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JBu-MapraHel, — peHHH: caMbIH «MOAOAOH» CTaOMABHEBIH 3AeMeHT IlepHOANYECKOH CHCTEMBI 3A€MEHTOB

CraTbs WIUTIOCTPUPYET MONBITKY Ha IPUMEPE UCTO-
pHUM MpelcKazaHusi, OTKPBITHS U MOCIENYIOINUX HCCIIe-
JIOBaHUN MPOCIEIUTHh POJIb CaMOr0 «MOJIOAOTo» (emy
Het emie 100 neT, cpaBHUTE C 30JI0TOM) M CAMOTO PEJIKO-
ro (conocraBbTe C JIEMEHTAMHU METAJJIOB IJIATUHOBOM
TpyMIibl) 21eMeHTa B 3eMHO# kope [1]. Ha puc. 1 noka-
3aHa cXeMa B BHJE MHPaMUABI, 0TOOpaKaromas comep-
KaHue dMeMeHTOB [lepuoanueckoil TaONUIBI B 36MHOM
Kope (KJ1apkK), Iie peHuil pacrojaraercs Ha caMoi Bep-
XYIIKE 3TOH TTHPaMHULIBI' .

HA.UW. MenneneeB mnpeackasal CyLOIECTBOBAHUE
2JIEMEHTOB C MOPSAKOBBIMU HOMepamu 43 u 75, KoTo-
pble Ha3Ban dKa-mapranen (aromHbIi HOMep 43 — Tc)
W IBU-Maprasen (aToMHblid HOMep 75 — Re), uTo 03Ha-
YaeT «IepPBBId U BTOPO# aHaaoru Maprauia»’ (puc. 2).
B wutone 1925 rona na 3acenanuu Ilpycckoil akaje-
MuH Hayk npodeccop Bamsrep Hommak (Noddak) c
corpynaukamu Mnpoit Takke (Tacke) m Otto Beprom
(Berg) cmemann mepBoe COOOMIEHWE O TOM, YTO HUMH
OTKPBITHl 3JIEMEHTBHI, KOTOPbIC MOJYYUIN Ha3BaHHUE
KaK IPOU3BOAHBIE OT Ha3BaHUSA ABYX HEMELKHUX IpO-
BuHIMi: Ne 43 — Masurium u Ne 75 — Rhenium [2-4].
[Tozxe 43-i1 anemMeHT ObLT IEPEMMEHOBAH B TEXHEIUH,
a TIOJIy4eH UCKYCCTBEHHO OH ObLI TONBKO B 1937 romy.

B. Homnak, U. Takke u O. bepr npeamnonoxum,
YTO MECTOPOXKJCHHS METaJIOB ITUIATHHOBOW T'PYIMIBI U
HEKOTOpBIE MIHEPAJIbl, HAIPUMEP KOIyMOHT, MOTYT CO-
Jepxarh Mansle konuuectBa penust: 10°+104% B mep-
BoM ciryyae u 10°+10%% Bo Bropom. B 1926 romy sra
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TpyIa YYCHBIX BBIICINIA U3 MOJEOIEHNTA IEepBHIE
2 MI peHusl.

CerozHst OCHOBHBIM IIPOMBIIIJIEHHBIM HCTOYHUKOM Re
SBILTIOTCS. MEHO-MOMOIeHOBBIE pybl. Ha ctamuu obxu-
ra peHuit B JopMe BBICIIETO OKCHIA MIEPEXOIUT B ITAPOBYIO
(hazy 1 momIonaeTcst PaCTBOPOM CEPHOI KUCIOTHI.

OcHoBHbIM Tipou3BoauTeiem penuss B CCCP Obut
Jxe3kasranckuii komounat B Kazaxcrane. Cerogss 3to
caMocCTosATeNbHOE TocynapcTtBo. B P® mpomblnuies-
HO-OCBOCHHBIC MIEPBUYHBIC CHIPhEBBIE HCTOYHUKN PEHUS
OTCYTCTBYIOT. B HEOONBIINX KOJMUECTBAX €TO W3BJIEKa-
10T U3 BTOPUYHBIX CHIPbEBBIX UCTOUHUKOB.

Hamnbonee xpymHBIMU 3amacamMy peHHs 00JIamaioT
CHIA (48%), Ynmu (27%) u Kanana (16%). Ilo 3ama-
caM B pa3palaTbIBa€MbIX MECTOPOXKIEHHUSIX Ha MEPBOM
mecte ctouT Ymmu (70%), Ha Bropom — CILIA (21%).
B uenom, obecrniedeHHOCTh MUPOBOM MIPOMBILUIEHHOCTH
JIOKa3aHHBIMH 1 BEPOSITHBIMHU 3aI1acaMi PEHUS 3apyO0ex-
HBIX CTpPaH IPH COBPEMEHHOM YPOBHE TOOBIUM COCTaB-
asieT okouto 40 ser.

Penuil oTHOCHTCS K paccesiHHbIM, TYTOIUIABKUM
W pelKkuM MeTasiaM. B HeM coueTaroTcsi YHUKaJIbHbIE
(u3nUecKne U XUMHYECKUE CBOWCTBA, YTO OMPEICISICT
pa3sHoOOpa3HOe HCIOIb30BAaHUE METajla B COBPEMEH-
HOU TEXHHKE.

TyromnaBkocts (Temmneparypa miasienus 3180 °C,
kurieHust 6000 °C), ycrymaromasi TOJIBKO BOJIb(pamy,
BBICOKAsi MPOYHOCTh, TUIACTHYHOCTH MpPH KOMHATHOM
TeMIeparype MO3BOJIMIN CO3JaTh LEIYI0 FaMMy JKapo-
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Puc. 1. ConeprxaHue 371€MEHTOB B 3eMHOI Kope'.
Fig. 1. Content of elements in the Earth’s crust'.

! 3aumcTBOBaHO U3 qoKkiana B.E. ®enoposa. / Taken from a report by V.E. Fedorov.
2 B myomnukanusx 1925-1930 rr. Betpevatorces Hamucanus «Eka-manganese element» u «Dvi-manganese elementy. / In publications
from 1925-1930, “Eka-manganese element” and “Dvi-manganese element” can be found.
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DIE EqAMANGANE T
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Puc. 2./ Fig. 2. Noddack W., Tacke 1., Berg O. Die Ekamangane.
Naturwissenschaften. 1925;13(26):567-574 [1].

MIPOYHBIX CIJIABOB PEHUS C HUKEIEM, KOOaIbTOM, MOJIHO-
JCHOM, BOHb(l)paMOM, TaHTAJIOM, TUTAHOM U JPYTUMH
MeTaJUIlaMH, HCIONB3yeMBIMH B aBHAIIIOHHO-KOCMUYE-
CKOI TECXHHUKEC, B YAaCTHOCTH, IJId U3IOTOBJICHHUA JIOIIATOK
PCaKTUBHBIX IBHUTATEICH.

Hpyroii BaxHeiilmel o00IacTbi0 TMPUMEHEHHUS SB-
JSIETCSl TeTEPOTeHHBIN KaTalin3 B Pa3IMYHBIX OPTaHH-
yecKux mpousBoAcTBax. Ha puc. 3 mokasansl obmactu
MIPUMCHEHHSI PEHUSL.

VYHUKaJIbHBIM MCTOYHUKOM peHust B P® sapuser-
cs1 Mectopoxnenue «Bynkan KynpsiBeiii» (puc. 4), or-
KpPBITOC I/IHCTI/ITyTOM BYJIKAHOJIOTUUM W TCOAMHAMUKU
(MBUI') PAEH Ha ocrtpoBe Utypyn (CBuaeTenbcTBO
MITP Ne FOCX02MET 10006 ot 19.07.2002)*. B BbIcOKO-
TEeMITepaTypHBIX Ta3axX ByiaKaHa KyapsBeiii ycTaHOBIECHBI

2% 1%

5%

BBICOKHE COCPKaHMS PEHHs, TepMaHUs, HHANS U Jpy-
THX PelKUX U OrmaropogHbix Metamios. Pemennem 1[K3
MIIP Poccum ot 08.07.2002 omepaTtuBHO TIPHUHSITHI JIH-
HaMHUYECKHE 3aachl peHus B KonudecTse 36.7 T/rof, Ka-
teropus C, 6e3 onpeesnenus 0anaHCOBOM IPHHAILIEK-
HocTH. Crioco0 M3BICUCHUS PEHUS U3 BYJIKAHHUECKUX
ra3zoB 3amunieH (mareHt Ne 2159296 ot 20.11.2000) u
ornpoOoBaH B Ja0OpPaTOPHBIX HKCIEPUMEHTaX, MpOBe-
JneHHbIX B 1994-2002 rr. (MHCTUTYT BYJIKAHOJOTHU W
reoquHaMuKy, WHCTUTYT MHHEPATIOTHH, TCOXUMHUU MU
KpUCTAIIOXUMUH peakux nemenTos, [ MHIIBETMET).
[omydeHune penkoOMETaIbHOIO KOHIEHTpaTa W3 rasa, B
OTJIMYHME OT TPAIUIIMOHHBIX HCTOYHHUKOB, HE TpeOyeT 3a-
TpaT Ha AOOBIUY, TPAHCTIOPTHUPOBKY U 00OTAIICHUE PY/bI
¥ MOXET OBITh PCHTA0CIbHBIM.

JKaponpouHble HUKENIeBbIe CIUIABbI IS
TypOMHHBIX JtonaTok / Heat resistant nickel alloys
for turbine blades
. Karanuzaropsr / Catalysts

TIpouwne xapornpounsie crutaBbl / Other heat
resistant alloys
. Crutassr oot tepmonap / Alloys for
thermocouples
. OnekrpokonTaktsl / Electrical contacts
. Hpyrue obnactu / Other fields

Puc. 3. OcHOBHBIE 00IACTH TIPHMCHEHHUS PEHUS .
Fig. 3. Main applications of rthenium?.

3 DnektponHbIii pecype MetalResearch / Mupogoit peirok perust 2016 / 3-¢ m3manme. http:/www.cmmarket.ru, Roskill.com, Ereport.ru /
Electronic resource MetalResearch / World market of thenium 2016 / 3rd edition. http://www.cmmarket.ru, Roskill.com, Ereport.ru

4 CraBa 3TOTO OTKPBITHSI MIPUHAIEKHUT JOKTOPY Te0I0r0-MHHEpATOrHIecknXx Hayk, akagemuky PAEH T.C. Iteitubepry (Crob,
anpeiib 2014, Ne 4). / The glory of this discovery belongs to the doctor of geological and mineralogical sciences, Academician of
the Russian Academy of Natural Sciences G.S. Steinberg (Snob, April 2014, No. 4).
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Puc. 4. ®oro Bynkana Kynpsssrii.
Fig. 4. Photo of the Kudryavy volcano.

C no3unmu QyHAaMEHTaIbHOW HAayKH PE3YJIbTaThI
W3YYCHUS XMMUHU COCIMHCHWH PEHHS BHECITH penbed-
HBIA BKJIQJ B XMMHIO KJIACTEPOB, METOABI «MATKOH XH-
MHUH», MpoOIeMy HONyYCHHS MOTOPHBIX TOIUIMB HIIH
MIPUCAJOK K HUM U3 BO30OHOBISIONIMXCS MCTOYHHKOB
CBIPBA (TETEPOTCHHBIN KaTanus).

TepMuH «MeTajuioknacTep» (aHII. cluster — rpyI-
ma, Tpo3/]b, CKOIUICHHE) B KOOPAWHAIMOHHYIO XHMHIO
onu1 BBesieH A.®@. Korrornom B 1964 romy. XoTst TepMuH
«KJIACTEP» IUPOKO HCIOIB3YIOT B Pa3INIHBIX 00TACTIX,
B XUMHYECKOI JINTepaType OH ONpeneisieT Kpyr coelu-
HEHU, MOJIEKYJIbI KOTOPBIX COEepAKAT OKPYKEHHBIH JIu-
raiHjiaMi OCTOB M3 aTOMOB METAJIJIOB, HAXOAALIMXCS Ha
PACCTOSIHUAX, OMyCKAIOMNX HPSMOE B3aHMMOICHCTBHE
MeTaJlJI-MeTaJlll. MeTaJlJIOKIIacTepHbIE COSAMHEHUS 3a-
YJaCTYyI0 XapaKTepPHU3YIOTCS CIOKHBIMH CTPYKTypamH,
CBOE0Opa3HOM peakIMOHHONW CLIOCOOHOCTBIO U HEOObIU-
HBIMH (PU3NYIECKUMH CBOHCTBAMH.

Penuil saBnsercs ogHUM U3 KJIACTEPOOOpaszyIIuX
MeTauioB. Hambosnee THUNMYHBIMU IPEACTaBUTEISIMHU
METAJJIOKJIACTEPHBIX COEJUHEHUHN SIBISAIOTCS Trajore-
HHUJIHBIC U XaJBKOTCHUIHBIC KOMIUIEKCHI PEHUS, B KOTO-
PBIX aTOMBl PEHHS HAXOIATCS B HEBBICOKHUX CTENEHSX
oxucienus. Hamnane cBOOOIHBIX BaJICHTHBIX DIIEKTPO-
HOB U KOOPAMHAIIMOHHAsl HEHACHIIIEHOCTh TaKuX HU3-
KOBAJICHTHIX MOHOB MOOYXJAIOT UX K JOTOJHUTCIEHBIM
(moMHMO CBsizel MeETaJI-JIMraHja) B3auMOJEHCTBHUIM
JpYT C IPYyTOM, 9TO IPUBOAUT K 00PA30BAHUIO METAIIIO-
KJIacTepos [ 35, 6].

[ToHATHO, YTO TOCKONBKY U1 OOpa3oBaHMS CBS-
31 MeTaJNI-MeTaJlll HyXKHbI AJIEKTPOHBI, TO UX YUCIO B
3HAQUUTENBLHON CTEIICHM ONpEeNsieT TUI U pasMep Me-
TaJIOKJIacTepa: 4eM OOJIbIIe BaJICHTHBIX 3JICKTPOHOB Y
HMOHOB MeTaJl1a (UTO OMPENeNseTCs SNEKTPOHHOU KOH-

(urypanueit HoHa), TeM OOJbIIee YUCIIO CBsi3eit M—M
MOKET BOSHMKHYTh M T€M KpyItHee OyIyT MeTaslIoKIa-
CTepbl. AJBTEpPHATUBHAS BO3MOXHOCTH MCIIOJIb30BAaHUS
CBOOOZHBIX BAJICHTHBIX JJICKTPOHOB — 0Opa3oBaHUE
KpaTHBIX CBsI3el MeTtaiu—MeTaul. [IpocTeimmmM meTan-
noknactepom senstercs qumep M,. Tlpu Gonbuiem unce
aTOMOB METaJlIa KIIACTEP MOXKET ObITh TPEYTOJIbHBIM M.,
TETpasapuuecKuM M,, okTasapuueckum M,, KyOudec-
kUM M, win ee 6onee coxkubiM. [lepoe KinactepHoe
coemunenne penns — Re,Cl;, B KOTOPOM aToMbI peHHUs
00pa3yeT TpeyroJbHUK ¢ KOPOTKUMHU PACCTOSHUSIMH pe-
Huit-penuit, pasubivu 2.47 A, onncano B 1963 rogy.

CerofHs MOJy4Y€HO M OXapaKTEepPU30BAHO CEeMeM-
CTBO MOHO-, OW- M TPUMETAIIINICCKUX OKCOAIKOKCO-
coenquHeHnd perus u MetaiioB V-VIII rpynn Ilepu-
OJIMYECKOW CHUCTEMBI’. DTH pe3ylbTaThbl O3BOJIHIN
CO3/aTh METOJbl IMOJyYeHUs CIUIABOB TYTOIUIABKUX
metamos (T > 2500 °C) npu peKopHO HU3KUX TEM-
neparypax (< 600 °C), karaanu3aropoB, MO3BOJISIOMINX
MOJTy9aTh U3 OMOMAacChl MOTOpPHBIC TOIUIMBA WM TPHU-
caJKu K HuM [7-9].

OnenuBas pETPOCIEKTHBY, MOKHO OOOCHOBAHHO
ojIarath, 4TO XUMHS PCHHS W €T0 COCAMHEHHU Oymer
JUHAMHUYHO pa3BUBaThCsl U acT HEOPAMHAPHBIE U BOC-
TpeOOBaHHBIE PE3YJIBTATHL.

OTH yacTHbIE pe3y/bTaTbl ONMCHIBAIOT IIapajurMy
BEJIMKOTO OTKpbITHS — Ilepronnyeckoil cucremsl ane-
MenTtoB [[.11. Menneneena.

Aemopbz 3a381510M 00 omcymcmeuu KOH(Z)/ZMK]’na UuHmepecos.

The authors declare no conflicts of interest.

* Pan coemmennit lemoHcTpUpyeT HammuMe KnactepoB Re,. /
A number of compounds demonstrate the presence of Re,
clusters.
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