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Hsoronbl... Kakue pasHble accomMaluH BHI3BIBAET
3T0 cJoBO Y Jsofefi. C OfHON CTOPOHEI, 3TO JyueBasi 6OJIe3Hb
xKuTesef XHMPOCHMBI M PHIGAKOB, MONABIIKX MOA PafHOAKTHB-
HBI JOXIb; C APYIOH — 3TO THICSYHM CIIAaCEHHBIX XKH3HEH
nocsie OOGJNyueHHs KOOAJbTOBOH MYIIKOH HJIH BXKHBJEHHS
HCKYCCTBEHHOI'O CTHMYJSTOpa cepaua. B onHoM ciydae 31O
CJIOBO BBI3bIBa€T YYBCTBO TPEBOTH H ONACHOCTH, B JIpYyroM —
panocTb TBOPUECKHX HAXONOK B HayKe, TAJaHT/JHBBIX HHIKe-
HepHBIX pellleHHH CJIOXKHBIX TeXHHUeCKHX 3azau. M asis ogHux
U 18 APYTHX acCOUMalUi eCThb BeCKHe OCHOBaHHS.

CoBpeMeHHBIH 3Tan pa3BUTHS OOLIECTBA, CBsSI3aHHHIHA C Ha-
YYHO-TEXHHYECKOH pPEeBOJIIOLHEH, NOoTensieHHe MeXAyHaponHOH
06CTAaHOBKH CO31al0T G/1aronpHsiTHbIE YCJOBHS IJIs1 IIHPOKOTrO
NpUMeHeHHs] B MHpPHBIX LeJISIX aTOMHOH SHEpPTHH, B TOM YHCJe
H pajHOaKTHBHBIX  HM30TONOB. lcmosb3oBaHHe pajHOAKTUB-
HBIX H30TONOB B HAapOJHOM XO3fIHCTBE — B HayKe M TE€XHHKE,
B CENTbCKOM XO3fIHCTBE H MeIHIHHe — CYJUT TPOMaJHbIe
NepCrneKTHBLl MOBHILUEHHS MPOH3BOAUTEIBHOCTH TPYyHa, HH-
TEHCH(UKAUUH TEXHOJIOTHUECKHX IPOLIECCOB.

Jlyis1 MMpOKOro M NPOAYKTHBHOTO HCIOJIL30BaHUS PaiHO-
AKTHBHBEIX M30TONOB HEOOXOAUMBI HX IIOBCEMECTHAsl MOIYJsi-
pv3anys, pa3bsCHeHUe BO3MOKHOCTE! U IpelesoB IpHUMEHe-
HMs, a TJIaBHOe Npeojio/ieHye TIcuX0Ioruyeckoro 6apbepa, nos-
BHUBIIErocsi B pe3yJibrate 6ECKOHTPOIBLHOrO, 6ecriedHoro obpa-
IEHUS C pajMOaKTHBHLIMM BelljecTBaMu. VIMeHHO 3TH ueiH
npecjaenyer Hacrosiuias Opournopa. OHa paccuMTaHa Ha ca-
MbI LIHPOKUE KpYr uuTatesiel M MOMKeT SBUTbCA OTNPaB-
HbIM IYHKTOM JJsi TeX, KOro Bcepbe3 3adHTepecylOT BO3MOXK-
HOCTH HCIO/Ib30BAHAS PaJHOAKTUBHLIX H30TONOB. ABTOp NpH-
HOCHMT U3BAHEHHUS TeM U3 UUTaTe/el, KOMY U3JI0KeHHe [I0KaXe-
TCs1 yepecuyp nonyJaspHeiM. OaHaKo 3ajayH, H3JOKEHHbIE
Bbillle, HE MO3BOJIMJIH aBTOpy H36exarb 310oro. Yrtolul moay-
YUTh SICHOE INpeJCTaBJeHHE O BO3MOXKHOCTSX, TasILUXCS B
NpUMEHEeHUH PaJHOAKTUBHBIX H30TONOB, HEOOXOAMMO O3Ha-
KOMHTBCSl B NEPBYIO OYepelb, XOTb M B MONYJSPHOM H3JIOXKe-
HHH, C TNOHATHEM H30TONHH, PAJHOAKTHBHOCTH, a TaKXe C
MeTOJaMH MOJy4YeHHs, BbIJeJNEeHUs W PperucTpaniu pajgqo-
AKTHBHBIX HM30TONOB. JTHM BONpPOCaM MOCBSIIEHB IEPBLIE
YeThIpe pasfena HacTosieH OpOLIIOPHL.
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YTO 3TO TAKOE — PALMOAKTUBHLIE
U30T1OMNbIY

Bce oxkpyxatomue Hac mnpeaMmeThl, cama 3emid,
nnaHets!, CoJHIe, 3Be3jw!, BCsi BcesleHHasi €OCTOSIT M3 MHO-
JKECTBA Pa3/IMYHBIX BEINECTB C CAaMBIMH Pa3HbIMH CBOMCTBaMH.
B ompeneneHHBIX yCTIOBHSIX 3TH BelLIECTBA MOI'YT OHITh TBEpAbi-
MH, JKUAKHMH HJIH ra3006pa3HbIMH. PasyiMuHBIX UHIUBHAYA/b-
HpIX BelleCTB OYeHb MHOTO, TPYAHO JaxKe OLEHHTb HX YHCJIO.
OnHHX OpraHHYeCKHX BELIECTB H3BECTHO COTHH TBICSY, 4 CKOJIb-
KO HX emle HeusBecTHO?! M KaxkJ0e MHAUBHIYaJNbHOE BEIIECTBO
o6siafilaeT Onpene/eHHBIMH, TOJBKO €My HNPHCYUIHMH, CBOH-
crBaMd. Ilouemy Tak? Uro6bl NOHATH 3TO, BOOGpasuM ceGe
TaKOfl MHKPOCKOI, yBeJIHYeHHEe KOTOPOrO MBI MOXeM Heorpa-
HUYEHHO NOBbIaTh. [IpH paccMOTpeHHH KakOro-jaHGO Belile-
CTBa C BO3paCTaHHEM YBeJNHUYeHHS MHKPOCKONA MBI HayHeM
3aMeyaTh, YTO OHO HMeEET 3epHHCTOe cTpoeHHe. CaMmble MajieHb-
KHE «3epHa» BeleCTBA, B KOTOPHIX e€lle COXPAaHSIOTCS €ro
CBOHCTBA, Ha3bIBAIOTCS MOJIEKYJaMH. Bce MoOJexky/bl AaHHOTO
BellleCTBa OJHAKOBLEI H HEOTJIHUHMBI APYT OT Apyra. «3aceyem»
ONIHY M3 MOJIEKYJl M HauHeM ee pacCMaTpHBaTh NOJ elle GoJib-
HWIMM yBenuueHHeM. Mbl YBHIHM, YTO M MOJIEKyJa HMeeT 3ep-
HucTOe crpoeHHe. ONHAKO B OTJIMYHE OT OJMHAKOBBIX «3epPeH»
BEIIECTBA — MOJIEKYJl «3€pPHa» MOJIEKYJ — aTOMbl, Kak Iipa-
BUJIO, pasHele. CBOMCTBA BeleCTBA ONpPELENAIOTCS TeM, CKOJb-
KO aTOMOB H KakHe BXOJSIT B COCTaB e€ro MosekyJel. O6BIYHO
B KauecTBe MpHMepa NPHUBOASAT BOAY — ONHO H3 Haubojee
pacnpocTpaHeHHBIX BellectB Ha 3emse. MosiekyJbl  BOABI
COCTOST U3 OHOTO aTOMa KHCJIOPOJa U ABYX aTOMOB BOZOPOZA.
Tlpyu u3MeHEHHH YHC/Ia aTOMOB B MOJIEKYJIE MEHSIIOTCSI COOTBET-
CTBEHHO CBOHCTBA BemlecTBa. Tak, MOJIEKYJBI MEPEKHUCH BO-
Jopona — BelIeCTBa, C OTJIHYHBIMH OT BOAbI CBOHCTBAaMH,
COCTOAT U3 ABYX aTOMOB KHCJIODOAA U JBYX aTOMOB BOXOPOAA.
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ATombl, TakuM 00pasoM, SIBJISIOTCS MeJbYaHLINMH YaCTHIAMH
HauOOJIee MPOCTHIX BELECTB — XHMUUYECKHX 3/1eMeHTOB. B npu-
pofie XHMHYECKHX 3JIEMEHTOB HE TaK MHOIO, MEHble COTHH.
IlpaBpa, 3a nocienuue 30 JeT YYeHBIM YNAJIOCh CO3JATh HC-
KYCCTBEHHBIE 3JIEMEHTHI, KOTOpble Ha 3emJle B €CTeCTBEHHBIX
yCI0BHSIX He Berpevaiorcs. Ho o6 aTom HuKe. XHMHUECKHE
9JIEMEHTBI, KaK H BCE BElIeCTBa, TaKXe COCTOAT U3 MOJIEKYJI,
HO B HX MOJIEKYJbI BXOJASAT OAMHAKOBBIE aTOMBI JIAHHOIO 3jie-
MeHTa. B 3aBHCHMOCTH OT 4YHMC/Ia H PACHOJIOXKEHHSI aTOMOB
B MOJIEKYJIe JaHHBIH XUMHUECKHH 3/IEMEHT MOKET CYLIECTBOBATh
B pasauyHblx ¢opmax. Tar, XUMHUeCKHHl 3JileMEHT YIVIEPO[
BCTpPeyaeTcsi B BHIE TPeX Pa3/HYHBIX MoAudHKaUUH C coBep-
UIEHHO pa3JIMYHBIMH CBOHCTBaMH — ajiMasa, rpadura H CaxkH.

Ho npomosmkuM Hame MHKPOCKONMHYECKOE HCCJeJOBaHHe.
Ha asror pas «3aceuem» Kako#-nu60 aToM B MOJIeKyJe H CO37a-
JUM Takoe YBeJHYeHHe, YTOOHI pa3IVIsiieTb €ro CTPOEHHe.
Mgl yBHIHM, YTO aTOM COCTOHT M3 LEHTPAJbHOTO f1pa, B KO-
TOPOM COCPELOTOYEeHa IIPaKTHYeCKH BCS Macca aToMa, a BO-
KPYT sIpa JABHXKYTCS 3JieMeHTapHbIe YaCTHIBl 3JeKTpHYecT-
Ba — 3JIEKTPOHBL. S1pO, KpOME MacChl, HECET IOJIOKHUTEbHBIH
3/JIeKTPUYeCKHH 3apsA. BennumHa sTOro 3apsifa, BelpakeHHast
B €JHHHIIAX OTPHUIATEJILHOTO 3JIEKTPHUECKOTO 3apsiia 3JeKTpo-
Ha, COBIAJaeT C YHCJAOM 2JIEKTPOHOB. TakuM o6Gpas3oM, aToM
9JIEKTPHUYECKH HeHTpaJjieH, MOCKOJIbKY CYMMapHBIfi 3apsj BCex
3JIEKTPOHOB M 3apsij fApa B3aHMHO KOMIEHCHpYIOTCS. B cBOIO
oyepejib, YHCJO JIEKTPOHOB B aTOMe ONpeAesIsieT ero CPOACTBO
K JPYIHM aToMaM M B KOHEUHOM CyeTe CIOCOGHOCTb 06paso-
BBIBATh T€ WJIM HHbIE€ XHMHUECKHe COEJMHEHHSl HJH BellecTBa.
Takum o0pa3oMm, YHCJO 3JEKTPOHOB WJIHM, YTO TO Ke caMmoe,
3apsj fApa aToMa OmpefessieT CBOHCTBA XHUMHYECKOrO 3Je-
MeHTa.

B nepuopuuecko#i cHCTeMe, OTKDBLITOH BeJHYaHIIHM pyc-
ckuM xumukoM [, Y. MeHpeneeBblM, XHUMHUYECKHE 3JIEMEHTHI
pacroJjiararoTcsi B IOpsiAKe BO3PACTaHHS JEKTPHYECKOro 3a-
psana sifpa ux atoMoB. [Ipu 3TOM OKa3biBaeTcsi, YTO XHMHYE-
CKHe CBOICTBAa 3JIEMEHTOB MEPHONUUYECKH H3MEHAITCS, 4YTO
NO3BOJIsieT pa36UTh HX Ha TPYINbI, B COCTaB KOTOPHIX BXOAST
3JIeMeHThl C OJIM3KHMH CBOHCTBaMH.

YynecHblf MHKPOCKOII, KOTOPBIM MBI Cefiyac NoJib30BaJIkCh,
K COXKaJICHHIO, CYLIECTBYET TOJNbLKO B BooOpaxeHHH. [losmyueH-
Hble C TIOMOLIBIO €r0 CBEJIeHHsl O CTPOEHHH BellecTBa Ha CaMOM
Jiesie SIBJISIIOTCST Pe3yJIbTaTOM KPOIOTJIMBBEIX, YaCTO MHOTOJIET-
HUX TEPOHYECKHX YCHJIHH HECKOJbKHX IOKOJNEHHH YYeHbIX.
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Hcruna cobupanach nmo Kpymunam, yepes omMGKH H 3a6iyx-
IeHHsI, HaJleXbl U pasoyapoBaHusi. Mges o6 aTtomHOM cTpOe-
HUH BelllecTBa 3apoauaack ee B Ilpeueit I'penun. Crpoitnas
KapTHHa, KOTOpasi BBIPUCOBBbIBaeTCs ceifuac, pesyJsibraT GoJjiee
ueM JBYXThICSiUeJIETHEH JNesiTeJIbHOCTH YeJIOBeuecTBa B IIOrOHE
3a MCTUHOM.

Teneppr HemHoro mnodanrasupyem. IlpencraBum ceGe xnBa
aToMa OJIHOTO H TOTO XK€ 3JIeMEHTa, HO HEeCKOJIbKO OTJIMYalio-
myecsi MexXay co6ofi mo Macce. B cOOTBeTCTBHM C TeM, HYTO
MBI Y3HaJId paHee, Takue JBa aTtoMa OYAyT 06/afiaTh OJHHAKO-
BbIMH XMMUYECKHMH CBOHCTBAMH, @ IIOCKOJIbKY B3BECHTb aTOM
OYeHb TPYAHO, TO B OOBIYHBIX YCJIOBUSIX 3TH JBa aroMa C pas-
HBIMHM MaccaMH HepasJIHuMMbl, TOYHO TaK e, KaK 0e3 BeCOB
HepasJIHYHMa 1030JI04eHHAs (aJbIliIBasi MOHETA H MOAJIMHHAS.

A BO3MOXKHO JIM pa3/iMyue B Macce siipa aToMa IpPH Heus-
MeHHOM 3apsize? BepHeMcsi K HalueMy 4yJeCHOMY MHKPOCKOITY
4 BHUMaTesIbHO paccMoTpuM sxpo. OkasbiBaeTcs, OHO TaKiKe
HMeeT 3epPHHUCTYIO CTPYKTYPY U COCTOHT M3 «3epeH» JBYX COp-
TOB, NPHYEM 3TH «3epHa» OJHHAKOBBl y JIOOBIX aTOMHBIX SIAEP.
D10 NpPOTOHBI — 3JIEMEHTAPHBIE YACTHIBI C IOJIOXKHUTEJIbHBIM
3JIeKTPHYECKHUM 3aps/IOM, pPaBHBLIM 3apsiy 3JEKTPOHA, U Hed-
TPOHBI — 3JIEMEHTAPHBIE YaCTHIILI C Maccoil, OueHb OJIH3KOH
K Macce INPOTOHa, HO He HMelole 3JeKTPHUYEeCKOro 3apsija.
ATOMHOe sIpO — OYeHb YCTOHYMBAsl CTPYKTYypa, YaCTHIBI
B siipe YLepKHBAIOTCSl OCOOLIMH SIIEPHBIMH CHJIaMH, IpeBOC-
XONAIMMH Ha OYeHb MaJblX DPACCTOSIHUSAX CHJIBI 3JIEKTpHYe-
CKOro B3aumMojeficTBusA. Bsaropaps sToMy OJHOMMEHHO 3aps-
JKEeHHbe MPOTOHBI YAEPKHUBAIOTCH B S]pe, HECMOTPS Ha 3JI€KT-
pHUYeCKHe CHJIBI OTTaJKHBaHUSA. HeHTPOHBI Ke BHINOJHSIOT
pOJb LeMEeHTHpYIOLIel CBA3KU. VI3 BCEro CkasaHHOro C/efyer
MOJIOKHUTE/IbHBII OTBET Ha MOCTAaBJIEHHBIH Bompoc. B camom
JleJie, JBa aToOMa, siipa KOTOPHIX COCTOST W3 OXHHAKOBOTO
Ypc/ja NPOTOHOB M OTJIMYAIOIIErOCs YHCJA HEHTPOHOB, GYAYT
UMeThb OJHWHAKOBBIE 3apsiAbl U pasHBle MacChl. A 3TO 3HAuWT,
4TO OHH GYAYT NPUHAJJIEKATh OXHOMY H TOMY K€ XMMHUYECKOMY
3JIeMEHTY H 00JajiaTb INpPaKTHYeCKH OJHUHAKOBLHIMH (pusnue-
CKHMH M XUMHUECKHMH CBOHCTBaMH. Takue OT/IHYAIOLIHecs
[0 Macce aTOMbl OJHOTO 3JIEMEHTa U HasbIBAlOTCH H30TONAMH,
YTO B NEPEBOJE C I'PEYeCKOro O3HAYaeT 3aHMMAIOLIUe OJHHAKO-
Bble MecTa (MMeeTcsl B BHJY OJIHA U Ta e KJIeTKa NepHojuue-
cKkoil cucremnl 3jementoB [I. M. MeH neneeBa).

O npupoze fiepHBIX CHJI, BIPOUEM, KaK U O IPUPOJE APY-
THX CHJI, CoBpeMeHHasi (pH3HMKa 3HaeT JajJeko He Bce. Bce
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BHIBI B3aMMOJEHCTBHS, OCYLIECTBJseMble B MpHpoAe, o6yc-
JIOBJIEHBI TpPeMsi BHAAMH CHJI: T'DaBUTallMOHHBLIMH, 3JIEKTPO-
MarHUTHBIMH H  sifiepHbIMH. CHJIBL TPaBUTAlHH JeHCTBYIOT
Mexay JIOOBIMH TeslaMH, oGsafatouiuMu Maccoi. Mimu ompepe-
JS0TCH ABHXKeHHe mJiaHeT Bokpyr CosHua, ABH:KeHHe JIyHHI
H HCKYCCTBEHHBIX CIYTHHKOB BOKPYI 3eMJIH, MOJIET CHapsija,
KoJilebaHHe MasfiTHHKA 4acoB M MHOTHe, MHOI'ME JpYTHe sBJe-
HHA, ITO BCerla CUJIBI NPUTSMKEHHs, H B CaMOM IIPOCTOM CJTy-
yae CWJa INPHTSKEHHS MOXKeT OBbITb BBIYHCJEHA II0 3aKOHY
BCEMHPHOI'O TATOTEHHs, OTKPbLITOMY HbioToHoMm eme B 1687 r.

Tak 1Ba Tejla Ha PacCTOSIHHH 7, HAMHOTO MPEBOCXOASAILEM
pasMephl TeJl, B3aHMHO NPUTATHBAIOTCH C CHJION

A, My
F"'? r2 ?

rie 7y — FpaBHTAUMOHHAs IOCTOSIHHAs;
My U M, — Macchl NEPBOI'0 ¥ BTOPOro TeJa.

Kak BHIHO, TDaBHTAallMOHHOE NPHTSXKeHHe YObIBaeT mpo-
MIOPIMOHABHO KBaJApaTy pPacCTOSTHHS.

DJIeKTPOMArHHTHbIE CHJIBI OOYCJIOBJIMBAIOT HE TOJBKO IIPO-
LleCChl MOJIYUEHHs 3JEKTPHUYECKOH 3HEPTHH, HX POJib 3HAUH-
TesqbHO Mupe. VIMH OGYC/IOBJIEHBI NPAKTHYECKH BCE XHMHYe-
CKHe W (hU3HUYeCKHe NPOLECCHl, 3a HCKJIOUEHHEM IIPOLECCOB,
IPOUCXONAMMX BHYTPH AaTOMHOIO sifpa ¥ B3aUMOJEHCTBHS
3/JIeMeHTapHBIX YacTul. Kak 3TO HH IOKa)KeTcsl CTPaHHBIM
HEHCKYIIEHHOMY YHTaTeJlOo, OTCKaKHMBaHHE MsSYHKa OT CTEHHI,
NpPHUKJIEHBAHUE MapKH K KOHBEpPTY, CBeUeHHe pacKajIeHHOH
HUTH B JIaMIOuKe, 06pa3OBaHHe KPHCTaJJIOB, pacTBOPEHHE
caxapa B yae, o6pa3oBaHHe INOJHMEpPHBIX MaTEpHAJIOB, CBf3b
aTOMOB B MOJIEKYJie — BCe 3TO OOYCJIOBJIEHO 3JIEKTPOMarHuT-
HBIMHM CHJIaMH.

B ornnuue OT CH TpaBHTalMU 3JIEKTPOMATHHTHBIE CHJIBL
MOTYT MpOSIBJSATBCS KaK B NPHTSXKEHHH, TaK H B OTTaJIKHBa-
HUH. B mpocrefiieM ciayyae cuia B3aUMOAEHCTBHS MEXIY
JBYMST HENOJBIKHBIMH TOYEUHBIMH 3JEKTPHUECKHMH 3apsifaMu
6yner:

q:°92
F= al'rz ’

TIe §; U (o, — BeJHYHHBI 3apsiIOB;
& — JU3JIeKTPHUYeCKasl IOCTOSIHHAs Cpelbl;
r — pacCTosiHHE MeX1y 3apsiaMu.



3zech Takxke cuia yObIBaeT NPONOPLUOHANBHO KBajapary
paccrosinus. [IpuyeM B3auMoLeHCTBUE Pa3HOMMEHHBIX 3apslI0B
06YC/IOBJIMBAET MPUTSKEHHE, a OJHOUMEHHBIX — OTTaJKH-
BaHHe. BsaumopeficTBHe MHOTHX ABHIKYIUHXCS 3apsiiOB INpH-
BOIUT K 0OJjiee CJIOXKHOM 3aBHCHMOCTH CHJIBI 3JIEKTPOMATHHT-
HOTO B3aHMOJEHCTBHS OT paccTosiHHA. B ofmeM ciayuae cuia
0o0paTHO NpONOPLHOHA/NbBHA 7, a 1 MOXET NPHHHMATb 3Haue-
HHs1 M Gosplie 2. DTO NPHBOAUT K TOMY, UTO CHJIBI 3JIEKTPO-
MarHHTHOTO B3aHMOJEHCTBHS B aToMax M MOJIeKYJax. JoCTa-
TOYHO BEJMKH, HO JEeHCTBYIOT TONBKO Ha OYeHb GJHM3KHX pac-
CTOSIHHSIX, COH3MEDPHUMBIX C pa3MepaMH MOJIEKYJ H aTOMOB.
B cuiy 3TOr0 B MEXMOJIEKY/ISPHBIX H MeXAaTOMHBIX B3aHMO-
JeHCTBUAX TIPABHTALMOHHBIE CHJIBI HE OKa3biBalOT CKOJIbKO-
HHOYIb 3aMETHOI'O BJIMSIHHSA. XapakTep fJepHbIX CHJI OTJIH-
vaercs eme Gosee pe3KOH 3aBHCHMOCTBIO OT pAacCTOSIHHS.
Cunpl yOBIBAIOT 1O CTENEHHOH 3aBHCHMOCTH

n
ar”,

Tle @ U 1 — INOCTOSIHHbIE,
r — pacCTosiHHEe MEX1Y B3aHMOLEHCTBYIOUIUMH Ya-
CTHIIAMH.

Ha paccrossHusix, NpeBOCXOASUMX pa3Mepsl aTOMHOTO
spa, sIepHBbIE CUJIBI MCYE3alolle MaJjbl, HO BHYTPH spa OHH
3HAYHUTEBbHO IIPEBOCXOJAT JIEKTPOCTATHYECKHE CHJIBI OTTal-
KUBaHUs MEXJY ONHOMMEHHO 3apsiKEeHHbIMH IPOTOHAMH.

HeGe3bIHTEpeCHO TNIPUBECTH HEKOTOpble KOJIMYeCTBEHHBIE
XapaKTepHCTHKH. Pasmepbl MOJeKys, He CuHTas MakKpoMoJe-
KYJ NOJHMEPHbIX CoeinHeHHH, mopsigka 10~1°—10-1! m, Pas-
Mephl snpa aToMa nopsuka 10~1% M. Oto 3HauMT, YTO pasMep
sapa mo xpafiHe#r mMepe B 10 TeIC. pa3 MeHbllle, YeM pasMep
aroma. Takum obpasom, mIoTHOCTH sigpa B 10'% pa3 Bhie
IJIOTHOCTH aToMa. Kak H3BeCTHO, MJIOTHOCTb BOABI MPH OObIYU-
HHIX ycaoBHsIX cocraBiaseT 1000 kr/m3, nJIOTHOCTH sIEPHOrO
BelecTsa — npuMepHo 10 kr/m3.

OTH pacyeThl IOKa3bIBAIOT, YTO aTOM COCTOHT B OCHOBHOM
H3... NYCTOTH. BbICOKas IJIOTHOCTb BEILIECTBA OCYLIECTBJISIET-
Csi B HEKOTODBIX 3Be3/laX, TaK Ha3blBaeMbIX GesBIX KapJHKax,
rfie Toj JAeHCTBHEM CHJI TI'DABUTAlMM BEIECTBO CXKHMAeTcs
HaCTOIbKO CHJIbHO, YTO IJIOTHOCTb €r0 MOXKET JOCTHIaTh
HECKOJIbKHX TOHH Ha KYOGHMYeCKHil CaHTUMETD.

Macca camoro Jierkoro sipa — sipa aToMa BOJLOPOAA
cocrapJisier okosio 1,7-10~27 Kr, a Macca 3/1eKTPOHA PHUMEPHO
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B 1800 pa3 meHblle, T. e. HA Maccy 3/eKTPOHOB MPHXOAUTCS
okoJio 0,05% wmacce!l Bcero atoma.

Ecnv npuuATh 32 yCIOBHYIO €IHHHIY MacChl Maccy MpoTo-
Ha WI¥ HEATPOHA, TO LEJOUYHCTIEHHOe 3HAayeHHe MacChl aToMa
BBIPA3UTCS CYMMOIl YHCJIa NPOTOHOB U HEHTPOHOB. B aTOMHOMH
GH3MKe 3TO YHCJO HOCHT Ha3BaHHE MacCOBOrO Homepa «Mb».
C apyroi#t CTOPOHBI, Mbl YK€ 3HAeM, YTO YHCJIO NPOTOHOB OMNpe-
JesisieT co60i 3apsif aTOMHOTO s4pa «Z» U COOTBETCTBEHHO IpH-
HaJ|JIeXKHOCTb NAaHHOTO aTOMa OINpPENEJEHHOMY XHMHUYECKOMY
sneMenTy. OU3HKHM ¥ XHMHKH KaXKJIOMY XHMHUYECKOMY 3/I€MeH-
Ty M YacTHIe NPHUCBOWJIM ONpe/esleHHb cumBos. Hanpumep,
3/IEKTPOHY — «e», TMPOTOHY — «p», HEHTPOHY — «A», BOLO-
pony — «H», xucmopony — «O», xene3y —— «Fe», cBHHIY —
«Pb», ypany — «U» u T. . UTOGbl yTOYHUTH 3HAUECHHUE CHM-
BOJIa, BBEpXYy CIpaBa NHIIETCS MacCOBLII HOMep, a BHH3Y
cneBa — 3apsn. Tak, 3/eKTPOHY B 3TOH CHCTEME 3alUCH COOT-
BETCTBYET CHMBOJ _¢°, UYTO pacuiH(pPOBLIBAETCH CJEAYIOUIHM
06pa3oM: yacTHLla C OYeHb MaJloi Macco#, obnajamoiias enu-
HUYHBIM OTpHIATeJbHBIM 3apsifoM. OnHako yauie 3JEeKTPOHY
NPUIHUCHLIBAIOT CHMBOJ e~ WU P, 3HaueHHe KOTOPHIX Oyner
SICHO M3 MOCJIeNYIOUero HajloxeHus. IIpoToHy cooTBeTCTBYyeT
CHMBOJI «;p'», a HEATPOHY — «ynly, WJIH MPOCTO «p» H «AY.
Camblii JIETKMH M paclpOCTPaHEeHHBIH W30TONm Bojgopopa ,H!
HMeeT sJpO, COCTOsiiee M3 OJHOro npotoHa. [pyro#f u3oTomn
Bojlopola — Jeifitepuii H?, wuinm Tsokenblfi BOLOPOA, HMeeT
SIAPO, COCTOSiLIEe M3 OFHOTO IPOTOHA M OJHOrO HeHTPOHa.
B npupose BOmOpOXL Kak XHUMHYECKHH 3/1eMEHT COCTOUT H3
cMecH JaBYX wusoronoB — 99,984 % uaerkoro H! u 0,016 %
Tskenoro ,H2.  CooTBeTcTBEHHO 3TOMY B NpPHPOAHOH BOJE
HMeeTCs1 BCerja COOTBETCTBYIOLIee HeGOJ/IbLIOe KOMHYECTBO IPH-
MECH TSKeJOH BOABI, T. €. TaKOH BOAbl, B COCTaB MOJIEKYJI
KOTOPO# BXOISAT aTOMBI TSKeJIOro u3otona Bojopoxa. Cambii
pacnpocTpaHeHHbIl H30TON KHc/Iopoga O mMeer B cocrase
sapa 8 nmpoToHOB H 8 HeHTPOHOB. B mpupone KuC/IOpOA, Kak
H BOJOpPOJ, MpeACTaBJseT CO00H CMech M30TOMNOB, NPHYEM,
Kpome ocHOBHoro usoroma 4O, B cmecu comepxutcs 0,04 %
m3otona ¢O'7 u 0,2% msorona ¢O!%. D10 3HAYHT, UTO B aTOM-

HBIX fIpax BCeX TPeX H30TONOB KHCJIOPOJA COJAEPIKHUTCH IO
8 nporonos u 10 8,9 u 10 HeiiTpoHOB coorBercTBeHHO. IoO-
CKOJIbKY CHMBOJI 3JIeMEHTa OJHO3HAUHO OINpeJessieT 3apsi
Afpa, TO, KaK NPaBUJIO, YHCJIO BHH3Y CJeBa omyckair. Tak,
JBYM OCHOBHBIM H30TOIAM YpaHa — 92-My 3JIEMEHTY MEPUOAH-
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yeckoH cucTeMbl (Z=92) — COOTBETCTBYIOT CHMBOJIBI o,U23¢
U 4,U%%, win mpocro U?38 y U2%,

AToMHOe s1po OYeHb NMPOYHOe 0Opa3oBaHHe. DHepTHs CB-
31 ITPOTOHOB M HEHTPOHOB B SIApe MOXKeT ObITh BHIYUC/IEHA
CpaBHHTEJNBHO mpocrto. JIsi 3TOro cjeiyeT BOCIOJIb30BATbCS
BLIBOJIOM H3 TEOPHH OTHOCHUTENIbHOCTH, OTKPBLITOH BeJHYaHIIAM
¢usukoM AspGeprom DfiHiuTeiHOM. W3 sT0 Teopuu ciepyer,
YTO HEPTHs CBSI3H HEKOTOPOH CTPYKTYphl E nmpomopuuoHamb-
Ha jedekTy Maccel Am, T. €. Pa3HOCTH MacC MCXOJHBIX COCTaB-
JSIOUAX ¥ KOHEYHOH CTPYKTYpHI:

E = Amc?,

rae ¢ = 3-10® m/cek — CKOpOCTb CBeTa,

Jasi npumepa paccuuTaeM SHEpPIUI0 CBsI3U siApa aToMa
renusi ;He*, cocrosiuiero us AByX NPOTOHOB U ABYX HEHTPOHOB.
B artomHO#l (Hu3NKe B KauecTBe €NMHHIBI MacChl HCIOJIb3YIOT
maccy, paBHYIO !/, Macchl u3orona yriepoaa ¢C'2. B aTOMHBIX
eJMHHIIAaX Macchl (a. €. M.) Macchl IPOTOHA, HEHTPOHA H sApa
aToMa TeJMsS COCTaBJISIOT:

m, = 1,00728 a. e. M.,
m, = 1,00867 a. e. M
m Het = 4,00047 a. e. M

Hedexr maccet Am Gyger:
Am = (2m, + 2m, — m Het) = 0,03143 a. e. M.

ITockoneky 1 a. e. Mm.= 1,658-10~%7 kr, nmeem
E = 0,03143:1,658-10%7.9.10'® = 4,7.10-12

310 3Heprus CBsA3H ONHOTO sApa atoMa renusi. B 1 KI‘ rejus
conepxurcs 1,5:-10%¢ aroMoB, a 3Heprus, BIIEASIOMIASCS
npu o6pasoBaHMH | KI' renuss M3 NPOTOHOB H HEHTPOHOB,
COCTaBHUT HeMHOTHM Gostee 710 mxoyneit, wian 200 MJIH. KH-
JIOBaTT-yacoB! AHa/IOrHUHBIE MPOLECCH NMPOHUCXOAAT B Helpax
Co/iHIIa M MHOTHX 3Be3]l M SIBJSIOTCS OCHOBHBEIM HCTOYHHUKOM
ux sHepruu. Paciyensienne siipa resinfi Ha NPOTOHBI U HEHTPO-
HBl NOTpPeGyeT COOTBETCTBEHHO 3aTpPaThl TAKOH Ke 3SHeprHUHu.

M3 wusmoxeHHOro BRI, Kasaloch OB, MOXHO CHEJAaThb
BBIBOJI, UTO Y KaXKJOTO 3/JieMeHTa MOxeT OBiIThb CKOJIb YTOZHO
MHOTO H30TOIOB, T. €. aTOMbI 3TOTO 3/IEMEHTa IIPH OJLHHAKOBOM
YKCJIe IPOTOHOB B siipe GYAYT OTJIMYATHCS UHCJIOM HEHTPOHOB.
OnHako BEIBOJ| 3TOT He COBCeM BepeH. [lesio B TOM, UTO aTOMHOE
SIAPO OCTaercsi YCTOHYMBHIM TOJIBKO B ONpee/NeHHBIX I'paHuLax
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OTHOLIEHHS] YHMCJAa HEHTPOHOB K UYHC/IY MPOTOHOB — @—;5
JInist JIETKUX 3JIEMEHTOB 3TO OTHONIEHHE OJHM3KO K €NHHHIIE.
Tak, y cienywomero 3a BOIOPOAOM 3JeMEHTa — TeJIHsl Hawu-
6oJsiee pacnpOCTPaHEHHBIM H30TOIIOM siBjsiercst ,He!, smpo
KOTOPOrO COCTOMT H3 [BYX MPOTOHOB H IBYX HEHTPOHOB.
To ke 1/ caMbIX pacnpOCTPaHEHHBIX H30TOMOB: yIVIEPOAa —
«C'?, asora — ,N', xucmopona — (O u 1. 1. C yBenuue-
HHEM MacCOBOTO HOMepa OTHOIIEHHe MEX]Y UHCJIOM HeHTPOHOB
U TIPOTOHOB MOCTeNEeHHO pacTeT. ¥ Hona, Hanpumep, Z = 53,
a MaccoBbIi HOMep YCTOHuMBOTO u3oToma M = 127 (;,I'%7).
Takum 06pasoM, OTHOLIEHHE YHCJIA HEATPOHOB K YHC/IY IPO-

TOHOB Yy Hoja Oyner .137_.‘;333_ =1,4. JIns yKa3aHHBIX BBILIE

M30TONOB ~ ypaHa 3TO OTHOIIEHHE COCTaBHT: AJs ,,U%%8
P o159 mmm LU s

Uro e HPOHCXOIUT, .€CIH B aTOMHOM Siipe HapYIIUTCS
HEKOTOPOE ONTHUMAJIbHOE OTHOLIEHHE YHCJIa HEHTPOHOB K UHCIIY
npotoHoB? Takue sjpa CTAHOBATCSI HEYCTOMYMBLIMH, OHH
CaMOIIPOM3BOJILHO NpPEBPALAlOTC B IpPYyrue, B KOTOPBLIX OT-
HOLIEHHE YMCJIAa HEHTPOHOB U NMPOTOHOB GYAET COOTBETCTBOBATD
YCTOMYHBOMY SIAPY. DTO 3HAYHT, YTO T€ H30TONbI, B aTOMHBIX
sfipaX KOTOPHIX HAapyIIEHO ONTHMaJbHOE OTHOILEHHE MEeXAY
YHCJIOM HEHTPOHOB H YHC/JIOM IPOTOHOB, HEYCTOHYHBBI, HJIH,
KaK HX Has3bBAlOT B HayKe, HeCTaOHJbHBL. Takue H3QTOIbI
Ha3HIBAIOTCS  PaduoaKmuBHoImy.

B crnenyromeit riiaBe MBI MO3HAKOMHMCSI C TeM, KakKdUM IIy-
TEM M C KaKOH CKOPOCTBIO PaIHOAKTHBHLIE H30TOIBI IpeBpa-
IIAIOTCS B YCTOHUYMBEIE, CTaOUJ/IbHEIE,



PARUOAKTMBHOCTb

Kakum ke myTeM HecTaGuibHEIE, PaJHOAKTHUBHbIE
M30TONBl NpPHOOpeTaloT crabuiabHocTh? Kasamoch Obl, 4Yero
npomie: npH U36GBITKE HEHTPOHOB sipa AO/KHBI HCIYCKaTb
HEHTPOHBI M TakHM O06pasoM IpeBpamlaThCsi B CTaGHJIBHBIE.
W HaoGopoT, mpH HeACCTaTKe HEHTPOHOB siipa JAOJKHBI HC-
nyckatb npoToHe. OnHAaKO Takof NyTb, 32 HCKJIOYEHHEM
KpaiiHe MaJioro 4Yucja cjy4aeB HCIYCKaHHSI HEATPOHOB, B NpH-
pone ue ocymectBiasercsi. OH 3SHepreTHYeCKH HEBBITOJIEH.
Oka3sbiBaercsi, BHYTPH siipa NPOHCXONAT BeCbMa JIOGONBITHBIE
POIIECCHl: TP H30bITKE HEATPOHOB IOCJENHHE NPEBPAIIAITCs
B IIPOTOHBI, @ NIPH HENOCTaTKe HEHTPOHOB IPOTOHH! NPEBpa-
marotcsi B HefitpoHbl. Kak ke rtak? [Iporekanue /oGBIX mpo-
[IeCCOB B Npupoae, 6yab To B MaciliTabe rajakTHKH MJIM B Mac-
mrabe aTOMHOrO fipa, NPOUCXOAUT TaKHM 00pasoM, YTOOLI
HEYKOCHHTEJIbHO COOJIIONNHCh 3aKOHBI COXPaHEHHs] MacChl,
9HEpPIHH, 3apsifa. JTO 3HAUHUT, YTO CYyMMapHbIe Macca, SHeprus,
3apsl 3aMKHYTOH CHCTeMBHl JO Hayaja mporecca M Nocje ero
3aBeplLIEHHs] JOJIKHBl OCTaBaTbCsl HeW3MeHHbIMH. Iloatomy
[POCTOe NpeBpalleHNe HeHTPOHa B NPOTOH M HAOOOPOT HEBO3-
MOXKHO, TaK Kak INPOTOH HMeeT eIMHHUHBIH IIOJIOXKUTEeJbHBIH
3apsi, a HEHTPOH 3JEKTPHUYECKOrO 3apsila He HMeeT. 3aKOH
coxpaHeHus 3apsaa cob/ojaeTcss 3a CyeT TOro, YTO NpH Ipe-
BpAllleHHH, HaImpHMep, HEHTPOHA B IPOTOH BO3HHKaeT elle OfHa
YACTHIIA C OYeHb MasoH MaccOH M eAMHHMYHBIM OTPHLATENbHBIM
SJIEKTPHUUYECKHM 3apsioM. JTO 3HAKOMBIH HaM 3J1eKTpoH. B cu-
JIy HEKOTOPEIX OGCTOSITENbCTB, OOBSACHEHHE KOTOPHIX BBIXOIHUT
32 paMK¥ Hacrosiuiedl OpOLIIOpbl, BMECTE C 3JIEKTPOHOM BO3HH-
KaeT ellle OJHA YacTHLA — HeHTPHHO (v). DTO yacTHIA, He He-
cymiasi 3JeKTPHUECKOro 3apsna, ¢ NpeHeOpeKMMO MaJoH Mac-
coii. TakuMm o6pasoM, mpouecc IpeBpaujeHdsi HEeHTpOHa B
IIPOTOH MOXKET ObITh 3aMHCaH B CJEAYIOIEM BHAE:

12



—oftt > 1Pt 4 e 4 V.

[TpuBeneHHOe BbIpaKeHHe WJLTIOCTPHPYET COGMIONEHHE 3a-
KOHOB COXPaHEHHS MacChl U 3apsina. DHeprHusi, BhIEASOWAAC
IPH 3TOM Ipolecce, peanu3yeTcs B BHIE KHHETHUECKOH 3Hep-
THH BLIIETAIOMIMX U3 siipa 3JEeKTPOHA U HeiTpuHOo. Takum oG-
pa3oM, B HEHTPOHHO-H3GLITOUHBIX H30TONAX MPOUCXOMAUT pac-
naj, TaK Has3bBaeMblif pPaJMOAKTHBHEIA pacmaj, 3akJjioyYalio-
IMiACs B TOM, Y4TO HEHTPOH B SiApe MPEBPAIIAETCS B MPOTOH;
MPU 3TOM U3 spa HCHYCKAIOTCS YaCTHIEI — 3JIEKTPOH H Hefi-
TpuHO. Tako#l THN PajMOaKTHBHOTO pacnaja HOCUT Ha3BaHHe
(6eta) f—-pacnana, a mMOTOK OLICTPHIX 3JIEKTPOHOB, HCHYCKae-
MBIX DaJHOAKTHBHBIMHU siipaMH,— NOTOKOM P—-uactui. MHec-
nycKaeMmble HeHTPHHO B CHJIY OTCYTCTBHS B HUX MacChl U 3apsija
HHueM ce6Gsi He OOHApYXKHBAIOT, MO3TOMY MBI HCKJ/IIOUHM HX
U3 JanbHellero paccmorpenusi. OnHako 3Heprusi f-uacTuil
B CHJTy 3TOrO NPHHHMAaeT caMble Pas3/HyHble 3HAYE€HUST OT HEKO-
TOPOH MaKCHMaJIbHOH BeJHYMHBI (B TOM CJydae, KOTJa HOJS
SHEPTHH, mepejaBaeMasi HEATPUHO, paBHA HYJIO) 10 HYJA
(korza K HeATPHMHO NEepexXONMT BCsl 3Heprus mpouecca). Cpen-
HSisT 9Heprusi P-yacTHI MPUMEPHO paBHa !/; MaKCHMasbHOH
sHepruu (£ ax)-

B Tabnuuax paivOAaKTHBHBIX H30TONOB, KaK IIPaBHIIO,
NPUBOAUTCS MaKCHMa/bHasi 3Heprusi P-uacTui, BbIpa)KeHHAsi
B MerasjieKTpoHBosbTax (M3B); 1 M3B — 3T0 3Heprus, Koro-
pylo npHOOpeTaeT 3JEKTPOH, INPOXOAsl 4Yepe3 YCKOpsioliee
3JIEKTPHUYECKOe MOJIé B MHUJIIMOH BOJIbT. B OTHOLIEHWM OJHOMH
B-uacTuupl 3T0 BeTMUHHA HeGOJbIIAs, HO €CJTH PAJJHOAKTHBHOIO
H30TONa MHOI'O U NMOTOK [-4acTHIl BeJIHK, SHEPrHsl MOXKeT GhiTb
BecbMa 3ameTHOH. Ho 06 sTOM mnosxe.

Uro ke mpoM3OLLIO C PajiHOAKTHBHBIM H30TONOM, B SIApe
KOTOPOro NpOM3OlIeN pafHOaKTHBHBEIA P~-pacman, T. e. OLHH
HeATPOH NpeBpaTu/Cs B NPOTOH, a Macca siipa NPaKTHYECKH
He M3MeHHJIach? A mpOHU30LLIO TO, YTO 3apsif sApa YBENHUHJICS
Ha eJHHHULY, T. €. PaJHOAKTHBHBIA H30TON NAHHOIO 3/1EMEeHTa
NpEeBpaTH/ICS B H30TON CJIELYIOLIETO 3JeMeHTa B mepuojude-
ckoii cucteMe. TakuM 06pa3oM, NpU PafiHOAKTHBHOM pacraje
NPOUCXOAHT CaMONPOH3BOJILHOE MpeBpalleHHe OLHOTO XHMHUYe-
CKOI'O 3JIeMEHTa B IpYroH.

[Tocne axTa pagHoakTHBHOTO pacnaja B HOBOM TaK Hasbl-
BaeMOM JIOYepHeM sipe MOXKeT YCTaHOBHUTbCS ONTHMAaJIbHOE
OTHOIlIEHHe YHC/Ia HEHTPOHOB K YHUCJYy NPOTOHOB. B 3TOM ciy-
yae o6pasymoluiicss foyepHuit usoron crabuied. Ecaum B pe-
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3yJibTaTe OJHOTO aKTa pacnaja ONTHMAaJbHOE OTHOIIEHHE He
IOCTUTaeTcsi, TO JOYEPHHH H30TON TaKXKe GYymeT pajHOaKTHUB-
HeIM. B pesy/ibTaTe MOXKeT MMeTh MECTO IENOYKa MOC/eNO0Ba-
TeJbHBIX f-pacnanoB 10 TeX MOp, NOKa He YCTAHOBUTCS ONTH-
MaJbHOE OTHOIIEHHe YMCJa HeATPOHOB K YHC/IYy NPOTOHOB H
NpOLEeCC PafHOAKTHBHHIX MNPEBpAllleHHHl He 3aBepiuuTcsi o6pa-
30BaHHeM CTaGHJIBHOTO H30TOMNA.

Ananoruynas kapTHHa OyIeT HMETb MECTO U Y HEHTPOHHO-
IeUIHUTHEIX H30TONMOB. B 3TOM ciyyae nmpoTOH mpeBpamiaeTcs
B HEHTPOH MO CleNyiomed cxeMe:

+1Pt = ot 4 e 4 .

31ecb BMeCTO 3JEKTPOHA, Kak 3TO GbLIO B MpeNbIAYLIEM
cnyyae, obpasyercsl Jpyrasi YacTHIa — MO3UTPOH, AHAJIOTHY-
Has 3JIEKTPOHY, HO HeCyuiasi He OTPULATeNbHBIH, a INOJOXKH-
TeJbHBIl 3apsj. OTOT BHJ PaJHOAKTHBHOIO IpeBpalleHHs
HOCHT HasBaHue Pt-pacmaga, a MCyCKaeMblii HOTOK OBICTPBHIX
MO3UTPOHOB — noToKoM P+-vactun. Ilpu Takom pacmage vy
JIOUepHero H30TOna sAPO HMeeT 3apsi] Ha eIVHHIY MeHbIle,
T. €. O6pa3yeTcsi H30TONI 3JieMeHTa, 3aHHMAIOIIEr0 B IIEPHO-
JUUECKOH CHCTeMe Ipeiblayliee MecTo.

Wuorna npu P-pacnage mouepHuid H3oTOm OGpasyercss B
BO3GYKJEHHOM COCTOSIHHH, T. €. B €ro fiipe HMeeTcs H3GhITOY-
Has SHeprus. OTa 3HEPTHSI «BLICBEUHBAETCS» B BHJE OUEHb
JKeCTKHX, MPOHHKAIIHUX (ramMMa) y-ayuef,, 1O CBOHUM CBOH-
cTBaM OJIM3KHX K PEHTPeHOBCKHM JiydaM. TakuMm o6pasom,
p-pacnan pasMOaKTHBHBIX H30TONOB Hapsily C HCIYCKaHHEM
TIOTOKA OBICTPBIX 3JIEKTPOHOB WJIH IO3UTPOHOB MOKET CONpO-
BOXKJATBCSl M y-H3JTyYEHHEM.

[To3UTpPOH NO OTHOLIEHHIO K 3JEKTPOHY SIBJISETCS aHTH-
yactuueil. M3 yciaoBHEl CHMMETPUH KaKAOH 3JeMEeHTapHOH
YaCTHLIE COOTBETCTBYET CBOsSI aHTHYaCTHLA: 3JEKTPOHY — IO-
3UTPOH, NPOTOHY — aHTUIPOTOH, HEHTPOHY — AHTHHEHTPOH,
HEATPUHO — aHTHHEHTPHHO ¥ T. A. MOXKHO npejcTaBUTb cebe
U AHTUBEIECTBO, B KOTOPOM pPOJb 3JIE€MEHTapHBIX YaCTHIL
BBLIMOJTHSIOT aHTHyacTHubl. He uckmoueno, uto Bo Bceenennoit
CYIIECTBYIOT OTJEJbHbIE Tejla MM JAdxKe ILeJble TalakTHKH,
COCTOSILI[ME K3 aHTHMBEEecTBa. [IpH CTOJKHOBEHHH YacTHLBI
MW aHTHYACTHHBI TIPOMCXOAUT HX B3aNMHOE YHHUTOXKEHHe
TaK HasblBaeMasi aHHUTWJISILKS, IPH KOTOPOH BMECTO HCYE3HYB-
IINX YacTHUIbl H aHTHYACTHIbI BO3HUKAIOT ABA KBaHTa 3JIEKTPO-
MarHHTHOTO H3JyYeHHs (IBe y-4aCTHIbI, WJIH JBa Y-KBaHTa).
Tax, npu P*-pacnajge c u3/TyuyeHHeM MO3HUTPOHOB MOC/IEHHE
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3a cyeT B3aUMOJEHCTBHSI C 3/IeKTPOHAMH OKpYXKaloleHd cpenst
AHHHTHJIHPYIOT C¢ 06pa3oBaHueM JBYX Y-KBAHTOB C 3HepTrHefl
0,5 M3B. Takum o6pasoM, panuoakTHBHbIA Bt-pacmap Bcerna

CONPOBOXKAAETCA Y-HU3J1YyUEHHUEM.
SHepI‘I/Iﬂ AHHUTHJSIIHE MOKET ObITh onpeaesieHa TaK Ke,

KAaK H SHEpPTHsi CBf3M sApa, HCXOAA M3 CIENYIOIHX JAHHBIX:
MacChl 3/IEKTPOHA M TO3HTPOHA pPaBHBI H  COCTABJISIIOT
0,00055 a. e. M. B To ke BpemMsa Macce B 1 a. e. M. COOTBer-
crByer sHeprusi 931 Mss. Ilocko/ibKy NpH aHHUTHJISILHM OG-
pasyloTcsl JBa Yy-KBaHTA, 3HEPTHs OJHOrO y-KBaHTa paBHa
E? =931-0,2()0055-2 ~0,5 Mss.

Y HeATpPOHHO-Ie(UUHTHBIX H30TONOB MOXKET HMETb MeCTO
M JAPYrodl BHA DaJHOAKTHBHOIO pacnana — TaK HasblBaeMbli
K-3axBaT. B 3TOM ciyuae siipO 3axBaThiBaeT U3 BHeLIHeH
3JIEKTPOHHOM 0GOJIOUKH G/H KA HIIHEA 3JeKTpOH (K-3JIEKTPOH),
B pe3yJsibTare yero MpOTOH NpEeBpallaeTcsi B HEHTPOH, a nepe-
TPYNIIHPOBKA 3JEKTPOHOB MPHUBOIMT K BOSHHKHOBEHHIO DEHT-
FEHOBCKOTO H3JTyYeHUs — MATKHX ¢Y-Jyd4eH, KaK 3TO BHJHO
U3 CXeMbl:

£1P' 4 -~ ont -y (pentr.).

Y HEKOTOPHIX H30TONOB, B OCHOBHOM CaMBbIX TSIXKEJBbIX
3JIEMEHTOB MEPUONMYECKOH CHCTEeMbI, HMeeT MeCTO ellle OLHH
BHJ pPaJHOaKTHBHOrO pacmajga — (anba) o-pacnag. B artom
clydae W3 sApa HCHYCKAIOTCS G-YaCTHULBI — 3HAKOMblE HaM
snpa usorona reiaus ,He*, cocrosipe U3 ABYX NpPOTOHOB
U ABYX HeHTpOHOB. JlouepHHH M30TON MOXKeT ObITb TaK:iKe
HEYCTOHYHB OTHOCHTE/IBHO O-pacnafa, B pe3y/bTaTe 4Yero
MOXKEeT MMeTb MeCTO Llerouka o-pacnafos. IIpu sToM, onHako,
JlouepHHe sipa CTAHOBATCSI HEHTPOHHO-H3OBITOYHBLIMH, B pe-
3yJbTare 4Yero BCJe] 3a cepuefl o-pacmajoB ciefyeT Cepus
B—-pacnanos u 1. A. Tak, B npupoge H3oromsl ypana U238
u U?3 B KOHeYHOM cueTe NpPeBpalIAlOTCsS B CTaGUJIbHBIE H30-
Tombl CBHHUA Pb20® u Ph27,

IMpn a-pacmane 3Heprusi BCeX HCMYCKAEMBIX O-YaCTHIL
OJIMHAKOBA, MJIH, KaK FOBOPST, HCIYCKAEMbIE 0.-4ACTHIIbI MOHO-
snepretnynbl. Kak u P-pacnap, o-pacmaj MOxKeT CONpOBOX-
JaTbCsl y-H3JyUEHHEM.

SBnenve paaHOAKTHBHOCTH GbLIO OTKPHITO (hpaHILy3CKHM
yueHeIM BekkepeseM B KOHIEe mpouuioro crosietds. Mm 6buto
O0OHapy»KeHO CTPaHHOe 3acBeYHBaHHe ()OTOIJIACTHHOK, Haxo-
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IUBIINXCSI B CBETOHENPOHULAEMBIX KacceTax. Brocjeactsuu
ObLJIO YCTAHOBJIEHO, UTO 3aCBEYHBAJMCh Te IJIACTHHKH, KOTO-
pele HaXONWJIHCh PsiloM ¢ npenaparamu ypaHa. Takum o6pa-
30M ObLLIO OOGHApYXKEHO, YTO TpernapaThl ypaHa HCHYCKalOT
HeBUAMMBIE JIYUH, 3acBedyHBaiolide (POTOMNACTHHKH U IIPOHH-
Kalollye uYepes MaTepHajipl, HEeNnpo3pauHble JIJs BHIHMOrO
cBera. DTO SIBJIEHHE U MOJYYUJIO Ha3BaHHE «PaJHOaKTHBHOCTHY.
HanpHefinumMy  paGotamu cynpyroB Mapuu Kiopu-Ckioznos-
ckoit u ITbepa Kiopu 6blIO YCTAHOBJIEHO, YTO PaJHOAKTHBHOCTb
CONMPOBOXKIAETCSI, KPOMe H3JYUeHUs, elle M IPOLeccoM Ipe-
BpallleHHsi OJHHX 3/JeMeHTOB B npyrue. EcrecTBeHHO, 4TO B
TO BpeMmsi JaTb NpaBUJbHOE OOBSICHEHHe HalJ/IOJaeMbIM siBJIe-
HHAM GbIIO HEBO3MOKHO. TeM Gosiee BBI3BIBAIOT BOCXHILEHHE
nepBble HCC/IENOBATeNH PAJUOAKTHBHOCTH, CYMeBLIHE Da3o-
GpaThCsi B MHOTrOOGpasHH sBJIEHHsl, YCTaHOBHUTb IIOCJIE/OBa-
TeJIbHOCTb IpEBpallleHHil ¥ THIBI pacnaja.

Mbl NO3HAKOMMJIHCH C IBYMsI XapakTepUCTHKaMH pPaiHo-
aKTHBHOTO pacmaja — THUIOM pacraja YU 3SHeprHell HCryckae-
MBIX YacTHL ¥ u3aydyeHu#. EcTp eme oueHb BaxkHasi xapakTte-
pUCTHKA, ONpenessionlas CKOPOCTb pPaAMOAaKTHBHOTO pacrna-
jna,— nepuox mnoaypacnaga (T,/,, uaun npocro T). Tlepmon
nojiypacnaja XapakTepu3yeT BpeMsi, B TeUeHHE KOTOpPOro
y TOJIOBHHBI M3 HMEIOMIUXCS aTOMOB DaJHOAKTHBHOTO H30TONA
NpOM30HIeT paJHOaKTHBHBEIA pacnan. B Hacrosiee BpeMs
U3BeCTHO Gosiee THICSIYM DaJHOAKTHBHBIX H30TONOB, M HX II€-
PHOZBI NOJNypacnaja HUMelOT BEJIUYHHY OT JECATKOB MHJLIHAp-
JIOB JIeT 10 TBHICAYHBIX JAoJiefl CeKyHAbl. LI NmpakTHYeCKOro
HCHO/Ib30BaHUs HayboJiee HHTEPECHb! PaJHOAKTHBHBIE H30TOIIbI
C NepHOJOM NOJIypacnaja OT HECKOJIbKHX JECATKOB JIET JO He-
CKOJIbKHX 4YacoB.

Hsmenenne umcia pajHOaKTHBHBIX AaTOMOB BO BpEMEHH
nojuuHsieTcs: caepytomeil gopmyae:

N; = N,

rae N; — uucio pajHOaKTHBHBIX 4aTOMOB, OCTaBILHXCH KO
BpEMEHH [;

No — YHCJIO DpAajHOaKTHBHBIX aTOMOB B HayaJbHbIH MO-
MEHT BpEMEHH;

A — mocTosiHHas pacnaja;
€ — OCHOBaHHe HaTypasbHBIX Jorapu¢pmoB.
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Hepuo;l rnosypacrnaja H TIOCTOsIHHasi pacmafa CBfI3aHEI
CIeAYIOIUM COOTHOLIEHHEM:

0,693
A= B

[TockonpKy B TabnuLIaX M30TONOB NPUBOAATCA 3HaueHus T,
TO H3MEHEeHHe 4YHCJa paJUOAKTHBHBIX aTOMOB BO BpPeMeHH
MOXKeT ObITb BBIPAXKEHO CJEAYIOHM 0GpasoM:
_ 0,693 :
N;=Nge T -

Cropoctb pacnana (A), T. e. YHCJIO aKTOB PaJHOAKTHBHOTO
pacnajga B JaHHBI MOMEHT f, B ENHHHIY BpeMeHH, Gyger:

A=W, =22y,

UeM ke NpHMeYaTeNTbHbl PaJHOAKTHBHbIE H3OTONL, B Ka-
KOM HalpaB/JieHHH OHM MOTYT ObITb HCIIOJb30BaHEI?

Boarogapsi ToMy 4TO pPajHOAKTHBHBIE H30TONBI HCINYCKAIOT
NP CBOeM pacnaje INOTOK OBICTPBIX 3apsKEHHBIX YaCTHIL
HJIH y-J1y4el, OHH MOTYT ObITb OOHApy:KeHbl B KpaiiHe MaJbix
KosnuectBax. CoBpeMeHHasi TeXHHMKAa CO3Jajla CrelyajbHbe
CUYETYHKH, [O3BOMSIOLINE OOHAP Y2KUTb KaXKABbIH ObICTPBIN 3JIEKT-
POH, TMO3UTPOH HJIM 0-yacTHHy. TakMMH Ke 4yBCTBHTE/bHBIMH
npuGopaMH MOXeT ObiTb OOHapy:KeHO M y-H3JjyuyeHue. B.aro-
Japsi UyBCTBUTEJNbHBIM METOZAaM OOHapyXKeHHs H3JIydYeHuH,
COTPOBOXKIAIOMNX DPaAMOAKTHBHBIA pacnaj, no6aBka pamuo-
aKTHBHOIO M30TONA K CTaOW/IbHBIM H30TOIIAM JAaHHOTO 3Jie-
MEHTa I03BOJISIeT NPOCJENNTb 32 NIOBECHHEM €ro B Pa3/IHYHBIX
¢u3uuecKux, XHMHYECKUX HJIH TEXHOJOTHYECKHX MpOIeccaXx.
MozKHO poc/IeiiTh U 32 CyAbOOH TOIO HJIH HHOTO XHMHYECKOTO
3/]1eMeHTa HJIM COeJHHEeHHs, eCJIH B HX COCTaB Hapsmy cO Cra-
OUJIBHBIMH M30TONAMH BXOAAT TaKKe H PajuoakTHBHble, Takoe
HampaBJIeHUe HCNOJIb30BAHUS PaJMOAKTHBHBIX M30TOIIOB HOCHT
HasBaHHE MeTOJa MeUeHBIX aTOMOB. MeTKOH SBJISIIOTCS B JaH-
HOM CJIy4ae Te YacCTHIbl HJIH JIYYd, KOTOpPBIE CONPOBOXKAAIOT
panuoakTHBHbIA pacnaj. IIpu HCIOIBL30BaHMH METONA MeYeHbIX
aToMOB TpefyeTcsi CpPABHHTEJNBHO HEGOJbILGE KOJNHYECTBO pa-
JIHOAaKTUBHOTO H30TOna, He Tpebyiouiee, Kak NpPaBHJIO, CIie-
LHa/bHBIX Mep 3allUThl U 0cO00H NPefOCTOPONHOCTH.

JlpyruM HampaBJeHHeM NpUMEHeHUs DaiHOAKTHUBHEIX H30-
TOIOB SIBJISIETCH HENOCPEACTBEHHOE HCMOJb30BAHHE H3JIyye-
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HHMH, CONpPOBOXKJAIOMMX paJHOAKTUBHEIA pacnaf. B stom
caydae CyLIeCTBEHHBIMH SIBJISIOTCS BHJL H3JYUEHHS H €r0 3Hep-
rus. JIJs Takoro mpuMeHeHMs HYXKHbI 3HAYHTENIbHbIE KOJIHYe-
CTBa pPAaJHOaKTHBHOTO H30TONa, TpeOyIomHe ClelHalbHbEIX
Mep 3aIIUTHl H COOMIONEHHUS] YCJIOBHH, UCKIIIOYAONMX OGe3KOHT-
POJIbHOE TONajaHue PaiMOAKTHBHBIX H30TOIOB B OKP Y2KAIOILYI0
cpeny. KonnuecTBO pajHOaKTHBHOTO H30TONA MOXKHO H3Me-
pATb OOBIYHBIMM BECOBBIMH €IUHHIAMH — MUJIJIMTpaMMaMu,
IrpaMMaMH U Jaxe KujorpamMmamu. OIHAKO 3TH €IHHHLEI NPH-
MEHSIOTCSl HPH HCHOJIb30BAHHH OUYEHb OGOJIbLIHX KOJIHYECTB.
OO6byHO, OCOGEHHO B METOJE MEUEHBIX AaTOMOB, NPHMEHSIOT
JIpyrue enuuuin bl — KiopH (K), THICAUHYIO 10O KIODH — MHJI-
Jqukiopy (MK) ¥ MHJATHOHHYIO JOMIO KIODH — MHKPOKIOpH
(MxK).

Krop# — 3T0 TakOe KOJHYECTBO PaIHOAKTHBHOIO H30TONa,
B KOTOPOM €3KEeCEeKYHJHO NMpOHcXonuT 37 MJApPJ. akTOB pacnana
(3,7-10'), T.e. CTOJNBKO, CKOJBKO TPOHCXOJUT paclajoB
B | r panus, BepHee ero usorona Ra%2® c mepuonom mosypac-
naga 1600 ner. Bec 1 kiopu mo6oro gpyroro usorona 6yaer
BO CTOJIBKO pPa3 MeHbllle, BO CKOJIbKO €ro NepHOJ nojaypacnaja
MeHblle Miepyoja nosypacnaja panus. Kpome Toro, Bec
YMeHBIAeTCsi C YMEHbLIEHHeM MacCOBOTO HOMepa H30Toma:

Bec 1 xropu B 1 ammax——T'—AiI——
p p =1600-226 *

rie T — mepHon mosypacmaja u3orona B rogax, a M — ero
MaccoBBbI HOMep.

B Merole MeUeHBIX aTOMOB HCNOJB3YIOT PafHOaK THBHBIC
H30TOINBl B KOJIHYECTBE OT JOJIeH MUJIMKIOPH 10 Josell MMKPO-
kiopy. [IpH HCNONIBb30BAHMM H3/y4YeHHH KONHYECTBO pajHo-
aKTHBHOTO H30TONA MOXKET JOXOAUTb [0 MHJIJIHOHOB KIODH.
B npuposie pafroaKTHBHBEIE H30TONBI BCTPEYAIOTCS] B OCHOBHOM
y 3JIEMEHTOB C 3apsiioM siipa 81 u BhILE, T. €. y CAMBIX TskKe-
JILIX 3JIEMEHTOB Tepuoauyeckoil cucteMel. IIpu 3TOM onM Ha-
XOASITCSA B CMECH C H20TONAMH APYTHX 3/JE€MEHTOB, H MX Bhije-
JIeHHe B YMCTOM BHJEe MPENCTaBJfAeT CJAOXKHYIO XHMHYECKYIO
3ajauy. PajHOakTHBHblE H30TONbI GOJIBIIMHCTBA SJIEMEHTOB
TMO/IyYalOT HCKYCCTBEHHBIM ITyTeéM MeTOJaMH aTOMHOH ¢usu-
ku. O6 3TOM M nOHgeT peub B CJEAYIOLIEH IJaBe.

VIHTepecHO OlEHWTh 3HEPrHI0 PaJMOAKTHUBHOINO pacnaja.
[pumem 1Jisi TPOCTOTHI, YTO NPH KaXKJIOM aKTe DPaJHOAKTHB-
HOTO pacmaja Bhijessiercss | MsB 3HepruH, a KOJIHYECTBO
usorona cocrasssier 1 kiopu. Mcxons us Toro uro
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1 MsB = 1,6.10—1 1k,

a 1 K coorserctByer 3,7-10 pacnagoB B CeKyHAy, IOJyuaeM
MOIHOCTb TAaKOTO HCTOYHHKA:

P =1,6-10-13.3,7-10-1° ~ 6.10~3 BT, Hau 6 MBT.

dra SHEPrusi He TaK YK BeJIHKa, HO €CJIM PaJHOaKTHBHOCTBH
COCTaB/ACT* MHJIJIMOHBI KIOpH, TO MOIIHOCTb HCUYHCAAETCA
KUJIOBAaTTaMH.

Kcraru, pacueThl MOKasbIBAalOT, YTO BBICOKAs TeMIeparypa
BHYTPEHHHX CJIOEB 3eMJII/I, €¢ BYJIKAHH4YECKasa JE€ATE/NbHOCTb
00s13aHBl PAJMOAKTHBHOMY pacnany ypaHa, TOPHSl M JIpYTHX
PanvOaKTHBHBIX 3/IEMEHTOB, 3aJIeTAlONMX B INIyOHHHBIX (Op-
MalHsix.
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METOb! NONYYEHHA
U BbIAENEHUSA
PARUOAKTUBHbBIX U3OTOMNOB

U3 wu3joxkeHHOro BbIlle COBEPIIEHHO OJHO3HAYHO
omnpejiesieH MyTb, IO KOTOPOMY CJelyeT HATH, YTOGHI [OJYYHTb
panuoakTuBHble H3oTonbl. HyXHO KakuM-1M60 crnoco6oM Ha-
PYWHTb B CTaGM/IBHEIX H30TONAaxX, BepHee B HX sijpaX, ONTH-
Ma/IbHOE OTHOLUEHHE MEeXKJAY UYHC/JIOM HEHTPOHOB W YHCJIOM
npotoHoB. [jsi aToro Heo6xoaumo GoMGapAMpOBaTb CTaGHJIb-
Hble siipa Pas3/IMYHBIMH YaCTUIAMH KakK 3apsKeHHBIMH, Tak
U HeHTpasbHBIMH. B KauecTBe 3apsiKeHHBIX YaCTHI[ HCIOJb-
3yIOT HauGoJiee 4aCTO TNpPOTOHHl (p), ZAeHTOHB (d) — sxpa
TS2KeJIOT0 u3oTona Bojopona (;H?) u pexe a-yacTuinl — sapa
usororma renusi (,He*), B KauyecTBe HEATPaNbHBIX YaCTHIl —
HeHTpoHb.. UTOObl nNpou3ollIa TaK HasblBaeMasi sIepHasi
peakiysi, NOJOXUTEIbHO 3apsKEHHOH 4YacTHie HEO6XORHMO
NIPeOoJIeTh 3JIEKTPOCTATHUECKOE OTTAJKHBAHHE IOJIOXKHUTEJb-
HO 3apskeHHoro sigpa. [lostoMy 3T yacTHuBI JOJ/KHEI 06.1a-
JlaTb KOJIOCCAJIbHOH 3HEeprueil B JeCATKH MerasjieKTPOHBOJIBT.
Ho paxke u B 3TOM Cjlyyae TOJIbKO HeOOJIbIIas YacTb OLICTPHIX
YACTHIL JOCTHTA€eT S[pa ¥ BCTYNAeT C HUM B SIIEPHYIO PeaKIuIo.

PajpnoakTuBHOCTb, BO3HHKAOMIAs IOJ JeHcTBHEM OOJyde-
HUS YaCTHIIAMH BbICOKHX SHEepPrHil, MM HEHTPOHAMH, MOJyYHsIa
Ha3BaHHE HCKYCCTBEHHOH DPaJHOaKTHBHOCTH, a 00pa3yolHecs
H30TONbl — UCKYCCTBEHHBIMH PaJHOAKTUBHBLIMH H30TONAMH B
OTJIHYHE OT €CTeCTBEHHOH paJHOaKTHBHOCTH YpaHa, TOpHUs
U NMPOJAYKTOB HX pacmaja, BCTPeYaloIUXCA B MPUPOIE.

VHTepecHO OTMETHTb, YTO SIBJIE€HHE HCKYCCTBEHHOH paJHo-
akTHBHOCTH ObLIO OTKpBITO cynpyramu Mpen u )Komuo
Kropu — BTOpBIM IIOKOJIEHHEM IIPOC/IaBJIEHHBIX HCC/IefOBaTe-
Jiel pajuoaKTHBHOCTH.
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a5t nosyuenus GBICTPHIX 3apsi2KEHHBIX YaCTHULL CYIIECTBYIOT
PasJIMYHOTO THIIA YCKODHTEJIH — JIHHEHHble YCKOPUTEH, IHK-
JIOTPOHBI H T. . YCKOpeHUE 3apsKEHHBIX YacTHI OCHOBAHO
Ha HUX MOBEJEHHH B 3JIEKTPUYECKOM H MATHUTHOM IOJISIX.
JlBurasicb B 9JIeKTpUYECKOM IOJIe, 3apsiKeHHasi 4acTHLa INpH-
obpeTaeT 3HEpPruio, NPONOPLUOHAJIbHYIO Da3HOCTH MNOTEHIHa-
JIOB U 3apsily YacTHUbl. EC/IHM pasHOCTh NOTEHLHANOB 3JIEKTPH-
yeckoro nojisi U BeIpa3uTh B MHJUIHOHAX BOJIBT, a 3apsifi ya-
CTHIB Z B eIHHHNAX 3apsifa 3JEeKTPOHa, TO npuobpeTaeMmas
eto sHeprusi E = U-Z M3B. JluHelHble YCKOpHTeNH IIpel-
CTaBJSIOT cO60H OTKauaHHYIO O IVIYOOKOro Bakyyma Tpy6y,
BHYTPH KOTOpPOHl Ha HEKOTOPOM pAacCTOSIHMM JIpYT OT Jpyra
pacrojioxkeH psfa SJIeKTPONOB. MexJy COCeIHHMHM TiapaMH
3JIEKTPOJOB NPHKJIA[BIBAETCS PA3HOCTh NOTEHIHAaJ0B OT TeHe-
PaTopOB BLICOKOTO HAMNpPSIKEHHS] B COTHH THICSIY M MHUJJIHOHEBL
BOJIbT. [IposieTas moc/iefoBaTeNbHO Yepe3 NPOMEXKYTKH MEXAY
3JIeKTPOLAMH, YaCTHIBI NPHOOPeTaloT BCce GOMBLIYIO 3HEPTHIO.
IlpocrefimiuM JIMHEHHBIM YCKOPHUTENEM JJIsi 3JEKTPOHOB SiB-
JIIeTCS M3BECTHBIH BCeM KMHECKON TeJIeBH30pa.

HecmoTps Ha Kaxyuiylocs NpOCTOTY JIMHEHHOTO YCKOpHUTe-
Jisl, BO3MOXKHOCTH IIOJTYYeHHsI YaCTHL, OYeHb GOJBbLIMX SHepruil
orpaHHyeHbl YHCTO TEeXHHYECKHUMH IPHYMHAMH — HelnoMepHOH
JJIMHOH Pa3roHHOH TPYOKH H B CBfI3H C 3THM TPYAHOCTAMH
obGecrieueHus1 ryGokoro Bakyyma. Kpome Toro, kaxjas mapa
BJIEKTPOLIOB «3aNHTHIBAETCS» OT CBOErO COGCTBEHHOTO BHICOKO-
BOJIBTHOT'O T'eHeparopa — CJIOXKHOTO, T'POMO3JKOI0 U JOPOTOTo
yCTpOHCTBA.

B onpHopomHOM MarHUTHOM MOJIe 3apsiKeHHas uvacTHia
JIBI2KETCS] IO KPYTOBOH TPaeKTOPHH, PajuyC KOTOPOH pacTeT
MPONOPLIHOHAJNBHO CKOPOCTH H Macce 4YacTHIlbl H YMEHbIaeTCs
C yBe/lHYeHHeM HanpsKEHHOCTH MarHutHoro noss. Ha stom
SIBIEHHH OCHOBaHa paboTa HauboJiee pacIpoOCTPAHEHHOro Yc-
KODHTENIS-IMKJIOTPOHA, CXeMa KOTOPOrO IIpeiCTaBjieHa Ha
puc. 1. DnekTpoxbl HHUKJOTPOHA B BHJIE NYCTOTEJHIX IIOCKHX
NONYLUIHHAPOB BMECTe C BIIPBICKHBAIOUIMM H BBITYCKHBIM
YCTPOHCTBOM IIOMEIAIOTCS B BAaKYYMHYIO Kamepy, KOTOpas,
B CBOIO Ouepelb, PacloJIOKeHa MexJy IOJIocaMH MarHuTa,
CO3JAI0IIETO MOLIHOE OJHOPOJHOE MarHHTHOe Mojie B BepTHU-
KaJbHOM HampaBieHHH. [Ipy 3ajaHHOH HanpsKEHHOCTH Mar-
HUTHOTO NOJsI BpeMsi ABHXKEHHS YacTHUbl BHYTPH KaKIOro
3JIEKTPOHA He 3aBHCHT OT ee 3Hepruu. Ecium K anekTponam
HOJAKJIIOYHTb MCTOUYHHK IIePEeMEHHOrO BLICOKOBOJIbTHOIO Ha-
NpsiKeHHs], YacToTa KOTOPOTO COOTBETCTBYET BPeMEHH IBHIKe-
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HMSI 110 ONHOH MOJYOKPYKHOCTH, TO IOCJ]€ BIPEHICKHBaHHS
MIOPLUH YaCTHLl OHH GYAYT YCKOPATHCA, NMPONETas MeXAy Je-
BbIM H [PaBbIM 3JIEKTPOJAAMH; HEOGXOZHUMO TOJBKO, HTOGH
B 3TO BpeMs HampsiKeHHe ObLIO MaKCHMajbHBIM. BHyTpu
3JIEKTPOJla YaCTHIUBI MOJA JAeHCTBHEM MarHHTHOrO nojs GyAyT
JBUTaTbCsl 1O TOJYOKPYXKHOCTH. K MOMeHTy BbIXOJa 4acTHI
K TPOMEXYTKY MeXJYy 3/EKTPOAaMH HampsiKeHHe JOCTHraeT

Puc. 1. CxemMa LHKJIOTpOHA:

1 — VHXEKTOp 3apsKEHHBbIX YacTHL; 2 — 3JeKTPOLH (AYyaHThH); 3 — BhI-
nyckHOoe ycrpoiictBo; ~U— K HCTOYHHKY NepeMEeHHOTO BbICOKOBOJIBTHOTO

HaNpsIKEeHHUs,

MaKCHMaJIbHOH BEJIUYHHBI, HO B IPOTHBOINOJIOXKHOM Hanpas-
snenud. Ilposerass Mexkny HpaBbIM U JIEBHIM 9JIEKTPOAOM, da-
CTHIIbI TPHOGPETYT MOPLHIO SHEPTHH, T. €. NIOJydaT YCKOpEHHUe,
B seBoM 3seKTpoAe OHM GYAYT JBUraThCS MO NOJMYOKPYKHOCTH
GOJIBbIIIETO pajuyca M K IPOMEKYTKY MeXIY 3/JeKTPOIaMH Mo-
majgyT K TOMY MOMEHTY, KOTAa 3JIEKTPHYECKOe HaNpsKeHHe
H3MEHHT MOJAPHOCTb M JOCTUTHET MAaKCHMAJbHOH BeJHYHHEL

Takum o6pasom, yacTuibl OyAYT ABUTaThCA Kak Obl IO CIH-
pasu M YCKOPATHCS KaKAbIA pas, Korjaa OHH GYAYT NpoJeTaThb
IPOMEXKYTOK MeXJy 3JeKTpojaMH. B LHKJIOTpOHaX MOryT
ObITh MOJNYYEHB YACTHLBI C 3HEpPruell HECKOJBbKO JIeCATKOB
MErasJeKTPOHBOJbLT. JlanbHefilllee NOBLILIEHHEe SHEPTHH Ya-
CTHL B LHKJ/OTPOHE BCTPEUaeT HEKOTOpble NPUHIMNHAJbHbIE
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TPyAHOCTH. [0 B TOM, Y4TO B COOTBETCTBHH C TeOpHeH OTHO-
CHTEJIbHOCTH Macca TeJl He SIBJISETCA BeJHYHHOH MOCTOSTHHOH
¥ 3aBHCHT OT CKOPOCTH. Ec/i B COCTOSIHUM IOKOsI MaccCy 4acTH-
bl 00GO3HAYUTDL YEPE3 7,, TO NMPH CKOPOCTH U Macca 4YacTHIBI
NpHOGPETaeT 3HAYEHHE

T1€ C — CKOPOCTb CBeTa.

[Toxa cKOpPOCTb YaCTHL[ Maja IO CPaBHEHHIO CO CKOPOCTHIO
CBeTa, U3MEHEHHEM MacChl MOXHO mnpeHe6peub. [lyisi uyacTum
C OueHb OGOJIBILOA 3HepPTHell H3MEHEHHe MacChl COCTaBJIsIET
3aMeTHYI0 BesJuuHHy. l3-3a 3TOro BpeMsi mpoJieTa YacTHIbI
BHYTPH 3JIeKTpoJa GyLeT 3aBHCETb OT ee sHepruu. Takum o0-
pa3oM, [0 Mepe pasroHa YacTHI, HeO6XOAMMO MeHSATb 4acCTOTY
NI0aBaeMOr0 BBICOKOTO HAamNpsKEHHsS HJIH BeJIMYHHY MarHUT-
HOTO 1oJisA, JHOO TO W APYroe. STOT NMPUHLHUI HCIONb3YeTCs
B CaMBIX MOIIHBIX YCKOPHTeJsiX — (pa30TpoHaX M LHKJO(Da30-
TpoHax. B CCCP 6biin nOCTPOEHBbI CaMbie MOIIHBIE 1Jisi CBOEro
BpeMeHH yckoputenu B I. Jly6He u mop r. CepnyXxoBbIM, OHH
NO3BOJIMJIM PA3rOHATH IPOTOHBl M JEHTPOHBI 1O JECSATKOB
MUJUINAPJOB  3JIEKTPOHBOJILT.

YckopuTenpHasi TeXHMKa JAOCTHIJIa TaKOrO YPOBHS, UYTO
NI03BOJISIET MOJYYaTh PaAMOAaKTHBHBIE M30TOMBI B MPOMBIILIEH-
HBIX Macmrabax. lcTouHukamM HeATPOHOB, Kak MpaBHJIO,
CHyKaT aTOMHBIE DEaKkTOPH,, B KOTOPHIX HapsiLy C OCHOBHOM
3ajjaueil — BLIPAGOTKOH SHEPTUH MOXKeT pellaThbCsl U MOGOYHas
3ajaya — oOpa3oBaHHe PajHOAKTHBHBIX H30TONOB. [Ipu snep-
HbIX peakLHAX YacCTHIIbI, KOTOPLIMH IPOU3BOAHTCS GOMOGapu-
pOBKa (Ha YCKODHTeJe HJH B aTOMHOM PeaKTOpe), B3aHMOJeH-
CTBYIOT C aTOMHBIMH siipaMu MmuileHH. O6pa3oBaBleecss HOBOe
SIpO, KaK IPaBHJIO, KpaifiHe HEeYCTOHUHBO W MTHOBEHHO BBHI-
6pacebiBaeT Kakyrwo-nu6o yactuny. B pesysabrate ofpasyercs
SIIPO CTaOM/IBHOTO HJIM PAJMOAaKTUBHOTO M30TOIa.

BeposaTHOCTb NPOTEKaHHs TOH HJIM MHOH sIEPHOH peakLMH
XapaKkTepH3yeTCs CeYeHHEeM peakIHH O, T. €. HEKOTOpoi 3p-
(eKTUBHOH NJIOMIANLIO ITIONEPEYHOTO CeyeHHs sfApa, Koropas
MOJKET U He COBIaJaTh C HCTHHHBIM IeOMETPHYECKHM CEUYeHHEeM.
B sanepHo#i ¢u3HKe 3a €IMHHILy CEYEHMs NPHHATA BeJHUHHA

1 6apn = 10—2* cm?,
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T. e. BeJJHYMHA, 6/IU3Kas K CPeJlHEMY 3HAYEeHHIO IVIOMAH ceye-
HUA sapa. Jlns 3apsixKeHHbIX U JOCTATOYHO OBICTPBIX YACTHL, —
IIPOTOHOB, JEHTOHOB, G-4aCTHI] CeYeHHe PeaKLHH COCTaBJjIsieT
JiecaTble, COThIE U JaKe ThHICSUHbIE JOH GapHa. D10 OOBACHSET-
Csl TEM, UYTO TOJ JAeHCTBHEM 3JIEKTPOCTATHUECKUX CHUJI OTTAJIK H-
BaHHUSl YaCTHLBI OTKJIOHSIIOTCS OT NMpPSMOJHHEHHOTO NMYTH U He
NomajaT B fApo. Tonbko HeGoMblIast HX YacTh, ABIXKYINASICA
HENOCPEJCTBEHHO «B JIOO», JHOCTUTaeT aTOMHOTO fipa W B3aH-
MOJIEHCTBYET C HHM.

Ceuenne peakuuy ¢ HeATPOHAMH B 3aBUCHMOCTH OT HX 3Hep-
THH MOXET JIOCTHraThb JIECATKOB, COTEH M Ja)e ThICAY OapH.
Cospaercst BIeYaT/ieHHe, YTO B OTHOLIGHHH HEHATPOHOB SApPO
Kak Obl «pasjyBaeTrcsi», yBeJHUHBaeT CBOH pa3Mepnl. IIpuuuHa
9TOrO SIBJIEHUS] KPOETCS B OCOOBIX BOJIHOBBIX CBOHCTBax MaTe-
pPUM ¥ HaxXoAuT OGBSICHEHHE B paMKaxX BOJIHOBOH, MJIM KBaHTO-
BOH, MEXaHHKH.

SlnepHble peaklUWH CHMBOJIHYECKH 3aMMCHIBAIOTCS CJIELYIO-
UM 00pa3oM: CHayala YKas3blBaeTCsi H30TON MHILEHH, 3aTeM
B CKOOKax — GoMOapIupyiollasi H BbLIETAOAas YacTHIbl H
3a CKOOKaMH — KOHeUHBIH H30TOIl.

Hanpumep, pannoakTUBHBEIH H30TON HATPHUH-22 C meproOAOM
nonypacnaga 2,6 roma moay4arooT GoMOapAHPOBKOH MarHusi
ngefitonamn  (d). Ilpm  3stoM  H3;nydaercss  o-yacTHIA:
Mg (d, o) Na%2. Bom6apaupoBka JefiTOHaMH XpoMa IPUBO-
IUT K 00pa3sOBaHHUIO PaJHOAKTHBHOTO H30TONA — MapraHua-52
C nepHoJoM nosiypacrnaja 6 nHe# u BHIGPOCOM IBYX HeATPOHOB:
Cr%% (d, 2n) Mn®2. TlosnyyeHne paguOAKTHBHEIX H30TOINOB GOM-
6apIUpOBKOl NPOTOHAMH HPOHCXORUT C MEHBLIHUM BHIXOZLOM,
YyeM B ciyyae GoMGapiupoBKH AefiToHamMH. TeM He MeHee psif
H30TONOB MOJYYAlOT M Ha 3TUX YacTHIAX, HamnpuUMep Hart-
puii-22, mapranen-52 u ap.: Mg? (p, a) Na??, Cr% (p, n) Mn%2%,
Bomb6apnupoBka B-uacTHlaMHU JJIsl TTOJYYEHUS PalHOAKTHBHBIX
H30TONOB H3-32 MaJOro BbIXOAAa He HAaXOAHT IPAKTHYECKOrO
IpUMEHEeHHS.

Ilpn GomGapavpoBKe MHILEHeH 3apsKeHHbIMH YacTHUIAMH,
KaK MpaBu/io, 06pa3yloTCs H30TONbl HOBBHIX, OTJIMYHBIX OT Be-
IIeCTBa MHUIUEHH 3JeMeHTOB. BcjleficTBHE 3TOr0O OHH MOTYT
ObITb OTHEJIEHBI OT BELIECTBA MHILEHH OOBIYHBIMH XHMHUYECKMMHU
MeTOZaMH, B UHCTOM, 06€3 HOCHTeJNs, BHIE, T. €. PajHOaKTHB-
HBIH npenapar COJAEepKHT aTOMBI TOJBKO PaJMOaKTUBHOTO H30-
TOma, W B 3TOM MpPEHMYLIECTBO 3TOTO METOAA IOJIyYeHHS.
O6paTHasi KapTHHa HMeeT MecTO NmpH 6oM6apAHpOBKe MHIIEHH
B PEaKTOpe MeJJIeHHBIMH HeHTpOHaMH. B 3TOM ciyyae HEHTPOH
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3aXBaTbIBaeTCs SIAPAMH MHLIEHH, a H3GHITOYHAsi SHEPTHS BHI-
cBeuHMBaeTcs B Buie ¢y-udnydenusi. OGpasywomuiics paguo-
aKTUBHBIH H30TON NPHUHAMJIEKHUT TOMY Ke XHMHUYECKOMY 3Jie-
MEHTY, YTO M MHLIEHb, NOCKOJIBKY 3apsil sipa HE MeHseTcs.
Uro6sl MONYYHTh BBICOKYIO PpaNMOaKTHBHOCTb Ipenapara,
HEOGXOMUMO JJIHTeNIbHOE OOJyueHHe HeHTPOHaMH B PeakTopax
¢ GOJIbILOM MJIOTHOCTBIO MOTOKA HeATpoHOB. Tak, Hampuwmep,
NQJIYYAlOT paJHOaKTHBHBIA K06anbT-60, HalleAHA caMoe
IUMPOKOE MPHMeHeHHe B TeXHHKe u MexuuuHe: Co® (n, y) Co®.
[lo peakuuu (n,y) B aTOMHBIX peakToOpax IOJYYalOT 3HAYH-
TeJIbHBI aCCOPTHMEHT pAaJHMOAKTHUBHBIX H30TONOB Ui INpak-
THUECKOTO HCIIOJb30BaHUust — 6poM-82, Bosbpdpam-184, xe-
J1e30-55, 30710T0-198, kKanbuuii-45 U MHOrue ApyTHE.

Wnorna no peakuuu (n, ) MOryT GhITb MOJTYYEHBl paiguo-
aKTHBHBIE U30TONBI U Ge3 HOCHTeNSl. DTO MOXKET UMETb MECTO,
KOrja 00pas3oBaBLIMACS PajiHOaKTUBHBIA H3o0TON mocie f-pac-
naja npeBpamiaercsi, B CBOIO oOudepelb, He B CTaGHJbHBIA,
a pajiuOaKTUBHBIN U30TON. Huxe NpUBOAATCA NPUMEPbl TAKOTO
nyTd. [Ipu o6myyeHuu nJjaTHHB HEHTPOHAMM o6pasyercs pa-
JIMOaKTHBHBII M30TON mJiatuHel — Pt!%® ¢ mepuonom momy-
pacnafa 29 muH. BesenctBue f--pacnmaga mociefHero o6pa-
3yercsi JOYepHHH pajMOaKTHBHBIA H30TON 30J0T0-199. StoT
npouecc MoxeT OBbITb 3anucaH Tak:

—_ 199
29 mun Aut®.

pt198 (n’ ?) ptl99

PanyoakTuBHOE 30/10TO CPaBHUTENBHO JIETKO OTHEJseTcCs
OT OCHOBHOHM MacChl IVIATHHOBOH MHIUEHH. AHAJIOTHYHO MOT'YT
6biTh MoJyueHbl HOA-131 o6nyueHueM Teqnypa, npaseoium-143
obsnyueHneM LepHusi, cepebpo-111 obmyuyenueMm najiagus:

— 181
30 MuH ’

— Drl4s.
33 uyaca Pri®%;

N Agltt,

26 MuH

Tel® (n, y) Teld!
Cel42 (n, y) Cel43
PduO (n, y) Pt

ITpu oGnyyeHHH HEKOTOPHIX H30TOIIOB HEHTPOHAMH B pe-
aKTope CO 3HAUYMTEJNbHBIM BBIXOJIOM MOXET HMETb MeCTo pe-
akuus (n, p). ViMenHo no 3TOH peakuuu moJyvaloTcsi Haunbosee
BaXKHble PAJHOAKTHBHBIE M30TONbI, LIMPOKO HCIOJNB3yeMbIe
B GUOJIOTHH, MeJHIIMHe, CeIbCKOM XO3sfICTBe U B APYrux obJa-
cTaX. Jro yraepon-14 ¢ mepuoiom moaypacnaza 5568 Jer,
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thocop-32 ¢ nepuomom noaypacnaga 14 gueit u cepa-35 ¢ mne-
puozioM moaypacnana 87 pueit: N (n, p) C¢; S%2 (n, p) P32
CI3% (n, p) S*. EcrecTBeHHO, uYTO 3TH pajMOAKTHBHBIE H30-
TONBbl MOTYT OBITH NOJYYEHBI B YHCTOM BHUJe, 0e3 HOCHTE/s.
Ilpu paGore aTOMHBIX PEAaKTOPOB MPOUCXOIMUT JHEJEHUE sifep
ypaHa WJIH NJIYTOHHSA. B pesyibrare ujaer HakomeHue G60Jb-
moro Ha6opa pas/IMYHBIX DPaJHOAKTHBHBIX M30TONOB  Tak
HasblBaeMbIX TNPOAYKTOB pejneHusi. [Ipu pereHepauuu orpa-
GOTaHHOIO SJEPHOrO (TOIIMBA» OTHENbHbIE DAaXHOAKTHUBHBIE
H30TONBbl MOTYT ObITh BBHIJEJNEHBl B YHCTOM BUJle IPAKTHUECKH
B HEOrPaHMYEHHOM KosuuecTBe. HauGosiee BaxkHble M3 HHX
crpoHnuii-90 ¢ nmepuogom noaypacmaga 27 Jger, uesuii-133
¢ nepuoaoM noaypacnaga 30 Jer, npoMeTHH-147 ¢ nepuonom
nojnypacnana 2,7 ropa, uepuii-144 ¢ mepuozom nosaypacnazna
285 nue#t u 1p. B kavecrBe mMOGOYHOrO NPOLYKTa B ATOMHBIX
peakrtopax ofpasyercsi HeNnTyHH#-237, KOTOpHIH dABJseTCA
CBIPbEM JJ1s1 0CO60 BaxKHOI'O PafMOaKTHBHOIO H30TONA — ILIY-
TOHHS-238, 006 HCIOJb3OBAHHH KOTOPOro OyjaeT paccKasaHo
HIKe.

Teopreli M NpakTHKOH BBIfIEJIEHHS] PAJJHOAKTHBHBIX H30TO-
NOB U3 NPHPOAHOH CMecH H30TONOB B YPAHOBHIX M TOPHEBBIX
pyAax, U3 MarepHaja MullleHH, OOJYYeHHOH B [IMKJOTpOHe
WIH  arTOMHOM  peakTope, M3 OTXOXOB nepepaboTKH
SIIGPHOTO TOPIOUEro 3aHHMaeTcsl paiuoxuMmus. Kak mnpasuio,
PaNHOaKTHBHBIH H30TOI NPHCYTCTBYET B OYEHb MaJbIX KOHIIEH-
Tpanuax, U 3ajaya CBOLUTCS K €ro KOHIEHTPHPOBAHHUIO H OT-
JleIeHHI0 OT OCHOBHOH MacChl HEPaJAMOAKTHBHEIX KOMIIOHEHTOB
cucrembl. [Ipn KOHLEHTP HPOBAHHH HCHOJAB3YIOT OCOGEHHOCTH
pacnpeneneHHsT MHKPOKOMIIOHEHTa MexXJy pasHbIMH (hasaMu
IPH BBIIGNEHHH MaKp OKOMIIOHEHTa, OG6JaJaloliero aHaJoruy-
HBIMH XHMHYECKHMH HJIHM (PU3HKO-XMMHYECKMMH CBOHCTBaMH.
31U 0COGEHHOCTH OBUIM JOCKOHANBHO H3YYEHBl aKaJIeMHKOM
B. I'. XnonuubiM ¥ ero yuenukamu. Eme B Hauane 20-x ronos
Ha OCHOBAaHHH HalJEHHBIX 3aKOHOMepHocTe#l Obl1 paspaboTaH
METOJ, KOHIEHTPUPOBAHUS paJus H3 YPAHOBBIX Py IIPHU CO-
KPHUCTA/UIM3alMM C €ro XHMHYeCKHM aHajJoroM — OapueM,
a 3aTeM pasjie/ieHus paaus u Gapus. DTOT MeTOj Obl1 BHeApeH
B NPOMBIILIJIEHHOE TIOJIYYeHUe pajiusl B Hallel CTpaHe.

Ilpu Bie/IEHHH paJHOaKTHBHEIX H30TONOB YacTO BO3HUKAaeT
3ajlaua pasjieneHuss OJU3KUX 1O CBOHM CBOHCTBAM 3J1EMEHTOB.
Jra 33j]a4a YCJIOXKHSETCS T€M, YTO KOHIEHTPAUUU HX B HCXOX-
HOM BellleCTBe MOTYT OTJIM4aTbC B COTHH U THICSYH pas.
Hanpuwmep, yxke ynoMuHaBuIasicsi silepHasi peakuusi Nojyye-
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HHA IIpaseofinuMa-143 TpeGyeT oTmeneHHsl mpaseofHMa OT OC-
HOBHOH MacChl MHMILEHH — IlepHsi, a CBOHCTBA 3THX DPeIKO3e-
MeJbHBIX 3JIEMEHTOB OueHb O6nusku. Eme Gosee ClI0XKHBIE
3ajlay¥ BO3HHKAIOT IPH BBbIJIENEHHH OTAENbHBIX PaJHOaKTHB-
HBIX H30TONOB M3 OTXOAOB pereHepanud sIepHOTO TOILIMBA,
IOPH pasfieleHHH IPOAYKTOB Je/eHHs. 37ech ONHOBPEMEHHO
NPHCYTCTBYIOT PafMOAaKTHBHBIE H30TOIBI 3JIEMEHTOB aHAJIOTOB:
CTPOHIUH — Oapufi; HTTPHUH — JaHTaH — Lepuil — rnpaseo-
MM — HeOIuM — caMapHii — eBponuil; 6poM — Hof; O6Ju3-
KHe IO CBOHACTBAM LHPKOHMH H HHOOWH M MHOTO JPYTHX.
JJ1s1 BeIeJIeHHs] KaXK/JOro H3 3JeMEHTOB HCIIOJIb3YIOT XOPOILO
paspaboTaHHbEIE METOABI COKPHCTA/IM3aLlHH, SKCTPAKIHUH WU
xpomarorpaduu. B mepBoM ciyyae HCIIONB3YeTCsi MYCTb JaxKe
He6oJIbllIoe pas/iiuue B pacnpeseseHHH aHaJOrOB MEXIY XKHJl-
KOH ¥ TBepHOH KpHUCTaNIHYeCKOH ¢ha3aMH, BO BTOPOM —
MeXAY IBYMSI HEeCMELIMBAIOIMHMHCS KUAKOCTSMH H B TPeTb-
eM — MeXJIy pacTBopoM u copbGenrom. Hecmorpsi Ha HeGoisb-
[ye pasjuuyus B pacnpeleseHUH, MHOTOKPATHbIM NOBTOPEHUEM
npouecca yAaeTcs JOCTHYb NPAKTHYECKH IIOJIHOTO pasje-
JIeHV .

ITponsBoACTBO pafHOaKTHBHEIX H30TONOB NPHOGPENO Mpo-
MBILJIEHHEIH MacimuTab. HekoToprie M3 HHX NPOH3BOAATCSA
B KOJIHYECTBaX, H3MEpseMBEIX KujorpamMmMaMH. PaguoxuMuuye-
CKasi NMPOMBIIIJIEHHOCTh MOCTABJSAET I/l HYXKJ HayKH M TeX-
HUKH IUHPOKHI aCCOPTHMEHT PajHOaKTHBHBIX M30TONOB G6OJb-
IUMHCTBA XHMHYECKHX 3JIEMEHTOB.



PAAUOMETPUSA

PanuomeTrpusi — 3TO pasuen Haykd O pajuo-
aKTHBHOCTH, B 3aJaud KOTOPOro BXOAHUT pa3paboTKa METOLOB
onpeneneHHss KOJHYECTBA pPaJHMOAKTHBHOIO H30TONA, THIA
U SHEPTHH ero M3JyueHHs, a TakKe HIeHTH(HKauHus, T. €. OI-
pejiesieHe TOr'0, KakOMy H30TONY NMPHHAIJIEKHT HaGJofaeMoe
HOHH3MpYyloLee uaaydeHde. Kpome Toro, npu noMoms papuo-
MeTPHYECKHX METO0B MOXKET OBITb OnpejieseHa 4YHCTOTa mpe-
mapara JaHHOTO PaJMOaKTHBHOI'O H30TONA B OTHOIIEHHH JApY-
IUX PajHOaKTHBHEIX mpuMeceil. MeTonamu pajHOMETpUH IIpoO-
U3BOJVTCS HEHTPOHHO-aKTHBAIMOHHBIA aHa/lH3 — OJHH H3 ca-
MBIX YYBCTBHTE/JIbHBIX METOJOB 3JIEMEHTHOrO aHanusa Ge3 pas-
pyueHus o6pasua, paspaboranHslii 6;1arojaps ycnexaM siepHoi
¢U3UKH, pajMOXMMHH H paauomerpud. OfHUM M3 caMbIx
PaHHHX MeTONOB OCHAapyKeHHs! H3JyUYeHHs pafHOaKTHBHBIX
H30TOMOB 6bL1 ¢oTorpaduueckuit. Baarogaps eMy co6CTBEeHHO
H GblI0 OGHAPYKEHO sIBJIeHHe pajuoaKTHBHOCTH. OfHako Me-
TOJ 3TOT He MOT OBITh HCIOJIb30BaH JJIsi KOJIMYECTBEHHBIX H3-
mepenuil. Tak e TONBPKO KayeCTBEHHBbIE JAHHBIE IOJYYalHCh
npH HCHOJb30BaHUH Meroia c¢ocdopecuenunn. CyTb ero 3a-
KJioyajach B TOM, YTO INIPH INONAAAHHH OBICTPHIX O-YaCTHIL
Ha ¢ocdopecUHpyOIUA 3KPaH B HEM BO3HHKAIOT CBETOBHIE
BCIIBIILUKH, Hab/iofaeMble B MUKPOCKON CO CPaBHHUTENbHO He-
GOJIbIIUM YBEJHYEHHEM.

[lepBrie KOMHYECTBEHHbIE H3MEPEHHsl, CBsI3aHHBIE CO CpPaB-
HHUTEJIbHBIM H3MEPEHHEM pPAasJHYHBIX PaJHOAKTHBHBIX Ipemna-
patoB, OBbLIH BBIOJIHEHLI NPH IOMOLIM HOHM3aI[MOHHOH Kame-
pbl H 3jiekTpoMerpa. lloHu3auHOHHas Kamepa NpelcTaBJsieT
COGOH MJIOCKHA MIM UHJIMHIDHYECKHH KOHAeHcatop. Ilna-
CTHHBI HJIH 3JIGKTPOJbI 3TOTO KOHJAEHCATOpa COEAMHSIOTCA C
3JIEKTPOMETPOM. DJIEKTPOMETP — 3TO NPHOOP, H3Mep AIOLIUH
pasHOCTb 3JIEKTPHYECKHX IIOTEHIHAIOB IpakTHUecKu 6e3 mo-
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TpeG/eHns] TOKa ¥ O6/JaJAIoMIUil OueHb BBHICOKHM BHYTPEHHHM
3JIEKTPHUYECKHM CONMpPOTHBJeHHeM. PaboTa ABYHHTHOTO 3/IEKTPO-
MeTpa OCHOBaHa Ha TOM, YTO K JBYM NPOBOASIIHM OYEHb TOH-
KUM HHTSIM TOABOJMTCS OXHOMMEHHBIH 3JIEKTPHUECKHH 3apsif
OT HCTOYHHKA PA3HOCTH MNOTEHIHa/IOB, HAalpHMep OT HOHH3a-
nUOHHO! KaMepbl. [lojx JelicTBHEM ONHOMMEHHBIX 3JIEKTpHUE-
CKHX 3apsIOB HUTH OTTAJKHBAIOTCS APYT OT JPyra H paccrosi-
HHE MeXAy HHMH YBeJHuuBaercsi. Ec/iM B HOHHM3aLHOHHYIO
KaMepy IOMECTUTb PpaJuOaKTHBHBIH npenapar, TO NOA JeH-
CTBHEM HU3JIyYeHUs MPOU3OHAET HOHH3ALHs MOJIEKYJ] BO3LyXa,
OH CTaHeT NPOBOJSAIIHM, BCJEICTBHE 3TOrO MEXJY 3JEKTpo-
JaMH TOHJET 3JIeKTPUYECKHH TOK, a Pa3HOCTb IOTEHIIUAJIOB
MeXLYy HHMH OyleT yMeHbHIAThCs. DTO yMeHbleHHe PasHOCTH
MOTEeHUIHAI0B OyleT BhI3bIBaTb COMMKEHHE HHUTEH JIeKTpOMeT-
pa. Habaogas HUTH B MHMKDOCKON CO IUKAaJOH, MOXKHO OIpe-
JIe/IATh CKOPOCTb MX COJIMKEHUs, Hanpumep, IO YHCIY JHese-
HHH B MHHYTY WJIH 1O BpeMeHH NPOXOXKJEHHS OINpele/ieHHOro
upcja JieNIeHHH.

OJHOHHUTHBI!L 3JIEKTPOMETP OTJIHYAETCST TEM, YTO HMeeT
ONHY NpOBONSINYIO HHTb, PACHOJOXKEHHYI0O MeXAy IBYMS
MacCHBHBIMH TIOJIIOCAMH, K KOTOPHIM HPHKJI3NbIBaeTcs pas-
HOCThb MOTEHIHAJIOB, ONpelensomas nonoxesne HUTH. OxHO-
HHUTHBIH 3JIEKTPOMETD 3HAUHTEJNLHO YYBCTBHTE/IbHEE JBYHHT-
HOTO U IpeJHa3HaueH JJIsi W3MepeHHs] OueHb CJAabbIX pajgHo-
aKTHUBHBLIX [Ipenaparos.

C pasBuTHEM 3JIEKTPOHHOTO NPUGOPOCTPOEHUS MPUMEHeHHe
3/JIEGKTPOMETPOB MpPAKTHUYECKH IIPeKpaTH/och. BMecTo HHX
C HOHM3AIVOHHOH KaMepo#l COYJIEHSIIOTCSI PA3JIMYHOIO THUMNA
9JIEKTPOHHbIE YCTPOHCTBA, HU3MepSIOIIME  HENOCPeJCTBEHHO
OueHb Cjiabble 3JeKTpHUYeCKHe TOKH, BbI3BaHHble HOHH3aLHeH.
OnHako kKak Obl HH ObIH YYBCTBHTENbHbl 3TH YCTPOHCTBA,
C JIOCTaTOYHOH CTENeHbI0 TOUYHOCTH H3MEpSIeTCS AaKTHBHOCTh
TOJIbKO CPaBHHTEJNBHO GOJIBIUHX DaJIHOAKTHBHBIX NpEIapaToB.

st peructpaiyu OTAEJAbHBIX aKTOB PaJUOAaKTUBHOTO pac-
naja, T. €. OTIEJbHBIX YacTHI HJIM y-KBAHTOB, CJIY¥KaT pas-
JInuHble cueTyHKH. [IpOnopLUOHA/IbHEIA CYUETYUK NPEACTABJISET
co0OH Ty e HOHM3AIHMOHHYIO KaMepy, HO K ee 3JIeKTpPojam
[OPUKJIAbIBAETCS 3HAUUTEIbHO GOJblIasi PasHOCTb MOTEHI(Ha-
joB. IlpexcraBum ce6e, 4To BHYTpPb KaMmephl mnomana f-
WIH Q-4acTHia. DTa YacTHIA NPH CTOJKHOBEHHH C MOJIEKYJa-
MU rasa BHYTPH KaMmephl BEI30BeT 00pa3oBaHHe ONpPeNeeHHOro
4yuCc/ia HOHOB O0OMX 3HAKOB. EC/HH mpuoKeHHass Pa3HOCTb
TMOTEHIINAJIOB CO3JaeT TaKOe 3JEKTPHYECKoe IoJje, 4To obpa-
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30BABILHECS] HOHBI JIO CTOJKHOBEHHS CO CJIELYIOIUMH MOJIEKY-
JlaMH TIDHOOPETYT 3SHepPTHio, HeOOXOLHMYIO JJisi HOHM3aIlUH,
YHCJIO HOHOB OT CTOJIKHOBEHHSI K CTOJIKHOBEHHIQ OYyIeT BO3-
pacrarb. Takum 06pa3oM, OfHA 4aCTHIA MOXET BHI3BaTh 3Ha-
YUTeNbHBIH HMIYJIbC TOKA. DTH UMIYJbCH MOTYT ObITb 3ape-
TUCTPUPOBAHBI COOTBETCTBYIOIIMMH 3JIEKTPOHHBIMH CUETHBIMH
yerpofictBaMH. TakuM 06pasoM, CKOPOCTb CYeTa HMIIYJIbCOB
(HampuMep, 4HC/Ia HMIYJbCOB B CEKYHIY HJIH MHHYTY) Xapak-
Tepu3yeT 4YHCIO aKTOB PaJMOaKTHBHOTO pacmajga M COOTBET-
CTBEHHO KOJ/IMYeCTBO paJUOaKTUBHOTO Hu30TOma. B ciyuae,
€C/IH PerucTpHpyeMasi 4acTHIa HOJIHOCTBIO TEpPSIeT CBOIO 3Hep-
THIO BHYTDH CUETYHKA, BeJMYHHA HMIYJbCa TOKa MPOMOPIHO-
HaJbHa 3HEPTHH YacTHLBL. DTHM M ONpeJe/sieTCs Ha3BaHHe
3TOr0 THIIA CYETYHKOB.

Ecan nosecTu HanpsikeHHe MeXAy 3/1€KTPOLAMH CUETUHKa
NOYTH JO HanpspKeHus mpo6osi, TO MomnajaHue JoOOH YacTHILI
BHYTPb CUeTYHKa BEI3OBET MOINHBIH HUMIYJbC TOKa, HE 3aBH-
CAUIMH OT HePrUH yacTHUbl. Takue CYUETYHKM HOCAT Ha3BaHHE
cueTynkoB ['efirepa — Miojulepa U [0 CPaBHUTENIHO HejaB-
Hero BpeMeHH MMesH HanGoJbluee pacrnpocTpaHeHHe. B 3aBu-
CHMOCTH OT 33jlay 3TH CUETYHKH HMEIOT PasjIMuyHOe. KOHCTPYK-
THBHOe odopMmieHue. [lyisi cuera y-KBAaHTOB OHH BBHINOJHSIOTCS
B BHJle CTEKJSHHOH 3amnasiHHOH TPYOKH, BHYTPEHHHE CTEHKH
KOTOPOH MNOKPHITH NPOBOASILIMM CJOEM, a IO OCH HaTsHyTa
TOHKasi MeTaJlIMueckass HuTb. [lJsi cueTa KecTKHX f-yacTun
BMECTO CTeKJISIHHOH TpYOKM NPHMEHSIOT TOHKOCTEHHYIO, MO-
psanka 0,1 mm, amoMUHHEBYIO TPYOKYy, a 1/ OYeHb MSATKHX
P-uacTHI 1 JKECTKUX O-YaCTUL — TOPLOBBEIE CYETYMKH C OYEHb
TOHKHM CJIIOJISIHBIM OKHOM, Yepe3 KOTOPOe YKa3aHHEIE YACTHIIbI
NONajaloT BHYTPb CYETYHKA.

Cueryuku [efirepa — MioJsnepa 06/71a1210T OYEHb BaXKHBIM
cBoficTBOM. B HekoTOpOoM JManasoHe NPHKJAJBIBAEMBIX Ha-
NpSKEHHA CKOPOCTb CyeTa NPAKTHYECKH HE 3aBHCHT OT Ha-
NpsDKeHHsl. DTOT YYacTOK HasblBaeTcsi mjato. Takoe CBOHCTBO
M03BOJISIET UCHOJ/Ib30BAaTh JJIsl UTAHUS CUETYHKA BHICOKOBOJBT-
Hble BHINPSIMHTENHM C HE OYeHb BBLICOKOH CTabHIM3aluei.

B mnocnenune 10—15 ser HauGosblllee pacrmpocTpaHeHUe
NOJYYHJIM CLUUHTH/JISIUOHHEIE CUETYHKH. DTOMY CHOCOGCTBO-
BaJIO CO3/laHue CTaCHJIbHBIX H JOJTOBEYHBIX (POTO3/IEKTPOHHBIX
yeunurteneit (PDY). Sror BakyyMHBIHl 3/€KTPOHHEIA npuUGOp
COCTOMT M3 (poTOKATOZA, AMHOKOB M aHoja. K kaxnomy mocie-
IyIOIeMy IUHOAY M aHOAy NPHUKJ/aiblBaeTcsi BO3pacTaloiee
TIOJIOXKHTE/IbHOE HaNpsiXeHHe MO OTHOIIEHHIO K (POTOKATOAY.
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DoTOKATOJ, MOKPHT METAIIOM ¢ MaJIoi paboTOl BHIXOIA 3JIEKT-
poHoB. Ilpu nonajanuu Ha Hero Jake OYeHb C1a00f BCIBILKH
CBeTAa C NOBEPXHOCTH BBLIETAET HEKOTOPOE KOJIHYECTBO 3JICKTPO-
HOB, KOTOpHIE MOJ JAeHCTBHEM 3JIEKTPHUECKOrO MOJSI YCTPeM-
JAI0TE K NepBOMY AHHOALY, TpHoGpeTast SHeprHi0, COOTBET-
CTBYIOLLYIO Pa3HOCTH NOTeHUHANOB. IIpu CTOJKHOBEHMH C IO-
BEPXHOCTBIO JMHOAA KaXKAbIH ObICTPEIH 3JIEKTPOH HPHBOJUT
K 3MHCCHH HECKOJIbKHX 3/1eKTPOHOB. Takum o6pasoM, BTOPOro
JIMHOJA JIOCTHTHET YCHJIEHHBIH B HECKOJBKO pa3 IOTOK 3JeKT-
poHoB. Taxoe e ycu/ieHHe NPOM30HIET HAa Ka)KIOM IOC/Ie-
JyloimeM JuHOie, M Ha aHone PDY Gyner 3aperucTpHpOBaH
JIOCTaTOYHO MOLHBI MMIYJbC TOKa, NPHYEM BEJHUYMHA 3TOrO
HMIIYJIbCA CTPOrO NPONOPHYOHA/NbHA HHTEHCHBHOCTH CBETO-
Bo# BcnbiKH. OXHOBPEMEHHO C (DOTO3JIEKTPOHHBIMH YCHJIH-
TeNsIMU GBI CO3JAHEI METOHB! MOJYUYEHHUS] KDYIHBIX MOHOKDH-
CTa/IJIOB, Y KOTOPHIX NpU MOMNAJaHHH B HUX OBICTPHIX YACTHIL
H Yy-KBAaHTOB BO3HMKaeT BCIbIIIKA CBeTa (CHMHTHIISLHUS),
NpOIOPIHOHAJILHAS SHEPTHH YaCTHIE HJIH Y-KBaHTa., Kpucrasni-
CUHHTHMIATOP BMecte ¢ ®DY u ABMsAETCS CUHMHTHIIISLHOHHBIM
cueTyrnkoM. Brixog @Y npHCOeAHHSAETCS K CUETHOH 3JIEKTPOH-
HOH cXeMe, C MOMOIIBIO KOTOPO# H3MepsIeTCsl YHC/IO BbI3BaB-
IIKX CBETOBYIO BCIBILIKY YacTHI, WJIH KBaHTOB, WJIH K aHAJIH-
3aTOPY MMNYJBCOB, KOTOPHIH BMECTE C YHCJIOM MOXKET OIpeje-
JIUTb W paclpejiesieHHe HMIYJAbCOB o 3Hepruu. [lo cpaBHe-
HHIO C JPYrUMH CYeTYHKAMU CLHHTHJIJISIHOHHBIE CYETYHKH
00/1aJ]al0T BBICOKOH YYBCTBHUTEJNBHOCTBIO M BBICOKOH 3ddek-
THBHOCTBIO. [To3TOMY Ha MHIIeHb, NpelHa3HAYEHHYIO LJISI H3-
MepeHHs] PaJMOaKTHBHOCTH, MOXHO HAHOCHUTb MEHblllee KOJIH-
YeCTBO PaJHOAKTUBHOTO H30TONA.

Ecnmu B pykax wuccienoBaTeslsi HMeeTcsi aHA/NH3aTOp HM-
IYJbCOB, TO MOSIBJSETCS BO3MOXKHOCTb H3MepeHHs pajHOaK-
THBHOCTH CMECH H30TONOB H DPaJHOAKTHBHOCTH KaXKJOIO H3
HUX B OTJEJbHOCTH. DTOT METOZ IO03BOJSIET NMPHMEHSTh B OIbl-
T€ OJHOBPEMEHHO HECKOJIbKO H30TOIOB H CJELHTh 33 KaXKIbIM
W3 HUX BHe 3aBHCHMOCTH OT HaJIHYH$l OCTaJIbHBIX.

Ilpu HCHONB30BAaHUH PaZHOAKTHBHBIX H30TONOB HPOH3BO-
ISITCSt B OCHOBHOM OTHOCHTEJIbHBIE H3MEDeHHs] PalHOaKTHB-
HOCTH, T. €. CPaBHHMBAIOTCS CKOPOCTH CYeTa HMIIYJBbCOB OT
pasHBIX INPeNapaToB B CTPOrO HAEHTUYHBIX YCJIOBHSX H3Me-
penus. Eciu BosHHMKaeT HeoOXOZMMOCTb IIpoBejeHHs a6co-
JIIOTHBIX H3MepeHHH, MCIONb3YIOT JIHGO ClelHaJbHbE CYeT-
ypkd co 100 %-Ho# 3dxpeKTHBHOCTHIO, WM C TaK Ha3bIBaEMOH
47-reomerpuelt, MO0 NPOBOASIT CPABHHUTEIbHBIE H3MEPEHHS CO
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Puc. 2. YcraHoBKa Al M3MepeHHs pajHOAKTHBHOCTH:

] — CUMHTWIISINMOHHBIA HaTYMK B cBHHLOBOH 3auure YCJ-1; 2 — ne-
pecuetHriii npuGop IMN-9; 3 — BHICOKOBOJLTHEIA CTAGHIM30BAHHLIH BHI-
npaMutens BCB-2.

CTPOro 3TaJOHHPOBAHHLIM IIpenapaToM Toro ke usorona. Ilpu
a6COJIIOTHBIX M3MepeHHsIX paJHOaKTHBHOCTb MpenapaTta BBbI-
paaioT B KIOPH HJH H0JfAX Kiopu. JIJ1s u3MepeHHus pajuoak-
THBHBIX IIPeNapaToB B AECATKH, COTHH H THICSYH KIOPH HCIOJb-
3YIOT KaJIOPUMETPHI, C MOMOIIBIO KOTOPLIX ONpEeNeNsioT TeMJIo-
BYIO MOLIHOCTb IIperapara, HampuMmep, B BaTTax HJIM JOJAX
BaTTa; 3Ty BEJIUYHHY 110 M3BECTHOH 3HEPrHH DPaJAHOaKTHUBHOIO
pacmaja JIerko IepecyHTaTb B ENHHHIBI PajiHOAKTHBHOCTH.

Ilpu u3MepeHUSIX aKTHBHOCTH CJelyeT YYUTHIBaTb €CTeCT-
BeHHbIH (pOH, 06YC/IOBJIEHHBIH c1abofl pafHOaKTHBHOCTBIO Iop-
HEIX IOpPOJ, IMOYBBI, BOABI, OKPY2KAIOMUX INIPEAMETOB 3a CueT
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Ha/lWyhsl B HUX CJIEJOB €CTECTBEHHBIX PaJMOAaKTHBHHIX 3Jie-
MEHTOB — ypaHa, TOPHsl M NPOJYKTOB HX pacnaja, IpHPOIHLIX
PafiOaKTHBHBIX H30TONOB KaJjMsi M HEKOTOPHIX APYTHX 3Jie-
MeHTOB. Kpome TOro, ¢oH cO3aaercsi NOTOKOM KOCMHYECKHX
ayuelt, npuxonsmux oT ConHua, JaleKHX 3Be3], H TrajlakTHK.
HakoHern, ucnbiTaHUs SIIEPHOTO OPYKHSI NPHUBEJH K IOBBIIIE-
HHIO DaJMOAaKTHBHOIO (JOHA 3a CYeT pPAacCeHBaHHs DajHOaK-
TUBHBIX NPOAYKTOB JEJIeHHS.

Ilpu u3MepeHHsIX OUeHb MaJbIX PaJHOAKTHBHOCTEH Ha/JUuHe
(oHa MOKeT NpHUBECTH K IpyObiM omubkaM. [losTomy cueTunku
NIOMELIal0T BHYTPb TOJICTOH CBHHLIOBOH KaMmepel, a BpeMs H3-
MepeHHs 10 BO3MOXKHOCTH yBesuuuBaioT. [locienHee ob6eros-
TeJIbCTBO CBSI3aHO CO CPEJHECTATHCTHYECKOH OIIHOKOMN

%%,
n
Ille # — YHUCJO 3apeTHCTPHPOBAHHBIX UMNYJabcOB. Tak, mpu
yucsae umnynabcoB 100 ommubka cocraBuT =+=10%, a npu uucne
umnyJbcos 10 000 — Bcero =1 %.
dortorpadus coBpeMeHHOH YCTAHOBKM JJsi H3MEPEHHA
paZHOaKTUBHOCTH C TIOMOIUbIO CUETYMKAa MpEACTaBJeHa Ha
pHc. 2.

A= =%



METOJ], MEYEHBIX ATOMOB

ITepBrie paGoTH B 3TOM HanpaBJE€HHUH GbLIH BHINOJ-
HEHH €lle B Hayaje HaIlero CTOJIeTHs, KOrJa HCCJeNoBaTeNb
MO DAacIoJiaratb TOJBbKO ECTECTBEHHBIMH, BCTPEUaIOLIHMHCS
B NpPUpPOZE, PaAHOAaKTHBHBIMH Hu3oTonamH. Cpeiu nposyKTOB
pacnaja pajnus ecTb pPaJHOaKTHBHBIA H30TON CBHHIA — pa-
aui-D. C moMmowpio 3TOr0 H30TONA CTal0 BO3MOMKHBIM OIIpe-
JIeJIATh CKOPOCTb Ju(dy3HH aTOMOB CBHHIIA B MeTaJJTHYECKOM
ceuHLe. Ilox paBieHueM COeIUHM/IM JBe IVIACTHHKH CBHHIA
C XOpOoWO HPHILIH(GOBAaHHBIMU NOBepXHOCTAMH. IIpu sTOM
B OJHY U3 IIACTHHOK BBEJH DPaJHOAKTHBHBIY CBHHel — pa-
auf-D. Tlo ucreueHHH HEKOTOPOTO BpeMeHH IVIACTHHKH OTJe-
JHJIH APYr OT Jpyra M ONpPeleNHIH KOJHYeCTBO H IVIYGHHY
NPOHUKHOBEHHS! pajusi-D B HepajUOaKTHBHYIO CBHHIOBYIO
NJIaCTHHKY. HHKakuM JpyruM MeTofoM, eCTeCTBEHHO, TaKoe
HCCJIel0BaHHe He MOIVIO GbiTb NpOBefieHO. Brocieacrsuu, xor-
Jla Crali JOCTYIHBI DajHOaKTHBHbIE H30TONBI ITPAKTHUECKH
BCEX XMMHUECKHX 3JIEMEHTOB, IJIsi M3yueHHs] NU(PDY3HH METOx
MeyeHbIX aTOMOB Hallesl caMmoe LIHPOKOe MpUMEHeHHe.

Bnaropaps ToMy uTO pajMOaKTHBHbIE H30TONbI MOTYT GbITH
OOHapy:KeHbl B OUYeHb MajlblX KOJIHYECTBAaX, BO MHOrO pas
MEHBIUHX, YeM MO3BOJISIOT OGHAPYKHTb OObIUHbIE aHAJHTHUE-
CKHe MeTobl, GOJIbIIOE YHCJIO HCCIeJOBAaHUH GbLIO HAaNpaBJeHO
Ha M3YYeHHe IOBeJCHHS PAa3JIMYHBIX BEUIeCTB B YJbTpaMaslbiX,
NPaKTHYECKH B HEBECOMBIX KOJIHYECTBaX.

B paszesne, nocBsiiieHHOM HOJMYYEHHIO U BBILENEHHIO Pajyo-
aKTHBHEIX H30TONOB, MBI YIOMHHaJH O pafoTax akaleMHKa
B. I'. X/onuHa ¥ €ro IIKOJH 110 H3YYEHHIO 3aKOHOMEpPHOCTEH
TNIOBEJIEHN S BEILIECTB B YJIbTpaMasblX KOJMHYecTBaX. Bruio ycra-
HOBJIEHO, YTO MpH BBbIMAJEHHH KPHCTA/JIHYECKHX OCaJKOB
MaKpOKOMIIOHEHTa M3 DPacTBOPOB MHKDOKOMIIOHEHT 3aXBaThl-
BaeTCsl OCaJKOM, €C/IH OH KDHCTANIH3YeTCs B MOJOOHBIX KpPH-
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CTa/IJIMYECKHX pellleTKaXx M He 3aXBaTbIBaeTcs, €C/lH 3TH pe-
IIeTKY He Mojo6HbI (He H30oMOpdHH). Taxkxke OGbIIM H3YyeHBI
3aKOHOMEPHOCTH 3aXBaTa MHKDOKOMIIOHEHTa 3a cueT ancop6-
IMH Ha OcajikaX, KaK KPHCTaJIHYECKHX, TaK M aMOpPQHLIX,
Hanpumep ruapookucax. Hakoren, 3axBaT MHKponpHMecel
MOXET OCYIIECTBJATbCA PasJHYHBIMH KOJJIOHIHBIMH YaCTH-
nami, o6pasys Tak HasblBaeMble pajHoOKoJIouiasl. Bce oco-
GEeHHOCTH IIOBeJIeHHsT BeIleCTBa B YJIbTPaMaJbiX KOJHUYECTBaX
OBblIH YCTaHOBJIEHBI METOJJOM MEUEHEIX aTOMOB, T. €. 3a MOBejie-
HHEM, paclpefieieHHeM MexAy (a3amH, 3aXBaToM H T. A. HC-
Ce/loBaTe/ib MOT CJIeJUTh IO PaJHOaKTHBHOCTH MHKPOKOMIIO-
HeHTa. Hukako#i japyroil myTb IJsi pelueHHsi TakoH 3aJaud,
MoxKanyH, HempurogeH. DTH pabGoOThl UMEJH OTPOMHOE 3Haue-
HHME He TOJNbKO B PeIleHHH PajHOXHMHYECKUX 3ajay, CBs3aH-
HBIX C KOHLEHTPHUPOBaHHEM M BHIJEJICHHEM B YHMCTOM BHJE pa-
JHOAKTUBHEIX H30TONOB, HO M AJf DelleHHs 3ajay aHaJIHTH-
YeCKOH XHMHH.

B uacTHOCTH, IpH NOMOLIM METOXA MeuyeHbIX aTOMOB Ghul
H3yuYeH 3aXBaT IpHMecell B psfie TeXHOJOTHYeCKHX MPOLECCOB,
Jas sToro mnpenmosaraeMele NPHUMeCH «METHJIMCh» DajJHOaK-
THBHBIM H30TOIIOM, a NOCJe NPOBEJeHHs Mpolecca Onpejess-
JIoCh coliep:KaHHe «MEeTKH» B KOHEYHOM Hpojykte. AHajoruy-
HBIM TyTeM OBbIIO HCCJIE[IOBAHO BJIMSIHHE PA3/IUYHBIX NMpHMeEcei
Ha TOYHOCTb XMMHYECKHX aHa/lu30B. MeTon MeueHBIX aToMoB
Haule] MHKPOKOE MPUMEHEHHe NIPH PelIeHNH psiia TeXHHUECKHX
3afay. Tak, H3HOCOCTOMKOCTb aBTOMOGHJIBHBIX IIMH B pa3Jjiuy-
HBIX YCJIOBUSIX ONpeJlensiiach IO KOJHYECTBY MepeIlefIero
B JIOPOXKHOE INOKPBHITHE PaJAHOaKTUBHOIO H30TONAa, BBEIEHHOTO
B LIHHY; MO paclpejiesieHHIo PaJy0aKTHBHOTO H30TONA OIpeje-
JIfJIaCh HHTEHCHBHOCTb NlepeMelIHBaHUsl PeareHTOB B XHMHUYe-
CKHX annapaTtax, IIHXTHl B IOMHaxX 4 T. 1. B cenbckoM xo3sii-
CTBe MeTOJi MeyeHbIX aTOMOB NPHUMEHSETCS! IPH U3YYEHHH IOBe-
JleHMsl pasHbIX ynoOpeHu#t, myTefl U CKOPOCTH MX JBHKEHHS
B Tene pacTeHus. DBosbiioe uyucio paGor GbLIO MOCBSILIEHO
6GHOJIOTHYECKHM M MEJULHHCKHM HCCJeNOBaHHAM. BBeneHue
PallMOAaKTHBHLIX M30TONOB B COCTaB NHMILIM MJIH JIeKapcTBa IO-
3BOJISIET CaMBIM NOAPOOGHBIM 00pa3soM NpPOCJEAHTb 3a UX JBH-
JKeHHeM B OpraHH3Me, ONpeNe/NuTb, KaKasi YacTb U KaKHMH Op-
raHaMH YCBauNBaeTCs, Kakas 4yacTb M B BHJE 4€ro BLIBOAUTCSA
H3 opraHu3Ma. MeTOA MeueHEIX aTOMOB IIO3BOJISIET H3YUHTb
OYTH MHUTPalMH DAa3/MyYHBIX 3JIEMEHTOB B MOPAX, OKeaHax
U TeosIorHYecKHX mnpoueccax. OH n03BOJS€T HPOHMKHYThL B
TafHBl MeXaHH3Ma XMMHYECKHX npeBpaiienuii. Kak u3BecTHO,
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XUMHYECKHE pPeakUMH MOTYT IIPOXONUTb B HECKOJbKO CTa-
Uil ¢ o6pasoBaHHeM NPOMeKYTOUHHIX BelecTB. OLHAKO KOJIH-
YeCTBO H BpEMs CYIIECTBOBAHHS 3THX MPOMEXYTOYHBIX HpO-
LYKTOB MOT'YT OBITb CTOJb MaJsIbIMH, YTO OOHapyKeHHe HX
OOBIYHBIMH MeTOLaMH HeBO3MOXHO. lccienoBarenb MOKeT
BBICKa3aThb TOJbKO IPEANOJIOXKeHHe 00 OJHOM, a He APYrom
NyTH OpOTeKaHus npouecca. [lJisi JoKa3areabCcTBa U NMPOBEPKH
STOTO NPEAINOJIOKEHHS B CHCTEMY BBOJUTCS MEUEHHHIl pajuo-
aKTHUBHBIM H30TOIIOM IIpejnoJiaraeMblii NPOMEXYTOYHBIA Npo-
IykT. EciM 1o 3aBeplieHHH 3TOro Iponecca pajuOaKTHBHBIMN
H30TOI NepeiiieT B KOHEUHbIH MPOAYKT, 3HAUHT HPeAIOJIONKe-
HHe O0Ka3ajoCb NPaBHJIbHbIM. B IPOTHBHOM cilyyae OHO sIBJISI-
JIOCh OLUHGOYHBIM.

IIpuBenenHble NMpHMepsl NOKAa3bIBAIOT, KakHe HeHcyeprae-
Mble BO3MOXKHOCTH 3aKJIIOUEHBbI B IPHMEHEHHH MeToja Meue-
HBIX aToMOB. TpYIHO Ha3BaTb Te OTPACJ/IH UeJIOBEUeCKOH nes-
TeJIbHOCTH, OCOGEHHO HaYyYHO-HUCCJIENOBATENbCKOH, TIhe Obl
METOJ 'He Jaj CaMbiX NPOLYKTHUBHBEIX pe3ysbraTtoB. [Ipu sToM
JJIsl eT0 OCYLIECTBJIEHHUS] He TPeOyIOTCsl 3HAUUTeJIbHbIe 3aTPaThL.
CrouMOCTb HEGOJBILIONO KOJIHYeCTBa Iperapara paiHOaKTHB-
HOTO H30TONA WJIM MEUEHHOTO UM COEJMHEHHS HeBeJHKa, a ar-
napatypa JIJs perucTpanyd H HM3MepeHHs] PajHOaKTHBHOCTH
JOCTYIIHA U MOXKeT CJIYKHTb MHOTHe ronpl. CieyeT nopuepk-
HYTb ellle ONHO HeMaslOBaXKHOe 00CTOSATEeNLCTBO, CHOCOGCTBYIO-
Iee NIHPOKOMY BHEJPEHHIO METOJa MeueHbIX aTOMOB: JJIsi pa-
GOThl TPeOYIOTCSl CTOJIb HeGOJblINe KOJHYeCTBAa PaAMOaKTHUB-
HOrO H30TOmna (IO MHKPOKIOpH), 4yTo paboTa ¢ HHM He Tpe-
6yeT crenyajJbHbIX Mep IpPELOCTOPOKHOCTH H MOXKeT ObIThb
BBINIOJTHEHA B OGLIYHOH 3aBOJNCKOH HJIM CebCKOH J1a60paTopuH,
a To ¥ B leXe HJH IOJe.

Ilpu mpuMeHeHHN MeTOJA MEUYEHBIX aTOMOB CJIe[lyeT YYHTHI-
BaTh HAJIMUHE WU OTCYTCTBHE H30TOMHOro obMmeHa. [losicHuM,
YTO 3TO 3HAuWT. Bhillle yxe noguepKuBajaOCh TO OOCTOATE/b-
CTBO, YTO M30TONBI 10 CBOMM (DH3HYECKHM H XHMHYECKHM CBOH-
CTBaM IpAaKTHYeCKH HepasauyuMel. IlycTb, Hampumep, Mel
HUMeeM OaJIIOH C YIVIEKHCJBIM rasoM, MOJEKYJja KOTOPOro Co-
CTOMT M3 aToMa yryiepoja H ABYyX atoMoB kucjopoxa (CO,).
Ilycte nanee HekoTOpast HOJsi aTOMOB yrJiepoia OyneTr mpef-
CTaBJieHa B BHJE paauoakTHBHOro msoroma C!¢. Bygem mpomy-
CKaTb YIVIEKHCJBIE a3 yepe3 BOAy. YacTb ero pacTBOpHTCS
B Boge. Ecsim Temepp H3MepHTb DPaJHOAKTHBHOCTb BOJbI, TO
[0 3TOH BEIMYHHE MOXHO ONPENENUTb PacTBOPHMOCTH YTile-
KHCJIOTO rasa B Bofie. IIpn 3TOM MBI COBEpILEHHO CNPaBEAIHBO
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CUYHTaeM, 4YTO JI0JIsT PaJHOAKTHBHEIX aTOMOB YIJIEpOfia II0 OTHO-
IIIEHHIO KO BCeM aTOMaM yTJiepofa ONHHAKOBAa KakK B rasoBoil,
TaK U B XKHIKOH (hase. DT0 3HAUHT, jajee, YTO METKA C PajHo-
AKTHBHEBIM YIVIEPOIOM AOJ/RKHA OBbITh BBEJICHA B TOH XK€ XMMHYe-
ckoff ¢opMe, 4TO M H3yyaeMoe BEIECTBO, T. €. B BHUAE yIJie-
KHCJIOTO rasa.

[pencraBuM ceGe, 4TO MO MpPHUYUHE OTCYTCTBHUS MEUEHOIO
YIVIEKHCJIOTO Ta3a Mbl BBeJH Obl, HampuMep, IPYrod ras —
METaH, MOJIEKYJIbl KOTOPOI'O COCTOSIT H3 aToMa YrJjiepoja u ye-
Thipex artomoB Bogopoxa (CH,) ¢ pagmoakTHBHOH MeTKOi
takke B Buie C'%. [IpoBeneM TOT ke OMBIT H M3MEPHUM PaiHo-
aKTHBHOCTb BOIBI. B 3ToM coyyae 6Gyner ompejesneHa pactso-
PHUMOCTb He YIVIEKHCJIOTO a3a, a MeTaHa. DTOT BBIBOJ MOXKHO
clleiaTh Ha OCHOBAHUH NPENMOJIOKEHHS, YTO MOJIEKYJIBI YrJie-
KHCJIOTO Ta3a U MeTaHa COBEpIIEHHO He OGMEHHBAIOTCsI CBOMMH
atomamu yruepoga. OIHaKO MOXKHO HaHTH Takue YCJIOBHS
MPOBENIEHAS] 3KCIEePHMEHTa, HalpHMep, NMpPH BLICOKOH TeMIie-
paType, Koraa H30TONHBIA OOMEH NIPOXOAUT C GOJbIUeH HIIH
MeHbILIeH CKOpPOCTbiO. 3aBeplleHHeM H30TOIHOIO OOMeHa siB-
JISIETCS1 TAKOE COCTOSIHHE, TMPH KOTOPOM BO Bcex (asax u coepu-
HEHMSIX CHCTEMbl OTHOIIEHHe KOJIMYEeCTB PaJMOAKTHBHOIO H30-
Toma K CTaGW/IbHOMY OAMHAKOBO. B 3ToM ciyuae moBesneHue
METKM TOYHO OMpeJe/sieT NMOBeJEHHEe HCCJEAYEMOTO BellecTBa.
Ecnu ke M30TOMHBIA OOMEH HE MPOUCXONUT WJIH IPOUCKOLHUT
MeIJIEHHO MJ/IM 4YaCTHYHO, BBIBOABI H3 3KCIEPHUMEHTAJbHBIX
J@HHBIX JO/DKHBL GBITh C/IEJIAHEI C YUETOM 3TOrO OOCTOSATEbCTBA.

HsoronHeifi OOMEH CJYKHUT HE TOJNBKO KPHTEPHEM 3aKOH-
HOCTH NpUMEHEHHsI MeToja MedyeHbIX aTOMOB, HO H caM IO
cefe fABJSETCS TOHKHM METOLOM H3Y4YeHHs psla MpOLECCOB.

Tak, mo CKOpoCTH U30TONHOTO O6MeHa MOT'YT OLIThb CHEaHbI
BBIBOJIbI O MPOYHOCTH XHUMHUYECKOH CBfI3H aTOMOB B MOJIEKYJIE,
O CTPYKTYype MOJIeKYyJ, 06 YCTOHYMBOCTH XHMHYECKHX COEIHU-
HEeHHH B pas3/IMYHBIX npoueccax U T. J. Ocobble ycnexu
OBLTH JJOCTUTHYTEH! C IOMOLIbIO H30TONHOIO OOMEHa B H3YYeHHH
MexaHM3Ma pasJIHYHbIX XHMHYECKHX IIPOLECCOB, OCOOEHHO
KaTaJ/IUTHYECKHX.



KOHTPOIb,
YMPABJIEHME

U ABTOMATU3ALIUS
NPOU3BOACTBA

Meron MeueHBIX aTOMOB, KaK 3TO CTaJO SICHO H3
MpeAkIAYIIEro pasjiesia, OCHOBaH Ha TOM, YTO aTOMBI PafHOAaK-
THBHBIX H HEPaJHOAKTHBHBIX H30TONOB XHMHUYECKHX 3JeMeH-
TOB 06/1aJJal0T OIMHAKOBBIMH CBOICTBaMH. B TO ke BpeMms pa-
JIMOaKTUBHEIE aTOMBEI MOTYT ObITb OOHApyKeHnl B HHUYTOXKHO
MaJIblX KOJHMYeCTBaX, Grarojapsi ToMy 4YTO B IpOIeCCe Pajuo-
aKTHBHOTO pacnaja MpPOHCXOAUT HCIyCKaHHe 3apsi’KeHHBIX
yacTHl, unu y-nydeidi. CoBpeMeHHasi palHO3/IeKTPOHHAs ammna-
parypa nosBoJisieT 3aQUKCHPOBaTh KaxAbH aKT pajHOaKTHB-
HOoro pacmajga. Takum o06pasoM, pajAMOaKTHBHOE H3JydYeHHe
SIBJISIETCSI METKOH, BHIBECKOH paJMOaKTHBHOTO H3oTonma. Bo
BCEX IOCJENYIOIMHX IJIaBaX OGBEKTOM NpHMEHeHHs GyAyT He
CaMM H30TOINbI, @ T€ H3JIyYeHHS, KOTOpble CONPOBOXKAAIOT pa-
JIMOaKTHBHBIA pacnaf.

BricTprle uacTHIB!, NPOXOAST 4epes BEleCTBO, NPOU3BORAT
B HEM HOHH3AIlMIO, IIOCTENIEHHO Tepsisi CBOIO 3Hepruio. ITpober
YaCTHLE! B BelECTBE 3aBHCHUT B IEPBYIO O4epelb OT HPHPOABI
uactuusl. HanmenblnuMm mpoGeroM o6iafaioT a-yactuusl. Hx
npoGer B TBEpAOM BelecTBe Mu3MepsieTcsi MHKpoHamu. f-Ua-
CcTHIB 00J1afal0T 3HAYUTENBHO OOJBbIIUM NPOGEroM, H B BO3-
JlyXe OH MOXKET COCTaBJSATb HECKOJbKO MeTpoB. HauGosabiinm
NPOHHKAIOWUM JeficTBHeM o6nanaior y-nyud. OHH  MOTYT
NPOHHMKATb JlaXKe yepe3 CBHHIOBBLIA KPaH 3HAYHTENbHOH TOJ-
wuHel. ITIpo6er yacTHIBI 3aBHCHT TakK:Ke OT ee sHepruu. Ecre-
CTBEHHO, YTO YeM 3HEepTHUs Bhlllle, TeM GoJblue npober. B-TperTh-
UX, MPOGer 3aBUCHT OT IJIOTHOCTH BelIecTBa, B KOTOPOM TOpP-
Mo3uTCs uaayueHne. Uem Bhillle NIJIOTHOCTb, TEM HHTEHCHBHEE
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TopMokeHue., Ha ocHOBe 3THX OCOGEHHOCTEH B3aHMONEHCTBHS
M3JIyYEHHUsI C BELIECTBOM CTPOSITCA Pa3/IMYHBEIE TPHGOPHI KOHT-
posisi U yIpaBJIeHHs TeXHOJOTHYeCKHMH MpOLieccaMH, BCEBO3-
MOXKHble JIaTUHKH, CHTHAJU3aTOPbl. DTHX NPHOGOPOB pasyiny-
HOI'O Ha3HAYeHHs! B HACTOsIlee BPeMsi H3rOTaBJIMBAeTCs OYeHb
MHOro. IloaToMy MBI paccMOTPHM TOJIBKO HEGOJBIIYIO YacThb
HanboJjiee XapaKTePHbIX H IIPOCTHIX.

Kak yxe ynmoMHHaJIOCh BhIIlIE, G-H3JyYeHHE OYeHb CHJIbHO
TOTJIOIIAETCS] BELIECTBOM, INPOM3BOAS MOIIHYIO HOHH3AIHIO.
ITosTomMy npu6OpHl M YCTPOHCTBA C Q-H3Jy4aTeNsIMH HCIOJb-
3YIOT fIBJIeHMe HOHH3alHH Tra3a IOj JeHCTBHEM O-YaCTHIL.
VoHu3oBaHHbI# ra3 NpPOBOAHUT 3/IEKTpHUeCKHH TOK. UeMm Goub-
HIe MOHH3aLHs, TeM GOJIbIIE 3JeKTPONPOBOLHOCTb r'a3a.

Ilpy npoOH3BOACTBE HENDPOBOASIIMX 3JNEKTPHUECKHH TOK
MarepHajoB (IU3JEKTPHKOB) — IIJIACTMAcC, HCKYCCTBEHHOI'O
BOJIOKHA, GYMard, B3pPbIBUATHIX BEIIECTB — B pe3YJ/IbTaTe Tpe-
HHMS Ha HHUX BO3HHKAIOT 3/I€KTPHYeCKHe 3apsiibl, KOTOpbIe
OPUBOAST K CIYTHIBAHHIO HMTeH, CJMIAHHUIO IOBEPXHOCTEH,
K HCKpeHHIO. He roBopsi yxe O TOM, YTO 3TH SIBJIEHHSI PE3KO
CHHXKAIOT [POU3BOAUTE/JIbHOCTb MalIHH, OHH MOLYT 3a CueT
HCKPEHHs BbI3BaTh MOXKAapbl H B3pbIBEL. Ecin Mexay usons-
IVOHHEIM MaTepHaJioM M 3a3eMJIEHHBIM KOPIYCOM MallHHbI
YCTAHOBHTb HCTOYHMK O-H3Jy4eHHS, TO BCJE[CTBHE HOHHU3a-
LMY BO3AyXa 3JeKTPHUECKHe 3apsaibl OyAyT CTeKaTb Ha 3eM-
Jgio. B pesynbrare npou3BOAMTENBHOCTb MAlMH Pe3KO BO3-
pacraer, a OnacHOCTb aBapuii CBOZUTCA K MHHUMYMY. Mcrou-
HUKH O-H3JTYUeHHSl JJIsl CHATUS 3JeKTPHYECKHX 3apslioB
NPOU3BOJATCA B NPOMBILVIEHHbIX Maciurabax H HalWIH MIHPO-
KOe NpPHMeHEHHE B TEKCTH/IbHOH NPOMBILJIEHHOCTH, HOJHTpa-
¢un, npyu IpOU3BOACTBE IVICHOYHBIX MaTepHaloB H B IPYIuX
oTpac/siX HapOAHOTO X03siicTBAa. [Is1 M3TOTOBJIEHHS! O-H3JY-
gaTesell ISl CHATHSI JeKTPHYECKMX 3apsiioB yalle BCero Mc-
nosb3yercst u3oTon mayToHus — Pu?3®. [Ing stux ke uesneit
NpUMEHsIeTCS] NpPOMeTHH-147, uWCNYyCKalOWHA MsrkKHe, T. €.
Majiofi 3Hepruu, P-4acTHIIBL

Momsyo HOHH3aUMIO O-YacTHLAMH HCIOJB3YIOT LJIs CO3ja-
HMSI Pa3/MYHBIX aHANH3aTOPOB ra3a M Tas3OBBIX JETEKTOPOB.
Mpr yxe ynoMuHanH O TOM, 4TO BeJMYHHA HOHM3aLHUM IIpH
NPOYHX PaBHBIX YCJIOBHAX 3aBHCHUT OT BEILECTBA, C KOTOPHIM
B3aUMOJIACTBYeT u3iyueHHe. UToOBI NpOU3BECTH HOHH3AIMIO
MOJIEKYJl BEleCTBa, HEOOXONMMO 3aTPaTUTh HEKOTOPYIO 3Hep-
ruio. UeM MeHbIle 3HEPTUsl HOHH3ALMH MOJEKYJ, TeM GoJblile
o6pa3syercsi HOHOB, TeM GOJBILYIO 3J1eKTPONPOBOAHOCTb NPHOG-
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Bbixoa rasa f

1

Py

Bxoa rasa

:H,l# '\4 l |

o Ycunurento noctosHHoro
TOoHa

Puc. 3. CxeMa rasoBoro HOHH3AUHOHHOTO JETEKTOpa:

1 — sranonHas u_paGoyast Kamephl; 2 — UGHTPAIbHEIA 3JeKTpop; 3 —
HCTOUHHKH Q.-HJIH -u3nydenus; 4 — BHICOKOOMHOE CONPOTUB/IEHHE; 5 —
HCTOYHHK NHTAHHSA.

peraer BemecTBO. [l M3MEpPeHHs HOHH3aLMH B rasax MoJb-
3yIOTCS HMOHM3aLlHOHHOH KaMepoH, KOTopas IpenCTaBJIseT
co6oii 60 JABE TMJIOCKHE MeTa/l/IMUeCKHe IJIaCTHHKH, JIHGO
MeTaJlJIHYeCKHHl IUJIHHIP C LEHTPaIbHLIM TOHKUM 3JIEKTPOOM.
Ecin mMexxJy mylaCTHHKAaMH MJIH MEXAY KOPNYyCOM H LEHTpaJb-
HbIM 3JIEKTPOAOM NPHJIOKHTD 3JIEKTPHUECKOE HamnpsiKeHHe,
TO B LENH MOHIET OueHb Majbifi TOK, O0YC/IOBJIEHHBIH Ci1a6oiH
HOHH3aLHeH rasa B HOHM3alHOHHON Kamepe 3a CYET KOCMHYe-
CKOrO M3JIy4eHHs W TEIJIOBOrO JBHKEHHS MOJIEKYJ rasa. Eciu
BHYTPH KaMephbl NOMECTHTb HCTOYHHK O-H3JIyUYeHHs, TOK pe3-
KO Bo3pacreT. BequyuHa TOKa moj BO3JEHCTBHEM MOCTOSIHHOTO
HCTOYHMKA H3JIYYEHHs 3aBHCUT OT COCTaBarasa BHYTPH HOHH-
3al[HOHHOH KaMephbl: HM3MEHSIETCSI COCTaB ra3a, H3MeHseTCs
MOHM3anHOHHBEIA TOK. Ha 3TOM nmpuHmume noctpoeHsl pasiny-
Hble CHI'HAJIH3aTOpPhl INPEBBILIEHHS IOMYCTUMOH KOHIEHTpa-
IMH DPa3/MYHBIX ONACHBIX a30B — MeTaHa B [IAXTax, yrap-
HOr'O Trasa, BOJAOpOAa H Ap. VloHHM3alHOHHBIE Ta30BHIE JETEK-
TOPbI NPHMEHSAIOTCS JJI TEXHOJOTHYeCKOrO KOHTPOJISi B XH-
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MUYECKOH NpPOMBIIIEHHOCTH. B HEKOTOpHIX C/yyasiX BMECTO
Q-H3JIYYaIOUUX H30TONOB — PaJMsl, NOJIOHHS NPUMEHSIOT H
B-usayyalomue H30TONBEI — NpOMETHH-147, cTpoHnui-90 u ap.

YCTpOHiCTBO MOHU3ALMOHHOTO I'a30BOTO J€TEKTOpAa SICHO H3
npeicTaB/eHHOH Ha pHc. 3 cxeMbl. [IBe HIEHTHUHbIE HOHM3a-
IIMOHHBIE KAMEPbI «3alHTHIBAIOTCSA» (5) HABCTpeuyy APYT APYry.
Ec/u HCTOYHMKH O- HIH P-H3/TYYeHHs, NOJaBaeMOe Ha KaMephl
Hanpsi)KeHHe ¥ COCTaB Ta30B B 3TaJOHHOH M paboueli Kamepe
OIMHAKOBbI, TO M MOHH3ALHOHHbIE TOKH B OOEHX Kamepax 6y-
LyT onauHaKoBbl. Ha BHICOKOOMHOM conpotuBieHuu (4) 3TH
TOKM OyAyT B3aUMHO CKOMIIEHCHDOBAHBH, M IIOfaBaeMOe Ha
YCHIHTENb HampsikeHue OyneT paBHO Hymo. Ha mpakrtuke
TPYAHO BBINOJHUTb YCJIOBHUS MOJHOH HAEHTHYHOCTH OO6eHx
Kamep M pexuMa ux paGorel. IlosTomMy nepen ycuiauTteseMm
YCTaHABJIUBAETCS YCTPOHCTBO KOPPEKUMH HYJEBOI'O OTCYETa.
Ecmu B paGoueli xkamepe cocTaB rasa H3MEHHTCS, H3MEHHUTCS
U MOHHU3AaIMOHHLIH TOK. B pesysibraTe Ha yCHJHTENb MOCTYIIHT
CHUT'HAJ, BEJIMYHHA KOTOPOTO OYIEeT COOTBETCTBOBAThH BEJHUHHE
H3MeHeHHsl cocTaBa raza. VIOHH3aUMOHHBEIA JAETEKTOp — MNpH-
6op BecbMa 4yBCTBUTeJbHbIH. B HEKOTOPEIX ciiyyasix OH MO3BO-
JsieT 3auKCHpOBaTh H3MeHeHHe COCTaBa rasa B COThle M Thl-
CsluHble JOJIH NPOLEHTa.

Ilpu mocTtosiHHOM cocTaBe rasa MOHM3allMOHHHI TOK B Ka-
Mepe 3aBHCHT OT €ro jaBjeHus. Uem BHILe JaBIEHHE, TeM
CHJbHEe HOHM3aUHs. IJTa 3aBHCHMOCTb HCIOJIB3YeTcs JJIs
CO3[aHHsI OYeHb YYBCTBUTEJbHBIX HOHHM3aLHOHHBIX MAaHOMET-
poB. OcoGeHHO 3()(eKTHBHO HX NpPHUMEHeHHe NJIs U3MepeHHs
HU3KHUX IABJIEHMH.

Tox B HOHM3aIMOHHOH Kamepe 3aBHCHT TakKKe M OT COoZep-
JKaHUs TBepIbIX B3BelleHHHIX B rase yactuu. Ha stoM npuH-
IUne MOCTPOeHbl IPOTHBONOXKAPHBIE CHTHAMH3aTOPHl JblMa
U Ipyrue ycTpOHCTBa.

Ilox BO3peficTBMEM HOHM3HPYIOIIETO H3JIyYeHUS pajuoaK-
THBHBIX M30TONIOB HEKOTOPhIEe BelecTBa (MIOMHHO(OPbI) HCIY-
CKalOT BHAMMBIA CBeT. PasjnyHble CMecH JIOMHHO(OPOB CO
cleAaMHM  paJHOAaKTHBHBIX H30TONOB MO3BOJIAIOT CO34aBaTh
CBeTALIMeCs: B TeMHOTe pa3HOOGPa3HLIMM IBETaMH COCTABBI.
OTH COCTaBB HCNOJB3YIOT AJA MPOU3BOACTBA CBETO3HAKOB
OrpaxK/ieHHsl, WKal H CTPEJOK MNpUGOpPOB, HCIOJIb3yEMBIX
B 3aTeMHEHHbIX noMemeHHsX. Kak mpasuiso, B meaax 6esonac-
HOCTH OOCJY>KHBAIOIIETO NEPCOHaNa B CBETOCOCTAaBaxX HCMOJb-
3YIOT O-M3JIydyaTelld U MsArkHe Q-H3/yyaresH.
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3HayuTesIbHO® YHCJIO NPHGOPOB KOHTPOJIS M aBTOMATH3a-
IMH TEXHOJIOTMYECKHX IIPOIECCOB NOCTPOEHO Ha $SIBJIEHHH IO-
[VIOIIEHHSI HOHM3MDPYIONMUX H3JYYeHHH BemecTBOM. Eciu Ha
NYTH NOTOKAa P-4acTHIl MJIM y-JyyeHd YCTaHOBHTb 3KpaH H3
KakKoro-iu6o BeliecTBa, TO IOTOK 3a JKpaHoM GyneT cjabee
HCXOJHOTO, a INPHM 3HAYHTeNbHOH TOJIMHE 3KpaHa NpPaKTH-
YeCKM IIOJHOCTLIO HMcye3HeT. OcsabneHHe IOTOKA HOHH3HPYIO-
IIET0 H3JYYeHHS 5KPAHOM 3aBHCHT OT SHEPIHH H3JIyYeHHs,
TOJIIMHBEI 5KPaHa M €r0 XUMHYEeCKoro cocraBa. MoxHO Bcerja
nopo6parb TaKOH pajiMOAKTHUBHBIH H30TOI, YTOOHI MOIJIOLIEHHE
IpY 33JaHHOH TOJIIMHE SKPaHa COCTABJISJIO 3aMETHYIO BEJH-
YHHY.

Ilorsomenye y-nydeil BemeCcTBOM MONUHHSIETCS BeChMa
IpoCcTOd 3aBHCHMOCTH. Ec/m moTok y-myded, MCXOASIIHHA OT
HCTOYHHMKA, 0603HA4UTb uyepe3 /,, a MOTOK NPOMICAIINX Yepe3
BeLeCTBO — TOMUMHOA x — I, To [, = [,e ™, r1me p —
KO03(GhHIMEeHT MNOIJIOWEHHS, 3aBHCSLIMA OT SHEPTHH Y-Jaydei
U COCTaBa MOIVIOLAIOIIETO BelecTBa, TakuM o0pa3oM, H3Me-
psisl Haya/JbHBIH U KOHEYHBbIH NOTOKH NPU U3BECTHOM 3HAUEHHH
KO3(HULIMEHTa TOIVIOMIEHHSI, MOXKHO BBIYHCIUTb TOJILIUHY
noryomaromero cjosi. Ilorsomenne B-uactun cioxuee. Brict-
pBI€ 3JIEKTPOHEI, NPOXOJisl Uepe3 BEIIECTBO, 3a CUET B3aHMOJIEH-
CTBHS C aTOMaMM IIOCTENEHHO TEePSIIOT CBOIO 3Hepruio. Jlis
HHUX CYINECTBYeT TaK Has3blBaeMasi TOJIIUHA IOJIHOTO MOTJIO-
IIEHHS, 3aBUCAINAS OT SHEPTHH 3J1EKTPOHOB H COCTaBa MOIVIO-
mamoniero BemecTBa. Eciu uMeercsi MOTOK GBICTPHIX MOHO-
SHEPreTHYECKUX 3JIeKTPOHOB 3aJlaHHOH 3HepTHH, TO, NPOXOAS
yepe3 CJION BEleCTBa (LOCTATOYHO TOHKHM), HAa BHIXOJIE OCTaEeT-
Csl TOT Ke MOTOK, HO C 3JIEKTPOHAMU MeHbliell 3HepTUH. B s3TOM
cIydae O TOJIIMHE 3KPaHa MOXKHO CYIAUTh IO YMEHbIIEHHIO
sHepruu yactuu. Ecju ToMMHA CTaHeT paBHOH WM GOsbIUei
TOJILIMHEI OJTHOTO TOTJIOUIEHHS!, IIOTOK 32 3KPAHOM HOJIHOCTHIO
HCYe3HeT.

Ilpy panHOakTHBHOM pacnaze, Kak YyKe YIOMHHAJIOCh,
MOTOK 3JIeKTPOHOB (f-uacTHI)) He MOHOIHEPreTHUECKHH, a npel-
CTaBJisieT CO00H Ha0op 3JIEKTPOHOB C 3Hepruefl oT HYyJS JO
HEKOTOPOI'0 MakcHMaspHOro 3HaueHus. IlosatoMy npu mpo-
XOXJIEHUH yYepe3 3KPaH ONpeneJeHHOH TOJIIMHBI MeHSeTCs He
TOJMIbKO 3HEepTHs, HO ¥ BeJMYHHA NOTOKa. Ecam morjoueHne
He npesbiaer 70—80%, B mepBoM NpPHUOIHKEHHH MOXKHO
NO/Mb30BaThCs (YOPMYJIOH, NPHUBENEHHOH AJd Y-Ty4yeH.

Ecnu mexay HCTOUHHKOM f-uacTui, HMiH y-Jydell ¥ HOHH-
3allHOHHOH KaMepol WJIM CYETYUKOM IIOMECTHTb IOIJIOLIAIQ-
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liee BEIECTBO, TO BeJHYMHA HOHH3ALHOHHOTO TOKAa MJIH CKO-
pocTb cueta OYAET YMEHbIUATbCS C YBEJHUYEHHEM TOJILIHMHEL
MOTJIONalomero Bemecrtsa. Ha aToM mpuHnune paoraior pas-
JIMYHOTO THIA TOJMIIHHOMepHI. I/l M3MepeHHsl TOJIIHHBI TOH-
KHX IIOJIUMEPHBIX TJIEHOK HWJIH TOHKOH OyMarH B KayecTse
HCTOYHHKA MOHH3HPYIOIEr0 H3JYUeHHS IPHMEHSIOT pajguo-
aKTUBHBIE H30TONHI, HCHyCKawoupe Markve f-uactHupl. s
MeTasIn4ecKofl Gosbru, KapToHa U TOMY MOJOGHBIX JIMCTOBBIX
MaTepHaJIoB NMPHMEHSIOT HCTOYHHKH C JKECTKHMH [-yacTHIaMH;
LISl METaJIJIMYeCKOro Ipokara — y-H3Jy4YeHHe DasJH4HOH xKe-
cTkoctd. Eciu cBsI3aThb BBIXOJL HOHHM3AILMOHHOH KaMephl HJIH
CYETYHKA C HCIOJIHUTEIbHBIM MeXaHH3MOM IPOKAaTHOI'O CTaHa,
KaJlaH[POBOH MAaIlUWHbl WM YCTPOHCTBOM, PEryJHPYIOLIUM 3a-
30p MeXJy BaJKaMH, TO MOXHO OCYIIECTBHTb aBTOMATHYECKOE
peryJ/iMpoBaHHe TOJIIMHBI H3rOTOBJSEMOro Marepuana. s
OIpefie/IeHUs] TOJIHMHBI PA3JHYHBIX MOKPBITHH MOXHO HCIIOJb-
30BaTb CBOMCTBO OTpaxeHHs f-yacTui OT nosepxHoctH. Cre-
NeHb OTPaXKEHHSs 3aBUCHT OT TOJIIIHMHBEL H MaTepHaJla MOKPHITHS.
Takum 06pa3oM MOXKHO H3MEPHTb TOJLIMHY JIaKOKPAaCOYHBIX
HOKPHLITHH Ha MeTa/ylaX, TOJILIMHY H30JISLHOHHOTO Jiaka Ha
NpPOBOZAax U T. 4. Tako#l TOMILHHOMED TaK¥kKe MOXKET CJIYKHThb
JATYUKOM JJIl aBTOMATHYEeCKOrO pPeryJHPOBAHHUSI TOJIIMHBI
HOKPBITHS.

Ha cBoiicTBe norsomenns H31y4YeHHs BELIECTBOM OCHOBaHA
pa6oTa BaXHBIX NPHUOOPOB TEXHOJOTHYECKOIO KOHTPOJS —
CHI'HA/IN3aTOPOB M H3MepuTesied YpOBHSI KHUIKHX H CBITYYHX
BemtecTB. CHrHA/IN3aTOPbl YPOBHS NPEACTAaBJSAIOT' COGOH CHCTe-
My, COCTOSILYI0 K3 HCTOYHHKZ HOHH3HPYIOIErO H3Jy4eHHs
U JleTeKTOopa (MOHH3aLMOHHAsl KaMepa, CUeTYHK), NMOMELIeHHYIO
B TEXHOJIOTHYECKOM annapaTe y BepXHell KPHIIKH HWJIH Yy AHH-
ma. Ecau npocTpaHCTBO MeXAYy HCTOYHHKOM M JETEKTOPOM
3aNOJIHAETCS JKHAKOCTBIO HJIH CBHINYYMM BEIIECTBOM (3€pHO,
IeCOK U T. A.), TO CHUTHaJ JeTeKTopa Pe3KO YMeHbIlaercs.
Takum o6pasoM, cHCTeMa, YCTaHOBJIEHHass BOJM3M KPHILKH,
SIBJISIeTCS] CHTHA/NIM3aTOPOM IIepPEeNnoJIHEeHHs anmapata, a y JQHH-
12 — OMNOPOXKHEHHS.

BriosiHe NOHATHO, YTO CUT'HAJIBI JETEKTOPA MOT'YT OBITH BBe-
JleHbl B CHCTEMY aBTOMaTHYECKOTrO YNpaBJIEHHs! TEXHOJOr'Hue-
CKHMM IIPOLECCOM.

CxeMbl ONHCAHHBIX YCTPONCTB IpeNCcTaBJIeHbl Ha pHC. 4 u .

IMpunuyn pa6oTel ypoBHEMepa € pajHOAKTHBHBLIM HCTOYHH-
KOM HECKOJBbKO OTJIMYeH. MICTOUHMK HMOHHM3HPYIOLIErO H37yde-
HHSl TIOMEL@eTcsl B TIepMETHYECKHMH IOINIABOK, INepeMeliaro-
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Puc. 4. Cxema pampanHOHHOTO TOM-
IHHOMepa:
1 — panku; 2 — WCTOUHHK H3JYyye-
HHS B 3aUUTHOH Kamepe; 3 — cueT-
2 YHK HIH HOHH3aUHOHHAS Kamepa;
4 — npoxarbiBaeMbI MaTepHas.
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Puc. 5. Cxema paGoTsl NAaTYHKA MepeNONHEHHS] HJIM ONOPOKHEHHS:

! — kaMepa IAsi MCTOYHHKA H3JYYeHHsi; 2 — Kamepa AJIs JETEKTOpa W3-
JyueHHsi; 3 — repmeTH3HpYylowasi (oJbra H3 Hep:KaBelowleH CTaju.

INMACA [0 BepTHKANbHOH Hampasisiomell. [leTekTop mome-
maercs Ha kKpoiuke. IIpn H3MEHeHHH YDOBHS KHJIKOCTH
H3MEHSIIOTCS PacCTOSTHHE MEXAY HCTOYHHKOM H JIETEKTOPOM
H B COOTBETCTBHH C 3THM BeJIMUMHA CHTHa/a JieTeKTopa. JTOT
CHFHAJ MOXKeT OBITb NOJAH Ha MOKasbIBAIOUIMH HJH 3amuChl-
BalOmMH BTOPHYHBIE npubOp, IIKajJa KOTOPOrO TapHUpOBaHA
B JINTPaX WJIHM KyOOMeTpax, JIH60 B CHCTEMY aBTOMaTHYECKOro
ynpaBJieHus.

JlJ1s MCTOYHMKOB MOHM3MDYIOMIETO H3JyYeHHsi B ypOBHe-
Mepax, Kak NPaBWIO, HCIOJb3YIOT y-H3Jydalolie Ppajgroak-
THBHBIE H30TONBI, TakHe, Kak Ko6anbT-60, nesuit-137 u gp.

K sTomy ke kJaccy npuGOpPOB H YCTPOHCTB TeXHOJIOTHYe-
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CKOTO KOHTpPOJI OTHOCATCH JeeKTOCKOmbl. PeHTreHOBCKHH
anmapar, ¢ HOMOIIbIO KOTOPOTO NPOHM3BOASITCS CHHMKH BHYT-
PEHHHX OPTaHOB, fBJSETCS OJHHM H3 DaHHHMX BHIOB JeeKTo-
CKOTIOB. PeHTreHOBCcKHE JIydH HEOAMHAKOBO MOIJIOMIAIOTCS
pasUYHBIMH OPraHaMM ¥ TKaHSAMH, B CHJIy 4ero Ha (oTomjeH-
K& HJIH CBeTSIEMCSl MOj JeHCTBHEM pPEHTTeHOBCKHX JIyueit
SKpaHe, NOMEUIEHHBIMH 32 OOBEKTOM IIPOCBEUHBAHHsI, BO3HH-
KaerT u3obpaxKeHHe, IO KOTOPOMY MOXKHO YCTaHOBHTb HMeEIO-
Il MECTO OTKJIOHeHHs1 OT HOpMbl. OHAKO /ISl PEHTTEHOBCKHX
JAyuyell JOCTaTOYHO NPO3PAYHBIMU SIBJSAIOTCS OHOJOTHYECKHe
OGBEeKTh, obJajamouiie HeGOJBbIIOH MJIOTHOCTBIO, CpPaBHH-
TeJIbHO TOHKHE CJIOH APEBECHHHI H IJ1aCTMAcChl U TOMbKO OYEHb
TOHKHE CJIOH MeTa/yIoB. Kpome TOro, peHTreHOBCKasl amnmapa-
Typa rpomosixa u Tskena. Kak ke IPOBEDUTb KauecTBO OT-
JIUBKH WJIM cBapHOro uBa? Yacto BO3HHKaeT HEOGXOAUMOCTb
NpPOCBeTUTh TPYOY HJIH annapar, 3arJsHyTb B JBUraTeNb HJIH
KOMIIpeccop, He BckpbiBag uX. C peHTreHOBCKOH ammapaTypoi
3/eCh He MOACTYNUTHCS, Jla M 2KECTKOCTb PEHTTE€HOBCKHX Jyuel
3llecb HenocTaToyHa. Ha noMomp mpHXORST H30TOMHBIE Aedek-
TOCKOIBl C MOINHBIMH HCTOYHHKAMH Y-H3JYYalioUX H30TOINOB
B COTHH, THICSUM U Jaxke NeCATKH Thicsy KopH. OOBIYHO 3TO
Te ke KobGanbT-60 ¥ unesuii-137. B Tex ciyuyasx, xoraa Tpe-
Gyercsi Gosiee MSITKOE H3Jy4eHHe, MOT'YT ObITb HCIOJb30BaHbLI
eBponuii-155, Tannmii-204 ¥ Apyrue H30TOIBL

UerkocTb U3006paxKeHusi, WM, KaK TFOBOPST, paspeluaromnias
CriocoGHOCTh JeeKTOCKONa, TeM Bhllle, YeM MEHblIe pasMmep
HCTOYHMKA W YeM JaJbllie OH HaXOAHTCS OT IPOCBEYHBAEMOTro
o6bekTa. UTOGHl BHIIOJHUTL 3TO YCJIOBHE, H HEOOGXOIUMBI
OueHb MOLIHBIE HCTOYHHKH.

ITpoBepky paspemaroiieli cnocoGHOCTH AedeKTocKona mpo-
M3BOAAT NPHU MOMOLIY CIelHalbHOI0 3TAJOHa H3 TOTO Ke MaTe-
pHaja, 4To H IpocBeyHBaeMas AeTajlb HJIH yCTPOHCTBO. ITaJOH,
Kak 3TO BUAHO M3 pHC. 6, NpeAcTaB/IsieT cO60H MpAMOYTObHBIA
napajuiesienunes C HasaMH pasiaMyHOH IJyOuHBL [yGuna
nasa BeIpa)keHa B IPOLEHTAX OT TOJMmMHBL. Takum o6Gpasowm,
CpaBHMBAasi KOHTPACTHOCTb OOHApYKEHHOTro nedexkTa C KOHT-
pPaCTHOCTBIO 11a3a, MOXKHO ONpPENENHTb pasMepsl H TIyOHHY
JedekTa.

Hexkoroprle pajHOaKTHBHbIE H30TONBI HCIYCKAIOT DEHTre-
HOBCKOE H3JIyueHHe HENOCpPEeJCTBEHHO, HampuMmep TYJHi-170.
Kpowme Toro, npu TOpMOKEHHH CPAaBHHTENIBHO MATKHX f-4acTHil
BO3HHKAeT TOPMO3HOE pEHTIeHOBCKoe H3iyueHue. Ha sTtom
NpPHHLUHIE MOTYT OBITb [IOCTPOEHB! OY€Hb NOPTATHBHLIE PEHTTe-
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Puc. 6. Sramon nns medekTOcKOmHM. ¥ MasoB ykasaHa riayGHHAa B Ipo-
UEeHTaX OT IIOJHOH TOJIHHEI 3TajOHA.

HOBCKHE amnmnaparsl, He Tpe6yolye 31eKTPUUeCKHX UCTOUHHUKOB
SHEpPrHH M BBICOKOBOJIBTHOTO 060pynoBaHusi. OHH MOr'yT OBITh
pasmelmeHsl B HeGOJBIIOM ueMojaHuMKe. Taxkoi anmapar
COBEpIIEHHO He3aMeHHM B pYyKaX Bpaya, OOC/YKHBAIOLIErO
BBICOKOTOpPHbI€ MacTOMINA, MOJSpHblE SKCHEAHUIMH, TeoJOTH-
yecKHe MapTHH — JIofeH, HaXONSIMXCA B TPYLHOLOCTYIHBIX
parionax.

HedexTocKonusi CBapHbIX COEJUHEHUi, OTIMBOK U Pasyiuy-
HBIX Y3JIOB IOJIy4HJIa CaMoe LIMPOKOe pacnpocTpaHeHue, a B ps-
Jle TIPOLecCOB CTaja 0053aTeJbHBIM METOAOM KOHTPOJS Ka-
uecTBa.

Haxonen, B MeTonax KOHTPOJIS U YIPABJIEHUsI NPUMEHSIOTCS
pas/iuHble CUETYHKH JeTajell U HU3NeHiH, ABHXYIIHXCS IO
KOHBeHepy HJH JPYroMy TPaHCHOPTHOMY ycrpoiictBy. Hx
OPUHIWI TaKXKe OCHOBAaH Ha IMOIIOMEHHH HOHH3HUP YIOLIEro
U3JyUEHUs JeTasIMH WU HU3JENHSMH, NPOXONSIIUMH MeXAYy
HCTOYHUKOM U JerekTopoM. Ha aToM ke mpunuune pa6oTaroT
6e3KOHTAKTHBIE CUETYUKH O6OPOTOB.
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PABUOUIOTONMHAS SHEPTETUKA

B yxe paccMOTpeHHBIX 06JIacTsX NpHUMEHEHHs pa-
JIMOAKTHBHBIX MH30TONOB 3HEPTeTHUECKHe COOGpaXKeHHsi He
IPHHHMAJNNCh BO BHHUMaHHE Kak BTOPOCTENEHHBIE.

B Hacrosimem pasznene GyLyT NpHUBENEHH! Te CIYYau IpUMeE-
HEHHUsS] PAJMOAKTHBHBIX H30TONOB, B KOTOPHIX HCIOJIb3YeTcs
HeNOCPE/ICTBEHHO 3HEepTHs pajHOaKTHBHOrO pacmajga. KoHeu-
HO, SHEPTHsl PaJHOAaKTHBHOIO pacraja OJHOI0 aToMa Ype3Bhi-
yajfHo Mana, Ho ecim pajHOAKTHBHEIX aTOMOB MHOTO, €C/IH
HX KOJIMYECTBA MCYHC/IAIOTCS I'paMMaMM HJIH Jaxe KHJIorpaM-
MaMH, TO MOIJHOCTb PaJHOAKTHBHOIO pacmaja MOXKeT COCTaB-
JATh BEJHYHHY OT JoJiell BaTTa [0 HECKOJbKHX COTeH BaTT.
Hanuupe 3Hepruu paJMOaKTHBHOTO pacraja aTo elle IoJjena.
Heo0xonumMo yMeTb ee IOJIE3HO HCNOJB30BaTh, a 3TO, OKa3bl-
BaeTCsi, He TaKk IIPOCTO.

B mpupoze neficTByeT ofiuH U3 HauboJiee OOMIHX 3aKOHOB —
8aKOH COXPAHEHHS SHEPTHH, CYTh KOTOPOTO 3aKJIIOYAETCs B TOM,
YTO B 3aJlaHHOH M30JHPOBAHHOH CHCTeMe 3anac 3HeprHy OCTaer-
cs TMOCTOSIHHBIM; MOKET IIPOMCXOAHUTb TOJBKO IpeBpalleHue
OJHOTO BHZA 3HEPTHUH B JPYTrOH B CTPOrO COOTBETCTBYIOUIUX
(oxBHBaJIeHTHBIX) KosuuecTBax. IlpeBpaiieHne 3HeprHH U3
OIIHOTO BHJa B IPYTrOH COBEPIIACTCS B Pa3/MYHOrO Pojia npeol-
pasoBaTesnisix M ycrpoiictBax. Tak, C IOMOLIBIO TajbBaHHYE-
CKHX 3JIEMEHTOB HJIH 3JIEKTPHYECKHX aKKYMYJISITOPOB IPOHCXO-
JIWT TpeBpalleHHe XHUMHYECKOH SHEPTHH B 3JEKTPHYECKYIO,
B 3JIEKTPOMOTOPAX — 3JIEKTPUYECKOH B MeXaHUYeCKylo, a B
9/IeKTPHYECKHUX TeHepaTopax — Haob6opOT, MeXaHHuecKas SHep-
TUsl IpeBpaulaeTcst B 3JEKTPUUECKYo. B yTiore wiu sjekTpo-
IVIUTKE 3JIEKTPHYECKasi SHeprusi NepexXoiuT B TelJIOBYIO, aHa-
JIOTHYHO TOMY, Kak IpH TPEeHUH MM pabore KaKoro-ju6o
CTaHKA MeXaHHYeCKast SHepTUsl B KOHEYHOM CYeTe MpeBpalnaer-
cs B Temno. Bo Bcex nepeuyHc/eHHBIX IpHMepax OJMH BHA
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SHEeprUH INOJHOCTBIO NpeBpaliaercs B ApYrod 6e3 KakuUX-aHO0
OrpaHWYEHHH W YCJIOBHH, WM, KaK TOBOPSIT B TeXHHKE, BCE
3TH YCTPOHCTBA HMEIOT KO3(h(HIHEHT TIOJe3HOr0 JeHCTBHS
(KT1H), paeuwiii egunune, unu 100 %. CoBcem mHaue OGCTOHT
Jle70 C TemJIOBOH sHeprueil. B pa3iMyHBIX TemJIOBBIX Ma-
IIHHAX — NapoBO# MalluHe, TYpOUHe, NBHrarte/sie BHYTPEHHETO
CrOpaHusi — B IIOJIE3HYI0 MEXaHHYECKYI0O 3HEPTHI0 MOXKHO
NPeBPaTUTh TOJNBKO YacThb TEIJIOBOH SHEPTHH, JpYras ee uacTb
paccenBaercsi B okpyxarote#t cpene. [Tosromy KIT TensoBbix
MallixH Bcerja MeHblle efuHHUEl. OH TeM BBIlLIe, YeM BEILIeE
Temneparypa pa6ouero Tena (map, ras) 4 4eM HIKe ero TeMie-
patypa mnocie 3aBeplleHUsi pabGouero nukja. Tar, koadpdu-
LIMEHT IOJIE3HOrO JeHCTBHsI mapoBo3a He Gosree 0,1, wan 10 %,
a coBpeMeHHO# TemsioBO# ajekTpocTaHuuu 30—40%. Uem xe
OOBSICHUTh Takoe o0co0oe CBOHCTBO TemyoBoil sHepruu? Bcee
Jpyrue BHAbI SHEPTHH CBSI3aHBI C YNOPSOUEHHBIM JBHKEHHEM:
3JIEKTPHYECKass — C YIOPSIOYEHHBIM ABHXKEHHEM 3JIeKTpHuye-
CKHX 3apsOB; XHMHYECKas — C YIOPSLOYEHHBIM MpOTeKa-
HUeM XHMHYECKHX peakluf; MeXaHHUYecKasg — C YIOpslo-
UEHHBIM JIBHXKEHHEM uacTell MeXaHu3MOB. TernsioBasi ke 3Hep-
TUs CBs3aHa C XaOTHYeCKUM, OeCrOpsAOYHBIM JABHIKEHHEM
MoJIEKYJT H atoMoB B BemectBe. ITosTomy HeBosmoxkHO ¢ KII,
paBubM 100 %, npeBpartuth Tenso B J060H NpYyro#l BHJI 3Hep-
rud. Yro6el jgoctHyp B TemsioBoil MmamuHe KIIJI, paBHOro
100 %, HeoGxopuMo oXxJiaauTh paboyee TeJO JO TeMHepaTryphl,
IpPH KOTOPOH TENJIOBOE [BHKEHHE MOJIEKYJ IOJHOCTBIO IIpe-
Kpamaercsi, T. e. Jo abcomorHoro HyJas. Takolf mnpouecc
HeJOCTH:KUM. ATOMHasi 5Heprus paJMOaKTHBHOTO pacnaja
npeBpaliaeTcss B KMHETHYECKYIO SHEPTHIO YacTHI U y-ayded,
passieTalomuxCcsi BO BCEX HaNpaB/leHHSX, KOTOpas, B CBOIO
ouepeb, INpeBpallaeTcsi B TEIJIOBYIO SHEPTHIO CPefbl, NOIVIO-
waromelt ussnyyenue, [ToaroMy Ha YCTpPOHACTBA, HCIOJB3YIONIHE
SHEPTHI0 PaJHOAKTHBHOIO pacnajia, pacnpoCTPAHSIOTCA Te Ke
OrPaHWYEHHsI, YTO U Ha JPYTHe TelviOBble MAIIHHBL

CaMbIM IIPOCTBIM CJyYaeM HCIIOJb30OBaHHS 3HEPTMH paJiuo-
AaKTHBHOI'O pacraja SIBJSETCs CO3[AaHHE TeMJIOBBIX HU30TOMHBLIX
HCTOYHHKOB. Bpifiesisifolieecsi TeNJIO HCHOJb3yeTcsl AJIS IOX-
Jep:KaHHsi HeOOXOAHMOH TeMmmepaTypbl BHYTPH Pas/MYHbIX
KOCMHYECKUX alllapaToB HJIH NPHUOOPHEIX OTCeKax aBTOMAaTH-
YeCKUX YCTPOHCTB, paboTaloumUX B TPYAHOLOCTYMHBIX MeCTax
Ha 3emse. [Ipu aTOM clefyeT y4yecTb, YTO B 3aBHCHMOCTH OT
nepuojia mnoJiypacnaja NpHMEHseMOro H30Tona TaKkod HCTOY-
HHK TENJIOBOH 3HEPruU MOXKET paboTaTb AECATKU JeT 6e3 3a-
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METHOTO CHIKEHHA MOIHOCTH. OJHAaKO 3HAYUTENBHO 4alle
BO3HHKAaeT HeOOXONMMOCTb HE B HMCTOYHHKE Telsa, a B HCTOY-
HHKe 3JIeKTPHUYeCKOH sHepruu. M30TOmHBIE HCTOYHHKH SJIEKT-
pUYECKOH SHEepPTMH aBTOHOMHBLI, MOTYT paGoTatbh GecHpepLIBHO
rofbl. OHHM aGCOMIOTHO He3aMeHHMMBbl AJIsi NUTaHHs GOPTOBOH
annapartypel KOCMHYECKHX anmnaparoB W YCTPOHCTB IMHTaHUS
aBTOMaTHYECKHX MeTEeOCTaHIHii, pacrnoJioKeHHBX B TPYAHO-
JIOCTYNHBIX, TOPHBIX M MHOJISIPHBIX O06/IacTsiX, NHUTaHHS TeJje-
MeTpHYECKOH anmnaparypsl 4 T. 1. 30TonHbIe HCTOYHHKH JJIEKT-
PHYECKOH 3HEPTHH HCIIOJb3YIOTCSl B KauecTBe HCTOYHHKOB IIH-
TaHHSA 3JIEKTPOCTHMYJISITOPOB CEpJAEUHOH mesitebHOCTH. B pa-
JHOU30TOIIHOA 3HEpreTHKe NPHMEHSIOTCS pasJduHbie pajuo-
aKTHBHbIE U30TONbI C PA3JIHUHBIMH XapakTepucTukamu. Han6o-
Jiee BAXKHEIMH XapaKTEDHCTHUKAMH SIBJASIIOTCS BHJ W3Jy4YeHHs,
nepuoj] moJjypacmnaja ¥ yAeJbHOE 3SHeproBbIfe/IeHHe, T. €.
MOIIHOCTb B BaTTax Ha 1 T u3oTOmA.

Huxe npencraBieHbl 3TH XapaKTePUCTHKU 1J1s1 H30TOIOB,
HMEIOMUX NPaKTHYECKOe 3HaueHHe.

Haoton TMepuon nonypacnana mﬁ,ﬁg‘"“ ggﬁgg::;;ﬂep;:ﬁ,
Ctponuuii-90 27,7 roxa B 0,95
Leanit-137 30 aet B,y 0,42
Hepnii-144 284 nus B,y 25,6
IMpomeTuii-147 2,7 ropa 0,33
Ko6anbT-60 5,3 rona B,y 17,4
Tyanii-170 134 nus B, penTren 15,6
IMonounit-210 138 nueit o,y 140
InyTouuii-238 89 ser o 0,56
Kiopuii-242 163 nus o, PeHTreH 120
Kropnii-244 17,6 roxa ¢, PEHTIeH 2,9

ITepBble yeTbIpe pPaAHOAKTHBHBIX H30TOMA FBJISIOTCS NPOAYK-
TaMH JI€JIEHHSl ypaHa M IIPU Da3BUTOH aTOMHOH SHEpPreTHKe
MOTYT GbITh MOJIYYEHBbl NPAKTHYECKH B HEOIPAHHYEHHBIX KOJIH-
uectBaX. HecMmoTpsi Ha 5TO, UX NpHMEHeHHe OrpaHHUYEHO H3-3a
HaJIMUMsi TIPOHHKAIOLEr0 Y-H3JYyYeHHsi, HCMYCKaeMOro JHGo
HEIIOCPECTBEHHO, JHOO TOPMO3HOTO Y-H3JIYYEHHSI W DPEHTTe-
HOBCKOTO H3JyYeHHUs,, BO3HHUKAIOUIErO NP B3aUMOJAEHCTBUH
f-uactun c BemecTBOM. [Ijisi 3THX HCTOYHHKOB 3HEPTHH Tpe-
OyeTcs TsxkKesast 3allUTa OT H3JYYEHHs], JIMGO MX NpUMEHEHHE
OrpaHHyMBaeTcsi OObeKTaMH, I HEeT JIofeH H KHUBBIX Opra-
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Puc. 7. dororpadus u cxemaTHyeCKHH pa3pe3 H30TOIHOTO TEPMOSJIEKTPH-
uyeckoro reHepatopa «Bera-C» Ha ocHoBe crpoHuus-90:

1 — u3oTonHHIH TemnIoBOH O6sIOK; 2 — 3amwuTa; 8 — TEIJIOH30JHP YIOLIHe
9KpaHbl; 4 — IOJNYNPOBOJHHKOBBIA TepMO3JIEKTPHUeCKHH mpeoOpa3oBa-
TeNb; & — KOXYX-pajuarop.

Hu3MOB. lckiouenue cocraBisier npomeTtHii-147, KoOTOpBIA
HCIYCKaeT OYeHb MSrKHe [-4acTHIBI, 3alUTa OT KOTOPHIX HE
BbI3bIBae€T OCOObIX TpyaHocreidi. KobGanpr-60 u  Tynauit-170
HOJIYYalOTCSl B 3HAUMTEJbHBIX KOJHYECTBAX INpPH OOJYyYeHHU
HeHTpOHaMH CTaOU/IbHBIX KOOanbTa U TYJUS B aTOMHEIX peak-
Topax. OnHaKoO /151 HX HCIOJNb30BAaHHSI TaK Ke, KaK U AJIA
ONMCAHHBIX Bhile f-H3/yyaTesell, UMEIOT MeCTO Te XKe orpa-
HuyeHus. UTo Kacaercsi NOCJEIHHX YeThIpEX oO-H3Jjyuaresnef,
TO HX IPHMEHEHHe BeCbMa NePCIeKTHBHO H3-3a OUeHb BLICOKOTO
sHepropbifiesieHusi. OCOGEHHO INEPCIIEKTHBHO HCNO/Ib30BaHUE
ITYTOHHA-238, YHCTOrO 0O-H3JaydaTess, 6e3 CONYTCTBYIOIIErO
V-U3J1YYEHHS] HJIM PEHTTeHOBCKOI'O H3JIyUeHHS.

B H30TONHBIX HCTOYHMKAX JJs NpeoGpa3oBaHHs TEIJIOBOH
3HEPTUH B 3JEKTPHYECKYIO yalle BCEro HCIIOAb3YIOT IOJAYIpPO-
BOJIHHKOBBIE TePMO3JIEKTPHUECKHe npeobpa3oBaTtenu, paboTa
KOTOPHIX OCHOBaHa Ha TOM,YTO IPH Ha/IAYHM PA3HOCTH TeMIle-
paTyp Ha KOHIlaX Ipeo6pa30BaTesisi BO3HHKAET 3JIEKTPHUECKOE
HanpsikeHue. HarpeBaHue oCyIecTBJsETCSl 32 CUET PajHOaK-
THBHOIO pacmaja, a oXJaxIeHue — 3a cyer cbpoca Teria
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B OKpyxkaiwmyio cpery. Uem Gojibliie pa3HOCTb TeMIEpaTyp
MEeXIY TOPSAYHM M XOJIOZHBIM KOHIaMmu, TeM Bbilte KITII mpe-
obpasoBatesisi. CoBpemeHHble ycrpoiictBa uMeior KIII, pas-
HBt 5—10%. 3t0 sHauut, yro Ha kaxnawie 100 BT TemaoBoi
MOIIHOCTH MOXKHO nojyyutb 5—10 BT anekTpHueckoit. Ocranp-
HOE TEIJIO MOXKET ObIThb HCIIOJb30BAHO HEMNOCPEACTBEHHO IS
nojorpesa. Panuou3oTonHble MCTOUHHKH SHEPTHM YiKe ceffyac
IUPOKO Hcnonb3yiorcsa kak B CCCP, tak u B CUIA pnis mura-
HHUsi KOCMHYECKHX OOGBEKTOB, aBTOMAaTHUYECKHX METEOCTaHIMH
¢ nepenauedl WHdopMalHH 1O Pamwo.

B kauectBe npumepa Ha puc. 7 npencTasieHsl doTorpadus
M CXeMaTHYeCKMil paspe3 H30TONHOIO TEpMO3JIEKTPHUECKOro
renepatopa «Bera-C» Ha ocHOBe Hcnosnb3oBaHHus cTPOHIHSA-90.
Taxkwe reHeparopsl cepuiino Brimyckarotcsi B CoBerckom Corose
M CJIYXaT HCTOYHHKOM INTAHHSI aBTOMATHYECKHX METEOCTaH-
LM, PacnoJIOKEHHBIX B TPYAHOLOCTYIHLIX paiOHaX.

PannonsotonHeiil 610K (I) pacnosiokeH BHYTPH 3aIIUTHOIO
Koxyxa (2). 3areM cienyer cjoH 35KpaHOB (3), CayKauux
TENJIOBOJOM K MOJIYIPOBOJHHKOBOMY TEpMO3JIEKTpONpeobpaso-
Bartemo (4). VHTeHCHBHOe OXJax/ileHHe OCYILECTBJSAETCS IPH
MIOMOLIY Hapy»KHOIO Koxyxa (5).




MEAUUMHA, BUONOIMKS,
XUMUA

TlpumeHeHHe paJHOAKTHUBHEIX H30TONOB B MEIHIIU-
He ¥ OHOJIOTHM HAyaJoCh JIABHO, €llleé CO BPEMEHH OTKPHITHS
PalAHOaKTHBHOCTH, M IOCTOSIHHO pasBuBaeTcsi. Mbl yxe pac-
CMaTpHBa/JH HEKOTOpPbie NPHUMEPHl B pasjele, MOCBSIIEHHOM
MeTONy MeueHbIX aToMoB. OHAKO Te NpHMephl KacajluCh B OC-
HOBHOM H3yUYeHHsI NyTell M MeXaHU3MOB JIBHXKEHHsI BEINECTB
B XKMBBIX TKaHSIX M OpraHusme. 37ecb MBI PaCCMOTPHM IIpHMe-
HEHHEe PaJHOU30TONOB HE TOJbKO B HCCJENOBATE/NLCKOM ILIaHe,
HO M B LeJISIX JIHArHOCTHKH H Teparuu.

BosiesnenHrie nporeccsl B OpraHu3Me npexje BCero CKasbl-
BAIOTCS Ha NMPOTeKaHUH oOMeHa BerlecTB. Hapyiuenus: B o6MeHe
MOKHO NPOCJIEZUTDb BBEJIeHHEM BELIEeCTB U NpenapaToB C palHo-
akTHBHOH MeTKOH. C ee MOMOIIbIO MOXKHO ONpeNeUTh, KaKasd
JI0JIs1 BBEIEHHOTO Ipernapara acCMMH/IMPOBaJjach OpPTraHH3MOM,
a Kakasi BbiBeleHa. [laiee MOXKHO ONpELeNHTb, KaKOH HMEHHO
OpraH NOBHHEH B acCUMHJIsinuU. J{aHHBIE CpaBHHBAIOTCS C pe-
3yJIbTaTaMH, IOJYYEHHBIMH Ha 3J0POBLIX JIIOAAX WJIH KHBOT-
Hbix. TakuMm o6GpasoMm, MOryT OHITh 3aMKCHPOBAHbLI Hapylile-
HUS B TeX WJIM UHbIX opraHax. Tak, NpH HapyLIeHHX (YHK-
HyH IUTOBHHON »Keje3bl B Hell H36HPAaTe/NbHO 3a/lepKHUBAeTCs
panvoakTHUBHEIA Hol. JlMarHocTHka (GYHKIMOHAQJIBHBIX pac-
CTPOMCTB C IOMOLIbIO DPaJMOAaKTHBHBIX IIpenapaTtoB B psje
KJMHHK Hallja LIHpOKoe NpHMEHEHHe.

OreuecTBeHHasi paJHOXUMHYECKAs IPOMBILLIEHHOCTh IO-
CTaBJIsSIeT 3HAUUTEJIbHOE YUCJIO NPEnaparoB ¢ PagHOaKTHBHBIMH
H30TONMAaMH JJIsl JHArHOCTHUECKUX H TepaneBTHUECKHX LeJiel.
Hanpuwmep:

HaTpui-24 — COCTOSIHHE JIOK&JbHOrO  TKaHEBOTO KPOBO-
TOKa, MPOHHIAEMOCTH KaNWLJISPOB U MeTa-
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6onM3Ma HaTpPHsi B OpPraHH3Me NpPH pas/uy-
HBbIX 3a00/IeBaHHUAX;

¢docop-32  — AMArHOCTHKA M JieueHHe 3aGONIeBaHUI KPOBH,
JINarHOCTHKA 3JI0KauyeCTBEHHBIX HOBOOOPa3c-
BaHHUH, JieUeHHe XPOHMYECKOro JeHKo3a, 3a-
6GoJIeBaHHH KOXKH;

xpom-51 — JUarHocTukKa 3a60/IeBaHHH KPOBH U KEJY-
JIOYHO-KUILIEUHbIX KPOBOTEUEHUH, Ge330HJ0-
BOE Ompefie/ieHHe KUCJIOTHOCTH KEeJTYJI0YHOTO

COKa;
CTPOHIMHA-80 — IHArHOCTHKAa MEPBUYHLIX M BTOPUYHBIX 3JI0-
KaueCTBEHHBIX OIYXOJieH CKesera;
uox-131 — OLIEHKA COCTOSIHMH CEpJeYHO-COCYAUCTOH CH-

CTeMBI, HCCIENIOBaHHE COCTOSIHUSI IeYeHH MU
JKEMTYHOTO NY3BIpsi, JyyeBas Tepamnus NpH
HOpaXXEHHN JIUM(ATHUECKHX V3JI0B 3JI0Ka-
UeCTBEHHBIMHU OMyXOJISIMH, Hceneno-
BaHHe (PYHKLIMOHANbHOH JAeATEJbHOCTH IO-
ueK, JHArHOCTHKA H JieueHHe 3aboseBaHHUM
IUTOBUHOH KeJe3bl U Jp.;

30/10T0-198  — JsyueBasi Tepamusi 3JI0KaueCTBEHHBIX HOBO-
o6pa3oBaHui.

Bosee noppoGHasi HHGOpPMALHs O STOMY BONPOCY HMEETCs!
B KaTasore Bcecoio3Horo o6nepuneHusi «Msorom» «Menuuus-
CKHMe paauOaKTHBHble MNpemaparsl U u3jgenusi». B karamore
NpHUBeJIeHbl JaHHbIE O PaJHOM30TONHLIX Ipenaparax M H3je-
JHUSIX, JeyeGHO-IHAaTHOCTHYECKHUE CBOHCTBA KOTOPHIX HCIBITAHBI
BeJlyUIMH MEJHIHHCKUMH YUYPEXKIEHHSAMH H Ha TNpHMEHeHHe
KOTOPHIX HMeeTCsi paspelieHue MUHHCTEPCTBA 3[paBOOXpaHe-
Hus CCCP.

[ToMuMO pas3iuYHBIX NpenaparoB, NpeIHA3HAYEHHBIX LA
JUAarHOCTHKH U JIEYeHHsl, caMOe MIUPOKOe pacrnpoCTpaHEeHHE
HOJIYUHJIA U3NeNHS M YCTAHOBKM JJIs1 JIOKAJIbHOTO U OOLIEro
006/1yueHHs1 CONMbHBIX. XOPOLIO H3BECTHO, UTO MOJ AEHCTBHEM
HOHH3UPYIOIEro OOJYYeHHSI B KHBOH KJIETKE MOTYT HPOHCXO-
JUTb pa3lHyYHble M3MEHEHHUSI BILVIOTb JO ee Iubeu. ITH H3Me-
HEHHS 3aBUCAT OT 103kl 06nydyeHus. [Ipu ompejeneHHbIX 103ax
MOXKeT OBITb HapylleH I'eHeTHYeCKHH amnmapar KJEeTKH, B pe-
3yJIbTaTe Yero 3J0poBasi KJEeTKa MOXKeT NepPepoNuThCs B 3J10-
KauecTBeHHYI0. [Ipu Gosbluux f03ax OGNYYeHHST B KJIETKE MO-
T'YT ObITb HapylLIEHb! XKU3HEHHO BayKHbIe PYHKIMH H OHA NMOTHG-
HeT. Ha aToM npuHnune u ocHoBaHa snyueBasi Tepanusi. CoBpe-
MEeHHasi MeJlMI[Ha OCHAlUleHa IIHPOKHUM aCCOPTUMEHTOM CPEeCTB
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JayueBoii Tepamuu. KTo He ciblxan o KoGajabTOBOH MYIIKe?
Ona npezacTaB/sieT COOOH HCTOYHHK Y-H3JIyUeHHs Iipernapara
K0GanbTa-60, 3aK/MIOUEHHBIH B TOJICTYIO 3al[HUTHYIO CBHHIIOBYIO
060JIOUKY C Y3KHM LMIMHIDHUYECKHM OTBEPCTHEM, Uepe3 KOTO-
poe BEIXOLHUT MY4OK y-ayueil. UTo6bl y6epeub 0GC/TyKHUBAIOLHH
nepcoHasn OT OGJMYydYeHHs, OTBEpPCTHE 3aKpbiBaeTcsl IPOOKOH,
MaHHIYJSAIUA C KOTOPOH OCYIIECTBJISIOTCS JHUCTaHIHOHHO.
[Tyukom y-myueit 06JydaiOT OnyxoJjb. BaxHO mpH 3TOM IIpo-
BeCcTH OOTyYeHHe TaKUM 00pasoM, 4ToObl YGHTh 3JI0KaYecTBeH-
Hbl€ KJIETKH, a 30POBbIe KJIETKH MOBPENHTb KAaK MOXKHO MEHb-
me., B caydae y-06/ydeHHs1 3TO AOCTHTaeTCsl T€M, UTO OGJyye-
HYe NPOU3BOJUTCS HECKOJBbKHMH HMCTOYHHKAMH OLHOBPEMEHHO
C TaKUM PacyeToM, YTOObl My4YKH OT Pa3HbIX HCTOYHHUKOB IIepe-
CeKaluch B HYXXHOM MecTe. Torza nosa B MecTe nepeceueHHUs
ny4ykoB OyJeT KpaTHa YHCJIY MCTOYHHKOB, a BC€ OCTaJbHEBIE
MecTa IPOXOXIEHHs ITyyKa IOJIydYyaT OZHOKDATHYIO Jo3Y.
Tor ke 3ddeKT MoxKeT ObITb AOCTUTHYT U OJHUM HCTOUHHKOM,
ec/iH HeoGXoAuMoe MecTOo 00/Jy4aTb C PasHBIX HampaB/IeHHH
nocjefoBaTesibH0. B ciyyae Heo6XOmHMOCTH OOGJYYHTb Ha-
pPYXHble TKaHH WJIH TKaHM, Jiexauye HerJy60Ko, BMECTO
v-06/yueHusi PUMeHSIOT o6nyyeHHe o- ¥ f-uacTHmamu. Kax
Mbl YyKe 3HaeM, JJIsT 3THX YacCTHIL NPOGer HeBeJIHK — OT He-
CKOJIbKMX MHJIJIIMETPOB JJISl Q-UACTHIL IO HECKOJIbKHX CaHTH-
MerpoB Aas f-uactul. B kauecTBe HM3nyyaTesiedl mpUMEHSIOTCS
PalHOaKTHBHbIE aNIINKaTOPhl U MIJbL. IlepBEle npencraBisiorT
coGo# TO uiaH HHON (POPMBI IOBEPXHOCTb, MOKPHITYIO Mpema-
patoM pajHoakTHBHOro usoromna. IloBepX pagHOakTHBHOIO
CJI0si HAHOCHTCSl 3alIUTHOE IOKPLITHe, YTOOBI NPENOTBPAaTHTDb
BO3MOXKHOCTb TIepexojia paJMOaKTHBHOIO Ipenapara Ha MecCTa
06JyueHUs] U B OKPYKAIOMIYI0 cpefy. 3amHTHOE MOKPHITHE
JIOJ3KHO OBbITh JOCTATOYHO TOHKHM, 4TOObI He MOIJIOTHTh 3Ha-
YHTEJNBHYIO JOJII0 H3JIyYeHHsi, M JOCTAaTOYHO NPOYHBIM H Ha-
JIEXHBIM. B 3aBHCHMOCTH OT THNA U SHEPTHH H3JyUeHHS B Ka-
YeCTBE 3aIUTHOrO NOKPHITUS NPUMEHSIOT IOJIBIY U3 QIIOMHHHUS
U HepKaBelollel CTaqH, 3Majld M NOJUMepHble IyeHKH. [lpu
MOMOIIM aNIVIHKATOPOB JledaT paK KOXKH, KaTapakThl (IOMYT-
HEeHHe XPYCTaJiKa) ¥ MHOro APYrHX 3aboseBaHUH.

Ha puc. 8 npexcraBieHsl u306paxeHus IVIa3HBIX aNIlJIMKa-
TOPOB Ha OCHOBE H30TONOB — CTPOHIMA-90 (f-usnyueHue)
4 Ko6anbTa-60 (y-usayueHue).

PajnnoakTHBHBIE HIVIBI NIPEACTABAAIOT COO0i MeTalsiHyecKue
TOHKHE KaNWISpbl C 320CTPEHHBIM KOHIOM (THOBI HIJIBI JJIS
IINPHIOB), B KaHajl KOTOPBIX BBOAUTCS PaJHOAKTHBHBIA IPe-
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- Wan, W, ™
FUSTATUHOBIA [y mlly
YHEXON Fomitue,

DOUCR R

Puc. 8. T'yasHble anmiInKaTophi:
a — Ha ocHoBe CTpoHuHMs-90; 6 — Ha ocHOBe KoGauabTa-60.

mapar, yaiie Bcero B Buje TOHKOH npoBosiouku. B CCCP BbI-
NYCKaloTCs WITH(QTH Ha OCHOBe 30/10Ta-198 u HaGopnl HIT HA
OocHOBe X06asbTa-60.

J1s1 neyeHus nopax<eHHBIX TKaHeH Takue HIVIBL B OIpe-
Jle/IeHHOM KOJIHYeCTBE U Ha OIpejie/ieHHOe BpeMsi BBOISIT B 3TH
TkaHu. CoszaBasi HEOOXOLHMYIO 103y OOTYyueHHsi, YOHBAIOT
3JI0KaueCTBeHHbE KJIETKH, He 3arparusasi 310poBele. Mribi
MOT'yT OBITh JOCTATOYHO AJIMHHBIMM, 4 PajMOAaKTHBHHIA npemna-
paT pasMeliarbcsl TOJNBKO y OCTpHSl. TakuM cnoco60M MOKET
OBITb JOCTUT'HYTO MECTHOE 061 yUueH e TKaHeH, pacIo/IOKeHHEBIX He
TOJIKO Y NOBEPXHOCTH, HO U HA JIOCTaTOUHOH TIJ1yOHHE.

[TomMuMO rJIa3HBIX alIJIIKaTOPOB, B LIMPOKOM acCOPTHMEH-
Te BBINYCKAIOTCS KOXHBbIE aIIJIMKATOPhL JJIsl JIGYEHHS MHOTHX
KOXKHBEIX 3a6osieBaHuil. M3roraB/iuBaioTcsi OHM Ha OcHOBe ¢doc-
¢opa-32, kobanbra-60, Tanmua-204, npomerus-147.

K menunune u GHOJOTMH NPHUMBIKAeT JyueBasi CTepHJIH3a-
musi. OcHOBaHa OHa Ha TOM, YTO OGJyueHHe MpPEAMETOB, IOAJe-
JKaMMX CTEepPUIM3alMHM, INPOU3BOAAT TaKOH JO030H, KOTOpas
ABJISIETCS] TYOGUTENbHOH MJIsi BCeX MHKpPOOPraHuaMoB. [lis
CTEpU/IU3ALMH HCHOJB3YIOTCS MOIIHBIE HCTOYHHKH Y-Jydedi
Ha OCHOBE PaJMOAKTUBHBIX KoGanbTa-60 u uesus-137.

B nepBylo ouepenb JiyueBasi CTepUIH3anus yao6Ha B OTHO-
IIEHHH TePEeBs3OYHEIX MaTepHaJOB, HIVI, IUMPHUIOB U APYroro
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MEJMIMHCKOTO HHCTPpyMeHTapHus. B camom Jese, ykasaHHbIe
TpeaMeThl MOI'yT ObITb IPOCTEPHJIN30BAHEI I0CJ/E TOTO, KaK OHH
TIOMelleHbl B repMeTHUHYIO YrnakoBky. [Ipy oObuHOH TemIoBoi
CTEpPHJIM3allUH YNaKOBKAa NPOMU3BOAMTCS NOCJe Hee, 4TO MO-
JKET MPUBECTH K HAapYUIEHHIO CTePHJIbHOCTH.

TakuMm xe MyTeM MOXKHO CTEPHJIM30BaTb aMIyJiBl C Ipena-
patamu ais uHbekuui. [Ipu aTom po3a HOMKHA OLITH TakKoH,
4TOGEl YOUTh MHKPOOPTAHH3Mbl U He BBEI3BATb HeKesaTesbHBIX
H3MEHeHHH B caMOM Inpenapare.

Onno BpeMmsi mpefNPUHUMAJHUCh YCHUJIEHHbIE MONBITKH NPH-
MEHHTDb JIYUEBYIO CTEPHJIM3ALMI0 MHIIEBLIX MPOLYKTOB C TeM,
4TOGB! VIJIHHHTh CPOKM HX XpaHeHusi. OCOGEHHO 3TO BaXKHO
B OTHOILEHHH MSICHRIX H MOJIOYHBIX HpoxykToB. [loka sTH
MONBITKH HE JaJH XOPOLUUX Pe3yJbTaToB, TaK Kak NPH 3HAUH-
Te/IbHBIX Jl03aX OOGJYydYeHHsI B CaMHUX IHIEBBIX INPOAYKTAX
OPOUCXOAAT pacmaj Y HaKOIJIEHHE BelIeCTB, H3MEHSIOUIHX
BKYC M 3amax, a MHOIZa WM BpelHbIX JJis opra€u3ma. TeMm He
MeHee He HCKJIIOUEHO, YTo GYAYT HaiiieHbl Takue (opMbl 00Jy-
YeHUs], NPU KOTOPLIX HeXKeJaTesbHbie INOCAEICTBHS He OyayT
HMeTb MecTa.

KseTkH pas/MyHBIX OpTaHOB I10-Pa3HOMY YYBCTBHTEJbHBI
K HOHU3HpYIOUleMy u3ayueHHio. [Ipy OfHHX H TeX Ke J03ax
OJIHH KJIETKH NOru6aioT, a Apyrde OCTaloTCs NPaKTHYeCKH 6e3
HapyIIeHH# U NPOJ0/IKAIOT BHIIOMHATE CBOH (pyHKuuH. Hanbo-
Jiee UYBCTBUTEJNbHBl K OGNYYeHHIO 3apojbillieBble KiaeTKH. Ha
9TOM HX CBOHCTBE OCHOBLIBAeTCsI NMpHMeHeHHe OO0JydeHHs Kap-
TodesIsT M CeMsH JJfl YIJIMHEHHs CPOKOB HMX XpaHeHHs 6e3
IpopactaHusi. ITOT METOJl OUeHb BaXKeH U NEPCleKTHBEH U Io-
3BOJISIET COXPAHUTb GOJIbLUME KOJHYECTBA NHUUIEBLIX NMPOAYKTOB
B OBOLIEXPaHWJIHULIAX U 3JeBaToOpax.

Ilon nefictBueM oGnydeHHs: B BellleCTBE MOTYT IPOHCXOLUTb
caMbple pasHooGpasHble XHMHYeCKHe Ipouecchl. M3ydenuem
STHX INPOLECCOB 3aHMMAaeTCsl BO3HHUKIIAS HOBas OTpacjb Hay-
KH — pajJlialluOHHAsi XHUMHS.

Baaronaps ycnexam pajiuanHOHHOH XHMHH CTaJIO BO3MOXK-
HBIM H3YYHTb 3JIEMEHTapHbIe MPOLECCHl, BbI3BAHHbBIE HOHU3HU-
pPYyIOLUIUM H3JyueHHeM, 06pa3oBaHMe peaKIHOHHOCIIOCOGHBIX
HOHOB U PaJUKaJioB. 3TO, B CBOIO OUepe/b, OCTYIKUIO OCHOBOH
g 6osiee T1yGOKOro NMOHMMAaHHS JIYUeBHIX NOpaXEHHUH opra-
HM3Ma M METOJOB MX NPEYNPEKAEHUS U JieueHHsl. Pe3ynbraTel
HCCIeN0BaHUH B 00/aCTH paJHAUMOHHOH XUMHUH SIBJSIOTCA
TaKKe OCHOBOH CO3/|JaHUsI HOBBIX, TaK Ha3bIBa€MEIX PajHallHOH-
HO-XMMHYECKHUX, TEeXHOJIOTMYEeCKHX IPOLECcCOB — CHHTE3 IO-
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JIAMEDHBIX MaTepHasIOB, CO3JIaHHE MAaTEePHANOB C OCOGHIMH
CBOHCTBAaMH, YCKODEHHE XUMHUECKHX PEaKUMHd W MHOTHX ADY-
rux. L1enniil psj XUMHUYECKHX IIPOLECCOB OCYILECTBISAETCS TOJb-
KO B YC/JOBUSX [OBBILIEHHBIX TEMMEPATyp WJIH JaBJEHHH.
OGnyyeHNe HMOHH3HPYIOIUM H3JyYeHHEM MO3BOJISIET OCYILe-
CTBUTb 5TH IPOLECCHl NMPH OGBLIYHBIX YCJAOBHSX HJIM 3HAuM-
TEJIbHO HX YCKOPHTb.

B Hacrosimee BpeMsi pajiHalHOHHO-XUMHUECKHE IIPOLECCHI
BHEJIPEHHI B M10J1YIPOMBILIEHHBIX ¥ B IIPOMBILIJIEHHBIX MaCILTa-
6ax, YHCIO HX C KaXIblM TOJOM YBeJHYHBAETCS.

3HaAYUTE/bHO UYMCIO PalOT 1O H3YYEHHIO BJIHSIHHS HOHH-
3UPYIOIUX H3JIyYeHUH pPaJAHOAKTHBHBIX H30TONOB Ha HacJel-
CTBEHHOCTb. JTH paGOThl HMEIOT IIEPBOCTENEHHYIO BAaXKHOCTh
KaK C TOYKH 3peHUsl NPEeNYNPEXRIEHUS] HEXKeNaTeJbHbIX IeHe-
THYECKUX M3MEHEHHH, Tak U C TOYKH 3peHHs LleJieHanpaBJ/eH-
HOT'O pajMallHOHHOTO W3MEHEeHHSs] HACJEICTBEHHBIX MPH3HAKOB,
CO3/laHHsI PacTeHH{l U MKUBOTHBIX C HOBBIMH MOJIE3HBIMH CBOIi-
CTBaMH, CO3JaHHsi GoJiee NPOAYKTHBHBIX COPTOB H MOPOJ.
Henaneko To Bpemsi, KOrjja C MOMOIIbIO PajHAllHOHHON reHe-
THKH GYLYT CO31aBaTbCsi HOBBIE IOJIE3HbIE PACTEHHSI U XKUBOT-
Hble C Hamepe] 3aJaHHBIMH HAac/IeJCTBEHHHIMH CBOHCTBaMH.



BUOCMEPA

U TEXHUKA BE3OMNMACHOCTHU
MPHU PABOTE

C PABUOAKTUBHBIMH
BELLLECTBAMMH

Cefiyac HacTa 0 BpeMsi BEpHYTbCS CHOBA K CaMOMY
Hayajy Haulero IOBeCcTBOBaHHWsl. TaM Luia peyb 06 accorua-
HUAX M SMOIUSIX, CBSI3aHHBIX CO CJIOBAMU «H3O0TOIBIY, H3JY-
yenue» U T. A. [locJsie Bcero 3fech HanmHCAHHOI'O OT acCOLHAIMM
W SMOIHMH MOXKHO CO3HATeNbHO, CO 3HAHHEM Jesa NepedTH
K OOBeKTHBHOH OllEHKe 3HaYeHHUsI IPHMeHEeHUs paJll0aKTHBHBIX
H30TONOB: ONpPEeLeNUTb HOOPO 3TO WM 3J10; YTO BecoMee —
NoJIb3a JIJIsi YeJIOBEYeCTBa HJIM BO3MOXKHBIE NaryOHble MOC/eN-
CTBUS?

KoHeuHO, HHKTO He CTaHeT OTPHLATh, YTO GECKOHTPOJIbHOE
NPOHVKHOBEHHE B OKPYIKAIOILYI0 Hac Cpely PafiHOaKTHBHBIX
H30TONOB UYPEeBaTO CaMbIMH CEepbe3HbIMHM INoOcC/eAcTBHAMU. O6
3TOM MHOTO IHCAJOCh M B HAyYHOH M NOMYJsIPHOMH JIMTEpaType
B CBSI3H C HCHBITAHUSIMH siiepHOrO opyxwus. IIponcxopuno
HEIpephIBHOE 3apaxKeHHe aTMochepnl, MOYBEI H BOJIBI PaHOaK-
TUBHBIMH BellecTBaMH. B Hacrosimee BpeMsi Grarojaps ycH-
qusiv, B nepByto ouepenpb Coserckoro Corosa, 3akJirOUeH psif
MeXKAYHAapPOIHBIX COIJIALleHHH, CIOCOGCTBOBABUIHX 0370pOB-
JIEHHIO OKpY2Kaiole# cpefnl C TOUKH 3PeHUs] YPOBHSI pajiHoaK-
THUBHBIX 3arpsi3HeHufi. OQHAKO Nporpecc Helb3si OCTAHOBHTb.
ATomMHas 3HepreTHKa BCe BpeMsi pDa3BHBAeTCs, €e YAeNbHH Bec
B O0IleM 3HepreTHyeckoM OasaHce HENpPEepLIBHO YBeJHUYHBAET-
cs ¥ B JanbHedlleM OyaeT yBeauuMBarhbcs emie Owictpee. Ceit-
yac Y»Ke COBEpLIEHHQ SICHO, YTO CXKUTaHHe YIJisi, HepTH U ApY-
THX TOPIOYUX HMCKOMAEMBIX — HEBOCIIOJHUMbIE NOTEPH ChIPbA
XMMHYECKOH NpPOMBIIIJIEHHOCTH, OYAYIINX INHIIEBBIX IPOLYK-
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TOB, HOBEIX MaTepHaJOB. 3amnachl MHHepalbHOIO TOIJIMBA He
6ECKOHEeYHBl, U HNpPH COBPEMEHHBbIX TeMIaX UX NOObIYH OHH MO-
TYT ObITb HCUYepnanbl B o6o3pumoMm 6ynymeM. Mcnosnb3oBanue
aTOMHOH 3HEpTHH BO BCe BO3pacTalOIUX MaciutaGax NO3BOJIHT
3ajiepxaTbh 3TOT npouecc. Ho paGora aroMHBIX 3HepreTHye-
CKHX YCTaHOBOK, — 3JIEKTPOCTaHIMH, Kopabeli U T. M., KOpo-
ye, JIIOGOTO aTOMHOI'O PeaKkTOpa, — NPUBOAUT K HAKOILJIEHHIO pa-
JIHOAKTHBHBIX NPOAYKTOB B KayecTBe HEMHUHYEMBIX OTXOJOB.

Bo3MOKHO, 4TO C OCBOEGHUEM YMPaBJISIEMOr'0 TEPMOSIIEPHOTO
CHUHTe3a KOJIMYECTBO DaJMOAKTHBHBLIX OTXOZOB OYyIeT CBEeLEHO
K MHHHUMYMY, HO B HacTosillee BpeMs U B GamKanmeM 6ynyiieMm
BMeCTe C BhIPaGOTKOH 3HEPrHH 3a CUeT JeJieHHsl aTOMHBIX siep
6ylIeT NPOUCXOIMTb HAKOIJIEHHE PAaJHOAKTHBHBIX OTXOJOB.
Heneno aymarb, 4To 3TO OGCTOSITENTLCTBO MOXKET 3aCTaBUTh
3aNpeTuTb HJH OrPaHUYUTbL MPOH3BOJCTBO aTOMHOH 3HEPTHH.
Benb HHKOMY He NpHIET B I'OJIOBY 3alpeTHTh MJIM OTPAaHHYHTh
HCNOJIb30BaHNE aBTOMOOHJIeH, pa3BUTHE XHMUUECKOH IPOMBILI-
JIEHHOCTH WJIH MeTaJITyPruH H3-3a TOrO, YTO OTXOJbl UX CaMbIM
naryGHbIM 06pa30M CKasbIBAlOTCSl HAa OKPYKAIOLIEH HAc cpele,
Hapyllas YCJOBHS OOMTaHHSI KHBOTHOTO U  DAaCTUTEJHHOIO
mupa. CaMpIMH JeHCTBEHHBIMH CPEICTBAMH 3JeCh SBJISIOTCS
COBepILIEHCTBOBAHHE TEXHOJIOTHH, co3jaHue Gosee panHoOHa/b-
HBIX MAallVH, JBHUrarejei ¥ MeXaHH3MOB, pa3paboTka Ge3or-
XOJHBLIX IPOLECCOB, CO3JaHHe Ge30macHbIX CIOCOGOB Iepepa-
‘GOTKH M 3aXOPOHEHUs] OTXOJ0B. TOUHO TaK ke JOJIXKEH CTOSThb
BOIIPOC M B OTHOLIEHHH OTXOLOB aTOMHOH 3HEPreTHKH.

K nacrosimiemy BpemeHH pa3paboTaH psifi MeTOLOB 0OOpalie-
HHs C PafHOAKTHBHBIMH OTXOAaMH M CIOCOG0B MX Ge30macHOro
3aXOpOHEHHH.

Mel J0CTaTOYHO NOAPOGHO O3HAKOMUJIMCh, KaKasi KOJIOC-
cajbHas 10/b32 MOXeET ObITh HOJIyYeHa OT NPHMEHEHHUs PajHo-
aKTHUBHBIX W30TOIIOB IPAKTHYECKH BO BCEX OTPaC/sAX yeJioBe-
yeckoit zestesnbHocTH. OJIHAKO OCHOBHasi Macca pajHOaKTHB-
HbIX NPOAYKTOB JOJ:KHA ObITb HaJeKHO 3aXOPOHEHa TaKHM
06pa3oM, YTOGE! ITOJHOCTBIO HCKJIOUHTb HX NOMAajaHue B OKpY-
}Kawomylo cpepy. JLisi 3TOro paauoakTHBHbIE OTXOABI NpefBa-
PHTEJNbHO BBIJEPKHBAIOT B €MKOCTSIX U3 HepikaBelowlel craiu
U MOCJIe TOrO, KaK UX PajHOAKTHBHOCTb B 3HAUHTEJbHOI Mepe
CHH3HUTCSl, OHH BKJIIOYAIOTCSI B pas3/MuHble TBepJble YCTOHYH-
Bbl€ CpeJbl — CTEKJIO, OUTYM, LIeMEHT U AP. DTH GJOKH MOTYT
CKOJIb yrOJHO JOJr0 0e30MacHO XPaHUTbCS B NOA3EMHHIX
XpaHHIMIIAX. B HEKOTOpHIX Cciyyasix HMMeeTCsi BO3MOXKHOCTDb

59



3aKauMBaTh JKUJKHE pPAJHOAKTHBHEIE OTXOAbI B TJYGHHHBIE
IJ1acThl UM BbHIpAaGOTaHHBIE He(TSIHbIE HJIH COJISTHblE KaBepHHI,
€CJIM UMeeTcsi TIOJIHasi YBEPEHHOCTb B TOM, YTO 32 HECKOJIBKO
COTeH JieT OYJeT HCKJ/IIOUeH KaKOH-THO0 KOHTAKT 3THX IIJIacTOB
H KaBepH C NMOBEPXHOCTBIO 3eMJIH.

Kaxk BuiHO, MOXXHO U36e:kaTb GECKOHTPOJILHOI'O NONaJaHus
pafHOaKTUBHBIX BeIIECTB B OKpYyKawiylo cpeny. B Hacrog-
1ee BpeMsi pa3HbIMH 3aKOHOJATeNbHBIMH aKTaMH, OCOOEHHO
B CoBerckoM Colose, CTPOro per/iaMeHTHPOBAHEI MepHl N0 obec-
neueHuio Ge30MacHOCTH Kak INpH pabore C pajyOaKTUBHBIMH
Bell[eCTBAMH, TaK U IO MeTOJaM MX XpaHeHHS U 3aXOPOHEHHS.
K coxanennio, B HEKOTOPHIX KaImUTaJHUCTHYECKHX CTPaHaX
YHUCTO 3KOHOMHYECKHe COOOpaxKeHHsi HPHUBOLAT K TOMY, YTO
BOnpocaM Ge30MacHOCTH YJeJsIeTCsl HeJOCTATOYHO BHUMAaHHS.
Mmerotcsi cayuan c6poca pajHOakTHBHBIX OTXOJNOB B MOps,
OKeaHbl M Jaxke B DEeKH, 3apaxKeHUsi NMOBEPXHOCTHBIX CJIOEB
3eMsd U cOpoc pafHOAKTHUBHBIX aspo3ojiell B atmocepy. On-
HaKO B 1IeJIOM MOXHO CKa3aTh, 4TO Mephl 0 ofecrneyeHHIo 6e30-
NMacHOCTH G6uocepnl pafHOAKTHUBHBIMH BeLeCTBAMM, IPHHH-
MaeMble B 3aKOHOJATEJbHOM IOpSJKE, 3HAUYHTENbHO 3(pdek-
THBHEe, YeM B OTHOLIEHHM HepajHOaKTHBHLIX, HO HE MeHee
TOKCHYHBIX OTXOJIOB IIPOMBILLJIEHHOCTH, TPAHCIIOPTA, CEJbCKOI0
X03s1HCTBa.

Pa6ora ¢ paayoakTUBHBIMHM NpernapaTaMd H HCTOYHMKaMH
HOHU3UPYIOUINX H3/TYyYeHHH, uX ucnosb3oBanne B CCCP perua-
MeHTHPYIOTCS: OCHOBHBIMH CaHHTApPHBIMH TNPaBUJIaMH PaGOThI
C pajMOAKTUBHBIMH BelIECTBAMH H JPYTHMH HCTOYHUKAMHU
nonusupyomux usayuenuit (OCII-72).

Stu IlpaBuia ycraHaBiauBalOT TPeGOBaHHS K PasMELIEHHIO
JnabopaTopui, yupexAeHHH W NpeanpUsATHH, NpefiHa3HayeH-
HBIX JJs pa6oThl C NpPUMEHEHHEM paJHOAaKTUBHBIX BEIIECTB
H JPYruX HCTOYHMKOB HOHH3MPYIOIIMX H3JYyUeHHH; TpeGoBa-
HHA K MOJYYEHHIO, YU4eTYy U XpaHEeHHUI0 PaJHOaKTHBHLIX Be-
IIeCTB, K BOJOCHAOXKEHHUIO U KaHaJu3auu#, K c60py, yiajeHuIo
U 00e3BpEeKVUBAHHUIO TBEPAbIX U KUAKUX PaJHOAKTHBHBIX OTXOe
J0B. CaHUTapHBIMY PaBUJIAMH PErVIaMEHTH] YIOTCS JONYCTHMBbIE
YPOBHM pajHOaKTHBHBIX 3arpsisHeHUuiH. CollepKaHHe U Je3aKTH-
Banusi paboyux noMeuleHHH, 06OPYAOBAHHS, CPEACTB HHAHBH-
JyaJbHOH 3aMuThl W JIMYHOH TMTHeHBl, TpeOOBaHUS K pajua-
IMOHHOMY KOHTpo/io. OCHOBHBIE CaHMTapHBlE INpaBHJA YT-
BepxkaeHb ['1aBHbIM canuTapHbiM Bpauom CCCP u pacmpocrpa-
HSIOTCSI Ha Bce 0Ge3 UCKJIIOUeHHs J1abopaTOpuHM, yupexXAeHHS,
NpefNpUaATHs W ApPYTrHe OpTraHu3auuH, paboTa KOTOPLIX CBSi-
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3aHa C NPOHU3BOACTBOM, O6paGOTKOH, NpPHMEHEHHeM, XpaHe-
HHMEM, TPAHCMOPTUPOBKOH DaAMOAKTUBHBIX BELIECTB M JPYTHX
HCTOYHUKOB HOHH3HPYIOUIHX H3JYYEHUH.

OHu paspaboTaHbl B CooTBeTcTBMH ¢ OCHOBaMH 3aKOHOZA-
tenberBa Cotoza CCP M COIO3HBIX pecny6JIHK O 31paBoOXpaHe-
HuH, CaHuTapHEIMM HOpDMaMH npoekTHpoBanus CH-245-71
u Hopmamu paguaumonHo#i GesomacHoctu HPB-69.

B Hopmax pannanvoHHO# 6e30macHOCTH INPHBOAATCS JaH-
Hbl€ O COJEPKAHHMH PAaAMOAaKTHBHBEIX M30TOMOB B OpPraHax WJIH
TKaHSX, COOTBETCTBYIOLIEM MpPENeIbHO JONYCTHMOH J03e 06-
JIyueHHsi, O NpejieJax TOAOBOrO NOCTYIJIEHUS PajiHOAKTHUBHBIX
H30TOINOB, O CPELHErofoBOH NONYyCTUMOH KOHIEHTpauuu B aT-
MocepHOM BO3JyXe H B BOAE, O IPENEJbHO JONYCTHMOH
PaNMOaKTUBHOCTH DPAaJMON30TONHBIX HCTOYHMKOB Ha paGoueM
MecTe, He TpeGyioulell perucTpauMy WIH MOJyYeHHs paspeLlie-
HHUSI CaHUTAPHO-3IUAEMHOJNIOTHYECKOH CaYyKOB. DTH HOpMaTH-
Bbl COCTaBJ/ICHb! IPAKTHYECKHU /ISl BCEX NPUMEHSIEMBIX PafHOaK-
THBHBIX H30TONOB. [IpenesbHO JOMYCTHMBIE KOHIEHTPAlHH
ONpENe/IsIIOTCS MHOTHMH (DaKTOpaMH — CKOPOCTBIO HaKoOILIe-
HHS 4 BBIJIEJIEHUS B OpraHu3Me JaHHOrO M30TOMNa, €ro NepHOoIOM
moJypacrnana, THIOM H SHeprueil pajuOaKTHBHOTO pacnaja.
Taxk, ecsiu TOkCU4HOCTD (- U y-H3/YyUeHHS] NMPHUHATb PaBHOH 1,
TO Bo3jieficTBUe a-usnyueHuss B 10 pa3 cu/ibHee, NPOTOHOB —
To ke B 10 pas, Tsekennx sigep — B 20 pas, TENJOBLIX HEHATPO-
HOB — B 3 pasa, HeHTPOHOB pasHBIX 3Hepruii — B 2,5—
10,5 pasa.

KoHTpoJsib 3a BHIIOHEHHEM BCEX 3aKOHOJATENbHBIX aKTOB,
NpaBUJI U HOPM BO3JIOXKEH Ha OPraHbl CAHUTAPHO!N MHCIEKIHH,
a OTBETCTBEHHOCTb 32 MX HEYKOCHHTeJIbHOe COGIIoJeHHe — Ha
PYKOBOACTBO YupeXA€HHH M OpraHu3auui.

B Coserckom Coiose npu I'ocynapcTBeHHOM KOMHTETe IO
ucnosb3oBanuo aromHoi sHeprun CCCP co3naHa crnenuanusu-
poBaHHas opraHusaunusi — Bcecorosnoe o6benuHenue «Hzoromn»
C pasBeTBJIEHHOH CeTbIO KOHTOP.

B ¢ynkuun B/O «M3oTom» BXOIHUT NOCTaBKa 3aHHTEPECOBAH-
HbIM OpTaHM3aLMAM NIPENapaToB PafHOAKTHBHBIX H CTaOHJIbHBIX
H30TOMOB, PAa3JHMYHBIX HCTOYHHKOB HOHH3HDPYIOMIHX MH3Jyye-
Hul, 060pYIOBaHUus 1Js1 PabOThl C PaJHOAKTHUBHLIMH BeLIeCT-
BaMH, CPEICTB 3alUThl OT HOHU3HUPYIOUMX H3/YYeHUH, NPHUCIIO-
cobueHui 151 GeaomacHOR paGoThl, NO3UMETPUYECKOH amnmna-
paTypel, PajHOH3OTOIHEIX npuGOpOB, CHI'HAJIU3aTOPOB, JaT-
YHKOB, HM3JyuaTejell, CYETUHKOB H T. I.
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ITo Bceit 3TOf MPOAYKUMH BBIMYCKAIOTCS KaTaslOTH, HHGOp-
MalMOHHbIe COOOIIeHHsI U npefickypaHThl. Uepes CBOH JEMOH-
CTpauHoHHbIe 3anbl «kI30TOn» OKa3hIBaeT KOHCYJbTAIHIO.

Heo6xonuMele cipaBku MOTYT ObITh MOJyueHbl uepe3 Moc-
KOBCKOe Mexxo6sacTHoe oTnenenue B/O «Msorom» no aapecy:
117261, MockBa, B-261, Jlenuucku#i mpocmekt, 70/11, Tein.
130-52-03.

Ecay o npoureHuu 3T0H GpOLUIOPHI Y 4acTH uHuTaresei Gy-
JeT paspylLieH NCHXOJOTHYeCKHH Gaphep, 0 KOTOPOM liljia peub
B CapOM Hayase, ec/li Y HEeKOTODHIX M3 HHX BO3HMKHET CTpeM-
JIEHHe HCIO0Jb30BaTh B CBOeH paboTe HeHcuepraeMbie BO3MOXK-
HOCTH, TasiHMecs B DPaAMOAKTHBHBIX H30TONAX, €ClIH B pe-
3yJIbTaTe 3TOTO CTPEMJIEHHS] B KAKHX-TO KOHKDETHBIX CJaydasx
6yAyT MOBBILEHB! NPOH3BOLUTENBHOCTb TPYAA, KAauecTBO IPO-
JAYKIHH, CO3JaHbl HOBBIE IIPOIECCHl M YCOBEPLIEHCTBOBAHBI
crapole, aBTOp OYyAeT CYHTAThb CBOIO 3ajauyy BLITOJHEHHOH.

Conomon Haymoeuy O3UPAHEP

PAAUOAKTUBHLIE M3OTOMbI
U X NPUMEHEHME

Pepaktopel B. Mo3abiwes
O6noxka M. 3oTkuHa

XynoxecreeHHbI pepaktop B. KoHioxos

TexHuueckun pepaktop A, KpacasuHa
Koppektop Jl. Cokonosa

A02832 Unpaexc 3akasa 44108. CpaHo B Ha6op 6/VI-74 r. IToxn. k newarn 23/VII-74 r.

®opmar 84X108/3; Bymara tunorpadckast Ne 3 ByM. 4. 1 Tleu. x. 2
Veo.-ney. a. 3,36 Yu.-usp. Ja. 3,0 Tupax 50520 sk3. 3axas 1104 ILlena 10 xom.

HsparesnbcTBO «3HaHue», 101835, Mocksa, Llentp, npoesn Ceposa, na. 3/4
YexoBckult noaurpaduueckuit xomGuunat Corosnoaurpadupoma npu Iocymapcrsen-

HOM KoMmHTeTe CoBera MunucrpoB CCCP no pesnaM H3JaTeabCTB, NOJHrpadpuu
{4 KHMJKHOII TOProsiH, r, UexoB MOCKOBCKOH 06JacTH



YBAYXAEMbIY TOBAPMLLL!

PEOAKLUMA CEPHUA  «XMMUA» HU3LOATENBCTBA «3HA-
HUE», CTPEMACb CAEJIATb CBOIO JIUTEPATYPY BOIJIEE
MHTEPECHOW U AEACTBEHHOW, NMPOCUT BAC 3AMOJI-
HATb HACTOSLLYKO AHKETY. 3AMNOJIHEHHYHO AHKETY
MPOCKM BBICJIATb MO ALPECY: MOCKBA, LIEHTP, HO-
BAS TMJIOLWAAb, 3/4, U3OATEJILCTBO «3HAHUE», PE-
OAKUUSA CEPUU «XUMUA». OTBEHAS HA AHKETY, HY¥K-
HO NOAYEPKMBATb TE OTBETbl, KOTOPbLIE COOTBET-
CTBYHOT MHEHMIKO OTBEYAIOLLEFO. AHKETY MoOAMu-
CbIBATb HE OBA3ATEJIbHO.

3A NMPOAEJNIAHHYKO PABOTY BYJAEM BAM OY4EHb

MPU3HATEJIbHbI.

AHKETA
I. YOOBJIETBOPSET JIM BAC JIUTEPATYPA
MO OOPME U3JIOMEHUS 1) OA
2) HET
MO COJEPYAHUIO 3) OA
4) HET
MO OMOPMIEHUIO 5) OA
6) HET

Il. KAKME BPOLLIKOPbI CEPHUA  «XUMUS»  TEKYLLETO
roOAA OKA3AJIMCb BAM OCOBEHHO MOJIE3HbIMU (ME-
PEUUCTINTL HA3BAHMUS)

lll. KAKHUE BPOLLUIOPBI, U3SOAHHBIE HAMU 3A TO XE
BPEMS, Bbl CHUTAETE HEY A AYHBIMU (MEPEYUCIINTD)

IV. KAKUE BPOLLUIKOPbI MHTEPECYIOT BAC BOJIbLLE
BCEIro

7) MO MPO®UNIO CMELUMNATIBHOCTU
8) And PACLLUMPEHUSA KPYTO30OPA
9) OB30OPHOIO XAPAKTEPA

V. CKOJIbKO NET Bbl MOMb3YETECh HALLIEM JIUTE-
PATYPOM
10) 4O 3 NET

11) OT 4 OO 6 JNIET
12) CBbILUE 6 JIET



VI. BbIBAIOT JIM TPYAHOCTU B MPUOBPETEHMMU HA-
LLEA JIMTEPATYPbI

13) OA
14) HET

VIl. BALLIE OBPA3OBAHME

15) CPEAHEE

16) CPEAHEE CMEUMAJIBHOE
17) HE3BAKOH4YEHHOE BbICLLIEE
18) BbICLLIEE

19) UMEKO YUEHYHO CTETIEHD

VIil. BALL BO3PACT

20) AO 20 NET

21) C 21 A0 30 JET
22) C 31 [0 45 NET
23) C 46 O 55 JIET
24) CTAPLLE 55 NIET

IX. BALLE COLMAJIbHOE MOJIOMEHME
25) PABOYUM
26) KONXO3HMK
27) CNYXALLMMA
28) MHMEHEPHO-TEXHWUYECKUI PABOTHUK
29) MPEMOAABATESb
30) HAYYHbIM PABOTHMK

X. MECTO BALLEErO MPOXMBAHKA

31) CTOJIULIA PECMYBJINKU

32) OBJIACTHOM FOPO/,

33) PAMOHHbIA TOPO/, NMOCEJIOK
34) CEJIbCKAS MECTHOCTb

BALLIK MOXKENAHNA U KPUTUYECKME 3AMEYAHUA
O BPOLLIKOPAX CEPUN «XUMUSI».
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