHOCTD H He3HAYHTeAbHas peKomBunaunsa HoHoB. OHE BHAP-
KHBAIOT BLICOKHE 3JACKTPHYeCKHe HANPSKEHHA, UTO MCKJIIYAET 3JeK-
TpHueckHid npoboll. [ToaynpoBOAHUKOBHE AETEKTOPH KOMMAKTHEL H
IIPOCTH TI0 KOHCTPYKIHH.
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' Jlad peracTpalHM PasMUVHBIX BHAOB HM3MyYeHHst TpebyloTcs He-

-'oﬂ'HHaKOBbIe TOJAIHAL A—p-Aepexoia HONYNPOBOAHHKOBOTG IeTeKTO-

a. TskeNad 3apsKeHHAsl YacTHIA TOPMO3HTCH CJAOM NOJAYIPOBOI-

. gHKa TOJLHHOH okoao 10 MxM. TakuMH MUHHATIODHBIMH fleTeKTOpaMHu
.ge TOJbKO PETHCTPHPYIOT OTHAedbHEle HAcCTHIB, HO H H3MepAT HX

sHepreTHUeCKHA CIeKTp.
Jna perMcTpanud y-KBaHTOB HYJKHBI [OJYNIPOBOAHHKOBHE JeTeK-

“qopet € OCoJbllieit TouuHoli n—p-nepexona. Ilpu BsanmMoneficTsuH

y-KBAHTOB C IIOJYNPOBOAHUKOM BO3HIKAIOT OLICTpHE 3AEKTPOHEL, NPO-
fer KOTOpEIX cocTapaaer npumepHo | mM/MsB. Cnenopareapho, nas

. perHCTPALMH Y-KBAHTOB ¢ BBICOKOH 3Q(PEKTHBHOCTBIO TPHCOAHBL Ae-

TEKTOPH ¢ TOMIKHON H—p-Nepexofa He MeHee HeCKONLKHX MHJJAHMET-
pos. Takue HETEKTOPEL NMPUTOAHE ¥ AJA CNEKTPOMETPHH y-KBAHTOB.
PaspelieHHe MOAYIPOBOAHHKOBH X raMMa-clekTpoMeTpor B 2030 pas

‘pHlIIE Da3pelleHuAa CUHHTHAAAUHOHHBIX TaMMa-CcIeKTpoMeTpoB nDH

cpaBHUMON 3PeRTHBHOCTH PErHCTPAUHH H3Jy4eHIs.

B CTONKHOBEHHAX ¢ aTOMaMM KPHCTanAHUeCKol pelleTkH, cosep-
WAKLHX TenJoBoe KoseBaTesNbHOE ABHIKEHHe, BANEHTHBIA 3IJEKTPOH
MOKET MOJAYYHTh MOPUHIY IHEPIrHH H cTaTh <Bo6oAHEM. Torga B moay-
NpOBOAHHKE BMecTeé <0 (BOGOGHANBIMH 3JMCKTPOHAMH BO3HHKAWOT H
ABIPKH.

Co6cTpeHHBIH (TeMHOBHIE) TOK MOAYRPOBOAHHKA, He CBA3IAHHBIA
¢ perHCTpHPYEMBIM 113JydYeHHeM, BO3pacTaeT ¢ TOBBILUEHHEM TeMmiepa-
TypH. OCcoOCHHO BLICOK TEMHOBHIH TOK B TepMaHHEBHX AeTEKTOPax,
KOTOphle NPHXCAHNTCA OXAaXAATbh AHIKHM d430TOM.

§ 6.3. APYTHE METOAbl PETUCTPALMH H3AYYEHMH

Cueryukn Yeperxona, CKOpPOCTE cBeTa B NPO3PAYHOM BEILECTBE
¢'=cin, rie n—xKozxpduuueHt npenoMnenus. Ecan sapsamenHas da-
CTHLA, ABHKYIIAACA B BAKyYMe €O CKOPOCTBIO ©>C/#, IOMANaeT B Ta-
KOe BeLIeCTBO, To ee CKOpocTh Oyner GoJbme CKOPOCTH cBeTa ¢
B 5TOM BelilectBe. YeM GoJble KO3 QUUHEHT OpeIoMAeHHA, TeM MeHb-
e CKOpocTh cBeTa ¢’. ¥ Boab n==1,33, a ¢'=2,26-108 m/c, y cTekaa
n=1,50, a ¢'==2,0-10% m/c.

HBHKenye 3apaXKeHHBIX YacTHIL cO CKOPOCTBIO U2>¢’ B NPO3PauHOM
BEWeCTBE CONPOBOXKAACTCA ICMYCKAHHeM H3JYUeHHs, 4acTbhb KOTOpPOTO
HaXofIKTcA B BIMIHMON UYacTH CIeKTpa. 3TO H3JyueHHe BIepBHE OT-
KpblaH coseTcKile ¢usnkn C. M. Barunos u I1. A. Yepenkos, no ume-
HIl KOTOPBIX OHO ¥ Ha3BaHO.

Haayuenue Basuaosa—Yepenxosa pacrpocTpaHdercd MOL yriaoM
O=arccos(c{nv) k TpaekTopi yacTHOE. C POCTOM CKOPOCTH YacTHLEL
U yroa ¢ ypeNuWYHBaAeTCS i AOCTHTAeT MAKCHMAJbLHOTQ 3HAUEHHS TPH
CKopocTH v==¢. JTo cBoficTBO u3Myuenda Basunoa — Yepenkosa no-
J0}KeHo B ocHOBY pabaThl cueTyuxop YepenxoBa (puc. 6.8). Brrerprie
3apsiKeHHble YaCTHUE €O CKOPOCTBIO U>>¢’ BXOJAT B UNIHHIAPHYECKYIO
YacTh cocyla 13 npo3payuoro pellectsa C (nJeKCHryac, cocyn, Ha-
NoJHeHHbH BOAGH), [Ipospaunoe BeecTBO B TeueHHue KOPOTKOIO Bpe-
MeHN ABILKEeHHS 3apsKeHHol YacTHUB! CTARHOBHTCA HCTOYHHKOM CBeTa.
¥rog mafenus ceeta Ha rpaHHUy BemlecTsa C ¢ BO3AYXOM G/H30K
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K yriy NMOJHOTQ OTpazKeHHH. HDC')TOM}’ CBET HE BBIXQAHT M3 npo3pay- |
HOFO BeLIeCTBAa H IOCJae MHOTOKPAaTHRIX OTpaKeHHH epes (pOK}’-CI‘I—'

pymoilyio anHsy JI nomagaeT B (POTO3JEKTPOHHMN YMHOMKHTeNb P,

Ecan gmuua coeyna [ pasra 20 cM, To Bemmmka cmeTa fipopos- §
maereq [/¢'=10-? ¢. Kak caeficTBHe 3TOro, CYeTYHKH UepeHkoBa ume-

T O4YeHb MaJoe paspelaee BpeMa M OTHOCATCA K MOpPOroBHM JNe-

TERTOpaM. DTH CYETUHKH PErHCTPHPYIOT TOJBKO 3apA:KEHHHE YACTH- |
LUbl, CKOPOCTE KOTOPHIX NPEBBINAET CKOPOCTb CBETA B IPO3PAUHOM

BRUIECTBe,

.

AN

hgvxﬂ

Puc. 6.8, Cxema cveryuka Yepenkona

-

TpexoBbie Kamepnl, B SKCIIEPUMEHTANBHON (DH3WKe HCMONB3YIOT TPH
THIIAa TPEKOBBIX KaMep: KaMmepy Buancona, AUPPYSHOHHYIO U My3HIPb-
KOBYI0 KaMepH. B Taknx KaMepax wactuum PETUCTPHDPYIOTCA IO BH-

AWMBIM caepaM (Tpexam), KOTOpHe BOSHHKAIOT BIOND TPAEKTOPHH ]

YaCTHIL
Pabora xasepst Busscora ocHoBaHA Ha CIOCOGHOCTH HOHOE GHITDH
UEHTPOM KOHAEHCAUHH NMapoB XHAKOCTH. IlpocTeiiman Kamepa Bujab-
_ COHA COCTOUT H3 KAMEPHI-IH/JHHAPA H HOpII-
EPEr LY. — 7 HA (pHc. 6.9}, Tlepen vauasom 3KCHEepHMEH-

] i Ta KaMepy HalOMHSIOT HACHIMEHHHIMH ma-
; ; paMH KHAKOCTH (BOAbI, cnMpTa). 3aTem
!III’III’IIIIII/_.Il’lll"’l-"'I:! NOopLIeHDb 6HCTPO ONYCKAawT BHU3, PaCI_L[H-
H ! peHHe ofbeMa Kamepw NPUBOAUT K maje-
y , 4 HHIO TeMNIEPATYphl, B pesy.abTaTe uero oG-

. MOMEHT 4epes KaMepy TMpPONeTHT 3apsKed-
Pre. 6.9.B Cxema_ KAMEPH  yag wacTHHA, TO BOKDYI HOHOB BOSHHKHYT
,_mm““::‘bc:fi‘ma: s KaNeabKH XHAKOCTH. OHH AenamwT Buau-

MORBHMCHEE  mopltens; 3 — crek- MBIM -CAeq, BEPH}KGHHOﬁ YACTHIBI, HA3KIBAC- |

AAHAbE aEAukap MBIt TpekoM. Tpeku, ocBellleHHEIe GOKOBLIM

cBeTOM, doTorpadupytor. Ias ompenetenns 3naxa 3apaia dacTHIM
Kamepy BusapcoHa nomemampr g OAHOPOJHOE MArmHATHOe Imode., Ha
puc. 6.10 nokasanel cortorpapuposanupe Tpeky NO3UTPOHA H 3JeK-
TpoHa. [lapa 4acTHu BRIXOAMT u3 OAHON ToukM TOBEPXHOCTH MeTan-
JIHYCCKOH [VIACTHHKH, KOTODYIO 00/y4aloT y-KsadTaMmu. Iosntpon u

JCKTPOH OTKJAOHAIOTCH MATCHHUTHEIM noJieM B APOTHBOMOJOKHBIX Ha- |

IPaBACHHAX B COOTBETCTBHH ¢ HX 3apapaMy.
Yepes 1-—2 ¢ nepechiueHHuI nap KOHOEHCHpyeTcd, H KaMepa

CTAHOBHTCA HENPHrOLHON AM5 HABJIOAEHHS TPEKOB 9acTHLL Hnga paan-
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Bl BHCOKOﬁ BHEPrHH, NOJHOCTBIO aBTOMATH3HPOBAHO. Bumecto nopi-
: {l'lﬁ HCNOJAB3YIOT Memﬁpaﬂy, JasJeHde TOx KOTOpOﬁ ABTOMATHYECKH
‘zenﬂe'rca. [Mocne yMmenbWweHUA AaBAeHHA MemOpaHa nporutaercs,

jiero HCMOJB30BAHHA KaMephl K Heil MOABOJAT HaNpsIKeHHe M yda-
Jor H3 ee o6beMa HOHH. [loplleHb BO3BpAIUAIOT B HCXOLHOE OOz
eHHe, KaMepa CHOBA HANOJHAeTCA HACBILEHHHIMH NapaMu H T.q,:&m-
VnpapieHne COBpeMeHHBIMH KaMepaMH, PErHCTPUPYIOLIHMH :

eNUYHBAas A0 HeoDXOAUMHIX pa3MepoB 00beM KaMephel. YacTHIE me-

pel BXOAOM B KaMepy nposerator uepes cuerunku [eiirepa — Miroa-

Puc. 6.10. DororpadHa TPEKOB MOUTPOHA I K-
TpoHa B Ramepe BuabcoHa

aepa. CUTHAJ OT CUETYHKOB NMOLACTCS K MEXaHU3MY, KOTOPHIHA coag{iﬁ:
nepecHllleRALIA Dap B Kamepe, BKJIOYAET ocae{meuue H cl:omr;:{aMe-
pyeT TpekH. 3aTeM yepes oNpefeldeHHH MPOMEKYFOK BPEMEHH ’
Py OUHIIAIOT OT 3apAA0B H CHOBA HAMOMHANOT HACBILEHHHM nangﬁo_
B Quppysuonnoil xamepe NOZLePKaHHE COCTORHMA nepeca;;.}B o
TO mapa MPOUCXOAHT BCAECACTBHE ;mspcpysnn napoB }KHHKOC;I;];I en?{pbse
HIOD, Tenayio dacTh AM(OY3IHOHROH KaMephl Blla_?ﬂ.ﬂ'r HeH . :.}11 e
Naph JerKoXHOAMeH KHAKOCTH (cIHPT, 2dup). Tlapsl xuak Cncxo,zm'r
PYHAHPYIOT B HUIKHION, XONOAHYI0 YacTh KaMephl, Fiie Npo CxoxuT
HX KoHAcHCAUHs, Mexny XoJoXHOH M TellyioH YacTAMH KaMmep pwg
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NOJGMKEH YYBCTBHTEJBHBIH ¢J00 TepeCHILCHHR X lapos. COCTOHHHe

NEPECHINCHHOro Hapa B KaMepe BrJbcoda CoXpaHsieTca He OoJee]
1—2 ¢, 1 ectn BEPOATHOCTL NMPONYCTUTH HAGMAIONEHHe KaKOTO-TuGo
MHTEpECHOro mpouecca. B audpysnonsoin KaMepe COCTOAHHE MEpeckh-
IUEHHOrO Napa B YYBCTBHTENBHOM CJOE HNPAKTHUECKH He OTpaHHYeNO }

YCKOPHTENM IAPHEHHBIX HACTML

§ 7.1. HASHAMEHHE YCKOPMTENEHA

BO BpeéMeHH. JTo BaxHoe lipeuMylilectBo AHPDHY3HOHHOI KaMephl né-

ped Kamepoit Buabcona. Ofnako yeeanuenme BpEMEHH AefcTRHA [~ |
¢by3noHHOH KaMepH ZocTHraeTcs YMeHbIIEHHeM TOJILIMHEl YYBCTBU-

TENBHOTC C/I0A B 00beMe KaMephl.

B xamepe Buabcona u AnpPY3HOHHOR KaMepe MIOTHOCTH MoJIeKyn
B YYBCTBHTEJBHOM 0O0BeMe He NpeBblmaer |( MoJeKyJaafcem3. Ecay
I6Pe3 ras npoJeTaeT YacTHUA C 3HeprHeit Ez21 I'sB, 10 B kKaMepe
-o0paayerca caabuiit MPEPBIBUCTEIR ¢/lell, O KoTopoMy TPYHAHO CYAUTB
O CBOMCTBAX HacTHL, IMosroMy nas Habaogenus sa Takumu YacTHUA-
MH HCHOJIB3YIOT MY3BLIPbKOBYIO KaMepy, 3ATONHEHHYIO JIerKOKHIIAHMH
HHAKOCTAME (BOAODON, AeHTepuil u Rp.). 3aMeHa B KaMepe rasa
JKHAKOCTBIO YBEIMYRRAET Gosee Yem B 100 Pas MJIOTHOCTE MOJEKY.
R sjep. BeaeacTue storo ¢ momompbio IYSHPLKOBOH KaMeph cTato
BOSMOKHBHIM H3MepeHHe NPoSeros uacTHI ¢ sHeprueit £2=1 I'sB, uay-
YeHHE ALEPHHX peakuui noy Mx JeicTBHeM H T, I

Pa6ota nysapsxosor Kameps, NOCTpoeHAa Ha OMHOM H3 CBOHCTE
HKHAKOCTH: TeMmepaTypa KHNeHHs XHIKOCTH B 3AMKHYTOM <coOcCyne
S4BHCHT OT NaBAeHHHA. JIErKOKHNALLYIO KUAKOCTD HONAEPKHBAIOT TOX
AABJCHHEM NPH TeMIepaType, HECKOJbKO NpeBLIIAMmel TeMIepaTvpy
KHIEHUA Tpi aTMOChepHOM Aasnennu. IMocaenywoniee pe3koe c6pachi-
BaHHe JABJEHNS 10 aTMocdepHOro mesaeT IKHIKOCTD neperperoi.
B Teuenme xoporkoro Bpemenn (oxomo 10 Mc) XHAKOCTS He Kunmr.
Ecan B 3T0T npoMexyrok BPEMEHH B NEPETPeTOR KHAKOCTH MOSBHTCR
8apRXEHHAA YaCTHUA, TO Ha HOHAX BHOAL ee TPAEKTOPHHA BO3HHKAIOT
NYSEIPBKH Tapa. JTOT BHAMMBIN Caej (Tpek) wacTHuw dotorpagupy-
10T, & 3aTeMm H3ydajor. [lyseIpbKoBbE Kamepr YCTaHaBIHBAIOT Ha
MOIUHLIX YCKOPHTENIAX 3apSIKeHHBIX YacTHI, Ha BHIXOde M3 KOTOPHX
TOMYYaI0T YaCTHIB OrPOMHEIX SHepruii. B MoMeHT Bmycka wacTun
B KaMepy cOpaCHB2IOT JaBJEHHe H tororpadupyior TPeKH 4YaCTHIL
B KHIKOCTH.

Poronaactunkm, POTOIMYILCHOHHBIR cJlofi, OGIyyeHHEN 3apaKeH-
HBIMH 4aCTHIAMH HMM (OTOHaMH, depHeeT mocJe npoABAeHuA, Do
€BOHCTBO (hoTonIaCTHHOK HCIIONb3YIOT TIPH PErHCTPALHE H3AYYenHil.
C moMompro (oTonNACTHHOK MOMKItO H3MEPATH NO3B! H3AyYeHHS, pe-
THCTPRPOBATL OTAeNbHEIe dYacTRUM. [lo3y Haayuesus OnpefeasaoT
fI0 CTENEHH MOYEPHEHHSA NMIaCTUHKH, 4 OTAEJBHHE YACTHIb! — 110 Tpe-
KaM B (BOTOSMYyabCHU, :

Las perucrpanun uanyyennii IIPIMEHAIOT MEAKO3EPHUCTYIO (PoTo-
SMYJbCHIO, TaK Kak OT pa3Mepa 3epeH 3aBUCHT YYBCTBHTEABHOCTD
(oronnacTukE K Haayenmo. Ilpn perncrpamun GrreTprix wacrny
HCIOAB3YIOT CTONKY (POTONMIACTHHOK, TOJIIHHA KOTOPO#H IpeBHIlIaeT
nosHbl npober yactu. GOTONNACTHHKH YROOHE TeM, 4To nocje npo-
ABJEHNA N0 HUM MOXHO NETANLHO HSY4aTh TPeKH yacTan s Hhoto-
SMYJILCHA H NOAYYaTbh HHPOPMALHIO O BMIE YACTHI, HX IHEPTHA ¥ 7. 1.

CpoilcTE2 ATOMHBIX S€P H 3JeMEHTApHBIX YacTHH JKCepHMeH-

TadbHO H3YUAlOT ¢ NMOMOLIBIO SZEepPHHX peakuuil. das npoTeKaHus

sIepHON PeaKUHH HeoOXOAHMO COMU3NTL IBA AAPA TaK, YTOGH Memni
HHMH BO3HHKJIO sifiepHoe B3aHMolelicTBre. [lpoueccy cOAMKeHAA mily; ¢
afep ¢ MOPAJKOBHMH HOMepaMH Zy H Z, NpenaTrcTByeT no'rerlgniv_
gt 6apbep BhicoTOfl Vi MaB (cM. § 3.3). Ilpm snepruax Es<V,

. BEpOATHOCTD CGJIH}KEHHFI AfCp CPaBHHTCJAbBHO MaJa. l'loa'romy- and

yBeJHYEHHA YHCAA ANEPHBIX PeakuH# HeoOXOAHMO YCKOpATH Gombap-
HpyOllHe fapa 00 3Heprufl Ea> V. _
8 pg KavecrTse GoMOapAMpPYIOLINX Afep HCIONBIYIOT JIeTKHe sfigpa (ua

- CTHllbI): I[IPOTOHHL, AeNTOHB, ¢-YACTULH H ap. BiicoTa moTeHIHANbHO-

ro 6apbepa AJd JerkKux sifiep HeOOJbINAA, H H3YUeHHe AAEePHHIX pe;g:
ouii TpedyeT CPAaBHHTEABHO HEBHICOKHX 3aTpaT 3HepTHH Ha HX yC
peHF[%mee sdepHbie peakiHH ObIMH OCYLIECTBJEHH IPH GOMGap}IH:
pOBKe sAep o-YacTHIEAMH, HCNIYCKaeMBbIMH eCTeCTEeHHHMH o-H3Jyda
TeNSMH. DHEPTHs «-9acTHI He IpeBHIlaer 9 MaB. TaK%e qzagmuu
NPHTOAHW [/ H3YUYeHHs AJepHBIX peakKUufl Ha ampax ¢ Z2=5 20, -
B mpupode ecth eltle OAHH WCTOYHHK OHICTPHIX 3apPSKEHHBIX a-
CTHI, ~— KOCMHYecKoe H3aayueHHe (cM. ra. 9). B ero cocrase ecTb 79a

CTHIB OT'POMHBEIX 3HeprHil {6oaee 108 I'sB). Hayuas paanmozeficTsHe

KOCMHYECKHX 9aCTHI, C BellleCTBOM, YU€HBle IOJYYUIH MHOTO HeHHHIX
CBeleHdl ANA AACPHOH (H3UKM M (HUBHKH 3JeMeHTAPHEIX WAacTHLL.
Oxgaxo IJIOTHOCTD NOTOKA KOCMMYECKHX HAaCTHU HeBesHKa, H s Ha-
6.1:0/1eHHA HEKOTOPBIX peaKHHiki NPHXOAHTCA NPOBOAUTL JNAHTENbHBIE
MEHTHL.
3ch§£iHile NOTOKH OBCTPHIX HacTHL MOAYYAalOT HA YCKOPUTEJAX,
NPHHIMI AeHCTBUSA KOTOPBIX OCHOBAH Ha YCKOpDEHUH 3apsKeHHOH ya-
CTHLBI, ABHXKYIIEHic B 3JeKTPOMArHHTHOM node, Ecan qacmua{g 3a-
paIoM ¢ TPOXOAHT YCKOpsOUlee 3JAeKTpHUecKOe Hanpsxkenue U, T
€ KHHeTHuecKas OHEPIHs ypenuunpaercs wa gU. B ommux Tt
Nax ycKOpHTeJAeH, TaKHX, Kak SHeKTPOCTaTquCKHSHM rer;sepa'rcgi
Ban-ne-T'paada, coznaercs BrcoKoe Hanpsxernde — 1o 8 MB. chO-
PHTENAX HEPYTHX THIOB YacTHUA YBENHUMBAET CBOK SHEpPTHIO, MHOI‘e-
KpaTHO npoxo%ﬂ CPABHHTEALHO HebOJbIIHE YCKOPAWILHE HalpsikK
— QK 10 kB.
HI/IﬂB C%B?)g;eﬂﬂblx YCKOPHTeNAX 3HEPrus GHICTPHIX YACTHL A0OBeleHa
Jo 400 I'sB. Oznako JaXe TakHe BbICOKHE SHEPIMH YXe HeIOCTaTOY-
HBElL 114 NpoBeJleHHA HEKOTOPHIX 3KCNepHMeHTOB. C yBesNHUeHHeM 3Hep-
THH 9acTHIL HAGJMIONAIOTCH HOBBlE H HOBHE fABJIeHHA. [las uaydenus
3THX ABAEHH{l TpeDYIOTCA YacTHUB GoJee BBICORHX 3RHEpruil,
BrepBole OBIIM OTKPHITH B KOCMHYECKOM H3JY4YeHHH YaCTHLH NO-
3HTPOHEI, MIOOHH!, THOHE H JAp. KaK HoIyYHuTh HX B 3eMHEHIX ycnoaa:ﬁ



H TOJHee M3YYHTb HX cBoficrea? [Ilo CooTHomMeHHI0 W=mc¢? nang
POKACHUSA 4acCTHHB ¢ Maccoit nmokos HeoGXOAMMa KHHeTHuYeCKas)
SHEPIHA He MeHee myc OgHako B SACPHOR peaKUMH BOSHMKAIOT OQHO-]
BPEMEHHO HaCTHULI H ZHTHYACTHLBI (cM. § 9.3), maccn ToKos KoTo-
PHX pasHul. Hanpumep, B snextpuyeckom nose fApa y-KBAaHT C 5SHep-
ruefi B, =1,02 MsB obpasyer napy BNEKTPOH (YaCTHUA) — NOS3H- |
TPOH (aHTH4ACTHHA), CrrenoBareasno, Tobko na TONyYeHHe mappt 4a-.
CTHLIA — QHTHYACTHUA TPeSyeTes HIPacXoloBaTh sHepruw 2myc2, Kpo- |
Me TOro, B ALePHON peaklMH coxpaHseTcs HMIYABC, T. €. KOMNYECTBO }
ABHXKEHHA J0. Deakuuu papHo KOJHYECTBY ABHXKEHH# [I0cae Hee. Ha

COXDAHERHE HMMYJbCA HIET YacTh KHHETHUECKO) 3Heprun GoMmGapan- j
PYIOIHX vyacTHL, 1

' . § 7.2, NMHEHHDLIE ¥CHOPHTENM

CxeMa OAHOTO H3 JHKEHHBIX YCKOPHTeaell — 3JeKTPOCTaTHUeCKOro
reHepatopa BaH-ne-FpaaQ)a—HOK?saHa Ha pue. 7.1 YCKog}E{:EHEaE:
i cTRI [IPOHCXOANT B YCKOpHTeAbHOH Tpy6ke 7. Buyrpy tpy )
RATCA  M3rOTOBJEHHBIH H3 3JeKTPOH30JATOPOB (CTEKJIO.HCDJI]:: HEE‘
" HCTOUHHK MOHOB H M chHcTeMa TPyGuaTEIX s/eKTpouob. [locaen e
pacrnoIoXKedsl B OXHY JHHHIO HA HeGOJBINOM pACCTOAHUNM ;lpy;HbIﬁ
apyra. C ONHOrO KOHUA CHCTeMBl 3JEKTPOAOB NOMEMAKT HO !
HCTOWHUK H, ¢ gpyroro — mumens M W3 HCcAeAyeMOro MaTepHana.
YckopureabHast Tpy6Ka BaKyyYMHpyeTca A0
AapaeHHA 1075 MM pr. CT. 3T0 HCKAOUaer

; HOHOB C MOJeKY-
Hcrounnkamu 6oabmnnctpa JACTHL, TaKiX, Kak NHOHB, anTHHei- QK CTONKHOBEHHE ycxgga:;qoh];i“e O aonery:
TPOHHI, AHTHNPOTOHH H Ap., cayxar YCKOPHTEMN TPOTOHOB. HaeTuup ] k. JaMH BO3AyXa H ° g}laMH :
BOSHHUKAIOT NPH CTOAKHOBEHHH yCKOpeHHHIX NPOTOHOB ¢ HykioHamu P PSAA MEXIy 3Jleb1<H(Fﬁ e HOMBOLAT BHCO.
Muwenn. Iloporosas sueprna Enop A% poxaenus napu wactnua — K- ﬁ;;:gi‘;ﬁl 10 %}_’mﬁ B. Uepes cicre.
HTHYACTH - Koe — B.

BT onpeleanenca nupaxeriew 4. MYy DOCJAeJOBaTeNbHO COEIHHEHHBIX CONPOTHB-
Erop =186, (Mioa/ Mop +2) TsB, . JeHAH OHO PaBHOMEpPHO pacHpefienseTcs Mex-
- h i K-

Dop e M op — Macchl OKOS 4aCTHUBL @ W NpoToma p, a. e. i, [lo- JF< Ay HWOHABLIM HCTOYHUKOM, TPYOUATHIMH 376

POr POXIEHHS mapw HeﬁTpOH—~aHmHeﬁTp0H (Moa=tpn=xmoy) } Tposamu u muwenskp.

yCKOpﬂeMbIe HOHBI MONIaAaldT H3 HOHHOTO

Caor=1,86-30y~56 ToB. HCTOYHHKA BHYTPb NEPBOTO 3JIeKTpoga. B 3a-

Haa sosunkHOBeNHR moKomwelics Napel HeHTPOH — aHTHHETPOH - i 30Pe MY HCTOWHHKOM H NepBHIM 7eKTpo-
HeoGxonuMa sHeprus 1,879 I'sB. Henpouzsoantensunii PAcxon sHep- M. o ponb: HOJIYYAOT [EPBYI0 TOPUMIO 3Hep-
TR £=>5,6—1,879~:3,7 TeB cocrapisieT Sonee */s noporosoii sueprim. J¥ . rad. BHYTpH Tpy6uaThIX 3J€KTPOSOB. HOHbI
AeHCTBYIOILMX YCKOPHTEAAX 3HEPTHH MNpoToHOB AOBEleHa 10 ABHXYTCS N0 HHepUHH, TAK KAK TaM HeT JeK-
400 I'sB. Hs s7oii 2HEPTHH Ha NOJe3HBle iesH HCHOJIB3yeTeH NMpHMep- I 'Tpnqecxoro nond. Cuaelyollag NOpLHS 3HEp-
HO LecATas wacth, T. e, okoao 40 3B, _ 5 . MepefaeTcd UACTHIAM B 3a30pe MEMIY
HPPEKTHBHOCTD HCIOABLIOBANUS SHEPTHH YaCTHIL NOBBUIAETCH MpH | 3 NepBLIM H BTOPHIM SJEKTpOAaMH H T. A. Yactu-
CTOAKHOBCHHH BCTPOUHBIX NYYKOB YCROPeHHHX vacTul,. Ilpn ogunako- | F 14, nonajaioline HA MMILICHD, A e I A R SR—
BOH SHEPTHH YaCTHIL BO BCTPEYHbIX TYyuKax HX cyMmapHsiii aMayapc |§ E  ouepruii E=qU 3B, rfe ¢ —sapaj vacTaubl cknéi  redeparop Bam-ge-
A0 peaKuHu pared uymo. [Tostomy n Gecmosesyeie pacxoaw sHeprun | B envmunax e, U —HanpAXeHHe Ha yCKOPH- Tpaada
Ha coXpaweHue UMDyYJhca yacTHI BO BPEMR CTOJIKHOBEHHS CBOIATCA 4 it Tpy6Ke, B.
K muuuMymy. Honoyerum, uyro s YCKOPHTENAX ¢ HeNOABMMKHON MU- Ten%li?COKgg HaMpAXK:AHe MONYIA0T CAELYIOUIHM CNocoBoM. 3apﬁﬂ;f
LICHPIO 1 €O BCTPEYHBIMH NYYKAMH HacTh FHEPrHM MACTHUH, Nemoib- S - I3 HU3KOBOJIBTHOTO TEHepaTopa uepe3 ClemHaJbHylo rpedeHky noa )
3yeMas B ANepHOA peakuny, onHuaxkosa. das seimonnedus ITOTO VCA0- ] L. iorea & Touky A Ha GeCKOHeUHb peMeHb, H31‘0:]"05.H€HHHH n3 %\FIGI;_
BHA B EPBOM YCKOPUTEe HEOGXOIHMO YCEOPHTb HacTHUB 10 sHeprun | ¥ TpoMsOAMpYIOWlero MaTepuada. B touke B Takoil ke rpeﬁeH,Kon 3H-
£, a Bo BTOpoM — 110 sHeprun £ Ecan sHepras mokos HacTHUBl M- nanpr chuwaoTcA H MOAAIOTCH HA MeTa/IHYEeCKY10 moaychepy — Ko
Wo Es, 10 E122E% /W, B aykop P 3apAab, HaxannauBasich Ha BHEUIKEH  MOBEPXHOCTH,
B Hacrosuee spems NERCTBYIOT yecKopuTeau, B KOTOPRIX H3ywaroT S [ opiniaor HaNpsMxeHHe Ko}m}g(mpa 1o (5+8)10° B, xoTopoe mo
B3ANMONEHCTBHE BCTPEUHBIX MyYKOB SMEKTPOHOB 1 NOSRTPOHOB ¢ snep- SME Ha YCKGPITEeJbHYI TPYOKY.
ruaMH 1o 3,5 I'sB, serpevnnix myukos MPOTOHOR ¢ 3Hep[;14eﬁ 28 I=B. K- ﬂaelT‘jC;[u cpleHHPI‘EJTbHO npocToMm ycrpoiicTse reHepaTtop Ban-ne-Tpa-

B yckoputene ¢ nenoasnmuon MBUICHBIO TAKHM SHEPIrRAM YacTHI co-
OTBETCTBYRT JHEPTHA 3JEKTDPOHOB {rosuTponos) 49000 I'sB, sueprug
npotouos 1700 I'sB, '

Oana na raasumx TPYAHOCTeH HAa nmyTH paspadorTku yCKOpIiTe-
Jieit ¢o BCTPeyHBIMU AYIKAMH — MOJyYeHHe NYYKOB ¢ BEICOKON MioT-
HOCTLI0 4acTRI. TONBKO MpH CTOMKHOBEHHH TAKMX TMYYKOB OyneT Ha- |
GronaThed 3aMeTHp BBIXOJ AAEDHBIX peaKiuil. '
112

aha fmaer cTaGUABUBE ToK waetnu no 0,1 mA. T:'iKou reHe?;(;[::-
HCITOALIYIOT ANA NPOBEAEHNS AJepPHBIX HCCJAeA0BaHHH H KaK El;pe:lrnﬁ
PHTeMbHBIH yCKODITeJb HOHOB AJAA ADYTHX YCKOpHTeneill, IH EeHO
YaCTHI[ 3ABUCHT OT HANPAKEHHA KOHAYKTOpPA, KOTOpOe oOrpaHu
YTeUKOH 3apsioB ¢ NOBEPXHOCTH KOHAYKTOPA Hepe3 BOSI[YX: e

B yckoputenbHol TpyGke JAMRENHOro pe3oHaHCHOrD ycxﬁpoxo}[{.
(puc. 7.2) yckopenue HoHOB NPOHCXOAUT HPH MHOTOKPATHOM TP

113
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JeHuHN MMM HeGOAbIOro Hanps:KeHHd, NORABAEMOTO OT BHCOKOYA- ]
crotHoro (BY) renepatopa. Jausa TpyOSuaTelX 3JEKTPOAOB YBeJIH-

HHBAeTCsA B Halpap/ieHHH OIBHMKeHHA HOHOB, B]_JEMH HHepUHAJbHOTO

JBIKCHHS HOHOB B0 BCeX TPYOGKaX OAMHAKOBO M DPABHO HoaynepHony |

H3MeHeHRs HanpaxeHHa BU-rewepatopa. YerHbe TpyGuaThie 3aekTpoO-
AH NOAKAKUYAWT K OXHOU Kaemme BY.reHepartopa, a medeTHnie —
K Apyrofi.

‘HY'CTb MOJMOHHTENBbHO 34pAKeddbe HOHLI BXONAT B 3a30p MexAay
JIEePBLIM H BTOPHIM SJAeKTPOJAMH. B 3TO BpeMA Ha HCYCTHHIE 2JeK-
TPOAH MMOoHAeTCa NOJACHKHTEJbHOE, a Ha YeTHRIC — OTPHUATEJABHOE Ha-
AOpsMeHHe, K MOMEHTY BHIXOAa HOHOB H3 BTOPOTO SﬂEKTPOT-[a Ha HeT-
HBIE AAEKTPOALI TORAETCH MOJOMHTEbHOS HalpAXKCHHE, a Ha HEUeT-
HEbl€ ~— OTPpHEATEABHOE ® T. 1. BpBMS-I NPOXOXACHHA HOHOB Yepesd

CECD GECO oYy

Puc. 7.2, JInuefiHplil pe3oRanCHBRI YCKOPHTEb:
I — BY-repepatop; 2 — HCTOURHK HOHOB; J -— MHIOEHE

"KaXAHH 9AEKTPOA H [epHOA IiepeMeHHOTOo HalpsiKeHHA paBHW. [lo-
9TOMY YCKOpDHTeJH HA3HBAT pesonancHuimy, Ha npixoie AuHeHHBIX
Pe30HAHCHBIX YCKODHTeNe sHeprud 4acTyl yBednunreaetca 1o 22 [aB.
OB} JOCTYNAKT Ha MHIIEHb WMIYJbCAMH Yepes BpeMs, paBHoe Iie-
puony BY-reneparopa.

& 7.3, WHKROTPOH, MA3OTPOH

3apsaeHHAs 4acTHUA ¢ MacCoH 7t W 3apsAAOM ¢ ABHXKeTcs B Of-
HOPOAHOM MAarHHTHOM NOJE 410 OKPYMKHOCTH, €CJIH €& CKOPOCTh ¥ No-
-CTOAHHA H MNePHeHAMKYJAAPHA K HaNPaBJIEHHK MATHUTHOH WHAYK-
uuyu B. Paanyc opGHTE yacTHUH
R=muv|Bg.
YHacrora BpallleNHs v (4Hea10 000pPOTOB YacTHLH 3a 1 ¢) pasHA
YACTHOMY OT JEJEeHHs CKOPOCTH YACTHUB! HA AJHHY OKPYXKHOCTH 2mR:

v=RBg[2nm. .

'OHa He 3aBHCHT OT CKOPOCTH HYaCTHUBLI, OKA Macca 1 NOCTOAHHA,
uTO K UCHONb3YeTCH IPH YCKOPEHHH 9acTHIl B IHKJAOTPOHE.

HUKI0TPOH COCTOHT M3 MarHHTa, MEXKAY NOJIOCaMH  KOTOPOTO
B ONHOPOJHOM MATHHTHOM NOJIE€ NOMelleHBl ABA MYCTOTENHX 3JeKTpo-
H30JHPOBAHHRIX 2JIeKTpOfla, HasHBaeMelx dyanramu (puc, 7.3). K my-
-aHTaM HOABE/EHO CPABHHTENBHC HH3KOe HanpsxeHde ot BY-renepa-
TOpa, a nocepeldnHe ey MeXAy AYAHTAMH PacHOAOXKeH HCTOUHHK
HOJOKUTEAbHEIX HOHOB., Bea cucTeMa (DyaHTH ¥ HCTOUHUK WOHOB)
3aKMOYCHA B BAKyyMHYI0O Kamepy, JaBJeHHe B KOTOpOH OK0Jo
103 MM pT. CT. :

14

e [IpeduoJOXHM, YTO MarHHTHAsA HHAYKLIHS B, nepneHIHKyasipHAsA
& CKOPOCTH IBHIKEHHST MOHOB V, HANDAaBJEHA OT UHTaTeNd K CTpaHH-
a HA TpaBHii AYaHT OONAHO MaKCUMAaJbHOE NOJOKHTEJIbHOE HA-
ppskenne.  TTonoKuTeAbHEE HOHL, BHIUyLIEHHne U3 HCTOYHHKA,
YCKOPAIOTCA B I&JH H BXOLAT B NeBbili yaHT, TAe OHH ABHXKYTCS
¢ TMOCTOSHHOM CKOPOCTBIO N0 OKPYAHOCTH B MAaruMTHOM TOJE. LIac*ro-_
Ty reHeparopa NoAGHPAOT paBHOIl WacToTeé BpallieHHsl HOHOB. Korapa
. MOHHI, CHENAB NOAY0G0POT, MONAZAKT CHOBA B IUeAb, TO MAKCHMAAb-
Hoe TOMOMKHTEJALHGE HAMpAXKeHHe MNOAaeTCsl yXKe Ha JeBBH AyaHT.
Viol: B Liejiu HOJMYUYaloT BOBYIO HOPUHIO 3Heprav u 1. A. Iloeae xax-
JOT0 MPOXOMAEHHA L1eNH CKOPOCTh HOHOB BOIPACTALT, a pafHyc opbu-
TEl YBEJAHUIBACTCA. ¥ CKOpSAEMble HOHB ABHKYTCHA IO CnipansHofi Tpa-
i extopun (cm. pue. 7.3). B Konume YCKOpeHHMS Ny4OK HOHOB BBIBOAAT

¢MeuMas bHBIM YCTPOHCTBOM U3 KAMepBl M HaNPAaBJAANT HA MHIIEHb.

[

Puc. 7.3. HDyantel nuKaoTpoHa (@ — oBuhit BuA; 6 — BUI, CBEPXY):

{ — BU-BCTO9HHK NHTAAWA: 20— TDASKTOPHA NoHa, I — HCTOMHHK HOHOB; ¢ — MillleHb;
. § — oTkAcHAKWAS 3neKTPOL

HHKJ!H'—IHOCTI: VCKODeHHsas HOHOB JReT BO3MOKHOCTE u}-‘MEHblUHTb
paaMepsl HHKJAOTPOHA N0 CpaBHEHHK C pa3MepaMH JHHEHHGTO YCKO-
puTens B HCHOJABL30BATH ANA yCKOpennus CpaBHHTEABHO HHIKOE Hanps-
HeHyge. KHH&TquCKaﬁ JHEPTHA HOHOB Ha BHIXOJe H3 HMHKAGTPOHA

a=ntav? | 2==(B*R*{2) (¢*] ma).

Kaxaplii UMRJIOTPOH XapaKTepH3yeTcs ONpeleneHHbIMH PaauycoM
Mariuta R W marunTHOM HHavkumein B. JlosToMy 3sHeprus yckopse-
MBEIX HOHOB B KOHKDETHOM LHK/JOTpOHRE NPOMOPHHOHAARHA OTHOIUEHHIO
KBajpaTa 3apsfa HOHA K ero macce. Y MPOTOHOB Y (-UaCTHIL OTHO-
Llesus g2fm, pabBHBl, a y AefiTOBOB 3TO OTHOWIEHHAE B N1BA pasa MEHb-
mwe, ChaenopaTeabHo, AefiTOHH JOAYHAWT B UHKAOTPOHE 3HEPIHIO,
B NBa pa3a MEHBIIYIO SHEPTHH IPOTOHA. JHEPrus YCKOPAEeMblL HOHOB
He 3aBHCHT OT AMIJHTYIAB HanpsaeHHd B‘-I-renepa'ropa.ch.:m Ha
AyaHTH NOAAeTcd RampsikeHle ¢ HeBOJbLIOA aMILIHTYAOH, TO HOH
g* 115




J0 BHIX0OAA H3 LHKJOTPOHA cAesaeT 6oablle o6opoToB, yeM mpu Goaeel
-BBICOKOH aMIuTyle HanpsaxeHua. OQHAKO SHeprus HOHOB HA BBIXOje]
OyneT oAHHAKOBOH.

[Tpu Goabmux cropocrsix (v/c>>0,2) Macca HOHOB HayHHAeT 32-
METHO YBeAH4YHBaTbCH. Tak, NMPH 3HePrMH NMPOTOHOB OKoJdCe 25 M3B!
HX Macca Bospacraer npumepho Ha 2%. Benefcreue artoro wacrora
BpallleHHA HOHOB YMEHBLIASTCH, a HX BpeMd MOABJACHHA B HIEAH OT- ]
€TaeT OT BpPeMeHH NOJAYH TreHepaTOPpOM Ha AYAaHTH MaKCHMAaJIbHOTO :
HanpsukeHusi. HoHbl HAayWHAIOT NOAYYaTh B AUleAH Bce MeHbIee H ]
MeHblllee NpHpalleHHe 3Hepruu, HecoBnafesne 4acTOT reHepaTopa H
BpallleHHs1 HOHOB MPHUBOJAMT K TOMY, YTO HOHEI CO BpeMeHEM NONajatoT
MEMAY AYAHTAMH NPH TOPMO3ALIEM HANpAXKeHHH, JTO H OrpaHuyH-
BAeT 3HEPTHI0, A0 KOTOPOH MOMKHO YCKOPHTb HOHBI B NHKJOTPOHE. |
;5“13?3{0“” YCKOpAIOT B HHKAOTpoHe Ao 25 MsB, a a-vacTuuwm — o
0 MsB. :

foro MArHHTa. BHYTPH KaMmephl DaclosokeH 2
CKOPSIIOLIH Pe3OHATOP, KOTOPHIH MpeACTaB-
qeT cobofl NoAyI0 KOpOTKyI0 TpYOky. K peso-
atopy ToABoxAT BU-nanpsienue NOCTORH-
foli uacroth v==3 I'Tw.

Ha exojle B pe30HATOp PaclofOKeH 3MAT-
gep (MCTOYHMK) 3JIEKTDOHOB. DJAEKTPOHH BEHI-
HBAJOTCA M3 3MHTTEpA 3JeKTpuueckaM BY- 1
npojeM. DLIpBaHHBIE SJEKTPOHBl NOJYYAlOT 7
" p pe3oHATOpe MEPBYI0 MOPUHIO 3HEPrud —
" 0,51 MsB, nocnie 3TOTO OHH Jl€/1250T ONMH 060~ Puc. 7.4. MHKDOTpOH:
OT B MaTHHTHOM MoOJe, CHOBA MNOMAaNaOT B  f_. pesouatop; 2 — ofhacTs
pe3oHaToOp B YCKOPAWOWEH ¢ase, NOAYYAlOT —MAFMIEED mons; 8- Tpask-
noByIo nopuuio sHeprau 0,61 MsB u 1. a. [e-
puof BU-renepatopa T noaGHpalOT PABHHIM HAYaJbHOMY TEpHOLY 06-

Las noBullleHns sHepruu YCKOpAeMBIX HOHOB K NYAHTaM NOABOAAT S - pallleHHsA 3JeKTPoHa T1. [Tpu 5TOM YCJAOBHH IEKTPOHH MOC/HEe KAXKIOTO
HaNpsAKEHHE, YaCTOTa KOTOPOTO yMEHbIIAeTed 7aK JKe, KaK H 4acToTa S  purga momaflaloT B Pe3OHAaTOp Beerda B yckopswomed dase. Pamiyc
BpalleHHA HOHA. B TakoM ycKOpHTeJe, Ha3HIBAEMOM (PA30TPOHOM HAH > paeKTOPHH JIEKTPOHA Ioc/]e yCKOPeHMs .B. pe3oHaTope MEHARTCH M
'CURXDOYUKAOTPOROM, MOKHO NOJYYHTL HOHH ¢ 3HeprHeit no 800 MsB S " oupe yckopeHHs CTAHOBHTCA OJU3KUM K PajHyCy PAacloJOKeHHs
M BHle. B LHKAOTPOHE YCKOpeHHe HOHOB MAET MOYTH HENpephBHO, S pesonatopa. C NOCJAEAHETO BHTKA 3AEKTPOHBI BEIBOAATCA H3 MHKPO-
‘TaK KaK HOHB HATHHAIOT yCKOPATLCA 4€Pes NPOMEXYTKM BpeMenH, S 1poya. B 3aBHCHMOCTH OT KOHCTPYKIMH MHKPOTPOHA VBeJHUeHHe
papHele nepuony BU-renepatopa. B dasorpode ycropate npuxoaurca S - 9HEPTHH 2JIEKTPOHOB B pesoHaTOpe MoeT ObTh KpaThsim 0,51 MsB.
JOPUHH MOHOB, TaK K2K reéHepaTop yMeHbIllaeT CBOIO YacTOTy C yse- P B MHKPOTPOHAX YCKOPHIOT 3JeKTpOHH No aHeprmii 50—100 MsB.
JTHYeHUEM SHepPrHH HOHOB. B dazoTpoue yckopsioT mpoToHsl, AeHTOHH - - Flepey BHIX0A0OM M3 MUKPOTPOHAa OHH AenawT Ao 100 ofopoTos B Ba-
H a-qacTHupl. Tak Kak SHeprua yacTHU MPOMOPUHOHAAbHA KBaipaty B KYYMBOil KaMepe. DAeKTPOHB BEIPHBAIOTCA H3 SMHTTEpA HMIYJbCAMA
panuyca MONOCHBIX - HAKOHEUHHKOB, TO MarHut ¢asorpoHos BecHT gepes mepuoa BU-noas. [losTomy OHM moCTymaroT Ha HCeCAELyeMYO
HECKOJIBKO ThICHY TORH, Tak, panuyc Marnita cHHxpounknotpora O6b- S vymens KOPOTKMMH HMIYABCAMH C HHTEPBAJOM BPEMEHH NPHMEpPHO
*CIHHEHHOTO HHCTHTYTA AlePHEIX HechenoBanni (r. Jy6Ha) pasen 3 M, £ 3.10~% mgc. CpeaHuii TOK 3JeKTPOHOB 43 MHKDOTPOHA JAOCTHraeT
a ero Macca 7000 7. Ha atoM CHHXpOHNMKIOTPOHE MOAYYAIOT TIPOTOHH npumepro 100 MA,

¢ oneprued 680 MoB, peftrorst —420 MoB # a-uacthits —840 MoB. Berarpon. PaGora GeraTpoHa B HEKOTOPOM OTHOLIGHHM CXOIHA

¢ paboToil aaeKkTpHYecKoro TpaHchopmartopa. B Tpancpopmartope Ha

§ 7.4. YCKOPHIEIM SNEKTPO cep/leuHHK HaMOTanbl ABe o0MoTKH. Ecan uepes mepBHUHYIO 0OMOTKY

LIuKAOTPOHBl HEMPHIOAHB IS YCKOPGHHS 3JeKTpOHOB. YBennue- g  UPONYCKATh NMepeMeHHbIA aneKTpuquK%H TOK, TO B c:gnegn;x;:)e P?fg:é
HHE Macchl 3JeKTPOHOB HAWHHAET CKA3HIBATLCA HA YacToTe WX Bpa- M  SYSTCA MEPeMEHHOE MArHUTHOE foje. UHO HHAYMHPYET BO B pﬁ or-
JUCHUST YXKe NpH SHepruax okoao 10 k9B. OnexrpoHnl yckopsior JE  OOMOTKe 3MEKTPOABHAKYLLYIO CRAY. Ecnn 3aMKRYTh BTOPHUHYIO 0OM
‘B CHENMAJBHBIX YCKODHTENSX — MUKPOTPORE, OeTATPORE U CuHXpo- Ry, TO Uepe3 Hee MOTeYeT JICKTPHUSCKUN TOK. . .
TpoKe : E B 6eTaTpone BTOpHUHAA 0OMOTKA 3aMeHeHa KOJbUEBOH BAKYYMHOW

Muxporpon. Ilepuox oSpautenns sapsennoll uactuisi T B mocro- JE  kamepoll. Cxemariueckoe H3oGpaxeHHe NOMEepedyHOro Ceqel:;‘:;{ %T:;
SIRHOM MATHHTHOM TOJe NPONOPUROHAJEH ee Macce . Ecian » ka- R  TPOHa TMOKasaHo Ha puc. 7.5. Toponnanbn}rm Kam;py,MgilsﬁTa };3 s
KOM-HHOYIb HeGoJbIIOM NO pa3Mepy YCKOpHTEAbHOM npoMexyTke I cTekna uad Qapdopa, MOMEMAIOT MeXAy nl%ﬂ_}é)ca H Mard ﬁopumo
H3MEHATE MaCcy YacTHUH KPATHO €e Macce NOKOA, TO U NMepHoA ec K Mepe TMOANEPIKHBAIOT AaBjleHHe MOpsAKa MM pT. - Topuuio
00palleHdss B NOCTOAHHOM MarHHTHOM moae OyaeT yseanuupaThea S 3JeKTPOHOB C 3HeprHeldl HeCKOJbKO AECSTKOB KHJOIJIEKTPO

ppema 1o 0,001 ¢ MHXKeKTHPYIOT (BNyCKaKT) B Kamepy ¢ IOMOLUIbIO
«3JIeKTPOHHOM Myuikdy». UCTOUHUK 3MeKTPOHOB COCTONT H3 BOJB(paMo-
BOH HHTM HAKANHMBAHHA, HCOYCKAIOHEH 3JIGKTPOHBL, H CHCTEMbl 3J€K-
TPOHOB, KoTopsle (POKYCHPYIOT H NPelBAPHTENbHO yCKOPAIOT 3JCK-
TPOHHL. )
DAeKTPOHLI, BOYILEHHEIE B KaMepy, BpallaioTcd Nol LeHCTBHEM
BuUXpeBofi aexTpoaBUKYyLLel cHapl. Ee ofpasyer nepeMenHoe MATHHT-
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B TAKOE Xe YHCHAO pas. YCKOpPATh TAKUM METOMOM THKeJble YACTHLE
OUeHb TPYJHO, TaK KaK OJA 3TOro NOTPeGVIOTCA CAHINKOM CHJBHEE
9MeKTPHYeCKHe noad. OfHaxo AaHHLI MeTON BNOJHE NPHrOZEH AAs
YCKOPEHHS 5J1eKTPOHOB. OH M OCYUIECTBJEH B YCKODHTENE 31€KTPOHOB,
KOTQPBI Ha3LIBAIOT Muxporporosm (puc. 7.4).

AOCKafd BAaKyyMHas Kamepa, B KOTOPOH NPOMCXOAMT YcKopeHne 2B
3MIEKTPOHOB, NOMEILEHA MEXIY NMOMNIOCHHMH HAKOHETHHKAMH NMOCTOSIH- 3
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HOe noJje. Bo Bpems ycKopenns SJEKTPOHOB MarHHTHOE TOJE YBEJH- ]
UHBAETCA Tax, YTOOLl 2JeKTPOHbL ABHTAJHCH BHYTPH Tpy6KH mo ycroii- §

YHBOH OpOuTe. YCKOpeHHe 3JeKTpOHOB NPOHCXOAHT BO BpeMs BO3-
PacTaHHA HaNpsiKeHHs B obOMoTKax YIEKTPOMArHuTa OT HyJad Ao

MAaKCHMaMAbHOTO, T. €, B TEYCHHe HETBEPTH NEPHOAA HCTOYHHKA IIH- .

TaHHS,

Ha ycrofiunBoit op6ure papmycom R LEHTPOCTPEMHTENbHAS CHJa
Fy coBmagaer ¢ aopennesoit Fn. Pammajpuoe H3MeHeHHe cunn Jlo-
PEHIA N0 yCKOPHTENbHOH Kamepe TaxoBO, uTo Fp>Fy maa r>R n
Fa<lFy nna r<R. CaegmoBarenbho, SMEKTPOHB, OTKIOHHBIIHECHA OF
YCTOHYHBON OPGUTH, BO3BpaLLalOT-
€ CHOBa Ra Hee. B mponecce ycko-
PEHHSA MPOHCXOBAT HeSOJABLIHE KO-
Je6aHHSA 3MEKTPOHOR BOANIH yeTOM-
YHBOKH OpPGHTHI.

B nmepsom Gerarpone, NOCTPOEH-
2 HOM  Kepcrom, saexrpoun yckops-
JIHCh BCETO [0 HECKOAbKHX MHJIHO-
HOB WIEKTPOHBOALT, K 1952 r.
Puc. 75. Beptukansioe cevenie Gera- GHIJIH MOCTPOEHEl  GETATPOHBI ¢

TpoHa: SHEpruefl 3MeKTPOHOB Ha BHIXOAE

! T otk SacmmmameaTbono3: 2= 300 M3B. DIeKTpPOHb MOKHO YCKO-
pATe B GeTaTpone a0 ompegenet-

HO¥ sHepruH. Bpamasch ¢ Gombuiol wacroTofi ma opbure, 3AEKTpPOH
ICIyCKaeT 5JMeKTpOMarHnTHoe (GeTaTpoHHOR) wusayuennue, Ilo pacde-
TaMm coBeTckuX ¢usukop M. §1. ITomepanuyka n JI. JL. Hpaznenxo,

SACKTPOH  TepseT 3a 0AuH 06OpoT B GeTaTpoHe Ha H3AyUeHHe
3HepTHIo

AE=90E% /R K3B,

rie E,—sHepra saextpona, T'sB: R — panuyc opburm, .

B Gerarpone smexTponn yckopsores fo IHePTHH, He NpeBLILIAD-
med 500 M3sB. ¥Yckopenue Bhilte sTofl SHEPrHH CTAHOBHTCA Hezdiek-
THBHLIM, TaK KaK 3JeKTDOH NMOYTH BCe NpHUpalleHHe SHEPIHH 33 OAUH
060pOT TepsieT Ha GeTaTpOHHOR H3AyYeHHe.

CHHXPOTPOH. 3/IeKTPOH ¢ sHepruedt E 22 MsB aemxerca co cko-

POCTLIO, Mano oTrHeaomelica or ckopocti c¢seta. Tak, npu IHEepruy
2 M3B 3To oTaHuMe cocTapaseT Beero 2,10%. CnemnosaTeNbHO, cKO-
POCTE SACKTPOHOB Npu 2Hepruax £.>>2 MsB npaktHueckn nocrosHua,
Tak KaK oHa He MOXKeT OHTh GoJbltle cKOpPocTH cseTa. FlosToMy masb-
Helillee yCKOpEeHHe 3TeKTPOHOB MOXHO NPOBOMNTh, KaK B UHKJIOTPOHE,
ucnoabays BU-remepatop. [lomyuenye BLICOKOSHEPreTHYeCKHX 3JeK-
TPOHOB B CHHXPOTPOHe pasBuTO Ha fBa NOCJAENOBATENbRBIX 5TaNa.
CHavana 3J1eKTPOHBI YCKOPSIOT B KOJBHEBOH BARKYyMHOH KaMepe, Ta-
KOH e, KaKk U B 6eTaTpoHe, 10 SHeprufi 2—7 Ms3B,

BetaTpouumii pexum oGecneunsaeres He0OIBIIHM  LEeHTpadbHBIM
IEKTPOMArHHTOM. Ere Maccy Buifupaior c TakuM pacuetom, uToGb
MarHuT HachIlA/ICa NPH CKOPOCTAX 3JA€KTPOHOB, GJAMSKHX K CKOPOCTH
cBeTa, '
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Iloc/ie HACHILEHHA BHYTPEHHEr0 MACHHTa ABTOMATHUECKH BKJKO-
jaeTcd CHHXPOTPOHHHI peXHUM YCKOpPeHHS 3JAeKTPOHOB. ycxopmem:-
a9 KOJbIleBasi KAMepa COCTOUT H3 HeCKOABKHX COeJMHEeHHBIX ceKuHH.
Oany CeKUHIO 3aMeHAIT 3JeKTPHYECKMM pe30HATOPOM, K KOTOPOMY
poakaioden BU-rerepartop. Korna saekTpoH nponetaeT yepes pesoHa-
Top, OH TOJYUaeT NOPUHIO 3HEPrHH B 4-—6 paa Goablue, ueM 3a OJHH
pHTOK B OeTaTpode, JJNeKTPOHH YAep:KHBAOTCA BOJM3H YCTOHIHBOH
OpOHTH HIMEHFOUHMCA MATHHTHBIM JIOJeM B YCKOPHTEALHOH KaMepe,
g KOTOPOH OTHOMIeHHe MATHHUTHOH HHAYKUNM B K Macce »4eKTpOHA
M, OCTaeTcd NOCTOAHHHM. MarHHTHOe Tofie coO3jaeTcd KOJbLUEBHM
MATHHTOM, MEXKIY HOAIOCHBIMH HAKOHEYHMKZMH KOTOPOTO YCTAHOBJEHA
YCKOPHTe/IbHAS KaMepa.
3aMeHa CHJIOUIHOTO MATHHTA KOJbIEBHIM CHHXKAET B HeCKOJARKO
a3 Maccy MarHuTa cHHXporpoHa. as 'YCKOPEHHS 3/IeKTPOHOB [0
300 MsB B SeraTpoHe HyXen marudT maccoii 300—400 r, a B cumxpo-
Tpone — 130 1. i
Bo BpeMs ycKOpeHHS 3J€KTPOHH IBHKYTCS He TOUHO MO YCTOHYH-
soil opbure, a KosebawoTes BOJHU3H Hee. Uem Godpule aMIaAWTyaa
xoJsiefaHuil 3Je€KTPOHOB, TeM OoJablle TIOIAaZb NONEPEeYHOro CEYeHHs
ycHopHTenbHOH TpyOkH. [lomepeunoe ceueHwe H Macca KoJAbUEBOrO
MarfHHTa 3aBHCAT OT IIONEPEYHOTo ceyeHHsl YCKOPHTeJAbHOH TpYOKH.
B nepBHX CHHXpOTpOHAX AONYCKAAHCHh 3aMeTHbie OTKJAOHeHId »JeK-
TPOHOB OT yeToliuueol op6uTel. [1o3TOMY HX Ha3HBAKT CHHXPOTPO-
HaMH ¢ MATKofi OKyCHpPOBKOH. B nmocaemnnx CHHXPOTPOHAX YAAJIOCH
3HAYHTEABHO YMEHBIUMTh AMIIHTYAY KoJeSaHMi 3JEKTPOHOB, a 3Ha-
YHT, U Maccy MATHHTA. DTH CHHXPOTPOHHl HA3HBAIOT CHHXPOTpOHAMIH
¢ KecTKoi ¢okycHpoBko#l. [IpenenbHble sHepruu 3AeKTPOHOB Ha BhI-

. XOfle H3 CHHXPOTPOHOB ¢ MArKo# (roKyCHPOBKoH He mpepnuiat [,2—

2 I'sB, a M3 CHHXPOTPOHOB C MKeCTKOH (oxycuposkol — 7,5 ['3B.

§ 7.5. CHHXPODAIOTPOH

Ycxopenne NnpoToHOB B (azoTpoHe 40 3Hepruii cBume 1 I'aB He-
panxoranbho. Ecan moctponte Takoii daszotpon, To v mero OymyT
O4YeHb TAMXENbIHl MarduT H BHICOKHH pacxon sHepruu. Taw, aas noay-
4eHus B (PA3OTPOHE NPOTOHOB € 3HeprHed Epr::.lq I'sB  neofxonum
MaTHUT Maccoit okoao 10° 1. Tlostomy aas nasbHefillero yBesHYeHIs
SHEPTHH IIPOTOHOB MNMOTPe6OBAMHCH IIOHCKH HOBLIX METONOB ycKope-
Hua. [TlpoGaema moayyeHws OBICTPHIX NPOTOHOB C 3HEprHeii 10
400 I'sB 6blma pelleHa B cHHXpoga3oTpOHe (pHC; 7.6). ]

YCKOpeHHe NPOTOHOB NMPOUCXOAHT B KOJBUEBOH BaKYyMHOH KaMe-
pe 3, pasMelueHHON BHYTPH KOJBLEBOTO MarHuta 2. }\Earnm COCTOHT
u3 yerbipex cerMenToB. OHH coeflHHeHbl Mexjy cofoii npamoJHHed-
HBIMH yYaCTKaMH, BHYTPH KOTOpPbIX HET MATCHHTHOrO mnoas. Buyrtpu
ONHOTO M3 NPAMOJHHEHHLIX YYaCTKOB YCTaHOBJEH JeKTPHUecKHi pe-
3onartop [

TpoToHE, MpefBapPHATENBHO YCKOPEHHBIE 10 RECKOABKHX MH/LIHOHOB
3JAEKTPOHBONBT B JIHHEHHOM YCKODHTENEe, BBOISAT B OAMH H3 NPSMOJH-
HEHBIX YYacTKOB & KoJIbLEBOH KaMephl. MaruuTHoe moJe MeHAlOT
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pesoHarop [, noayudor

[IPOTOHOB BCe BpeMs yBe-
JAHYHBaeTCs, a opbura

YacTOTa HX BPALICHHA He-

. TIpepeiBHO pacTeT. [Toatomy

g Ha TepBOM 3Tame Yyckope-

HHS  4aCTOoTa HanpsXeHH#

H3MEHAETCS TaK Ke, Kak i

Y4acTOTa BpAIUEHUA NPOTO-

HoB. TlepBHifi 3tanm cxomen

¢ (a30TPOHHBEIM peXHMOM
YCKOpeHHus,

Ha Bropom stame, xo-
Tla 3HEPTHA APOTOHOB npeBhiaer 3 I'sB (0==c), ycramaBansaerca
CHRXDOTPOHHBI pexuM ycxkopenus. Ha PE30HATOD MOAAKT HampsKe-
HHE MOUTH TOCTOSHHON wacToThl. B koHue YCKOPEHHSt HMNYJEBEC APOTO-
HOB BBIBOAMTCS OTKJIOHAIOUIHM VCTPONCTBOM Ha ydacTke 4 M3 CHHXpPO-
¢dasoTpoHa,

IepBrii Mo HbI CHHXPohaz0TPoH * ¢ MArKof $oKycHpOBKO# To-
CTpoeH B DBpykxefiseHckoil HauMoHambROM raGopatopun  (CIHA)
B 1952 r. OH Haspau KOCMOTPOHOM, TaK KaK 3HEPrUs YCKOPeHHEX
B HeM NPOTOHOB (£p=3 I'sB) cpasunma c 3HeprHe#l KOCMHYecKHX
HACTHU. BHeWHHA pafuyc KoJbUEBOTO MAaTHHTA KOCMOTPOHA pasen
10 M, a ero macca— 2000 1. Cosercruii CHHXPOMA3OTPOH ¢ MATKOI
(QOKYCHPOBKOH Havyaa padoTaTh B T. HybHe B 1957 r. Buemnui pa-

Pue. 7.6, Cxema cuyxpod asorpona:

! — pezgnaTtop; 2— EOAbREeRodt Marmut; §— BAKYYMHAR
KaMepa; 4 — BMBOA NPOTOHOB: 5 — BEOA OPOTGHOB

AHYC e€ro MAarHHTa pPaBeH 28 M, a macca KOoAbUeBOTO Maraura — -

36000 T. Bo Bpems paGoTnl oH norpebaser Mowdoets 142 MBr. Ha
CHHXPO(a30TPOHA BHIMYCKAKOTCS OPOTOHH ¢ 3Hepried mo 10 I'sB.

B coBpewenyuix CHHXPODA3OTPOHAX C KECTKOH (oxycnposkoi npo-
TOHM yCROPAWOTCA jpo0 sHeprhii 30—400 I'sB. Ha caixpodazoTpoye
B LLEPHe (Izefinapns) NOMYYAIOT MPOTOHM ¢ 3Hepruedt 30 I's3B, Ha
Cepnyxosckom (CCCP) — 76 3B, wua yckoputene s Barefisun
(CITA) — 400 T'sB. Cpennuii AlIAMETP 3JeKTpOMaruiToB Cepnyxos-

CKOTO  VCKOpRTeJsl paser 470 M, a Macea IEKTPOMArHHTOB —
22000 1. '

— —

* B auteparype cuuxpodazoTpor HasmBaoT wacto TIPOTOHHEIM CHRXPOTPOHOM,

T4K, YTOOH TMPOTOHB ABH-
FaJInCh BOJIM3H yCTOHUHBOR
op6uTH. B KaxaoMm BHTKe )
APOTOHBL, TPOXOAS Yepes !

NOPUHIY  3HEPTHH  OKOJMO
2000 3B. Tak Kak ckopocts |

§ ocTaercsa NOCTOAHHOH, TO -

TNABA 8
AANEPHBIE PEAKLIMM
§ 8.1, OBUIEE ONPEAENEHME. YPABHEHHE AREPHOM PEAKLIMH

=15
flaepuble cHAM AeHACTBYIOT Ha paccTosHMu InpaMepHo 107 M.

" Eenn B 30He AeHCTBRA SANEPHBIX CHA NOABAAETCA YacTHUA (HeﬁTp‘(::_,
| IpOTOH, AEiTOH, g-uacTHUA W APYTHe A4pa), TO MexAy AAPOM H

¢THUEI NPOHCXOAHT s0epHas peakyus (KpaTKo—oeaxquﬁzI. BB :iﬁg-
HOMl peakllU¥ COXPAaHAIOTCS UHC]0 HYKJAOHOB H 3apfl, Kak B 'll:')O.HbKO
AKTHBHOM pacnafe. Bo Bpemsa siIepHOIG npotiecca np(:mcxozL:m‘mmMH
nepepacnpeneneHue 3apsa H HYKJIOHOB MeXIY ﬂﬂ.pam;c};BtéHHo onpe:
CoxpaHeHNe 3apAfia H YHCIAa HYK/AOHOB IO3BOJACT Kau

X JleJHTh BO3MOJKHOE HATpaB/ieRHe NPOTeKaHHA AAePHOH PeaKIHH.

Bneperle sAAepHyl0 peakumo Habawpan IJpHect Pesep{bop:l;
p 1919 r. B ero 3kcnepuseHTe giapa asota GomfBapAnposauch ai_llqo-
cTultamu ¢ 3Hepriedl E, =7,7 M5B, ucnyckaeMBIMH MOJOHHEM.

TeHUHAJbKBI Gaphep fopa aszoTa AJA @-1acTHIH Vh—_-Sg M3B 60&?
yeM B ABa PAa3a MeHblle HX KHHETHYECKOH 3HEeprHH. a-e;;i'rﬂ];l{bla Bo-
601HO NPOHUKAJH B 4Apa a30Ta H BLISEIBAH ﬂnepﬂge p6 I n,e o
TOPHIX BOSHAKAJAH %Apa KHCA0poAa ,0 M NpoToHsl. ITo HblI0 BIEOMT
SKCNEePHMEHTaIbHEIM DOKa3aTeAbCTBOM TOIO, YTO [POTOHH

B COCTAB AApa.
[ocae O'E’KPHTHH Peszepdopaa 6wui1o Hecnefosano Oosiee flecATKa

THCAY APYTHX AfepHbX peakilnit. KakoBa ke Iesb HS)(;:?{};/I; cﬁB,g;g:
“HbIX peakunii? Bo-nepBHX, sSiA¢pHBIE pPeaKIMH nanoT OCHHK e ceene
HHS O CTPOEHHW sAep M NPHPOIe ALEPHHX CHJL 0-};1‘(3{;) E;,ELHO}FIKTHB-
SIZEPHBIX peaxklUHil HMeeT NPAKTHUECKOe 3HaueHHe. Tak, pm)3 akmiz-
Hble BellecTBa, MOJAyYaeMble B sAePHEIX peaKUHaX, HCNOIb3Y

- HHKH.

MHOTHX OTpacifaX HaVKH H Tex |

ﬂnepnyp;o peaknuio, Kax W XHMHYeckyio, yooGHO 3am»g:arb B-'zr?!ﬁg
ypaBHeHus, B 7neBoi uacTH ypasHeHH yKashBalT OaMmBaplupy

' — Apo
SApO-MUWeHs 4 X W HACTHIY @ I CIPaBa — MPOLYKTH peaKiLiy — sip
Y ¥ BRUETAIOWYIO uacTHLY b:
I A A,
X gAY 4-b.

KpaTtkas samuch sjiepHON peakuuu:
X (@ b)Y,
SanuineM OAA TpHMepa ypaBHeHMe TiepBOH SIIEPHOH peaKiHH
B NOAHON M KpaTKof QopMax:
“N+a—p+"70, N @ PO
Tun agepHoil peakuuy onpelensercad GomOGapAHpymoled H Bblje-

Tawllel yacTHIAaMA H OTHOCHTCH K peakuun (a, b). Ecan 60M6&p}1‘};



PYOIIaa ¥ BHUICTAIOWIAS YACTHREl COBHALAIOT, TO [HPOTeKaeT peaKiiHsyg
{a, a), HasnBaemaa paccesHneM vacTHUE ¢. Pasanvaior psa punal
pacceanns yacruu. [lpu ynpyrom paccesanun ALPO H YACTHHA B3AHMO~:
AEHCTBYIOT, KaK JiBa YNpYrax apuka. B s71ofl snepHOll peakuun BHYy-

TPEHHEE COCTOAHME H COCTRE ANPA HE HIMEHSIOTCH, a MEXKAY AAPOM B

HaCTHNEH [POUCXOAHT NepepaclpefieNleHRe KHHETHUECKOR SHEPILHH. )
SlApo, mBMXKYWeecs MOCAe YNPYroro paccesHus HEATPOHA, HA3LIBAIOT |

20pom ordauu.

Heynpyroe pacceanue composoxpaercs BO3OYKACHHEM SApa-MH- ]
INeHH Oe3 M3MeHeHHs ero cocrapa. UacTh KHHETHYeCKOl 9Hepruu He- |
YOPYTO pAcCesHHON YACTHUB TPATHTCA Ha BO3GYxeHie appa. Tak |

KAaK BO3OY:K/eHHBIE YPOBHH AXpa NMPHHAMAIOT LUCKpPeTHBIH pAA 3Ha-
YeHDH SHEPTHH, TO HEYNPYroe paccesHHe BOIMOKHO TOIBKO npa 3HEp-
THAX  HACTHUBI, TPEBBLINIAIOUINX SHEPTHIO NEPBOTO BO3GYIKAEHHOTO

yposHa. Heynpyroe paccesiHde conmpoBoxaaerca HCIYyCKaHHEM y-KBaH-

TOB BO3OYRICHHBIM AAPOM.

Bo MHorux sxcmepumeHnTax ¢ HeidTpoHaMu H B AJEPHBIX YCTAHOB- ',
KaXx ylIpyroe¢ H HEYNpYyroe pacCeAHHe HCUOAb3YeTCA AR 3aMelLNCHHS

HeHTPOHOB. HanpuMep, B sKcnepuMentax no H3YYeHHIO B3aMMoJedcT-
BHS MEAJICHHBIX HeHTPOHOB (£, <108 5B) ¢ memectroM SuICTPBIE Heli-
TpoHn (£5,>>0,1 MsB), BEIxoafmMe M3 HCTOUHHKA, [peaBapHTEeNEHO
SAMCLIAIOT B BEILECTBAX, COAePXKallyX Jerkne aapa (A< 12): Ge-
puaauy, rpagure, napadure u T. 1,

B peaxmuu (@, b} wactuna @ ncuesaer, TMOTAGLLAETCA, 4 BMecTO
Hee HCmyckaeTcda vacTHMa &, IpH 3TOM €OCTAB AApA-MHIIEHH u3Me-
HACTCA, T. €. MPOHCXOANT sAAepHOoe npespaimienne. Hekotopue (g, b)-
PEAKUHY HMEIOT CHenuaiabuple HassaHusa. Tak, (g, y)-peakuuo Hazb-
BAIOT pAOUGHUORHBLM 30X8GTOM YACTHLE 4. [lorjollenHe yacTHuEl &
B panauHOHHOM 33aXBaTe CONPOBOKACTCS HCMYCKAaHUEM y-KBAHTOB.

B anepHoit peakuun weynpyeoeo paccesmus (nozaowenus) * ua-
CTHUBL G BOSHHKAET AADO, OTNHYAIOLIEECA OT SAPA-MHUIEHH SHEpreTH-
UECKUM cocTosiHHeM (coctasom). Takoe AP0 HasMBAKT A0poM-npo-
dyKkToM.

§ 8.2. 3AHOHbI COXPAHEHMA DHEPIMM M MMITYALCA
B SAEPHBIX PEAKLMAX

B aflepHoil peaKuuu BLIMOMHAIOTCH 3aKOHM COXpaHeHHs 3Hepruu
KOJAMYeCTBA ABHXEHUT (HMIOyJbca). 3anuiueM cHavajga GasaHe IHep-

A A
run B peakuun X (a, b);'Y, yuuthiBag, uTo mosHam SHEPTrHA Afep
H HacTIL paBHA SHEPIUH NOKOA H KHHeTHYECKOH >HeprHu:

Ma(Z, A)+mact+E i+ E=My(Zy, A+ mpc?+ E+Fy,

* SinepHbie B3aMMONENCTBHA WACTIN H ALEPp B ANTEPATYPE 4acTO UOAPASILARIOT
Ra yNnpyroe paccefyue H coGCTBEHHO agepHBe peakumd. K coGeTBendo AASPHBIM pe-
dKUHAM OTHOCAT sAEDHBIE B3aWMONESCTBUA, B KOTOPHIX NIPOHCKORHT H3MEHeHHe
SHEPTETHYECKOTO COCTOAHHA AApa (HEYNPYroe pacceaHe YacTHIb! @) M npeepauigHue
f1ep {MOTOLIEHNe YacTHOM &),
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A .
; iHHETquCKaﬂ 3HEPrHA AApa Y. CrpynnupyeM 3HEPrHH MOKOA B Je

gAeKcaMH @ W b o003HAUeHHl BEJAHUYHHBL, OTHOCHUHECA X COOTBETCT-

yiolldM TacCTHUAM; Fj — KuHeTHUecKas 3Heprus sapa-mumenu; E—

-1

soﬁ yacTH, 4 KHHeTHUYeCKHE JHepTrHH — B HpaBOH:
[MH(Z, A) +tte—Ma(Zy, Ai)—mb]ca-:E—l‘Eb—(Eg-l-ﬂa).
U3MeHeHHe KHHETHYECKO! SHEPIHH B PeaKuHH, paBHOe Mo abcouioT-

HOMY 3HAUEHHIO H3MEHEHWIO PHEPrUH NOKOS, HA3HIBAIOT sHepeued If:;-
b axyuu (Tenaosotn shpextomn) n obosHauaror Q. Ilo onmpeenenuo,

BeTIHA Q=[Ma(Z, A) +ma—Mx(Zs, Ajy—mp]c?=AMc?.

3aMeHHM Macch Anep MaccaMu COOTBETCTEVIOILHY HYKANIAOR 0O

2 dopmyae (3.1). WsmeHenne Maccsl NOKOA B AASPHOA pearuuu

AM=M(Z, AY—M(Zs, Ay) +ma—mo—(Z—Z1) Me. (8.1)

Ecan macchl HyKJAHIOB M YaCTHI, BHIpaiKeHul B eAHHHULAX a, . M., TO
SHEPFHA PeaKiHH |
Q=931AM MsB. (8.2)
B 9K303HepreTnyecKolf (K30TepMHUECKOf) peaxuuu (Q>0) ggc?
SHEPTUH MOKOA ANPA-MHUIEHH B GOMOApIHPYIOWEH JACTHILL TIpe 111.?10
3yeTcA B KHHETHUECKYW SHEpPrHio NpolykTos peakmun. Kax mpapuio,
ANpO-MHIIeHb TMepel peakuueil HemojpuxHo. Toraa
Q=E+E—LE..

10 r oz
TTpHMepOM 5K303HePreTHIECKON PEAKINH SABASETC peakuns (B (s, a) jLi.
PaccuuraeM 114 Hee sHepruio peakuud Q. Bemmurem u3 Tabn. 3.1 Maccn
HYKJIHAOB H HelTpoHa:

M(PB)=10,0129 a.e. m.; M(iLi)==7,0160 a.e. m;
m,=1,0087 a.e m.; M(,He)=4,0026 a. e. M.

' KOs X0 peakuud pasHa 11,0216 a. e. M., noc-
Jae Cp}egxlflf:as}l%alcgg r:? e. nm.pymeﬂbmeuue Macch noxoa AM=
=11,0216—11,0186=0,0030 a. e. M.
o popmyne (8.2)
Q=931AM=931-3-10-3=2,8 MsB.

B andosnepzerudeckoii (snOoTepmutecko) peakuny {(uQ<qu)CTc}§L:JH
MapHas Macca NOKOA Aapa-MHINEHH H 601\16ap):u{pyrc:qJ.L‘f;:J}JA___QM2
MeHbille Macchl TOKOS MPOAYKTOB peaKUHH Ha Maccy M=—d/c.
ST0 npupalleHue Macchl K HOAYYaeTcs B pe3yabTaTte MPeo p;me o
KHHeTHUYeCKOH 5HepTHH B 3HEPrHIO IOKOS. SHnosuepremﬁqec e Eo K-
UHH TIPOTEKAIOT MPU KHHETHYECKOH SHEPrHH 4acTHHb & O0b p

" ToBO#t Eqop. T105TOMY MX HA3BIBAOT MOPOroBHIMH peakuusmy. IMoporo-

Basi 3Heprua ofecNeynBaeT B AAepHOH peakUHH gaegnqeﬂue szuzig%m qHazi
peanunny AM. Ecian kuHeTHUeckKas >Heprua OoM amepye et wa-
CTULLl HUXKe TOPOTOBOH, TO BHAO3HEpTeTHUecKas peaKIHs HHe 1agsio-
Naetca. K NOpPOroBelM peaKlHAM, HanpuMmep, OTHOCATCA Heynpy o




paccesHHe vacTH,
=—0,783 MsB,

3aKkoH coxpanenus HMIIYJIbCa B SepHOH peakumm na HEITOABH KA
HOM AJlpe-MHIIEHH 3aINCHBAIOT B BHNe BeKTOPHOTO paBeHcTBa

MeVa=Muva+m,v,. '
TIpHMennm saxon cox

peakuna 3H(p, n)%He, SHEPTHA KOTOpOR Q=g

pasyerca coctanHoed
Aapo (eMm. § 8.3), macea Kotoporo Mo==M

Aape-MHWeHY HMOYJAbC GACTHUM @ paBeH u

Tak kak ckopocts wacriue g cocTaBHoro siapa C

HMEOT 0HG H Tod
e HanpaslieHue, To

maUa,=McE.?c.

Hacrs sneprau E,, PaBHAas KHHETHYeCKOH sHe
Apa Ec, pacxonyercs Ha phmonHenye
Yunresas, 4o Macew Mga(Z, A)=A
~A+4, a. e u, noJayuaem

34aKORa COXpaHeHHs HMIOyAbca,

B Mcve M, Mo N e o A E
T M ) Ve g Ea Ea

Kunernyeckag 9HEPrHA YacTH
KOA cOCTaBHOrO siApa, papHa pa
LB H COCTABHOTO ffIpa:

. 2 _ A
AMc =E,-E.= yEay E,
Munnmansue OPUPOCT MaccH,

SHOCTH KHHOTHYeCKHX YHepruii uacTu- :

HeOoBXOAUMON AA MpoTeKanns mo- ]
PoroBofi peaxunw, AM=-—Q/c? npy stom KHHETHYeCKas 3Heprua E, |
HaCTHUH! paBHa Moporosoi. [TogcTasmm B IIOCAeNiHee ypaBHeHue

AME=|Q| u E

a=E Mo
Torma

A+ A
Eno]:r: :{; . ’QJ

(8.3 |
Eecan maccosoe uneno 4,4, 1o. '
' Eﬂup:\“:IQ'.

Hafinem IOPOTOBYIO 5HEPrHI0 pearuHy %Be(p, n)%B. Brnumen
MacCel HYK/JHAOB U HefiTpoHa {cM. Tabm. 3.1):

M(%Be)=9,0122 a. ¢ M.; M(H)=1,0078 a. o M.;

Mn=1,0087 2. &. u; M(%B)=9,0133 a. e M,
YBeauvenne maces nokos B peaknuu

AM=9,0133 + 1,0087— (9,0122+ 1,0078)=0,002 a. ¢. u.
JHeprus pearunnu Q=—931AM= —1,9 M3B.
Hoporosasn IHEPrus NpoToHa
Enp=2tl.1991 MaB,
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atmy Ilpn NOKOAEeMCs §
MIYJAbCY COCTABHOTO ffpa, |

PIEH  COCTARHOTO |

a e M, MexA; a. e M., a Mo |

U, peoGpasyioutanca B sHepriuio fo- |

' aTo-
TIpn pacyete Besnunn AM M Q Heab3a NpUHAMATH 32 MacCH

oe 1puban-
| JoB M wacTHI cooTBeTcTBeHHO A a. €. M i Aqy a.M e.Tn;KTaBK e 1 Jl])eﬂ,HeM
";eﬂue MPHBOANT K HeNPaBHJAbHHM Pe3yJsbTaTaM. ,

= . M. Kaer
pamepe npubamKennble Mq(%Be)=9 a. e. M, M(H)=1 a. e. M. &

. AM:O H En0p=0' . i

§ 8.3. COCTABHOE PO

p p _
¥

i OpHH -— Teo-
\ "HHe TpOlLeccoB AAePHBIX mpeBpallenufi. Ofda U3 3THX Teop

. T 4acTH-
‘kaeT B ABa stama. Ha nmepsoM sTame sapo ,X 3aXBaThiBae

030y~
ity a. B pesyabrare sroro ofpasyercd cOCTaBHOE AAPO C B Bo30y
eHHOM COCTOAMMM!
g ‘;X+'a—**C
. DHeprus

e3J0YKa yKasblpaeT Ha Bo30yXKAEHHOE COCTOSHUE ﬂgg:)m?lucgﬂm_
(335 KAeHns Wy COCTABHOIO AApPA CKIAALIBAGTCS H3 9 'af{eerH st
BO3 chuu a4 B COCTaBHOM sApe U YacCTH KHHETHl[ecI{OHHOFO T
Ei}l‘:{il Eq, npeoGpa3zymolleiica B 3HEPTHIO MOKOA COCTaB

A
Wn“: &a + mE“'

z A, TO

Eem Aa< )' WB%SG."'EG. )
HUs Obl-
B cHJABHBEIX E3aHMOACHCTBHAX HYKIOHOB SHepTrHA Bﬁ;i{l};(ﬁ; oo
CTPO paclpeReiseTcss MOULH PABHOMEPHO MEKAY H}){ZBaTaET I.mﬂ -
CTEM pdach o sl it ﬂng;ﬁ'l‘CCTBB;(eNT]H;aCCpQ,HOTO‘leHHDCTb

1
bl b, oAHaKo ITOMY TP HHOCTH
6POC?H:a;;H:ceM ’Hymouam‘ MuorouncieHHne CTOJlé(HOBEeI;I{I::l q)acm-
?claip MOTYT MPHBECTH K Nepelade BCell SHEPriH 3010)11‘?;15' oa, Toone
e b, HaxoAseficd B MOBEPXHOCTHOM CJIOR COCTaB oro AAp ;w.pa e
;lrorc’: HAaCTYTaeT BTOPOH 3TaN peaKlHi — pacnai coc

AIY.
vactHuy & H sgpo 1

+~10-13 ¢ naMHoro G0Jb-~
a Te=10-%+]10-13 ¢
eMf JKH3HU COCTABHOIO AAD ro oose-
we ?{Epamepﬂoro AIEPHOTO BpeMeHH Ta, 34 KOTogac:E qlggg’}il;ﬂﬁ a-ﬂa-
7eTaeT pPACCTOSHHA, CPaBHHMBIE C panny;:om 1?{[,}!19]} CM_.-"C o o
i CKOPOCTBbIO ¥, == ,
THIBL, ABHKYLIeHca co =
;};?L}U’«»IO-QHOE'—_-IO—M ¢ B 108 pa3 MeHblIe BpeMeHH KH3HH COC
a-‘h-‘
uren K TOM
Horﬁfﬁfeaﬂbuoe CYlIeCTBOBAHHE COCTABHOTO “iﬂigﬁg:ﬁfﬁ Cnoco}g
HOBATCA H .
4ro ero o0pa3oBaHMe H pacmaj cTa ol




pacnana cocrasHoro RApa on

nug. Ilponamocrpupyem npouece AAepHOro
CTaBHOE ALPO CICNYIOIHM NPHMEPOM:

Na-a iNa+-a
Mg +d 15 Al CuMetd
1AlFy ALy

aw
CocTarnoe AAPO 1,

HUA &-YaACTHIL AAPOM ffNa, Zeiltona  sgpom

27 a7
1Al Ecan sHeprus BO30YkLeHns ;, Al npesuiaer SHEPTHI0 CBA3N Kak

A-YACTHUEL, TaK M JeHTOHA, TO COCTAR
ORHY U3 STHX Y4CTHH,

MERBUE SHEPTHH CBSASH a-4aCTUUM U eliToHa, To
27 :
#po AL u y-RBanTHL Sigpo ;:Y nocJsie pacuaja co

OKa3blBaeTcHd B BOEDﬁY)K,H,eHHOM COCTOAHHUH,
KBaHTHL.

Slmepuoe Bsaumonefictaue, B KOTOPOM BO3HHKAET JAHHOE COCTAB-
H0€ ALpO, HASHBAIOT BXOONBIM KANAAOM, 3 OTACABHLIE CHOCOS pac-
Tlalla COCTABHOTO sAApa— 8uX00KbiM Kanarom. Tak, B IIPHBEZEHHOM

BhINIE OpHMepe 3anHcaHo TPH BXOAHMIX H TPH BHIXOAHBIX KaHaJga pe-
AKIMH.

Hoanas sanncs y

PaBHEHHS ANePHON PeakUHu C YUOTOM cOCTABHO-
TO sIpa UMeeT BML

A x Ayzr
X+ae—*C—p} i g
OG6bluHO HHTEpeCyIOTCA BXOAHBIM U B

Mosromy npn sanucu y
1IPAaBHAQ, ONMYCKAIOT.

BIXOAHBIM KaHalaMu pPeaKIHH.

§ 84. SMOEKTMBHOE CEYEMME BLIXOA AREPHOH PEAKLIMM

YpasHeHne sizepHo#l peakmuy AaeT TOABKO KayecTBeHHOE OHCcAHHe
B3AHMOLEHCTBUA JacTHL ¢ siapamu. OANARO To BHLY VPaBHEeNHA HeMdb-
37 HMYETO CKa3aThb O KOJHYECTBE YACTHIL, lipopearnpoBasiiHx ¢ sApa-
MH B KaKOM-HHOYAR o6beMe Beulecrsa, Has ONpeaeNeHHS BEJIHYHHEI,
XaPAKTEPH3YIOLlEA BePOATHOCTh B3AHMOALHCTBHS YACTHUHL C sLApOM,
PACCMOTPHM TOHKYIO MAOCKYK) MHUICHD u3 OLHOPOHHOTO BeHIeCTRA,
conepxamyw Ny agep na 1 m2 noBepxHOCTH. TlycTh Ha noBepxHocTh
MHIIEHN NepNEeHANKYAAPHO NafaeT NMOTOK MOHOZHEPreTHUECKHX YacTHI
{puc. 8.1). Panu IPOCTOTEI NIPUMEM 3a YACTHUB HEATPORH. Kaanif
HeHTPOH, NPOXoaAMHi uepes | M2 mumienn, moxer MpOB3aHMOAeHCcTRO-
BaTh ¢ AOHM H3 N, adep. Unenao BOAMOMHBIX B3aUMONeHACTBUHE Hell-
TPOH—AApo 3a 1 ¢ Ha 1 M2 MHImeun TIPH NOTHOCTH MOTOKa HefiTpo-
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PezesAeTcs TOAbKO SHeprHedl BO3BYM e-
NPeBPalICHHA Yepes cos

Al MOKeT ObTh MoAyYeHO B peakiwm norsoule-
Mg, y-xeamta  ampom _

HO€ AADO MOMKET WAH BHOGPOCHTH |
HAH MEPEATH B OCHOBHO® COCTOSHHE, HCMYCTHB |

OIHH HJH HECKOJBKO Y-KBaHTOB. Fcau ke SHEePrus BO3GYKIeHHS f;Al 1

B PEAKLHH BOSHHKAIOT
CTABHOFO Sjpa yacTo .
Torma oHo ucnyckaer 1

PABHeHHA DeaKUMH COCTaBHOe anpo *C, Kak

Los ¢ pasHo oNs. OmHaKo psauMopeficreue Hefl-
[)

. i

FNOHA ¢ SAPOM — CAyuaHHoe coﬁhrme,a::iT : BN{IIJS- N \
ce, a TONBKO Y

MIeHH pealH3yeTcsa He Bee,

'I {S:(HI:EK p3anMoAeiicTeull. KOJNHUECTBO S[ILepH;I;{

eaKuuﬁ T, MpOMCXOAMIMMHX €XeceKyHIHO

| M2 MHIIEHH, [PONOPHHOHAJNBHO TPOH3IBEXE-
 uuto N

11 =0 Ns.

eMaTHie-
F Kosb®HUHEHT NpONOPUHOHANBHOCTH ¢ YHCJGHHO  Pue, 81, Cx

& CKOe H3O6paKeHuwe ce-
paBeH BEpOﬂTHDCTH B3aHMOACHCTBHA HeﬁTIJOHa veHh  peAKIOHA (14ep-

S/APOM NpH YCJAOBHW, YTO HA NOBEPXHOCTD MH-  yy o ypyuin) » oo
fuemf nagaer NOTOK HEATPOHOB ennnuqugﬁ MOZ- cKOfl MHLeH
Hoethio [p=1 He#rp.f(M%-c)], a Ha (}'.'VM‘—TH:::IPD;‘MZ).

A HAaXOAHUTCA TOABKO OAHO aAApo (Ne=
[TepenuineM MocldefHee PaBeHCTBO B BHIE

-G:Hfles-

- =2, o1 [N ]:M—z,
=m-2.c1, [p]=m"2.c71 u [N,
ThiBas pasmepHocTH [IT] -
noﬂy:::m uTOo IE{OBCI)Ct?HIJ,HeHT ¢ — 3T0 MJIoWadb, OTHQCEEHaBﬂCHKKP?f?Hpa;
ﬂﬂ,p}}i MulieHy. HeATpOH BHI3WBAET AfEPHYIO DeaKy

KPVIKKH
© KOIJla OH TepeceKaeT NOBEPXHOCTh YCOBHOTO Mapa (UepHbIe Kpj

. O6-
Ha phe. 8.1), naomanb TONEePevHOro CeveHud Kozroporoﬂiaaggl{g g
meepno'nepetfﬂoe ceqeHHMe NI BeeX AAEP Egmiph:lo Mriiaz;f;mT p3a o oo
; OTOPHE DAaB
TTosToMy H3 ¢ HEHTPOHOB, K ) |
1 m2 MH}[HEHH:])HpopeaFprIOT ¢ agpaMu oN@ HeHTpHOaILObIIaBaIOT sapen-
CeuenHe ¢ B3aHMOAEACTBHA 4ACTHL ¢ AAPAMH A
TUBHBIM cederues peaxyut (KPaTKO — cedenuem pea E{aBIjIPIMbI auen,).
CeueHHA peaKU¥H M reoMeTpHYeCKUe CeueHHA AApa Cp el ¢ 7L0-
mznmo 10—28 m2. TlosToMy [AJaa yAoOGcTBa 34 €AMHHUY AAEPHBD
28 g2
tapu: 1 6=10"28 M2 _ o
Hﬂﬁcgg:::g pegxunn ¢ He coBHajgaer ¢ FEOM&TPH‘IECKHMﬁ ({:)egggnaB
a. Tak, ceyenue peakuun 2% ¢ HeATpOHAMH aHepr:e.an;ie > 2B
pabH 7056, 2 reoMeTpHyeckoe — okono 2,56. Taxoe pas oo
papto ’ SCHAETCS TEM, YTO NpPH B3aHMON,
CTBHM HACTHI ¢ AXPAMH NPOABIA-
6,5 [\
i f \

J0TCH BOJIHOBHIE CBOHCTBA YacTHIL
[TostoMy ceueHHe PeaKIHH He TOJb-
KO OTJHUYAeTCd OT FeOMeTpHYECcKO-
ro, HO W 3aBHUCHUT OT HHeprun 4a-

2
! \/\ CTmll-ia puc. 8.2 npuseaexa B Jora-
A— puMHAuecCKOM MaciuTabe 3aBHCH-
! v MOCTb CEUEHHs PeakuHH ¢ OT 3Hep-
H ruil Hefitponos Anas sapa 'Sln. o

oot a1 1l @ En38  gyeprufi En=0,5 3B ceuenne Hsme(-)
, nfiercs ofpaTHo NPONOPUHOHAbBH

CKOPOCTH HeHTpOHA U (zakon l;v)B._
B o6nactu emepruit E,>05 3B
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Prc. 8.2. 3apHCHMOCTb CEUEHHA peaK-
ur ¢ AAA MSIn 0T 3HEpPTHH HEHTpO-
Ha E,




ceyeHHe ¢ HMeeT TAKYI0 3Ke 3SHepreTHYecKYI0 3aBUCHMOCTb, Kak
naoTHocTe BepoATHOCTH (W) (cM. § 3.3). MaKCHMYyMLl CeyeHUA Opf
PAcnoNO;KeHBl NpH 3Heprusx Hedtpona E,. MM COOTBeTCTBYIOT Ham-§

. A :
GoJlee BepOATHEIC SHEPTHU YPOBHA COCTABHOTO A1pa Wi=en+ 77 E,,-

56pa30BaHUe COCTABHOrO sApa sAZepHHMX W 2/MEKTPUYECKHX cBOHCTB
jpa-MHIIEHH W yacTulp, KosrpuuneHnt npospaunoctn D cuibHO pa-
TeT ¢ yBeNHYEHHEM 2HeDTHH YACTHLH H CTZHOBHTCA PaBHLIM €IHHHUE
npd SHEPrUAX YACTHLE, NPeBHINAXLIMX BHCOTY NOTEHUHAJBHOrO
‘6apbepa Vi AHAAOTHYHO M3MeHAETCH M CeueHHe Peakudy 4.

. Ha punc. 8.3 nmokazaHa THIHYHAS 3aBHCHMOCTL CeUEHMS] PEaKUHU O
- oT SHEPrHH 3apfaxKeHHOR yacTHUB E,. Ceuenue CTAHOBHTCA OTAHYHEIM
_ OT Hyad npu 3Heprun E,~0b0V,.. 3aTeM oHO pe3ko yBenHuHBaeTCHA H
npd 2Hepruax E.>>Vy nocTeneHHO NpuOMNKaeTCs K IeOMeTPHUYECKOMY

(en — 3HEprus cBA3H HEHTPOHA B COCTABHOM anpe). OGaacTb 3HePrui, 3
B KOTOpOli H3MeHeHHe ceveHHA o(E,) UMeeT BHA NMHUKOB, BENHUYHHEl O, §
E. 1 nukn ceueHnil Ha3HBAWT pesoNancusimi. B pesoHaHcHol 06na-7
CTH y HyKARrAoB 5In ecTh HecKonbKo NHKOB, CaMuIfl BHCOKMH Pe3o-
HaHCHBWH NHK (0,=3.10% 6) pacnoJoxeH OKOJ0 Pe3CHAHCHON 3IHEPTHH |

E.=144 3B.

C yBeJIHUeHHeM 3HEpPruy BLICOTHl NTHKOB, COOTBETCTBYIOUWHX ApY- ;.:
a 3sHepreTHYeCKHEe 3

ypoBHM pacwupsiorea. IIpy xuHeruyeckoit sseprun E,~1 k3B pac- i

THM: ‘BOS‘G}’}KHEHHHM COCTOAHHAM, VYMCHBIIAKWOTCA,

CTOAHHE MEKAY YPOBHAMH THAXKENbIX Adep CTAHOBHTCA MEHbHie pas-
pellends H3IMepHTEeAbHHIX TPHGOPOB,
BCJI&ILCTBHB 3TOTO CeYeHHe ¢, U3MeDEeHHOe SKCNepHMEHTaJMbHO, HadH-
HaeT yﬁbIBaTb, MOHOTOHHO HpHﬁJlH}KaﬂCb K reoMeTpHYeCKOMY CEYCHHIO
anpa nkz -

SinepHoMY B3aUMOAEHCTBHIO MEXXIY 3aPSKEeHHOH YacTHUeH H AAPOM
TpenATCTRYeT NOTeHNHANbHEIA Gapbep. Ecan xunernueckas 3Hepris
60M63pﬂnpy10mux YJacTHI! MeHblUe¢ BBICOTEI NOTEeHUHAJBHOTO 6apbepa,

‘TO He BCe YAaCTHUH, Bsanmoﬂeﬁcmymmne C AlpaMi, BCTYNAXT B ﬂnep-‘

Hyl©o peaknuio. Yacte M3 HHX pacceRBaeTcs 2JeKTPHUeCKHM NOJAeM
Afpa. Opyrad yacTb NPoHNKaeT B AApa depes moTeHuuansuulll Gapbep
M BHI3HBaeT #OepHY0 peakuuio. HoJss HacTHu, NPOHHKAIOUIMX NPH
CTOQAKHOBEHHH ¢ SAPAMH CKBO3b MOTeHUHaAbHmH Bapeep, paBHa Ko-
shdunrenty npospagHoctd D,

DHeprus 3apAxKeHHBIX YacTHI, BCTYNAIOUIHX B PeakUHIO € AApPaMH,
He paBHA X HAyaJpHoH 3HeprHn £ HAa noBepXHOCTH MHueHH. [Io
CTONKHOBEHUR ¢ AAPOM 34psKeHHAsT YaCTHHA pPACXOAYeT YacTh cBoel
SHEPTHH Ha HOHHK3AUHKIO 1 BOo30yxKaeHne aToMoB Mumiend. M uem gaun-
‘Hee NYTh YaCTHI, B MHIUEHH OO CTOJKHOBEHHR ¢ AApoM, TeM GoJblue

HOHW3AUHOHHLIE TOTEpH H TeM MeHbWIEe 3HEeprHa 4YacTHIL ‘CJIG,H.OB&- o

TeNbHO, SAEPHBlE PeakKUHH JPOTeKaloT NOL JHeficTBHEM 3apAKeHHBX
YacTHY, 3HEPrHS KOTOPHIX 3aKJa0ueHa B HHTepBaje oT E—AE mo E.
3rneck AE — HOHH3AUHOHHBIE TOTEPH YACTHLUB B MHIUEHH.

B roHKoi MHWeHM, TOJALINHA KOTopof HaMHAOTO MeHblle MNHHH
upobera vacTUik, HOHU3ALHORHEE OTEPH He3HAUNTEABHE. 3apiikeH-
HBE YaCcTHUB, NPOXOAAUIHe uepe3 TOHKYH MULIEHbL, NPAKTHUYECKH He
H3MEHSIIOT CBOeH 3Heprhy. _

Y4ursBasg WPO3PavuHOCTh NOTEHUHANbHOrO Bapbepa ALpa, 3alulleM
KOJHYECTBO peaknH#l Ha | M2 TOHKOW MHWIDEHHM NPH NJOTHOCTH NMOTOKa
MOROIHepreTHYECKHX YacTHU ¢!

M=0DgN..

[Ipoussenenne D paccuMTHBAIOT IO pPe3yAbTATaM SKCIepHMEH-
TaAbHBIX H3Mmepeduit. Ero npiHHEMaoT 3a ceyeHHe peakuHH H ofosHa-
YawT eIHHBM CHMBOJIOM cedeHHs o. B Hewm VUHTHIBAKOT BJAHAHHC Ha
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H YDPOBHH He PasnefqaoTcH. §

cedeHHI0 AApa mR2

27 : .
Has HeKoTOpeIX peaxuuil, HATPUMEp TaKOH, Kax Al (@ p) «::ESI, B HH-

tepafie spepruft fo E, =V, nHa KPUBOH CeYeHHA peakuHH ecTb He-
CKOJIbKO PE30HAHCHBIX MHKOB.

O0o3Hauum cevende o6pazoBaHus cOCTaBHOrO aApa ¢. Bo3moxHEe
HallpaB/lIeHHA pacalka COCTABHOIG ALpa XapaxkTepH3yroTca HaplHadb-
BEBIMH CE@UEHHAMH pearlHH: 0, — CeyeHHe
YAPYrOro paccedHif; Oy — CeUeHHe HeYI- g
P¥TOTro paccesHusl; Oq— CEYEHHE NOIJIoLLe-
HISL qacTHil [peakuus (a, 6)]. OtHowe-
HUl 64/0, Gin/0 H 0af0 MOKa3BIBAIOT BEpPO-
ATHOCTL pacnaja COCTABHOIO AAPA € VIPY-
riiM, HEYNPYFHM PacCesHHeM I TOTJIOLIEHH-
€M udcTHUBL cooTBeTcTBeRHO, M3 obfmero
yHena Il afepaeix peakouil (g,/0) IT yactun
paccenpaerca ynpyro, (oiujo)Il  uacTHi
paccenBaeTca Heynpyro, a {agq/o)Il wactun
noraouiaercs aapamy. Tak Kak so3bymIed-
Hoe CoCTaBHOE SAPO obAzaTeaslo pacnaja-
eTcd 110 KaKOMy-HHOYEBR BEIXOZHOMY kKaHa-
Ay, TO H cyMMa BepofiITHOCTEl ero pacmajga

0:{ 0 0in {0+ 0 fo=],

ak?

)

Pne. 8.3. 3aBuCHMOCTD Ceve-
HHA peaKIlHH ¢ 0T 3Heprud
3apsuKenHon wactunst Eg

oTKY A
0=0s+ Gin+ Oa.

HenocpeaeTsenHo ¢ ceuenHeM peaKunu CBS3aH BHXOA peakuun Y.
Ox paser AoJsie HaCTHL, BCTYNAOLIMX B PEAKOHIO ¢ ANPAMH MHIIEHH.
Yroln HafiTH BHIXGA peakudd Y, HeoOXOANMO pasdenuTs KOJdHuecTBO
peakuuii Ha 1 M? MHWedy 3a | ¢ Ha NJAOTHOCTH MOTOKA YacTHL ¢,
B ToHROA MHIDeHH ociaf/erHe MJIOTHOCTH NMOTOKA H H3MeHeHle 3Hep-
CHY YacTHI MO ee TOJALIMHEe HesHauutenebsel. [TosToMmy naoTHOCTE HO-
TOKA U 3HEPrU0 YacTHIl MOXKHO CYHTATL NMOCTOSHHLIMH. B 3toM wacr-
HOM CJaydae 9gHcfo peakuuil Ha 1 M2 muiienn 3a | ¢

Mi=0:Nsp,
rie Ns— uHcao aaep, NPUXOAAUIHxCa Ha 1 M2 MHLIEHH, AIpO/M%; 0; —
ceyenne i-f peakuunn {i=s, in, a). Paszeins uncac peakuuit Il; Ha
IJOTHOCTE MOTOKA @, MOAYYHM BHIXOL peakUH#d AJs TOHKOH MHILEHM:
Yi—=o;N,. (8.4)
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Tak Kak na 1 M? MAWeny TOMMHKOR 1 M cofepkuTeT cTOMBKO e

AAEP, CKOMIBKO aTOMOE B ! M3, To Ha | m? MHIIEHH TOJIHHOMN &
N.=-46,02. 10 PO/,
Tlopcrasum Brpaxcenue pag Ns B dopmyay (8.4):

Y= Gf;a 6,02-10%.

-01012pnuep. HaFITuH BRIXOR peakuuti MOrIourenus HelTPOROB C 3ueprhelt £, =
=0,025 3B p miockoi TOHKOH MHIICHH H3 Megu TOAHHOR §=1 MM, ecan A Mean

Gs=3,77 6, p=8,89.]03 Kr/m®, A =635

8,80- 107
Nea= 35

6§,02.[0% = 8,42. 102 AApo;/ M2,

Uncne agep na 1 u2 MHUICHH TOMMHHOA | MM

No=842.10%.10~3=—8 421 25 A1po/M2,
Buixon sxepuokt peaxumu mo dopuyne (8.4)
Y.,=3,?7<10‘23-8,42-1035:;:-3,2-10'2.

§ 8.5. SREPHBIE PEAKLMM NOJ [ENCTBHEM BAPSDKEHHBIX YACTML,
AAEPHLIN DOTOIDBEKT

Peakuus non, peiictenem a-9acTin. Ilpu usyyenuy peakunn (a, b)
GBI Moy yeHk! IICPBHE CBEEHUA O CTPOEHHN Aapa. Hcenoapsys ecre-
CTBCHHBI® G-H3MyyaTea, Pusnky YCTAHOBHJIH HEKOTODhle 3aKOHOMep-
HOCTH NPOTeKAHHN AiepHHIX peakruMi, ua KOTOpHIX NMOCTpoeHa, Hanpu-
MEp, MOLesb cocTaBHOrO ampa.

14 17

Kpome nepeoii peaknuu N (a, p).'O 6euau OTKPHITHL ApyTHe Bak-
HEIE A4 speproft dusvky peaknum. K mpw OTHOCATCA TIpesKfae Bcero
geamnu (al,2 r). Tlpu 6oMBapanpopke Gepunima a-yacTunamn p Pearuun
+Be(a, n) °C 6num BONydenbl  HedTponel, [lo HaCTOSIMEro BpeMmeHm
peakuun {u, n) HCIIONB3YIOT B KadecTBe Ja6oparto HHIX H

CTOUHHK

HeHTpoHOB. parop o

Boasmuncreo Peakuait (@, n) sakadympaercs BOIHHKHOBEHHeM
HeCTaGHAbREIX Afep ¢ TMOSHTPOHHOA aKTHBHOCTRIO. C NoMoWbo STIIX
Peakuuii noayyaior HEKOTOPBIe HCKYCCTBEHHBIE PAaNHOAGKTHBHEIE Be-
mrecrsa.

Peaxuus nop AeCTBHEM MPOTOHOB. Beicota morenunanbaoro Sapb-

€pa AXep NN HPOTOHOB B nRa Pasa MeHblle, uem ajg -4aCTHL.
nggﬁﬁ-;ﬂ;;arée;;orrc;{e(iv, 'b)éggallriugn HAYT TIpH 00Jee HH3KHX YHEPIHsAx.,
K € prueii go 3B NOAYy9a0T B ycKOpHTedX 3APAMKEH-

Brepsre pacluensienne auTHS nporoHamu Habroganu Koxpogr
u YoJroH. Hporc;nm YCKOPANUCE B JHHelHOM YCKopHTese N0 SHeprum
700 3B, Anpo™ 3Li moa meiicTeuen TPOTOHOB paciuennaiock Ha e
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gacmubr. Peakuna ;Li (p, a) ;He——aKsoaHepreTqucKaﬁ ¢ 3Hepruefl
akund Q=173 MsB. B npyroM BHXOAHOM KaHaJe peakuuH

_ ,Li (7. 1) iBe ucnyckawortes Y-KBAHTH ¢ suepruedl £, =17,3 MsB.

Peakuua nox xefcrBuem neiitonos. JefiToH COCTOHT N3 ABYX HYKJO-

.4OB: IPOTOHA H HEHATpOHa. OHepraa cBsA3M pefiToHa, paBHas 2,225 MsB,
“MeHDIE, UeM y APYTHX MHOTOHYKJAOHHBIX sfep. Cnabas CBA3aHHOCTD
HYKJOHOB B IefiTOHe 06ycaoBAHBaeT HEKOTOpHe 0co8eHHOCTH MpoTe-

xauua peakumii (d, ). SInepas peakums MoxeT HATH Kak qepes

k- COCTABHOE AP0 (TorAa AEHTOH NOrJOMETCs RAPOM-MHIIEHBIO), TaK
. 1 Ge3 06PA30BAHNSA COCTABHOrO AAPA (<IpPAMBIe» peaknun). ITpu He-
¥ OOJBIIHX 3HePruAX AeHTOHa HeATpOH NMpOHHKaer B A0po-MHLIEHs H
| OTPHIBAETCS OT NPOTOHa, KOTOPOMY MeIIAIOT BOHTH B SAPO KyJAGHOB-

cKHe CHABL B pesyapTaTe Takoro paspnisa csszH HeATPOHA H MpoToHa

: NpoTeKAeT NpsMasn peaknns (d, p).

C pocToM 2Heprun NefiTOHOB yBenMYHBaeTCH BEPOATHOCTh TPO-

- HUKHOBEHHS IIDOTOHA B SAPe Yepe3 NOTeHUHAJbHLI Gaprep. B pe-

3y/IbTATE 3TOT0 HAGJIONAIOTCA ABe KOHKYPUPYIOUIME IPiMbie peakiuy
(d, p) u (d, n). PainauMoHHEIA 3aXBaT IZefTOHOR NPOHUCXORHT Kpah-

e pellro, Tak Kax ANpo-MHIUICHb, MONIOTHB HeiiToH, Bo3GymKmaencs

Ao sHepruu We=en+£,—2,225214 M3B, rae en=2p=:8 M3B — sHep-
THR CBA3H NPOTOHA M HEHTPOHa B COCTAaBHOM siape. IIpH Takoil Goab-
WO/ 5HEpruH BO3GYMIAECHHS COCTABHOE AApO ¢ HoJiblliell BEPOSTHOCTBIO

; . BHIGDACHIBAET HYKJIOH, ueM HCIycKaeT V-EBaHT,

Anepuuiii  doroadrpert. ITorrmomenue SIAPOM y-KBAHTZ MOXKET BEI-
3BaTh peakuuu (y, n) H (y, p). D1H PeaKunH HA3HBAWT ANEPHBIM
doTosderToM. DHepreTHRECKH ANePHEL GoTo3dhPeKT BOZMOKEH TOJMb-
KO NMpH SHEPTHAX y-KBAHTA, NPEBHINAIOMMNX 3HEPIHIO CBA3SH HYKJIOHA

- B adpe. OcoGento HA30K nopor porozddekra y AefitoHa W anpa %Be.

Jediron  pacuwennserca Ha npotow wu HEfITPOH Y-KBaHTaMH ¢ SHep-
ruei E1=2’225 M5B, a noporoBas sHeprus peakuuu *Be(y, n)* Be

cocrapaser Beero 1,67 MaB,
§ 8.6. AZAEPHLIE PEAKLIMM NPH BLICOKMX SHEPTMAX
[locae mornowenus wacTHi ¢ sHepraeh 10—50 MsB ofpasyercs

CHIIBHO BO3CYXJEHHO® COCTABHOE #APO. JHEPrHsa BO3GYRICHIST Ha-

CTOIbKO BEICOKA, YTO e€ XBaTaeT AJIA BEHIOPOCA HECKOJbKHX HYK.GHOB.
Hanpumep, mpu SHeprum HedTpoHoB E,=—20 MsB ugyr noporossie

12 1 63 61
peakumn ;C(n, 2n) o C u,.Cu(n, 3n) »CU.  KuHeTHueckag sueprus

GoMBapANPYIOLINX HeATPOROB pacxolyeTrcAd Ha VIiaJeHHWe I3 CoOCTan-
HOro supa OTHOrO-ABYX HefTPOHOB.

Ilpu sHeprusix Eg ey, roe &x — DHEPTHA CBA3H HYKJODHA B sape,
Y4CTHNA B3aHMONENCTBYeT NPAKTHYECKH €O CBOBOXHBIM HYKJOHOM,
Hosromy nas omucanns Mexannsma ANEPHEIX PeakuHi noa deficTBHeM

"acTHn ¢ sHepruaMu E,>>50 MaB mozen» cocTaBHODG AApa HEnpH-

MeRHMa.

BricTpas uacTuma, crajkupasch c HYKJIOHAMH, HeNoCpelCTBEHHO
BhGHBaeT ux H3 sApa. B pesysabTaTe PeaknuH H3 AApa-MHLIENH BH-
* 131
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" Puc. 8.4. 3pesna us 19 nyueli. Sueprus
nepeavHoTe TpeTona 300 3B

. JleTaeT UeNIBbIA KacKal HYKJIOHOB, §
npHIYeM YHCJI0 YACTHI B KacKale '.
pacTter ¢ YBEJAHUEHHEM 3HEPTrHA

SoMbBapAupyIOIel YaCTHIH,

Ha puc. 84 TTOKa3aH Kackan }
BHI3BAHHBIH APOTOHOM |

YaCTHII,
¢ sHeprieii 300 I'sB B doro-
aMyJabcHH, OT MecTa CTOJKHOBe-

HHA NPOTOHA C AIPOM pPacXoIHT-

ca 19 TpekoB BTOPHUHMX MPOTO-

HOB. TpeKH moX0XXn Ha H306pa- ]

MeHHe Jayuel 3Be3anl. [TosTomy
BIHAOMYIO 4acTh 1300paKeHns
KaCKaJla YyacTHI Ha3BBAIOT 3Be3-
Jofi. B orauude 0T OPOTOHOB
HeATPOHBl He OCTaBMAXT CACIOB
B dOTOIMYJbCHH, H N0 JAYyYaMm
3Be3bl HEJb3d TOUHO oOmpeie-
JIHTb. TIGJHOE YKCAO YacTHIL B Ka-
cKage.

§ 8.7. TEPMOSAREPHBIE PEAKLIMM

BemecTra, Harperele A0 He-
CKOJMIBKHX HEeCATKOB MHJJIHOHOB
rpaigycoB, H3MERAKT CBOH CBOH-
crea. [lpu Takoft Temmepatype
aTOMBbl NOJNHOCThK) HOHH3IHPOBA-
HBEl, a BellecTBa MpeBpallaloTes
B 3JEKTPOHHO-AJepHbIH Tras —
11Aa3My, COCTOAIYI0 H3 CBOGOI-
HBIX Afep K 3aeKTpoHoB. OQOHU-

HO IlasMy HA3HIBAIOT MAH NO €6 COCTABHBIM SApaM (MPOTOHHAS, Aefi-

pan 2 MOKa3HIBAeT 3aBHCHMOCTh €

- 1e3a
6q (E}f(E). Peaxuns CHHTESA apep mp

Y(E)=~0. B nepsoM sHepreTHiec

a g k172 £,

TOHHA" H T. A.), HJH TIO ATOMAaM, COOTBETCTBYIOINHM COCTABHLIM AAPaM
(ZefiTepreBasi, TPHTHEBAR H T. II.). :

B njasme NpPOHCXONHT WHTEHCHBHOE ABMKEHHe YacTHU (snep o
3AeKTPOHOB). B pesyabTaTe MHOTORUMCASHHBIX CTOAKHOBEHHS B MAazve
YCTAHABAUBAETCH MAKCBE/AJOBCKOE paclpeflefieHye 4YacTHU Mo CKO-
poCTAM.

[pospauHocTh MoTeHUHAJbHOTO Oapbepa ABYX B3aMMOJeHCTBYVIO-
MK Afep 3aBHCHT OT HX OTHOCHTeJbHOH KHHeTHuecKoH sHeprun E.
Hanpumep, sHeprus E ZByX afep, KoTophle [0 CTOJKHOBeHHA ABHTA-
JIHCb EaBCTpedy APYr APYTY C OAHHAKOBOH KHHeTHUecKoll sHeprieft Eq,
paBHa 4E; Ecam Xe 9TH saApa ABHAKYTCA B OAHOM HalpaBAeHHH, TO
HX OTHOCHTeJbHas 3Repris E=0.

Ha puc. 8.5 npueexensr Tpi xpusbe. Kpusaa / — 370 MaKcpelJoB-
CKoe pacnpelienenne spep no srepruu {(E). B nrasme. ®yuxuua f(E)
¢ YBeJHUYeHHeM 3Hepruu E cHauajsa pacTeT, HOCTHrAET MaKCHMyMa
npy sHeprad E=£kT {2, a 3ateMm GpicTpo y6oipaer. B niasme ectn men-
JeHHBle fapa ¢ sHeprued E <C AT, a Takxe Hefoabluas A0/ «rops-
uux» agep ¢ E>&T. '
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" popepxHocTd. Ecmi Temmeparyp

rRAX 9Aep B MAA3Me KAH MHUIRHH MONET
nonternd. Torfa ofpasyercd AAPO, KOTO-
HeXONHBIX fmep, ¥ OCBOOOXKAACTCH
10 HashBAIOT peakyuedl curTesw adep. Kph-
cUeHHS TIOTJIOLIEHHA Oq OT 3HEp-

pn E. C pocToM 3HEpruH E mpo3padHOCTD OTeHIHAJBHOTO 6apzz§{pHa_

rBEJ‘IH‘-IHBaeTCﬂ, a ceueHHe 0y Pe3KO BO3pacTaer. Brixon peaxugneHHm

npu 3Hepruy E B TAa3Me MpONOpPIHMOHATIEH NPOH3BEN
oncxonar BOMH3H MAKCAMYMA

' 1a
' u ot sHeprHn Ey (E<€Ex u E3>Ey) BelHud
O o omont ’ KOMMHHTepBane ceyeHHe O OJIH3KO

CTONKHOBEHME HABYX JIC
AKOHUHTBCA peaKiues IoT
e TAXKeNee moboro H3 ABYX

geprHa. Takyio peakin

7 g 2
™
|
i
1
L
1

|
]
1
|
I
|
|
i
1
|

Jnepaus s9ep

Puc. 85 Maxcpel0BCKOS pacnpefeneHue ALLP
B n}iasme {I); ceusHud norfowennsa (2} H BHXOL
peakunu (3) B 3ABUCHMOCTH OT JHEPriA ALpa

THUECKOM WHTEpBAJE Mang aoas aucp

IHepPre [
K HYDO, @ B ane, ; g xpupofi Y{(E) n oCbi0 IHEPIH,

‘paHpueHHa
onasMe. [laomaib, orpa i,
?lpOIIOPH,HOHaJIb‘Ha 3HEPrOBELIENEHITIO B NIASME. C noesliendeMm T

aBo
nepatypel njiasMbl MaKCHMYM CTEKTPa Makcsenna ;ﬁil;llrieﬂ'gﬂ BBI(;%J[a-
3TOTO YyBeJAHYHBACTCH
0 ocH 3Beprun. BoaeacTHe STO a
g'm 6o.neep BLICOKHX 3HAUYeHHf Ce4eHHA Oa H 9HEProBLIIeNeH

JAasMe. . .
B“Haqnﬂaﬂ ¢ HeKOTOpOH TeMnepartypdl, Ha3pBaeMof Temgi[ipacggfgg_
aascucanua To, peaklBa CHHTE3A CTAHOBHUTCA CaMonoaiept

. BreasieMoi B IUIa3Me 3HEprHH XBATAET I Ha ncnnepﬁiigecng‘;
CTosHHON TEMNEpPATYPbi MIA3Mbl, K HA KOMNEHCAUNIO HSFH 5
- a T>To, TO B MAa3Me HIeT pasB:
Rasmomasica peakins cunresa szep, Orpomuoe Bl:lrﬂe({l‘i!;ggB;THeer}LFIi{(}}[
Koe BpeMst K BapuBy. Ciiel MLHO,

B QasMe MPHBOAMT 32 KOPOT C0BATENLRO,

nnasMe HemoCpencTBeHHO CB
Teuemye peakUHH CHHTE3d B i He g e
off maasmpl. [103TOMY P
BIKEHUEM sAep, TeMmeparypoi ‘
g}?ﬁl;lel\;aﬂmep npoTexapuyie B ropsuefi masie, HasHBAIOT TePMO
adeproimtl.
TewnepaTypa 3akHraHksi MMasMul 33

MAa3MBL.
NAOTHOCTH, cocTaBa H 00beMa nie
l'IpOl'lOleH(;HaJina MAOTHOCTH TJ23MbL C yBejnueHUEM MJIOTHO

il Melib-
NAa3sMy pacTer CKOPOCTb TePMOAAEPHEIX peaxmuil, uTo Bgﬁ[ﬁgébymas-
eHHie TEMAEPATyphl 3aKUTaHAA. 3HayuT, UeM BHILLE NI J

MEl, TeM HIKe TeMIlepaTtypa 3aXHraBhil. .

BHCHT OT Tpex (arTopos.
[laotHocTb Alep B Tmiasme




Ceuelre peakmim o, HeGAMHAKOBO Al pAsHYNBIX  sgep. Ilpu)

CEYEHHE PEAKUMH MEXAY AeHTOHAMH 60/b-
L€, 9eM CeYCHHe peaKlMH MeMAY NPOTOHAME. Cnenosatennno, mnpu |

ORHOH W Tolt e auepruu

ORHHAKOBBIX MAOTHOCTAX Aaep wu TeMOepaType IasMbl BBLAEJEHHE

SHEPTHH B BOJAODOAHON IJa3sMe MeHee WHTEHCHBHO, yeM Aefirepre- |

BOH, a TeMRepaTypa 3a’KHraHps MEPBOi BHILE, ¥eM BTOpOI.

M3 Geckoneunoro o6bema mmasmer wer YTCUKH 3HeprHH, H TeMIle-
PaTypa 3aMHMAHHA TAKOH na3Mbl MHRHMagbha. C YMeNbLIeHHeM
o0bemMa naasMM Ra TEMIICPATYpE 3a:KHTAHHA HAYMHAET CKa3blBATHOS
yTeuka SHEPTHH Yepes HOBepXHOCTb, [las KOMIeHCAUHH 3TOH yTeykn
HeoOXQANMO NONOJHUTEIbHOE SHEPrOBBAeNeHHE B TuasMe, [losTomy

TEMIEPATYPA 3aXKMTAHHA KOHEUHON ILA3MLI BoJblre, ueM Becxo-
HeYHOT.

Temnepatypa BHYTPH cBeTAmIMXCH 3Be3l noctHrger 20—30 man, |

TPAafycoB. 3Be3/Has MIA3MA COCTOUT B OCHOBHOM H3 NPOTOHOB H CiKa-
Ta OTPOMHBIM AaBjeHHeM 10 mioTRocTH 100 r/omd, KOTOpOH cooTBeT-
CTBYET INOTHOCTh MPOTOHGE NpuMepHo 6-10% B | cm3. B mJA0THOR mpo-
TOHHOI TJTa3Me NPOHCXOZMT CHHTE3 Q-UacTHL H3 MPOTOHOB C OCBOGOXK-
AeHueM 26,7 MsB wa oanmy a-4acThuy. Bes Boizenennas aHeprud
B OJasMe pacxoyercs Ha HanyyeHHe ¢ NOBEPXHOCTH H HA NOZAepKa-
HHe TeMMepaTypht 3Be3fhl,
TepMmosnepHsie peakuny B BOLODONAOH MasMe MAYT KpaiiHe Mej-
AeHHo. 17 cHHTesa ofHON a-yacTHIb B COZIHEUHOR MuIasme Tpebyeres
Gonee mecaru MUJTHADAOB neT. TlosToMy BhHIxOA SHEPIHH fake
B MJIOTHOM COMHEUHOR NMAa3Me COCTABINET OKOMO 2-10—* Br/xr.,
YueHble MHOTHX CTpan pabortaloT Haa mpoGaemoir NpHMEHEHHA
YIPABJIAEMOTO TePMOAAEPHOrO CHHTE32 -YACTHI W3 NeHTOHOB H TpH-

TOHOB. B pelitepuenost n AefTepHeBO-TPHTHEBOH MaasMax nporexaiTr
TEPMOSIIEPREE PeAKLHH

d+d—t+p+4,0 MsB:
d+t—>n+a+17,6 MaB.

Ceuenue BTOPOI peakinn HamHoro Gosnire CeyeHnsl nepBoli. Bemencr-
BUe 3TOr0 B AefiTepHeBoll maasme ofe PEEKIHMHE HAYT NOCAEA0BATENb-
HO, a B AellTePHEBO-TPUTHEBOH MaazMe BTOpasi peakuus npeoSmafaer
Haj neppoi, '

Ipexcne uem nocrasuts TEPMOANEPHBIE peaKUHH Ha Cayx6y we-
JIOBEHECTBY, NOTPelyeTcAd pPellHTh HEeCKOAbKO KPYIHBRIX npobiem.
Ynpasasemas TEPMOAREPHAsA peaKuns OYyAeT HNPOTeKaTh B anmnapare,
HASLIBAEMOM Tepmosdeproim peaxropom. B seMubix YCIOBHSIX TPYAHO
MIONYYHTh TaKyio XKe IMIOTHYXO TJIa3My, Kak Ha Coanne, notoMy uro
HET MATePHANOB, BEIACPKABAIOINX NABACHHE B HECKOILKO MUWJITHOLOB
atMochep. TToaToMy maoTHOCTE MAAsMB B TEPMOANEPHOM peakTope
OyleT cpaBHHTENLHO HEGOMBILOL. Benenctaue PTOTO MNa3MY NPHAETCA
TIOANEPKHBATL NPH TeMNePaType B HECKONLKO AECATKOE HAW COT MHJ-
MMOHOB rpaaycos. Ilpn rakoil remnepatype MPEANONAralT NOJAYYHTD
NIPHEMJIEMYIO CKOPOCTh OCBOGOXHeHH sneprun, Harperas nnasma
AO0MKHA KAKHM-HUGYAb CHOCOGOM VAGP:KHBATLC B CIKATOM COCTOAHHH
A GBITH TEPMOM3OMUPOBAHHON OT CTEHOK PearTOpa, Tak KaK TeMimepa-
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Heo

Thi-
ma CaMBIX TYTONMaBKHX MAaTepHAJ0B OrpalH4uYeHa HeCKOJLKHMH
P .

cATAMH TPaJyCOB.

e-

VueHble, NMPOBOJAILAE IKCIEPHMEHTH ¢ TJIa3MOH, r:mamr"i%ﬂmogl '

b npoﬁinemy yAepKAHHA H TEPMOH3ORIUH TIA3MEL nijqﬂsnmymaﬂ

¢ i YacTHIA, ; -

i fi. 3apaxeHHas

OZHHIX MArHHUTHBIX floJe ywan-

g;l-[[gJI:I:KCHJIOBOﬁ JHHHH K KOHUEHTPHPOBaHHOMY MarHIg;IO:}I};aIOLuHe
Cogpa}xae'r(:ﬂ 9THM TIOAeM, Kak JydY CBeTa OT 3epKaaa. UTp

TIaz)

. MATHHTHEBEIE NOJA Ha3BamH MUZHUTHBIMIL FEPRKAAAMU.

0_
[InasMy NmOMeLIAOT B BAKYyMHyIO KaMepy. BHYTpM KaMepH ¢

i H K LEeH-
" agaeTCS MArHMTHOE JOJe ¢ MArHHTHOH HHAYKnHed, yﬁbIBa]I?éI:I.ﬂ?)I/I X :'rpa
- i]I)ly Kamepnl. Takoe MAarHHTHOE NoJe CXKHMaeT NJasMy o

Mmar-
KaMepbl, OTAeAAA NAa3My OT 0GO0JOUKH KaMEpI;I. Hliel;onlggfigg?og Mar-
’ L3
MAarHHTHON TepmousoJnuei.
HTHOE NOJEe H CAYKHT 7 "
ﬁHTHoﬁ TepMOH3O/ALNENl HA3BBAIT MASHUTHOU .aosyuua:{o N
Co3naTh HaAeXKHYI0 TePMOU3CAANHIO AOBOJBHO prflleI"{ Ha
NPUUHH HeyCTOHUHBOCTH T1a3MB— Auddysns 3apﬁ>xene e‘wemamcsl
C?TaJIKHBaHCb MexKay coGofl, 3apAKeHHBIe dYacTHUBI Mep i)“oﬂ30ﬂﬂ
MATHHTHYI Tep) -
3 HHX NpPOHHKaeT uepe3 1
P e Toyras mpwas i ¢BA3aHA ¢ KoJeda
IBOCTH TJ1a3Mbi
. ras TPHYHHA HeYCTOHY eba-
ﬁﬁ;omfﬂc?gbema MJAa3Mbl, HEPABHOMEPHOCTBIO TeMHepaTypblagaT\O'cno-
cTH fifep B nJasMe. OHH H3MeHAOT MArdHUTHOE MOJAE, CO3A )
pUs LA VTeYKH 2apsiKeHHBX YacTHI H3 NJAA3MBL N
Tlnasva B TepMOAAePHOM peaKrope HarpepaeTcH Tsmaaemoe you
] eCTBOBaHUA IJA4a3MH T, H
skuranus To. 3a Bpema cyll B e
iﬁmm yBepacantia, B Hell ycnepaeT npopearuposarh KOHEZ?I(;[THHH}’ NEE
nponopuroHanbHoe Nt (N — NJAOTHOCTE AAEP NNa3MHl).
Ha3BIBAIOT HAPAMETPOM YOePICanus. exmor na ape co-
MoiidocTh TepMOSEPHOTO peakTopa Iolpask T imiie
crapastoline. HemocpeacTeeHHO B njaasMme TDpMDsHTTo SapAmenLe
YACTHIE], BOSHHKAIOUIHE B TepMOslepHOH DeaKUHH. Ko.ﬁo o o
pSEHHHX YACTHL (MepBasi cocTapJisiomas) aaer 010 Oy e
wocti. [pumepro 80% wMomsocTH (Bropas CoCTaBAAIOLL
4A3MEl HeHTpPOHaMH. .
- II-I(J:i}Kﬂ,bIﬁ COCTpaB naasMe obbemoMm V xapaKTepusyeT;:g ll\;:l[Hg;{pBaﬂ
HEIM sHaUeHHeM napaMerpa yAepxaHua {Nt)o, npuoligmgm Tepsan
COCTaBJSIOAsT MOUIHOCTH KOMIEHCHPYeT 3aTPaThl M A
JepiKaHHe TOPeHHS NJIa3MBl NpH MOCTOAHHOH TeMIepaType. ALY
(N?:)o HA3BIBAIOT Kpurepuem Jloycoua. ,[Lnl;: ﬂeﬁ;epneﬁc;[-'rﬁ)emepne-
naasmul (Toa=10% K) snauenue (Nt)o=3-10 ;:;cM ,an A Hehtepie:
BOil maasMpl (To=c5-108 K) (Nx)o=10% cfcumd Cneﬂoaa;x Teﬁnepa-
TepieBO-TPHTHEBAS N1J1A3Ma 34XHIAETCH NPH Sosee HH:K LY
Type u kputepuu Jloycosa, uem ZHefiTepHenass TJIasM - Bor moneny
B NepBMX TEPMOALEPHHIX peakropax Oyler HCMOJb30B
asmMa.
pHEBO-TPUTHEBAA 11 ——
B CopeTtcrom Coloze HCCAEM0BAHAA MO ynpaBﬂHeMO’?eynggﬁqc;Ciﬂal
HOMY CHHTe3dy siep MpoBojATes ¢ Hayana 50-x rolos. KO]EO,E[HJIH -
H SKCNeDHMEHTAJBHEIM H3YUeHUEM CBOHCTB mamj]pf& .
lapoiinecs yueHble aKaleMHKu H. B'Hlﬁi“{pl::ao;?}cﬁux o 'BapyﬁeJKHbIX
PesynbTarh - MHOrOMI@THRX HCCJIEN0BA o




YYeHBIX TO3BOJHIU BIJAOT

Tepmernunag TOpOnRadbHAN Kamepa (
J0UKH. BHyTperuas cragpuasg o6
(KOXKYX) pasfemens BAKYYMHHIM 3a30DOM M snexT

4 IIOBEPXHOCTH MeRHON 06010uKy CMOHTHDPOBAHBI MATHHT
K, Cozmawiine nmpopoabnoe MariMTHOE moJe B Kame

Pac. 8.6, Cxama YCTAHOBKHE TOKamax:

{ — nepenunag o0MOTKa: 2. MArHHTHa A
CTaALHad ofioaouga; 4 — nhazma; §—y

Kereslyelft Cepnevnnk

KaTYwka;, 2 —
CAHBI Homyx: § —

C OXHOBUTKOBON BTOpHuHOf 06MOTKO (nnasmoit).

Tepea samoanennen rasom (mefitepuem pau CMecko  aelitepus
C TPHTHEM) B Kamepe coaflaior BEICOKHIE BaryyM. [Tocae 3aN0JAHeHAS
FasoM non HUSKHM AaBjenmem BRJIOYAIOT RHTAHHE NepBHUHOH 06MOoT-
KN, B KaMepe NPOHCXOAHT npoBolt H HOHN3aug rasa DNeKTpHYeCK U
TOK, HpOTeKaloiuit o HOHHZHPOBAHHOMY rasy, warpepaer erg J0 BHI-
COKOH TeMmeparyphr,

Mareuruag TEPMOH30JAUNA CO3MALTCA HafoKeHHeM ABYX MAarHHuT-
HBIX Togtert. Tlepsoe, ocnosnoe MATHHTHOE 110/ —— 3T0 MarHHTHOe Jo.e
SJCKTPHUECKOTO TOKA B MaasMe. Owo CKHAMAeT 1asMy B paguasbHOM
HANPABAEHHN N yAepikKHUBaeT ee B Kamepe. Bropoe, ympasasiemoe mar-
HATHOE noJe, obpaaywoileecy TP NIPONYCKAHHU 3/eKTPHYECKOro Toka
HEPE3 MAaTHUTHBIE KATYLIKY, HCIIONb3yeTCA AR CTabUan3aluy [LIA2MBHI,

o pesyapraram HCCACAOBAHMH Ha ycTaHOBKaX THIIA TOKaMaK 6aa
CHC/IaH BHIBOA, YTO BpeMs 1 BO3pacTaeT ¢ yBeJHYeHHeMm HomepeyHoro

Ceuenna naasmel. B ycranoskax Toxamax-10 (CCCP) u PLT (CHIA)
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HYI0 MONOATH X NpoeKTHpPOBAHMIO TepMo4

puc. 8.6) umeer ame 06o-
OM0YKa W BHEIIHSAA MeIHay 000MOUKY |

HBble Karyli- _
pe. Kamepa

fepeuHoe ceueHHe KamepH pasHO npumepHo 0.5 M2 a ’19-;61166):&1 ré.ggg-
w okos0 5 M%. Ha ycranoske Toxamak-10 (kpaTko — an:
b TeMieparypa nuasmmt 107 K, mapamerp yapepxauus Ve
4.101% ¢ fcu®, UTober ocyllecTBHTE caMOHOMep}KHBaIOU.IYIOCHH’IJ‘I a}; o-
epHYIO PeakKiHio, moTpefyeTcs yBeJNHWHTH TEMIEpPATYpy

ﬂ‘uumepﬁcnr 8 10 pas, a napamerp yaepxahus —gp 50 pas, na
P B CCCP, CIIA w jlmoHuH TPOEKTHPYIOTCH YCTazHOBKPé a
0KaMaK ¢ TONepeYHLIM CeUeHHeM KaMep oT 3 Ao 12 m ;{ oﬂt;el:ga_
pnasmbl oT 60 1o 400 m3. TemmepaTypa miasMe u napamemp r);m?epa-
HHA NPOEKTHPYEMBEIX YCTAHOBOK OYAYT MaJo OTAMYAThCA

" TypHl 3aKHFAHHA H KpHTepHs JIOycoHa.

TepMmosepHble peakTophl HafAYT WEMPOKOE MPHMEHEHNe KAK HCTOY-

i HEKH 3HEPTHH. B sa60opaTopHsAX H3yyaloTcd pasnnq}ém$e;ﬁ%h;;1eg£;0$;

3 : TPOCTAHIHAX

: a SHepI‘HH Ha aToOMHMBIX 3JIeX

paSOBaHH { TEIIJO BLHIIcNAETCH IIpH  3aMelaeHan
: KTopamy. B omuofl W3 HuX T 1

'g;i]e‘re%ml-rx H3 NNa3Mbl HelITPOHOB, B TOJCTOM cJoe BellectBa {6JaH

KeTe}, OKpyKawieMm xamepy. Tenno ot 6JanKeTa OTBORUTCH TEIJIOHO+
L

‘cATeNeM. Ecau uepez Gnasker npokauwiBaTh KMAKHI i, EZKE?{J;
b feficTBHEM 3aMedJeHHBIX HeHTPOHOB B JAHTHH np9TehaeT3£e
. - 9Li(n, £)*He u BOCTIDOW3BOAMTCS TPHTH, CHKHraeMblii B I1a3Me.

258
B ruGpuaroM peakTope GJaHKer HBTOTEIBJIHBEIET(;;ISJ{B [;]J.Tcgloit
IeficTBHEM ReliTpOHOB ¢ SHEPJ{{eg E>1 MaBe;g:}LIE’I% e
OLHO A .
Bobox gaeTcd anepria 200 MsB nua )
> %.FH;DI'IB.HOM peakrope BTOpasl COCTABJAIONIAS MOLIBOCTH BO3Pa

‘CTaeT B HECKONBKO pas. B OnaHKeTe Takoro peakTopa MOMKHO IpOU3-

BOAUTH H TJAYTOHHHA, KOTOPHIH HIeT Ha gpnrommi}gi% OHHJ;?I:I%R;I ;[:?:x
; 1 B. Ilox neficTBhHeM H :

JHBA N5l SACPHBIX PEaKTOPO { x

“* B OsaHKeTe NpoTeKaeT HapsALy ¢ pPeaKUHell AeseHHA afep

{(n, y)-peaxuus: ***U (n, y)¥U, 3artem 29U npeppamaerca B 2¥Pu:

'.‘SQUiQSQNp_a_’_stPu. .
Hoasnenne MOWHOM JazepHOl TeXHHKH nocTaBn.noEnep:en g;l;;[;;]\;i
JAH B
; TH TepMOsAAepHoOro cmHresa. Ec
Ipyryw sagauy B of.jac [ il Hanpasih
BIUYID TalJAETKY H3 3 p
UMIOYJbCH CBETA Jasepa Ha HeboJa !
cmeg;i AeHTePUA H TPHTHSA, TO MOXKHO JH NOACTPETh TAGMETKY A0 E{;r;a
Nepatyphl, IPA KoTopoil 3¢ {eKxTHBHO nporer;aeT TepMOAACPHAS peak
/TEPAKUBAIOILET0 MATHHTHOIG IIOJAT .
unﬂBﬁ%ggﬁ IPynna COBeTCKHX YUYeHRIX BO rJAaBe ¢ aKaleMIrKoM

H. I'. Bacosbiv Boepebe zapericrpupopaa Hei’erOHbi,,}1”cn}-'me;ig£$
"npn B3aNMOJEHCTBHH HMIIy/Abca CBeTa Jazepa ¢ Tabaerkoi H3 1

puaa sutua, MCTOUHHKOM HeHTPOHOB Oblaa TepMosijiepHad pea;;’uug:
MMocaenywouie sxcnepumentst 8 CIUA u ®panwmm noatsepanau p

. 3¥JILTATHl COBETCKHX YYEHLIX.

Kak xe passupaercsas npouecc Taﬁ.;lngix;e?; rﬂ%ipiiggi;eﬁmcﬁgﬁ
. BHOCTBIO 10 10—

IyJbca ¢BeTa Jasepa AJAHTEN ernui crol
' B NMAa3MEHHOE COCTOSHILe,

TabaeTKl Hcnapsercs, MepexoiiT & anen
CKOJIBKHX JIeCSITKOB MHJTUOHOB T'p

INasMa Harpepaercs A0 Heck pazycos,
-9 JasMe TIPOHCXOAHT TEPMOSIEp

B Teuenie Bpemenu t~I10-° ¢ B 1 n

peaxms. ,[[allE::JIEHHe B IJ1a3Me Pe3KO BO3PACTAET, H B KOHIE Npolec
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TabJeTKa PaspHBAeTCs Ha OCKOAKH. B NPOEKTAX NASEPHEIX TepMO-

AAEPHEIX  peaxkTOpoB paspabaTbiBanTces CnocobBl lpeodpasopanius §

SHEPrHH B3PHIBOB TAOJETOK B TelIO.

IHePTreTHUECKH BHIHIPLIMI B JIA3EPHOM TePMOANECPHOM CHHTE3E MO-

HET ObITh MOMYYEH NPH YCJOBHH HpEeBBICHNS] SHePIHH B3pbBA Haj

ONpENeNAIOMEN HAYANBHYIO TeMIIEpaTypy IL1a3Mbl, & TaKKe OT MeToAa |

ofiyyerns TabjeTkn. _
lIpu onnocropornem obaydeHHn TabaeTky NapaMeTp yaep:auus

Nv He npepLimaer 1014 c/cM? (BpeMsa yaepKaHuA 1 ~10~2 ¢, IMIOTHOCTD

anep N~5-102 agpo/em?). Taxofi NapaMeTp ylepKaHHR AOCTaTOYeH
TOABKO /5 KOMIeHCALUHH 3aTpayeHHol sHeprun. Konanwecrso ocso-
Goxknaemolt sHeprun PC3KO NOBEIARTCA, €CAM HOBEPXHOCTH HeGOJb-
INOro Iapa M3 3aMOPOKEHHOH cMecH AefiTepua W TPUTHA obayyaTe
OQHOBPEMEHHO €O BCeX CTOPOH HECKOJbKHMH nasepami. Objydennnii
Hiap mpeppaliaercss B CTYCTOK MAasMbl ¢ AaBieHueM go 10H ar.,
B Taknx ycaoBusx maotocrs TIIa3MHE, 4 C/eloBaTeIbHO, 1 SHEpreTH-
YCCKHH BBIHTDHII BO3PacTaeT B COTHH pas.

Jlazepuwiit TEPMOANEPHBIA CHHTe3 NOKa iceaeayeres B naboparto-
puax. [lo TeopeTnueckny ONCHK&M, AAA MONYYEeRHA AMETHOrC aHep-
TeTHYECKOTO BHIHTDHINA HYXHE MOLHBlE Aa3¢pel ¢ 3HEPrHel HMIyJIb-
ca cpera 10°—106 Jx, KoTopas B 10°—10% pa3s Gosbine SHEPriH HM-
nyJjbca cBeTa AeHCTBYIOLIHX #tazepos. . CosgaHue Takoil MoOIIHOI
JIa3ePHOH YCTAHOBKH — OfHA M3 MHOTHX HpobJjeM Ha TyTH OBAANEHHS
JIA3EPHHM TePMOSAEDHHM CHHTE30M, _

3anacel NeHTepHA W JHTHA B NIPHPOJE OTPOMHEIL, M pellieHue Npo-
GJeMEl yIpaBseMoro TEPMOSAZEPHOTO CHHTE3a OeCHeunT yesoBeuecy-
BO IPAKTHYECKH HEHCYEPINaeMblM HCTOUHHKOM IHEprHA.

§ 8.3. TPAHCYPAHOBBIE 3NEMEHTbI

[puponnsie snements 3amosssjor ITepromuueckyio CHCTeMY 3Je-
menros . M. Meugeneera a0 ypana (Z=92), Xumuueckue si1emen-
Thl, PACON0KEHHbE 3a YPaHOM, HA3BIBANOT TRAKCYPARO8oiMY. Bee oHH
PAZHOAKTHBHEL H MMEIOT MaJlbiii epHOA noaypacnaza o cpasHeHHIO
¢ Bo3pactoM 3emau. [Tostomy TPAHCYpAHOBLIE 3/IEMEHTH NaBHO pac-
IIaJHch B He BCTPevalpTes Ha 3ewmJe.

Topuii, nporakThuwii, YP@H H TPAHCYDAHOBLIE PJMEMEHTH 05PasyIOT
Tpylny akTHHONLOB. B [lepHoguueckoll cicTeMme sMemenTOR AKTHHOH-
AEL DACTIONOKEHEl MOA JaHTRHOMAAMH, KOTOPBIe HACYHTHBAOT B cBoeli
rpynne 14 snementoB. Taxoe e KoJnuectro 3/eMeHTOB Il B Ipynme
AKTHHOUACB. Mo 1940 r. Gein uspecTHH TP NepBHIX AaKTHHOHIA,
BCTpevanuliecs B NpHPONe: TOPI, NPOTAKTHEN I ypaH. OcranbHeie
11 sqemento rpymnm AKTUHOBMOB (Tab/i1, 8.1) Owan NOJYYeH bt
B SAEPHBIX peakuHAX.

boabmnscTse  M30ToMOB TPaHCYDAHOBHX 3JMEMEHTOB SBJAAITCA
B-usayuatensimu. dto croiicTao PANROAKTHBHOCTH HCIOAB3YIOT NPH
TIOMYYEHHH H30TONOB TPAHCYPAHOBHIX 3JEMEHTOR, [lepsuiit #30TON X)N-
MHYECKOT® 3JeMeHTa ¢ MOPAOKOBEIM HOMepoM Z==93 6ma noayues
AMEPHKAHCKHM DH3UKOM MaxMuiagauoM B 1940 r
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Ta6aunua 8.1

TpaHcypaHOBHe SXeMERTH

. 2 MaccoBwe uRcha Tox,
Bnepeny Xu.\g::ggﬁ nol;fgd?]:u HIOTONOB OTKDHITHA
_ 93 231—241 1940
Ef,??é’ﬁ.‘i‘g H‘: 94 232246 130
<" Ame pHIET Am 95 237—246 1844
- Kiopuft Cm 96 238—250 194
' ‘é‘;’,?mu Bk 97 243—250 1949
Kanugopuuit Ct 98 244—554 i ggg
DT edHuil Es 99 2460— 26 e
" depmufi Fm 100 250—256 er
Menfenenufi Md 101 265—256 l957
HoGeanit {No) 102 - 253—2565 i961
JloypeHcHit Lr 103 ggg oo
Kypuatosait Ku 104 192
Hunsc6opuit Ns ros —

O ofnyyan HefiTpOHAMH NPUPONHEIH YpaH, COCTOSILUHA M3 ¢-AKTHB-
msx meotonos o U (93,3/) WU (0,7°/). B pesymrate peaxumu
2U(n, ) U B pameefimero B--pacnaga U ¢ nepuogom noay-
pacnafga 23 Mum:

wU— g Np+p~+¥

BO3HHKAA H30TON HOBOTO XHMHYecKoro d»jeMeHTa ¢ Z=93. On 6w
Ha3BaH HeNTYyHUEM. Y HeNTYHUA H3BeCTHO 11 H30TONOB ¢ MacCOBBIMH
yucnamu ot 231 me 241, HanGoabmuii nHTEpec AN H3YHEHHS XHMH-
YeCKHX CBOACTB HEIITYHHSI NPeACTABJAET H30TON g NP ¢ nepHo10M
noxypacnaga 2,2.-10% ger. On ofpasyeTcs B leNouYKe NpeBpallieHHH
237 a- 937
2U(n, 2n) o Ué,?—s;‘u;' ND.

*Np UpHHAZJICKHT K PaIHOAKTHBHOMY CEMeHCTBY ¢ MacCCOBBLIMH
YHCAAMH /F=4n+'l. B RovepHHX TNpPOAYKTaX B~-aKTHBHBIX H30TONOB
HENTYHUA MOPAAKOBHH HoMep yBeJHwHBaercss go Z=94, Xumuyeckuii
3NEMEHT ¢ MOPAIKOBHM HOMepoM Z=—94 naspan AyTORMEM. .

Cpean u3yueHHHIX H30TOMNOB IIYTOHRA HaHGOJBIINH %agqubm 1
NpaKTHYECKU]l HHTEpec NpelcTaBJsAeT H30TON NLAYTOHHS u e ng-
puonom moaypacnana 24 000 ner. Ilon neficTBueM HEHTPOHOB MpoOM
XONUT Aesienne ¥¥Pu, B peayapTare KOTOPOrO 0cBOGOKNAETCH FHEPrUA.
[ostoMmy 9Py ucaosb3yOT B aTOMHOR SHEpreTHKe A4 NPUTrOTOBJeE-

HOTO TOILIHRA,
HHHBHoﬁ:ILJuaH HCCAeAoBaTeAbCKAsA pafoTra B o6aacTH TPAHCYPAHOBHLIX
SJMeMeHTOB GblMa NIpoAeIaHa TPYNIok aMepHKaHCKUX yueHuX (CHSopr,
Maxmpanan u ap.) B Kamudopuuiickoum yHusepcurete (r. DepKun).

Onn nosyvyany HoOBble SJMEMeHTH, ofayyaq Taxenaple MHLWeHH (A~
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~240) nyukamn meHTOHOB u d-yacTHHY,

Tax, amepunuit Am u kiopuit C
e & P m obpas

YCKODEHHHX B LHKAOTPOHG
YIOTC B LENOuKax Ipempa

28ry w1, B oy
ol (@, n) Pt = orAm;
JeT

239 242
9 PU(z, A} " Cm,

B nocnennee Bpems gag non
noAL3yI0T nyuKH sigep C, HN

UHH YBCNHYHBAETCA HA WIECTh—BOCEMb eAHNHI. TakiM
/I CHHTE3HpOBaHkl shHWTeHNE Es, bepmui Fm, wmen
JIOYpeHCHA Lt 1 Apyrie XHMUYECKHE 3J€MEHTDL

e *BU sppamu “N, yekopenrsimu go 100 MsB, uger peakuus

3
WU N, 6n) %R

Coserckue ¢usnku (I. H. @ad

B yecrs akazemuxa U, B. Kypuatosa xum

XUMHYeCKHH 3JeMeHT ¢ 1o

pueM (Ns). PAAKOBHM HOMepoMm !05 Ha3Baw HUABLCBO-

JUICHHA  TPAHCYDAHOBBIX  3/€MEHTOB He-
» g O. TlopankoBetl HoMep Z mocse peax-
CHOCO60M GH-

Aenepun Md, §
Hanpumep, npu o6ny-

POB H 1p.) MOAYYMIW PAJ H30TONOB §
AHMHYCCKAX 3/EMEHTOB C MODPSAKOBLIMH HOMePaMH 102, 104 u 105, ;

HUECKHI 3JeMEeHT ¢ Mopsia- |
KOoBbM HOMepoM 104 HasBaH KypuaTopHeM (Ku), a B vecrs H, El;)opa '

rRABA 9
KOCMHUYECKOE M3NYYEHME
§ 9.1. IPHPOAA KOCMMHYECKOTO U3NYYEHHS

Hé’pBu‘{HbIM KOCMUHECRUM UH3AYHEHUeM HA3BIBAKOT TOTOK YACTHIL
BBICOKHX 3HEPFHﬁ, ManatiliX H3 MHPOBOTO TIPpOCTPAaHCTBA Ha 3emamw,
Ero NOZpasiesqAdT Ha ABe KOMIOHREHTH! rajJakTHUeCKOe KOCMHYECKOE

usayuedne (FKH) u coaneunoe KocMHuueckoe usayuenue (CKH). -

I'KH npeacrasaser cofoft NOTOK JerKMX Afep, cpeld KOTOPHIX
91,5% wnporono, 7,8% a-yicTHl, a ocraabHbie — SAPA ¢ NMOPALKOBH-
M HOoMepaMH oT 3 mo 30. DHeprus NepBHYHHX YACTHL 3aKA0ueHA
g nHTepBane or 0,1 no 108 I'sB/nayknon, a cpenuas sueprus I'KH
nprbéaMkeHdo pasHa 3,5 I'sB/HyK/IoH. DHeprus NMepBUYHOH YACTHIH

. paBHa 3HePTHH, NpuxOAdLLefics HA OMMH HYKJOH, YMHOXKEHHO/ Ha Mac-

COBOE@ UHC/O YACTHILHL.

ITo Teopun coercknx ¢usukor B. JI. Tunséypra nw H. C. lllxnos-
ckoro, KM BoaHmkaeT mpH B3PHBAX CBePXHOBHIX U HOBHIX 3Be3,
obpasymoiuxcss B [ajsakTHRe. 3TH B3pHIBE BHOpPAcHBAIOT OFPOMHOE
yHCA0 YacTHH. B Me)K3Be3AHOM IPOCTPAHCTBE €CTh MArHHTHOE TMOJe.
C 3THM MarHHTHBIM NOJEM COBDPEMEHHAs TeopHs CBA3bIBAET ABA HaH-
Gosee BePOATHBIX Npolecca YeKopedus KOCMHYECKHX 4acTHIL

B mepeom npouecce KocMHYecKde YACTHLBI PA3TOHAIOTCH, KaK B Oe-
taTpoHe. [lpenmonaraercs, uyTo MarHUTHOE NoJ€ B MEK3BE3AHOM Mpo-
CTPaHCTBe MeHfeTcs BO BpeMeHH. B oTHedbHEIX 06aacTax OHO MOIKeT
BO3PAcTaTh, 4 B IPYIHX — YMEHBIIATLCA. DHEPrUs WACTHIE, TONALAI0-
Lell B BO3pacTawllee MATHHTHOE II0Je, YBeUUHBASTeA Mol AeHcTBHeM
BHXPEBOTO SJICKTPHUECKOro Nojsd. YacTHHBH VCKOPAWTCH HOBOJBHO
OBRICTPO, HO coobllaeMas UM 3HePTHA OTHOCHTEJBHO HefoJbluas.

Bropoii MexaHH3M YCKOPeHH KOCMHUYECKHX WYacTHL, Ha3BaHHBLA
cTaTUCTHUECKUM, Apeloked IHpUKO Pepmu B 1949 r. Onr ocHoBan
Ha DpPeLHOMOMKEHHH CHJABHOH HeOJHOPOAHOCTH MArCHHTHBIX ToJcH
B MEX3Be3LHOM NPOCTPAaHCTBe. B OTAeJAbHEIX OrpaHHueHHHIX obaacTax
MaCHHTHOE ToJie HAMHOrO clilibHee, YeM B OKpyXKalolleM HX MpOCTpaH-
C¢TBE, JTH CLCYCTKH MaTHNITHBIX [OJel, MOoXoXKHe HAa HAaMarHUYeHHEIC
«ofaaKa», IBHKYTCA B KocMmoce. Ecin sapsixeHHas wacTHlUA cTaJKii-
BaeTcd ¢ JABWMKyWUMcA objgakoM, TO OHA OTpaXKaeTcs oT Hero. ITo
CTOJAKHOBEHHE aHAJOTHUHO CTOJKHOBEHINO JETKOH YACTHULL ¢ TAKEIOH,
Ecan KuHerHuecKafl IHEPrUA JETKON YACTHILL MeHbUle KHHETHUYECKOH
SHEPrHH TAMENOH YaCTHOBl, TO TepBas YacTHHa ycKopaered. Tak ke
YCROpSeTCA 0 KocMHUecKad yacTHa. Orpaxasick OT 06/1aKa, oHA N0ay-
JaeT AOMOJHHTENBHYH 3SHEPruio, KaK Jerkaa 4acTiHua oT Taxkes ol
CraTicTHYeCKK MEeXaHH3M YCKOPEHHSA Pa3BepTHIBAETCH 3HAYHTENLHO
Me/JeHHee BO BPeMeHH, ueM GeTaTpoHHBIH. OAHAKO, MO TEOpeTHUECKHM
OLEHKAM, HMEHHO B CTAaTHCTHUECKOM MeXAHH3Me YCKODEHHA KOcMHue-
CKile YaCTHUBl pasToHfoTea no sHeprHit 108 TaB/avkaos.

MarduTHBIe MOAS B KOCMOCE OPHEHTHPOBAHH MpoR3BoabHo, KocMu-
YecKHe 4acTHUEL, BEIOpaceiBaeMble B ['aMaKTHKY B OnpeeJeHHHX Me-
CTaX, NPOXOAAT OrPOMHBIEe paccTofHHA. OHH MHOTOKpaTHO pacceHBa-
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qeCK
HX YaCTHL MaJo 3aBHCHT oOT BpeMeHH H Ha rpanune aTMocdepux

PaBHa mpumepno 1,0.104 vacr./ (mM2-c).

Herou |
1o :;IHKTOI: gg(l/l ABJASIOTCA BCIBMIKH, HaGMogaeMble na Coanue,
HOBHOM H3 NMpOTOHOB, SHEPTHA KOTUPHX AOCTHTaeT ;

HCHT OT BpeMenH. MHoroseTnnmy §

HabJao, ]
PACHHAMH 0TMEHeHO, YTO HMES H3MEHEHH HHTeHCHBHOCTH CKH

HOBTO
PACTCA yepes xamamwe 11 ser Maxkcumym coaneunof aKTHBHO- -

CTH, upo i
» TPOACIKAICIUHACA [ecTh JIET, CMEHRETCH BpeMeHem CroKoinoro

Bo B "

' xomar Kg;;lTiHn;aKcnmyma COAHEYHON aKTHBHOCTH Ha Coanne npoue-
Conttua bor amacnmmxﬂ. B Teuenne stux BCHBIIUER ¢ [MOBepXHOCTH
PHX MO¥erT gocraBBaﬂ}g;iﬂ I%?amtiﬂb]e ;I ?Tgm; A Moo THOCTS KOTO-

; < acT./ (M°-c), a nioty
TOHOB ¢ 2Heprueit 1--50 TaB — 1o 2. 19 ’qacr /(sz);)m HOTOKa Npo-

Kpome y
p ACTHI BHCOKOH SHepruu ¢ nosepxsoct ConHua mocrosy-

107 qacr. /M3, NPHMEpHO
Uc ‘
it r;;;ﬂf;iaHT%ﬂ KOCMHYECKOro mpocrpancTsa npHobpenn B nocaen-
HCKyCOTBeH L Cﬁ“}‘}’f{?ﬂ If;}gi;l;;lﬂ, HO H NpaxTHYecKud auTepec. Tax
aH : ’
3H‘:)I}‘{(Hblx nepenay, . HCMOABL3YIOTCA NJS CBA3H U TeseBH.
ocM
BEPFaIOT;{q?é{CHe'KOPaﬁﬂH . MCKYCCTBEHHEle CHyTHHKM 3eman nog-
BEICOKOT M TOAHHOMY BOSHEHCTBHIO KOCMHYecKoro H3Jayuenns, TIpy
CUCHBHOCTH H3MyYeHHsl KOCMHYecKHe wacTiiiy no;apémn%-

a
pacnpeneneHug KOCMHYecKux YacTHI B OKOJI0O3EMHOM H MeXnnaHer

2

iy 200—600 kM) no 3,0 mOap/u (BHICOTZ HaA NNOBEPXHOCTHIO
2 inn 7000—8000 Km).
F bonee Bricokyo mosy aaer CKU Bo Bpems Benniumiek Ha Coannue.
flo pacueTaMm aMepPHKAHCKHX YUeHblX, dKpusaJeHTHas xosa CKH
t pe3alllMLIEHHBIX ToyKax Momer pocthrate 1,8-104 Gsp, a B kKO-
aHAHOM OTCeKE KOCMHYecKoro kopabas «Amosnons — go 343 63p.
TlooTOMYy Mepen IJHTEIbHBIMU KOCMMYECKHMH INOJIETAMH B MeXmia-
PuctHoM TPOCTPaHCTBe HeOGXOAHMO MPOTHO3UPOBATH BOSHAKHOBEHHS
F perbiiek Ha Coanne. Takoe nporHosHpoBaHHe JaeT BO3MOXKHOCTb 3a-
k yckaTh KOCMHYeCKHe Kopalau B NepHOL MHHHMAJbHOH WHTEHCHBHO-
:‘J- C¢TH CKI/I : ’
J- BoicTpbie MepBHUHBIE YacTHUB CTaAKMBAKOTCA ¢ ALpPaMH B BepX-
I gux crosx at™MocdepHl M paspylialorT WX, B croskHoBeHnax opasy-
b erTcsl BTOpHYHOE KOCMHUECKOE H3JAyYeHMe, COCTOALlee H3 UPOTOHOB,
" gefiTPOHOB, IMOHOB M APYTHX YACTHU. DOJABbIUMHCTEO MEPBHYHBIX 4a-
¢FHIL MOTJIOWAaeTC B BEPXHUX CI0AX aTMOc(ephl, N JHWb OTAEIbHbIE

k- yactuus (¢ sHeprueii Gosee 10¢ I'sB) npoBupaoTcs CKBO3b aTMOC-

& depy, coxpaHas oHepruwo okono 1 I'sB.
. Tlepsuunple uyacTuust Ha BbicoTe 20—30 KM BHI3HBAIOT LeNHOE

¢ pa3MHOZKeHHe 4acTHL. HYKJIOH!JI H OHOHM, NOPOKICHHBIC l'[epoBH'-IHbIMI/I
qacTHIAMH, HMET AOCTATOYHO BbICOKYHY 3HeprHi, KOTOpOH BIOJKRE
xpaTaeT, UTo0h npH HX NOCASAYHIIHX CTOMKHOBEHHAX C AnpaMH Bh]:
3BaTh JajbHeluliee pasMHONKEHHEe YacTHIL. Tak BO3HHKaeT ﬂéepnbtu

“ auaens B atMocdepe. SInepHLIA AHBEHb OXBATHIBAT CPABHATENIBHO He-

Soablide obbeMbl aTmocdephl. OH HauHHAET 3aTyXaTh, KaK TOABKO
IHEPrusi BTOPHYHBIX HYKJOHOB CHH3UTCA IO HECKONBKHX JeCATKOB
Meras3aekTpoHeoabT. OCTaToOK 3HEPrHH MPOTOHH TepsAiOT Ha HOHH3AUHIO

BO3AYXa.
. 14 ‘14
YacTe HelTpOHOB roraomaercss B Nin, p) G,

'iN (n. ap) ';Be m IPYTHX, B KOTOPHX BOSHEKAIOT PAMHOAKTHEHBIE 4 TOMBI.

Jipyrag vacte HeATpOHOB 3aMejafeTcd H IIOTJOIAETCA AZPAMH B
{n, |)-pearuun.

Bosee MowHble JHBHH BTOPHUMHBIX YacTHIL CO3AAKT HelTpafbHbie
nuous. Pacnagasck, OHH NpeBpallaoTed B IBa ¢oToHa, oblUlasd 3HEp-
THA KOTOPHIX He MeHee 135 M3B (2aeprns noxos n®mesona). GotoHbl
B noJe dAJep NPeBpalllaldTcsl B 3JeKTPOHHO-TIO3HTPOHHEIE Haphl
(puc. 9.1). DaexTpOHHM W NO3UTPOHH ¢ 3HeprHell Goaee 62,5 MoaB,
npoaetaf BOJH3H sjlep, HCNYCKAKWT TOPMO3HOe H3MyueHHe, (OTOHBI
KOTOpPOTG, B CBOK ouepeib, 00pasyiorT 3]eKTPOHHO-NO3NTPOHHBIE Naphl
U T. 4. TakAM NyTeM pa3BHBAIOTCA B aTMoc(epe JOTORNO-IACKTPON-
Hpoie Ausny. PasMHONKEHHe UYacTUl, JHBHA NPOHCXOLHT B NOCJASAOBE-
TeNLHHIX H MHOIMOKPAaTHO TIOBTOpAIOIKXCH nHknax, Kamae# unka co-
CTOUT 113 ZBYX 3TAMOB: ¢HAua/ja (pOTOHH NPEBPALLAIOTCA B 3JEKTPOHEI
Y NO3NTPOHBEL, a 3aTeM 3JAeKTPOHH H MG3HTPORH o0pasywT (POTOHRL

QPOTOHHO-3/ICKTPORKEI NHBEHL Pa3BHBAaeTCA, [OKAa BO3HHMKAIOLIHE
$OTOHH pacXOAYIOT 3HeprHi Ha olpa3oBaHHe /1eKTPOHHO-TIO3HTPOH-
HbIX map. [To Mepe yMeHbLUEHHS] 3HepPrAH (HOTOHOB HaUHHAIOT mpeobaa-

JAate $oroadhdekt 1 KomnroH-sdderr, B NHBeHb 3aTyXxaer. PoToHHO-
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Dnoy JNCKTPOHHMe JTHBHH 3aXBAaTHIB ]

fars utol JHEDEUY

KOB  kBaAparHbix

HEBBIX YacTwi,

0.
O-POMorss
®-7dpa amompp pacnaﬂae'rcsr. HE. YcrmeBas opao-

P€arnposars ¢ sapamp. ITpu nx

Pre, 9.1. O6pazosayue » aTMocthepe anek-

TPOHHO-TOZNTPOHE OO JHBHA HEHTpHHO:

B¢, C BhicOTH 20— 30 KM, rie ofpasymorces MIOOH®, ouH npotetawor
HE TOILKO 10 HoBepxnocTy Semau. Uy 08HAPYKHBAIOT nox Bodbwnvy
TOMIAMH 3eMHOH KOpEL, Croco6hocts x rayéokomy IPOHHKHOBe Y IO

MIOGHOB B BelliecTgo 00bacuseTes HEKOTODRMU px cBoOlteTBaMH. Mioo-
HEl, KaK H SJCKTPOREI,

ARpaMH. B ocHOBHOM MEXAY MioOHaMy n AAPAMH NIPOHCXOZAT 3irek- .

TPOMAarHuTH e B3anmonedictBia. Macea MIQOHOB B 207 pas Gombine
Macepl snekTpona, [Tosromy px PaAnanHOHHpe NOTEPH B HeckoAbKo
ACCATKOB Thicsiy paz MeHbuwe, yem y SACKTPOROR. Ha ypopue MOps
AONA MIOGHOR B KOCMHYeCKOM uzmyveny Oauzka k 709,

§ 92 PAAHAUMOHHBIE NMOACA MAF HHUTOCEPLI

C 1957 r, CoBerckom Coroze i CHIA sanyckawor HCKYCCTBOHHpIe
CIYTHUKH 3eman g KocMHYeckne Kopaday. Ha 6OPTY cnyTHIKoR &t KD-
pabuelt yeranornens caMmas coBepulennasg H3MepHTe LHA Y annapatypa
AN PETHCTDAUMHE H3Myyenys, Haunnre, TONYUCHNEe B nocaefnee izpe-
MA, ¥YTOYHMAN Hawy IpEACTaBNCHUY 06 OKOM03eMHOM npocTpaiieTge,

3eman — 31 OFPOMHbITT Marumnt, Fe MAarHiTHoe none wasnisaor
MA2RUTOCHEPoh. Quo IPOCTHDPaeTe] Ha mecari THICAY  KILTOM¢ 1108

. IMoserw KOoCMHYecknx annmapartos MOKA3aI4, 4T Marniiro-
chepa u MeXmaneTuoe IPOCTPAHCTBO 3amoanenyy MIa3sMol, cocrog-
LIeH B OCHOBHOM g3 TTPOTOHOB 1 3JeKkTponos, [Iaotaoers BAPAKEHNBIX
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0T IIOIMAaAH B HeckombKo RECATY
KHJIOMeTpopg
Ha Buicorax okono 15 kM B koC
MHYeCKOM H3syuenup npeataa-]
A2I0T  31eKTPoHE, NO3HTPOHH Y
¢oToHH. o NOBEPXHOCTH Semsy
AOXOZUT HeGoapman wacry JTHB- §
Houxaa MCKTPO-
HOB B KOCMMueckop H3/1YYeHHy §
Haoyp{)BHe MOPS He HpeBpimaer ]
0

Yacts 3APAKEHHBIX MHOHOR 1

bacnane o6pasyiorcg MiOOHBI B §

HEeTr D
AbHOR TaockKocTH oT 500 no 6000 KM, rpaHHNEl BHem
Ha

. — H Imodac
4 auHoHHOTO modAca —oT 20000 go 60000 xM. BHyTpenuuii m
JH

¢ sHeprueii 30—100 M2B n asaektpoHamnu

noJHeR INPOTOHAMH

3HEeprH B cocra®e sHellHero pagHaAlHOHHOT O
- el Menee 100 k=B. a >
; qaca npeoﬁnaﬂ,arol‘ MMCKTPOHW ¢ SHCPTHEH B HeCKOJIbKO_R(II KHAO
o

. b ax MEen
eg;%[;l:!?g:[IHble HaCTHOBI OIBHAKYTCA B paJlHalUHOHHBIX NOAC Yy

. . B6ausu noawo-
HUTHEIMH NONOHCAMHI SEMJIH BOAOAEL CHAOBHEIX ﬂoﬁlﬂzapﬂme}lﬂb’e el

3 arMal"HHTHbIe CHAOEBBIE JMHHYH CI‘}?I_IJ,alOTCH, mo3T rg 3epKaﬂa

C?I/lllbl oTpama}oTca OT JIOAKICA, KAK 0T MACHHTHO

' .
P k HHHA '] H BHE].UHHFI (L’) pﬂﬂl[ 1}
HC. 92 BHije } AllHOHHBIE NOFCA

azgaud-
HeTOYHHKOM TIPOTOHOB M SJIEKTPOHOB ANAA BHYTPEHHEro P
c

.. epHLIX peax-
| oro mosica cayxKat HeifitpoHH. OHM o6pazyiTcd B fLep
OHH

AMH, MPOHH3MBAIOTIUMH pa;maunou_
uHﬂXangznyHnZi%};ﬁ;IN;I';Ml:igg;m Hef{?l"])OHbI, c;aiogig:’?pél:tﬂemqeau;?h
2ok 5 aars : Cd HA NPOTOHLI . , I
e pacnanafcn; eHHeM palHvalHOHHOM MOfAce. 3a
nonmer 3a1epmplldli)aHe:;s;1( Egﬂggg?apﬂmeﬂgmyu qacmgaun I‘I}E){r;]f[;z?é
HDﬂHeHH'e' paﬂHaEeT YACTIU M3 MEKINAHeTHGH NAa3Mpl: 33?9\@;0{);{-
SacTH 3aru(1:’me1‘ﬁoﬁ nAaaaMHe, nomajad g MaFHH'Il‘_(I)C(iJe}]:(})éTi} o
a1 M'E}K : awTes paanrauMoHBHIMI ToAcamu. Ilaor ! e;\aem{.
ens I1I 333&3;&133 PATHALHOHHBIX mMoscax, ycpeméiglﬂ{gfmgzmp;ammﬁ
Moo . RAK HOHHEIE NOACA MO '
Hensm:LTﬁleTi:;cﬁ?;\erTga%iima NPOUCXOZNTE M YTeuKa 3apsamed

JKEeHH ] . 0
;i&ﬂ YaCTHL M2 palilaHOHHBIX no:-1'c013‘ SeMan HeOLHOPOLHO. B >Toi

M e mosie EOAN3H MOBePXHOCTH 3e) podiio. B stoi

aern wan deprl 0OHApyKeHO HeCKOJbKO MOE’BHB amona-
Oﬁqacm MarHHTocﬁopﬂﬁaxoﬁ 'MArHUTHOH MHIVKUMHe. M?{me B
asoms omocmengﬂ HPOBAHHE TOBHIIEHHBIE TOTOKI 3apﬂ}KeK bl ua-
T o, 3ape1j u I-I;)Pl?,Ba.ﬂII panHALHOHHLIMH aBOMANHIAMH. " Aano-
Kpym T Y THOCATCS WIKHOATNAHTHYeCKAS PalHAHHOH Tan ano-
e ;Snﬂoplla}époxﬂocmo 10HOH 4acTH ATJAETHYECKOro 0
MaJaudg Ha
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W0KHana PalHaltHOHHAN aHOM

‘CBA3AHH ¢ pPaaAHauUHOHHBIMY
TPEHHHM, KOXKHaf -— ¢ BHelllH}

anna B6ausm Geperos AHTapKTHAB. O
NOACAMH: J0KHOATVIAHTHYECKAT — BHY{
M. B o6anacti pannannoHupix aHoManyfy
PaIHALHOHHBlE NOfCa OMYCKAIOTC K NOBEPXHOCTH 3eMan np BBICOTH
200—300 xm, Ha KOTOPOH NAOTHOCTD aTMOCheps eme AocTaToung
BHICOKaA. :

3apsakennas yactuua CYUIECTBYeT B _
ACNeHHoe Bpema. Tak, speMs xHapm 34pFAKEHHON YACTHUM Bo BHY-~
TPEHHeM parnaUMONHOM Nofice cocTapas
HacTHLON NONARAIT B pagHauHOHHBe A
“bepoll H3 painauHOHHBIX HOACOB,

CCJICNOBANNE pafiHALHONNMX NOsICOB TO3BOIHJO BHISICHHTB H f0-
-BHUMETPHYeCKY 10 00CT2HOBKY B 0KON03eMHOM npocTpancTBe. Mooty
A03Bl B panuauHOHHHIX Nosmcax HepaBHOMepHa. Han6ogsee BEICOKA ]
MOILHOCTL RO3HI BO BHYTpexHeM palHallHOHHOM mostice, B KOTOpoM
‘OHa GoJslue 108 Gap /u. Makeumym  Mommocty AO3B  H3NyYeHun

10% 63p fu armeven BGaHay HeHTpa nodca. Bo Hemimen PaIHalHOHHOM 1
T0ACe MOHINOCTE HO3HI Bospacraer or 30 69p/u Ha BHemuef TpaHube
Ao 103 6ap/y B LUEeHTpe nosca, .

e” vty
plre—+v
p+n-; ndnd
P+t ntat

qACTHL,
Aty
n~4n
A+nt
Afm-
ALK~

TMpoaykryl pacnana
n+iqa?; 2q°

SAHRNTAX &,

Cradunen
2,2.10~¢
1,8.10-18
2,65.10-%
1,23.10-%
0,910.10-1°
Crabunen
1013
2,6.10-10
0,8.10-t
. <]0-l4
-l '7’ 10— 10
3,1.10=10
1,7-10-1¢
0)7' ]0- Lo
—B

TouRbf [ Bpema ®IsHH, ©
¢
1
l
|
0
0
0
0
0
0
(]
0]
]
0
0
0
0

Jlen-
2apan,

Baptos
HHA
3apal
0
0
0
0
0
0
0
0
1
1
1
1
1
1
0
1
1

0
0
—
—1
0
]
!
0
1
1
0
1
0
0
—1
—1

STeR-
TpHYeC-
320 ]
sapan

§ 9.3. BNEMEHTAPHbIE YACTMLLL

K SJMEMCHTAPRBIM  4aCTHUAM OTHOCHTESN HACTHUBl C HEH3BeCTHHIM
BHYTPEHHHM CTpOeHHeM, Ecrecraenno, naspanue «3JeMeHTapHas ya-
CTHUa» YCAOBHO M 3aBMCHT oOT YPOBHSl HAWHX 3HAHMI. Menee 70 JeT
Ha3ax a/eMEeHTapHON wacTHueil CUHTANCA aTOM, MMEWWMA c0XKHOe
CTpoente. K saementapamm 9acTHUAM NOKa OTHOCAT HYKJOHH, XOTH
Y¥e ecTh HX MoIelbHBe npercrasaenys.

Teopernyeckas PHsHKa npenckasmpaer CYWecTBOBaHHe aHTHuYZ-
CTRIL 0A9 6ONBIIAHCTRA qactul. Yactuua u AHTHYaCTULA UMeIoT ojxH-
HaKOBble MacCy M CIIMH, OAHHAKOBHE 1o abCoMOTHOMY 3HAYCHUIO, HO
pasHble Mo 3Haky 3apagwl u MATrHHTHHE MOMEHTH.

IIpu B3anmogeficreun MENJICHHBIX YaCTHUB K AHTHYACTHUH nponc-
XOLNT IpOLect aHHHIHARNKH, B KOTOPOM 9YacTHUA H aRTHYaCTIHHA Iipe-
BPALIAIOTCA B APYTHe YacTduM. Oanum H3 NpHMe
HACTHUB SBASCTCA mapa SAEKTPOH — MO3UTPOH. MarHaTHEe MOMEHTH
TO3HTPOHA U 3MeKTpoHa PaBHb 10 aGCOMOTHOMY 3HayeHRIo, Onnaxo
Y O3UTPOHA OH HampasJeH Mo CIIHHY, & y 31eKTPOHA — NpoTHB cnuma,

AHHHTHINDY S, TOSUTPOH U 3JeKTpoH TIpEBPAILAIOTCS B DOTOHM ¢ 0f-
we# suepruen 1,02 MsB.

e 5JMeMeHTapHbIe JACTHUL — GOTOH H HeATpaNbHBI ITHOH — He
HMEIOT aHTHYacTHU, B 3rux CIAYYaAX 9YaCTHIA paBHO3HAYHA adTnya-
CTHLE. AHTHYACTHUE! O0BIUHG oBo3HayvaloT CHMBOJIOM YacTHI ¢ go6aB-
JICHACM BBEDXY yepToukH (radi. 9.1). HekoTopuie AHTHYACTHOB HMe-
0T cBOXM of03Havenus (mosuTponm, OTPHUATENbHEE NHOHBE H ap

Hbl IO CBOUM CBOMCTBAM PasOHTBI Ha ueTnIpe
NOATPYANEI: (DOTOHM, JenToRbI, Me30HBl 1 Gapuo

OMHCAHHE CBOHCTB KaMAOH M3 5Tux rpymm. I N
PoToRB — yacTmy SACKTPOMATHUTHOTO Nodta. OHK OTHOCHTCS K 60- 1 -

30HaM Kak YaCTHUR O CITHHOM, PaBHBIM eaunune, C 3apAXeHHBIMH 1§
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Tpynaa
My 3HAReHHI0 H
CTHIIM PABHBI HO abc OMKTHO:
M H W BpPeMS FHIHH AHTHYACTALE H Y9acTHIL COBDALAT. Japafll 9acTnmuE 11 agTiYa p
Npurmeuasn ne, Macca, cnm

‘:-’
Bapwtoner | Hyknoner | TpoTou
NPOTHBONOAOKHED TI0 3HAKY,

PoTORB
Jlenronu
MesoHul
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HacTHUAMH  BoTOHM BCTYNAOT B aMeKTpoMardaTHOe B3aHMoO i
CTEHE, 3

Jlenroubt coctosr us JIETRAX (hepMHOHOB (cring pasen 1/2): ygd
TPHHO, 3ICKTPOHOB, OTPHLATENBHBIX MIOOHOB 1 ux anTHYacTHY, Jleg
Hbl B3AHMOAEHCTBYIOT MEXKIY CO60H M ¢ ApyruMu JacTHuamnu. Xapaf

; OHa ILAKC~
.aHeHHH ﬁapHOHHOFO 3apsia Ha NMpRMepe pacmajga THHED
p

E+ 4 P+ L
N,

i Kax

CxeMa pacnaja rinepoHa Nac-cHrMa na_om;ﬁ:;.ulg Oréaez?iaulfr;?;no-

F o cresa, u cnpaBa 0apHOHHBIHA 3apsi paBeH el ,

A 1M 6apHOHHOTO, HY JICTITOHHOTO 3apana. sonana
Ho g oon Hgﬁ KoJoHKe Ttabja. 9.1 mpHseleHH NPOLYKTH pTOJ‘IbKO
ac no(%qiia acmajia aHTHYaCTHI TaKafd Ke, KAK H YacTHL, foAEKO

E acTI B pma\{ pacnaga 3aMeHsIOTCH aHTHYACTHUAME, Hﬁ So-

sor. TIpy. “po}l"y'a'ar\;eﬂe JAOMMHBL COXPAHATLCSA 3JMeKTPUUYECKHI, nona

Lo bll_i“ip}lfl EZI;{)?;%HHW“{ sapsaad. Hampumep, cxeMH pacrnafga rumnep

;O}all;Turunepoua MHHYC-CHIMa HMEIOT BHIL

Z-—n+tn; B —nfat,

4acTb
200 yacTHL H AaHTHYACTHIL,
ACYMTHIBAETCH OQKOJIO ! acts
geg?;a;pgseﬂeﬂa B tada. 9.1. das BCell MacCHl Me;{;cﬂlaq?:l?aunm,
- o pdmaﬂxn-'reopemxu CTPEMSITCA HaWTH eﬂmﬁuo”l{ racepiKaL

" ;T)HnLcl)ﬁHylo Meproauueckoii cucreme anementos . H.

HOoB +1. O6unii sentonami 3aPAN CHCTEMB YacTHL, Kak o o

“ONCKTPHYECKHH 3apAA, paben CYMMe OTACJBHBX NENTOHHLIX 3apanod
Bo Bcex NpEBpAMIeHHAX OGUIHN ReNTORKEI 3apAx coxpaHaerca — raf
‘DOpMyAHpYeTCH 3akon COXPaneHus nentonnozo sapsda. [Tpounimios
CTPHPYEM 3TOT 3aKOH Ha IpUMEpe pacnama oTpHUAaTeNbREOro MIOOHA}

pT=e" 4 v

C/ieBa — OZHH HenToHNM sapan. Iasa toro urobm n cnpasa Guixg
OLHUH JNENTOHHLIA 3apsn, B pacnane MI0OHA 00pasyloTcs TpH AenToHad
SNEKTPOH, HelTpuHO N AUTHHEATPHHO, AHatorugug MoKa3bizaeTes, qrgl
B f-pacmage HCNyCKaeTCst aHTHHeHTpHHO, a p Bt-pacnane — peft4
TPHHO. : E
Cunbao poHHuKalolHe HeliTpaHO B3AHMOLENCTRYIOT ¢ BelIeCTBOM
B 10" paz cnadee, uen SApAKEHHble JemToHb. Omiofi nz peaxumi,j
BHISBIBACMBIX AHTHHERTPHHO, ABJIfeTes B3auMoneiicTBHE ¢ TPOTOHOM .

PF+v—n e+

_ Perucrpanng MPOAYKTOB 3TOH peakumu o
Maynu 66 HCNYCKAaHUH HeHTpHHO B B-pacnage,
Mesonnl. pymna M

ATBEPAMIA THHOTE3Y

KHM 06pasoM, rpynna ME30HOB fABAACTCS NepexofHON MEKAY JEeRTO-]
HaM¥ u Gapronamuy. '

» AHTHHRHTPOHOB H Ap.) cTano BO3MOKHHM]
TOTBKO B TaKHX MOUIHLX YCKOPHTenflX, Kak CHHXPODa30TpOHH ]
B 19551956 rr. AMEPHKAHCKHE (DUSHKH Ha Bpykxefteenckom CHH+4
Xpopazorpore Bneppme SaperuCTpUPOBAR aHTHNPOTON X 2HTHHell]
“TPOH.

Bapuonsr, Tak ke xag n JAENTOHH, BO
nonapxo. MostoMy o06myy Gaphounm iy 3ap
NpeBpallensx coxpansercs, HacTHuf en
HCHHA — 3aKOH coxpanenus HyK/J0HOB, [T
148

SHHKAKWT H aHHHI‘H.JIprfO_
A CcHCTeMEl YaCTHIL BO BCeX;
Yyaf 3Toro szakoua coxpa-y
PoHAMOCTDHPYeM 3akoy €0~




FAABA 10

10.2. HCTOYHMKH HEHTPOHOB

2 XapakTepHCcTHEM HCTOYHHKOB. HeﬁTpOHbl BOSHHKAKOT B SASPHEIX
RaKUHSX U TIpH CNOHTAHHOM JeneHuk saep. Mcroudnks sefiTponos
OAPA3ALNAIOT N0 THIOY peakUHH, Mo crmocoly moayueHHss GomGapian-

ayIOILLHX 4acTHll H T. I }
XapaKTepHchaMH HCTOYHHKA HEHTPOHOB CAYIKAT MOIHOCTE RHC-

DPUINKA HEWTPOHOB

§ 101. CBOWCTRBA HEWTPOHOB

AHPORKe Gepirmins a-qacmﬁg;ﬁema“bﬂo AoKazan, uro mpy GoMEapd founnka P n 3wepreTnueckuil cnextp Heitponos f(E). Mowmmocts
JACTHREL ¢ Maccol, Gansgop K M uenyckapores SACKTDOHRMTD AN Hprg ACTOUHNKA P — 3T0 KOJKUeCTBO HeHTPOHOB, HCAYCKAEMBIX HCTOUHHKOM
HECKOTo 3apsna ompefeatao y y acce mporona. Otcyrerpye 3NeKTpyd [ s efHULY BpemeHH. OHa H3MeHseTCA B IMPOKHX mpegenax — ot 108
OT CJI0Ba «Heﬁ'rpa.nbnblﬁ») A3Banne Hopoi HaCTHI R (HedTpon — po 10%2 wefitp./fc W Bome. JIAs HeKOTOPHIX HCTOYHHKOB HEHTPOHOB, .
accy Hefitpona HBMGIT:IHIOT ' 1 AKX, KaK SAepHOLlli peakTop, YAOGHOH XapaKTepHCTHKOH ABJAAETCS
SKCIEPUMEHTOB Nefiton pannny PASTHIBLIME MeTonawy, B onrom p3 3K TAOTHOCTL MOTOKA HeATPOHOB ¢. B MOLIHBIX AAePHMX peaKTopax Be-
TaMu: pPaclenasior ua NPOTOH u Hefitpog Y IiBan'.' f MUMHa @ JOCTHraeT aHayeHwi 101 Heitrp.f{M2Z.c). DHepreTHYecKni
d+vy—>p+n ! CHEKTP HEATPOHOB — 3TO paclpeliesieNne HEATPOHOB HCTOYHHKA IO

MunnMatEHg 5 ' ! sHeprun. Oauu HCTOUHWKN HEHTPOHOB HMeIOT AHCKPETHHIH CIeKTp,

i i JIpyTHe — CILIOWIHOH.

5 . _
K nefiToga, paBH:egFQHQHE, %K:fgmoa, Reabxoamman ans pacmene. |
00T <2 MaB. ITo coory ;
BETCTRYeT NediekT Macer AM—0 00 aomeeH;IOj\/?aﬁHmTEHHa off |
& M. CCHL OeHTORY |
HB 1m4=2,01355 j. CCKUX H3Mepenut i pas.’
Redekta Macen nonyuaes © & M M3 BeIpamenus yag

Hapsany ¢ BennuudaMa P n f(£) ucnoAb3yloT H TPETbIO Xapakre-
PUCTHKY — gbixod Hedrponos Y. OH paBeH JAoJie YACTHIL ¢, BBI3BIBAO-
HHX B HCTOUHHKe (4, n)-peakuuiy. EcaK B HCTOYHHK HedTpoHOB BIY-
cKaercs N 4acT.f¢, TO MOUIHOCTE HCTOUHHKA

P=YN,

Peaxunna (a, n). K ucro4HHKaM HeHTPOHOB, B KOTOPHIX HEHTPOHL:
obpasylorea 8 (@, n)-peaklHfX, OTHOCATCH pa,&ﬂfpﬁepnﬂnﬂeable
{Ra—DBe), noacunii-6epnaanespie (Po—Be) w miayronuii-6epuinnesoe
ASHOCTD Mace HeUTPOHA N mpoTo - {Pu—Be} mcroyHuryn. B HHX aTOMH g-uUzayyatTedeit 29Po, 2Ra n

B o ROoL HeliTpon PaﬂH%a olIelte wacep snextpona, JEE 9Py paBHOMEpHO NepemellaRbl ¢ atoMamH OepHaahfA, a cmecs 3a-
TOH, 3AeKTpon 1 AHTHHERTPHHO; KTiBeR. Ok pacnagaercy Ha mpo- [ KaioYeHa B FepMeTHHHYIO MeTaajHyeckyio amnyay. Tak, opu u3 Tu-
: noe Ra—DBe-ucrounrnga npenctasiager coboil amnyny ¢ cycnenaned
TOHKOMOJIOTOrC NMOopotuka HepH/nnA B BORHOM pacTBope cofiell pajnd.
Paznnii, nosoHMH H NMAYTORME HCNYCK2I0T @-49acTHHB € SHepTHAMH

mn:md-qmp-!-AM::l,OOEiBG a. e M.

Hpugenem
3HaueHHe Maccew pef
‘ T
Bpom T 008 eea o POHa, KOTopas NPHAATA B Hactonm

0 " 1
TOHKHM 9KcnepuMenTanm. OHﬁYg::naﬂa HEHTPOHA oTHOcATes ¥ ouenr, S 4 8—7,7 MsD. 3Broll sheprun xpataer AJd NpeoNoJeHEA G-YaCTHUAMH
PHBHO fBRrascs p BeigecTre nogﬁﬁHeHH TEM, UTO HeiiTponp, Helpe- S II’DTeHJ_lHa.leHOFO Gapbepa Azpa OepHaans BricoToH okxono 4 MsB,
uRor0 MeHblee px nepuona ;10.11 amamTcH AApamu sa Bpems, wa- P Oxv2go OONBIINHACTBO Q-4acTHL, B3aUMONEHCTRYS ¢ 3MeKTPpOHAMH aTo-
YosremPes UHMHIpecKy o Bgﬁ orrs L1y40K wefitponon npouy- S  MoB, 3aMennAlOTCs Ko SHepriit mmxke 4 MsB, u Toapko oama ua
;gi{;ii{}:m 4epes KaMepy wacrs He%’%ﬁ;oﬁg ngﬁ}“ 3a BpemMs npo- ' (141,5)l0"* Q-4ACTHL TIPOHHKAeT B A4po OepH/IaHA H BH3EIBaeT PeakLiIo
AeM. Onn (gff?;é’:bl H 3JeKTponw) Pasleasiores Azeted. IMpoxykres S *Be(a, n)2C, Ra—Be-, Po—Be-, Pu—Be-HCTOUHHKH XapaKTepH3yIOT

SNEKTPHYeCKAM mo- JME o CHAOMIHBIM 3HepreTHYECKHM CNEKTPOM HeflITPOHOB, 3AKMIOUMeHHEIM
PABICHHAX, Mepren- § B uHrepsade or 1 no 13 M3B. Cpennss sHeprus HefiTpoHOB cocTapas-

eT npuMepHo 4—5 MaB.
Brixoj ueiitpouos B Ra—Be-, Po—Be- u Pu—Be-ucrounnrax 3a-

T ] -
K};;IéOB, H HHCAO HeliTpoHos , Apowemupx y, HCAY pacnagos mefi- S  BUCHT oT cnocofa NPHTOTOBRJEHMS CMecH, pasmepa 3epeH Sepuanus
CTOR PY 32 70 xe Bpema. 3aTeM 1o stuy aaHHepe3 AHARRADHueckylo B CMecCi, paBHOMEpHOCTH TePeMEUIHBAHUS G-H3NyuaTedsd W GepuaTus

FRYI0 pacniana A==(ANJAf) (1/N). T1 M paccanThBal0T no- S H T, 1. QO6bIYHO ero BHPaXA0T KOJHYECTBOM HEHTPOHOB, HCTYCKAEMBIX

HCTOYHHKOM 3a 1 ¢, oTHecennnM K 1 Kit pagHOaKTHBHOrO BelllecTsa.
Brixoa RelitporoB Xxopowmo npuroToBfieHnoro Ra—Be-netounnka no-
cruraer 2,0-107 HefitpoHos B cexyany Ha | Ku pamua. Caexpyer oTME-
THTb, YTO HEKOTOpble NPOAYKTH pacnaja pains (panoH, NOJoHHA H
BHCMYT) T4K¥Ke HCIYCKAlOT Q-YacTHUH, Ha [0/10 KOTOPBIX NPHXOOHT-
151

HHAM, nmepuog noaypacnaga HeﬁTPOHa‘paO Hanbonee Toygpyy H3Mepe-

B CocTas peex AAEP, Kpome af

a B
B fAApe, B oTaHuHe o CBOGOAY pa Bomopoza.

BIX HeliTponos, §




¢4 0Koao 6/7 Brixogma HEATPOHOB. Brixop HeliTpoHop Ra—Be-ncro}
HUKA nmpakTHyeckn nocrosyen BCIeACTBRE 6Oabtoro nepxona mo
Paciaia paaus, pasmoro 1620 rellam. K wmemocratky HCTOYHHKA o
HOCHTCS CHIBHAA y-aKTusHOCT, Herounnku IPHXOOHTCH  Xpanpry
B CHCUMATBHLIX KoHTeltHepax, JOraowanmux y-u3ryene.

V-9KBUBaNeHT Po—Be-Herounnky lUpumepso g 5.103 Pa3 Medbure y.$
JKBHBaJeHTa Ra—Be-ncroumxa, Onnaxo IEPHOX  noaypacnaia mo
MOHNS pagen gcero 1384 AHA. [osTomy AKTHBHOCTE mOMoNHs, 2 cje.)
ROBATEJBHO, H MONIHOCTS HCTOUYRRKA 3HaunTeIBHO YMEHbIIAETCS B Te.
HGHHUE KOPOTKOTO Bpemeny, Piu—Be-ncroyuuygy UPHTOTOBARIOT B BHe |
‘cmaaBa  PuBey, Mounoets UCTOUHNKA  cTabuabua po BpeMeHy
[zjg(zwpu)=2,4-10* roga) w cocrapaser ‘1.4-108 HeHTp./(c-Ku). 4

Poroneiirponupie HCTOMHMKH. Muorye PANUOAKTUBHBIE BelecTna pa- ]
AYHAOT y-KRaHTLI, SHEDIHA KoTopatx Gombrue ZHEPIUH CBASH HeliTpo- ]
HOB B aapax *Be (1,665 MsB) u D (2,225 M3B}. 310 HCIIOJB3YIOT §

A9 mOSyYeHyq HeliTpoHoR B Peakinax Dy, n)H y *Be(y, n)iBe. 4

B doroneitponnon HCTOURMKe amnyna ¢ PAJHOAKTHBREIM BelilecTBoM |

(*Na, 2Ga y Ap.) moMemaercy BHYTPB BelllecTBa mMumeny {Be, D,0). 3

DHeprug HeHTPOHOB papna

TAe &, —sHeprua cpsasy HelTpona p ALpe-MHlUIe ),
Ecan paguoakrusuoe BEWECTRO 1Cnyckaer OAHY  Y-IHHNIO ¢ suep.

rHeft ET, fpeBelaowedt nopor {f, n)-peaxtuu, 10 g HCTOYHHKe oGpa~ 3
SYIOTCA HeliTpoupr ¢ HeBoubuy Pasbpocom o JHEPruu. B camom §

HCTOuRHKe Hefltponp MOTYT 3aMeanaThes, wyro YBeJHUHBaeT pasdpoc
HEUTPOHOB 110 sueprup, .

Brixog HeHTPOHOR B DOTOREHTPOM k% HCTOYHHKAX 3aBHCHT 0T ce-
SCHRA (y, n)-peakiup On U TOJIUHHEL Bemecrna MuWenn 8. Hanmpy-

Mep, cewenye g, Gepuiang p obaactu SHEPTHH y-KBaHTOR K > 3

¥

1,7 M3B CocTasaser 0,5—1 me. Ipn Tommuge Sepunaneso MHITeHH -}

B 1 ¢y Bhixox HEfITPONOB 61130k K L-10~% Mouwgnocry, doToreitTpon-

HBIX MICTOUHNEGR Re pesbitaer 107108 HefATp, fe. Potonenrporupe - 4

HCTORRNKY mpitvensior p JaBopatopiax, g FANKe B KauecTe cran-
A2DTHEIX Netounmkop HERTPOHOE. . O6pamene POTOHENTPONHE MY

HCTGUHBKAMM Tpedyer Takoil ke IperoeTopomioeT, kak u ¢ Ra—Be- |

HCTOYHIIKOAL,

Clontannoe Aenenne qrep, g nonyueHns  wefirponon HeneHusy

HCIOMB3YIOT  mykung 2;§Cf. OH pacmamaereq no ABYM XaHanapm:
A Aayr .
~ X 2V (B=4n

232
Cf
9 248
Mo + “eCm.
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¥ i 3 T(d, n)‘He.
'-f'q(I’[.Lie(};JTe?z})ﬂT{Be (mopor peaxuwnn 1,88 MsB), D(d, n)°He, T(

) Hye-
, Al MOHO3IHeprer
0T AAf NOJYYeH M4
- akDHH HCIONB2Y ) H 00AVYyeHny
anIBEﬂ.euHHbéZDFI;e Oco6eHHD BLICOK BEIXOL HEﬁTPOI,}lIOBn:ﬁpTepHﬁ }Irl TpH-
p CiIX Hel{ﬁ?ﬂpbﬁ; AefiTOBOB MHuIHEHe(l, comepKal(Hx

MYYKOM

] % sagep. B 1r
frontannoe Aenenue (T;,=86" ner) lédcnbjrusi;orB pSef;ﬂ lfC'HIJOJleOBa—
Oﬂéipﬂuﬂ uenyckaerest okoao 310 HeuT?r.éfﬁ. e om (T
o HKa olpefefse -

k. €BOT0 HCTOYH o (T
e gﬁxaﬂnnaq))ogﬁlljompom 97% sazep #*Ci npeppallaeTes B AP

p + TO L

—Be- , 1) ~HCTOU-
YcKopuTeNH 3apAXeHHbX yacTH, Ra-~Be-, Po—Be- u (y, )

. fiTpoHoB. Passh-
10T J0OBOJIbHO HH3KHE IJOTHOCTH HOTOKDB"H;[;EEIKOB-BK'CHBP“‘
B Jaca YCKOpUTEbHAs TeXHHWKa AaJa B PyK

alolias

asn
_ nefitponos. M
06HBIe HCTOUHHKH o-
Hb MOIIHBIE H Y i actun, (mp
eHTaTOpOBHgﬁqipOHOB IYYOK YCKOPEHHBIX 3apAmeHHbIX YU

OﬂyquHH

i BXO-
OCT4B KOTOpOH B
Ha MIIOeHb, B € ax
= 0B} HalpasadAlT - i HOB B AP
e der Rgﬂgggmu) c HegO.ﬂblﬂOﬁ JHEPTHEN CBA3N HEHTPO
3 TERHE -
JIAT JErE

[ - peaK HH
>

HeﬁTpol{OB ABJA-
“THIl. . JpyriuM MOLIKEIM HCTOUHHKOM
Siaepumii peakrop. Jpy

. HAai0T
eiiTpoHsl IOAY
! cTk BTOpY0). H H-
i peaktop {cM. ua HTPOHOB IIO CHEl
p ﬂﬂ;ggﬁrﬂopl; B peIé)lKl.lI[ﬂ,\L Aenenna. ITyykn HedTp
BHYTpH <

aJabLHb K&l T 0 : Hbl \[eu.l -
H

MeilT HeHTROHO ]] AKTOPREe — 04 JITHOQ 13] q)(] va 3aBH T OT
© .

cocTapa peakropa.

§ 10,3. REATPOHHLIE CNEKTPOMETPE

[

| TIpOJeTa:
Pue. 10.1, Cxema cnekTpomMeTpa no Sﬁeﬁ{:« TEHJIOHNK
. ! i 2 — KOANMMMHPOREHHED | — AMOMULHIL
! "GeTOHHag aa?f;é?'m ANKMHHHA 11?’(3}1;;1"119;;-11:6 ;gﬁTDOHOB:
HefiTpoHes; & — A HoWYR; -
- — CTAanBHG =
& — yaamuii; 6 ch-—;[e-reKTOD AefiThaHOE 153




raotanTes
coBIATAION Hléailgngm. AJIOMBHHeBHe CROH-LIENH 4epe3 NoayVuGop,
CKRH npepmaa*re,ni TKO® BpeMs ¢ mampasaenuem NYUKa, U M yoLopg
NponycKaeT uMOyase HeHTpoHOR ’B ;)g;(aHHll
. aNbHy

J-I p
2

2o fs. Ero uawme
MEPAT BPEMeHHE M

CH CHHX ORHO aHacﬂHSaTOPOM KOTO I+ :
Sﬂeri'Pllqecf{[{]:ga;aﬂOM NponycKanus HMHYJIIJC)EI Heﬁgﬁgint?:ﬂmqaep
aHasusatop. B Kgng;%bn:blkm ReliTponos nonanaor o BP;?MGHHC')}"I
B Y3KOM HH ‘M Katane perncrpu i |
1 TepBaJe BPEMERH OT f4 X0 fy+4 At Tngg;c;{TcAﬂ”?eg?oHH
: ¥, 109

=m L 23 - ~3 B

» n ¢

p H n

HHe KOJHYeCTBa :
BO BCEX KaHagax I;)n;r;;}x{gb;:?ghlg M KaMane x KomrecTsy mwmyancos
AT SHEPTeTHYeCKUN crek n). Tlo uapectnol Gymxwmn f(E*,) cr
—h) [k 3aBHCHT o1 uue TP HeHTpoHoB. Ulupuha xkamana A?:f:(rpi-
BPEMEHHEIX Bpemenut) 14 KaHalOB BPEMEHHOr0 amaanzaTopa. B co |
N no;gaua.n%a'ropax YHCIO KAHAMOB nocrﬁ){réer ﬁo-'
MEPAIOTECH © BRICOKOR To:[ Y SHCDTeTHYECKHE CcNeKTph Heiit .
HOCTEIG, POHOB H3-]

Cc

MEHSAIT HHKede
oo OTpa}Kan«é,TuﬁqeeufomuM Gonbimoe cevenue paccesuns nepr -
CKHH IpephiBaTenn BHI&?{I;H mpopesany aem A% Hepes Mexg]?;!g:’
. Jle TIpopesant A
Pﬂoﬂlérfecrm nponyckamTea HeﬁTpolgbI HIeHIL iepes xotopsie ne-
XOPUTEH 32 : |
Hble YCKOpHTen IFHHI:{II?)HHHX O Gnan AEMpEPbIBHOTO AelcTBus (munel
, TPOH) 06aamaoT Madoi I/IHepLLHDHHOCTb‘IO T o
e
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deiiTPOHOB H HasbBaeTcs MeTO
jaccenBasich Ba yroa 6, nmepen
£ IBHKETCA €O CKOPOCTBIO Uz (P
gaTlpABNEHA MOL YrJIoOM @ K Haval
e HA3BIBAKOT YIAOM OTHauH. ¥Ypae
[ -maccosoe unenio A siapa oTAAYH
Fo suepruell Hefitpona E, H yrvIoM OT- \\

vz \

' Ecau m3BecTHH BeanyuHtl Eq, ¢ B A,
E 1o no cooTHowenwo (101} nmerko pac-
b cunTaTh SHepryuwo Hefirpona. Aapo ot-
b naun B Kamepe Busibcona, NMy3bIPLKO-
| Boii Kamepe, (OTOMNACTHHEE Ofpasyer
Tpex. auHa TpeKa OAHO3HA4HO 3dBH-
L ¢nT OT 3Hepruu aapaotaaun. o nanne
puMenTe GUKCHPYIOT kakoii-nu6o

} ' TpexoB yMeHbILAeTCH I

qioTcqd B Coe AeCKoro pelliecTea (mapadmd u Jip.}, a 3aTeM
JeTHON 6asHl. YCKOpHTeNb, MHUICHb, 3aMelaH-
CHOTO HMCTOUHHKA HeATPOHOB.

n;’[
ExoLAT Ha Ha4aJo npo

L 1b BBITOMHAT (QYHKUHIO HMIYJdb
b CreKTphl GRICTPEIX HEATPOHOB (E»>>0,1 M3B) uaMepaioT ApyrEMu

erofaMi. OIPR H3 HMX OCHOBAH HA YNPYTOM paccesdHun GLICTPHIX .

dom adep ordawu. Hehtpou, ynpyro
aeT YacTb CBOEH IHePrHH AAPY OTAavH
ne. 10.2). CkopocTh ffipa oTAadu U
BHON CKOpPOCTH HeHTpoHa vs YTod
Henue, cBA3HIBaloLiee 3HEPrHIO En

NnoayualrT U3 3aKOHOB coxpa- .

 gaud @,

 geHHsl  BHEPTUM M HMOyabCa. Ono N

j ameer CJ‘IQIL}’!OI;IHﬁ BHA n v A & \

i 4 L 7
(10.1) o /

—— . 2
Eﬂ__—-—-m_i_l)2 E,cos’ .

Pue. 10.2, Cxema ynpyroro pacced-
HHA HefiTpoHa Ha AJApe ¢ MACCOBRIM
yucnom A

B skcne

L Tpexa H HaxoAAT BEAHUHHY Eq.

E' yron oTAAuH, PaBHBl YRy MeXIy MajaloulM Ha JETEKTOp MYJKOM
i pefitpoHoB W Tpexom. [laA QHRCAD
. pacrmpefiesiente TPpeKOB M0 OAUHE, 3
won. O6buHO L H3MepeHuil CIeKTPoR OHICTPBIX HelTpoHOB MpUME-

OBAHHOrO yrfia OTAaul OonpexensioT
H2 Hero # CleXTp GHICTPHIX HEHTPO-

HAIOT eTEKTOPHl, HAMOJHEHHBIE BOJOPOACOJEPIKALLAM  BEIUECTBOM.
CrieKTp OBICTPBHIX HeHTPOHOB BOCCTAHABJMBAKT MO TpeKaM oT npoTo-
wos oraaun (A=1). OnH HMelT caMmylo SoablWyw AIUHY N0 Cpas-
HeHM0 ¢ TPeKAMH OT APYTHX siiep OTAA¥H, a C yBEJHUCHHEM AJHAB
OTPeLIHOCTD Pe3yAbTATOB IKCNCPHMERTA,

CrexTp OHICTPHIX HEHTPOHOB MO NPOTOHAM OTAATH H3MepPAOT TAK-
CUeTYHKAMHU,

e KHOHH3ANHOHHBIMH KaMepaMH, ]'[pOl'lOleHOHa.TIbeIMH
HanoJHeHHBIMH BOAOPOAOM HAH METAHOM, CUMHTHAAALHOHHBIMH cyeT-
g 1p.). [lo ypaB-

guKaMH ¢ oprarudeckuMH Gochopamu (cTHIBGEH
snepruy HeiTpoHos En

wennio (10.1) sHeprua npOTOHOB OTAAYE NIPH
WaMeHdeTca of Hyas (§=n/2) Ao BequuuHn £, {p=0). B skcnepu-
MeHTe HAXOAAT pachpefesedie NPOTOHOB OTAAYH WO 3HEphiH, a u3
Hero M 3Hepruio HelTpoHoB En. EcaM H3MEpHTH pacnpenenenis Tpo-
TOHOB OTAAUH IS BCeX SHepriil HeHTPOHOB, TO WO Pe3yJbTaTaM H3-

MepeHufl BOCCTAHABJIUBACTCA CHEKTP GHICTPHX HEATPOHOB,

§ 10.4. AREPHBIE PEAKEMM NOA AEHCTBMEM HEATPOHOB

PaccMOTPHM OCHOBHBIE SilepHBIE DEaKIiH IOR HeiicTBHEM HeBTpO-
HOB: YNpYyroe M Heynpyroe paccesiue H MOTJOIIEHAS Hell TpOHOB.
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HHA B OTZeqbHEIX 06aacTsx SHepruit, Beaenersue storo HefTpo
MONPASALAAOT Ha Temmoppre (Ea<! 3B), lpoMexyTouHtte (| 3B
<En<0,1 M3B) x OEICTPbie (Ey>0,] M5B). Coorsercraenno Beg
HHTepBAJ 9Hepruit pasbusator Ha TpH obaacru: ' '
TOYHYIO 1 GBICTpYIO, Hpomexyrountie HeHTPOHH

C SHepruamu or 1 gy
3B HaswiBaor PE30HAHCHEIMH,

4 COOTBETCTBYWUIVIO o0aacrd

ad SHEPTHH — pe3oHancHok, Hrorg]
I —[ TEIJIOBbIE H pesoHaHcHbie HefTpg
50 \ - KW obvemuusiior s OLHY rpyy

MELAEHHBIX HefiTPoHOR. :

\ Ynpyroe paccesnme, 9Ta peaky

40 \ UHA aHadoruyua YOPYTOMY CToJrkd

\ HOBEHHIO 1BYX miapos. Mexay Heird

20 ~ TPOHOM H sApoM mpu ynpyrom pac

CEAHHH NPORCXOANT N€pepacnpene

g,ﬁ?ﬂl a7 10 107 10° 5 “CHHE KHHeTHueckofi SHEPruH Gesd

N3MEHEHHA BHYTDEHHEr0 cocTosiHmm
Anpa. ;

¥apyroe paccestmue HeATpohoxd
nMonpazaeasior na NOTeHNtaIbHOe]
H pesoHaHcHoe. B mpomecce norend

UHANLHOTO yIpyroro paccesnus nefi-
TPOHA TWIABHYIO POJb HIPAIOT €ro BOMHOBME cofictea. Hefitpon, Kak j

BOJIHA, 0TpaxaeTcs oT mosepxHOCTH Anpa. Pesonancuoe yHpyroe pac-
cesgnne HelTpora yapyroro
paccedHHs HelTpoua O0s=0sn-}-0sp, I'lle Gep B Osp — CeueHus NOTEHIIH-
AMBHOTO M PE30HAHCHOTO YNpPyrix paccesnui nefitpowa. B abaacTh
PE3OHAHCHAIX MHKOB 645 > 04y, a BAAMN OT HHX G5y "2 0sp. y
CevyeHne moTesuNanbHOrD PacCestus oz B GLHICTPOR 0GaacTh 3He

Kak n cevyedde ofpasopanus COCTAaBHOTO fapa o, CTPEMHTCA |
K TEOMeTpHYECKOMY cedenuio AApa ntR% DKemepHMeHTa bHie pe3yJn-
TATEl 1O NOJHLIM CEYeHHAM o, =0|qg;, s SHEpruft E,>>15 MsB aa- ]
10T 3HaueHne Kospduunenta IPOTNOPLHOHANBHOCTH ¢ B dopMye gaa §
paanyca anpa R (cum. § 3.4), paBnoe 1,4 depmu. '

Ceuedne ynpyroro PAaccesHua ¢, SOMbIMHCTBA Bewects B4BHCHT |
OT SHEPruH HeHTPOHA TOABKO B GHICTpPOl oBaacth, a g TeILI0BOH H .J
TIPOMEXKYTOYHOR ofracTax mouTH nocroanno. Hexmouennen aanseres |
BoZopod. B rensosol o6aacti cedenue o Boflopona (pre. 10.3) pes- §
KO nazaer or 80 xo 20 6, g POMEXYTOUHON ofaacTh ocraerca mo- §
CTOAHHBIM, a B GBICTPOl oBaacTy CHOBA NMamaeT go 4—5 6. o

Heynpyroe paccesnne. Beicrprie HEHTPOHEL MOTYT HCITHITATD He TOJB- |
KO ynpyroe paccesanue, no y HEYIIpyroe: ;

25X n— *0x) L,

Pue. 10.3. 3apucumocts ceveng pac-
CeAHHA BoOROpOma ¢, OT JHEPrHH Hell-
Tpona £,

P-

.f{n b) mefiTpoH moraowlaeTcd W o6p33yerc}ﬁ T ek,
i He;‘»’lTponos MPOUCXOAMT B peakurax (n, v}, (1, a},

F oyt A

d

.-10 4) CTaHOBHTCA ONIHYHBM OT Hyds NPH

F 9HePTHA  DOpora.
"iaﬂprOFO 3HaYCHUSl B HHTEpPBAJe SHEPTHH

F 10—15 MaB (ta6a. 10.1).

3
3ateM BOBﬁ}’}K,ILEHHOB SApo NepexoiHuT B OCHOBHOEC COCTOAHHE,
ha.

afl P-KBAHTEL N
i g{m}{mpyioe paccesHue — noporosas peakuns. [Toporoeas sHeprusi
¥ He

At —3HePrus
hoyroro paccesinas no popmyae (8.3) Epoy="—1—W,, The W, P

MeHb INAETCH
gpsoro BosOYMJEHHOro ypoBHA  sApa. Be.nuqnug W, v

OCTOM MaccoBoro yucaa A or Heclla%ﬂb:;{]}?{) .
HAJHOHOB  3JIEKTPOHBOALT AO B

K muke. CleloBaTeabHo, HEYNPYroe JFbKO
‘eﬂHHe HeHTPOHOB  MPCGHCXOZHT TOeHHO

e geicTpoll oOmacTH H IPEHMYILECTB

3 y siapax. .
2 Eiftll{:;rllix Hignpyroro pacceanus (pHc. A

Enop

Pue. 104. 3aBHCHMOCTB  ce-
YeHHH Heynpyroro pacceﬂﬂgﬂ
Gin OT BHEPLHH HelTpoHa Lx

OHo HOCTHTAeT MAaKCH-

HH
NMoraowenne Hefirporos. B. peaknu vacrima b. Tloromente

21)

JTasanua 10.1
B
rorg paccesgHusl HeflTpoHO)
Cenenne Hey:pguepmeﬁ 14 MaB

SnevedT Fint & DneMent in' 6
2,47

43 Hg )
Ch {’89 Bi ggg

%:l 2,51 Pb ,

rjaonLaeTcs Hefi-
VyHTHIBAA BCE BO3IMOXKHBIE TPONECCH, B KOTOprX ;}?ﬂe
Tponqceqeuue OOTJIOUICHHS MOMHO NPeACTABHTE
1

°a=°~;+°a+°f+°m+ nes

¢ —cCeyeHHe peaklHu

o

rie

(n, a); o =

" Jlo sheprau 5 MaB y pa_mep |

pam?éunormmﬁ 3axBaT HelTpOHOB (5,0, ( o

- g (s, —=3_}

L0 °Li xapaktepsa (7, a)-peaxi a5, ” ‘

e ot higaT I]EOH[{ypH,pyeT C jeneHueM fAxpa (ca_.cT—g—cf)

i 3a
pazBailHOHHEL

v Ba p

o, — ceyeHue PalHallioHHOro 3ax3aTa;(n A
s i ©,, — Ceuende (#, - .

cornn 5 1 ,u,e.nemm‘.s GMLLIHHCTBE! agep HabmogaeTcs TONBKO
oo 10.2). Oanako ana

y sapa jgzU

v
HaMeHsdeTes Mo 3axkoHy 1f o)

To=C[V. =




Ce
deRHe peannuit (6) masn nefirpouor ¢ SHepruel 0
»

025 5B
SAapo o s %a b 1
U'f U'a .

Be 7

ri
B 0,01
e 58 4.8 0.0034 0 ohss — _
28] 704 0 o 05 - 09

io 694 - 112 582 1009.5

TaGauua .;.

fa (HOAKTHBHBIX HEAMKATOPOB), BO BTOPOM — TPCKH (¢hOTOMAACTHHKH) -
oKa3aTelleM NPUTOMHOCTH AETEKTOpA AR perHcTpalii HeNTPOHOB:
¥ roii HaM HHOM 00MBCTH sueprHil CAYRHT 3P PEKTHBHOCTE JIeTeKTopa..
 AscAbIA THII AETEKTOPOB nanGonee »pdexTABEH B kakofi-nu6o ompe-
b c/IeHHOR 06JacTH 9HEpruK HEeHTPOHOB.

Peakuua (r, o). flog peficTBAeM RefITPOHOB HWAET 3K30IHEPreTHIE-

fckas (f, &)-peaKuud Ha JIETKHX arpax (15°B, gLi). [TpoAykTH peaxuiw
ipONSBOAST TEPBHUHYIO ponnzanmo B JAerekrope. OcoGeHHO UWIHMPOKO:
TIPHMEHSIOT AJA PErncTpailiil neiitponos Gop. [lpu oGayuenHd neiirpo--

B c6opunkax xom
: CTaHT m
%025 3B, KoTopoit coorserer )
Hb?quopuyﬂg (10.2) npu cxo
M G,
o a,0- IJTO YCJIOBHe BH

POCTH ¥=0y CeuyeHHu

EC.HH 3He : / .
T'H T T
¥
Ga _‘cﬂ, a V0?025/E!1°

CHHe IGTJTOLEHH
A Jg NAA ecTeC
CAH CeYeHHe NMOTMOIEHRA O, o=75§B§T‘Hom 60

Npumep. Hajir
. H
THH nefitpona 0,085 sB, geq

. sq =755 V'0,025,0,085 == 410 6,
een 030yK/eHHOe CoCTaBHoe 5
H €ro 3Heprus poabyxXKAeHHS He MeHbile

TPOHOB B sape
pe. JHeprus mopora peaxumn *Be(n, 2n)®Be” pasna

1,75 MsB. [

) . Ang SoaswnaCeTRa

A

JIEHHT B HHTepBaJe oT 8 xo 10 ﬁ;g ?Hepmﬂ rlepora. (n, 2n)-peariua

-cem(a::quHe 02y H3MEHSeTCAd aRajIor
ce HA Oin, TOJIBKO 03, HAUHHAET 0
Ko# ofaacTH SHEPTHH, Yem ceqeRn

SHEPrHH CBA3H ABYX Hel-

y 1

KakK 3apssk
T N
POHEI 00HapyKuBapT l’IO-BTOquHIiIM ZHHH& e, BosH—y el

B
€€ METOALl DerucTpaLMH HelTPOHORB

p M

| _ 1y BXO
aydaoT uHbpopManuo me cpa3y,ya qeﬂm OMpencaeiion Bpahi Ho-

I;H)lHK&TOpr, poTORNaCTHHKH).
PalHOAKTHBHHE Aipa (MeToLH

HBOZATCH ceueH
A Ga ¢ NPH 3H !
113 ' e .
BYCT CKOPOCTb HeHTPOHOB wp==220}) I::[ch-

e JOM¥KHO 6 ]
o . BITH -
OMHACTCA, eCAH NOCTOSHHAS c=aap$:,;-

pa npH suep- |

APO MOXET BRIGPOCHTH flBa ReNTpOHa, |

HUHO CEYeHHIO Heynmpyroro pac- §

Pes onpeRedeHHOe BpeMs mocae -4

gami Gopa MOMCXOAHT peaxumst o B (1, ) /Li. B peakuun BHensercs
' seprus 2,8 M>3B, Koropas paclpeaAeasercd  MEXRY a-yacTHIEH.
(1,5 MaB}), sampoM 7Li (0,8 M3B) n y-KBaHTOM (0,5 MaB).

Cevenyie moraomenus B Tpn SHEPrHK 0,025 »B pasho 4010 6.
C ysenuueHueM 3HEpPruH A0 10 k3B oHO uaMeHseTCA NG 3AKOHY b

~ CkopocTb CUETa HMIYJBLCOB S oT HelTPOHOB, IBIKYUIHXCA B HRTEK™
Tope, TPONOPLHOHANBHA Soacpdv. Tax Kkak ceuerne *B o,~1fv, a naoT-

| 4oCTh NMOTOKA HETPOHOB = v, TO CKOPOETL cuyeTa HMOYJLCOB S

L MPOILOPRUOHAJIBHA an‘a(v)dv—-rmomocm HeTPOHOB, T. €. UHCAY

KellTpOHOB B eluHile oObeMa NETECKTOPA. BopcoslepiKaulne AeTEKTO-

b HanGosee >(GPeKTHBHB NPH PErHCTPalli MeAJeHHBIX HeHTPOHOB
(En<} K3B). :

B uoNH3AUMOHHBE KaMephl I APYTHe ra3oHaNONHEHHbIE HETeKTOPHL
6op BROAAT HJH B cOCTaBe TasoobpasHoro XHMHYECKOrO COeJHHeHNd
BFi, WK B BHAE TBEpPAOT0 NOKPHITHA SJMEKTDOLOB BopcodepramuMi

pelllecTBaMH. B TpupoAHomM Oope COARPMKHTCA 18,8% wusorona B,
a ocTadbhble 81,2% npuxoasTes Ha H3OTON 1B, xotopwil caabo mo-
raolaeT Heiitponsl. [TosToMy cpestiee CEUERUE OTJOIIEHR sApa NpH-
pomHoro G6opa paBHO 755 6. J\as nopbmieEns 3(QeKTHBHOCTH Gopeo-
' pepKalllUX AETEKTOPOB BMECTO NpHpOLHOTO GOpa HCMOJB3YIOT Gop.
o6oramennsii usotonom *B. Kpome TOTO, 3 eKTHBHOCTD [IeTeXTOpa
yay§luaeTcs, ecad JeTeKTop OKPYXHTB cnoeM 3aMeaantens. Ilpexne
JeM TOCTYNMTb B AETEKTOp, HEHTPOHHI 3aMeafoTcd H HHTeHCHBHEE
3axBaTHBAOTCA GOPOM. :
Bop moGapasioT B COCTaB pocdOpoB CUMHTHANALHOHHBIX cUeTyH-
Kop. BeCRBIIKH cBeTa MNONALAIOT Ha (poToKaTON NOCAE ofpasoBaHuA
q-uacTHUB ¥ fipa ‘Li. ¥ CHMHTHJIIALHOHHBIX CYETYHKOB paspeliain-
}  was cnocofHOCTE U 3(pPeKTHBHOCTD PErBCTPANIH HeHTPOHOR BhILlie NO
_ cpaBHEHHIO ¢ TA30HANOJNKEHHLIMU ACTEKTOPAMM.

B peaxuun °Li(n, a)T ocBoGoKAaeTea sHeprua 4,8 MaB. JlutneM
TNOKPHBAIOT SAEKTPOLB Fa30RAMONHEHHEIX JeTeKTOPOB HAH BBOAT €10
B coctaB (ocopa CHHHTHARALUHOHHOTO cyeTyiKa ¥ T. A. JleTeKTopul
¢ 8Li Menee >(peKTHBHBE], TAaK KaK CeueHue peakuuu SLi paBHO 9456
npu sueprun 0,025 5B, a coflepxKaHHe €ro B IPHPOLEOM JHTHH CO-
cragasieT Beero 7,5%.

Peakuns (n, p). Ha sapax *He mporexaer peakiHd SHe(n, P)T.
Dueprus peaknuu { pasHa 0,8 MaB. Ceuenne op H3MeHAETCA MO 34
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KoHy 1fo. Ilpu cKOpocTH HeHTPOHOB 0p=2200 M/C CeueHHe op,
=5500 6. l'esinem HaNOMHAIT WiapoBEle KaMepBl M CYRTYMKH oA g4
JAeHHeM oKoso 10 atM. DddeKTHBHOCTD WapoBoli KaMepsl A Tens
BEIX HEHTPOHOB NPH TaKOM NABACHAR FEAHA GMNH3KA K eAHHWLE. 3

Heynpyroe PaccessHHe H pagHALHOHHGLIA 3axXBarT. v-KBants, nend
lueHHble BO30YKACHHBIMN SAPAMH MOC/E PAAHAUHOHHOrO 3aXBaTa HiB
HEYNPYToro paccedHHs HEHTPONA, uallle BCETO PErHCTPHPYIOT CHHHTHA
JSUHOHHBIMH CUETYHKAMH. :

Hedenne Tameasx sgep. Siapo 25U penmres HeHTPOHAMYU JIIOGHT
SHEPrHH Ha HBa sjapa (OCKOJKa IeJeHH:). ONeKTPORLl HOHA3ALMOKY
HOJt KaMepH, HAa3KBaeMOll KaMepoi Zedenus, TMOKPHIBAIOT TOHKHM CJaI0§
€M XEMIUUECKOro COCARHEHHA ypaHa, HANPHMep ABYOKHCbIO ypaHa. o
CJ1e 33XBaTa HEHTPOHA B CJ0E YacTb OCKOJAKOB A€NCHHS BHIXOAHT HA
CA07 B a3 M MOHRSHPYeT ero. DBricTpbie HeMTPOHHl perucTpupyion
Takzde NOpOroBeIMH KaMmepamil Jtenedna. Ha 3/ieRTpoaN HoporoBny
Kamep NCJHEHHA HAHOCAT TOHKME CJI0Of XHMHYeCKHX -coenuMeHNd 23814
#2Th u rp. Tloporossie KaMepsl neJeHus PeTHCTPHPYIOT GhICTpPhle Helid
TPOHBI ¢ 3HEPrHAMY, GONLWHMH IOPOTa ACNCHHSA, KOTOpPHIA y 2% o
#2Th cocrasnsger 1,0 MsB. E

Mporonsr orpaun. Merogom NIPOTOHOB OTAAYH PETUCTPHPYIOT Ohbi-]
cTpbie HeftTpoHsl. ONHH AeTEKTOPH OHICTPEIX HEeHTPOHOB MO NpoToHaM]

OTA349H HAMOJNHAOT BOMOPONCOJEpIKAUTIM ra3oM {BoAopos, meTaH): 3y

B apyrux gmerexropax BOOpOicofepKalllee BeilecTBO HAHOCAT Had
JIeKTPOILL. - '

BricTpbie HEHTPOHEL PerHETPHPYIOT TakKe J@TEKTOPAMH, HANOJIHEH-]
HBIMH aproHoM, reqireM u IpyruMi razamu, Ha sxone GeicTperx Heii-
TPOHOB B MeTEKTOD CTABAT PajHatTep — TOHKHH oioit 112 napaguHsa, |
Brictpoie HefiTpoHsl BHOHBAIOT U3 palnaTopa NMPOTOHB, KOTOPHe H
PETHCTPHPYIOTCH JETEKTOPOM.

o npotonaM orgaun uefitponsl oGHapyXNBAIOTCA KaMepol BuJb-
COHA 1l NY3LIPLKOBOH KaMepoM, HAMOAHEHHLIMH COOTBETCTBEHHO Ta30-
00pasHBIM M KUAKHM BoAopoioMm. Has PCTHCTPAUNA METOAO0M IPOTO- ]
HOB OTAanll NPHIOAHKW H CUHHTINLIALKOHHBIE CYETYHKH ¢ OpraHHye-¥
ckan hoepopom. B ux cocraBe Beerna NPHCYTCTBYET B ,ElOCTaTO‘{}IbIX"
KOJIYecTBax ROAGPOJ, . X

PapnoakTusHEe uHAHKATOpPL. Peaxing (n, b) wacro 3aKaHUIIBAeTCT Y
BOSHHKHOBEHHeM (-aKTHBHBIX afep. [IpeBpamlenne crabiaIbHOrO A1pa 3
B PalROAKTIBHOE B (7, b)-peakiuy XapaKTepH3yeTcs cedeHIeM aKTI- 4
BalMIl Gaxr. OHO DaBHO ceYeHNIO Tex (n, b)-peakuwil, B KOTOPEIX BO3-
RUKAIOT pannoaktnsubie anpa. Tax, p peakunn 9Ag(n, y)WsAg cTa- 4
6uabHOe fA0po WAg mpeBpalllaeTc B paZMOARTHBHOE Aipo SAg,

4 CCYCHHE AKTHBAUHH Gapr PaBHO CeYeHH}O pafHallHOHHOTO 3axBa-;

Ta GT.

KoanuecTeo HaKon/eHHBIX paAMOAKTHBMBIX ANep B BeLIeCTBe 3a-
BHCHT OT ILIOTHOCTH MOTOKa HEHTPOHOB ¢, CeUeHUA AKTHBALHMH Oaxr,..
NOCTOAHHOH pacnaza A, o6beMa BellectBa | BpeMeHH o0aydeHns
BeMlecTea HefiTpoHamn. Ecan ma 1 M2 Toukofi mHmenu IR OHE) SN
COpepxKuTess Ny fiep, a B MHIIEHH HAKOMAEHO ¢ Hauaja of.TyyeHuq -
N pamuoarTHBHHIX sxep, TO €MECCRYHAHO B MHIICHKE ofpasyercss Np="
160

b xcN:pS ¥ pacnajaercs AN PajMOAKTHBHBIX sifiep. Be}ﬁﬂqngg i\f
p3pacTaeT o Tex Nop, MoK He HACTYRHT paanoaecgeﬁ;e ay of pS
opaieM Np H pacnaioM AN paiHOaKTHBHBIX fANep: mom:o s'grc;
loc/ie HACHILEHAS MHLICHH PaXHOAKTHBHBIMH SADAMH, Har:'rynf; }:J;CTB
ppHCPRO tepes IATh NIEPHOIOB NIOMYpACNANa, HSMEDIOT aKTHBHOCT
wniiern a=AN, HasblBaeMyl0 GKTUEHOCTWO uacmu{enuﬁj SH I

4CCURTHIBAIOT IIOTHOCTb IOTOKA HEHTPOHOB: ¢==0[GaxrNeS. oo
¥ PalHoAKTHBHbiE HHIMKATOPH — 3TO AETEKTOPHI, perHCTpprtbOJlbI‘
eTPOHB 110 HABEIEHHOK AKTHBHOCTH. VX BEUIONHSIOT B BHAE

' 43 pa3nEUHBIX MaTepuasop (Taa. 10.3). OHI;I yOOOHEL TeM, UTO 3}1{1{;
| qEMaloT MaJo Mecta (mAOWAAB OKoMo 5 cM%, ToJIHMHA MpHMEp
L 0,050 MM) W HeUYBCTBHTEJBHH K y-KBaHTaM.

Tadsarna 103
CeoficTBA HeKOTOPHX paHOAKTABHWX HHIMKATOPOB

. . Mepror
PasnoaKTHBHbL Baclft?;“:epﬂa?:: PearuHn np%%ium:nu nﬁgg’r maé( o ypanala
HHARKATOP ==0,025 9B, 5

1977 98 {n, ¥) ::ﬁi“ _ g:gﬂci}:m'
IGTAg 45,0 (."I, T} I‘NAg — 253 cyT
198y 116,0 (n 1} o — 54,0 wuH
s}y 155,0 (2, 1) Mg 2,2 9,45 wun
Al — ?1. pg sp 1,0 14,2 cyr

s I 7 N I DR

15N — (n, 2n) LN 10,6 10,1 i

JIeTeKTOpH, B KOTOPHX B—-aKTHBHHE AApa BOIHUKAIOT B (n,HL)};
peaKluHH, HCIOMb3YKT JIS PErHCTPALHH TEIMOBHIX H PE30HAHC B
HeHTpoHOB. JeTeKTOp, 3aBePHYTHA B KaJMHEBHH 9eXoJ, aKTHBHEKm-
¢ Pe3OHAHCHEIMM HeATpOHAMH, TaK KaK KaaMHi nornoguaeT np -
YeCcKH BCe TeloBbie HeATPOHBL AKTHBHOCTb JeTeKTOpa 6e3 Kanm}iesﬁ_
ro uexAa BBI3KBAeTCA NOMVIOLEEHHEM Pe30HAHCHHX U TelJOBHIX Ee .
tporos. OTHoOUICHHEe AaKTHBHOCTel aeTekTopa Oe3 KaaMus

KagMHEM &

C R Roa=a/a

MUCBHIM OTHOUEHUEM.
Hasﬁfxi}::ogfba NOTOKa DEeSOHAHCHBIX HETPOHOB IPONOPUHOHANLHA
AKTWBHOCTH J€TEKTOPa ¢ KalMHeM dp, @ TMJIOTHOCTb NMOTOKAa TENIOBBIX
HEelITPOHOB — Pa3HOCTH aKTHBHOCTeH

aq=a‘“‘ap='(RCd— 1) ap.
Beanunna (Rca—1) mpomopinoHaibHa OTHOIIEHHIO INIOTHOCTEH ncrroé
KOB TeMJOBBIX M Pe30HAHCHHX HefiTponos. Uem Goablle KalMileBoe
OTHOLUCHHE, TeM MeHbile XOAA peaougncnmx HeATPOHOB B CyMMapHOH
NoToKa HeATPOHOB, H HAOHOPOT.

nml;g;ig;musoﬂue Hnngxampm NPHMEHAIOT M XaK NOPOTOBHE HeTeK-
topu., HUx uaroroBasiioT M3 BeilecTB (cM. taba. 10.3), aapa KOTOI:{!:I}-(
nocje fOPOroBuix peakumit (#, p) u.(n, 2n) craHoBATCA $-aKTHB -
MH, AKTHBHOCTH HHAHKATOpAa MNpPOIOPUHOHAARHA IJIOTHOCTH IOTOK
HEHTPOHOB ¢ Hepriefl Buillle NMOPOFOBOIL.
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'mocm MOTOKOB HEATPCHOB, BXOAALLETO 34Mﬂllleﬂbe$o H BHXOASA-
ro H3 MHIUEHH @(8), TOo N3 YPABRCHUA (10.4) craenyer:
In [¢ (3)/¢4]
N& '
£ e O6— TOMIIMHA MHUIIEHH. DToT METOH no:g;g;ﬁ giszapnolileycﬁ:;gz
eRTaNbHO
ponég;afm:ﬂ)a gzﬁe;a;a-cscﬁ;ﬂT?:;mT MOJIHOE CeueHHe Oy Paspaﬁog;
: :{?raﬁmg) MeToNH H3MEPEHHS NapUHANbHBX CeT-IEH:}I:Iﬂ D::Irs n};ﬁfﬁ;xyrm
[epHMeHTaAbHble AARHBIE MO HEATPOHHLIM ceue
Bx‘éneuuanbublx cOOpHEKaAxX M aTjacax slepHeIX KDHCT&HT.HHe (10.4)]
OcaabaeHie TapaJaeNbHOro MyuKa B MHIICHH [vpaBhe .

Nprmep, Bnorok Temnoewx BefiTPoHOB MOMelieHa MIACTHHKA HS 30M0Ta

{p=19 300 ®r/u®) rommuroi 6==0,01 wm u naomanpie S=10 cM2 Ceuenne awrpl

Wi 30A0T2 Tawr=098 6. OnpefeINTH NNOTHOCT: NOTOKA HEATPOHOB, ec/H aKyy

HOCTE HacHIMeHHA HHAMKaTopa a=650 pacm./c.
UYncno sipep wa | M2 AHAMKATOPA

19300.0,01.10~-3
157 +6,02.10%% =¢ 5,9.10%* anpo/m2,

1=

pé
Ns=7 NA=

Torga WIOTHOCTD MOTOKA TENMOBBIX HERTPOHOB

¢ = 650 2 1,13.10° peit 2
= ToaxtNsS | 98-10-25.5,9.10%%.10.j0-4 == 1,13-10? neitrp./(m*-c).

§ 10.6. OBIMMH 3AKOH OCRABNEHWA MAOTHOCTM MOTOKA HEHTPOHOB]

MAKPOCKOMMUYECKQE CEYEHME

Helitponsl, npoxoasine yepes selnectBo, paccensaioTes H NOTJI0-)
InatoTest Agpamit. ITycTs Ka MOBepXHOCTE MAOCKOH MMINEHH TOJIMIHHON
¢ manaer mapannenbRbfl (KOJHMEPOBAHHBI) NY40K MOHO3IHepreTH-}

YECKHX HefITPOHOB (cM. pHe. 5.4, HA KOTOPOM y-KBAHTH CAelyeT 3aMe-
RUTb HeATPOHAMH), a CKOPOCTL HEiTPOHOB HANPABIEH2 nepreHanKy-
JAPHO K NOBEPXHOCTH MHILEHH. [locfie peaKuui HeilTpOHBI BHIGLIBAIOT

n3 nyyka. Ha rayfnHe x niOTHOCTD NMOTOKA NepPBHUHBIX HeHTPOHOB

ocnabuserca 10 3RaueHns ¢(x). YMeHblIeHUe MAOTHOCTH NOTOKA Heil-

TPOHOB d@ B cfloe dX PaBHO NPOHSBeAEHHIO Bhixoxa ¢, Ndx Ha BeqHuN- |

By @(x}:
dp=—ap (x) Ndx, (10.3)
TAE 0y=0s0q— NOMHOE CeYeHHe peakumn; N — MIOTHOCThL finep Be-

llecTsa. 3HAK MAHYC YKAa3WBaeT Ha ocAabiaeHde NAOTHOCTH LOTOKA

HeATPOHOR B CJ0e.

Pasfeaum neByno u IpaBylo 4yacTH ypaBHeHus Ha BEJHYUHY ¢,

a4 3aTeM JIONYUSHHO® BHIPAMEHHe NPOMHTErPHDYEM B MpPLAEAAX OT Hy-
ag Ao X

Ing (x) =—No:(x) +C.

ITocronunyio wnterprposasus C HaXOIHM H3 FpaHHIHBIX yeaoBIi:
npH ¥=0 ¢=@o 1 Inpo=C. 3aMenum B ypasHeHun noctosunyo C:

In(p /o) =—Na;x.

INotenunpys mociennee Bhpaxenne, NoAyYUM 3aKOH OcaalleHHs ma-
PaNNeNbHOTO NYYKa B IJIOCKOH MHIIEHH:

l]?(X)L—{pa exp(—N-crfx). (104)

[l1oTHOCTL MOTOKA @ (¥) YOGHBAET SKCIOHEHIHANDHO ¢ yBeNHYeHeM
ray6unel ¥. PacnpeneneHue nioTHOCTH MOTOKA TIePBHYHBIX HEeHTPOHOE
Mo TOMMHHE MuUlIeHH 3aBHCHT OT CeUeHHA 6; H IJOTHOCTH aiep M.
CedenMe 0; H3MepAIOT 3KCIepHMeHTabHO. OLMH 13 SKCIIepHMeR-
TAJbHBIX METOJIOB H3MEPEHHA CeYeHNs O; NOCTPOEH HA HCHOMB3OBAaRNE

34KOHA Oc/alreHus NAOTHOCTH NOTOKAa HeliTpoHOB. Eean H3MepHTh
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E 3.
E _apnCHT OT IIOJTHOrG Ceuenis Beex amep B 1 M™

Ez:NOt.
TloZcTABHM BMECTO CEUeHWs Oy €ro BEIpaiKeHHe yepe3 Mapuuanb-
gble CEUeHUS G;==0;+ G4 TOrIA
23:23"'["2&.

Ceyenne S, —=No: (i=t, s, a) (10.5)

M.
b ga3BEIBAIOT MAKPOCKORUYECKUM, A ceyeHHe G5 — MUKpOCKORULeck

B mpaxTHYeCKHX pacueTax MHCIONb3YioT IIOJleIebH}; ia?)té;!gmgl;l;
MaKpOCKOIHYEeCcKHe CeueHHs. PaccyutaTh HX XOBOJ coc'rag Bem’ecma.
{13BeCTHH MHKPOCKOIHUYECKHE CEHeHHs, HAOTHOCTL ﬁomomy BeilecTRa.

KamxaoMmy atOMy COOTBETCTBYET onﬂflanpo(.l 5
a1ep MOXKHO PacCUdTaTh Mo popMynam (1. )ccﬂa 1 ) reckon COGH:

MakpockomuyecKie ceueHnsa i-ro npoie
geHHUN NPeACTaBAATCA B BHAE

24=N10£,1+N20i,2+ cee +NROL 0 I(IO.G)
‘Bpecw i=t, s, a; =1, 2, 3 .., n—HOMepa COPTOB AAEP, BXOJALHK

8 COCTAB MOJIEKYJIH. 4 HiO (p=1000 o/,
. 7} AKPOCKOMHYECKHE CEYEHHS BOA 2 K
= lrili)p :nh;:eﬂl::ﬁ'ﬁfg:}f;;: T:ng::mgﬁ 1 sB. Cﬁnan Bon(;:pona H KHCAOPOZA AAA 370
SHey : = s Gaun=0,175 0; O,0=4 0; Gzo=W s
mpBH]?;;egéﬁae.f on?lbgwlém ajep BOAOPOJA H KHCAOPOAA. Yuuteieas, uT0 AE
a ng=1, noaysaem no dopuyae (1.2} .
Nug=2-103.6,02.10% /1 8=6,68- 102 azpo/m™;
No=Nn/2=334-10% anpo/m®
O.
Togerasus B ¢opmyay (10.6) MAOTHOCTH Alep BOAOPOAA H KMCJOpPOAA, 4 TakXe ¢
OTReTCTRYIOINE MUKPOCKONHYSCKHE CEYEHRS, MOAYHIM: .
% 6,68+ 103620+ 10~294-3,34 - 10%8 4. 10-28=147.4 m—t=5474 oMY
T T =56,68-10%.0,175.10-8=1,17 M—1=0,0117 cu~¥;
S, =147,4+41,17==148,6 mM~1=1486 cu~".

B cnpaBOUHHKAX H AT/acax sJepHBIX KOHCTAHT mﬁlm;:{t;cxxolqlr;l{ecg:?
CeyeHHA MPMBOASTCH He B KBAAPATHBIX METpaX, a gTb?:E CIIf)&BO'-IHlﬂMH
YeTe MaKPOCKOTIHUECKUX CedeHHH yJIOGHO MONb30B # CTpaRouKbH
AaHHEIMH Ge3 mepeBoja 0apH B KBaApaTHbIC METPLL B vote
—10% 6, 1o nuotHocTs smep 102 sapo/mP=1 sapo/(m-6). o
11*




.IIO.HleHTb INOTHOCTL siflep N U Ny B exununmax sapo/(M-6), Heofy

AHMO npaBeie vactd Qopmyn (1.1) n (1.2) ymenbwurs B 1028 pal

N=00602-5-; N,=0,0602n, L., (103

[TpuBeseM pacwer mocaegmero TPHMEpd, HCHOJIB3YSH MIOTHOCTH sae

BOAOPO/A M KUCJIOPOAA, paCCUHTAHHBIE IO (opMyae (10.7):

Nu=>56,68 anpo/ (M-6); No=3,34 aapo/(m-6)

2¢=6,68-20+3,34-4=147,4 M—1=1474 cu':
24==6,68-0,176=1,17 m~1=0,0117 cm-!:

2=147441,17=148,6 M~1=1,486 cm—!
Hs ypaBuenns (10.3) caex
Iy BPEeMEHH, OTHECEHHOE K eZHHHIe 00beMa,

1

IPOMOPLUOHANBHO MJIOTHOCTH NOTOKZ HEeRTPOHOB.
CeueHHe CYMMON NMapUHaNbHbIX:

zf¢=Esq>+Ea(p.
Ileppoe cnaraemoe pasuo. unen
MOe — uHCHY TMOTVIONeHHEIX HeATPOHOB B | M BemecTma 3a | c.

§ 10.7. AUDBY3IUA HEHTPOHOB

Cpennsis pamna npodera. Heiir
BOM, DAaCCEHBAIOTCA MW NOTACIAIOTCA AApAMH, Bewectsa, koropsie
NPEHMYIIECTBEHHO PACCEHBAIOT H MaJ0 JIOMOIIAIOT HeATpoHnt (a0
2> 0s), HA3HIBAIOT pPacceusarouumu. BelecTsa ¢ ceueddem mor

Jolie-
HHSl 00> 0s Ha3bIBAWOT noztojarouumy, HNoapaanenenue semects na

FOH — MOrJIOWAKILIHM. Hanpuwmep,
'60p sIBAAETCA XOPOIINM MOTJIOTHTE-

c1abo mornomaer GhICTpHE Heii-
TPOHH,

Tpaextopus orgenbHoro  Heli-
TPOHAa B pacCeHBAIOUIEM BellecTBe
peAcTaBaser cobofi 3ursarootpas-
HyI0 aHHHIO (puc.- 10.5), cocros-
IYI0 H3 NPAMOJHMHERHEIX OTPe3KoB,
0 KOTOPHIM He#iTPOH ABHKeTCH

Paccrosnne, mnpoGeracmoe Heit-
Puc. 105. Tpaextopun meitpomon TPOHOM Mex Iy ABYM#A nocaencBa-

B DACCEHBAIUEM BelNecTBe TENIBHEIMH PacCeNBAIOLWINMHE CTOJMK-
164

YT, 4TO KOJHYECTBO Peakliil 3a emuu.]

3aMeRAM monnoe

Y paccedHHHIX, a BTOpDOE cnarae-

POHEI, B3aUMOIEHCTRYS ¢ Belect-

PacCeHBaUINe H NOMNICWAIUIHE |
yenoBHO. ONHO M TO Ke RelllecTBO
B OAHOR BSHEPreTHYECKOH o06gacTH |
MOKET OhITh pacceHBaioluM, B Apy- |

JdEM  MEJIIEHHBIX HEATPOHOB 1 1

OT CTOJIKHOBEHMSI K CTOJKHOBOHIO.

AMH, HAsLBAKT daunoil c60600H020 npobeza Jo pacce.gﬁ;;a?
Ay— anHolt paccesnus). JluHBL pacCesHus He OAUHAKOBLL
aTKO__ﬂqaax HeHTpOH MpoGeraer OT OJHOTO PACCEHHHA KO .ﬂ.pYI‘Oa
; O#g;‘éff;gg NyTh, B APYFHX CAYYaAX 3TOT OyTh AJHHHEE. [Tocne psin.

()

JHHH
® O c/eHOBATENbHEIX paccesHu HeHTPOH MOT/IOIAETCA cps,z:lcgi:ﬂ Onl:.)LgHHﬂ
po OXONUMH{ HelTPOHOM B cpeae OT poXAeHHs T 3 e no:
g daunoll ce0600K020 npobeza 00 nO2AOULEHUR (Oruno 0
":HigiBeilz?;) OHa, TAaK e KaK H JJIHKa paccesHHsd, HE OAWHAKOBA 1L

3 -

e3 He-
A3JH9HBIX HeliTpoHos. Onnu HEATPOHH  NOTJOWAIOTCA HEP

e HiIH
. cKOJDKOQ PacCesiHmil, AnsA APYTUX 3TO YHCAO MOXKET 6HITE Goubll

Hpmle. B MOrJAOLIAINNX cpefax GoNbUIHHCTEG HeﬁTpOHOBc né);;[gu;z;
Z[:ca l'Ip‘I/I NepBHIX JKe CTOJKHOBEHNAX € AAPAMIL. B rakux cp -

i I
eHHA HEeHTPOHOB OUeHb MaJ o
pemgmnpaﬁ’mqecﬂux ‘3a/a4ax MHTEPecyloTcsl He MCTOpHell Kaxi

eiiTpO-
oTAeAbHOTO HellTpoHa, a nepeMelieHdeM GOJILIIOTO KOJHYECTRA HeHTp

g H nepe-
HOB B PacceHBalOIMX cpefax. OHO NMPHMEPHO TAKO® xég,mr;aelicﬂ 3an-
MEHIEHHE MOJIEKY/ B XKHAKOCTAX H rasax, KoTopoe onmﬁ;ﬁ e
: Mexay cofofi,
€Kyabl, CTAJKUBafACh .
A YR fons ¢y B MecTa ¢ MeHb
OTHOCTAME MOJIEKY
U3 Mect ¢ HONBIIHMY T e
ﬁiﬁlﬂ naorHocTAMH. Takas Ke KapTHHA Haﬁ%‘%ﬂiﬁmn:ﬁfgfﬂggﬁogy-
yaercsi B TOM, uTo HH(pdY
gos. Paznuuue 3aKAK0 e o eperan,
HMH CTOJNKHOBEHUAM
OBJHBAETCA paCCQHBaIOLLL ’ e
Célnenye'r 3aMETHTh, 4TO CTOJKHOBEHHSA Memﬂ%oﬁiﬁf?jﬁﬁgono}; oy
¢ OTHOCTh CBO
Koe aBJEHHEe, TaK Kak 11 -
Hoecqr?a}é B 1012104 ¥ Gojee pa3 MeHblle IJAOTHOCTH fAAEP Bem:cg:caﬂ
a O6umee JBH:KEHHE MHOrAX HEHTPOHOB B cpenax& xalg}i{:ep;ﬂ};aﬂm
¢peHIIMI AJUHAMA PAcCesiHHA As H TOTJIOWEHRSA a. Ol coAs!
OueHb MPOCTHIM COOTHOLIEHHEM ¢ MAKPOCKOIMMYECKHM :

M:I,-‘Ei, f=3, . ’ (108)

0-
B reopun Auddy3Hn HefTpoHOB npe,zmo.,rlaraen:a?(;c:;ci){HBS:Ice?L Hﬁﬁggo-
X R TY e JJUHEY P s
Bl JaHHoil HeprHH HMEKWT OAHY o
}I?O,IL;IHT B cpefie Eo NMOTAOUIEHHA NYTh Ae. lloNHAA cpelIHAA ANHHA NP
Gera HaXGAHTCA TAK Xe, KaK M napuHajbHad:

dy=1/31. (10.9)
Hs gopmya (10.8) u (10.9) caexyer
.?ulesla," (18+7‘va)'

@H3HYecKHl CMBICH BEAHUAHB! A; BBITEKAET Hsl;] saoxlfé{Ba %Cﬂiigiigg
3HEPTETHYECKUX HEATp
NapamielbHOro Nydka MOHO i B oo
' ofera HeHTPOHOB pa

mnactude. [lonHas cpelHas AAHHA IIp E -
He caos, KOTopHil ocnabaser napasiespHbIH Ny490K MePBUYHBIX HEH
TPOHOB B € pas. )
P B paccepHBaIOLLle cpenax As<hg, MOITOMY Ai=ohs. é{?(?goggﬁ:
B MOrMIOWAKIINX CPpefax As==hq. Takx, cpefHUe AJHHBI Tlpf-el _reit
TPoHOB ¢ sHepruefi 0,025 2B B Oepuaniu coc*rasnmo;. s_h ,_-1 l><’
Ae=810 cM, hy==1,15 cM, a B mpupoxHoM Gope: As=12 cM, =11 X
X103 em u he==1,1-10-3 ¢, 65




Cpennnii KocHHyC yraa paccesHus. Heiitpon, ympyro paccesun

q .
ApOM, H3MeHAeT HanpaBJeHHe CBOETrQ OBHMKEHHS, npHueM yron

MeXIy H i '
ny anpasn?ﬂﬁmn €ro HauaALROf i KOHEeUHOH CKOpocTel Moxed
gccae.r:; a%TTcg ao 1807, Igocinseooueﬁrpanbnoro CTOJIKHOBeS

Ha yroj f= mocae  Hell ] 9

R 7 eHTPaJbLHONG

yroa 8 Jexur B npepenax 0<0<180°. Y T(E)ﬂbKO H-

JesKaTh B HHTe
HHS HeHATpOH p
CTOJIKHOBEHUHA

NPOTOHAX HEHTPOHBI PACCEHBANITCA Ha Yranl §< 90°

Eca
H BEPOATHOCTL paccesHus HellTPOHA Mo BCEM BO3MOMKHBIM Ha-
» TO paccesHne HeHTpoHa HA3HBAIOT UBOTPOR-]

NpaBAeHHAM OAHHAKOBA
Ko, QOHAKO Bee s
< 90°

Apa pacceusaoT HeATPOHBI Yalle NOA VIAaMH <
TPOHHDIM,

R
o

a
p”l:. [0‘6 I’I3OIPOIIHO {
) H H. OIPOIIHOE f ]Jat'.‘ A HeH-
e ¢ AHH3 { ] CedHHe

Hsotponno 3

cxu H306ppa}f{eﬁmnuaa}g::con])g%mé paccesHns HeHTpcHOB cxeMaTHye
- 10.6. Crpeaxn cos - ’

CKOpPOCTH . nazawTt ¢
Bepgamo PacCeanHbIX HeHTPOHOB, a AJIHHa cTpemKy I Oﬁaﬂp&BﬂeHHeM
ik CTH paccesus nelirpona f(8) mox yraom pomopuroHaNbHa

30TPOTHIO pACCeaHHs Hel ' ‘
HEHTPOHQB Xapakr

CHHYCOM VIJa - —— i PAKTEPH3IVIOT CPeasuM KO-
Hﬂﬁ)’mcm}{yc_pf(c}ceﬂﬁnﬂ pw==cos 8. [lnsa Haorponuoro ]JaCC(l:ﬁHHH ¢ eo
u=U, 2 213 anusoTponHoro paccesmns p>Q Mpu HEBS

COKHX 3Hepraax Hef
HTpoHOB Cpe i ,
MaccoBoro yueaa A- PEAHHH KOCHHYC W 3aBHCHT TOMLKO oT

H OB v
] M

TaGanuwa (0.4
yraa paccefinuA HelitpoHOB Ha
HEKOTOPHX HykAHZaX

Cpeznne KocHmycm

Hyranz " ” Hygana mn
H 0,67 12
, C
s[]; 0.53 150 8'856
e | o00m sy 0,0038
166 -

H pe j -
pexe nox yrnamu 8>>90°, Takoe paccesnne Ha3bIBAIOT aHI30~

.

E Kosdhdmuuent anddysun. Vreuka HefiTpOHOB H3 OJIHUX dYacTed
EineMa BEllecTBA B JApyrue NPOMCXOAHT TONBKO B TOM C¢Jyyae, €CJiaH
S [OTHOCTH HEHTPOHOB B HHX pas/iHiHBL

" IlepeTeukaM HeHTPOHOB H3 OAHOTO MECTA B ApYroe NpemnATcTBYeT
efa, TAK Kak HelTPOHHI, CTAJKHBASACH C SLpAMY, H3MEHSAIOT Bamnpae-
eryie CBOETO IBHNeHHs. Hem GoJblle MAOTHOCTE fAMEp, TeM TpyaHee
f iefiTpoHy MpOfiTH Aaxe uepes ¢paBHUTENBHO HeOOAbIIYIO TOMUINHY

E cpeant. [lepememerie Hel{TPOHOB MEXIY OTACNbHHMH YacTIMHU obbeMa

gaBHCHT OT PA3HOCTH naoTHocTell TWOTOKOB HEATPOHOB B HHX! 4deM
o7iplile 3Ta Pa3HOCTh, TEM Gosplie HeATPOHOB NepeTeKaeT H3 OAHOH

L=\

* yacTH 0GbemMa B PYIylo.

flns xapaKTePHCTHKH NepeMelleHuA HeHTPOHOB B CPEAe BREJIEHA

- BeJIHUKHA TOK HElTPOHOS:

J=-p& (10.10)

dx *

[TepBbifi COMHOXKHUTRNb 3ABHCHT OT cBOBCTE cpelbl W Ha3bpIBAETCHA

b goappuyuentom Oupdysuu. Ok ofpaTHO WPONOPUIORaACH 4icAy pac

.

ceNBAIOLIAY CTOJKHOBEHHS HefiTpoHa Ha 1 M IyTH B Cpele:
D=2,/3(1 —p).

Cpeabl ¢ ManbiM KOIQOHIHEHTOM xaddysun (soaa, OGepHIHil)
- GKA3HBAKOT GOJbIINE CONPOTHBJACHHE NepeMelieHHI0 nefirponon. Cpas-
HHTeAbHO TOHKHe ¢J0M TAKHX BellecTs 3HAUHTE/bHO 0CJabAAI0T TO~
TOK HeHTpOHOB.

Bropoll COMHOMKHTEND (—dp/dx) yuMTBIBAET BJIMAHHE H3MEHEHUA
OTHOCTH NOTOKA HEHTPOHOB, OTHECEHHOE K I M® Beuwecrea, Ha Tme-
peMelIeHsie HeHTPOHOB. Yem GoJblle Mepenaf MHOTHOCTH NOTOKA Heli-
TPOHOB MEXAY OTAEAbHHIMH HaCTAMH of’beMa Cpefbl, TeM HHTSHCHB-
Hee NMepeMellleHne HeHTPOHOB Mexay HHMHU. 3naK MHHYC MOKA3bIBaeT,
4TO TOK HEATPOHOB HANpaBieH B CTOPOHY yMEHbLUIEHHT IJIOTHOCTH MO~
TOKa HeHTPOHOB.

TpHerne GHICTPHX M TEILIOBHIX HEHTPOHOB B CPEle HMEET CEOM
0coBeHBOCTH. BHCTpHE HefiTpOHEI, TepeMeniasch B cpele, 3aMeIIioT-
s, TaK KaK HX 5Heprus HeCPaBHeHHO GOJbLIe SHEPrHU TEMI0BOTO
JBHKEHH? ATOMOB Cpelpl. DHEPrud TENNOBbX HefATPOHOB, HaobopoT,
CpaBHUMA C 3HEPTHEH ATOMOB, NOSTOMY TeNOBLE HeHTpPOHB, MOTYT H
YCKOPATBCA, H 3aMEMIATLCS — BCe ONPElENAeTeA SHeprHiMH Heltpo-
HOB M ATOMOB.

§ 10.8. 3BAMEZNEHME HEATPOHOB

¥Ynpyroe W Heynpyroe paccestme. HcTounukd HeHTPOHOB HCNyCKa-
0T GuicTphle HefiTpoHbl. JlanbHefimas MCTOpHA HelTPOHOB 3ABUCHT
OT cocTaBa M Pa3MepoB Cpeibl. B pesyabTate YNPYrHX H HEYMDYIHX
CTOAKHOBEHUl C AApaMu OBCTPHE HENTPOHBl 3aMEJAIOTC. B kxoiied-
HBIX Cpefiax ¥acTb 3aMeVIAIOUIXCS HedTPOHOB, ABHIKYILHXCH BOMN3H
TOBepXHOCTH, yTekaeT ns oGbeMa Cpelsl. Bce 5TH ¢rakTopHl BAUAOT HA
TIPOCTPAHCTBEHHOE H SHEPTeTHURCROE paclpeAeneHUs 3aMelIf0WHXCA
HefITPOHOB.
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B TAxkeanX BelllecTBax GHICTphle HeHATPOHB! 3aMefAsIoTeA
CTBHE HRYNPYTHX CTOAKHOBEHWH C Aapamu mo suepruii 0,1—0.4 MsH
4 sareM MOTAOILAINTCA CPeXOoll MAH BBHETAIoT
CTOJIKHOBEHHH OHICTPBIt HefTPOH MoXeT ¢
HacTh CBOeH sHeprHM Ha BO3BYKAeHHe H
CKHIl Npejest HeYNPYroro saMedjenns ¢
HEIM yPOBHEM TAKeJN0ro sApa.

B JIeTKnX BelecTBax NMpoRCXOART yIpyroe
HOB. B Takux cpejax BuicTphtit HElTPOH 3a HeCKo
THX CTONKHOBERH# mepemaer
CKYIO SHEPTHI0 M 3aMeasieTes
JeRde OBICTPHIX HEATPOHOB H
KaK OHICTPHA RefiTpon npu yn
cOpaceiBaeT KeBoJbIIYIO yacT
H3 JIETKHX M THKENHIX BRIIecTs
fiie HefITPOHOB AAIOT H YIIPYToe, U He
AOro mpouecca B 3aMefJdeHue HeHT
ACPXKAHUA THKEABX M JIerKUX
PaBHbIX 00BEMHBIX COAEPIKAHAN OGEHX KOMIOHEHT BONBIIHHCTBO GEI-

CTPHIX HEHTPOHOB 3aMeANAeTCs cHauama p HEYNPYTHX CTONKHOBENHAX
A0 SHepran nopanka 0,1—04 MaB, a sarem B YOPYTUX CTOJAKHOBE-
HHAX — 10 TEMJIOBBIX 3HEPTrHii.

Iapamerp samennenns, [Toteps sneprum Hedrpomnos
PaccessHHH 3ABHCHT OT THMA CTOJKHOBEHHS HeHTPOHA W 2
OT MacChl aapa. MakcaManpHas TOTEPA SHEPTHH HEATPOHOB AE aue
TIPOHCXOANT B CAVYAE UEHTPAALHOTO CTOJNKHOBEHUS C AapoMm  (yroa
paccearna 6=180°, yron otnaum ¢=0). Tlo ypaereuuro (10.1)

AgmakczEg=El—E2=4AEl J{A+1 )2,

JLKO AeCATHOUB yopy

yupyroe paccesiure, Bunan gam-
POHOB 3ABHCHT 0T OOBEMHBIX CO-

NIpH YRPYrom
Apa, a Takxke

rie Ey u E;— HavyaAbHAT M KoHeuHas SHeprua Heitrpora. Ilpu wen-
TPAMLHOM CTOJNKHOBEHHEH HeATPOHOB ¢ AApoM BogopoAa (A=1} wHeii-
TPOH TEPSIET BCIO CBOID SHEPTHIO, C AAPOM yraepora (A=12)—0,28E,,,
a ¢ saipom ypana (A=238)—0,016F,. Takum obpasom, ¢ ypeirnye-
HIieM MaccoBaro wreaa A c6poc sHeprun HefirporoM AE B ympyrom
pacceqaHnn yMeHsInaeTcs, _
Kpome nentpaabimx crosmkHoBenuii HEATPORB! HCAMTLIBAIOT elje
HELeHTpaTbHLIE  CTONKHOBeRmS (0<g<90°), = KOTOpHX AE<
<AEyaxe. Cpesinsas noteps Ha OfHO CTONKHOBEHHE AE paBHa moso-
BHHE MaKCHMaabHOR AEyyc. Beauununodt AE moansosartbes Hevao6Ho,
Tak K4K OHA 3aBHCHT OT HAYAJBHOMN SHEPTHH HEeHTPOHA, YMeHBUIASChH
B npouecce samennenus nefirponos. Ha npaktuge NPHMEHSIOT Cpeane-

JiorapHbpMugecKyo NOTEPI0 SHEPTHH HEeATPOHOM HA OAHO CTONKHOBE-
HHUE, HASKMBACMYIO naApamerpom samedrenus &

$=InE_—1InE,=In (E,/E}).

lapamerp samensnenna T saBmcut TobKO 0T MaccoRoro uncna A
H TOCTOAHER B M0GOM HHTEpBate 3Heprnil. B Taba. 10.5 IIPHBEIeHH
SHAUERHS NApaMeTpa saMeleHyst § A psifa BeIecTs.
" 168 '

us Hee. B Heympyrog
Pasy 3aTpaTHTb OCHOBHYW
Apa. Humuuift sHepreTuyed
PABHUM C TMEPBHIM BO3GYKIeH:

saMef/eHte HeHTpos
AApAM PAKTHYECKH BCIO CBOI KHHETHUE-}

RO TENMOBRIX 3HEPTHA. Ynpyroe sames-s
a4 TAMENbIX AApax HeshdeKTHBHO, Tak!
DYTOM CTONKHOBEHHH € TAKEJIBIM SAPOM 4
b csoeit sneprun. Ecau cpega cocronr
» TO ONpefe/IcHHbIe BKAAAL B 3aMeme- |

BeWlecTs B cpefte. B cayuae npaMepHo §

Té garua 10.5
MapaMerp saMeasesua §

F: | 13

Hykaug,

A 13
Hyxnng

. ERE IERE R
v . o %5 U 238 0’0085
Be :

a 3a-
Jlaa mMaccoBbiX HHCeA A>9 pacuernaa dopmyna napaMerp
- e LTeHHS £ HMeeT MpoCTOH BHA:

£=2/(A+2/3).

IIESaB [ T . HH Q3BOJIAGT,
E UMOCTDb napaMe pa o3 IJ; :
l-lal'll:lHMe]ZJH JeTKO paCC‘IHIBI‘b cpe;u{ee YHCAO CTOJXKHOBEHHH | npH 3a
" ]

a oT sHeprud E, ao E:
MenJeHHH HeldTpOoH j__ln B
=

B dopmye s [ 3aMEHHM In{E;/E} pasHOCTbIO:
ln(E1/E)=ln(Eu,-'E)-—ln(EolEn),

npHHUMA-
a4. HacTto B pacuerax
— KTa, KOoTopas 3ajaerc 1 tista-
e B K?f]':CTaEQ_‘_—‘20106 p:-)B. Beanuuuy u—_—ln(Eo,{{?) H:g:mlf}(; T:en-
ray Koel:im%ﬂg BO3pACTAET MO Mepe 3aMeAJEHHS HeHTl:to—'“ISQ.
Tapezél ofnacTu (E=0,025 3B) mpHHMMaeT 3HAYEHHE Uy==10,
JIOBO —_—y .
[Tepenumem dopMyny A4f | B BHAE
j=(u—t) [§ .
HefTpo-
4ACCUATAEM CpelMee YHCIO CTOJIKHOBEHHH npH 3aMeAsieHHH p
HD

Brinuiem
= opoie, GepHJJMHH U YTJIEPOAL. '
E: "r)aTﬁl.;:l% %ogz?-_—_ll,gb%? §B0i(?,209; £q==0,158. Cpenree YHCIO CTOIK

HOBeHHIl 182, o=l 15,

i} KHB4€TCA
3amenantesn. Kaxawil 3aMelsigoMuHCa Helférggllimerggs ipaerc
¢ AApaMH PACCCHBAWIKETO BEIIECTBA B cpefHeM : E-E- ‘S'STY S iy
o QDU STOM €ro JerTapris yBeAHuHBaeTCs H ‘fl.em y el
ﬁ?;;:]’gal'l(j)'[‘ samedrarowei CrOCOOROCTHIO Sﬁeme?eﬁea‘aamemmomﬂ e
HICT
: OCTh BELLECTBA, TEM
MeIJIAI0MAn CnocodH

, HenT 30-

Tpo%]’::o?)g;MXapaKTepHCTHKOﬁ pelllecTBa SIBASETCA KO3PPuy

MedneHUA HEUTPOHOS

f Be=07;

k3=EEs!Ea, ™

crea, Ko-

rge X, . — cedeHie MOTMONIEHHS TENJI0BBX HeﬁTpg:;;?e}?euf)iHomeHmo
acpcbm;;{:em saMe[JIeERd  HeHTPOHOB T[POINOPUH AR L
YHenbHHX cKopocTeft 00pa3oBaHusd H ngrﬂgﬁeﬁnfem O et

0cobRO
Bllle 3aMeAqsAatontas cn C
o e HHTeHCHBHEe HAKAIUIHBAlOTCA TEIJIOBHIC p

NOrMOLIEHHA, TEM -

SE—————E LA VR P e e T
o AT 0 T




B Bemectee. Jlerkne BenlecTBa ¢ BBHICO
el CROCOBGHOCTH H KO3
samedaurtenamu.

Tacauna 104

DusHyeckne xapaxrepHCTHKH 3ameXTHTeNell

- 4 - eppeTquCKHi’I CLieKT
KHM{I 3HAYeHHAMH 3aMe/sid

(pdHLHEHTA 3aMEANeHAA HelITPOHOE HA3BIBALKG

3 wulad cIoc
¢ 3aMen o ¢
3 Eromma, TO Q;‘§23=B_-const

ILnoTHOe Th, apaser neg- Saves asgwnuan
3ameaKTeas ?Jr':fua b n paﬂem?sﬁ? A cnoactlj%in?m?l?{‘l [;gmLéEggT
Boaa 1000 0,924 135 70
Tamenans sona 1100 0,515 18,8 20000
Bepraauit 1800 0,209 15,4 159
Oruce Geprmnns 2800 0,174 12,9 180
Hubenunonas cMmecs 1060 0,885 16,1 118
Tpagur 1670 0,158 6.4 170

»

B Tabn. 10.6 npusefens 3aMeansioniie CNOCOBHOCTH U KO3pPu- §

3aMenan-
TeJAEM ABIACTCS TANKeNMasw Boga (k,—20000). Oxgnako HanGomee - |

UHERTEL 3aMeANenra HeRTPOHOB psina Bewects. Haumyumwuy

POKO NPHMEHAIOT KaK 3aMeJIUTeTb He THKEAVIO BORY, CTOHMOCTD KQ-
TOPOH BHICOKa, A fienleBble BOAY H IPAQHT.

3ameannoMmyI0 CnocOGHOCTD CMAABOB HAH XHM
HUR PACCYHTEIBAIOT MO YOPMY.Te

§23=§128,1+§223,2+ ‘e +§nzs,n-
Huaexen =1, 2, ,
B COCTaB BelllecTBA; §;X; ; — HX 3aMeNASIOUIHE CHOCOBHOCTH,

. Mpumep. Onpenenuts SAMEATAMYI0 cnocobROCT Andennna CoHs—CoHy nas
HEHTPOHOB ¢ sneprued 1 sB. IlnoTHoCTs Ouernma 900 kr/me, MOJIEKYASIpHan macea
r=1564. Mo dopmyae (10.7) ompenensiem maoTHOCTH aXep BOJOPORA H yriepoaa:

) . .
Ny = 10-327 6,02:10-2 = 3,5 saapa/(m-6)

200
Ne=12. 154 6:02-10°2 = 4,2 a1po (u.6),

Yuutssan, aro o,u=20 6, Fuo=

48 6, Eu=1 u Ec=0,158, maxoamu 3aMeAnnmn-
WY1 c00Cco0HoCTE ARDena;

£2,=1-3,5-204-0,158-4,2.48=732 y~1 =0,732 cm—L

JHepreTHuecKUit cnekTp 3aMeNNgomHXcs HeliTpOHOB., 3aMepasio-
Hyecss HellTpOHBI HMEWT OnpeleneHHoe pacnpenenexue mo SHepruam.
B ofueM ciyuae ono 3aBHCHT oT cBOficTB H pPasMepor 3aMensHTenq,
PACOPENCNeHuA HCTOYHIKOB GLICTPHIX HEHTPOHOB TO o0beMy 3amex-
JHTENA U NOTIOUIEHAR 3aMEeAVISIOMIHXCS HeHTPOHOB. Dopma sHepreTH-
HECKOTO CIIEKTPA 3aMeMNTAIHIHXCH HERTPOHOB Hanbosee npocra B Hec-

KOHEUHOM 0OheMe 3aMelIuTeNs B YacTHOM CJayuae paBHOMepRoro pac-
NpeAeennsl HCTOYHHKOB OBICTPBIX HeflTPOHOB,

170

..\ CT
.. §< L, OT TOBEPXHOCTH CPeIH, TO 4a

HYECKHX COeIHHe-

-+ 7L COOTBETCTBYIOT PA3/UUHBIM SAPAM, BXOASAIMUM §

B sroM uactHOM ciyuae |

!
p saMeln JIONIHXCA HeHTPOHOB,

o Depmu, AMEET BUX

.HaBBaHHblifl chek-

Q 1
?(E)=5, F-

O
ofHocTh B npomemy’romoﬁ ofnactH It

. TaTh TENJIO-
aenust. BoicTpifl HEUTPOH, “pemneacti:e:éaﬁme. V xax-
Aawra Sanen q OT HCTOUHHKA HA HEKOTOpoe P bl CTAHOBATCA
BHIM, “ePeMemaaerTg pacCTOfiHME PASHIUHO; ORHU ”e‘::,poHem Cpeasee
JoTo Hem"liﬂc:ﬂh'tﬁl3 usy HCTOUHHKA, apyrue — pajii HeHTpOHH 3aMEANT-
TENAOBLIMY B 1] oulHKa, Ha KOTOpPOM ﬁucTPblea noti samedaenud
paccmﬂcl)iﬂfeﬂogg; SHEpTHH, XapaKTepH3yerca Oad
T O

HAH
H Ha paccTof
ITPOHOB PacloomKe ¢
ReiTpoHOB Ls. Ecu BCTOUHNK HefITPO § gamennﬂmmHXCﬁ HeRTpOHOB

1.
BELIETAET Yeped NoBepXHOCTD H3 cpelb

HCHT OT Tpex Bes
o HCTOUHEKA 3aB )
Cuelrenne GbICTPOTC HEHTPORA OT AAAOMiel CNOCOGHOCTH BEile

e

Ay e LLH_cbcbysun, oa, UeMm MeBbILE Ko>(puunesT
crea 1 JpHOI 3Heprum HeHTpOHA. e KOsd D
CTBade Han TeM TpyAHee ObICTPHIM HefiTpoHAM ¥
andpdysnu L,

STHH A, tBa £Xs NYTH
Ha %mbm“eqpe%c::& samenasomedt cnocoﬁnocmog‘;lll;leecﬂaﬂee‘ ¢ yBe-
yBeJu ATPOHOB CTAaHOBHTCH X . ATHOHOB.
HICTPHIX HEHTP aaMeAJleHHA HEHTPOHOE
TOpMONKEHHA © acTeT AJHHA Hefl-
M UCTOUHWKA P CHT OT BHePTH -
AnyeHHeM 3HEPTH B cnafo 3aBn : Bl
ceaHnd cpel . [2,, HasLIBaeM
Ecan ceuetne pac neHus HefTPOHOB Ls B
AT JAJNMHBL 3aMel ensdioT U3 ypa
e Tgpggigﬁ NelTpoHos N oGo3navaembti T, ONPeR
HHAUE 80

HeHud D

= — U

L s EES

ONOpUHOHANEH,
sun ofpaTHO TP -
shdunuent Auddy ILAOTHOCTH BE
Tax Karli{uqigﬁtgg)ceqelme npAMO Hponquﬂc’ll{?ﬂgbﬂ(g'rc&oﬂa caenyer
2 Mall{pocK(')ro KBAAPAT AJHHEL 3aMEAIEHHA L Sﬂ-ro:‘:x ‘e BeileciBe, HO
IlleCTBangh n samennenns Le u Ls B ORHOM H

cBA3b

¢ pasBbiMH TIOTHOCTSIME po ¥ !
Le=Lsupolo-

H TPOU3BOLCT-

HCHT OT TEXHOMOTH

HX BElULeCTB 3aB o
l'lnomochg::;?;iTcs apH Hargesamm Bemgcrsaﬁﬂ"gmémb et

Ba W Manao ,”m p npenenax 165 —1800 kr/m®, aﬂe OO O .

rpaq)nT1217E;rloea<1850 krfm®. TIAOTHOCTb }KHnKOCT?I{HaETCH T arpesa-

Fonon o 3aMeTHO YMeH .

3BOJCTBA, OJIHAKG ¢ eTCa P e
2?1ﬁorTH:Kn?1?1%-rHoc71> BOAHL, HarpeTousnogx paBJen
no ?;00°C,' nagaet ot 1000 Ao 726 Kr/wv’.

( 1 ))




Tadanua [0

IKCNEPHMENTANBHE 3HA YeRHA ARMHW 3aMelleHns HeliTponoB
C HANAAbRON JIdeprueii 2 MsB

AMHHa a- Janma I3a-

Samezanreas n]'ﬁ?q:‘?}?;f ' MenaeiuA, Saven NHTeh ‘}ﬂ‘;’ﬂ?ﬁ’f ;: "I Medhennsn,
L 197% a
Bozna 1,0 5,2 Bepiammiy 1,85 9,3
Taweaas eoga 1.1 11,2 Oxucn Gepniinn 2,8 12,0
Tpagur 1,67 17,7 Hudenanpnad ciech 1,06 9,6

CEAINHA GONBUIMHCTBA SaMeannTeNell 3aBHCAT OT JHeprUi HefTPoHOB, !

B 3aMELNHTENE, HMEWILeM TRIOT- ;
HOCTb p, OTIHYHYW 0T TaGaHYHOI 0o, PACCUHTHIBAIOT 0O NociteaHefi |

Hnuuy samesnenns meiitponor
dopmy.e.
§ 10.9. TENNOELIE HEWTPOHBI

- Temnepartypa meirrpownos. DHEpPrus TenaoBmIX HENTPOHOB, Mepeme-
WAMKXCA B Cpelle, CPABHUMA C 3HePrHell Tenaosoro ABRAKEHHUS si1ep.
Ilocne MHOTOUKCACHTEIX YUPYTHX CTONKHOBEHRI ¢ AApaMu cpenul yCTa-
HABIHBAETCS DABHOBECHOE pPACNpejefeHHe TEIIOBLIX HEATPOHOB Mo
CROPOCTAM. ITO pachpeiencHue TemrOBbIX HeAITPOHOB, Ha3BlBaeMoe
MaKCBEJIOBCKHM, Mafo OTIHYAETCH No dopMe or pacnperenenns wmo-
JIERYJT rasa no ckopoctsim {cM. puc. 1.1). HauBonee BEPOATHOH CKoO-
POCTH HEATPOHOB U, COOTBETCTBYET KHHETHUECKA SHEPrus HEATPOHOB

En=muv?p |2=kT,.

Beanuuny T, no awamorun ¢ TeMIepaTypoil rasa HA3BIBAIOT TeM-
neparypoid nedrponos. TloacTasum sHaveHHe nocrosnHoli BoasuMana

k=8,61-10-5 5B/ K.
En=861-10-°T, 3B.

[NpakTuuecku H3MEPUTD TeMTepaTypy HeHTPOHOB He Tak npocTo,
KaK TeMneparypy rason. Ona srtoro CHEKTPOMETHOM HeHTPOHOB HiMe-
PAIOT paciipelenieHiie HeHTPOHOB Mo ckopocTaM. M3 pacmpepenenns
HaXOMAT Haubo/see BEPOATHYIO CKOpOCTh HEHTPOHOB, a4 3arem paccyu-
TEBAIOT TEMIePATYPY HeHiTPOHOR,

Temnepatypa HeitTpoHoE T, 3aBHcHT oT Temnepartypol T, 3amen-
JAIER CNocoGHOCTH EZs, CeueHms moraocueHus Ga H DA3MEpPoOB cpe-
Ab. Hampumep, noraouienne rensnosprx HEHTPOHOB cpenoil sBasercs
HX cTokoM. CeyeHue morjoulenns 3aMelJHTeNeH HIMEHARTCH MO 34KO-
Hy /v, u Hefitpon co CKOPOCTLIO U< Up NOMMIOLLAeTCA ¢ GOMLIWILH Be-
POATHOCTLIO, weM HEATPOH €O CKOPOCTHIO v>vp. IlpeumymecTsennoe
nornomerne Sonee MegTeNHBIX HeATPOHOB CABHraer MAaKCHMYM cIek-
Tpa B HanpasJeHHu 6OabITHX CKOpOCTeH HeHTpOHOB.

B reopun muddysnn Temnospix HeliTpOHOB npeanosiaraercs, yro
SHEPTHA BCEX TENMOBBIX HEHTPOHOB OLNHAKOBA, a Cpefa HMeer ceye-

HHE 3axBaTa W KoadrumuenT anddysnn, ycpemHeruwe mo CHeKTpY
TENNOBLIX HEATPOHOB.
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i

- a ¢ TeMnepatypol H
\
;%% 1%;03"?; __temnepatypa, K.

3 CTHOTO CJICHA TOMIHHOMN o
pacCTOAHUAX OT MOBEPXH ,

" matotes cpelof.

: _Ceuenne NOTJONLEHAA H

2

-'aIOT
enHUNHl — KO3
A TIOTJICILEHHH Za

M .%{ Gsge

cMelrderca oT HeToyHHKa A0

: , ) P
" Mawna naddysun. Tenaosou HeATPO t cwemsencs ot Kerow e X

CeT -
cpeaneM Ha pacc oy L 1ass
T by 5 renaoabix Heiirponos. OHa 3 BHcHT oT oV
Yot 6uqbqby3z:{m auddysnu D 1 MaKpOCKON
HiKe : ; _
b TeNA0BbIX HEATPOHOB!
.Lz_.—."D!Ea.
MeJHTENE
(hy3uH TemROBBHIX HeHTpOHOB IJIA 32
B oy efitporos Ty COOTHOWEHAEM

L (Ty==L1%VT,/293

NM0BBIX
— KBajpar JJAHHB nudpysun  TE

NoBePXHO-
NPOHCXOAHT U3
SeliTpe BO3HNKAWIIHE HA

Poysuu L, MOnIo-

eCcTa

(10.11)
il cBA3a-

"HeHTpOHOB  TTPH

cpe
HellTpOHOB H3 :
L.pTeI!J'IOB‘ble peliTpOHE,

GonbIIKY AAMHBL AH

YTeuxka TeIVOBHX

CTH-
eHBl OCHOBHBiE AMPPYsHOHHLIE xap}r‘ai%%% iy
peHHLIE axcnepnmeHTaanoH:p:eﬁTEOHOB 5

TenjoB
na auhdy3nd O
ﬂr«f;ﬂ\nmen?x. QOcoberHO 30arutemobI BARTINC
; saﬁ pone. Tak, NpEMECDH 0.2% BOA
0 . , 0,2%

L ot 159 a0 110 cm.

B Tafa. 10.8 npuBel
KO 3aMenmuTesied, H3Me

BHCAT OT mpumeced >
npuMeceil BOALL B TIDKE

W4HH o
Jofl poAe yMEHBIBAET BeJ y e

paKTepUCTHKH 3aMeTHTeleH

JudpysHonHue xa

Ceyetive 10- Kosbduurest | Hapua mudd y-
3 D, L, em
nnor_no:ram. ;ﬂ;ﬁiﬂﬂ;g& n"qxpj;:m SHA
3amMeANHTEN B 108 wrf HoB o &
2,72
1,0 0,664 -t g’ ]9(%% 159
Bona 1,3 1, 146110 0:533 91
Taweaast, pofd 1,85 0.0 -s | 0’900 58
g | s | 5
2 ' 0 :
5113{&;?31‘6 & PRIIHS ("l) 0% 3,354 0,14
Oudennabaan CMeck s

T
waach 8 cpene, y,rt;amole;ciH%_
ble HEHTP .
JeHHsl Ha HeKOTOpoe paccmauu;:.ﬂ B;lg;?rem e eaioren
s ATCH TefAOBBIMH, matorer
H CTAHOB E O eerosHIe,
wana 3aM€Il.HH10T(;HHe OTNOTATCA CPesoK. CpeﬂHeTOEKaMH e
Y nop,"HOKﬂom B ¢peie MO MPAMOH Me}xnyH
bt 1 UrpaLdu:
XDEH!\TI%?HQHHHP NpOTOPINOHANBHO AAUHE M p
H NOTY , :

L=V

i emMe
JLanna MHTPAlHK. HeitTpoHul, nep

T
Iawsa MUrpaunn xapaKTepu3yeT ¥

u a
Ma.

o

cuKy HefTPOHOB H3 KOHEUHOTO
reM TOJIIE NORePXHOCTHBIH
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§ 10.10. RENEHME AREP

Henenue anep. B 1938 r. memenkue XUMHKH Taw u Iltpacma
HCCAEAYsl COCTaB ypaHa, o8ayueHHOro HeATPpOoHAMH, 00HAPYRUIH 63
puit. [Tosenenue Gapus, PACHONIOKEHHOTO B cepennHe ITepuoanyecko
CHCTEMEL asementoB J1. H. Menaenecra, BIIOCHACACTBUH GBLIO 00bsicHed
HO cmocoGHoCThI0 25U menuThes moa medicTsuen HeHTPOHOB Ha ng
Aapa (0CKoaKa AeieHHs). '

Mexanusm nenenns AAp2 OMHCBIBAETCH KaNleNbHOH MOLebio apa,
B aape aeficteyior KYJTOHOBCKHE H siAepHbIE CHALL KY/AOHOBCKO® or.

TaJKHBAHHE NPOTOHOB CTPEMHAT-,
: e, € pasopBaTh

a &
-8 2

Pre. 10.7. Cxema nenemus fiApa No Ka-
NeNBHOH Momes:

KaK eiHHO® meJoe,
Honyerum, st0 sgpo morso-

ACHHOTO SApa HayHHaer Aeop-

A4po  (puc. 10.7.¢) npuuuMaer

fﬂ;; He;lﬁe]??mlpanauuoe ALPO; ﬁd)— caafonaedap- C])OPMY INANNCOUTA (CM. 'pnc.

OBAHHOE MIPO; & — CHAbHOLE a ,
AP & — oo b eneamHpaRaH MO 10.7,6}. TlosepxHocTHBle cHAL
CTPEMATCA  BO3BPATHTL  51,1po

K HCXOAHOR (opme. Eecau BO30OY KA
cheprueckyio popmy, To AP0 MCHYCKaeT y-KBAHTH U nepexonur
B OCHOBHOe cocrosnue. Ecnu ke HepPrudA BO3OYKAeHHA Soapie asep-
THu nopora aenesus W, To AAPO  MOMRT NpHEATE GHopMy raHTenu
{cm. pre. 10.7,6) w nop nefictHem KYMOHOBCKHX CHUJ OTTAJNKHBAHUN
PasopBaThed 10 nepeMblyke  Ha ABA  OCKOMKAa JAedeHus (e,
puc. 10.7.2).

Hocne saxsara HEHTPOHA TAMKe nM AADOM-MHIIEHBY 08pasyercs
COCTaBHOC AAPO ¢ sHepryuest BO30y R eHusn W, NPHMEPHO paBHOIt cyM-
M€ 3HeprHH CBsi3M HeHTPOHA B COCTaBHOM AAPE N KUHETHYECKON 3Hep-
THH He#Tpona (cM. § 8.3), Ecan BesityHHa Wy Gosbiwe nopora aene-
HHA COCTaBHOrO Sjpa, TO MOMKer OPOH3OATH jefeHne aapa. ¥ raxe-
AbIX safep (A=230--240) Beanuuna Wy 3aknoyena s npegenax
5,5—5,9 M»sB,

Teaxensie sapa B ocHOBHOM COCTOAHHHA
KO CNIOHTaHHO® AeneHMe TXe/MX sme
ABneHne. Hanpumep, y amep 235U ¢
B 2,5.10% pasa pesxe, uen «-pacnaz.

Tlpupoanwiit  ypaun  cocrour H3  ABYX  OCHOBHHIX H30TOROB:
25U (0,7%) u 238 (99,3%). Ocobennoctn nesenns ANED ITHX H30TOQ-
HIOB JIETKO YCTAHABAHBAIOTCH H3 CPaBHeHHs Benuuud Wy m W, 3axsa-
TBIEAA TENI0BON HefiTpoH, supo 2%

U npespamaerca p Agpo  238(J
€ sHepruell Bo3byxnenns 64 MsB, a mopor nmesenns 2361 paBeH
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£HHOe AOPO TIPHHHMAET OOATE

AeRATCA cnoHTando. Oxua-
P (A<:240) — foBosbHO penkoe
NOHTaHHOe AedeHMe NPOUCXOANT

'338]] MOMKET ASAHTHCH

‘ CT
oy, 251, BPu u Bemeum
v 229Dy, Ha3blBaOT AL

- po
KaILTIO-91p0 Ha |
CoCTaBHLIE YacTH. HaoGopor, mo- |
BCPXHOCTHBE CHJM, O6YCJIOB/IEH- |
Hbl€ SLCPHBIM B3aHMOJEHCTBHeM .
HYKJIOHOB, NOAABMISIOT KYJAOHOB- :
CKHE CUJIBI W COXPAHAIOT AApo

THIO HeHTPOH. PopMa BO3GYK-

MHDOBATBCA M MOXKeT mpofity |
PR ¢as. Curavana cdepuveckoe

em Hefi-
| enpHo, sapo U meantcd “?‘Yg\ f_e;‘?;;ia& B 70
g MaB. Cneﬂ\oi‘ﬁ_“ﬁ ,H:-Tlﬂ 239 popor ﬂ,EHeI{Hﬂocﬂg—;a;{ e nio-
. 6oit 3H . anpa 1

oH(;B Ifa}].; sHeprya BOIOYKACHHSA 3;;1;0% (;ELPA‘S MoB. HootoMy SAPO
eM ;

eT 1 foablie
tporo Heiitpona U cociéiﬁﬁo HgﬁTPOHaMH ¢ oHeprHAMH

283() n 229Pu. Slgpa

bi Aendt MY 2331 ] 285(J

Dy netec Heazgzl:epﬂanbl), cOCTOALLNE H3 caUr; ﬂpl—l:
B}?csl 283) u 2°Pu He BerpedaiT

npeBpalleHHH:
X mOMyqaloT WCKYCCTBEHHO B pemouxkax npesp
ae. Mx

B gmap, P .
233 Pa e :
7 Th ol 92
oTh+-n— g
B ogagyy P 29p,
By Lo U — TgNp— TP
. AIUXCH
ONb3YIOT AAS TOJYueHHR AST
p 238U, KoTOopHE HCO

M. ne-

BepHoim CoIpbE e OCKOJKOB L&
AN30M Cpel ’ R

XuMuuecknM aHaH yHcAaMH A==72-+161. KpH

Topui
BeIllecTs, HAa3bIBAIOT &
QOcKOJAKH AeneHHH. v
HHA OOHApYKeHbl HYKJHAD ha "
5as BHX0Ma OCKOJKOB Ha OL Y o .
enenue 2351 TennoBHIMH HE s !
ﬂponamu Kak (QyHKUHA Macconl:); ;
ro uucna A mpHBEAEHA 8 .
puc. 10.8. BeIXOA OCKOJIKA ;C- f == :
He paBeH OTHOLIEHHIO Y :
2 EI:{HFI ¢ ofpasoBanMeM o
a gen ' :
;aHHoro OCKOJIKA JIEeACHHA K 03_ o ms ‘
; ny nenenmii. Ha Kp
meMy 4HCTY ——

a
5

et

Il

=
%
i BRIXOAA OTMEUAWTCA ABe &
BO' B OCKOAKOB JefienHs, Io- _EW
A e KOTOPHIX TIPH AEJIEHHH 73
ABJeHH :
Ty
R
8

apep Haubonee BEPOﬂTHO.K?ﬂe}?H
pas rpymma (jerkne 0C .
fenenka)  COCTOMT  H3 mep .
C MAcCOBBLIMY YHCJIAMH OT —

110, sTOpas rpynmna (TH}KZJE; o |

OCKGJAKH  AeNeHus) — H3 33 ) . ===

¢ MacCOBBIMH YHeaaMd OT ” 2 |

o obpagyiorcn Tgﬂg}[é;:nﬂe- o 0 110 120 130 140 150 1604

OCKOAKH 00pa3ylores B b 2 TR

sepnil spep. CHMMETPHYHO e

JeHde fApa Ha OBa OCI::%BBI-

¢ MpUMEpPHO PABHHIMU pf;g) OB

mu wncaamu (A=110-+ ﬂ(?ng

nexoaur kpafine peaxo. ko 1%.
efleHHRl COCTABAAET MPHMED e

ey inpa qaubonee BepoOsTHO 00pasoB

JIeHHII

175
OCKOJKOB.

A Ha
OCKONKOB  Jefetns H
e l}?éﬁéfﬁgxg;pa 2350 TennoBsINH HEH-
oo TPOHAMH

e-
gaTenbHo, NpH I
Careno TAEKEJIOTO




Henenne smep moer IPOUCXOAHTL MPHUMepHO M0 30 pasiuung

KaHa/laM. [losroMy B memsmiemcs Bemectee noasasercs no 30 jer <
H TAXKENBX OCKOJKOB JeNeHHs,

Ockosku fenerns BT-aKTHBHM, Tax Kak OHm TMepechItleHk Heli Ty
Hamu. TlokaeM STo Ha MpHMepe OCKOMKOB 257 1 'Xe, Brxon o

PBIX paBeH npumepHo 7%/, Maccosbe uncaa CTaGUABHEX 1P CTpod
LHA M KCEHOHA HE NPEBRINAIOT COOTBETCTBEHHO 88 136. Tloatomg
ARPO ;’;Sr HMeeT H3OLITOK
HeHTpoHa,

Ockongn ACJICHNs RAIT Hayaao PaiMOaKTHBHEIM LemoYKam _ﬁ""

pacnagoe. PajinoakTHBHEE LEMOUKH COCTORAT B CpeaneM H3 Tpex pa-d
AHOAKTHBHBIX flep M 3aKAHUMBAIOTCA CTAGHILHLIM aapoM. [Tpupegenm

LEMoUKy ¢ 05pa3OBaHHeM JdaHTaHa;

B~ [ g
[40 140 140 140
,5‘1xe - 55CS - 5583 - 5?Lt’:l.

B pesyrbrate nesenus sgep u TOCALAYIOMEro pacnaja OCKOJKOR I
ACJCHUA B ANEPHOM TONAHBE 06pazyerca okouo 180 BUAGB PaAHO2K- §
THBHBIX altep. OCKOMKH AeneHus o 3
paaHoaKTHBHOrO §

TaGunuza 10,9

Buxox nefitponos ua oawo OPOAYKTH  ux

Aenenue v pacnafga -Ha3WBAOT KPOOyKTAMis §
— Jeaerus, '
E A
Hysmig ™ L Heftponsl neaenns. Ha kaxnoe
0,025 B 1,8 MsB ACICHHE ANDA MOABAACTCHA B cpes-
HeM v HefiTpoHoB amencuus. UYncno
o 2,52 2,71 v HA3HBAT 8bix000M HelTpotOE
m‘d Qf’ g:;g Ha 00no denenue. OHO 3aBHCUT OT
22ePy 2,92 3.2 SHEPTHH NOrfOMAeMOre HelTpoHa

(tabna. 10.9).
Hefirponer pesenus noapasie-

JAKTCA Ha MFHOBEHHBIE U 3amasfapl-
BalOIllHe,. MI‘HOBEHHH& HEﬁTPOHbI HCNYCKAITCA B MOMEHT AeJIenud,

3anasAblBalolne HeATPOHB — cnycTs HEKOTGPOE EBPeMA OCHAe MOMeH-
T4 JeeHHs siapa. _

MrHOBeHHbIE HEATPOHM COCTABIMIOT Oosee 99% wefttponos nefe-
HHSL. DHEPrAA GONbUIMHCTBA MIHOREHHEIX HEHTPOHOB 3aKJIKUeHs B npe-
Aenax or 0,1 go 10 MaB. Bo mmornx MPHKAAAHBIX 3aflayax (pacyer
AJUHE 3aMEINEHHST HefiTPOHOB JeseHus, CpefiHee YHCAO YIpyrux
CTOJIKHOBEHU i NpU 3amenneHun u T. IL.) yUeT pacnpefiefeHHs MIHOBeH-
RbIX HeHTPOHOB NO SHepruM ycoxmuser pacuetel. Jns ynpomeuus
9aCT0 NPEANOJIAaraioT, YTO BCe  MFHOBeHHble HEHTPOHB POKAAIOTCS
€ ONHOI H 1Ol e 3Heprued, PaBHOH HX CpeARel 3weprum (2 MaB).
OTa  smepris M mpmmATa 3a KOHCTaHTY Ep mpu onpegenenun ge-
Taprum.

3anasarBaiomue HelITPOHEl COCTABANIOT MeHee 1% nefitporoB fe-
JeHns. HekoTopble ockoakn nesenms (¥Br, ¥Br u ap.) nocne f~-
pacmana o6pasyioT uacth AOUEDHAX sifiep ¢ SHeprHed BO3GYKAeHHS,
NpeBBILAIICH 9HEPIHIO CBA3H Hefitpora. Cpasy e nocae Takoro
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WeCTh HeATPOHOB, a AAPo 'tXe — e Thipg

f B BLIXOZE HEHTPOHOB Ka OJHO AEJCHHE AJIA

0T moneft CEKyHAH A0
- pgaajl B BBIXOA 3aMa3h

; HIBATOLLNT
'I 0 HCIOyCKaeT 3amash

eHHOE JouepHee ALP oRupgiolliR
i Blgase{i};lmmﬂmeﬁﬂﬂ 3ana3AbiBalOLIHX I;eﬁggﬂonma iaano
TPOH- aMEI nojypacnapa HX Hpeﬂl].leCTB&HHPLI'{rO ot Gt Ha
"Hepll'ilona'romy npH3HAKy 3anasjblBalollie HEHTD

. 110

hecTh TPy (Ta0A. 10.10}. Ta6amua 10.10

2251
[pynnst 3anasgsBalOUAX HEATPOHOE ANA HYKIHAA

KukeTngeckas SAeprusi samad-

Taifmbaioun s Heftrpo-
o8 Ty LLBAIEY HEHTPOHOB, 143

FOB Fpymfiel f; B BOIXOAS Heit-

i TROROB Ha OIHO ASJeHune

Tepnog, MoAypac-
rpyhobt

nand GcKOJKOE, ©

1

0,00027
0,00074
0,00263
0,00125
0,00140
0,00021

0,0064

HA OTAENBHHIX [pynn Hef{TpOHOBHHSI\égIJ-II}é]eJ‘II‘;g
HECKONbKHX MeCATKOB CeKyHA. [lan ﬁeTBep-
LIBAOIIAX HEHTPOHOB Pv RAlOT TPETHA, ! e
Has AOJA 3amnasAbBaloilHX HEHTP

2857 p=0,00640, a cpenHee

O
AR

[ ]
(=11

ARG OD
NI L O
coooo

[y

LY AR

Bpema 3anasfiulBaH

ras 1 udras rpynns. Cymmap

. ‘BpeMs 3aMa3ABIBaAHNA nefitposios 12,4 c.

' BajoT GesonacHoe HapacTanue 1emHOr

L1 sl A R

I {MEIOT
HecMmo pa H MaJbiii BEIXOQHL MNa3fneBaKIIYe HENTPOHBL ¥
g : e 'H:; ngﬂHO]Izi peaKuneﬁ JeneHHA A1ep.
orpoMHOE 3HauveHne AN ynpasdc
TPOMH 3 e

usax obecmeun-
npejedeinblx YCJI0B
3amasapiBaiomie HEATPORH NPH O ponnpouecca eat. HacTh BTOpYI0).-

e ceueHHR He-
CeyeHHe TOMVIONMIHH AEAUAXCS flep paBHO CYMM

AEHHA Oj U PAAHAIlHOHHORO 3aXBaTa .0_‘.

oa:=0f+01:cf(l—l—a). 0
Aep BHI3HIBaeET 1/(1+wa) uacte Heﬂolurig-
Brmxox HefTpOHOB Ha OJHO nor.nmmT
cny HeHTPOHOB Ae/ieHHs Ha OINH 33

Cne0BaTeNbHO, HeJieHne s
HOB, MOFJOUIEHHBEIX ﬂnpam;.

’ y
WHe 7], PaBHBEUl cpepHeMy
Heﬁ"rgmfa B messlleMcs fiape, CoCTaBadeT |
n=v0so.= /{1 +a). 5o

i ni n J
pleTpofi 06sacTAX HEPT
PN popnere}ﬂy’roqﬁoﬁ o0MacTH OH Mapgaer
Ta6nuua 10.71

osoll ofaacTH

B rennosoft {Tab.x.
Beex geasiuxcs saep. OfAHAKO B I

Tenn
Buxoja HeiiTpOHOB Ha OJHO NOIROWEHHE HelTpona 1 B

7 .6 T4 o 7
Hyxnua, ofs ) Ty 6 "
283 527 54
2358 582 11%
2Py 746 28

12—800




ac 1,5 y vykaunos 25U y %Py, Pasmuomenue HeHTPOHOB Ipy
HAM AMEp THX HYKAHAOB NPOMENKYTOYHBIMH HEHTPOHAMYU MeHee
DEKTHBHO.

Aneprua neneuns. Cpeanss SHEPTHS CBASH Ha HYKIOH B sy
€ MaCCOBHIMH YHcaaMu A~]00 (cm. puc. 3.4) npumeptio na 0,85
Boablle, ueM B sApax ypana. Caegosatensto, B pesyabrare heney
Ha KaxX/[BH HYKJIOH OCBOGOXKMaeTcH HCPrua, papras 0,85 MsB, 3y
THA JefeHHs Ha sapo Wi=235.0,85--200 M3sB.

OcHoBHYI0 9acTe sHepram Wy cocraBasier KiHeTwueckas SHepry
0CKOK0B. [lpyrast yacTb BHnensieTcs B Buie MTHOBEHHOIO y-H3/yy
HHR, a TakikKe fi~- U y-H3/JyueHWHt paaHOAKTHBHOIO pacrnaja ockosg
HACJCHHA, KHHETHYECKO#H SHepruu HEHTPOHOB NejeHns1 u 3HEPTHH He
‘TpHHO. [IpHBeneM Gananc IHEPIrUH HeneHMsA, M:B:

KnueTuueckas sHepris ockonkos nesenns 169

Sueprua:
MTHOBEHHBIX Y-KBaHTOB 5
HEATPOHOB Jenenust 5
f-uacTun pacnaga 7
Y-KBaHTOB pacnaga 6
HeiliTpuro 11

Hroro 203

Kpome cocrapasiomwux SHEPTHH  [Ie/IeHHsl, TIPHBEAEHHBIX Bbillle,
BRIAL B SHEPTOBHE/EHHE JAIOT y-KBAaHTHI, HCOYCKaeMble Niocse pa-

CHT OT COCTaBa, PAa3sMepOB Cpelw, B KOTOPOA ({IPOHCXOAHT AedeHHe’
AAEP, H B CpefeM paBeH ~8 M3B wa ommo Aenehne sjipa. Crego- |

DATENbHO, B CpeAe IocAe AedeHHS AADA 0CBOGOKIzeTeR HPHMEPHO |
211 MsB sneprun. Us sroi 2HEPrHH B Tel/0 MOMKHO NPEBPATHTL He |
Goaee 200 MsB, 1. e. Bero SHEPTHIO, KPOME SHEPrHH HeiTpuro. Kojn- )

HECTBO Aesiebuil B 1 ¢, 3KBHBaJNeHTHOe MomHocty 1 kBT, cocrasaser |

npuMepro 3,1-103. Ciknranne | kr ACNALETOCH BellecTBa obecneyy- |

BAET MOsMyYeHHe TennoBofi MowHocTi 2000 kBt 8 TeYeHHe rofa.

§ 10.11. UENHAA PEAKUMA AEREHMS AAEP

Paamuoxenne HEATPOHOB MPH NEeJACHUA OXHHX AACP cospaer yono-

BHE N JencHus ApYIHX, HYCTb HoCHe KaxKaoro RejeHns HCKYCKaeTcs |

Tpu RefiTpaka, Torma oaun HEATPOH MOXKET BHI3BATh JesieHNe K nopo-
AUTH TPH He#TpoHa. Haszosem nx HEHTPOHAMH RNePBOr0 MOKOMECHHS.
Onn, B ¢BoM OepedD, co3nanyT 3°=9 HelTpoHOB BTOPOTO ROKOJIEHHA,
B TpetbeM nmokoaenuu Bosnukaer 3*=27 nefitpouos u 1. 1. (puc. 10.9).
TakoBa cxeMa pasMHOXeHHS HellTpOHOB. Peakunn ¢ pasmuomxennem
HETPOHOB NMPOTEKAKT AHAJIOrHuYMO UCHHBIM XHMUYECKHM peakuiaM,
NOSTOMY OHH TaKKe Ha3BAHBI MeMHLIM. Has vavana uenuofi peaknuy -
AQJNEHHA ARep HeoOXOZHMO Hefoabmoe KOJIHYeCTBO HeHTPOHOB.

Ecmu 66 pasmucxenne ReHTPOHOB MPOHUCXOARAO Tak, Kak noka-
3aH0 Ha puc. 10.9, To B naTugecarom HOKOJIeHHH 0T GQIHOTG HCXORHOrO
HEeATPOHA BOSHHKMNO Obi 350aw](25 HelTponoB. B AeficTBHTenbHOCTH He
BCE HEHTPOHM BHIALBAIT AeleHue, Hacte meitrponos TepAeTCa TpH
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OHHOM 3aXBaTe, APyras 4acTb BBIIETAET H3 oﬁ'bema;l Be'm no

A e OHOB BJHSIOT Ha X0J LenHOH peaKURH ACJNEHHA AAep. -

Y ey AKUHIO JeAeHnsA sSaep OCYLIeCTBASIOT B Pa3MHOXKAIKOLK .
e cou B l:{OTOprX BXOAST JeAlleecs BelleCTBO, 3aMe,u.umenm,r
DY COCTaue Marepsansl (aNOMHHUI, LWHPKOHHH, Hep}KaBelgI[:ilCT--
HCTWKHH(;HE nornoTuTeAH HelTpoHos. [locie Aenenua anep Shicr
Ta;ﬁ!eﬂﬁfpltum B3aHMOMEHCTBYIOT CO BCEMH COCTABHBIMH BELLECT .
B

aMef/ieHHe, MG~
3y/1bTaTe 4ero MPOMCXOMNT YIPYroe H Heynpyroe samel

. 0 3aMeflaH-
'n%meﬁue HeliTpoHoB U Aenekue smep. Ecau B cpeae man

' elleHHs Afe
‘.xonHT B 6bicTpoit obaacti. Takywo uenHylovpeoa*:(aLguo hif P
‘ HA3HBAKT yenHol peaxyiett na GoiCTPoLY HEATD :

1-2 nokosenue
F weampona

" 2-8 NOKOASHUE
J-3=3%nedmponol
J-¢ nokoaEsHue
FF %5 weamponot

80-¢ nokorenue SRR SN ANS WP LRI I ISRV

F¥%eamporot

Puc. 10.9. Cxema pasMHOMEHHA HEATPOHOB B LENHON pPeaxiludl AsfeHIA ALep

T
C yseNMyeHHEM KOHIUCHTPAUMH 2aMeLAHTelsi B cpeje Bogpzzﬁit
AOJSI YAPYTHX 33MelJIeHH He#ATPOHOB H %e.neﬂnﬂ Fli)qnﬂﬂoan}gzneﬂennux |
' i acTH.
KO 3HepreTHYeckol ol H
ok oo ep JMeJHTCA MOA AeHCT-
1 GOABLIHHCTBO AAep I
eHTPAlLUAX 3aMeANHTeN I heT-
:32:} HngeH{yTOqHHX HJIH TEMJOBBIX He)nTpOHOB (yennas peakyu
eUTPOHAX ).
EHCYTOHHOIX 1L TEHAOBLIX N
npoﬁem?mueca AApa Haubosee HHTEHCHBHO HOTJOILAIOT azeggs:;g
IOBON 00MaCTH B COTHH P :
bl. CeueHHe geselns B Te
35?;3:: Zenennsa B Owictpoit o6nactu. Utobwl Bocnonbmsaﬂrhcgiﬂﬁ;gﬁ
CBOHCTBOM, OHICTpHIE HEATPOHBI 6e3 CyIeCTBEHHHX NMOTEPb samﬁ.T 1T
.110 TEM0BHIX 3HEpPrHil, NOCHAe yero GONBIIHHCTBO TEMMOBBIX HEHTp
ALPaMH.
HoraoLaeTes AeMALHMHACA ' o
’ TpeAnoaoX UM, UTO B CpeAy BXOAAT ABa KOMHOH&THeTnaﬁoii?{xelLﬂe}gfrr o
, : Ha
TeKaer IeMHAd peaKuns
wae B enminme 06men it BO flep 3aMeaNuTend
KOit cpeanl KOMHYECT P
Hax. B exunHuue ofnema Ta o AAp SaMeLTITeA
ep ypana Nu. v
N; wamHoro GoJbine KoJHyecTBa Al oniLet
T OTHOWeHHT Ny /fiN,.
efle Malo OTAHYAETCA O
Tpauds Afep ypaHa B cp bioag il
; H3VIOT YacTo OTHOLII M Ns/Nu,
Konuentpauuio ypana xapakrep _ "
KaBBIilBa}OI:JLHM, CKOALKO AAep 3aMesnHTeNs I]plfl}sso,‘lIfITCﬁI HiogﬁHgmﬂi%-
VpaHa B cpefie, WIH THCAOM Hﬂepaypa;!aaa loi«; x%]:fi{ii}paqugﬁ)

i adep (adepu oit).
3HBAIOT HHAUE KOHyenTpauyueil ertpaguetl).
8 J—C uenHas peaKuus Ha Temn

Tak, B cpene . Hax
npoTekaeT npu KOHHeHTpaH,Hﬁ“X 235{J, paBEBX npumeprHo 3-10-°,
OPH OTHOMIEHAAX NefNg==3.10%
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PaccMoTpHM cHavasa NenHyo peakumo Ha TeIIOBBIX HEHTpoOR
B GeckoHeuHoR cpeze. Pasmuoxende HefirpoHos yAoGHO npexcrasy
B BHIE pAla UHKJOB pasMHOMEHHR. OTAeNbHHII HHKJA pasMHOKe ]
‘COCTOMT M3 HeTHIPEX ROCJAEIOBATENbHHIX 3TANOB. MOTAOIIEHHS Teng
BLIX HeHTPOHOB, AefieRus smep 23U, nenerus sgep 258U ObICTD b
HeHTPOHAMH H Pe30HAHCHOTO MOIVIOUICHHS HeATPOHOB.

IIycth nJIOTHOCTE HEHTPOHOB NePBOTO TMOKOAeHHS (HAYANO IIHK
'PA3MHOKEHHS) paBHa n;. HafijeM NIOTHOCTH HellTpoHOB BTOpPOro 1d
KOJIeHHs (KOHEW NHMK/Ia pasMuomennsa). Bee 5, Tenmosbix HeHTpOH
TIOT/IOIANOTCH B GeCKOHeuHOll ¢pele, B TOM UYHCJIe On; B vpane, 3

Koapuyuenr ucnoavsosanus renivavix Heirporos 0 nokasnial
€T, Kakasl JON TeMJIOBHX HeHTPOHOB morioulaercs ypaHoM. OH Beerd
JAa MeHbllle eQHHHOB, TaK KAK 9acTb HEATPOHOB TePAETCS B 3aMelLiH]

Tene, SIcHo, uTO, yeM BHIINE KOHHEHTpauHs ypana B cpefie, TeM Ganxd
KoahPHIUHEHT § K efHHMIE. :

Kaxaerii M3 05 weitrponos obpas
MCHHA, MOSTOMY 00litee KONHYECTBO OLICTPLIX HEHTPOHOB paBHO nbn )
Tax kak TenoBble KefTpOHB moOrJoWAlOTC sApamu XU 2381, Toj
BBIXOJ HEHTPOHOB 1) 3aBHCUT OT H3OTOMHOTO COCTABA YpaHa: '

xc"f
xa%+ (1 —x)o%; _
TAe x-— MaccoBoe cofepkanne 25U B ypane; o% 6% — ceyenue ze-)
~1€HHA 1 NOrJOWEHHA TelVIOBHX HefiTporor 235UJ; o8, — ceyenme mo- 3
[JIOWEHNA TENNCBHIX HeHTpoHOB 8. Maccoroe comepxkanne 235U
B ypaHe, Go.ablIce, YeM B NPHPOAHOM ypaHe (7,14-10-%), uasbiBalor §
obozamenuen ypana. Takoe HaspBaHHe BeJHUHHL x OTpaxaeT TexHO- ]

JIOTHUeCKHH Mpoltecc, B KOTOPOM ypaH oBoraiaercs mno naotony 2351, §
Ypan ¢ NMOBHIIEHHBIM cofepxkaHweM H30Toma 25U Ha3BIBAOT oGora-
IeHHBIM YPaHOM. o _.

BricTpele HeHTPOHE! ¢ sHepruAME Goabure 1,0 M>3B, cranknsasics
¢ anpamu 8, MoryT BHI3BaThH HX HefeHHe, AOpH 3TOM NOTHOCTb G- §

CTPHIX HEATPOHOB YBeJAHUHTCH A0 endry. Koappuguenr pazmuorxcenus }
H@ GolcTPoLE HEITPOHAX £ WOKA3BBAET, BO CKOMbKO P43 yBeJIHUHBAET- -}

CSl YUCAIO HeATPOHOB MOKOJMEHRHs: OT Aedenus saep 238U OHICTPLHIMU HeH-
TPOHAMH. :
Bo Bpema saMeineHMs uacTe 3aMedMSIOMIMXCA HEHTPOHOB 3aXBa- 1

TBIBACTCA Ha pesoHaHcax *®U. [MostoMy mioTHOCTH TemsOBBIX HeflTpo- §
HOB f1; MEHBIE MVIOTHOCTH GBICTPHIX HeATPOHOB:

H2=fq381]8n1,
rne b -— 8ePOATHOCTE U3GEMATd Pe3oHANCHO20  3axsara.
UHEHT P MOKA3LIBAET, KaKasA AOAA OLICTPHIX HEHTPOHOB 3aM
A0 TEMMOBLIX IHEPrHH, H30eKaB PE3OHAHCHOTO 3aXBATA.

Pasmuoxente HEHTPOHOB B GecKOHEUHON cpeje xapaKTepH3yercs §
KOIPPuynenTon pasmuomenus B GecKOHTHON cpesie Ro. QH paben

(OTHOLIEHHIO NVIOTROCTEH TeIVIOBLIX HeflTPOHOB BO BTOPOM 1y ¥ mepBoM

1=V

Koaddn- 1

edasercs §

1t DOKOJMEeHHAX:

koo w 37]'9 .
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YET B CPeAHEM 7 HEelTPOHOB Ked

[ uleM BHAC!

" ' ' k. He H3MEHHTCS, eI ero onpe-
B o ﬂiﬁiuﬁ??ﬁ?&?iiaaem:ﬁ HeHTpORaMH BTOPOTO noxo::;
o e OTHOeHm”i HefTPOHAME MepBOTo MOKOJERMS. Koaq)cpnuumﬁ
B naen, KaK pasBuBaeTcsl UeNHas peakmus B 6ec1<one; i
noxam_:mae'%, cpefe. Ecan BeHuMHa o<1, TO ‘.I'IJ{OTHOCTb Hfnga-
1 3MHo}mmlmm5:1 pOT NOKOJIEHHS: K MOKOJEHHIO H lUenHasd peaIE%ﬂ =
- yrelﬁgz:{eéﬁ peaxiys CTAHOBHTCA CcaMOMNOAAEPKHBAIOIIEH
pyxacT. X
oo pasBHBi?m:nﬂchaﬂlgif 2;311“‘1301{03 B LHKAE pa3MH0}Kem:{ﬁequu0cF;
nlgﬁqnﬁgll{::ﬁ?;o&y TlyeTb B KaxAoi enuHdne oﬁt]%ngipgﬁggom ol
o i Cpe 00 TenaoBHIX )
3MHO}Kamgij5>eHI%Egéial)ﬁg}:ggnggc:bgéj100=0.93; ITpumMeM B%J‘[H‘;ﬁl;i
,8?}}{1;37ﬁ (ﬁpupo;mblﬁ ypaH), TpH KOTOPOHQSBié:)r{I?I%Bb??:{Te%{Tp0-
F. 132, CleIOBATeNbHO, NI0Ce 33XBATa B ypate T e Toux
P arikaer 931322123 GpicTpelx HefiTpona: 11y Ouictpiix
O ora 1 193 nessiT wnpa 28U, B pesylibraTe uero mno BaneTCS
Tt b];{q pefirponos, Ofumee 4HCNO GLICTPHIX Hequogax
123 88?{%1) KosphpuuneRT pa3MHOKEHHA Ha GBICTPHIX He}g]:}c:{aﬂ‘
T123?2-3_';23.«1 04. JlomycTuM, 4TO BO Bpeéms 3amegne}1HﬂBH3T§HaBHTCH
£== 233{} ornomaetcs 19 HefitpoHos, a 109 HeHTPOHO ranoeRcn
e n BeposTHOCTE H30€KaTL Pe30HAHCHOTO . 33{0 are 4=
"'\.}?ggog?‘;;}}'l28mp0,852, a ko=109/100=1,09 maH Re=Y, .
Xlﬁiéo’sgilﬂ’gg{'ammeﬁ cpenst Ges U Ko3hPUUHEHTH & H § paB-
1 Y [}
“ e
Wbl e(HHUL R -~
K KeHT pa3sMHOMXeHHs B KoHeyHOR cpele ga:smsaro:{oingcpmﬁ
034}4)“116 3HAYAIT Ksp. acTb HEeHTPOHOB BblneTaeT H3 Leanol
( enn 4epes e MOBepXHOCTh (yTeUKa HefiTpOHOB) W He yqaemyo_
gpflg;]mqﬁeppe;aﬁlnu JeneHus sAep. C.nemnaaTe.an(}:;}3 F;’EO;IT‘;‘EEE ];eﬁTl;JO-
: q ellle U3-
i hon oo BpenA ngqi?ljg;}:; Tiz gﬁg%ﬁr‘g}?}?mﬁ]moaux HefiTpOHOB, nc:a-’r}g:
HDBkBOEQeMHC;E:Bb %03 GUINERTOB Rap W Koo 3AMHCHIBAIOT B cneay
MY Hay 20+
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H eyHbLIX B Cpede.

— [10AF HeHTPOHOB, NOTJCHL I 00D
meCp BeﬂJIOH‘l‘leHHEMpoﬁ’be;ﬂa pa3sMHOKAIONIEH cpe,n.bleyq;&q}{xlfe : 33)(:1::31{-

MeHJJ.IaeTCH. [Ipu sTOM 3H2YEHHe p CTPEMRATCH K¢£HHH€H"[‘}’ o
¥HB‘HBH°{ RO3(pOUUYEHT Pa3ZMHOMKENNA kop — K hoaﬁaﬂanca Y oo,
BepHesmcd K HauleMy UHCACHHOMY npnmgﬁp{ema e Poon

l i eAHHHLB 1

JKMM, 4UTC H3 KaXAOH Holl cpere
Eh?ﬁg?;;% cpenHeM MO FMATH 3aMeAAAIONHXCA lej‘zog %ilrg%bm i
JTpoua, Tak KaK B Havaje 3aMeA/eNHA 61;1.;10 igislad

Hon o e (128—9) /128=0,02. DdexTnenrl KospPUL :

M Byg—koop=1,09-0,92=1,00. e
me%im%ﬁbnizg}xnﬁammuecs H pasBUB&IOUIHECT uengI;:{ npeilrig}xoaq)-
JIeHUA Afep BO3MOXKHBI B KOHEWHEIX cpelax Bngngif‘,J:IglOCT’}i 10 KO3p-

Th Cpelbl ;
dumuent ksp==1. TIPHBATO Ha3HIBATL CP “




HHS oy TIOAKPUTHYECKHMH (ko< 1), KPUTHYECKHMH {Rsp—=1) W uj
KPHTHYECKHMH (Rep>>1). Maccy peasmierocs Bemectsa o pasmep
(06beM) KpuTHUECKOH cpefbl HAa3HIBAIOT Kputuseckumu. Cpena, B #
TOPOHl NpOTeKaeT LenHas peakuus HA TEIOBHIX HeATPOHAX, HMed
CaMBIi GONBIUCH KDHTHYECKHH 06DBeM I MHEHMAJILHYI0 KPHTHYECKy]
maccey. '

Ceuenme nevenns B GrICTPOf ofaacTH He npeBeluaer 2 6. Uroty
YBEJHYUTE MOrIOLReHHE OGHLICTPHIX HEATPOHOB, TMPUXOANTCA MOBBILIAT
ROHLEHTPALRI0 ALNALIUXCSA BElleCTB B cpefe, E

PaccMoTpHM KpaTko mpouecc PA3MHOMEHAA Ha CBICTPBX HEHTpQy
Hax B GeckoHewHOH cpege. Yacthp HeHTPOHOB NOKOMEHHAS MOIIONIACTeS
B IEPBLIX Me CTOJNKHOBEHHAX ¢ AApamu. OAHAKO GONBIINHCTEG Heli{
TPOHOB CHAYasa HCIBITHIBAET HEYNIPYTHe CTONKHOBEHHS c TAKETBIMY
fipaMu M 3amepnserca go 0,1—0,4 MsB, a 3artem NOTAoLLaeTCsy
B cpele. O6o3HauuM 6 noawo GBICTPLIX HEHTPOHOB TOKOMEHHS, NOIIG
INEHHLIX ypaHOM (MAYTOHHEM), a 1 — BbIXOJ HEHTPOHOB Ha OfHO Mo
rnowenne. Toraa xosddnuyent Pa3MHOMEHHS B OeCKOHeYHOH cpefge

#oo=0n).
Tak ®Kak cewenwe norsomenyus KOHCTPYKIHOHHBIX MATEPHANOB B Ghl-g
CTPOH 00/1aCTH HAMHOIO MeHbIIe CeueHus NOrJIOLEHHA  AeNAunXca]
saep, 7o B==1 y :
!kog,“-af]. k.

Cpena m3 unctoro 23U ne momeT OuiTh Kpuruueckofl. Ceuerue
NOrJIOMeNNs oo 280 mas swepruit ewime 1,0 MsB ne Sonpure 1 6,4
4 €ro ceueHHe HeyNpyroro paccesidusl B 3Tofl 06AacTH Gin==3 0.
¥Omae HeHTPOHOB U3 06JacTH sHepruft £,>1,0 M3B nponcxoaur 3a
CYET NOTNOWEHHE H HEYNPYTHX pacceaHud GbICTpBIX HeliTponoB. o~
3TOMY B=0./(0a+0in) U :

&o=W0a [ (0a+0un).
Tak kak 820,25, a 423, T0 KOIPGHUHMEHT £o=c0,75, _

Yrobbl ocyliecTsiTh LUCMHYI0O DEeAKNHI0 Ha IPOMEeXYTOYHBIX Heii-
TPOHAX, B CPEAY NOMEINAOT TAaKOe KOJIHYECTBO 3aMeAsHTeNs, yTOOHL ]
BOALIIHHCTBO  GHICTPBIX HeITPOHOB  3aMeqAsaNoch 110 pe3oHaHCHLIX §
aveprudl (1—10% 3B), a satem YHKe 3aXBATHBAJNOCE B AeasilleMes |
Beulecte. Tax, B cpene 25U—C orHoieHne Nc/Ns xoneGnerca B npe-
aeaax or 200 go 500,

Lennele peakunn npegenns AACp OOAPA3AENNOT Ha ynpasssesole I
L reynpasasemeie. Jlng BoeHHEBIX nedefi (B3pHIB aTOMHBIX 1 TepMO- 4
AdepHbIX GoMB) puUMeHAIT HeylpaBasgeMble [eNHbe PeakuHH. B nen-
TPaJdbHOH YacTH TepMOAAEPHOR GOMGObI {puc. 10.10) pacnonoxena i
aTomHas 6oMGa, KoTopas OKpyKeHa TEPMOANEPHEIM rOpIOYHM (cMmech )
JHTHSR, ReHTEPHs, TPUTHSA). ATOMHAs GoMGa COCTOHT H3 Tpex vacreit:
ABYX HEMOABHIKHBIX MOJYCHEPHUSCKHX MOAOBHHOK N LUEHTPAJIBHOMH o1 1
BHXKHOU wacTH (3ananbHux). Bee TPH 4acTH H3roToBAeHHl H2 23U yan §
*¥Pu. IIpu 60€BOH roTOBHOCTH 328NATLHEK HAXOAHTCS B BEPXHEM DO~
MOKEHNH, 4eM 00eCleyHBAETCS MOAKPHTHUECKOE COCTOSHHe aTomHolf %
OoMOb. OOBIYHBIM B3DBIBUATBIM BeLIECTBOM  3aNaAbHHK  BBOAHTCS E
BHYTPE aTOMHOA SOMGH, mocsie yero APOHCXOIUT ee B3pHIB. B pesynan- §
182 :

o
 te aTOMHOTO B3pHIBA TemnepaTypaHe"l;i%Tib
OBHIIALTCS A0 .
- epHOTO TOPIOUETO T o
’nipgecmxos MHJIAHOHOB rpaiycos, H H060-
” as TepMOsiiepHasl peakius. 0%
qouKa  VAEPKHBAET TEPMOSAEPHOC roTpe e
s onpefenensiom ofbeMe S0 B3phiBa TEP
b nepHoil GoMObL. .
ida % AepHble B3PbLIBHI ncnonwym;)c]fecll blla :{ﬂg_
i OrHdecKHe np
2 neadax (TexHon j
gziammeﬁ MPOMBILITEHHOCTH n) CTB])OIEl:TéJétij
cAefOBAHHAX).
. cTBe, B HayUHBIX HC P
3 ;:IE,ELSEMHbIMH B3pHIBAMH nnKBumipoaa].r{I:aHgB
' CKOAbKO  ABapHIHBIX TasoBHIX Hatpgo.ﬁb].[lof.l
i : 0T _
7 3aKJaajgbBa
e BoAN [l CKBAXKHHBI, H €10
34 aBapHAHOH CK )
e HHYI0 CKBAXHHY.
T aBapHUHY .
aphblB NEpeKphiBae b
: %Op,ELSQMHbIMI/I AgepHBIMH B3pbIBAMH B ;asu;rap
3 cTpaHe CO3JaHbI HCKYCCTBEHHBIA pea:& pKOH_
obbeMon oxono 20 MJH. M7, ;
Soncaront M B0 TBC M
JeHcaToxpaHuanue 06beMo
- wa ray6une Goaee 1000 M u T. A -
CyILLecTBYIOT TPOSKTbt CTPOHTEJILCT kpye:
e omacHH N0 coop}f}ll{diigﬁhesmml})c ¢ NpHMeHeHHeM AILEPHBIX
JKJeHUH TOJEe3HBl lem MACPRE
o Meoc‘;rop%)al{n B [IPOEKTE l'[eqopo-KcmbBHchg;g H]:](X o Gac.
ngﬂlBlQé KM, ‘Koropmﬁ nepelpocHT UacTh CTOKaq(;chp D% ek b e
ggﬁn BoJru, maaHApyeTca MpopHTth CeBepH%?epHue e aenes-
’ B3PBIBOB.
CHEeHHeM SJAEPHBIX | ylemes.
65 KM Cclfjiﬂrgmafo'r CPOKH IPOMBIULICHHOTO c"rpomen:;:;?la oo
J]ELOTHH}{MQ‘HI:IIOTCH ¢ cobaloneHneM onpeneneHHb;);ullgﬁ . oo
Ov;o'mﬁ‘i $e30MacHOCTh A HAceNeHHd H Opr}Kﬂemaﬂ P o
F Ar:r;aparbl, B KOTODBHIX NPOTEKAaeT yNpasJ wan Redan pest
| WM neeHHs Aep, Ha3HBAKT HACPHBIMH PEAKTOpaMHU.
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F Hi0, BHYTDH
" pasieT coGofl MeTa/nHgecKylo TpyOnylo ?:frgpﬁgaﬂbho ¥33'“
pec OMEIlAloTes  TEMMOBLIAENSIONHE MEM EHHOTO B MeTaJLIH-
"5 op}?: Hg ypaHcoLepKallero cepge;qu%xa, Bagﬂ%é no BHICOTE CBA3a-
1 T TBOJA). B3R -
. Ky {0B0JIoUKa arougelt cbop
'cw%;fr?;lrgqxgﬂgwwuum, HA3HIBACMYIO TeNA08bI0EARIOU

B B

; KOMIIeHca-
ziB('I:rBKC)e.C Th TpyGKH NOABOAA W OTBOAA Tennooﬂfs:::l;eigﬂ;pyﬁﬂ ren-
) B €3 HOoPE

pHl TeMIepaTypHEIX PacliHpeHui. Yep ki ca 5 TK. TIporekas

HATHeTAeT
HOTC KOJMAEKTOpa : nocne
BOTR, 'gn;;l:(?gmeub- oxaaxaaer TBC # 3amelnHTeAb, I

Hamnpap-
Bl TElJOHOCHTENb Yepe3 BBHIBOABYI TPYOKY p

HYacts Bropas
SIREPHLIE PEAKTOPDI

TNABA 11

YCTPOHCTEBO M KRACCHOHUKALMSA
AREPHBIX PEAKTOPOB

§ 11.1. YCTPOHCTBO PEAKTOPOR

gepes TK,
Fa10T0 HOLOTPeThli
L afaeTca B COOPHBIH KOJJISKTOPD.

Camonosnepsupammascs YUpasJisgemasl UeNHas peakuus HeneHns
flep (KpaTko — menuag Peakuusi) O6blia ocyulecTBieHa AeKadpey
1942 r. Ipynna ¢usuros Yuxkarckoro YHHBEPCHTETa, BO3rMiaBiaseMas]
2. Pepmn, TOCTpOUNa MepBhill B Mupe ALEPHDBIA peakTop, Ha3paHHbIGE
CP-1. On cocrosn ua rpadHTOBBIX 6J10KOE, MEXIY KOTOPHMY GBlIN

AeMuka H. B.'Kypqamsa. ITepeuiit coBerckuii peakTop @-1 pripegen I

0M0KOB ¥ HMeer dopuy mapa ARAMETPOM HpHMEepPHO 7,5 M. B pen- 1 Prc. 11.1. Cxema SIepHOTG peakTopa Ha TeMIOBHX

TpaJibHOM 4acTu wapa Awamerpom 6 M mo OTBEPCTHAM B rpaduronnix S HeATpOHAX:

0.I0KAX paamenientl ypaHosbie CTePHRN. Pesympraret mecaenonannit S J — kopye peaxtopa; 2 Teflopan Kosghha: 3 - Korno.
Ha peaktope ®-1 crasm ocHOBOf mpoerTOB Gojee C/OXKHBIX N0 KOHCT- ntalom it T ey 7 SKCTICPHWHTASHbIA KAHAA:
PYKIMH MPOMBILNIEHAEX peakTopos. B 1949 p. BBELeH B geficreue K S BG: 6 o eTema temcoTs0Ra

beaktop no npowussoacrey NAyTONHA, a 27 umona 1954 r. BCTYNHJA

X HHE
B CTpon mepsas B mupe aTonmHas SACKTPOCTAHUMS  B/eKTpHYeCKol a TPOMCXOANT TEIVIOBOE pacllipe

MOWHOCTbI0 B MBT B 1. O6n1HCKE, ' L Bo BpeMs mporpesa p?{aﬁeﬁm nanpsxenu B TK, Bc.nencmiég
B Hactoauee Bpems s MUpe ZeHCTRYeT HecKOMbKO coT peaxTopos, Bk TK. OHo BBIBHIBaET Me};an OTBOAA TEMMAOHOCHTEAS MOTYT HOF‘BHTHI’HX
KOTODLIe HCNIONIB3YIOT ANA pasiHuHbIX tesredl. IIpHAOMNRaNbEAg cxema S vero B Tpy0Kax noasox eTnanpyercd. KoMeHcaTophl TeMneparyp o
YCTPOHeTBA  peaktopa ha TEJIOBLIX  HeHTPOHAX npuBegena na 3 t rpewnun 1 TK paSFEPMTaKHe MexaHHUECKHe HaNpseHnsa npu n3
prc. 11.1. O coctont u3 Heckombkux son, Kaxmaas us xorophix nme- S  pacwmpesni YCTpaHﬂr‘Oﬁ o
€T CBO® HasHaueHne. B ueHTpanbHOX yacty pacmosoxena pasmno- JMME  Eenun remnepatyphi TK. ensT aapa 2%U, B pesyabraTe qem,BHneM_
ARAIOIlas CPeAa, HashBaeMaa aKTuenoll omod. Ona cobpana u3 610- TemnaoBele HeﬁTPOHHT{;ﬂ gricTphie HefiTpoHbl. [TocaenHue 3aMen
KOB 3aMeianTens ¢ oTBepCTHAMH o HPOROMLHLM ocaM. B otBepernst 4MME  erca TEINIO M MCMYCKAIO 185

BCTABJCHB TeXHOAO2UYECKUC Kanars (TK). Texxomormyeckuii KaHaj
184




KaoT B 1BaJL T, 4

HCTOYHHKOM Tema f['ﬁ'];?cf;m;OﬁpaaoM, cep F ycnoBuA GesomacHolt paBoTel peakTopa ofecmeuusantcs cucTe-

KOM TenmnoBgrx HelTTporos % eX HefiTponos, 3 BAMEANHTEND — Heroud b ynpasaenus u sauurer (CY3). B CY3 sxomsT mereKTopH, you-

OKHCb ypana g ap.), B C(Z;CTa PASYHHKN BHINOAHAIOT 43 BellleeTn P Lre/IbHBIE CXeMbl, NpHOOpPH KOHTPOAA, MeXaHHYecKHe yCTpofcTBa

A€ BellecTsa Hazbipaor 200 B KOTOpLIX Bxogar Reasimnecs sz : f paboune opransi, C¥Y3 KOMIEHCHpYeT 3allac PeakTHBHOCTH, OCYIe-
PREM Tonausgo pa pifeT BBIBOJ PEaKTOpa Ha MOLIHOCTB, MEPEBOA PeakTopa ¢ ORHOFO

OBHS MOUIHOCTH Ha JApYyrod, BOAREPKHBaeT YPOBEHb MOMIHOCTH
E cTAaHOHAPHOM pEeKHMe, BLIKJIIOYAET PEaKTop.

. Yrnpasnehde iemHol peaknvell ocymectsasercs C¥3 no caenymo-
hieit cxeme, TOK B HOHM3aLHUOHHBEIX KaMepaX, YCT2HOBJIEHHLIX B XaHa-
hax C¥3, nponopuvoHaied OMOTHOCTH TMOTOKAa HeHTPOHOB, & 3HAYHT,

TOM kap peakTHBHOCTbIO p. OHa

3pdex
pdextiBHOrO KO3(pdpHunenTa PasMHOxeHus or ey

o= (ksp—1) }. 3
Ecan suavenne koy 61n3K0 Kem—rﬂi ) o g MollHOCTH peakTtopa. [lo Toxky B yCcHMAMTeJBHOH cXeMe BHpabaTH-
He, o EBAeTCH  SJMEKTPUYECKHH  CHUIHad -— koMaHaa  Adsl  MeXaHdyeckHX
Pkag—1 yerpoficys, mepememapmux padoune opransl. Ha pue. 11.1 moxasan
EofiH 3 THMOB pPafoudX OPraHos — MOMIOLHAKUIKE cTepeHb (KpaT-

€CKOro !
a0, a Hg’;igzﬁﬂieg;gguamﬂma, KpuTr N K0 ~— CTEPIKEHDb). ETo H3roTOBASIOT M3 BEWleCTB C BBLICOKMM CeueHneM
Peaxropa monod floroMenust Helrpouos (OopcoRepiKalllHe BemeCTBa, KaAMHH # Ap.}
SR i1 ycTavaBndsatoT B KaHade CY3. Hons ReATPOHOB, NOTJOKIAEMBIX
| crepA(HeM, 3aBHCHT 6T TAyOHRB! erc morpy:meuad. Uem ray6xe crep-
[ JKeHb BBeJIcH B peakTop, TeM Oosblue HeHTPOHOB monajaeT Ha €ro no-
b BEPXHOCTL H NOFJICIIAETCA B HeM.
- OddextupHnil KO3POHUIHEHT PASMBOXKEHUA PEaKTOpa 3aBLCHT OT
E TiayOHHB IOTPYHEHHA CTEPKHA H MOKeT GRIThL MeHplue, papet W 60xh-
f ie elnHHubl. [[puBedeM uHC/i€RHB NpuUMep, HAMIOCTPHPYIOILHA BO3-
| peiicTBie cTepXHA Ha cocTosiMie peaktopa. [MHomycTuM, uto B 0IHOM
H3 CBOMX MOJIONKEHHH OH nornomaer 5% wefirpoHos, 8o BTOPOM — 3%,
B Tpethem — 1%. Ilpeanonoxnm, ure sddextHsrBi KosdhdhHUHEHT
PAa3MHBOKEHHA PeakTopa ¢ BHIBeAeHHBIM cTepuHeM papeH },031 (o=
=0,03). 210 o3navaer, yTO 34 CAHH HMKJA DAIMHOMEHHS KaxKRasd TH-
cAva HeHTpoHOB pasmroxaercd fo 1031 mefivpoHa. Ecan veraHoBuThH
CTepPIKeHh B NEPBOM NoOmoxaceHuM, 10 B3 1031 HeitTpona oW WOrAOTHT
0,05.1031==51 wedirpon. Bo BTOPOM UMKIE PAIMHOKEHHA MPHMYT yua-
crue ne 1031, a 1031—51=980 neiitpoHos. Sddextupuslil Koadi-
HHEHT Pa3SMHOMEHUSA PEeAaKTopa CO CTepPIKHEM B IePBOM NOJOKEHHH
£.,,=980/1000=0,98 (p=-—0,02), u uenBad peakuust B aKTIBHON
30He 3aTyxaer. Bo BTopom noftoxenunm uz 1031 refiTpoHa B cTepikHe
noraomaercs 1031.0,03==31 nefitpou. B akrusuofl z0He nporekaer ca-
MONonIepKHBAOMIAACA Henhass peaxuua. B Tperbem noaomenun
CTEPKHA peaKTop HAAKPHTHYEH, N MOINHOCTb PEAKTOPA BO3pacTaeT.

B neficTBylolleM peakTope COCTORHNE LENHOH peakUHH H3MeHAeTCH
‘TpeMs rpynnami paGoudx OpranoB: cTepxkHell aBTOMATHYECKOICG Pery-
Auposanusa (ctepixkdeit AP}, komnencupywummx crepxueit (KC} n
crepxuell apapuiivoil 3amnte (erepikun A3).

KC, norpy:xernble B8 peakrop, KOMIEHCHPYIOT 3amat peakTHBHO-
<t po. OCBOOCKACHNE PEAKTHBHGCTH NMPOUCXONKET C MOMOINBIO CTEPXK-
Heit AP. HanpuMep, B CTaUROHADHOM peiKHMe PeaKTHBHOCTb NOCTOSH-
HO yMeHbIlaeTcs H3-3a BHITOpaMHsl SAEPHOIC TONJHWBA M HaKOMACHU:A
TPOAYKTOB AeJeRns. YMeHLIIeHHe PeakTHBHOCTH KOMIEHCHPYIOT yaa-
nenneM crepxHell AP m3 peaxtopa ¢ Takoll CKOPOCTbIO, YTOGH peak-
TOP OCTABANCA NOCTOAHHO KPHUTHYecKRM. [lepememienne crep:uesi AP

187
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B peakuusay

e ) Aene

ol 3é?3§231ﬁiﬂ4 ASIRIerocs peqect
oro |

oo 369pnoeoyvn4n5a,a ¥paHa (nﬂyTOHHﬁ) M Haswmgaigr 8ot20pg-

B snepu
PHOM TOMNYBe HaKaﬂJIHBa}OTCH HpOﬂyKTbI

eMne

&%BmmeHHH remepaTre [iﬁ?’l‘%’:)b;m{ dpderramy, Hanpuvep, npu
CTB B axkTHBHO{ Vro ot B
o P CA  NIOTHOCTH pe-

palin i Paxartene, uro ypenpy) ar
p , 1Bae ’ '

ooy » YTCUKY HefiTpoHoB p3 Peakropa u CHTH}’E:{J:;H} P
T peak- §

zenenud. Iorno- 1

TOPaHua gne N s |
oo PHBIX 3(ibextop '
AeTeHns. P TOMTHBA W por (lJufl) pom -
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TIO BRICOTE PEAKTOPA NPOHCXOMHT MEXKAY HHXHHM I BEPXHHUM Orpg
unTeasMu. Korfa crepskun AP smigsuraorcs AO BEPXHEro OTpamp
T&Id, BRAIOUACTCA CHCTeMa GJOKHPOBKH, KOTOpas OXHOBPEMEHHO §
TPy#aer crepxun AP 1o niknero OTPAHMUHTENST H BBIABMIaer _
13 peakTopa Ha onpexereHnyio Amany. TTpu TakoM cornacomanmon {
PEMEILEHUH CcTepKHe HeGOMbWIAs YacTh zamaca PeakTHBHOCTH meg)
Aaetca ¢ KC Ha ctepsuu AP. 3artem cuopa CTepKHH AP mocrenens
MOAHHMAKT A0 BEPXHETO OTPAHNUHTENS, H LUK/ OCBOGOXKZEHHS peay
THBHOCTH NOBTOpAETCA,

3aMeTnM, 4T0 cTepikmu [OTJIOIAIOT B peakrope ompeneseHive
Romo HeiiTpoHoB. OHa 3aBHCHT Tombko OT PIYOHHH TOTPYKenp
CTEPXKHA, a He OT MOLIHOCTH peaktopa. Tak, B paceMoTpeHHOM YN
JIEHHOM npHMepe Ha MoGol CTAUMOHAPHON MOLIHOCTH peakrop
B CTepXHe, HaxomsmeMmcs Bo BTOPOM  MOJIOMEHWH, MOTIOMmaeTe
31 HeATPOH W3 Kawawx 103] HefiTpoNa. !

Peaktop nepuoanuecku OCTAHABAHBAIOT A4S NpOdHAaKTHUCCKOrd
A. Kpome Toro, B peaxs
CHTyauuit, KoTopble Mo¥
» Hampumep, Kempeaycmod

ocMoTpa 06opyaoBaHus, neperpyaku TK u 7,
TOP€ €CTb BepOATHOCTL BOSHHKHOBEHHS TaKHX

TPeHHBI pesxknii POCT MOUIHOCTH PeaKTopa, nageHue JaBITEHHA B CH-

HHIM Bemyunuam CY3 c6pacuiBaer s PeaxkTop crepxunm A3, KO H]
KTOD NepeBOANTCA B Ty-;

crepxun AP. ITocne c6poca CTePIKHeH pea
GoKoe noakpuTHYECKoe coctodnue. Crepskuu
DK BEIKNIOWERNH peakTopa. o MoMenTta B
CA BO B3BeZEHHOM COCTOSHHM BHe peaxTopa.

B craumnonaprom PeXHMe peakro
HOJIOTHYECKHX TapaMmerpos: TeMIepa
JIOHOCHTENIA, repMETHYHOCTH TB5/10R
TEXHONIOTHYECKHMH napaMer
AABJICHNE NOBPeXACHUN B KOHCTPYKIIN peakto
€CTH HApYUIaeTest TepMEeTHYHOCTD TB3IOB
JATCA OCKOMKH Aesehus. I
Bhixone nz TK, o6uapyxusa
3aMeHsIT KaHaJ,

Tiputopwr
nyawre. Ilo nokazanusm n
U0 O Beex mapamerpax PeakTopa. B pacropsxenn
Opravbl ynpaBaeHHs
BLIKNIOYEHHE peakTopa.

Aas ymenomenns VTRURH HefiT

oTpaxcaresem. OH BO3Bpamaer 6oabmyI0 y

HOB B aKTHBHYI0 30HV. D10 YBEJHYHBAET YHC
WIBX B uemnoi peax

X0POWO paccenBawT H cnabo NOrAoOui aloT
C 3aMeANATEeNH HiKes, TopHit, 233U g pp.
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A3 Hemonbayiores TOABKO:

BIKMIOYEHHA OHH Ha XonsaT-4

Pa TIPOUSBOANTC KOHTPOJH TeX- 3
TYPEL, pacxofla W Rapnennsg tep-3
H T. A IloctostHuBIL KoHTposTs 32 %
PAMH TO3BOJIAET BOBPEMA 3AMETHTH [0~ 1
Pa ¥ yeTpanuth Hx. Tak, §
» T0 B TeMAOHOCHTENIE MOAB- §
SMEPAST AKTHBHOCTH TeMTOHOCHTAs na i
10T NOBpexIeHHE 3aLNTHONR o06omouky i |

YAPABICHUA H KOHTPOAS pPaaMemaior Ha CHEHHANBHOM:- |

» C MOMOINKLIO KOTOpHIX OCYIIECTBASETCS MYCK H §

POHOB aKTHBHYIO 30HY OKpYXKalT 4
A4CTb BELIET2I0IINY HefiTpo- 1
JIO HEATPOHOB, Y9acTByio- 3
wua. Otpaxkatean nemaior ua BEINECTB, KOTOpPEIE §

HeliTponet. K HuM orhocaT- 3

E

E ATUBHOM 30HE H OTPAaXaTeIo

N J1H H,ﬂ.p a,
hepea TOJICTOCTER

3 H, COCTOA
Boit SKBpaHE M TOrIomAaeTca OGOABUIMHCT
OB.

CThb OT
qepes MOBEPXHO it BOA BH
; igCTEHHbH?[ Kopryc, paGoTaoufi

'CTeHKaX.

’ Tpoxoas no TK, oHa Harpepaercs

-

MPHARIOT OMNpeReseHHYl0 qaopmgr
) B 3aKJI0YalT HX B Kgg:;oz.
AT
KOPIYCOM MOLUIHOTO peaKTopa cha$ﬂbnblx ao-
it s ¢JIOEB BOABI H TOHKHX R
e eres 60, BO +y-KBAHTOB, BHIETAIO x
oft sKpan NpefOXpaHaAeT Tgﬂ'
COKHM AaBJIEHHEM, OT LOI
eHnil, BmsmBaemu};
er

jnapa, napajseenunena

paxarend. Tennos

MHYECKHX HampiK

B
TeqbHOTO HarpeBaHAA H TEP CHBHOTO y-H3JVUeHHHA

H
paBHOMepHHM [OTJOIEHHEeM HHTE

P afipHa [en.ﬂOBUﬁ
exema Hp806paaoaaﬂﬂﬁ
HC. 1 1‘2. anHIJ.HTIH JIbHAA \

. 4.— KoHAeHCA-
epatop; 4—ko
atop: 3 — Typboren acocHl
§ — peaKTop; 2";Tg§'§§§f.’if§ nagoc; 6 — LHPKYNALIHOEHBE H ]
TOp; 5 —

H Heil-
TAWT '?-KBaHTbI
Kopryca BEUIE Nas
10 NOBEPXHOCTD epcoHana.
~ Yepes B;ceﬁllgomg 3;;)1)031)5 oﬁcﬂymusaﬁgi?mg ,fpenemo 0.
Tpongﬁle?gm 03K BEHTPOHHOTO H Y'“3i};{1‘?fnoﬂﬂym saniuty. B ee co-
yMeH acrmoJaraiT pa CBHHEL),.
. KOPIYCOM P HTOB {JKemnes3o H
nycTuMolt sa OTUTENH Y-KBa )
omue IOTA Gop, GeToH H Ip.).
CTaB BXOAAT XOp firpouos (Boga, Gop, b
AQTHTENH HEeRTpP fi  TenJACHOCHTE
3aMeAAuTeNd H IIOT UT DHPKYJIAPYIOLLH 3C) u
opa OTEOA cranuaax (A3C)
Tenno OT PEaKT Ha aTOMHBIX 3JEKTPO T
i uap.). Ha 0 HCTONB3YIO
(Boﬁihgszﬁh??g:epremquKHX YCTaHOE;aﬁpI?;gnqu r; ABUIKEHHE TYp-
Tpa - apa, KOTOpPH 6pa3zo-
A BO}]\}[HOT_\O napa, /pHAaf CXeMa Tpeodp
IAd MoAy9YeHH Had ABYXKOHTYD ! i eK-
. TIpuRUAOBAAL fi aTOMHOH 3V
601‘?11{;1);21.1311)31)13 :-)Eel{'rpnqecxyro lalﬁgplif‘lm Bi?ﬁ ESﬂff,p coctout n3 TK,
BaH 2. Tlep Bo
UBeAeHA Ha pHC. GOMPOBONLOB.
TPOCTaHquTgPa EHPKYJIHHHOHHBIX HACOCOB 6H reTHpe};}BTO%v MY
naporgﬂe%my% ‘BXONAT Naporenepatop, Typoo
BTOpOH K

B OBOJIH. :
Top, NHTaTe bHEIl Hacoc ® TpyGonp T Boja mold AaBjendeM 100 atu

B nepsoM KOHType UMPKyJHDYe o7 190 1o 280°C. B maporerepa-

yeEUe BOAAHOTO IN&p3

ony
-TOpe OTBEEHHOE TeMIO PacXoAyeTes Ha TOAY e




BO BTOPOM KOHType. Boasuoit nap’
PATOp, MOCAE HEro mocTynaer B ko
HaCOCBl HATHETAIOT BOAY CHOBA B Na

Bona, o6ayuennas HefATpoHaMu
AKTHBHOW, NO3TOMY nepebifi KOHTYD
HATY. YCn0BHA paBoTEl BTOPOro ko
BbIX 3JIEKTPOCTA HLIHAX,

[Ipn orBOAE Temna ot PEAKTODA KUIKHM HATPHEM NPUXOAHTCS aed
IATh TPEXKOHTYPHYIO cXeMy. B IEPBOM KOHTYpe UHPKYJINPYET padmo]
AKTHBHEI HaTpufA, Bo BTOPOM — HepaauoaKTHBHbI HaTPHH  H/H
APYTOR TEIVIOROCHTEND, Kpome BOJBY, # TOJILKO B TPEThEM KOHTYpe 1oy
"aeTcA BOAAHOH nap. Bropof HOHTYP RCKJIIOYAaeT BOSMOXKHOE B3aHMo-
HeficTBHEe PafHOaKTHBHOTO HaTPHA C BOXOH mpH mpopmise TEMI0064
MEHHLIX CTRHOK MaporeHepartopa. B OIHOKORTYPHEIX ¢XeM
BO14d B peakrope cHawana moayyator NapoBOXARYI0 CMech,
B Ce€napatope BOASHOH map oTaeasercs or BOABI, B OgHMX cxemaxi
BOASIHOM map M3 cenapaTopa HaNpaBJ/sieTcs NpAMO B TypGorenepatop.}
B apyrux ONHOKOHTYPHLIX CXeMax BOAFHOLN

TiponyCkaercs CHawana yepes eperpesare/ibtble KaHadm pe
A 3aTeM NOCTYNaeT B TypGoreneparop.

Hep-
- Tepsasa A3C, 2
03¢ AEHCTBYIOT b,
atosok. B COB&TCI;?:LOESB «Jlenun», «Apkruxa», «CHOHp

Jlewnnrpaickas, Konabckad A2C

MPUBOMHT B ABHKEHHE TYPGoreg
HAEHCATOP, a 3aTeM mUTaTeNb
porenepatop. g
B PEAaKTOpe, CTaHOBHTCA pajud
SAKAI0YAI0T B PAAHALHOHHYK) i
HTYpa TaKHe e, KdK M HAa Tempg

Jpix YCT %
OBKY JI

LeTHMeCKHE YCTaH

o:osopOHemcxaﬂ, bBenoapckad,

JII()3‘01‘51)@1«[&1{}1as:! aToMHas 3HepKre;1:KK

: arnacel He T4

; NpPHPOAHBIE 3 % Bean .

.ETI-{?MH&OP SHEPreTHKY Tonncub?o;aﬂe; @ e (23ng, 2Z§}“Uh;, o

? ana - .

oo nops 60él bu&ﬁ& B JleAsneecs BeIleCTBO (33°Pu,

ar

4 bt 3HAUKTENb-
O onme Jefaulerocs BellecTBa H3 A7epHOro CHIP
¢ Tlonyuenne

BIX Ha-
A MHOTHX YueH
{T DHEpreTHYECKHE PecypCH. yc“i‘:taoa noyyenns 2Py 1t
| HO TIONOJIYY nayuenne 3PQHexTHBHBIX CHNO BB HAa OCHOBE STHX Be-
; “glziIBMHcE;gHHe npHeMAeMBIX AAEPHBIX TOM
2331 u cno-
3 . yarth TpeMs
mecr s pemectsa 2%9Pu u U Momfionbrllgml!lo swepruit 0,5—
GHeM%HgnHOM Hs HHX JPOTOHEHL, YCKggg{em*{ 3AeMEHTOB (BOMB-
cofaMu. MUILEeHE H3 : -peaKkuna
; A10T HA aer (p, mn)-p
—1 TaB, HanpabJ] B MunieHn npotex fOrIc-
: , ypaH}. be U Mo
~ dpan, BHC4%%T‘§::eH§uﬁéﬁpro)ﬁbl noNajalT B AAepHOE CHIP!
ULAJOTCA B HEM.
Bropoit cnoco

8.7
Cblpﬁﬁﬁéﬁiu%ﬁ cTemeHH H3yyeH TpeTH cnl

€HH
BeliecTs B peakTope, KOrga OIJHOBDEM

235
a paboraer B OCHOBHOI\% Ha UI;.
HT
oryT ofecrney
JAHKH ¥ HE M |
Be eapnoe ppems. OpHaxo Ha

S IePHOTO:
‘¢ fnankeroM H3

fi peagTop C anus.
6—rH6pH11Hb16 E{ﬁXOﬂﬂTCﬂ B CTAIMH 11CCAENOB .
). OBa cnocoba ocof TOAYUeHHS AeALLHS

0 cXuraetrca H HaKannvea-

§ 11.2. HCNOM3OBAHME PEAKTOPOB

MNyukn temaoBuix HEHTPOHOB ang SKCNEPHMEHTOB (BOPMHPYIOT
B TENJIOBOH KomonHe. OHa npemcrapssger

o CTBO.
cobolt Goablloi 6ok rpa- ; (BocnpOHSBORHTCH) fAendileecs BEULe

<puta (cM. puc. 11.1). Hefirponw, onarane B TenIo0BYio KOJIOHHY, | ercs

3aMETANTCH A0 TerJOBbIX IJHEpTHit ¥ B

. a He-
as6psaeTcs H
0o TOMJAHBA P T~
. [{uKka BOCTPOH3BOJCTBA ﬂﬂ;lﬁ_loera 30HDI BOCITPOU3BOACTBA ;splgge.
BIXOOAT H3 Hee TeNJaoBBIMIU, 3 . Ha nepBOM epalne 9
Hng usyvenns saaumoneficTpug HEHTPOHOB M Y-KBAHTOB ¢ BellecTROM F CKO‘anE 3;;?;:?351{33 30Ha) 3arpyxanoT ;Begéﬁ C}?;f'o?rosnﬁlo'r u3 dnep-
1 CBOHCTB 0OBAYYEHHBIX MAaTepHAJIOB CTPOAT HCCNe ROBATENbCKHE PEaKTo- ! p  KATE E_‘,e JeuYHHKH TB3J0B TBC orpax
PeL. Mx Henoapsyior xak mowmie Hetounnkm HellTpoHOB 1 y-kBanTos PR chippe. ep
A9 IpoBeNeHHs pasAHUHBIY 3KCHepUMeH

Hbl
C akTHBHOH 30
bfl, 4 B COCTAB CCPAERNINOP TleJl;iBe '(an;WKHCb oforaieh-
TO' CHIPbS, ec
TOB (4S9 H3Y4eHHS B33UMO- . HOFOHT ;eng]_ueECH BeleCTRO U ALEPHO
ACHCTBHA HEHTPOHOB U y-KBaHTOB ¢ BEULECTBOM, BAHAHHA H3/yYeHus L BXOL

(eHHBIE
me TBC, Burpya

. Ha BTOpOM 3T2 B npotecce
. ana, UC+PuC u 1p.) 0 nepepaboTKy.

Ba MaTepHaioB, GHONOIMge- Horoﬂiﬁ; KAMIaHHH, TIPOXOAAT XHMHUECKY P

i opranusM 1. 1.). B peax- SN B KO

anep-
ecsl BeleCTRO,
AI0TCH Jle.TIﬂl.Ile

o aboTKH BHE]

TOp€ eCTh 3KCNepHMEeHTANLHbIE Kananel. B Hux ofayuaiores 08pasiH 4 1 X“M“:fc:é)}; II]ISEE)EKTH nesieHud., grepHoe TOMJHBO, H3TOTOBJISIOT
HCCTeNyeMbIX MaTepraaos. [Io xananam B 3alllHTe H3 DPeaKTOPOB B~ ] Hoe LAy beM STale TPHUTOTOBARIOT AAEP cAeyIOWiAil LUK BOC-
BOZAT HEHTPOHHBIE NyYKu mnq ¢busHICCKHY SKCMEPHMEHTOB  (cM. | Hﬁeg;‘" TBC. TMocne 3TOro HayHHAETCA

puc. 11.1). B HceaemoBaTeanckux PEaxTOpPaX NOAYYAOT TaKike HCKYC- KOM:3BoﬂCTBa SAEePHOTO TOMJHEBA.

CIBEHHBIE PaIHOAKTHBHLIE BELICCTBA, HeOGXONHMbIE s HapoaHoro } 2 upo

X03AicTBa, 3

eak-
4 BelllecTBa B P _
eHHsl AeNsmeroc AHKAeT
oUece HAKOMI ccTBE BO3
paCCMOTepHglaanF;Ta HefiTpoHa B nenﬂ”ilg“ig; Btfﬂim u3 M HeATpo-
’rope.’r (1_1[?:2) HefiTPOBOB AeNenHs (CM§a§ 2580 B pesyabTaTe AeNeHNd
1 i £>1 M3B apenutr da ’ Ha OOHH [HOTJ0-
HOB ¢ 2HEprHed 70 HefiTPOHOB JeNeHNHs o en
ofi oBnacTd 4HC peJHunBaeTcss 1
ffep 8 OBICTD oeMcH BellecTRe ¥ fi peak-
NTPOH B AeJALL epiKaHHs TEMHON PeaK-
WEeHHBIH HEUTP Gxonum OJd TCALED HHbHE
HTPOHOB HeOOXOA , aaHauuo
OEHHCH?;eSI‘;}rpI;?{I?BP GecnojiesHo TepaeTcd Haaig::%e?wp“ TEMAOHOCH~
Ay, MaTepHanax, 3 CLIDBA.
KUHOHHBIX epHOro P
SaXBaToB Kﬁ:ﬁgjey HeiTpous MAYT Ha nepepalboTKy AIEP
repe, Ocra

Kosguyuent socnpoussodcrsa

Mownbe uceneoBatenbexne PEAKTOPH XapaKTepusyores moro-
KaMH HEHTPOHOB OYeHb BBICOKOH MIOTHOCTH,

Tenno, BuZeasioueecs §
B PEAaKTOpax, OTBOAHTCA BOAOH. Ero He HCHONMB3YIOT AN MOJYYeHHs
2/ICKTPOSHEPTHH, MOITOMY TeMIEpaTypa BoAEl Ha BHIXONE OBBIYHO He
npebaiaer 100°C. Hecneaoratenbekie PE4KTOPH, B KOTOPHIX H Tem- |
JOBOCHTENEM, H 3aMeaNHTeNeM CAYXHT BOa, Ha3HBAIT BOAO-BOAA-
- HBIMII peakTopaMy u 0603Havalor BRBP, 3

JHepreTuyeckne PEAKTOPH CAYXKAT HCTOUHHKAMM TEmaa Ha aTom-
HBIX 3REKTPOCTAHUHAX M B TPAHCIOPTHBIX SHEPTeTHYECKHX yCTRHOB-
Kax. B nacrosmee ppems paGotaer Gosee 150 ADC g aTOMHBIX CYJH0-
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KB=en— (14-C)

TIOKA3BIBAET, CKOJIBKO 06pa3y6TCH REMAMUXCA ALEP HA Kamaoe BHIY

PeBLICe Aendmeecs Aapo.

YCTb B NEPROM WHEJe BOCIPOUIBOACTBA BHIFOPAET #1 KT Aeaang
Toca Bemlectsa. B tom xe nnkae monywaercs KBm kr HOBOTO Bellecy
Ba. Cxnranne KBm kr faer, B cBoW ouepesb, (KB)2m kr penstmerg
€ BEMeECTsa H T. . B n-M uukae xoanuecTro nepepaGoTaHHOIO e

HOro ceipbst coctaBaser (KB)®m kr, a o6mas maces H3PACAOACBaN
HOTO CHIPbA paBHA

Mp=KBm+(KB)?m+ ...+ (KB)"m. (ll.l.-'

- Pan (11.1) npencraeaser co6of reo
Menarerem KB. Ecan KB<1, 1o cy
HeHHeM YHCA LUUKJOB CTpeMHTes K

M=m/(1—KB). (11.2) ]

H3 cootHotmenna (11.2) caenyer, uro npu KB« ]
30BaTh TOJILKO YACTh AAEPHOTO CHIPDLS.

B nefictByromux sue
Hax pennynna KB=0,5-0,8. Konuuecrs
TaeMOFD B aKTHBHOI 30He, I
H9NTh TOMBKO B 2—5 pas.

Pacummpensoe Bocnponssonctso SIIEPHOTO  TONJHBA
TOMBKO B peakTopaX-pa3sMHOKHTENSX, XapaKTepH3YIOMIMXCA BeNHYU-
Hoft KB>1. B peaktopax-pasmuomurensx MOMHO Ci{eyb BCe JoSHTOe
colpse. JeficTBTeabHo, ecay KB>1, T0 cymma nporpeccun  (11.1)
CTPEMHTCA K GECKOHEUHOCTH ¢ POCTOM YHC/A HHKIIOB.

Kos¢dunnent socnponzsoncrea SaBHCHT OT BeNMHUMH 1), ¢ H C,
B peaxropax wHa Tensaopmix HeHTpOHAaX Beawunpa w aas 25U y 289py
TpAMepHO pasha 2,1, ama 23U — okoso 2,3 (em. Taba. 10.10). Koagp-
(DHUHEHT £ TAKIX PEAKTOPOB MAN0 OTJHYACTCH OT eAUHHUES.

CrefoBatenbHo, Teopernueckn BosMOceH PeaxTop-pa3sMROAKATEND
Ha TENVIOBEIX HEeHTPOHaX. OAHaKe NMOTePH HeHATPOHOB Ha YTeuKky u
TIOTZI0MEHNE B KOHCTPYKUHOHHBIX MaTepuasaax, 3aMeLIuTene 1 Temne-
HOCHTEJIE B DEaKTOPe Ha TENJIOBHIX HEATPOHAX GOMbLIe 5—7%, nosro-
MY PCAKTOP-DASMHOMHATENb ¢ PACIIWPEHHHM BOCHPOU3BOACTBOM Ha
TCTUIOBLIX HEATPOHAX MOMeT paBoTaTh TONMbKO Ha 230, B GeicTpoil
o6nacTh pasHocts n—1 3HAUHTENBHO Boapacraer. Kpome toro, B 6o

" CTPOfi 0BJIACTH NMPOUCXOANT 3aMETHOE UHCIO ReeHufl aaep cuipbs. Oun
JBCTHUHBAIOT YHCAO HEATPOHOB, YYACTBYIOUIAX B nepepaloTre azep-
HOTO CHIPBA, a 3HauuT, U KB. B PearTOPaxX-pasMHOKHTENSX HA GICT-
PHX HeHTpoHax KB moxer nocturate ~2, '

Hensneecss BeliecTBo MOKHO NONMy4YaTh B ABYX TOIJIHBHBIX NHK-
J1ax: ypaHoBOM W TOpHeBOM. B ypanoBOM HHKAe feasmmMes BelecT-

BOM CAYMHT 25°Pu, a saepHbim coipbeM —2321J. Ero urawe o6o3naya-
10T 2Pu-—28U.niukmom.

B TopHeBom wnkie (33U —22Th-uuxne
CayRUT *BU, "2 SaepHBIM ChIpbeM —
192

) DemsIMINMCS BewecTBOM
22Th. B npupoze wer samemefi

forpaHEYCHEL, 2881

b eH MIYyTOHHEM H . = HauboJee
__fsy,ngf Sgsfopax-gaamuommenﬂx Ha OBICTPBIX Heung::lfHHa Y AT
- (peKEHBeH YpaHOBBEIl LHKJ N0 ABYM Hpﬂqﬂgfg" Ceyenpe ILeJeHHA
’"'g'.ss)li'u npumepHo Ha 20% Goabue, qemgmﬂsa Gonbille CeNEHHA Aedie-
3 HMEpHO B o pa .

g 236 222'?}?c{lposfén?4?$?{camg an 2asppu_238U-uuKn e cocrapager 1,1-—1,3.
3 H_Hﬂ N

oxen. To-
. B TopMEBOM WHKAE TAKOH BHIMIPHIL B BEMYHHE & HEBOIM
METPHIECKYIO NPOrPEcCHIO CO 3Ha
‘MMa nporpeccun (11.1) ¢ ysenn

MOKHO HCHOAD- 3
PTETHYECKHX DEaKTOPaX HA TEIVIOBHIX HeATpO- ]

O AENSIIErocs BenlecTBa, CKH- 3
PH TakoM sHaueHin KB MoxHO yBenn- }

BO3MOKHO

_ ) X CYLIECTBIECHNS
239py p 23U, TlostoMy aasa ©

; epxXaunx BLIX
puLccte, 1§$0ﬂ3p239pu W 22U HAKaMaRBAIOT B PeAkTOpax e ;gglf[())ons-
g“goﬂgx ¢ AnepHMM TomanBoM H3 UL TaeI;OKaﬁpHpogﬁue 3anacel
e AT Ax, a
.. ax-pasMHOKHUTENAX,
joanTCH B peTaoKTg ppasgmuem ATOMHOll ZHEPreTHKH OH MOCTENEHHO

ATeAAX
a peakTopax-pasMHOXK
HeBHIll LHKJA Haubojiee >dpdexTHBeH Ha P ! JI}I:TEJ'IeM O ot
fw TeAOBEX HEHTpPOHAX ¢ rpadHTOBBEIM 3AMEATHTENEM B
enaonocureaem, T1pn snauntesibhoM cHilKeRHH Henpou3§$n0HOB) BiX
znTepb HeiTPOHOB (yTedka H PaAKAUHOHHEIN 32aXBAT HEHTD ros) oo
auuiiva KB TopHeBOro UHK/JA Ha TeMIOBHIX HEHTpPOHAX

bl Hpanye
‘ Hakonnenne saepHOro TOMAHBA, a BMeCTe C HHM Hilmﬁa}c))&:{%l o
mompoctd A3C XapakTepH3YKOTCS BpeMeHeM YiBoe . Do pasne
BPMEHH, B TeueHHE KOTOPOro KOJIHYECTBO SAAEPHOTO namea (onk
HECTb ASC) BO3pacTaeT B JABa pasa. BpeMms YEBOEI:III{{H e
KaMnaHHd, Ko3dduuHeHTa BOCNPOH3BOIACTBA, Bbll‘Opn 7 2, BpeMeny
XHMuYecKofi mepepaGOTKH SA€PHOTO TOMAKBA H T.ﬁ,‘l. EM eHao
HHH MOLIHBIX PEaKTOPOB-Pa3MHOMKHTENeH Ha 131(11*1;;“(”1 et
‘¢ KB=14+1,6 u Buroparnem 2=-10% Bpema ynBoe

—38 qer. feTma. co-

i 6l'Ipemle yeM CTPOHTbL SHEPreTHYeCKUil pPeakTop, eroaﬁzou%rg . &
CTaB, pasMepbl M T. Il HCCAEAYIOT PACYeTHBIMU Me'n:ulll:I o M o
sTame HCCNeNOBANM BRIGHpAIOT HauGonee TpUEMIeMb P

aKTOpa. i

Hpocne TEOPETHUECKHX PACUeTOB MNPOBOAAT axcnepgg:é{gglx ime
HeCAeMOBAHAA, B 3aJauy KOTOPHX BXOAAT yTOUHEHHE q)i?oﬁ e
pameTpoB (KozpdHIHEHTA p33MH02{eHHH. Kop:nj;[]ﬁ; Voo

aGoTel TB3JOB. -

.} # upoBepKa HaJeXKHOCTH P 1 Py

Z{HEESKLX na-gamngOB COOPYKAIOT CNeUHaNbHbIR 3Kcnep{mg$;;ncmﬂ_

])eamop Ha3bIBAEMBId CTEHAOBEIM peamopo;,;gl;lmq;;al:e o atvercn
: Typa HE3KH, )

. Ero MomHocTb M Temilepa 4 veten
gﬁgixmoﬁ cucTeMsi TemnooTsoaa. CTeHAOBHIH peakTop npm}:\a1 :[IHIIGCKH
HeAOpOTO, B HeM He HyXKHO €031aBaTh BHICOKHE JlaB.TIeHHHI.ae MIIeCKs
AKTHBHEI® BelleCTBa HMHTHPYIOT APYTHMH Huep'r_gm;«;:e HUE;IT[)HF{ a,
KBUBAMEHTHEIMA 10 (pH3UUECKHUM CBOHCTBAM, HalpHMED
MEHSAIOT aJIOMHHIIEM. Canane

Hape:xxHocTs KOHCTPYKUHH TBJIOB MPOBEPSIOT Bxﬁiﬁeeﬁ;ﬁ Kanage
HeC/Ie0BATEAbCKOTO  PEAKTOPa, ananomqnom;ogfmﬂa 81:;0’11 KTy,

KOHTYPOM Tel .
On coegnHeH ¢ ABTOHOMHBIM a. 9ot KORTVE,
i JI0OTBOJA CaMOrO peakropa,
He ¢BA3aHHBA ¢ cHcTeMoll Ten suaor
akcnepumentasonol netred. HeenepoBarenbckuit peali{;?gﬂm };eue-
HCTOYHHKOM HeHTPOHOB, Mo HAeACTBHEM KOTOPHX NP0
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Hile slep B HCCAeAyeMoM TBwle. B meTsieBoM KaHage co3gaar pac

UHe YCIOBMS 1A TB3Aa (AaB
CHTENIA H T. 1),

Ha nocnesnem stame uccnegopanuii CTPOAT APYIoil SKcnepumens
Ta/NbHBI PeakTop, B KOTOPOM YTOYHAKT (PHIHKO-TeXHHYECKHE JaHHEE

'BCel] KOHCTPYKILHH PeakTopa B Lie/JOM.
IlepBrie sneprerudeckue peakro

BOLAT NYYKH HefTPOHOB U y-KBAHTH A5
B peaxtope ecte skcnepuMenTanbubie memaw
4 CaM DPeakTop ABNNETCR N
M. M. B. Kyvpyatosa.

§ 11.3. TOMOTEHHBIE M TETEPOTEHHBIE PEAKTOPbI

T'omorennste peaktopw. B TOMOT€HHOM peakTope fAEPHOE TOMMHBO
PABHOMEPHO fepeMellaHo ¢ 3aMelnuTeneM. AKTHBHAS 30Ha
HOTrO peaKTOpa MMeeT CPaBHHTEJbHO HECHOMKHOe CTpOeHHe: UHAHHIPU-
YECKHA MM CcePHYeCKHR KOPNyce, 3amOMHEHHLIH FOMOTEHHONH CMeChlo.
K roMorenssiM cmecsM oTHocaTes PacTBophl cosiell ypaHa, cycnensnu
OKHCJIOB 'ypaHa B JerKoff u Taxenofi Boje, TBEPHBIE 3aMenNHTeds,
DPONNTAaHHLIH YDAHOM, paci/aBAEHHbBIE COIL.

rOMOI‘eHHb[E‘ PEeaKTOpPLl He¢ HallaW M

CTBHE BBHICOKON KOPPO3HH KOHCTPYKUHOHHBIX MaTepraNoB B MUAKOM
TONVIHEE, CJIOKHOCTH KOHCTPYKIHH PeakTopoB

?— & Ha TBEPALIX TOMOreHHREIX CMEecHax, 6D.HBLIJHX 34-
| © TPY30K cnaboo6orallenioro ypaHosoro rton-
i MHBA H APYTHX MPHUHH.

T l'eTeporennsie peaxrops. HepocTaTsn ro-
o pe—

MOTeHHbIX PeAKTOPOB B 3HAUHTELHONR cTemeln
a F YCTP3HEHB B reTePOreHHOM PEakTope 3a cuer
YCHAOMHEHUS KOHCTPYKUHH aKTHBHOH  30HbL.
EHC% 19133- KBHEPBTI?“ (@ B reteporenuom peakTope filepHoe TOMAHRO
wemlﬁ -‘TO,;L';_’::‘O”LOF(W}&CKP;X_ OTAGNEHO OT 3aMEINTENS H COCPEROTOYEHO
KaNA10B B TB3nax. TK, pasmemennsie B sameninrese,
ofpazyior [POCTPAHCTBEHHYIO pelleTKy. Hau-
MEHLLWYIO 4aCThb NPOCTPAHCTBEHHOMN pelueTKH, 06/121a0IYI0  BCEMH
€€ TEOMETPHYECKHMM CBONCTBAMH, HAa3BIBAIOT 3NMCMEHTAPHOA Avel-
Kol. HauGonee PACIPOCTPAHEHH  KBAAPAaTHME U TPeyrosibHele pe-
etk (pyc. 11.3). TMapamerpom PEIWIETKH sABNAETCH ee Wiar @, pas-
HBIH PACCTOSHIIO MEKAY OCAMH COCERHHX TK. Mo koHcTpyXumuu TB37bI
HONPA3ALNHIOT Ha CTepMKHeBHe, TpybuaTHe X nAacTHHYatHe, M3
ANEPHOTO TONINBA M3TOTOBJAIOT CePHEUHHKMU: CTepKHuH, TpyOKu, mia-
CTHHEL. 3aTeM HX HOKPHIBAIOT 060/10uKOH, KOTOpas mpegoxpanser
AAEPHOE TOMMHBO OT B3aHMOACHCTBHSA C TEMAOHOCHTENeM I 3alepiKu-

BAeT BHYTPN TBIMOB RPORYKTH RENEHHs. BCAEACTBIIE 3TOrG 4KTHB.-
194

JeHue, TeMnepatypa, pacxol TenaoHd

PBl ABJSAIOTCA B KaKOH-TO cTemeny]
H HCCaenOBAaTENbCKHMH, W 3KCIEPHMeHTa bHbiMH. Ha oamux pearTo-4

pPax OpOBOLAT pasAHvHbE SKCOEPHMEHTH 0 H3YUYEHHIO QH3UKH Hejt-§
TPOHOB W peaKTOPOB, Ha APYTHX — NYTH CHHMKEHHS CTOHMOCTH Inek- 1
TPOsHeprin v 1. A, Tak, peakrop IMepsofi ASC CAYHHT HCTOYHHKOM §
Tenaa 14 nonyuenns BoAsitoro mapa. [o KauasgaM us PeaKToOpa Bbl- j
hH3UYECKHX IKCOEepPUMEHTOS, 1

AJA HCIBITaHUA TB3J0B, 3
poToTHnoM peaxtopos Benospckoi A3C

rOMOreH-

POKOro nmpHMeHeHus BCHeq- . 3

.OCTb epBOrO KOHTYpPa ompeae-
qeTcAd HEe NPOAYKTaAMH HeNeHNd,

2 AKTHBHOCTBIO TEIIOHOCHTENS.
OCMOTP ¥ PEMOHT 0GOpY0BAHHS

epBOr0 KOHTYpa He Tpencras-

- gsor  Takoft  npolsieMBl,  Kax
¥ 5 romorennom peaxtope. Ilpu
§ japyMeHUA TepPMETHUHOCTH 00o-
P jjouxn TBaMa 3ameHmioT TK, nua-
E ye MpOAyKTH JAeneHus GyAyT

pasHOCHTBCH TETIOHOCHTENIEM MO
nepBOMY KOHTYPY.

OB60J0UYKY TPYAHC <«HANAETLY»
{OTRO Ha dAepHOE TONJHBO,
MexXJy HHMH BCerja ocraercd
Bo3AylWIHbIfL 3a30p. Bo3ayx —
/0X0H NPOBOAHHK TEMAA, 103TO-
MY AIpH OOAbUIMX TEIIOBLIX [IOTO-
Kax H3-3a 3330pa 3HAUMTENIBHO
nosblLIAeTCS TemOepaTypa ALep-
noroe tonaupa. Tax, BO3SAYIIHBIH
3asop 10 mMxM npH nngmoc*n;
tensoBoro mortoka 2:10° Brjm
yBEJNHAUHBAET TeMAepaTypy Alep-

o
© Horo Tonauea na 600° Has

MCK/IOYEeHHA BAMABUS BO3AYIU-
HBIX 3a30pOB Ha TeMmeparypy
SIICPHOTO TOTMIABA HX 3aMOJHA-
IOT NPOBOAHHKAMA TemJa {refnH,
natpuit, serekrnka Na—K).
B HeKOTOPHX CAYJasx XOPOUIHH
TeMAOBOR KOHTAKT AOCTHraercs
nnpdyIuoHHOK mpHBApKOH 000-
JAOUKH K sipepHOMY ronausy. Ha-
. pyLIeHHe TeMIOBOTO KOHTAKTa
B KAaKOM-HHGYAb MecTe MOMKeT
NPHBECTH K HEPABHOMEPHOMY Ha-
rpeBy #NepHOro TOMJHBA H KO-
poBaeHHI> TBHJIOB.

ITpu noMolin UEHTPHPYIOLLHX
ysno TBC ycTaHaBAMBAKOT MO
ocu kanana. TK peaxropa mep-
soii ADC (puc. 11.4) cocrout U2
yersipex TpyGuaThX TBJIOB, KO-
TOPBIE pasfiesieHbl AHCTAHIHOHU-
PYIOILUMH TPAdHTOBEIMH BTYA-
kamu. DBeepxy KaHala— KOM-
HEeHCATOpH TEMMEPATYPHEIX pac-
IUHPEHUH, YCTPORCTBO AJA yCTa-
13
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Puc. 11.4. Bepruranehuiii pazpes TIC pe-
akrapa Ilepsoit A3C: ,
— A ToAoRKa; 2 — cTanbHeIE BTYAKI; J —
:_Wﬁs:péu 15X0,6 M 4-—§pr_r633mf2379_><g,#m?;|§;
— Bele BTYAEKH, -— M
5= rpaguro TONOBKA
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HOBKH W YJAAaA€HHS KaHaJjga

TPaJBHOH TPyOe NOABOANTCR K HuiKHel pacopeieanrensHofl Kame
4 3areM, NOAHAMafACH BBepX, HarpesaeTcsi B YCTHIpEeX Tpy6yar

T831ax. TK peaktopa I 6aoka HoBosoponesckoli ARC (HBA3
COCTONT H3 9 CTepAKHEBHIX TB3A '

Turpaunom xomyxe. Takue kpyn
PedHble pasmeps IMeCTHrpaHHo
«IOJ KMAWY» (AHAMETPOM BRHCA
cer Ha HBASC pasuo 1455 u
CKHX peaKTOpax YHea0 TBAIOB
NPUMEHEHHE KAaCCeT YCKo

HUH, yOPOLLAeT KOHCTPYKUMIO AKTHBHON 30HbL

.-it:h

700

'|' b
1455

Puc. 11.5. Kaccera peaktopa HoroBoponemceroii ASC

KoHeTpyKLus TB310B BO MHOroM onpeneaser GesaBapHiiHyi pa-
6oty peakrtopa. Ilpu HapyMEHHAX [ePMETHYHOCTH 060/0ueK, KOpoG-
JICHHAX TBJIOB DEAKTOD BHIK/ITIONAIOT ANS  YCTPAHEHHS HeHcnpapHo-
cTell. ABapHBiHBIE OCTAHOBKH, 0COGeHHO SHEPTETHYECKIX PeaKTopos,
KpaiHe HeKeNaTeqabHbl, Tak K4K OHK IPHBOAST K HepaBHOMEepPHOCTH
CHaOKEeHUS 3/eKTPOIHEpTHefi MPOMMNILIEHHBIX NTPeANPHATHI.

B nepsom kourype ADC cosmaercs OllpefieJIeHHOe ZaBJleHile.
B peaktope ono BmaepxuBaeTca uan TK, ui# xopnycom peakropa.
ITo sromy npuseaky reteporenmbie PEAKTOPHl NOZPa3ZeAdI0T Ha Ka-
Raaedoie U kopnycreie, Tak, B KaHaldbHEX peaktopax Jlewuurpaackoii
A3C um. B. W. JlennHa tensoHocnTems IOA AaB/ienneM 65 atm mpo-
Kauneaerca 4epes TK. Peakrtoper HBARC — 310 KOPIIYCHete peakTo-
pet. Haeaehue soam 100—160 atm BBHIIEPIKHBAET KOPMyC peaKkropa.

Kavanbnele peaxtopwr o6aanamor OIHOH BaxKHOH OCOBEHNOCTHIO: HX
MOXKHO TIeperpyxath B CTalHOHADHOM pexkHMe. [leperpyska TK 6es
BLIKTIOUEHHS PeaKTopa yANHHSeT BpeMs HenpepriBHOH paboth A3DC,

K Hemocratkam rereporennix PEAKTOPOB OTHOCHTCH He(OoMbIION
CPOK paloThl TB3J0B B aKTHBKON 3oHe. [loj BelcTBlieM H3nyveHHs
SHAaUUTENLHO HSMEHSIOTCA COCTAB AAEPHOTO TONJUBA, €r0 MexaHHde-

CKHe M (pu3HYeCKHe CBOCTBA. Ilostomy B konme kKampofi wkamnannnm
PCAKTOpA UPOU3BOAST NEPErPy3KY AaKTHBHON 30HDI,
196

U3 aKTHBHOH 30HH. Boxa cBepxy mo yeg

pe
-.

0B (pHc. 11.5), pasMelueHnbIX B e
ibte TK HasmBalor xacceramu. Momedd
# KacceThl XapakTepusyor DasMepogg:
HHOH OKpYXKHOCTH) d. 3Hauenue Kagce]
M (puc. 11.5). B mowmnmx SHepreTH e
AOCTUTaeT HECKOMBKUX ThiCAY, NO3TOMY
PAET NEPErpysKky peaKTopa B KOHIe KamMma. !

F  11.4. PEAKTOPbI HA TERNIOBBIX, BICTPbIX M FIPOMEMYTOUHLIX
E § 114
F HEHTPOHAX

ITHBHOIT 30HE
PeakTop Ha TEIJOBBIX HeHTpPOHAX. ,H,eneﬂ:llg ﬂ%&g]{z Ka{t)mga ofi sone
i HHIX 9Heprui.
HefiTpoHaMy PpasfHd ey
HBHB&ZTCSC% HEEIT[)OHH U3 OnpefeJcHHOrO HHTepBaéI:ﬁ aanO N e
"Tag?lfaaim ocHOBHOH EBXAaA B ofllee UYHCAC )‘J.e.nebI H&.l To rouy
%31{31{3{ Pa3NAyaloT TpH THAA PeaKTOPOB: peaxTop

i < eaKTopa Ha
4 BIX ¥ TPOMEKYTOUHbIX HefiTpoHax. AKTHBLAS 32Hi0$0 TOHI:.)FIHBa,
_61:1(:;3%“ HeATPOHAX COCTOHT W3 3aMe[IuTeNs, Bﬂélﬂgmvm:'rao ausa,
e /KIMOHHBEIX MaTepHAaloB. {
X #TedsT 1 KOHCTPYKILE B0 Guicr-
i Ten;: O;SI;TﬁpTOHOB B TAaKOM peaxTope 3aMeinsercs A0 TemIo p
. b[ : 4 .
: '1?1{[?’1 a 3aTEM MOTJIOHIAeTCA B AKTHBHOH 30HE

H

TOpax Ha
JInsi yMeHBIIGHHS 3arpy3Kil SAepHOrO TOMANBA B Peax op

: _ atepuanbl ¢ Ma-

- TeNJIOBBIX HEHTPOHAX NPUMEHSIOT Kogcgpgggfgg}i;l;e ; HHPI)\A OTHOCATCA
: XBaT :

3 aJuallHOHHOTO 324

 JBIM CedeHHeM p

e VDaH.
JI0BLIX HEeHTPOHAX TPHPOAHBIH H cnaﬁooGorameHBlilgfﬂgP yraeTes nomo-
B MOMHBIX 3HEPreTHUeCKHX PeakTopax He BC c HeGODIIIM Cé-

NOLXOAANHE KOHCTPYKIUOHHBIE MaTepHa/bl e o
opats nornonerus. Toraa oGOJNOUKH, Kanans 1 APy HHTEHCHBHO
g?;?ﬁ;{uu PeaKTOPOB  H3FOTOBAAIOT U3 Maﬁiuaaﬂﬂggénb T Kot

X, KaK HepiKape :

X HeHTPOHHI, TAKHX, KOHCTPVE-
ngl;lﬁg]fljﬂo I.I?OI'IDJ'[HHTQJlebIX [IOTepb TENNOBHIX Hzijl{;?uolg%zrzme“e&y_
II:IlHOHHbIX MaTepHAaNax MCTOAB3YIOT YPaH ¢ BHC

9 N norno-
e IE? é?éamopax Ha TenJOBLIX HelTpoHAX BeCbMa ngf{iiTuB::HI?OTOPOFO
. eNleHud, AJA KOM
TPOHOB MPOAYKTAMH X onpeaeneH-
meHKHT?/IBHHeHIOPBOHy ngpen gauanoM RKaMilaHHH JloﬁaBJTﬂ;;’;Cﬂ Epocmm
Hyto MaCC);’ ANePHOTO TONMNEA. 3712 A002BXA YBEAMUHD
KzMHaHHH B YACEHO Mommqrp%iifo%a'aK'rmaHy}o 30y M OTpaKa-
H .

TOpHl HAa GBICTPBIX HEHT . M TAKEIblE
Teu:el:?:am?opa Ha OLICTPRIX HeHTPOHAX BXOAAT BHOC[;!O:gi:y 8 COCTABS
ME;TeP“a-”H- 3aMepaiomLite A1pa BEONTE B 417 °B byl'[JIVTOHHH (Pu0s)
afeproro TonHBa [kapOua ypana 511;1]6)3‘ ii};ﬁii‘;ﬁ sore | CTpeMATCA

Te :

HUEHTPALKIO 3aMelTH Hepretrii-
y "Ei)]u:lnlibo JIL}J MEHHMYM&, TaK Kak ferkhe aapa CMHFSSQT po]p}le.J'IE'
ﬁgcelmﬁ CTIEKTp BeNTPOHOB. Tpexae uem nor.nonmc:ﬂ,‘( CTgnKHOBeHHﬁ
HH yCHeBalOT 3aMelJHTbCA B pe3ysbrare gi)’[\[fg’B :

S0 1—04 MoB.
¢ TAKEABIMU FAPaMH AHWb Ko skeprui 0.1—0, ufi e npepbimaer 2 6.
CeueHue feneHHA B GHCTPOH 06acTH SHEpT GHICTPBHIX HERTPO-
MosTomy Anst OCYMECTBJIEHH; ICMHON PEaKHin izmerocsl BellecTBa
Hax HeoOXOAMMaA _BBICOKAf ~KOHUCHTpALAA J1& eHTpALLH AeJasule-
B axTHpHON 30He. OHa B AGCATKH Pas Gommial{il:e]énoaiix HEHTPOHAX.
eakTOpa
CTBa B aKTHBHON 30HE P orocros-
{10:; }l:{im‘gﬁ'bﬂcl{ﬁeTCﬂ RSN A '#H I—?;plggfxe;b];f":gg{ggg HeliTpO-
HefTpOHAX? :

i TOPOB Ha OLICTPHX HEH ronrs HMepHO

X peakTOpOs 3oMe TAKOTO peaKTopa MCOYCKaeTcs TPHMEp
Ha B aKTHBHOH 197




B8 1,5 pasa Goasie HEATPOHOB RENEHHSA, YeM B aKTHBHON 30He pej
TOPpa Ha TenJOBHIX HefiTponax. ChexoBaTeNnHo, Ans  mepepabory
AILEPHOTO CHIPbS B peaKkTope Ha GHICTPBIX HeATPOHAX MOMKHO HCmon
30BaTh 3HAYHTEJbHO GOJBUIVIO AOJMIO HeHTpoHeB, D10 riaBHAR Tipuy]
Ha, H3-332 KOTOPOH HPOBOAAT IHPOKHE HCCACIOBAHHS B obaacTn mpg
MEHCHHS DeaKTOPOB Ha GLICTPHIX HeliTpoHax.

Otpaxatenb peaktopos Ha OLICTPBIX HEATPOHAX H3rOTOBSIOT :
TAXKELX MaTepHAaJo

B: 28U, #2Th. OHH BOaBpamalOT B aKTMBHVY

30HY GLICTpbie HEATPOHBI C SHEPIHAMN Bhine 0,1 MsB. Heifirponeg
. *2Th, pacxonyiorcs wa TMOJyYeHHe Messy

3axBaueHHLIe sapamu 2881)
IHXCA Anep 9Py y 2887,

Momnocts peakropa perynnpyerca moasuxkebiMmu TBC, TtB31aMm

€O CTePKHAMH H3 I
TOpax Gojee

XOA0M uenHoft
CHOH OTpaxaTeas yaajsaTh M3
JHUHBAETCH, BCASACTBHE yero
necca, B RaoBopor. Haubomee
HKaTe/d Ha TPaHHILe ¢ AKTHBHOR 30HOf.

PUPOLHOTO ypaHa HiH Topust. B HeSonpmnx pea

BuiGop koHCTpYKUROHHBIX MaTepHaNOB MM PeakTopoB HAa  BHICT-§

PaHHUUHBAETCS CeueHHEM MOTNOIe- ]
3HEPTHH Yy BCeX Be- 3
enenns. o srofi xe
HA MaJlo BJHAET Ha |

PHIX HeHTPOHAX NpaKTHYECKH He or
HH5, TAK KaK 3TH CeUeHHS B oBJaCTH ORICTpHIX
WECTB OYeNb MaJBl 110 CPABHEHHIO ¢ CeYeHHeM I
HpHuAHe 3aXBaT HEHTPOHOB TPOAYKTAMH ZeeN
3arpysKy sAepHOro TONJIMBA B PEaKTOP.
Peaktopu Ha NPOMEKYTOYHBIX HEHTPOHAX.
LINXCA BEIeCTB B 2KTHBHOM 30He peakropa Ha
TPOHaX TaKOBa, 4TQ OHICTPble HeATPOREI nepen
JgaeTes 1o siepruu 1—1000 5B. Hanpuwep,
qnst M 23U B Takux peakropa
JHepreTHYeCKHe peaxTop
HAIOT CPAaBHHTENBHO pegKo
BBICOKAf 3arpyaka SAepHOTo
Ha TeNnaOBHIX HeATpOHA

X eXUT B NMpenenax ot 150 mo 250

TOITHBA 10 CPABHEHHIO C peaKTopamHu

Tpodee. IlostoMy B peaktopax Ha n
MOMHO OCYIIECTBHTL PaCUIMPEHHOE BOCHPOH3BOACTRO SAEPHOTO TOM-
JIHBA, KAK B peaKTOpe-pasMHONKHTENe HA GHCTpPHIX HeATpoHRax,
Peaktopel Ha npoMexyToyHmIX HeHTPOHAX HCHOMB3VIOT KaK Heche-
AOBATENIbCKHE PEAKTOPHl, TaK Kak B HUX yJaercs NOMYYHTE OUEHL BhI-
COKYI0 TIOTHOCTH TOTOKA HeATPOHOB, Hanpuwmep,

IIOTHOCTD NOTOKa HeHTPOHOB B peakTope CM-2 (CCCP) parra 3,3X
X 1019 pefitp. /(M2 ¢)., :

§ 11.5. KNACCM®UKALIMA IHEPTETHHECKMX PEAKTOPOB
NO 3AMERNMTERAM M TEMROHOCHTENSM

Peakropu ¢ sopsnbM TendonochTeNem. B Aeijicrs

UECKHX DEAKTOpaX HCHOMB3YIOT TPH KOMGHHAIINH
saMernyrens. B
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YIOWIHX 3HepreTH-
TeMJIOHOCHTENA K
OAHHX DPeaKkTOPaxX H TENJOHOCHTENEM, H 3aMemJuTe-

"aK}Ke JIErKOBOJHBIMH H ¥
_eHHO.

a
. | acch SIEPHOTO TONJUBA) XAPAKTEPH3YETC

a
. (Ha yka3blBaeT, K Ba.
."P:E.HBHOﬁ gOHbI wan ¢ 1 Kr silepHOTO TOTLAH

b a

stdexTnBen Kak PETyIAaTOp NOABHIKHBIN OTpaXKaTedh:)
PEARUAH YNPABAFIOT, HIMERAA YTEUKY HelTpoHoB. Ecanl

PEAKTOPA, TO yTeUKa HeHTPOHOB yBe-)
TOPMOSHTCA  PA3BHTHE HENHOTO TIPO-3
S(EKTUBHLEI TORBHKHBIE CJIOH 0Tpa-]

B
b yuMy peakropamu Temneparypa BOAB D nep

. mepaTypsl KUMeHUA.
| 45 aTm MpH Temnep

" 4ot some. /lasnenvie BOAH B Meps

Konuentpanug neas-
NPOMEXYTOUHBIX Hell- §
NOrNOUICHHEM 3aMen- §
OTHOILIeHRe sanep Gepu- 4

f . reneparopa.

: 3 - BoAsiHOH CMecH He
b Ha MPOMEXKYTOUHBIX HeHTPOHAX TpHMe- §

Mo RBYM MPpHUMHAM. Bo-mepemx, y HuX |

X. BO-BTOpEIX, B aKTHBHOH 30He TaKOro peak- §
TOpa Ha ONUH 3aXBaT HeATPOHA HCMYCKaeTcH He Godee 1,5—2.0 neit-

POMEXYTOUHHX HefiTpoHax Hepos-

TeM
. poft. Takas HeyCTOHYUBOCTb OOBSCHAETCA ,

MaKcHManbHas 3

enp —
APYTUX TEBNOHOCHTEIb — BOAE, e;anhéiﬂégﬁzenb -
— TAMenas BOAA, T

bHX 3AMELANTEND locHTelth -

T, B TP:THM popa. Tlepprie peakTopH B C%CP igszlle—rpacpﬂ-
nad BOX HYECKHMH DPeaKTopaMu (BB2 J)xbsinupbmn Nijee
TPETHH — THANE. -

. eaktopamn ([BP), ‘ e e
-BMHHMS pOTMe¥HM uTo B anvepatype BBIP I"BWI MERyIOTORT
jourt (TB5). : paH-rpaHTOBbIMH PEAKTOPA .

cJAVKUT BOAA, B
e
fy (THBIME  SHEpTET

. 30Hbl {eAHHN-
o6bveMa aKTHBHON
AMHAUDB] y AeJIbHOH MOIIHOCTBIO

g c¢c 1l n
OUIHOCTL CHHM2eTC
gasi CpefHss MOLL YienvHad MOLLHOCTE

DHeproHanpssKeHHoCTe €

5—60 kBt /kr. i
exHT B npenenax 4 _ -
BB%Ea:I(Tl;EE? BOI[HHHNI!) TenJOHOCHTEIeM zt:;{;:gsin?nﬁogc 2 Hexmna
| KN :

wmue, paboTaloline B BOLHOM pexHuME, e otyae BN {;M—
noj HaBAeHHeMm 1o—

eHHBIl BOIAHOH Nap 2
al:rly?;]e)m;o 300°C BuipabaTbiBaeTCd BO BTOPOM KOH

T}

: o {THB~
¥ CKOH . OHANYI0 CMeCh MOJYUalT B ak

OB
B xumAIIMX PeakTopax map oM KOHType CHRaercst no 70 aT.

KTHBHOH 30HbLI NP
unaer B obbeme a ?
BJIEHHH BOJAa 34K owel oy
[Mpu Ta;{TOL;eﬂ_aQSOOC, Kunqaue peaxkrtopobl Oﬁﬁfflgzaxeropax o
Temnegm yno CPABHEHNIO ¢ HeKHIALIMA. B KH“:XEME AR
CT?:HgaGOTaeT npu Gonee HUIKOM AaBJeHud, B

ny

gakTopa BbIOH-
i €ro KOpIycHoro p
yppofi paloTh KHNAIL e hane.
‘ g yc"mﬁe}mm r}}pu KOTOPOM MAacCcoBoe napoconepm%aK B mane”
D ot e 'HpeBbI‘lJ.laET HOMyCTMMOTO 3HAUEHHS. ;KaHHe -
BR3P A3C «[pesaeH» (C]J_ISA) Macc%qc;liurjligo'fgjfgwﬂx c
gﬁ::one U3 peaKTopa COCTaBAAET 5%. Tépg M%)Ke‘l' 61;1Tb o
COBOTO [ApPOCOIEpKaHHA pabora peaxTop e e smirecuser
; 3aMedJeHun Heu-
eMINYyUBAET JAJNUHY 3
HOfl 30HBI, & 3TC YB et
Toon Hg.f_,alﬂql.'H[BI/l CAMINKOM OYPHOM KHNEHHU 3HAUEHUE é[;mnmfocm T
e eronEKo. '-!']I"}O peaxTop TNOJYyaeT oTpHuATENbHYIO P
HACTONBKO, o
a HaunHaeT nmajnate. o, vacco-
.MOHEHOCT;?}?;I K;gglnocm yMeHblIaeT HHTeHCHBHOCTbH:HlEEHF}:esyﬂbTaTO
HH}Econepx{aHne. a 3KAUHT, M LJNHY 3ame11n§(}::ﬂe B Py
ﬁgiorlispnpouecca ocBOGOKAAETCH pPeakTHBHOCTD, ;oapacra'rb e,
HUA HAYHHAIOT . )
HTEHCHBHOCTE KHIIE b re enco
EiiKgﬁgiﬂzeHMﬂ KOHCTPYKUHH peakTopa H oBCTYKHBAID
N X Kooeba-
Hanlq[ Koneﬁa;'c%ilep}xamm HHXe AONYCTHMOrO TAKHX Ofli-[aCHebaKTopa da-
HUH mggufﬁaopcm He MPOHCXOAHT H CTaIIHOHapHHHHEErﬁ{H prMeHblueHHe
Moperyaupyeics. Tak, CHIKeHie YPOBHSA MO;L‘[BHOCTb A
HH'FEHCHBHOCTH wgumenun ocpofoxaaer peakT \

-




BOADBI Ha BHIXOAE€ M3 aRTHBHOH 30HB 3ABHCHUT OT YAEJBHOH MOUIHOCH
ItosToMy xomycrumoe nmapocofiepiKanye, HUKe KOToporo obecneyypd
erca yctodunBas pabora kumsmero BB2IP, OTPAHHYHBAET MOLIHOCTH
PE4KTOpA ¢ 3aHaWHEIMU PasMepaMu akTHBHOM 3oHLL [1pu TakoM orpj
HHYEHHH ¢ e[MHHOBl 0ObeMa Kunsimero BB2P cHumaercs Mewburg
MOWIHOCTh, YeM ¢ eIMHHUBl O6beMa HekHndawmero BB3P. 3o cymeer
BeHHBI HeAocTaToK Kunfulkx BBAP,

[Teperpep Boasoro maps Ao Temneparypmt 510°C  ocywecTsie
B KaHAJbHBIX peakTopax Desospekoit ASC. B oTiuune oT Kopnyckbig
KHNAILAX PEAKTOPOB, OCHOBHEIM 3aMeAJIHTeNeM B PeakTope DBesosps
ckofi ADC clyXHT rpadut, o KHNEHWe BOAl B KaHAAaX He BLI3LIBACT

OMacHEIX KoaebanHi MOIHHOCTH.

B Hamek cTpane Ha ADC NpUMEHAIOTCY B OCHOBHOM ABa THIAY
SHEPTETHYECKHX PeakTOpoB: HekunAwni BBIP y xunaumwii rpaduro- ]
BOJHBIN KaHanbHbif peaktop PBMK (peakrop Goasiuofi MomHocTH Ka

HAJLHBIH) .

Cospemennble ADC uMmeroT 6aounoe crpoenne. Kaxnuiit a0k AIC 3
ABTOHOMEH MO OTHOLIEHHID K APYTHM 6aokam A3C. OH COCTOGUT H3 |
OIHOFO IHEPTETUYECKOro PeakTopa H CXeMbl NpeofpasoBaHHs TermiosoR ]
SHepruH B sneKTpudeckylo. IIpH ofozHaueHdH peakrTopa yKasbiBaloT |

THII pEAKTOPA H 31eKTPHUYECKYI MolHocTh Ga0ka ADC ¢ 3THM peak-
TOpoM B Meraparrax. Tak, BBOP-440 nokaswsiBaer, yto B Osoke ASC
ycravoenen BB3P, a snexkTpuyeckada MOWEOCT GA0Ka — 440 MBr;
PBEMK-1000 —6a0x A3C ¢ PBMK SMEKTPHYECKOH MOLLIHOCTBIO
1000 MBr. TeunoBylo MOIHGCTD PeaKTOpa Ha3LIBAIOT €ZHHUYHOI
MOLLHOCTBIO PEAKTOPd, a 3JEKTPHYECKYI0 MOLIHOCTh OJIOKA — €AHHHY-
HOH MolHocThie 6noka. Tpu XAPAKTEPUCTHKE IHEPTETHYECKOT( peak-

TOpA 4aCTO BMECTO eAHHMYHOH MOLIHOCTH PeAKTOpa YKa3blBalT efu-
HHYHYRKO MOILHOCTL G/0KA.

['pauro-razoeeie peakTopnr (I'TP). B rpaduro-rasossix KOpmyc-
HbIX PEAKTOPAX 3aMELNTUTENEeM CAYKHT TrpadHT, TeIIOHOCHTedeM —
ras (remuii, yraekucasifi ras u np.). Io cpaBHeudy ¢ BB®P u ['BP
PEAKTOpEl C Ta3OBBHIM TEMJAOHOCHTENEM HauboJdee Ge30MacHE. 9To
OOBACHACTCA TeM, UTO Ia3 MPAKTHYECKH He TOTIOMLAeT nefTponos. ITo-

ITOMY H3IMeHeHHe COOCPpXANHS rasa B peakKTOpe He BAHAET HA peak-
THBHOCTD.

B BennkoSputaHuu paboraer Heckonbko ADC ¢ I'TP, tenne or
KOTOPBIX OTBOAHTCS YIAE€KNCABIM razoM, OGOJOYKH TB3JOB H KAaHAJH
B I'TP usrorosnsior u3 cnjasos marHug, caato NOTJICIIAIIIHX Hei-
TPOHbL. 3TO NO3BO/AET HCNOAB3OBATH B KauecTBe SIAEPHOTC TONJIEBA
IPHPOANBIA H ¢1aGcoBOrallleHHB ypaH. YIaeKucanit ras npokauHBa-
JOT 4epe3 peakTop nod AabBaexuem 10—20 atv. Ero TeMIIepaTypa Ha
BEIXoAe okono 400°C. VenbHad MGUIHOCTD peakTopa CocTaBafAET BCEro
0,3-—0,5 kBr/kr, 1. e. npuMepro B 100 pas MeHbule, 4eM B BB3P g
IBP. B ycoBepuwenctropanutix ITP 060J0uKH M3 ClLAaBa MATHUSA
SaMeHeHbl O0OIOUKAMH M3 HepKaBelomell crafd, a UPHPOAHEI
YPaH — JIBYOKHCRIO ooramerHoro ypana. Takue U3MEHeHMS B KOHCT-
PYKUHH TB31a TMO3IBOJMIN NOBLICHTL TEMIEPATYPY YIMEKHCJAOrO rasa
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fkdepHOM JlaBACHHH.
b iuecKoll KUAKOCTE
freMnepaType TENJAOHOCHTEN

¥ JOCTATOK: Tepmuueckast o p
 remnepaType M TOA ACHCTB

¥ tocanpenns. g OURCTKH OPraHHYeCKO
E- 5 mepBblil KOHTYP JOJMHBL BX
F yCIOKHAET SHEpTeTIHecKylo yCT
. XOCTH [OKA eille PEAKO HCTO/b3Y

‘Hau6oJee npupieKaTeaeH s TEMIO

 one zo 690°C, yieAbEYIO MOULHOCTb — NpHMepHO B 3,5 pasa,
BEl ;

P 1. 1. ADC — 1o 40%. |

T 3 Y e
P AKTOPpH <& op AHHYECKHMHA TeNJOHOCHTENAMH. OpFaHH eCKH
€

; u (Tasofinb, AndeHHIbEAA CMECh H np.} AMEOT xopo::{mz"rs]z-
Kot ficTBa H BHICOKYW) TeMIepaTtypy KHOesHA mp
RO oent MosToMy 3aMexa BOIBl B MEPBOM KOHTYDE opra-
10 3HAYHTENbHO CHHKAET NABJCKHE B cHCTEME TIpu
A na BHxoxe 300—350°. .
o TelJCHOCHTENSA ecTh CylleCTBEHHBIH Hel;I
aguanuoHHasn Hecrofikoctb, [lpd BblCOKOH
MeM H3Ay4eHHd OpTaHNyecKHe }KH,H.KO}(;;e
GpasyloT Oojee CJAOKHbIE BASKHE OPTaHHYECKHE
fi KHAKOCTH OT IDpHMecer
OMHTL OUKCTUTENbHBIE YCTPOHCTBA, q'r?
aHOBKY. [loaTOMY opra::;qecxue Kul
10TCA B PeaKTOPOCTPOEHHH. .
Peaktopbl ¢ HKHAKOMETANNHUECKUMH 'ren.nouocn'ri;r{l:::dmlglfgﬁﬁgqe_
HEIll OTBOA Temaa U3 peakTopoB ocymegm::;giﬁ#Kamﬁ Y
CKUMU TENJACHOCHTENAMH (HaTpui, g'?;]ona D aro » 4.5 pasa
< a waTpufl — Kanui, a Temnepa-
60321]:3{nﬁfeiﬂuﬂﬂoi)%;?i?%‘S;%T ga;:aﬁ’l‘ab?Baﬂ BpaKTHBHOﬁ 30%}322}%%?&1?
1
?;gpnﬁ CTAHOBUTCA PAAUCAKTHBHBIM, Yrobul v}l{({:}l{.f:{i;);;lr;moﬂmeMb
¢TBHE PANAHOAKTHBHOIG HATPHA C pogofl, mpH o-riona Jenomesonate
Pt ma-3a X Tpext{o:;¥gﬂ¥ﬁmm;J}I{(e)Ml'prt:If;:IOT Kak TEmNOHOCHTEND
HYHH, H3-33 KOTOPOH oeutery
e T D mwonn Tena 5 peaKTopat ia
. O6BMHO HATPHHA RACIOJ T  ha
gi:;:n?blx B TPOMEKYTOUHBIX BEHTPOHAX, ynenbﬂaes; Kl"\ric?;])jgéoﬁgbrgnno-
pux B 10—30 pas Goablue yACHBHO MOILHOCTH

BLIX HeHTpOHaX.

OnBaKo y OpPTaHH4eckor

acHafanTed BIAH o

§ 11.6. PEAKTOPHBIE MATEPHANGI

13
O6wme Tpebopanua, MaTtepnanbl, N3 Koropblxvc;ggg; ];e:::;ﬂgoé
efiT -
kofi TeMmneparype B DNOJE H ,
D on, Meneris eHRA NPHTOLHBL HE
) JIfl PeaKTopocTpo
H OCKoJIKOB Aenehusi. [losToMy A PHTOLIEL W
rux oTpacaax TexHuku. Llp ol
BCe MATEeDHANbl, NPUMEHAEMBIE B ADY r B
Gope peapmopuilx MaTepHajoB YUYHTHIBAOT HX pajHAUHOHAHY foﬂc'me
KOCTb, XHMHYeCKYyl0 HHEPTHOCTb, CeueHHe TONMOMEHHs H APy
CBOHCTEA. on
OB0oM0UKH TB3J0B, KaHanabl, 3aMelJHTENH (OTpa}KaTgi}éLH?r?_}“pH‘
' ‘ OJBILUMI CeueHHAMH MNOTA .
JASOT M3 MaTepHanos ¢ Hel " o,
' TMOrJ0WAanuX HefATPOHH,
MeHeHHe MaTepHasoB, cnabo e
NpPOH3IBOAHTEABEBI pacxos HeHTPOHOB, yMEHbmae;soi?;}lzyﬁgpmﬁe%,
Horo TomumBa u yeeauumsaer KB. [Has nor.noLLlHHeM O,
HA060POT, NPUTLOAHBl MaTepHaabl ¢ OoAbUIMM Cede em TorjomeRu
3To 3HAYNTEABHO COKpallaeT KOJHYeCTBO CTEPHKHEH, .

EA yNPABAEHUA PEAKTOPOM. 201




BhicTprie HeHTPOHBI, y-KBAHTBHI U OCKONKH
CTpyKTypy BedlectBa. Tak, B TBepZoM BeluecTse OnicTphe HeHTpY
BHIOHBAIOT aTOMBl H3 KPHCTAMJIHYECKOH PelIeTKH HJH CABHrawoT ;
€ MecTa. BenescrBwe storo yxyamaworcs maactuueckme CBOHCTR &}
TEMAONPOBOAKHOCTL MaTepuasoB. CROXKHBIE MOJEKYIM NOJ AeficTBH]
A3JIyHerns: pacnaiaorcs Ha fonee POCTHE MOJIEKYJIE HAH COCTABHA
atombl. Hanpumep, Bona pasanaraercs Ha KHCJAOPOA W BOJOPOA. N
SABACHHC I3BECTHO NOJ Ha3BauueMm paduoausa sodei. -

PanuauuoHHas HeCTORKOCTh MATEPHAMOB MeHbiue CKasbiBaerd
TpH BLICOKHX TeMnepaTypax. IlogBuKHOCTH aTOMOB CTaHOBMTCH HA
€TONMbKO GOJBIION, YTO BEPOATHOCTH BO3BPALIEHUA BHIGHTHIX H3 KpHl
CTAJANUYECKOH pelIeTKH aTOMOB Ha CBOE MeCTO WM pexoMOHHA nu]
BOAOPOAa H KHCAOPOAA B MOJEKYAY BOAB 3aMETHO YBEJUUHBAETCH,
Tak, paanonns soap HECYMIECTBEH B SHEPreTHUeCKHX HeKMnsamy
PE2KTOpax, B TO BPeMA Kak B MOIHBIX HCCAEROBATENbCKAX peaxTopay
BBIIEACTCA 3HAUNTENbHOE KOMHYECTBO TpeMyveli omech. B peaxTopax
€CTb CIELHANBHEIE CHCTEMBI AN €€ CIKUTaHus. '.

Peaxtopuble Matepuanm KOHTAaKTHPYIOT MexAy coboil (oBomoukal
TBSMIA — C TENIOHOCHTEN®M H AAEPHBIM TOMAHBOM, TK — ¢ TenioHoCH
TeTeM U 3aMeandTeaeMm u 1. x.). EcrecTBenno, 4ro KOHTAKTHPYIOHUIHE]

MaTepHanbl J0KHB ObITh XHMHUECKH MHEPTHEIMH (COBMECTHMBIMH).]
Hpumepom necosmectumoetn ca

JOUIHe B XHMHYECKYIO peaKLHio.
¥ GoaburHHcTBa MaTepHasioB
WaTed ¢ y
KOHCTP
210 0

AeNEHHA ToBpex N4

BEINUeHHEM Temuepatyphl. B sHepreTuyeckux peakTopax|

AePHHBaTH BBICOKOE JABJEHIIe,

Slneproe ronaueo. K spepHoMy TONJIHBY OTHOCHTCA BeElLIeCTBA, ]

B COCTab KOTODEIX BXOAAT AeJsliHecs sellectBa (235U, 2Py u ap.). |
Tpnmepamn saae

# Ap. B GosblwnHCTBE COBpeMeHHRX fACPHLIX DEAKTOPOB B KaYEecTBe |

FULEPHOTO TOM/IMBA HCNOMLIYIOT YPaHCOXEPHXAlLHe BENIECTBA. '
[Ipuponumit ypan cocront u3 Tpex usoTomop: 2380) (99,282%),

U (0,712%) u U (0,006%). On He Bcerna MpHroAes Kax fiaepHOe

TOILAHBO, OCOBEHUO ecaH KOHCTPYKIHOHHBIE MATepHAJR H 3aMelnn- 3

TEMb HHTCHCHBHO MOT/IOMANT HefiTpomM. B sToM ciyuae saepHoe _;
TOWIHBO TIPHTOTOBAAIOT Ha OCHOBe o0OrauleHHoro ypana. B snepre-

THIECKHX PeaKTOpaX Ha TeIVIOBBIX HeHTPOHAX HCIOAB3YIOT YpaH 3

< oforatilennem menee 10%, a B peakTopaXx Ha OLICTPBIX M IpOMe-

KYTOUHBIX HeidTponax oforalleHHe ypaHa mpeBmmaet 20%. Oora- ;

AUSHHEIH  ypaR MOMyualT Ha CHCHHANBHBIX OGOrATHTENbHBIX 34- |
BOAAX. 3
B npouecce oGoramenns npupomunifi ypan pasjenawr Ha ofora-
AUeHHBIA YPaH B obe/HeHHbIH (OTBAABHEIA) ypaH ¢ HeGOBIIHM conep- §
2kanvem U, U3 oBennennoro ypana usrorosssior TBC oTpakare-

J1efl peaKkTOpOB-pa3MHOKHTE el Ha OLICTPHIX HeHTpOHaX.
202

YMKaT ypaH d ropauas BoAa, BCTyNa-§
POYHOCTHBIE CBOACTBA Pe3Ko yXyA-i
YKUHOHHBE MaTepHalb PpaboTaiOT MPH BEICOKHX TeMmoepatypax. 3

TPaHHYHBALT BBIGOP KOHCTPYKUHOHHBIX MAaTepHasoOB, 0COBEHHO :
ANA TeX AeTaNed IHePreTHIECKOTO PeaKTOPa, KOTOPHIE LOMIKHBI - Bbi- :

PHOTO TOMJIHBA CJYKAT NPHPOAHBIA ypaH, ABYOKUCH 3
ypana UQ,, cinasul ypana ¢ MeTalnaMH, IBYOKHCH mayTouns PuQ, |

MeTaJIHYeCKHl YpaH CPaBHKTEIBHO PEAKO HCHOH;;iI::e:[{:KS%%SE—
. HMaAbEasg TeMmepaTypa oOF .
. ponlTHBO. Ero Makc P TN
by : ucxomuT (asoBHIH Tep ,

E.. 5TOH TeMlleparype Npo TOpO)
'HeHﬂE’DCH KpHCTAJNRYecKaR CTPYKTypa ypasa. Cbaso;;ﬁ ngnl;ecrﬁ
oBOXJaercss yBeanueHmem oGbema ypada, 4TO rgo' euﬁn Tnectn
ggspymeﬂmo o6onoukd Tsanos, [Ipn AnuTesbHOM 0DIYY

§epaTyDHOM HHTepBane 200—500°C ypaH HOABEpKeH PalHalHOHHOMY

BHI
yoCTy. DTO ABNEHWE 3aKAIOYAETCA B TOM, yTo OBJYUEHHBII YPAaHO

Hue
frepiKeHb yANHHACTCS. DKCIEPHMEHTANLHO Hab/a0aanoch yBeJande
FIMHBl YPAHOBOTO CTEPMKH#A B NMOATOPA Pasa.

MmepaTy-
Henodp30BaHRe MeTaRJHUECKOTO YPaHRa, nCOBEHHO NPH TeMIepaTy

& pe Soabwe 500°C, saTpylHeHO usglaegg lie;rchzlgzg:;%. (l;é?bcenh;a ]J:\gﬂs;b}:i
3 oBpasvioTcd 1Ba OCKOJKAa I , eM EIX
,’;ﬁ.ﬁime %mﬁsma aToMa ypaHa {(niyTouus). HacTb _a;g:gsn ngc)K.OJAT?a-

§ reieHts ABAAIOTCH aTOMaMH rasos (xpunToHa, Kce3 Ra BHy:rpeHHee

f' el FA30B HakalauBalTca B Mopax ypaHa H c;:; I*Lrem-nepaTypr e

JdBJAEHKe, KOTOpoe YBeJIHuHBaeTcs ¢ Hosumeﬂi‘; ¢ TeMIepATy P

¥ cueT H3MeHeHus o0beMa aTOMOB B npouecceeﬂﬂﬂe . 115,
- BHYTPEHHEro AaBieHis rasos ypaH u ApyrH p

yHatoT pacnyxatb. [Tox pacryxarues TOHAMAIOT omocmeﬂ:z;ro:ﬂg;
:IEHeHHe ofbeMa SIAEPHOTO TOMMUBAE, CBA3AHHOE C ne'.rrlBe;{mB e
PacnyxXaHne 3aBHCHT OT BEITOPAHHS H Temnep::g}?;m erbpaﬂﬂﬁ,
4ecTEO OCKOJKOB AeNieHHs) Bo3pacTaeT ¢ YBEI euneM  etiopat.
a BHyTpeHHee AapieHyue Iasa — ¢ YBEAHUEHHEM B Hael:c’:m e,
paTypul. Pacrnyxanne siepHOro Tonsiusa MOMeT -ng) B .
HHIO OBOJOUKH TB3Ja. FIAepHOe TOMAHBO Me':Hee. n inmpu o pacriyxe

AU OHO O6najaeT BBICOKHMH MeXaHHUYecC BoicToan
Hmﬁgéne;uqecxnﬁ ypaH xaK pa3 He OTHOCHTCA X Talxggamn;e ﬂlJ)J.EPHO‘FO
TlosToMy NPHAMEHEBHE METaJJan4ecKoro ypaHaBﬂieffﬂ PR i
TONANBA OFpPAHHUHBAET BHrOpanie, KOTOPOE 3
A ana SKOHOMHKHﬁiE?T{:OiSHB?S;;;P:II;};'CK% cBOficTBA TOINUBA

ALHOHHAR CTO . OB
ynyﬁsli}:o;lc;l noc)e JerHpOBaHUA ypaHa, B npoueg;e}o;on*r;}?;r}c{) ﬂ\p};’[;m{_

3 0T HeGOMBIOe KOFUUECTBO MOMHGILeHA, ! L Ipyru
nooaB?IzB Jlernpywoiupe 106aBKQ CHIDKAIOT HALLO Hempoﬂgm enia
ﬁﬁnn éaxaar HeflTpoHa ALepHbIM TOIIHBOM. n;?;;g;{ycgaéop}nor.no-
106aBKH K YpPaBy CTpeMATCA BHISPATb H3 MaTep ,

X HeHTPOHHL. , N
malio(m::opomnﬁ AJepHBIM TOMNHBAM OTHOCATCH HeK—?goﬁgaﬁﬁigﬁae
KHe coeldHeHns YpaHa: ORHCIHI, KapOHIBl }Loﬁﬂqnﬂa T
coenuuennn, Haubonee IMMPOKOE HpHMEHeHHeBneHEH e 800°C:
aeyokuch ypaa UQp. Ee Temmeparypa IUa e pexoon,
nA0THOCTH — 10,2 T/M3%. 