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EcTb MHOTOe Ha cBeTe, ApYyr
Topauuo, 0 yeM He CHHJIOCH
JlaKe HALIHM MYApPeunam.

Wekcnup. «Tamaers

3onoto... u3 pryTn?

CunuTalor, YTO NMpENBECTHHIA COBPEMEHHOH XHMUH, aJXHUMHS,
Bo3HHK/a B | Beke namedt 3pul B Erunre. Enle npesuue anxumuxu
NbITAJMUCh NPEBPATUTL 6oJiee nellleBble MeTasJbl — KeJje3o, CBH-
Hell, PTyTb — B Gosee UeHHble — 30J0T0 U cepeGpo. OTuom aJj-
XHMHH, KaK CBHJETE/IbCTBYIOT IPEBHHE ETHIIETCKHE NHCbMeHa, Gbia
aerenpapueiit lepmec Tpucmerucrye.

Korna B 296 rony Anexcannpuio saXBaTua PUMCKHE uMnepa-
top JIHOK/IeTHAH, O HEro JoHeccs CAyX, YTO 3aMHCH ErHOTSH MO
aNXMMHH xpausrcs B Asekcauppuiickoit 6uGanorexe, D10 Oblna
Kpynueiimas OHO/JHOTEKAa JPEBHOCTH, HACYMTHIBABLIAs OKOJO
700 000 pykomHCHBIX CBHTKOB, ee HeJapOM Has3blBaJH BOCbMbIM
yynom cBera. JlMok/neTHaH ucnyrajcs, 4TO JIOLH Y3HAIOT CeKper
npeBpalleHdsi METa/JIOB B 30JI0TO, H TOTra ero JAeHbrH OyAyT
oGecuenensl. On npukasan cxeub 6uOaHOTEKY. Tak Kpenka Gelia
B TO BpPeMsi Bepa B BO3MOXKHOCTb NpeBpallleHHs] MeTaJlJIOoB.

OcobGenHo GypHOro pacupera aJXHMHsS JOCTHIVIA B CPeIHHE
Bexa.

B EBpone B TO BpeMs NOYTH HpH KaXKIOM HMIEPATOPCKOM
nBope paboranM aJXHWMHKH, cTapasich JOGHITH 30JI0TO M TEM ca-
MBIM yJYYHIMTb IJIaUeBHOE cOCTOsiHMe Kasupl. CuMrasu, 4Tto no-
Jy4eHHe 30JI0Ta M3 IPYrHX MEeTaJJIOB JeJO BIOJHE BO3MuXHOEe H
ocyuwecrBuMoe, HyKHO JIHIIL 3amacTHCh MaruyeckuM «dujocod-
CKMM KaMHeM» H TeM CaMbiM 3apYYHTbCA TOALEPKKOH CBEpXb-
ecrectBeHHbIX cuJ1. Ho 30J10T0 He mosyyanocs.

Hapsany ¢ nogJuHHBIMH 3HTY3MacTaMu CBOETrO Jesa aJXHMHS
npuBiekana K cefe H GECUHCASHHBIX I1apaaTaHOB.

OO6manyThle KOPOJIM M TepIOrH, He pasjanyas NoOpOCOBECTHO
3a61yK1aBIIHXCA ¥ OGBIKHOBEHHBIX XXYJHKOB, YKECTOKO MCTHJH
anxumukaM. Kusasp Blopubyprckuil, HanpuMep, Ha CBOeEM JBOpe:
MOCTPOHJ BBIKPALIEHHYIO B 30JI0TOH LBET BHCEJNHIY, KOTOPYIO OH
HCIOJIb30BAJ TOJBKO AJSI @JXHMHKOB, He BBINOJIHABIIHX CBOHX
obellaHHH.

®pencuc bakon, rosopsa o6 anxuMHKaxX, BCIOMHHUJ NPUTYY O
pPOJHTENAX, 3aBEllaBIIHX CBOUM CBHIHOBbSM 30J/I0TO, AKOOBI 3aphl-
TOE IJie-TO B BHHOrpajfHuKke. XOTA CbIHOBbS, NEPEKONaB BCe BO-
KpPYT, U He HAIJIH 30J10Ta, 3aTO OHHM coGpajH OOHJAbHBIN YpPOXKail
BUHOrpana. Tak W aJXHMHKH BO BpeMsl IIOHCKOB «(HI0CO(PCKOro
KaMHSI» B TeYeHHe BEKOB IOJYYHJIH OTPOMHOE KOJHYECTBO HOBHIX
BEUIeCTB H CJeJaJ/H PAj BaXKHbX OTKPbITHH. OHH BHepsble Bbile-
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JIUJTH CYPBMY, MBINIBSAK, BUCMYT, ¢ocdop, BBeaH B ynorpel/enue
MHOTHE anmaparhl U HHCTPYMeHTHl, 6e3 KOTOPBIX He MOXKeT H ceif-
yac o6ofiTuch XuMUYecKas JaboparTopus.

Bunuenuo KackapuoJso, canoxuug u3 Bosonbu, KoTOpBIH Ha
JOCYTe YBJEKAJCs aJXuMuel, ONHaKAbl OGHaPYXKHUJI, UTO CYAbPUI
Oapus CBETHTCA B TEMHOTE, €C/IM ero nepej 3THM HA HEKOTOpoe
BpPeMs BBICTAaBHTb Ha coanle. Tak ObLJIO OTKPBLITO ABJEHHE JIOMH-
HECLeHIUH.

AnxuMMKH Tax M He JOCTUIJIH, KOHEYHO, CBOeH NPH3PaAYHOH
LeJH B OUCKAX «(pHA0CO(DCKOr0 KaMHSI», HO OHH MPOJIOXKHUIN MYTH
Pa3BHTHST XMMHH, HapMaLeBTHYECKON NMPOMBIIJIEHHOCTH M B Ka-
KOH-TO Mepe mpelnyrajand NOCTHXKEHUS COBPEMEHHOH «aJ/XH-
MHH» — si1epHOH (PU3HKH.

Heynauyn anxuMukoB ¢ mnpeBpallleHHeM 3JeMEHTOB NPHBENH
K TOMY, 4TO 4€JOBEUECTBO BMano B ApYryio KpaiHoctb. B XVII
Beke, KOTJ1a Hayas0 CO3[aBaThCsi COBPEMEHHOE NMpeACTaBaeHHe O
XHMHUYECKHX 3/eMEHTaX, 3J€MEeHThl 3TH OblIH NPH3HAHEI NepBHY-
HbIMY U Heu3MeHHbIMU. CUHTA/IOCh, YTO CKOJILKO UX CO3[aHO «BCE-
BLIIHUM», CTONBKO Oblao, ecth M Oyner. IlpeBpamienue oxHoro
3JIEMEHTa B JPYTOi NPHU3HABaJ0Ch abCOMIOTHO HEBO3MOXKHLIM.

Kro xe npas? CpenneBekoBble aJXHUMUKH, $e3yCcCrelHo Ibi-
TaBIUKECH NOJYYHTh B CBOMX THUIVIAX M PETopTrax KeJaHHOe 30-
JIOTO, HJIM XUMHKHU-KJACCHKY, CKPYMYJ€3HO B3BEIIMBABIIHE HA
BECax C OrPOMHBIM TPYIOM HOJy4YeHHble UHCTHiE — <«eAHHbE H
HepeNuMbIe», HeU3MeHHDbIe eMeHTh?

Okas3sblBaercs, HH Te, HU JPYyTHE.

— IlpeBpamenne onHoro snemedTra B APYro BO3MOKHO, —
rosopuM Mmel ceroadst. M sToro Mano. MBI HCKYCCTBEHHO TMOJyYaeM
TakMe 3JIEMEHTH, KOTODHIX B npupoie BooOue ner. M TBopiom
uX ABJAETCS ueJoBeK, a He 6Gor. [lomoraior genoBeky He CBEpXb-
2CTeCTBEHHBIE CHJIH], a SHAHHUS.

Ceromust W3BEeCTHB! THICSTYHM BCEBO3MOXKHEBIX SIIEPHBIX peaklHi,
COTHM PAa3JUYHBIX NPHMEPOB NPEBPAIUEHHS OJHHX 3JEMEHTOB B
1pyrue. ANXHMHKHY CPEeIHEBEKOBbA M03aBHIOBAaJH GH HaM. Bens
cefiuac MBI yMeeM TpeBpawmiate pryTh B sosoro. IIpaspa, aro
30JI0TO ObIJIO MOJIYIEHO B HUYTOXKHBIX KOJNHYECTBAX M CTOMJIO Ha-
MHOTO [0pOXKe NMPHPOJHOIO, HO BCE Ke IMOJayueHO!

OpHaKO COBCEM He B MOJYUEHHH 30J10TA CMBICJA CEroqHAUIHUX
OMBITOB MO MpPEBPANIEHHIO 3JEMEHTOB. DTH OMBITHl — JHUIIL OTHH
W3 3TANOB HACTYIMJEHHUS COBPEMEHHOT'O €CTeCTBO3HAHMS, HANMpaB-
JIEHHOTO Ha Pa3rajiKy CTPOEHHUS BelllecTBa.

Hocurenem cBoiicte n000ro sjnemMeHTa SBJASETCS aTOMHOE
sapo. MmenHno oHo, a He 3/1eKTPOHHBIE OOOJIOYKH, C KOTOPBIMU
HMEIOT MEJO XMMHKH B OOBIYHBIX XMMHUECKHX PEakKUHsIX, Onpeie-
JsieT NpUPOLY dMeMeHTa. BoT noueMy jApeBHSI MeuTa YeJOBEKa O
apeBpallleHuH OJHHX 3JIEMEHTOB B JPyrHe CMOIVA OCYILECTBHTbCA
JIMIIL TOTA, KOrJa ObIJIO H3Y4eHO CTPOECHHE A/4pa W BO3HHKIA HO-
Basi HayKa — sifepHas (uU3HKa,
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LLitypm kpenoctu

C XMMUYECKHMH 3JEMEHTAaMHU JIONH TTO3HAKOMHUJHUCH C Hesama-
MATHBIX BpeMeH. BrepBbie 5T0 «3HAKOMCTBO», OUEBHJHO, BHIIJIS-
JIesI0 Tax: MepBOOLITHLIN YeMOBEK B35/l B PYKH YroJeK, OCTaBIIM-
CST MOCJe CropaHusi aepena B ero nepsoM xocrpe. Koneund, geso-
BEK He AyMaJl TOTJAa, YTO AMPHUKOCHYJCA K MOYTH YUCTOMY XMMHYe-
CKOMY 3JIeMeHTy — YIJIEPOLY...

Eme B cenoit apeBHOCTH JIOAM HAYYUJIHCh BEINNABJAATH H3
PYZA YHCTBIe METa/Jbl — 2Keje30, Melb, CBHHEI, 0J0BO, PTYTh —
H OMATH XK€ He MOJ03PeBaJH, YTO HMEIOT HeNO ¢ XUMHUYECKHMH
3/eMEeHTaMH.

C naBHHX BpeMeH JIOASM u3BecTeH U Hukenab. B Mwmmnu
apXeoJIOTH BO BPeMsI PACKONOK OOHAPYIKMJIH HHKEJEBble MOHETHI,
oryekanenusle Hapem Idptuaemom II sa 170 ser mo manreit apelL

ITocrenenno Bce Goablie U GOJbHIE 3J1eMEHTOB HAaUHHAJO CAV-
XKHTb JHOASIM, OLHAKO AOJIrO€ BpeMs OHU IONPOCTY He-3HAJH, C
YeM MMEHHQ HMEIOT AeJO.

Boaee nByX ThiCsueneTHH Ha3af rpeveckuil Muicautesnb lemo-
KDHT BIEPBble BBICKa3aJ MPEANIONOXKEeHHe O CTPOEHHH BellecT3a.
On nmCaj, YTO NPUPOLA — 3TO COBOKYIHOCTb JBHIKYIIHXCH B
nycrore aroMoB. Pa3jnyHbie rpyINHPOBKH aTOMOB, UX JBHKEHU,
I10 ero MHEHHIO, OO'BSICHSIOT BCE SIBJIEHHS] IPHPOIbE.

Bonbuinuerso gpeBHux ¢unocodoB npennonarano, 4ro cyle-
CTBYIOT UETbIpE «HauafAa» MHPO3AaHHS — OrOHb, BO3AYX, BOAA H
semJsi. Tlosanee K HUM NpHOaBUAOCH MSITOE Hayano — 3DUp, HIAK
KBHHTICCEHUMS, -ANXUMHUKH NONOJHHJIM 3TOT CIHHCOK HOHATHSMH
roploYecTs, pacTROPUMOCTH H METaJJIHYHOCTH.

U rtosbko 300 ner Ha3aj Ha CMEHY STHM HEOTPAHHUEHHO JeJTH-
MBIM M TIOAYAC MHCTHYECKMM HayasjaM CTa/ld NPUXOAUTh XHMHYe-
CKHe 3JIeMeHTHl B COBPEMEHHOM TMOHHMAHHH 3TOTO CJOBA.

DyeMeHT cTajii MOHUMATh KakK BEIeCTBO, HCKIIOYHTEIBHO CO-
CTOSILIee H3 aTOMOB OJHOTO BH[A.

OKOoHYATENbHO ATOMHO-MOJIEKYJSIPHblE BO33DEHHS B XHUMHH
BocTOpKecTBoBasH Juwb B 1860 rony, B pemenusax Mexayrnapos-
HOro KoHrpecca xuMukoB B KapJcpys.

OZxHaKO O CTPOEHHH CAMHX aTOMOB XHMHKH TOTO BPEMEHH, TaK
Ke Kak M (U3UKH, HEe MOIJIX BbICKAa3aThb HUYEro, KpOMe CMYTHBIX
IOTadoK. SIBJSETCS JIM aTOM HEJbHBIM <«3€PHOM» BellecTBa HJIH
OH COCTOUT U3 ellie GoJiee MEJKHX YaCTHIL?

Ecau atoMm cocTouT U3 GoJiee MEJKHX YaCTHIL, TO B HeM NPHYH-
Ha PasJMuYMs XHMHUYECKHX 3JeMEHTOB — B XapaKrepe, NPHPoOLe
9THX YaCTHI, COCTaBASIIOIMX aTOM HJAH TOJNBKO B HX 4ucsae? Bce
3TH BONPOCHI OCTABAJNUCH B TO BpeMs Ge3 orBera.

B 1869 rony, saponro xo o0bACHEHHA CTPOSHHS aTOMa, OIHMH
¥3 Beauyafluux Hamux yuenolx — ImuTpuit Mpanosuu Menne-
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JleeB CHCTEMaTH3HPOBaJ H3BECTHble B TO BPeMs XHMHUYECKre 3Jje-
MEHTbl, PpaCNOJNOKHB HX B PSAA MO BO3DPacCTAalOLUM 3HAYEHHAM
aTOMHOrO Beca.

3akon MenneneeBa, N0Ka3aBLIN NEepHONHUECKOe H3MeHeHHe
CBOHCTB 3JIEMEHTOB B 3aBHCHMOCTH OT MX aTOMHOTO Beca, ABHJCH,
00 METKOMY BhipakeHuio akanemuka H. JI. BeamHCKOro, «OTKphL-
THEM B3aUMHOH CBSI3H BCeX aTOMOB B MHpo3naHuuy. On nensbex-
HO JOJIKeH OBbLT NMPHBECTH M NMPHUBEJ K OTKPHITHIO CTPOEHHS aTOMa,
K MONTBEPKIEHHIO CJAOKHOCTH aTOMOB, Ka3aBIUMXCS paHee Mpo-
CTeAIMMH M3 YacTHL, a B AajbHefllleM H K NOATBEPK/JAEHHIO
CJIOKHOCTH aTOMHBIX SILED.

W3 nepuosnyeckoro 3akoHa crefyer, YTO aTOMbl XHMHUECKHX
3MEeMEHTOB COCTOAT M3 GoJiee MPOCTHIX YAaCTHIL H YTO MOCTPOEHBI
OHH ¥3 PAa3JHYHBIX KOJHYECTB OIHHAKOBHIX COCTABHBIX YacTeil.
210 orTanyHO noHuMan cam Mennenees. Ou mucaua: «Jlerko npexn-
MOJIOXKHTh, HO HbIHE M0Ka ellleé HeT BO3MOXKHOCTH [JOKa3aTb... YTO
aTOMBI NIPOCTBIX Te&J CYTh CJOXKHBIE CyllecTBa, OOpa3OBaHHBIE
CNOKEHHEM HEeKOTOPbIX ellle MEHbIUHX YacTef... YTO Ha3biBaeMoe
HaMH HeleJHMBIM (2TOM) — HEIEJHMO TOJbKO OOBbIYHBIMH XMMH-
YeCKMMH CHJIaMH, KaK YacTHLB (T. €. MOJEKYyJbl) HELeNHMBl B
OOBIYHBIX VCAOBHAX (PU3HUECKUMH CHJAMH... BHICTABJIEHHAS MHOIO
MepPHOAHYECKAS] 3aBHCHMOCTb MEXKJY CBOHCTBAMH H BeCOM, IO-
BHAMMOMY, NMOATBEPXKLALT TaKoe NPENYYBCTBHE...»,

M3 kakux xe 4yacTuu nocrpoensl atombi? OTBeT Ha 3TOT BoOll-
poc morpe6oBas TPylda MHOTHX YUEHBIX B TeUeHHe NECATHJETUI.

B 1895 rony nemeuxuii ¢usuk Penrren o6HapyXKHJ HEBHAU-
MBlE IJ1a3y JIYYH, Ha3BaHHbIE B €r0 YeCTh PeHTreHoBbIMHU. 01 cny-
cra (panuysckuii pusnk Anpu Auryan Bekkepenb OTKpbLI, a
cynpyra Kiopu 3areM noApo06HO H3yUHIM DaJHOAKTHBHOCTb ypa-
Ha, TOPUS M OTKPHITHIX HMH PaIHsT H IOJOHHS.

B 1897 rony aurnuiickum ¢usnkoM ToMcoHoM GBia OTKPHITA
mepBasi aJeMeHTapHas YaCTHUA — OTPHUATENbHO 3apsiKeHHbIH
3J1eKTPOH — 0OLIas COCTaBHAsh YacTb BCEX AaTOMOB, KHPIHUHK
BCEX ATOMHBIX IOCTPOEK.

Bckope 6bl10 ycTaHOB/IEHO, YTO NPH pacnaje paJiHOaKTHBHBIX
371eMeHTOB MPOUCXONHUT HCMYCKAaHWe UX aTOMaMU YacTHIl, HAa3BaH-
HBIX Q- W PB-YaCTHIAMM, H Jydefi, Ha3BaHHBIX y-AyuaMu. Oxasza-
710Ch, YTO B-4aCTHLBl — 3TO Te Ke JJNEKTPOHH, a Q-YaCTHIBI —
JiMueHHble JBYX 3JEKTPOHOB, 8 NOTOMY, MOMOXKHTENbHO 3aDPsIKeH-
Hble HOHBI TeJTHA.

CnenoBaTe/bHO, Pa3 aTOM COCTOMT H3 ellle Gojiee MEJNKHX YAa-
CTHL, OH He MOXeT OhiThb HeJeJHMBbIM, HempeBpalmaeMmbiM. Heii-
CTBHTE/bHO, MPSAMBIMH ONBITAMH ObIJIO 10Ka3aHO, YTO NMPH paxuo-

aKTHBHOM anb(a-pacnane palusi — THOHYHOrO MerTaJsna, Hano-
MHHAIOLIEro MO CBOUM cBodicTBaM Oapuil, CTPOHLMH, Kaabluil, —
o6pasyercs... JBa WHEPTHBIX rasa — TreaMii U panod, T. e, 184

COBEPUICHHO APYIrMX XUMHYECKUX 3JEMEHTA.
Takum obpa3om, HAes HEAEJUMOro, HEU3MEHHOTO, CO3AAHHOTO



Gorom aToma, MJes BeYHBIX, HE MPeBpallaOIUXCT APYT B Apyra
3/1eMeHTOB, KOTOPash MHOI'O BEKOB rOCIHOJCTBOBAJA B yMax YUeHbIX,
BHE3allHO PYyXHYyJa, NPHYEM OKOHYATEJbHO M HaBCerja.

OzxHo 3a IPYruM CJAeNOBajJH BeJAHKHe OTKPHITUS B (DUBHKe U
NPOHCXOJANIa KOPEeHHAsT JIOMKA NMPEeXHHX NPEACTaBJIEHHH,

B 1911 ropy aurauiickuit ¢pusux dpHcr Pesepdopn, 6omGap-
JUPYsl aTOMBl G-YaCTHIAMH, YCTAHOBHJ, YTO Q-YACTHIB! IIPOHU3HI-
BaJIH aTOM BO BCeX HaNpaBJEHHSX H Ha BCEX ero yyacTkax, Kpome
LeHnTpa. Bius neHTpa 3TH MOJIOXKHTENbHO 3apsizK€HHble YaCTHIHI
SIBHO OTKJIOHSAJIHCh OT NPAMOJHMHEHHOTO NMYTH, KaK ecad Obl OHH
HCOBITHIBAJIM OTTAJKHBalOllee BO3NEHCTBHE, HUCXOAsIlee H3 I[eH-
Tpa atoma. Korja xe yacTHIbl O0Ka3bIBA/JUCh HANpPaBJAEHHBIMH
NnpsAMO B IEHTP, OHH OTCKaKUBAJIH OOPaTHO, CJIOBHO HaJIeTaJH Ha
OUYeHb HPOYHOE TBEPA0Ee 3ePHBIIIKO.

Cnycts muoro ner O. Pesepdopn Tak BCHOMHHAJA O CBOMX
ombiTax: «JT0 ObLIO, fI0XKAJyH, CaMO€ HEBEPOSITHOE SBJIEHHE,
KOTOpOE KOTZa-aub60o BCTpedasock B Moelt xXKu3uu, OHo GbLIO MOUTH
TaKHM XKe HeBePOSITHBIM, Kak ecjHu Obl obcrpenuBanu 15-mioiimo-
BBIMH CHapsilaMHi JUCT CaMOli TOHKOH GyMarH, a OHH OTCKaKHUBa-
JIM 00PATHO U NMOMaJaJjHu B Bacy.

Or6paceiBanue aJjb(a-4acTUI, Hasaj TOBOPHJAO O TOM, UTO
B LleHTpe aToMa COCPejoTOYeH BeChb €ro IOJIOXKHTENbHBIA 3apsji,
BCSI €TO Macca, ero sijpo.

Tax 3. Pesepdopaom Ge10 OTKPHITO aTtoMHoe sapo. Ilpu
JaJbHEHIIUX HCCNeNOBaHUAX ObLIO OOHAPYKEHO, UTO MAeHCTBH-
TesbHO Gosiee 99,9% Beca aToMa cocpeOTOYEHO B €ro KPOILEUHOM
sape.

Haxe obnanas u3panHoil Qpantasued, TPYAHO NPENCTABUTH,
HanpHMep, rpelKuil opex BecoM GoJsiee MuAanapna ToHH. OnHaxo
HMEHHO CTOJIbKO BecuJ Obl Opex, ecau 6bl OH OblJ CIJIOLIB 3aI10J-
HEH «T'OJILIMH» aTOMHBIMH SiJpaMH, T. €. HMeJ Obl Ty e HeolbIK-
HOBEHHYI0 NJIOTHOCTb, YTO U aTOMHOe sApO. SIMpo — HeBOOOpazu-
MO MaJseHbkasi (nuamerp sapa okoso 10—!2 canrumerpa), HO
HEBEPOSTHO IUIOTHAS YacCTHIa MaTEpHH.

DJIeKTPOHBI BHYTPH aTOMa He HAXOAATCA B HENOJBHAKHOM CO-
crosinud. OHH IBHIKYTCH BOKPYI' siApa MO OMpejfeJeHHbIM OpOH-
TaM, NOJAOGHO TOMY KaK IJaHETH COJIHEYHOH CHCTEMbl BPallaioTcsa
Boxpyr Connna.

Bckope mocsie OTKPBITHS aTOMHOTO sifipa JAaTcKHM (DU3HKOM
Huancom Bopom Gbla paspaGoraHa TEOpHSI CTDOEHHS aToMa H
OfCaH XapakTep [BUKEHUS. aTOMHBIX 3/J1€KTPOHOB.

dra peBosionysa B (PU3HKe, STOT 'PAHAHO3HBIE OPOCOK ecTecT-
BO3HAHWS BIEpPE] CTaJ BO3MOXKEH mpexjie Bcero 6aaromaps Tomy,
4TO JBe JUHHM HAYYHOTO pa3BHTUSI — <«XuUMHUeckasly (maymas
OT NEepHOJMYECKOro 3aKOHa) M <«dusHyeckasa» (or peHTreHo-
‘BBIX JIyue€il, pPaZMOAKTHBHOCTH, 3JEKTPOHA) CJHJIHUCh, B3aUMHO
oboraTtus APYr APYyra, 4 MO3BOJUJIH HAYaTh NPSAMOH WITYPM OFHON
M3 BaKHEHIIHX KPenocrell NpUPoOAbl, €llle He 3aBOEBAHHOH K TOMY
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BPEMEHH YesJOBEUeCKHM PAa3yMOM, — 3arajKH CTPOEHHSI aTOoMa H
ero sapa.

ITpu s3TOM OKa3anoCh, UTO rIaBHOH XapaKTEPHCTUKON KaXI0TO
XMMHYECKOTO 3JIEMEHTa, OnpeleNsIollel ero nNpupony, fABasercs
BeJIMYUHA NOJIOXKHTENBHOTO 3apsjla ero aTOMHBIX fep. Dyavuu
BbipaxkeHa B €JMHHIAX 3/7eMEHTapPHOIO 3JEKTPHYECKOro 3apsia,
npucyuiero sjaekrpouny u nporony (4,8+10-10 engunuu CI'C3 unau
1,6-10-1% gysona), sTa BeJHUHHA, HA3biBaeMasi aTOMHbLIM HOie-
poM Z, paBHSieTCS HOMEPY KJETKH, 3aHHMaeMOH JNaHHbIM 3JIeMed-
TOM B MEHJEJeeBCKON nepuoauueckoif cucreme. Takum obpasom,
0Ka3a/loch, YTO, DPYKOBOACTBYSCh aTOMHbLIMH BecaMy 3JEMEHTOB,
Menzenees mpenyrafa/n BaxKHEHIIYIO XapakKTePHUCTHKY HMX aTo-
MOB — BEJHUHHY MOJIOXKUTENbHOIO 3apsija ellle HEeHM3BECTHHIX B
€ro BpeMs aTOMHBIX s1Jep.

Hitak, atoMHble finpa 3apsiKeHbl MoJoxutenbHo. Ho atoMbi
B 1eJIOM, KaK Mbl 3HaeM, 3JeKTpoHeHTpaabubl. [leao B ToM, uTO
MOJIOXKHUTEJbHBIH 3apsAl siApa KOMIEHCHDYeTCs paBHbIM MO Be/u-
YUHe OTPHIATE/bHBIM 3apfALOM 3/EKTPOHOB, BPAildIOMIUXCH BO-
KPYT fAlpa mo CBOUM opOMTaM, HJH, Jy4lle CKa3aTb, IPYIOUpyIO-
IMXCST BOKPYT siipa B PA3/JHYHBIX «3JEKIPOHHBIX 060a0UKaX».

Uucno 31eKTPOHOB B HEHTPasNbHOM aToMe PaBHSETCH aTOM-
HoMy HoMmepy 3aneMeHTa Z. Ho 370 He 03Hayaer, 4To, U3MEHUB YHC-
JIO HJIX PAacloJioXXeHHe JMEKTPOHOB (a Tak M MOCTYyNaJ/u. B KOHey-
HOM cueTe, aJXMMHKH, KOTZa OHH NMPOBOLUJIH B CBOMX THIIfAX N
peropTax BCEBO3MOXKHbIE PEaKUHH), Mbl MOJNYYHJIU H3 OJHOTO dJje-
meHTa Apyroii. Her, Mbl mpoCcTO MONyYUNAM HOH HJIM JPVFOE BaJeHT-
HOE COCTGSIHHE TOTO XXe caMoro aroma. MaJsible nepecTpoikd B
3JIEKTPOHHBIX 000/IOUKAX — 3Ta «BOTYMHA XUMUKOB» He 3aTparu-
BaeT MPHPOJBI XUMHYecKoro aneMenTa. Ho crouT uamenurs s3apsn
A4pa, KaK Mbl MOJYYUM U3 OJHOTO 3jJeMeHTa APYroil U Bejen 32
JTAM H3MeHEeHHeM 3apsna fiipa NepecTposiTC HYyAxHbIM 06pasoM
H 3JIEKTPOHHbIe 00CIOUKH,

Tenepb MB 3HaeM, YTO siApa aTOMOB COCTOSIT M3 NMPOTOHOB H
nefiTponos. IIpOTOHEl — 3TO MOJIOKHUTENBHO 3aPAMKEHHBIE ATOMbI
BOJOpOJA, HEHUTPOHBl — 3JEKTPOHEHTpaJbHbIE YaCTHLbI, Macca
kotopeix Bcero Ha 0,1369% npeBblimaer maccy nporona. UYwueno
NPOTOHOB B SIAPE — 3TO U €CTh aTOMHBLIH HOMEp 3JeMeHTa Z, KO-
TOpBIH Onpeje/isieT MOJNOXKUTENbHBIN 3apsil aTOMHOTO sijIpa.

Hanpumep, B Tabauue MeHzeseeBa KHUCAOPOJ 3HAUHUTCH MOI
NOpsIAKOBLIM HOMepoM 8.

80
15,9994

3HauuT, YHCJIO MPOTOHOB H MOJIOXKHTENbHBIH 3apsj AApa KUC-
JIopoJa TOXKe PaBHbI BOCbMH.

Jpyroii xapakTepHCTHKON aTOMHOTO sapa SBJSIETCS YHCIO,
Ha3blBa€MOe MaccoBblM, a HMEHHO — CYMMa YHcJa HOPOTOHOB K

8



ypcaa HeHATPOHOB B ALPE, T. €. aTOMHBIH BeC 3J1eMEeHTa, BbIpaXKeH-
HBI{ OKPYTJIEHHO, B 1leJIbIX YHCAAX,

B TO#1 Xe KjeTke MeHIeNeeBCKOH TaOJHIE, Toe H300paxKeH
KHC/0DPOJ, BHH3Y CTOHT €ro aTOMHBIH BeC, OKPYIVIEHHO DaBHbIi
wectHannati. CienosaTeabHO, MacCOBOE YHCIO KHCAOPOLA PABHO
urectHaauati. Koauyecrso HeHTPOHOB B KHCJAOPOJHOM sJpe pas-
HO pasHoctH 16—8=38.

3apsi siApa H MaccoBOe YHCJO MPHUHATO 0603HayaTh HILJEKCa-
mu. B rtakxom oGosnauennu kucsnopon OyAeT BHITAALETb Tak:
508 Unneke 16 cBepxy o6o3Hayaer MaccoBoe YHCJAO KHCAOPOAA,
HHI1eKC 8 BHH3y —— KOJUUYECTBO MPOTOHOB MJM 3apan saapa. Tax
KaK 3apdi Anpa paBeH MOPSLKOBOMY HOMepy B cucreme Menge-
JeeBa, 5TOT MHAEKC MOXKHO He MHCATh — OH YKe 3ajaH XHMUUe-
CKHM CHMBOJIOM 3JIeMEHTa.

M3MenuB yucao mpOTOHOB B SApPE, MBI, KaK 3TO Tenepb yxke
SICHO YHTATeNIo, MepeilileM OT OJTHOTO 3JeMeHTa K Apyromy. Ho u
JJ151 aTOMOB CIHOIO U TOrO Ke 3JeMEHTa 4YHcjia HeHTPOHOB B Sifi-
pPax 3THX aTCMOB MOTYT OBITb Pa3/JUYHBIMH.

Ha Kourpecce anrauiickux yuensix B 1913 rony auraufickuin
¢usux Conayu mpefsioxuJ Has3bBaThb PA3HOBHIHOCTH OLHOrO H
TOrO Ke 3JeMeHTa, pas/jHyalollliecss aTOMHBIM BecoM (T. e. Kak
ceflyac HaM H3BeCTHO — YHCJIOM HeHTPOHOB), M30TONAMH, YTO
03Hayaer No-rpeyecKd KOAUHAKOBO MECTHBIES.

Takum oGpa3om, MaccoBoe UHCJAO IJs Pa3JHUHBIX H3OTOTOB
OHOrO 3JeMeHTa OyZeT pasjuyYHBIM, W H30TONBl  elle MOXKHO
onpernesuTh Kak PAa3HOBHIHOCTH NAHHOTO 3JEMEHTa, Pas.;Inyalo-
LIMecs MO MaccoBbIM yHcaaM. Tak, HampuMep, y KHCJIOpOja, OK-
py:Kawllero Hac B MPUPOJe, HMEIOTCA TPH TaKHX Pa3HOBHIHO-
CTH — ¢ MaccoBbIMH yHcaaMu 16, 17 u 18. B anpax aromos 3tux
IDOTOHOB COJEpPXKHUTCS N0 8 HPOTOHOB U COOTBETCTBEHHO no 8, 9 u
10 nefitporoB. OxHako npumecu usoronos O'7 u O'® x ocuoBHOMY
usorony O!® ouenp HeBenukH — OHM paBHsioTcs Bcero 0,0037 u
0,204%. IToatomy o6LIMiT aTOMHBIH BEC KHC/A0POAa H 0Ka3blBAeTCs
TaK GJAH30K K LeqoMy udcay — K 16.

Cunpbl, cBsi3bIBAIOLIME SALEPHBlE YACTHLBl, B MUJJIHOHBI pas
GoNbllie CHJ, CBSI3BIBAIOIIHX aTOMbl B MOJIEKYJ/bl. DHEPTHsi CBSI3H
HEATPOHOB M HPOTOHOB B AApPaX B NECATKM M COTHHU pas BbLIZ
SHEepPruH CBA3H 3jeKTpoHa ¢ sapoMm. Oua oGbiuxo Oauska ¥ 8—10
MMWIJIHOHAM 3MeKTpoH-BoabT ! Tlpupona sTHX Tak Ha3bIBaeMBIX
SJepPHBIX CHJ B HACTOfLEe BpPeMs ellle He BIOJHE BBHICHEHA.

Hnsa ocyulecTBJACHHS SJePHBIX peaKUHuil HEOOXOAMMBI ropa3no
6osiee MOLIHBIE CPeNCTBA, 4eM IJs1 XuMuueckux. M te npespalie-
HHS JIEMEHTOB, KOTOPble HEe MOIVIH MOJAYYHTBCH Y aJXHUMHKOB,

! B ajgepnoit hU3HKe IHEPLHIO 9acTUL, OGLIYHO BHIPAXKAIOT B 3/1€KTPOH-BOJIb-
Tax, (368). OauH 3/1eKTPOH-BOJILT PaBeH SHEPruH, KOTOPYI NpHOGpeTaer aJex-
TPOH HJIHM ApYyras YacTHIA C eAWHHYHBIM 3apsAOM, ABHrasich B 3JEKTPHUECKOM
110Jle ¢ Pa3HOCTBIO NOTEHLHAN0B B OQHH BOJAbT. OAUH MHJ/UIHOH 3JIEKTPOH-BOJBT
Ha3bIBaeTCsA Melas/eKTPOH-BOJLT (Mas).



ynajnuch (U3MKaM BOBCE HEe C NMOMOLIbIO MHCTHYECKOTO «(hHa0-
copckoro kamua». Cpejcrsa I/ «4yXeCHBIX» NpPeBPallEHHi] dae-
MEHTOB JaJia BIepBbie B PYKH HCCJIeNOBATe/]eil caMa NnpHpoIa.

Bmecto «dunocodckoro kamus»

flBienHMe eCTeCTBEHHON DaJHOAKTHBHOCTH MOCJYIKHJIO MePBHIM
NPUMEpPOM NpeBpalleHys 371eMEeHTOB, NpaBia CaMONpPOU3BONLHOLO,
a He BbI3BAHHOTO YEJIOBEKOM.

Kax u3MeHsiTCA AADa aTOMOB 3JE€MEHTOB NpPH HCIYCKAHUH TeX
WY UHBIX YacTHL?

Henycrus a-yacTuuy (sAapo resaus, COCTOsiliee W3 NBYX NpO-
TOHOB H IBYX HEHTDOHOB), SJAPO 3JeMEHTa, HaNpUMep paiuf,
motepser ABa NPOTOHA M ABa HEHTPOHA W MPOH3OHIET €ro mpe-
BpallleHHe B IPYToil XUMHYECKHIT 371eMEeHT.

Hanpumep, siapo paaus Ra ¢ maccoBbim umuciom 226 u 3apsi-
nom 88 npeBpaTuTcs B AApPO aaeMeHta Ne 86 — panona (Rn) ¢
MaCCOBBIM upciioM 222,

D710 alepHOe NpeBpallleHHe MOXKHO 3aNUCATh TaK:

ssRa%6 - oHet + gRn??2, nim

Ra226 (1 an'

Jlerko BHZeTh, UTO BCSIKHI pa3 mpH aiabda-pacnaje, T. €. HC-
NyCKaHHM @-4acTHIB!, oOpasyercs SAPO NEMEHTa, OTCTOSIIEre
OT HCXOIHOTO Ha JIBe KJETKH NEePUOJHUECKOH CHCTEMBI «Ha3aa»
M ¢ MacCOBHIM YHCJIOM Ha 4 eMHHIBI MeHbIIE.

HpeBpalienne 3/1eMeHTOB NPOUCXOAHT W npu Gera-pacmaje,
T. €. IPH HCHYCKAaHHU B-4acTHIL — 3JIEKTPOHOB. B sipe Her anex-
tponoB. OHu 06pa3syioTcst JIMIIb B CAMblii MOMEHT HCIyCKaHUS B
pesyJbrare npeBpalleHUs BHYTPH SiApa OXHOTO HEHTPOHA B NpO-
TOH. 3HAQYUT, YHCJIO NPOTOHOB CTAHOBHUTCH Ha €JHHHUIY OOJblle,
TO €CThb 3apsij fJpa YBEJUUMBAETCA Ha ENHHHIYY H NOJYyYaercs
M30TOII 3JIeMEHTa, CTOAlIero Ha OJHY KJETKY MepHOAMYecKoH
CHCTEMBI JlaJibllle, HO C TEM 2K& MAaCCOBBIM YHCJIOM.

Hcnyckanue y-nydeil He CBS3aHO ¢ HM3MEHEHHEM MacCOBOTO
YHC/a HJH 3apsiia sApa.

Tak, knerxku rabauuel MennesneeBa YTpPaTHIM XKECTKOCTb H
MX CTEHKH NepecTalju GbIThb [VIYXHMH, HENPOHUIAEMbIMH MEpEro-
ponkamu. Tenepr OHM cTanu THOKMMH, NOJABHXKHBIMH, a CaMH
KJIETKH OKAa3aJHUCb CTYNEHSMH Pas3BUTHS BEIUECTBA, MO KOTOPHIM
1 BJIEBO H BOPABO COBEPINAIOTCS «CABHTH» H «IE€PEX0/]bl» B3aUM-
HO NPeBpallajoNIHXCs 3JIeMEHTOB,

Bce paznoaxTuBHble H30TONbI, HAGJMIOJaBUIHECS NIPH H3YUEHHH
€CTeCTBEHHOH paJHOaKTHBHOCTH, pa3JesieHbl Ha TPH psAfa, Has-
BaHHBIX, N0 JOJFOXHUBYILEMY pPOLOHAYaJbHUKY KaXJOro psua,
pANaMH ypaHa, akTHHHS H Topud. Hdaunnsie uenu anbtha- 1 Gera-
npeBpallleHuil B 9TUX PAJAX 3aKaHYHBAIOTCA 00pa3oOBaHHEM Tpex
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YCTOAYMBLIX M30TOMOB CBHHUA — 8P P8 u &Ps® . Tax
KaK B KaXI0M H3 3THX DSJOB NPOHMCXONSAT TOJbLKO adbda- uau
Gera-npespallleHUs,, TO MAcCOBble YHCJIA HJIH MEHSIOTCS cpa3y Ha
4 envHULbL, WK He MEHAIOTCS BooDle,

B psaay TopHd BcTpedaloTes sApa TOJAbKO C MACCOBBIMH UHC/d-
MH, paBHbIMH 4n (rae n — 52—58), B psany ypaHa — ¢ MaccoBbI-
MH yHcnamu 4n+42 u B psiAy akTHHHS — C MacCCOBHIMH YHC/JaMH,
paBHbIMU 471 + 3, npuueM n mensiercsi ot 51 ge 59.

M3 stux Tpex psIoOB, TPeX «ApPEB», MPHPOJHOTO PafAHOAKTHUB-
HOT'O pacnaja B NPHUPOjJEe COXPAHHJIHUCL JIUIIbL «BETBU» H30TOMOB C
GoJIbLIKM fiepHOAOM Mosnypacnaza !. Bee «BeTBH» ¢ MaJsibiM mepHuo-
IOM foJypacnaja, o6pasHo BblpaKasch, BHICOXJH U OTBAJNUJIHCD B
He3zanaMsATHbie BpeMmeHa. Kpome Toro, mosnHoctbio morubso 4yert-
BEpTOE JPeBO PaLHOAKTHBHOIO pachaja, yCJIOBHO Ha3BaHHOe pA-
IOM pacmala 3JieMeHTa HEeNTYHHS, TaK Kak caMblid ZOJATrOXKUBYILUH
B HEM H30TOMN, HEeNTYHHI-237, :KUBET MO CPaBHEHHIO ¢ BO3PACTOM
3emau (5 MMANMADIOB JIET) CAMLIKOM MaJo, YTOObl NOXKHTb 10
HallUX [Heifl, — ero nepHoj nojypacnajia Bcero 2,2 MUJJIHOHA
qaer. IlosTomy YeTBepThill psiL pacnajfa H30TONA HENTYHHS ¢ Mac-
COBBIMH yucsaaMu 4n+1 B npupolie o6HapyxeH He GbLI.

Bospacr 3emuu Obln ompenesed YYeHbIMH C NMOMOIIBIO TakK
Ha3bIBaeMbIX PaNHOAKTUBHBIX METOIOB, B KOTOPLIX JHGO YUHTBI-
BAETCS COOTHOLMEHHE MeXJy KOJHYeCTBOM PaNHOAKTHBHBIX 3Je-
MEHTOB M KOJIM4EeCTBOM YCTOHYHBBIX NPOINYKTOB WX pacmaiza B
u3yuyaeMol ropHofi nmopone, Ju0O U3yyaeTCsi CPaBHHTeJbHAs pac-
IDOCTPAHEHHOCTh M30TOMOB PAJHOAKTHBHBIX 3JEMEHTOB, TaK Kak
KOJIMYEeCTBO DaNHOAKTHBHBIX M30TONOB C Pa3HOH MPOAOJIKHTEND-
HOCTBIO KH3HH HEONHHAKOBO MEHSIETCS CO BPEMEeHEM.

JlaHHble HayKH peLIMTENbHO NMPOTHBOPEYAT PEJUTHO3HBIM YT-
BePIKIEHHSM, YTO MHD fAKOOH 6bl1 COTBOpeH GoroMm 3a 4—6 Thi-
csiy Jet A0 AaThi «poxnenus» Mucyca Xpucra. (Pycckas npaBso-
cnaBHas UEePKOBbL LAaTOH COTBOPEHHS MHpa BHOJHE ODHIHAJILHO
npusHaBana uuppy 5508 ger no poxnecrsa Xpucrosa). Ira
uvppa onpenensjach UEPKOBHLIMH MCTODHKAMH Ha OCHOBAaHHH
comepxaiiuxcss B Berxom 3aBere cBeneHHIT O BO3pacTe marpuap-
XOB H MNPOJO/IKMIENbHOCTH Pa3JH4YHBIX cOObITHI GHOJEHCKOH
HCTOPHH.

B nmocnennue roapl NepKOBHHKH, MBITasCh CHACTHCh OT Hayu-
HOM KPHTHKH, BbIHYXXJeHbl OblIM OTKa3aThCs OT HEKOTOPHIX $iB-
HbIX HeJenocTeli CBOEro ydeHHd, YTBepxKpaad, yro B Oecemax cC
BePYIOLIMMH HY2KHO MONYEPKHBAaTb BayKHOCTb BHYTPEHHEIO CO-
nepxKaHusg 6u6auu, a He XPOHOJIOTHYECKHE HaThl.

Ho yxumpenuss u (okychl NPONOBEAHHKOB IEPKOBHOIO yue-
HHS JHUIIHAA Pas NOKAa3blBAIOT BCIO TUIETHOCTb MOMBITOK «MONHO-
BUTb» HeJlefble U aHTHHAYYHble PENUCHO3HBbIE JOTMBL...

! Hepuon noaypacnana -— BpeMd, 32 KOTOpOe NOJOBHHA aTOMOB JHAaHHOroO
2/]CMEeHTa npeTepreBaeT pajHOaKTHBROE NPEeBpaLLeHHe.
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B pe3syabraTe HaKCNJEHHBIX JIOALMH 3HAHHI O CTPOEHHH aTo-
MOB yIaJoCh He TOJbKO ONDENENUTb BO3PacT 3eMJiH, NPOCaeluTh
€CTECTBEHHYIO pPaJIUOaKTHBHOCTb, €CTECTBEHHblE IpPeBpallleHHsd
3/IEMEHTOB, HO H OCYLIECTBHUTb HCKYCCTBEHHBIE SII€PHBIE PEaKIHH.
IlepBy0 HCKYCCTBEHHYIO SIAEDHYIO DeakLHMIO OCYLIECTBHJ ellle B
1919 roay dpucr Pesepdopa. bombapaupys asor ;N a-uacru-
UaMH OT eCTeCTBEHHOTO PaJHOAKTHBHOTO npemnapara panuas, Pe-
3ep(opA MONYUYHs YCTOHYMBBI H30TON KHCJopoaa gO!7. Pesep-
dopn 3aMeTHJ NOsBJEHUE NPOTOHOB BO BpeMa 3TOH peaxilHi.
YpaBHeHHe 370r0 NIEPBOTO HCKYCCTBEHHOIO NpEeBPallleHHs 3aeMeH-
TOB MOXKHO 3aHHCaTh TaK:

N4 4 oHet =~ 407 4 H!

YBenunuenue 3apsana Agapa asora Ha eaunduny (¢ 7 y asora 1o
8 y Kuca0opona) NpOH3OILIO MOA AEHCTBHEM @-YacTUIB — Sapa
renus pHe*, necyiero nBo#HON noJOXUTENbHLI 3apsA U OpeBpa-
Liawiierocss npu 3toM B nporod ((HY).

Hcnonp3oBanue 4acTHH, HCIYCKAaeMbIX €CTECTBEHHBIMH pajHo-
aKTUBHBIMH npenapaTtaMi 1Ja GoMOapIuMPOBKH aTOMHBIX SL4ep,
NPHBEJIO YYEHBIX K HOBBIM HEOXHAAHHBIM OTKDBITHAM,.

B 1934 rony snaMenutsle bpanunysckue ¢usuku Mpes u Ppe-
nepuk JKosuo-Kiopu Gombapaupys a-uacrullamu sapa Gopa,
aJIOMHHUST U MarHHS, OTKPHIJIH HCKYCCTBEHHYIO PaAYOaKTHBHOCTD,
o6HapyXKHB 00pa30BaHHE PaJHOAKTHBHBIX H30TOfOB XOPOLIO H3-
BECTHRIX 2/7IeMEHTOB a30Ta, ochopa W KpeMHHsA. YUeHHe BbICKa-
3aJ4 MBIC/Ib, UYTO BCe HACTHIH, Bbi3biBalOllMe sifiepHble NpeBpa-
LeHusi, MOryr ObiTh HCIHOJb30BAaHB JJifl NOJYYEHHS HCKYCCTBEH-
HO pajHOakTHBHHIX 37eMeHTOB, CO BRpeMeHeM OblIM MNOJYyYeHbI
pas3iuuHble DafAMOAKTHBHBIE H30TONbl BCEX 5JEMEHTOB NepHONHYe-
ckoli cucreMbl MenpeneeBa. Ceiilyac HX HaCYHTHBAIOT GoJee
1200.

OTKpHITHE HCKYCCTBEHHOH PalMOaKTHBHOCTH cynpyramu P. u
. Xoauo-Kiopu gano B TO e BpeMs nepsbie NPUMepHl pacnana
slep ¢ HCIOyCKaHHeM NO3HTPOHOB !, 0603HayaeMoro OGHIYHO Kak
B = pacnan. Ilpu B & pacnane sixpa oAHH NPOTOH NpeBpallaercs
B HEHTpPOH, T. €. MacCOBOE YHCHAO AApa ocTaercd 6e3 u3MeHeHHH, a
3apsd yMeHbIIAETCS HA eAMHHIY.

CnenoBarte/bHO, KOHEUHOE PO OTCTOHT HA OJHY KJETKY CH-
cTeMbl MeHieeeBa «HA3a4» OT HCXOAHOTO.

K ToMy e pe3yabTaTy NpHBOAHT OTKphITHI JI. AnbBapenom
(CILA) rtax Ha3bIRaeMbIH 3JIEKTPOHHBIH 3aXBaT, BO BPeMsl KOTO-
pOTO SIAPO 3aXBATBIBALT JEKTPOH C OJHOH M3 BHYTPEHHHX' dJeK-
TPOHHBIX 000/104€K, H OJHH SiACPHHIH IPOTOH NpeBpauiaercs B Hel-
TPOH.

Kax B = pacnaj, Tak 4 37€KTPOHHLIHA 3aXBaT-— 3TO PA3HOBHJ-
HOCTM JlaBHO H3BeCTHOro Hera-pacuana.

CoBepIlIeHHD HOBLIH BHJ PaiuoaKTHBHOCTH — CHOHTaHHOe (ca-

1 TIO3HTDOH ~— UACTHIIA C MAccol, PaBHON Macce 3JeKTPOHA, W € eNHHHY-
HBIM, TOZOCHO 3JEKTPOHY, HO NOJOXKHTEIbHHIM 3JIEKTPHYECKHM 3apALOM,
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MONPOU3BOJBHOE)  JEeNeHHEe TAKeNABIX f7ep — OBl OTKPHT B
Coserckom Cotosze B 1940 rony I'. H. ®aeposrim u K. A. Tlerpxka-
KOM.
HU. B. KypuarosniM, B. B. Kypuarosnm, JI. B. Mbicosckum u
J1. U1, PycusoBbIM GBbLIO OTKPHITO AABJEHHE SIAEPHOK H30MEDUH HC-
KYCCTBEHHBIX DaJHOAKTHBHBIX 3JEMEHTOB, T. €. CYHIeCTBOBaHUE
H30TOINOB ¢ OMHAKOBBIM YHCJIOM NMPOTOHOB H HEHTPOHOB, HO C pas-
HBIMH BpeMeHaMH H MeXaHH3MaMH PaJU0aKTHBHOTO pacnana.
Slipa NBYyxX M30MepOB ONMHAKOBH IO CBOEMY COCTaBy, HO oBJja-
JaloT pa3iuyHOil BHYTpPeHHeH sHeprueii, obycaasaupaollei csoe-
o0pa3sue nyTel ux pacnana.

Bce nepeuncneHHble BHIBI pPafMOAKTHBHHIX TpPEBpaLeHH
BCTPEYAlOTCd U CPefld M30TONOB HOBEIX XMMHYECKHX 3JIEMEHTOB,

HckyceTBednbie pagHoOaKTHBHBIE M30TONBEI M W30TONB! HOBHIX
XUMHUYECKHX 3/IEMEHTOB OBLIH TOJIYUeHEE B OCHOBHOM He C MO-
MOLIbI0 €CTEeCTBEHHbIX PaJUHOAaKTHBHHIX MpenapaToB, TaK Kak
3IHEPTHA M MHTEHCUBHOCTL MX M3JIyYEHUS BCE XKe MaJa.

B ropas3mo Gosbleil CTeNEHH YCHIEXY HECKYCCTBEHHOTO «IIpH-
TOTOBJIEHUS» M30TONMOB CIIOCOGCTBOBANIO PUMEHEHHE YCKOPHTENel
3apsXKEHHBIX YacTHLl U aTOMHBIX PEaKTOpPOB.

ITomuMo 60oMOapIEPOBKH PA3JUUHBIX AAEP G-YaCTHIAMH, Hel-
TPOHAMH, NPH 3TOM NPHMEHSAJOCH €llle M [PYroe «OpyxKHE» —
NPOTOHBI, AEATPOHKE — spa TAXEJ0F0 H30TONa BOAOPOJAA H elle
6oJiee CIOXKHbIE AAPA, O KOTOPBIX peub OyNeT fajblile,

Bech 3TOT apcenaJs ucnodab3oBalca (U3HKaMH ISt TOTO, YTO-
OBl pa3buTh, PACKOJOTH AApa aTOMOB — <ODEXH» HeoObYailHOK
TIPOYHOCTH.

Turnu ¥ peToOpTbl COBPEMEHHBIX QNXMMUKOB

Ilonpo6yem MBICIIEHHO MEPEHECTUCh HA HECKOJbKO CTOMNETHIT
Hasaj W mpeicTaBUTh OGCTAaHOBKY, B KOTOpoil paGoran cpennese-
KOBBIT anxuMuK. Ero naGoparTopust BHIIIAAeNa IPHMEPHO Tak,
Kak ee omucan A, M. Kynpuur B ¢aHTacTHYeCKOM pacckase «3Be-
sna ConomMoHa»:

«Bosblie Bcero 3aHHMall MecTa 3HAIOWMN YepHOH NacThblo
rOPH C HABHCUIHM H4eJIOM, CJIOMKEHHbI M3 MaCCHBHOFO YEPHOTO
kupnuya. Oxosno Hero ¢60KY Ha NOACTaBKe NMOMEHIANHCh Pa3iy-
paresbHble ABORHBle Mexa. OXMH KPYIVIBIH TPEHOTHH CTOM Ghin
yCcTaBJeH PeTopraMu, KoaGaMu, mpoOKaMu, THIASMH, MeH3YpKa-
MH, TepMOMETpaMH, BeCaMH BCAKHX DPOXOB M MHOTHMH IDYTHMH
uHCTpyMeHTaMH. Ha MHOTHX M3 XpycTanbHBIX ¢aaKOHTIHKOB, Ha-
DOJIHEHHBIX MOPOIIKAMH M JKHAKOCTSIMH, TIPUKJIEEHBl OBIH 3TH-
KEeTKM C PHCYHKOM MepPTBOH TOJIOBH ¥ HaANUCBIO «Venena, T. €.
an (71ar.).

I pyroit cron, sicenerblil... Obl1 3aBajeH NanUPYCHBIMH CBHTKA-
MH, 3alHCHRIMH KHHKKaMH, HCYEDUCHHBIMH H HMCIHCAHHBIMH JIH-
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cTaMd GyMard, UHPKYJASpaMH, JHHEHKaMH, a TakkKe KHUTaMU
Bcex (hopmMaroB.

JBa npeiMera Ha sICEHEBOM CTOJie NDUBJAEKaJHd O0COGEHHOE
BHHMaHHe: HeGoJblIasA, B QYT AJHHOIO, YEpPHAS MAN0OUYKa; OJHH U3
KOHLOB ee 00BHBaJla HECKOJIBKO pa3 30J10Tasl 3MeliKa ¢ pyOHHOBHI-
MH IJa3aMH; a TaKXKe IIap BEJHYMHON B KDYyIHOe si0JIOKO H3
JUTOTO CTEKJa HJH H3 T0JYNpPO3payHOTO KaMHS, MOXOXKero Ha
nedpur, onmas Hau Ha capnonukc. Ilasouka Oblia TsixKena, Kak
CBUHIOBAsl MJIH HaJHUTasi PTYThblO, H Ype3BbIYafHO XOJOIHA Ha
omyns, ap Ke nopazkan cBoeil JIETKOCTbIO, XOTS He Obl10O CO-
MHEHHUS, UYTO OH COCTOSJ U3 cnyoiiHOo# Macchl. OT Hero HcXomuaa
CTpaHHasi, TOYHO XHBaf TENIOTa, U B rayOHHE ero, B caMOM LeH-
Tpe, pAesa CTPaHHBIY, TyCTOH H, B 3aBHCHMOCTH OT [OBODOTOB
OoKosI0 ¢oHaps, To OapxaTHO-3ejeHbIl, TO TeMHO-(HOJETOBbIN
KPOUIEUHbII OTOHEK...».

B sntaGopaTopuK COBPEMEHHBIX <«aJXHMHKOB», KOHEUHO, HeET
BosLieGHBIX MaJjouek U Wapos. Bee cosepiuaercs: 6e3 Bosie6eTBa.
Ho, nmoxanyii, HecpaBHUMO CJIOXKHee.

Kakue npubopsl Hcnonb3yloT? Kakne MeTobl MPUMEHSIOT NPH
NOJYYEHHH HOBBIX XUMHUYECKHX 3JeMeHToB? Kax GombGapaupyior
sipa 3apsKeHHBIMH yactHuamu? UYro u3 ceGs npexcrasisier
KYXHSI» COBPEMEHHBIX «aJXHMHKOB»?

[TocrapaeMcs KOPOTKO OTBETHTb HA 3TH BONPOCH. ¥ COBpeMeH-
HbIX «aJIXHMHKOB» HET FOPHOB C MEXaMH, HO €CTb YCKOPHUTEJH H
si/lepHble peak10pHl (ypaHoBbe KOTabl). i packa/ibiBaHUS Aaep
Y NPOHUKHOBEHMS B HUX 3aPAKEHHBIX YaCTUI HEOOXOANMO, YTOOH
9TH YacTulbl 06/ajaNu K0CTaTOYHO GOJIBbIIOH 3Hepruefl.

YBennueHUs] HX 3SHEPTHH [0 JECATKOB MerasJ/eKTPOH-BOJbT
J00HMHUCh C MOMOIIBIO CHNENHAJbHBIX YCKOPHTEJef, H3 KOTOPbIX
JAyYIIAME ¥ Haunbosee yAOOHBIMH OKa3aJHCh CKOHCTPYUPOBAHHbBIC
aMepuKaHCKuUM Qu3HkoM 3. JloypeHcoM LHKIOTPOHBI,

B paGorax coBerckoro ¢usmka axageMmuxa B. M. Bekciepa
Y3/10KEeH [IPUHIIMI, MO3BOJSIOMIMN YCKOPATh B HECKOJIbKO BHAOH3-
MEHEHHBIX HUKJOTPOHAX JEKTPOHBI H TSXKesble 3apsKeHHble ua-
CTHLBl IO 3IHEPIHH B THICAYH M JAECATKH THICAY MEras/eKTpOH-
BOJBT.

Oco6enno 3¢ ¢heKTHBHBIMA JS1 NMPOBENEHHS] HCKYCCTBEHHBIX
sePHBIX TpeBpaIlleHUH SABJAAIOTCS HEeHTPOHB. 3apsKeHHble Ya-
CTULBl HM3-32 OTTAJKUBAHUS NOJOXKHTENBHBIM 3apAIoM fjpa Mo-
TyT TPOHHKAThb B HEro, TOJAbKO o00Janas AOCTAaTOYHO OOJABLIOH
sneprueli. HefiTpoHb!l e He HMeIOT 3apsAla, ¥ OITOMY, €CJIH Ha-
e MX JHeprusi OueHb MaJja, OHM MOryT NPOHHKATb B SAPO H
BBHI3BIBATh NPH 3TOM slepHble MpeBpalleHHs.

Onnaxo 3axBaT HeHUTPOHA caM No cebe He BeJeT K H3MEHEHHIO
3apsjia gapa, T. €. K NpeBpalllenHio 371eMeHToB. Takoe mpespaile-
ude HabJjiopaercs JUIOb B TOM Cjlyyae, KOIla 3aXBaTuBllee Heil-
TPOH AP0 AEJHTCA HMJH HCIyCKaeT 3apsAXKeHHble YacTHUB (B
YaCTHOCTH, B-4aCTHIbI).
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Bnaroxaps npUMeHEHHIO SIEDPHHIX DeakTopoB  (ypaHOBLIX
KOTJIOB), SBJSIOMIMXCA MOLUHBIMH HCTOUHMKAMHP HEHTPOHOB, GblaK
B3ydeHbl MHOTHe BBI3bIBa€Mble MMH fALEDHble [PEBPaHICHMst.

ILuKROTPOHR! M SIAepHbIE PEeaKTOPhl SABHAUCH HACTONIIHMH
¢abpukaMi N0 H3FOTOBJEHHIO MCKYCCTBEHHBIX palJHOaKTHBHBIX
H30TONOB, B TOM YHC/AE H30TONOB HOBHIX 3ieMentoB. OAHako Ha
UHKAOTPOHAX 3TH M30TONLI MOAYYAIOTCH B HUUTCHKHBIX KONHUECT-
BaXx — RO €OTHIX HAU JecAThlx RoJeit mmnaanrpamma. Ilpu nomo-
LY SIEepPHbBIX PEeaKTopOB, NpaBXa, YAaerTcsd HaKamlKWBaTh BHOJHE
BeCOMble KOJMYeCTBa palHOAKTHBHBIX H3atonoe. Ho u 3necwk co-
IepXKaHne NpPOOYKTOB fAEPHBIX npepBpalleHnli B Macce HCXOAHOrO
BeIRECTBa RaXKe RNPH AJIHTENbHOM OOJNYUCHHH €ro BecbMa MaJto #
OOBIYHO He mpeBHINAeT HECATHIX XoJel NpouenTa.

TlosroMy nnas BhilleneHus R HCCAEGACBAHHUSE PaAHOAKTHBHBIX
H30TCI0B OKAa3HBAaETCH HEOOXOXMMBIM XHMHUECKH HepepaboTaThb
rpaniHo3Hble KOJMMIECTBA HCXONHOIO BemecTBa. [ipuxonmrcs
TakXe UMeTb HEAO ¢ OYEeHb MAaJBIMH KOJWUECTBAMM Pa3JHUHbIX
PanHOaKTHBHBIX BEHIECTB, KOTOPbIE HYKHO YMETb Pa3lefudTb, Mo-
JYyUHTh B XHMHUECKH YHCTOM BHAe K RORXPo6GHO HCCASKOBaTh
npexkne, YeM MPOM30MJAET HX PalHOaKTHBHBIH paclag.

Bce nepeuncnennbie 3afaqd yCMEeIIHG PEIHAIOTCH CPaBIRTE/b-
HO MoJoXofl 06JIaCTBIO HayKM — paRHOXBMHeR, Baualo KOTOpol
nonoxunu Mapusi u Ilwep Kiopu. Pasputhe panmoxnmun, usy-
uydlolLell xuMpyeckue H (QHU3HKO-XHMUYECKHEe CBONCTBa palHoax-
THBHBIX 3/1eMEHTOB, pa3pabaTHIBAIOIICH METORB! MX BbIRERCHHS H
KOHIEHTPHPOBaHMS, CHIFPa]0 OFPOMHYIO DONb B Da3BHTHH snep-
HOI (DH3UKH H, B YaCTHOCTH, B paboTax, BDHBERNIHX K OBJIaleHHIO
aTOMHON 3HEpPrHell M CHHTe3Y HCKYCCTBEHHBIX XHMHUYECKHX 3Je-
MEHTOB.

Eme Mapna Kiopu, n3yuas csofictea coenunenuit ypana, ob-
HapyXHAa, 9TO HPH ZOOABJEHHHA K BOXHOMY PacTBOPY CEPHOKHC-
aoro ypauuna (UO.SO4) pacrBopa xaopuna 6apus (BaCl,),
Gonblnas Yacrb PafHOaKFHBHBIX CBOMCTB pacTBOpa COCpPeROTOYeHa
B OcajKe, colep:amem cepHoxucabiit Gapuit (BaSO,).

CnexTpanpHbH ananu3 IOKasal, 4TO B OCajke MDPUEYTCTBYET
HOBBIX 3J1EMEHT, Ha3BaHHbI panueMm. [Ipumecs paana x ypanosoi
pyLe muuaTOXKHa: Ha 1 ke ypana B pyAe CORepXKMICA He Ooaee
0,00036 ¢ panus.

Xora RaSO4 u He pacTBOpHM B BOIE, HO OC3ANHTh pajiiii caMm
nmo ceGe B Bule CEPHOKHCJ/IOK COAM He yAaBajoch. AGCOMIOTHO:
HeDaCTBOPHMbIX BeIEeCTB B IPUPOAe, KaK U3BECTHO, HET, B HOTOMY
13-33 HUUYTOXKHOCTH KOHLEHTPAUHUH COJEH pajls B pacrsope OHH
He BHINafaH B 0CaljoK.

Ecnu xe noGaputh conn Gapud, To panuil, PoACTBEHHBIH DO
CBOMM XHMHYECKHM cBOfcTBaM GapHIo, 0CaXRaeIcs BMeEcIe ¢
CepHOKHC/HM OapueM B BuAe coin RaSOy.

B zanHoM cayuae conb Gapud, He obaajalolias pakHOaKTHB-
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HOCTBIO, SIBJSIETCH HHEPTHLIM HOCHTENEM IJisl OCaXKAaeMblXx pa-
JHEBBIX COCLUHEHHII.

TakuM o6pa3oM, BO3HHK IIHDOKO NPHUMeHAEeMblii B pajHOXH-
MHH MeTOJ HHePTHbIX CHyTHHKOB. s Kaxaoro H3orona u Aas
KaKI0ro HOBOTO 3/1EMeHTa, M0 MecTy, 3aHHMaeMOMYy UM B NIepHo-
nHYecKoil cucreMe MenjesneeBa, 3apaHee M3BECTHO, KAKAMH XHU-
MHYECKHMH CBOHMCTBAMH OH JOJIXKeH 00JafaTh H KaKue 3JICMEHTH
OJIM3KM eMy 1O XMMHuecKMM cBoiicrBaM. IlesTomMy 3apaHee u3-
BECTHO, COEJMHEHHA KaKHX JIEMEHTOB JOJXKHbI BblOHpaThCAd B
KauecTBe HHEPTHLIX CIYTHHKOB — COOCaAMTENeH.

[Tocne OTKPLITHS HCKYCCTBEHHOH paJHOAaKTHBHOCTH MeTOL
HHEPTHBHIX CIIyTHHKOB MOJNYUYHI ellle Goslee MIHPOKOE NpUMeHeHHe—
B KayeCTBe HHEPTHBLIX coOCajuTeNell HauaJ/i HCNOJIb30BaTh COEdH-
HEHHS YCTOMYMBBIX H30TONOB TexX e 3jeMeHToB. C mOMOULbIO
ocaXIeHHs NPOHCXONUT oborallleHde CMeCH paJMOAKTHBHHIMH
Y30TONAMH, 3HAYUTEJNbHO MCBBIIIAETCS UX KOHUEHTpalus.

B mocienHee BpeMs B paJHOXHMHH OYeHb 00J/IbllOoe 3HAUEHHE
upuobpen cnoco6 HOHHOTO OOMeHa Ha CIelHaJbHBIX CHHTETHYE-
CKHX CMOJIax IJIf pa3feseHHs HUYTOXKHBIX KOJHYeCTB pa3HbIX
3/JEMEHTOB.

Cnocob 3TOT mpexacraB/sieT ONHY H3 Pa3HOBHAHOCTEN Xpo-
Martorpaduyeckoro asasnusa, orkpeitoro B 1903 roay BuifaroluM-
ca pycckuM Sunoxumukom M, C. Lisetom.

Metonuka, Ha KOTOpOfi ocHOBaH xpomartorpaduueckuit an-
copSunonubiil Mero], LBera, no unee oueHn mpocra.

PactBopennble cMecH BelleCTB NPONYCKAIOT Yepe3 CTEKJSH-
HYIO TPYOKY — KOJIOHKY, HalOJHEHHYIO KaKHUM-HHOGYIb ancopOu-
PYIOMIMM BelUeCTBOM — H3MeJIbYeHHBIM MeJOM, MOPOIIKOM caxa-
PO3bI U T. M.

CMech BeleCTB pas/essieTcss IpH 3TOM Ha COCTaBHBle YacTH.
M. C. Isery Takum crnoco6oM ynasoch BHepBbie pa3ieuTth pa-
CTHTeJIbHble [IHTMEHTHI.

Ilpocreftiinit onblT no XpoMarorpaduu naxe 6e3 BCAKOH CTek-
JAsiHHONM TPYyOKH MOXeT Mpojenarb caM 4uTaTeab. Ecnau B cmech
d€CKOJIbKHX PAa3HOLBETHBLIX *KHMIKOCTEl OMYyCTHTb MOJIOCKY (HJib-
TpoBa/abHON Oymaru, To Ha Hefl 06pa3yercsi HECKOJIbKO 30H, OK-
palleHHbIX B IIBeTa TeX PaCcTBODOB, H3 KOTOPHIX COCTaBjeHa 005-
ias cmecb. TakuMm oOpasoM, HBer cMecH Kak Obl pasjaraercd
dnabTpoM Ha 1IBeTa cocraBHbix yacreir (otuero M. C. Llser u
Ha3BaJl 3TOT METOJ XpoMarorpauuecKHM aHaJH30M).

Ilpuunna 3TOrO SIBJEHHUSI COCTOMT B TOM, UTO pasHble COCTaB-
JiAI0llKe CMech BellecTBa ajcopGupyloTes (pmmposanbﬂou 6y-
Ma)<KOil (MMM MEeNOM, HJM Caxapo3oi) M0-Pa3HOMY, MPHYEM Be-
1leCcTBa, KOTOpble Jayuile ajacopOHUPYIOTCS, OCTAIOTCA BHH3Y Gy-
MaXKHON MOJIOCKH, a XYyxKe aacopbHpyeMble BBHITECHSIOTCS BBEpX.
TouHo Tak XKe W PacTBOP Pa3HHIX 3JEMEHTOB, MPONYIIEHHbIH ye-
pe3 KOJIOHKY, Pa3fesUTCs Ha HECKOJbKO 30H 1O ee JJHHe.

B pajauoXuMHHU KOJIOHKY 3alOJHAIOT CHELHAJbHEIMH CHHTETH-
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YeCKHMH HOHHOOGMEHHBIMH cMoJjaMH. Pasgenusmylocs cMech
9/1€MEHTOB BHIMBIBAIOT 3aTE€M DACTBOPHTEJEM H MOJYYAIOT TaKUM
©c0pa3oM B onpeledeHHOH MOCAENOBAaTENbHOCTH, OHH 3a ADYTHM,
3AeMeHTH WJAH UX coeanHedus B yucToM BHae. C roMoIbIO 3TOrO
MeTola yaaercss NOOGHTbCHA NMPEKPACHOTro pasjlefeHHs AaKe OYeHb
O6IM3KHX [0 CBOMM CBONMCTBAM pelKO3eMEe/NbHBIX 5JeMEHTOB, He-
CMOTpPSl Ha HX HHYTOXKHBIe KOHLEHTPAaIUH B HCXOLHOM pacTBOpe.

Boabuiyo posb B BbiAe/eHHH M U3YYEHHH HCKYCCTBEHHBIX XH-
MHYECKHX 2JIEMEHTOB CHITPaJH H MHKPOMETOIB!, [I03BOJSIOLLINE
OMEPHPOBATH C HUYTOKHBIMH KOJNHYECTBAMH BeLECTB.

PasBuTHEe MHKDPOMETOAOB SIBUJIOCh BAaXKHBIM HIATOM B «MHP

2BECOMO MAaJIoro».

HeB0o3MOKHO 11peCTaBHTh, C KAKHMH MH3epHBIMH KOJIHUECTBA-
MU HHOT@ NPUXOJMTCH UMETh JAeJNO0 DaJHOXHMHKY. UacTo yueHbM
IPHXOAUTCSA B3BELIMBATh OYKBaJbHO HEBHAMMble 06pasLbl Ha He-
BUIMMBIX BecaX. B camoM nese, H 06beMbl BellecTBa, H HEKOTO-
pble YacTH BECOB MPOCTHIM I[VIa30M He BUJHUMBI, HX MOXKHO pasJiu-
YUTD JHUUIb C TOMOILBIO MUKPOCKONA.

Eie HezaBHO npefejoM TOYHOCTH B3BEIUHBAHUS HA CaMBIX
YYBCTBHTEABHBIX BeCcaX CUMTAJICH OJHH MUKPOIPaMM — MUJJIHOH-
Hasi fosia rpamma. Ho B3BeInBaTh HHYTOXKHbIE NOPLHH COELHHEe-
HUI HOBBIX 3JIEMEHTOB C TaKOH YYBCTBHUTE/JBHOCTbIO ObLIO Obl
CTOJIb Xe Oecriosie3Ho, Kak, HanpuMep, B3BELIHBAaTh Ye/OBeKa Ha
Becax, 00ecneyHBalOIIUX TOUHOCTh JO [ECATKOB KHJOIPaMMOB.

TlonsitHo, 4TO 3amaya MOBBIIEHHS B HECKOJbKO NECSITKOB Pas
mpenesa MaJOCTH H3MEPUMOro Beca oOueHb caoxHa. HyxHo
yd4ecTb XOTS1 OBl TO OOGCTOATENBCTBO, YTO MaJsellliHe TOKH BO31y-
Xa — <JYHOBEHHe BeTepKa» JeHCTBYIOT Ha CBEDXTOUHBIE BECHl TaK
Ke, Kag ecau Gbl Ha OObIYHbIE BeChl IIONEPEMEHHO CTaBHAH H
CHUMaJu 100aBOUHble THPH.

U Bce Xe cBepXUYBCTBHTEJbHbIE MHKPOBECH! ObIIH MOCTPOEHBI.
OHH cnoCcoOHbl B3BEIIMBATE KTAKECTH» A0 25 Me ¢ TOUHOCTBLIO 10
0,02 me, 1. e. 10 ABYX CTOMHJIIHOHHBIX JOJEl rpamma.

Ewe Gosee yauBHTeNbHbIE BEChl yNa/J0Ch COODYAUTH HJs H3V-
YeHWs] MAarHUTHBIX CBOMCTB 0Gpa3lOB pas3jiHIHBIX 3aypaHOBBIX
3/1IEMEHTOB BECOM B HECKOJIbKO MHKPOIDaMM.

B sTOoM cnyuae peub umer o0 H3MepPEHUSX HE CHJBl TSXKECTH,
a CHJIbl, C KOTOPO#l BHEIIHEee MarHUTHOE [O0Je BO3NeHCTBYeT Ha
MarduTHbIE MOMEHTHl 3JIeKTPOHOB. MarHHTHble BECHl MO3BOJSIOT
u3MepATh Takue cuibl 1o 102 2 ¢ Tounoctsio o 10~!L, ITomuure,
Kynpun ynomunaer B «3Be3fge CosoMOHa» BeChl PasHLIX pOJIOB,
HO YK TaKHE€ BeChbl CPeJHEBEKOBLIM aJXHMHKaM HaxKe HE MOMVIM U
O PHCHUTBCS.

He TonbKO B3BelIWBaHWe, HO M BCe MPOUHE MAHHUNYAAUHH C
MHKDOJ03aMH COEAMHEHHH HOBBIX 3JE€MEHTOB COMPSKEHB ¢ 60Jb-
My TpyaHoctaMH. O6beM Kanau pacTBopa npH pabore ¢ o6bIU-
HbIMH aHaJHUTHUECKUMH NHNETKaMH cocrasgsier okoqo 0,02 cud,
4 B ONbITAaX C PacCTBOPAaMH COeJMHEHHH HOBLIX 3/1€MEHTOB Heos-
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XOIUMO ONEepPHPOBATb C HECPABHHMO MEHBUIUMH KOJHYECTBAVIU
BeulecTBa. I1oatoMy uccielnyeMble pactBOpbl NPHIOTOBASIIOTCA 8
cnenua/sbHbIX MHKPONMHNETKAX, B KOTOPhle KHAKOCTb 3aCaChIBAET-
cs wnpnueM. O6beM Bceil paGoueit yacTu TaKo# NUMETKH Mo Kpail-
Hell Mepe B 10 pa3 meHbllIe 06bema o6GbIyHOf Kanad. Peakuuu npo-
BOAATCA B Kanuaiasipax guamerpom or 0,1 no | mm, npuuem Bce
onepanuu HaOJIOLAIOTCA uYepe3 Mukpockon. J[laxe, wanparas
BooOpaxKeHue, TPYIHO CPaBHHUTb C PETOPTOH aJXUMHKa Takoe
«BMECTUJIHKILEe» AJ5t Pearupyrolliux BelecTs.

®uabTpoBaTh CTO/Mb Majibie KOJHYECTBA PaCTBOPOB, KOHEUHO,
HEBO3MOXKHO, NO3TOMY (HUJAbLTPOBAHHE 3aMeHseTCs LeHTPHpyrH-
poBanueM. Ilpu GoicTpom BpallleHHH Kamu/jasipa ¢ pacTBOPOM Ha
LeHTpH(pyre ocalok mnepeMeniaercsl Ha Kpa#, YRaJeHHBIH OT HeH-
Tpa BpallleHHs, U KHIKOCTb 3aTeM OTCAChIBAETCA LINPHIEM.

BrimapuBanne Kameab pacTBOPOB H INPOKAaJMBaHHE OCaLKOB
NPOH3BOAUTCA B OYEHb cBOEOGpPAa3HOM «THUIJAe» — B KBapLEBOH
TPyOKe C NJaTHHOBLIM 3KPaHOM.

ITpu noMouln Bcex TaKUX MHKPOYCTaHOBOK GBI BOepBhle H3Y-
YeHbl XHMHYECKHe CBOHCTBA HOBBIX «CHHTETHYECKHX» 3JEMEHTOB
Ha o6pa3uax, Bec KOTOPHIX He MpPEBbIAj) CTOTBICAYHOH JO.1H
rpamMma. Ha ocHoBauum RaHHBIX 3THX MCCaelOBaHHi Gblaa pas-
paborana, HanpHMep, TEXHOJOTHA NPOMBINIEHHOTO MNOJAYYEHHS
NJYTOHHS B KOJHYECTBaX, B MHJIIMAPALI Pa3 IPEBOCXONSIKX Ho-
TI0Jb30BaHHbIE B MEPBLIX HccleqoBaRusX. EcrecrBeHno, 4To TaKofl
KoJiocCanbHbI KO3 (HUHEHT nepecuera OT AaBOPaTOPHEIX K 3a-
BOACKHMM YC/IOBHAM noTpe6oBaj Yype3BblYalHON TOUHOCTH MHKPO-
HCCJIeLOBaHUH.

B cBa3n ¢ ompeneseHHON OnacHOCTBbIO, KOTOPYIO MOTYT mpel-
€TaBMAATE A/ HCCAENOBaTeNst palAMOaKTHBHblE H3JAYYEHHs, H3yue-
HHMe XMMUYECKHX CBOHCTB DafMOaKTHBHLIX H30TOMNOB TIPOBORMUTCA
OObIYHO B FepMETHYECKH 3aKPHIThIX sIHIMKaX-60KcaX, CHaOMEHHbIX
TOJICTHIMH CTeK/1aMH. B crenkn Taxux OOKCOB BMOHTHPOBaHbI pe-
3MHOBbIE NEPYATKH, HaleBasd KOTOpHle, XUMHKH MOTYT BBHIIOJTHSTH
BCEBO3MOXKHbBIE NPOLEAYPHI C PaJlOaKTHBHBIMHU IpenapaTaMu npH
MOMONIbIO HAXOAALIMXCS BHYTPH 60KCa peakTHBOB H 0060pylIo-
Banus. Tax kak npober 6era- u B ocobennocTH aab(a-uacTull
MaJi, TOJIHHA [ePYaTOK yXKe CJAYKHT AOCTATOYHON 3allHTON PYK
uHccjenoBatenss Hpu pabore ¢ anbha- n  6eTa-akTHBHOCTAMM.
B rex cnyuasix, KOrja aKTHUBHOCTh OCOGEHHO BLICOKZ M NPUTOM
HMeEeTCs CHJAbHO IIPOHHKalollee raMMa- WM HeHTPOHHOE H3jyue-
HHe, HCOOJAb3YIOTCA ellle Gosee HafeX Hble CNOCOOb! 3aLUTHI IKC-
nepuMeHTaTopoB. B «ropauux» nabopaTopusax, rie NPOBOIATCSH
ONnbITHl ¢ 0c000 aKTUBHLIMH MpenaparaMH, HccaefoBaTeNb OTHe-
JIeH OT M3y4aeMBbIX BeLIeCTB TOJCTON 3aliUTHOH CTEHKOH CO CMOT-
POBBIM OKHOM H3 CBHHLOBOTO CTEKJa TOJIMHHOH JO MeTpa HJH C
CUCTEMON MEPHCKCIINYECKOTO (KaK Y MOJABOAHBIX JOAOK), MU TEJje-
BH3HOHHOTO HaOJ/MI0ACHHUS.

BHyTpH «ropsueil» xaMephl PYKH YUeHOrO 3aMEHSIOT 3aXBaThl
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crielua bHbiX YCTPOHCTB — KOMHPYIOIHX MaHUMYJAATOPOB, B TOU-
HOCTH MOBTOPSIOUIMX ABHUXKEHHS MHBBIX PYK, BAETHIX B «Iepyart-
Ky» MaHUOYJAATOpA [0 APYLYI0 CTOPOHY 3alHMTHOM CTEHBI.

«Benble natHa» ucuyesaloT

B momenTt oTkpbiTHS MeHeneeBEIM nepHOJHUECKOrO 3aKOHA
(1869 r.) xumukam GbIIO H3BECTHO O CYLLLECTBOBAHHH Bcero 63
3/1eMEHTOB, MPUYEM U CPeJH 3THX JJEeMEHTOB JaJeKo He /s BCeX
OblIM YyCTAHOBJIEHBI CBOHCTBa, B TOM YHCJ/Ie W Takoe BaxKHelllee,
KaK aTOMHBIH Bec.

Ha ocnoBanuu nepuonnueckoro sakona Mennenees ucnpasun
B moJITOpa-iBa pa3a aTOMHBIE Beca NeBSTH 3JEeMEHTOB H Tpej-
CKasaJl cyllecTBOBanMe ABEHAAlaTH 3JIEMEHTOB, IpUYeM AJA TPex
Y3 HUX TOUHO omucan (U3UuecKHe M XHMHYeckde cBoiictBa. Onu-
ceiBag B 1871 rofy cBoiicTBa ellle HUKEM He BHAEHHBIX XHUMHUYe-
ckux ajemenrtos, . M. Mennenees Gbii TBepAo yOexIeH B TOM,
YTO HEH3BECTHBIE 3JIEMEHThl DPaHO HJH MO31HO OTKPOIOT.

«Mpl He MMENH N0 CHX NOP HMKAKOH BO3MOXKHOCTH MpEeIBHU-
JleTh OTCYTCTBHE TEX HJIM JPYyrux jeMeHToB, — nucaa . M. Men-
JeseeB, — TMOTOMY UMEHHO, YTO He HMeJNH HUKaKOH CTPOTOH AJis
HHX CHCTeMbl, a TeM §oJsiee He HMMeJH MOBOLOB MPEACKAa3bIBATh
CBOHCTBA TAKHX 3JE€MEHTOB...

Pewraioce 370 caenarth pagu TOro, YToOB XOTS CO BPEMEHEM,
Korja Gy/leT OTKPBITO ONHO H3 3TUX NpPEJCKa3biBaeMbIX MHOIO Tel,
HMEeTb BO3MOXKHOCTb OKOHUATEe/JbHO YBEPHTbCS CaMOMY H YBEPHTh
JIPYTHX XMMHKOB B CIPaBeNJIHBOCTH TeX MPeNnoJoKeH I, KOTophle
Jie)KaT B OCHOBAHWH NpensiaraeMoil MHOH CHCTEMBI»,

Cnycrs yersipe roga (B 1875 r.) dpanuysckuit xuMux Jlekox
ne byaGoxapau, usyyasi ¢ MOMOMIBIO CHEKTPaJbHOTO aHajH3a Co-
CTaB MHHepaJsia, npHuBe3enHoro ¢ IlupenefickuX rop, oGHAPYKUJ
TaM Heu3BecTHBIH aneMeHT. OH Ha3Bag ero rajJjHeM.

Eme ne Buns HoBoro ssnemenra, Menpnenees uanucan ¢pau-
LY3CKOMY XHMHKY, YTO YIeJbHbIH Bec rajns J0JKeH OLITh TpU-
MepHO B LIEeCTb pas3 TsKesee yNeJIbHOTO Beca BoAHL. Uepe3 Hexo-
Topoe Bpems ByaGoxpan orBerun u3 Ilapuxa, uro Menzgenees
omubces. YenbHslll Bec rajaus pased e 6, a 4,7.

Ho yBepenusnifi B cBoeil npaBote Mensenees nanucan B [Tapux
HOBOE NHUCbMO, B KOTODOM YTBepIKJaJ, UYTO YAeJbHbIA Bec rajani
He Moxer GbiTh 4,7. On poaxen 6uTh OT 5,9 10 6.

M Ttorna DByaGoppan pewmusn eme pas npoBeputh cebs. Ou
NOCTaBHJ HOBHIH ONBIT M yOeAuJcs, 4YTO YAENbHLIA Bec rajaud
pasex 5,94! Tak Gaecrslle NOATBEPIUIOCh HAYYHOE MpPEABUIECHHE
BEJIHKOTO PYCCKOTO XMMHKA.

ITosxe K. A. Tumupsizes nucas o6 3To0M:

«Imurpuit UBanosuuy MenzieneeB oGbABIASIET YUEHOMY MHDY,
4TO TJe-TO BO BCEJEHHOH, MOXeT ObITh Ha Halle#l maaHere, a Mo-
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#eT OBITb H B MHBIX 3BE3JHBIX MHPaXx, JOJNKEeH HaATHCh JEMEHT,
KOTOPOrO HEe BHJEJ elile YeJOBEUECKHH Ijia3; H 3TOT JeMEHT Ha-
XOJUTCS W TOT, KTO €r0 HAXOAHT NPH NIOMOUIM CBOHX YYBCTB, BU-
INMT ero B NMepBBIN pa3 Xy»Ke, YeM BHIE/] CBOMM yMCTBEHHBIM B30O-
pom MenpeneeB, — 3TO JI1 He MPOPOUECTBO!».

D10 GBIIO NEHCTBHTENBHO HPOPOYECTBO, HO B OTJIHUHE OT pe-
JIUTHO3HBIX MPOPOYECTB OCHOBAHHOE Ha IMyOOKHX HAy4yHBIX 3Ha-
HHAX.

Penurns yuur, uto 6or He TONbKO TBOPEWl NPHPOJIH, OH YIpPaB-
JISIeT BCEMM €e SIBJEHHSIMH, Bce coBepliaercs no ero BoJge. Hesn-
TeJbHOCTb Gora oObsB/sercs Heno3HaBaeMmo#. <«Heucrnosenumel
nytu rocnonuu. Henb3s mpensuaers Oynyluero, OHO 3aBHCHT OT
BOJIH 6Ora», — roBODPSIT NPONOBELHHKH PEJNUTHH.

Hayka noxaspiBaer oO6paTHoe. 3HaHHS, HAKONJIEHHble YesoBe-
YeCTBOM, MOMOTAIOT MOHSATh NPHYHHB SBJEHHH H CYHIeCTBYIOIIHE
B NPHUPOJE 3aKOHOMEPHOCTH, JalOT BO3MOXHOCTb NpeiBUHAeTh Oy-
Ayuee.

3aMeuaTeJbHBIM PEMEPOM HAyYHOI'O NPEABUACHHS fABJASETCH
renuanbuoe npopouecrso . . Menzneneena.

Eule npu XXU3HH XMMHKA, KPOME TanAus, ObIIH OTKPHITH Npel-
CKa3aHHbIe UM CKaHAuH W repManuii. Bce npenckasanua Menne-
JleeBa OTHOCHTENbHO XHMHYECKHX CBOHCTB 3THX 2JIEMEHTOB OBLIH
MOJIHOCTBIO NOATBEPXKAEHB! ONBITOM, YTO SBHJOCH IOJHHIM TPH-
yM$pOM nepHOAUIECKOro 3aKOHa.

3a nonseka (18756—1925 rr.) xumuKkaMH ObLIH OOHapy:KeHHl
25 371eMeHTOB.

OpHako M 1OCTe OTKPHITHS 3TUX 3JEMEHTOB B IePHOLHYECKOH
cucreMe MenjeneeBa B cTapbix ee rpaHHUax — OT BONOPOLA 1O
vpaHa — 0CTaJoCh 4eThlpe CBOOOJHLIX MecCTa, YeThipe OesblX NaT-
Ha, COOTBETCTBOBABUIMX €llle He OTKPHLITHIM 3JeMeHTaM.

Josroe Bpemsi He OblIO HaHNEHO B TPeX pAAax eCTeCTBEHHOTD
pacnaja, 0 KOTOPhIX TOBOPHJIOCH Bhlil€, HH OJAHOTO H30TOHA 3J2-
mentoB Ne 85 u 87. Kpome 5THX mBYX 3J€MEHTOB, OCTaBaJHCh
HeoOHAPYMEHHBIMH ellle aBa — Ne 43 u 61. DTH 3/MeMeHTHl CTOAT
B CepelMHe NepHOANYECKOH CHCTEMBI, COCEH HX XOPOLIO H3YYEeHH
W BIIOJIHE YCTOHYHBBI, NOSTOMY <«OTCYTCTBHe» 3jeMeHTOB Ne 43 H
61 mpencTaBAsJIOCh OCOOEHHO CTPaHHBIM.

He ynusuTtenbHO, YTO MHOro pa3 MNOSBAsAUCH COOOUIEHHS O
3aNI0JIHEHUH YeThipeX NYCTYIOLIMX KJAETOK NepPHOAUYEeCKOH CHCTe-
Mbl, HO BCAKHI pas 0Ka3blBaJoCh, 4T0 coobulenus Obliv OMIHBOY-
HBIMM M 3JIEMEHTH ¢ TOpPSAXKOBBIMH HoMepaMu 43, 61, 85 u 87
HPOROMAKANR YCKONB3ATh OT HCCAEAOBATeNeH.

W3 uncna sTHX wuyeThlpex 9JEMEHTOB CYUIeCTBOBaHHE Tpex
(Ne 43, 85, 87) Onwio npeackasaHo caMuM MenzeneeBrM, AaB-
MM 9THM 3JieMEHTaM HasBaHMe dKaMapraHua (T. e. crosuero
3a MapranueMm), skaiiofa (T. e. CTOSILIETO 32 HOJAOM) M 3KAUE3UT
(1. e. cTosiLEro 3a le3xeM). ODTH Ha3BaHHA XapaKTEPU3YIOT H
XHMHYECKHE CBOHCTBA JAJA TPEX YKa3aHHHX 3J€MEHTOB,
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YerBepThlil «0TCYyTCTBOBABIIHAY aaeMent Ne B1 pacmosaraer-
csl B MEPUOJHUECKON CHCTeMe KaK OJMH H3 YeThipHAAUATH PeAKO-
3eMeJIbHBIX 3J€MEHTOB — JIAHTAHM/OB, H MO CBOHM XHMMHUECKHM
CBOHCTBAM OH JOJIKeH OblI NOXOAHTh HA OCTAJbHEIX YJIEHOB 3TOr0
ceMeiicTBa.

Jluubs nocaeanue 25 JeT NPHHECIH, HAKOHEl, YCIeX He TOJAbKO
B 3alIOJIHEHHH MYCTHIX MECT IePHOJHYECKOH CHUCTEMBI, HO H B HC-
KyCCTBEHHOM [OJyYEHHH elile Psifa 3ayPaHOBBIX 3/71eMeHTOB. DTOT
yCclnex onpefefHscs MOLIHBIM pPasBHTHEM SKCIE€pHMEHTaMbHBIX
MeTOHO0B IHepHON (PH3UKH U PAAHOXUMHUH.

ITepBbIM W3 3araflouyHOH YeTBEPKH OB «OTKPBHIT® 9JEMEHT
Ne 43 — rexunenuii. Tounee, ero yxe HeJb3d OTKPBITh, NONLOOHO
TOMY, KaK B NPHPOJEe paHbille OTKPHIBAJH J[APYyrHe XHUMHYEcKHe
aJeMenTsl, K60 Ha 3eMJie OH HE CYLIeCTBYeT,

CucreMaTiuecKoe W3yyeHHe H CONOCTaBJEHME CBOHCTB BCeX
W30TONOB TPUBEJO K BBHIBOAY, YTO HM ONMH H30TON 3JeMeHTa 43,
paBHO KaK u sjgeMeHTa 61, He MoxeT ObIThb YCTOHYMB K pajHOakK-
TABHOMY pacnany. CyenoBaTesbHO, HEYCTOHUUBLIA seMeHT Ne 43
MOr GbITh TONBKO «CHHTE3UPOBAH®, T. €. HPUTOTOBJIEH HCKYCCTBEH-
HEIM fIyTEM.

Ero «cunres» Obln BmepBble OCYLIECTBJAEH HTaJbAHCKHM yue-
HeM . Cerpe u ero cotpyanukoMm K. Ilepre B 1937 roay npu no-
MolK GoMbapaupoBKH MosuOLeHAa AAPAMH THAXKEJIOro M30TONA
BOLOpPOAA — JAeHTPOHAMH, YCKODEHHbIMH A0 dHepruu 5 Mas. Dror
sJeMeHT Obl1 HasBan TexHeuueMm (Tc) B o3HaMeHnoBaHHE TOrO,
yTO OH OB HEPBHIM 3JEMEHTOM, IHOJYYeHHbIM HCKYCCTBEHHO
(«TeXHOC» NO-TPeYeCcKH — HCKYCCTBO).

Texneunii pacnojoxeH B NOArpynne Mapranua cenbMoil rpyn-
nbl nepuoinyeckoit cucreMbl Mengeneesa. Ero 6anxafiiuumMu aga-
JIOTaMH 10 XHMHUECKUM CBOHCTBAM MNOJKHBI SBJASTHCS Paclojio-
JKeHHBIN Hajg HMUM MapraHen, (Ne 25) u pacnmosoeHHBI TOA HUM
pennir (Ne 75).

ITo cBOMM XHMHYECKHM CBOHCTBAM, KOTOPHIE HCCAENOBAHKl
JOBOJBHO NOAPOOHO, TexHelUU#l oKasanca 0auXKe K PEHUIO, YeM K
Maprasuy.

JII060NBITHBIM CBOHCTBOM COELHHEHHMH TeXHENHsH, ONpeRenslo-
UM OO0JbHION HHTEpeC K UX NPaKTHYEeCKOMY HCIIOJb30BAHHKIO, 5B-
JseTcA peskoe 3aMejlleHHe HMH Koppoauu Merananos. Hocratoy-
HO HHYTOMKHOTO KOJIMYECTBA COJiel TeXHelHs, YTOOb npakTHYecKH
HALEeJ0 NPefOTBPAaTUTb KOPPO3HIO (piKaBjeHHe) Kede3a H MaJo-
YIepONMCTHX cTanell, NPHYEM He TOJBKO IIPH KOMHATHOH, HO H
NpH JAOCTATOYHO BHICOKHX — mo 250°C — temneparypax. Mure-
pecHo, YTO TAKMM CBOHCTBOM BOBCe He 006J12JalOT COIH DeHHusd, B
TOM YHCJIE CONM PAAHOAKTHBHEIX H30TOIIOB PEHHS, YTO HCKAOUAET
obbsACHEHHE AEHCTBHA cOJeH TeXHeUHsd HX palHOAKTHBHBIM H3/1Y-
YeHHEM.

Bropoit anement Ne 61 — npomernit nosiroe Bpems Gesycneud-
HO pasbiCKHBaJH B pyjax, COAEpKaAlUX JpPYrue PelKo3eMebHble
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saementhl. Heckonbko pa3 GbLIO OGBSBAEHO 08 OTKPHITHH 3TOTO
s/eMeHTa, npuYeM eMy Aaxe ObLIO JaHO MHOrO pa3ublXx Ha3Ba-
HHH, HO BCAKHH pa3 npu GoJiee TIMATENbHON HPOBEpPKE OKa3biBa-
JI0Ch, YTO cOOOLEHHSI 00 ero OTKPBITHH GblAH OLIHGOUHBIMY.

Heynauu B mouckax anementa Ne 61 B npupone oGbscHAIOTCA
OnsiTh e, KaK H B Cjlydyae C TeXHelHeM, OTCYTCTBHEM €ro yCToil-
49UBBIX H30TOMNOB,

Jlums B 1947 rony snement Ne 61 6bln XxMMuUeCKH BbimeneH
U3 OCKOJIKOB JeJIeHHs ypaHa B BHIE CPaBHHTENbHO I[[OJTOXKHBY-
L1ero M30TONAa C MAaccoBbIM yucaoMm 147 (mepuon mnosypacnana
2,6 rona). BnepBble BhigeNMBLIHE €ro aMePHKAHCKHE ydeHble
k. Mapuuckuit u JI. I'ennennd Hassadn 3TOT 3JeMEHT npoMe-
tuem (Pm) — B uects Mmudosoruueckoro repos Ilpomeres, mo-
XMTHBIIETO ¢ HeGa OrOHb H NepeLaBIIEro ero JIIIM.

«JT0 Ha3BaHMe, — yka3biBaau Mapunckuit u [nennenun, —
He TOJbKO CHMBOJHM3HUPYET ApaMaTHYecKMH NyTh NOJY4YEeHHS HO-
BOTO 3JIeMEeHTa B 3aMETHbIX KOJIHYECTBaX B pPe3y/abTaTe OBRaLEHHA
JIOJbMH SHeprHell siIepHOTO NeJeHHs, HO H MpeJoCTeperaer Jio-
Jleh O rpo3sllleil OmacHOCTHY.

Taxum obGpasom, naB 3TOMy 5/JeMEHTY Ha3BaHHE MPOMETHII,
yuyeHnble XOTE€JIH TeM CaMblM HOAYEPKHYTh Ba’KHOCTb MHPHOTO NpH-
MeHEHHS aTOMHOH HEPrHH, B YaCTHOCTH, B JeJie CHHTe3a HOBbIX
3/1eMEeHTOB.

B nacrosaumee BpeMs u3secTHo 16 uzoromos mpomerus. Onny
43 usoronos Pm!'%” ¢ nepuonom nonypacnana s 2,6 roga mpume-
HSIeTCA B KayecTBe MCTOYHHKA NHTaHHSl B aTOMHBIX Garapelkax.

Anementol Ne 85 u 87 gonroe BpeMsl He yiaBa/ioch o6HaPYXKHUTh
Ccpeld Tpex NPUPOAHBIX PANOB pacnana (ypaHa, akTHHHS H TO-
pHf), MOTOMY YTO NEPHOAbI moJypacnaga BceX H30TOMOB 3THX
3/1eMEHTOB TaKXe OYeHb MaJbl, K TOMY JXe Pa3BeTBJCHHS B panax
pacnagna, npuBojslMe K o0Da30BAaHUIO 3THUX 3/EMEHTOB, BecbMa
penkH-

dnement Ne 85 — acrar pacnonoxes B NepUONUYECKOH CH-
creme Menzneneera B moArpynne rajioreHoB CeabMOH TPYIbl
(¢drop, xaop, 6pom, ion). Takum obpasom, srement Ne 85 ss-
JAeTCsA NATBIM YJEHOM IPyNnbl aKTHBHEHMHX Hemeraasnos. Oi-
HaKo M3 3akoHa MenjesneeBa cneayer, 4TO MPH mepexole B mpe-
Ienax AaHHOUN rpynnbl oT Gosee JerKMX 3JeMEHTOB K OoJjee Ti-
XKesbIM, HabGJMIofaeTcss CHCTEMATHYECKOe HapacTaHHe MeTaJjnauue-
ckux csofictB. IToaromy snement Ne 85 npencrasasier cyuiecrset-
HbIi MHTEpeC KaK NMPOMEXYTOUHbIH MO CBOMM XHMHYECKHM CBOH-
CTBAM MEXAYy THNHYHBIMM METa/JIaMH ¥ TUINHYHBIMH HeMeTaJ-
JaAMH.

Arot saement 6bln Bnepseie noaydyen B 1940 rony 3. Cerpe u
COTPYAHHKAaMH B pe3ysabrTaTe G0MOapAMDOBKH BHCMYTa YCKOpeH-
HBIMH B IIMKJIOTPOHE Q-4acTHIlaMHu ¢ sneprueit 38 Mas B Bune u3o-
tona 8521,

Iepuox nonypacnajga 3Toro u3orona paBHsETCA Bcero 7,2 4a-
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ca. ITostomy HoBHIl 3neMenT Gbin nasBan acrar (At), uro no-
rpPeyeckt 03HayaeT «HeyCTONYUBDII».

Y2Ke nocse MCKYCCTBEHHOrO NMOJYUYeHUs acraTa ObLIM NpoBe-
Nenbl HOBble, GoJjiee TLlaTeNbHBIE NMOHCKH 3TOTO 3JeMEHTa cpenu
pANOB pacnana ypaHa, akTHHHUS H TODHSA, NIpPUYEM 0Ka3aJ/oCh, UTO
acTaT NPHUCYTCTBYeT BO BCEX TPeX PaAMOAaKTHBHLIX psiiax, HO 00-
pasyeTcst B HUUTOXKHO MaJjbIX KoJu4YecTBax. B Hacrosiee Bpemd
U3BecTHbl 22 M30TONAa acraTa, MPUYEM JNOJbLIe 0CTAaJbHBIX H30TO-
nos «xuBer» At?'°— nepuon nonypacnana 8,3 uaca.

MHoro HOBEIX H30TONOB acrata OblIO OGHapyXKeHO B pe3yJb-
Tate 60MGapAHPOBKH BHCMYTa @-4aCTHIAMH C 3HEPTHAMH JO
380 Mas u sonora — sxpamu yraepona c sueprueir 120 Mas.

Maunoe BpeMsi :KU3HH aCTaTa CHJIbHO 3aTPYNHAET H3YUEHHE €ro
XHMHYECKHX CBOHCTB.

IlepBble MccenoBaHUsT XMMHUECKUX CBOHCTB aCTara MPOBOMH-
JIUCh C PacTBOpaMM HHYTOXKHON KOHLEHTPALMH: HA OJIHH aTOM
acrata mpuxoauiaocs Oosee 500 MuIIHAapIOB MOJEKYJ pacTBO-
purenas, OgHaKO XHMHUECKHE CBOKCTBA acTara ObIIM H3YUEHB U
0Ka3aJiich OYEHb HHTEPECHBIMU H cBOeobpa3HbIMH. JleficTBHTEND-
HO 0Ka3a/JoCh, YTO acrar coueraer B cebe CBOHCTBA METaJJIOB U
HEMEeTaJlJIOB M, TaKuM 06pa3oM, sIBJAeTCs Kak Obl NMepexoaHbIM
3JeMEeHTOM MeXLy MerasiaMu u HeMeradnamu, CoueraHueM Me-
TAJMJIHYECKHX M HEMETaJUVIHYeCKHX CBONCTB acTaT OYeHb XOPOUIO
XapaKTepPHU3VeT CTPOMHYIO 3aKOHOMEDHOCTb M3MEHEHHsI BCEX dJe-
MeHTOB mo rpynnam u nepuosam cucremn . M. Menpeneena.
Haspaunwii [1. M. MenjeneeBeIM 5kalio1oM, actaT CXOeH ¢ HOA0M
1 B (PH3HOJOTHYECKOM ACHCTBHU HA OPTAHH3M KHBOTHHIX H JIOL€M.
Taxk ke, Kak iloj, OH HaKalJHBaeTcss B IIMTOBUIHON XKenese.

Danement 87 — paHnuil, nocAenHUI H3 «IPONYIIEHHBIX» B
CTapHIX MPaHUIAX NMEPHONHUECKOH CHCTEMbl, HAXOIUTCA B TPyIIe
1Ie0UHBIX MeTasnioB- I1oCKoNbKY OH pacnosioXeH HHXKe Le3Hd,
a B rpynme HIeJOUHBIX METAaJsJIOB MeTaJJHyecKHe CBOMCTBA BO3-
PAcTaIOT OT JErKHX JEMEHTOB K TsKeJblM, 3JeMeHT 87 HoJkeH
ObITh CaMbiM aKTHBHBIM METaJJIOM.

Brnepsrule snement Ne 87 Grin obHapyxeH (QpaHIY3CKHAM yue-
neiM Maprapuroi Ilepe B 1939 rony B ecrectBeHHOM panuoax-
THBHOM pfILY pacnajga akTHHHA. OTo Ob1 H3orTonm 87223 ¢ me-
puoxom noaypacnana B 21 munyry. Hassauue cBoe — ¢pannuii
(Fr) — on noayuus B 4YecTb POJHHBI HCciaeRoBaTeNbHULBl CeH-
Yyac M3BECTHO YKe OKoJIO JBajlaTH H30TONOB (PpaHIHs.

Tak Gulnd 3amoJIHEHE! YeThIpe «0enblX OATHa» B TabJauue
Mengeneesa.

[vHOo3aBpbl M TPAHCYPAHbI

Craphie, «kJaccHyecKne» rpaHuusl radauusl MenjaeneeBa co-
JepxanaHd 3JeMEeHTH OT BOJOPOJA, HMEIOILEro sapsj sijapa, pas-
HbIJ eJuHMIE, 10 ypaHa ¢ 3apajoM sapa 92. Moxno siu «oro-

23



LBHHYTb» 3TH rpaHuns? B Havase nepHoAHYeCKOH CHCTEMBI CTOUT
CcaMbiil JIETKHI1 3JIeMEHT—BO/I0POJ, B €r0 ALPE BCETO OAUH NPOTOH,
Haya/lo «OTOABHraTb» yxKe Hekyna. Ho KTo Moxer mopyuuThes,
4TO HET 3/JEMEHTOB, CTOSILLUX 32 ypaHOM?

HoJsroe Bpemsi ocraBasoch HESCHBIM, 3aKaHUHBAETCH JU (e-
pUHoOIHYECKAA CHCTEeMa YPaHOM WJH B MPUPOJAE CYHIeCTBYIOT Oonee
Ts2KeJible, YeM YpaH, 371eMeHTH.

Bce nonbiTKH OTKPHITH B NPHUPONE 3aypaHOBble {HJH, KaK UX
elle Ha3bIBAlOT, TPAHCYPAHOBBIE JIEMEHTHI) K YCNEXY HE MPHUBEJH.

Pacwiupende HaliuX npeiacTaBieHHNl O CTPOEHHH AaTOMHBIX
fnep, NepBBIM 3TAaloOM KOTOPOTO SIBUJIOCH OTKPHLITHE H HCCJEno-
BaHHe PaJHOAKTUBHOCTH, MPHUBEJIO K BBIBOAY, UTO TPAHCYPaHOBbIE
S/IEMEHTHI SIBASIOTCH HEYCTOHUMBBIMH, PaIHOAKTHBHBIMH. B KoHIle
nepHoIMUecKoil cucreMbl, HauHHas ¢ nosonust (Ne 84), Bce aije-
MEHTH pagucakTUBHEL. ITo3ToMy B mpHpoae CylecTBYIOT Kb Ta-
KHe M30TONbl 3THX 3JIEMEHTOB, KOTOpbIe JIUGO CaMU pacnagaroTes
JIOCTaTOYHO MENJIEHHO, TAaK YTO WX MEPUOJ NOJaypaclaga COU3-
MepPUM ¢ BO3pacTOM 3eMJH, JHGO HMET «IOJTrONepHOLHBIX>
NpPEefKOB, KaK WieHbl PSAAOB pacrnajga ypaHa, akTHHUS ¥ Topus. B
cayyae TPaHCYpPAaHOBBIX 3/IeMEHTOB He NMPUXOAHI0Ch HANEATbCS HA
W30TOMNBl C MEepPHOAAMH IoJypacmaja B COTHH MHJUIMOHOB HJIH
MHJIIAAp bl JIET,

Takum ob6pasoM, 3aypaHOBHI PSIA MOXKHO OBIIO TOJYYHTH
JIHIIb HCKYCCTBEHHO, «CHHTE3HPOBATbLY M3 APYTHX 3JE€MEHTOB.

Cosnanue ueThipex HEAOCTAIOLIHX 3JEMEHTOB MEHIEJEEBCKOl
Tabauubl OblJIO HadaJoM, MEPBHIM LIATOM B Jeje MOJYYEHHs HC-
KYCCTBEHHBIX 3JIEMEHTOB. 3a HHUM [OC/JEeN0BaJH NOCTHMKEHHUS,
yIUBHBLIKE BeCb MHp, SBUBLIHECA NOMJHHHON mobenoil uenoBeka
Haj NpHPOLOH.

C TOUKM 3peHUs DeJHUTHH, 3TO OBlIa Aep30CTh, NPAMOE NOCsHra-
TeJbCTBO YEJIOBEKA HA MOHOINOJMIO BJACTH rocnoga Gora.

«Bce, yro gemaer 6or, — npebblBaeT BOBEK, K TOMY HEUEro
npuGaBUTh H OT TOro Hedero yOaBHTb, — TOBOPHTCSH, HAIpPUMED,
B Exkaecuacre, — u00 4TO MOXKET CIeJaTh YeJOBEK IOC/e Laps
(1neGecHOro) CBEPX TOTO, YTO yJKe CAEeNAH0?».

Ho, Bo-nepBbIX, «BOBEK» He MPeOBIBACT H TO, UTO AKOOHI «CO3-
Aaa 6ors.

IIpencraBum cede, UTO HECKOJBKO MHJIJIHApIOB JIET Ha3ald, B
MOMEHT 3apOKIEHHS COJNHEYHOH cuCTeMbl, Ha 3eMJe MOSIBUIHUCH
palHoaKTHBHbIE 3eMeHThl. Kak 3TH 2JeMeHThEl MOIJIM COXPaHHTh-
e 0 HAIUUX JHel?

Kak yxe 6blI0 CKa3aHOo, AJIS 3TOTO Halo, 4ToOB JaubO cam
3JeMeHT, JHO0 KaKOH-TO ero «mpepox» pacnainajcss CTONb Mel-
JieHHO, UTOOBI NPOMOAXKHTENBHOCTh €r0 KHU3HM Oblia Obl copas-
mepuma ¢ podpacroM 3emau. M3BecTHnl Bcero Tpu H3oToma, TpH
PasHOBHIHOCTH TSXKeJbIX PAJHOAKTHBHBIX 3J1I€MEHTOB, IPOLOJIKHU-
TeJAbHOCTb KH3HH KOTOPBIX HCYUCJISAETCH MHJAJAHAPAAMH JIET:
vpau-235, ypau-238, ropui-232. ITosroMy Ha 3em/e cyllecTBYIOT

24



TONLKO 3TH MPHUPOILHBIE PaNHOAKTHBHble H30TONbI, a TAKKe HX
«NOTOMKH» — MPOAYKTH pacmaja. Bce Apyrue paXHOaKTHBHbIE
H30TOMBl TSAKEBIX 3JAEMEHTOB, JaxKe €CAM OH# KOrAa-To M Cy-
IIeCTBOBAAM Ha 3eMJie, K HallleMy BpeMeHH yXKe pacna/uck.

OTH Heu3BeCTHBIE HaM M30TONBl MOXKHO CPaBHHTb C [JaBHO
BbIMEpIIMMH auHo3aBpaMmu. M cefiuac HaxomsaT B 3eMJse OCTaTKH
3rux yynoBuwl, CoXpaHW/JIMCH M OCTATKH <«BbLIMEPUIHX» 3JeMeH-
TOB — VCTO/4MBEIE M30TONL! CBHHLA HJIH BUCMYTA.

B xoHlle KOHLIOB CBHHEL M BHCMYT OCTaHYTCSl CAMBIMH TSXKe-
JBIMH 3jeMeHTaMu Ha 3eMJe, Tak Kak GoJsiee TAXKesNble — NOJO~
Huil, actaT, pajgoH, (ppaHUMH, panuii, aKTHHUN, TOPHUA, NPOTAKTH-
HUI U ypaH — B Ja/l€KOM OGynyllieM HCYE3HYT C JHIa 3eMJH.

[TaneoHTON0raM He ynanoch.BOCKPECHTb BEIMEPIIHX NHHO3aB-
pOB, 3aTO (PU3HKH CyMEJH «BOCKPECHTb» NABHO «BbIMEpIIHE» XH-
MHYECKHE 3JIeMEHTHL.

IMocterienHoe Mcue3HOBeHHe ¢ JMLa 3eMJIH HbIHE «XHBYLIHX»
pPANHOAKTHUBHBIX 2J€MEHTOB H HX «IOTOMKOB® NOKa3blBAaeT Heco-
CTOATENbHOCTb PEJUIHO3HOrO B3IVISAAA O BEYHOCTH U HEH3MEHHO-
CTH BCEro, 4TO CO3LaHO 6OTOM.

Bonee toro, «Bockpelennes (u3uKaMH NaBHO BbIMEPUIHX
3J1eMEBTOB OMNPOBEPrHYJIO W ApPYroe PeJUIrHO3HOe YTBEpMKAeHue,
UTO 4eJIOBEK HHUEro He MOXKEeT CO3[4aTh Nocje «uaps HeGecHOro»,
HHYEro He MOXeT «INpHOaBUTDbY.

Paccka3biBaior, 4To0 Hal KaMHHOM TeHMAJbHOLO CO3MATEJNst
TEOPHH OTHOCHTEJNbHOCTH AJsbGepra DiHmITefiHa BHCENO WIYT/H-
BO€ M3peyenue: «Bor XUTep, HO HE 3J0BPELEHY.

UYesoBek oKa3aJicsi XHTpee 0ora, 3aHOBO CO31aB BLIMEpUIHE
3JeMeHTHl B OYeHb KOPOTKHI CpOK. Bory «moHano6u/iocb» Gbl Ha
3TO ropasfo GoJbllie BpeMeHH, yeM JionsM. Benomuure xorst Gbl,
KaK J0Jr0 —JecsTKU MUJIJTHOHOB JIET — OH «YHHUTOXKAJ» ca-
Mbl#l JOJIFOXKHUBYIIHH H30TON HeNTYHHH-237 U3 ZaBHO BEIMEpLIErO
YeTBEPTOro MPHPONHOIO PaJHOAKTUBHOIO psiiia HENTYHHS.

B snepHbix peakUusx, OCYIIECTBJISIEMbIX Y€JIOBEKOM, dJEMEH-
TH pa3pyllaloTcs M CO3J4aloTcsl HeCpaBHUMO OnicTpee.

B macrosilliee BpeMst «BOCKDEIIEHO® — HCKYCCTBEHHO HOJyYe-
HO — OJZWHHAALATh TPAHCYDPAHOBBIX 3.J1€MEHTOB, 3aHHMAIOILIUX B
nepuopnueckoit cucreme mecra or Ne 93 mo 103 BKJIIOYHTENBHO-

IlepBenen u3 ceMeficrBa TpaHcypaHoB Obl1 co3nad B 1940 ro-
ay B CIHA 3. Maxmuanauom u P. dibaconom. 1o Gbla 3ie-
meHT Ne 93, Ha3Bauuwlii uentyuuem (Np), mo uMeHH nJaanerthl
HenrtyH, pacnosoKeHHOH B coJHeYHOH cucreMe 3a YpauoM. Ca-
MbIfi NOJTOXKHMBYIIHA U3 H30TONMOB Hentynusi, Np?7?, odnazaer,
KaK yXe YNOMHMHa/l0Ch, IEPHOJLOM MoJypacnajia B 2,2 MUJANUOHA
Jaer. 1o cepeGpHCTHIN MeTaJsl, OMU3KUHM 10 XHMHUECKHM CBOMCT-
BaM K ypaHy. Boaeji nioneft aTor naBHO BhIMepUIMH «IHHO3aBp»
Obla1 «BOCKpeEIleH K XKH3HHY.

OrtHocHTeIbHO MPOCTOil 3amauefl 0Ka3aaoCh U MOJYUEHHE Cae-
LYIOIUX 3a HMUM TpaHcypaHos, BomGapaupys ypaw sazpamu re-
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aus — anbha-JacTHIAMH, YAaJOoCh YBEJIHUHTH 3apsijg AApa Ha
ABE ENMHHUIB U NOJY4YuTh 3jeMeHT Ne 94 — nayrouuin (Pu).

Ecrtb u npyroit nyrs. HoBble 3/eMeHTH — HEnTYHHI H MAyTO-
HU# — ynajoch co3farth, 00/Myyas ypaH HeliTpoHaMH. B neperpy-
XKEHHBIX fJpax ypaHa NPOHCXOAMT NpeBpallleHHe HEATPOHOB B
NpOTOHbI, KOTOPOE CONPOBOXKAaercss Gera-pacmagoM, T. €. UCny-
CKaHHEM 2JIeKTPOHAa. B pesy/brate ypad npeBpaluaercs B Hemry-
Hufl, a moBTOpeHHe OeTa-pacnafa paer miytonui, Msoron Pu23®
ABASETCS OCHOBHBIM NPOLYKTOM PaGoThl SiAEpHBIX PeaKTOpPOB.

[Toayuennwiit B 1941 rony takum o6pasoM nayTOHHH Obla Ha-
3BaH BINEPBBbIe BHIJEIHBUINMU ero aMepukaHCcKuM ydyenbim I, Cu-
0OpProM M ero COTpyAHHMKAMM 1o HMeHHd niaHerol IlnyTowu, pacno-
JIOXKEHHO! B COJMIHEUHOH cucTeMe 3a Hentynom.

Ilnyronuii n3yuen ceiiyac naxe Jyullle, 4eM MHOTHE U3 NpHU-
ponubIXx aneMeHTOB. B BHne usorona Pu®® o6napmaomero nepuo-
JoM rmojypacnajna 24 THICHYH JvIeT, OH Hallea cefe IpPaKTHYECKOE
[NpUMeHeHHe — ero IIMPOKO HCIOJB3YIOT Kak sIepHOoe roploouee
H Kak siiepHoe B3peiBYaToe BemlecTBo. OH O0GHApYXeH TaKKe B
NPUPOJLE B HEKOTOPBIX YPAaHOBBLIX PylNaX B BUIE HHUTOXKHBIX TPH-
Meceli: aTOM ITYTOHHS NPUXOAUTCHA nmpuMepHo Ha 140 muanuap-
JIOB aTOMOB ypaHa.

IpucyTcTBHe B NPUPOAHEIX PylNax MJAYTOHHS, MEPHON NoJypac-
majna KOTOPOTo B COTHH ThICSIY pa3 MeHbIle Bo3pacra 3eM/H, 06b-
SICHAETCS HCKIIOYHTENBHO TEM, YTO OH CHCTeMaTHYecKu oGpasyer-
¢s1 M3 ypaHa, HaXofsuerocs B rex ke pynax- O6pasosanue miy-
TOHHS B NPHPOJHBIX PyJNaX MPOMCXOJHUT TaKHM ke o0pa3oM, Kak
B AepHBIX peaKropax (B pe3yjbraTe 3axBaTa siApaMH ypaHa-233
HeATpoHOB). B 3T0T NpupoaHbIi peaKTOP HEHTPOHBI ZOCTABJSIIOTCA
TpeMsl MCTOYHHKAMU: KOCMHUECKUM H3JyYeHWeM, peaKuuell CHoH-
TaHHOTO (CaMONpPOM3BOJILHOTO) IEJEeHHS sllep ypaHa M peakius-
MH MeXAY 0-UaCTHLAaMM, HCIYCKaeMbIMH YPAaHOM H JIETKUMH sil-
paMu, BXOASAIUMH B COCTaB PYyA.

ITonyyuB mocraTtouHoe KOJHYECTBO NMJAYTOHHH M GomGaprupys
ero B CBOIO ouepesb anaba-yacrunmamu, I'. Cubopr u A. 'mopco
¢ corpyaunkamu B 1944 rony nosnyunsu 1 Gosiee THXKEJbIE IeMeEH-
Tol: amepunuit (Am) Ne 95 u kiopuit (Cm) Ne 96. ITocennuit 6bin
Ha3BaH TaK B YeCThb OCHOBATLJIEH HAayKH O paJHOaKTUBHOCTH, Ma-
puu u IIsepa Kiopn.

Bricokasi o-akTHBHOCTH H3otona Cm?*2, paBHO KakK H APYroro
3aypanoBoro uzorona nayronua Pu?® pamna ceGe nosesnoe npu-
menenue. Ha ocHOBe 3THX H30TONOB pa3pabaThiBAIOTCH UCTOUHUKH
TOKa [J151 SHepronuTaHUsl paguoannaparypbl KOCMHYECKUX KOpao-
Jell 1 COYTHHKOB.

M3nyyaemble anb(ha-4acTHOBE OOIJIOLIAIOTCH  OKPYIKAIOIHUM
MCTOYHMK MaTepuaJsoM, BbI3biBas ero pasorpeB. [lpu mHarpese
LeNH, COCTABAEHHON U3 IBYX Pa3HbIX METaJJIOB, B HeH BO3HHMKAeT
Tox. Takoe TepMCaneKTpHyeckoe npeoOpa3oBaHHe IHEPrHU sAjep-
HbIX H3JIyYeHUH MO3BOJIAET NOJYyYaThb TOK C MOMOULIbIO YCTPOHCTB,
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He HMEIOIINX KaKHX-NH0O0 NBHKYILUXCA YacTell U B TO XKe BpeMd,
B OTJIHYHE OT OObIYHBIX AKKYMYJSITODOB H 3JIEMEHTOB, YCTOHYUBO
H HaJAeXkKHO paloTalOlluX B TeyeHUE BPeMEeHH [0 HEeCKOJbKHX
Jer.

[ToatoMy H30TONHBIE HCTOYHHKH TOKa OKa3bIBAIOTCA YHOGHbI-
MM JJ151 KOCMHUECKHX NOJNETOB-

Ho uyem nanbiue npoasuranuch (GH3MKH OT CTApoil TPaHMIH
MepHONUYECKOl CHCTeMbl B 3aypaHOBYyI0 00JacTh, TeM TpylHee
0Ka3blBa/JOCh HAKOMHTH AOCTATOYHOE KOJHYECTBO BHOBb MOJIYYEH-
HbIX 3JIEMEHTOB IJs HX JAanbHefillero odayueHus, TeM Goablue
tTpeboBasoCh «KBOTHATh» B AP0 HEHTPOHOB, YTOOH obecneyursh le-
nmoyky Gera-pacnamoB. JIBuraTbcs Bmepel CTaHOBHJOCH Bce
TpYyIHee H TPyJHee.

Boabioi Bk/aL B co3naHie H HCCAEN0BaHHe HOBLIX TpaHcypa-
HOB Clesafli aMepHKaHCKHE yuenble Bo ryase ¢ I'mesom Cubop-
roM, naypeatoM HoGeneBckoii mpemuu, paGoTalolluM B palua-
LHOHHO! nabopaTopuu KanndopHuiickoro yHuBepcHrera, B ropo-
ne Bepkan.

B xoune 1949 — nauvaje 1950 rona I'. CuGoprom u A. T'nopco
¢ COTPYIHHKaMu ObLIH MOJYYeHbl elle ABa XHUMHUYECKHX 3JEMEH-
1a — Ne 97 1 Ne 98, nasBauHble HMH IO HMEHH TOpPOdA W WITATA,
rje ouu Gblnu cuHTe3upouBaHbl, Gepkanem (Bk) m xanudopuuem
(CH).

Xumuueckoe BBHIJEJIEHUE HOBBIX 3JIEMEHTOB ABHJIOCH TpHYMPOM
xpoMartorpaduueckoro merona M, C. Ugera. Otnenenne 6epxansa
H KaauhopHUST NMPOHU3BOLUNOCH B HOHHOOGMEHHOH KOJOHKE ¢ No-
ClAeLyIOUUM BBIMBIBAHHEM pPaCTBODHUTENEM — JHMOHHOKHCJABIM
aMMOHHEM.

Ilpu atoM obuiee KoJMYECTBO KaJU(ODPHHS He NPEBHIIAIO
10 ThHICAY aTOMOB. DTO COCTABHUJIO HECKOJbKO MHJJMAPAHBIX 10-
Jcil or MuannapaHo#l moau rpammal Tem He MeHee ymaJioch OT-
NeJAUTh KaJH(pOpPHUI U M3YUYHTh €r0 OCHOBHbIE XMMHYECKHE CBOM-
crBa.

Cpenu usortonoB KanudopHaus HauboNbIINH HHTEPeC NpeacTaB-
astor Ci254 y Cf252,

IlepBblit U3 HHUX MCHBITBHIBAET CaMONPOH3BOJBHOE JejeHHe C
nepuonom nosaypacnazna 60,5 cyrok. Momuocrs Cf?** kak ucrou-
HHUKa sHepruu cocrapisier 10 kunosart Ha rpamm. Kycouek srorc
H30TONA BEJMUYMHON CO CHHYEUHYIO FOJIOBKY BBIEAAJ Obl BCaend-
CTBHe [eJeHHs TaKOe XKe TelJo, KaK feuyka, eKeyacHO CXKUTraio-
11ast KAJIOTPaMM JY4YLIero yris.

Ilepuon monypacmaja ppyroro usorona KanuopHusa —
Cfi252 — pasen 2,6 rona. Ilpenapartsl ero HaxoXsT IHPOKOE NpPHU-
MEHeHHe KakK HEeHTPOHHble HCTOUHHUKM, a TakK¥Ke, UTO OCOOEHHO
CYLIeCTBEHHO, B ONBITAX [0 HCCJAEAOBAHHIO Pa3/JHYHBIX XapakKre-
PHCTHK JeJIeHHS TAXKeJblX fnep.

Kpome Toro, onu HCmosab3yloTca Kak MulleHH nas 6omGapnu-
POBKH Ha YCKODHTE/AX M NMOJNYUYEHHA ellle GoJiee JaJeKHX 3aypa-
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HOBBIX 3j1eMeHTOB. Tak, npn GoMbapAnpoBKe KanHPOPHUA Gbla
BIepBHEe noJayyen anement Ne 103.

Cnenyoumine 3a 6epkaueM u xanaudopuueM saementst Ne 99
1 100 6blnu mosydensl B Buie uzotonos 99%2% u 10025 — npu me-
¢/JIeIOBAHMH COCTABa NPOAYKTOB OCYIHECTBJAEHHOro B HOostOpe 1952
rojla TEPMOSIAEPHOro B3pHIBA.

Hapn Beimenennem noBbiX H30oTONOB paGoTasa 6oablias rpynna
YYEHBIX TpeX KPYMHEHIIHX aTOMHBIX JsaGopartopuir CIHA, Bxiio-
wag F. Cubopra, A. 'nopco, C. Tomncona, I1. Pungca n npyrux
CHeuHuaTHCTOB.

B momeHT B3pBIBa fiIpa ypaHa NMOJBEPIVIHCH KDaTKOBPEMEH-
HOMY, HO OYeHb MOLLHOMY oO0Jayuenuio Helirponamu. B pesyssb-
TaTe 3a BPeMs B3pbIBa siApa ypaHa-238 ycrieBaJH 3aXBaTHTh 10
15—17 neiiTpoHOB, MpHYeM BO3HHKAJH fepPerpyKeHHble HEHTPO-
HaMH u3oTonst ypaxa. Ilociaenyromne nemoukn Gera-pacnajga 3a-
KaHUHBaJuCh oOO0pa3oBaHUeM O6erTa-cTa0HJBHBIX H30TOIOB THIA
99253 C{25¢, 100255, Kotopbie GbINK BBILENEHBI B NPOAYKTaX B3pPhl-
Ba CIYCTH HECKOJIBKO MeCsIEB.

Anement Ne 99 6bin1 maszBaH dfnmrrefnnem (Es) — B uects
AnbvGepra Dinmiteiina, sjemenT Ne 100 ¢depmuem (Fm) — B uects
utaJjbsHckoro ¢usuka Dupuko Pepmu. B Hacrosllee BpeMs U3-
BecTHbl 11 H30TOMGB 3itHITefinHs ¥ 9 H30oTOMOB (bepMud, NpUUEM
noaplie apyrux xuByr Es?t (mepuox noaypacmama 480 cyTok)
H Fm#%7 (11 cyrok).

Boablyio posib B noAyyeHHH psiia H30TOMOB 3THX IEMEHTOB
CBITPA/IH YCKODHTENH THAXKeABlX (MHOro3apsfHbIX) HOHOB —
IKHKJIOTPOHBI ¥ JIHHEHHbIE YCKODUTEH, Fie Pa3FOHSIOTCS 10 GOJlb-
IIHX 3HEPTHH HOHBI yriaepoja, a3ora, KHCJAOPOLA, HEOHA H JaxKe
aproua.

Yckopenue TaKUX HOHOB OTKPbIBaeT HOMOJMHUTENbHBIE BO3MOXK-
HOCTH JIJIs NOJNYMeHUS HOBBIX 3JeMeHTOB. Beiap MmMakcHManbHEBII
3apAn gaipa, obpasyolLerocs B AAEPHOH peaKlUUH, paBeH cymMMe
3apsILOB B3aHMOJENCTBYIOMWIUX s1ep-

Flostomy, GomBapnupys, nanpumep, niayronudt (Z = 94) a-ua-
CTHLIAMH, MOXKHO MOJYYATH JHUIIb aMEPHIHUHA H KIOPHH, TOrKA Kak
KCIOJIb30BAHUE B KadecTBe CHAPSANOB HOHOB HeoHa (3apsan sanpa
10) oTKDBLBAET BO3MOKHOCTb MOJIyYeHHS] BCEX 3JIEMEHTOB OT aMe-
punus go Ne 104,

Ozxnako clelxyer OTMETHTb, YTO BEPOSTHOCTb MOJYYEHHS MPO-
AYKTa peakliuu C 3apsiioOM P4, PaBHBIM CyMMe 3apsioB B3aHMO-
NeHCTBYIOUNX siep, TeM GoJblle, yeM Gojee TIXKENbli JEMEHT
fepercsl B KaueCTBE MHIIEHH H, COOTBETCTBEHHO, — 4YeM 6GoJee
NerKoe SAPO cAy:XkutT cHapsanom. [losatoMy Hpu HCIONB30OBaHUH
MHOro3apsfHBIX HOHOB /s Oojiee YCHEIIHOro NPOABHXKEHHS B
CTOPOHY HOBBIX 3ayPaHOBHIX 3/JIEMEHTOB HeoOXOIMMO HaKamIH-
BaTh MaTepHalj Kak MOXKHO OoJjiee TAXKeNbIX MHINEHEH.
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MrHoBeHue, octTaHoBMCH!

B nawase 1955 roma A. Tuopco, B. Xapsu, I'. Yonnun,
C. Tomncou u I'. CuGopr moayaunau eure onuu sjgeMenrt Ne 101,
Ha3BaHublil uMH MenpgenesueM (Md) — B yects dmurtpus Usa-
noBuva Mengeneena. 910 Ha3BaHHE IBHJIOCH, 10 CJAOBAM aBTOPOB,
3HAKOM NPHU3HATENBHOCTH BEIHKOMY DYCCKOMY XHMHKY, NEPHOIH-
yeckasl CHCTeMa KOTOPOrO B TeUeHHEe TOUTH CTOJETHS CJAYKHIA
KJII0YOM K OTKDBITHIO 3/1eMEHTOB — OT TPEX 3JIEMEHTOB, npejcKa-
3aHHBIX cCaMHM MengesneeBrIM, 10 BCeX 3ayPaHOBHIX.

IMTonyyerue MeHAeNEBHS SBANOCE BEIAAIOMIHMCS YCIEXOM SI1€p-
rolt GU3HKH M DAJHOXHMHH, 3aTMUBIUAM BCE MPENbIAYIIHE JOCTH-
JKEHUs B CHHTE3e HOBBIX 3JI€MEHTOB. XMMHYECKHEe U PaJHOaKTUB-
HBle cBO#iCcTBA MeHAesneBHs (n3orona Md?®) yxanock yeranosurs,
HECMOTDS HA TO, UTO B PAClOPSKEHHH HccaenoBaTeed Gbl10 Bee-
ro 17 aToMoB 3TOro W30TONAa — KOJHYECTBO, KOTOPOE HEJb3s HH
VBUJIETb, HH B3BECHThb H HHMYTOXKHOCTb KOTOPOrO Ja’jKe TPYAHO
Boo6pa3uTh. BeposTHO, HH onuna ¢opma BelilecTBa 3a BCe MHUJI-
JNHApALI JIET CYUIECTBOBAHUS Hallell IIaHEeTHl HE BCTPeYasach B
cTONMb Manbx Konuuecrsax. OTKpbITHE MeHAENEeBHST SBHJIOCH, Ta-
KUM 06pa3oM, HE TOJBKO NAMATHUKOM CO3IAaTeNIO MePUOIHYECKON
CHCTEMbI, HO ¥ CBUAETENbCTBOM Oe3rpaHHYHEIX BO3MOMKHOCTEN ye-
JIOBEYECKOTO pasyma.

B nanpueifimem OBIJI0O HAKOMJIEHO HECKOJBKO COTEH aTOMOB
MeHJe/]eBHS, UYTO MO3BOJHUJIO, B YACTHOCTH, YTOUHHTH MEPHOJ €ro
nojypacnana.

Ecsin menryanil-237 «MABET» HECKOJIbKO MMIJIHOHOB JeT, TO
BpEMsi M3BECTHBIX M30TOTIOB MEHIEJeBUs] HCUHUCASETCS BCEro Ya-
camu. dns Gosee TSAXKeABIX IJEMEHTOB 3TO BPEMSI OKaMKeTcs ellle
menbmuM. ITosToMy pgame camele GBICTPHE XHMHYECKHE METOABI
HccJenoBanusa OyAyIMIMX TPAHCYPAHOB HAYHMHAIOT NMACOBATh Hepe,
HEYMOJIMMOH CTPEJIKOH CeKyHaoMepa.

Beuepom 9 uions 1957 rona mMeTpoBble 3AeKTPHUECKHE GYKBHI:
«Otkpoit s1ement 102! On okpemen HoGennem!» — npoGeranu
Cpexu APYrHX HOCHeAHMX M3BecTH# Hapn 3nanmem <«Hpio-Plopk
TanMe».

MexpayHaponnasi anrjo-IIBeACKO-aMepDHKaHCKasi TPymna yue-
HBIX OOBABHNIA O TOM, YTO HMH mnoaydeH wusoron 102251 (wam
102253 npu GoMOGapaupOBKe KIOPHSI HOHAMHU yriepoRa. Beuwio co-
0OLIEHO, YTO 3TOT H30TON UCNYCKAET 0-4aCTHIUH U 00agaeT mepuo-
nom nosnypacnana oxosno 10 munyr. HoBomy 3nementy 6buto xano
nassanue noGenuin (No) — B uects Aubdpena Hobeas.

Omxnako THIATESbHAS HPOBEPKA ITOrO COOOIIEHHSI COBETCKHMH
¥ aMEPHKAHCKHMH YUEHBIMH He fIONTBEpPIHJIA NPERITOJIaraeMoro
orkpeiTHs. BMmecte ¢ Tem B Mockse u B Depxiu 6nuim cmenaunl
BHIBOABI 00 oOHapyXKeHHUM ANPYrHX H30TOHOB 3jaeMexTa Ne 102,

CoBerckuMu yueHsiMH Bo riase c¢ I'. H. ®uepoBuim paGorhi
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no cuuredy sneMenra Ne 102 6biim nauars ocenbio 1957 rona.
B sTux onbltax usoronsl naytoHus Pu?® u Pu?#! gombapnuposa-
JUCb HOHAMM Kucjopoia c¢ 3sHepruei 100 Masg. Hckaounrennso
CJIOXKHble H KDPONOTJHBbIE HCCAENOBAHHS NMO3BOJMUIH YCTAHOBHUTD,
YTC NMEPHOM MoJypachasa HOBOOTKPHITOrO naorona, 102253, punumo,
JIeXKHT B mpepenax ot 2 no 40 cekynnm.

B CIIA T. Cu6opr 1 ero COTpyAHHKH, OTYASIBIINCH TOBTOPHTH
CTOKTOJIbMCKHE pe3yJbTaTbl, NPeANDHHAAM T[OHCKM 3JIeMeH?Pa
Ne 102 HoBEIMH cnocoGamu. B 1958 roxy um Toxke ypasnock noay-
yuTh si/ipa vaeMenra 102, punumo, uzorona 102254,

HauGonee Ts:Kesblil U3 HbIHE H3BECTHBIX H30TONOB 3J1EMEHTA
102—102%6 Gein nonyuen B 1963 rony na muxaorpone naboparo-
puu anepunix peaxunit OUAN B Iy6ue, 8 CCCP. Ilepuon ero
noJiypacnaja okasancs 6JH30K K 8 ceKyHLaM.

8 cexyna! DTo 3HAYMT, TIOKA Mbl COCUHTAJH JO BOCHBMH, MOJO-
BHHA aTOMOB 3jeMeHTa 102 mepecraer cyuiectBoBath. MruoBenus
3TH, YBbl, OCTAHOBHTb HEBO3MOXKHO — Meducrodenr Beib He
yudacTByeT B skcriepumente! 3HauuT, ycnex paGoOThHl 3aBHCHT OT
HeoObl4aiiHO GBICTPBIX METOMOB HCC/E]0BaHHUS.

Hepocratok Mecrta He mo3BoJsfeTr HaM MNOAPOGHO OmHCaTh
37iech, KaK ynajoChb 3a 5TH MTHOBEHHS OMNpeAeNdThb CBOHCTBA
usoronos sjementa Ne 102. Onnako Ux onpenenu/au B AOCTATOY-
HOH cremeHH, 4TOOBl yOeZHTbCs, YTO OHM HE COBNAAAlOT ¢ 00b-
SIBJEHHBIMH paHbllle IJs «CTOKIOJAbMCKOro HesHakoMuas, CraJjo
SICHO, UTO Ha3BaHHe «HOOenuil» GyIeT 3aMeHeHO, TaK KaK nepBoe
OTKDBITHE 3TOTO 3JIeMEHTa «He COCToAJNOch». Bonpoc o HoBoM Ha-
3saHuH aaeMenrta 102 ocraercss oTKpbIThiM. KTO HMEHHO mONYYHT
TpPaBoO JaThb HOBOE UMS STOMY 3JIEMEHTY, CTaHeT SICHO JIKIIb [i0c/e
BCECTOPOHHEH NMPOBEPKH H CONOCTABJEHHUS COBETCKHX H .aMEPHKaH-
cxux pesynbratoB 1957—1958 ronos.

IMocnennnit u3 HbIHE H3BECTHBIX 3ayPaHOBBIX 3JEMEHTOB OblJ
NONyYeH Ha JHHEHHOM YCKOPHTeJe TSKeJblXx HOHOB B Depkian
secuoit 1961 roga A. I'mopco u ero coTpynHHKaMH. DAEMEHT 3TOT
nasBay goypencuem (Lw) — B mamsite dpucra Jloypenca, usaobpe-
TaresIs LUUKJIOTPOHA W OCHOBATENS pajMalMOHHON JabopaTopuu B
Bepkau. Jloypencu#t 6b11 cuHTe3upoBaH npu GoMGapIHpOBKe Ka-
nuopHueBoil MUlIeHH Hounamu Gopa. Ilocse nOTHX M KPONOT/IH-
BbIX HCC/N€XOBAHHWH YHaJoCh YCTAHOBUTh IEPHOA IlOJypachaja
usorona Lw257, mpubsuasitenbHo paBHbIH 8 ceKyHIaM.

B Hacresiiiee BpeMsi HayaThl 3KCHEPHMEHTHI M0 MOUCKAM 3Je-
menta Ne 104 B onbiTax nmo 6oM6apaupoBke KaaudOpHHS HOHAMH
yraepona- B panbhediimiem npenanosaraercs Takxe 6omOapaupo-
BaTb KaAu(opHHE HMOHAMH a30Ta «B IOTOHE» 3a 3JEMEHTOM
Ne 105. ITonyuenue snementoB Ne 104 u Ne 105 u masee mosxKnO
npeACcTaBUTh OCOOBIH TEOPETHUECKHH MHTEpec IJs HCCaelOBaHHsA
crpoenus ceibMoro nepuona cucrembl . M. Menneneesa.
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Fne npepen uucna anemenToB?

e e npemes BO3MOXKHOro yHcaa aieMentoB? Cyiecrsyer
Jau «nocaeguui» snemedT? CKOMBKO ellle 3/1eMEHTOB MOXKET ObiTh
HCKYCCTBEHHO NOJYYeHOo?

HOns toro, 4ToGbl OTBETUTH HA STH BOMPOCH], HANO Npexae
BCETO YSICHHTH, UTO HA3LIBAETCH <NOJYYeHHEeM» HOBOI'O 3/eMEeHTA.
ITonpoOy#iTe AOKa3aTh, 4TO MOJYYEH HOBBIH 3JEMEHT, ecld OH
pacnajzercs padplie, yeM yhacTcs KakuM-HHOyAbL crnocobom 3a-
METHTH, UTO OH NMOsABHJCS Ha CcBeT!

Bonpoc o npepene yucjaa 3JEMEHTOB CTAHOBUTCH, CJETOBAa-
TENbHO, B KaKOH-TO CTENeHH BOMPOCOM GBICTPOTH, C KOTOPOH MBI
B COCTOSIHHM 3aMETHTh BO3HUKHOBEHHEe HOBoro sJaemedTa. s
METOLOB YMCTO XMMHUECKHMX BO3MOMKHOCTH YyXKe Ha HCXOMe, HO
ITOr0 HENb3s CKas3aThb O MHOrUX (uaMyeckux cmocobax, Mo3Bo-
ASIOUIMX 3aMeTHTh MOsBJCHHE HOBBIX H30TONOB JlaXKe Ha MMJJIH-
OHHBIE NOJHU CeKYHIHI.

Mo:xHO noaarath, YTO AAS CAMBIX JIONTOBEUHBIX U30TONOB €lle
X0Tsl Obl MATH-IIECTH T0KA He OTKPHITHIX 3J1eMEHTOB BpeMs KH3HH
0KaXercss J0CTaTOuHO GOJbINHM, YTOOH MOXHO OBUJIO Y3HATh O
TOM, YTO OHHU... POJUJIHCH, mpexae yem ymepau. Hecmorps Ha
TPYIAHOCTH, CTOSAIME HA MYTH HCCAenoBaTtesell, MOXKHO HaJedATh-
s, 4TO BCe OHM OYAYT yCMelIHO NMPeonoJeHbl, U Mbl OyneM cBH-
JeTeNsIMH HOBBIX OOABIIMX nOGel YesJOBEUECKOr0 pasyMma Hal
«xuTpocTMu» npuponsl. OCHOBaHHMS HANEATHCS HA 3TO AAIOT yIH-
BUTEeJIbHbIE NOCTHXKEHHA (QU3UKH NOC/eJHeH YeTBepTH BeKa.

— A 3auem, COGCTBEHHO, CTOJIBKO CHJ TPaTAT Y4YeHble Ha
MCCJel0BaHHe HOBBIX 3ayPaHOBBIX 3/IEMEHTOB, -— CHPOCHT YHTa-
T&Jb, — €CJIH OHH TaK HeA0JroBeYHbI? Mbl yXKe NPUBENH HeCKOJb-
KO MPUMEPOB MPaKTHYECKOro UCNOJb30BAHUS HauboJee NOTOXKH-
ByLHX MU30TONOB 3ayPAHOBLIX 3JIEMEHTOB, INIyTOHHS H KIOPHA.

IToxa mpuMepoB MOJIE3HOrO NPUMEHEHHS 3ayPAHOBHLIX 3/1eMeH-
ToB HeMHoro. Ho Hcropns nHaykn moxasmelBaer, uTO HH OZHA KPy-
numa 3nanuit He mpouapsaer napoM. Korza DBekkepesnb nosoxua
B SILIKK CBOEr0 NHCHMEHHOTO CTOJ1a ABOHHYIO CEPHOKHCAVIO COJb
ypaHa ¥ Kaaus ¥ OOHApYXHJ, YTO U B TEMHOTE 3Ta COJIb HCHY-
CKaeT KaKHe-TO HeBeJLOMble JOTOJIe JIyUYH W TaKUM o6pa3oM cay-
YalHO OTKPBWI PaRMOAKTHBHOCTb, MOT JIM OH 3HATh, UTO OTKPHLI
HOBYI0 5py? 3HaHUS Belb MOAYAC HAXOAAT CBOE NMpHMEHeHue Ja-
JIEKO He CPasy M JaJeKko He TaM, Tie MOXKHO OblIo Gbl OXKHIATH.
bexkepear u ne mojgospesan torpa, B 1896 romy, wuro, cjioBHO
Ilpomereit, on npuHec JIOASM HOBBIH YYAECHBIH OTOHB, TasUi
B cebe yrposy, HO ellle 6oJee CKa30UHble HANEXK/bl H HeBUAAHHbIE
BO3MOXHOCTH.

Kro smaer, MoxeT ObITb, POJIb, KOTOPYIO HOBBIE XMMHYECKHE
3JIEMEHTHI UIPAIOT B NPUPOJE, CTAHET HaM rOPA3J0 MOHATHEE JIUIIb
NOCJE H3YyYeHUsi CBOKCTB HHBIX, JaJeKMX OT Hac MupoB. Moxer
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GbITh, 9TH 371EMEHTH HAUAYT NPHMEHEHHEe B TaKHX 06JacTAX HaV-
KM ¥ KH3HH, YTO H «HE CHHJIOCh MYApDeUaM» HU NPOULIBIM, HH Ha-
CTOSILIUM, a CTaHeT NOCTYNHO JHIIb «Myapenams Oyaymum. Ho
M HaIlHW COBPEMEHHble 3HAHMS M JOCTHKEHHA H HLOCTHIKEHHMA Ha-
yKH Oyoylero HaXoLsTCS BO BJACTH YeJOBeUeCKoro, a He Goxe-
cTBeHHOro renus. Yenosek, a He 6or — TBOpel, CO31aTe/b HOBOTO.
[MosHaBast NPUYHHBEI BOSHUKHOBEHUS ¥ PA3BUTHS PA3JNHYHBIX SBJE-
HH#, H3yyas MX BHYTPEeHHHe, HeOOXOLMMble B3aHMHBIE CBA3Y,
4eJioBeK, BOOPY:KEHHBIH 3HAHMSMH, BBISICHSET HX CYIIHOCThL H NpH-
YHHBl, YCTAHABJIUBAET, OT YEr0 3aBHCUT TO HJIH HHOE SIBJEHHE, UeM
OHO BBIRBAHO. 3HAHHUS, HAKOMJIEHHbIE 33 JOJTUI IYTh PAa3BUTUS U2-
JIOBEYECTBa, JAIOT BO3MOKHOCTb NOHATH, YTO B MHpE HET HHKAKHX
yynec, HeT HHYEro cBepxbecTecTBeHHOro- Bce coBepmiaercs 3ako-
HOMEDHO M HMeeT CBOM eCTeCTBEeHHble NPHYHHBL. DTOT HAYYHbI}
B3TJIS1] Ha SIBJEHHS NIPUPOJH!, B OTJIHYHE OT PEJUTHO3HOI'O, OTKPHI-
BaerT JIOASIM 3aBETHBIE IBepH B Oynyliee.

«OcrTeperaiiTech... clenoil Bephl, ocTeperaiTech 3THX MepPBHIX
U CJIeNBbIX BHeYyaTJIeHHi, KOTOpbie BBl BOCIPHHSIJIH CO JHSA Balllero
pOXJAEHHS M NpH BallleM BOCIHTaHHH, BOCHPHHHMafTe Bemu 6o-
Jee ray6oko, — nucan B cBoe Bpemsi )Kaun Menbe, — B3BechbTe
KaK C/elyeT OCHOBaHHUSA, UTOGHl BEPHUTh HJH He BEPHTb TOMY, Ye-
My Ballla PEJIHTHS YUHT Bac... 51 yBepeH, UTO ec/H BHI IOCJELyeTe
32 €CTECTBEHHBIM CBETOM, Balllero pasyMa, Bbl YBHAHUTE... YTO BCE
PEJIMTHH MHDA CYTh TOJNbKO H3MBIIIJIEHHS JIOAefi M YTO BCe, 4eMy
VUHT BacC Ballla PEJHTHS U BO YTO OHA 3aCTaBJISIET BAaC BePHTb KaK
B CBEPXDBECTECTBEHHOE, 0OMECTBEHHOE, B CYILIHOCTH €CTh TO/bKO
3abnyxaenue, oOMaH, WINIO3HS U JHUEMEPHEY.
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OTKPBHBTA NOANMNHUHCKA

Ha Opomopbl M3aTeJbCcTBA «3 Ha HHUe»
Ha 1965 rog

I. <HOBOE B )KU3HH, HAYKE, TEXHUKE»

[To cepusim « Ucropus», «Puaocodus», «IkoHOMHKa», « TexHu-
Ka», «Ceanckoe xo3siicTBO», «JluTeparypa u HCKyccTBO», « Mex-
AYHapouHasi», «buosorus u MenuuuHa», «Pu3nKa, MaTeMaTHKa,
acTpoHOMHS», «MoJlofeXKHasA» BEIXOOHT 10 2 GPOIIIOPEl B MecAIll
cpengHuM o6beMoM 2,5 med. JHcTa,

ITodnucnas yena na cepuso:

Ha rex 1 py6. 80 kon.
» noayrojnse 90 kom.
» KBapTaa 45 xor.
» Mecsin 15 xon.

ITo cepusim «Xumus», « EctecTBO3HaHHE M PEJHTHA> BHIXOIHT
no | 6pounope B Mecsal o6beMoM 3 mey. JIHCTa.
ITodnucnas yena na cepuro:

Ha rox 1 py6. 08 kom.
» noJyrojHe 54 xom.
» KBapTan 27 xon.
> Mecsan 9 xom.

II. <HAPOAHbIA YHUBEPCHUTET>»

Brinyckaercs nmo ceMH ¢akyJbTeTaM: €CTeCTBEHHOHAYYHOMY,
TEXHHKO-BKOHOMHYECKOMY, CeJbCKOXO03ACTBEHHOMY, JHTEPATYPH
H HCKYCCTBa, NPABOBbIX 3HAHHII, NeAaroru4eckoMy, 310pPOBb.

O61uii o6bemM GPOILIODP N0 KaXKAOMY (PakyabteTy 60 meu. Juc:
TOB B TOA.

I1odnucnas yena na gpaxyasvrer

Ha roa 1 py6. 80 xon.
» noJayroaue 30 xom.
» KBapTana 45 xon.

B xaraJiore «Coloanedatus Ha 1965 rox GpoIIIOpH NOMELLeHb
noxy uuaekcamu 70057—70075.

He 3a6ydete ceoespemernno
nodnucareca Ha UNTepecyroujue 8ac
cepuu HAYYHO-nONYAApHux Gpousop!

HUspareabcteo «<3HAHHUE>»



