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Bpounopa «AToM M aTOMHOe fiApO» npeicTaBiaser coGoil TeOpeTH-
YecKylo 4acThb paGoThl O CTPOEHHH aTOoMa AOKTOpa (H3HKO-MaTeMaTHue-
CKHX Hayk, Jaypeata JlenuHckolt npemuun C. M. deitnbepra. B 6po-
wIope MONYyJspHO paccKa3biBaeTcs O CTPOEHHH aToMa H aTOMHOro fiapa,
06 HMCTOPHH OTKPBITHS HEHTPOHOB, LeENHOW silepHOM. peakuuH. Uuratesan
y3Haer, YTO CJYXHT MCTOYHHKOM 3HEPrHH, KOTOPYIO 3Be3fibl HeyCTaHHO
M3J1y4aloT B KOCMHMYECKOe MPOCTPaHCTBO B BHle TeNJa M cBeTa; MoJay-
YHT KpaTKHe CBeJeHHs O MpPHMeHEHHH aTOMHOH 3HEpPruH B Pa3JHYHBLIX
OTpacJfix HayKH H TeXHHKH.



PACWIENJNEHUE ATOMHOIO SALPA.
SAAAEPHbLIE PEAKUHH

TeyeHue XIX croneruss ¢u3uka crenana KpynHbie

wary Bnepef. Bbr'n m0Ka3aH 3aKOH COXpaHEHHUS

SHEepPrHH NpH NpeBpalleHHAX BeleCTBa, BbIICHEHbI

MeXaHH3Mbl Nepefayd ¥ paccesiHus TEMJOBOH H Jy-
YHCTOH 3HEpPTUH.

B xonue XIX u navane XX croseTHii HayKa BIJIOTHYIO
AoAoLJa K BONPOCY, OTKYAa YepnaloT 3Be3lbl, B YaCTHOCTH
Hawe CoJHLE, 3HEPrHIO, KOTOPYl0 OHH B (GopMe Temsra H
CBETA HEYCTAHHO H3JY4alOT B KOCMHYECKOe NMPOCTPAHCTBO-

Kniou pnsi pelneHus Obln HailieH He B 3araflouHbIX rJy-
6HHax BCeJIeHHOH, a B THIUX (H3HuecKUx sabopaTopuil npH
H3y4YeHHH CTPOEHHS Me/bYaHIIUX HEBHAUMLIX 3JleMEHTapHbIX
YaCTHL MaTepPHH — ATOMHBIX sjxep-

B koHue XIX Beka TpymaMH MHOTMX 3HAMEHHTHIX yue-
HbIX B QH3HKe yTBEDAHJACh aTOMHAs TeOpHs CTPOEHHs Be-
mecTBa. Bce Tena cocTosiT M3 aTOMOB — npocTeiliHx co-
craBasowHrx Martepuu. Ha 3emse scrpeuarorcs 90 pasauu-
HbBIX BHAOB aToMOB. CaMblif J1erKHH—BOAOPON U CaMbIi TH-
XKeJsblil U3 HHX — ypaH.

B Hayane XX Bexa 610 CA€NAHO elle OJHO 3aMeyaTesb-
HOe OTKDBLITHE: aTOMbI BOBCe He NMPOCTEHILIHe 3JeMeHTapHble
YaCTHILBI, @ CJOXKHbIe 06pa30BaHUsA, COCTOSILNE H3 3JIEKTPO-
HOB M aTOMHBLIX sifiep.

DNeKTPOH — OTPHIATe/IbHO 3apsixKeHHas MeJbuaiimas
YyacTHua BellecTBAa, yAepKUBAeMasi B aTOMe 3JIeKTPUYECKH-
MHU CHJIaMH NMPHTSAXKEHUs K aTOMHOMY siipy. ATOMHOe sipo—
MOJIOXKUTEJIbHO 3apsiXKeHHasl yacTuua MaTtepuu. 3apsan fapa
paBen uucny 37ekTpoHoB. CuenoBaTesbHO, aTOM B UeJOM
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HeHTpaJieH, T. €. OTPHLATeNbHBIA 3apsifl 3JEKTPOHOB KOMIEH-
CHPOBAH II0JIOXKHTENbHBLIM 3apsfioM aTOMHOTo fapa. bwuio
o6HapyKeHo, YTO TOUYTH BCS Macca aToMa Omnpefensiercs
Maccoi aTOMHOrO siipa; B NPOCTeiIeM aToMe BOZOpoAa Co-
JIEPXKHTCS ONHMH 3JEKTPOH, Macca Koroporo nouti B 1840
pa3 MeHbllle MacChl sfpa aToMa BOJOPOAA — MPOCTEHIIero
aTOMHOTO siipa, Ha3bIBAEMOTO [IPOTOHOM.

CTpoeHde aToMa HAaNOMHHAeT CTPOEHHe COJNHEYHOH CH-
CTEMBI: B LIEHTpe PACMOJIOXKeHO TSXKeJ0e MOJIOXKHTeJbHO 3a-
pAXKEeHHOe aTOMHOe SO, KOTOPOE 3JeKTPHUECKHMH CHJIaMH
IPHTSITHBAE€T CPAaBHHTEJbHO JaJleKO PAaCMOJIOXKEHHbIe OTPH-
11aTeNIbHO 3apsi’KEHHbIe 3JIEKTPOHbI, BpAIUAIOIIHECs] BOKPYT
sinpa. Paamep atoma okoso 10—8 ca, a pa3mep aToMHOro A-
pa okoso 107'2 cm. Takum o6pa3oM, aToM IOUTH MYCT, Tak
JKe Kak IOYTH NyCTa coJIHeyHast CHCTeMa.

st Toro uTo6Ll OTOPBATH 3JE€KTPOH OT aTOMa, Hajo yaa-
PHTh [O aTOMy C TAaKOH CHJIOH, 4TOGBl MpPeofONeTb CHJIBI
IIPUTSIKEHUS 3JIeKTPOHA K aTOMHOMY SIAPY.

Kax xe ynaputb atoM? OueHb NPOCTO: HAAO CTOJKHYTb
Mexay coboil nBa atoMa HJH jKe HanpaBHTh NMyUYOK 3JeX-
TpoHOB Ha atoMbl. Coyzapsiicb C aTOMaMH MHLIEHH, 3JieK-
TPOHHI NyuKa OYAYT BLIPBIBAThL 3JIEKTPOHBI H3 aToMoB. Oka-
3bIBAETCSH, YTO He06XO0AHMA 3aTpaTa COBEPLIEHHO ONpeleeH-
HOH MOPLHH 3HEPTHH, 4TOGHl BHIPBATH JEKTPOH H3 aToMa.
CornlacHo 3aKOHY COXpaHeHHsi 3HEepruH, cjlelyeT Ha3BaTh
3Ty NOPLHIO HEPTHH 3HEeprHefi CBA3M 3JEKTPOHA B aTOMe;
3Ta 3HEPTHsl HA3bIBAETCSl TAKKe 3Heprueil HOHH3ALHH aro-
Ma, OTOMY 4YTO, OTOPBAB OTPHLATEJbHBIH 3JEKTPOH OT aTo-
Ma, Mbl o6pa3yeM MOJIOXKHTENbHO 3apSXKeHHBIH OCTATOK, Ha-
3bIBaeMBbIii HOHOM. [lJisi KaxKAOro sJeKTpPOHa Ka)KJIoro aTo-
Ma 3HepPrusl CBSI3H — OSHEPTrHs HOHH3ALUHWH — COBEPLIEHHO
onpejieneHHasi BeJHUHHA; HalpHMep, A5 OTPLIBA 3J1€KTPOHA
OT aTtoMa BOAOPOJAA HYXKHO 3aTpaTuTh 13,54 38 3Hepruu.
Koraa ¢u3ukn HayuyH/IHCh OTPLIBATH 3JEKTPOHEI OT ATOMOB,
OHH 3aJyMa/jHCh HajJ BONPOCOM: Henb3sl JH NOA0GHBIM 00-
pasoM, oueHb CHJbHO yAapss Io siApy, pa3OuTb ero, T. e.
NPOHHKHYTb B TaliHy ero BHYTpeHHe# CTPyxTypum? U Bort
B 1919 rony 3saMeHuThiil auraunfickuit dusuk Pesepdopn Ha-
NpaB/sieT NMOTOK q-YACTHI, pajHsl Ha MHIIEHb, COZepKa-
1yl aToMel a3oTa- [lagas Ha aTOM, 3TH MOIIHble YaCTHIH
pacTaJKHBAIOT 3JEKTPOHBI BO BHENIHHX YacTAX atoMa H
IPOHUKAIOT K CaMOMy LEHTPY — aTOMHOMY fiApy, HaHOCA
nocJiefHeMy COKPYLIHTeNbHbe yaapsl- [Ipu cOAnKeHHH OBYX
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ATOMHBIX fJ€p resMsl H a30Ta, NOCKOJbKY 06a 3TH f1ipa uMe-
IOT TIOJIOXKHUTENbHBIM 3/1eKTPHYECKHH 3apsil, BO3HUKAIOT 3JI€K-
TPHYECKHE CHJbl OTTAJAKHBAHHSA, CONPOTHBJAAIILHECA COMH-
JKEHHIO CTalKuBaloumuxcs saep. Eciau sHeprus Haserawoule-
ro si/ipa resiust JOCTATOYHO BeJIHKA, TO IOCJeAHee mpeojoe-
BaeT CHJY CONpPOTHBJIEHUS OTTAJKHBAHMS, TAK Ha3biBaeMbli
noTeHUHa bHbIH Gapbep, U cOMUKAETCs C SAPOM asoTa.

[1poHHKHYB BHYTpb siApa a3oTa, sAPO TeJIWsl BbI3bIBAET
npouecc, Ha3bIBaeMbll pacluenaeHieM aToMHoro sapa. Cyu-
HOCTb 3TOTO Npollecca CBOAHTCH K SAepPHOMY IpPeBpalUeHHIo,
T. €. BMECTO ABYX HayaJbHbIX siiep reqiuss 4 aszora ob6pasy-
IOTCSl HOBblE aTOMHBIE SIApA BOAOPOAA H KHCJIOpPOAA.

Hrak, B 20-x rogax Haulero cToJeTHst (PU3UKH Peasiu3o-
BaJy APEBHIOI MEUTy aJXUMUKOB, Oe3yCIellHO CTPEMHB-
muxcs Ha#TH «dunocodckuil kaMeHb», cnocoOHBIN NpeBpa-
L1aTh 3JIEMEHThl OAHH B APYTroH.

B nocaeayiomye roasl GU3MKM HAy4yHJIHCh BbI3BIBATH
aHaJIOTHYHbIE SIAEePHbIe NpeBpalieHus y J00bIX AaTOMHBIX
sep; AJas 3TOTO HAAO Jullb NOAOOpAaTh NOAXOAsLIee HaJe-
Tamlee sApo M NPHAATb €My AOMKHyW 3Hepruio. Onucah-
Hble siiepHble NMPEeBpalleHHsl HAa3bIBAIOT AE€PHBIMH PeAKIHS-
MH, aHAJIOTHYHO DEAKUHSIM XUMHUECKHM.

CuMBoJMYeCKas 3aNUCh s1EPHBIX peaKUHil Aesnaercs mo-
no6HO XxMMHYeCKOH ¢opMyne npeBpamenus. Hanpumep,
ONMHCAHHASA BhLIIE PEAKLHUsl TeJHH+4a30T 3anuLIeTCs TakK:

He* 4+ N4 = H! 4 O'7— [,2 M3s.

He — o6o3Hauenue aromuoro siapa reaus, coBnajgarouiee
C XHMHYECKHM CHMBOJIOM 3JIEMEHTA.

CootBerctBedHo N, H u O 0603HauaioT atoMHble sapa
a30Ta, BOAOPOAA H KHCJIOPOAA.

Lluodper 4, 14, | u 17 nasepxy cnpaBa CHMBOJIOB SIAEP
YKa3blBAIOT aTOMHBIH BEeC aTOMHOTO spa.

CnenoBateabHo, aToM He* BueTBepo TsxKejee aToMa BO-
aopona H'; atom asora N'* B yeThipHaAnaTe pas Tskelee
atoma Bojgopoxa H'.

3aKOH COXPaHEeHUs SHEPTHH BLIPAXKAETCH TEM, UTO YUCJIO
1,2 Mss ecTb pasHuua 3HEpPruM CBS3H ATOMHBIX s€D
He* + N u H! + O'. Jra peakuus uaer ¢ NOIJOLIEHHEM
3HEPrHH, Ha YTO YKa3blBaeT 3HAK MHHYC Ilepel YHCJIOM
1,2 Mas.

Jns XHMHYeCKOi peaklUUH BeJHYMHA BHIAENUBLIEHCS WJIH
NOTJIOUIEHHOM 3HEPTHH N3MepPSeTCsl HEeCKOJNbKHMH 3JIEKTPOH-
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BOIbTaMH. B sjepHoli peakuuu BblAeJAETCS HJAH MOTJO0-
L1aeTC HECKOJbKO MHJIIHOHOB 3JEKTPOH-BOJLT SHEpPTHH.
D10 o6bACHsAETCA TEM, 4TO SHEPrus CBA3M XHMHUECKHX coe-
JHHEeHHU} U3MepseTCs AecsiTKaMH W COTHAMH 3J1eKTPOH-BOJIBT,
a >Heprus CBSI3H ATOMHBIX SAep — JecATKaMH M COTHSIMH
MHJIJIHOHOB 3J1eKTpOoH-BoabT. [loaToMy sigepHble npeBpaiue-
HHS BeAYT K BblAeNEHHIO HJH MOIJOLEHHI0 B MHJJIHOHbI
pas 60/bluero KOJNHYeCTBAa SHEPrHH, YeM XHMHUeckKHe Ipe-
BpallleHHsl OMHAKOBOTO KOJHYeCTBa BellecTBa.

Yxe B caMOM Hauaje H3yuYeHHs aTOMHbIX sAep 6bl10 yC-
TAaHOBJIEHO, YTO [Js [QaHHOTO XHMHUYECKOro 3JeMeHTa, Ha-
npuMep AJs BOAOPOAA, B NPHPOAe CyRIeCTBYIOT aTOMHbIe sA-
pa, uMelollMe OAMHAKOBbHIEe 3apsiabl (Ans Bojopoaa +1) H
pasHbie aTOMHble Becd, T. e. pa3Hble MacChl, KpaTHbIe LENbIM
yhcaaM; noMumo sogopoaa H! Bcrpeuaercs Bomopox H2,
aTOMbl KOTOPOTO BABOe TsxeJsee atomos H!. 3to xopouwo
H3BECTHbIH HblHe THXeJbld BOJOPOA, Ha3blBAEMbIH TakKxke
nefitepueM. OH uyacto o6o3Hauaercs 6yksoii D

Pa3Hble mo Macce siapa OQHOTO M TOro e XHMHYeCKOro
3JIeMeHTa, T. e. MMelolllHe OJAMHAKOBble 3apsiibl, MOJYUYHJIH
Ha3BaHHe H30TOINOB.

Okas3saJsioch, 4To y GO/MLUIKHCTBA 3/1EMEHTOB, XOTS AaJjeKkQ
He y BCeX, MMeeTCd [0 ABa WJIH 6osblle H30TONOB. K npu-
mepy, ras ¢rop F'° ogHousoronen, a meraan MoaubaeH HMe-
eT ueJblx 7 H30TONOB — Mo0%, Mo%, Mo%, Mo%, Mo,
Mo%, Mol00,

Jlo cux mop peub wsa o6 ycToiuMBBIX, T. €. HepagHOaK-
THBHbIX H30TOnax. BmocsnenctBuu 6b110 06HAPYXKEHO, YTO
paaHOdKTHBHbIE H30TOMNbI MOTYT ObITb NOJYY€HbI B pe3ynabTa-
Te aTOMHOH# 60MOapAHPOBKH y JIO6LIX 3/JeMeHTOB. ToTr xe
F'9, nogsepruyTbiii 6oM6apaupoBKe AeATpOHAMH, NO3BOJSAET
MOJIYYHTb PaaMOaKTHUBHBIE H30TOn F20,

BoM6apaupys TsKeablli BOAOPOA aTOMaMH TOTO Xe Ts-
JKeJIoro BOOOPOAA, NoJyyaeM SIAEpPHYIO peaKIlHio, HMEWUIyo
60J1bll10e 3HAuYeHHe O/ BO3MOMHOCTH peasd3alHH UWIHPOKO
peK/saMupyeMoii TepMOSIAePHON peaKLHHu:

H2 + H? = H3 + H' + 4 Mass.

[Tpu 3TOoM moJayuyaeM HOBBbIH, PaHOAaKTHBHbIN H30TON BOZOPO-
na HB3, BTpoe Gosiee Tsixkenbiil, Hexenn OObIYHBbIA BOAOPOL,
M Ha3blBaeMblil TPUTHEM.

Ecau 6bl Mbl mpoM3BeNy OYeHb TOYHBIE H3MEpeHHs Mace
M30TONOB [0 CTOJNKHOBEHHSA H MoCJe fePHON peakUHH, TO
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o6Hapyxunu 6bl 3aMeuaTesnbHbll (akT, NpeAcKa3saHHbIH
3HAMEHHTOH TeOpHeH OTHOCHTeabHOCTH JfiHwTedHa B 1905
roAy,—>KBHBAJIEHTHOCTb MaCChl H 3Hepruu. PaccMoTpuMm A
npumepa peakuuio Li7 4+ H!. Banasc 3Toit peakuuu, ee
¢opmyay 3anuuieM B BHIE

Li” + H! = 2He* 4+ E,

rae E — sHeprus, BbigensieMasi B PeakKUHH.

[TycTb MacChl H30TONOB, y4acCTBYIOUIHX B PEAKLHH, €CThb
m(Li"), m(H'), m(He*), Torga okasniBaercs, 4TO cyMMa
Macc H30TONOB N0 PEaKUHH, YMHOXEHHAsi Ha KBaapaT CKo-
pocTH cBeTa ¢2, paBHa CyMMe MacC M30TOMOB MOCJe peak-
MM, TAKXKe YMHOXEHHOH Ha ¢2, nuoc 3Heprus peakuun E:

[mLi") +m (H")]c? = 2m(He*)c? + E.

Aty hopMyJy MOXKHO 3amHCaTb B APYrOM BHJE:
{[m(Li") + m(H')]— 2m(He*) } ¢2 = E.

CaenoBaTenbHO, 5KBUBAJE€HTHOCTh MacChl H 3HEpPruy 03-
Hauaer, 4yTo W3MeHeHHe (yOblJlb) MAacChl NPH ANEPHOH peak-
IIHH, YMHOXEHHOe Ha KBaApaT CKOPOCTH CBeTa, KOJIU4YeCT-
BEHHO PaBHO Bhifle/uBlUeHcs 3Heprud. KMuHbimu ciosamu, uc-
ye3HyBluas Macca nponaJa He 6ecc/efHo, a NOPOAH/IA TOYHO
onpejie/lieHHOe KOJIHYeCTBO IHEPTHH.

Hrak, cMbic1 3aKOHa 3KBMBAJIEHTHOCTH Macchl — 3Hep-
THH CBOJHMTCS K 3aKOHYy NMpeBpalLleHHss MacChl B SHEPTHIO H
00paTHO: NpH NpeBpalleHHH MAcChl M B 3Hepruio obpasyert-
cs sHeprus E, paBHas mc2, ¥ HAao60OPOT, NpH NpeBpalleHHH
snepruu E B maccy oGpa3yercs Macca m, paBHas E/c%

KoHeuHo, npespailleHHe MacCbl B HEPrHio HaH 00paTHO
[IPOUCXOAUT TONBLKO NMPH ONpeleJeHHbIX YCJOBHAX, KOTOpbIe
He pacCMaTpHBAIOTCS B 3aKOHe 3KBHBajeHTHOCTH. Ho ecan
npespauleHde no4eMy-Au60 NpOM3OLLIO, TO BCerga TOYHO
yAOBJIETBOPSIeT 3HAMEHHTOMY 3aKOHY.

B npuBeseHHbIX Bbille peakuusix ocBoboxIaeMas 3Hep-
rus BblensieTcs B GopMe KHHETHUECKOH JHepruH, T. e. Npo-
NYKTbl PeakUHH pas3jetaloTcs ¢ 60JbUIOH CKOPOCThIO.

Bo MHOrux Apyrux siiepHbIX peakKLHsiX 3Heprus npespa-
IIeHHs BbIAEJNSIETCS HEeNOCPeACTBeHHO B (OpMe H3JyyeHHS.

Hanpumep, ecin TpH sigpa rejus CTOJKHYTCS OLHOBpe-
MEHHO, KaK 3TO, BEDOSITHO, IPOHCXOLHT B LleHTpe 3Be3[, Ha-
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3bIBaeMbIX KPaCHBIMM THTaHTaMH, To ofpasyercs sApo H30-
Tona yraepoga-12- Dueprus npespauients B 7,3 Mas Bbide-
Jsietcsl B popMe raMMa-KBaHTOB H3JIYUEHHS N0 PeaKUHH:

He* + Het* 4+ /He* = C'2 + y(7,3 Mas).

710 u3ayueHue obaagaer rpoMaiHON NpOHHKAOLLEH CIIO-
COGHOCTBIO: ¢ ero MOMOLLbIO, HalpUMepP, MOXKHO «IPOCBEYH-
BaTb» CTasbHble OTJIHMBKH MeTPOBOH ToslluHbl. [Ipoxoas ue-
pes3 BelllecTBO, OHO HOHHM3HDYeT MocJelHee, pa3Jjaras TakxKe
XKMHUYECKHe COeJlHHEeHHsI HA UX cocTaBHble yacTd. [lonanas
Ha KHBYIO TKaHb B AOCTAaTOYHO OOJBINHX [03aX, XKECTKoe
M3JlyueHHEe BBLI3bLIBAET Da3JIHUHble HapylleHHsi HOpMaJbHOH
KU3HeJesATeNbHOCTH, Ha3biBaeMble Jy4eBoi 00Je3HbIO.

OTKPbITHE HEWTPOHA

1930 rony Hemeukumun ¢usukamn béte u bekkepon
Obl10 0OHapy:KEeHO, YTO YACTHLBI, HCIycKaeMble pa-
OMOaKTHBHBLIM TOJIOHHEM, najass Ha OepH/aHil HaH
00p, BBI3BLIBAIOT CHJIbHOE NpOHHKAIOLlee H3JyueliHe.

Brauase 310 u3nyueHHe GblI0 HCTOJKOBAHO KaK ramma-
H3JyueHHe, BO3HHKaOLee NPH siaepHoit peakuun. Mpen JKo-
aHo-Kiopy nokasana, uto 370 H3JyueHHe o6saxaer Godblueil
NPOHHKAWLEeH CnocoOHOCTbIO, ueM ADYrHe, B TO BpeMs H3-
BeCTHble BM/bl raMMa-paauoaktusHoctd. Cynpyru JKosuo-
Kropu o6HapyxHuau najee, 4TO 3TO H3JyueHHe CIOCOGHO BHI-
OMBaTh NMPOTOHLI W3 BeLECTBA, copep:Kauiero Bogopon. Ta-
KOBO ObLIO NOJIOXKEeHHe BONPOCA, KOTAa 3THM 3aHSJICH aHT-
Juiickuil Gusnk UeaBHK.

YenBuk Npefnonoxu, uto o6HapyKeHHbIH BHA H3Jyue-
HUsl IIpeaCTasJ/sieT cOO0H NOTOK HOBBIX AJ151 HAYKH HEeHTpaJb-
HBIX YaCTHL — HEHTPOHOB, He HMEIOUIUX 3JIEKTPHUECKOro
3apsifia- OTH 4acTHUbI TEOPETHYECKH OXKHUAAIUCL eue Pesep-
GopaoM, HO 3KCIEPUMEHTAJIbHO He OblIH OGHAPYIKEHBI M0-
CIeHUM.

Benen 3a Tem UeBHK nOCTaBUM Sl SKCIEPHMEHTOB, CO-
BEPLIEHHO OMNpeJeseHHO NMOKAa3aBIIKX, YTO 3TO MPOHHKAIO-
lee U3JyyeHlie COCTOMT M3 HEHTPOHOB M 4YTO Macca HeHTpo-
HOB IIOUTH TAKOBa e, KaK Macca NpoToHoB. BoJjiee mo3anue
u GoJiee TOUHble H3MepeHHs NOKa3aJH, YTO Macca HefATpoHa
Gosbie Maccsl nporoda na 0,0014,

OTKpBITHE HEHTPOHA HMEJNO OrpoOMHOE 3HAueHHe AJs
AePHOI (U3HKM M NOBJEKJIO 3a COGOH Jajeko HAyluue
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caeACTBUsI B 006J1aCTH NPaKTHYECKOTO HCIOJb30BaHHS aTOM-
HOH 3HEPTHH.

HeiiTponsl, He HMelolHe 3J1€KTPUUECKOro 3apsiia, Jerko
NPOHHUKAIOT B BELLECTBO, MOCKOJbKY OHH He B3aHMOJIEHCTBY-
10T (TOuHee roBopsi, OUeHb cJabo B3aHMOAEHCTBYIOT) C
3JIEKTPHYECKH 3aPSIKEHHbIMH 3JIEKTPOHAMH ¥ aTOMHBIMH s~
pamu, 06pa3yoIHMH BeLeCcTBO.

Jlnsi HeATpOHa, ymaBlIero Ha aToM, MOCJeqHHH AeHCTBH-
TeJbHO MOoYTH NycT. TosbKO NpHOJH3UBLIMCL MOYTH BIJIOT-
HYI0O K aTOMHOMY SiApYy, HEATPOH HayHHaeT B3aHMOJEHCTBO-
BaTh C MOCJeAHUM. ITO B3aUMOJeHCTBHE BbLI3bIBAETCH He
3JIEKTPHYECKMMH CHJIaMH, @ CHJIaMu HOBOTO poJa, KOTOpbIE
Ha3bIBAIOTCSl SIAEPHBIMH CHJIAMH, CHJIAMH, [eHCTBYIOUMMH
MeXKJAy HyKJOHaMH.

Benenctsre cual 3/1€KTPHYECKOTO OTTAJNIKMBAHHS K aTOM-
HOMY SIAPY MOTYT NMPHGIH3HTBCS TOJNBKO Te 3apsiKeHHble ya-
CTHLIBI, KOTOPble HMEIOT 3HeprHio B HecKoabko Mas. Haobo-
pOT, He BCTpeyasi 3/1eKTPHYECKHX CHJI OTTAJKHBAHHS, caMble
MelJIeHHble HeHTPOHbI CBOGOJAHO MOAXOASAT BINIOTHYIO K
aTOMHOMY $1Ipy M JIETKO BCTYNAIOT BO B3aHMOJAEHCTBHE, T. €.
B silepHYl0 peakuHio. MeaseHHble HEHTPOHB  BbI3bIBAIOT
SIePHYIO PEakKLHIO NOYTH Ha BCeX aTOMHBIX iApaXx.

B 1934 rony utanbsHckuil yueHnslit PepMu o6HapyxKui,
4yTO, moMeliasi BOJIM3KW MCTOUHHKA HEHTPOHOB MapadHH WJH
BOMY (BELLECTBA, COAepIKallHe BOAOPOL), MOXKHO 3HAUHTEJb-
HO YBeJHYHTb 3 (eKT B3aHMOJEeHCTBHSI HEHTPOHOB C BeLIEeCT-
BOM.- OTo 0GBACHAETCS 3aMelJieHHeM HeHTPOHOB. BwicTphie
HEeHTPOHBI, CTAJIKHBASCh C SAAPAMHU BOAOPONA, TEPSIOT 4acThb
CBOEH 3HEPrHH M IOCJe HECKOJNBKHX TaKHX CTOJKHOBEHHH
CTaHOBSATCS CPaBHUTENbHO MeNJeHHBIMU. BeposiTHOCTh simep-
HOH peakuuu OOJbIUHHCTBA ATOMHBIX f1lep yBeauUHBaeTcs
NPy yMeHblIeHHH 3HEPruM HaJsertawpollero HeidTpona. Hamo-
MHHM UHTaTe/lo elle pas, YyTo BEPOSATHOCTL SAEPHOH peak-
LMK aTOMHOTO sipa C MeAJIEHHO} 3apsKEHHOH uYacTHueH
npakTHYeCKH paBHa HyJ10. Ecau 6w 3To Obl10 He Tak, TO
silepHble PEeaKLUHH NPOUCXOAHNHU O6bl B OTPOMHOM YHCJEe NPH
OGBbIYHBIX, OKPYKAIOIIHX HAc YCJOBHSIX CYLIeCTBOBAaHHs Ma-
TEPHH, Yero, KaK Mbl 3HaeM K3 HAlIero MOBCEJHEBHOTO OIMbI-
Ta, He ObIBAeT.

[lpuBegeM xorsa 6bl TPH MpUMepa sA€PHOH peakUHUH, Bhi-
3bIBaeMoOii HeHTpPOHaMH-

He#iTpon npu coyiapeHHH C TPOTOHOM—$IPOM BOJOPOA,
B GOJIbLUMHCTBE CJIyuaeB, Kak Mbl YK€ FOBOPHJIH, 3aMesseT-
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ca W pacceuBaercs. Ho uHOrRa, ¢ onpelesieHHOH, XOTs H
HeGOo/bILOi, BepOSITHOCTLIO, OH BCTYNaer B fepHOE B3aUMO-
HedcTBHe H BLI3bIBAET siepHYIO PeaKUHio

H! + n! = H? 4 y(2,22 Ma3s).

PesyabraToMm 3TOli filepHO# peakuHH, KaK Mbl BUIHM, fB-
asiercsi o6pa3oBaHHe SiApa TAXKEJI0ro BOAOPOAa—AeHTEpHA
H raMMa-KBaHTa C 3Heprueii B 2,22 Mass.

Ilpu coynapeHny MelJIeHHOTO HEHTPOHA C M30TOMOM 6O-
pa-10 Bo3HHKaeT sAepHas peakuus, uayiuas no dopmynae

BO4n!'=Li"+He*+2,8 Mass,

T. e. o6pasyercs H30TOM JHUTHA-7 U PO resus (a-4acTHua).
ITpoayKThl peakuuH pasJjeTaloTcs ¢ 60JbLIOH CKOPOCTbIO, KH-
HeTHYyecKas 3Heprusi pasJjera AOCTHraer 2,8 MHJJIHOHA 3JeK-
TPOH-BOJILT-
HHtepecHoli siBAsieTcs siiepHas peakuus, HAoyuias mno
tdopmyse
Li5 + n! = He* + H?® + 4,8 Mas.

B 3Toii peakuun u3oton JAuTHS-6, COETUHHBLIHCL C HEHTpO-
HOM, o6pa3yeT aTOMHOe PO reJHst 1 aTOMHOE PO CBEpX-
Txesaoro Bojopoda H3, HasbiBaeMoro TpuTHeM. Pasnunua
3HepIruH CBA3H peanusyercs B hopMe KHHETHYECKOH 3HEPTHU
pa3JieTa NpOAYKTOB silePHOH peakuHH.

[1ponukalowas cnocoGHOCTb HEHTPOHOB, OCOGEHHO GBICT-
pPblX, oueHb BenHKa. HeHTpOHBI, MMelolLIHe 3HEPTHIO OKOJO
3 M3, NpPOHHKAIOT B 3aMETHBIX KOJMYECTBax yepes GeTOH-
Hble CTEHBbl TOJLIHHOH B 2 M.

[Tonanas B Teno yenoBeKa HMJIH XKUBOTHOTO, HEATPOHHI
BHI3bIBAIOT OYEHb CHJbHYI0 OGHOXMMHYECKYIO Deakluio, Be-
NyWYyo K pacrnany TKaHed.

CTPOEHHE ATOMHOTO AJPA

TOMHOe fPO COCTOHT M3 MNPOTOHOB M HEHTPOHOB.
Macca aToMHOro sapa pasHa cyMMe Macc OpoTO-
HOB H HEHTPOHOB.
YHcno NpPOTOHOB B spe PAaBHO MOJOXKHTENBHOMY
3apsly aTOMHOrO sfpa: OHO COBMAAaeT C HOMEPOM 3JeMeH-
Ta B MepHoAH4YecKod cucteMe anemenToB [I. M. MeHnneneena.
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Yucno HEHTPOHOB paBHO Pa3HOCTH MeXJAy aTOMHbIM Be-
coM (A) u uuciaoM npoToHoB (Z): YHCNO HEeHTPOHOB PaBHO
HYJI0 B CaMOM JIETKOM aTOMHOM sinpe — sape sogopona HY,
KOTOpPbIH COCTOHUT M3 ofHOro npoToHa. [le Mepe Bo3pacTaHus
ATOMHOTO Be€ca B fiApe MOSIBASIOTCS HEHTPOHBI, M YHCJIO HX
BO3DAaCTaeT HECKOJIbKO GbICTpee, 4eM YHCJO NMPOTOHOB- Y Jer-
KHX A/lep, HaUWHAs C Tesus, YHCJI0 HEeATPOHOB PABHO YHCHY
nportoHoB. [1pu6ausutensvHo nocae ¢ocdopa 4HcAO HEHTPO-
HOB B aTOMHBIX silpax HAYHHAaeT NpeBbIIIATb YHCAO NPOTO-
HoB. I/ aTOMHBIX slep 3J€MEHTOB H3 CePelHHbl TalJHIbI
MenpeneeBa uucio He#iTpoHos Ha 15—20 Gosblue, yeM YH-
CJ10 MpOTOHOB. [N 37eMeHTOB M3 KOHuUa Tabauus Menne-
JeeBa M3GLITOK 4YHC/AAa HEATPOHOB Haj YHCAOM [POTOHOB
npesbimaer 50.

CooTHoueHHe MeXJay YUCJIOM HeHATPOHOB M INPOTOHOB B
aTOMHBIX fi1pax onpefensieTcs YCJAOBHUSIMH YCTOHYMBOCTH:
€CJIH 3TO COOTHOUIEHHEe M3MEHHUTb, HampuMep n06aBHTb K
aTOMHOMY fI1PY HECKOJbKO HOBBIX HEHTPOHOB WJIH NMPOTOHOB,
TO aTOMHOe PO CTaHeT HEeyCTOHUHBHIM — PAAMOAKTHBHEIM
u 6yner MCIycKaThb H3Jy4eHHe IO TeX Nop, NoKa He NMpeBpa-
THTCS B YCTOHUYHMBOE AAPO.

CrpoeHne aTOMHOro sigpa AOJroe BpeMs OCTaBajoCh 3a-
ragouHsiM. M cefiuac MHorue metanu ero CTPOEHHsi HaJeko
ellle He MOJNYYHJH NONHOro obbsicHenus. KpymHbifi war B
NMOHMMAHHHK OCHOBHBLIX 3aKOHOMepHOCTeH saaApa Obl1 caenaH
3HaMeHHTHIM gatckum dusukom bopom B 1936 rony.

Bop npeanoxna Tak Ha3biBaeMylo KaneJjbHylo MOJENb Al-
pa. HaBectunii coserckuii ¢usuk . U. dpeHkenb Takke
MHOro caenan aJas o60CHOBAaHHS 3TOM MOOENH.

[NpencraBbTe ce6e ray6oxyio TapenKy, Ha QHe KOTOPO#H
Haxoaatcs Z uepHbix U N Geabix WapoB OAMHAKOBOH BeJsH-
uyHbl. Yepuble wapel 6yayt u3obpaxats co60i NpPOTOHEHI, a
6enbie — HEATPOHB Bce 1Wapbl HAXOAATCA B HENPEPBLIBHOM
IBHKEHHH — OHH CTAJKHBAIOTCH MexAy co60#i M, yaapsfach
o 60pTa TapenkH, Bo3Bpaulatorcs o6paTHo Ha ee aHO. bopra
TapesJKH HMHTHPYIOT NOTEHUHaJbHbIE Gapbep, NMpensiTCTBY-
IOIIHA HYKNOHAM Da3neTaTbCs BO Bce CTOPOHBI. [1poTOHHI
HMEIOT INIOJIOXKHTEJbHbIH 3JeKTPUUECKHH 3apsaa ¥ OTTaAKH-
BalOTCA APYT OT APyra, HaXxomsChb jAax<e Ha GOJbLIHX pac-
CTOSHHUAX.

He#iTpoHsl 3/71€XTpHUECKH HEHATPANbHL M B3aHMONEHCTBY-
10T C APYTHMH HYKJOHAMH TOJbKO TOr4a, KOrla pacCTOsHUE

11



MeXIy HHMH MaJo: 3TH CHJIBl B3aHMONEHCTBUsI HA3bIBAKOTCS
sIIePHEIMH.

Ecau 6b1 B siipe ObLIM TOJNBKO OLHH NPOTOHBI, TO BCJEN-
CTBHE 3JIEKTPHYECKOTO OTTAJKHBAHHSI OHH BCe pasJjeTeJHChb
6bl B pa3Hble CTOPOHBI, MOTOMY UTO sIIEPHBIX CHJI NPHTSXKe-
HHsL MeX1y HuMH ObLIO Gbl HepocTatouno. He#Tponst ¢ mo-
MOILbIO CBOHX KOPOTKOAEHCTBYIOIIHUX SAEPHBIX CHJ IPHTH-
EeHHUs CBA3bIBAIOT NPOTOHBI BHYTPH aTOMHOTO siipa. YCTOH-
YHBOE COCTOsIHHe BO3HMKAeT TOTAa, KOTAa YHCJI0 HEHATPOHOB
Kak pa3 JAOCTAaTOYHO JJsi TpPeoJOoJeHHs OTTaJKHBAIOUIHX
3JIeKTPUUECKHX CHJ TIPOTOHOB. [IpeAnosnoKuM, uto APO Ha-
XOAHTCS B CTALHOHAPHOM YCTOHUMBOM COCTOSIHHH. DTO He
3HAUMT, UTO BHYTPHU s1pa HYKJOHBI HenmoaBHxKHEL. Haobopor,
OHHM HaxOISTCs B HEYCTAHHOM JBuKeHHH- Ho 3To ABHKeHHe
OrpaHHueHO npejesaMH MoTeHuuanLHoro 6aprepa — GopTa-
My Tapesaku. [1ycTh U3BHe HA sAApO Majaer sigepHash YacTH-
na, HanpuMep npoToH- Ecau 3Heprus (cxopocTb) NPOTOHA
HeJJOCTaTOYHO BeJNHKA, TO OH He CMOXKeT NpeoaoJeTs (mepe-
CKOUHTb) MOTEHUHAJbHBIK 6apbep H OTCKOYHT OT HEro, T. €.
npousoiifer paccesiHue. Ecin 3Heprus npoToHa AOCTaTOUHA
IJs1 IpeojosieHus 6aprepa, TO OH IpeojoJieeT 3Ty Nnperpany
H NPOHUKHET BHYTPb A]pa, T. €. OKaXKeTCs Ha JHE TapeskH.
BosHuKaeT HOBOe COCTOSIHMe siipa. JITO HOBOe COCTOSIHHE
Ha3blBaeTcsl BO30YKAEHHBIM B OT/IHUHE OT NPEXHEro CTaluo-
HapHoro. [eno B TOM, UTO BHOBb 06pa3oBaHHOe sADO, CO-
aepxaniee Tenepb A+ 1 HYKJIOHOB, HMeeT H3OBITOK 3HEPTHH
IIPOTHB TOH, KOTOpasi COOTBETCTBYEeT CTALlHOHADHOMY aTOM-
HOMY s1pY, comepikaileMy B ce6Ge Takoe xe uucio (A+1)
TAaKHX K€ HYKJIOHOB.

STOT U3OLITOK 3HEPTHH NPOSIBASETCA B TOM, YTO HYKJO-
Hbl B BO30YXKAEHHOM siipe ABHXKYTCS B CPEJHEM HECKOJbKO
6bicTpee, ueM B crauuoHapHoM. Cpenu GecrnpepbIBHBIX CTOJ-
KHOBEHHH, NMPOHCXOASILIMX MeXIY HYKJIOHaMH, CJydyalHO
BO3HUKAIOT TaKHe CHTYalHH, KOra KakoH-1HO0 HYKJOH, Ha-
xoaswuiicas B6au3n ot 6opta TapeskH, npuobperaer 60Jb-
IWyI0 CKOPOCTb, JOCTATOYHYIO AJIsi TOTO, YTOOBI NPeoaoJeThb
6apbep. Takum o6Gpa3oM, BO3OYKAEHHOe SAPO MOXKET Iie-
peliTH B CTAlHOHAPHOE COCTOSIHHE, HCIYCTHB OJUH U3 HYKJO-
HCB [Ipyras BO3MOXHOCTb H30aBHTbCS OT JIHIUHEH 3Hep-
I'HH — SHEPTruH BO3OYXKAEHHS — 3aK/I0UaeTcst B HCNYCKAHUH
raMMa-KBaHTa: 3JEeKTPHUECKH 3apskKeHHble NPOTOHHI B3a-
HMOJENCTBYIOT C 3JIEKTPOMATHUTHBIM T0J1eM H3JyueHHs BO-
KPYT s11pa 1 CNOCOGHE! NOPOAHThL TAKOil raMMa-KBaHT.
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OTKPbLITHE AEJEHHSA AAPA

e npu nepBbix HaGaogeHusix Pepmu B3auMonei-

CTBUSI HEHTDPOHOB C sfi[paMu ypaHa Gbl10 3aMeyeHo

nosijieHve GOJBbIIOTO KOJHMYEeCTBA PaJHOaKTHBHBIX

sanep. OQHaKo npupoAa 3TUX sjep OcTaBaJjach He-
uspectHoi. B 1938 roay Hemuam [any u lltpacmany, mpo-
BEALIMM TPyJOEMKHe M TUlaTe/bHble HCC/eJOBaHHS MO pa-
NHOXHMHYECKOMY pa3je/IeHHI0 NO0JYYaeMblX PaJHOaKTHBHBIX
f/lep, yAaaoch CAeNaTh [OPAa3HTebHOE OTKDPHITHE: BHOBb
oGpa3oBaHHble BelleCTBA BOBce He O6/u3KY MO 3apsaiy aapa
K ypaHy, 4TO CYHTaJO0Ch CaMo COGOi pa3yMeroluMes; Hao060-
pOT, 3TO 3JIeMeHTHl, pacnoJioKeHHble B cepeJHHe MepHoJHYe-
ckoit cucreMbl Menaeneesa. Ascrpuiickue ¢uauku Ppuir u
MeiiTHep 0OBACHHIM 3TH (aKTbl KaK NPOLECC COBEPLIEHHO
HOBOTO THNIAa — JleJleHne sapa.

BHayase TeopeTuku 6blsM BeCbMa 03ajayeHbl, HO BCKOpe
coo6pa3suny, 4To 3P PeKT aejeHUs Apa CeA0BaJO0 0XKHAATh
Ha OCHOBAHHH TOi caMoii KaneJbHOH MOJeNH siipa, KoTopas
uMH 6bla pa3BuTa paHblle. Yxke B 1939 roay coBeTcKuit
yueHblit 1. M. ®peHkeab ony6JaHKOBal TEOpHIO JeJsleHHs
Aa7pa ¥ noutd ojHoBpeMeHHo Huabc Bop u Yunep takxe
paccMoTpeJH 3TOT BONPOC.

[Tpu najgenun HeliTpoHa Ha TsKesNOe aTOMHOe s1ApO, Je-
)Kauiee Ha rpaHule YCTOHYHMBOCTH, OH NPOHHKAET BHYTPb
spa MHUILEHH, H BHOBL oGpa3oBaHHoe siipo A+1, Kak Mbl
3HaeM, NPUXOAHT B B0o30yxIeHHoe cocTosive. OjJHaKo B
OTJIHYHE OT BO36YXKAEHHOTO COCTOSIHUS Ha SApax, AajeKHX
OT TPaHHUBl YCTOHYMBOCTH, MOSIBASIETCA HOBAsi BO3MOX-
HOCTb: BO30yX/JeHHOe AP0 NPUXOJAUT B COCTOSIHHE CHJbHBIX
KosneOGaHuii ¢popMbl, B pe3ysnbTaTe KOTOPHIX OHO MOKET pac-
nacTbCsi Ha [Be HepaBHble YACTH; OCKOJIKH OTHOCSATCS IO
Mmacce npHUMepHo Kak 2 : 3.

B kauecTBe mpoAyKTOB JeseHust 06pa3yloTcs, Hanpumep,
cjefylouiye napol: 6poM-naHTaH; pyOUAMH-Le3ull; CTPOH-
IHHA-KCEHOH; UTTPHUH-{0a; HUPKOHUHA-TeNyp; HUOOHH-CypbMa
H T I

OckosKU JleNleHH s pasJieTaloTcs ¢ 60JbIOH CKOPOCThIO, H
HX KHHeTHYecKas 3dHeprus pocturaer 170 Mas.

B sapax ypaHa-238 oTHolueHHe yHCJa HEHTPOHOB K UH-
CJly pOTOHOB cocTaBaseT 146 :92 = 1,69 : 1. B cTrabuabHbIX
M30TONax NPOAYKTOB pacnaja 3TO OTHOLIeHHe 3HAaYHTeJbHO
MeHblle, HanpuMep y pyouaua-85 ono paBHo 48:37 =
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= 1,30 : 1. CnenoBat2nbHO, OCKONIKM BHayaJle HMeEIOT Cylé-
CTBeHHbI)i H36LITOK HEHTPOHOB MO CPABHEHHIO CO CTaOHJb-
HBIMM sgpaMu TOi ke Maccol. [TosToMy HeycTOHuHBbLIE, Me-
pechbllleHHble HEHTPOHAMHK SiAPA HCMBITHLIBAIOT PagHOAKT:iHB-
Kbl B-pacnaf, T. e. OHM HCMyCKalOT 3neKTpoHsl Ilpu Kax-
JAOM HMCNYCKaHHM 3/7eKTPOHAa OAMH M3 HEHTPOHOB NpeBpa-
1aeTcs B NMPOTOH, M 3apsAl Adpa BO3pacTaeT Ha eOHHHULY.
[Ipu 3TOM COOTHOMIEHHE MeXIy YHCNOM HeHTPOHOB H HHC-
JIOM NpPOTOHOB y6biBaeT U npub/HKaeTCad K 3HAYEeHHIO, COOT-
BETCTBYIOLIEMY CTA6MJIbHOMY COCTOSIHMIO aTOMHOTO filpa ¢
naHHOH Maccoi. HeTpynHo 3amMeTuTb, 4TO Anst TOTO, 4TOOBI
YMEHbIUUTL COOTHOLIEHHe YHCJ/]a HeATPOHOB K 4HCAy MpO-
ToHOB ¢ 1,59 10 1,30, Heo6XoaHMO, 4TOOLI B KaXKHAOM OCKOJ-
Ke 0KOJIO 4 HeHTPOHOB mpeBpaTHANUCL Gbl B 4 mpoToHa. [lo-
3TOMY OCKOJIKM [eNeHHs MOPOXAAKT ueNble UENOYKH H3
4—6 nocnenoBaTeNbHbIX NPEBPALIEHUH, Npexae YeM OHH
nepeiayt B craGuabHOe COCTOSIHHE,

OTKPBITHE HENHOA SAAEPHOA PEAKLUHH

0, ObITb MOXeET, CAMbIM 3aMeyaTeJbHbIM, C TOYKH
3peHHs BO3MOXKHOCTH NPAKTHYECKOro HCI0Jb30Ba-
HHSl aTOMHOH 3HEPrHH, OblJIO OTKPbITHE HCMYCKaHHS
ObICTPLIX HEHTPOHOB B Mpouecce neJeHHs sapa-

[Ipu Hauane pasneTa OCKOJNKOB H3 HHUX BBHINET3eT He-
CKOJIbKO OBICTPbIX HEHTDOHOB, HMEIOUIHX 3HEPrHI B Cpeld-
HeM okoJsio 2 Mse-

Kak Tonbko B 1939 roay cran ussected hakT CyllecTBO-
BaHUs HEHTPOHOB Je/IeHHs W CTaN0 W3BECTHO, YTO HX YHCJIO
Gosiblie 2, HeMeNJIEHHO MHOrHe GHU3MKM MOHSIH, YTO Cyule-
CTBYIOT YCJOBHSI /5l Da3BUTHS ULENHOH - IIEPHOH peakuHH
OeJleHHsl U BbICBOOOXK/IEHHS Npil ee NMOCPeACTBE OrPOMHOrO
pe3epByapa BHYTPHAaTOMHOH 3HEPTHH.

OnHMMH U3 nepBbIX BLICKA3AMH 3Ty MBIC/b BbiA3OUIHECH
coBetckue yuenble M. B. Kypuartos, 1. b. 3eabnosuu, 0. b.
XaputoH, ony6aukoBaBliKHe B TOM Ke 1939 rogy craTbH, B
KOTOPBIX NaBasoCh NPHHUKHNHANAbHOE 060CHOBAHHE SLEPHOrO
peakropa.

UTo Takoe ueNHOW sdepHblil npouecc?

[NpenctaBum cebe OueHb GOJbIIOH KYCOK Oensiierocs
M30TONa, HanpuMep coepuyeckoe Tesao, CAENAaHHOE H3 ypa-
Ha-235. [JonyCTHM, 4TO B HEM HET HEeHTPOHOB, KpOME OLHOTO
€IMHCTBEHHOro. JTOT HEHTPOH BOHAET BO B3aHMOAEHCTBHE
C KakuM-1u60 aa1poM ypaHa-235 u BLI30OBET B HeM JefeHHe,
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Torna, Kak Mbl 3HaeM, o6pasyerca V HoBbIX HeiTpoHOB. C
KaXIbIM H3 HHX MOKET MPOH30HTH TO XKe, YTO H C MEPBLIM.
Tak Kaxk HOBbIX HEHTPOHOB yXe He ONHH, a V, TO B TpeTbeM
nokoJieHun o6pasyercs yxe V2 HeHTPOHOB.

Kaxnoe npeaeiayliee nokoneHne HeHTpoHOB OyleT cMe-
HATbCS MOCJEAYIOUIHM, MPHYEM YHCIO HEeATPOHOB B 3TOM
cleaylouleM mokoseHuH Gyaet B V pa3 Goablue, yeM B npe-
ObIAYLIEM.

Sto JnaBHHOOGpa3HOe, cTeNeHHOe HapacTaHHe H Ha3sbl-
BAeTCs LEMHBbIM siIePHbIM MPOLECCOM.

Ha caMoM pene uenHoii mpoiuecc pa3BHBaeTCsi He CTOJb
GBLICTPO MO ABYM NMPHYHHAM: BO-MEPBBIX, HE KaXXAKIH 3aXBaT.
HeHTpOHA COMpPOBOXKIAeTCx AeJleHHeM; BO-BTOPHIX, BcJed-
CTBHe OrpPaHUYEHHOCTH Pa3MepoB AeJsllerocss Tejda 4YacTb
HeHTPOHOB BbLINIETAeT HApyXKy H TakuM obpasom Tepsercs
ANsl UMKJA BOCIPOH3BOACTBA HEHTPOHOB.

Kak Tonbko 3TH ¢aKThl CTa/H H3BECTHBIMH H HX MPaKTH-
4yecKoe 3HauyeHHe ObIO OlLEHEHO, BO BCeX CTPaHax BCAKHE
ny6MHKalKK U HCCJef0BaTebCKHe PaboThl 110 SAEPHBIM pe-
akTopaM OblIH TLLATeJbHO 3acekpeyeHbl. [loog mokpoBoM
TailHB! pa3BepHyJ/IOCh HANpPsXKeHHOe CCpPeBHOBaHHe, MoACTe-
rHBaemMoe Hauasllefics BTOPOH MHPOBOH BOHHOIL.

B 1942 rony B6sn3u Unkaro 3HaMeHHTBbIl HTAJbSAHCKHI
¢usnk DepmH «3axer» nepByl0 UEMNHYI0 SiNEPHYI0 peak-
LHIO.

Bckope M. B. KypuaToB «3axer» nepsyio Ha KOHTHHEHTe
Espasuu uennyio sizepHyio peakiuio. ATOMHas 3noxa Ha-
yanach.

OTKYJAA MEPNAIOT 3HEPTHIO 3BE3JbI?

OXeM JIH MBI Tenepb OTBETHThL HA BOMPOC — OTKYyAa
qupnalm 3Be3lbl, B yacTHOCTH Haue CoJiHlue, 3Hep-
THIO, KOTOPYIO OHH B opMe Temnsa H cBeTa HeycTaH-
HO M3J1YYalOT B KOCMHYeCKOe NMPOCTPaHCTBO?
H3BectHo, uto CosHlle eXeceKyHAHO HCMYCKAeT 3HEePTHIO
u3nyuenus, pasuyio 0,9 102 kxas. B 3eMHBIX yCIAOBHSX AJsi
noJyyeHHsi Takoi 3Hepruum Hago cxeub 0,8-10'6 7 HedTH.
Macca ConHua paBia 2-10% r. CaenoBaTenbHo, ecaH Gbl
sHeprus CoJHU@ 6h1a XHMHUECKOTO NTPOUCXOXKIAEHHS, TO ee
3anac 6bia1 6l HcTpadyeH B Teuenue 0,8 - 10* get. Moxuo no-
MycTHTb, 4TO 3Heprusi CosnHUa HMeeT APYroil HCTOUHHK —
rpaBHTALHOHHBIH, T. € 3HEPTHIO, 0CBOGOXKAAEMYIO NpPHU CKa-
THH TSTOTEIOLIHX Macc.
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3anacel TpaBHTALMOHHOM HJIH XHMHYECKOH 3HepPruH
Connua obecneunau Gl ero JAeHCTBHe B NMPOAOJKEHHH Me-
Hee 106 ner. Ha camom pmene CosHue 6e30CTaHOBOYHO «pa-
6oTaeT» yxKe HeCKOJbKO MHJJIMAPAOB JeT.

To, uro Bepro mas CosnHua, BepHO H Aast GECUHCACHHBIX
MHJIJIHADJAOB JPYTHX COJHI — BHIHUMBIX 3Be3[, 3aNOJHSI0-
IMX HAUly BCEJEHHYIO [0 IPaHHIl KOCMOCA, KOTOPhIX AOCTH-
raeT B30D YeJIOBEKA, ThICIUEKPATHO YCHJIEHHBIH TMTaHTCKH-
MH TeJeCKONaMH.

OTKyZfa Ke uepmaioT 3Be3[bl 3TH OrPOMHble 3anachl
Hepruu?

H3yuas crpoenne 3pe3g u CosHLE, aCTPOHOMBI — TOUHEE
roBOps aCTPO(H3HKH — YCTAHOBMJIH, UTO BHYTPH 3Be3A A0J-
XKHBI CYLIeCTBOBATh OTPOMHBIE TEMIEepPaTyphl M JaBJeHHs,
NOXO[sHe A0 HAeCATKOB MUJJHOHOB T'DAAYCOB M MHJJIHAp-
0B aTMocdep.

BesiencTBie BHICOKHX TeMIlepaTyp aTOMHbBIE siipa BO BHY-
TpeHHux obsnactax CosHlla U 3Be3[ ABUTAIOTCH ¢ GOJMbIIMMHU
ckopocTsiMH. MHBIMH CJIOBaMH, OHH UMEIOT SHEPTHI0 NOPS-
Ka HeCKOJbKHMX TbICSY 3JEeKTPOH-BOJILT. XOTSl 3Ta 3JHEPTHA
elle MHOTO HUXe silepHoro 6apbepa, 0OfHAKO C OUeHb MaJloH
BEDPOSITHOCTBIO, T. €. OUeHb PEeAKOo, fiepHble MpeBpalleHus
BO3MOXHBI y2Ke H NPH TaKoi anepruu. ITockoabky 6aarona-
psi 60JblIOMY HAaBJEHHIO M TEeMIepaType aTOMbl B 3Be3/lax
CTaJIKMBAIOTCS C KOJOCCAJbHON 4acTOTOH, 3TH pedKHe siep-
Hble peakKL MM NMPUBOASIT K BBIJAEJNEHHIO TPOMAaRHOH 3HEPTHH,
KOTODPYIO H3Jy4aloT 3Be31bl B IPOCTPAHCTBU. JTa 3HEPrHus B
OCHOBHOM MOJIy4aeTcsl 3a CUeT CJAHSHHS JETKHX 3JeMEeHTOB,
a MMeHHO 3a cueT Rpeo6pa3oBaHHUsl BOJOPOLA B resHH.

Ilpu coenqnHeHNH 4 MPOTOHOB B ORHO SIAPO rejius Pas3HH-
1A Macc JOJIKHA H3JYUYUThCs B (hOpMe 3HepruH, paBHOH IO
3aKOHy 3iiHwTeltHa mc? = 28 Mss-

Takum 00pa3oM, HCTOUYHUKOM 3HePrHH OGOJIbIIHHCTBA
3Be3/l SIBJSIETCH TepMOsiAepHAasi DeaKlHsi CHHTe3a TesHs H3
BOJIOPOAA.

OCHOBHbIE NPHMEHEHHSI ATOMHON 3HEPIHH

pHMeHeHHe aTOMHOW SHEPTHH YAHBHTENbHO MHOT000-
pa3Ho. CTost Ha mopore aTOMHOTO BeKa, Mbl Jlaxe He
NpejCcTaB/sieM elle BCeX BO3MOKHOCTEH HCI0Mb30Ba-
HHSI HEPTHH aToMa. B 3TOM HanpaB/eHHH CAeJNaHbl
Jullb nepBble po6kue warn. C KaxAbiM JHEeM 3Heprusi aro-
Ma BCe LIHpe IPOHHKAET B caMble pa3Hoo6Gpa3sHble cdepnl ae-
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ATENbHOCTH yesioBeKa. M Bciogy oHa Cy/JHT PeBOJIOUHOHHbIE
H3MeHeHHs.

HauHeM ¢ uccne10BaTeNbCKHX SAEPHBIX PeakToOpoB. ITO
siAePHblE pPEeaKTODbl, HCIIOJb3yeMble KaK MOIlHbI€ HCTOYHHKH
H3JyYeHHs1 HeHTPOHOB JJis LieJiell SKCIePHMEHTAIbHOrO H3Y-
YyeHHUs] UIMPOKOro Kpyra BONPOCOB (PHU3HKH fAApPa, CTPOEHHSA
TBEPAOTO Tesa, paAualOHHOH XHMHH, TEXHHUECKHX 3aaad
PEaKTOPOCTPOEHHs, GHONOTHYECKOro AEHCTBHA H3JNyYeHHS H
JJ19 TIOJIYYEHHS] HCKYCCTBEHHBIX PaHOaKTHBHBIX H30TOMNOB.

B uccnenoBarTenbCKiHx peaKToOpax MOXKHO HCIBITHIBATH Ha
JUIHTENIbHOE 00JyYeHHe LieJible y3Jibl, COAEpKalliHe TenJ0BbI-
JeJsIolIHe 3JeMeHThl SiIePHBIX peaKTOPOB B YCJOBHAX, KO-
TOpBIE 110 AABJEHHIO, TeMIepatype H BHAY TeIJIOHOCHTEJs
COOTBETCTBYIOT YCJOBHSIM 3KCIVIyaTalHH B 3HEPTEeTHYECKOM
peakTope.

ATOMHBIE peaKTOpnl SABJASAIOTCS GeCnpHMEPHO MOIUHBLIMH
HCTOYHHKAMM NPOHUKAIOLIEI0 H3JyueHHS H paJHOaKTHBHBIX
u30TonoB- [TocsieaHHe B KauecTBe MeYeHbIX aTOMOB npHobpe-
TaloT BCe OoJiblllee 3HAYEHHE KaK YpPe3BbIYAHHO pPa3HOCTO-
pOHHEee W MOILLHOe CPeACTBO HCCJIeJOBaHHs NpobJeM, paHee
COBepLIEHHO HeLOCTYIHBIX.

IMoab3ysich XHMHUYECKOl GJH30CTBIO PaRHOAKTHBHOTO H
HEepaAHOaKTHUBHOTO H30TONOB JAHHOIO 3JieMeHTa, MOXHO,
NOYTH He H3MeHsAs XUMH3Ma H3yyaeMOro Ipolecca, BBOJHTb
HHYTOXKHble MO KOJIMYECTBY, HO JIeTKO OOHapyXKHBaeMble
YYBCTBUTEJNIbHLIMH CUETYHKaMy J0OaBKH U HCCJAEJ0BATh NPO-
TeKaHHe XUMHUYECKHX HJIH OHOJIOTHYECKHX npolieccoB. TakuM
o6pasoM, B CoBerckoM Coi03e yKe MOJyueHbl YPe3BbIYANHO
HHTepeCHble pe3yJbTaTbl, 4YaCTO ONPOKHABIBAIOIIHE paHee
CJIOXKHUBILIHECST BO33peHHsI. DTHM CIoco60M HCClIeAyeTcs KH-
HETHKAa MHOTOYMCJICHHBIX XHMHUYECKHX, AH(DQY3HOHHBIX H
TEXHOJIOTHYeCKHX npoueccoB. B Haweii cTpane paspaboTaHbl
pas3nuyHbple METOABI CKOPOCTHOI'O XHMHYECKOT0 aHasu3a Tex-
HOJIOTHYECKOTo npouecca, He Tpe6GyIOLEero B3sTHS Npo6: Me-
TOAbI H3MEPEHHsI CKOPOCTH M MOTOKAa I'a30B H XKHAKOCTEH,
BJIAXKHOCTH BO3JyXa U MHOroe TOMYy nojpo6Hoe.

Oco6GeHHO HHTepecHa BO3MOXKHOCThL HCCJAEIOBAHHS KHHe-
THKHM npolieccoB o6MeHa B XKHBOM OpraHm3aMe 6e3 BCSIKOTO
HapyleHusi ero HOPMaJbHOH xXu3HeAesiTeNbHOCTH. IloTok
HCCJIEN0BATENbCKHX paboT Takoro poja 6uictpo pacrer. Cio-
Jla NpUMBbIKaeT JHaTHOCTHKA GOJe3Hel C MOMOLbI0O MEUEHBIX
aTOMOB, HanpHMep AMarHOCTHKA H JieueHHe OOJie3Heil LHUTO-
BHAHOI »Kese3pl M AHArHOCTHKA ONMyXOJieH TOJIOBHOTO MO3ra

i7



C TTOMOILbIO PaJHOAKTHBHOINO HOLA; pafHOAKTUBHEIA docdop
no3BoJsier yao6Ho HabaonaTh NMPOLECCH, npoTexaiolue B
KPOBH, B TOM YHUCJIe ee LUPKYJALHIO, a TaKKe HAHTH METOALI
JIeUeHHs: KPOBY; PAJMOAKTUBHBII HATPHil YCIEIIHO HCIOJb-
3yercsi /sl M3yuyeHHs] KPOBOOOpPALIEHHUS] M ero naTojoruye-
CKHX OTKJIOHEHHUH.

PannoaxkTuBHBle H30TONBI LIMPOKO NPUMEHAOTCHS A
KOHTDOJISI TEXHOJOTHYeCKHX IIPOLECCOB B HAalIel NPOMBIII-
JIEHHOCTH. Paspa6oraHsl
METO/bl KOHTPOJISi TOJIIHH
U IJIOTHOCTEH MaTepHaJos,
ypOBHEH XUAKOCTedl B 3a-
KPBITBIX cocyjpax, JMAa.jie-
HUSI; TaMMa-aedeKTOCKONus
CKDHITHIX NOPOKOB B OTJIMB-
Kax ¥ NOKOBKax, He(eKToB
CBApHBIX LIBOB H T. I. IpH-
obpesa IIHPOKOE MpUMEHe-

HYe B MeTaJJypruu.
ITponukalouiee usmyue-
HHe, HMCTOYHUKOM KOTOPOTO
SIBJISIOTCS PEaKTOPH U pa-
JHOH3OTONBI, TAKKE HMeer
Famma-nanyuenne kak cpemctso B Gosee MHPOKyIO 0G-

KOHTPOJIt B  npoMbisiennoM J18CTh NDHMEHEHUS.
npousBoacTee. | aMMa-CHMMOK O6meunssecTHo  3Haye-

‘lyl"yHHOl:'I' OTJIMBKH, uMelomefi HHe U Macilutadsl 6ypHo
PENGEAL POCIHBUINE T pasmumaromeica mpouti:
JeHHocTH mJjactMace. Ilo-
JyueHHe HOCJIeL[Hef;I OCHOBAHO Ha sIBJIeHUH HOJ'IPIMepI/I3aIIHH,
T. €. OOBbe/IUHEHHS B JJIHHHYIO NPOYHYIO UENOUYKY GOJBIIOro
YHCJia OpTraHHYeCKHX MOJIeKy.Tl. Bosneﬁcmne pagunanuy gaet
HOBBI1 MeTon l'IOJIHMepHSaIlPIH. OCO6€HHOCTI: 3TOro Mero-
aa — IIosIMMepusanusa 6e3 BbICOKHX TeMHepaTyp )4 lIaBJIeHPIﬁ.
KpOMe TOrO, paguauHusg HU3MeEHseT CBOﬁCTBa yKe TIOTOBOIro
ﬂOJ'IHMepa. B OOHHUX caydgasax ﬂpOI/ICXOIU/IT «CLINBaHHE», T. €.
YKPYNHEHHe MOJIeKYJ NOoJHMepa, a B APYTHX Clydasx «je-
CTPYKUHSI», T. €. MeJbUeHHe NoJuMepa. Bee 3To JaeT HOBHIE
BHUIBI IoJINMEPOB, ynpoumaer TeXHOJOTUIo HOJIy‘IEHHﬂ y}Ke n3-
BECTHHIX H, HAKOHeEll, yJayduaeTr ux CcBOHCTBA.

HeiicTBre H3JyYeHHs] HA MUKPOOPraHU3MBI, B YaCTHOCTH
Ha 60JIe3HEeTBOPHbIE MHKPOGH!, NIPUBOAMT K MOAABJEHHIO HX
KU3HEJeATeNbHOCTH. Ha 3TOM OCHOBaHEI METONLI KOHCEpBa-
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I{UM NPOAYKTOB NHUTaH¥sA mnyTeM oO6ayuenus. BcaemgcTsue
60J1bLIOH NMPOHHKAWIIEH CNOCOGHOCTH H3JIyYeHHs] peaktopa
HJH PaJHOU30TONOB MPOAYKTH NUTAHHUSI MOTYT CTEPHJIH30-
BAaTbCsl yXKe B YNAKOBKe W IIPH 3TOM Ge3 HArpeBaHHs HJAH
oxsaxzaeHuss. Hanpumep, Gosblune NMOTEpPH LEHHBIX INHINe-
BEIX NPOJAYKTOB, BbI3bIBAEMEBIE NIPOPACTaHHEM KapTodens H
OBOILLell B OBOLIEXPAHWINIAX, MOTYT GbITh MPENOTBpAILEHb]
obayyenueM. Ilpu cpaBHATeNbHO HEGOJBIIMX H03aX 06Jy-

OGnyyeHue H3MeHsieT CBOHCTBA MHOJUMEPOB. 4 NOJHM3THJIEHOBBIX

6s0Ka nocne HarpeBanus o 200° B TeueHue oAHOro yaca. bmox

cnpaBa — HeoGJyyeHHHIH. BTOpoH, TpeTHid M uyeTBepThiil GJIOKH

obayyanuch. CreneHn oGiayyeHHsT 3THX OJIOKOB OTHOCATCS Kak
2 : 7 : 20 cOOTBETCTBEHHO.

YeHHs Kaprodenb MOJNHOCTbIO NpeAOXpPaHdeTcs OT Ipopa-
cTaHus. Bonpocel KOHcepBaluu NPOAYKTOB NUTaHusl 006Jyye-
HHUeM ellle fjajlexo He peleHbl [Ipu o6ayueHun pe3Ko yCHJIH-
BAIOTCS1 ‘OKHCJHTEJNbHble NPOLECCH, UTO MOXKET BbI3BaTh He-
KOTOpBIle M3MEHEHHs BO BKyce M 3amaxe IpOAyKToB. JlaJb-
Hefimas pa6ora B 3TOM HaNpaBJeHUH MOXKET NMPHHECTH MHO-
ro 3aMedaTeJbHEX OTKPHITHI.

Jpyras o6sacTh NpUMEHEHHsI H3JydYeHHs, KOTOpasi yiKe
npuobpena GoJsipllioe 3HAYEHHe B MeAMIMHE, 3TO JeUueHHe
Pas3JMYHBIX OMyXo0JelH, ocoOeHHO 3/10KaueCTBeHHBIX. JleueHHe
OCHOBAHO Ha u36HUpaTeNbHOM GHOJOrMYECKOM HeHCTBHH HU3-
JIVUEHHUS] HA KJAETKH TKaHU- DoJibHBIE H 3OPOBBIE KJETKH I10-
pa3HOMYy pearupyioT Ha jaelictBue uanyueHus. I pyroii, 6osee
TOHKHH MeTOH, HalJeHHbIH COBETCKUMH yUeHBIMH B IOCJe]-
Hee BpeMs, 3ak/4aeTcss B BO3OYXKIEHHH C NOMOIIbIO Ha-
NpaBJeHHOro o6JyueHHusl HelCTBUS HEPBHBIX LIEHTPOB, pery-
JUPYIOLUX TNpoueccsl o6MeHa B OOJNbHEIX OpPraHax.

K yxasaHHOMY NPHMBIKAIOT MeToJsl GOPbOBI C CeJNBbCKO-
X03s1IHCTBEHHHIMH BpenuTensiMu. OGayueHHe NMPUBOLUT K I10-
JlaBJIEHUIO CIOCOOHOCTH pa3MHOXKEHHS y BpeluTeseil u you-
BaeT MX JuuMHKH. OTKpEIBaeTcs LIMPOKOE MoJie JesiTeNbHO-
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CTH OJS HAYKH W NPAKTHKM CEJbCKOro XO3HCTBA, AJA MO-
BBILLIEHHs] ypoxkaeB. Bosblioe NpakTHYeCKOe 3HAYEHHe HMe-
J0T KyJbTypbl MUKPOOPTaHU3MOB, Y KOTOPHIX NOJ AEHCTBHEM
U3JyUeHHUs TOBLIILIAETCS NPOU3BOAUTENbHOCTD NOJE3HBIX AJS
yes0BeKa NMPOAYKTOB. TakuM a06pasoM NOJyuYeHbl NPOMbILI-
JIeHHble KYJbTypbl MHKPOCKOMHUYECKOrOo rpuba MNeHUIHJIIH-
yM, o6pasyiouiero B COTHM pa3 0oJblile NMeHHUH/IHHA, ueM
HCXOJHAs KyJbTypa, HaliieHHas B npupoAe- ITosyueHsl Tax-
XKe KyJbTyphl APYTHX MHKDOOPraHU3MOB, MNPOH3BOASILINX
IleHHble OpraHHueckHe KHCJIO0TH. CKaxeM Tenepb HECKOJb-
KO CJIOB 00 aTOMHOU 3HepreTHKe H aTOMHOM TPaHCIOPTe.

I'poManHbil pocT noTpebjeHHss MHHePAJbHOrO TOINJIHBA
BBHI3BIBAET pacTyiiee 6€CNOKOMCTBO 3a OyAyluee sHEPreTUKH.

3a croserde ¢ 1850 mo 1950 rox Ha BceM 3eMHOM IIa-
pe OblI10 COXKEHO 0K0J0 120 MapA. r TonauBa. Ilo HekoTO-
PBIM OLleHKaM, MHUPOBBIe 3amachl NPUPOAHOIO MHHEPaJsbHO-
ro TomaMBa cocrasasiiorT okoso 5000 mapa. 7. Ecau npeano-
JIOXKHTb, YTO CYIIECTBYIOIHE CPeAHHE TeMIbl PocTa NoTpel-
JIEHHS TOILIMBA COXpaHsiTcs B OyAylleM, TO B KOHILe CToJe-
st (1950—2050 rr.) BO3HHKHET TOMJAUBHEIA rosnoxa. Hako-
Hell, yroJb, He(Tb M ra3—s3TO LleHHOe Chipbe [JIs XHMHUe-
CKOH NMpoMBbIlIJIeHHOCTH. CKUraTh €ro B TONKAax BPSiJ JiH He-
J1eco06pasHo.

AToMHas 3HEpreTHKa HA NPHPOJLHOM SIAEPHOM roployeM—
ypaHe-235 — 10BOJIbHO JOPOrOCTOSALAS] M HABPSIA JH CIO-
coOHa YAOBJIETBOPUTL HYXKJbl GOJIBLIOK 3HEPTeTHKH.

ITosTOMy BOCIPOM3BOACTBO $IAEPHOTO TOpIOYEro mpej-
crasJsier 6osbwol uaTepec. [1pu paboTe aTOMHOI 3HepreTH-
KY Ha OCHOBE PeaKTOPOB C BOCIPOM3BOACTBOM SIAEPHOr0O ro-
piouero H3 ypaHa-238 u Topus-232 3azaua cHaGxKeHUS 3Hep-
reTHYECKUM ChIDbeM, Mpejanosiarasi camble (aHTACTHUECKU
BBICOKHE TEMIIBI POCTA, BBIMVISIAUT JIETKO pa3pelunMoi B po-
JOJIXKEHUH MHOTHX CTOJIETHH.

JIpyroe BO3MOXKHOe pelleHHe SHEPreTHKH OyAyllero —
TepMosiilepHasi SHeprusi, Ta caMasl SHeprus, Koropas NuTaer
3HepreTHKy 3Be3j U Hawero CoJHua.

ChipbeM AJs1 TEPMOSIIEPHOM SHEPTeTHKHU SIBJSIETCS THAXKe-
JIBIH BOAOPOA—AeHTepUH. 3anachl AeiTepusi, CojepKalluecs
B MHDOBOM OKeaHe, OUeHb BEJHKH U CPABHUMEI MO CBOEMY
SHEPreTHUeCKOMy pecypCy ¢ ypaHOM u TODHEM, COAepKa-
LIUMUCS BO BCEH TOJLIE 3eMHOH KOPHI.

Ceiiuac Bo MHOTHX J1a60PaTOPHSIX MHpa BeAyTCs HAmps-
XKEHHble NOHCKH METOROB CO3[aHMsl ynpaBlseMoi TepMo-
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apepHoil peakuuu. ITog 3THM NOHHMAIOT JOCTHXKEHHE TEM-
nepatypsl nopsaka 10’—108 rpanyco B mjia3Me — CHJIBHO
pa3peXeHHOM H HOHH30BaHHOM ra3e. B Takoi nsiasme cko-
POCTb AIePHOH peaKLUHH CAUSHHSA MeXAY CTaJKHBAIOLUIMMHUCS
Mex1y co00i sapaMu AedTepHsI HACTOJbKO BO3pacTaeT, YTo
BBIAEJSIONASsICA silepHasl 3HePTHs NPeB30HAET 3HEPrHuIo, 3a-
TPauMBaeMyl0 Ha Harpes NJa3Mbl.

B BomoponHuIX sgepHbix Oombax Takxke MPOHCXOMUT
slepHas peaMuusi CHHTe3a JIETKHX siep B YCJAOBHSX upe3-
BHIUAHHO BBICOKHX TeMnepaTyp nopsiika 10° rpaaycoB u 1aB-
nenudi, nocruraomux 10° arsm. TloHSATHO, YTo TaKue UYyHO-
BHIIIHO BLICOKHE JaBJIeHHS HeJb3sy ynepxaTb HHKaKHMH
CTeHaMH H OHM OCYLIECTBHMBbI TOJNBKO B KPATKHiH MHI B3DbI-
Ba, AJSAIUIACA MHJIHADIHBIE JOJH CEKYHIHI-

Jns coBpeMeHHOH TeXHHKH 3HEPrOCTPOHTE/bCTBA TaKoe
KOJIOCCaJIbHOe Pa30BOe BblfeJeHHe SHEePruu KaxKeTcsl HenpHu-
emaeMbiM. OiHako B OyayIueM npH rpoMajHOM DOCTE MOIL-
HOCTH OTHAEJbHBIX 3JeKTPOCTAaHIUHH He HCK/II04eHa BO3MOXK-
HOCTb NpPOU3BOJACTBA I0CJAEAOBATENbHBLIX TePMOSIAePHBIX
B3DbIBOB, KaXKAbIH U3 KOTOPBIX UMeeT CPaBHHTE/bHO HeOOJb-
IIyI0 MOILHOCTb, B OTPOMHBIX, AMAMETPOM OKOJIO KHJIOMeT-
pa, pe3epByapax.

BrinenuBwasica npu B3pniBax 3Heprusi GyneT pacnpo-
CTPaHATbCS B3PLIBHOH BOJIHOH B ra30Boil aTMocepe pe3sep-
Byapa ¥ HarpeBaThb NOCJEIHIOW. DTOT HATPEThHIH ra3 MOXHO
MCIO/JIb30BAaTh HENOCPEeJCTBEHHO B Ta30BhIX TypOHHAX HJIH
I IPOM3BOJCTBA napa.

Bo3MoxHO, uTo B OyAyleM CTOJEeTHH pa3BepHETCsl CO-
pPEeBHOBaHHe MeXIy SIIePHHIMH DEeaKTOPAMH H TepMoOsiiep-
HBIMH cucTeMaMu- ITo6GenuTesneMm OKameTcs TOT MeTO[, KO-
TOPHI CMOXeT GoJiee 3KOHOMHUYHBIM OOpa3oM peLIMTh 3a-
Hnauy 3HepreTHKH.

IToka yTo npakTHYECKH TOJbKO siepHble PeaKTOpPhI AeJe-
HHsI MOTYT GbIThb HCNOJb30OBAHBI AJIS1 lleJlell SHePreTUKH.

ATOMHAS 3JNEKTPOCTAHLLHUA

a Bcex paboOTalOLIMX WJIH CTPOSLIUXCS aTOMHBIX

3JIeKTPOCTAHLUSAX SHEPTHIO [eJleHHs] npeo6pasyioT

criepsa B TEIVIOBYIO 3HEpPTHIO, KOTOpasi BLIHOCHTCS

H3 peaKTopa TenJjioHocuTesneM. TemyioHOCHTeNb, HIU
pabouee Teso, 3aTeM, NOXOOHO TOMY, Kak 3TO Jejaercsi B
O6GbLIYHBIX 3HEProyCcTaHOBKAX, NPHUBOAMT B AEeHCTBHe Napo-
Bbleé HJH Ta30Bbie TYpOUHEL

21



Kaxaplii TeNJOHOCHTEIL HMEET CBOM NPEHMYLIeCTBA H
HelocTaTKH. Boga—Hau6oJsiee jelieBbiii U JOCTYNHBIH TeIJI0-
HocuTesab. [Ipu aTMocdhepHOM JaBJEHHH TeMIeparypy BO-
IBI HeJIb3s NOoAHsSTH Buitie 100°. TIpu Gonbmieil Temmnepartype
HaJ0 NOAHATL nasaenue. [Ipu TeMnepatypax nopsiaka 250—
350° maBiaeHHe B peakTope HOJKHO focturate 100—200 arm.
CaefoBaTeNbHO, 3HEPTeTHYECKHH peakTop C  BOASHBIM
oxJaxKIeHHeM JoJxkeH OblTb annapaTtoM BBICOKOTO JaB-
JIEHHS.

[IpuMeHeHHe KUIKUX METAJJIOB U HX CIIJ1aBOB [103BOJISET
paboTaTh MpH yMepeHHBIX JaBJEHHAX IPH MOJyYeHHU mapa
¢ temneparypoii B 400—500° u Bbimte- OfHAaKO NpUMEHEHHE
JKHJIKAX METaJJIOB B KaueCTBe TEIJIOHOCHTEJsI 3HAUHTEJbHO
YCJIOXKHSIET YCTPOHCTBO SIAEPHOTO peakTopa, B YaCTHOCTH,
Hanpumep, TpeOyercss CHaOAUTh BeCh KOHTYp HarpeBaTesisi-
MH [Jisi IpeLOTBpAlleHHsl 3aTBepJeBaHHs MeTaja B Hepa-
GoTalollel ycTaHOBKe. DKCIUIyaTanusl TaKOro peakropa Tak-
3Ke OCJI0XKHSIeTCs.

ITpuMeHeHHe ra30BOro TEIJIOHOCHTEJs, HanmpuMep reius,
YIJEKUCJIOro ra3a M T. I, He HaK/JaJAsBaeT OrpaHU4YeHHH Ha
TEMIepaTypy napa U He CO3LaeT TeX TPYLHOCTeH B IKCIIY-
araluy, KOTOpble BO3HUKAIOT MPH KHUAKOMETAJIJIHIECKOM
OXJIaXKJEHUH, HO MMeeT CBOM HegocTaTkH. [Ipu paBHBIX ycC-
JIOBUSIX TpeOyercss 3HAUUTENLHO OOJBIIHE pacxox SHEePTHH
IJI7 TPOKAYHBAHHs ra3a yepe3 PeakKToOp M CHCTEMY TeILIO-
OOMEHHHUKOB, YeM JJisl APYTUX TelJloHocHTes el [Jjia MOBHI-
HIeHHs] SKOHOMHYHOCTH pabOTH yCTaHOBKH HeoOXOZMMO pa-
60TaTh NpH BLICOKHX NABJEHUSIX B peaKkTope, HO U NMPH 3TOM
HEeJOCTATOK Ta30BOI'0 TEMJIOHOCUTENs OCTAeTCs 3aMETHBIM.
I'poM0O3aKOCTh ra30BOTr0 XO03sACTBA fBJSETCs APYTHM He-
JOCTAaTKOM Ta30BOTO OXJaXKIEHHS.

B kayecTBe npuMepa ONHUIIEM yCTPOHCTBO aTOMHOH 3JeK-
TPOCTaHUUH, cTposueiics nox BopoHnexewm.

AKXTHUBHAsi 30HA SIEPHOrO PEaKTOPa COCTOUT M3 IYYKOB
TpyOUaThIX TENJIOBBIIENSIOUUX 2JeMeHTOB. Tpy6KH AuaMer-
poM okosio 1 c¢m w mouHOH B 250 cMm coenaHsl U3 HUPKOHHUS
tonumuHo# B 0,8 mm. OHu 3anojHeHbl [ABYOKHCBIO YpaHa,
OTHEYIODHBIM BeLIeCTBOM, NJABSILIMMCS NMpPH TeMIepaType B
2700°. ¥Ypan o6pasoBan cmechio u3orona-238 c 1,5—2,0%
u3otona-235. [TocaefHUH CITYKUT SAAEPHBEIM FOPIOYHM, a TIep-
BBl TeM IAQCCHBHEIM SILE€PHBIM CHIDbEM, B KOTOPOM IIpH 3a-
XBaTe HEHTPOHOB HPOM3BOAUTCS HOBOE SiIepPHOe ropioyee —
nayToHuil. BnpoueM, KoaddULHEHT BOCIPOU3BOACTBA 3TOTO
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CxeMa aTOMHOH 3JIEKTPOCTAHILHH C TEMJIOBLIM PEaKTOPOM THINA
BOJla — BoOJAa:
1 — axTuBHasl 30Ha; 2 — TENJIOBBIAENSIOMHKH 31eMEHT — OGOoraieHHblil
ypaH B TpyOke; 3 — 3aMelJUTeNb U TENJOHOCHTENb — BOJa; 4 — CTalib-
Hble 3KpPaHBbl, CJIyXKalllHe TaKxKe OTpaKaTeJfMH; & ~— TOJCTOCTEHHBIH
CTaJbHO KOpIYC, HEeCYIIHi BBICOKOe MAaBjeHHe; 6 — peryJaupyouuil
cTepKeHb; 7 — Hacoc; 8 — naporeHepartop; 9 — GHoJIOrMuecKast 3allH-
Ta; 10 — cucreMa Je3aKTHBAlMH M OYHCTKH BOAH; /I — mapoBasi Typ-
6uHa; /2 — cucTeMa meperpysKHM akTHBHOH 30HHI; I3 — XpaHuauIle 1J11
OCJIy4eHHbIX TeNJIOBLIAEISIOINX 3/JeMeHTOB; [4 — XpaHHWJMIle NPOAYK-
TOB AeJeHus; /5 — KoujgeHcaTop TypOuHBEI, /6 — reHepaTop ToKa.
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ATOMHOTO peakTopa HeBeluK — okoJso 0,7, MOTOMy 4TO pe-
aKTOp «TeIJIOBOH».

Tpy6KH TOMJNHBHBIX 3JE€MEHTOB PACMOJIOXKEeHbl ¢ HeBoJb-
IIMM 3a30POM: pacCTOsIHWE MeXay HHMH okomo 4 mm. B
3THX 3a30pax NPOTEeKaeT Boja, CJayXKauas OJHOBPEMEHHO
3aMelsuTesieM HEHTPOHOB H TeMJIOHOCHTEEM.

Otpaxartens 06pa3oBaH HECKOJbKHMH CJOSMH CTasH,
pasjgeseHHBIMH MPOCAOHKAMU BOJBI.

dta akTHBHAas 30Ha AuaMerpom okosao 300 cm 3akaioue-
Ha B TOJCTOCTEHHBIl CTA/JbHOH KOPNyC C BHEIUHUM [Ha-
METPOM 0K0JIO 4 M U BBICOTOH OKoJIO 12 M.

Hap atum kopnmycoM elne MeTpoB Ha BOCEMb BO3BhILA-
I0TCSl JBUTaTeJH U TPyObl CTeP:KHeH ynpaBJeHHs H 3alUHTH,
JIBUXKEHHEM KOTOPBLIX B aKTHBHOH 30ile YIPaBJSOT AJEPHON
peakiuei neseHus.

Boaa B akTUBHON 30He H KOpPNyCe peakTopa HaxoAHTCA
non nasaeHueM B 100 atm. [TosToMy oHa He ucnapseTcs, Xo-
T W HarpeBaercs A0 TeMnepaTtypw B 275°%

[TepexaunBaeMass MOIIHBIMH HACOCaMH BOJAA BXOLHT B
aKTHBHYIO 30Hy ¢ TeMnepatypoi B 250°. Kopmnyc peakropa,
Tpy6ONpoOBOALl NOJYMETPOBOrO 1UaMeTPa, OrpOMHBIE 3a-
JBHXKKH, MOLIHBIE 3/IeKTPOHACOCH U MaporeHepatopsl obpa-
3YIOT MepBbIH, paJHallHOHHO OMACHBI# KOHTYP.

B naporenepaTopax Boaa mepBOro KOHTypa OXJa)JaeT-
cs1 ¢ 275° po 250° nepemaBasi CBOe TEIJIO NApy, TeHepHpye-
MOMYy B MeXTPyGHOM NpOCTPaHCTBe naporeHepartopoB. [lo-
Jy4aeTCsl HachllUeHHBIH BOASHOH map NMpH AABJEHHH OKOJO
30 arm u Temneparype okoso 230°, DTOT map NMPHBOAHT BO
BpallleHHe napoBble TYPOHHBI, HECKONBKO OT/IHYAloLIuecs OT
OGBLIYHBIX, PAa0OTAIOWHX HA NeperpeToM nape.

Oco6ennbM sBasIeTCs 060pyNOBaHHe, CBsI3aHHOE CO c6O-
poM, XpaHeHHeM H Je3aKTHBAaUHel PalHOAKTHBHBIX NPOAYK-
TOB, HAKaIJIMBAIOWUXCS B IEPBOM KOHTYpe, H YCTPOHACTB 1/
XpaHeHUs paJHaUHOHHO OOJYUYEHHBIX TEMNJOBBIAENSIOUHX
3J1eMeHTOB U UX NeperpyskKe.

SHeprus, nojydyaemasi oT OJHOIO pPeakTopa, NPUBOAHT B
JBHKeHHe TPH TypOHHBI o6liel MOLIHOCTbIO B 210 THIC, K8,
H TepMHYeCKHH KO3(D(ULHEHT T0Je3HOro AeiiCTBHSA MOCTH-
raet okoso 28%.

Bnaronaps yc/0xHeHHIO YCTaHOBKH, BHI3BAHHOMY HEOG-
XOAHMMOCTbIO TUIATENbHOR pajHaLHOHHOH 3aIUHTH NepCOHa-
J1a, IPUMEHEHHIO JOPOTrOCTOALUMX HEePXKABEILIUX CTajel,
YCTPOHCTB 1O pafHalHOHHON He3aKTHBALWM TaKasl CTAHLHUS
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0Ka3bIBAETCsT IPHMEPHO B MOJTOPA-ABa pasa AopoxKe OObIY-
HOH TEMJIOBOH 3JEKTPOCTaHIIMH paBHOH MOIHOCTH.

OLEHKH CTOMMOCTH MOJy4aeMOH 3JEKTPO3HEPTHH IOKa-
3BIBAIOT, YTO mNocjaefHsAst OyAET CTOHTh NPHMEPHO CTO/IBLKO
K€, CKOJIbKO CTOHT B CPEJHEM 3JICKTPOIHEpIHs, nosydyaemas
Ha OOBIYHBIX 3JEKTPOCTAHIHAX.

Onunako 3/JeKTpocTaHIMH, pafoTalonye Ha AEIIEBHIX YT-
JSIX MM Ha rase, 6yAyT NPOU3BOAUTL 3JEKTPOIHEPTHIO He-
CKOJILKO felueBye. [103TOMy moxKa YTo ONKCAHHBIE aTOMHBIE
3JIEKTPOCTAHUMU CJelyeT CTPOHTh B paioHax, yHAaJeHHBIX
OT HCTOUYHHUKOB JELIEBOT0 yTJs WM Tasa.

CerojHsi B MHpE JeHCTBYyeT yxkKe IOJITOPA JecsATKA aToM-
HBIX 3JIEKTPOCTAHUHMH C pPeakTopaMH Ha TeIVIOBHIX HEHTpo-
Hax ¥ TPH ZLecsiTKa CTPOSTCS.

KpoMme aTOMHBIX 3JIEKTPOCTAHIHU[ C «TEMJOBBIMH» Deak-
TOPaMH, B 3KCIIeDPHUMEHTAJLHOM NOPSIAKE CTPOSATCS HECKOJb-
KO YCTAaHOBOK C peakTopaMu Ha GHICTPHIX HeHTpOHAX. DTH
peakToph ofecneyaT paclIHpeHHOe BOCHPOH3BOJACTBO fAEp-
HOTO TOpIOYEro, yTo B MPHUHIMIIE pelllaeT SHePTeTHYECKYIo
npobneMy Gyayuero. K coxaJsienuio, 3Tu yCTaHOBKU 6oJee
CJIOKHBI, MEHee H3yUeHbl M [10Ka ele KaxXyrcs 6oJee Q0po-
TOCTOSILIHMH.

B nopsake skcnepuMeHTa MHOTHe yueHble paboTaloT HaAX
CO3flaHHeM AaTOMHO-3HepreTHYeCKHX YCTAHOBOK IIPAMOTO
nAeictBus- Ilog 3THM MOHHUMAIOT HEMOCPeJCTBEHHOE HCIIOJMb-
30BaHHe 3HEPTHH, BLIALSIONIEHCS NMPH AeNeHHH $AEPHOTC
TOPIOUEro JJIsi TMOJyUeHHsT JeKTPUUecKol 3Heprud. s ato-
r0 NpeAnoJaraioT HCIOJb30BaTh MNOJAYNPOBOJHUKOBEIE H TED-
MOHOHHBIEe npeofpa3oBartey TelJIOBOH 3HEPTHH B 3JEKTDH-
YecKyl0 HJH MarHUTO-THIPOAMHAMHUeCKHe ycTpoHcTtBa. B
NoCJeHHX MOTOK pacKaJleHHOTO HOHH30BAHHOTO rasa, moJsy-
yaeMOTO B aTOMHBIX peaKkTopax, GymeT MNpOXOAMThL uepe3
MarHuTHOe II0oJe, CO3/laBaeMoe B 3JMEKTPOMAarHHUTHBIX Ka-
TywmKax. MoHu3oBaHHbI ra3 sBasieTcs] NPOBOHHKOM TOKA, H
I03TOMYy, TNepeceKast JHHHY MarHUTHOTO moJisi, oH GyAeT mo-
pPOXKIAaTh 3JEKTPHUYECKHH TOK- BO3MOXKHO, uTo HOBEIE CIIOCO-
6p1 mpeo6pa3oBaHust JHEPTHH OKaxKyTcss 00jiee 3KOHOMHY-
HBIMH B 3HepreTuke Oyayuiero.

* *
*

ATOMHBIE DEaKTOPHI KAK HCTOUHHKH 3HEPTHH HMEIOT
Takxke OoJsblioe OyAylllee Ha TPaHCHOPTe.

Kopa6sau u caMoJeThl ¢ aTOMHBIMH JBUTATeNsIMH MOTYT
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COBepIIaTh NPAKTHUYECKH HEOTPAHHUYEHHEIe O AAJbHOCTH Iy-
TemecTBus 6e3 nepe3anpaBKd FOPIOUHM.

Ha ¢nore Coserckoro Coro3a aToMHble JBUTaTeH yiKe
NOJYYHJ/IM TIPUMEHeHHe X NPH3HAHHEe W Hayajd CBOE TPHUYM-
(hasbHOE LIECTBHE.

®narMaH COBETCKOTO JIELOKOJBHOrO (hJioTa aTOMOXOJ
«Jlenun» cBOGOJHO JBHIKETCSI B TSMKENBIX JbAAX TOJIIMHOMN

Atomoxon  «Jlenun»  Jomaer JIBJIBL. DJIeKTPOABHT AT

MOLIHOCTBIO B 44 ThIC. K8T TPUBOAUTCS B HAelCTBUE NapOBHIMM

Typ6unamu. [laporeneparopsl MNOJYYarOT TeMJIO OT BOJISHOTO

TENJIOHOCUTEJISl, UHMPKYJHPYIOIIEro uepe3 TPH SAePHBIX peakTopa.

Kaxabiii H3 «TeNJIOBBIX» PeakKTOpoB HUMeeT MouHocTh 90 ThHIC. KBT,

BOJASIHOH 3aMeNJUTe]b M TeIJIOHOCHTEJb M TPH JaBJEHHH
180 amm narpeBaer Bopy Ao 325°

Gojsiee aByX MeTpoB. I'J1aBHOe ero NpeHMyIl[eCTBO — MpPak-
THYeCKass HeOTrPaHHYEHHOCTh IIYTH NJaBAHHS — CKa3bIBaerT-
csl 0cOGeHHO penbe(pHO, YUUTHIBAsS, yTo NMpu paboTe Malldd
Ha [OJIHOM MOIIHOCTH CKOPOCTh JBHKEHHS BO JbhJAaX COCTaB-
JISIET BCEr0 HECKOJBKO KHJIOMETPOB B yac

B aBuauuu aToMHble PeaKTOPhl TOJBKO elle HAaYHHAIOT
CBOji NyTh NOKa B 006J1aCTH 3KCIEPUMEHTIJIbHBIX HCCJAEN0-
BaHuil. TsKenas 3aluTa oT pafHaluu AejaeT BO3MOKHBIM
NpYMEeHEeHHe aTOMHBIX PeaKTOPOB TOJILKO Ha GOJBLINX CaMO-
Jetax ¢ o6wuM BecoM Gosee 300 7. Hemaso Bonpocos Bo3-
HHKaeT B CBSI3U c obeclleyeHHeM pagHalHOHHOH Ge30macHo-
CTH NPHU 3KCIUIyaTaluy aTOMHBIX CaMOJIETOB.
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Haxkoxen, yxaxeM, uTo NpHUMeHeHHe ATOMHBIX JBHTaTe-
JleH It KOCMHUeCKHX KopabJiell B IpHHLUIIE AO0JXKHO COBEp-
LIMTL [EPEBOPOT B 3TOH o6aactu- OQHAKO TPYAHOCTH TEXHH-
YeCKOr0 pellleHUsT TOH 3aJauyy TOJBKO ellle BHIDHCOBEIBAIOT-
cs BO BCeM CBoeM oObeMe.

B Hacrosiiee BpeMsi, Korja BCe HapOAB! SIBJASIOTCA CBH-
JleTeJqsIMU arpecCHBHOH MOJHUTHKHM BoewHoro Giaoka HATO,
COBETCKOE€ INPaBUTEJNbCTBO NPUHHMAET HeOOXOLUMBble Mepbl
no yxpemjeHuio 6e30macHOCTH Hamiell crpaHbl. Taxk OblIO
NPUHSITO pelleHHe O [MPOBENeHHH 3SKCIepPHMEHTAaJNbHbIX
B3PBIBOB siiepHOr0 opyKud. bBom6bl u 3aeKrpocTaHuuH!
OnHako KaXIBIH COBETCKHIl ueloBeK MOHHMAaeTr, YTo Iep-
Bble — 3TO BPeMeHHBbIH BBHIHYXKAEHHBIH NOBODOT HAyKH B
CTOPOHY BOODY2KeHHS, B TO BpeMs KaK MHpHOe HCIOJb30Ba-
HYe SHEPrHMM aToMa — 3TO HacTofllllee W Oynyliee Bced
SHepreTHKH, 3TO HeHcyepraeMble OKeaHbl 3HEPTHMH Ha MHUP-
Holl cayxk6e nns Osara uyejoBeyecTBa.



ﬂm/Z/tecfw;

noegreo

HOBBIE 3JIEMEHI1Db!

3 aMmeyaTelbHO HHTEPECHBIM sBJAseTCs (aKT o06pa3oBaHus  HOBBIX
3/71eMeHTOB, He BCTpedaromnxes Ha 3emJe. [Ipu npucoennHeHuu Heii-
TPOHA K aTOMHOMY APy ypaHa-238, eciH He NPOMCXONHMT AENEeHHs, BO3-
HHUKaeT OObIYHAS siAepHAsT Deakuusl ¢ NMOCAeAYIOUIHM H3JydeHHeM ramma-
kBanTa. HeoGbluHBIM 31ech SIBASETCH BO3HHKHOBEHHE HOBOTO 3J€MeH-
Ta — ITYTOHHS.

Tounee rosopsl, BO3HHKaeT 1eNOYKAa PaAHOAKTHBHBIX NpeBpalleHHi:
cnepsa obpasyercss pajHOAaKTHBHbIH H30TOn YypaHa-239 u wuaayuaercs
raMMa-KBaHT; fajiee ypak-239 pacmajaeTcs C BpeMeHeM MNoJaypacnaja
23 MHH. B 3J1eMEHT HeNnTyHu#t ¢ 3apsanoM Z=93; uepes 2, 3 aHs (Bpems
nofjypacnajga) 3TOT PaJHOAKTHBHBIH HeNTYHuil wucmyckaeT GeTa-3Jjek-
TPOH M NpeBpauaeTcs B MayToHHii-239 c 3apsgom Z — 94.

Hamo 3aMmeruTs, uto mnayrouwii-239 TakKe 371eMEHT pagHOAKTUB-
Hbl, HCNycKamoWui «-4acTHUBl, ¢ BpeMeHeM mnoJypacnaga 24000 ner.

O6ayuasi mAyTOHHH HeHTPOHAMH, MOXHO [OJYyYaThb BCE HOBLIE 3Je-
MEHTbI, KOTOpble OKa3blBAalOTCSl Bce Gosee M Gojee paJHOAKTHBHO He-
yeTofiunBeiMU. HIMeHHO BcieacTBHE Masnoro BpDEMEHH  CBOeH  KH3HH
OHH He BCTpeyarmoTcsi Ha 3eMJ/ie B eCTeCTBEHHBIX YC/JIOBHIIX.

COBETYEM NPOYHUTATDH

ucsan I A. Mup aroma. M., OGoponrus, 1956. 142 ctp.

Kuura nonpo6Ho pacckas3elBaeT O CTPOGHHH aToMa H aTOMHOTO
S1pa, 0 CJOXHBLIX BHYTDHSJIEPHBIX NpOLECCaX, MO3BOJASET Y3HAaTh O IO-
JIyYEHHH ¥ TNPUMEHEHHH paJHOAaKTHBHBIX H30TONOB, O TOM, KaK Yyha-
JIOCh y4eHbIM OBJafleTh 3JHEeprueil aTOMHOTO sjpa.

Xo3aunos B. Ipedcrasum cebe arommoe a0po. «3HaHue —
cunay, 1959, Ne 8, ctp. 20—24.

CraThst OTpa)aeT HOBeilllIHe NpPEeACTABJEHHS O CTPOEHHH aTOMHO-
ro sapa. OTBeyas Ha BOMPOC, — KaK NMpeACTaBUTh cebGe aTQMHOE sApO? —
aBTOp paccKashiBaeT O Pa3fHYHBIX MOMENsIX SIAPa, Ka)pgas H3 KOTo-
PBIX SIBIS€TCS 3TANoM B PA3BUTHH sIEpHON (H3UKH.
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Cumopoduncrkud f. A. IIpocTpancTéennas CTPYKTyYpa QGTOM-
Ho2o sadpa. «Ilpupona», 1959, Ne 6, ctp. 3—I3.

CraThbst OTBEYaeT Ha BONPOC, HMEIOT JIH pa3Mepbl TakHe MeJjbuaii-
LIHE YaCTHUbI MATEPHH, KaK aTOMHOe SIAPO H 3JEeMEHTapHbIE 4YaCTHUbI,
pacckasbiBaeT 06 onpejeneH#H ¢OpMBl  aTOMHOrO siapa, IJIOTHOCTH
SIEPHOTO BeIECTBA M JAPYTHX HOBBIX HCCIEJOBaHHAX B 3TOH 06/1aCTH.

Komap A. 1. Hccaedosanus no cTpykType aTomuolx sdep.
«BectHuk Akagemuu Hayk», 1961, Ne 2, ctp. 64—68.

ABTop pacckaspiBaeT 0 pa6oTe MexAyHapoOAHOH KOH(epeHUHH IO
CTPYKTYPe aTOMHBIX sifiep, KoTopasi npoHcxofuna B Kaname ocenbio
1960 roma. Ha koHudepenuun Gbuto mnpexcrasieHo okoso 300 pa6orT.
W3 cTaThM MOXHO y3HaTb, KaKHe OCHOBHbIE BOMpPOCHI fiepHOH (H3HKH
pewatorest cefiuac B 1a60PATOPHAX YYEHLIX-aTOMHHKOB.

Broxunyee . H. Hosole npedcTasienus 06 31eKTpoHe.
«[Ipupona», 1959, Ne 9, ctp. 25—29,

OTMeuast, 4TO HJes] HEHCYEPNAEMOCTH 3JEKTPOHA Oblla BHIABHHYTA
eme B. W. JlenuHoiM B pa6oTe «MaTepuHaiH3M H 5MIHPHOKPHTHILH3MY,
aBTOP 3HAKOMHT C Pa3BHTHEM 3JIEKTDOHHOH TEODHH B HaCTOsllee BpeMs,
PacKpbIBaeT C/IOKHYIO CTPYKTYPY 3JIEKTPOHA, PACCKa3blBaeT O TOM, Kak
3JIEKTPOHHAS TEOPHS MO3BOJISIET 3arJsSHyTh B TaliHy CTPOEHHs BellecTBa.

ysukos J. [. Hosedwue uccre0osanus «actuly 86iCOKUX
snepeud. «Ilpupona», 1960, Ne 3, crp. 85—87.

CraTbsi pacckasbiBaeT 06 OCHOBHBIX HANpaBJIeHHAX, M0 KOTOPHIM
BEAYTCS . HCCIEAOBaHHS 3JjieMeHTapHbiXx uyacTHU B CoBerckoM Coiwo3e H
JAPYrHX CTpaHax B [OC/JeIHHe TOXBI.

Tamm H. E. [Ipobremor sremenraprorx 4acruy. «Ilpupopa»,
1960, Ne 8, crp. 9—I6.

Cratbs paeT oOl(He NPEACTABJNEHHS O HOBBIX HCC/IEOBAHHMSAX, Be-
AYWHXCA B O6JACTH 3/EeMEHTAPHBIX YaCTHL, O 3aKOHaX, Ha KOTOPHIX OC-
HOBBIBAeTCSl M3yueHHe MeJbYaillIHX 4YacTHU MaTepHH. UuTaTenb y3HaeT
06 aHTHYAaCTHUAX M aHTHMHPAX, O HOBBIX TEOPHAX, 06OGIIAIOLHKX OaH-
Hble (H3HKH 3JIeMeHTapHbIX YacTHIL.

Kanepun II. u Cepecees 0. B [dybue nod Mocksoi. M.,
u31-B0 «MockoBckuil paGounit», 1958, 99 crtp. ¢ uL

3HaKOMS € OCHOBaMH siflepHON (GH3HKH, C ee ycnexaMH H Tep-
CNIeKTHBAMM Da3BHTHS, KHHIra packpbiBaeT Mepej uHTaTesneM Jaa6opa-
Topun OOBEAMHEHHOrO MHCTHTYTa SJAEPHbIX HCCIEAOBaHHil B ropoae
Ny6ue, rae padoTalOT yueHble CTPaH Jarepss COUHANH3MA. ABTop pac-
CKa3biBa€T O HOBOIl YCKODHTENBHOH TeXHMKe — BeJMuyaiilieM B MHpe
CHHXpOGhA30TPOHE M APYTHX UYJECHBIX MaLIMHAX, ¢ MOMOLUBIO KOTOPLIX
CTaHOBHTCS peajbHOCTBIO [aBHSISI MeuTa MOCTaBHTh CBOHCTBA aToMa H
€ro 3HEeprui0 Ha CAyXKOy uenoBeyectBy. OnHa H3 TI/1aB KHHTH INOCBS-
IeHa PAfMOAKTHBHLIM H30TONMAM H HX HCIIOJb30BAHHIO B HapOJHOM
Xo3sHcTBe.

Actawenkos [1. T. Atomnas npomeiusennocts. M., O6opor-
rus, 1956, 236 cTp. ¢ uan.

B KHHre nonyJspHO paccKa3aHO O BaXHEHLINX OTpacisx CcoBpe-
MEHHOH aTOMHOH MPOMBILIIEHHOCTH — nepepaGoTKe aTOMHOTO Cbipbs,
MPOM3BOACTBE TEPMOSIAEPHOTO TOPIOUEro, YAaNEeHHH H MCIOJIL30BAHHH
PaNHOAKTHBHbIX OTXOJOB, 3alIMTE OT DaJ{HOAKTHBHBIX H3nydeHuit. As-
TOp OCBellaeT COCTOSIHHE aTOMHOM NPOMBIIIIEHHOCTH KaNMHTaJHCTH-
YeCKHX CTpaH, JaeT NpeACTaBJIeHHe O MEPCNeKTHBAX Pa3BHTHA aTOMHOM
PHEPreTHKH.
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Basrabanos E. M. Pu3uka Adepnox peaxtopos. M., uag-so
«3Hanue», 1960, 48 cTp.

SlnepHbli peaKTop. MO3BOJsIET 4YeJOBEKY HCIOJb30BATL ATOMHYIO
SHEPTHIO M NOJYyuYaTb LEHHble DafHOaKTHBHble H3oTonbl. B Gpouwwpe
paccka3aHo O Pa3JHYHBIX THNAaX PeakTopoB, O NpolieccaX, KOTOpPble B
HHX TNPOHMCXOAST, O TOM, KaK YNpaBJslOT PeaKTopaMH.

Haymenxko H. A. Atomneie cuaogbie ycranosku. M., OGopon-
ru3, 1959, 189 cTp. ¢ uan.

OcBeTHB B Hauaje KHHTH NDOLECCHl, Jexalude B OCHOBe paboThl
SJIePHLIX DEaKTOPOB, aBTOP paccka3biBaeT 0 paGoTe pa3fHUHLIX TUIOB
peakTopoB. M3 KHHrH MOXHO Y3HaTb O TOM, KaK aTOMHasi 3HEeprus
npeo6pa3yeTcs B 3JEKTDHUECKYIO, KaK 3Ta 3HEpPrds NpHMeHseTCa B
aBHallHH, Ha TPAHCNOPTE, /A OTONJEHHs SIaHH.

Kpacun A. K. Aromnvie srexrpocranyuu. (Passurue sdeprod
3HepeeTuKu 3a nATb Aetr). M., M3n-Bo «3Hanue», 1959, 24 crp.

ABTOp oOCBewlaeT ONBIT 3KCIJyaTaluHW MNepBOH ATOMHOH 3JIEKTPO-
CTaHILHH, Cnoco6bl MCNOJb30BaHHA W npeo6pa3oBaHHs aTOMHON 3Hep-
FTHH B 3JIEKTPHYECKYI0 B peaKTOpaX pasjHuHbX THnos. Bpounopa pac-
CKa3blBa€T O TOM, KaKHe SKOHOMHUYECKHe BBITOAbI NaeT Pa3BHTHE ATOM-
HOH 3HEpPreTHKH H JaJibHellliie NMEepCleKTHBLI ee pa3BHTHA,

KPATKHA CJOBAPHK K TEKCTY BPOLIIOPBI

AToMHBH Bec — Bec OJHOrO aToMa NaHHOro BellecTBa. Brlpaxaer-
Csl B YCJOBHBIX eIHHHLAX, 32 KOTOpble NMpHHMMaeTcs Bec ![js atoma
M30TONa Kucaopoxna-16.

Q-4acTHIL B — siApa aTOMOB rejHs, BhlGpacbiBaeMble NPH PaJHOAKTHB-
HOM pacnaje HeKOTOPbIX BewecTB, HanpuMep pannsa. OHM ABHXYT-
¢ ¢ GOJbLIOA CKOPOCTLIO, HX 3HEPTrHsl HoCTHraeT 7—8 MJH. 38.

B-pacnan—oaHH H3 BAIOB DaJMOAKTHBHOrO pacnajfa aTOMHLIX fAnep,
NPH KOTOPOM H3 aTOMHOTO siIpa BhlJIeTaeT 3JeKTPOH.

Bepuaaui (Be) — nerkuit merann cepeGpucro-ceporo 1BeTa.

Bop (B) —nepenit snement III rpynnnl neproaHueckofi CHCTEMBI
MenneneeBa.

FaMMa-kBaHT (y) — 2/eMeHTapHbIE 4AaCTHLLI —NOPLHH 3JEKTpPOMar-
HHTHOTO H3Jy4eHHS.

FaMMapaaHOaKTHBHOCTbL — 3JeKTPOMArHHTHOE H3JyueHue
aTOMHBIX sep, MMelolllee OYeHb KOPOTKHe IJHMHBI BOJIH.

Fenunit (He) —onHoaToMHblii ras, Ge3 1BeTa H 3anaxa, XMMHYECKH
HeflesiTe/IbHBIA.

JdedTpoHB — fApa aTOMOB TSXKeJOro BOAOPOAA.

JIutui# (Li) —3ajeMeHT M3 moArpynnbl LIEJOYHBIX METaJJIOB.

M3B (10° 38) — MHANHOH 3JIEKTPOH-BOJIBT.

Hyx/0HB —NpoTOHB M HEHATPOHBI, OCHOBHBIE COCTaBJAWLIHE BCS-
KOro aTOMHOro fapa.

[Tonouuit (Po) — paaHOaKTHBHBI XHMHUECKHH 3JIEMEHT.

PannoakTHBHOCTb — CcnocoGHOCTL aTOMOB BelleCTBa K CaMOMNpO-
M3BOJIbHLIM fJIepPHBIM NPEBpPAalLUEHUsM.
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UHupxouui (Zr) — MeTana, BHelllHe NOXOXKH Ha cTtanb. Baaropaps
BHICOKOI TeMnepaType INJaBJeHH SBJAAETCA LEHHHM MaTepHaJIoOM
SINepHOH 3HEepPreTHKH.

D B —CM. 3J1€KTPOH-BOJIBT.

DNeKTPOHBOJDbT-— eIHHHLA 3HEPrHH, KOTOPOH MONb3YIOTCA B aTOM-
HOM M sllepHOW (H3KMKe, OHa paBHa 3HEPTHH, KOTOPYIO nmpHoOpeTaeT
3JIeKTPOH, NPOAAA PAa3HOCTb NOTEHUHaJOB B 1 8. TO OueHb MaJeHb-
Kaa BeqHuyHHa: 1 386=3,83 - 10-23 kxaa.

DaeKTpPOCTaTHUYECKHE CHJB —CHAb, AefcTBylOllHe B MoJe,
CO31aHHOM 9JIEKTPHYECKHMH 3apsldaMH,
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