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OT ABTOPA

D7ta KHHCA pAacCUliTaHa HA ABe wareropun vuraresaeil. [epean
f OCHOBHA5 — DSIAOBOIl YHTATEAL A3CT I MACCOBLIX IKYPHAJIOB,
HC HMCIOLHIT A0CTATOUHOI NOArOTOBKH 1 Ie HCKYMEHHBIT B yTe-
(HIL HAYYHO-NONY.IAPHOI JAHTEPATYPDI: He AOXOAHAN PYKH, He-
ROULA HJH ODOCTO HE nonaganach Ha riasa HHTEPecHas] KHHMKKA.
3xcch raaBuas 3afaua — oOLACHHTE KAK MOKHO [OHATHeE 3Ha-
Here HauGo/ee YacTo BCTPEUAIOMIHXCH HAYUHBIX Il TeXHHUeCKHY
TEPMIIHOB, TPSMO K1l KOCBEHHO CBASAHHBIX C MOJAVUEHHEM H
HCHOIL30BAHHENM ATOMHOI (A/1epHoil) sneprum.

Bropas, ne wmenee aworouncaennas HaTeropHy — YUTATEJb,
YAe yCTeBIUHIT B pa3Hoe BpeMsa 1 003 Kakoii-an6o cleTeMbl npo-
HUTATDL H3PSIAHOE KOJAHUECTBO CTATEll Il 3aMETOK Ha 3TV TCMY, Y KO-
TOPOro yiKe CAOKHIAOCL NPeAcTaBiaeHie 00 OCHOBAX OCHOB ATOM-
noit suepruu. [ucats 1as atoi RaTeropiir unTarTeas TpyaHee M
CloMHee. YCBOGHHbIE B Pe3y.LTatTe MHOIY [IOBTOPEHUIl H, ecTe-
CTBEHIO, YHPOLEHNDbIC HCTHIHLL, YacTo §e3 A0JMKHOI CBSI3H ¢ 06-
HEAI] (JJIIBHUGCI\'H.‘\H! SHAHISMIL, CO31a10T Y Takoro 4YHraTte s u.a-
A0 MOHNMauHa Beell npolaemsl. EMy aeficteuteasno Tpyalio
3aCTaBHTL ceGsl MPOYMTATL /la¥Ke XOPOLIO Hanucauuyo Hayymo-
MOIYJAAPHYIO KHHTY, 4acTO XOTst Gbl H NOTOMY, uTO, nepeHeTh-
Bas JOOYIO 13 HHX, OH HENPEMEHHO BCTpevacres ¢ MHOTOKPATHO
HOBTOPSIOLUIHMHCS XO/OBLIMH OO bACHCHHAMH, SD(HEKTHBIMU Kap-
THIKAMH DA3JeTalOWHXCH B CTOPOHLI «KJAYVOHHUEK:, nzobpaxkalo-
IHX sIZIPa aTOMOB.

Myen B BULY uMenno Takoro UHTaTeds, VKe «[MTOANOPUYCHHOrO»
KPYMHUAMH OCHOB Haykn 00 aTOMHOfi 3Hepruu, aBTOp pacnoso-
WU MaTepHada takum obpas3om, YTOOB! NOHATHS I TePMHHBI MPH
UTCHHH HX TOJAPSIIL COCTABHH CBOEOGPA3HYIo HayUHO-NonyJsip-
Hy©0 —oT A jo0 §1 — kuury wo ocHoBaM aTOMHOI SHEPTHH,



B kam10M pa3jeie, NOCBsiIeHHOM Tofl uan nHoit GykBe, no-
HATHS 1 CJOBa, COCTABJANINE OCHOBBEI aTOMHOIL (PH3HKH, Bblie-
denbl 0co60 B CAMOM HayaJje TeKCTa i HHOTAA He B a.1gaBut-
noum riopsake. C/oBa e, ABAAIOLLIECT PA3BHTHEM OCHOBHBIX NO-
HATHI, HayYHBIMH HJIH TeXHHUECKHMIL TepMHHAMH H MPOIH3BOI-
HEIMH OT APYCHX TOHATHIL I CJO0B, PAacMoJoMKeHbl C€1e¢10M 34
HHMH, HO ViKe B aa(aBHTHOM HOpPSAKe, Kak B SHIHK/JIONEIHAX
u caopapsx. Kpoyme Toro, Miorue CJIoxliple SIBJICHHA H NOHATH,
HyKaloulHecss B OOWINPHBIX Pa3bACHEHHAX, pa3/eieHsl I pac-
Hpeedenbl 0 PasaHUIBIM CJIOBAM TaKiM 00PasoM, UTOOEl Kak10e
N3 HHX pasBuBano i JIOMOJHSIIO TpejliecTsyomee 0GbACHE-
Hi¢, NOJOGHO TOMY, KAK ITOro YAdercs JOCTHYDL B JOTHUECKH
CBA3ANHOM 1l HCMPEPLIBHOM TEKCTE OOLIMilbIX HAYUHO-TMONYIPHEX
kuur. TIpd 3TOM HH B Koefl Mepe aBTOp He CTPEMHTCA 3aCTaBHTL
ypTaTeas B SIBHOM WJH CKPBITOI opMe Kaawablil pa3 mepeunThi-
BaTh OTAEJIbHble MeCTa KHHTH, UTOOB MOJYUUTL [peAcTaB/elie
0 TOM HJIH HHOM pasjede Hayku ol suepruu atoma. [lostomy Kax-
710¢ 13 0TOOPAHHLIX W BK/IOURHHBIX B KHHTY CJ0B NPeacTaBaser
WA [0 Kpaiineii Mepe J10/12KHO IIPEICTABIATL N0 BO3MOMKHOCTH
3aKOHUEHHBIT pacckas Wi o0LACHeHHEe SIBACHHA, NOHATHS HIN
TepMiHa.

He npuGerast Hil K KakiM yXuuipenusy, 0O/bLIVIO HacTb no-
HSITHIT W TEPMIIHOB MOMCHO OBLIO ObI Pa3MecTHTb MO oAHoli OYK-
BOIl A: aTOMHas 3HePrHsi, ATOMHBII TPAHCIOPT, A4TOMHad TeXHHKA
i T, A A el Goablle npas Ha 370 HMeer Oykea S, Tak Kak Go-
;1ee NPaBHJIBLHO CUHTATH HEPTHIO HE aTOMHOI, a sijlepHoil 1l TOBO-
PHTL: s/epHble PeaKkun, siAepHblit peakTop u T. A.

[Mockoapky e BCe, O 4YeM DPACCKA3LIBAETCS B 3TOi KHHFE,
fAo1KHO gexath sexay A u 1, Boaeii-neBoseil Bech MaTepHan
HPHIIOCE  PACMIOJOMKHTL M0 BO3MOXKIOCTH DABHOMEPHO MEKIY
sTMH AByMa GykBanil. Fl nockoabky 4eJ0BCUECTBO BRepBble no-
31 AKOMHJIOCH C HEBeAOMOIl THTaHIUeCKOoil NPHPOAHOI CHIIOI, CKPbI-
TOl TJe-TO B HeApax aToMa, KaK C SHeprueil aTOMHOIl, 1a W HauH-
nath ¢ GykBbl A 1 caoa «AToM» Kak-To yloGHee, TO Mbl H npe-
JOCTaBHJH JALBHIYIO 0O MOHATHIT 3TOMY C/0BY.

Ecatd cryersi HeKOTOPOe BpeMsl Y untaTedst «kapManHoil suum-
KJOTeAHI» NOABHTCs xceaalnne 6odee 00CTORTeIbHO O3HAKOMILT L3l
¢ oGOl H3 MHOTHX XOpPOUINX HayuyHO-NOMYJISPHBIX KHHT, aBTOp
couTeT CBOI0 3azauy OGosee uem BhinoaHennoll. Pexomenayemas
JanTepaTypa NPHBEJEHA B KOHILE 3TOil KEHTH.
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ATOMHAS 3HEPTMS W YENOBEYECTBO

llepBas nmporpasmya GoabuiesBHCTCKON RAPTHH, OCHOBAHHOI
B. M. Jlennuwin, BuipBasa namy crpany H3 KamutagHCTHUECKOTO
Mupa. Bropas nporpamma, npunsras euie npn xusuu Jlenuna,
npuseaa K nosHOH noGese counaauama. Tperbs nporpamwma,
yrBepxaensas XXII cvesnom KIICC, coaepHT KOHKpeTHBIl
I1aH CTPOHTEJLCTBA B Hallieil cTpaHe KOMMYHHCTHUECKOro ofie-
cTBa.

B pesyabrare yclisinii coBeTckoro Hapoja, THTAHHUYECKHX [0
pasmaxy, QaHTacTHUeCKHX 10 KOHEYHBIM Pe3yJbTaTaM H poMan-
THYECKHX MO COJePIKANNIO, B CTpaHe GyJeT co3gana MaTepHaJIbHO-
TexHHYecKas 6asa KOMMYHH3Md — [eBHAaHHble elle Ha 3eMmJe o
MOryulecTBy H GOraterBy NDOH3BOAHTEbHBIC CHJBI, NPH3BAHIbIE
npespatute Coserckuit Coo3 B mepsylo nuiycTpHAILHYIO aep-
HaBy MUPA H OKOHYATE/IBHO BLIHIPATbL IKOHOMIUECKOE COPEBHOBA-
HHE € KAMHTaIH3MOM.

H onsate, kax B 1920 r., ocHoBoil renepaabHoil JHHHE Hawmieil
MapTiii, 110CTOALHOI 1i HEl3MEHHOH ee «BTOpOil» nporpaMmoii Gy-
AeT 3AeRTPUIRALA Beeli cTpaHbl, «ekTpHHKALHS Ha Noupe
COBETCKOTO CTPOSl CO3AdeT OKOHUATEAbHYI0 NOGE1y OCHOB KOM-
MyHU3Ma»,— HEYCTAHHO mnoBTOpsia B. M. Jlennn wamawii pas,
KOra CTOsAJI BONMPOC, YTO ABJIAETCH CAMBIM BayKHLIM H [JABHBIM
AR5 Oyayuiero waiefi poanHel, s 6yAVILEro ueoBeyecTRa.

M ne npocto saextpuduikauns, a onepexailiee ee pasBHTHe
10 CPABHEHHIO CO BCCMH ADPYTHMIT OTPAC/SIME TSKEAOH NPOMbiiL-
ACHHOCTIl — OCHOBLl HHIYCTPHAJIN3AIHK cTpanbl. B Hawn aun g
STOMY CTAHOBOMY XPeOTY SKOHOMHKH — 3JIeKTPHGUKAILHIT — nap-
THA 100aBH/Ia eule H XHMH3AIMIO HAPOAHOIO XO0351iicTBA.

840—850 MuaAHAPAOBE KHJIOBATT-9acOB 3JMEKTPOIUCPIHH B
1970 r., 2700—3000 muaauapaos (3 Tpuaauona!) — s 1980 p.—
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B MOATOpa paza (oJaeliie, ueM ec BLPadarTbiBAlOT CErojiHA BCe
ctpansl Mupa! Hoeotl, acrponosmiueciknii Macwrad Mep B aenax
CTpOHTEMRI KOMMYHH3MA.

Boabuomy kopabdimo — Ooabitoe naasanne. B 1980 r. Oyner
pelniasieno 250 MuaaHonon Ttonn cradad, jgoopito 690—710 mMua-
JauoHOB TOHH HedrTH, 1000—1200 Munainonos Touu yras. Odumasn
BAJIOBasl NPOAYKIHA BCRIl COBETCKON NPOMBIIIIEHHOCTH BO3pa-
CTeT He MeHee uem B IUSCTb Pa3, a NPOAYKIHA CeJILCKOro XO03sii-
CTBA — NPHMEPHO B TPH C TNOJOBHHOIl pa3a. DTO PABHOCHIBLHO
TOMY, Kak ecJH Obl Ha TeppHTOPHH Hauleli CTPaHLI I1OMONHI-
TEJBHO MOSIBHANCH MPOH3BOJICTBCHHLIE PECYpPChbl €ume NaATH npo-
MblIUJAEHHBX H OoJgee ABYX CEALCKOXO0351ICTREHHDBIX cTpad — Ta-
kux, kak Coperckuit Cotos!

O6niiie 37eKTPHUCCKON 3HEPTHH CO31aCT YCJAOBHS AAs eme
GOMBILETO POCTA OCHOBLI BCEll MPOMBILIJICHHOCTH — 4PE3BLIYAIiLD
IHEProeMKoll TAXEeJA0H HUAYCTPHH, KOoTOpas MNpH3Bana Ipon3Bo-
JHTL Cpe/ICTBa MPOK3BOACTBA A4 NPEeANpPHATHH, B CBOIO OUCPe/lh
MPOH3BOISIINX CPeACTBa MPOH3BOICTBA (CTAHKH, MAUIMHLI) .19
3aB0JI0B H QalpHEK, BLINYCKAIONIHX y7KC BCE OCTAJbHOE.

HMrak, s"eprua, snepris i cute pas sneprus. Muenno ot suep-
FHH B CAMOH  coBepiledioli (opre — 3JeKTPHUECKOIH — 3aBica?
CPOKH, B Kakie OVICT co3jana MarepHayibHo-TexHuueckan 0asa
KOMMYHH3M4A, H G!:ICT])OTH GCVILCCTEJACHIA MCUTBL UCJOBeHECTBa O
30J10TOM Bexke H3001Hs, CTARIINA ViKe Tak ocsizzeMo OJH3KIM.

Yueusie 0AHEKAbL MOICHUTAMN, 4TO 3A0POBLIT B3DOCALIT MyZ -
ynHa, naxe paboras 10 BOCeMb 4acoB B JeHDL KPYIJbLIL 0, e1Ba-
ejira Beipatoraer 250 KHAOBATI-YACOB 3Heprui. YTolbbi moayiiin
TAKOC JKC KOJHUYCCTBO 3IJICKTPHUECCKON 3HEPrHH, HYXKHO CKeub b
TOIKE CoBpeieniof aJexTpiueckoil cTanuun oxoso 125 kujorpam-
MOB yruis. Kamias e toina TomaiBa, A00bITOrO HeJOBEeKOM, KK
OBl CTABHT PSLIOM C HIIM BOCCMD 2HEPTETHUCCKIX MOMOILIHKOB.

Ecan TPH TPH/WIHOHA KHJOBATT-UdCOB HICKTPOIHEPTHH E)EISI{C-
anth Ha 300 MHANHOHOB UENTOBCK — NPCANOJATaCMOC HACCJACHIEe
nauweil crpannl K 1980 r.,— To Ha 0410 KaxKA0ro U3 HIX NPIAETCS
no 10 rtoicsiu kigoBatT-uacoB. CiaegoBaTenabHo, HA MOPOT HOBOro
O0UICCTBCHHOrO CTPOSA Kambil COBETCKHI UCJIOBCK BCTYIHT B
OKPYMHKEHNH BHYLIHTEIbHOTO 0TpajAa 13 40 HeyTOMHMBIX NPHPOIL-
HBIX 2JICKTPHUYECKHX TOMOUIHHKOB.

dto, 6e3yCA0BHO, OUelib MHOrO, 0COOEHHO €Cal BCHOMHHTL TO
HHUTOMHOE KOJIHUYECTBO — 14 KHI0BaTT-1aCOB,— KOTOPOE NPHXO-
JAWJa0ch Ha aywy Hacesjenust 8 Poccnn B 1913 r., nau 3 xuaosatr-
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yaca B 1920 r., xorua VTBePKAAJdCa 3HAMEHHTBl JeHIHCKE
aan aaexrpugpukauun Pocenn — naan TOJIPO.

Ho rtoaeko serymut! A mems 3a 1980 r. NOCJAEAYIOT TOAL
1990-1, nakonen 2000-ii! M 1o, uto nepel HaMI CErOAHA Npei-
CTaeT oxa elile B BHAE MeYThl, AJS YeJI0BEUECTBA KoHua XX Bexa
OKAKETCST yKe 6ECKOHEUHO MAaJIbIM.

Ha nopore nosoro, KOMMYHHCTHYECKOrO CTPOsl COBETCKOMY Ue-
FOBEKY TPEACTOHT HAUAThL MePecTPOiiKy JHIA 3eMJH, KOHCTPYli-
POBATL ero no-ceoemy. Tekylule HbIHC HA Ge3TI0AHbII CeBep pexn
MOBEPHYTH Ha IOT. I'HraHTCKHe M3JHIIKH BOAb pek CuGupn nanpa-
BUTL B nycthinn Cpeaueit Asun. BoceTanoBntob YPOBEeHb BOALI 8
Kacnuiickom mope. [poaomnte nosule pexn, co3nate nosbie Mops,

A nasee noiiayr paGotwl Ya&e THranTckux Macwrabos, Hame-
MHITL HANPABAEHHEe OKEAHCKHX TeueHHii 149 TOro, YTOGLI oBorperb
leable KonTuHeuThl. [IpeBpatnTe B uBeryuiie caanl NYCTBIHI, Bep-
HYB N1AHETE BECh ee PACTHTeNbHLI Hapsl. OGorpets Tynzapu u
YHHUTOKHTL BEYHYIO MepanoTy. Buuepkuyrs us cjloBapeli f3blkos
BCCX HAapO/0B €/10BA «HEAOPOA», «HHLIETA», «[OJ01>. [Mpounkuyrn
B IMy0b 3eMan, B ee HencuepnaeMmyio KJIaJIOBYIO HCKOMAEMBIX §o-
rarcrs. IlpespathTs MHpOBOII okean B HEHCTOLIHMKBIIT HCTOUHNK
AL 0 TPOMBILJIEHHOTO CLIPBS, CO34aTh HA ero npocTopax He-
KYCCTBCHHLIE OCTPOBA H ueasle MaTepHKH. [TocTponTh MHOKECTBO
COYTHHKOB 3€MJIH, 3aCeJHTb Jlyny n Gamxaiiume naanerol...

JlioGoe 13 5THX BeAHKNX Aed A8 CBOCTO OCYULeCTBJICHHS B nep-
BYl0 ouepelb nOTpeGyeT pacxoda IHEPrHH — HECHTKOB, coTew,
4 3aTE€M H THICAY TPHIJIHOHOB KHJIOBATT-44COR

W uem nasbiwe Gyaer passupatbes iy
norpedyercst sheprum... Lleanii axean ce!

Broae ecrectsenio, uto aoeii Vue ceiiuac naynnaer Tpeso-
AITL BONPOC! HALOJIO JIH XBATHT CYLIECTBYIOWNX HCTOYHIIKOR
sueprun? He nactynnt amn yixe B Komie TEKYUIET0 CTOJICTHA 3hep-
TETHYECKHI] r0/10/1, T1aBHBIM o6pa3oM H3-3a HCYepnaHns samacos
IICKOMAeMoro TONANBA: YT, HE(TH, NPHPOIHOro rasa, Topda, ro-
PIOUHX claHLeB, ApoB? Hem Mbi pacrnoaaraes B qacTosuiee BpeMS,
Ha UTO MOKEM pacCulTBIBaTbL B GJMMKaiilicM H OTIaJeHHOM Oy-
nyues?

Ceroanst Mbl sIBASIeMesl CBUAETEIS MH 34XBaTbIBAIOLIETO COPEB-
HOBAHHSI B CTPOWTC/BLCTBE 3HEPreTHUECKHX rurantos. Onna 3a
ApYyroii BBOAATCS B CTPOIl THAPO3JIEKTPHYECKHE CTaHIHH fno-
HCTHHE aCTPOHOMHYECKOIl MoILHOCTH: Bovkekas um. B. M. Jlennna
Ha 2,1 MuIIHOHa KHA0BaTT, Bo/Kckas HMenu XXII cwezana

Banys, TeM 6osibiie
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KIICC wa 2,3 wmuanuona xujaoBart, Dparckas MOUHOCTGLIO
2,6 MusinoHa KuJ1oBaTT. Beayrca paGotnl 110 coopyrennio Kpac-
HOSIPCKOTO THrAHTA MOIHOCTLIO & MHJIJTHOHOB KHUJIOBATT. Opana
Taka® cCTapuHA AaeT sHeprHn B HECKOoJbKo pa3 Gosblue, ueM
6uaio npeaycsmorpeno naasom [OJIPO! IMpoekriupyercsa cTpoH-
TeALCTBO elle Go/ee MOUIHLIX THAPO3JAEKTPHUCCKHX CTaHIiHil Ha
Aurape, Euncee, Jlene u apyrux pexax CCCP. Or Beex xe pek,
npotexaiomux no teppiutopin CCCP, moxno Oubino Oul nosiy-
qUTh MOLIHOCTB MpHMepHo 250 MHATHOHOB KHJOBATT — B TPH pa3a
Gosblie, ueM Aapajn  BCe  JSKTpHUeCKHE CTaHiiy  CTpadbl o
1960 r. DTo, KOHCUHO, OYEHL MIIOr0, HO He HACTO/IbKO, 4TOObLI
ofecmeudTs Hy bl JIoJell KOMMYHHCTHUECKOTO 3aBTpa.

W wer uyyero yauBHTENLHOro B TOM, 4TO CAMBIM pacnpocrtpa-
HCHHLIM HCTOUHIKOM SHEPrHHE BO BCEM MIC MOKa sIBJSIETCS HCKO-
naeMoe TONJAHBO, MIaBALIM 06pa30oM KaMelitblii yrodb. Ero Goabiie
BCErD 3a11aCCHO B HEApax 3eMJIH.

HedTtn na 3eMHOM wape noka uTo pasBelaHo pa3 B Cio
metbime, yem yrag. Onnako BBHIY TOTO, 4T0o A00BIBATH, fepe-
BO3HTL H HCOOJB30BATL €2 3HauHTeIbHO Jerde, yaoOuee H Je-
wesse, €eM YroJb, Ao0z4a 1 noTpebaetine HepTH He TOJLKO
AOTHAMH, HO 0 HadunialoT o0rouaTh AOOLIUY I noTped/eHne yrias.
B 1965 r. o BceMm mupe ao0uito yxe OGosee 1400 smunamnonos
ToHH He(TH.

Croab e GuicTpo, a noskadayil, etile GuicTpee pacrer 1o0uiua
IPHPOIHOTO rasa.

Pe3koe Bospactanue 400ui4i yras, a ocobeuio dedri 1rasa,
8 CBOIO ouepelib no3soJser eute 6oJibUIe YCKOPHTL CTPOHTEILCTEO
M BBOA B IKCM/AYaTaUHIO CBEPXMOILHBIX TENJOBBLIX IACKTPHUCTKIX
cradiifl, 4 CJACIOBaTE/NbHO, H YCKODHTH CO3JaHHe MaTepHaabilo-
TeXHHUECKOH 0A3hl E(o.\nrys{nama.

SaekTpuueckas 3Meprug odeub {1 ouenb aoaro Gyser ocra-
paThCsl HAEaJibHOIl, rocnojactsyiouiell Goproil 3HEPriH, HCHO0b-
syemoii ofulecTBoM Oyayliero BO BCEX 00.1aCTAN NPOH3BOILI-
tenptoil aeateabroctH. Ho y 2Toil sueprerHueckoll Bjanbluniibl
eCThb H CBOH BpO:KAeHHbIe c1aloCcTH.

Ten08YI0 3HEPTII0 MOMKHO, HANPUME], XPAHIIThL, HAKANIHBATD,
ApaBAa KOCBCHHO, B RilZe 3aMacoB TOMJIIRA, TOPIOUHX H B3PLIBUA-
rbiX BRleCTB, XIMUUECKIX DeakTHBOB. IDJCKTPHUECKYIO SHEPTHIO
Wi XPaHWTb, HH HaKaMIHBaTh HH APAMO, HH KOCBCHINO, KpoMe
oucib HUMTOMKHO Ma/blX KOJHUeCTB, HeBodMmoxno, Ee uymuo no-
rpe6aaTh no Mepe BeipaboTKi.
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Hy, a kak GwiTh B Tex CAVUASAX, KOrjga HaKolJdeHHOoll B Blae
TONJHBA 110 Najalolleil BOALI SHEPTHH HET BOBCE ILIH ee Hejo-
cratouno? Hanpnmep, okoao 80% Beell mpoMbiIenHOCTH, paBHO
kax n naceqenuss CCCP, cocpenoroyeno B Enponeiickoil uactn
CTpaubl M HA Ypade. A nojaBiasioulasl uacTh BCEX 3HepPreTHue-
CKHX DECypPCOB, BOAB! H TOIMIHBA NPHXOIHTCA Ha BOCTOUHLIC H ce-
BEPO-BOCTOUHBIE pailonsl cTpauul. Kakiy caMbiM GHLICTPBIM, 3KO-
HOMMUECKH BBITOAUBIM 1 TeNHHUECKH LeJ1ecooGpasHbiM crnocofom
MO HO ObI110 Obl pa3peliiTh 3Ty npodaemy?

Han pemnts Takyio Gosee aagexyio 3azauy: co6paTk B 3Hep-
FCTHYCCKHIl Ky/JaK OFPOMHOIl MOLIHOCTH 3/JE€KTPHYECKYIO IHEPTHIO,
BLIpaGaTEIBAGMYIO UEJ0i CTPAHOIl,— ZeCATKH MUJAHOHOB KHJO-
arr. Ho norpysuts ee na 6opT paxeTsl H HCNOAb30BATH A8 KOC-
MHYECKOTO noJera neso3mMoixuo. Ee #e B ueM XpanuTth, HHUErO eio
Hedb3sl 3apALHTb, €€ HeBO3MOMKHO CTYCTHTDL, C/KaTh., A o0bluHbIe
MHOTOCTYNIRHYATBIE YCTAHOBKH H MAaIUMHB! 1451 npeo0pasoBaHHs
SHEPTUH TOMNBA B 3JEKTPHUECKHIT TOK upe3BLIYAiii0 rpoMO3-
KH, TSLKeJbl N HMeT HH3KHH xo3dQuUHenT noaesHoro jeii-
CTBHSI.

[Tostomy yueHble 1aBHO MEUTAOT 06 HCTOUHHKE, KOTOPHIl
pH HHYTOKHO MaJoM olpeve o061ajaia Gbi GaCHOCJIOBHO OrpoM-
HOit 3Heprueil, npeBocxoanUleli 3HEPTHIO JIOOBIX C2MBIX CHABHBIX
B3PLIBUATLIX BeII[eCTB Ha CBeTE.

M Bot ceepminock uyno. Tpuauati rpaMmos ypana-235 oka-
3a70Cb BMOJIHE JA0CTATOYHO, 4TOOLI B TeueHHe CYTOK NHTAThb
JHePrueil SACKTPHULCKYIO CTAHIHIO MOUHOCTLIO B MATL THICAY KH-
70BATT, OOLIYHO CKHTAIOWIYIO 38 5T0 BpeMs OKOJIO CTA TOHH YIS,
A HECKOJIBKO COT rpasaoB 3TOIO YV1eCHOT0 BeUlecTBa MO3BOASIOT
MalHas  CauMoro  MOULHOTO B Mlpe COBETCKOro JemOKOJd
«/lemii» passipath MOIIHOCTD 44 TLICAYH JOIALHBHIX CHAl

[Ipipoaa nocrapanach CKpHITL CTOAL NOTPSCAIONIEE KOJHUC-
CTBO SHEDPrHH B HHYTOXKHO MajoM O0beMe BeUIeCTBA — B sape
aroMa. Ho yeoBek cymes OTOMKHYTb TBHICAUN XHTpOyMHefimux
54nopos, BeAYLIHX K CepAly aToMa, H3BJeub H3 HEro SHepPruio u
NOJYHHHTDL ee cBoeil BoJle.

I xotst ¢ MOMe#iTa 3TOro BeJuuaiiuiero OTKPEITHA, O KOTOPOM
ppaatowniica panuysckuil Gusuk [Toan Jlauskesen ckazan, yto
0HO M0 CBOEMY 3HAYCHHIO B HCTOPHH LHBUJIH3AIHH, MOXKET ObITb,
0yfeT MOCTAB/JEHO HApPsAY C OTKPHITHEM OrHs, npoilio Gosee
20 net, He TOJALKO MPOCTOIT YENOBEK, HO M YUeHble, HMEIOLHe Je10

¢ 9TO{f HOBOIl MPHPOAHOIL CHJION, 0 CHX ITOP HE MOTYT CBLIKHYTLCS
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250 wat-y 8 rop| CO CTOJIb <«HPOTHBOGCTECTROHHBIM® HECcOOT-
BETCTBHEM MEIKIY HNPHBBIUHLIMH KO/14eCT-
BaMH  BeLECTBA M 3aKAIOUCHION B HE)
IHeprueit.
i HMonymaiite: 1pa noJaHoM cropaHmu oj-
HOTO KHJOrpajMMa €aMOro Jyullero TOMJH-
Ba — He(tH — BulAeastercs 11,6 xnsopartt-
uaca TenvioBoll suepruu. A npu aedennu
Sl FEP aTOMOB OJIHOTO KIIOrpaMMa ypana-235
: BLUACVISICTCS 3HEpPrusl, TOXe B BHJAE Teja,
TRr=11,6 ket.u i pasuas 229 MuasHOHA KIVIOBATT-44COB —
foury B ABa MusdHona pas Goapwe! [Tpu-
HEM 9TY IHEPTHIO MOMIO BBLUIEJHTH ILII BCIO
cpasy, B (pOpME B3pbIBA KOIOCCATBHON pas-
PYUIHTEILHON  CLVIbL, AJAIIErocs BCEro /iy
: MULTHOHUYIO MO0 CRKYHILL (aToMuas Gou-
ltus=20 9 wnge. sigr-y | O8), HaH NO1yuaTh MOCTENEHHO, KK Ha 00bly-
HOI 2JeKTPHYeCKOI CTaHILHH.

. _Boaopoa (D) Fute Godblle 3HEprun BblIEJASETCH npii
S 7% ) 4 .
\\@ @; TAK HA3LIBAEMOI TEPMOSAEPHOI peakiu -—
@ 4 PeAKLHH CAMSHHSA SIIEP aTOMOB JEerKHx sie-
2 @‘\\ MeHTOB, HanmpuMep Bojopoja. B atom cay-
1 KE=117.5 aan. HBT-u Hac KOJHMYECTBO 3HEeprHH BO3pacTaer o

enie  00Jaee  HEeBEPOSTHON  BETHUMHDLL - -
U17,5 munanuona kuioBaTT-uacos Ha o KIVIOTpaMy  Bojgopoial
H, nakouwen, 4To Kamerca y:Ke HelOCTHMIIMON thanracruxoii, pe-
UIECTBO 0KA3a/10Ch BOOGINE Xpauuauiem GACHOCJOBHO OTPOMHOrO
KOJIHUECTBA SHEPTHH — «MPYYKHHOI» aCTPOHOMHUECKHX MacliTabon,
CriocoBifoii, ec/n cyMeTh KOrAa-IH00 ee «CIyCTHTb», BBGAHTH I3
OIHOFO KHJIOrpaMMa BellecTBd 25 MHJAMHAPAOB KHJAOBATT-44COB
SUCPTHH — rOAOBYIO OT/1dtMYy BCEX BOJKCKIUN IHAPO3JIEKTPHUECKIIX
rurantos! A Bellb BCe BOKPYI 11ac, 1a 1 Mbl CaMIl, COCTONT H3 TpHJI-
STHHOHOB TPHJIVIHOHOB aTOMOB, «IPYAKHHDL KOTOPBIX OBIIH 3apenelint
TOria, KOraa B HCTOPHYECKOH DeCKOHEUHOCTH KOCMOCA CKiajplBa-
JHCH BCE OKpYyKalOllHe HAac BellecTna, Best maaneta, Couaneunas
cuctenma, IamakTika, cHetema raJaktik, Beesennas.
Tepmoaaepuylo peakinio Mel noka MoKeM OCYIIECTBJATh JIN L
B (opme B3pLIBA UYAOBHULHON CHJLI — B3DLIBA  BOAOPOAHOI
OoMmObl. M B Aenb, KOTAa yuensle HayuaTes YNPaBJsTh XOAOM Tep-
MOSICDHOM DeakUHH, YeJIOBEK CTaHeT MOANHHHLIM BJIACTeJINHOM
IPIPOALL, TAK KAK MOJIYUYHT B CBOE PACHOPSI/KEIHE ARICTBHTENBHO
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HCOTPAHIUCHHLIC U HEHCCAKAEMbIE HCTOUHHKH SHEPrHH — TLICSUH,
MHJLIHOHEL, @ CO BpeMeHeM o MHJIHAD b 3/I@KTPHUYECKHX ABOHH-
KOB HA Kax10ro KHBYILEro Ha 3eMHOM wape yenoBexal

Heasunxcs BewecTs B 3eMuoil Kope He CToJIb YK MHOro, a
€CAH YUeCTh, YTO Hallla nJaHeTa pecyulecTyer eme A00pbIX He-
CROILKO JRCATKOB MILIIHAPIOB JIeT, TO HX BOOOLIE i@ OCTAHETCH.
A Bomopoaa uHa semmowm L1ape — IpeBeIHKOe KOJHUSCTBO. DTO
COTHH MH/IHONOB KyOIH4eckix KHJIOMETPOB BOAbl MHDPOBOro okeaua,
PCK, 03ep, noasemHble BOALI, BJara aTMoC(epsl, NeCATKH MHJIJHO-
HOB KYOHUCCKHX KHJIOMETPOB AbJ0B Apkrakn u Awrapkruku. Ero
ABATHT 17104170, a:Ke eCJIH CYET BECTH HA 3MOXH | 3pBl.

Orpomuas ROHUSHTPALHA PeryJIHPYeMOil 3HEPrUH B HHYTOMKHO
MaJoM o0beMe MO3ROJHT OTHPABJIATDL PaxeTol B KOCMHYECKHe
peilct! — Ha camble UTAaNCHHBIE NJIAHETH, B APYrHE 3Be3AHbIC
MEDBL, &8 BO3MOXHO, H 8 COCEAHME rafakTHKH, OCYUIECTBHTL KOrda-
Audo, B ouelnb ganexom Oyayuiem, (aHTAaCTHYCKYI0 [ONBITKY
H3MEHHTL OChb HAKJIOHA 3€MHOTO Luiapa u TeM caMbiM [PeBpaTiiTh
HAlly N1aHeTY B BeuHO WBETYULM{L pail, a BO3MOXHO, H mepernpa-
BHTL ee LenHKoM Ha opOHTY Kakof-auGo HHOH, OoJsiee ropsuei
3BE3/1LI.

Coueraniie KOMMYHHCTHYECKOrO 0OILeCTBEHHOro CTPOS H HEHC-
EPNAEMBIX HCTOUHHKOB SHEpPrHH, CKPBITHIX- B HeApax aroma, 3Ha-
MEHYeT coboil Hauan0 NOATHHHOTO 30J0TOrO BeKa Ye/IOBEYecTRd,

BOCNETL KOTOPLI ceroiHs GeccHabna nazke camas nulixkas (au-
Ta3us.



OCHOBHbLIE NMOHATHS H TEPMHHbI

Crp.
«ATOMHBIH» A3BIK 14
ATom o : 16
ATOM 9JeKTpH4ECTBA — 3JCKTPOH — 19
ATOMA H aTOMHOTO sApa MoOAedH —— 22
ATOMHBI (SI7epHBlit) peakTop — 26

«AToMublii» A3piK. B page MecT 3TOH KHHTH Mbl BLillyiKiIeHL
NCJb20BATLCS CHEUHANbHBIMI GYKBeHHBIMH I nudposbiMI 060-
sHaueHNAMH 1 Qopmysaami. Bce onH oueHb MPOCTEL, HATJSAHEL,
H K HHM JIETKO TIPUBBIKHYTD,

BykeeHnble W undpossie odoznaueniis. B siaepioll puanke Aas XuMuueckux
2,1CMENTOB NPHHATHL Te e Oyksennuie odo2nauenus, 41o n B xusmuu. Oauaxo
PAAOM € COKDAULCHHBIM JTaTHHCKHM 0003HaueHHeM 3JeMelnTa npocTasisorcs
cllle 1B P BBEPXY CHPABA — ATOMHBIT BEC 3/7eMeNTa, COOTBCTCTBYIONLHIL
CYMMapIOMY GHCTY BCeX HYKJIOHOB fipa atoma (npoTonos U  neiiTporos),
BHH3Y CIeB@ — NOpPAJKORLIT HOMEP 3J1eMeHTa B nepHojuueckoii rabiuue Mesn-
Aedecsa, 0003HavaioUHt KOJHYECTBO MOJOKHTCILILIX 3apsAAoB (NPOTOHOB) B
21pe aTOMa H COOTBETCTBYIOULCE HM UHCJO 2JEKTPOHOB Ha Bcex ero opGHTax.
Bot tak: sLi 7 — anTnit.

Buusy caesa NOPAAKOBLIT 10MCP 3JeMelTa 3 o3nauaer, uto 8 f/ipe atoMa
HAXOAATCH TPH NOJ0MNTEALHO 3apPS/KEHHBIX NPOTOHA, a Ha opOHTax BOKPYT #l-
pa Bpaul2ioTCA TPH 3neKTpolia. Beepxy cnpapa — aToMublil pec 7. BuunTtan u3
CeMIL TPIL MO0 Y3HATD I UKCJO HEHTPOHOB B Aiape aToma. OHO PaBHO HETLIPEM.

Yacro, wtolpl e yCA0XUATL NPH NOBTOPEHHSAX HA3BaHH{ 3/eMEHTOB HJH
¢i0 H30TONOB, HHILCTCH [0JHO0C [fa3BaiHe 3JeMENTa TNO-PYCCKH, HO TOABKO ¢
YHCIOM, BEpasalonyis cro atouunnii see. Hanpusep, nonounit-210, paauii-
226, ypan-238 u T. 1.

CI(O,LL}IMG 00o3HaueHs NPpHHATBL H 414 ATOMHBLIX 9aCTHL?

e~ — aaextpon. MHHYC cnpaBa BBepxy oO3nuauaeT OTPHUATESLHLIl 3HaK
{CHTAPHOTO 3ACKTPHYECKOrO 3apsija;

¢ — noautpon. [lmoc cnpasa BBepxXy 03HAuACT NOJOKUTEILHLHT  3HaK
3ACMENTAPHOTO 3J1eKTPHUCCKOro 3apsjia;

o' — neiitpon. Exnmiua Bepxy cnpaga o03natacT aTOMHbIT BCC HYKJOHA,
i1yJib ClI€Ba BHH3Y — OTCYTCTBHE 3JIEKTpHYCCKOro 3apajia.

Ha wamtoii crpannile stoil KmikKH OVIYT Mo MHOTY pa3 BCTpEuarthes #
FaKHe C0B3 H NOHATHA: CKOPOCTL, YCKOpelHe, chaa, a 0Co0eHHO 4acTo — 3uHep-
rug. TTosTOMY CHauasga NPHAETCA BCIOMHHTL KOG-YTO H3 IIKOJLHBIX yueGHHKOB;
$TO TIOMOMET NPaBHABHO PasolpaTbesi B HCKOTOPHIX OCOGRHHOCTAN TEPMHHOB,
nocae dwero GYAET yiKe 3HAUATENBHO Jerue mepeilTn K GoJee CJAOKHBIM H TOH-
KiM HOHATHAM, IPHHATEIM B COBpeMeHnoil du3uke,
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Cropoers, Ecau dusnueckoe teno («Touka»), mBiylweecs B npocTpai-
Crse, UPOXOLHT PABIHBIC [YTH 33 OANHAKOBLIC NPOMEAKYTKN BpeMeii, TOBOPHT,
U0 OHO HMEET HOCTOMHNYIO CKopocTh. Ejpmnmua namepenns ckopoctu — o
CAUTHMCTP B CeKVHAY (cufcex).

Yckopenne oziauaet GrICTPOTY H3MeHEHHS ckopocti. Exnunueit amecn cay-
HHT H3MEHEHHE NPHUBEICHHON BHIIE cKOpocTH — 1 cajcex 3a cexyuay. IMony-
yaerca | esmfcex?.

Cura. Teno, oGaazaomee maccoli n ABHIKYLICECS B OpoCTpaHcTBe C
HEKOTOPLIM yCKODCIICM, HCHBITHIBACT HCNPEpLIBHOE BO3leficTeHe (napacuue),
HA3LBACMOE  CH.IOIL, BC;'IH'HH!H CHJILT onpeaeaseTcs Kak npoHsBtacHue
MaCChl Tead Ha cro yckopenne. Eamnmuedi cuan caymut amua (dun). 1o 1a-
Kas cuia, Kotopasn, Aefictsys (AaBss) Ha Teqao ¢ Maccoll B 1 2, 3acTtasasier ero
YCKOPATLCA Ha elnHuy yckopenusa — 1 camfeer?,

Padora. Koraa noa zeficteiey cnau kakoe-an6o oKaswBaiouiee eil npori-
BOLCHCTBIC TEJIO NEPEeMElLaeTes ¢ YOKOPCHHEM HJH NOAHHMACTCS HA HEKOTOPYio
BLICOTY, TO FOBOPAT, 4TO CHJd HPOHIBOANT Onpeiledcuiyio paGory. Eaunuieii
CAYHHT paGoTa, NPOM3BOANMAA ciaoil B 1 dun ua paccrosmine 1 o Sty ean-
IHILy HaselBaloT apr (3pe). [lpakTHueckoil exummne paboTsl ABTACTCH JHKOY/h
(9x). pasuwit 107 ape. Otciona | ape = 1,6- 1071 g,

MomnoeTs — KomiuecTBO PaGoTH, BLINOIHEHHOH 3a eMHEHIlY BpeMeri,
Dusnueckoii exmmiuelt naMepenus ee caymut | apefcer, a npaxruuecxoii —
| dxc/cek, kotopas masmpaetcs Batr (87). 1000 6T COCTABANCT KHAOBATT
(x87).

Bueprun. PaGoty, cooTseTcTRYIOMYI0 ONPeAeeHHON MOULIOCTIH, pa3ssiBae-
MOl B COKYHY, MOMHO NPOH3BOIHTL M A0JBIIE — B TeueHHe 4acos, amHeil, Jier.
370 3aBHCHT OT KOJHUECTBA 3IHCPTHH, pacxojiyeMmoii Ha BLUIOJNCHHE HaHHOil
paGotel. Tloatomy KosimuecTno 3neprun, TpeGyesMoe s TOro, 4TOOL Pa3BHBATh
MOWHOCTL B 1 K67 B TeweilHe uaca, NPHHATO H3MEPAThL CAHHHUER, 1A3LIBACMOI
Ki10BaTT-vyacoM (K6T-4).

B nonasasiouteM GOJLHIMHCTBE CJAYYACR SHEPIHIO JIOLH foyuanT oT
HCTOUHHKOB CHIpLHA, CHKHUras yroab, nedTb, ApoBa, Top(), sICpIOE ropioyee.
A Tenao B U3MKC NPHHATO W3MEPATE B APYIHN eTMIHIAX — Kasopusnx (xkaa).
D70 KOJHUCCTBO Teilld, HCOGXOIHMOre LT narpesa | e Boawst na 1° C. 1000 kaa,
w1 Kuokasopua (kia.r), cnocoGun narpers ua 1°C 1 k2 poast. 1 2 yran npH
Cimnragnn naet 8 wnar, uedrn — 12, npupoanoro rasa — 10,6, apos — 4 kxa..
| k67« pasen 860 xxaa.

Kunetiueckas sueprus — sueprun Apikenus moGoro MaTepHa.iLioro Tena
HIH HaCTHUB! HJH KOJHUCCTBO paboThl, KOTOpOe Ted0 CHocobio cosepuinth G.a-
rolaps cpoeMy ABHIKeHHIO. OnpesesnsieTcs Kak NMOAOBHHA NPOI3DCICHHA MaCChl
Teaa na KpaapaT ckopocTH. KuneTHuecKam SHEPLHf CHCTCMB MATCPHATLHLIX
CHT pasiia CyMMC KHHCTHYCCKHX SHCPCHil KAXIO0ro Tesa B OTHAEILHOCTH.

daekTponBoabt. Yro 370 3a meanuina® 3apai 3ACKTPOHA — BEAIUNNA
cTporo nocrosiunas. [lonajgan B sqeKTpuYCCKOC H0Je, CO31aBAEMOC Pa3HOCTLIO
AOTEHIIHAMOR MEKAY 3apsizKCHHBIMH
reaamn 8 | poaeT (@), saekTpou 693 um/cen
pasronsieTcs o ckopocTH 593 katfcex. =g
A BMecTe Co CHOPOCTBIO, eCTECTBEH-
#0, pacteT M KHHCTHUCCKAs 3Hepaus
sactuun. Tlpn Taxofl ckopoctn Kn-
deTHHCCKA®  3HEPTHA ti}‘fIPT panHa
GPOH3BEACHHMIO ero 3apsja Ha pas-
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Hocth motenunaqon, 1. e 1,6 - 10712 3p2 wan 1,6 - 1071® Jae. D710 KoanuccTEO
SHEPTHHE H COOTBCTCTBYCT OANOMY 3JCKTPOHIDOMLTY (38).

UroGel noJIyYHTL NMPEACTABJICHHE O KOHKPETHO! BeJHMHHC 3TOil eJHHIbL,
HYHO 3HATh, YTO CPeAHAA 3HEPTHA TEIVIOBOIO JIBH:KEHHs aTOMOB HJAH MoJe-
KYJ rasa, a TaK:xe HEPrHsl aTOMOB TECPAOro AN HILJIKOro Teia NpH KoMmuart-
noit revnepatype pasHa npuMepuo 0,03 a6.

dueprun 3aeKTpona, NPeGLIBaIONEero B HAHBLICIIEN SHEPTETHHECKOM COCTON-
HHH B npefeqax aTtoMa Bojopejia (na camoit yaanenwoil ot sgpa opGnrte), co-
crapasier 13,53 26. [lpuoGperast sHepruio cpbille 3TON  BeaHUHIL, 3JAeKTPON
VIE H2BCEr1a NOKHIAeT aToM.

B 37eKTPOHBOJLTAX M3MEPSIOT SHEPTHIO H BCEX APYTHX — 3apPSKeHHBIX M
HE3APSACHNBIX — ABIMKYULIXCS 9acTHl, a Takxe (hoToilos.

Motenunansnan sueprus — paGora, KOTOPYIO TeJ0 MOMKET COBCPLIITL B
CITY CBOCTO  HOJOMKCHISE JLTH COCTOAHUA  (HanpuMep, ciKartas Opyxiua,
GOMHATBI Ha GOJLILYIO BLICOTY T©py3, 3anac TOIJHBA M T. A.), uau paborta,
KOTOPYIO HYMKHO COBEPIINTL Haj TCI0M, YTOGB NEepeMecTHTL ero B Hanpan.ie-
HHH, MTPOTHBONOJOKHOM HANPABJICHHIO ACHCTBHA €ro «3aMOPOMKEHHOI» CHJLI,
34BHCALLEH TOJLKO OT NOJOMKEHHS TeJIa.

ATOM — riaBHBIi NepCcoHax NaHHOI KHITH H BCEro OKPYIKalo-
LILeTO HAC MATePHAaNLHOIO MHpA.

Meican o TOM, 4TO Bee GECKOHEUHO OFPOMHOE Pa3HoOGpasiie
BCHIECTB B MPHPOAE COCTOHT 113 HHUTOMKHO MAJBIX H HeBHAIMBIX
rJ1asy YacTHYeK, He MOJIAI0NIHNCS JajbHelilieMy denennio (Apo6-
JCHHIO), NPUXOHIA B roJoBYy ewie Myapeuam /pesnero Bocroka,
WMuman, Knras, Ipeuni. Ho 310 Bee 6b110 N1010M pasMbiiuiieniii,
pasayMHil 1 10rajoK, NOpoil AdKe TeHHAJLHBIX, @ He pPesyJnhra-
TOM ONBLITOB WJIH HaYUHBIX oGoOuiennii, HaubGoqee noauo sra no-
raaka Obijia BEICK@3aHa japepHerpeucckiym  (uaocodom JleBkiin-
IOM H CTO Y4CHHKOM JleMOKPHTOM, KHBIIHMH 34 YETLIpE Beka /10
qameil 3pul. JIeMOKPHTY NPHHAIEKHT H CJAOBO €aTOM» — HC1C-
UMD, KOTOPOE OH [aJ TaKHM HEACTHMBIM YacTHILAM MaTepil.
ITH ABa BCIHKHX MBICTHTENS IPEBHOCTH, @ K HHM MOMKHO elie
npubaeuts dnuxypa n JIykpenns Kapa, noJoxHan Hauano marte-
PHAJHCTHUCCKOMY  [IOHHMAINIO  ABJIEHHI  NpHPOABL — ¢Haoco)-
CHOMY YUGHHIO O BEWHOCTH MATEPHH, cC HeCOTBOPHMOCTH, HeyHH-
UTOXKEIHH { BEUHOM KPYFrOBOPOTE B MpPHpO/IE.

Ho toabko cnyerts 17 Bekom sTH ZOTafKH NPeBHHX yueHLIx
CYMEI MepeJIoMNThL Ha A3LIK MOLTHHHOH HAYKH BeJNKHI pyceKkiil
yuenwiii M. B. Jlomonocos. B ocHoBy npeadomenioii um TCOPIHH
CTPOCHHA BCIICCTBA JIETJIO CYULCCTBOBAHNHE <KOPIYCKYa» (Mo.ie-
KY./1), KOTOpble COCTOSAT H3 XHMHUECKHX 3/]1€MEHTOB, W «HeYyB-
CTBHTEVIBHBIX (PH3HUECKHX HacTHYEK» — aTOMOB. Bee amnmkenie
MaTepuH, yuna JIOMOHOCOR, CBOMHTCS! K ABHIKCHIIO ATOMOB H SIB-
J5ieTCH NMPHUMHOI BCEeX Ge3 MCK/IOYEHHS H3MEHeHH]], NpoHCXoas-
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WAX B nprpoje. [IBHXKeHHE aTOMOB B BellECTBE ONpefedseT M
CTENEHb Harpesa ero, Hau Temnepatypy. On e Toraa npeacka-
3a1 M CyUIeCTBOBAHHE CaMOHl HH3KOIl BO3MOKHOM Temnepa-
TYPEl — a0COIIOTHOTO HYJIS, NPH KOTOPOil TEILIOBOE ABMIKEHHE
“HEUYBCTBHTE@/IbHBIX YAaCTHUYEK» BEIUECTBA INPEKpalllaeTcsi BOBCE.
- Camyio KPOUIGYHYIO MOPLHIO JI0GOr0 BELIecTBa OKPYKalolero
Mipa, KOTOpast BCE elle NOJIHOCTBIO COXPAaHsIeT BCe CBOICTBA 3TOTO
EelllecTBa, HasBaan moJekyuoil. Ilpu nenennn Mosexyaa beue-
CTBA NMPEKPAILACT CBOE CAMOCTOATEILHOC CYLIECTBOBAHHE W pac-
llajaercs Ha aTOMbl — caMble MaJieHbKHE UACTHILLI CPABHUTENBHO
HeGOILLIOrO YHCIA OTJHYHBLIX APYF OT APYra XHMHUECKHX 3Je-
MEHTOB.

Hceaenys war 3a warom BceBO3MOzkible NPHPOLHBIE Beule-
CTBa, OTKPLIBAS HOBLIE 3JIEMEHTLl, XHMHKH BCe TOUHee H TouHee
YCTAHABAHBAJH HX OTJHYHTE]bHBIC YEpPTLl M CBOficTBA. B xoje
TOTO  KPONOTJIHBOTO M VIHTENLHOTO H3y4eHHs] OGHapykKHJAO0Ch
MHOTO yAMBHTE/ILHOIC H MPOCTO HENMOHATHOTO, ATOMBI OJZHMX 3Je-
MEHTOB GbIJIH YPE3BLIYAHHO JIECKHMH, APYIHX — KpaiiHe TsKe-
AbIMH. OJHH 3J1eMEHTLI BCTYNAMM APYT ¢ APYIOM B CTOMb SHepTHY-
HOE B33aHMOACHCTBHE — PEAKLIIO, YTO HX MPHXOAMJIOCH ACPKATH
OTACJABHO H Aaneko Apyr ot apyra. C IpyraMH Ke sJeMeHTaMi
3T0r0 NMPOAENATH Hesb3sl GLII0 HH NPH KaKHX VCJIOBHAX.

Bee 310 He Moriio He BoanoBaTL yuenuix. B xaotuueckom Gec-
nopsiike (PAKTOB HET-HET Aa YrajblBajich HEKHe 3aKOHOMEpHO-
(TH, CBHACTEJIbCTBOBABLIHE O HAJIHUHH KaKOro-TO CTPOrOro, Ho
lIoKa ellle HeBedOMoro nopsaka. Kamyuuiiics xaoc, BULHMO, Gbii
lie B NPHPOAE, 4 B OTPLIBOUHLIN, HCIOJHLIX 3HAHHAX YYCHBIX.
M stor nopaiox TpeGosasoch yCTanoBuTL B NEePBYIO  Quepeb.
Hecrh packpbiTh CA0XKHYIO, TILATEJBHO CKpLIBAEMYIO TalHYy mnpH-
POAB! Bbllla/1a HA 0J110 BBIAAIOLLIErOCsl PYCCKOrO y4eHOoro, npoec-
copa xuMHH [1eTepOyprekoro TeXHONOrHUECKOT0 HHCTHTYTA JIMHT-
pus MBanosnua Menneneesa (eM. «/Tepuoduuecrkas cucresa xu-
rmuveckux saemenros . H. A“I@Hde,cweeea.v)_

Jloragka o KOHEUHOCTH aToMa NpocylecTBoBaa GoJee ThICH-
uedernsi. M nonago0u10¢h HIIL HECKOILKO JeCATKOB JeT, uTo6bl
¢ N0JHOH GecCnopHOCTBK) YCTAHOBHThL, YTO HCAEJHMOCTL AaTO-
MoB — 3a0.1y2K/1eHie, 1pasaa, oTpaxaiolee oOULYIO HACIO APCBHHX
(prsocooB-MaTEPHATHCTOB O HEJAGIHMOCTH NEepBOOCHOB MaTe-
PHH.

ATOMBEl XHMHYECKHX 3/IEMEHTOB 0KAa3aJHCh BOBCC He aTOMaMIl,
@ ICJBIMH CBOCOOPASHBIMH MHPAMH OTHOCHTEILHO OFPOMHOIT 1po-
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TAXKEHHOCTH, NOCTPOCHHBIMH H3 0o0Jee TNpOoCTHIX Jgerateil — ua-
e, M xoTq yuensie Ha3sBaJAH HX 3JEMEHTapPHBIMH — npocTeii-
LHIMIE — YaACTHUAMH, BeCh X0/ Pa3BHTHA HAYKH HALIHX AHeil CBH-
AeTeHMbCTBVET O TOM, UTO H OHH ABJAIOTCS 1aJ€K0 HE 3JeMentap-
HBIMH (CM, «DAeMEHTAPHLIE YACTHYBLS) .

[TepBoe W ocnoBHOE — ATOM OKa3a/dcsi COCTOSALIHM H3 JABYX
PAIABHLIX YACTEIl — TAKEJOro, NOJOKHTEILHO 3aPAKEeHHOro sijpa
(cu. «fIdpo arosas), B KOTOPOM COCPEAOTOUEHA NMOUTH BCS Macca
aToMa, I JIeTKOil 080/J04KH, cocTofuleli H3 AaTOMOB 3JeKTpHUE-
CTBa — 3/1eKTponos  (cM. «ATos  aeKTpunecT8n — 3.4eKTpoHs),
C OTPOMHOIT CKOPOCTLIO BpaUlaIouXesi BOKPYT sApa, HO HHKOT/1a
Ha Hero ie najawnoumx. [imaMmerp atoMa paBeH NpHGAH3HTENLHO
OHOM CTOMEIAHONHHON node cantuMerpa (1078 ea), a ero sapo —
Mensiue npuuepno B 10 000—100 000 pas.

AToM caMOro Jerkoro B TNPHPOJE 3JeMeNTa — BOAOPO1a ——
COCTOHT M3 JBVX WYaCTHIL: fAiapa, Macca KOTOPOro paBHa
16724 107 2 31 Bpalaloerocs BOKPYT HEro eIHHCTBeHHOTO
3MEKTPOHA ¢ Maccoll, pasuoil 9,1085-10*%2, uto npumepHo B
[836 pas menbwe Macchl sapa 3TOr0 aToMa., ¥ TEAHS — Caeaylo-
mero nocae BOAOHOAA 3JEMEeNTa MePHOAHUYECKOI CHCTEMBI — BO-
KPYr suipa BPALIAOTCH ABa 2JEKTPOHA, Y JAHTHA — 3, ¥ KHCHO-
poaa — 8, v weaeza — 26, y ypana — 92 sznexktpona.

UTo0wr He yeqoKHATL A0 GECKOHEUHOCTH pacuersi, O6LIuNO
MaCCy BeeX aTOMOB XHMHUECKHX 3J8MEHTOB BBIPAXKaloT B OTHOCH-
TeAbHBIX efAHHHUAx (cMm. «A7Tosmeld eec») Mo OTHOMEHHIO K
/15 wacTH MACSH! OCHOBHOTO U430TONA KHCI0poga sOF.

flapo atoma 3apaKEHO MOJOKHTEABHO, a Kamawli H3 Bpa-
HAIOUNIXCA BOKPYT HETO 3JCKTPOHOB HeceT ¢ coboil oTpuulaTeb-
HBLE 5J0CHTDIUCCKIHT 3aPsjl, KOTOPHIT HHKOTAa He GLIBAeT MEHbIIC
CTPOTO Onpeiesennoll BeJIYNHLI, Ha3biBACMOil  SJeMEeHTaPHLIM
SAeKTPUYecKH™ 3apsio. [logomirenbiblil 9/1eKTPHYECKHIT 3apsi]
AApa aToMa B TOYHOCTH paBeH CYMME OTPHUATENbHBIX 3aps-
J0B 3JCKTPOHOB, HAXOAAILHUXCA B 3JIEKTPOHHOIT 000J0UKe atoMa.
TosroMy B HOPMANLHOM COCTOSIHHH aTOM 3MEKTPHUECKH HeiiTpa-
JieH. H11CI0 NOJ0MHTeNbHBIX 3aPAA0B AAPA aToMa 1 Onpeaessier
COO00i aTOMNULHT HJH MOPAJAKOBLIT HOMEp JaNiOoro 2JCMEHTa B 1ic-
puoanueckoii cucrere saesenros . M. Mengeneesa. [Mox aeiicr-
BHEM BHEWHMX NPHUHN S/1P0 aTOMa MOMKET TEPATh HIH 3aXBaTbi-
BATh 3JMEKTPOHLI, B 3aBICHMOCTH OT YE€ro OHO CTAHOBUTCS MJH TO-
JIOKHTE/IHBIM (B CiVude NOTePH SJAGKTPOHOB), HJIH OTPHHATEb-
ILIM HOHOM, €CJH Ha BPeMA 3aXBATHJO JIHLIHHIT 371€KTPOH OT Co-
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CEAHCro aToMa HJH H3 4HCAAa CBOOOJHBIX 3J1EKTPOHOB, NPHUCYTCT-
BYIOLIHX B OKPy7alouicii ero cpese,

DJACKTPOHL! HA CBOHX OPGHTAX YACP/KHBAIOTCA CHAAMI HJ€K-
TPHACCKOrO NPUTAKEHHS MY HHMH H SAPOM aTtoMa i o6pasyior
CAMHYIO COTVIACOBAHHYIO CHCTEMY, NPHUYEM KaxILli H3  3JeKTpo-
HOB B 3aBHCHMOCTH OT DACCTOSIHHS, Ha KOTOPOM OH Bpaliiaercs
BOKDYT siipa, 00:1a1aeT ONpejc/icliHbiM 3anacoM sHeprin. ey
AJAbIIC VIEKTPOH yladeH OT a/pa, TeM 6oJbiueil sueprueii on
06.1aj1aeT, XOTS C YBEJHUCHICM 3TOTO PACCTOSIHISA CBA3b €r0 ¢ fiji-
poM, ccrecTBCHHO, ocaaGeBaer. OaHAKO Hil OJHH H3 3J€KTPOHOB
He MOXKCT NpedLIBaTL B OJIHOM H TOM K€ IHEPreTHYeCKOM COCToN-
HHI (Ha oJHOII 1 TOil e oplHTe), uTO H ApYyrHe 3JeKTPOHL!, No-
STOMY B 3JEKTPOHHOH 0060J0UKe 3JIEKTPOlbl  PAacnoJaraiores
CI08MH. B KaKAOM c0e MOKET HAXOAHTLCH He GOgbLIe onpee-
ACHHOrO 4HC/I2 SJEKTPOHOB: B mnepBoM, GuikaiiuieM oF sipa
cloe — 2, Bo BTOpOM — 8, B TpeThem — 18, B YeTBepTOM — 32
n 1. & IMocae BToporo caos saexTponnbie opGuTE paszGHBIOTCH
Ha 110]1¢.10H,

XuMutieckHe CBOHCTBA aTOMA — CHOCOBHOCTD BCTYyNaTb B Te
RN HHBIE XUMHUCCKHE DeakUHN — OMPeAeNsIOTCs, KaK HpaBuio,
SJCKTPOHAMH CaMBIX BHELINIX CJ10eB, TaK Kak, Oyayun caabee
BCCX CBA3AHHBIMH CO CBOHM #/DOM, OHH Jerue BCTYNAlT BO
BianMolelicTBHe ¢ APYTHMI aToMaMi,

[Ipn Beex xummueckux npeoGpasoBaniisx BeliecTs OKP Vi ali0-
e Hac NPHPOALL BCErla H HEH3MEHHO MPONCNOIIT NpeBpalleHie
HCKOTOPLIX CJIOMHBIX BEWECTB B MNPOCTLIC 1 COPATHO — NPOCTHIX
B CAOKHBIE. DTH Nporeccs Beerda ConpoBoKIAKTCA zarparoi
HJIH BELICJICHIICM JHEepPrit.

ATom 2aeKTpHYecTBA — 3JeKTpon. [lo Mepe yraybJaenss s u3y-
YEHHC CBOIHCTB OKPYZKAIOUIHX HAC TeJa 4YeJOBeX BCe uailie il ualle
CTAJAKHEBAJCH C NMPOABJEHHEM SJIEKTPHYECKHX CIT. WaenHo siex-
TPHUCCKAST 3HEPrHsT B KOHEYHOM cyere AaJa B ¢ro pyki Hanbodee
rHOKIE H TORKHE CMOCOGHl I CpeicTBa peliarth CaMble pasnoos-
pasuble 3ajaul, BCTPEYAIOWHECSH B COBPEMCHIHON HAyke I Tex-
HHEKE.

Mu yice 3HaeMm, YTO Kamabii aTOM NpeacTaBaAser coGoil
UeJYI0 CHCTeMY B3alMOICHCTBYIOWINX APYT C APYTOM 3JCKTpiHYe-
CKHX 33pfAJ10B — NOJOMKHTEJILHO 3APAKEHHLIX fJ1ep 1 Bpallaio-
IHXCH BOKPYT HUX OTPHUATEIbHLIX 3JEKTPOHOB. A Taxk Kax mo-
ABJISIONIAN YACTL MACCLl BCCTO aT0Ma COCPeIoToueHa B ero siape,
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TO BBIXOJHT, UTO NOUTH BCA MaCCa OKPYXKAalOUIHX HAC BEILUCCTB CBfi-
3daHa C MOJOKHTEILHBIM  3JIEKTPHUECTBOM, KOTOPOE B 3HAUNTE.ib-
HOH cTemens OmNpeje/]seT H CBOICTBA OKpyalolleil mac HpH-
PO :

Otsnude XHMHUCCKIX CBOIICTB TOrO HJH HHOFO BECLLECTBA, HA-
NpHMep KHCJI0POAa oT ede3a, o0bACHIeTCS TOJbKO TeM, 4TO B
AApe aToMa KICJI0Poda COCPEAOTOUGHO BOCEMDb MOJOKHTEAbHBIX
IEKTPHUCCKHX 3dpAI0B, B sfijipe artoMma xenae3a — 26, a B 00o-
JOUKaX — COOTBETCTBYIOIIHE HM KOJHYECTBA 3JIEKTPOHOB. DBouib-
WHHCTBO Hal11014eMbIX B MPHPOIE XHMHUYECKHX peaKkUuil sBjfeT-
Cil PE3YJIbTATOM B3aHMOJASHCTEHS BHEILHHX 3JeKTPGHOB, BpAlLAio-
ULHXCSl HA CPAaBHHTEILHO OTPOMHBIX PACCTOSHHAX OT CBOMX sigep.

Houroe spems 3JCKTPOH CUHTAJICH TMpocTeiilleli H caMoil Ma-
JIeHBKOIT YacTHUell MHPO3JaHHs. Bee 2JeKTpoHbI BCeX BellecTB CO-
BEPIIEHHO OIHHAKOBLI, GyAb 3TO BOAA, JepeBo WaH keae3o. Hu
MPH KaKHX 06CTOATeNbCTBAX HE VIAETCsl MOAYydYaTh MM HaGJIo-
Aath HII OTPHOATENBLHLIX, HH [OJOAHTEIbHBIX 3JeKTPHUYECKHX 3a-
PALOB MeHbLIe 3apsiia 0AHOTO JEKTPOHA.

[Tpu scemenoBanin BBISICHIIOCHL, UTO K 3JEGKTPOHAM B aToMe
HEJMb3R MPUMEHATH N0JHOCTLIO 3aKOHBI JABHIKEHHSI B TOM BHIe,
KaK HX yCTaHOBHIH 115 00JbIIHX 00bEKTOB. B npoctpancTee, 13-
MEPSACMOM CTOMHIHOHHBIMH JOJISIMH CaHTHMeTpa, NeilCTBYIOT co-
BEPLICHHO HHLIC 3AKOHBI.

B orauune or coaxeunoii wan moGoii apyroii KPYMHOH Mexa-
HHYECKOH CHCTEMbI, B KOTOPOH Te/10 B 3aBHCHMOCTH OT ee HauaJb-
HOH CKOPOCTH MOXKEeT ABHIraTLCst 10 J1000il opbuTe, B aToMe A
ABHMKEHHS 3CKTPOHOB paspeuiedbl TOJbBKO OPOHTLI, COOTBET-
CTBYIOWME CTPOTO ONpeJIe/IEHHBIM 3HAYCHHSIM HX SHEPTHH H Mar-
HHTHLIM MostenTadM. Hikakux Apyrux snaueHuil SHeprun saekTpon
B AAHHOM aTOME HMETL HEe MOKET.

Takoit auckperHbiii (1pepLIBHCTHIT) XapakTep MecTonoJoMe-
HU5L SMEKTPOHA HA OPGHTAX HJIH, TOUHEE, BO3MOKHOCTh CYUIECTBO-
BAHHS TOJIBKO CTPOTO ONPEIRICHHEIX ypOBHEil 3nepriil s1exTpona
H HEBO3MOKHOCTDL HMETh /ISl HErO0 B aTOMe MPOMEMYTOYHLIE Be-
JIHUHITBL 3HEPTHH — OJIHO M3 OCHOBHBIX CBONCTB, BLITEKAIOUIHX H3
kBanTopoil Teopui. COMMIacHO 3ToOft TEOPHH, Mepexoa 3JaeKTpoHa
C OZHOIt OPGHTHI ia APYTYIO, T. €. H3 OJHOTO SHePreTHUECKOrD co-
CTOSAHHS BHYTPH d4TOMa B JPYroe, CONPOBOXKAAGTCH MOTJIOUICHHEM
HUH HCNYCKAHHEM KBAHTA CBeTa CTPOTO OMpPEeAesIeHHOI 3SHeprui.
M ecau kakasi-nuGo opGuta yie 3aHsTa OJHHM IMEKTPOHOM, OHA
He MOMKeT ObiTh 3aHATA APYFHM 3JCKTPOHOM, B aTOME He MOKOT
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OLITL ABYX 3JEKTPOHOB, KOTOPHIE GLI HAXOMMJINCE B OAHOM H TOM
e IHEPreTHYeCKOM COCTOSIHHH.

M3 Bcex BO3MOMKHBIX COCTOSIHHIL, KOTOpLIE 3JIeKTPOH MOMKer
HMETL B aToMe, NMpeXK/1e BCEro 3aMeuderTcs 10, NPH KOTOPOM OH
obmafaeT HaHMeHbLIel 3Hepriefi i, CcJAeJ0BATEIbHO, CHJbHEEe
BCErO NMPHTATHBACTCSI K 51IPY, T. €. pacioJaraercst Ha caMoii 6Jn3-
KOl K siapy opdure.,

Takim 06pason, 3JEKTPOHLI He MOTYT Bee CKOMHTLCS HA OLHOIN
I TOH ke opOnTe, H KazKAblil CaeAVIOULHii 3aHiMaeT opGHury, cooT-
BETCTBYIOLLYI0 GOJlee BBICOKOMY YPOBHIO 3HEPIHH H OCTAIOLIYIOCH
eme 806011011, [To 3TOMYy MpaBHay H NPOHCXOAHT pacnpeaenenue
%IEKTPOHOB B aTOMAax pasyiMUHLIX 3JIEMEHTOB B NOpsAKe BoO3pa-
CTaHHsI HX 3HCPIHH, HJH TaK Ha3blBAEMOTO KEAHTOBOTO COCTOSHHA.

XHMHUECKHe CBO/CTBA ATOMa 3aBHCSAT OT KOJHUECTBA I pacno-
AOMEHHA 3JEKTPOHOB B oGosouke. Kamaslii nepuon Meniesees-
CKOIl TaGJHIbI 3aMOJHAETCS H CTPOHTCS N0 TOMY K€ 3aKOHY, YTO
n mpeabiayuHii. [TostoMy M Xumuueckue cBoiicTa, Hanpumep,
BTOPOrO nepnoda OJM3KO MOAXOAAT K CBOICTBAM NEpPBOrO ne-
proaa. PacnpesenieHHe 3J1¢KTPOHOB B aTOMe JHTHS MOTOM CHOBA
S0CPOH3BOAMTCSA, HO TOJBKO HA JAPYTOM 3HEPreTHYeCKOM ypOB-
iie— B aToMe HATpHA. Yepes o11H NepHoa Mbl HMEeM aHAaAO0THY-
1O COCTOSIHHE 3J1EKTPOHOB B ATOME KaJiHs, 3aTeM B aToMax py6n-
ans M UesHs i T. A. Bee 3TH sJeMeHTLI IpHHALIERKAT K TCPBOMY
cro16ny Tabanusl Menjeneesa — Kk rpynne eJ0YHBIX METaI0B.

Uro6ul oTopBaTh cambiil BHEWHNIT 31eKTPOH 0T aToMa, Harnpu-
MED JIMTHH, HYKHO 3aTpaTnTh sueprmo, pannyio 5,39 a6. Isa gpy-
THX SMEKTPOHA 3TOro aroMa, pachogoxkennble OJHKe K SApY,
yaepxuBalorca Godee NpoUHO. JHepeus c6A3N UX ¢ AAPOM COOT-
BEeTCTBEHHO paBHa 75,0 n 1224 38.

HanpasaenHulii 10TOK cBOGOAHEIX, T. €. OTOPBAHHLIX OT CBOMNX
4TOMOB, 3JICKTDOHOB B NPOBOAHHKAX HJIH MOJYIPOBOANNKAX H AB-
JSETCA XOPOLIO BCEM 3HAKOMBIM 3JEKTPHUECKHM TOKOM.

IIps norJomenni aroMoM nocTynaouleli 13sHe SHePri, 1pH-
eM 3Ta 3HEPrHf MOIVIOIIAETCH CTPOro OnPeJeJeHHBIMH  Nop-
UHAMH — KBAHTAMU, 3/]eKTPOHBI NepexolsnT Ha 0oJiee yAaJdeHHLe
0T Aapa opOuTEL (WaK Go/ee BLICOKHE IHEPreTHUCCKHE YPOBHH).
eM Bbile 3HEPTHA NOTJIOIAEMBIX KBAHTOB, T€M JaJjblle OT sapa
nepefpacblBaeTcs 3J1eKTPOH.

B rakoM Tak HasbiBaeMoM Bo3GYKIEHHOM COCTOSHHI NPeio-
CTaBJICHHBIIT caMOMy ce6Ge aToM J0JATO NpedLiBaTh HE MOKET H Bhi-
HyXKAeH BepHyThesi 06partino B oGniunoe cBoe coctosinie. Ocyuie-
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CTBJIACTCA 3TO TenM, uTo 3alpoulcHHBIT Ha (oJjee yAaJeHHYID Op-
GUTY 3JCKTPOI BO3BpaLLaeTcsl HA CBOe mpexHee Mecto. A npuos-
peTeHias atoMOoM H3JIHIUHAS MOPUHA SHePIHH HCIYCKARTCH B BHAL
KBAHTA 3JAEKTPOMArunHTHOro Haayienusa. Korjaa takoil mepexoj co-
BeplIaeTcs Ha KpaitHix opOuTax (rae sHepTHs CBA3MN 3JEKTPOHA
¢ AxpoM ciaalee BCEro), HCMYCKAIOTCH KBAHTHI HHQPAaKPACHBIX
Jyueli, BHINMOTO cBeTa HaAH yJabTpadHo/eToBbX Jayueil. TlpH mne-
peckorax 3JeKTPOHOB HA OpOHTHI, Gosiee GJAH3KHE K /1Py aToMma
(nomycTHM, cpasy uepes OAHY WJH HECKOJAbKO OpOHT), Hcmy-
CKalTCA KBAaHTHl (0/Ce «KCECTKOr0» 3JCKTPOMATHHTHOrO H3Jayue-
HHSL — pPOHTeeHOGCKIY Aydel, 00JafaloliHX BO MHOTO pa3 00/b-
mieil sHepried, ues Jy4d BHAHMOTO H HEBHIHMOTO YJbTpapioJe-
TOBOTO If HH(PPAKPACHOTO CBETA.

Artoma H aTtoMHOTO sapa mModead. Bce Halle 3HAKOMCTBO C
ATOMOM II €TO SIIPOM OCHOBAHO HAa OYEHb KOCBEHHBIX MeToJax He-
caegosanna. [Tostomy BesiKoro poaa TCpMHHLL: «CTPOEHHE» siipa
aroMa, ero «H3obpa)KeHue» H CXOJHLIE BLIpameHHs — HOCAT
[OYTH IEJAHKOM VCJIOBHEIT Xapaxtep. fapo aroma, BO-NepBBLIX,
HEBHIOHMO, BO-BTOPDLIX, NOYTH KaK10e HOBOE, HE TOMbKO (yHipa-
MEHT2.1LHOE, HO H UaCTHOE OTKPBLITHe B fijepHoil (i3ike yacTo 3a-
CTABAACT yUEHLIX BH/IOH3MEHATb, COBEPIIEHCTBOBAaTh, a MoAvac i
HaUMCTO MEHATh KapTHHY YCTpoiicTBa 3TOH Ba:KHCHWel 4aCTHILLI
MHKPOMHpA.

[Tostomy, uToOBl He co3/1aBaTh HENPABHJALHOrO, HAVUHO He-
BEPHOTO NpeACTaB/ieHHss 00 HCTHHHOH KapTHHE ONHCBLIBAEMLIX SIB-
JICHUIT, (PH3HKH, KaK NPaBHJA0, TOBOPAT 0 «MOJAEAH» aToOMa HJi ero
anpa. Taxoil TepMuy Gosee MPaBUIBHO H TOYHO OTPaxaer co-
CTOANIE CaMLIX TOC/AeIHHX (DAKTHHECKHX 3HAHMI H Npeacran/e-
HHIL O TAHHCTBEIOM MHpE, H3VUEHHE KOTOPOTO CTaN0 IeJBI0 H
CMBIC/IOM KH3HH MHOIHX NOKOJCHHIT YUEHBIX,

Cawmoii nepsoii mojeabio atoma Konia XIX Beka siBHaCs «riy-
aunr ¢ usioMoM» M. Tomcona. dtoT Goabuioil yueuntii cumrals,
4TO HEJCJIMBIH 2TOM, HanpHMep yIiepojaa, COCTOHT H3 chepu —
CTVIOLIHOTO CTYCTKA MOAOMKHTEALHO 3aPAKEeHHOTD 3JC¢KTPHUECTBRA,
B KOTOPVIO BKDAIVICHO LIeCTh 3TEKTPOHOB, C}.‘I.-.Id OTpHIATRb-
HBIX 33aPAJ0B BCeX ITHX 3'11"{1’{)0}{03 B TOYHOCTH paBHa BeJHYHIHE
MO/IOKHTEIBHOTO 3apsia Beeil cepol, 4To H 0GBsACHseT, noueMy
B OOLIYHOM COCTOSIHHH @TOM BCeria HeifTpaJieH M JIHLIL MOTeps M
OAHOTO WK HECKOJBLKHX 3JIEKTPOHOB NPHBOAHT K 0G)Da30BaHHIO
MOMOAHTEIbHO 3APAKEHHOTO 4TOMA, T. €. MOJOKHTeABHOIO HOHA.
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OTKpbiTiie siBAeHHSI PajAHOAKTHBHOCTH H CYUICCTBOBANNS ¥
aToMa 5/1pa 3aCTABHJAO MEPECMOTPeTh MOIAE]b ATOMA, YTO H Cle-
aan . Pesephopa, npeaiomKHBLIHIT HOBYI), TaK Ha3LIBaeMyio
IAEHCTAPHYIO MOARAb ATOME, CO3JAHHYIO MO &HAJI0THH ¢ COJHEY-
Hoil cHcTeMoil,

Coraacuo stoit MOICJ/IH, aTOM COCTOHT H3 MNOJ0MKHTCILHOTO
Pa, PACIHOJIOKEHHOTO B CaMOM LEHTPe aToMa, a Bpalialouliecs
BOKDYT si/ipa 3JeKTPOHLl oGpa-
3YIOT Kaxk 0wl KiyGoK opOHT.
Or koaiuectBa 3THX Bpaluaio-
WHXCHA  3JIEKTPOHOB H  3aBHCHT
BCe XHMHYECKHE CBOliCTBa 3.1e-
MEHTOB.

Hanuas Mojean oOTJiHYHE[i-
wuM  ofpasoM  mpexacrapasia
YCTPOICTBO atoMa  BojOpoJja.
Ero sapo cocrasasaa noaoxu-
TeABHO 3apsiKeHHas uacTHia —
NPOTOH, BOKPYr KOTOPOro Bpa-
I@aacs eAMHCTBEHHBII 3JeKTPOH,
Cxonuinch Takie M WX 3apaibl,
Maccel, pasMepuol.

Ipa Bcex APYTHX 3JeMeH-
TOB ObL1H TsIAKesee npoTona. Ha-
npHMep, Macca fiApa caenyio-
lero 3a BOAOPOJIOM 3JeMeHTa —
reJHs, BOKPYr KOTOPOro Bpa-
maercs apsa 2JCKTpoHd, BHETBCPO
GoJpIre Maccel NPOTOHA H T, J.
Hakoneu, sipo artoma ypanua,
BOKDYT  KOTOPOro  Bpaulaercs
92 saextpoia, B 238 pas Taxenee
npoTona.

[osauyany rakoe ycaoxHe-
HHE MACCHl fiApa aTOMa HE BbI3bl-
BaJI0 0COOLIX HeymroBeTB, TAK KakK
o TeM BpesenaMm OGonee Baxk-
HEIM CHUHTAJOCH TO, YTO YHCIO
31EKTPOHOB, a CJIeoBaTeNbio,
H OTPHLATEIbHBIX TEKTPHUECKIIX
3apsAloB B aTOME B TOYHOCTH




COBIAAAJ0 C CYMMAapHLIM MOJOMHTENbHLIM 3aPAA0M SIApa atoMa
(Takie COOTBETCTBYIOIUHM MOPSIIKOBOMY HOMEpY 3JeMeHTa), Mo-
STOMY <«HOpPMalbHBIll» aToM Becerga Ouls  HeliTpanabHbIM. Bee
lileanblo MOATBEP:KAanoch W taGanueit Menjesneesa, pacrnoso-
AKHBLICTO HEKOTOPLIE 2JeMCHTHI He B MOPSAKE BO3pAacTaHHA HX
4ATOMHBIX BECOB, 4 N0 YHCJAY 3JEKTPHUECKHX 3apsiI0B, T. €. 3JeK-
TPOHOB B 060/I0UKe aTOMA,

C roro momenra, Korga yueHslM yIaaoch BIEPBEIE OMPeNegHTh
aTOMHBIC BeCa Pas3/IMYHBLIX 3JIEMEHTOB, HX BCerla rnopa;asna 3ako-
HOMEPHOCTDb, C KAKOI 3TOT Bec YBeJHUHBAJCA OT 3JIeMEeHTa K 3Je-
MEHTY B KDaTHOM COOTHOLLCHHH K BECY CAaMOrO JIETKOIO M3 HHX —
Bogopoay. M ue nance xkax B 1816 r. Jionzonckuii Bpau u crpacr-
Hblil MOKAOHHHK XuMun Bumbsam [Ipoyr BhicKasan MBICAb O TOM,
4TO ec/iH Obl aTOMBI BCEX XHMHUYECKHMX 3JeMeHTOB Gbl/H MepBHY-
HbIMH OCHOBHBIMH YaCTHILAMH, TOIJHHHBIMH «KHPIHUAMH MHPO-
3aHHA», HEe Pa3/IOXKHMbLIMH Ha 4YacTH M HHCKOJBKO He CBfI3aH-
HBIMH JIPYT € APYroM, TO Kakas Moraa Obl GHITh MPHYHHA TOTO,
4TO aTOM a30Ta POBHO B 14 pas Taikenee aToMa BOOOpPOAA, 4 KHC-
JOPOJHBII aToM — poBHO B 16 pas?

Otcrona moGozHaTe bHDIT €CTECTBOHCTIBITATENb CAENAT OYEeHb
AaJMBbHOBHAHLIH BLIBOJ — aTOMBI BCEX BELUECTB CJ0MKEHL HMEHHO
i3 aroyMoBs Boxopoxa. Atom asorta—3To 14 aToMmoB Bogopona,
CoGpauHbIX BOEJHHO, aTOM Kucjaopoia — 16 atomos Bogopona
HT. I

Ora rewuanbHas gorajxa, OyIb OHA NpPHHATA Beefl yueHoil
Koprmopaumel, Morna Gul 3HAYHTEJIBLHO YCKOPHTB AaJbHeliiee pas-
sutHe (usnyeckoit Hayku. Ho... nocaenyomue, Gosee TouHbie 13-
MEPEHHA aTOMHLIX BECOB MOKA3a/H, YTO MAacChl aTOMOB BCeX ApY-
CHX 3JICMENTOB He ABJAIOTCA LeJNbIMH KPaTHBIMH Macchl atoma
Bofopoaa. K tomy e 5TH pasanyMs HHOrIA OKA3KIBAIOTCH CTOb
3HAUHTEJAbHBIMH, UTO HCKIIOYAIOT BO3MOKHBIE HETOUHOCTH H3Mepe-
unit! OnpoBeprayTh HAH  CKOJIBKO-HHOY b YAOBIETBOPHTEIILHO
00BACHHTH 3TH PACXOKIEHHS MEXKAY COOJa3HHTENBHON FHIOTE30i
0 HAYUHBIMH (DAKTAMH B Te BPEMEHa HHKTO He CyMeJ, H 3Ta GoJece
ueM JI00O0MLITHAs Hies N0603HATENBHOTO Bpaua KanyJa B HeGbi-
THE C TeM, yTOObI, yKe B HOBOM KauecTBe, BockpechyTh B XX Beke.

Kax 06 370M: cBIIETENBLCTBYET MHOFOBEKOBOII ONBIT HayKH, Bce
BEJIMKOE B [IPHPO/IE B KOHCUHOM CUETE OKA3BIBAETCH H CaMBIM Mpo-
ctoiM. Pesepdopa dokasas, uTo A1pa BceX aTOMOB — THIKebe
HaCTHIBl — 3aPsKeHbl MoaoKHTeNbHO. H spoym atoma Bonopoaa,
Geccnopho, sBaAsieTcst npotod. Ho ecau cunrarts, uto sapa Beex
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APYTHX aTOMOB COCTOAT M3 HaGopa NPOTOHOB, TO Cpa3y oxaszni-
BACTCA HCMOHATHBIM OHO OGCTOATENBLCTRO, 3apsag siapa n arow-
HBIiT BEC UHC/IGHHO COBMAaxaioT ToMLKO ¥ Boaopoza. usa Bcex
OCTAJIBHBIX 3JICMEHTOB OHH PacXoaarcs Y€ OCHOBATeJIbHO — MpH-
MepHo B 2—2.5 pasa. Ho kosmnuceTso MPOTOHOB B SIAPE HE MOMKET
ObiTh Gosiblie CyMMapHoro 3apsaa siapa. Toraa uto sto 3a npo-
TOHbI, MEHSIOLLHE CBOIO MACCY OT 3JeMeHTa K snementy? Mo, mo-
KeT ObiTh, B PO aTOMa BXOAAT KaKHe-TO elle HeH3BCeCTHLIC ua-
CTHUBL? !

o mepe nanbueiiwerc PA3BUTHA HayKil 06 aTOMHOM sipe Bee
1alie H uaile BO3HHKANA HEOOXOIHMOCTL OKOHYATEJbLHO pPaso-
Gpatbes 1 B 3TOM nporuBopeuns. Toraa Guia BBLLIBHHYTa H 060cC-
HOBaHA HOBast Moze.1b CTpoeHHs SIIpa atoma, Kasajoch Obl, 06X0-
ASAS 3TV HENPHSTHOCTD,

Mo-npesxknemy npomonskani CUHTATh, YTO slpa BCEX aTOMORB
CI0KEHbl 13 MPOTOHOB, YHCAO KOTOPHIX B TOUHOCTIH PaBHO unC/y
3IEKTPOHOB, T. €. NMOPAAKOBOMY HOMepy szementa. Ho B nomou-
HEHHE K HHM B COCTaB siApa BXOAAT elle NPOTOHBI, TECHO CBA3aH-
HHE C 3eKTPOHaMU, KOTOpHE u HElITPAJH3YIOT HX MOJIOKHTEb-
Wil 3apsn. Uneio taxny HeHATPA/NNSOBAHHLIX MPOTOHOB M Co-
CTaBAAET PA3HHUY MEXKIYy ATOMHBIM BECOM H CYMMOIl MOJIOMH-
TEALHBIX 3apSIT0B siapa.

Takas mozenn Bnoame YAOBJICTBOPHTEILHO OOBSICHAIA BCE H3-
BECTHLIC B TO BpeMs (akTul. A HaNHuHe 3JIEKTPOHOB B f1pe atoMa
ADKA3LBA/IOCh PACTIALOM SIAEP PALHOAKTHBIHbIX 37CMEHTOB, B Mpo-
H€CCE KOTOPOTO M3 HHX BBLUIETANH CaMble A0HOL/IIIHHDI eK-
TPOHBIL.

Oxnaro ouens Guierpo posnnkio MHOZKeCTBO HOBBIX HPOTHBO-
peunii. Hanpuwep, ror HCOIHOKPATHO NpOBepeHHbI GAKT, uTo
Macca nmpotona M AKOOL CBA3AHHOLO ¢ HHM 3JIEKTPOHA, TOMHO-
HEHHAA HA NPHBEICHHYIO BhHILIE PA3HOCTH MEKAY MOPAIKOBLIM
HOMCPOM 371eMeHTa M Maccoil siipa atoma, 6Liia Bee ske 3HaAUN-
TEALHO MEHbLIE, YeM 3TO DOMKHO OLITh HAa CaMOM gede, «Apug-
METHKA» He cxoannach nukax. IlostoMmy nanuas momens npocy-
I{ECTBOBAA OYEHL HEL0.TO.

OtkpeiTiie B 1932 . Heittpona (cm. «Hedrpons) cpasy BHe-
G10 SICHOCTD B CYWIECTBOBABIIYIO IyTAHHIY H 3HAYHTE/bHO yIpo-
CTHIO (Ha caMOoM fefe CHJIBHO YCIOMKHH/IO) KapTHHY CTpoeHus
fiapa atoma. Cpasy e nociie onyGJAHKOBAHHS 5TOro OTKPBITHS CO-
BeTCKuit yuenstii /1. JI. MBauenko npeaiomu HOBYIO, YAHBHTE/IbHO
HATTSI AHYIO MOJC/Ib CTPOGHHUST SIIPa aToMa.
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Coraacno paspaboTakHOil KM TEOPHH, sijipa BCeX ATOMOB, KakK
GLITO TIPHHATO H paHblie, COCTOAT H3 NPOTOHOB, YHCJIO0 KOTOPLIX
PABHO CYMME €T0 IOJOKHTEeJLHEIX 3aPAA0B, T. €. MOPSAKOBOMY
HOMEPY 9JeMEHTa B NepHoinueckoil cuereme Menzgeaeena. Bue-
CTO CNAPCHHBIX C 3JACKTPOHAMII NPOTOHOB B $/1PO BXOISIT HEHTPO-
HEl — HOBLIE AEPHBIE YACTHILI, Macca KOTOPLIX PaBiHa mMacce npo-
TOHOB, HO KOTODPLIG HC HECYT HHKAKOTO 3JICKTPHUECKOro 3apsiia,
T. €. HefiTpaabinl, M kKak pas cTo/bKo, CKOALKO HYXKHO, YTOOLI OT-
UHTATHCHA 38 PA3HHILY MCKAY MacCoH BCEro sijpa atoMa H 4HCJI0M
NPOTOHOB B HeM. ITpu 3TOM CXOAHTCS HAeaAbHO H «apHMeTHKa».
[To stoil Moaejan sAPO rejus COCTOHT 13 JABYX NPOTOHOB 1 ABYX
nefiTporoB, CyMMa NOMOMKHTEBLHLIX 3aPAA0B sjpa H UHCI0 JeK-
TPOHOB B 00O0JIOYKE DaBHbL 4iHCAY MPOTOHOB — JABYM, Macca iKe
BCeX NPOTOHOB H HElTPOHOB paBHa aTOMHOMY BECY 3JCMEHTA —
yeThipeM. AHANIOTHUHO SAPO JHTHA COJAEPKHT TPH mpoTtona (Ko-
JHYECTBO, PABHOE NOPAAKOBOMY HOMCPY 3JEMEHTa H UHCIY 3J€K-
TPpOHOB Ha opOHTaX), a CyMMa INPOTOHOB ¥ HEHTPOHOB paBHa Lie-
CTH, YTO COOTBETCTBYCT ATOMHOMY BECY 3JCMCHTA.

1 7ax 1o Beeit TafJ1iie 3JeMEHTOB.

OtkpuiTHe HeiiTpona npexpacino oOLACHACT H CYLIECTBOBaHMe
H30TONOG — PA3HOBILLHOCTEl ATOMOB OAHOIO H TOTO ¥KE 3JeMeHTa,
HECKOJIBKO OTIHUAIONIIXCS APYD OT Apyra no Macce; 3To OTdH-
uic BBI3BANO pa3ibIM  KOJHYECTBOM HElTpPOHOB, BXOASIMIHX B HX
siapa.

HoBaa momean spa atoma cpasy ke MNoJyuHaa IIpH3HAHHE
(uzukoB. OHa NOJMHOCTBIO OTBEUACT MHOTOUHCJICHHLIM (harTaMm,
HAKOTVIEHHBIM J0 HACTOsILLEr0 BpeMeHH, I10Ka3blBAeT HOBLIE NYTH
7151 VTOUHEHHs1 TOHKOCTEll CTpoeHNUs siApa, AaeT HOBYIO NHULY A
AagbHeillero passuTHs TeopeTHUECKHX paboT.

Atomubili (apgepubiit) peakrop (aroMubll «koTea»). Tax Ha-
3LIBAETCA YCTAHOBKA, B KOTOPOIl OCYLIECTBJAIOT YIIPaBasgeMylo
LCMHYIO DeaKIWIo AeJNeHus sAep ypaha Wil [LK1YTOHHS, CONPOBOK-
JAKOUIYIOCH BhIJCJEHHEM OrPOMHOrD KOJHYECTBA TEIVIOBOIT 3HEp-
FHIL— B MIJIJHOHBL pa3 Goablie, YeM OPH CKHTAHHIT TAKOTO ke
KOJHIUCCTBA CRMOro JIyUlllero TONJHBA. Anr;miim:oc ciaoso «Pile»
03HAUaeT CKOPCC «IOJCHIHILY® WIH «KyHY», Ues «xotea». [lepnolii
siAepHBll PeaKTop 1 ABJLICT N0 CVUIeCTBY noJeHHHLell, n6o Gbla
CJOZKCH H3 HECKOJBKHX COTeH ¢10eB 004abHHX TrpapHTOBLIX KHp-
MHYeH, B 1eJOM 00pasyIoULX UTO-TO 1I0X0M¥ee Ha OrpPOMHBIIT Fpa-
dutopwll wap. Kupniun oTHocHTeabn0 HeGOALILON ChEepPLl BHYTPH
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Ortaepctsa ann esopa Otpamarens
o0nyvaeMbix gewecrs HEHTPOHOB

3TOTO Wiapa, TaK HA3LIBAEMOIl QKTUBHOU 30HbI PeaKTODa, HMedH
Mo ABa UMJIHHAPDHYECKIIX OTBEPCTHS, B KOTOPHIE BCTABMSJH aJi0-
MHHH@BBEIE MATPOHLI C 3aMasiHHLIMI B HHX METaJJHYECKHM ypa-
HoM Hun ero okuenami. Okono 50 T 3aKJAIOUEHHOTO B aKTHRHOI
30HE ypaHa H COCTaBHJIH KPUTUYECKYIO MacCy, B KOTOPOil BO3HH-
Kajga caMOPAa3BHBAOUIAACHA [EMHas sjlepHas peaxiusg IeJeHHS.

Tpadur, pasgensiounii ypaHoBsie naTpoiil B akTHBHOIN 30He,
CAYRHA B KauecTRe 3amedaureis HelrpoHOS, a HapyKHLIC
CIVIOLINbIE CJION — 3epKaJIoM, oTpaxalollny ofpaTHo B paGo-
Y¥I0 30HY BEIIETAIOLIHE H3 Hee HeliTPOHLI, He YCMeBillHe paciie-
nutTh A7Apa ypana-235 u nzferapiine 3axsarta #ApaMH ypa-
na-238.

Yrodel He maTh XOAY UENHOH peakuuu, B cCrciialbible Ka-
HaJsIbl, TIPOHH3BIBAIOLINE DPEAKTOD CBEPXY JOHH3Y, 3apaiee omy-
CKaJl KaAMHeBbIe CTCPHCHI, KOTOPbIe MOXKHO OLIJIO JIETKO BBOAHTD
H H3BJeKATb 13 peaktopa. /Kaauo norioulaloinii HeliTpousl Kaj-
MHiT HC MO3BOJISAA HM DA3MHOXKATLCA B 1aBHHOO0GPA3HO HApacTaw-
uieit reoMerpilueckoit nporpecchi. BLIBOASI iK€ 3TH CTEPIKHI [0-
CTEMEHHO 1i3 peaxtopa, MOmHO OblI0 BecbMa HalexHO I TOYHO
YUPaBIAThL MOMEHTOM HACTYIVIEHHS UETHOH PeaKLHH 1 CKOPOCTLIO
ee HapacTaHHs, aBTOMATHUCCKH Y/ePIKIBas ee Ha JioGoM 3apanee
yCTAHOBJEHHOM ypoBHC. KpoMe 3Toro, peakrop HMCCT OTAedbHLIC
KaHAJbl /il BBEISHHA BHYTPL aKTHBHOI 30HBLI DA3JHUHBIX Be-
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WEeCTB A5 ofayueHils HX NOTOKOM HeHTPOHOB, AJS pas3Mellenns
B HHX H3MCPHTC/ALHLIX TpHOOpOB.

B npoiecce paGoThl peakTop HCTOUAJ OrPOMHOE KOJHYECTBO
BechbMa MPOHHKAIOWHX H ONACHBLIX H3JYYeHHH — HellTPOHOB H
ramma-jayueil. [To3ToMy NpHULIOCH €ro 3aKJIIOUHTL B OETOHHYIO
000JI0YKY ABYX-TPEXMETPOBOI TOJILHHLI, Ha3biBaeMmylo Guoaozi-
HeCKOU 3auyiTOU.

C MoMeHTa nycka nepBOro sIepHOro peaktopa npoiwio Gojee
20 ner. 3a 37O BpeMst BO MHOTHX CTpaHax Mipa paspaGoTaHo
OosblIOe YHCJAO CaMbiX pa3sHoofpa3HbIX BHIOB H THIIOB Peakro-
POB — OT CAMLIX MaJblX, BeJHYHHOI ¢ PyTGONLHBIT MAY, 10 MHO-
FO3TaKHLIX, HANOMHHAIOUHX 3aBOA-THTAHT, MOLIHOCTLIO OT AOJENl
BaTTd [0 COTEH TBICAY KHJI0BaTT. OAHAKO KaK Gbl HH MCHSJIHChH H
HH YCJIOZKHSIJIMCHL KOHCTPYKIHA H HasHaueHHe BCeX ITHX PEeaKTo-
poB, MPHHUHNHAJbLHAS CXeMa HX AEHCTBHA OCTACTCH NOKA TaKOH
/Ke, KAK H Yy CaMOro IepBOro peaxkropa.

[To cBoemy HasHaueHHI0 H KOHCTPYKTHBHBIM OCOGEHHOCTAM
PEaKTOpbl CTaJH JENHTBCS Ha CJaeAYIOlHe BHABII 3SKCIEPHMEH-
TAJIBHLIE, TPeAHasHayenHble 1 HayuHblX HCCJAENOBAHHI, NMPOMBILI-
JCHHBIE — JJIS MPOH3BOACTBA APYToro BHAAa $IEPHOTO TOIMJIHBA —
NJYTOIHHS, JHEPreTHUECKHEe — AJIs1 aTOMHBIX 3JEKTPIUYeCKHX CTan-
11Hil BCeX BH/IOB I MHOTHE ApyTHe.

Hexotoprie M3 3THX PeakTOpPOB HACTOJALKO HHTEPECHbl, YTO B
COOTBETCTBYIOUIHX MeCTax KHHIH Mbl Jdaex GoJece noJApo0Hoe HX
onucanune (cMm. «Peaxkropors w jap.).

AKTHBHAA 30HA AEPHOTO PEAKTOPA — Ta YACTb SACPHOIO PEAKTOPA, B KO-
TOPOIl HAXOAHTCA  AACPHOE TONAMBO 'H TAe COGCTBEHHO OCYuleCTBJSETCA
YNpasagesnas  4enHad  peakyus  0c.aenud  ATOMHBIX 1P ypaHa MWJAH  nay-
TOHMA, :

Aabda-uactiua (aana-ayun). He anan ewe, uto npeacraranior coGoil Tpi
BH/LA TOJABKO YTO OTKPBITLIX (B 1896 r.) ayuell, nenyckaeusx pajinoakTHBRHBIMH
BenecTsamy, Mapust Craozobekas n Ilbep Kiopn paas wM nassauus 1o nep-
BLiM OyKBaM rpeueckoro aiadabuta: aanta-, Gera- u ramma-iyyn. Heckoabko
nogxe GBIII0 YCTAHOBJEHO, YTO GeTa-Jyud SIBJASIOTCS HHUEM HHBIM, Kak IOTOKOM
OTPHUATEILIO  3apSAEHHBIX  WaCTHIL — 3JCKTPOHOB, raMMa-/iyuH — 3JeKTpe-
MATHHTHEIM H3.1yschiieM ¢ emle Goaee KOPOTKON HJIMHON BOJIHEL, YeM OTKPHTHE
33 TOJ 10 3TOTO 3HAMCINTLIE PEHTIEHOBCKHC JYull, a adaba-1yud — aapamu
atomos teans (oHe!), cocrosmunmi wi anyNy  0poTonon m JABYX HelTPOHOB.
ToaoKNTeABRBIT 3K TPINCCKI 3dpl TAKOTO SApa No aGCOMOTHON BelHHE
NPCBLILIAET B JiBA Pa3a OTPHUATCJALHLNT 3ADAL SJACKTPOHA, A aTOMILI Bec pas
sen 4,004,

Macca ansha-uacTHus cocrasaser 6,664« 1072 o,

Yekopennasn Ao G0AbIHX IHEPTHIl aaba-uacTiua sipasercs Goace s@er-
THBHDIM CHAPSIIOM «QTOMHOI apTH/VIEPHID», YeM [IPOTOH, TdK KaK OHa XOTS M
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HeCeT MBOIHON NOJOKHTCALHDLf 3ICKTPHYECKHIT 3apan, Tsamenee MNpoToHa e
B 1Ba, a B yeTLIpe pasa.
(a]

Aunrctpem (A) — enpnnua gas H3MEDEHIH 3/1eKTPOMAarHHTHEIX KoJieGa i
C OYeHbL KODOTKO{l HNJHHOI BOIHDLI: HH(paKpacublx, CBCTOBLLX, yabTpaduonern-
BBIX, PEHTreHOBCKHX H raMMma-ayueit. Axrctpem PaBeH OJIHOI CTOMHJAROHHO
Aoqe cattumerpa (17% ex). Ulupoko IPHMEHSICTCA B ONTHKE, a TaKiKe B aTOM-
HOIl H sjepHoil hH3KKe. Hanpusep, aauna BHIHMOrO CIIEKTPA CBCTOBBIX BO.11

JICKHT B npedesax ot 4000 1o 8000 A,

AHRHTHASUHA (0T JaTinckoro “CAMOYHHUTOMXeNNe?). YAHBHTCALHMT cax
Mo cebe MHD 37eMenTapHbx YacTHIl, KOTOPLIX cefivac 00HAPYIKEeHO yike OKO.0
COpoKa, obmanaet eme Gosee YAHBHTCALHBIM CBOICTBOM: Kamian H3 3TH)
YACTHIL HMCCT CBOIO @HTUMAcTuyy, T, e, uacTuiy, o0aanalmyio oaHHAKOROI
Maccol, no cosepulenio TPOTHBONOMIOMKHBIMHE  OCTAMLHBIME CBOCTBAMH — 3a-
PSLIOM, Hanpap/ienHem Bpawenus n 1. A. H uto camoe nopasHTeqabHoe, JoGasn
1aCTHIA HAH aHTHYACTHILA, CTOMKHYBIUIHCE €O CcBOejf «napoii», HememeHHO
CAHHHTHARDYET» — mpeKpamaer cpoe CYLICCTBOBANNHE, NMpPEBpalLasch B Apyrue
SJIBMEHTADHLIC YACTHILL, HJH KBAHTLI Haayuenns. Ilpn ston oGszarteqsio cobuo-
AIOTCA BCE 3aKOHLI (H3NKH, B TOM uncie SaKOH COXPAHCHHS SHCPTHH M HM-
nyabca, Hamenarcs amms SHEPrHs H Macca BHOBL olpasyiouuxca yacray, Tak,
IpH BCTpeue cBoGogHOrO 3TEKTPOHA CO CBOCH AHTHYACTHLEll — NO3HTPOHOM —
B Pesynbrarte amHmrHAAUHH BMecTo nux 06pasyiotes oGLIuHO 1pa poToua
(ramma-xnaura), 06.1a4aI0LIHE BMECTE B3fATHIe SHeprHeil H HMOYJALCOM CTOMK-
HyBIIeiicst napul (cw. PHCYHOK).

Ipu mekoToprix YCIOBHAX TaMMa-KBAaHT MOMKer npeBpaaTecst B napy
3ACKTPOH — MO3HTPOH.

Autnuactaun. M3 goodsio Goasuioro Koanuectsa OTKPBITBIX 10 HacTOSsI-
Iee BpeMS 371eMEHTAPHLIX wacTHI TPHALATL MOryT GBITb PasGHTH na 1§ nap.
Macenl wactun kamzoii Takoi TIapLl, HANPHMED NPOTOH — AHTHNPOTON, 3MeK-
TPOH — NO3HTPOH, HEHTPON — aHTHHENTPOH W AP., COBEPUICHHO OILMHAKOBL, a
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sACKTPHUECKHE 3apsijibt  (3a NCKIAlouerHeM HellTpaabHLIX wacTHu) U apyrue
tu3nueckie cpoficTsa — NPOTHBONOIOZKHLL

TlpH CTOJKHOBEHHMH ABYX UaCTHL Kajoll TaKofi apel OHH MIHOBECHIO
AUINFHTHPYIOT — B3aHMOYiHyTOMXal0TCH, BMecto HHX BO3HMKAOT B2  §0-
TONlA, T. ¢, IHCPrHs, CKPLITA# B Macce 1IOKOS 3THX HACTHIL, NICPEXOHT B 3HCP-
THIO HQCTHI H3JYUYCHHA, HE } DIEHX MacChl NOKOH.

AHTHYACTHIL HET JMIUDL ¥ TOHA B HCNTPAJBHOTO MIC-Me3cHa ([-Me3oHa),
KOTOPLIC NPHHHMAIOTCS TOXCICCTBCHHLIMI CO CBOMMH aHTHYACTHILAMIL

Ileppoii crapiefl H3BECTHO WEJOBCKY aHTHUYACTHICH OKa3alics no3uTpOH,
otepuTuit B 1933 r., xoTd ero cyutectsopanue G0 NPeACKasaHo 3aj00ro
A0 storo  coburtusa.  [lo3pTpoH, MM [OJOMHTEIbHBI 3ACKTPOH, HMeeT
TY e MacCy, 4TO H 3J€KTPOH, HO HPOTHBOIOJIOHHBI 3JeKTPHUECKRIT 3apai.
CTOAKHYBWHCL APYT € APYFOM, NO3HTPON H 3JCKTPOH TOTYAC e CaMOYHHUTO-
AloTeH, TpeBpalniasch B ABa @otoHa ¢ suepruein no 0,51 Man. 37€KTPOH-
BoabT (M3g) Kamawplii, uto B CyMMe DaBHO 3HEPrui, *KBHBAJCHTHO yABOEH-
HOit Macce nokos adaekTpouna. [loanrpon noasigerca B pesyJibTare npolecca, HO-
CHLICrO Ha3BaHHe <«POAACHHEC nap:>. STOT npomecc 34KJI04aeTCs B TOM, 4TO
(boTOH BHICOKOi SHEPrHH, COYIapHAACL C AAPAMH 2TOMOB THAKEILIX 3JCMCHTOB,
HAanpHMED CBHHLE, BHOUBACT M3 HUX Napy NPOTHBONOJIOAHO 3apArCIHBIX ya-
CTHI| — 3JeKTpOH M nosurpon. Munnmaannas sseprua dorona, neofxoguMan
Aas co3janua Takoii napu, pasua 102 Mss—no 0,51 Mse na xamayw
YacTHOY. 2TO OAWH M3 MHOTOYHCJENHLIX [PHMEPOB TNPAMOro npespaile-
HHS SHEPrHH B MacCy MOKOs. SUICKTPOH I MO3HTPOH MOTYT BO3HHKATBH NpPH
Oera-pacnade, Ho npu 570 HEDAIY ¢ NO3NTPOHOM BCeIia POAAETCst U Hel-
TPHHEO.

Ortxpoitass B 19553 r. uacria, NDPOTHBOMOJONKIAS TPOTONY, HaskiBacTes
UTHIPOTOHOM, WM OTPHIATCILHBIM npotoHoM. Ero Moo co3jgats, GomGap-
AHPYS BEIIECTBO NPOTOLAMH C KHHeTHUECKOo(l sHeprueil ne Menee 6 Mapi. saeKkr-
ponpoabT ([3s). B naniioM cayuae 3ITa SHCPTHS HENOCPEACTBEHHO IIpeBpa-
uiaeTcs B MacCy IMOKOS W KIIHETHUCCHKYIO 3HCPriio Naphl npomu-—azn‘u-

LPOTOLL
TFog ciyers, B 1956 r., Gula OTKpLIT autHuciiTpoin. [ocKoABKy ucliTpol —
3TO yacTHua, JHWeHHnas 3apsjia, TO alTHHCITPON Takme Jodmen OblTh neii-

Tpaasiuin. OQHaKO auTHUCiTpPoH CaMOYHHUTOMXKAeTCH IIPH BCTPEYe H ¢ HCHTpPO-
HOM, H C IPOTOHOM.

[IpoavKTami anBHTHIALHE HTHUYACTHIL HYKJAOHOB, T. €. MPOTOHA H aHTH-
NPOTOHA, HeliTPOHA Il auTHHEliTPpOHA, OGLIYHO ABJIMIOTCS H-MC30HLL

Antusemecteo. [lociie Toro kKaxk OB OTKDPLITLE @iiTHYACTHUEL H 3KCHe-
PHMCHTAALHO l'K)ATBOp}K,J,CﬂO HX CYILeCTBOLBAHHC, CCTCCTBCHHO, BO3HIK BONPOC:
noueMy Obl B OKpyaKaiounleii nac NpHpojie He CYULCCTBOBATL H aroMax, siapa Ko-
TOPEIX CJI0CHH He W3 NPOTOHOB, a M3 QHTHAPOTOHOB, a 0GOJ0UKH — He H3
2JIEKTPOHOB, 4 M3 TNO3HTPOHOB? B 3TOM Clayuae NPHHUHIHAALHO HH4ero Obl He
uanmennaock. Ilpocto nojoGnnie «oGpameHnble» aToOME, HANPHMED BOAOPOAA,
Ha3pBaIiHChL OLI allTHROA0POJ0M, @ I{GCIPUCHIIOG H3 HHX BCILECTBO — AHTHBC-
mectsoM. OCHOBLIBAACL 12 HOBCEMECTIIO CYUICCTRVIOUICM B NpHpPOIE CROICTBE
CHMMCTPHH, MOMKHO NPCILH0. b, 4TO N0 KpaliHeil Mepe HOAOBHHA BCeX ato-
MoB Beegennoii posuia npeactapidin co0oil Takoe anTHBewlectso! Opnako
ecan Opl ma 3eMmie WM jgame B Hauiefi [aslakTHKe HMEJIOCH allTHBCLICCTRO,
TO OHO He CMOrao GLl 104r0 NPOCYULECTBOBATH H AOBOJLHO CKOPO HPOAHUHIH-
Jnpesano OW ¢ OOLIMHEIM BEUICCTBOM C BBUICJCHHCM SHCPruil, B THICAYY pas
GoJbinell, ueM Nnpd B3pbize Bojopoiucii GomOel. CyLICCTBYET JH aHTHBCLLE-
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CTBO B KaKHX-7HGO Apyrux obdacTax oGospepaemoit Beedenuofi, wenasectio,
XOTH TCOPETHUCCKH H BO3MOMKHO.

Atomuas GomGa — o/t u3 Buzos OPYAKHUA BIPLIBHOTO AEHCTBHsA ¢ sapdA-
JOM OrPOMHOI PA3PYILHTEILHON CHAM, B KOTOPOM HCIOAB3YIOT CAMOPA3BHBAI-
IYI0CA UEeNHYI0 AACPHYIO PeaKilHo Je.eHHA ypa#ua-235 uam nayronus-239.

OcHOBHBLIMM 37IeMEHTAME Takoii GOMGH ABASIOTCS 3apajg sIePHOTG Topio-
Wero, B3DHIBHOE YETPONCTBO H 0G0J04Ka. 3apan nensulerocs peiiecTBa ¢ 06-
et Maccoii Gosblle KPHTHYECKOI: (em. «Kputuueckas maccas) po B3pLIBA pa3s-
Aercn Ha ABe HJH HECKOJALKO wacTefl, Kawmiaa uz KOTOPBIX MEeHbIle KpHTirge-
CHOH Macchl. BapuBzoe YCTPOHCTBO CKOHCTPYHPORAHO TaKHuM oGpasoM, urolOn
Kax MOXHO GLICTPEE COCAMHNTE 06 MOAOBHHKH MK Bee uacTs PasaeaeHHOoro

3apana BMeCTe, HANPHMED «BLICTPEIHTL® [i% HABCTPCUY  APYT APYTY.
B macee neaserocs BCUICCTBA, CTasigell ¢ 3Toro MOMEHTA Bbllle KpHTHUE-
CKOH, MTHOBEHIIO BOZINKACT Pa2BOTRJCHHAN 1CHIasn peaxuus nenewus, oxam-
WHBRIOIAACH OPIMEPHD Yepes MILLTHONILC 100 CeKYHAB B3PLIBOM.

Bspup aronsnoit GouGul CONpPOBOXACTCH OJHOBPEMEHHO AEHCTBHEM Motil-
MO BIPLIBHOM BOJHS, CHBETOBOTO H3JYUCHIs K NPOHHKAIOIMER PagHalii ¢ 1o-
CACAYIOULIN PA/lHOAKTHBHBIM 3apameHHeM OKDY:Kalomief MeCTHOCTII, BO3Jyxa,
BOAHL.

MoutiioeTs atouuoli GoMGH NIPHHATO OHCHUBATE TPOTHIOBLEIM 3KBHBAJCH-
TOM, T. €. KOJHUCCTBOM OOLIMHOrO BAPLIBUATOFD BOUWIECTBA (TPOTHAA), KaKoe
n0TpeGonasocs Obl BIOPBATL, YTOOL! CPABNA DL CrO B3PEIB 110 3HEPIHH CO B3pbHI-
BOM JlanHofl atomuoil GoMOnt (1 e Tpotiga sksnpateiren | kkaa) (Cw. pucyHox).

Atomuas aaekrpuueckas Gatapes — YCTPOIICTEO, NpeBpaliajontee atToM-
HyI0 SHEPritio TICrOCPEACTRENHO B SACKTPHUCCKHII TOK, MHHYS MHOMECTBO <i0-
CPEARHKOB»: [1apOBLIC KOT/L, TIAPONPOBOLH, TENJIOOGMEHHNHKH, TYpGHiL, Bpa-
IMAOMHECH TeHEPATOPE! TOKA.

HauGonee npocroii smaserca Garapes, cocTaBJeHHag H3 JBYX NJIACTHHOK:
UHCTOrO GeTa-Hadyuaress — cTpouusa-00 1 Kakoro-anso MOJIYNPOBOHHKE, Ha-
npMep KpeMunsd. ITOTOK GLICTPHIX .CKTPONOB, HCMyCKaewui] CTPOHUHEM, Npo-
XOf# uepe3 BEWECTBO MOAYNPOBOAHHKA, BLHOHBACT H3 HEro GOALIMIOE KOMHUE-
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CTBO JOMOJNHHTCIBHLIX 3JEKTPOHOB — B ACCATKH M COTHH THICAY pa3 Goanle,
UeM TIOTOK, HCITYCKaeMblii CAMHM P2JHOEKTHBHLIM H30TONOM. YCHJACHHB TaKHM
06pasoM 110TOK 3JEKTPOHOB GYACT NPOTeKATh TOJLKO B KaKOM-1HGO OIHOM
HanpasaeHHn. O 1 SBJSETCS NOCTONHLIM 3JeKTPHUECKHM TOKOM.

OxHH 3JeMeHT TaKoro ycTpolicTBa OOBCMOM B 10.1H KyGHYECKOTO CaHTH-
METPa NO3BO/INET NMOJAYUHTL 3JMEKTPHUCCKHIT TOK CILION B HECKOALKO MHJTHOHHBIX
AoJeil aMnepa NpH HANPAMEHHH B AccaTble 101# BoabTa. Coeanuus napad-
JeAbHO (15 YBCJHUCHHA CHJB TOKa) HECKOJLKO THICAY TaKHX 3J1CMEHTOR,
MOKHO NOJIYYaTh CHJY TOKA y#He B COTHH MHJJHaMIep, a COeJHHHS Takue Ha-
{'JOI}H IJCMCHTOB €Iue H IoCTe/10BaTe S 1bHO Apyr ¢ ,.'121‘,’1'05[ (,QJUI YBETHUCHH
HaNpsKeHnAa) — nojayuaTh GaTapeid HanpAZEHHEM B HECKOJLKO  BOJBT,
BIOJHE A0CTATOUHYI A5 MHTAHHA NCPEHOCHOI pagnoannapatypu, teaedoHos
HT. A

Tak xak nepuop noaypacnaga crponuns-90 paBen 24 rogam, Takas aToMm-
Has Gatapea MoxeT AeficTBOBATL Ge3 CMmeHbl B Teyende 10—15 aer! Buicoko-
BoabTHHe (A0 150 Thic. BoaABT) artoMHule GaTapen, npasja, IaiOUIHE TOK
HHUTOXKHO Maqofi cuapt (107%—10-12), koneTpyupyior 1o APYroMy nNpHHITHNY.
B HHX HCTOYHHK GBLICTPHIX 3JEKTPOHOB IIOMELLAIOT HA H30J5ITOPE B LEHTpPE Me-
TANTRYECKON cdepnl HaH unanuApa. Ilpn paaHOAKTHBHOM pacliaje M3 HCTOY-
HHKd H3JyUeHHH Bhuieraer o6aako Gera-uacTHi, (3J€KTPOHbI), BCJCACTBHE 4ero
OH 3dpsKacTCs NOJOKHTEABLHO, a cofHpareib 3JICKTPOHOB (cdepa) — OTpH-
uatrenbuo. EcrectBenmno, Memay mnuMn ofpasvercs pasHOCTh NOTEHLHAJOB,
co3jarumas 1PH 3aMBIKAHHH 3JEKTPOJIOB Ha HArpy3Ky 3JeKTPHUCCKHIl TOK.
CT0ab BLICOKAs PA3HOCTL NOTCHILNAIOB MEIKAY HCTOYHHKOM 3/IEKTPOHOB H Cie-
POi CO3Z3eTCA 3a CYET OrpOMHON CKOPOCTH HCOYCKaeMbiX Gera-HadyyaTedeM
NEKTPOHOB,

Eca axtupiocTh ncTounnwka GeTa-uacTMi paBHa | KIOpH, To Takas
aromnas Gatapes OyAeT pa3BHBaTL MOIWHOCTL 0Koio 200 MHKpOBATT (Mx6T)

nph paloueM HanpsxeHun 20 xe.

v, CpoK ee jaeilctsuf, Kak H npeabipy-

> LleH  KOHCTPYKUHH,  ONpelesseTcs

NEPHOAOM  1IOJYPACHaga  HCNoJb3o-
BaHHOTO PaJHOAKTHBHOILO BelLECTRA,

Atomubie Gatapen MOryT ObiTh
YCTPOEHBl H NO-APYTOMY, Hampumep
B BH/e HanoJHeHHOM rasoM TpyGkw,
B KOTOpOIl pajHOAKTHBHOE H3ayye-
HHC cliepBa HOHH3HPYeT aToMbl ra-
A3d, 4 34TeM ()6})2!3032\1511]11(3(25] HOHBI
HOA JeACcTBHeM He0O0JbLIOI pa3HoCcTH
HOTEHIHAAOB MEXAY JABYMS 3JCKT-
poAaMu TPYGKH CO3LAIOT 3JIEKTPH-
YeCKH TOK; YCTPOINCTBA, B KOTOPOM
IHEPTHA PAIHOAKTHBHOLO H3ayuenua
HATPEBACT /10 BRICOKONH TeMIlepaTyphl
cuian  0ataped MOJAYNPOBOJAHHKOBBIX
© TCPMO3JIEMEHTOB, BLIpa0aTLIBAIOWMHX

- HOCTOSHHBI  3JeKTPHUYCCKHIT  TOK;
P ;"!'lw\‘:“"@ c‘..";omm}‘ir KOHCTPYKLIN, TAe nepen

‘ HCTOUHHKOM  3]1CKTPONOB  YCTaHAaB-

JIHBAKT .."H(J.'H]{!l()ip()p — BCULECTBO, B
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KOTOPOM N0J IefiCTBHEM SJCKTPOHHOI GoMGapaHPOBKH BO3HHKAIOT fApKue cpe-
TOBBE BCnbiLKH. CBET OT 3TOro BeuiecTsa (oKycHpyoT Ha (orosucment, npe-
00pa3yiolLiii CBETOBYIO SHEPrHIO B INEKTPHYECKYIO I T, IT.

AToMHBI aBHraTeab — cu0Bag YCTauoBKa, padoTdowas Ha aToMHOl
(saepHoit) SHEPrHM AENCHHS TAREABIX FAEP ypaHna HIH NUYyTOHHS, OCYIMECTB-
JIHCMOrO B SIEPHBIX PEAaKTOPax PasyiHuloro THHNA H Ha3HAYCHIS.

TemaoByio suepriio, BHIAGAAIOWLYIOCH B npolecce padoThi peakTopa, of-
BOJSIT U3 €ro aKTHBHOI 30HBI K TCRACOOMEHHURKY KAKUM-AHGO Ten.10HOCITeAeM:
BOLSHLIM mapoM, neperpetoii Boioii nog AaBJIEHHEM, ra3oM, JErKOonIaBKHM
HHAKHM MEeTasJIoM H T. I

B tennooGuenunke nponcxoaut nepeiaya TENJIOBOM IHEPrHH OT TEmI0HO-
CHTeNI K paGouemy Teny, T. e. NpeBpallelie ec B KHHETHUCCKYIO SHEPTHIO CTPYH
napa (rasa), KOTOpwIi MOMeET GhiTb HallpapJen B NapoBylo TypGHHY, npeoGpa-
3YIOUIYIO TeIVIOBYIO 3Hepruid paGouero Tesa B MEX4HHYECKYI0, a NpH Heol-
XOMHMOCTH — H B 3JCKTPHUECKYIO, HJH MOKeT ObiTh BbIOPOILEH Yepes cono Ha-
PY#Y, KaK B OOLIYHOM DEaKTHBHOM ABHTATENC, CO3LABAN PCAKTHBHYIO THATY.

Craunonapusle aTOMHBIE CHAOBbLIC YCTaHOBKH 0OOLIMHO MaJd0 4eM OTJH-
YalTCA OT aTOMHBIX 3JICKTPHYECKHX CTaHUMi. B Hux HCIOAL3YIOT 3HePreTHYe-
CKHC aTOMHLIE PeaKTOpPbl HA MeIJeHHBIX (TenioBbix) neiitponax.

Iaasnoe npeumyuiecteo  atomuoro JABHraTe sl — HHYTOXHLIE  pacxon
ATOMHOTO ropioyero, 4TO je/aet ero 0coGo NepeneKTHBHEIM .15 PasJIHUYHLIX BH-
AOB TPAHCIOPTA: MOPCKHX H DEUYHBIX CYHOB, NOABOIHBIX JO0JOK H CaMOMNETOB.
ATOMHBII JICJ0KO0A, CHaGKeHHbIiT aTOMHBIM ABHraTes eM, MOMET HaXOJAHThCH B
IMaBAHHH 10 NoJyTopa Jsiet Ge3 3aX04a B MOPTHL A48 NONOJHEHIS roplouere,
4TO OCOGCHHO BaMHO [PH NJABAHHH B APKTHUYCCKHX YCAOBHSX, KyZa J0CTaBKa
ofbluHOro TOnAHBa (HeTH K YIVIS1) CONPSKEHa ¢ rPOMAAHBIMH TPYAHOCTSMH,
Aopora m TpeGyer HanHyHs MOPTOB H CheuHatbHOrO $JA0Ta A%  NepeBO3KH
OFPOMHOTO KOJinyecTBa OBICTPO PAacXOAYeMOro TOMJAHBA, B TOM YHCIE W TON-
AHBA, CHHIAEMOro 3THMH JKE CyJaMu.

Taasubiii HeA0CTATOK ATOMEHBIX ABHrATeNeH, 3aTPYANSIOWHK HX NpHMe-
HEHHE HA KEJC3HONOPOKHLIX JIOKOMOTHBAEX, CaMOJIeTay, aBTOMOGHANX W Ha
CYAax MaJoro TOHHAMXA,— FPOMOZAKOCTb 1 UPLIMCPHO GOALLIONH Bec OUO.202L-
HECKOR 3QUUTO!, KOTOPOIl 10/KIE OKPYIKATLCH KAK Can AJePHLIT peakTop, Tak
H BCE 3.3eMCHTLI VCTanHoBKH, HCNYyCKaloine onaciple A1 .'I](),Ll(?i'l ramma-ny'm H
TOTOKH HCHTPOROB.

ATOMHAA 3JEKTPHYECKAN CTAHUMA — 3JeKTpHYeCKasi cTanuus, paboTaioman
3@ CHET IHCPLHH, BLICISIOWICHCH NPH Jle/IeHHH SAep aTOMOB ypaua wiu nay-
ToHusl. Brepsele Takasa cramuus 3JCKTPHUYECKOH MowHocTbI0 5000 xer Guaa
BBeaena B skcnayatauuioo B CCCP 27 wions 1954 r.

[lockoabky npu gesennn  atomuoro (saepuoro) ropiouero noayvaeres
IMaBHLIM 06PAa30M TeILio, Ha J1aHHOM 5Tale Pa3BHTHS &TOMION SHePreTHKH Ta-
Kaid SJACKTPUHCCKAN CTAHUMST NpeacTapadet coloil oGLuNYIo TEIJIOBYIO CTaH-
IHIO, Y KOTOPOHl NapoBOi KOTEJ 3aMenell atoMubiM (aaepubiM)  peakTopom.
ToGoit Tenaonocutess, CAYMallHi 173 0TBOJA TEMJIa M OXJAKIACHHS peak-
TOpa, NMpOXOLst 4epe3 Hero, CTAHOBHTCS CHJILHO DPAajJHOAKTHBHBIM H B TAKOM
BHAE TIPEACTABIACT OrPOMUYIO ONACHOCTL fas mojeil. [Tostomy peaktop H BCe
TpYBONPOBOALI, N0 KOTOPLIM HHPKYJAHPYET TEMJIOHOCHTE/Ib, OTAEANIOT OT OCTaJlb-
HOit OGBIMHOIN 4aCTH 3JCKTPHUCCKON CTAHIHH TENA00GMEeHHINKOM ‘(naporenepa-
TOPOM), B KOTOPOM TCIIOHOCHTCIb 3aMKHYTOrO M TILATEILHO H30JIHPOBAHHOrQ
NEPBHUNIOro KONTYPA NEPELdCT TeIIO TCILIoHOCHTemo (paGoueMy Teay) BTOPHY-
HOro KONTYPa, HENOCPeACTBEHHO HE CONPHKACASCEH C HIM.
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TMomiM0 3TOr0 PeakTop W BCE OCTaJAbHOE, YTO BXOJIHT B NEepPBHYNLIT KOH-
TYP VCTANOBKH, OKPY:KaloT eumle Ouoiouteckod 3au{utol — GeTOHHON HAM BO-
AAHOH 0G0.I0YKOIT TOIUHHON B HECKOJLKO METPOB, crnocobHOfl HajekKlo 3a-
AEPAHBATL BCE BHABLL HiAyUeHHIL

Bee npouecchl vhopazieHus pafoToil peakTopa H OCTAILHBIMH  3BCHBAMH
cratiiH jgaxke B Ge30MacHoll ee yacTH aBTOMAaTH3HPOBAaHLI H OCYLIECTBJIAIOTCH
AMCTAULHONIO (HA PACCTOANMI).

B sactosilee ppeis pa3paboTald pajg cXeM TAKHX CTaHUMIE NPHMEHHTCALHO
K PasiHuibiM HYA/IaM 3HEDIeTHUeCKOTO OCHAULCHHS CTPAHBL

AtomHoe (saeproe) Tonauso. ATomHoe (sjepHoe) Topiouee — NPHPOIHLIE
WA HCKVCCTBEHHBIE 2JCMCHTH, $Da aTOMOB KOTOPHIX B peayabTate GoMsap-
AHPORKH HEHTPOHaMK CHoCOGHLl e HTLCA, BLICBOGOMKAANA NPH 3TOM HECKOJILKO
Goasluee KoJuuecTso ueiitponos (apa-tpu), ueM OBLIO 3aTpaucHo Ha HX Jede-
Hie, B PE3YJBTATC UEro B 3THX BEUICCTBAX MoxKer GuTL BO30Y#JeHa pa3Bers-
JAKIEAACA, JABHHCO0pasio napacraioulas LenHas AZepHad peakuns AeJCHHH.
K st pewectpanm npHHajae:atr: ypau-235, nayrtounii-239, ypan-233, ypau-
238. B OyayuieMm, nociie OCYIMECTBJACHHS YNPABAAEMOil TepMuosdeprol pearyui
(causuus saep aTOMOB JTKHX 3JeMEHTOB B 0oJee TaWeIhie), K  aTOMHOMY
Tonaney (ropouemy), suammo, OVAYT oTHeCeHH BCe H30TONH Bojlopoaa (upo-
T, TefiTepuii H TPHUTHIL), a TaKKe JHTHIL

ATtoMHBil Bec (aToMHas eAMHHLA MaccH — g.e. M., HAH MaccoBas ef-
nuia). Bec atoma nactoabko Maa, uto Geiio On upe3BHUaiiHO Heya0GHO
Kau el pas oGosnauath ero, jonvernM, B rpamuax. [loayvaamcs 66 uHGpPH
¢ jgecatkamu Hydeid Ilostoumy cro olplylo BLIPAXAalT He B rpamMMmax, a 8 0T-
HOCHTRJALHLIX @IMHHILAY, B KOTOPLIX BCC aTOMa KHCJIOpPOAa NPHHHMAETCs pas-
ueM 16, OtHowene peca ao6oro atoMa K Becy /g 4acTH atoMa KHeJI0poza
(s0') 1 maspiBacreg aroMuLIM BecoM. B 3TOM cayuae aTOMHBIH Bec caMmoro Jer-
KOTO XHMHHMECKOIO Z1CMEHTA — BOJ0POj1a — J0J#es OHTh paBHEIM TOuHO 1.
Ojnaxo BeieCTBHE IaTHUHsA ¥ 8TOMOB KHCJI0POJAa HCCKOJILKHX H30TOMOB Neib-
HOMMC/ICHHOTO OTHOLICHHA He TOJYud4eres H aTOMHBUT BCC BOJODOdA OKasbl-
BaeTCH (DakTHUeCKH papunim [,008.

Bec /i uacTw atoMa kucaopoja paseu 1,674-107%%2. D10 u ecrn aromuan
EAHHHIIa MacChl.

Hesapto yuenble veI0BHAKCH NPHHUMATD 32 ATOMHYIO €AHHHIY MACCHI OTHO-
HOHNC 50Ca aToMa K Becy !/jz YACTH aToMa OCHOBHOrO H3oToma yraepopa ¢C'2

Atomuslii (peaxtiipupii) aBurateab. O1uHM 1[3‘BbICOK03(T)(t)€KT!!BHHx clo-
codon HeNoCpeICTBC! CBPAICHHA SHEpPrud Tell1a B ZHCDrHIO IBHKEHHHA
AIBJSIETCA DAKeTHLI! (pCarTisULIl) ABHraTe’b, TaK K4K B HEM TNOJHOCTLIO OT-
CYTCTRBVIOT KaKHe-AH0O MPOMEXKYTOHIBIC YCTpoiicTsa Bpojge nopiuHef, mary-
HOB H CHCTCM Hepejiay, COeJIHHEHHBIX C BO3JYLIHHIM BHHTOM HJH BeAyHIHMH
KOJeCanH (B Ha3eMHBIX JOKOMOTHBAX).

CiuraesmMoe B KaMepe cropaHia Takoro ABHTaTe s  BHICOKOKAJOpHilHoe
XHMHYECKOS TOMNJIHBO TDERPALLESTCA B PacKajeHHHH [0 TNpeieibHO BLICOKO
TC‘MHL‘DHT}‘[)M H J4BJCHHA Ta3, KDTOle‘i, BBITCKAaA C 0]‘]]().\1}!0]"1 (‘K()pOCTh!O ‘IC[)L‘S
COMAC HAPVIKY, CO3I4CT PEAKTHBHYIO CTPYIO, ABIKYLIVIO pPaKeTy B HampasJe-
HHMH, NPOTUBONOTOAION IBHACHIIIO 3T0l CTPYH rasa.

CopoCTs JABHACHITA DAKCTE NIPH BCEX MPOYHX PABHBIX YCJIOBHAX TeM
pnilie, 4eM OHeTpee BLITCKACT H3 COILIa JBHTATEds CTPYs PACKAJICHHOrO rasa.
Mouggocts PAKETHOTO JBHUATES, @ CACJOBATENLHO, BEC H TIPY3ON0ILeMHOCTh
paKeisl B CBOI O4epean TeM Bbiule, yeM GoJbllie Macca OJHOBpEMCHHO warpe-
BACMOr0 H BBLITEKAOWEr0 W3 CONJia aBHratens rasza. CKOPOCTL jKe HMCTeUeHHs
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CTPYH Tasa 3aBHCHT OT TCMICPATYPLl H AaBJCHNS, KOTODHE Cnocobiio PasBuTh
CHHTaCMOoe B padoueii KaMmepe Tonmeo,

Haxoneu, aanressnocrs JACHCTBHA ABHraTte.s NpH 1dHHOH MOWIHGCTH 3a-
BHCHT OT 3anaca Tonamsa, KOTOPLIi cnocoGua HecTH na cefe paxera Ge3 ero
HONOJTHeRHAS B IIYTH.

Kopoue rozops, YBEAHUHTE CKOPOCTD ABHMKCHHS 1 MOLLIOCTH P3KeTH MOXK-
HO 10 CYMECTBY HeCKOILKHMH NYTAMH: NOJAHHMAs TemuepaTypy HarpeTora
asd, NOBLILIAS CKOPOCTH €FO MCTCUCHHS W3 Coilia, yBeaHyuBas Maccy iarpe-
TOTO BCUIECTBA HJH OCYLICCTBJSIS BCe 5T0 110 BOSMOMHOCTH 0JHOBPEMeilo,

B npunuune Beero storo MOKHO TOCTHUL TOJIBKO B 4TOMHOM JBHraTedie
B nem gaq Harpesa HiM yCKOPEHNs Beluectsa, CO3L4IOLICTO  CHAY THrH, He
HOJAB3YIOT aTOMHYI0 3HEprhIo, MOJIYUAEMYIO B aTOMHOM peaxrope,

Bpazg an ectn HCOOXO0HMOCTD AOKa3LBATL, 4TO aToMHOR (aaeproe) ropio-
€L, TENJOTBOPHASN CnocoGHOCTL KOTOPOro BO MHOFO pa3s npeBulllaeT Temo-
TBOPHYIO €CNOCOGHOCTL CaMoro AYUUIETC XHMHYCCKOrO TOMHBa, OTKpEIBaeT ca-
MHC WHPOKHE NEpPCneKTHBH HMeHHO g 001aCTH KOCMHYECKHY NOACTOR,

Iosromy GyAyutee KOCMHYECKHX noserop LETHKOM i TIOJHOCTRIO 3aBHCHT
OT BO3IMOMHOCTH HCMOJL3OBAHMS A5 3TOH Lean ROMIEKTHOrO, 00.14/14101er0
OrpOMHOMN sHeprueit i ACJTOJEHCTBHEM aTOMIOrO ropioyero, keropoe Gyaer
COCTABMIATD HE NeBAHOCTO M GOJblie lipolenToB oluero ofibeMa W meca pa-
KCTBI, KaK IIpH HCMO/1b30BANHK XHMHYECKOrO TOMJIHBA, 2 MHOro MEHBLIC, 4YTO no-
SBOAHT HJH Pe3KO YMCHBIUNTD oGl Bec pakethl, Han NPH TeX Ke YCI0BHSX
SHAUHTEJLHO YBEIHUHTE co CHOPOCTE M TPY30HOABLEMHOCTE,

Henonssosars pan STOI HeJAH aTOMHYIO FHEPrHIo MOKHO N0 Kpaiieii Mepe
AByMA crocoBamu: auGo HENOCPeNCTBEHHO Harpepas, ponyckas uepez peax-
T0p paGouee Teso, HanpuMep MOWHYI0 CcTpyio BOZopona, sanac korepero =
CKATOM WIH CHRHKCHHOM BHje, CCTCCTBEHNO, npHaeres Gparts B pazery, audo
NpeoGpasyst BLipadathiBacuoe PCaKTOpOM Teno CHauala B HIEKTPHIECKYI0
JMCPTHIO, KOTOPYIO B CBOIO OUEPENb HCIOAL3IYIOT 118 MGHHIAIM rasa I ycKo-
PCHHSA HOHWIHDOBAHHBIX TAMENBIX vacthy, (cM. «Honnas paxeras),

OCHCBHELIE NMOHATHI M TEPMHMHB!

Crp.

Bera-pacmag 35
Buoaornueckoe JACHCTEHE  pajiHOAKTHBHLIX

H3AYYeHHil a7

Bera-pacnan. Ecan PaCCMOTPeTh nmpeBpauicHiia siAep aTOMOB
OAHHX DAAHOAKTHBHBIX 3JIEMECHTOB B IpyTiie {cM. «Paduourrtus-
HOCTO» W «PaduoakTusHsie cemedcreas), To BUANO, UTO OOJbIHH-
CTBO HX COTIDOBOMAAETCH HCNMYCKalieM i11H 3JaeKTponoB (Cera-ua-
CTHI), HJIH a/ib(ha-uacTHiL Hcnyckanne anbha-vactay Kaxcrcs Go-
Jee HIH MeHCC IOHATHBIM. DTO OCKOJKH, ®OTTOprampuces» o1
pacnajaiouierocst sijpa aroma. Ho ot orxyia depyTcsa B sape
4TOMa 3IeKTPOHBI? Beab 0HO COCTONT TO.IBKO 13 NPOTOHOE H Heli-
TPOHOB. :
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EAHHCTBEHHOE, UTO MOKHO NPeAN0a0KHTb,~— 3TO TO, UTO 3JIeK-
TPOHBI POKIAIOTCA B SIAPE B Pe3y/bTaTe KAKHX-TO BHYTPHSAMEPHBIX
npeBpaiieHuil. Ito H yAaJjoch YCTAaHOBHTL Ha TpHMepe pacnaja
aapa aToMa TPHTHs (CBEPXTSKEJIOro BOJOPOJA), COCTOSALIErD H3
0IHOTO MPOTOHA M ABYX HeliTponos. Byecto Hero noJayuaercs sapo
H3oTona rejus-3, cocrosllee N3 ABYX NPOTOHOB H OJHOTO HeM-
TpoHa, u ¢BOGOAHLIT 3aekTpon. Kyaa-to Hcues OAHH HEHTPOH, HO
3aTO BMECTO Hero MOSBH/NCL NPOTOH H 3jaekTpoH. [loayuaercs,
4TO POZK/EHHE W HCIYCKaHHE 3JEeKTPOHA JAO0CTaj]oCh UEHOI mpe-
BpaULCHHS 0JHOrO 13 HEHITPOHOB B MPOTOH.

HMapectunl 1 apyrie siepHble peakliHl, KOrla BMECTO 3JICK-
TPOHA SIAPO ATOMA HCHYCKaeT MO3HTPOH — TOUHO TaKYl Ke ua-
CTHILY, KaK 3JeKTPOH, HO HE C OTPHLATE/bHBLIM, & C NOJOHHTE/b-
HbIM 3JCKTPHUYECKHM 3apsiaoM. Hanpumep, paanoaxTHBHBIN H30-
Ton a307-13, COCTOALMII H3 CEMH NMPOTOHOB H INECTH HEHTPOHOSB,
mocJe pacnajna mpespaliaercs B siAPo aroMma yraepona-13, y ko-
TOPOTO yIKE IIeCTh NPOTOHOB H CeMb HEHTPOHOB, H HCOYCKaeT MmpH
3TOM O/1I1H NO3HTPOH.

OTBeT Ha CCTCCTBEHHOE HeJO0VMeHlie yueHbIX Obli MOJy4Yeh,
KOTAA y1aJ0Ch YCTAHOBHTh, YTO TMPOTOHEI H HEHTPOHBI B Mpolecce
pamHoakTHBHOrO pacnala BO30y:KAEHHBIX sjep aTOMOB MOIyT
npeppawlaTthes Apyr B APYra, a OKasaBIIHHCA JHLIIHHM TIOJMOHH-
TEJAbHBIIT HJH OTPHUATENbHBI{l 3apsi] YHOCHTCH HJH 3JIEKTPOHOM,
HJIH MO3HTPOHOM. B cayuae 3/1eKTpOHHOH paaloaKkTHBHOCTH, KOT/A
OIHH H3 HElTPOHOB MpeBpalaercs B NPOTOH, 8 OTPHUATEbHbILI
3apA/l YHOCHTCS 3JAEKTPOHOM, OOLLHI NOI0AHTEIbHLIH 3aps siapa
aroMa yBeqMuUHBAETCH HA efMHHIY. A 310 Oyler yxKe A1pO H30-
Toma aToMa HOBOro, GoJiee TAMKEJNO0TO 3JeMEHTa MNEPHOAHYECKOI
TabauUbl, HanpiusMep He TPUTHA-3, a renns-3. IIpH nNO3HTPOHHOI
PAMMOAKTHBHOCTI, KOI/ld NPOTOH NpeBpallaeTcs B HEHTPOH, a No-
JOAHTENBHBIH 3JeKTPHUSCKHIT 3apad YHOCHTCS [O3HTPOHOM, 00-
U(HH TOJIOMKHTebHBI 3aps/l sApa atoMa YMCHbLIAGTCS Ha ea-
HHUY, B PE3yJAbTaTe Yero nosiBAsieTcs sAPO aTtoMa H30Tona HO-
BOro, foJiee JIETKOTO 3JeMeHTa, HampuMmep He asora-13, a yrue-
pona-13.

[Tocae Toro xax Bce CKAa3aHHOE Y14aYHO Pas3jioKH/OCL «NO MO-
JIOYKaM», BO3HHKJa noBag 3arajgxa. Cran He cxodHTbes GanaHc
suepruit. [Tpn xamaom TakoM nepexoie sApo TepdaeT Onpeie/eH-
HYIO SHEPrHI0, a4 TaK Kak HCOYCKaeMblii MM 3JeKTPOH HJH NO3H-
TPoH 06/ja1aer caMbIMH Pa3JHUYHLIMH JHEPrHAMH, UacTh JHEPTHH
H BOBCe Kyiaa-to nponajaer. Ha pagocTax HexoTopwnle OypiKyas-
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HLI@ yueHble, CTOAILHE HA HAEANHCTHYECK X N03HUNAX, OGLABHINY
6LI0 O KpyLWeHHH 3akoHa COXPaHeHHsT 3Heprum. '

Ho panocrs nx oxasanacs Henoaroii. Bekope Grino J0Kasano,
UTO OZHOBPEMEHHO C 9JIEKTPOHOM HJH nosuTponoM sapo ueny-
CKAeT elle OAHY YaCTHYKY, He HMEIOLLYI0 HHKAKOTO 3JeKTpHYe-
CKOTO 3apsiia, 06/1a1a0L1yI0 HHUTOMKHO Mol Maccoit, Ho Jers-
ILYI0 C OrpoMHOII CKOPOCTBIO, PaBHOIl CKOpOCTH CBera. Hogyio
HACTHILY HA3BAaMH  HeUTPUHO — MaJenDbKi Hefitpon. Oua-to n
YHOCHT ~HEJOCTAlOLLYl0o [0 TO4YHOro Gasatca Magayl TOJNHKY
3UEPrHu.

Taxum ofpazow, NPEBpallleniie BHYTPH A4pa HeliTpona B npo-
TOH CONPOBOX AAETCS HCNYCKaHleM SJICKTPOHA W HEHTPHHO, a npe-
BPALICHHE NPOTOHA B HeitTpon — HCNyCKanueM MO3HTPOHa M Heli-
TPHHO,

Buonoruueckoe peiicraue PAJAHOAKTHBHBLIX HM3JyuYenuii. Kak
W moGhle Apyrie BewlecTsa, aToMul MOJIEKYJIbl JKHBBIX KJETOK
O NeliCTBHEM DEHTreHOBCKHX H raMMa-syueil, a Takme NoToKkoB
S3aPSMEHHLIX YaCTHL HOHH3UPYIOTCH, B pesyanTaTe Yero B HuX
NPOHCXOAAT PHIHKO-XHMIUCCKIe H3MEHEHHs, BJIHAIOIIHEe HA Xxa-
PaKkTep HX nocaenyomieil KH3HEACATENBHOCTH, B YAaCTHOCTH Ha
HaCJCACTBEHHbIE 0COGEHHOCTH OpraHu3Ma.

Coraiacho ogunm B3rJaslaM, HOHH3allsi aTOMOB H MOJICKYJI,
BOSHHKAIOWAR WOJ BAMAHHEM O6GAyueHNs, BeleT K paspniBy XH-
MHUYECKHX CBA3EH B CHOXKHBIX GeJIKOBLIX MOJIEKYJ1aX, uype3BLluaiiyo
YYBCTBHTENLHLIX KO BCAKHM BHEWHIM BosciicTaisay. o APYTHM
TCOPHAM, NEPBHYHLIC Peakilill NPoHCXOAT B BOIEC, H3 KOTOpoii B
OCHOBHOM COCTOSIT TKAHH opranissMa. BOILH ITPpH 3TOM pasaaraercs
#a BO10pox i cBoGoaublii paankxan OH, KOTOpBI€ ~ IpHCOC M-
HAKTCA K MOJIeKynaM GeqKa, BhI3biBasi HIMEHEHHS B 1x XHMHYe-
CkOil cTpyKType. Mamenenus HOPMAaNBHBIX XHMHUECKIX npouec-
0B B TKaHSIX HApyWAOT OGMEH BELCCTB, 4YTO B paie cayuaer
NPHBOJHT K 00OparHoOMY pasBHTIO (Zerexepauiin) KaeTok opra-
HH3Ma.

Miorue coBerckie Yyuenbie CHUHTAIOT, 4YTO BCE H3MEHEeHHs B
AUBBIX — KJICTKAX  ONPENENIAOTCs  pehieKTOPHBIM MEeXaHH3MOM,
TaK KaK Ha HOHN3HDYIOUIHE H3JYYeHHSI pearnpyer B NepByI0 oue-
pellb HepBHAA cHctema. MaMeHenus e B Tkausux H opranax cue-
AYET paccMaTpHBAThL JIHUIL KAk Bropiunsie. Mutencusnoe Bosueii-
CTBHE H3NYUEHHH Ha MHBOIH OPrannsM MOMKET BBIZBATH AYUEB Y10
boaeano.
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BeraTpol — LUKIHUCCKHIT YOROpUTeAs 3JeKTpoHon. Deratpon coctout 3
KOJBIe06Da3HOl BAKYYMHOH KaMepw, no (opMe HanoMHHawowel Goauwyio Oa-
panKy, KoTopad MoMellela MeXAY MO0M0CaMH  3JICKTPOMArHHTa, C03/ai0iiero
MepeMeiioe MAarHHTHOE 10, BHYTPH KaMepsl PacnoJjgaraloT HCTOMHHK 2JIeKT-
pouos (i, ¢IAEKTPOHHAL NYIWKQS).

TausmyTcs 3ASKTPOHL B GeraTpoHe 1o Kpyropoii opGute. ITpn namenenmsx
BeJHYHHEL MArHHTHOrO MOTOKA, NIPCHH3LIBAIONICIO KaMepy, BO3HHKACT BHXPCLBOE
3JIEKTPHUCCKOE Mode, VEIeKawulee 3a cofoil noTtok 3jeKTponos. OzHOBpEMEnio
MATHHTIIOE 1078 CO31aCT CHIY, HANpapIeHHYIo MepPNeHAHKYAAPHO K ABHIKEHHIO
IJKTPOHOB (K ICHTPY Kpyra). DTa cHia H YAePHHBAET 3JeKTPOHBl HAa KPyro-
BOit opGute. Beratponul 1103BOAAIOT YCKOPATE MOTOK 3JEKTPOHOB 0 IHEPrHit OT
HECKO LR 3 0 100—200 Mas.

HeGoabimie GetaTpoHL! Ha SHCPTHH B HECKOJILKO MHLTHOHOB 37@KTPOHBOJILT
HIHPOKO HCIIOIL3YIOT B TOXHHKC H B MeHILHHE,

Bera-wactiupt — 001 13 BILIOB H3JIYUEHHIT, HCOYCKACMBIX SipaMH paino-

I BCIMECTB NpH HX pacnajie, ABJISAIOTCSA OOBIMHLIMIT IJCKTPOHAMH
oM. < ATo4 3aeKTpUNCCTBA — 3ACKTOHS) .

buojornueckas 3amuta — cicteMa SKPAHOB I 3AULHTHBEIX  000J0OUEK,
o120 18I0uIMY HHTEHCHBHOCTL DAajJHOAKTHBHBIX M3JIyueHHiT A0 ypopua, Oeso-
HacHOro A4 OpPraiH3Ma ueaoBeka. ITH 3KpaHLl yCTAaHABJAHBAIOT MEXAY HCTOU-
HHKOM H3IYUCHHA H 30M0il, TAe MOIYT I1aX0HTLCA JIOAH.

BuiGop maTtepuana 1as IKpaua 2aBHCHT OT BHA3, HMHTGHCHBHOCTH H [pO-
HHK2100eit ¢rnocoGHOCTH H3JVYeHIN, 4 TaKde OT KOHCTPYKTHBHBIX 0cO0eHHO-
CTeit H CTOHMOCTH verpofictsa. IKpanbl MOTYT OLITh OJHOCTOMHEIMH HJIH MiO-
rocaofiuing. Tlpn srou Goablioe 3HAUCHHE HMEeT TOPSAJOK PacTofoKenns
caoen. Hampmnep, 14 3allHTBI OT ramMma-ayveil TpeGyloTCs MaTepHaqbl H3
ACMENTOB ¢ GOJBININ MaccoBbIM uucsioM. OOBYHO 3TO 9KpPaH B BHAE MHOrO-
merposoii Getomioll cTedpl HAK ofonouku. Jlaa s3aumtel ot aaba- ¥ Gera-ya-
CTHIL CIVIKAT TOHKHE OJIHOCJOIHEIC IKPAHLI, H3TOTOBJCHHBIE N3 JETKHX Me-
TaJAJ108 NN naacTMace.

Camoft cnomuoil ssasercs sawmra o7 Heiitponos. [lormotus weittpoi,
atoMbl GOJBIIHHCTBA BEWIECTB NPUXCAAT B BO3GYMKACHHIOE COCTOMINHE, a 3aTeM
pacnaI2ioTed, HCNYCKas TPH 3TOM JIPYTHE YacTHIL H IPOHHKAIOWlHe ramma-
kpautsl IlosToMy sKpauul, npeanasHaveHnsle A4S SaUUTH OT HefiTpOHOB, TIpH-
XO,1H JAe74Th  KOMOHHHPDOBAHHBIMK: TepBH CJOOH — H3 JIerKHX SJEeMeHTOR
(soga, rpawhHT I oT. 1), XOPOLIO 3aMEATSIOMIHX HEiTPOHE, BTOPO Caoff — H3
TAKEALIX ICMCHTOB (i 30, epinenl 1oocoGeHEo GEToH), 0caalJsIouNX BTO-
PHYHBLIC TAMMAa-KBaHThOI, OL’II’\EE OBAaBINICCT B pe3yWILTATE 2axXpaTa BelecTBoOM
[EPBOTO CAOK 3aMEAJHBILHXCA HeiiTpoion. Doapwiyio poas npi 3ToM urpaior
TeXHHUCCKHE W 9KOHOMHUECKHe coolpamenus. B crauHoHaphuiXx (HemoaBHik-
HBiX) prantopaX, TAe Bec W o0beM 3aulHTL Pe3Ko He OTPaHlueHbi, MOMKHO He-
MOAL30BaTE CaMble ACLUCBbIe MaTepHaanl — oOLYHYI0 BOAY, GeTou M T. 1. B suep-
TeTHUCCKIIX DEAKTOPaX TPAHCNOPTHOTO TIPHMEHCHHS, HANpHMep IJAf MOPCKHX
CYA08, Ii¢ CHlKCHIe peca H oObeMa OHOJOTHYCCKOIT 3alUNTEL HMeeT pelalo-
Lgee 3iaucHue, NprNOIHTCA NPHMeHATL Gogee s(eKkTHBHLIE M AOpOrHe MaTe-
PHAJBL CBHHCU, Kaponi Oopa, Gopa’ik, TIJAPIAE HCKOTOPBIX MeETaqa10B, cie-
LHAJIBHYIO CTEAD.

Toumumo coGCTBENIO peakTopa GHOIOTHYCCKYIO 3AUHTY BO3BOIAT H BOKPYT
BCEH cHCTeMBl OTBOJR TeNJaa M3 HCTO, BKAIOMad TPyGoNpoBo/nl, HACOCH M
TeMA000MCHHMK, & Takyke BCE YCTPOIicTBa H MOMCLIeHHS, B KOTOPLIX aBTOMATH-
YECKH H3BJICKAWT OTPafOTAHHLIE CTEPMKNH, TPAHCMOPTHPYIOT HX, XPAHAT H T. A

—_

38



Sawumaior Taxme Kaluaisl, no Keropum BBoAST B PLAKTOP noajemxaiime
oGayuennio BCHICCTRA, Kanaawl #18 BuBOoga n3 AKTHBHON 30HB NYVYKOB meji-
TPOROB PasiLX snepruii u Apyrue yerpoiicrea,

3 Tex cayuamx, Korga BCILECTBO TCILIOHOCHTEAS siBasieTca i paGounm te-

AOM s npuBeleHHs B aeficTaie MapOBLIX TypGHY (iranpuvep, » Kansmes
peaxiope), Guoaornyeckoii 3AWHTON NpHxogHTCY OrPER18TL elle TYpOuRY M
BCC naponposoaet, no KOTOPLIM UHpKYJIHpYer NeperpeTulii 1 oTpadotanmiLi nap,
BENOUAA XOM0AMABHHKY,
. Buictpue wejitponn — HeATponn, suepris KOTOPHIX npepbiiaer 1—2 Msg,
lakas sueprua COOTBETCTBYCT ABHKEUMIO wacTiy IPH - Temniepatype B pe-
CROJILKO MHAIMapaop TPalycos B OTIHUHE OT Meaieniiiy (Tennoseix) HelTPO-
HOB ¢ sHeprueii 0,03 sg.

OCHOBHBIE MOHATHSE M TEPMMHbB!

Grp.
Bozopon 39
«Bosbymaennoex COCTOAHHE AApa aToMa_____ 40

Bonopon — camui JETKHH, NPOCTel N 1 cambrii pacnpocrpa-
HEHHBIH 113 BCeX XHMHueCKHX SJEMEHTOB B NPHPOJAE, COCTABASIO-
Wi 0kou10 93% Beero BeulecTsa Beedensoli no o0bemy n 76% no
Becy. M toabko 39 NIPHXOAHTCH Ha AOAI0 reaus i HEMHOrHM
Goabire 1% Ha pee OCTaJIbHbIE 3JIeMEHTBI: yIiepog, FKeJ1e30, CBH-
HEll, ypau i apyrie,

AToM Bonoposa coctout BCETO H3 ABYX 31€MEHTAPHBIX uacTHIL:
[10:103KHTEJIBHO  3apsiKeHHoro OpOTOHA M Bpawulaierocs BOKpPYT
HCro OTpHLATENLHO 3apsiKenHoro JIEKTPOHa.

Bonopon npu HOPMAJIBHBIX yC.10BHAX — ras. Kak i ¥ 00BN~
CTBA APYTHX ra30B, €ro MoJeKy.1d cOCTOHT 13 ABYX aTOMOB, DJiek-
TPOHHAS CBSAI3DL, C NOMOILDIO KOTOPOIii  OHH  coeauieHbl B MOJe-
KY.1y,— O4lia 13 CaMBbIX NPOUHBIX K BaKHeHINX cassell B npupose,
Yrobul nepesectn BOIAOPOL B atomapmoe cocrosime, T, o, paso-

Mporui (1Y) Aeatepui ((H?) Tputud (%)
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PBATH €70 MOJIEKY./Y Ha JBa OTAEIbILIX aTOMa, HeOOXOLHMO 3aTpa-
THTL oOnpejeseHHoe (M /JAOBOJBHO 3HAYHTE/IbLHOE) KOJMUEeCTBO
JHEPTHH.

[TpakTiueckH M3BECTHHI ABa YCTOHUHBLIX H30TOMA BOILOPOAA:
aerxuit pogopoa (;H'), naspiBaeMblit MPOTHEM U COCTABJSIIOLIHIT
99,989% sToro sJaeMedTa, H TAKe bl Bogopod (,H?) — mefiTepui,
KosnuectBo KoTtoporo He npesbliaer 0,015%. Maccot 3Tix H30T0-
nos cooteercTeenno pashsl 1,008 1 2,015 a.e.x.

B pesyabrare uenpepbiBHONl GoMOapAHPOBKH KOCMHYECKHMHU
ayudami B armocdepe 3eMan o0HAPYKHBAIOTCH HHYTOXKHO MaJble
KOIHUCCTBA PAaIMOAKTIBHOrO H30TONA BOJAOPO/A, HCNYCKalOLIero
Toabko Gera-uacthun,— tputuga (;H?), nepuoa noaypacnaza Ko-
toporo pasen 12,3 roga. B ¢koaAbKO-HHGY Ab OLLY THMBIX KOJHYECT-
BAX ITOT H3O0TON MOMKHO MOJVUHTH TOJBLKO HCKYCCTBEHHBIM MY~
TeM — B yCKOpHTEAX, 6oMOapAHDPYSA MOTOKOM TAKE/IbIX YacTHIL —
MPOTOHAMH W AefiTpoHaMu — gefitepuit u Gepuasuil, HIH Ke B
SUICPHBIX peakTopax, ofayuas MOTOKOM HEelTPOHOB sapa aTtoMosB
JutHa-6. [Torgotus ueitrpon, Authii-6 pacnajaercst Ha ABa OCKOJI-
Ka: aapo atoMma rejusi-4 (adsnda-uyacTinuy) H SApo aroMa TPHTHS.

M3 Bcex rasos Bogopoa oGaajdaer nanbogablieil TemaonpoBo-
HOCTBIO, B CHJY UEro OH Hawes HIHPOKOE MPHMEHeHHE B TeXHHKe
H OPOH3BOJACTBE, 4 yCrnexH (QH3HKH HH3KHX TeMmrnepartyp [o3Bo-
JHAH MCIOJL30BATH C/KHKEHHBIH BOIOPOL B caMblX pasnoobpas-
HLIX 00/1aCTHX HaYUHBIX HCCaeA0Ballliil.

«Bo30ymaenHoe» cocTosiHMe sapa aroma. Tax HaspiBaloT CO-
CTOsIHHE, B KOTODOR MPHUXOMWT siApO aT0oMa, NOTJOTHBILNEE H3BHE
KAKOe-TO KOJHYECTBO H3JHLUIHEH A HEro 3HEePrHH, CTOJKHYBUIHCH
¢ Kaxoii-a1u00 Ipyrof yacTHIeIl U/l 3aXBaTHB ee.

B3aumocssisb  Macchl W HepruM (M.
CINBUBUICHTHOCTH MACCHL 1 3HEPAUUS).

Boaopoanas Gombéa (roJoBka, cHapsiz) —
pﬂ:}ﬂ(ﬂﬂiﬂ.iloc'ﬂ; aTOMHOTO Opy}l\'iiﬂ KoJoccadb-
HOIl Pa3pyulnTeabHON CHABL, co3jlaHHafd Ha oc-
HOBE HCHOJBL30BAHUA peakuui cHHTe3a siaep
ATOMOB JIETKHX 3JeMEHTOB B siapa Goace TsKe-
JuiX  3aenMenToB (s, «Tepmosdepras  peak-
quar), npu  KOTOPOIl BBIJEJAETCS OTrPOMHOEC
roddectso sueprin, HauGoaee spekTiBHbIM
CHHTACTCSA HCMOJb30BaHie B BOAOPOAHOI GOM-
Ge cwmecn eittepust (Taxesoro sojgopoaa) M
TpHTHS (CBepXTskeaoro pojopoaa). Ilpu cau-
AHKHH OHOTO AApa atoMma JeHTepus (aeiltpo-




#2) € AAPOM aTOMa TPHTHS (tpurona) oGpasyerca AAPO aTOMa TeqiHA H BoLige-
AIGTCA SHeprud, pasuas 17,6 Mse — upusepuo B nocesb pas Goublile 3HCpruu,
nonyqaemoii np AeJeHUN sgep atomop ypana uan nayrouns. Temnepatypy
B HECKOILKO JeCATKOB MHJLTHOHOB TPafyCos, HEOGXOANMYI0 a8 BO3GywKie-
HHA TEPMOSIAEPHON peaKilHH, cO3maloT NYTEM B3pLIBA BHYTPHt OGOJIOYKH BOMO-
POLHOIT GOMGH LOCTATOMHO MOLLHON ATOMHOI GoMOhI,

Berpeunsie nyuku (ytkopesHmIX uwacTHu) — HoBOE HanpasJeune B ofaacti
COINAHHA YCKOPHTeIeft wacTHL CBEePXBEICOKHY IHEPTHII — TOPSIAKA COTCH ® Thi-
CA MHJTHAPI0B 51CKTPOHBO/LT. CYTh €ro s3aKJiioyaertcs B TOM, YTO NpH Ja0G0-
BOM CTO/IKHOBEHHH NBYX YCKOPEHHBIX MYy4KOR HACTHIL ¢ 3IHEprHedl, AonycTHm,
no 130 Mas kamauii Moo MOMTYUHTb 32 CHET NPEeBPAIICHHA YACTH Macchi
YCKOPCHHLIX 4aCTHI{ B SHEPrHIO YACTHIBI C aueprieii B3aHMOIeiiCTBHA, paBHoi
y®e 70 I'36, Ha uTO npH OGHLIUNIX MET0,1aX NoTpeGoBaTHCh GBI FHrAHTCKHE CHII-
xpotazorponn auamerpom 50 s H Goapure. B HoBocnGupckom HHCTHTYTe saep-
HOf  dH3nkn paspaBorana YCTaHoOBKA, B KOTOPOIl HPH CTONKHOBEHHH ABYX
BCTPEUHLIX NYYKOB 3JIEKTPOHOB I OIHTPOHOB ¢ 3Hepruell no 700 Mss kamimii
POACRAIOTCT HOBBIE YACTHLE! € SHEprueil, paBuoil yiKe ABYM Tolcauanm MHJIIHAp-
aoB (aBym TPH/NIHOHAM) 3JCKTPOHBOJBLT!

OCHOBHBIE NOHATHA U TEPMMHBDI

Crp.
Ceaunit 41
Tamma-ayun 41
Tunepons - 42

Feanit — xuMuuecknit suemenrt c MOPAAKOBLIM HOMEpOM 2.

ATOMHLIM BecoM 4,004. Mueprusiit ras. Ipupoausit remuii cocront

H3 IBYX YCTOHUMBBIX H30TOMOB: resusi-4 i He3HAUHTE/NLHOH mpH-
MecH renns-3. Msoron remus-4 waxaminsaercs B MPHpPOLEe rJaas-
HBIM 06pasom 3a cueT pacnaia yYpada, TOpHs 1 APYTrHX pagHoak-
THBHBIX 3J/IEMEHTOB, B IIPOIleCCe KOTOPOro Henyckalores ajbha-ya-
CTHUBI (A1Pa aTOMOB TeJIHS, JIHUIEHHbIE BCEX CBOHX 3JEKTPOHOB) .

Hckycersennnim  nytem YAAJNOCh MOAYYHTL PaAHOAKTHBHbIC
H30TOMHI resinsi-5 ¢ MepHOLOM mosypacnaga menee 10-2 CeK u re-
nus-6 ¢ nepnonom nonypacnana 0,8 cex.

Atom requs COCTONT H3 Aapa 1 ABYX 2JIEKTPOHOB. ﬂ,{[po aToMma
Fe/IHs, COCTOsIIeE U3 ABYX MPOTOHOB H ABYX HEliTPOHOB,— cpaBHu-
Te/IbHO yCTOHUHBOE siepioe 06pasosaiie: SHEPrusi CBA3H BCEX ero
YacTHU paBHa 28,2 Maa.

Famma-nyun — onuy u3 BHOOB H3JIYUeHHil, HCMyCKaeMbIX -
PaM# aTOMOB MPHPOLHBIX, @ TAKXKE HCKYCCTBEHHBIX PaAHOAKTHB-
HBIX SJIEMECHTOB, MPEACTaBAAIOUIHX coBoil 3JeKTpoMarHuTHoe H3-

o
AYUEHHC ¢ 4pe3spidalHO  KOpPOTKOI  AauHOil  BOJIHLI (1A u
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Kopoue) H BCICACTBHE 3TOro 00ja1alMuX  HCKIIOUHTEbHO (0ab-
woil nponnikaoieil cnocofHocThio. 'aMMa-1yull BO3HHKAWT NpH
TOPMOZKEHHH 3apsiKennbnx uactuil (cM. «Topmosznoe usayue-
Hue»r), TPH AHHHTHJALMH 11ap aHTHYACTHH (3JI€KTPOH — HO3H-
TPOH, POTOH — AHTHNPOTOH I Jp.), IPH CAaMONPOH3BOJLHOM H
HCKYCCTBEHHOM DPAaCUIENJCHHH fJeD aTOMOB ypaHa H IJYTOHHS H
NPH HCKOTOPLIX APYIHX SACPHBIX PeaKilisnx.

Tax Kax BosHOBHIE CBOICTBA — AU(paKuusi H HHTEpP(epeH-

o

it — y ramma-aydeii (c aausHoil BoJHB Menee 1A) BhipaMeHb
caa0o, HX DNPHHATO PacCMATPHBaTh Kak [OTOK YACTHH —
ramMma-kBantoB. OIHaKo IHEPrusi raMia-KBaHTOB PacTeT C YacTo-
TOi KoJeOaHuii, 4TO CBHAETEIBCTBYET 00 HX 3JE€KTPOMATHHTHOIR
npupoje. Uem Boile yacTtora, TeM OOMALLIYIO IHEPTHIO HECET B
cefe raMMa-KBaHT.

Baaronapsa csoeit Goabiuoii suepriun — 10 5 Mas v npipoa-
HBIX PaJHOAKTHBHBEIX BeliecTB i 10 20 Mag npi HCKYCCTBEHHBIX
ALEPHBIX PEaKIHAX — raMMa-JIVull HE TOJBKO JIEFrKO HOHM3HPYIOT
pasiunele BEUIeCTBa, HO cnocoOHLI TaKie BLI3BIBATH HEKOTOPBIE
BUALL SACPHBIX PEAKIHI] 1f, B HACTHOCTH, NOPOAKAAThH 3JICKTPOHHO-
NO3HTPOHHBIE TMapsl H c0Pa30BLIBATL HEKOTODHIE 3JeMEHTAPHLIE
wactuusl. MMenHo H3-32 ONACHOCTH, KOTOPYIO NPeICTaBAfIOT
raMMa-ayun ams Jojeil H JKHBEIX OPraHi3MoB, NPUXOZHTCS 00HO-
CHTb GETOHHLIMH CTeHaMH — GHOJO0THYECKOol 3aIIHTOl — siepHbIe
PEaKTOPLl, XpPaHHTb B KOHTEHHEpPAX C TOJCTLIMI CBIHUOBHIMH
CTEHKAMH ECTECTBEHHbIC U HCKYCCTBEHHbIE PajHOAKTHBHbLIE BeLle-
. CTB&, CO3MABaTh APYFrHE CAQMKHBIC H JOPOTOCTOSILUHE 3aliiiTHbIE
yCTpoiicTBa.

Fasiya-nyun o1 ecTeCTBEHHBIX PajiHOAKTHBHBIX HCTOMHHKOB H
BOSHHKEIOLILE [P ICKYCCTBEHHBIX $AAEPHLIX peakuusaxX Haulan
WHPOKOE Npinenciiic B nayxe 1 trexuire. C HX noMoweslo yHH-
YTOKAWT PAKOBRIE OIYX0.1i, B 1a00paroplisix Il HA 3aBoAax Mpo-
CBEUHBAIOT OPOMHBIC CJHTKH MeTadla (Toaiiuioll go 250 iu) u
FOTOBBIE H3JC/MHA A/ OCGHAPYKEHHA CKPBITEX Ae(eKTOB, KOHCep-
BHPYIOT H CTCPIIH3YIOT NHUIEBHIE NPOAYKTH U JI€KaPCTBE, BEAYT
HAy4HLIC 1ICCICAOBAHHA BO MHOTHX 00JacTSX  COBpPeMEHHOI
HayKH,

Funeponsl. B nocaeaniie roau cnepsa B KOCMHUECCKOM n3ayue-
HHH, & 3aTeEM H B YCKODHTeAX uYacTHIL Onrai oﬁuap'_\-';;;em_\r qya-
CTHIbI, MaCCa KOTOPLIX OKasanach 0oJblue Macchl HYKI0HA (npo-
Tona MAM  HeiiTpoHa). ITH KpaiiHe HeycToiiuHBHIe, OricTpo
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Pacnanaiounecs 4acTHubl GhlJiH HA3BANL CBEPXTIPOTOHAMII, H.1H
raneporamu. Oun MoryT Gwite u 3apSKCHILIMA, H HeliTpaib-
HBIMI.

B rpynny runeponos BX0aaT 12 wacrtuu: namia-yacTuna,
TPH CHIMA-4aCTHIH, JBE KCH-YaCTHIM K COOTBETCTBEIIIO BCC aHTH-
HACTHULI HA3BAHHLIX YACTHI{ (Car, cIresentaprsie “acruynes), Or-
HOCHTEILHO H3YUCHHBIM OKAa3a.1CH HeliTpanbHEll runepon. Ero
Macca paeHa 2182 wmaccay SJCKTPOHA, T. €. NpPHMEPHO Ha
340 ssrekTpoHHBIX Mace TSl C/Iee MPOTOHA (JIEI.‘.IG,’.[G~1{EICTIHLE!). [To-
ABHBIHCDE, OH JKHBET He GoJblLie 3 - 10 0¢er u pacnazaercs Ha npo-
TOH H OTPHUATEAbHO 3apAmeHHbil MH-Me30H (7t-mes0u) man neii-
TPOIH 1 HETPABHLIIT T-Me30H,

I"amm-;letbexmcmnun-—a.'emg obiapysenns gedekron p CJHTKax Me-
TaAM0B, OT/IHBKAX, CBAPHBIX MIBAX M 10GLIX HILIX H3ZEMTHAX [YTEM 1pOCBeuH-
BaHKA HX DEHTTEHOBCKMMH JYYaMH GObLIHX SHEPrHil B raMma-ayuamu, HCMyC-
HACMBIMH UPHPOIHBIMH H HCKYCCTBOHNLIMH PA1HOGKTHBHBIMH BellecTBaMH. B pa-
CTOAIIEe BpeMA Takoil KOHTPOJb HIIDOKO TNPHMEHTIOT B CaMBIX  Pa3aHumuX
OTPACAAN NPOMLIILICHHOCTH | CTPORTEIbCTBA, JiA 370l e HCTOMHHK ramia-
H3AyuelHii yeramasansaor mna ONPCIACACHHOM DACCTONHHH 1O oy cTopony
KOHTPOIHDYEMOro H3zeaus, a ACTEKTOD, DRrHCTPHDPYIOWHIT H3ayueHis (uame
BCEero rpomamynbcuu),—c Apyroii ctopouul. B 3aBMCHMOCTH oOT TOJIIHHEL, CO-
CTaBa u MIOTHOCTH COOTBETCTBYIOILCrO YHaCTRa HHTEHCHBHOCTD H3AYYEHHS, Npo-
leautero wepes magenme, Gymer pasmiunioll, uTo u 3adurcHpyercs ma foto-
rpaduH  BMecTe co Boemn BO3MOMHLIMH  jIeheRTaMH  (paKOBHEHI, TPCHIHHLL,
NOPLY, HenpoBapeniuble MBH, HenpaBaibuaa CcGOpKa, MOCTOPOMHHE NPEeIMeThi
O0pHBEL i T, M.). BuGop paanoaxtusuoro H30TONa B OCHOBNOM onpeieqasercs
TO/UHHOI NPOCBEYHBACMOTr0 M3z ua o MIOTHOCTLIO MATCPHAME, a TAKIKe 4yB-
CTBUTRALHOCTLIO ACTEKTODA HaJVUeHii, OCOGCHIOCTIMI PaGoThl 1 JPYTHMH yC-
JIOBHAMH,

Mpunenenre aaa nesei AeertocKonm ravua-Tyueii TpeGyer crpoaii-
wero cobaogennn npasiLt obpaimeing ¢ PATHOAKTHBULIMH BelUIECTBAMH, HX
XDAHCIIT H HPABHI TeXHWKH Ge30NaCHOCTH Kak CaMuM paboTaloulHM ¢ itMH,
TaK H BCCMH OKPYIKAIOIWHMHE JTHILAMH,

leiirepa — Miwoanepa cueryux. Mup atoma H atoMEWX sBACHINT 113-3a cpoed
MaJXOCTH COBEPIUEHHO HeAOCTVIEeH HCHOCPRACTROHHOMY BOCHDHNTHIO GPranaMu
yBCTB ueoseka. Ho dmankam nyino oramiars OIHY HACTHUY OT APYrofi, Ha-
MePATL SHCPTHIO, CKOPOCTHL 4 HanpapicHie Hx JBIZKCHHS, 1OACYHTHIBATL TOU-
HO® KO.THYCCTBO YacTHl. YuHTLIBAas orpannueNibie BO3MOMHOCTH HOHH3AILHON-
HOfl KamMepw, HeMelKiil thuauk Ieiirep npeaomnt ROHCTPYKUMIO CUETUHKA 3apH-
WEHHLIX YacTiill, No3Auee YCOBEPUICHCTBOBRANHYIO 1M COBMECTHO C JAPYFHM -
3HKOM — Miosniepos, 3

YerpoiicTBO cueTulxa upessmuaiing 1pocTo. DTO 3aNOAHEHHAA KakuM-nbo
paspemcunniy rasoM (a0 100—200 smu atMmocdepHoro aaBienns) crexasuuas
TpyOKa, o ocH KoTopoii IPOTAHYTA TOHKAS MeTaJIHUCCKAs HHTD,

Mexy HHTBIO H vacTHYHO METAITHAPOBANHON MOBEPXHOCTLIO TPYGKM
NPHAOKECHO BHICOKO® 3JIEKTPHUECKo® HNANPAKCHHE — nopaika 500—1000 @ wu
uitue. OGHIYHO HHTh CAYIKHT HOA0MKITETHH M 3NCKTPOJIOM,
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500-1000 8 IMposaeras uepes tpydny,
+ = 3apsiReHHas YacTHLA HOHM3H-

ALeai‘uP)h - pyeTr Maaylo TOJHKY 3aKJgio-

37’)‘"“ / Brardas yeHnoro B Heil rasa. BuGuTure

| ,;"’/’3.”_””“9,4”39 13 aTOMOB Ta3a 3JCKTPOHLI,
_{ . Pact: ;

An 4acTHUa HOMNAaB B CHIBbHOE 3JCKTPHYE-
] Jea— cKoe I1oJie,  CyRLecTpyioniee

i MeHYy HHTBIO M CTCHKAMH
= @q@t TPYOKH, DA3roHsIOTCH B HEM
&-QL\B‘@U == 0 o4cHb G0JbIIOIN CKOPOCTH

H HA CBOeM MNyTH caMp Ha-

’ ynHaoT pas3buBaTL Ha HOHLI

T ATOMBbI rasa. E‘).’ICKTI)()HM BTO"

poro nokoJeHls Toke YCKO-

PHAIOTCA H HUHHJIIP}'IOT HOBLI¢ aTOMBI H T. M. B ])L’By.'lhTﬂTC OGpBSyCTCH y:ﬁe

Heads JaBHI SJeKTPOHOB, MMINYJbe (CHJA TOKa) KOTOPOI 3aBHCHT OT 3HEp-
FiH i1 CKOPOCTH NIEPBOHAYAILHO NpoaeTesuiel yepe3 TpyOKY UacTHILLL

JTOT HMNYJILC MOKHO H3MEPHThL, a eCIM Ol CAHIWKOM ¢1al, To npeasa-
PHTEJBHO eule M YCHJAHTL. YYBCTBHTCILHOCTL Takoro npnGopa MomeT GITh
CKOJIL yroano Beauka. Ilpu neoGxoauMocTH on Mowxer oGHapyHKUTL MOsARjCHAEe
AdkKe OJHHOYHON 3apAXKEeHHOIN YacTHILLL.

Oanako oanoii ToJIbKO YYBCTBHTCALHOCTH Npubopa /5 HCCAEL0BATEbCKAX
nencii nepocratouno, Ilostomy k yewanreaio TpyGkn [elirepa — Miwoanepa
00HYHO TIOAKJIONAIOT CHIe 1 10BOJILHO CJI0#HOE YCTPOHCTBO — CUETUHK YACTHL,
BepHee, CO3JaBAEMLIX HMH 3JICKTPHUCCKHX HMIYJAbCOB, KOTOPHIT daBTOMATHYECKH
COPTHPYCT MX 110 3HEPTHAM, 3apsjaM, CKOPOCTHM, HalNpapJICcHusM, a 3aTeM
MOJIHIEHOCHO HOCUHTLIBACT.

[TpuGopul 3T0ro THna nO3BOJAIOT OGHADYHHBATL 1 H3MEpHTh PEHTIeHOB-
CKOC H I‘a.“.\lﬂ-i{'j.'l_\"lf.‘l”lC, XOTH OHO, KaK H3BECTHO, SIBJISIETCS He IOTOKOM 3a-
PAKEHHBIX YACTHL, @ 3JKTPOMArHHTIHLIMH KOJCOZINMI ¢ QuUeHb  KOPOTKOR
aaunoii Boansl. Tlagan wa Mera’1an3npoBaliylo NOBCPXHOCTL TpyOKH, raMMa-
AyuH BHIOHBAIOT U3 ATOMOB MeTaa sJekTponsl. Te, nonaian B 5JCKTpHuECKOE
10Jie, YCKOPAIOTCH H JIETAT K HHTH, H jlajiee BCe HIACT KaK H NPH NPOXOMJICHHH
'l(‘r}t‘f} ’l‘])yGl\'y 33})ﬂ}KClth[X YAaCTHIL.

Aaa toro 4ToGB ONpeAe’HTL HaNpaBjcHAe, OTKYAa JeTAT 4acTHUH,
YCTPaHBAIOT CBOCOOPasHLIe TeOeCKONLl — 1ensie Gatapen TpyGoOK, CYETHHKH KO-
TOPHIX HACTPOCHL! Tak, 4706L ¢cpadaTLiBATL TOJABKO B TOM CJAydae, ecad Hecje-
AyeMmas YacTHILA NPOJICTACT, JONYCTINM, CI6BA HANPaBo, CBCPXY BIH3 IH B JI0-
Gom uuoM nanpasiednd. Takie npuGoOpL HAFOTOBASIOT BO MUOIHX Da3HOBILLHO-
CTAX B 3@BHCHMOCTH OT TOTO, KaKHE CKOPOCTH Y 3THX 4acTHIl H T. ji. OHH naxo-
JIAT HCKJIOUHTEIBHO UIHPOKOE NPHMEHEeHHe BO BCeX OTPACAAX sIACPHOIl TeXHHKH.
Hx aeaaior GOJbUIMMH H MAJCHbKHMH, CTALLHOHAPHBIMH H MEPEHOCHLIMH, €360
HYBCTBHTE/IBHLIMH 7151 H3MepeHHs GOJblIHX NMOTOKOB YACTHIL H BHEICOKOUYBCTBH-
TeABLHBIMH 151 00HAPYHReHHS eAHHHMHNBIX YaCTHIL, [IPH 10HCKax ciabo pajino-
AKTHBHLIX YPAHUOBLIX H TOPHECBHIX PV H T. 1.

Feonornueckoe J1eTOHCUHCICHHE ¢ NOMOWbLIO PAJHOAKTHBHBIX BEULCCTB.
Ecan Gbi Mexomnuie Bemectss Tpex Berseli PaJHOAKTHBHLIX 3JIEMEHTOR: ypana,
TOPHA M AKTHHHSA — HMEJH CPaBHHTEJALIO KOPOTKHIL HEPHOA NOJypacnajia, oH
GUCHL JIABHO nepectasd GObl CYLIECTBOBATH Ha 3emJe, W MLl Cerojns jawe M
He ToLo3peBanu Obl, UTO y XOPOLIO H3BECTHOrO H Ge300HAHOrO CBHiA OLiAH
CTOJL HCOOBINIBIE TIPEAKH.

2
MO
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Ceituac yae Ttouno H3BCCTHO, YTO MepHo1 noaypacnaga ¥paua-235 pamen
710 man. aer, ypana-238 — 4,5 MAPA. Jiet, a TopHs-233 — pamke 13,9 mapa. ner!
H uen rounee yaaeres YUCHBIM ONpPE/IeaHTL BpeMs pachaja Tex WM HHBIX pa-
AHOARTHBILIX 371IEMEHTOB H H3OTONOB, TeM HageH Hee CTAHOBATCA METOALI H3Me-
PEHHA 11pH HX moMougu CPOKOB CYLICCTBOBAHHA FCOJOrHYCCKHX  oGpa3zoBanHi
3eMaN — 3THX yAHBHTCABHBIX Hacos, Ges ycTauu MAywHX Ha NPOTSUKCHHH MMJI-
MHAPAOB JeT, He 3aleran Bnepen H e OTCTaBasl, H OTCUNTHIBAIOILKN cBoe 0coGoe,
BeCKOHEUHO J10TOe KOCMUUeCKoe BpeMSI.

Honyerum, B Kakom-To Muepadie oGnapysken ypan-238. 3zech ke mem-
HYEMO J10/DKHBI NPHCYTCTBOBATHL 1t HeXOTOpblE NpoMEKYTOUHbe, HanGOee A0.-
FOZHBYILHC APOAYKTL! ¢ro paciajga u, Ge3ycioBHo, KOHEUHbL NPOAYKT — H30TOIl
cBHHLA-106.

Moo serko Buicuntats, wro aa MHITHOH  JeT B rpaMme NpHPOAHOro
ypaua poazno oGpasomartses 0000137 o cBHHUA. TwarteasHo H3MepHB Kouu-
HECTBO OCTABIICrOCH ypana W 00pa3oBablierocy CBHHIA, Y13€TCA C OTHOCH-
TCILHO GOJIBILOI TOUHOCTBIO (apyrux seas cnocoGon Her!) onpeneants u Bpems
00pa30BalNs JAHHOTO MHHepasa.

Boaee tounoe onpegeenie BO3pacta 3eman paer KaJHii-aproHoBunlii Metos.
lpupoansii  kaamii COCTOHT M3 1BYX cTaGHIBHLIX H30TONOB — KaJius-39
(93,08%) w xamis-41 (6,91%) —u onnoro HECTAGHJILHOTO H30TONA — KaJiusi-
40, nepnog nofypacnaza kotoporo pasen 1,3 - 109 rogaMm. B npHpose kaamii
OUCHL pacnpoctparell M BXOAMT B cocTan MAABHEHIIHX  TOPOR00Gpasy LU
MHHEDA.10B, OTIHYAACL 33BHIHBIM MOCTOSINCTBOM CBOEr0 HZOTONHOrO COCTARA.

Pannoaxrusiunii xamii-10 pacnanaercs asyms nytamu: 88% ero atomos
00pasyioT yeToiluHBLIi; H30Ton Kaabumii-40, a 129, MPEBPALIAIOTCA B HEYCTOIi-
YHBLIT H30TON apron-40, KOTOpPBLT nocae nenyckanus FaMMa-KBaHTa IepPexojHT
B OCHOBHOM, cTaGHJBLHBII H30TOMN apron-40. Pacnaa kaaua-40 nocrenenmo Be-
ABT K yOBIBAHNIO €ro B NpHPOmHOM SICMCHTC W K HaKanMBAaHHIO NPOAYKTOB

pacnana — aprona-40 yu Kaabuusa-40. E
Hamepsns n conocrapasns KOJIHUeCcTRa
STHX  H30TONOB, yAaeTca onpefe-
AHTL aGCOMOTHBI BoO3pacT Tex i
HHBIX TOPHBIX oOpasopamniii,

leteporennmi SIIEPHBIH  peak-
TOp — peaktop, B KoTopoy saeproe
TOITHBO [ 3aMEeITHTE pacnoJara-
KOTCA  Ha  HEKOTOPOM  pacCTOSHMN
ApPyr Ot Apyra B BHAE NPaBHJILHOl
FEOMETPHYECKON  PelIeTKH H3 oOT-
ACILHLIX GJIOKOB, TeM caMbiM mpef-
CTaBJIAA CcOBOIT HeoaHopoanvio cpeny
L8 HelITPOHOB.

Fomorenuntit  spepuwii peak-
TOP — peakTop, B KOTOPOM sjepiioe
TOITHBO H  3aMEMJHTEb CMellaHbi
Apyr ¢ Japyrom TpeCTaBAsIoT
coGOH OAHOPOAHYIO cpely aas neii-
TPOHOB. 3TO MOMKET ObITh CMech
B BH/JE TOHKHX TMOPOIWIKOB HJAH Cyc-
NeH3Hs MCJKHX YACTHIL.
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Fepauas kamepa, ropsuas Ja0oparcpus — cneunaibio o0OpVACBaHHAL
aaGopaTtopua 418 paloThi € PaAHOAKTHBHLIMH BellecTBaMM, 00.1a/1d10UHM
BEICOKOI aKTHBHOCTLIO.

Bce paGoTthl M onepanHH B TaKHX KaMepax Hiau OoJbLIHX J1aGopatopHix
OCYUECTRJISIIOTCA aBTOMATHUCCKI ML ¢ HOMOULBIO JUHCTAHIHOHHBIX MaHKIYIATO-
pOB, YNPaBJsfieMBIX ONEPATOPaMH, HAAEHKIO YKPLITBIMHI OT HNPOHHKAIOMHX H3Jy-
- uemiit 3a MHOrOMETPOBLIMH CTeHaMH OHOJOTHUECKOi samuTol. JlaGoparopuio
000PYAYIOT TAKKC CPCICTBAMH, HCKIIOMAIGLIHMI ONACHOCTH 3aPamkeChi BO3-
JlyXa TMOMEWennil, rjie HaXoZATed JNOJAH, PaJAHOAKTHBHOI NHBIILIO, 25D03CASMH
H MapaM :KHAKCCTCI.

OCHOBHBIE NOHATHA W TEPMMHBI

Crp.
Heitrepuii 46
Heaenne aromuoro sapa (peakuus) 46
Jedexkr macemt 49

Heiitepuit — npupoansiii  yeroiluuBeil  30Ton  BOJOpOAE €
aromieim BecoM 2,0147, s1po KOTOPOTO COCTOHT H3 OOHOTO HpO-
TOHA H OJHOro HEITPOHA, T. €. BABOe TszKesaee OOBIMHOrO BOJO-
poaa (nporig).

Heiitepuit mmpoko pacnpocrpares B mpupojge. Ha xamawe
IIECTh THICAY aTOMOB OOBIMHOTO BOAOPOLA NMPHXOITCH O/IHH ATOM
neiitepus. /00 10J51 OrpoMHON Maccw Boan MHPOBOTO okeana
COCTOHT N3 MOJIRKYJ TAMeAOH 600bi — coeilledust IBYX aTOMOB
AeNTepHs ¢ aTOMOM KHCJIOPO14.

Heiirepuit mupPoKo npuMensicresa B AAepHOiT TexHiiKe, B 4act-
HOCTH B KayeCTBe 3aMelHTe/si HelTPOHOB B sAEPHLIX peaxTo-
pax. CTaJknBasch ¢ AAPAMH JeiTepus, HeilTpoHB GJaroaaps
OamsocTi HX Macce K Macce siipa jJefitepust OBICTPO 3aMejs-
10TCs 10 TeloBRIX sueprull (cxopocreit). Hounsnpopannnie (an-
IIeHHble 3JeKTPOHOB) s/pa JAefiTepHsl HCNOAB3YIOT B YCKOpPHTE-
JAX HACTHH B KayecTBe Taxe nx  GoMOapAnpyvIoUInx  YacTHIL
CoelHHeHHs AeiiTepHsi, HANpPHMED € JHTHEM, MOLYT CJOYKHTh
ALCPHBIM B3PBIBUATHIM BeIECTBOM B BOMAOPOLHOI  (Tepyosiep-
10#i) Gombe.

Henenne aromuoro sppa (peaxuus) — ocoGhiii BUL sAepioil
PeaKudi, nNpH KOTOPOI spa TsizkeJbIX 3JeMEHTOB, Hanpimep
ypana wiaH IUIyTOHI, NONIOTHE LefITPoll, MPHXOAST B CHLIC BO3-
Oyxaennoe cocrognue. CnycrTsi KOPOTKOE BpeMs OHM JIesiTCs Ha
JBd OCKOJKA — f7ipad aTOMOB 3./1eMEHTOB, pPACIOJ0MeHILIX B Ce-
peanne nepuojnyeckoii taGauuel Mengeseera, BuiOpaceizas mpH
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ITOM uessil defieppepx ua-
CTHI!  3/CKTPOHOB, (oTO-
HOB, raMma-ayueil u jpa-
TPH OBICTPLIX  HEHTpOHA.
ITpin sTOoM BuICBOGOKAACT-

Cfl KHHETHUeCKast 3Heprus ‘;:*‘
pasieTanumxes: OCKOUI- } Vi
KOB H JPYPHX  yacTHI, EAS
paBHas  mpusepno 200 /
Mss. Heckonvko ¢B0GOI- \\si\*'ﬁ/

HBIX HCITPOHOB, OKa3aB-

Y S
UHXCA JTHIIHAMH 1719 51718 Bu“"’%- E Mo
BHOBb oGpasoBasmuxcs X752 105 Mas 5y R
4TOMOB, [PH  HEKOTOPBIX T A
YCIOBHAIX  MOTYT Hauath w(j/ // \ \\. i
KAWL CBOIO  iienouky f;b c}% e.i;l\ewfpoﬂu-f) Maa
ACACHNH  COCCOIHIIX saep ; b 1 “Tamma-nyun-14 Maa
dTOMOB ypaHa .11 I1yTO- !;Dj ,;r‘} I bsera-uacrnuu-
HHA, OJaroiaps uemy B n‘?Q:!',' ;ii@\" \\ T BMae
CAHTKE 3THX BeLeCTB MoO- T | e "
HET BOIHHKHYTH caMopa3- o @r Q " QHerroumes s
BUBAIOLIASICS LeNHasA fhep- 200 Mas

Hasd  peakuus  Je/ieHHs.

Henenue sinep atoMoB TIKeNBIX BmMeMeHTOR MOZKET HPOHCXO-
AHTh HE TOJBKO MPH NOTAOWEHHH HEfITPOHOB, HO il M0 AeiiCTBHEM
OBJYUCHHST APYTHMII wacTHia, VCKOPCHHBIMII 10 O4eHb BRICO-
KHX 3HEPIiii: nporonami, AciiTponasu, anb(a-uacTHILAMH, FAMMA-
Ksauramir i 1. 1. O1H4aKO LIHPOKOE NMpPOMbILLIEHHOE MPHMEHEeHTC
HAWCT TOIBKO OAHH BHI AeJeHHS — NOCPEACTBOM obayueHns ne-
JUILLIRCA BEILECTB NOTOKOM HEHTPOHOB B CREMHAJILHLIX \CTAHOB-
Kax — AdepHbLx peaxkTopax.

C}’HL(}L‘TB}'CT CINe OMIiH BH JTeJeHHS — Tak HasbiBaeMoe Cnou-
TaHHOC (C?t.‘\IOIIpOHf%BO.Z’hHUC‘} AcesaeHHe Aiacp atomMoB ypana, or-
Kperroe ewte B 1940 r. coserckumi ¢nsnxamn K. T, [Terpmaxom
u I H. ®daeposuim, koraa HEKOTOpLIE s/pa aTOMOB ypaHa caMo-
NMPOH3BO.ILIO, (€3 KAKOTO-AHG0 BHANMOrO BHEMIHEro BO3/e{ICTBHS,
ACHATCS HAABOC. ITO CAYHACTCS OYeHb PEIKO — He Gosee 20 ze-
JaenHii 8 uac. OAHako NPH HEKOTOPHIX GJaronpHATHLIX yCJI0BHAX,
0GBIYHO CO3AABAEMBIX B SLACPHBIX peaKTopax, 3TOro OKasLBaCTCH
BIOGJIHC A0CTATOUHO AAA BO3OVA{ICHHS ILCITHOH SIACPHOH peaKkuHH
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Ges neoGxomumoctH npuGeraTh K KakoMy-aHGo BHemwHeMy (3a-
TPABOUHOMY) HCTOUHHKY HelTPOHOB.

YHro0u M0%HO GLIJIO XOTh CKOJBKO-HHGYAL HATJISIAHO IpeacTa-
BHTb MeXaHH3M JIeJ€HHS sipa aToMa TSKE/JI0ro 3/eMeHTa, HalpH-
Mep ypaia, IpH MOTVIOIIEeHHH HM HeiiTpona, euie B 30-x rogax co-
cerckum usukom f1. M. @penxesnem, a 8 CHIA VYuiepom Onlna
NpejJIoKeNna TAaK Ha3bIBaeMas Karne/bHas MoOJe/]b CTPOEHHS siApa
aroMa, T. €. Moje/b, HATIOMHHAIONlas CBOHM IOBENEHHeM KalJio
MHAKOCTH, 3aPSiKeNNyI0 MOJOMKATEJBHBM 3JeKTpHUecTBOM. B Hell
4ACTHLbl — HYKJIOHBI (TPOTOHBI H HElITPOHKL), H3 KOTOPLIX CJ0XKEHO
SULPO,— TIPE/ICTABISVIHCE PACIIOJOMEHHBIMH TaKkHM jKe oGpasoM H
110 OUeHD CXOIHBIM 3aKOHAM, UTO H MOJIEKY/Ib B chepuyeckoil KanJe
KHIKOCTH. DJIeKTPHUECKHE 3apsijibl OAHOHMENHO 3apSKEHHBEIX MO-
JACKYJ JKHAKOCTH JIOBOJIBHO 3HEPTrHYHO OTTaIKHBAIOT HX IPYF OT
Apyra, BC/IGACTBHE YEro MOJeKy. bl c1a00 cBA3aHbl MeX 1y coboil H
oueHb MOJBHMKHEL, @ KamJs B LeJOM JKHAKA H cTpeMuTcs: «pasCGyx-
HyTh» — pasopsatbes. [IpuMepHo Tak XKe pacraJkuBaloTcs H CTpe-
MATCH PA3JIETETLCH B CTOPOHBI H MOJOKHTEILHO 3apPAKEHHbIe MPO-
TOIBI CHepHUECKOro sjipa aTtoMd. ,

Ho B kanae xuaxocri JAeiicTBYIOT W ApyrHe cHanl., DTo mo-
BEDXHOCTHOE HATHAKCHHE €€ Hapy;KHOH MOJICKVJSIPHOI TJIEHKH,
KOTOpPOE YIepiHBACT, CKHMAT MOJIEKYJbl MH/AKOCTH, BCJEACTBHE
UCTO OHA H NPHHHMAET @IHHCTBEHHO BO3MOKHYIO AJs OYeHb To-
ABHXKHBIX M caafo CBA3AHHLIX APYr ¢ JAPYroM uacTil (opMy
crporo cheprueckoii kamii,

OnHako cHabl MOBEPXHOCTHOTO HATAKEHHS HMEIOT CBOM OUCHb
OrpaHHYeHHbe Npefenbl AeHCTBHSA, 3aBHCALLHE OT CBONCTB KHAKO-
CTH — ee TIJIOTHOCTH, BA3KOCTH H T. n. [lostoMy u pasmep kanmin
He GniBaer 0oJiblie HeKOTOPOil MpelesbHOR BeJHYHHBL.

H 3pecs Moo Halitn oueHb GJH3KYIO aHAJOTHIO ¢ S0epHbIMU
cunamu, yAepKUBAIOUIIMH fZepHble YACTHILI, MIaBHBIM 00pa3oM
NPOTOHBI, B HeGOJABLUIOM O0O0bLeMe sjipa H He NO3BOJSIOUIIMH HM
pasyieraTthCsl €O CTPALIHOH CHJIOH B cTopoHbl. CymecTByer u pes-
Kas rpaHHia JeHCTBHS TAKHX SAEPHLIX CHJA (NpHMepHO ABa jna-
MeTpa siipa aToMa), 3a NMpejesiaMi KOTOPoil 1aKe 3THX HeoObIK-
HOBEHHO MOIIHBIX CH/ He XBaTaeT, uToObl NPE0/J0AEThb OFpoMHbLIE
CHABL 3JIEKTPOCTATHYECKOTO OTTAJMKHBAHH,

Korpa kanast npioGperaer pasmepn Gogblie Tex, KOTOpble
cnoco0no ynep:Kath MOBEPXHOCTHOE HATSKEHHe NAaHHOH JKHIKO-
CTH, OHA TOA JeficTBHEM MOJIEKYJSIDHBIX 3JE€KTPHYECKHX CHJ OT-
TaNKHBAHKA AenuTcA Ha vactH. Ho wme Bapyr, a cnepsa aedop-
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MUPYRTCSl, YAIMHACTCSA, 3aTeM cepeauna ee CYXKHBaeTcsd, kanaa
MPHHHMACT BHI FaHTeNH H, HAKOHeI, PaspLiBaerca Ha aBe yacry.

CxoanniM o6pazom MpH NONajauud B 8AP0 aToMa JAHIHero
A1 HEro HeliTpoHa fAPO NPHXOAHT B BO30YHICHHOE COCTOSIHHE,
Baaronaps suecennoii TIPH STOM H3BHe 3Hepruu, pasuoii 7 Mae,
ABHIA{CHHE YACTHI, COCTaBISIOUIHY 3TO AP0, pe3ko yGLicTpseTes
HUIH, UTO ONHO H TO iKe, Pe3Ko yBeNHuHBaeTCH TeMneparypa ny-
KIOHHOrO BewecTBa. Pacraakusaeyoe YUACTHBIUHMCHA 4YHCJAOM
B3AHMHLIX CTOJIKHOBEHHI, ALpO Kak Oul naGyXxaer, H B Kakoii-To
MOMEHT HEKOTODPBIE €r0 4aCTH «BblAABAHBAIOTC» HaPYIKY, 0Kasbl-
BasCh B o6s1acTH ocaabaeHns aeiicTaHs YACPIKHBAIOIIHX BHYTPH-
AACPHEIX CHaI. PaBHoBecHe cui oTTankupanus H CHJ CKaTus B
AApe HAPYLIAGTCA: CHABl OTTAAKHBAHUS NPOTOHOB HAUMHAIOT npe-
010JeBaTL sfepHble CHABL. $Ixpo TEPSET CBOIO cdepHueckylo
hopMmy, yaaunserces, 8 kakom-to MCCTe HCTOHYaeTCs U, npespa-
THBUIHCB B «T@HT2/1b», HAKOHEL, PBETCH HAABOE, Be ero noao-
BHHKH, CTABIUHE S1paMH aTOMOB CPEIHHX 3/IEMEHTOB, C OrPOMHOIL
CKOPOCTBLIO  pasJeraiorcss B CTOPOHBI, Hecst B cefe 0Ko0J0
200 Mss Kunetuueckoii SHepruu. Jleaenne Ha TpH uam yeThipe
OCKOJIKA cayqaeTcs KpaiiHe peako.

OTH OCKOJIKH, OKasaBuliCh MCPCHACKLILCHHBIMH  HelTPOHAMH,
BLIGPACLIBAIOT HX H, HCMBITAB PAI nocnenoBateabHbX Gera-pac-
najioB (Henyckas 3/ICKTPOHbI), NPEBPALLAIOTCS yIKe B cTabniablble
fpa aTOMOB CPeAHHX 3JIEMEHTOB Tab.IHI1Lpl Menjeneenpa.

HMedext macenl. B 1932 r. ;a2 anraniickix gusnka Koxpodr
1 Yoaton B KoTopsii pas oGcrpeansaai nyukom YCKOpPEHHbIX
NIPOTOHOB  MitlIEHb H3 H30TONA JHTHA-7, Halesch OOHAPYKHTD
Hoc/Ie 5T0ro 4T0-1H60 HOBOE H HHTEpPecHOe. DTO HOBOE He 3acTa-
B0 ceGf1 10JIT0 K/1aTh. CunMkl, crenansbie B Kamepe Buip-
COHa, NnOKa3a/iH, UTO HEKOTOPHE siApa JAHTHA-7, NOrNOTIE nonas-
WHIl B HAX NPOTOH, HCYE3aH, BuifpackiBas age aaspa-vacranp,
T. € LJNKOM MPeBPALLAINCh B IBA SAPa aTOMa re.is-4,

IT0 COBLITHE MOKHO 3aMHCATD TAK:

i .
H +,Li" — He'+,He".
1 3 2
Pesyanrar, 6esyciorio, nopasuteavuslil! Ho 1o, uro no-nya-

CTOSILEMY MOTPSICJIO0 YUEHBIX, GhII0 COBCeM Apyrim. Koraa nonpo-
GoBa/Ii ¢ KapaHaawomM B PYKax noicunrare Ganaxc syacc u sxep-
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TH# BCCX Y4aCTBOBABIUNX B 3TOfl, HA 12pBBII B3, OYcHL MPO-
CTOH AAepHOIL peaxkuHH, TO OOHApPYMAUJAH KpaiiHe HenoHATHBIEC
«npubnlany w «yGuiTEH», Macca BeeX yuacTBOBAaBLINX B 3TOil pe-
agiuy vactin pasusiacs 7,0182 (sapo antna-7) -+ 1,0081 (npo-
ToH) == §,0263 a.e.n., a Macca NOJAVUHMBILHXCA JBYX OTAEAbLHBIX
adb(pa-uacTHIL B cymMMe JaBada Bcero JaHumbs 4,004 X 2=
== 8,008 a.e.n. Heuspecruo, Kyaa neuesasa Macca BeLLeCTBa, pas-
rast 8,0263 — 8,008 =0,0183 a.e.a.!

OanospeMeHyHo, H TOMKE HEH3BECTHO OTKYAa, NoABAfIach
PecLMa 3HauHTeALHAH npifaBKa IUEPrHH ABHIKEHHS Y JABYX pas-
ARTAWUIRCA aab(a-uacTiil, Mo CPaBHEHUIO ¢ YHeprieil nNpoToHa
liepBoHauaJbHO Pas0HBLIErO HaliBOE SAPO JIHTHA-7.

Kpyuiende saxona coxpatenus MacCsl 0 3HePrin?

Hu to, nug apyroc. UTo HMeHHO TaK U A0KHO GLLIO NPOHCXO-
AMTh, TROpPeTHUSCKH npeldcxasad euie B 1905 r. Benuuainnii ¢u-
aHK namero Beka AabGepT iHIWITEHH — TBOPEW TeopHH OTHOCH-
TEJAbHOCTH, OAHOI H3 CAMBLIX CMOJLIX U AAJbHOBHIHLIX HaVUHBIX
nAeH COBPEMEHHOCTH.

Onuiy H3 BamHelLIY BLIBOIOE 3TOIl TEOPHH OBLIO TO, YTO Hi-
KaKoe TEJIO HEC MOMKCT JBHFATLOH B MYCTOTE CO CKOPOCTHIO, PaB-
Hoit ckopocty caera — 300000 as/cex — uan npepbliuaioueil ee.
I10 yTBepienHe LIJIO B pa3spe3 ¢ TOCMNOJCTBOBABUIHM TpexIe
saKoHoM MexanHrn HbloToHa, o KoTopoMy Macca Tesa He 3aBH-
CHT OT CKOPOCTH U, CJRJ0BATENLHO, /J1i000e J0N0JHHTEAbHOE YCH-
Jiie, OpHIOKEHHOE K ABIGKYHICMYCHA Tedy, ODOJEKHO [POTIOPLHO-
HAJbHO, 4 CJIe0BATRALHO, H OecnpellesibHO YBeANUHBATEL ero CKO-
pocte. Coraacno ke TEOPHH OTHOCHTEJBHOCTH, CJEAYET pasiHuaThb
MacCy TOKOSl #ig W Maccy f1, 3aBHCALLYI0 OT CKOPOCTH JABiiKe-
Has sauiore Tena. lis MaJblX CcKOpocTeit Macca /m npaxtH-
HEeCKH PABHA MACCe [TOKOS /1y, 0AHAKO, €CJH CKOPOCTh JIBHKEHHS
TeJNR CTAHOBHTCS COMOCTABHMOI CO CKOPOCTBIO CBeTa, Macca m
oueHb GHICTPO YBEJAHUHBAETCS, CTpeMsich K OeckoHeunoctH. Ha-
npinie), npw ckopoctu 282 100 sm/cex Macca 3JeKTPOHa MOUTH
yrpausaercs; npu 298 500 xat/cex ona ypesmumsaercs B 10,79 pa-
sa, cxopocte 299400 KaM/cek YTAKENAET 3MIEKTPOH yiKe B
20,58 pasza 1 1. 1. OTtcoa caeiyer H APYroil BLBoL: A060e Ten0
MOXKHO PA3071aTsh 10 CKOPOCTH, CKOAb YrOZHO GJAH3KOI K cKOpo-
CTH CBETa, HO HIIKOT.1A HEeAL3A J0CTHUR ee.

Ociosbiasich 1:a onelirax pycckoro ¢usuka I1. H. Jledexena,
yeraHosusuiero GaxkT CBETOBOTO JIaBJICHHSA, T. €. A0KA3aBUIErO Ha-
JIHUYHE MACChl ¥ CBETOBBLIX BOJIH, Ha SKCOEPHMEHTAILHO [OATBE] K-
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JeHHOM haKTe yTskelenns SVIEKTPOHA DNPH NBHKEHHH €O CKOPO-
CTAMH, GJIH3KHMH K CKOPOCTH CBETA,— i Ha PSAL IPYTHX OTKpPLITHIT
Bexd, A. Diinwreiin Boipes cpoe 3HAMEIHTOE, BLI3BABLIeE MHOMNe-
CTBO CNOPOB H KPHBOTOJKOB, COOTHOLIEHHE, CBA3LIBRIONIEE Macey —
MEPY HHEepUHH — H SHEPTHIO — (DHIHYECKYIO MEPY ABHMKCHHS Md-
TepHII; : :

E=m c?

T. €. SHEePrus papna Macce TeJa, YMHOMEHHOI na KBaApaT CKopo-
CTH CBeTa.

Cienosaredsho, ai06oe Belnectso 00./1a1aeT ONpeje/IeHHbIM KO-
IMUECTBOM SHEPTHH, CTPOrO NPONOPUHOHATBHBIM ero Macce u, Ha-
oGopor, Kamaomy MaTepHaJIbHOMY Teay, ofaanawouiemy sueprueii,
COOTBETCTBYET CTPOro ONpeienennast macca. Uey Goqblue Mmacea
TeJa, TeM GOJblIe CKPHITO B Hem SHEPruH. ¥BeNHUHBAS 3HEPIHIO
Kakoro-auGo Tesa, nanpumep Harpeeas erc WJiM pasrouss mo
OIH3KHX K CBeTOBOIN CKOpOCTeil, MBI TeM CaMbIM yBeJHUHBACM
i ero maccy. Ecan bos6ymumennmii atom BEILECTBA H3Jyuaer
KBaHT cBeta (doroH), to Bymecte o SHeprieif ou Tepser u onpe-
AEJICHIYIO Maccy.

Ilpn Been u306uanK SHEPTiil aToM OTl@eT ee kpaitHe ckyno.
Hro6ur npeosoaers cumr, CBASLIBAIOULIIE 4YaCTHUB B sIAPE U Tnipe-
IWTCTBYIOILHE €ro nepecTpoiike, HyxHO CIIEPBA 3aTPAaTHTL KaKoe-
T0 KoHuecTBO sHepru. Toabko toraa pacnanamiieccs 1i nepe-
CTPaHBAIOWIEECH /PO ATOMA BEIAGJNT CBSI3&HHYIO € VMCHBLIe-
HHEM €ro maccel aHepruio. O1Haxo He po poey CAYUAAX IHEPTHS,
BLIAaslolasicst mpit pacnane il nepecTpoiike AApa, NpeBsiimaet
SHEPTIO, 3aTPAYNBACMYIO HA pa3PyIUeHHe HJN nepecrpoiiky. Cae-
AOEATCALHO, AJs NOJYYEHHS 3HEPIHH  BHIFOAHO paspymarn wuoan
HEPECTPalBATL SiApA aTOMOB TOJBKO TEX SJEMEHTOB, Y KOTOpPBIX
£3aTpaTbl>» MeHbIIE «NPHObLAHY. OBBIMHO 3TO 7Apa aToMOEL 1 ca-
MBIX JIETKHX, IJIH CAMEBIX TSKeIbIX 2/JeMeHTOoR,

Kax nspecrno, aape atoma reang (anndra-uactuua) caomeio
H3 JBYX NMPOTOHOB i ABYX HeliTpoHoB. UroOL Pasieqnth Ttaxoe
AAPO Ha COCTABJIAIOLLHE €rO 3JEMEHTAPHLIC YACTHIL, HAHO npe-
OAOJIETL OFPOMHBIE CHIIBL MPHTHAMKCHHSA, yAepPKHBAIOWIHE HX Bee
BMECTE, KOTOPLIC, KaK BEIACHHOCH TIO3XKE, AENCTBYIOT T0.1Lx0 Ha
PACCTOSIHEM, PABHOM TIPEMCPHO ABYM AMAMETpaM siapa.

Cienats 3T0 MOXKHO, NONas s SAPO aToMa revils Kakoii-auGo
TAMEI0]T YaCTHLRN, PAa30rHaHHoIl 10 GOJbIIOI] CKOpocTH, B onkite
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AHMAMHCKHX  VUeHBLIX € JautHeMm-7 310 6w npoton. Cienosa-
TeNBHO, HA JAaHHOU (Dase NMPOMCXOAHT morvyolienne sHepriuun. Ho
KaK TOJLKO YacTHubl pasbuBaeMoro sapa pasoiilyTcs HA pac-
crosiine GoJgbulie ABYX JHaMETPOB sapa, JeiicTBHe BHYyTpHALEP-
HBIX CHJI MpCKPAalldaeTcs H BCTYNMAIOT B ACTICTBHE HCKJIIOUHTENBHO
OrPOMHBIE  CHJIBI OTTAJNKHBAHHA OJHHAKOBO 3aps:KeHHBIX Mpo-
TOHOB.

Pasaertaiouniecss 8 CTOPOHBl € KOJIOCCATBLHON CKOPOCTHIO ua-
CTHUB! 00.1a1a10T 3Ueprieil, 3HAYHTEIBHO OOJBLIE TOI, KoTOpas
Oblyia 3aTpaucHa Ha pPaspylIeHHe 3TOro aToMa.

Hy, a uto npou3ofiger npu nonsitke cOeHHHTL BMECTe YETLIpe
OTAENbHLIX AApa aToMOB BOJA0poAda (MpoToHa), YTOOHI HOJYUHTH
11P0O atoMa resius’?

JlorH4Ho MpeanoJoKHTh, YTO CHAvyaJa HY:KHO 3aTPATHTh 3HA-
UHTE/IbHYIO 3HEPTHIO, YTOOB! NMPeo/loJieTh HEeNpepLIBHO HapacTalo-
uiee OTTAJKHBAIOUIee AeHCTBHE YeThIPeX MOJOKHTEe LHBIX 3apsia0B
nporotoB. Ho eme Gosbluee, noHcTiHE YYI0BHIIHOE KOJHYECTBO
3HEPTHH BbIJAEJUTCH 1MOCJAE TOTO, Kak, COJH3HBLWIHCL H BOHIS B
chepy meficTBHA ANCPHBIX CHJ NPHTSAKEHHS, MPOTOHBI 3aTeM Kak
Obl COMBIOTCSL B HOBOC sApO («3auledknytes»). Ilpu 3tom aBa
[IPOTOHA MPEBPUTITCH B HeITPOHLI, BLIOPOCHB ABA NMO3HTPOHA H JBA
uefitpuio. M B KkauecTse KOHEUHOrO pe3y/jbTaTa NOABHTCSH H30bI-
TOYHOR KOTHYeCTBO 3IHEPrHH, CONPOBOXKIalouleecd yMeHbIIeHHEM
HEKOTOPOro KooHuecTea mMacchl. PasnocTs MemKIy Maccoil yacTHig
J1O PeaKUHu COusHEs X B A4p0 aToMa 00.1ee TSKeJ0ro 3/1eMeHTa
H Maccoii o6pasoBastilerocs s pesyJbTaTe 3TOI peakiuu sapa Ha-
3BIBAIOT ADEKTOM Macchl.

Tetieps MOKHO 3aHSITHCA NOACYETAMH.

Cyyya avace HYK/JI0HOB, TPHHHMAMOUMX YyacTHe B peakuu,
pasta: 2 nporoqnax(1,0076-+-2 wuefitpona1,0090=4,0332 a.e.s.
Macca e siapa aroda refis, KOria-to paHee CJA0MKHBINCIOCH H3
TAKHX ®e uacrHi, cocrasaser 4,0028 a.e.u. Pasnuua 0,0304 a.e.u.
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Tem e menee naxe TdROE, Kasasock Gbl, HHUTOKHO Maioe YMeHb-
WICHHe Macchl 3KBHBAJIEHTHO sueprun 28,2 Msg! :

Hedekr maccer Habaogaeres HC TOJIBKO npH coeaunenuu npo-
TOHOB H HelITPOHOB B S4pa atoMa, HO H B Tex CAyyasx, Korapa
ALPO aTOMa TAXKEJIOrO ITEMEHTa AejHTCS Ha ABa 0OoJee Jgerkux
sapa.

Ho... He y Bcex aaemenron IDH CJOXKEHHH WJIH JeJdeHliH apep
4TOMOB «BBIIEJISIOLLASICH» JHEPTHS IPEBOCXOAHT 3aTpaunBaemyio.
710 OTHOCHTCA K oveHp OTPAHHYEHHOMY YHCJY ATOMOB: K CaMbiM
JIETKHM -— BOJ0poay, AeiiTepHio, TPHTHIO, TeJIHIO, JIUTHIO H CaMBLIM
TSKEMbIM — ypany, miyTouso. Bee ke SJEMEHTBI CepejHlipl Tao-
JHLbL Mengne/ieesa HuKaxmx BRITOA B 9TOH 4YacTH He HpejicTaB-
J910T. Tlo 370l npuumie OyJbUKHIK nph Jopore, KyCok Kesiesa,
cepeGpo, 30J10T0, PTYTE H ApYrHe BeIeCTBAa 10 CKOHYAHS BEKOB
OCTaHyTCs TeM, 4eM OHH ecThb ceiivac. Bot TOYEMY B3DLIB aTOMHOI
WJIH BOZOPOAHOIT GOMOBI HE BEI3bIBAET ACTOHALHH H B3PBIBA BCex
OKPYMXAaIOUIHX Hac BeL[ecTB: BOABI, BO31yXa, NOYBLI, Beeil nua-
HETHI.

H3aGsitounas SHEPTHs NPH CAHAHHH JErKHX 3JeMeHTOR Oyner
BRINEJAATLCA TOJNLKO B TOM cayuae, ecliH B COOTBETCTBYIOLLYIO
ALEPHYIO peaKUMI0O YIacTCsl BOBJeYb Bee WIH 3HAUHTE/bHYIO
1aCTh HAMHYHLIX aTOMOB. A fgae P caMoii MowHoii GomGap-
AHPOBKE, NOJIL3YACh HMEIOLIHMHCS B PACHODSIMEHHH YueHbIX
HCTOUHHKAMH TSKEJbIX CHapsijloB: YCKOpPEHHBIX aib(a-uacThil,
NefTPOHOB H NPOTOHOB,— B UE€Jb nomanaer eiasa 0/Ha J1ecsTH-
MHJLIHOHHAs1 HX uyacTb. Bee ke ocTauphbie NPOJIETAIOT  MHMO.
Bot nouemy trhicayn YHEHLIX BO BCeX CTPaHaX MHpPa H3BICKHBAIOT
CNOCOOB H CPEACTBA BMEIINBATLCS B IpOHCXOAsHE B Heapax
ATOMOB (DH3HUECKHE M[POLEeCCH, ¢ TeM uTo0Bl, ynpaBass HeKoTo-
PLIMH H3 HHX, BHICBOGOAK/AATh CKPLITYIO B HHX SHEPru (cm. «Tep-
moadepuas peakyuas).

D,eaamusauuu—me'rom;r I cpeacrea yaanenns PaIHOAKTHBHBIX  Be-
IMECTB C OACKAL, 0GOPYIOBANNA, DA3IHUNILIX COOpYeHIHi H MecTHOCTH, ¢ opy-
HHA H GoeBoil TEXHHKH, NOMajalolnx Ha HHX B pesyanrare TCXHOJOTHYQCK X
npoueccos, CBA3aHHLIX C NnoJiyueHHeM H npuMeHennen NPHPOAHBLIX H HCKyCCT-
BCHHLIX DAalHOAKTHBHBLIX BELLECTB, B peayibTaTe HeOpe:KHOCTH, aBapuii wan
BCJIEJICTBHE NPpHMeHEeHHA aTOMHOro OPYHHA.

Heittpon — snpo atoma nefitepus (TaKeAOro Bosopoaa). Camas npocreii-
1as B npHpone SaiaepHas CHCTEMA, COCTOfIUAfN BCEro H3 JABYX HacTHlL — npo-
TOHAa H HEHTPOHA, CBA3aHHBIX Mex Iy coGoii BHYTPDHSAACPHBIMH CH.J1AMH. Snep-
TH5 CBSI3H NPOTOHA C HElTPOHOM B Aeiitepun paena 1,1 Maa.

Heasmnecn BELIECTBA — BELIECTBA, CHOCOOHBIC BCTYMAaTL B AepHyio pe-
AKLHIO jeJiends npu obayuenHn HX nefiTpouamu. Takusu ceoiictBamu o6aagaior

53



vpai-235, ypau-238 (npu obayueHHE TogALKO OBLICTPBIMH HeliTpouaMu ¢ siep-
rueil suiuie 1 M2s), HCKYCCTBEHHO noAydaeMble B SACPHBIX DPEaKTOPax IJyTO-
unii-239 u uszoton ypan-233, (o oGpasyeTca B peayabTaTe oOAyueHUA  To-
pusi-232 nefitpouamu), Heaenue ypana-235, naytouna-239 u ypaua-233 1no3no-
AACT OCYIMECTBAATL CAMONOLIEPAHEADILYIOCH USMHYI0 SAEPHYID  PeaxiiHio.

ﬂHCCOIl“auHﬂ—pﬁCﬁZ];L'\‘E!IIC MOJeKYS Ha COCTAR/IAIOILHEe HX 4TOMBI HAH
TPYIiL aTOMOB, HaUpHMCD 107 AciCTBHEM OYeHL BbICOKHX Temneparyp. OGpar-
HBLT NPpONECC HA3BIBLIOT E)Cl((.).‘.':'f}l{!l{lII'riL‘S"I. T. C. COAHHCHHCM aTtoMoB B MOJC-
KyJinl.

Ho3za — KommiecTso HoUH3HPYIOUEro HaJdydelHs, noraouwiaemoe of.iyuae-
MBIM GOBOKTOM HIH CT0 HacTLlo. JTO CTOJAL TOHKOE MOHATHE, YTO B 3aBHCHMO-
CTH OT CPOJB, THOZ M XaPaKTepa HIJIYUCHHR TPHXOAHTCS VCTANABAHBATL He-
CKOJILKO PasioBHAHOCTEl 103,

@EanuecKoit 103001 11a3LIBACTCA HEPIHA PEHTIreHOBCKOr0 HJAH raMMa-ua-
JAYUCHIS, HOMIOUIEHHAR OAHHM KYOHYeCKHM CaHTHMETpoM Bosayxa. Eanunuei
ee uaMepens saanetea penreen (p). Jossl APYTHX HOHH3HPVIOUIMX H3JYHEHHIT,
OTNMYHLIX OT PEHTICHOBCKOIQ MHJH FaMMa-H3JIVUCHHSA (HE}I]I]HSIC[), 3APAAHCHHABX
MACTHL,  HCATPOHOB),  U3MEPADT  (PUIHYECKHM  3KBHBAJIEHTOM  POHTrena
(ap), 1. e. 5T0 Takoe wu3AyueMuE, KOTOPOE [0 CBOCMY HOHH3AILHOHHOMY
ACHCTDHIO  JKBHBAJCHTHO OAHOMY DEHTIeHY DEHTICHOBCKHX  HJM  raMMa-
ayueit,

[pu cannaxosom busnueckoM nommsaionnoM sddekre aanda-, Geta-
WOIPYPHX YaCTHU HX BO3ICHCTBHC 14 SKHBLIC KJASTKH H OPranHaMbl PasjHiio,
HO3TOMY MPUMEHAT cuie i OHOJOTrHNCCKUil SKBUBAACHT pentrena (063p), 1. e.
B 3aBHCHMOCTH OT BH1a HOHH3HDYIOULEr0 H3JAVHEHHH Da3jHyanT 103y raMMa-
o6AyUeHNH, 103y PCHTIreHOBCKOTS OOAYYeHHs, 03y cMellaudoro ofjyuesus,
HOHTPOHHVIO 203V i T. 1.

Tpu oGayuenns aiodell H AUBBIX OPrali3MOB pa3iANaIOT eule NOBEepXHO-
CTHYIO 103y, NIYGHENYIO 103y H TKauesyi 403y. Kposme Toro, cyuiectsyer pas-
AEARHHE HA JOKAJLIYIO 103Y, T. €. 103V, NPHXOIAILYIOCH Ha KaKyIO-TO Orpau#-
HCHHYW TOUKY MOBEPXHOCTH M ILIONLAL, M 103y o0ayueHus, Kotopolt nos-
BEPracTCR BECh OPTaHH3M.

MaKCHMaTbHO AOMYCTHMOMN 203001 0o6ulero 05AYUCHHA UCIOBCKA CUHTACTCH
J0%1, EOTOpas B CReTE COBPEMEHHLIX 3HAHHA He JOAKHA BLI3LIBATL 3HAMHTEL-
HLIX [TO2DCHICHAR ero opranHaMa B o6oft MOMEHT Ha NpOTAXKeHHH BCefi
WH3H

B Cosercron Corose 3a pasoByvie 10HYCTHMYIO 103y o6uUiero (HHTErpadn-
HOTO) obayuennd npuuATE 1032 5 G3p, 10CHe UCTO YCIOBEK HE J0JKeH noanep-
TaThCR AYUEBOMY BO3ICHCTBHIO B Tenuciie AJaHTeqabHoro speMenu. [peeianno go-
UYCTHMOM 030# exeanenioro o0y eHHs ATA JIHI, HMEIOUHX A0 C PaIHOIK-
THSHL HIIYHEHHAMH, B HacToAulee ppemsa cuutaeresa 0,017 O63p, a 3a uepe-
a1 — | oap.

Ao3uMeTPHUECKIIT KOHTPOIB, JO3HMETPHYECKAR caymba — ciicTeMa Mepo-
GPHATHI, CHCHHAALIO Pa3paGoOTaHHbLIX JJIA KOHTPOJs 1 ofecnieueHus Gezoiac-
HOCTH OT PajlHOaKTHn H3AVUEHNI Ha NPeANPHATHAX I B YUPEHACHHSX, HMe-
IOUWMK 4210 ¢ YCTANODBI 118 00AYUCHIST ¢ DAJAHOAKTHBHBIMH  BRiLeCTBA-
MUl ~— WCKYCCTBLHIDIMI 11 CTBCHNLIMH, 4 TakxKe A5 BEJACHHA HENpepLIBHOTO
KOHTPOAR 1 yueTa o3 olayuciis J110/ell, PARHOAKTHBHOIO 3apaj(cHHA MecT-
HOCTH, BOAW, aTMOCHEPE!, NPOA0BUALCTBYA, 0COPYAOBAHHA H COOPYKEHUIL.

Losuserpiueckuii KOHTPOAR OCYICCTRISIOT © HOMOWLIO H0JbMIONO wHEaa
PAIMOOGHAINBX BPHGOPOR: LO3MMETPOB, NOKILIBAOWNY HETOCPCACTBEHUD Be-
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JUUIRY BO3E, peNTIeHOMETPOB, ONpPeeaIsiony MOLHOCTE
d onpefeenuuil oTPe3OK BpeMeny, u, Hako; L PaniuOMETPOB, H3MEpEIOuUIHX
PEANOAKTHBIYIO 33DaenIOCTD MOCTHOOTH 11 OKPYXAIOWIX TIpeAMETOB.
Konurpoisnee APHGOPEL KOHCTPYHPYIOT cneliiactiio A9 CaMBIX PazHo0G-
PASHBIX COVHACB HX npuMenenns: nng HIMEpeNHs BHCNero (ona ninyyenns,
PaiHOaRTHBHOIO 3arpssnens TEPPHTOPHA, noMeitennit 1 paGounx NOBEPXHO-
CTEH, 3ATPAIHEHNA TEXHHKH, 01eKAH, PYK, noJows ofven u T, 1.
MpuGopu Gusanr CTAUHOHEPHEL, iepelocHble, BIIOTH 70 KapM:
CraGxennsie 3BYKOBOI 1 caeTORO!) cHruasamned,

AQ3HL, nosyue HHYIO

OCHOBHLIE NOHATHE M TEPMMHE!

H(H,".KHE! MCTAAIL! B aTOMHON TeXHHKe

Kunkue meraans B aTOMHOH Texuuke. [Ipit nescunn supa
dTOMa ypana-235 man nayronus-239 Go.iee /s BBIZEaAsIOmefica
JHEPIHH YHOCHTCH ABYMSI OCKOMKAMH, C OrPOMHOIT CKOPOCThIO pas-
ACTAIOWEMICS B pa3uble CTOPOHH. Kunernueckas smeprus srux
OCKOJIKOB JieqIeHHsI IPH Pe3KoM TODMOKEHHH MIHOBEHHO NepexoiuT
B Ten10. [osromy na maunon srane PAa3BHTHST 3HepreTHkH wauto-
JAee 1enecoolpasHo HCMOIb30BATL d4TOMHYIO 3HEPrHIO Kak HCTOY-
HHK Temnia.

Ho nosas texuika TpeGyer M nepeIoBLIX CPexCTB npeofpa-
30BanNd sHEPrHH. A copeBHOBaTLCS IPHXOANTCA ¢ Bechia coBep-
ICHHBIMH MAPOCHAOBLIMH  YCTAHOBKA ML, Hanpuaep, 203¢Qdu-
UHMEHT TOJE3HOT0 JefiCTBHE Temioniy JIAENTPHUYECKIN CTAHLIHI
¢ TypOuHami, paboTaomin Ha leperperont zo 600—650° C pape
W nasaenii 10 300-—350 arx, pocrhraer 38—419% . MU HOCKOJIBKY
AIePHLL PEaKTOp BeTynmaer COpEBHOBaHHE ¢ HHMH Kak CBoe-
00pasHblil napoBoil KOTeJ, OH poJxKeHn obaanath XapaxkTepiucTH-
KaMil 1O KpaiHeil Mepe He Xywme COBpeMEHHbIX MapoBLix KOT-
J08. Oamnaxo szech BCTpEYACTCA Wbl DAL NpHHUHTHATBHEIX
TPYIAHGCTE!,

[aposoii koren crneunanpio u KOHCTPYHPYIOT, YTOGLI OH BBI-
ACPIKHBA Da3BHBAIOLIHECT B HEM OTPOMHLIC JaBJACHHA. Henonp-
3YEMLIC 15 3TOTO METAJIB M KOHCTDYKUHOHHEIE MartepHaib of-
JaJ20T ONPeIeJeHHON MeXaHHYecKolk NPOYHOCTLIO H JKADOCTOIl-
KOCTDLIO, NONAAIOLIHMUCS TOYHOMY pacdery n KOHCTPYKTOPCKOMY
npesBHACHHIO,

A MHOTHE MeTamin M Apyrme KOHCTPYKUHONHLIE MaTepHaJH,
TNOABEPTHYBUIIECA AJTHTEALHOMY 0GJYYEHIO0 MOLHLIME 1OTOKAMIL
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HeflTpouos H raMMa-KBaHTOB, MOPOil Pe3KO MeHSIOT MOUTH BCe CBOH
CBOI{CTBA: OYeHb PENKO B JYy4lUYlO CTOPOHY, ualle XKe BCero—
B xyauiyio. [TostoMy oueHb BbICOKHe AaBJIEHHS BHYTPH SILEPHOrO
peaxropa Mnoka elle HeJOMyCTHMBI.

B oranune ot napoBOro KOT/1a peakTOp MOMKET Pa3BHBATD JIO-
Gyi0 MOUIHOCTh, HO TOJILKO NMPH OZHOM YCJIOBHH: 4yTOGLI Bee ofpa-
3YIOULHECH NMPH 3TOM OrPOMHOE KOJIHYeCTBO Ten/ia H3 Hero Hemen-
JeHHO OTBOJHJIOCH, HHAYe pAaCMJaBATCS yPAHOBLIC CTCPIKHH HJIH
Hx 0BOMOUKH I Bech PEakTOpP OKAamKercs 3apayKeHHbIM pagHOaK-
THBHBIMH IPOAYKTaMH pacnaja H BbleT U3 CTpod.

Ho ecnn y mapoBoro KotJla NOBEPXHOCTL CONMPHKOCHOBEHHSH
narpeBacMpIx uacteii (Tpy6) c oxJaazkaaloieil HX cpenoit (renJo-
HocHTesqeM) MoxeT OBITb Kak yroaHo OoOJblloil, [OBEPXHOCTb
TeNJOBLIIC/SIIOLIHX 3JeMeHTOR B pafouell 3oHe Jaxe OOAbLIHX
pEaKTOPOB cpaBHHTENLHO MaJja. CrnegoBaTesbHO, OTMAJAeT BO3-
MOMKHOCTh M CKOJIb-JIH0O PEe3KOro moBblluedHsT pabGouHX Temre-
paryp.

EcTp /M NyTH paaHKaJbHOrO pelleHHS 3TOr0 MPHHUHIHAJb-
HOTO NPOTHBOPEYHSH, B KAKOH-TO Mepe NpedoNpelelsioulero cylb-
Obl «Bonblioii» siiepHoil sHepreTHKH? Henb3s s, He passHBas
BHYTPH peaKkTopa CJIHLIKOM BBICOKHX OaBJeHili, cCpapHATb €ro no
a(deKTHBHOCTH AefiCTBHSA C COBPEMEHHLIMH MapOBLIMH KOT/amu?

Onuu nyTh — 3TO €CTECTBEHHBIl NMyTh co3Aanus Gosee Kapo-
CTOHKHX M MPOUHBLIX KOHCTPVKIHOHHLIX MaTepHajoB: METaJlJIoB,
CIJIABOB, HOBLIX BelleCTB. Jpyroil nyTh — MOHCKH HOBbIX, OoJsiee
3 HeKTHBHBIX TeNJOHOCHTeIEIH.

B coBpeMeHHBIX BHICOKO3((EKTHBHLIX H 3KOHOMHYHBIX Mapo-
BEIX KOTJaX, OcOOGHHO B KOMMAKTHBIX YCTAHOBKAX, B Kauecrse
TEIVIOHOCIITe/IsI BCe yallle H 4alle CTajy NpHMeHATh obJjanamouiie
GOJBILOIT TEIIONPOBOIHOCTEIO KHIKHE MeTaddsl: PTYTh, HATPHIi,
KaJiii, BACMYT, HX cru1asnl i Ap. IIpenyyiecTsa HX 10 CpaBHEHHIO
¢ oxJlaxKJeHHeM BOJOIT M rasaMu B pSIE CIYHa4GB OFPOMUBL HJH
POCTO HECPaBHUMDL

Ho roapuoe we sto. JKuAaxkuii HaTpHil, HanpuMep, KHIHUT MpH
800° C. 1o 3nauuTt, YTO TEIJIO OT PEaKTOPa MOMKHO OTBOJHTL C
NOMOMIBLIO JKHIKOTO METaJa, HAXOMSLLErocsl [ojJ J[aBJeHueM,
paBubiM oGniunoMy arsmocepuomy! Harperas no takoit Temnepa-
TYpHl BOja, mpeBpaTHBLINCL B nap, pasBHBaja Obl IaBjcHHe MO-
psjgka 160 arm!/

Biaropaps BuICOKOIl TEMIOMPOBOAHOCTH OOBEM MKHIKOLO Me-
Tajsa, ueoOXoguMOro J[Jfl OXJaMmOeHHs peaKkTopa, MOXKeT
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6uts BO Mitoro pas MEHDBLIE, HeM [IPH HCNOJIB30BAHHH BOABI H.H
rasa.

CaenoBatennio, oxaaxienne PCAKTODA KHAKHMH MeTaanaaMmi
I03BOJ/IIET B TNPHHIHNE PE3KO MNOBBLICHTD paGouyio Temmnepary-
Py BHYTPH peakTopa H MOAYYHTB J0CTATOUNO BLICOKHI KO-
spduunenT nose3Horo aeiicTBHA  peeil 3HeprerHueckoil ycra-
HOBKH.

B Coserckom Comose coszanb VCTaHOBKH, HCNOJB3YIOULHE B
Kauecrse TEILTONOCHTRIS JKILIKHE MeTam sl M Y HHX, HECOMHEIIO,
Goabtoe Gyiyiice.

OCHOBHLIE MOHATHA M TEPMMHBI

Crp.
3anasauwBaioume HeRTPoHM g e e s 57
3awura OT panHOAKTHBHBIX H3AYYEHH o8
3amenacuue weiitponos . e 59
3axsar weiitponon AAPAMH ATOMOB S— 60

3anasabiBaloume HeHTPOHBDI, [Tpouece nenenus sapa aroma
ypauna-235 wan naytoumus-239 na ase wacrh NMpH MonajgaHuH B
HEro HeHTpoHa MJHTCA UYTO-TO OKOJI0 MHJVIHapaHOfi noJau ce-
KYHJIBL,

Obpasyioumecs ockoakm BLIOPACLIBAIOT B cpelHeM ABa Hi TPH
HEHTPOHA, KOTOPBIE MOTYT ObITh HCTIOJB3OBANL! B CBOIO OYepelb AJs
ACJICHHS YIKe ABYX WJIH TPeX HOBBIX sIep je.IsilLixcs BEeLLECTB,
T. € JUIS CO3aNHS K MOJUIEP KA CaMOpa3BHBAIOLIeHiCs sep-
HOH peakuin. O1uako yacts 37hx Heiirponos  (okoso0 1%) Hemy-
CKAETCA He Cpasy, B TeUeHHe [PHMEPHO MH/THAPAHON JOJH . Ce-
KYHIbl, & C HEKOTOPBIM 3aNo3JaHHeM — OT goJeli CeKYHILI 10
HCCKOJIBKHX [1€CATKOB CeKYHA. A 3anasablBaHie OJHOrO 3Beila
UCHOUKH UENHOH peakuud JeJeHH NPHBOINT K 3aMe/LICHHIO
Beero mpouecca B meaoMm. Ecam spems musun 999% kamgoro
HOKoIeHs HefiTponor pasuo 10 %cek, a v 1% — 10 cex, To cpen-
Hee BpEMSl KH3HH BCell COBOKYNIOCTH HEliTPOHOB OKA3LIBAEGTCH
paBubiM 0,1 cex, 1. e. B 10 Tolc. pa3 Goaiblue KHIHK MTHOBE@HHBIX
HeHTPOoHOB.

[peanosoxin, uto Mbt noseau KO3huyuent pazsnoicenus
HedTPOHOB TOUHO 10 eAHHHUBL, T. €. 10 VPOBHSI, Koria pacxom
HEHTPOHOB HA JesIeHHe si/iCD aTOMOB Vypana HenpepnLiBHO BOCMOJI-
HSIETCS PO/KACHHEM HOBLIX HeHTpouos. B sTom cayuae uenmoii
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Tnpouece MoaAepiuBaeTCs N0 CYLWEeCTBY JHIOb 3ana3iLBaiolHMK
Heilrponami, 7ak Kax, He 6yab nx, Kos(Q@OUUHENT pa3MHOMEHIA
craql Opl MeHbIUEe €JMHHLLI M Peakmusi NocTelleNHO Obl 3aTyxJa.
H ecan Oul Mul Temeph noxkeaadii VBEJAHYHTL €ro, AONYCTHM, O
1,001 man zo 1,007, To ckopocTh peakuul HC INOACKOUHT Cpasy
BBEDX 10 HeynpagsiasgeMoll BeJHYilibi, 4 HAUHET PacTH MeleH-
HO — npumepHo B TeveHne 0,1 cex. A 370ro BpesMenn JoCTaTodyHoO,
4ro0Ll COBepIUeHo COKOIHO BBOZHTB B PEakTOp HJH BLIBOAHTD
U3 Hero, Aae BPYYHYIO, PETrYAHDYIOLLHE CTEpP:KHH C MOIouialo-
LWHMI HEATPOHB! BCIIECTBAMH, HE MO3BOJISIOWHEMH NEPEeCTYINHT
onacustil py6ex Kos(duuienra pasiuomeuns HeliTpoHos, a B Cay-
uae HeoOXOAHMOCTH — MTHOBEHHO NpepBaTh XOA peakuni.

3a1KTa OT PaJHOAKTHBHLIX M3JYueHHil. Muorcunciaenusie 06-
JacTH MPHMEHEHHMS AaToMHOIl sHepriH norTpefoBaJjdl CO3JAHUS
GoabIoro pasHooGpasns BCEBO3MOMHEIX NPHGOPOB, YCTPONCTE,
YCTaHOBOK, MpHcrnocofaenuii, a TaxiKe CHeUHadbHOI OIeMXAH,
npeiHasHauYeHHblX M5 3aLHTE JHIL, OPAMO HJH KOCBEHHO HMelo-
WHX g0 C PagHOAKTHBHLIMII BCIICCTBAMH H HX H3JYUEHHSMH,
B QJHHHON TeXHOJOTHUYECKOI Hemodke — ot npeolpascBaHus HC-
XOJHOI'O CBIPBLA 10 32XODOHEHHS OTXOHOB aTOMHOIl NpOMbILIJIEH-
HOCTH.

PaspaGoraila 11 n0CTOSIMHO coseplieHcTBYeTess CTPOrO Mpo-
AYMAHHAH CIHCTEMA B3aUMHO CBf3aHHLIX, NEPeKDPLIBAIOUIHX APyl
APYra 3allMTHEIX «IHHHI»: Nepead JHHHS TaKoH 3alHThH — 10J1-
HOCTBLIO ABTOMATH3HpOBANHLIC orpamienis (Gapbepel, 3KpaHbl,
GOKCHI, UIIO3b, KOWTeHHEPbl, KOHTPOJbLHO-IPOBEPOUHLIE YCTA-
HOBKI 1T T. L), HCKJAIOYAOHUIMe BO3MOMKHOCTb BOITH B Hemnocpen-
CTBCHHEIT  KONTAKT € paJHOAKTHBHEIMH BELIECTBAMH HJAH MO
OWHOKE MONacTh B 30HY ONACHLIX HOHH3HDVIOWIHX H3JYYeHHIl.
Beab B 60pb0e ¢ HUAMH NIYXH I HEMBl BCE CCTECTBEHIBIC OPTFaHbi
uyBcTB UejoBexa. [losToMy HCRTIOUHTCILHO GOFar apceHad
CPeACTB BTOPOMH JIHHHH 32LIHTLI — Tak Ha3bIBAEMOI JO3HMETpH-
UCCKOI annapatypel, CTALHOHAPHOH W NMEpeHocHol, caMmbix pas-
HOOOpAa3HLIX THIOB H Ha3uavennil. OHa npeanasHavacTes KaK aas
u3Mepenuil oGHX BHAOB H3AYUEHHIl, TaK U A7s1 00HADYKEHHS HX
IIPUCYTCTBIS BOOOUIe I B 032X, NPEICTARIAIOMIX ONACHOCTE A4
Jojiedl, B 4acTHeCTIL.

Has Gonee HaieKHOM 1 NCPEKPECTHOH CTPAaXOBKH NpHMeHSIIoT
ABTOMATHYECKHE CHIHAJIH3ATOPDI, OAHHMAIOLIHE TPEBOTY NpPH A0~
CTHIKEHHH JIOOLIX, 3dpaHee YCT2HOBJACHHLIX YpoBHEl H3TyueHus.
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Tak xak cywecrayer omacuocrs 3arpA3HeHNs  Bo3ayxa,
OREMAL, NPHOOPOB 1 HICTPYMelHTOR PAJHOAKTHBHBIMU BeIeCT-
BaMu, nCroan3yior nadoparopusle NPUOOPBL — PaTHOMETPH, 110380~
Aol e 00CASA0BATL GOIbUIHE B MaJble NOJ03DHTEILILIC HA BO3-
MOKHOCT 3apaenns miowaid. [Tpu oBHapyZKeHi 103, npenbl-
WAMIX HOPMY, IPHOOP aBTOMATHYECKH MOAACT CHIHA OTIACHOCTH.

IAs HHANBHAYAABHOTO KOHTPOIS  HCNOMABL3YIOT NO3HMETpIiC-
CKHE yCTPOIICTBA, PerncTpHpyioLie CYMMaPHYI0 103V 00Jyuenus,
MOMYHCHIYIO Kaz LM PaGoTalumiiy 34 NOAHLI pacoynil mes.
970 pasHoro poja NpHOOPHL («Kapaijains, KacceTH Jp.) ¢ Ky-
COUKaMi cnenHasLuoll gorontenxy, uepneiouielt no mepe posneii-
CIBHS Ha Hee H3JyYeHHil, HHAHBHIYAIbHbIE MHHHATIODHEIE HOWI-
JAUHOHHBIC KAMEPDI, KapMalilble SICKTPOMETPEI | T. JL

Samennenue Helitponos. 3aneruts HElTPOH H 3aCTaBHTH ero
HOTEPATL UACTH KHHETHYRCKOH 3HEPIHH MOMKHO TONBLKO nyTeM MHO-
POUHCACHILIX CTOIKHOBEHHIT C SIAPAMH aTOMOB, He NONIOL AKX
HeitTpouni. UroSu npi kammom TAKOM CTOJKHOBEHHH Tepsoch
KaK MOMKHO GOJIbIIC 3HCPIHH, Macca fipa aroMa szaMenaHTensn
RoAKHa ObITh paBia Macce HEHTPOHA WM GAM3KA K neft. Kpowme
TOTO, BEUIECTBO 3aMeIHTE]Ns A0.13K10 ObITh CTONKHM B YCI0BHSX
HHTEHCHBIOO 001y UEHHA Kak HeliTponaMi, Tak u JAPYTHMI BHIaAMH
H3AYUCUHST H BBICOKHX TEMIEPATyp, KOTOphIe CVLIECTBYIOT B si1ep-
blX peaktopax. Hanmpumep, oTiamumbiM 3anertireqes cayHar
obBluHas H TSKEe a7 BOJA, Teliil, Gepuoril, rpadur u HeKOTOpLie
APYTHe BeIIecTBa.

A'rou{u l‘paqm{:




3axBat HeHTPOHOB sApaMH atomoB. B Ttex cayuasx, xorpa
cBOOOJIHELT HelTpol cOJH3HTCA C SPOM aToMa APYroro BeulecTBa
Ha paccTOAHHE AeHCTBHS MOLHBLIX sijepHbix cua (1073 ca), on B
3aBHCHMOCTH OT CBOEH CKOPOCTH (3HEPTrHH) MOKET HWJH NPOJeTeTh
MIHMO, HJH ObITh BTAHYTBIM B #/po 3toro atoma. [lpncoenunenne
HOBOI'O, JIMIIHEro HeilTpoHa MPHBOAHT $/IPO TAKOro aroMa B BO3-
OyxaeHHOE COCTOsiHHe, 3aTeM K O0pasoBAHHIO TaK HA3LIBAEMOro
NPOMENXYTOUHOIO fApa, KOTOPoe uepe3 KOPOTKHII NPOMEKYTOK Bpe-
MEIH pacnajaercs, BbICBODOMKLAST ONpele/cHHOe KOJHYeCTRO 3Hep-
THH 38 CUET HCMYCKaHHs NPoTOoHa, HellTpoua, agb(a-uacTHubl HIH
KBaHTa raMma-13JayvucHus.

OCHOBHBIE NMOHATHA H TEPMHHbLI

Crp.
Honuzauus el 60
HsoTonu 61

Houusauusa. B cBoeM HOPMAaJbHOM COCTOSIHHM, T. €. He HaXo-
ISICk HH MOJI KAKHM BHEUIHHM BO3JeHCTBHEM, arToMbl BelUECTBa,
KdK NMPaBHJIO, 3JEKTPHUECKH HeHTpasbHBI, T. €. CYMMa IOJOXH-
TENBHBIX 3aPAA0B BCeX BXOAAWIHX B HX sipa NPOTOHOB CTPOTO
paBHa CyMMe OTpPHLATEJNbHLIX 34PsA0B BCeX BPALIAOLINXCA BO-
KPYT siiep 3JeKTPOHOB.

B pesyanrate B3aumozeiicTBHs ¢ IPYrHMH 4TOMAMH — B XOAE
XHMHYECKHX Deakuuil, IPH CHJIABHOM HarpeBaHHH, MOA AEHCTBHEM
CHJILHEIX 3JIEKTPHYECKHX TOJIeH, CBeTa M APYTHX H3JIYUeHHH —
OJLHH aroMbl MOIYT NOTEPATH OJHH HJIH HEeCKOJBKO 3JeKTPOHOB,
PacrmoJIOKEeHHLIN Ha CaMBIX BHELWIHHX 3JeKTPOHHBIX opOHTaX,
Apyrue, Ha000pOT, 3aXBaTHTh ce0C JNUIHIE, <Uy/KHE» 3/71eKTPOHbL.
C sToro momeHnTa mpedbiBaHie aTOMa B HeiiTpaJbHOM, «Ge3pas-
JIHYHOM>» COCTOSHHH NpPEKpallaercsi, H OH CTAHOBHTCS 3JIEKTPH-
YECKH aKTHBHBIM HOHOM: MOTEPABLIHII KAKOe-TO KOJHYecTBO 3.le-
KTPOHOB 4TOM — [0JIOXKHTEJbHBIM HOHOM, 3aXBAaTHBLUHII JHINHHE
3JIEKTPOHL! ATOM -— OTPHIATENbHEIM HOHOM. OTOpPBAHHBII OT CRO-
€ro aToma, HO He 3aXBaYeHHBII KaknM-i1H0O JAPYTHM aToOMOM,
5JIEKTPOH CTAHOBHTCH CBOOOJHBLIM 3JIEKTPOHOM.

Ilpouece npespaiueHHsi 3JEKTPHUECKH HEHTPAJbHLIX ATOMOB
B aKTHBHbIE€ HOHBI Ha3BIBAOT HOHH3auuell. B nonasisiomem
GOJILLIMHCTBE ¢/y4yaeB NPOLEcC HOHH3aUHH aTOMOB CBs3aH ¢ 1O-
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TCPeH HMH 3JEKTPOHOB, T. e, ¢ oOpaszoBaHuem NOJOXKHTeNbHBIX
HOHOB.

Tak kak xaotuueckoe TCIJIOBOE ABH;KCHHE ATOMOB M MOJIeKy
B BeLleCTBe, a CJeJ0BaTeqbHO, | CTOJNKHOBEHHS MeKAY HHMH Ha-
HHI[AIOTCST HE OT MPHBLIYHOTO Haym (° C, a or aGcoaoThoro HYJIS —
0° K (—273,16° C), To u npouecc HOHH3AUMH HauYHHACTCH OT 9TOi
TeMnepartypel. Ilo Mepe noBuimcHus TEMNEPATYPLI HOHH3AHS [10-
CTENEHHO YBEeIHUHBACTCH — MOYTH HE3dMeTHO B TBepanlx Belje-
CTBAX, GOJ€C AKTHBHO B 3KILTKOCTSX H BecbMa 3HEPrHuHO —
B rasax.

Ecan ke k HOHH3HPOBAHHOMY BelleCTBY NPHJIO0KHTL BHEIIHee
S/CKTPHYCCKOE NOJIe, TO B HEM HAYHETCS ylopsioueHHoe, Hanpag-
/ICHHOE ABHIKEHHE 3JIeKTPOHOB, T. e, HePEe3 HOHH3HPOBAHHOE Belle-
CTBO NOTEYET 3JIEKTPHUCCKHII TOK.

Crenenp HOHI3AUHH, eCTeCTBEHHO, 3aBHCHT OT paaa obGeros-
TEALCTB: IPHPOJALI BewecTBa (ecyn 3T ras, To OT NJOTHOCTH HJIH
CTEMCHH pa3spemenus), TEMIEPATYPHI, 3HEepPrHH HOHH3HPYIOIIEro
H3TYUeHHS H APYTHX NPHYHH,

Hsoronel. Mayuas NPHPOLHLIE PAIHOAKTHBHbIE 5J€MEHTHI, yye-
HBIC CTOJIKHYJIHCB € HEKOTOPLIMH HEMOHSITHBIMH ABJICHHAMH Jpy-
TOro nopszuxa.

Bewecrsa, o0pasyloluecs: B pesyJsbTaTe pacnaja, oKazwisa-
JILCh 110 CBOHM CBOHCTBaM COBEPLIEHHO OAHHAKOBBLIMH C yiKe H3Be-
CTHBIMH XHMHYECKMMH 3JIEMeHTAMH, OTIHYASICh OT HIX JIHWb aTOM-
HBIM BecoMm. Hanpuwmep, OTKpBITOE B 1906 I, BellecTro — HOHHI] —
OKa3aJ/ioch HIACHTHUHBIM TOPHIO, 4 oGlapymennslii B cJIeyolem
TONY Me3oTopuii — paamo. Bee Buapl CBHHUA, noJIyyalolHecs B
KOHEUHOM De3Y IbTATe MOC/Ie10BATE I bIbIX pacnanos uemnoyex ypama,
TOPHsL H AKTHHHA, OTJIHYAIOTCH APYT OT Apyra H OT 00BIYHOTO
CBHHUA TO/IbKO CBOHM ATOMHBIM BECOM. [Mostomy & nmpouecce no-
CTENEHHOrO yTOUHeHHs! Tab/uIbl 3JeMenToB Mer e 1cena IPUXOMIH-
710CB B OLLHH I T€ K@ KIETKH MOMElaTh YKe [0 HECKOJIBLKY BHIOB
dTOMOB 3JICMCHTOB € COBEPIUCHHO OAHUAKOBbLIMI XHMHYECKHMH
CBOHCTBAMH, HO PA3JIHUHLIX [0 Macce. -

Taxne aToMBI-GAMZHENB! CTa/H 1HA3LIBATE H3oTcnaMu («3aHu-
MaiolHe 0/IIIHAKOBOE MECTO»).

EctectBenno, Bosunkio NIOJI03PEHHE: a HeT JH H30TONOB H
Y OGLIYHLIX, HCPALHOAKTHBHBIX 3JEMEHTOB? Onunako Bolieants ux
OOLIMHBIMH — XHMHYECKHMH — MeTOLaMH HCBO3MOJKHO, TaK Kak
KUMHYCCKH OHH MIEHTHYHLL. DJICKTPHYECKOE [OJIe TOomKe Oec-
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CHABLHO, 1100 YNCI0 3JEKTPOHOB Ha OpGHTAX M TIOJOMKHTEALHENL
3apsij fpa y X ToxKe OJHHAKOBLL.

Kaxkoce ke ¢BofIcTBO H30TONOB OJHHX I TeX 3Ke 3JeMeHTOB
MoxHO Opwio Obl MCOOAL30BaTH Ad8 HX pasiciennsn? Touabxo
OO — PasHHUY B aTtoMHOM Bece. o ofHapyiuTh ee M0oXKUO OBLIO
Obl TOJILKO IIPH JBHIKCHHH 3JIEKTPHUECKH 3apsizKellblX HOHOE B
CHJIBHOM 3JEKTPHYECKOM HJIH MaruunTHOM noje. Ilpn oannaxcsoi
CKOpOCTH NYTh (TpaexTopus) atoMa Go.ee Jerkoro H30TONA HCKPH-
pisiiics Opr Goiiblie, 4eM IyTh atoMa Goviee TAXKEJ0ro H30Tona.

Ha stom npuauine u pafotaer cBoeoGpasHas «MaiiiiHa Ajas
COPTHPOBKH aTOMOB» — Macc-crnexTporpad Acrtona, Ha3BaHuuii
TaK N0 HMEHH BOEPBblE CKOHCTPYHPOBABLIEIO €€ aHIVHICKOro
dusnka (cM. «Pasdenenue usoronoes).

H3oTonw eOROpOAa

o)
g o
Npoton HeRTDOH

62



Oxasaziocs, uto noury Y BCEX XHUMHYCCKHX 3/IEMCHTOB IMe-
IOTCA cBOH H30TOMLL. ¥ oaNX ureMenTOR X Malo, y Apyrux
A0BOILIO  Mioro. Tak, KHCI0POZ COCTOHT H3 TpeX H30TOMOR:
Kieqopora-16 (99,76%), Kitcaopona-18 (0,2%) u KHCJIopoaa-17
(0,04%).

Hsotormm Guisaior VCTOIUHBbIC (crabuannble) u Hneycroityn-
Bhle (paauoaxtusiiie), T, e CaMONPOH3BOJIBHO PacHafaiouinecs
C TeuenueM ppevenn (Cx. «PaduoakTusnoe usoronuvezy. YV 92 sne-
MeHTOB  TadauuL Merieleesa K HAcToflueMy BpemenH oGHapy-
WeHo Hosee 250 YCTOUNBEIX nsotonos, Gosaee 50 €CTeCTBeHHbIX
1 Gosee 1000 HeKyceTsennsx PaJHOAKTHBHEIX H30TONOB!

Bosmouhocrs npumemsary OOBIYHBIM XHMHUCCKHM 316 MeH-
TaM HX PalHOAKTHBHBIX 6.1H3HCH0R OTKPLLTA IIHPOKYIO Aopory
AR MPHMEHEHHST TAKHX HeNpephiBHO CHTHAMIH3HDYIOIHY 0 CBOEM
IPHCYTCTBHH BILECTB B HAayUHbix HCCJIEROBANNAX, 0COBeHII0 B GHO-

JAOTHN, Meannune, s ofueli n OPrauuyeckoii XHMUH, a TaKkKe B Tex-
HHKE H MPOMBIIIIEHHOCTH (ci. «Meuensie arosmors),

Haodapu, Tux HASLIBAI0T AApa aTOMOB, HMEIOUX OJHHAKOBHIT aTOMHLI
BEC, HO PA3JHUHLIE NOJOMHTEAbHbBIE 3apsiak (aroMmunie HOMepa), a cJdejona-
TCABHO, B NPHHALICKALLHE K 4ToMay PASHBIX XHMHYCCKHX 2JeMenTos, Hane-
CTHO oOueHb Goabluoe uuCi0 Kak YCTOMHBBIY, TaK M PajMOAKTHBHLIX H30-
Gapos: wanpumep, LHpROunit-06  (,Zr%), wosuGen-96 (2Mo%), pyrenui-96
{(sRU™) . ¥V 1ux Y BCCX OAMHAKOBBII atoMIbii pec (96), 1o pasmvie” aToMube
Homepa (40, 42 i 44),

H3omepn spepume. Pannoakruenue A4pa atoMOB HEKOTOPLIX 3J1eMeHTon
MOTYT COCTOATh H3 ONHOIO H TOro JKe KOJIMUECTBA NIPOTOICE H 1efiTPOHOB, no
O-pasHoOMy pasmeiuensLx n npegeaax sapa. Baarogaps stam 0CO0eHHOCTANM
HApa MOTYT npeGuisaTs & pasuoii cren D030V ICHHOTO COCTOSIHHA, a fipH
frocaeayionies pacnate o61alath H pasaHumol PaiHOAKTHBHOCTLIO, T. @. OTJIH-
UATHOST DAHLIMI 11EPHOLaMK noaypacnana. Hanpimep, sgpa aromos OAHHX |
TEX HC HCKYCCTBEHHLIX DagHOaKTHBIILIX H30TONOB CypuMEI-124 MOryT mucrs
MIOMEPHEIC BO30YHICHIBE COCTOSHUSA c lepHoAaMH noaypacnaza, pasuniMu
1,3; 21 sum w537 ana.

Humexnus wactuy. I'ip YCROPATL 3apyieHiblie YacTHUR B paa-
JTHAH B X }'t‘;‘s’@j’)ff'ﬂ".’iﬂ\', HX HCOOXOIHMO EJI)L’.TLBEIPHTG.'H:HO pasornarth A0 OIIpC-
ALACHUOI IUCPIRY, 3ABHCHINCH OT TeXHITYO0KHY XAPAKTCPHCTHK YCTAHOBOK.

HoBoabHO C0MERIT Tporece BLIBOAd TAKNUX YACTHIL Ha OPGUTY OCHOBHOIG
YCKODHICS H Ha3BBAIOT HEAEKILHeI («BCHpBICKHBaHNEMS). Yactuus Moo
BBOAHTE KaK H3HYTPH (NpH Madblx SHEPIHAX YCKOpHTesedl), Tak H H3BHe Lar-
HHTHOTO NOJIA yckoputedell (B YCTAHOBKAX, PACCUMTAHHBLIX HA [NDPCICALHLIC
SHCPIHH yCKOpennn yaciiy). Hiumexiua sactii MOMET GHTb HONPepPLIBHON HAK
B (OPME OTACIBHLIX MY ILCOR,

Hon paamoaktusruii, Mpuponumil 5o — xumnueckni 3JIEMCHT € MOPAAKO-
BEIM HoMepom 53 u atoMmumM pecom 126,01 (52J'*7y — unieer peero ammb oxmn
raot01. OaHako mytem ofayueHna uefiTponamy p HACPHOM PEAKTOPe CyphMH,
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TeAAYPA, a TAKKC B pesydabTaTe Ae]CHMA sjep ypana-235 w nayronus-239 mo-
weT OMTh nogyucHa lelass TaMMa pajHOAKTHBHLIX H30TONOB HOAa € CaMLIMH
pasJIHyHBIMH NepHoiaMH noaypacnapa: uon-125 (56 awmeit), nox-128 (256 mun),
woi-130 (12,6 «), noa-131 (8 ameit), non-132 (2,4 «), woa-133 (22 «), nwoxn-135
(6,7 u). PagnoakTHBHBIE H30TONB HOJIA IIHPOKO NPHMEHSIOT B MedHUHHe H GHO-
JIOPHH, TJapHetM oGpasonM I8 HCCJACAOBaHHil o JdeyeHHs 3a00JeBaHHIl LIHTO-
BHUIIOH MeJe3bl, KoTopas Hakanaupaer B ceGe Hod. [aa storo ocoGeHHO NpH-
FojleH PajlHOaKTHBIILIT H30TOM HOA-131, obaadalomiui MaJblM NMEPHOAOM [0JaY-
pacnaja. KoHuestpauns ero B UIHTOBHAHOI JKeJe3e MOMKET OBITh I0BOJALHO TOUHO
H3MEPCHA CHAPYMH C NOMOILLIO OOLIYHLIX AO3UMCTPOB, UYBCTBHTEIBHBIX K TaM-
Ma-H3JYYeHHIO 3TOrO H30TOMNa.

JleyeGnoe jeiicTBHe pajiHOAaKTHBHOIO HOJA, HANpPHMEP NPH DaKOBOM 3a-
GoseBaHHK HJAM GOJe3HeHHO NOBLILIEHHOM (YHKUMH LHTOBHIHON Mesjesbl, oC-
HOBAHO Ha TOM, YTO, HAKONHBIIHCL B MIHTOBMIHOI xene3e, OH CBOHM Gera-Hs-
JYUCHHEM paspyludeT nopaxeHubie HJH GOJbHble CEKPETOPHLIC KJIETKH H3HYTPH.

Ilpn B3pniBe B aTMoctepe atomubix GoMG B uHcJAe PajHOAKTHBHBIX OCajp-
KOB BbLIN@jacT H MHOTO [0JIOMHBYIIHX H30TOnoB Hoaa. Ilonajas B opraHH3Mm
Jiojleil M JKHBOTHBIX, OHH MOFYT BBI3BIBATL JyueBylo (oJie3nb, a NPH 3HAUH-
TEJABLHBIX KOHIEHTPALHAX — HX THGEb,

HoHuaupylouHe H3Jy4eHHS — BCE BH/bl H3JY4eHH, BbI3LIBAIOUIHE HOHH-
3alHI0 aTOMOB MWJH MOJeKyJad BeulectBa. K HX uHCly OTHOCAT BHAHMBIE H
yabTpadHoaeToBbIe JYYH CBETA, PEHTreHOBCKHE H TaMmMa-JyuH, Jio0ble 3apsieH-
HEle YaCTHULI: 3JEKTPOHE, NPOTOHB!, aJbha-yacTHIb, MHOTO3apSHbBIE HOHDL.

Honuwbiii pBMratens (nonuas pakera). 3a mnocielHHe TOAbl B CBA3H ¢
CO3JaHHeM MOUIHBIX YCKOpHTe/ell 3apsideHHbIX YaCTHL H TJa3MEHHBIX npeol-
paszoBateJsieil Tenda HeNGCPeACTBEHHO B 3SJEKTPHUECTBO Hauamich pa3paGoTku
T4K Ha3LIBAEMBIX HOHHBIX PEAKTHBHBIX JABHTaTeJel AJs paker.

FaaBHbBIM c061a3H0M 3/eCh SIBJASIETCS BO3MOMHOCTL cHayala INpeBpaTHTbL
B HH3KOTEMIEpaTYpHYIO MJAasMy, T. €. MOHH3HPOBAaTb, ra3oobpasHoe TOMJIHBO,
a 3aTeM YCKOPHTL MOJyueHlble HOHBI J0 CKOPOCTEii, COMOCTaBHMBIX €O CKO-
pOCTbIO CBETE, & TEM CaMbIM YBCJHUHTL THIATY IlBlll“r‘i’l'L‘"lL‘I“l BO CTONBLKO pas no
CpaBHEHHIO C OGBIUHEIMH BHAAMH TOILIHBA, BO CKOJILKO Pa3 CKOPOCTL HCTCUCHHSA
HOHOB TpPEBHIIAET CKOPOCTH HCTEUEHHS ra3006pasHbBIX NPOAYKTOB CIKHIAHHS
XHMHYECKOTO TOMJHBA, eC/n 6paTth HX OjJHHAKOBHIe KoJuyectBa. OTcl0ga NMOBLI-
WeHHLIC IPYI0N0ABEMHOCThL, CKOPOCTh H JaJAbHOCTE T0JeTa paker, GOJbUINI 38-
nac HOAHHMACMOro HMH TOIJIHBA H ADYTHe CTOJb JKe pelialllHe NnpeHMyiie-
cTBA.

EctectBeHHO, UTO NPH NPHMEHEHHH HONNLIX ABHIATCNCH HHYCrO He aaerca
HapoM. I_L."H TOTO 4TOOBI HMCTL BO3MOMKHOCTH HOHH3HPOBATL OrpoOMHOE KOJIH-
YeCTBO aTOMOB razooGpasHoro TOIJIHBA, a 3aTeM Pasoriartk HOJAYYCHHYIO Maccy
3apsMEeHHBLIX YACTHIL A0 CKOPOCTeH NMopsaKa JeCsITKOB H COTeH THICSY KHJOMET-
pPOB B CeKyH1y, HeoGXO0IHMO YCTaHaBJAHBATL Ha PaKeTe MOIUHBIC HCTOYHHKH
9HEPrHH, BEC H o6beM KOTOPBLIX «CBeAAT» 3HAYHTEJILHVIO 10/110 MpEeHMyLLecTs,
1IpHOGPETCHHBIX 3a CYET OFPCMHOIO BLIATPBILA B CKOPOCTH HCTCUEHHST PEaKTHB-
noit erpyn. OaHAKO NOACYETH, TIPOBEIEHIbIE YUEHbIMH, NOKA3agH, 4TO Hrpa,
Ge3yc/ioBHO, CTOHT cBed. B pesyibTare Q/HTeJbHLIX HCCACAOBAHMNA Naa3MenHLle
ABHTATEAH, CO3LaHHBLIE COBCTCKHMI YUCHBLIMH, Br¢pBbIE 611.;1:1 NMPHMEHCHBI Ha
2BTOMATHYECKON MeKNaaHeTHol ctanuun «30u1-2» B 1964 r,

YerpoficTBO HOHHOTO JBHraTesisl HCKJIOUHTENbHO mnpocrto. OcHOBHAas ero
4acTb — JACKTPHYECKHH TreHepaTop, CO3AaI0UHI CHJbHOE 3JCKTPHYECKOe mnoJie
BELICOKOTO Hanpsimennsi. MCTOUNHKOM NOMOMHTENLHO 3aPSUKEHHBIX HOHOB MOFyT
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GbITh razoo6pasiupie BCUlCCTBA, Haupumep Bogopoy n TeJAHIT, Jerkmii merann
UE3HIT HJM ApYyrHe BeluecTna, HONHSHDPVIOUIHECH, 7. ¢. TepsiOUIHE CBOM SJ¢K-
TPOHEL YK€ NPH CPABHHTEALHO HEBLICOKIX TEMIICPATYDAX — TMOPSIAKA ABYX —
IMTH THICAY rpajycos. [Tonagas p JACKTPHYECKOE 110J1€ MOLLHOTO YCKOpHTEAs,
HOHLL DasrolsioTCa [0 KOCMHUECKHX CKOPOCTEH M BLIGPACHIBAIOTCH H3 XBOCTO-
BOH Y3CTH ABHTaTEJIs, CO3/1aBast TAKHM o6pason Tsry,

Hekposas kamepa — cuerunx IS PETHCTPAUH PAAHOAKTHBIILLY 1371y denil,
B KOTOPOM 3apsienHasi wacriua, poeTan B TOMHO noaoGpannom npoue-
AMYTKE MEKAY ABYMA HANOASAUIHMHCH 1101 BLICOKMAM FICKTPHUCCKHM Hanpsike-
HHCM  3JIEKTPOAAMH, HOHH3NDYCT 3aNOJNHTIONUL  5TOT NIPOMCIKYTOK ra3z wau
HHOE  BEUIECTBO, B pesyabrate dero MCALY 3JCKTPOAEMH NPH Kam,/10M Noas-
JICHHH  3apAXentoli  4acTHUBLl BO3HHKACT OOLIUNLIT  3JeKTPHUCCKHI] paspsn
(3a1exTpuucckasn uckpa). [pucoeannertoe k rtakoi KaMepe ycrpofcTeo 11o3Bo-
<IIET CYHTATDL YHC/IO Pa3pAjoB B CAHHHIY BPEMCHH, @ TeM CAMBIM H KOJHYECTBO
POJIeTaIONIHX Yepe3 HCKpOBoii MPOMEIKYTOK 3apAyKeHUBbIX YacTHIL

OCHOBHbIE NOHATHA M TEPMHHBI

Crp.
Keantw. Teopus ksamron____ 65
Kputuueckan macca (siaeproro ropiovero) —__ 66
Koatduyuenr PA3MHOMEHHA HEHTPOHOB 68
Kocmuyeckue ayuu e L i 70

Ksautel. Teopus ksantos. Xors NOBE/ICHNE CBeTa, PeHTreHOB-
CKHX H ramma-iy4eii B OGBIUHBIX YCJAOBHAX [OJTOE Bpewmsi yGoeu-
TEJILHO  CBHIETE/BLCTBOBAJO 06 HX BOJHOBLIX cBojicTBax, GLA
H3BECTEH M UENHH DAL ABJIEHHIT, KOTOpLIe Teopueil Bo.1H0BOrO 1po-
LLECCA HHKAK HEe MOATBeP:KAAMHCh. MX MO0 GLLIO JA6rKo o0bsic-
HHTL TOJILKO B TOM Cayuade, ecail NpeAnodo:kHTh, YTO OYCHE KO-
POTKHM 5JIEKTDOMATHIUTHEIM BOJHAM, 1O KpaiiHe Mepe 1npH HX
B3aHMOeiICTBHH C BElleCTBOM, NPHCYIIH CBOMCTBA AHCKPETHLIX
1aCTHL, T. €. TeJl, HMEIOLLHX ONpeleseHnyio, KOHEUHYIO BeJIIUHHY,
OAHAKO MOTYLIHX CYLIECTBOBATH H ABHIATLOS TOJLKO CO ciopo-
CThIO CBeTa.

B 1901 r. usBectHLli Hemenxiii usuk Maxce Ilaank npesno-
MHJI TEOPHIO, COrsIacHO KOTOPOli B mpollecce (Gr3Hueckux npeot-
Pa3oBaHHil ¥ B3aHMOJEHCTBHII aTOMOB BellecTBa SHEPTHH BbIe-
JISIETCSL H TIOIVIOWIATCS HE HEeNMPEpPBLIBHBLIM, CHJIOLUIHBIM MOTOKOM,
a KaKk Obl KOHUEHTPHPYETCS B MeJKHEe KOHEUHLie KOJIHYECTBA, HJIH
nopuus. Takaa nopuus sHeprud nosanee MNOAYYHJIA Ha3BaHHe
KBaHT.

CaenoBatesbHo, morouienie CBeTa, PEHTreHOBCKIX 1 raMama-
Jy4YeHd Pas/HYHBIMU BEILECTBAMH, 4 TAKKe HCIIyCKauie cBera Bos-
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OyIKICHHLIME aToOMaMi, HAMPHMEp HAarpeTors A0 BLICOKOI TeMIe-
paTypbl BesecTBa, NMPOHCXOIUT CTPOFO OMNpEAeeHHLIMH KOHeu-
HBIMH HOPUHAME — kBaHTamu. Mepoit sHeprust ksaura Ilarank
CUHTAJ BeJHUHHY, MOJAYyHaeMyo 1o (opmy.ie

E‘—'t’tv,

rae £ — stiepria, spe; v — uactoTa KoJedauiil HCTOUHIKA H3AyHe-
uus, !/eex; A —rtexoropas rnocTrosiHHas — BeJAHUHHA, pPaBHa#n
6,62 107 apefcex («noctoauuan [Mnanka»).

H3 s7oro 10BOJBHO NPOCTOro BLIpAXKEHMs CJAeLyeT, UTO ueM
BBIIIE 4aCTOTA 9JAEKTPOMATHHTHOrO H3JYUCHHS, TeM OO/AbIIYIo
SHEPTrio HeceT ¢ co0oil Kam bl KBAHT H3JYUEHH.

-O/lHaKo TOrJ0MWATLCS H HCIOYCKATLCS KBAHTLI 3HePrHH OyIyT
TOJIBKO TOTAA, KOrJa OHH JOCTHIHYT CTPOTO OMpPeAJIeHHOll, IMpH-
cviell TannoMy (PU3HYECKOMY Nponeccy BeJHYHHDL.

dotosdhdhert — huanueckuil npomece, NPH KOTOPOM MNanalo-
I{He Ha MeT4aJJTHYeCKYIO IOBePXIHOCTDh KBAHTBLI CBETA ﬂp“ JoCTa-
TOYHOI HX 3HepPruil BRIOHBAIOT 13 MeTaJJla 2JIEKTPOHBL.

[Moso6unle mopiiin cBeTa No3:Ke Ha3BaJH (oToHaMH, [TOAUEp-
KHBAsl 3THM KODPIYyCKV/IsIDHBIE CBOHCTBA CBeTa.

Kpuruueckan macca (sigepHoro ropioyero). Xopouo H3BeCTHO,
YTO HUKAKHMH CHJIAMH MOAXCUb I 32CTABHTH OpeTh Jajbllie Ma-
JMCHLKH KyCOueK yIvisi HeBo3MOKHO. B To ke Bpems OoJblias
Kyua yris POPHT NpeoTJHUYHbIM oGpasom. IlpHukHa storo, xasa-
Jioch Ob!, HRMOHATHOTO MPOTHBOPEUHS 3aKJII0UAETCSA B TOM, YTO XH-
MiYCCKas 1ennas Peakiuus ropeHus TOMJAHBA, HAayuias npx 500—
600° C, rmoxer nmoTiepKHBaTh caMa ce6s TOALKO B TOM Cayuae,
CCAW BBIUIE/IAIOUICCCA TP 3T0M  TeIJI0 B COCTOAHHH HENpephiBHO
HArpeBaTh A0 TAKOIl yKe TeMIepaTypnl H COCEIHIE CJOH TONJIHBA.
A 3TO BO3MOMKHO JIHIIbL TOFAAd, KOrAa HPHTOK TCIIA K 30HE rope-
HHST TPCBLILIACT €ro [OTEePH HYepe3 MOBEPXHOCTDb ellle XOJ0AHOTO
yris. [l ouem MeHblie Kycouek yriisi, TeM OTHOCHTeNbHO GOJiblLIe
ero moBepxiocTh (N0 OTHOMIEHHIO K Macce), uepe3 KOTOPYI0 Mo-
WeT yJaeryuHBatees 3To Tervo. Hanpusmep, y mapa anamerpom
20 cm orHOLIeHHe OBEPXHOCTI K 0OBEMY COCTABJSIET BCEro
0,3, B TO BpeMst KaK v UIAPHKA JIHAMETPOM 2 €M 3TO IKE COOTHO-
urende Oyaer pasio 3, T. €. B Jdecath pa3 Gosablie! EcrecrBenHo,
UTO MpH HATPeBaHHI MaJblii wapHk O6yIeT TepATh B HAecATh pas
GoJbitie Tenjia, yesM KpynHuiil. [loTepu aTH MoOryT ObITh CTOJb Be-
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AHKH, TG CANMONOAAEPIKHBAIOIIEHCH PEAKUHH TOPEHHS HE noay-
unted. Hymen kaxoii-to onpemesensplii  MilHIMAIbHBI thusnye-
CKHH 00BeM TONJMBA, KOTOPLII HA30BeM KPHTHYECKHM,

s navana camopasBHBaIOmeics iemioil Peaxkuun AeJeHHs
IED ATOMOB ypaHa WM NAYTOHHS HVZKHO, Y4TOOL! KaKoe-To OLHO
CAMONPOH3BO/ILHO DA3ACHBIICECH AP0 aToMa BRIGPOCILIO, neny-
CTHM, ABa HEliTPoHa, a 3TH HEHTPOHB! OOSI3ATEABHO MODAMI B CO-
CEMIHE 1A ATOMOB ACJALIErOCs BEIICCTBA M PA3Ae M Obl ye
MO ABa siApa Kauicisli, 4 Te BLIGPOCHIH ueTmipe HellTpoHa, Koto-
PHIE B CBOIO Oouepens paspennan Gl ueThipe sipa M BeIOpOCHIH
16 HOBRIX HClITPOHOB U T. 1.

Ho neiitpoust Moryr W we nonanats B siipa COCeJHHX aTOMOB.
O6bem 1 2 ypaua pasen 0,053 cu® i cojiepxkur 2,56+ 102! aro-
MOB. A eC/IH CAOKHTH A1Apa 3THX aTOMOB BCe BMECTe, TO OHH 3ali-
MYT TO/IBKO 4,1+ 1071 cm3, uan opny JECATHTPIVITHOHIYIO J0J10
00beMa TOPOLIHHKH ypaHna, Wi IpPHMEPHO CTO.IBKO Xe NpocTpan-
CTB4, CKOJILKO 3aHHMaeT WapHK o6bemom 1 i’ nmo cpasHenmio
¢ Coannes. [Ipi TaxoM COOTHOMWEHHH OGBEMOD HeHTpoHBI OyayT
OesHazexno NPOCKAKHBATE MHMO UEAH W BLLICTATD H3 KyCcouka
ypana napyxy. Hikaxkoii nennoit peakuun pedenus SIIep ypaHa He
NOJAYUHTCS,

Ho ecan B3sTb CAHTOK ypana BecoM B HecKoAbKO JECATKOB
KHJIOTpaMMOB, T. e. cepy auamerpom 25—30 cu, To BepOsITHOCTD
BhileTa HeHTDOHOB, He 3aNeBWIMX 1O HyTH siep atoMoB ypaua,
OyZeT CBOAHTBCS K MHHHMYMY.

MoXHO MOCTYNHTL H Tak: OKPVIHTL COHTOK ypaiia pelie-
CTBOM, XODOLIO OTPAZKAIOUIHM HEllTPOIL,— OTpaikaTe/jeM H3 Fpa-
¢uTa, TEKeT0l BOALI H APYTHX BELIECTB, sgdpa 4aTOMOB KOTOPHIX
MO MACCe CONMOCTABHMLL C HEHiTPOHa M. DTOT 3Kpan GyAeT Bo3Bpa-

firowe rpadivta k
HefTponu
D Vel
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WLaTh HEHTPOHLI OOPATHO B CJAHTOK ypaHa H TEM CaMblM JaBaTh
HM JOTOTHHTEI5HBIC WIAHCH HAKOHEL-TO BCTPETHTLCA C SIAPOM
aroma ypasa 1 pasieJiuTh ero,

CylecTBYeT M TPeTbsl BO3MOKHOCT., JIBHKYIIHECH C OTPOM-
HbIMH CKOPOCTAMH siJepHBle YacTHIL 00/1a1a10T He TOJbKO CBOIi-
CTBaMH 4YaCTHIL, HO 1 CBoiicTBaMH BoJH. IIpH 2tom ueM menJeH-
Hee OHH ABHKYTCA, TeéM Gosblue MPOSBIAAIOTCS Y HHX BOJIHOBLIE
csodctBa. M, yto camoe mapagokcanabioe, TeM GOJbLIHM CTAHO-
BHTCst TaK Ha3blBaemoe CceyeHHe, T. €. YCJIOBHAs NOBEPXHOCTb HX
BO3IMOXHOTO B3aHMOIEfiCTBHA C BCTPEUAIOUIHMHCS HA NYTH SADAMH
atomoB. Yacruua kax Obl yBeHuHBAaeTCsi B pa3Mepax, «pas-
Aaetcsi» mo cropodam. Tam, rae GBHICTPLIA HeflTPOH mpoJeresa Gol,
HE 34/CB HH OIHOTO fpa aTOMa ypaHa, OucHb Me/ICHHO JIBHIKY-
wiics, Kak Obl «pacnyXunii», HefiTpoH GyJeT HenpepLIBHO HATDI-
KaTbCHl Ha siApa 4TOMOB ypaHa M JeJHTh HX yxKe Habephsika. Cuie-
JIOBATE/(bHO, HCOOXOAMMO KaKHM-TO CIOCO0OM 3aMelIHTb Hell-
TPOHbIL. :

Tenepr moXHO cnenaTe W BbIBOABL JlAS  OCYlUIeCTBJEHHS
LEMHOro Ipouecca B ypaHe HeoOXOAMMO, 4TOOBI KOJHYECTBO €ro
OblLJIO He MeHblle Onpe/le eHHOr0 KPHTHYECKOTO o0heMa.

Iast KOHKPETHBIX YCJOBHII BO3HHKHOBEHHS CaMOpa3BHBAIO-
WEeHCsT LenHoil peakuHH [eJeHHst KpHTHUeckas Macca MoxKeT
HMETb PA3HYIO BEJHUHHY.

MozHo ckasaTh W Tak: KpHUTHUECKAs Macca, MpH KOTOpOIi Ha-
YHHARTCH UEMNHAasi peakuMst JCJACHHS,— 3TO TO MHHHMAaJbLHOE KO-
JHYECTBO SAAEPHOTO FOPIOUEro, NpH KOTOPOM KaykK10e MOKOJeHHC
HEHTPOHOB POXKAALT CACAYIOUIEE MOKOJeHHE, HACYHTHLIBAIOLLeEe Ta-
KOC JKe /1 HeCKOJLKO GoJiblluee KOJHYECTBO HEHTPOHOB, T. c.
KOrJa HoTepH HOITPOHOB B HEM BCJEACTBHE YTEUKH HJH NOTJoule-
HHA OPHMCCHMH TOJHOCTEIO BOCTOJHCHEL.

Kosdduuuenr pasmuokennn neitypoHos. [Tpu aenennu siapa
aroMa ypaua-235 Ha ABa OCKOJIKA (3JEMEHTBI, NPHXOLSLHECH
Ha cepeinny nepuoanueckofi TalJaHUBI XHMHYECKHX 3JEeMEeHTOB
Menneneena) BuicBoGoxaAal0OTCA ABA-TPH (B cpesiHeM 2,5) wueii-
Tpona. KouuecTso pensimipxcst saep OyAeT yABAaHBAThCS HJH
YTpauBarhCH NpIH KamJI0M HOBOM MOKOJCHHH aeneHdil. Ho sto
ML B H1CAJLHOM, TEOPETHUIeCKH BO3MOMKHOM cayuae. Ilpaktu-
YeCKH e B ypaue Jiolboll CTeneHH TeXHHUYeCKOil UYHCTOTLI BCErja
TPHCYTCTBYIOT MOCTCPOHHIE NPHMECH, MOTJIONAIONIe HEKOTOPYIO
4ACThb BHICBOOOA 1AIOWHXCH NPH AeJeHHH HeiiTponos. KoMnencH-
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POBATL STY NOTEPIO MOXKHO, TONBKO COKPATHB 10 MHHEMyMa Ko-
JHYCCTBO HEIHTPOHOB, BLIICTAIOUNX 34 npeaeanst paGoueii 3ombl pe-
4KTOPa H He ycrneBaloOWNX PasjieuTh CBOIO 10110 silep ypaua-235,
HIH YBEIHUHB KOJMYECTBO SACPHOTO TOMTHBA B peakrope (cwm.
sKpuruueckas Maccar). Ho ecau ypan ovens €34arpsiueds Bpej-
HBIMH, TIONJIOIAIOIHMHE HeliTPOHbI IOPHMECHMHE, TO YVIKE 1C NOMO-
P4IOT HH YBeJHYEHHE ero KoJHYecTpa, Hi Hajuune xopoluero orpa-
RATEIS, BO3BPALLAIONIEro  HeiiTponbl 00paTHO B aKTHBIYIO 30HY
Peakropa. Hukakoii wenuoii peakumn B sron clyuae ne BO3-
HHKaer.

«Bpeansivu» npumecamu IIPHXOAHTCA CUHTATL M ATOMBI OCHOB-
HOro Ts2KeJ10ro HsoTona npuposHoro Ypana —vypana-238. Ux aapa
CAHIIKOM 3KAJHO MOMIOWAIOT HeliTpomk. [Tostomy B cruiowmnonm
CJIHTKE NPHPOAHOrO ypaHa JioGoro o6beMa, cocTosiiero Ha 99,3%
3 3TOr0 H30TOMa, UEMHOIl peakunn ge/eHHs «IIPOCTO TaK» BO3BY-
JUTh HeJib3sl.

Hy, a kaknn TyTeM MOXHO? Ecau KakuM-To cnocoGom Ham
yhanoch BosOyAHTL B CaAHTKe YpaHa peakuHio IJeJeHHS, To OHa
OyLeT NMpoAo/KaTLCst HA TOM e CAMOM YpPOBHe (uHcae HeseHHil
B CAHHHUY BPeMEeHH), ec/H Kas bl BBICBOGOAHBUIHIICH B npo-
L€CCe TaKoro AesieHHst HeliTpoH 06s3aTebHO pasgeJHT Xora Gbl
1o olHOMY siApy aToma ypana-235. He HYAHO H yrajablBaTh, uTo
YCIOBHAs BeIHUHHA — KOIPPUYUERT pazmromcenus Hedrporos K,
T. €. Cpe/ilHee 3HAYCHHE OTHOLIGHHS YMCJa BTOPHUHLIX HeHTPOHOB,
/IPOM3BOASIUAX  JelleHHe sgep aTOMOB yYpaHa nJaM niyToHus,
K UHCNY TMePBHYHBIX HEHTPOHOB,— B 3TOM cayuae OyAeT CTporo
PaBHa enuuune. Ho npn mo6oM, nyers name camoyn MEeJJIEHHOM
POCTe uHCcaa neseinl, AOIYCTHM, KOT4a KOJHYecTBO HEHTPOHOB,
ACIALLIX CBOH f/pA 4TOMOB TOMJIMBA B KaiKIOM nocJenyomien
IOKOJIEHHH, NMpeBLIIIAET XOTH Obl Ha MHJIJTHOHHYI0 JI0J110 uincdso
PA3NCJIUBLUINXCS sillep NpeabiAyIero NOKOJIEHHS, KosMdhuuienT
PasMHOXeHHst OyneT yiKe mnpeBuniLIaTh eanunny. Ounsitb-taky B
HACANbHOM ciyuae on GyldeT paBeH, kak HeTPYAHO IorajgaTtbes,
2530, . e KOJMHHCCTBY HEliTPOHOB, BLIGPOLICHHBIX pasiens-
LIHMES IIpOM ypaHa-235. B kusiorpamme ypaua-235 umeercs npu-
MepHo 2% atomoB. U naxe ecan uennoii npouece B CAHTKE Obla
HauaT BCero 0JiHUM HelITDOHOM, TO BCe 3T0 GyKBanbHO acTpPOHOMIH-
'IECKOe KOJMYECTBO aTOMOB Da3Ae/uTCsi 3a HHUTOXKHYIO 10J1I0 ce-
RYHABl — BCero 3a 80 nokovenuii menennii! M ecay Lenuylo peak-
ILHIO JIeJICHHsT HCKYCCTBEHHO He 3aME/IATh (T. e. He YIPaB/IsaTh elo),
OHA OKOHYHTCS MIHOBEHHBIM B3PBEIBOM (ATOMHAsI Gomba). [lpn
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<1 nennas peakiia HEBO3MOMKIA, a ec/ui Obf H HAYA/1ACh, TO Te-
THHYEMO 3aTyx1a Obl.

Kocmuueckue ayuu. Beseg sa otepeitiem B 1895 r. pentrcHos-
CKHX, & 33 HHMH ¥ PaJHOaKTHBHBEIX Jyucll yuyeHbie 3a71aJHCh BO-
MPOCOM: & HeT JIH B IPHPOAC H APYTHX, elle HEH3BECTHLIX H3Tyiue-
HAY, MPOJHBAIOWHY cule 0OJLIIe CBeTa Ha CAMbBIE COKPOBEHHLIE
(usnyecKHe NPOLLCCCHl, NPOTEKAIDMHE B GECKOHEUHLIX TVIyGHHAX
ATOMOB?

Ascrpuiteiiii dusux B. Tece B 1912 1. 3anycTua BO3IyUIHbLil
map ¢ perHcTpallHoHHOIl annapaTtypoil Ha BeicoTy 5 ki, K yansne-
HHIO BCETO YUEHOTO MHpAa, H3JyUeHHE BBePXY OKAa3aJ0Ch HAMHOTO
CHIbHEE, HeM Yy TIoBepXHocTH 3emdan. [lasabielimine MHOTOUHCACH-
HbIE ONLITH MOKA34JH, UTO HOBOEC H3JYUYCHHE NPHXOAHT OTKYAA-TO
H3BHe, W3 kKocMoca. [TosTomMy Mo MecTy mpeanosaraemoro 3apox-
JeHIist 0HO OBIJIO Ha3BAHO KOCMHUECKHMH JIydaMIl.

[TepBuie ke MOMBITKHM OMpeIeAHTH NPHPOAY ITHX Jyueil npu-
HEeCJAH HemMa 0 HeoXniaunocrell I OTKPOBEHHI,

Haunem ¢ Toro, 4T0 OHIl 0KA34HCh HE JYYaMil, d YaCTHILAMH —
NpoToHaMH, HeGOIBUIIM KOJHYECTBOM SJIEP ATOMOB TeJIH — &dh-
(ha-vacTHIAMII Il COBCEM DEIKO — SI/IPAMH aToMoB (oJiee THAMKEBIX
3JMeMEHTOB — yIViepoja, a3ota, kenaesa u apyrux. [ladee BuiscHiu-
N0Ch, UTO roZaBiasioliee OOJILUIHHCTBO 3ITHX 4vacTHi, ob6Janaer
OTPOMHOI, a4 HEKOTOPBIE 1ake UV I0BHUIHO OTPOMHOI sHepTrHell, 1o-
CTHTAIOILEI MHJIIHAPIA0B MHAIHADPI0B 2JIEKTPOHBOILT, B TO BPEeMs
KaK camble GulcTpuie M MPOHHKAIOUINE YacTHIUL], BhiGpachiBaembie
MpH PalHOAKTHBHOM Pacnaje BeulecTB, «ejBa» JOCTHTAIOT IHEep-
v 10 Mos. KocMuueckie 4acTHilbl YAABAJAOCh 3aperucTpHpOBaTh
faxe Ha royoHHe HecKOJLKHX KHIOMETPOB MOJ 3eMJell MJIH 1o
Bonoi! Hakonei, uto camoe Bawdoe, yiaJoCchb VCTallOBHTb, YTO
NOJAMHHO «KOCMHUECKHX» YacTHil B 3TOM JOCTHrAIOWEM 3eMIH
noToke moobuie Het. [lodas.isiioitas Macca «iyueii» — 37o Gecunc-
JeHHbIE OCKOAKH MHKPOCKONMHYCCKHX KaTtactpodh — sl1ep aToMoB
BO3AyXd, PA3PYUIEHHLIX TIPH MONAZaHHH B HHUX TEPBHUHBIX, «HAa-
CTOSALLIN? KOCMHUYCCKHX 4acTull, ofaaamouiiX cToMb OrpoMHOI
SHEPTHell, YTO 3TH OCKOJKH CAMH NMpPeBpallaloTcs B KOCMHUECKHE
JAYHH OUTH TAKOH e KOCMHUECKOI! 3HepruH, crnocolHble ¢ He-
MeHbliiell J1erkocTeio pa3diiBaTh sApa aTOMOB Bo3ayxa. Jlaxe
€0CKOJAKH» OCKOJIKOB, K TOMY K€ el(e H HEeCKOJIbKHX MOKOJeHHIl
pasduTHIX 0 OCHOBAHHS sID ATOMOB, CHOCOOHBI Pa3bHUBaTh
CBOI HOPURH aTOMOB, CO3JdBasi HAPACTAIOULYIO, KAK CHEMHBII
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KOM, JIaBHHY — cpoeofpa3snyio LEIHYIO peakunio sAepHbiX KaTa-
crpod. M ne toavko ockoukop. Buiieasiommecs B xope TAKHX
CTOJIKHOBEHIUIT OrPOMHLIE KOJuecTnA SHEPIiil NOPOKABIOT Uedble
CEMENCTBA HOBLX, He CYLIEeCTBYIOWHX B OULTUHEIX YC/IOBHAX KO-
POTROMKIUBYLIHX YaCTHH, KOTOpHe, Pacnanascen, Tyr ke nopomkpa-
0T HOBRIC YACTHULI CaMBIX PasHOOGPasHBIX (uskyeckny cpofiern
I Xapakrepucrux. ITpupona kax 6u CO31aeT Ha MHMIHADIHBIE
A07H CeKYHA CBOH COOCTReHHLIe “HCKYCCTBEHHEIE 4aCTHULI», He-
BOJBHO NPHNOANKMAS 3aBECY Haa caMbiMu COKPOBCHHEIIINMH
TallHaMH  0Gpasopanus Matepin  (¢M.  «Iaemenraprvie ya-
CTuyoes),

Kamepu pernctpaumornute. Tax nasunawor HeNnil Kaace npnGopor u yera-
HOEOK, KOTopole Hapsay co CUETUHKAMI YacTmL W Todce FOCTOITHEI MK doTorpa-
(huyecknmu UAACTHHKAME  ABARIOTCS  0CHOBILIM CpeacTeamMu  nadiofgeHna
1 perucrpanuu AREPHEIX peakuuii, npecpautenuii SCACMEITAPHBIX  yacTHy npn
HX BaauMopelicTeugx APYT € JPYroM, mnayueuus stHx Opespamenitii u peak-
LHIT He TOARKO ¢ RAUECTBLHHON, HO H ¢ KOJuYeCTReHNG{ CToponnl. asnwimy u3
Goratoro pasnooGpasua noxo6unx YCTpoiicTE  apagiores: Kamepa Buaiscona,
B KOTopoii npoaetammasn 3aPAIKCHHAA vacTuna OCTaBIsieT 338 celoil BHANMLI)
GIeL U3 CKomAeHCHPOBamHoro NEPEHACKHIUEHROTO napa; nyzviperossle Ka-
MEPLL, GCHOBAHHLIC HA CROficThe NEPerpeToil MHUAKOCTH BeKnnath NPH APOXO0XK-
ACHHH Yepes nee sapaxenioi HACTHILL, TaKKe OCTABAAT BHIHMLIT ciel B BHjE
MCABHANIINE ny3supRKon apa; werkposee kasepw, s KOTOPHX noasjende ya-
CTHUB! 0003HavaeTcy BO3HHKHOBEHICM AHEPOCKOIHYECKOTO S1eKTPHYeCKOTD pas-
Pana, n Muorue apyrie.

Kamepa Buascona. Yenexu B KOHCTPYHPOBANI  CHETUHKOB 3aPHHCHIBIX
HACTHI, NOCTABMAN nepen YUCHBIMH TaKkylo sajgauy: a ueapsa an NONBITATLCS
KakuM-iHGo cnocoGoum “YBRIETL® WacTuuul, mu3 KOTOpLIX cxaaauinacrea atowm,
HCCMOTPA Ha TO, WTO OHM B MHJARED 21 Pas Meubne caunix MANCHBKHY TeJd,
KOTUDHE MOM¥HO ]]831'.'151,’1(_‘]‘[: B CaMLie ol b ONTHUCCKIe MHIKD 'CE-I()IIE;I?

05[.-1'{[[0, Korjia uro-jino mioxo )OI YTO-TO MeUlaeT BHIETH, TOBO-
PAT, 4TO «BCE KiK B TYMAHe» HIH «BCC SATYMalnuIochy, O_‘!,HBK(J B HEKOTOPHX
CAYHANN, no kpaitiell mepe B oGaacty HINKH, «Tyman» no3soamer HEBHAMMOL
UPCBPAllaTh B BHAHMOE. 9T0 HECKONLKO HCQKHAAHHOE OOCTOATENLCTED cpsie
38HO € BONPOCOM: NOYEMY M KaKum cfpasoM Ha smenem nele culupaTes
ob.aaKa u Ty, TIOUEMY BEINAJLACT HOHL?

B poanyxe, xaknm 6u on HU
6Ll cyxum 1 NPO3paulLIM, Beer-
Aa C{),’[‘JP}E(!.’TL‘SI E.IC.'\'()T!'J]J(J{‘ KO-
HECTEO BJArH, HenpepusHO Hcna-
psieMoil MopaMH, osepamu, pexa-
MH, DACTCHHSIMH N TOYBol. STH
BOASHEIC MAPBl He3aMETHH, Tak
Kax OTAeAbiible MOJIeKYIH napa
PACHpeAeseHs! B BO3IyXe papHo-
MEDHO H He H3MEHHIOT ero ojaHo-
POIHOCTH, KaK HeBHAWL PacTBo- :
PCHHLIC B BOJE MCAEKYJL COJIH, g




Onnaxo ecau aTMocepHoe A4BJcHHE MO KakKHM-JHOO NPHYHHAM MOHH-
JKAETCHA, TO COAC)MAEIIHIICA B BO3JyXe Ilap CTAHOBHTCH MepechileHHbiM. Bor
TOrAa OTAebHLIC MOJEKY/Ibl BJArH CORAMHSIOTCA CIePBA B MEJKHC KalleJbKH,
BHAHMbBIC B BHIE 3HAKOMOTO Ham «mapar» H 00/dKoB, a 3arem B (oJiee Kpynuble
Kamay, Kotopele, He GyayuH B cOCTOsSHHM CBOGOAHO NJAaBATL B BO3JyXe, na-
Jai0T BHH3 B BHAC AOHIA.

Ho Bnara moikeT coGHpaTLes B KallH TOJILKO B TOM CJy4ae, ec/H B BO3-
AyXe CcoaepiKaTtcda B J10CTATOYHOM KOJHUECTBEC MEJIKHE MNblJHHKH, ocoGenHo
€C/H OHH HECYT 3ICKTPHuccKHe 3apsanpl. OHH-TO M SBAAIOTCH ILCHTPAMH KOIi-
gencauus piark. Muaue MosekyJel mapa ne MOryT COGAHHSITLCA B KallIH jgawke
npH GOJLUIOM H3DLITKE BJI4TH B aTMocdepe.

B 1912 r. aurawiicknit ¢usnk Yapap3 Buiabcon, MHoro paGoraslusii o
3TOrO Hag BONPOCAMM NPOHCXOWJACHHA 10X el H TYMaHoB, NPeIJONKHA O4Yelik
OCTPOVMHBLI H VIHBHTE/BLHO MPOCTOIH Crnocol «BHAETh» 3apsKeHHbIE UaCTHLLL
ﬂ.;'lﬂ ITOro JIHIIL HQOGXO,‘,IH.‘.[O B HANOJIHCHHOI HePeHaceeHHBIM napo.\[ Kamepe
BbI3BATh HEUTO BPoje MCKyccTBeHHoro Tymaua. Ilpogeraioiine ckBodb Kamepy
3apaKeHHble YacTHIbl HOHH3HPYIOT MOJEKYJbl 1apa, H o0pa3ylouiHecs B pe3yib-
TaTe ITOrO MOHB! CJAYKAT B KauecTBe UEHTPOB KOHJIEHCAUHMH BOJIMHOFO mMapa.
H3 Kaneek %HAKOCTH NOJAYUAIOTCH BHAMMbBIE LeNoUKH (TpeKH).

Kamepa cocTOHT H3 CTEKJASHHOTO LUHJHHIPA C NMOABHMKHBIM NOpLUHEM, 3a-
MEHAIOUWHM JIHO, H 3aro/HeHa NapaMu HCNapsiouleiicss HIAKOCTH, HanpHmep
ClIHpTa. Ecau ouenn GthTpO ONyCTHTL BHH3 NOPIICHBL, TO JAaBJeHHEe, a ciaeno-
BaTe/IbHO, H TCMIEPaTypa napa B KaMepe pe3Ko NOHH3ATCH, BCACACTBHE Uero
8 HeM o6pasyerca H3OBLITOK BJATH, T. €. NCPEOXaMKACHHBI H NepeHachUeHHbIi
nap. Tak Kak Bnyckaesmple BHYTPL KaMephl MNaphl TILATEJbHO OUHUIEHBl OT
MBI W APYTHX B3BCIICHHLIX YACTHI, TO MOJEKYJaM BJarH nHe na uem coGu-
ParbCAa H HHKAKOro TyMaHa BHYTPH KaMprl HE IOSIBHTCH.

Onuaxo ecad B 3TOT KPHTHYECKHIT MOMEHT CKBO3b KaMepy NpOJETHT Ka-
Kas-1ub0 3apaAcHHas 4acTHUA, Aaxe ouelb GLICTpas, TO Ha CBOEM NYTH OHA,
KaK o0pluHo, OyI1eT HenpepuLiBHO pasGHBATL MOJICKYJ1y 11apa Ha HOHBL, T. €. Mo-
POXKAATL 34PAAMCHHLIE YACTHIBI, KOTOPLIE TYT 7Ke CTAUYT HWCHTPaMH KOHIeHCa-
I{HH napa. CJE‘:[J, YACTHILEI MTHOBCHHO HNOKPOETCs BCJAHKHM MHOMCCTBOM Kane-
JIeK BJATH, ¥AAHO OCeBIUMX HAa HOHAX, H CTAHyT BHAHL 0oJee H/IH MeHee uer-
KHC H TOHKHE JIMHAH «TPEKOB», pacmajg KOTOPLIX Ha OTJe/bHble KaneabKH
MOMHO 3aMCTHTL TOBKO NOZL CHABHBIM MHKpockonoMm. OcofenHo XOpowo 3TH
CAC/ABL BHIUILI, ©C700 X CHABHO OCBeTHTH COOKY, a BHYTPH Kamepy H nopuieii
HOKPBITL 4 i oft kpackoii. CorsacoBpas ONycKaHHe NOPIIHHA C 3aTBO-
poM doTorpaij JIL KAMePBl M BCNBIIIKOI €BeTa, CJeabl MpOoJeTalomiux qac-
THL, MOXKHO J1eTKO hoTorpadHpoBaTh.

KZJE\[L‘[)ZJ Buiscoia nosposiger He TOALKO BHACTDL CJCALI POJICTANUIHX vac-
THI[, HO H ONPEALIATL HEKOTOpPLle KauyeCTBCHHBLIE XAPAKTEPHCTHKH 3THX 4aCTHIL
Hanpuatep, 1o TOMMMHE H WHCTOTE Cjejla MOXHO Y3HATh, MEUJICHHO MAH Gol-
CTPO JICTHT 3apsiKennas vaCTHUA: ueM MeJleHHee oHa JeTHT, TeM GoJblie Mo-
JCKYJl ra3za ond VCIeBAET HOHH3HPOBATL HA KaX 10M CAHTHMETPe CBOEro HyTH.
Mamepsin 1uspiny w7 1J0THOCTB CJ1€70B, MOKIO J0BOJBLHO TOYHO ONpeje-
JIHTB H CKODOCTL HCCTICIVEMBIX HEH3BOCTHDLIX YAaCTHIL. Ho YHCOY Kanesek s
caejpe, eCiay OH KOH4YAaCTCHA B npegesax Kaudepsl, MOMHO HATH MoJjuoe 4Hc10
ap HOHOB, 06pa30oBaHILIX IIPOJCTEBLICIT HCCJACAYCMOH 3apsiyKennoll yacTHilei:.
A 3man SMEPrHIO, KOTOPYIo HCOOXOJHMO 3aTpaTuTh Ha ofpasosauHe OAHOM
Mapbl HOUOB, MOMKHO BLIMHCJHTL H MOJAHYI0 3HEPrHiO, KOTOPYI0 HMEAd 4acTHLA
} MOMEHT €€ NOABACHHSA B Kamepe.

HYCCKY
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Hoamwcwsa‘uepa Busbcona Gblia 3nauntesnio ycosepuienctsosana. Ouo-
GeHHO UeniLll BK/IA4 B ee KOHCTPYKILHIO BHCC/JH COBOTCKHO ¢dus3ukn I1. JI. Ka-
miua u /1. B. CxoGesbusii, npemnoxuswne B 1927 r. noMemaTs KaMmepy @&
CHABHOC MariiHTHOE nosie, BaawmoeficTBYS € 3apsiKenuLIMH YACTHULAMH, Mac-
HHTHOE [10.1C 3aCTaBAACT HX HCKPHBAATL CBOIl NyTbh, GJ1aroaapa 4eMy MOMIIO,
BO-TICPBLIX, OMPEACMNTH 3apA[ HACTHUBL — NOJOKHTEILHO WAH OTPHIATENLHO
OHa 3apsiena, BO-BTOPBIX, eUle OXHHM CHOCOOOM OMNPEAE/IHTL SHEPTHIO ua-
CTHUBI, TaK Kax uyem ObiCTpee ona JBIKETCS HaM ueM (OJbUIe e macca, TeM
MeHblIe narnfactcs ce nyTL B MarnnTaHoM noJe. I nakowew, uTo camoe raap-
HOE, MOMXHO HCCICA0BATL BCe SABJICIHHA, II.’]G.’IIOH,&G.‘.HJIC NpH CTOJKHOBEHHH 3THX
HaCTHILL ¢ atoMaMi [apoB, 3aliojHAIONHX KaMepy, HJH aTOMaMH MHWeHedl 3
PasaHYuYHbLIX BCULCCTS, YCTaHaBAHBACMbLIX Ha NYTH JIBHXXCHHA YacCTHIL. B a3Tux
CAYHAX MOANO H3VYATL NOBEJEHHE Jae YaCTHIl, HE HECYLIHX 3JeKTPHUECKOro
3apAnd,— 1o caegam (TpeKaMm) pasneTaloliHXCst B pPe3yJbTaTe TAKHX CTOJNKHO-
BCHHIT 3aPAKEHHLIX YACTHIL,

Kapotax pasnoakTuHmil (reodusiueckoe ncciesobanne GypOBHIX CKB2-
KuH). OauuM M3 CAMBIX HAIEKHLIX CDEACTB  HCCJACLOBAHHI rCOJOrHYECKOro
CTPOGHHSA 3eMHOH KOpB!, a TakiKe MOHCKOB I10Je3HLIX HCKOMAEMBIX ABJAAETCS
Oypenne co mamTHer npo6 NOpoja ¢ pasiHMHbIX rayGun. Ilo u3BaeueHHOi H3
Oypa npobe nopoast (KepHy) MOXKHO CYAHTh O COCTAaBe H [OC/ACIOBATEABHOCTH
3ajeranns ropublx nopon. Onnako npH rayGokom Gypenun ¢ oGCagHBIMA HOE
GaMy i npH Pa3NHYION 3AMOJHEHHH CTBOJA CKBAMXKHH BOIOMN, MIHHHCTBIMH pa
CTBOpaMH H T. N, HApHMep NPR NOKUCKAX HedTH, MOJAYUHTh UEALI Kepu ywme
Hesb3si. Caenosarte/sHO, HEBO3MOKHO CYAHTB H O [EOJIOTHUECKOM pa3speie
ckBakuibl. Ho Koraa noasuincs 0cofo 4yBCTBHTENLHHE NPHEMIHKH AAS yaas:
AUBAHNA  NpeleibHO  ¢1a0biX  rasia-H3JyueHHil, TeoJorH NOJAYUHIH HOBOE,
HCKJIIOUHTELHO TOYHOR, HOKoe # ylo0HOe CPe/CTBO Teo(H3HUEeCKOTO HCCJAeNo-
BAHUA [EOJIOTHYECKIX Pa3spe3os OypoBbIX CKBaxuH, /A4A TOHCKOB H Pa3Belkw
MQCTO[)OH\',’ICHHH PalHOAKTHBHBIX py.'J. U BOA H MHOTHX ,"lDy'I'HX MOJIC3HLIX HCKO-
aeMbixX, B HaCTHOCTH HedTH.

Ceituac 3TOT MeTOn KaKeTes fame CAHIIKOM npocthid. CyTh ero Takos:i
HMasecTio, 4T0 MOUTH BCE MOPOAL 3eMHOI KOPBl COACPHKAT HHUTOMKHO MaJbie,
HO pasHble KOJAHYeCTBa pPajHOaKTHBILIX beutects, OnycTHn B CKBAXKHHY [Opn-
(JOP, KOTOI)[)H".' YaanJausaeTr raMya-jgyuH, HCOyCKaembie PA3JIHUHLIMH CJAOAMH 0TO-
pox H Jierko NPOXOIMILIC CKBO3L oGcanuble TpyGLl, H 3aNHCAB IHEPTHIO W
MPOJOAHTEILHOCTE HX H3JIYYeHH:A, MOMKHO, CPABHHBAA 3Ty 3alHCh € 3apance
H3MepeliLiMH 00pasiasu Mopo, COCTABHTE HCKJIOUHTENBHO TOUHLIN reosorHue-
CKHIl paspes CKBamKHHL! JI0G0# rayOHHBL.

Onnaxo HeTAHBIE W BOZOHOCHHIE MJAACTHI raMMma-fyuedl He €CNYCKAlOT, #
00 HX HaJ HUHH 4aCTo NPUXOJHTCH TOJABKO railarthb. nOBTO.\IY NaccHBHLI MeToA
HCCACA0BAHA MOKHIO 3aMeNHTh aKTHBHEIM. [lg 3TOr0 B CKBaMKHHY OlyCKaeTy s
JDOBOJILHO CHABHBIT HeTOunnk Hefitponor (nefitponnstii Kaportax). B pesym..
Tate HHTEHCHBHOTIO O'lj‘CTj)G.l'Izl liEi’l'TDOllahli} aATOMBl  3JICMCHTOB, H3 KOTOPLIt
CKAAJILIBAIOTCA MUHEP&JLl FOPHLIX MOPO], CTAHOBATCH PaJHOAKTHBHBIMH W i2-
YHHAIOT HCNYCKATb — ONHH GOJbIIe, JAPYrHe MeHBbIIEe — raMma-ayun. Ycrauos-
JACGHHBI [1a HCKOTOPOM PAcCTOSHWH OT HCTOUHHKA HEHTPOHOB NPHEMINK raMsma-
iIS.’Iy‘lEIIHl”T VIQBJAHBACT U H3MEDHCT Ve He eCTeCTBCHHYIO, a HCKYICTBeHHY!'D
PAAMOAKTHRHOCTE TOPHLIX MOPOI.

AToMu Bomopoja, KoTopeimi ocolenno GoraTs nehTh M BOMAA, OUCHB XO-
pouto oTpawawT wuHefitponnt. [lo kosnuecTBy Takux oTpawenunix HeATPOHOS
yie Jerko oupeledniorca riayOHHa 3aderadusl # MOIMHOCTL HC() ICHOCHBIX B BO-
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ACHOCHBIX IL1ACTOB. AHAI0FHUHBEe MeTOAL MOTyT OLiTh NPHMEHEHB M BO MHOTHX
ApyrHX o0aacTax reoR3HUECKHX HCCAeA0BaNIIL

Kobaabt — ryronnaskuit merasns, sameaunfi WHPOKoe NpHMEHCHle B Me-
TAJAMAYPrid 4751 MOJYUEHHS KAPONpPOUHEIX H MATHHTHLIX CTAJ€l H CIVIABOB M B
APYTHX OTPACAAX TNPOMBIJIEHHOCTH. 3T0 OJHH H3 HEMHOTHX XHMHUECKHX 3JC-
MEHTOB, HMEIOUIHA BCErO JHLib OAMII NPHPOAHEIT M30TOH, f1P0 KOTOPOrQ CO-
cTonT H3 27 nporonos # 32 neiitponos (5;Co%).

KoGaant, 00MyUeHILI]l HHTCHCHBHLIM TOTOKOM HeliTpolos B AACPHOM peaK-
TOpe, HpespallaeTcs B HCKYCCTBCHHEIL PajHOaKTHBHENT H3oTOn — K6Oa2ib7-60
(27Co®) ¢ nepuozom moaypacnaza, pasmmm 525 ser, xoTopwii McnycKaet
ramua-ayun ¢ sueprueii 1,33 u 1,17 Mag n otnocurtensio caaGuie Gera-uacTHib
¢ zHeprueii 0,31 ss.

B texmmxe ko0aanT-60 npHMENAOT 49 NPOCHEUMBANHA OFPOMHLIX CJHT-
KOB METa/II0B H M3JeJHil, B XHMUH — Js1 oCayuetis 11 NOJyYeHHsS HCKYCCTBEH-
HBIX JITaCTHYCCKHX MAacc € HOBBIMH CBOMCTBAMH, B MCIHUHHE — JJ8 JICYEHHS
CaMoro CTPallioro HEAYra YenioBeMeCTBA — PaKa, A1d CTCPIIN3AINH JeKapeTB
H MEIHIHHCKON annapartypsl, B CeanCKoM Xxo3siicTBe — a9 Gopnlul ¢ npopa-
cranieM Kaprodeas, yHHUTOmEHHA Bpesutesieil, A8 CTHMYJsSUHH pocTa pa-
CTeHHt 1 Ap.

KoGaabrosas mywska. Uto6u 3ajep:xath raMya-1yuy, LCAycKacMue pagiio-
axkTHBHBIM KoOaabToM-60 (c smepruedl, pammoit 1,33 Mss), caenats nx Ges-
ONACHLIMH V15 OKPYIKRIOUIHX H B TO JKC DBDPCMA HMCTh BO3MOIKHOCTH HCIOJb30-
BaTbh H3JYYCHHE B HayuHLIX, JjeucCHEIX i TEXHHUECKHX NeJIAX, 5TOT SJEMEHT
JIPHXOJHTCA XPAaHHTL B CBHILOBLIX L1 CTa’qbHBIX Koureiinepax. Takoii kou-
TCHHCD BMECTE C KOHTDOJLHLIMH MEXaUM3MaMH, OpraHaMu ynpasichus H ycT-
poiicTBaMH 1 BHITYCK3 Y3KOro Nyuka ramMma-iyucii nassain KoGaJbTOBOI
NYWKOi (CM. pHCYHOK).

KpHeTasanueckne cuCTUMKM MACTHIL — CuCTUIKH DAANOAKTHBHEX Hanyue-
Hitil, B KOTODLIX HCHOIL3YIOT CBOMCTBO IICKOTOPLIX KPHCTA/IOB M3MENATh Mpo-
BOJAHMOCTDL INCKTPHYCCKOro T0Ka NpH NPOXOMICHIH ucpe3 iux (‘JI:K‘TPL-IX HOHH-
SHPYIOUIKX 3aADAMKEHHBIX UYaCTiill o raiMua-u3ayueinil (a/Mas, xaopicroe ce-
pebpo, xaopHCTEE Tanmi B Ap.).
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Kiopn — enuanita n3Mepenns ecTecTseHnoi il HCKYCCTBeNHOH Pagnoax-
THBHOCTH. JT0 TAKOE KOJIMYeCTBO J0GOro PajHOAKTHBHOTO BEUIECTBA, KOTOPOE
nperepriesaet 37 MMANHAPIAOB DPaciaioB B COKYHAY (pasMOAKTHBHOCTL | 2
pamua). B nopceaneBuoil NPaKTEKe NPAMEHAIT 60/16C MCEIKHE ©FHHHIH: MMI-
mmopn (I mxopu = 0,001 xopu), Mukpoxopu (1 sxropu = 0,000001 xopu).

OCHOBHLIE MOHATHE W TEPMMHLI
Crp.

Jlerxkue saemeHtHl
Jlurust

=] =1
ST

Jlerkue anementn — YCI0BHOE Ha3BaHHe TPVYINBI XHMHYCCKIX
3JEMEHTOB OT BOAOPOAA 10 KHCJI0pPOAa BRJAWYHTENBHO, B AApax
4TOMOB KOTOPBIX KOJHUYCCTBO }Ief‘[TpD}!OB e IpPeBLILTAET YHCJA0
IpOTOHOB.

JluTuit — XHMHUCCKHiL 3JEMEHT nepBoii TPynnul mepHOAHtUe-
ckoit cueremsl JI. M. Menaeneesa. IlopaakoBuiit HoMep 3, atoM-
wptii sec 6,94, Ilesounoii Mertans ¢ TemmepaTypoii TJaBAGHHS
okoao 180°C, cepedpucro-Gesoro uBera, ouelib Msrkuii. Betpe-
uaercs B NPHPOLe B cocTaBe MHOTHX MHHepasoe. Ilpu Harpesa-
Huu Ha Bos3ayxe saropaetcst npu 200° C. CoctoHT H3 HpPHPOIHOM
CMeCH  yCTONYMBRIX  M3oTOonoB: Jutia-6  (7,52%) wu awutus-7
(92,48%). ;

B sinephoit husuke peakuuio

.7 i 1
sLi'+ H JHe'+,He '+ sueprus

HCIOIL3YIOT A9 NoJyUeHkd aqab(a-yacTuil pasublx sHepruit. [Tpu
o0JIyyeNHH Ke JIHTHS HeHTPOHAMH MPOHCXOJIHT peakuus

.G 3
sLi%+gnl—— H3+,Het »

B pe3y/bTdTe KOTOPOH moayuaercs pajHoakTHBHLIT H30TON cBEpX-
TAMNENOr0 BOA0OPOAA TPUTULL.

Puapug antia LiH caymkur ans noaydewuss Boxopoda. Ho
€C/IM B 3TOM CoeJHHeHHH OOLIUHBIH BOJOPOM 3aMEHUTh AciiTepHeM,
TO MOJYuYeHHbI gefiTepua JantHa — LiD moer cay:Kuth B Kaue-
cTBE ANCPHOTO B3PBLIBUATONO BEUIECTBA B 8000p00HOI Oombe,
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Jluneiinplii yCKOpUTENb — YCTAHOBKA, NIpPEAHA3HAYCHHAA MM YCKOPeHHs 3a-
paxennpx yacTHi. OTaHyaeres OT JAPYrHX THIIOB YCKOpHTeJEl TeM, uTe pasro-
HACMBIC B HeM HACTHIB JABHIKYTCHA MO NPAMOIl JHHHH B OTJHYHE OT KPYyroBoro
BBHMCHHA B IIHKJHYECKHX YCKODHTEIAX.

Jluneiinsle yckopuTean GLIBAIOT JABYX BHIOB: 3JIEKTPOCTATHUECKHE, B KOTO-
PBIX MACTHIBl YCKOPRAIOTCS IOCTOSHHEIM 3JEKTPHUCCKHM [10J1CM, CO3JdBAaCMBLIM
HHCOKOBOJIbTHBIMH TeHepaTopaMH NOCTOSHHOIO HANpsiAeHHA, Cpasy, B ONHH
HpHeM, H PE3OHAHCHBLIC, PAa3roHAKWUIHE YAaCTHULL ITOJEM, CO31aBdeMbLIM OTHOCH-
1eAbHO ca0LIMH TOCTCA0BATEBHLIME HMIYJALCAMH TNIePEMEHHOr0 BLICOKOua-
CTOTHOTO 3JEKTPHYECKOro noJs (cM. «¥cxopureaus).

JlyueBan GoaesHb — 3aGojeBaHHe, BHI3HIBAEMOE JeiCTBHEM HOHU3IPYIOLHX
u3AyueHHii npH obayueHHH opraHxHima anabda-, Gera- HAH ramma-J1yuami, no-
TOKOM HeflTpOHOB, a TaKMKe NpPH MONAafaHHH PajJHOAKTHBHEIX BelLeCTB BHYTPb
opraHHaMa (BuyTpeHHee ofayuenne). B nepeylo ouepeas H [J1aBHBIM 0GpasoM
PH 3TOM CTPajal0T KPOBOTBOpHLIE OPraibl, CJAH3HCTLIC 000.J0YKH M IKele3bl
BRYTPEHNed CeKPelHH.

Pasnuualor ocTpylo H XpoHHuecKyio ¢opMH  ayueBoii Goaesun. Octpas
(opma Mo¥eT BO3HHKHYTHL NMpPH GoablIoi OJHOKPATHOIl J03e HapykHoro of-
JyueHHsl OPraHH3Ma HJH NPH MOMAajaHHH BHYTPbL OpranusMa 0oJILLIOrO KOJH-
uecTBA PAajHOAKTHBHOro pewtectBa. OjJHa M Ta e 703a 0GJIVUCHHA Yy PasHBIX
JHOJ].Eﬁ MOKET BBI3LIBATL PA3BHTHE Goae3HH HEOJAHHAKOBO — B 3aBHCHMOCTH OT
cnocoGHOCTH OpraHH3Ma CONPOTHBAATBCS H3JAyuenHiw. XpouHueckas dopma
ayuepoil 60JIe3HH BO3HHKAET NPH AJHTCJALHOM JefiCTBHH HENPEPLIBHBIX HJM 1O-
BTOPAIOLUIHXCSE H3MYueHHIT HeOOAbIIHMIL J03AMH M XapakTepH3yeTcs PALOM OTJH-
HawWHXCa JPYr OoT Apyra lnpH3nakoB. B Hacrosimee BpeMs paspaboTana cHCTe-
Ma KOMIJIEKCHOTO JieyeHHS KaK OCTPofi, TaK H XpOHHueckolt (HopMbl JyueBoi
Gone3anw, BKJOuaiomas B ocofo TAMKEABIX CAyvYanX Nepecajky KOCTHOro MO3ra.

OCHOBHBIE MNMOHATHA M TEPMMHb!

Crp.
Meuensle atomMul 76
Mezonu 78
Mennennsie (TenaoBoie) HeATpOHM — 78
MéccOayspa stpekr 79

Meuensie atomMbl. B npaxTtike Ha Kauoion wary serpeuaiores
COTHH, THICAYH CJayuaeB, KOIja ychex peuicHiist kKakxoli-anbo Ha-
YUYHOH MJIH TeXHHUYECKOHl NmpoGjeMBbl LeJHKOM 3aBHCHT OT TOro,
3HaeM MBI HJIH He 3HaeM, IJle HAXOJAHTCS, OTKy/Aa i1 Kak nonajaer
HJH KyJla HCue3aeT TO WIM HHOe BeulectBo. Meranaypry, Hampu-
Mep, BaXKHO 3HaTh, MOYEMY naxke HeboJablulie TNPUMECH Cepbl
AeJIAlT MeTall XpPYNOKHM, HenpouHniM. K meranny po6asuiu He-
GOJIbIIOE KOJIHYECTBO paJHOaKTHBHOIO H3otoma cephl. Mayuenne
(pororpaduueckHx OTNEUATKOB, MNOJYYEHHBIX TOA JeliCTBHEM
OeTa-4acTHll, HCNYCKAeMbBIX TAKHMH MEUeHEIMH aTOMaMH, N0Ka3aJo,
YTO NIPHMECH CEpBl pacroJararrcs, rJaBHbiM o6pasoM, Mo rpaHH-

76



UaM KpHCTA/LI0B MeTa/ /1a, UTO H BeaeT K Pe3KOMY YMeHbLICHH D
€ro mpounocTH. buosory kpaiiie Baxio npocieauTs OyTh B JKHBOM
OPraHH3Me TeX HWJIH HHBIX MHTaTe/bHBIX BELIeCTB, TOHYANLIHe npo-
UECCEI HX yCBOCHHS, JefiCTBHE HA OPraHH3M TeX HJIH HHBIX JeKap-
CTBEHHLIX H JADYruX npenaparos. Kaprumua H3YUaeMbIX SIBJCHHI
CTAHOBHTCSl MHOTO fiCHEe, KOrJa K aToMaM, BXOASIIHM B COCTAR
STHX BEUIECTB, NPHMELIHBACTCS He(0 b0 KOJHIECTBO TOYHO Ta-
KHX e, HO PanxHOAKTHBHBIX aToMoB. ITyThb HX no OpratusMy He-
MPEPBIBHO VIABIHBAIOT H3BIE C MOMOILBIO CAMBIX pasHoobpasHbIx
CHETYHKOB i APYTHX CACASILHX YCTPOIICTB.

HoGasienne pa1inoakTHBHBIX H30TOMOB K CIJjIaBaM, H3 KOTO-
PBIX H3FOTOBJAIOT PeXKYIIHE HHCTPYMEHTH HJH paboralpouiue noj
GOJIBLUHMIE HATPY3KAMH OTBETCTBEHHDIE JCTAMN MAUIHH, NO3BOJsICT
CPaBHHTEJIBLHO JIETKO YCTAHOBHTDL CTEMEHbL H NapakTep HX HM3HOca,
3aBHCHMOCTH H3HOCA OT Pa3/IMYHBLIX 106aBOK K CIJIABAM, H3 KOTO-
PBIX LI€TAI0T 3TH JeTaJH H HHCTPYMEHT, OT KAYeCTBA OTACJbHBIX
BHAOB CMA30K, TCMNEPATYPHLIX, CKOPOCTHLIX H APYTHX peHMOB
paGoTsbl.

XUMHKY OuYeHL BaKHO 3HATD TOUHYIO KapTHHY NOBeJeHHs
TEX HJIH HHBIX BCLLCCTB 1a)Ke B XOPOWIO H3YYEHHBIX XHMHUECKHX
PEAKUHAX, HE TOBOPA Y€ O CaMBIX CJOKHBIX HJIH HEe/JOCTYNHBIX
A7t OGBIYHBIX METONOB Habuiogenisi, MHTeHCHBHOCTE H3JIy4eHHSI
MEHACTCS Il B 34BHCHMOCTH OT TOJIUMHBL, TUIOTHOCTH, KOJHUe-
CTBa IJIH MOTJIOULAIOWHX CBOHCTB BeIeCTB, HAXOMSUIHXCS Mex 1y
HCTOUHHKOM H3JIYHUeHHA M cueTyHkoM, OTCI0a HECJ0MKHO CKOH-
CTPYHPOBATL BeJHKOE MHOKECTBO MPHGODOB H annaparos, onpe-
ACATIOIWHX TOMUHHY JHCTOBBLIX H37e1il, HANPHMEp CTaJH, [BeT-
HBIX METa/IJI0B, GyMAarH H Yero yroiHo APYroro mo CPaBHEHHIO C
3apamce VCraHOBJACHHBIM 3TaJqoHOM. BoJjee Toro, COBAMHHB, Ha-
TPHAMED, BLIXOA CHETUHKA PaJHOAKTHBHOCTH € YCTPOHCTBOM, pery-
JHPYIOULHM DACCTOSIHHE MEHKAY BaJKaMHM, OT KOTOPHIX 3aBHCHT
TOJMIUHHA JHCTA HIH JEHTBI, MOXKHO CHeJNaTh TaK, UTO MalUIHHA Oy-
AET aBTOMATHUECKH TOJACPIKHBATL HYKHYIO TOJLUHHY BhIIyCKae-
Moro et nafedans. C TeM e yenexoM MOWHO KOHTPOJHPOBATL
KAYCCTBO WM PASMEPBI WITYYHLIX H3/AeHIl, MJIOTHOCTb PAacTBOPOB,
CKOPOCTL MPOTERAHUA KHAKOCTEll it ChINYYHX BCLIECTB Mo TPyGan
H MHOKCCTBO IPYrHX CXOAHBLIX ONepaiuii.

Paanoaxtusasie H30TONLI CIOCOOHBI, H C OOJBILIHM shpexTom,
SaMEHHTL DEHTIEHOBCKHE YCTAHOBKH, OCOGEHHO MOUUILIC, MpHMe-
HSIEMLBIE B MALUMHOCTPOSHHN H METaMIyPrHH, 1€ CTAI0 ViKe [0-
BCEAHEBHOI NPaKTHKOI MPOCBEUHBATL € MOMOLLLIO ramma-jayuei

77



OTPOMHBIE CANTKH METaJlJIOB H TOTOBbLIE M3JIeJHS ¢ Ledablc obHa-
PY#EHHA CKPLITOIO (BHYTPeHHero) OpaKa: paKkOBHH, TPELHH,
HHOPOJHBIX BKJIOUEHHH MW Apyrux jedexros. Onu MHOro npoiie,
yaoGHee H JleUleB/e TPOMO3IKHX PEHTIEHOBCKHX anmapaTos Co-
OTBETCTBYIOLIEH MOLIHOCTH 1§ CHOCOOHB! TIPOCBEYHBATH CTadb
TOJULHHOMH 10 250 A,

IIpuBeseHHBIX TPHMEPOB (& HX MOWHO NPOAQJKAThH 0 GCCKO-
HEUHOCTH) GoJsice UeM JOCTAaTOuHO, 4T0Gs OGPHCOBATL OTPOMHYIO
POab paiHOAKTHBHBEIX H30TOJOB WJH, Kak HX HA3LIBAIOT Huaue,
«MEUECHLIX aTOMOB».

Me3sonb — snemenTapuble yacTiulbl, MAacca KOTOPHIX JIEKHT
MEMAY MaccaMH 3JIEKTPOHOB M NpoToHOB. Mx 00HapyXMBAIOT B
KOCMHYECKHX JyYyax W MOJIyYaloT HCKYCCTBEHHO IIpH B3alMOAEli-
CTBHAIX MEXKIY YCKOPEHHBIMH 40 OOJbLIHX 3HEPrHIl YacTHlLaMH.
CylecTByiOT HOMOMKHTEJNBHO H  OTPHLUATENbHO 3apsAKeHHble,
a TaKie HellTpalblbie Me30Hsl. [To abco/oTHOI BeaHuMHe 3apsj
NOJOKHTCIBHBIX H OTPHLATEIbHLIX ME30HOB B TOYHOCTH paBen
3JeMEHTAPHOMY 3JIEKTPHUECKOMY 3apsily 9JeKTpoHa. MesoHn!
KpaiiHe HeYCTOIUHBLI; BpeMsi LX JKH3HH — B Hperenax ot 107°
o 10 ~14 cep,

M3Bectnbl cieyiolne pasHOBHAHOCTH ME30HO0B: NOJ0KHTEMb-
HEI€ H OTpULIaTe/IbHbIE MIO-ME@30Hb! ¢ Maccoll, paBHoi 207 3jeKTpoil-
HBIM MaccaM, HOJOXHTeJbHBIC, OTPHIATE/bHBIE H HEHTpaJbHBIC
TIH-ME30HbI ¢ Maccoii B 273 pasa Jodblile MacCsl 37eKTpona. Y Heii-
TPaJbHLEIX IH-ME30HOB HECKOJLKO MeHbuias wmacca. |losoxi-
TEJIbHbIE, OTPUUATeNIbHBIE W HeliTpaJbHEle K-Me30Hb HMeET Mac-
cy B 966,5 pasa GosibHie Macckl SACKTPOHA.

CyuHTA€TCH, YTO HYKJAOHB YAEPKHBAIOTCH B siipe aroma GJaa-
roxaps wHenpepssiony ofMeny Mexa1y cobolfl ni-Me30HaMH, SToT
06MEH M O0YC/IOBIHBACT CYHICCTBOBANNE TAK HA3BIBACMBIX BHY-
TPHSACPHBIX CHJI, MPHAAIOULX CTOb VAUBLTEABHYIO I[1POMHOCTD
APy aromMa.

Meanenunie (Tenaorbie) neitrponst. Tax Hasupaior HEHTPOHLI,
KHHETHUECKAs! JHEPIHs ABHMKEHHSI KOTODBIX CPABHHMA C TelJA0BOoj
SHEPTHEH MOJICKYJI OKPYIKAIOLEro BeUleCTBa NPH KOMHATHOI TeM-
neparype (20°C), uto coorsercisyver sHepriu 0,03 ss.

Baaropaps cnocoGHocti sierko Aequtn siApa aToMoBn ypana-235
H DAYTOHNS-239 TenoBEe HElTPOHBl HIpaIoT OCHOBHYIO DPOJb B
nponecce Bo30YKACHHA W Pa3BHTHS LENHOI s1/1epHOil peaxunu ge-
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ABHHA, OCYIMECTBAACMON B saepHbix peaktopax {(cM. «¥npasase-
MARA YenHaa peaKyus derenuss) .

Meitennsie HeHTPORBI NOAYUAIOT HCKYCCTBEHIBIM NYTEM B pe-
SYABTATC MHOTOKPATHBIX YNPYIHX CTOAKHOBEHHIl C AApAMH aTO-
MOB, MacCta KOTOPHIX GMM3Ka K Macce CaMuX HeiliTPOHOB, HamnpH-
MEp C ALpaMi aTtoMOB BOJOpO/ad, TeaHsi, AeHTepus, yraeposa,
OHEHbL MAJI0 M/IH COBCEM He NOrJOWalomuX HeiiTpoHel, [lpn Kax-
AOM TAKOM CTOJIKHOBeL!il HEHTPOH OTJAeT atoMy 3TOTO BeulecTBa
UHCTh CBOCN KHHCTHUECKOI HeprHH, BCJEACTBHE Yero CKOPOCTDL
Cro ABUZCHIA yMeiblIaeTes, NOKa He Oy/feT AOCTHTHYTa SHepris,
0c050 GaronpusiTHAs 119 AeeHus sinep ypaHa-235.

MéccGayapa sexr. Hagectno, uto, moraoTus NOCTYNIHUBILY IO
H3BHE CTPOTO ONpPeAe/eHHYIO NOPUHIO SHEPTHH, AP0 aTOMa Npli-
XOHT B «BO30YIKIACHHOE» COCTOSIHHE — dedopMHupyeTcs, NYJIbCH-
pyer. Cnycra Kakoe-To BpeMsi 0HO HCMycKaer raMma-nyuu — ¢o-
TOHB! GOABIION 3HEPrHH ¢ BLICOKOI 4acTOTOlN 3JIEKTPOMATHHTHRIX
koneGaunit (M. «Ksautel. Teopua keanTo8s, «POTOHY), TaK KaK
poTonst onHOBpeMeHNO 06AaZA0T CBOMCTBAMH M YACTHIIHI,
H BOJIHLL, DTH KOJIeGaHHs 1aBHO CTPEMHJIHCh HCTOAB30BATh B Ka-
HCCTBC H3MEpHTEeJas BpeMenH, HOO TOCTOAHCTBO YAaCTOThL TaKOro
H3JYUCHIS HACTOIBKO BEJAHKO, 4TO 3HAYHTEJNLHO NPeBOCXOMAHT BCE,
C HeM BCTpeyaloTes (H3HKH B JIPYrHX KoslefaTedbHbIX mpoleccax.
Heabssn naxe npeacrasurs ceGe nuoil Mexanuam vacos, obecneun-
BAlOULHil TOYHOCTh X044 B 1 cex 3a 100 000 ner.

M3 teopun sxepunix npoueccos CJEAYET, UTO HPHCMHIIKOM, OT-
SLIBAIOUIMCA Ha TaMMa-KBaHTL H3JVICHHS TOUYHO TAKOM e ua-
CTOTBI, MOTYT ObLITh TOJLKO sApa TAKHX #e aToOMOB. I1OTAOTHB
FAMMA-RBANTH, AAPA aTOMOB TIPHEMHHKOB JIOJXKHB RPHITH B
BO30Y/K1EHHOE COCTOSIHHE H B CBOK QYepeab Uepes 0.0 CeKyH-
Al HCTYCTHTL TaMMa-KBAHTHl ONSITh-TAKH TOM JKe caMoil 4acToThL.

Kopoue ropopsi, korja oaso axpo atoma H3JYYaeT (DOTOHbI
(raMMa-KBaHTHI), a APYroe iX MOIVIOWAET, TO Te U APYrHe «saep-
HbIe Yachl» (SAPO-H3AYHATEL I SAPO-HOMIOTHTE/b) AAKOT OJiHHA-
KOBLIE MNOKa3aHHS, TAK Kak HX YacTOThl B TOUHOCTH COBMAAAIOT.
Ho kax T0.1bKO 3TH UaCTOTB PacXOAATCH, ABICHHE pesoHaHca mc-
uesaer. JTO CBIIETEILCTBYeT O Pas/IHUHOM XOJ€ BPeMeHH B JABYX
MECTax: TaM, IJe H3JyyaTelb, H TaM, IJie TPHEMHHK.

Onuake no pagy npuynn oSHAPYKHTL TAKOC (pesonanchoe)
NOTAOUIEHHE JIOJAT0E BPEeMS He VIaBajoch — CJANUIKOM BeJdHKA
uacToTa Koaebauuil raMMa-H3TYUSHHS H CAHIIKOM MAJ0 BPEMs H3-
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ayuernst. M roibko B 1958 r. nemeuxomy ¢usnky P. MéccGayspy
Y/aJ10Cck OGHAPYIKHTBL CYIIECTBOBANHE PE30HAHCA MEXKLY aTOMaMmi
PanHOAKTHBHOIO H HEPAJHOAKTHBHOTO H30TOIA — Medae3a-57, a 3a-
TeM NPHMEHHTh JAHHLIT S(PQeKT 1 H3Mepelsl HEYTOKHO MAJbIX
OTpe3KoB BpeMenH. Jlo otkpuitHa MéccOayapa 310 siBjenne ne yna-
J10Ch HaGJI0AATh TOJIbKO NMOTOMY, YTO HCIYCKAeMble fIpPOM atoMma
H3Jly4aTe sl TaMMa-KBaHThl B OOJIBIIHHCTBE CJYYaes He ObllH B CO-
CTOSIHHM BO3OYAHTb sAPAa 4TOMOB MOIVIOTHTE/S, B NpPOLECce H3Jy-
YeHHsT OHH TepslH YacThb CBOEH IHEPrHH, BCJEACTBHE Yero HX ua-
CTOTa yMenbiiasack. [Touemy?

Bocnoabsyemcsi HekoTopoil anaaoruneil. Koraa cHapsj Bblae-
TA€T H3 NYWKH, MOCJAeJHAS HCNLITBIBAET OTAauy, T. €. eil nepe-
llaeTcs onpejesieHHast YacTh SHEPTHH, NOJyYeHHAs CHAPAIOM NpH
BhiCTpeJe. AHAQJIOTHYHO 3ITOMY BBIIETAIOWIHI 13 sapa atoMa
raMMa-KBaHT coo0LiaeT HCNYCTHBLIEMY €ro sApY HMIYJbC OTAAYH,
TepAs IPH 3ITOM HEKOTOPYIO YacTb MOJIYYEHHOH KHHETHYCCKOI
SHEPTHH, B pe3y’bTarTe Yero ero 4YacToTa YMEHbLIIAeTCs, H AAPO
aToMa TpHeMHHKa (BC/AEACTBHe HADYLICHHS YCJOBHII pe3oHaHca)
OKa3bIBACTCS yiKe 1€ B COCTOSHHH TOIVIOTHTB TAKOH raMma-KBaHT.

Jes10 MOKHO ONPABHTD, €C/H 3aCTABATH H3JyYaTelb H NpHEM-
HHK H3JIYYEHHHA JBHIaTbCs HABCTPEYY JAPYr APYyry ¢ TAKOH CKO-
POCTBIO, NPH KOTOPOH YacTOTa raMMa-KBaHTa (a CJenoBaTeJbHO,
1 €ro SHEprisi) MOBBICHJHCH Gbl A0 PE30HAHCHON YacTOTHL. TO
TaK HaspiBacMblit adpdext Honnuepa, nabGronaemell, Hanpumep,
NpH npoxoxaeHuH noesfa. Koraa moesa npudmnxaerces K Habaio-
larenio, yacTora xoneGaHuil (BLICOTA 3BYKa) €ro ryilka 3aMEeTHO
yBEJHUHBAGTCHA, @ NPH yAaJIeHHH noe3na, HaoGopoT, 3ByuaHue
ryAka nmonnxaerest (4actora ymenbimaercs). B cayuae ¢ ramma-
KBAHTAMIH YacToTd MEHSeTcs Ha 010, PaBHYIO OTHOWIEHHIO CKO-
POCTH ABIKeHHs KBalTa K cKopocth ceta (300000 kat/cex). ITo-
ITOMY TPeOyeTcsi OueHb GoJbLIAsA CKOPOCTH JABHIKEHNS, YTOGHI
MOXKHO OBIIO MOJYUYHTh HYKHOE [OBbILICHHE YaCTOTbl KBAHTA.

ITorepst sueprun cHapsiAoM MOMKET GbITh, OAHAKO, 3HAYHTENLHO
YMEHbLIEHA, CC/IH NYWKa NPH BLICTPeJe XKECTKO 3aKpenseHa Ha
OCHOBaHiI, 1iMelolleM GoNblIyo Maccy.

OtkpriThe, HasBanHoe 3¢ heKTom Méccbayspa, U 3aKka04aeTcs
B TOM, YTO 3HCPTHIO OT1a4ll, KOTOPYIO NI0J1y4deT AP0 aToMa H3Jy-
HaTeNIs NPH HCNYCKAHHH raMMa-KBAHTa, MOKHO PE3KO YMEHBLUIHTD,
CCAH SIAPO CBA3ATH ¢ KaKoii-inGo Goablioil Maccoil, nanpumep
«BCTPOHB» ero B Kpucraiul. Toraa sueprust oraaun pacnpegedunres
MexKJly GOJBIIHM KOJHYECTBOM AaTOMOB KpPHCTAJNad H He BHI3OBET
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CYMIECTBEHHOTO HX MEePeMEILCHIls, BCIEJICTRIIC Yero 4acToTa Heny-
CRACMOTO TAMMA-KBAHTA OYACT COOTBETCTBOBATL PE3OHAHCHON ya-
CTOTE sipa aTOMa MOrJOTHTENs. AHAJOrHMHBIM 00GPa30oM MOMKHO
BAKPENHTL M €aMo  sApo norioTutens. Toraa usiyuennsii pm
00paTHO TaMMa-KBAHT MOMKET GBITh NOIIOWIeH KaKilM-To APYTHM
SAPOM HJH MEePBOHAYAILHBIM H3JyyaTeseM.

Camoe e Ba)kHoe B OTKDLITHH Pe30HaHCHOrO norJoienns Ge3
OTAAUH COCTOHT B TOM, YTO OHO NO3BOJSIET OGHAPYIKHBATL H3Me-
HEIIHe HACTOTLl 34 CYET YKAa3aHHOTO Bbillle BCTPEYHOrO ABHMIKeNHs
(>¢pexra Monniepa) ymxe npu CKOPOCTH B TBICAUYHBIE JO.IH
MUIHMETPa B CeKyHAY! DTo OTKPHIBAET BO3MOMKHOCTH ISl CO-
BEPIICHHO HEOXHAAHHBIX MPHMEHEeHHI H TO3BOJsIeT HabJIo8aTh
ABJIEHHSA, KOTODBIE panee Kasamuch BHE NPENeNOB, JOCTYIHBIX
A sxenepumentoB. Hanpumep, ewe 8 1911 r. Siinmreiin,
HCXOAsl H3 CBOGHl TEODHH OTHOCHTEJBHOCTH, TpeACKasad, uTo
44CTOTa H3JY4aeMOro CBETA MEHSeTCsl Ha HHUTOXKHO MaJyio
BEJIHUHHY TOA  AefCTBHEM CHJbL TskecTH. Oamako aast npo-
BEPKH 3TOTO yTBEpIKAeHnHst TPEOOBANHCH ACTPOHOMHUECKHE pac-
crosiinst. dddexr MéccOayspa no3BOIMI YUEHBIM OCYLIECTBHTH
3TOT OMBIT, MOAHAB H3JyuaTe/b Hal MNOBEPXHOCTBIO 3eMJN BCero
Ha 21 metp.

Mannnyastop — c/0KH0e  YCTPONCTBO, nO3BOJAIONIEE OCYIECTB.INTL,  na
PACCTOSIHHH MOOGble MAHUNYAAUME ¢ PAAHOAKTHBHBIMH BELICCTHAMIL OKPYIRECH-
HEMH HaeKHBIM caoem Guosornueckoit sammrte.  Mawnnyasropn  Ompalor
npocThie  (pyumble), MeXaummueckme ¢ THADABIHUCCKHM SACKTPHUCCKUM
NPUBONOM, aBTOMaTH3upoBantisie. Oni yeTpoenur taxnst ofpasoM, uTo 3aXBaThl,
CONPHKACAIOUIHECS HENOCPEACTBEHHO ¢ «TOPSINMIS, PallOAKTHBHLIMM BEHIeCT-
BAMH, B TOUYHOCTH NOBTOPSIOT ABIAKCHIIA PYK 1 najbleB oneparopa-—ynpaa-
AMOUETO MAHHTYAATOPONM ueioBeka. Ol M03BOJANIOT JepiKaTh HPEAMETE (1po-
Oupii, HHCTPYMEHTHI, lake l\'pymlln{u), nepeMeliath HX € MECTa Ha Mecro,
NepesiHBaTh JKUAKOCTH, B3BEIIHBATL, CMEUIHBATE PASAHUHLIC BEUIECTEA W BLIIOJ-
HSTb APYTHe onepanun (CM. pHCYHOK).

Macc-cnektporpad — nputop A8 onpesesenis Macekl 3aPMKEHILIX YACTHIL
B KOTOPOM HCNOJBL3YIOT CBONCTBO HaCTHIL H3MENATHL TPACKTOPHIO (AHNHIO) CBO-
eI JIBHACHHA NOoJl IJ.CI"ICTBH CM CHILHOTO MAarHHTHOTO 1008 YeM 00Jibllle Macea
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waC b, TeM meubiie ona GyaerT oTkiaouateed. Ecam B Komue nyTH Takux
YCROPCHULIX B NPOJCTAIOUMX Yepes MarlHTHOE 10Je YacTHI NOCTABHTL MH-
HICHL, TO OHH 6)’,’1}'T nonanaTtn, ne B o1y T()‘!}\'y, a pacnpc,le.'m'rbcn HOJIOCKOH
B COOTBETCTBHH CO CBOMMH MAacCaMi — K OJHOMY KOHILY caMble JICTKHE UaCTHILL,
K ,'L[]}'I'OY.I)'—CHMNC THIKCALIC, IJpJ[l’JO]) HPHMEHAT 474 Pas3iAe/IeHHA H3070-
HOB OJHHX H TeX JKe XHMHUCCKHX zieMeHToB (oM. «Pazdeacnue usoronos») K
ANE APYFHX HCCAE0BaHilL

Macca neuxenns. Coraacio Teopni OTHOCHTEJLHOCTH, Macca ABHAYLLE-
roca Teaa GoJblle Macchl 3TOro ke Ted, Haxoqaerocs 8 mnokKoe (.‘.lilCChI 1no-
KOR), M HENPCPBLIBHO YBEJIHUHBAETCH CO CKOPOCTLID. [Iast OGLIYHBIX T, ABH-
HYULHXCS lare ¢ KOCMHYOCKOH CKOPOCTBIO, TaKoil NMPHPOCT MACCHl CTOJL He-
SHAUMTE.ICIH, HTO HC MOMeT OblTh HIMCPCH HHKAKHMH CYLICCTBYIOLLHMMEH CPCACT-
Bavu. O1HAKO 51 aTOMHBIX YaCTHII, ABHIKVILHXCA CO CKOPOCTSAMM, COINOCTaBMH-
MBIMH CO Cl(OpOCTblO cpera, 3ToT []pll[)(JCT CTAHOBHTCH YZKe 3aMeTHBIM H COl3-~
sepumbin. Hanprsep, Macca saektpona, o6aajaloutero sueprueii 1000 38 1 anH-
Ayweroes co ckopocteio 18720 xmfcex, ypeawunBaetcss B 1,002 paza. [lpu
sHepruy, pasuoii 1 Mas, n ckopoetn 282 100 xmfcex macca yBequuuBacTcs B
2,957 paza, npu sueprin 10 Mag u cxopoctu, Ganskoii x 299 400 xu/cer, macca
pospactaer yxe B 20,58 pasa!

Macca nokos (colcTBeHHas macca) — mMacca aTOMHON YacTHILI, CKOPOCTh
KOTOpOil pabHa wian OpHEMMaeTcsd pasHoll nyno. B noscegHeBHOil KH3HH ee ua-
CTO CMRUIHBAIOT C BECOM.

MacceBoe 4HCA0 — 410 HYKJIOHOB — NPOTOHOB H HEITPOHOB, H3 KOTOPLIX
COCTOMT SIAPO atoma. B oTjiue oT aToMHOro Beca, KOTOpPLI NnouTH HHKOrjga He
OLIRALRT 1{CTOYHCACHIDLIM, MaccoBOe 4HCJAO BCerja OLIBACT 11e70i1 BeJTHUHHOI,
Gan3KOil K aTOMHOMY BCCY JIaHHOTO XHMHYECKOTO 3.1CMelTa.

Mougioct, snepuoro peaktopa. Murtencnmiocts, ¢ KOTOpPOil BbieaseTcs
IHEPTHA B HACPHOM peaﬁrope, 3aBHCHT OT KoJiHuecTsa ,'IC.’ICHHI:[ H,TICP aroMmon
Vpaua il [IyTOHHSI B CCKVHAY.

TeopeTHueCKH MOUHOCTL peakTopa MomKeT Obith J1000f, 01HAKO NPaKTH-
YECKH OHA CaMbIM XKECTKHM 06])830;‘:1 DFE)H!IH‘JHBUCTCH CPaBHHTC/LIO HEBLICOKO
TOMTICPATYPON, KaKylo MOTYT BLIACP:KHBATL KOHCTPYKUHOHHBlE MAaTepHAasbl, M3
KOTODLIX CTPOHTCA PeAKTOP, CiOCOGHOCTBIO TEIVIOHOCHTES IOrJoLIaTth, nepe-
HOCHTE 1t OT/[aBATh TENJO, AONYCTHMOI CKOPOCTHIO €ro NMepeKaukH, CBOHCTBaMH
BAMCLTHTEST HEiTPOHOB H APYTHMH (akTopaMu.

Komuuecrso Tensa, puiessonerocs B SJACPHOM PeakTope 3a OAHY CeKyH.1y
TIPH HOMHHAALHOM pesiine cro padoTe!, GC30THOCHTEILIO K TOMY, KaK OHO HC-
NOJAL3YeTCA B AAJBHEINCM, H HA3ZLIBAIOT TCIIOBOI MOUUHOCTBIO PCaKTOpa.

B tex cayuasx, Korga saepumiii peakTop HCHOIL3YIOT B IHEPreTHUYECKHX
YCTAHOBKAX, HAaNpHMep Ha aTOMHEIX 3/JCKTPOCTAHUMAX HAH B KayeCTBe CHJIOBOMH
YCT4HOBKH Ha HAABOAHBIX W TIOABOAHLIX CYA4X, TEMJIOBAafA MOILHOCTL peakTopa
ODLIHO B TPH-ueTHIPe pasa Go.blie 3JEKTPHYUECKON MOWHOCTH BCeil YCTaHOBKI
(npn k.1 o1 20 o 35%). Tak, npu JMEKTPHYECKOI MOUHOCTH 11epPBOil B Mupe
COBETCKOIT aTOMHON anmeKTpuueckoit cranunn s OSuuncke, pasuoii 5000 x&T,
TENAOBAA MOMIHOCTBL €€ aToMIOro peakTopa pasusiach 30 000 xar.

Miw-me3on — neycroiiunsan sIeMeHTapHas  yactHua ¢ Maccoil, pasHoil
206,86 maccet aqektpona. CyulecTBYeT ABa BHAA MIO-ME30HOB: ¢ NOJOIKHTEAL-
HLIM M OTPHUATEJBLHLIM 3JEKTPHYECKMMH 3ap#AaMH, PaBHBIMH N0 a6COJ0THOLN
DeaNUHHe 3apAAy 3JMeKTpoHa. Bpems skusann mio-mesaona — oxono 2,.2- 1078 cex,
floc/ie 4ero OH pacnajaeTcs Ha JEKTPON HAK NO3ATPOH H ABa HefiTpHHO (H.aH
anttnneiiTpuno). OGPasyloTCA MIO-ME30HB B OCHOBHOM B pesyanTate pacnaja
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(0aee THIEIRIX nu-neionos. B otanune ot APYIHX ME30HOB MIO-ME30HL! ciabo
I>:Eiiif‘!(J;LCfiCFI}}'!(JT C AILCPHLIM BELIECTBOM W HC FLIBAIOT B OCHOBHOM JHilb
paccesnne NpH CTOJNKHOBEHHH ¢ OJHHAKOBO 34PAHCHILIMH HAaCTHILAMH.

CCHOBHBIE NMOHATHA MW TEPMMHbBI

Crp.
HefiTpon e 83
Heiitpuno — S 90

Heiitpon. B 1930 r. nemenxue vuensie B. Bore u I'. Bekxep
BCTAH BTYNHK Nepea TaknM siBaexieM. BomGapaupys NIaCTHHKY
13 MeTa/l/THYeCKOro Gepuains adbda-uactiiaMu, onu OOHAPYHHIAN
HCXOLlsilee H3 MHLIEHH OYeHb c1aboe, HO VANBHTEIbHO NPOHHKAI0-
LICE H3yueHHe, KOTOPOe He MO CKOAbKO-HHOY /b 3aMeTHO 0C.14-
OHTb Jla’ke CBHHIOBLIE 3KPaHbl TOJUIMHON B AECHTKH CAHTHMET-
POB, OGLINHO 3a]1epKHBAIOLLIHE CAMbIE MOLLibIe raMMa-Jayun.

Heta tasantaueblx (paHuyacKux ¢pusukor Ppenepuk JKo-
‘o 1 Hpen Kiopn — noun Mapun Ckaoaosckoii i ITvepa Kiopn —
NOAMETHIH ewe Gosee JjioGonwiThulit Gakt. Ecan na IyTH 3TOro
CTPANHOro H3JIYUeHHst OHH CTABULM NJacTHHY napaduna — sele-
CTBa, GOraToro BOAOPOAOM,— TO H3 napaduHa HaYHHAJH BhLIe-
TaTh C OPOMHOI CKOPOCTBIO, & CJAeA0BATE/BHO, H ¢ GOABIIO] Itep-
rHeil NpoToHHI.

Aapda-uacTHUB LeIHKOM 3aCTPEBAIN  elie B OCpILIAHeBOIl
IMIACTHHKE W nonajiath B napadun nokax e Monail. BoiGHBath
xKe 3 napaduna nporoHnl ¢ sneprieil, pagsnoli npusepho 50 Mas,
OLi10 Obl He 1107 cHy H raMMa-iyuaM. B Takow cjayyae 4To 3a
CBCpXMOULEAA «apPTHAJCPHA» BAPYr OOBABHJIACK B GEPH.IN i
REKHMH «CHAPSI/laMH» OHA BeJia OroHb Mo napaduny?

Yuenuk Pesepdopaa, anrcaniickuii dusuk Jw. Ueasnx, poaro
JAUNMABIINICH TAHHCTBEHHBIM H3JAYUEHHEM, B KOHIE KOHILOB npu-
HICT K eIHHCTBEHHO BO3MOMKHOMY H NPaBHIbHOMY BeIBoAY: «Hu-
KaKHe 3TO He JyUH, a NpOCTO BbLIeTalOUHe 13 napadHHa NPOTOHEI
NPABOJIATCA B ABHXK@HHE HAaCTHILAMH, PaBHLIMH N0 MACCe NPOTORY,
HO HE HMEIOUHMH HHKAKOrO 3JeKTPHYECKOro 3apsifga — HH 110.10-
AHTEABHOTO, HH OTPHLATETBHOr0». JTH YaCTHUEL OAYUHII HAZEA-
HHe «HeHTPOHBI».

Baarosapa otcyTeTBiHIO 3ieKkTpHUECKOro 3apsina a06oe Be-
HICCTBO CTAHOBHTCA jJisi HEHTPOHA Kak Obl «mpospaunbiM».  On
CIOKOITHO TIPE0/10JIeBACT BCE 3aUHTHBIE JIHHHH aTOMa: H BHeIHIO0
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3MEKTPOHIYIO 000/M0UKY, ¢ GOABLION CHIOH OTTAJKHBAIOLLYIO JIO-
0Y10 OTPHIATENBHO 3aPAKEHHYIO YACTHLLY, H CyMMAapHbBIii MOMOMKH-
TeABHBI 3apaa siaApa aToMa, oTGPACHIBAIOUIHI B CTOPOHBL Aaxe
ABIDKYULYIOCSE € OTPOMHOI CKOPOCTBIO TSIIKeNYI0 ajbda-uacTHily.

OTKpbiTHE HEHTPOHA PELHI0 3arajky HeMOHSTHOrO H «HEJO-
THUHOrO» YTHAMKEJIeHHsl Macchl filep aTOMOB MpPH YBENHUEHHH HX
3apsiaa TOMLKO Ha eAHHHLY H NO3BOJIHJIO COBETCKOMY YYeHOMY
IL. 1. Msanenko n Hemeuxkomy yuenomy B. I'eiizenbepry npejJo-
XHTb B 1932 r. HOBYyl0O Mozesb CTPOEHHS siApa atoMma, B KOTOPOIl
BCE 0Ka3a/0Ch YAHBHTE/NIbHO «ITPOCTHIM H SICHBIM».

Ilo 1x Mbicau, Anpa Bcex aTOMOB cOCTOAT H3 NMPOTOHOB H HEMT-
pouos. HHcs10 NPOTOHOB PaBHO aTOMHOMY HOMEpY 3JieMeHTa B fe-
pHoanueckoi cucteme MenfeneeBa, a Macc CJOKeHHBbIX BMeECTe
NPOTOHOB H HEHTPOHOB — €ro aTOMHOMY Becy, HJAH MacCOBOMY
qHCay.

Hanpumep, snpo atoma reaus (3nmaMenurtas anbda-uactaua)
COCTOHT M3 ABYX [POTOHOB, NPHJAIOMIHX €il ABA NMOJOMKHTEJbHbBIX
3/MeKTPHUECKHX 3apsila (H COOTBETCTBEHHO [Ba 3JEKTPOHA B 060-
A0tKe), 0 ABYX HeiiTponos. Ofuiee 4YHCAO NPOTOHOB H HEHTPOHOB
PaBHO 4WETBIPEM, YTO B TOUHOCTH H PABHSIETCS €ro aTOMHOMY Becy,
A04roe BpeMs BbI3blBaBLIEMY HeAOYMeHHEe yUeHblX.

AHaA0rHUHO AP0 aTOMa JIMTHSA CONEPIKHT TPH NPOTOHA (aTOM-
HBlil HOmMep 3) 1 TPH HefiTPOHa, UTO B CyMMe H 1aeT aTOMHbIl Bec
3JieMeHTa, PaBHbI LIeCTH.

OTkpuiTHe HeliTPOHA 10BOJIBLHO NMPOCTO OOLACHAET M APYTyio
3aranky — cyulecTBOBaHHe H30TOIOB.

B kauecTBe npuMepa MOXKHO B3fiTh HaunpocTeliliHi XHMHYe-
CKHil 3/1€MeHT B NPHPOAE — BOAOPOJ, SLAPO KOTOPOLO COCTOMT H3
OAMHOYHOrO MOMOMKHTE/BHO 3apsiKeHHOro npoTtoHa. Ero WHorza
HA3LIBAIOT NIPOTHEM. 3aTes cJjelyeT TAMKEBIH H30TON BoaOpOIa,
HMEIOWME B silpe OAMH NPOTOH H OAHH HEliTPOH M ATOMHBI Bec,
PaBHbLIH IBYM. DTOT H30TON BOAOPOIa lOJAYUH/I HAa3BaHHe «aeiiTe-
puii». Hakonen, cymectsyer ouenp peikiii, moutn me BCTPeyalo-
WHACA B NPHPOJE, CBePXTSKENbIil H y7e PajHOaKTHBHBIH H30TOI
BOJI0pOJAa, B siApe KOTOPOTO HA OAWH MPOTOH NPHXOAHTCS ABA Heli-
Tpona. Ero nassasu tputneM.

Hosas mozess crpoenns anpa atoma, B namem ONHCaHHH, MO-
Kanyii, 1axe CJAHUWKOM YNPOLLEHHASN, MOYTH TOMHOCTBIO OTBEUAET
MHOTOYHC/IRHHBIM — (paKTaM, HaKOMJIEHHBIM (H3HKON 10 HACTOS-
Liero BpeMent, 00BACHIET NpexHue CI0KHbIE I 3aNyTaHHble npo-
THBOpEUHA, a TJaBHOE, OTKPLIBAET MHOMECTBO HOBBIX NOyTell H
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BO3MOXKHOCTEIT /1A BTOPMKEHHsI B «CBATAS CBATBIXS aToMa — ero
AP0 H, KaK 3TO NOBE/IOCh B HAYKe, KOBaPHO NOABOLHT K HOBBIM,
eute Gosiee rayGokum Taiinam, NIPOTHBOPEUHAM H HACTOSHM yy-
Jnecan!

ITepeuscants 3tu ocoGennocr u uyneca oszHauago Gbl NPOCTO
OT Hauaja [0 KOHLA H3J0XKHThL BCIO COBPEMEHHYIO siAepHYIO (-
3HKy. IToatomy 3aech Mbl OrPAHHYHMCA JIHIIbL TeM, 4To GoJice HIH
MEHee NPAMO I HeNOCPEeACTBEHHO CBA3AHO © HeHTPOHOM.

Hanpumep, noveny AP0 aTOMa, B KOTOpOe Hapsny ¢ HeiiTpo-
HAMIL BXOLSIT H NOJIOAKHTENBHO 3apPsiKeHnble NPOTOHBL, He pa3Ba-
JHBACTCS N0, AeHCTBHEM MOHCTHHE THTAHHUYECKHX CHJ OTTAIKHBA-
HISl ONHOHMEHHBIX 3apANOB (YUHTHIBASI MAJOCTH paccTosHuil Me-
KAy HUMH)? JIHWIL 3HAUHTELHO NO3iKe OblII0 yCTaHOBAEHO, 4TO
CTporo B mpejenax sapa AeiiCTBYIOT ocofbie, HH Ha 49TO HHOe He
MOXOMXHE TaK Ha3blBaeMble BHYTPHSAEpHEIE CHJIBI, MPHTArHBAIO-
HLHE STH YaCTHLL APYr K APYTY HE3aBHCHMO OT TOTO, 3apsKenb
OHH HJIH HellTPaJIbHBI, H YTO 3TH CHJIBI, JIeTICTBYST Ha Ype3Bbiuaiino
MAJIBIX PACCTOSHHAX, SHAUHTENLHO MPEBOCXOAAT CHABI OTTA]KHBA-
HIT BCEX B3ATBIX BMecTe npoTonoB. He Gyab stix cua, saepHble
HACTHIbI 1aBHO OBl Pa3eTench B CTOPOHH, a CKOpee HHKOrjla Obl
H He cobHpaJaNch BMecTe.

Ho B npupoge ner u ne mowxer CYUIECTBOBATL HHKAKUX TeJ,
Laxe Macwtaba sIEpPHBIX yacTHLL, KOTOpLIe He HaXOAHJHChL Gbl B
HCNPEPLIBHOM ABHIKEHHH, 3aBHCAILEM OT HEPTHI 4acTIil, B CBOIO
Otepelb 3ABHCAILEH OT TeMIepaTyphl BELIeCTBA, C10KEHNOro 13
3TUX uacthu. Ecan otkyna-to nssne g o1y CHCTEMY UACTHIL MOCTY-
MACT NONOJIHHTE/NBHOE KOJIHUCCTBO IHEPTHI, TO YACTHILL HAYHHAIOT
ABHTATLCA 3natnreqabHo Geictpee. [, ecrecTBenno, mMomer HACTY-
MHTL MOMEHT, KOI'la 3TO ABHJKEHHe CTAaHeT CTOMb GYPHBIM, uTo ero
sneprun Gyier 10CTaToOYHO, uTOGBl KAKAs-TO OAHA, a4 TO N He-
CKOJTBbKO UaCTHIL NIOJAYUHIH BO3MOMXKHOCTb, NPE010.1eR BHYTPHSAEp-
HLIE CHJIBL, BBICKOUHTE 3a npejens cepwl Hx tefictsus. M Torma
YHe 1oL JIefiCTBHeNM CHA OTTAJKIBANNS OI0TMEHHBIX 3apsiioB
ITa MAaCTHLA HJIH HECKOJNBKO YaCTHIL BBLIETAIOT U3 SIIPa aTOMA.

Ecan xe naGbitouoii sueprii NOCTYNHT 3HAYHTEAbHO Oodiblie,
BCE UacTHILE! s11pa aTOMa, PAcTOJIKABLINCH €llie IHePTHUHEe, OKa-
KYTCA B COCTOSINHH TEPeNpHITHYTh TAWHCTBeHHLUT pyGew  meii-
CTBHA BHyTpusiaepubplx cui. Toraa sapo pasjae/niTest casmo no
cebe.

CroabKo B TakoM Cayyae HYXKNO 5Toii H2GLITOMION JUCPTHY,
WIH 3HEprid BO30YKIACHHSA, KaK ee HA3LIBAIOT (PH3IKH?
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Tem menblre, UeM TaKeee AP0 aToma. Ho 3zato uem TsKe1ce
SULPO atoxMa, teMm OoJiblle 3HePruH BbLIAGJASAETCH MpPH ero «pas-

Basc»:

Maccosoe uncno sapa atoma | 140 j 200 | 235
| 1
Dueprus, Tpedveman Hiaf ero} 1
po3bynigenus, Mss . . . . i 62 | 40 5
Jueprus, Bhaeasiollascs MpH | !
peneuns, AMas. . . . . . . 48 | 130 | 200

Cawmble TaMe/bie f/pa OKa3blBAIOTCA H CAMBIMH HeycTOHuU-
BbiMH. M CTOHT uyTb-uyTh «NOATONKHYTH» HX, T. €. IPHAATh HM He-
Soabluoe KOAMMECTBO H3OBLITOUHON HePTrHH, B HalueM T[pHMepe
5 Mas, Kak HachlllleHHOe, CJIOBHO ry0Ka, cBoeil coGCTBEHHONH 3Hep-
rued fpo Aajblie yxe pasigeanrcs camo!

Caenate 310 MOmHO ABVMaA nyTsiMH, CaMblii TPYAHBI — 3TO
NOMBITATHCS CHJOl «3arHaTb» B Hero Kakyio-nubo Taxeayio 3a-
PAHKEHHYIO YacTHIY, CIIOCOOHYIO 1Pe0A0JAeTh OTUAAHHOE CONPOTHB-
JeHHe CYMMapHoro MNoJOMKHTeJABHOrO 3JeKTPHiueckoro 3apfia
fApa aToMa.

Ho ans sroro ucxoasoii suepriuu 5 Mas npotoHy uian anbha-
YacTHile 3aBeJoMO MaJ0. BoablIVIO 4acTe ee UacTHILl pacTpaTsT
Ha ilpeono.nenue «GPOIIEBOH 3AHTBI? — NOJOKHTENBHOIO 3apsia
sipa atoMa W, ofeccuiaenHblie, fa)Ke He CMOTYT K HeMYy IpHKOC-
HYTbCA, HE TO 4TOObL! €r0 PA3aeNHTh.

Kpowme Toro, TAMeqplX UacTHIL fayke ¢ TaKoii 3HeprHeil ecre-
CTBEHHbIC pa/lHOaKTHBHbe BeulecTBa He Hcnyckaiot. Caenosa-
TEJIbHO, PA3rOHATL HX I 10 3HAuHTelLHO (oJee BLICOKHX 3HEprHil
H CKOPOCTEH HYIKHO HCKYCCTBEIBIM NYTeM Ha CHeLHa bHbIX YCTa-
HOBKaX — YCKOPUTEASX 4acTUL.

CoBceM APYrHMH, NOHCTHHE YAHBHTEJBLHBLIMH BO3MOMHOCTSMH
oGaanaet Heiitpon. Tak KaK 3J1eKTPHUYECKOTO 3apsjia OH He Hecer,
TO HHKaKOoil 3Hepruy Ha TpPeofoJeHHe CYMMAaPHOTrO OTTaJKHBAIO-
LEero noJ0KHTEIbHOTO 3apsja f4pa atoMa eMy He HyxHo, [lonb-
3ysiChb CBOell HElTPaJbHOCTLIO, OH CBOOOMLHO NPOHHKAET K SAPY
atoMa, OXOJHT A0 30HBI JeHCTBHS NPHTSAMEHHSI BHYTPHSIEPHBIX
CILT H BTATHBAETCSI B SIAPO.

Braiiys wefiTpoH, AP0 HauuHaeT BHYTPEHHIOIO NepecTpoiiky.
[Tpr sToM ouo oxkaswiBaeTcss oGnajgaTesieM H3JIHIIKA SHep-
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THH, pasnoit 7 Mss B cayuae ypana-235. ot KOTOPOil OHO, ecTe-
CYBEHHO, NpHAA B BO3OYIKIEHHOE COCTOsNHIE, TYT JKe J0MKHO HaGa-
BUTbCA. CaeloBaTeqbHo, 01HO dHIL IPOCTGe NpHCcoeAUNeHRe neil-
Tpona K sapy Tsieaoro atoma YPaHa BHOCHT B Hero nonosmi-
TeIbHYIO 3Heprulo, pasnyio 7 Mas.

Otkyna Gepercs Bce-takn stor H3JIHIIEK 3Heprun? Ecrect-
BEIHIO, HHKaKHX uyjlec 31ech He NpoHexXoant. B poLecce BHVTpen-
HCH TlepecTpoliki craporo siapa atoma B HoBOe CyMMa Mace Beex
€ro HYK/IOHOB OK43BIBAETCSl HECKOJBKO MEHbile CYMMBI Macc ny-
K/IOHOB, B3fITHIX B OTAEJLHOCTH. 3a cyeT 3Toif PasHHIBI B Maccax
1 TOSIBJISRTCS SKBHBAJEHTHOR €il KOJHUEeCTRO IHeprun (cMm. «/e-
pexr maccors), cnepea Bo3Gykaaloiiee siapo, a 3aTeM u IPHBO-
AslLee ero K 1eJ€HHIO,

Hoayuaeres:, uro gas sroro HeliTpoH BoOGLIe He KoJken o6ia-
AdTh HHKAKOW HavaJjbHON snepriueii. Hykuo smwn nomoup enMy
fIOMacTb B AP0 HYXKHOTO aTOMa, a YK TaMm OH, MOOHIH30BaB
CKPBITBIE DE3eDBEI SHEPIHH AApA, CMOMKeT BLICBOOOANTL (npaBaa,
MOTEPAB YYTh-UyTh B Macce) IHEPrHio, CIIOCOGHYIO B3OPBATL $APO.

Ho ueiitpons!, ne obJa1aouune CKOMb-HUOYAL CYUIECTBEHHOI
HAYaJBHON 3HePTHeH, MOryT Je1HTb SIApa He BCeX 3JeMeHTOB, i
TOILKO Te, y KOTOPBIX SHEPrust Bo3GyimaeHUs, HeoOXoAHMan A
X feqenus, menibine 7 Mae, 1. e. umenio Ta, KOTOpas Beljiesnsgeres
IPH nepecTpoiike sapa, BLI3BAHHOrO 100aBJiCHHEN K HEMY JH1il-
Hero neiitpona. Takux aToOMOB HeMHOTO: 3TO ypau-233, ypan-235,
MAYTOHMI-239,

3nech nossonnTe bHO CHPOCHTL: OTKYA YV HeliTpoHa CTodb He-
OGBLIYHEIE, PE3KO OTJHHUHBle OT APYIHX SLIEPHBIN HACTHI, CBOHCTBA
H CrnocoOHoCTH, XOTST 1 Te obaagaior CBOHMH, JOCTATOUHO YAuBH-
TeJAbHBIMH CBOHCTBAMH?

Heroku Beero neoGriunoro KpoloTest B OTKPBITOM B Hauaic Te-
KYUIETO BeKa AyanHsMe — ABONCTBEHHOCTH CBOMCTR chern, BeLY-
niero cels M Kax YacTHIB H Kak IMCKTPOMATHHTILIC BoJAHBL. Enle
Oo1bllIee BOJHEHHe cpeau YUCHLIX BbI3BA.10 nocaejlyloulee OTKPLEI-
THE TaKHX JKe CBOHCTB H Y 37eKTpoia. d1i OTKPBITHS [IPEKPACHO
00BLACHATHCL TeOPHeil, BBIABHHYTON B 1900 r. HCMCUKHM (H3HKOM
Maxkcom TnankoM, coraacuo KOTOpOIi nponece H3JAYYeHHS TeJ10M
TCIAA MM CBETa NPOHCXOAHT HE HeNPepHLIBHO, a HOCHT JHCKpeT-
HBIH XapaKTep, T. €. OTJeJbHBIMH, CTPOro ONpejeseHHbIME Hop-
ILHAMH — KBAHTAMU, M UTO CBETOBAsl BOJIHA, 00.1a/1as1 BIOJHE KO-
KPEeTHOH NpPOTSIKEHHOCTBIO, B HEKOTOPBIX Cayuasnx nposiBaser
CBOICTBA, XapaKTepHble Aas uacThi, B 1923 r. (ppanuyackuii gu-
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3uk Jlyn ae Bpoiiis ycTaHoBu/a, uTo crelH(puUuecKHe BOJIOBLIC
cpoiicTBa npucyuiH A0doil ABuXyieidcs yactuue. CorjacHo paspa-
GoranHoll UM TEeOpHH JJ/IHHA BO/HbL /1000 YacTHLLL MPSIMO NPOIOP-
LHONaJbHA HEeKOTOPOH ouelb MaJoll BeqauyHile, HasbiBaeMoil no-
crosunoil [1nanka, v o0paTHO NpONOpPUHOHAJBHA MPOH3BEJSHHIO
Macchl YaCTHIBI Ha ee CKOPOCTh. ITO COOTHOULIEHHE BBITJISJHT

h
JOBOJIBHO TIPOCTO! A =m M3 storo coorHolIeHHs noJayvdaeTcd,

uto yem OOJIbIIC MACCa HJM CKOPOCTb HaCTHIL! HJH OJHOBPEMEHHO
H TO W Jpyroe, TeM Kopoue JJHuAa npucyueii edi -BoJHbl, U Ha-
oBopor.

3akoub (H3HKH He TeprnAatT HekawoueHui. M o0bekT. Makpo-
MHpa, HanpHMEp CHApsL HJIH 3eMHOf1 Wwap, Hapsay co cBOHCTBAMH
«uacTHU» JoJKeH o0JiagaTh TaKKe H BOJIHOBBIMH CBOHCTBaMH,
Ho Gnaromaps ux Gonblioif mMacce COOTBeTCTBYIOLIAs HM JIJHHA
BOJIHLI HACTOJBKO MaJa, UTO 3THMH BOJIHOBBIMH CBOHCTBAMH
MOMHO coBepuleHHo npeneGpeub, HeiitponaM ¢ BBICOKOIi CKOpO-
CThIO COOTBETCTBYET HACTOJBLKO Majas AJHHA BOJHBI, UTO OHH
senyT cebs ¢dakTHueckH Kak uyacThibl. HeKoTopble CTOpPOHBI HX
0coBeHHO «CTPaHHOrO» [1OBEJeHHA MOMKHO OODBACHHUTL TOJNLKO
9BHO BOJIHOBBIME cBoficTBaMH. Ho Tak kak Macca HeilTpona Bce
#e HHUTOXHO MaJa 110 CPaBHEHHIO ¢ JIOOLIM, Jake MHKPOCKOIH-
YECKH MaJibiM TeJOM, AJIHHA ero BOJIHBl CTAHOBHTCH BIOJHE OULY-
THMOIl BeJHUHHOI B THITHUHLIX SIBJEHHAX, TOCMNOCACTBYIOIWIHX B
MHKDOMHpE.

UtoObl B NOBeLEHHH HEHTPOHA NPOSFBHIHCL B A0CTATOUHOI
cTermeHn BOJHOBLIE CBOWCTBA, €ro CKOPOCTh J0JKHa ObiTh Kak
MOXKHO MeHbllle. Ee MOMXKHO HACTOMBKO 3aMefJiHTh, 4TO HEeNTpOH
MOJHOCTBLIO NoTepseT CBOICTBA yacTHUL H OyaeT BecTH cebs Kak
HaCTOAWLAS BOHA.

B CBEeTe 3THX OCOOEHHOCTEell BO3HHKAIOT fSIBHLIE OCJONKHEHHA B
YCTAHOBJIEHHH HCTHHHBIX pa3MepOB HeHTpoHa, HOO OHH, KaK 3TO
HH TIOKaXKeTCsl CTPAaHHLIM, 3aBHCAT OT CKOPOCTH NABHIMKEHHS 3TOIl
yactius. Hanpumep, nuaMerp oOBIYHOTO aTOMa paBeH MPHMEPHO
(2—4) - 1078 cx. Jnamerp siipa ellle MeHsline — okosao 1071 car.
Hakoreu, nonepeuHnk nportoHa easa jgocturaer 2- 101 cm. HDas
TOT0 YTOOb! AJIHHA BOJHBI HellTpoHA NPHOJH3HTEbHO COOTBETCTBO-
Baga Anamerpy atoma, 1. e. 107 cu, ero sHeprusa (T. e. CKOPOCTb
ABHIKEHHA) AOJKHA COCTaBJATL Beero JHiub okoao 0,1 3g. Heiir-
pot ¢ Takoil Majoil sHeprueii 6oJee NPABHABHO NPEICTABIATE KaK
BoJsIHY JUHHOM 1078 ca, a He Kak yacTHUY TAKHX JKe pasMepos.
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Ho nanbwe nawnuaores Vike napaaoxcel. Heittpon ¢ annnoii
BOJIHBI 1078 e oKasbiBaeTCst B ACCHTKH Thicsay pa3 Goabuie sigpa,
KOTOpOE B CBOIO Ouepelb COAEPIKHT B cele HElTPOHBI, H He OJHH, a
Nnopoio MHoro!

Haxoautbes BuyTpH SAPa HEHTPOH MOMKET TOMLKO B TOM cay-
Uae, eCJIH OH ABHKETCHA ¢ OOJBLION CKOPOCTBIO H, cJeJoBaTe/bHO,
HMEeT MaJlylo AJIHHY BOJIHBL. A GOJIBUIAA CKOPOCTb, KAK Mb 3HaeM,
O3Hauaer GOJBLIYIO SHEPruIO, BXoAsiUIHe B COCTAR SApa HelTPOHbI
NOSTOMY HMeIOT sHepruto okosio 50 Mas, koropoii COOTBETCTBYET
OUeHb Malas AJaHHA BOJHBL — mopsiaka 10713 ca. 1o 06cToNTeNb-
CTBO N03BOJIHI0 0OBSICHUTL TaiiHy Gerta-pacnama PaaHOaAKTHBHBIX
BELLECTB, 10/r0 MyUHBIIYIO YYeHBIX H NYTaBINYIO BCe HX KapThl.

Buetes B uyxkoe emy napo atoma u cosnas tawm HeCyCBeTHBIII
nepenosox, HeHTpPoH, He BblAEPKAaB BO3HHKLIHX TAM CAOMKHEILIHX
B3AHMONCHCTBHIT, SKBHBANEHTHBIX UYZOBHILHO BBICOKHM TeMiepa-
TypaM, pacnanaercst Ha NPOTOH H 3/J1EKTPOH.

ATO OTKPBITHE H MO3BOAHIO YUEHBIM CUHTATbL MPOTOH H HElT-
Pon oaHoll sdepuoll yactuueii. OTcioga W HX Ha3BaHHe — HYK-
JoHbl. CyllecTBOBaTDL e OH MOTYT TOJIBKO B KaKOM-JHGO OJHOM
COCTOSIHIH: NPOTOHHOM HJ/IH HElITPOHHOM.

[Ipu Gera-pacnage ogun us HETPOHOB NMEPEeXOAHT B NHPOTOH.
Bor toraa-to u nossasiercs a71eKTpon. Ero 3apsa nonmen kowm-
NEHCHPOBATEL MOJOKHTE/IbHBIH 3apPSia BHOBbL HAaPOJAMBLIErOCs 11Po-
ToHa. Onnako B CHILY 3aKOHOB, YIPABAAIOLHX XOLOM panaHOaKTHB-
oo pacnajga HeyCTOHUHBBLIX filieD, Yy 3ITOrO 3.1eKTPOHA He HAaXO-
JUTCSL CBOCTO MecTa Ha OpOHTe, H OH BLIHYXKIEH NOKHHYThL AAPO.
10 u Gyaer Gera-uactuua. OSUL (10103KHTE Db 3apsa ocra-
olerocs H()-II!)(:‘H\'HE.\!)" Ii(:‘}’CT(Jl“l‘IHBhTM Sljlpa CTAHOBHTCH Ha €IH-
HiLY OoJblie.

B ¢Boi0 0uepess npH HEKOTOPHIX YC/JIOBHSAX NPOTOH MOKeT npe-
Bpaiuatecs B Heiitpon. Ho toraa xyaa-to mommen ucuesnyts ero
MOJOMKHTENbHbII 3apaa. ITOT 3apsl H YHOCHTCS YacTHUEN, SBJSIO-
uleiicst TOUHO Komell 30eKTpola, TOJbKO HMeloulell [pOTHBOIIO-
JOMHBIH, TTOJTOKHTEAbHbI 3apaa. Takas wactiua Oblia OTKPbITA
B 1930 r. amepHKaHCKHM (QH3HKOM AlepCOHOM H Ha3BaHa MO3H-
Tpotom. Ofa 9TH NpespalieHds CONPOBOXAAIOTCH HCTTYCKaHHeM
erle OHOI, ynovMuuasuieficst paHee HefiTPaNAbHON YACTHIBI — Heii-
TPHHO. -

HMcnyckaenmble GepuiliieBbiM HCTOYHHKOM HeHTPOHBI JETAT C
OrpOMHOI ckopocTeio. Cienosatenbno, Hx shdekTHBHBIT pa3mep
HIH, RAK FOBOPAT, «ceueHHe» ovyeHb Maso. CraakHBasich ¢ MOJ-
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BEPHYBILNMICA HA NYTH AAPaMH aTOMOB JIETKHX  3JCMEHTOB,
OHH OTCKAKHBAIOT OT HAX ¥ MEHSIOT HanpaBJeHue foJjera npi-
MepHO TaK ¥Ke, KAK OTCKaKkHBAWOT APYFr OT Jpyra Omabspjibie
wapul. Kamjaoe Takoe CTojKHOBeHie CTOHT HEITPORY noTepH
YacTH 3HEPTHH, TO3ITOMY CKOPOCThL €ro /BHKeHHs 3aMelnisercd,
a «pasMep®, WIH «CeycHHe», YBeJHUHBAETCH.

ITHM M BOCNOJIL3OBAJHChH yueHble, 4TOObI NyTEM MHOTOKpaT-
HBIX  CTOJAKHOBeHHil HeHTpOHAa ¢ BeulecTBaMH, COLCpKaliMi
ATOMBL, GaH3KIe M0 Macce K HeliTpony (BOAOPOA, redHil, yraepoa),
saMeIHTh ero aBwkenue. He nyes BO3MOMKHOCTH Henmocpeact-
BOHHO Ha0.1I04aTh CaM HEeHTPOH, Jerko MoHO oOHAPYHHTh H H3-
MepHTb CKOPOCTb H 3HEPrHio BeeX «3aleThiX» il OTCKAKHBAIOUIHX
OT HEro aTOMOB, @ TeM CaMbIM CKOPOCTh, HEPIrHIO I pasMephl Ca-
MOTO HeliTpoHa.

HefitTpon Kak uwacTHIIA OKasaJjcst UyTb-4yTh TaAXKejaee Mnpo-
ToHa. BHe sjpa atoma OH pajMOaKTHBeH M, NpoluiB Ha cBoGoae
okoao 11,7 mun, HaunHaer pacnajlarbest; IpeBpauwascb B NpPo-
TOH, HCNYCKAeT 3JexTpoll 1 Heiltpuno. Beanunna 3HepPrHH, Bhile-
Astiollefics  npH  pacnaje HeilTpoHa, pasHa npumepno | Ma3s.
ATuM H o0bACHIeTCs, NOUeMy HEeHTPOH UyTb-uyTb TszKenaee 1po-
TOHA.

Ha6ai01as 3a nopefeHHeM HeiiTpoHoB, yueHble BCKope obHa-
PYMU/H elie OAHY HX VJIHBHTEIbHYIO 0COGEIHOCTL: JerKO NPOHHKAs
CKBO3b TOJCTYIO CTAJBHYIO OPOHIO, OHH He B COCTOSIHHH MPEOLO-
JeTh AAaMe TOHEHLKON NJaCTHHKH KaiMH#, KOTOPYIO JEerko npo-
HH3BIBA/JIH HE TOALKO TAMMAa-Jiyul, HO jae NOToK Oera-uacTHil
(3.1€KTPOHOB). :

Berkope npimaia i pasrajaka HoBoil «CTPAHHOCTH?.

flapa atovon HekoTopuix 3JaeMeHTOB (kaamuii, Gop, raduni
W AP.) BMECTO TOro, 4TOOL! OTTAJIKHBATL HEHTPOI!, «3aXBaTHIBAIOTY,
BTATHBAIOT ero B celsa. Uewm wmenjennee inliKercs HENTPOH, TeM
ycliellHee OCYIecTRAAeT s TAKoil 3aXBaT.

Hefitpuno. Mctopus ¢usuku caaduix B3anModelicTBHil cBsizana
npex/1e BCETro ¢ HCC/AeI0BaHHeM CBOICTB, noxadayii, camoil 3ara-
JOUHOIl H3 3jeneHTapHbIX yacThil — HeiiTpnno. Heifitpuno — 310
TPYAHO oGHapy:kliBaeMbie I euie Oojaee TPYAHO YJIOBHMbIE HEli-
TpaJbHbe YACTHILL.

OTKyna NOSBHAACE MbICAL O CYUECTBOBAHHI HEilTPHHO?

[Tpu sKcHepHMeHTaJbHOM HCCJIel0BaHIN npouecca Oera-pac-
najga — CaMONPOH3BOJBLHOIO HCAYCKANIA 3/I€KTPOHOB AAPAMH 4TO-
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MOB — OKA34J0Ch, UTO H3MEPeHHDLIS SHepriil BLIIETAIOWINX 36 K-
TPOHOB B 3TOM NPOLECCe HMCIOT CaMYI0 Pa3jHUHYIO BEJTHUYHHY.
B Goapuincree cayuaes sJ1eKTPOHAM HBHO He XBATasio IHEPTHIL.
Cosnapanock Bneuatsenne, 4T0 OHa Ky1a-TO licuesaeT, Kak OyaTo
S4KOH COXPAHEHHA 3HePrHu He Obi1 BepHuiM. TpyinocTn oxasza-
JHUCh  HACTOJABKO CePLe3HLIMH, UTO MHOTHE (H3HKH npepiarasan
AAXKE OTKA3aTLCA OT 3aKOHA COXPAHEHHUS! IHEPTHH. ITO HecoxpaHe-
HHE SHePTHH, OAHAKO, IMEJ0 JOBOJILHO CTPaHHbIl xapakrep. [leii-
CTBHTE/LHO, ecii B npouecce GeTa-pacnajga SHePrusi He coxpa-
HSAETCH, MOKHO OblIO Obl 0XHAATH, YTO HHOTJa SHEPTHH 3J1eKTpO-
HOB HE XBATHT, & HHOTJa OHA JOMKHA GbITh H3JHILHEN, HO 3TOro
«BBIHTPBIIa» 3HEPTHH He Onipaer.

Takoe npoTHBOpeule 3acTaBHJIO H3BECTHOrO uisefiapekoro
¢pusuka Ilayan B 1931r. npennonoxuth, yto B NpHPOLE NOJMKHA
CYWECTBOBATL CIUe OJHa HellTpasbHas YacTHLA ¢ Maccoil, MHOro
MeHbliell, ueM y HeliTpoHa. Ity YaCcTHUY 3HAMEHUTLIT HTaJbAH-
ckuit puank . Pepmu cpasy ke Ha3Ba HelITpHHO (NMO-HTaJAbsAH-
CKH — HefTPOHYHK) .

JloBOABL B MOJB3Y CVIECTBOBAHWA 3TOI YacTHULI ObIIM Ta-
KoBbl. Kaxyueecss necoxpaneniie SHEPrHH MPOHCXOAHT NOTOMY,
4TO npouece Geta-pacnaga — 3To He TOJILKO HCNYCKaHHEe 3JIEKTpO-
HOB. B pacnane ewe yuactsyer me naGmionaemas Ha onpiTe Heii-
TpaJibHast (NOTOMY NPAKTHUECKH H He o0Hapy:KHUBaemas) ua-
CTHIA, YHOCALAA HCUE3HYBUIYIO A0J10 3Hepruu. M XoTa B KaKmiowm
lpouecce BLIJGJACTCA TOUHO OnNpeiejeHHas cymMMmapHas SHeprus
BCEX HACTHLU, OHa pacnperneasercs Memay NPOJVKTaMH pacnajga
TAK, 4TO B pa3HBIX CJAyUasx 3JeKTPOH MNoJyuyaeT pasHble ee
NopLHi.

Hepes 11 ziet, B 1942 r., npeackasannas [layin yactnua 6ui1a
oGHapyuxeHa. OHa Oka3aJjach B MOJHOM COOTBETCTBHIN C Npeicka-
3aHHEM: 3JIEKTPHUYECKH HeilTpasibHa, 06,1ajaeT upe3pLIuaiilio MaJloii
Maccoi.

Kpaiine wmagas macca coriacno Teopii  OTHOCHTEILHOCTH
NPHBOAHT K TOMY, YTQ [IEIITPHHO e MOMKET HAXOAHTLCS B COCTOSHHU
MOKOSi: OHO BCErja ABHIKETCH CO CKOpocThlo cperta. Kak amemen-
TapHas YacTHIA HEHTPHHO B HEKOTOPBIX OTHOLIEHHSIX CXOAHO ¢ o-
TOHOM.

Kak u3BecTHO, NpH npeBpaiieniu YacTHil AefiCTBYeT 1e TOAbKO
34KOH COXDAHEHHA SHEPTilH, HO W 3aKOH COXPAHEHHS HMMYJibCA.
B MHOrouHMc/eHHBIX ONMBITaX ObIJIO YCTAHOBJEGHO, UTO CyMMAaPHBIT
uMmnyabc npu Geta-pacnaje He COXPaHSETCsl, eCiil He DOMNYCTHTL
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eviectsopannsa neiiTtpino. «HeynoenMaa» uacTHia yHOCHT € €O-
G0il He TOAbLKO «HCUYE3Al0ILYI0» 3HEPrHio, HO H «HCYE3A10lLHii»
HMIYJibC!

HenaGmonaeMocTh HeliTpiHO OLl1a BPeMeENniloil n3-3a TPyIaHO-
creil ero ynasnaupanua u perucrpaunn. IloiimaTe HefiTpuno u 3a-
PErHCTPHPOBATDL si/lePHble NPEBPALIeHHs, BRIZBAHHbIE CBOGOLHLIM
HeliTPHHO, V]a/0Ch JHLIL COBCEM HELaBHO.

B nocaeande rojibl pojHJaach Hopas o0JaacTb Hccaeg0BaHNs
5/J€MeHTapHBLIX YACTHIL, OUeHb Ba)KHas M HHTepecHas, K KOTOPOii
NPHKOBAHO Temepb BHHMaHHe yueHLIX BCero Mupa,— (pusuka neii-
TPHHO BLICOKMX 3Hepruil (OCHOBONCJOKHIK TEOPHH — aKaJleMux,
aaypeat Jleunuckoii npemun B. M. ITonrtexopso). Ilpn atom nc-
CJeYIOTCSl CBOMCTBA HEHTPHHO «ME30HHOII» NPHPOABI, PONKLAI0-
lMecsi B mpoileccax pacrnaja Me30HOB, MOILIHBIE MYUKH KOTOPBIX
CTaJ0 BO3MOXHBIM cefidac noJyyaTb Ha CBEPXTHTAHTCKHX YCKO-
PHTEJSX.

Ho sigasiioTes i «HeyJ10BHMbIe» UaCTHILLI, HCNYCKaeMble B CO-
BEPUICHHO pa3HbLIX Nporeccax, TOMKAECTBEHHBIMH uacTHIaM:?
Oka3agnoch, UTO «3JeKTPOHHBIE> HElITPHHO (HCnycKaembie B Npo-
weccax Oera-pacnajna) OTAHUAIOTCA OT HEHTPHHO, HCNYCKAEMBIX B
npoilecce pacnaga me3oHoB! Kaxkpoe M3 HIX  COOTBETCTBEHHO
i§3ailf\l(),-r[(’f]'C'I'B}’ET B ape TOJbKO ¢ M€30HOM HJH TOJbKO C 3JICK-
TPOHOM.

Uneu o6 yuupepcaduiocTi caalbnix p3anmoaciicTiii noayunsu
ellle OAHO MOATBepIKjeHHe, Korga (H3HKH OTKPLIIH Psijl HOBBIX,
TaK Ha3bIBAEMBIX «cTpaHHbiX uactHuy. Okaszagaoch, UTO AJIs HHX
TaKzKe XapaKkTepHb! «cnadbie B3aHMOAeIICTRHAY.

[To apanornn co BceMH JPYTHMH uYacTHIAMH B CBOe BpeMs
GulJIO MPEACKa3aHo i CYUIeCTBOBAHIE AHTarOHHCTOB HeliTpnHoO —
anruueiitpuno | uw 2 (a2aexTpoinioe n o mezonnoe). CosceM ne-
JAaBHO HX Cyi]l@CTBOBﬂHHe OBLIO HOJATBCDAJICHO 11T 3KCIIePpHMeH-
Ta.bHO.

Hyxkaon, UroOw uabexarts (Tam, rae ner ocoboii HeoOXOANMOCTH) CJniil-
KOM HACTOTO TMOBTOPCHHA HA3BAHHA MACTHIL, N3 KOTOPBLIX COCTOST siapa Beex
ATOMOB,— [10JOKNITEILHO  3APAMKCHNLIX NIPOTOHOB N He HMEIOWHX HHKAKOoro
ACKTPHUCCKOrO 3apAaa HCITPONOR, HM IIPHCBOCHO OGNICC HA3BANMC HYKJOHH,
T. €. Ajepublic uacthubl. Maccel 3THX YacTHU, OAHAKO, OTJIHYAOTCS APYr OT
Apyra Ha HeGOJLUIYIO BeJHUHIY: Macca npotoHa cocrasaser — 1836,1 maccw
3JCKTPORA, Macca Heiitpona — 1838,6. Eertn ocuoBanng cuntarh, 4ro H nporom,
H HElTPON ABASIOTCH OJHHMH H TOMH K€ HACTHIAMMY, TOJILKO HAXOASULIMHCH B
Pa3JIHUHOM «33PAL0BOM» COCTORNHH, W [P ONPEACICHHLIX YCJIOBHSIX MOTYT ne-
PCXOAHTDL OAHA B APYTYIO.
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OCHOBHBIE NMOHATHA M TEPMMHbBI
Crp.

Odmennoe Bsanmoneiicteme 93

O0mennoe B3aumoneiicreue. Tak nazbiaercs B34HMO/IeICTBHE
ABYX (PH3HUECKHX CHCTEM WJIH YACTHIL, BO3HHKAIOLIEE B pe3yJabTraTe
HENPEPLIBHOrO 0GMeHa MMM Mexay coBoit H Kakoii-To eie ApY-
roit, TpeTbeit yacTHuell, obLel A5 HEX 0GOHX, Hanpumep, anep-
Hble CHJIbI, JeHCTBYIOWHE MEXAY HYKJOHAMH sj1pa aroMa, sB-
AAI0TCA C/IeACTBHEM O0MeHa MeXly HyKJOHAMH YacTHUel, Ha3bl-
BaeMmoil -Me30HOM (cM. «fHdepHoie cuavy).

OGorawennwii ypan. Lennan fAepHan peakuus AeqeHHA OOBLIMHO MomeT
GBITL BO3GYIKAEHA TOABKO B OLHOM H3 Cro NPHPOANLIX H30TONOB — ypaue-233.
OAHAKO B UHCTOM METaLTHUCCKOM ypaHne ero cofepaures Toabko 0,72%;
99,279 ocranbnoro ypama cocrapmser ¥pau-238 u HUYTONKHO MaJsoe KoJu-
uecrso  (0,006%) — ypau-234. Tak kak BlaejdcHHe Adeqsuerocst  ypana-235
CBA3AHO C OTPOMHLIMH TPYAHOCTAMH M 3aTPaTOil CPEACTB, TO TEXHHUCCKH M KO-
HOMHUECKH OKa3sblBaeTCsn HecpaBHEHHO G0JCe BLIFOAHO YNpaBisieMylo UelHyIo
Peakiutio Bo3Gyxkaats b ypane-235, ue BHIAEANAR €ro H3 OGLIUHOLO MeTaJlIH-
HECKOTO ypaHa, ¢ OJHOBPEMCHHLIM NPEeBpalleHHeM HeKOTOopoil 4acTH ypana-238
B nayTonHit. [To uncTo TeximuueckH™M npHYMHAM AN 3TOro SAepHbIit  peakTop
NPHXOJNTCA 3arpysaTh JA0BOJLHC GOABUIHM KOJHYECTBOM HPHPOAHOTro ypaHa —
HHOTLa HCCKOJIbKHMM AECATKAMH TOHH.

Oanako B psge cayuaes, HanpHMep a9 TPaHCHOPTHLIX wHeseit (sacpible
PEAKTOPLl 17171 MOPCKHX CY[AOB, NOABOAHBIX JIOAOK, CAMOJICTOB H T. I.), ana
MOTYYeHHs OUEHL TNIOTHBIX NOTOKOB HEHTPOHOB, M1 YI/JAHHECHHS BPCMEHH pa-
Gotbl peakTopa Ges nmepeaapaikK M T. ., pa3Mepel peakTopa A0JIAKHBbl GbITD
NPEALALHO yMenbllensl. B oTHX cayuasix B 2arpymaeMom peakTop HpHPOA-
HOM YpaHe MCKYCCTBEHHO YBeJHUHBAIOT KOMHYCCTBO €ro AeMAUICrocs H30TONd —
Ypana-235, noayuennoro fnyrem caomHoro i JIOpororo pasiefneHHs H30TOIOB
Ypana na creinaibibx 3apogax.

Taxoe nckycersennoe ypemuvenne goan AeqslLErocs H30TOMA B OGBIUHOM
Ypaire H Ha3eiBaior ero o6oraleHnen.

OCHOBHLIE NMOHATUR U TEPMMHbBI

Crp.

Mepronueckas cHCTeMa XHMHUYECKHX  3.aeMeH-
toe JI. H. MeupeseeBa 93
Mepsoa moaypacnaga - 95
Mporow — 96
MpoToHHas PaiHOAKTHBHOCTb — 97
Mo3KTPOH (NOAOKHTEIBLHBIT DACKTPOH) 98
[lnasma — verBeproe cocrosnue semectsa - 98

Mepuonnueckan cucrema xumudeckux anementoe JI. H. Menu-
aeneesa. 6 mapra 1869 r. na s3aceranun pyccxoro GHaHKo-XHMi-
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uveckoro odutectea JI. M. Menpgenees Bnepshie npountas csoe
coolueiie «ONbIT CHCTEMbI 3J1€MEHTOB, OCHOBAHHBIIT HA HX ATOM-
HOM H XHMHUECKOM CXOICTBE>.

To, 0 uem pacckaselBajgoch B 2T0M  coo0Ulelild, BH3BAJIO
OFPOMHYIO CEHCAUWIO B HAYYHLIX KPYrax o [PHHECIO ee - aB-
TOPY 1 PYCCKON Hayke MHPOBYIO ci1aBy, ubo dHamMenona/jo Hnaya-
J0 HOBOTO 3Tana B PasBUTHH HAYKH HA MOJCTYNAX K aTOMHOMY
BEKY.

Mouonoir yuensiii (Torza emy GbLIO BCero 35 JieT) MyuHTeNbHO
JLOAITO JloMaJq roJIOBY, NMEITafCh YJIOBHTh XOTh KaKHe-HHGYAbL 3a-
KOHOMEPHOCTH B MHpe XHMHYECKHX 3JeMeHTOoB. A 370, no
ero TBeploMy VOemKAeHHI0, MOrJo OBITH VCTaHOBJAEHO TOJBKO B
TOM CJyyae, ecjH BCe W3BEeCTHLIE B €ro BpeMs XIIMHueckHe 3Je-
MCHTBE (@ MHOTHE M3 HHX OBIIH €ll€ He OTKPLIThI) PAacCnoJOXKHTL B
KAKOM-TO MOPAAKE MO HX TVIaBHBIM CBOHCTBAaM.

Hy, a uTo B 3TOM Ciyuae CYHTATL CaMbIM [JIaBHBIM?

Meniesiee BuIGpad Bec aTonma. 3anucaB aTOMHBI BeC 1 XHMH-
HeCKHE CBOICTBA 9J€MEHTOB Ha 0G0POTE CBOHX BH3HTHBIX Kapro-
uex, Mengenees 1000 i YynopHO packAaapiBaa HX B ThICAYax
CAMBIX MBICJAHMDIN H HEMBICJAHMBIX KOMOHHALHI,

Pewernine saraaki crajgo npoGusathes, Koraa pacnojoKennee
B OPAAKE HapacTaHHsi aTOMHBIX BECOB XHMHUECKHE 3JIeMEeHThl OH
crad pasGiBaTh ewle W HA TOPH30HTAJbLHLIE rpynnul. CXomHble no
CBOMM XHMHUYECKHM CBOHCTBAM 3/EMEHTLI, OKA3bLIBAACH OJHH 1101
JIPYTHM, CTAAW TWOBTOPHATLCHA, MOJYHHASCH HEKOTOPOMY, BHAHMO,
OGIU,BM\’ ZTH HUX BCEX H NPOCTOMY 3aKOHY.

..Koraa si pacnosomua 3JeMeHTh B COOTBETCTBHH C BeJlul-
HaMH HX aTOMHBIX BECOB, HAUMHAN C CAMBIX MaJblX,— BCIOMHHA.
nosmke /1. M. Menenees,— To ¢Ta10 OUEBHAHO, UTO B HX CBOICT-
BaX CYWECTBYET HepHOIYHOCTL. 1 HA3BAT NePHONHYECKHM 3aKO0-
HOM B3aUMHBIE COOTHOLUEHIHS MeZKAY CBOICTRAMI ]1eMeHTOB H HX
aTOMHBIMH BeCaMH; 3TH COOTHOLIEHIs NPHMEHHMBI KO BCEM 3Je-
MEHTaM H HMEIOT NePHOIHUECKYIO IPHPOLY .

Ha nepeuix nopax crporo BEPTHKAJIbHLIX CTOJ0OHKOB Y Hero
HHKAK He noJvuanock. H, }60:!\)18!1}]1)!11 B CYLUIECTBOBAaHHH COBEp-
IWEHHO TOUHOI nepnommnocm YUeHBIT NMOWe] Ha HCKJAIUHTEILHO
emeqptit war. Tay, rjae B ropii3oHTaqbHOM PALY KaKOM-THGO 3ie-
MEHT He pacnoJjarasicst TCUHo M0 CBOMM XHMHUYECKHM ABOHHHKOM,
OH YTBEPXKAAJ, YTO HJH O0UIeNnPHHATHIE aTOMHLIE Beca 3JeMeHTOR
OlNOOYHL W HX HYKHO HEpPecMOTpeThb, HJH Ke TaM dOJYKHBI
CTOSITh IPYTHE 3/1€MEHTHI, 10 Cero BPeMeHH ellle He OTKphITbe. s
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HHX OH MPOCTO OoCcTasJidT B csoeii Taduanie ceodoausie Mecta. bo-
Jiee TOrO, 3Has «COCeieli» N0 BepTHKaMl BBepy H BHH3, Meujeneesn
C YAHMBHTEJNBHON TOUHOCTLIO MPEACKA34/ XHMITUECKHe CBOICTRA
S5THX HEJO0CTAIOWHX H eIe He OTKPBITHLIX 3JeMEHTOR.

9710 ybexaenne BeJAHKOrO VHeHOro GJecTsilie NOATBePAHNIOC.
B 1875 r. Gbl1 OTKPLIT 3/1eMeHT radiuii, B 1879 r.— ckanamnii n B
1886 r.— repmaunii.

Tak pommnack suHanenuTas nepHOAHYECKAR CHCTEMa XHMIIue-
CKHX sieMeHnToB Meriiesneesa, BepHee, 3aKOH MePHOAHYHOCTH,
NOJB3yACh KOTOPLIM, y4€HbI® TOJIYUHIH BO3MOMKHOCTE OPHEHTH]O-
BAaThCAl B CaMBIX COKPOBEHHEHINHX H CKPHITBIX TailHHKAX aTOMHOIO
«KOCMOCa».

ITo pany npyrux, nopoii ouennb TOHKHX NPH3HAKOB NepHOIH Y-
HOCTb CBOMHCTB XHMHUECKHX 3J€MeHTOB HaTONKHY.a YYeHBIX Ha
ApyTyio, emle OoJiee CMEJVIO MBICJb: @ NPABHABLHO JH yTBEpIKie-
HHE, YTO aTOM fBJSETCA HeAeJHMOll uvacTHuUell MaTepHaJbHOro
MHpa, Toc/IenHell CTYNeHbKONH HAa MYTH B MHKpoOKocMoc? Uro .e-
AHT B OCHOBE pas/Hulsl B aTOMHBIX Becax H XHMHUECKHX CROIi-
CTBaX 3JeMeHTOB? He.ibds 1 MONBITATBCH NPOHHKHYTH BHYTPB
Camoro aTtoMa, y3HaTb, 1i3 uero oH cjaowmeH? He pacnpoctpans-
I0TCS JIH H Ha ero YCTPOHCTEO 3aKOHOMEPHOCTH BeJUKOrO NePHOLH-
yeckoro 3axkoHa? Tem Gouee, yTO, Kak cuntaJja v cam JI. M. Mense-
JIeeB, <«JIETKO NPeANOJOXKHTb, UTO HbIHE HET ellie BO3MOKIOCTH
NOKa3aTh, YTO ATOMBI MPOCTLIX TeJ CYThb CJOKHLIE CVIecTBa, 00-
pa3oBanible CAO0MKEHHEM HEKOTOPHIX ellle MeHBIIHX uvacTeii». [1o
€ro TPeACTABJCHHAM, <«MIP aTOMOB YCTpPOeH TaK Ke, KaK MHP
HEGECHBIX CBETHJ, CO CBOIMIL COJIHLAMH, NJaHeTaMH H CHYTHH-
KaMH».

Beankuit 3axkon CcOKpPyWHJ CTeHy, AOAroe BPeMsl OTIeJsiB-
Iy XHMHIO oT ¢HusikH. CKBO3b HMHPOKVIO Opemb 3sctadera
3Hannil OplAa mepenana Aajblile — HCCAEN0BATEIANM Vike MHKDO-
MHpa.

Mepnon moaypacnaja. Ba:uoii senuuiioii, Xapaktrepuayouleii
palHOAKTHBHOE BEILeCTBO, SIBISICTCS Meplioj ero noJypacnaia —
BpeMsi, 38 KOTOPOE pPacnajaercs [M0JI0BHHA HCXOZHOTO BeleCTBa.
Hanpumep, ecim noJopwHa ero pacnajgaercs 3a YeTkipe s, TO H
[IEPHO MOJypacnaja NPHHHMAETCA PABHBIM YeThipeM nHAM. YUepes
cJAeqyHlllHe YeThipe [Hsl pacrnajaercs TOJOBHHA OCTAIOLIEroca KO-
JMYecTBa, uepes BOCeMb AHell ero ocTaHeTcsl TOJABKO !/, uepes
12 nueit — '3 u 1. A. UtoGpl pagHoakTHBHOCTL cHH3HJIack g0 1%
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HCXOLHOrO  BELLeCTRa, J0LKHO NPOiiTH NPHMEPHO CEeMb TMEPHOAOB
nogypacnaga.

HeoGxoanmo noauepkiyTh, 4TO MOJOBHHA aTOMOB PalHOAKTHB-
HOTO BelllecTBA pacHajlaeTcs 3a yKasannoe BpeMs Jillb B CPei-
HeM. ®aKTHYECKH HEKOTOPbIE aTOMBI HE PAcnajaloTcsi BOBCE, B TO
BPEMS KaK /JpYrue MOTyT PacnacthbCs B 3HAUHTEIBbHO GoJiee KOPOT-
KHE NPOMENYTKH BPpeMeHH.

Uem WuTEHCHBHEE HIET PalHOAKTHBHLIL pacnan, Tem Kopoue
NEPHO ero noaypacnaga. CujbHble H3JyuaTeaH XKHBYT ropasio
MeHblue, ueM caatnle.

Osnn rpaMm ypana coiepxut B cebe okoso 2,5 - 102! atomos,
Onnako n3 3Toro acTpOHOMHUECKOrO KOJHYECTBA B CEeKYHAY pac-
najaercst TObKO OKos10 12 Teic. aTomos. ITostomy nepuon nosy-
pacmaja ypaHa HCKJIOUHTENLHO JOJIOT — 0K0JA0 4,5 Mapa. Jer.
Y topust on euie poabiue — Gosee 14 mapa. qer! Bpeus noJaypac-
naja paans-226—620 ger, pamona — 3,82 nus, nogonna-218 —
3,05 smun, nomouns-212 —3-10°7 cex, HEKOTOPbIX 3JeMEeHTapHbIX
4acCTHI — MHJIJIHOHHbIE H MUJIIHAPAHLIE H0JH CeKYH/bI.

MpoTon — ofHa N3 HEMHOTHX YCTONUNBLIX dJIeMEHTapHLIX ua-
CTHLL, BXOAALLAs HAPSALY C HEHTPOHOM B COCTaB BCEX feD aTOMOB
XHMHUECKUX 3JIEMEHTOB, 34 HCKJIOUEHHEM CaMOrQ JEeTrKOoro MH30-

TOna BOAOpOJAa, AP0 KOTOPOro COCTOHT TOJILKO H3 OHero npo-
TOHA.
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Tak kak BOIOpPOJ 3aHHMAET NepBoe MECTO B nepHoLHuYecKol
clHeTeMe XHMHYEeCKHN 3JeMeHToB Melizesieena, To 0TCI01a H HA3Ba-
HHe 5TOr0 3JIEMeHTa «NPOTHIi» — OT IPeuecKoro ¢JoBa «npo-
TOC» — «IIEPBBI».

XOTA MPOTOH HeceT OAHHAKOBHI ¢ 3JEKTPOHOM 3J1eMeHTapHBIi
3JIEKTPHUECKHIT 3apsit (HO NPOTHBONOJOKHLI MO 3HaKV), Macca
ero B 1836 pa3s Goabe macchl 3aekTpona. B tex cayuasnx, korna
HeT HeoGxoanMocTH 0053aTe/bHO YKa3biBaTh Ha 3apsa a1060i n3
SIEPHBIX YACTHL, ITPOTOH HapaBHE ¢ HE[TPOHOM HOCHT OoJiee 06-
lee Haspasile — HYKJOH. JTo Tem GoJee onpaBaaHo, uTo ceiiuac
YK€ He OCTdeTCss HHMKAKHX COMHEHHii, YTO M IIPOTOH, H HelTpoH
SBJIAIOTCA PA3JHUHBIMH (H3HYECKHMH COCTOAHMAMH OAHON M TOIl
Ke 3/1eMeHTapHoil yactHubl. [Ipn nornoueni aapom atoma snep-
'HH H3BHE W MOCJIeLYIOLEM paciajie, NPOTOH BHYTPH siApa MOMKET
NPEBPATHTLCH B HEHTPOH. ITOT NPOLECC CONPOBOKAACTCH POKIE-
HHEM elle OJIHOIT 4YaCTHLBI — MO3UTPOHA, YACTHILEL, Macca KOTO-
Poil B TOYHOCTH paBHA 3JEKTPOHY, HO HeCylleil MPOTHBONONOK-
Hblil, TTOJI0MHTENbHBII, 3JeKTPHUECKHIT 3apsijl, H eue OJHOH He-
3aDSKEHHOI (HeTPaIbHON) YaCTHUB — HeUTPUHO, He HMEeIOUe
MACChl MOKOR I JABHIKYILRNCS TOJBKO CO CKOpPOCTbIO ciera. [pu
IIpeBpalleHut HeliTPOHa B MPOTOH H3 siZipa aToMa BMECTO NO3H-
TPOHA BBIOPACBIBAETCS 3JIEKTPOH 1 ONATL-TAKH HElTPHHO.

lipoTonnan papuoakTuBHOCTL. [0 HefaBlero BpeMent B nayke
OblJIH H3BECTHBI CJEAYIOUIHE OCHOBHBIC Bijbl PaAHOaKTHBIOTO pac-
naja anep atomos. Tpu u3 nux: nuenyckaime adbha-uactui (aaep
aTOMOB  re/isi), OcTa-yacTui (9JICKTPOHOB) U raMmaa-iayueil —
nzpectupl eide co speyven Mapun u Ilsepa Iopu. Eue omun Bui
pacnana — caMonpoH3Bo/bHOE («CHOHTAHHOE») JieJeHHe siiep ato-
MOB ypaHa C HcnycKainHeM HelTpPOHOB, 2JEKTPOHOB H raMMa-KBal-
TOB — ObIJI OTKPLIT COBETCKHMH yueHbiMH Daeposuiy n [Merpxa-
koM B 1940 r. 1, naxoweu, ucnyckanne HelTPONOB HPOAYKTAMII
BeNenst  SIAep  ypalla — 3anaszApiBaloliix  Helitpoinon — cnycrs
KOPOTKOE BpeMs  [oC/e TOoro, Kak 3To jedeiile yzKe HnpoH3o-
1LTO.

B cBoe BpemMs Ha OCHOBAaHHH TEOPETHYECKHX HCCJAEL0BaNNII
6blI0 Mpe/cKa3aHo CYLIeCTBOBAHHE ellle OAHOTO BHIA pacnaja, npu
KOTOPOM §J1p0 BO30YK/ACHHOTO, T. €. MOMIOTHBIIETO H3BIIE KAK0e-To
KOJIMYECTBO IHEPrHH, aTOMa HCMIYCKAeT MNPOTOH — MOJI0KHTENbHO
321pﬂ}]{e]i1§yi0 SHCMGHTHDH}’JO l]ﬁC'l‘II]_ly. E‘)TD TaK lid3biBaeMan npo-
TONNAA PAAHCAKTHBHOCTL Obla OTKPLITA COBCTCKHMH  YUCHBIMH
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B 1962 r. Cymecryior ellle HECKOJBKO BHIOB pacnaga: K-zaxear,
H3OMEpIILIC TICPEXOALl, HO3HTPOHHBIL paciiafg, 3aMei/eHHbe Npo-
TONBl H AP,

Mosutpou (mosoxkuTeabHbBIH 3/eKTPOH) — OTKpbiTas B 1932 T,
/EMEHTapHAs YACTHUA, HIGHTHUHAS 110 CBOHCTBAM (Macca, Besiu-
YHHA 3apAja W T. 1) 3JEKTPOHY, HO HMeiouas He OTpHUATE/ b~
Hbll, @ NMOJOKHTEbLHBIIT 3apfan, BCJAENCTBHE Yero oHa SBJSIeTCS
AHTUHACTUYC 5]1eKTPOHA — TIePBOIl H3 CePHH OTKPHITHIX NOCe Hee
antHuacthi. [To3nTpon BO3HHKAeT NpuH aHHHCHAALHH ABYX H/H
TPEX KBAHTOB ramMMa-H3JyueHHs HJH B npouecce Gera-pacrnaja
dTOMOB SI/1€D H HEeYCTOHYHBBIX siAepHbIX yacTii. [Tpu BeTpeue mo-
SHTPOHA C 3JIEKTPOHOM 00e YacTHilbl AHHHIHIHPYIOT — YHHUTO-
’aorest. B pesyabraTe stoii peakuuu oGpasyiorcs asa Han TPH
KBaHTa raMma-usiyuenus (gortona).

Maasma — ueTsepToe COCTOSHHE BeulecTBa. HasectHo, uto N10-
Goe BEleCTBO MOKET CVIIeCTBOBATH TOJIBKO B TPeX COCTOSHHSIX:
TBCPAOM, KHAKOM H razoo0pasHoM, KJAACCHUECKHM NpUMEPOM
YEMY FABJSETCS BOAA, KOTOPAs MOXKeT ObITh B BHJE b/, JKHAKO-
CTH W napa. Oanako BelecTs, NPeGHIBAIOUINX B 3THX CUHTAIO-
IHXCA OeCCnopHBIMH | obuiepacnpocTpaHeHHLIMH  COCTOSIHHAX,
ecan Gpate Becio Beeaenuyio B uesionm, ouenn Mano, OmHm BPS JH
NPEBLIIAIOT TO, UTO B XHMHH CUHTACTCS HHUTOMKHO MAJBIMH CJe-
Ramu. Bee oetanbnoe Beulectso Beeaennoi npedblBAeT B Tak Ha-
3bIBAEMOM TIa3MeHHoM cocTosnun. UTo 310 Takoe?

Hssectio, uto no mepe HarpeBanus TelJoBoe JABHXKEHHE aTo-
MOB [11000r0 TBEPJOro Te/la NPHHHMAET Bee Gosee 1 Gogee 3Hep-
FHUHBI XapakTep, 110Ka He HAaUYHHAIOT oc;1afeBaTh, a 3aTeM H
PBATBCA OLHA 34 JIPYTOIl CBSI3N, onpeiedsiolie CTPYKTYpPY Be-
HiecTBa.

[Teproit paspymaercs KPHCTAJIIHYECKAST PeLIeTKa — TBepaoe
TEA0 NIABHTCH W NPeBPAulaeTcs B XKHAKOCTb. 3aTeM 0Ca1abIsI0Te s
CBSISH MEXK/Y MOJEKYIaMH, H BeLeCTBO NPHHHMAeT razoo6pasuyio
(opmy — nenapsierca. Brime 2000° C wiiaxas BO/J& ViKe He ¢Mo-
MET CyLlecTBOBAThL BOOGLIE, HECMOTDS HH Hd KaKHEe AaBJeHHs.
CaenoBateblio, HCKII0YAI0TCS Bee B XHMHYECKHX peakiuii B
BoxHoil cpexe. INpu ueTbipex-nsitH ThCAUAX TPaayCcoB pBYTCsS Bee
CBSIZH BHYTPH MOJIEKYJ, H BeUIECTBO OKOHYATEIbHO pacnaneres
Hd aTOMBI COCTAB/IAIOUIHX €ro 3JeMEeHTOB. [Tostomy npeKpaualTes
BCE OOBLIYHBIC XHMHUYECKHEe peakiHH.
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Hy, a uyro Gyzer npoucxoauts,
€CJIH HarpeBaTh COCYJL C rasom?

[To mepe mnosbpiueHHst TeMe-
parypel JIBHKEGHHE ATOMOB rasa
craHoBuTcst Bce OoJiee M Gogee
9HEPrHYHBIM N OHH BCe ualie H
yaule, a cJAeAoBaTeJbHO, H CHJib-
liee CTaJKHBaloTCs APYrL ¢ Apv-
rom. B pesviabrare crodkioneinii
NEPBLIMH HAUYliHAI0T OTPLIBATLCS
JIEKTPOHBI, Pacno/ioKeHHble Ha
CAMBIX BHeUIHHX opGuTax M caa-
Gee BCeX CBfA3AHHLIE C sAPAMH
ceoux atomoB. Buyrtpu rasza no-
siBjsercs Kax OLl BTOpOIi ras, co-
CTOAULHIT H3 3ITHX 3JEKTPOHOB,
YHCJIO KOTOPEIX MO Mepe oroJe-
HHSL sUIep  aTOMOB  HenpephiBHO
pacrer. Beaen 3a ummu Hacty-
NdeT oYepedb H 3JIeKTPOoHOB, «3a-
IPATAHHLIX» HA CAMBIX IIYGOKHX
n Go.ree npounsix opOuTax. OaHo-
BPEMCHHO HAYHHAIOT Y4aiuaTthes
CTOJIKHOBEHHUS H MEKAY HOHAMH,
JHIUCHHBIMH Beell HJH YacTH CBO-
el 3JeKTPOHHOIN 3aUIHTHI.

laz, B Kotopom noa teficT-
BlIeM  HCKJIOUHTCILHO  BEICOKOIT
TEMIICPATYPLL NPOH3OLLTO pasjie]eHle BeillecTBa HA HOCHLiHecs
¢ Gewienoll CKOPOCTLIO U CTAJIKHBAIOILHECH MeXKAy co6oil 1 co cTen-
KaMi cocysia CBOGOAHBIE 3/IEKTPOHBI, COBEPIIEHHO Oro.Ielibie s/1pa
4TOMOB ¥ aTOMBI, N0 KAKOI-TO caydailHocTH Bee cllie yiep:KHBaio-
e HEeKOTOPVIO TOJIHKY CBOHX 3JEKTPOHOB, CTaJdl Ha3biBaTh
«nvtazyoiis. «Hueaapnas» niasva ¢ pasiaedennbiME 1010CTBIO
ATOMHBIMH YacCTHILAMH COOTBETCTBYET TeMIepaType B HECKOAbLKo
JIeCATKOB MHJAJAHOHOB rpaaycoB. Besje, rie BeliecTso Yypes3BLl-
4alHo ropsivo, OHO HAXOAHTCS B NJAA3MEHHOM COCTOSHHIL.

Oanako niasma—3TO HE TNPOCTO HArPeToe [0 CBEPXBLICO-
KOil TeMIepaTypbl BeLlecTBo. IDTO COBEPIUEHHO HHOe ero (u3snue-
CKOE COCTOfIHHE, NPOsiBAsiollee Leblil PsJ BaAHBIX H Jaxe npo-
CTO HeOoOBIKHOBEHHLIX CBOIICTB.
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Hanpumep, niasmennoe cocrosune razoo6pasHoro BeleCTBA
MQIKET BO3HHKATL I NPH MeHee BLICOKHX M [a)Ke OTHOCHTEJIbHO
HHIKHX TeMnepaTypax B 3aBHCHMOCTH OT COCTaBa, CTPYKTYpPbLl H
CTenein paspe:xenus rasa. [liams cseun, ceeuenue Jamn xoJio-
llOr0 CcBeTa, 3MIEKTPHUECKasn Jyra, 3JeKTPHUYECKHil pPa3psj, OrHeH-
Hast CTPYst, BLIPBLIBAIOUIASACH H3 COMJA PEAKTHBHOTO JABHIATEJs HJIH
PAKETBbI, OC/AENHTeNLHBIN C/Ie, OCTaBAseMbIil MOJHHel,— Bce 3To
NaNeKo He NOJIHBII nepeueb ABJAEHHIH, mnpH KOTOPBIX 4YeJIOBEK
NPAMO HIH KOCBEHHO HMEET /10, a Mool H HCMOMb3YeT /s fesa
UETBEPTOE, N/1a3MeHHOe, COCTOAHHE BelllecTBa.

Boabwmuerso moneii n game HEKOTOpbIE YUeHble He AenaloT
PA3NTHUNA MEACLY OTAENbHBIMH BHIAaMH MJIasMbl M ra3oM. Jleiict-
BUTEJbHO, OY€Hb 4acTO MOKHO C/BILIATH O pacKaJieHHOH aTMo-
chepe Connna u 3Be3, NOTOKAaX packaJeHHLIX ra3oe H T. .

[lnasama peiicTBuTenbHO NO pALY TNPH3HAKOB OYEHb CXOMHA C
razoM. Ona u paspexena, u Tekyua. OjqHako Ha YpPOBHE aToMoOB
W MOJIEKY/]l MNpHPONA e CTPOGHHS COBEPUIEHHO pas3jiHyHA, M
HMEHHO 3TO OObLSCHACT upe3BbIyaiiHO UIHPOKOe pasHooOpa3sue ee
CBOICTB H NOBEAEHHS, UYTO PEe3KO OTJNHYAET IJ1a3My OT Bcex
OCTaNIbHLIX COCTOSTHHIT BeLLeCTBA.

B uesiom nanasma HeillTpasibHa, Tak Kak OHa COIEePIKHT OJHHA-
KOBO® KOJIHUECTBO OTPHUATEJNBHO H MOJOMKHTEJNBLHO 3apsKEeHHbBIX
sactui. Ho Bsaumoneiicteue stux 3apsiloB MpHAAeT MJasMe fno-
Tpacaiouee pasnooGpasne CBOMCTB, He NOXOMHX HH HAa Kakie
CBOWCTBA rasos.

[Ipu uekoTopwIX yeaoBuax ona Mower NPOBOAHTEL 3JIeKTpHuUe-
CKHIl TOK JIYuIle, YeM MeMb, Te4b KaK BA3Kas XKHAKOCTb, BCTYNATL
B PEAKLIH C IPYTHMH BEUIECTBAMH KAaK CHJABHBIH XHMHUECKH It pa-
crBop. Bosee Toro, nnazma Jderko YNPaBJSeTes 3eKTPHYECKHMH 1
MarHHTHBIMI [10.T5MIL

B HeoGuikHOBEHHO KOpoTKirii CPOK GU3HKA N1a3MBl CTAJMAa of-
HOIl M3 Beayunx obJacTeil HayuHoro liporpecca, raasHLIM 0Gpa-
SOM B CBA3H C HCCACAOBAHHAMH TepMOsiLepHON peakuuH, ro-
JYy4aemoil noKa ToAbKO B MTHOBEHHOM BCHBILIKE packaneHnHoii
A0 TeMUOepaTypbl B HECKOJBKO COT MHJJIHOHOB rpasycoB mias-
ME, MpH B3pbiBe BOAOPOAHOH GOMOLI (cM. «T'epnoadeprasn pe-
akyua»),

Mu-meson — neycrofiuisan 3MEMEeHTapHAs uYacTHUA C  Maccoil  0KOJo
273 maccwl anektpoia. CywecTsyer Tpu pHAa Takux wacTuil: TOJOIKHTebH b
H OTPHUATENLHUWI NH-Me30Hb, 06/1aNdt0UIHEe BACKTPHUCCKHA Y 3apsaasMu, pas-
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HEIMH 10 a0COIOTHON BeJMYMIIC 3JCKTPHUCCKOMY 3apsjly 3JeKipoua, u neii-
TPaabHBI nH-Me30H. Macca 3apsiKeHHBIX nH-Me30HOB pasua 273 MaccaM wICK-
TPOIa, HEliTPAIBLIOro NH-MC30HA — HECKOJLKO Menbuie — 264 Macesl 4eKTpona.
Tlu-mezon poxaaercs Ha HyKJIOHaX HAH AApax noa jaciictiem GoMGapaupoBKu
HYKJI0HAMH H raMma-jayuveil 604bwIol sneprud. Bpemsa :knaim zapskeHHoro nm-
Me3ola — okodo 2,5 . 10 ~8cex. Yamie BCEro nu-Me30H pacnaiaeTcs Ha MIO-ME30H
W veiiTpuno. Bpema xu3uH nefiTpasbHoro nu-meaona ue npesuvimaer 105 1cex,
nocsie yero OH pacnajaercst Ha asa (oTtona. B oTamuMe ot Mio-:e30H0B nH-Me-
301bl aKTHBHO B3aHMOJACHCTBYIOT C aTOMHBIMH sjpaMmH. OHHM, B yaCTHOCTH, OT-
BCTCTBEHHLI 3a cyllecTBoBanHe sdeproly cu.1. OGMEHHBAsCh MM-MC30HAMH,
HYKJOHBL SLApa YACPMKHBAlOTCA BCE BMECTe, HECMOTPA Ha CYUCCTBOBaNHEC
OFPOMHBIX CHJT OTTAJIKHBAHHS  MEAY TNOJ0MKHTEILHO 3apsiyKEeHHLIMH  npoTO-
HAMH, CTPEMALIHXCS «B30PBATh» AAPO H3HYTPH.

MayTouuii — XunMHUeCKHIl 3JEeMeHT ¢ NMOPSAAKOBHM HOMepoM 94 u atoMHBIM
pecor 239, BriepBbie MOAYUEHHDIT YCJIOBEKOM B XOAC YNPaBJaseMoil peakuuu Ac-
JeHNS saep ypasa.

Kak u3BeCTHO, HCMO.1b30BaHHE aTOMHOII JICPrHH MEIOBEKOM Hayaiclh ©
ypana-235, KoTopblii ObL1 H OCTAETCS BAMKHCHIIHM BHAOM SJCPHOTO roplouero.
Mono Geiio GBIl HMETL FOpPY NPHPOJHOrO ypaHa, HO He HCAeL30BATh HH Ka-
NeJdbKH  3aKJI0UEHHON B HEM 3IHCPrHM, ecJH OBl B HEM He COJAepiKadcsi ero
AcssiuHiics HaoTol ypan-235. IToT H30TON OAHHAKOBO XOPOWIO JICAHTCH Reii-
TposaMu gioGux IHepruil. OAHAKO B HPHPOAHOM MCTaMIe Cro OMCHL Majo —
seero 0,7%. Ocraabisie 99,3 cocrasaser HzoTon ypan-238, KoTopwlil geanTes
TOALKO OblCTpBIMH HeliTponayy. 3aTo ypan-238 oTaHuiO NOrJIoumaer npoMexcy-
Tounbie HelTporer ¢ sueprieii ot 1 no 10 28, U tyt naunnaiorces uypeca. Ecau
¢ NOMOLLBIO 3aAMEANHTENs — rpaduTa, TaAea0l HAH OOLIMHON BOJLI W JAPYIrux
BCILECTB — 3aMC/LIHTL JIO TON “HEPrith BblOpachiBaeMble TIPH ACJEHHH  sijiep
H3otona ypaua-235 OueTpbie HeATPOHLI, TO, 3aXBATHB TAKON MeAJeHHBIT HeRT-
pon, Aapo atoMa ypaHa-238 NPUXOAHT B CHAbHO BO3OYMAEHHOE COCTORNNE H.
pacnananch, NPeBPAULaeTeA B KOHEUHOM NTOTE B NAYTOHWIT, nephoji nojypacna-
Aa Kotoporo pased yie 24,40 ropa. Camoe 3aMeuatessioe T0, 1TO OH CTaHO-
BHTCS KaK Obl ABONHHKOM ypana-235 — Takze AcauTes i ObCTPLiMIL, H MELIeH-
HBIMH HEHTpOoHaMH. A 5T HO3BOASET B XO/¢ BLITOpamiss ypana-235 ojiHonpe-
MCHHO [lpt’.!lj)é?i'l!'}'h ]E(‘i{()']'()[)}“l() TOMIKY HPARTHYCCKH he JieJdalerocs ypalia-238
B aeasinites naytonnii-239. Tak nocTenenio, BuiZkHras B AJAEPHOM peakTope
ypar-235 (0.79) u neayuennetii nodounniM nyTem naytoaui-239 (ecrectsenno,
menpiie 0,79%), MomHo HesameTHo nepepaGoTaTh B AJEPHOE TOpIOUCE 3HAYM-
TCABHYIO 1010 H TPHPOAHOTO ypana-238.

UneTetl nayToHui-239 — cusibHo SiOBHTOE BEULECTBO, JCTKO 3ar0paeres Ha
po3jyxe. Pacnajasch, oH HCNVCKaeT adba-uyacTnipl ¢ suepricii okoao 5 Mas.

OL‘UGO onacHo nomnajganHe nJaAyToHasa BHYTPD Opl"{llillJ:‘dﬂ, TAaK KaKk on ecre-
CTBENNBIA [YTEM HE BEIBOJANTCH, & JLANTCIbHOe BlYTpeHnce obayueHne anb(a-
YACTHILAMN NPHBOAHT K THKCALIM (opyay ayuyenoil GonesHn n paxe rudean
opraHusMa.

TTHEBEMOKOCTIOM — CHEIHAALILI KOCTIOM, NpPeAHasHavuennbil A5 padoTe B
aTMoc(epe, 3arpasiennoil  PaJHOAKTHBHBIMH  BELIECTBAMH — TLLILIO, ra3aMmi,
a3po30asMH. 3allHTibie CBOHCTBA KOCTIOMa OGECHEuHBAOTCA TeM, HTO BHYIPb
ero HENPepLiBIO MOCTYIACT BO3AYX, HAXOAALIMACH M0j HCCKOJILKO OOJbLINM
AABJCHHEM, HeM OKpyKawllag atMocepa: 370 HCKJIOUACT BO3MOXKHOCTD
NPOHUKHOBENHA PALHOAKTHBILIX HacTHIL BUYTPL nnemmokocriona. Koctiom no-
apo.ger ¢BOGOJIRO MEPeABHIaTLCA H HCKOTOPOC BpeMsa paCorarh B 3apazien-
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HBLX MOMCIHCIILIY, JICrKO OTMLIBATCS OT NPHCTABLUIMX CHAPYIKH painoaxTis-
HMBIX QACTHI, HMECT NPHAYANTEABHO® (K2K ¥ BOJ0J430B) WA aBTOHOMHOE (ot
6aa10108) HHTAHHE BO31YXOM.

Mpoder wacTHULI — Ny Th, TPOXOLIMBL 3apsuKenHol yactHueli 10 noJqHoro
CC 3aMEAJICHHs B PEIYABTATE MHOTOUHCICHIEIN YHPYIHY CTOJIKHOBEHMIL C SAPAMH
aroMon BeilecTea, B KOTOI)OI.I ABHACTCH 3Ta yacrtHia. BC.’IH‘HHI& IT[JUG(’P& 34d-
BHCHT OT 3HEPrHH (CKOPOCTH) ABHACHHS 4aCTHIL, ce 3apsijia, Macchl, a TaKke
OT CBOIICTB CaMOTO Bel(CCTBA (cpeawt). IlpoGer ypeanunsaercs c SHEPIrHelt ya-
CTHI, a WpH 3ajaiioii CKODOCTH NPHMEPHO NPONOPUHOHANCH Macce YACTHILLI
H o6paTHO NponopuHOHAIeH KBajpaTy ee sapaja. IlpoGer uame Beero But-
PAHAIOT HE B CAMHNMAX AMHIL (CAHTHMETPAX), 4 B MACCOBHIX ©AHHHLAX CA0S
BEWECTBa, NPOX0JAHMOTo YacThlleil (e/em?).

Mpoaykr peaenns ypama, Koraz s xoxe AACPHOH PeakuHH sApo atoma
ypaua-235 feantes maiBoe, TO NOAy4aluLHecs PAIHOAKTHBHLIE OCKOJIKH HH-
KOorga u¢ ObiBAIOT PaBHBIMH: OAHH noGoabile, Apyroii noMensite. 1 te u apy-
THe OKa3LIBAIOTCS AAPaMH AaTOMOB 3JEMEHTOB, HMEIOU[HX MacChi NPHMEPHO 0T
72 po 162 — ot repmanun no raduus. Pacnpesenenne stux siementon n npo-
UCHTAX HMeeT BHJL KPHBO{l C ABYMA YeTKo BIPAKeHHBIMH ropGasi, NPHXOLA-
ULHMHCA Ha Maccst okoao 90 u 140, manpumep CTpoHuHi-90, xpunton-91,
HTTPHIT-9], nnpKonuit-95, Ho-126, uesnii-137, Gapnii-142, wepwuit-144 y ap. Oa-
HAKO MaKCHMa/bHO® KOJMYECTBO MIOGOTO H3 H3OTOROB 3THX 3JEMEHTOB He npe-
BhitliaeT 5—67%; Bcero Koanuectsa 0CKoaKOB. Beaukoe pasnooOpasue KomOuna-
UHil BHJIOB H3JayueHuit (GeTa-uactii i TaMMa-KBAHTOB), HX SHEPTHI H MepHOI0B
floAypacnana oTKPLIBACT HeliCUCPNAeMbie BO3MOMKHOCTH AJS CAMOro LWIHPOKOTO
NPUMEHEHHA STHX 27eMCHTOB B HAaVKe, TeXHHKE, MEJHIHHE, NPOMBIILICHHOCTH H
Ceabckos Xossifierse (Cu. plicynok).

MpomeskyTounne HellTpoHbl — uacTHHO 3avenieHible HefiTPOHB, SHeprus
{cKopocTs) KoTopLIX MeKNHT B npeneaax or 1 x3s a0 0,5 Mas (Guictpuie mei-
TPOHB — Goabuie 0,5 Masg, MepneHble HeilTponbl — wiKe | K36).

ltporusoartomuas 3awmrta —
ClCTeMa  MeponpusaTHil, Hanpas-
JICHHBIX HA 3aUlMTYy JIOAed, Kii-

o b BOTHBIX M MaTepHAJbHBIX LEHHO-
= CTell OT aTOMHOrO Hanazenus
z g UPOTHBHHKA, & Takme Mep no
] EBOEBDEMEHHOMY OKasaHHIO Me-
B AHLHHCKOH TOMOUH NocTpajas-
o 10 UM, [IDOBCACHHIO  Je3aKTHBA-
o (i (oﬁc:asapa;h'unamm) MeCT-
Z13 HOCTH U CTpOeHHH, OBICTPOIl aK-
g BHIAUHH BHI3BAHHLIX HaNaieHeM
8y paspyulennil. Cioga BXOAAT Tak-

10 e paGoThl MO CO3NAHMIO ceTH
g YOCKHUL H  yKPLITHIL, NpOTHBO-
;165 dTOMHAA INOATOTOBKA HacejeHus
o H  (QopmupoBaHmHil NPOTHBOBO3-
. 158 AY¥UWHOH H MPOTHBOATOMHON 0GO-

poun, a Takme OCYLLeCTBJIEHHe

100 120 140 KOMIJIeKCa  npeaynpeanTeabHbx,
Maccoaoe uucno NPOTHBONOMKAPHBIX B Apyrux
Mep.
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poTrit — atoM Jerkoro Bolopoja, 4ap0 KOGTOPOro COCTOMT BCEro H3 Oji-
Horo nporona. Jdannoe nassanne Golee vao0duo B TCX CAyuasx, KOrja €ro HpH-
xoanted ynotpelasihb Hapsay ¢ AcfiTepHen (4TOM THIKEIOr0 BOAOPOAA) MM
TPHTHEM (aToM cBepxTedaoro seiopoia). Orcioga sapo aToMa nporus —
NPOToH, AciiTepHA — AEHTPOH, TPHTHA — TPHTOH.

MyzuippkoBas kamepa. Hecmorpst na To uto ¢ MoMenTa n3ofperenns Ka-
Hepsi Buabcona NPOMLIO YIKE HEMAJI0 JeT H B €€ KOHCTPYKILHIO BICCCHO MHOFO
YEOBEPIICHCTBOBANMIL, 3TOT NPHOOP M A0 CHX NOP VAMBJAAET CBOeil NPOCTOTON,
coueraomefica ¢ TOUNOCTLIO H TPl L0l YOeAHTEALHOCTBIO NOIVHACMEIX pe-
3y JIbTATOB.

Oanako ¢usnka atoMBOro sipa ¢ KawibiM JuieM Bee 0odablue W Goablue
HMEET J1e70 ¢ HCOOBLIKHOBCHHO OBICTPBIMH HACTHIEMH, BXOASIHMH B COCTAB
KOCMHYCCKOro H3JYUCHHA HJIH NOJIVHAeMBIMH NPpH NMOMOLLH COBPEMCHHLIX CBEpX-
MOULHBIX YCKOpHTeseil. DTH uaCTHil, Apojeran kKamepy Bwincona, uacro ocras-
JSIOT CTOJL KOPOTKHIl, caalwplii, He yeneBIMit HCKPUBHTLCH H  DasopBaMibiil
C.1el, 4TO H3MEPHTL €ro JoCTaToyHO TOHHO ViKe ne npeiacTtasgasierca BO3MOM-
HLIM. B pesyawrare Bce naunGoee BayKHOe H HATEPeCHOEe VCKoAL3aer or naG.iio-
aenna. K ToMy e B MOMeHT pacumnpenus raza B xamepe Buancona B nem Boa-
HHKAKT NOTOKH H 3d4BHXPEHHA, KOTOpPLIC XOTs1 M HE HAMHOIO, HO CMCULAT H
neKamaior caest vactail, Ouelh 4acTo BO3HHKAECT HEeOGX0HMOCTE TOYHO 3HATD,
B KaKOIl HMCHHO NOCJACTOBATC/ILHOCTH NOABISLIHCE 3TH C.‘l(’,ﬂbl—KOTO[)H]'I nep-
lﬂi;li"l“l\'ﬂTOpb!i"f BTOPOil M TaK 10 NOCJCAHEr0, KAKOIl H3 HHX NPOWIeJCH Bhiule,
KAaKOH HHMC JIPYTOTo,

Ha stu Bonpoctr kavepa Buabcona otsera ne paer.

Kak e sacraButh ce oTeeuath M Ha Takume Bonpocw? Ilomowb npamna
€O CTOPOMBL KHNATKA. YTO COVEHT HepBLIM NPH3HAKOM 3aKHNAMH8 HHAKOCTH?
ITossaenne ny3wippkos. Ho Kak 1 riae omn 3aponaalores — BPSA M KTO
Ha 3T0 Oﬁ[)ﬁu.lﬂ.‘l ocoboe BHHUMaute. A B (i)liSHKC KHIOCHHA MHAKOCTH 5T0
00CcTOATeILCTBO, OKA3LBaeTcd, HMEeT BeckMa Ban(HOoe |I peulaloulee  3ia-
ueilie,

Onutrot NOKA3a/H, 4T0 NY3LPLKH Napa 3dapom1d107TCd IVIaBHBIM U(J[‘!QJOM Ha
CTEHKAX C€OCYAa, B KOTOPOM HarpeBaloT KHIAKOCTL, 5 MUCTaX, ric Ha HHX
HMeWTCST Medpuaiiutde vroavloenns s OVropouki, KOTOPbie NPAKTHYECKH He-
BO3MOHHO VCTPAHHTL HHKAKOI, Ad:He caMoll TUlaTeibHoi I[I.'IHCIJGBKOﬁ HJIH 1O-
auposkoi. Oup 1 eaysar uentpaMi o0pa3oBanua H jajbHeHero pocra ny-
3LIPLKOB.

Econ AHAKOCTL COACPAHT B cede B3BEUICHHBIC 4aCTHYKH TBEP/IOrO BCULE-
CTB& WM B Heil pacTBOpen Kaxoit-HuOyaL ras, 1o HeHTpaMH o0pasonauiia  ny-
3LIPLKOB Hapa MOTyT ABHTLCS H TAKHe TBCPABIC H Td3000pasHblc HACTHILLL.

Ecan e HAUYATH KHNSITHTL OUCHD YHCTYI0 BOJY B cOoCyie C HicaJLHO OThRO-
JAUPOBAHHEBIMI CTCHKAMH, nageras BCAUYCCKHX, jlame CaMbIX HHUTOXHBIX TOJIY-
KOB B COTPACCHHIL, TO BOIY MOKHO <leperperhs» (03 KaKHX-IHOO NPHINEKOB
KHIOCHHA. 0,’1!{81\'0 CTOHT TENCPb JHILL CJlerKa TOJKHYTDL COCY X HJIH KAKHM-IHO0
APYrHM crnocofoM HapylMTh NOKOH Takoil neperperoil BOAL, KaK OHA MrHo-
BEHHO BCKHILACT.

370 ABJICHHE H HABEJA0 (HIHKOB Ha MbICAL HCMOJIL3OBATL HE 00.]1a4K0 IEBH-
ANMOTO napa B KaMepe Biipcona, a Neperperyio MHAKOCTh.

JocTaToulo Kakoil-aH0o 3apsiKeHHoil “acTHIle NpoJeTeTh CKBO3L TaKYIo
AMAKOCTH W NPOH3BECTH HOHH3ZINI €¢ MOJEKYJ, KaK 3TH MOJCKY/H Ha BCeM
IIpOTﬂ}KCHHH nyTH YAaCTHIL CTaHOBATCA ICHTPAMH 00OPa3’0BaHNA HﬂpOBle ny-
3LIPLKOB, T. € MHAKOCTbL Ha 3TOM IIyTH MIIIOBEHHO BCKHIIAET,
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Ecau teriepy yenets gocratouno Guietpo caenars ¢otorpaduucckuii crim-
MOK, TO Mbl yBHAHM Ha HCM UEMOYKH Ny3LIPLKOB — TaKHE Ke CJedbnl 4acTHil,
Kak H T¢, KOTOpble MOXKHO HaGaoxaTh B 00ubMHON KaMepe Buancona.

Moikno noctynute m MHaue. M3secTHo, 4TO BCKHMANHME JKHAKOCTH npesor-
BpalaT, yBEJIHYHBAA AaBaenne napa uai veil. Ecan Goletpo cHath 510 gas-
JACIHC, TO KHAKOCTL BCKHOACT HE MTHOBUHHO, 4 CHYCTA KOPOTKHIT MPOMEMYTOK
spesenn. Caejbl NPOJTETAOWHX uepes KHIKOCTb MAaCTHIL MOMKHO thotorpatu-
poBaTL 3@ OTPE3OK BPEMCHH ME:KAY CHATHEM /AaBJeHHA H ee BCKHMaHHeM.

Kakne e Toraa npenmyuwiecTsa HMeer Kamepa ¢ Neperpetoil MuAKOCTLIO
nepej o6blunoll — «napopoli»? J1oCTaTOuNO MHOrO.

JlioGast KHAKOCTL 3HAYHTEJBHO NJAOTHEE, YeM BOASHON nap, M MOYTOMY
OHa Jiyylle 3aneiiser nponetaioulHe wactiusl. Baarogaps stomy wonuanpo-
BAHHLIC CJe/bl OT HHX OCTAWTCH (0.1e¢ MJIOTHBIMH, CIVIOIIHBIMH H Jeruye nofi-
AaTes Habmogennio H u3mepenisiv. OGpaszoBanHe nyssPLKOB B Ieperperoii
KHAKOCTH HICT 3HAaYHTE/ALHO OLICTpee, ueM B mape, i, KPOMe TOro, ABHMEHHE
YaCTHIL CAMOIl JKHAKOCTH MeHEe OWIYTHMO, uYeM [BHAKCHHC JerKHX 4acTHIL
napa, BCJACACTBHE Yero OCTABANEMBI YacTHUEll c/ead B JKHAKOCTH HCKAMKACTCH
HaMHOro Memblie, yeM B nape. M, wakomew, yto oueHb Ba)HO H uTO sBAsETCH
CaMbIM TJIABHBIM TPEHMYLIeCTBOM TaKoii KaMepbl, Ny3bIPLKH Napa, nocae Toro
KaK Oui 00Pa30BAJIHCL BOKPYT HOHH3HDOBAHIBIX YACTHI JKHIKOCTH, NPOLO.I-
AT HENPepLIBHO yBeAHuHBaThea. Caenas psag (OTOCHHMKOB, M0 BEJHUHHE
y3SLIPEKOB MOXHO [0CTATOUHO TOYHO YCTaHABAHBATL, KakKHe HMEHHO CJeibl
MOABH/IHCH B JKHAKOCTH Palbile, a Kakue nosiiee.

«lleperpetans KMAKOCTH He BCErAa 03nauaeT WHAKOCTb, HATPETYIO 10 BLi-
cokoii Temnepatypnl. CyliecTByeT OrpOMHOEe KOJHHECTBO JKHAKOCTEH, «BCKH-
MAIOWHX> H MPEBPAUAIOLHNCA B Nap He TOAbKO NPH KOMIATHON, HO H npH
3HAUUTEILHO G0JCe IH3KON TEMMEpaType HAH MPH HESHAUHTCJALHOM YMEHbille-
HHH BHEIINEro naBieHis, HANMpHMep CHKHKeHHBI BOLOPOA, NpPONaH, H3Ione-
TaH " Ap.

3anoaRAoWHil  NySLIPLKOBYIO KaMepy CHRHACHIBE, & CICIORATCILIO, [Ha-
XOASALLIKACA HOA GOJBLUIHM AaB/JICHHCM Fa3 TOWKE HACANBLHO npospayed. Ho ecan
9T0 NABJICHHE YMEHLIUUTL O KPHTHYCCKON BEJHUIHDLL, MPH KOTOPOI KHAKOCTDL
He BCKHNAET TOJLKO MOTOMY, WTO B Heil HeT LEeHTPOB, CHOCOGCTBYIOUINX obpa-
30BAHHIO NY3LIPLKOB,— NBUIHHOK, 3aPAKEHHBIX HACTHIL H T. M., TO CTOHT 3aps-
KCHHON u4CTHUE MPOACTETb CKBO3b TAKYID CBEPXYYBCTBHTENbLHYIO, roTOBYIO
MPHOBEHHO BCKHIICTL JKHAKOCTH, KaK ce HOHH3HDPOBaHHBIL cien, rycto obaen-
JACHHBLT TY3bLIPbKAMH Ia3a, CTAHOBHTCH BHAHMBLIM.

B TaKoil kamepe ICT HHKAKNNY MOPLINCIT H APYIUX NOABUIKILIX vacreit, u ee
PAsMEPLL MOFYT AOCTHTATL HCCKOILKHX METPOB AJHIBL Kak pas To, «To Hyikio
V4eHBIM!

W ewe. Eean B kamepe Buascona MoskHo naBaiofath CJIe/lbl, OCTaBJsIeMble
MPONH3LIBAIOLIMMH €€ 3aPAMKCHHBIMH YaCTHUAMH KaXABl pas ToabKo B Teye-
HHE JI07ell CeKYHALI, TO NY3LIPLKOBAs Kamepa NO3BO/seT HaG.I01aTh CACAbl Ya-
CTHIL 3HAYHTCALHO J0JblIe. 3TO YiKe OrpOMHOE, a B Psiie Cyuaes peniatoluee
MPeHMYILECTBO.

Bakuocrs 10CTOHHCTB HOBOIL KaMepbl CTaHOBHTCS OCOGEHHO NOHATHOI,
CCAR Mbl BCHOMHHM, 4TO YYEHLIM MPH MOMOLUH MOUIHBIX YCKOPHTEIC( YacTHI
ceiiuac yi4etest NPHAATh ITHM YACTHILAM TaKHe CKOPOCTH H SHEPrHH, KaKHe yike
fie BCTPCUAIOTCA Y CCTECTBeHHBIX H/H HCKYCCTBEHHBIX PaiHOAKTHBHBIX BElLECTB,
@ CKOPO, BHIHMO, OYAYT H COU3MEPHMbBI CO CKOPOCTLIO W SHCPrHEN KOCMHUCCKHY
YACTHIL,
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Huenno Gaaroaaps nenosin3osanmio Kasep BHALCOHA W APYTHX CXOAUBIX
M0 YCTPOHCTBY M AHCTBHIO YCTAUOBOK NPOHCXOIHT GOJILLIHHCTBO OTKPBITHiIl
B 06.14CTH COBPCMEHIION (PHIHKH.

OCHOBHBIE MOHATHUA M TEPMMHBI

Crp.
Paan# 105
PaAHOAKTHBHOCTE S 106
PagHoaKTHBHOCTL HCKycCTBeHHAA-— — 107
PaguoaKTHBHLIC H30TOMNBE 107
PagnoakTHBHLIE cemelicTBa 108
PagHoakTHBHOCTb HaBejeHHam—— 109
Peakropbt —— 116

Papwuit — oaMn U3 MepBLbIX NPHPOLHLIX PaAHOAKTHBHBIX 3JIe-
MEHTOB, OTKPBITHIX H BblAeJeHHLIX B uHcTOM Buae Mapueii Cknio-
noeekoit M [Teepom Kiopu ewe B KoHue npowioro sexa.

HeunspectHoe 10 TOro spemMeHu BeulecTBO 0Ka3asoch TOHCTHHE
yaAuBHTe/MbHBIM. OHO HenpepLBHO HCMYCKAJo 00J1afaloine orpom-
HOIl mpoHHKaoueil crnocoGHOCTLIO HeBHAMMBIE nyun. Ilox neiic-
BHEM TAWHCTBEHHLIX JIyuell, Tak e Kak M Moj AEeHCTBHEM pPeHT-
FeHOBCKHX, SIPKO CBETHJIHCHL B TeMHOTE IKPAHEI, MOKPHITLIE CEPHH-
CTHIM  LHHKOM, [WIATHHO-CHHEPOJHCTHIM OGapHeM M JPYrHMH
BEILLECTBaMII, 3aCBeUHBANHCh (PoTorpadueckKHe nIacTHHKH.

HuutoxHO MaJibie KOJIHYECTBA 3TOTO 3JI€eMEHTa, He TMpeBbilla-
IolHEe MHJTHAPAHBLIX 10JeH rpaMMa, MOXKHO OLIJ10 00HAPYHHTD MO
HONH3AUHH BO3JYyXa, KOTOPYIO BhI3bIBano HX uaiayuenne. Hosoe
H3JyueHHe OKasblBajo CILibHOe BO3/JeficTBlie Ha JKIBbIE Opra-
HH3MBI H B psiJie CIYYaeB CTAllOBHJIOCH ONACHBIM JAJIs 3A0POBbS
mogeit. Bee 3TH cTONb HeOObIKHOBEHHbIE CBOMCTBA AajiHi  TOBOJ
ero nepBOOTKPHIBATE/SIM HA3BaTb HOBBIl 3JIEMEHT pajHeM, uTO
03HAYALT «JYUHCTbI{i». ¢

Panuii fiBAfeTCA NPOAYKTOM pacnafa LEenouKkil 3/IeMeHToB, Ha-
yHHalonxes ypaHoM-238, H COCTOHT H3 UeThlpeX NPHPOAHBLIX H30-
TONOB € MAccoBLIMII uHcaaMmu 228, 226, 224 u 223 (cpeauuil atom-
nplit Bec 226,05). HauGosee poarousywnii H30TOn — paamii-
226 — uanyuaeT anba-uacTHubl ¢ sHeprueii 4,78 Mag ¢ nepHo1oM
noiypacnaga 1617 ner. Henyckaunme adbga-yacTHIL COMPOBOK-
naetcs ramma-nsayuenuem ¢ sHepraeit 0,188 Mas. Baaronaps Bui-
COKOIl SHepTHH HCIyCKaeMbIX asibdha-4yacTHI pajiii BMECTe C H0Jl0-
niuem-210 (sneprus aJiba-uacTui, ewe Bbimie — 5,3 Mag) B Teue-
HHE JVIHTEAbHOr0 BPEMeHH — J0 CO3JaHHA YCKOPHTe/ el 3apsen-
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HBIX YaCTHIL 1 sAePHBIX PEaKTOPOB — NPEeJICTaB s co00il «rnai-
HBIl Kaan0p aTOMHOI apTHAJEPHH» /s o0cTpesia siniep aToOMOB
BCEX JIETKHX 3JIeMEHTOB mnepHoandeckoil TaGauust Menjneneesa.
MmenHo ¢ nx nomoulbio Guijia OTKPEITA BO3MOYKHOCTh NpeBpaile-
HHST OMHHX 3JIEMEHTOB B Jpyrue, oOHAPYIKEHO CYLIECTBOBAHHE
HEATPOHA, OCYLIECTBJEHO MNOAABJSIONIEE GOJBIINHCTEO BaMKHBIX
OTKPLITHH aTomHoro sexka. Mcnyckaemule pagHeM ramMma-jayug c
sneprueii 190 x3s8 B TeueHue poJroro BpPEeMEeHH CAYMKHIH elHHCT-
BEHHBIM HCTOUHHKOM 151 G0pbOBI ¢ caMBIM CTpamHLIM 3a60seBa-
HHEM 4YEJI0BCKA — PAKOM, a TakiKe JJs NPOCBEUHBAHHS MeTaJln-
YeCKHX H3/le/Hi H T. 1.

PajnoakTHBHOCTE — CaMONPOH3BOALHBI, He NO11a10WHHCs
HHKAKOMY BHELIHEMY BO3AEICTBHIO HENPEPLIBHLIIT pachiaj HEKOTO-
PBIX TIPHPOLHBIX H HCKYCCTBEHHBIX 3J€MEHTOB, B XOJ€ KOTOPOro
9TH BEIIECTBA HCMyCKaloT ajbda-, GeTa- W ramma-ayud. Spaenue
PdAHOAKTHBHOCTH BnepBeie Obl10 OTKPLITO B 1896 r. hpanmyackum
dusukom A. Bekkepeaem u aertasibio Hecsen0BaHO Mapueii Cxao-
acsckoii 1 ITeepom Kiopn, oTKphIBIUHMH Bakuefimme NPHPOAHEIE
PATHOAKTHBHLIE 37TCMCHTBI: ypau, TOPHil, HOAOHUIT 1 pajmuii.

Auraniicxiie dusnkn 3. Pesephopa n ®. Coxmn YCTaHOBHAMN,
4TO B OTHUHE OT OOCBIYHBIX 3JIEMEHTOB fApa aTOMOB pajuo-
AKTHBHLIX  BCILLECTB — HEeYCTOHUHBbIC, HeCTACHIbHBIE 06pPa30Ba-
WHH, @ BCIEACTBHE STOTO HenpepuiBHO pacnajzatortcs. Hemy-
CKasl amba- u Oeta-uacTuubl (SAPa  ATOMOB Tedusi H Sjek-
TPOHBL), OHW TEM CaMbIM NPEBPaLLAlOTCs B HOBLIE, GoJjiee JerkHe
snementsl. Hanpumep, uenycrus aiabpa-uactuuy (He') u nore-
PilB TEM CaMBIM 1BA NONOKHTENALHBIX 3apsla H UeThipe eAHHHILbI
Maccbl, pauii-226 (ssRa*®) npespamaercsi B HOBbI 3MeMenT —
ras pajioH-222 (s;sRn*??), B peayanTaTe BO3HHKAOT aTOMBI yKe
ABYX HOBBIX 31€MEHTOB — pajgoHa n reaust, OAH2KO HA  STOM
nmpouece pacnaza HCXOJAHOTO PaAHCAKTHBIIOIO 3J4eMEHTA He npe-

106



kpautaercst. Buosn oGpasoBasuuiiicss pajion-222 oxaspiBaercs
TAKKe HeyCTOIUHBLIM H, HCIIYCTHB B CBONO ouepelb adba-ua-
CTHUY, MpeBpallaeTcsl B HOBOe, TOXKE HEYCTOMUHBOe PajHOaKTHB-
HOE BEMICCTBO: pajLil A nau nosouuii-218 (s;Po*®). Aror mpo-
necc oOpasoBaHusi H pacnaja BCeX TMOCJAELAYIOUIHX [OKOJEHH
PajHOAKTHBHBIX BEIEeCTB OCTAHABJHBAETCH TOJLKO TOTAa, KOrja
BCE HMCXOJHOE KOJIHUeCTBO PAajHs MPeBPaTHTCA B OOLIUHBI CBH-
Hell, BepLee, B OJHH H3 €ro H30TONOB — CBHHeL-206 (s2Ph20%).

PapuoakTHBHOCTH HCKYCCTBEHHAs — PalHOAKTHBHOCTb, HCKYC-
CTBEHHO cOo3gaBaeMast B YCTOHUHBBIX XIMHUECKHX 3JeMeHTax ny-
TeM HX 00/yueHHA TOTOKAaMHM HeliTDOHOB B si/ePHLIX peakTopax
HiH GoMOapAHPOBKH 3THX 3/CMEHTOB TSMKEJILIMH YaCTHIAMH —
IIPOTOHaMH, anbdha-uacTHaMI H AP,

BeaencTtBHe orpoMHoro pasxoo0pasus cBoiicts (Bija Hagyue-
HHil, SHEPTHA, BPeMs KH3HH, Macca HCMYCKAaeMBIX UACTHI[ H IP.)
padHOAKTHBHDLIE BElECTBA, MOJyYaeMble HCKYCCTBEHHBIM TYTeM,
NPUMEHSIOT 3HAUHTEALIO LUHPE, YeM ecTecTBenHbie (cM. «H30-
ronot»). B cBA3H C OTKPLITHEM HCKYCCTBEHHOH palHOaKTHBHO-
CTH 0Ka3a/jioCh BO3MOJKHBIM OCYLeCTBHTb MEUTY Cpe/HEeBEeKOBHIX
aIXHMHKOB — MPeBpallaTh aTOMbl OJHHX XHMHYECKHX 3JeMEeHTOD
B aTOMBl JAPYTHX 3JeMeHTOB (CM. «PaduoarkTugHOCTH>).

Beaen 3a 3THM OTKPBLITHEM VUEHBLIE B PA3JIHUHBIX CTPAHAX cTa/H
noaseprath GoMOapaHpoOBKe siIePHBIMH yacTHIAMH OVKBAJIbHO BCE
XHMHYeCKHe 3JeMeHTsl Tabauubn Menneneesa. IIpil 3ToM BLISICHH-
JIOCh, YTO TIOUTH BCE OHH MOTYT 00pa30BLIBATL HOBLIE HCKYCCTBEH-
Hble pamHOAKTHBHBIE H30TONL. B cpapnnTeqbHO KOPOTKHI CpOK
YHUCJO0 TAKHX HCKVCCTBEHHLIX HB(I}"‘I&TE.-’I(—)“ JOWJIO A0 TbhicAYH H C
Kam/IbIM FoJIOM OTKPBIBAIOTCA BCe HOBLIE H HOBBIE.

Ceifuac HCKyccTBeHHble paJHOAKTHBHBIE H30TONBI 3aHHMAIOT
HCKJIIOUHTE/IbHO BaXKHOE MECTO B HayKe H TeXHHKe.

PannoaktnBHble H30TONLI. Ulcso nosyyalolixcsd 8 pesyabrare
fesIeHHs YpaHa H NUIYTOHIHA 3/€MEHTOB 0Ka3a/10Ch O4eHb GOJbUIHM
no pasHooOpasHio M MO BHAAM PAaJHOAKTHBHBIX H3JYYeHHH: IJIH-
TeJAbHEIX WJIH KOPOTKOMHBYIIMX, MOIIHLIX H c/J1a0bIX, MOPO3HL HJH
BMecTe, npakTHUeckn B J0OObIX coueTanusx. Hanpuwmep, crpou-
uuit-90 (5,39% BeIXoma) pacnanaerTcs HamoJOBHHY B Teuenue 25 Jjet
H H3JAy4aeT ToAbKo Gera-uactHuwn ¢ sHeprueit 0,63 Mas, a obpa-
3yIOIHACA OJHOBPEMEHHO C HHM JOYepHHil 3JaeMeHT HTTPHii-90
pacnagaetcs HanoJoBHHYy yxe 3a 62 «, saTo uaayuaer Oera-
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wactiuel ¢ sueprueit 2.3 Mas. Hu Ttot, Hu apyroit we nzayuaior
CHALHO NpPOHHKAWOWHX ramMma-ayuedl. Llupkonuii-95 ¢ nepuopom
noJypacnaia 65 nHeil u3ayuaer GeTa-uacTHLL ABYX BHJIOB: C IHep-
rueii 0,39 Mas (98%) u nemuoro (29%) c sueprueii 1 Mas u oxno-
BPEMEHHO TPH BHAA ramma-ayuveli ¢ sHeprusmu: 0,73 Mag (93%),
0,23 Mas (93%), 0,92 Mas (7%); IouepHHil ajeMenT HHoOHI-95
¢ MepHoAOM mnoaypacnaia 35 AHeli HaayuaeT 0OeTa-uacTHIDLI C
sueprueii 0,15 Msg u ramma-ayun c sueprueit 0,76 Mas. 3nech
MOJKHO NOAMETHTb o0liee AJs BCEX HHX NPaBHJIO: CAMOil BLICO-
KOil sHeprieil H3JydyeHHsm o0OJaAAIOT caMmble KOPOTKOMHBYIIHE
H30TONE H, HAOOOPOT, CAMOIl HH3KOIl — caMble JOATOXHBYLIHE.

Pagnoaktuenbie cemeiicrea. Llenouky saesentos, CaMOoNnpous-
BOJLHO 00pA3yIOWMXCA OJMH H3 APYTOr0 B pe3y/bTaTe pagHOaK-
THBHOPO pacnajga, HasblBAIOT PajHOAaKTHBHBIM ceMelicTsoM. Takux
CeMeHCTB CyuecTByeT uetbipe. OHH OXBATHLIBAIOT BCE W3BECTHbIE
MPHPOAHLIE DAIHOAKTHBHEIE 3JIEMEHTEI.

Pononaua/bHiKOM MepBoil 1eTouky sBjasercs ypan-238, koro-
pblit 3aKanuuBaeT cBOI pacmaj H30TOMOM OGBIYHOTO cBHHIA-206.
Bropast uenouka naunnaercsa Ttopiem-232, npeBpallaloulnMes B
KOHEYHOM cueTe B H30TON cBuHLA-208, TpeTbsl HenouKka — aKTH-
HHA-235 wan axktHHO-ypana-235 — 3akanunBaetcsi cBHHLOM-207.

[Iponece pacnana uner trax. Heny-
CTHB aJbpa-uacTiily, Macca BellecTsa
YMEUbIIAETCsT  Ha  UeTLIpe MACCOBLIC
eAHHILLI H NPeBpaulaeTcs » Horoe Be-
IIECTBO, CTOfILCE HA ABE KJAETKH palb-
e B MePHOJIHYECKON CHCTEMe 3JleMeH-
ToB Menneneesa. Tlpu uenyckannu xe
Gera-uacTHubl  (3J1EKTPOHA) OHH M3
HeliTPOHOB  NpeBpallaercs B NPOTOH.
Tax xkax B namiom cayuae npomcxo-
JAHT JIHIUL  [epepacipeicjJerne Koii-
UECTBA HEMTPOHOB H MPOTOHOB B sipe
aToMa, TO TO BJeUeT 3a cofoil npe-
BpauleHne ero B oMl H3 H30TONOB
2JeMelTa,  CTOSUIETO  CAENYIOULHM B
TaoJiHyge.

HeTseproe paanoaktusuoe cewmeli-
CTBO HAYHHAETCH C HCKYCCTBEHHO Mo-
JYyUaemMoro  pajHoaKTHBHOTO CBEPXTSI-
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HKEIOro «3aypalioBoro», HJH «TPaHCYPAHOBOTO®, 3JeMeHTa MIVTO-
nd-241, nepexo/HT 3aTeM B LCHOUKY YpaHa-235 H KOHUAETCS TomKe
YCTOIYHBBIM TaaaneM-205.

PajH0aKTHBHOCTL HABEAEGHHAs — PaJIHOAaKTHBHOCTL BO3/yXa,
BO/lbl, OYBLI H APYTHX MaTepHasoB, BO3HHKAOUIAS NOI AeliCTBHEM
00/1yueHHs UX HeilTPOHAMH — B SII€PHBIX PEAKTOPAaX, YCKOPHTEJs1X
HJIH TIDH B3PbIBAX aTOMHBIX O0MO.

3axBaTHB HeliTPOH, AP0 4TOMA NPHXOAHT B BO30YKAEHHOE CO-
CTOSIHHE H pacnajaeTcs, Henyckast 6eTa-uacTHULI H KBAHTEI TaMMa-
usayuenns, OTciona M BO3HHKAeT HeOOXONHMOCTL OKPYaTh BCe
npsiMble H KOCBEHHBIE HCTOYHHKH HElITPOHOB MOLLHONH MHOroc/oii-
HOIl OHOJOrHUeCKOW 3amiHTOll, He TOJLKO MOTJoULaloileli BCe
YCKO/Ib3aK0LHe H3 HHX HeHTPOHLI, HO H 3aJlepXKHBAlOLIell raMMma-
H3JIyYCHHE HCKYCCTBEHHBIX PAJHOAKTHBHEIX H30TONOB, 3 TH H30TOMNbI
POXKAAI0TCA B pe3yJibTaTe NOMVIOWEHHS HEITPOHOB He TOJbLKO sj-
paMH aToMOB crenHaJibHO 00JyyaeMblX BeLlecTB, HO H siApamil
aTOMOB OKpYyKaioueli aTMoc(epbl, KOHCTPYKLHOHHEIX MaTepHaJIOR,
H3 KOTOPBLIX MOCTPOEHLI YCTAHOBKH, BellECTBA TENJIOHOCHTEJISt M
ATOMAMH BELIECTB CAMHX 3aLHTHLIX 000J0UeK.

PaanaunoHHas XMMHA — HOBAsT OTPAC/]b XHMHUECKOl HayKH, H3yuaiomasn
BAHAHHE H3JYUeHHIl («pajMallMH») Ha XHMHUCCKHE H  (PH3HUYECKHE CBOICTBA
pa3.THYHBIX BELLECTB W MaTepHanoB. B page ciayuaes jeficTBHe H3JyuyeHHil 10-
3BOJISIET BECTH NNPOH3BO/CTBEHHbIE XHMHYECKHE MPOLECCH!, KOTOPLIE lie yZaeTcH
OCYIMECTB/ATE HH NPH KakKHX Apyrux crnocoGax osgpeiictsius, OcoGenno nep-
CHCKTHBHO MNPHMEHENHE PajHalHH B NPOHIBOJCTBC NOTIMEPHBIX MdTCPHANOE,
T. €. B NPEBPAlIeHNH MOHOMEPOB B noJanvepbl 603 ppelcins B HHX  OOBIYHBIX
;1063130}{ — HHHILHATOPOB NOJHMCPDH3 AL HN. ])HJHEILIIUIIHHS] XHMHA  H3yuaci
TAKKe CTOKOCTL (a3 JHuIBIX MATePHAI0B 104 JACHCTBHEM H3Jy4eHHil H OAHO-
BpeMenno paspafarbiBaeT MeTOAL HX 3alIHTHL OT JAeHCTBHS PaJgHaUHH, H3bI-
CKHBAeT HOBLIE NYTH CHHTE3d XHMHUYCCKHX BeUleCTB H H3MCHEHHH HX CBOWCTB B
3a1aHHOM HanpaBJ/eHHH.

Paauauuonnwe nosica 3eman (nosica Ban Anaena — Bepuosa). Ilocae or-
KPBLITHA KOCMuHecnKuy ﬂy‘ffli— MMOTOKOB Y4aCTHL, nNagarwlHx Ha 3exa0 H3BHE,—
nporpece B 370l HOBOI H HCKIIOUHTEALIO Bamuoll obhacti QU3HKH MOYTH 1e-
JMKOM 3aBHCe OT BRICOTBI, Ha KOTOPYID yAaBajoch IMOAHATL CJAO0MKHbBIE MPH-
Gopel H cuetunky Haa 3emaeii. [as sTofl mean ¢ ycmexoMm  HCIOJAbL3OBAJHCH
BHICOKOTOpHBIC 00CEPBATOPHH-1a60PATOPHH, BO3AYIUHbIE Iapbl, WAPbl-30HILL,
cTpaToctatel. OaHaKO fawe NpeaeabHas pocTHruyrtas shicota (20—80 ka) see
#e He BLIBOAMJIA NPHOOPLI 32 TPAHHIL CPABHHTENBHO NJOTHBIX CJAOEB aTMO-
cpepbl, 4TO B CBOWO OUepelb CHAbHO 3ATPYAHSAO BO3MOMKHOCTL BBLUICHTL H3
PerHCTPHPYEMOTo MOTOKA GO/bLINOrO pa3HooOGpasHf HACTHIL CaMyI0 BaKIYI0 HX
4aCTh — MEPBHYHbIE KOCMHUYECKHE JIYUH.

H e yauBHTeALHO, YTO B YHCJE [0JE3NOT0 TPy3a Paker, BlepBLIC BLIPBAB-
IWHXCA 34 npegeas 3eMuoit atmocdepbl, B MYCTOTY KOCMHUECKOro MHpoCTpai-
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CTBd, TJdBHOC MCCTO 3aHHMAIOT BCOBO3IMOAHECE }-'CTHHOBKH aast HZi)"lCllHH 3a-
psaennpx wactu. [lepseic xe curnansl noxazauuii npuGOPOB, aBTOMATIHYECKH
nepeantbie no pajne na 3eMI10, BhI3BAJIH yAHBAEHHE yuenblX., Ha HeKoTOpbIX
BLICOTAX KOCMHUCCKHe .TEiC!OpHTOpHI! nonajantmn s Oﬁ.'I{lL‘TH, I'yero HACBIIUCHHALIC
BAPAMCHULIMIT HACTHLAMH, 00181aI0MHMH OYeHE  (OJLUIof  3Hepruefl, pe3ko
OTIYHLIME 0T HA0II01aBIIAXCH PAHEe KOCMHYCCKHX JIyueil — W [epPBHUHEBIX, H
BTOPHUHEIX. B 370M aBiaenHH, oOGHAPYKCIHONM npH 3aNyCKaX KaKk COBETCKHX,
TdK H BMQPRKZ{HCKF[X (‘ﬁ)'TH'HKOB, NCKOTOPOC BpCeMa AV aio [)(‘31\'08 pﬂCXO}h’-
ACHHE B TNOAYYAEMBIX JIAHHLIN — C1y4ail B TOMHLIX HAYKax AOBOJLHO PEAKMIL
Bexope, ofnako, weaoymenne pacceanoch. CoBeTckuii yuenblit BepHos u nouts
OJIHOBPEMEHHO € HAM aMepuKauckuii pusuk Ban Aasen veranoBuan, uto 3eMuoil
Wap CXPYMeH B SKBATOPHAALHON MAOCKOCTH ABYMSA, a 1O TMOCJACNHHM CBeje-
HHSM dsie TpeMst CPaBHWTEALHO YeTKO OTAGJCHHBIMH JPyr OT JApyra nos-
CaMIt — HEUTO BPOILe PHFENTCKNX GyG/HKOB, TYCTO 3aCeNeHHBIX 3apAIKEeHHBIMH
HACTHIAMI pPasnLIx 3apsaion, znepriii 0 Macc, [T10THOCTL wacTHIL H3MEHseTCs
OT Kpas 10 Kpas K&xl10ro nogca, NpHIeM KOCMHYECKOe MPOCTPAHCTBO B 06e
CTOPOHEL OT NOJIOCOB OT HIX IPAKTHHCCKI cBoGo 10, [Tocse o6paGoTKi nanmLIX
NepPBLIX 3aNYyCKOB I)ElKCT H IIOJCTOB CHYTHHKOB CTdJ 0 sSICHO, 4TO peub HAeT
0 3apSMEHHBIX YaCTHUAX, 3aXBaUCHHLIN MAriHHTHBEIM nojeM 3eMau.

M3gecTno, uto moGble 3apsiKerHble YacTHULI, NONAB B MarHHTHOC TO0.Je,
HAUHIAIOT <HABHBATLCS» HA CHJIOBHIC JMAHH MariHTHOTO 100, OAHOBPEMeNHo
fiepeasHrasnch BA0Ab HHX, Beanunna BHTKOB noayuaoiefics CnMpasm 3aBHCHT
OT NEPBOHAYA/IBLHON CKOPOCTH YACTHIL, WX MICCLl, 3apsia M HaNpSKeHHocTH
MaruuTHOrO 110Jst 3eMan B TOH 064aCTH OKOJ03eMIOr0 NPOCTPAHCTBA, B KO-
TOPYIO OHH BIETEIH H HM3MEHHJH Hanpapiende ABHxenHs. MaruHrioe noJe
3eMaH HEOAHOPOAHO. ¥ NOMOCOB OHO  «CTYILAETCAD — YIJIOTHACTCA. IMostomy
3apsaAKenHas uacTHia, HayaBllasm ABHIKEHHE 10 CIOHPAJH BJOJE <OCeANaHHON»
€10 MaruHTHOH JAHHHH 13 06aacTH, GAM3KO K 3KBATOpPY, no Mepe npuG.amHme-
HISL K KAKOMY-IHG0 MOMIOCY HCMHTBIBaeT Bee Goanuiee 1 GoAblee CONPOTHE-
JICHHC, 1OKd fe OCTAHOBHTCH, @ 3aTeM BO3BPALLACTCH HA3al K SKBATOPY H
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A&SBINE K [IPOTHBONOJOMHOMY HOJHOCY, OTKY/12 HaYHHACT ABHIKCHHE B OGPL!T-
HOM HalupasiCHHH. YactHua orxaszpiBactcst Kaxk Obl B rHradTCKOil «MarHHTHO
A0BYLIKS» [LIaHCeTLL

Hepsuiit Takoil noac HaunHaeTcs Ha BblcoTe npuxepno 500 xu nag sanaf-
nuiM B 1500 aca Haj BOCTOMHBIM Hoaywapues 3eman. Camas cuablas KOHLEHT-
pauHst uacTHY 3TOTO HOACA — €r0 «AJPO» — HaXOJHTCA Ha BLICOTC JBYX-Tpex
ThICHY KHJAOMeTpOB. Bepxuss rpamuila 3TOr0 nosica AOCTHTAeT Tpex-ueThpex
THCAY KHJIOMETPOB Haj nosepxsoctsio 3emat. Bropoit nosic uactun npocru-
paetca ot 10—11 toic. 1o 40—60 TeIC. £ ¢ MAKCHMAJBHON NJOTHOCTBIO YACTHIL
Ha Buicore 20 Thic. K. Buellnmii nosc naunmnaercss #a BeicoTe 60—75 Thie. KA.

Ipusegennsic rpatxiibl NOSCOB ONpeAe/ICHE HOKA €U TOJALKO NPHGIH3H-
TeJAbBHO H, BHAHMO, B KAKHX-TO IpaHHUax [NEePHOJAHUYCCKH H3MEHHIOTCH. 3akono-
MCPHOCTH 3THX H3MEHEHHI M NBITAIOTCH YCTAHOBHTL. YHEHBIE, CHCTEMAaTHYECKH
34CBLTAS MHOTOUHCJACHHBIE CHYTHHKHM C H3MEPHTEIbHOH anmapatypoit Ha pas-
HYI0 BLICOTY.

OrauuaioTes 3TH NOSCa JAPVE OT JAPYra Teu, 4To NepBHil H3 HHX, CaMblil
GIAH3KHII K 3eMae, COCTONT M3 TNOJOMHTEILHO 3aPsiCeHHBX npoToHos, ofaa-
AAmHX ouedb GOJablON 3neprueii — nopaaxa 100 Mas. Hx cuoraa 3axBaTtuth
H yAepmath TOJLKO camasn NJI0THAA 4acThb Maruuthnoro nogas 3eati. Bropoi
NOAC COCTOHT IVABHBIM 06PA30M M3 3JKTPONOB ¢ sHeprueii «scero Jumb» 30—
100 xk28. B Tpertnes nosice, rae MaruHuTHoe noJe 3exan camoe ciaoe, yAepEH-
BaloTcst yactHusl ¢ sHepriueil 200 s u Goaee. Ecan yuecthb, uto 0ObUHbIE PEHT-
FeHOBCKHE JYUH, NPHMCHACMBIC KPATKOBDEMEHHO AJS MEAMHHHCKHX neaeil, of-
aapatot sueprueil 30—50 x3s, a MoulHble VCTAHOBKH .8 [POCBEYHBANHA
OIPOMHBIX CJAHTKOB H rabd Mmeraata — or 200 x3s no 2 Mas, MOKHO JeTKO
NpeACTaBHTL, KdKylo CMEePTLIbHYIO OIdCHOCTL NPeACTaBadaldT 3TH HOACA, 0Co-
GerHO nepBHil H BTOPOIl, 15 BCEro #HBOTO H 111 KOCMOHABTOB Oy/yllero npH
nosetax Ha apyrie naanertl. Bor nouemy ceifvac yuenbie ¢To4b YNOPHO M TILA-
TeJbHO MBITAIOTCA YTOUHHTh MECTOpAcnogomenne W (HOpMy 3THX NOsCOB, pac-
npegeqenue uactuil B unx. IToka scno amwb oano. Kopuiopanmu jis BLIXOA3
o0MTaeMBIX KOCMHUECKHX KopalJeii Ha Tpaccel K ApPyrHM supay 0yayt obuia-
CTH, OAN3KHEe K MaTHUTHBIM NOJTHOCaM 3L‘f’.!.'l|l, Cl!()l’lD,‘lHi;!(’ o7 uacrtiil 00JbWHX
SHEPTHI.

Ecrectsenr BONPOC: OTKVI1a BISTICL BCe »Ti uacTHUW? X B OCHOBHOM
BoiGpacuizact M3 cpoux neap nawe Coanue. Ceiiiac yxe yCTaHOBJEHO, HTO
3emin, HeCMOTPS Ha orpoMHoc paccrosinve ot Cojmila, HaXOZHWTCS B CaMoil
BHelIHe{i wacTH ero aTMocgepbl. 10, B YaCTHOCTH, TIOATBEPK1ALTCSA TeM, UTO
Ka#Iblil pa3, KOrja BO3PACTAeT COJNHE4HAsi AaKTHBHOCTH, a CJCI0BATeIbHO,
YBeIHUHBAIOTCA KOJAMMECTRO H 3neprua Hemyckaemsx Cognlien 4acTHIL, BO3pa-
cTaeT M KOJHYECTBO 3JEKTPOHOB BO BTOPOM PAHALNOHIOM [107CC, KOTOPLIH KAK
Obl TOJ Hanopom «BeTpd:» H3 3THX YdCTHIE 1][]}1}!{11.\121@'1'(‘” Kk 3enJe. 3GCTPCBJID1
B MarHHTHOI JOBYLIKe 3eMaH H KOCMHYCCKHE YacTHILbl, 3HEPIHH KOTOPBIX OKa-
3a70Ch HELOCTATOUHO, uTOOBl NPOCKOUHTL CKBO3L Hee Aandblie, a Takke ua-
cThib, o0pasoBaBIliHecs B Pe3YALTATE CTOJAKHOBEHHS YACTHIL MEPBHYHBIX KOC-
MIIECKHX ayueil GOMbIINX SHEPrHil ¢ ATOMAMH CaMblX BEPXHHX H Kpaiine pa3s-
pAKCHHBIX CJIoeB aTsmocepbl, KOTOPAs, Kak OKasanoch, MPOCTHpAcTCa suaun-
TeALHO JAdblle, YeM CYHTA0Cch A0 HEeJXABHEro BPeMeHn,— mouti Ha 150 xka oT
NOBEPXHOCTH 3eMa.

Ml Aame u He NMOAO3peBaeM, KAKHM Ha/EHHBIM LIHTOM ABJIRIOTCA A ue-
N0OBEKA H BOOGIIE I/ BCErO XHBOro Ha 3emie npospauiasn u IOUTH HeocAsae-
Man atmocdiepa W COBCCM HEBHAMMOE M {COIMYTHMOEC MArHuTHOE II0Je  1aa-
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HeTBl. A K TOf CPaBHHTEILHO HE3HAUMHTEBHON UACTH H3AYMeHHil, KOTOPLIM BCe
e yAAeTes MpopBaThCi CKBOSL ABOIHYI0 NPHPOAHYH Oponlo 3emiH, :Kupasi
ME]TCPH}! H €¢ BeHCLL — 4eN0BEYCCTBO — 338 COTHH MHJAMHOHOB JIET CBOCil 3BO-
JIOUHH MOJHOCTBIO TIPHCHIOCOOHINCD, H TPYAHO AayKe (HAHTAIHPOBATH, KakHe Gbl
(IJ(Jp,’\lbl NpHHsJIA XKH3HbL Ha [J3HCTE, eCTH Out ona ne Onlaa NMOJHOCTLIO 3a-
LUHILEHA OT BCEX BHAUB KOCMHMECKOrO H3JgyueHHsn., BbiXoJl yenobeka B KOCMM-
yecKoe MPOCTPAHCTBO Cpa3y JHIIACT ero CNacHTeabLbHOro HiHTa aTvocdepnl M
MArHATHOTO TOJs H MOABCPraeT BO3/ACHCTBHIO BCEX BHAOB H3JyueHus cpasy.

OcolGenHo onacHo H3ayuyeHHe PaAHAUHOHHLIX NOACOB 3eMJu H3-3a 00.JbLIOH
IJIOTHOCTH H BBLICOKOIi 3HEPIHH 3aXBaueHHBIX B HHX 3JICKTPOHOB. Y 1apssich 0
CTEHKH H JIIOGI:[C METa/NIHYECKHE TNpejaMeTbl KOCMHYeCKoro KO])aﬁJISI, BCC 3JIeKk-
TPOHBL ¢ snepruamMy Boliie [0 K36 NOPOKAAT TAK HazLIBaeMoOe TOPMOIHOE
u3aywenue — PeHTreHOBCKHE Jy4YH, KOTOPBIC, TaK e KaK M YaCTHUBI, HOHH3H-
PYIOT BellecTBO KJEGTOK OPraHH3Ma 4YeJOBCKa H B 34BHCHMOCTH OT 103bl 00Jy-
YCIHS BBI3BIBAKOT HX paapymemle H I'I{GE."H;. I"Ipomc Beero Oel10 Obl 3AUIHTHTLCAH
OT 3THX H3JYYeHHIl, YBEJIHUHB TOJILIHHY CTEHOK KalHHBI KOCMONABTOB, NOKPLIB
HX, HAalpHMEP, TOJCTBIM coem cBHHUA. Ho 3to negonycrumo yTaKenant KocMH-
ueckuii kopabab. [lo coolmennsm aapyGeiinoil neuaTn, yueHsle NuITaloTCs pe-
WATL npoGaeMy nyTeMm co3JaHHs BOKPYF KopaOasi Mo aHamornu ¢ 3CeMHLIM
WAPOM HCKYCCTBEHHOTO MATHHTHOTO HJH 3JIEKTPHYECKOTo TfoJas, AOCTaTOUHO
CHJILHOTO, 4TO0B! OTKJIOHATL B CTOPOHY BCTpPeuHble uacTHUbL. OJHOBpeMeHHO
yueHble HIULYT W APYTHe cnocolbl 3alliiThl, HANPHMEP JEKAPCTBEHHLIE BEIeCT-
Ba, yc'fpi]iiﬂl()lll“(} HJIH PE3K0 YMCHLUIAIOULHC BpeJHOC BJHSIHIEC pilﬂliﬂl[]l![ Ha
KiaeTKH opranuama. HexoTopuie yucHble cUMTalOT, YTO €CJaH TMOTPY3HTbL KOCMO-
HAaBTOB B THNHOTHYCCKHIT COH HJH HazKe oxXJaanHTh Ao COoCTOosiHiA ZlHElGIIOGE],
IpH KOTOPOM  BCe  sdizHCHHble @YHKUHH  opralissMa  CHJILHO - 3aTopMaki-
BAIOTCA, a CJIeA0BATE]LHO, PE3KO yMeHbilldeTesi u noTpebieHne KHCAOPOAa,
TO B TO# jke cTerneHi OYAeT YMCHbLINEH W Bpejl, HAHOCHMBIN KJeTKaM HOHH3H-
PYIOLUIHM H3JTYUEHHEM.

PapuoaktuBHble ocasiki (PajHoaAKTHBHOE 3arpssieniie  ouocepn) — 3a-
pazKeHue atMocdepbl, MCCTHOCTIL, MOYBBI, HCTOMHHKOB BOIbI, PAsJHUHLIX COOPY-
AMCHHH PALHOAKTUBHLIMH BCILECTBAMH, npoHcxoaniiee b [)CSYJII:TL]TQ SACPHBIX
G3PLIBOB MK PACABIACHHA B BO3LYXe PAJHOAKTHBHLIX OTOPOCOB aTomuoii npo-
MBIHLJIEHHOCTH.

[lpu Bspuise aroMusix GouG B BO3JAyXe KPyNHbIE PaIHOaKTHBHbIE 4aCTHILLI
BLINalaior BOM3H MeCTa B3PLIBA, NPHBOAS K PAJHOAKTHBHOMY 3apakeHHlo
MECTHOCTH, GOJICC MCTKHC YacTHUBL PacnpeesioTes no rponocdepe W crpa-
Tocdepe W BOIAYIUMLIMH TEUEHHSIMH DA3HOCATCH 10 BCCMY 3CMHOMY mapy.
nOIiBO}lHHi‘l B3PLIB BBI3LIBACT CHJLHGC 3apdikCelie  OrpoMHOro  KoJH4yeCcTBa
BOABI, PA3HOCHMON 3aTeM MOABOAHLIMH TEUEHHAMH M ECTECTBEHHON LHPKY.Is-
ulieit no Beeir macce Boaw Muposoro okeana. Ilofsemisie atoMiuble B3pbiBH
APHBOAAT K DaJMOAKTHBHOMY 3apPAMKEHHIO TMOYBLI B HENOCPEACTBEHHOM OKpY-
#CHHH MCCTa B3pLiBa, a B paae caydaes u K [IPOPLIBY PANHOAKTHBHLIX Tra3oB
W NPOAYKTOB Acells B arMochepy ¢ HOCACAYIOULNAM HX OCefaHHeM Ha 3eMJIO,
K4dK 3T0 yiKe CAyualocs III)H HCKOTOPLIX NOA3eMIIBIX B3pLiBax B CIIA.

Papnoduoorus —— paszies Guomoriueckoii HAYKH, H3Y4YAOUIHi H3MEHEHHS
B MHBOTHBIX H PACTHTCABIBIN OPraiH3Max, NPOHCXOASIINEG B PE3YJILTATE BO3-
JICHCTBHA HA HHX HOUM3MpYylOwiei pannanui. PaanoGuoaorns nayuaer tonuaii-
UIHe NepBHUHbIE MeXaHM3MLl ACHCTBHA HOHHIHPYIOUICH pajuallii HA JKHBbIE
KJICTKH, Nopamenns H HEOG[)GTH.\H)IC H3MCHEHHS B KJCTKIX H CCTOMHCHNAN, BO3-
HHKalomue B OPranusMax B pesy/bTarte BO3JACHCTBHA HOHM3HDYIOIWHX Hajdyue-
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HHil, @ TaKKe BAHARIC H3JIVHCHEI HA HACICACTBEIIING W3MEHCHHS, NPOREIfI0-
IMHECH Y NOTeMCTBa 0G.IVHCHHBIX OPraiinaon.

Papuorpadms — obuee naspaine MeTona perncipaniny n H3yHens ionn-
BHPYIOUIHY H3JIYHEHHIT (3aPSKennblX HacTHIL H raMuMa-ayueil) ¢ noMoubio (ho-
rorpadun. Tonagas B ¢aoil GOTOIMYALCHH, 3APSKCHIAS MACTHILA WAH FaMMa-
KEAIT OCTABJACT B Hell C/lel HOMM3HPOBAHHLIX atoMon. Ilpu 3ToM B aepmax
OpoMicToro cepeGpa, BXOAALICTO B cOCTaB (POTOIMYIALCHH, 0GPazyIoTes HCHTP
CKPEITOrO H300Gpamenis, KOTOPLle CTANOBATCH BHAHMBIMH  (UCpPHCIOT) nocse
npossaenns oronaactuukn (man  nienxs).  Jawnem  cnocoGoy, nanpumer,
JACTKO NOJYUHTL KapTHIY PECcnpeitieiits pajuiioaKTHBHLIX HHARKATOPGB (Meuc-
HLIX aTOMOB) B KaKoM-7H00 BUICCTBE NO BCEil MJIOCKOCTH MOBEPXHOCTH HAN Ce-
HeHuA nceqegyeMoro npeasera. Jlna storo (ororpadiiieckylo naactmiky npo-
CTO MPHKIAALIBAIOT Ha HCKOTOPOe BPeMa K NPeAMeTy (HanpuMep, K Jwcry pa-
CTEHHA, NJACTHHKe MeTalna nau cpesy trann). Taxkum ke nmyTeMm Moo itccde-
A0BaTL MOGLIE (POPMLI NOBEPXHOCTHLIX ABJCHHT — aacoPGIHN, KOPPO3UK | T. 4.,
4 TaKkxe npoueccel o0pasoBanus W pocTa KPHCTANIOB M PacnpeicicHHe Kou-
NOHCHTOB B CNAABAX METa. 1108,

Papnoxumua — nayka, ndydaiowas npoGaeMbl  BOAYUernus, pazpetenisa,
OUHCTKH H OTIPEACTICHHA PAAHOAKTHBHLIX BEUIECTB, @ TaKJKEe MCTOAL HIMCpPEHUs
HX OCHOBHLIX CBOMCTB, XHMHMIO AHCPHBLIX PEaKiiitii, 1pH KOTOPBIX BO3HMKZIOT M
pacnajaiorea pajHoakTHBUBIE aaeMenThl. Paanoxusis nioasiyercs croceipas-
BLIMH METOAAMH, OTJHYHLIMIL OT METOAOB OOGBIUHCIT XHMHH, TaK Kak painoak-
THBHOE H3JYU€liHe BCIULCCTB NMO3BOJNET NPHUMEHATL MHOTHE (JH3HUYECKHE METO/L
a1a71133 C NOMOULBIO BCEROIMOMHBIX CUETYHKOB YaCTHIL.

Pamnoxnmuuecknii anaiis oranuaerca GoJbIIONH TONHOCTBIO H UYBCTBHTENL-
HOCTBIO. HHKakuMu ApYyrumMu CpeacTBasi, HanpHMep, HeBO3MOMHO OLJ0 Obl
DHPEAeHTL XHMHUECKHE CBOHCTB2 OAHOTO H3 HCKYCCTBEHHBIX TPaHCYPANOBLIX
#1CMCHTOB, KOJNYECTBO KOTOpOro coctaBasio beero.. 17 atomos! IMpnkaannan
PARHOXHMHA 33aHHMACTCH TAKWE H3YUeHHEM MCTOHOB NMPHMEHEHHS pajlHoaKTHB-
HBIX H30TOMOB B OOLIMHBIX XHMHYECKHX HCCJEJOBAHHAX.

Coppemennblii NepHojl PasBHTHA PAJHOXHMHH CBA3IH CaMbiM TCCHBIM 00-
[A30M € HCNOAL30BAHHEM SIACPHLIX PCAKTOPOB M KAk HCTOWIIED NCHTPONOS, W
KaK CPeACTBa JA8 NPOM3BOACTBA HCKYCCTBENNLIN  PanioakTHBEHLIX  H30TONOB
MOOBIX 3CMCHTOR € CAMLIMH PA3NOOODAZHLIMI  (BHIHYCCKHMH  CBORCTBAMM, a
TAKIREe MOUIHBIX '!\'(J])}il't‘.'lt‘i"f, TO3BOISIOUIHX F!O.’I}"I«'}Tb HCKyCCTBL‘HHHe T]')di!C-
VDAHOBLIC XHMITUCCKIC 3JICMCHTLL

B cpasn ¢ paspuTiem MOULHON aTOMHON TNPOMBIMUIEHHOCTH  PaAMOXHMUNS
#3ysaer # paspadnaTthiBAeT TEXHOJOTHUECKHE RPOUeCcCH NOAYuCHHS  HCXQJLIOro
pAaAHOAKTHBHOTO CbiPbfl, BOCCTAHOBJACHHS OTPABOTAHHOrO B pPearTopax  aacp-
HOTO TOMJAHBA, pasfieseHHs NPOAYKTOB NeJeHHs H MHOTHE JApyrie 3al1aud M
npobnean

Paspenenue H3oTonos (METojbl) — Crioco0bl YacTHIHOTO T NGJIHOTO pa3-
JCACHHA CMECH Pas/IH4HEIX H30TOIOB OJHOFO M TOIO Ke XHMHUECKOro 3Je-
MenTa, XHMHUECKHMH cHOcOGaMH OCYUIeCTBHTL TaKoe pasieleHHe Heabss, Tak
KAK XHMHUCCKHE CBO{ICTBA M30TONOB OJHOTO H TOTO K 3JEMEeNTa COBepuenio
MACHTHUHLL DJCKTPHYECKOE M0Jie TOXKe He NOMOTaeT — YHCJAO ICKTPOIOR B
ofi0J04Ke H NOJOKHTENbHBIT 3apAl AApa Yy BCEX HX COBEPIUENHO OHIAKORLL
Kax Torpa OwTn? K cuacTbio, H30TOMB OTAHMAIOTCA APYT OT JIPYFa  CBOHMMH
Maccamu, STO H GL,IJ]O HCTTIOABL30BAHO B «MalllHpax nJasa COPTHPORBKIL 4 TOMOB» —
aAaGopatopnuix NPHOOPAX AJAf ONMpeefeHHsl MACCe aTtoMOB — TdK HA3BIBACMEIX
Mmacc-cnekTporpaax,
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Ecau HekoTopoe KOJAHYECTBO rascofpazioro BemecTsa (moanemauieil paa-
ACACHHIO CMCCH H30TONOB) IIOMECTHTL B OTKAYAHHYIO OT BO3AyXa TPyGKy ¢
ABYMA LUAAHNLIMH B Hee SACKTPOAAMH, K KOTOPBIM NPHJAOKEHO BLICOKOE Ha-
TNPSRCTe, TO MOXHO HAGMOATL caeayiouyio kapruay. Ilo pagy npuunn B
J0GoyM ofbeme rasa BCErZd HMCCTCA KaKOe-TO KOJNUYCCTBO CBOGOAHBIX 3JeK-
TPOHOB, BLIGHTBIX M3 ATOMOB HPH CTOJIKIOBCHHM HEKGTOPOrO UHCJAA ATOMOB
Apyr ¢ apyros. Hoa nefictoies cHabHOro 3J1eKTPHYCCKOro 107, C0314BAEMOr0
MOTOKHTEABHO 3aPTKCHULIM AHOLOM, 3TH CBOGOAHBIE 3JEKTPOHLI TOTHAC e
YCTPEMATEA K MOJ0MKHTEABLHO 3apamennoMy anoay. Craikupaach no nytH ¢
HCITPAJILHBIMH ATOMAMI Ta38, SCKTPOKBL, YiKe HaGpaBlIHe GO/bUIYIO CKOPOCTh,
OyaAyT HX MOHH3H]POBATh — BHIGHBATL HOBBE 3JEKTPOHL, BhGHTLIC 3JACKTPOHLL,
CTaBiline Toxe CBOOOIHBIMH, B CBOIO Ouepe]b TaKikKe YCTPEMSTCH K aHoay H
IO MYTH HAUHYT OTPHLIBATL OT BCTPCUHBLIX ATOMOB CBOH NOPILHH 3J€KTPOHOB.
B pesyasrate uepea TpyGKy noTeuer siCKTPHUCCKHIT TOK, cia KoToporo Gyaer
38BHCETH UT CTENMEHH HOHH3AalUMHH rasa.

Hy, a kak B 370 Bpemst GyayT ceGs BECTH NOAGHKITEALILIC HOHB — sApa
aronos raza? Ouu ycTpemaTcs B O0paTHYIO CTOPOHY, K OTPHUATEALHO 3apd-
HEHHOMY KATOJNY TPYOKH — TOMXe ¢ GOJLINON CKOPOCTLIO, HO 3HAUHTE/ALHO MEN-
JIeHHCE SJGKTPOHOB, HOO HX MacCa B HECKOALKO THICAY pa3 GoJsiblue Macchl
3/1eKTPOHOB.

Ecan B xatoge TpyGKH cnesats oTBepCTHE, TO uacTh paszorsasiluuaxcs Jxo
GoABILIOl CKOPOCTH HOHOB NMPOCKOUHT CKBO3b 5TO OTBEPCTHE H BHIDBETCS H3 HEro
B BH1E Y3KOTO HOHHOTO Jyua. Ha nyTi y Takoro Jyua MOMHO ROCTA4BHTEL He-
CKOJILKO KOJILUEBBIX 3/€KTPOAOB, K KOTOPLIM MOABEAeHO AONCAHHTCALHOE OT-
puuaTeIbHO Hanpaienue 474 TOro, uto0bl euwie 6oJble YBeJHuHTL CKOPOCThL
wotos. [lanee nyuok nonos nonazaet B cHAbHOE MarmHTioe noje, A sioGas
34pAmenan  4acTiia, B3aAMOACHCTBYA € MAarHHTHLIM [0JeM, H3MCHAET Ha-

Dokycupyowan i
3, NHH3a . S
MaruuTHoe -

none //C?'/

So ;@;’{&é{ fv’ : ‘PM*’we:)

114



npapJenHe CBOCro aApischnd. Lcrectenno, uro HOHB, HMEOUIHE PasAMuNYIO
Maccy, noa JeiicTBHEM MarHHTHOTO 11005 OVAVT OTKJIOHATLESA NO-PA3HOMY. Yeu
JErge H30T0m, TeM CHJAbHEee (’J}',ILC‘T HCKPHBJICHA 'I'p{lCJ(TO])llﬂ ero nodera. Ecan
TENEPh HOCTABHTL Ha NYTH NMYYKa HOHOB CJCTKa OTPHILATEBHO 3aPAIKEHHYIO
MHIIECHD — MECTAMHUYECKYIO IIACTHHRY, TO KamAbll COPT HOHOB CTAHET OTKJa-
ALDATLCH HA PA3HBIX YUACTKAX INIACTHHKH.

IlorTopus Takyio onepamuio MHOrOKPATIO, MOMHO PAa3ACIITh 3JeMEHT H3
COCTABJAIOIINE €ro H30TONE ¢ MoGofi crenenvio uuctors, Ha stou npuminne
n pabotaeT ROBOJLHO CIOAHBI npHGop — vacc-cnekrporpad Actona, nassan-
HBT TAK 1O HMEHH ero H300peTaresd, SN IHICKOTO dH3NKa.

C novomio 370r0 pHOOPa yueHe HCCACA0BAAN ROUTH BCE XHMHUECKHE
ACMENTLL nephonueckoll Tabauus MeHgedeesa: v OQHHX 3JeMEHTOB OKasa-
710k 1eGOJIbIIOe UKCI0 H30TONOB, ¥ APYIHX — Goanee jgecaTka (oM. «H3070m8605).

Ho oo aeao — pasgeants HEYIOBHMO Madble KOJAHNECTBA H30TQHOB, Apy-
roe -— 1adparth A0CTATOUHOE HX KOJIHUYCCTBO /1715 HIrOTOBJICHHS ATOMHON GoMGLI
W HCTTOJIB30BAHKA B AACPHOM peaktTope.

bBosice npoayKTHBHEIM OKasaJcs caeaywounii Metoa. M3 gusnkn nagecrno,
HTO MOJeKyabl 060l CMeCH FasoB HMEIT B CPeIHeM OAHY H TV KC KHHETH-
neckywo suepruto. Ho 1o BoBce He o3nauaer, uto Bce OnM ABHKYTCS C OQHON #
T0il JKe CcKopocThio. OJHH MOJCKYJbBl B Pe3yJLTATE MHOFOYHCJICHHLIX CTOJKHO-
PO ABHMKYTCS GuicTpee, ApyrHe — Mme/lleHHee, (oJee J€TKHE MOJCKYJbl —
BooGle GuicTpee, yes 0oJ1ee THKeabe,

HBryuinecs GLicTpee JerkHe MOJEKYJB MO3TOMY H uauie HaJetaleT Ha
CTCHKI COCYId, B KOTOPOM 34KJI0NMCHA CMECh Ta30B, CO3/aBas B HeM H pai-
Jwitioe jgapaende: 0oJee BLICOKOC 17 JIETKHX MOJAeKy., Gojee HH3Koe — a9
pieany. Ecan ofHy M3 CTEHOK COCy14 H3rOTOBHTL M3 BElECTBA € MHOMKECT-
BOM MHKDOCKONHUYECKHX 110D, TO 3a HEKOTOPLIT OTPE30K BPEMEHH H3 TaKOro co-
CYyAa VJETYUHTCA HapPyy HeCKoJabKo Go.blle JerKHX MOJEKVA raza, ues TsKe-
apix, TTpocounpmniica 0 coBpaunplil CHAPYKH Ta3 OKameTCA Ha KaKylo-TO 10710
serye, yen ocTasumiiics B cocyae. Takoe uaGupareannoce nponuknosenne GoJee
JCTKHX MOJEKYJ Ta3a uepes NOPHCTEIE CTEHKH COCYlla HA3LIBAIOT a3onoil aud-
(jy 3ueit.

OnHako 3TOT, KCTATH CK&3aTh, OUCHL MCLICHILHD [POUECe TPaKTHUECKH
OCYIICCTBISACTCA B TOM  CIyuae, CCIH osiee JerkHil ras ())'_"IET ﬂpOHHK.’lTh
CKBO3L NCPEropoiny TOALKC B OJUHOM HalpasJ/JCHHH — HAPYKY — B He CMOIKeT
Bo:BpaulatLes oOpatno. las 37oro cocyil A0MKeH COCTOATH H3 ABYX OTAE/IC-
nuii. B nepBoM oTAeqeHHH ra3d aXOAHTCH MO HECKOJABKO MOBHLINCHHEIM 1aB-
JeHHeM, H3 BTOPOTO OTAE/CHHS ON HENpepuBHO oTkauupaercd. Ecan cocranirh
Darapelo H3 GOJABLUIOTO YHCAA TAKHX ABOIMHLIX COCYAOB, PA3/CiCHNLIN Kaxablii
IOPHCTOl NEePeropoiakoil, M 3acTaBHThL MOJJeKAlULHiT pasieacHuio ras nocjie-
JAOBATEJLIIO NPOXOIAHTL BCC 3TH COCYAB (SUeilKH) OMIH 3a APYTHM, JOHYCTHM,
yepe3 HeCKOJILKO TRICHAY sINCCK, TO K KONIIY TAaKoro MUEOTOTPYAHOTO NYTEIeCTnH
B HCM OKaMXYTCH TOJLKO CaMble JICTKHE MOJCKY/ILL rasa.

Urolpl HCNOAL30BATH 3TOT €nocol A0s paslcicHig H30TONOB HPHPOLHOTO
vpana, ero Hy;HO NPEeBPatHTs B ras. EanscTBeHHblM rasoo0passuuiM coeamne-
HHEM YpaHa sABANeTCA MIECTHOTOPHCTHHE ypaH, KOTOPHUi W HCNOAL3YIOT i
pasiedends NPHPOAHOIl CMeCH H30TONOB ypana-238 u ypana-235.

CyLILCCTByCT HECKOJILKO ApPVIHX cnocobos pasaenieHnga H30TONOB, HANPHMED
nenTpHpYrupoBanne, pasjeieHHe B CBEPX3BYKOBOM NOTOKE, BLITCKAIOUICM H3
conJa, H OPyrHe, HO BCE OHM liOKa HEA0CTaToOuHO paspaloTanil H NO3TOMY e
1101 YUHJIH LIHPOKOTO NPHMEHEHH,
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PEAKTOPDI. Ypan-rpadurosnii PeaKTOp—nepBolil H cTaBIUMIT KaK Obl KJac-
CHUCCKHM OCHOBHOI THI SIACPHOTO PEAKTOpa, B KOTOPOM SAEPHOE ropiouee pas-
MELICHO B 3aMejIHTe e HellTPOHOB — rpaduToBLix Giokax. Baaromaps masomy
NMOIVIOWEHHIO HEATPOHOB B TPadute PeakTOpbl TAKOro THNA 0G1afdloT JOBOJLIO
BLICOKHM KO}(IP(IJHILHQHTOM HCNOJIL30BAHIA TCIL1a H LIHPOKO NPHMCHAIOTCA B
NMPOMBIULTEeHHBIX YCTAHOBKAX, NPCAHABHAYCHHBIX Kak Adsd NpoH3BoaACTBa may-
TOHHA, TAK H AAA BBIPAOOTKN 3/CKTPHYCCKOI IHEPTHH,

Bopo-soasiHoil peakTop — siaepiblit PeakTop, B KOTOPOM B KauecTse 3a-
MCLAHTRASE HEATPOUOB NPHMEHHIOT OCLIKHOBCHHYIO AHCTH/JIMPOBAHHYIO BOAY,
CTYRAWYO OJHOBPCMEHHO H TENVIOHOCHTENeM — CPeaoil, OTBOASWEH Temao H3
peakTopa B TenJ1000MeHHHK,

Bono-soasuoit peakrop nossosier NoJayuaTes IpH OAHOH H TOil e MOLLHO-
CTH HECKO.ILKO fo.buiee KOJIHYCCTBO MAYTOHHS (110 CPaBHEHMIO C APYTHMH pe-
aKTopamm).

Peaktops Ha ObicTpeix HeliTpoHax — obuice Haspailie AACPHLIX PEeaKTOpPOB,
B KOTOpLIX Hedetile RAEPHOrO TOMHBA — CHALHO oforawenuoro ypana-235 u
N1yToHHn-239 — ocyllecTsasieTcl GLICTPLIMH HefiTPOHAMH sneprueit | Mas u
suiie. Takoii peaxktop He comepsut 3amepnntens. O6buHO peakTopnl Ha GbicT-
puiX HERTPOMAX WMEIOT MaJible Pa3Mephl, HO GOALLIYID 3ArPY3KY TONIBA. Cy-
WeCTBYET UeME PRA KOHCTPYKIUMIl TAKHX DeaKTOPOB, HANPHUMEDP HMIYJIbCHDI,
passHoxHTeNbHbIR (OpuaepHblil) u ap.

Hmnynbcheii peaktop. Ipeactassre cee asa KyCKa MJIyTOHHR (HX Macca
HCCKO/ILKO MeHbLle KDUTUMECKOU MACCor), yCTAUOBJCHHBIX TAK, UTOGH MeXcly
HHMH OCTdBanach wWeab (10CTaTounas aia Toro, uToGbl He Haualach LCHHAN
#aepHan peakuun). B srofi miean co CKOPOCTBIO MATH THICAY OGOPOTOB B MH-
HYTY Bpallaercs /AHCK C VEPEILICHHBIM Ha HeM KycoukoMm ypana-235. B tot
HHITOMHO KOPOTKHII MOMEHT, KOT/la Kycouek ypaua-235 Bieraer B Liedb H OKa-
3LIBACTCA Merc1y KYCKaMu MJyTOHHSI, Macca Beeil KoMOH#auM# H3 sIepHOro
FOPIOYCTO  OKAa3LIBAGTCA BBLILIE KPHTHUECKOM, H B Heli HauuHaertcs B3DbIBHAR
uenuas peaxuus. Torna..,

Bapuisa ue NPOK30iiAET, HOO 33 Kakylo-TO KMaJyio 1010 CCKYHAL A0
BOSMOZKHOTO BIPLIBA KYCOUEK ypaila BLICKAKMBACT W3 LIEAN, W UEMHAs Peak-
KA CTOAb JKe ObicTpo yracaer. Ho B MoMeHT <npoTHBOCTOS NS NAYTOHHA
W ypana BbLIOPACLIBACTCA, KAK BCHBUUKA MOJHHM, CI'YCTOK OBICTPLIX HeliTpo-
Hoo,

Ueunocrs Takoro peakropa 3akmouaetcs B TOM, 4To MpH CPeAHEM YypoBHE
MOULHOCTH, HE MPCELIWUGIOULCM BCEr0 | K6T, O NATbL THICAY pa3 B CeKyHuy
<0beT> HMNYJABbCAMH HCHTPONOB MOLIHOCTLIO 10 HeCKOJIbKY ThICSIY KHJIOBATT,
UTO MOA CHIY JUHWbL GOILILOMY NPOMBIIIRHIONY PeaKkTopy.

Bce mmecte B3siToe nospoJsieT He Tosnko H3YUaTb H M3MEPATb IHEPTHHM,
CKOPOCTH M CBOHCTBA CTOML GONBIUNK Mace HEATPOHOB, HO W Pe3yJsbTaT HX B3au-
MOJIRICTBHA C CAMBIMU PA3IHUHLIMH BELLECTBAMH.

Pasmuoskutenbhuii (Gpnaepumit) peaktop. Mu YHEe TrOBOPHJI, 4TO geqaf-
uierocst H30TOUA ypaHa-235 B MNPHPOAHOM ypale CONEPIKHTCR BCCro 0,7%.
Octanpible 99,3% ypana-238 nocae owenn CaI0KHOMO Apouecca BblAEJCHHSA
ypaua-235, no cyrtu sena, nonagand B ouedb JIOpOTHE H HE HAXOAMIUHE [IpH-
MEHNCHHRA B APYFHX OTpacsax npoussoicTsa oTxoabl. Jlo mopsl mo Bpemenn mx
XPAHHAH, HE 3HAN, YTO C HHMI AJaTh.

H nepen yuensimu BcTana wosasn npoGaemMa: KakHM NYTeM BbICOAHee BCero
H TEXHHYECKH Tpoule BHCBOGOXKAATL CKPLITYIO B Hellpax aTtoma 3HePTHIO —
fIPAMLIM, OPeABAPHTENLHO OTACAR OT mpHPOAHOiH cmecu ypaHa 0,7% ero Apa-

116



FOLUCHHOrO Jeasluicro lsotona — ypana-235 (cm. «Pasdeaenue uscronoss) wan
E030YIKAAS B Hen  (Bepuec, «yCMHPsiz) CAMOPAIBHBAOMYIOCH HENHylo sjlep-
HYI0 peakiiio Aedciiis ypana-235 B olepas/ieacnioi NpHpoiHoIl cMecH ypana?
Ecan npu 3703 HCKYCCTBEHIO 3AMCANITL JHEPIINO BEOPACLIBACMBX HPH jiede-
Wi siflep dT0MOB ypana-235 ueilTpoHoB A0 CKOPOCTH, NPl KOTOpoil GoJbLIHE-
CTBO 1% OyAeT YCHJIGHHO HOTJOWIATHCH SUAPAMI aToMOB ypana-238, To, npe-
TCPHCB KOPOTKYIO UEMOUKY PAAMOAKTHBHLIX Pacnajios, sipa aTonmop ypana-238
IPEBPATATCS B S/APA ATOMOB He CYLLCCTBYIOULCTO B NPHPOJAC HCKYCCTBERHOTO
PANHOAKTHBHOTO aicMenTa naytoHiin-239, kKoTopwil acantest Heittponami jio-
Guix sHepruii — oT TeNJAOBBIN A0 OBICTPLIX.

HUro npu srou repsercea? Browaras n3 npupoanoii eyecn 0,7% ypana-235,
MOXKHO NPEBPaTHTL B IAYTOHHIT-239 HeCKOALKO MeHLIIee KOJHUCCTBO ypana-238
(0,3—0,5 01 0,7%).

A wro suraameaen? TlayTonni-239 xors m Gausox no macce ypauy-238,
HO XHMHYECKH 3TO COBCEM JIPYFOil 3J1EMEHT, ¢ JAPYTHMH CBO{ICTBAMH, H €ro Ie-
CPABHHMO Jerye OTAEJNHTL OT OCKOJIKOB /Jed€HHs M HEepasjeaiBIINXCH aTOMOB
ypana-235 u ot ypana-238, ne npespatupuicrocs B naytonuii-239, uem ocyiue-
CTBAATL eule Goaee Joporofl, AJMHTCALHBIT 0 CHOMBLIT npoinece (pH3HUECKOro
pazienenus H30TONOB ypana.

Buino BuiGpano Gojee npaBuaLHOE BTOPOE Hanpasiciie, GAarodaps uemy
HCTIOJIB30BalHe aTOMIOl JHEPrHH B TEXHHYECKHX H 3HCPICTHUECKHX YCTaHOB-
KaX CTAJI0 KOHKPETNOii pealibHoCTbIo.

Ho s1o camo no ceGe rpanfino3Hoe AOCTHIKEHHE HAYKH H TEXHHKH HAWHX
ANEIT He Pazpewingo oCcHOBHOI HeJenocTH: W3 ofulell Maccnl MPHPOAHOro ypana
C NOMOHIbIO GLICTPLIX HCIITPOHOB YJlAeTCH HCNOAL30BATHL JHuib 1/140 ero uacts,
2 OCTAILHOE CRAJINBATL B OTXO/LL.

Ho Kak, oTKyjla noayuuTb AOCTaTOuHOE KOJIUECTBO GBICTPBIX HENTPOHOR,
4TOGB HMETh BO3MOKHOCT AeJHTL H ocTaubiinie 139 uactell ypana-2387

JIHuib 3HauHTENLHO T03XKe BBISICHHIOCL, YTO B OT/IYHE OT ypana-235 nyk-
Hoit aneprueil, cnocoGHOM AeAHTL fAAPAa aToMoB ypana-238, oGianaer Goaniuas
YACTDL HElITPOHOB, BLIGPACLIBAEMBIX NPH LENHON PEAKILMH AeIeHs 11y rotnn-239.
A pas Tax, To nouemy Gbl He NONLITATLEA MOCTPOHTHL AACHHLIT PCakiop e na
aeaennu ypana-235, a na GHICTPLIX HEiTPOIAX, HCNYCRACMBIN NP JICJACHHN [1aY-
Tounsi-239, npuneptio no Taxoii ¢xexe. B neHTpe peakropa pasMeCTHTL aKTHB-
HYIO 30HY H3 MAYTOIHCBLIX CTepiieii, B KoTopLix OyaeT Bo30yiKaathes ynpas-
JAheMan  Uennas sAcpuas  Peakilis  JIeJCHHS, CONPOBOHAAeMas OGHILILINM
uanyuennem GuieTpoix HelitpoHon. BiecTo ke rpadmuroBoro sepkana, eosspa-
l1ajolero HeiiTpoHisl o0paTHO B aKTHBHYIO 30HY PeaKTOpa, YCTanopiih B He-
CKOJBKO PAAOB Kak OBl YacTOKOJ W3 CTeprHedi ypana-238, Ges ocrartka norio-
HAOLUHX KA Abli JIOJIETEBUIHI 10 HHX OBICTPBIT HETPON H NPCBPALLAIOHIINCS
CHYCTR KOPOTKOC BPeMsa B 1LayTonnii-239.

Honycrus, B peaktope <croputs | xe rje-1o panee noayucnioro oG-
neiv cnnocodon nayTonns-239. Kaaawii ero atos, packoaoBUIHCE HajBOE, «BbI-
CTpeanT> ABYMA-TPeMs GLICTPLIMH fefiTpoHayu ¢ snepricii Gosee 1 Mas. Oann
HCNTPOH, CKaXKeM, B cpemiem Oyaer u3PACXOL0Ball Ha TOAAEpHaNNE XOid
LEMIOi PeaKiK B CAMOM TAYTOHMW, a OT 1,5 Ao 2 HEATPOHOB 3acTPAHYT B
sipax ypasa-238, npespatip HX CepBa B HenTynmil-239, a 3aTem B LAYTOHMII-
939, B KOHEUHOM CHCTC B YPAHOBOM <3epKaje» NOABNTes, npeanoaoxing, o1 0.5
no 1 k2 nayTonns-239. .

Ecau stor 1 &2 naytonnsn-239 cHopa 3aJ0KHTL B TaKOil JKe pPCakTop, TO B
nayvonuil npespaTnTen yue 2 ke ypauna-238. Kopoue ropopst, mMecTo /140 MaCTH
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NPHPOANOro ypaia B HeM MOXKHO HCHOAL30BATL B HECKOJbKO pas Goasuie, a
co speMeiicM H Bee 1009 !

Ouenin, masibie pasMepbl aKTHBHON 30HBI AACPHOTO peakTopa, B KOTOPOIi,
OANEK0, BLICBOGOMKAAIOTCH COTHH TLICAY KHJOBATT TeNJIOBOf SHEPriH, Kpaiine
OCTOMHAIOT 3a/lauy OTBO/A OT HeE CTOMAL GOMLINOTO KOJHYeCTBAa TenJa.

Peaxktop Ha MPOMEKYTOUHBIX HeHTPoHAX — sigepHBll peaktop, B KOTOpOM
AeqeHHE fACD ATOMOB Ypala BbI3LIBACTCA HEATPOHAMH NPOMEXYTOUHLIX 3HEp-
ruft o1 1 K38 po 0,5 Mas.

Peaktop -wa meadeHHpX (TeNJAOBHX) HelTPoHAX — JI0G0OM BHA SULEPHOTO
peaKTopa, B KOTOpPOM nNOZdB/sioulee OGOJNLIIHHCTBO JEJCHHI SACPHOTO TOM-
JHBa MPOHCXOAHT NyTeM 3aXBaTa MELJeHHHX (Tens0BbIX) HefTpoHOB, aaA
4ero HCMOJL3YIOT 3aMejantenn (soja, rpaduT, TAKesas BOAA), CHIKaOULHE
3HePruio Helitporos npuMepto Ao 0,03 2a. -

Peaktop na oforawenton ypawe — sacpibil PeakTop, B KOTOPOM TpHMe-
HAIOT AEPHOE TOMIHBO € HCKYCCTBEHHO NOBLIIICHHLIM COAEPIKAHHEM ACAAHIC-
rocst HsoTona ypana-235. Ilpu HCmoab3OBaHAH OGOraLIeniioro TONHBA Kovdi-
UHEHT PA3MHOMeH s HeliTPOHOB YBEIHYHBAETCH HACTOJLKO, UTO 3TO MO3BOJAHET
NPHMEHHTL 1IPH KOHCTPYHPOBAHHH peakTopa MaTepHaabl, NorjouialoliHe He-
CKO/IbKO G0abille HEfTPOHOB, ueM CheuHasdbHble MaTepPHAABl, NMOIVIOUIAIOUINE HX
MaJjo, HalPHMEp HEPKABEIOULYIO CTalb, 3 B KavyeCTBe 3aMeNJHTeAst — OGLIKHO-
Beiyio Boay. [TomMHMO sTero, meckonnko GoJblice COLepiKaHHe W30TONA ypa-
Ha-235 NO3BOJIAET YMEHBLIIHTL KPHTHUSCKYIO Maccy AACPHOTO TOMAHBA, a G.aa-
rojapa 3TOMYy H pasMepLl CaMOoro peakropa,

. Peaktop Hyaeeoii MOmMHOCTH — siAepHBIT PeAKTOpP, PAa3BHBAIOMIMT CTO.IL
Maaylo MOLIHOCTB, uTo A4s CBOeil paGoTel OH He TpeGyeT NpHIYAHTEJABHOrO
OXJAWKICHHA H CMCHHAALHBIX Mep 3allHThl 0GCAYEKHBAIONIEro nepcoiasia oT ob-
ayuenns. HenoasayoT ero ToAbKO B HCCAEAOBATEILCKHX, SKCNEPHMEHTAILHBIX N
yueOHHX 1e/AX.

PeakTop c rasoBbiM OXAaAeHHEM — fIeDIiLIl PeakTop, B KOTOPOM BMe-
CTO0 BOAL WM KHAKOr0 MeTalia TeNaonocHTe] en CJAYAHT raid, Majio forao-
matomuii weitpoust. TaszoBoe oxaaxiiende M03BOJASET MOJYYATh OUCHL BLICO-
Kiie TEMIEPATYPH Ha BLIXOJE peakTopad, HeoOXOAHMBIe 118 YBEJIHUCHHA KOSGhH-
IHCHTA MOAC3HOTO AEMCTBMA YCTAHOBKH, OAHAKO OHO TPEOYeT 3HAMHTEALHLIX
3aTpar 3HEPriH Ha MPOKaYKy Goabiioro obsema rasa.

Peaxkvop ¢ OpranHMecKHM 3aMeaAuTENCM W TEIJNOHOCHTRNEM — fAepHb
PearTOp, B KOTOPOM B KAUCCTBE 33AMCAMHTENR W TENJIOHOCHTENN UCHOALIVIOT Op-
PRNHUCCKHC BeimccTsa, nanpuyep andenna, Tepbdenna w ap. Taasubie mpe-
HMYULRCTBA NPHMECHEHIA TEKHX BCUICCTE: BO3MONKHOCTL 3HAUHTEALHO VMEHBLUIHTL
AKTHBHYI0 30HY Peaxkiopa H Cill3iiTe TpeOoBANHA K OPOulOCTH KOPIYCa: OT-
3ACT OMACHOCTD KOPPO3HH TeMJOBBUICASIONHY 3iCMEHTOB 11 JPYrHX AcTa-
Jieit; YMEeHBIIAeTCA NOMVIOUeHIE HellTpOoHOB.

Peaktop ¢ Tameaolt Bomod — axepuwiil pPeaKkTop, y KOTOPOro 3amejiire-
AeM eaymnT tawenas soga. Jawueit THN peaktopa ocoGenno mpurogen aas
HAYUHBIX HCCAC/I0BAHNI, TAK Kak N03BOJAET MMOAYYAaTb B AKTHBHON 30HE Ouelb
Goabluse Ko.MiyecTBa HeliTpOHOR.

Peaktop GaccefiioBoro Thna — agepuuill peakTop, B KOTOPOM TeMIoBbILe-
JITIOURHR SACMEHTHl B BifZe Ha0opa KAacCeT NOFPYMEHH HA /O BOJLIIOrO
DACCENHA, BOAA KOTOPOTO  CAYKHT OJHOBPEMEHHO H  OXJafHTeneM pabo-
HeH 30H, W 3aveanutenem HeidTponos. Mcnmoaw3yior ero raanHmM oGpazos

M HCCACAOBATeNLCKHX  Ledell TNPHTOTOBACHHA DA HOAKTHBHBLIX H30TO-
1108,
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PeakTop na xujkom TOILIHBE — sepHLIT  PEAKTOP, B KOTOPOM sULeploe
TOILINEO HCHOJL3YIOT B GKHAKOM BHAEC — B BIle DAcTBOPA Ccodeli ypaHa i
[LIYTOHHS WM B BHAC TOHKON B3BCCH e/SIUHXCS BOILECTE B KAKOil-iHGo Apy-
rofi KuaxKoctH. JKMIAKOCTh, B KOTOpOi PACTBOPCHO  HIH  B3BEIUEHO sijepioe
TOMIHBO, CIYKAT OAHOBPEMEHHO H 3aMEVIHTENeM HeliTPOHOB, 1 TeILIOHOCHTE-
ABM, OTBOASIMMM TeTA0 OT paGoueii 30HE. Peaktop Taxora Tthna uumeer To
APCHMYMECTBO, YTO YAAACHHE NPOAYKTOB JACJACHHs H HeHCHOAL30BaH o yacTu
AACPHOTO TOPIOYETO M BBCJCHHE CBEIKCTO TOPIOYEFO MOMKHO OCYILCCTBAATE 110~
CTENEHHO M HCNPepEEHOo, 0e3 HeodX0HMOCTH OCTAHABAHBATD peaxkTop na nepe-
sapaaky. Onmako Takue npenmMymectsa OAHOBPEMEHHO  YCAOKHAIOT KOHCTPYK-
L0 PEARTOPA 1l 3aTPYAHAIOT ero palory, Tak Kak /1. HEOpepLIBHOIT percne-
palnn TominBa HeOOX0AHMO J100aBaATh CIeLHAILHbI] Y3&1, B KOTOPOM necrto-
HHIO JIONKHA HAXOJHTLCA 4acTb LHPKYAHPYIOULETO yepes PeaKTOp Aedsuierocs
MaTephana. ITo s7oit e npuuune 3HAURTEALHO VBEAHUHBACTCH OGBEM dHouor-
YeCKOIT 3alnyt.

PezonoHm — yactune ¢ neodniuio KODOTKIIM  CPOKOM  JKH3HH  (0KO.10
107 cex) | otkpaiThie B 19627, ¢ IOMOILBIO HOBHIX THIAHTCKHX yCKOpHTeaei o1-
tospesmenno 8 CCCP u CHIA. Bsuay croan smagoro CPOKa  HKI3HH  yueHble
CRJIOHHBI PACCMaTPHBATD HX HE Kak cBoco0pasHoe NoaceyeficToo SACMCHTAPHEIX
ACTHLL, A CKOpee KaK HCRYIO MIHOBEHHYIO NPOMEKYTOUNYIO I Kpailie HeycToil-
4HBYIO (QOPMY CYILCCTBOBAHAST «HOPMAIbHBINS ACMEHTAPHLIX vaACTHIL

PekomOnnauns — oGpatioe coefinenie aToMoD b MOJIEKY B BellecTBa,
PASNABUINXCH  («AHCCONHNPOBABIINYS) MO ACHCTBHEM BHCIIIHX CHI, Hanph-
MUD OYCHB BLICOKHX TEMICPATV].

Pentrenonckne ayuu (ayun Pentrena) — 3JEKTPOMArHUTHOE H3ayueilie ©
UIeHb KOPOTKOI AAnHoi Boaus — snpmepus ot 0,06 10 20 A [oamun anreTpen
(A) papen 0jHOMN CTOMMAIHOHHON AoJe canriverpa [1078] OGpaayiotes npn
TOPMOZKEHHH (CTOJKHOBEHHH) HOTOKa GLICTPLIX ICKTPOHOB B Beulectne (M,
«Topuosnoe usayuenues). T1pu 3T0M MOKET BOSHHKNYTH CIIONMON cherd p u3-
JYUCHHS  DEHTTEHOBCKHX JYYeH — OT CaMblX KOPOTKHX 10 CaMLIX i IHHNLY,
XOTH NOAABAAIOULAA YACTh HCMYCKACMBIX BeulecTnoy .1vueil Gyier Teu xopoue,
HEM  BBILIE IHEPrHS (CKOPOCTE) GoxMGapanpvion ero ponoB. B rex
CAYHASX, KOTAd SHEPIilA WICKTPOIOB HACTOILKO BCIIKA, UTO 33CTABAACT [epPeXo-
AHTB C OPGHTLI Ha OpOHTY 3CKT DOHLL, pacnogonied ia camMbix «raydo-
RN, BUYTPCHINN SJCKTPONULIX 000,104KAX aTOMOB, HCHYCKAIOTCS TaK HasuiBae-
MEIE  XAPAKTCPHCTHYCCKHE Jiyuy, CNEKTP KOTOPBIX He CHAommHoil, a auicii-
HATHIIL

37a 0coGeHHOCTL HO3BOASET LA OCHOBAHHH CACKTpA PEHTITCHOBCKUX Jyuel,
HCITYCRACMLIX TEM WM HIBIM BEUIECTBOM, NPH 001VHCHII CrO 0TORKOM GLICTpLIX
HIEKTPOHOB ONPEACATL PAL €r0 (PUSHURCKHX CBOICTB # ACTad CTPOCHHSA TOrO
BRWICCTBA. PEHTIRHOBCKNE YU MOIYT NPLJOMIRTLCS, OTPAXKATBCH, Hpelepie:
Bath AHQPAKIUHIO H HITePDEPEHINO, HO TOILKO B TCX BEIICCTBAX, B KOTOPhIX
PACCTOAHNA MEMHAY BTOMAMH NPHMEPHO TAKIC e, KAK H JAJAHHA [PHMEHseMLIX
PCHTTEHOBCKHX Jy4edl, T. €. MaBublM 00pasoM B KpHCTAIax.

Pentren — ouenn Ba)inasn B AAEPHON TexHiKe BeJHYNHA, NOKA3L
CTeNeHb HOHH3AUMH BeUlecTBa noj AcficTBHEM PEHITEHOBCKOTC Han 1
AYMCHUS WIH, YTO OHO H TO e, KOJHHECTBO NOMVIOMIEHHBIX MM H3.1yUCHHIL
ITa BeaMuMEA PaBHA H3JNYueHHIO, PN KoTopoM B | cu® Bo3dyxa npH oOBIuEOM
atmochepuon Aasaennn n (°C obpasyioTes 3apsiin (uouw) ofoux 3uaxos pe-
BIHOIN B OJANY 3/IEKTPOCTATHYCCKYI0 CAHHNLY KaxAbil. O pentren cooTset-
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cTsyer obpasosamno 8 1 ca® Bosayxa 2,1 Muaanona nap vouos. HroGul obpaso-
BaThb Oy napy HOHOB B BO3AYXE, KamaoMmy (oTOHY H3JIYUeHHST HeoOXOoANMO
3atpatits 32,5 96 sueprun. Benmumna uanyuenus, uamepcunasn s peHTreHax,
HMCET Ba/KHoe 3HavueHHe AAs onpejenenna Ge3onacHbIX H OMNACHBIX [03, KOTO-
PLIMI MOAKHO 001yuaTh WHBLIE OPraHH3Mbl.

[osa nonu3upyIOULHX H3AYHeHIHT, OTVHIMHLIX OT PEHTICHOBCKOTO HJAH ram-
Ma-uanyucHuit (anabtha- u Geta-yacTHib, NPOTOHLI, HEATPOHLI u T. A.), H3IMe-
paeTcA eAMHWUE!, nHasvipaeMoil (PH3HYCCKHM IKBHBAJCHTOM pentrena (ghap).
Ho tak kak Guosornueckoe Bo3zeiicTBHe TAKHX YacTHI HA JKHBbIE opratHaMet
Pasliio, OHO H3MEPSeTCs ApYroil eZMHHLEN, HA3BAHHOI GHOJOTHUCCKHM 3KBH-
BaJeHTOM pentrena (0ap).

Pentrenosckie Jyuu ofaaiaior chiabHoil NPOHHKAWLIe] CHOCOOHOCTLIO H
'MOTYT BLI3LIBaTL louepHenne (ortorpauueckoil NAACTHHKH M CBEYCHHE HEKO-
TOPBIX BELICCTB, HOHH3HPYIOT rasbl, OKasLBaloT GHOXHMHYCCKOe AciiCTBHe Ha
KHBLIC KJIETKH. DTH CBOMCTBA H HCHOJIB3YIOT B HayKe N TexXIHKe 14 npocseyn-
BAMHA HCIPO3PAYHLIX NPEAMETOB ¢ Leibio oGHapysenns JedeKToB B HHX
BIIOTL 10 CTAJLHLIX CAHTKOB B HECKOJLKO AECATKOB CAHTHMETPOB TO.UIHHOI,
AAA NpocBeuHBAHHA GOJBHLIX, JIeUeHHS 3J0KaueCTBEHHLIX OnyxoJeil, s HC-
C/1C10BaNHsA XHMHUGCKOrO COCTABA BELLECTBA, CTHMYJALHM pPOCTa pacTemiil,
GopLObl C BPEANTEAAME CEALCKOrO X03ACTBa i T. 1.

OCHOBHbLIE MOHATHA M TEPMMHbBI

Crp.
Cuntesa spepmas peakuwa_ . |20
Cunn (3aekTpona) - I 120
Crumyaupyowee neiicteue wanyvennii — 2]

Cuuresa sagepuan peakuus (cm. «Tepmoadepras peakyuas) —
ANEpHAR PEAKUUs, B X0/e KOTOpPOIi sapa aTOMOB BOAOpPOAA (npo-
THA, eI TEPHA WAH TPHTHA) COCAHHAIOTCS B 0OJCE THIKE bE sapa
ATOMOB TCJIsl C BbIICJCHHEM SHEPrHH, MPHUMEPHO B BOCEMb paz
GosbLueli, yem npi jge1eHid TAKOro e KOJHYeCTBa ypana-235 uau
IyTOHHSA-239 Ha KIIOrpaMM HCXOMIBLY POAYKTOB.

Mmenno 3a cuer causnms siiep atomos Jerxnx 3JEeMEHTOB B
Gonlee Tsiesble BOT Yike HECKOJbKO MHJJIHAPAOB JeT H3jyuaer
6acHOC/IOBHO OTPOMHbBIE [IOTOKH suepru Hawe CoJnue, «ropaTs
apyrue 3se3fbl. Peakuns sinepuoro cuuresa BIEpBbIE OCYLIECTB/IeHa
HEJ/IOBEKOM [IPH B3PbIBE BOLOPOAHOI GOMBLL.

Cnuu (asektpona). Momumo SHEPTHH, CBA3AHHOII C ABHIKEHHEM
BOKPYT flpa aTtoma, s/1eKTpOH 00siafiaeT elle H HLONOJHHTeNbHOI
IHeprHedl, cBA3aHHOIT ¢ BpauleHHeM BOKDPYr cBoefi ocH nHanogoGue
BOJYUKA, OTKYa H NPOHCXOAHT C/IOBO «CHMH» (CTIHH — MO-aHMAMII-
Ckn «Bepuenne»). [TockosibKy ke snextpon nmeer 3JIEKTPHUSCKHI]
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3apaj, TO NPH €ro BPalleHHH BO3HHKAET KPYrOBOi 3JIeKTpHUeCKHil
TOK, @ CJeI0BATE/NLHO, H MATHHTHOE MoJie, Ipespallaiollee sJex-
TPOH B MaJeHbKHI 3JeKTPOMATHHTHK, HMEIOLLHII /BA MATHHTHBIX
noaioca. Tax xak 3/IEKTPOH MOKET BPAUIATLCS B PA3HBIX HANpPas-
JIEHHIX — 110 YaCOBOIl CTPEJKE H NPOTHB Hee, TO OH MOKeT npedhi-
BaTh B ABYX Pa3/IMUHLIX 3HEPTreTHUYeCKHX, WIH, KAK TOBOPST, CNH-
HOBBIX, cocTosAX. CIHH 3/€KTPOHA BLI3bIBART P LOMNOIHITEE-
HBIX B3auMoOnmelicTBHII, NrpalouiX HCKIIOUHTebHO BaXKHOE 3Haue-
HHE B ([Jn3nueumx CBOfICTBAX aTOMA.

Crinnon 00/1a1210T W IpyTHe 3JeMeHTaPHbie YaCTHII NPOTOH,
HelTPON, a TaK:Ke KBAHTHI H3JayueHHit — oTtounl. CoraacHo 3ako-
HaAM KBaHTOBOII TEOPHUH CIIHH HMEET CTPOro ONpeIeseHHYI0 BEJIH-
YHHY, XapaKTePHYIO 1A nannoii vactuusl. B cicreme ennnuw, npu-
HATOIl B KBAHTOBOI TEOPHH, CIITH 3J1EKTPOHA, a TaKyKe NPOTOHA
tieiiTpona pasen '/>. Cnun poToHa pasen 1.

C'rumy.nupylomee AefictBue uanyvenuil. CyliecTByeT MHeHHe,
4TO JefiCTBHEe Ouelb MAa/bIX 103 PafHOAKTHBHLIX H3JYUYeHHil Ha
KJeTKH H *KUBLIC OPraHi3Mbl He YTHETaeT HX KU3HenesTeJbHOCTh,
4, Hao0OpOT, YCHJIHBAET HX OCHOBHBIE MKH3HEHHbIe (BDYHKIHH, B
YaCTHOCTH yCKOpsieT pocT pacTeHuii. MHOrounc/eHHse Heeae10Ba-
HHA, OLHAKO, He NOATBEPKAAIOT 3Ty TOUKY 3peHHs, no _KpaiiHeil
Mepe 151 MKHBOTHLIX KJIETOK. B OTHOIWEHHH paCTHTeNBHBIX KJICTOK
noslyueHHbie Pe3yJibTaThl Kpaiilie NPOTHROPEUHBLI, I NOITOMY HaH-
Hyt0 npodJieMy TULATeALHO H3YUal0T BO MHOTHX HayUlibiX YiperKie-
HHAX MHpa.

Hexotopoe ycnaennie xnzneninix (yukiuiii KHBOTHOr0 Opra-
HH3Ma K4k LeJOro 104 BJAHAHHEM MaJbiX 103 00JNy4YeHHs, HATpH-
Mep npH npHemMe pajoHOBLIX BaHH, fAABJIAETCH HE CAGILCTBHEM YCH-
JEeHHA (DYHKLHH OTAeJIbHBIX KJETOK NPH NPAMOM AeHCTBHH Ha HHX
H3JyYEHHH, & Pe3yJbTaTOM BBI3BAHHBLIX 3THM H3JyYeHHEM HEKO-
TOPLIX (PYHKIHOHA/ILHLIX CIABHTOB B HEPBHOIl H 3HIOKPHHHOI
CHCTeMAax UeJoOBeKd, B CBOW Ouepelb BO3JEHCTBYIOUIHX y¥Ke
Ha OCHOBHble (YHKIHH KJeTOK, T. €. NPOHCXOAHT He Mnpsamas,
a KOCBEHHAsl CTHMYJALHA KHIHEIEATEJNLHOCTH KJETOK opra-
HH3Ma.

Cp000/1HbIiT Npoder 4aCTHUB — PACCTOAHHE MEMXAy ABYMSA MOC/EA0BATC/]b-
HbIMH CTOJIKHOBCHHAMI YaCTHILLI ¢ APYTHMH YacTHIAMH B [Ipolecte ABHKCHHA
eeB Kakoii-mibo cpejae, HallpuMep B ras3c HIH HHOM BelIECTBE.

Cunxpotha3oTpoH — THI YCKOpHTeAsl yacTHl (cM. «¥ckopuTean wactuys»).

B 3tom TtHne YCKOPHTEA TAMKEAbIX 3aPAMKCeHHbIX HACTHIL B OT/AHYHe OT LHKJO0-
Tpoua u @aaorponu NpHMeHeHD MepeMeHHoe yipas dwoliee MariiuTHoe noJae,
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NEPHOAHYCCKH HapacTalllee M Clajamoliee 10 HEKOTOPOil Hauajbloil BCJAH-
UHHLL JTO [103BOJSAET YACTHIE ABMFATLCHA He IO CHHPAALHOI, KakK B ILHKJ0-
Tpole 1l (hasoTpoHe, a NO Kpyrosoil opGHTe NOCTOSIHHOTO pagumyca. Kampomy
VBCIHYCHHIO uanps{meuﬂocm VIPARaaouero MariiTnoro nodast 3aecb COOTBCT-
CTBYET H BINOJHE ONpeae’enHoe HapacTalie 4acTOTLl YCKOPSIOUIEro Hanpsxe-
HHS, YTO HO3BOJARET BCe Yalle H Halle «HOANJICCTBIBATL» BCC l’)l.-ICT[)CQ H GBiCT-
pee JeTHULVIO 1o ojaHoll # Toll we opOure vactuuy. Ilpn Takux ycjaopusix JBH-
MEHHA MOMXKHO CAejdTnL MaruHTtinylo CHCTeMy B BHAe KOJLLE, cOOpasHOoro M3
OTAENLHEIX 3eKTpoMarunTos, OIHAKO A0Sl JOCTHKEHHUs BBICOKHX 3ePruil yero-
pAeMBIX vacTHiL TpefyeTes H ouelb Goabluast JMCKTPOMaruuTHas cHerema. Mar-
HHT cunxpodasorpona B IlyGe, yckopsioulero yacTuist 1o sueprun 10 mMapa. se
(10 rss), secut vkodo 35 ToiC. T.

Haabheiiiiee yBeJHUYCHHE SHCPIIHI B YCKOPHTCIE TAKOTO THIA NOTpeGoBao
Out NPHAMCHCHNHA Clie GoJiee MOLLHBIX MArHHTHLIX CHCTEM. HOBTGM)' H3LICKHBA-
0Tcs W paspalartpiBaloTcs GoJaee coBeplleHible NPHINLHILL padoTnl YCKOpHTE-
Jedl. B wacTHocTH, MHOrHE TPYAHOCTH VA&JA0Ch MPEOACIACTL 38 CUCT NPHMCHEHHS
NPHHILEAA KECTKOl (POKYCHPOBKH, Npeitosennoro cosetckis yuensin Bexcae-
por. CyTh e 3aKa0ONaeTCA B YBCJAHUCHHH MAarHHTHOTO «00ATHS» NyuKa yCKO-
PHEMBIX YACTHIL CO BCEX CTOPOY € NOMOULBIO YIIPABJASIONICIO MATHHTHOIO NOJAR
ocobofi, cneunaabio nogoGpannoil hopumel. B oTanule oT cTapeix yckopureaeh ¢
«MArKoit» (OKycupoBKoil, KOrAa uacTHUbl (DOKYCHPOBAJHCHL MATHHTHON CHCTe-
MOil OJHOBPEMEHHO H B BEPTHKAJBHOM H FOPH30HTAJIbHOM HanpapJeHuax, B
YCKOPHTEISX € «ecTKoil» (POKYyCHPOBKON [PHMEHCHO «pasfejcHHe Tpyaas.
Maruutel noouepeano (OKYCHPYIOT YACTHLL TO B BEPTHKAALHOM, TO B FOPH-
30HTAJILHOM HANPapJACHHN, 3TO MO3BOJAET OCYULECTBHTL Oosee Tounyio (Goxy-
CHPOBKY NOTOKa YaCTHIL H PE3KO YMEHLINHTL Pa3Mcephl KaMepbl H Bec MarHura.
HJIS{ STOTO MOPHMEHSIOT Marbmuihl, B KOTOPLIX [oJe Pe3ko HapacTtaetr ¢ yBeJHue-
nuem pandyca. Taxkas KOHCTPYKUFA 3HAYHTE/bUO YMEHbILAeT pa3Max oTKaoHe-
HHEl MACTHIL fIpH MX JABHMKEHIN B BaKYYAMIofl KaMepe 1l [o3poager eule Gofblie
COKPATHTL pa3.\1cpu Ei:li{)’}',‘.l“uﬂ Kaxepbh i MATHUTHOI CHCTEMBbI,

Tpaunsn weeTkoil OKYCHPOBKH NPHMEHSIOT BO BCEX KPYNHEIHX yCKO-
pHTeanx, NOCTPOEHHLIX 3a mocaeanue roiawn. Byaer on nucnoas3opan w B ca-
MOM GoablmioM B MHPE yekopmTene na 60—70 [2¢, coopy:xacmom B r. Cepny-
xope,

Ciepuanzanng niuieseix npoaykios. Crnocobuocts PAAHOAKTHBHRIX H3JY-
qeHHli NoapIsITh AHINCACATCNLHOCTL H YHHUTOHKATD DAL 60«"03!{0[30[}11!;].‘{
GakTepHil M APYTHX 12pasitToB 103BOJNJ2 paspaloTATL HECKOJBKO METOAGE
CTEPHJIN3AULHH MHULICBLIX HPOJYKTORB HE TOJIBKO B roTopodM, HO H B CLIpoM BHIE,
B YACTHOCTH CHpOe MACO, CBeXY puify u ap. B meimiiue Jyuesyo crepuin-
3EUHIO TPHMEHSIOT aaa o0e3sapakKyuBalHa XHPYPrHYECKHX HHCTPYMENTOB, ne-
PeBA30YNLIX MATePHAJIOB, NHTATENLHBLIX Cpea [PH MUKPOOHOJIOTHUECKHX HCcJe-
AOBEHUNX, NHTLERBOI BOAW H T. O.

CTpoHUNiT — XHMHYECKHT 3AEMeHT C NOPAAKOBHM HOMEPOM 38 1 aTOMHLIM
secoM 87,63, Ornocuten x uteaouusiM detatnax. FMaeer uersipe cTaGHAbHBIX
nsotona: crponunii-84 (0,56%), crponwini-&86 (9,86%), crponunii-87 (7,02%) u
cTponnsii-88 (82,56% ).

Tlpu penennn sgep ypana oGpaiyercs LeJoe ceMmeiicTBoO PuAHOAKTHBHEIX
H30TONOB CTPOHINA, raasibiM ofpasonm crponunii-89 ¢ nepuoigom noaypacnaja
50,5 aun, uenyckatomni Gera-uacTuunl ¢ anepruedr 1,463 Maa, n crponunii-90 ¢
30(!);!0{';0&[ noaypacnaja 27,7 roaa, ucnyckawouusi GeTa-4acTHubl ¢ sneprueit
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[Mesaasuyio uisectioctn CTPOHIII-90  noayuns NOTOMY, 4TO sgBjAdeTCH
OHACHBIM OCA/IKOM, BRNALAIOUIHM 12 OBCPXIOCTL 3eMAH 110CJIe B3PLIBOB aTOM-
X GomG. Pacrsopascs B Bojge, on BeachpaeTes PACTeHHSIMH, KOTOpPBIe 11o¢a-
IOTCA MOMAUNHAH FKHBOTHHIMH, & Uepe3 HX MOJIOKO IONAa1aeT B GPramusM ue-
noseka. Byayun Xumuuecku Gauzkiy K RAABURIO, CTponiit-90 oTKnaabiBaer-
Cd B KOCTSIX YeJOBEKA, CO3MaBas NOCTORHHOE BHYTpeHHCEe o0avicHne KoeTHOl
TKAlH H 3aKMOUCHHOTO B Heil KOCTHOrO MO3ra.

Baarogaps tomy, uto parmoaxtusube H3OTONBl CTPOHILHA ABJIAIOTCA H3AY-
HaTeaHMH Geta-ayuell (s1eKTposoB), nx IINPOKO NPHMEHAIOT B KaucciBe Meye-
HLIX aTOMOB B HayuHLIX HCCIE10BAHHAN B XHMHH, B TCXHHKE H HPOMBIULTCHHO-
eti. Crpouuuii-90 i ero AOUEPHHIE H30TON HTTPH{T-90 HCNOMB3YIOT B Kauccrae
HCTOUMHHKA HICKTPONHOB B dTOMHBIX ﬁﬂTElpCSlX.

Cunntnaanumus. CuMHTHAALKOHNBIE CHeTUHKH. [lo1 neficTBHeM woHN3I-
PYIOIHX H3JAyueHHii B HEKOTOPHIX OPFanHuecKHx H HEOPralHuecKHX Belectsax
HIX pACTBOpAxX, HANpPHMEpP B COPHHCTOM UHHKC, Bodbhpamare Kaauuus, pac-
TBOpE TepeHuna B TOAYOde M AP., BOIHMKAIOT CBETOBBIC BCMBILKH — CUHHTIA-
JRUHA, DTH BEIIECTBA YACTO HA3BIBAIOT CLLC dochopanmi.

Eeau raxoil xpreraas coeammits ¢ ouens YYBCTBHTE/bHLIM MIIOrOKacKaj-
HLIM - ycHauTeseM caeta  ((oTosneKTpoHHEIM YMHOMKHTEACM), TO Kawias
BCMLILIKA CUMHTHINANMI, MHOTOKPATHO yCHJCHHAR 3aTeM ele H TPH  NOMOHIH
AdMIOBOTO YCHJHTC/S, MOMKeT NPHBECTH B JefiCTBHE CueTIOe YCTpoiicTBO J10-
Goro BHAa. CUHITHATAUHONHBE CHETUHKH 06.1a/1a10T BBICOKOIl UyBCTBHTEILHO-
CTBIO K Da3JHUHOTO POid H3dayueHHaM. B cBssy ¢ TPYJAHOCTBIO H3rOTOBJEHHA
KPRCTan108 OueHb GOJLIHX PasMepeB, KOTOpBlE WHOrma TpeGyloTes B xoge
AACPHBIX  SKCNEPHMEHTOR, NPHMCHAIOT JKHAKHE CUHATHAASMHOHIbIC pacTBopul
TBEPALIX OPraHHYeCKHX H HCOPTraHHHCCKIX CUHHTHAASTOPOB B GeHsoJe, KCHaoJE,
T0AyoAe H ApYTHX pacTBopHtedsx. Oanako sdqeKTHBHOCTH pacTBOpoB me-
CKOJILKO HHXKe 3(GeKTHBHOCTH UHCTBIX KPHCTAI0B. PaspaGotaust u tBepable
PACTBOPLL CLUHHTHIIATOPOB B MOJHCTHPOJIE, ILICKCHTiace W APYTHX npo3pas-
HHX [JACTMACCAX, HMEIOULNE 3HAYHTEALHBIC NPeHMyLiecTRA nepen KHIKHMH
pacTBOpaMu.

OCHOBHBIE MMOHSATHI M TEPMMMbBI]

Crp.
Tenno : _— 123
Temnepatypa - 121‘
Tepmoanephan peakums ———— 2§
Tpancypanosmie saementhl 139

Tenno. Moviekysbl 11 aromnl OKpVIKAIOWHX HAC BELIECTE [0-
CTOAHHO MNPEOBIBAIOT B COCTONHIN GCCNOPALOYHOTO ABHIKEHHS,
HENPEPLIBHO CTAJKHBAfACh APYr ¢ APYroM. DTO JABHIKEHHE, BLI3hi-
Baemoe MOrVIOIeHHEM NOCTynawmeli K HHM H3BHE HEPTHH, MUl
HasbiBaeM TemioM. Hem Goablle SHEPrHU HOTAOMIACTCS 3THMH qd-
CTHIAMH, YeM 3HEePTHYHCEC HX JBHXKEHHe H YeM ualle NpOHCXOANT
HX B3aHMHbIE CTOJIKHOBEHHSI, TeM OOJIbIIHM KOJHUECTBOM TelJOThbl
o0J/1agaeT fauHoe BeLiecTBO.
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Temneparypa. Mepoil Xa0THUECKOTO ABHMENHS BCEIi COBOKYII-
HOCTH YaCTHIL BelllecTBa, NPosiBAsIoerocs: B (popMe SHEPruy Temna,
sBagercd ero Tesnepatypa. Tennosas aneprus — He UTO HHOE Kak
KHieTHYeCKas u MOTeHIHAILIAST SHEePTHH OTAe/bHLIX MOJeKYJ, H3
KOTOPBIX MOCTPOEHL! Bee (pusnueckne Teja. Buicoxkas TemiepaTypa
COOTBETCTBYET H BLICOKOMY YPOBHIO TenJoBoii suepruu. Ilpi BeiCO-
KOM YPOBHE JHEprui, a CJAeJ0BATe/]bHO, M TPH BBICOKOIl Temiepa-
Type YacTHUB! BellecTsa ABHKYTCs ObICTpee, a BCTpeyasi JApyrie
UACTHILL, YA4PSIOTCS O HHX 3JHepruunee W uauie. ITpH nuskom
VPOBHE 3HEDTHI W TeMIepaType CKOpPocTh ABHIKEHHS YACTHL, H KO-
JUIMECTBO CTOJKHOBEHIT, ecTecTBenO, MeHbUIE,

“K
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Temg.epar‘_\_'pa Te1d MM BeulecTBa H onpegeasercs cpeaHeii
SHEPTHEN BCeil COBOKYMHOCTH wacTiiy, COCTABJIAIOIIHX JaHHOE TeJio
lzin Bewectso. Ho e FOCIIOACTBYET Xa0THuYeCKoe, Gecniopsigoutoe
ABHIKRHHE YaCTHI, TaM, eCTECTBEHHO, MOKIo HalTH YacTHuUB c
Camoii pasninyHoii sHepruei, 1. e. ABHZKYLLIHECS ¢ camMoii pasanuHoi;
CKOPOCTBIO.

Otciona BrBoa: Kaskioii SHEPTHH YACTHIBI HTH COBOKYMHOCTH
‘1aCTHI COOTBETCTBYET CBOSI CKOPOCT JABHIKeHHA, a CIe0BaTeNLHO,
H YHCA0 CTONIKHOBEHHIT ¢ APYTHMH HaCTHUAMY H, KaK pe3yJnTar,
pastas temneparypa. ITostomy, uto6p CYAHTBL O COCTOSIHHH Belie-
¢TBA, BAAHO 3HATL CAMYI0 HCXOMHYIO XapakTepHCTHKY 3Hepriu
ero vactuu. A tremneparypa COBOKYMHOCTH 3THX YaCTHI SABJISIeTCH
YIKE C/ICACTBHEM CPeHell 3HePriu Hx LB EHHSI,

Twarenpuble H3MEDCHHS SHePreTHYeCKHX YPOBHell yacTH (1o-
Ka3aJjH, uTO 3HepPrHH JABHIKEHHS HactHubl, paBHoii | sg, cooTmer-
CTByeT Temneparypa 11600 rpanycos. Uto6u OTOPBATb, HaMpH-
MEP, 9JeKTPOH OT aToma BoAopoja, HYHHO 3aTPATHTb 3Heprun
13,53 ss. Caenosateasno, utoGel OCYLECTBHTBL TY e CaMylo one-
PalHIio, TOJIBKO Harpenas aTOMbl BEUICCTBA, HYXKHO OLLIO GBI Moj-
HATb HX TEMIEPATYDY 3HAUHTEBIO Bhie 10 000 rpanycos. Takosa
CBA3L MEIKIY 3Hepruefl, BbIpakeiuoit B 3/IEKTPOHBOMILTAX, H 3lep-
rHeil, BEIpaKelHoil B rpaaycax.

Béabwas uvacrp MOJIEKYJI BelecTBA pacrajgaeTcs Ha aToMbl
(anccounupyer) npu Temoepatype 10 000 rpaaycoB. AToMbl Ji-
aTCA GOoAbIIel YaCTH HJAH BCEX CBOMX BHEUIHHX 3JeKTPOHOR
npu 100 000 rpaaycos, &, HAKOHEL, S1pO aToMa pachajaercs Ha
MPOTOHBI H HeITPOHLI Mpu TeMIeparype, npesbllIalomell ThICSuH
M DECATKH THICAY MHJTHOHOB I'PagyCcoB. IIpu Beex 3THX npomeccax
MOTJIOILACTCS SHEPTIA, HAYIUIAS HA NPe0IOJeHHe CHI NPHTAXKEHHS,
YACPAKHBAIOIHX BMeCTe YaCTHLLL, H3 KOTOPLIX CHayasia ckJa-
ALIBAETCH AP0 aTOMa, 3aTeM aTOMbl H, HAKOHELL, MOJIEKYJIBI,

Hns ocyuiecTBASHHS TEPMOSAEPHOH peakuHH HeoOXOLHMbI
SHEPTHH yiKe B HECKOJLKO [JeCATKOB TLICSY JMEKTPOHBOJLT. [lpn
3TOM ra3 HArpeBaeTcs A0 HECKOALKHX COT MIUJIJIHOHOB rpaaycos.
10 UHCIO mopakaer BooOpaente cpoeii I'PAHIHO3HOCTBIO, HO
MaJlo 4TO TFOBOPHT (H3HKY, KOTOPOMY B KOHEUHOM CYETe Bai<Ho
3HATHL HE TeMNepaTypy, a SHEPruio YACTHILL

3nech HeOGXOAHMO CHENATh ONHO OUeHb CYILLEeCTBEHHOE 3adnie-
uanue. ['nmaBHOIT XapakTepucTHKON TenoBoil SHEPTHH sBJACTCSH
TO, 4TO 3TO 3HEPrus GecnopsiIOYHOr0 NBHIKEHHS H CTO.IKHOBEHHS
HACTHLL, NBHIKEHHA KaK MONajo, BO BCE CTOPOHbLI, HE3ABHCHMO OT
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ppemer. ToJAbKO MPH TakoM ecTecTBeHHOM GecropsijioynoM pac-
npejseJeHHH HanpasjeHuii cKopocTeil W YHCJa CTOJKHOBEHMI Ha-
CTHIL MBI HMEEM NPaBO OTOXKAECTBJSATh 3TO JABHIKEHHE C TeMmilepa-
Typoii ra3000pasHoli CHCTeMbl YACTHIL.

CoBceM APYFrYI0 (H3NHUECKYIO KapTHHY Mbi OyneM Habumonpathb
npH ABHKEHHH [10TOKa 4acTHL B BaKyyMe, BCeX B OAHOM Hanpas-
JICHHH, HATPHMEp YaCTHL, PA3rOHAEMbIX B YCKOPHTEIX 0 3HEP-
ruM, gonycTiym, pasioit 1 Fae (1 mapa. 3s).

[Ipu Takix 5HePrHAX Mbl, Kasajaoch Obi, LOJIXKHBI NOJYUHTH
TeMnepaTypy COCTOSIEro 13 3THX yacTHl rasa, pasuyio 10 mui-
JAHOHAM MHJAJAHApA0B rpasycos. O1HAKO ML 3TOTO He Habaonaem,
Tak Kax ABHMKEHHe YacTHI[ HOCHT OpraHn3osanHslil Xapakrep. Bee
OHH JBHKYTCS B OJHOM HalpaBJeHHH, Ma/jo CTaJlKHBasch APYT
C APYroM, YTO pe3KO OT/AHuaercs OT 0ecrnopsiiovHoro TenjaoBoro
ABHIKEHUS YACTHIL, Kakoe TPOHCXOAN/0 OBl B rase NpH TAKoil CKO-
POCTH COCTABJSIOLINX ero uacTui. [To3TOMY MBI YCTeIIHO MOXKeM
ONpeAeauTh JHEePTHI0 3THX YacTHUl (4TO Ham, cOGCTBEHHO TOBOPS,
M HYJKHO), HO HHUEro HE MOXKEM CKas3aTb O TeMAepaTtype 3TOro
notoka uacrtHii. Jla H 3HaThb ee He CylleCTBeHHO: oHa Oyaer He-
3pauynTenbHa. Ho 34To Mbl MOMKEM TOYHO CKa3aTb, kakosa Oyner
TeMIepaTypa COBOKYITHOCTH 3THX 4acTHl, Korja oxu obpywarcs
Ha Kakyio-JiHGO MiillleHb, T. €. KOr/Ja OpraHH30BaHHOE ABHIKeHHe
HX npeepatirtces B xaotHueckoe. Oua n OyJleT paBHa MH/NIHOHAM
MW/IIHAPAOB IPajiyCcoB.

Tepmonnepuas peaxkuuda. Uto 370 3a peakiuns?

Bosbmenm yedoBHO cayyait oOGpasopaHus sapa aTtomMa re-
ans oIe! nyTem ciuAHMS ABYX sAep TsKeaoro sopoposa (H2
YVeaI0BHO N0TOMY, UTO OCVIIECTBHThH TAKYIO PEaKUHIio, o ueM Oynet
cKa3aHo HIKe, Noka TpyiaHee, deM Apyrie. Buijeasiomwascs apx
sToM 3Heprua 23,64 Alzs apasercs pasnnucll MeXKAy NOJMHOIN
snepruefl cBA3H sapa atoma reaus (28,2 Mog), yiacp:kupaloueii
BMECTE ueThipe HYK/JIOHA, H NOJHOH 3Heprueil cBA3H ABYX suep
TsKesoro sojopona (no 2,28 Mss kamablil), yiep:xubapei
JHIUDL [10 /1Ba HYKJAQHA B aape.

Kax Biaum, uto0nl BuICBOGOAHTb CTO/h OTPOMHOE KOJHUECTBO
3HEPTHH, HYXKHO COJNHJIHO H «NOTPAaTHTbCA®». B 3TOM noka nuyero
yauBuTesHoro Her. Camoe HenpHsiTHOe 3aKJ/IouaeTcsi B CJenylo-
LL{EM: CJHsHHE ABYX fjlep TSKeJ0ro BOAOPOAa BO3MOMKHO B TOM
cJyuae, eclii SHeprus Ka)kaoro u3 Hux Oyiaer ue menee 20 kaa.
A ec oHH MOTYT NpPHOOPECTH TOJLKO B TOM CJyuae, echu jeire-
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pHil HATPETL 1O TeMiie-
patypul  nopanka 200
MJH. rpaiycos!  3ITo
O4YeHb H OUCHL MHOTO,
€CAil yuecTb, UTO TIPH

00 LIYHOI KOMHAaTHOII
TeMneparype TemnJjosas NG ‘3\ _
IHEPrHsl aCTHI BOZIYXA g e Aoy,  SumEay
pasua toasko 0,25 sger- i 'g’[ ! 1771

- 19.8 Mas

TpoHBoJsbTa!l (cMm. «Ten-
a0y u «Temneparypas).
Toabko npu takoit Tem-
nepatype, CYIECTBYIO-
meidl MWL B Hejppax
O4YeHb TOPAUHX 3Be3/l,
CTaHeT BO3MOMKHBIM Ipe-
0/10J1eTb  B3aHMHOE OT-
TalKHBalciuee 1eiicTBHe
ABYX MOJOMXHTEIbHO 3a-
PAKEHHBIX aaep  TiKe-
JI0r0 BOJIOPOAA H «BTOJI-
KHYyTb» HX B cdepy
JIGHCTBHA  JPYIHX, elle
fiolee MOUIHBIX H  yIKe
NPUTACHBAIONIHX BUHYTPH-
SULEPHBIX CHJL.

Heectn muaanonos rpaaycos! Takyio “CBEPXAICKYIO» Kapy
TPYAHO NPEICTABHTL Cceoe jgaxie Mpicaenno. Tem He MeHee yesloBek
CYMCJI CO3/18TEH CC CPABHHTR/ILHO 11POCTO: BHYTPH 000M0YKH, 3aM041-
HCHHOH BellecTBaMH, Jierie BCero BCTYMAIOUWHMH B TEPMOSLEPHYIO
peaxunio, on B30pBaa «obpuHYIO» aTOMHVIO 6oMOY. Ha kakoe-To
04CHb KOPOTKO® MIFHOBEHHE — MHJMHOHHLIC TO/H CCKYIILI — TeM-
epatypa BHYTPH elle 1e/10ii 000J0UKH JJ0CTHTa a2 HECKOJAbKHX CO-
TeH MHJIVIMOHOB FPAIYCOB, a4 [aB/ellie — cOTeH MIJJIHAapA0B aTMo-
chep. B pesynbrate nauasioch cinsiHie siiep BOAOPOJAA B sAapa
4TOMOB redlia H BLIJeJEHHe SHEePTHH, CONpPOBOXKAAIOUIeecs Yre
BTOPEIM, ellie 00./1ee MOLUIHBIM B3P LIBOM!

[TockosbKy A0GHTLCS CAHAHUS s1ep ATOMOB JIETKHX 3J1€MeHTOR
B Ajpa OoJee TsKeaLIX aTOMOB — BOLOPOAA B rejnii —u rosy-
UHTb HYMKHYIO JJIA TOTO SHEPrHI0 ABHIKEHHS UACTHLL Mbl MOMKCM
JIHLIL [IPH TEMIIEPATyPax B COTHH MHJIJIHOHOB Ipanycos, KOT/a Bee,

3
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YTO €CThL B MpPHPO/e, jJaxke npH fojee HH3KNX TeMnepaTypax npe-
BpauiaeTcss B [J1a3My, CTAaHOBHTCSl BIIOJIHE TNOHATHBIM, 1OYEMY
nocJe AJHTEJIbHLIX HCCAELOBAHHIT YUeHble NPHLIH K yOes 1eHHIo,
uTO pelienHe npoOJeMbl YnpaeiseMoil TepMoAAepHOl peakuiil
CKPBITO CpellH MHOIOUHCIAEHHDIX TalH NJa3MeHHoOro COCTOfsIHHA
BELLECTBA.

Bee, yTO B OpyroM MecTe MLI TOBOPUM O nJjasme,— coolpaxke-
Hua OoJibIlle TeopetHuecKie, ueM npaxkrHueckne, n60 HUKTO H HIi-
KOTAa elle He BHAeJ, Kak BefeT ceba mmasma, 3ak/ioueHHas B
kakoM-nuGo cocyne, npu Temnepartype 200—400 man. rpanycos,
ec/H He CUlTAaTb BCTBILIKH aTOMHOI naw Boaopoanoil Gomon. He
#Ha0.110/14.1 110 TOH NPOCTOll NPHUNHE, UTO TAKHC COCYALl He CYUIecT-
BYIOT H CYLIECTBOBaTb He MOryT. Bce Hcnaputes, Bce pacrnanercs
HE TOJILKO Ha aTOMHbIe, HO H YiKe Ha ANEPHbIC YACTHILLI.

Ho ecain 61l Takoil cocyn u nauledcs, njiaaMa B HEM BCE PaBHO
HiuKOrAa Obl He Harpesach 10 CTOJb BBICOKOH TeMNepaTyphl.
[Touemy?

B (pn3uKe cyiecTByeT 3aK0H, N0 KOTOPOMY €nocoBHOCTL Harpe-
TOTO Teaa OTAAaBATh Tenjo NO Mepe MOBLILIEeHHA TeMNepaTypsl
pesko yckopsetca. [lo szawony Credana-Boabumana nsJiayuedne
MPONOPIHHONAALHO UeTBEPTON cTernenn TeMnepatypul. [TosTomy Bee
MOMBLITKH HATPeTh MJasMy [0 TeMNepaTypsl, IpH KoTopoii B neii na-
yaJcsa Obl Mpouecc CAHAHHS slep TSKeJOoro BOAOpOJAA B siipa re-
JH#l, okonuarcs neyiauveit. Ilo nocTuxenny TemMnepaTypsl paBHOBe-
CHS BCE TIOABOAHMOE K TJaszMe Terdo OyJeT nepeiaBaThes CTeHKam
COCYZa, a Te B CBOI0 ouepe/b — LIE/PO PAcCeHBATH €ro B OKPYyzKalo-
lee NPOCTPAHCTRO.

Hanoumnuwm, 4To BCe BHILEH3JOMKEHHbIe PacCyKacHia Mbl BeJH
ycaoBHO, 160 He CKasaJH CaMoro rjaBHOTO: TAe B3ATh HCTOUHHK
Tensa, uToObl HArpeTh HAlly NJasMy A0 TeMNepaTypsl Help 3Bes-
bl — 200 . rpanycon?

Heny nomoraa... MOJHHA.

B X0JOAHOM COCTOSIHHH a3 — OTJNHYLbIT H30JATOP JeKTpHYe-
CTBa, HO A0 MOPLL 10 BPEMEHH.

YiKe npH CPaBHHTE/bHO HEBLICOKOM 3JIEKTPHUECKOM Hanpse-
HHH B CHJIBHO Pa3pexeHHOM ras3e MOMeT DPOHCXOANTh Tak Ha3bl-
saeMulil raszoBwlfl pa3paa. Maanmmil npeacraBuTtesb OrpoMHOro
ceMeNcTBa ras3opaspsainbiX YCTPOHCTB — XOPOLIO BCEM H3BECTHAs
CBETOBAs pekjama.

Ho uto ecnu nomnpoGoBaTh CKBO3b HAMOJHCHHYIO PazpeskeH-
HbiM rasoM TpyOxy, o0/aAaioulylo orpoMiLIM 3aM1acoM Hpoyio-
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CTH, paspsiTh  Garta-
peto KoHaencatopos,
3APSIZKEHNBIN JIO KoJoc-
Ca4/bHO  BLICOKOTO  Hia-
NpseReHys  — nopsaaka
IATH-LIECTH MHJAJIHOHOB
BOJBLT?

Takasn CO3/laHHas
UQJOBEeKOM HCKYCCTBeH-
Hasy MoJaHug  1annoil B
HECKOJIBLKO METPOB XOTs
It 1e CMOMKET no paspy-
WHTeIbHOH cHae cpaB-
HHTLCS ¢ MPHPOIHOIT,
BCE JKe [03BOJANT Ha
HHYTOKHO KOPOTKHIi
MPOMEKYTOK BpeMeHii—
THICAYNDIE  JIOJTI  CeKyH-
Al —  CKOHLEHTPHPO-
BaTh B oueHb HeOoabIION 06beMe rasza OTPOMHYIO 3HCPTIIO, jl0-
CTATOUHYIO AISl TOTO, YTOGL MPEBPATHTL B NAasMy 3aKJ0ueHHBl
B TPyOKe ras, packafaue ero 1o TeMnepaTypel nosepxuoctn Coun-
Hd — HECKOJILKHX MUANHOHOB I'pajycoB.

Hrto Takoe rasossii paspsan B TpyOKe, HanoJHEHHOI paspe-
KEHHLIM TazoMm? Ynopspouennoe wa Koporkiiii OTPE30K BpeMeny
ABHIKEHHE JIEKTPHYECKH 3aPSIKEHHBIX YACTHIL — CBOOO/HBIX 3J1eK-
TPOHOB, BCEX B GAHOM HANPABACHHH, 4 TOJOMNTEIHLIX HOHOB —
B MPOTHBONOIOMKHONM HATIPABACH T,

A uto takoe OpPrannsoBanioe JBHAKEHHE JEKTPOHOB? Diek-
TPIUECKIIT TOK. A MBI 3HaeM, uTO BOKPYF NPOBOAHHKA, 10 KOTO-
POMY NPOTEKAET 3/€KTPHYECKHII TOK, BO3ZHHKAET KOJLLEBOE Mar-
nuTHoe noJse. M ueMm cuannee Tok, Tem ciannee OyleT cosnapae-
MOE HM BOKPYr camoro ce6s Marnwrnoe nodge. Eciii Takofl Texyumii
B OIlHOM HanpanJieninil Tok nponycTiurTL, no MyHKY l!lE[)&1.'151@.’]bllh|7\'
MPOBOAHIKOB, TO MATHHTHOC JIOJIC ¢ G0AbWOI CIJI0I HeMeaIenno
CoKMeT nx BMecTe. Mpeanbho wonmsnposanuas naasma H sis-
JACTCH MO CYTH Jieia I0BOJBHO PHIXJBIM NYUKOM HPOBOAHHKOB.

A pas Tak, To HenpepHBHO Hapacraiouiee, Mo Mepe yBesHue-
HHS CHJIBL TOKA CKBO3b 1171a3MY, KOJbIIEBOE MarHHTHOE 10.1e, o6pa-
3yloueecs BOKPYr TpPyOKH, HauHeT cHMAaTh PHIXAYIO M1a3My B
TOHEHbKHIT N1a3MeHHBIIT WHYD, YMENblIan ee 00beM, a4 TeM CaMbiM

129

9 K. A. Taankor



eute Goablie VBeJAHUYHBAA ee TeMIilepaTtypy H AaBjieHHe, TAK Kak
YIICJIO B3aHMHLIX CTO/IKHOBEHHI ATOMHLIX 4aCTHIL B MaJOM 00beme
mia3Mbl pesko Boapactaer. M, uTo camoe riaBHOe, MarHUTHBLIl
KyJak, CHKHMaIOUIMIl T1a3My, OTPLIBACT ee OT CTEHOK TPYOKH,
npekpauiasi yTeuKy uepes iee Tenga B OKpYiKalollee npocTpaH-
cTBO. A 3TO B CBOW ouepeib eliie OOJblie MOJHHMAET TeMilepa-
Typy maaaMel. A ecii npekpatniach MouHas 6oMGapAHpOBKa cTe-
HOK TPYOKH GYLIVIOIIINMI UacTHILAMH, TO MpeKpaliaercs H jaap.e-
HHE HA HHX — OTNajaeT HepaspelinMasi 3ajada cosjaHus TpyOoK
¢ (haHTACTHUYECKOII TPOUHOCTLIO CTCHOK.

Kopoue rosopsi, niazma caMa ce0s OpraHu3yeT: CKHMaeTcs,
pasorpesaercsi H IEJHKOM H30JHpPYeTcss OT CTeHOK TPYOKH.
Ocraercs, caenoBaTtebHo, oaHa 3a00Ta: Kak MozKHO 0oJiblIe «BO-
rHaTb» B [J1a3My SHEPTHH, YBEJHUHB AJ8 3TOTO HanpsKeHHe H
CHJIY SJIEKTPHYECKOTO TOKa H cO03/aBaeMoe HM BOKPYT M/1a3ibl
MOLIHOe MarHuTHoe noJie. I :kaathb, Korga HauaBluascs TepMO-
A/lepHas peakmus pasHeceT BCI0 TAKVIO YCTaHOBKY H Bce Ha
HECKOJIbKO KHJIOMETPOB B OKPYHKHOCTH?

Huuero 3toro, Koteuio, He npoii30iiaeT i NPOH3OHTH He MOZKET.
Bo-nepBBIX, NasMa co31aeTcs B CPABHHTENLHO HMUTOXKHOM 00b-
eMe K TOMY Ke elile Il CHJAbHO paspemenHoro rasa. Il naxe ecan
Obl BO Bcem ee 00beMe Cpa3y BO3HHK/A B3PbLIBHASA TepMOsijiepHasn
peakuus, cuna B3pbiea Obliia Obl OTpaviueHHOl, BO BCAKOM CaY-
yae GesonacHoil.

Hanee. Ot temnepartyp, KOTOpbie MOMHO HOJAYUHTL, pasorpe-
Basi TMJa3My TAKWM crnoco0oM, jio TpedyeMbiX JJsl peaxkiuHd CHH-
teza 200 MAH. TPALYCOB AMCTAHINA [I0KA elle CJAHUIKOM BeJHKA.

[Mpasna, ecan TPHMEHATH BMECTO OAHOTO TOJIBKO JeliTepHs
cMech Jefiteprisi n TpuTia, HeoOXOAWUMAf A5l BO3HHKHOBEHMHS
TepMOS][J,L’pI-f('Ji'k Peanrii TeMiepatTypa CYUIeCTBEHHO YMEHbUTHTCH,
H OHA BO3MOMKHA [lazKe IPH HECKOJILKHN JIeCHTKAX MH/AJIHOHOB
rpaiycos.

Hy, a Kak ycTaHOBHTB, UTO TaKas Peakuls OCYUIECTBHIACh BO
ppeMsa paspsaa? [lo BO3HHKHOBEHMIO HelTPOHHOrO H3Jy4eHHs.
[lpn cauaunn IBYX siiep aToOMOB THKEJNOTO BOAopoAa (meilTepns)
o0pasyercs AP0 H30TONA reduf-3 U BeIGpackiBaeTcsl HJH NPOTOH,
HJIH HEeHTPOH, O/IHOBPEMEHHO BO3HHKAeT TamMMa-H3/JyueHHe H Bbl-
aAenntes sueprusi, pasuas 3,2 Msa., Ecan oaun U3 atomos aefite-
pHsA 3aMEHHTb aTOMOM CBEpXTSXKeJI0TO BOJAOPOAa (TpHTHEM), TO
obOpasyerca agpo reaus (anbda-uacTHua), HCOYCKAETCS OIHH
HEeNTPOH H HEMHOro ramma-ayueil. B 3ToMm ciayuae BblaeasieTcs
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14,6 Mas sueprun. Cansinme sapa atoma CBEPXTSOKEI0I0 BOLO-
Poia TPHTHs € INPOTOHOM 1a€T aib(pa-yaCTHHY M IHEPTHIO
19,8 Mas, Hakoneu, npu cuurese Aapa antha-6 ¢ sapom Tawe-
JI0TO BojlopoAa obGpasyercsi ABe adbda-uacTiub # BbljeaseTcs
anepriga 22,4 Mas. a

Yaasanpasi BLIJIETAIOUINE H3 NJA3MBI HElITPOHLI 1 onpejenss
WX KOJHUECTBO, JIETKO YCTAHOBHTL H BCE OCTaJbHble HEOHXOLIMbIE
AaHbble 000 BCEM [IPOHCNOASILEM B MJI43Me: upc/e SIIEP, BCTY-
MIBIIHX B TEPMOALEPHVIO PeAKIHIO, CKOPOCTH ee HapacraHms
HT. .

MarnurHoe nouse, COKaneHH, 0Kasa.loch He HjaeanbHoil
HEBH/MMOIl CTEHKOMl, VaepmuBajouieii Jla3My B CaMOM UeHTpe
TPYOKN. BO-nepBuIX, MOMKET CJYUHTBCH TAK, UTO OTAE/bHBIe Yac-
THIBI TINTA3MbL, CTAMKHBASICH APVT C APYTOM B GECKOHEUHBIX KOMGi-
HAUHAX CKOPOCTEIl W 3Hepruil, MOryT cayuaiino npHoGpecTH CTob
00JBILYIO YHEPTHIO, UTO HX B KOHIE KOHILOB BbIOPOCHT CKBO3b J110-
0oe caMoe CHIbHOe MarHHTHOE MOJIe K CTCHKE COCy4a.

Bo-BTOpbIX, 1pH onpeteqeHHBIX YCA0BHAX GOBIIOE KOMHYCCTRO
3aPSIACEHHBIX YacTHIL, JABHTasich B KaKOW-TO MOMEHT BMecTe H B
O/IHOM HamnpasJeHH, MOMKET C03/1aTh CBOe COGCTBCHHOE MAarHuT-
oe noJae, cnocobHoe BLIAABHTL [1a3MYy uepe3 H30JAHpYylolee
ee MarhutHoe mose. MoryT BO3HHKHYTL U JpPyrHe KanphH3bi.
A nouemy yueHble TaK «UYBCTBHTGALHLI» K TaKHM Kanpu3san
I1a3Mbl?

Heso B ToMm, uTo ympasastemas TepyossepHasn peakung B
71a3Me He HauuHaeTcsa Tak, Kax B BOL0po1Hoil 6oMbe,— B3PLIBOM,
AMAIEMCA MIJLTHOHHDIE T 00.1€e KOPOTKIie 0,11 CeKVHALL. Bpems
CJTHAHNHA YacTHIL 3aBHCHT OT «IVCTOTBI» 11J1a3Mbl. HM_QETCH onpe-
AeJeHHBIIT MAKCHMYM «I'YCTOTbI», KOTOPLIH MOMEeT yAep:Karh aali-
HOC MarnuTHoe noJde. Ecan naazma goBeaeHa a0 3Toil «TYCTOThI»,
TOraa Bpems cAauauns OyAeT paBHO APHOJHIHTE/ILHO 0/10i ce-
kynae. Clie0BaTeNbHO, HYKHO TEPMOH30.HPOBATL — VACPKATH
TeMIepatypy naassinl X0Td Obl Ha CEKYHIY 1711 1ame LoJbHIe.
A 3TO QUeHDL TPy O,

[TockoabKy npsAMOii- NVTh — ajekTpHuecKlii pa3paj B rase —
He gaeT TpeOyeMbIX Pe3yJibTaToB, a IJa3MeuHoe COCTOSHHE MOKHO
NOJAYYHTE U APYTHMH- cnoco0aMu, yueHnble Haua Al OAMH 34 APYIiM
npoGoBath U Bee ocTa/bnble. MaBecTHo, uTo eean pasornannas jio
00JIbII0N CKOPOCTH 4YacTHIA TIONAJaeT B MACHHTHOE NOJE, TO OHa
HayHuaeT 3aKkPYUHBATLCA — TeM CHJbHEe, ueM CHJblice MariiuTHoe
nose. YactHua kKaxk Obl «HABHBACTCH» Ha [OLBCPHYBLIYIOCS [0
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MyTH HE3PHUMYIO H MOKa HEH3BECTHO M3 Yero COCTOsLLYlO, CKOpee
Jaxe yC/JOBHYIO, MarHHTHYIO CHJOBYIO «JIHHHIO».

BeicTpe/uM Ny4YKoM 3JIEKTPOHOB HJIH NMOJIOKHTENLHO 3apaKeH-
HBLIX HOHOB jAefitepHusi cboxy B O0/bIIYIO, THIATEALHO OTKAYaHHYIO
oT Bo3ayxa TpyOy, BOKPYT KOTOPOIl pasMelieHnl OrpOMHBIE Ka-
TYIIKH, CO3AIOLIHE BHY TPIl Hee cHIbHOe MarHuTHOe 1oJ1e. HacTHILbI
TOTHAC JKe HAUHYT «HABHBATLCA» HA JIMHHH 3TOTO NOJS, CTAKH-
BATLCS JPYF ¢ JAPYroM I HarpesaTbes. Ecau Teneps Oyaem yse-
JUYHBATHL CHJAY MArHiTHOTO TOJA, TO, CAKHMAACh, OHO HaUHeT C¥iH-
MaTh H THPJSHIB HABHBLINXCA Ha JHHHH 3TOTO N0J8 3apaKeHHbIX
yacTHIL YHc1o HX CTOJKHOBEHHIl APYTD ¢ APYroM YBeJHUHTCH, MOA-
WHMeTCs i TeMnepaTypa nuaassbl. Ecan Ha koHuax Takoil TpyOsl —
MarHHTHON JIOBYWIKH — co3AaTh elle OoJee Ciibioe MaruutHoe
noJje, TO 3apsiKenible H 3aBHBAIOULHECS [0 CHHPAIH HaCTHIbE
OTCKOYAT OT HEro W HAUHYT CBOE ABH:KeHile 00PaTHO, ¢ TeM uTOOk,
OBCTPEUABUIHChL C TAKOIl e MarHHTHOI CTEHKOIl HJIH «3epKaJ/oM»
Ha IPYrOM KOHILE CTeHbI, ellle pa3 HayaTb oGpaTHoe nBHKenHe. Tak
n OYAYT KauaThbCd B3aj 1l BNepea BAOJb JHHHI MarHHTHOTO noJis
yacTHUbI, Habupasncs M04 AeliCTBHEM CHKHUMAOUIero HX MAarHur-
HOro MOJA SHEprHH, a ¢ Heio 1 [OBbiash TeMmnepaTypbl Beeil
masMmbl. YcTaHoBka, AelicTBylollast Ha 3TOM NpHHLNNE, HA3BI-
Baerca «Orpa». Ona paspaGorana B Mucruryte atoMHoil suepruu
um. M. B. KypuaTtona.

YacTHilsl N1a3MEl MOMKHO 34CTaBHTH JIBHMATLCSA H BLOAL Oec-
KoHeunoil (Koabuepoli) TpyOKH, C:KHMAasl ee He NOoNepeuHbiM, a
NPONOJILHBIM MarHuTHEIM nosieM. 19 ycTpaHeHHSt HEKOTOPDLIX
HEJOCTATKOB TaKYio «0apanKy» MOMKHO CKPYTHTb ellle OLHH pas H
IOJYUHTL €BOCbMEpPKY». DTO U GyHNeT «cTeasapaTtop», ¢ KOTOPbIM
GoJblie Bcero padoTaloT aMepHKaHCKHe yueHble.

Hmeetca GoabLioe 4iic/o 1 APYTHX BHLOB YCTAHOBOK, OTJ/IHYAIO-
UWMXCSt APYr OT ApYyra TeMlH HJH HHLIMH VCJOMKHEHHSIMH, rnaBHan
ueJib  KOTOPBIX — YCTPaHHTbL Kakylo-nmubo ojauy il cpasy
HeCKOJIbKO BH/0B HEYCTOHUYHBOCTH MJ1a3Mbl.

Tpaucypauossie anementbl. [onbiTky 2. PepMu 1 ero MoJOABIX
koaner 8 cepentHe 30-x roaos co3gaTh HOBLIE, euie GoJiee TsKe-
Jible, ueM ypaH, XHMHUecKHe sJeMeHTHl, OombapaHpysa ero HelTpo-
HaMi, NOHAYaJy yBeJH YYeHblX JOBOJBHO [ajeKo B CTOPOHY, H,
JIHILIb CBEPIIMB MOUETHLI H MOJHBIH CeHCALHOHHLIX OTKPBITHIT KpyT,
Jiexalluit uepes JierkHe OCKOJIKH ypaHa-235, yaanoch 00HAPYKHTD
CyLIecTBOBaHNHE H HOBbIX, AeliCTBHTE/LHO CBEDPXTSXKEJbIX 3aypa-
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HOBBIX HCKYCCTBEHHEIX 9/1@MEHTOB — HenTynns-239 (Ne 93) u nay-
ronns-239 (Ne 94). Omuako nonuiTki nosyuenns Godee TS EIBIX
YIEMEHTOB He YA4JHCh, TAaK Kak BBISICHINIOCL, UTO 3HEPTrHH N
CBOHCTB JIOOBIX HMEBIUHXCA B PACMOPSIKENNHI yueHbix yacTHil,
B TOM YHCJIe H BCEMOTYILero HeliTpoHa, 145 5Toil mean COBEepLIeHHO
nepocratouno. M anme ¢ BBOKOM B jeficTBHE MOLIILIX YCKOpH-
TEJTLHBIX YCTAHOBOK, PA3rOHSIONINX YACTHILI 0 3HEPrHN B COTHN
MILLIHOHOB H MHJITHAPALL 9JIEKTPOHBOJILT, OfHH 3a APYIHM cTaju
NOABAATLCA HOBLIC HCKYCCTBCHHBIE TPAHCYPAHOBLIC SJE€MEHTBI C
ATOMIILIMI - ToMepami oT 95 g0 104: amepuunit-243 (1945 )
KIOpHii-247,  Gepxanii-247, kanudpopunii-249, sitRmTel HNII-254,
100-i1 3;1emenT, Ha3BaHHbI B uecTh . Depmu — pepmnii-253, 101 -ii
JICMEHT, OTKPHIBAWIIHA cuUeT HOBOI COTHE, HA3BAHHLII B UECTL
BETHKOrO pyCcCKOro Xumuka menpeseBuem-256, nobeanii-254 u, na-
KOHEIl, OTKPBLIThIE COBCEM HeJaRlo Joypencnii-257 i 104-i1 sje-
MENT, clle He NOJYUHBIIHI Ha3Bas.

Bes sTa rpynna snemenToB Mayuena noxa elle HeZOCTATOYNO
nosno. Bee onn papnoaktusun M 06aanaior UPE3BLIYAIHO MaJibiM
CPOKOM JKH3HH: ueM (oJiblle UX AaTOMHBII BEC, TEM MeHblle OHM
HIBYT.

B ecTecTBeHHLIX 3eMHBLIX IOPOAAX OHH He BeTpeuaiotes. Heko-
TOpble H3 3THX 3JEMEHTOB ObLLIH NOJYUYEHLI B CTOJb HHUTOYKHOM
kosmuectse (17 atomos!), uTo Ji/ist onpejesieHHs HX CBOHCTE noHa-
J061aNCh caMble TOUHel e cpencTsa COBPEMEHHOH PaiMOXHMHH.

TenaoBuaeAnOWHIT AEMEHT — caMblil OCHOBNON 11 BAKHBLI y3es f11epHoro
pl,‘f!i\"l'()pii, C NOMOUILIO KOTOpOro p AKTHBHYIO 301HY BBOAMTCSH faepnoe ropwouce
H OTEOJINTCH OT HCro Tero.

OOBILHT TeNAOBLUICASIOUUIT  %ICMENT COSTONT 13 cepaeunnka B op-
MCLINIIDE,  colepiamero  Aeasiuiiiics  MatepHal, W MeTasduyeckoil o6o-
JA0YIL

Tenaosuweasioune s1eMenTH MOTYT COGHPATLES B COOPKH — 112KOTHI, Kac-
CeTLIH T, 4.

I‘.Emmlloi'l 3a00TOil KOHCTPYKTOPOB PEaKTOPOB  SBANCTCH  CO3Tauile ¥ He-
NOJILZOBANHE A9 TCNVIOBBIACJAIOIHY 3JCMCHTOB TaKHX MATCPHEI0B, KOTOPLIC
HPCACALNO 1070 11e H3MeHA I Obl CBOCIH MCeXannucCKoil npouiocTi, (GH3Hue-
CKHX L‘HUI‘FC'!‘B, FCOMCTPHUCCKHX pPasMepoB 1o i TBHOM BLICOKHX TeMpeparyp
W MCXAHHICCKHX  HAUPAAENHH, HHTCHCHBHO  nelirponioll GomMGapaAHpOBKH 1
MOULHOTO raMMa-n3Jaydednn.

Tenaonocutens. Fa camMoro cioBa sscTByeT, 4TO 3TO Kakad-TO Cpefa, cay-
Aallas a4 [cpeloca Tenaa. Bonee KOHKPETHO Tak HA3BIBAETCH BCULCCTBO —
AGLLKOE HJH I'El'j(J()OpilaiI()Q (BO;’I:J, nap, ras, XHUAKHI METald WAl COJH, KHAKOE
Gprannuccroe Bi)lilCC‘l'BO},— nponycrkacMoe uepe3  akTHBHYIO 30HY SIACPHOro
peakTopa AJ4 €ro oxXJaaAleHust i nepeaayun YHOCHMOro rtenna APYroMy Temnnao-
HOCHTEA HAH HCHNOCPEACTHCHHOro HCNOJL30BAHINS B TCIJAOBLIX  JIBHrateasax
(nap, ras).
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BeaencTsie  BBICOKHX  TPeGOBaHHH, NPCALABIACMBIX K TCMJAOHOCHTEAM
(Maqoe noraoleHEe HeliTPOHOB, XUMHUYECKan CTOIKOCTL B YCJAOBHAX HUTCHCHB-
HOro o0JyueHHS HeATPOHAMH, TaMMa-JyyaMmH, HH3Kad KOpPPO3HOHHAS aKTHB-
HOCTL NPI AJHTEILHOM CONPHKOCHOBEHHN C KOHCTPYKUHOHHBIMH MaTepuajaMu
peaktopa, BhiCOKHN Kos(duuwuent vtemrosoil nepepaun, Goaslias  yaedabHast
TOMJAOEMKOCTb, HH3KOE JapJcHiic TPH  BBICOKHX TeMOepaTypax), CyHIecTByeT
HE CTOAL YHe MHOTO BeuecTs, KOTopuie 0Ll OAHOBPCMCHHO YIOBJICTBOPAIH BCEM
sTuM TpeGoBanusm. [asul, HanpuMmep VIJEKHC/A0Ta, Majo  [OIOLLAloT Hei-
TPOHBL, AOMYCKAIOT HarpesanHe 10 BLICOKHX paGounx Temmnepatyp, Gesonaciul
B IKCOAYATALHM, HO V HIX NJoxas Tenaonposoanocth. Mx nmpuxoamrtes narpe-
BdTb B P€aKTOPC /10 BLICOKHX I].a[L'“[CHH!.{ H 3aTpayHBaTh 3HAUYHTEJALHYIO HacTh
fnoayuaesoit 0T peakTopa MOUIHOCTH Ha npokauky. OGnajaiouluil BEICOKOf Tern-
JIOMPOBOAHOCTLIO HHEPTHLI Ta3 reqinit Kpaiine peiok u jopor. Crode ke Aedu-
UHTHA 1 J0pora THAMKesaasn Boia.

Buicokofl TenaonpoBoAHOCTbIO 061a4210T KHAKHE METa anl: KaJuit, Hatpui,
JHTHII, BHCMYT, CBHHEL, PTYTb H CMeCH HaTPHil — Kaauii, cBuHel — BHCMYT. OHH
NO3BOJAIOT MOJAYYATh HA BRIXOJE PeakTopa OUeHb BBICOKHE TeMMepaTypbl MpH
coBceM HH3KOM Aasaexuu. OAHAKO MHOTHE H3 HHX O4YeHb KOPPO3HiiHbI, B3pPbIBO-
OMACHLI B COGAMHEHHHM C BOTOI H CPABHHTE/NbHO ObICTPO CTAHOBATCH pPajHOAK-
THBHLIMH B pe3yibTaTte 00ayuenus nx B pabouell 30ne peakTopa.

CHJAY 3THX NpHYAH HauboJee uacTo NPHMEHAEMBIMH TENJOHOCHTeJSMH
noKa ellie sIBJIAI0TCA AHCTIVIHPOBAHNAA BOAA H 3HAYHTEIbHO peiKe — Tsxkesas
BOAA.

TennooGmennuk. Harpepacwble B aKTHBHON 30He SIAEpHOTO peakTopa MOR
GonbwIHM AaBJACHIEM BOJAA HAH TAp NOABEPralOTCsA euie H ype3nbivaiino HHTeH-
CHBHOMY 0GJyuennio neiiTpoHaMH, BC/ICACTBHE Hero fijpa aToMOB KHCI0pOAa H
npHMeceii, Bcerja NPHCYTCTBYIOUIMX B BOJAE, CTAHOBATCA CHJABLHO PajiHOAKTHB-
HBIMH H OfacHuiMH A48 Jiofei. [1osToMy HCNOML3OBATL NOJAyvyaeMmblil map He-
MOCPEACTBEHHO B NAPOBBIX TYPOMHAX ATOMHBIX SJCKTPHUCCKHX CTAHIMIT MOKHO,
TOJALKO OKPY)KHB BCE pﬂ()O'HIC arperatil Hﬂ[‘OCIL"EGBOﬂ YCTAHOBKH, TaK e Kak
H cam peaktop, Owo.ao2u4eckon 3alyurol — cnaoliuHoil Getonioil  00oa0uKOil
TO/IUIHHON B HECKOABKO MEeTpOB.

Oanako neperperyio BOJY, 1ap, packanenublii ras, MHUIKH{l MeTana u apy-
rHe TeMJIOHOCHTEJH MOMKHO TPORYCTHTHL Yepe3 TenJooOMeHHHK — yCTPoiicTBO,
cayxauiee 715 nepegaun tendaa oT Goaee HATPETOrO0 TETNJIOHOCHTEAA K MEeHed
HarpetoMy, HpCACTARISIONICe B NPOCTefiLIeM BHAE 3MCeBHK, TOMEILeHHLIi B
repMeTHyecKd sakpeiton cocyie. Ilpoxoas no 3seenHKy, pacKajieHHBT Ten.so-
HOCHT@Ib B CBOIO OYCPCIL [ArPEBACT 1 HCHAPAOT NPONYCKIEMYIO uepe3 3ToT
cocya soay. B pesysibTate paiuoaktHBIBIC BCUIECTBA OCTAIOTCA B TENJOHOCH-
Tese, HHPKYANPYIOWEM MEHJLY PeakTopoM H 3MeeBHKOM Tenjoolchnuka (nep-
Bbiff KOHTYP), H B TeMAOHOCHTEJb, LHPKYAHPYIOULHIT MEKAY TeNA00OMEHHIKOM I
TypOuHoii, H ApYTHe YCTPOfiCTBA yie He mepeAafyTcsl, BCAEACTBHE HEro oTiia-
AaeT Heo0XOAHMOCTL OKPYIKATh TPOMO3IKON, TAMKEION H Jloporoil GHOMOrHue-
CKO# 3a1luTOll BCe yCTpoiicTBa, BXOAsIIHE BO BTOPOl KOHTYP: NaponpoBoi.,
XOJOAHABHNK, TyPOHHBl H T. 1., XOTA HaaluHe TenJoo0MeHHHKA YBeJAMYHBACT
OTEPH TeMJIa aTOMHOI YCTAHOBKA B LEJDM.

Topuit — Tssxeniil NPHPOAHLIT PAAHOAKTHBHBIA XHMHYECKHIl 3JeMenT, 3a-
numawomuii 90-e MecTo B mepronHueckoii TaGauue Mennesecsa, ¢ aTOMHBIM Be-
com 232,05. Meraaanuecknii TOPHI COCTOHT TNPAKTHYECKH H3 OHOTO H30-

Tona — TopuA-232, TaKk Kak Ha BCe ocTajbHble ero 13 H30TOMOB npHXOZMTCH
menee 19,
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Hs Beex npupoiiniy pagMoakrHBILIX »1eMenToR TOpHIl oGjanaet canmiim
AOJTHM HepHOJLOM noaypacnaad., pasuuyM 145 sapia. der!

XOTA TOPHIl M CHHTAETCH HAPABHC C YPAHOM 11CPIbIM TOINIHBOM, HHKaKOii
UENRON DEdKILHH B HEM H3-3d OTCYTCIBHS JI€SIUEIOCH H30TONA, TAKOr0, Kak je-
JSILMITCs o GBICTPLIMK, M MEAJCHHLIMH HeliTPOHAMH H3OTON ypan-235 B oObiy-
HoM ypane, Bo3OYARTb Henbad. [Tostomy B cnoem oGBIMHOM COCTOHHNM OH HH
T8 KAKHX SHEPreTHUeCKHX Leell He NpHrojier,

Ho nouemy e torna ero cyntaior cronn e APAroUEHHBIN SACPHBIM TOM-
JAUBOM napasHe ¢ naytonnev? Iucnno <o nayrounmess. ITotomy uto TOpHil-
232, Tak ke Kak u nepeqsutdiics ypas-238, J6rko MOMKHO IpeBPaTHTL B sjep-
noe ropiouee. 114 $70ro ero NPHXOAHTCH NPeARAPHTEILHO IOABEPraTh HUTECH-
cuBHoli neiitponnoii GoMmGapaupoeke B ALEPHOM peakTope OOLIMHOTO HJH clie-
uHadapHoro tuna. Ilocse AByX pacnafos, CONPOBOKLAIOILINCH H3JIyuCHHEM
Gera-uaeThu, TOPHIi-232 npeBpainaercs B HCKYCCTBEHELIA, He CYWIECTRYIOLUIHIT
B NPHPOJC H30TON ypaHa — ypanu-233, KOTOPLIL, Tak ke Kak W nayToHni-239,
ACTHTCS KaK ObCTPLIMH, TaK 1 MCAJICHIBLIME HeATPOHAMH.

Topmosnoe mnaayuenne. Ecin Jetsimas ¢ GoaLWION CKOPOCTLIO 4acTiia
HOTJIOTHT OTKYA2-TO M3BHE HEKGTOPOE KOJHYECTBO HCPIHH, TO T0 TOTUAC KE
OTPA3HTCA Ha CKOPOCTH €€ ABHMEHHS — OHa YBCIMUNTCA HA COOTBETCTBYIONLYIO
AaHHOIl 3HEPrHH CTPOro onpejfedennyio Beinwinny. B cayuae e peskoro 3a-
.\1(‘_‘1.’10HHSI—~::TG]).‘.10‘A(CH]ESI»*Bblcuoﬁomgal()ums]cn SHepPTHa Gy_:;\QT HCHYCKATh-
td B BHIe KBaHTOB PCHTreHOBCKOro Hadyuenusa. Takoe uziyuenne n naspigaerca
«TOPMO3HBIMY,

Hanpuyep, npi peskod Topuozenui noToKa 1eKTPOHOB, YCKOPCHHEIX A0
auepruil soiwe 12 £38 (NMpH CTOJAKHOBEHHN HX C ATOMaMH TYFOIJIABKOTO BOJbL-
$paMoBoOro ano/a PEHTreHOBCKON TpYOKI), BO3HHKAIOT PEHTTEHOBCKHE AYUH C
PasIHUHON JAJHHOH BOJHBL

Tpeku — clebl 3JeMeNTapHLIX YacTily, 3a(iKCHPOBAHNbIE B PErucTpailion-
HBIX KaMmepax (Kamepe Buancoma, nyawblpLkoBoil n apyriux kamepax), B doro-
SMYJILCHAX.

Tputuit — cBepXTaNKEALIl PAaANOAKTHBHBIT 130TON  BOAOPOAA C© aTOMHBIM
pecom 3. Slapo atoMma TPHTHSI COCTONT 13 QAiOro ApPOTOHa M ABYX Hefi-
tporos. Ilepuwos mnoaypacnmajna nsotona Tputis pancn 12 rofam. Pacna-
Aafch, AAPO  aTOMa TPHTHA  HCHYCKAeT  (eTa-uiacTHIUBE ¢ SHeprHed oxo.o
0,018 Mss. .

Tpuron — sapo atoma Tputis (cBepxtamedora senopoaa). Cociont u3
Tpex HVKAOHOB! [IPOTOHA H ABYX HEHTPOHOB.

«Taxenan» soja— poaa, B
MOJEKYAY KOTOPOl BMECTO ABYX
aroMoB  o0BIMHOTO  BOAOPOJLA
(H,0) npxoasT atoMil TAMKSI0rO
Bojopoia  (aciitepnus).

Taxcenan Boaa otrauyaetcs
o1 obnlunoil neasm paiom Jawbo-
NETHHIX cBOiicTE. 3amepsaer oHa
we npu 0, a mpu + 3,82°C, Kku-
nut #e npu 100, a npn 101,42°C
(naoTHoCTH ec papna 1,11 2fca).
B weit He mnpopacrawTt cemena,
ruGnyT pacrenna, puldnl B KH-
BOTIBIC,
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Tskenasn BOJAa ABAACTCA OTJAHUHLIM 3aMej/iHTEJeM HelTponos. B amepHbix
PLAKTOPAX OHA OLHOBPEMEHHO MCHOJb3YeTC B KAUeCTBE 3aMeIHTe s H TCMo-
HOCHTE/IA.

Taxeable 3JIEMEHTBI — YCJ0BHOEC Ha3BaHHE XHMHYCCKHX 3J€MEeHTOB OT M0-
Jdonusi A0 ypaHa, B A7apax aroMod KOTOPLIX KOJHYeCTBO HCHTPOHOB B noaropa
pasa i GOJbIUE MPEBLILIACT YHCI0 HPOTOHOB,

OCHOBHbLIE MOHATHA M TEPMMWHbI

Crp.

¥Ynpasiasiemas LenHan peakuus LfeJeHHA — 136
¥npasaseman TepMOsiacpHas peakuus (sfaep-

HBlil CHHTE3) - SRS 139

¥Ypan 139

YCKOpHTeaH 4vacTHi 140

¥Ynpaensiemaa uenuas peakuus aenenusn. [lpeacrasum ceGe,
4YTO B AEJALLHHCA H30TON ypaHa-235 BJjeTe] OLHH-eLHHCTBEHHDIH
wefitpon. [Tonas B 01HO 13 sAZep aToMma ypaHa-235, OH pasfefuT
ero Ha aBe uactH. [1pH 370M BbICBOOOAHTCSE OTHOCHTE/LHO OTPOM-
Hoe KoJaHuecTBo aHepriuu — npuMepHo 200 Mass. Ho camoe BaxkHoe
3aKJiouaeTcsl B TOM, UTO B pe3yJsibTaTe paculerJeHHs sapa aTtoma
ypana-235 na ase yact Gyjaer BeiOpolueno ABa CBOOOAHLIX HEii-
TPOHA, KOTOpLle pa3jesiT [ABa sapa ¢ o0pasoBaHHEM YyKe 4eThIpex
HefTPOHOB. DTH ueThlpe HeliTpOolla pasaessT 4YeTblpe HOBBIX f/pa
ypana-236. Yersipe siapa BoiOpocsaT yike 8 HefiTPOHOB, CHOCOOUBIX
pasnesiuTh TAKOE Xe KoJuuecTBo agep atoMos ypaua. JaJee npo-
yecc Jesends M BRICBOOOMAEHHS HeHiTPOHOB mnoiiaer naBHHOOG-
pasHo, yABaHBAACh NPH KaXAOM HOBOM MOKoJeHHH. OmuuM cJo-
BOM, HAUYHCTCS CAMOPA3IBHBAIOLASICS Lenuas gaephnas peakuHa ae-
JIeHHA.

Yrol6wl cpa3y onpeae/inTb, Kak OLICTPO OVIAET HApaCTaATh TaKas
peakus B KaKOM-iH00 Kycke AeJisiLierocs BelecTsa, BROAAT 0CO-
Oyi0 BeJIHUHNY, HA3LIBAEMYIO KOIPPUYLEHTOM PAIMHOMNKEHHA Hel-
rponos K.

Jtor KOI(hpHUHEHT MOKA3bIBAET, BO CKOJBLKO pas Kakioe
focefyiollee NoKo/JleHHe NOABASIOLNXCS HEeITPOHOB GOoJIblle npe-
AbLINYUIEro, HHaye roBopsi, BO CKOJIbKO pas yBeJHUYHBAeTCA Heii-
TPOHHBI MOTOK 110CJIe KaK10T0 HCMOJIb30BaHHA ouepeAHOil nopunu
HAPOIHBWIHXCA HA CBET HEHTPOHOB.

Ecan 37a Besqimunna GygeT XoTb Ha THICAUHYIO [OJIO NPOLEHTa
00J1bLIIE eiHHHILbI, KOJIHUECTBO HEIITPOHOB, & BMECTE C HHM H UHCJ0
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AeseHu it siaep atomMoB ypana-235 pee pPaBHO OYAYT YBeJHUHBATLCS
M1aBHHOOOpasto. Ho aist Toro utoGul  Henoan3oBate SAEPHYIO
SHCPTHIO Ha MMO/Ib3Y UEJIOBEKY, ee HAA0 CATAThH KOHTPOJIHPYEMOii:
AOOHTLCS, YTOOLI UHCIO jAesdeHHH 3a eHHMLY BpeMeHH, a cJe-
AOBATE/ILHO, H KOJHYECTBO BBIACNSEMOIl SHepruu YBEJIHUHBAIOCH
A0CTAaTOUHO MEJIeHHO, a MmocJde TOro, Kak Gyger HoCTHIIYT Tpe-
OyeMblil ypoBenb MouHOCTH PeaKkuuH, MOTJO OBITL OCTAHOBJIEHO.
OueBuano, 310 BO3MONKIHO TOJILKO B TOM ciydae, eC/in K onpeje-
JACHIOMY MOMEHTY KOI(D(HLUHENT pa3MHoMKenus HelTpoHos cra-
HCT pasen eannuie. Eenn on ynager Hiske CAHHHUBL, YXKe Hayan-
Hiasic peaklus 3aTyXier.

Kak e B Takom cayuae ocyuectsits YOPaBJSEeMYIO HERHYI0
A/ICPHYIO peakiHio?

BosnnkuyTs B ectecTBennoM ypaune LenHas peaxkuns He MOKeT,
TAK KaK KO3(PphHUHEHT pasMuomKenus HEHTPOHOB H3-3a CHJABLHOrO
HX TOrOWeHHs AapamMiu ypana-238 Gymer scerna Meublie en-
HHUBL A norvoulenible HelTPOHbL, CCTECTBEINIIO, HHKAKOro Mpi-
poCTa noToOMCTBA He JaloT.

Onanako ecTs nyTH aqas cosnais LeNHOH peakuiu 1 B ecrect-
BEHHOM ypate,

[IpoGaema cocTonT B TOM, UTOOL! Cpasy Ke nocJse Kaxjaoro ae-
JCHHS siipa ypaHa-235 KakHM-TO cnocoGoM 3aMemIHTh HeliTpoHb
0 TaKoii 3HEPruu, NpH KOTOPOIi OHH ViKe He OYIVT BCE 3aXBaTLI-
BaTLCs sLApaMi aToMoB ypana-238. Toraa yacTs HeliTPOHOB, 3aMe-
JICHHBIX 110 TEMJIOBLIX SHCPTHH, CMOKET Pa3aeHTL HYIKHOE A5 NOJL-
ACPZK AU XOAa LenHoii peakunn 4HCI0 sgep aTOMOB ypana-235,
a HEHTPOHDI, HE YCIHEBLINe 3aMeLINTHCH 10 TeNIO0BLIX 3Hepruii, Oy-
AYT noraotuens! siapasu ypana-238. Otcloga Bo3HHKJAA HOBas
3anaua: HaiiTH Takue CpefCTBA HJAH TAKOE BELlecTBO, KoTopoe
103B0JIA/10 Obl 3aMENJIHTL CBOGOMHBIE HEHTPOHLI 10 TEMJIOBLIX CKO-
pocreii — nopsinka 0,03 98 — U npH 3TOM camo Bbl e NOMIOW A0
HElTPOHOB.

Hefitpousl mosxio sameannts Toabko omania nyTeM — 3acra-
BUTH HX MHOFOKPATHO CTAJKHBATBCS C AAPAMH aTOMOB 3aMei-
Juteqeit. Tlpu xampom crosikuosenin weiiTpon goszKen TEPsATL
KaK MO0 O0Jbllle 3HePrHH, "

M3 3aK0HOB MeXaHHKH C/eLyeT, uTO ecju CKOPOCTb ABHIKYILIIE-
rocsl Te1a 3aMeJIATL NyTeM YIPYTrHX CTOJKHOBEHHIl €ro ¢ Apyrum
HCMOABHAKHBIM HIH MeAJeHHO OBHXKYLIHMCS TEJIOM, TO HAHOOJbLLIee
KO.THUECTBO SHEPTHH TepsieTcsi (nepeaaercss IPyroMy Teay) B TOM
caydae, KOTA@ MAacCChl CTaJKHBAIOUIHXCS Tea OLHHAKOBLL HJN
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Gauskn apyr Apyry. [losToMy pas 3aMeasieHusi HEHTPOHOB Jyyiue
BCEro NpHMEHATDb Spa JerKHX aTOMOB, HanpHMep BOAOPOAA, Macca
KOTOpOro mouTH paBHa Macce Hefitpona. Hanayummumu samenin-
TeJASIMH [0 COBOKYNHOCTH CBOIICTB: MaJOMY NOMNIOIIEHHIO HelTPOo-
HOB, 3(QEKTHBHOCTH 3aMeLleHHs, MHHHMAaJbHOil CTONMOCTH H
yA0OCTBY SKCI/IyaTallii — ABJASIOTCS TAMKeJ as BOAa, UHCThIT Tpa-
dutT 1 jpaxe odpunas AHCTHJJIHPOBanuas BOAaE. AddexTnnnoe
saMeiljienle HeliTpOHOB AOCTHraeTcss B TaK Ha3biBAEMBIX TOMO-
renHblX peakTopax, FAe fAepHoe Tropiouyee paBHOMEpPHO pac-
npeneneno B 3aMenanrtedae. FsbexarTe YCHIEHHOro NOMVIOLLE-
HHA AApaMH ypaHa-238 HeilTpoHOB, 3aMeL1eHHbIX 10 Pe3oHaHc-
HOil SHEPTHH (CKOPOCTH), B 3TOM cjyudae He yaactes. flostomy,
qTo0B BO3OYAHTH IEMHYIO peaklilo, KOJHYecTBO Ajfllero-
¢ M3oToma ypana-235 Ro/KHO ObiTb COOTBETCTBENHO YBEJH-
yeilo.

B peakrtopax, cO34aHHLIX /1% MPOH3BOACTBA MJYTOHHA, HC-
NOJABL3YVIOT  TeOBBIAe/SIONIHe 3JeMeHTH M3  eCTeCTBEHHOTO
ypaua.

PaccTosinus Mesk/1y TelJOBbIAE/ASIIOUIHMHE 3JeMeHTaMH noAdu-
paloT Taxkue, uToOn HellTPOHLI, BLIOPOMIEHHBIE NPI JenieniH anep
ypana-235, norJoua/Juch sapamMu ypana-238 ne sce cpasy. Hacte
WX, mpoJeTas CKBO3b cJoil 3amemanutens (rpadura), AosKHa
yecieTh B HeM 3aMeIHTLCSl 0 Temiosbix ckopocteii (0,03 28),
MHlysa pesonancupie ckopocry (1—7 38), H, Nonas B COCeLHHN
C/JMTOK ypaua, COKOiHO pasjeluTb sAPO atoMa ypauna-235, H3-
GeyKaB NOTAOWENNs ero mo nyTu sjpoM artoma ypaua-238. Ecre-
CTBEHHO, UTO BLI3BAaHHOE 3THM GoJibilloe paccpeloTouenie ypana-
235 Tpedyer 3HauNTEJLHOIO YBEJHUEHHS KOJHYeCTBa NPHPOLHOIO
ypaHa, leodxoanyore Jas o0pa30oBaHHA KPUTUYECKOL Maccol.
Jas 3TOoro B peaxTop OPHXOANTCH 3aKIAALIEATL HECKOJIbLKO Aae-
CATKOB M JiazKe COTeH TOHI NPHPOLIOro ypatad.

Ho u npu co0/110€HHH BCeX 3THX yCJA0BHIl ouelb TPpyaHo OLlJIO
Obl CO34aTh YHPAaBAfSEMYIO LENHYIO peakuHlo JejJeHHs, Tak Kak
npejocTaBientpii camomy cefe npollece JeeHHsi pa3BHBaeTcst
cToib ObICTPO (CTOTHICAYHLIE AOJH CEeKYHABI), UTO 3a HHM He B
«LOCTOAHIH TIOCHETh JaKe caMble ObiCTPOACHCTBYIOUIHE H CBepX-
UYBCTBUHTE ibHble NPHOOPHL.

CoBeplieHHO HEOXKHIAHHO ey MNOMOLJIO HajaHuHe TaK Ha3wl-
BAEMBIX 3aNa306I8AI0U{UX HELTPOHOE.

Jeno B ToM, 4TO ABa-TpH HeiiTpoHa, BLOpackLiBaeMLie NpH Je-
JEeHHH Alep ypaHa-235, MmoaBAANTCA He BCe cpasy, a B pasHoe
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Bpema. CHavana BLLICTAIOT MIHOBEHIILie HelTPOHBI, COCTaBJisO-
e npumepro 99% wux obuwero umcsa, n AHWL NOTOM OCTANL-
fivie — 1% reiiTponos — ¢ 3anosgannen npmxepno ot 0,0001 zo
HECKOMBbRHX 1eCATKOB CEKY L.

Hatenno onn u nossonuan camuim HaJEKHEBIM 00pa3om KOHTpO-
ANpOBATL XON NENHON ANepHON peakuun nejdeHns me TOJBLKO ¢
HOMOUIBIO aBTOMATHUECKHX VCTPOIICTB, HO JaKe BpYuHy1o. B stom
GIydae MOWNOCTL peakTopa napacTaeT AOCTATOUHO MeJLJTeH 0,
 HH NPH KaKHX 0GCTOATEILCTBAX OH He nolineT B «PasHOCH,

H, naxonewn, ewe o110 HeMaJoBaxKHoe ycaosue. Hacre HeiiTpo-
HOB, TIOABIAIOUIHXCS IPH JACJCHHH Axep ypana-235, nponyrewect-
BOBAaB B ypaHe H 3aMeAJIHTENe, MOKET, He MOonas i B OIHO AApO
aT0Ma ypaHa, NPOCTO BLIJIETETh Hapy:Ky. YCTpauuTh Takyio no-
TEPI0 HEHTPOHOB MOIKHO, eC.1H OKPYZHTbL PEakTop CIJIOUIHONH 060-
J0YKOI H3 BEUIeCTBA, XOPOLIO OTPAKAIOLIero HefiTPONLI, HampHMep
U3 TOoro ke rpacura. [Iperepnes MHOTOKPATHLIE CTOJIKHOBEHHS C
AAPAMH 3aMEIITHTE/s1, HefITPOHBI OTpa3ATCs 0GpaTHO B aKTHBHYIO
30HY peakTopa.

Caenosatennno, wicno 0e3BO3BPATHO TepsAeMbIX HeliTpoHOoB
Pe3KO cokpatHTCcA. B pesyantaTe Takoll SKOHOMHIH HelITPOHOB
MOMKHO COOTBETCTBEHHO YMeHLUINTh 3arpysKy peakTopa siiepHbiM
TOPIOYHA,

Ynpasanemasn TEPMORIAepHAst peaKuus (sAmepHBIii CHHTe3).
OcyuiectButh TEPMOSLIEPHYIO peaKiHIo — peaKiHIo CHHTe3a (CJH-
AHUSA) $11€D aTOMOB JIerkHX 3JeMeHTOB B PO aToMOB GoJiee TH-
AMEABIX 3IeMEHTOB (redHii) — viaajgoch M0Ka TOJNLKO OIHHM my-
TeM — B BHIAC B3pLIBA BOIZOPOIHONH GOMODI OTPOMHOH paspyuiu-
TEILHOH CHIBL Boabuioll noanaml YeJIOBEUECTBY Takasi B3pLIBHan
peaKuus, ecrectsento, ne npunocut. TlosTomy yuenbie ynopuo
A00HBAIOTCS BO3MOMIOCTH NOJYyUeHHA KOHTPOJHUPYeMOil, T. e, yii-
paBAAEMOH TEPMOAACPHON pearituu, Bepiee, 3aMe e ee x01a
A0 TAKOIt cTenelH, 1To0L MOYKIO GLIIO HCNOAb30OBATh ee yKe 1719
NPAKTHICCKHX LeTell, B NepByio ouepeib, BHAHMO, 118 BLIpadoTH:
JMEKTPHYECKOH SHEPrHH, TaK KAK NpH peakilii cHHTe3a IHEPrHH
BLIACTACTCS B BOCEMb pa3 0GoJbile, MeM (PH peakUud AeJAeHnHs 11
SHIHLY BECa HCXOANLIX NPOAYKTOB.

YpaH — paawoawTHBHBIT NPUPOAHBIL 37eMenT, 3aHHMAIOUHH
92-e mecTo B mepHOAHuECKoil cHcTeMe Memeneena, ¢ aTOMHBIM
secom 238,07. Ypau — merasna cepeGpHCTOro HBeTa, Jerko mos-

139



jaetcs MexaHnueckeii oOpaGortke. Temnepatypa nJanlienist
1130° C. Xopoiuo okucasieTcsi HA BO3jLyXe, BOCIJaMeHsercst B o0Liu-
noii arsocgepe npu Temnepartype oxoao 100°C. CocTouT H3 cMecH
Tpex H30TOMOB: ypaua-238 (99,27%), ypana-235 (0,72%) wu
ypana-234 (0,006%). Vpau-238 n ypan-235 sasiotcs popoHa-
YaJbHHKAMH CEMeIiCTB eCTeCTBEHHBIX pPaSHOAKTHBHLIX 3JeMeH-
TOB, KOTOPbBIE N0Cc/Je IAHHHOTO Psila NOC/elOBaTebHbIX PacnajioB
npeBpaialoTes B ycToiiunsbie (ctrabuiabibie) H3oTonsl celinel-2006
u ceuHen-207. [lepuop nmoaypacnana ypana-238 pasen 4,5 mapa.
ner, ypana-235 — 710 mau. jet n ypana-234 — 250 toic. Jert.

Hesniii psii H30TONOB ypaha MoxeT ObiTh NOJYUYeH HCKYCCTBEH-
HLIM NYTeM, HO H3 HHX HanOoJee Baen ypan-233, obpasywouniics
B pesynbTaTe HeiliTponHoii GomOapaupoBkn Topia-232. Ypan-233
TaKIKe JIETKO [JesIMTCA Kak OLICTPBIMH, TaK U MEAJEHHBIMH HEelTpo-
HaMH, DTa TPHALA 3J€MEHTOB — OILHH €CTECTBEHHBIN H [iBa MCKYC-
CTBEHHBLIX — H HBJSIETCS TeM, UTO Ha3biBAeTCs aromuoim (adep-
HDIM) 2OPIOYUAM.

Yekoputean vactuu. J1is caMpIx nepsblx, 04€HL NPHGIAHIHTE b-
HbIX HCCAeLOBAHIi 4TOMA I ero sjpa XBaTajo 3Hepruil ajbga-
YACTHIL, BblIeTdeMbIX MPpH eCTEeCTBEHHOM pacnajie pagHOaKTHBHLIX
seulects. Ho Bckope 3TOTO 0Ka3ajoCh COBEPLIEHHO HEJOCTAaTOUHO.
[lostoMy mpHILIOCH CO3MABATHL CHAENNAJLHBLIE, QUEHb CJOQKHDIE
YCTaHOBKH [JIAl HCKYCCTBEHHOIO YCKOPCHIS aToOMHLIX uacTHil, Kak
3TO OCYUIECTBJISIETCS?

Mui 3naem, uTo, momam B 3JeKTpHUuecKoe foJe, Jiolas 3aps-
KEHHAsA YacTHIA NMOCTENeHHO YCKOPSEeT CBOe ABHIKeHHe, d BJETeR
B MArunTHOE 1o0Jie, HauHHaeT 3aKPYUHBATLCS BOKPYT MLICJEHHO
NPENCTABASIEMbBIX HAMII JHHHIT 9TOr0 moJia. ITH 0COOeHHOCTIH, B35~
Thie NOPO3HL HJH B KOMOHHAUMH, H HATOJKHYJIH HA MBIC]bL HCNOJb-
30BaTh HX JJIS CO3MAHHA THAXKe0il aTOMHOIT apTHAJepHH — YCKO-
puTeneil 3apsKeHHBIX YacTul. B neppom cayuae uacTHuy pasro-
HSIIOT NPAMOAKHEHO. YCKOPHTEAH TAKOr0 BHAA HA3bIBAIOT JIHHE-
iiMH. Bo BTOpOM caydae 4acTHLLbl OJAHOBPEMEHHO 3aKPYUHBAIOTCH
elle U N0 CNHpadu. YCKOPHTENH 3TOr0 BH/d HA3bLIBAIOT LHKJANHYE-
CKHMH, T. €. NOBTOPSIOUIHMHCH.

Junednoui yckopureas — 310 paunuan npamas TpyGa, Tuia-
TeJIbHO OTKauaHH4as OT BO3Ayxa. BHyTpu nee Apyr 3a npyrom pac-
CTaBAeBo Gosblioe UHCJIO 3JeKTPOAOB — METAJIHUYECKHX TPYBOK,
XOpOoLO W3OAHPOBAHHBIX OT raaBHoi TpyOe., Hauna xaxxaoro
3J€KTPOAA MO Mepe yaajelHs OT BXOLHOTO KOHLA YCKOPHTeAs

140



MOCTENEHHO  YBeJHUHBaAeTCH.
Ha kaxasle aBa coceminx
S1eKTPO/ia  NOJ4I0T  CPaBHH-
TeIbHO HEBLICOKOE [epeMeH-
HOe  3JIGKTPHYECKOE Hamnps-
#MeHHE OT CMenHajJbHOro re-
Hepatopa KoJebaHHil BLICOKOI
YACTOTHI.

Koraa nepsuiil aqaextpoa
B Kd4KOH-TO MOMeHUT OKa3bl-
BACTCH  3apsizKeHHBIM, AON0Y-
CTHM, NOJOKHTECJIbHO, TO pac-
MOJI0KeHHbl ced0M 3a HHM
3/eKTpoa OyaeT 3apsi:KeH oT-
pHILATENLHO,

Hanvure ciosa naer TtpyOKa, sapsikennas [0/0KHTEALHO,
a caeayiollas 3a leil — OTpHUATENBHO, H TaK A0 KOHLA YCKO-
putess. Hanpsaenne na 3JeKTpoax HenpepubiBHO MEHSIOT Tak,
4To0bl M0JI0/KHTEABHBIE [ OTPHIATENbHBIE 3apsiibl Kak Obl Oe-
KATH OAHH B JOIOHKY 3a JIPYTHM BJOJb 3JEKTPOJOB YCKOPH-
TeJIA.

CTOHT «BHPBICHYTb» B HEr0 MOPLUHIO MPeABaPHTENLHO YCKO-
PEHHBIX 3aPAKEHHbIX YACTHL, JONMYCTHM 3JEKTPOHOB, KaK 0] Jieii-
cTeHeM OJiHIKaiilIero noJoXKHTEILHO 3aPsAXKEeHHOro 3JeKTPoaa OlH
HAUHHAIOT Pa3roHATBLCA A0 ewie 00Jiee BHICOKOH CKOPOCTH M IpO-
CK4KHBAIOT CKBO3b 3TOT 3/IEKTPOJ JaJbuie. B sTor e Moment 3a-
PALBI HA TPYOKAX MeHSIOTCA. DIeKTPOL, TOJILKO YTO NPHTATHBAIO-
UM 3JEKTPOIL, CTaB OTPHIATELHBIM, HAUHHAET YiKe C3aiH Kak
Obl MOATA/IKHBATh NpPOJETEBLIHE CKBO3b HEro 3JIEKTPOHBL. A mpH-
TATHBATb NPHOIIKAIOWHKICS CTYCTOK 3/EKTPOHOB HauHHAaer cJje-
Aylougasi, cTabBluias 3a 35TO BpeMs [OJOXKHTENbLHD 3apsxeHHoil,
TpyOKa, ¢ TeM 4TOOBI MOCJe MpoJeTa CKBO3L Hee o0JdauKka 3Jex-
TPOHOB MNepeMeHlThL CBOIi 3apsil Ha OTPHUATE LU 11 NOATOJK-
HYTh [OPUHIO 3JIEKTPOHOB jaJibLIe.

Touunee, yckopeHHe nyuka 3JIeKTPOHOB NMPOHCXOLHT TOJBLKO B
NPOCTPaHCTBE MEXAY 3JeKTpojamH. BHyTpH HMX yacTHLB 3acio-
HEHBl OT JeliCTBHA 3JIEKTPHYECKOro MOJfg H ABHKYTCA C NOCTOSH-
HOil CKOPOCTBIO — «Apeli(pyIOT» CKBO3b HHX.

[To mepe aBHiKeHHST 3/EKTPOHOB BNEpPEA CKOPOCTb HX nocre-
neiHo ypesununpaetcsd. COOTBETCTBEHHO C 3THM H YIJHHSIOTCH
ycKopsiowe TpyOKHu.
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Ilpoaeres BClO AJHHY YCKOPHTESl, IIOPUHA 9JEKTPOHOB pas-
roHseTcst 10 CKOPOCTH, GJAH3KON K CKopocTH cBeTa, H npHoGpeTtaer
IHEPrHIO, H3MEPAEMYIO COTHAMH MHJJIHOHOB H Jame MUJIHap-
JaMil 3/1eKTPOHBOJBLT. YUepes ycTanosienroe 3 xonuge TpyObl He-
IPOHHIIAEMOe JI/1S BO3/1VXa OKOLIEYKO NOPLHsS YCKOpPEeHUBIX 3JeK-
TPOHOB HAMPaBJ/SETCH B CleLHabHbIe YCTAaHOBKH A5l 00JyueHHs
HMH HCCJEIVeMbLIX BellecTs,

Hurauveckue yexopureau. To e caMoe MOAKIHO OCYLIECTBHTH
H HEeCKOJLKO HHbIM CITOCOO0M, Hi)e_’lCTaBbTe, UTO Hauwy AJHHHYIO
TPpyOy yianoch CBEPHYTL B cllipajb. UToOBl YCKOpsOUKHE 3JeK-
TPO/b! He HATPOMO3AMJLCH APYT Ha JIPYra, sce HX MOMKHO yGparth,
OCTaBHB TOJALKO B 3JEKTPOAA, H3rOTOBJIEHHBIX B BHAE Napbl No-
JIBIX NTOJIOBHHOK OTPOMHOTO KPyra, HaABHHYTLIX CHaPYIKH Ha CBep-
HYTYIO citupaJdb. Beio 3Ty KOMOHHAUMIO MOMEIAIOT MEeM Y NoJIo-
caMH OrpoMHoro maruuta. Torna Bmecto TOro, 4ToObl JABHTATLCS
NPAMOJAHHEIHO, IBHIKYLIHECs 3apsiKeHHble uYacTHIlbl NOA AeiicT-
BHEM BePTHKa/JLHOTO MarHHTHOrO noJs OYAVT 3aKpydHBaThCA NO
cnupaan. A pas Tak, 7o BMeCTO CBEPHYTOil TPYObl MOMKHO NPOCTO
OCTABHTB IVIOCKYIO KPYIVIVIO OTKaYaHHYIO OT BO3/Ayxa Kamepy Ge3
Kakux-anbo lneperoponok BuyTpH. [lepemennoe siexTpHueckoe
HanpsizKeHie BLICOKOI YacTOThI TEREeph MO0 [01aBaTh N0 oue-
PeilH Ha /Ba NOJYKPYIIBIX 3JEKTPO/id, HA3bIBAEMbBIX JyaHTaMH.
Korja Ha 01HOM H3 HHX OKa3bLiBACTCH M0JI07KHTETbHBI 3JIEKTpil-
UECKHil 3apsj, OHa BTArHBaer B cedsl 3JCKTPOHBI, APYrof, 3aps-
HeHHBI OTpPHILATEIbHO, NOATAJKIBACT HX BIEpPel.

Tlopuua nosemamux yCKOPeHHio 3apsikeHHbIX YaCTHIL BIPH-
CKIBEETCH B CAMOM HeHTpe Boodpamkaemoll cnupaau. Cnauaga
OHH [a0HPAIOT CKOPOCTh 0BO/ABHO GBICTPO, HO NOTOM 3ITOT NpO-
LECC 3aMCLIACTCd, a 34TCM H NPeKPaulaeTes BOBCE, TaK Kak ueM
0OJABUIC CKOPOCTL ABIACHIIN UACTHIL NPHO/IKACTCS K CKOPOCTH
CBETA, TEM THIKEee H THMEIEC OHIH CTAHOBSTCS 11 HAaYHUAIOT TO-
CTENEHHO OTCTABATL OT MEHHIOILEro CBOIl 3HAK 3JEKTPHUECKOro
HanpstkeHHs Ha Ayantax. [Ipezen nactynaer riae-to oxoao 20—
30 M»6. Takne yctaloBKH Ha3biBaioT LHKJIOTPOHAMH.

UtoGul npeonoeTs 3TO NpensaTcTBiie JadableiilleMy pasrony
YaCTHIL, YacTOTa 3/1eKTPHUECKOrO HanpPsKeH s, NooYepeAHo nojaa-
BAEMOro Ha YCKOPAIOUIHE 3JCKTPOJibl, AesaeTcs MepeMennofl — no
Mepe Hafopa CKOPOCTH 4acTHUAMH OHa 3aMellsieTcsi, ¢ TeM
4TOObI HE NeperonaTh «oTsxe/eBLne» yacTiis, Ha 3THx yeranos-
KdX, HA3LBAEMBbIX CHHXPOUHKAOTPOHAMH, UACTHIL, B YaCTHOCTH
NPOTOHDI, MOKHO PA3rOHATL yike A0 snepruii 600—800 Mas.
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[lo mepe yseanucHns sHepriu cHapsai0B aTOMHOI «apTHC-
PHIt> CTA/H BLIABIATLCS BCE HOBhIC I G0/iee TOHKHE AETAJAH CTPO-
CHHS ATOMHBIX f/1ep H COCTABIAOIIMX HX s1€PHBIX YACTHL, pac-
KPBIBATLCS TailHbl BO3HHKHOBEHHS HOBBIX Y&aCTHIL, YHCAO KOTO-
PHIX yike nmpesbicHI0 TP Aecsitka. [Mostomy cradan ctpouts elge
Go/ice MOLLHBIE YCKOPHTEI — CHHXPOTPOHBI 1 CHHXPO(A30TPOHHL,
B KOTOPBIX JBHXKEHHE 4acTHIl IPOHCXOAHT He MO CHHpa.H, a o
3aMKHYTOMY KPYTY B KOIbLeBOIl KaMepe, HANOMHHAIOWUe! THraHT-
CKYIO GapaHKy, a YCKOPeHlie OCYLIeCTBAAETCH TOIbKO B OAHOI WK
HECKOJILKHX TOUKAX Ha IYTH YacTHLL

Cnauasna Obln nocTpoeHbl ycTaHoBkH Ha 29 u 6,2 [as
(maipa. 36) B CIIA, satem na 10 36 B 1. ly6ue (CCCP), nako-
Heu, Ha 25 I'as B r. Bepne (IlIseiinapun) u na 33 I'ss B r. Bpyk-
xeisere (CIIA). B CCCP coopyxaerca noHcTHHe THraHTCKHI,
CaMblil MOULHBIT B MHpe yCKOpHTEdb Ha 3Hepri 60—70 s u Be-
Aytea pa0oThl Hal elle 00Jee MOIIHLIMH YCTAHOBEAMIL

Yposuu oneprun artoma. «[laauetapuas» Mmoiean CcTpoeuns aToma (em.
«Arosa modeaur) oucub PHGIN3NTEALHO ONHCBIBAET KAPTHHY B3dHMIOLO pac-
HOAOKEHHS fJPa H BPAIUAIOUIHXCA BOKPYr Hero siieKTporoB. OnucwlBato nose-
JCHHE 3JCKTPOHOB H HX B3@HMO/CHCTBHE € sIAPOM aTOMa H aTOMa B 1LCJI0M OKa-
3bIBAETCA 3HAUHTENLHO Jerue, ecau nepeiith oT o6pasHbIX NMOHATHII 060J0ueK,
opGiT, TPACKTOPHII BpalieHisd, cKOpocTell H T, fl. K TOHATHIO ypoBHeit aHep-
THH.

Kamnomy secty B npocTpancTse, saHHMaeMOMY BPAILAIOLIIMCA BOKPYT cOG-
CTBEHHOI OCH M BOKPYr spa atoMa Ha HEKOTOPOM PAaCCTOSIHH OT HETo »JeK-
TPOKOM, COOTBETCTBYRT CTPOrO ONpefedeHHblil yponeHb suepruu. H naxonntbes
Ha TOM HJH HHOM YPOBHE ACKTPOH MOXCET TOJLKO B TOM Clyyae, ecjiH KOJH-
YeCTBO IHCPTHH, OTACJAOUICE €0 0T YPOBHA 3HCPTHH  APYTOro 374eKTPoHA
(a ciemoBaTesLHO, B paccToSNN OT s/pa aToMa), CTPOro PaBHO KBAHTY H3JY-
HRMHA HJH IEJA0MY UHCAY KBaHTOB, O HH B KOEM c/Jyuyae He MNOAOBHHE, 4CT-
septi man JoGoit apoduoii fode KBanta. Pacnojomenne sAeKTpoOHHBIX 0060.10-
4eR M PACCTORHMA OT sAPa aToMa ONpeae/sioTes HE KAKHM-TO CTPOrHM reoxe-
TPHYECKHM TIOCTPOCHUEM, KAK, HANpUMED, B KPHCTAAIAX, 4 TOJLKO YpPOBHAMH
SHEPIHK BNCKTPOHOB, PACHONOKEHHEX HA Aannbix oboaoukax. Ha omnom u tou
MEe YPOBHE 3SHEPIHH B aTOME MOXKET HaxoAHTbCH He 00.ce  JIBYX  3JICKT-
poHOB. :

Han atoma moGoro XiMHUECKOTO 3JeMeHTa CylecTBYCr pajl yCTOHHHBLIX
(cranmonapunix) COCTONHMIE, B Kam0M 113 KOTOpLIX 2JeKTponHas 000J0uKka
ofJajacT BIOJIHE ONpeAe/eHH M 3anacoM (yposiien) sueprun. Korpa atom na-
XOAHTCA B OJHOM H3 TA4KHX CTallHOHAPHBIX COCTOSHMI, OH HE H3JAYyYaeT HHUKa-
koit sueprui. Takoe ua/ayuenne BOSMOMKHO TOJABKO ULEJABIMH KBaHTaAMH H TOTLKO
8 TOM CJayuae, eCJAH JICKTPON BO3BpallaeTes ¢ oaHO H3 OpOHT HEYCTOHMHBOrO
cocTosnus atoMa (BO30VAKACHIIOrO aToMa) Ha OpGHTY, COOTBETCTBYIOULYIO €ro
HOPMAJIBHOMY, VCTOIUHBOMY COCTOSIHHIO. JHEPrust H3JYHCHEBIX KBalTOB CBCTA
EpH 3TOM B TOUHOCTH P@BHA PAa3HOCTH NEPBOHAUANLHOrO H KOHEUHOrO YPOBHCH
SHEPTUH.
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Ypoeun aneprun sapa arvoma. Ilo ana’orny ¢ yposuaMi 3neprin  atoMa,
Tjle TJ4BHLIM HOCHTEICM IHCPIHH SIBJSIOTCH 3JCKTPONLL, YPOBHEM IJHCPIHM s1pa
4TOMa HA3BIBAIOT OTHOCHTENLHO YCTONUHBLIE COCTOAHHA #Apa, NPH  KOTOPBIX
otio 001ajaeT BIOJHE OnpejgesenubiyM 3anacom sueprun. Ias toro uroGul Bui-
BCCTH SAPO M3 JAHHOTO YCTOIUHBOrO COCTOSHINA, €My HCOOXOAHMO JA00ABHTL
H3BHE HCKOTOPOE KOJHUCCTBO JNMCPrHH. ITO MOMET NPOH3CIHTH IIPH €ro ¢ToJKHO-
BeHHH ¢ GBICTPON wactmieii, raMMa-KBaHTOM HJIH TPH  NOTJONICHIH HeHTPOHA.
Hanpumep, npt 100050M CTOAKHOBeHHH ObicTporo nefiTpona ¢ sipoy atoma
Gopa-11, ecau sueprus nelfitpona Meusmie 2,3 Mas, cronknosenne GyneT HOCHTL
YIPYTHil Xapakrep: uacTHULI APOCTO OTCKOYAT JAPYT OT ApYyra, HeliTpoH norte-
pAeT yacTb CBoCIT KHHETHYECKON 3Heprun n samepanrtcesn. Ecan ske sneprus nefi-
Tpana Oyjer npesbiuiath 2,3 Mas, To sapo atoma Gopa ero NOrAoTHT H, TPHAA
B BO3GYIKACHHOE COCTOSTHIE, UCPE3 HCKOTOPOE BPEMA HCNYCTHT NOJYYCHHLIH H3-
JIIIeK 2HEPTHH B BIJIC KBAHTA TaMAa-HJIyucHiis. ‘
Yraepes papnoaktuBHbii. Cuer na
e COTHH MHJJNONOB W MINITHAPAB  JeT
OoCMHUECKHe BELYT ACTPOHOMBI, Teou3iiKil, reoJori,
7, nyuu Jpyras uacrtb ydennlx 3annrepecoBana
& ] e onpeienciun Goaee KOPOTKHX OTPes-
KOB  Bpemens — Toicauesetnil.  3jech
NpHXOANTCS OOPallaThes K MCTONY, Kak
3TG 1M NOKa#eTCs CTPAHHLIM, KOCMHYC-
CKOTG MPOHCXOAUICHHA — K APHMEHCHHIO
B KAUECTBE TEOJIOTRUCCKHX HACOB PajHG-
AKTHBHOTO yTJacpoaa-14,

3 (3 = - |
\ EZ],ByOKH-Cb- e 8 MNpuponnuit  yraepoa, cocamuctnn
yrnepn,qa“g t KOTOPOTO ARAYIOTCA OCHOBOH BCCX JKH-

. . ~ ) 8 . .

L Q 2 BEX  OpramuamMoB, COCTOHT H3 JABYX

ctabnibiblx  H30TOROB:  yriepoaa-12
(98,89295) n yracpoaa-13 (1,108%).
B ouenb HHUTOMKHBIX  KOAHUCCTBAX B
armocdepe obnapyKuBacTes euie ¥ pa-
AHOAKTHBHLI H30TON 3TOrO 3¢MEHTa —
yraepoj-14 — nezemHoro  npoucxoxje-

50 MnpA. nua. Otkyna on Geperena?

ATOMOB Hama naanera NOABEpracrca He-
cl npepbisiHoil  ComOapAHPOBKE  KOCMHue-
e

CKHMN J¥1aMi — nacTHiuaMn, obaapaio-
LM OTROMHOI sneprucii, n3vepaemoi
25 mapa. ACCATKAMH W COTHSMH TLICHY MWJIAHApP-

ERpas LOB 3NEKTPORBOALT (M. «Kocswueckue
5568 net Aayuus). DTH vacTHUs pasdusaoT noa-
BEPHYBIIHECS HM A TyTH siApa aToMob

19500 M. BO3/lyxa, o0pa3va BMECTE ¢ OCKOAKAMME
yepes neiitponnl.  HefTponw  3axBaTuiBaloTCs
11000 ner SAPAMH IAPYIHX 4TOMOB, B TOM HHCJE H
alpamu aszota-14. Bosnukaer sapepuas

6000000 peakuus, B pesyabTate KoTopoil ofpa-
yepes ayetcsi M3oton yraepoa-14. Tlepuoa no-
18000 net Jypacnaja TakoTo Yriaepoja pasen

5760 roaawm.

144



Yraepong asaseres cile B OANEM H3 HanGogee aKTHBHBIX XHMHUECCKHX Ji0-
mentos B npupoxe. TosTomy, €1Ba BONNKHYE, O TYT WC NOABEPraeTca «ia-
NaAeHHIo» ATOMOR KHCAOPOAA M, COCAHNHBWHCL © HHMH, 00pasyer yraekic-
a0Ty (AByokucs yriepoaa-14) CO,.

Bespecymmit Betep, a takike B3awmuaa AHODY3HA ra30B  0OCHOBATEALHO
NePEMCIIHBAIOT MOJEKYJbl 1a3a, COACPHKAUICr0 MEYCHLIC PaJHodKTHBHBIC ATOMBI
yrJaepoja, ¢ MoJeKy/1aMu o0bIMHOr0 YIVIEKHC. 1070 rasa.

Manee pce Hiaer oObMHLIM NOPAAKOM: YIVICKHCAOTY MOMIOULAIOT pacTeHus,
a JMHBOTHBIC H JIOAH NOTPe0asioT 3TH PACTEHHSl B AHILY BMECTC ¢ NONARIINM
B HHX PAaJIHOAKTHBHLIN YIVICPOAOM.

Tenepb NPeAnOIOZKIIM, 4TO TAE-TO H KOFAA-TO 3a60Jed0, NPEKPaTHiIO npi-
HUMATL THULY H TorHOa0 AuBotHoe. Han Ouio epydaeno aepeso. 5760 acr cny-
CTSl yHeHbll apXeoJoT HAH NaJeoHToJAer OGHAPYIKHA NPH PACKONKAX COXpanuB-
WYIOCH KOCTh 3TOFO AHBOTHOrO MJH KYCOK ZlepeBa OT NMOCTPOIKH.

PaanoakTHBHLIN YTASPOA B OPTAHHIM JKHBOTHOTO HWJAH B pPACTEHHE noche
ero rufea, ecTecTBenHo, 0oabliic HE NOCTYMACT, 4 TOT, YTO OBLT HAKONJCH JI0
3TOTO, HAUHHACT MOCTCHEHNO DachajaTbest W Heuezats, IToJoBKHa nepBonavaabio
HAKOIJIEHHOTO yracpofa-l4 neuesier wepes D760 JeT, NMOJOBHHA OCTaBIICTOCH
KOJIHUeCTBa — eliie yepes H760 Jaer u T. 4.

Ho kaxoe xoanuecTBo pajiHOAKTHBHOCTH CJCAYCT HPHHATH 32 HCXOAHOE?
Heno B ToM, uTo cogep:kanuce i oGLIYHOM NPHPOAHOM YIICPOAC €ro «KOCMiue-
CKOTO» H30TOIla B TeéueHHe MHEJVIHOHOB JeT He H3MEeHWJIO0Ch, nto B !!pllp(),’lk’ JaBHO
JOCTUTHYTO PaBHOBCCHE MEy<Ay BHOBb OOPas’VIOULMMHCH M PacnalaloniimMucy
ATOMAMH YIACPOJ1A.

C.‘ll:,ﬂ,(mme.’mno‘ OCTACTCH ONPCACTHTL JHITL PA3HHILY MEHAY pPaIHOaRTHE-
HOCTBIO yriepona-ld, obHapyKupacroro b HCKOTaeMblX OCTAHKAX JHBOTHLIX M
PAacTeHHil, H ero PAAHOZKTHBHOCTLIO B OKPYIKAIOULEll HAC MUBOI MaTepHi.

J0Goe HKHBOTHOC HAM PACTEHHE, MHUBYLLCE CEroins, coicp#ut 8 1 2 yrae-
pOA TKAHH HJH KJETUaTKH CTOJALKO K€ PaJHOAKTHBHEIX atoMoB yriecpopa-14,
CKOJBKO Cojiepanc ux noruGuiee 5760 et masajy KupotHoe WaH cpyfaennoe
jlepeBo, a HMeHHO OKo.0 50 muapu. atomoB. Ho B HCKOnaeMbix OCTanKax 370
KOJIHYECTBO, AONYCTHM, YMEHBIUIHAOCH HATOJOBHHY. 3HAUHT, JKHBOTHOC WIH Je-
peBo noru6ao 5760 aer waszan. Ecau ©Obl paiHOAKTHBHBIX aTOMOB OCTAJI0ChH
TOJABKO 'y, MBI MOTVIN 6Ll CKa3aTh, 4TO BO3PACT ITHX OCTAHKOB paBeH 11,0 Thic.
AT M T. . .

Aror Meron Guln npopepen Ha ofpaslax TKaHel, B3ATBIX OT ErHNCTCKAX
MYMHIi, H Ha APYTHX apXcoAOTHUECKHX HAXOAKaX, BpemMsi norpeleisi KOTopLix
GLLIO TOUHO H3BECTHO.

OCHOBHBIE NOHATHMA H TEPMMHBI
Crp.

DoTon 145

POTOH — KBAHT IHCPTHH BHAUMOrO H HEBHAHMOI'O CBETA, PCNT-
reHOBCKHX M ramMma-jayued, oGnajalomlHi OMNOBPEMEelo CBOIi-
cTBAMH uacTHl, ¥ BojH. He MMeeT Maccul NOKOf H MOKCT JBH-
raThbesl TOJAbKO €O CKOPOCTbIO cBera, T. e. 300 000 xu/cex. ®oton
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He eceT Ha cede HHEAKOFO 3JCKTPHUECKOTO 3ap#Ad, MO3ITOMY
saerTpiiccki ol HefiTpaden. Tax Kak 3J4eKTPOMarHuTiible BOJiibl
0006 HACTOTHL MOFYT H3AYyHaThCd TOALBKO CTPOTO OHpPee/er-
HBLMH DOPIUAMM — KBAHTAMI, TO 3HCprilsl (DOTOHA CTPOrO 3aBH-
CHT OT HACTOTHl H3JIVUCHUA 1 paBia

E:il‘i‘.

roe E — sueprug gortouna; t — nocroaunaa [lranka; v — uactora
H3JAYUeHHs.
IMpi onpepesennnlx yoaosuax (oToH, oldaajzamimiuii jgocta-

TouHO O0UiblIOI JHepryueli, MozKeT 00pa30BaTh NApPY YACTHL, /1eK-
TPOU — TO3HTPOL.

GoTOIMYIBCHOHHBIT METO) perucTpaunu uwactui. Eime co Bpemenn orkpbi-
THA PEHTTEHOBCKHX Jdyuell 1 ABJICHHA PaiHOIKTHBHOCTH OLLIO H3BECTHO, 47O
TH HOBHIMMBIC IV1a3y H3JAYYeHHA BO3ACICTBYIOT Ha (oTorpaduueckyio nJiac-
THHKY BO MIOro pa3 CHJbHEe, 4eM CaMble fpKHe JyuM BHAMMOro CBeTtd.

UyncrsurebHan K CBeTY 3MYJIbCHS  (poTOrpadmueckoir NJIACTHHKH HIH
IICHKH COCTOHT OOBINHO 113 MeIhuaiilinx 3epen GPOMHCTOFO cepeﬁpa, B3BelleH-
HBIX B TOHKOM CJ10€ H)03payvlioil Ke1aTtiioBoil Maccel. 3epHa XHMHUecKoro coe-
aumenns GpoMa n cepefpa coBepulenHo npeospaunsl. Ha mieunefi ai1exTpoHHOi
000704Ke aToMa OpoMa PacnoJOKeHO CeMb IJIeKTPOHOB, CJe10Bare’]bHo, 10
NOJOT0 340.7HeHNA 3TOH 060J04KI — BOCEMD 3.CKTPOHOB — €My He XBartaer
OANOr0 3IeKTpoHa. Y atoma cepeGpa, Hao0opoT, Ha 3Toil 0GOJIOYKE HaXOAHTCA
BCEFO OJAHH 3JICKTPOH, B CHJAY YEr0 CBI3L MCIKJIY ITHMI ABYMSA aTOMaMK OKa-
3LIBACTCH BECbMA npomm"s

Koraa wa sepua Gpomucroro cepefpa OTOSMYIBCHH ACHCTBYIOT KBAiTLI
cBeTa, TO oun luﬁuaasor 9TH CBA3HBAOINE 3JeKTPOHB H3 KpHCTAML1a G[)U-
MHCTOTO Cepelpa, BCARACTBUE Yero arvoME HHCTOro cepefpa OKashBAIOTCHA CRO-
OOAHBINIT 11 1HOCTE  TPOABNCHRA — HENPOPAMHLIMM, @ HX CKONJICHMS BHIVIZAAT
YOPHDLIM &

HMousto kpaiton coeta 3IeKTPOHE H3 GpoMuEcTOro cepeGpa BLIGHBAIOTCS
AROBLIMI ICKIPRYCCKH 3ADSACHILIMI HaCTHIAMY, 06]1a1aI0MHMH  SHEprHeit,
AOCTATOUHOI AT HOHU3HPOBANNG HIH Jlanic pacienIcnns J1ep arToMOB cé-
peopa. Tlpoxoas uepes rbo:fu VILCHIO, 06 OCTAaBIAI0T Ha Heil ciaejnl HOHH-
3HPOBAHHLIX MOJEKYJ cepefpa, KOTOpLIC HOCTC NPOABJCHHS MTACTHIKH BBITJis-
AT TI0/L MHKPOCKOINIOM B BHIE LCNOUKH H3 KPANHHOK TeMHOro cepeGpa ua gone
NPO3PaUo 3MYJIbCHH,

Hockouibky name aiba-qacTHIB, HAJIVUaCMLIC DAZHOAKTHBHEIMH BOLLECT-
BAMH, OCTABIAIOT ¢ael HHON oKoo 50 o (0,05 sa), a ToMHEA SMYJAbCHH
OOBIHLIX ILTACTHIOK pasna neero 20 v, To LEN0UKa CJae1oB HaCTHIL, _ilm:-ﬁy-
HIHXCH  BePTHRAILHO K ILIOCKOCTT IaCTHHRN, HE YMEULAeTCs B CJ0e  3MYJlb-
CHH, HE TOBOPS V¢ O N&CTHIION, JICTAWMX CO 3HAYHTeALHO GOJbLWEl CKOpo-
crbto. Coserckuil Qrank MplCORCKUIT NEPBEIM NP0 H3TOTOBIATH IIAC-
THHEHR €O CI0eM 3MYJALCHH TouLiHOiT 400—600 k. B tex cayuanx, Koraa owxu-
Aaenulil npofer 4acTHIL MOMET 0Ka3arhes elie GoJee L IMHHBIM, MPHMCHHIOT
MAKETL, COCTORUME H3 MHOTHX €J102B IMYJILCHHL
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Porounan paxera. Kaxk u3BeCTHO, IPH JeJdCHHN AP ATOMOR ypa HaH
ILIYTOHHA  BLICBOGOH 13CTCH  OFPOMIOC THUECTBO  SHEPIHH — NPHMCPIO
22.9 mau. £6T-4 na 1 ke gensimerces peurcctna. Ilo Aame M 5T0 KodoccasbHoe
KOIRUEUTRO 9iePring coctapasier seero b 0,19 ckpLitoii 5 pemectse (Bep-
HEe, IKBHBAJCHTHOH Macce BEUleCTBAa) IJHCPTHH, [OJVIZCMOH 10 3HAMEHMTO
hopuyae B3aHMOCBS3H MacChl # SHEPTHH Aimmiteina: L = me2 Tame npu Tep-
MOSACPHON PCAKIHI CAHAHNA SUIEP JeTKHX 4ToMOB B 00JCe Tazkeduie 9apa Bii-
crobozlaeTcs seero okoao 1% cepuitoil sneprin!

B npupoze msmecten TONILKO OAHI HIPOICCE, B XOJe KOTOPOTo nes Macca
YUacTBYIOUIETD BELLECTBA  NPCBPALLACTCH B H3JIYUeHHe — (JOTOHLI, 11¢ HMCio-
lliHe MacChl MOKO#A, HO 34aTO JABHAYILHECH CO CcKopocThio cBeta — 300 000 wut/cex.
ITO NPOLECe AHHITHIALIN — CAMOYHHUTOMKENHe BV HacTHI{ C NPOTHBONO0K -
HBIMH (DU3HUCCKHMH CBOHCTBAMH, OOLIUHLIX B HalieM MHPC YaCTHIL, M Tak na-
3bIBACMLIN «AHTHUACTHI», HANPHMED 3JEKTPOHOB M [O3HTPOHOB, NPOTGHOB N
aHTHNPOTOHOB (cM. «IJaemexrapuvie wactuynr»). [IpH Takoil peakunm BRICEO-
Ooxjlaetcs yie BCA CKPBITas B BCHIECTBE SHEPrHA WM, COIIACHO NPHBEREH-
noii suiwe Gopmyae Ditmwreiina, 25 MAPA. K6T-4 Ha KaKAB KHJIOTpaMM  Be-
ectpal

Eme neckoanko accstiudernii nazax I1. H. JleGeges jaokasas, uto cper,
00:1a12101UH{ MOMNMO 3HEPIHH ele H Maccoil, OKa3blBaeT BNOJHe ONpeiac.IeH-
10e, XOTH 1 He3HAUHTEILNOEe, daBicune. A pas Tak, TO MOIWHBEIT NOTOK (oTo-
HOB, CO3AapacMEll (PAHTACTHYCCKH OTPOMHOI Jamuoil, nazayyaoieil B KakoM-
100 HANpaRJCHIE MOpe cBeTa, JoJKeH coolulaTts eif HenpepHBHO AeiicTBYIO-
ee yekopenue. Taxoil, moka cule Toxxe (antacTHUeCKuil pakeTHLIT JABHTaTedb
MBICAUTCH B BHAC SACPHOH YCTAHOBKIT OTPOMHON MOULHOCTH, HENPepPLIBHO BLipa-
OaTpiBarollell “acTHILEl W MX @HTHUACTHIL,, HANPHMED TPOTOHH H AHTHIIPOTOHEL
B crennanpiioil KaMepe 3TH aCTHIL! BCTPCUAIOTCH, B3AHMHO CAMOYHHUTOKAIOTCS,
a ()6})33013(’1[3IUIIUCH li)OTO[[lﬂ, CO(}D{]HHI:TL‘ ¢ [OMOULLIO Ol"p(‘i.‘.lﬂ()l'() Z)(‘p}{il.'!é!., BLI-
OpacwBaloTcA M3 XBOCTOBOI YacTH pakeTnl B myiknox Hanpasaenin. [Ilorox
CBETA M CO3/CT PEAKTHRHYIO TATY.

TeopeTnueckH ABHTAaTeIb TAKOTO BHJAA ABJASCTCH FHEPreTHUCCKI CaMLIM
copepiieHHBIM, 3(PHEKTHBHLIM H 3KOHOMHUHBIM, KAKON TOJALKO MO0 MBLICIHTD,
HOO B Tpolecce aHHHTHARIMH YACTHIL B CBET NpeppainianTes npaxTiueckn 1009
CKPBITOIl B BEILCCTBE SHEPTHH, @ caMu (POHTOHL! JIBIGKYTCH ¢ NpejedbHo Bo3-
MOAHOIT B APHPOJSE CKOPOCTLIO cheTa.

OnHako neped yueHwMH OVAVIIETO CTOAT HeH3MEPHMO TpyAHble 3ajaul,
laaBHBle 13 HHX TakoBsl, B Haulem milpe OOBYHBIX SAEMEHTAPHLIX YaCTHIL 1H0-
JAYUaTh  AHTHYACTHIIN — Jed0
XOTH W OueHb TPyANoe, HO enle
posmoyknoe. Ho yaepmats ux
TaK, [ITDGM OHil ne I?C'i'}'ﬂl!“ﬁf
TYT #C B SICPHYIO PCARIGHO
C OKPYMAOULHMI HX aHTaro-
HHCTAMH,— /1€.10 IMOMTH Oe3-
najgexuoe. A Beldb HX HYKHO
KaK-TO JIOBCCTH /IO KaMepbl
cropaius, nomeulaenoil s go-
Kyce 3epKana pakeThl.

Yrobul Tara takoro ABH-
ratesisi HMela peadbHylo Be-
JHUHNY, B CBET AOAMKHBE Tpe-
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BpallaTLes  10B0JLHO OULYTHMbBIE  KOJHuUeCcTBa BeuLecTea, l'lpouecc anmu-
PHAALING i TIpeBpaltenns  pewlecTsa B8 cBeT OydeT coBeplaTthbes npu  Takofi
GesyMio suicoKoit TemnepaType, KOTOPYI BpSii JIH KOTAa CMOMKCT BLLACPKATD,
MITIOBENHO HE HCNADHBIIHCH, M060e caMmoe (aHTaCTHYECKH XKaponpounoe pe-
meeTso  sepkana. Beab  Benbiwka cera  GyneT HecpaBummo Godee APKOfi
H  MOWHON, ueM BCHBILKA 0pI B3pLIBE MHOTOMCrATOHHOI BOJAOPO/LHOTN
GomobL.

Oanako ranarth, Kakosol GyAyT LOCTHMKEHHS HayKH H TEXHHKH Jpaxe uepes
HECKOAILKO pecaTiierhii, neibsa. Her coMueHuii, yTo Hayka gasexkoro, a poa-
MOAKHO, TONbKO OTAaACHHOTO Oyayutero pewdt u 3Ty, GeaycaoBHo, FONIOBOKPY-
KUTEABHYIO 3a7auy. [105ToMy, HecMOTPs Ha, Kasaloch Gbl, GesnafeiKHbIe Ceit-
H4C MEPCneKTHBLL, JeHBIC BCE e yNesslioT Hjiee CO3AaHHA (OTOHHON pakeTsl,
NOKa eule ouclb OTBJEHeHHONT H Oosbllle noxoxell Ha MeuTy, 3HauYHTeJbHOC
BHHMaHe,

[oveny rax 3amanunpo cosnanue (GOTOHHOI paxeTbl, nazke Meuta O HCH?

Kacynueckie paccrosius, paBHbe HeCSTKaM M COTHSM CRETOBBIX Jer, oT-
Aeqgoutie Hac oT GAHKANIIMX 3BE3/IHBIX MHPOB, He rOBOPs YiKe 0 PACCTOSTHHAX
A0 APYIHX TdMaKTHK, He CYJAT UCJIOBEUECTBY HAJCK BLIPBATLCS KOra-HHuGyib
H3 DlleHa HEyMOJHMOro TeyelHs Bpemcid. Belb Aaxie ABHranch co CKOPOCTLIO
csera, pakera sereia Gol 10 camoil GJH3KOH K HaM 3Be3/bl B TCUCHHE YOTbl-
pex ¢ nosiosHHoil set! M ToabKo aBuHraTesib, NO3BOJSIOLIHI pakete JABHratbes
¢ OKOJIOCBETOBOII CKOPOCTBIO, AEJNaeT peaibHOfi MeuTy Koraa-uubyab AOCTHUL
MHPOB, JCHAIHX 34 pr‘,"l('..']a!‘-ﬂi COJIHEUHOIT CHCTCMDIL.

$azoTPoH (CHHXPOUNKIOTPOH) — YCKODHTENL 3apsMeHHBIX YaCTHI, B KO-
TOPOM TPHMEHEH TaKk Na3biBacMblil NPHALHN aBTO(HAZHPOBKH, HPC/I0KEHHBI]
coseteinm yuenbiyt B. M. Bexeaepom. Cyte 3Tofl uaen sakimouaercs s ToM, uTo
MpH ONPCACTCHHLIN YCAOBHSAX H NPaBHALHOM NOAOOPE YCKOPSAIOUINX 3NEKTPHYe-
CRUX W YNDABIAIOUHX MATHHTHBIX MOJIEfl MOYKHO KA3K/YIO Pa3roHfeMylo HACTHILY
JACTABUTD [BHTATHCS TAK, YTO, HECMOTPA HA ©C BO3IMOMKHBIE HHIHBHAY A/bHBLE
OTKJAOHCHHA, OHa BCE-TAKH NPHACT K KOHILY HYTH € MAaKCHMAaJbHOl 3a1aHHOI
sHeprieil. Nocturaetes 310 tea, uro, HATPHMEpP, AJ8 KOMIeHCAUHH pPesaTHBHCT-
ckoro shderta (yTaxencuus uactim npu CKOPOCTAX ABHKEHHS, NpHOIHMKAID-
LLHXCA K CKOPOCTH CBETA), UTO ABJASECTCH [AaBHOIN NPHYMHOI HAPYLUCHHA CHHXPO-
HH3AWH B LMKJAOTPOWE, WaCTOTA YCKOPAIOWIErO HAMPAKCHHA, NOLBOAUMONG
K YCROPMIOWEMY NPOMEKYTKY, NMOCTENeHHO CHHKACTCH,

Hastenenite vacrorst noiGupaeTes TakAM 06GpazoM, uTOGH HMIYJbCL! HA-
MPFRCHIT OCTY AT Ha yCKOPSIOULHIT TMTPOMEKYTOK € KarmK AbIM 0GOpOTOM ua-
CTHILLI BCC 1o3gHce o HO3AMCC, B TOYHIOM COOTBCTCTBHH C €e PeNATHBHCTCKHM
CYTHACACHHCM» H MNOCTCIHCHHDLIN 3dneldieniient TesMioB II;JGO]HJ CKOPOCTH,

OCHOEBHBIE MOHATHA U TEPMMHbBI
Crp.
llennan peakuus 148

Uennan peakuns. OauiM M3 caMbix 3aMeyaTeNbHBIX Hay4YHBIX
NOCTHXKEHHIL XX Beka spiaseTcs OTKPBITHE LEeNMHBIX peaxuuii —
cHavanaa 8 1913 r. xumnueckux, a COYCTS TPH AECATHIETHS simep-
HplX. Peub Waer o xuMuuecKux peakuHsAX, KOTOpbIe, OQHAMK AL Ha-
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UABUINCK, JlaJiee NPOA0/IKAIOT NOALEPIKHEATL caMi celst 10 noa-
HOTO HeUepnaHns YuacTBYIOULIX B HHX peiecTs. Peakuun st yMo-
ryT OBITE CAMONOMAEPIKHBAIOUIHMICA HA KaKOM-IHG0 HCXOMHOM
YPOBHE /i PasBeTBJSIOWIMUCH N0 KaKkoii-nido, HanpuMep reo-
METPHYECKOI, NPOTPECCHH.

[TpumepoM mepBOil, HEPA3BETBJMIOWEHCA XIHMIUECKO] peax-
UHH MOXET CJYXHTb peakiiHs COeiHHEeHHsi BOAOPOAd C XJ10DOM.
OTH 3/EMEHTBI HMEIOT CTOJb (OJibilioe TAFOTEHHE APYT K APYTY,
4TO aTOM BOJ0OPO/d JEerko OTPBIBAET OT MOJEKYJbl XJ0pa H 1pi-
coefundAer Kk cefe OJHH H3 JIBYX ee aTOMOB W/JIH, Ha00OpoT, Mo.le-
KyJa XJopa oTPeIBAET H NPHCOEAHHACT K cede OT MOJEKYJbl BO,10-
posa oAHH H3 ee ABYX atoMmoB. OcraBuiniicsi cBOOOMHBIM ATOM
XJopa TOTY4C Ke BOCHOJHSIET 9Ty MOTepPio, 0TOpBas cede 01l H3
ABYX aTOMOB OKa3aBLIeHCsl N0 COCEACTBY APYroil MOJIEKYJL BO-
aopona, u T. Ji. Tak mpoaonzKaercs 10 Tex MOp, MOKA BCe aTOMBI
XJiopa He MPHCOGIHHAT K cebe Mo OAHOI MOJIEKYJe BOAOPOLA HIH,
Ha000POT, 4TOMBI BOOpOJa — M0 MOJieKyJie XJopa.

[Ipuyepoy pasBeTBAAIONIENCA XHMHUECKOI peaKIHi ABIseTCs
COEJIHHEHHE BOJOPOLA ¢ KHCJIOPOJAOM, KOTJla aTOM BOJOPO/A OTPLI-
BaeT 1 NpHCOealHAeT K cele OQHH H3 aTOMOB MOJICKYJIBI KHC/O-
pomna. OGpasyercss Tak HazbiBaeMMblil CBOGOMLHDII panukan OH.
OcraBuusiicss cBOGOAHBLIM BTOPOil aToM N3 MOJIEKYJIbl KHCAOPOa
TOTYac JKe OTPLIBAET H NPHCOeAHHseT K cefe OAMH H3 ABYX aTo-
MOB MOJIEKYJbl BOAOpOAA, B pe3dyibTaTe uero o0pasyercs eie
oaun cpoboauwil paaukas OH # omun csoGomnniii atoy Bomo-
poza.

B pesynntate Bceil 3Toii onepaii octaercs yike aBa cBoGOj-
HBEIX aTOMa BOJOpPOAa, KaJIblil H3 KOTOPHIX HaUHHAET CBOIO BETBb
OTPBIBOB H MPHCOEJHHEHHH aTOMOB KHCJIOpPOAA. DTO BTOPOE NoOKo-
JIeHHE OCTaBJAET nocJe ceGs yie deThipe cBOOOIHBIX aTOMa BOJLO-
poaa, Te B CBOIO ouepelb — 8, caemywouiee — 16 u 1. 1., T. €. Ko-
JHuecTBO CBOGOAHBLIX aTOMOB, TOTOBBIX HAauaTb CBOIO OTAEALHYIO
BETBb PasMHOMKEHNd, YABAHBATCS C KauIbIM noxojeHieM, Ges-
YAEPXKHO HapacTas, Kak cHexiiag Jgapuita. Konuaertca sce 310
HJH  [OJIIBIM - HCUEePNanHeM  HCXOJHBIX  'da30B, HJAH  MOLEHLIM
B3peIBOM. Kopoue roBopsi, xamngas BCTYNHBLIAS B pPeakuuio €ai-
HHLA BLI3bIBAET peakuHio y K IPYrux egnuun. 3aTeMm Kaknas ns3
aTuX K epnunu BuisviBaer peakuuio eute y K eguuun, T. e. B pe-
akuuio 6yjer BosiedeHo yxe K? exumun, u T. A. Hucao K B 31om
cJyyae Ha3plBalOT Ko3(duuHenTOM pasMuoxenus. [Lean sToT
KO3 (PHIHEHT NO KAKHM-AHO0 NPHUNHAM OKay<eTcs Meublie eh-
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HHLLL, pedxilid CTaueT NOCTeNeHHo 3aTyxaTh, ecjyu §oJiblie eail-
HHIB — HapacTaTh. B cayuae, koraa 3navyende K pasno touno
¢aniige, TeMNn PeaKUHH OCTaeTcs Ha OIHOM M TOM e NepBoHa-
UAILHO 381aHHOM HJN HAUATOM VDOBHE.

u!iH.’IOTpGH_\_.'CI\'(}]\IHL’.'IE, I]PU'TOEIOH, ﬂ.’lh(l)a-‘ld(}'rlﬂl, 510“'1})()“()8. B KOTO-
POM HACTHUB TOJVUZIOT YCKOPeHnHe OT 3JeKTPHUECKOrO NOJ# — NepeMeHHoro
0 AMIJHTYJC, HO NOCTOANHOIO 110 HacToTe. YNpas/isieT ABHMKEHHEM uyacTHu H
Ib()i‘(}'\_‘l‘lp}'(‘f HX TO:xx€¢ ToCTOHHHOE MO BPQMQIIH MarbiHTHO® [OoJe, co3jaBaexMoe
MOMHBIM  ieKTporaruitoM. YacTora yeKopsiomlero nods nojabupaercs Tk,
yTOGH MACTHIL:, JBHTASCh 110 HHEPLHH BHYTPH OAHOTO M3 JIBYX NOJALIX 3JeKTpo-
JI0B B BHAC NOJOBHHKH JHMCKa — IVAHTOB, 1ONAJata B NPOMEKYTOK MEXK1y
HHMH K IbLi Pas B Teé MOMCHTEI, Koraa .I(‘I\Ipll‘iGCI\OG noJge “L)Kﬂy HHMH
Kak 6L «I0ACTEerHBACT» YACTHIY, KOTOPAad ¢ Kaiiabla o0OpPOTOM BHYTPH [y-
anTa yckopsietcs Bee Goasllie H Godablie.

[TpezeapHasi 3Heprus, AOCTHIKHMAS Ha OOBYHLIX UHKJIOTPOHAX, OFPaHHUH-
paetest 2530 Mss. I1o obbsAcHAeTcA TeM, 4To npu GOJLIIMX CKOPOCTSX (3Hep-
rirsix) 4acTHil HAMHHAET CKa3eiBATLCS PEJAATHBHCTCKHIT sddekt — Bodpacranue
Macciel 110 Mepe npHOJHAKCHHA CKOPOCTH 4acTHU K CKOPOCTH CBeTa, 4TO Hapy-
HIAeT CHHXDONIH3AUWI (COBNaieHHe MO BpPeMeHH) MeKAY BpallieHHeM YacTHILH
B YAHTAN M HNOCTVIIICHHEM MMIYJILCOB NEPeMeHHOTO JIeKTPHUECKOTo [oaA 0T
FeHEPATOPA Ha YCKOPSIOWIIT ITPOMEMRYTOK.

Utolul VBEJHUHTL 3HEPTHIO YacTHil, YCKOPSieMBIX B LHKJIOTPOHE, MPHXO-
JIMTCSH HIATH Ha Pasaiinbie TeXHHYeCKHE YCJIOMUEHHH, HanpHMeEp HCKYCCTBEHHO
H3MEeHSAThL M0 aMILIITY/le HaNpAMeHHOCTh MATHHTHOTO 10J5, CO3AaBaeMoro
SVACKTPOMATHHTCM.

L[HR'I{J'I[)OII]:I, Y KOTOleX BME@CTO 4acToThl }'CKOPSHG].IJ.CI‘O nanpnmemm H3-

MEHSACTCH BEJIHYHHA MArdHTHOrO MOJS, Ha3bIBAOT CUHXPOTPOHAMU.

Huwkanueckne  (pe3oHaHCHble)  YCKOPHTECIH — YCKOPHTETN  3apsiKeNHbiX
HaCTHIL, Ko‘ropue ABHAKYTCH NO 38MKIVTBIM 0')6]!Tﬂ‘l d }'CKDDCHIIQ OCyIecTB-
JAACTCA UYTEM MHOFOKPATHOrO NPOXOZEHHA YaCTHIL uCpe3 YCKOpPsloUHe mnpa-
MEKYTH, T/le NPOMCXOANT MEepefiaua HacTHUaM IHECPrHH OT NepeMenHoro sJek-
TPHYECKOTO TON%, HESMEHAIOWIEro CBOI0 MACTOTY B TAKT ¢ NePHOAOM ofpalienis
HACTHIL. I EKJTHIECKNM PRIOHANCHBIM YCKOPHTEASM OTHOCATCS: UHKJIOTPOH,
thazotpoii, cuixpohasorpon, cunxporpon (oM. c¥cKopureau uwactuys).

OCHOBHBIE TMOHSTHA M TEPMMHDI

Crp.
Yepenkosa—Basuaosa adpdest — 150
Yepenxkosa — Baeuaosa adiext — cpeucHile, NOsBIAIONEECH

B HEKOTOPLIX BEILECTBAX, KOrZa uepe3 HHX IMpoJeraeT YacTHLa,
ABHAYHLAACA €O CKOPOCTBIO, NpeBbllIalouieil CKOPOCTL pacnpo-
CTpanenusi cpeta B jJainHoM BeilectBe. DTOT 3((DeKT cBeueHts

Obl1 OTKPWT cosetckuMu Qusnikamn Tl A, YepenkoBbim u
C. . Basuaosuim.
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Hosoe H3aydeliic 0Kasa och nonctide samevateashny. Gito
pacupoCcTPaNsIeTCs lie BO Bee CTOPOHL, a B BH/IE KOHYCA, OCb KOTO-
pOrO COBMajaeT ¢ HampaBjcHHeM /Bizkena uyacTHU. Beanunua
YIJIa [P BEpIUiHE KOilyca CTPOTO 3aBHCHT OT CKOPOCTH JIBHZKE-
HEA yacTHUbl H Ko3(p(puuHenTa NpeJoMaeH s BellecTBa A onpe-
JedlelHoll IJHHBL BOJAHBL H3jayuaeymoro csera. buaaronaps stomy
CTaJ0 BO3MOKHBIM MPUMEHHTL JalHoe ABIeHie B npudopax JAjss
BLICOKOIl TOUHOCTH H3MEpeHIHs CKOPOCTH W HampagJeilis noJera
OBLICTPBIX 3apsCHHBIX UYACTIHI — 3JCKTPOHOB, NPOTOHOR, Me30-
OB, TaK Kak APKOCTh H3JIYyUeHHf BO3pAcTaeT ¢ YBeJHUeHHeM CKO-
pocTi Bo30yskiaiolleil ero 4acTHllbl H NPAMO NPOMOPUHOHAIBHO
KBajpaTy ee 3JeKTPUUYECKOTo 3apsija.

Yepenkosa — Basuaoea cuerunk. [aidyuenue Uepeukosa — Basnaosa
€7a/0 OCHOBOIl HeJ0ro ceMeilcTBa CHUETHHKOB ObICTPBHIX YAaCTHIL — 3J1EKTPOHOB,
NPOTOHOB, MEG30HOB H IaMMa-KBaHTOB BRICOKO(T smeprun. B nnx yaapmisaercs,
MHOTOKPATHO YCHJAHBAGTCS H PerHcTpHpyerca HAH BeCh CBET, H3TyueHHEl
uacTiiedl, Wi CBeT, HCIYCKaeMblil AHlL MOA CTPOrO ONpede]eHilbiM yIvIOM K
HanpasJjeHHo JABHEHHA HJACTHILBL, I‘[ponyca:m HCC.TC;“L‘_\'(.‘.\IHC YACTHILEL TIOCC-
AOBATEIBLHO uepe3 GaTapeio TakiX CYETUHKOB, JETKO YCTAHOBHTB 11X TOUHYIO
CKOPOCTL, 4 B COUCTAHI € APYTHMH CUGTUHKAMH H mpubopamil — wmaccy, 3a-
PAA H ApYyTHe XapakTepHCTHRIL

B 1958 r. 3a 370 BHIAaIOLIEECS OTKPHLITIE 1T pPa3paboTKy Teopui
usayuenus coserckum yuensim IT. A. Uepenxony, M. M. ®dpaunry
n HU. E. Tammy 6ui1a npucywaena HoOeaepckas npemus no -
3HKE.

CCHCBHBIE NMOHATHSE M TEPMMHLI

Crp.
3aeMEHTAPHBIR JCKTPHUECKIIT 3apaj i 151
SACKTPOCTATHYCCKHE CHAB 152
JuCKTPOMArHHTHOE H3ay4eHue s e -T2
JAeMEHTAPHBIE vacTHul - -wall 153
1ePTHY CBR3M swapa atoma . 157
SHBHBAJICHTHOCTL (B3AHMOCES3L} 3 dCCH
M. gHeprRp— - . 153

JueMeHTAPHBIH IJEKTPHUECKHH 3apsai. Tak HaswpiBaetcs ua-
MEHbIIHIT aJIeKTpHuecknit 3apaa B npupone. On CAYKHT onnoil 13
BAKHEHUINX XapakTepHeTHK JI00LIX 3apSyKeHHLIX 21eMeNTapinLX
YaCTHIL, 3JeKTPOHOB, NMPOTOHOB, MO3HTPOHOB, ME30HOB 1 T. 1., HE3a-
BICHMO OT TOFO, KAKOH 3apsi1 3JeKTpHUeCTBa ol Ha cede HeeyT —
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NOMOMKUTEILHBIT  HJAH  OTpHILATeNbHBI, W pased 4,8029.10 1°
3JIEKTPOCTATHUECKOH eNHHHLBL. DJeKTpHYeCKHil 3apsax JioGoro
Tesa MOMeT OLITh TOJNBKO KpaTeH 3JeMeHTapHoMy 3apsay H
Bcerfa MpPeACTaBIASeT CYMMY 3JeMeHTapHbIX MOJOXKKHTENbHBIX HJH
OTPHLLATEJABHBIX 3aPAJ0B ATOMHBIX UACTHL, M3 KOTOPBIX COCTOHT
NAHHOE TeJo.

DNeKTPOCTATHUECKHE CHJBI — CHJIBL B3aHMHOTO MNpPHUTSKEHHSA
HJAH OTTAJKHBaHUS, MAeHCTBYIOLIHE MEXAY HEeNOABHIKHBIMH HJIH
paBHOMepHO IBHKYLIHMHCA 3apsnamMH. B moBceaHeBHOH mnpak-
THKE 3Ti CIIbl cpaBHUTe bHO HeBedankH. Ho B MacmtaGax pasme-
POB 1 MACC YACTHL MHKPOMHpPA H Ha PACCTOAHHAX HX B3aHMOIeli-
CTBHS APYT C APYTOM, PABHBLIX CTOMMJIJIHOHHBIM H MHJIJTHAPIHBIM
JOJIAM CAHTHMETpA, 3TH CHJIbI IOTPSCAIOLIE OFPOMHDL.

INEKTPOMATHHTHOE H3JIyYEHHe — CJOMKHLI (H3HUeCKHIl Npo-
Hecc mepexojaa sHeprHH M3 00JACTH, HENMOCPeACTBEHHO BXOjsiell
B CHCTEMY aroma, B OKpyzKalollee 3TOT aTOM NpocTpaHcTBo. Jlio-
Ooit asiKkyuiniics Hian KoJeGaomuiics 3JeKTPHUeCKHi 3apsia,
eCTEeCTBEHHO CBA3alHBII ¢ Kakoii-1HG0 onpeneseHHoil yYacTHIell
(3J1KTPOHOM, TIPOTOHOM, ME30HOM M T.T.), NPH BCAKOM H3MEHEHHH
ee CKOpOCTH Cco3jaeT BOKPYr celsi H3MeHsolleecs MAarHHTHOe
1ose, KOTOPOE B CBOIO OUepe/lb BLI3LIBAET NOoABJCHHe H3MEeHAIoIe-
rocst 31eKTPHUECKOro 1oJd, H T. 1. Bosuikiree nepemenHoe sJek-
TPOMATHUTHOE BO3MYIIlEHHE, cocTofdllee Kak Obl 13 nocjaenoBa-
TeAbHO €HEPJHBAIOLHXCH» OJHO B JIPYTroe 3JeKTPHUECKHX H Mar-
HHUTHLIX TIOACH, pacnpocTpalseTcs BCe Aajblie H JaJblie OT Me-
CTa BO3HHKHOBEHHS BO BCE CTOPOHBI CO CKOPOCTLIO CBeTa —
300 000 rat/cex, ynoes ¢ coBoit ONpPe1eqeHHOE KOJAHUECTBO IHEPTIHH.




Taxoe sseKkTpoMarHuTHOE BO3MYLLCHHE HA3LIBAIOT 3JEKTPOMAr-
HHTHOIl BOJHOI. B TeXHHKe ualile BCEro nojabL3yloTcs TepMHHAMIL
«4acTOTa JEKTPOMATHHTHBIX KOJ1eGaHil B CeKYHAY» (moJgyuyaercs
OT jleJieliisl CKOPOCTH CBeTa Ha JUVIHHY BOJIIbBI) M «AJTHHA BOJIHBI»
B MeTPax HJIH CaHTHMeTpaX (moJyuaercs NpH Je/eHHH CKOPOCTH
cBeTa Ha 4acToTy KoseGaHHil B CeKyHay).

CaMblM BaXN{HBLIM fIBJISIETCS TO, YTO KOJIHUECTBO HEPTHH, Mepe-
HOCHMOIl 3/JEKTPOMAarHHTHOII BOJIHOH, He OJMHAKOBO, a pacTeT C
YBeJHUCHHEM YACTOTH KoJdeGaHHii., DTa IHEPTHs,, Bblparkenuast B
sprax, onpeaedsiercss (opmyaoii E=hv, rae h — nocroanuas
[Taanka, pasuas 6,62.107%7 ape-cex; v-—uacToTa KoJeGauuii
B cekynay. Tak, sHEpTHS 3JIeKTPOMAarHHTHOH BO/NLI hHOJAETOBOrO
cpeta papoe GoJiblle HepPriH BOIHBI KPacHOoro cpeTa.

Jaemenraphbie yacTHibl. Celiuac ye HeT HYAK/Lbl 10Ka3biBATh,
UTO BCE BEILECTBA COCTOAT H3 MOJIEKYJ, MOJIEKY/Ibl — H3 aTOMOB,
aTOMDLI — H3 f11pa H 3JIEKTPOHOB, f1ipd — H3 NMPOTOHOB H HEHTpO-
HOB. A H3 Yero COCTOAIT NPOTOHLI, HEHTPOHLI H 3JIEKTPOHLI? B croe
BpeMS 3T UACTHIL HA3BAJNH 3JeMEHTAPHBIMH, T. €. HEJAEJHMbIMH,
noJsiarasi, yTO NPH HX jajbHeiilieM LeJEHHH OHH MOTYT Mpeppa-
HIaThCs BO UTO YCOAHO APYroe, HO TOJBLKO He B KaKHe-TO HHbIE
YACTHILKL

Team ne metice, yueHble NpHMEDPHO JeT JecATb HA3al MPHCTY-
nuJad K yNOPHOMY H CHCTEMaTHYECKOMY LITYPMY Taiilbl CTpoe-
HHS 3JIeMEHTAapHbIX 4acTHIL H B MEPBYIO ouepelb HyKA0HOB — NPo-
TOHOB H HEHTPOHOSB,

Kak u pooGuie B saepuoil (pusnke, AJg7 3TOT0 OTKPLIBAJHCH
cofeTBeHHO aBa ocHopHLIX Hanpapsicuisa. [leppoe — nonbiTatbes
pa3ouTh, paszapollTh, €cJaH BO3MOMKHO, 3J@MEHTapHYI0 4acTHIlY
Ha KAKHE-TO ee cocTapHble (ec/iH TakoBble uMeloTea) vyacTn. Enun-
cTBEHHBI ¢rnocod AOCTHYB 3ITOTO — PA3TOHATH JPYyrHe Takue Ke
4acTHILbl IO CKOPOCTEll, HACKOJIBLKO BO3MOKHO OJI3KIX K CKOPO-
CTH cBeTa, a 3atem 0GCTpPeNHBAThL STHMH «CHAapsIIaMi» 31eMeH-
TapHLIC YACTHILI B aToMmaxX JAPYTHX BEUIeCTB, HANPHMEP YCKopeti-
HBIMH  TIPOTOHAMI — fAPa aTOMOB HOHI3INPOBAHHOrO BOAOPOAa
(Toxe NMPOTOHBI), NPOTOHAMH HJH ajb(a-uacTHIAMH — MPOTOHL! W
Te e adbda-yactiubl | T. n. TpeGyemple nas 3Toro sueprun (no-
pAAKA COTeH MUJJHOHOB W MH/JIHADAOB 3JEKTPOHBO 0J4bT) MOPJIH
OuiTh NOJAYYCHBl TOJNbKO C MOMOLIBIO MOUIHBIX yCKOpHTesel 3apsi-
senublx uvactui. CwHauvana OONBLIHM  JOCTHIKEHHEM CUlTaTHCh
YCKOPUTEAHN, Pa3sroHAIOUHe 3apsiKeHHble YacTHIL 10 SHEPriil B
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JeCATKH MHNJLTIHHOHOB, 3aTeM B COTHH MHJAJHOHOB H, HAKOMEeIL, B jJe-
CATKH MIVLIHADAOB 3J1€KTPOHBOIBT.

Bropoii nvTh -— 370, €CAH TAK MOMKIO BBIPA3HTLCA, UYTh «IIPO-
UIVIILIBAHHA» CTPOGHHS 3JeMCHTAapPHBIX UacTHU. 3axjaiouaercs oH
B H3BCCTHOM €l1€ M3 ONTHKH aABJgeH!H, UTO UeM MeJibue paccMaTpH-
BaeMBIl HpeiMeT, TeM KOopoue NOJx#HA ObiTh AJHHA BOJNLI CBETA
FICKTPOMATHHTHOTO H3JVUEHHA, OCBelL&louaa 3TOT TIpeaMerT.
Ecan Bonida oxamercd, JUIIHHEe TAKOT0 NpeaMeTa, OHa 1PoCTo ero
00OTHET, 1 MB! [114eT0 He YBHAHM, €CJH KOpoue, To 0Ha OTpasuTes,
H MLl VBHAIM ocBellleHHBiT mnpeamer. [lostoMy makcHMasbhoe
ONTHUECKOE 1 BeJHUeHIEe MOKHO 1IOJAVUHTh, OCBEllas N3yvaeMblii
npeasMetT VILTPAQUOJIETOBLIMH JVUAMH, HEBHAHMBIMH de/oBeue-
CKOMY I143y, HO MOTVUIHMH ObITh 3a(MKCHPOBAHNBIMH (oTonIa-
CTHHKOIT.

[Tocae otikpuiTna ne BpoilieM BOJHOBLIX CBOHCTB Y a10GLIX
ABHAVUIMXCH ¢ 60JbUIOH CKOPOCTBIO MACTHIL NPEIOCTABHIACH BO3-
MOKHOCTL CO3aTh 3JEKTPOHHBLIIT MHKPOCKOI, B KOTOPOM YCKOpeH-
nete 1o sxeprift 100 xas n Goabine 37€KTPOHBL NO3BOJSIIOT pac-
CMATPHBATH TeJa, 1MeIolullie NMonepeyHHK BCeTO B HECKOJbKO aHr-
crpen (1 anrctpes pases 1075 cu),

Coraacuo suiseiennoil ae Bpoitaem dopavie, uem Tsamence
uacTiua 1 uex CplcTpee olla JETHT, TEM KOpOoue CTaHOBHTCH COOT-
BETCTBYIOULAS €fi /IJIHHA BOJHBL. BRIXOTH10, UTO €l YCKOPHTHb
NYYOK 3JIEKTPOHOB 10 3HEPTHH NMOPSIKA HOCKOILKHX COT MHJIHO-
HOB 3JIEKTPOHBOJIBT, TO MX BO.IHA CTAHET CTOJL KOPOTKOI U cono-
CTABHMOH € pasmMepaMu siepHBIX U4CTHIL, UTO €10 MOZKHO KaK Obl
“NPOLLYAATh? CTPOeHHe aipa atoMa. [lo oTpamennio u paccestinio
STHX BOJTH ONPeleNsioT PasMepsl COCTABARIONIHX 3TO SLAPO HYKJIO-
HOB. A eCil HOTOK 37eKTPOHOB Pa30THATL A0 SHEPTHH NOPSIIK:
OAHH-Ba MILLIHAPTA JGCRTPOIBOIRT, TO JIJTHHA BOJHbBI JNEKTPO-
HOB CTAHET BO MHOro pa3s3 Kopoue HOMCPEUHHKS HYKJIOHOB. C 1no-
MOIUBI} TAKHX BOJH THPEAOCTABHTCH BO3MOMIOCTDL NCTANIOBHTDH
CTpOeHIe 1 CAMHX MPOTOHORB, H HEITPOHOB.

C Tex mop, Kak Ha BOOPYKEHHE YYEHLIX Hauada HOCTYnaTh
MOHIHAN €aTOMHasg apTHIePHs», OTKPBITHS CTAJN AeJaThCs OLHO
38 APYTHM, 11 B NEPBYIO OUepeiab HOBHIN YACTHIL IJHEPrHH B MMJ-
JAHOHBL 9JEKTPOHBOIBT  OKA3a/0CL  J1OCTATOYHO, UTOOB CpeiH
OCKOJKOB «MHKPOKATACTPOd>» 0OHAPYAHTL NOJOKHTEILHO 3aps-
AKEHHBI 30RKTPOH — n03uTPor. ¥CKOPUTEAH Ha COTHH MIJJHOHOR
2JICKTPOHBOALT TO3BOJANJN FOJAYUATL HCKYCCTBEHHLIM NVTEM Me-
JOHbL, 10 3TOTO BNEppble OOHAPYIKEHHLIE B COCTAaBE KOCMHUEGCKHX
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ayueii. Cosgaune ycxoputedcii ma SHEpPrin B MIJLIHAPLL Z71eK-
TPOHBOJALT NPHBCTO K OTKPLITHIO CYHIECTBOBAHHA aHTHYACTHL ——
AHTHIIPOTONE, aNTHHCATPOHA 1t JAPVTHXN uacTil, N0 (hH3HYECKH !
CBOHCTB&M 110JHOCTBIO NPOTHBONOJIOMKILIN OOLIMIBIM 3J1eMeHTap-
HBIM YacTHllaM — NPOTORY, HeliTpony u ap.

K nactosuieMy BpeMeHI H3BECTHO yike 16 siexicutapubix ua-
CTHIL, H APHMEPHO CTOJLKO JKC aHTHUacTHIL. Ecii e BRIIOYHTH
B 9TOT CHHCOK elile Il 0YeHb KOPOTKOKHBYUIHE YACTHILL, To olluiee
KOJIHUECTBO H3BECTHLIX 3/1EMEHTADHLIN UACTHIL JAOCTHIHET npH-
mepno 40!

BoabwnueTBo 3THX uacTHi HeveToilunso. Cnyers HHUTOXKHO
KOPOTKOE BpeMs OHH pPacnaiainTcs, npespaiiasnch nocie psajia pa-
JHOAKTHBHLIX PACNaioB ¢ HciyckaHuem 0eTa-uacTiil B HEMHOTHE,
Y/Ke YCTOIUMBLIE UYACTHILL C MeHbllell Maccoil: 3JeKTPOHbI, NpPOo-
TOHBI, FAMMA-KBAHTLL H HEIITPHHO — W/l B COOTBCTCTRYIONLIE HM
AHTHUYACTHULI, KOTOpPLIE B NPHHUHNE TAaKXKe VCTOHuNBbL  (CM.
cBera-pacnads).

Hacro/ibxo 370 yia10ch YCTAHOBHTL O Ceil JicHb, HH OAHY 13
H3BECTHLIX 3JCMEHTAPHLIN UYACTHIL Hedb3s pasvokuTe Ha Gogce
MeJIKHE COCTaBHLIC uactll. DBce OHH CUMTAIOTCS 3JEMEHTAPHBIMU
MOTOMY, UTO MOJ 3TIHM HOHIMAETCH OTCYTCTBHE Yy HHX CTPyK-
TYPHL

K wuneay HeycToMUHBBIX TNpHHALJICHKAT JiBA KJacca 4acTHIL
K oaHOMY U3 HHX OTHOCATCH WHACTHULI TAzKeJIee 3JeKTpona, 1o
Jgerue nporona. Mx nasmiBator sezonor. K japyroay wiaccy npu-
HaAJexaT yacTHIbl Taxe ee nporona. Mx wazpipaior cuneponot.
I1pu pacmane runeponos Bceria oGpasyiores ryi.iorol. F3secTH
ME30HDbI C(!E‘,-"l,_\-'lUIIJ.IL\' THITOB: MIO-Me30HLI, MH-ME30HLI H K'MCSO!IU.
Macca nno-aezoina cocTaB’seT HpHMEpPHO /g Macchl NMpoToHa,
Macca TNH-Me30Ha — npumepHo !/; w macea K-me3ona — okono
NOJOBHHBI Macchl npoToHa. Mio-Me30HB MOTYT OLITH JHillb OTPIH-
ILATeJbHBIMHE WIR nogomureasisiMi, Hefitpaasnoro aio-mesona
ne cymectryer. He cunitas avaccs!, MI0-M@30H, NO-BHLHMOMY, 10J1-
HOCTLIO MOA00GEH 9JCKTPOHY, II €ro MOMIO PACCMATPHBATh Kak
rsKeanil aaektpon. Oanako B npupoie JAPYTHX TAMKEJBIX 3JeK-
TPOHOB HE BCTPEHACTCs.

Awrnvacrtiuell  oTpHUATEILHOTO  MiO-ME30HA W~ ABJAAETCH
NOJA0KHTEALHLIT MI0-Me30n n™ . BedejeTBHe CyIecTBOBAHIA VIili-
BEPCaJbHOTO B3AHMOAEHCTRHA OTPHUATEABHBI MIO-MeE301 105Ken
pacnajiaibCs Ha 3JeKTPOH [ JBa HeHTPHHO (n™ —e v +-¥)
¢ nepuopom noaypacnana 2,2-107% cex. Baaroaaps stomy B3ai-
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MOAEICTBINO Bee TPH YaCTHUBL HMEIOT MHOTo o6uiero, n 103TOMY
HX Ha3BAH JeNTOHAMH.

ITu-Mesonpl GuiBAlOT OTPHUATENBHBIE, MOJOKHTENbHbIE 1 Heii-
Tpaaphbie (a7, w ¥, « ?). AHTHUACTHUE! 1O OTHOWEHHIO K HOM0-
FHUTEJILHOMY NMU-ME30HY ABJACTCS OTPHUATENLHLIT 11i-Me30H. [1o-
10010 (hOTOHY HeiiTPaJIbHLIIT MH-ME30H TOKAECTBEH CO CBOEH aH-
THUACTHEH.

Ipeackasannbiit sinonckuM dusukoM IOkapsoii B 1935 r.— 3a
I2 nieT 10 CBOCro OTKPBITHS — NMH-ME30H OTBETCTBEH 3a II0SBJIC-
e B silpe aToMa TaKk HAa3bLBACMBIX fdepreix cua. Mimu nenpe-
PBIBHO 0GMEHHBAIOTCS MeKY cO0OIl HYKJIOHDI, TPHMEPHO TAK e,
KAK HpOsB/IEHHE 3JCKTPHUECKHX CHA O0'LSCHSETCA HenpepbiBHbIA
HCNYCKAHNEM 1 NOTJVIOLLEHIEM 3JIEKTPHUECKHM 3apsiioM KBAHTOB
SMEKTPOMATHATHOTO H3ayueHHs. [Tu-Me3oHbl Jerko noiyunts ny-
TEM COYJAPEHHil IPOTOHOB C 3HEPrHeil B HeCKOJABKO COT MILIJIHO-
HOB 3IEKTPOHBOALT. B 3TOM cayuae npoHCXOAHT NpsiMoe npeBpa-
LieHHEe KHHETHUECKOH 3SHEPrHH HYKJIOHOB B MAaccy MOKOS MH-Me-
30Ha,

Bosmoxua nenas raxaa pasnooGpasubix peaxuuii:

a) NpoToH - 1poToN = npoToH - HEHTPOH - NoJ0KNTe b I
NH-ME301;

0) npoton + HeliTpoH = NPOTOH - npoToH -+ OTpHUATEJLHbII]
NI-Me30H;

B) ramMma-KBaHT -+ nportoH = HEHTPOH ~- NOJ0KHTEALHLIT Me-
30H;

r) raMMa-KBaHT —|- NPOTOH == NPOTOH [ HENTpaabHBIT NH-Me-
30H;

) ramma-Kpant - HEHTPOH == NPOTOH + OTPHLATENbHBI H-
Me30H I T. J1.

[Toayuaemble Ha MOUIHBIX YCKOPHTEASX YacTHIL 3apsKeHHLIe
IIH-ME30HBl pACNanaloTCs Mo CJACOVIOUHM CXEMaM: 110 J 0 K H-
TCAbHBIH NH-ME30H— NOJOAKHTENAbHBIT  MIO-Me30il - neii-
TPHHO HAW TMO3HTPOH - HElITPHHO; OTPH L ATEdbH B i 111-M e-
300 — OTPHIATRAbHBIH  MIO-ME30H - AHTHHEIITPHHO HAH  3jeK-
TPOH -}~ aHTHHEHTPHHO ¢ MepHoIOM nonypacnaga 1,56 1078 cex.
Heiitpannusiii nn-meson pacnajnaercs sHauuTeJqLHO ObICTpee, HO
TOJIbKO Ha aBa orona, ¢ nepuogom pacnaga oxoso 1078 cex.

Oanoii M3 HoBLIX HACTHL, OTKPBITBIX B MOCJAEJHEE BPEMS, fii-
naerea K-meson. MssecTHbl noJ0KHTeNbHLIE 1 neliTpadibuple K-
Mesontl (K*w K®) ¢ cootercTBYOmmMI autiuacTiamn: OTpH-
nareapnbiit K™= u nefirpanbunii K -me3oiw. Baaropapsi 6oab-
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uoft Macce K-me30H nmeeT H GoJiblie pPas/HUHBIX BO3MOMKHOCTEN!
pacnana. Ilepnox pacnaga sapsukennoro K-Me3oHa pasen
0,85 1078 cex.

['HnepoHOB — 3/eMeHTAapPHBIX YacTHIL TsHKedee MPOTOHOB —
cyulecTByeT TPH pasHoBHaHocTH. HMx o0Go3HauaioT 3araaBHBIMH
OGykBamu rpeueckoro anacdasura: A (mambaa), X (curma) u
Z (kcH). Bce runepoHbl pacrnajzaloTcs Ha HYKJOHBL ¥ KaKJAOro
THIEPOHA CYWIeCTBYET aHTHUACTHILA C TIPOTHBOMNOJOMXKIbIM 3HAKOM.

Mup zieMeHTapHBIX YaCTHI, OKA3bIBAETCA HCKJAIOUHTE1LHO (O-
raTelM Kak pa3nooGpa3HeM CAMHX UaCTHL, TaK H BHAAMH HX B3aH-
MOZeliCTBHII H B3aHMOIIPeBPallieHuii.

Aueprus cBA3H sapa aroma, YToObl HMETh BO3MOMKHOCTh CY-
JHTL 0 KOJHYecTBe 3IHepPrHH, KoTopas MorJia Obl ObiTh BHICBOGOMK-
JIeHHOMH TIpH nepecTpoiike — HHOM pacro/okKeHHH 3JeMeHTapHbIX
UACTHIL B AApax aTOMOB, yueHble COCTaBHJAH TalJHily cpenHeil
Hepruu (B 3JIeKTPOHBOJBLTAX), 3AaMAaCEHHOH KaXKAbIM HYKJIOHOM
B A1pax atoMoB. Tabjula No3poJsisfieT YCTaHOBHTh, B KaKHX CJlV-
uasix 3Ta sueprus Morsa Oul ObITh BLICBOOOXM(IEHHOMH, 8 B KAKHX —
HeT, T. €. BbICUHTATh PAa3HOCTh MEXKIY 3Heprieil CBA3aHHOTO CO-
CTOAHHS HEKOTOPOIl COBOKYMHOCTH SIZEPHBIX YacTHIL H 3HeprHell
TaKOro COCTOSIHUS, KOrja 3ITH 4acTHILbl pasjiesieHbl H V/aJeHbl
APYT OT Apyra.

M3 rpajuka suano, uto camas Ooabluasi BeJHYHHA CpejHeil
SHEpPruu CBA3M, paBHas npumepro 8,6 Mss Ha HYKJOH, NPHXO-
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AUTCA HA f1pa aTOMOB XHMHUECKHX 3J€MEHTOB, 3aHiHMAaIOmIHX
louth BCio cepeiny Tadaunbl Metzeneesa. M kaxumu 6u cnoco-
GaMi Mbl HII IepPecTpanBadH AApa 3THX aTOMOB — LN H CKiA-
ABIBATH HX BHOBb,— 3aTPaulBaeMas Ha 3Ty pabOTy SHeprHs Oy-
ACT pABHATBCSE BBHICBOOOMK1aeMOIl 1P JHOGOM HHOM pacnojoxe-
HHIE UaCTHIL WM Jlaxe IILEBBIIATL €e, CJAeOBATC.ILHO, HHKAKOI
BLITO/IBI OT TAKHX ONePaUnil MBI He ITOJYUHM.

34T0 3J€MeNTL, HAXONSAUIHECH B HAUAJE H B CAMOM KOHILe
Ta0JAHILBL, T. €. CaMble JIErKHE H CaMbie TSKeJble, OTJHYAI0TCH 3HA-
UHTENBLHBIME  KOJe0aHHAMH CpeHeil BeJHYHHb SHEPTHH CBA3N.

Hanpuvep, noanas sweprusa cpsan sapa atoma reJins, cocTon-
UIET0 13 UCThIPEX HYKJIOHOB, paBHa 28,2 Mss — no 7 Mag Ha kax-
Avlit ByKg0H. [TosHas e sHeprus cssizm Aapa aroma jeiitepus,
COCTOSALIEIO H3 ABYX HYKJIOHOB, paBHa 2,28 M3s. M ecan Gul yna-
JI0Ch M3 IBYX si/ieD aTOMOB A€HTepPHs CJA0KHThH AAPO aTOMa reans,
TO peanbHbifi BBIMIPLILI B 9HEPrHH Ha KaKIO0M TAKOM ATOME CO-
ctaBin 0t 23,6 Maa!

B kunorpamme reans umeetcs 1,505« 1026 atomoB. ITpu cao-
KEHHH €ro 113 sij1ep JAeiiTepls J10.1KHE BLIAAUTHLCA SHEPTHS, pag-
Has 1,505 10%¢- 23,64 = 35,6+ 1026 M3g. UtoBu NoJyuliTh ee
OGBIYHBIM 1TYTeM, HVKHO cikeub 13 600 T Genaunal

Hpyroit npusep. TMoanas IHEPTHA CBA3M f/lpa aToMa ypana-
235, cocTosiero 3 235 HYKJIOHOB, pasHa 1786 Mag (no 7,6 Mas
Ha HYKJOH). Jueprust CBA3N MOJYUAIOULXCH NOCJAe ero AesNeHns
ABYX OCKOJIKOB, KOTOpBIE fBJAIOTCA sApaMii GoJee Jerkinx sJje-
MCHTOB W3 CepeiHubl neploJHueckoii TaGJAHIL, 3HAUHTEIbHO
ppilie (no 8,6 Mas wua HyKJ0OH). Bumecre ¢ BoiGpachiBaeMbiMi
2—3 neiitponavn owa pasua npumepno 2000,0 Mas. Cuenosa-
TEIBHO, pasiiina B KOTHUECTBE IHEPIHH MeKAY SIIPOM  aTOMa
Ypaua i ABYAST €ro oCKoJKaMI COCTABAT oKouo 200 Mas. IMpu me-
ACHHH JKe BCeX siaep oAHOro Kmiorpamya ypana-235 BeigednTtes
SNEPrHf, KOTOPYIO MOXKHO NMOJYUHTL JAHUIL Tpi cxxnramnn 1800 T
Oensuna nan 2500—3000 7 yruis.

Taxnm oGpasom, npu peaxuwu cJausHus SIACD JIeTKIIX 3JeMeH-
TOB BEICBOOOM/1A€TCA TIPHMEPHO B 8 pa3s Go.iblue IHCPrHH, uem
P PEAKLULIT JAeTeNHs SIIep TAKEABIX 976 MelTon.

SKBHBAJCHTHOCTD (B3anmocesise) maccs u aueprun. Onnny
H3 CAMBIX OCHOBHLIX CBOICTB J1I060r0 MATEPHAJLHOTO Tena $ip-
JACTCA Haluuue y nero Maccwl. B kaaccnueckoil gusnke nog mac-
COIl NOHHAMAJNOCh KOJHYECTBO matepuit. Ilpu stom maTepus ato-
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MOB CHHTATACL abconTHO 0}[{'{“":(’;,‘!}-‘;7‘."" HE ()i’I:IEiJIZEI(_}]I.[(‘!'] HITKA-
KHMH CBOIICTBAAMN, KPOME <«HCUHPOHHILACMOCTH H HHEPUHH, T. €.
CBOIICTBAMII COUPOTHBJATLCT BHEWHIM yeuauan. Macea pacemar-
pUBaJACh KAK Mepa HHepIHH Ted, cocTosunx n3 atomon. Cunta-
JIOCh, UTO JABHIKEHHEe TeJ COBEpIIeHHO He MeHseT BCeJAHUYMHLL ero
Maccni, UTO Macca BO BCeX Cayuasx JBHIKeHHs ocTaercst adeo-
JIFOTHO HEH3MEHHOII. :

Hauano HOBOMY VUEHHIO 0 MacCe MOJOMKHJIH ONLITLI PYCCKOTO
¢dusuka IT. H. JleGenepa, 10Ka3apliero, 4To cBeT obJajiaer CBoii-
CTBOM JaBJIeHHS.

M3 mexanski H3BECTHO, UTO BCAKOE J1aBjeHHe, MPoH3BOIHMOC
TeaoM Ha Kakoe-au0o [Apyroe Tejo, PABHO NMPOH3BEIEHHIO MacChl
5TOTO TeJd Ha W3MEeHeHHe ero CKOPOCTH B rpolecce B3anMoneiict-
BHFl CO BTOPLIM TeqaoM. Hamuuie cpeToBoro AaB/ienisi NPHBEIo K
MBICJIH O TOM, UTO CBET, KaK Ii 00bidlble Teta, joozen odaajlath
Maccol, TaK ke KaK H CKOPOCTLIO. DTO CTODL e 11eH30eKII0, Kak
HAJHUHE MACChLl H CKOPOCTH Y MVJI, YAaPSIONIeH s O HpPensTcTBie.
Macca renepn, okaspiBaercs, cBsizaia He TOAbBKO ¢ 00bIUHBIMIT Te-
JIAMH, COCTOSILLIMIL 113 ATOMOB, HO H cO cBeToM. ITo3ixe coseTcKuii
(usuk C. M. Bapuiios npimes K BRIBOAY, UTO CBETOBOE AaBJeHHe
PABHO 3HEPIIH CBETd, Pas/IeCHHOl HA ero CKOPOCTD. Ecau suep-
[HIO cBeTa o003naunTh OvKBoli £, nmaccy cBeta — i, a CKOpOCTb
cBeTa — ¢, TO MOJYUHM Bhiparketiiie

L

—=-=mc uin E=mc? -

Teopusi OTHOCHTEABHOCTH DHHLITEIHA OKa3ajaa, YT0 3T0 BbI-
pazeliiie CIPABCLTHBO Hie TOJIbLKO /A CBeTa, HO M i a1060ro
aApyroro suaa sueprui. IlostoMy B npuBefennoi Gopmyie MOKHO
CUNTATH, 4T0 £ COOTBETCTBYET JAI0OOMY BHAY 3HEPrHIi, /71 — Macce
A1060r0 MATEPHAIBHOrO 0OBEKTa, B TOM UHCIE i CBeTa, ¢ — CKO-
poctH cBeTa. DTa (opMyIa NOIyuHIa HeylauHOe 1A3BAlHNE «3K-
BHBAACITHOCTH MACCHl 11 3Heprii», BCKOpe HCTOJKOBAHHOE LYD-
AKyasHLIMI (H3HKAMH-H1ea lIcTaMi Ha cBOIl JiaJ B Kauyecrse jio-
KazaTe/bCTBa INMpenpalledis Martepii B 3HEpPrHio H o6patno. Ho
TAKOe TOJAKOBAHHe He OTBeuaeT [AeHCTBHTEJbHOMY CMBICTY Adil-
HOTO 34KOHa. B3aiiMOCBS3L MeKAy Maccoit n sHepriei, ycranas-
nMBaeMas 3TOil lipllie cTaBiliell 3naMeHnToit GopMyIIoNi, coBeem ne
03HAYAET, UTO Macca H 3tepris 3KBHBATCHTHDL HUIH UT0 OIH MOTYT
npeppanaTbes 0jHa B APYIyio. Boaee npasuabio ero ObLIO Obl
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HA3BATL 32KOHOM COOTHOCHTENBLHOCTH HJM B3aHMOCBSI3H Macchl H
IHEPTHH.

DTo ypapienue He YTBEPHKAAT, YTO MacCa M MOMKeT GbITh
npeppatlena B anepruio E, a ToJbKO TO, UTO OOBEKT ¢ Maccoil m
oanospeMento odJagaer u sueprueii L.

[TpHHUHI 9KBHBAJICHTHOCTH Macchl H SHEPriil NOKa3LIBAeT TOU-
HOe KO/MHUECTBEHHOE 3HAUeHHe 3IHEpTHH, OoTBevaiouleil [aHHOIl
Macce. JIas BuIUNCAEHHsI 3TOTO KOJHMUYECTBA CJAEAYET TONBKO NO-
MHOMKHTBL Maccy Te/1a Ha KBaapaT ckopocTd cserta. FiMmenuo smgech
YUEHbBIE CTOJIKHY.ICh BMEPBLIE C 3aXBATLIBAIOUIHM AYX H NOTpPS-
CalounM BooOpaxkenue (HakToM: B Tesae, obaalaloWeM Maccoil B
OAHH KHJIOFPaMM, COCPELOTOUEHA IHEePrHs, KOTOPYIO MOMKHO OblJIo
Obl MOJIYUHTD, CXKHFas NPHMEPHO TPH MuAaAHOHa Toiti yras! Ho-
CTATOUNO CKa3aTh, UTO OBJAaJeHHe TepPMOsiepHoil peaxiineil, Ko-
TOPOi Cy’KAEHO CHATL € UEJOBEUECTBa 3a00TY 00 HCTOUNNKAX
JHEPrHl Ha BeuHble Bpeiena, NO3BOJHT BLICBOGOAHTL Toabko 19
3TOH CKPLITON B BeIECTBE SHEPrui, peaklus KeaeHus siep aTto-
MoB ypaha wan maytonns —0,1%, a oGuiunas peakumus rope-
HHA — ToJabKOo 0,0000001 %111

Teopus oTHOCHTE.IBIOCTH, KPOME TOTO, YCTAHOBHJIA TAKYI0 3a-
BHCHMOCTB MacCLl Te/1a OT CKOPOCTH €ro ABHIKCHMI:

rie mg— macca Tea WM YacTHIBl B COCTOSTHHH NOKOS («MHCCZ]
ﬂO](Oﬂ:}): /1 — Macca TOTO e Teja HJAH YacTHUbI B COCTOSIHHH
ABHAEHHH CO CKOPOCTLIO V) ¢ — CKODOCTb CBeTa, Tak kax BbIpa-

U
KCHHE MN0oa KOopHem 1——-7 Menbuie einHHHIEBl, TO, CcJegoBa-

Te/IbHO, Macca ABHIKYLIETrocs Tesa m Beerna Godibiie Macchkl Tena,
Haxomswerocs B ilokoe (mMg). DTa (opMyaa NOKA3LIBAET, TaKHM
00pa3oM, uTo Macca OKas3biBAeTCA He MOCTOSHHON, a BO3pacraer
C YBEJIHUEHHEM CKOPOCTH NBHIKEHHS Tesa. A yBesHueHie CKoOpo-
CTH IBHIKEHIsl TeJa O3HAYaeT B TO JKe caMoe BpeMs yBeJHueHHe
ero KHHeTHuecKkoii sHeprint. CrenoBartesbio, BO3pacTaHue Macchl
. TeJla B 3aBHCHMOCTH OT yBe/HUEHHA CKOPOCTH €ro ABHIKEHHS MO-
KHO, COTVIACHO NPHBEEHHOI BhIle (OpPMYJe, NOHHMATh KaKk 3a-
BHCHMOCTb MacChl Teqld OT ero KHHeTHUeckoii sHepruu. Yem
Ooabllle KHHETHYECKAs 3HEPrHst Tena, TeM GOJblue ero Macca.
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Hwmesn B BHAY 3TY 3dBHCHMOCTDL, MOYKHO CKa3daTb, YTO Mdcca Teqa
ecTh Mepa coaepskailelicss B HeM 3Heprii. DTa CBA3b Macchl H
sHepruu  Bbipazkaerca opmysoii £ ==mc? Ilpn 3tomM npuxo-
AHTCST pasanuyaTh Maccy, KOTopoil o0Jajaer uacTilla, HaXoms-
uasncs B I0KOe, H TY Maccy, KOTOPYIo oHa npuodperaer, npuasd B
asisienne. Orcioga Macca wacTHllbl, Haxo/Asumielicss & Noxoe, mno-
Jayunia ocofioe Ha3BaHHe — Macca NoKos HJaH cobOCTReas Macea.

KBHHTbI cBeTd, HanpHmMep, HJH, HHaue, qJOTOHI:I, COBCCM HC
HMEIOT Macch! NMOKOS, OJHAKO OHH oOgamaioT Maccoil. PoToHu oT-
NHUAIOTCST OT TAKHX 3JeMEeHTAaPHBIX UaCTHU, KAK NPOTOHLI, 3JeK-
TPOHBLI, NMO3HTPOHLL, elle U TeéM, YTO OHH HE HMeIOT IJICKTPHYUECKOTO
sapaia 1, KpoMe TOTO, He MOTYT ABHTATbLCS CO CKOPOCTLIO, OTJH-
yaloneiics 0T CKOpPOCTH CBETA.

[Tostomy Te uacTiilpl (1M Tea1a, COCTOsIUHE U3 YacTHIL), KOTO-
pLie B oTAHUHE OT (hOTOHOB 00/1a1a10T MACCOil OKOS, NPHHATO Ha-
3bIBATL BeulecTsoM. Te Ke MaTepHadbHble 00LEKTLI, KOTOpLIE He
HMEIOT Macchkl nMokoa ((GoToHsl), BOOOLIE TOBOPS, K BEILECTBY He
otnocstest. Onnako O TAK K€ MaTepHasblibl, KAK 1 BEILCCTBEH-
Hble HaCcTHLDI.

[Ipumennutesibto K KOHKPETHOMY CAYYAI0 AJAEPHBIX peakuMuii,
HapHMEp K HeJeHHIO siipa aToMa ypana WIH MJAYTOHHSA NPH 10-
IJOUEHHH HM HeliTpoHa, HUKAKHX H3MEHEHHII B CYMMapHOM KO-
JHYECTBE MaTepHu, HMeloleicsad B npHpoe, e NPOHCXOLHT.

Ecin yuecTb, UTO YACTHIBI PACIIEMJISIEMOTO 5ijipa H BLI3BAR-
WHH 3TO pacuienJende HeHTPOH NepPBOHAYAIBLIO HAXOLILIICH B
ABHKEHHH H UYTO B pe3y/bTdTe pacilenjenis noJayuelibl iBa ne-
PaBHBIX OCKOJIKa H BBLICBOOOIKACHO HECKOILKO HeliTpoioB, HMelo-
HHIHX 0oabline CKOpPOCTH, TO YCJOXHHAIOTCH TOJAbKO (I)Opl\iy.’lbl Bbl-
UHCJICHHSA 3HEPriil i Macc yuacTBYIOULHX B 3TOM COOBITHH YacCTHIL
Ho xoneunniit pesyabrat OyleT OAHH H TOT Ke — CyMMa Bcex
JNEPruil 1 Macc AO peakLHH TOUHO PaBHA CYMME BCEX 3HEpruii H
Mace nocjie peakuun. Takum xe o6pa3oM NpH «aHHUTHIALNED —
YHHUTOMKEHHH 3JIEKTPOHA M MO3HTPOHA — MOIKIO YOeNHTLCA, UTo
C}’M.\[E]pl[aﬁ] 3Heprisa H Maccd NOJAYUHBIIHXCH (pOT()I[a HJIN (I)OTD-
HOB TOUHO paBHA CYMMAPUOIl 3HePriH H Macce «YHHUTOMKEHHBIX®
3JIeKTPOIIa i NO3NTpoHa.

CregopaTenbio, Macca H DHEPrHs — JHIIb JABa Pasidudiibix
CBOMICTBA MaTepli, NPUCYUIHX ONpPefe/eHHLIM e COCTOSHISIM.

«DaekTpoHHas nylwka» — obpasHoe Ha3pande ycTpoficTsa Ang noayuclns

HanpapJcHHOr0 NMOTOKA SAEKTPONOB B BAKyyMe. Ormmaercs ot ofGuuioi 2aeK-
TPOHHON BHNPAMHTEALHON HAM YCHAHTENLHON JAaMILL, HMMCIOUICH HTL Hakaas
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11 EATOML M VCKOPSIOWHTT 37eKTPO/, HAJNUHEM OHOJHHTE
¥
B

B, (PORYCHDVIOUHX (CHHMAIOUNX) S/IEKTPOHBE B Y3KHil ayu. F
Ho.ce LIHPOKO HPHMCHARTCH B KOHCTPYKUHAX DCCBO3M r,,\mx\ KdTOAHO-JYue
ESVCPHTWILEBIX, HHAHKATODHBIX W TeJICBH3HONHLIX TPYQoK.

B siepuoil  TeXHHMKC «3ICKTPONILIC NVUIKI: DPIMOHSIOT B Kayecine nep-
BHEHOTO HCTOYHHKA 3JCKTPONOB L1 I0UECTO openns Hx B Oetatpo-
HdX, 3JCKTPOHHBIX CHHXPOTPOHAX. JIHHEIHBIX YCKODPHTEIAX H JAPYrHX ycrpoil-
crsax, rae Tpebyiored ocofo 110THBIE MOTOKH 3JeKTPOHOB.

JHepreTHUECKHIi ANCPHLIA peakTop (ca. <Pemmpm \) — sfllepublit peaxTop,
[I4BHOE HABIAYCHIC KOTOPOTO — NPOM3BOJACTBO  TelJa s BLIPaDOTKH 3JCK-
TPHUCCKOI 3HCPTHIL

IHeprii HCTOYHMKH Ha 3eMHOM wape. SHepreTHUECKHE Pecypehl Ha 3eMHOM
Wape nmoipasieasiorTea B OCHOBHOM Ha ABA BHAA: TOMAMBHBEE (yrodb, HedTh
H D) i HETOMJHBHLIC (BOAHAS SHCPTHA, aneprug setpa M Ap.). Kpoame Toro,
HCTOUIHKH SHCPTHIE YCJOBHO JATCA Ha BO3OGHODIACMBIE H HEBO3OGHOBISC.
sbie. Huzke NpHBOAATCH Janubie MO 3THM BMAAM HCTOUHIHKOB IHEPIHH.
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HeposzobnoBasempie HCTOUHBEN {TOLIHEO)

Yedonnoz THIC.

11O, MIPA.

i Ken-

VITONE: s el S B et 10 660 806 250
Hebmy e i - 120 970
Ilpupoanwit ra3 —— 60 490
ffopqiesmes - <~ F 560 4550
Pactureannoe tonanno L 600 4 800

¥pan n Topni — 65000 527 000

HenpepbiEHO BOCCTAHARAWBAIOIHECH H NPAKTUYECKH BEYHBIC HCTOUHMKH

THIC.
MAPIL.
Kem-4
CoaneyHoe H3nyueHmwe . .. =1 1 500 €00
Mopckie npHanBL B BoJHeHNEe —— 70 000
Berep — N 17 360
Tenno Beman —— — =  Seeabme o 289
DHeprus pex-— oo B 33

Aneprua crazH (weiiTpona, npoTONa, CKTpoHA H T, A.) — IHEprus, ne-
00X0THMan 118 [10J10ro OTAe]enHs Jauilioll 4actillbl OT fApa.

OCHOBHBIE MOHATHA M TEPMMHHbI

Crp.
Slaepuas aueprusn - 163
flapo atoma ii_H
Slaepunie peakunn — 184
Slaepuple cHabsl - e 164

Anepnas sveprus — Gosee MpaBHILHOE IT TOUHOE HAYUHOE Ha-
3BAHHE SHEPTHH, BLIZEAAIOHIefics NPH peakuiax Jiedenis siep
ATOMOB THKEALIX 3JCMCHTOB (vpana, TMJIVTOHIIS) [JH CHAHAHHSA
S€P ATOMOB CAMBIX JIerKHX 3JeMentos (Bopopoja) B siipa aro-
MOB 0oJee TAMKeABLIX JeMEeHToB (resus), uen nodayvynsuiee 6oiib-
ee pacrnpocrpalenie Ha3Bauue aToMHaa JHepPaus.

siapo atoma — BHYTpCHHAA UaCTh aTOMa, B KOTOPOH coCpesio-
Toueia MOUTH BCSA €ro Macca, COCTOHT H3 HYKJIOHOB — NPOTOIOB 1
HENTPOHOB (3a HCKJIOWenHeM sjipa aToMa BOAOPOAA, COCTOMULETO
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BCEro JIHIIbL H3 eIIHCTBeHHOro npotona). [TosHoe uncsao npoToHOB
W HEHTPOHOB B fApe ONpele/sieT aTOMHbLI Bec 3JeMeHTa, UHCJIO
[POTOHOB — €ro aTOMHBLIH HOMEp B NEpPHOAHUECKOH CHCTeMe XIii-
muveckux snementos JI. M. Mengeneesa. Kaxmoe sinpo atoma
XapaKkTepH3yeTCs ONpeleiCHHOIl sxepeued ¢8a31, YAePKHBAIO-
uieil YacTHILBL, U3 KOTOPBIX OHO CJ0MKEHO, Bce BMecCTe.

Slnepuble peakuMH — CaMOMPOH3BOJILHLIC HJIH HCKYCCTBEHHBIS
npeoOpaszopania OJHHX fi/lep aTOMOB B JPYyrHe, CBA34HHBIE C [le-
PECTPOiiKoii CTPYKTYPBI HJIM H3MEHEHHEM KOJHUECTBA HYKJOHOB
B HHX. SliepHble peakiHil MOryT CONPOBOXK/ATHCA: MOJHBIM pacna-
JAOM BCEro siipa atoMma MpH NonagaHHi B HEro uacTHUL!, obaamnaio-
liert orpoMHOIl 3Heprueii (CKOpoCTLIO); MorJouleHieM Apyroiil ua-
CTHI(EL, OOBLIYHO HEITPOHA; AeJIeHHeM siipa Ha JBe HepaBHOMEpHLIe
Y4CTH;  HCNYCKAaHHEM TMPOTOHOB, HeHTPOHOB, ajbda-yacTHL M
ramMma-ayueit (cm. «lennasa pearxyusas). K sipepHuiM peaxkuusm
OTHOCHTCA M peaxkuusi cuHTe3a — o0pa3oBaHHe suep aTomMoB 0o-
Jee THAeJIbIX 3/IeMeHTOB (HanpiiMep, reJiisi) B npoluecce CAHAHHA
anep GoJee JIErKHX 3J1eMEHTOB (silep BOLOPOAA), CONPOBOKAAI0-
WAsCs BLLAGJEHHCM 3Heprid, B BoceMb pa3 OoJblleil, ueM npH
peaKUHIL Je1enis s1ep aTOMOB TAKebX 3jaeMeHToR (cM. «Tepuo-
sdepras pearyuss).

Slnepupbie cuavl. [lo 3akoHam (u3NKH JICKTPHUECKHE CHILI,
OPHTATABAIOILINE OTPHUATE/NLHO 3aPAKeHHble 3JIeKTPOHLl K MOJ0-
HKUTE/BHO 3aPSKeHHOMY sApY aToma, N0JAKHB OblJIH Obl 3acTaB-
JATH COOPAHHBIe B AAPE NMOJNOKHTEILHO 3aPsyKeHHble UaCTHILb —
MPOTOHLI — DA3JIeTATLCA B CTOPOHBI APYT OT JpyTa.

Oamako Bonpexn STHM 3aKOHAM NPOTOHbBI, HAXOISCH B npeje-
JAdX sf1pa atoya, BMecTo TOro uto0bl passeTaThCsl, MoueMy-To
YACPAHBAIOTCH BCE BMECTE I 3a44CTYIO CTOMb CHIBHO, UTO HYIKHO
NPHJAOHHNTL OFPOMHYIO SHEPTIIO A4 TOro, 1To0L X Pa3beAHHUTD
WIH BLIOMTB U3 AApa XOTS ObI O/1H POTOH.

1o e 370 3a TauHCTBeHHDbIC, HHKOMY 10 CHX nop HeBeAOMbIe
CHJIBI?

OTH CHABL HEe MOFYT ObITh 3JEKTPHUCCKIMH, TaK KaK Aae
ecatit Obl Yy [OJOBIHDLE TPOTOHOB B s1Ape aTOMa MOJOKHTEAbHbIE 34-
PAILL BAPYT MOMCHSLTHCH 112 OTPilllaTesibHble, TO H B 3TOM C/ayuae
OHM CTaJH Obl PHTATHBATLCA APYT K APYTY € CHIAMH, JHIIDL pas
B COpOK ciabee TeX cui, KoTopble (PAKTHUECKH YACPIKHBAIOT OMH-
HAKOBO 3apsiKeHHbIe NMPOTOHBI B sape artoma. CiiefoBaTe/bHo,
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CHALL 3TH He aaeKkTphueckie. MoxeT ObITh, ALl TAroTenna? [lo
OHM OKa3bIBAIOTCS €11le MeHee MPHEeMJICMLIMH, TAK KaK CHILL TAro-
TeHHA, CYLICCTBYIOULHE MEXJ/1Y JABYMS HaCTIHLAMI B sUipe aToMma,
Beaencrsine nx magoctu B 1097 pas caabee ciil, yiep:RuBalouiny
YACTHLA Ha CAMOM JgJie.

Coppemennas Gusnueckas TEOPHs CYUHTAET, UTO CHJIAMII, OCY-
IIECTBASIOMHMI B3aUMOAEIICTBHE MCHKILY 3JeKTPHUECKH 3apsizeH-
HLIMH TeJaMH H UYacTHILAMI, SIBJIAIOTCS HCAYCKaeMple H MONIO-
ulaemMple HMH (DOTOHDI, UTO 1 CO3J4deT CHJLI 3JEKTPHUECKOTro hpi-
TSIKEHHS HJIAH OTTa/JKHBaHHs. 3HAUHTe LHO TPYAHEe NpeicTaBHTL
ceGe ABHO HeoObluHbIe CHJLI, ACNCTBYIOLE Ha JeMeHTapHLie Ya-
CTHIIL!, H3 KOTOPBIX CJIOMKEHO SiPO aToMa.

BaaumoneiicTBHe MEKLY JABYMS SACPHBLIMH UACTHILAMMH, KAk
NOKa3a/JH MHOTOUNC/IEHHBIE ONLITLI, 3aBHCHT He TOJIbLKO OT pac-
CTOSIHHS MeXKAV HHMH, HO TakMe OT CKOPOCTH JBHZKEHHs 3THX
YACTHLL OTHOCHTENLHO APYT APYra, paBHO KAK H OT HalpasjieHusd
BpauleHus I(El}](,-’LOl"I H3 2THX YaCTHIL BoJibine TOro, HMEIOTCH CHJALL,
AENCTRYIOUIHE MEIKAY TPeMsi, YeThPbMA H GOJLUINM KOJAHYECTBOM
MACTHIL OLHOBPEMEHHO.

Ciaeayer 0co6o 10ZUEPKHYTh, YTO 3TH CHJABI COBEPLICHHO He
3aBHCAT OT JIEKTPHUECKHx 3apsaoB uacTul. IIporon u nporton,
HEeHTPOH 11 HeiTPOH, NPOTOH H HEITPON — Bce OHH YAEPIKHBAIOTCH
JPYT BO3Jle JApyra npHMepHo ¢ oAMHakoBoil cuioii. Camoe Ke 3a-
MevaTesibHOe TO, YTO 9TH CHJBL AHCTBYIOT B OUEHb OrPaHHueHHLIX
upenenax. Ha paccrosiniu, pasuom, nanpumep, 107 ¢ (onna
CTOTBLICAUHAS pajiuyca BCEro aToMa), sAepHLIe CHILI IPHTIrHBAIOT
1BA NMPOTOHA B COPOK pas CljbHee, YeM OHIf OTTa KIBAIOTCS APYT
OT apyra noJ jefcTpien ABYX OJHHAKOBEIX TNOJOKHTENbHBIX
ZJEKTPHUCCKHX 3apsigos. Lcan Ke 3To paccTOosiHHe YBeJAHUNTCH
BCEro JINWb B UeThipe pasa, siflepHble CHJbI NPHTSXKEHHS CTaHo-
BATCA YK€ DABHBLIMH JJIEKTPHUYECKHM CHJAM OTTaJKHBaHuda. Ygee-
JHUeHHe ITOTO PaccTofHusl B 25 pas3 mpHBeleT K TOMY, 4TO 2/1¢CK-
TPHYECKHE CHJABL OTTAJKHBAHHS TNPEBLICAT sJIEPHLIC CHJLIL NpH-
TAXKEeHH yiKe B ... MHJLIHOH pas!

C apyroii cTopoHpl, Ha PACCTOSLHAX 3HAUHTEJALIO MElblle
0,5+ 107Bcu npuTaArnBaowee aeficTBHE SAePHLIX CHJ Pe3Ko o0phl-
BAE€TCA, H OHH NpeBpauialoTcs B ewle 6oJee MOLULHbIE OTTANKHBAIO-
11IHEe CHJIBI.

Tax Ke Kaxk u B cayudae ¢ JCKTPHUYCCKHMHM CHJIaMII, B3aiMC-
jleiicTBHe MexAy SAEPHBIMI UaCTHILAMH HOCHT XapakTep HCKOEero
ofMela KaKUMH-TO APYTHMH UYaCTHUAMH, YeM-TO DOXOMKIIMI 1a
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(roTonl. Takyio MLICIL BHepPBble BLICKA3AJ COBETCKI BhU3nK aKa-
nemuk H. E. Tamwm.

B 1935 r. simouckuft Gusux Xusexn MOkasa, onupasich na na-
KOMHBIUHIICS TEOPETHUECKHT 11 OMWLITHNIL MaTepHas, BLICKA3ad
HACIO, MTO POJIL KBANTA, CBA3LIBAIOLLCTO BMECTE sepihle YaCTHILL,
BLINOJIHART HOBad MaTeDHajdAbHAsl UacTHIla, HA3BALIAs UM Me30-
nom. OH npeickasast u cBoficTBa 3THX YACTHIL, KOTOPBIMI 10 KHLL
OOMEHHBATHCA TIPOTOH I HEfITPOH, UTOOL NPHBECTH K MOSIBJIEHITO
OFPOMHBIN CILT, A€CTBYIOLIHX Ha YPe3BLIUAiiHO KOPOTKHX pac-
CTORHISIN 1l TOJBLKO B Tipejenax sizpa atoMa. TH oOMeHHBIE ya-
CTHIE!, YTOOB BLHINOIHITE CBOE Ha3lauelue, JOJAKHB CAMH CHJBHO
B3alMOJEHCTBOBATL € NMPOTOHAMI H He/ITPOHAMH HE3aBHCHMO OT
HX 3apsii0B.

CortacHo 00Uy NPHHLHETAM KBAHTOBOH MeXanliki, CHJIbI,
AGHCTBYIOLHE HA Ja/eKHe pPaccTosiiis, NMOLOGHBIE 3JeKTpoMar-
HHTHBIM CHJIAM, MOTYT NEPEHOCHTLCS TOJAbKG YACTHILAMH, He HMe-
IOLLHMIT MACCHE IOKOS, T. €. KOTOPLIE MOTYT CYLIeCTBOBATh, TOJALKO
ABHTASICL CO CKOPOCTLIO CBeTA. TaknMH YacTHLAMM, KaK CKa3alo
BLIIE, 1 aBaAoTen (ortonnl. PoTon 1 obpeTaeT macey, T. . CBOIl-
CTBO HACTHILLI, JABHTAsCh CO CKOPOCThIO CBETa.

Ciinl ke, 1eificTBYIOUHE Ha YPE3BBIYAINO KOPOTKIX PAacCTod-
HUX, COrJIACHO TeM K€ 3aKOHaM KBAHTOBOH MEXaHHKH, TOJMKHDI
HEPeAdBATLCA UACTHUAMM, HMCIOUIME MACCV JlaxKe B COCTOAHIH
NOKOfL. ITa Macca MO/KHA ObITh TeM (o.Iblie, 1eM Kopoue paamnyc
ACHCTRHA JaHHBIX CILT,

Han cun ¢ paanycom gefictsus oxoto 10713 ca macca Takix
HACTHIL N0/MHA OBiTh NPHMEPHO B ABECTH a3 0ObIIE MAcChi
2ICKTPONA,

Jlos Toro utofer 3T YACTHLE! MOLH OCVIUECTBJINATEL TaKie 00-
MEHHBIC (VHKLII ME#I1Y PasiuuubiMI HYKJIOHAMH spa aTtoMma,
OHH IOJIZKHbB! OBITL 3JKTPHYECKH 3apsikeHHLIMH, KOrna B3auMOo-
AEHCTBYIOT MeX1Y coGoii npoToH i HElITPOH, TO NPOTOH H3JAVyaeT
MOTOZKUTEABHO 3aPAKeHHbI Me30H, KOTOPLI H MOTI0L4eTes Heil-
TpoHOM. B 3TOM mnpouecce npoTon Tepser CBOil NOMOKHTEAbHLLL
3apsil H CTAHOBHTCS HEHTPOHOM, B TO BpeMsi KaK HeiiTpon NnpHoG-
PETAET NOTOKHTCALHKI 3apsia U npeppaulaetca B npoTon. Takoii
KC Pesy.IbTar, eCTECTBEHHO, 110/1yUdeTCsl, @C/H HEeTPOH H3ayuaeT
OTPHUATELHLII ME30H, KOTOPBIT MOrI0U1a€TCs NPOTOHOM.

peanoaomenie o cywecTsoBanui nOAOKHTEABHOrD H oT-
PHIATEIBHOrO Me30H0B Obi10 BeicKaszaHo [Okasoil B cooTBeTcTBIMN
¢ oGUHMI RPHHIHTIAMH COBPEMeHHOI (H3HKH, COCTOALHMH B TOM,
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UTO Jiis G000k 3apazKennoll 4acTHUE B HPHPOAE JLOMMKIA cyiie-
L CTBOBATH H MIPOTHBONOJTOK AN el 1o 3apsiiy apyrast yactuua.

Tlepsrie Takue UacTHIibl, NOJVUHBIIHE HA3BAHHE |-ME30HON
(MI0-Me30H0B), ObiIH 00HAPYIKEHbl B KOCMHUECKOM H3JIVUCHIH,
Hx macca papusiace 207 maccaM 3jeKTpoHa.

Oniako BCKope BLISICHILIOCh, 4TO 3TH YACTHULI OBLIH HE TeM,
uro omugaan. Oun caado B3anMOIEHCTBOBAIM ¢ NPOTOHAMH H
HefiTPOHAMI, B CHJY Yero He MO CJAVHKHTH TMepPeHOCUHKAMI
BHYTPHAAEPHBIX CHJI. Kposme Toro, oui oxka3a’aueb KpaiiHe He-
veroifunsnimy,  CpeiHHl CPOK  HX  JKH3HH DABHAETCH BCEro
2,2 1078 cex. [Ipu pacnaze Takoro mMesoHa BO3HHKAeT 3JAEKTPON
HJIH MO3HTPOH B 3aBHCHMOCTH OT 3apfjia camoro mesona. Iloacuern
SHEPriH, BuIAASIOUIelicsl NPH TAKOM pacnaje, n «0ajaHca» Mace
IOKA3a.H, UTO NPH ITOM JOJHLI BO3HHKATbL 110 Kpalineil mepe
elle JIBe YaCTHIbI, He HMEIOUIHe 3apsja, ¢ Maccoil, PaBHOIl HYJIO
win GJH3KOIT K HEMY, T. e. He HMelollHe MAacchl nokos. ITH ua-
CTHILI 1 OKaszadance HedTpuno. [locie neckobKHN JieT OCHOBA-
TEJABLHOI NVTAHHILBI H HeIoPa3yMeHHIl Toabko B 1948 r. TToysaaow,
Okxkuamuui 1 Jlartecon (aurauyanuH, WTaJbsHel H Upasn,mu}
ObIJIL OTKPBLITHI ME30HLI, [eiiCTBHTE/ILHO OTBETCTBEHHLIC 34 CVlle-
CTBOBaHHE OOMEHHBIX CHJ Mex IV fAAepHLIMH uacTHuamu. Hx na-
3Baqan a-Mesonamu (nu-mezonamu). Macca 7-Me30HOB oKa3a.iach
B 273 pasa Go.blIe MAacchl 31eKTpoHa.

Yeaosis o6pa3oBanns, CYHIECTBOBAHHS 11 110CJAEAVIOUIHE Tipe-
BPALCHHSA T-ME30HA WMEIOT OoueHb CJ0XKHLIT Xapakrtep. Oduapy-
KEHHBITT BIEPBLIC B KOCMHUYECKOM H3JYUEHHH T-ME30H B PO3VIlb-
TaTe TOPMOMKEHHA B BEUIECTBE pacnanaercs Ha B¢ 4acTiiibl —
ONHCAHHDBIT BBILIE (1-ME301 1 HelTPHIO,

Hd ABHIC -MC30H TAKAC 3daMC/LIACTCs, 4 34aTeM TOoXe pacna-
AaeTcs, 00pasys 2JCKTPOH 1 ABa HeliTpHHO. CTaAKHBASCH ¢ AAPOM
ATOME, OBICTPLIT m-dMedon cnocoben ero paspyuinth. B orianune
OT 1-ME30HOB THMKEALIE M-Me30HB CHJBLHO B3aHMOACICTBYIOT
C YacCTHILAMH, COCTABTHIOUIIIMH giapa dTOMOB,— HVEKJTOHAMH.
Hruenno oun 1 oxaszasnct npejckazannpivi eige s 1933 r. xpan-
TAMH AJAepPHoro I1oJst, IIO;’EO(’)]I() TOMY KaK (i)(_)'}'(_)?!i,i ABRJISIIOTCS KBAH-
TAMH 3JCKTPOMATHHTHOTO 110.14. O;[Ii&lI\'O JIISL TOTO, yToOBl BCE CXO-
JULI0CE TOUHO, HEOOX0AHMO OB CYILECTRBOBAHIE €Ll H He3aps-
JKCHHOTO, HENTPAJLHOro T-Me30Ha, OTBETCTBEHHOTO 34 B3AHMONET-
CTBHE MEMAY NPOTOHOM il POTOHOM, 8 TaK¥Xe MeXAy HellTponon
U HeHTPOHOM, T. €. B TeX cayuanx, KOTAa HH OJHH H3 HYKJOHOB He
npeppautlaercd B aApyroit. [IpoTton, ectecTBeHHO, e MOMKET MOTJI0-

167



/)

THTH [1010/KHTE/ILHBIH Me30H, TaK KAK OH He MOXKeT npHoGpecTi
BEOPOro MOJNOKHTE/bHOrO 3apsina. CrenosatensHo, Joboii 3aps-
WCHHLIIT ME30H He B COCTOSHHH OCYILECTBJIATH B3aHMOJICIHCTBHE
MeKIY NPOTOHAMH.

Bekope B KoeMmueckom naayuennn Gouin OCHAPYMKEeHbl H 3TH
HEA0CTAlOULHe HelfiTpaibHbie MEe3OHBI, Macca KOTOPLIX MpeBbiiaeT
Maccy adiekTpoHa B 264 pasa, HO KOTOpPBIE He HMEIOT HHKAKOTO
JEKTPHUECKOT0 3apsaja.

_~Cyuectsopanne HeATPaNbHOrO 7-Me30Ha, B YaCTHOCTH, 00b-
ACHACT HE3dBHCHMOCTb NeiCTBHSI BHYTPHANEPHBIX CHJ OT 3apAgoB
ACTHIL, BXOASUHX B A4PO aToMa. ITH Me30HBl TOXKE JKHBYT OUeHb
HE0.TT0 H pacnanaiTest Ha ABa (ortona. CrienoBaTteasHo, B 06pa-
SOBAHHIL H CYLUECTBOBAHHH BHYTPUSALEPHLIX CHJ «MOBHHHBI» TpPH
BIa HacTHI, M3JYYaeMbIX M [MOIVIOIaeMblX HYKJIOHAMH siApa
dTOMa! MOJIOMHTE/IbHbI®, OTPHILATE/bHbIE H HefiTPaJbHBIC TAZKEJbIe
T-ME30HbI.

SlnepHblii - PeakTOpP — VCTANORKA, B KOTOPON OCYLUECTBJSIGTCS  ynpasJsie-
Maw enias PCAKILHS  J1CJICHHST SIACD aTOMOB THAMKEALIX 3JeMEeHTOB. ﬂﬂ,CpllIxIG
PUARTOPLE  HCHOABL3YIOT a1 BLIPAGOTKH  3JCKTPHUYECKOIT SHeprun, noJayueHus
MOUUHBLY IYYROB HCHTPOHOB, MPHMEHACMBIX NMPH PAITHUHBIX HAYYHBLIX HOCAELO-
BN, H3FOTOBACHHA HCKYCCTBEHHBIX PAJHOAKTHBHBLIX H3OTOMOB € pA3HON
HHTCHCHBHOCTLIO H3JYUCHHA H CPpOXamMH JXH3HH, A4 Oﬁﬂyllﬂlllfﬁ Pa3aHuYHBIX
BCULCCTH ¢ HCTBIO H3MCHEHHA HX (PH3HYECKHX H XHMHUeCKHX CBOWNCTB, a Takike
A MPespalleniis HeAeaAUWHXCA H30Tonos ypana-238 n topus-232 s Aanep-
Hoe ropionee —nayrounit-239  n o ypan-233  [em.  cAtommeui  (adeprbtii)
peaktops].

fAneproe Tonaueo CLIECTBA, SIIPA KOTOPHIX CJSITCA MOA  AeiiCTBHEM
MCURHHBIX um’npouon:‘ﬁmponnuii usoton ypau-235, HCKyccTBeHiubll H3oTOMm
Vpau-233 u NeKYCCTBeRHBI 3JeMenT MIAYTOHHIT-239. flaeproe TONANBO CAYMHT
L TOAYHCHHA 9HePrHK, o0biuHO Ténna, B A1ePHOM peakTope.

Alaephan  TexHHKa — OTPACTH COBPEMEHHON TEXHIKH, HMeowan 1eso c
AACPHUON 3HCPrHCl W onCnoab3yiomas ee s HYXKI Hapoanoro xossiictsa
crpaust 1 ee oGoporbl. Pazanuaior npasoe 0 KoCBeHHOE NpUMeHeHHe AxepHoi
TEXHHKH. [\’ IIC[}BO.‘»I}" OTHOCATCH PeaKiHy fAcl1enHs A/1CD aTOMOB psiaa sJaemen-
TOR € UeJILIO NOJIyHCHH GO0 IbUIHX KOJHYeCTB SNEPruy, 00BIUITO 3.’ICI(T])lfllCCKOf'l
(naepuas sueprertuka), K KOCBCHHOMY  HCIIOJIb30BAHHIO — MHOTOUHCICHILIC
IIPHMCHCHHA NPOAYKTOB pacnaja siiep PajiHOAKTHBHBIX H3OTONOB H HX H3J1Y-
YCHH — B TIPOMBILIVIEHHOCTH, HayKe, MeNINHe, CeanLeKOM XO3MHCTBE, TeXHHKe,
K aepuoii Texnnxe ornocstess Takme peakTopocTpoeite, NPOMBIMLIJICHHBIE Me-
TOALL PASBCAKH H A0GBIMH eCTECTBOHHBIX J1CAAUIHXCS 3JCMEHTOB — ypaHa H TO-
pHs, NOJIVHCHHE MCTAJIHYECKOrO Ypana H c¢ro CIIJ1aBOB, pasie/icHHe H30TOIOB
M ApYTHC AHAJOrHUIILIE NPOUECCHl, Pa3paGoTKa M NPOM3BOACTBO BLEX BHAOB
YCTAHOBOK, Malli, anmaparos # npHGOPOB, NMPHMEHSEMLIX B aTOMHOIN npo-
MLIUACHHOCTH H TCXHHEKC.

finepuan du3nka — vactop COBpEeMEHHON (hU3NKH, NnocBsLIeHNAnA H3ydeHHio
ATOMHBIX A1ep, AICPHBIX MPOLUCCCOB H 3AEMENTAPHLIX YACTHIL, YUacTaYIOUMX B
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AMEPHLIX  Nporeccax W peakunax. Slacpuas QusHka  ABAAeTCA  HayuHofi 1
IKCHCPHUMEHTAIBHON  OCHOBOM  SIACPHOIL  TeXHHKIL M ATOMHOMl  [POMBILLICN-
HOCTH. . g

Slaepnas dmsuka yeaoBHO N0APa3ieasncTes Ha CJACLVIOUHE pasfebl: oG-
llHe CBOHCTBA ¥ CTPYKTYpa siAep; SIACPHBIE CHJLI, CHOHTAHHBIE (CAMONPOHI-
BOJIBILIC) NPEBPALLCHHS  S/I€P; SACPHLIE DPeaKuHH; (H3NKa 3JICMEHTapHbIX
uacTHy; (PH3HKA HEHTPOHOB; SKCHEPHMEHTAJbHAR METOJANMKA sIACPHOIN (HINKH.

Ha Gasze sijepuoii (H3HKH BO3HHKJIH HOBBIE OTPACAH HAVKH: PaZHOXHMHS,
PAJHANHOHHAN XHMHS, HOBLIC METO/Ibl ONPeAeSeHHsl «BO3PACTa» HCKONaeMbly &
reOJIOTHH W apXeoJO0rHH H MHOTHE JpyTrHe.

flnepnoe opykue — cobpeMeiible BiAbl OpykKusA, AeACTBHE KOTOPOro oc-
HOBANO [a HCMOJb30BAIHE OFPOMHOI 3HEPTHH, TJaBHBIM  0GpPa3oM B3PLIBHOI,
BLICBOGOK Ta10ULe/iC TPH SAePHBLIX PeaKuHax [feseHHe flep aTOMOB THIKEILIX
9JCMEHTOB } CHHTC3 siJep aTOMOB CaMBIX JICTKHX 3JeMeHTOB (BOpopoja) o
aapa aromon Goqace Taaeabix saementos (reanit)]. K sgepromy opysuio or-
HOCSITCS H TaK Ha3biBaembie GoeBuic pailioOaKkTHBHBIE BellecTBA — 00BIMHO pa-
AHOAKTHBHBIC NPOAYKTBHI IN€JeHHA SACD TAXKEBIX 3JeMEeHTOB.

Hrak, Mul goGpannck 10 xonua OyKBbl S W 10 Konua 3Toil
kuury. CoOcTBeHHO roBops, OOJBUIVIO YaACTbL TOFO, UTO Mbl
HaMepeBaJiHCh paccka3aTh H oOBACHHTL B Hell, MOomKHO OLIJIO
Obl yMeCTHTh B 3TOil OueHb eMKOil /s 3aTPOHYTLIX HaMH Be-
ueit 6ykse H: «siapo atoMar, «ajlepHas SHEPTHs», «spepHas
(huzHKa», «agepHbll peakTop», «anepHas TeXHHKa» H T. 1.

[TosToMy 10 H3JI0KEHHBIM B Hayaje KHHLH coo0parkeHisM,
a TaKKe NOoTOMY, UTO PYCCKHH aadaBHuT, Kak 1 MHOTHE JIpyrue
A3LIKH MHpa, HauHHaeTcs ¢ OykBul A, a He §l, Ham npHuiocs
JBBHHVIO 10110 MaTepHasaa, HauHHaIoUIerocd co ¢aona «ajpo»,
HAuUaTh €O CJ10Ba «aToM». 3TO HO3BOJINIO BCE OCTAJNbHOE YIKe
Gosiee pasHoMepHO paclpeieniTh 1o APYruM OVKBam asda-
BHTA.

*

Bozppawasncs K ToaMy, UTO IHCAJ0Ch B HAuAMe 3TOl MaJeHLKoil
«IHIIKAONEIHI», ¢ AYIIEBHLIM TperneToM 00pallaeTes K YHTATe 10
aBTOP: YAaJ0Ch K eMy BO30OYyAHTh HHTepec H JIoGONLITCTBO K O/I-
HOIi 113 caMblX 3aXBaTHIBAIOWHX oOsnacTeil coBpeMeHHOll HaVKH —
aToMHOIi ¢u3nke H sHepreTHke? He Bo3HHKJA AW Yy UHTaTEe A NO-
TpeGHOCTb, a BO3MOKHO, H HeOOXOAMMOCTh OGPaTHTBCST K KaKoil-
Au6o ofbcToATe/1LHOH HAayUHO-MONYAAPHOH KHHre, 4ToObl NONOJ-
IIHTh CBOH 3HAHHA?
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Ecau Takas nHeo0XoIHMOCTL Haspesa, yTo, Gesyciaonio, nopa-
AyeT W aBropa, 1 H3jgartesaei, Mbl npemiaraeM HeOOJBLIGH CHHCOK
HAYUHO-NONYJAAPHEIX KHMT, NpeiHasHauveHHBLIX AJds uHTarecll ¢
D3OI O ATOTOBKOIL.

a) Jas HauaABHOTO 03HAKOMJICHIISI

bexkgpwman Il M. Heswinmoe ocrabaser caey. M., ATomuanar,

19
?{p o /. B. Teun nesuammoro csera. M., Atomusizar, 1964,
yanos A @ flnpa, atomsl, Mogexyas. M., Tocatomusaar, 1962,
Fapaucp M. Teopia ornocHteaLuocTs Aas Muaanonor. Ilepes. ¢ anra.
M., Aroxnziar, 1965.
Kopsaxnu }O. I1. Buorpadus artoma. M., Focaromuanar, 1961.

Korroun 3. Cembs Kiopn u pasnoaktusuocts, Ilepes. ¢ dpanu. M.,
ATonuszar, 1964

6) Has Golee nOAroTOBAEHHOTO YHTATESt

Acramenwkon [ T. Arosmuan npospimiensocts. M., [ocaTomuanar,
1962.
Faanxos K. A Dueprus atoma. M. Herrus, 1958.
Mecceu I'. Hoag spa B pususc. ITepes. ¢ anra. M., Artomuzuar, 1965.
IMTpouenxo A H [lokopenre atoma. M., Atomusgar, 1964.
103 M. Heropis uciitpona, Tlepes. ¢ anrd. M., Atosuszar, 1964.

8) JLis noAroTOBAEHHOro YHTATEAR

Apuumosuu JI. A Buemenrapuan (uaixa miazusl. M., TocatoMus-
Aar, 1963.

Atom ans mupa. Coopink. M., Hza-so AH CCCP, 1962,
Fpoasenckuit J. 3. PaanoGrosorns, 2 max. M., Tocarommsps I,
1963,

B ray6i atoma. Copamk. M., Man-s0 AH CCCP, 1965.

Boauex O. Hsotouw na caymbe seaoseka. M., ®Puamarrns, 1958,

3eanr K. Aawbepr Sitnurreiin. [Tepen. ¢ nemenk. M., Avomuspar, 1961

Janpyxnna A K, Koaecos I M, OGpazopanie Xusiuecknx
SACMCHTOB B KocMbuccknx teaax. A, Foc: Aar, 1962,

Cenveunron A TL Arouie paxe HTPOGJICLIbL OCBOCHHA KOCMOCA,
M., Aromusgar, 1964.

Cubopr T. Hexyeersennnie Tpaucypanopsie siacventin. Tlo
M., Atomuaaar, 1965.

Tpudonos . H. Tpaunusl u 3BOMOIHS NEPHOAHYCCKON  CHOTEMLL
M., Tocatomusgar, 1963.

Tpudonons M. H. Ecan 6w nc Guao ypana u Topusa. M., Han-go
AH CCCP. 1963.

Weakun K. H. ®uznka smukpomupa. 2 mag. M, Artomianar, 1965,

fiur U Dacuenrapnue wactauw. M., Tocatomusaar, 1963,

pen. ¢ oanra.
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Kupunn Anexcanpposwu Fnapxos
ATOM or A pgo 4

Tematuueckun nnan 1965 r., N2 73

Pepaktop A. @, Ansbbes

O6noxka xygomnura b. I, fypapeea
Mnntoctpauun xygowrnxa K. M. Heanep
XyAomecTseHHsIH pesanKTop

A. C. Anexcaupgposn

Texnnuecknn pepaktop €. M. Monosa
Koppextop Jl. . Bamok

Cpano 8 Habop 20/VIII 1965 r,
Mognucano & neuats 19/11 1966 r.
Bymara 60 < 84!/,;, tunorpadcras Ne 2.
Meu. n. 11

Yy.-usg. n. 10,2, 3akaz uaa. 1267

Tupan 80 000 k3. T-01487. Llena 31 kon.
3akas Tun. 3475,

Atomuagar, Mockaa, K-31,
yn. Maauosa, 5/7.

Tunorpadua «KpacHuiil nponerapuin
MonutMspara,
Mocusa, Kpacnonponerapcran, 16,



B 1966 r. ATommM3jaT BbINYCKAET cnepyiouMe
HAYYHO-NONYNAPHbIE KHMIM:

ApramKuH B, H, kang. texH. nayk, Ywawkos B. A.
HEOBLIKHOBEHHbBIE TMPEBPALLLEHMA ATOMHOW DHEP-
[MWU. Uza. 2, nepepabor. u gon., 8 n., 24 kon.

Bennuaiwee pOCTHIKEHMe UYENOEEUECKOrD rE€HUA — OTKPLITHE 3fieK-
Tpuueckoi 3Hepruu. Ho utobbl nonyunis ee, Hafo XMMHUECKYIO JHEp-
THIO Yrna, HeTM wWNM rasa npesBpaTWTL B TENNOBYIO, TENNOBYIO — B
MEXBHHUECKYIO, @ YMKe MEeXaHWMUYeCKYID — B 3NeKTpuueckylo. A gns
370ro 06:3aTE€NLHO HYMHLI NapoBble KOTALI W TYPBMHLI MM ABMraTenu
BHYTDEHHErO CropaHMs, JNeKTPOreHepaTopbl, FPOMO3AKOE BCNOMOra-
TensHoe obopyAosanue. MOSTOMY yueHble M MHIKEHEpLl Tax YNOPHO pa-
BoraloT Hap ynpolieHuem 3Toro Ukkna, utoBel pewMis npobaemy, Kak
SAEPHYIO 3HEPTrHMIO HEeNOCPEeACTBEHHO MPEBPaTHTh B INEKTPHYECKYIO.

3Ta KHMra — MMBOH, ySneKaTenbHbIA Pacckas © HenocpeAcTBEHHOM
npeoBpazoBaHik AAepHON 3HEPTHM B 3NEKTPMYECKYIO, o TOM, Kak AnA
3TOrO MCMONL3YIOT PaAHOAKTMEHLIE W30TOMbI, MOAYNPOBOAHMKM, TEPMO-
INeKTpUUECKKe H TEPMO3MHCCHOHHbIe npeobpazosaTten, MarHHMTOrHAPO-
AMHaMMUYeCKME reHepaTopbl, NNasmeHHble peakTopsl. YuTaTens yaHaer
B HEH O 3ameuvaTtenbHbIX MEPCNEKTHBAX, KOTOPble OTKPLIBAIOT nepea
UENoBeYEeCTBOM MONYUYeHUe INEKTPOIHEPrHM MeTOAaMH HenocpeacTBeH-
HOro npeobpazoBaHus,

ApumMmoBHu Jl. A, akagemuk AH CCCP. SNEMEHTAP-
HASl ®U3UKA TINA3MDLL Uzg. 2, nepepabor. u gon., 10 n.,
30 kon.

Khura akapemuka J. A. Apuumosuua NOCBAWEHA BECbMAa aKTYanb-
HOH Npobneme coBpemMeHHON M3MKKM — nnasme, T. e. ocobomy cocron-
HHIO BELUECTBA, HOr4a OHO SBNAETCA CMEChIO 3aPSIKEHHbLIX M HelTpanb-
Hbix 4acTuy. B Hel nonynspHo uanaraetcs Teopus nNnasmel W pacKpbi-
BAIOTCA YyBReKaTensHble NEPCNeKTHBEI MPMMEHEHHMA nNasMbl ANs nony-
HeHHWA TepMOosAepHOW 3HepruM, npAMoro npeobpaszoBaHus Tenna e
3NEKTPMHECTBEO M  WCNONb3OBAHMA €€ BO MHOrMX 0BNacTax HaykW m
TEXHHKH.

Kuura HanMcaHa MHBbim, oGpasHblm fi3blHOM, OHa BNONHe AOCTyNHa
NOHUMAaHWIO niofed co cpefHum oBpa3sosavuem w, HECOMHEHHO, Bbl-
30BeT BONbLLIOH MHTEPeC Y camoro WHPOKOro Kpyra uutatenes,

Mepsoe u3faHMe KHUIKM BCTPETHMAO OYEHb TEMNbLIN nprvesm u BuicTpo
pPa3ownock,



Ay6uumuu H. M., un.-kopp. AH CCCP, B. C.Tyb6apes.
HUTb MM3HMU (Ouepku o reretuke). 10 n., 30 kon.

Mouemy cbiH NOXOMW Ha otua? Kak uabaeuTbCs oT MHOrMx Hacnep-
cTBeHHbIx 3aBONEBaHWii, NPOTMB KOTOPLIX Bpauu cerofns BeccunbHbi?
Kak cKalblBaloTCA MOCNEACTBMA ATOMHBIX B3PLIBCB HA MOTOMCTBE M-
renein Xupocumsl u Haracaku? Yem 3HaMeHHTs nonunnoMabl? leHetu-
ueckmuit Bapbep B Kocmoce.. MOMHO nu ero npeogonerts?

Ha 3T M MHOrMe ApPYrHe BOMPOCHI, CBA3aHHbIE C FEHETWKOH, oTae-
yaer wHura. OHa COCTOMT M3 HECKOMbKHX OYEepKOB, PacCKa3blBalOWMX
0 pasnuuHbix NPobremax reHeTHKH — OTPAacnH HaykM, 6ypHo passuBalo-
ULencs 8 HaullM AHH.

ABTOPbI — M3BECTHbIA COBETCKHA yuensiii-Buonor H. M. [Aybunun
w wypHanuct B. C. lyBapes. Kuura HanucaHa s nonynspHoi hopme,
o cnoMHelwKx Buonoruueckux npobnemax paccKasslBaeTca nNpPocro M
MOHATHO.

Ayap6ax LU NEHETHUKA. Mepes. c anrn. 13 n., 85 kon.

B Haw pex reHeTHKa — oAHa M3 Haubonee MHTEPECHBIX M 3ameuva-
TenbHLIX CBOMMH ﬁEpCﬂeKTHBGN:M H WHPOKHMH rop“3°HTaMH HaYIL
WMayuerue (akToOpoOB, BNMAIOLMX HA HACNEeACTBEHHOCTh, OBfageHue WH-
CTPYMEHTaMM HaNpPaBfeHHOTO BO3AEHCTBMA HA HACNeACTBEHHOCTL —
BOT Te 3a3auu, KOTOpble 3aHMMalT yme Buonoros.

WMms aHrMMACKOro YyuyeHoro, uneHa AHMNMACKOR aKagemuu Hayx
LWapnotter Ayspbax yme H3IBECTHO LUMPOKOMY KPYry COBETCKMX uMTa-
Tenel, WHTEPECYloWKXCs BONpOCcamu paaMaumoHHoin Guonorum. [lpe-
KpacHbli NonynapH3aTtop, oHa Hanucana s 1956 roay wrury «Paanaumon-
Has redeTuka», KoTopan Gbina nepesefeHa Ha PYCCKMA A3bIK M M3AaHa
Aromusgatom B 1959 roay.

Hosas wHura L. Ayspbax, HanucaHHas HA BbICOKOM Hay4HOM
ypoBHe, oOueHb NONYMAPHO W [AOXOAYMBO PACCKA3ILIBAET uUTaTENIO
O Hayke reHeTuKe, ee [OCTHMEHMAX, 33Aa4aX, TPYAHOCTAX W upe3BuI-
uafiHo SonswMx nepcnexkTuBax. Ee ¢ MHTepecom MpPouTYT cambie wWHpo-
KMe KPYrd uMTaTenew.



fpoasenckuhu A I, kang. men. Hayk. PAOHOBMOSO-
FTM4. Wsg. 3, nepepabor. u gon., 12 n., 56 kon.

B Tpetbem m3MAHHMM KHMIM, Kak M B Nepebix A[BYX, AaH o4epr CO-
EPEMEHHOr0  €OCTOSHMS  Npobnembl BO3AEHCTBMA  MOHWIMPYIOLLHX
M3NY4EeHMH Ha JHMBbie OPraHMsmbl. B Hel paccmoTpeHbl (huanueckne
CBOHCTBA ITHX HM3NYYEHMH, MX XMMHUHECKOE LEWCTBHE, BAMAHWE Ha KNEeTHY
M Ha Benbli OPraHn3m, BONPOChI XMMWUYECKOM 3aliMTbi OT H3INYUEHHH M
BQ3NEMCTEHA Ha HacneACTBEHHbIE CBOWCTBA oOpraHusma. [IpueegeHel
HaHHbIe O NPAaKTHUECKOM MWCNONMb3OBAHWM AOCTHIEHMH pafuobuonorku
B MeaHLHHE M B PasNuuHbIXx oBnacTax HapoOAHOrc XO3AWCTBA.

B tpeTbe M3faHMe BHECEHB! WMCMPABNEHHA WM [ONOMHEHHA C YYETOM
HOBLIX TEOPHA M (PAKTOB, BO3HMKLUMX WM A06bLITLIX B NOCNEfHWEe roakl.
Pacwupen passen o paAMauMOHHOM haKTope B Kocmoce,

XapakTep M3NOMeHUs Aenaet KHMry MHTEPECHOM WM [OCTYNHOW NS
Tex, KTO MPMCTYNaeT K M3yueHUIo paarobuonoruM, paboTaer c MCTOUHM-
KaMHM MOHM3MPYIOWero uanydenus W BoobBuie enaer BbiTh B Kypce
Pa3BUTHA OJHOrO M3 BaMHEWWMX pasfenos OHMONOrMYECKON HaYKH —
paguobuonoruu,

3ennr K. ANbBEPT DHHIUTEHH. Mepee. ¢ Hem. Map. 2.
14 n., 90 kon. Bropoe W3gaHve nyudwe OOPMAEHO, Ha ne-
pennete — nopTpeT DHHLUITEHHA,

Benukum npeobpazosatenem ectecTBozHanus Hazsan AnsBepra
DfiHwTeirHa B, WU, flennn, [leAcTBUTENsHO, €r0 TEOPHMA OTHOCHTENLHOCTH
BbI3BANa PCEOMOUMIO B (DM3MKE, NO-HOBOMY NPEACTABMAa NOHATHA ©
npocTpaHeTee 1 spemend. Maew IHHwTeRHa rnybOKo NpoHMKNM B ecTe-
CTBEHHbIE HayKu 4 gani mMoliHsI% Tonuok ana BYpHOro passurtua.

B kHure onuceiBaeTcs 6onbliof M cBOeOBPasHBIi JMMIHEHHBIR NYTh
BENMKOro (M3MKA., ABTOP MPHUBOLAMT MHOMO MWHTEPECHLIX (PAKTHUECKMX
MaTEpPHanos, OCBELLAIOWIMX MHU3HL IJnHWTerHa, OnMcaHbl MHOTMOUKCEH-
Hble BCTPEUM YUEHOTO ¢ NIOSbMMW Pa3sfNuuHbIX HallMOHansHocTed, npo-
(eccui, Barnspos. PacckasbiBaercs O HEB3rofax W MMILEGHMAX, NepeHe-
CeHHbIX JAHLWITEHHOM, O TOM, HTO TMTACPOBULI MPMIOBOPHAM €Fo K
CMEPTHOM KAa3HM W OH BbIN abIKYMAEH IMHIPUPORATL 8 AMEPMKY.

Hapucosanneiit K. 3enurom noptper 3SHHWTeliHa — 370 nopTper
WMMBOrO, NoBO3HATENBHOrO, KLLYLLEro YefoBeKa rPOMaAHOrO YMa M Bbi-
COKOM AKTHBHOCTH, C €ro XapaxKTepoM, COMHEHHAMH, NPOTHEOREUHMAMM...

3ta kHura — ofiHa K3 nyuwmx o6 A, DHHwWTelHe; NepBoe ee Wana-
HWE Pa3’oWnoch oueHb BbiCTPO, uTo roBopuT 06 MHTEpece, NpPoORBNEH-
HOM K Hel camblimM LUMPOKHM KPYrom uMdrartenes,
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Kyzuu A, M, un.-kopp. AH CCCP, Bepeauna H. M,
wang. Buon. Hayk, SHEPTUA B CENLCHKOM
XO3AKUCTBE. Mza. 2, nepepab. u pon., 6 1., 18 kon.

5 nonynspHo#i (hopme MINArakeTca CBEACHMA MO UCroNbI0BaHHIO
ATOMHOM 3HEPrMM B CENbCKOM XO3RNCTES.

MoppobHo paccmatpusaiorcs sdipexTsl gedctems Gonbwhx fo3 pa-
AxauMy, yBHUBAIOWIMX KIETHH, 4 BO2MOMHOCTH WCNONbIOBAHMA 3THX A03
ANS CTepUNM3auMK BaKUMH B BCTEPHMHAEPHH, KOHCEPBHPOBAHMA MNMLLEDLIX
npoayktos. [faetcs obulee nNpepacTasneHue O MYTareHHOM HelcTBHM
HMOHU3IMPYIOWeEN pafMauuk M MCNONb3OBAHWMMK ITOrO CBOWCTBA MPM Cenex-
LUHH HOBbLIX (hOPM CENbCKOXO3AWCTBEHHLIX PACTEHMH, YCTOMUMBBIX K
BUpYcHbiM 3ab0AeBaHMAM, a TaKKe paccMaTpuBaloTca obnacTi npHmene-
HUS W 3hHEKTUBHOCTE MCMONL3OBAHWA HMOHMIMPYIOULMX M3INYyUEHHH B
Pa3nuuHbIX OTPAacnAX CeNLCKOro XO3siCTBa,

Mepsoe u3AaHMe KHMIK BLIO TENNO BCTPEYEHO UYMTATENAMM,

Kuura paccuntara Ha LWMPOKMA KPYr uuTaTenel — arpoHoMOS,
CTYAGHTOB CENbCKOXO3AWCTBEHHLIX M OMONOrMuUEcKMX cneuuasnsiocTed,
a TaKKe Ha NHL, MHTEPEeCYIOWMXCA NPUMEHEHMEM MINYUEHHMI B CENbCKOM
xo3aMcTse.

x‘*f‘f- Mand l.oyﬂ, Oepplly vr-ruu‘_y\
Iloypeuc Y. 1. MOoAMA » ATOMBI. I'iepes ¢ anrn. 11 n,
55 kon.

ABTOp — (IU3MK, WYPHANKCT W PEAaKTOp MO BONPOCam Hayku ra-
setbl  «Huio-Mopk 7Tafimcs Yunsam JI. JloypeHc paccrassisaer 06
OTKPLITUM pacliensieHHs sflep YP&aHa, NOBECTBYET O Havane aTOMHOro
BEKA, ONMCbLIBAEGT MCTOpPHIO CO30aHHMA aTtomHoro opyxmua s CLUA, On
OCTaHaBNIMBALTCH M Ha NEepCneKTHBax MHPHOTO HMCNOoNb3I0OBaHMA a,qepn—eoi&
3HEPruH.

HWuso u MHTepecHo pacckazbiBaer JloypeHc o SAEPHO-hHMIUuEeCcKMX
MCCNEenoBaHMAX KPYNHEWLWMX YyuYeHbIX MMpa: umTansfaHua J. Mepmu, pat-
uyauuna H. Bopa, dpanuymenkn M. Honuo-Kiopu u apyrux duaukos,
BHECWIHX 3HAYMTENbHBLIA BKNaA B MCNONB3OBAHWE ATOMHOW 3HEPrUm.
MapannensHo aBTOp MONYNApPHO M3NaraeT OCHOBHbIE MPMHUMMLI JKCMC-
PUMEHTANBHBIX (HUIMHECKMX MCCNenoBaHMA,

Krura mHtepecHa w nonezsa CAMOMY LUMPOKOMY KPYry uuTarenen.



BHUMAHUWIC YHTATENEW!

Hacknage ATomMu3pgaTa
MmeerTcsa:

BysnHor A. . ALPA, ATOMBI, MOTNEKYNbL 1962 b
367 c1p., ueHa 73 kon.

ATOM, KOTOPBLIH PaHble CYMTanu HeJenumbim KHPNHMYMKOM MUupO3na-
AMA, OKa3ancs HanoNHEeHHbIM ABWMYLLUMMHCA M a3au.~\o,u,e}‘ic‘rayioummn
4acTuuamu. Packpeis cTpoenue atoma, ydeHsie rnybiue nosnaior owpy-
WAOWHIA HAC MHUP.

Hem panbue mel nponuraem s MHP aTtoma u Monekyn, tem Gonblie
CHN U ABACHMH NPUPOALI CTABMTCH Ha cnymby uenosexy. M3 atoma u mx
HACTHL, COCTOST MLINMHKY M FOPbl, BOLa W BO3AYX, NNaHeTwl M 3Be34bl,
7. e. Bcsi Becenennan.

MpoHukHys & rny6rHb CTPOEHHA MHKPOMHpA — aToma, yuyeHbie no-
cracunm Ha cnyxBy venoasewy anepruio, KOTOpas 8 MHNNUOHLI pas npe-
BLILIAET 3HEpruto, CoAepMallyiocs s yrne u HedTH.

AsTop-ueo u obpasmo PacckazbizaeT o HOBEAWMX [OCTHMEHMAX
PUIHMKKM M XMMKK, XMMUKK nownu o 4TOMa «BUIMPbL», CMHTE3MPYN Mone-
KYNBI-KAPAMKM M MONEKYNBI-THIaHTbI, M HAaXOAATCH cefivac Ha nopore
CO3NAHMA WHUBOH maTepun — Benka. Bu3ukK nownu or aroma «Brny6b»,
NPOHMKAR B8 atom W ero agpo. Mayuas ux CTPOeHHe, (PHIMKM No3Hanm
MHOTME sBNEeHWs B npupope, oboratuam yenoseuecTtro NOTPACAIOWMMH
OTKPBITHAMM, MMEIOWUMMH YIKe CeHuac mpakTHueckoe npumeHeHne B Ta-
kux oBnactax, kak PaAKO3INEKTPOHMKA, HCAONL3OBAHME ATOMMON IHEPTHH
W ap.

MCCﬂe,ﬂ,yﬂ CTpoeHHe Monexyn, Y4yeHble OTKPBINH NYyTH CO3Aa8HMA Ma-
TEPHANOB C TaKMMM CBOECTB&MH, KOTOPLIMKM He O6ﬂa,ﬂ.ﬂl'OT NnpxpoAHLIe
MatepHanel. A ulyuyeHue CTPOEHMS HMBON KNETKHM Aano MM BO3MOMHOCTH
OXPaHWTL nlopeli oT mHoxecTsa Goneawer, NPCANHTE YenoseyecKyr
H{M3HL,

Knura paccumnrana ua camuiii WHPOKKUHA KPYF uMTaTene.

3aKaskl Ha KHMrH Hanpasnsnte no appecy: Mockea, B-71, Fenuncrmi
npocnext, 15, Coloskuura, orgen HAYYHO-TEXHHUGCHOH AMTEPATYPBI Mnu
B ATomuanar no agpecy: Mocksa, K-31, yn. ¥{ganoea, 5/7.
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