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He Tak jnasHo, Bcero ABajanarth Jet Ha-
3aj, OblaM 3an0JHEHbl MOCieAHHe CBOGOI-
Hble KaeTku B TaGauue Mengeneea. A ce-
roJHsi Mbl BHOBb y3HaeM 00 OTKPbiTHM Ca-
MOF0 TSHIKEJOro 3JeMeHTa — JOYPeHCHsl.
Tounee,— 0 «CO3/{aHHHU» JHIIb HECKOJbKHX
AeCSiTKOB aToMoB 3toro meranana. U myctsb
CBOMCTBA €ro MoYTH He H3BECTHDLI, OH NMPOY-
Ho 3auan ceoe 103-e Mecto B CTPOiiHOM
psiy «kupnuueii» Muposaanus. Ho mano
OTKPBITH 3JIEMEHT, 1aTh €My HMs, Hajo 3a-
CTaBHTb €ro CIYKHTb 4YeJOBEKY.

Texnuka ucrmonb3yer JeCATKH pPasHbIX
MeTaMIoB. A CKOJbBKO X BCe ellie fBJseT-
€ JOCTOSIHMEM JIHIWb YyYeHbIX-HCCJACN0BaA-
Teqeii! M3 70 u3BeCTHBIX MeTaMIoB GoJee
NOJIOBMHLI HasbiBaloT «peakumu», Cpepn
HHX JHTHAH WM Le3UH, MTTPHH H CKaHAHii,
TaHTaa M HUOOuii, THTaH u uuMpkouuil. OHu
061aal0T  CBOHCTBAMH, OTKPLIBAIOMIHMH
Ge3rpaHuyHble BO3MOXHOCTH JJISl CO3JaHHs
HOBBIX LEHHbIX CIVIABOB W TMOJIe3HbIX Be-
mwecrB, Pefkue 3/jeMEHTH NOJAYHUAH M-
pOKOe mMpU3HAHHE B COBPEMEHHOH TeXHHKe,
NMOMOTJIM Y€JIOBEKY C€O03/laTh KYMHBIE» BbI-
YHCANTEIbHbIE MalUMHbl, NOCTPOUTH CBEPX-
3BYKOBbie CAMOJETbl, 3aMyCTHTb KOCMHUe-
CKHE paKeTbl H HCKYCCTBEHHbIE CMYyTHHKH
3emau.

OG HCTOpPMM OTKPHITHS PEAKHX 3JeMeH-
TOB, 06 MX YAMBHTeJIbHHIX CBOHCTBaX,
0 CJIOXXHOM M KPOMOTAUBOM TPyAe YyYeHbIX
W HMccaefoBaTeNel modjer pacckas B 9TOH
KHHTe.

Aptop B. I'. Bam6ypos, mono/10it yueHblit
u3 Ypaabckero ¢manana AxajemuH Hayk,
Ha MNPOTSKEHHH psija JeT 3aHuMaercs
HCCJIel0BAHNEM CBOMCTB HEKOTOPhIX PeJKO-
3eMeJIbHBIX 3JICMEHTOB. JTO NepBas €ro
KHHra, HanmucaHHas NOMYJsiPHO M 3aHHMMa-
TeabHo, OHa npeanasnauesa ajsl Tex, KToO
HHTepecyeTcs TaiHAMH NMPUPOJBL
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C rayBoxolt npeBHOCTH YCJIOBEK CTPEMHJICS BTOPT-
HYTbCSl B TJyOb MHpO3faHufA. Bompocul —u3 yero,
H3 KAKOro BEILEeCTBA COCTOHUT OKpYXKAaIOUHE MHp,
caM oH, BcesenHass — HacTOHYMBO BO3HHKAJM B €ro
MO3TYy.

Onnu dbunocodpsl JpPeBHOCTH CUHTAJH MEePBOOC-
HOBOH BCeX Beulell IpUPOAH! BOAY, Apyrue — BO3JyX,
OT YIJIOTHEHHsI KOTOpPOTro 6yATO OBl MOJyvaroTcst 06-
Jlaka, BOJa, 3eMJIsl, @ CBOACTBA U KAYeCTBA BELIECTB
3aBUCAT OT HeMaTepHa/JbHOH  CHJBI — «KBHHTIC-
ceHiMu». Takue B3TJAABI Ra CTPOEHHE MAaTEPHHU IIO-
CNYKIIH O1aronpuATHO NOYBOH AT Pa3BHTHA
LeJIOTO HAlPABJEHHS B XHMHH, IOJNYyYHBIIEr0 Ha3Ba-
HUe — aAXHMHA.



Ecsiu xauectBo Tes 3aBHCHT OT <«KBHHTICCCHIHH», pac-
CYXKJaNH aJlXUMHKH, TO NOCTATOYHO OTHICKATh 3TO 3arajpou-
HOE BEIeCTBO, U TOTJA OTKPBLIBAIOTCA Oe3rpaHHyYHbIe BO3-
MOYKHOCTH IpeBpallleHus] OXHUX BeILeCTB B Apyrue, Hebsa-
FOPOJHBIX METaJJ0B — B 30JI0TO UIH cepedpo.

dra uaes oxas3anacb HaCTOJbLKO 3aMaH4YUBOM, YTO HaA TIO-
MCKH YyJIEeCHOTO BelleCTBA INOJ pa3HbBIMH Ha3BaHHAMH —
«YHHBEpCAJ», «ITHKCHP MYJIPEUOB», «KpacHas THHKTypa»,
«BEJHKHH Marucrepuily, «nsirad CTHXHA», «(depMeHT odep-
MEHTOB» H 0CO0eHHO «(PHUIOCOPCKHH KaMeHb» — aJXUMHKH
noTpaTHau 12 crogeTHi.

Llenoro orcusnu

Oco6enHo O6ypHOEC pa3BUTHE aJXUMHS IIOJNYYHJIA B Cpei-
HUe BeKa, B Mepuoia (eojgannama, KOrha Kaxaa 60rarcrsa,
CTpeMJIeHHe K HaKOIJIEHHIO LeHHOCTell BOoOIle M 30/10Ta B
0COOEHHOCTH MOPOXKAAJIH HH3MEHHBIE CTPACTH, HEYeMHYIO
»KajuHocTh Jqionefl. B EBpomne B Te BpeMeHa NMOUTH MPH KaxK-
JIOM HMIIepaTOPCKOM JiBODe B CTpoxKaiileft TafiHe MHU H
HOUM aJXHMHKH HCKaJH Pasrajky I[peBpaulCHAST NIPOCTBIX
METaJJM0B B 30J10TO.

...TeMHOoe mopzeMmenbe, caabo ocBellcHHOEe HCOOMBLUINM
OKHOM ¢ Xese3Hoft pemerkod. [leub ¢ KapoBHAMH U Ky3-
HEYHBIM MeXOM. 3aKONueHHble CTeHbl, UCIellpeHHble 3ara-
JOUHBIMH Heporaudamy, apaGckumu muceMenaMu. M o6si3a-
TeJbHO MarHyecKHe MeHTarpaMMbl, aCTPOHOMHYECKHE BHI-
YHCMEeHUs, KapTHHBI 3Be3HOT0 Heba u HeGecHBIX cBetHa. Ha
croslax ¥ Ha MOJYy — YalUKH JJI PacTUpPaHHs COJed, Tpyabl
IICCKA, YENOBEUECKHX KOCTel, COCYABl C <«XKHBOH» BOJOM.
B konbBax u peroprax — cBepKamlye Kamiad pPTYTH, XeJj-
Thle, 6ypble, KpacHble H 3ejenble pactBoph. C moTonka cny-
CKaloTcs NOABA3AHHDIE NIYUKH CYXOil TpaBpl, HA CTEHAX —UYy-
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yesa  NTHL, 3MeHHbIe
WKypHl H, KaK CHMBOJ
MBICJIH,— UYEJOBEUEeCKUH
yepell.

B 310l TauHCTBEH-
HOH MpauHoil o6cTaHOB-
Ke aJXuMudyeckoll nabo-
patopun — corbeHHast
purypa cemoBJacoro 4ye-
JIOBEKa, 3aHATOrO MOHC-
KaMH 4yJnojeiicTBeHHON
Marmyeckol CHJBbl, CIIO-
cOGHON MpeBpPaTUTh CBH-
Hel, B cepebpo, a
MeJb — B 30J/10TO-

Kakue TosbKO Belle-
CTBa W CMECH He HCHBITHIBAIN AJXHMHUKH: KyCOUKH «Hefec-
HBIX» KaMHEH — MeTEOPHTOB U SKCKPEMEHTbl BlIeH, HOTTH C
najableB YMepUINX KPacaBUIl K pacTepThie SMOPHOHHL

AnxyMuKH ocTaBUAM HEMajao TPaKTaTOB C ONHCAHHEM
crnoco60B TMoayueHHsT OJaropoAHBIX MeTaJJIOB C IOMOMIBIO
«pumocopckoro xamHs». OHH cuMTaJH, 4TO BCe BeLIECTBA
MOCTPOEHHl M3 OJHHX H TeX JKe COCTaBHBIX 4acCTeH cepnl H
PTYTH B pa3Huix npomopuusx. Pryre obycaasiuBaeT B Be-
IECTBE KOBKOCTb, TATYUECTb, TSIKECTb, & Cepa — IBET U H3-
MEHYMBOCTb MeTaJJ/a IpH HarPeBaHHu.

BoT peuent H3roTOBJEHHS 30/10Ta, 3aNHCAHHBIA B OJHOH
¥3 JPEBHUX KHTAHCKHX KHHT. «JIHCTHI 0/0Ba MOKpPHITh Ha
OJIHY JecATyIo JIofiMa 3aMa3Koi Kpacuofl CONU M H3BeCTKO-
Boit Boibl. Ha 10 ¢ynToB osnoBa Opatb 4 ¢QyHTa KpacHOH
conmu. [TomecTuTp B rOpMIOK KPACHOI TVIMHEI M 3aMypOBaTh.
Harpesatb 30 nHeit ¢ xoHCKMM HaBo3oM. OJi0oBO mpu 3TOM
IIepex0JUT B MeMel, B KOTOPOM HAXOAATCS KyCOUKH 30J10Ta
BEJNHUUHON B 600».




B apyroM onucaHuu uutacMm: «BosbMu pTyTH CTO/bKO,
CKOJIbKO He0OXOAHMO, BJell ee B COCYH, KOTOpHIl Tebe H3Be-
cTeH, jali el NMOKHIETh Tak, KakK Tebe M3BeCTHO, 100aBb Be-
LLeCTBO, 0 KOTOPOM Thi YK€ CJBIIIAJ, IPUTOM B TAKOM KOJIH-
yecTBe, 0 KOTOPOM yiKe Tebe OblIO CKazaHo. DTo u OyAeT
TanHCTBO (uxcauuu prytd. M npu 3TOM 3/1€Ch Hesib3si 10Ta-
JBIBATLCS HM O UeM JIMIIHeM, 100 Bce 3TO Tak scHo (I?), Tak
ToyHo (1?), uTo GOJBIIETO HacTaBJeHHS HEBO3MOXKHO MaTh
B 5TOM ONHCAHMH, €CJIH THl He XOuellb J00POBONBHO MOMACTh
B aJ 3a TO, UTO Thl OTKPBII TO, YTO TBOPEL CTPOrC 3alpeTHJ
OTKPBIBATHS.

Koneuno, 3t# ¥ MHOTHe ApyrHe pelenThl JHIIEeHbl KaKOoro-
Jau60 31paBoro CMBICJA, H, pa3yMeeTcs], aJXUMus Oblaa gaJje-
Ka OT UCTHHHON Hayku. Tem He MeHee, oHa 3aBOeBajia CHM-
MaTHH JYYUIHX YMOB cBoero BpeMeHH. Kpynredufi yderbiii
Pomxkep Baxon Bepusa B BO3MOKHOCTb NIpeBpallleHHs CBHHIA
B GJ1aropoHble MeTaJbl, a NMPe3UACHT KOpOJeBCKOro Hayd-
Horo obumecrsa Pobept Boisnp BcAdeckd MOAJepXKHBAM al-
xuMukoB B AHriuu. Bce cBoe cB0GOfHOEe BpeMsl HOCBsLIAl
ANXUMHYECKUM SKCIeDHMEHTaM 3HaMEHUTBI aHTVIHACKUA
yuenslii Mcaak HplOTOH, KOTODPBIN ANA 3THX LieJel MOCTPOUIT
coOCTREeHHYIO J1a60PaTOPHIO.

OnHo mokoJieHHEe aNXUMHKOB CMEHAJOCh Apyrum. V, Kak
TRIKEJ0e NPOKJSITHe, BHCeJa HaJ HHUMH HeCyIlecTBYyoLlas
TalHa NOJyYeHHs HCKYCCTBEHHOro 3oJj0ta. Hacrosimue sHTY-
3UACTHl CBOEro Jesa, aJXUMHKH caM03abBeHHO OTAaBaju
3J0pOBbe M XKH3Hb JJs OCYLIECTBJEHHS 3Tolt 6penoBOH HIeH,
3aMaHyuBas «JerkocThb» OOOTAUIEHHS NpHUBJIEKana K ajxXH-
MHH IIap/JaTaHOB, KOTOPble 3a JAeHbI'M O6eIlasH OTKPHITh
«TafiHy CBAILIEHHOTO MCKYCCTBA» H3TOTOBJAEHUS «PuI0Ccodh-
cxoro xaMHusi». Koposu, KHSI3bSI M Tepuord ObLIM He NMpoub
pasforaTeTb 3a CueT AJXHMHUECKOTO <«30JIOTA» H B TafiHe
CTpoM/IH 1a60pPaTOPHH-TEMHHUIBI, TaBaJi JeHbTH aJXUMHU-
KaM, Tpefys B3aMeH 30J10Ta, 30J10TA...
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HecuacTrele y3HukH npuberasn K BCeBO3MOMXKHBIM obMa-
HaM, yXHULU(PEHUAM, YTOObl OTTAHYTb HEMHHYEMOE IpU3HAHHE
cBoero Oeccusius. Hekoropble mepel ONyCKaHHEM <KaMHs
MyApeLoB» B THreJb BHOCHJIH C APEBECHBIM YIJeM Kycouek
sonota. Anxumuk TypHeficcep, AeMOHCTPHPYA CBOIO <THH-
KTYpYy», IT0Jb30BaJjcs [/ IepeMelldBaHus 30J10ThIM TBO3-
JleM, BbIKpallleHHBIM B LBeT »kesesa. IIpu 3TOM Kpacka pac-
TBOpSJach, H Ha IMa3ax y NOPaXKEHHLIX 3pUTejiel MOsABJsA-
JI0Cb 30J10TO.

OnHaxk/abl ObIBIIEMY anTcKapckoMy yueHHKy @pHApHXY
Beprepy, paborasuiemy npu asope repuora Asrycra CHib-
HOTO, YZa/0Ch NOJYUHTb TAHHCTBEHHBIH SJMKCHP — XKH-
KOCTb, «POXK/AIONyi0» 30J0T0. JleficTBUTENbHO, Habmonas
3a BHIMADHBAaHHEM 3TOTO BelleCTBA, BJACTEJAUH YBHAEJ Ha
IHe COCyZa KPOXOTHBIH KyCOUeK KeJTOTO0 MeTaJja.

KoneyHo, HHKaKOro YyAeCHOTO INpeBpallenus 34echb He
npousouisno. IIpocto anxuMHUK PacTBOPHI B LAPCKOH BOJKS
(cMech coMsTHOH U a30THOH KHCJOTBI) 30J0TYHO MOHETKY H
BBIIAJ TOJYYEHHYIO JKHIKOCTb 32 TAHHCTBEHHBIH 3KCTPaKT.
OR co3HaTeJbHO Ilesq Ha 00MaH, UTOObl HeMHOTO YJyullHTb
cBolo xu3Hb. Ho 3a Beprepom craau cjefiuTb ellle CTPOXKe,
6osicb BBINYCTHTh TalHy. Denusiry 3acrasisiu paboTaTh
IHeM H Houblo. KoneuHo, 3os0Ta OGo.blue He OblJo: Belb
MoHeTa Obljla elHHCTBEHHAS.

Kro 3Haer, yTo oxujgano ajxuMukar B KoHIe KOHIOB
o6MaH foJuKeH Obl1 packpbiThesl. Cnacia ero cayuyafHoOCTb.
Bo BpeMs1 Ge3ycnemiHblX NMOMCKOB TAHHCTBEHHOTO 3JHKCHPA
Beprepy ynamocb pasrajgarb cekper H3rOTOBJCHHS KHTaf-
ckoro (apdopa. Ilpeanpuumuusblit ABrycr CKopo INOHS,
uto Gapdoposrie Gokasbl, LeHUBLINECS B TO BPeMs Ha BeC
30J10Ta, CAe/1al0T ero caMblM GoratbiM ue’goBeKoM B Espore.

Cyznbpba Jpyrux 1uap/aTaHoB-aJXUMHKOB 6ojice Tparud-
Ha. Maso KTo M3 HUX KOHYaJ KH3Hb CBOell cMepThio. O6Ma-
HYTbl€ KOPOJH, FepPIOTH M KHA3bA JKECTOKO MCTHJIH.



B 1575 roay repuor DpyHCBHKCKHIH, pa3yBepHBILMHCHT B
oGeliaHHsAX KEHUIHHBl-aaxuMuka Mapun 3urjepdH Hogay-
YUTb 30JIGTO M3 CBHHILG, IpHKA3aJ CKeub ee. A KHA3p Biop-
TeMOYPrekuil OCTPOUA BHCCIHIY, BLIKPAILICHHYIO B 30/10TOH
UBET AJ5 aJiXHMHKOB, HC BBIIONHHUBIUMX OOelLaHHII.

Buyxkpasi B moreMKaX nmo3HaHus, morubas B MOHCKax He-
CYLLECTBYIOILErO «(PUA0COPCKOrO KaMHsA» HIAH «3JHKCHPA
KHU3HH», aJIXMMHKH, KOHEYHO, He MOIJIM IO-HACTOsIleMY
IBHTAThb HAyKy: UX OTKPBLITHA OBLIM CAyyaHHBIMH B OecuMc-
JEHHOM MHOKecTBe ombiTOB. VM Bce e «0e3 a/JXHMHH He
OBIIO OBl XHMHU>», TOBODUI P. DHrebC.

B Teyerde BEKOB aJXHUMHKH HOJYUHJIH HEMaJo HOBBIX
BELECTB M CAeJTau DS BayKHEHINUX OTKPBITHI. AJXHMHK
[=upux bpana uz am6ypra B MOUCKax AParoueHHOrO KaM-
HS B3sJ1 CBEXYIO MOYYy I'0J0Bajoro ObluKa, BLIIAPHJ ee JO-
Cyxa, a OCTaTOK IPOKAaJMJ, NOCTeNeHHO MOBHIIAsA TeMIuepa-
Typy. Ha Bepxy TpyOKu meperosHoro amnapara OH 00Hapy-
Kua Benoe BockooOpasHOE BEHICCTBO, KOTOpPOE CBETHJOCH B
TEMHOTe.

Fenpux Bpana poaro ckpriBaga CBOe OTKpPLITHE, HOJaras,
yTo Halesn «duiocodekuit kKameHb». BelllecTBo cBeTH/IOCDH
XOJNO/HBIM CIOKOHHBIM CBETOM, 1I03TOMY €0 Ha3BajH <«XO-
JIOMHBIM OFHeM», wju «dochopom». Tak BnepBble Obl OT-
KPBIT XOPOILIO M3BECTHbIHl HbiHE 3JeMEHT, 6e3 KOTOpOro, Kak
Tenepb CUHTAIOT, HEBO3MOXKHA KU3Hb HA 3eMJe,

AJXVMHKH BIlePBbIC BBIAEIUJIN CYPbMY, MBIIUbAK, BUCMYT.
OHH XKe NOJNYYH/IM a30THYIO, COJISHYIO H CEpHYI KHCJIOTb,
a Takxke LApCKyl0 BOAKY, JIeTKO PAacTBODPSAIOLLYIO [aKe 30-
JoT0. M3BecTHBIe HBIHE M paciHpoCTpaHeHHBle XHMHYeckue
COeflMHEHUd — KBaclpl, Oypa, BUHHBIA KaMeHb, 3GHp, WTY-
KaTypHBIH THIC, KpACHLIl CYPHK W MHOFHE JPYTHE — CBOUM
OTKDPBITHEM TOXKe 0OA3GHH! aJXUMUKaM.

Bor xopouio u3Bectioe XHMHKAM BEIECTBO KaJio-
MeJb -— XJOpHCTash pPTYTh. ITO NOPOINOK OEAOro uBETa
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B caoBape YHTacM: «KaJIOMEeJib» — I10-IPCUYECKH «KpacCHBas
yepub». OKaseIBaeTcsi, 3TOMY CTPAaHHOMY Ha3BaHHIO Mbl
ONATb-TaKH 0053aHBl aJXMMHUKAM, KOTODHIE, AefiCTBYd HaA Ka-
JOMeJIb PacTBOPOM aMMHaka, IOJydand o0CaloK YepHOTO
uBeTa, COCTOALIMH M3 MeJbualillinX KareJeK BOCCTaHOBJEH-
HOH pTYTH.

Bunuenno Kackapnosao, camnoxHHK u3 DBosoHbH, yBIe-
KaBUIMiiCA HA IOCYre ajJXUMUell, OfHAXKIK 00HADPYXKUJI, UTO
cynbdux 6apus CBETHTCS B TEMHOTe, eCAH Cro Iepej 3THM
Ha HEKOTOpOe BpeMs BBICTABUTh Ha COJHIe. Tak OblIO OT-
KPBHITO SIBJEHHE JIOMHHECIERIHH,

MHorue anmaparsi M HHCTPYMEHTH, 6e3 KOTODBIX He
MOXeT 000fTHCh COBpeMeHHash XHUMHUyecKasi jabopaTopus —
MeperoHHwil Ky6, peTopThl, BOASHbe OaHH H Aaxe Jabopa-
TOPHBIE BeChl — BIEepPBbie H300peaH U NPUMEHHIHN aJXHMHKH.

Om aaxumun —
K COBpDEeMEHHOI HAYKE

B pesysnbrate MHOTOBEKOBBIX OECIVIONHBIX MOHCKOB al-
XMMHKOB CTaJO NMOHSTHBIM, UYTO JJIS [O3HAHHA TNIPHPOIHI,
CYI[HOCTH CTPOEGHHS ee Belell, H3yueHUs NPUPOJHLIX SBJe-
HUNl U UX 3aKOHOMepHOCTel HyxKeH onuT. M 3TOT ommT mo-
Kas3aJj, uto BceneHRasi COCTOMT He M3 UeThIpeX OCHOBHBIX
3JI€MEHTOB — 3eMJIH, BOALI, OTHf M BO31yXa, KaK To0Ja-
raau apesHue pumocodu. Mx sHauutenvuo Goanuie. 1 mHo-
THe — ¥Xene30, Meflb, PTYTh, 0JI0BO, CBHHEI — npocThie. OHA
HE pasjaraloTcs M He MNpPeBpallaloTcsl B JPyTHe BellecTBa
MPUPOALI, @ OCTAIOTCA HEH3MEHHBIMH, NTOKA Ha HUX He BO3-
IeHCTBYIOT U3BHE,

B 1668 rony Buigalomuiicd aHTIuACKUN GU3HK U XUMHK
Po6ept Bolinb Ha ocHOBaHMH aHa W32 DA3JUYHBLIX BeIleCTB
NPHILEN K BBHIBOAY, UTO 3JeMEHTAMH SBJAAIOTCA «Te TPOCTed-
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LIMC Tea, U3 KOTOPBIX COCTABJIEHBL CJI0XKHBlE Tesla H K KOTO-
PBIM Mbl B KOHIIE KOHLOB IMPHXOAHM, pasjaras NoC/JIeLHHE>.

[Torpe6oBanoch elle MHOTO BPeMEHH, NMOTpe6GoOBaJCs Te-
ol M. B. JlomoHocoBa, nokaszasuiero B Hauajge XVIII cro-
JeTHs ONBITAMH TIO TPOKAJHBAHHMIO MeTaaJoB Ge3 pgocTyna
BO3/lyXa OTCYTCTBHE «CBEPXTOHKHMX MaTepuil» Temia, X0JO-
Jla, OTHA W ADYTHX, MpexJae YeM Bompoc o0 3/1eMeHTax cral
Ha NMPOYHYIO OCHOBY.

K nauany XIX Beka craso u3secTHo 23 3/eMeHTa, a K Ce-
peliHe HX KOJHMYECTBO MepeBasuao 3a marbaecar. He mpo-
XOAMJIO TOfa, 4TOGH KTO-HHOYAb M3 XHMHUKOB He OTKPBHIBAJ
HOBBIH 3jeMenT. CKOMBKO Ke BCEro 3JeMeHTOB — 3THX «KHUP-
nuueli» Bceenennoii? Koneuno mau 6ecKOHEYHO HX UYHCJAO?
ATCro HUKTO He 3HajJ. MHOIHM Kas3ajoch, 4TO YHUCJIO Pas-
JHUHBIX 3JIEMCHTOB MOKeT ObIThb CTOJIb Ke BeJUKO, Kak H
YHCJAO0 TeJT PUPOJIBL.

YueHbie TepsiJIMCh B JOTAaAKaX H He MOIVIM OOBSICHHUTS,
MOYeMy OJIHM 3JeMEHTH B3aHMOAeHCTBOBAM MeXAay coboi,
[OPOKJasi COTHU HOBBIX BEleCTB, OKpallleHHbIX BO BCe IBeTa
panyrH, u GecilBETHBLIX, TBEPABIX H JKHIKHX, IpPyTHE OCTaBa-
JIUCh COBEPIIEHHO «PAaBHONYIIHBIMH» ADYT K IPYLy Jaxe
IpH CUJILHOM HarpepaHuu. VM uem GoJibllle HaKamJauBaJoCh
HOBHIX (PaKkTOB, ueM NOApoOHee Y3HABAJMH yueHbie KaXKAbii
XHMUUECKH{ 2JEMEHT, TeM OueBHJHee CTAHOBHJIOCH, UTO B
XHMHH UapuT Gecnopsiiok, xaoc. Hyxken Obln o6wuil 3ax0H,
uro6bl pazobpathcs B 3TOM Xaoce, NMOJNYUHTL BO3MOXKHOCTb
OPHEHTHPOBATLCA B MHOTOYHC/JIEHHOH CEMbE 3JeMEHTOB.

K 3TOfi MBICH OpHUIET MOJOMAOH, HO yKe H3BECTHHI
npoteccop Ilerepbyprckoro yHuBepcutera Jmurpuit Hsa-
HoBHY Mennenees. Ocenbio 1967 roma or nmoayuun xadeapy
obuell XHMUH B YHHBepcHTeTe H ObLJI 3aHAT COCTaBJAEHHEM
Kypca Jekuuilt aas cryfaentoB. Kak moxonuuBee 0GbSICHUTH
BCe pa3HooOpas3ue XUMHUYECKHX CBOMICTB M3BECTHBIX K TOMY
BpeMenu 63 anementoB? Kak cBs3ath MexJay coboil paccka-
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3bl O KaJIHH M JIMTHH, MapraHle M xKeJses3e, 0JOBe M LHHKe?
IonxeH ke OBITb «BHYTPEHHHH IOPSNOK» CpelH 3JeMeH-
TOB.

VueHbie MaBHO 3aMeTHJH, YTO HEKOTOpble HDPOCTHIC Be-
HIeCTBA YAHBUTENbHO IIOXOXKH ADPYT Ha Apyra,— HacTosiliue
6ansnensl. Ecin B3AITh KyCOUeK MeTaJJIHYECKOro Kaflus H
GpOCHTH B 4alIKy C BOLOMH, OH BCIBIXHET SAPKHM MJIaMeHeM H
¢ wunenneM GyAET HOCHTBCS IO IOBEPXHOCTH, IOKA He HCUe3-
ner B GenoM abiMy. Hatpuft u auTHd B BoJe yCTpauBaloT
GbefiepBepk He MeHbIIHH. Bce OHH KaJQHO COENMHAIOTCH C
KHCJA0DOLOM, paajaras [pH 9TOM BOLY Ha COCTaBHBIE 3Je-
MCHTbI, OIHH H3 KOTOPLIX — BOLOPOL — TaK 3(P(PeKTHO ropur
B Yaulke ¢ BOJOH!

OJoBO W CBHHCI[ TOXe BO MHOTOM HAaNOMHHAWT ApPYT
npyra. O6a Mmerasna JgerkomnaBkd. OHH HAcCTOJNBKO MSTKH,
yTO CBOOOJHO pexyrcs HoxoM. OKHCISIOTCE HA OTKPBITOM
BO3/lyXe TOJbKO Ha ITOBEPXHOCTH, IOKPHIBAsACh TOHEHBKOM
miaeHkoi. Mx MoxHO Opuio 6bl cnyraTh, He 6yAb 60JbLIOH
pa3HHIBI B Bece OJMHAKOBBIX MO 00beMY KyCOUKOB 3THX Me-
ta/noB. CBHHeLl B OJTOpPA pasa TsxeJee 0J0Ba.

A pa3Be He MOPasUTENBLHO CXOJACTBO GTOPA C XJIOPOM HJH
6poma ¢ fojoM? Bce 3TH 3/71eMeHTH COEAMHSIOTCSA C pPasJsnu-
HBIMH MeTaJ/JJiaMH, «poxKnasi» coju. [JosToMy MX HasBajH
rajoreHaMy, 4To IMO-TPeYeCKU O3HAYAET «CONEPOIbI».

B npupooe
ecmv nopsiooK

Hraxk, B3siB 32 OCHOBY OJIM30CTb XHMMHMYECKMX CBOHCTB,
MOXKHO pasfefuTb Bce 3/7eMeHTh Ha rpynnsl. M He cayuai-
HO, BUAMMO, CYILECTBYeT KaKOH-TO Npu3Hak, olliee CBOMHCT-
BO, KOTOPOMY NOAUUHAIOTCS Bce aneMeHThl. Ho kakoe? LIBer.
BKYC, 2 MOXeT, YCAbHBIH BCC WAH IJCKTPOLPGBOIIOCTL?
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MoJioofi yueHbIH 3aMO/HUA KapTOUKY Ha KaxKAblH 3Jie-
MEHT, 3amnucaj B Hell Ha3BaHMe, aTOMHLIH BeC Y [JIaBHbIC
cBolicTBa. 3aTeM CTaJj TPYNNHPOBATb KAPTOUKH MO CBOUCT-
BaM 3JIEMEHTOB.

[Ipodeccop oOHapyKuM 3aMeuaTeJbHYI0 3aKOHOMep-
HOCTb: €CJM BCC 3JEMEHTH pacloJOXHUTb B NOPANKe BO3pa-
CTAaHHA HX ATOMHBIX BECOB, TO Uepe3 OMNpejeseHHble MpoMe-
KYTKH  (MepUombl)  CBOUCTBA  3JIEMEHTOB IMOBTOPSITCH.
B nepBoM psiy OH OTJIONKHJ CeMb 3JEMEHTOB, NOJ HUM —
ellle CTOJbKO K€. A B TPeTheM U UeTBePTOM psiLaX IPHUILIOCH
yKJaabBaTh CeMHAIIATh KapTouek, 4TOOBl MOXOXKHE 3Je-
MEHTBHl HAXOAUJMUCh OAMH moa ApyruM. [Toka Bce ckaaabiBa-
JoCch O/1arONOMYYHO — 3JeMEeHTBl BBICTPAUBAJUCh B DALB,
KaK B MYy3bIK€ OKTaBHI.

M Tyr-TO yYyeHOMY NPHIULIOCh CTOJKHYTbCA C NEPBRIMH
sarpyanerusamu. Cpeau H3BecTHbIX MerjenceBy 3/7eMEeHTOB
He OBIJIO TAKMX, KOTOpble MOTVIH Obl 3aHATDH B psijax 21-¢, 31-e
u 32-e mecra. Onunako, riay0oKo Bepsl B ClipaBeiJIiBOCTb OT-
KPBITOFO UM [CPHOLHYCCKOTO 3aKOHA, YUEHBLIH BLICKa3aJl
MBIC/Tb, UTO MyCTyiol{de Mecta OVRYT 3aHATH 3JCMCHTaMH,
KoTophle, 6e3yCJOBHO, CYUIECTBYIOT B MpHpOJe, HO elle He
HalileHol xuMukamy. Bosee Toro, MenaeneeB npeAcKasbBadl
HX aTOMHBIH H YAeJbHbLIA BeCa U OCHOBHbBIE XMMHUUYECKHE CBOH-
erBa. OH Jgaxe omMHcaa HX BHEIUHHI BHA U XHMHYECKHE CO-
eJlHHeHHus!, KOTOpble OHH 00pasyior, BCTyNasi B peakUun C
LPYTHMH 3/7eMeHTaMH. JKa-00p, IKa-aJIOMHHHI H 3Ka-CHJIH-
UUH, TaK YCIOBHO Haspaj Merjgeace HepoCTalOLIHE 3Je-
MEHTBI.

BoablIHHCTBO yUeHBX TOrO BPCMEHH CYHTAI0 IIpejAcKa-
3aHie MenpneneeBa 1o McHblell Mepe aGCypaOM, HECABIXaH-
HOfl J1ep30CThbi0. ¥YOCIHTh CKENTHKOB MOTJH TOJBKO (DaKTh,
HO HX moxa He Obnwio. Ulmo BpeMsi, a myCTOBaBIIHE KJETKH
Tabnuubl BCE ellle 0CTaBagaHCh He 3anmojHenHbIMH. Heyxenn
upes omnboyHa?
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W BoT uepes nATb Jet, B 1875 roxy, ppaHuysckuii XHMHK
Jlekok e ByaGonpaH OTKpbI HOBbIH 3/1eMeHT. Boigenus ero
B cBOOGOJHOM COCTOSIHMH, OH H3Y4YHJ JIHWB riaBHeliuue $u-
3MYECKHEe W XMMHUecKHe CBOHCTBA HOBOI'O 3JeMeHTa.

Menzenees ysuan B Ta/JIHH HPeJICKA3aHHBLIA UM elle B
1870 roay sxa-aaoMHHHI, O UeM HeMeNJeHHO Hamucan B [1a-
prx. OcHOBLIBAsICh Ha MEPHOJHUCCKOM 3aKOHe, OH yKasas B
CBOEM MHCbME, UTO IJIOTHOCTB TaJJNs He MOXKET OBIThb paBHa
4,7, xax omnpefenus PpaHIy3CKHl YUeHBI, a A0JKHA ObITDL
oxoJ10 5,9—6,0.

Bennxo ke Oblsio yAHBJAEHHE NAPHKCKHX XHMHKOB, KOT-
na Jlekok jgc DyaGoxpan nocse OYHCTKH TOJYyYeHHOTO HM
METaJ1a HALICsd, UTO YAeAbHBIH BEC €ro JIefiCTBUTEIbIIO paBeH
5,96. «He uy:xHo, 1 AyMalo, yKasblBaTb Ha HCKIIOUHTCJABHOE
3HayeHHe, KOTOpOe UMEEeT INIOTHOCTh HOBOIO 3JICMEHT4 B OT-
HOLIEHHH IIOJATBEpPKAEHHs, TeOPETHUYCCKHX B3rasgoB MeH-
JleneeBa»,— MMHCAJ BIOCAEACTBHH JIekok me Byaboxpas.

V3GpaB TakuM 00pa3oM BaxkHeMiueli XapakTepHUCTHKOH
3JICMEHTOB HX AaTOMHBIA BeC, BeJHKUH pPyCCKUH XHMUK
OTKPBLT OOLIMI 3aKOH, KOTOpPBIII OTOOpakaer B3aHMHYIO
CBSI3b MEXAY aTOMHBIM BECOM H XUMHYECKHMH CBOHCTBAMH
s1eMeHTOB. Tak Obl1a co3gara Tabauna MepUuOAHYECKON CH-
CTeMbl 3JIEMEHTOB, B KOTOPOH yKa3aHO MECTO KaxKJIO0ro dJje-
MEHTa B UX OBLIEM CTPOIO.



HXHA3BIBAIOT
PEJIKHMH

00000 (»
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[TocmMoTpuM BHHMATeJbHEE HA NEPHOLHUCCKYIO
Tabauny. DOJIbIIMHCTBO 3JEMEHTOB OTHOCHTCH K
rpynne MeramiaoB. Mx OGogee cemupecatd. ITo —
0JIOBO H MCJb, XKeJe30 U ajloMuHHuil, cepe6po u Oe-
pUAIME, KaAMHH H ypall.

HauGosee xapakrepible NPU3HAKK METaJJOB —
Helmpo3pauHocTb, clenuduueckuit OsecK, BBICOKAs
3/]1eKTPOIPOBOJHOCTG M  TeIIONPOBOJHOCTb, KOB-
KOCTb, CMOCOGHOCTb NpOKaThiBaTbcA. Bce Merasnbl
(3a uCKMOYeHHEeM pPTYTH) HOPH HOPMAaJbHBIX YCJI0-
BHUSAX — TBepJble BEILECTBA.

baarogaps cBOUM IOJMe3HBIM CBOHCTBAM MeTaJj-
JBl CBITpAJIl HCKJIOUHTENBHO BAXKHYIO pPOJb B pas-
BHTHH KYJbTYPBI H IMBH/IH3ANHU YeSOBEYECKOTO 006-




mecrBa. Bonee ABYX ThICAY JeT Hasad JAPEBHHI PHMCKHI
noat-punocod Jlykpeuuit B cBoelt mosme «O npupome Be-
efi» TaK OMHCHIBAJ 3HAKOMCTBO YeJ0BEKa C MeTalJlaMH:

..PacmnaBuB, MeTalnbl BO3MOXKHO

B dopmy miobyio OTIHT H M06YI0 NpHAaTh UM GUIYpY;

U po mob6oit ocTpoTH H 10 TOHKOCTH TaKiKe BO3MOXHO

Jleasuil Kpasi AOBECTH, TOCTENEHHO CXHMAas HX KOBKOH,

UroB6el OpYKbsI HMETh H OPYAbS I/sl PYOKH HepeBbes,

Yro6Bl 06TECHIBATEL JieC M BLICTPYTHBaTh IajkHe 6pychbs,

Yro6nl GypaBuTh, RONOHTb M NMPOCBEPAHBATH B JepeBe ILIPHL.

PaxHee [eTCTBO YesqOBeueCTBA — KAMEHHBIl BeK — CMe-
HusC BekoM Gpon3oBblM. C Tex 1Op MeTalsl COMyTCTBOBAM
YeJOBEKY, 3aLIMIIag ero, momoras no6eBath nuuly. Ho me-
Tanapl TpeboBanu K cefe GOJBIIOTO BHUMAHHSA H IOPOH KO-
BapHO MJIATHJIH CBOEMY XO3SHHY 332 HeOCBeJOMJIEeHHOCTb.

Memaaa
nposgasem Ko8apcmeo

Mruoro ser nazan B Cubupb OTHPaBUIACH XOPOILO OCHA-
IeHHAS SKCIeTHIHST A5 HCCAe0BaHUA 3TOl ele He 06KH-
toft 3eman. CypoBHlil TaexHblit Kpall BCTPETHJ OTPSIA He-
npusetauBo. Kakoso ke GBLIO H3YMIIEHHe YUACTHUKOB 3KC-
MCAUIMA, KOT/Ia BO BPCMS OJIHOIO H3 3UMHHX NPHBAJIOB OHH
0OHapYXKHIH B MOXOAHBIX MCLIKAX BMECTO OJIOBSHHBIX JIO-
2KeK M yallleK TOPCTKH Ceporo mopoinka. Beipyunan compo-
BOXKZAABUIME 3KCNEJULHIO MeCTHBIE KUTeJIH: OHH BbIpe3asy
JIOXKKH H MHCKH H3 JlepeBa.

OxasniBaeTca npu Temiiepatype Huxke 13 Tpagycos 0J10-
BO «3aboJjeBaeT». Ha HeM moAB/SIOTCS cepble TMATHA, KOTO-
puie GBICTPO pacmpoOCTPaHSIIOTCS HAa HENOBpEeXKJAeHHbie MECTa.
ITO mpeBpallieHHe Ha3bIBAIOT OJOBIHHON «UyMOI».

Hesnaunne atinx ocobennoctefl 0/0Ba ABUANCH MPHUUHOMN
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rubean 1eJoH 3KcIe-
JHUIHH H3BECTHOTO IIO-
~ JSPHOTO  HCCJeoBa-
i treass Ckorra B 1912
ropy. B myru k IOx-
) HOMY TIOJIIOCY JIIOAY
i ocrajuch 06e3 TOMJIH-
: /1 Ba, TaK KaK COCYZbI
H JKECTAHKH, B KOTO-
pBIX OHO HAXOIHJOCH,
\ OplIH  3amasfiHbl  OJIo-
Bom. Ha wmopose pe-
3epByapel  paspyulu-
JUCh, W ropiouee BhI-
TEKJIO.

[TonoGuble «cClop-
IPHU3bl» TaWJH B cebe
U JApyrHe MeTaJlIHl.

Hyxen 6ol ONBIT
lJ MHOTHX MOKOJCHUH
HccaegoBareset, uto-
Obl IPHOTKPHITH IBEPD
B KJaJA0BYIO NpHpPOAbl ¢ Goratelilell KoseKHel MeTa 0B,
Kax b 13 KOTOPBLIX 00Jajans BecbMa MNOJE3HbIMH, a NOpoH
i 3arafloulbIMH CBOHCTBAMH.

Ho xax pacmpeaencnnl MeTauiasl B 3emie? B kakoMm ko-
JuyectBe? PelreHHe 3THX BOMPOCOB BCETAa IPeILeCTBOBAJO
3ajlayaM, CBSI3AHHBIM C MOJYYeHHEM U UCHOJb30BAHHEM Me-
TaJJI0B,

Eue anxuMIKN 3aMETHII, UTO HEKOTOPBIE METaJIbl «JII0-
6AT» ApYT Apyra u BcTpeuatotcs BMecTe. Tax, cBepKaioline
KpPHUCTaMJbl CBUHUIOBOrO Ojiecka B KHJaX 3eMJIH COHNPOBOXK-
nawoorcsl OJectsiiell [HHKOBOH oOMaHKol, cepeGpo ciaenyer
33 30710TOM. a Melib YacCTO BCTPEYAETCHd BMECTE C MBIIIbS-
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koM. Ilpu 3ToM ojHuM wMme-
TaJJbl OYeHb pacnpocTpa-
HeHbl B 3EMHOH Kope, IO
HMM Mbl XOIHM B OyKBaJb-
HOM CMBbIC/Ie, Jpyrue co-
Aepxartci B HHYTOXKHOM
KOJIMyecTBe, H OGHAPYXKHUThb
HX oveHb TpyAHo. Ecan Ha
JOJI0  aJIOMHHHS, 2KeJjesa,
KaJbllksd, HATpHs, Kaaus H
MarHds TPHXOAHTCA NpH- &
MepHO 22 mpoueHra, TO
JI0JI BCeX OCTaJIbHbIX Me-
TaJJIOB, BMeCTe B3SITHIX, HE
NpPEBHIIIACT JABYX MPOLEH-
TOB OT Beca 3eMHOH KOpHI.

Yem pacrnpocTpaHeHHee
B IIPUpOJE METaJ/ll, TeM OH,
€CTEeCTBCHHO,  IOCTYIHee.
Jliond ¢ naBHUX TOp Hay-
YUJHCh BHIIABJAATL XKeJe-
30, Mellb, OJIOBO M3 PYA JHLIb NOTOMY, YTO dYalle C HUMH
pcTpeyanucb. Ho mum rogbl, u BMecTe ¢ OTKPHITHEM
HOBBLIX 3/ICMEHTOB TEeXHHKa I0JydYaja HOBble MeTaJbl,
KOTOpLIC yIOBJETBOPANH ee HOBLIE, CaMbie pa3iuyHbBIE Tpe-
GoBanust. OcofenHo 3TO OTHOCHTCA K OGOJMBIION TpyIme
MeTasJIoB, HasbiBaeMblX DeAkHMH. Cpenn HHMX — JIHTHH H
nesufi, HHOOUH M TaHTaj , CTPOHIUA W OepUNIuil, CKAHAUN U
UTTpHil. MHOrHe, Kak Tenepb 0Ka3ajoCh, He TOJNBKO BaKHBI
B HOBeHIlell TeXHHKE, HO He0OXOAMMbl /151 }KU3HH XKHUBOTHBIX
u pacrenuil. M, xors BaHagu#, MmoaubaeH, THTaH, pyOUAUH,
NPUCYTCTBYIOT B XHUBBIX KJIETKaX B HHUTOXKHO MaJjblX KOJH-
yecTBax, TeM He MeHee, 0e3 HHX He MOTYyT OOOHTHCh HH
pacTeHud, HH KHBOTHBIE, HH HEJOBEK.
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He peodrue,
a mpyoHooocmynHoLe

[ToueMy e 3TH 3/JeMeHTHl Ha3blBAIOTCSl peaxuMu? [leit-
CTBUTEJIbHO, GOJIBLUIMHCTBO PEAKHX METalJOB CONEPXKHUTCSA B
3eMHON KOpe B KOJHMYECTBAX, HE NPEBHIIAIOUHX THICAUHYIO
JOJII0 TIpOLleHTa, B TO BpeMs KaK XKeJje30 COCTaB/sfer
4,2 mpouenra, a amomunuil gaxe 7,45 npouenta. Ho He
TOJIBKO 3THM OTpeessieTcs: NOHsTHe «peAxue». BosbmeM miist
npumepa JuTHil. Maso KTo Aep:Kajd B pyKax UM BHIEN 3TOT
MeTaJusl, XOTSl OH OTKPBIT OB B HauaJje MPONIIOTO CTOJe-
tus. JLo 1940 rona on noGbiBaCcs B HHUTOXKHOM KOJHYECTBE
1 TIOYTH He npuMeHssca. Ho B 3eMHOl KOpe JIMTHS HAMHOTO
GoJipllie, 4eM 30J10Ta WJIH, HampuMep, CBHHIIA, KOTOPBIA BO
BCSIKOM CJyyae He CUHTAETCH PeAKHM.

Ilpyroii penkuii Merant— O6epuInHi — B 3eMHOH Kope B
8 pas, crponuuit B 70 pas, a turan B 375 pa3 pacmpocrtpa-
HeHHee TOrO e CBHHLA.

ITonsitue «penkuii», kKaKk BHAMM, COBCEM He COBIajaer ¢
KOJIHYECTBOM TOTO MJIM HHOTO 3JeMeHTa B 3eMHOil kope. Bo-
Jiee TOro, 9TO MOHSITHE BpeMeHHOe, CBOHCTBEHHOE COBpeMeH-
HOMY YDOBHIO IPOM3BOACTBA M NMOTpebJeHHS MeTaJJIoB.

He rax naBHO, KakuX-HHOYAb CTO JICT Ha3aj, a/JlOMHHHI,
camblil pacnpocTpaHeHRBE Meranat B Hnpupoae (ORHH KyOu-
YeCcKUH MeTp 3eMHOIT KOpPBHl B CpPeJHEM COILEPKHT OKOJO
230 Kr ajqoMHHHA), TOXe cuuTaau peikum. [lTonyuenue sto-
ro sierkoro 6eqoro merasja ObIO O4eHb TPYAHOH 3amauen,
H [OTOMY KWJOrpamMMm ajioMuHus croua 1230 py6aedt, T. e.
Ha 80 pyGaefi ropoxe 30/10Ta paBHOro Beca. KoneuHo, Ta-
KOfl MCTa/sl B TO BpeMs MOT NPUMEHATLCS JIMIIb /s I0Be-
JHpHbIX u3jenuil. He ynuBurenpro, uro B 1889 roxy Bo Bpe-
Ms npeObiBaHus B JIOHIOHe BeIMKOTO pPYCCKOTO XHMHKA
. Y. MensieneeBa emy B 3HAK yBaXKeHH# H MPH3HARUS 3a-
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CJIYT B XUMHH OBINM NpEMNOAHECeHb B KauecTBe 0C0GO IieH-
HOTO MOJapKa Bechl, clejaHHbIe H3 30J10TA M aJIOMHHHS.
XoTa ¢ TeyeHHEM BpeMeHH CNMOCOGH IOJYYEHHS aJIOMH-
HHSl COBEpPIIEHCTBOBAJIHCh, OH NPOLOJIKAJ OCTaBaThCs Apa-
TOLLEHHBIM. JII/II.HB C OTKprTI/IEM SJIGKTPOJIHTH‘IGCKOI‘O CIIOCO-
6a MOJYYeHHS] AJIOMUHHI HayaJ CTPEMHTENbHO NPOHHKAThb
B aBTOMOOHJIbHYIO, MALIHHOCTPOUTENBHYIO H pPYTHe 06/1aCTH
IIPOMBILIIEHHOCTH, BO MHOT'HX C/y4asiX 3aMeRss CTalb H XKe-
Je30. Jlerkne ¥ MpouHble aJIOMHHHEBbIE CILIABBI 0Ka3aJlHCh
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He3aMeHUMbIMH B ABMAlMOHHON mnpoMbinuiennoctd. [Hena-
pPOM a/JIOMHMHHII Ha3bIBAIOT «KPblIATHIM MeTaatoM». K KToO
6Bl MOTr NOAyMaTb, UTO «CepedpO U3 TJIHHBI», TaK ObII Ha-
3BaH aJIOMHHHI Ha BeicraBke 1855 roaa, cmycra 100 Jser
Gyder CaOyXKHTb JUISL CO3JaHUS CaMOJETOB, JeTalolHX CO
CKODOCTBIO 3ByKa M faxe ObiCTpee.

Tak OoTKpBHITHE IPOCTOTO W AeMIeBOro crnocoba Npou3BOA-
CTBa M HIHPOKOE HCIOJNb30BAaHHE B TeXHHKE MPEBPATHJIH
aJIOMMHHHA M3 «PelKOTO0 MeTanaa» B OOLIYHBLIE MarepHas
XX Bexa.

To xe MOxKHO cKazaTb U 0 TuraHe. OH eule BXOAHUT B
paspsn pelKHX MeTaJsJIOB, HO [0 CBO€H PacnpoCTpaHeHHOCTH
B COBPeMeHHOM MAIIHHOCTPOEHHH W CAMOJIETOCTPOCHHU /1aB-
HO Iepectas ObITb TaKOBBIM. TYrONMIaBKHH H JIETKUIl, BMeCTe
C TeM CTONKHUH Ha BO3JyXe U Jaxe B MOPCKOH BOAe, THTaH
CTAHOBUTCS BeCbMa IEHHLIM MaTepHa/JOM HOBefllleH TeXHu-
KH. JIHIIb OTPOMHBIE TPYAHOCTH NMPOH3BOACTBA €r0 B YHCTOM
BHIe HECKOJbKO CAepXKHBalOT O0O6efHOe LIeCTBHE THTAHA,
OTKDBIBLIErO Iepefl 4YeJ0BeuecTBOM TPAaHIHO3HBIe BO3MOXK-
HOCTH.

Bpemst Bcerna BHOCHT CBOH u3MeHeHHS. OcobeHHO 3TO
3aMeTHO Ha cyibGe MHOTHX peikux MeTamnos. [Ipu yrou-
HeHHH COCTaBa KOpPHI MJIAHETHl, B UeM BeJMKasi 3acjayra HpH-
HaJJIeXKUT OCHOBOIIONIOXKHUKAM HAYKH T€OXUMHH HalIHM 3a-
MeuaTelbHBIM yueHbIM — akajemukam B. U. Bepraigckomy
u A. E. ®depcmany, MEHHMas «GeqHOCTb» 3JeMEHTOB 06opa-
yuBaJacb HeHCYepHaeMbIMH OOraTCTBaMH.

Bor nouemy, roBops o pefAKHX MeTaJjax, Hy>KHO BCETaa
IIOMHHTb, YTO 3Ta HCTOPHYECKH CJIOXKHBLIASICS KaTeropHs
37eMeHTOB COBCeM He OTpaxaeT KOJUYECTBEHHYIO CTOPOHY
pacnpocTpaHeHHOCTH UX B npupoje. Cxopee BCero oHa cay-
JKHUT oOmpeJeNieHHBIM KpHTepHeM TeXHHUeCKOro Mporpecca,
KOTZla pefiKue 3JeMeHThl H3 TPYAHOJOCTYNHBIX NpeBpaLlaioT-
csl B pacnpocTpaHeHHble W NIIPOKO HCIOJb3yeMble,
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A cKOJMBKO ellle 3arajiok TaHT KamAbll H3 DeAKHX Me-
tananoB? McenenoBanue uX B UHCTOM BHJe yiKe cefyac IO-
3BOJIAET TeXHHKe pelrath C/AOXKHeHIMe 3ajaul, CBSI3aHHLIE
C KapONPOUYHOCThIO U JIETKOMNaBKOCTbIO, BLICOKOH 3JEKTPO-
MPOBOMHOCTBIO U 3JEKTPOCONPOTHUBAEHHEM, MOHHIKEHHeM
yAeJdbHOIO Beca M MOBHINEHHeM mJjoTHOCTH. Kpome Toro,
KaXXIbll U3 peXKHX BCTYNaeT B XHMHUYECKHe DeaKUHHu C ApYy-
FPHMH 3JeMEHTaMH H 00pa3yeT MHOI'OYHMCJeHHBle coeluHe-
HuUA, obaanane CaMbIMH HeOXKUJaHHBIMU CBOHCTBaMH.

3anavya COBpeMeHHOH HAayKH —— pPacKpuITb UX TalHHI, 3a-
CTABUTb CAYXKUTb uesoBeky. U ona ycmemHo pemaercs. Cefi-
yac HeT, MOoXKaJayl, HH ORHON OTpaciau TeXHHKH, Tle Obl He
UCIIONBb30BAJCH TOT HJAM HHOH PEeAKHH MeTaJsa HJH ero co-
efurenus. Cosjlanue BHIYMCIUTENbHBIX MAIIHH, KOCMHUCCKHX
paxer, KBaHTOBBIX TIeHepPATOPOB U MOPTATHBHLIX DEHTreH-
anmapatoB HeMBICAUMO Ge3 HCIOJAL30BAHUSI MHOTHX MeTaf-
JIOB, KOTOpBle paHee He ofpalianu Ha ceOs BHUMaHHA H KO-
TOpble NOKa ellle pacCMaTPUBAIOTCA KaK pelKHe.

JlaBafiTe MO3HAKOMHUMCS C HEKOTOPBIMHM M3 HHX MOAPOO-
Hee.
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[TpencraBum cebe Ha MUHYTY, UTO BCe 3JIEeMEHTHI
tTabuauubl MeHJeneeBa CroBOPHJIHCh W YCTPOHJIH
Mexay coG0ii CIIOPTHBHOE cOpeBHOBaHHe. BOT BHX-
peM HOCHUTCS MaJsleHbKHH U I0pKHH BOAOPOJ, YBEpeH-
HO «Cpa){aercs» C 3JeMEHTaMHM AaKTHBHBIA ¢TOD.
Ipy3Ho cTymas, NpoXOAHT TsKeJ0BeC ypaH, a ps-
JIOM — TIpeJCTaBUTENb Haujeryaiiei BecOBOH Ka-
TEropuu — JUTHH. DTOT, Kazajoch Obl, HE3aMeTHbIH
NpeACTaBUTE]Ib KOMAHAbI 3/JeMEHTOB HaBepHsKa
BO3bMET NaJbMy IEPBEHCTBAa IO YHCJAY PEKOPJOB.
Bo-nepBbiX, OH caMblii Jerkuil. DTO eNHHCTBEHHBIH
MeTaJsJi, KOTOpPbHIH He TOHET B BOJE M Jaxe B Kepo-
cuHe. CaMmoJieT, CAeJaHHbIA U3 JIUTHS, CMOTJIH OBl
JIerKo MOAHSITh ABA 4ejoBeKal



OngHako HH camoJier, HH OGLIMBKY MOpPCKOro KopabJs
HEBO3MOXKHO CcJieflaThb H3 JIUTHA [0 TOH NPOCTOi NpHYUHE,
YTO OH PHEPrHYHO B3aUMOJEHCTBYeT C BO3JAYXOM, BOJOH,
MHOIMMH XHMHYECKHMH 3JeMeHTaMH. XpaHHUTb ero — Lesas
npobjaema. DTor MeTasJ Hesb3sl, KaK HaTpuil, ynpsaratbh B
KEePOCHH WM GeH3HH, NPHUXOAUTCS TOTOBUTh CHelHaJjbHble
Ba3eJMHOBbIE BAHHBI H BIABJAHUBATbL B HHX JHUTHEBbLIC NPYTKH.

JIuTuit — MOBOJIBHO pacnpocTpaHeHHHI 3/JeMeHT. B 3eM-
Holt Xope ero B 120 pas Gosblue, ueM OOBLIYHOTO XOPOLIO H3-
BECTHOTO CBMHIA.

Opnako noJdroe Bpemst JIUTHH HCIIOJAb30BaJCA JHIIL B
HeGOJbIIOM KOJMHYeCTBe MeIMUHHCKMX IpenapaTtoB H B IH-
poTexHHMKe. B Hall{ NHHM MONyJAPHOCTb 3TOr0 MeTajia Ha-
CTOJILKO BO3pCC/a, YTO TENEPb €ro MOXKHO BCTPETHTb B Ca-
MBIX Pas/IMYHLIX OTPACAsiX COBPEMEHHON TeXHHKH.

Bumamun cmaau

Bricokass xuMmuueckass aKTHBHOCTb JHUTHS OY€Hb MOHPA-
BHJach MerasaaypraMm. OkxasbiBaercs, naxke HUYTOXKHble 10-
6aBku storo Meraaiaa (xo 0,005 nmpoumenrta) B cranb CHHU-
AKaloT cOJlepKaHue B Hell KHCAOPOJA, a30Ta, BOAODPOA, CepPhl
H T€M CaMbIM AesaloT ctajdb 6oJiee MIOTHOM, POUHoil H yc-
TOIYHUBOIT K KOpPO3HH,

Hoaroe BpeMsi cuHMrtaJgach HepaspeunMmoit npobicMa
CMa3KH TPYLIHXCA MEXalH3MOB B YCJOBHSIX apKTHUYECKOIl
cTyXKHd. JIio60l camblil MOILHBI Be3jiexof oKasajac Obl
MepTBOU rpyaol Mmerassia 6e3 ocoforo copra CMasok, B CO-
CTaB KOTOPBIX BXOAHT Bce TOT Xe quTuil. Tenepp Hamu Ma-
LIMHBEL ¢BOOOHO COBEPUIAIOT Pelibl B Iy0b IECTOro KOHTH-
HeHTa faxkKe IpH TeMmepatype MuHyC 60 rpamycos.

Baxnyio ciyx0y Hecer autuit B reneBuaenyn. Haxonsco
B CTEKJE KHHECKOMOB, OH 3auifiaer rJjasza jpuresaefi ot
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MOUHbIX YJAbTpaduo-
JETOBRIX JYy4eH 3JeK-
TPOHHOI TPYOKH.
Boabmyio  momy-
JSAPHOCTb  MOJYUYUJIH
MHOTHE  COeJHHEHHU:
autust. CnocoGHOCTD
HEKOTOPBIX M3 HHUX
aKTHUBHO TIOIVIOILATh
YIVIEKHC/BI Ta3 OKa-
3ajach 0COOeHHO leH-
HOH JJd  CO3JaHHsA
HOPMAaJbHBIX YCJOBHH
B KaOMHAX BBICOTHBHIX
CaMOJIETOB ¥ KOCMH-
yecKHX KopabJell.
CoenyHeHHe NUTHA
C BOAOPOJAOM — THJA-
PUIL JIATHS KaK HCTOUHHMK BOAOPOJA — 3aclyXKHUBaeT 0c060-
ro BHUMaHHs y cnacarenefl. JlocTaTouHo CMOUHTDL €ro BOJOH,
Kak HauyHercs GypHoOe BugeaeHnue Bogopoja. M3 2 kuaorpam-
MOB 3TOro BemlecrBa nogayudaercs 5600 sguTpos Bojpoponaa,
T. €. CTOJBKO K€, CKOJIbKO ero MOXeT COAepKaTb CTaAbHOH
6annoH BecoM 80 KHJIOrpamMMOB, 3aNOJHEHHBIH IOJ JaBie-
nuem 150 armocdep. Takass KommakTHasi yNaKoBKa rasa
COBeplIeHHO He3aMeHHMa AJst OLICTPoro 3aloJHeHHs claca-
TeJbHbIX CPEACTB, BO3AYIIHLIX IIAPOB H HAAYBHBIX JIOMOK.

Hemounuk snepeun

HaBecrHocTb JIHTHS 0COGEHHO BO3poOC/aa MOCJE TOTO, KaK
OH HaueJ IUHPOKOe NpHMEHeHHe B s/iepHOH SHepreTHke H
pakeTtHoil TexHnke. OCHOBHYIO POJIL NIPH 9TOM, OKa3biBaeTcH,
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chirpaJjia MPOCTOTA YCTpOiicTBA €ro aroma, B ILCHTPE KOTO-
pOro HaxoIUTCA SIAPO, COCTOSILEE U3 TPeX NPOTOHOB M TPeX
HJIM YETLIPEX HEHTPOHOB, 8 BOKPYI C OTPOMHOil CKOPOCTBIO
BpPAILAIOTCsi BCErO TPU I/IEKTPOHA. B 3aBHCMMOCTH OT TOrO,
CKOJIbKO HEHTPOHOB (TpH MJH UETLIPE) COAEPKUT SAAPO JIH-
THS, ONPEJENAIOT — JErKUi «IUTHH-6» WM TAXKeNblH «I1H-
THH-7» — u3oTonbl 3Toro sjemeHta. Ilpexje Bcero B Amep-
HOH 3HepreTHKe HCMOJb30Ba/IM H3BECTHOE CBOMCTBO JIHTIA
06pa3oBLIBaTh  YCTOMYMBBIE COEIMHEHHSI € BOJOPOJIOM.
Toabko 3mech OOBIUHLIA BOAOPOA ObLT 3aMEHEH €ro Taxke-
JBIMM H30TOMAMHU — JEUTepHeM M TpuTepueM. Pasjoxenune
JeiTepua JUTHS NMO3BOJHIO NOJYUYHTh cpasy OOoJbLIoe KO-
JUYECTBO JelTepusi, HeOOXOAUMOro 15l TePMOSAEPHHIX pe-
akuuii. JIUTHHA Ke B 3TOM ciayyae HIPaeT posib aKKyMyJs-
Topa AeHTepus.

B BomopoaHoit GoMbe UCTIONb3YyeTCSA JHEPIHA TEPMOALEP-
HO¥l peakiHy MeKIy TsXKeJbIMH H30TONAMH BOJOPOLd —
JefirepyeM H TPUTHEM, KOTOPbIE B CBOIO odepellb MOJyualoT-
csl TP OOJIYYEHHH «JINTHA-06» HEHTPOHAMH B fIAE€PHBIX peak-
Topax. UroObl MeXAy H30TOIaMH BOROPOJLA Hayasaachk peak-
1y, HeoOXOAMMO HAIPeTb X J0 CBCPXKBLICOKHX TeMIepa-
Typ — 10 Mu//InoHOB rpajaycoB. Takas Temmepartypa pas-
BUBaeTCss NMpu B3pbiBe aToMHOH GomOGB. OHa-to M Hrpaer
posib 3anaJjla B BOAOPOAHOH GoMbe.

[To cBoelt momHocTH BogoposiHass GomGa BO MHOro pas
NPEBOCXOJUT OOGBIUHYIO aTOMHYI0. Jles0 B TOM, 4TO pasmepsl
aToMHOH GOMOBl OrpaHHyeHbl 00b€MOM B3pPBIBUATOrO Belle-
CTBA, TaK Ha3blBaeMON KPHUTHUECKOH Maccoii; B BOJAOPOJIHOH
GoMOe KOJHMYECTBO B3PHIBUATOTO BelIeCTBA — CMECH H30TO-
II0B BOAOPOJA — He OrpaHHYeHo.

Ho wmeranay-pexopacmeny GoJblie IO JyIle MHPHAS
padora. Cefiuac OH yCIEWIHO TPYAUTCH B CHEUUAJbHBIX JH-
THEBLIX peakTopax, OTAaBas CBOIO 3HEPTHI0 JIOAAM. ITH
peakTopLi 06Aaa0T OOJbIIHMH IPEUMYyIIeCTBaMH 110 CpaB-
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HEHHIO ¢ ypaHOBLIMH. Bo-nepsblX, JMuTHI LocTymHee ypaHa H
3HAUHTEJNbHO AclieBJae. Bo-BTOpbIX, NpPH peakuu CAHSHHSA
slep «JIHTHA-6» H JeliTepus He oOpasyeTcs pajnoaKTHBHBIX
IPOAYKTOB JAE€JNEHHs, H PafHALMIO PEaKTOPOB Jierue peryJu-
pOBAaTh.

Kak ycrpoena aromnasi sjektpocranuusi? UroGwl orse-
THTb Ha 3TOT BOMPOC, HY>KHO HANIUCATh He OfHY TAKYI0 KHHXK-
Ky. JleficTBUTE/ILHO, 3TO OYeHb CJI0XKHOE TEXHUYECKOe COOpy-
’KeHHe, B KOTOPOM YUYHTBIBAIOTCH, KpOMe OOIIHX, MHOTHe
cneqiduyeckue npobaemel, CBSI3aHHbIE ¢ HOBHIM BHJIOM TOI-
JauBa. BHemrHe ycTPOHCTBO «uyfa» Halllero BeKa BBHITVISIHT
JIOBOJIbHO 00bIuHO. MIMeercsi «KOTem» — aTOMHBI peakrtop,
B KOTODOM 3a CYeT sIJEPHBLIX NMPOLECCOB pacrmajga TSIKeJbIX
aTOMOB WJIM, HAao0OpOT, CJMSHHS JIETKUX BBIEJNSIETCS Tell-
Jgo. OHo nepepaercss LUPKYJHPYIOLIHM TEMJOHOCHTENIEM H3
KOTJIa B TeNJOOOMEHHHK, I/le M NOJyYaercsl meperperslii BO-
ISHOH map, Bpallalolul TypOUHY 3JeKTporeHepartopa. Bce
Ha mepBbllt B3NIAL OueHb npocto. Ho 3T0 TOJMbKO Ha NepBhIf
B3IVIAL.

Ha camom pesie npu co3gaHuy NepBOroO NPoeKTa aTOMHOI
3JIEKTPOCTAHUHMH NPHUXOAMJIOCH NPEOLOJIEBATD MHOTOUYHCJEH-
Hble TPYAHOCTH. B3aTb X0Ts1 6Bl NpoGJeMy TEmJIOHOCHTESI.
M3BecTHO, yeM Bblle TeMIepaTypa <KOTJIa» 3JEKTPOCTaH-
LUK, TeM 3KOHOMHYHee ee pabora. Ho rzue B3arte addekTus-
HBIl TENJIOHOCHTENb JJISl SIIEPHBIX PeaKTOPOB.

JluTui B 3TOM OTHOLIEHHH sBJAsieTC Haubosee MOIXOAs-
MM 6Jarofapsa CBOEMYy MaJjoMy YACJAbHOMY Becy, 60J/bLIOH
TeNJ0eMKOCTH, OTHOCHTEJBHO MaJoll BSI3KOCTH H, IJIaBHOE,
GOJIbIIOMY HHTEpBaJy MexIy TeMnepaTypaMH €ero IiasJe-
HHSl ¥ Kunenusa. Ecau sarasnytb B Oyayuiee, TO AJs saep-
HBIX CaMOJIETHBIX PEaKTOPOB JHTHI, NOXKaJayH, cCaMblil He-
aJbHBIA TemIoHOCUTe b. Ho A/s HOCTHXKEHHS 3TOTO «PEKop-
Zay JIMTHIO 1€00XOLMMO IPEONO0JeTb HOBOJBHO TPYIHbII
Oapbep — [OKa elle He yAa/J0Ch NoA00paTh JelieBble CTaJH
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M CIJIABLI, YCTOMUMBLIC HPOTHB KOPPO3HOHHOTO BO3jAEHCTBUA
pAaciiaBAeHHOro MeTtaJlia.

PakerHas Texnnka toxKe He 00XOQUTCA 6€3 JIUTHS M €ero
XMMAYECKHX coeguHeHuil. OH BXOAMT B COCTaB XKaponpou-
HBIX MaJiell, npefoXpaHAIOUIMX COMJia peaKTUBHLIX JABHraTe-
Jefl, Tlle NpH Cropandu TOIIHBA PAa3BHBAIOTCHA HeOOBYaliHO
BbICOKHE Temnepatypbl. Kpome Toro, mnuruii momoraer yc-
TEMHO pemarth NpoGJieMy CO3MaHus HOBBIX BHAOB TOIJIHBA
BLICOKOH Kasopuiinoctu. CoeHHEHHS JIUTUS C BOLOPOJIOM H
6opoM, TOPOM H XJIOPOM BXOAAT B COCTAB HEKOTODPHIX TH-
MOB BLICOKO3((EKTUBHOTO «XHMHUYECKOrO TOIJIMBA» AJA pa-
KeT, CBEPX3BYKOBLIX CaMOJIETOB, YNpPaB/ASEMBX CHAPALOB H
MOMBOJIHBIX JOJOK. Takoe «CHHTETHYECKOe» TOMJIUBO, 6/aro-
Iapsi BBICOKOH TeMIiepaType BOCIJIaMeHeHHs!, GOJbIIHM CKO-
pPOCTSIM CropaHusi U HCTEYEHHUs rasoB, OTKpbIBAeT 3ameua-
TeJibHble TIEPCIEKTHBEl [/ HCIONb30BAHUS €ro B KayecTBe
roprouero KOCMU4eCKHX pakerT.



PO)KIAOIIHE
AJEKTPHYECKHH

TOK

‘9000 @

Mockosckoe merpo. CKOJMbKO pajocTH H ypo6-
CTBa [JOCTaBJsSeT OHO CHeUIallHM MHaccaxKupam:
3a KaxHe-HUOylb IIo1yaca CBEPKAIOWH{I OTHAMH
noe3jl AOMYUT Bac M3 OJHOro paHoHa CTOJUIBE B
npyroil. Ho nmpexje uyem mpoidTH Ha meppoH CTaH-
UUHM NMOA3EMHON IOPOTH, Bbl JOJKHBI ONYCTHTb MO-
HEeTKY B IIPHEMHHK, YCTPOEHHBIH Ha JIMIEBOH CTOPO-
He aBTOMAaTHYECKOrOo KOHTPOJSI M TOTYAC Ke Ha Tab-
JIO 3arOPAETCS 3e/MEeHOe KHAUTES.

U econ BBl CayyafiHO HJAH 110 PACCESTHHOCTH 3a-
6611 06 3TOM, OyAeTe HaKasaHbl: HAa BallleM NMYTH C
IyMOM 3aXJJOMHETCS CTBOpuYaTtasl aABepb. ABToMaTH-
1eCKHHA KOHTpOJep aKKypaTHO HEeCeT CBOI0 cayxOy!
Camast BaKHasl JieTaJb 3TOro yCTPOHCTBA — IPH-




6op — GOTO3/JEMEHT, B KOTOPOM TIOJ AefCTBHEM CBCTA BO3HH-
Kaer 3JeKTPHYeCKHH ToK. [laccakup, omyCTHBLIME MOHeTY,
caM TOro He ToJ03peBasi, 3acTaBJisieT paGoTaTbh «3JEKTPH-
yecKH#l TJ1a2» KOHTpoJepa B peXkuMe, obecrneyHBaomEM
CBOOOJHBIA NyTh.

ITOT HeoObLIYHBIA NPHOOP MOXKET BbLIMOJHATL THICAYY
pasHbix jges. On BoBpeMs BKJIOYAeT M BHIKJAKOYAET YJIHYHbIE
doHnapu, nyuwe Jgob6oro WBeHANapa NpeayCMOTPHUTENBLHO OT-
KpbiBaeT ABepb, 0e30IIMGOYHO BENET CYeT AeTafsM, COPTH-
pyer pasHble H3[eJHs. A B MOUYTOBLIX OTAeJeHHAX (PoTOIJIe-
MEHT IIPOCTO He3aMeHHM. XOTHTE Bbl IlepelaTh B APYroil ro-
pon He6oJbIIOE NMHUCHbMO, CBOIO (oTorpadHio, HepTexk HIH
JI0GON NOKYMEHT — UM B 3TOM BaM MOMOXeT (OTO3MEMEHT.
C ero nomompio yepes HeCKOIBKO MHHYT Ha MecTe Ha3Haue-
HHUS 32 MHOTHE THICSIYH KHJOMETPOB GyJeT nojiyyeHa TOYHas
Konud nofanHoll ¢ororenerpaMMsl.

Uro ke takoe dotosaement? Ha uem ocHoBaHa ero pa-
oora?

Eute B npomsioM Beke (H3MKH 3aMeTHJIH, UTO €CJIH IHH-
KOBYIO TJIACTHHKY, 3apfXKEHHYI0 OTpPHLATEJNbHBIM 3JIEKTpPH-
YECTROM, OCBETHTb IyYKOM Jyd4eil OT 3JMCKTPUYECKOH AYIH,
TO yepe3 HEKOTOpoe BpeMs OoHa paspsautcs. [lox nelicTsueM
CBeTa IJIaCTHHKA TepsieT CBOM 3JeKTpoHbl. JIlyu cBera, Hee-
COMBIH, HEOLLYTHMBIH, OKa3bIBacTCsl, HEeCeT ¢ co00i SHEpTHIO,
LOCTATOYHYIO AJS TOTO, YTOOB! BO3OYAHTb 3JEKTPOHBI METAJ-
Ja. ITonyyuB ROTOJMHUTENbHYIO SHEPTUIO, SJEKTPOHBI CTAHO-
BsiTcst OoJlee TMOJABMKHBIMH M JIETKO MOTYT BBICKOUHTH 32
npeje/bl CBOEr0 NMOCTOSHHOTO <«KHJHUIA», T. €. OTOPBAThCS
OT MeTtaJafa.

Bnepsble fpeificTBHe CBeTa Ha MOBEPXHOCTH METAJJIOB
OTKpPBII W OODBSCHUJ  BLIJAIONUACA  PycCKH#  (HU3MK
A. T. CroseroB. Bee Hauamoch ¢ oueHb MpoCTOro 3KCnepu-
MEeHTa. Y4eHBIil B3/ XOPOUIO OTIOJHPOBAHHBII IHHKOBBIH
JUCK, a HanpOTHD YCTAHOBHJ/ TOHKYIO MeETaJJH4ecKylo cer-
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Ky Tako# Xe ¢opmbl. [TnacTHHKY npucoeguHuJg K OTpHILa-
TeJIBHOMY HOJIIOCY 3/71eKTpUYeCKOHd GaTapeu, a CeTKy — K To-
JoxureabHomy. Crpenka BKJIIOUEHHOTO B IeNb TajbBaHO-
MeTpa OCTaBa/jlach Ha HyJe, IOTOMY 4TO MeXJy CeTKOol H
IHHKOBOH IJIACTHHKON HaxoAWJiach TPOCJHOHKA BO3AYXa,
pasMbikaBuias 1enb. Ho crowso JHIIb HAOPaBHTb HA JIHUCK
My4Y0K SIPKOTO CBETA, KaK cTpe/lKa raJbBaHOMETPA OTKJIOHH-
JlaCh OT HYJIEBOrO IOJIOKEHHs, YKa3blBasg Ha TO, YTO B LielH
TOABUJICS 3JeKTpUUecKHil ToK. UeM GoJsblie OTOK JyuHCTOH
SHEPTHH, TEM CHJbHee TOK B LenH. Kak TobKO BBHIK/IIOUAJICS
CBeT, TOK HeMeJIeHHO Hcyesal.

IT0 OTKpBITHE, H3BeCTHOE Tenephb Kak «dddexr Crone-
TOBa», OYeHb 3auHTepecoBaJsto yueHoro. OH cTas MeHsTb NJa-
CTHHKH, CTaBsl TO MEIHYIO, TO aJIOMHHHEBYIO, TO cepebps-
HYIO.

OpHako, He3aBUCHMO OT TIPHPOALI MeTaJ/lsa, B LelH
KaxKIblll pa3 NosABJSAJACS TOK, €CJH NYYOK CBeTa najaJj Ha
OTPHLATENBHO 3aPSIKEHHYIO NJIACTHHKY.

3HAuuT, CBET BHIOMBAJ H3 IVIACTHHKH TOJILKO OTpHIa-
TeJbHbIE 3JEKTPHUYECKHE 3apsifibl — 3/JEKTPOHLl, KOTOpHIE,
YCTPEeMJISISICh K TIOJIOKHTEJBHO 3apsIKCHHOH ceTKe, co3jaBa-
JIH 3jeKkTpuueckuil Tok. BoJiee Toro, Hexoropbie METaJJIbL
nojJ AefCTBHEM CBETOBBIX JyueH Teps/iM CBOM 3JIEKTPOHBI H
CaMH CTAHOBMJIHCH MCTOUHHKOM TOJIOKHTENBHOTO 3JEKTpH-
4eCKoro 3apanaa.

Tak Obla OTEpBITa CIOCOOHOCTH CBETA DOKAATH 3JEK-
tpuuectBo. CBOHCTBO 3TO, HasbiBaemoe (oTo3ddekrom, Te-
[epb He HMEeT MPAHULL JUIA IPUMEHEeHus.

CospemenHblil npuGop, B KOTOPOM 3JIEKTPHYECKHIl TOK
Bo30yXnaercss cBeroM, HecioxeH. OH HanoMMHAeT CXemy,
co6pannyio B cBoe Bpemsi A. I'. CroneroBeiM. TonbKo aHOA H
KaTojl MOMEUIeHbl B CTEKIAHHYIO KONy, H3 KOTOPOHl OTKa-
4yaH Bo3AyX. UeM CHJAbHee paspexeHie B Jlamne, TeM
Jlerue mojx JAefCTBUEM CBETOROH 3SHEPrHH 3JeKTPOHAM BhI-
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pBaThCs H3 «OOLATHHY METAJJIHUECKOTO KATOLA H TEM MEHb-
lie JJis 3TOr0 Hy:KHa MOIIHOCTb CBETOBOrO Jyua.

He Bce Metanan opmmakoBo pearupylor Ha cser. OmgHu
TepPSIIOT CBOH 3JIEKTPOHBl JaKe NPH OCBELEHHH CIHUYKOH.
Yrobul BHI3BaTh Takol e 3pdexT y Apyrux, norpebyercs
MONIHBI JIyd oT 3jeKTpiyeckoll ayria. MHbBIMHA ciioBamu, Me-
TAMIBL pasanualoTess Mexay coboll Toft aneprueil nian pago-
TOfI, KOTOpYIO HEoOXOAHMO COBEpIIHTb C NOMOILBIO CBETa,
uTo6Bl OTOPBATH OJHMH 3JEKTPOH. IJTO «paboTa BHIXOAA»
sJekTpora. Uem GoJiblie SHEpPTHH NOTpebyercs AJs OTPhiBa
3JIeKTpoHa, TeM Goublie «padoTa BHX0AAY.

11 TeXHUKH, M OCODEHHO IJi MPOH3BOACTBA (POTO3JE-
MEHTOB, HauGOJBIIHE HHTEpEC MPEACTABJSIOT Te MeTaJlJbl.
KOTOpLIe Jierue OTJAlT CBOM 3JeKTpoHbl. OHM 6GoJiee UyBCT-
BHUTEJbHBl K BHAHMBIM U HEBHIAHMBIM JydYaM H 3(hdeKTHBHee
HCIIOMB3YIOT SHEPTHIO CBETa BO BpeMs CBoeH paboTHI.

Cpenn M3BECTHBIX METAJJIOB OCOOEHHO BBHILENAIOTCSA CBO-
HMH yAHBUTEJBHBIMH (POTO3/CKTPHYECKUMH CBOHCTBAMH DY-
Ounuii U mesuit. C 3TUMH MeTaJJyiaMH CBSI3aHO OJHO BeCh-
Ma Ba)KHOe OTKpBLITHe, INOJIOXKHBIIEe HAuyaJO0 HOBOMY Me-
TO/ly aHaNH3a 3JIEMEHTOB.

Busumnas xapmoura
INEeMEHMO8

Caryunsiocs 310 B 1960 ropy. [{sa npyra Byusen u Kupx-
rod —npogeccopa H3BECTHOTO ['€TTHHIEHCKOrO YHHBEPCH-
TeTa — JOJr0 He MOKHUJAJNH XUMHUYeCKYyo jaGopaTopuio. OHH
BHHMAaTE&NIbHO paccMaTpPUBAJU MaaMst OOBIYHON ra3oBoil ro-
peaxu. M 6bli10 ueMy yauBAATbCSA. BecluBeTHblil g3bIY0K Ij1a-
MEHH TO OKpaillHBaJCsi B MaJHHOBbIH LBET, TO CTAHOBHJCS
APKO-XKEJATHIM HJH 3€/7CHBIM, €C/IH B HEro BHOCHJH pasJiHy-
uble BemjecTBa. Conn HaTpUs BCerja OKpallMBadM MIaMs
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B fDKO-XKEJITHI LBET, a KaJusl — B PO30BaTO-JAHI0BBIH. Ecin
KaKJIOMy JIEMEHTY COOTBETCTBYeT BIIOJHE OnpeAe]eHHoe
OKpallluBaHue IJIaMeHH, Helb3sd JU ONPelLeJHTh COCTaB He-
M3BECTHOr'0 BEIECTBa, MOMECTHB €ro B IJaMs ropesKH H Ha-
6r0nas8 3a H3MEHeHHeM ero 1Bera? AHaJ/IN3, HECOMHEHHO,
ynpocTuics Obl.

Mpicab 3aMaHuiBast, HO OCYIECTBHTL €€ He YAaJoCh.
OxasbiBaercsi, OKpacKa IJlaMelH NOMOraeT HalTH IIpaBHJIb-
HBIH OTBET TOJIBKO B TOM CJyyae, KOrla BELIeCTBO UYHMCTOE.
Eciin e OHO COAEpKHT MPHMECH, TO OJHH LBeT 3a0HBaeT
Apyroi, ¥ TPyAHO, IOYTH HEBO3MOXKHO, OIIPEJEIHTL OTTEHKH,
NMpHHALMEKALIHE DA3IUYHBIM 3JEMEHTAM.

M Bce Xe HeCcMOTPSl Ha TaKyw Heyjpaudy, DyHsen Obla
TBepAO yOeXIeH, uTO H3MeHeHHe IBeTa IMJaMeHH MOMKer
naTb 6e30mHO0YHBIA OTBET H& BOIPOC O COCTaBEe HEH3BECTHO-
ro Beiectsa. HyxHO OblIO TOJNBKO HAayYUTHCH pas3/avyaTh
OTTEHKH 1iBeTa, pasiensThb HX.

Kupxrod, ¢usuk no npocdeccuu, oueHb 3aHHTEpPECOBACSA
OTKPBITHEM CBOero jpyra. B To BpeMsi oH 3aHuMaJICcs U3yue-
HHEM CIIeKTPOB pacCKaJ/eHHBIX TBEPIABIX H KUAKHX TeJ.

On u npensoxua Ha6MIOZATh He CaMO MJIaMsl, @ CIEeKTp,
IIOTOMY 4TO B HeM BCe LBeTa M OTTEHKH BUIHBI IOpasio
AcHee. Ho Kax ocylecTBUTH 3Ty HIEI0?

Opnaxpel B ma6oparopuu bynsena Kupxrod mosiBuica
¢ 60JbIIKMM FILIHKOM H3-IIOJ CHrap H ABYMS CTapbBIMH I10]-
sopaniMH Tpy6amu. Ha Bompoc npyra, uto 370, OH 3arafoyHO
yaABIOHYJICs M cTan cobupath crpaHubii npubop. CreHKH
SIIHKA OH OKJIEHJ BHYTPH YepHON 6ymarod W B OJHOH H3
HUX IpopesaJ y3Kylo Liejib. 3aTeM yCTaHopua Ha tTyMbe He-
GOJIbIIYIO CTEKISIHHYIO NMPH3MY H HAKDBLI ee SILUKOM TaK,
uTOOBl JIy4 CBETa OT FOPeJKH NPOXOJAMJI uyepe3 MOJA30PHYIO
TpyOy, llleab B CTeHKe U Iajaj Ha Ipu3My, KOTopas pasna-
rana ero Ha COCTaB/AIOIHE CIIEKTPBl. Y3KHH Ny40K CBeTa
OT I'OpeJIKH NpeBpalalcad B KPacouyHYI0 MOJOCKY, Ha KOTO-

32



poili KpacHBIfl 1BeT IOCTeNeHHO MepexXOoAHJa B OPaHXKEBbIH,
3aTeM B XKeaTblil, rony6oll, CHHUE H, HaKoHell, UOJETOBLIH.
ITOT CHEKTP cBeTa XOpoIllo Obl BHAEH yepe3 BTOPYIO NOJI-
30pHYIO TpYOy.

Korpa npuGop 6w rotos, Kupxrod mnonpocun csoero
Apyra BHeCTH B IJIaMsi TOPeNKH Kakoe-HHOyIb M3BECTHOe
BelleCTBO, a caM MPUJABHYJ K 3pHTte/bHoil TpyGe. Kpynuuka
NOBaPeHHOIT COJI OKPacHJa IJIaMsa TOPCJAKH B APKO-2KeJThbIi
LBeT.

— Buxy aBe TOJCTBle KeJsTble JHHHU Ha (oHe vepHOI
moJsiocel, — ckasaJj Kupxrog, cmorpeinii B npu6op.

Torga Bynsen crani 6pocath B Ii1aMs COLLY, CENHTPY, doc-
(OOPHOKHUCBIH U CCPHOKHCABIH HATPH, U KamxIblil pas oTseT
Kupxroga nostopsiics: uepHast mojoca Npope3aHa JBYyMA
APKUMH KeJThIMH JHHHAMH, IPHUEM BCerfa Ha OJJHOM H TOM
Ke MecTe. Bot oH, cnexkTp HaTpus!

Koraa cranu paccMaTpuBaTh NMOTAll, CIIEKTP H3MEHHJCH.
Tenepp Ha uepHOM (oHe BHAHBI ObUIM BE JHHHU Pa3HOro
1Bera: oJHa — KpacHas, Apyrast — (QpHoseToBasl.

Briin mpocMOTpeHbl BCe COJIM M BelllecTBa, KOTOpble Ha-
IJMCh B J1a00paTOPHM, H KaXAblil pas MOJOIble yueHble
ybexJanuch, 4TO pacKajJeHHbie Mapbl JI60ro 3JeMeHTa
HMeJIH CBOH, OTJIMYHBIY OT APYTHX, CIEKTpP, KOTOPHIH OBLI ero
cBOe0Opa3HOil «BH3UTHOH KapPTOUKOI».

Taxum o6pasoM, ¢ MOMOIILIO Ta)Ke 3TOTO NPHMHTHBHOTO
npubopa, KOTOPHIl yueHble Ha3Ba/JdH CHEKTPOCKOMOM, MOKHO
OblIO OTJIMYATh IOXOXKHE MO BHEUIHeMYy BHAY BelllecTBa H
Jaxe oOHApYKHTb B HUX HHUTOXKHYIO NPHMECh APYTHX 3Je-
MeHTOB. J1/1s1 3TOr0 HOCTATOYHO ObIIO KPOXOTHOI KPYMHHKH.

ITo6ena? Ho panmosatbes Gblio emre paHo. MoKHO JH C
IIOMOUIBIO CIIEKTPOCKONA OTHICKATL 3JeMEHT cpeld MHOXKe-
cTBa APYrux? Bor uto Gosblie Bcero BoJiHOBaJo DByH3eHa.
OH npuroToBHJI CMech U3 MOTAlIA, CObl H XJIOPHCTOTO CTPOH-
Uyust ¥ C TMOMOIbIO IVIATHHOBOH TNPOBOJOKH TNOMECTHJ He-
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CKOJIbKO KPYITMHOK CMeCH B Itamsi ropeskd. QHo cpasy ixe
CTaMOo PKO-KeJNThiM. LIBeT napos HaTpus 3arayLIHg OCTalb-
Hble IIBeTa. A UTO CJIYYHJIOCH CO CIIEKTPOM?

B naGoparopuu Bonapuaach HanpsixKeHHas tumuHa. Ka-
3asochk, BpeMs ocraHoBusiock. Ho Bor Kupxrod momnsia ro-
JIOBY H TOPMKECTBEHHO O0LABHII:

— Ilosnpasasiio, Pobepr! CrekTp Touno mokasas, uTo
B CMECH €CTb COJIM KaJjusi, HAaTPUH H CTPOHILHS.

3t0 GBLIO NefICTBUTENBHO 3aMeyaTeNbHOe OTKPHITHE, AaB-
llee B PYKH HccAenopatenell ObICTPLIl M yIOOHBIE METOX
OTIpefle/IcHHsT COCTaBa pasJUyHbIX BellecTB. BosueOHbIi 1y
crnekTpockona 0e30IHMO0UHO OTKPHIBAJ CaMble HUUTOXKHDIE
IPHMECH — MaTHUA W CTPOHIHSA, JUTHSI W HATPHUS H MHOTHX
JPYTHX 3JEMEHTOB B 30Ji¢ PA3JHUHBIX PACTCHHI, B KaIllJsX
pedHOH UM MOPCKOH BOAbI, — AaX€ KOIJa HX KOJHYEeCTBO
He TPEeBBIIAJ0 MHAJHOHHON HOJH MHJJIHTPAMMA.

Kak-to DyHseHy mnpuciagu [IJs HCCIeL0BaHHs OYyThl-
JIOYKY MHHepaJbHOH BOJB U3 JIIOpKrelfiMCKUX 1ie/1e6HbIX HC-
TOYHHKOB. Bpaueii nHTepecoBa/o, KaKHe IIPUMECH, PACTBOPHU-
Mble B BOJe, NPURAIOT el meaeOHbIe cBolicTBa. ByH3eH He-
MHOTO BBITapuJ BOAY M KAILTIO HOJYYEHHOTO CTYHIEHHOTO
pacTBopa BHeC B mjaMs ropenku crnekrtpockona. K stomy
BpeMeHH OH XOPOLIO 3HAJ CIeKTPLl BCeX M3BECTHBIX 3J1eMEH-
TOB H 6e3 Tpyna o6HapPYKHUJI B CIIEKTPe pacTBopa JHHHH HAT-
DHSI, Kaaqus, Kajblus, CTPOHLUS, JHUTHS.

Ho uyro 310? B npasoil noJ0BHHE CIIEKTPa MOSBUINCH JBe
enBa 3amerHbie OJemnHo-roay6bie uepToukd. Crponiui! He
MOXKeT OBITb — Yy Hero ofHa roJay6asi auHus. HememineHHo
npoBepuTb! ONBITHBI XHMHK IpexIe BCCrO H3 pacTBopa
yIaMus KasdbUyi, JHUTHH, CTPOHIMI H BHOBb IPHJbHYJ K 3DH-
TeJapHOH Tpybe cmekTpockona. Ha 3ToT pasz He OblIO HHKA-
Koro coMHeHHus. [IpucyTCTByIOLHE B pacTBOpe HATPHUH U Ka-
JIMH He MeIUaJi OTYETJHBO CHSITb OJIe[HO-TOTYObIM JHHHIM
HOBOTO, ellle He H3BeCTHOro 3JeMeHTa. IJTO Obl1 Le3ui —
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HeGecHO-ToNy60H 3jteMenT, 0061aalouil XHMHUCCKHMU CBOf-
CTBaMH, CXOJAHBIMH C HATPHEM M Ka/HeM.

ByHseHny mnorpeGosasioch mepepaborath Gosmee 40 TOHH
JopkrefiMcKoOil BOABI, 4TOOLI TOJAYYHTh BCEro JHUIIL 17 rpam-
MOB I1e3HeBO# COJIM, TIPUTOLHON /151 HCC/IeI0BaHHs CBOMCTB
saeMenTa. CreKTPocKom Oblyl IOCTOSHHBIM IIOMOIIHHKOM B
3TOiT OrpOMHO#, KponoTauBoi pabore. OH «4yBCTBOBA/» NPH-
Mech JII060T0 3JeMeHTa, a 3TO HeoOX0LUMO B IIpoLeccax pas-
JeJeHHUS BellecTBa.

[TocTeneHHO BeCc NPOAYKTA CTAHOBMJCA Bce MeHblle H
Menbliie. M3 Hero cHaua/ia Gbla BhIEIEH XJOPHCTLIL HATPHI,
3aTeM COJIM KasbllMs, CTPOHLUA U Kanaus. B ocraTke 10JXKeH
HAXOIHUTHCS YMCTBIH XJOPHCTBII Ie3HH.

KakoBo 6bl10 yausjeHne ByH3eHa, xoraa HejJasJexko OT
ronyOblX JIHHHIL ClIeKTpa He3us, OH OTUETIHBO YBHIE/ TEMHO-
KPAaCHYI0 JUHHUIO ellle OJHOTO 3JeMeHTa, Ha3BaHHOTO BIIO-
cnencrBuu pyounmeMm. Tak chmekTpa/dbHBIF aHalM3 MOMOT
y4eHBIM OTBICKATh B KJAJ0BOI NPUPOAB ABa OJHXKaLIMX
aHaJ0ra HaTpHsl.

Llsemnovie nedompozu

Ile3uii mano pacnpocrpanen B npupojge. OH moutd He
o0pasyeT caMOCTOATE/NLHLIX MHHEPAJOB, 3aTO COMNYTCTBYET
JAPYTHM 9J€MEHTaM BO MHOTHX TODHBIX NTOPOAAX.

Hecmorps Ha To uto pyOumuii Oojee pacrpocTpaHed B
3eMHOH Kope, ueM XpOM, IIMHK, CBHHell, BMECTe B3fThle, OH,
KaK U Le3uil, OTHOCUTCA K pefkuM 3jaeMeHTaM. Ofa mMeranna
JOBOJIHO IIHPOKO pacmpoCTPAaHEHBl B BOJaX MOpEH ¥ MUHe-
paJibHBIX HCTOYHHKOB, OHH OOHAPYKEHH B 30J1e HEKOTODHIX
pacrteHuii, B caxapnoil cBekJe, 3epHax Kode W YaHHBIX JH-
CThAX.

[Monyunrts py6uauii u 1e3wii B YHCTOM BHJe CJIOKHO H3-
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3a UX BHICOKOH akruHocTH. O6a Merasa Ha BO3JyXe BOC-
miamensirorces. ITosToMy xpaHAT MX B cocyaax ¢ KepOCHHOM
Had HeTb10. ITogo6Ho HaTpHio, OHH SHEPTHYHO B3aHMOJEN-
CTBYIOT C XJ0poM, propoM, GpoMoM U HONOM, a TakxKe pas-
JIaraioT BOAY, BblIeasis u3 Hee BOLOPoAd. OHH MSATKH U JIerKo
niassAtcs. Temia afloHH HOCTaTOYHO, uToObl Le3Hii npeBpa-
THJICA B MOJBHXKHYIO XKHUAKOCTb, IOXOXKYIO Ha PTYTb.
OG6BLIYHO B METaJJIHYECKOM COCTOSIHHH PYOHAHMIT M Le3uil
MOJYYAIOT IMyTeM 3JEKTPOJM3a MX PACIUIaBJEHHBIX coJjiefi B
aTMocGepe Boaopoaa. Ho ects u apyroi cnocol BblAeseHHUs
MeTalau4ecKoro pyOuIus M3 ero coJgell, mpeaJoXKeHHbH CTO
JieT Hasaj M3BeCTHBIM pycckum xumukom H. H. BekeToBniMm.
Hccenenysi cBOMCTBA COEMHEHHH aJllOMUHHSA, OH 3aMeTHI,
YTO MeTaJJIHYeCKHil aJIOMHHHII JeTKO BOCCTaHaBauBaeT 0a-
puit u kanuit. CraJnao ObITh, PACCyXAaJ Y4YeHBbIil, 3TUM CIIOCO-
6OM MOKHO BOCCTAHOBUTb H PyOHIHIL.
OnpiT 6JecTdille MOATBEpAHJA NPEANOJOKEeHHE YYeHOTO.
BekeToB MOMeCTHJ CMeCh a/JIOMHHHEBOTO MOPOIIKA H THAPO-
| OKHCH pYyOWAHA B IKeJe3HbIH
UHJHHAP, COeJIHHEHHBIH €O
CTEKJSIHHLIM ~ COCYZOM-XOJIO-
| IMABHMKOM, H llarpej ee Ha

) e .
[ Z O i o-
7. TR\ ra3oBoii ropejake [0 spK
" ///"IH' A\ KpacHoro KaJjeHus. DBypHo
e | Tnporexarouas npH YTCM peak-

IMST  CONPOBOXKJlANach BbIE-
JIeHHeM BOJOpOJa H OTTOHKOH
pacnsaBJeHHOro pyOuaus, Ko-
TOPBI CTE€KaJ [OCTENECHHO B
CTCKJAHHBIA COCYA-TIPHEMHHK.
Tak Bnepseie OB mHOJyYeH
JOBOJLHO  YHCTBIH  MeTaJun,
KOTOPLII CpPaBHHUTEJBHO He-
JaBHO BMeCTe €O CBOHM He-




GecHo-ronyGeiM  Gpa- [ €3 5
TOM [0 CIEKTpY —

He3sHeM — CTax cay-
KHTb YeJIOBeKy, Io-
MOr €My CO3AaTh 3BY-
KOBOEe KHHO H TeJeBH-
NieHNe, OpraHu3o-
BaTb aBTOMaTHYeCKHIl
KOHTPOJIb H ympasJe-
HHe  CJOXKHeHDIMMH
NpPOU3BOACTBAMH I
arperatamu Ha pac-
CTOSTHUH.

B uem cekper (OTO3/7EeRTPHUCCKHX CBOHCTB PyOHAHA M
He3us?

H3BecTHO, uTO aToM J1I060TO 3JeMEHTa COCTOHT H3 NOJIO-
JKHTEJIbHO 3aPSIKEHHOTO AApa, BOKPYT KOTOPOro BpallalTCA
3J1eKTponbl. Uem 6oblile NOPAAKOBBIT HOMep (HJIH aTOMHBIH
BeC 3JeMeHTa), TeM GoJblie 3apsii ero sapa H TeM GOJib-
IIee YUCJIO 3JeKTPOHOB OH uMeeT. [IpH 3TOM He BCe 3JI€KT-
POHBl OJHHAKOBO IIPOYHO YIAEPKHBAIOTCA SAPOM. ¥ OJHHX,
[aCNOJIOXKEHHBIX BOJM3H sIpa, SHEPrHs CBS3H OYEHb BeJH-
Ka, Apyrue, BpallaiolHecs Ha CaMbiX YAa/leHHBIX OpOUTaXx,
MOTYT JIErKO OTPBLIBATHCS, €CAM aTOMy COOOLIUTHL Ompeje-
JIeHHYI0 3Hepruio. Peub HAET 0 Tak Ha3LiBaeMBbIX BaJEHTHBIX
snekTpoHax. Eciu mMeXay eIHHCTBEHHBbIM Ba/JeHTHBIM 3JeK-
TPOHOM H fIPOM y Kaaus 18 mpomeKyTOUHBIX 3JEKTPOHOB,
a 'y pybunus 36, To y uesus ux yxe 54. (Bce 31u 3semeHTH
pacnoJioxeHbl B nepBoit rpynne tabauusl MeHzxeneesa). Us
THX TpPeX MeTasJIOB Jerye BCEro OTAACT CBOIl BaN€HTHBIA
3JIEKTPOH 1e3uii: y Hero, roBopsAT, camasi Majas padoTa BH-
Xxoja 3JeKTpoHa. Bor mouemy uesueBnie doTosneMeHTH Go-
Jiee YYBCTBHTEJNbHb, B CPaBHeHHH ¢ pyOuAHeBbHIMH. Bot mo-
yeMy AJf Nepefayyd UBETHBIX H300parkeHHH MO TeseBHJe-
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UHIO B KHHECKONAX HCIONL3YETCS! CJAOKHBLIA CypbMsIHO-Ie-
3H€BLIH KATOJ.

[leaueBpid POTO3JMEMEHT OKA3A/ICHA BeCbMa UyBCTBUTEJb-
HBIM ja)Ke¢ K HEeBHAMMBIM HHPPAKPACHBIM JydaM. DTO [0-
MOIJIO YUYEHBIM €03JaTb NpPHEOP, 3aMEHSIOWHHA DEHTreHOB-
ckuit annapat. HeBuaumbie syud, Npoxoasi CKBO3b HEOJHO-
pOAHbIC Hermpo3paunble Tesa, YacTHYHO MMOTJIOIAIOTCs HUMHU.
A npoxoxsuye Jyyn Ha Le3ueBOH N/IACTHHE BbI3BIBAIOT TaK-
XKe HEOJTHOPORHBIH (OoTO3(hhEeKT. DJIEKTPOHHbIE YCHIHTEIH
H npeobpas3oBaTesn 4eTKO QUKCHPYIOT BCe H3MEHeHHS B
IVIOTHOCTH (DOTOTOKA, M HA 3KpaHe MNOABAAETCA BHAHMOE
nu3o6paxeHre HENPO3pauHoii cucTeMbl. Tak Ha CMeHY CJa0XK-
HOMY M OIIaCHOMY peHTTeHOBCKOMY amnapary rOTOBHTCS HO-
BBIH «BCEBHUIAIIHE rJa3s, CHOCOOHMLIHA 3arjisiHyTb BHYTPb
Halllero OpraHu3Ma, COBEpLIEHHO He BJHSAs Ha 310pPOBbe H He
BLI3DIBAST HHKAKHX OCJIOXKHCHHUIL

Bricokas 4yBCTBHTENBHOCTb M MTHOBEHHAsl peaklHs Ha
CBET HCOFPAHHYEHHO PaCIIMPSIOT MoJje AesTeNLHOCTH pPyOH-
nus U Le3us.

Moxuo au Bugerb B Temuore? OkasplBaercsi, MOXHO.
Jio6oe Tes0 ncmycKaeT JyuH, KOTOpble TJia3 ueJoBeKa, K
coxaJlicHHio, He ouymaer. [as storo norpebyercs Gogee
cOoBepINeHHbI NPHOOp — ClelHanbHblil POTO3IEMEHT, OJHHA-
KOBO YYBCTBYIOIMH KaK yJbTpaduoseToBble, TaK U HHPpa-
KpacHble Jy4yH, H paboTaTb B HeM NPHUAETCH OMNATL-TaKH Ie-
auto. Takofi «3jeKTpHUeCcKHII Tyia3» cAenaeT HEBHIHUMOE
H300paxKeHHe 3PHMbIM.



B CEMEHCTBE
TYTOIJIABKHX

0000000 @

MBI KuBeM B BeK aTOMHOIT 3HEPTHH U PAKeTHOMH
TeXHHKH, B BEK OCBOEHHS CBEPX3BYKOBBIX CKOPOCTeIf
U HOBBIX BHJOB TOMJHBA. [1/is1 HajpHelllero yckope-
HUSl TEXHHYECKOTo Mporpecca HeoOXONUMBI HOBBHIE
MaTepuaJjbl, objajarmoliie CaMbiMH HeOObIKHOBEH-
HBIMH CBOHCTBAMM: HCKJIIOUHTENbHOH TBEPLOCTHIO
M KapOIPOYHOCTHIO, YCTOHYHBOCTLIO B arpPeCCHBHBIX
XHMHYECKHX CPeax H BBICOKOH UyBCTBHTEJIbHOCTBIO
K KOJIe0aHUSIM 3JeKTPOMArHHTHEIX noJell. Boabmun-
CTBO TAaKMX 3aj1ad, BbIJIBUTa€MBIX TeXHHKOH, pella-
eTcsl Ha OCHOBE HCIIONb30BAaHUS peAKHX MeTal-
JIOB.

C omgHuM u3 HHX, GepusIHeM, JIOAH MO3HAKOMH-
JIUCh 33 MHOTO JIeT A0 HalleH 3phl.
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Taitna
36/0€H020 Kpucmaaiq

MagaBHa npusnaekasun k cebe BHHUMaHHe INPO3pauHble
rony60BaTo-3e/eHble KPUCTAMbl. JTO OepHIIbLI 1 H3YMPYBL.
HoGeitoie pabamu cpeau Gespoanoil HyOuiickolt mycTelHH
B KOIISIX erHMeTcKol napuusl Kaeonatpsl, OHH JOCTaBJIAINCh
kKapaBaHaMH K Geperam Kpacnoro Mops u oTTyjla pacreka-
JIUCh 110 BceM cTpaHaM 3anaja u buiuxnero Bocroka, nona-
nass B Espomy, Ilepcuio, Busanruio.

Kaxaprit B1acTe/Md CTpeMU/ICsH 3alONYUYHTb BEIHKOJEN-
HBIH KaMeHb. PuMckufi umnepatop Hepon Hukorpa He pac-
craBajcsd ¢ OGOJbIIMM KpPHUCTANIOM 3€J1eHOTO M3yMpyJa.
CxB03b OTIITH(OBAHHBI KaMeHb OH JIIOOUJ CMOTPETh B LUP-
Ke Ha 6GoppOy riaguaropos. M naxe B IepHOZA BeJIHKOH
TparefiuH, KOrjaa IO YJHIAM MOA0XKM(KEHOTO IO ero MpHKa-
3aHuio Puma Meraauch ofGe3yMeBlIHe OT yXKaca JIOAH, OH
J1060BaJICs OrHeM, IV Ha Hero yepea H3yMpPyAHOe CTEKJO,
B KOTOPOM KpacCHble fI3bIKH IJIaMeHH Ka3a/HuCb YePHbIMH H
3/10BELIUMH.

Bepunnamu n usympyramu BOCTOpraJuch, B HUX BepPHJIH,
UM MOKJIOHSIHCD. CUMTA/H, 4TO OHH CIOCOOHBI TYIUHTD OrOHb,
moMoraTh B 0010, JieuuTh OT orpasjeHusi. Oco60 LeHUNUCH
eBPOINEeHCKHMH 10BeJHPaMH TeMHO-3eJleHble H3yMPYJAbI, 10-
craBjaenneie M3 ICxkHo# Amepuxu. CkasouHble GoraTcTsa
TY3eMHBEIX IIeMeH 3TOH CTpaHbl TyMaHHJAH BooOpaxkeHHe,
pas:xurajau crpacT. ApMajbl HCIAHCKHX KapaBesJ yCTPeMH-
JIHCb K 3eMJe 00eTOBaHHOil, YTOOLI 3al0IyUHTh 3aMedarTelib-
Hble KPHCTAJ/JBbL.

Ho Be Tak npocto Obli0 oBaA2jgeTh 6OraTcTBAMH H3YMpY-
noB, nobweiteix B Ilepy, Koaym6uum u Mexkcuke. B uaine
IJKYHIJIell 3aBoeBaresefi NOAcCTeperasu oTpaBJjicHHble cTpe-
JiBl, Ha TPONAX — CKPbITBle JOBYLIKU. JIHIIb MOCje M0JToN
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u  TpyAHOIl 6OpBOLI ¢
HHIeAllaMM  HCHaHUaM
yHaJoch HAaKOHel J0-
6paTbCs 10 JAparoueH-
HbIX KaMHel, KOTOpble
CUHTAJHCh 31eCh CBS-
LIEHHBIMH. 3a HeCKOJb-
KO JIeT BCe MOTHJbI H
XpaMbl, B KOTOPHIX Xpa-
HUJIMCh  HEHCUHCJIHMBIE
foraTcTBa  HM3yMPY/IOB,
6blIM  JKECTOKO  pas-
rpab/eHbl npHIIEIbLAMA
Craporo Csera. Ho KopenHble MecTOpOXJeHHs JparoueH-
HbIX KaMHe#l ellle MHOrO JeT OCTaBaJHChb TaiHOH AJs rpa-
Gutenelt. VIx Kpemko XpaHUJIH TPYAHOAOCTYIHble ropbl Ko-
JYMOGHH W CBATas Bepa Ty3eMLeB B O60XeCTBEHHBI «Ka-
MEeHb CHSIHHSIY.

B 1831 rogy MeCTOpOKIEHHSI 3TOTO BeJHKOJENHOrO KpH-
cra/ia Oblid Halimenol Ha Ypase. OpHa)kKABl YypajabCKHA
KpectbsiHuH Makcum KoxeBHHKOB, cobHpast B JieCcy Bajlex-
HHK, CJy4YaflHO 3aMeTHJ] MeXAy KODHSIMH BbIBOPOUEHHOM
Oypeil cTapoil equ sIpKO-3eleHble KpHcTamibl. OH BBIGpas
HEeCKOJIbKO CaMBIX KPYIHBIX H ITOKa3a/j 3HAaTOKaM-TPaHHJb-
IKKaM. JTo OblIH NepBble YpabCcKHe H3YMPYIbl — BEIHKO-
JIemHbIA MaTepHaJl Il OTpaHKH JParolleHHOTO KaMHs, OTJH-
YAIOLErocss BbICOKOH TBEPLOCTBIO U PaLOCTHEIM GJECKOM.
C Tex mop u Hauasioch MoOeIHOE LIECTBHE YPaJIbCKUX CaMO-
LBETOB, IpOCJAaBHBLIeE HAIIUX 3eMJASKOB-PYL03HATUEB H
MacTepoB-IpaHHAbLIHKOB.

Ho usympyaet 1 6epHiibl, Xpu300epHJLILI U CMaparibl —
3TO He TOJbKO AparolleHHble KaMHH, 3TO PyAa, H3 KOTOPOH
MOXHO INOJYYUTb cepeGpPUCTHIH MeTasn — Gepunauil. Koney-
HO, HHKOMY B TOJIOBY He NIDHJIET NepPeBOAUTb AparolcHHbIe
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CcaMoUBCTHl, yTOOB! BBILIAB/ATE U3 HUX MeTaJjJ ., DTOro H He
HY2KHO JeJ1aTh, TaK KaK eJTo-6e/1ast pasHOBHIHOCTb Gepu-
Ja, He MNpelCTaBJAKILAS HUKAKOH LEHHOCTH B IOBEJHPHOM
Jesie, BCTpeuaercst 1OBOJIbHO YacTo B 3eMHOI xope. Ho T0/1b-
KO HauwHas ¢ 1797 rona, xorna paHuUysckuit XuMuk Huko-
a5 BokeneH uccienoBan MuHepasbl OepHAT M cMapari H
HauleJd B HUX HOBBI 3JIeMeHT, CTasl0 fICHO, UTO AParoleHHble
KaMHH H HUYeM He IpUMeuaTes]bHble OTBAJB H3YMDPYIHBIX
KOIeH COJepIKAT OKOoJO 4—-5 NPOLIeHTOB HOBOTO MeTaja
Gepusinnusa. MHorouucaeHHble aHAMU3B Pa3HUYHBIX HOPOJ H
MHUHEpPaJIoB M0Ka3aJjH, 4To Gepusnnil B o0UeM OYeHb PeAKHH
MeraJsi. B 3emuoil kope ero oxosio 0, 0006 npoieHToB, U BCE
JKe 3TO IOYTH BABOe OOJblIe, YeM CBHHIA HJIH KOGaJjbTa.
Hsyuasi cBoficTBa HOBOTO 3JeMeHTa, Boxeaen o6paTui
BHHMAaHHe HAa CJAaAKOBATbIl BKYC €ro cOJIell M OKHCJIOB.
[Tostomy 3a 3jeMeHTOM JOJrO COXPaHs/10Ch Ha3BaHUe «TJII0-
UMHHYM», 4TO O3HauaerT caajgkuii. A Bo PpaHumuH, MeXay
IpOYMM, 3TO Ha3BaHHe OCTaJOCh JO CHX MOD.
[IpakTuyeckoro mpuMeHeHHd GepUJNHH He HAXOAMJ OKO-
JIO YeThipex JIeCATKOB JIeT, XOTSl CBOMCTBA ero He MOIVIH He
HHTePeCOBATh TEXHHKY. IJTOT CepeGpHCTHI MeTajl B ABa

a T pasa Jierde aJIlOMH-
508 G Hus. TloaBuTcs 1npH
=TSN

u*\a@—g—"*‘) Temneparype 1284

rpanyca. YHCTBI Me-
TaMI QueHb TBepJ, HO
¢ no6aBKOH HHYTOXK-
HOTO KOJIHYEeCTBa TH-
tana, Bcero 0,5 mpo-
UeHTa, XOpPOIIO TOM-
naeTcsi KOBKE WU OpY-
ro MeXaHHYeCKOH
obpa6orke. Ilpu co-
elnHeHNH GepHIIns ¢




430T0M 10Jy4aeTcsl GeClBETHOE H OYeHb TBEPAOE BeleCTBO.
Ono nsaBuTcs npu 2200 rpaiycax.

B Mera/syprud HCHOJbL30BaThCA OepuJHil CcTaj] JHLIb
B TOABl NepBOH MHPOBOH BOHHEI, Korga Obll MpelsoxKeH
5¢exTHBHBIHA chnocol pas/oxeHuss OepH/IIHeBOH PYAbI
HarpeBaHHEM ee C KpeMHe(DTOPHCTBIM HaTpueM. MeTana 1pH
9TOM JOBOJBHO JIETKO TOJYUYaJcs 3J1eKTPOJH30M paciiab-
JEeHHBIX (TOPUCTBHIX coJiell Gepu/Ins.

o BTOpO# MHPOBOIT BOHHBI B NPOMBILIJIEHHOCTH HCIOJb-
30BaJIOCh JlilLIb HECKOJNBKO JeCATKOB TOHH O€pHJ/IUS B TOL.
Ho yxe torga akagemuk A. E. ®epcMan, o6paTUBIIKH BHHU-
MaHHe Ha 3aMedaTe/]bHBIC CBOHCTBA HOBOrO MeTaJua, npef-
cKasaJj ero paciBeT M Ha3BaJj «BelHYallINM MeTasjoM Oy-
JIYLLEros.

Bosee Bcero B OepuiivH IeHATCS CBOHCTBO IPHIABATb
pPasJMYHBIM MeTaJjjlaM BBICOKYI0 NIPOUYHOCTb M YIPYTOCTb.
[IpekpacHple chjlaBpl ¢ MeIbl0 W MAarHHeM TIOpasjio Jerye
H3BECTHOTO M PaCHPOCTPaHEHHOTO B aBHACTPOCHHH AIOpaJiio-
MHUHHUSI. A crmjiaB GepH/JIHST C HHKeJleM MOXKeT OblTb H MAr-
KHM, H OYeHb TBEpPABIM B 3aBHCHMOCTH OT TepMOOODPabOTKH.
DTO CBOACTBO LIMPOKO HCIIOJIb3YeTcs B COBPEMEHHBIX aBHa-
asurarensx. M BoobGiie posb Gepusius B aBUaUMH TPYIHO
nepeoleHuTh. Benp caMoJieT, MOCTPOCHHBI M3 CIIABOB HA
€ro OCHOBEe, MHOTO JIeI'de H MpOoYyHee 06bIYHOro — K3 NI0paJio-
MHUHHS,

Bepunnuii okasa/cs He3aMeHHMBIM IPH HM3rOTOBJIEHHH
IpOOHJIBHBIX YCTPONCTB /51 H3MeJbueHUs H HCTHPaHHSA
B3DBIBUATHIX BEIECTB M B3PHIBOOMACHBIX cMecell. DTo, 1O-
J)KaJjyl, eAHHCTBEHHBIH MeTajJi, KOTOPHI IpH ylrape He BHI-
CEKaeT HCKpY, a NOTOMY COBEpPIUECHHO 6e30MaceH.

U eme ects y 6epusius OIHO BaXKHOe CBOHCTBO — 3TO
COMpPOTHBJIeHHe K YycTadocTH. [Ipyxunel u3 OepuaneBoil
OpOoH3BI CIOCOOHBI BHIIEPXKUBATD 25 MUJJIHOHOB CKATHH, TO
ecTb B 25 pa3 GoJbllie, 4YeM CTaJIbHbIE.
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®OusuxkoB OepUINHIl PHUBAEKACT CIOCOGHOCTBIO 3aMel-
JsiTb GpiCTpBle HeHTpPoHBl. Ero atoM mo cBoeil Macce G6JAH30K
K Macce HeHTpOHa, II03TOMY AOCTATOYHO HECKOJbKHX CTOJIK-
HOBEHHI C aTOMaMH TaKoro 3aMeLJHuTe]s, 4yToObl CKOPOCTb
6bicTprix HeliTpoHOB ¢ 20 000 000 MeTpOB B CEKyHIy ymana
o Temosofl ckopoctd B 2200 MeTPOB B CEKYHIY.

Ilpumensaerca Gepuinuili u B InpoLecce pacullenyieHis
aromMa. OH CTaHOBHTCS MCTOUHHKOM CBOGOAHBIX HEHTPOHOB
npH 06/1yueHHH YaCTHIAMH BBICOKHX 3Hepruil. COBpeMeHHbIN
DPEHTTEHOBCKMH ammapaT CMOT IOBBICHTb CBOIO MOLIHOCTb
noytd B 17 pas Ogarogaps 3aMeHe aJIOMHHHEBHIX BBINYCK-
HBIX OTBepCTHH Ha Oepui/ueBbie.

He ynuBurebHO, YTO € KaXKIBM OZOM YCHAHBAETCA HH-
Tepec K 3ToMy Metasny. OH IPOHHKaeT BO MHOTHe OTpac/u
TeXHHKH, cMeJIo Iaraer B Gyayllee, Hiegpo OTAaBas JIOASM
CBOH CEKDeTHl.

Coin 3emau

Kakux TobKO Ha3BaHHMi{ He BCTPeTHLIb B Tabuuue 3Je-
MeHTOoB. OIHH CBSI3aHBl C HMEHaMH BEJHKHX YYeHHX, ApY-
THe — C Ha3BaHHSIMH CTPaH M MECTHOCTeH, BIepBble MOAA-
PHBLIMX 3TH 3J€MEHTHl UeJ0BEUeCTBY, TPETbH — C INTAHeTaAMH
CosHeyHOH CHCTEMBI.

A BOT 3/1eMeHT THTaH HOCHT TOpPLOE HMs repoeB JpeBHe-
rpeueckoit MuHQoaorkHH. THTaHAMH Ha3blBa/JIHCh OeccMepTHHIe
petu 'en (Gorunu 3emau) u Ypana (6ora He6a), ucnonu-
HbI-BeJIMKAHBI, BCTYNHUBLIXE B OopbOy ¢ 3eBcoM 3a obnana-
nue Hebom. OTKpbl ero MHHEPOJOT-1001Te]b aHIIHYaHHH
Bunbam Iperop. Mceienys mecox, B3ATbII B OKPECTHOCTAX
ropoaka MeHakeHa, OH OOHADYXKHJ B HeM HOBBIH 3/IeMEHT,
KOTODBI/l TaK M Ha3BaJ MEHaKeHOM. A deThipe roja Clycrs
vemenkuit xumuk eapux Kmanpor oTkpeu1 MOJOGHHIH 2Je-
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MEHT B APYTOM MHHEpaJc — BEHTCPCKOM PYTHJe, H Aaj eMy
no/oOuBllcecs BCEM POMaHTHYCCKOe HMs — TuTaH. Kaanpor
He CBfI3bIBAJl Ha3BaHHE C KAKUMHU-HO0 HEOObIYHBIMH CBOHCT-
BaMH HOBOTO 3JeMeHTa, HO OHO 0Ka3aJocCh IOHCTHHE IPOPO-
yeckiuM. Onnako notpeGoBanoch Gogee cTa JeT, 4TOOH 3TO
[IPOPOUECTBO YYEHOTO ONPAaBAAJOCD.

M Tperop, 1 Knanpor B cBoe BpeMsa OTKPLUIH HE MeTaJl,
a CoeJMHeHHe THTAHA C KHCJIOPOJOM, IIOSTOMY O CBOHCTBAX
METaJVIHYeCKOr0 THTAHA OHM HHUYCTO He MOTJIN CKa3aTb.

3anauya mosayueHHsl cCBOOOJHOINO THTAaH4d OKaszajachb He-
obplualiHo TpyiaHOil. Muorue Hccaeg0BaTesH HbITAMHCh €e
pelunTh, HO He cMorau. Kaxawlll pas, Korjga yaaBaJjoch, Ha-
KOHeI[, MOJYYHThb MCTaJ/lJI, YICHLIX BHOBb H BHOBDb ITOCTHIAJO
pasouapoBanue. TUTaH HHKaK He XOTesd [0 KOHILA PaccTa-
BaTbCA CO CBOUMH 3/eMEGHTAMH-CIYTHHKAMH KHCJIOPOJIOM,
a30TOM U JPYTHUMH NpumecsaiMu. Taxkoil «KOJNJIEKTHBH3M» TH-
TaHa JOJroe BpeMsd OCTaBJAJN ero B paspsiic XPYNKHX, He
MO IAOMKXCA MeXaHHYecKoll 06paboTKe, H MOITOMY HelpH-
FOAHBIX MeTaJJIoB.

JIMIIb cpaBHHTe/1bHO HEJaBHO, He OoJjlee JIBYX HCCATKOB
JIeT Ha3ajl, YYeHBIM yAaJioCh, HAKOHeL, MOJY4YHUTb JOBOJBHO
YHCTBIM MeTa/JMUecKuii THTaH B NPOMBILIJIEHHBIX MacuITa-
6ax. Torza-to u BBHIABHJMCbH 3aMeyaresabHble CBOICTBA 3TO-
ro HeOoOBLIKHOBEHHOIO MeTasnia.

B Hem pamopano Bce. Ero Gosbuias mpovyHOCTh U JIET-
KOCTb, BbICOKAs TeMIepaTypa IJ1aBJeHHs H HCKIIOUHTEeNLHAas
CTOMKOCTb IPOTHB KOPPO3HH, piKapjaeHus. IIpu oObluHOf
TeMIEepaType THTAH NMPOTHBOCTOMT CAMBIM CHIbHBIM pasbela-
IOIUM BELIeCTBAM — PA3MUYHBIM KHCJIOTaM, paClJaBJAeHHbIM
mejiodam H codsiM. Ha Hero He melicTByeT Haxe «uapckas
BOJKa», IPOTHUB KOTOPOH HE MOTYT YCTOATb HHU 30JI0TO, HH
IJ1aTHHA.

M3BecTHO, KaK CHIbHO pasbeqaloT MeTall MOPCKasa BOJa H
BJIAXKHBI MopcKoil Bo3ayX. CTONKOCTh THTAHA B 9THX cpefax
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IPpoCTO Nopasuteiblias. Bo BpeMsa HCHbITaHHH, KOTOPBIC
NPOBOAMJIHCH B T€YeHHe IIATH JeT B MOPCKHX YC/IOBHAX, TH-
TaH, KaKk M JpyrdHe MeTaJbl, o6pacTasJ pakyliKaMH H MOp-
CKHMH BOJOPOCJIAMH, HO Ha HeM He OblI0 OOHApYKeHO Ma-
e CJIefloB KOPPO3HH. DTH ero cBOiCTBA 0COOEHHO NMPHUIIHChH
mo Jyuie KopabsecTpoutessam. VckaluHuTeabHass CTOIKOCTh
THTaHa B BOJE OKeaHOB M PeK OTKPHIBAeT LIMpOYaiIlInc mnep-
CIIEKTHBBI TIPH IOCTPOHKe MOPCKHX KopabJell, MOIBOILHBIX
JIOJIOK, TEIVIOXO/10B, SIXT U MOHTOHOB. K ToMy Xe, Giaropaps
CHHKCHHIO Beca CyAOB MOXKHO HOYTH BJBOE MHOBBICHTbL HX
IPY30M0’bEMHOCTD.

Turan OTHOCHTCH K TeM MeTaJjiaM, KOTOpble MOMOTraior
OCYLIECTBJATL TEXHHYECKHH nporpecc. bea Hero HeMBICIH-
Mbl CeTOJHALIHSIA peaKTHBHAsl aBHallHs M paKeTHas TeXHH-
K&, TJle UCIIOJIb3YIOTCS 3aMeuaTesbHbie CBONHCTBA MeTaJlaa —
BBICOKAS TEMJIOCTOHKOCTh NPH HeOOJIbIIOM YIeJbHOM Bece.
CoBpeMeHHasi aBHanud NPUMeHsSeT THTAH U €ro CILIaBhl JJs
H3TOTOBJIEHUS] KPeNeXHBIX 60JITOB H raek, a TaKxKe CAOKHel-
mIMx fgetanell TypOopeakTHBHBIX JBHUTaTesed.

Jlns peakTHBHOTO caMmoJieTa 0COGEHHO BaxKHa NPOUHOCTH
MaTepUasoB B YCJAOBHAX KPAaTKOBPEMEHHOTO MOBHIIIEHHS
TeMIeparypbl. Korja coBpeMeHHBIH JeTaTe/bHbiil ammapar
Ha OoJBLIMX CKOPOCTSIX NPOOUBAETCs CKBO3b IVIOTHbIE CJIOH
atmocdepsl, obuiMBKa Kopab/as pasorpesaercss A0 TaKoH
TeMIlepaTypsl, YTO He BCAKHH MeTaJJl MOXKET ee BBHILEePKATh.
Bor 31ecb-To M IPHXOAAT Ha NOMOLIbL 3aMeyaresibHble TH-
TAHOBBIE CIJIABLI.

A xuMHueckHe MNpoLeCCH, NPOTEKAloUHe MPH BLICOKHUX
LaBJeHUsIX U BBICOKHX TeMIepaTypax C BellleCTBAMH, CHJb-
HO pa3beJaloliUMH caMmble Jyulllie COpTa HepzKaBeroulei
craqu? B HHX TOXKe Halllesi IPUMeHEHHe 5TOT HeOObIKHOBEH-
HBIH MeTaJll.

[TosyuuB Ha Boopy:KeHHe CTOHKUI KOHCTPYKIHOHHBII Ma-
TepuaJ, coBpeMeHHas XMMHYeckas NPOMBILIIEHHOCTb Pe3KO
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fIOBBICUJ/IA CPOK CJYXK-
6br cBoero o6opyno-
Banus. [lepexon na
THTAHOBYIO annapary-
py MO3BOJHA  OTKa-
3aThCsl OT TaKUX He-
COBEDHICHHEIX CHOCO-
60B 3amuTbl aKTHB-
HBIX  TOBepXHOCTeH,
KaK TYMMHpOBaHHe U
smaaupoBanue.  Te-
nepb THUTAH YyCHEIIHO
IPUMEHSIOT /11 H3-
roTopJeHus Tpy6 Temn-
JIOOOMCHHHKOB, uepe3
KOTOpBIE MOXKHO TpO-
MyCKaTh CHJIBHO pasbefalollde KHCJIOTHbiE PacTBOPH. PaHb-
nie TPYIHOpa3peluMoi npo6/ieMofi CUMTANHCh XpaHeHHe H
TPAHCIOPTHPOBKA arpeccuBHbIX BemecTs. Ceroins u 3Ta
npobGjemMa oKazajgach Mo ILIedy MeTaaldy-60ratelpio.

Ecin MeTannuueckuil THTaH -— BEILECTBO CepeGPHCTOro
1BETA, TO €r0 CoeJUHelHe ¢ KUCIOPONOM — OeJblil OPOIIOK.
Oun-10 U mnpuBAek K cebe BHHMaHHe XYJOMKHHKOB elle B
1908 romy. MMenno Toraa mpHllia yAAvyHas HAes NMPOU3BO-
NHTb M3 IBYOKICH THTaHa Oenauja. VMHTepec K THTAHOBLIM
GenunaM, HeCMOTPS HA CJOMKHOCTb TEXHOJOTHH HX IOJIyUC-
HHS, He HCeAK 10 cux nop. [leno B TOM, uto 3TH Ocsunaa He
HMeIOT CONIEPHHKOB CPeIH KPACOK, NPHTOTOBJISEMbIX U3 APY-
rux BellecTB. Mx kporoiiasi cnoco6HOCTs B 15 pas Bhllle,
yeM y CcBUHLOBHIX Oennsi. OHH He YepHEIOT CO BpeMeHeM,
Oosiee TPOYHB, U HMEIOT KPaCHBBIH OTTEHOK.

HecmoTpsi Ha BBICOKYIO CTOHMOCTb THTAHOBBIX OeJH/I,
OHH IIMPOKO HCNOJL3YIOTCA B XMMHH MOJHMEPOB, IIPH H3TO-
TOBJCHHH CHelHaIbHBIX KPAaCoK, JaKOB H 3Majell, Npelo-
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XPaHAIOWHUX MeTajJbl OT KOoppo3uu. JlocTaTouHO NOKPHITDH
BBIXJIONHble TPYObl H TJYIIMTENIH JABHTaTejeldl MNOABOJHBLIX
JIOJOK THTaHOBOH 3MaJibio, 4TOOBl CPOK C/IY2KObI 3THX JeTa-
JeHl YBeNHUHJCA B JEeCSATKH pas.

CrnenunanbHass KepaMmMHKa, OTJHYANOLLAsCA BBICOKOH AH-
3JIeKTPHYECKOH IIPOHHIAEMOCTbIO, TYromJaBKie CTekaa H
dapdop comepkar B CBOEM cocTaBe ABYOKHCb THTaHa. A cOB-
ceM HeNaBHO M3 COeAMHEHHs JBYOKHCH THTaHa ¢ KajHeM
ObLIH H3TOTOBJIEHbI TOHKHE B HECKOJBKO MUJIIUMETPOB PUO-
poBbIe JIUCTDI, OTJIHYAOLHecsl Ype3BblyaiiHO HU3KOH TeIIo-
IPOBOJAHOCTBIO. EcC/H OAHY CTOPOHY TaKOro JHCTAa Harperhb
no 1200 rpapycos, T0 K APYroil CTOpoHe MOKHO (e3 omace-
HHUSI TIPWJIOZKHTD J1aJI0Hb.

PacckasanHoe 31ech najeko He oxBaTbiBaeT Bcex ofJac-
Tel, TAe THUTAH yiKe HalleJ HPHUMeHEHHE, U TOe OH MOIKET
OBITb HCNOJIb30BAaH B HepasjdekoM OGyayumem. CerojHs THTaH
CTOUT Ha TpaHU MeXJY PeAKHMH H OOLIYHbIMH MeTaJlaMH.
Cpenu npyrux 3/7eMeHTOB 110 CBOell pacHpOCTPaHEHHOCTH B
NpHPOJe OH Ha JecsiTOM MecTe. A ecjlH paccMaTpUBaTh TOJb-
KO MeTaJlJibl, TO BIepefH THTAaHA OKaKYTCsl JIMIIb aJlOMHU-
HHUH, Xene30 U MarHHd. MoOXHO JHM Ha3blBaTb peiKUM Me-
TaJJ, 3a0ackl KOTOPOTO B HECKOJILKO pas IIpeBbILIAIOT 3ala-
Cbl MeH, IMHKA, CBHHIIA, BOJb(ppama, pTyTH, BACMYTa, Cypb-
MBI, XpOMa, MapraHua, moaubuena, cepebpa, sosnora, miaa-
THHBI, 0J10Ba, HHUKCJAA BMecTe B3fITIX? Bort mouemy pas TH-
TaHa OoJsbllic NOAXOJHT ONpeeScHHE — HOBLIH MeTaJll.

Bosee mmpoxoe ucnosnb3oBanue 3TOro MeTasia B TEXHH-
Ke C1ep:KHBaeT ero BhICOKAas CTOHMOCTh. [losTomy-T0 B MH-
POBOM IIPOM3BOJICTBE METaJ/JOB THTAaH 3aHUMAacT II0Ka JICBA-
Toe Mecto. Ero nmosnyuaior npuMepHo B 6 ThICSIU pa3 MeHblUe,
yem yyryuna u B 30 pa3 menbuie, ueM Meau. Ho ecau cpaBHuTh
TEeMIIBl pocTa TNPOU3BOJACTBA THTAaHA H, HalpUMep, aJdIOMH-
HHSl, TO HECOMHEHHO, UYTO HOBOMY MeTa/lly NpeicTouT B 6J1H-
Kafilrme roabl NPOJBHHYTHLCS BHepes H MepeliTil ¢ AeBATOTO
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Ha OJHO U3 NEPBLIX MeCT B MHPOBOM NPOM3BOACTBE MeTal-
jgoB. THTan HyXKeH TexHHKe M IIPOMBILITEHHOCTH CErofHS.
Bor moueMmy B Hawei#l cTpaHe ynenasercs ocof0oe BHHMaHHe
Pa3sBUTHIO THTAHOBOH MpPOMBILIJIEHHOCTH. Botr mouemy stor
6/1arOPOJHBIE MeTasJ, KAK CHMBOJ CJAaBbl M BeJHYaNIIHX
IOCTHXKeHHH Halliefi PofHHBI, CHsIeT HBIHE Ha 00eJicKe, yCTa-
HOBJIeHHOM B MocKBe B O3HAMEHOBAaHHM 3amycKa MepBOrO
B MHpe COBETCKOTO CNyTHHKA 3eMJH.

B ozune ne zopum,
8 Kucaome He pacmeopsAemcs

B npoMbILUTIEHHOCTH HepeaKo caydyaeTcs pellaTh BOI-
pochl, CBsA3aHHBIe C BBICOKMMH TeMIlepaTypaMu. K npumepy,
MeTaJIypraM IOCTOSIHHO NPUXOAHTCS HMeTb Heso ¢ dyre-
poBkoii meyd. s 3Toro HeoGXOXMM MaTepuas, BBIAEPKHU-
BAIOIUHA CHJIBHBI HarpeB, HEPAaCTBOPSIOIHUACT B ropsueMm
Merasie. B crapuHy MacTepoBble Ha IOMEHHBIX leyax Io-
JOJITY CBSALIEGHHOACHCTBOBANU HAaJ COCTAaBJEHHEM OTHEyNop-
HBIX cMecefl. DTO CYHTaNOCh NPO(ECCHOHANbHON TafHOM, B
KOTOPYIO MNOCBSIIIAJHCH JHIIb H30paHHbIe.

Ho Bor mnosBuiacs HeoObIuHBII MaTepHas — ABYOKHCH
unpxkonud. C BHAY OHa MoXo)Ka Ha 0Oeayio TVIMHY, OJHAaKO
pacimyiaBuTh ce MOXKHO JHIUb Npu Temmeparype 2700 rpany-
cop. Camasi 3ameuaTe/bHasT 0COGEHHOCTb HOBOT'O OTHEYNOp-
HOTr0 MarepHana — He3HAuyHMTeJbHOE U3MeHeHHe ero obbeMma
OT TemnepaTyphl. BoT moueMy CTeHKH NJIaBUJBHBIX Meuef,
CACJaHHBIe U3 3TOTO TYTOIJIABKOrO BELICCTBA, HE pacTpec-
KHBAIOTCS NPH HArpeBaHHM H OXJaK/IeHHH, YTO PE3KO yBe-
JHYHBAET CPOK HUX CAYKGHI.

Tax Hauas cBolo cayk6y Ha (POHTAX BBICOKHX TeMIIe-
paTyp 3JeMeHT IUPKOHHH, ABYOKHCh KOTOPOro BIepBbie GHI-
Jla BbIJeJieHa HeMelKHM XHMHKOM-aHaJdHTHKOM [enpuxom
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Kananporom B 1789 rony. Jlsis1 3TOro yueHOMY JI0BOJIBHO JOJI-
ro TpPHILIOCH MOBO3UTbCS C 30JOTHCTO-OPAHXKEeBHIM MIHHe-
paJsioM, OTJIMYAIOLIUMCS CHJABHBIM aJMasHeiM Oneckom. Ha-
3BaHHe MHHepa/Jla — LHPKOH, MHO-BUAHUMOMY, IPOHUCXOIUT
OT NepCHJCKOTO CJIOBA <«IAPTyH», YTO O3HA4aeT «30JI0THC-
TBIl». A HOBBIH TYTONJIaBKHH 3J€MEHT, OTKPBITHIH B 3TOM
MuHepane, Obl1 Ha3BaH LUPKOHHEM. B «K/1aj0BOH» 3eMJH
OH BCTpeYaeTcda MOBOJBHO YacTo M 3aHMMaeT OJHHHAAUA-
TOE MECTO II0 PAcNPOCTPAHEHHOCTH Cpeqd APYTHX 3JIeMeH-
toB. Ero ropasno Gosblile, yeM MeIH, CBHHLA, HHKeJs H
IHHKa BMecTe B3ATbIX. M Bce Ke LUPKOHHI OTHOCHTCH K
TpyNe pegkux MeTaJlIoB.

ITpocsaBuiicst MeTaNJIMYEeCKUIl LHPKOHHIT HCKJIIOYHTE/Ib-
HOH CTOHKOCTBIO K arpecCHBHBIM cpefiaM. B 3ToM oTHOMIe-
HUY OH OllepelH/ BCe H3BeCTHble TYTOIJIABKHE MeTaJlbl.
OcoGeHHO yCremrHo HUPKOHHH CONPOTUBJASIETCS JeHCTBHIO
pacHjaBJeHHBIX LIeJ0Yell — CBONCTBO HEOLIEHMMOe B XHMH-
4eCKOM IIPOH3BOJICTBE.

JlocraTouHo BBecTH B crajb Bcero Juilb 0,1 mpoueHta
IIMPKOHHUS, KaK 3HAUUTENbHO IOBBIIIAETCA e¢ TBEpAOCTh U
BSI3KOCTb, UTO OUeHb BaXKHO JiJIsl COIPOTHBJICHUS] KpaTKOBpe-
MEHHBIM, HO CHJBHBIM yaapam. BoT nmoyemy 6poHeBLIe NJH-
TBl B CBOEM COCTaBe 00f3aTeNbHO COAEpPKAT 3TOT MeTasll.
CoBpeMeHHBIfI pEaKTHBHBI caMoJieT NMOJAY4YH] HeOOXOAMMDIN
IO NMPOYHOCTH H TEPMOCTONKOCTH MaTepuaJs Toxke 6Jjaroja-
pa  uupkonuo. TypOuue camoaera, paboralomeii npH
780—800 rpamycax, uumoueM }Xapa Jaxe B COUETaHHH C
OTPOMHOH Harpy3kKoii.

Bam HYXHBl TIpOYHbIe MeJHbIe KOHTaKTH — no00aBbTe
IIMPKOHUH. DTO Pe3KO YBEJHUUT HX NMPOYHOCTb H COBEPLIEHHO
He TOBJIHSIET HA 3JEKTPONPOBOAHOCTh. A pasBe gaBanu Obl
CTOJIbKO CBETA OCBETHTEJbHblE PAKETHl, eCc/IH Obl IPH HX H3-
rOTOBJIEHHH He NMPHMEHsJach CMech IOpOIIKAa MeTaJjjauyec-
KOTO LHUPKOHHA C TOPIOYHMH COEIMHEHHAMH?
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Xumuneckue 6au3nenor

Ecau Kax packucautenb H OUHCTHTE/b CTANU OT BPEIHBIX
npuMecedl asora, cepnl, pochopa MeTaNHUECKHI LHPKOHHI
C JaBHHX TIOD I1oJb30BaJICst OOJMBLIOH ITONMYJSIPHOCTBIO y Me-
TaJJIYpProB, TO B ATOMHYIO 3HCPTETHKY OH MOJIYYHJ NPOIYCK
JIMIIb HECKOJIbKO JeT TOMY Haszan. [Ipousomio 5To omsiTh-
Taku Ojaroxaps Tomy, 4TO YUeHbie CIepBa NOTajajuCh O
CYLIIECTBOBAHHMH, @ 3aTeM HAyYHJIHCh BBIACASATh M3 oO6mell
Macchl OUeHb HOXO0XKHI HA HUPKOHHUI 3eMeHT — radHuii,

[Torons 3a Gmau3HelOM UUPKOHHsI Gblila He CAY4aiiHOMH,
cylectBoBanHe radHus OblJIO NPeACKa3ano Ha OCHOBAHHH
nepuonnyeckoil cucremsl JI. M. Menpeneesa. A oTKphITHE
JTOro JeMeHTa B pyJax, cofepiKalluxX LUHMPKOHHUH, elle pas
HATJAAHO J0Ka3aJ/o OTPOMHYIO POJb NMEepPHOLHUECKOTo 3aKO-
Ha JAJd Da3BHTHS HAYKHM H XUMHH OCOOEHHO.

Mano xro Bumen MeraJs radHUl MJIM €TO COeJHUHEHHS.
OTO INOCTYIHO HEMHOTHM HCCJAeNOBATENSAM, H3YYaIOUIUM
CBOHCTBA COBCEM ellle MOJIOJOTO 3JeMeHTa. Mexuy TeM, B
npupoe raguusa npepocratouro. Ero B 25 pa3 Goublite, ueM
cepebpa u B 1000 pas Goablue, yem 3omora. Ho Bor Genal
YX oueHb OH pacIblleH, COGCTBEHHBIX MHHEDPAJOB He HMeeT
¥ BCerja CONYTCTBYeT
LU PKOHHUIO. Paspne-
JUTb K€ 3TH 3JeMeH-
THI-GJH3Hell —  3a-
naua HeoObluaiiHo
TpyAHAas.

Panblie s oTne-
JIEHHs1 LHPKOHHS OT
rauua [10J1b30Ba-
JUCb  pa3jdudeM B
pPacTBOPHMOCTH HX CO-
qei. Tlpu atom, uro-
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Obl  TMOJAYYHTb COCJMHEHHS HHPKOHHA, He CcOJepKaliuc
ragHuil, Tpebyerca HH Muoro, HH Mano — 500 omepalui
KpHCTaJaau3auuu U pacrsopenus! KoHeuHo, Takoll mpoilecc
He HallleJl IIHPOKOTO NPOMBIIIJIEHHOIO PaCIPOCTPaHeHHs.

Celluac XHMHKH Hay4yWJHCh MOJYyYaTb ClleUHajJbHbIe MO-
TJIOTHTEIH — HOHHOOOMEHHBIC CMOJbI, KOTOPbie LECTKO yaep-
JKHBAIOT OINH 3JIeMEHT, cBOGOJHO MmpoliycKast Apyroil.

Ecnu uepe3 KOJOHKY ¢ TakUMM BeLIeCTBOM MPONYCTHTDb
pactBop, cojepxamuil ob6a s71eMeHTa, TO Ha BbIXOJAE pac-
TBOp OyJeT cojepKarh UHCTHII IUPKOHUI, «pactepaBy rag-
HUll B Macce norgoturens. [locieayiomasi npoMbiBKa Ko-
JIOHKH KHCJIOTOI jaact cBoOGoAHBT oT c¢Boero cobpara raod-
HHUIL.

IToutn BO Bcex ciyyasX INPHU HCIOJNAB30BAHHH LHPKOHHS
€TO CHOYTHUK MOT CIOKOHHO NPHCYTCTBOBATb, HC BJIHSIA Ha
KauecTBO MOJyyaeMbIX H3 IIHPKOHHUS COEIMHEHHH, CIIABOB,
H3JeMil. YK OueHb OH ITOXOX Ha cBoero cobpata. Ho B oxn-
HOM OHH DPe3KO OTJHYAIOTCS APYT OT Apyra: B CIOCOOHOCTH
MOTJIOLLATh HEHTPOHBI.

la¢uuii, mogo6Ho snementam Gopy W KaAMHIO, ABJsET-
CSl CH/IBHEHIIMM IOTJIOTHTeeM HeflTpOHOB. A IUPKOHHH, KaK
U aJIOMHHHII, OTHOCHTEJNBHO cBOOONHO nponyckaeT ux. Ecau
npubaBUTh K 9TOMY BeJHKOJENHbBle MeXaHHYecKHe CBOHCTBa
H TEPMHYECKYIO YCTOAUMBOCTb METAJJI0B, LUPKOHHI MOXKET
CITYKUTh KOHCTPYKLUMOHHBIM MAaTepHaJOM B aTOMHOM peak-
Tope, a TadHUA Het. 34TO 3TOT META/Jl MOXKHO HCIOJIb30-
BaTb JJIS U3TOTOBJEHHSI HPUCHOCOO/IEeHHH, peryanpyolux
MOUIHOCTb SIAEPHOTO peakTopa, INOLAEpKHBAIOUIHX B HEM
IENHYI0O peaklUHI0O Ha 3aJaHHOM YPOBHe, a B ciayuae Heol-
XOJUMOCTH MTHOBCHHO IIpeKpallaiollux ee.

Bor Tak pasgeneHHble XUMUYeCKHe OM3HELbl NOCTYNHIH
Ha cayxO0y mupHOMY atoMy. O HHX CTajd TOBOPHTb, KaK O
CTpaTerHuyeckKoM colpbe. B HUX cTaj HyXJAaThCcs Hall atoM-
HEIH BeEK.



boru

CI1IYCTHJIHCH
HA 3EMJIIO

000000 ®

Pasanuna cyab6a anementoB. OJHH OTKPBITBL
JNABHBIM-IaBHO, a JO CHX IIOp IOTATCA TIle-TO Ha
3aJBOpPKax, XKAYT CBOero npusnanusa. [pyrue, Ha-
060poT, ¢ NepBOro AHS H3BECTHOCTH CTaJH IUHPOKO
NPHMEHSATbCS B KU3HH UeJOBEKAa, B HayKe M TeX-
HHUKE.

Hekoroprle 3/1eMeHTB C TPYAOM OTHILIEIIb B
3eMHO#I Kope — Tak HX MaJo. [lpyrue BcTpeuaworcs
B CaMbIX HEOXHJAHHBIX MeCTaX: B PasJHYHbIX Top-
HBEIX IOPOJAX, B BOJE DK, 03ep U Mopelt M jqaxe
B KPOBH XUBOTHBIX, IIpHYEM, B 3HAUUTEJbHBIX KO-
JIHYeCTBaXx.

O6 onHOM H3 TaKHX 3J€MEHTOB — BaHajuH —
MoifieT HUIKE peub.
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Cotn
6o0zunu kpacomeot

Bor kakK MOITHYHO pacckazan 00 OTKPLITHH BaHaIHs
NIBEJCKHI XUMHUK Depuennyc B mucbMe X cBoeMy APYry, TO-
Xe XHMHKy Bénepy, KoTopblil, ucciaeiys CBHHIOBYIO DYyAy,
He CyMes HAWTH B Hell HOBBIH 3JeMeHT.

..«B naBHHC-IaBHHe BpeMeHa HA JaJIeKOM CeBepe XKHJia
Bananuc, npekpacuast u jiio6uMas Bcemu 6orutsi. OnHax bl
KTO-TO poOKO mocTyuascs B ee ABepb. boruns ynobno cupe-
Ja B Kpecae u nogyMana: «Ilycte moctyunres ciue pas». Ho
CTyKa He [OC/IeA0BaJ0, MOC/BIIANNCh YAAAAIOUIHecs] ATH.
Kro ke 3TOT CKpOMHBIII U HeyBepeHHBII NoceTHTe b? boru-
Hsl OTKPbLIA OKHO U MOCMOTpesa Ha yauny. «Ax, — ckasana
OHa, — Be/lb 310 Bénep». Ycranas u rpycTHast ONyCTHAACh
Bananguc B cBOe MSATKOe Kpecio.

Uepe3 HecKo/JbKO [AHEHl BHOBb YCJbIIAajJda OHA YeH-TO
cTyK. Ha stor pas cTyk mpogoJizKkaJjcs 1o Tex 1op, moka 6o-
TUHA He BCTaJ/a U He OTKpblIa ABepb. Ha mopore nepen Hefd
cToas BHICOKHII MoJsonoft kpacasen Huabc Céscrpem. OHH
MOMIOOHHN JIPYT Ipyra H y HUX MOSIBUJICS MaJbll, KOTOPOMY
najy uMsi Banaguiis.

Taxk wBenckuit npodeccop Huibe I'aBpunsn CéscTpeM Ha-
3BaJ HOBBIH MeTaj, OoTKpbITHIH M B 1830 romy.

[IIBeckoMy XHMHKY, IO-BHAUMOMY, He OBIIO H3BECTHO,
4To ropaspo pasblue, B 1801 roay B «koMHaTy GOTHHH CTy-
yajcsi» 3aMeyaTeJbHbI UesOBeK, FOpsyuil MOOOPHHK CBO-
GonHoft Mekcuku u Gopel 3a ee Oymyllee, NPEeKPaCHbIH XH-
MHK U MHHEPOJIOT, 3HAMEHHUTHIII JoH AHapeac MaRyaub felb
Puo. Hccnenys Gypyio cBHHLOBYIO pyAy, ZoObITyI0 B CHMIa-
He (MeKkcuka), oH Halleq B HeH Kak Oyaro Obl HOBHIH Me-
Taan. iMest B BULYy Pa3HOLBETHOCTh OKHCJIOB 3TOTO 3J€MeH-
Ta, Ha3BaJ ero cCHayaJa IaHXpoMOM (B IepeBOJe C rpeyec-
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KOI'o 3TO 03Hayaer BCeuBeT- |
Hblll), a TO3aHee 3aMCHHJI
HasBaHMe  3jJeMeHTa Ha
3PUTPOHHH, TO eCcTh Kpac- |\
Hplt. OfHAKO yCTaHOBHTD |
HACTOALLYIO IpHpPOAY HO-
BOI'0 3JeMeHTa JHeab PHO
ne cMor. XHMHKH, NpOBe-
psABilHe 0oO6paslbl CBUHIO-
BBIX DY/, NPU3HABAIU 3TOT
37eMeHT 3a  pa3HOBHUJ-
HocTh xpoma. M B KoHue
KOHIIOB, YYEHBIH OTKa3aJcsi OT MBICJH, YTO HM OblJI OTKPBIT
HOBBIAl 3/J€MEHT, CYUHTasi, YTO 3IPUTPOHME — 3TO IPOCTO-Ha-
IIPOCTO 3arpsi3HEHHBEIE OKHCJIbI XpOoMa.

Ho tak unn unaue ucruHa Oblia BoccTaHoBAeHa. Bee tpu
HCCIeI0BATENS UMEJNH [eJ0 C HOBBIM 3JIeMEHTOM, KOTOPbIi
CIYCTS TOJICTOJIETHSI CTaJ He3aMEHHMBIM B MeTaJlJyPrHH.

Xorst B 3eMHOH KOPe BaHajusl ropasno 6osblie, yeM Ta-
KHX pAaclpoCTPaHeHHbIX B NpUpPOJe METa/ll10B, Kak LHHK,
Meflb, 0JI0BO, CBHHell, OH 06pa3yerT BCero JHIIb HECKOAbKO
COGCTBEHHBIX MHHEpPAJoB, He HMCIOLHX NPOMBILIJIEHHOTO
3HAueHHsI. DTOT JOPOTrofi M LEHHLIH MeTasl, KaKk i MHOTHe
pelKHe 3JeMeHTbl, yalle TONbKO KBAPTHPAHT Y TOCTCHPHHM-
HBIX X03feB. ATOMBI BaHaaMdg MOXKHO BCTPETHTL B XKeJle3-
HBIX, CBHHIOBBIX I CEPHHCTBIX pyAax, B TOPSUHX MecKax
yCTBIHb, YepHBIX GHTyMax u acdasbrax H gaxe B HC@TH.
[Tpuuem pyab!, copep:KallHe yKe O/JHMH INPOLEHT BaHajusd,
CuHTalTCs upe3BblyaiiHo GoraThiMu. OOBLIYHO B HPOMBILI-
JIEHHOCTH HCIOJIb3YeTCsl Chipbe, B KOTODOM BaHAaJUs BCETO
0,1 npouenra.

Tak, BcemupHO H3BecTHOe KaukaHapckoe MecTOpOXKje-
HHe THTaHOMarHeTHTOBHIX pyx Ha CpenHem Ypale, OrpoM-
Hble 3aMachl KOTOPBIX MO3BOJAKT CHH3NTh ceGeCTOHMMOCTD
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yyryHa, craJu u Banajaus jo camoro nuskoro 8 CCCP ypos-
Hfl, cOAepXKUT He Gonec 0,08 npoleHTa 3TOTO UyLECHOTO Me-
Taja.

He ronbko kaMHu noso6uaucs Banaguio. Hacto on KkBap
THPYET H B XKHUBLIX opranuamax. Ocob6eHHO ero MHOTO B KpoO-
BU HEKOTOPBIX MOPCKHX XKHBOTHBIX. ACUMAMU ¥ TOJOTYpPHHY,
o6uTalollHe MHOTOTHICSYHBIMH KOJOHHSIMH y Geperop Mop-
CKHX 3aJ/IHBOB,— HACTOsILHe XMBble KONHJIKK BaHanus. Onu
COJepKAT B CBOedl KpoBU no 10 NMpoueHTOB 5TOr0 MeraJsuid.

Basanuit yacTo Ha3LIBAIOT BHTAMHMHOM cTand. JloctaTtou-
Ho po6aButh 0,1—0,2 mpoueHTa 3TOr0 Merasjaa K OOBIYHOH
cTaJsid, KaK BJBOEe MOBBILIAETCS ee MPOYHOCTb., Takass no6as-
Ka pe3Ko yBeJHuHBaeT YIpY-
FOCTH CTaJi, CONpPOTHBJIEHHE
HCTHpaHHIO U paspuiBy. [Ipo-
HUCXOAUT 3TO Gjaronaps TOMY,
yTo BaHaAHH ocBoboxkmaer
CTaJib OT PACTBOPEHHBLIX B Hell
azoTa W KHCJOpPOXA, nejaeT
ee OJHOPOJHOH, BSI3KOH H
menko3epHucTOl. Kpome Toro,
H30bITOYHBI BaHaAull coenu-
HAETCSl ¢ yIJepoJoM, o6pasys
npouHble KapOHIEL

BanajgueBasi crajp TmoJio-
fusach  MalIHHOCTPOUTESM.
M3 Hee H3rOTOBJSIOT MHOTHE
OTBETCTBEHHbIE YACTH aBTOMO-
OuJsi: peccopbl, KoJeHYaThle
BaJibl, OCH, LiecTepHH. AMepu-
KAHCKHH «aBTOMOGHJIbHBEIA KO-
poab» Dopx, HauaBIWIKMA Ka-
pbepy ¢ yJAayHOro HpHMeHe-
HHST BaHaJHeBOH cTrajau Anad




OCel apToMallHH, cKasas: T T ]
«Ecnn 6b1 He Obl10 BaHa- \ /

Iust, — He 65110 6Bl U aBTO-

MOGHUJIA.
A unorja Banapuil, To4- vy
Hee ero OKHceJs, BhICTynaeT \

B pOJH «BOJIIeGHOH Ma-

JOUKH». Kak Ttak? — cnpo- \ Y
CHTe BHI. N
Ilo6niBaeM Ha cepHoO- NI Wy e

KHCJIOTHOM 3aBOJe — TaM,
rie MnoJydaior «xjaed Xu- \\
MHH» — CEPHYIO KHCJOTY.
B camom mpomecce npous-
BOACTBA HET HHYEro 3ara-
noyHoro. B orpomHbix Ie-
yax OO6KHramT CepHBIA
Konuenad. OOpasylouuiics

IIpH 3TOM OYEHb eIKHH cep- \

HHCTHIH ra3 no tpybam Ha- \

NpaBAseTCs B KOHTAKTHbIH
anmapar — CHeHUaabHyIo
KaMmepy, HAYMHEHHYI0 OCOOGbIM BeLIeCTBOM — KaTaJju3aro-
poM. Be3 Hero moutH HeBO3MOXKHO NpeBpallleHHe CepHHCTO-
ro rasa B CepHbIA aHruapujA. B posu yckoputessr peakuuu
JoJiroe BpeMsl BbICTyHaJs NJAaTHHUPOBaHHBIA acOect (acbect
C HaHECeHHbIM Ha HEro MOPOLIKOM IJIATHHBI). IDTO OUeHb
JOpOrof M HecTOMKHH KaTanu3atrop, OH 4acTo OTKAa3blBaJjcH
paborath H3-3a OTpaBJeHHs] Pa3JIUUYHBIMH Tra3006pasHbIMU
npumecsamu. [Tostomy, korna B OgecckOM XHMHYECKOM HH-
CTUTYyTe Oblia YCTAaHOBJAEHA BO3MOXKHOCTb 3aMeHbl IJ1aTHHH-
poBaHHOro ac6ecra OKHC/IOM BaHAaJHsl, BCe CeDHOKUCJIOTHbIE

3aBOJBI CTaJH HCIOJIb30BATh HOBOE COeJMHEHHE.
B mpouecce mpeBpaleHHss CepHHCTONO rasa B CepHBIH
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AHIHADPHI OKHCb BAH4JHS HEHPEPBIBHO llepelaer CepHUCTO-
My rasy HeoOXOIHUMBII AJst OKHC/IeHus: kucjaopon, CTouT ee
ybparh, KaK peaklHa 3aMeANseTcs B AecsiTb pas.

He tosnbKo cepHas kucjaora CBOHM NOsIBJEHHeM 00si3aHa
Tenepb HOBOMY KaTajusatopy. HeoObluafinble «BoJIIeGHbICY
CBOWCTBA OKMCH BaHAJMS HCIOJb3YIOTCA H B KPeKHHTe HedTH,
H B IIPOH3BOACTBe ILIeJIOTO psifa OYeHb CJOKHBIX OpPTraHHye-
CKHX COeJUHEHHI.

3ameuaTeJbHBl MHOTHE COJTH BaHaIHs. 3e/eHble, KPacHble,
uepHbIe, 3010THCTHIE, KaK OpOH3a, OHH JaloT OIpOMHOe pa3-
HooOpasue Kpacok AJsi UBeTHoro ¢apdopa u smasell, A
crneuranpHolt pororpadun u ocobux uepuua. [lupoxoe mpu-
MeHEHHe HAXOIHMT 3TOT 3/JeMEHT yiKe CEroJHf, B COBpeMeH-
HOH TeXHHKe, HO OyHylllee ero elle BIEpe]H.

Omeuy u douo

Cyabba AByX ADYrMX peIKHX MeTa/lIOB CBs3aHa C CO-
ObiTHEM, NpOUCLIeNIIHM Oojee TpexcoT Jjer Hasaa. [locae
JIOJITOTO IJIABAHHSI B JIOHHOHCKHH TOPT MpHILEJ KOPOJEB-
ckuit Pperar, rpyxennblil ToBapamu 13 CeBepHOii AMepHKH.
Cpenu HuX OblJIM HECKOJIBKO SIIIHKOB ¢ KaMHAMM, cobpaH-
HBIMH B pas/uuHbIX yrojkax Hoeoro Csera. ITH 06pasibl
MHHEpaJOB INpefHa3HaYaJHCh [ KOJJIEKIMH, KOTOPYIO
co3faBa/lH aHIHicKHe reosord B KoposeBckoM Mysee.
B uyucie MuHepasoB, momaBIIHX Ha 3TOT pa3 B BHTPHHY
My3esl, 0KasaJics 60J/bIION IOUTH uepHBIH KaMeHb, OT 06bIYU-
HOrO KycKa YyIVIsi OH OTJIHYAJICSl OueHb TIKeJIbIM BeCOM 1a
IPOKHIKAMH 30J0THCTOl camiofbl. OCMOTpeNH ero reosioru
BHHMATeNbHO H pelIMaIH — ofpasell Keje3Hoil pynabl. A xa-
MeHb Ha3Ba/lM KOJNyMOHT B 4eCTb NepBOOTKpbiBaresass Ame-
PHKH.
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[Tposexan 3TOT KaMeHb B My3ee INOJI CTEKJOM BHTPHHBI
noJiTopa Beka, II0Ka UM He 3aHHTEPECOBAJIMCH XHMHKH.

C 3TOTO MOMEHTAa CIOKOHHAas XU3Hb KaMHSl KOHUHJACh.
Ero pasppo6uiu B MOPOLIOK U CTadd PacTBOPATb B KHCJO-
Tax, TMPOKaJHBATb, CHOBA pPAaCTBOPATH, UTOOHI ONpeNeNHTDb
cojepKalluecss B MHHepaJe 3JeMEHTBl. 3aHHUMaJcs BCEM
STHM H3BeCcTHLill aHraufickuii xumuk Yapabs I'struer. Aua-
JII3 MHHepa/ja MOKasaj, YTO Te0JoTH, Halle[illHe KaMeHb,
He OIHOGAHCh — B HeM JeHCTBHTENbHO OBIIO Keae30, KHCJ/O-
pOXL H... elle YTO-TO.

Carruer nmpumsiacd TIATENABHO BBIAENATH HEH3BECTHYIO
IIPUMeECh, ONpefeNsATh ee YAeJbHbII BeC, XHMHUYECKHe CBOIl-
ctBa. M ckopo B pyKax yueHOro OblJl HOBBIH XHMHUECKHIT
3JeMeHT — KoayMmOuil, HasBaiu ero tak mo uMeHH MHHe-
paja, NMOJapUBLIErO 3TOT 3JIEMEHT.

Onucanue HOBOro 3/jeMeHTa OmyG/JHKOBAJIH, a MHHepaJ
CHOBA IOJIOKHUJIH TOJ cTeKJ10. dTo Obiiio B 1801 roay. A rox
CIYCTS MOJIOAOH IUBENCKHI XUMHK DKebepr, NMPH H3YUEHUH
MuHepaJsoB CKaHAMHABCKOTO IMOJYOCTPOBa, BHOBb HATKHYJI-
¢l Ha cJenbl HEH3BeCTHOTO ayeMeHTa. Ho He Tak-To mpocrto
ObLIO BBIIEJIUTb €r0 B YHCTOM BHAe. MHOTO MecslleB yrmop-
HeHIllero TpyAa HOTPATHJ YUEHBIH, UTOOBI MOJYUHTH HECKOJb-
KO rpaMMoB 3Toro 3JjeMeHTa. [Tostomy-To DKebepr HasBax
OTKPBITBIH MM 3JeMEHT TAHTaJoM, [f0 HMEHH OJHOTO H3 Tre-
poeB rpeueckol MH(OJOTHH, KOTOPOMY 3a MPECTYIJIEHHC
nepen 6oramu OblIO YTOTOBAHO TSKKOE HaKa3aHUE T'OJOIOM
u xaxnoi. Tautan — nro6umblil cbln 3eBca — Gblyl 3aTOUEH
B NPy, TJe CTOSIJ [0 TOPJIO B BOJE, IIOJ IepPEeBOM, BETBH KO-
TOPOTO CBHCAJId U THYJHCb OT TSXKECTH IJI0J10B. Besikuit pas,
korna Tanran, TOMHMBIH 3KaKJI0H, OTKPBIBAJ pOT, uTOOBI
HamuThCsl, BOJA Mcye3ana; Korja MYYUMBI TroJoaoM, OH
NOAHUMAJ PYKH, 4TOOBl COPBATh TJIOJ, BeTKa C MJIOAAMH
YKJOHAJACh B CTOPOHY.

Tax npesnuit Mmud onuchiBan «raHTanoBR MyKH». Hema-
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JIO OTOPUEHHIl W pPasouapoBaHUIl NPHILIOCH HCIBITATh U
IIBEJCKOMY XUMHKY, Npexje 4eM yAaJI0Ch BBIISAHTb OTKPHI-
THI UM 3JE€MEHT B 4HCTOM BHae. Ho 4TO JI0GONBITHO: XUMH-
yeCKHe CBOJICTBA TaHTaJja M OTKpbiToro I'atueTom xonym6us
YAHBHTEJNbHO coBHNananu. TojibKo yAeJabHbie Beca X 3HAYH-
TeJTbHO OTJHYaJHCh. MoxeT, TaHTal H KONyMOUIl ONHH H
TOT Ke 3JICMEHT, a H3MepeHHe yAeNbHbIX BeCOB ObLIO OLIH-
6ounbiM? Elle u ellle pa3 noBTopeH 3KcHepuMeHT. Pesybra-
TBI Te IKe.

Hlnu roasl. B pasHbIX cTpaHax XHMHKH <«OTKDBIBAJIH»
B MHHepaJax 3/JeMEeHTHl, OYeHb MOXOXKHE MO CBOMM CBOICT-
BaM Ha TanTag]. Ho Bcsikuil pa3 oHH ¢ yAnB/IeHHeM obpaila-
JH BHHMaHHEC Ha HECOOTBETCTBHe IIJIOTHOCTEHl HOBBIX 3JIC-
MEHTOB.

Pasragka npuma auie B 1844 roxy, xorma HeMeUKHI
xumuk I'enpux Pose Hawmea B 0gHOM MHHepaJe cpasy o6a
3JeMeHTa — TaHTajJ u KojaymOuii, Okaszasoch, uTo KaXAbIH
pas HccJefoBaTeld UMeNH J1e]10 He C YUCTBIMH BellleCTBAMH,
a CO CMeCbl0 JBYX HepasayyHblX M OUeHb IOXOXKHX JIPYT Ha
JIpyra 3JeMeHTOB. B oZHOM cayuae 3Ta cMech cojepxaJna
6oJibllie TaHTasa U Oblja TsAXKesee, B 1PYroM — GoJblile Jer-
Koro koaym6usi. C Tex mop ux He nytanu. Pose peurs Ha-
3BaTh KOJYMOHil — HHOOHEM IO HMeHH HouepH MHHUe-
ckoro Tanrana Huobeu. Benb s/1eMeHTH O4eHb NOX0XKH APYT
Ha Jpyra, Kak camble OIH3KHE POACTBEHHUKH, ToBOpHa Pose,
noyemy Obl TO POJACTBO HE OTPA3UTh H B HX HAa3BaHHAX?
Tak oren v 10oub U3 MH(DA NePECENHNHCh B UYIECHYIO CTPAHy
pPelKHX 3JeMEHTOB.

A mponmyckoM B 3Ty CTpaHy MOCJIYKH/IH 3aMeyaTe/bHblC
XHMHYeCKHe U Gu3uueckHe CBoHCTBa TaHTasta 1 nuobusa. O6a
MeTaJa Haxo[siTCi B OAHON rpymme Ttabauiel MeHIenee-
Ba — B nAtoi. [To BHelIHeMYy BHJly OHH [OX0XH Ha IJIATHHY,
TOILKO ropas3fo TtBep:xe. CepeGpHcTto-6esble CO CTaJbHBIM
OTJIHBOM TaHTal M HHOOMH 00/71a4al0T HCKIYHTEJIbHO
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BLICOKOH Kaponpounocteio. HykHa temneparypa 3000 rpa-
NlycoB, yToObl TBEepAbIH TaHTaJ pacmiaBuics. HuoGuii He-
CKOJIBKO YyCTyllaeT mno TyromnaBkoctd. Ero Ttemmeparypa
nyabJjenus okosno 2500 rpaaycos.

Bonbias ycTofyuBOCT K pa3JHUYHBIM arpecCHBHBIM Cpe-
JaM JesnaeT 3TH MeTaJibl He3aMeHHMBIMU MaTepHagaMu JJIst
KOHCTPYKIMHA M JeTaJjell XMMHUeckoli anmapatypel. [laxe
BBICOKAsl CTOMMOCTb JIUCTOBOTO TaHTasja H (acoOHHBIX H3Je-
JHUIl He fIBJAsIeTCS NPENSITCTBHEM JUJIA €ro HCNOJb30BAHHS B
XHMHYCCKOM MAalIHHOCTPOeHHH, [3rOTOBJIEHHBIE H3 3TOTO
MeTasia MellajdkH, TPyOOIpOBOABI H COCYABl IIPOYHBL H
JOJITOBEUHEl B CaMblX arpeccUBHBIX cpepax. [Tostomy zame-
Ha OOBIYHBIX KOHCTDPYKLUHOHHLIX MATEPHAJIOB, HCIOJb3YEMBIX
B OTBETCTBeHHEIX y3JiaX, Ha TaHTaJ, Kak IPaBHJI0, 9KOHOMH-
yeckH ce0s1 ompaBibIBaer.

MexaHHueckHe KauecTBa TaHTa]a UCKJIIOYHTEIbHO BBICO-
ki. C OMOIIBIO CreIHaIbHOII TepMUYecKoll 06paboTKH ero
MOKHO cJe1aTh TAKHM MSTKHM, YTO OH GY/eT Jerko KoBaTb-
¢Sl M TPOTSTHBATBCS B TOHUAHIIYI (OJBLY, a MOXHO Ipe-
BPaTHTb B BCLICCTBO TBEPKEe CTAJM.

Tonuaiilree HCKYCCTBEHHOE BOJIOKHO MOJIY4aeTcss IyTeM
IPOJABJHBAHUS CIIELHANBHON BHCKO3HOI MacChl CKBO3b MH-
KPOCKOIHYECKOe «CHTO» C OTBEPCTHAMH B HECKOJLKO COTHIX
posefl MuuMetpa. 1o Guabepsl. X u3roraBauBaiu paHb-
1re U3 miaTuHbl. Jacto Bo BpeMs paGoThl OTBEPCTHS B (HHIIb-
epax 3acopsUINCh, H aNmapaT BBIXOIHJ U3 cTpos. Upessbl-
YyaiHO TPYAHO OBLIO MPOUYHCTUTH (QHJbepH!, He NOBPeIUB 3€p-
KaJbHyI0 TIOBEPXHOCTb OTBEPCTHIl B MATKoil maatuse. TaH-
TaMo0BOE «CHTO» ropasjfo mpouyHee. Ero MOXKHO NMPOMBLIBATDb
B CaMbIX CHJBHBIX KHCJOTAaX, YUCTHTD LETKAMH, He ollacasich
HapyUIHUTh IOBEJHPHYIO KOHCTPYKLHIO.

Tanrtan u HUOOGHI BBLICOKO OLEHHJIH H METaJJIypTH.
Ho6aBka HHOOHS K Hep2KaBEIOUIHM XPOMOHHKEJEBBIM CTANAM
JleJlaeT MX NJacTHYHEe H NO3BoJieT H3TOTOBJATb H3 HHX
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H3J1eaHA OBICTPBIM H JELIeBBIM CHOCO00OM — ropsiucii wram-
HOBKOII.

IToutn Bce MeTa/l/MuecKHe CIJIaBBl IPH HU3KHX TeMIIe-
paTypax CTAHOBATCS XPYNKUMH H IpPH MaJelillleM yrape
pasJseTalorcsi Ha MeJakHe Kycoukd. Huobuil mabaBun ux or
Takoro Hegocrarka. Jlo6apka Bcero Jauub 0,7 mpoleHTa
5TOro MeTa/Jia COXPaHsieT MPOYHOCTb CIVIABOB [axe IpPH
temneparype 80 rpaaycoB HuKe HYJS, YTO OCOOCHHO BazKHO
AJsl JleTasell peakTHBHBIX CaMOJIETOB, JIEeTAOWUX Ha 060Jb-
1IOH BBHICOTE.

Honroe BpeMsi XHMHKH He MOIVIH OObSICHHTb CTOHKOCTD
TaHTajJa B CHJbHO arpecCHBHBIX cpezpax. [leno okasanoch
B TOM, YTO ONYLIEHHBIH B KHCJOTY KyCcOueK TaHTajJa ToTyac
Ke MOKDPHIBAETCS TOHYAlIlefi, B HECKOJbKO MHKPOH, OUYeHb
[IPOYHOK NIJIEHKOH, KOTOpas M 3alUMIIAeT MeTaJl OT OKHCJe-
HHSl M pasbeqaHus KucaoTaMH. Magao Toro, 3ta IJeHKa,
OKasbiBaercs, o0/anaer LEHHEHIUUM MAJS 3JCKTPOTEXHHKH
cBoiicTBOM. Ecsin uepes pacTBop, B KOTOPBIIl IOTPYKEH TaH-
TaJl, NMOKPBITHIH TAKOH NJEHKOI, NPONyCcKaTb NepeMeHHbIH
TOK, OH IpPOKHAET TOIbKO B OZHOM HAlPaBJeHHH — OT pPacTBO-
pa x Metaany. [lneHka B aHHOM c/ydae BLICTYNaeT B POJIH
BHIIPAMHTENS H IIHPOKO HCMNOJNb3VeTCc B pafHOTeXHHKe.

JI1060NBITHO, UTO KOHZEHCATODPHl H3 TaHTa/Ja MOTYT CaMH
ce6s1 «peMOHTHPOBATh». IlONYCTHM, UTO HCKpa IPH BBHICO-
KOM HalpSXKEHUH HADPYIUUT H3O0JSIHI0, — TOTYaC B MecTe
npo6osl Ha MOBEPXHOCTH MeTaJjyia 00pas3yercss H30IHPYIOLas
HJeHKa OKHCJa, H KOHAEHCATOP INPOJAOANKAET HOPMAaJbHO
paboraTs.

H3BecTHO, YTO paAMONaMIbl XOPOIIO [EHCTBYIOT, €CJH
H3 HHUX MOJIHOCTbIO ynaJjeH Bo3ayx. OmHako jposaroe Bpemst
B PajgMOTeXHHKe 3TO ObL10 mpobmemois HOMep oAuH. CaMmble
MOLIHBIE BAKYYMHbIe HACOCHl He MOTJIH 00eCleyuTb HeoOxo-
IMMOE B JlaMIlaXx KOCMHYecKoe paspe:keHue. 3[eCh-TO KakK
HeJlb3s1 KCTAaTH 0Ka3aJHch 3aMeyaTesbHble CBOICTBA TaHTala
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H HHOOHS, CMOCOOHBIX KAJHO 1OMIOWATL NPH HATPEBAHUK
Jio6bie ra3bl. ONUH TpaMM 3THX MeTajljioB morJoinaer 6ojee
cra KyOWueckKMX canTuMeTpoB rasa. Hacrosimas ry6kal
Uro6sl c03/1aTh B CTeKJASHHBIX OajlioHax Heo0XoaHMoe pas-
pexKeHHe, JeTasu pafHONAMI — aHOIbl, CEeTKH, KaToMIbl —
H3TOTOBRJASAIOT 13 3THX 3aMeuaTeNbHBIX MeTaJJoB.

llomownux xupypea

MHOro pasHBIX uygeC OTKPBLIM JIOAAM MeTaJJbl-pPoj-
crBeHHuKH. OHM HaJ/d caMble TBepAble H CaMble TYIOIIaB-
kue matepuanbpl. OHH nomorsiu o0y3faTh U 3aCTaBUJIH CJIy-
JKHTb UeJOBEKY AaTOMHYIO 3Hepruio. HakoHen, oHu okasa-
JIUCb He3aMeHHMBIMHU HOMOIIHHKaMH XHPYPIOB.

B KJAHMHHKY MOCTaBUJIHM HOCTpajaBiiero. PeHTren IMoka-
3aJ1 pasapobieHHBIH mepesoM rosieu co cMerienueM. [pen-
CTOUT YJAJHUTh 4acTb KOCTH. Bo/libHOMY Ha BCIO XKHM3Hb TPO-
3uT xpomora... Ho atoro ne ciayuunocs.

CHayasa omepanusi NPOXOAHT Kak OOBIUHO: yAaJsiTCS
OCKOJIKH pasapobJennoit koctu. Ho BoTr accucteHT jpocraer
H3 CcTepuiu3artopa HeOOJbIIYI0 MeTa/lJIHUecKylo TPYyOOuKky.
Pyku xupypra JI0BKO YCTaHaBJAMBAIOT €e Ha MECTO yJaJieH-
HOM YaCTH KOCTH H 3aKpeMJsioT ClelHajJbHBIMH, TOXe Me-
TanauyeckKMMH ckpenkaMu. Omepauds NOYTH 3aKOHYEHA.
Ocraercs nulb HaMOXKHTb LIOB Ha paHy. BoabHOl MoxXKeT
He omacaTbcsl 3a cBoio Hory. OHa Oyaer 340poBa.

Yro ke momorao GoabHomy? Onsith taHtans. OH obaa-
JlaeT OueHb LEeHHOI CNOCOOGHOCTBIO BXOAHTb B KHBYIO TKaHb
opraHuama, He Hapywas ee. OH, KaK roBOPAT MeLHKH, «OH-
OJIOTHYECKH COBMECTHM» C TKaHblO OpraHM3Ma U MOXKeT
CKOJIBKO YTOJHO HaXOAHTbCS B opraHusMe, ToHuafiiuefl mo-
JIOCKOl 3TOTO MeTaJsJja COeIHHSIOT Pa3fapol/eHHble KOCTH
daxe B yepere. TaHTaJ0BOH MPOROJIOKOH, TOJIIUHOA B CO-
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Thie M THICSIYHBIE AOJH MHJJIHMETpa, CUIMBAIOT CYXOXKHJIHSA
1 HepBol. CrenanbHasd TAHTAJMOBAasA CeTKa BBOJAUTCH B CTEH-
KH OPIOLIHON NMOJIOCTH MOcJe OflepaliMi, YTOGEl YKPEMUTh HX.

Bosbiinm ycnexoMm y XHpyproB BCETO MHPa MOJb3yeTCs
CO3/IaHHBI COBETCKHMH YuUCHBIMH IIPHOOp MJIst CLIMBAHHUSA
KpoBeHOCHBEIX cocygnoB. [Ilos, BbIMOJMHEHHBIH HM Jdaxke Ha
CaMOM TOHKOM COCY/Je, [01yuaeTcst POBHbIA 11 MPOUHBI 1 He
HPENSATCTBYeT TOKY KpoBH. CrelHagUCcThl — MOIHKH BCCrO
MHpa, [0 [IOCTOMHCTBY OLEHHBLIHE 3TO IpHCHOCOO/IeHHe,
TOBOPHJIH O HeM, KaK O DYCCKOM CIIyTHHKe B MeJHIHHE.
OxasbiBaercsi, B 3ToM Npubope TaHTajJ YBEPEHHO HeceT
Cayx)0y 310pOBbS.

CKOJIBKO ellle 3arajfiok TasaT 3TH MOHCTHHE 6/1aTOPOIHBIE
H LleHHBle MeTasabl? HeoObIKHOBeHHBIE CBOMCTBA MHOTOUHC-
JIeHHbIX XMMHYECKHX COeIMHEHHH TaHTaja W HUOOHUS KIYT
CBOHX OTKphIBaTesell. CTaHOBHTCS IOHSITHBIM HHTepeC reoJio-
roB K HOBBIM MECTOPOKJEHHAM 3THX 3JjeMeHTOB. M xoTqa ux
COLepKaHUe B 3eMHOH KOpe OLEHUBAETCs JHLIb HeCKOJIbKH-
MH CTOTBICAYHBIMH JOJSIMH TIPOILIEHTA, BCTPEYAIOTCS OKOJO
cTa MHHepaJsioB, cofiep:Kauux oGa anemenrta. [Ipasna, mpo-
MBIIIJIEHHOCTH [OKa IPUXOAUTCS JIOBOJBCTBOBATBCH JIHIIb
HEKOTOPBIMHU H3 HHX.

CJl0kHa U TPYyAOEMKa TEXHOJIOTHS H3BJeUeHHs TaHTaJa
U HUOOHSA U3 PYA. YK OUeHb CTOHKM MHHEPAJBI, B KOTOPBIX
«YIpPATaHBI» 3TH 3JeMeHThbl. a7 TOro uToObl OCBOGOAHUTH
UX, IPUXOAUTCH TOJb30BaThes JUG0 €AKOH 11es0Yblo, JUu60
razoo6pas3HbiM XJ0poM. Bor mouemy TaHTan u HHOOMH IOKa
erje OuYeHb MOPOTH. A 3To, 6e3yCJIOBHO, CHEpPKHUBAET HX
6osiee IINPOKOe HCIOJb30BAHHE.



ClNYTHHKH
METAJIJIOB

e00000 ®

C prooK3akoM 3a MJeuaMH, ¢ HepasJyuyHbIM MO-
JIOTKOM B pYKaXx Liaraet MbITJAHBLIA reoJIor 1o 3eMJe.
Bce ero HHTepecyeT: BOT KBaplleBasi XKHJIa CBEPKHY-
Ja CBOMM OOHAKEHHEM, a 3/eCb KyCOK yIJs, He-
BeCTb OTKYAa 3aHeCeHHHIH... Pacnonoxenne mopon,
yepefoBaHHE OKPACOK, NPHCYTCTBHE JaXKe HHUTOXK-
HBIX KOpOUYEK NMPOAYKTOB BBHIBETPUBAHUS PacCKasbl-
BAIOT TEOJIOTY O CKPBITBIX NPHMETaX HOBOTO MECTO-
POXKJIeHHs1 LeHHbIX MeTa uoB. Kakoe ono? Dorato
JH, KAaK IIHUPOKO MPOCTHPAEeTCs?

CkoJIbKO MeTa/Jsia JOJKHA COjep:KaTh pynaa
MecTOpoXAerHs, YToObl ee OblJIO BHIrOAHO pa3paba-
ThiBaTh? Hanpumep, Xene3o HaXOMUTCS TOUYTH BO
BCeX MOPOAAax M B OYEHb MHOTHX MHHepa/jax, HO
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H3BJeKaerCs OHO JiMIIb B TOM Ciyuae, €Cii B Pyje ero He
MeHee 35 NPOLEHTOB. A BOT HHUKeJeBble PY/bl, cOolepxKallue
BCEro 5 MPOLEHTOB HHUKeJs, CUUTAIOTCS HCKIIOUHTeNbHO 00-
raThiMH.

EcTb a/ieMeHTHI, COfepKaHue KOTOPBIX B PyAax HacCTOJMb-
KO HHYTOXKHO, YTO HET CMbIcaa HX nepepabaTbinath. OHH He
00pa3syioT cOOCTBEHHBIX MHHepaJsoB, a OOLIYIO B BHiE H30-
MOP(GHBIX TNpHMecefl, KaK <«KBapTHPAHTLI», IPUCYTCTBYIOT
B KPHUCTAJJIaX BMECTe C OCHOBHBIMH JIeMeHTaMH. 34 TaKylo
accpeNloTOUeHHOCTh B 3€MHOI Kope U KpafiHe HH3Koe CO-
/lep:KaHue, 3a OTCYTCTBHE «UyBCTBA KOJIJIEKTHBH3MAa» MX
Ha3bIBAIOT PACCessHHBIMH 3jeMeHTaMu. OOBIYHO OHM CONYT-
CTBYIOT ADYTHM LIeHHBIM MeTaJiaM H J00BIBaloTCsl Kak Io-
GouHBle MPOAYKTHl Npu mepepaboTke OTXOA0B HJH MPOMEKY-
TOUHOTO CHIPbA B OCHOBHOM IIPOH3BOJCTBE.

OTKpbITHE O {HOIO H3 PACCESIHHBIX 3J1€MEHTOB — IaJIug —
pe3yJbTaT IIMPOKOTO IPHMEHEHHs CIeKTPaJbHOro aHaau3a
IS HCCMEOBAHHST Da3/lMYHBIX TOPHBIX nopoa. Ho stomy
OTKPBITHIO, KaK YK€ YIOMHHAJ0Ch pPaHblle, IpeJlieCTBOBAJIO
reHuasbHoe HayuyHoe npenckaszanue JI. VM. Menneneesa.
3 nexabpa 1870 roma Ha 3aceganuun Pycckoro (GH3HKO-XH-
MHYECKOro OfIlecTBa OH CKasal, uTO B TpeThell rpynne
TPeTbero psijfia HejoCcTaer ajeMeHTa, CJIeIYIOIero 3a LIHHKOM,
a moToMy o6Janaiouiero aToMHBIM BecoM, Oau3KHM K 68.
I Ha3Bas 3TOT HEJOCTAIOILHUIT 3/1eMeHT 5Ka-aJIOMHHUEM, TaK
KaK OH pacloJIOKeH B TPYIINle Cpa3y Ke IMOJ AJIOMHHHEM.
H. H. MenneneeB ouenb noApo6HO pacckasas O CBOHCTBAX
IPeNNonaraeMoro ajeMenTa, «Bo Bcex OTHOIIEHHSIX ero CBOi-
CTBa JOJIZKHBI NPCACTABJATh 1ePexoj] OT CBOHCTB ajioMHHHSA
K CBOIICTBAM HHHUS H, OUCHb BCPOSITHO, YTO 3TOT McTaMI Oy-
aet obnanarte GOMbLICH JCTYYECThIO, UeM aJIOMHHHUI, a MOo-
TOMY MOXKHO HajesiThCsl, 4TO OH OYIeT OTKPHIT CIIeKTpaJb-
HBIM HCCJIeLOBAaHHEM>.

U, peficTBuTENBHO, NATH JET cnycTs GpaHiy3CKUil XHMHK
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IMoar dMuae Jlekox ne byaboapaH ¢ MOMOLLBIO CIEKTpasb-
Horo aHajau3a OOHAPYKUJ B CIEKTpe UHHKOBOH OOMaHKH
u3 Ilbeppdura (ITupenen) JHHHIO, He NpPHHAMJIEKABIIYIO
HH OJIHOMY M3 HM3BECTHbIX 3JeMeHTOB. Tak BIepBBEIE «3aro-
BODUJIM» ATOMBI HOBOTO 3J1€eMeHTa, HA3BAHHOTO B YECTb PO-
IMHB 7ne DByaGompana rassiuem !

[Tosryuus HeGoJbloe KOJMICCTBO Merajjsa B CBOOGOJHOM
COCTOSIHHM, (DPAHIY3CKHI XUMHK MPHHSJICH H3yduaTb (HU3H-
YeCKHe H XHMHUECKHe CBOHCTBA OTKPBITOTO HM 3JEMEHTa.
Bckope B moknagax ITapuiKckofl akajgeMuu NOSBHJIOCHE 00
5TOM KOpOTeHbKoe coobuieHue. OHO OYeHb 3aMHTEPECOBAJO
H. V. Menneneesa, u B cBoeM nucbMe B [lapuKcKylo akaje-
MHIO HayK OH COOOLIMJ: «...CIIOCOO OTKPHITHSI U BblAEJIeHuUd,
a TakXe HEMHOTHE ONHCAaHHbIe CBOHCTBA 3aCTaBJSAIOT IIpef-
nojaraTh, 4TO METaJJ — He UYTO MHOE KakK 3Ka-aJioMHHHI».

YIuBHTEIBHBI CBOICTBA raJjius. Deswlli MeTana, 4yThb-
YyTb OTJIHBAIOWHH CHHEBOII, OH JIETKO PeKeTCsl HOXKOM, pPacT-
BOPSCTCSt B KHCJA0TAX, BCTYylIaeT BO B3aHUMOJEHNCTBHE C raJo-
reamy, o6pasys coji. Ho ecTb y Hero ofHo CBOHCTBO, KO-
TOpoe JejaeT ero He MOXOKHM Ha JApyrdue Meraminl. Ecju
B35iTh HCOOJIBLION KYCOUCK TafJus H MOJOKHTL Ha Jaj0Hb,
TO yepe3 HECKOJbKO MHHYT OH NPeBPATHTCS B NOJBHIKHBIN,
CBepKAIOIWIMH LIApUK, COBCEM, KdK Kameabka pryTH. [annuit
IJIABHTCS TTPU TeMIepartype 29,5 rpajyca, HO KHIHT OH JIHIIb
npu 2000 rpagycos. Hu oguH MeTaq1 He MOXKET TaK J0JTO
OCTaBaThecsl B XKHAKOM COCTOAHHMH NpH HarpesaHud. [Totomy-
TO TaJInil — HACTOsIasl HAX0AKA [Js1 U3TOTOBJEHHS BLICO-
KOTeMIepaTypPHLIX TEPMOMETPOB, [e PTYTb, 3aKuIaloulas
npu 300 rpanycax, cOBepIIEHHO 1€ BBIICPIKHBAET KOHKYpeH-
uu. FanjiuesbiMH TePMOMETPAMH MOXKHO H3MEPUTDL TeMile-
paTtypy I1aMeHH B 3aBOJCKHX Ieuax B npetenaax 1000—1500

'Tannusa-— crapumoe nazpanne Ppanuny,
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rpagycoB. FIMU MOMXKHO OYeHb TOUHO ONpEJeJHTb TeMIepa-
TYpy NJIaBJEHHS MHOTHX MeTaJlJoB.

ITnapurcs raanuil Jerko, a 3acThlBaeT ¢ GOJNBIUIMM TPY-
JoM. OH MOXeT MOJNroe BpeMs OCTaBaTbCA KUIAKUM, Aaxe
€CJqM ero BBUIMTbL Ha Jeld. 3aTo KOTAa 3aCThIBAaeT, TO, KakK
YYIyH, JOBOJBHO CHJABHO pacuiupsercs. Ilostomy mepxatb
rajauii B MeraJJIMUECKHX cocylax HeJb3s — pasopser. Ero
XpaHAT B HeGOJbIUKX XKEeJATHHOBHIX KalCyaax MM Pe3UHO-
BbIX GajsoHax. dTa OCOGEHHOCTh TaJIUS HCIOJNb3YeTcss B
TeXHHKE BLICOKHX JaBseHu#l. CrielmajbHble HACOCH, 3aMoJ-
HeHHble JKHIKUM Taj/jHeM, NP COOTBETCTBYIOLLEM OXJaX-
JeHHH Pa3BHBAIOT OFPOMHOE JaBJeHHe.

[anuii mo JMOCTOMHCTBY OLEHEH H 3epKaJbIIHKaMH.
OnrHueckue 3epkasna, NPU H3TOTOBJEHHH KOTOPBIX OBLI HC-
[I0Jb30BAH 3TOT MeETaJJ, ropasjlo HpouHee OGBIYHBIX, a HX
oTpaKawiuas CHocoGHOCTh MOYTH HAeas]bHA, NOTOMY UTO
rajJuil MOTJIOUaeT JHIIb4—>5 NPOLEHTOB Na aloUuX JyUell.

CoeMHEHHS 3TOTO 3aMeyaTeJbHOrO0 MeTaJjlsla MHPOKO He-
NOJIb3YIOTCS B KayecTBE KaTaJH3aTOPOB JIs MHOTHX peak-
IIMH OPraHWYecKoOTO CHHTe3a. B mocsenHee Bpemsi K rajjuio
BO3HHUK oCoObi1 HHTepec. Hu3kass temneparypa mnJiaBJeRHs
¥ BbICOKAas TeMIepaTypa KHUIIEHHSI 3TOrO 3JeMeHTa CAedasH
ero NMOTEeHNUAJbHbIM TeIJIOHOCHTeJEM B aTOMHBIX CHJOBBIX
yctaHoBKaxX. K JMIib JOBOJNBHO CHJIBHASI arpeccHBHOCTD
XKHUJKOTO Tajjiusl, ClocoOHOT0 PacTBOPATb MOUTH BCE U3BECT-
Hble KOHCTPYKUHOHHBIE MeTalJbl U CIJIABLI, CAePKUBAeT ero
HCIOMb30BAHHE B COBPEMEHHBEIX ATOMHBIX 3JE€KTPOCTaHIUAX.
Ho yuenwnie eute ckaxyTt cBoe cioBo. OHHM HafAyT cmocob,
KaK YKPOTHTb «arpeccopa». M3BectHo xe, 4To TaHTaJ M
BoJibpaM CBOGOJHO BBIAEPIKHBAIOT HATHCK KHAKOTO TaJ-
Jausa naxe npu temneparype 1000 rpamycos.

[Toka eme ranaust noObIBaeTcsl oueHb MaJo, He GoJsee
TOHHEI B I'OJ, H CTOHT OH ropasjio fopoxe 3oJqorta. Ho mpu-
pOZa COAEP>KHT 3TOT METAJ1 B JIOCTATOUHOM KOJHYECTBE,
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ero B nojrtopa pasa GoJblue, yeM CBHHUA, H B 30 pas 6oJb-
me, yeM PTYTH. BOT To/nbKO HeoGhblyaliHasi paclnblIEHHOCTh
TOr0 MeTaJsyia 3acTaBJjisieT OTBICKHBAThb HCKYCCTBEHHBIE HC-
TOYHHKH JUISl €r0 MOJYYEHHUs.

Tannauil conytcTByeT aJIOMHHHIO MOYTH BO BCEX €ro MH-
HepaJax. Yacto oH BcrpeyaeTcss BMeCTe C MeIblO, LIHHKOM.
[TosTomy, KakK mpaBuso, NOJAYUYAIOT TaJ/IHi H3 OTXOAOB NPO-
H3BOACTBA aJIOMUHUS, LMHKA, MEIH.

Yousumenvrote
3epraaa

He tosbko rannuii «yxuBaercs» ¢ UHHKOM. Eile ogHOMYy
paccestHHOMY 3JeMeHTYy — HHJHWIO — NPUILIack Mo [Ayie
«TOCTENPHHMHOCTb» HeOOBIKHOBEHHOTO X03siWHa. Hemenkue
xumuka @. Pefix u
T. Puxrep, ucciaenys
B 1863 roay c mo-
MOILBIO CIEKTPOCKONa
LUHKOBYIO pyAY, 00-
HapyXKWIH B CHEKTpe
HeOOLIKHOBEHHO — AIp-
KYI0 CHHHIO JIHHHIO,
NOXOXKYIO 10 LUBETY Ha
Kpacky HHAuro. 3a
3TO CXOJCTBO HOBBLIH
3jieMeHT U GBI Has-
BaH MHIHEM.

Ilocne pmonaroro
ynopHOro TpyAa yue-
HBIM y[IaJoch IOJY-
yuTh JABa obpasua
MeTaJl/IH4eckoro  HH-




JIUsI, KaKJbIH  BeJHYH-
HOI ¢ Kapanjaul, KOTO-
puie Gbliu oueHeHbr [la-
pHUKCKOH aKajeMueit
Hayk B 80000 poana-
poB—mno 700 ponjaapos
3a rpaMM. Peiix u Pux-
Tep HM3YYMJIH OCHOBHBIE
CBOHCTBA 3TOTO Meral-
Ja: ero yHeJbHBIH Bec,
TeMmliepaTypy  IJjiaBJje-
HUs, TBepAOCTb. BoT
TOJBKO HE fICHO ObL10, K
KakOi TpyIme 3JeMeH-
TOB €ro MOXHO OTHECTH.

B T0 Bpems yueHble
OUIHOOYHO CYHTAJH, UYTO
HHAMA —  «POACTBEH-
HHK» UHHKa. Hepapowm
OHH BCerja Bmecte. ITY
omuOKy HcrpaBua MeH-
neaees. CocraBass 1e-
PHOIUYECKYIO  CHCTEMY,
OH MOoKAa3aJ, YTO MpHHS-
THIl paHee JJA HHIUA
aroMubil Bec 75,6 He-
NpaBu/eH, H UYTO 3TOT
3JEMEHT ropasjio 6Jauxe
[0 CBONMCTBAM K aJIOMH-
Huio, ueM K uuuky. Cae-
JOBaTeNbHO, €r0 MeCTO
He BO BTOpON TIpymne,
rIe UMHK, a B TpeTbeil,
r/le aJqloMHHHHA,



Bckope, nocse H3MepeHHsl TENJOEMKOCTH HHAUS, OBLIO
[OJy4eHO HOBOE 3HauyeHHe atoMHoro Beca. OHO TOYHO COOT-
BETCTBOBAJO IpejcKasanHOMY MenesieeBbM.

ITouru cro Jer HHAUI He HaXOAHJ HHUKAKOro HpakTHye-
CKOTO TpHUMeHeHHs. D10 OBIT NMpocTo «3jaemMeHT 49». A cefi-
yac TeXHUKa HIHPOKO HCIONb3YeT BCe ero «INpHYyAbl» H 0CO-
6eHHOCTH. Markuii, cepe6pucTo-Oenlil MeTa 1 XOPOIIO KyeT-
CSl M NPOKATHIBAETCST B TOHUAMLIMEe JHUCTHI. Ero MOMXKHO BbI-
TACHBATh U B TPOBOJIOKY, TOJUIHHOA mMenee 0,01 munau-
MeTpa.

OxkasbiBaercs, camMoe HaeajbHOE 3¢PKaJ0O HE OJHHAKOBO
oTpakaeT OKpalleHHble cBeToBble JyuH. [ToTomy-TOo oTpa-
JKeHHble B 0OBIYHOM 3epKaJjie LBeTa HMEIOT HECKOJbKO HHOH
OTTEHOK, YeM Ha caMOM jeje. A TOJHpOBaHHAH TJACTHHA
UHIMS OJHHAKOBO XOPOLIO OTparkaeT BCe YacTH CIEKTpa,
BCE JJIMHBI BOJIH, YTO OCOOEHHO BaXKHO MJIst acTpoHOMUYe-
CKHX TeJjieckonoB. Kpome Toro, sepkana u3 UHAHSA Ha cepeb-
psAHOI NOJAKNaAKe He TYCKHEIOT, He OPTATCA OT BETPa, MOP-
CKOH BOJIBI, T03TOMY LIMPOKO NPHMEHSIOTCS B pedJeKTopax,
MPOXKEKTOpax M APYrux nojpobHeIX ycrpoicrBax. OHM  yc-
NEelIHO HOCAYKUJAM AHIVIMACKOA [POTHBOBO3AyliHOU o0opo-
He B rofbl BTOPOH MHPOBOH Bofimel. Jlaxke JOHIOHCKHE
rycTble TyMaHDLI He OBLIM NMOMEXOH AJs1 MOIIHBIX Jydel npo-
KEKTOpPOB, HAaNpaBAseMblX BeJHUKOJEHHBIMH  HHIHEBLIMH
pedirekTopamH.

Yucrtelit uuaui nasutes npu 156 rpanycax, a ero cijaB
CO CBHHIIOM, BHCMYTOM, OJIOBOM M KajAMHeM CTaHOBHTCH
AKHJIKHUM yxKe NpH 46,5 rpanyca M 4acTo CJAYKHUT «aBTOMATH-
YEeCKMM KOHTDOJIepOM» B MAallMHAX W MCXaHH3MaxX, npemuo-
XpaHsisi oco60 OTBEeTCTBEHHble IeTaJHu OT Meperpesa.

MHauii He TONBKO caM YCTONUMB K JMEHCTBUIO €IKUX Ie-
Joyell W MOPCKOH BOJbl, He3HauHTeJbHas Ao006aBKa 3TOTO
MeTasnJa K MeJHLIM CcIJaBaM pe3Ko MNOBbLIIaeT HX CONpo-
TUBJIEHHE NPOTHB Koppoauu. Hanpumep, obuinBke mMOABOA-
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HoM uactH KopabJss, caeadaH-
HOH M3 Takoro crJjaBa, COB-
CeM He CTpallHbl MOPCKHE CO-
JIGHble BOJIHBI.

CoBpeMeHHBle IIaPHKOBLIC
H POJIMKOBBlE  MOIUIHIHHKH,
IpUMeHsieMble B ABUANHH, B
aBTOCTPOEHMH, B MOIIHBIX JABH-
ratesax NpPH COTHSIX M THICA-
yax o60poOTOB Basa B MHHYTY,
JOJKHB ObITh 0cOBEHHO yC-
TOHYUBH K pa3beNaHHI0 CMa-
304YHBIMH MacJaMH NPH TOBLI-
IICHHOH TeMnepaType. MHo-
rHe CIJIaBBl, Ja)e caMble
TBepAble H CaMble [pPOUYHbIE,
He yCTpauBaJ# HOBYIO TeXHH-
Ky. Ho Bor yueHbie mnpensno-
JKMJIH HAHOCHTb HA TOBEPXHO-
CTb  IOAUHNHUKOB  TOHKHH
CJIOH HHAYS.

[Ipn sTOM aToMBI HHOHS
He TOJIbKO MJIOTHO NOKPBLIBAIOT MOBEPXHOCTb JeTanefl, HO
M NpPOHHKAIOT B ee TeJdo. TakHe NONIIHIHHKH He pasbe-
JAI0TCS MacJaMH, XOpOHIO HMH CMasblBalTCA W JOJTO
CAyKaT.

Bor Tak, Gnaronapsi cBOMM 3aMeuaTe/bHbIM CBOHCTBaM,
ellle OJHH paccestHbIH 37eMeHT MPOYHO 3aBoeBaJs cebe MeCTO
B MPOMBINIJIEHHOCTH. DTOMY He TMOMEINAag0 HU TO, YTO HHIHH
BCTpEYaeTCsl JHIIb KaK COYTHHK METaJJIoB B CyJabGdHIHbIX
IIMHKOBBIX H CBHHLOBO-IHHKOBBIX PYyJax, HH TO, YTO COJEp-
JaHHe ero B pynax peaxo npesbiaer 0,05 npouenra. M-
JHH — MeTajJ CcerofHsIuHesl TEXHUKH, U HeT COMHEHHil B
TOM, YTO BNepeAH Yy Hero 6onbmoe Gyayuiee.
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3enenasn semss

Anrauiickuit ¢usuk Buabam Kpyke naBecten mupy He
TOJBKO CBOMMH (DH3UUECKHMH HccaegoBaHUSIMH. OH Gbla
OOMBIIHM CHELHAJHCTOM MO CIEeKTPOCKONHH H MOHUMAJ, 4YTO
3TOT NpUbGOp He3aMeHHUM I/ OTLICKAHHS HOBBIX 3J/1eMeH-
10B. C NOMOIIBIO CNEKTPOCKONA yUeHbIH Hcc/1eJoBaa caMble
pasJiMyHbIe BEllecTBa: YaCTH TPYNOB KHBOTHBIX, 30Jy pas-
JIMYHBLIX PACTEHHH H MOpPCKYIO BOAY.

Kak-To eMy J0BEJOCh MCCAENOBATH IbIb C OJHOLO M3
XHMHUECKHX 3aBOMOB. 3aleNdB MJIATHHOBOH IPOBOJIOYKOH
KPYIHMHKY IIJ1aMa, OH [OMECTHJl ee B MJAaMsi TOPEJNKH H IpH-
HHK K 3pHTeNbHONH TpyOe crekTpocKola. B pasHoLBETHOM
crlekTpe moJoc, Kak B KHure, Kpykc cBOGOJHO BBIYHTBIBAJ
3JIEMEHTHI, BXoJdllMe B cocTaB wWwiaaMa. M Bapyr cpenu xo-
pOLIO 3HAKOMBIX KPACHBIX, CHHHX, TOJyObiX JHHHI MOSIBH-
Jach sipKo-3ejieHast He3aHakoMKa. l[BetoM ona HamoMuHaJ/a
COUHYIO 3eJIeHb BECEHHell, TOJIbKO 4YTO pacmyCTHBILEHCS JIH-
ctBel. CoMHeHU! OBITb He MOTJIO, — JIMHHS YTBEpXKIaJa o
NPHCYTCTBUH HEM3BECTHOTo 3jeMeHTa. Ero Haspaau TaljH-
€M, 4TO MO-TPeYecKH O3HauaeT «MOJOAAs 3ejieHas BETBbY.

OzHako He Tak NPOCTO 0KAa3aJoCb BLIIEAHTb TaJNIUI B
YHCTOM BUJE H3 ULIaMa, B KoTopoMm ero He Gojee 0,01 mpo-
uenta. Leawtt rox norparuan Kpyke u ¢ppaHuy3ckuit XUMHK
Jlamu, uto6bl mocne GeCKOHEUHBIX oONepanuii pacTBOPEHH,
BbIIAPHBAHHA, KPHCTAJNIM3ALUM NOJYUYUTb BCEro JHIIL He-
CKOJIbKO TPaMMOB UHCTOIO TaJsaus. 3alojyydB, HaKoOHel,
KyCOYeK MeTaJjlj1a, OYeHb IOXOXEero IO BHEUIHEMY BHIY Ha
CBHHEIl, yyeHble NPHHSJIHCH HCCAEN0BATh €ro cO BCeX CTOPOH.

Bort, yto onn y3nanu. TaJunit jgerko oxucisiercst Ha BO3-
ayxe. Ero conu s1oButhl, W 3THM OH MOXOX Ha pryTh. He-
KOTOpble M3 HHX NMPUMEHSIOTCA B MeIUUHMHE TNpH JeuUeHHH
KOXHBIX 3a00/eBaHui, NS yAaJeHHs BOJOCSHOrO MOKpPOBaA.

Ouenb yacTo TaMIH{ HCMOJAB3YIOT B CIJABaX ¢ IPYTHUMH
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MeTaJJiaMu: OH coofliaer ciyiaBaM Hosbie cBoiictBa. Takx
amMaJjbramMa TaJuust (CnjaB ¢ pTYTbiO), comepikaulas BCero
8,5 mpoueHTa 3TOro MeraJjJa, NJ1aBHTCS NPpH Munyc 60 rpa-
Aycax M NPHMEHSIETCH B HU3KOTeMIepaTypHBIX TEPMOMETpaXx.
A cnnabl Tanaust ¢ 010BOM, HHAHEM H CBHHIOM 06safaioT
NpH OXJIaXAEHHH CBOHCTBOM CBepXNMpPOBOAUMOCTH. Hakoxner,
TaJJHi Jejaer CHJAaBbl YCTOHYMBBIMH K arpeCCHBHBIM cpe-
ngam. Tak, cnias, B KoTopoM 10 npoueHToB Taaus, 20 npo-
LeHTOB 0J10Ba W 70 NPOLEHTOB CBUHLA — He pAacTBOpPSALTCH
B MHHepaJbHBIX KHCJOTAaX, a MOTOMY O4YeHb ya0OeH s
H3TOTOBJICHUS! 3JEKTPOJH3HON amnaparyphl.

Ilaras no HouHOMY rOpPOLY, BBl HEPEIKO JIoGyeTech Kpa-
COUHbBIMH OYKBaMH CBETOBBIX peKJ/aM, BbLINOJHEHHBIX H3
CTEeK/JISIHHbIX, NPHYYAJNHBO H3OTHYTHX TpyOouek. OmHH H3
HUX — KPacCHble, B HHX T'a3 HEOH. A BOT 3e/IeHbIH LBET MpH-
HaJJIe)KUT Ta30CBeTHBIM JaMilaM, 3anOoJHEeHHBIMH mnapamy
TaJIHA.

CBerouyBCTBHTeJbHAA CHOCOOHOCTD HEKOTOPBIX COJIeH
TaJJIUST faeT BO3MOXKHOCTb HCIOAB30BaTh HX B (oTorpaduy.
[Ipuuem, Gmaroxapst atuM coasaM, dororpadupyor B abco-
JIIOTHOH TEMHOTe, MOTOMY UTO TaJ/JIHIl MOMKEeT </JIOBHTb» He-
BHIMMble HHPPAaKpacHble JyUH.

Undppaxpacnaa ¢ororpadus — ToJbKO HauaJo HCMOJb-
30BaHHA Taaaus B ontike. [lo3:ke atomy aneMeHTy cyxie-
HO OBII0 CHITPaTh POJb HCKYCCTBEHHOI'O [Ja3a: HAa OCHOBE
CepHHUCTOrO TaJJHUsl COBETCKHM YUEHBIM YAJ0Ch CKOHCTPYH-
poBaTb HOBBII OUeHb YYyBCTBHTE/bHLIT (OTOITEMEHT.

B cenbckoM xo3siicTBe 15 YHHYTOKEHHS TPHI3YHOB TaK-
e HCIIONB3YIOTCS SITOBUTHIE COMH TaJJHSI.

Jlaxe coBpeMeHHble Mpolecchl oforameHnss MUHepanaoB
He o6xoxaTcst 6e3 sToro snemexta. ONuH u3 cNocoGOB pas-
JeJIeHHsl PasJIMUHBIX MO yJeJbHOMY Becy MHHEpaJoB OCHO-
BaH Ha 00paboTKe WX CMeCH TsKeJbIMH KXuakoctamu. [lpu
3ToM 6oJiee JIerKUH MHHepaJ BCIIbIBAET, & TAXKeNbIH -— 0CTa-
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ercsi Ha IHe. MypaBbHHOMA/JIOHOBOKHC/BIA TAMIHHA C yAedb-
HBIM BecoM 4,2 u ecTh OJHA U3 TAKHUX KHJIKOCTEH.

C KaxAbIM rojom Bce OOJIbllle NEePCMEKTHB OTKPbIBAeTCs
JJIs IPUMEHEHHUs] 3JeMeHTa C [109THYeCKHMM Ha3BaHMEM «3e-
JeHast BeTBb». 06 3TOM CBHAETeNbCTBYET POCT o6beMa MH-
pOBOTO mNpoM3BOACTBa pelakoro meranna. Ecan p 1940 rony
1006bIBasoCh Bcero 5 TOHH Taduus, a B 1954 rony — 20 TOHH,
To B 1958 rony ero ucronb3oBaHo 6oJice 4 ThiCAY TOHH.

Poocmeenniux
KpeMmHUus

Tpynno, noxaayi, Haliti Gosee JIOGONBITHYIO HCTOPHIO
OTKPBITHS, YeM HCTOPHUSA TepMaHUs, 6e3 KOTOPOTo HEBO3MOXK-
HO OBLIO CO3JaHHEe HH COBPEMEHHbIX MUHHATIOPHBEIX pajiHO-
IIPHEMHHKOB, HH YMHbBIX BbIYHCJIUTEIbHbBIX MALIHH, HH KOCMH-
YeCKHX IeHepaTOpOB 3Heprud. BriepBrble 06 3TOM 3JeMeHTe,
OJHOM M3 CNyTHHKOB MeTaJsJoB, pacckaszaa [I. M. Menpgene-
eB eule B 1870 rony. Toraa oH TOJBKO YTO MpHIleJ] K TeHHU-
AJbHOM MBICIIM O TEepHOAHYECKOH 3aBHUCHMOCTH CBOMCTB
3JIEMEHTOB OT BeJHMYHHB UX aToMHoro Beca. [losicHsas yua-
CTHHKaM 3aCeJlaHHs PYCCKOro (hH3HKO-XMMHUECKOTO O6ILecT-
Ba CTpPOeHHe CBOEH MNepHOAUUYECKOH TabJHIBl 37eMEeHTOB,
MenpienieeB 3aMeTHII, YTO «HaUGoJIee HHTEPECHBIM U3 HeI0C-
TAUHX METAJJI0B OyAeT TOT, KOTOPBIH NMPUHA/IEKHUT K UET-
BePTOH TpYNINe aHaJOroB YrJjepojia, & HMEHHO K TPeTbeMy
pAny.

dto Oyder MeTass, CJAEAYIOLIHH TOTYAaC 3a KPEMHHEM,
H NOTOMY HAa30BeM ero «3ka-CHauiueM». 3aTeM MeHneaeeB
OoueHb MOAPOOHO oOnHca/J Bce XUMHYeCKHe U (DU3UYeCKHe
CBOIICTBA HEe HAHAEHHOTO elle jaeMeHTa, Gojiee TOTO, OH yKa-
3aJ1, TAe, B 00lL(eCTBe KAKHX JEMCUTOB €ro Caejlyer HCKaTb.
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IMpomto 16 ger. Becuo#r 1886 rona B [Terepbypr Ha uMs
Omutpus MBanosuua MenjeneeBa npulljio MHCbMO C/AELYIO-
IEr0 colepKaHusd:

«Munrocruseiti eocydaps!

Paapeuwiure mne npu cem nepedare Bam orruck coobuje-
HUR, U3 KOTOPO2O CAedyeT, uTo MHOU OOHAPYICEH HOBLLY 3Ae-
MeNT «eepmanuils. CHauaaa s Obia TO2O MHEHUS, 4TO 3TOT
3NeMEHT 3ANOAHAET npobes mexcoy cypoMoli u GUCMYTOM 8
Bauweii 3ameuaresoHo NPOHUKHOBEHHO NOCTPOEHHOL nepuo-
Outeckoii cucTeme u 4TO 3TOT diemeHT cosnadaer ¢ Bauweil
3KQ-CYpoMOL , HO 8Ce YKA3bl8aET HA TO, 4TO 30€Chb MblL UMe-
em 0eno ¢ IKa-cuauyue.

A naderoce sckope coobuute Bam Goree nodpobro 06
STOM UHTepecHOM BeujecTse: Ce200HA 5 02PAHUYUBAIOCH
AU TeM, 4To ysedomAanio Bac o secoma 8epOATHOM HOBOM
Tpuympe Baweeo ecenuasviozo uccaedosanus t csudeTens-
creyro Bam ceoe nourenue u eaybokoe ysasxcerue.

[Ipedannoiti Kaemenc Bunkaep
Dpetinbepe, Cakconusa»

ViMeHHO B 3TOM Tofy HeMelKHH yueHbii BuHk/Iep, aHa-
JIH3UPYSl JOBOJIBHO pEeLKHH MUHepaJd aprupoAuT, o0HapY-
JKHJ, YTO B HEM COJEp2KaTcs B OCHOBHOM cepebpo, cepa H
HeGOJbIIHE TIPUMECH JKeJe3a, pPTyTH, nHHKa. OJHAKO ydeHO-
ro mopasu/ao, UTO NPOLEHTHOE cOAeprKaHHe HaHJeHHBIX B
MHHEpaJe 3JeMeHTOB YIOPHO KoJe6anoch 0KoJa0 93 U HUKAK
He xoTeso aoxoautb ao 100 mpoueHToB. UTo Xe npelcTas-
JU cOGOH 3TH HEYJNOBUMBIE 7 MPOUEHTOR? YUEHBIH XOPOLIO
3HAJ MeTOJbl aHa/M3a BCEX H3BECTHBIX K TOMY BpEMeHH
3J1eMEHTOB, M HNOTOMY HH OJUH M3 HUX He HOJKEH OblJ
CKDHITbCA OT IVIa3 XUMHKA. A ecjJd NpeANnoJOXKHTh, 4TO 7
NPOLEHTOB OT OOIEro cocTaBa NMpHHALIEXKAT HEH3BECTHOMY
eue 3JeMeHTy?
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Cnerka U3MeHHB cXeMy aHa/ju3a, Bunkaep pbiaenud 3TH
7 OPOLECHTOB H JO0Ka3aJ, 4YTO OHH dABJAAKOTCA HOBBIM 3J¢e-
MEHTOM, KOTOpbIfi GBI Ha3BAaH B YeCTb €ro pPOXMHBI — rep-
MaHHEM.

H3yuasa cBoiicTBa HOBOPOXKJAEHHOTO 3J€MeHTa W Mopa-
XKascCh Ype3BbIYAHON TOYHOCTH, C KOTOPOH ONHCaJ 3TH CBOM-
cTBa a4 GaHxKaiinmero ananora kpemuns J1. M. MenneJees,
Bunknep BnocsaenctBud ¢ Bocroprom nucan: <«Ecam wmbl
liMeeM B TepMaHM{ [eJI0 C 3aMeyaTeNbHBIM CaMHM 1o ceGe
3JeMEeHTOM, H3yucllHe KOTOpPOTO JOCTaBJAsIET BEJHKOEe Ha-
caaxKJeuue, TO HCCJACLOBAHHE €ro CBOHCTB COCTABJET He-
OOLIKHOBEHHO IIPHUBJEKATENbHYIO 3ajady elle H B TOM OT-
HOLLICHIH, UTO 3ajlaya 3Ta siBJsieTcsi Kak Obl npoOlbiM KaM-
HCM YeJIOBEYeCKON MNpoHHIATeJabHOCTH. Bpsin Jgu  Moxer
CyuiecTBoBaTh 0oJlee sipKOe M0Ka3aTeJbCTBO CilpaBCMJHBO-
CTH YY€HHsI O NepHOAUYHOCTH 3JEMCHTOB, YEM OTKpLITHE
JO CHX MOp NpPeANOJNOXHUTENbHOrO 3Ka-CHJIMIHA; OHO CO-
CTaBJsieT, KOHe4HO, OoJjee yeM IIpocTOe MOATBepKAEHHE
TEOPHH, OHO 3HaMeHyeT coGo#l BhIZaloIleecs pacliupeHHe
XHMHYECKOTO KPYro3opa, BeJHKHI mar B 00JacTiH HayyHO-
TO TMIO3HAHUSI».

Tak GbLT OTKPLIT NMOCTAEIHHH 3J€MEHT, CBOHCTBA KOTOPO-
ro oco6enHo noxpo6uo mpexackasan . W. Menpgences. s
MenpeneeBa 3T0 GbIIO JYYLUIMM NOAAPKOM 32 €ro HayuHble
TPYHbl, @ AJs HaYKH — BKJIaZ0M, OKOHYaTeJbHO yTBEpAUB-
HIMM TIepUHOJHYECKYI0 CHUCTEMY 3JIEMEHTOB, KaK HauboJjee
IHpoKoe o6o0lleHHe BceX JOCTHXKEHHH eCcTeCTBO3HaHHS,
BCEeX 3HAHUU IO XHMHH, HAKOIJIEHHBIX YeJOBEYeCTBOM 3a
NpoUIe/ilIHe CTOJICTHS.

Onnako «kapbepy» CBOIO MOJOJO¥N MeTaJs HayaJ BecbMa
Heynauno. Jlosroe BpeMsi He 3HaJH, YTO C HHM JeJaaTb.
ITpuynn pas storo 6bl10 MHOrO. Bo-mepBEIX, 3/7€MeHT OYeHb
paccesin B 3eMHoli Kope. Jlaxe B caMoil Jayylueil repmaHue-
Bo#l pyae ero He Gosec 2—3 mpoueHroB. Ho Takue pyabl
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KpaliHe pelkH B nptpoge. Merajanay rposuio Boodue HCUes-
HYTb, €c/11 Obl ero He o0Hapy/KUJH CPasy H B MHHepasbHbIX
BOJIaX, H B 30/le KAMECHHBIX yIJeil, U B IbLIIH, I0JyYalolledcs
IpH 06GXKHre IMHKOBBIX KOHLEHTPaTOB. M XoTA HHYTOXKHO
ObLIO COJCpKAaHHE B IIHX FepManusl, XHMHKH HayuyuJuCh H3-
BJEKATh Ja)Ke cJejlbl 3TOro Merasnia OJgarofapst uyJeCHLIM

MOMOLIHHKAM — OpraHHYeCKHM NOrJIoTHTeasM. CKOHIEHT-
pUpOBaB TaKUM 00pas3oM 3JIEMEHT, €ro I[epeBOJsdT B 4e-
THIPEXXJOPUCTLI TepMaHuil -— THAKCIYIO JIETY4ylo KHA-
KOCTb.

I1y KHIKOCTh TOC/E [EePCrolIKH pasjaralor BOAOH MO
OKHCH, KOTOPYIO 3aTCM BOCCTAHABJHBAIOT BOJAOPOJOM.

Irak, npoGaemMa Chipbsi sl TepManus Kak Oyaro Obl
pewena. XHMUKH pa3paboTaJ/iy BIOJHE Y/10BJICTBOPUTEIbHLINA
MeTOoJ MOJyueHHs MeTaJssa. Ho rie ero npuMeHsaTs — H0JTO
Ob1n0 He sicHo. IlbiTanauch Aaze HCMIONL30OBATL €r0 B MPOH3-
BOJCTBE OITHYECKOTO CTCKJAa B KauecTBC 3aMEHHTeJs!
KpeMHe3eMa. M XOTs OKHMCh FepMaHHUsl NOBBIIANA B CTEKJE
KO3(Q(dHUUMEHT npeJOMJEHHS, MJOTHOCTh Jesajna CTeKJ/o
CIIOCOGHLIM TIPONYCKaTb HMH(QpakKpacHble JydH, 3alepxkuBas
yaAbTpadHoNeTOBEI, BCe e 3T0 00XOAHJIOCH CAUIIKOM JO-
poro. Jlymann ynyuliuTb repMaHueM OpPOH3bl H Marsue-
Bble CIJIaBbl, HO ONSTH-TAKH BBISICHUJIOCH, YTO IpoLle, a
rJaBHOe, TOpasfo JelleBjge INPHMEHATb JAaBHO H3BECTHbLIE
MeTaJlJIbl.

EnuncrBeHHoO, rie HcnoJb30Bascs repMaHHil B TO BpeMs,
370 B 3y6oBpaueOHOH TexHMKe u l0BelupHoM gene. Okasa-
JIOCh, YTO CILIaB FepPMaHHUsI C 30JI0TOM — HEINJIOXOH IPHIOH.
On pasmsirdaercs: yxe npu 356 rpagycax u ob/ajgaer cCBOH-
CTBOM pacCIUMPSITLCA IIPH 3aTBepaeBaltu.

Tax u ocHOBaJICSI HOBBLIH MeTaJsl «3JeMEHTOM KpacoThl»
J0 Tex IOp, OKA Yu4CHBIE He pasrajaju ero noJyrnpoBOIHHU-
KOBbIe CBOWCTBA.
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Kopoabe
pacuomexnuru

Kak mpoucxoaut mepefada 3JeKTPO3HEPTHH Ha paccrosi-
uue? Yrto Takoe smekTpuuyeckuit Tok? Ha 3TH, cTaBimune Te-
nepb OGLIYHLIME BOMPOCHI, OTBET FOTOB ¥ Kaxjoro. Jla, ko-
HEUHO, BO BCEM «BHHOBAT» MOTOK MeIbUayillinX OTPHLATENb-
HO 3apsKeHHBLIX YaCTHLl, SJEKTPOHOB, HOCUTeNel CcaMoi
MaJ/IeHbKOH MOPUHH 3JIEKTPHUECKOTro 3apfja. JTO OHH, Bpa-
asich ¢ GelleHoH CKOPOCThIO BOKPYT MOJOXKHTEJIbHOTO sapa
atoMma, JeJaIoT ero 3JeKTPOHEHTPadbHbIM.

Y HEKOTOpHIX METAJ/JIOB BHENIHHe 3JEeKTPOHHI €1a00 CBA-
3aHBl C AJPOM, H JIOCTATOYHO HEGOJDbIIOrO 3JeKTPHYECKOro
HATIPSIKEHNsT, UTOOLl 3TH JEKTPOHBI COPBAJHCh C MecTa H
HavaJH TiepeMellaThcs, CO3LaBas sjaekTpuueckull Tox. Takue
MeTaJIbl — TPoBOAHUKH. J[pyrHe BemiecTBa, Ha060poT, 00-
JagaioT oYeHb NPOYHON CBA3bLIO 3JEKTPOHOB C AAPAMH H
IJI0XO NPOBOJSIT 3JEKTPUUECKHH TOK. DTO ~— H30AATOPHL.

Ho ectb ciie u Takue MeTaJsLibl, KOTOPbIE MEHSIIOT CBOIO
9JEKTPONPOBOJHOCTS B 3aBUCHMOCTH OT BO3JAEHCTBHS
TEIJIOBLIX JIyuell, CBeTa, PEHTTCHOBCKOTO H PajHOAKTHBHOIO
uaaydenusi. [Ipu ofliHX yCAOBHSX OHH BeldyT cebs, Kak H30-
JATOPBI, TIPH APYTHX — Kak NpoBOAHHKH. Takne yIHBHTCJ]b-
nnle CBOHCTBA, CBOICTBA MOJYNPOBOAHUKOB, yUelbie OTKPbIIN
U y repManis. BoT Korga mpumisia BceMupilasi cjlaBa K HOBO-
My sjementy. Tlepet HUM OTKpLIIMCH COBEpIIEHHO HEOOLIU-
HBIe nepenekTiBbl. O ¢Tag HEKOPOHOBAHHHIM KOpOJeM pa-
JMHOTEXHUKH.

Kro cefiuac ne 3paer 06 yIMBUTENbHBIX paZMONpPHEMHH-
Kax, NIOMeIlaloluXCcsl B CIMYeYHOol KOpoOKe, HO BOCIPOU3BO-
IAINX ACHBIA I 4hCThIA 3BYK? [IpHMEHCHHIO TepMaHHEBbIX
NOMYyNIPOBOAHHKOB Mbl 0053aHbl 3aMeyaTesIbHBIM CHHMKaM
JIYHHOH TIOBEPXHOCTH, MepefaHHBIM K HAM KOCMHYECKHM Te-
JEBUSHOHHBIM YCTPOHCTBOM «JIVHHHK-9»,
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N B stux u muorux apy-
ruX ycTpoicrBax, KaK Ha-

—j npuMep, B BLIYUCAUTED-

HblX MAIUHHAX, CHOCOOHBIX
NpOU3BOANTb 3a CEKyHAY
- R g 7—8  ThICAY  PABAMUHBIX
oot apuQpMeTHUeCKHX AelCcTBUH,
R IIHPOKO HCIIOJIb3YIOTCSI MH-
% HUATIOPHBIE  MOJYIPOBOX-
== HUKOBble paAHO3JEMEHTHI.
Ponab pagnonamn B HUX UT-
paloT TOHEHbKHE MJACTHH-
KA TepMaHusd C  KPOXOTHBIMH  YCHKaMH-KOHTAKTaMH.
DTO TPaH3HCTOPHl, KOTOpble TOpa3g0 MpoYHee W Ha-
JexHee paavonamn. OHH He JomalTCa NpH yAape, He ObIOT-
Csl MPH NMafeHHH, 3aHAMAIOT BO MHOTO pa3 MeHbllle MecCra,
yeM caMas MUHHaTIOpHast pajauonamna. CoBpeMeHHas pa-
JHO3JIEKTPOHHKA, HCIOJb3ysl CBEPXMHHHATIOPHbIE MJIEHOY-
nble CONPOTHBJEHHS], HHAYKTHBHOCTH, EMKOCTH, IIOJYIpO-
BOJHMKOBLIE JHOJAbl U JaxKe TPAH3HCTOPHl, H3rOTOBJEHHLIC
Ha 3J1aCTHYHBIX OCHOBaHHUAX, Ao6H/Iach HeoObBIYANHOA MJIOT-
HOCTH KOMIIOHOBKH pajaunoneraseil. TakuMm cnoco60M MOXKHO
ynaxoBaTb B KyOuueckom cantumerpe a0 200 pasanuHbIX
9/JeMEHTOB.

ITpenmymecrsa nooGHBIX ycTpoitcTB odenupHbl. He
TOJIBKO TOPTATHBHOCTL, 110 3KOHOMHUYHOCTb H JIOJTOBCU-
HOCTb — BOT KayeCTBa, OTVIHYAIOUIHe COBpeMeHHEIe MOMYNpo-
BOJHHMKOBHIC YCHJHTENH U BHIpsiMUTeNH. DBJaronaps um
CTa/I0 BO3MOJKHBIM CO3ZaTh pAAMONPHEMHHK, KOTODHIH He
HyXJ1aeTCse B JONOJHUTENBHOM THTAaHHH OT aKKyMyJsTopa
uiau Garapet.

B TakoM nmpHeMHHKE MCIOJb3Yercs SHEeprus CaMux pa-
IHOBOJH. JloCTaTOYHO B MHKPOQOH I'POMKO MpPHKA3aTh NPH-
eMHHKY paboTaTh M 3THM COOGIIHTH €My HauaJbHOEe KOJIH-
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YecTBO 3HEPrHH, KaK 3aTeM OH yxe caM cebe ofGecrneunBaer
GecniepeGoiiHyio paGory.

[TpueMHHKH Ha noOJyNpOBOAHHKAX HALLIH TPUMeHeHHe
u B Menuuute, Hanpumep, 4ToObl onpenenuTbh 3aboseBanne
JKeJNYI0YHO-KHIIEeYHOTO TPaKTa, OOJbHOMY NPHUXOLUTCS He
pa3 ciaBaTh HA aHAJH3 XKeJIYROUHbli cokK. OJHAKO MMHHA-
TIOpHAst panuosabopaTopHs MOXKeT H36aBHTb OOJBHOTO OT
HENPHSATHLIX NPOLEAYpP, CBA3AHHBIX ¢ 30HAHpoBaHHEM. Kpo-
IIeYHasi pajUONMJIO/A, MO BeJHYHHe He OoJiee KONEeyHOH
MOHETBI, COBEpIIeHHO Ge360/e3HeHHO MO3BOJSIET MOJAY4YaTh
caMble TOUHble JaHHBIE O TeMIepaType, AaBJeHHH, KOHICHT-
pailiy KUCJAOpPOHa, KUCIOTHOCTH, (pepMEHTHON aKTHBHOCTH B
pPa3NHYHBLIX YyuacTKaX KeJyAKa uYeJoBeka. Pannonuiions
cBOGOMHO HYTEIIECTBYET MO BCEM «3aKOYJKAM» KeJyIO0UHO-
KHIIEYHOTO TPakTa M A0OPOCOBECTHO, a IJ1aBHOE OOBEKTHB-
Ho coobmiaer 060 BceM, UTO TaM NpOUCXOoAuT. Bpau, nabmo-
Jasi 3a M3MEHEHHSIMH BCeX NapaMeTpoB MO CHrHaJaM pa-
OHOCTAHIMY, HaXoJsllleHcss BHYTPH OpraHdH3Ma ueJiOBEKaA,
noJiyyaer HarJAsAHyl0 KapTHHY COCTOSIHHSI GOJBHOTrO.

Mopo3
omanaugaem Ksapmupy

«Uyneca» repMaHHeBLIX KPHCTAJJIOB 3THM He OTpaHUYH-
BatoTcst. OKasbiBaeTcsi, OHM lle TOJbKO TOMOraloT HaM 3Ha-
KOMHTBCSI C HOBOCTSIMH IO pajiuo, J11060BaTbCsl TaHLEM JI0-
6umoii 6asepuHBI HA MHHHATIOPHOM 3KpaHe MOXOJHOTO Te-
JEeBH30pa, OHH MOTYT 3aCTaBUTb COJIHEUHBIH CBeT JBHIaTb
MaLIHHbI, OTAMJHBATh HAUIH KBAPTHPHI XOJOAOM, YIIPABJIATD
NOJNIETOM KOCMHUYECKHX KopabJei.

CKOJIBKO 3HepruM TmoJyuaeT Halla 3CMJA OT COJHIA?
Bcero onHy MuaIHapAHyio 4acTb 3HEPruH, KOTOPYIO OHO H3-
JyuaeT B MHpPOBOe MNpocTpaHcTBo. Ho u 3T0 ouenb MHOTO.
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He oand MMJAAMOH JeT mpujuercss paGoTaTb BCeM 3JEKTPO-
CTaHIKsIM 3eMHOro miapa, 4to0sl BbIpaboTarh CTOJNBKO K€
SHEPTHH, CKOJbKO MO0JyYaeT 3eMJ/d OT Halllero cBeTHJa Bce-
ro 3a ofiMH roA. A Kaxk Hcnosp30BaTh 3Ty 3Hepruio? Kak
3aCTaBUTD €€ CJAYKHUTb UeJOBEKY?

MoxHo cdoxycupoBaTh Jyud COJIHIIA C NOMOLIBIO TIH-
FaHTCKUX 3€pKaJl WJH JHH3 H... KKUIATHTb YaliHuk». [Ipasna,
3TO CJAHIIKOM JIOPOTO, HO He GecrnepcleKTHBIIO.

YauBuTe bHLIE KPUCTAJJIbl TepMaHHs M 3JeCh OKasasu
HeOlleHHMYI0 ycayry. BarapeH, cocraB/ieHHble H3 TOHYARIINX
NaCTHH NOJYNPOBOJHUKOBBIX MeTaJJIOB, MOJ COJHEYHBIMH
JydaMH CTaHOBSTCH HCTOYHHKOM 3JeKTpHYecKoro Toka. Ha-
6op Takux Garapell — Hacrosias sjaekTpocraHuua. Ilpea-
cTaBbTe cebe rie-HUOYAb B )KapKoMm Y36ekHcTaHe HIH B COJI-
HeyHOH I'py3uu JOM, KpbIIIa KOTOPOTO MOKPHITA He JKeJe30M,
a BOT TAKHUMH MAACTHHAMU. DHepruH, CHUMAeMOl ¢ KPBIIIH,
BIIOJIHE XBATHJIO Obl IJ51 BCeX NIEKTPOOBLITOBBLIX NPHOOPOB:
nbl1ecoca, paguo W XOJONLUJABHHKA H AJS OCBeLIeHHS.

[TomynpoBoAHHKH, OKa3bIBAIOTCSA, MOTYT HE TOJBLKO TEIIO
npespalarh B MeKTpuuectBo. OHU YCHENIHO OXJaXKAaloT,
notTpebJisis IPH 3TOM COBCEM HEMHOTO 3JeKTpHuecTBa. B un-
cTuTyTe noJaynposoguukon Axagemun nayk CCCP B ropoje
Jlenuurpaje yucHole cO3/a/n 11a OCIOBe repMaHHsl yHUKA/b-
Hple anmaparel raybokoro xosgojia. bosee Toro, onu CKoHCT-
PYHpPOBaJIK HCOOLIUHBIH AOMAUIHHE XOJOJAHJILHHK 63 KOMII-
peccopa u 6es pedpeKepaTopHOit AKHIKOCTH.

ITOT TePMOITEKTPHUCCKIH MPHOOP, CPOK CAYKELI KOTO-
pOro TOUYTH HEOTpaHH4YeH, CaMblil 3KOHOMHUHBIH H CaMblil
meweBbid. 3aMeuaTeabHblit 06paselny GbITOBOM TeXHHKH Gy 1y-
urero!

MozxHo s rperb xoa040M? OrasbiBaercs, Moxuo. Ecan
Y Bac eCTh CHeUHAJbHbIA NOJYyIPOBOLHHKOBEI HarpeBaTe/lb,
BKJIIOUHTE €TO B lleNlb ¢ MaJIeHbKOH 3JleKTpHuccKoll GaTapell-
Koi. OMH KOHeIl 3TOro dyjfa-HarpeBaTe’si BHIOpPOChTe 32
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OKHO. YUeM xosopHee Ha yaHle, 4YeM HHXKe TemmepaTrypa Xo-
JIONHOTO CIlasi TEpMO3JeMeHTa, TeM TemnJjee OyAeT B KBap-
THpE.

Y4enbie 3aMeTH/IHM, UTO NIPH HarpeBaHUH NOJYNPOBOJIHH-
KOB PE3KO YBeJHUHBAETCS MX JICKTPoNpoBogHOCTb. Hesbas
JH H 3TO CBOHCTBO HCIIOAb30BATh B TexHuKe? [la, oo npH-
FOJIUJIOCH sl M3MepeHHs BLICOKHX TeMnepatyp. CrekiasHnas
IIJIAaCTHHKA, HA HEH TOHYAaWWIMH CJOH MOJYIPOBOAHHKA, K
KOTOPOMY C [IBYX CTOPOH IpHKpemJieHbl TOIEHbKHC IIPOBO-
JIOUKH. MIX npHCOCAHHSIIOT K UYBCTBHTCABIIOMY FaJbBANOMCT-
Py H 3JCKTpHUYCCKOH Gartapee. DJAeKTPOMCTpP HJIH TEPMHCTCP
roToB X yunorpe6.aennio. IToxasaune cTpedaky rajppalioMmerpa
COOTBCTCTBYCT HM3MepsicMoOH TemmepaType. Uem pplllle TeM-
ueparypa, teM 0oJibiie OTKJOHSIETCS CTpe/Ka rajbBaHOMET-
pa. OueHb yIOOHDBIH ¥ TOUHDI MPHOOP, XOPOUIHI MOMOLLHHK
UHXKEeHepaM ¥ TeXHUKaM JJ5 KOHTPOJS H aBTOMaTHYeCKOTro
pery/MpoBaHusl TeMHepaTypbl B CaMblX HENOCTYIIHLIX TOY-
Kax J1060ro TeXHOJOTHYEeCKOro Mpolecca.

I'me Tonpko He oGocHOBAJCS 3TOT Bealecyiluuit npuoop!
B cenbckoM x03s[CTBe OH CJEJHUT 3a TeMIepaTypoil BHYTpH
CTOTd CeHa WM B 3€pPHOXPAHUJAULLAX W BOBpEMS IHpeny-
Mpexaaer 0 BO3MOKHOM CaMOBO3TOpaHHH. ATpOHOMY TOMO-
raeT onpepe/JUTh BpeMs HauaJa ceBa, MeTeopoJioraM — TeM-
nepatypy B 3ao0JauyHBIX BBHICOTAX, TeOJOTY-— B HeApax
3CMJTH.

A Meamxu ¢ yZOBOJBCTBHEM MOJB3YIOTCSI CHelHaNbHOH
UTJI0H — MHKPOTEPMHCTEPOM, UTOOK! POCAENNTH 34 H3MeHe-
HHEeM TeMOepaTypbl B J1000¥ TOUKe 4YeJoBe4eCKOTO TeJa.
[Tpencrasbre ce6e OCTPO OTTOUEHHBIH CTAaJbHOH KapaHjanl,
Ha KOHIE KOTOPOIO YCTPOMJICA MHKPOCKOIHYECKHH NOJYIIPO-
BOAHMKOBBLIH wmWapuK. OT Hero oTXoAAT JABe eje BHAUMBIE
IPOCTBHIM T71a30M INpoBosodkd. [To mHuM uper Tok. Kocuuchb
3TOM HUIVIOH KMBOH TKaHM — IMAPUK MTHOBEHHO HAarpeercs,
H npHOOp MOKa)KeT TOUHYI0 TeMIepaTypy HenocpeICTBElHO
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B MHUIEBOJE, B XeJyJKe, B cepllie H Jake BHYTPH MeJib-
YalfWKX KPOBEHOCHBLIX COCYMOB.

MHoro eme «uyjgec» TauT B ceGe IIMPOKO H3BECTHbLIH
Tenepb MeTaJsa repmanuii. Ho Bce 3TH CBoiicTBa HOBOTO
3/7eMeHTa OTKPBIIICH JIHIUb TOC/]e TOTO, KakK yueHble Hay4dH-
JHCb TIOJY4aTh CBePXUHMCTBIN MeTaaa. Beab repmanuit obaa-
JaeT MoJyNpPOBOAIHKOBBIMII CBOHCTBAMI TOJMLKO TOTJA, KOT-
Ja B HeM NpHUMecell JIpyruxX 3JeMeHTOB He GoJee OZHOM CTO-
MUWJTHOHHOK gosd mnpoueHTal A 3Ta BeauuiHa HaCTOJBKO
HUYTOXHa, 4TO ee NPOCTO TPYAHO NMpeacTaBuTh. B BellecTse
TaKOH YHCTOTHI OJMH ATOM IpHMeCel NPHUXOILUTCSI Ha AeCAThb
MHJJIapAOB aTOMOB OCHOBHOTO BelIECTBA.

He ynuBuTeabHO, YTO repMaHH#l MOJYNPOBOIHHKOBOM
YHCTOTbl CTOMT e€llle oueHb Aoporo. OpHaxko, HeCMOTpsli Ha
3TO, OH yxKe Halllesl IIHPOKOe NpPHMEHeHHe B HOBOH TeXHH-
Ke. «CoBpemeHHas (PH3HNKA, — rOBOPHJ COBETCKUI aKaleMHK
A. ®. Vopde,— 3naer aBe 06/aaCTH, OT KOTOPHIX Mbl XKAEM
nanbosee KPYNHBIX CABHIOB B MaTepHAJbHBIX YCJIOBHSX
KU3HH,~ 3TO aTOMHOe AP0 H TOMYNPOBOIHHKHY.



PEJIKO-
3EMEJIBHbIH
KOHTHHEHT

00000600 @

Brasgurech BHMMAaTeJbHee B MEPUOLHUECKYIO
tabauuy s/aeMentoB. Kaxercs, uto B Helt ocoleH-
Horo? KuseTkH, a B HHX CHMBOJIB. KaXablii CHMBO.JI
COOTBETCTBYET OJHOMY 3JIEMeHTY, H KaxKAbl# 3Je-
MEHT MMeeT CBOI €IHHCTBCHHYIO KJETKY, MECTOIO-
JIO)KeHHEe KOTOPOH OnpefeseHo clnenupuIecKUMH
CBOUCTBAMH 3TOr0 3JEMEHTA.

Kak Ha reorpauueckoii kapre Halled 3eMJH
He Wi ABCTpajHi0 B CeBEePHOM MOJYIIADHH, a
[pennanguio — B I0XKHOM, TaK M B Tabjuune MeH-
JleJieeBa HIeJOUHBIE MeTasIbi HaxOMATCS TOJbKO B
nepBoM cTOJ0IE, a HHEPTHLIC ras3bl — B CBOeH HyJe-
Bo# rpymme. I'pynmbl XHMHYECKHX aHaJoOroB B Tab-
JIHIle — HACTOSILIHEe KOHTHHEHTBHl C OJHHAKOBLIM
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KKJIUMATOM» XHMHYECKHX CBOMCTB. M YK TyT Henb3d NyTaTh
raJjoreus — ¢Top, XJop, O6pom, HOL— C II1eJOUHO-3€MeJb-
HbIMH 3JIEMEHTAMH — KaJbllieM, CTPOHLHeM, GapueM.

[TonoGHO M10603HATENBHBIM NMyTELIECTBEHHHKAaM, HCKaTe-
JIIM TPHKJIIOUEHHH B HE3HAKOMBIX 3eMJAX M CTpaHax, yue-
Hble-XMMMKH [1aT 3a IaroM pacKpbiBaJju TaHHB 3arajou-
HBIX KHPIMHYMKOB MHUpo3naHus. Ho 0COGEHHO MHOrO Tpy/a
H 3HEepruy NPULIJIOCH MOTPATHTH TEM, KTO OCMEJMJCHA yIJy-
OuTbcst B neOpH «peJKo3eMe/bHOTO KOHTHHEHTa».

[Tsamuaoyameo
Hepa3AYy4HbLX

Eue ux nHaswbiBalor JaHTOHOMAaMmH. HazbiBalor mnoromy,
YTO BCE OHH I10XOXKH Ha 3JeMEeHT ¢ HOMepoM 57 — JIaHTaH,
Ja ¥ Mexay coboll OHM KaK JABe KalJH BOJBI, BepHee, Kak
NATHAJUATh Kanesdb. VX yAuBHTeNbHOE XMMHUECKOe CXOLCT-
BO JIOCTABHJIO MHOTO XJOIOT.

Ojtnaxpl, 310 6810 B 1787 roay, packanbiBasi crapble
oTBaJIBl 3a06POLIEHHOrO Kapbepa MaJleHbKOro mecteuka Mt-
Tep6u, 6au3 CTOKrosbMa, MU3BECTHLIH HIBEACKHH XHMHK H
muHepajsor K. Appennyc o6HapyKuJa YepHbIH TAXKeNbld Ka-
MeHb, N0 BHEUWIHeMY BHAY HANOMHHAOUME achanbT WK
yroqe. Takoro B KOJMJEKLHH YY€HOTO elie He Obl1o. Toraa
Appennycy, KOHeuHo, GbIJIO HEBJAOMEK, UTO CNYCTs HECKOJb-
KO JIeT U3 3TOT0 MHHepaJa, KaK U3 pora H30OHJIHs, <IOCHII-
JIOTCS1» HOBBIE «pelKHe 3eMJU». «3eMJSMH» B TO BpeMs
HasblBaJl OKHCJBI, KOTOPbIE B YHCTOM BHJE He BCTPEyaroTCsi
B NpUpoOLe.

B 1794 roay ofpasen HoBoro MuHepaJja, Ha3BaHHOTO
BHayaJie UTTepOUTOM, monasa B pykH (HHCKOTO XUMHKa I'a-
JOJHHA. YYeHBIH mocJe THATEIbHOrO XHMHYECKOro aHaJu-
3a MUHepana O0HApYXHJ B HEM H3BECTb, OKHCJLI JKeJjesa,
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Maruda ¥ KpeMHMsi, a TakK-
e JOBOJIbHO MHOTO NpH-
MecH, HaloMunamoue# ofl-
HOBPEMEHHO M OKHCb aJlo-
MHHHSI, ¥ OKHCh KaJblLHS.
3TO OTKPBHITHE HOBOH «3eM-
JU» B MHHepaJe CIYyCT
TpH roga OblIO TTOATBEPXK-
JeHo mnpodeccopoM XMMHH
Yncanbeckoro yHHBEpCHTeTa
B IIsertun A. Ixebeprom.
OH-To ¥ Ha3Bald HOBYIO
«3EMJTIO» UTTPHEBOH, a MH-
HepaJ TNpeoKHJI HMEHO-
BaTh ragoJuHtoM. OnHO
He ycTpauBaJo yucHbIX. He MOIIM OoHM COT/IACHTbCA APYT
C JIPYrOM O KOJHYECTBEHHOM COAepKaHHH He3HaKOMOro Be-
nectBa B MuHepase. Mx crnop He paspewmnan uu panuys
Boxkenen, uu memeny Knampor. Kaxnaeii mosayuasn cBoi, OT-
JIMYHBIY OT JPYroro pesy’abTar.

Jlums uepes zmecsith JeT, Korjia 3HaMeHuTH Bepueauye
obHapYyKUJA B MHHeEpaJe TYHICTEHE BMECTO OXHaeMol
UTTPHEBOH 3eMJM» OUEHb MOXO0XKYI0 Ha Hee IepHeBylo,
CTaNo $ICHO, YTO CIIOPIIMKY MUMETH JeJ0 He C O/HOH «3eM-
Nefi», a ¢ HeCKOJbKHUMH.

MHoro BOCTOProB H pasouyapoBaHHii MPUILIOCHL mepe-
KHTb XMUMHKaM, Tpexae uem, HakoHel, ObLIIO BBLISCHEHO
oflilee YHCJIO 3JEMEHTOB, MPUUYACTHBIX K PCAKO3eMEJbLHBIM.
Bosee cra ser norpeGopasochk, yToSul pasolpaThes ¢ 9THM
IPYXAKHBIM CEMEHCTBOM H, OTOPOCHB «MOpPE OLIHUOOK» H JI0XK-
HbIX OTKPBITHH, TBEPIO YCTAHOBUTb MexAy OapueM U radHu-
eM B IecToM nepuoje tabaunsl MeHneleeBa msATHaAUATDL
sJeMeHTOB-0/u3HenoB. BoT oHuW: JaHTaH, 1epull, mpase-
OJHUM, HEOIHM, MPOMETHH, camapuii, eBPONHUil, rajoJuHHH,
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TepOuil, Aucnpos3uil, roJbmuit, 3pOuil, Tyauli, urTepOUil H
JoTeui.

Ho Bot Gena, Bce nsaTHaAuaTh XKHTeJell NMpeTeHAYIOT Ha
OIIHO ¥ TO JXe MecTo B TabJIHIle, cpa3y XKe 3a 6apuem. Hecabl-
xaHHbIH cayuyaf! Jlo cux mop KaXKIAblH 3JIEMEHT CeJNUCH B
coGCTBEHHOH KJETOUKe, a TYT NATHaAuaTth. [ le ux pasme-
CTHTb?

[IpoGoBanu pacnpenejuTb «TPYZHBIE» 3JEMEHTH MO
apyruM rpynnam. [Tomewann nepu#t B yeTBepTyio TpyIHmy,
npaseofuM — B NATYI0, HEOZMM — B wiectyio. Ho Kaxnbii
pas 3TH 3JieMeHTbl YYBCTBOBAJM celsi yyKakaMH Ha HOBBIX
mecrax. Llepuii coBceM He MOXoAusn Ha LUPKOHHH, a y mpa-
3e0MMa U HeojuMa Huuyero obuiero He GbLIO ¢ HHOOHEM H
MOJNHOIEHOM.

B KOHIe KOHIOB OBLIO NMPEAJIOXKEHO BBILEJUTH PEAKO3E-
MeJbHBIE 3JIEMEHTHl B OT/EJbHYIO [PYNNY U HA3LIBATb €2
«06/1aCThI0 XHMHUECKHX acTepouioB». [lono6Ho ToMYy, Kax
B COJIHEYHOH CHCTeMe lesas IpPynia acTepPOHIOB 3aHHUMAaet
opOuTYy, N0 KOTOpO# cMorja Obl JBUraThCsl OJHA TJAHETA,
TaK M FPYIIa 3JeMeHTOB «PeIKUX 3eMejlby CIIoco0Ha 3aHATh
B NIEPUOJHYECKOH cHCTeMe OJHO MECTO, Ha KOTOPOM B IpyroM
clydyae CTOMT OAHMH 3JemeHT. KoHeuHo, B 3TOM CpaBHEHHH
ropasno OoJjibliie 06Pa3HOCTH, YeM UYETKOro cMmbichaa. [uno-
T€3a <«XHMHYECKHX AacTepOHMIOB» oOcTaBaJjach O0e3[qoKasa-
tenbHOM. Jla ¥ KaK MOXKHO ee OO'BSCHHTb, KOTJAa XHMUKHU He
3HaJM, B YeM MPUYHHA CTOJb YIAHBHUTEJIHHOTO CXOJCTBA
JIaHTOHOU/IOB.

A Bce 0GDBACHSAIOCH OYEHb IPOCTO — CTPOEHHEM aTOMOB
penkux 3emenb. OHO oOKasaloch BecbMa CBOeOGpAa3HbIM.

Eciu y OOBIYHBIX 3JIEMEHTOB IIPH YBCIMYCHUHU NOPSALKO-
BOTO HOMEpPA Ha €IMHUILY 3JIeKTPOH, HEHTPaNn3yolIul 110a0-
XKHUTeNBHBIA 3apsii si/pa, MOSABJSETCS BO BHEILHe#l BaJeHT-
HOH 060JI0UKe, TO Y PEAKO3CMENbHBIX 3JEeMEHTOB OH, IOAYH-
HAACh CTPOTHM 3aKOHaM (DM3HKH, NPOCAUHBAETCS B TPETHIO
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OT NOBEPXHOCTH 0600uky. EMy TaM yno6Hee. TaM oH MeHee
BO30YzKAeH H MOXKeT CIIOKOHHO BpallaThCsl BOKPYT sApa,
He YyyacTBysl B XHUMHYECKHX pEaKUHUAX W TeM CaMbIM He
OKa3bIBasl CYLIECTBEHHOTO BJUSIHUSI HA XUMUHUECKHe CBOHCTBA
3JeMeHTa. 32 HHUX OTBEYaloT JHUIL BHEHIHHE BaJeHTHBIE
5/JI€KTPOHBI.

M Bcero Ha »TOT 3JEKTPOHHLIf, YeTBEepPTHIA MO CUYETy
CJI0f 10 3aKOHY (GHU3HKH, MOXKHO HOCAJHTb TOJBKO YCTLIp-
HaJlaTh 3JEKTPOHOB. A 3TO 3HAUUT, YTO JIAHTAHOUJOB He
MoKeT ObITb Goslee NSITHAALATH, U UTO BCE OHH H3-3a CBOHUX
OJMHAKOBBIX BHEIIHHX BaJEHTHBIX 3JEKTPOHHBIX 060J0ueK
upe3BBIYAaHHO NOXOXKH APYr Ha Apyra «xapakrepamu».Bor,
OKa3sblBaeTcs, MouyemMy 3TH OJHM3HeLbl TaK [IPYXKHBl H CBO-
00HO YKHBAIOTCA B OAHOH-EJHHCTBCHHOH KJ/ETOUKE.

Mexny TeM, 3araiku <«pelKO3eMeJbHOr0 KOHTHHEHTa»
NPOLOJXKAJH BOJHOBATH YUEHLIX. B ApyXKHOM ceMelicTBe
BAPYT CTaJH TOSABJAATbCA 3JEMEHTBl CO CTPaHHOU CBOe0O-
pasHoil «uepTodl xapakrepa». OOGBLIYHO BCe pelKO3eMeabHbIE
3JeMeHTHl TpPeXBaJIeHTHB], MO3TOMY NOMEINAIOTCS OHH B
TpeTbeil rpynine rabauue Mengeneesa. Onnako, Kak roBopArT,
«B ceMbe He 6e3 ypoxa». Llepuii, npaseoum, TepOuii u Kuc-
NPO3HH, KpOMe CBOeH OCHOBHOH CTeneHH OKHCJAEHUS, Coco0-
Hbl HAXOOHUTLCA B YeThIpeXBaJeHTHOM COCTOSIHHH, a caMapHi,.
eBponuil, Tyau# H uTrepOUil — B JABYyXBaJeHTHOM. DBogee
TOrO, 4YepejOBaHHE AHOMAJbHBIX (OTJHYHBIX OT TpeX)
BaJIeHTHOCTEH B pPALY PEAKHX 3eMeJb NMOAYHHSIETCS CTPOro
NEePHOJHYHOCTH, 00pa3ys Kak Obl MaJayl MepUOIHYECKYIO
cuctemy B tab.uie MenjeneeBa. IlpuueM posib «MHEPTHBIX
rasoB» B 3TOH CHCTEeMe BBINOJHSIOT TpeX3apsIHbBIE HOHBI
JaHTaHa, TrajoJuHus H joteuusi. Crpemsicb npuoGpecTH
3JIEKTPOHHYIO CTPYKTypy OJuKailillero «MHePTHOrO» HOHA,
LepHil U Mpa3eoiuM AOBOJIBHO JIETKO OTHAIOT CBOI ueTnep-
TBIM 3J1eKTPOH U 00pasylT yCTOHYMBbLle YEThIPEeXBaJeHTHbIE
xuMuueckue coenuHenus. Ilo Toft Ke npuyHHe caMmapuit u
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EBPOMHI He UPOUL [IPUCOCHITHHTD 110 3JIEKTPOHY H 1eM CadMblM
[0Ka3aTb CBOIO INPHHAJJEKHOCTH K aHajoraM IIeJ0YHO-
3eMeJIbHbIX 3JeMeHTOB. Bor Tak B KOTOpHI pa3 3ameya-
TeJIbHOE OTKPLITHE (PU3UKAMU CTPOCHHS MATE€PUH MOMOTIJIO
O0OBSICHHTL OUCPCANYIO, Kazajaoch Obl, HEpPaspeIunMylo 3a-
rajiky TPHPOLLIL.

HpyxHoe ceMelicTBO peakux 3emenb! OHH HepasIyuHbl
He TOJBbKO B NMEPHOAMYECKOH TabJaHLe 3/JeMEeHTOB, HO M B
npupoge. OjHAKO XUMHKOB 3Ta TporarejbHas ApyxOa
GJH3HelloB ToueMy-To e yMuasaa. Haobopot, LocTaBnia
UM HEMaJI0 TOPeCTHBIX MHUHYT. ThICSIUH, JE€CATKH TLICAY OIle-
pauuil pacTBOpPeHHs] M KPHCTALIH3aLMIl HEOGXOLHMBI OBLIH
IS TOTO, YTOOBl OTIEJHTb OMMH 3JeMEHT OT apyroro. Oko-
a0 10 netr oanoobpasHoli paboTel moTpeboBanoch (PpaHIy3-
ckoMy sHTy3nacry JK. ¥YpOsHy, 4ToObl TOJYUHTbL YHCTYIO
GKHCb TYJHSI.

PenkoseMmesnbHble MeTad/bl OBLIM HCKJIIOUYUTESbHO AOPO-
ru, ropasno aopoxe 3donora. Korna B 1900 rony Ha Beemup-
Ho#t BeIcTaBKe B Ilapuxe demoHcTpupoBaJuch HeboJbliMe,
OTJMBAIOLIHE TYCKJABIM OJECKOM CJUTKH METaJJIOB JaHTa-
Ha M Hepus, CneluaJucTsl, pacCMaTpUBaBIIde HX, He CMOr-
JU CAepXKaTb CBOe BOCXHIIEHHE.

B To Bpems xumHKH He 3Haau, noxanayi, Gojee TPYA-
HOU 3a7]ayH, UeM BBIIEIHTb U3 DY/, Pa3lesNUTb W MOJYYHTb
B CBOOOJHOM BHIAE PEAKO3CME/NbHble METaJlIbl.

Tak Bcerna Onpaer. Eciu TeXHOJIOTHSI NOJYUYEHHS I1€H-
HOTO 3JIeMeHTa CJ0XKHA H OTHHMAaeT CJ/MIIKOM MHOTO
BpeMeHH, 3HAUMT, OHA HECOBEPLIGHHA, 3HAUMT, ee CcJlelyer
VIIPOCTHTD.

M BoT Ha CMEHY CTapbiM METOLAaM HOJYUYCHHS peaKHX
3eMedb IIPHLLIH HOBBIE, COBCEM HeOObIUHBIE.

Paspemnna ciaoxHelilyio 3agauy no pasiejeHHIo Je-
MeHTOB-0/IH3HeL0B HOHOOOMeHHass xpomartorpadusa. Okxka-
3bIBAeTCA, YYHECHBIC MOJEKYJ/sIpHble CHTa — HOHOOOMeHHbIe
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CMOJIbI, TIPHUTOTOBJEHHLIC H3 CIHEUHANbHLIX [OJHMEDHbIX
OpraHHYeCKHX BelIeCTB,— 00PasyloT C peiKo3eMeJbHbLIMU
JleMeHTaMH COEeIHHEeHHS ¢ PAa3HON CTelNeHbI0 IPOUYHOCTH.
Onu-To0 ¥ moOMoraloT pasobpaTbest XMUMHUKAM B HNYTaHHLE
3JIEMEHTOB.

PactBop penkux 3eMe/]b MNPONYCKAalOT yepes clenualb-
Hble KOJIOHKH ¢ 3aTBEPJEBIIMMH [IapHKAaM{ CMOJBI, Ha
MOBEPXHOCTH KOTOPBIX M 3aJepIKHBAIOTCH BCE 3/JEMEHTHI.
Korna uoHooO6menHass Macca HacblljaeTcs, a 3TO XOpOoUIo
BHAHO IO KOHIIEHTPALHH pPEIKHX 3eMeJb B pacTBOpe Ha
BBIXOZE M3 KOJIOHKH, TNPHCTYMAIOT K MOCJAEL0BATEJNBHOMY
BbIMbIBAHHIO 2JE€MEHTOB.

BrimbiBatomu#i pactBop, OObIUHO 3TO KHUCJAOTA Pasyui-
HOIl KOHIIEHTPAIMH, YHOCUT CHAYaJ/a Te 3JeMEHTHl, KOTOpble
caalee cBf3aHBl CO cMoJaMH. BoT Tak, nocreneHHo, Bcsd
cMech JOBOJBHO UYETKO pasfefsieTcsl Ha COCTaBJSIOLIHe
TPYIINbl U B KOHIE KOHIIOB IOJYYalOT YHCTble peIKo3eMe/b-
Hble Tpernaparel, U3 KOTOPbIX IPOU3BOAAT MeTasJbl pPeIKHX
3emesib. KOHEUHO, CTOUMOCTb PEIKO3eMEJIbHBIX 3JEMEHTOB
elle BHICOKA, TeM He MeHee 3JIeMeHThi-OJU3Helb MOJyYHIH
B COBPEMEHHO! TeXHHKe LIMPOKOoe IpH3HAHHE.

»CesepnoLit noaroc“
8 npobupke

BrepBbie 3aWHTEPECOBAJNHCh MNPOH3BOJACTBOM  «PEIKHX
3eMedib» OKoJio 80 Jer Haszaj, Korja aBCTPHACKUH XHMUK
Aysp don BeancHax oTKpbII cnoCOGHOCTL HEKOTOPBIX OKHUC-
JIOB pPeIKO3eMeJbHbIX 3JEMEHTOB SIPKO CBETHThCS B Taso-
BOM TJIaMeHH. DTOT BecbMa [e/JOBOH UYe0BEK OpPTaHH30Ball
IIPOM3BOJACTBO Ta30KAJHJbHBIX CETOK M KOJMAuKOB MAJJl
VJIUYHBIX OCBETHUTENbHBIX (oHapeil. 3HAMeHHTBlE <«aYIPOB-
CKHEe KOJMaykHy foaro yausasan xunteaeit JloHgoHa u
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[Tapuika, 3anuBast uX yJaAHUbBl H [JOULAAM HeOObIUaHHO
ApKUM cBetoM. Tak, moxaJjyii, BIepBbie ABYOKHUCh UEDHSH
B CMeCH C OKHCbIO TOPHS HAlJMa CBOE NPaKTHYeCKOE NpPH-
MeHeHue.

A HecKoJIBKO 1o3xe npefnpuuMyuBbil Aysp ¢on Beab-
c6ax cayualiHO NMOJYUYHJ CIJIaB LEpHsi ¢ XKeae3oM, obJaana-
oM MHPoOPHBLIMY CcBOHCTBAMH. ITOT CHJaB H HO CHX
nmop ucrnoabdyercs B ObiTy. ITpou3BOACTBO OOLIKHOBEHHBIX
KpeMHel [Js 3a)KUrajJoK J0Jroe BpeMs COCTABJSAIO OC-
HOBHYI0 00J1aCTb IpPHMCHEHHS pEeJKO3CMEJNbHbIX 3JIeMEeH-
TOB.

Ho Bor Ha apeHy »XH3HH BBICTYIIHJIU HOBblE METAJJIBI U3
CeMbH pPeJKO3eMEe/JbHLIX 3JeMeHTOB. Bce OHHM OT/IHYAIUCH
BHICOKOHl XMMHUYECKON aKTHBHOCThIO. M Ta Jierkocts, ¢ KOTO-
poit OHH BCTyNa/JH B PeaKUHUIO C CepoH, a30TOM, KUCJIOpO-
noM u docdopom, noHpasusach Meraaaypram. Cnaasel,
cojlep:Kallue BCero Julib AECATbIE A0JAH NPOIEHTa MULIMe-
tajaa (cMech pelKO3eMENBHBIX MeTaJsoB), TMpUOGpeTanu
NOIOJTHHTENBHYIO 2KApPONPOUYHOCTh, MNJIACTUYHOCTh H TOBBI-
IIEHHYI0 CTOHKOCTh MPOTHB KOPpo3uu. Jlaxe CKpymyJesHble
KOHOMHUCTH], KOTODbHIX Bcerja OGecrnoKOMsIa BLICOKAS CTOH-
MOCTh HOBOTO «BHTAMHHAa», ObLIM BIOJHE YAOBJIETBOPEHH!
3¢ heKToM pejko3eMeNbHBIX 3/7eMEHTOB TNPH  BLINJIABKE
craJged.

Bricokasi XuMHuYeckas aKTHBHOCTb PeAKO3EMEJbHBIX
MeTaJssoB, 0COGEHHO N0 OTHOLIEHUIO K KMCJAODPOY, OKasaJjach
OYEHb INIOJIE3HON BO MHOTHX BOCCTAHOBUTEJbHBIX IpoOLec-
cax. B stom ocofeHHO Xopouwio ce6si 3apEeKOMEHI0BAJH
Jautan u uepuil. C HX TOMOLIbIO MOXHO 6e3 oco6oro
TpyAa IHOJYUHTb MHOTHE /[OBOJIbHO YHCTble METaJlJiBl.

Hlupoko HM3BECTHHIT B 2aBHAIMOHHOH NPOMBILIJIEHHOCTH
MATHHEBDIH CnJaB BMOJHE YAOBAETBOPHJ Obl aBHAKOHCTPY-
KropoB. OH W J1erOK, H JOCTaTOYHO NPOYEH, HO yXK OYeHb
Gourcs neperpesa. Ero temmepatypHblii 6apbep He IPEBHI-
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mwaer 150 rpagycoB. M tyr-to HeGogbmiass no6aBka LepHs
H Npa3eoiuMa (BCEro OKOJIO TPeX NPOLEHTOB) IPHUBOIUT
K PEe3KOMY YBEJUUECHHIO MKAPOMPOYHOCTH CILJIaBa, KOTOpas
eme GoJiee BO3pacTaer, ec/d HCHO/Ab30BaTh HeoduM. Tenepnb-
TO Y2 CKODOCTHOMY CaMOJIeTy W3 HOBOIO CIlaBa He cTpaln-
Ha BBICOKAsl TemmepaTypa, pasBUBaloOllascs OT TPEHHs O
BO3/YX.

[TosToMy cnJaBbl, «yCHJIEHHBIE» DeIKO3eMeJbHBIMH Me-
Tajjaamy, obsajaiiiye K TOMY XK€ BEJMKOJIENHLIMY JUTei-
HBIMH KayeCcTBaMM, He3aMEHHMBl B pCaKTHBHOM ¥ aBHa-
HOHHOH TeXHHKE.

C serkoit pyku Ayspa don BeascOaxa penxoseMenbHbIe
3JIEMEHTBl IO CHX ITIOP HOJB3YIOTCS LIMPOKON U3BECTHOCTDLIO
B IIPOM3BOACTBE KEPAMHKH, CEIHAJbHOH TIJ1a3ypH U ONTH-
YeCKHX CTeKoJI. IIpuueM IPHMEHSIIOTCS KaK CMeCH OKHCJOB,
TaK H HHAHBHAYaJbHBIE OKHC/IBI PEAKO3EMEJNbHBIX 3JEeMEeH-
ToB. OHH co00uIal0T CTeKJIaM CcaMyl pa3HOOODa3HyIo
OKpacKy, NPUAAIOT UM BBICOKVIO IIPO3PadyHOCTb, HE NO3BO-
JAS KeJATeTh M MYTHeTh MNOJ AeHCTBHEM YJbTpadHOJIeTO-
BBIX Jyyed COJHUA W Haxe pPEHTreHOBCKOIO HJM TaMMa-
H3JIyueHusT. A clelHaJbHBIe ONTHYECKHE CTeKJa ¢ OOJIbIIHM
nokasaTteseM IpeJOMJeHHs] OKa3aJHCh NPOCTO HEe3aMeHH-
MBIMH JJIsl  aCTPOHOMHUYECKHX H  CIEKTPOCKONHYECKHX
npu6opos.

JlaBHO u3BecTHH abpa3uBHbBIE CBOMCTBA OKHUCH HEpHA.
C ee nmoMmolIplo NPOHU3BOAUTCA TMOJUPOBKA crekod. Kcratw,
B INPOM3BOACTBE NOJHUPYIOWIHX cMecefl peiKo3eMelbHble
3JIEMEHTBl 10 CHX TIOp He HUMeloT cebGe COMepHHKOB.

TpyaHo mpeicTaBUTb COBpPEMCHHYIO 3JEKTPO-, pajo- U
BAKYYMHYIO TeXHUKY 0e3 pejKo3eMesbHbIX 3jeMmeHToB. Kx
OKHCJB U (TOPHAB 00ECTIeUHBAIOT UPEe3BBIYAAHYIO FPKOCTL
CBEUEHHs, NPUOJAMKAWOUYIOCS K COJIHEUHOH, YroJbHBIM
3JEKTPOlaM AYTOBBLIX 3JeKTpoJsami. Bor rnouemy 3eHHUTHbIE
NPOXKEKTOPH], CHAaOXCHHBIe TAKMM HCTOYHHKOM CBeTa, Npu-

93



BOJMJH B HCCTyNJIeHHe (hallHCTCKUX acoB BO BPEMSI BTOPOIl
MHPOBOH BOHHBI

Baaromapsi 9TUM Xe 3JeKTPOAaM HOJydyaercs sipKoe H
YyeTKOoe H3006pakeHHe Ha KHHOSKpaHaX BO BpeMs A€MOHCTpa-
uuyu puabma.

A BoOT elle OJAHO yIMBHTENbHOE NPHMEHeHHE pegKo3e-
meJbHOrO 3nemeHTtal Cyabdar u XJopuj ranojuHus obJaa-
LAKT CHJBHBIMH NapaMarHUTHbIMH cBofictBamu. Ecau ux
TOMECTHTb B XOPOLIO M30JHPOBAHHOE MPOCTPAHCTBO, HANIOM-
HEHHOe TeJIieM, U MO/IBECTH MarHMTHOE moJe, TO COJb Harpe-
eTcsl W Harpeer okpyxKawowui ee ra3. [locse oTk/IIOUEHHS
MarHUTHOTO TNOJIS PAas3orpeThlil ra3 OTKAauUBAaeTCHd, BCJel-
CTBHE Uero CHCTeMa OXJaxK/Jaercsi A0 TEeMIEepaTypbl, HUKe
HaYaJbHOH.

[ToBTOpSist 3TOT MUK/ MHOTOKPATHO, MOXKHO AOCTHIHYTH
TEMIEPATYPHI, JHIIb Ha JBe ACCATUTLICAYHBIX Fpaayca Ipe-
BBIIAIOLIEH aGCOJIIOTHBIN HYIb.

Ycnexu sajepHoil (U3UKHM, CHHTE3 HOBBIX 3J/1€MEHTOB,
OCBOEHHE TEePMOSIICPHON 3HEepTHH, MOJYYCHHE MHOTOUH-
CJEHHHIX PajHOH30TONOB — HeOOLIUaHO pa3ABUHYJ/IM PAMKH
NPHMEeHEHHUs] peaKOo3eMeJbHLIX 3JeMeHTOB.

EBponu#i u ragosuHuil — [eHTPaJbHEIE 3JECMEHTH B DALY
JIAHTOHOW/IOB TPHUBJEKAIOT «XKaJHOCTbIO», C KOTODOH OHH
NOIVIONIAIOT HEHTPOHB!, YTO OYEHb BAXKHO [Js aBTOMAaTHYe-
CKOTO yrpaBJieHusi sepHOH peaxuuell, CKOPOCTb KOTOPOH
3aBHCHT OT KOJHYeCTBA CBOGOAHBIX HeHTpoHOB. PoJb «Top-
MO30B» aTOMHBIX NPOUECCOB BBINOJHAIOT CHelHaJbHbIE
PeryJaupyioline CTep:KHU, H3TOTOBJEHHbBIE M3 METaJljIoB C
GOJbIUKMM NONEPEUHBIM ceueHueM 3axBarta HeiiTpoHos. Cnjan
HepiKaBelolell cTaju ¢ rajoJiHineM okaszaJcs 6ojee 4eM B
20 pa3 sddekTHBHEE HCNOAB3YEMOTO a5 3THX LeJed
kaamusi. IlpenmyuiecTsa HOBOTO KOHCTPYKLHOHHOTO MaTepH-
ajla COBEpPUIEHHO OYEBH/IHBI, OCOBEHHO NMPH CO3RAHHH He-
OOMBUINX IHePTETHUCCKHX YCTAHOBOK.
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Penmezenosckuir annapam
8 nopmgbeae

Kaxmnomy samoMumjics PEHTreHOBCKHI KaOHHET ¢ ero
TAMHCTBEHHbIM, MEPUAIONMM 3KPAHOM, XHTPOYMIILIMH CILJIC-
TEHUSIMH MPOBOJOB, BHYIIMTEJbHBIMH JamnaMi. Llenas Jaa-
Gopatopusi. Takyio He BJAPYr-TO IepeBesemb C MecTa Ha
mecto. IT03TOMy 4acToO MPHXOJAHMTCA JaiKe TAKENI000/bHbIX,
NoJBeprasi OMAaCHOCTH, TPAHCIIOPTUPOBATH 3a ACCATKH H
COTHH KHJIOMETpOB, 4TOOBI IPOM3BECTH PEHTICHOCKOIHIO.

Mexny TeMm, Kak ynoGHBI ObliH Obl JeTKHe H KOMIAKT-
Hble PEHTTEHOBCKHE YCTaHOBKH, OCOOEHHO B IIOJEBBIX YCJ0-
BHSX.

Bor Ttyr-ro Ha mnoMolub [PHXOAUT paAMOaKTHBHBINA
H30TON peaKoseMeabHOro 3ajeMeHta tyaus. OH oGnaznaer
MSITKHM TaMMa-H3JyueHUeM, O4eHb MOXOXKHM Ha pEHTTe-
HOBCKO€, U MOXKeT ObITh HCIOJb30BAH KaK MCTOUHMK Jyueh
AJIsl IPOCBEUHBAHUSL.

UynecHslil annapar yCTPOEH YAUBUTENbHO IPOCTO: CTAMb-
Had TpybKa c IpemaparoM TYJaHs, NOMEIEHHAas B 3alluT-
HBIH CBHHUOBBIH KOXYX, /la MaJIeHbKOe IJIEKCHT/IaCOBOe
OKOIIEYKO, yepe3 Koropoe Jyun (OKYCHPYyIOTCS Ha 3KpaH.
M Bce. OH He 3aBHCHT OT HCTOYHMKA TOKa, BECHT BCETO
JHIIb 3 KHJIOrpaMMa, NPOCT M 3KOHOMHUYEH B 3KCIJayaTa-
1147070

OTtpaboranuble 3apsiibl TYJHSI MOC/JE [OBTOPHOTO 06JIy-
YeHHsI HEHTPOHAMH BHOBL MOYKHO HCIOJb30BaTh. A ecsu
y4eCTb, 4TO NOJOOHBIY anmapar yCHemHO NPUMEHAETCs U
KaK Je(QeKTOCKOIN HJs ONpe/e/eHHs TPeIlUH U NyCTOT B Me-
TaJJIHYeCKUX H3NeNHsX, TO MOXHO HE COMHEBATbCS B mepC-
MEeKTHBAX 3TOTO Yy[0-dJIeMeHTa.
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Yenoseky —
HOB0e cepoue

Veunua MHOrMX yYeHBIX HanpabJieHbl He TOJbKO Ha TO,
4yToObl NMO3HATH TANHBI HENpeB30HLEHHOIO ecTeCTBEHHOTO
Hacoca ¥ IPH HeOO6XOJHMOCTH «OTPEMOHTHPOBATL» €ro, HO
H Ha MNONBITKH 3aMCHUTB cepjle OHONOTHUCCKHM H JazKe
HCKYCCTBEHHBIM npore3oMm. M 3jech, kax Hurae, ¢antasus
TECHO IlepellyieTaeTcs ¢ PeanbHOCThIO.

Benp B 3TOM HEOOLIYHOM HCKYCCTBEHHOM «COODYMKEHHH»
JOMKHBl COBMECTHTbCSI 3aMbIC/Ibl HHXKEHEPOB H MEIUKOB,
6UOJIOTOB M XMMHKOB, (PU3MKOB M 3HepreTukoB. Cefluac Huc-
KYCCTBEHHOe ceplle Janeko He (aurasuda. Hekoropsle u3
CYIIECTBYIOIIUX MOJeJel [OBOJbLHO YCIeINHO BBINOJHAMH
CBOIO CJOXKHeHALIYI (YHKIHIO y IHOLONBITHBIX XKHBOTHBIX H
Jlayke y 4YeJOBeKa B TeYeHHE HECKOJbKHMX [eCATKOB 4acoB.
TpynHocts Ne 1, ¢ KOTOPOH NOCTOSHHO CTAJKHBAIOTCS yuye-
Hble,— 3TO IOHMCKH MOAXOASAIIEr0 HCTOYHHKA B3HEPrHH, NPH
IOMOUIM KOTOPOTO HCKYCCTBEHHOE CepAlie JO0JKHO TNpHBO-
IWTHCS B JBUXKEHHE.

Bce u3BecTHble M0 CHX TOP TeHepaToOphl, K COXKaJeHHIO,
Jpajaeko He 3(OQEKTHBHBI, CAHIIKOM I'DOMO3AKH U HEL0JTO-
BeyHbl. KusmorpammoBolt 6araped efBa XBaTHAO Obl AJ1s MH-
TaHUs HCKYCCTBEHHOTO cepila B TeyeHue yaca. HeoGxomum
HeOOMbIIOH, HO N0CTATOYHO MOLLHbBI{ reHepaTop, cnocoOublil
fecrepe6OfHO MUTATb SHeprHefl HCKYCCTBEHHOe cepjle B
TeueHHe JJHUTEJbHOTO BPEMEHH.

OnuH M3 3neMeHTOB-G/IM3HENOB 10 HoMepoM 61 — mpo-
MEeTHH — MOXKeT 0Ka3aTbhb HEOUCHHMYIO YCJAYry B paspele-
HuM 310# npobGaemel. Ha ocHoBe panuousorona npomerHsi-
147, monyyeHHOro MCKYCCTBEHHBIM IyTeM B f/epHbIX peak-
TOpax, CO3AaHbl H ycHellHo pafoTalT aToMHble 6aTapeiKu.

OTH TeHepaTopbl SHEPTHMH YAMBJAAIOT CBOMMH MHHHA-
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TIOPHBIMH pasMepamu. JIUCK No BeJqHYuHE He GoJjiee LLISAM-
KH KaHUEJPCKOH KHONKH 0e30TKasHO TpaHchopMupyeT
9JIeKTPUYecKuil TOK, pa3BuBas MoulHOCTb 20 MHKPOBATT IpH
HaNpsXeHHH B OAMH BoJbT. Kak 3HaTb, GbITb MOXKET, B He-
nanekoM OyaylieMm BOT TaKOH XOpoulo 3KPaHHPOBAHHBIN
MaJleHbKHH aTOMHbIH HCTOMHMK 3HEPTHH CMOXKeT IPUBOJMTb
B JeHcTBHe HCKYCCTBEHHOE cepale, He 3Halollee HH yCTaJo-
CTH, HH OOJIE3HHU.

TakoB faneko He MOJHBIH NepeueHb BO3MOXKHOCTEH, OT-
KPBIBIIKXCA Nepefl HayKoOH H TeXHHKO# Osaaronapsi HeOOBIK-
HOBEHHOMY CEMeHCTBY peJKO3eMeJbHbIX 3MeMeHTOB. M Her
COMHEHHs] B TOM, 4TO He pa3 ellle YAUBSAT CBET oOHUTATENH
peaKo3eMe/bHOr0 KOHTHHEHTA CBOMMHM KauyectBaMH. Bmpo-
yeM TO, YTO OHH PeJKHe, HYXKHO ellle NIPOBEPHUTD.

JleAcTBUTENBHO, He TAK MHOTO JIAaHTOHOHIOB B 3€MHOH
Kope. [To pacnpocTpaHEeHHOCTH CpPeAH XHMHUECKHX 3JieMeH-
TOB OHH 3aHHMAIOT 25-e MecTo. 3aTO OHH YaCTO BCTPEYAIOTCS.
B coBpeMeHHBIX MHHEPaJOTHYECKHX CNPABOYHHKAX TMOAPOG-
HO omucaHo Gosiee 60 pasMHYHBIX PA3HOBHIHOCTEH MUHepa-
JIOB «PeIKHX 3eMelb». A CKOJIbKO TOPHBIX MOPOJ COAEPIKAT
UX B KayectBe MNpumeceli? Buano, GausHeusl — GoJblIHe
Hernocennl U JIOGAT pa3Hoo6pasHoe 061eCTBO.

Cnxcok peaxoseMeqbHBIX MHHEPAJIOB MOCTOSTHHO MOMOJ-
usaercqa. Cuutanoch, HanpuMep, uto Gorareiilliee MECTOPOXK-
JeHne XHOHHCKHX amaTHTOB H cynepdocdaToB siBJAsETCS
JHUIb UEHHEHIIHM ChIpbeM IJIsl CelbCKOXO3HCTBEHHBIX YIO-
OpeHU#, a B HHX HaHJEHO OKOJO Tpex INPOLEHTOB PEeIKHX
semeab. CoBceM HefaBHO coBeTckomy reosiory A. CremaHo-
BY ydaJoch OTKPbITb HOBbIH pefKo3eMeNbHbIA MHHEpaJ, Ko-
TOPBIH OH Ha3BaJ/ rarapuHUTOM.
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B seMmHbIX pyaax ¥ MuHepa/sax pelko3eMesbHBIX 3Je-
MeHTOB B 10 pa3 GoJblue, yem cBuHLa; B 320 pas OoJblie,
yeM cypbMmbl; B 1600 pas Goabuie, uem cepebpa; B 2500 pas
Goabiue, yem pryTH, u B 30000 pa3 GoJablie, yem 3oJ0Tal
Jlaxe caMoro peakoro M3 BCeX — €BPONUSA — B 3eMJae TOo-
pasno GoJblle, yeM PTyTH, cepebpa W 30J10Ta, BMeCTe B3s-
ThIX. BuUAMMO, Ko/HUecTBeHHasi XapaKTEPHCTHKA peaKose-
MEJIbHBIX 3J1€MEHTOB ycrapesa. Hacranso Bpews, Koraa mo-
HHOMY CJIeJlyeT OTHOCHTbCSA K HeJaBHUM MY3€HHBIM 3KCITOHA-
1aM. CBOMMM 3€MHBIMH, fa M KOCMHYECKHMH J€/1aMH OHH
BIIOJIHE 3aCAYKHJIH Bceofllee NpH3HAHHE M YBa)KeHHC Kak
OYeHb T0JIe3HbIe U HYKHbIE MEeTaJJIbl.



TAHHCTBEHHOE
H3JIYYEHHE

-

2020609

[Tpouwio HemHorum GoJee 70 ser co JHA BeJIH-
yajillero B MCTOPHH HAYKH OTKDPLITHs, SIBUBLIETOCH
HAYaJIoM HACTOSLICI PEBONIONHUH B NMpPeICTaBIeHUAX
00 okpy:xkawoiem Mupe. Heo6biuaiiHoe, 3arajgoutoe
CBOHCTBO HEKOTOPBHIX 3J1€MEHTOB HCIycKaTbh JY4H
pasBesyio He NIoABepraBluHecs A0 TeX 0P COMHEHHIO
MOJIOKEHHS O HETeMUMOCTH aTOMOB, 00 UX YCTOHYH-
BOCTH ¥ HEM3MEHHOH IIPOCTOTE.

SIBneHne pa HOAKTUBHOCTH MO3BOJIUJIO NPOHUK-
HyThb B «Taiilbl» aToMa ¥ 10Ka3aTh Ype3BbluaiiHylo
CJ0KHOCTb CTPYKTYPBl 3TOTO «KHDIHYHMKA» MaTepH-
aJbHOTO MHpa. He TOIbKO 3/71eKTPOH U MOJAOKUTE/b-
HO 3apsiZKEHHOE S1IPO OTKPBIIUCh Nepe] H3YMJIeHHbI-
MH HCCJ€10BaTeJMAMH, UM IPHLUIIOCh 3aMOJHAThL He
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OAHY CTpaHHIy, ONHUCHIBas elle GoJjee TaMHCTBEHHbIE 3J€-
MeHTapHble YacTHLB. ABTOp 3TOr0 3aMeUaTeJbHOTO OTKPbI-
THsl, CKPOMHBIH (paHuysckuil yueHbii Aupn Bexkkepeab He
MOT NPEANOJIOXKHUTb U COTOH J0JH TeX I'PaHIMO3HBIX MOCTEN-
CTBHH, «BAHOBHHKOM» KOTOPHIX OH OKa3aJCsl.

Cayunsioch 3To coqHeuHelM yTpom 1 mapra 1896 roxa.
Heckonpko nHeit AHpu Bekkepenb ¢ HeTepreHHeM JOXKH-
JaJics TOTOXKero AHs, 4ToObl elle pa3 yoeAUThbCA B TOM, 4TO
Collb ypaHa mnocye oOJydyeHUs1 SIPKUM CBeTOM Cama Hayu-
HaeT CBETUTbCA B TEMHOTE.

SIBnenne docdhopecueHun (X0M0JHOE CBEYEHHE HEKO-
TOPHIX XMMHUECKHX COCAHHEHHUIl) OueHb 3aHHTEpPecoBalso
Anpu Bexkepens. A Tyr, Kak Ha3;mo, HayaJgHMCh NOXKIH, H
ONBITHl NMPUILIOCh OTJI0XKHTh. POTOMIACTHHBI, KOTOPLIE HC-
MOJTb30BAJIUCh AJs HAGJ0AeHus BUAUMOl docdopecleHnH,
6blu yOpaisl B wKad. Tyna xe Obl MOJOXKEH U KPUCTAN]d
COMM ypaHa, NMpelHA3HAUYEHHbIH A5 OYepefHOro Hcc/ael0-
BaHU.

KakoBo ke Oblo yAuBJIeHUe yyeHOro, Korjga yepes He-
CKOJIbKO JHeiH, BepHYBIUHCb K ONbITaM, OH OOHapyXXWJI Ha
doronnacTuHe NpPH KOHTPOJbHOM IDOABJCHHH TeMHOe IAT-
HO, TOYHO TOBTOpsioliee (GopMy KpHcTajaa ypaHOBOH COJH.
Ho Benp nmuiactuHa ObLTa IVIOTHO 3aBEPHYTA B CBETOHENPO-
HUllaeMylo OyMary ¥ Bce BpeMs HaXoAu/aach B IIOJHOH TeM-
note! Mosker GbITh, 3TO caydalHOe cOBNafeHHe HIH (OTO-
IJIaCTHHA Nonajnach HU3KOTro KauecTna?

DekkepeJb HOBTOPHJ ONBIT, YCJIOXKHHUB €ro TeM, 4TO
MeXIy COJNbI0 ypaHa ¥ (POTONIACTHHKON MOJOXKHJ y30pya-
TYI0 MeTajinueckyto cetky. IIposiBUB miacTHHKY, OH of6Ha-
PYXHUJ Ha Hell yeTKoe M300paykeHHe CETKH, Kak OyATO ee
cdororpadupoBatd ¢ NMOMOLIbIO KAKHX-TO TaHHCTBEHHBIX
Jyueil, KOTOpble, NMOJOGHO pPEHTreHOBCKHM, CBOOOIHO MpO-
XOJAUJIH yepe3 yepHylo OyMary u oCTaBJIssIu C/AeAbl HA CBETO-
YyBCTBUTE/IbHOH (DOTOMNACTHHKE.,
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HcTouHUKOM 4yjo-ayuedt Obll, mo-BUAUMOMY, YpaH, Tak
Kak 3p(deKT 3TOT He 3aBUCEN OT XUMHIEeCKOH MPUPOALL U CO-
craBa coad. M, raaBHoe, CBOACTBO ypaHa HCIYCKaTb TauH-
CTBEHHbIE JYYH OCTABaJOCh ONHHAKOBO HEM3MEHHBIM H IIpH
CHJABHOM HarpeBaHH#, U MPH OXJAaxKICHHH BIJOTb A0 TEM-
nepaTyphl xkuaKkoro Bojgoposaa. Ha nero e BiausIo 0y cBepx-
BBICOKOE JIaBJjeHHe, HU TJyOOKHI BaKyyM.

YpaHoBble ayud JelcTBOBa/H He ToJbKo Ha doronaa-
ctuHKy. OHH, MOI06HO 3JIEKTPHUECKOMY 3apsaily, BLI3LIBAJAH
o6pasoBaHue 030Ha U3 KHCJAODPOJa BO3AYXA, U NPH 3TOM Je-
JaJu OKPYrKaioliee NMPOCTPAHCTBO 3JICKTPONMPOBOIHBIM. JTH
JAy4d ryOHTeJBbHO AeHCTBOBAJM Ha KUBble KJACTKH OPraHu3-
ma. W mepebim 3To noyyBcTBOBaa caMm bekxepenp, xorza
OJHAXKJbl, 4TOOR NPOLEMOHCTPHPOBATb CBOH ONBIT CTYACH-
TaM, OH IOJOXHJ HpoOUPKY C H3JIYYAIIHM BEIUIeCTBOM B
KapMaH Xujnera. Tam oHa ocraBajach He §oJsiee JBYX YacCoB.
OpaHako 3TOro 0Kasasoch AOCTATOYHO, YTOObI Ha Teje 00-
pasoBasach JOJTO He 3a)KHBaUlas A3Ba. 3arajoydble JyuH
OKa3aJHch K TOMY Xe oYeHb KoBapHbiMu! M Tem He MeHec
OTKPBITHE PaJHOAKTHBHOCTH ypaHa, HeCOMHEHHO, IOCAYXKH-
Jo ObICcTpelilleMy pa3BHUTHIO HCCAETOBAHHH KaK caMux Jy-
yell, TaK ¥ BEILECTB, JAIOLIUX HAYAJ0 3TUM Jy4aM.

Ewe ooun
paouoaxmusHoLi!

Hsyyas HeoOLIKHOBEHHBIE CBOMCTBA ypaHa M €ro COCAH-
HeHUil, yueHble o0paTHAM BHUMAaHHE HA PasIUUHYIO HHTEH-
CUBHOCTb u3aydeHus. [lpoussons ucciaefnOBaHHS yPaHOBOH
pyabt u3 bBoremun, u3BecTHON [0 HA3BAHUEM CMOJISIHON
ofMaHKy, bekkepesnb o6HApPYKUJ, UTO OT Hee (POTOIMIACTHH-
Ka TeMHeeT Topas3jgo CHJbHee, YeM OT J000H YUCTOH COMH
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ypaHa. 11 naxe merans He JeficTByeT Tak, KakK pyJa, B Ko-
TOPOH OH COAEPIKHUTCS B BU/le CMEIIaHHOIO OKHCAA.

Jtor QakT okazaj pellamlilee BJAUMSHYUE Ha ajbHeALIU
X014 cOOBITHH, KOTOpble MPHUBENH cpa3y K ABYM 3ameyaTeshb-
HBIM OTKDPBITHAM. CBSI3aHbl OHU OBIIM ¢ HMEHAMHU BbIJAIOUIMX-
csl yueHbIX, 6e33aBeTHO NpelaHHbiX Hayke, cynpyros Ilbepa
Kiopun u Mapuu Ckionosckoir-Kropu. AHanusupys uMes-
lIHecs K TOMY BpeMeHH cBeleHus 00 ypaHe, aKTHBHOCTh
pasMYHBLIX €ro COeAMHEHHH H pYyIHBIX KOHLEHTPaToB, OHU
NPEeRNONTOKHIN, UTO B CMOJNSAHOH pyJe, aKTHBHOCTb KOTOPO#
NpPHMEPHO B 2,5 pasa Bbllle aKTHBHOCTH UYUCTOTO ypaHa,
HMeeTCSl MO KpafiHell Mepe elle OAMH pajJHOAKTHBHLIA 3Je-
MEHT.

PaspemmTs 3Ty renuasbHyl JA0Tajgky MHomor mnpudop
5JeKTpOoMeTp, cKoHcTpyupoBaHHbiil [Ibepom Kropu. Mcnonn-
3ys HOHU3UpYIOllee AelicTBHe «ypaHOBHIX» Jyuell, B peayb-
TaTe KOTOPOr'O0 BO3AYyX CTAHOBHUTCH NPOBOJHHMKOM 3JICKTpPH-
yecTBa, MOXKHO ObLIO MPOCACIAUTb 3a HHTEHCHBHOCTBIO JV-
yell, NMPOJIETAIOIIUX MEXKAY ABYMS 3apsKEeHHbIMH IJ1acTH-
HaMu, HewM GblcTpee MIACTHHBI TePAIOT CBOH 3JIeKTpHUYECKH
3apsja, TeM CHJbHee aKTHUBHOCTb H3MEPSIeMOro TPOAYKTA.

Hrak, cMmejnoe mpeanonoxenne TpeboBano NPOBEPKH.
Hyxubl 6111 $aktsl. M cynpyru ¢ sHTy3HasMoMm H 3Hep-
rueil IPUHAIUCH 32 ONBITH HAJ CMOJSIHON PYI0fL.

«OcoBeHHo BaKeH ObIJI BONPOC O MOMEILEHUH,— BCIIOMH-
naia M. Cxnonosckas-Kioopu.— Mbl He 3Hanu, rae Hau
MOXHO BECTH XUMHUECKYIO NepepaboTKy TakKoro 60JbIIOro
KosiuyecTBa pyanl. [1puinioch oOpraHu3oBath ee B 3a0polleH-
HOM capae, OTJAEJEHHOM JBOPOM OT MAacTepPCKOH, Iyle HaXo-
JHJICS Haul 3JeKTpoMeTpuyeckuii npubop. Ito Obia Gapak
H3 JN0COK, ¢ acdaibTOBBIM IOJIOM H CTEKJIAHHOH KpbILIEH,
[JI0X0 3allUINaBIIHA OT J0XKAA, 6e3 BCAKUX Mpucrnocobie-
HUI; B HeM OBbIJIH TOJBKO CTapble IEPeBSHHbIC CTOJBI, Yy-
FYHHAs 1e4Yb, He JaBaBlias AOCTATOUHO TEMIa, M KilaccHas
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J0CcKa, KOTOpo# Tak awo6ua nosb3oBatbess [Ibep. Tam ne
ObLTO BHITSKHBIX 1IKA(OB A/ OHBITOB ¢ BPeXHBIMH rasdamy,
MO3TOMY TPUXOJIMJAOCH JedaTh 3TH olepalud Ha [BOpe,
KOT/Ja MO3BOJAJA I10T0]d, WIH Ke B NOMEIIeHHH [pH OT-
KPBITBIX OKHAX».

B TaKix HeBepOsTHO TPYAHBIX YCJIOBHSX, PaCcCUHUTHIBAs
TOJNIBKO Ha coOCTBeHHBIE PYKH, coBepmanu cynpyrn Kiopu
CBOH BesMYafILIHA HAy4yHBIA TOJABHT. B TeueHue AByX Jer
OH{ 3aHEMAJUCh XHMHUeCKOH 0OpabOTKOH pyAbl, Hoaydyas
Bce Gosee W OGoJee paaHOaKTHBHble NpPOAYKTH. HakoHel
MM VyJ1aJ0Ch NOJYYHTh BELIECTBO, aKTHBHOCTb KoToporo 6o0-
gee yeM B 300 pa3 mpeBbliiasa akTuBHOCTh ypana. [lox-
BEPrHYB HOBOE BElLEecTBO PA3JHYHBIM HCHBITAHUSAM, CYNIPYTH
y6eauanch, 4T0 OHH ABAAIOTCS 00JajaTessIMU ellle HeH3Be-
cTHOro snementa. B uyectb cBoeft poaunnl [loabmn Mapua
Craonosckas-Kiopu HasBasna ero nojsoxueM. M stum emle
pas MOATBepIHAACh CIIPaBedJUBOCTb HEPHOIUYECKOTO 3aKO-
wa, Ha ocHoBe Kotoporo 1. 1. MennesneeB 3a 28 jger o 3a-
MeyaTeJbHOTO OTKPBITHA NpeicKas3an CcyullecTBoBaHue 84-ro
9JeMEHTa B PUPOJE.

B npomecce OMbITOB yuyeHble 3aMETHJH, YTO WHTEHCHB-
HOCTb H3JIyYeHHsI HEKOTODPHIX NPOJAYKTOB XHMHYECKOH mepe-
pabGOTKH ypaHOBOI DYAb Obia HeoOBIYAHHO BeIHKA. IDTO
yKpemasio paHee BbickazanHylo M. Ckuojosckoii-Kiopn
MBIC/Ib O HA/JHYHH €lle OJHOTO PaJAHOaKTHBHOTO XHMHYECKO-
TO 3JIEMEHTa — HCTOYHHUKA 3THX Jydeil.

CuoBa 3a pafory! CHOBa THTaHUYeCKUil TPYA MpeKIe,
yeM Cynpyri Jo0uBaioTcs HoBoi moGenbl. OHM MOMyYH/IA
BCETO JIHUIb OKOJIO OJHOH JecsiToff rpaMMa COJM TauHCTBEH-
HOTO 3JIeMeHTa, PaAMO0aKTHBHOCTb KOTOPOrO OKasajach B
MHJIJIMOH pa3 6oJblie, 4yeM y ypaHa. BoT 3a Takyio HeoOHl-
qafHYI0 CIOCOGHOCTb XK JYYeHCIYCKaHHIO 3TOT 3JeMEHT Ha-
3Bany paaueM. M XoTs no BHeLIHeMY BHAY OH COBCEM He
OT/IHYaeTcss OoT GOJbIMIMHCTBA cepebpHCTO-0eNbIX MEeTasJos,
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Ype3BoidaiiHo BLICOKAS AKTHBHOCTb PE3KO BblIessiia HOBBI
3JICMEHT H3 pAaa eMy Mo 00HbIX.

Conu paaust IpKO CBeTATCH B TEMHOTE M HeNpepbiBHO
BBIJCJIAIOT TEMNJO. HOZIC‘{HTaHO, YTO U3 OAHOTO rpaMma pa-
AU MO2KHO IMOJYUYHATH CTOJNBKO K€ TelJa, CKOJbKO €ro BbI-
HeJNHTCa NPH cropaHuu 250 KUJaorpaMMoB YIJs.

HoBbiit ameMeHT 6€3:KaN0CTHO MOpPaXan KHUBble KACTKH,
BbI3bIBas CHubHble oxxoru. Onnaxael Ilbep Kiopu npuss-
3aJ1 aMmyJay ¢ cOMbIO 3TOTO 3JeMeHTa K pyKe U BcKope ybe-
JUJCST B CMOCOOHOCTH BEIIeCTBA OCTaBJAATb HA KOXKe J0JT0
He 3aXKHBAIOLINE SA3BHL.

OKaSboIBaeT;CH, He TOJBKO 370POBble TKaHH Pa3pyIIaloT-
csl OT HEHCTBHA Jyuelf, HCIyCKaeMbIX paaueM. Paauorepa-
N4st 3J0KAYeCTBEHHBIX ONYyXOJed U HeKOTOPbIX KOXKHBIX 3a-
60JieBaHUi A0 CHX IOpP CYHTAETCH OJHHM M3 caMbiX 3(dex-
THBHBIX CPeIACTB JJIs ycmemHoll 6opbObl ¢ KoBapHOH Go-
Je3ubio — pakoM. [To3ToMy-TO, HECMOTPS HA OYeHb OTpaHH-
yeHHble 3eMHble 3anacbl 88-ro ajeMeHTa (B NPHPOAE €ro
Beero Jumb 8. 10~12 npouenra), AoObiua pajus cpasy xe
6bla NOcTaBJeHa Ha NpoMblulieHHble pedbchl. Ho Kako#
nenot! JIas Toro 4toObl MOJYYHTh TOJIBKO IpaMM panus,
HY:KHO OBILTO mepepaboTaTh He OAHH AECATOK TOHH yPaHO-
BOH pyabl, H3pacxogosas IpH 31oM 500 TOHH DPEaKTHBOB,
10 000 Tosy yrast u Gosaee 10000 TOHH AMCTHAIMPOBAHHOM
Boapl! He ynnsuresnbHo, uto B 1912 rogy 10T rpaMm CTOUA
HH MHOTO HH MaJo, a 510 ThicsY 30J10THIX pYyOJed.

Kpoweunoiii
6ozamoipo

Ilourn nosyTopaBekoBas HCTOPHA ypaHa, OMHOrO H3
CaMBIX TSXKeJblX 3JEeMeHTOB B MNPHPOAE, 3HaAMEHOBaaach
nepuoAH4YeCKHMHU cliaiaMu H noabeMaMu HHTEpeca K 3TO-
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My 3jeMenty. W, nmeficTBUTE/bHO, JHIIb HeMHOTHM GoJee
TPUJLATH JIeT Hasajl Jaxke B CAMBIX CONUIHBIX yueGHHKaX
N0 XHMHH YTBEpXKAaJ0Ch, YTO YypPaHOBble NMpernapaTsl HaXo-
JSIT BecbMa OrpaHHYeHHOEe IpHMeHeHHe H YTO MOJyYeHHE
YUCTOrO MeTajja He UMeeT HUKAKOro NnpakTHYecKOro 3Ha-
YEHHS.

Hcnonb3oBaHHe HEKOTOPBIX COEIMHEHHH ypana B Kauye-
cTBe Kpacureneli aas dapdopo-pasHcoBbIX H3LeNHil H B
1BeTHO ¢oTorpaduu, pasyMeercs, He MOTJIO MNOCHYXKHTb
CKOJIBKO-HUOYb CYUIeCTBEHHBIM CTHMYJIOM K PacUIMPeHHIO
NpoOM3BOJACTBA ypaHa. M pnaxe Imociae OTKPBITHA pajus B
oT6pocax ypaHOBOH pyIAbl C HEM Npojo/Kanyd obpalarbed,
JHIIb KaK ¢ A0CAaJHbIM KOMIAHBOHOM <«UyJeCHOro» MeTal-
Ja-usayyaress.

Ho mnawana 40-x roaos XX croserus ©oabliasg yacTb
yueHbIX (U3MKOB XOTS W NpPH3HABaJja pajHOaKTHBHBLIN paec-
Taj, HEKOTOPBIX 3/JeMEHTOB, OLHAKO CYHTAs]a, YTO NMPaKTH-
YyecKoe HCMOJIb30BAHHE BBHIJAENSIEMON NMPH 3TOM IHEPrud He-
BO3MOXKHO H3-3a 0OJIbIUHX HEPreTHUECKUX 3aTpaT Ha A1ep-
Hble npeBpalenud. IToxkanyi, TONbKO OAUH U3 KPYNIHBIX yue-
HBIX — ¢panny3 Ppenepuxk Ko-
auo-Kiopy — nmnpuaepxuBajcs
apyroro MueHus. OH noJjarad,
YTO OCYLIEeCTBJICHHE LICIIHOH A1ep-
HOI  peakuMu  IpHBENET K
0CcBOGOKAEHUIO BHYTPHATOMHO
JHepPruy, KOoTopas paHo HJH
I03JHO  npuoOpeTeT BCe-TakH
NPaKTHYECKHH CMBICI.

B camom konue 1938 roaa
HeMellKHe YydyeHble OO0HApyXKHIH
HEOXHJAaHHOE  sIBJEHHC — Jede-
HHE aTOMOB ypaHa Moj AeHcr-
BHCM  3JeMEHTApHLIX sJAepHbIX




yacTul — HelTpoHoB. HemHoro nosxe, B Hayase 1939 roaa,
coserckue ¢usnkn K. A. Ilerpxax n I'. H. ®aepos cuena-
JH HOBOe OTKpbiTHe. OHHM yCTAaHOBUJIH, 4YTO aTOMbI ypaHa
Jaxe 6e3 npeiBapUTeIbHOT0 06/ 1yUeHHs] HEHTPOHAMU CKJIOH-
Hbl K CIIOHTAHHOMY (CaMOIPOHM3BOJILHOMY) B3PLIBY CBOETO
Spa M YTO STOT B3PBLIB MIET C BblAeJeHHEM KOJOCCAJbHOTO
KOJIHYeCTBA TENJIOBOI IHEPTHH, IPH KOTOPOH OAMH FpamMm
slep ypaHa oKasaJcsi 5KBHBAJeHTHbIM 20 ToHHAM OOBIYHOTO
B3PLIBYATOrO BELLECTBA.

Tak 1939 rox oxasagcs pemamoluM B cy1b0e 3JeMeHTa,
Hocsallero uma Oora Heba. MHTepec Kk ypany cpasy xe He-
06pl9HO BhIpoc. Cpeld (PU3HKOB W XHMHUKOB BCEro MHUPa,
3aHUMABIINXCS M3yUeHHeM SIAePHBIX peakuui, Hauajach
OyKBaJbHO aTOMHas JuXxopajika. Pabortul cieloBann ojna
3a JApyrofi, Kak u3 pora uzobuaud. Korga Obl1o 10Ka3aHo,
YyTO JeJeHHe sApa ypaHa CONPOBOXKAAETCs BLIJIETOM He
OZHOTO, a LeJbIX Tpex HCHTPOHOB, CNOCOOHBLIX BbLI3LIBATDH
lajbHelllee JeseHHe siep, CTajJa OUCBHIHOH BO3MOXKHOCTD
OCYIECTBJEHHA UelHOH, caMoNnoA1epKUBAIOILCHCS A/1ePHON
peakL .

Bce st BOJHYlOUIME OTKDPBITHS HAYKH NPOUCXOIUIH B
MpayHble 1HH, KOrja repMaHckuil ¢amusm, mar 3a warou
pas3BHBag arpeccuio, rOTOBHJCS BBEPrHYyTb HapoAbl B My-
YHHY BTOPOH MHPOBOJ BOHHDI.

Ypanosas npob6.eMa, 3axBaTHBlUAs YMBl 3MHIDHPOBaB-
wux B CIHA BennuaiimXx QU3UKOB-TEOPETHKOB MHpa
A. D#nwreiina, 3. ®epmu, 3. Cerpe u JI. Cunanapaa, npu-
ofpena CTpaTCrHUeCKYK Ba)kHOCTb. Pafortnhl mo sa1epHOH
(GH3HKe CcTalH Hcye3aTb M3 HayyHbIX »KypHaaoB. Hauan
JefcTBOBaThb pexum cekperHoctu. [lo wucuesnysmum co
CTpPaHHUL, XKYpPHaJI0B (PaMHIUAM YUCHbIX — (DH3UKOB, XHMH-
KOB, MeTaJJyproB, MaTeMaTHKOB — MOXKHO ObLIIO ykKe Cy-
AdTb O TAHHOH HayyHo#i pabGote B 00/acTH BOEHHOrO HpPHU-
MeHEeHUs] aTOMHON SHepruu.
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Coserckne (DU3UKH MOHUMAJIH 3HAUeHHe ITOH NPobaeMbl,
M P51 BHIIOJHEHHBIX HAILIUMH YYeHbIMH TEOPETHYECKUX U
SKCIIEPUMEHTaIblbIX paboT mo3sosauau Mropio Bacunvesuuy
KypuartoBy Bechoil 1939 roxa nocraBUTb BONPOC O BO3MOXK-
HOM BOEHHOM 3HaueHHMH HCC/AeNOBaHMIl MO [eJIEHHIO ypaHa
Il HeOOXOAMMOCTH UX ObICTpeHHIero pa3BUTHUSA.

Ileno B ToM, UTO ypaH HMeeT HeCKOJIbKO H30TOIOB, KOTO-
pble B pas3juuHOil CTeNeHH COCOOHBI K Ae/IeHHI0 M0/ JeHCT-
pueMm HelTpoHoB. Haubosee noaxoaswuil AJas LenHOH pe-
akuuy — ypaH-235. Pacna1 Kax10ro aroMa 3TOrO H30Tona
COMPOBOIKJAETCS BblIeJeHHEeM HecKOJbKHX aToMOB 6oJiee
JIETKHX 3JCMCHTOB M JIBYX-TpeX HeHTPOHOB, KOTOpHIE, MOMa-
Jasi B siipa COCEAHHX aTOMOB ypaHa, BHI3bIBAIOT Takoe XKe
JqejseHue. baaroiapa 3sTomy MPHOBEHHO IIpOTeKamwlleMy
JaBUHHOOOpPA3HOMY IpOLeCcCy, H BbIJAEJAAETCA TO OTPOMHOE
KOJIMYUECTBO 3HEPruH, KOTOPYyI0 MHPHHATO HA3bIBaTh aToOM-
HOW, @ ITIPOHCXOAfLIEe TIIPU  3TOM  SIBJIEHHE — aTOMHBIM
B3DPBIBOM.

Kaxyuiasics mpoctroTa ONHCAHHOTO Ipoliecca, KOHeYHo,
He oTpakaeT Bcex HeoOLIYaHHBIX TPYAHOCTEH NpakKTHYecKo-
ro peuieHus 3ajaud. B3sare XoTs O6bl npobseMy BbiAeJeHUS
«ropiodero» ypaHa. Ero Bcero 0,716 npouerra B NpupoaHoit
cMecu H30TomoB. UToObl H3 KHJAOrpamMma YHCTOTO ypaHa
MoJAyuuTh HeMioTHM 0oJiee CeMH TPAMMOB HYXHOIO H30TO-
na, Heob6xoAUMO ObLLIO MOCTPOUTh IpoMajHbie Kopmyca 3a-
BOJOB €O CJOXKHeHWeH annapatypoii AJs OCYHIeCTBJIECHHA
OYeHb JJIHUTeAbHOTO H <«JAeJWKaTHe#lero» AHPQY3HOHHOTO
crmoco6a pasiencHuss H30TOMOB raszoobpasHoro wecTHdTO-
pucTOrO ypaua.

Ho, kak rosopsT, urpa crousa csed. HMirorom Hanpsxes-
HOTO TpyJa SIBUIOCH He TOJBKO co3/aHue aToMHOH 6GoMOBHI,
TIOBJeKIUeH 3a coboll Tpareauio XHPOCHMBbI, HO H 3ameua-
TeNbHble I[epPCNeKTHBbl MHUPHOTO HCIIONb30BAHHUSI 3IHEPruu
atoma. JTo B Halleli cTpaHe, nox Mocksoil, 6blia OTKpbHITA
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nepBast B MHpe aTOMHAs 3JeK-
TPOCTAHIMSA, a BCAef 3a Hek
noctpoerbl  Hoso-BopoHex-
ckasi, Bejosipckas W zmpyrue
KPYIHBIE 3/1eKTPOCTAHUHH, TIC
CHJABI MHPHOTO aToma, mpe-
Bpallasicb B CBET H TeILIO,
HecyT 6Jaro H pajgocTb Jlo-
IsM. OTO y HAC aTOMHBIH TH-
FraHT — Jemokoa  «JIeHHH»,
3arpysuB 85 KHJIOTPaMMOB
YPaHOBOTO TOMJHBA, CIOCO-
feH B TeueHHe Tpex JeT 60-
po3autb ababl Ceseporo Jle-
JOBHTOTO OKeaHa, He 3aX0AA B IIOPT Ha «3alpaBKy».

IIpaBaa, ceftyac Mbl BCTYNHJH JIHIIBL B <IEPBOGBITHbIH
MepHOL aTOMHOTO Beka». [IpH HCIONb30BAHUH SAAEPHBIX Hpe-
BPALEHHHA ¢ OCBOCOMK/IGHUEM 3HEePrHH Mbl IOJAyYaeM HHY-
TOXHYIO Joat0, He Gojee 0,1 nMpoueHta oT Bcell 3HepPTrHH,
3aKJI0YeHHOH B atoMHOM sipe. [IpeacTout elie MHOro mo-
TPYAUTBLCS, YTOOLI OCBOGOMUTL M HCHOJNb30BATh 3HEPTHIO
3TOr0 KpPOuIeyHoTo 6oratuips.

Meuma asxumuros
OCywecmenaacy

PanioakTuBHblE 3JeMEHTHI CAYXKAaT He TOJbKO Al To-
JY4YeHHs] aTOMHO! 3HeprHu, HO M JJsi NpeBpalleHHs XHMH-
YeCKHX 3JIEMEHTOB, I/l NMOJYYeHHs COBEpPIICHHO HOBBIX Be-
wectB. [TosTOMY-TO IOC/]E «CropaHUs» 4acTH SAEPHOro TOMN-
JA¥Ba — IVIYTOHHS HJAH YpaHa — TelIOBBAeNSIOIHe  3Je-
MeHTBl yAaJMAI0T H3 peaktopa H nepepabaThiBalOT Ha CIHELH-
aNbHbIX PaJiHOXHMHYECKHX 3aBOJAaX, Ile H3 HHX H3BJEKaIOT
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HepasNOoXKHUBIIMACS ypaH, IJAYTOHUII M HEKOTOpble UEHHbIE
3JeMeHTHl, TaK Ha3biBaeMble pajHOaKTHBHble 0cKOJKH.Cpe-
¥ HHUX OKa3blBAlOTCS TaKHe, KOTOPBIX HE OTHILENIb B 3eM-
HOll Kope. M3-3a cBoeil HEYCTOHYHBOCTH OHU JTaBHLIM-IaBHO
MCYes/IH, IPeBPATHAMCh B Pe3yabTaTe PaAMOAKTHBHOIO pac-
naja B aTOMBl IPYTHX 3J1€MEHTOB.

Hoaroe BpeMst He gaBaj IOKOSI YUEHBIM OTCYTCTBYIOILHH
B Tabuuue Mengeneea 43-6 3JeMeHT — 3Ka-Maprasell.
B nouckax 3Toro TaHHCTBEHHOTO He3HaKoMLa ObIM TIiLA-
TEJbHO NPOAHAJH3NPOBAHbl BCe BO3MOXKHBIE H HEBO3MOXKHbIE
muHepansl. OnHako Gespes3yabraTHO: 43-1 KleTKa ocraBa-
gack cBoboxuoil. OaHa Hajgexnaa, 4TO HCYE3HYBIIHH, NO-BH-
JUMOMY, C JIHI@ 3eMJH 3JeMeHT MOXKHO BO3DOJUTh HCKYC-
crBeHHo. K 3ToMy BpeMeHH MO YYeHLIX, <OBJIaJEBLUHX»
HaKoHell «(HI0cOPCKUM KaMHeM», IpobieMa npeBpalleHust
XHMHYECKHX 3J1eMeHTOB IlepecTasna ObITb TOJNBKO TeopHeH,
OHa «Iepecesn/acb» B 1aBOPATOPHH.

OxkasbiBaercs, AOCTATOYHO H3MEHHTb 3apsii fAApa, 4To-
6Ll TONYYHUTb aTOM APYroro sjaemeHra. JlenaioT 310 OueHb
OblcTphie M MaJjeHbKHe «CHapsijibl» anbba-yacTHUBl (sapa
aTOMOB reJiusi) H 3JeKTPOHBl. bBiarogaps cBoel MoJBHMKHO-
CTH u GOJBLIOH 3HEPrHH OHH NMPOHHKAIOT B ]P0, NPEofo-
JeBasi «cONPOTHBAEHHE» 3JEKTPOHHBLIX 000/0YeK aroMa M
MOJIOKUTENbHOE NoJie camoro sapa. Kaxpasi anbga-yactu-
Ia yBeJUYMBaeT Maccy siapa Ha 4, a ero 3apsj Ha 2 eIuHH-
Iibl, OTPHIATENBHO XKe 3apsiKeHHas 0era-uacTHla H3MeHseT
Ha €JUHHUIY TOJNbKO 3apsii siApa, TAK Kak cama OHa He 00-
JajJaer CKOJbKO-HUOY b 3aMETHOH MacCou.

B pykax yueHbIX, TaKUM 06pa3oM, oKa3a/aacb HeOOLIKHO-
BEHHAA «apTH/JEpPHSA», ¢ NMOMOULIbI0 KOTOPOH MOXKHO ObLIO
He paspyliaTh, a cO3[laBaTh HOBbIE€ 3JeMEHTHl HJH IpeBpa-
1aTh OJHH BeleCTBa B APYTHE.

Co6bimach, HaKoHell, MeuTa ApeBHHX anxuMukos. CoBpe-
MEHHas paaMOXHMHUsI AOKa3ala BO3MOXHOCTb TNpeBpalie-
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HUSI HEKOTOPLIX HeGJaropojHbLIX MEeTaanoB B 304070. Bot
CIHCOK HECOMHEHHO MpPaBUJbHBIX PELENTOB [Jsi COBPEMEH-
HOTO anxuMuka. «Ecau 3acTaBUTb TaMIHi OTAATb OAHY ajb-
(a-vacTuiy, B pesyjabTarte MOJYYUTCH M30TON 30q07a. [1pas-
7a, ero aTOMHBIM Bec M IJIOTHOCTb OyJeT HeMHOro OoJblie,
HO B OCTaJbHOM €0 He OTJMYHIIbL OT OOBIYHOrO0, NPUPOLHO-
ro 6/aropoaHoro Merajia. A ecjau BJIPYL BHCMYT HCIYCTHT
IBe alb(a-yacTHIbl, HJIH CBHHel aabda- U Gera-4acTHLY,
TO NPOAYKTOM OYyJAEeT ONSITh-TAKH 30/10TO».

Caenyer 3aMeTHTDh, OJHAKO, UYTO TAKOe DelleHHe MHOTo-
BEKOBOII MpoGAeMDbl aJXUMHKOB UMEET JIHIIb HAyYHbIA HHTe-
pec. Hu o kKakom npakTHueckKOM HCHOJb30BAHHH 3TUX pe-
LeNTOB JJs HOJYYEHHS HCKYCCTBEHHOTO 30J10Ta HE MOWKET
GpiTb M peud. F3-3a masnoii BepOSITHOCTH ONHCLIBACMBbIX
SICPHLIX IpeBpallleHHid TPYAHO MOJYYHTL OJaropoaHblil
MeTa/ I B CKOJBLKO-HHOYIb 3HAUUTENBHOM KOJHYyecTBe. 3aTo
C HOMOIBIO N0 I00HBIX PeaKLU Uil 0Ka3aacs BO3MOMKHBIM CHH-
Te3 Hejocratomero 43-ro ajemenra. Tpyauefimas 3ajzaua
- OblIa pelleHa B CTeHaX Kalau(OPHUICKONO YHHMBEDPCHTCTA
ropoja bBepksu npu yyactuu amepukauckoro ¢usuxa Jloy-
perca. B TeueHue HeCKOJbKHX MecsLeB MOJHOICHOBYIO MH-
lIeHb «OGCTPEJUBANN» SIAPaMH TAXKEJOr0 H30TOllA BOLOPO-
na. Ho kak nokasare, 4yTo B MoJqHG1eHEe cpeIH aTOMOB pas-
JIMUHBIX ITIpAMeceil 3aTepsioch HECKOJNbKO JecSITKOB saep
HOBOTO 3J1eMeHTa?

1 BoT «oOCTpenstHHAas» MOJUOJeHOBAsT NJIACTHHKA Ie-
pecekna ATMaHTHYECKHH OKeaH, YTOOLI MOMACTh K H3BECT-
ueiM ¢pusuxam K. ITeppe n . Cepre u3 UTanbsIHCKOTO TO-
poaka Ilanepmo. Mosoasle yyeHble ¢ GOJbIIMM 3HTY3Ha3-
MOM IDHHSJHCh 3a BLIIOJHEHHE 3TOil HEOOLIKHOBEHHO
TPYAHOH 3ajauH, KoTopasl yC/JAOXKHSAMACh elie H TeM, 4TO 3
IJacTHHKe, MOMHMO PasblCKUBAEMOro 3Ka-Mapraiia, mepH-
0J moJsypaciajga KOTOpOro COCTaBJs/J BCEro JHLIb HecKOoJb-
KO [ecsiTKOB JAHel, 00pa3oBasoch MHOXKECTBO PaJfHOAKTHB-
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HBIX HW30TONOB [JPYyTrHUX 3JceMeH-
TOB.

Hranpsiickue yueHble Oue-
CTAILE CHpPaBHJINCH C NOCTaBJeH-
Hoit 3anaueii. B pesyabrare
CAOXKHBIX ~XMMHUECKHX oOmnepa-
UM OHU BBIAGNHJAHM JOJr0 XKH-
BYIIHH H30TOMN, CBOHCTBA KOTO-
poro ouyenb HanoOMHHA/IH CBOH-
CTBA peHMs. ITO U Obl1 3JeMEHT
c aToMHBIM HOMepoMm 43. Tak
BecHoll 1937 roma mnosiBHJCS Ha
CBeT IepBbId HCKYyCCTBEHHO MIO-
JYYEHHBII YEJIO0BEKOM 3JI€MEHT, CHMBOJMYHO Ha3BaHHBIA
ABTOPAMU OTKPDLITHSI — TeXHeLHeM.

DTo ACHCTBHTEALHO Oblio OjecTdlliee AOCTHUMKEHUE, Belb
KaK BBISICHHJIOCH T033Ke, YYCHBbIM HpulLloch padorath OyK-
BaJbHO C HEBECOMBIM KOJHUYECTBOM HOBOTO 3jeMeHTa. B HX
pacropsikennn Guiro He Gosee 10—10 rpamma mepBoro uc-
KYyCCTBEHHOTO MeTaJjl1a.

A cnyerst aBa jnecATUeTHS, HA cOBpeMeHHbIX (pabpukax
H30TOMOB 3TOT HCKYCCTBEHHEBIR 3/IEMEHT CTa/l NPOH3BOAUTHCA
JecaTKaMu KuaorpaMvoB. OkasbiBaercd, pu paborte sigep-
HBIX pEaKTOPOB CpeIH OCKOJKOB JeJeHHs ypaHa-235 Ha
J0J110 TeXHeLUst IpUXo1uTcest 6osiee 6 nNpoueHToB. JTO MO3BO-
JIIeT TOBOPUTH 006 ero NPOMBILICEHHOM HCIIONb30BAHUH B
pa3pelieHUN OJHOH U3 BAKHEAIIHX NpPoHJIEM 4eJoBedecTBa.
Peub uzer o Gopbbe ¢ pRaBICHHCM, UJIH KOPPO3HEH MeTall-
aoB! JlecsiTKH MHJJNIHOHOB TOHH CaMbiX pPa3HoOOpasHBIX
MeTa/IMYeCKHX KOHCTPYKLMII, IIOKDBHITHIX PXKABYMHOH, €exKe-
TOAHO NPHXOJHUTCS CIHCLIBATD B METAAJ0J0M, YTO COCTaB-
JsIeT MOYTH TPeTb COBPCMEHHOrO METalJypruyeckoro IMpo-
M3BOJCTBA.

[ast mpenoxpaHenns kene3a U MajgOYrJepOAUCTHIX CTa-
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Jefl OT prKaBJeHHs, NOCTAaTOUYHO 0OpaboTaTb H3JeJHsT H3
HHX PacTBOPOM, COAepxKalluM Bcero auiub 10—% mpouenrta
trexHeusl. IIpu 3ToM 3auuTHbIe CBOHCTBA OT KOPPO3HH CO-
XpaHsAI0TCs BIJIOTh J0 250 rpamycos.

BesycnoBHBIA HHTepec NpeAcTaBAsieT NPHMEHEHHEe HeKo-
TOPHIX PAJHOAKTHBHLIX M30TOMOB TeXHEUHS B MeIHIHHE.
HccnenoBanusi GHONOTHYECKHX HAEHCTBHH 9JI€MEHTOB-H3JY-
yaTeseldl C TMOMOIIBIO TEXHENHsi He TPEeACTaBAAIT OGOJbLIOH
OTIACHOCTH, TaK KaK 3TOT 3JeMeHT B OTJH4YHe OT APYrHX CO-
BEpIIEHHO He YCBAaHBAaeTCsd JKUBLHIM OpPraHH3MOM H JIETKO
BbIJIeJISITCS U3 HeTo.

Tak Moso10lt 3/M1eMeHT, HeJaBHO OTIpa3JHOBABIINH CBOE
TPHALATHJIETHE, YBEPEHHO 3aBOEBLIBAET ABTOPUTET M B Ha-
yKe, 1 B TeXHHKe.

,Cunmemuuecrue“
Memanaot

B cBoe Bpemsi ypaH jpocraBu1 MeHpeneeBy HeMaJso
xJIomoT. Bo-nepBrIX, OB HENPaBUABHO ONpPEJEIEH ero aToM-
HBIH Bec. A MOTOMY, IOMENEHHBIH COTVIACHO BEHYHHE aTOM-
HOTO Beca B TPETbio T'PYNMNY NEPHOAUYECKOH TaOMHLbL 3Je-
MEHTOB, OH BBITVIAJE] CHaya/ja YyKakoM M Hapyuiaja BCIO
JIOTHYeCKYI0 H CTPOHHYIO 3aKOHOMEPHOCTh H3MeHeHHs
cBoiicTB amemeHToB. OnHako MeHzgeneeB M Ha 3TOT pas,
B35IB Ha ce0sl CMeJOCTb, IOMECTUJ YpaH B IIECTYIO T'pPymmy
TabJauUBl KaK aHaJor XxpoMa, mojubaeHa U Boabdpama.

On He omubGesi. Bekope Oblna 3KenmepuMeHTaNIbHO NOMA-
TBEPK/JEHA CNPABEIJNHBOCTb TAKOTO «IOKYLIEHHS» HA ypaH,
Ioc/e Yero OH Ha 3aKOHHOM OCHOBAHUM 3aHA] cBoe 92-e
MeCTo — U MOCJeHee.

A uro xe nanbue?

CylecTBYIOT /U 3JeMeHTH ¢ GoJjcee BBICOKUM aTOMHBIM
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BecoM? MeH/e/ieeB Ha 3TOT BONPOC OTBeUas IOJOKUTEIbHO.
VYiKe B ONHOM H3 NepBbIX BaPHAHTOB CBOEH MEepPHOJHYECKOH
TaGNHIbl OH NMOCTABHJ TIOCJAE ypaHa MsTh NpouepkoB. Buau-
MO, OHH AOJXKHBI OblJIH COOTBETCTBOBATDH [0 MeHbIlel Mepe
IATH NOCTeAYIOUIHM 3/1eMEeHTaM.

Onuako mnoroHs 3a TpaHcypaHamu Oblia Ge3ycmeiuHofl.
BeigeneHHblii M3 ypaHOBOH CMOJISIHOM pyabl «BoreMuils H
HalJeHHBIH B KOJyMOUTe <«CEKBAHHH» OKa3aJHChb BCero
JHUIIb JOXHBIMH OTKPBITHsMHU. BHIMMO, HX HeT B 3eMHOII
KOpe, Ujd KOJMYeCTBO 3THX 3/JeMEHTOB HACTONbKO HHYTOXK-
HO, YTO CYIIECTBYIOUIHE METOAbl HCCAel0BaHHs GecCH/IbHbI
HX OOHAPYKHTh.

Heynaua He ofeckypaxkuja yyeHblX. Tem Oosee, 410
narckuit ¢usuk Hunbe Bop eme B 1923 romy Bhickasan
MBICb O TOM, UTO 3JE€MEeHTHl, HayuHas ¢ 89-ro — akTHHUS,—
HMEIOT TaKylo Xe CTPYKTYpY, KaK JIAHTOHOMWJABl H3 Tpe/bl-
JyLIero nepuoja, T. €. HayuHas C TOpHs, KaxkIblll mocaeny-
IOIHH 3/eMEHT JOCTpPauBaeT CBOU IAYOUHHBIA 3/1eKTPOHHBIH
cnoit. M1 rak Bmtoth a0 103-ro. [Topo6HO penko3eMenbHBEIM
3JeMeHTaM, TpyNNa aKTHHOMIOB, HAH AKTHHHAOB, JOJKHA
COCTOSITh U3 15 3JeMeHTOB — XUMHYeckux O.1u3HenoB. Bot
3TO H ONPENETHJIO BIOCIEACTBHH HX MECTONOJOXKeHHe B Tab-
nune Menneneesa. MM, Kak 1 TaHTOHOUJAM, OTBeJNH BCEro-
HaBCEro OJHY KJETOUKY — TaM, Ife pacrosoxed 89-i aJje-
MEHT aKTHHHH.

Baecramass mbicab, HO AJAs OKOHYATEJbHOrO pelIeHHA
npobjieMbl He XBaTa/0 BCEro JIMUIb... OAHHHAALATH 3JeMeH-
toB! Ecain HeT TpaHCypaHOB B NPHPOJE, HeJab3s JIH HX NOJY-
YHTb UCKYCCTBEHHO?

B To BpeMs BO MHOTrux J1a6opaTopHfX IIHPOKO IPOBO-
JHJHUCh HCC/ETLOBaHHSA, B KOTOPBEIX «OOCTPEIHBAJH» BCEBO3-
MOJKHBIE 3/IeMEHThl MOLIHBIM TOTOKOM HEeHTPOHOB. B pe3yuab-
Tare Takoil «BoMmOapaupoBKU» sigep ypaHa aMepHKaHCKHue
yuenble D. Makmunnan u ®. AGenbcon oGHAPYKUAU B CBO-
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el MHIICHH HOBDBIH 3JeMeHT C MacCOBbIM uucjioMm 239. 310
oxasaJjcs caenyroouiiit 3a ypasom 93-#1 anement. OH 6bia1 Ha-
3BaH HENTYHUEM B YeCTb BOCBMOH 1O CUETY ITAHEThl Hallei
conHeuHON cucTtemMbl — Hentyna, Oau:xafimefi coceikH
Ypana.

Uepes ron Iocjae onyOJHKOBAaHUS 3TOTO 3aMedyaTeJabHO-
ro OTKPBLITHSI TPyNNa aMepHKaHCKHX YYeHLIX BO TJiaBe <
aaypeatom HoGenesckoin npemuu [aennom Cutoprom c
MIOMOIIBIO «CHAP$10B» — HEHTPOHOB H YPAHOBOH MHIIEHH
nonyuusa ouepernoit, 94-it snement. Mumsa emy Obljio 1aBHO
noJroTosjaeHo: muaaxera IliyToH obpena HakOHel CBOETO
semHoro codpara. Tak B 1941 roay nayToHHi-242 mnpovyHO
3aHAJ CBOE€ MECTO B Py 3/J€MEHTOB.

A nayunas ¢ 1944 rona, CuGopr nosy4nsi BoceMb TpaHc-
ypaHoBslX 3aeMentoB! Ilpasaa, ajst 3T0ro MOHALOOHAUCD
Gosee «TsAKeqabie» cHapsi/bl, He HEHTPOHB], a ajbda-yacru-
B, B JaXKe <«CBepXTsiKejbie» — fdj1pa aToMOB yriaepoia,
azora, Kucjaopojaa. B xauecTBe MHLICHH NPHULJIOCH HUCIOJb-
30BaTh IVIYTOHHEBBIC U HENTyHHEBLIE NJIAaCTHHLL. B pe3ysb-
tTaTe B TaOJULY BnucaHbl: 95-# amepuuuil, 96-it xropui, 97-1
6epkauit, 98- kaaudopuuit, 99-it s>itHwrednnit, 100-# dep-
mu#l, 101-ii mMengenesuft, 102-ii Hobenntt, 103-1 J1oypeHcHE.
HaspaHug 37JeMEHTOB YBEKOBEUH/IM HMeHa BbIJalOLIHXCS
yuyeHbix yesoBeyectBa. OaHako co6partbh HOBble 3JdeMeHThHI
B GOJIBIIMX KOJIHUECTBAX HHKAK He yIaBa/aoch. DJ1eMeHT dep-
MHH, Hanpumep, ObIT OTKPBLIT NPH HaJUYUH Bcero juib 200
ero atomoB, a kKoauyecrBo 10l-ro 37eMeHTa MeHIedeBHs
orpanuuusioch 17 aromamu. Bceero 17 artomon! Takoe Huu-
TOKHOe KOJHYECTBO JaxKe IpelCTaBHTb HeBo3MOxkHO. Cy-
IUTe CaMH, Bellb eCJaH AaTOMBl KeJesa, cojepsKalliecsi B
KPOXOTHO#H OyJaBOUHOH TOJIOBKe, paBHOMepHO pasbpocaThb
0 BCeH MOBEPXHOCTH 3€MHOTO Liapa, H TO Ha KaxKJ0M KBa-
JApPaTHOM MeTpe OKaxKercst Gojee ABajUaTH ThiCAY aTOMOB.

Ho yuenpie cymenu saperucTpupoBaTbh KaxKJIbll atom
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nojaydeHHoro siaementa. Ilomoram sromy camu Ke TpaHc-
ypaHol. Bce OHE YAHBHTC/AbHO HEYCTOHUMBBI, pacrnafaroTcd
ToTYac ke nocse o6pasosauus. M ecan nepuon nosypacna-
n1a GepKJs CpaBHUTENbHO OOJBIIOH — 7 THICAY JeT, a SUH-
IWTefnusa — 2 roaa, To MeHISNeRUH KUBET BCEero JHUiib 0KO-
J0 noayuaca, a spems xu3Hu 102 u 103-ro s;emenros uzve-
psietcst cekyniamu. He yanpuTenbno, 4To WX HEBO3MOKHO
ObLIO oGHApY/KUTh B TPHPOIE, OHH JABHLIM-1aBHO «HCHa-
PHJIHCLY, TaK KaK BO3pacT Halled TNJaHeTbl HaCUUTbIBAET
OKOJIO MSTH MUJAAHADPIOB JET.

B mpouecce pacmajga KaxKAbll aTOM TPaHCYPaHOBOTO
sJaeMeHTa BolOpachiBaeT HECKOJbKO 3apsuKEeHHBIX 4YacTHIL,
CIOCOOHBIX CO34aBaTh 3JeKTpUYeCKHE HMOyJabC. OH-TO H
(uxcrupyercs BoO BpeMs IKCIIepUMeHTa B CMelHaJbHOM CUuer-
YHKe.

K Takomy cueTqyuky, HAaXOJUBIIEMYCS B 3ajae XUMHUECKOH
naboparopun Tnenna Cubopra, rie obeTpenuBanu anbda-
YACTHIAMH H30TON SUHIITEHHHUA-253, ObIT MOIKIIOUEH OTJY-
I TeAbHbI MoxKapHbli 3BoHOK. O6paszoBanue atoma 101-ro
s7eMeHTa H €ro pacliag ¢ BRIOPOCOM anb(a-yacTHUBl «CO-
POBOKAAJACA TPOMKUM TPE3BOHOM, BBLI3BIBABIUHM B CBOIQ
ouyepeib e McHee FPOMKHE U PajJOCTHBIC BO3TJIAChl MPUCYT-
CTBYIOWUX». DTON Urpe ObL1 MOJ0KeH KoHel: B aabopato-
PHIO BoPBaJgach KOMaH,1a 0K aPHUKOB.

Brnumanue, 104-i!

Hybua— 1964 rox. O0beaudenusin MHCTUTYT s1epHBIR
HecaenoBannil  mepexKuBaJg  BOJAHYIOLLCE COObITHE. 37ech
TOJIBKO 4YTO MOJYYeH elle OTHH TPAHCYpPAHOBBIH 3J€MEeHT.
3akonyena cioxHeiimas pa6ora GoAbUION HHTEPHALHOHAb-
HOH TPYNNBl YYEHBIX NOJ PYKOBOACTBOM 4YJeHA-KOppPecloH-
nenta AH CCCP T. H. ®ueposa. Yenemno paspelieHa He
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TOJMbKO npobsema cuuTe3da 104-nro ajemeHTa, Ho H GJectsi-
1€ POBe1eHa ero XHMHYecKaa HieHTHPHKamIA.

Jaa cuntesa nepBoro usorona 104-ro snementra Oblia
BbiOpaHa peakuus Me:KAy sApaMH IUTyTOHHS H YCKOPEHHbl-
MH Ha UMKJOTPOHE HOHAMH HEOHa. YueHble He OYEHb-TO
remnan cebst HaJe:KAaMH Ha yjaaduy, Tak KaK BeposTHOCTh
IIOJTHOTO CJAUSIHUSA fJep MJAYTOHHSI W HeoHa c oOpasoBaHHeM
uzorona 104-ro snemeHTa Oblla HMYTOXKHA: H3 MHJJHADPAA
si1ep JMHUUb OJHOMY CY2K/JIEHO OCYIIeCTBHTb TaKoe NpeBpalle-
nie. Benb naxke ecau A0NyCTHTb, YTO CJAHsHME sifAep Npo-
H30uio, To oOpasoBaBileecs sAPO OyAeT OUEHb CHJIBHO
B030yxaeH0. CTpeMsch 0CBOOOAHTbCA OT U3OLITKA 3HEpPruH,
OHO TOTYaC JKe pacnajercs, BbIOPOCHB aJjbda-4acTHILHL,
HEeHTPOHBI, IPOTOHBI.

Slnpa xe 104-ro sjgeMeHTa NOJYyYawTCS B OJHOM-€IHH-
CTBEHHOM cJydae, Korja oOpasymolieecss NOC/ae CIAHSAHUSA
SiAPO BbIOpOCHT dYeThlpe HeliTpoHa. M Bce ke TOJIBKO 3TOT
M30TONl C MAaCCOBBIM 4YHCJAOM 260 o/KeH Obl1 «IPOSBHTbH»
cebst B GecuncJeHHOM Xaoce YacTHll, fd1ep, OCKOJKOB.

Hrax, TeoperHuecku BO3MOXHOCTb obpasoBanus 104-ro
3JeMeHTa He Bbi3biBasa ocobbix comHenni. Ho kak o6Hapy-
XKUTb oOpasyoliuecs eInHHUb atoMoB? Kak yGeautbes,
yTo obpasyercsi JeficTBUTenbHO 104-i, a He KaKoi-HHOYIb
APYroit 3JeMeHT?

Kak Hu cTpaHHO, HO J0BOJNILHO YYBCTBHTENDLHBIM AETeK-
TOPOM B TOM CJyyae OKasajHch caMble NPOCTble MaTepHa-
Jbl: CTeKJI0 H caoaa. Jeao B Tom, yTo 006pasoBaBLIHiICH
atoM 104-ro ssneMeHTa TakXKe HeyCTOHUMB M paclajaercs
Ha JBa NPHMEPHO OJHHAKOBHIX OCKOJKa, KOTOphble, Bpe3a-
fICb B CTEKJO, OCTAaBJAIOT Ha CBOEM NYTH Y3KHE KaHAJbl.
W ecnu 3TH KaHajbl PacTpaBUThb KHCIOTOH, MOA MHKDOCKO-
MOM CTAaHYT XOPOLIO 3aMEeTHLIMU «KpaTepbl» AHAMETPOM
5—10 muxpoH. Hacrosiine oTmeyatku <«mnasblieB» CaMOro
TSKEN0T0 3EeMEeHTd.
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B 3akJIOUHTENBHOM 3KCIIEPHMEHTE, MPOBEJeHNHOM JeTOM
1964 ropa, ObL10 3aperiucTpHpoBano oxono 150 saxzep HOBO-
ro saeMmendta. Hdus storo norpebosajnock Gonee 1000 gacos
HenpepLIBHOI paboThl ycTaHOBKH. B pesynbraTe mokasaua
CNOHTAHHOCTb (CaMOTMPOU3BOJBHOCTD) AeIeHUs sAep HOBO-
ro 3JeMeHTa M ollpejiesieH ePHOJ] ero moJypacnasa, paBHLI
npumepHo 0,3 cekyHIbl.

UYem npusiekatenen 104-if ajement? Bexb B TOT MO-
MeHT, Korjla Hayasach sta pafora, snemedt Ne 103 — noy-
pencuii — He Obla eule cuuresuponaH. M Bce Ke npeamou-
TeHHe GblIo oTAaHo WMeHHO 104-my aneventy. leno B ToMm,
YTO OT 3TOro 3dJeMeHTa XKIaJH XUMHUECKHX CBOHCTB, Pe3ko
OTJHYHLIX OT COCeIHHX 3JeMeHTOB. Ecau cuuTath crnpasej-
JHUBBIM MpeaJoKeHue 00 anafordu B CTPOEHHH JIAHTOHOH/OB
M aKTHHOHIOB, UTO NOATBEpHKaercd OJH30CTBIO HX XHMH-
YeCKHUX CBOMCTB, HOBBIl 2JeMEHT AOJKeH ObITh XMMHUECKUM
ananorom raduus. M mecTo emy HC B TpeTbeH, Kak APYyrHm
TpaHCcypaHaM, a B YCTBEPTOH Tpymie NepHOIHYECKOH Tad-
auubl.  Taxum  obpasom, xXuMmuyeckas HICHTHOHKALHS
104-ro sJjemenTa Onia Heo6XoAMMAa He TOJAbKO IJs TOTO,
yroObl TIOATBEPANTH €ro MHAUBHAYAJbHOCTb, HO H JJfA 3KC-
nepuMeHTaJdbHONH NpoBepku rumotessl . Cubopra o mecre
H CTPOEHHH HeJOH IPYNIBE TPAaHCYPAaHOBLIX 3JE€MEHTOB.

OTUM 3aHAJCH MOJOIOH YexoCJOBAUKHH XHMHK, BbI-
nyckHuK Mockosckoro ynusepcutera Mso 3sape. Tlosxe x
pa6oTe MOAKMIOUUINCH ABA COBEeTCKUX Xumuka JI. Tapacos
i H0. Uy6ykoB u uex M. KpxuBaHek.

[Tpy pewmrennu NOCTaBJIEHHO# 3a7auyy¥ WHTEPHAUHOHAJD-
Has 6pHrajga MOJOABIX YUYEHLIX CTOJNKHYJAach ¢ MpobaeMoH
ckopoctd. Ha xumuyeckue Manunyaauuu co 104-m siemen-
TOM OTBOJMJIHCDH JIHIIb 01 CEeKYHIb. A 3TOT0 OYeHb MaJlo,
ecIH y4ecTb, YTO IOUTH BCe HM3BeCTHbIE pajHOXUMHUUYECKue
MeTOZbl pa3/iesicHUsT U30TONOB OCHOBAHDI HAa IPUTOTOBJIEHHH
pacTBOPOB, HX NMEpeMELIHBAHHH M OCAXKAEHHH H3 HHX TBep-
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JIbIX IIPOJAYKTOB. 3HAUHT, HYKEeH NPHHUUIHAALHO HOBBIHA 101-
XOJ K pelleHHIo 3a1ayH.

Tax BOo3HHKJIA HAeA HCIOJAb30BAHHS razoo6pasHbIX Be-
utectB. OHU GBICTPO CMELIMBAIOTCH, JerkKo H ObICTPO TpaHC-
IOPTUPYIOTCA 1O TpyOaMm, peakKUUHM B rasax, Kak NpaBHJIo,
UAYT ¢ BoJabIlUMH cKOpocTsaMu. M3BecTHO, UTo radHUil 00-
pasyer Jerydyee coelHHeHHe ¢ xJopoM. Crano ObiThb, TaKH-
MH e CBOHCTBAMH J0J/UKeH 06salaTh M ero InpejmnoJarae-
MBIl XUMHWUeCKHH aHajor 3Ka-raduui, xuaen 104-ii kjaer-
KH NePHOHYECKOH TaOMHIbL.

Ocraercs co3nath yc/Ja0BUS, IPH KOTOpbIX aTombl 104-ro
3/7eMeHTa B3aUMOAeHcTBOBAMH Obl ¢ ra3oo6pasHbiM CBOOOA-
HBIM XJOPOM M AaBaJH MOJEKYJbl JEeTydero TeTpaxaopuia.

Hauanuch HCOBITaHUA HOBOIO METO1a «Ta30BOH XHUMHU».
VIBo 3Bapa H ero TOBapHUILU CKOHCTPYHPOBAIH ClIeHHATbHDIH
npubop — raszoBblit NpoOHUK. B HeM co3gaBasicsi paBHomep-
HBIH IOTOK XJ0pPa C 3aJaHHOH CKOPOCTbIO, KOTOPHIH MOAXBA-
TbIBaJl 00pa3oBaBlIMecs B I'a30BOM TpakTe XJOPHIAB TsKe-
JIBIX HM30TOIIOB — NPOAYKTOB OOJyYeHHsT TJYTOHHS HOHAMH
HeOHa B KaMepe MOIIHOIO ILHKJOTPOHA M NMPOTAaCKHBAJ HX
yepes crneudabHbIA GUALTP H Jajdbllie MHMO JIETeKTOPOB,
yCTAaHOBJEHHBIX B KOoHUe Tpakta. IIpum 3ToM rasoobpasubie
XJiODHABl UMPKOHHS, TradHUs, HUOOMUs, BaHAAUS CBOOOTHO
NPOXOAHIH 4epe3 QHUABTDP, AOCTHras gerektopa. Heaeryyue
e XJIOpHAbl 00pa3yloIHxcs NOMYTHO H30TOMOB HATPHUS,
CKaH/J¥4, JJAaHTAHOK/IOB H aKTHHOHIOB OCAXJaJUCh HA CTeH-
Kax ra3oBOro TPakTa WJiH B CHELHANBHOM QU/IbTPE-J0BYIIKE.

beuto ussectHo, yto atombl 104-ro ssemenra oGpasy-
forcsl Heyacto. [To3ToMy ONBITEI TPOAOJKAIHCH AOJATO H
HelpepbIBHO — KTO 3HAeT, B KAKOH MOMEHT MOSBATCH 3TH
aToMbl? OflHa cepys ONBITOB CMEHSAACh APYToW, OKa HAKO-
Hell He OblIM MOA00PaAHbl YCIOBUHS XJAOPHPOBAHMS, IPU KOTO-
PBIX [€7eKTOphl 3aperucrpuposanu 8 aromos 104-ro Tpanc-
ypaHa. KcnepuMeHTaTopbl paccuuthiBasu Ha 6—10. Temepn
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MOXKHO ObIJIO MOJBITOKHTb PE3YJbTaT YeThIPEXJETHEro TPy-
Ja IPYNibl MOJIOAbIX yUEHBIX.

Vtak, XHMHUeCKHM MeTOAOM OblIO TMOATBEpPKAEHO OT-
kpoitHe gu3ukaMd OObeIUHEHHOrO MHCTHTYTa SI1ePHBIX HC-
cJTeTOBAHHH HOBOTO CBepXTAXKeaoro sjgeMmeHta Ne 104. Ero
H30TOI C MaccoBbIM YHC/IOM 260 moJABEpKEH CIOHTAHHOMY
JeqeHHIO.

[Tepuox nonypacnaia — npumepHo 0,3 ceKyHLI.

104-# anmeMeHT — XUMHUUECKUI aHaJor radHus. Jto mep-
BBl HCKYCCTBEHHBIH 3J€MEHT, He BXOIALIHN B CeMeHCTBO
akTuHou10B. CylulecTBOBaHMEe BTOPOH NATHAALATHUJIEHHOI
KOTOPTBl 3J1eMeHTOB-aKTHHOWIOB TIOJITBEPIKIEHO IKCIepH-
MEHTAaJIbHO.

EnnsorsnacHeiM pemienneM MexAyHapoIHOTO  yYeHOTO
copeta OODBEIHHEHHOrO WHCTHTYTA ANEPHBIX HCCIe10BaAHUH
NpeJNoKeHo Ha3BaTb co3laHHbiii 104-if sjemeHT Kypuaro-
BHEM — B YeCTb BBLAAIOLLErOCH COBETCKONO YYeHOro-(husuka
Hropsa Bacunvesnua Kypuarosa.

Ecmo au npeoea
aanemenmanm?

STOT BONpPOC J0 CUX TOpP OYeHb BosaHyeT du3nkos. M ca-
MO cofoll pasyMmeercsl, 4To abCOJIOTHO TOYHOIO OTBeTa Ha
HEero BbICKAa3aThb Ceiuac HeBO3MOXKHO. CJMIIKOM NpPHOJIH3H-
TeJbHBI HAIUHM MO3HAHUA O CHJAX, MEHCTBYIOIIYX B fpe aTo-
Ma. Mexay TeM, OHH-TO U «yIPaBJSIOT» BCEMH sIAepHBIMH
IPOLIECCAMH, AHKTYIOT YCJA0BUS 0o6pa3oBaHUst HOBBIX 3Je-
MEHTOB, UX YCTOHYHBOCTb K CTIOHTAHHOMY [€JIeHHIO.

OnHaKo HOCTAaTOUHO PACCMOTPETb BeCh PAJ MCKYCCTBEH-
HO MOJIYYEHHBIX 32JeMeHTOB, 4TOGBl YyOeIHTbCs, HAaCKOJBKO
ObICTPO COKpalllaeTcsi BpeMsi KH3HU 3JE€MEHTOB C yBejuye-
HHCM HX MaccoBhIX uyuces. ¥Yke 104-ii 37eMeHT umeeT mepu-
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ox noaypacnaga okoao 0,3 cexymel, a [10-i wian 115-i
6yayT xKuThb Bcero nuiib 10~'5 cexyHawl. M ecqau cyuTaTth,
YTO BpeMs NPHMeHseMbIX cefiyac B CHHTe3e slepHbIX peak-
uuil nopsauka 10—20 cekyHas!, TO, MO-BHAHMOMY, 3J€MEHTOM
117-m uau 118-m Oymer mocturHyra abco/OTHAs IpaHHIA
cTabHABHOCTH siiep. ATOMOB ¢ GOJbIIMM HOMEPOM OXKHAATH
6ecCMBIC/IEHHO MOTOMY, UTO OHH, €IBa BO3HHKHYB, OyayT
feccaelHO McYe3aThb B pe3yabTaTe CIHOHTAHHOTO JI€JIeHHS.
KoHeuHo, Takasi OlleHKA BeCbMa OPHEHTHPOBOYHA: B HeH He
YUHTHIBAETCA BO3MOXKHOCTh 06pa30BaHus Gosiee CTaBHIbHBIX
H30TOIIOB.

MoxkHO 6Gbl PacCMOTPETb 3TOT BONPOC M C APYTHX MO3H-
uuil. M3BecTHO, YTO C yBeJHYeHHEM IOPAAKOBOIO HOoMepa
3JleMeHTa €ro 3JeKTPOHHble 060/J0YKH IIpeTeplneBaloT He
TOJIbKO KOJHYECTBEHHbIE H3MEHEeHH A, OHH NIPexK e BCero CxKH-
MawTcsA. 3HauuT, BO3MOXKEH TAKOH MOMEHT, KOorja paiauyc
6auxaiiel K AApy 0OONOYKH CTAaHET HACTOJNbKO MaJlbiM,
YTO 3JEKTPOHBI C Hee MTHOBEHHO morjotarcs sapom. Ilpo-
H30#jeT 310, Mo pacueraM bBopa u 3omMepdesabaa, TOMBKO
y 137-ro snemMenTta. Kak BHAHO, IpH TAKOM MOAXOJE «BO3-
MOXKHOCTH» HAJisi CHHTE3a 3JIeMEHTOB 3HAUHTENbHO paclIH-
pAIOTCA.

Onnako cnyctuMcs Ha 3eMd0. Bo Bcex HalIMX paccyx-
NEHUSIX Mbl He YUHTBIBAJH OJHOTO — CJAHIIKOM MaJjyi Be-
POSITHOCTb CaMoOil silepHO# peakuuu npu o6pasoBaHHU HOBO-
ro sneMmertra. OHa 3aBHCHT MNpexJe BCEro OT MeToja CHH-
Te3a M YyPOBHS TEXHHMKH, HCNO/b3yeMOH B 3KCIEePHMEHTE.
U ecaun 102-ii sneMeHT MNosydyed B HeHTPOHHBLIX IIOTOKAX,
104-%1 B siIepHBIX peakUUsX C TAXKeJAbIMH HOHAMH, TO, HCIIOJIb-
3ys CcoYeTaHHe 3THX [BYX MeTOJOB IIpH YCJOBHH CO3JaHHA
6oslee NVIOTHBIX MOTOKOB «CHAapsiJoB», MOXKeT OblTb, yAacCT-
cqa NoJyuuTh B Oamkaiimee Bpems 106-fi ssemenT (aHaJjor
Boibdpama) u gaxe 108-it (ananor pajgona). Cunres 110-
ro u 115-ro 371eMeHTOB TOXe CTaHeT paspellMMOi mpobJe-
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MOH, ec/IH MBI HayYHMCsl HCII0JIb30BaTh B KayecTBe GomGap-
AUPYIOUINX HYaCTHI THTaHTCKHE HOHBbI, CKaxKeM, HOHbBl ypaHa.

OAHO MJ0XO: CJAHMIIKOM Majo XKHBYT 3TH 3JEMEHTHI.
B TexHHKe IM03TOMY OHH IOKa He IpHMeHUMbI. Beapb oT CHH-
Te3a J0 MX HCNOJIb30BAHUS MPONHAYT MHOTHE YaChl, KOrjga oT
HHX He OCTaHeTCs U caefa.

Ho o3uauaet a1 3T0, YTO 3/1€MEHTbI C OOJBINUMHU 3apsfa-
MH HaBcerja ocTaHyTcs «becnoJiesHbIMH» 17 Hac? Cefuac
TPYJAHO CKasaTb MO 3TOMY NOBOAY 4TO-nH6O onpeeneHHOE.
Heo6xomnmo mnpexiae Bcero pasobpaTbCst B XapakTrepe
BHYTpUSilepHbIX cHJI. [locsme 3Toro Ha ouepesn npoG.ema
yIpaB/eHust siaepHbIMH cuiamH. M ecanm Obl yesoBex Ha-
YuHJICs YNPaB/IATb PaiHOAaKTHBHBIM pacmajioM, TO, «3aMO-
paxuBasi» NepHOAbl MOJypaclnaia KOPOTKOXKHBYLIMX H30TO-
MOB TAXKEJbIX JIEMEHTOB, MOXKHO Obl0 OBl CHHTE3HPOBATb
HX B BECOBBLIX KOJHYeCTBaX, NPHUTOJHBIX A5 IPAKTHYECKOTO
ncrnonb3oBanud. KTo 3Haer, Ha CKOJIbKO HOMEPOB pacIUHpH-
Jach Obl Torla Haula TabJuna 3/JeMeHTOB.

Uro s10? Panrasus? Ho Benw eute B cepepune 30-x ro-
JIOB BCeMHpHble aBTOpHTETH — DitHmTe#iH u Peseppopa —
KaTeropHYeCcKH OTpHIAJMH BO3MOXHOCTb HCIOJb30BAHUSA
3HeprHHu fjpa.

Ceftuac mo6as, caMas, Kaszajaocb Gbl, (aHTacTHYECKas
MBIC/Ib TPYROM YUEHbIX NpeBpalaercss B peasbHocTb. Jleps-
HOBEHHOe NPOHHKHOBEHHWe B TaHHbI NPHPOJALI — BOT Xapak-
TepHas Yepra CerofHflIHed HaykH. B ee /10603HaTesbHO-
CTH, B ee HeNpepbIBHOM ABHMKEHHH Blepel — 3aJ0T yCIeXoB,
JOCTHXKEeHHH, OTKPBLITHH caMblX (aHTaCTHYECKHX, CaMBIX
HeoOblUaHHbIX.



K wumamearo

DKCKypCHsl, KOTOPYIO Mbl ¢ BaMH cosepuinau B CTpaHy
D/1eMEHTOB, KOHeYHO, He MOr/a MO3HAKOMHTh CO BCeM MHO-
roo6pasueM BO3MOXHOCTEH, OTKpBLIBUIHXCH Iepel HayKoil
H TEXHHKOH C NMPHXOAOM Ha CJayxKOy Tak Has3blBaeMbIX pef-
KHX MerananoB. Jlaxke Npocroe HX nepeyHnc/eHHe ObIIO Obl
CIHILKOM YTOMHTeJNbHBIM. [103TOMYy-TO MBI OFpaHHUYHJINCDH
JIMIIb HEKOTOPbIMH, Ha Hall B3IJfAj, HaubGosee «3arajJoyHbl-
MH» 3JIeMEHTaMH, KPaTKHM ONHCAHHEM HCTOPHH HX OTKPBITHS
Y, IVIaBHOe, PaCCKA30M O HX BEJHKOJENHBIX CBOHCTBAX, KO-
TOpble AeJal0T 3TH 3/J1eMEHThHl He3aMEHUMBbIMH B TEXHHUKE.

Mpr cmoran y6einTbCsi B TOM, Kak NOPOH pe3Ko MeHs-
JOCb OTHOLIEHHE K MeTaJ/aM IIoC/e PacKpbITHS OYepepHOH
3arajKu B HX CBOMCTBAX M KaK M3 HEHYKHBIX HJIH OecroJes-
HbIX OHHM INIpeBpallla/jHch B CaMble LleHHble MaTepHaJbl HO-
BeHIIeH TeXHHKH.

Mbl noyTH He OCTAaHABJAMBA/JIHCh Ha CBOMCTBAX COefuHe-
HHH DeNKHX MeTaJ/JIOB C JPYTHMH 3JeMeHTaMH. A MOXKHO
C YBEPEHHOCTbIO CKa3aThb, YTO B 3THX-TO COEJAUHEHHSX U Ta-
ATCA MHOTHEe MOKa He pasrajaHHble, HO OUeHb MOJe3Hble
kayectBa. C/I0BOM, ecTb Ile PasryqsitbCsd M TBOPUYECTBY, U
¢danTasuu. Ecte rae Nmpu/IOXKHTb CBOe yMeHHE M HACTOHYH-
BOCTb. BOT nouemy cosugareqbHbiil IOHCK B M1060# OTpacau
HayKH, a B XHMHH DEAKHX 3JeMEeHTOB OCO0eHHO, BJeyeT
MOJIOAOTO HCCIeOBaTeN.

Yro x, TOBapHil, TBOPH, AoKasbiBai, Aep3ait. Ha stom
nyTH Tebs elle }KAYT OTKPHITHA.



3Haews A mot, 4Mmo...

..CaMbiii pefKMii M3 CYUECTBYIOUHX B NMpPHPOAE METANIOB — acra-
T™H (85-ii anement TaGauun Menpeneea). Ilo pacueram B ciaoe 3em-
HOM KOpbl TOJWKHOK 16 KHJIOMETPOB COLEPKHTCA BCEro 0,3 rpamma
3TOr0 MeTaJJa.

..ATOMHbIH Bec He Bcerjga onpejeiser MIOTHOCTh Meraaaa. Iloucku
caMoro TAXKEJOro 3jgeMeHTa B KOHLe NEPHOAHYECKOH CHCTEMbl OOpeyeHbl
Ha Heyjauy. Pekopn B 3Tom BHe MHOroGopbsi MpHHAjaeXHT 76-My 3ue-
MeHTY — TsKeaoBecy ocbMuio, Ero yneibHblii Bec 22,6, T. e. OH B ABa
pa3a TaKeJsee CBHHLA U B TPH pa3a TAKelee Kejesa.

..[OnuTep mcnyckaer B JBa C NOJOBHHON pasza GoJbule JyYHCTOM
anepruy, vem noayyaer ee ot Coanua. OGHapyxuTh 310 yAaaoch Gaa-
ronaps H300peTeHHOMy aMepPHKaHCKuM actpodusukom Ppsukom Jloy
CBEPXTOYHOMY TrepMaHueBomy OajomeTpy. YcoBepileHCTBOBaHHas Mo~
Jeab 3toro Nnpubopa B COYETAHHU C MOLUHBIM TEJNECKONMOM M03BOJAHJA
TOYHO ¥ HaJeXKHO H3MepuThp Temnepatypy nosepxHoctu Onutepa. Oua
okazanacp paBHoii 173 rpaaycam KeabBHHa, T. e. ropa3jo Bbiwe, ueM
6biia 6bl, NOJyYail NiaHeTa cBoe TeNJo T0bKo o1 CoaHua.

..MHOTHE COelNHEHHS JAHTOHOMLOB C YCHEXOM NMPUMEHSIOTCS B KBaH-
TOBBIX reHepaTopax M MOJEKYJAAPHbIX yCHJauteasx. Kpucranab 3THIACYJb-
data namrasa u TajoJMHWA C NPUMeCHi0 uUepus ropasno abdexTusnee
pyOunoBbix. Ony CHocoGHni co3faBaTh MNY4YOK Jy4a TOAWHHoK 0,01—
0,02 cm ¢ momuocTbio Gonee 100 000 kBT Ha cm?,
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..MIOYTH Bce dNeMeHThl KoHua Tabauubl MeHJeneeBa no csoeMy CO-
JepXaHHo B 3eMHOii Kope Aaxe He peikHe, a pepyaiime. H3 Hux mo-
JdoHus HaGepercs He Gosee 10000 TOHH, aKTHHMS — okojao 3000 TOHH,
a pajoHa — Bcero auiib 260 TOHH,

..CaMas <BBHICOKAasi» KPHTHUECKas TeMIepaTypa, npH KOTOPOH HacTy-
Naer CBepXNPOBOJMMOCTb Y CnJasa HHOOHs C onosom, 18° Bhiue a6co-
moTHOro Hyast. Maruut nuametpom 16 canTumerpos u BbicoTol 11 caHTH-
MeTPOB, HMEOIMHI B KayectBe OOMOTKHM JEHTy u3 3TOro 4yAa-CniaBa,
cnocoGeH co3faBaTh noJe B 100 Thicsiu rayce.

..60abllag TEMJIONPOBOAHOCTL (B 7 pa3 Bbille, YeM Yy CTaJH), BHICO-
Kag TeNN0eMKOCTh M KAPONPOYHOCTH, HO3BOJSIOT HCMONb3OBATH GepHi-
AUk K ero COCAHHEHHS B TEIVIO3AUIHTHBIX KOHCTPYKUMAX KOCMHYECKHX
kopaGaeii. U3 Gepuaans mostomy Obina CleiaHa BHEWHss TenJoBasg 3a-
IHTa Kancyabl KOCMHYECKore kKopaéas «®PpedHAWH-7>, Ha KOTOPOM
aMepuKaHCKkuii KocMonast Jxonm Faens cosepwmna cBoit nepsbtii opou-
TaJbHBIA 110JeT,
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CONEP)XAHHE

Y HCTOKOB XHMHH
Lenow xusnu .
Ot anxumun — K cospeme}mou Hayxe
B npHpope ecTb nopsimok .

HX HA3BIBAIOT PEAKHUMHU
Mertalit nposiBASiET KOBAPCTBO
He pepkue, a TpyanHomocTymnubie

YEMITUOH JIHTUMH
ButaMuH cragad
HcTounuk sHepruu

POXXIOAIOIHUE 3JEKTPHYECKHAN TOK
BusutHas kapTouka 3JEMEHTOB
L[BeTHble HemOTPOru

B CEMEUCTBE TYIONJABKHX
Taiina 3ejenoro Kpucramla
Cbin 3emJn
B orne we ropnr, B Kl/lCJlOTe He pacmopﬂech
Xumuueckue OJin3Helbl .

BOIrH CNYCTHJIUCb HA 3EMJIIO
CblH GOrMHM KPacoThbl
Orey w goup . . . . . ,
INMomoutnuk xupypra .

CNYTHUKH METAJJIOB
Ynusurenbusle 3epkana
Jenenas BeTBb .
PojcTBeHHUK KpeMHHS .
Kopoab paanoTexHUKH
Mopo3 otanauBaer KapTupy

PEJOKO3EMEJIbHBIMT KOHTHHEHT
MatHaauates HepasayuyHbIxX .
«CesepHbiii nojoc» B NpoGHpke
Penrrenosckuit annapar B noprdene
YenoBexy — HOBOE cepiue .
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