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Beepenne

BrnepBrle pajHOAKTHBHbIE H30TONH GBIIM MNOJy4YeHbl HC-
KycCTBeHHbIM nyTeM B 1934 rony, Korna B OAHOM H3 CBOHX ONbITOB
©Openepuk u HMpen JXoano-Kiopu nmocTaBu/IH Ha IYTH ABHXKEHHUS
ajabda-yacTUll TOHKYIO aJIOMHHHEBYIO MJIAaCTHHKY. YOpaB pajuo-
AKTHBHbHA HCTOYHHMK, OHH OOHApyXKHJH, UTO H3JyYeHHe NpPOJLOJ-
xKaercs. Ho Tenepp, HeOXuAaHHO /ST yYeHbIX, HCTOYHHKOM pa-
JMOAKTHBHOTO H3JIyUeHHS] CTajla YyXe caMma aJiOMHHHeBas
m1acTiHka. OHH BbIeIH/IM H3Jyyalolliee BellecTBO — UM OKasaJ-
¢ dochop. Tax BnepBrie GblJ BblAEJEH BO3HHKIIHA B pe3yJabTa-
1e 00JIyueHHUS allOMHHHEBOH IVIAaCTHHKH PaJHOAKTHBHBIA H30TOMN
¢ocdopa.

YueHBIM yAaJioch MOJYYUTh TAaKUM Ke NMyTeM elle HecKOoJbKo
pajHoakTuBHbI% H30TOnoB. CTaslo SICHO, YTO paJHOaKTHBHbIE
M30TOMNBI 3J1EMEHTOB, He CYILeCTBYIOLHe B MPHPOAE, MOTYT ObITb
C03aHbl B J1aGopaTOpPHH.

Uto mpousouino, KOria B aJIOMHHHEBYIO IJIACTHHKY Nonanu
afiba-yacTuibl (fApa reiauss C MacCoBHIM uHcJoM 4 u 3apsi-
moMm 2)? Ilomas B sixpo aTomMa ajllOMHHHS, ¥ KOTOPOI'O MaccoBoe
yucsa0 paBHo 27, a 3apan 13, u BhiGMB M3 Hero HelTpoH, aabda-
wacTHIla M3MeHHJIa €ro COCTaB: MacCOBOe YHCJO CTajJ0 PaBHbLIM
30, a 3apsan 15.

Ecnu o6patutbhcsl K nepHojuyecKod CHCTeMe 3JIeMeHTOB, TO
MOXXHO YCTaHOBHTb, YTO SIAPO C TaKUM 3apslioM MoxeT ObiTb
T0/IbKO fiapoM (ocdopa. CaenoBartenbHO, NPOH3OILJIO NpeBpalle-
HHe OJHOrO 3JeMeHTa — aJIOMUHHA, B APYroll 3jJeMeHT — (oc-
¢op. Tak Kak y npupoaHoro ¢ocpopa MaccoBoe yucao paBHo 31,
TO B JaHHOM cJydae OblJ MOJYyYeH H30TON NpHpoJHOro docpopa—
¢docdop-30, y KoToporo B fipe He XBaTaeT O/JHOro HeHTpOHa.
OT1cyTcTBHE OJHOrO HEATPOHA BHI3HIBAET HEYCTOMYHBOCTbL fAApa
9TOr0 H30TONA, a CJIEAOBATENbHO, €r0 PaJHOAKTHBHOCTb. YCTOH-
YHBOE COCTOSIHHE HAETYNHT JIHIIb TOTAA, Korja siApo BuIOpOCHT
HO3HTPOH ¥ HEHTPHHO W MPEBPATUTCA B YCTOHUMBBLIA aTOM APYro-
T0 anemenTa — KpeMuud. [lo3xke Oblio yCTaHOBJIEHO, YTO JJs I0-
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Ny4YeHus] UCKYCCTBEHHBIX PaJHOAKTUBHBIX M30TONOB MPHUTOJHH He
TOJILKO 0-4aCTHILbI, HO H MPOTOHBI U AEHTPOHBI — SIApA TAKENOro
usortona Bojopona — jefitepus. Ilox feficTBHeM 3THX YaCTHIL
H3MeHsleTcs COCTaB siipa aToMa, IPOHCXOAHUT siaepHasl peakuHus.
TlpogyKTaMu 3THX peakUHil Bo MHOTHX CJAyyadX fIBJSIOTCA aToM-
Hble iApAa HM30TOMOB, He BCTPEUAIOLIMXCS B NMPHPOJE, NpHUEM 3TH
sapa Bcerna paaxoaktuBHbl. Ho, Kak u Bce mpouue, oHH o6Jna-
JLalOT MOJIOXHTEJbHBIM 3JEKTPHUECKUM 3apSiOM U /sl NPOHHK-
HOBEHHs] B APYroe aTOMHOE PO HOJKHBI NPEOfoNeTb OTTalKH-
Baloulee AeHCTBHE €ro 3JeKTpHueckoro mosst. UToGbl COOGLIHTH
UM HeoOGXOAMMYIO 3HEpPruio, HCMOJb3YIOT YCKODHTENMH. ODHeprus
YaCTHIL, CTAHOBHTCH JOCTATOYHOH, YTOGH MONACTh B SIAPO W BHI3-
BaTb B HeM siAepHYI0 peakuuio. Bot Kak mporekaer, Hamnp#mep,
peakuusi noJiydeHus: paguoakruBHoro yraepona Cllg:

B0 + ply = Cllg +y, i B'%(p,, y) Cllg

D10 3HAYUT, YTO B HCXOZHOE SAPO — SLpo Gopa (B'%}, Bae-
TaeT NpoToH (p!;), B peay/braTe uero BO3HHKAET PaXHOAKTHBHBIA
H30TON yrJepoxa ¢ OXHOBPEMEHHHIM HCIYCKaHHeM raMMa-KBaHTa
(v). TakoB nepBhiil cHOCOG MOyYeHHS paJHOAKTHBHBLIX H30TOMOB.

Bropoi1 cnoco6 3akiroyaercs B BbIAEJIEHHH DaZHOAKTHBHEBIX
H30TONOB H3 OTXOLO0B, 0Gpas3yloUluXcs Bpu AedeHHu ypara. Tak
MOTYT OBITh HOJIyYeHBl LIKPOKO NPUMEHSIIOIHECS B HAayYHBIX HC-
cJleflOBAHUAX PaJHOAKTHBHbIE U30TONbLI CTPOHIHS, PyOHAMS, Hoxa
u 1p.

CaMbiM pacnpoCTpPaHEeHHBIM COCOGOM IIPOMBIIIIEHHOFO TO-
JIYY4EHHS] PaJHOAKTHBHBLIX H30TOMOB fIBJISETCH TPETHH CIIOCO6:
obGJyueHue sitep MeAJeHHBIMH HeiitponaMu. Ec/in HanpaButh my-
40oK HeHTPOHOB Ha AAPO KAaKOTro-Au6GO 3JieMeHTa, TO 4aCTh HEHTpO-
HOB 6yneT 3aXBaTbiBaTbCsl SAPOM — NDOH30HNET peaknus pa-
JAHALUOHHOTO 3aXBaTa (OTKPEITAasi HTAJbAHCKUM yueHBIM 3. Pep-
MH), KOTOpasl CJIYXKUT Telepb OCHOBOH MOJIydeHHs] MOYTH BCeX pa-
DHOAaKTHBHBIX H30TOMOB. B KauecTBe HCTOYHHKOB HEHTPOHOB HC-
H0Jb3YIOTCs AllepHHE peakTopel. HelTpoHb 0cBOGOXKIAIOTCA MpH
JleJIeHHH dlep YypaHa M 3aMelJsiloTc B rpaduTe Wi Boje,
Mwmeercss HecKoJIbKO THMOB TakKHX peakuufi. Bot Kak, nampumep,
NpoTeKaeT peaKLusi NOJyYeHHsA U3 cepbl pPagUOAKTHBHOTO H30TONA

docdopa;
S3% + nlo — P325 + HY,,

Ho uyame Bcero Takas peakuHsi CONpPOBOXAAercs 3aXBaToM
HeHTPOHA SIAPOM C MOCJERYIOUIMM HCIyCKaHHEM Yy-KBaHTa, T. €.
peaknus Tuna (n, y). B pesyibrare obpasyercs IpO C TEM XKe
NMOPSAKOBLIM HOMEPOM, UYTO H HCXOZHOE, HanpuMep;

Co% + nlg = Co%% + y.



TlosyuenHsle U30TONBI GUHILAOT OT NOCTOPOHHMX MpHMeced.
D10 HauboJsee TpyaHas 3anaya. Maotonsl mad MeIHIMHCKHX HC-
cleJoBaHii HeoOXOAUMO HaHOoOJee TUIATEJAbHO OYHCTHTH OT MpPH-
Mecell IpPYTHX 3JeMEeHTOB, KOTOpble, BO3IelcTBYd Ha OpraHH3M,
MOTLYT HCKa3HTb pe3yJbTaTel. B Apyrux cayyasx [HOCTaTOYHO
OYHCTHUTb H30TOIE TOJBKO OT JPYTHX DaJHOAKTHBHBIX BellecTB.

Ussectno Gosee mecsitka crnocoGOB  pa3fesieHHsT H30TOIOB.
Meton nuddysun sakiaioyaercd B TOM, YTO CMeCh ra3oo6pa3sHbIX
H30TONOB MNPOMyCKaeTcs yepe3 NOPHACTBe IMeperopofkd. I'aswl ¢
6GoJlee JIETKHMH aTOMaMH [BHXKYTCS OBICTpee, IIPOXOJAT Hepero-
POIKY paHbllle ra3oB C THXKeJbIMH atoMaMi. Takum o6pasom,
[POUCXOJAHT KOHIEHTPalus OTHENbHBIX H30TONOB, MTO3BOJISIOAs
OTIeNATb UX APYT OT Apyra.

Mirorga cMech ra3oo0pasHbIX H3OTOMOB MOMEINAOT B 3aKph-
TBEA COCYZ, Yy KOTOPOTO OJHA CTeHKa ropsias, a apyrast XoJoxHas.
Bousee nerkue nsoronel OYAYT CKaMIMBATbCS Yy ropsdefl CTEHKH H
NOAHHMATHCS BBEpX, a 6osiee TAXKeJdble—Yy XOJNOLHOR W ONYCKaThb-
cs1. Tako#t cnoco6 pasnesneHHs M30TONOB HAa3BIBAETCH TEPMOMU(=
tysnell. OH NOCTaTOYHO NPOCF, HO He OTJIHYAeTCs BBICOKOH Mpo-
H3BOLUTENIBHOCTBIO. [IJ1 yBestueHUst IPOU3BOJUTEIBHOCTH OEpPYT
HECKOJIBKO COCYIOB H COeLHMHSIOT HX [10C/AeJ0BATENbHO,

B crmoco6e neHTpugyrapoBaHHsS CMeChb H30TOIOB MOMEIHAeTCH
BO BpaillalollyIOCF eMKOCTb, TJe N0J JeHCTBHEM [eHTPOOeKHBIX
cHJl GoJiee TSAXKEJBIH H3OTON OTTECHSIeTCE K CTeHKaM, a JIerkui
KoHIeHRTpUpyercs B cepefuHe. OcyllecTB/IsAT COOTBETCTBYIOLIMM
ofpa3oM nogerpes, JOOHBAIOTCA ellle ¥ TOr0, YTO JIETKHE H30TOMN
AOJHHMAaeTcs BBeDX, a TAXKe/JbH OmMycKaeTCs BIOJb CTEHOK eM-
Koctd BHH3. Kak H B npeapiaymeM crnocobe, AJag yBeJIHYEHHUS IPO-
HM3BOJHTE/NbHOCTEH pa3fesNeHHs HCIONb3YIOT HECKOJIBKO YCTaHO-
BOK, COeIHHEeHHbIX [10C/TeL0BaTeIbHO.

Cymecrsyer cnocof 3sJieKTpoMarHutHoro paspenenus. C no-
MOIILI CIEeNHaJbHBIX YCTAHOBOK — 3JIeKTPOMArHUTHBIX Da3fienu-
FeJedl ¢O3Jal0TCA CHJIbHble IEKTPHYECKHe M MAarHHTHblE MOJIA.
HounseBauHas nox gelcTBHEM I[y4Ka 3JEKTPOHOB rasoobpasHasi
CcMeCh H30TOINOB IIPOXORHUT 4epe3 3JEeKTPHEYeCKoe IMoJie, KOTopoe
COpTHUDYET +OHbl B 3aBUCHMOCTH OT HX Macchl Ha GoJiee GBICTPbie
n MefseHHble. Jlanee cMech IPOXOAHT Yepe3 MarEHTHOE IOde,
NMox AeHCTBHEM KOTODOTO HOHBI B 3aBHCHMOCTH OT HX MAacChf Me-
HSIOT HaMpaBJleHHe ABHXKeHHS®. DJeKTPOMarHuTHbIA croco6 obaa-
naer pagom jgoctodHcTB. OCHOBHOE W3 HHMX 3aK/0YaeTcs B BO3-
MOXXHOCTH MOJYYEHHs] MOYTH HAeaIbHO XHMHYECKH YHCTBIX H30~
TOMOB.

Hcmonbsyrorea Takke Croco6bl XHMHYECKOTO  BBIIENCHHS H
xpomarorpaduueckoro pasigefeHdst. B nepsBom — cmech panuo-
aKTHBHBIX H30TOIOB PaCTBOPSAIOT B KAKOH-IHGO KHCJIOTE, a 3aTeM
BHILEJISIOT M30TON M3 pacTBopa B BuAe ocanka. Ho sTor cmoco6
NpUroJeH He Bcermga, ocOOEHHO NMPH He3HAUUTENIbHBIX KOJHYECTBAX
paauoakTHBHOro H3otona. Hekoropele H30TOMEI MOryT OueHb
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6LicTpo pacmagaTbes, ¥ NMOKa HX BHIJAENSIOT TaKHM CrnocoGoM,
oCTaeTcsl OYeHb MaJlo paAHOAKTHBHLIX aTOMOB.

Hlupokoe pacnpocTpaHeHHe mnoJy4YuJ GoJiee ONepaTHBHLIA
cnoco6, HasbiBaeMblii xpomatorpaduyeckuM pasgeaenueM. OH
6bl1 oTKpHIT eile B 1903 roay, Ho TOrja yuyeHble He MOIJIM  TO-
103peBaTh, KAKHM TMOJIE3HBIM OH cTaHeT B XxuMuH. Ecau mnpo-
IYCTUTb Yepe3 KOJOHKY, HaMOJIHEHHYI0O MeJKHUMH 4YacTHIaMH,
cMechb KpacHuTesell, TO Ha Hell MOXKHO OyJeTr Ha6J0gaTh CTOJbKO
UBETHBIX KOJIel, CKOJIbKO OblIo pa3Hbix Kpacurenaelr. Ilo aromy
ABJIEHUIO TaKOU cnocolb pasfielieHds MOJy4YHJ Ha3BaHHe XPOMaTo-
rpacuueckoro, ot rpeveckoro cjosa chroma — user. [Ilpuunna
OCaXKJIeHHs HaXoJsflllerocs B pacTBope BellieCTBa Ha MOBEPXHOCTH
YaCTHL, KPOeTCH B CHJIaX NPHUTAXKEHHS MOJIEeKYJISpHOTO . clenJe-
nus. Takoe siBjeHHe — MOTJIOLIEHHE W3 ra30B WJH PacTBOPOB Ha-
XOIfALMNXCA B HHUX BelllecTB NMOBEPXHOCTbIO TBEpPAOro Teja — Ha-
3piBaeTcq amgcopObuueii. Ere yacrto HCno/ab3yloT Ha npakTHKe; Ha-
npuMep, OUHCTKA 3apSAKEHHOro BO3JyXa B NMPOTHBOrase ocHoBaHa
Ha fAIBJIEHHH aJCcOpOLMH.

IMop6upas coorBeTcTByIOIIMM 06pa3oM TOT HJIH HHOH ajcop-
6eHT — MOpOILIOK, Ha KOTOPOM [OJIXKHO NPOM3OHTH OcaxKieHHe,
MOXHO JQOOHTbCA TOTO, YTO OJAHH M3 HAXOJSAIUHMXCA B pacTBOpe
H30TOMNOB OCSIJIET Ha HeM, a Apyroi GecnpensiTCTBEHHO BLIAJET M3
koJionkd. Tenepb ocraeTcss TONBKO NMPOMYCTHTh Yepe3 KOJOHKY
TaKoi pacTBop, KOTOPHIH cMoXeT oTo6paTh y aacopbeHTa 3axBa-
yeHHbl UM u3oTon. OmucaHHbId cnoco6 mpuMeHsieTcd 4YacTo B
6osiee ciaoxHOH (opme, KoTopass MO3BOJSAET pasieNuTb APYr OT
ApyTa TPH, a HHOTjJa Jaxe H 6oJiblle Pa3jJHYHBIX PaJHOAKTHBHbIX
M30TOMNOB.

IlosyueHHble TeM WM HHBIM CMOCO60OM DAaAHOAKTHBHBIE H30-
TONBl MOTyT GLITh NepeBeJeHbl B XKHJKOe, TBepAOe HJIH ra3oobpas-
HO€ COCTOsIHHe.

JKunxue u rasoo6pasHble pajMOaKTHBHbIE M30TONBI NpHMe-
HSAIOTCA B OCHOBHOM B KauecTBe HHAMKATOPOB B METOJE MeyeHbiX
aTOMOB, a TBepAble — KaK HCTOYHHKH PaJHOAKTHBHOIO H3Jyue-
nug. TBepable H nopolwkooOpa3Hble HCTOYHHKH PaJHOaKTHBHOTO
H3JIyYeHHs] MOTYT OBIThb BHIIOJIHEHBI B BHJE aMIyJ B MeTajJinye-
cKo#i 0060/I0YKe HJIH B BHAEe NpPOBOJNOKH. PasaMepbl mnpoBosioku
maunnl, Hanpumep, usoron kobanbra-60, akruBHOCTBIO 10 10 MuJI-
JIMKIODH, UMeeT NJHHY nopsaaka 10 mm, a nuamerp 1 mm. JKunxue
PafHOAKTHBHBIE HCTOYHHKH pac(hacoBLIBAIOTCS B CTEKJSHHBIE
AaMINyJibl CaMblX pa3HOO6pa3HbIX pasMepoB.

TpancnopTupoBka pajHOaKTHBHBIX H30TOMOB OCYLIECTBJSIETCA
B chelHaJbHBIX KOHTeHHepax M3 IJIaCTMacchl, ajJlOMHHHSA, CTaJd
MJM cBUHUA, MaTtepuasn KoHTeHHepa M TOJIHHA €ro CTEHOK Bbl-
6upaioTcs B COOTBETCTBHH C BHJOM H3JIyYeHHSI H €ro sHeprue.
Tak, HCTOYHHKHM raMMma-u3Jy4eHus, HanpuMep Ko6anbT-60 u Le-
3uii-137, Bcerza ymakoBLIBAlOTCS B CBHHIIOBble KOHTEHHEpPHI, g
HCTOYHHKH OeTa-u3nydenud, gpocdop-32,— B m1acTMaccoBLIE,
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PapuounsoTonHble MeTogbl MUCCMNEROBAHMA

OG6/acTp HayyHBIX HCCAEIOBAHUH, B KOTOPOH MPHMEHAIOTCS
cefiuac pagHOAKTHBHble H30TOMbl, NOHCTHHe Ge3rpaHHYHa. DTO
0GBbsCHAETCS HX CNeUH(PHYECKHMH CBOHCTBAMH, H B [epBYIO OYe-
peab GoJbILOH 3HePrHell H3JyuyeHHs, 03BOJIAIOIEH OOHADYKHTH
HHYTOXKHO MaJsble KOJIHYecTBa paJHOAaKTHBHOrO H3oToma. boJb-
IIHM NPeHMYILEeCTBOM SBJAETCH HE3aBHCUMOCTb HX PaJHOAKTHB-
HOTO pachaja OT BHEIIHHX YCJIOBHEH: TeMmepaTypbl, BUGpallUd H
arperaTHOro COCTOSIHHSI caMOrQ paJHOaKTHBHOIO H3oTomna. Baxna
TaKXe H TOXKAECTBEHHOCTb XHMHYECKHX CBOHCTB PagHOaKTHBHBIX
H CTaGH/IbHBIX H30TONOB OJHOTO H TOTrO XKe 3jeMeHnTa. M, HakoHer,
HaJHyHe Pas3HbIX BHAOB H3JyYeHHSA C pa3/jHYHOH NPOHUKaWOLIeil
cnoco6HOCThIO. Bee sT0 sIBAsieTcqa KpaillHe 3aMaHUYUBBIM [JSI 3KcC-
MepUMEeHTaToOpOB U Ojarofgapsi TaKHM CBOHCTBAM PaJHOAKTHBHBIE
H30TONKI ¥ HCNOJb30BaHHE PaJMOH3OTOMHBIX MEIr0J0B MOJYYHIH
NIHPOKOoe fIpakKTHYeckoe NpHMEHEHHE B CaMblX pPa3HOOOpa3HbIX
HayuHbIX HOCJeIOBaHHAX.

Hrak, paguoaKTHBHble H30TONBl HCIOAL3YIOTCS KaK HCTOYHH-
KH H3JIYYeHHS HJIY KaK HHIHKaTOPhl — yKa3aTelHu.

B nepsoM ciyuae nccienoBaTeNb YCTaHABJIHBAET H30TOM, € O/«
HOH CTOPOHBI, H3y4yaeMoro o6beKTa, a ¢ APYroH, H3MepsaeT UHTEH~
CHBHOCTb H3JIyYeHHs, KOTOPOe MNPHLLIO Yepe3 3TOT OOBEKT, T. €.
npocBeyuBaer ero. CreneHp oc/ab/eHHsT 3aBHCHT OT TOJIULHHBI,
IJIOTHOCTH, XHMHUECKOTr0o coctaBa 00bekTa. [T03TOMY pesy/bTaThl
TaKHX HaOJIOJeHUH rOBOPAT O MHOTOM: KaK0OBA IJIOTHOCTb OGheK~
Ta, PaBHOMEPHO JIH OHa pachpejie/ieHa O BCeM ero 4acTiM, Ka-
KYIO OH MMeeT BJaXXHOCTb H TOJLIHHY, OAHOPOALH JIH MO COCTaBY.
DTOT MeToJ| HCCJAENOBaHHI HOCHT Ha3BaHHe raMMAacKOIMHH H B Ka-
yecTBe UCTOUHHKOB H3JYUYEHHSI HCHOJMb3yeT TaMMbl, H3Jyyaioliye
PagHoOaKTHBHBIE H30TONbI, TakKe, Kak Co8, Cs!%7,

C nomouIbl0 raMMacKQNUH KOHTPOJHPYIOT KAuyecTBO H3TOTOB-
JIeHHS] WM MOHTa)Ka CTaJbHbIX H GETOHHBIX KOHCTPYKLHH, Ompe-
eS0T [JIOTHOCTh TPYHTAa B OCHOBAHHH H B TeJle COODYXKeHHS.
Ho He Bce pagnoakTHBHOe H3JydYeHHe MPOXOAHT uepe3 Haxoid-
Iufic Ha ero myTd oGbeKT, YacTb ero orpaxaercd. Okxasanoch,
4TO [0 3TOMY, TaK Ha3bIBaeMOMY pacCeIHHOMY H3JYYEHHIO, TOXKe
MOXHO CYAHTb O CBOficTBaxX HccaenyeMmoro o6bekra. Takoll npHem
HCCJIeJOBaHHH Ha3plBaeTcs raMma-raMma-MeToJoM. B reogpusnye-
CKHX METOJaxX Da3BelKH IOJIe3HLIX HCKOMAeMBIX OH IOJYYHA Ha-
3BaHMe raMMma-raMMa-KapoTa)ka! ¥ LIMPOKO INpHMeHseTcd Ha
npaktuke, s 3Toro B NpoGypeHHOH CKBaXKHHe MepPefBHraiOT
HCTOYHHMK TaMMa-H3/y4eHHS H PEruCTPUPYIOT H3JYyueHHe, pac<
cesinnoe mopoaamu. Ilo BesHuHHe paccesHHA ONPEAESAIOT MIOT-
HOCTh H COCTaB 3aJ1eralolliix MOPoA.

——

1 Kaporax—cnocob usyueHusi nopos Oe3 orGopa 0oGpasmos.
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Ho ne tonbko ramma-ussnyuaiomue u30TONbI MPUMEHSAIOTCS B
KayecTBe HCTOYHHKOB H3jyueHus. Ilia onpenejeHus TOJIIHHBL
TOHKHX MNOKDHITHH NPUMEHAIOTCA HCTOYHHKH aJba- H OeTa-
H3JyuyeHus, a JJiAd HCEIefOBAHHA BJAXHOCTH — HCTOUHHKU Heil-
TPOHHOro H3JyuyeHus. IIpHHIUN HeHTPOHHOrO MeTojxa H3MepeHUs
BJIa}XHOCTH 3aKJIOYaeTcss B TOM, YTO MOTOK GHICTPHIX HEATPOHOB
HCOBIThIBaeT HaHGoNblllee 3aMelJleHHe B 0GbeKTe NpH CTOJKHOBe-
HHH C 1/PaMH aTOMOB BOJOpoXa. DTO NMPHUBOAHUT K MOSBJIEHHIO
MeJlJIEHHBIX HEHTPOHOB, YHCJO KOTOPBIX H XapaKTepH3yeT CTelleHb
BJIaXXHOCTH.

Ho nauGoubuiee sHaueHue HEATPOHHOE H3JYUEHHE UMEET B aK-
THBAalMOHHOM aHaJ/In3e AJI ONpejeseHHS B OJHOPOLHOM 00beKTe
pasjiHyHbIX ApuMecell. Ml 3TOro Hccieayembli 0O0BeKT 006ay-
YalOT HeHATPOHaMH, B pe3y/bTaTe Yero cjaraiolife ero 3jJeMeHThl
CTAHOBATCA HCTOUYHHKAMH paJHOaKTHBHOro usayuyenus. [lo Buny
W SHEPTHH PajHOaKTHBHOTO H3Jy4YeHHS HcC/AeloBaTelb MOXKeT
YCTAaHOBHUTb He TOJbKO HaJHYHe CaMblX He3HAUHTEJbHbIX NpUMe-
cedl, HO M HX XHUMuuecKui cocraB. Hanpumep, ¢ momompio atoro
MeToJa, Ha3blBaeMOro aKTHBALMOHHBIM aHaJH30M, MOXKHO YCTa-
HOBUTb INPHCYTCTBHE TeJulypa B Koauuyectse 1020 2. KoueuHo,
HUKaKOH ApYrofl MeTojJ aHaju3a He MOXKeT BLIABUTb TaKHX CBepX-
MHKPOCKONHYECKHX KOJHYeCTB.

Ilpumensas paguoaKTHBHBIE H30TONB B KauecTBe HCTOUHHKOB
H3JIyYeHHs], HCCAel0BATeJNH YaCcTO HUCIOJb3YIOT HOHU3YIOWYIO CIO-
co6HocTh uanyuenusi. HauGonbuiell Takoll cnocoGHOCTbIO 06Ja-
JaeT anaba-usjyyeHHe, KOTopoe BbIOUBAeT Y aTOMOB 3JeKTPOHDI,
B pe3yjbTare yero BO3HHUKAIOT NMOJOMKHTEIbHO H OTPHULATENbHO
3apsiKeHHble HOHBL, MoHu3ylomas cnocoGHOCTb pagHOAaKTHBHOIO
M3JIyUeHUSA UCHOJIb3YyeTCs BO MHOT'HMX PaJHOM30TONHBIX npubopax.
Mrorna uoHH3ylolWasg CHOCOGHOCTb HCHOJIB3YETCA HCCHefoBaTe-
JiIMH KaK CaMOCTOSITeJbHbI (pakTop Bo3zaelcTBUA HA o6Jyyae-
MBIl 06bekT. Tak JieyaT 3/10KayecTBEHHBIE ONYXOJIH, BEIBOASAT HO-
Bble BHJABl pacTeHui, MOJyyalOT HOBble MaTepHalbl H T. A.

Bropoe HanpaBsJ/ieHHe — HCIIOJb30BAHHE H30TONOB KaK HHAU-
KaTopoB, T. €. yKa3aTeseil,— MeTox MeyeHEIXx atoMoB. OH 3akiio-
yaeTcs B TOM, UTO B HCCJAELyeMYIO Cpely BBOJAHTCS He3HAYHTEJb-
HOe KOJIMYecTBO XMMHUYECKOTrO COeJNHHEHHd, B COCTaB KOTODOro
BXOAUT paJHOAaKTHBHBIA H30TON, H BeldyTcsl HAOJIONEHHS 3a €ro
JaNbHEALIUM pacnpefeseHHeM B 3Tod cpese. Takue HaGJa0geHNs
NO3BOJIIOT YCTAHOBUTH, KyJla ABHXKeTCA HcclefyeMas cpefa, Ha-
fpuMep, B KaKyl0 CTOPOHY ABHXKYTCS MOASEeMHble BOJbl, KakK mpo-
ACXOAHT OGMEeH BellleCTB WJH NepeMelIuBaeTcsi pachiaB/eHHad
cranb. Ecan npu npoBeneHHH 3KCHEepHUMEHTa HCCJAEAOBATeNb 3a-
(ukcupyeT BpeMsl BBe[leHHs] MEUEHOro BelllecTBa W BpeMs ero o6-
HapyxeHus B o0beKTe, TO, 3Hasd PACCTOsAHME, NPOMJeHHOe Meye-
HbIM BeLeCTBOM, OH MOKET BLIYHCJAHTL CKOPOCTb ABUKEHHS, Ha-
NpHMep, CKOPOCTb NMepefABHKeHHA HAHOCOB B peKax, MUTaTeJdbHbIX
BeleCTB B pacTeHUH, KPOBU B OPTaHH3ME YeJIOBeKa.
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MeTon paRHOAKTHBHBIX HHIMKATOPOB MO3BOJISIET HCCJ/eA0Ba-
TeJI0 YCTAHOBUTb KOJIMHECTBO. KAKOT0-/iHGO BellleCTBa, pacTBOpeH-
HOro B JaHHOM oObeKre. [lsifl 3TOoro uacth BellecTBa MeTAT pa-
JMOAKTHBHBIM H30TOMNOM U NepeMelinBaioT B o6bekTe. Ilocie. aTo-
ro, oTo6paB Npoby, ONpejessiOT, KaKoe KOJHYeCTBO MEUYEeHOro
BelllecTBa MPHUCYTCTBYeT B OTOOpaHHOM oGbeMe. Takoit mnpuem
MCCJIeJOBAHHA HOCHT Ha3BaHHEe M30TOMHOI'O pa3BedeHHUs] U 4Upes-
BLIYafiHO 3 ¢eKTUBeH, TaK KaK MO3BOJISeT ONPEeNesNHTh KoJaHye-
CTBO BelllecTBa B pacTBope 6e3 Bhife/eHHS ero B YHCTOM BHAE.

Taxkum o6Gpa3oM, B MeTOAe MEUEHBHIX aTOMOB paJHOaKTHBHBI
H3oron Gyner BecTH ce0sl Tak, Kak BeleT Ta cpeia, B KOTOPYIO
oH BBeleH. Ho B cBsisu ¢ TeM, UTO moBefeHHe H3yuaeMOH Cpexbl
ellle HEU3BECTHO, TO B HEKOTOPOM CMbIC/Ie PaJHOAKTHBHOMY H30-
TOAY NpejocTaB/eHa moJjHas cBo6oma pgedctBuii. M 3ajpaua co-
CTOHT B TOM, 4TOGbI OOGHAPYKUTb MPHCYTCTBHE PaJAHOAKTHBHOIO
H30TONAa IO CBOMCTBEHHOMY €My PaJHOaKTHBHOMY H3JyYeHHIO.

O6HapyxeHne PaAUOAKTUBHBIX WU3OTOMOB

CnocoGoB o6GHapyKeHHs paJHOAKTHBHBIX H30TOMOB HEMHOrO,
BCEro TpH — (poTorpaduyeckHil, HOHH3ALHOHHBIA H CUHHTHJLIA-
IIHOHHBIA, HO HX BIOJIHE JOCTAaTOYHO, UTOObI MPOBOAMTH JIOGHIE
uccaenoBaHus. B ocHoBe Bcex cnocoGoB OGHapy:KeHHsS Jexar
1e sIBJIEHHS,, KOTODBIMH CONPOBOXKJaeTcs MNPOXOXKJAeHHe pajHo-
AKTHBHOIO M3JIyYeHHs B BelllecTBe.

Hcropuuecku nepBbifi crnoco6 perucrpaunuu — dotorpaduye-
CKUH, U, COOCTBEHHO rOBOpfA, C €ro MOoMolUbI0 (PPaHLY3CKHH yye-
#eli Aupu Bekkepesb BrepBble OGHapyXKHJ, YTO HEKOTOpbIE Be-
1[eCTBa CHOCOOHBI HcnycKaTh Jy4yd. CHOCOGHOCTh PaJlHOaKTHBHOTO
{3JyueHHs BbI3bIBaTh MouyepHeHHe (Qororpaduueckoll IMYJbCHU
U ceflyac HIMPOKO HCMOJIb3yeTcsl B NPAaKTHKe HAaYyYHBbIX HCCJAeJ0-
panuil. HanGosnee 4acro oH npuMeHsieTcss B raMmma-AedeKkTocko-
HHH CBapHBIX LIBOB, CTaJbHBIX H OETOHHBIX KOHCTPYKUHH, LJIS
perucTpalud pajHOaKTHBHOTO H3JyYeHHs, MPOLUEAIIEro uepes
KOHTpoJIHpyeMoe u3aenne. TaM, rjie MJIOTHOCTh BelllecTBa Gblia
HHXKeE, YeM B OCTaJbHOH YaCTH KOHCTPYKLUHH, Ha IJIeHKe mocie
AposiBNieHus OYAyT TeMHBIe MecTa, a B MecCTax C MOBBILIEHHOH
IJIOTHOCTBIO — CBETJIbIE.

BaxHo TO, YTO B MeTOJe MeueHbIX aTOMOB C MoMoIblo ¢oTo-
TIIEHKH MOXHO MOJNYUHTb KapTHHY paclpefeseHHs] MeYeHHOrQ
M30TONOM BelllecTBa. B MeNHIHMHCKHX HCCIEA0BAHHAX (DOTOMIEHKY
HaK/JIaJblBalOT Ha HEKOTOpPOe BpeMs Ha TKaHb, B KOTOPOH JOJMIKHO
pacnpejenuThcs BBefeHHOe paHee BelilecTBo. PajnuoakruBHOe H3-
JiyueHHe, Mmomajgasi Ha MJEHKY, BbIAAaeT NPUCYTCTBHE PaAUOAKTHB-
HOT'O M30TONa, a TOT, B CBOIO Ouepefib, BellecTBa, B COCTAB KOTO-
poro oH BBeAeH. [IposABHB M/EHKY, MOJYY4alQT BHAHMOE H306pa-
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JKeHHe pachpefieNieHHs BelllecTBa. TaKoi ¢€Moco0 perucTpanuy
Ha3biBaeTcs aBToOpajHorpadHed, a njieHka ¢ H306paKeHHEM —
paauoaBtorpadoM. TexHHKa 3Toro Meroga MOCTOSHHO COBep-
LIeHCTBYeTCA M ceHyac Ha CHUMKe MOXKHO MOJYYHTb Ha)Ke Kap-
THHY pacnpefesieHHs DafHOAaKTHBHOTO H30TOHA B OTHEJNBHOHN
kiaerke. Pororpaduueckuit cnoco6 oOHAPYKEHHSI PAAHOAKTHBHO-
ro H3jy4eHHsi O4YeHb HaIIAAeH, HO «pororpadupyeMblil» H30TOM
JOJIXKeH OblTb, KaK IIPaBHJIO, HEMTOIBIKEH,

Ha cnoco6rocT paguoakT™yBHBIX H3JyYeHHA HOHH30BATh aTO-
MBI H MOJIEKYJIBl OCHOBAaHbI HOHH3aHHOHHBbIE CHOCOGLI OGHapyxKe-
Huda. Ho snech Hyxubl yxe npu6opni. Haubosee mupokoe npu-
MeHeHHe MOJIYYMJH ra3opas3psiiHble CcUeTYHKH. [ asopaspsigHbie
CYeTYHKH ObliM BHepBble npepsoxenbol B 1908 roay [lefirepom u
Pesepdopaom u ¢ Tex nop He npereprnesu KaKux-IHGO NpPHHIU-
nuanbHpIX H3MeHeHHH. Takol cueTuHk mpencraB/sieT cofoH crek-
JITHHBIH MJIM MeTaJl/InyecKuit 6a/iioH auamerpom 30 mm, 3anasH-
HBIH C OAHOro MJM ABYX KoHLOB. Ilo ero ocu HarsHyTa H30/1HpO-
BaHHasA TOHKasl HHUTh H3 BoJb(dpama, KeJe3a HJIU APYroro Me-
ta/sla. OHa ABAseTCA aHOAOM CUETYHKAa, a KAaTONAOM CJYKHT Ta
YacTb CTeKJsHHoro 6a/joHa, KOTopasi MOKpPHITA ¢ BHYTpPeHHel
CTOPOHBI MPOBOJSAILUM CJOEM, HJIH e CTajJbHOH IHUJIHHIDHK,
BCTaBJsieMblil B 6anoH. MeXay aHOZOM M KaTOIOM CO3fAaercs
NOCTOSTHHOE JIEKTPHYECKOoe NoJe ¢ Pa3sHOCTbI0 HOTEeHIHAJToB JO
2000 8. CueTunk 3anoJHAETCH KAKHM-JHOO OXHOATOMHBIM Tas3oM,
HanpuMep aproHoM, ¢ Ao6GaBleHHeM MHOTOATOMHBIX TaJIOTeHHBIX
rasos.

BoulereBuiass W3 aToMa H30TONA YaCTHiIa, HaNpHMEp 3JEKT-
pOH, IIPH NONaJaHHH B CYETYHK B3aHMOJEHCTBYET C aToMaMH 3a-
IIOJIHSAIOIIEro ero ra3a W oOpa3yer Ha TMYTH CBOero JIBHXKEHHS
HoHbl. IlosoXuTe/bHBEIE HOHBL MOJ JNEHCTBHEM 3JEKTPHUECKOro
HOJAA YCTPEMJISIOTCH K KaToly, a OTpPHHATeJNbHbIE K aBOALY, 00pa-
3yd Ha CBOEM MYTH BCe HOBble M HOBHIE HOHBI. DTOT HpoOIlecc mpo-
TeKaeT OYeHb OLICTPO H HPHUBOAMT K TOMY, 4TO B CUETYHKE Ha
KaKoe-TO MIHOBeHHe BO3HHKaeT TOK. 3a CueT 3TOTO HanpsiKeHue
Ha Harpyso4yHOM CONPOTHBJEHHH NajAaeT, 4YTO H SBJSETCS NPH3Ha-
KOM TOrO, YTO B CYUETYHK BJeTesia yactHlla. Takol cKayok Hampsi-
JKeHHUsI, M/IH, KaK ero HasbiBaloT, HMAYJIbLC, YOUIHBAIOT ¢ HOMOILKIO
COOTBETCTBYIOLLEH 3JEKTPOHHOH CXeMbl H HepefaloT Ha PerucTpH-
pyromuit npuGop. Tak, ¢ MOMOLIEIO ra3opaspsA HOro cYeTYHKa pe-
FHCTPHPYIOWHHA NPHGOP YKAa3blBAaeT HA TIPHCYTCTBHE PafHOAKTHB-
HOro H30TONa.

Fazopa3psnHble CUETYHKM pa3nHYalOTCd MexXAy coboii mno
pa3mepaM, MaTepHaldy Kartona, ¢popMe u ApyruM mnpusHakam. B
3aBHCHMOCTH OT BHJa H3Jy4YeHHS H ero 5HEPFUHU 3SKCNEepHMeHTa-
TOp BHIGHpaeT TOT uMH MHOH cueTunk. Tak Kak peructpauus
raMma-KBaHTOB B OTJIHYHE OT OeTa-uacTHl, OCYLIeCTBJSETcH M0
BTOPUYHBIM 3JIEKTPOHAM, BHIOHBaeMbIM raMMa-KBaHTaMH H3 aro-
MOB BelllecTBa KaToja cueTuuka, To AJd TaKHX LeJied KaTol Je-
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JIAIOT M3 THAXKENbIX 3JEMEHTOB, a IJIA peructpanud Gera-4acTHu,
Ha0060pOT, M3 JIerkux Meraj/ioB. MHorna naxe crek/AsiHHBIA GaJi-
JIOH 3aNauBaIOT TOJIbKO C ORZHOH CTOPOHBI, a /JAPYro# 3aKphLIBaIOT
TOHKHM CJIIOASIHBIM OKOLUKOM, MO3BOJSIOILUM aJbha- u Gera-
4acTHIaM OecnpensTCTBEHHO NPOHHKATb BHYTPb CUETUHKA.

Hakonen, Tperuit crnoco6 oGHApPYKEHHSA PaJHMOAKTHBHOIO W3-
JIYYEHHS — CHHUHTH/ISIIHOHHBI — OCHOBAH Ha CBOHCTBE HEKOTO=
pbIX BewecTB (CUHHTHJISATOPOB) MOX ACHCTBHEM H3JyYEHHS [a-
BaTb CBETOBbI€ BCOBIIIKH. TakuMHU BellecTBaMHU SIBJISIIOTCS HeOpra-
HHUYECKHE KPHCTAJJbl — HOAUCTBHIA HATPHiH, aKTUBHPOBAHHBIH
TaJlJIHEM, CEPHUCTbIH LMHK H OpPTaHHYecKHe BellecTBa — HadTa-
JIMH, CTHIbOEH, XKUAKHe (ocopel M HEKOTOpble MJAacTMAacChl,
Yacruila uiu ramMma-KBaHT, Monajgasi B MJIOTHYIO CPeAy CLUHTHJI-
JIATOpa, B3aUMOAEHCTBYIOT C ero aTOMaMH, 33 CYET Yero 4acTb MX
flepexoJUT B Bo30YKaeHHOoe cocTosiHHe. OGpaTHBIN mepexod aTo-
MOB B HOpMaJlbHOe COCTOSIHHE CONpPOBOXKJAeTcs HCIyCKaHHeM
cBeTa — JIOMHHecleHIHelH. Tako# cnoco6 oGHapyxeHHsT OblI H3-
EecTeH OYeHb JaBHO, HO He MOoJy4yaJl IHPOKOTr0 pacnpocTpaHeHHus,
TaK KaK Hab/104aThb CBETOBBHIE BCHBLIMIKH BH3YaJbHO AOBOJLHO
yToMHTeabHO. Jlnmb B 1947 roay, Korga K CUMHTHIJIATOPY OBLI
nob6aBiieH (OTOYMHOKHUTENb, NOSIBUICH CLUHHTHIJIALHOHHBIA CUeT-
YHK, KOTOPBIM M M0JIb3YIO1CS Tenepp AJs OOHapyXKeHHs pajuo-
AKTHBHOTO H3Jy4YeHHUS.

Hrak, CUMHTH/VIILUOHHBEIE CYETYHK COCTOMT M3 KpDHUCTalaa H
tdoToymHOXKHTes. Tenmepp yxKe He Hafo BeCTH BH3yaJjlbHble Ha-
O/II0[leHHS 32 CBETOBBIMHM BCHBIILKAMH — 3TO fejaer (oTosne-
MeHT, Haxoasmulics B goroymHoxutene. [Tagamouye Ha Hero (o=«
TOHBI CBeTa Nnpeo6pasyloTcs B 3AeKTPOHBl M JBHralOTCI MO Ha-
[IpaBJEHHIO K NEePBOMY HHHOAY (TakK HasblBaeTcs MepBBIA 3JeK-
TpoH B yMHoxuTese). [lonaB B Hero, 3JleKTPOHBI caMH BbIGHBAIOT
W3 aTOMOB CJaralolllero ero BellleCTBa elle HECKOJBKO 3JIEKTPO-
HOB, KOTOpHIE, NOMajas B MoJie NPUTSXKEHUd cJjeLyloLiero, BTO-
poro, IMHONA, HAYMHAIOT JABHraThcAd K HeMy. B pesyJsibTaTte CTOJK-
HOBEHHS CO BTOPBIM JHHOJOM UHCJIO 3/JEKTPOHOB elie 6oJibilie yBe-
JiMuMBaeTcda. DTOT NpoLiecC MOBTOPAETCS HA BCeX JHHOAAX H B pe-
3yJbTaTe, NGCAe MMOoNafaHUsl 3JEKTPOHOB HA aHOJ, Ha BHIXOAE
CYeTYHKa BO3HUKAeT JOBOJBbHO OGOJBIIOH HMOYJIbC HaNpPsiKEHHs,
KOTODBIl HECJOKHO 3aperucTpHpoBarth. CUHHTHIIALMOHHBIH CYeT-
YUK, coeJUHAS B ceGe HOCTOHHCTBA Tras3opa3psifHOro CYETYHKa,
o6aajgaer AOMOJNHHTENbHO GoJibliell 3(¢peKTHBHOCTbIO H paspe-
niaouedi cnoco6HOCThIO.

B npakruke Hay4HbIX MCC/JeIOBaHHH HHOT[a BCTpeyaloTcs 3a-
JlayH, KOT/Ja Hy>KHO PacMo3HaTh NPUCYTCTBHE TOTO HJIM HMHOTO H30-
Tona. Ha Tako# Bonmpoc MPHXOAUTCA OTBeyaTb 3KCIEPHMEHTATO-
paM, H3yyaloli¥M, HanpuMep, B3aUMHOe [epeMelinBaHue NABYX
cpell, Kax/jas U3 KOTOPOH MeyeHa PasHbIM PaJHMOAKTHBHBIM H30-
TornoM. B3sB npoGy, HEOGXOAMMO YCTAHOBHTH, NPHUCYTCTBYIOT JH
B Hell 06a pajgHOAKTHBHBIX H30TONA HJIH TOJbKO OJAMH. A ecau
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OflMH, TO KaKO#H? DTO MOXKHO ONpeeaHTh, Befb H30TONH He 6,137
Hellbl, H y KaXKA0T0 U3 HUX CBOE H3AyUeHHe.

Jas1 3TOro MOAK/MOUYAIOT CHMHTHJAALMOHHEIHA CUETYHK K OCO-
6oMy mpuGOPY — ramMmMa-cieKTPOMeTpy, KOTOpbl# MO CBOHCTBEH-
HOH KajKAOMYy H30TONY 3HEPTrUH HaAyyeHUs 6e30IUHO0YHO yKaXKeT,
KaKHe H30TONbl IPHCYTCTBYIOT B NpOGE.

Jns perucTpauuu HeATPOHOB TOJATCA KaK rasopaspsaiHble,
TAK U CHHHTHANSLHOHHBIE cueTUukH. [lJg 3Toro BHyTpb cueryuka
#J14 HAa ero NOBePXHOCTb HAHOCHTCA 6Op, KOTODLIH, 3aXBaThHBafd
MeAJeHHble HEHTPOHSI, HCAYCKaeT aldbda-yacTUly U NpeBpallaeT-
¢ B autu#. Anpda-yacTHlla HOHH3yeT TIa30BOe NPOCTPAHCTBO
CY4eTUHKa H BHI3LIBAeT HMMYJbC, KOTODLIA DErucTpUpyercs NpH-
HopoM.

Ho ofHapyxuTs m30TON ellle HEAOCTATOYHO, HALO ONPEALAUTH
€ro KOJHYeCTBO — aKTHBHOCTb. JTO clenaTh Hecnoxuo. OtHocH-
TeAbHOE KOJHUeCTBO M30TOHA OfIpedensieTcsi C IIOMOIIbIO 3JeK-
TPOHHBIX CYETHBIX ycTpoiéicTs. OHH COCTOAT OOHIMHO H3 PALHO-
CXeMbl, ycuauBamollell U (GopMHpYIOMed HMNYAbCH, U MeKTpPO-
MEeXaHHYEeCKOTO CUETYHKA, KOTOPHIH U MOKa3biBaeT KOJHYECTBO NO-
CTYNUBINHX K HEMY HMOYJAbCoB. IIpH 3TOM 3AeKTpOMeXaHUUECKHH
CYETYHK MOKeT M0Ka3aTh AHOGO [OJHOE KOJTHYECTBO MMIYJIbLCOB 32
BCe BpeMsi HaGJiogeHu#, 1M00 HX CpPefHee YUCAO B €JUHHILY Bpe-
meHH. C MOMOLIbI0O 3aBUCHMOCTEH M0 UHCJYy 3aPErHCTPHPOBAHHBIX
HMIYJIBLCOB ONpefienisieTess yxKe abcoMioTHOe KOJHYeCTBO H30TONa.

B 3TOM cMBIC/TIE HOHH3AUHOHHEIE W CIUHHTH/ISIUOHHEE CHOCO-
OBl perucTpanuy HMeEOT HeCOMHEHHOe NPEeHMYIlecTBO nepeln o-
TorpadHUECKHM CrocoGoM. XOTs HOCAEAHHA M JHOCTHT Tenephb
GOJILHIOro COBEPUIeHCTBA, CH BCE K€ He MO3BOJAALT elle H cefiyac
¢ HAOCTAaTOYHOH TOYHOCTHI® YCTAHOBUTH KOJAUUECTBO PaJHOAKTHB-
HOTO M30TO0Ma.

Tak coBpeMeHHasd 3JeKTPOHHKA obecrneunBaeT 3KCHEPHMEHTA-
TOPY BO3MOKHOCTb B Pa3fAHUYHBLIX YCHOBUAX ONpPENeNasiTb MPUCYT-
CTBHE M KOAMYECTBO PaJUOaKTHBHOTO H3oTOona. Bmecrte c Tem,
VIUTHBAs HePaBHOIEHHOCTh YKa3aHHHIX CNOCOBOB OOHADYKEHHHA
PanMOaKTHBHOCTH, B KaxAOM KOHKDETHOM cllyuae HCCIeIoBaTe-
J10 APUXOAUTCA BLIGHPATh TOT HAM HHOH CNOCO6 perucTpaiyu.

TIpexne ueM NPHCTYNHTL K NPOBEHEHHIO KAKOro-1uGO Hcchae-
JIOBaHuA, 3KCIEPHMEHTATOPY IPHXOJHTCA pemaTe pHag Goaee
MeJIKHX, YaCTHRIX MEeTOAHYECKHX BONPOCOB, MOPOH TECHO CBA3AH-
HHX MeXAy coGoil. Bo-mepBuiX, BHIOpaTh HauboJiee MOIXONSIAH
JUIsl NaHHBIX YCJOBHH M 3afayH HCCJAENOBAHUH THN PaXHOAKTHB-
EOTO M30TONa MO BHAY €ro H3JyueHus, ajnta, 6era uJH ramma,
SHEPruH H3Jy4eHHs W Nepuopy noaypacnaga. IloscHum 370 Ha
npuMepe.

B memunune niis onpelesieHHSI CKODOCTH ABHXKEHHUS KPOBH B
Oprann3Me YejoBeKa NPUMEHSIOT PafAMOaKTHUBHHIH H30TON HaTpHUs
¢ mepHOfOM Tosypacnajga 8 cyTok. B ofoux ciayyasx mpHHIHT
TPOBEEHUS CaMOT0 IKCHEPHMEHTA HPAKTHYECKH OAMHAKOBA: (PHK-
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cHpyeTcd BpeMsi BBOJA M30TONA B HCCACAYEMYIO Cpely H Bpems
€ro HOABJIEHHS HA ONpefle/IeHHOM DacCTOIHMH OT MecTa 3alyckKa.
Ho B nepBoM ciyyae npoaoJ/IXKUTEJNbHOCTh ABHIKEHHS H30TONA CO-
CTaBJIsSIET HECKOJIbKO MHMHYT, @ BO BTODOM — HECKOJbKO CYTOK.

Yto 6bio Gbl, ecnu Obl CTPOMTENH He NPOBENH [0 Hadana
5KCllepUMeHTa He0OXOAHUMON MeTOAMYECKOH NOATrOTOBKH, He 00-
PaTH/IH BHUMAaHHS Ha NPOLOJIKUTENbHOCTh NMEpPUOja HoJypacfiafa
M He CONOCTAaBMJIH €r0 C BO3MOXKHOH HPOLOJIKUTENbHOCTBIO HC-
cje0BaHHH, KOTOpas COCTaBJseT HeCKoJbko cyTok. QueBHaHO,
4TO YYHTHIBAsl aHAJIOTHI0O B MeTONHKe, OHH 3aNMyCTHAH Obl B MOA-
3eMHBIH TNOTOK KODOTKOXHBYUIHH H30TON HATPHA, KOTOPHIH,
KCTaTH, 10 BCeM OCTaJIbHbIM XapaKTePHCTHKAM HOXXOAMT AJA Ta-
KHX HCc/eJOBaHH#, W 6e3ycHeliHo XJaajd Obl ero MOfABJIEHHS B
KOHTDOJIBHHIX CKBaXkHHaXx. M3orom, KoHeuHo, mosiBujics Gbi, HO B
TaKHX HHUTOXKHBIX KOJHYECTBAX, KOTOpble Helb3si ObLIO 0GHApPY-
:KuTb. TakK, ecqu He 3HATh NPOAOJIKHTENBHOCTH MEPHOAA MOJY-
pacnaja, H3MepeHHe MOXKET JaThb HCKAaXKEHHBIE Pe3yJbTaThl,

Bo-BTOpBIX, HCCAEAOBaTeN0 NPHXOAHTCSA peIlaTh BOMPOC H O
TOM, CKOJIbKO Xe B3fiTb paJHOAaKTHBHOTO H30TONa (B MmEPBYIO oue-
pelb 3TO OTHOCHTCH K METOAYy MedeHbIX aToMmoB). Eciau, Hampu-
Mep, aKTHBHOCTb PaJHOAKTHBHOIO H30TONa, IpPefAHA3HAUEHHOTO
[J1fl IPOCBeYHBAHHA KaKOH-JIHGO KOHCTPYKUYH C LEJbI0 OTHICKA-
HHA B Heil AedeKTOB, OKaXeTCcA HeJOCTaTOYHOH, TO 3TO €pa3y XKe
6yAeT 06HapyXKeHO B NePHOZN NMPOBeJeHHS] CaMOro dKCHEPHMEHTA.
3HauHTeJbHO CJOXKHee OyleT OOHapyXHTb TaKylo XKe OMIHOKY
Jipd HCCAEeJOBAHHH METOLOM MeueHBIX aTOMOB HyTeH [BUXKEeHUS
HOBOTO BHJA JIeKapCTBa, MEUYEHHOI0 PAaJAHOAKTUBHBIM H30TOIIOM.
OrcyTrcTBHE JieKapcTBa, KOTOPOe JOJIXHO OBblJIO IOHTH A0 KaKoro-
Jubo opraHa, MOXET NPUBECTH K JIOXKHBIM BbIBOJAaM — OHO He
3¢ QeKTHRHO, TaK KaK IPH NpHeMe He AOXOJAHUT A0 O0JbHOH TKaHH
WJH OpPraHa, H fI03TOMY H3TOTOBJISATh €r0 He cjejAyeT. A HAa caMOM
AeJie KOJHYECTBO PaAMOaKTHBHOI'O H30TONA, BBEJEHHOIO B HCCJe~
IyeMoe JIeKapcTBO, 0Ka3aJoch IPOCTO HeJOCTATOYHBIM, YTOGEl 06~
HapyXKHUTb paJHOAKTHBHOE H3JyueHUe H, c/eJ0Barej]bHO, MPHCYT-
CTBHe JIeKapCTBa.

B Merolle MeYeHBIX aTOMOB MPHXOLUTCA, KPOMe TOrO, YUUTH
BaThb H BO3MOXHble XMMHYECKHE DeaKIUH, KOTOpPbie MOryT NPOH+
30HTH MeXAY COeJHHEeHHEeM, MeueHHBIM PaJHOAKTHBHBIM H30TO-
[HOM H CpeJoH, B KOTOPYIO 3TO coeJHHeHHe BBeJEHO.

Bonpoc 0 TOM, KaKyio cjefyeT NPHUMEHHTb amnnaparypy AJs
perucTpallid PaAHOAKTHBHOrO H3JIy4YeHHs, TaKkKe 0053aH pemlaTs
skcnepumentatop. Henb3s 06XOAHTb H BONPOCH TEXHHKH Oes-
ONACHOCTH — BeJb PAAHOAKTHBHbIE H30TONLI NPH HENPABHABHOM
ofpalleHHd ¢ HHMH MOTYT OKas3aTb BpejiHoOe BosneﬁgTBne HE
TOJILKO Ha OpraHM3M JKCIEePHMEHTaTopa, HO U Ha JioJed, #e ¢Bd-
SAHHBIX C TUMHU HCCJIEJOBAHHIMHU.

Teneph NOHSTHO, HAaCKOJIbKO BaXKHa M HEOGXOAMMa TpenBa-
puTenbHas MeTojuyeckas npopadorka SKCHEPUMEHTOB, KOTOpLIE
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OyAyT NPOBOAHTHCA C HCMOMB30BAHHEM PaNHOAKTHBHBIX H30TO-
noB. [TosTomy HccaegoBaTesnu BCAKHHE pa3 MPOBOAAT TILATENbHYIO
METOAHYECKYIO0 NOArOTOBKY CBOMX 3KCHEPUMEHTOB.

DTUM ellle pa3 MOATBEP.KIAETCS U Apyrasi CTOPOHA Bompoca —
yCnewrHoe 3aBepilieHHe TOro HJIH HHOTO HCCJENOBaHHS B LeJOM
3aBHCHT HE OT KaKHX-TO CBEPXbEeCTeCTBEHHBIX KAauecTB pajHo-
M30TOIIHOTO MeTOJa, KaK BIPOYEM H JIIOGOro APYroro MeTona, He
10/IbKO OT TOrO, YTO HOBbIH PAagHOM3OTONHBIA MeTOX OKasaJcs
3(eKTUBHEE, a OT TOr0, HACKOJbKO MPABHJALHOH H BCeoObeMJIO-
e Oblla MeTOAMYECKass MOATOTOBKA BCEro0 HCC/AENOBAHHA.
ITosTomy, Koraa Mbl GyaeM 3HAKOMHTBCH B HajbHEHIeM ¢ mpH-
MepaMu HCIOJIb30BAaHHA PaJHOAKTHBHBIX H30TOMOB B HAYYHBIX
HCCJIeNOBAHHUSAX, He HAA0 3a0blBaTbh O TOH MPOJENaHHON YYeHBIMH
KOJIOCCa/bHOM H TPyHOeMKoH paboTe, KoTopas HpeAllecTBOBaJia
Kax /bl pa3 NpOBeJEHUIO 3TUX UCC/IelOBaHHI.

UsoTtonsl B nccnepoBaHUAX MPOMBILLNAEHHDBIX
npoleccos

ITocne Toro kak GbLTM pa3paGoTaHBl METOXB! MOJYUEHHS 3HA-
YHTEJbHBIX KOJHYECTB pa3HOOOPa3HBIX PAaJAUOAKTHBHBIX H30TO-
NoB, HCCJAENOBATEJNH CMOIVIH HCHOJB30BATH HX MJIsl H3YyUeHHS H
KOHTPOJI TPOMBILLIEHHBIX MpoleccoB. K HUM OTHOCATCA TaKue
OoTpac/H, KaK, HalpuMep, MeTa/VIyprus, MalllHHOCTPOEHHE, CTPOH-
TeJbCTBO, JIerKasl U MullieBast HHAYCTPHUS U T. I.

B Mmetannypruu GoJsblUyI0O POJIb HI'pPaeT MOJYYEHHE YHCTHIX H
BLICOKOKAUeCTBEHHBIX METaJIOB H cmiaaBoB. Mx TpeGyior -asek-
TPOHHAsl U aTOMHas TeXHHKa, XMMHYeckoe MallHHOCTPOeHHe, pa-
KeTOCTPOEHHe W Jpyrue oTpaciu. Beib HoJroBeyHocTh W HaAEXK-
‘HOCTh M3MeJIHil, UX Bec Npexkie BCero 3aBHCAT OT MPHCYTCTBHS B
merajuiax pasannuHbix npumeceii. Hampumep, npumech cepnt
yXy[IlLIaeT KauecTBO MeTaJl/la.

Ucnonb3yss Merol MedeHbBIX aTOMOB, YUeHble H3YYHJIH NYTH
nonagaHus cepbl B XKUIAKHH MeTa/JJl U IIOMOTJIH YCTaHOBHTb BO3-
MOXKHOCTH ofeccepHBaHusd ero uniakoM. PaauoakTuBHblii H30TON
cepbl, N06GaBJeHHBIH B ra3, OTal/JIMBAIOLHH MapTEHOBCKHe IMEUH,
floKasaJi, 4TO 3HAUYMTeJbHAf 4aCTh Cephbl, cOAepxKallledica B rase,
nonagaer B MeTasi. [locne OYHCTKH ra3a ot cepbl KauecTBO Me-
TaJjlyla 3aMeTHO MOBBICHIOCH.

B npyrom ciyuae ucciel0OBaTeNH BBeJH B OTHEYMOPHBIH KHP-
GMY paJHOAKTHUBHBIH KaJblHA H MO OTOGPAaHHBIM MpoGaM CTaH
YCTAHOBHJ/IM, YTO OTHEYNMOPHBIA KHPNHY (yTepPOBKH MOXKET nepe-
XOIHTh B pacIiaB/eHHBIA MeTaJJl H TeM CaMbIM 3arpsi3HATb €ro.
Tak paguoaKTHBHBIE H30TONBl MOMOIVIH MeTaNAypram YJy4LIHTh
npouecchl BHIMJIABKH CTAH.

B HekoTOpbIX c/1yuasdX DaJAHOAKTHBHBIE H3QTOMNbl [O03BOJIHJIH
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VIYYIIHTh M TEXHOJIOTHIO BapK# crann. Tax, mpH NPOH3BOACTRE
CTa/ld BbICOKOrO KauecTBa HeOO0XOJHUMO 3HATh BpeMs, B TeyeHue
KOTOPOro JIErHpPyIOIHiA MeTa/lJl PABHOMEPHO pachpefesHTcs No
Bcel Macce pacniaB/jeHHOH crasd. J{oGaBUB B 3TOT MeTalli pa-
JHOAKTHBHBIA H30TOIN, YAAJOCh YCTaHOBHTb, 32 KaKoe BpeMsl OH
PaBHOMepHO NepeMellaeTcsl MO0 BceMy o0beMy MapTEHOBCKOH me-
ud, B pesysbrare GblTa yCTaHOBJEHA ONTHMAJbHAS MPOJOIKH-
TeJIbHOCTh NepeMelinBaHUsi Merajsa. C HOMOIIbIO pafHOAKTUB-
HBIX HM30TONOB ONpe[e/saach CKOPOCTb JOBHXKEHHA Fasa H
HWIMXThl B JOMEHHOH Neyu, a Takxke pellajich MHOTHe Ipyrue 3a-
JayH,

PapnoakTiBHBIE H30TONBI MO3BOJSIOT BECTH HaGJIONEHHT 32
COCTOSIHMEM BHYTPeHHeH 4acTH NOMEHHBIX NeyeH, 06/aMIOBaHHOR
OTHeynopHoH Kiaagko#. Ilig 3Toro B KAagKy HNOMELIAOT pajHoc-
2KTHBHBIH H30TOMN, a C HapyXKHOH CTOPOHBl yCTaHABJAHUBAIOT CUET-
YHK, PErHCTPUPYIOLUIHHA H3Jiy4YeHHe, H TaKUM 06pa3oM KOHTPOJH-
pyloT mpucyTcTBMe HM3oToma, Ecau kJaazka paspymiuiaach, To
PaAMOaKTUBHLIE M30TON BBHIIafaeT U3 OOJHUIOBKH M C HapyxHOH
CTOPOHBI He HaO6J/IOAaeTCs PaJHOAKTHBHOTO H3JYyYeHUs,

KoHTposb KayecTBa roTOBOH MPOAYKLUHH BEHETCH ¢ MOMOILIBLIO
raMMa-zaedeKTOCKONHH, NO3BOJsAIOMEH 00HapYKHUTh B MaTepuase
rasoBble MOpPHl, MyCTOTHI, LIJIAKOBLIE BKJIOUEHUS M Apyrue Hapy-
LIeHHs.

B xauecTBe HCTOYHUKOB TraMMa-u3/JyueHH A1 POcBeyuBa-
RUA GOJIbILMX TOMWUH, Ko 200 mm, MPUMEHAIOT paAMOaKTHBHBIA
KoGaJbT WJAH Le3u#t, a NPpH MajJoH TOJNILHUHE MNPOCBEYUBAHHT —
H30TONE] HpuAausi W esponud. Kak npaBujo, AJaS perdcTpaluy
npolIesllero 4Yepe3 KOHTPOJNHPYEMBIH 00bekT H3/ydeHHs NpHMe-
HSIeTCSI PEHTreHOBCKas IJIeHKa. DTOT MeTOH, AOCTaTOYHO OoTpabo-
TaH ¥ JaBHO NMPHUMEHSETC AJA KOHTPOJsS NMPOMBIILIEHHBIX H3/e-
JIUA U CBapHBIX CTHIKOB M TEM He MEHee OH HENMPEephIBHO COBep-
mercTsyercs: (oco6eHHO ammaparypa).

PapuoakTHBHBlE H30TONBI NMPHUMEHSIOTCS M JJIS HCCAENLOBAHHS
H3HOCA IOTOBBIX JeTajell B mpouecce 3KCIyaTallHd MeXaHH3MOB»
IIpu uccrenoBaHusAX H3HOCA JeTajb MOKPHIBAIOT MeTajsioM, B
cocTaBe KOTOPOTO MMEEeTCSi paiMoakTHBHBIH H30oTon. B Aerans
BBOASAT M30TON JHGO MPH ee M3TOTOBJEHHUH, JHOO aKTHBHPYIOT IQ-
TOBYIO B MOTOKe HeHTpoHOB. MHOrAa yno0HO BBHICBEPJHTb B JAeTa-
Ji¥ OTBEPCTHE M BCTAaBHTb TyAa NPOBOJIOKY, COJEpKallylo pPajHo-
aKTHBHBIH H30TOIL.

HaGuionass 3a TaKUMH AeTaAsMH, MOXKHO JNOCTaTOYHO MHOK-
po6HO HcC/leI0oBaThb HX H3HOC B mpouecce paGoThl MeXxaHH3Ma
6e3 ero OCTaHOBKM M pa3bopku., Uallle Bcero Takodl MeTONR MNpPH-
MeHsieTCS [JIST MCCJeLOBaHUS H3HOCA JeTaJsleH, yCTAHOBJIEHHBIX B
JBHraTessX BHYTPEHHEro CropaHuf. Hpouficc u3HoCa HCCJIELyeT-.
CS1 10 H3MEHEeHHIO PaJHOAKTHBHOCTH XKUAKOH CMa3KH, OMbIBalOLIEH
HeTajib, MEUEHHYIO PaNHOAKTHBHBIM H30TONOM. YBe/lHyeHHe pa-
JHOAKTUBHOCTH CMa3KH yKa3hlBaeT Ha HHTEHCHBHBIA H3HOC, a CTa-
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Gunu3anus ypoBHS PaAMOAKTHBHOCTH — Ha 3aMeJJIeHHE 3TOro
npoliecca. C fIOMOWIbIO PAaAHOAKTHBHEIX H30TOMNOB HCC/AEAQBAJCH
H3HOC aBTOMOOGHJIbHBIX M TPAKTOPHBIX ABUratenei. B pesyibrare
3TOro GbIIM MOJIYYeHbl JaHHbIe 00 H3HOCe MOpPLIHEeBHIX KoJell B 3a-
BUCHMOCTH OT pexXHMa pa6oThl JABUrarelisa, TeMIepartypsl, Bf3-
KOCTH CMa3KH, CTeleHH OYHCTKH BO3JyXa H NPOYHUX YCJOBHH,

C moMomIbI0 PafHOAKTHBHBIX H30TOMOB HCCJEAOBAJICS H3HOC
pexymiero uHcTpyMeHTa. Mccilenys akTHBHPOBAaHHLIMH Heil-
TPOHAMH PafHOAKTHBHOCTb CTPYXKKH, BHIXOAAILILeH npu o6paboTke
MeTaJjy1a pe3lOM, MOXKHO YCTAHOBHTb, IPH KaKHX pexumax pabo-
Tbl Habsogaercd HaHOOMbIIHA H3HOC, KaK OH 3aBHCHT OT MapKH
oGpabGaTeiBaeMOro MeraJjja, MaTepHaja CaMoro peslla M ero
¢opmbl. MHocTpanHast meyaTh coofliaja, YTO TaKHM METOAOM
BCeCTOPOHHe HccJefoBaJjicsl H3HOC 6ypoBOro HHCTPyMeHTa, Hpej-
Ha3Ha4yeHHOro /s JOObIYM YIJIs B LIaxTe.

ITorepu merajsia HMeIOT MecTo He TOJbKO NPH H3HOCE AeTa-
JeH.

Kosoccanbhble yOBITKH NPHYHHAET KOPPO3US MeTassia. B Awur-
JiuH, HanpuMep, okoJio 30% exerogHo MPOH3BOAMMOMH CTaJH HAET
Ha KOMIIeHCALHIO moTeph MeTasia ot kopposud. B CILA exerox-
HO TepsieTcs MO TOH Ke mpHuuHe A0 25 MJH. T XKene3a. MexaHHsM
KOPPO3UH, 0COOEHHO CTEeNeHb y4acTHS B 3TOM fIBJEHHH KHCJIOpOAA
H BOABI, H3yueH ellle HexpocraToyHo. Ceiltuac paaHOaKTUBHbBIE H30-
TONBl NMPUMEHAIOTCH AJSA M3yyeHUS KOPPO3HH CTanH, KobanabTa,
MeId M JPYrHX MEeTa/IOB B Pa3jMYHBIX cpefax. Tak, ¢ MOMOLIbIC
pPaaHOaKTHBHBIX H30TONOB MEIH M JKeje3a HCCAe[0BaJici Mexa-
HU3M OKHCJIeHHS MeIM H Kesaesa npu temmepartype 1000°% a c
HOMOILbIO pagHoakTHBHOTrO foma (J-131) — mMexaHU3M KOppoO3HH
ene3a. Pe3ysnbraTsl 103BOJSAIOT NOJAYYUTh 60Jiee TOUHbIE HaHHBIE
0 MexaHU3Me KOppPO3HH M pa3paboTath 3 eKTHBHBIE Mephl ee
npeaynpexaeHHUs.

B o6aacty (u3MKH TBepHOTo TejNa IJsS M3YUeHHS XapaKrepa
MEXKaTOMHOTO B3aHMOJEHCTBHS, epeMellleHHs] aTOMOB H HX JaJb-
HeHlIero pacnpeneseHus OoJibllioe NpakTHYecKoe 3HaYyeHHe HMeloT
3aKOHOMEpHOCTH mpolecca AupPysuu u camoaudpdysuH, Bblpa-
Xalolyecss B MPOHHKHOBEHHH aTOMOB OJHOTO MeTalljla B APYroi.
1/ M3yyeHHsT 3THX NPOLLECCOB B HACTOsLee BPeMsl IPHMEHAIOTCS
pagHOaKTHBHBle H30TONBI 2Keje3a, KoOajbTa, cepe6Gpa, MeaH,
cepbl H HEKOTOPBIX JPYIHX 3/JEMeHTOB.

Mertognka npoBeleHHSi TaKHX HCCAefOBaHUN KpaiiHe pasHO-
o6pasna. MHorna Ha mIacTHHKY MeTajlla HaHOCAT JONOJHHTE/b-
HBIH CJIOH, cofep:KallHii paAHOAaKTHBHBIH H3oTOon. Uepe3 HeKoTo-
poe BpeMsl ¢ MOBEPXHOCTH MeTajljla CHUMAIOT TOHKHE CJIOH IO TeX
0op, MoKa Ha MJIAaCTHHKE He OCTaHeTCS HHKAaKHX CJeJOB pajguoak-
THBHOCTH. DTO I103BOJISIeT YCTAHOBHTb IJIyGUHY NpPOHUKHOBEHHS
PalHOAKTHBHBIX aTOMOB B MeTaslsl. MOXXHO M He CHHMAaTb 3TH
caou. Torga H3MepslOT HHTEHCHBHOCTb HM3JyYeHHs C¢ OOpaTHOI
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CTOPOHbI MJIACTHHKH, KOTOPAs MOCTOSIHHO yBeJqHuUBaeTcs 3a cuyet
IUDPy3HH.

INpu n3yuyenuu auddysuu upe3BbIYANHO MOJE3HBIM OKa3ajcs
MeTOo aBropaauorpaduu. Beap oH no3BosisieT MONYYHTh HarJfAK-
HYIO KapTuHy pacnpejeseHdss AHPPY3HOHHBIX [OTOKOB paauo-
2KTHBHbIX aToMOB. C NOMOILIbIO PaJHOAKTHBHBIX H30TOMNOB YXKe
n3yueHa camoiu¢dysus B cepebpe, HUKele, XKeae3e, KoOGalbTe,
UHPKOHUY U B IPYTUX MeTajjax B LIHPOKOM JHanas3oHe TeMmmepa-
TYp, a C MOMOILbI0O PAaJHOAKTUBHOIO YIJ€POAa HCCAefOBaH nepe-
HOC yIyiepojia B KeJle3e H HUKeJe.

PeayabraThl ucc/lef0BaHHR MoKa3aJjld, YTO PajHOaAKTHBHOE HU3-
JydyeHue ABJAAETCH 3(P(PEKTUBHBIM CpPEINCTBOM BO3JAeHCTBHA Ha
pa3nuMuHble XMMHYecKHe BelllecTBa U MaTepualbol. B pesysbrare
TAKOro BO3JeHcTBUA B psjlle cAy4aeB MOXKHO MOJYYHTb HOBbie
XUMHUYeCcKHe MaTepHaJbl MJH Xe NMPUAAThb H3BECTHbIM paHee Ma-
TepuanaMm HoBble, GoJsiee moJe3Hble cBoficTBa. B mepByio ouepeis
3TO OTHOCHUTCSI K UCKYCCTBEHHBIM MaTepHajiaM CO CJOXKHOH CTPyK-
Typoii — nosiumepam. Takue Martepuannl o6pa3yioTca NpH 00b-
eJUHeHUH OOJBLIOro 4YMCJAa HCXOAHBIX MOJIEKYJ — MOHOMepOoB B
olHY OoJpuiylo MoJsekyiay. [louMepHBIX MAaTepHaJOB OYeHb
MHOro, cBOHcTBa HX KpaliHe pa3HoO00pasHbl, YTO MO3BOJSAET MPH-
MEHATb HX BO BCeX 06J1aCTSIX TEXHHKH.

C noMollbl0 pafHOaKTUBHBIX H3MTYYEHHA MOMKHO YIPOCTHTH
[oJlyYeHHe HU3BECTHBIX paHee MOJMMepHBIX Martepuanos. Tak,
BE3aMeH JOBOJIBHO CJIOXKHOH TeXHOJIOTHH MOJIYUEHHS MOJH3TH/IeHa
#3 3THJIEHA MOXKeT OBITh HCIOJNb30BaHa HOBasd, O6oJsiee mpocras,
CCHOBaHHAs Ha OOJIyueHHHU 3TujeHa y-usnydyeHuem. IlosyueHHBI#
MaTepuaJ npuobperaer Kaxke OGojiee BbICOKHE KauecTBa. Temepn
UMeIOTCS cocOoOBl MOJIYUEHHS OPTaHHYECKOro CTeK/Ja TOJIIHHOM
25 ¢m, 4TO NIpH OOBIYHON TEXHOJOTHH CTAJKHBAETCH C HEKOTOPbIMH
TPYAHOCTSIMH.

Paguanuonnble MeToAbl MO3BOJSAIOT Goslee MNPOCTO OCYLIECT-
BJATb IIpOlLieCCHl INOJMMepH3aluH TeTpadropsTuieHa u op-
Manpieruga. OHU TakKe CNOCOOCTBYIOT pacIlHPEHHIO acCOPTH-
MEHTa MOJHMepHBbIX MaTepHaJIOB, MO3BOJSAA OCYLLECTBJSATb MOJH-
MepH3alHI0 TeX HCXOJHBIX MOHOMEpPOB, KOTOPEIe He MOAJaBalUCh
ripexae TakoMy npoueccy. Celiuac mosydeHbl TakHe MOJHMEPBI,
KaK MOJNHOYTHJEH, MOJUH30aMuJIeH U Apyrue, 00/ajaollle BecCh-
Ma BaXKHBIMH A/l MPAKTUYECKHUX Iiesed CBOHCTBAMH.

PagnoakTuBHble H3/Jy4YeHHS NPUIAIOT TFOTOBLIM INOJHUMeEpaM
HOBble CBOHCTBA HJHM H3MEHSIOT HX B XKejlaeMOM HampaBJIeHHH.
Jns sTOro MOXKHO 00Jy4aTh MmoJuMep, Aubo cMech HOJUMepa ¢
MOHOMEpPOM, JIHGO OZHOBPEMEHHO HEeCKOJIbKO nojiumepoB. B mo-
JjiuMepe Mop JefcTBHEM PaAHOAKTHBHOTO H3JIydeHHs mpeob/aga-
JOT Mpollecchl YKPYMHEHHA OTAEJbHBIX MOJIEKYJ HJH, HaoGopoT,
MoJIeKyJIbl mosiuMepa pasykpynusiorcd. Ho Bo Bcex cayyasix B
pesy/braTte OO/MydeHHsS MOJUMep MOJNyd4aeT OObLIYHO HOBBIE CBOM-
ctBa. Hanpumep, WIHMPOKO WU3BECTHBIH NOJHMep TedJIOH Hapsay
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€ OOJIbIIMMH AOCTOMHCTBAMH HMeEeT CYIeCTBEHHBIH HEJOCTATOK—
He NpUKJIeHBaercss K APYrHM MaTepuanaM. UToGbl yCTPAHHUTH
5TOT HEJ0CTAaTOK, HCCJAEAOBATENH OGJYUHJIH TedaoH ¢ H0OaBJeH-
HBIMH K HeMY JPYTHMH noJjuMepaMu. B pesyiprate HOBBHIH MOJH-
Mep HOJYYHJ CrocoOHOCTh NpHUKJeuBaTbcd. B apyrom cayudae,
W3MEHHB KOJHYeCTBO N06GaB/iseMoro B Te(JOH moJumepa, y Ho-
BOro MareépHuaja YyAaJoch TOJAbKO YMEHBIIHTh B HEOOXOJHMbIX
npejenax cnoco6HOCTb K AeopMallHu. ¥Ke 3TO 0Ka3aaoch BHOJ-
He AOCTaTOYHBIM [JIi MCHOJb30BaHHsA HOBOrO MarepHajla B Ka-
gecTBe NpokaafoK. C MoMOLIbIO TAKOTO JKe IpHEMa HCCJejloBa-
TeJH AOGH/IHCh H TOro, YTO NOJIYYeHHBIH Ha OCHOBE TeQJIOHA IOo-
JHMEP cTaJsl XOPOIO OKPalnBaThCA.

OG6JsyueHne MONHMEpPOB MOXKET MPHAATh UM HJIH U3MEHHTb HX
HOPHCTOCTb, MOPO30CTOHKOCTb, CMAauHBaeMOCThb, BJjaromnorJoue-
HHe. CH/IMKOHOBble De3HHbl CTAHOBATCS B pe3y/brare 06/yyeHHs
60Jiee MOPO30CTOMKHMH, OPraHHYECKOE CTEeKJIO IpHoOpeTraer Mo-
PHCTOCTB, YTO M03BOJIET HCNO/b30BATh €ro A/ TeNJio- H 3BYKO-
u3onaauud. CyliecTBeHHO MeHSIOTCS CBOHCTBAa pe3HHBI, Nojydae-
MOH HeNocpeiCTBeHHO H3 OOJyYeHHOro Kayuyka. Takas pesuHa
HMeeT MOBBbILIEHHYIO NMPOYHOCTb, H3HOCOCTOHKOCTb, MEPEHOCHT MO-
BHILIEHHbIE TeMIepaTypbl H MeHee YyBCTBHTeJbHA K JEHCTBHIO
Macesl H XHMHYECKH arPeCCHBHBIX CPef,

Ilon nefictBHeM pajHOaKTHBHOTO U3Jy4YeHHS Yy METAJJIOB Tak-
JKe MeHAIOTCS UX (pu3HyecKHe cBOHCTBa. B pesy/abrare 06/y4YeHHA
HEATpPOHaMH cmilaBa MeJH H 30JI0Ta CTPYKTypa cliiaBa 3a cuer
yBeJHYEeHHS CKOPOCTH AM(QY3HH YIOPAAOUHBAETCA yXKe yepes
10 yacoB, B TO BpeMs KakK OObIYHO TakKoe SIBJeHHe HacTynaer
3HauHTebHO Mo3xke. O6JyueHHe MeTaNJIOB HEATPOHAMH U raMma-
KBAaHTaMH NPHUBOJHUT K CYIIeCTBEHHOMY H3MEHEHHIO HX MeXaHM-
4eCKHX cBoictB. JlomycTuMasi Harpyska Ha pacTd:KeHHe y 00Jy-
YeHHOrO0 HeHTpOHaMH MeTaJslna moBbliaercst Ha 60%, y HHKeas —
Ha 35%, a npouHocTh Ha cABHr y Meau — B 8 pas. Ilpu o6ayuennn
raMMa-KBaHTaMH KPHCTAJ/IIOB LHHKA ero NPOYHOCTh, HA0GOPOT,
cumKaercsi B cpefHeM Ha 30%, 4TO TaKkKe MOXeT NPEJCTaBHTb
npakTHuecKHi HHTepec. IlepcnekTuBa yayylleHHS CBOHCTB Me-
TaJJIOB, KOHEYHO, 3aMaHUHBa, HO OHA MOKa elle He Bcerxa aggek-
THBHA, TaK KaK 00JyyeHHe HEHTPOHAMHU NMPHBOJUT K BO3HUKHOBe-
HHIO HaBeIeHHOH paJHOaKTHBHOCTH.

Henasno 6b10 oOHapyxKeHo, YTO cjabple ramma+ u 6Gera-
H3JIyYeHHS] TOXKe H3MEHSIOT CBOHCTBA METAJJIOB, HO TOJBKO B HO-
BEPXHOCTHHIX CJIOSIX., A Belb 3TO OY€Hb BaXKHO, TaK KaK Teneph
MOKHO AOCTaTOYHO NMPOCTO OOJHIOBLIBATE MeTalJIHYecKHe H3je-
MHS MPOYHBIM CJIQEM TOTO e Meraina. B mepsyio ouepean 3Ta
OTHOCHTCA K pexylieMy HHCTPYMEHTY — cBepJam, ¢pesaM, Mer-
yyKaM, 3y6unam. OGaydyeHHbBIMH COBepJaMH MOXKHO clesaaTth (e3
3atoukd B 50 pa3 GoJiblie OTBepPCTHH B CTalH, 4YeM OOLIYHBIMH
cBEpJaMH, a 00JyyeHHBIMH (ppe3amMu o6paboraTth B 100 pas 6oiib-
e M3AeNHA H3 BHICOKONPOYHOH CTaJIH.

18



OnbiTel noxasanu, 4to y o6ayueHusix Co-60 06pa3uoB LHHKA,
aMIOMHHMSA, OepUJIMs H 30J10Ta BO3poc/aa TBEPAOCTb H YMeHb-
LIAJICA H3HOC NPH TPEHHH. Y YIVIEPOAMCTON CTaju M3HOC NPH Tpe-
HUH YMEHbIUWJICA NOYTH B 3 pasa. [Ipu o6iyueHnu 3TuM H30TOMOM
M3MEHeHHe CBOHCTB MeTaJ/jioB HalJiogaercsi TOMbKO B MOBEpPX-
HOCTHBIX CJ/IOSIX, HA TyiyOuHe Ao 0,5 mm. AHajoruuyHble pesy/bTa-
Tbl GbUIH MOJYYeHbl U NPH 00/MyuyeHHH GPOH3H y-AyUaMH — ee H3-
HOC TaKxKe yMmeHplIMjca B 3 pa3a. Bce 370 oueHb BaXKHO H NM0O3TO-
My HCCJAENOBaTeNM HAacTOHYUBO pa3pabaTbiBalOT METOAHKY H
[{PHEMBI HOBOT'O BH/Ja 06pabOTKH METAJJIOB.

MHuorue gpyrue MaTepuasbl TaK:Ke MEHSIOT CBOM CBOMCTBa
noa geHicreueM oGsyuenus. IIponmuraHHas CTHPOJIOM cocHa cra-
HOBHTCSA mocJie 06JyyeHHsI B 2 pasa npoyHee Ha U3rHb W cXKaTHe,
yeM HeoOJiyueHHas.

A BoOT 0GblYHOE ONMTHYECKOE CTEKJ/IO Mocje OGJIYUEHHS] TeMHeeT
M MponycKaeT MeHblle CBeTa, KacTOpOBOe MacJ/0 3aTBepAeBaer,
KOXa CTQHOBHUTCA HempoMOKaeMoH, mapaduH Mpespallaercd B
noxoxee Ha KayuyK BelllecTBO. BOT KakHe HeOKHIaHHbIE H3MeHe-
HHSI MOTYT IPOHCXOAHUTD C BellleCTBAMHU U MarepHajlaMH IMOJ, BJIHA-
HHEeM U3/Jy4YeHHUS pagHOaKTHBHBIX U30TOMOB.

PasBuTue Xe aTOMHOH TeXHHKH TpeOyeT CO3[aHUS TAaKHX Ma-
TEpPHAJIOB, KOTOPble He MEHsJJH Obl CBOH CBOHCTBA MO/ [AeHCTBUEM
sinepHoro uaaydeHus. [loBbllleHHOH pagHOAKTHBHOH CTOHKOCTHIO
006/1aJal0T HEKOTOphble MOJUMEpPHble JAKOKPacouHble IIOKPLITHA.
M3 Hux mogbupalor HauGosee CTORKHe K paauanui, caabo 3a-
rpA3HSIOILHECS H JIEFKO CMbIBaeMble JAaKOKPAaCOYHble COCTaBH
WJIH MHOTOCJOHHbIE MOKPBITUA, KOTOPBIe Noc/je 3arps3HeHHs pa-
JIHOAKTHBHOCTBIO 11QCTENEHHO, CJI0H 3a cJoeM, MOrVT ObITb O4YH-
meHpl. MHoOroc/I0fHble MOKPBHITUSA 3HAUUTEJNbHO yA0OHee, TaK Kak
Mpu OTCJOEHHH MOJNYYAIOTCA TBepAble, Jierko mepepadarbiBaeMble
Pafu0aKTHBHbIE OTXO/HI.

IIpumeneHne Merola MedyeHBIX aTOMOB M03BOJIgeT HCC/AefOBa-
TeJSIM NPOHUKHYTh B CYILUHOCTb MeXaHHM3Ma MHOTHX XHMHUECKHX
peakuui. ITO OTHOCHTCS, HAaNpUMep, K FOPeHHIO Yrjiepola W BO-
Jicpoja, peaKI Ui pasyloxeHus U o6MeHa, KOTOpble TOMbKO Ha mep-
BB B3IVIAA Ka)KyTcS MPOCTBIMH, a Ha caMOM Jese TPeGyloT ele
TILATEJIbHOTO HCcJefoBaHus. Jleso B TOM, 4TO HEKOTOpbie - HpO-
cThle peaKIUH MPOXOAAT yepe3 psJ ONpelesNeHHbIX CTalHH, MpH
KOTOPBIX 06pasyioTcsi MPOMeXYTOUHble NMPOAYKTHI, He MOAAAl0-
muecs Boifenenuto. ITosroMy Mbl i He 3HaeM, B Kako#l craguu u
B KaKOM KOJIMUECTBE HAUUHAIOT NPUHHMATh yyacTHe Te WJIH HHble
aroMbl. Hcmosb3ys MeToN MedyeHHIX aTOMOB, MCCJENAOBATeNH
UMEIOT BO3MOXKHOCTb OJMXkKe NMO3HAKOMHTbCA C paHee CKPBITBIM
OT HHX MeXaHM3MOM XMMHUecKHX peakuui. s storo B «mog-
OMNBITHOR» MoOJIeKyJle MeTAT KaKo#-1u060 aTOM M BeAyT 3a HHM
HaO/MIONeHHs] Ha BceX CTAaAUAX PeaKUHH HJIHM Xe, YTO HHOTAA 0Co-
GEHHO MHTepecHO, HaGMIONAIOT 32 HUM B mpoluecce o6paTHOH peak-
LMK, KOrJa MeuyeHblli aTOM MOXeT MOKWHYTb KOHEYHBIH MPOAYKT
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PeakUHH u mepefity o6paTHo B mNepBoHaua/bHbi. ITociexnee
BaXHO IIOTOMY, 4TO JaeT BO3MOXKHOCTb OIpPeAeNHTb CKOPOCTh
00paTHON peaKUUH H YCTAHOBHTb KOHCTAHTY XHMHYECKOrO paBHO-
BecHs.

C nOMOILIBIO PAAHOAKTHBHBIX H30TOHOB HCCJAENOBAaTeNH MOTYT
HaOJIIOAATh Telepb 3a peaKUHsIMH MOJIEKYJSPHBIX Meperpynnupo-
BOK, KOTJla Lie/ible aTOMHBIe I'PYIHIBI B MOJIeKyJe OGMEHHBAIOTCA
mecraMu. Tak, H30TOIN. BOAOPOJA NMOMOr OOHapY:KHUTh BOAOPOI-
HYIO NeperpynfnHpoBKY, JOKa3aBUIYI0 NOABHAKHOCTb aTOMOB BOO~
poja B MoJieKyJie 6eH3o0Ja.

bBoJibllioe 3HaueHHe HMeeT HCC/IeIOBaHHE peaKIUHHl MOoJUMepH-
3auun. OHH HaYHHAIOTCA TOTAa, KOTZa K MOHOMepY JA06aBJsioT
coeJHHEeHHe—HHHLIHATOP, KOTOpOoe HOA JeHCTBHEM BHEUIHHX NpHU-
YMH HaYMHAeT PacLUenyAaTbCcs U NMPHCOENHUHATLCA K MOJIEKyJie MOo-
sHoMepa. HcciepoBaHus ¢ MeueHBIMH MOJeKyJaMH HHHLIHATOpA
RAlOT BaxKHble CBeJEHHA O NPHPOAe Mpouecca MoJUMepH3auHH, o
CpefiHEM MOJIEKYJIsIPHOM Bece NOJY4YeHHOro [oJHMepa, AJIHHE ero
MOJIEKYJl, YTO HEOOXOAHMO AJisl yJAyHUIeHHs TeXHOJOTHH HpPOU3-
BOJICTBA CHHTETHYECKHX MaTepHaJsoB.

Has uccnepoBaHusi MeXaHH3Ma IOJYYEHHSI CHHTETHUECKHX
CMOJI ¥ BYJKaHH3allUH KayuyyKOB YCHEIUHO MNpUMeHsJca pajuo-
AKTHBHHIH H30TOH CEpHI.

PapnoakTuBHBEIE H30TONBI OKa3ajHCh UpPe3BbIYAHHO MOJE3HbBI-
MH [PH pa3sfieJIeHHH Pas3JIMYHHIX 3jJeMeHToB. B nepByio ouepens
3TO OTHOCHTCA K 14 peaxo3eMme/ibHbIM 3JieMEHTaM, PacCIOJIOKeH-
HBIM BMECTe ¢ JaHTaHOM B OJHOH KieTKe. XHMHYECKHe CBOHCTBA
H CTPOEHHE 3THX 5JIeMEHTOB OYeHb CXOJHbl — Yy BCeX Ha BHeIlHell
060JI0UKEe aTOMOB HMeeTCs OJHHAKOBOe KOJHYECTBO 3JEKTPOHOB,
uTO CyUleCTBEHHO 3aTPYAHAET HX pa3jieiqeHue. Bmecte ¢ Tem
CIPOC HAa 3TH 3JE€MEHTH AOCTATOYHO OOJIBLIOH — OHH HYMKHBI JAJst
NPOH3BOACTBA J1aKOB, KPACOK, KaTalu3aTOPOB, H3TOTOB/JIEHHS cle-
HHAJbHHX COPTOB CTeKJa, MAHSJEKTPHKOB, OLHEYHOPOB H T. X.
Jo6aBasia B peiko3eMeJIbHbIE 3JIeMEHThl HX PafAHOAKTHBHBIE H30-
TOIBI, yAaeTcsl NMPOKOHTPOJHPOBATH MPOUECCHl HX pa3feseHHs:
pacnpefeiendue 0o GppakuHAM, KOTHUECTBO, CTeleHb YHCTOTHL.

Muorue xUMHYEeCKHe DPEaKLHU MPOBOAATCH C HCMNOMb30BaHHEM
YCKOpHTeJel — KaTajJu3aToOPOB, MeXaHH3M [eHCTBHSI KOTOPhIX
sABJisieTcA ceiiuac mpejMeToM cepbe3Horo Hayuyexus. Cioja xKe
OTHOCHTCA H MeXaHH3M JIeHCTBHAl CHELHAJbHBIX HO0AaBOK, MOBHI~
WAlOIHX aKTHBHOCTh KaTaiu3aTopoB, C MOMOLIBI0 PagHOAKTHB-
HBIX H30TOMOB BOAOPOAA H YrJepoja HccllegoBaTesIAM yAaercs
YCTAaHOBHTb, ONHOPOJHA WJIH HEOZHOPOAHA MNOBEPXHOCTb Pa3HO-
o6pasHbIX KaTaJuadaTtopoB. KpoMe Toro, pajHoH30TOMHbIE METORMI
NO3BOJIAIOT YCTAHOBUTH KOJHYECTBO MOCTOPOHHHX aTOMOB H CTe-
fneHb HX NMOABHXKHOCTH Ha NOBEPXHOCTH KaTraJjJH3aTopa, ofpeje-
JIATh €r0 MOBEPXHOCTh, OLIEHHTD H MPABHJBHO MOJ06GPaTh AJA pas-
HOOGPA3HBIX YCJAOBHH COCTaB /1Q0aBOK, YBEJHUYHMBAIOMIHX aKTHB-
HOCTb KaTaJau3aTopoB. Takoro poaa ucc/ieJoBaHHA OUYeHb BaxKHbL
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TaK Kak ¢ NMOMOMILIO KaTallH3aTOPOB NOJNY4aioTcs MHOTHE HeoG-
XONMMbBIe [Jifl ITPOMbBLILEEHHOCTH XHMHUECKHE COENHHEHHS: cep«
Haf KMCJIOTA, aMMKax, a30THag KHcaoTa H Ap. MecrenoBaHnsd Ka-
TalH3aTopoB ObliH NPOBEXEHH] HENOCPENCTBEHHO B IPOH3BOJ-
CTIBEHHBIX YCIOBHAX. 31ech € NOMALIbIO PaJHOAKTUBHOIO H30TO-
ra kofanbTa HCCHeAOBAaTeNM MOJYUHJIH BO3MQXKHOCTL BeCTH He-
npepniBHble HabMI0NeHUs 34 KOJMYecTBOM KaTraJjIM3aTopa, acralo-
Iierocs B oOpejelieHible MOMEHTH BPeMeHH B annapate.

IloBpilteHne aKTUBHOCTH KaTalH3aTOPOB [03BOJSET 3HAYH-
TeARHO YCKOPHTh NPOXOKACHHE peaKUMM. BBOIA paniuOaKTHBHBbIE
H30TOHLl HEHOCPEACTBEHHO B KAaTaJH3aTOP HJH TOAbKO obayyad
€ro, HCC/AeNOBaTeJH YCTAHOBUJU, UYTO TAKOH NpHEM IOBLIHIAET
KATAJHTHUCCKYK) aKTHBHOCTb. TaK HeKOTOpble THILl KaTaJH3aTo-
pOB OC/e nBpexBapHTeNbHAro OGJyUeHHd YBEJHUMJIH 3(hPeKTHB-
EOCTh BLBOE. XOTd TaKHe HCCJAeNQBaHEs I0Ka €llle MAJOMHCIEH-
EBl, HO OHH VOEeNUTeJbHO MOKA3bIRAIOT 3HAUEHHE PANHOAKTHBHBLIX
F30TONOB [AJf YAyWlIeHHA [AeHCTBHA M KadecTBa KaTaah3aTo-

0B.
P Muorie ucxonubie NPOAYKTH DOAYUEHHS IOJHMEpHBIX MaTe-
pHANOR, MOIOIHX CPeLCTB, HOHOOOMEHHBIX CMOJ, ANOXMMHKATOB
Ans 6opbObt C BPELHTENEMH BbIpabaThIRAIOTCH NyTeM BBEReHHH B
(OCTaB MQIEKYJ HeKoTapbix BenjecTB atomos Cl, Br, F u J. B na-
cTosiliee BpeMs TAKHE HPAHecChl OCYLIeCTBIAAOTCH MO Bo3neh-
CTBHEM CBETa WJIH yabTpaduolreToBhx Jayuefi. Hccerenosaresnn
HpeRIoKEIH HCOpofoBaTh ellle QAHH NyTh — BO3JefiCTBOBATh Ha
XQN peakiuy sAnepHEM HaadyudenueM. [lepRbie XKe OBBITH RadH
o6Ha/exKUBAlOIIUe pe3yJabTathl. Tak, BON BO3AEHCTBHEM Y-H3AY-
YeHHS PAlWOAKTHBHOIG KoGadbTa, La#e NPpH HHUAKHX TeMIepary-
pax, 3HAYHTENbLHD yCKOpseTcs NpolkecC XIOpHpoBanHd GEH30XAa.
Takue pe3ynbTaThl He eNUBUYHBEl — NPOIEcC XJAOPHPOBAHHSA MHO-
rEX BEINeCTB 3HAUATENLHO ylyuylHaeTcsl MoA JelicTBueM SAERHOro
MBIYYIeHHS.

B mocnennne Tofpl pPaSHOAKTHBEBLE MH3OFONB LIMPOKO He-
HDOAL3YIOTCH B CTPOHUTeNBHOH Texumke. C momouinio Co-60 nccre-
LVIOT TPYHTEI HAa CTDOHTENHABIX yRacTKaX, BBHIACHAA MX IWIOT-
pocTh. CYMECTBYIOHIEE c€OOCOOB ONpeRe/eHHH XapaKTePHCTHK
rPYHTOB OCHOBAHbI Ha M3BJICUEHUH H MOCJEAYIOUIEM HCCIENOBAHKH
o6pasna rpyeta. IoTomy oHE TpymoeMKM M HENOCTAaTOYHO oOfle-
paTHBHEL, OCOGRHHO TIPH HCCHEJ0BaHUH IPYHTOB Ha 3HAUMTENbHBIX
ray6unax. Kpome Tare, XapakTEpUCTHKU T'PYHTOB, NMORAYYEHHBIC
RO 06pasiaMm, He BCerna B MONHOH Mepe 0TPaXKaloT NeHCTBHTE/b-
HOe COCTOSIHME OCHOBAHHSI coopyxeHnud. IlpemmyiuecTBo pague-
AKTHBHBIX METOZOB 34KIOUAELTCH B BO3IMONKHQCTH HCCAeNQBAHUA
rPyHTOB 6e3 HapYIIEHHA MX €CTECTBEHHOH CTPYKTYPHl H 0T60pa
crelnaJbHbX 00pas3loB, MPOBEleHHd NHCTAHUHQHHBIX Ha@/HoIe-
HEH, a TakXe OBICTPOTA H BHICOKAS TOYHOCTh H3MEpEHHH.

Brayaae 6bu1 paspaboTaH Haubo/see MPOCTOH Crocob, OCHO-
BaHHLH Ha TOM, YTQ CTENeHb OCHAOJNEHHA W3JyueHds] BO3pacraer
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C YBeJHYEHMEM MJIOTHOCTH IPOCBEYHBAEMOro rpyHTa. DTOT MpUH-
LLMM HCMOJIb30BAH B PaAHOBHJKAX — NpHGOpPaX, MO3BOJISIOUHX
onpeneasTb aGCOMIOTHYIO MJOTHOCTh HJIM OTHOCHUTE/bHOE H3MEHe-
Hiie BJakHocTu 6e3 or6opa npo6. B 3aBucUMOCTH OT HasHayeHHS
PagMOBHJKH HMEIOT Pas/iHuHOe KOHCTPYKTHBHOe oopMJieHHe, HO
OCHOBHbBlE 3JIeMEHTBl Y HHUX OOLlMe: [ABe [oJble, CKpemJeHHbIe
TPpyOKH, B ONHOH M3 KOTOPHIX HAaXOAHTCS HCTOUYHHK PaguOAKTHB-
woro usnyuenusi, Hanpumep Co-60, a B apyro#i cueryuk. Takue
ApUOOPHI MO3BOJAIOT NPOCBEYUBATH IPYHT KaK B TOPH3OHTAJbHOM,
TaKk ¥ B BepPTHKa/JbHOM HampasJjeHud. C MOMOLIbI0O TAKHX IJIOT-
HOMEpPOB HCCJeA0BaJUCh TPYHTHl HA MHOTHX OTEYECTBEHHBIX H 3a~
py6eXHBIX CTPOHKaAX.

Hanee moasu/ics Apyroé crnocoG, OCHOBAHHBIH Ha perucrpa-
UMM paccesHHOro rpyHTOM H3JaydueHud. [l1oTHOMeprl, paGoraro-
iHe Ha 3TOM MNpHHIHIE, HMeloT y)Ke He ABe TPYGKH, a TOJBKO
GIHY, B KOTOPOH YCTAHOBJEHbI U HCTOYHHK PAJHOAKTHBHOI'O H3-
aydenHs, Co-60 unu Cs-137, u cuetuuk. Mexny HCTOUHUKOM H
CYETYHKOM YCTAHaBJHBAeTCS CBUHIOBas MJACTHHKA, KOTOpas 3a-
ropaKHBaeT CYeTYUK OT H3JyuYeHUs, HIYILero HemoCpelCTBEHHO
CT HCTOYHHKA, HO He MellaeT NPOHHKHOBEHHIO H3/JYUeHUs, KOTO-
poe paccesiiocb TpyHTOM. Takue MNJOTHOMEpPBI TOXKeE MO3BOJISIIOT
HCC/IeJ0BaTh MJOTHOCTh U BJAAXKHOCTb 'DYHTAa KaK Ha MNOBepx-
HOCTH, TaK H I1y6oko nop 3emuseil. B mociaegHem ciayuae nmpoGy-
pUBAIOT CKBaXXHHY HeOOXOAUMOHN TIJyGHHBL M ONYCKAaIOT TyAA
IJIOTHOMep. DTOT METOJ BIlepBble Hallle] IIHPOKOoe NpHMeHeHHe
NpU MOHCKAaX, pas3BelKe U pa3paboTKe MOJE3HBIX HCKONAEMBbIX B
Ke(TAHOH U YroNbHOH NPOMBILIJIEHHOCTH.

B nocneanue roasl mosiBHJCA elle OAHH METOH, ONpelejeHHs
BJIAXKHOCTH I'PyHTa — HeATPOHHBIH, OH yXe HO3BOJAET HCCJIENO-
BaTb He TOJBKO OTHOCHTe/bHble H3MEHEHHS BJIaXKHOCTH, HO H ab-
coiotHble. OCHOBY 3TOro MeToja COCTaBJAseT TO, UYTO MOTOK
6BICTPBIX HEHTPOHOB HCIBIThIBAe€T HaHOOJblIee 3aMelJieHHe HPH
CTOJKHOBEHHH C FJipaMH aTOMOB BOAOPOAA, YTO MPHBOAHUT K IO-
ABJIEHHIO MeIJeHHBIX HEHTPOHOB, KOTOPbIE H XapaKTepH3YIOT cre-
neHb BJAXKHOCTU. B KauecTBe MCTOYHHKOB HEHTPOHOB HCHOJIb-
3yIOTCSl pafueBo-GepHJJIHeBbie HJIH I0JOHHEBO-0epHJIIHeBLIE HC-
TOYHHKH.

PaGoThl no oleHKe KauecTBa OCHOBAHHH COOPYKeHHH HOPOK-
HBIX MOKPBITHH, HENOCPEACTBEHHO 3eMJIAHBIX THAPOTEXHUYECKHX
COOPY2KEHHUI B mpoLecce X BO3BEAEHHA M IKCIJIyaTalHH IPOBO-
nsarcst B CoBerckom Cotose H 32 py6exkoM c MOMOLUBIO pagHo-
H30TOIMHBIX MJIOTHOMEPOB H BJaroMepoB.

Panuousoronyble MeTOAbl H3MEDEHHA MJOTHOCTEH YCHelHo
MOTYT OBbITb HCIIOJNIb30BaHbl JJIsI CTALLHOHAPHBIX HabJaONeHHH 3a
VIUIOTHEHHEM HacbineH, c/abblX OCHOBAaHHH MOJA COOPYXKeHHEM.
/151 3TOrO NMpPH BO3BENEHHH COOPYXKeHHS MJIOTHOMED yCTaHaBJIH-
BaIOT B €r0 TesJe ¥ BeAYT HeNpepbiBHble HAO/IOJeHHs 3a M3MeHe-
HHeM MJIOTHOCTH. TaKue HCcAeJ0BaHHA BLIACHSIOT, KAK MEHfAETCHA
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TIOTHOCTh TPYHTa B 3aBHCHMOCTH OT Xapakrtepa H BeJUYHAH
JedcTBylolled HAarpy3KkH, KOJHYecTBa BbIMABLIMX OCAAKOB H APY-
rux ¢akTtoB. [lokasaHud MOryT aBTOMATHYeCKH 3ANUCHIBATHEA
Ha JIEHTY CaMOIMCIa; Hoc/eAyiollas pacuiudpoBKa gaeT KapTury
COCTOSIHHS COOPYKEHHUS.

BaxHnyio poib npu IKCIIyaTauHH COOPYKEHHH MIPAlOT HA-
OJI0[ieHHsi 3a BO3MOXHBIMH CMeLeHHSIMM TPYHTAa B OCHOBAHHH.
PaanoakTHBHble H30TOIBI HAMHOTO YIPOLIAIOT 3Ty 3a4auy. B cres-
KY CKBaKHHbBI CIELHAJbHBIM CTPENIOIUM NPHCIOCOOIeHHeM BBO-
EAT DaJHOaKTUBHBIA penep — CTaJbHOH HPYTOK, COAepMKaIH#
panuoaktuBHbf Co-60. ITepHonnueckn KOHTPOTHPYS €ro MmoJIoXKe-
HHE C [OMOLIbIO CYETYHKA, NOJYYAIOT BO3MOXHOCTb OOHAPYXKHTH
CaMble HE3HAYHTE/IbHbIE CMELleHHA FPyHTa B OCHOBAHHH COOPY-
JKeHHUs.

PagynoakTHBHBEIE H30TONB! YCMEIIHO NPUMEHSIOTCS U [PH KOHT-
1OJIE HCKYCCTBEHHOIO YKPEIJIEHHA OCHOBAHHH COODYXKEHHH, KOTo-
poe Haubosee yacTo NPHMeHseTCs B IPAaKTHKe I'MJPOTeXHHYECKO-
10 cTpodTenncTBa. Has yKpenseHHst OCHOBAHHH B HPOOYpeHHHE
B 3eMJle CKBAXKHHBI 3aKauyMBalOT MOJ HNaBJeHHEM LieMeHTH&H
PacTBop, KOTOPHIH 3aMoJHAET B IPYHTe TPeIIHHBbl H IIyCTOTHI.

Ilpu npoBeneHHH Takux paGoT HeOOXOAMMO 3HATh, HA KAKOM
pPACCTOSIHUH JOJI2KHBI HAXOAHTHCA CKBAXKHHEI, YTOGbl LeMeHTHBIHA
pPacTBOp, BbIMEJUIMA H3 OJHOH CKBAaXKHHBI, COSAMHHUJCH HOTOM C
TAKHM XKe, HO BBILIEALIHM H3 JDYrHX COCeJHHX CKBaxKHH. Beas
TOJIBKO TOT[a B IPyHTe 6yJeT oOpa3oBaHa BepTHKa/bHas CTeHKA
H3 LleMEHTHOTO PacTBOPa, U HEMJIOTHasl 30HA OCHOBAaHHS OyJeT
HaJeXHo yKpemjaeHa. Takylo 3ajgayy pelIaloT C HOMOULIbIO Meye-
Horo nemeHra. [ljsl 3Tora ueMeHT 00Jy4aloT HEHTPOHAMH HJIH: M
NOrpyxaioT Ha HeKoTopoe BpeMs B pPaJHOAKTHBHbIH pAcTBOP,
Hanpumep xJyopuctoro Fe-59. Ha nmosepxHoctd pacmsopa o6pa-
3yeTcs TOHKAas paJHOaKTHBHAs IUIeHKAa. 3aKauyaB pPacTBOp pajue-
aKTUBHOTO LEMEHTa, yXKe JIerKO MOXHO Y3HaTh DaccTOosiHHe, Ha
KOTOpOEe OH, MPeXJe yeM 3aTBepleTb, OTOHAET OT CKBAXKHHHL. A
3TO NMO3BOJHT B CBOIO OYepelb NMPaBHU/IbHO OIDPEILIHTbL PacCTOA-
HHE MEeX]y CKBaXXHHAMH, NpelHa3HAUYCHHBIMM JJis 3aKaHK4 pa-
ctBopa. Ilocie HCKyCcCTBEHHOTO yKpen/aeHHs OCHOBAHHA IJIOT-
HOCTb I'DYHTA B 30HE LEMEHTALlHOHHOH 3aBeChl MOXKET ObITh HPO-
BepeHa MeToJ0M raMMa-raMMa-KapoTaxa.

Pannon3oToNHble METOAbL NPUMEHSIOTCA IS HCCIEN0BaHHUSM
MJIOTHOCTH GETOHHOW CMeCH TsKeJsoro 6eToHa GHOJIOTHYECKOH 3a-
HIMTHl aTOMHBIX 3JIEKTPOCTAHIMH M TOTOBBIX COOPHBIX XKeJse306e-
TOHHBIX 2JeMeHTOB. beToH, nofaBaeMbllt B 6JI0KH GETOHHPOBAHHS,
JoJoKeH o6/anaTh 3aJaHHbIMH CBOHCTBAMH, Oflpelle/IeHHLIM 005-
eMHLIM BecoM, BJUSIOIIHM Ha HPOHHOCTb M BOAOHENPOHHIEA€MOCTE
6eToHHOH KaaakH. ITIOTHOCTD cMecH KOHTPOJHPYETCA C MOMOLbIO
IJI0THOMEPOB. B BepTHKaJ/LHOM 4acTH npubopa, morpyxaeMoi B
KUAKUH OeTOH, YCTAHOBJIEH MCTOYHHK DaJHOAKTHBHOILO H3Jyue-
uug Co-60 uau Cs-137, a B ropu30HTAAbHBIX MeYax npubopa, Ko-

23



TOPble HaXOASITCA Ha MOBEPXHOCTH OeToHa,— ra3opaspsaHbie
cuerunku. Tak KoHTposUpoBasiach MIOTHOCTb OETOHHOH cMecH Ha
crpourtesnbctBe Bpatckoit, ByxrapmMuuckoit u JHenpoasepxHH-
ckoit 'C. ATo MO3BOIMIO CBOEBPEMEHHO BHOCHTb COOTBETCTBYIO-
1iye KOPPEeKTHBbl B MPOIECCH MPUrOTOBJIEHHS GEeTOHAa H ero Io-
caenyoweil yknagkd. Koutponnpya yknaaky taxenoro 6eroHa
GuoJIOTHUeCKOH 3allUThl Ha DeslospcKodl aTOMHOH 3JIeKTPOCTaH-
uuu uM. KypuaroBa u HoBo-Bopouexcko#t atomMHo#l asnekrpocraH-
WHH, HCCHIeAOBaTe/IAM yAaJ0Ch Y3HAaTh He TOJNbKO pachpeie/eHus
JI0THOCTeH 6eToHa B GJIOKe, HO W MpeACKa3aTh Ja)e BeposiT-
HOCTb 06pa3oBaHUA HeMJOTHBIX Mect B 3awute. B pesyabrare
OblTH BHIOpPAHBl TaKHe COCTaBbl TSAXKeaoro 6eToHa, KOTOpble 3aBe-
JOMO rapaHTHpOBAJIH 3ajaHHble 3HAUYeHUS O0O6BLEMHOTO Beca H
MOJIHOCTbIO OGecrneyuBasy 3allUTHbIe cBoficTBa GeTOHA.

MaccuBHbiii 6eTOH KOHTPOJHMPYETCS METOJOM TraMMa-ramma-
Kaporaxa. Isst 3TOoro B CKBaxKMHY AuameTrpoM mnopsinka 30 mm
ClyCKaeTcl HCTOYHMK PaJHOAKTHBHOIO H3JIyUeHUS U CUETHHK.
Taxkoit BEIOOPOYHBIl MpUEM KOHTPOJIS CKOPO 3aMEHHT MPUMEHSI0-
Hiyfocs eile U ceffuac AOBOJIBHO TPYAOEMKYIO OLEHKY MJIOTHOCTH
MAacCHBHOro 6eTOHA MO BBIHYTBIM H3 CKBa*KUHBEI 06paslaM — Kep-
HaM.

PanunoakTuBHbie H30TONbl MPHMEHSIOTCA TaKKe IS HCCIAEH0-
BaHHUs1 c60pPHOro xKene3zobeToHa. 1 KOHTPOJS MaJjioapMHPOBaH-
HBIX H3JeJHHd NpOCTOH KOH(HIrypanHH HCMNOJb3yeTcst yCTaHOBKaA,
B KOTOPOI#i crenyaJ/bHbifi MexaHi3M nepejBHraeT HCTOUYHHK pajfuo-
aKTHBHOTO U3JyueHHs H cuyeTduk. TakuM obGpa3oM yaaercs ornpe-
JAEMHTb MJIOTHOCTb W OZHOPOAHOCTb OeTOHa MO [JHHE H BbICOTE
faJku. DTa XKe yCTaHOBKA NMPHUMEHSIach U AJS KOHTPOJA 3am0JI-
HeHUs] IeMeHTHBIM DacTBOPOM KaHaJIOB C apMaTypo#l B npejaBapu-
TEJIbHO HaNPSI?KEHHBIX XKene306eTOHHbIX H3AeHUsX.

PanuoakTuBHble H30TOMBI HCCJAEAYIOT H HOBble BHIBI Keseso-
GETOHHBIX H3Je/uil, HAIpUMep LEeHTPH(PYTUPOBAHHBIE OMOPHI JIH-
Hui ajekrponepefay. BceieacTsBHe HeLocTaTOYHOH MPOPaGOTKU
6eToHa npu BUOPHPOBAHHU U IEHTPUDYTHPOBAHUH HA OTHAEJbHBIX
y4acTKax TPyGYaToro 3/7€MeHTa He HCKJIOYeHa BO3MOXKHOCTb 06-
pa30BaHHS HEMJIOTHBIX 30H, KOTOPHIE, €CTECTBEHHO, He MOTYT GbITh
o6HapyxeHnsl npu ocMorpe. Ha 3aBogax c6opHoro xesnezo6eroHa
7TaKue KOHCTPYKIHMH HCCJEAYIOTCSI C MOMOIIbIO CHe[HaJbHbIX pa-
JIMOM30TOMHBIX YCTAHOBOK, HCHOJIb3YIOUIMX METOA raMMacKONHH
H 103BOJISIOLIHX MPOKOHTPOJHPOBATh MIOTHOCTL GeTOHA B OMmOpe.

PagyvoakTuBHble H3/yYeHHS NPHMEHAIOTCA AJS KOHTDOJS Ha-
PYKHOTO, 3aLUMTHOTO C/I0s GETOHA, MOJX KOTOPHIM HAXOAHTCS ap-
MaTypa, a Takke 1J151 KOHTPOJIA CaMOi apMaTypbl — ONpefe/eHHst
ee npoduss, pasMepoB U pacnojoxeHus B usienuu. Ilpeamy-
HIECTBOM TaKOro0 MeToJa 110 CPaBHEHMIO C HPEXHHUMH sBJseTcs
TO, YTO Temepb [Js1 NPOBEJEHHs BHIGOPOYHOTO KOHTPOJISL yXKe He
Hajgo paspyliaTb 4acTb H3lenus M obHaXKaTb apmatypy. ¥ Hac
TaKUM METOAOM KOHTPOJHDYIOT HPOAYKIHIO 3aBOJCB cOOPHOro
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>Kesne3oberoHa, a 3a pybexoM, Hanpumep B TP, mnpoaersbe
CTPOEHHUST MOCTOB.

B nocaensee BpeMs IJs HcclefoBaHHS COGOPHLIX KeJje300e-
TOHHBIX 3/7IEMEHTOB HAUHMHAET NPHMEHAThCS MeTOH raMMa-Aedex-
TOCKOIHH, KOTOPBHIH yKe HaBHO YCHEWHO [pHMeHseTcd AJA
KOHTPOJII MeTa/lJIHYeCKHX KOHCTPYKUHH. BO3MOXKHOCTE M 1LeJe-
€000pa3HOCTb NPHMEHEHHS 3TOr0 MeToja A KOHTpoJs GeToHA
VKe NOATBEPXKeHa pPe3yJbTaTaMH OTeUeCTBEHHBIX H 3apyGerKHbIX
uccaenoBanuil. OH MO3BOJISET ONPEAETHTb MO CHUMKY MJIOTHOCTD
0eToHa, HaJU4YHe NYCTOT H PAaKOBHH, MJIOTHOCTb NpHUJeraHusi Ge-
TOHAa K apmartype, npoduib apMmaTypel, ee KOJIUYECTBO H T. A.
TakuM MeTofOM KOHTPOJIMPOBAJIUCH HEKOTOPHIE 3JEMEHThl MOCTa
MeTpo B MockBe, a Takxe cOopHble Kejne306eTOHHbIE 3JeMeHTE
NpOU3BOJCTBeHHOro npeanpusitig B Xepcowe. B  Anrauu atum
MeTOAOM HcCCJefoBaJjcs Masik, co6HMpaeMblil M3 IHJIHHAPHYECKHX
000JI0YeK ¢ BepTHKAaJbHOH NpeNBapHTeJbHO HANpS2kKeHHOH apMma-
Typoii. PagnoaktuBublii Co-60 sakpensisijici B KOHTeHHepe Mo
ocH OallHH, 4 C ee HAPYXHOH CTOPOHBl YKPEIISJIIHCh KAacCCeThl C
naeHkamHu. Bce obHapyXeHHBle 1O CHHMKaM HeKayeCTBEHHbIE
MecTa HeMe[JIeHHO YKPeIJIsINCh yTeM HarsHeTaHus B IpaoOypeH-
Hble OTBEPCTHS LleMEeHTHOro pacTBopa.

PapnoakTuBHbie H30TOMbI 0Ka3a/JUCh YPe3BLIMAHHO MOJIE3HbI-
MH B HCCJIeJOBAHUAX HaseMHBIX M MOA3EMHbIX BOJ, KOTJa HE06X0-
JHMO YCTAaHOBHUTb HalpaBJeHHe TeUeHHsi, B3aUMHOe MepeMeliu-
BaHUe H LHMPKYJALHIO JOHHBIX U MOBEPXHOCTHBIX CTPYH, CKOPOCTh
JABHKEHHS M pacxopbt. [LJsi onpejeneHHsT CKOPOCTEH H pacxoja
B HaseMHBIl NMOTOK 3amycKaeTcs PaJHOAaKTHBHBIH pacTBOP H ON-
penensiercsl BpeMs, 3a KOTOPOe OH JOCTHTHET KOHTPOJILHOI'O CTBO-
Pa, HAaxXOAsILerocs HHIKE 110 TeYeHHIO peku., TakHe HcciemoBaHHs
GblIM yCIEeUIHO MpOoBeXeHbl AJIS1 ONpefeseHHs BpPEMEHH [BHXKe-
Hus BoJbl B peke. PaguoaxktuBHbil Br-82 BBomM/ICA npu moMolnn
npucnocob/ieHHss B BOJAY, a 3aKpelJieHHble Ha MOMJIaBKax cyYer-
YHKH PEeTHCTPHPOBaJHU ero npoxoxjeHue. Tak Kak 3TOT H30TON
HMeeT IepHOJ Noaypacnafia 34 yaca, TO yxKe yepe3 HeCKOJbKO
CyTOK Bce cjeJbl PaAHOAKTHBHOCTH B PeKe MOJHOCTBIO HCUYe3JiH.
B Tpy6onpoBojgax MOKHO H3MepATb KaK BpeMs ABHKEHUA paAHo-
AKTHBHOT'O MHIMKATOpa MEXIY ABYMS CTBOpPaMHM, TaK H €ro KOH-
neurpanuio. Ilocnegnuit npuem nosBoJsisger ONPeAENHTb € JOCTa-
TOYHOH TOUHOCTBIO PACXOJ BOJbI.

PaanoakTHBHBIE H30TONBI NPHUMEHSAIOTCS TaKiKe JAJs HCEAeNOn-
BaHHUs B3aMMHOrO NMEpPeMELIUBAHUSI Pas3idyYHBIX Bod. B  Axraun
¢ nowmollblo paxHoakTuBHoro P-32 onpepensjach creneHb nepe-
MEIIHBAaHHA CTOYHBIX BOJ, BHITEKaIOWIUX H3 TPyOoONpoBOAa, ¢ MOp-
CKOH BOZOH. DTH HCC/IeNOBaHHS MO3BOJIWIN YCTAHOBHTb MPHYUHDL
HHTEHCHBHOIO 3arpsi3HeHHs NPHOPeXKHOH NOJOCH MOP1.

Ho nauGosee 3¢(eKTHBHBIMH PaJHOM30TONHble METOIBl OKa-
3a/ich NPH HCC/AENOBAHHAX NOA3EMHBIX BOA. DTHM, B YaCTHOCTH,
¥ obbsaAcHAETCA yclellHoe NPHAMEHEHHe PajHOaKTUBHBIX U30TONOB
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B HCCJAENOBaHUSX (PUJIBTPAIHOHHOTO peXHMa IHIPOTEXHHUBCKHX
cocpyxkeHu#l. [uapoTexHnuecKre coOpyKeHUS AOMAKHBI OLITbL Hpe-
JeabHO BojoHempoHunaeMel. M 310 monATHO. Beab ecam B TOM
HJTH WHOHM 4acTH 3eMJIAHOH NMJIOTHHBI 6yAeT CHJIBHO NPOCAYHBATHCS
BOZa, TO MOXKeT NPOU3OHTH 3HAayHUTedAbHOE BbIMBIBAHHE TDyHTa—
MexaHuyeckas cy@dosusi, NpHBOJsLIag HHOTAA K aBapHH BCEro
COOPYXKEeHHH.

Kaxk xe cBOeBpeMeHHO y3HaTbh O TOM, UTO (hPUILTPALUS HPEBHI-
maer 103BOJIeHHble CKopocTH? Ellle HegaBHO 1/ 3TOTO HCHOJIb-
30B4JUCh JHULIb COJIeBble UHAHMKATOPHl W Kpacutenu. IlepBoie HH-
JMKaTOPHl BEIZABAJU CBOe NMPHCYTCTBHE TeM, UTO, PACTBOPHBIIHCH
B BOJe, MEHSJIM ee 3/JeKTPONPOBOLHOCTb, @ BTOPbIE OKpalLIUBaJH
Boay. Ho Bexp mozxseMHas Boja MHOrJZa caMa MOXKeT HMeTh
€CTECTBEHHYIO 3aCOJIEHHOCTb HJIH OKpacKy. ITosTomy mpumenernue
TaKHX HHIHKATOPOB OKa3biBaJIOCh He Bcerza adgexTuBHBIM. Bot
noyeMy B noclaejHee BpeMs ObLTH HCIPOBOBAHBl HOBblE CHOCOOHI,
cpenu KOTOpblX HaubGoJee NepcneKTHBHBIM 0Ka3aJcs MeTox pa-
JHOAKTUBHBIX MHAUKaTOpoB. IIpuHIHn OmpefeseHUsI CKOPOCTeH U
HaNpaB/eHys] KBUXKEHHS MOTOKAa TAKHM METOJOM 3ak/iouaeTcs B
TOM, YTO B MYCKOBYIO CKBAa*KHHY BBOLAT KaKoe-JubO palHOaKTHB-
Hoe coenuHenne, [Tocnae aToro BenyT HabaIOLEHHE 32 TEM, B KaKOH
H3 I'PYNObI KOHTPOJNLHBIX CKBaXKHH, PacHoJIOKeHHBIX HeJaJJeKo OT
DYCKOBOM, MOSIBUTCA PaJHOAaKTHBHBIA uHAHKaTOp. ETO mosiBjeHHe
NO3BOJIIeT YCTAHOBHTb He TOJbKO HaMpaBJ/ieHHe ABHIKEHHS NOTO-
Ka, HO ¥ BpeMs IBHXKEHHUS MeXIy JIBYyMs CKBaXKHHAMH. B cBoio
ouepejb 3Ta BeJHUYHHA [O3BOJAET YyXKe paccuuTaTb CKOPOCTh,
pacxol NOToK3 M Apyrue HauboJjee BaXKHble JaHHEIE,

Ecte u npyro#i cnocoG, korfa Hab/I0geHus] BeAyTCsI TOJbKO B
OycKOBOH CKBakKHHe, B KOTODYIO 3amnylieH PalMOaKTHBHBIA HHIH-
katop. Wem OnlcTpee MHAMKATOD BBIXOLUT M3 CKBa’KHHBI, TEM
Bbllle CKOPOCTb JBHKEHHs (pUIbTpauHoHHOro motoxa. Ceiluac B
JafopaTopyuax BeNyTcs HCCIellOBaHHs, KOTOpble JOJIXKHBI IOKa-
3aTh, MOXKHO JI4 TaKHM CIHOCOGOM ONpeNeJuTh JOIOJHUTENbHO, B
KakKylo .CTOPOHY OT CKBaKHHBI BBIXOAUT PAfAMOAKTUBHBIA HHIMKA-
7op. Toraa u AJsA OHpENEJEHHS HalpaBAeHUS NBUXKEHUA (PUIb-
TPAILUOHHOr0 MOTOKa HOHAAOOHTCS TOJNBKO ONHA CKBAaXKHHA,

K pazuoakTEBHOMY M30TONY HPEABLAB/IAIOTCS BhHICOKHE Tpe6o-
paHusi. Beap eMy HyXKHO 6e3 MoTepb NOHTH OT WYCKOBOH KO KOHT-
PORBHON CKBAXUMBI, 3 NIOITOMY OH He AOJIKEH ancopGHpOBaThCA
Ha YaCTHIAX TPYHTA, MPOXKUTh CTOABKO, YTOGHI, HOMaB B KOHT-
[OJbHYIO CKBaXKHUHY, GBITH ellle pagHoaKTHBHEIM. K TOMY Xe BH]J
€ro pajUOaKTHBHOTO H3JYUEHHA U IHEPrHH AOMKHBI GbITH TaKH-
ME, 4TOObl 0 HHM MOXKHO OblIO 6e301WHGOYHO YCTAHOBHTH MOSB-
JieHHe H30Tola B KOHTPOJbHOH cKBaxkume. JlAf MHOTHX ciaydaes
HAWTYYMUM HHAMKATOPOM OKasa/cs pamuoakTHBHBIA J-131.

Hoerlil MeToZ MOJNHOCTBIO ONpaBAbiBaeT ce6a: OH TO3BOJSIET
FOAYUaTh HaZeXKHble U TOYHLIE pe3ynbTaTbl. TakoH Meroh Gbli
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fipuMeHeH Ha KaHaje uM. MockBbl, Ha Boumxckolt, Kamckoil u
TI'opbKOBCKOA rHAPO3/IEKTPOCTAHUUAX.

AMnyna ¢ paiHOaKTHBHBIM H30TONOM MpPH IOMOLLH CIELHalb-
BOro npucnoco6JeHust pasbuBaJjach B MyCKOBO# CKBaXKHHE, H H30-
701 BMecTe ¢ (pUAbTPALHOHHBIM MOTOKOM TMOMAajfajd B KOHTPOJIb-
H#yI0 CKBaxKHHy. MoMeHT modBJjieHHSI pPaAHOAKTHBHOrO H30TOMA
PerucTpHpOBaJicsl ra3opa3psiiHbIMH CYETUHKAMH, NOIKIIOYEHHbI-
MH K aBTOMaTHYecKoMy npu6opy, yCTAaHOBJIEHHOMY B MOMeELIeHHH
LA Ha6moaenuii. OnHoBpeMeHHO ¢ BBeleHHEM H30Tolla B MYCKO-
BYIO CKBaXXHMHY Ha 3ToM npubope myckajaucb yacel. Korga usoton
NosIBJIAJIC B HENOCPeJCTBeHHOH GJIM30CTH OT CYeTYHKa, HauHHaJ
paboTaTb yKe caM mpuGOp — ©H aBTOMAaTHYECKH BKJIOYAJ CaMo-
IHcel, KOTOPHIH PerucTpUpPOBaJ XapaKTep MPOXOXK/JeHHUs HHAHKa-
TOpa, H OCTaHaBJ/JuBaJ Xoj yacoB. [Ilocie npoxoxaeHUs paauo-
AKTHBHOTO WHJAMKaTopa npwb6Op aBTOMATHYECKH BBIK/IIOYAd H
sanuck. ITo 3anucu ObIKM ompenesieHbl CKOPOCTb JBUKEHUS IOTO-
Ka M ero pacxof. AHaJoruyHble HCCJIeJOBaHHS OblIH IPOBENEHb
B /1P, UexocaoBakuy u Iodbie.

MeTon pamMoaKTHBHEIX HHIHKAaTOPOB IIPHMEHsIeTCS TaKXKe
JJI H3y4YeHHs] JBHXKEHHS MOA3eMHBIX BOX NMPH THAPOreoJiorHye-
CKHX H3BICKAHHAX U NPH pa3paboTke TOpPsAHBIX 3ajnexeld. B ka-
yecTBe MHAHKATOPOB HCMOJBL3YIOTCA PaJHOAKTHBHBIE H30TONBl BO-
Jopoja M cepbl. B npakTuke BcTpeyaloTcs clyda, Korga Heo6Xo-
IHMMO BLIIBHTb B COODYXKEHHH OT/eJibHble HEMJOTHHEe 30HBI, KOTO-
pble SABJAIOTCA NPHYHHOH BO3HUKHOBEHHSI MECTHBIX, COCPENOTO-
YEeHHBIX oyaroB (puabTpauud. /A OTBICKAHHS TaKHX 30H B IVC-
KOBYIO CKBAaXXHHY BBOASIT PAJHOAaKTHUBHBI HHIMKATOp M Tia-
TeJbHO NepeMellHBaloT 1o BceMy ee oO6beMmy. Ilocie atoro ompe-
JeNsoT TJyOGHHY B KOHTPOJBHOH CKBa)KUHe, Ha KOTOPOH paHplie
BCero MOSIBUTCSI PAaJHOAKTHBHBIH HHIHKATOP. ODTO 3SHAYHT, 4TO
37ech (PHILTPALHOHHBIA NOTOK JBH2KETCA GBICTpee, YéM Ha APYrUX
rayO6HHAaX, H YKa3blBaeT Ha HaJIHUHe HeNJOTHOH 30HbI.

C nomolipi0 pafjHOAKTHBHLIX H30TONOB MOXKHO IPOBOAHTH He-
focpefiCTBEHHOe H3yyeHHe B HAaTYPHBIX YCJOBHUAX MEXaHHYECKOM
cyddosuu. I 3T0ro CKBaXKHHY HOCTATOYHO 3arMOJHHUTH MEYeH-
HBIM PaJHOAKTHBHbIM H30TONOM YacTHIAaMH I'DYHTa COOTBETCTBY-
jolllero pasMepa M IPOCAEAMTb 3a TeM, MOABJAIOTCA JH OHH B
JajbHeHlleM B HMXXKHeM Obede BopoxpaHusuia. Takue uccieno-
BaHus MO3BOJIAIOT OOBEKTHBHO YCTaHOBHTb, BHIMBIBAIOTCA JIM Mp4
JIaHHOM peXXHMe (HJIbTPald YacTHULI PPYHTA M3 Teja 3eMJAHOH
TIJIOTHHBIL.

He MeHbplIyI0 0NacHOCTb JJA COOPYKEHHsI NPEACTaBJAET ApY-
roit Bux cyppo3ua — XUMHYecKas, KOTJla H3 OCHOBAHHS COOpYKe-
HUS BHIMBIBAIOTCA XMMHUUeCKHe BellecTBa, HalPHUMEpP COJH Kalb-
1IUA U3 H3BeCTKOBHIX Mopoh. CylecTBylollde METOAbl H3YyYeHHS
STOrO SIBJEHHUS CBOJAATCS K TOMY, UTO B CKBAaXKHMHAaxX WJIM BbIXOASA-
IIHX Ha NMOBEPXHOCTb BORAX OMpPENENSETcsl B ONpelesieHHble MO-
MEHThI BPEMEHH COAePKaHHe cOIK. I3 KaKOi 30HBI OCHOBaHHA, C
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KaKOH NTyGUHBL ¥ ¢ KaKod MHTEHCHBHOCTbI MPOTEXAeT TOT Mpo-
[ecc, yCTaHOBHTb TAKHM METQLOM, KOHEYHO, TPYLHO.

PannoakTuBHEIE H30TONE M 37€Ch MOTYT IIPHHECTH MOMAb3Y.
B cxBaxuHy ONyCcKAOT ra3ppa3psoHHB CYETUHK H 3acCHIIAPT €ro
I'DYHTOM, B KOTOPOM KOHIEHTPalli$ pPagHOaKTHBHOH COJH TaKad
JKe, KAK W HepaTUOAKTHBHOH B GM3NEXKAIUAX 30HAX OCHOBaHHAE.
Hamepsaa mocse 5T0ro yepes ompeje’eHHBIE HHTEPBAJIbl BpeMeny
pPagU0aKTUBHOCTh B CKBaKHHE, MUXKHO VCTAHOBHTh HHTEHCHB-
HOCTb BHIMHBAHHUA PAJHOAKTUBHOH COJIH, KOTOpad GymeT Xapak-
TepU30BaTh MHTEHCHBHOCTbL XHMHYeCKOH cyddosun. Ecmu w2
yraercss OOHAPYXKATL BEIXOAH PaXHOAKTHBHOH COH C PHUIbTPA-
ILHOHHEIM IIOTOKOM Ha IIOBEPXHOCTb 3EMJH U ee KOJHYECTBO B
o0imeM KOJHUeCTBE BHIMBEIBA@MOH COJIH, TO 3TO MO3BOJHT GLUEHHTH
CTEeNeHb BO3MEHCTBHA XUMHUECKOH cyddo3HH Ha Hcciaefyemblf
YYacTOK II0 CpaBHEHHIO CO BCEM OCHOBaHHUEM.

Jlns DOHHKeHHT YPOBHA PYHTOBHIX BOX M [MOCHBIYMLIENC HX
0TBOZA OGOPyHyeTcH ApPEHAXKHASA CETb, KOTOPas MOMKET GBITb Bbi-
NoJIHeHa B BHJE NMPOPHITHIX B 3eMA£ TPaHIIeH HIH YTOKEHHBIX B
Hee TPYO C MOPHCTHMH CTeHKaM#. [lof3eMHHe BOIBI BCerAa HecyT
¢ coboill GCJILINOE KGJIHYECTBO MEMKUX YaACTUL TPYHTA, KOTODEE,
gonaznas B TPyObL, 3aCOPHIOT HX W HAPYILAMT TEM cambiM pabory
Bcell ApeHaKHoH ceTH. KQHTDPO/ML COCTOSIHUSE [PEHAXHOH CeTH
APOBOIHATCH METOAOM pPaTHOaKTUBHBIX HHIHMKaTOpOB. Has stora
B JpeHy Ha HeKOTOPOM PacCTUsIHUH OT ee YCThA BBOJATCS PacTBOP
paZHOAKTHBHOIO HEIHKaTOpa, Hampumep S-35, n ompenemrseTcs
BpeMs ee IBHXKeHHUS B ApeHe. Uepes HeKOTOpOe BpeMs, HalpUMep
yepes Mecsll, AeJamT NOBTOPHBIHA 3amyck. Ecomm B steM ciayyae
CKOPOCTb ABHKeHUs OyAeT APYroH, TO 3TO YKaXKeT Ha Hapylle-
HHe paGoThl IPEHBL

UacTo MOXHQ HaOmIRLATh, KaK GypHOE TeueHHE MAJNEHBKOTO
FOPHOIO Py4b# CBOGOTHO IMEePelBUTAET [0 AHY OoJbllHe KaMHH.
Takylo KoJocca/eHyw pabGoTy NPOARILIBAIOT He TOJNLKO TODHBIE,
HO U DABHHHHbIE DEKY C OTHOCHTENLHO CTOKOHHEBIM TedenneM. OHn
NOCTOSAHBO H HEIPEPEIBHO NEPEeHOCHT OIDOMHOE KOJTHYEeCTBO pas-
JUYHBEIX HAHOCUB — HITA, NecKa, MeAKOH raTbKW, KOTUPHI®, OTKIa-
NEIBAACh B JAJMbHEHIIEM Ha PasJHYHBIX y9acTKax PEKH, 06pasyior
Meqy U NEePeKaTH.

Takas ma mepBBIH B3Rl Ge3o6umHas pabGoTa PeRH MOMKET
NPHYHHATE OYeHb MHOTO HENPHUSITHOCTEH CTPOUTETAM IIOTHH, HOP-
TOB, CYLOXDEHEIX U OPOCUTEIbHHIX KaHaJoB. Beanr mepenocumbie
BOJIO# HAHOCHI, NOCTOSIHHO OTKJIAaAblBasiChb B BOJOXpPaHHTHINE Ie-
pez IUIOTHHOH, yMBHbIIAWT 00BbeM BeJoxpaHuauma. [lomamas B
CYZOXQNHEH KaHAJ HIH aKBaTOPHIO UPTA, OHH YMEHBIUAIT IJIy-
GHHY M 3aTPYLHAIOT CyLOXOICTBO, @ ocefast B OPOCHTENbHBIX Kd-
HANaX, HAPylIaloT X paboTy U 3aTPyAHHIOT AOCTYM BOJBE Ha
CpOUIAEMBIR O,

It Toro 4To66l BEIPA60OTaTh 3¢ (eRTHBHBIE MEPONPHATHS MO
3alluTe OT 3auJeHudA, HEOOXOAUMO HMETL jJaHHble O KQIHYECTBE
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NOCTYNaIOUIHX HAHOCOB H HX JafbHeHueM pacunpegenennd. Takne
JaHHble MOJy4YaJd HCK/IOYHTENbHO MyTeM 3aMepoB IVTYGHHBI PeKH
Ha pas3nuyuHbIX yyactkax. Ho atu mpocThie HaGmiofeHuss OuYeHb
JIJHTENbHBl B TPYIOEMKH — B pfiJle C/y4aeB 3aMeTHble H3MeHeHHS
I1y6HHBI POMCXOAAT He Tak GbicTpo. KpoMe Toro, Tako#t mpuem
He HaBaJ yGeJuTeNbHOTO OTBETa Ha BONPOC, OTKYZa B3SJIHCh OT-
JIOXKUBINMeCS HAa JAaHHOM y4acTKe DEKH YacCTHIBI, eCJH Bhllie N0
TEUEHHIO PeKH HMeeTcsl, Hanpumep, ABa ouara pasmbiBa. Koneuno,
6OJIbINYI0 NOMOILL B DPEIIeHHH 3TOTO BOMPOCA OKa3aldH pasJiHy-
Hple kpacuread. OKpacuB recOK Ha Pa3MbIBAEMBIX yIaCTKaxX pPeKH
B pasHble LIBEeTa, yXKe MOXKHO OBbIJIO TOYHO YCTAHOBHTb, KaKOH M3
HHX H TJe OTKJIaJbiBaercs.

Ho npu usyuennu nBHXKeHHs HAHOCOB BaXKHO 3HATb H KOJH-
YeCTBEHHYIO CTODOHY 3TOr0 SBJEHHS — HHTEHCHBHOCTb. [Jlas
TOFO YTOOBI NMOJNYYHTb TaKHe NaHHBIE C MOMOLIbIO KPackH, HeoO-
XOAHMO 4Yepe3 onpelesleHHBE NPOMEXYTKH BpDEMEHH OTOHpaTh
CO JHA PeKH NPOOH! H B HUX ONpeNeNaTh KOJHIECTBO OKpalleHHO-
ro necka. dto oueHb Tpyaoemkas pabora. Ilpumenenue pajuo-
4KTHBHBIX H30TONOB [/ METKH HAaHOCOB MO3BOJHJO JOCTaTOYHO
AIPOCTO YCTAHaBJAUBAThb HE TOJNBKO NYTH IepeiBUIKEHHS HAHOCOB
H MecTa HX OTJIOXKEHHS, HO U HHTEHCUBHOCTb 3THX [POIECCOB.

JloctaTo4HO ONYyCTHTb Ha JHO CUETYHK M IO NMOKA3AHHAM INpPH-
fopa ycTaHOBHTb, B KAKOM KOJIHYECTBE H T'/le IPHCYTCTBYIOT Meye-
Hbie HaHochl. [lonyunB Takne HaHHBIE, B ONpefe/E€HHblE MOMEHTh
BpeMEHH MOXHO JOCTaTOYHO NPOCTO MONCYHTATH HHTEHCHBHOCTDb
pa3MblBa HJIH OTJIOKEHHS HAHOCOB.

CpenaTb e HaHOCH DafHOaKTHBHBIMH He NPEACTaBJISIeT OCO-
6bix 3atpynnenui. Ilecok, HanmpuMep, MOXKHO MOMECTHTh B peak-
TOp H OH CTaHeT PaAHOAKTHBHBIM. TakK roToBHJIM MeuyeHHIA MecoK
RJA H3y4eHMs ABHKeHHs1 HaHocoB B Kaaudopuufickom sajuse 3
CHIA.

Has o6/yyenns necka MOXKHO HCIOJb30BaTh NMEPeABUKHOM re-
HepaTop HeHTPOHOB — TOTJA 3Ta Olepalus HAMHOTO YIpPOIXaer-
csf, TaK KaK PaJUOaKTHBHBI MaTepHad MOKHO MOJYYHTH Hemo-
CPEeACTBEHHO Ha MeCTe, JaxKe He Oepsd ero c HCCJIeLyeMoro
y4acrka.

EcTp u JApyro#t myTb — HCHO/Nb30BAaHHE SBJEHUS afACOPOUHH.
JLJIst 3TOTO YacTHUBI NecKa NMOMEINaloT Ha HEKOTOpoe BpeMs B Ka-
KOH-1160 panHOaKTHBHEIA pacTBOp, B pe3yJbTaTe Uero Ha HX Io-
BepXHOCTH 06pasyeTcst TOHKas pafHOaKTHBHas meHKa. YtoGwl
y6epedn ee OT BO3MOXKHBIX MOC/IELYIOMHX MeXaHUYECKHX NOBPexk-
JeHUH, 4acTHIbl MeCcKa MOKPBIBAIOT HHOTAA JOMOJHHTENBHO cJIoeM
naka uin kaes. KoneuHno, ucciaenoBatesnaM NPHXOXHTCSA NPOREJIBI-
BaTh GOJILHIVIO MOArOTOBHTENbHYIO PaGOTy, C TeM 4TOGHl Y3HATh,
KAaKHM PaJMOaKTHBHBIM H30TOIOM Jydlle BCEr0 METHTb YaCTHIHL
Hau6onee nmogxoastliiMu H30TollaMH oOKasaJjuce Sc-46, Cr-51,
Fe-59 u Zn-65.

B page cayuaeB 1e/1eCOO6Pa3HO MPUTFOTOBHTbL PaJHOAKTHBHOE
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€TeKJI0, KOTOpPOe BIOCNEXCTBHH pa3Me/bualoT A0 pa3MepoB
MaCTHL, NecKa UJIM JKe PasMeJbyeHHOe CTeKJNO 00Jy4aloT B peak-
FOpe.

ITpu momomy pajHOaKTUBHBIX H3OTOIOB HCCJENOBaTelH Ha-
yuYMJIHch Telnepb METHTb DEUHYIO rajJbKy M H3y4aTh o6pa3oBaHHe
oTMesell H mepekaTtoB. B npocBepseHHoe B TrajJbKe OTBepCTHE
BBOIAT PafMOAKTHBHBLIH M30TON TaJ/lJIHA, YTO NMO3BoJser oGHapy-
XHUTb ee B Boje Ha ray6une go 0,5 u, a Ha Gepery — B pajauyce
B0 JIBYX MeTpOB.

IMpoBenenusie B CCCP, Anrauu, Pymbinun, fnonun u CIIA
HCCJIEIOBAHHS NepelBHKEHHS HAHOCOB C IOMOULIbIO PafHOaKTHB-
HBIX H30TOMNOB [aJ/iM HHTEPecHble pe3y/bTaThl. BoT Kak nposo-
AUIIHChL TaKHe HccaeqoBaHus Ha Kacnuiickom Mope B palone
KpacnoBoacko#t Kocbl. EcTecTBeHHBI Mecok, MedeHHbIH paauo-
2KTHBHBIM 2K€JIe30M, 3aKpelJIeHHBIM Ha MOBEepXHOCTb arap-ara-
POM, DaBHOMePHO pacmpefensscs B MOPe Ha ydacTke AJMHOL
40 m. Tlocae 3TOro Ha COCEAHHX y4acTKaX C MOMOLIbIO MepeaBH-
¥YaeMbIX Mo IHY rasopaspsiiHbIX CYETYHKOB BeJHChb MOHCKH Meue-
noro necka. [IpoBenenHble HCCAEAOBAHUA TO3BOJNMIN H3YYHTDb Xa-
PaKkTep NHHAMHKH HAaHOCOB: ONpeAe/]UTb HanpaBJjeHHe, CKOPOCThb
# OTHOCHTEJbHYI0O MHTEHCHBHOCTb MPOLOJBLHOIO IepeMelleHUs
NecKa, a TaKXKe BbiIBUTb HEKOTOpPble KayecTBeHHble CTOPOHbI 3TO-
Yo mpolecca.

C noMomibi0 pajHOaKTHBHEIX H30TONOB MOXHO HCCJeJ0BaTh
mpolecchl pa3MblBa Oeperos pek, BOJOXPaHWJHIIA M OTBICKATh
TakUM 006pa3oM HCTOYHHMKH AOMOJHUTENbHOTO MOCTYIJIEHHS HaHoO-
coB. B 3ToM cayuae rpyHT, MeueHHbIH pDaAMOaKTHBHBIM M30TONOM,
NOMeL[aloT B NpoOypeHHble B 6eperosoM 06phiBe FrOPH3OHTaJbHbIE
CKBAXKHHBI H BeAdyT HaOJ/IO[AEHHs 3a ero mosiBlieHueM Ha OoJgee
HU3KHX OTMETKax — Ha Oepery peKH uJH BOAOXpaHuauila. [laxe
He3HauYMTeJNbHOe KOJHYeCTBO PaJHMOaKTHBHOTO IPyHTa Ha 6epery
PeKH MOXKeT OhTb Jerko o6Hapy:KeHO, YTO yKaKeT Ha paspylle-
Hue Gepera.

Bo MHorux c/iyuyasx npeiHasHayeHHYIO AJS HPOMBIIIEHHBIX
neseil BOAY OYHIIAIOT OT HAHOCOB B CIEIHAJJbHbIX COOPYKEHUSTX—
orcrofinukax. Boxa B Hux aBHuraercsi ¢ HeGOJBLIOH CKOPOCTBIO:
cHayaja OCellalOT Ha JHO COODYAKQHHS 0oJiee KPYIHBIE, a MOTOM
MeJKhe yacTHUbl. PajHOaKTHBHble H30TOMBI NOMOralOT HCCJeno-
BaTh paGoTy Takux coopyxenuid. IlomeTuB pasnuuubie ¢pakunu
HaHOCOB DAa3HBIMM M30TONAMH H 3aIMYCTUB HX OLHOBPEMEHHO BO
BXOAAILYIO B OTCTOMHHK BOJY, MOXKHO YCTaHOBHTb, Kakue (pak-
UM OCALYT B OTCTOHHHMKE U 3alMeT JIM KaXKIblfl BUJ HAHOCOB
npenHgs3HaueHHoe eMy MecTo. Ec/in Meskue yacTHIb He ycleBaloT
OCeCTb, TO 3TO YKa3blBaeT, YTO AaHHasg KOHCTPYKIUS OTCTOHHMKA
paGoTaeT HeyAOBJETBOPUTENbHO.

Unorpa pabory oTcTOHHHKA OLEHHBAIOT IO TOMY, HACKOJBKQ
6bicTPO ABHXKercs B HeM Boaa. Jlas aToro B BONY 3ajauBalOT
reGoJIbIlIoe KOMHYEeCTBO PaJHOAaKTHBHOIO PacTBOPa H ONpee/sioT
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BpEMSI ero MOsIBJIeHust Ha BBIXOMe U3 oTcToHuka. B CIIA, Hanpu-
Mep, ¢ NOMOILIbI0 paauoakTuBHOro J-131 6b10 yCcTaHOBJIEHO, YTO
B OTCTOMHHKe HMMeEeTcsl COCpPeJOTOUeHHOe TeueHHe, KOTOpoe He
naer MeJqKHM HaHOcaM BOBpeMsl OceJaTb Ha JHO M Hapyluaer
pexuM paGoThl BCETO COOPYKEHHS.

IlpuBeneHHble PUMeEpBl UCMOJNb30BAHUS PAAHOHU3OTOMHBIX Me-
TONOB B HAYYHBIX U NPOMBIILJIEHHBIX HCCAELOBAaHHAX NAIOT Mpef-
CTaBJIEHHe O TOM, HAacKOJbKO B HHX HyXkJaeTcsi COBpeMeHHas
HayKa U TexXHUKa,

3a HeCKOJIbKO [eCSTHJIETHH CBOEro CYI(eCTBOBAHHSI PagHO-
AKTHUBHBIE H30TOMNBl CTAJM HeOOXOAHUMBIM OpYXKHEM B apceHaj?
y4eHoro, HHXeHepa, Bpaua, apxeoJora, MereopoJsiora. O6yacru ux
NpYMEHEHHUs HENPEepLIBHO MNPOIOJIKAIOT paclIUpAThCS, H celyac
yKe HEBO3MOXKHO mpencTaBUTh ceGe 6e3 paJHOAKTHBHBIX H30TO-
fIOB Mporpecc yea0BeYeCKOro o0GIecTsa,
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Hosble cepuu
HAY4HO-MONYNSAPHbIX 6poLiop

1. PapnoanekTpoHuka u ¢Bs3b, HMugeke 70091.

Bpouropbl 310# cepuy 0OXBATHIBAIOT IUHPOKKI KPYT NpO6-
JIEM COBpEMEHHOH 3JIEKTPOHUKH, PacCKasbiBalOT O BCEM HO-
BOM, 9TO XapaKTepHO AJf IepeloBoro (poHra 3710l obJsa-
CTH TEXHHKH.

B 10 Xe BpeMsi, MOCKOJbKY OpOLIIOPBI PAaCCUMTAHBI He
TOJIbKO Ha CIelHaJHCTOB, B HUX 0ObCHSIOTCS (pU3NUECKHe,
MaTeMaTHYecKre H XHMUUYECKHe OCHOBBI J€ACTBHsI COBpEMEH-
HblX NpHOOpPOB, AAIOTCs ClIpaBOYHble CBEJEHHs O MPUJIOKE-
HUAX 3JEeKTPOHHKH.

B 1966 roay BhiiinyT cnenyrouye paGoThl:

«Jlasepsbl cerofiisi u 3aBTpa», «kcKyccTBEeHHbIE CIYTHUKH
3eMaH ¥ palMOCBs3b», «MOXKHO JIH MOJENHPOBATH MO3IP»,
«ITomexoycrofiunBocTh, HajJekKHOCTb, KuOepHeTHKa», «Kpu-
cTajyl BMeCTo Jamibly, «MamuHa pacrnosHaer o6pasbi»,
«Paguonokanus miader» «LiBeTHoe TeseBuieHHe», «UTo
TaKoe GHOHUKa» U Ap.

2. Hayka o 3emae. HMuznekc 70090.

B cepun BhimyckaioTcsi paGoTh O HOBEAIIMX JOCTHXKE-
HUAX reorpaduH, reoJorud, OKeaHOJOTHH H APYTHX Hayk,
H3yvalomux Hamy niasery. Cpein aBTopoB — BeAyluue Co-
BeTCKHe H 3apy0OexkHble ydYeHHIE.

B 1966 roay uuratesin mojyyar cjaeAymoliie OpOLIIOPHI:
[Hep6akos . U, Cunopenko A. B. «AkryajabHue
npobsemMbl HaykKu»; DBuaombepr P. «3MeH-rHrantel H
CTpaluHble silUepbl» (IepeBof co MiBeAckoro); Bapen-
uos M. U, Psa6yxun I E. «MecTopoxXKaeHHsI-THTaHTBI»;
Mypomues A. M. «Hccaenosanus MuDOBOro OKeaHa»,
Morocan X. I1. «<HoBoe B usyuenun atmocepni»; b a H-
HHEKoB A.T. «3anoseanuku CCCP»; Anyuun B. A
«[Ipuposaa u obLiecTBo» H Ap.

J106yro 6powropy MoxcHO npedBapuTeadbrO 3aKasare 6 bausxcaduiem
KHUJNCHOM MQA2a3UKe N0 QHHOTUPOBAHRHOMY Teuaruueckouy naany u3da-
Teabcréa.

Tor, KTO XxO04eT noay4aTe GPOULIOPLL PELYARPHO, U3 HOMEPG 8 HOMEP,
MOACET NOONUCATOCA HA HUX 8 NOYTOB0M OTOeAeHUU uau Yy obujecTee-
HO20 pacnpocTPAHUTEAR neaTu no mecry paboTvi.

INonnncHas ueHa Ha ORHY CEPHIO:
c | ampens o KoHua roga — 81 kom.

H3[JATEJ/IBCTBO «3HAHHE»





