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OT PEAKOAAETHHU

HHCTHTYT reoxHMuu W aHaiuTHyeckod xXumuu uM. B. M. Bepuan-
ckoro AH CCCP ocyuiectBasier u3jlanue cepun MoHorpaduii no anasu-
THYECKOH XWMHH OTAENbHBEIX 3JIEMEHTOB. 3Ta cepusi — «AuanuTHue-
cKasi XMMHSI SJIEMEHTOB» — COCTABHT OKOJIO NATHIECATH TOMOB. [Torped-
HOCTb B NOJOGHOTO pOJia M3JAaHHM JABHO Ha3pesna. BmecTe ¢ TeM y Hac
HAKOMH/ICA OTPOMHEIH ONBIT MHOI'OYMCJEHHHX nabopaTopuii, H Tenephb
CTaJl0 BO3MOXKHBIM M HEOOXOJHMLIM €TO NOJLITOXHTL. TakuM o6pasoM,
BOSHHKJO Hacroaniee HsfaHue — cepusl «AwnalHTHUECKafd XHMHS 3Jie-
MEHTOB», KOTOpOe OCYIIEeCTB/AAETCs BHepBbie. AHANTUTHYECKAT XH-
MHsl JII00OI'0 3JIeMEHTa ¥ ero PasIudubIX COefHHEeHNil B HaCTOsLIEE Bpe-
M5l TIpeficTaBlsieTcss YpesBblyaliHo pasHo06pa3Hoit KaK BCAEACTBHE CIOXK-
HOCTH COBPEMEHHHX 0OBEKTOB HCCAEeIOBAHUA H LUIHPOTEl JUanasoHa
KOHIUEHTpAIHi, KoTopble ObiBaeT 11e00X0IUMO ONpPEeNNTh, TAK H BCIeH-
CTBHE PasHO0OpasHsa HCIOJb3YIOMHXCA METOLOB.

B cBsi3u ¢ 5THM J/ist MOHOTpaduii 661 paspabotan ofmull nian Kak
B CMEICTE COAEpHanusi, TaK H INOCIeNOBATeIbHOCTH H3NOKEHHT Mare-
puadna.

B mororpagmax copep:karcsa oOiiMe CBeJeHHsI O CBOHCTBAX 3jeMeH-
TOB H WX COelMHEeHHH. 3aTeM pacCMaTPUBAIOTCA XHMHUECKHE PeakiluH,
ABAAIONINECS OCHOBaHHEM il aHAJNTHYECKHX MeTOonoB. Metomsl kak
(dusnueckue, Tak W (DU3HKO-XMMHYECKHE H XHMHYECKHe H3Jjaralorcs
NPUMEHHTENBHO 115 KOJHYECTBEHHOTO OnpeleseHus JaHHOTO XUMHue-
CKOro 3JIeMeHTa, HayuHasl ¢ aHaJHu30B Cblpbﬂ, JaJjiee — TUNHYHLIX IO~
JYOPOAYKTOB NPOU3BOACTBA M, HAKOHEN, KOHEYHOH NPOAYKIHH — Me-
TAMJI0B HJAH CIJIABOB, OKHCEH, cojell W APYTHX COCNHHEHHH H Mare-
puanoB. Kak nupaBuno, NpHBOAATCS NPHHIHIL ONPEJSIeHUA H, IJe 5TO
HEeOGXONMMO, JaeTcsi TOYHOE OMHCAHHE BCEro Tpolecca OnpefeseHus.
Heo6xoaumoe BHUManue yAeaseTcs ObICTPHIM MeToiaM aHasausa. Camo-
CTOSITeIbHOE MECTO 3aHUMAET M3JI0MKEHHEe MeTONOB ONpeleseHusi Tak
HasblBAEMbIX 3JIeMEHTOB-NPHUMeceil B YHCTHIX MaTepHaslax.

OGpamaercsi BHMMaH¥€ HA TOYHOCTb ¥ YYBCTBHTEJILHOCTH METONOB
B CBA3H ¢ ofmieil TengeHlHell NOBbIIEHHs YYBCTBHTEILHOCTH METOMOB
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onpeeneHns C/1eI0B 3JeMeHTOB-npuMeceit. Monorpadun cogep:xkar o6-
mHpHYy0 6ubanorpaduio, IOBEIEHHYIO N0 NOCJAEIHHX JEeT; OHH paccuu-
TaHbl HA MIHPOKHH KPYT XHMHKOB, B MEPBYIO OYepelb XHMHKO3-aHaJIH-
THKOB HCCJ/IEI0OBATeJbCKHX HHCTHTYTOB M 3aBOJCKHUX JabopaTtopuil pas-
JIHYHBIX OTpacied XO03dHCTBa, a TAKKE HAa XMMHKOB-TIpENnojaBaTesed u
CTYAEHTOB XHMHYECKHX BLICHIHX yueGHbIX 3aBeflenuii. K cocraBnenuio
MOHOTpahHH TPHBJIEYEHbl HAIIM KPYTHEHIIe CrelHaancThl, HMEKIHe
onuIT paboTel B 00/1aCTH aHANNUTHYECKOH XMMHH TOTO MJIH HHOTO XHMH-
YeCKOTO J1eMEeHTA.

Otnenbubie TOMA CepHH aHAJAWTHUECKOH XHMHH 3/1€MeHTOB GyayT
BBIXOJHUTL CAMOCTOSITEJIbHO, 0 Mepe HX TNOJArOTOBKH. Brimuiu B cBer
MoHorpaduu, MOCBAIEHHBIE TOPHIO, TANIHIO, YPAHY, PYTEHHIO, MOJIHE-
JIleHy, Kanauio, 60py, UHPKOHMI0O H TradHuio, GepH/IHIO, MJIYTOHHIO;
PENKO3EeMEIbHBIM 3JIeMEHTAM H HTTPHIO; HHKEJIO; TEXHEIHIO, TPOMETHIO,
acTaTHHY U ()paHIMIO; FOTOBATCH K IeyaTH MOHOTpacduy Mo aHAJHTHYE-
CKOH XMMHH HHOOHS H TaHTaJ/a, NPpOTaKTHHHA, Ta/JdJauf.

Mzr ofpaiiaemest ¢ nmpoch0G0oii KO BCeM YHTATENsIM HPHCLLIATH CBOH
3aMeyaHHs H OT3BIBBlL 0 MOHOrpa(HAX.



NMNPEOAVNCTOBUE

Hacrosimas monorpadusi nocssiliena aHaaHTHUECKOH XHMHH HCKYC-
CTBEHHBIX 3JIEMEHTOB — TeXHEIUd, NPOMeTHs, acrTaTHHAa H (paHius.
Bee oun GELIH OTKPHLITH B KOHIE 30-X FOLOB, 0IHAKO TIOAABIAIONIAN YACTh
CBelleHHH O HX CBOHCTBAX IOJyUeHa JHUIb B TNOCJAELHEe NecATH/IeTHE.
BricTpoe pasBuTHE XHMHH 3THX 3JE€MEHTOB B NOCTEIHHE TOIBI CBA3AHO
HEe TOJBKO € YCOBepLIeHCTBOBAHHEM METOAOB MX TOJYYeHHs, HO ¥ BO3-
MOJKHOCTBK) NPAKTHYECKOTO INPHMEHEHH HEKOTOPHIX H3 HHX.

Bce geTbipe sjeMenTa He MMEIOT CTAOMJIBHBIX H30TOMOB H OTCYTCT-
BYIOT B CKOJBKO-HMOYAL 3aMeTHHIX KoJHuecTBax B mnpupone. Cpenu
BCeX HCKYCCTBEHHBIX 3jeMenToB tobko Te, Pm, At u Fr ne npunapie-
AT K Ipynne akTHHUAHLIX 3J1eMeHToB *. OObeIHHsAIOT HX TaKiKe OJH-
HaKOBble CNOCOObI SAEPHOTO CHHTe3a (YCKOPHTENH, SIlepHbIe PeaKTOPHI),
OJIHOTHITHBIE MeTOJbl PABGOTEI ¢ BEICOKOAKTHBHBIMH MpernapataMid u 00-
1He pagHOMeTpHYecKHe MeTOAb HIeHTHOHKAUHH U ompelesnenus. Bee
310 ¥ O0YC/IOBH/JIO X OOBeIHHEHHE B OINY MOHOrpaduio, HECMOTpPS Ha
OoJIbLIHE PA3IMYHs B XHMHUECKHX CBOHCTBaX.

Auanutuyeckoi XMMHH TeXHEIHs, NPOMETHs, acTaTHHa U (PpaHIlHs
TIOCBAILEHO OYeHb MaJo 0030pHOA ¥ MOHOrpadHUyYecKod JUTEpaTyphi.
MoxkHO yKasaTh Ha cepHIO He0OIbUIHX KHAT, H3iannueix B 1960—1961 rr.
B CIIA ¥ nmocpsiliennbIX B OCHOBHOM PaJdOXHMHMYECKHM METOJAM Bbile-
saennsi atux aneMentoB (Nuclear Science Series of the National Rese-
arch Cuncil), na craten B kypnane «Ycnexn xumun» A. K. JlaBpyxn-
Hoit (27, 1209, 1958) u A. A. lloznusikosa (34, 300, 1965) u kuury K. B.
Koterosa, O. H. Tasnora u B. [1. lliBenosa «Texueuuit» (1965), B KO-
TOPBIX, OXHAKO, AHAJUTHYECKAs XWUMHS 3JEMEHTOB H3J0XKEHa BecbMa
KpaTKo.

B nauHOl KHuPe cIe/laHa NONbITKA 060GHINTE MO BO3MOMKHOCTH BEChH
SKCNEPHMEHTANLHEI]l MaTepHasa, OTHOCALIMACH K aHAAHTHUECKOH XH-

* OjleMeHTEl C NMOPAAKOBLIMHM Homepamu 104 u Beiue, cornacHo runorese I'. Cu-
6opra, TakKe He JOJKHEL 00/1a/aTh aKTHHHAHBIMH cBoficTBaMi. OJHAKO NOKA yAAJI0CH
JIMIb MAEHTHHIHPOBATE OUeHb KOPOTKOMKMBYIINI H30Ton sjemenTta 104, xumuuecKne
CBOHCTBa KOTOPOro H¢ H3y4eHsl.



MHH 3THX 3JleMeHTOB. [J1aBBl, MOCBANIEHHBIE TEXHEIHID H ACTATHHY,
Hanucausl A. A. Tos3nusakoBeiM, a npomernio H panumio — A. K. Jlas-
pyxuHoii. bubnuorpadusi, npunoxkenHas K KaJOH IJaBe, BK/JOYaeT
paboTsl, onyGanKoBaHube 10 1966 r. ABTOpPE! HAZEIOTCS, UTO KHUTA OKa-
JeTcd TMOJIe3HOH AN HayYHBIX paGOTHHKOB, HHMKEHEPOB H acHHpaHTOB,
paboraiomuXx B 061acTH aHaJAHTHYECKOH W ANepHO# xuMuH. Ecrectsen-
HO, KHETa He cBOOOJHA OT HEJOCTATKOB, H aBTOpH OyayT OjarojapHbl
UHTATENSIM 32 KPUTHUECKHE 3aMeuaHws.

ABTOpE MPUHOCAT riIyGOKYI0 61ar0fapHOCTb PElEeH3eHTaM — IIPO-
deccopy Il. H. TTaneio u kangunary xumuyeckux nayk A. H. Epwmaxo-
BY, a Takxke KaHmuaary xuMauecknx Hayk C. C. Poauny 3a nomonik
B nojaGope MaTepHasa no XxWMHH acrathHa M ¢dpanuns u T. H. Xomox-

KOBCKOH 3a II(MOILb B MOATOTOBKE PYKOIHCH.
Asmope



LFaasa [
TEXHELUHA

OBIHE CBEJIEHHA O TEXHEUHH

Omgpotmue 1 HaxoxcOetite @ npupode

Texueruit (or rpeveckoro caosa «technetos» — mekyccrBo) — nep-
BBl HCKYCCTBEHHO IOJMyUeHHLIH XUMHUecKHil saemeHT. CylecTBoBaHue
ero 6bL10 npenckasano eme B 1869 r. II. M. Mengeneesnm [25], xoro-
pHIii JaJg eMy HasBaHHe 3KaMaprasel. [IpeanpuHsTHe B TeUeHHe TO-
crenyomux 70 JeT HHTEHCUBHEIE NOMCKH B IPHPOJE /JEMeHTa ¢ Mopsi-
KOBBIM HOMepoM 43 He MNpHBEJH K MOJOXKHTEJbHEIM pe3y/bTaTaM.
OTKpBITHS 3/IEMEHTOB, NPETEHIEHTOB Ha MECTO SKaMapraHia,— HibMe-
uus [168, 1691, memus [208, 2091, mounua [70], uunnonus [268] u
masypusi [12, 78, 171, 266, 267, 287] okasza/nuch JOKHBIMH.

Heynauhsie nonbiTkH yueHbIX OOHADYKHUTE TEXHENUH B 3eMHOH Kope
00BACHAIOTCS OTCYTCTBHEM 3TOTO 3JIeMEHT4 B TNPHPOJE, YTO CBS3aHO
C HaJMYHEM Y TEeXHEeUHs JHUIIb PajHOaKTHBHLIX M30TOIOB, NEPHOMLI MO-
Jypacrnaja KOTOPbIX HAMHOTO MeHblie Bo3pacTa 3eMan. JIHNIb ¢ pPasBH-
THEM A1epHOH (U3HKM M PajHOXMMHH OblIH CO3LAHEl YC/IOBHSA IJs OT-
KPBITHS M TOAyuYeHHsi TexHenus. CHHTE3 €ro BIEPBHIE OCYLLECTBJEH
B 1937 r. npn 6omGapanpoBke MoauG/eHa NeHTPOHAMH Ha UMKJIOTPOHE
Kanugopuuiickoro yuusepcutera (CIIA) no pearunu 4sMo4 (d, 1) 43TeAHL
[278]. U3 o6nyuennoro monnbuena utanbinckue yuenbe Cerpe u [lep-
pbe BblAeaHau HeBecoMble (okoq0 10710 2) xosuuecTBa 3/aeMeHTa, XHMH-
yecKHe CBOHCTBA KOTOPOTO OKasajuch nofo0Hb cBoficTBam penus [279,
280]1. Hosomy sniementy Gbiio naHo HasBanue Texneruit [281]. TTosxe
OblIM NPEe/VIONKEHBl APYTHE siiepHble PeakllnH, NpHBOAAIIHEe K oGpaso-
BaH{i0 PasAuyHBIX H30TONOB 3TOTO0 3MeMeHTd. B Hacrosuiee BpeMms B
flePHEIX PeakTOpPax MOJYYaloT TeXHeuuil B KHJIOTPAMMOBBIX KOJIH-
uectBax [260]. TTpn paGote sinepHOTO peakTopa BMecTe C APYTHMH IIPO-
AYKTaMH Jlenenus obpa3yeTcs oAuH U3 Haubo/ee NOJNTOKHBYIOLIMX H30-
TONOB TeXHeuusi — T¢%, BrIXOH KOTOporo npu genexsuu U**® Ha renio-
BLIX HeATponax paBeH NpuGan3HTeNbHO 6,2% .



[Tocnie u3yueHHst HEKOTOPHIX CBOHCTB TexHelus u MONYYEHHA ero
IMHCCHOHHOTO' CMEKTPA BHOBb HAYaJHCh NOHCKH TeXHELHsi B NPHpOJe.
[1po6iema BO3MOXKHOTO HAXOMICHHS TEXHEUHsi B NPHUPOJE OCTABANAC
B 50-X rojgax HalIEro CTOJNETHS OAHON H3 aKTyaAbHHIX B '€OXHMHH 3TOTrO
anementa [53, 54, 58, 86, 170, 1961. B 1951 r. Myp [255] o6rapyxuaa
B CIEKTPE COJIHEYHOH aTMocdepbl JIHHHH HOHU3HPOBAHHOIO TEXHElHs.
Cnyersa rox Meppuir [239, 2401 otmerna cyuiecTBoBanme HECKOMbKIX
JHHHH TeXHelus B CNeKTpax HEKOTOPHIX 3Be3d (S- m  M-k/aaccos).
Hannume Texneuusi Ha 3Be3fax MOATBEP:KIEHO M APYTHMH HCC/IEIOBa-
reaamu [162], npuyem Gbito ycraHoBaeHo, UTO €r0 KOJHYECTBO Majlo
OT/IHYAETCS OT COJEPHKAHUS COCEJIHHX 3JeMEHTOB. ITH (aKThl B COUETA-
HHH C TeM 00CTOATE/TLCTBOM, UTO HaHGO/Iee JOJNTOKHBYLIHI H30TON Tex-
Helus obnanaer NMepHoiOM mnogaypacnaia Juwe 2,6-10° ger [85, 1981,
NO3BOJIAIOT MPEANOIOXKHTh, YTO TeXHEeUuHH ofpasyercss B pe3yabrare
NPOTEKAIOUINX HA 3Be3Jax f/epHBIX peakiluii.

[lonckam B 3eMHOI KOpe JOJTOXKHBYIIHX H30TOMOB TeXHeLHs [M0-
cBsimensl paborsl [53, 54, 58, 86, 170, 172, 204—207, 222, 223, 272,
273]. Tlokasano, YTO B HEKOTOPLIX MHHEpAJaX TEXHEIHil MPHCYTCTBYeT
B HHYTOXKHO MaJbiX KosuuecTBax. B Tabu1. | npeacraBieHsl peayabrarhl
OTIPe/ie/IeHHs] TeXHEelHsl B HEKOTOPLIX NMPHPOAHBIX OGBEKTAX C HCHOJb-
30BaHHEM PAa3/JHYIHEIX METOJ0B,

TaGauma 1

ConepxaHue TeXHEUHs B HEKOTOPHIX hpnpommx o6bekrax [86]

Cogepxanne

O6pa3ser Merop onpegenenns Te, a/kz
MoS; (Kaaiimak, Kosopamo) ’ CrekTpanbHblil < 410710
MoS; (Hesajaa) » - e
KReOy (umcToiii) ‘ » < 8:107°
MoS; (Maitamu, Apusona) » | =1,8:4077
PagnoakriuBauHoHHbL i <440
CrexrpabHbii e Oy 5 0
PapunoaktuBalHOHHBI i 8,3-10-1
MoS; (IHesana) » | 1,3.10-10
OcMuii-upuaHeBblit KOHIEHTpAT Cnexktpa/ibHbiit ‘ < 1:,6-107°
Hrrpo-rautanur (3anajsast Adpika) - | Macc-cnekrpoMerpiueckuil < 610711
JKedeso-nikeneBblii METEOPUT { CrnexTpanbiblil < 4,5:10710

10T TexHenui, no Muernio Boiiga i corp. 861, BTopuuioro npoucxoxe
JleHHsl U 06pasyeTcsi BCeICTBHE BO3JCHCTBHS HAa MOTHGIEH, PYTEHHI I
HHOGHIH KEeCTKOro KOCMHYECKOro H3/iyuenus. Texueuuit B KoJHYecTBe
~107" 2 Gbl BLIENIEH TaKKe M3 ypaHOBOi cMonku [204—2071. B atom
cayvae TexHenui o6pasyercss B pesyJabTaTe CHOHTAHHOTO jJedenus U2,
Kak Gbis1o nokasaso B paGorax [60, 172, 204, 222, 2231, B 1 ke YpaHoBO
emonkn (50% U) comepxurea 2,5-1071% 2 Te (10,5 pacn/mun).
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H3zomoner mexreyus

B sacrosiiiee BpeMsi u3BecTHO 16 H30TONOB u 6 H30MEPOB TEXHEIHA
¢ MaccoBeIMH unciaMi ot 92 jno 107 u nmepuojoM noJypacnajga oT He-
CKOJIBKHX ceKyH1 Jio 2,6- 10° sier (ta6a. 2) [6, 16, 26, 322]. Cxembr pac-
majga pajiHoOaKTHBHBIX f/lep M cHCTeMaTHKa P-pacnaja npHBeJeHbl B pa-
gorax (7,9, 138, 215]. TTout Bce H3OTONBI MOXKHO NOJYYHTb TIPH 00JY-
yeuuy MOAuGeHa, HuOOUs WA py-

o 93
TeHHsl HeHTpoHaM#, IMPOTOHAMH, Tc*"(6,04¢)
NeHTPOHAMH MJIH @ -YacTHIIAMH.
+
M30TONBl ¢ MAacCOBBLIMH  UHCJIaMH : 7(2,0%01x30)

99—107 o6pasyloTcsd Takmxke IIPH
Je/IeHUH fjlep ypaHa, TOpHA HJIH

niayToHHs. YeToipe u3 NpHBeleH- Y(140x38) 7(/42555)
HEIX B Taba. 2 uzoromos —Tc%™, 96,6 % 14%
Teos, Tc" u Tc»™ HCIONB3YIOTCH -

B KauecTBe MeUeHbIX aTOMOB IpH
H3Y4eHHH XHMHYECKHX CBONCTB
texHenusa. HauGoaee  jpocry-
med INs  3TOH [elH  AJepHbIH
uzomep Tc'", oGpasyromuiica npu
o6yueHHH MoJH6leHa HeHTPO- Puc. 1. Cxema pacnana usotona Tc*®"™
Hamu. TpH ApYTrHX H30TONA C IepPH-

ofamu noaypacnazna ot4 1090 anei

MOYYaloT NpH O6AyYeHHH MOJIHOACHA JeATPOHAMH HJH TPOTOHAMH
[55, 110, 251, 340].” Msotonsr Tc®?, Tc*™ u Tc® aBastioTcst NOJNTOKUBY-
muME (neproi noaypacnana Gosee 10° jiet) u MOryT GHITL HCNIOJNB30BA-
HbI B BECOBBIX KOJHMUYECTBAX /sl M3yYEHHs XHMHH TexHeuus. Ilocaen-
HHIT U3 3THX M30TOMOB HauGO/Mee NOCTYIEH, Tak Kak o0pasyercst npH
nenennn sgep U u Pu wam npu panTeabHOM .o6nyuenu# Mo B peak-
TOpe.

Heckonbko paGor MOCBAINEHO H3YYEHHIO AAEPHBIX CBOHCTB pa3jHy-
*{BIX M30TONOB TexHenns 16, 211, 311, 323, 348]. [lna wnauGonee H3Y-
gennoro Tc? cnus aipa pased °/,, MarHUTHbLIA MOMEHT -1-5,657 apep-
HOTO MATHHTOHA, 3JEKTPHYECKHil KBaJpyNoJbHEH MoMeRrT Q = 0,3-
.10°2 ¢y?. CpaBHenne H30MepHHIX mepexoioB B sapax Tc, Te®,
Tec?” u Tc? no3poauso cIelaTh BEIBOA O TOM, YTO BO BCEX ITHX fAApax
OCHOBHEIE COCTOSIHHSI OTBEYAKOT MPOTOHHBIM YPOBHAM | g1, a BO30YHX-
JIeHHBIE COCTOsSIHUA — 2py,. Jaa wu30MepHOro. nepexona sjipa G
Ha6110/1aeTesl 3aBHCHMOCTh KOHCTAHTBl PaAHOAKTHBHOTO pacnaja oT XH-
MHUECKOTO COCTOSTHHSI TEXHEIHs, CBA3aHHOTO CO CTPYKTYPOil 3MEKTPOH-
Hoii 06os0uKkH. Kak caeiyer us npeicTaBieHHOi Ha puc. 1 cxeMbl”pac-
naga siapa Tcw#m [243], B Gonbwuncrse ciyuaes (98,6%) sTor pacnax
NPOHCXOAMT ABYMsl CTYINEHSIMH: cHaya/a HCIYCKaercsl Y-KBAHT C IHED-
rueil 2 k36, a 3aTeM y-KBanT ¢ sneprueit 140 k6. Menyckaembie npH 5TOM
Y-KBAHTHI C SHeprueii 2 K36 B CHJILHOH CTENEHH KOHBepTHPOBaHbl. Benel-
CTBME HHM3KOH >HEpPrif M3OMEPHOTO Hepexoja KOHBEePCHA NPOUCXOAUT
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Haoronu Ttexnenua [6, 9, 16,322]

Tabauna 2

)

Sueprusa naayueHus, Mae

Maccogroe Tlepuopg
qHCaI0 noaypacnana Tun pacmaga o Peakuna nonydenus
¥
92 4,3 MuH. B o g 4,1 1.8 Mo (p,n)
Mo (d,2n)
93 43,5 MuH. 3.3.%* (18%;) 0,39 (8204); 2,66 (189, :
o (825) o (82%); 2,66 (18%) Mo (d,n) [346]
93 2,7 vaca 3.3.(~85%) | 0,82(~13%); | 0,86(2,69%); 1,35 (609); 1,49 (309%);| Mo (d,n) [346
Bt (~15%) 1,67 (~2%) 12,03 (0,35%); 2,44 (0,39%); 0,874((734%) Mo (p,¥) s
Mo (d,2n)
94 52,5 MuH. 9.3. (21%) 0,56 (19%) 1,85 (4400): 2.73 (1%); 3,27 (~19 Nb (o, 3n) [215 6, 346
e (24%) 2’41 (éé(f;) ( A)) ( A): ] ( A) (CI, n) [ 3 23_), t ]
B*(55%)
94 4,9 uvaca 9.3. (939%) 0,9((2%) 0,705 (10094 ); Mo (p,n
B*(1%) | 2,41 (5%) 0,846 572%3; Mo %d,zf)z) [252]
0,874 (100094 ) Nb (a,3n) [236]
Ru 2o
95m | 60 guel B (~49) 0,477 (< 1%) 0,039 (u. m.) Mo (d,2n) [110, 340]
R 0,68 (< 1%) 0,204 (71%)
0,256 (~19%)
0,584 (409 );
0,617 (205);
0,788 (139%);
0,822 (89%);
0,837 (299%);
1,042 (4%)

* 3, 3. — 3JIGKTPOHHBIA 3aXBat.
#*i1. M. — H3OMEPHBIA nepexoj.

% :e.*:g»

TaGnuiga 2 (npononmenaé)-

Ms;i;ioe no?yeg:c?éma Tun p‘acnana s Peakuns nosydeHus
£
95 20 uac. 2.3 0,205 (1%) Mo (d,2n) [340, 346]
0,680 (29%)
0,765 (829 )
0,84 (10,5%);
0,93 (1,7%);
1,06 (4%)
9% m | 52 wum. wa. 0,034 Mo (p,n)
Mo (d,2n)
96 4,3 nHs 9.3, 0,310 (49) Nb (a,n)
0,770 (10094) Mo (d,2n) [251]
0,800 (869 ; Mo (d,n) [251]
0,840 (1009); Mo (p,n)
1,115 (15) Ru (n,p)
97 90,5 ans 2.8, 0,090; 0,099 Mo (d,2n) [340]
Mo (p,n)
Ry 23
Mo (d,n) [340]
97 2,6.108 jer 2.3, Mo (d,2n)
. 1o . [199]
98 1,5.108 ner 7o 0,30 0 74; 0,65 Ru (n,p) [199]
Mo (p,n) [84]
Mo (d,n)
99m | 6,04 vaca .. 0,002 (1,49%); Mo® &7
0,140 (1,4%) Ru (n, p) [310]
0,142 (98,6%) Th (nen.)

U (mea.) Mo®8 -



Ta6nuuma 2 (oxonuanue)

Oueprusa uaTydeHus, Mag

Me;iicc?:?e nog‘;&’é‘r’gm Tun pacmaga . Peakuus nosyuenus
¥
99m
99 2,12.105 ner B~ 0,292 Mol
U (men.) [155, 190]
100 15,8 cexk. Braat 2,20, 2,88, 3,38 0,542; 0,60; 0,71; 0,81; 0,89; 1,01 | Tc (n,7)
1,14; 1,81; Mo (d,2n)
1,49; 1,80 Rh1%(n,a) [86, 125]
101 14,3 mun. i 1,4 0,307 Mo (d,n)
Ru(1,p)
Ru (n,np) [148] -
U (zen.) [149]
102 4,5 MuH. By ~2 0,473 Ru (n,p)
(5 cex.) B 4,2 >0,662 U (men.) [148]
103 50 cek. R 21052 2 0.135; 0:245; Ru (n,np) (148)
0,350 U (zen.) [214, 215]
104 18 mun. By 1,83 24 0,36; 0,89 Mo (d,xn)
3.3 2.9 3,8 Ru (d,xn) [213, 215]
4,05 Ru (n,p) [148]
U (ren.) MowsfZ
7,8 MuH. : Pu (men.) [63a]
105 7,7 MuH. ey 3,4 0,110 U (men.) [243]
(10 mun.) U (men.) Mo BZ, [215]
106 37+4 cek. Pu (nen.) [63a]
107 2943 cexk. U (nen.) [147]

Pu (men.) [63a]



JIHLIb Ha c1ab0 CBS3aHHHIX 3JEKTPOHAX BHewHUX oboqouek. [Tostomy
H3MeHeHHSl B CTPYKTYpe 3JeKTPOHHOH 060JO0YKH BJIHSIOT Ha KO3(hu-
IIMeHT BHYTPeHHeH KOHBepCHU Y-Tydelt M TeM caMbIM M Ha MepHOA MOJYy-
pacnafa wusomepa. Ilepuwox mnoaypacmaga Tc*™ (metana) paseH
6,04 - 0,003 waca, uro Ha 1 cek. Goapue Ty, B KTcO, u na 8,6 cexk.
menbiie B Te,S-.

Tlono6HbIe H3MeHEHHST TPOHCXOAAT W NpPH YBEJHYEHHH JAaBJEHHsA
[65, 286]. Hanpumep, npu nasienuu B 1-10° amum nporcxoaut ycko-
penne pacnaga Tc®” ua 0,025% [65]. Bausuue dusnueckux hparTopos
H XHMHUYECKOTO COCTOSIHMS TEXHelua Ha pacrnaf Tc¥” noxpo6Ho pac-
CMOTpeHO Takke B paGortax (8, 95, 132, 317].

IMonyuenune nonaroxusyiero usorona Tc® B BECOBBIX KoJHYecTBax
OCYILIECTBJISRTCS BBIIEJCHHEM €ro U3 CMeCH NPOAYKTOB JIeJIeHHs ypaHa
HJIH M3 OGMYUEHHOTO HEeHTpPOHAMH mHpupopuoro Moaubiena. [lepsblii
H3 3THX MCTOYHHKOB TOJYUEHUS TeXHelHs sfBasgercs HauGonee adiex-
THBHBIM H JeIUeBbIM, TAK KaK IIPH Je/leHHH sJepHOro Troproyero obpa-
3YIOTCS H30TOILl TEeXHEIHsi ¢ BBICOKHMH BhixojaMH. Huske npuseneHbl
nanusie [200], xapakrtepusyiouiue BbIXOJ OTAEJIbHLIX H30TOMNOB TEXHe-
uusA npu genenun U2 B peakTope:

Te9o Tclo Te102 Telos Telod Tel0s Telo?

Brixox, % 6,06 5,6 4,3 3.0 1,8 0,9 0,19

Oco6enno ¢ GoJbLUIMM BEIXOJAOM 00pasyercst HOATOMKHBYIIHA H30TOIN
Tc*. Boicokue Bbixoapl Tc®® nMetoT MecTo H B c/lydae JeleHHs APYTHX
JeNnfAmuxesa Matepuanos (raba. 3).

Ta6auwma 3

Buixox Tc npu penednn sagep U, Pu u Th
HelTpoHamH pa3anunol avepruu [100]

'Te‘;:’;l\gf:ﬁm Heitrpomst Brixon, %
233 Tennosbi2 4,8
295 z » 6,06
14 Mas 54T
128 beicTpeie R
P28y » 5,9
TenmnoBez By
Ths2 Bricrpoie 2.
8 Mae h

[Ipu nannrenbhoii paGote siAepHOTO peakTopa TEXHEUHi HAaKaNIHBAET-
Csl B HEM He TOJIbKO 3a cyer geqeHust U**°, o u 3a cuer nesienusi o6pa-
3YIOLHUXCA B PEAKTOpe 3HAYHTEIbLHBIX KosuyecTB Pu*®® u Pu*, Obuiee
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KOJIHUECTBO 006Pa3yiollerocsi TeXHelHs MOXKHO PacCuHTaTh [0 ypaBHe-
nno [156]

1

99.105N,57 (1 4+ B) 8 [1 — e~ Ge9)¥t] e - oyt
e 6,02-10%-100 (s, — 5,

rie N — gonuuectBo Texueuusi, me/ke U?®%; N, — Konnyectso sijep
U3 g | k2 ypaHa; 0, 0; — ceyeHus 3axBaTa H jaenenus U?*°, coorser-
CTBEHHO, YCPEIHEHHble MO CHEKTPY HEeHTPOHOB peakTopa; O, — ceye-
HHe 3axBata Tc?; p — oTHomenHe uncaa Aenennii Pu?®® u Pu®#! x uuc-
ay penenmii U2%; § — Beixon TexHeuuss npu genenun U233, %; Pt —
HHTErpaJbHEll MOTOK HEeHTPOHOB.
her [To pacueram, COrVIaCyIOLUIHMCS
C pe3yJbTaTaMH aHAJH30B OTpa-
GOTAHHBIX TEMIOBBLAEAOUIUX 3.1e-
menToB IlepBoii aTOMHO# 31eKTpo-
CTaHlHH, B peakTope HaKallJIHBa-
I0TCS 3HAYHTENbHBIE KOJHYEeCTBa
Tc®. Kak caeayer H3 pHc. 2, yxe
npu 50%-HoM BmIrOpanun U3
o R, : . obpasyerca okono 600 me Tc* na
0 203040 50 60 70 80 xkaxmwiii kmnorpamm U2, Cor-
Boreapanue U %75 %, JNacHO ApyruM JaHHbM [163, 164],
Puc. 2. 3aBncuMocTb KosnuecTBa oGpasy- ?gﬂyqegne B ARRIIOM - [RaKTOpE
IOMErocs B ANEPHOM PEeakTope H3oToNa Ke ru TPHUBOAHT K HaKONJe-
Tc® ot crenenu suropanus U2 [15]  HHO npuGausutenbHo 1502 Tc, a
npu paoTe peakTopa MONHOCTHIO
10 kem o6pasyercsi B CYTKH
npubausuresabo 100 2 Pu u 2,5 2 Te. [lag ouedKd HAKOMACHUSA Tex-
HellHs] B NPOIYKTaX JejMeHHs] B 3aBHCHMOCTH OT MOILHOCTH peakTopa
MOXHO TPHMEHHTH ynpouienuyio dopmyry [16]

N=28P.t, (1)

=
o
-

=
+

KNonuvecméo Tc, e/we U e

Ijie N — goangectso o6pasorpasureroca Tc, m2; P — MOUIHOCTB peak-
Topa, Mem; { — Bpems paGoTHl peaKkTopa, AHH.

Cornacuo ¢opmyase (1), B peakrope mouiHocteio 2,85-10° xam 06-
pasyercs exkeineBHO 0K0J10 8 2 uiin exxerofno 3 k2 Te. Ilo panHbiM paGo-
Tl [16], 1pH MOIMHOCTH COBPEMEHHBIX siAePHBIX PeaKTOpPoB ~ 6-10° kem
obpasyloTesl B rof JIeCSITKH KHJIOI'paMMOB TexHemHs. Esxeronuce npo-
H3BOJCTBO TEXHELHS B silePHBIX peakTopax OyleT HempephIBHO BO3pa-
crath H K 1980 r. nocturuer, no-suauamMomy, 10 m.

Taxkum o6pasoM, pasBHTHE AaTOMHOH 3HEPreTHKH TNPeIOCTaBJsAeT
IIHPOKHE BO3MOXKHOCTH JIJISi MOJydeHHs TexHelus B OOJBUIMX KOJH-
yectBaX. K CcOXANeHHIO, YaCTO 3HAYHMTE/bHbIE KOJHYECTBA 3TOrO
IIEHHOTO 3/eMeHTa MonajaiT B cOpOcHbIe PacTBOPBL NpH nepepaboTke
SJIEPHOTO Topiodero. B HEKOTOpEIX CTpaHAX 4acTh TAKHX IPOW3BOJCT-
BEHHLIX PACTBOPOB — OTXOJOB ATOMHOH NMPOMBIIUIEHHOCTH — HCMOJh-
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