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Mo BMAMMOCTH, NEPMOAMUECKOMY 3aKOHY Byayluee
HE rpoO3uT paspyLUEHMEM, a TOMbKO HaACTPOMKM
u passute obeluaer.

0. N. Menpenees, 1905 r.

OrtkpbiTve . N. MeHpeneeBa oTHOCHTCA K pyHAa-
MEHTanbHbIM 33KOHaM MMWPO3AAHMSA, TaKMM, Kak
3aKOH BCEMMPHOro TaroTeHus HetoToHa unu Teopms
OTHOCMTENBHOCTU DHHWTEMHa, a [. N. MeHpenees
CTOMT B OfHOM PSAY C MMEHaMW 3TUX BEIMUKMX
P13UKOB.

Akapemuk A. W. PycaHos

M Hurunmsm specb 6bin 6essnoben,
M pyx ecrtectBeHHbIX HayK

(Bnacten BBeprarowmx B mcnyr)
3pecb 6bin penurun nopobeH.

A. brnok



JI. 1. MenneseeB B cBoeM KaOuHeTe
(I'naBHast nanata mep u Becos, Cankr-IleTepOypr)



O »xu3Hum mn HayuyHosi gestensHoct [. . MeHge-
nleeBa, MUCTOPMM CO3A[AHUS M CYTHM Mepuosmuyqe-
CKOro 3aKOHa XMMMYECKMX 3/IEMEHTOB HAaNMMCcaHsl
COTHM KHHUI M ThICSYM CcTaTei. TemM He MeHee
K 3TO/i TemMe u cerogHs He ocnabesaeTr nHTepec.

KPATKUE BUOIPA®UYECKHUE I AHHDBIE

J. . Mennenees poauics 27 sHaps (8 ¢es-
pansi) 1834 r. B To6osnbcke. bBoln nociaennum, cem-
HalLAaTbIM, peOeHKOM B ceMbe aupekTopa To6osb-
CKOHM T'MMHA3ud W ydujaulll ToO0JbCKOro OKpyra
WBana IlaBnoBuua MenneneeBa u Mapuu Imut-
pueBHbl MenneneeBoit (KopHuabesoii).

B 1841 r. moctynun B To60/abCKYI0 THMHA3MIO,
cpenu yuurtesel kotopoi 6vl1 aBTOp «KoHBKA-TOP-
6yHka» — noat Iletp IlaBnoBuu Epuios. B rumua-
3un . 1. MeHnesneeB, HeCMOTpPSl Ha MaTeMaTHue-
CKHe CMOCOOHOCTH, T10Ka3aJs oCPeACTBEHHbIE yCIIe-
XH, 0COOEHHO, B JIaTbIHM, HEMELKOM S3BIKE.

B 1849 r. 1. 1. MeunejseeB oKOHUMI T060JIb-
CKyI0 THMHAa3HI0 ¥ BMECTe C MaTepblo Nepeexas B
[Tetepbypr, roe B mae 1850 r. moctynua Ha (PU3H-
KO-MaTeMaTHYecKH# (akyabTeT [yaBHOrO menaro-
THYECKOT'O0 HHCTUTYTA.

B centsabpe 1850 r. ymepsna matb M. JI. Mes-
neseeBa.

B uncturyre HQmutpuit MiBanoBud ciyman jek-
uun MatemaTtuka M. B. OcTporpanckoro, husuka
3. X. Jlenua, xumuka A. A. Bockpecenckoro. [lon
BJUsIHUEM Bockpecenckoro MeHaeseeB BBITONHUI
U onyOsauKoBaa B 1854 r. cBOO MepBYI HayuHYIO
pabory «XUMHUECKHU aHaMu3 opTUTa U3 DHHISH-
IUR>.

B mae 1855 r. yueHBIH COBET HHCTHTYTa MpPHUCY-
mun MenpneneeBy TuTyn «CTapiini yuuTesb» U Ha-
rpanns 3o0Tod Menanbio. Ocratbess B [leTepOyp-
re ajas pabGoThl Hal MarucTepckod aucceprauueit
OH He CMOT II0 COCTOSIHHMIO 3[0POBbSI U 110 HAcCTOS-
HHUIO Bpayed yexasa Ha IOT.

B 1855 r. — crapuuii yunTesb eCTECTBEHHBIX
HayK CHMQepornonbCKol MYKCKOH TMMHAa3HH.

C okts16pst 1855 r. mo mait 1856 r. mpenogasaln
MaTeMaTHKy, (PU3UKY U eCTeCTBEHHble HayKH B I'MM-
Hasuu npu PumienbeBckom sutiee. B Onecce Ha 31a-
HUM ObIBLIEro Pullle/beBCKOro JHLes YCTaHOBJEH
6apeabed . M. MeHaesneeBa paboThl CKYJAbITOPA
B. TosoBanoBa, aBTopa Gapeabedor A. Muikesu-
ya u [1. M. YaiikoBckoro B Opecce.

B 1856 r. 6uiecTslle 3alUTUI IUCCEPTALIUIO <HA
NpaBo 4TeHHUs JeKuuh» «CTpoeHHe KpeMHe3eMHbIX
coenuHeHuit» (onmnoHeHThl A. A. BockpeceHnckuil u
M. B. Cko0/IMKOB), C yCIIEXOM MPOYEJ BCTYIHUTENb-
Hyto JeKunto «CTpoeHHe CHNTHKATHBIX COETUHEHUH».
B xonue siuBaps 1856 r. oTmesbHBIM H3IaHUEM B
[letepOypre BbIlLJIA B CBET KaHAWAATCKas AHUCCEp-
tauus 1. 1. MenneneeBa «M3omopdusm B CBSI3H

C APYTUMH OTHOUIEHHSIMH KPHUCTaNINIECKOH (hOPMBI
K COCTaBy».

B 1857 r. yTBep:k/eH B 3BaHWHU MpPUBAT-IOLEHTA
[TeTepOyprckoro yHUBEpPCUTETA 10 Kadeape XUMHUH.

B 1857—1890 rr. npenonaBan B I[letepbypr-
ckoM yHuBepcuTteTe (¢ 1865 r. — npodeccop XuMu-
4eCcKO# TexHoJoruH, ¢ 1867 r. — mpodeccop obiiei
XUMHH), BO 2-M KaJeTCKOM KOpPIyCe YHUTAET JIEeKIUH
0 XUMHUH; ofHOBpeMeHHO B 1863—1872 rr. — mnpo-
(eccop TleTepOyprckoro TeXHOJIOTHYECKOTO HHCTH-
TyTa, PYKOBOIAUJ XMMHUeCKOH JsabopaTopueil HH-
CTUTYyTA.

B 1859—1861 rr. Haxomu/acs B HaydyHOH Ko-
MaHIUpoBKe B [elinebbeprckoM yHHBEPCHTETE,
rae paboranu P. Bynsen, I. Kupxrod, I'. I'enbm-
rosbl, J. dpaenmetriep. B I'epmanun . Y. Menne-
aeeB Berperuics ¢ JIx. Y. T'm66com, B 1860 r.
MpUHHMaN ydacThe B pabote nepBoro MexnyHa-
pPOIHOTO XMMHYecKoro Kourpecca B KapJcpys.

B 3ToT mepuwon CKOHCTpPyHpPOBaJ MUKHOMETP —
npubop [Js1 ONpefesieHUs TIIOTHOCTH JKHUAKOCTEH.
B 1860 r. npu ucc/aenoBaHuy 3aBUCUMOCTH MOBEPX-
HOCTHOTO HaTsIXKEHHS XKHUAKOCTEH OT TeMIepaTyphl
oOHapyKuJ «abCOJMIOTHYIO TeMIlepaTypy KUIIEHUs»,
(baKTUUECKH OTKPBLI SIBJEHHE KPUTHUYECKOTO COCTO-
SIHUSI BELIeCTBa.

[Toce Bo3BpameHuss Ha pomwHy B 1861 T.
I. Y. Mennenees usnan nepsuii B Poccun ydeb-
HUK OpPraHHYecKod XuMmuu, Kotopbii A. M. Byrie-
pPOB 0XapaKTepu30BaJ KaKk «eQMHCTBEHHBIH M Tpe-
BOCXOAHBIH ODUIMHAJIBHBIA TPYZA IO OpPraHU4ecKoH
XUMHM». DTa KHUra no npexacrasienuo H. H. 3u-
HWHa OblJa yIOCTOEHA BBICIIEH B TO BpeMs Ha-
yuHod Harpanel Poccuu «JleMHOOBCKOH mNpeMun»
(1000 pyo6uaeit!). 31 suBaps 1865 r. JI. . Menne-
JeeB Ha 3acenanuu CoBeTa (U3UKO-MaTeMaTHYECKO-
ro ¢akynbreta Cankr-IleTepOyprckoro yHHBepCH-
TeTa 3alUUTHJ NOKTOpCKylo nucceprauuio «O co-
eIMHEeHUH CIHMPTa C BOJOU», B KOTOPOH OBLIH 3aJ0-
’KEeHbI OCHOBEI €T0 YueHHUsl 0 pactBopax. Ero usbupa-
10T npocgeccopoM Mo Kaeape TeXHUYECKOH XUMHUH
[leTepOyprckoro yHUBepCUTETA, Ile OH YUTAeT KypC
HeOpraHWYEeCKOH XMMHH, a 3aHSATHS M0 OPTaHUUECKOH
XUMHH BeJI TIpUTJIalleHHblH 13 Kasanu 1o HacTOsSHUIO
Menpeneea Asekcanap MuxaiisioBuu ByTtsepos.

B 1876 r. u3bpaH 4JeHOM-KOPPECIOHIEHTOM
Wwmnepatopckoit Cankt-IleTepOyprckoit akameMun
HayK, B 1880 r. BbIBUTa/NCS B aKaJeMHKH, HO ObLI
326a/JI0THPOBAH, YTO BBI3BAJIO PE3KHUH OOLIECTBEH-
HBId MPOTECT.

[Ipunuman yuyactve B pa3paboTKe TeXHOJOIMH
3anyuierHoro B 1879 r. nmepsoro B Poccuu 3aBona
10 NPOM3BOACTBY MAlLMHHBIX MaceJ B rnoceske Kon-
CTAHTHHOBCKHH B SIpocsaBckoil ry6epHUH, KOTOPBIH
HbIHE HOCHT €ro HMS.

B 1890 r. nokunyn [leTep6yprckuil yHHBepCH-
TeT M3-32 KOH(JMUKTA C MHHACTPOM IIPOCBEILEHHS,
KOTOPBIH BO BpeMs CTyNeHUECKHUX BOJHEHUH oTKasas-
csl MpUHATb 0T MeHzeseeBa METHULMIO CTYIEHTOB.
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B 1892 r. no mpenJsioeHU0 MUHHCTPa (pUHAH-
co C. IO. Burre . M. MeHnesieeB CTAHOBUTCS
y4YeHbIM XpaHuTeseM [leno o6pasLoBBIX I'Mpb U Be-
coB, KoTopoe B 1893 r. mo ero wHHLMATHBE OBLIO
npeo6pa3oBaHo B [yaBHyI0 majnaTy Mep H BECOB
(aerre BHUUM metposoruu um. 1. 1. Menneneesa).

[IpakTHUeCcKH 3aJ0KUJ OCHOBbl XHMHUYECKOH
MeTpoJioruu. Y ceropHsi cripaBelsiuBbl €ro CJOBA:
«Hayka HauuHaeTcs ¢ TexX MOp, KaK HAUHHAIOT H3-
MepaThb. TouHasi Hayka HeMbICJIMMa 6e3 Mepbi».

B poccuiickuil 3akoH 0 Mepax u Becax (1899)
HapsiIy ¢ OCHOBHBIMH €IMHHLAMH H3MepeHus — (yH-
TOM U apLIMHOM — BKJIFOUHJ MeXKIyHapOAHbIE METPH-
yecKHue Mepbl — KusorpaMm U Metp. Co3pas TOUHYIO
TEOPHUI0 BECOB, pa3paboTas Jydllide KOHCTPYKLIHH
KOPOMBICJIa B appeTHpa, MPEeaoKHUJI OPUrHHANbHBIH
MEeTOJL B3BeLUMBAHHS IPH MOCTOSHHOH Harpyske.

8 okrabpa 1901 r. mo uxuumatusBe JIMuTpud
MBaHoBuya MeHneneeBa B XapbKoBe Oblia OTKPbI-
Ta repBasi B YKpavnHe MOBepPOYHAsi MajaTKa /s Bbl-
MEepKH U KJIeHMeHHs1 TOProBbIX Mep U BecoB. C aTOro
BpeMeHH OepeT HauaJo He TOJbKO HCTOPHUS METpo-
JIOTHH M CTaHIapTH3aLUK B YKpanHe, HO OoJsee 4yeM
cTosieTHsis uctopusi «MHCTHTYTa METPONOTHU».

B 1893 r. pabGoran Ha XMMHYECKOM 3aBOfE B
nocesnke boHaroxckuil (HbiHe r. MeHzesneeBcK), Ha
KOTOPOM <«BHEAPSI» pa3paboTaHHYI UM COBMECT-
HO ¢ V. M. UeblIOBBIM TEXHOJIOTHIO MHPOKOJLIO-
JUsl, CTaBLUEro OCHOBOH Oe3AbIMHOro Mopoxa, Mo-
JIYYHBLIETO BBICOKYIO OLIEHKY BOEHHBIX CIIeLHaJ/IH-
cToB, B ToM uucsae agmupana C. O. Makaposa. [1o
pPa3HbIM TpPUYHHAM (CEKPETHOCTb, BEJIOMCTBEHHBIE
HHTEpECHl) BIIOCJENCTBUH H300peTaTe/IsIMU IHPO-
KOJIJIOUIHOrO mopoxa Haspanu KanutaHa J[x. Kon-
Bepca U COTPYAHUKA aHIVIMHCKOH BOEHHO-MOPCKOH
pa3Benku seiiteHanta . Bepuana. B roger [lepso#
MHpPOBOU BOHHBI POCCHSI B OTPOMHBIX KOJHUYECTBAX
3aKkymnaja Oe3nbiMHbIE mopox B CIIIA.

B 1900 r. yuactByeT B pabore BcemupHOU BBbI-
craBku B [lapuxke; uM HamucaHa nepsasi Ha pyc-
CKOM $I3blKe OoJibllasi CTaThsl O CHHTETHYECKHX
BoslokHax «Buckosa na [lapukcko# BBICTaBKe».

B 1903 r. nepseiit npencenarenas ['ocynapcTsen-
HOH 3K3aMeHaUMOHHOH KoMHccHH KueBckoro mosu-
TEXHHYECKOTO0 HMHCTHUTYTa, B CO3[aHHU KOTOPOTO
y4eHbIH TPUHHMaJ aKTHBHOE ydacTHe.

B suBape 1907 r. . 1. MenpneneeB npocTymui-
csa. Ilpoctyna mepemsia B BOCNasieHWe JIETKHX, H
ytpom 20 stuBaps (2 ¢espanas) 1907 r. 1. M. Men-
IesieeB CKOHYAJICS.

Ero nmoxopoHBl BBUIHJINCH B MHOTOTBHICSYHYIO
JIEeMOHCTpaLMIO CTYAEHTOB, MHTEJJIHUIeHLUH U TIPO-
CTBIX Jiomed ropoma. Hanm TpaypHo# mnpoueccuen
BO3BBILIAJICS TPOMaAHbIA TPAaHCIapaHT, Ha KOTOPOM
6p11a n3obparkena [lepuonuueckas cucrema. Iloxo-
poHeH Ha «JIuTepaTypHBIX MOCTKax» BoJKoBCKOro
knan6uma B Cankt-IletepOypre.

OPULHUAJIbHBIE MPU3HAHUSA 3ACJYT
. U. MEHEJIEEBA

J. YI. MenneneeB — aBTOp (PyHAaMeHTaNbHbIX
HCCAeOBAaHUH 0 XHMUHM, XUMHUECKOH TEXHOJIOTHH,
(hu3uKe, METPOJIOTHH, BO3AYXOIJIABAHUIO, METEOPO-
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JIOTHH, CEJbCKOMY XO3SHCTBY, 3KOHOMHKE, Hapo.-
HOMY TIPOCBEILEHHIO.

B npencrasienun 60JblIMHCTBA aofedl Menpae-
JeeB — BeJuKud xumuk. Ho, okaswiBaeTcs, U3 Bce-
ro kosudyectBa ero TpynoB (1500, cpean KoTopbix
kjgaccnueckue «OCHOBBI XMMHH») COOCTBEHHO XH-
MuH TocBsimeHo auib 9 %. C ropasno 60./bLINM
ocHoBaHueM Jmutpus MBaHoBuua MOKHO ObLIO ObI
Ha3BaTb (PU3UKO-XUMHMKOM, (DU3UKOM HJH TEXHOJO-
roM, 00 Ka>KJOH U3 3TUX 00JacTed OH IMOCBATHI
npumepro 20 % csoux pabor. Hakomel, nemanas
J0JIS1 €r0 UCCJIEAOBAHUH MPUXOAUTCS Ha reoPpU3UKy
(5 %) u skoHoMHKY (8 %).

Hayuneiit aBToputer . M. MenneneeBa Obla
orpomeH. CIIMCOK THUTYJOB M 3BaHMH €ero BKJIIO-
qyaeT OoJsee crta HauMmeHoBanu#. OH Obl1 u36paH
MOYETHBIM YJEHOM MPaKTHYECKH BCEX POCCHUCKUX
U OOJIbLUMHCTBA 3apyOeKHbIX akKaleMUd, YHUBepCH-
TETOB M HayyHbIX obuiecTB. TeM He MeHee CBOH
TPYAbI, YacTHble W O(QULIMaNbHbIE 0OpalleHHs OH
noanuceiBan 6e3 ykasanus peranui: «J. Menpe-
JeeB» WU «mpodeccop MeHneneeB», KpailHe pen-
KO yIIOMHHAasi Kakue-au00 MPUCBOEHHbIE eMY MOYeT-
Hble 3BaHHUS.

J. I MenneneeB — noktop TypHHCKOH akape-
My Hayk (1893) n Kembpumkckoro yHuBepCHTETA
(1894); noxkrop xumun Caskrt-Iletepbyprckoro yHu-
BepcuteTta (1865), moktop mnpaBa DmUHOYPrcKoro
(1884) u Ilpuncronckoro (1896) yHuBepcuTeTOB,
yuuBepcutera ['nasro (1904); nokrop rpaxmgaHcko-
ro npaesa Oxcdopackoro yHupepcurera (1894);
JOKTOP (PUJIOCOPUU U MATUCTP CBOOOIHBIX UCKYCCTB
lFertunrenckoro yuuBepcuterta (1887); unen Kopo-
neBckux o6mectB (Royal Society): Jlonmonckoro
(kopoJsieBCcKOro oblecTBa CONEUCTBHUS €CTECTBEH-
HbIM HaykaMm, 1892), dmunbyprckoro (1888), Hy6-
auackoro (1886); unen axkamemuiél Hayk: Pumckoi
(Accademia dei Lincei, 1893), Koposesckoii aka-
nemun Hayk [lIBeunu (1905), Amepuxanckoil aka-
neMdd uckyccTB W Hayk (1889), HaumonanbHou
akanemun Hayk Coenunennbix llltaToB Amepuku
(Bocron, 1903), Koposescko#i akanemun Hayk (Ko-
nenrared, 1889), Mpnannckoil KopoaeBCKOH akame-
mun (1889), I0ro-Crassuckoi (3arpe6), Yerickoi
aKkaleMHMH Hayk, JuTepaTypsl U uckycctBa (1891),
Kpaxosckoit (1891), Upnannckoit (Hdy6mauH), Besb-
THICKOH aKaleMHH HayK, JIUTePaTypbl U H3SILIHBIX
uckycctB (1896), Akamemuu xymoxkecTB (CaHKT-
[Tetep6ypr, 1893); movyernniit unen KoposeBckoro
unctutyta (Jlonnon) (1891); uneH-KoppecnOHIEHT
Cankr-Iletep6yprekoit (1876), ITapuxkcekoit (1899),
[Ipyccko#t (1900), Benrepckoit (1900), Bosonckoit
(1901), Cepbekoit (1904) akamemuil Hayk; Touert-
Hbli ueH MockoBckoro (1880), Kuesckoro (1880),
Kaszanckoro (1880), Xapbkosckoro (1880), Hoso-
poccuiickoro (1880), IOpbesckoro (1902), Cankt-
[Tetepbyprckoro (1903), Tomckoro (1904) yHuBep-
CUTETOB, a Takxe FHCTHTyTa cesbCcKOro Xo03siii-
ctBa u JecoBoacTBa B Hosoii Anekcannpuu (1895),
Cankr-Iletep6yprekoro texnosnorudeckoro (1904) u
Cankr-IleTep6yprckoro nmoJMTeXHHUECKOTO HHCTH-
TyTOB, CaHkT-IleTepOyprckoil MeaMKO-XHPYprHye-
ckoil (1869) u IleTpoBCcKOlU 3eMiemebuecKOd H
necHod (1881) akamemuiéi, MOCKOBCKOTO TeXHHYe-
ckoro yunsuia (1880).



J. YI. MenneneeBa uzbpanu CBOUM IOYETHBIM
yyeHOM Pycckoe ¢usnko-xumuyeckoe (1880), Pyc-
ckoe TexHuueckoe (1881), Pycckoe acTpoHOoMHye-
ckoe (1900), Cankr-IleTep6yprckoe MHHEpaJIOTH-
geckoe (1890) obmecTBa u emre okosa0 30 ceabcKo-
X03SHCTBEHHBIX, MEAUIMHCKHX, (papMalleBTHUECKHUX
M IPYTHX POCCHHCKHUX M MEXXIYHAPOAHBIX HAyYHBIX
o6mect: Ob1ecTBO GHOMOTHUECKOH XUMHUK (Mex-
IOyHaponHoe OObeNVHEHHE MJI CONEHCTBHUS HCCIe-
noBanusim, 1899), O61miecTBO ecTecTBOHWCHBITATE-
qeit B Bpaynuseiire (1888), Anrauiickoe (1883),
Awmepukanckoe (1889), Hemenxoe (1894) xumunue-
ckue obuectna, Pusnyeckoe obuiecTBo Bo PpaHk-
¢pypre-Ha-Maiine (1875) u OO61uecTBO (hrU3UUECKHX
Hayk B Dyxapecte (1899), ®apmaneBruyeckoe 06-
mectBo Bemnukobpuranun (1888), dunamervpuit-
cku#l (hapmauenTHieckuil xosnemx (1893), Kopo-
JIEBCKOE O0OIIeCTBO HAYK M JUTEpaTyphl B ['eTebop-
re (1886), MaHuecTepcKkoe NUTepPaTypPHO-PHUIOCOD-
ckoe (1889) u Kembpumxkckoe dumocodcekoe (1897)
obuectBa, Koposesckoe dumocodckoe o611ecTBO
B 'nasro (1904), Hayunoe obiectBo AHTOHHO AJib-
uate (Mexuko, 1904), MexnyHapoOHBIH KOMUTET
Mmep u Becos (1901) u mMHOrue mpyrue HaydHble yu-
peXIeHus.

B uncne npouero . M. MeHneneeB kaBasep
opreHoB: Cesitoro Bamagumupa [ crenenu, CsToro
Anekcannpa Hesckoro, Besoro opna, cBsiToli AHHBI
I crenenu, Cearoro Cranucaasa I crenenu, [Touer-
HOTO JIETHOHA.

Mepnanb X. [13BH, koTOpo#l JIoHIOHCKOE KOpOJIeBCKOe 0O1IeCT-
Bo Harpanuio B 1882 rony II. . Menneneesa u JI. Metiepa

Mepnanb T'. Konnu, koropoi#t II. Y. MenneneeBa Harpauuio
Jlonnonckoe KopoJsieBckoe obiiectso B 1905 .

Yuenbl#i ynoctoeH menanu Ilssu JIoHmOHCKOrO
KopoJsieBckoro obiiectsa (1882), menanu Axkanemuu
MeTeopoJiornueckoi aspoctatuku (ITapmx, 1884),
dapaneeBckoil Menaau AHMJIHECKOTO XUMHYECKOTO
obutectBa (1889), menmanu Kosanu Jlonmouckoro
KopoJsieBckoro obimiectBa (1905) u MHOrHX ApYTrHX
Harpam.

Axkanemust Hayk CCCP B 1962 r. yupenusia npe-
muo U 3os0Tyio Menanb umenu . M. Mennesneena

3a Jiyuiive paboThl MO0 XUMHH M XUMHYECKOH TeXHO-
JIOTHH.

B despasne 1955r. amepukanckue yueHnsle I'. Cu-
6opr, A. I'mopco, b. Xapseii, I'. Honnun u C. Towmn-
COH cuHTe3upoBasy aneMeHT 101. ABTOp OTKpHITHS
I'. Cubopr nucasn mno atomy nosopy: «Ilist HOBOTO
3J1eMeHTa ObLIO MPEIJIOKEHO HAUMEHOBAHUE «MeEH[Ie-
JIeeBHI» B 3HAK TIPU3HAHUS 3aCJYT PYCCKOTO XUMHKA
J. 1. MenneneeBa, KOTOPbIH MePBbIA UCMONb30BAJ
ISl TIPeICKa3aHUsl XUMHUUECKUX CBOUCTB HEOTKPHI-
THIX 3JIEMEHTOB MEPUOJUUECKYI0 CHCTEMY 3JIEMEH-
TOB, MPUHLHUIBI KOTOPOH SBHJIKCH KJHOYOM IJI OT-
KPBITHS OOJIbIIMHCTBA TPAHCYPAHOBBIX 3J€MEHTOBY.

B 1964 r. uma MeHpneneeBa OblJIO 3aHECEHO Ha
Jocky moueta Hayku DpUmKNOpPTCKOro yHHBEpPCH-
teta B CILIA psinom ¢ umenamu EBkiuna, Apxume-
na, Konepunka, Tamunes, Hoiotona u JlaByasbe.

«HOBEJIMAHA» JI. 1. MEHIEJIEEBA

HNHocTpanHBle ydeHBle BbIABUTAMH JMUTpUS
VBanosuya MenpneneeBa Ha HobGeneBckyio nmpeMuto
B 1905, 1906 u 1907 romax (cooTeyeCTBEHHHKH —
Hukorga). CtaTyc MpeMHH ToIpasyMeBas HOBU3HY
OTKpPBITUSl («3a mpepuiecTByowmi ron»). Ho ¢yH-
IaMeHTaJbHOe 3HAaueHHe MePHOIUYEeCKOro 3aKOHA
MOJTYYUJIO TIOATBEPXKIeHHEe UMEeHHO B Hadase XX Be-
Ka C OTKpBITHEM HHepTHBIX razoB. B 1905 r. kan-
nunatypa . WM. MenneneeBa (mpensioxkeHHas
s1. X. Baut-T'opdom, O. Xepraurom u C. [lerrepc-
COHOM) OKa3ajach B «MaJOM CITHCKE» — C HeMell-
KHM XHMHKOM-OpraHukoMm Amosbpom Baiiepom, Ko-
Topblfl M cTan Jaypeatom. B 1906 r. JImurpusa
MBaHoBHYa BBIABHHYJO ellle OOJIbIlIee YUCJIO HHO-
CTpaHHBIX yueHbIX. HobGeseBCKUH KOMHTET IMpHUCY-
nun . 1. MenneneeBy npemuto, Ho lIBeackas ko-
poJIeBCKasi akameMusi HayK OTKasanacb YTBEPIUTHb
3TO pelleHHe, BO3MOXHO, U3-3a BausiHus C. Appe-
HMyca, Jaypeata 1903 r. 3a Teopuio 3JeKTPOJIUTH-
9eCKOH IUCCOLMALUY (CYLIECTBOBANO 3a0./yKIEHHEe
o Hempustuu dtoi Teopuu . M. MenneneeBbIM);
JaypeatoM cTaj (paHiy3cKui yuenbli A. Myac-
caH — 3a otkpbiTHe ¢gropa. B 1907 r. 6bl10 Npen-
JIOJKEHO <IIOJEJNUTh» TIPEMHI0 MEXAY HTaJbsHIIEM
C. Kannnuuapo u . M. MenneneeBreiM (pycckue
ydeHble OMNATb B €ro BBIABIXKEHWH He y4yacTBOBa-
au). OpHako 2 QeBpans ydyeHbIH ylleJq H3 KH3-
Hu. PopmanbHBle U crenyduueckrie 0COHEHHOCTH
npucyxnenuss HobeneBCKOH NpeMHUH MO0 XHMHUH B
1905—1907 rr., uMeHa coHCKaTeJed U UX HOMH-
HaHTOB, KJ/IOUeBble apryMeHTBl 4jeHoB Hobeses-
CKOTO KOMHTeTa NOAPOOHO H3J0XKEHbl B CTaThe
A. M. Bsoxa [2], HanucaHHON HA OCHOBE HOKYyMEH-
ToB U3 apxuBoB HobGesneBckux yupexxnenuét Kopo-
JIeBCKOH akaneMuu Hayk B CTOKroJsbMe.

A. U. MEHIEJIEEB U TEOPUSI APPEHHUYCA

3mech 11es1ec006pa3HO TPOKOMMEHTHPOBATD YTIO-
MsIHyTOe 3abJsyXaeHHe (O HENPUHSATHU TEOpUU
3JEKTPOJUTHUECKOH NUCCOLMALINH).

CyuiectByeT MHeHue, uTo JI. 1. MeHzeeeB «He
MPUHAT» KOHLEMUUH 3/J1eKTPOJUTHYECKOH OHCCOLH-
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auud, YTO OH $IKOOBI HENpPaBUJIbHO €€ HCTOJKOBbI-
BaJl WJH JaXKe W BOBCE He MOHUMAaJI.

JI. Y. MeHpeneeB oOCTOSITENBHO paccMaTpu-
BaeT HEKOTOpBIE HOBOIBI, K KOTOPBIM 06paIiaiTcs
croponHukd (C. Appenunyc, B. OctBasnbn, 5. Bant-
Todd) Teopuu 3JEKTPOSUTHUECKOH TUCCOLUALUH
MpH [0Ka3aTesJbCTBE CaMOro (akTa pasJsoXKeHHS
coJiell Ha MOHBI, B TOM UHCJIE TIOHHXKEHUS TeMIlepa-
TypBl 3aMep3aHusi U IpPYyrux (PakTopoB, ONpereJsio-
IIUXCS CBOMCTBAMU PacTBOPOB. DTHM U IPYTUM BO-
npocam, CBSI3aHHBIM C NTOHMMaHHWEM AAHHOH TEOpHH,
MOCBSIIEHA ero «3aMeTKa O AMCCOLHMALMU PacTBO-
peHHBIX BewlecTB». OH TOBOPUT O BO3MOXKHOCTH
COeVIHEHUH PACTBOPUTEJEH C PaCTBOPEHHBIMH Be-
IIECTBAMH U BJIMSHHM MX Ha CBOWCTBA PacTBOPOB.
He ytBepxknass 6esanesnnsumonno, . M. Menne-
JleeB yKas3blBaeT Ha MOTPeOHOCTb He cOpachiBaThb
CO CUETOB BO3MOXXHOCTb MHOT'OCTOPOHHEro pac-
CMOTpPEHHUs] MPOLIECCOB: «IPEeXKIe, YeM MPHU3HABATh
B pacTBope cou MX muccounauunio Ha noHbl M+ X,
cJeyeT MO AYyXy BCEX CBENEeHHH O pacTBopax,
UCKaTh OJs1 BOAHBIX pacTBopoB coseld MX Bo3meit-
ctBusi ¢ H,O, natomero vactuusel MOH + HX, wiu
ke puccommaunu ruppatroB MX (n 4 1) H,O nHa
runpatel MOHmH,0 4+ HX (n — m) H,O unu na-
ke npsmo runpatoB MXnH,O Ha oTnesnbHBIE MOJIE-
KYJIbI>».

N3 storo caemyer, uto 1. . MennesneeB He
OoTpHLIa] OryJbHO caMy TeOpHio, a B OoJblliel cTe-
NeHW yKasblBal Ha NOTPeOHOCTb ee pa3BUTHA H
MOHMMAaHHsl C YYEeTOM IOCJel0BaTebHO pa3pabo-
TAHHOH TEOpUM B3aUMONEHCTBHUS PaCTBOPUTEJS U
PacTBOPEHHOTO BELIECTBA.

«MEHJEJIEEBCKASI» BOJKA

B mocienHue rombl POCCHECKHE MPOU3BOIUTE-
JIU CIIUPTHBIX HANTUTKOB aKTUBHO IMPHUBJIEKAIOT MM
MenpeneeBa K pekaamMe BOZOYHOU IMPoAyKUWH. BoT
HEKOTOpBIE <«IIePJIbI» 3TOH PEKJIaMBbI.

«HctuHEBIM pedopMaTOpOM CTaJd BBIIAIOMIWH-
ca pycckuil xumuk JI. M. Mennenees. OH Hape-
JIUJT TIOHSITHE «BOJKAa» UYETKUMH Hay4HBIMH, MPOHU3-
BOJNCTBEHHBIMM M TOBAPHBLIMH XapaKTepPUCTHUKAMH.
B 1894 r. «MmeHme/ieeBCKUU» COCTAB BOIKH ObLJI 3a-
nateHToBad Poccuell Kak HaLMOHAJIbHBIA HAlHTOK.
MeHnneneeB B3 3a nokasateab 40 %, Tak Kak
MpY TaKOH KOHLEHTPALWK aJjIKOTOJIsi ero BOTHBIH
pacTBOp OTJHYAETCS MaKCHMajJbHOH OTHOPOIHO-
CTBIO U TIPU JIHAJOTE» C YeJJOBEUECKUM TEJIOM BhI-
JeJsieT HauOoJblliee KOJHUYECTBO TEIMJIOTHI».

«Penent upeaspbHo# Bomku Ha Pycu uckanu
Bekamu. Ho mHatren ero ... JI. 1. Menpgenees, cam
OONbILIOH 3HATOK W ILEHUTEJb PYCCKOH BOMIKH.
B 1894 r. sToT peuent OBLT 3aNaTeHTOBAH LaPCKUM
MPaBUTEJNBCTBOM». «B MHpe HeT BpelHBIX BEIECTB,
B MHUpe ecTb BpenHble KoaudectBa» (. 1. Menne-
JieeB, NUCCEPTALHUs O BOIKE).

«B 1894 r. BenuMKHH pYyCCKUH YyYeHBbIH
J. 1. MenneneeB BbIBe/ Tak HeOOXOAUMYIO BCEM
TIPUHUMAIOIIUM> (OPMYJy COOTHOIIEHUS] BOIbI H
CIIUPTA>.

JleiictBuTebHO, B 1865 r. JI. V1. MeHnesieeB 3a-
LIIMTUJI DOKTOPCKYIO muccepraimio Ha Temy «O co-
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eIMHEHWH CIHpTa C BONOW», KOTOpPash K BOOKE He
MMeeT HHKakoro oTHolueHus. Hu B pabounx samu-
CX YYEHOTO, HH B TEKCTe €ro QUcCepTaLly HeT
JIaXke HaMeKa Ha TO, YTO ero MHTepecoBaJH pPacTBO-
pBI CrUpTa B BOAE XOTS OBl OJIM3KHME K <HIeasb-
HOl» KoHuentpauuu 33,4 % macc. (1.e. 40 % no
06beMy). YueHOro HHTepecoBa/JM B IEPBYIO oOde-
penb coBceM Ipyrue 00JIaCTH KOHLEHTPALMH, BbILLE
40 % macc., MMEHHO OHM ObLIH B LIEHTPE ero BHHU-
MaHHU$l, B HUX OH IPOBOANJI GOJBLIYIO YAaCTh CBOMX
NPELU3HOHHBIX 10 TOMY BPeMeHH M3MepPEeHHUH U pac-
4eTOB, HalesCh OMPENEeNUTb BO3MOXKHBIE COEIHHE-
HHSI MOJIEKYJ BOJBl U CIIHpPTA.

B 1893 r. «Komuccusi mo u3bIiCKaHHIO COCOOOB
K yMOPSINOYMBAHHUIO MPOU3BOACTBA U TOPTOBOTO 00-
pallleHHs] HaNHWTKOB, Conxeprkallux B cebe ajKo-
rofb», CO3JaHHas MO PAaclOpsKEHUI0 MHUHHUCTPA
¢unancos C. IO. Butte, He Mor/ia BbIOpaTh U TEM
6oJiee yTBepOUTh U 3amaTeHTOBaTh peuent 40-rpa-
OyCHOH BOIKH, TOCKOJIbKY OHa yTBepAusa 00si3a-
TeJbHBIH 145 Bced Poccuiickodl uMnepud MOHO-
MOJIbHBIM aCCOPTHUMEHT HamuTKOB. OH OBLT TaKUM:
«O6bIKHOBeHHOE BUHO 40°», «CTos10BOE BUHO 40°%,
«Cmupt 57°», «Cnupt 90°», «Cnupt 95°». Ecin
6b1 Bonka B 40° OblIa «HMaeadbHOU» MO KPEMOCTH,
M0 BKYCOBOMY BOCIIPUSITHIO U MO0 MHHAMAaJbHBIM T10-
CJIEICTBUSM JJISi OPTaHU3Ma, 3aUeM Halo ObLIO BbI-
MyCKaTh HANUTKH C APYrod KpemocTbio? A cpasy
MocJ/e PEeBOJIIOLUU U I'PaKIAHCKOH BOHHBI 3aBOJBI
MPOU3BOOUNN BOAKY He kperde 30°.

[IpucyTcTBHEe B MOHOMOJBHOM ACCOPTHMEHTE
40° ganuTka He OBLIO YeM-TO HOBLIM. VI mo murtei-
HOH MOHOIIOJIMM TIPOJaXKHasi KPEnocTb XJeOHOTOo
BuHa 6bl1a B 40°. Kpome Toro, B BUHOKYpPEHHOM
NIPOM3BOACTBE AAaBHO CYIIECTBOBAJIa YCJIOBHAs Mepa
«Benpo B 40°». Kakum Obl KpenkuM He OBLI CIIHPT,
ero Bcerna nepecuntoiBaau Ha 40°! Bonky Ha Pycu
MUK 3a10Jr0 10 MeHneneeBa KpernocTbio U B 38°,
u B 40° u B 45° u B 50° u maxe B 56°.

O JIMYHOCTHU A. U. MEHJEJIEEBA

B 2007 r. x 100-meTHell romoBLIMHE CMEPTH
J. Y. Menneneesa B «)XypHasne oOuiedl XUMHUU»
ony6saukoBana ctatbsg M. C. Imutpuena [3], B
KOTOpPOH IpelncTaBjieH CBOeOOpasHbId U HeTpaiu-
LIMOHHBIH B3I HA OCHOBHBIE COOBITHS B XKH3HU H
IesITeJIbHOCTH BEJHKOTO YYEHOro, He BCErga COB-
Nafalolyi ¢ OObIYHBIM HKOHOTHCHBIM T10JXOIOM.
Bo Bce BpemeHa TreHHH — OTK/JOHEHHE OT HOPMBI.
ITosToMy ero mena M HeTPUBHAJBHBIE YMO3aKJIOye-
HHMS BCerjJa BBI3BIBAIOT HEOJHO3HAYHYIO peaklHIo
COBPEMEHHHMKOB, O0COOEHHO CTOPOHHHMKOB YCTOSIB-
IIAXCSl U OOIIENPUHSTEIX B3IJISNOB U Teopuil. B cra-
tee WM. C. ImurpueBa MeHneneeB — MHOIOTpaH-
HBIF JKMBOH 4YeJOBEK CO BCEMH CBOMMH [OCTOWH-
CTBaMHM U HeJOCTaTKaMH.

BoT Ml HECKOJMbKO BBICKa3bIBAHHH O
I. 1. MenneneeBe ero coBpeMeHHHUKOB.

b. Il. Beiinbepe: «3aBiiekasia B €ro JEeKLUSIX He-
H3MEHHO COMYTCTBYIOLIAS UM TOAIIOUYBa, (GHI0COd-
CKasl OCHOBa €ro HayYHbIX MHPOBO33PeHHH, KOTO-
pasi CKBO3WJa B LIHPOKOOOBEMJIOILIUX (PopMyJaax U
rybOKUX aHaIM3ax. DKCKYPChl B 06/acTh MeXaHH-



KH, (PU3UKH, aCTPOHOMHH, acTPO(PHU3UKH, KOCMOTO-
HUH, METEOPOJIOTHH, TE0JIOTHH, (DU3UOJIOTHH KUBOT-
HBIX U PACTeHHH, arPOHOMHH, a TaKXKe B CTOPOHY
Pa3JINUHBIX BUAOB TEXHHKH IO BO3AYXOIJIABAHHUS H
APTHJUIEPUH BKJIOUUTEJNBHO, — OBIIM YaCThl B €ro
JIEKIHSIX> .

B. E. I'pym-TI'pawcumaiiro: «B cepenune roga s
caywan y Hero (MeHaesieeBa) JeKUUIO O BOJE, TaK
MelJIEHHO u3Jjaraj oH cBod kypc. Hu omHoro omsl-
ta. Hu omno#t umdpel. Ero mByxuacoBasi Jekuus
B «OcCHOBax XUMHHM» 3aHHUMajia BCEro HECKOJIbKO
crpouek. Ho Bcio sekuuto Imutpuit ViBanoBud yuus
Hac, Kak Hajmo HaOJonaTh sBJAEHUS OObIIeHHOH
JKU3HM U KaK uX nmoHuMaTh. OH nepenaBaj CBOUM
yYeHHKaM CBOe yMeHHe HabJofaTb U MBICJUTD,
4ero He HAeT HU OfHA KHHUTa».

A. M. Huxoabckuii: «[pelIHbIM 1€J1I0M OH /Men-
nenees/ MHe He HPABHJICS, HU Kak Ipodeccop, HH
Kak yesioBeK. B ero MaHepe roBoputh OBIIO UTO-TO
TeaTpasjbHOe, Kak OYATO OH pucoBaJscs CBOel 3Ha-
MEHHTOCTbIO. VHOTHa OH BBICTyMasn Tak, 4TO CJy-
LIaTeH MepersablBaluch APYT C IPYroM U yabiba-
auck. Ha onHoM chbe3pe ecTecTBOUCHBITATENEH TTPH
OrPOMHOM CTeueHUH MyOauKkd B AKTOBOM 3ajie yHH-
BEpPCHUTETa OH TOBOPUJ Pedyb O 30JI0TE€ U BOLOPOJE,
MPOBOAS Tapasienb MexXAy 3THMH TejJaMmu. Peub
cocTosiia B COOOUIEHHHM HOBOJIBHO 3JeMEHTapHBIX
cBenenu#i. Ho mon koHel oH clesan Takoe cpaBHe-
HHe 30JI0Ta C BONOPONOM: KaK BOIOPOI, TOBOPHUI
OH, UMeeT CBOHCTBO YJIETY4YHBATBbCS H3 TEpPMETH-
YeCKH 3amepThiX COCYNOB, TaK M 30J0TO HMeeT
CBOUCTBO YyJIETyYMBATBCSl M3 3alepThiX CYHAYKOB.
['poM amofanCMeHTOB pasgancs Mo OKOHYAHUWH 3TOU
peur. CroaBmu# psgom co mHo# H. M. Cubupues,
BIIOCJIEICTBUY HW3BECTHLIH [TOYBOBEM, HE yTepIiea U
3ameTus: «Xopouiass pedb st KypHanoB “Llyt”
unun “Ctpekosa’>.

Eue 6osee peskywo xapakTepucTuky Menne-
neeBy-npenonasareo gan ®. ®. BelsbluTeliH B
nmucbMe K A. M. BytnepoBy ot 15 oktsabpsi 1867 r.:
«MenpneneeB 3aHuUMas Kadenpy TEXHHUECKOU XHU-
MHH, TTOJyYaJs 3a 3TO KBAPTUPY U KaJOBaHbe, OJHA-
KO 3aKpBLT J1ab0paToOpPHI0, UCIIOMb30BaJ aCCUCTEHTA
ISl CBOMX JIMUHBIX HaJlOOHOCTEH U yXKe B TeueHHe
roga He YHTaJ JEKUWH 10 TEXHUYECKOH XUMHH —
BOT 3TO HEJOBOH IMOIXOMm!»

A BoT xapakrepucTHka MeHneseeBa-aKCEPU-
MeHTaTopa, Kotopyio nan akamemuk [1. M. Basb-
IeH:

«...¥Y Hero OBLJIO CJHIIKOM MHOTO HIEH, €ro
JKHBOH YM YBJIEKaJ ero BCe K HOBBIM NpoOJeMam;
ero HayuHas (paHTas3usl Obla Heucueprnaema, Ho A1
Y3KO OTPaHHUYEHHBIX BOMPOCOB y HEro HE XBATaJso
BBIIEPIKKH, & MOXKET OBITb U LIKOJbI (TPEHUPOBKH),
Tak Kak B CBOE BpeMsl OH OTKasaJjcsl OT MpeicTaB-
JISBILIEHCS BO3MOXKHOCTH MPOUTH 3Ty LIKOJY Y CTa-
poro Masctpo bByHsena. Kak skcnepumMeHTatop oH
Obl1, KaK TOBOPST aMmepukaHupl, self made man,
caMOy4YKa, CO BCEMH €ero IOCTOMHCTBAMH U HeJIO-
CTaTKaMH, OH BHUAeJ TPYHOHOCTH TaM, TIe UX He
OBLIO, TMPU 3TOM MOT UTHOPHUPOBATH NEUCTBUTEJb-
Hble olMOKHU. M1 TeM He MeHee OH ObLT HA PEAKOCTb
TOYHBIH ¥ OCTOPOXKHBIH HAOJIOAATENbD...»

N3 orseiBa JI. H. Tosctoro o kuure Menpge-
neeBa «K mosHannio Poccuu»:

«B ero KHHKKe MHOTO MHTEPECHOT0 MaTepHaJa,
HO €r0 BBIBOIBI Y»KACAIOT CBOEH IJIYMOCThIO U TMOII-
JIOCTBIO>.

A Bot uto nucan Anekcaunp Bisok B mucbme
cBoeil xkeHe, nouepu . M. Menneneena:

«Ou pmasHo BCE 3naer, uto 6bIBaeT Ha cBeTe.
Bo Bce mponuk. He ckpbiBaeTcsi OT HEro HHUYEro.
Ero snanume camoe mosHoe. OHO TPOUCXOTUT OT
TeHHAJBHOCTH, Y TPOCTBIX JIIOAEH Takoro He ObI-
BaeT... [Ipu HeM BOBCe He CTpallHO, HO BCerga —
HECIIOKOHMHO, 3TO OTTOTO, YTO OH BCE H JABHO 3HAET,
6e3 pacckasoB, 6e3 HaMeKOB, Ja)Xe He BHUIS U He
CJBIIIA. DTO BCENO3HAHHWE JIEXKUT HA HEM OYeHb
Tsikeso. Korma oH B3gpIxaeT W 0XaeT, KaxKIblil pas
B3bIXaeT 000 BCEM BMECTe, HHUYEro OTHEJbHOrO
WJIH OTPBIBOYHOT'O y HEro HeT — BCE HEPA3[eNUMO.
To, uTo mpyrue roBOpSIT, €My TOUTH BCeria CKyd-
HO, MIOTOMY YTO OH BCe 3HaeT Jydlle BCEeX...».

K UCTOPUU OTKPbITUS NMEPUOJUYECKON
CUCTEMbI XUMHYECKHX IJEMEHTOB

Haunbosee mosHO W MeTOOUYECKH CTPOro 3TOT
Borpoc paccmotped B cratbe JI. IO. Anux6epo-
Bo# [4], OCHOBHBIE MOJIOXKEHHUS] KOTOPOH NpUBEMe-
HBI HIKE.

Ha#itu cBSI3b MeXIy XHMHUECKHMHM CBOHCTBAaMH
3/J/eMEHTOB U X aTOMHBIM BECOM (3TO MOHSTHE BBEJ
B KoHle XVIII — nauane XIX Beka [Ix. [anbToH)
MBITAIACh MHOTHE YUeHBIE.

[lepBy0 yCHEWIHYIO TOMBITKY CHCTeMaTH3alUH
3JeMEHTOB C yYEeTOM MX aTOMHOH Macchl OCYylle-
cTBUJ HeMeuku# xuMmuk HoranH-Bosbdranr Hebe-
petinep (1780—1849).

PaccmarpuBasi cBofcTBa I1€/710YHO3€MEJNbHBIX
3JIeMEHTOB (KaJbLUs, CTPOHLMS U Oapus), OH oOHa-
PYKWJ, UTO aTOMHasi Macca CpelHero M3 Tpex Xu-
MHUYECKHUX 3JIeMEHTOB, OJM3KHUX MO (DU3UYECKUM U
XMMHYECKHM CBOHCTBaM, NIPUMEPHO PaBHA MOJYCYM-
Me aTOMHBIX MacC ABYX KpaHHMX 3JeMeHTOB. B Ta-
KOH Ke 3aBUCHUMOCTH HaxoASITCS U HEKOTOopble (hu-
3WUecKHe CBOHMCTBA pacCMaTpHUBaeMbIX 3JIEMEHTOB.

3atem [lebepeiiHep oOHApYXUJ ellle TPU psiga
CXOIHBIX 110 CBOHCTBaM 3JIEMEHTOB: JIUTHH — HaT-
puil — KaJu#; cepa — ceJieH — TeJUlyp U XJOop —
6pom — fion. B 1829 r. [ebepeiinep HasBaa Ta-
KHie TPYNNbl 3JeMeHTOB TpHagaMM, a OTKPBITYIO
32aKOHOMEPHOCTb M3MEHEHHs] CBOHCTB — IIPaBUJIOM
Tpuan. ATomHas Mmacca O6poma, TOJNBKO YTO OT-
KPBITOT'O 3JIEMEHTa U3 T0C/eHel TpUanbl, He OblIa
emle onpeneseHa. [leGepelinep npenckasan ee 3Ha-
YyeHHe, HCMOJb3Yys IMPaBUIO TPHAL: €CJU Yy XJopa
¥ Hoja aTOMHbIe MacChl paBHBI, COOTBETCTBEHHO,
35,5 u 127, To y 6poma oHa noJKHA OBITH pPaBHOH
(35,56 + 127)/2 = 81,2. dTo 3HaueHHe 0KAa3a/a0Ch
O6/MU3KUM K HaleHHOMY TO3/HEee 3KCIepUMEeHTa/b-
Ho (80).

Ynenna BHUMaHHE KJIACCHU(PUKALHMK XUMHYECKUX
3JIEMEHTOB poccuiickuil xuMmuk ['epman VBanoBuu
Fecc (1802—1850) B cBoem yuebHHKe «OcHOBa-
HAS YUCTOH XUMHHK», onybauKoBaHHOM B 1849 r.

OH paccMOTpes YeTblpe TPYMIbl M3BECTHBIX
TOrZ@ 3JE€MEHTOB-HEMEeTaJJIOB, MMEBIINX OOJIbIIOe
CXOACTBO B XHUMHYECKHX CBOHCTBax: yrJepoj —
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60p — KpeMHMH; a30T — (pocop — MBILIBSK; ce-
pa — ceJjleH — TeJIyp U XJop — 6pom — Hon.

[ecc mucan: «3drta kaaccudukauus elie OueHb
naJjieka OT TOro, 4ToObl OBITh €CTEeCTBEHHOH, HO OHA
BCe-TAKH COEIHMHSIET 3JEMeHTbl B TPYIIIBEl BeCbMa
CXOIHbIE, ¥ C PacCIpoCTpaHEHHeM HallUX CBeNeHHH
OHa MOXET ycoBeplueHcTBoBaTbesi». Cunraercs,
4TO UMeHHO ['ecc BmepBble BBes B ynoTpebJieHue
MOHATHE «Tpymnna 3jeMeHToB». OH B OCHOBHOM
npeayrana/g coctaB OOJBIIMHCTBA I'PYNI HeMeTaJ-
JIOB, KOTOpBIE TOUTH 0€3 M3MEHEHHS BOLIJIH B Ile-
puonndeckyo cuctemy . M. Menneneera.

B 1843 r. Hemeuxuit xumuk Jleonosabn ['mesun
(1788—1853) mpuiesn K BBIBOAY, YTO XapakTep
KJaccu(UKaLUM 3JeMEeHTOB 10 MX CBOHCTBaM ro-
pasmo cioxHee, ueM npenjoxenHoe ebepeiinepom
pasnenenue Ha Tpuamgel. OH onybauKOBas TabJHLLy
XHMHUYECKH CXOIHBIX 3JIeMEHTOB, PacCTaBJ/IeHHBIX O
rpymnnaM B NOpPsiAKE BO3PACTAHUS «COEAUHHUTENbHBIX
mMacc» (3KBUBAJEeHTOB) U Pa3bUTBHIX Ha TpHamH,
TeTpajbl U MeHTalbl (COCTOSILINE U3 TPEX, YeThlpex
U TSTH 3J€MEHTOB COOTBETCTBEHHO). BHe 3THX co-
00611eCcTB, BBepXy TaOJMULbl, [ MeJUH MOMECTUT TPH
«Ba3UCHBIX» 3JeMeHTa — KHCJOpPOJ, a30T U BOJMO-
pon. Ilog HUMM OBIIM paccTaBjeHbl TPUAABI, a TaK-
’Ke TeTpalbl U MeHTalbl, NpUYeM MOJ KHUCJIOPOAOM
pacroJyioXKeHbl 3JeMeHThl — «MeTaJ/lJIOUIbl»; COOT-
BETCTBYIOILHE CBOHCTBA 3JE€MEHTOB IJIaBHO MeHS-
JIUCb CBEPXy BHHM3.

Wneu I'mennHa mo3gHee MOJMYYWIH Pa3BUTHE B
pabotax asrauiickoro xumuka Jk. I'maactona u
amepukaHckoro yuenoro [x. Il. Kyka, kotoprle
JOTMOJHUMN TPHUadbl 32 CYET BHOBb OTKPBITHIX 3Je-
MEHTOB.

B 1850 r. nemeuxu#i Bpau M. ¢oun [leTTeHko-
(bep momnbiTaJACAd HAaUTH Yy 3JEMEHTOB COOTHOLIEHUS,
nono6Hble TeM, YTO OOHAPYKHUBAWOTCS B TOMOJIO-
rMYeCcKUX psigax OpraHUYecKUX COeJMHeHHH, OT-
Juuawpmuxcs aApyr ot agpyra rpynmoii CH,. On
yKasaJj, 4TO aTOMHBIE BeCa HEKOTOPBIX 3JIEMEHTOB
OTJIMYAIOTCS IPYT OT Apyra Ha BeJWYHHY, KPATHYIO
BOCBMH.

AHajiorsuHble COO0pPaXKeHHsT BbICKA3bIBaIU (DpaH-
ny3cKud xumuk-opranuk JK. B. dioma u Hemeukui
yuennii A. @. JI. llrpekkep.

B 1857 r. auriuiickuil XUMUK Y uabaM OmJuHT
(1829—1921) npeanpuHsasa NepBYI0 M3 CBOUX MHO-
roudcjeHHbIx nombiTok (1857, 1861, 1864, 1865,
1868 rr.) cucTeMaTH3HpOBAaTh XUMHUUECKUE JJIEMEH-
Thl, OCHOBBIBAsICb Ha UX aTOMHOM BeCe€ U aTOMHO-
CTH (BasieHTHOCTH). B Tabsauuy o 49 snemen-
TOB, KOTOpbIe ObLIK pa3butel Ha 13 rpymnm mo ux
XHMHYeCKoMy cxoncTBy. B 1864 r. (ctaTtesi «O mpo-
MOPLHOHAMBHBIX YUCJAAX 3JEMEHTOB») OH IpemJo-
JKUJI OfIMH M3 HauboJjiee YHAuHBIX IJsT CBOETO Bpe-
MeHH BapHAHTOB TAOJHIIbI XUMHUECKHX 3JIEMEHTOB,
He COMpPOBOXKIABIIUHCS, OMHAKO, HUKAKUMH KOM-
MEeHTaPUSIMU.

B otnnune or MenneneeBa, OOIUHT He peLINJI-
CS YCOMHUTbCSl B H3BECTHBIX K TOMY BpeMeHH (H
oTpeiesIeHHbIX MOPOH OLIMOOYHO) 3HAUEHUSIX aTOM-
HBIX Macc, a CBOIO TabJHIly OH BOBCe He paccMart-
pHUBaJ KaK CHCTEMY 3JIEMEHTOB, OH TOJIbKO pacrpe-
IeJUJ UX 10 (DOPMaJbHBIM TIPU3HAKAM.

B 1865 r. amepukanckuit xumuk k. Hblonenmac
(1837—1898) npensoxkun «3akoH okTas». Ha ocHo-
Be 3TOr0 3aKOHA OH COCTaBUJ TabJHMIy, B KOTOPOH
OJIN3KHE TI0 CBOHCTBAM 3JEMEHTHhI, KaK H OJIN3KHE
MO 3BYKY HOTBI B MY3bIKaJbHOH OKTaBe, MOBTOPSI-
JUCh 4yepe3 ceMb HoMepoB. VMM BmepBble mpemso-
JKeH TepPMHUH <ITOPSIAKOBBIH HOMEp 3JeMEeHTa».

B Ttabnuue Helonenaca cxonnbie smeMeHTHl pac-
moJiarajJuch B TOPU3OHTAJNbHBIX pslax; OMHAKO B
OMHOM W TOM K€ DSy YacTO OKas3bIBaJHCh U 3Jie-
MEHTBI, COBEpIIeHHO Hemoxoxue. Kpome Toro, B
HEKOTOPBIX sueiikax HrbloseHIC BBIHYXKAEH OBLI
pa3MeCcTHTb II0 OBA 3JeMeHTa;, HaKOHeL, Tab/uLa
Hetosennca He comepkut cBobonHbIX MecT. Besen-
CTBHUE MPHUCYLIHX cucTeMe HblosieHnca HEMOCTATKOB
COBPEMEHHHKH OTHECJHUCh K 3aKOHY OKTaB UPe3BHI-
Ya#HO CKEeNTHYECKH.

Joxksan Heroouennca na sacemanuu JIoHIOHCKO-
ro XUMHuecKoro oobuiecTBa Obl BCTpeuyeH paBHO-
nyurHo. OmguH 13 nmpodeccopos cripocun Heromnenn-

Tadnuma Ognuaara (1864 r.)

TpHIUIETHBIE TPYIITIBI
H1 Mo 96 W 184
Au 196.5
Pd 106.5 Pt 197
Li7 Na 23 - Ag 108
G*9 Mg 24 Zn 65 Cd 112 Hg 200
B11 Al27.5 - - TI 203
C12 Si28 - Sn 118 Pb 207
N 14 P31 As 75 Sb 122 Bi210
016 S 32 Se 79.5 Te 129
F 19 Cl 35 Br 80 J127
K 39 Rb 85 Cs 133
Ca 40 Sr 87.5 Ba 137
Ti 40 Zr 89.5 - Th 231
Cr 52.5 V 138
Mn 55 u ap.
(Fe,Ni,Co,Cu)

*G (ryomuEN) — CHMBOII H CTapoe HasBaHHe 3JIeMeHTa OepIiUma
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Tadanna Herotenaca (1864 r.)

Ne Ne Ne Ne Ne Ne Ne Ne
H 1 F 8|l )15 Co|l 22| Br | 29| Pd | 36 I 43 |Pt Ir] 50
Ni
ILi| 2 | Na| 9 Kl]16]|]Cao| 23] Rb |30 |Ag| 37| Cs| 44 ] TI| 51
G 3 |Mgl1o]|Ca|17 ]| Zn| 24| Sr |31 |Cd |38 |Ba|45]|Pb| 52
A%

Bo*| 4 Al |11 | Cr | 18] Y |25 Ce |32 | U |39 | Ta]ld46 | Th| 53
La

C 5 S1 |12 Ti |19 In |26 ] Zr | 33 | Sn | 40 | W | 47 | Hg | 54

N 6 P13 |Mn]|] 20| As | 27 |Di**| 34 | Sb | 41 | Nb| 48 | B1 | 55
Mo

O 7 S 14 | Fe |21 | Se | 28| Rh |35 | Te| 42 | Au ]| 49| Os | 536
Ru

*Bo (Gop) — epRoHAYATEHEIH CHMBOJ 3IeMeHTa Gopa
®EDI (MUaUM) — CUMBON M HA3BAHHE «3IeMeHTa» JHINMa (CMech HEOAMMA 1 TIPA3EOIIMA)

ca, He mpoOoBa/l JU OH PACIOJOXHTb 3JE€MEHTHI
B TabJsuue B an(aBUTHOM MOPSAKE U He 3aMeTHJ
JIM OH TIPH TaKOM PaCIOJIO}KEHHH KaKUX-THOO 3aKO-
HoMepHOCTeld. JKypHas o6IIecTBa OTBEPT CTAThIO
HeloneHnca, B KOTOpPOH OH H3Jarajg CoOIep:KaHHe
cBoero nokJjazna. Tem He meHee B 1887 r. pykoBonu-
Tes JIOHIOHCKOrO XHMHUECKOTO 0OIIEeCTBa MPHUCY-
munn Herosmenncy memanb uMeHH [19BU «3a OTKPBI-
THe TEePUOAUYECKOr0 3aKOHA» — CIYCTS MATh JeT
rocJie TOro, KakK TakoH »Ke Mefasblo C aHaJoTHy-
HOH (opMyaupoBKoi Obln1 HarpaxnaeH II. M. Men-
JeJseeB.

BaKHBIM 1IaroM K CO3IaHHWI0 MEPUOIUYECKOTO
3aKOHa Oblja NpensiokKeHHass (ppaHLy3CKUM TeOXH-
mMukoM A. 3. Berue ne Ilankyprya (1819—1886)
crimpanp lankyprya.

OHa crajna mepBOH MOMBITKOH YIOPSAOYUTH B
BUIEe TaOJMLbl H3BECTHOE K TOMY BPEMEHH MHOXKe-
CTBO XUMMYECKHX 3jeMeHTOB. [IbITasich HallTH oc-
HOBY 1J151 WX KJjaccudukauuu, llankypTya BbICKa-
3a/] TpeNIoJioXKeHHe, UYTO «CBOHWCTBA 3JIEMEHTOB
ABJSAIOTCS (yHKUWeH uucen». B 1862 r. o mpen-
JIO’KUJI OPUTHHAJNBHYIO IMPOCTPAHCTBEHHYIO CXEMY
CTIMPaJbHOTO PACIIOJNOXKEHHUS] 3JeMEHTOB B 3aBUCH-
MOCTH OT WX aToMHbIX Macc. LllankypTtya pacrmo.o-
JKHJ 3HAYeHHsS ATOMHBIX MacC 3JEeMEHTOB BIOJb
JIUHAM Ha TOBEPXHOCTH LMJIMHAPA, HaKJIOHEHHON
nox yriom 45° kK ocHoBaHuioo. CaMa e TOBEpX-
HOCTb LWJMHApPa Oblia pasmeseHa Ha 16 yacrei,
MOCKOJIBKY 16 — aToMHasi Macca Kucaopozna. B cru-
panu lllankypTya 3/€MeHTBI-aHAJOTH HaAXOASTCS
Ha OOHOH BEpPTHUKAJbHOH JHMHHHM, oOpasymolled Lu-
JIUHAP, Ha KOTOPBIH HaBepThIBAeTCS 3Ta CIHpPaJb.
Ilpu pa3BepTKe NMOBEPXHOCTb LUNHHApPA MpeBpalia-
eTcs B IJIOCKOCTb, & BUHTOBas JIHHUS TNpeoOpasy-
eTcs B NapaJJjesbHble OTPE3KH MPSIMBIX, MPUUEM
TePBbIH OTPE30K BKJIOYAET 3JEMEHTHl OT BOJOPOAA
00 Kucjaopona (¢ aTOMHBIMH Maccamu 1—16), BTo-
pOH — 3JIeMeHTBl C aTOMHBIMH Maccamu 16—32,
tpetuit — 32—48 u 1. 1. CiepoBatesbHO, yepes 16
eIMHUL] aTOMHOH MaccChl MOSIBJISAIOTCS OJIH3KHE TI0
XUMHYECKHM CBOHCTBAM 3JIEMEHTHI, @ 3TO Y»Ke CBO-
ero poja «IMpeauyyBCTBHE» MEPUOIUYECKOTO 3aKOHA.

OpHako 3TO0 He OoJiee 4YeM <IpeAYyBCTBUEY,
MOCKOJIbKY B «TeJstypudeckoMm BuHTe» IllaHKypTya

OKasasnachb HeMajasi 10Js TpousBoJa. Tak, Mexny
CeJIEHOM U TeJ1ypoM (ppaHLy3CKUH TeOXHMHK IO-
MeCTHJl THTaH, MapraHell OKasaJsCcs aHa/JoroM Ju-
THS, HATPUS W KaJsus, a XKejae3o — Kasiblus. Pasy-
MeeTcsl, 3[eCb ¥ peud He MOrJIO ObITb O IMpejacKa-
3aHHU HOBBIX 3JIEMEHTOB WJIM KOPPEKLHH aTOMHBIX
macc. Cnupanp llaHkypTya He Morja NpeTeHmo-
BaTb Ha CTaTyC YHUBEpPCAJbHOH KJjacCH(PUKALHUH
XAMHWYECKHX 3JIEMEHTOB W He TPHBJEK]a BHUMAaHHS
COBPEMEHHHKOB.

B 1864 r. Hemeukuit xumuk Jlotap-lOmuyc Meii-
ep (1830—1895) onyb6mukoBan kuury «CoBpeMeH-
Hble TEOPUU XUMHUH U UX 3HaUeHHE IJIs1 XUMHUECKOH
CTaTUKW», rae Oblia NpuBeneHa Tabsauua, B KOTO-
poil 44 xumH4YecKHUX 3JjeMeHTa (M3 63 H3BECTHBIX
Ha TO BpeMsi) OBbLIM pa3MelleHbl B MOPSAKE YBeJsH-
YeHWs MX aTOMHBIX MacC B ILECTb CTOJOLOB Co-
TJIaCHO WX BaJIEHTHOCTSIM. Meliep HaMepeHHO orpa-
HAYUJI YUCJIO 3JEeMEHTOB B TalbJjuie, 4TOObI MOJ-
YepKHYTb 3aKOHOMEepHOe (aHa/JoruyHoe TpHaLaMm
Hebepeiinepa) u3aMeHeHNe aTOMHOH MAacChl B psiiax
IOOOOHBIX 3JEMEHTOB.

B 1870 r. mocse nybmukauuu psiga craTeu
H. Y. MenneneeBa (B yacTHocTH, «COOTHOILIEHHE
CBOWCTB C aTOMHBIM BeCOM 3JieMeHTOB», 1869 r.)
MOSIBUJICS YCOBEPLLUEHCTBOBAHHBIM BapUaHT TalbJ/u-
bl 3JeMeHTOB Mefiepa, KoTopas MOCayXHJAa B
HasnbHeHIlIeM OCHOBAHHEM [JIs1 TOIMBITOK OCIOPHUTH
npuoputer MeHneneeBa B OTKpbITHH [lepronmuye-
CKOr'0 3aKOHa.

[Ipennoxennasi Meiiepom Ttabauua «Ilpupona
3JIeMEHTOB KaK (PYyHKLHS HX aTOMHOIO Beca» Co-
CTOSNa U3 EBSITH BEPTHKAJIbHBIX CTOJNOLOB, CXOM-
Hble 3JIeMEHTBl pacloJjaralicb B FOPU30HTAJTbHBIX
psinax. OueHb BaXKHBIM 00CTOSITENBCTBOM OBLIO TO,
4TO PACIoJIOXKEHWE 3IEMEHTOB ONPEeNeNssio UX Ba-
JIEHTHOCTb.

B npouecce Hamucanus cBoero (h)yHIaMeHTaJ/b-
Horo yue6Huka «OCHOBBI XUMHM» (HM3IaHHBIH 8 pa3s
NpU KM3HH aBTOpa M O pa3 Ilocje ero CMepTH)
J. 1. MeHne/neeB CTOJNKHYJCS C TPYIHOCTSIMH CH-
cTeMaTH3aUuud (akTuiueckoro Marepuasna. Ha Ttot
MOMEHT OBIJIO U3BECTHO 63 XHMHUUECKHX 3JIEMEHTa,
aTOMHBIE Beca MHOTHMX M3 HUX OIpe/eseHbl HETOYHO
HJIM HEeNpPaBUJIbHO, HU ONUH HHEPTHBIH 3JeMEHT He
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IIpupoaa rnemeHTOB Kak (pyHKIHA UX aToMHoro Beca (JI. Meiiep, 1870 r.)

I 11 111 vV V VI VII VIII X
B=11.0 |JAl=2773 In=113.4 T1=202.7
C=1197] S1=28 Sn=117.8 Pb=12027

Ti =48 Zr = 89.7
N=1401|P=309 As=749 Sh=1221 Bi=207.5
V=512 Nb =937 Ta=182.2
O=1596]5=31.98 Se =78 Te=1287
Cr=524 Mo =956 W =183.5
F=19.1 |C1=35%8 Br = 79.75 I=1265
Mn = 54.8 Ru~=103.5 Os = 198.6
Fe=359 Rh=1041 Ir=196.7
(Co = Ni=58.6 Pd=106.2 Pt=196.7
[.1=7.01[Na =22 99K = 35.04 Rb=852 Cs = 132.7
Cu=633 Ag = 107.86 Au = 196.2
7Be = 9.3|Mg = 23.9|Ca=39.9 Sr=87.0 Ba =136.7
Zn =649 Cd=1116 Ho = 199.§

OTKPBIT, OOJIBIIMHCTBO OYAYLIUX JAHTAHWAOB HEN3-
BECTHBI, MOHSTHE «ATOM» HOCHUT T'MIIOTETHYECKUH
xapakTtep. Bce nomeHnesneeBcKre MONBITKM OCYLle-
CTBHTb ECTECTBEHHYIO KIAaCCU(PHUKALNIO XUMHYECKHX
3JIeMEHTOB (Ha)Ke KOorga OCTaBaJjoCh CHAEJaTh II0-
CJAeTHUN 1ar) ObLIH TIIETHBIMH.

K cepenune ¢espans 1869 r., ob6aymbiBas
CTPYKTYpYy YyueOHHKA, OH TOCTENEHHO IMpHUILEJ K
BBIBO/Y, YTO CBOHCTBa MPOCTHIX BEILECTB (a 3TO
ecTb (hopMa CYLIECTBOBAHHS XMUMHYECKHX 3JEMEH-
TOB B CBOOOJHOM COCTOSIHMH) M aTOMHBIE MacChl
3JIEMEHTOB CBSI3bIBaeT HeKas 3aKOHOMEPHOCTb.

MeHpeneeB MHOTOro He 3Has O TOMBITKax €ro
MpeALIECTBEHHHKOB PACIIOI0KHTh XUMHUECKHE 3JIe-
MEHTBI M0 BO3PACTaHUI0 UX aTOMHBIX Macc. Hampu-
Mep, onHa u3 Ttabuauy OpjauHra crana HM3BeCTHA
MeHpeneeBy TOJBKO MoOcje ero COOCTBEHHOTO CO-
o61u1eHnst 06 OTKPBITUH CUCTEMBI 31eMeHTOoB. OnHa-
KO paboThl y4eHbIX, KOTOpble 3aHHMaJHChb CpaB-
HEHWEM AaTOMHBIX MacC 3JeMEHTOB, B YacCTHOCTH
Hioma, noato/kHyau MeHzneneeBa K BBIBOLY O CY-
L1eCTBOBAHUU HEKOTOPOro 0Ollero MmpocToro coot-
HOLLIEHHUS] MEeXXIy aTOMHBIMHM MacCaMH CXOIHBIX 3Je-
MEHTOB.

CBou coobpakeHHsI 0 MEepPHOANYECKOH CHCTEMe
snemenToB JI. 1. MeHpesneeB oueHb OJr0 He MOT
NpPeiCTaBUTh B BUJE SICHOIO 0000IIeHHs], CTPOroi
U HarJsinHoO# cucteMbl. Kak-To mocse TpexnHEBHOH
Hanpsi2keHHOH padoThl OH MpUJer OTAOXHYTb U 3a-
6p11cst cHOM. [ToToM OoH pacckaseiBas: «SICHO BHXKY
BO CHe TaOJHLly, I'le 3JeMEeHTbl pacCcTaBJ/IeHbl, KaK
HyxkHO. IIpocHyJ/cs, ToTyac s3anucasn Ha KJoukKe
6ymMard W 3acHyJ onsitb. TOJBKO B OJHOM MeCTe
BIIOCJIEICTBUH OKa3asjachb HYXKHOH TOMpaBKa» (u3-
BECTHa JIETeHAa O TOM, YTO NepHoaUyYecKass CHCTe-
Ma mpocTo npucHuiaachk Imutpuio VBanoBuuy!).
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Pemaromias umes: comnocTaBuTh OJU3KHE ATOM-
Hble MaCChl Pa3JIHYHBIX XUMUUECKHX 3JIEMEHTOB U UX
XUMHUecKHe CBOHCTBa poausack 1 maprta (14 des-
panasi) 1869 r.

3anucaB Ha 06paTHOH CTOpPOHE BHU3UTHBIX Kap-
TOUYEK CHMBOJIBI 3JEMEHTOB, HX ATOMHBIE MacChl H
xumuueckue csoicTtBa, J. M. MengeneeB navag
pacroJfiaratb KapTOUKd B TOPH30HTaJbHBIE PSIBL.
YiKe Ha 3TOM MEPBUYHOM 3Tare OH MpPEXIE BCETO
PYKOBOJCTBOBAJICSI CBOMCTBAMH MPOCTBIX BELIECTB.

Taxk, BHauase OH MOJOXKUJI KAPTOUKY C dJIeMeH-
ToM OepusnueMm (atomHasi macca 14) psimom ¢ kap-
TOUKOH 3JIeMeHTa aJlOMUHHUS (aToMHasi macca 27,4),
0 TOTAALUHEH TPaavLUK PUHSB OepHIIUN 32 aHa-
Jor amoMuHusA. OfHAKO 3aTeM, COMOCTAaBUB XHUMH-
yecKHe CBOKMCTBA, OH NOMeCTHUJ/ OepUJIJIMK Hal Mar-
HHEM.

YCOMHUBIIUCH B OOIIENPUHSITOM TOTAA 3HAUe-
HUU aTOMHOH Macchl OepuJ/iius, OH U3MEHUJ ee Ha
9,4, a dopmysay okcuma OepHIHsT Mepenesan U3
Be,O; B BeO (kak y okcupa marausg MgO). Kera-
TH, <HUCIIpABJEHHOE» 3HaYeHHEe aTOMHOH Macchl Oe-
PHJ/LIHST TIOATBEPAUIOCH TOJNBKO Uepe3 MeCSTb JeT.

[Tocrenenno Hmutpu#i VBaHoBWUY mpumes X
OKOHYATeJbHOMY BBIBOLY, UTO 3JEMEHTHI, PacIoJio-
JKEeHHbIE 110 BO3PaCTaHHIO HX AaTOMHBIX Macc, Mpo-
SIBJISIIOT SIBHYIO T€PUOAMYHOCTb (DU3MYECKHUX U XH-
MHUYECKHUX CBOHCTB.

B Teuenue Bcero musi MenneneeB paboran Han
CHCTEMOH 3JeMeHTOB, a BedepoM 1 mapra 1869 r.
OH HabeJI0 Mepenucas COCTaBJAEHHYI0 UM TaOJIULY U
nos HazBaHueM «OTMBIT CUCTEMBI 3JEMEHTOB, OCHO-
BAHHOH Ha MX aTOMHOM BeCe W XHMHUYECKOM CXO[-
CTBE» TIOCJIaJ €€ B THIOTpadHIo.

OrneuataHuble JUCTKHA ¢ Tabuauned MeHmesnees
pasocJiaJl MHOTHM OTeUYeCTBEHHBIM U 3apyOeKHBIM



ONBITD CHCTEMbI 3JNEMEHTOBD

OCHOBAHHOH HA HXb ATOMHOMD BbCh H XHMHUYECKOMD CX0ACTBD

Ti=5 Zr= 90 ?=180.
Y =51 Nb = 94 Ta=182
Cr=52 Mo= 96 W =186.
Mn=55 Rh=1044 P1=1974
Fe=56 Ru=1044 1r=198
Ni=GCo=59 Pl=1066 Os=199,
H=1 Cu=634« Ag=108 Hg=200
Be= 94Mg=24 Zn=652 Cd=112
B=11 A1=274 ?2=68 Ur=116 Au=197?
C=12 Si=28 ?=70 Sn=118
N=14 P=31 As=75 Sb=122 Bi=210?
0=16 S=32 Se=794 Te=128?
F=19 Cl=35 Br=80 =127
Li=7 Na=23 K=39 Rb=854 Cs=133 Ti=204
Ca=40 SF=87.5 Ba=137 Pb = 207
2=45 Ce =92
7Er=56 La=94
Yt=60 Di=95

2In=756Th=118?

JA. Meunaeatepns

[lepBasi mepuopnyeckasi Tab/uLa 3JIEMEHTOB, COCTABJIEHHAS
J. Y. MenneneeBbim (1869)

XUMHKaM U Bblexas u3 [letepbypra mis obcnenoa-
HHSI apTeJNbHBIX CbIpOBapeH B TBepckoil ryGepHHH.

Ho orbesna on mepenan H. A. MeHWwyTKuHy
pykonuch ctaTbd «COOTHOLIEHHE CBOHCTB C aTOM-
HBIM BECOM 3JIEMEHTOB» — 11 ybsukaumu B Kyp-
Hasne Pycckoro xumudeckoro of6miecTsa W AJs CO-
oOLLEeHUsI Ha NPeACTOosILIeM 3acelaHUH OOllecTBa.

6 (18) mapra 1869 r. H. A. MeHIUyTKUH OT
uMeHu MeHnesieeBa cienasn A0KJAad, B KOTOPOM CO-
JepxKajucb MPaKTHYeCKH BCE OCHOBHBbIE I10JIOXKe-
HHSI, COCTaBJISAOIINE CYTh MEPUOANIECKOr0 3aKOHa!

1. DyeMeHTEI, pacrnosoKeHHbIE M0 BO3PACTAHHUIO
X aTOMHOTO Beca, NPeACTaBJ/SAIT SBCTBEHHYIO Ie-
PUOAMYHOCTb CBOHCTB.

2. CxonHBIE TI0 CBOWCTBAM 3JIEMEHTBl HMEIOT
unu Osuskue atomHble Beca (Os, Ir, Pt), uau noc-
JIeIOBATEJbHO M OAHOOOPA3HO YBEJHUHBAIOLIMECS
(K, Rb, Cs).

3. ConocTaBJseHNe 3/JeMEHTOB WJIH UX TPYIII I10
BeJIMUMHE aTOMHOTIO Beca OTBeYaeT WX TaK Hasbl-
BaeMOH BaJICHTHOCTH.

4. DyeMeHTHl C MaJbIMM aTOMHBIMU BECaMH HMe-
10T HauboJiee pe3KOo BblpakKeHHble CBOHCTBA, MO3TO-
My OHH SIBJSIIOTCS TUNHMYECKUMH 3JE€MEHTaMH.

5. BesnuunHa aTOMHOrO Beca 3JeMEHTA MOXKET
OBITb HCIIpaBJEHAa, €CJH 3HATb AHAJOTH JaHHOTO
3JeMeHTa.

6. CrenyeT 0XKHIAaThb OTKPBITHS ellle MHOTHX
HEM3BECTHBIX 3JIEMEHTOB, HarpuMep CXOAHbIX ¢ Al
unu Si, ¢ maem (aTomMHOU Maccoit) 65—75.

Jlok/aan BHauaje He TPHUBJEK 0COGOr0 BHUMA-
HUSI XUMHKOB, a Mpe3uaeHT PyccKoro XUMHYECKOTO
obutectBa akamemuk H. H. 3unun (1812—1880)
3asBuJI, uTO MeHneeeB nenaeT He TO, YEM CJELYeT
3aHUMaThCsl HACcTOsLEMY UcciaenoBaTento. [IpaBna,
gyepe3 OBa ropa, npoutsi cratbio Imutpus Meano-
Buua «EcTecTBeHHasi cUCTeMa 3J1EMEHTOB U MpUMe-
HeHHe ee K YKa3aHWI0 CBOHCTB HEKOTOPBIX dJIeMEH-
toB», H. H. 3uHWH u3MeHUJ CBOe MHEHHe U HAIH-
can MenneneeBy: «O4eHb, OUEHb XOPOILO, TPEMHO-
ro OTJUYHBLIX COJMXKEHUH, JaKe BeCeJso YUTaTh, JaH
Bor Bawm ynauu B onbiTHOM moaTBep:kaeHun Bamumx
BBIBONOB. Vckpenne Bam mpenanubii u riay6oko
Bac yBaxaromwmit H. 3unun».

Coobuenne 1. M. MenneneeBa OblI0 OmMyo-
JuKoBaHO B Mae 1869 r. B xxypHasne Pycckoro xu-
muueckoro obmectBa (1869. — T. 1, Beim. 2—3,
c. 60—77). Cnenymwouiee onyOJUKOBaHHOE COO0b1ile-
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HHe 00 OTKPBITHH 3aKOHA CHeJIaHO y»Ke caMuM MeH-
nesjieeBbIM B aBrycTe 1869 r. Ha BTOpOM cbesme
ecTecTBOMCIBITaTeNel U Bpaueidl B MockBe. B aTom
COOOLIEHUH OH YrayOJisieT MOHUMaHUe 3aKOHa, Io-
Ka3blBasl, YTO aTOMHBIE OOBEMBI MPOCTBIX TeJ §B-
JISIOTCS NEPUOANYECKOH (PYHKLMEH OT aTOMHBIX Be-
COB.

15 oktsa6psi 1869 r. Ha 3acemanun PXO Mes-
neneeB cuenan coobuieHne «O KoMMYeCcTBE KHUCJO-
poza B COJISTHBIX OKHCJaX U 06 aTOMHOCTH 3JeMeH-
TOB», Ille MOKasaJ, 4TO BbICLIAsl BAJE€HTHOCTb 3Je-
MeHTa B COJIe00pasymolleM OKCHIE eCTb NepPHOIH-
yeckasi (hyHKIMS aToMHOTO Beca. B. 1O. Puxtep nns
’KypHana Hewmeuxoro xumuuyeckoro ofliecTa Ha-
nvcan GoJibliol pedepart, B KOTOPOM COOOLIMJ O
NeproaNvYecKOM 3aKOHe, a TakXke O ToM, 4yTo MeH-
JeseeB TpeACKas3asl PsSl HEHM3BECTHBIX 3JE€MEHTOB,
UCMpaBUJ AaTOMHBIA Bec ypaHa Ha 240 (BMmecTo
120), topusi — Ha 232 (Bmecto 116), uepus — Ha
138 (Bmecto 98), unmuss — Ha 113 (BMecTO 75,6).
ArtoT pedepat mosiBuiaca B mekabpe 1870 r. (Be-
richte, Bd. III, S. 990—992). Kpome Toro, ele
B 1869 r. B HemeukoM »xypHasne Zeitschrift fur
Chemie (Bd. V, S. 405—406) naneuatan pedepar
cratbu J. V1. MenneneeBa «CooTHOLLIEHHE CBOHCTB
C aTOMHBIM BECOB 3JIEMEHTOBY.

B 1871 r. B xypHane «Annalen der Chemie»
Obl1a OCyllecTBJeHa pa3BepHyTas NyOJuKaLus
I. V. MeHneeeBa, OCBSIIEHHAS €r0 OTKPBITHIO —
«Die periodische GesetzméaBigkeit der Elemente»
(ITepruonuueckasi 3aKOHOMEPHOCTb XHMHUECKHUX 3JIe-
MEHTOB).

B Teuenue 1869—1870 rr. Imutpuii MBanoBuu
COBEpLUEHCTBOBAJ CHCTEMY 3JEMEHTOB, OH BBEJ
MIOHATHS «TPYIINA, PSA, TEPHOL»: KAaKIOMY 3JeMEH-
Ty B CUCTeMe Obljl NPUCBOEH MOPSAKOBBIH HOMeED.
B pesynbrate nosiBuiuchk Ase padoTel MeHpenee-
Ba, CTaBIIHE XUMHYECKOH KJacCHKoH: «EcTecTBeH-
Hasl CUCTeMa 3JIEMEHTOB U NPUMEHEHHE ee K yKasa-
HUIO CBOHCTB HEOTKPHITHIX 3jeMeHTOB» (1870 r.) u
«Ilepronnueckasi 3aKOHHOCTb XMUMHUECKHUX dJIeMEH-
toB» (1871 r.). Bropas crarbsi 6bl1a omy6anKoBa-
Ha B HeMeLKOM >xypHaJje «Liebid’s Annalen» u co-
nep:kana popmyanpoBky Ilepuognueckoro 3akoHa:
«Csolicmsa npocmolx men, a maksce Gopmol u
cgolicmsea cOeOUHEHUL XUMULECKUX INeMeHmos
Haxo0amcs 8 nepuoOdu4eckol 3asucumocmu om
BEAUHUHDL AMOMHLLX BECO8 INEMEHIMOB>.

B konue 1870 r. MengeneeB nonoxua PXO
cratbio «EcTecTBeHHasi cUCTeMa 3J€MEHTOB U TIPH-
MeHEHHE ee K YKa3aHHI0 CBOUCTB HEOTKPBITHIX 3Je-
MEHTOB», B KOTOPOH MpeacKas3as CBOHCTBA HEU3-
BECTHBIX ellle 3/JeMeHTOB — aHaJoroB 6opa, aJio-
MHMHHUSI U KPeMHHS (COOTBETCTBEHHO 3Kabop, 3IKa-
QNIOMMHUH W 9KACHJIULHH).

Hy>XHO OTMETHTb, YTO HEKOTOpbIE H3BECTHBIE
y4yeHble K MEPBBIM COOOIIEHUSM O MEPUOIUIECKOM
3aKOHe OTHecsauChb ckenrtuuecku. B. OcTBanbn Ha-
3BaJl €ro «MPHUHIMIIOM KJIACCH(PHUKALMH YEro-TO He-
onpenenenHoro». P. Bynsen cuurasn, uto Mennese-
€B yBJIEKAET XUMHKOB B «HaIyMaHHBIH MHP YHCTBIX
abctpakuuii». [lpogeccop Jlelinuurckoro yHuBep-
cuteta . Kosbbe, KoTOpbId mNpenJarai MepBoro
HoOesieBcKOro Jaypeata mo xumuud Baut [odda
UCKJIOUWTb M3 PSNOB HACTOSILIUX y4YeHBIX U 3a-
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YUCJUTh B Jarepb CIUPUTOB», HA3BaJ OTKPLITHE
J. Y. MenneneeBa «CHeKyJSTHBHBIM>.

B cyumnoctu, padora . Y. MeHnneneeBa 6blia
JIUILIb TIePBBIM aHANIHU30M OOJIBIIOTO MACCHBA IMITH-
pUYECKUX NAHHBIX (4acTO TPOTHBOPEUUBLIX U He
BCeraa OOCTOBEPHBIX), KOTOPBIH MPHUBEJ K OTKPBI-
THIO (DYHIAMEHTAJbHOTO 3aKOHA MPHUPOALL. B ucro-
pUM HayKH Takue (akThl — HUCKJIOUUTEIbHAS pel-
KOCTb.

Bo Bcex patorax . M. Mennesneea, mocss-
[IeHHBbIX MIEPUOANYECKOMY 3aKOHY, paccMaTpUBAIOT-
CS TPU B3aUMOCBSI3aHHBIX IOHSITHS — MEPHOANYE-
CKHU 3aKOH, MEePUOANYECKasi CUCTeMa U MepHOoaude-
ckas TabJuila XUMUYECKUX 3JeMeHTOB. [lepuonuye-
ckasi TabJulla — OOMH M3 CIOCOO0B TpaduuecKoro
MpeNCTaBJIEHUS] MEPUOANYECKON CHUCTEMBl 3JIEMEH-
TOB.

B cBsisu ¢ mepuonnueckoél TabJHlled XUMHUe-
CKUX 3JIEMEHTOB WHOTHA IOJHHUMAaeTCs BOMPOC O
mpuopuTeTE. 3M€Ch CIEMYET YETKO OTAENATh MePHO-
NUYeCcKylo TabJully W MepHUOAUYeCKUH 3aKOH XUMH-
yecKux 3jeMeHToB. B Tabauuax Opauxra 1864 r.,
Menpneneesa 1869 r. u Metiepa 1870 r. Hesnb3s He
OTMETHTb HECOMHEHHOI'0 CXOJACTBA; BO BCeX TabJIH-
aX OCTaBJIeHbl MeCTa MJisi HEOTKPBITHIX 3JeMeH-
TOB, ¥ BCE€ OHHU He JIMILIEHBI HemocTaTKoB. Pabora
Mefiepa 6bl1a cnana B nedatbh B 1869 r.; mocse
ony6/auKkoBaHus nokmnana MenneneeBa Metiep no-
6aBUJ B CBOIO CTaThIO CCHIIKY HAa MeHneneeBa, Tae,
B YaCTHOCTH, 0C000 yKaszaJ, 4TO NpeJaraeMblii UM
rpaduxk «KpuBasi aTOMHBIX 00BbEMOB» MPEKPACHO
UJITIOCTPUPYET TIPENJIOXKEHHBIH PYCCKHUM XHMHUKOM
TepPMUH <«IepUOAUYHOCTb». Takum ob6pasom, IMo-
cKoJIbKy MeHnesneeB u Meliep He3aBHCUMO APYT OT
Jpyra npeJjoxKuiu BecbMa OJIM3KHe BapUaHThI Tab-
JIULIBI, UCIIOJb3yEeMOe B HEKOTOPBLIX CTpaHax Ha3Ba-
Hue «Tabauua MeHaeneeBa—Meiliepa» MOXKHO CUH-
TaTb He JHUIIEHHBIM OCHOBaHHH.

BmecTte ¢ Tem mpuoputer MeHnesneeBa B OTKPHI-
THH TIEPUONUYECKOr0 3aKOHA XHMUUYECKHX 3JEMEH-
TOB SIBJISIETCSI COBEPLIEHHO HEOCIIOPUMBIM.

Metiep, llankyprya, Hotonenne u Opgaunr cuc-
TEeMaTHU3UPOBANH 3JIEMEHTBI, YKa3blBasi HA HaJHUHe
3aKOHOMEPHOCTH B UUCJEHHBIX BeJUUNHAX aTOMHBIX
BecoB. OnmHaKo HUKTO 10 MeHe/eeBa He pelIUIICS
CUECTb 3TH 3aKOHOMEPHOCTU OOILIUM 3aKOHOM MpH-
ponbl. 3acayra MeHzneneeBa COCTOUT B TOM, UTO OH
He MPOCTO PACIOJIOXKHJ 3JeMEHThl B OIpeneseH-
HOM TIOpSIKe, HO B35 Ha ceOs1 CMeJOCTh Ha OCHO-
BaHUHU TPEANOJNOKEHHS, UTO UMEHHO aTOMHAasl Mac-
ca mpemomnpenensieT CBOUCTBA 3JeMeHTa, U3MEHUTD
MPUHSATBIE aTOMHBIE BeCa HEKOTOPBIX 3JEMEHTOB
U NoApOOHO OMUcCaTb CBOHCTBA HEOTKPBITBHIX ellle
3JIEMEHTOB — IpeXae Bcero 3kabdopa, dKaaaioMH-
Husl W skacuauius. Cam MeHaeseeB 1O 3TOMY
MOBOJY BBbICKa3ajcs cJjaeaymomum obpasom: «Hwu
ne llaukypTya, KOTOpOMY (DpaHIy3bl MPUIHCHIBAIOT
MpaBO Ha OTKPBITHE TMEePUOJUYECKOTO 3aKOHA, HH
HbloseHne, KOTOPOTO BBICTABJSIOT aHIJIMYaHE, HU
JI. Meifiep, KOTOPOr0 LUTHUPOBANU HHBIE KaK OCHO-
BaTessi TNEPUONNYECKOr0 3aKOHA, He PHUCKOBAJIH
MpenyraabiBaTh CBOUCTBA HEOTKPBITHIX 3JIEMEHTOB,
HU3MEHSITh NPHHSTbIE Beca aTOMOB M BOOOIle CUH-
TaTb NNePUOANYECKUH 3aKOH HOBBIM, CTPOrO MOCTAB-
JIEHHBIM 32KOHOM IPHUPOJIbI, MOTYLIUM OXBATHIBATH



eule nocesje HeoboOlLIeHHbIe (haKThl, KaK 3TO cle-
JIAHO MHOI0 ¢ camoro Hadana (1869)».

MoOXHO CUHTaTh, YTO «TOYKY» B IHUCKYCCHU
O TIPHOPUTETE OTKPBITHUS IEPUOAMYECKOTO 3aKOHA
noctasua JI. Mefiep, xotopwiit Hanucan B 1870 r.
(Annalen der Chemie und Pharmacie, s. 354—
364):

«B 1869 rony, paHblie, yeM si BbiCKa3ajl CBOH
MBICJIH O TIEPUOIUYHOCTH CBOUCTB 3JIEMEHTOB, TIO-
aBusicsi pedpepat ctatbu MeHmesneeBa, B KOTOPOH
HaMUCaHo, 4TO: 1) IpU pacmoJIOKEeHUU JEMEHTOB
B TOPSIIKE BOCXOMISILIUX ATOMHBIX BecoB HabJsiomna-
eTCcsl CTyneH4YaToe W3MEeHEeHHEe CBOHCTB 3JIEMEHTOB;
2) BeJMYMHA aTOMHBIX BECOB OIpefeJsieT CBOHCTBA
3JIeMEHTOB; 3) aTOMHblE Beca HEKOTOPBIX 3JeMeH-
TOB TPeOYIOT UCIpaBJ/eHus; 4) MOJKHBI CYIIeCTBO-
BaTb HEKOTOPbIE elle He OTKPBITHIE 3JEMEHTHI...
dto Bce 6bI0 MeHneneeBbIM OMyOJUKOBAHO [0
MeHs1 U BooOlle BIepBble. Sl OTKPBHITO CO3HAIOCH,
4TO Y MeHS He XBAaTHUJIO CMEJOCTH [/l TAKUX AaJb-
HOBHIHBIX MPEIOJI0KEHNH, KAKHe C YBEPEHHOCTHIO
BbICcKas3ajg MeHneseeB».

BakHbIM u cyry60 XUMUYECKUM 3TarloM MpHU3Ha-
HUS [TePHOANYECKOr0 3aKOHA B KauecTBe (PyHIaMeH-
TaJIbHOTO TOJIO’KEHHUSI eCTECTBO3HAHHUS CTaJl MEPHOL
OoTKpbITUSl TpenckasanHbix JI. M. MeHneneeBbiM
3JIeMEHTOB.

B 1875 r. ¢ppanuysckuit xumuk JI. 3. Jlekok me
Byabompan oTKpBLT B MUHEpaJsie BIOPTLUHUTE — CYJIb-
¢une UMHKA ZnS HOBBIH 3/1€MEHT, KOTOPBIH Ha3BaJl
rajaveM (naTHHCKoe HasBaHue PpanHuun — «l'an-
Jqusi»). MeHneneeB cpasy e yKasal, UTO Tasjui
npeacTaBJ/sieT cobodl skaamoMuHui. anbHedline
UCCJIEIOBAHUS TOJHOCTBIO TOATBEPAUIH 3TO, MPH-
geM OKasajochb, 4T0 MeHaeseeB npenckasan IoT-
HOCTb rajust TouHee, ueM Jlekok ne bByabompan
SKIEepPUMeHTaNbHO omnpenenua ee. Jlekok ne bya-
6onpaH nucan: «5 aymaio, HeT HeOOXOAUMOCTH
HacTauBaTb Ha OTPOMHOM 3HAUEHWH IOATBEpIKIe-
HUSl TeOpeTHYeCKHUX BBIBOLOB MeHneneeBa».

B 1879 r. wBenckuii xumux Jlapc Hunabcon B
CJIOKHOM MHHepaJie TadoJHHUTE OTKPBLI CKaHIWH,
npeackasaHHbld MeHneneeBbIM Kak 3kabop. Huub-
coH nucas: «He ocTaeTcsi HUKaKoro COMHEHHs, 4TO
B CKaHAMH OTKPBIT 3Kabop... Tak moaTBepKAAI0TCS
HarJsaHednM oOpa3oM cooOpaxKeHHsl PYCCKOro
XUMHKa, KOTOpble He TOJbKO [NaJd BO3MOXKHOCTH
Mpenckas3aThb CyIleCTBOBAHME CKAHIMS U rajllusi, HO
W TIpeIBHUIETh 3apaHee WX BaXKHeHIIHEe CBOHUCTBA».
CkaHau# MOJTyYls Ha3BaHWEe B UeCTb POAMHBI Husb-
coHa CKaHIHHABHH.

B 1886 r. mpodeccop [opHoli akamemuu BO
®paiibypre Hemeukuil xuMmuk Kiemenc Bunknep
NPy aHa/NIn3e PEeIKOTO0 MUHEpaJsa aprupoguTa cocTa-
Ba Ag,GeS; 0GHapyKUJ ellle OIHH 3JEMEHT, Mpe-
ckasaHHbIl MeHpeneeBbIM. MccienoBanre cBOHCTB
HOBOTO 3JIEMeHTa I0Ka3aJo, YTO OH IOJHOCTBIO
UIeHTHYeH C dKacunuuueM MeHneseesa.

B 1888 r. A. K. Bunknep nanucan: «He nonJe-
JKUT O0Jibllle HUKAKOMY COMHEHHIO, YTO HOBBIH 3Jie-
MEHT €CTb He UTO WHOe, KaK NpeacKa3aHHbld MeH-
JeJeeBbIM 32 MSITHAALATH JIET IO 3TOTO 3KACHJIHU-
uui. Ena siu moxeT 6bITh faHO GoJiee yOeauTe N b-
HOe [0Ka3aTeJbCTBO CIIPABENJUBOCTH YUYEHHUS O
MEePUOANIHOCTH 3JEMEHTOB, UeM BOIJIOIIEHHE OBIB-

IIEr0 0 CHX IMOP TUMOTETHYECKHM 3IKACHIIHULHUSA, U
OHO TpeiacTaBjsieT co0OH TMOUCTHHE HEYTO OOJIb-
lIee, 4eM MPOCTOE MOATBEPXKIEHHE CMEJO BbIIBH-
HYTOH TEOpHH, — OHO O3HayaeT BbIAAIOLIEECs pac-
[IHpeHHe XUMHYECKOTro MOJIsl 3PeHUsl, MOTYUHH Iar
B 00/1aCTH NO3HAHHUSY.

B uTore oH pemns Ha3BaTb HOBBIH 3JEMEHT B
4yecTb cBoell cTpanbl, U Jmutpuil MBanosuu MeH-
IesieeB TOJHOCTbIO 0of00pHus 3TO pelneHue: «Tak
KaK OTKPBITHE TepMaHHUs SIBJSEeTCS BEHLIOM IepHo-
IW4eCcKOH CHCTeMbl, TO BaM, Kak «oTiy» repmaHus,
NpHUHALIEXKHUT 3TOT BEHELl, I/ MEeHS XKe SBJISeTCS
LIEeHHOH MOsI POJib MpEeIIEeCTBEHHUKA U TO APYKe-
CKOe OTHOILEHHe, KOTOpoe si BCTpeTus y Bac».

MoxHo no6aButh, uto . V1. Mennenees npen-
CKasaJl CylLIeCcTBOBaHME IBUTe/Iypa (MOJNOHHS, OT-
kpuIT B 1898 r.), skafioma (acrara, 1942—1943),
skamapranua (rexseums, 1937), skauesus (ppas-
uus, 1939), skaranrana (npotaktunus, 1917), ska-
6apus (pamus, 1898).

[TosmHOE MOATBepKIEHNE NpencKa3zaHuil MeHne-
JleeBa 03Ha4yaso TOPXKECTBO MEPHOANYECKOTO 3aKO-
Ha. C cepemunbl 1880-x rr. yueHue O TNepHOAHY-
HOCTH OBIJIO OKOHYATeJNbHO MPHU3HAHO B KauyecTBe
OZIHOW M3 OCHOB TEOPETHYECKOH XHMHH.

Tem He MeHee B MepHONHUYECKOM 3aKOHE OCTa-
BaJMCh HekoTopble npobsembl. [Ipencrosiio ompe-
JeJIUTbCSl C MECTOM B MEPUOAUYECKOH TabJjule s
OBYX TPYII 3J€MEHTOB — HHEPTHBIX Ta30B, HMEIO-
[IMX HYJEBYIO BaJ€HTHOCTb, U TPUHAIUATH peIKo-
3eMeJIbHBIX 3J1eMeHTOB. Hesb3st He YNOMSIHYTb O
TOM, YTO OTKpPBbITHe OOJbIIOrO YHUC/IA 3JEMEHTOB
BO BTOpO# moJsioBuHe XIX BeKka ObLIO B 3HAUUTEJb-
HOU Mepe 00yCJ/IOBJIEHO MOSIBJEHHEM CIEeKTpaJbHO-
ro aHajM3a — MeTO0Ja, KOTOPbIH NPEeNJOXKHUIN B
koHue 1850-x rr. Hemelkue yueHble ['yctaB Pobept
Kupxrop u Pobepr Busibressm byHnseH.

[Ipenyranate cyuiecTBOBaHHE IPYIIIBI O1aropos-
HbIX ra3oB MeHzesneeB He MOT, U UM [OHaYyasy He
Halwtoch MecTta B [lepuonnueckoit cucreme. OTKpHI-
THE aproHa aHTJHHCKHUMHU ydeHbIMH Y. Pam3aem u
Jx. Peneem B 1894 r. cpasy xe BbI3BasO0 OypHBIE
IWCKYCCHM U CcOMHeHHs B [lepuomuyeckoMm 3akoHe
u [lepronuueckoii cucreme aneMeHTOB. MeHeneeB
BHauaJ/e MOCYUTAJ aproH aJJOTPOMHOH MomuduKa-
uue# asora U Tosbko B 1900 r. monm maBieHHEM
HeTpeJsIoXKHBIX (PAaKTOB COTJIACHJICH C MPUCYTCTBH-
eMm B [lepruonuueckoll cucrteMe «HYJeBOH» TPYIIIbL
XUMHUECKHAX 3JEMEHTOB, KOTOPYIO 3aHSJIH IPyTHe
6y1aroposiHble Ta3bl, OTKPBITBIE BCJEL 33 apPTOHOM.
WMHepTHBIe ras3el B nepuoaudeckol Tabsule CTaau
MEepexXoqHbIMH MeXAy TrajoreHaMH U I1eJOYHbIMH
MeTaJslJIaMH.

B 1900—1902 rr. b. Bpaynep, usBecTHBII
CBOUMH paboTaMH MO yTOUHEHHIO aTOMHBIX Macc Xu-
MHUYECKHUX 3JIEMEHTOB, MPENJOXKUJI pelLIeHHe Mpo-
6seMBbl pa3MelleHHs B TabJMUIE pPeIKO3eMeJbHBIX
anemerToB (P32). Ilo ero muenuto, P32 mosxkHbl
COCTaBJISATb 0COOYIO TPYIIy MEPUOIUYECKOH CUCTe-
Mmbl: «[Tomo6Ho ToMy, Kak B CoOJIHEYHOH CHCTeMe
Lesasi TpyMa acTepOWIOB 3aHMMAaeT II0JOCY Ha
MecTe TIyTH, 10 KOTOPOMY JOJIKHA Obl NBUTAThCS
OfIHA TIIAHETa, TaK TOUHO LieJasi TPyIIa 3JeMeHTOB
peoKux 3eMesb Morsa Obl 3aHATb B CHCTEME OJHO
MeCcTO, Ha KOTOpPOM B JAPYroM cJjydyae CTOHT OOMH
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3/1eMeHT... TakuM o0pa3oM, BCe 3TH 3JEMEHTHI,
OYeHb MOJOOHBIE ONWH APYTOMY, CTAJd Obl Ha TOM
Mecte B IV rpymnmne BocbMOro psiia, KOTopoe A0 CHX
MOp 3aHUMaJ LepuH... DIEeMEeHTBl PeIKHX 3eMeJb
cosnanu 6bl 0COOYI0 HHTEPIIepUOAUUECKYIO TPYIY,
aHAJIOTUYHYIO 0 HEKOTOPOH CTENeHH BOCbMOMH TpyIl-
e, NMOMECTHBIUNCH B CePeIMHE OCTAJbHBIX TPYII
NePUOJUYECKOH CHCTEMBI...».

B KOpoTKOM BapuaHTe NMepHOAHYECKOH TaOMULIbI
Bpaynep npensoxun nomectuTh Bce P32 B omHy
KJeTKy. BriocsiencTBuu 3TH 3/1eMeHThI OBLIM CTPYI-
NMPOBaHbI B CEMBIO JIAHTAHHUIOB.

B BocbMOM mpuKH3HEHHOM H3naHUU «OCHOB
xumun>» (1906) . Y. Mennenees npusogut «Ile-
PHOIMUECKYI0 CHCTEMY 3JIEMEHTOB IO TPYINaM H
psimam» (CM. HH2Ke), KOTopasi IPUHLHUIINAIBHO JUIIb
B JeTa/siX He3HAUUTeJbHO OTJIHYAETCS OT TeX Ba-
PUAHTOB <«KOPOTKOH» MNepUOAUUYeCcKOH TabJULBbI,
KOTOPYIO M CErofiH§l UCIOJb3YIOT B yueOHHKAX.

B Hauane XX B. mepuoguueckasi cucTema aJje-
MEHTOB HEOJHOKPATHO BHUIOWU3MEHSJIACh IS TIPH-
BeJeHHsI ee B COOTBETCTBHE C HOBBIMH Hay4YHBIMH
JNaHHBIMH.

C pa3BUTHEM TEOPHH CTPOEHMS aToMa Hadascs
KBaHTOBO-XHMHUUYECKHUH (3/JIeKTPOHHBIN) 3Tall yueHHS
0 MEPUOIUYHOCTH, KOoTopasi Oblia 0ObsICHEHA TIepH-
OIMYECKHM MOBTOPEHHEM 3JIEKTPOHHBIX KOH(HUTYpa-
LU aTOMOB C yBeJHYEHHEM 3apsiia UX sifep.

Jlns XuMuM cepbe3Hylo MpobJeMy cocTaBJjsiia
HEe0OXOAUMOCTb pa3MellleHUsl B NepuoandecKo Tab-
JILIE MHOTOUHMCJIEHHBIX MPOAYKTOB PalHOAKTHBHOTO
pacnaga, UMerluX OJKM3KHe aTOMHble MaccChl, HO
3HAUUTEJbHO OTJIHYAIOLIMXCS MEepPUOAAMHU MoJypac-
naga. T. Ceenbepr B 1909 r. nokasan, 4To CBUHEI]
U HeOH, MOJyueHHble B pe3yJbTaTe PaivOaKTHBHO-
ro pacrnajga W OTJHYamolvecs MO BeJIWYHHE aTOM-
HBIX MacC OT <«OOBIYHBIX» 3JIEMEHTOB, XHMHUYECKH
UM TMOJHOCTbIO ToknecTBeHHBL. B 1911 r. ®. Con-
IV TIPENJIOXKHUJ pa3MellaTb XUMHYECKH HepasJudu-
MBI 3JeMeHTBl, MMeollye pa3JUYHble aTOMHBbIE
Macchl (H30TOMBI), B ONHOH siuelike TaOJIHIIBI.

B 1911 r. cpa3y nocse coznanus . Pesepdop-
JIOM sIePHOU MOAe/JH aToOMa TOJVIaHACKUH y4eHBIH
A. Ban nen DBpyk BBIIBHHYJ THIOTE3y, COTJIACHO
KOTOPOH MOPSIKOBBIH HOMEp 3JeMeHTa B MePHOMIH-
4yeckOd TabJMlle paBeH YUCJIY 3JeKTPOHOB B aToOMe
U, CJeI0BaTe/bHO, MOJOXHUTEJIbHOMY 3apsifly ero
anpa (Nature, 1911). Bckope sta rumoresa Obl-
Ja ToATBep:xkAeHa B paboTax aHIJIMHCKOro (usu-
Ka [. Mo3ssi, KOTOpBIH YCTaHOBUJ, YTO KOPEHb U3
XapaKTepUCTHUECKOH Y4acTOThl PEHTTEHOBCKOTO H3-
JIyUeHUs 3JeMeHTa (v) JUHEHHO 3aBHUCUT OT LEJIO-
YUCJIEHHOH BEJUYMHBI — aTOMHOTO HOMepa (Z), Ko-
TOpBIH COBMagaeT ¢ HoMepoMm 3JjeMeHTa B [lepuo-
audecKol TabJuue:

v=R(Z —y)X(1/m — 1/n?),

rne R — mocrosinnas Punbepra, y — mocTosiHHAA
9KpaHUPOBAHUS.

B 3akoHe Mosau Obl1 pacKkpbiT (PU3HUECKUN
CMBICJI TIOPSIIKOBOT'O HOMepa 3dJeMeHTa (Kak 3apsiaa
ero sinpa). [locie aToro nepuonnvyecKuil 3aKOH Io-
JYYUJ COBpPEMEHHYIO (PopMynupoBKy: «CBOHCTBA
MpPOCTBhIX BELIECTB, a TakxkKe (OpPMbl U CBOHCTBA
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COeIVHEHUH 3JIEMEHTOB HaXOASATCS B IMEPHOIHYe-
CKOH 3aBHCHMOCTH OT 3apSiiOB SIIEpP aTOMOB 3Je-
MEHTOBY.

3apsn sigpa aToMma OompefessieT YHUCJIO 3JEKTPo-
HOB. DJIEKTPOHBI ONpefieseHHbIM 00pa3oM 3acess-
0T aTOMHble OpOUTAaNH, IPUYEM CTPOEHUE BHELIHEH
3JIEKTPOHHOU OOOJIOUKH TePUOANYECKH TTOBTOPSIET-
Csl, YTO BBIPa’KaeTCsl B TIEPHOANYECKOM H3MEHEHUH
XUMHUYECKHX CBOHCTB 3JIEMEHTOB M MX COEIHHEHHH.

3nece ymecTHO mnpuBecTd ciaoBa H. bopa:
«...MO03J OTKPBLI MPOCTOH 3aKOH, MO3BOJISTIOLINH
OIHO3HAUHO MpUIHUCATb ATOMHBIH HOMep J000MY
3JeMeHTY Ha OCHOBAHWM €ro BBICOKOYACTOTHOTO
crekTpa. DTOT 3aKOH... 0OHAPYKHUJ TTOTPSICAOLIYIO
HHTyHLHI0O MeHeneeBa, KOTOPHIH B ONpeeseHHbIX
MecTax CcBOoed TabJuUbl OTOLIeJ OT MPaBUJIbHOH
MocJ/Ie10BaTeIbHOCTH BO3PaCcTaHNsl aTOMHBIX BECOB.
Uto xacaercs npobJeMbl 3JeKTPOHHBIX KOH(UTY-
pauui aTomoB, TO It Hee pabdoTa Moaau mochy-
’KUJIa HauaJoM CYLIECTBEHHOTO Mporpeccar.

B 1921—1923 rr., ocHOBBIBasiCh Ha MOJEJH
atroma bopa—3ommepdenbna, mpencTaBJsiomlei
co00H KOMIIPOMHUCC MEXKIy KJIacCUYEeCKUMH U KBaH-
TOBBIMH TIpenctasienussMu, H. Bop 3amoxun ocHo-
Bbl opMasibHOH Teopuu [leprognueckoil cuCTeMBI.

CrpoeHMe BHEILHETO 3J€KTPOHHOTO YPOBHS aTo-
Ma, TIepHOINUECKH MOBTOpsieMoro yepes 2, 6, 10 u
14 sneMeHTOB, ompene/sieT MEPUOAUYHOCTD MOBTO-
PEeHHs] CBOWCTB 3JIeMEHTOB. JTH LU(PBI COOTBET-
CTBYIOT MaKCHMaJbHO BO3MOXKHOMY UHCJY 3J€KT-
POHOB Ha, COOTBETCTBEHHO, S-, p-, d- U f-opOUTAIAK
aToMa M YHUCJIYy BO3MOXKHBIX 3JIEMEHTOB B IEPHO-
nax.

Ha nepBom sHepreTHueckoM S-ypoBHE MOTYT
ObITb TOJNBKO JBa 3J]eKTpoHa. [losTomMy B mepBom
nepuoae IBa 3JeMeHTa: BOJOPOA U TeJHi.

Ha BTOpOM 3HepreTHueckKoM ypoBHE BOCEMb pas-
HBIX 3JIEKTPOHOB OTBEYAIOT MOSIBJEHUIO BOCBMHU HO-
BBIX 3JIEMEHTOB — OT JIHTHS O HEOHa.

B TpeTbeM mepuose BMECTO 0XKHMIAEMbIX BOCEM-
HalLATH TaKXKe BOCEMb 3/JeMEeHTOB— OT HaTpPHUS M0
aprosa. 3pecb Npou3ollIa 3agepxkKa ¢ obpas3ona-
HUEM JeCATH d-3J1eMEeHTOB M3-3a TOrO, UTO 3d-3JeK-
TPOHBI OKa3aJHCh Ha GOJiee BBICOKOM 3HEpreTHye-
CKOM ypOBHe, 4eM 4s-371eKTpoHbl. [1o 3To# npuunne
3d-37eMeHTHl (CKAHAWH, TUTAH U [AP.) MOSIBJSIIOTCS
JULIb B YeTBEPTOM Iepuoje Mocje ABYyX 4s-aie-
MeHTOB (Kaqu# ¥ Kajbuuil). OHH TpenecTBYIOT
4p-snemMeHTaM (OT TaJus [0 KPUITOHA). DTUM
00BSICHSIETCSI BO3HUKHOBeHHe 0000LIAIOUIErO Tep-
MHHa — <«IIepPeXO/Hble 3JeMEHThI», KBCTaBHAs JeKa-
na». B natom neprone HabJsonaeTcs aHaJoTHYHAs
KapTHHA, B HEro C OIMo3JaHueM npuxonsar 4d-sJe-
MEHTBI; OHH TaKXKe OKa3blBalOTCH MepPeXOIHBIMH.
Ha nBa nepuona «3amnasnplBatoT» Mo YeThIpHAAUATH
4f- (nantaHunel) ¥ 5f-3/€eMeHTOB (aKTHHHIBI), KO-
TOpble BbIEJEHBl BHE T'PYIIL.

O6uiee npaBuso npu 06pa3oBaHUU I1€PUOINOB
CHCTEMBl — BCE€ OHH HayMHAIOTCS CO IIEJOUHBIX
MEeTaJIJIOB C MEPBLIM 71S!-3/1eKTPOHOM, 06pasyIoLum
n-nepuoi (n — HOMep IMepHoia CUCTEMBI). 3aBep-
11aeT KaKAbl{d NepHof «HHEPTHBIH» ras c mnocJgaen-
HUM npb-saekTpoHoM. MckmoueHne — mepBbii me-
pHOI CHCTEMBl, OH HaxONUTCSl BCerga Ha 0ocoOoM
TMOJIOXKEHHH.



IleplofAyeckan CHCTEMA 3JIGMEHTORD IO IPYNNAMD H PAAAMD.
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A Menoeaneas.
1869—1905,

[lepuonnueckas tabsauua, nomeuleHHas B 8-M usganuu «OcHoB xumun» (1906)



Takum 06pazom, YHCJIO JEMEHTOB B CEMH H3BE-
CTHBIX Tepuomax coctasaser 2, 8, 8, 18, 18, 32,
32. B COOTBETCTBHH C YKA3aHHBIMU YMCJIAMU OYIyT
HAIMOJIHATLCS 3JIEMEHTAMH BCe MEPUOMLI B MOPSIIKE
BO3paCTaHUs WX TMOPSIIKOBBIX HOMEDOB.

B cepennne XX B. B. M. KseuxkoBckuit amMnupu-
YeCKHM YCTAHOBHJI M TEOpPeTHYeCKH 00OCHOBaJ Ipa-
BHJIO, OINMCHLIBAIOIIEe I[OCJAEL0BATEbHOCTb 3arloJl-
HEHHSI 3JIeKTPOHHBIX OpOHTajiedi aTOMOB IO Mepe
pocTa 3apsima sizpa.

KOJIMYMECTBEHHbBIE 3AKOHOMEPHOCTH
NEPUOJHUYECKOI'O 3AKOHA

Xumuyeckre CBOHCTBA 3JEMEHTOB (Mpekiae Bce-
ro cBolcTBa CBOOOAHBIX aTOMOB M 00pa3yeMbIX UMH
MIPOCTEBIX BELIECTB) B 3HAYHUTEJIbHOH CTEMEHH OIpe-
JeJISII0TCS pajiuycaMyd aToMOB 7 (M COOTBETCTBYIO-
LIMX WOHOB), dHeprued HoHM3auUuu [ (MOHU3ALUOH-
HBIMU [OTeHLIHaJaMH), SHEpTUell CpoaCcTBa aToMa K
3JIEKTPOHY A,, 3/EeKTPOOTPHULIATENBHOCTBIO ¥ aTOMa
B MOJIEKYJIe, CTEIIeHbI0 OKHUCJIEHHS 3JeMEHTOB B HX
COeNVMHEeHHsX. Bce OHM 3aKOHOMEPHO MEHSIOTCS I10
nepuoiaM U rpymmnam.

KosnyecTBeHHBIE 32aKOHOMEPHOCTH NepUOAUYEC-
KOTO 3aKOHa MOKHO WJIJIOCTPHUPOBATH MEPUOANUHO-
CTbI0O M3MeHeHUH 3((PEeKTUBHBIX palHyCcOB aTOMOB
U HEKOTOPBIX X JHEPreTHYECKHX XapaKTEePUCTHK.

Kaxk Bugno u3 puc. |, B mepuogax mo mepe poc-
Ta 3apsga sfnpa 3(pdeKTUBHble pPaiuyCbl aTOMOB
YMEeHBIIAIOTCS, T. K. IPOUCXOAUT CTATUBAHUE 3JIEK-
TPOHHBIX CJIO€B K $1ApY ([IpU MOCTOSIHCTBE UX YHUCJA
IJIs1 NaHHOro mepuona). Haubosbiiee ymeHblIeHHe
XapaKTepHO IJs S- U p-37eMeHTOB. B 6osbminx
nepuonax Ajis d- v f-aneMeHTOB HabJI0faeTCs MJ1aB-
HOe yMeHblleHHe 3(p(eKTUBHBIX PaaUyCOB, Ha3bl-
BaeMOe COOTBETCTBEHHO d- U [-CXKATHEM.

B rpynnax Ilepuonuueckoii cuctemMel 3¢ heKTHB-
Hble pafiiyChl aTOMOB YBEJHYMBAIOTCH H3-3a POCTa
Yuc/a 3JeKTPOHHBIX cJjoeB. IIpu aToMm B rpymmax
S- U p-3JEMEHTOB pPOCT 3(P(PeKTUBHBIX pPaAUYCOB
MPOUCXOAUT B OOJblledl Mepe MO CPaBHEHHUIO C
d- v f-a7eMeHTaMHu, 4TO CBSI3aHO ¢ d- U f-CcoKaTHeEM
(puc. 2).

JlyummuM omucanueM 3(P¢GeKTUBHBIX pa3MepoB
M30JIMPOBAHHOIO aToMa fiBJsieTCs OpOUTAIbHBIN pa-
IWyC — TEOpPeTHYeCKH PaCCUHTAHHOE pacCTOSHUE
0T siApa IJIaBHOIO MakKCUMyMa 3apsiioBOH MJIOTHOC-
TH €ro Hapy»KHbIX 3JeKTpoHoB. s moboro atoma
MOXKeT OBITb TOJNBKO OQUH OpOUTANbHBIH pamuyc B
HOPMaJIbHOM COCTOSIHHM M CKOJIBKO YTOJHO 3Haye-
HUU opOUTa/bHOrO paguyca B BO30YXKAEHHBIX CO-
CTOSTHHSIX.

OpbutanbHble paguychl aTOMOB TakxKe 0OHapy-
’KUBAIOT SIBHYIO TePHOJUYHOCTb B 3aBUCHUMOCTH OT
MOPSIIKOBOTO HOMepa 3JeMeHTa. B mpepenax Kax-
JOro nepuoia HaubOOJbLIUM OpOUTAJNBHBIM panuy-
coM o0JafaeT LIEJOYHOH MeTasll, HAUMEeHbIIUM —
aTOMBbl 6J1arOPOAHBIX T'a30B.

YMeHbleHNe 3HAaUeHUH OpOUTANbHBIX aTOMHBIX
paaMycoB MpH Nepexoje OT LIEJOYHOr0 MeTasna K
COOTBETCTBYIOLLEMY (OauxkKalilieMy) 61aropoIHOMY
ra3y HOCHUT, 3a HUcKiawodeHueMm psima Li—Ne, He-
MOHOTOHHBIH XapakTep, 0COOEHHO IpPHU MOSIBJIEHUH
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Puc. 1. 3aBucumocTb pagumyca atoma (r) OT MOPSIIKOBOTO
HOMepa 3JjeMeHTa (Z)

F, HM
0,15F
0,10+
0,051

2 3 4 5 Homep

nep1oaa

Puc. 2. 3aBucuMocTb paguyca aToMoB (r) OT 3apsiaa sjapa 1o
rpymnmnaM H nepuonam

MeXMy IIEJOYHBIM MeTaJJioM U OJJarOPONHBIM Ta-
30M CeMEUCTB d-TepeXOMHbIX J€MEHTOB W JaHTa-
HUJOB W/ aKTHHUAOB. B Gosblinx mepuomax B ce-
MelcTBax d- W [-3/1eMeHTOB HabJiomaeTcss MeHee
pe3Koe yMeHbLIEHWe PafuycoB, TaK KaK 3aroJHe-
HUe OopOHUTaNedl 3JeKTPOHAMH MPOUCXOAUT B Mpe-
npenBHEIIHeM cJoe. B moarpynmax aseMeHTOB pa-
JIUYChl aTOMOB ¥ OJHOTHUITHBIX HOHOB B 00lleM yBe-
JuuuBaOTCs (puc. 3).

[loreHunanom umonusauuu atoma (I1M) Ha3bI-
BaeTCsl MUHAMAJbHASL SHEPTHs, KOTOPYIO HEOOXOIH-
MO COOOILIMTh HEUTPAJbHOMY aTOMY HJIA MOHY IJIsI
ylaJeHusl 3JeKTPOHA CO CTAllMOHAPHOU OpOUTANH B
6EeCKOHEUHOCTb. DTy SHEPTHIO U3MEPSIOT 0OBIUHO B
3JieKTpoH-BoJibTax (1 3B =1,602-10—'° [Ix) meTo-
IOM 3JIeKTPOHHOrO ymapa. B 3aBucumocTtn ot umc-
Jla OTPBIBAEMBIX 3JEKTPOHOB pasnuyaT 1-f, 2-i,
3-# ¥ T. 1. NOTEHLHAJbl HOHU3ALUHU, 0003HaUYaeMble
KakK 1, I,, I;. Kaxnplii mocjaenyomui 31eKTpoH yna-
JSleTCsl TPYyHOHee, 4eM Tpeablayumi, mostomy [1U
YBEJUYUBAIOTCS C YBEJHUEHHEM UYHUCJA YOAJEHHOTO
3JIEKTPOHA.

3aBHCHMOCTD MEPBLIX HOHU3ALMOHHBIX MTOTEHLIU-
aJoB aTOMOB OT IOPSIAKOBOTO HOMepa 3JeMeHTa
npencTaBjeHa Ha puc. 4.

[lepHonUMYHOCTL 3aBHUCHUMOCTH [, OT TMOPSIIKO-
BOTO HOMepa 3JeMeHTa IIPOSIBJIsieTCs YeTKO: B aTo-
Mme Bomopoma [, = 13,6 3B, B aTome renusi mouTH
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Puc. 3. 3aBucumocThb Op6HTaJ’[beIX paonycoB aToOMOB OT MOPSAOAKOBOIO HOMEpa 3JIeMeHTa
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Puc. 4. 3aBHCHMOCTb HOHHM3ALMOHHBIX IOTEHLHAJIOB aTOMOB
OT MOPSIAKOBOTO HOMEpa 3JeMeHTa

B 2 pasa BHIlIE, YTO 0OYCJOBJIEHO POCTOM 3(hdek-
THBHOTO 3apsiga sapa. 3aTeM HOHM3aLMOHHBIN T10-
TeHUHaJ pe3KOo MajaeT B aTOME LIEJOYHOTO Me-
tamna Li u mocremeHHO pacTeT K cJeylolleMy
uHepTHOMYy rady Ne. Maxcumymel /; nmpuxomsirtcs
Ha WHEepPTHBIE Ta3bl, UMEIOIHe CHAPYXH OueHb yC-
ToHuKBbIE 000J0uKK 1s? uan ns?npb, a MUHHUMY-
MBI — Ha IIeJIOYHble MeTaJlJibl, UMEIOLIe eIUHCT-
BEHHBbIH 3JIeKTPOH ns' (n>1).

DKpaHupoBaHHe 3apsana sfapa (3pdexT HHEPT-
HOH S-Taphl) HHXKeJIeXKalUMU 3JeKTPOHHBIMHU CJIOS-
MU NPUBOIUT K yMeHblIeHHI0O aOCOMIOTHON BeJIUYU-
Hbl MOTEHLMAJ0B HOHM3aLUUKM KaK B MAaKCUMyMax H
B MMHHMyMax, Tak M B rpynnax I[lepuomguueckoit
CHCTEeMBl 110 Mepe yBesJuueHHs 3apspa sapa. s
d->neMeHTOB /| U3MeHsieTCs HEMOHOTOHHO, 4TO 00b-
SICHsIeTCSl He3HAYHUTEJBbHBIM YBeJMYEHHEM paauyca

Mo Mepe 3amoJiHeHUsi d- U [-ypoBHe#H. DTHUM xKe
00BSCHAETCS HEPABHOMEPHOE M3MEeHEHHe PalHyCOB
MO TPYIIAM y 3JeMEeHTOB p-0Ji0ka (pUC. 2) U CyM-
MBI TI€PBBIX TPeX MOTEHLHANOB HOHU3ALUH (pHC. ).

Ot IIM 3aBuCAT BOCCTAHOBHTEJbHbIE CBOHCTBA
aTOMOB, XapakTep, MPOYHOCTb 06pasyeMbIX HMH
XUMHueckux cBssel. Uem menbire 1M, tem Jerue
aTOM TepsieT 3JEKTPOH He TOJIbKO MPH 3JeKTPOH-
HOM yJape, HO M INpU B3aUMOJEHCTBHH C APYTHMH
aToOMaMH, T.e. TeM OOJIbIlleé ero BOCCTAaHOBHTE/b-
Hasl CNocoOHOCTb. HaumydimmMu BOCCTaHOBHUTE/b-
HBIMH CBOHCTBaMH 06J1afal0T ILEJOYHBIE METAJJIbI,

L+ L+ k, 3B

Homep nepuona

Puc. 5. MlaMeHeHHe CYMMBbI TPEX MEPBBIX MOTEHLHANOB HOHHU-
sauud (I, + I,+ ;) nasi snementoB 13(6), 14(a) u 15(8) rpynn
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HauvHasg ¢ Cs W KoHyasi Li, 3aTeM uayT Lies0o4YHO-
3eMeJIbHBIE 3JIeMEHTHI, HaunHasi ¢ Ba u konuas Ca.
ITnnoo6pasHOCTb KPUBBIX BHYTPHU N1€PHUOIOB 00BsIC-
HSIeTCH OTHOCHTEJbHOU YCTOHYMBOCTBI HEKOTO-
PBIX 3JEKTPOHHBIX CTPYKTYp: ns?, np3, nd® nd'°,
nf?, nf'*. MakcumanbHOH yCTOHYHBOCTBIO 0bJana-
IOT CTPYKTYpbl HHePTHBIX ra3os: 1s? y He u ns’np®
y OCTaJIbHBIX.

JHeprusi aTOMU3aUMK TIPOCTHIX BELIECTB §BJS-
eTCs XapaKTepUCTHKOH, KOTopas BO MHOT'OM OIlpe-
nessieT UX PEaKLUHOHHYIO CIOCOOHOCTb. 3aBHCH-
MOCTb 3HEPrMH aTOMH3aLHUM MPOCTBHIX BELIECTB OT
MOPSIAKOBOTO HOMEepa 3JeMEHTa HMeeT NepHoIHye-
ckuil xapakrtep. OCHOBHbBIE MOMEHTBI TaKo# Tie-
PHOIMYECKON 3aBUCHMOCTH COCTOSIT B CJEAYIOLIEM:
9HEeprus aTOMHM3aLHUH pacTeT MPHU Iepexone OT Lie-
JIOUHOTO MeTassia (A HUX 3TH 3HAYeHUS CPaBHHU-
TeJbHO HeBeNMKH M 6.u3ku 84 kJIk/Mosb) K cile-
OYIOIUM 32 HHM 3JIeMeHTaM, JOCTUTaeT MaKCHMY-
Ma, 3aTeM yOBIBaeT, CTAHOBSICb OYeHb HeOOJbLIOH
nas ragoresa (63—126 kJxk/Mosib), M, HaKoHeLl,
npeBpalaeTcs B Hy/b B C/JAydae MPHUMBIKAOLIEr0 K
rasoreny GJsaroponHoro rasa. HepaBHomepHOe n3-
MeHeHHe HeprMH aTOMH3aLMH B Ipelesax OLHOrOo
psiia 3MeMEHTOB OT LIeJOYHOr0 MeTasa Ao HJaro-
POIHOTO Ta3a OKasbIBAeTCS MOBOJBHO CJIOXKHBIM,
0CcoBeHHO €CJIM 3TOT PSifl BKIIOYAET CEMeHCTBO Te-
PEXOIHBIX MeTaJslJIOB.

Tax, B psny Li—Ne Hanbosblie#t sHepruel aToMu-
sauuu xapaktepusyertcs yraepos (718,2 kIIxk/Moub),
a B pamax K—Kr u Cs—Rn HaubosblnMu sHep-
THSIMM aTOMM3alMK 00/1afaloT MepexoaHble MeTall-
Jbl: BaHamuit (5166 kIDK/Moib) M BoMbhpam
(844,2 kJIx/Mob).

3aKOHOMEpPHOCTH M3MEHEHHWH SHepruil aToMu3a-
LMK MPOCTHIX BellleCTB HauboJjee BOCTpeOOBAHBI B
aTOMHO-3MHCCHOHHOM ¥ aTOMHO-a0COPOLMOHHOM Me-
TodaxX aHaJsu3a.

HefiTpanbHbIi aTOM MOXKET HE TOJBKO OTHABaTh,
HO M TIPHHHUMAaTb 3JEKTPOHBbI, CTAHOBSICb OTPHULa-
TeJIbHO 3apsiKeHHBbIM HOHOM (anuoHoMm). Ilom cpon-
CTBOM K 3JIEKTPOHY IOHHMAlOT 3HEPTHIO, KOTopas
BBIIEJISETCS MPU NIPUCOEIHHEHHUN 3JEKTPOHA K HEH-
TpasbHOMY aTOMYy, T. €. SHEPTHIO Mpolecca D + € =
= 3J~. HauboJsbliuM CpPOACTBOM K 3JIEKTPOHY Xa-
pakrepusyiorcs p-anementsl VII rpynnel. Haumens-
mre (M Oa)ke OTPULATEJbHBbIE) BeJHYHHBI CPOJ-
CTBa K 3JE€KTPOHY MMEIOT aTOMbI C KOH(Urypauuen
BHEILHHUX 3JEeKTPOHOB £1s? ¥ OJaropofiHble rasbl
(puc. 6).

Ecnn aToMBl IBYX 3/JIEMEHTOB CHJIbHO pasJHya-
IOTCSl 3HAUEHWSIMH 3HEPrMH HOHM3ALWH U IHEPrUH
CPOACTBA K 3JIEKTPOHY, TO TaKHE 3JEMeHThl OyayT
aKTHBHO pearupoBaTh APYT ¢ Apyrom c¢ obpas3ona-
HHEM MPOYHOH CBsi3u. Mcnosib3oBaHWe 3TUX Xapak-
TEPUCTHK OTPAaHUYEHHO TEM, UTO OHHU NPHUMEHHMBI
TOJIBKO K H30JIHPOBAHHBIM aTOMaM.

Ecnn aTomel 06pasyioT MOJEKYyJay COeIUMHEHHS,
TO Npu 0Opa3OBaHUM XUMHYECKOH CBS3M B [BYX-
aTOMHOH MOJIEKYyJIe YacTO BO3HHKAET BOIIPOC O TOM,
KaKOH aToM M3 ABYX OTAa] U KaKOH TPHHSJ 3JeK-
TPOH U KaKyl0 poJib B SHEPTHH AaHHOH CBSI3W UTpa-
eT HOHHOe B3auMoneicTBre. OTBETHl HAa 3TH BOMPO-
CBl JIaeT TOHSITHE 3JeKTpooTpuuateabHoctu (0).
Haunb6osbinee pacrnpocTpaHeHHe B XHMHH HaLJIH
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Puc. 6. 3aBHCUMOCTb 3HEPTHH CPOJCTBA K 3JEKTPOHY IO
rpyImnaM 3/7eMeHTOB

kKoHuenuuu P. Mannukena u JI. Tlosuura. Corsac-
HO ONHOMY U3 ompenesenu# (ManiukeHn), 31eKTpo-
OTPULATEJIBHOCTb aToMa ) («XH») MOXeT OBbITh
BbIpaXKeHa Kak I0JycyMMa ero SHepTHH HOHHU3ALUH
U CPOACTBA K 3JIEKTPOHY:

X= 1/2(1+ Ecp)'

Crporo roBopsi, 3JeMeHTY HeJb3sl IPHUIIHCATH
MOCTOSIHHYIO 3JIEKTPOOTPHULATENBHOCTD. DJEKTPO-
OTPHULIATEJNBHOCTb aTOMa 3aBUCUT OT MHOTHX (paKTo-
POB, B YaCTHOCTH OT BaJIEHTHOI'O COCTOSIHUS aTOMa,
(hopMasibHOH CTEeNeHW OKUCJEHHUS, KOOPAWHALHOH-
HOT'O YHCJA, TPUPOIBl JUTAHIOB, COCTABJSIOMINX
OKpY’KeHHe aToOMa B MOJIEKYJISIPHOH CHCTEME, U OT
HEKOTOPBIX OPYrux. B mocienHee BpeMsi Bce yalie
JJI51 XapaKTEPUCTUKH 3/M€KTPOOTPULIATENBHOCTH HC-
MOJb3YIOT TaK Ha3blBaeMy OpPOUTANbHYIO 3JEKT-
POOTPHULATEBHOCTD, 3aBUCSILYI0 OT THIA aTOMHOH
opbuTajy, ydyacTByioLled B 00pa3oBaHUU CBS3H, U
OT ee 3JeKTPOHHOU 3aCeJeHHOCTH, T.€e. OT TOro,
3aHATa aToMHas OopOUTaJb HENnonesJeHHOU 3JeKT-
POHHOU Mapoi, 3acejieHa HECMIAPEHHBIM 3JeKTPOHOM
WK siBJsieTcsl BakaHTHOH. Ho, HecmoTpsi Ha u3Be-
CTHblE TPYAHOCTH B HMHTEPIpETAlMHd U Olnpenese-
HUM 3JeKTPOOTPHLATEJNbHOCTH, OHA BCErma ocTa-
eTcs HeoOXOOUMOHU [/ KauyeCTBEHHOrO OIHUCAHUdA



¥ MpeICcKa3aHus TPUPOJbl CBSI3el B MOJEKYJSPHOH
CUCTeMe, BKJIOUYasl SHEPTUIO CBSI3H, paclpeleseHue
3JIEKTPOHHOTO 3apsiia U CTeleHb MOHHOCTH.

HNwmeetcsi okoso 20 mKana 3JeKTPOOTPULATENb-
HOCTH, B OCHOBY pacueTa 3Ha4eHHH KOTOPBIX I10JI0-
JKeHbl pa3Hble CBOHCTBA BemmecTB. M xors 3Haue-
Husg DO pasHbIX WK OTJAMYAIOTCS, HO OTHOCHTE/b-
HOE pAacCIOJIO’KEHHE 3JEMEHTOB B PSIAY 3JEKTPO-
OTPHULATENBHOCTEH MPUMEPHO OIMHAKOBO.

Ha puc. 7 npuBeneHbl 3HAUEHHUS] JMEKTPOOTPHU-
uatesnpHocTell no Ilosmunry. B aTo# cucteme agek-
TPOOTPULIATENBHOCTD (PTOpPA TMPUHATA pPaBHOH 4.
Kaxk BHIHO W3 NpUBeNEHHBIX NAHHBIX, B TEePUOAAX
HabJonaercss o0llasi TeHAEHLWs] poCTa BeJUUHHBI
3JIEKTPOOTPHULIATENBHOCTH, & B IPyNNax — ee naje-
Hue. HavMeHbLIMMHM 3HAaUEHUSIMH 3JIEKTPOOTpHULA-
TeJIbHOCTH XapaKTePHU3yIOTCS S-3eMEeHTHI | Tpymnibl
C OIHHMM 3JIEKTPOHOM Ha BaJIeHTHBIX OpOHUTa/AX
(mesoyHble MeTaJslibl), a HAaUOOJBLUUMH — p-3Je-
MEHTBHl C BaJIEHTHbIMH OpOUTaNsAMH, OJU3KHUMH K
3aBepllieHnio (rajoreHbl). B cooTBeTCTBUU ¢ 3TUM
OHM CaMble CHJIbHble OKHCAUTE/H B Nepuose. BayT-
pu rpynnsl DO 3/eMEHTOB YMEHBIIAIOTCS CBEPXY
BHU3. UeM Bblllle 3JE€KTPOOTPHULATENBHOCTb, TEM
CHUJIbHEE BbIPAXKEHBI Y 31IEMEHTOB HeMeTa/THUECKHE
CBOHCTBA U OKHCJIMTEJNbHAsS CIIOCOOHOCTB, a MPU Ma-
JIOH 3JeKTPOOTPHLATENBbHOCTH 3JEeMEHT 00Janaer
MeTa/JJH4eCKUMHU CBOHCTBAMH M BBICOKOH BOCCTa-
HOBUTEJNBbHOH CIOCOOHOCTBIO. TakuMm o6pasom, ca-
MBIM CHJIbHBIM OKHCJIHTENEM siBJaseTcs (pTop, a ca-
MBIM CHJIBHBIM BOCCTaHOBHTesNeM — (paHuui. Pas-
HOCTb BEJHYHH OTHOCHTEJBHBIX 3JEKTPOOTpHLA-
TeJIbHOCTEH COCEIHUX AaTOMOB B COEIHMHEHHUSIX TIO0-
3BOJISIET CYIUTb O TMOJISIPHOCTH XMMHWYECKOH CBSI3H
MeXK1y HHUMH.

[lepronuyHOCTb B CBOHCTBAx 3J€MEHTOB, CBS-
3aHHAsl C U3MEHEHHWEM CTPOEHHS JEKTPOHHBIX 060-
JIOUeK TPH BO3pACTaHUM 3apsiia fapa MX aTOMOB,
HaOJIF0IaeTCs U /151 ONHOTHITHBIX coequHeHnH. B ne-
proJe cjeBa HalpaBO OCHOBHblE CBOHCTBA OKCHIOB
u rugpokcunos rpynn A, IIA nocreneHHo cMmeHs-
I0TCS aM(OTEpPHBbIMU U /51 COEIUHEHUH 3JIeMEeHTOB
rpynn VA—VIIA craHoBATCS KUCJAOTHBIME. B rpym-
nax A, kpome VIII, cBepxy BHM3 ycu/uBaeTcs oc-
HOBHOH XapaKTep OKCH/IOB U THIPOKCHIOB, a UX KUC-
JIOTHBIE CBOHcTBa ocsabeBaioT, Hanpumep: CsOH —
6oJsiee cuabHOe ocHoBanue, uem LiOH, a kuc/aota
HPO; snauurtenbhno cnabee, yuem HNO,. Hnsg Bog-
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Puc. 7. 3aBUCUMOCTb 3JIEKTPOOTPHULATETBHOCTH (U) OT MOPSII-
KOBOTO HOMepa 3JjeMeHTa (Z)

HBIX PAaCTBOPOB OGWHAPHBIX COEIHHEHUH HEMETAJIOB
¢ Bomoponom tuna HF, HCI, HBr, HI nau H,0,
H,S, H,Se, H,Te kucnoTHBIE CBOHCTBA BO3pacTaioT
or HF x HI, a rakxe or H,O k H,Te.

JlJisT OKCUIOB W THOPOKCHIOB 3JEMEHTOB, BEJIH-
YUHBI OTHOCHUTEJBHBIX 3JEKTPOOTPULIATETbHOCTEH
KOTOPBIX HaxomsTcs B UHTepBate 1,5—2,2, o6bIu-
HO XapakKTepHbl aM(OTEepHbIe CBOKCTBA, MPH ITOM
YyeM MeHblle 3HaueHHe OTHOCHTENbHOH 3JEKTPOOT-
PULIAJBHOCTH, TeM OO0JIblie MPOSIBJSIOTCS OCHOBHBIE
CBOHCTBA WX OKCHIOB u ruapokcumos. [lo mepe
yBEeJMYEHNST OTHOCUTENBbHON JIEKTPOOTPHIATETBHO-
CTH 3JIEMEHTOB BO3DPacTaeT KHCJIOTHOCTb HX OKCH-
noB ¥ runpokcunos. s rammus (090 =1,82) kuc-
JIOTHbIE U OCHOBHBIe CBOHCTBa ero okcuaa Ga,0,
aubo rugpokcuna Ga(OH), BbIpaxkeHBl B OIHHAKO-
BOH CTeleHHU.

K sTomy MoxkHO 106aBHUTb HEKOTOpBLIE 3aKOHO-
MEepHOCTH, 0OHapy>KEeHHbIe TIPH U3yYeHHH MOHOMEp-
HOTO THUAPOJIH3a HOHOB 3JEMEHTOB [D].

N3 npuBenenHbix rpaguxoB (puc. 8—13) cie-
OyeT, 9TO B COOTBETCTBUHU C IOJOKEHUEM 3JEMEH-
Ta B NepUOAHYecKOd TabJsule HabJronaeTcss 3ako-
HOMEpHOE YCHJeHHE OCHOBHOCTH HOHOB METAJIJIOB
B psamax Be— Mg—Ca—Sr—Ba u Sc—Y—La;
yBeJIMUeHHEe KHUCJIOTHBIX CBOUCTB COEIUHEHHUH B ps-
nax HTaO;—HNbO;—NVO,, H,TeO,—H,SeO,—
H,SO; (nmo nepBo# u BTOpO# KOHCTaHTaM HOHH3a-
LUH); BOJb(PAMOBOH—MOJIUOIEHOBOH—XPOMOBOH
KHUCJIOT; YCHJIEHHE OCHOBHBIX U yMEHbILIEHHE KUCJIOT-
Hbix cBokcTB ruapokcunos As(IIl), Sb (III) u Bi (III).

Hcnonb3ys nepuoanueckyro TabJHLy, MOXKHO B
MepBOM MPUOJNHKEHUH ONPENENUTh OCHOBHBIE BO3-
MOJKHBIE CTEMEeHW OKHCJEHHs 3JeMeHTOB. Makcu-
MaJibHasl TIOJMIOXKHUTEJbHAS CTEMeHb OKUCJEHUS B
OOJIBLIMHCTBE CJyYaeB paBHA HOMEepPY TPYIIB B
KODOTKOM BapuaHTe Tab/auubl. [lepuoanuHoCcTh B
U3MeHEeHUM CTeleHU OKHCJeHHs Obl1a 0COOEHHO
nopuepkHyTa MeHzesneeBbIM B OJHOH H3 MEPBHIX
(opm mepuonuueckod Tabauubl (puc. 14).

Haubosnee xapakTepHbIM XHMHUYECKHM CBOHCT-
BOM 3JIEMEHTa SIBJSETCS €ro BaJeHTHOCTb. Mephl
BaJIEHTHOCTH pAa3JIMUHBI, Ka)KAas M3 HUX HMeeT
COOCTBEHHYIO 06/1aCcTh NPUMEHEHHSs], Te OHa yHob-
Ha W rnose3Ha. [IpocTble ompeneseHHs Ha3bIBAIOT
BaJIEHTHOCTBIO YHCJIO ATOMOB BOLOPOA, CIIOCOOHBIX
MPUCOEIVHUTBCS K aTOMY AAHHOTO 3JEeMeHTa IpH
o0pa3oBaHUM OMHAPHOTO COEUHEHHS C BOLOPOAOM,
WJIH yOBOEHHOE YMCJO aTOMOB KHCJI0pPOJA, COeIH-
HSIOLIMXCS C aTOMOM 3JieMeHTa IMpu 006pa3oBaHUU
okcuna (oxcumoB). TecHasi cBfI3b MeXXIy CTeXHO-
MeTpUeH MPOCTBIX COeAUHEHUH 3JeMeHTa U ero
MoJIOXKeHHeM B MepHOoAMYEecKOH cucTeMe Oblia 3a-
MeueHa yXKe TIPU CO3IAHUU MePUOIUYECKOH CHCTe-
Mbl. BonoponHble coemHHEHHsT 3JIEMEHTOB TJIABHBIX
rpynn umeroT ¢popmyny MH,, rne n cBsizaHo ¢ Ho-
Mepoum rpynnbl N cooTHoueHusimu 1 =N (N<<4) u
n=18 —N npu N> 14, T.e. BaJeHTHOCTb IO
BOLOpOAY mocTuraer makcumyma npu N =4. Ba-
JIEHTHOCTb K€ MO0 KHCJIOPOLY, TPOSIBJIsieMasi 3Je-
MEHTOM B BBICUIMX HOPMaJIbHBIX OKCHAaX, Hampo-
THB, IOCTOSTHHO YBEJUYUBAETCS U MPSIMBIM 06pa3oM
cBsizaHa ¢ HoMepoM rpymnmel: M,O, MO, M,0;,, ...,
M,0;. Otn nepruognyeckue 3aKOHOMEPHOCTH HaXoO-
OSIT eCTECTBEHHOE 0ObsICHEHNE B MOJEJH SJEeKTPOH-
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Puc. 8. 3aBucuMoOCTb IOKasaTeJed KOH-
CTAHT THAPOJH3a KATHOHOB 3JEMEHTOB
II rpynnel ot /,, 9HEpPTUM TrUIpaTaLUU

4,

19 20 21 22 25 24153B(0)
0,08 a10 012 r,um(e)

Puc. 9. 3aBucumoctsb pK,; nonos Sct,
Y3+ u La’t oT TpeThbUX MOHH3ALHOHHBIX
noTeHUManoB (/;) 1 MOHHBIX PaauycoB (7)

(—AHY,,,), uonHoro panmyca (r)
PK3 PKra
wreg;| 10 Ta
ol J
N HSel; 5t Wb
H805 6
7 H,760;
6 4F v
5 45 50 55 60 651538()
125 135 145 155  $£1;,3B()
4 1
3_ /'/2580,
2-
i H,805

37 39 41 43 45 47143B(42)
g6 100 104 108 112 151,-,33(1,2)

Puc. 11. 3aBucumocTh mnokasaTesnei
koHcTaHT nonusauuu H,SO,;, H,SeO,; u
H,TeO, ot yetBepToro (/, 2) noHu3auu-
OHHOTO MoTeHUuasna (/,) U CyMMbI TepPBBIX
yeTblpex (41’, 2') HOHM3ALMOHHBIX MIOTEH-

uuanos Yy, [;: 1,1'—pK; 2,2 — pK,
i=1

Puc. 12. 3aBucHMOCTb KOHCTAHT OHCCO-
LMaLMKM BaHaJWeBOH, HUOOMEBOH M TaH-
Ta/J0BOH KHUCJOT OT /5 M OT CyMMBI Mep-
BBIX MSATH HOHH3ALHOKHBIX MOTEHLHANOB

(glli)

oK -
5t Bi Sb Ars

14

17

12

1

11

1

10}

L 1 ] 1

50 52 54  $1;,38
1

Puc. 10. 3aBUCHMOCTb KOHCTAHT KHC-

JgotHocTH (1) U ocHOBHOCTH (2) rumpo-

keunos Bi (III), Sb (III) u As (III) ot

CYMMBI [epPBbIX HOHH3aLHOHHBLIX OTEH-
LHAJI0B

P8 T Mo er
2,2

>
>
=TT T T T T T

(IR Y ST S RS TS S B | 1IN

60 64 68 72 76 60 84 I,9B

Puc. 13. 3aBucumocTb NOKasartesei
KOHCTAHT HOHM3aLMU XPOMOBOH, MOJIHO-
NIEHOBOH U BOJb()PaMOBOH KHUCJIOT OT
LIeCTOr0 HMOHM3aLUOHHOIO MOTeHLMala

(6)

HOTO CTPOEHHS] aTOMOB M B INPOCTBIX TEOPHUSX XH-
MudYecKo# cBsizu. [lpu obcyxnenuu dopmyn 6osee
CJIO’KHBIX XUMHYECKHX COeIMHEeHHH, CcomeprKallux
6oJiee IBYX 3JIEMEHTOB, yIOOHO ONpENENHThb «CTe-
neHb OKHUCJEHHWs» dJeMeHTa KakK (popMaJbHbIH 3a-
psil, OCTalOIIMKCS HA ero aToMe, eC/JH BCE IPYTHe
aTOMBI yHajieHbl B BHIE HMX HOPMaJbHbIX HOHOB.
Tak, a3oT B x/0pHie aMMOHHUSI UMEET CTENEeHb OKUC-
aenusi —3 [NH,Cl—(4H*+ Cl7) =N3], a wmap-
raHel| B MepMaHraHate {TreTpaokcomanranare (l—)
Kajusi} — cTenedb oxucaenus —+7 [KMnO,—
— (Kt + 40%7) = Mn’*]. B Fe;0, xenezo umeer
CPeIHIOI CTereHb OKUcIeHus 2,67 [T.e. (4-2)/3],
4TO MOXKHO HCTOJKOBaTh Kak coueranue |Fe’t u
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2Fe3+. Cyenyer nomgyepkHyTb, YTO 3TH 3apsiiibl
UMEIOT JULb (POPMaJbHBIA CMBICH, B NeHCTBUTEb-
HOCTH aTOMBI HE HMEIOT Takoro 3apsga. lo6aBum
elle, 4TO MOHSITHE CTeleHU OKMUCJEHHUS He ocoOeH-
HO II0JIE3HO NPU PACCMOTPEHHMH MPEUMYLIeCTBEHHO
KOBaJIeHTHBIX (HampuMep, OpraHM4ecKux) coeauHe-
HUU WM HEOPraHWYeCKHX COeNUHEHUH C BbICOKOH
CTeNeHbI0 KaTeHalWH (Croco6HOCTH aTOMOB, HaMpH-
Mep, XaJbKOTeHOB CBSI3BIBATHCS APYT C JIPYrOM B
KOJIbIIA WJIM LIETH).

[lepuoAWYHOCTb B H3MeHEHHM CTeleHHM OKHC-
JIeHUS TI0Ka3aHa Ha puc. 14, mpu NoCTPOEHUH KOTO-
poro ucrnoJsb3oBaHa OoJiee coBpeMeHHass HHQOP-
Malys.
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Puc. 14. ®opmanbHble CTeNneHU OKUCJEHHsI 3JE€MEHTOB, pacroJsioxKeHHble criocoboMm, npemnoxkeHHbM JI. M. MenneneeBbiMm
B 1889 r.

O COBPEMEHHOW ®OPME
NEPUOJUYECKOHN TABJIMLLbI

B nmnocnenHuve romel B psge nyOankKauui
P. C. Caiipyasnuna u A. P. Caiipynnuna [6—9] 06-
CTOSITENIbBHO MU METONHYECKH CTPOT0 PacCMOTpPEH
BOIPOC O KOPPEKTHOM MpPEeNCTABJIEHUH MEPHOIHYe-
CKOH cHcTeMbl (TabJHLbI) XUMHUECKHX 3JEMEHTOB
B COOTBETCTBHH C COBPEMEHHBIMH BO33DEHHUSIMHU H
pernameHTauusiMu. Huxxe npruBeneHsl OCHOBHBIE T10-
JIO’KEHHUS] ¥ PEKOMEHJALMH 3THUX YYEHBIX, 110 CYTH,
OTBeyawlIe YTOYHEHHOH B HAacTosIlee BpeMs (op-
MYJIHPOBKE TEePUONUUYECKOT0 3aKOHa:

— YeTKHe NepuoJuyecKrHe 3aKOHOMEPHOCTH Ha-
6./1100al0TCSl IPY PACCMOTPEHUU CBOUCTB 3JIEMEHTOB
U UX COeJIMHEHHH OTHEeNbHO Mo OJioKaM (S, WIH p,
Wi S+ p, uad d, wiu f) ¥ B 3aBUCHMOCTH OT
00611Iero 4uc/aa COOTBETCTBYIOLIMX S-, WJIH p-, HIH
s-+ p-, unu d-, wiu f-anektponoB B atomax [10].

[Tonxon K TOCTPOEHHIO CHCTEMBI 3JEMEHTOB,
OCHOBaHHBIH Ha ydeTe I[epPUOAUYECKOH IMOBTOpSe-
MOCTH CBOHCTB S-, p-, d- WIH [-3/1leMEHTOB, JIOTH-
YeCKH MOABOAMT K TpeM BapuaHTaM (popmam) Tab-
JUIBL, cocTosmuMm u3 (24 6), (2+ 6+ 10) wau
(2+ 6+ 104 14) rpynn saemeHtoB. CooTBerT-
CTBEHHO OHM MMEIOT Ha3BaHHUS: KOPOTKasl, AJHHHAS
U CBepXIJIMHHAS (PopMa CHCTEMBI (TAOJHLbI) XUMH-
YeCKHMX 3JIEMEHTOB.

a) Koporkasi ¢popMa cucTeMbl 31ech yKe Oblia
npuBeneHa. CyllecTBEHHO, YTO 3Ta (opMa, OPHLIH-
anbHO oTMmeHeHHas petennem MIOITAK B 1989 r.,
MpOJIOJIKAeT JOMUHUPOBATh BO MHOTHX OTEUECTBEH-
HBIX CIIPaBOYHHUKAX W ydeOHHKaX, BKJ/IOYAs ILIKOJIb-
Hble. Tabsuua coctout u3 VIII rpynm «TUnuyeckux»
3JIeMEHTOB, MOJApPAa3esieMbIX Ha MOATPYIIILI, U Ce-
MH TIEpPHUOJOB 3JeMeHTOB. Jrta Tabsauua ¢ 1989 r.
3aMeHeHa IJMHHOM (POpMOH.

6) HnuHHast (pexke Ha3blBaeMasi IOJIMHHOIEPH-
OOHOH WM TMOJyONuHHOH) dopma Tabuuubl. OHa

coctout u3 18 rpymnm, o603HAUEHHBIX apabCKHUMH
(BMECTO pUMCKUX) LM(paMH, U He COLEPXKUT «TUIH-
YeCKUX» 3JIeMEHTOB, MOATPYII, PSIOOB U CEMEUCTB.
Ee ympoleHHble BapHaHThl MOSBJSAINCH TOPa3io
paHbile. B HuX rpynn, o603HaueHHBIX PUMCKHMH
uudpamu, ObLIO BOCEMb (C pacTsKKOH 10 BOCeM-
HaaUaTH 3a CYeT NMPUCTABOK a U b M HCKyCCTBEH-
HBIM CO3[aHHEM TpHal 3JEMEHTOB).

B) CBepxI/uHHas (pexke MMeHyeMmas OJHHHOH)
(opma TabauLbl cocTostna OBl U3 32 rPyIMI dJIeMeH-
ToB. OduuUaIbHO OHA BPsN JU OYIOEeT MPHUHSATA B
NpeaBUINMOM OyAyIIEM.

Jlo 80—90-x rr. mpouwtoro Beka ObLIH pacmpo-
CTpaHeHHI /iBe TepBble (popMbl TabsuLbl. [lepBas —
apxau4yHas KOpoTKas (opMa C «HaCHJIbCTBEHHON»
ynakoBKOH 3jemMeHTOB B BoceMmb (I—VIII), unorna
HOEeBSATb TPYII, MOAPa3[eJeHHbIX MOMOJHUTEIbHO
ellle Ha MOArPyMIbl, 0003HauaeMble Kak A u B, uiu
A u B, wiu a u 6, iy raasHas ¥ nobouHas. bruia
pacrnpocTpaHeHa TakKe IJHHHAs (opma TabJUIIbI
C pacroJioKeHHEM 3JeMeHTOB B 18 BepTHKAJIbHBIX
croabuax, 6e3 oQUUUAIBHOIO YKa3aHHS HOMEpOB
rpymnmn ot | go 18. B aTo#i Tabsuue ueTbipe meKamnbl
d-3/1eMeHTOB BbIBEIEHbl M3 MOGOUHBIX MOATPYII,
0003HaUEHHBIX TaK B KOPOTKOH TabMHLE, U TeM
CaMbIM OCBOOOKIEHBI OT HAa3BaHHS <IepPEXOIHbIE
ajeMeHThl». CjegyeT OTMETHUTb, YTO TEPMHH «IIe-
pPeXOfHble 3JEeMEHTbI» B MPUHLIUIE CErogHs H3Ju-
meH (K MepexoaHbIM OTHOCATCS d- WU f-3/7€MeH-
Tol). CorJIacHO HayYyHOH KJacCH(UKALMH, CJIel0Ba-
JIo Obl XapaKTepH30BaTh 3JIEMEHTHl UIMEHHO IO THIY
s, p, d wu .

Kak ormeueno Bbiue, B 1989 r. MIOITAK yr-
BepAUJ NJIUHHYIO (POpMYy TaOJIMLbl, Y3aKOHUB B Hel
HyMmepaumio 18 rpynn apadckuMu LudpaMud BMECTO
npexxHux puMmckux (I—VIII). Ilpu BeiGope u yTBeEp-
JKIEHAH [IMHBL TAOJMLBl OBLIH COOJIONEHBl <HHTE-
pecbl» OOJIBILIMHCTBA JIEMEHTOB W MPUHLIHUI «30J10-
TOW» cepeiuHbl 0e3 HapylleHHs OCHOBBHI 3aKOHA
MeHpeneeBa — NepHOANYHOCTH B CBOHCTBax 3Je-
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MeHTOB. Pacrno/sioyKeHHe 3Je€MEeHTOB MO Tpynmnam B
IJMHHOHU (popMe TaOJHLbl C TOUYKH 3PEHUsT aHaJjlo-
THM UX 3JIEKTPOHHOH CTPYKTYpPbl aTOMOB OINpaBia-
HO yxe nisg 84 ajgemeHToB (u3 118 u3BecTHBIX
CEerofiHsi), B TO BpPeMs Kak B KOPOTKOH TabjuLe 3TO
COOTBETCTBHE OTBeyaeT JHIIb 44 sjeMeHTaM.

Takum o6pasoM, ueTbipe feKaabl d-3JEMEHTOB,
OTHOCHMBIE paHee K MePEeXOAHBIM HJH BCTaBHBIM
sJeMeHTaM (MeXIy S- U p-dJeMeHTaMH) ¥ Ha3blBa-
emble MoOOYHBIMH, Tocse 1989 r. mepecranu ObITh
TakoBbIMH. OHH CTaJd MOJHONPABHBIMU 3JIE€MEH-
TaMd [JUHHOMepuonHo# tabmauuel. C oduunanb-
HBIM TMpPUHSITHEM [JWHHOH (DOpMBlI TaOJHLBI CTaIH
M3JIMLIHUMH HEKOTOpble TEDMHHBI, B YAaCTHOCTH TH-
MUYECKHe 3JEMEHTBI, TOArPYMIbl (raBHAs U TI0-
6ouHasi), TpUALbl, PSOBI, CEMEHCTBA XKeJje3a, IJa-
THHOBBIX METaJ/JIOB, TaK KakK BCe 3JEeMEHTHI Of-
Ho#t rpynmel (kpome H u He), pacnonoxenusie Bep-
THKaJbHO B OAMH PN, UMEIOT OJUHAKOBBIE B
s-+ p- nu s- + d-opbutanu. JlaHTaHUIBl U aKTH-
HUABL (f-371€MEeHTBI), KaK U paHbllle, OCTAITCS B 3-i
rpyre B COOTBETCTBHM C HaJMYMEM Ha UX OpOHTa-
JxX d's?-371eKTPOHOB.

Heo6xonuMocTh IpUHATHS PALUOHAIBHOH (op-
MBI TaOJMLBl TUKTOBaJACh JaBHO BBUIY OUYEBUIHBIX
HEJOCTATKOB U MPOTUBOPEUHH, IPUCYILHUX €€ KOPOT-
Kol ¢opme. OHU CTAHOBSTCS OCOOEHHO 3aMETHBI-
MM, €CJIM TIPOBECTH CpPaBHEHHWE (PU3UYECKHX U XH-
MHYECKHX CBOHCTB IPOCTBIX BEILECTB B Mpeaesax
KaXKIOH TPYIBI 37E€MEHTOB.

B I rpynme — 3To cpaBHUTEJIBHO MaJOaKTHB-
Hole MeTasmibl Cu, Ag, Au U HCK/IOUHTENBHO peak-
LIMOHHOCNIOCOOHBIE LiesouHble MeTasnbl Li, Na, K,
Rb, Cs. AnajornuHasi KapTUHa HabJIHOJAETCS U BO
II rpynme s1eMeHTOB.

B VI rpymme BMecTe ¢ «THTHYECKUMU» 3JIEMEH-
TaMd (KHCJOPOJOM U Cepo¥), aHaJOraMHu Cepbl
CeJIEHOM, TeJIJIypOM, IOJIOHHEM HaXOOSITCS TYro-
MJIaBKHe MeTaJlJibl: XPOM, MOJUOIEH U BoJbdpam;
B VII rpynme: TunuuHble HeEMeTasJbl (rajoreHsl
(hTop, XJIOp U HON) U MeTaJIbl — Mapratell, TexHe-
LMI U peHuu.

HawuboJsiee npoTuBOpeunBoO# Mo CTPyKTYype Oblia
VIII rpynna c ee «Tpuagoi» («ceMeHCTBOM») »Ke-
ae3a (Fe, Co, Ni) u «cemeHcTBOM» MJATHHOBBIX
metamioB (Ru, Ph, Pd, Os, Ir, Pt), a Takxe »3.e-
meHTOB Ne 108—110. Bce onHm pacmosaranuch B
npenesnax ONHOH MOATPYMNNBI B BHUIE TPEX BepTH-
KaJbHBIX PSIIOB BMecTe C resueM, HeoHoM. Oue-
BHAHO, UTO HMCTOPHYECKH 3TH TpHalbl-CeMeHCTBa
6pl1u BKJOUeHbl B VIII rpynmy HCK/IIOYUTENBHO
MOTOMY, YTO UM He XBaTajo MeCTa B MpEeIIeCTBY-
IOIMX ceMH rpynmnax. [lociaenHss »xe rpymnna cuc-
TeMbl (mpu J060H ee (opmMe) SBHO OOKHA OBITh
npeqHas3HaueHa TOJBKO IJs 3JEMEHTOB HHEPTHBIX
rasos.

C npuHATHEM IJHHHOU (QOPMbI TaOJHLBI TaKHe
MOHATHS, KaK CeMEHCTBO »KeJse3a WJM IMJIaTHHOBBIX
MeTaJslJIOB, NOJIXKHBI UCYE3HYTb WJIM MPUHATH HOBOE
comepkaHue. Tenepb K 3TUM 3JeMeHTaM JIOTHYHO
NPUCOENMHUTb coceleldl Mo TabJHlle clpaBa U cie-
Ba, COTJIACHO MX CBOHCTBaM, COBMECTHOMY pacIpo-
CTpaHeHHIO B MPUPOJE, H30MOP(HU3MY U MOCJeN0Ba-
TeJbHOMY H3MEHEHMIO 3JeKTPOHHOH CTPYKTYpBHI.
WMHplMM c/0BaMH, NepBOe CceMeHCTBO MOXKHO, Ha-
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npUMep, PacUIMpUTh N0 XpoMa ¥ LIMHKA, a BO BTO-
poe — BKJIIOYHTb [pyrue OJaropoiHble MeTasIbl:
cepebpo, 30J10TO, PTYTh.

CoBpeMeHHass BepCHs NEePHOANUECKOH TabJHUIIbI
XUMHUYECKUX 3JeMeHTOB (coctaBisenHasi P. C. Caii-
¢ynuabiM 1 A. P. Calidy/siHBEIM) TpUBeneHa Ha
06J102kKe 110co0us.

B npennoxeHHyo TaG/aMLy /s Ka)KIOTO 3Je-
MeHTa BBEIEHbl TaK)Ke JIBe a/JbTePHATHBHBIE Be-
JINYUHBl OTHOCHUTEJNBHOH 3JIEKTPOOTPULATEIbHOCTH
(O30) aTtoMoB (UX CIOCOOHOCTH B MOJEKYJE MpHU-
TATUBaTh 3JEKTPOHBI, ydacTBYIolMe B ob6pa3oBa-
HUH XHMHYECKHX CBSI3€H) U OCHOBHBbIE (PU3HUECKHE
napaMeTpbl COOTBETCTBYIOIIMX TMPOCTHIX BELIECTB.
HcnoabsoBath 3HaueHuss OO Ba)kHO, B 4acTHO-
CTH, IJ51 UCKJIOUEHHS U HCIPAaBJIEHHUS yCTapeBLINX
OINOOYHBIX Ha3BaHUH M HaNHCAaHUS XUMHYECKHX
topMmys1 6GuHApHBIX coenuHeHui. Hampumep, Bomo-
pOZHBIE COENHHEHHUS] 3JEMEHTOB BTOPOTO TepHoia
H,C, H;N, H,O, HF cornacHo 3HaueHusm O30
(mnst Bomopoma oxogo 2,0, mjs OpPYrux 3JeMeH-
ToB — oT 2,5 pmas yraepoma no 4,0 mas ¢ropa)
Ha3bIBAIOTCH COOTBETCTBEHHO KapOHIOM, HUTPUIOM,
OKCHIOM M (PTOPHUAOM Bojgopoda. B cooTBeTcTBHH C
3TUM TpUBEEHHbIE HAMUCAHUs POPMYJ aMMHaKa H
MeTaHa 0oJjiee CIpaBeNJIMBBI, HEXEJMH TpPaaULIHOH-
uele (NH; u CH,).

CrnenyeT OTMETHTb, YTO B IOCJEAHHE TOMBI BO
MHOTHUe 3apyOexHble yueOHHKH XMMHHU He BKJIIOYa-
0T 115 0003HAUEHWS TPYII 3JEMEHTOB PHMCKHE
uuppel [—VIII («a» unu «b»), a ToNbKO yKa3blBaeT
HoMmepa ot 1 no 18. IlpuBepKeHHOCTH psina Hayu-
HO-00pa30BaTe/NbHBIX H3JaHHH Ha IOCTCOBETCKOM
MpPOCTPAHCTBE K TPaIULMOHHOH KOPOTKOH (hopme
TabJMLbl MOXKET MPUBECTU K Kypbe3y: YKPauHCKHUH
IIKOJMIBHUK OyneT OTHOCHUTh yriaepon K IVa mog-
TPYIINe, a ero CBePCTHUKH U3 €BPOTENCKUX, a3HaT-
CKHX LIKOJI yXe [aBHO CYHUTAIOT €ro 3JeMEeHTOM
14-ii rpynmsl.

B y4e6HOH XUMHYECKOH PYCCKOSI3bIYHOH JIUTE-
parype HauboJiee nMoapoOHO, ¢ NpHUBJEYEHHEM CO-
BpeMeHHbIX HayuHbIX BO33peHUH, (PU3UUECKUE U XU-
MHYECKHE CBOHCTBA 3JIEMEHTOB, PACIOJOXKEHHBIX B
18 rpymnnax nepuomnueckoil TabJHLbI, pacCMOTpe-
Hbl B yueOHMKax [11, 12]. Hekotopble Tabuuubl u
0YeHb KpaTKHe BbIOOPOUYHBbIE KOMMEHTApHH M3 3THX
KHUT ¥ OOCTOSITeJNIbHOTO crpaBodHuKa [l3] mpuse-
IeHbl B NPUJIOKEHUH

«AJIXUMUYECKHW» MEPUOJL
CUCTEMbI XUMHUUYECKUX 3JIEMEHTOB

Kak yxe oTmedanoch, B HacTosillee BpeMs II0-
HUMaHHe MPUPOJbl NMEePUOJUYHOCTH CBOHCTB XHUMHU-
YeCKHUX 3JeMEeHTOB OCHOBAHO Ha COBPEMEHHBIX
KBAaHTOBOMEXaHHUUECKUX MPEACTABJAEHUSX 00 3J1eKT-
POHHBIX KOH(UTypaLusax cBOOOOHBIX aTOMOB B He-
BO30Yy2>KIE€HHOM COCTOSIHUH.

[lepronuuecku#i 3aKOH CErofHsl BEICTyNaeT Teo-
peTHdeckod 0a3oi, HAa KOTOPOH OCHOBAaH silepPHBLIH
CHHTE3 HOBBIX 3JIEMEHTOB, OTCYTCTBYIOIIUX B 3eM-
HOHU Kope.

B HacTodlllee BpeMmsi NepHOAHYECKas CHUCTEMa
BKJIOYaeT 118 sj1eMeHTOB, B TOM 4YHCJE HCKYCCT-



BEHHO TI0JyYeHHbIEe (B pe3yJ/bTaTe pPasJH4HbIX sifiep-
HBIX peakLHi) 3JeMeHTbl C aTOMHBIMA HOMEpPaMH:
43 (Tc, rexueumit), 61 (Pm, mpomeruit), 85 (At,
acrat), 87 (Fr, ¢panuntt), 93 (Np, Henrtynuit), 94
(Pu, nayronuit), 95 (Am, amepuuwuii), 96 (Cm,
kiopuit), 97 (Bk, 6epkauit), 98 (Cf, xanudophuii),
99 (Es, stnwrednus), 100 (Fm, ¢epmuit), 101
(Md, menneneswuii), 102 (No, nobeauii), 103 (Lr,
qaoypencuit), 104 (Rf, pesepdopnuii), 105 (Db, ny6-
uuit), 106 (Sg, cubopruit), 107 (Bh, Gopuii), 108
(Hs, xaccuit), 109 (Mt, wmefitnepuit), 110 (Ds,
napmmrantui), 111 (Rg, penrtrenmit), 112 (Cn,
konepHukuit), 113 (Uut, ynynrpuii), 114 (Uug,
yayHkBaau#), 115 (Uup, ynyunenruit), 116 (Uuh,
yuynrekcuit), 117 (Uus, ynyncentuit), 118 (Uuo,
YHYHOKTHH)).

TexHeuUd — 3TO CaAMBIUd JIETKHH XUMHUYECKHUHU
3JIeMEHT, y KOTOPOTO OTCYTCTBYIOT CTaOHJbHbIE
M30TOIBI, U TIePBbIH 3JEMEHT, MOJyYeHHBIH HCKYC-
cTBeHHO. [Tocsie OTKPBITHS MEPHOIUIECKOT0 3aKOHA
MHOTHE YyueHble 3asBJ/ISIN O BbIIEJEHUH SKaMapraH-
ua (s/eMeHTa ¢ MOPSAKOBBIM HOMepoM 43) u3 pas-
JIUYHBIX MUHEpaJoB W Npensarald eMy Ha3BaHHUS:
n3Buit (Kepn, 1877), mountt (Bappatip, 1896) u
nunnonuit (Orasa, 1908), Ho Bce 3TH cooOIIEHNS B
IDanbHEHIIEeM He TIOATBEPAUJIHCE.

B 1925 r. HeMelnkue xumuku cynpyra Hommak
coo0LUNN 00 OTKPLITUH B MJIATUHOBBIX U MOJIHOIe-
HOBBbIX pynax anemeHToB No 43 u Ne 75, HaszBaH-
HBIX Ma3ypuem u penueM. B 1927 r. orkpbiTHe
peHusi 610 MoaTBepkaeHo, a B. [lpanarae moka-
3aJj, 4TO 32 Mas3ypu# olIMOOUYHO MPUHSIU NTPUMECH.
[Tocne pador C. A. Ulykapesa u [. Marrayxa
CTaJIO MOHATHO, uTO 3jeMeHT Ne 43 moJiKeH UMeTb
TOJIBKO PaJHOaKTHBHBIE H30TOIBI, OOHAPYKUTH KO-
TOpble B 3€MHOH KOpe MOXHO TOJBKO B TOM CJy-
Yae, eCJIM MepUoM UX nosaypacnana 6ogee 150 MuH
get. B 1937 r. 9. Cerpe u E. [leppe 06bsBUIN 006
OTKPBITHH MMM B NPOAYKTaX IepepaboTKH MOJHO-
JNEHOBOH MJAaCTUHKH, 00JY4eHHOH Ha LIUKJIOTPOHE
sanpamu nefitepus, uzoronos sjnemeHta Ne 43, Ha-
3BAHHOT'O TexXHellHeM. DTO Ha3BaHHE ObLIO yTBEPXK-
nedo B 1949 r. ITocae co3maHust TEXHOJOTUH BblIe-
JIEHUS] TPaMMOBBIX KOJIHUECTB TEXHELMs U3 OCKOJI-
KOB, 00pasymioIuxcs NPH NeJeHUH ypaHa-235 B
SIepHOM peakTope, OBIIM H3Y4eHBl XUMHUYECKHE
CBOHMCTBA TEeXHELMS U A0KAa3aHO ero CXOACTBO C
peHHeM.

[Tocne pa6or Mosau cTajno O4eBUIHBIM OTCYT-
CTBWE B TpyMIe JaHTaHUNOB 3jaeMeHTa No 61.
B 1926 r. I'appuc u ['onkuHC coo6muIM 06 OTKPHI-
THM HOBOTO pEIKO3eMeJBHOTro 3JeMeHTa (Ha3BaH-
HOTO HJIJIMHHEM) Mocje (hpakLHOHHPOBAHUS COENH-
HeHUH HeonuMa u camapus. B. [Ipanatab onposepr
3TO OTKpBbITHE (KaK M B caydae masypus). He Ha-
ILIJTY TIOATBEPKIEHUS COOOIIEHNS 06 OTKPBITHH 3JIe-
meHTta Ne 61 (cdnopenuusi) npu 3000-kpaTHOH KpH-
CTa//NU3allMi IUIMMOBOTO KOHLIEHTpaTa; 3JeMeHTa
LIMKJOHHUS, KOObI TONyYEeHHOTO B LIMKJIOTPOHE ITIpPH
6oMOapaupoBKe HeoauMa M caMapus sSapamu ned-
tepus. B 1947 r. Mapunckuii, ['nennenun u Ko-
pusan obHapyxuau anemeHT Ne 61 B mpomykrax
IeJeHUs ypaHa B aTOMHOM peakTope W HasBajd
ero mpomeTruem (Ha3BaHue yTBepxkaeHo B 1950 r.
MeXIYHAPOTHOH KOMHCCHEH 10 aTOMHBIM Becam).

B 1968 r. nmpomerunii ynanocb oOHapyKHUTb B TIPH-
pone. Ilo umcto opmasbHBIM MpPU3HAKAM IPOMe-
THH MOXKHO CUHTATh 3JEMEHTOM, 3aBEPIIUBIINAM T10-
CTpoeHHe «HoTpaHcypaHoBoi» tabsauuel 1. M. Men-
neseeBa.

Kak u rtexHeuuit, mpoMeTHH, MpeacKa3aHHBIN
. Y. MenpneneeBniM asemeHT Ne 85 (3Kaiion), uc-
KaJIi B pa3JMYHBIX MUHepanax. Heckosbpko pas mo-
SIBJSJIUCh COOOLEHUs] 00 ero OTKPBITHH, B JAaJb-
He{llleM He MOATBEpXKIEHHblE. ABTOPBI «MHHUMBIX>»
OTKPBITHH HaBajd 3JeMeHTy 85 pa3Hble Ha3BaHHUS:
NaKWH, TeJbBeLUH, aHTJIOreJbBeLHH, JEeNTHH U Ip.
B 1931 r. Annucod cooOLidg, 4TO €My YIajoCh
00HapyKUTb B pPacTBOpe, HM3BJEUEHHOM H3 MOHa-
UTHOTO TeCKa, C TOMOLIbI0 MarHeTOONTHYECKHX
MeTOIOB cJieflbl 3JeMeHTa 85, KOTOPOMY OH [HaJ
Ha3BaHUe anabaMuil; MOA 3TUM Ha3BaHHUEM 3JIEMEHT
85 ¢QurypupoBan B yueOGHHKAX M CIPABOYHHKAX [0
1947 .

PeanbHO OOWH W3 HM30TONOB 3jJeMeHTa 85 (ac-
tar-211) 6bl1 mosyven suwb B 1940 r. Kopconowm,
Makkensu u Cerpe B UUKJIOTPOHE, e MPOU3BOIH-
Jacb 6omMOapoupoBKa BHCMyTa OBICTPBIMH Q-yac-
tuiamu. Ilepruon nosmypacnaga 3Toro M3oTona oka-
3ascs Bcero 7,2 yaca. DyeMeHT 85 TOJYYHS CBOE
HasBanue actart (Astatium) B 1947 r. B crarbe
aBTopoB oTKpeITHS (Nature, 1947). 1o HenaBHero
BPEMEHH B PYCCKOSI3bIYHOM JIUTEpAType 3/71eMeHT 85
HasblBa/JM acTaTHH.

dkauesuit (ssement Ne 87) B Hawame XX B.
MCKaJ/IM TJIaBHBIM 00pa3oM B Lie3MeBBIX MHUHEpasax,
B YaCTHOCTH B JIEMMUAOJUTAX. B pesysnbraTe Takux
pabor B mepuon 1929—1939 rr. mosiBUIUCH OLIH-
6oyHble cOOOLLEeHHUS 00 OTKPBITHUH BUPTUHHS, MOJI-
naBus, anxkanunHus, pyccus. B 1939 r. ITlepe#r us
nHerutyTta Kiopu B [lapuke B nmpoaykTax paauoak-
THBHOTO pacrajfa akTHHHS 0OHaPYKUJ [-H3/TydeHHe
HEN3BECTHOTO paHee M30TOIa C MEPHOJIOM MOJypac-
nana 21 muH. OKasanoch, 4YTO H30TOM, 0003HAUEH-
Hbll AcK, 1Mo ¢cBOUM XMMHUYECKUM CBOHCTBAM COOT-
BeTCTBYeT 3Kauesuio. B 1946 r. Ilepeit npenmoxun
eMy Ha3BaHue (ppaHuui. [lepBoHaYaNBHO OH HMeJ
cuMmBoJa Fa, a He coBpeMeHHOoe o6o3HaueHue Fr.

TpaHcypaHoBblie 3jemMeHTbl (3aypaHOBBIE 3Jie-
MEHTBI, TPaHCypaHbl) — PaJlHOAKTHBHbIE XHMHUe-
CKHE 3JIEMEHTBHI, PaCIIOJNOKeHHbIE B NIePUOANYECKOH
cucreme snementoB [l. V1. MenneneeBa 3a ypaHom,
TO €CTb C aTOMHBIM HOMepoM Bhille 92.

DJieMeHTBl ¢ aTOMHBIM HOoMepoM 6ogee 100 Ha-
3BIBAIOTCS TpPaHC(PEpPMHEBBIMH 3jeMeHTaMu. OmuH-
Ha/llaTh M3 M3BECTHBIX TPaHCYPAHOBBIX 3JEMEH-
T0B (93—103) nmpuHangIeKUT K 4UCJTy aKTHHHIOB.
TpaHcypaHOBBEIe 3/€MEHTBI C aTOMHBIM HOMEpPOM
6osee 103 Ha3bIBAIOTCS TPaHCAKTUHUIAMU.

Bce u3BecTHBIE M30TOMBI TPAHCYPAHOBBIX 3Je-
MEHTOB HMMEIOT TePHOABI ToJypacrnaga 3HaYuTe b
HO MeHbILHe, 4eM Bo3pacT 3eMu. [loaTomy TpaHc-
ypaHOBbIe 3J€eMeHThbl MPaKTHYECKH OTCYTCTBYIOT B
TIPUPOJIE U MOJMYYaIOTCs HCKYCCTBEHHO MOCPEICTBOM
PA3JIMUHBIX SIIEPHBIX peakUuil. DJaeMeHTH n0 (ep-
MHSI BKJIOUHTEIbHO 00pa3yloTcs B sIIEPHBIX peak-
TOopax B pe3yJbTaTe 3axBaTa HEHTPOHOB M MOCJe-
nytolero 6eta-pacnana. TpaHchepMueBble 3JeMeH-
Tbl 00pasyloTCs TOJbKO B pe3yJbTaTe CJAUSHUA
snep.
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[lepBble TpaHCYypaHOBbIE 3JE€MEHTBI OBLIM CHH-
Te3upoBaHbl B Havyase 40-x rr. XX B. B Hauuonasnb-
Holl mabopatopur uM. Jloypenca B Bepkau (CLIA)
TPYTIOH y4eHbIX MOJ PYKOBOACTBOM O. Makmusia-
Ha u ['. Cubopra, ynocroenusix HobeseBcko# mpe-
MUM 3a OTKpbiTHe W uayueHue Np, Pu, Am, Cm,
Bk, Ci.

XUMHUECKHe CBOHCTBA JIETKUX TPAHCYPaHOB, MO-
JydaeMblX B KOJHYECTBAaX HECKOJbKHX MHJIHIPaM-
MOB, H3yuyeHbl OoJiee UM MeHee IOJHO; TpaHchep-
mueBble 3jeMeHThl (Md, No, Lr u T. 1) usyueHsl
c1ab0 B CBS3M C TPYOHOCTBIO TOJYyYEHHS M MaJbl-
MH TIepHOiaMH MoJiypacnana ux uadortoroB. CrekT-
POCKOTIMYECKUMH, MArHETOXUMHUUECKUMHU METOAaMH
OBIIO MMOKA3aHO, YTO 3JEMEHTHl C TMOPSAKOBBIMH
HoMepamu 93—103 sBasAOTCA aHasOraMu JaHTa-
HHIOB.

HenTyHuii — mepBBIfl M3 TPaHCYPAHOBBIX 3Je-
MeHTOB ObLT mosyueH B 1940 r. Mak-MuJsnaHoMm u
OHOJICOHOM IO CXeMe:

BU+ fn — U 47,
BU — Np+P.

B 1942 r. Cubopr u Bajb cuHTe3upoBanu mnpy-
roil uzoron Np-237, a-usnydatesb ¢ TIEPHOIOM
noaypacnaga 2,25 wmaH Jget. Cumoa Np mpenJo-
ke B 1948 r.

Mayronnii. B 1940 r. Cubopr, Mak-Mumias,
Kennenn u Banp npu 6oM6apaupoBKke okcuaa ypa-
Ha U;O4 yCKOPEHHBIMH B LUKJIOTPOHE SIApaMH [eH-
Tepusi OOHAPYXKHJIH H30TOMN MJYyTOHHH-238, KoTo-
pBIfi 06paszoBascs W3 KOPOTKOXKHBYIIETO H30TOIA
Np-238.

Tomom nosxe Kennenu, Cubopr, Cerps u Basab
CHUHTe3upoBa/u 0OoJjiee BaXKHbIH H30TON — IIYTO-
HUi-239 mocpencTBOM OOJydeHHs] ypaHa CHJIBHO
YCKOPEHHBIMHM B LHUKJIOTpPOHe HelTpoHamu. [LmyTo-
HUH-239 o6pasyeTcs mpu pacrnage HenTyHHs-239;
OH HCITyCKaeT O-4aCTHLbl M HMeeT MEePUOA IOoJy-
pacnaga 24 Teic. Jet. YnucToe coenuHeHHE MIYTO-
HMS BIepBble nosaydeHo B 1942 r. 3arem crano us-
BECTHO, UTO CYILECTBYeT MPUPOIHBIH IJIyTOHHH,
0OHapy>XEeHHbIH B YPaHOBBIX pylax, B YAaCTHOCTH B
pynax, sanerawoiux B Konro. [lnyTonuii-239, kak
U ypaH-235, HCHOJb3yeTcsl B KauyecTBE sIEPHOTO
MaTepuasa. HaspaHue sjeMeHTa OBLIO INpeNJsoXKe-
HO B 1948 r.

AMepuuMiA. DTOT 3JeMeHT MOJYyUYeH HCKYCCT-
BEHHO TyTeM OOJydeHHs] MJIyTOHHS HEHTPOHAMH B
KoHUe 1944 r. B Merannyprudeckoil sabopaTopuu
Uukarckoro yHuepcutetra Cuboprom, xeiimcom,
Mopranom u T'mopco.

WPy — WAm 4 p.

[To xuMuueckum cBo¥icTBaM 95-ii 3jeMeHT —
aHaJioT JaHTaHUOOB. Ero cxomcTBO ¢ eBpomnueMm
MOCJTYKHJIO OCHOBaHWEM MJisl Ha3BaHUS <«aMepH-
LU,

Kiopuii. B 1944 r. B To#1 )xe MeTannypruuyeckon
JnabopaTOPHU TPYMINOH YYEHBIX TOA PYKOBOICTBOM
Cubopra Obl1 CHHTE3UPOBAH KIOPHH 0 CXeMe:

239 4 242 1
sPu+ 3He — %gCm + gn.
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Bepkauit (bepkennii). OTkpoiT B nekadpe 1949 r.
Tomnconom, ['mopco u Cuboprom B Kamudophuii-
ckoM yHuBepcutete B bepkau. Ilpu oGayueHuu
2Am q-yacTULAMU OHHU MOJIYYHJIH H30TOI O€PKJIHS
23Bk:

2% Am + $He — 28Bk + 2/n.

Kanudopuuit 6bi1 Brepsole noaydeH B 1950 r.
Tomnconom, Crpurtom, I'mopco n Cuboprom 6om-
6apaupOBKOH MHUKPOIPAaMMOBBIX KOJHYECTB KIOPHUS
O-4aCTHLAMH.

242 4 24, 1
@Cm 4 4He — 2R2CI 4 dn.

[Tepuon mnoaypacnana uzorona Cf-251 pasen
800 romam.

diiHWTeHHUI U depmMuil BrepBble ObLIM 0OHa-
pyxenbl B 1952—1953 rr. B mpomykTax B3phiBa
TepMosiiepHOTO ycTpoicTBa. [1o3Ke 3TH 3/JeMEHTHI
OblIM CUHTE3UPOBaHbl 6OMOApPAUPOBKON ypaHa HO-
HaMu OoJiee TSXKeJbIX, YeM TeJIUH, 3JIeMEeHTOB:

HU N — HEs +6n
2 I 2 I
U+ R0 — {Fm + 4.n.

MenpeneBuii cuntesupoBan B 1955 r. ['mopco,
Xapsu, YonnuuoMm, Tommnconom u Cuboprom 1o
cxeMe:

2 4 2 I
§Es + jHe — ${Md + jn.

Y camoro crabusbHoro uzorona Md-258 nepuon
noJiypacrnana oKoJIO TSITH YacoB.

HoGeauid. [lepeuncrieHHble Bhillle 3aypaHOBbIe
3J1eMeHThl OBIIA CHHTE3UPOBAHBl YCHJHUSIMHU IJaB-
HBIM 00pa3oM aMepHKaHCKHUX YYeHBIX BO TJaBe C
I. Cuboprom. B cosganuu 102-ro ssemeHTa Briep-
Bble y4acTBOBaJH M coBeTckue (usnku u3z Ob6be-
OVHEHHOTO HHCTHTYTa SIOEPHBIX MHCCJAEIOBaHUH
(OUSIN) B Hy6He mox pykosoactsoMm I'. H. Pepo-
Ba. MmMu OblI0 MOKasaHo, 4TO HOBBIH 3JIEMEHT,
Ha3BaHHbIH aBTOPaMH XKOJHOTHEM, MOXHO IIOJY-
YUTb MO PeaKLHUIM:

2 22 2 |
wU+ 5Ne — 189 4 4(n
WU
MWAm + BN (mm 3C) — #83.

B nanpuefimiem nig 102-ro ssemenrta B 1997 r.
cnenmanbabiii kKomuter MIOTTAK yrBepausn Hasba-
HUe «HOOesJui», MpeloKeHHOe KOJIJIEKTHBOM yde-
Heix HobeseBckoro wmucTuTyTa (prdukun B CTOK-
roJIbMe.

Jloypencuid. lnsa ero nosydyeHusi B bBepknn u
Jly6He Obl1a HMCNONb30BaHA peakuuss 00JydeHHS
Kannu(popHUsl ObICTPBIMU HOHaMH Oopa:

Z8CI+ 6B — {fLs +54n.

[Tepuonp! mosaypacnana BceX U3BECTHBIX H30TO-
TIOB JIOYPEHCHUS] HCUHUCSIOTCS CeKyHIaMH.

Hy>xHO oTMeTUTh, UTO mepBble COOOILEHUS
(1965) o cuntese 103-ro snemMeHTa (Ha3BaHHOTO aB-
Topamu ny6HueM) Obliu caesnanel yueHeiMH OV,



KOTOpble He CMOTJIM [0Ka3aTb CBOH NpPHUOPHUTET.
Pewennem MIOTIAK B 1997 r. saementy 103 yt-
BEPXK/EHO Ha3BaHHE JIOYPeHCHH.

Y6enuTenbHble N0Ka3aTeIbCTBA TOro, 4TO Ha
JIOYPEHCUH 3aKaHUMBAETCS Psl aKTHHHUAOB, OBLIN
nosyyersl B Jly6He npu cuntesde 104-ro snemenra.

B 1964 r. yuensle OMSIM o06bsBUIN 0 CUHTE3E
OOHOTO M3 H30TONOB HoBOoro 104-ro asemeHTa H
MOKa3aJji, YTO MO XHMHUYECKHM CBOHUCTBAM — 3TO
aHasor 3jeMeHta IV rpynnsl raguus. OTKpeITHE
KypyaTOBHSI — TaKOe Ha3BaHHE ObLIO MPENJOXKEeHO
akanemukoM [. H. ®epoBbIM U ero coTpynHuKamMu
IJisT HOBOTO 3JIEMEHTA — HUMeJIO TPHHLHUIHAIBHOE
3HauyeHHe /151 XUMHHM H ee OCHOBHOTO 3aKOHa, II0-
CKOJIbKY MOATBEPAUIO OJMM30CTb aKTHHUIOB U JIaH-
TaHUIOB, MO3BOJIUJIO YBEPEHHO TOBOPHUTH 00 3J€K-
TPOHHOM CTPOEHHMH HEeYCTOHYMBBIX XUMHUECKUX 3JIe-
MeHTOB. BoJsee Toro, crajso oueBHAHBbIM, 4yTO 103-i
3JIeMEHT OJIXKEH MPHUHAN/EXaTh K TPYIIe aKTHHU-
IOB, UYTO W TMOATBEPIUIOCH IOCJE €ro CHHTe3a B
Hy6ue B 1965 T.

Bcesen 3a KypuaToBHEM uepe3 HECKOJBKO JIET B
Hy6ue Obn cunTesupoBaH u 105-i sneMeHT, Ha-
3BaHHBIH nyOHMHLUAMH B 4yecTb H. Bopa HuibcHo-
prueMm. Hecko/abKo Mo3nHee OTKPBITHE 3JEMEHTOB
104 u 105 nmoaTBepOWIH aMepUKaHCKHE YUeHbIe
CHHTE3aMH, KOTOpble OHH NpoBesu B bepkiu B 1969
u 1974 rr. Yuensie OUSIN BrImeuIn oyeHb Heyc-
TOWYUBBIE U30TOIMBI TOTO U APYTOrO 3JeMEeHTa, B TO
BpeMs KaK aMepUKaHCKHe (DU3UKH, HCIIO/Ib3ys HHbIE
siIepHble peaKUHH, CyMeJd CHHTE3UpPOBaTh CPaBHU-
TeJbHO GoJiee MOJTOXKUBYILIME H30TOIIHI.

AmepukaHckue yueHble HasBasu 3JjemeHT 104
pesepdopauem, a 105-i a/eMeHT — raHueMm.

[Tono6Has cuTyalus CJA0XKHUAACH U C 3JEMEHTOM
106, 06 OTKPBITHH KOTOPOrO MHP TaK¥Ke BIIEpBBIE
yeapiman B 1974 r. u3 Ily6usl. Y1 cHoBa Obla TIO-
JIydeH M30TON C OYeHb KOPOTKHM IePHUOAOM MOJY-
pacrnaga — Bcero 7 Mc (muatncekyHasl!). A. Tnop-
co (bBepknn) Bblmesns U30TOM 3TOrO 3JME€MEHTA C
nepuonoM mnogaypacnaza 0,9 c.

[Ipuoputer otkpoiTusi saementa 107 ¢ 1976 r.
ocrapuBaja Jlabopatopusi siIepHBIX peakUui
OUSIN (dy6na, CCCP) u LlenTp uccremoBaHui
TsKesblx MoHOB (Hapmutanr, ®PT).

«Y3akOHeHHbIe» B HacToOsllee BPeMsl Ha3BaHUS
HOBBIX 3JIEMEHTOB [1€PHUOANYECKOH CHCTEMBI NpHBe-

IeHbl B TabJI.
Tabnuua

Ha3BaHusa xumuueckux ajemeHtoB Ne 104—112

Ho- HasBanue Cum- | TlpoucxoxpeHue AgtopcTBo

Mep BOJI Ha3BaHUA

aJ1e-

MEeH-

Ta

104 | Pesepgpopauii | Rf |2. Pesepdopn | dyona—Dbepkan

105 | QyGuuns Db | dy6ua Jy6na—DBepkau

106 | Cubopruit Sg |T. Cubopr Bepkau—Jlu-

BEPMOP

107 | bopuit Bh |H. Bop Hapmmtant

108 | Xaccwuit Hs | Xaccust (T'ec- | Hapmwranr
CeH)

109 | MefiTHepHit Mt |JI. Met#ithep | JapmiuTtanr

110 | Hapmwranrtuit | Ds | dapmiranrt Japmiitanr

111 | Pentrenuit Rg |B. K. Pentren | Japmimranr

112 | Konepuukuit | Cn | H. Konepuux | Japmrtanr

K sTo#i Tabnnue MOxKHO N00aBUTb, UTO yueHble
Jy6ubl HazBamu 108-# s1eMeHT raHueM. boJee Bce-
r0 Ha3BaHUE OBLIO MPENJIOXKEHO AMs saeMeHTa 112:
KOTIepHUKHH (o(HLMaIbHO yTBepxkAeHO 19 despa-
ast 2010 r.), BUKCxay3u#l, reJbMroJIbIHN, BEHYCUH,
(pulLKH, WITpaccMaHUl, reiseHOepruii u paxe
«jaBpeHTHH» (B uyecTb JlaBpeHTusi bBepun). Die-
mMeHT 113 B JlyOHe Ha3Basu OeKKepesHeM, a B
SInoHnu — puKeHueM, AMOHHEM, HUXOHHEeM. Poccuii-
cKre (U3UKH MPeIIOXKUIN Aiast djaeMenTa 114 nms
oraneccu# (B uectb akazemuka [Opusi OranecsiHa,
MOf PYKOBOJACTBOM KoToporo B Jly6He cuHTe3upo-
Basu 3jeMeHTH 113—118). OHu Xxe mnpennaranu
HasBaTb 3jeMeHTH 115, 116 u 118 coorBercTBeH-
HO JlaHXXeBeHHeM, (hJiepueM U MOCKOBHEM.

B Hacrosiiee BpeMs B 3KCIEPUMEHTax IO CHH-
Te3y M H3YYEHHIO CBEPXTSKEJBIX 3JE€MEHTOB yuya-
CTBYIOT (4acTO 0OBEANHSISI CBOU YCHIIHUST) KOMJIEKTH-
Bbl yueHblx u3 Poccuu u CIHIA, T'epmanuu, ®pan-
uuu, Kuras, Munuu, Benabruu u apyrux cTpas.
[IpyHUMAIOT yyacTHe B 3THX HCCJIENOBAHUIX U CO-
TpyaHukd MucTutyTa Teopetudeckoit ¢pusnku HAH
Ykpaunbl u HMHCTHTYTa SiTEPHBIX HCCJAEIOBAHUH
HAH Yxpauns.

Cawmple nocnenuue (Ha uroHb 2010 r.) coobue-
HUS U3 3TOH 06/acTH HAayKH OTHOCATCS K HH(Op-
Mauuu o nosaydeHud 117-ro asnementa. Co3naHue
3TOTO 3JeMeHTa (YHYHCENTHsI) HAa4aa0Ch C TOTO, UTO
Ha camoM MomiHoM peaktope CIIIA B Okpumxke Ha-
pabotanu 22 mr G6epkana-249, mnas dero norpebo-
Basoch 250 nHel (yac pa6oTel peaktopa cTouT 500
noJapoB). Depkinii-249 omHO W3 caMbIX JOPOTHX
BELIECTB, I'PaMM KOTOPOrO CTOUT HECSTKH MHJ-
JUOHOB moJiapoB. B Jly6He Ha yckoputese TsixKe-
JBIX HOHOB (uuKA0oTpoHe Y-400) muineHb u3 6epk-
ausi-249 6omOapaupoBay HOHAMHU KanbLusi-48. s
TOro, 4ToOBI 3a(PUKCHPOBATh 6 CiydaeB POXKIEHHS
sneMeHTa-117, OBIIO U3PACXOLOBAHO 3 rpaMMa KaJlb-
1usi-48 croumocthio 600 Teic. mosnapos. K aTomy
MO>KHO N0OaBHTh,4TO MOCJEIHUH H3BECTHLIH B IIe-
pPHOAMYECKOH CHCTeMe 3JeMEeHT C MOPSAKOBBIM HO-
MepoMm 118 OBl CHHTE3WPOBAH COBMECTHBIMH YCH-
ausimd pusukoB Poccuu u CIIA B pesyabrate
H6omMbapaIUpPOBKY KaIU(DOPHUEBOH MHUILIEHH YCKOPEeH-
HBIMH HOHaMH Kanabuusi-48 B 2006 r. [1penbicTopust
3Toro cobwiTus caenytoias. B uione 1999 r. ame-
pUKaHCKHe (PU3UKHU COOOILMJIU O CHHTE3€e 3JeMeHTa
118 peaxuue# causiHEST aTOMOB CBUMHLA U KpPHII-
ToHa. [locse 6Ge3dycHellHbIX MOMBITOK MOBTOPUTH
3TOT 3KcrnepuMeHT B I'epmanuu, fnonun, @panuuu
B 2002 r. pykoBomcTBo mabopatopuu JloypeHca
B Depknu o¢uumasbHO NPH3HAIO0, UYTO OTKPBITHE
118-ro anementa B 1999 r. 6p110 chabpuKOBaHO.

0 XUMHUYECKHUX CBOMCTBAX
CBEPXTSKEJIBIX 3JIEMEHTOB

Barkneidie#t 3anadeli npu siiepHOM CHHTE3e HO-
BBIX 3JIEMEHTOB §IBJISIETCSl UX XHUMHUeCKas WIeHTH-
(uKalus, NOATBeprKAAIOLIAS PACIONOXKEeHHe B Ile-
puoauueckoil TabJsuue. ¥ CTaHOBJEHHE XUMHUECKHX
CBOICTB HOBBIX 3JE€MEHTOB CBfI3aHO CO MHOTUMHU
TPYOHOCTSIMU. Bo-1iepBbIX, HEOOXOAUMO OTIPENeIUTD
XUMHUYECKOe TMOBeLeHHe 3JeMEeHTa, KOTOPBIH MOoJy-
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YaloT B KOJHUYECTBE JIMIIb HECKOJbKUX KOPOTKOXKH-
BYLLUMX (IONH CeKyHIbl) aToMoB. IIpu 3ToM BO3HU-
KaeT MPUHLMIIKAJBHO BaXKHBIH BOMPOC: MOTYT JH
peakLrH HeCKOJbKHX aTOMOB XapaKTepH30BaTh XH-
MHYECKHe CBOHCTBA COOTBETCTBYIOLIETO dJeMeHTa?!
CerozHsl MOXKHO TOJIOKHTEJBHO OTBETHTb Ha 3TOT
Bonpoc. Bo-BTOpBIX, U3BECTHO, 4TO yeM OoJblle B
aToMe 3JIeKTPOHOB, TeM MeHbllle MEeHSIOTCS XUMHU-
YyeCcKUe CBOHCTBA 3JeMeHTa MpU AN00aBJeHUU ellle
OJIHOTO 3JieKTpoHa. Takoe «BBIPOXKIEHHE» XHUMHUE-
CKOH MHIAUBUAYaJbHOCTH 3JIEMEHTOB, 00YCJOBJIEH-
Hoe cOJIMKeHHeM MOTEHIHaN0B HOHU3ALUH HX aTo-
MOB, TPOSIBJASIETCS B CJydae TPaHCYpPaHOB.

Kpome ToOro, y cBepXTsiKesblX 3J€MeHTOB Or-
POMHBIH 3apsii siipa NOJKEeH BbI3bIBATh yBeJHYe-
HHME CKOPOCTH [BHXKEHHS 3JIEKTPOHOB C PEJISTHBH-
CTCKHM BO3pacTaHHEM HX MaccChbl, YTO MOXKET OTpa-
3UTbCS Ha XMMHMYECKHX CBOHCTBaX COOTBETCTBYIO-
LIMX aTOMOB.

Tem He wmeHee B Jly6bHe B mabopaTopuu
I H. ®nepoBa c npuBjieyeHHEM 3aKOHOMEPHOCTH
usMeHnenusi T,,, B POy TETPaxJOpPHAOB THTaHA,
LIMPKOHUS U rapHus OBLIO0 f0Ka3aHo, yTo 104-i1 aje-
MEHT (Kyp4yaTOBHUH, ceronHst — pesepdopauii) oTHO-
CUTCSl K 3jeMeHTaM 4-# rpymnmnel, a anemeHtT 103
(/oypeHcHUl) 3aKaHUMBaeT psil akTUHUIOB. MeTo-
JaMy ra3oBoH XpomaTtorpaduu U TepMOXpoMaTo-
rpauu ObLIO YCTAHOBJEHO, 4TO OOpUH — aHaJsor
peHHsl ¥ TexHelUHUs (IO JIETYYECTH OKCOXJOPUIOB),
XaCCHUH — 3KAOCMUH, a pPeHTreHUH — aHaJor 30J10-
Ta. B HacTrosillee BpeMs ellle He NOJydeHbl yOenu-
TeJIbHbIE [0Ka3aTeJbCTBa TOTO, UTO 3JeMeHTHl 112,
114, 118 nmo cBOUM XMMHYECKHM CBOHCTBAM aHaJo-
THYHBl COOTBETCTBEHHO PTYTH, CBHHLY M PafoHYy
[Yenexu xumun. — 2009. — T. 78, Ne 12].

CHHTE3 HOBBIX 3JIEMEHTOB MOJKEH MO3BOJHTH
Ha HOBOM YPOBHE MOHSITb «yCTPOHCTBO» aTOMHOIO
sipa U sIBJe€HUE SIIePHOU MepUONMYHOCTH, (PyHIa-
MeHTaJbHbIM 1apaMeTpOM KOTOPOH BBICTYyMaeT 4YHC-
JIO HYKJIOHOB B §IIpE, a TaK»Ke H30TOMHYECKUH CITHH,
OTpakarllMi BO3MOXXHOCTb HYKJOHa OBITb B ABYX
Pa3JMYHBIX COCTOSIHHSIX — IMPOTOHA M HEHTpOHa.

Ms3BecTHBl  paboTBl  COBETCKOrO  XHMHKa
A. V. Yepkecosa [14, 15], B KOTOpBIX pa3BuBaeTcs
urest 0 TOM, YTO «SIAPO aToMa OmpenessieT MOJHO-
CTbIO CTPYKTYPY €ro 3JeKTPOHHOU 000JIOUKU U BMe-
CTe C TeM — XMMHUYeCKHe U (pU3HYeCKHEe CBOHCTBA
atoma B uesom» [16]. A. M. Uepkecos mpuien K
BBIBOZlYy, YTO He 3JIEKTPOHHOE CTPOEHHe aTOMOB, a
HYKJIOHHBIH COCTaB M CTPYKTypa siApa NpeacTaBss-

IOT OCHOBY [IJIsi KOHCTPYUPOBAHUSI €CTECTBEHHON Ie-
PHOJAMUECKOH CUCTEMbl XUMHUYECKHUX 3JE€MEHTOB.

ComnocTaBJsienue yucaa suep (T. €. YUCsIa dJIeMeH-
TOB) C YMCJOM HE3aBHUCHMBIX COCTOSIHHH MPOTOHA
JaeT BO3MOXKHOCTb NPUUTH K HOBOH, AuanHOH, dop-
Me CHCTEMBbl XMMHUYECKHUX 3JIEMEHTOB.

B aTo#i cucteme, cocTosiled U3 4eTbipex AUAI,
KaXK[asi [Majga BKJOUAeT MO [IBa MepHoda, YUCJ/0
3JIEMEHTOB B KOTOPBIX 3aKOHOMEPHO U TEepHOAUYe-
cKu usmensiercs: 2, 2; 8, 8; 18, 18; 32, 32.

[ muama: 1-# mepuom: H, He
2-# nepuom: Li, Be
I muama: 3-# mepuom: B, C, N..... Na, Mg
4-i nepuon: Al, Si, P......... K, Ca
[l muanma: 5-# mepuom: Sc, Ti.....Rb, Sr
6-# mepuon: Y, Zr....... Cs, Ba
IV nuapa: 7-# nmepuom: La, Ce...... Fr, Ra
8-i1 mepuon: Ac, Th...... CHERICIEY

[TosokeHue seMeHTa B AMAHOH CHCTEME OJTHO-
3HAYHO OTIpefiesisieTCsl 3apsiioM siipa aToMa, 3Ta CH-
cTeMa CONMEPXKHUT TPHUHIIMI MOBTOPSEMOCTH, yCTpa-
HSIeT BHECHCTEMHOE IOJIOKEHHE JIAHTAHUIOB U aK-
THHHUIOB, YKA3bIBAET HA T€HETUYECKYI0 CBSI3b MEXK-
oy Takumu sjnemeHtamu, kak Th u Hf, Pa u Ta,
U u W, Re u Np, Pu u Os, coxpansieT MeHze-
JIEeBCKOE TPENCTABJEHHE O TPYINAax 3JeMEHTOB.

B sak/iroueHue MOXKHO BBIPa3UTb HaNEXMIy, YTO
yCIIeXH B SIIEPHOM CHHTE3€ HOBBIX 3JIEMEHTOB, NaJIb-
Helllllee pa3BUTHE TEOPHU CTPOEHHS siApa aToMa
MO3BOJIAT B OJMKaleM OyayllieM NP XapakTepu-
CTHKE HCXOAHOH (hOPMYJUPOBKH TEPHONNYECKOTO
3aKoHa (CBOHWCTBA MPOCTHIX TeJ, a Takxke (OPMbI H
CBOHUCTBA COEJMHEHHUH 3JIEMEHTOB, a IO3TOMY H
CBOHCTBa 0Opa3yeMblX UMHU MNPOCTBIX TeJ CTOAT B
MEePUOANYECKOH 3aBUCUMOCTH OT UX aTOMHOTO Beca)
He TOAYePKHBATH HEMPABUIBHOCTb HCIIOJIb30BAHHO-
ro 1. 1. MeHnneneeBblM aprymMmeHTa (aTOMHOH Mac-
Chl), @ JHUIb TOBOPUTb 00 ompefessiiolledl poJu
fIpa atoMa 3JeMeHTa.

Mgl mosiaraeM yMecTHBIM 3aKOHYHUTb 3TOT 00-
30p MO0 HUCTOPUH U COBPEMEHHOMY COCTOSIHHIO IIe-
puonuueckoro 3axkona . 1. MenneneeBa cioBamu
anrauiickoro xumuka Y. KoyJscona:

«Kaxpnaa reHunasbHasi paGora Xxapakrepusy-
eTcsl AByMs uepTamu: B Heil TOBOPHUTCH O 00Jb-
uiemM, yeM M3BECTHO B JaHHOe BpeMsl, OHA MOXKeT
NJ0JO0TBOPHO Pa3BUBATHLCS B HAaMpPaBJEHUSIX, KO-
TOpble HeJb3s1 Oblio npeaBuaeTb. [lo 06oum atTum
npu3HakaM MepuoauvYecKass CUCTeMa SIBJSIETCS
padoToii reHus».



ATOMHBIE U ®U3UYECKHE
CBOUCTBA BOJOPOJA

Bonopon — HauboJsiee pacnpocTpaHeHHbIH 3Je-
MeHT Bo Bcesennoii. OH oOblueH u Ha 3ewmJe: 3a-
HHMaeT TPeTbe MECTO B PSIAY MO PacrnpoCTpaHeHHO-
cTu (mocJsie KucJaopoma U kpemuusi). Ha Bomopon B
XUMHYEeCKH CBSI3aHHOH (opMe MPUXOIUTCH OKOJIO
15,4 % Bcex aTOMOB B 3eMHOH KOPe H OKEaHax.
ITo mMacce 3TO HEBSITHINA MO PACMpPOCTPAHEHHIO 3JIe-
menT (0,9 %) u necatniit (0,15 %), ecau paccmat-
pUBaTh TOJBKO TOPHBbIE MOPOABI 3€MHOH KOPBI.

HecmoTpsi Ha odeHb MPOCTYIO 3JEKTPOHHYIO
koH(purypauuto (ls'), Bogopox MOXKeT CyIIeCTBO-
BaTh B OoJiee yeM 50 passuyHBIX (Qopmax, O0Jb-
IIasi YacTh KOTOPBIX XOPOLIO H3ydyeHa. Takoe KOJu-
4ecTBO (POPM BO3HHKAET, BO-TIEPBBIX, U3-32 BO3MOXK-
HOCTH CYILIEeCTBOBaHHS B ra30BOH (pa3e TaKUX aTOM-
HBIX, MOJIEKYJSIPHBIX ¥ HOHM3HPOBAHHBIX YaCTHII,
kak H, H,, H*, H=, Hf; Hf...H};; Bo-BTOpPBIX, U3-32
nanuuust Tpex uzoronos {H, 7H (D) u 3H (T) cyme-
ctBytoT yactuusl D, Dy, HD, DT u 7. 1., u, Hako-
Hell, 6sarofaps SIepPHOMY CIHHY CYLLIECTBYIOT H30-
Mepbl TOMOSIIEPHBIX JBYXaTOMHBIX YacCTHL, T.e€.
OpTO- U Mapa-AUBOJOPOA, a TaKxkKe — AunedTepuit
U TUTPUTHH !

DHepruss HMOHU3AIMKM aTOMa BONOPOAA BBLICOKA
(1312 x/Ix - mosb—!). [ToaTOMY OH HaMOMHMHAET CKO-
pee rajoreHbl, a He LIeJOoYHble MeTaJbl. [locise
ynajeHusi 1s-3JeKTpoHa 0CTaeTCsl «TOJbli» MPOTOH
¢ pamuycoM Bcero 1,5-107% HM, KOTOpEBIH HE MOXKeET
ObITb peajibHO CYLLECTBYIOLLEH XUMHUUeCKOH (hopMoi
B KOHIEHCHpOBaHHOH (pase. OmHako W B pacTBo-
pax, U B TBEPHBIX TeJaX XOPOILIO H3BECTHHI MpO-
OYKTBI €ro TPHCOEANHEHUS] K APYTHM YacTHLAM —
H,O*, NHf u 1. n. CpoactBo K MpOTOHY MOJIEKY-
Jbl BOIBl U SHTAJNBIHUIO pacTBopeHus H* B Bome
(T.e. 3HTanpIHIO THApaTaUWd HoHA HT) MoxHO
OLEHUTb TMPHUHSATBIMH B HACTOSILEe BpeMsl 3Haue-
HUASIMH 3THX BeJIHUMH:

H* (1) + H0 (r) — H,0* (r); —AH ~
~ 710 KJIX-Moab .
H* (r) — H;0* (aq); —AH ~
~ 1090 kX - MoJb—.

Orcloma cienyeTr, 4TO TeIJOTAa PAacTBOPEHUS
KaTHOHAa  OKCOHHS B  BOJe  COCTaBJseT
~ 380 x>k - MOJIb~!, UTO HAXOMUTCS MEXKY PacCuu-
TaHHbIMH 3HaueHusiMu 1751 Nat (405 k] - mosb™!)
u Kt (325 xJlx - mosb™t).

Atom Bomopoma mMomoOHO aToMaM IIEJOYHBIX
mMeTamnoB (ns') u ramoreHoB (ns’ap®) obmagaer
CPOACTBOM K 3JIEKTPOHY, T. €. B CJENYIOIIeM Ipo-
Lecce BBIAENSIETCS TEJIo:
H(r)4+e— H-(r); —AH

=72 kJIx-Moab L.

pacy

! TepMuH OMBONOPOX (TaK e KaK AHA30T, JUKHUCJIOPOL U
T.II.) HCIIOJNB3yeTCs, KOrga HeOoOXOAHMMO HEeIBYCMBICJIEHHO
yKasaTb, uTo peub unget o mosekyne H, (N, umu O,), a He o
COOTBETCTBYIOLIEM MPOCTOM BelIeCTBE WUJIH aTOMe 3JeMeHTa.

INHPHJIOXEHHS

dto cponcTBo OoJblie, 4eM O atoma Li
(57 xIIx -Mosib~!), HO CYIIECTBEHHO MEHbIIE, YeM
st atoma F (333 xJlx - moab™!). Tuapun-uon H—
UMeeT Ty Ke 3JEKTPOHHYI0 KOH(UTYpalUIo, YTO H
aToOM TeJjidsi, HO OH HaMHOrO MeHee YCTOHYMB, Tak
KaK B HEM JIBa 3JIEKTPOHA MOJIXKHBI YIePKHUBAThCS
MOJIOXKUTEJBHBIM 3apsiI0M OJHOTO mpoToHa. [ToaTo-
MY THUAPUI-UOH JIerko AeOpMUPYEM; 3TO CBOHCTBO
COCTaBJISIET XapaKTEPHYI YEpPTy €ro CTPYKTYpPHOU
XAMHH.

Tadbauuma 1

ATomHble cBoiicTBa Bofopoaa (NpoTusi), AeUTepust U TPUTHS

CgoiicTBo @ H D T

OtHocuteabHas | 1,007825
aToMHasi mMacca
KBantoBoe uuc- 1/2 1 1/2
JIO SiIePHOro
crnuHa

SlnepHblii mar-
HUTHBIH MOMEHT,
. MarHeToH &
Yacrora SIMP
npu 2,35 Ta,
MTI't
OTHOCHTEbHAS
YYBCTBUTE/Ib-
HOCTb B CMEKT-
pe SIMP (mo-
CTOSIHHOE ToJIe)
slnepHblii KBaja- 0
pynoJibHbIA MO-
MeHT, M>
PaguoakTuBHas
YCTOHYHUBOCTH

2,014102 3,016049

2,79270 0,85738 2,9788

100,56 15,360 104,68

1,000 0,00964 1,21

2,766 - 103! 0

YcTolyuB | Y CTOHYMB

B,
fp=12.33 1

4 SnepHBIf MarHeToH MN=eﬁ/2mpc =5,0508-10—%
Tk - T

9 E .= 18,6 k3B; E,=15,7 k3B; mpober B BO3IYyXE
~ 6 mM; npober B Boge ~ 6 MKM.

Tabauma 2

dusnyeckue cBoiicTBa BOAOPOAA, AEHTEPUS U TPUTHS

CpoiicTBO H, D, T,
Temneparypa naasaenus,| 13,957 18,73 20,62
Temneparypa kunenus, K| 20,39 23,67 25,04
Tenjora nJaaBjeHus, 0,117 0,197 0,250
KJIK - MoJIb—!

Tenaota ucnapeuus, 0,904 1,226 1,393
KJIK - MOJIb—!

Kputuueckas remnepary-| 33,19 38,35 40,6
pa, K (pacuer)
Kpurtnueckoe naBiaeHue, 12,98 16,43 18,1
atm © (pacuer)
Tensora auccounauuu 435,88 | 443,35 4469
(mpu 298,2 K),

KJK - Mo ™!

HyneBasi aHeprus, 25,9 18,5 15,1
KJI>K - MoJb ™!

MexbsaepHoe paccrosa- | 0,07414 | 0,07414 | (0,07414)
Hue, HM

3 JlaHHBle OTHOCATCS K BOLOPOAY (POPMasIbHOrO M30TOIl-
Horo coctasa (T.e. comepxauero 0,0156 at.% neitepus,
npeumMyllectBeHHo B ¢opme HD). Bce nanHble oTHOCsITCS
K PaBHOBECHOH NPH KOMHATHOH TeMnepaType CMeCH OpTO- U
napa-opm.

9 1 arm = 101,325 xH-M—2 = 101,325 «Ila.
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QJIEMEHTDI 1-ii T'PYIIbI

Jlutuit, HaTpu, Kanu#, pyouaui, Lesust u gppas-
LMH Ha3BIBAIOT LIEJOYHBIMH MeTa/JIaMH, TOCKOJBKY
UX THIPOKCHABI SIBJSIOTCS CHJIbHBIMH OCHOBAHMS-
MH («enoyamu»). [locseqHuil s71eMeHT rpymImbl —
(bpaHUMU — pagMOaKTHBEH U MaJOAOCTYINEH MAJS
WCC/IeIOBaHUs: TMEPUON MoJgypacrana ero Haubo-
Jiee JOJITOXKUBYIEro u3oTomna 2 Fr cocrasiser
21,8 MuH.

HecMoTpss Ha XMMHUECKOe CXOACTBO, JHTHH,
HaTpUd W Kajui, Kak MpaBu/io, He BCTPeYalTCs
BMECTe B MPHUPOJE, B OCHOBHOM, M3-3a Pa3JjnuHil B
aToMHBIX pasMmepax. CozmeprKaHue JUTUS B TOPHBIX
nopoaax 3eMHoi Kopbl He mpesbimaer 1,8-1073 %
(mo macce). [To pacmpocTpaHeHHOCTH JUTHH GJIU30K
k rammmio (1,9-1072 %) u nuobumio (2,010 %).

Hatpuit (2,27 %) — cenpMoii Mo pacmpocTpa-
HEHHOCTH 3JIEMEHT B 3EMHOH Kope W MSATHIH HU3
HauboJsiee pacrnpoCTPaHEHHBIX MeETaJJIOB (IMoCJe
aJMIOMMHUS, »Kese3a, Kajblius W Maraus). Kaauii
(1,84 %) — caepyommii Mo pacrnpocTPaHEHHOCTH
3JIeMEHT II0CJIe€ HaTpHS.

Py6uanii (7,810 %, kak y HUKessl, MeIy H
LMHKA) 1 uesuit (2,6-10~* %, kak y 6poma, rad-
HHS ¥ ypaHa) 3HAYUTEJbHO MeHee paclpoCcTpaHe-
Hbl, UeM HaTpUé U KajauH,

®paHUMiA TPUCYTCTBYET B IIPHPOLE B CJENOBBIX
KoJIM4ecTBax, o0pasyscb B pe3yabTaTe PEeIKOro
(1,38 %) pacnana **Ac B pany *°U:

297 a (1.38 %); t/= 21,77 net 993
g9 AC s Er

o (11,43 cyr
2§gRa yT)

P~ (21,8 mun)

Ero ob1ee conepanue ouenupaercs B 2- 10722 %,
YTO COOTBETCTBYET BCErO JULIb 15 I' B KMJIOMETPO-
BOM TOJILIE 3EMHOH KOPBI.

[IlenouHele MeTasabl 00pa3ylOT OALHOPOAHYIO
TPYNNY HCKIIOUHUTEJNBHO AKTHBHBIX 3JEMEHTOB H
XOPOILIO HJIIOCTPUPYIOT CXOACTBO W 3aKOHOMEPHO-
CTH, BbITE€KAIOUIMe U3 MepHoaUuecKoro sakoHa. Mx
(husnyeckue U XUMHUYECKHe CBOHCTBA JIerko o6bsic-
HUTb, UCXOJS U3 UX NPOCTOH 3JIEKTPOHHOH KOH(HU-
rypaund ns'. OTHOCHTEJbHO MaJsioe YBeJHueHHe
paznMyca mpu mepexojge OT Kalusg K pyOuadio H
najee K LIE3HI0 CB3aHO C 3aroJHeHueM J3d- H
4d-nogypoBHE# COOTBETCTBEHHO. DTO NMPHUBOIHUT K
YMEeHBLIEHUI0 3KPAHUPOBAHUS SIAPa U YBeJHYEHHIO
ero 3(pgeKTUBHOroO 3apsiaa.

WMoHHBIE paguychl ILEJOYHBIX METaJJOB Cylle-
CTBEHHO MeHbllle METAaJ/JIHUECKHX, UTO CBS3aHO C
MoTepeldl eIUHCTBEHHOTO BaJIEHTHOTO 3JIEKTPOHA.
OHH Takxe 3aKOHOMepHO Bo3pacTaloT oT LiT k
Cs*. Pasmepsl ke ruapaTHpPOBAHHBIX KATHOHOB W3-
MEHSIOTCSI B TIPOTHBOIIOJIO’KHOM HaMpaBJeHHUH, 4TO
00BsICHSIETCST B paMKax MpPOCTeHlleld 3JeKTpocTa-
THYeCKOH Mopnenu. HauMmeHblMil mo pasmepy HOH
LiT okpyxeH 26 MoJieKy/JaMH BOIbI, U3 KOTOPBIX
JIMLIb YeThlpe HaXOASATCS B MePBOH KOOPAWHALMOH-
HOH c(epe. Bo mMHOrux coemwHeHusix Jutus (Ha-
npumep, B LiIOH-H,O) xumuueckasi cBSI3b HOCHT
YaCTHYHO KOBAJIEHTHBIH XapakTep.

JlerkocTb, ¢ KOTOPOH BHEIIHHH 7S!'-37eKTPOH
BOBJIEKAaeTCsl B 00pa3oBaHHE XHMHUYECKOH CBS3H,
B COYETaHHH C OUeHb BBICOKOH BTOPOH 3Hepruen
HOHM3ALMH ILEeJOYHBIX MeTaJsJOB, XOPOLIO O0OBsC-
HfleT KaK BBICOKYIO aKTHBHOCTb 3JEMEHTOB I-H
TPYIIBI, TaK U TOT (paKT, UTO HX CTENEeHb OKUCJIe-
HHSI HUKOTrIA He TipeBbllaeTr 1.

Peakuyu c¢ rajoreHamu nportekamoT OypHO U B
HEKOTOPBIX CJy4asix naxke co B3pBIBOM. Bce 1e-
JIOUHBIE MeTaJslJIbl PearupyioT ¢ BOLOPOJOM H JOHO-
paMu TNIPOTOHOB, TaKMMM Kak CIHUPTH, razoobpas-
HBIH aMMHaK U na)ke aqkuHbl. OHU TakKe HeHCTBY-
IOT KaK MOIIHble BOCCTAHOBUTEJH 110 OTHOLIEHHUIO
KO MHOTHUM OKCHIAM W TaJlOTeHHIaM.

[ToTeHuras BOCCTAHOBJIEHHS HJIS1 JUTHS aHO-
MaJibHO HU3KHU. DTO ONHO U3 CBOHCTB, KOTOPOE He
H3MEHSeTCS IJIABHO C POCTOM aTOMHOTO HOMepa.
[IpuyrnHa — MaseHbKHe pasMepbl U OUYeHb BbICOKAS
SHeprus ruapaTaudd CBOOOMHOrO MOHA JIMTHS.

OueHka TemaoThl THApATalUMu HoHa Lit (r) maet
BesqnuuHy okoso 520 kK -Mosab~!, B TO BpeMms
kak masi Nat (r) ona pasna 405 xJIx - Mmosib~!, nsist
Cst (r) — muwb 265 kXK -mosap~!. dtoT axTop
nenaeT JUTHH Haubosiee 3JEKTPOIMOJIOKUTETbHBIM
M3 BCEX ILEJOYHBIX METa/NJI0B (B COOTBETCTBHH C
BEJIMYWHOH 3JEKTPOAHOr0 MOTEHIHaNa), HECMOTPS
Ha TO, 4TO OH TpPydHEe BCEX H3 TPYIIbl HOHHU3H-
pyeTcs B rasoBoi (ase.

JIUTHH BO MHOrOM IOX0X Ha MarHufl. JTo Tak
Ha3blBa€MOE JHAaroHaJbHOE CXONCTBO SIBJSETCS
cJencTBieM OJIM30CTH HOHHBIX PalUyCOB JNaHHBIX
saementoB: r (Lit) 0,076 um, r (Mg?t) 0,072 um
(masg cpaBrenust r (Nat) 0,102 um). HeobprunocTts
JIUTHS TPOSIBJISIETCS B MPSIMOHM PeakLHH C MOJEKY-
JISPHBIM a30TOM ¢ oO6pa3oBanueM HuTpuaa LizN; uHu
OIVH APYTOH ILLIEJOUHOH MeTass He 00JafiaeT 3TUM
CBOUCTBOM, COJMXKAWIIUM JUTHH C Marauem (mo-
cjaenHuil nerko obpasyer Mg;N,).

Tabnuuma 3

CBOHCTBA ILEJNOYHBIX METaJJIOB

CaoiicTBO Li Na K Rb Cs Fr

ATOMHBIH HOMep 3 11 19 37 55 87
Yncao npupoaHbIX M30TONOB 2 1 2412 1412 1 12
ATtoMHas macca 6,941(2) | 22,989768(6) | 39,0983(1) | 85,4678(3) | 132,905443(5) (223)
deKTPOHHAsA KOHpurypauus [He] 2s! [Ne] 3s! [Ar] 4s! [Kr] 5s! [Xe] 6s! [Ra] 7s!
AHeprua uoHu3auuu, kX - mosab—!

I, 520,2 495,8 418,8 403,0 375,7 ~ 375

I, 7298 4562 3052 2633 2234 ~ 2100
DJIeKTPOOTPULATENbHOCTD

no Ilosuury 0,98 0,93 0,82 0,82 0,79 0,70

no Ogpeny—PoxoBy 0,97 1,01 0,91 0,89 0,86 0,86
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OkornuaHnue maba. 3

CBo#iCTBO Li Na K Rb Cs Fr
CpoACTBO K 3JEKTPOHY, 59,8 52,9 46,36 46,88 455 (44,0)
KJIK - MoJib™!
AH,, 0o KK - MOTE™! 106,5 73,6 57,3 45,6 44 77 —
MeTtaanuueckuii paauyc, HM 0,152 0,186 0,227 0,248 0,265 —
Honubiii paauyc (K4 6), uM 0,076 0,102 0,138 0,152 0,167 (0,180)
E° nns Mt (aq) + e — —3,045 —2,714 —2.925 —2,925 —2,923 —
— M(tB), B
T. na., °C 180,6 97,8 63,7 39,5 28,4 —
T. kun., °C 1342 883 759 688 671 —
MaotHoctsh (20 °C), r-cm—® 0,534 0,968 0,856 1,532 1,90 —
AH,,, x]JIx - MoJb~! 2,93 2,64 2.39 2,20 2,09 —
AH,,, k1x-Momb—! 148 99 79 76 67 —
AH,;, (omHoar. ras), KJIX - MoJib—! 162 108 89,6 82,0 78,2 —
YnenabHoe 3jeKTpUYecKoe COMpo- 9,47 4,89 7,39 13,1 20,8 —
tuBaeHue (25 °C), MkOm - cm

4 PapuoakrtusHble usotoner: K, f,,=1,227-10° ger; ¥Rb, t,,=4,75-10' ger; *3Fr, ¢, =21,8 mun

AJIEMEHTDI 2-ii T'PYTIIbI

Bo BTOpYyI0 rpynny BxomsaT 6epusinil, MarHui u
qyeTelpe ujenourosdemervroix memarra (ILI3M):
Ka/lbLUH, CTPOHLUMH, Bapuil U panui, OKCHABI KOTO-
pbIX, paHbllle Ha3blBaeMble «3eMJISMH», NPU B3au-
MozeHcTBUM C BOLOH 0OpasyioT iesouyu. Panui —
pPaoMoOaKTHUBHBIN 3/eMeHT, 00pa3yoLIUics Py pac-
nage 238U.

bepuanuii, Kak u cocenHue ¢ HUM JUTHH U 6Op,
OTHOCHTEJIBHO MaJio PaClpOCTPaHEH B 3eMHOH KOpe.
Ero comepsanue coctasasiet okoao 2- 1074 %, uro
6JIM3K0 K cofepxkanuio ogosa (2,1-10~* %), espo-
mus (2,1-107* %) u mbimbska (1,8-107* %).

Ouenka o011ero coaep:KaHHs MarHus CyulecT-
BEHHO 3aBHUCUT OT HCIOJb3yeMOH TeOXHMHUECKOH
MOJIIe/IM, B YACTHOCTH OT BECOBBIX OTHOLIEHHH BYJI-
KaHHUECKUX M OCAafouHBIX TOpHbIX mopond. [losy-
yaeMble 3HAUEHHs JeXaT B HHTepBaje OT 2 .0
13,3 %. HauGosiee npuemsema, mo-BMauMoMy, Be-
nuunna 2,76 %, KoTopasi CTaBUT MarHuil Ha Ilec-
TOe MeCTO IO PaClpPOCTPAHEHHOCTH — MOCJe KaJb-
uusa (4,66 %), Ho nepen natpuem (2,27 %) u
kanuem (1,84 %).

Crponunmii (0,0384 %) u 6apuit (0,039 %) 3a-
HUMAIOT COOTBETCTBEHHO MATHAAUATOE U YeTLIPHAM-
LATOEe MeCTa IO PACIpPOCTPAHEHHOCTH M HAXOMSITCS
mexay cepoit (0,034 %) u dropom (0,0544 %).

Paauii BcTpeuaeTcs TONBKO BMECTE C ypPaHOM.
CootHouienne 2?°Ra:U coctaBaseT okojgo 1 wmr
Ha 3 Kr, 4TOo JaeT oOllee CcoJAepKaHWe paaus
~ 1071 %. YpaHoBble pymbl COmEPXKAT OKOJIO He-
CKOJIBKHX NECSITHIX HOJEH MPOLEHTa ypaHa, TaK 4To
I0Js1 ToydeHuss | Mr pamusi Hamo mepepaboTaTh
okosio 10 T pymel. Obliee comep:kaHue paaus IO
BCEMY MHPY COCTaBJ/ISIET HECKOJBKO KHJIOTPAMMOB.

OKBUBa/NeHTHass Macca OepuJiIds  paBHa
~ 47 r-Moab—!, ogHaKo AHAroHa/JbHOE CXOLCTBO
MeXIy Oepu/IneM U aTIOMHHUAEM TPUBEJO K CYIIe-
CTBEHHOMY 3a0JIy>KIEHUIO OTHOCUTENbHO BaJE€HTHO-
CTH ¥ aToMHOH Macchl Be (2-4,7 niau 3-4,7). d1a
npob6seMa 6Ovlia pelnena uepe3 70 JeT mocse OT-
KpbITHSI Oepusiusi MeHneneeBbIM, KOTOPBIH ycCTa-
HOBWJI, UTO [JISI TPEXBAJEHTHOI'O JEMEHTA C aTOM-
HOH Maccoél 14 B mepuwomuueckod TabJHlle HeET

MecTa psIOM C a30TOM, B TO BpeMsl Kak OBYX-
BaJIEHTHBIH OepUJIHE ¢ aTOMHOH Macco# 9 ynauHo
pasMeraeTcss MeKIy JUTHEM W OOpOM.

[To 3/IeKTPOHHOMY CTPOEHHIO aTOMOB 3JEMEHTHI
BTOPOH TPYMNNbI OJM3KHU LIeJ0YHbIM MeTastaM. OHH
MUMEIOT KOH(UTIypaluio 0JaropogHOro rasda, JOoMoJ-
HEHHYIO ByMs S-3JIEKTPOHAMM Ha BHEILHEM YypOB-
He. B To Xe BpeMs OT 3/IeMEHTOB IepBOH TpyI-
Bl OHU OTJIMYAIOTCS 60Jiee BBICOKHMH 3HAYEHHSIMH
9HEPruy HOHM3aLMH, YOBIBAIOLUIMMHM B psny Be—
Mg—Ca—Sr—Ba. Orta TeHpeHUHs HapyllaeTcs
npu nepexone oT 6apus K paauio: MosbllleHUe [, U
I, nnsa Ra no cpaBHeHuio ¢ Ba ob6bsicHseTcs 3¢-
(ekToM HHepTHOH 6s>-maphl.

CrnenyeT OTMETHTB, YTO B TO BpeMs Kak /s
[IeJOUHBIX MeTaJJIOB XapaKTepHa 3HAUUTeJbHas
pazuanua mexny [, u I, 051 37€eMeHTOB BTOPOH
TpyMbl NOAOOHBIN CKauoK Habaiopaercss Mexnay /o
u /5. IMeHHO n0o3TOMY 11€/I0YHble MEeTaJLIbl B CJI0XK-
HBIX BELIECTBaX IMPOSIBJSIOT TOJBKO CTEIeHb OKHC-
qenusi 41, a agemMeHTH BTOpOU rpymnmel +2. Hamu-
4yue eJMHCTBEHHOH I0JIOXKUTEJbHOHU CTENeHH OKHC-
JIEHUS] ¥ HEBO3MOXHOCTb BOCCTAHOBJIEHHS HOHOB
M2t B Bo#HOU cpene mpuaaeT GOJbLIOE CXOACTBO
BCEM MeTaJj1aM s-6J0Ka.

B cayuae Gepusnus 6oJbliasi pasHUla Mexay
I, u I, m03BOMIsIET MIPENONOKUTD BO3MOXKHOCTD I10-
ayuyenusi coenunenuin Be (I). [defictButesnbHo, Hc-
cJeJ0BaHME TIPOLIECCOB UCMapeHuss Oepu/Ins B Ba-
KyyMe B THUIJIsIX M3 okcuna Oepusnusi BeO mnog-
TBepAMJIO oOpasoBaHue JeTydero okcuaa Be,O B
pesyJabTaTe compornopiuonupoBanusi BeO + Be =
= Be,0.

M3meHeHne CBOUCTB MO TPyMIe cJaeAyeT 0OLIIM
3aKOHOMEPHOCTSIM, PAaCCMOTPEHHBIM Ha IpUMepe
ILIEJOUYHBIX METaJ/JIOB. DJEMEHT BTOPOro IMepHoia
6epuJIni, Nofo0OHO /eMeHTy NMepBOH TpYIbl JU-
THIO, 3HAYHUTEJIbHO OTJIUYAETCS 110 CBOMM CBOHCTBAM
OT OPYTHX 3JEeMEHTOB BTOPOH rpymnmnbl. Tak, HOH
Be?t 6Gunarogmapsi upe3BbIYAHHO MaJOMy HOHHOMY
pamuycy (0,027 HM), BBICOKOH MJIOTHOCTH 3apsiia,
60JIbLLIMM 3HAUEHUSIM SHEPTHH aTOMH3aLWHU U MOHH-
3allMM OKa3blBAETCS YCTOWUUMBBIM JIMLIL B ra30BOU
(baze npu BHICOKUX TeMrepaTtypax. [losTomy XuUMH-
yeckasi CBsI3b B OMHAPHBIX COeAMHEHUSX OepUIus
Haxke ¢ HauOoJiee 3JeKTPOOTPHLATENbHBIMU 3Jle-
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Tabauua 4

CBoiicTBa 3/1eMEHTOB 2-H Trpynmbl
CBaoiicTBO Be Mg Ca Sr Ba Ra

ATOMHBIH HOMep 4 12 20 38 56 88
Yncao npupoaHbIX M30TONOB 1 3 6 4 7 49
ATtoMHas macca 9,012182(3) | 24,3050(6) | 40,078(4) | 87,62(1) | 137,327(7) | (226,0254)%
AuekTpoHHasi KoHpuUrypauus [He] 2s? [Ne] 3s? [Ar] 4s? [Kr] 5s? [Xe] 6s? [Ra] 7s?
AHeprua voHusauuu, kJx - mosap—!

I, 899,4 737,7 589,8 5495 502,9 509,3

I 1757,1 1450,7 1145,4 1064,2 965,2 979,0

I 14850 7733 4912 4138 3619 3300
ANIeKTPOOTPULIATENBHOCTD

no [Tosunry 1,57 1,31 1,00 0,95 0,89 0,90

no Ouapeny-PoxoBy 1,47 1,23 1,04 0,99 0,97 0,97
Metannuueckuii paguyc, HM 0,112 0,160 0,197 0,215 0,222 —
Honnbiii pagnyc (KU 6), um (0,027)» 0,072 0,100 0,118 0,135 0,148
E° nns M?** (aq) + 2e — —1,97 —2,356 —2,84 —2,89 —2,92 —2,916
— M(tB), B
T. na., °C 1289 650 842 769 729 700
T. kun., °C 2472 1090 1494 1382 1805 (1700)
T. kun., °C 2472 1090 1494 1382 1805 (1700)
MaotHoctb (20 °C), r-cm—® 1,848 1,738 1,55 2,63 3,59 5,5
AH,,, k]JIx - MoJb~! 15 8,9 8,6 8,2 7.8 (8,5)
AH,,, k1x-Momb! 309 127,4 155 158 136 (113)
AH,5, (oanoar. ras), kJ[x - Moan~" 324 146 178 164 178 —
YnenbHoe 3jeKTpUYeCcKoe COMpo- 3,70 4,48 3,42 13,4 34,0 (100)
tuBjeHue (25 °C), MxOm - cm

9 Bce M30TONBI paguoakTHBHLL. HawuGosbwmii nepuon mogaypacnaga 1600 ser y ?*Ra (a-pacnan).
% 3HaueHHe OTHOCHUTCH K HauboJee N0Jr0XKHUBYIIEMY H30TOIY.

8 KUY 4.

mentamu (BeO, BeF,) obmnamaer BbicOKOH moJiel
KOBaJIEeHTHOCTH, YTO CBfI3aHO C MaJIbIM HOHHBIM
pajuMycoM MeTasJa M OTCYTCTBHEM d-opOHUTasel.

B neficTBUTENBHOCTH «HOHHBIA painyc» OepuJ-
JIUsl — YUCJIO YCJIOBHOE, TaK Kak He H3BECTHO HHU
OJHO COEIMHEHHE, B KOTOPOM HEKOOPAMHHPOBAHHBIH
arom Oepwmausi uMes Obl 3apsinm +2. B BomHbIX
pacTBOpax MOTEHIHAJ] BOCCTAHOBJEHHS O€pHJINS
HaMHOTO HIXKe 10 abCOJIIOTHOH BeJHUYHMHE, YeM Y
€ro aHajoroB, YTO BHOBb II0Ka3bIBaeT €ro MeHb-
IIYI0 3JIEKTPOIIOJIOKUTENBHOCTh. HanpoTus, Kasb-
LUMH, CTPOHUMH, Oapuél U paguil MUMEIT MNOTeHLHUa-
JIbl BOCCTAHOBJIEHUS, MTOYTH COBNAAAMOLIME CO 3Ha-
YEeHUSIMH OJIS TSKEJBIX LIeJOYHBIX METaJIIOoB.

[IlenounozemesbHbie MeTamtbl (Ca, Sr, Ba, Ra)
00pasyloT elIHHOe CEMeHCTBO 3/JeMEHTOB, B Mpefe-
Jlax KOTOPOTO HEKOTOpble CBOHCTBA (9HEPTHs THI-
paTaluH, pacTBOPUMOCTb M TepMHYecKas yCTOWYH-
BOCTb COJIeH) MEHSIOTCSI MOHOTOHHO C yBeJHYEHHEM
HOHHOT'O paguyca, a MHOTHe HX COeJHHEeHHUs SBJS-
I0TCSl U30MOP(HBIMU.

Has I3M xapakTepHo 00pa3oBaHHE HOHHBIX
CBsi3eH W BBICOKHE KOOpIWMHALHOHHBIE uucaa: 6, 7,
8 — msg KajblMs, CTPOHLHS, Oapusi COOTBETCT-
BEHHO.

Maruu#i 3aHUMaeT IpoMeXKyTOUHOe MOJI0KEeHHE,
TaK Kak, C OJHOU CTOPOHBI, BO MHOI'OM IIOXOX Ha
II3M (rmpeuMyIIeCTBEHHO HOHHBIE COEIUHEHHUS, 00-
pasoBanue nona [Mg(H,0O)g]?T), a no psimy cBoiicTB
(pacTBOPUMOCTH COJIeN U THAPOKCHIA) — Ha OepuJ-
JUH.

AuaekrtpoorpuuarespHocTs UI3M Beie, yem
3JIEMEHTOB ME€PBOU TPYIIILI, TIO3TOMY CTENEHb HOH-
HOCTH CBSI3€H B COJISIX M THAPOKCHAAX MEHBbLIE, UEM
B COEIMHEHMSIX LIEJOUHBIX MeTasa0B. Bo MHOrux
C/Iydyasix CBSI3W B KPHUCTAJIMYECKOH CTPYKType Ha-
CTOJIBKO MpouHbl, 4To coqn III3M (cynbdater, Kap-

32

60oHaTBI, OpTO(POoCchAaThI) OKA3BIBAIOTCS MaJOPACTBO-
pumeiMH. [lo pactBopumoctr cosett HISM cuibHO
OTJIMYAIOTCH KaK OT OepUJIUS U MarHus, Tak U OT
LLIeJIOUHBIX MeTaJlJIOB.

Tem He MeHee Mo psily XUMHUECKHX CBOHCTB
Ts2KeJsIble [1eJJOYHO3eMebHbIE MeTaJ/Ibl HalloMHHa-
IOT [IeJIOYHbIE METaJ/JIbl, 2 He MarHui (KOTOPBIH BO
MHOTOM TON00eH LHUHKY) WUJIH OepHIUE (KOTOPBIH
TIOXO0K Ha aJIOMHUHUM).

AJIEMEHTDI 3-ii T'PYIIIbI

[IpenBapsisi uH(DOPMALKIO O CBOHCTBAX 3JE€MEH-
TOB 3-# rpynnsl (CKaHAWH, UTTPUH, JaHTaH U JaH-
TaHWIBl, aKTHHUH U aKTHHUIbBI), YMECTHO OTMETHTH
HEKOTOpble TePMHMHOJIOTHYECKHE MOMEHTHI.

B yuebnuxke [11] urtputi, nantan u 14 nanranu-
IOB, BKJIOYas JIOTELHH, OTHECEHBl K PEIKO3eMesb-
HbIM aseMeHTaM (P33), xots k rpynne P32 o6bru-
HO OTHOCAT W cKaumuil [17]. B [11] aBTOpBI BMecTO
TEPMHHOB «1aHMaHUdbL» U «aKmuHudsr» (caeny-
IolIMe 3a JAHTAaHOM U aKTHHHEM), Ha3BaHHBIX yCTa-
PEBLINMH, UCIIOJNb3YIOT «AAHMAHOUObL> U <AKMU-
HOUObl» (MOAOOHbIE JAHTAHY U AaKTHHHIO). DTH
TePMUHBl OBIIM TpPeJIOKEeHbl H3BECTHBIM COBET-
ckuM xumukom C. A. IlykapeBbiM ¥ BIOCJENCT-
Buu pekomennoBanbl MIOTIAK (Pure Appl. Chem.
1971, V. 28, Ne 1)

[IpencraBnsercss Gojee CTPOTHM M COOTBETCT-
BYIOIIMM XMMHUYECKHM CBOHCTBaM f-3//eMEHTOB IOI-
xon I'. Cubopra, KOTOpPBIH BIEpBble MpenOKHI
AKTHHUIHYIO THIIOTE3Y W, COOTBETCTBEHHO, TEPMUH
«aKTHHHAB» [Js1 Tpymnsl bf-anementoB [18].
Ecnu 4f-371eMeHTH elle MOXXHO ¢ HEKOTOpOH Ha-
TS2KKOH CUMTaTb MOJOOHBIMM JaHTaHy, TO XHMH-
YyecKHe CBOWCTBA aKTHHHS U TODPHUS (NMPOTAKTHHHS,



ypaHa, TJYTOHHsI) HEBO3MOXKHO Ha3BaTh MoOA00-
HbIMH.

Huxxe npuBeneHsl TabULILI HEKOTOPBIX CBOHCTB
3JIEMEHTOB 3-H Tpymnbl oTneabHo mias Sc, Y, La u
Ac, a rakxe ggs rpynn JjantanunoB (Ce—Lu) u
aktuHunoB (Th—Lr).

Jlnsi MeTanoB 3-# rpynnbel He XapaKTepHbI Ie-
peMeHHble CTeleHH OKUCJEHHUS U CIIOCOOHOCTb 00-
pa3oBbIBaTb KOOPAHHALUOHHbIE COEIMHEHUS C pas-
JUYHBIME Jurasaamu. OQHAKO HM3BECTHBI COeIHHe-
HHSI 3THX MeTaJlJIOB B HU3KUX CTEIEHsX OKUCJEHHUS,
a Taxkxe HeOOJbLIOE YUCJIO MeTa/lJIoOpraHHyecKux

Tabauna 5

HekoTopble cBoicTBa 2jJ€eMeHTOB 3-i rpynnbl

CpoiicTBO Sc Y La Ac

ATOMHBIH HOMeEp 21 39 57 89
Yucao npupoHbIX U3OTOMOB 1 1 2 (2)
ATomHas macca 44,955910(8) 88,90585(2) 138,9055(2) 227,0277 @
AneKTpoHHasi KOHpUTrypauus [Ar] 3d'4s? [Kr] 4d'5s? [Xe] 5d'6s? [Rn] 64'7s?
ANEKTPOOTPULIATENbHOCTD 1,3 1,2 1,1 1,1
dHeprusa uoHusauuu, kJx-momb—! [ 631 616 538 499

I, 1235 1181 1067 1170

A 2389 1980 1850 1900
Metaannueckuii paguyc (K4 12), um 0,162 0,180 0,187 —
Wonnbiii paguyc (KU 6), oM 0,0745 0,090 0,1032 0,112
E° (M3t + 3e — M(tB)), B —2,03 —2,37 —2,37 —2,6
T. na., °C 1539 1530 920 817
T. kun., °C 2748 3264 3420 2470
AH,,, kI - moab~! 15,77 11,5 8,5 (10,5)
AH,,, xIIx - mosp~! 332,71 367 402 (293)
AH,g, (omnoat. ras), xJIx - momb~! 376 (+=20) 425 (+8) 423 (+6) —
MaotHocts (20 °C), r-cm—® 3,0 4.5 6,17 —
YaenbHoe 2/€KTPUYECKOE COMPOTHUBIE- 50—61 57—70 57—80 —
Hue (25 °C), MmxOMm - cm

9 3HaueHHe I/ PaAHOM30TONA C HauOOJBLIMM NeproioM mogypacnana (*7Ac)

3a UCKJIOUeHHEM aKTHHHUS, KOTOPBIH CONEPKHUT-
Csl B CJIEIOBBIX KOJIMUECTBAX, JIEMEHTBI 3-i TPYIIIIbI
HU B KOEH Mepe He OTHOCSITCS K PEeIKHM, XOTs JOJI-
roe BpeMsi X TaKOBBIMH CUHTaNH. TaK, KJIApKH CKaH-
AV, UTTPUS ¥ JJAHTAHA B TOPHBIX OPOJAX 3EMHOH
KOpBI cocTapstoT 2,5- 1072, 3,1-103u 3,5-1072 %
cootBeTcTBeHHO (cp. ¢ 2,9-103 % naa Co).

DJIeMeHTBl 3TOH T'PYNINbI B NMEPUOIUYECKOH CH-
CTEMe pacroJiaraloTcst B Hauaje 0J0Ka MMepexoaHbIX
3/1eMeHTOB U 00/afaloT MPOMEKYTOYHBIMH CBOH-
CTBaMHU: KaKIblH 3€MEHT MeHee 3JE€KTPOIOJIOXKHU-
TeJIeH, YeM ero NpellecTBeHHHK W3 2-H TPy,
HO 60JIee 3JIEKTPOIOJIOKUTEJIEH, YEM MOC/ENYIOIIHE
MepexoQHble 3JeMeHTh. B To e Bpems yBeJsu-
YeHWe 3JIEKTPOMOJOKUTETbHOCTH GOoJiee TSKEJbIX
3JIEMEHTOB B TIPYIIE COTJIacyeTcsl ¢ YBeJHYEeHHEM
pasmepa ux atomoB. OOpaTHasi 3aKOHOMEPHOCTb
HabJ/ronaetcst /s 3JeKTPOOTPULIATENbHOCTH.

3aKoHOMEpHOE U3MeHEHHe aTOMHBIX CBOHCTB Ha-
6monaercs npu nepexogae or B u Al K ajieMeHTam
3-#i Tpynmbl, a He K 0oJjiee TSXKEJBIM 3JEMeHTaM
13-# rpynnel. OgHAKO MPUCYTCTBHE d-3JE€KTPOHA B
aToMe Ka)KIOro 3JeMeHTa 3TOH IPyMIbl (B OTIAHYHE
OT p-3JieKTpoHa B atoMax B, Al u gpyrux sjemes-
TOB 13-# rpynmnbl) MposiBjAsieTCs B CBOHCTBax Mpo-
CTBIX BelllecTB. Hampumep, TemrepaTypsl MJaBJe-
HUS ¥ KUIIEHHUS, a TAaKXKe SHTAJbIIUH COOTBETCTBY-
IOLMX TEPEeX0NO0B NEMOHCTPUPYIOT HEMOHOTOHHOE
U3MeHEeHHe W BO3pacTaloT NpH ABMKeHHH oT Al K
Sc, a He kK Ga. IdTo ykasplBaeT Ha TO, UYTO IO
CPaBHEHHIO C p-3JEKTPOHOM d-3JeKTPOH CBsI3aH
6oJiee MpouHO. B ciyyae BOAHBIX pacTBOPOB XUMHUS
3JIeMeHTOB 3-U T'pyMmbl CBsidaHa ¢ 00pa3oBaHUEM
KaTHOHOB B CTEIeHH OKHCJEeHHS +3 3a CUeT IoTe-
PU BCeX TpeX BaJIEHTHBIX 3JEKTPOHOB.

NPOU3BOAHBIX. Pasnnuns B XMMHUECKOM TOBEIEHUU
B Tpejiesax TPYyINIbl B 3HAYUTEJNbHOH CTerneHu odyc-
JIOBJIEHB Pa3/JMUUsIMH B pasMepax noxHos MM
CKaHau#, caMbld JIETKHH M3 HUX U C CaMbIM
MaJIeHbKUM paAnyCcoM, HauMeHee OCHOBEH U $iB-
Jasetcsi HauboJiee CUIbHBIM KOMIlJeKcooOpa3oBaTe-
geM. Ero cBoiicTBa HE3HAUUTEJbHO OTJIHYAIOTCS OT
CBOHCTB aJ/JiOMUHMSI. B BOAHBIX pacTBOpax conu
CKaH/IUSI 3aMETHO TUIPOJHU30BaHbI, a OKCHHA CKaH-
I¥sl TIPOSIBJISIET OTYACTH KHUCJOTHBIE CBOUCTBA.
JIaHTaH W aKTHHHH MPOSBJIAIOT OCHOBHBEIE CBOH-
cTBa, cOJMMXKAIOLIMEe MX C KajbuueMm. JlaHTad 1o
CPaBHEHMIO CO CKaHAHWEM MeHee CKJOHeH 06paso-
BLIBATb MIPOYHbIE KOOPAHHAIIMOHHBIE CBSI3H. DTO OT-
pakaeTcsi B 3HAYEHUSX KOHCTAHT YCTOWYMBOCTHU
psina kommiekcoB metami-dJITA cocraBa 1:1:

Tabnuua 6

3HaueHHUs KOHCTAHT YCTOWYMBOCTH KommnJjekcoB Me-edta
(coctaBa 1:1) nJsi HEKOTOPbIX HOHOB METAJJIOB

yiu
18,1

Selt
23,1

Lall
15,5

Fell
25,2

Coll
36,0

Hon meranna

lg K,

MeHblass ycTOHYMBOCTb TPHUJIOHATA JaHTaHA
(o CpaBHEHHUIO C UTTPUHEM U CKaHAHEeM) 0OyCJOB-
JieHa ero 00JIbLIMM MOHHBIM paguycoM, 6oJjiee 3JeK-
TPOTIOJIOKUTENBHBIM XapaKTepPOM, 3aTpyIHSIOLIUM
KOBaJIEHTHOE CBSsI3bIBaHMUE.

JlantaHu bl

3mech TepMUH <«JIaHTAHUOBI» OTHOCHUTCS K 14
3JIEMEHTaM OT LepUsi A0 JIOTELHs] BKJIUUTENbHO.
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3a uck/aoueHneM HeycToiuuBoro Y"Pm (mepuon
noaypacnanga 2,623 romga), cjenbl KOTOPOro BCTpe-
YalTCs B YPaHOBBIX PYAax, JIAHTAHWABI Ha CaMOM
nesie He OTHOCATCSl K peiKuM 3jeMeHTaM. Llepuit
(6,6-103 % B 3emHOli Kope) — 26-i 1o pacmpo-
CTpaHeHHOCTH 3JeMeHT. Ero ksmapk cocraBijsier
TMOJIOBHHY KJapKa XJopa W TNsATh KJIAPKOB CBUHIA.
Haxe tyauit (5-107° %), camblii peakuil JaHTa-
HUJ TOCJie TIPOMeTHs, B 3eMHOH Kope 6oJiee pac-
NpOCTpPaHeH, 4eM HO..

DJIeKTPOHHbIE KOH(UTypaluH CBOOOIHBIX aTo-
MOB OIpEeNeNsiloTCs C TPYIOM H3-3a8 CJIOXKHOCTH
aTOMHBIX CMEKTPOB, OJHAKO I0JAararT, YTO MOUYTH
IJIsT BCEX 3JIEMEHTOB 3JEKTPOHHAs KOH(HUTypaLus
caenymorasi: [Xel4/"5d%s?. K HCK/IHOUEHHSIM OTHO-
cATCS:

1. Llepu#t, O KOTOPOro pe3KOe CXKaTHe Hu
yMeHbllIeHHe 9Hepruu 4f-op6utanu cpasy xe mnocje
JIaHTaHa HEJOCTATOYHO, YTOObI H36exXKaThb 3aroJHe-
HUS Dd-IOAYpPOBHS;

2. TagonuHMi, 4TO OTpaXKaeT yCTOHYHUBOCTb Ha-
MIOJIOBUHY 3aIlOJHEHHOTO 4f-momypoBHS;

3. Jlrorewwuii, y Kotroporo 4f-nopypoBeHb 3amoJ-
HeH.

Y HM30JMPOBAaHHOIO aTOMa LEepUst B HEBO3OYXK-
JIEHHOM COCTOSIHHHM €elle COXPAHSIETCs] ONUH d-3JIEKT-
POH, a HauWHas C MpaseoguMa dd-NoIypOBeHb OCTa-
€TCsl BaKaHTHBIM, INPHYEM YUCJO [-3JEKTPOHOB Y
3/JeMEHTOB LIEPHEBOH MOATPYMNIBI BO3pacTaer OT
1 (Ce) mo 7 (Eu). IloBeitnenHast ycTOWYHBOCTD Ha-
TIOJIOBUHY 3aIOJHEHHOTO IMOAYPOBHS NPHUBOIHUT K
TOMY, UTO Y T'alOJIUHHUS, CJIEIYIOIIEr0 33 eBPOIUEM,
coxpaHsieTcsi [-KOH(UrypaLusi, a HOBbIH JMEKTPOH
NepeXOIUT Ha Sd-NONYPOBHb, KaK 3TO OBLIO Yy Le-
pus. Haunnas ¢ Tep6usi Sd-nonypoBeHb BHOBb CTa-
HOBHUTCS BaKaHTHBIM, a YUCJIO f-3JIeKTPOHOB IMOCJIe-
noBaTeJibHO Bo3pacTaeT oT 7 no 14 (Yb). B aTtome

MOCJIeTHEr0 M3 JIAHTAHUAOB — JIIOTELHUs 3JEKTPOH
BHOBb HJIET HA 3aroJjiHEHHE Dd-TIONYPOBHS: T'alloNu-
HUH ¥ JIOTEUUH B HEBO30YKIEHHOM COCTOSTHUH yIKe
He SIBJISIIOTCS f-3//eMEeHTaMH.

Takum o6paszom, BTOpasi MOJIOBHHA CEMeHCTBa
gantauunoB (Tb—Lu) mo 3amo/iHeHHIO 3JEeKTPOHA-
MU f-mopypoBHsi nmoBTopsieT nepByio (Ce—Gd).

Ecnu npu [BHXXeHHM CBepXy BHHM3 B TpeTbeH
TPYIIe aTOMHble M HOHHblE pPaguyChl MOCJeN0Ba-
TeJbHO BO3PAaCTAlOT aHAJOTHYHO TOMY, Kak 3TO
HabJII01a/10Ch B I'PYMIax HelepexoJHbIX 3J1eMEeHTOB,
TO B psny 4f-a7eMeHTOB Ha0J/0NAETCS MOHOTOH-
HOe yMeHblLIEHHEe HOHHOTO, a TaKxKe OpOUTaJbHOTO
aTOMHOTO paauyca. To obbsicHseTcs obLIel 3aKo-
HOMEPHOCTBIO KYJIOHOBCKOTO CXKaTHs1 060JI0UKH TIPH
yBeJMUEHHUN 3apsia sapa W yucjaa 3/7eKTPOHOB Ha
He#l. MOHOTOHHOE yMeHbllleHHe aTOMHBIX U HOHHBIX
pamuycoB NPH IBHXKEHHHW M0 psny 4f-aneMeHTOB
MIOJTYYHJIO Ha3BaHUe AaHmaHuorozo cucamusn. OHO
nocturaet 0,0184 HM u MPUBOAUT K TOMY, YTO pa-
IWYCBl aTOMOB CJENYIOUIMX 32 JIaHTaHUAAMHu dd-Tie-
PEeXOIHBIX 3JEMEHTOB UeTBepPTOU (TaHHUl) U NATOH
(TaHTaJ) TPYII OKA3LIBAIOTCS MPAKTHYECKH PABHBI-
MM paguycaM HX 3JeKTPOHHBIX aHAJOrOB U3 MSTOrO
nepruoja: LUMPKOHUS M HHUOOWSI COOTBETCTBEHHO, a
XUMHSI TSKeNbIX 4d- U Hd-MeTasoB MMEET MHOTO
obrtero. JIpyrum cjefcTBHEM [-CxKaTUsl SIBJISIETCS
6/MM30CTb MOHHOIO paguyca HUTTPUS K paguycam
TSKEJBIX f-3/1eMEHTOB: AUCIPO3Hs, TONBMHUS U 3p-
6us.

B rpymnne snementoB Sc—Y—La 3Hauenus nep-
BBIX TpeX 3HEePrui HOHH3alMH MOCJIEI0BATEIbHO
YMEHBLIAIOTCS, UTO 0OBSICHAETCS OTAANEHUEM JIEK-
TPOHOB OT fApa MO Mepe pocTa aTOMHOIO paguyca.
[Tpu nBMkeHUU 10 psiny 4f-3/1eMeHTOB HaOJ/OOAET-
Csl MHasl 3aKOHOMEPHOCTb. ¥ CTOHUMBOCTD JIEKTPOH-
HOH 00O0JIOUKH TOBBIIIAETCS C POCTOM UYHCJA 3JEK-

Tabauuma 7

HeKOTOpre CBOWCTBA JIAHTaH Uao0B

CaoiicTBO Ce Pr Nd Pm Sm Eu Gd

ATOMHBI HOMep 58 59 60 61 62 63 64
Yucao npupoaHbIX U30TONOB 4 1 7 — 7 2 7
AtomHas macca 140.116(1) | 140,90765(2) | 144,24(3) — 150,36(3) | 151,964(1) | 157,25(3)
AneKTpoHHast KOHpUrypauus
aroma csepx [Xe] 41'5d'6s? 43652 4652 45652 45652 417652 4f75d'6s?
Merananueckui paauyc (K4 12),
HM P 0,1818 0,1824 0,1814 | 0,1834 | 0,1804 0,2084 0,1804
Wonnbiii pagnyc (KU 6), HM

v 0,087 0,085 — — — — —

I1I 0,102 0,099 0,0983 0,097 0,0958 0,0947 0,0938

11 — — 0,129 @ — 0,122 © 0,117 —
E° (M*+/M3+), B 1,72 3,29 4,9 ® — — — —
E° (M3+/M2+), B — — 2,6 — —1,55 —0,35 —
E° (M3+/M), B —2,34 —2,35 —2,32 —2,29 —2,30 —1,99 —2,28
T. na., °C 798 931 1021 1042 1074 822 1313
T. kun., °C 3433 3520 3074 (3000) 1794 1429 3273
AH,;, xJIx - mosp~! 5,2(=%=1,2) 11,3(%=2,1) 7,13 — 8,9(=2,1) — —
AH,,, kx-Moab~! 398 331 289 — 165(==17) 176 301
AH,;, (omnoart. ras), kX -mosp~! 419 356 328 301 207 178 398
AHeprug MoHu3auuu, KJx - mosb—!

I, 541 522 530 536 542 547 595

I, 1047 1018 1034 1052 1068 1085 1172

Iy 1940 2090 2128 2140 2285 2425 1999
AH,,,, (Ln3"), xJIx - momp~! 3370 3413 3442 3478 3515 3547 3571
MaortHocts (20 °C), r-cem—3 6,770 6,773 7,007 — 7520 5,234 7,900
YneabHoe ajeKTpuueckoe conpo- 73 68 64 (50) 88 90 134
tuBjeHue (25 °C), MmxOm - cm
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HeKOTOpble CBOWCTBA JIAHTaH Ua0B

OkornuaHnue maba. 7

CgoiicTBO Tb Dy Ho Er Tm Yb Lu
ATOMHBIH HOMep 65 66 67 68 69 70 71
Yucao npupoaHbIX U30TONOB 1 7 1 6 1 7 2
AtomHas Mmacca 158,92534(2) | 162,50(3) | 164,94032(2) | 167,26(3) | 168,93421(2) | 173,04(3) | 174,967(1)
AneKTpoHHasi KOHpUrypauus 4/%6s? 419652 411652 412652 413652 414652 | 4f'45d'6s?
atoma cepx [Xe]
Meraanuueckuii paauyc 0,1773 0,1781 0,1762 0,1761 0,1759 0,1933 0,1738
(K4 12), ® 1M
Wonnbii paguyc (KU 6), oM
v 0,076 — — — — — —
I 0,0923 0,0912 0,0901 0,0890 0,0880 0,0868 0,0861
I — 0,107 — — 0,103 0,102 —
E° (M*/M3+), B 3,1» 5,4 ® — — — — —
E° (M3+/M2>+), B — —25 — — —2.3 —1,05 —
E° (M3/M), B —2,31 —2,29 —2,33 —2,32 —2,32 —2,22 —2,30
T. na., °C 1365 1412 1474 1529 1545 819 1663
T. kun., °C 3250 2567 2700 2868 1950 1196 3402
AH,,, xJIx - Mosp~! — — — — — 3,35 —
AH, ., kIx - Moab~! 293 280 280 280 247 159 414
AH,;, (omnoar. ras), 389 291 301 317 232 152 —
KJIK - MoJb ™!
dHeprus MOHU3ALMH,
KJIK - MOJTb ™!
I, 569 567 574 581 589 603 513
I, 1112 1126 1139 1151 1163 1175 1341
A 2122 2230 2221 2207 2305 2408 2054
AH,,,, (Ln*t), xJIx - momb~"! 3605 3637 3667 3691 3717 3739 3760
MaorHocts (20 °C), r-cm—3 8,229 8,550 8,795 9,066 9,321 6,965 9,840
YneabHoe 3jeKTpUuecKoe 114 57 87 87 79 29 79
conpoTtusaenue (25 °C),
MKOM - cM

9 KU 8 9 KU 7 ® IlpubansntenbHble 3HAUeHHs], MOCKOJMbKY dacTuibl MYV HeycTOHUYHMBBI B BOAHOM pPacTBOpeE.

TPOHOB, KOTOpble Ha Hell HaxonmsaTcsd. C 3TUM CBS-
3aHa oOllasi TeHIEHLHUs K POCTy IMEepPBOro MOTEH-
LMana HoHuzauud B pspy 4f-anementoB. OpHako
Takoe M3MEeHeHHe He SBJISeTCS MOHOTOHHBIM. Mak-
CHMYMbI COOTBETCTBYIOT BakaHTHOMY (f°), Hamoso-
BUHY 3amosHeHHOMY (f7) u 3aBepiuenHomy (f')
4f-nonypoBHSIM, 06/1afAI0IIMM TTOBBIILIEHHON YCTOH-
yuBOCTblO. CXOMHBIM 00pa3oM M3MeHSIOTCS BTOpas
U TPETbS 3HEPTHHM HOHM3ALWH.

[Ipy BHHMaTe/NbHOM HM3y4eHHH M3MEHEHHS Tpe-
Thel dHepruu HoHuszauuu (/) B psay 4f-3/memMeHTOB
BBIsIBJIsIeTCsT GoJlee CJIOXKHBIH XapaKTep 3aBHCHMO-
ctu. [loMnMo peskoro u3MeHeHHs! 3HaueHHs [; B
cependHe psifa JAHTaHUAOB, 0OYCJIOBJEHHOTO TIO-
BBILIEHHOH YCTOWYHMBOCTBIO HAMOJIOBUHY 3aloJHeH-
HOTO TMOAYPOBHS, U B KOHLE psAAa 10 NOCTHXKEHHH
koHdurypanuu 4f'* ectp nBa u3s0Ma, OTBeuaro-
ILI{e NPa3eofnMy ¥ AUCIPO3HUI0, B aTOMaX KOTOPHIX
f-moaypoBeHb 3amoJHeH Ha onHY 4eTBepThb (Pr) u
Ha Tpu 4yeTBepTu (Dy). IloTeHuuan moxHusauuu 3a-
BHCHT OT MeXK3JEKTPOHHOIO OTTaJKHBAaHHUS, Ha KO-
TOpO€e BJHUSIET YIJIOBOH MOMEHT 3JIEKTPOHA.

Ha6.monaeTcst Tak:ke HEMOHOTOHHOE M3MEHEHHE
MeTaJIJIMYeCKOTO paguyca B 3aBUCHMOCTH OT MOPSiJ-
KOBOTO HOMepa JaHTaHuaa. AHOMaJbHO BBICOKHE
pamuychbl €BpOIHUSl U UTTepOUsT 0OYCJIOBJEHBI TEM,
YTO aTOMBl 3THX METAJ/JIOB MPENOCTABJASIOT B 30HY
MPOBOAMMOCTH IO [iBa, a He 10 TPU 3JEKTPOHa,
COXpaHss HAMOJIOBHHY HJH IOJHOCTBIO 3aroJHEeH-
HbIH 4f-nogypoBeHb.

J{aHHBIH THIT 32BUCHUMOCTH HEKOTOPBIX CBOHCTB
f-3M€eMEHTOB OT MOPSIAKOBOro HOoMepa (pe3Kuil u3-
JIOM B cepenuHe psina (y TamoJNUHUS) W HaJHUHe
OBYX TJIaTO B CepeluHe LEepHeBOH (y Heoguma

NpOMeTHs) U UTTPUEBOH (y ronbMHUSl U 3pOUs) MOA-
TPYIIN) B HAYYHOH JUTepaType IMOJYyUHs Ha3BaHUE
mempa0d-agppexma. Becb psin, HauWHAS C JAHTAHA
U 3aKaHYMBas JIOTELMEM, paslieseH Ha TeTpalbl,
T.e. Ha 4YeTblpe TPYIIbl 3JeMEHTOB C OJU3KUMH
csoicrBamu: La—Nd, Pm—Gd, Tb—Er, Tm—Lu.
Haubosee yeTko TeTpan-3p(eKT MNpOSBJSETCS B
U3MEeHEeHUH aTOMHBIX CBOHCTB.

Jloist Bcex JlaHTAaHUIOB HanboJsiee yCTOHUMBA CTe-
MeHb OKUCJIeHUsS -3, KOTopasi peasusyercsi myTeM
nepexofia OMHOTO f-3JIeKTpOHA Ha d-TOAYPOBEHb C
MOCJIeYIOMIeH MOTeped Tpex 3JeKTPOHOB (5d'6s?).
OcTtanbHble f-3/eKTPOHBI HAXOASITCS MO KPaHOM
BHEILHETO W TIPEeBHELIHErO CJI0SI U T03TOMY C/1abo
BJUSAIOT Ha XUMHUYeCKHe CBOHCTBa, 00YCJOBJNBAsS
XUMHYECKOE CXOACTBO ITHX 3JEMEHTOB.

HexkoTopble snaHTaHWOBl TPOSBJSIOT CTENEHU
OKHCJIEHHUS, OT/INUHbIE OT +3. CTeneHb OKUCJAEHHUS
-+4 HanbGoJsiee xapakTepHa IJsl TEX 3JEMEHTOB, KO-
TOpble BMECTe C IOTeped YEeTBEPTOrO 3JEKTPOHA
npuobpeTaroT YCTOHYUBYIO 3JEKTPOHHYIO KOH(DU-
rypatwio (f°, f7, f'*) wnu 6amskyio K HeH. dto 1e-
puti (Ce™, ) u tep6uit (Tbt*, f7), pexxe — mpa-
seonum (Prt4, f!), mucnposuét (Dy**, f8), rosbmuii
(Hot4, f°). Ilns uepusi creneHb okucjaenus +4 Bo-
o6ie HaubGosee crabusibHa. CTeneHb OKHUCJIEHHS
+2 6osee ycroiuuBa ags esponust (Eut?, f7), ca-
mapusi (Sm?t, f6) u urrepbus (Yb*2, f'*), xors us-
BECTHA U JJIST HEKOTOPBIX NPYTHUX JAHTAHUIOB, Ha-
npumep tyaus (Tmt2, f13).

4f-opOuTasd MOYTH HE y4acTBYIOT B 0OpasoBa-
HUH XUMHUYECKHUX CBsized (Bkaam << 10 %), TakK Kak
ABJsIIOTCS BHyTpeHHUMH. CiieoBaTesNbHO, JIAHTA-
HUIObl 00Pa3yloT COEOWHEHHS] C IIPEUMYLIECTBEHHO
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MOHHBIM THIIOM CB$I3H (@HAJOTHYHO LIEJO0YHO3EMEb-
HbIM 3JeMeHTaMm). [loss yuactusi 4f-op6urtaneii B
00pa3oBaHNK XUMHUECKUX CBsi3ell MaKCHMaJ/bHa IJIs
3JIeMEHTOB Hauaja psga M pe3ko NMajgaeT IpH nepe-
X0/le OT HeOAMMa K MPOMETHIO. ¥YXKe O/ TamoJjHu-
HUs 4f-opbuTanu cTaHOBATCS BHYTPEHHHUMH. JIMIIb
B CJIyYae 1Iepusl U B HEKOTOPOH CTeNeHH Mpaseoiu-
Ma 4f-opOuTanu OKa3bIBAIOT BJMSHHE Ha XUMHYE-
CKHe CBOHCTBA, YYacCTBYIOT B 006pa30BaHHH XHUMH-
4ecKHUx cBs3eH. VIMeHHO Mo3TOMy B XHMHH LI€pHs
BAXKHYIO POJIb HTPAIOT OKHCJHTEJbHO-BOCCTAHOBH-
TeJIbHblE TIPEBpAILEHUs MEeXKAy COeIHHEHHSMH B
CTeneHsiX OKUCJAeHHs +3 ¥ -+4; 3TO PONHUT €ro
¢ d-MeTa/IaMH U CHJIBHO OTJIWYaeT OT APYTHX JaH-
TaHWUIOB.

XoTsl B XMMHH JaHTaHWIOB MpeobjagaeTr cre-
NeHb OKUCJAeHHUs1 +3 U psifl OWHAPHBIX COeTUHEHHUH,
B COCTaB KOTOpBIX OyaTo Obl BxoguT Ln', mpaBusb-
Hee paccMaTpuBaTh Kak coenuHeHuss Ln'l ¢ omHuM
3JIEKTPOHOM, IeJ0Ka/JM30BaHHBIM B 30HE MPOBOIH-
MOCTH, MOXKHO MOJIYUYHTb COeUHEHHS], OTBEUAIOLLHE
UCTHUHHBIM CTereHsM okuciaeHusi +2 u +4. Lepuit
(IV) u eBpomnuit (II) ycTofiuuBEl B BOAHBIX PacTBO-
pax, 4, XOTsS OHU MNpeAcTaBJ/slOT COOOH COOTBET-
CTBEHHO CUJIbHBIH OKHUCJMTENb U CHJbHBIH BOCCTa-
HOBHTEJIb, XUMHS UX BOJHBIX PACTBOPOB AOCTATOUHO
XOpOLIO H3yueHa. B TBepIOM COCTOSIHMH H3BECTHBI
takxke Ln"V gnsg Ln=Pr, Nd, Tb, Dy u Ln" gns
Ln=Nd, Sm, Eu, Dy, Tm, Yb, ogHako B BOJHBIX
pacTBOpax OHH HEYCTOHYHBBI.

[IpennouTHTEILHOCTD CTETEHH OKUCJIeHUs -3
00yCJ/IOBJIEHA TEM, YTO BO3pacTaHHWEe HMOHHOIO 3aps-
na crabuausnpyeT pasnnuHble opburtanu. Korpa
3JIEKTPOHBI OCJIEN0BATENBHO YAANSIOTCS W3 HEH-
Tpa/JbHOTO aToOMa JaHTaHHAA, CTabWIU3UpYIOllee
BJIMSIHME HAa pasHble opOuTasd TakoBo: 4f > 5d >
> 6s; B TOH »Ke MOCJEeNOBaTEJbHOCTH OpOUTAMH
MPOHUKAIOT K SIAPY uYepe3 WHEPTHbIE BHYTPEHHHE
3JIeKTPOHHBIe 000Ji0ukH. K ToMy MoOMeHTy, Korna
HOHHBIH 3apsiJ CTaHOBHUTCS paBHBIM |3, MpenMy-
llecTBeHHast crabunausauusi 4f-opbutaseii Takosa,
4TO BO BCEX CJyYasiX BAKaHTHbI 6S- U Hd-opOUTANH.
Kpome Toro, anekTpoHbl, octamlrecs Ha 4f-opou-
TaJIsIX, HAaCTOJbKO BHEIPeHbl B MHEPTHble 060J0U-
KH, 4YTO B OOJIBLINHCTBE CJy4aeB OHH «HEIMOIBHXK-
HBI» C XHUMHYECKOH TOUKH 3peHHs. K HCKIIOUeHHsIM
OTHOCATCS LEpPUH U B MeHblUeH CTeleHW Ipaseo-
IMM, KOTOpBIE Haxo[sTCS B Hayasle psna JaHTaHH-
noB, rae 4f-opOuTanu HMET ellle CPAaBHUTEIbHO
BBICOKYIO SHEPTHIO H MO3TOMY MOTYT TOTEPSTH elle
onun anekTpoH. CyiectBoBanue Tepousi (IV), Be-
pOsSITHO, 00513aHO ycTOHUMBOCTU 4f-KOH(pUTYypaLUH.

O6mbsicuenue cymectsoBanus Eul' (4f7) u Yb!
(4f') Takke OCHOBBIBAETCS Ha TOM, YTO MOLYPO-
BeHb HauboJjiee YCTOHUMB, KOTHa 3aroJiHeH IOJHO-
CTBIO WJIM HAMOJIOBUHY. DTH U JAPYrue OBYX3apsil-
Hble MOHBI — HOHBI MMEHHO TeX JIaHTaHUIOB, KOTO-
PBIM OTBEYal0T MAaKCHMyMbl Ha 3aBHCHMOCTH [; OT
aTOMHOTO HOMepa.

AKTUHUBI

Bce u3BecTHble M30TONBI aKTHHHUIHBIX 3JE€MEH-
TOB paJUOAKTUBHBI, M IMEePUOAbl UX MoJypacrnajna
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TakoBHI, uTO Juib 232Th, 235U, 238U M, BO3MOXKHO,
24Py MorJyi COXpaHHUTLCS Ha 3emJie 3a BpeMmsi, Mpo-
wenee nociae o6pasoBanusi CoMHEUHOH CHCTEMBI.
Kpome Toro, npoposmxkarolyecst IpoLeccsl pacnana
U 3axBaTa HEHTPOHOB TreHEPHUPYIOT pPaBHOBECHBIE
KOJIMYeCcTBa HEKOTOPBIX H30TonoB. M3 HuX Haubo-
nee 3aMeTHBIM siBsgercs U (1, ,=2,45-10° net),
Ha KoTopblil mpuxoautcs 0,00564 % Bcex M30TOMOB
npupopHoro ypana. Kak mpoaykt pacnama 2%U
obpasyercst #'Pa (u, cienoBatenbHo, 2*’Ac), a mo
peakuusim 22U u 28U ¢ HeliTpoHamu o6pasyroTcs
coorBercTBenHo ’Np u 2¥Pu, BcjencTBue uero
B npupone obHapyxuBawoT ciaensl Pa, Np u Pu.
Opnako Jquib Th u U BeTpevatoTcsi B MPHPOLE B
KOJIMYECTBAX, MPeACTaBSIOUINX MPAKTHUECKHH HH-
Tepec, NPUYEM 3TH [Ba 3J€MeHTa [NAjJeKO He pel-
KH: collepKaHWe TOpPHS B 3€MHOH KOpe cOCTaBJsieT
8,1-107* %, T.e. OH MOYTH Tak ke pacHpocTpa-
HeH, Kak 06op, a ypaH, COIep:KaHHE KOTOPOro B
3eMHOH Kope coctabaser 2,3-10~* %, Gosee pac-
TIPOCTPAHEH, YeM OJIOBO.

B aromax aKTHHHIOB, KaK H B aTOMax JIaHTaHH-
IOB, TIPOMCXONHUT 3arnosHeHue f-momyposHsi. OnHa-
KO Y aKTHHHS ¥ HAXOMSILIErocsi 3a HUM TOPHUSI 3JIEKT-
poH 3anojHsieT 6d-opbutans. Takum o6pasoM, akTH-
HHE U TOpUH B HEBO3OYXKIEHHOM COCTOSIHHHM He
SIBJASIIOTCS [-3/eMeHTaMu. ¥ CJAeNYIOlUHX 32 TOPHEM
3JIeMEHTOB YHCJIO f-3JIEKTPOHOB (OHM BIIEpPBBIE IIO-
SIBJISIIOTCS Y aTOMA IPOTAKTHHUS) T10CJIe10BATETbHO
yBesqnunBaeTcs, nocturasi 14 y aroma HOOGesus.
MoHOTOHHOE BO3pacTaHHe YHC/a [-37€KTPOHOB Ha-
pyliaeTcs, Kak U B cJydyae JaHTaHHIOB, B CEpeNu-
He psifia, 4TO CBSI3aHO C TOBBILIEHHOH YCTOHYHBO-
CTbIO HAaIOJIOBHHY 3allOJHEHHOTO TOLYPOBHSI.

V3MeHeHHe 3HEPrHH MOHH3ALMU M OPOUTAJBHO-
ro pamguyca MONYUHSIETCS 3aKOHOMEPHOCTSIM, Ha-
6sonaeMblM y JaHTaHuaoB. ONHAKO MPH BHELIHEM
nofo0OHH JEKTPOHHBIX KOH(pUrypauuit 4f- u 5f-3.71e-
MEHTOB MeXKIY HMMHU CYLIECTBYeT psi TPHHLUITH-
aJIbHBIX Pa3J/UUYUH.

1. Hu omuu 5f-ameMeHT He HMeeT CTabHIbHBIX
usotonos. [lepronsl monypacnana Haubosee LOJTO-
JKUBYIIMX H30TOMOB AKTHHHUAOB B LIEJOM HMEIOT
TeHIEHUHIO K Pe3KOMY yObIBAHHIO C POCTOM MOPSiA-
KOBOTO HOMepa.

2. Opbutanu 5f u 64 OGJU3KH 10 SHEPTUH, U
Nepexoabl 3JeKTPOHOB MeXAY HHMH TPOHCXOIST C
60/bLIOH BeposATHOCTbIO. C 3THM CBsi3aHa CJIOXK-
HOCTb ONpeJeseHHs OCHOBHOTO 3JEKTPOHHOTO CO-
CTOSIHUSI aTOMOB akTHHHIOB. CHHMH-OpOHUTaNbHOE
B3aUMOJEHCTBHE B MOHAX aKTHHUIOB OUeHb CUJBHOE.

3. DJeKkTpoHBl 5f Mo cpaBHeHHIO ¢ 4f HUMelOT
6oJiee BBICOKYIO HEpPTrHul0, UX 3JEKTPOHHble 00JiaKa
6osee mu(py3HB. DTH OPOUTANU HE SIBJASIOTCH
BHYTPEHHHUMH, YTO OCOOEHHO 3aMETHO BBIPaXKEHO Y
3JIEMEHTOB MEPBOH MOJOBUHBI psifia (y JaHTaHUIOB
3TO OTHOCHUTCS TOJIBKO K Lieputo). [Ipu nepexone ot
TOpUSl K JIOYPEHCHIO 3Heprusi opOuTtasell MoHUxKa-
eTcs, MpUYeM Mo-pasHoMy aus 5f- u 6d-opburanei,
TaK YTO YCJIOBHO MOKHO BBIIEJNHUTb CEMEHCTBA aK-
THHUIOB TEePBOH W BTOPOH MOJOBHHBI psiaa.

B aromax jerkux aktuHunoB (Th—Cm) 5f- u
6d-opbutanu 6IM3KH M0 SHEPTUH, Hf-opOUTa M yua-
CTBYIOT B 00pa30BaHUN XUMHUYECKUX CBsi3ed. B aTom
OHH MONOOHBI d-3J€MeHTaM, T.e. I/ HHX Xapak-



TepHbI TlepeMeHHble, 3a4acTyl0 BBICOKHE CTeleHH
OKHUCJIeHHUsl (Hampumep, /s HeNTyHUS —+7), a Xu-
MHUYecKasi CBfI3b MPUOOPETAeT YaCTUYHO KOBaJEHT-
HbIH XapakTep. Ilpu mBHKeHHH N0 5f-psimy ¢ poc-
TOM 4YHCJa [-3/J/eKTPOHOB HabOp BO3MOXKHBIX CTe-
NeHed OKHCJEHHS, peasU3yeMbIX B COEIHHEHHSX
aKTUHUIOB, TMOCTENEHHO paclUIUpsieTCs: aKTHHUH
MPOSIBJSIET CTENeHb OKHUCJeHus -3, Topuil -4,
MPOTAaKTHHUE 5 (XOTS B BOIHOM PacTBOPE MOXKET
OBITb BOCCTAHOBJEH 00 +4), ypan 43, +4 u 46,
HeNTYHUH W TiyToHWH oT +3 no 7. Hauunas
C aMepHuLWs, YUCJIO CTerneHed OKUCJEHHS HadyHHa-
eT COKpalllaThCs, YTO CBS3aHO CO cTabuin3aluel
f-YpOBHSI 10 Mepe 3amoJiHEHHsT er0 JeKTPOHAMHU U
HAXOMUT AHAJOTUIO Y 3d-3JIeMEeHTOB, IJI51 KOTOPBIX,
HaunHas c »xeqaesa (B psany Fe—Co—Ni—Cu—
Zn), yBeJMYMBAETCS YCTOHUYHUBOCTD CTENEHH OKHC-
nenusi +2.

W3 3HayeHU# cTaHAAPTHBIX 3JEKTPOAHBIX MOTEH-
LKaJIOB Map An*t/An3+ CJIelyeT, UTO CTeNeHb OKHC-
JieHus +4 1 TOpUsi B BOMHBIX PacTBOpax MPaKTH-
yecku enuHcTBeHHas. OHA TakKe yCTOHYMBA Y CJle-
OYIOILUX 32 TOPHEM IPOTAaKTHHHUS M ypaHa, XOTs
coennnenusi An(IV) BblcTynmailoT B poJsiM BOCCTa-

HoBUTesed. [Ipu nasnbHellleM NBHXKEHWH B PSLy
5f-37eMeHTOB BO3pacTaeT YCTOHYHBOCTb BBICOKHX
CTerneHel okucJeHUs, Tak uto amepuuui (IV) u
kiopu#l (IV) B BomHBEIX pacTBOpax MOryT OBITH CTa-
OUIU3UPOBaHbl B BUAE (PTOPUAHBIX KOMIIJIEKCOB.
L cienyomux 3a HUMH 3JIEMEHTOB NAHHAs CTe-
neHb OKHUCJEeHHs BooOlle He XxapakrepHa. Mckio-
yeHue cocTtapJjsieT Oepkaui. I[loBbllleHHasi yCTOH-
yuBOCTb coenuHeHudl Oepkausi (IV) ob6bsicHsercd
3J1eKTpOoHHOH KoHpurypauuei (Bk*t, 5f7) ¢ Hamo-
JIOBUHY 3arOJIHEHHBIM [-yDPOBHEM.

3aBucumMocTh 3Hauenuii E° (An*t/An?t) oT no-
PSIAKOBOTO HOMepa aKTHHHAA NEMOHCTPHPYET TIo-
CJIe0BaTeJbHOE BO3pACTaHHe YCTOUUHUBOCTH CTele-
HU OKHCJeHHs -+2, KoTopas HauboJiee XapakTepHa
IJIs1 3JIEMEHTOB KOHLA psiga. st MeHIe eBus OaH-
Has cTeleHb OKUCJEeHHS OKa3blBaeTcs OoJsiee yCTOH-
YUBOH, UYeM [JIsT eBPOIUS: COeNUHEHHUS] MeHIeJeBUS
HaloOMHHAIOT COJIM Oapusi U pauusi.

Jlo mosiBieHus1 akTUHUAHOU runoTessl [. Cubop-
ra TOPUH OTHOCHJIM K MOATPYIIEe THTaHA, MPOTaK-
tuanil (. V. MeHneneeB mpenckasan ero cyiie-
CTBOBaHHE ¥ HA3Ba/J «3Ka-TAHTAJOM») — K TMOMI-
rpymIe BaHAaNWs, a YpaH — K IOArPYIIe XpoMma.

Tab6aunpa 8

HekoTopble cBoiicTBa aKTMHHIOB

CBoiicTBO Th Pa U Np Pu Am Cm
ATOMHBI HOMep 90 91 92 93 94 95 96
Yucno npupoaHbiX U30TOMOB 1 — 3 — — — —
HauGonee pacnpocTpaHeHHbIi
U30TOI:
MaccoBoe uucso 232 231 238 237 239 241 244
[lepuon nosypacnana @ 1,40-10'0 | 3,25-10* | 4,47-10° | 2,14-10° | 2,41-10* 433 18,1
qaet (o) aet (o) aet (o) aet (o) get (o) | roma (@) aet (o)
ATtomHas macca 232,0380 | 231,0359 | 238,0289% | 237,0482 | 239,0522 | 241,0568 | 244,0627
ANeKTPOHHAs KOHUrypauus ato-
ma cepx [Rn] 6d27s? 5f26d'7s?> | 5f%6d'7s*> | 5f*6d'7s? 5f67s? 5f77s? 5f76d'7s?
Metaannueckuii paguyc (K4 12), 0,179 0,163 0,156 0,155 0,159 0,173 0,174
HM ®)
Houubiii paguyc (KU 6), um
VII — — — 0,071 — — —
VI — — 0,073 0,072 0,071 — —
\% — 0,078 0,076 0,075 0,074 — —
v 0,094 0,090 0,089 0,087 0,086 0,085 0,085
I — 0,104 0,1025 0,101 0,100 0,0975 0,097
11 — — — 0,110 — 0,126 " —
E° (MOy2+/MO,"), B — — 0,17 1,24 1,02 1,60 —
E° (MO,+/M*+), B — —0,05 0,38 0,64 1,04 0,82 —
E° (M#+/M3+) B —3,8 —1,4 —0,52 0,15 1,01 2,62 3,1
E° (M*+/M), B —1,83 —1,47 —1,38 —1,30 —1,25 —0,90 —
E° (M3/M), B — — —1,66 —1,79 —2,00 —2,07 —2,06
T. na., °C 1750 1572 1135 644 640 1176 1345
T. kun., °C 4788 (4722) 3818 (3902) 3228 (2607) —
AH,,, xJIx - Mosp~! 16,11 16,7 12,6 (9,46) 2.80 14,4 —
AH, ., kIx - Mo~ 513,7 481 417 336 343,5 238.,5 —
AH,;, (omnoar. ras), kJ[x-moib™! 575 — 482 — 352 — —
MaotHocts (20 °C) », r-cM—3 11,72 15,37 19,05 20,45 19,86 13,67 13,51
YnenbHoe 3jeKTpUYECKOE COMpPo-
tusjeHue (25 °C), MxOm - cm 15,4 19,1 30,8 122 150 71 —

3 CKOpOCTb pacraja MyTeM CIIOHTAHHOTO [AeJEHHs] YBEJHYHUBAETCS C POCTOM aTOMHOTO HOMEpa H CTAHOBHUTCS BaXKHOM
JOTIONHUTENBHON TPUYMHON SiIePHOH HecTaOMJIBbHOCTH AAJbHHX aKTHHHAOB (mociae Np).

9 DTo 3HaueHHe OTHOCHUTCS K €CTECTBEHHOH CMeCH H30TONOB. Bapualuy BO3MOXKHBI H3-3a TOTO, YTO, BO-NEPBBIX, HEKO-
TOpblE Te0osOTHYeCKHe 00paslbl UMEIOT aHOMaJ/bHbII H30TOMHBIH COCTaB, M, BO-BTOPBIX, KOMMEDPYECKH AOCTYNHbIE 0OpasLpl
moryT 6biTh obenuennl 2®U. Idusa 2¥U oTHocuTesbHAsi aToMHasi macca paBHa 238,0508.

® Ilna Pa KU 10, a meranuueckue U, Np u Pu umeoT He BroJiHe peryJsipHOe CTPOEHHE, MO3TOMY KOOPAMHALMOHHOE

YHCJIO HEJIb3sl OMpPEIENHUTh TOUYHO.
D Ong Am" pamuyc ortHocutcss kK KU 8.

n AKTHHHIAM CBOHCTBEH MONUMOP(U3M, NPUBEIEHHbIE NaHHblEe OTHOCATCS K HauboJiee yCTOHUYMBBIM (hOpMaM [pU KOMHAT-

HOH TeMmmepartype.
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HekoTopble cBOWCTBa aKTHHUAOB

OkoHnuaHnue maba.

CgoiicTBO Bk CI Es Fm Md No Lr
ATOMHBIA HOMep 97 98 99 100 101 102 103
Yucao npupoOaHbIX H30TOMOB — — — — — — —
HaunGosee pacnpocTpaHeHHbI#
u3oton
MaccoBoe yuncio 249 252 252 257 256 259 262
[Tepuon moaypacnanga 320 cyt | 2,64 roma 472 cyt 100,5 cyt | 78 mun | 58 muH 3,6 u
(B-) () () () (B*/33) | (2/33) ()
OTHocuTe/bHAsl Macca HYKJaujaa 249,0750 2520816 252,0830 257,0951 | 256,0941 | 259,1011 | 262,110
AnekTpoHHas KoHpurypauus arto- | 5f97s? 510752 5f17s? 5f127s? 51372 5f147s? | 5f146d'7s?
ma cepx [Rn] HITH
5/%6d'7s?
Metaannueckuii paguyc (K4 12), 0,170 0,186==0,002 | 0,186==0,002 — — — —
HM ®)
Honubiii paaguyc (KU 12), um
VII — — — — — —
VI — — — — — — —
Vv _ _ _ _ _ _ _
v 0,083 0,0821 — — — — —
111 0,096 0,095 — — — — —
II — — — — — — —
E° (MO,2+/MO,"), B — — — — — — —
E° (MO,+/M*), B — — — — — — —
E° (M*/M3+), B 1,67 3,2 4,5 5,2 — — —
E° (M*+/M), B — — — — — — —
E° (M3+/M), B —2,00 —1,91 —1,98 —2,07 —1,74 —1,26 —2,1
T. na., °C 1050 900 860 1527 827 827 1627
T. kun., °C — — — — — — —
AH,,,, kIIx - moJb~! — — — — — — —
AH,.,, kLx-moab! — — — — — — —
AH,;, (oanoar.), xJIxx-mosb—? — — — — — — —
MaotHocts (20 °C) M, r-cm—3 14,78 — — — — — —
YpenbHoe 3jeKTPUUECKOe COMpO- — — — — — — —
tusjaenune (25 °C), MmxOm - cMm

ITo He JIMILEHO CMBIC/IA, TAaK KaK TOPHH SBJISETCS
MOJTHBIM 3JIEKTPOHHBIM aHaJOrOM THTaHa, LHPKO-
HUSI U radHUs, T.e. 3JeMeHTOB C KOH(Urypauuen
(n—1)d?ns?. Koudurypauus npotaktuuus 526d'7s?
HEeCKOJIbKO OTJMYaeTCsl OT KOH(UTypalUU 3JeMeH-
TOB nsATOH rpymmbl (n—1)d3ns?, ogHAKO 3TH pasJu-
YUsl HECYLLECTBEHHBI, TaK KakK 5f- U 6d-3/eKTpoHbI
OJU3KH 110 SHEPTUH W MOTYT JIETKO TePEXOIUThb C
omHOU opbutanu Ha Apyryio. B Boiciuedl creneHu
OKHUCJIEHHUS] 3TH 3JeMeHTbl OKa3bIBAIOTCSl MOJHBIMH
3JIeKTPOHHBIMU aHasoramu. [logo6Hoe cxoAaCTBO
MOXKHO HabJI0faTh MeXAYy 3JeKTPOHHBIMU KOH(U-
rypauusiMi ypaHa M 3JeMeHTOB 6-# rpymmel. B To
JKe BpeMs 110 XHMHYECKHM CBOHCTBaM ypaH Cylle-
CTBEHHO OTJHMYaeTCs OT 3JEMEHTOB 6-H Tpymbl.

TenneHuusi K yMeHbIIEHHIO pa3Mepa Of-3/eKT-
POHHOU 060JIOUKH C POCTOM 3apsifa sapa, IpUBOAS-
asi K MocJ/el0BaTeNbHOMY YMEHbIIEHHIO HOHHOIO
panuyca, HOCHT Ha3BaHUe aKMUHUOHOEO CHAmu s,
2HAJIOTUYHOTO JIaHTAHUIHOMY.

JloMuHupylomas OCOOEHHOCTb AaKTHHHAOB —
siiepHasi HecTaOUJIbHOCTb, MPOSIBJSIOLIASACS B pa-
JUOAKTHUBHOCTH (uallle BCero 3TO «-pacnan) H
CKJIOHHOCTH K CIIOHTAHHOMY JeJleHHI0; 06a 3TH CIIo-
coba pacmaza CTaHOBATCS 0OoJiee BbIpa)KE€HHBIMU
Npy mepexofe K OoJiee TsKeJbIM 3JeMeHTaM, Ie-
pHOMBI MoJsypacnaga NMpu 3TOM yMeHblaloTcs. Pa-
mroakTuBHOCTh Th u U, BeposiTHO, ompenessieT
60JIbLIYI0 YacTb BHYTPEHHErO TerJa 3eMJIH, BMec-
Te C TeM OHA ellle JOCTATOYHO HHU3KA, T03TOMY IpH
paboTe C COeIVHEHUSAMH 3THX 3JEeMEHTOB HE BO3-
HUKaeT cepbe3Hblx mnpobsem. HecrabumbHoCTh 60-
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Jiee TSoKeJbIX 3/7eMEHTOB Pe3KO OrpaHHuUBaeT caMy
UX OOCTYMHOCTb. [ToHATHe «(pu3ndecKoe CBOHCTBO»
HerpHMeHHMO K TakuUM 3jeMmeHTaM, kak Md, No u
Lr, KOTOPBIX HUKTO HHUKOTZA He BHUAEJ, MOCKOJBKY
OHH MOTYT OBITb MOJYYEHBI TOJBKO B OUEHb MaJbIX,
He MOJJAOLIMXCSl B3BELIMBAHUIO KOJUYECTBaX.

AJIEMEHTDI 4-ii TPYIIbI

Tutan, coctaBasiomuii 0,63% ropHEIX MOPOX
3eMHOH KOpBI, OTHOCHTCSl K PacClpOCTPaHEHHBIM
3JieMeHTaM ([eBSITHIN Cpeld BCEX TEMEHTOB U BTO-
poll — cpenu mepexonHbix). M3 Bcex mepexomHBIX
snementoB tupkonuii (0,016%) ycTymaeT TosbKo
Fe, Ti u Mn. Jlaxe raduuii (2,8-10—* %) Tak xe
pacnpocTpaneH, kKak Cs u Br.

[lepBble Tpu MeTajia COCTOSIT M3 HECKOJIbKHX
MPUPOAHBIX H30TONOB, HEKOTOPbIE M3 HUX — PaHo-
aKTHBHble C OOJBLIMMH MEPUOJAMU TOJypacnaja;
HarpuMmep, s j9Zr TepHo ToJypaciaga CoCcTaB-
aser 3- 107 ger, mast ZAHI — 2 10'® jner. dnemeHT
pesepdopauil B mpupoie He BCTPEYAeTCs, BCe ero
M30TOIBl PAJMOAKTHBHBI; f,/, HauboJsee J0MTr0XKUBY-
wero usorona 2'Rf 65 c.

Pesepdopauii BnepBrle ObLT 0OHAPYKEH COBET-
CKUMH ydyeHbIMH B 1964 r. B mpopyKTax CIIOHTaH-
HOro JHeseHust sifep, a mo3aHee nogayuyed B CIIA
B LMKJOTPOHE Mpu GoMOapaupoBKe usoToma 2§Pu
YCKOPEHHBIMH SIIPAMH HEOHA:

fiNe 4 *GPu — HIRI + 4 n.



Pesepdopnuii siBasieTcss MepBbIM 3JEMEHTOM,
CleAyIOLIUM 32 aKTHHHIAMHU. Ero a/1eKTpoHHasi KOH-
¢urypauust 5f1*64?7s? aHasoruuHa KOH(HUrypaLHu
raduus 4f'15d?6s?, uTo MOATBEPKAAETCS CXOACTBOM
UX XUMHYECKUX CBOHCTB. DBe3Bomnblll xmopum pe-
seppopaust RICl, no sneryuectn 6suzok k HICl,
(Temnepatypa BosroHkd 313 °C) u HamHoro 6oJee
JIETy4, YeM TeTpaxJopHIbl aKTHHHIOB (TeMmepary-
pa kurnenus Boiwe 1500 °C). ITo M03BOMMIO YeEXO-
caoBaUKoMy yueHoMmy [. 3Bape oTnenuTb aTOMBI
pesepdopausi oT akTHHHUAOB. KoHCTAHTHI, Xapakre-
pusyollie hU3HUECKHe U XUMHUUECKHe cBo#icTBa Ri,
He OIpe/ieJieHbl.

CymMapHast 9Heprusi HOHU3aLMU MPU Tepexojie
OT THTaHa K LMPKOHHIO 3aMETHO CHHXKAaeTCsi, UTO
00yCJIOB/JIEHO YMEHbLIEHHEM SHEPTHHU CBSI3U 71S-3J€K-
TPOHOB C SIIPOM; 3aTeM CYLLECTBEHHO He MeHseT-
csl. JIMb mepBBId M3 3J€MEHTOB TPYIIbl — THTaH
MPOSIBASIET BBICOKYI0 XHMHYECKYH) aKTHBHOCTb.

YBesueHre yuc/Ia 3J€KTPOHHBIX CJIOEB TPHBO-
IOAT K 3aMETHOMY pPOCTY aTOMHBIX PaaHyCOB TMpH
nepexone OT THTaHa K LupKoHHI0. OnHaKo najb-
HeHLIUH pOCT aTOMHOrO paauyca, CBSI3aHHBIH C
NOSIBJIEHHEM y aToMa radHusl 3JeKTPOHOB Ha Liec-
TOM 3HEPreTHYeCKOM YpPOBHE, MPAKTHUECKH MOJHO-
CTbI0 HUBEJNHPYETCS CXKATHEM 3JEKTPOHHBIX CJOEB
MpH 3anoJHeHuH 4f-000/0UKH (JAaHTAHUOHOE CXKa-
THe), BCJEACTBHE YETO aTOMHBIE, a TAaK)Ke HOHHbIe
pamuychl LMPKOHUSI U TaHUs NMPaKTHYECKH COBIa-
IaloT. DTO TPHUBOAUT K 3HAUHUTENBHOMY CXOACTBY
CBOUCTB COENMHEHHE STHX 3JE€MEHTOB U OMpeaelsi-
eT TPYAHOCTb WX pas3feJieHusl.

Jsi 37eMeHTOB uyeTBepTOH rpymmnbl Haubosee
XapakTepHa CTelleHb OKUCJeHHs 4, mpu 3ToM
BbICOKHME SHEepPTHH HOHU3aLHUU YETBIPEX 3JEKTPOHOB

KOMITEHCHPYIOTCS 3Hepruell o6pasyroluxcs cBsisel
U 3Heprueil Kpucrajnnieckoil pemieTku. Bmecrte ¢
TeM IoJaBJsiolllee OOJBUIMHCTBO COEAUHEHUH 3Je-
MEHTOB UeTBEPTOU T'PYIIMEBI (32 HCKJIOUEHHEM (TO-
PHIOB M OKCHIOB) KOBaJEHTHbIE, B HUX OTCYTCTBY-
foT uoHbl M*t+. [To mepe pocTa aTomHOro paauyca
CTelneHb MOHHOCTH COeJMHEHUH aHaJOTMYHOro Co-
CTaBa HECKOJIbKO YBeJHUUBAeTCsl, BO3PACTAIOT TeM-
nepaTyphbl NJaBJeHHs U KUIEeHUs], MIOBbILIaeTCs ye-
TOWYUBOCTb K THIPOJH3Y.

B psany Ti—Zr—HIf ycroiiuuBocTb coenuHeHui
C BBICIIEH CTeleHbl0 OKHCJeHMsl Bospacrtaer. Tak,
nnist Tutada yceroiuuBbl okeuabl TiO, TiyOs, TiO, n
¢ropunst TiF,, TiF,;, TiF,, a nas uupkoHus u racg-
HUST — TOJbKO nuokcunsl ZrO,, HiO, u terpadTto-
punst ZrF,, HIF,.

Jlns repmaHus, oJioBa M CBHHIA, KOTOpBHIE B
KOpOTKoInepuogHoM Bapuante [lepuonuueckoi Tab-
JIMLBI HAXOASTCS B OQHOH Tpyrnie ¢ TUTAHOM, LUp-
KOHMEM U raHueM, yCTOHUMBOCTb CTeleHell OKHC-
JIEHUS] U3MEHSIeTCsl B IPOTUBOIOJOXKHOM HalpasJie-
HHMHM: BBICIIAsl CTeleHb OKHCJeHHWs HaunboJjee cTa-
6uabHa y repMaHusl. JTO OOBACHAIOT HEHCTBHEM
pPeJATUBUCTCKOrO 3(dekra.

CKJIOHHOCTh K TMPOSIBJIEHHI0 HU3KHUX CTeleHeH
okucaeHus +2, 43 y TUTaHa BBbIlIe, YeM Y €ro
TsKesblx aHajoroB. Coenunenusi tutana (III) B
BHJIe aKBAaHOHOB MPUCYTCTBYIOT B KHCJBIX BOJHBIX
pacTBOpax, M3 KOTOPBIX BBIIEJEHBl COOTBETCTBY-
fole Cynbatsl U rasoreHnnbl. CoequHeHNs LUp-
koHus (III) u rapuus (III) B BogHbIX pacTBOpax He
CYLLECTBYIOT, TaK KaK JIErKO OKHUCJ/SIOTCS BOIOH.
C TMOHM)KEHHEM CTeNeHH OKHCJEHHS YCHUIHBAIOTCS
OCHOBHBle M BOCCTaHOBHTEJIbHBIE CBOHCTBAa COOT-
BETCTBYIOILUX COENMHEHHH; HaNpUMep, TMAPOKCHI

Ta6bnuuma 9

HekoTopble cBOWCTBA 3JeMeHTOB 4-i rpynnbl U UX NPOCTHIX BelLECTB

CgoiicTBO Ti Zr HI

ATOMHBIA HOMep 22 40 72
Yucao npupoaHbiX M30TOMOB 5 5 6
ArtomHas macca 47,867(1) 91,224(2) 178,49(2)
AnekTpoHHas KoHpuUrypauuss aroma [Ar] 3d*4s? [Kr] 4d%5s? [Xe] 4f15d%6s?
ANeKTPOOTPULIATENBHOCTD:

no [Tosunry 1,54 1,33 1,30

no Onapeny—PoxoBy 1,32 1,22 1,23
AHepruss MOHU3ALMHU, KK - MOIL ™!

I, 658,99 639,70 658,03

I, 1312,2 1264,0 1437,6

Iy 2653,3 2219,2 2248, 1

1, 4177,8 3319,1 3213,0
CeueHne 3axBaTa TeMNJOBbIX HEUTPOHOB, GapH 4 0,18 105
Metaannueckuii paguyc (K4 12), um 0,146 0,160 0,159
Honnpiii paguyc (KU 6), um

M(IV) 0,0745 0,086 0,085

M(III) 0,081 — —

M(II) 0,100 — —
CreneHb OKHCJEHUS (B CKOOKAaX yKa3aHbI (—1), 0, (+2), (—1), 0, (+1), (—1), 0, (+1),
HEeYyCTOHUYMBBIE CTEMEHH OKHCJEHHS) —+3, +4 (4+2), (+3), +4 (+2), (+3), +4
T. na., °C 1667 1857 2222 (umu 2467)
T. kun., °C 3285 4200 4450
AH,,, kI - moab~! 18,8 19,2 (25)
AH,,, xIIx - mosp~! 425 (=11) 567 571 (==25)
AH,;, (omnoar. ras), xJ[x-momp~! 469 (=+=4) 612 (=11) 611 (%=17)
MaotHocts (20 °C), r-cm—® 4,50 6,51 13,28
YneabHoe 3jeKTpUUeCKOe COMPOTHBJEHUE 42,0 40,0 35,1
(25 °C), MxkOm - cM




tutana Ti(OH); okasbiBaeTcsi GoJiee CHJIBHBIM OC-
HOBaHMeM, YeM THAPaTUPOBAHHBIM OKCHA THTaHa
(IV).

ATOMBI 3/1EMEHTOB YETBEPTOH IPYMIbI MOJ0OHO
OPYTHM TIE€PEXOAHbIM MeTassaM aKTHBHO HCIIOJb-
3yT d-opbutanu mas o6pasoBaHUS XUMHUYECKHUX
cBsizedl. Bosbliye aToMHble paauychl U rHOpUAU3a-
uus s-, p-, d-opburaneii 00ycJOBJIUBAIOT BO3MOXK-
HOCTb 00pa30BaHUsl KOMILJIEKCOB LIUPKOHHUSI U radg-
HHMS C BBICOKHMM KOOPIHHALHUOHHBIMH YHCJIaMH.

AJIEMEHTDI 5-ii T'PYIIIIbI

B cocrtaB nsToél rpymnmnbl BXOAST BaHAAWH, HHO-
O6ull, TaHTal U PaJUOAKTUBHBIA 3JeMeHT NyOHHH.
[To npuunHe HeGOJBILIOTO IepHONA MOJypaclana
(34 ¢ pns HauboJjiee MOJTOXKHUBYIIETO HM30TOMA
#2Db) xumus nyOHHS MPaKTHYECKH HE M3YdYeHa.
DJileMeHTBl MATOU TPYNNbI HeyeTHble W 06PasyroT
MaJio YCTOWUYUBBIX HU30TOMNOB: HUOOWH — ONWH, Ba-
Hagu#l W TaHTaJ — MO0 [Ba, OOHAKO COMepKaHHe
BTOPBIX M30TOMNOB o4eHb Majo (°V — 0,250 %,
80Ta — 0,012 %). B ropHbix mopoaax 3eMHO#H Ko-
pBl KJapKH BaHamusi, HUOOWUS M TaHTajJa COCTaB-
Jas0T cooTBeTcTBeHHO 1,36-10—2 %, 2-103 %

u 1,7-107* %.
B ocHOBHOM COCTOSIHMM aTOMbl BaHaiWs U TaH-
Tajqa MMEIT  3JeKTPOHHYK  KOH(UTypaLUIo

(n—1)d3ns?, B TO BpeMsi Kak aTOM HHUOOUS —
4d*5s!, uTo 0OBsICHSIETCS OJU30CTHIO SHEPTHE dHEP-
reTHueckux nonaypoBHell 4d u 5s. Takum obpasom,
3JIeMEHTHl MSATOH IPYIBI UMEIT IO MSTh BaleHT-
HbIX 3JIeKTPOHOB. [lo Mepe yBe/jMYeHHs] aTOMHOTO
HOMepa 3JIEKTPOHHble OOOJOYKH YIJIOTHSIOTCH, O

YeM CBHIETE/bCTBYIOT POCT 3HAUEHWH MePBOH dHEp-
THM HOHHU3aLWK U XapaKTep U3MEHEHHs aTOMHBIX H
HOHHBIX paauycoB B psny V—Nb—Ta.

Pasmepbl aTOMOB H3MEHSIIOTCS HEMOHOTOHHO!
NIpY Tepexoje OT BaHaAusl K HMOOWIO paiuyc pac-
TET, a 3aTeM OCTaeTCs NPaKTHUECKH HEHM3MEHHBIM,
4TO SIBJSIETCS CJENCTBHEM JIAHTAHUIHOTO CXKATHS.

Huobuit u Tantan nono6HO LMPKOHHIO U rad-
HUIO MMEIOT NMPaKTHYECKH ONUHAKOBBIE aTOMHBIE H
HOHHBbIE PaIuyChl, OJIM3KKWE 3HAUEHHS JEKTPOOTPH-
LaTeJbHOCTH, CXOIHble XHMHYECKHe cBoHcTBa. Pa-
CTBOPUMOCTH HX COEIMHEHHH pas/iuyaroTcs He3Ha-
YHUTEJIBHO, IOITOMY pasieseHHe 3THX OBYX 3JEeMeH-
TOB BBI3bIBaeT HOJbLINE TPYOHOCTH. B TO Ke BpeMs
XUMHS1 HUOOHUSI M TaHTala CYLIECTBEHHO OTJIMYaeT-
Cs OT XMMWH BaHaius. B BeICIIel cTeneHH OKHC/Ie-
HUS HHOOWH M TaHTaJ CXOAHBI C LUPKOHHEM U radg-
HUEM, a B HU3KHUX — C MOJIUOAEHOM U BOJIb(PaMOM.

Jlnst Bcex paccMaTpUBAaeMbIX 3JEMEHTOB KaTHO-
el [M(H,0O),|°t HensBecTHBI.

Jlnsi BaHamgus M3BECTHBI BCE CTENMEHHM OKHCJE-
Hust 0T —3 10 +5. VI3 HUX B KHCJIOPOAHBIX COEMIH-
HEHUsIX HauboJsiee yCTOHUYMBA CTeleHb OKUCJEHHUS
+4 (B kucqoit cpene) u +5 (B HelTpanabHOH U
1eJIOYHOH cpenax). ['ajoreHunHble JUTaHABI YaCcTO
cTabUIU3UPYIOT cTeneHu okucaenus +2, +3. Tak,
TIEHTaXJOPU BaHaiusi BOOOIle He CYLIECTBYET,
TeTpaxJopua BaHagus npu Ttemmneparype 300 °C
NepexoouT B Tpuxyopun, a npu 500 °C — B puxJo-
pHUI, YTO OKa3blBAaeTCs HEBO3MOXHBIM B KHCJIO-
ponHbIX coenvHeHusx. Ctenenu oxucaenus 0 u —1
peaqusyTCs B KOMILJIEKCAX C J-aKLENTOPHBIMH
JIUTaHIaMH, HarnpuMep B KapOOHHUJaX.

Jns HuoOWsT W TaHTajsa HauboJsiee yCTOWYHBA
crenieHb okucaeHuss +5. CoenuHeHUs: HUOOUS U

Ta6auua 10
HekoTopble cBoiicTBa 2/1eMeHTOB 5-il TPynnbl U MX MPOCTbIX BELECTB
CaoiicTBO \4 Nb Ta

ATOMHBIH HOMeEp 23 41 73
Yucao npupoaHbIX M30TONOB 2 1 2
AToMHas macca 50,9415 92,9064 180,9479
JNeKTpoHHas KoHpurypauuss atoma [Ar] 3d%4s? [Kr] 4d35s? [Xe] 4543652
DNEeKTPOOTPHLIATEIBHOCTD:

no [Tosuury 1,63 1,60 1,50

no Ogapeny—PoxoBy 1,45 1,23 1,33
dHeprus MoHU3aUMH, KJ[XK - MOIb !

1, 651,3 652,2 728,5

I, 1418,3 1379,7 1563,1

13 2827,0 2412,1 2123

I, 4505,8 3695,4 3184

I 6300,5 4872,5 4342
Meraananueckuit paauyc (KU 12), um 0,134 0,145 0,146
Honubiii papuyc (KU 6), um

M(V) 0,068 0,078 0,078

M(IV) 0,073 0,083 0,080

M(IIT) 0,078 0,084 0,081

M(II) 0,093 0,085 —
CreneHb OKHUCJEHUS (B CKOOKax yKa3aHbI (—3), (—1), 0, (+2), | (—1), 0, (4+2), (4+3), | (—1), 0, (+2), (+3),
HEeYCTOHUYMBBIE CTENEHH OKHUCJEHHS) +3, +4, +5 —+4, +5 (+4), +5
T. na., °C 1915 2468 2980
T. kun., °C 3350 4758 5534
AH,,, x]Ix - mosb~! 17,5 26,8 247
AH, ., KX - Mo} 459.,7 680,2 758,2
AH,s, (oanoar. ras), kJx-mosp~! 510 (%29) 724 782 (=6)
MaorHocts (20 °C), r-cm—3 6,11 8,57 16,65
YaeabHoe ajqeKTpUuUecKoe COMPOTHBJAEHUE ~ 25 ~ 12,5 (12,4)
(25 °C), MxOm - cm
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TaHTaja B HU3KUX CTENEHSX OKUCJEHHUS MpeCcTaB-
JSI0T co00H KjaacTepel, cocTaB KOTOphx (MgX,)
He OTBeyaeT MPOCTEHIINM TMPENCTABJIEHUSM O Ba-
JIEHTHOCTH.

[Ipu nepexome oT sjemeHTOB 3d-psina K 4d- u
Sd-snemMeHTaM yBesJHuYeHHe pa3Mepa d-opOuTaseil
MIPUBOAUT K YINPOYHEHHIO d—d-NepeKpblBaHUs U
pPOCTY KOBaJIeHTHOTO BKJaJa B MeETaJJHYeCKYIO
cBsi3b. VIMeHHO 3TuUM 0ObsICHSIeTCSI BO3pacTaHHe
TBEPAOCTH, TEMIIePaTyp IJIABJIEHUS U KUIIEHUS Me-
TaJ0B NsATod rpynnel B pany V—Nb—Ta, a rak-
)Ke ocjabJjeHue XUMUUYECKOH aKTHBHOCTH.

HecmoTpsi Ha oTpuuaTe/bHbIE 3HAYEHHUST DJIEKT-
POIHBIX MOTeHUHMa 0B rmap Mrt/MO Bce Tpu Me-
TaJljla He BBITECHSIOT BOAOPOJ M3 pa3baBiieHHBIX
kucsaot (Kkpome HF), a Hnobuit 1 ocobenHo TaHTaNI
BOOOILle C TPYAOM pacTBOPSIOTCH [ake B KHUCJO-
Tax-OKHUCIUTEJISAX.

C yBeJMYeHHEM CTeNeHH OKUCJEHHS 3JeMeHTa
BO3pacTaerT 10J51 KOBAJEHTHOCTH CBSI3H, UTO MPUBO-
OUT K TOHMXKEHHIO TEMIIepaTypbl MJaBJEHHS OK-
CUIOB BaHaIWsl W IOCTENEHHOH CMEeHe OCHOBHBIX
CBOHCTB aM(OTEPHBIMH U KHCJOTHBIMH. Tak, OKCHI
VO (temnepatypa nuasiaerus 1830 °C) ocHOBHBIH,
a BelclIn# okcup Bananus V,O; (TeMnepartypa nias-
gennst 685 °C) nposiBjseT NPEUMYILLIECTBEHHO KHC-
JIOTHbIE CBOHCTBA; HU3IIUH (pTopua BaHanus VEF, —
3TO TYTOIJIaBKOe KPUCTA/NIMYEeCKOe BeIlecTBO, a
BolclIMH (ropun VFy; — serkoserydasi KHUAKOCTb.

[Ipyu yMeHbIIEHHH CTEeHH OKHCJIEHHUS OJHOBpe-
MEHHO C YyCHJIEHHEeM OCHOBHBIX CBOHCTB BO3pacTa-
eT U BOCCTAaHOBHUTeJbHasl crnocobHocTb. Hanbosee
CUJIbHBIMH BOCCTAHOBHUTEJNSIMH SIBJISIIOTCSI COEIMHe-
nusi BaHagust (II): wonbl V#+ crocoOHBI BBITECHSTh
BOJIOPOJZL U3 BOJBI, BOCCTAHABJIMBATDL MOJEKY/ISIPHBIH
a3oT 10 aMMHaka. TeopeTHYecKH COeIMHEHHS HHO-
6usi ¥ TaHTaja JOJIKHbI OblIM Obl 00JafaTh ellle
6oJiee CHJIBHBIMH BOCCTAHOBHUTEJbHBIMH CBOHCTBa-
MH, HO HoHbl Nb%*t u Ta’t o6pasyioT kaactepsl u
TeM caMbIM puoOpeTaioT 60JbLIYI0 YCTOHUUBOCTb.
Cosu Banamus (III) B oT/Mune oT coenMHEHWH Ba-
Hagus (II) He BBITECHSIIOT BOLOPOA W3 BOIBI, HO H
OHM — THUIMYHBbIE BOCCTAHOBUTEH. B BbIcLIeH cTe-
TIEHH OKHUCJIEHWS] BaHagWi MpOSBJSET yXKe OKHC-
JIUTEeNbHBIE CBOHMCTBA, KOTOpPble 3aMETHBbI JHILIb B
CHJIBbHOKMCJBIX pacTBOpax; Npu mnoBblmeHnn pH
3HaUeHHe T[I0TeHLHaja BOCCTAHOBJEHHS pe3KO
yMeHbILIaeTcs.

OKuc/MTeNbHBIE CBOHCTBA COENUHEHHH B BbIC-
el CTENeHH OKHCJEHHs OcaabeBaloT TPH Mepexo-
Ie OT BaHauusl K HUOOUIO U TaHTasy. Tak, BaHaqui
MOXKeT ObITb BOCCTAHOBJIEH BOAOPOJOM B MOMEHT
BbIJIEJIEHUSI 10 CTEIEeHU OKUCJEeHHS -2, HHOOUH —
IO CTeTeHH OKHCJEHHS +3, COeHHEeHHUs TaHTasla B
peakLyio NPakTHYeCKH HE BCTYTMAIOT.

[Ipu mBM2KEHWM BHHM3 110 TPYNIEe BO3pacTaeT
TaKxXKe CTeleHb HOHHOCTH CBSI3H, O YeM CBHIETE/b-
CTBYIOT TOBBILIEHHE TeMIIepaTyphl MJaBJAeHHUs BbIC-
wux okcunoB (V,0; — 685 °C, Nb,O; — 1490 °C,
Ta,O; — 1872 °C), noBbllLIeHHEe OCHOBHOCTH T'HIpa-
THPOBAHHBIX BBICIIKX OKcHAOB (pH ocaknenus us
KHCJIBIX PacTBOPOB YKAa3aHHBIX BBbIlIE OKCHIOB CO-
craBasiet 0,6, 1,0 u ~ 1,5 cCOOTBETCTBEHHO), YMeHb-
LIeHUe CINOCOOHOCTH BBICIIMX (PTOPUAOB K THIPO-
JIA3Y.

Bce noHbl MeTa/10B ¢ KoHpurypauuei d° spas-
I0TCSl »KECTKUMH KHUCJIOTaMH U OOBIUHO HUMET Ma-
JIYI0 CKJIOHHOCTb K 06pa3soBaHUI0 KOMILJIeKcoB. H3-
BECTeH psig KoMIuiekcoB M*5 B wactHOCTH (hTO-
punHble. CKJIOHHOCTD K KOMIJIEKCOOOPA30BaHUIO B
BOJIHBIX PacTBOpax IMOBHIIAETCSH C POCTOM 3apsina
KaTHOHA BaHamusi, Hanpumep B psay VOF—VO*H—
V3t jorapudmbl KOHCTAHT YCTOHYHMBOCTH KOMII-
JIEKCOB C 3THJIEHAUAMUHTETPAYKCYCHOU KHUCJOTOH
Bo3pactaloT oT 15,6 mo 18,0 u 25,9. Takum ob6pa-
30M, Cpeid HUX HauboJsiee yCTOHYUBBI KOMIIJIEKCHI
Banamus (III).

JIEMEHTDI 6-ii I'PYIIIbI

B cocraB 6-if rpynnsl BXOOSAT XPOM, MOJUOJIEH,
BoJib(ppaM © cubopruii, HauboJjee MOJIT0KUBYILLUH
M30TOI KOTOpOTro 26Sg umeeT mepuon noJaypacnana
27,3 c. B ropHbIx nopomax 3eMHOH KOpPBI KJapKH
Xpoma, MOJMONeHa W BOJb(paMa paBHbl COOTBET-
ctBerno 0,012 %, 1,5-10~% % u 1-10~* %.

Panuycel aTOMOB ¥ MOHOB BO3pacTaioT INpH Ie-
pexozie OT XpoMa K MOJHOAEHY M MPaKTHIECKH He
U3MEHSIIOTCS TP JaJbHeHIIeM Mepexone K BOJbd-
pamy, ux OGJM3KHe 3HAaYeHUs] Yy MOJMOLEeHa U BOJIb-
(pama SBJSIOTCS CJAEICTBHEM JAHTAHUIHOTO CXKa-
tusi. HecmoTps Ha 3T0, pasHuLAa B CBOHCTBAX 3THX
IBYX 3JEeMEHTOB OKas3blBaeTcsl ropasipo 6ojee 3a-
MeTHOH, 4eM 4d- u 5d-37eMeHTOB YeTBEPTOH U
NATOH rpynn (UUPKOHUS M TradHUs, HHOOUS U TaH-
Tajia): 0 Mepe yAaJeHHsi OT TPeThel I'PYyMIlbl BJH-
sIHHe JIaHTAHUIHOTO CXKaTHs Ha CBOHCTBa aTOMOB
ocjabeBaeT. 3HAYEHHUS NEPBBIX SHEPTUH HOHU3ALMH
NpY Mepexofe OT XpoMma K BoJb(paMy yBesJHYHBa-
I0TCSl, KaK U Yy 3JEMEHTOB NATOH TPYMIIbI.

B passuuHBIX COEAWHEHHSX XPOM, MOJHUOLEH H
BoJIb()paM TpPOSBJSIOT CTENEHW OKHCJIeHHs oT —4
no +6. Kak 1 B gpyrux rpymnnax rnepexomHbIX Me-
TaJ/J0B, YCTOMYMBOCTb COEIMHEHHUH C BBICIIEH CTe-
MeHbIO OKHUCJIEHHS, a TaKxKe KOOPIHHALMOHHBIE YHC-
Jla BO3pacTaloT OT Xpoma K Boabppamy. C yBe-
JINYEHHEM CTETIeHH OKHMCJEHHsI HOHHBIH pafuyc aJe-
MEHTa yMEHbILIAETCs, YCHAUBAIOTCS KHUCJIOTHBIE U
OKHCJIUTEJIbHBIE CBOHCTBA COOTBETCTBYIOIUX CO-
ennnenu#. Tak, ruppoxcun Cr(OH), nmposiaser
tTonbKO ocHoBHBIE, Cr(OH); — amdorepHbe, a
H,CrO, — xucnoTHBIE CBOHCTBA.

Coenunenusi xpoma (II) — cusmbHBIE BOCCTaHO-
BUTEJH, MTHOBEHHO OKHC/SIIOLIMECS KHCJIOPOIOM
Bo3nyxa. FIX BoccTaHOBHUTeJNbHash aKTHBHOCTD
(E°(Cr3+/Cr2t) = —0,41 B) conocTaBuMa ¢ aHaJo-
FMUHBIME CcOefMHeHusiMM BaHamusi (E°(V3/V2t) =
=—0,26 B).

Jlnst xpoma HauboJiee XapakTepHa CTeNeHb OKUC-
genust +3. Breicokasi ctabuabHOCTh coequHenui Cr
(IIT) cBs13aHa Kak ¢ TepMOAMHAMMYECKHMU (haKkTo-
paMi — CUMMeTpPUYHOU d3-KoH(purypaiuei, obecre-
YuBaloliel BeICOKYIO NpodHOCTh cBsA3u Cr (III)-m-
raij 3a cyet OOJbLIOH 3HEPruu CTabUIU3ALUN KPU-
CTa/IJIMYeCKUM T0JIeM B OKTa3ipHyecKoM noJe (£3,)
JIUTAHAOB, TaK U C KHHETHYECKOH HHEPTHOCTBIO
okTasapuieckux Kommiaexkcos xpoma (III). B otau-
yye OT COoeJUHeHUH MoJubreHa U BoJb(pama B
BBICILIEH CTeNeHH OKHCJEHHS COeJMHEHHS Xpoma
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HeKOTOpble CBOHCTBA 3J€eMeHTOB 6-ii rpynmnbl U UX MNPOCTbIX BEUWECTB

Tabauua

CgoiicTBO Cr Mo '

ATOMHBIH HOMep 24 42 74
Yucao npupoaHbIX H30TOMNOB 4 7 3
ATomMHas macca 51,9961 95,94 183,84
AuekTpoHHasi KOHpurypauus aroma [Ar] 3d°4s! [Kr] 4d55s! [Xe] 4f**5d%6s?
ANeKTPOOTPULIATENBHOCTD

no [Tosunry 1,66 2,16 2,36

no Ouspeny—PoxoBy 1,56 1,30 1,40
Aueprus uouusauuu, kJx-mosab—!

I, 653,20 684,08 769,95

1, 1592,0 1563,1 1707,8

I 2991,0 2614,7 2316

1, 4737,4 4476,9 3377

Iy 6705,7 5258,4 4631

Iy 8741,5 6638,2 5886
Merananueckuit paauyc (KU 12), um 0,127 0,139 0,140
Houubiii paauyc (KU 6, eciu He ykasaHo
HHaue), HM

M(VI]) 0,044 @ 0,064 0,072

M(V) 0,049 0,077 —

M(IV) 0,069 0,079 0,079

M(III) 0,070 0,081 —

M(I) 0,0887/0,096 9 — —
CreneHb okucjaeHUsi (B ckoOkax ykasauel | (—4), (—2), (—1), (+2), | (—2), (—1), (+2), 43, (—2), (—1), (+2),
HEYCTOHUYMBBIE CTENEHH OKHCJEHHS) +3, (+4), (4+5), +6 (4+4), (+5), +6 (+3), (+4), +5, +6
T. na., °C 1900 1620 3422
T. kun., °C 2690 4650 (5500)
AH,,, kIDX - Mosb~! 21 (%2) 28 (=+3) (35)
AH, ., KX - Mosp™! 342 (=+6) 590 (=%21) 824 (+21)
AH,;, (omnoar. ras), kJ[x-momp~! 397 (=3) 664 (==13) 849 (=13)
MaotHoctsb (20 °C), r-cm— 7,14 10,28 19,3
YnenabHoe 3jeKTpUYeCcKOe COMpPOTHUBJIEHHE 13 ~ ~5
(25 °C), MmkOm - cm

3 Jlns KOOpPIMHALMOHHOTO 4ucsaa 4;

% B uucaurese YKasaH paauyc OJsi HU3KOCIHHOBOI'O, B 3HaMeHaTeJse — [Jisd BbICOKOCIIMHOBOI'O COCTOSIHHSA.

(VI) — cusbnble okucautenu (E°(Cr,0%/Crit) =
= 1,33 B).

B coenuHeHusix 3/7eMeHTOB B BbICLIel CTelneHH
OKHCJIEHHS] CTeleHb KOBaJeHTHOCTH cBsizu M—O
TIOHW’KaeTCs TPH ABMKEHHHM OT XpoMa K BOJIb(pa-
My, 4TO TNPHUBOIUT K YBEJMYEHHIO TeMIEepaTyphl
NJ1aBJIE€HUS OKCOTaJIOTeHHAOB U UX YCTOHYMBOCTH K
rufponn3y. Kak nokaselBaloT pacueThl, B COeuHe-
HUSIX TIOCJEeHEro 3JeMeHTa TpyMIbl — cUOOprus,
J0JIs1 KOBaJIEHTHOCTH CBSI3M BHOBb BO3pacTaeT Kak
CJIE[CTBUE PEJSATUBUCTCKOro 3(dpdekra u crabumu-
3auun 7s-opbutanu. Takum o6pa3om, TeHOEHUHUS K
TUIPOJIN3Y C OOpasoBaHUEM aHUOHHBIX (OPM IO
rpynne usMmensiercss B psany Cr>> Mo > Sg> W.

CoenuHeHust MoMOAEHA U BoJb()pamMa B HU3KUX
CTeleHsX OKHUCJEeHHUS COHepXKaT CBSI3U MeTasll —
MeTaJslI, T.e. SIBJIAITCS KacTepamy.

HecmoTpsi Ha 6JM30CTb CTEXHOMETPUH COEANHe-
HUU 3JIeMEHTOB LIeCTOH W LIeCTHaAUAaTOH Tpymll, B
aToMax KOTOPBIX COAEpPXKUTCS OAMHAKOBOE YHCJIO
BaJIEHTHBIX 3JE€KTPOHOB, MeXAy HHUMH HabJronaeT-
csl JIMILb OTAAJEHHOEe CXOACTBO. Tak, cyJnabdaT-uoH
HMeeT Te XK€ pas3Mepbl, 4TO U XpPOMaT, U MOXKeT
H30MOP(HO 3aMelllaTb ero B HEKOTOPBIX COJSX.
OxkcoxJaopun xpoma (VI) mo crnocobHOCTH K THAPO-
JIU3y HAllOMHMHAaeT XJOPUCTHIH cy/bdypus. B To xe
BpeMs CyJb(aT-HOHBl B BOAHBIX PacTBOpax NMpaKTH-
YecKH He MPOSIBJSIOT OKUCJMTENbHBIX CBOHCTB, a
cesJieHaThl M TeJsypaThl He 00/afaloT CrnocoOHO-
CTbI0O 06pa30BbIBATH H30MOJHCOEUHEHNS, XOTS OT-
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JleJbHble aTOMBI 9THX 3JIEMEHTOB MOTYT BXONHUTb B
UX COCTaB.

[To cpaBHeHMIO C d-3/7eMeHTaMH 4YeTBEpPTOH HU
NSATOH TPYII KaTHOHBI XpoMa, MOJUOIeHa U BOJIb-
(ppama xapakTepusyloTcsl ropasno 6oJiee BBICOKOH
MMUPCOHOBCKOH «MSITKOCTBIO», KOTOpasi BO3pacTaeT
BHHU3 IO TpyIIIe.

QJIEMEHTDI 7-ii T'PYIINbI

K snemeHTam cenbMOH Tpymnmbl NpHHAAJIE)KAT
nepexogHble MeTaJ//bl MapraHel, TeXHeLUH, peHul
U Oopu#i. B ux aTomMax B OCHOBHOM COCTOSIHUH
BHYTpeHHHe (n—I1) d-3MeKTpOHHBIE 00OJIOUKH 3a-
BepLIEHBbl HAaMoJOBHHY, YTO B CJydYae Maprasia
NPHUBOAUT K TOBBILIEHUIO YCTOHUMBOCTH CTENEHH
OKHCJIeHUS —+2.

Y 3JleMeHTOB ceIbMOH IPYIIbl OYEHb MaJo CTa-
OUMBHBIX H30TONOB: Y MapraHila BCEero OIHWH, Y
penuss — nBa ('Re 37,4 % u "8Re 62,6 %), y
TeXHeUUss U OOpUsi OHHM BOOOILIE OTCYTCTBYIOT —
3TO pafMOaKTHBHBIE 3jeMeHTHl. Haubosee pnosro-
KUBYLME n3oTon TexHeuuss ®Tc sBasercs P-us-
JydaTesieM C Tepuonom nosaypacnana 4,2-10° jer.
Boinessiemble UM B-4acTHIBI HMEIT HEBBICOKYIO
(397 x3B) asHepruro, a uUX HCIOyCKaHWE HE COMPO-
BOXKAaeTcs y-uanaydeHueMm. ITostomy pabota ¢ co-
eIMHEeHNSIMH TexXHelus B KosuuecTBe MeHee 20 Mr
He MpeJCTaBJseT OMacHOCTH. IIpenocTopoKHOCTH



Tabauuma 12

HeKOTOpre CBOWCTBA 3JI€MEHTOB 7-ii rpynnbl U UX MNPOCTbLIX BELIECTB

CBoiicTBO Mn Te Re
ATOMHBIA HOMep 25 43 75
Yucao npupoaHbiX U30TOMOB 1 — 2
AToMHas macca 54,938 98,906 186,207
AnekTpoHHas KoHpuUrypauuss aroma [Ar] 3d°4s? [Kr] 4dS5s! [Xe] 4f*5d56s!
ANeKTPOOTPULIATENBHOCTD:
no [TosuHry 1,55 1,90 1,90
no Ousapeny—PoxoBy 1,60 1,36 1,46
Aueprua uonusdauuu, kJx-mosb—!
I, 716,88 702,41 760,3
I, 1505,2 1476,2 1260
A 3251,5 2846,3 2509
1, 4940,0 4438 3666
I 6985,5 5307 4221
Ig 9166,7 7719 6175
I; 11510,7 — 7622
Metaannueckuii paguyc (K4 12), um 0,130 0,136 0,137
Wonnpiii pagnyc (KU 6, ecau He yka-
3aHO WHaue), HM
M(VII) 0,040 0,056 0,071
M(VI) 0,041 @ — 0,066
M(V) — — 0,066
M(IV) 0,068 0,078 0,077

M(I1I)

M(II)
CreneHb oKMc/aeHUsI (B cCKOOKax ykasa-
Hbl HEYCTOHUUBbIE CTEMEHH OKUCJIEHHS)

0,072/0,079 ©
0,081/0,097 ©
(—1), 0, (+1), +2, 43,
4 (+5), 6. 47

(=1, 0, (+1), (+2), (=1, 0, (1), (+2),
(+3), +4,2(2-163), +6, +7 | +3, +4, +5, +6, +7

T. na., °C 124 3180
T. kun., °C 2060 4567 (5650)
AH,,, xJIx - moab~! (13,4) 23,8 34 (+4)
AH, ., KX - momb™! 221 (%8) 585 704
AH,;, (omnoar. ras), kJ[x-momp™! 281 (=6) — 779 (=8)
MaotHocts (20 °C), r-cm—3 7,43 11,5 21,0
YnenabHoe 3jeKTpUYecKOoe COMpPOTHB- 185,0 — 19,3

JgeHune (25 °C), MmkOm - cm

3 JI1si KOOpAMHALMOHHOTO yucaa 4.

% B uncaurene YKasaH paauyc aJisi HU3SKOCIIMHOBOTO, B 3HaMe€HaTeJse — [Ji BBICOKOCIIMHOBOTIO COCTOSAHUS.

HeoOXOAMMBI TIPH HCIOJNb30BAHUH PACTBOPOB TeX-
HeuueBo# kucjoTel HTcO, u3-3a neryuecTu ee a-
THIPUIA.

Knapk mapranua pasen 0,106 %, penust nopsiz-
ka 7-107% %. Mukpocaean *Tc (mepuom mosy-
pacrmaga 2,11-105 jet) BcTpeuaroTcss B MPUPOJIE
6sarogapst HeJeHUI0 ypaHa.

HesnauntesbHoe Bo3pacTaHue aTOMHOTO paguy-
ca IpH Nepexojie OT MapraHia K TeXHeLHo 00yCJ0B-
JieHo (DOPMHUPOBAHHEM HOBOT'O 3JIEKTPOHHOTO CJIOSI.
Ilpu nepexone OT TeXHeLHUs K PEHHIO, HECMOTPS Ha
TMOSIBJIEHHE JIEKTPOHOB Ha ILIECTOM HEPTreTHYECKOM
YpOBHE, paguyC aToMa NPaKTUYEeCKH He M3MeHSeT-
csl. DTo OOBSCHSETCS TeM, UYTO PEHHH PacloJoXKeH
B ILECTOM IepUOAe NOCJe JaHTAaHHWAOB: POCT pa-
ouyca u3-3a 06pa3oBaHUS HOBOTO 3JEKTPOHHOTO
YPOBHSI KOMIIEHCHPYETCS CXKaTHeM 3JEKTPOHHBIX
000JI04eK MpU 3aroJiIHEHHH 3JeKTpoHamu 4f-o6o-
JIOYKH B rpymnnax ajemeHTtoB (Zr—Hi, Nb—Ta,
Mo—W).

Haubosee HarssinHO JaHTAaHUAHOE CXKaTHEe MPO-
SIBNSIETCS B 3HAUEHWAX HOHHBIX PAJHyCOB: HOHHbIE
paguychl PeHHS] MeHblle HOHHBIX PaHyCOB TeXHe-
L1Sl B OAMHAKOBBIX CTENEHSIX OKUCJAEHUS. DTO MPH-
BOJUT K ropasno OOJIbIIEMY CXOICTBY B CBOHCTBaX
XUMHUYECKHUX COeNUHEHWH ABYX 3JEMEHTOB M WX CY-
IECTBEHHOMY OTJIMYMIO OT aHAJOTHYHBIX COEIHHe-
HUH MapraHua. Ha 3To ykasmeiBaioT Takxke OJU3KHe
3Ha4eHHUs 3JEeKTPOOTPHULIATENbHOCTEH.

Jlns MapraHua xapakTepHa CTeleHb OKHCJeHHUS
+2 ¢ 3/1eKTpOHHOH KOH(purypauned d°, oTBeyaro-
1€l HAMOJIOBUHY 3acejleHHOMY d-TIOAYPOBHIO, U +4
¢ KoHurypauued d3, cOOTBETCTBYIOLIEH MakCH-
MaJIbHOH HepPruu cTabu/AM3aLUHU KPUCTAJNIUYECKUM
MoJieM B OKTa3ApPHUECKOM OKpyXKeHHH. B To xe
BpeMsl TeXHeUHWH W peHMH B BOIHBIX pacTBOpax
CYLLECTBYIOT NpPEUMYILEeCTBEHHO B BBICLUMX CTelle-
HsIX oKucJeHusi. Takum o6pa3om, B psagy Mn—Tc—
Re ycToiunBoCTbL COeNMHEHNUH B BBICOKUX CTEIEHSIX
OKHCJIeHHsI Bo3dpactaetT. Hampumep, B coiyuae map-
ranua ycrowunBel okcunel MnO, Mn;O,, MnO, u
oueHb He crabuseH Mn,O,. Hanpotus, BbIClIHe
okcuabl TexHeuusi u penus M,0, (M =Tc, Re)
kunaT Buiie 300 °C 6e3 pasnoxenusi. Cpenu rajo-
TeHUIOB TEXHELHUS U PEeHUS CYIIECTBYIOT XJIOPHUIBI
TcClg u ReClg, Torna Kak aiasi Maprasua goCTOBEp-
HO mokaszaHo obpazoBanue Tosabko MnCl,.

HamosnoBuHy 3acesneHHast CUMMeTpUYHAS 3J€KT-
poHHasi d®-060/0uKa B caydyae Mn, cOOTBETCTBYIO-
11asi CUHIVIETHOMY TepMy OCHOBHOIO COCTOSIHMUS,
OTJIM4aeTCsl TOBBIMIEHHOH ycToiuuBoCcThio. Cylie-
CTBEHHBIH BKJIAL B ee CTaOUJAbHOCTL BHOCHUT 00-
MeHHasl SHeprusi OTTAJKHBAHHS JE€KTPOHOB, Mak-
cUManbHasi B cjayuae d°-3JIeKTPOHOB C MapaJiesb-
HBIMH CIIHHAMH. DTHM OIpefiesisieTcsl camasi BbICO-
Kasl yCTOWUUBOCTb COeIMHEHUH MapraHua B CTeNeH!
OKHCJIEHUS +2 110 CPaBHEHHIO C COeTHHEHUSIMHU CO-
CeIHUX 3d-MeTa/JIOB: XpOMa H JKejle3a — B TOH XKe
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CTENEeHN OKHUCJEHHS. ¥ TEXHELHUs U PEHUs pPas/nune
B HEPTUSX 3JEKTPOHHBIX ypoBHe#l ns u (n—Il)d
M0 CpPaBHEHMIO C MapraHlleM CTaHOBUTCS MeHee
3aMeTHbIM. JDTO obJjerdaer UX ydyacTHe B OKHCJIH-
TeJIbHO-BOCCTAHOBUTEJBHBIX PEAKLUAX H MPHUBOIUT
TEM CaMbIM K TOBBILIEHHIO YCTOHYMBOCTH BBICILIHX
CTelleHeH OKHUCJIEHHUS.

3HaueHHUs CTAaHIAPTHBIX OKHUCJHUTEJNbHO-BOCCTA-
HOBHUTEJIbHBIX MTOTEHLMANO0B /I HEKOTOPBIX PeloK-
Criap 3JeMeHTOB 7-# IpyIel NpUBeAEHB! B TabJ. 13.

Tabauma 13

3Hauenus E° 1Jsi HEKOTOPBIX OKHMCJAHTEJIbHO-BOCCTAHOBH-
TeJIbHbIX MOTEHLUMAJIOB MapraHua, TeXHeUns U PeHust B KUC-
ablx pactBopax npu 25 °C

[Tosypeakiusi BOCCTaHOBJIEHHS E°, B
Mn?t(aq) 4 2 < Mn (1B) —1,185
Mn3t+(aq) 4 3¢ < Mn (1B) —0,283
MnO, + 4H+ 4+ 42 < Mn (tB) 4+ 2H,0 0,024
MnOj;- + 8Ht + 4¢ —~ Mn?*(aq) + 4H 2 1,742
MnOy + 8H+ +4 be < Mn?t(aq) + 4H,0 1,507

Tc?*(aq) + 2 < Tc (tB) 0,400
TcO,+ 4Ht + 46 < Tc (1B) + HQO 0,272
TcO + 2H* + 2 < TcO,+ H,O 0,757
TCO; + 8H* + be < Tc“(aq) —|— 0,500
Re3t(aq) 4 3¢ < Re (1B) 0,300
ReO, 4 4H* 4 42 < Re (tB) 4+ 2H,0 0,251
ReO; + 6H+ 4 32 < Re®*(aq) 4 3H,0 0,318
ReO;~ + 8H+ 4 32 < Re’*t(aq) + 4H,0 0,795
ReO; + 8H* 4 4e < Re’*f(aq) + 4H, O 0,422

[lepBasi sHeprusi MOHU3ALUH IMOHUXKAETCS OT
MapraHila K TEeXHELMIO M3-3a yBeJHYeHHs pasMepa
atoma ¥ ocjabJieHHs] CBSI3U BaJIEHTHOTO 3JIeKTPOHA
TexHeuuss ¢ supoM. Ho mpu mepexome K peHHIO,
HEeCMOTpsI Ha BecbMa OJH3KHE pa3Mepbl ATOMOB,
MPOUCXOIUT CHJIBHOE TOBBILIEHNE MEPBOH IHEPTUH
MOHHU3aLMH. DTO 00YCJIOBJIEHO HHEPTHOCTBIO SJIEKT-
pOHHOU mapbl 6s%, XapaKTepHOU M ISl APYTHX 3JIe-
MEHTOB ILIECTOTO MEePHOja, YTO CIMOCOOCTBYET BHI-
COKOH yCTOMYMBOCTH METAJJIMYECKOr0 PeHHs K Iel-
CTBUIO OKHUCJIUTEJEH.

Joist mapranua HanOoJiee XapakTepHBI COeluHe-
HHUSI CO CTerneHsIMH okucJaeHus +2, +4, +7. Bmec-
Te C TeM JIeTKO AOCTYIHbLI ¥ MPOU3BOJAHbIE Mapras-
1ua B creneHsx oxkucaenus 0, +3, +6. Has Texue-
LU THIWYHBIE CTENeHH OoKucaeHus -+4, +6, +7;
07151 peHnst +6, +7. XuMusi TeXHeLUs U PeHHs Xa-
paKkTepU3yeTCs JErKOCTbIO B3aUMHBIX IpeBpalle-
HUU COeNMHEHUH C Pa3HBIMH CTEIMEHSIMH OKUCJEHHS.
B BhiclIell cTemeHH OKHCJEHUS MapraHel] 3HAuH-
TeJbHO 00Jiee CUJIbHBIA OKHCAUTEJb M0 CPABHEHHIO
¢ texnenueMm (VII) u penmem (VII). B atom otHo-
IIeHWH OH [ayKe IPEBOCXONUT COCENHHWH 3JeMeHT
xpom (VI). Bnaromapss Bo3MOXKHOCTH CHapHBaHHs
d-3JIEKTPOHOB TMOJ NEeHCTBUEM JIMIAHIOB CHJIBHOTO
MoJIi CO3Mal0TCs YCJOBUS Ui aKLENTHPOBAHUS
3JEKTPOHHBIX Tap JIMTaHOOB Ha OCBOOOMUBIIHECS
opbUTasnd LEHTpaNbHOIO aToMa ¢ oOpa3oBaHHEM
OTPULIATENBHBIX CTeMeHed okucaenuss —3, —2, —I
B KApOOHUJIBHBIX M HUTPO3UJIBHBIX MPOU3BOAHBIX.

[Ipu mBMKEHHM TIO T'PYIIe MO Mepe pocTa pas-
Mepa d-opOuTasiedl ¥ MOBBLILLIEHUS] CTENEHU UX Ie-
pEKpBIBAHUST YBeJUUHBAETCSI SHEPTHsT KOBAJEHT-
HBIX CBSI3€H MeTalJ—METaJlI, COCTABJISIOMAs AJIs
mapranuga 121 KJIK/MOJb, IJsI TEeXHeLHUs —
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263 kJx/Momb, nas penus 293 xJx/Moab. 1o
MPUBOAUT K POCTY MPOYHOCTHU MeTaJIIUUECKO# pe-
LWIEeTKH, TeMIlepaTyp IMJaBJeHHS WU KHUIEeHHs, TBep-
NOCTH U YCTOHUYMBOCTU K BHELLUHUM BO3AEHUCTBHUSIM.
JpyraM cjencTBHEM 3TOTO SIBJISIETCS CTPeMJIEHHe
TeXHELHUs] ¥ PEHHUsl COXPAHUTb CBSI3U MeTalI—Me-
TaJ/l B XUMUUECKUX COeUHEHUsIX MyTeM oO0pasoBa-
HUSI KJACTEPOB.

AJIEMEHTDBI 8—10-i I'PYIIN

DJeMeHTBl BOCBMOH (2KeJjie30, PYyTEeHUH, OCMHUH,
raccuil), neBATod (KoOGaJabT, poaui, HPUINH, MeHT-
Hepu#l) U gecaTod (HUKesb, Najnaiud, MJaTHHA,
OapMILTaATHH) TPYIIN HCTOPHUYECKH PacCMaTPUBAIOT
BMecTe. Bxonsliye B ee cocTaB 3/7€MEHTHI MSTOTO
U IIeCTOro MePUOAOB (PyTEHHUU, OCMUH, POOUH, HPH-
IV, Naanaaui, JIaTHHA) OTHOCAT K 6JIarOpOIHBIM.
Hx npuHATO 0OBENUHATh B CEMEHCTBO TJIATHHO-
BHIX MeTa/IoB (MIATHHOUIOB). AHA/OTHUHO »KeJe-
30, K0OabT U HUKE/Jb MHOrJA pacCMaTPUBAIOT Kak
OTHeNbHYI0 TpHany (Tpuama xenesa). [lpu Ges-
YCJIOBHOM HEKOTOPOM CXOJCTBE IJIATHHOBLIX Me-
TaJJIOB XHMHS 3JEMEHTOB, BXOISILIMNX B pa3HbIE
TPYIIIEl, HAPUMEP OCMHS, POINHUS U TMaJlIagus, Cy-
leCcTBeHHO passuyaetcs. OOHAKO MMeeTcs 3aMeT-
HOe CXOJCTBO MEXKIYy aHaJOTHUHBIMH COeIUHEeHUS-
MM 3JIEMEHTOB BHYTPH TPYIIIBI, HalpUMep MeXIy
ammuakartamu kKobasnbra (III), pomus (III) u upunus
(IIT). DeMeHTHI cenbMOro nepuona: racCuil, MemuT-
HepUH U DapMIUTAaATHH — palHoaKTHBHbIE C MaJbl-
MM TepHOAAaMH{ IoJypacrnana, paBHBIMH COOTBET-
crBenno 2,0-1023 ¢, 3,4-103 cu 2,7-10* ¢. Oun
MIOJTYY€HBI JIUIIb B KOJWYECTBE HECKOJBKHUX IECST-
KOB aTOMOB.

Knapku xenesa (6,2 %), nukens (~ 0,01 %)
v kobanbTa (2,9-10—% %) MHoro Gosblie comep-
JKaHUS B 3eMHBIX I1OPOJAX OCMHS, MPHUIOHs, IJIa-
tunbl, namnanus (~ 1077 %), pyTenus u poaus
(~ 1075 %).

O6mas 371eKTpOHHAS KOH(HUTypalUs 3JeMeH-
TOB BOCbMOH TpPYyNNbl B OCHOBHOM COCTOSIHHH
(n—1)d®ns? wapyiiaercss y pyTeHHs BCJEACTBHE
«TIPOCKOKa» 3JeKTpOoHA. AHajorHuHble SIBJEHHS
MIPOMCXOASAT B aTOME DPOXAHS, BXOASILEr0 B COCTaB
JEeBSATON TPyNIbl, ¢ 00Ued KOH(pUTrypaLUUel 3JeKT-
pouoB (n—1)d"ns?. Cpenu 3JIeMEHTOB MAeCHATOH
rpynnbl KoHpurypauus (n—1)déns? nabaonaercs
JUIIb [JIs1 aToMa HUKeJsl: B CJydyae MJaTHHB B
OCHOBHOM COCTOSIHMH TIPOUCXOJHUT <IIPOCKOK» Of-
HOTO 3/IeKTPOHA, MasyIafiis — ABYX, YTO MPHUBOIHUT
K TIOJIHOMY 3aBepLIEHHIO d-060JI0UKH.

3aKOHOMEpPHOCTH HM3MEHEHHS CBOHCTB 3JEeMeH-
ToB 8—10-i1 TpyNN Npu IBUKEHUH 110 IEPUOAY H TI0
TpyIie MOMYMHSAIOTCS OOLIMM 3aKOHOMEPHOCTSIM.
[lepBble SHEPTHH HOHHW3aLHWKH ATOMOB 3JEMEHTOB
BOCbMOH M [€BATOH rpynn yObIBalOT MpH Mepexone
oT 3d- k 4d-meTasnam, YTO CBSI3aHO C YBeJHUEHHEM
aTOMHOTO pafinyca U OTAaJEeHUEM BaJEeHTHBIX 3JIEKT-
poHOB oT sapa. JanbHeHNH pOCT epBO 3HEPTUH
MOHH3ALMHU TIPH Tepexole K d-MeTasgaM LIECTOTO
nepuozna oobsicHseTcs aheKTaMu SKpaHHPOBAHHUS,
CBsI3aHHBIMHU ¢ 3anosHeHneM 4f-nonyposHs. Ob61was
3aKOHOMEPHOCTb HE PacClpOCTPaHSAETCS Ha 3JIeMEeH-



Thl OECSTOH TPYIMNbl MO TPUYHHE CYUIECTBEHHOH
crabuausaunu d-opbutaneil aToma maJsands, BbI-
3BaHHOW NBOHWHBIM <«IIPOCKOKOM» 3JIEKTPOHOB.

Mertannel Tpuanel xene3a mogoOHO APYTHM 3Jie-
MeHTaM 3d-psifa, uMest HeGosblIHe aTOMHbIE PaIny-
Cbl U d-OpOUTANU CPABHUTENBHO HEOOJBIIOTO pas-
Mepa C HEe3HAaYMTEJbHOH CTeNeHbI0 TepPeKPbIBAHHUS,
obnanawT ropasno 6oJsiee BBICOKOH XUMHUECKOH
AaKTHBHOCTBIO 10 CPaBHEHHIO C MJAaTHHOBBIMH Me-
Tamnamu. B oTnnune oT HUX kKeJje30, KOOAJbT H
HUKeJIb BBITECHSIOT BOJOPO/ U3 PACTBOPOB KHUCJIOT,
OKHUCJSIIOTCS HA Bo3nyxe. [l1aTHHOBBIE MeTasIbl B
LIeJIOM MOXKHO paccMaTpHUBaTh KakK HaHMeHee ak-
THBHbIE B XUMHYECKOM OTHOILEHHH MeTaJsbl HJaro-
Iapsi CPaBHUTEJBbHO HeGOMbLIOMY (IO CPaBHEHHUIO C
d-3eMeHTaMy Hayaja MepexoiHbIX PsSOOB) aTOMHO-
MY paiWyCy U BBICOKOH CTeNeHH IepeKpPLIBAHUS
d-op6uraneii. M3 HUX JHIIb OCMHH NpU HarpeBa-
HAU HEPTHYHO B3aUMOIEHCTBYET C KHCJIOPOIOM H
TOJIBKO MaJJIafiii JIETKO BCTYNAeT B pPeakUHio C
KOHLIEeHTPUPOBAaHHON a30THOH Kucjaorto#. ITomoOHO
OPYTUM TS2KEJbIM IepPEeXOAHbIM MeTasjaM IJIaTH-
HOUMBI TIPOSIBJISIIOT BBICOKHE CTENEHH OKHCJEHHs,
BIoTh 010 +8 B OsO, (0o6samaeT xapakTepHBIM
PE3KHM 3araxoM M OYeHb TOKCHYEH). ¥ CTOHUYHBOCTD
BBICOKHX CTeleHeH OKHCJIEHHs] BO3PACTAET BHU3 I10
Tpymnam.

[Ipu nBUWKEHHH MO MEPUONY MO Mepe yBeJHye-
HHS YHCJa BaJEHTHBIX 3JEKTPOHOB W MX CIlapuBa-
HUS TIPOUCXOOUT CTabuaU3auusi d-NMOLYpPOBHS, TIO-
HU2>KeHHEe YCTOHYMBOCTH BBICOKHMX CTelleHed OKHC-
qnenns. Tak, xejge30 MOXKeT ObITb OKHCJEHO B Ile-
JoyHom pactsope 10 (eppata (VI) FeO?—, kobanbr
¥ HUKeJb B 3THX YCJOBHSAX NMPUOOPETAIOT CTEMNeHb
okucJeHns +3. Bbicokne cTeneHH OKUCJ/IEHHS Hau-
6oJiee YCTOHUNBBI Y JEMEHTOB 8-i I'DYINIbl — Ke-
ae3a (46), pyrenusi (4+8) u ocmus (48). Huskue
CTEINeHN OKHCJEHHS 3TH MEeTaJ/LIbl POSBJSIOT B CO-
e[MHEeHUSIX C T-aKLENTOPHBIMU JIMTAHAAMH, HalpH-
mMep B Kap6onusaax Ky[Fe?—(CO),], K[Rh—(CO),].
3HaueHue HauboJsiee yCTOHUMBOH CTETIEHH OKHUCJIe-
HUS TIPU ABHMKEHHH 10 MEPUOAY MOHOTOHHO YObI-
BaeT: IJIs »Keje3a HauboJsiee XapakTepHa CTereHb
OKHCJeHHs 3, KobanbT B BOJHBIX pacTBOpax Cy-
IeCTBYET NPEUMYIIECTBEHHO B CTENEHN OKHCJIEHHS
+2, a B KoMIJIeKcax +3, HUKeb — HCKIIIOYUTENb-
HO B CTEeMeHH OKHCJeHHs 2. DTO corsacyercsi ¢
BO3pacTaHWEM TPETbUX SHEPTUH HOHU3ALMHU B PSIY
Fe—Co—Ni. Honbl Ni?t ycTOHYMBBH K OKHCJIEHHUIO
KHCJIOPOIOM Bo3ayxa npu mbdom pH; comu kKobasb-
ta (II) ctabunbHBI B KHUCJIOH U HEHTpasJbHOH Cpe-
nax, a B npucytctBuu voHoB OH~ okucasitores;
xeqeszo (II) mpespamaercss B xeseszo (III) mon
JeficTBHEM KHUCJOpoAa Npu Job6oM 3HaueHuH pH.

Tabauua 14
CpoiictBa anemeHtoB 8—10-i rpynn
CroiicTso 8-1 rpymmna 9-9 rpynna
Fe Ru Os Co
ATOMHBI HOMep 26 44 76 27
Yucno npupoaHbiX U30TOMOB 4 7 7 1
ATtomHas macca 55,845 101,07 190,23 58,93
AnekTpoHHas KoHpuUrypauuss aroma [Ar] 3d%4s? [Kr] 4d75s! [Xe] 4i1*5d%6s2 [Ar] 3d74s?
Meraanuueckuii paauyc (KU 12), um 0,126 0,133 0,135 0,125
Houubiii paauyc (KU 6, B uncaurese
yKasaH paauyc aJsi HH3KOCIIHHOBOTO,
B 3HaMeHaTeJie — MJIsi BbICOKOCIHHOBO-
ro COCTOSIHHSI), HM
VI — — 0,053 —
VI — — 0,055 —
\% — 0,057 0,058 —
v 0,059 0,076 0,077 0,053
[11 0,0785/0,069 0,082 — 0,075/0,0665
I 0,092/0,075 — — 0,0885/0,079
AHepruss MOHU3ALMHU, KK - MOIb ™!
I, 762,23 710,23 814,33 760,30
I, 1563,1 1620,9 1640,0 1649,9
A 2952 4 2749,8 2412 3232,2
I, 5287,4 4824 3859 49497
I 7236,4 5789 5210 7670,6
ANeKTPOOTPULIATENBLHOCTD:
no [losuHry 1,83 2,20 2,20 1,88
no Ospeny—PoxoBy 1,64 1,42 1,562 1,70
CreneHb okucJeHHs (B ckoOkax ykasza- | (—2), (—1), 0, | (—2), 0, 42, 43, | (—2), 0, +2, 43, | (—1), 0, (41),
Hbl HEYCTOHUMBBIE CTeneHH okucaenus) | +2, 43, (44), +4, (+5), +6, +4, (+5), +6, +2, 43, (+4),
(+5), +6 +7, +8 (+7), +38
T. na., °C 1535 2282 (+=20) 3045 (=30) 1495
T. kun., °C 2750 4050 (==100) @ 5025 (==100) 9 3100
AH,,, xJIx - Mosp~! 13,8 ~ 255 31,7 16,3
AH, ., kIx - Moab~! 340 (=13) — 738 382
AH,;, (omnoar.), xJIX - mMoab! 398 (%=17) 640 791 (%=13) 425 (=17)
MaotHocts (20 °C), r-cm—3 7,874 12,37 22,59 8,90
YnenabHoe 3JeKTPUUECKOE CONMpPOTHUBJE- 9,71 6,71 8,12 6,24
Hue (25 °C), MkOMm - cm

4 B nsiockokBagpatHo#i reometpun — 0,078 Hwm;

5 DKcTpanosnsuus.
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OkonuaHnue maba. 14

CpoiictBa anementoB 8—10-i rpynn

CroiicTso 9-s rpynmna 10-1 rpynna
Rh Ir Ni Pd Rt
ATOMHBIH HOMeEp 45 77 28 46 78
Yucao npupoaHbIX M30TONOB 1 2 5 6 6
AToMHas macca 102,9055 192,22 58,69 106,42 195,08
JneKTpoHHas KOoHpurypauus atoma [Kr] 4a85s! | [Xe] 4/**5d"6s? | [Ar] 3d%4s® [Kr] 44 [Xe] 4f*54%!
Metaannueckuii paguyc (K4 12), um 0,134 0,136 0,124 0,137 0,138
Honnbiii paguyc (KU 6, B uncaurese
YKa3aH pafuyc AJs HU3KOCIHHOBOTO,
B 3HaMeHaTeJsie — JJIsT BBICOKOCITHHOBO-
ro COCTOSIHHSI), HM
VII — — — — —
VI 0,055 — — — —
\% 0,0755 0,057 — — 0,057
v 0,0805 0,077 0,048 0,076 0,077
111 — 0,087 0,074/0,070 0,090 —
II 719,78 — 0,083 0,100 @ 0,080
dHeprus MoHU3aUMH, KK - MOIb !
1, 1746,4 865,47 737,15 804,68 764,51
I, 3000,7 1640,2 1756,0 1874,7 1794,6
A 4631 2605 3405,9 3177,25 2702
1, 6272 3763 5297,0 5114 3956
I — 5500 7332 5982 5307
DJEKTPOOTPULATENBHOCTD:
no [Tonunry 2,28 2,20 1,91 2,20 2,28
no Osapeny—PoxoBy 1,45 1,55 1,75 1,35 1,44
CreneHb okucjaeHus (B ckoOkax ykasa-|(—1), 0, 41,| (—1), 0, 41, |(—=1), O, (41),{0, (1), +2,| O, (+1), +2,
Hbl HEyCTOHYMBBIE CTeNeHH okucgaenus) | (42), +3, |(4+2), +3, +4,| —+2, (+3), (+3), (+4) |(+3), +4, (+5),
CHa), (). | (), (+6) (+4) (46)
T. na., °C 1960 2443 1455 1552 1769
T. kun., °C 3760 4550 (==100) 2920 2940 4170
AH,,, kIx - mosb~! 21,6 26,4 17,2 (=0,3) 17,6 (%=2,1) 19,7 (=2,1)
AH, ., &Jx-momp~! 494 612 (=*=13) 375 (=x=17) 362 (=11) 469 (==25)
AH,5, (oanoar.), xJIx-moab~! 556 (=+11) 669 (+8) 429 (%=13) 377 (%=3) 545 (+21)
MaotHoctsh (20 °C), r-cm—3 12,39 22 56 8,908 11,99 21,45
YnenabHoe 3JeKTPUUECKOe CONMpPOTHUBJE- 4,33 471 6,84 9,93 9,85
Hue (25 °C), MkOMm - cm

BoccraHoBuTe/IbHAS aKTHBHOCTh METAJIJIOB TPUAMIBI
Takxe ocjaabeBaeT NMPU NBHXKEHHH N0 3d-psiLy

Tab6auua 15

CraHaapTHble 3J€KTPOAHbIE MOTEeHUManbl M3+/M2+
u M2/M® nas aneMeHTOB Tpuajibl kKesaesa, B

IMonypeakuust Fe Co Ni
M3t 2 — M2t 0,77 1,92 Her cBen.
MOOH+ H,0+ & —

— M(OH),+ OH- —0,86 0,17 0,49
M2t 4 22— MO —0,44 —0,28 —0,26

[TocsnenoBaTenbHOE YMeHbllleHHe aTOMHBIX H
HOHHBIX PAJWyCOB IPH IBUXKEHUH 110 TIEPUONY TIPH-
BOJIUT K IOCTEIIEHHOMY MOHIKEHHI0 MAKCHMAaJIbHBIX
KOOpIMHAUWOHHBIX yuces oT 10 misi xesmesa (B
theppouene) o 8 s kobanbra (B [Co(NO,),]?>) u
7 NJIs1 HUKeJss (B KOMIIJIEKCAX ¢ MaKPOLUKJIHYECKH-
MM JUraHgamu). Tsikesble aHanoru xKejesa — py-
TeHUH U OCMHUH — Tak)Ke pelKO HMEeIOT KOOpAHHa-
LHOHHOe yucyo 6osee mectd. Jas naatunsl (II) u
namnamust (1) ¢ smektponHodt kouduryparmesn d®
HauboJsiee XapaKTepHbl MJIOCKOKBAIpaTHbIE KOMII-
JIEKCHl C KOOPIMHALIMOHHBIM YHCJIOM 4.

JIpyruM cJieICTBHEM YMeHbLIEHHS HOHHBIX pa-
IUYCOB SIBJISIETCS HEKOTOPOE MOHUKEHHe 3HaueHUH
npousBenenusi pactBopumoctd (I1P) rumpokcumos
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M(OH),, a crenoBaTesbHO, U MX KOHCTAHT OCHOB-
HOCTH MpPHU JABHXEHHH MO 3d-psny.

J1si psima THAPOKCHUIOB 3HAUYEHUs] MPOU3BeEJe-
HHMS pacTBopuMocTH mpu Temneparype 20 °C co-
CTaBJISIOT:

M(OH),
TP

Mn(OH),
1,9-10-13

Co(OH),
2,010

Ni(OH),
6,310

2
16

Fe(OH)
0_

)

B sToM XKe HanpaBJ/ieHHH BO3pacTaeT U CTENEeHb
THAPOJIM3a COJied. ¥YBeJUYeHHe THPCOHOBOH MSTKO-
CTH KAaTHOHOB 3d-METAa/JIOB MpPH ABMKEHHU 10 TIe-
pHOIy MO Mepe 3aroJHeHUs d-NMOAYPOBHS U yMEHb-
ILIEHWUS] HOHHBIX PaIuyCcoOB 00YCJOBIMBAET YCHUIEHHE
cBsisk M—S no cpaBHenntio ¢ M—O. DTto Harasan-
HO WJIIOCTPUPYET MOHOTOHHOE HM3MeHeHHe 3Haue-
HUH NPOU3BENEHUS PAaCTBOPUMOCTH CYJb(ULOB MpPH
temneparype 20 °C:

MS  MnS FeS CoS NiS CuS
P 5,5-10~% 5,0-10~*® 2,0-10-% 2,0-10-* 6,3-103¢

3JIEMEHTDI 11-i T'PYNIIbI

B 11-to rpynmy BXOASIT «MOHETHBIE» MeTaJ/bl U
HellaBHO CHHTE3UPOBAHHBIH C IMOMOLLBIO SIEPHBIX
peakLUHH B KOJHYECTBE HECKOJbKHX aTOMOB 3Je-
meHT-111 (pentrenuii, Rg).



OTHOCHTE/IbHOE CONEpKAHHE MEPBBIX TPeEX 3Je-
MEHTOB Ipynmnbl B 3eMHOl Kope (6,38 10— % nnas
menu, 8-107% % naa cepebpa u 4-10~° % misa
30JI0Ta) CPaBHHUMO C COAEpXKaHHEM 3JeMEeHTOB
NpeIeCTBYIOLUIEH IPYINbl — HUKeJs, NaljJains
MJIaTHHBL.

B ocHOBHOM cOCTOSIHMM aTOMBbl 3jaeMeHTOB 11-i
TPYNNBl  MMEKT 3JEeKTPOHHYH KOH(MHUTYpaLHIo
(n—1)d"ns', B KoTOpO# Ba/sE€HTHBIE 3JIEKTPOHBI pac-
MOJIOXKEHB! Ha d- U s-opbutansix. OHa HanmoMHHaeT
3JIEKTPOHHYIO KOH(PUTYPALHUIO LIeJOYHBIX METAJ/JIOB
(n—1)s%(n—1)p®ns', uMeroIINX 3aMOJHEHHYIO P-Op-
6uTalb U OQUH BHELUHUH S-3JE€KTPOH (3T 3JeMeH-
Thl PACIOJIOXKEHbl B KOPOTKOMEPUOJHOM BapHaHTE
[lepuonnueckoil TabauLbl B ONHOH TIpymie C Me-
nbio, cepedpoM U 3o0ToM). OnHAKO, HECMOTPS Ha
HEKOTOpPOe CXOACTBO 3JEKTPOHHBIX KOH(UrypalLui,
XMMHWYECKHe CBOHCTBA LIEJOYHBIX METa/JOB M 3Je-
MeHTOB 11-fi rpynmbl 3HAYUTEJbHO pas3M4yaroTCsl.
ITo 0ObsCHSIETCS TeM, YTO 3aroJHEHHbIE d-0pOH-
TaJu B aToMax MenH, cepebpa W 30J0Ta TOpPasio
cnabee 3KPaHUPYIOT BHEILHHWE S-3JEKTPOHBI, UeM
p-opbuTasay, IO3TOMY Y MEIM M ee aHaJOroB BHeIL-
HUH S-3IEKTPOH CHJIBHO CBSI3aH C SIAPOM, 4TO H
00yCJIOBIMBAET BLICOKHE 3HAYEHWs TepPBLIX 3HEp-
THH HOHW3ALHUHW ATOMOB TE€PEXOIHBIX 3JEMEHTOB
11-i rpynnel. Jpyrum cjencTBueM 3TOrO SIBJSIET-
Cs1 yMEHbILIEHHE aTOMHBIX PaAHyCOB IO CPaBHEHHUIO
C LIeJIOUHBIMM MeTajnaMu (Hanpumep, uoH Cut
umeet paguyc 0,096 mm, K+ — 0,133 um, Nat —
0,097 M) ¥ pe3Koe CHHUXKEHHE XUMHYECKOH aKTUB-
HOCTH. B TO Xe BpeMsi BTOpble SHEPTHH HOHU3ALUH
aTOMOB LIEJOUYHBIX METAJIOB OKa3bIBAIOTCS CYLLECT-
BEHHO BBIIIE, YeM aTOMOB 3JeMeHTOB | 1-ii Tpymmel,
Mo TpUYHHE BBICOKOH ycToHuuBoCTH ns’npb-o06o-
JIOUKH.

Metaniuueckuil paguyc pacTeT NpU Mepexoie
OT Meo#u K cepebpy, a 3aTeM OCTaeTCsi HEH3MEH-
HBIM, UTO OOBSICHSIETCSl JIAaHTAHWUAHBIM CXKATHEM.
H3-3a pocra panuyca nepBasi SHePTUsl HOHU3ALMH B
psiny Cu—Ag yMmeHbILaeTCsi, HO TIPH MEPeXOofe OT
Ag k Au yBesnuMBaeTCsl B CBSI3H C POCTOM 3apsiia
sopa TpH HEH3MEHHOCTH pajauyca, a TakKke H3-3a
pessiTUBUCTCKOro 3addekra, 06yCA0BAUBAIOIIETO
TOBBILIEHHYI0 TMPOYHOCTb CBSI3W 6S-371€KTPOHOB C
sanpoM. BTopass 3Heprusi MOHM3ALWUH OKa3bIBAETCS
MakCUMaJ/JibHOH y cepeOpa, 4To 0OBSCHSET ero yc-
TOHYMBOCTb B CTelleHHM OKHcJeHus 1. B BomHbIx
pacTBopax IJisi MeIH XapakKTepHa CTeNeHb OKUCJIe-
Hus +2, nas cepebpa +1 u s sonora +3. dT1o
coryiacyeTcsi C II0CJeN0BaTeNbHOCTbIO H3MEHEHHUS
3HaueHUH 3HEepPrui HOHU3aLUMM B Tpymme: nepBas
JHEPTUS MOHMU3ALUHM OKAa3bIBAETCS MUHHMAJBHOH Y
cepebpa, B TO BpeMs Kak [Js1 MeOd MHHHUMaJbHA
CyMMa JIBYX TIepBBIX, a JJIs1 30J10Ta — TPeX MePBbIX
SHepPruil HOHM3ALWH.

dTa cTpaHHas MOCJeN0BAaTEIbHOCTb HJIIOCTPH-
pyeT HauboJiee TIpUMeyaTeNbHYI0 0COOeHHOCTD 11-#
TPYMNBI ¢ XUMHUYECKOH TOUKU 3PEHUS: TPU JEMEH-
Ta He TMPOSIBJASIOT OOJBIIOTO CXOACTBA MEXIY CO-
60l 1 MOHOTOHHOCTH H3MeHeHHs cBoHcTB. Ha ca-
MoM Jese Gojiee 3aMETHO «TOPU3OHTAJNbHOE CXOM-
CTBO» C COCEJISIMHU IO NEePHOANUECKOH CUCTEME, UEM
«BEPTHKAJIBHOEY.

Cpenn ssemeHTOB 11-#i rpynnsl HauGOJBLIYIO
3JIEKTPOOTPULATENBHOCTD M0 [TonnHTy uMeeT 30410-
To — 2,54, 0HO GJIM3KO K 3JEKTPOOTPHLATENBHO-
CTH cenjena (2,55) u ionma (2,66).

Pasbpoc oLeHOK cpoACTBa K 3JEKTPOHY OueHb
3HAUUTEJIeH, THUNUYHbIe 3HaueHHs (KX -moap~!)
takoBbl: 119,2 mna menu, 125,6 nas cepebpa u
2228 nnasi 3oso0ta. bosbiioe cponcTBo atoma 30J10-

Tabnuua 16
CgoiictBa 3asiemeHTOB 11-if rpynmnbl
CBoiicTBO Cu Ag Au

ATOMHBIH HOMep 29 47 79
Yucao npupoaHbIX U30TONOB 2 2 1
ATomMHas macca 63,546 107,8682 196,96654
AneKTpoHHasi KOHpUrypauus atoma [Ar] 3d'%4s! [Kr] 4d'95s! [Xe] 4f5d'%6s!
Metaannueckuii paguyc (K4 12), um 0,128 0,144 0,144
Honnbiii paguyc (KU 6), oM

\% — — 0,057

I 0,053 0,075 0,085

I 0,072 0,089 —

I 0,096 0,129 0,137
AHeprusi MOHU3ALMHU, KK - MOIL™!

I, 745,3 730,8 889,9

Iy 1958 2073 1973,3

I, 3554 3361 2895,0
AJIeKTPOOTPULATENbHOCTD:

no [Tosuury 1,90 1,93 2.54

no Ogapeny—PoxoBy 1,75 1,42 1,42
CreneHb OKMCJAeHHsI (B CKOOKax ykasa- 0, +1, +2, (4+3), 0, +1, (+2), (+3), (—1), 0, 41, (4+2), +3,
Hbl HEYCTOHYMBBIE CTeleHH OKHCJEHHS ) (+4) (4+4), (+5) (+5), (+7)
T. na., °C 1083 961 1064
T. kun., °C 2750 2155 2808
AH,,, kI - moab~! 13,0 11,1 12,8
AH, ., xIx - Moab~! 307 (=6) 258 (=+6) 343 (=11)
AH,, (omnoart. ras), xJlx-momb~! 337 (=6) 284 (=+4) 379 (=8)
MaotHocts (20 °C) », r-cM—3 8,95 10,49 19,32
YnenabHoe 3jeKTpUUECKOe COMpOTHUBJe- 1,673 1,59 2,35
Hue (25 °C), MmxOMm - cm

3 pouHbIH pammyc Cut mpu KoopanHauuoHHOM uucie 2 pased 0,06 HM.
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Ta K 3JEKTPOHY, BbI3BAHHOE BBICOKOW CTabOUJIbHO-
CTbI0 68%-3/1eKTPOHHOI KOH(UTYpaLUH, OObICHSET
06pasoBaHHe HOHHBIX COENHMHEHUH, COMep KaLIUX
MeTaJIJI B OTPULATEJNbHON CTEIeHH OKUCJEHHs, Ha-
npumep CsAu, Rb;Au, Cs;OAu, K;O0Au, u cyue-
CTBOBaHHE COJIbBATHPOBAHHOTO aypuja-noHa Au—,
obpasymwllerocsi Mpud PacTBOPEHHH 30Ji0Ta B pac-
TBOpax WIEJOYHBIX METAJJIOB B >KHUAKOM aMMHaKe.

CoenuHenusi 3jeMeHTOB 11-i rpynmel ¢ HyJe-
BOH CTeIeHbI0 OKHUCJIEHUS HeCcTaOWIbHBI, H3BECTHEI
KJIaCTEPHI 30JI0TA CO CTEIEeHbI0 OKUCJIEHUS MEHBIIIe
—+1, comepxauiue cBsisu Au—Au.

AJIEMEHTDI 12-ii TPYIIIbI

B 12-10 rpynny BXomAT UMHK, KaOAMHUH U PTYTb.
Uunk (7,610 % B 3emHOl KOpe) pacmpocTpa-
HeH MpPUMepHO Tak ke, Kak pyounuit (7,8- 1073 %)
W 4yThb GoJblie, yeMm meab (6,8 1072 %). Kaamuii
(1,6-10~° %) 6.1130K MO PacnpOCTPAHEHHIO K CYPb-
me (2-10~° %) u B nBa pasa GoJsiee pacmpocTpa-
HeH, yeM pTyTh (8-10~% %), KoTOpas B CBOK Oye-
penb 6su3ka kK cepedbpy (8-107° %) u ceneny
(5-1075 %). DTu 3JeMeHTbl OTHOCATCH K XaJbKO-
¢unam. Mszoron ''3Cd obGnagaeT orpoMHBbIM ceue-
HUeM 3axBaTa HeHTpoHoB (25000 6apn). B mpu-
POIHOH CMEeCH H30TOIOB €ro CoIepKaHHe NOCTHraeT
12,2 %, MO3TOMY HeOOOTalleHHBIH KaaMHUU TakxkKe
XapaKTepU3yeTCsl BLICOKMM CeueHHeM 3axBaTa HeHT-
poHoB (2450 6apH). DTO MO3BOJISET HUCIONB30BATH
KaJIMHEBble CTEPXKHU B siIEPHOH SHEPreTHKe B Ka-
yecTBe MOIJIOTHTeJed HEeUTPOHOB.

PTyTb — enmWHCTBEHHBIH MeTaJI, XUOKHH MpU
KOMHATHOH TeMmIlepaType, U eIUHCTBEHHBIH 3JeMeHT
(kpome 6sarOpOOHBIX Tra3oB), KOTOPBIH B mapax
TIOJIHOCTBIO OJHOATOMHBIH.

B OCHOBHOM COCTOSIHHM aTOMBI 3J1eMeHTOB 12-i
TPYNNBl  HMMEKT 3JEKTPOHHYK KOH(MHUTYpaLHIo
(n—1)d'°ns?, 4yTO COOTBETCTBYET MOJHOCTBIO 3ace-
JeHHOMY d-ypoBHIO. BbICOKasi yCTOHYHMBOCTB IOJ-
HOCTBIO 3aMOJHEHHOH d-000JI0YKH OOYCJIOBJIUBAET
TPYAHOCTb OTPBIBA TPETBETO JEKTPOHA, YTO BBIpa-
’KaeTcss B GOJBLUIMX 3HAUEHWSIX TPETbeH 3SHEPruu
MOHH3ALMH. DTO MPUBOMUT K TOMY, UTO IJsi BCEX
3JIEMEHTOB TPYINbl HanboJee yCTOHYMBA BbICILAS
CTENeHb OKUCJEHHS 2 C 3JeKTPOHHOH KOH(UTY-
pauueit (n—1)d'.

Taxkum obpasom, m/1s BCeX BaJE€HTHBIX COCTOS-
HUH, NOCTHXKUMBIX B XMMHYECKHX IpOLECCaX, 3Je-
MeHTBl 12-f IpyNIbl COXPAHSIOT MOJHOCTBIO 3aMoJ-
HEHHBIH d-TIONLYyPOBEHb, T.€. (PAKTHUECKH YXKe He
SBNAIOTCH TepexonHbiMU. OnHAKO Hajsu4yMe 3amoJ-
HEHHOTO d-TIOAYPOBHSI OKa3bIBaeT CYIIECTBEHHOE
BJIMSIHME HA CBOHCTBA 3JIEMEHTOB, PE3KO YCHIUBAS
KOBAJIEHTHBIH XapakTep CBS3W IMPH IBUKEHUH BHHU3
no rpymnmne. Ocob6eHHO 3TO XapaKTepHO O/ PTYTH:
€e TaJIOTeHU/Ibl — THUITHYHblE KOBaJEHTHbIE COENH-
HeHus1, caabple 3eKTposuTsl. CXOACTBO € Mepexon-
HBIMH 3JIEMEHTaMH TPOSIBJISETCS U B CKJIOHHOCTH
3JIEMEHTOB 12-# rpynImbl K KOMILIEKCOOOPA30BaHUIO,
0coBeHHO ¢ JUraHgamu, 6oJee MSITKUMH, YeM BOZA
(aMMHMaKoM, aMUHAMH, XJOPHI-, OPOMHUA-, HOOUI- U
IMaHUI-MOHAMH), XOTSI YCTOHYMBOCTH 3THX COENH-
HeHUI 00ycCJ/IOB/NEeHA UCKJIOUUTENbHO MX KOBaJIEHT-
HOCTbIO, TaK KaK C TOYKHM 3peHHUs NpocTelllel
3JIEKTPOCTATUYECKOH MOMIENH TEeOPHUH KPHCTaJJIH-
YeCKOro I0JiT BCe OHH HMEIT HYJEBYI 3HEPTHIO
CcTaOUIU3alMl BCJEACTBHE 3JEKTPOHHOH KOH(DUTY-
pauuu d'°.

[Ipy nBHKEHWH BHHM3 10 TPYIIE BO3PacTalOT
aTOMHBIE U HOHHbIE PaIHyChl, 0COOEHHO 3HAYHUTE/Ib-
HO — MPHU TNepexofe OT LHUHKAa K KaaMmuio. dphekT
JIAHTAHUIHOTO CKaTHsl, CYLIECTBEHHbIH AJs1 Dd-Te-

Tab6auua 17
CpoiicTBa a/eMeHTOB 12-ii rpynnbi
CBoilcTBO Zn Cd Hg

ATOMHBI HOMep 30 48 80
Yucao npupoaHbIX U30TONOB 5 8 7
ArtomHas macca 65,39 112,411 200,59
deKTPOHHAA KOHpUrypauus atoma [Ar] 3d'%4s? [Kr] 4d'%5s? [Xe] 4f45d'%6s>
Mertaanuueckuii paauyc (K4 12), um 0,139 0,156 0,160
Wonnbiii pagnyc (KU 6), oM

II (m1s K4 6) 0,089 0,109 0,116

[ (mna K4 3) — — 0,111
dHeprusa MOHMU3aAUMH, KX - MOJIb™!

I, 906,4 867,6 1007,0

1y 1733,3 1631 1809,7

A 3832,6 3616 3300
DJIeKTPOOTPULATENbHOCTD:

no [Tosuury 1,65 1,69 2,00

no Osapeny—PoxoBy 1,66 1,46 1,44
CeueHne 3axBaTa TeMnJoOBbIX HEUTPOHOB, GapH 1,1 2450 374
CreneHb OKHcJeHUS (B cKOOKax yKasa- 0, (+1), +2 0, (+1), +2 0, +1, +2
Hbl HEYCTOHUYMBBIE CTeNeHH OKHCJIEHHS)
E° (M2+/M), B —0,7619 —0,4030 +0,8545
T. na., °C 419,5 320,8 —38,9
T. kun., °C 907 765 357
AH,,, kIx - Moab~! 7,28 (==0,01) 6,4 (==0,2) 2,30 (==0,02)
AH,,, kIIx-Moab~! 114,2 (=1,7) 100,0 (==2,1) 59,1 (=0,4)
AH,s, (oanoar.), xJIxx - Moan~! 129,3 (=%=2,9) 111,9 (%=2,1) 61,3
MaotHocts (20 °C), r-cm— 7,14 8,65 13,534 (1)
YnenbHoe 3J€KTpHYECKOE COMPOTHUBJEHHE 58 7,5 95,8
(25 °C), MmkOm - cm
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PEXOIHBIX METAJIJIOB Hauasja psifa, o Mepe 3amoJ-
HeHHUs! d-TIOLYPOBHS 3JEKTPOHAMHU ocsabeBaeT, Io-
5TOMY HOHHbIE PagWyChl KaIMHs M PTYTH OTJHYa-
1oTea yxke moutd Ha 7 %.

CyllecTBEHHO pas/qUyaeTcs U XUMHS 3THX IBYX
ajeMeHTOB. Kagmuii mo cBoficTBaM ropasmno 6Jmxe
TIepBOMY 3JIeMEHTY Tpymnmnbl — uHKY. Ob6a merals-
Jla UMEIOT BBICOKYIO XHUMHUECKYI0 aKTHBHOCTD, B CO-
eIMHEHUSX TPOSIBJASIOT CTENeHb OKUCJIeHUs 2.
PryTth Gnarogapsi HaJIUYHIO <UHEPTHOH» 6S2-3/1€KT-
POHHOH Tapbl, HANMPOTHUB, XUMHUYECKH MHEPTHA; HOH
Hg?t saBisieTcss MOBOJNBHO CHJIBHBIM OKHCJHTENEM
(E°(Hg**/Hg) = 0,851 B). Jlns pTyTH B OT/MuMe
OT OCTAaJbHBIX METAJJIOB TPYIIBl TUIHYHO 06paso-
BaHWe JIMHeHHbIX OusimepHbix Hg3t, TpusmepHbix
Hg?+ u terpasimepubix Hgit knaactepoB, B KoOTO-
peIX KoBaseHTHble cBsidu Hg—Hg ¢opmupyroTes
MpU y4aCTUU SP-TUOPUIHBIX opOUTasell aTOMOB PTy-
TH. KaTHOHBI PTYTH — THUMUYHBbIE «MSTKHE» KHCJIO-
TBl U B 3TOM CMbIcJe OJU3KH HOHaM cepebpa U
taausg. O mocjefoBaTebHOM YBEJUYEHUH <MST-
KOCTH» [IBYX3apsIHBIX KaTHOHOB TIPH [BHUKEHHH
BHHU3 10 T'PyMNIe CBHIETEJIbCTBYET TOT (DakT, 4TO
B pomaHuaHbIX Kommiekcax uuHka [Zn(NCS),]*—
JIUTAaHI KOOPAMHHWPOBAaH Yepe3 aToM asoTa, B TO
BpeMsl KaK B aHAJOTMYHBIX KOMILJIEKCAX KaaMHUS
U PTYTH — depe3 0OoJjiee <«MATKHH» aTOM CEpBI:
[M(SCN),J>~ (M =Cd, Hg).

KoBaneHTHOCTb CBSI3W B COEAMHEHHSAX C He-
MeTajlaMu Bo3pactaetT B psagy Mg?t < Zn’t <
< Cd** <Hg?" no Mepe MOHMXXEHHSI 3HEPrUH U
yBEJHUEHUSI pasMepa BaJIeHTHBIX d-opOuTasen.
B npoTHBOMNO/N0XKHOCTD NMEPEXOAHBIM MeTaJlIaM Jie-
MEHTBI TPYNIbl PTYTH — OYeHb Caalble d,-TOHOPBI.
Jl1s HUX He XapakTepHbl KOMILJIEKCHI C J-aKLel-
TOPHBIMHU Jurangamu: okcunom yraepona (II), ose-
(pHHAMH, MOCKOJIbKY OHH HMEIT yCTOHYHUBYIO MOJI-
HOCTbIO 3amoJsiHeHHYI0 d'-060/0uKy H, ciaenoBa-
TeJIbHO, He CIIOCOOHBI NMPENOCTaBUTb 3JEKTPOHBI
JUI TT-JaTUBHOTO B3aWMOLEHCTBHUSA. Y CTOHUUBOCTD
UX LMaHHWAHBIX KOMIIJIEKCOB OOBSCHSETCS, B Iep-
BYIO O4Yepenb, NMPOYHOCThIO O-CBs3eH. Jlaxke KOMI-
JIEKCHI C LMKJIONEHTAAHEHUIbHBIMH HOHAMH, SIBJISIO-
ILIUMHUCS CUJIBHBIMM JI-IOHOpaMH, 00pasyoTcs 3a
CUeT O-CBsi3e, MOCKOJIbKY 3amoJjHeHHass d'°-060-
JIOUKA HE MOXKeT BBICTYNAThb B POJIH J-aKIeNnTopa.

Tennenuus x o6pasoBanuio o-cesizu M—C ycu-
JINBAETCs BHU3 110 TPYIIEe ¥ CTAHOBHUTCS Hanbosee
XapakTepHOH a/asi PTyTH, obOpasywlled yCcTondu-
Bble METaJJIO0OPraHWYeCKHe COEIUHEHHs, KOTOpbIE
CylLlecTBEHHO 6oJjiee TOKCHYHBI, YeM Iapbl MeTaJ-
audeckod prytd u comn Hg (II). Xora uuHK 10
XUMHUYECKUM CBOHMCTBAM IIOXO0XK Ha MarHuy, Ho 0o-
Jiee CKJIOHEH K 0Opa30BaHUIO KOBAJEHTHBIX COEMH-
HEHUH.

3JIEMEHTDI 13-i T'PYNIIbI

daemenTe!l 13-i rpynnsl: 6op, anoOMHUHAH, TaJj-
JHUH, UHOUH U TaJdJuid — UMEeT MaJjo CTaOHJIbHBIX
M30TOIIOB, UTO XapaKTepHO /151 aTOMOB C HEUeTHBbI-
MU TIOPSIIKOBBIMH HoMepamu. Conep:xkaHue 6opa B
ropHbIX nopoaax cocrasaser 9-10~* %, uro Gaus-
KO K pacrnpoCTpaHeHHIO NPa3eofiuMa U TOPHS.

AnromuHnit — HauboJiee pacpOCTpaHEHHbIH Me-
Tajn B 3eMHol kope (8,3 % mo macce). OH ycry-
MaeT 10 PaclpOoCTPAHEHHOCTH TOJNBKO KHCJOPOLY
(45,5 %) u kpemuuro (25,7 %) U NPEBOCXOJUT
xene3o (6,2 %) u xaabumii (4,6 %). Fanui, un-
JUH U TaJJMU pacpocTpaHeHbl 3HAUUTENbHO MeHb-
e, 4eM aJIOMHHHH, W OOBIYHO MPUCYTCTBYIOT B
HHU3KUX KOHLEHTPALMSX B CYJIb(QHUIHBIX MUHEpAaX,
a He B OKCHJAX, XOTs TaJ/UIH BCTPEUaeTcss BMeCTe
¢ amomunueM B Gokcute. [ammmit (1,9- 1073 %)
M0 pacrnpoCcTpaHEHHOCTH OJHM30K K a30Ty, HHOOUIO,
JUTHIO U CBUHLY. Knapku WHANS U TajdIus paBHBI
cootBeTcTBeHHO 5-10~6 % u 6-105 %.

DJIeKTPOHHAsT KOH(HUTypalusi OCHOBHOTO COCTO-
siHUST ns?np! xapakTepusyeTcs HalHUMeM €IHHCT-
BEHHOTO HECNapeHHOro 3JeKTpoHa. B Bo3OyxneH-
HOM COCTOSIHHHM aTOMBI COJEPrKaT TPH HECIapeHHbIX
3JIEKTPOHA, KOTOpbIE, HAXOAsiCb B Sp?-ruOpHaH3a-
LIMH, YYacCTBYIOT B 06pa30BaHUH TPeX KOBaJEHTHBIX
cBsseil. [Ipu aTom y aTomoB aneMeHTOB 13-if Tpyn-
Mbl OCTaeTcsl OAHAa He3aHATas opOUTa/Nb, U YUCJO
BaJIEHTHBIX 3J€KTPOHOB OKa3bIBAETCS MEHbBILE YHC-
Jla OCTYIHBIX 1O 3Hepruu opbutaned. [Tostomy
MHOTHE KOBAJIEHTHBIE COEIHUHEHUS 3JeMeHTOB 13-#
TPYIIBI SBJSIOTCS KUCJAOTaMK JIblonca — akuenTo-
paMH 3JIEKTPOHHOH Taphl, NpHOOpeTass KOTOPYIo,
OHHM He TOJIbKO TOBBIIIAIOT KOOPIHMHALKOHHOE YHC-
JIO 10 YeTBIPEX, HO U U3MEHSIOT T€OMETPHIO CBOETrO
OKpY>KEHHSI — OHa U3 IJIOCKOH CTaHOBUTCSl TeTpa-
3PUYECKOH (COCTOSIHHE SpP3-THOPUIU3ALIHH ).

Bop cunbHO oT/MuaeTcs Mo cBOHCTBaM OT ApYy-
rux ajeMeHToB 13-# rpynnsl. OH — eIHHCTBEH-
HbIH HEMeTa/sl, XUMHYECKH HHepTeH U obpasyeT
koBaJsieHTHble cBsI3u B—F, B—N, B—C u 1. 1.,
KPaTHOCTb KOTOPBIX YacTO MOBBILIEHA 3a CYET
pT-pT-CBSI3bIBaHUSA. XUMHUs1 6opa Gosee OJM3KA XU-
MHH KPEMHHS, B 3TOM NPOSIBJASETCS NHAaroHaJbHOE
CXOJCTBO.

Y aTOMOB aJIIOMMHHSI U €ro TsKeJbIX aHaJOroB
MOSIBJISIIOTCS BaKaHTHble d-opOWTa/M, BO3pacTaeT
paguyc aTtoma, NMO3TOMY KOOPAMHALMOHHOE YHCJO
yBeJUYUBAETCS OO0 IIecTH (u 6osee).

lannuil, uHAUE W TaaIuil pacnoJsoxeHbl B le-
pUOIMYECKOH CHCTeMe cpasy 3a MeTasiamu d-0J0-
Ka, T0O3TOMY HX YaCTO Ha3bIBAIOT NOCMNEPexo0Hbi-
MU diemenmamu. 3arosHeHne d-000JI0YKH COTPO-
BOXKJAaeTCs MOCJ/e0BaTebHBIM CXKAaTHEM aTOMOB,
B 3d-psily OHO OKa3bIBAETCS HACTOJBKO CHJIbHBIM,
YTO HHMBEJUPYET BO3paCTaHHWe paguyca MpU MOsIB-
JIEHUH YETBEPTOrO SHEPreTHUeCKOro YpoBHs. B pe-
3yJbTate d-coxcamus WOHHBIE PANUYChl aNOMUHHS
U rannns O6JM3KH, 2 aTOMHBIA pafuyc rajaus aaxe
MeHbllle, yeM aJMIOMHHHUS.

DHeprusi MOHM3ALUKU ATOMOB 3JieMeHTOB 13-i1
rpymnmbl GoJiee BBICOKAsl, YeM 3JEMEHTOB 3-H Tpyn-
MBI, YTO CBSI3aHO C YyCHJIEHWEM B3aHMOIEHCTBHUS
ns- ¥ np-3JeKTPOHOB C SIAPOM 33 CUET 3aroJHEHHS
d- u f-obosouek, caab0 IKPAHUPYIOIUMHU 3apsif
fapa. DTO NPUBOJUT K CXKATHIO 3JEKTPOHHBIX 060-
JIOUeK U TOBBILIEHHIO 3(p(eKTUBHOro 3apsaa sapa.
HeMmoHOTOHHBIH XapakTep M3MeHeHHWs 3HauYeHHH [,
BHHM3 M0 TPyMIEe C JOKAJbHbBIM MaKCHMyMOM MJisl
raJiinst 0O bSICHSIETCS 3aBUCUMOCTBIO S9HEPTHH HOHH-
3alUU Kak oT 3(¢eKTUBHOro 3apsna sapa, Tak U
oT paxuyca atoma. [Ipu nepexone ot Al k Ga poct
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Tabnuua 18
CgoiicTBa 3jemMeHTOB 13-i rpynnsi
CBoiicTBO B Al Ga In Tl

ATOMHBIH HOMep 5 13 31 49 81
Yncao npupoaHbIX M30TONOB 2 1 2 2 2
AtomHas macca 10,811(7) 26,981538 69,723(1) 114,818(3) 204,3833(2)
AuekTpounasi koHpurypauus aroma | [He] 2s?2p! | [Ne] 3s23p! | [Ar] 3d'%4s%4p' | [Kr] 4d'05s%5p! | [Xe] 4f"5d'°6s%6p!
ATOMHBIH pajauyc, HM 0,083 0,143 0,122 0,163 0,170
WoHHbIH paauyc, HM

111 (0,027) 0,054 0,061 0,080 0,089

I — — 0,120 0,140 0,150
AHeprua voHu3auuu, KJx - mosp—!

I, 801 577 579 558 589

I, 2427 1817 1979 1821 1971

I, 3660 2745 2963 2704 2878
DJIeKTPOOTPULIATENLHOCTD:

no [TosuHry 2,04 1,61 1,81 1,78 2,04

no Oapeny—PoxoBy 2,01 1,47 1,82 1,49 1,44
E° (M3+4 32—~ M,,), B —0,890 9 —1,676 —0,529 —0,338 +1,26
E° (Mt4+e—-M,), B — 0,55 —0,79 (kucJ.) —0,18 —0,336

1,39 (weJ.)

T. na., °C 2092 660,45 29,767 156,63 303,5
T. kun., °C 4002 2520 2205 2073 1473
AH,,, kI - Mo~ 50,2 10,71 5,56 3,28 4,21
AH,,, kIIx - moab~! 480 294 254 232 166
AH,s, (ommoar. ras), KJIX - Mosip—! 560 329,7 286,2 243 182,2
Maortuocts (20 °C), r-cm—3 2,23 2,699 5,904 7,31 11,85
YnenbHoe 3J€KTpUYECKOE COMPOTHUB- 6,7 - 10! 2,655 ~27 @ 8,37 18
aenune (25 °C), MmxOm - cm

3 CONpoTHBJEHHE MeTaJJMUeCKOTO TaJlus aHH30TPOIHO.

25,8 MKOM - cM.
8 E° nnsa peakuun B(OH),+ 3H++ 3¢ — B(tB) + 3H,0.

Comporusnenne »xugkoro ramtus mpu 30 °C paBHO

® Tlpuseneno HaGmomaeMoe sHauenne E° (TI3+/TI+), orcioma paccuurannoe smauenume E° (TI%+/TL,) pasmo 40,73 B.

3 (heKTUBHOTO 3apsifa siapa OKasbiBaeTcs OoJiee
3HAYMUTEJbHBIM, YeM H3MEHEeHHe pajuyca aToma, I1o-
3TOMY 3HEPTHUSl HOHU3ALUH MOBBIIIAETCS. Y MEeHbLIIe-
HHMe 3Hepruu MoHm3auuu ot Ga x In obycsoBieHo
POCTOM aTOMHOrO panuyca U 3(pPeKTUBHOIO 3aps-
Ja siipa MPU CXOACTBE 3JEKTPOHHOU KOH(UIypaLuu
(n—1)d"ns?np'.

Poct sHepru#i noHH3aluu Npu nepexope oT In
Tl sBasieTcst pesysabTaToM d- U f-CXKAaTHsi, MPUBO-
JSLIET0 K YCHJIEHHIO B3aUMOAEHCTBHS BaJIEHTHBIX
3JIEKTPOHOB C SIAPOM aToma. PensiTuBHCTCKUE 3¢-
(hekT, HasblBaeMbll «3(p(eKTOM HHEepPTHOH Mapshl
6s%», CBsI3aHHBI C yBeJHUEHHEM CKOPOCTH IBHKe-
HHMS U MacChl 3JIEKTPOHOB Y 3JI€MEHTOB C GOJBLINM
3apspoM suapa (6osnee 60), 4TO MPUBOAUT K «yTH-
JKeJIEHUIO» 3JIEKTPOHOB, YMEHBILEHHIO paiuyca U
TOBBIILIEHHH YHEPTHH CBSI3H 6s? ¢ siAPOM, MpPOSIBJIS-
eTcsl Y MOCTIIePEXOAHbIX 3/IeMEHTOB LIECTOro Nepu-
ona (TI, Pb, Bi, Po) u mpuBOAUT K NOHHXEHHUIO
CTaOUJIBHOCTH HMX COEIUHEHHH B BBICIUEH CTEIeHHU
okucaeHus. Tak, mjas Tanaus, CBHHLA, BUCMyTa H
MOJIOHUSI HauboJiee yCTOUUUBBI COEUHEHUS CO CTe-
neHblo okucaenus +1, +2, +3, +4 cooTrBeTcT-
BEHHO.

Jnst coenvHennit anemeHToB 13-i rpynmel Hau-
6osiee XxapakTepHa CTeneHb okucaeHus +3. B pany
B—Al—Ga—In—TI] ycTo#4uBOCTb TaKUX COEIH-
HEHUH yMeHbLIaeTCsl, a YCTOHUHBOCTb COeIHHEHUH
CO CTeleHbl0 OKHCJeHHUs -1, HampoTUB, yBeJUUH-
BaeTcs. JHeprus cBsizu M—X B rasoreHunax H
JIIOUCOBA KHUCJOTHOCTb MOCJAEAHUX I[IPU Iepexofe
OT JIETKHX K 6oJsiee TsKesbIM 3JeMeHTaM yMeHblIa-
IOTCS, 4TO BHOHO U3 Tab.a. 19.
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Tab6auua 19

CpepnHue 3Hauenus anepruum (kk/mouab) ceszeit M—X
B KpucTajaaunueckux MX;

M MF, MCl, MBr, MI,
Al 690 460 380 319
Ga 560 379 340 279
In 555 374 333 270

AmdoTepHble CBOACTBA OKCHIOB ¥ THAPOKCHUAOB
3JIeMeHTOB 13-# TpymNnbl CBepXy BHHU3 CMEIIAITCH
B CTOpOHY OOJIbIlIEH OCHOBHOCTH, THIPOJH3 aKBa-
KaTHOHOB ocsiabeBaet. Tak, 3Hauenue pK, mpouecca
[M(H,0)** 4 H,0 « [M(H,0);(OH)** 4 H,0*
nasi Al paBuo 5, mas Ga — 3, ans In — 4, pis
T — 1.

XuMus UHAUS 1 OCOOEHHO rasjusi BooOlle OYeHb
6/1M3Ka XUMHH AJFOMHHHS.

CraHgapTHBIE 3JI€KTPOAHBIE TOTEHLHANBl AJS
TSXKeNbIX 3JeMeHTOB 13- rpymnmbel oTpaxkamoT
yMeHbIlIeHHe YCTOHYHBOCTH YaCTHL[ CO CTENEeHBIO
OKHCJIEHUS] +3 B BOOHOM PacTBOPE U CKJIOHHOCTb
(ocobeHHO B ciydae TaJIusi) K 06pa3oBaHHUIO CO-
e[IMHEHUH B CTeNneHW OKUCJeHHs 1. 3akoHOMep-
HOE yBeJIHYeHHEe 3JIEKTPOIIOJNOKUTENbHOCTH BHU3 110
rpymnmne, oTMedeHHoe agas 1-# u 2-ff rpynm, B 13-i
rpymnmne He HabJonaeTcs, ONHAKO OOHapyKUBaeTCs
B 3-# rpynmne. B oTiMune OT MOCTENEHHOr0 yMeHb-
ILIEHUST MEKTPOOTPHULATENBHOCTH B psiny B > Al >
> Sc>Y > La> Ac B 13-# rpynne Habaopaercs
MIOCTENEHHOE y8eAuyeHie 3JIEeKTPOOTPULATEbHO-
CTH OT aJIOMMHHS K TaJLIHIO.



AJIEMEHTDI 14-ii TPYNIIbI

B 14-10 rpynmy BXOASIT yriepod, KpeMHHUH,
repMaHn#, OJIOBO W CBHHEL, PaCIPOCTPAHEHHOCTHb
KOTOpPBIX B 3€MHOH KOpe paBHa COOTBETCTBEHHO
0,048 %; 27,7 %; 1,5-107% %; 2,1-10~% %;
1,310 %.

Yraepon MOXKET CYyLLIeCTBOBATh, M0 KpakHe# Me-
pe, B IIECTH KPUCTANJIUYECKHX (popMax, He CUHUTas
HelaBHO CHHTE3MPOBAHHBIX (yJIepeHOB. JTO Q- U
p-rpacur, anmas, JOHCHEHJIUT (rekKcaroHaJbHBIH
anmas), Jaout u yraepoxn (VI). Ilpu HOpMabHBEIX
TeMIepaType Y [aBJeHHW HauboJsiee TEpMOIUHA-
MHYECKH YCTOHUYMB Q-rpaduT (rekcaroHasbHBIN).
Monudukauuu pasnnuaroTcss aAu60 MO KOOpAMHA-
LHOHHOMY OKPYXKEHHIO aTOMOB yrjepopa, JHu6o
M0 MOPSAKY PacIoJIOKEHHSI CJI0eB B KpHCTaJJIe.
OTH pasqUYHs OKa3blBAIOT CYIIECTBEHHOE BJHSHHE
M Ha (pU3HUECKHe, ¥ HAa XUMHYECKHe CBOHCTBA YT-
Jepoza.

XoTsl B TIepHOANYECKOH CHCTEME KPEMHHH Haxo-
muTcst B 14-ff rpymnme, HO OH 3aMETHO OTJIMYAETCS
KaK OT yryepona, Tak u OT OoJiee TSKeJsblX MeTal-
JIOB, BXOAAIMX B 3Ty rpymnmny. Kpemuu#i He nemoH-
CTPUPYET TaKOro pa3HooOpasusi KOBAJEHTHBIX CBS-
3eil, KaK yrJepos, a CJI0XKHasi XMUMHS CUJIMKATOB He
UMeeT HHYEero oOIIero ¢ XUMHEH KHUCJOPOIHBIX CO-
eIUHeHUH yrJjepona.

Artomuble pamguycel B psiny C—Si—Ge—Sn—
Pb yBenuuuBaioTcsa. HepaBHOMEpPHOCTb UX H3MeEHe-
HUs 1pH nepexone ot Si k Ge u ot Sn k Pb 06yc-
JIOBJIEHA BJUsiHHEM BHYTpeHHUX (3d u 4f) ssekT-
POHHBIX 000JIOUEK, JEKTPOHBI KOTOPBIX c/a1ab0 3K-

pPaHUPYIOT 3apsii snep aToMOB. JTO MPUBOIHUT K
CXKAaTHIO 3JEeKTPOHHBIX obosouek Ge u Pb us-3a
MOBBILIEHNS 3P(PEKTUBHOTO 3apsifia fapa. SHAUEHHS
SHEpTUHl MOHM3aUuu atoma yriaepona /,—I, HaMHO-
ro 6oJblie, YeM OCTaJbHBIX 3JEMEHTOB.

[Ipu nepexosme OT yriepoia K CBHHLY 3HepPruH
MOHH3ALMH 3JIEMEHTOB B 1I€JIOM TOHHUKAIOTCS, UTO
TIPUBOJUT K YCHUJIEHHIO UX MeTa/JMYeCKUX CBOHCTB,
T. €. K POCTY OCHOBHOCTH KaTHOHOB. ¥ CHJIEHUE B3a-
UMOZIEHCTBUS 6S2-3/1EKTPOHOB C SAPOM [IJIsi CBHHLA
CBSI3aHO C PeJNSTUBUCTCKHUM 3(P(PeKTOM («HHEepTHas
napa 6s?»). CiieACTBHEM 3TOTO SIBJSIETCS BO3pacTa-
HUWe 3SHepruidl WoHuzauwu [, [, TIpuU Tepexome OT
0JIOBa K CBHHLY.

B xuMmuueckux coeguHEHUAX 3JeMeHThl 14-i
TPYNIbI TPOSIBASIOT CTeNeHH OokucaeHns —4, 0,
+2, +4. K coenuHeHHSIM CO CTEIEHbI0 OKUCJEHHUS
—4 otHOcATCA rupuabl. s yriepoma H3BecCT-
Hbl TAaKXKe COelMHeHHs!, comepxkaiiue yraepon C>—,
kapben: CH, u ero anasoru.

Y CTOHUMBOCTD COEIMHEHHUH C BbICIIEH CTETEHbIO
OKHCJIEHHSI MaKCUMaJsbHa JJ151 KDEMHHUS U NTOCTEIEeH-
HO noHmxkaercsd B psny Ge—Sn—Pb. [eiicTBu-
TeJIbHO, 3Hepruu auccouuauut (KJ»x/Momnb) TeTpa-
xyopunoB coctapisior 327 (C), 381 (Si), 349 (Ge),
272 (Sn), 249 (Pb). dto cBsizaHo ¢ TeM, UTO 3aT-
paThl HEPTrHM HA HOHHU3ALHWI0 HJIH BO30OYXKIEHHE
(IpoMOTHpOBaHUE JEKTPOHOB) 1S > 1p HE KOMIIEH-
CUPYIOTCSl 3HEpTUell 0OpasylolIuXcsl CBsA3eH, yCToU-
YUBOCTb BELIECTB CO CTEIeHbI0 OKHCJAEHHS -2,
0coOeHHO B 3TOM psioy, BO3pacTaeT, IO3TOMY He-
opranuueckue coenuHeHuss Pb(IV) okaswiBaioTcs
CUJIbHBIMH OKHCJIMTEJISIMH, B TO BPEMS KaK COeNH-

Tabnuua 20
CoiicTBa 3jemMeHTOB 14-ii rpynmnbi
CBoiicTBO C Si Ge Sn Pb

ATOMHBI HOMep 6 14 32 50 82
Yucao npupoaHbiX M30TOMOB 241 3 5 10 4
AtomHas Macca 12,0107 28,0855 72,61(2) 118,710(7) 207,2(1)
AnektponHas koHdurypauus aroma | [He] 2s22p? | [Ne] 3s23p? | [Ar] 3d'%4s4p? | [Kr] 4d'°5s%5p? | [Xe] 4f1*5d'%6s%6p>
ATOMHBIH paauyc ¥, HM 0,077 0,117 0,122 0,140 0,146
Houublii paauyc (ons KU 6), Hm

v 0,015 0,040 0,053 0,069 0,078

II — — 0,073 0,118 0,119
AHeprua voHusauuu, KJx - mosb!

I, 1086,1 786,3 761,2 708,4 715,4

Iy 2351,9 1576,5 1537,0 1411,4 1450,0

I, 4618,8 3228,3 3301,2 2942 2 3080,7

I, 6221,0 4354 4 44094 3929.3 4082,3
DJIeKTPOOTPULLATENBHOCTD:

no [Tosunry 2,55 1,90 2,01 1,96 2,33

no Ogapeny—PoxoBy 2,50 1,74 2.0 1,72 1,55
T. na., °C 4100 1420 945 232 327
T. kun., °C — ~ 3280 2850 2623 1751
AH,,, kI - moab~! — 50,6 36,8 7,07 481
AH, ., xIIx - Mo~} — 383 328 296 178
AH,, (oanoar. ras), xJx-mosb~! 716,7 454 283 300,7 195,0
MaorHocts (20 °C), r-cm—3 3,514 2,336 5,323 a 5,769 11,342

(B, 2,905) (B, 6,71) p 7,265 9

a,, HM 0,35668 2 | 0,54310 0,56576 o 0,6489 2.0 0,4949 »
YneabHoe conportusienue (25 °C), 10%4—10'6 ~ 48 ~ 47 p 11-10-° 20-10-6
Owm-cm
LupuHa 3anpeuieHHOHW 30HbI E,, ~ 580 106,8 64,2 a7, 0 0
KJIK - MOJIb !

3 Jlng CTPYKTYpPBI THIA ajaMasa.

o B-®opma (ycToiluMBasi MPU KOMHATHOH TeMIepaType) TeTparoHanbHas ¢ a,= 0,5831 Hwm, ¢, = 0,3181 Hm.
®) 'paHelleHTpHpOBaHHAsl KyOHdecKas.
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HEHHUS] KPEMHHUS NMPAKTUYECKH HE MPOSIBJASIOT OKHUC-
JUTeNbHBIX cBOUCTB. Hanporus, coenunenus Si(Il),
Ge(Il) u Sn(Il) aBasitOTCS CUIBHBIMH BOCCTAHOBHTE-
assmu, torna kKak s Pb (II) BoccTaHoBHTE/bHBIE
CBOUCTBA He XapaKTepHBbI.

O6pasoBanue snemeHTaMu 14-ff rpynmer coenu-
HEHHUH C YeTBIPbMS KOBAJEHTHBIMU CBSI35IMH, HAIpH-
mep MF,, conpoBoxknaercs mepexomoM 3JeKTpoHa
¢ s-opOuTanu Ha p-opOUTalb U BO3HHKHOBEHHEM
sp3-rubpunusalni. JHeprus Takoro mnepexona Cy-
IIeCTBEHHO BO3paCTaeT MPH [OBUXKEHHH BHHU3 II0
rpymrne, ¥ AJs CBUHLA — 3JeMeHTa LIeCTOro Iie-
pHola — OHa y»Ke IMPEBBILIAET SHEPTHUIO, BbIIEJISIO-
mytocss NpH oOpa3oBaHUM YeThbIPeX KOBAJEHTHBIX
CBsi3el. YBeJHUeHHE TI0JI0XKHTENBbHOrO 3apsina Ha
aToMe CBHHLA (HAmpuMep, IIPU TOCJAEIOBATEIbHOH
3aMeHe MeTusbHOH rpynnsl B Pb(CHj;), Ha ¢TOp)
BbI3bIBAET CXKaTHe ero opoutasei, npuueMm S-opou-
TaJlb C)KHUMaeTCsl rOpasno CUJIbHee p-opOUTANH, UTO
nenaet sp3-rubpUaU3alni0 SHEPreTHUeCKH HEBBITO/I-
Ho#. [loatomy coenunenus Pb (IV) ¢ anektpooTpu-
LATeJbHBIMHU 3JIEMEHTAMH: (PTOPOM, XJOPOM, KHCJIO-
pOIOM, a30TOM — OKa3bIBAIOTCS HEYCTOHUYHUBBIMHU.
B To xe Bpemsi coemuHeHusi co cBsizbio Pb—C,
HalpOTUB, Topasno OoJiee YCTOHUUBHI B CJydae
Pb (II), vem Pb (IV).

[Ipu nBUKEHMH CBepXy BHM3 IO I'PYIIE MPOUC-
XOIUT TOCJeNOBATEJNbHBIH TIePeX0n OT 3JEMEHTOB-
HEMETAJIJIOB K 3JeMeHTaM-MeTaljaM, OKUCJIHUTEb-
Hble CBOHCTBa COEIHWHEHUH C BLICLIEH CTEIEeHbIO
OKHCJIEHHS] YCHJIMBAIOTCS, 2 BOCCTAHOBHUTEJbHbIE
CBOHCTBA COENMHEHUH C HU3KOU CTeleHbI0 OKUCJIe-
HUS ocsabeBaloT.

AJIEMEHTDI 15-i TPYNIIbI

K snemeHTam 15-# rpynmbl OTHOCSTCSI a30T,
ocdop, MBIIbSK, CypbMa, BUCMYT. 1o aHamoruu ¢
rajioreHaMu ¥ XaJbKOT€HAMHU MJisi HUX TPEIJ0XKEHO
Ha3BaHue nHuKmozensv, (yIyUIUBbIE, TJI0XO Max-
Hylwe). DT0 0COOEHHO OTHOCHUTCS K BOLOPOIHBIM
COEeIMHEHUSIM 3JIEMEHTOB. DJIEKTPOHHBIE KOH(HUTY-

palri ¥ HEKOTOPBIE XapaKTEPUCTHKH MTHUKTOTEHOB
npenctaBieHsl B Taba. 21 u 22.

B 0OCHOBHOM COCTOSIHMHM aTOMbI TTHHUKTOT'EHOB
UMEIOT 3JEKTPOHHYIO KOH(pUrypauuio ns’np® ¢ tpe-
Ms HECTIapeHHBIMH p-3JeKTpoHamu. B psany N—P—
As—Sb—Bi pasmepbl aTOMOB YBeJMYUBAIOTCS, a
9HEPrMH MOHH3ALMH YMEHbLIAITCS, YTO MPHUBOIUT
K YCHJIEHWIO METAaJIMUECKHX CBOHCTB: a30oT U (hoc-
(hop — THUNHMYHBIE HEMETaJJbl, CypbMa H MBbILIb-
SIK — MeTaJ/JIonael, BUCMYT — MeTai. C pocTom
pamuyca yBeJHYHUBAIOTCS U KOOPAWHALMOHHBIE YHC-
Ja aToMoB. Jlyis a30Ta XxapakTepHBl KOOPAWHALMOH-
Hble uncaa 1—4, nas ¢ochopa 0ObIUHO peanusyert-
cs TeTpasapuueckoe okpyxenue (KU 4), ongHako B
COEVHEHUSIX C TaJOreHaMH OH MOXKET UMeThb OoJiee
Boicokre KU — BmioTh mo 6. MuIIbsiK U cypbMa
nposiBastior KY 4, 6, a Bucmyr — 7, 8, 9.

N3-3a mamoro paguyca M BBICOKOH 3JIEKTPOOT-
pPHULATEJNBHOCTH a30T 110 CBOUCTBAM OTJHMYAETCS OT
OCTa/IbHBIX 3J1eMeHTOB rpymnmnbl. OTCyTCTBHE y a30-
Ta HEPTETHYECKH NOCTYMHOTO BAKaHTHOTO d-TOJ-
YPOBHS TIPUBOAMT K TOMY, 4TO aToM N MoxeT obpa-
30BBIBATh He OoJiee YeThlpeX KOBAJIEHTHBIX CBs3eH,
B TOM 4YHCJe OJHY CBSI3b IO JOHOPHO-2aKLEMNTOPHO-
My MeXaHH3MY.

B psiny P—As—Sb—Bi npouHocTh 0AHHAPHBIX
0-cBsi3ell yOBIBaeT B CBSI3W C POCTOM pamuyca aro-
Ma ¥ yMeHblUIEHHEM TepeKpbIBaHHsS aTOMHBIX p-0p-
6utanet. Menbluasgs npodHocTb cBsidu N—N 110
cpaBHeHHIO cO cBsisblo P—P o6ycioBiena manbim
pa3MepoM aTOMOB a30Ta W BO3HHUKAMOIIUM BCJEN-
CTBHE 3TOTO CHJIbHBIM MEX3JIEKTPOHHBIM OTTAJKH-
BaHHEM.

[IpoyHOCTh KpaTHBIX CBSI3€H yMeHbLIAETCH C
pPOCTOM pasMepa aTOMHBIX opOuTazsell U, Kak chael-
CTBHe, C oc/abJeHHeM HX MepeKpBIBAHHUS I10 JI-TH-
ny. Takum ob6pasom, HauboJiee NPOYHBIMU OKa3bIBA-
10Tcs KpaTHble cBsa3u azota N=N u N=N.

Jlnsi KUCIOpOOHBIX coeovHEHHH (docdopa U B
MeHblllell CTerneHW M5 MOC/eIyIOlINX 3JEMEHTOB
TPYIIIBI NIpearnoJaraeTcsi Haaudue p-dmn-nepexpol-
BaHHUS, MOBBILIAILIET0 KpaTHOCTb cBsA3n D—O
yBEJMUUBAIOILETO ee 3Hepruo. MIMeHHO HaaudyneMm

Ta6auuma 21
CpoiicTBa a;1eMeHTOB 15-if rpynnbi
CaoiicTBO N P As Sb Bi

ATOMHBI HOMep 7 15 33 51 83
AtomHas macca 14,00674(7) | 30,9733762(4) | 74,92160(2) 121,760(1) 208,98038(2)
AuekTpoHHasi KoHpUrypauus [He] 2s?2p® | [Ne] 3s23p® | [Ar] 3d'%4s?4p3 | [Kr] 4d'°5s%5p3 | [Xe] 4['45d'%6s%6p°
aToma
KoBaneHTHbIN pajauyc, HM 0,07 0,11 0,12 0,14 0,15
Wonnbiii pagnyc (mas KU 6), vM

\%4 0,013 0,038 0,046 0,060 0,076

I1I 0,016 0,044 0,058 0,076 0,103
dHeprusa MOHMU3aUMH, KX - MOJIb™!

I, 1402 1012 947 834 703

I, 2856 1903 1798 1595 1610

A 4577 2910 2736 2443 2466

I+ I,+ I 8835 5825 5481 4872 4779

I+ I 16920 11220 10880 9636 9776
dHeprus CpoiacTBa K 3JEKTPOHY, —7 44 78 101 91
K JI3K/MoJ1b
AIeKTPOOTPULIATENBHOCTD:

no [Toaunry 3,0 2,1 2,0 1,9 1,9

no Osapeny—PoxoBy 3,1 2.1 22 1,8 1,7
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Hekortopbie ¢usnueckue

CBOWCTBA MPOCTbIX

BELECTB 3JeMeHTOB 15-i rpynnbl

Tabauuma 22

CBoilcTBO N, P, 6-As 6-Sb 6-Bi
T. na., °C —210,0 441 816 (38,6 arm) 630,7 2714
T. kun., °C —195,8 280,5 615 (Bo3r) 1753 1564
MaotHocts (20 °C), r-cm—3 0,879 (—210 °C) 1,823 5778 6,684 9,808
Teepaoctb (mo mkasne Mooca) — — 3,5 3—3,5 2.5
YnenbHoe 3JeKTPUUECKOE COMpPOTHUBJE- — — 33,3 41,7 120
Hue (25°C), MxOm - cm
KoadduuueHT cxKaTus npu 3amMopaxku- — — 10 0,8 —3,32
Bauuu, %

3 JKeatoiii As, umeer do;=1,97 r-cm—3;
u 6esoro P, (1,823 r-cn—3).

pT-dTM-TIepeKPbIBAHUS TPAAULHOHHO OOBSCHSAMN TOT
(hakT, 4TO coenMHeHUs Qocopa MpakKTHYECKH He
NPOSIBJSAIOT OKUCJIUTE/IbHbIX CBOUCTB B OTJIMYUE OT
aHaAJIOTUYHBIX COeNMHeHUH aszoTa. Tak, BocCTaHoO-
BUTb (pocaTbl B BOAHBIX pacTBOpPax MPaKTHUECKU
He yJaeTcs faxke MPU UCIOJNb30BAHNUH CHJIBHBIX BOC-
CTaHOBUTEJIEH.

CoBpeMeHHBbIE pacyeThl IOKA3bIBAIOT, YTO BKJAL
d-opbutaneél B yKa3aHHBIX CJydasX He IpeBbIIIa-
eT 2—3 %. Bbicokyl ycTOHYMBOCTB (ocdaTos u
UX HHU3KYI0 OKHUCJHUTENbHYI0 CHOCOOHOCTb ceHuac
0OBSICHSIIOT ONTUMAaJbHOH KoopauHauuei docdopa
4eTBIPbMSI aTOMaMu kucjaopozaa. Terpasnp PO, oka-
3BIBAETCS HACTOJIBKO IPOYHBIM, YTO HE paspyllaert-
Csl Jaxke MPU NMPOTOHHUPOBAHUH.

Cp. C pas/iduMeM B IJIOTHOCTH poMGosapudyeckoro yepHoro P (3,36 r-cm—3)

DJieMeHTBl 15-#i Tpynnbl NPOSIBASIOT pas3Jfuy-
Hble CTeleHH OKHcaeHHs. [y aszora xapakTepeH
BECh CIIEKTD CTeleHeH OKHCJeHHs OT —3 10 5.
Has ¢ocdopa oTpuLaTesbHble CTENEHH OKHCIe-
HHSI OKas3blBAlOTCSl ropasfgo MeHee XapaKTEpHBIMH,
yeM IJIs1 a3oTa. B To e BpeMsl yCTOHYMBOCTb CO-
eIVHEHHUH C BbICLLIEH CTENEeHbI0 OKHCAEHUS MOBBILLIA-
€TCs, YTO CBSI3aHO C yMEHbBILEHHEM 3JEKTPOOTPH-
LaTeJbHOCTH aToMa (ocdopa, a TakKe ¢ yMeHbllie-
HHeM SHeprud HOHM3aLUHU BCEX NS- U np-3Jjek-
TPOHOB W YBeJMYEHHEM MPOYHOCTH MNATH 00pasy-
owuxcss csaszed P—L, roe L=0O, Cl u T.1.
MpBIibsK ¥ cypbMa TPOSBJISIOT IPEUMYILECTBEH-
HO CTerneHb OKUcjaeHHss +3 U 45, a BUCMYT, Kak
npaBuJo, —+3.

0,,H*/H,0
7 0,,H,0/0H" HNO;
/ ° — 600
6 / N204
L/ H+/H2 ° -
sL = = = H,0/OH"H, B 1 s00
4 —{ 400
Bi.H3 H,yN20, 300
m 3 ° N =
g N,HsOH S
g, * HsAs04 200 ;
: 2 o 8 55,05 g
8 BiO* o Sb(OH)g S
5 1 L 100
e 1 At HsAsO3 _ e AsO# T
g PH; E == o °
R hd T =~ [SbO* l 0
-3 1 2 5
. \ oH3PO;
-1 - NH4 \\ — =100
H,PO;
2 AN o ~ 200
N
N H3PO4
Q.\ -
=3 HPO5 ~o — -300
S e
PO#~
I 1 | I | ] I L ¢ I
3 2 - 0 1 2 3 4 5
CTeIIeHL OKHUCJICHUS

Juarpamma creneHed okucienust Ais As, Sb u Bi B KHCJBIX U ILIEJOYHBIX PACTBOPAX;
115 CPaBHEHHUs TIpHBefeHbl HeKoTopble naHHble A1 N u P (E — mpocteie BemecTa)
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Baaronapst cymmapHOMy nefCTBUIO PasHBIX (hak-
TOPOB (POCTY aTOMHOIO paauyca, yMeHbLIEHHIO CTe-
MeHU pI-dm-TiepeKpblBaHKsl, BO3PACTAHHUIO CTENeHU
9KPaHUPOBAHUS BHEIIHWX S-3JEKTPOHOB H Op.) yc-
TOMYMBOCTb U OKHCJUTEJNbHAS CIOCOOHOCTb COEIU-
HeHUl ¢ocdopa U ciaeayolIuX 3a HUM 3JeMEeHTOB
TPYIIbl MeHsIeTCS HEMOHOTOHHO. Beiciasi cTeneHb
OKHCJIEHHUS] OKa3blBaeTCsl HauboJsee YCTOHUUBOH AJ1s
tocopa u cypbMbl. B TO e BpeMsi COelWHEHHS
MBIILIBbSKA U 0COOEHHO BHCMYyTa B CTETEHH OKHCJIe-
HUST |5 4acTO HEYCTOHYMBLI UK BOOOIE HE CYIIe-
ctByloT. Hanpumep, eciu PCl; Bosronsercs 6es
pasnoxenust npu 167 °C, a SbCl; Bbigep:kuBaeT
narpeBanue 10 140 °C, to AsCl; ycroituus Julib
Huxke —50 °C, a BBICILIKE XJOPUA BUCMYyTa BOOOILE
He mosyuyeH. [lono6HOe HEMOHOTOHHOE H3MEHEHHe
YCTOHUUBOCTH U OKUCJHUTEJNbHBIX CBOMCTB COeIUHe-
HUH B BBICIIMX CTENEHSX OKUCJEHUS HabJfaeTcs
B 16-#1 u 17-it rpynnax. B oreyecTBeHHO! suTEpa-
Type ero 4acTo Ha3blBAIOT 8MOPULHOL nepuoduy-
HOCMbIO.

Knaccuueckum crano o6bscHeHHE BTOPHUYHON
MEePHOANYHOCTH B paMKax TeOpuH nosspusaunu. Ha
COBPEMEHHOM YPOBHE 3TO SIBJEHHE MOXKHO HHTEp-
NpeTUPOBAaTh, UCIOJb3Ys MPeACTaBJEHHUSI O pas3Me-
pax opbutaseil, a Takxke s3pdekrax d- u f-cxxatus.

Coenunenus Bucmyrta (V) — BUCMyTaTbl — §IB-
JISIOTCS CHIBHBIMHM OKHUCJHUTENSAMH. DTO 00YCJIOBIe-
HO YBeJIMYeHHEM IPOYHOCTH CBSI3H 6s%-3/71eKTPOHOB
C SIAPOM, YTO MOXKHO OOBSCHUTH 3KPAHHPYIOLIUM
BJIMSIHHEM 3anojHeHHbIX 5d'0, 4f4-06omouek 16O
PeJISITUBUCTCKUM 3((eKTOoM.

DaeMeHTBl 15-i TPyNnbl B CTENEHH OKHUCJIEHUS
—+3 COXpaHSIIOT HEeMo/eNeHHYIO 3MEeKTPOHHYIO Napy,
KOoTOpast 00YCJOBJIUBAET UX CTEPEOXUMHIO U TOHOP-
HBle cBOHCTBA. Jluarpamma crerneHed OKACTEHHUS ISt
3JeMEHTOB 15-# Tpymnmbl NMpUBEIeHAa Ha PHUCYHKE.

O pas/nuHbIX aJJIOTPOMHBIX U KPUCTAIHYECKUX
(popmax Qocdopa, MbILIbSIKA, CYpbMbl U BHCMYyTa
cM. B kHure [9, T. 2

3JIEMEHTbBI 16-M I'PYNNbI

B cocraB 16-# rpynmbl BXOAST KHUCJOPON, CeEpa,
cesleH, Tesuyp M mojoHui. O6llee Ha3BaHHE 3THX
3JIEMEHTOB — XQ1bK02eHbl 03HAYAET <POXKIAIOILHIEe
MeZHble pymbl». B npupome xanbkoreHsl (3a HCKJIIO-
YeHHEM KHUCJO0pOJa) BCTPEYAITCs yallle BCEero B
(hopMe coelMHEHUH Meou: CyJb(pUIOB, CEJEHHIOB
M T. L

Kucsopon — cameléi pacmpocTpaHeHHBIH XHMH-
YeCcKUH 3JeMEHT B 3€MHOU KOpe: OH MPUCYTCTBYeT
B TIPUPOJE KakK B BHJIE NPOCTOrO BEILECTBA, TaK H
B cocTaBe OeCulCJ/eHHBIX coequHeHul. B aTmocde-
pe conepxutcsi 23 Mac. % KuCI0OpOma, B JIUTO-
cepe — 46 mac. %, B rumpocdepe — Hosee 85
mac. % (B okeanax ~ 85,8 % kucsiopona, B yHC-
toit Bozme 88,81 %). Kak Hu YIUBUTEJNBHO, KHCJIO-
pol TakxXe HauboJiee pacrnpoCTpPaHEHHBIH 3J€MEHT
JIYHHOH TIOBEPXHOCTH, TJle TPH H3 Ka)KObIX MATH
aTOMOB — aToMbl Kucaopona (44,6 % mo macce).

Copnep:xaHue cepbl B 3eMHOH KOpe COCTaBJISeT
0,0340 %, rIaBHBIM 06pa3oM B BUIE COeIWHEHHH.
OHa 3aHMMaeT IIeCcTHaalaToe MecTO IO pacmpo-
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CTPaHEHHOCTH CPeIy XMMHYECKHX 3/JeMEHTOB BCJEN
3a 6apuem (0,0390 %) u crponuuem (0,0384 %);
coleprKaHUe Cepbl B 3eMHOH KOpe TIPUMEPHO BJIBOE
BBILIE, YeM Yy CJAENYIOUIEro 3a Hew yraepona
(0,0180 %).

CeJieH ¥ TessTyp CPaBHUTEJBHO pPelKHe 3JeMeH-
THI, B PSILYy PaclpoCTPAaHEHHOCTH XHMHUYECKUX 3Je-
MEHTOB B 3€MHOH KOpe OHM 3aHHMalT COOTBET-
CTBEHHO 66-e u 73-e MecTa; MOJNOHHUHA, B CBSI3H C
€ro pagvoaKkTHBHBIM pacranoM, B MPUPOLE BCTpe-
gaeTcsl HCKJAOUNTeNbHO penko. ComeprkaHue ce-
JIeHa B 3eMHOH Kope cocTabsieT ~ 5-107% % (uto
6usko K comepxanuto Ag u Hg (81075 %) u
Pd (1,5-1075 %). Tennypa B 3eMHOH Kope
~2-107 %, uTo cpaBHMMO C cojep:KaHueM Au
(4-1007 %) u Ir (1-1077 %). O6a 3.1emenTa
0OBIYHO COMYTCTBYIOT Cepe, a MHOTHE WX MHHepa-
JIBl BCTPEUYAIOTCS B MIPUPOIE BMECTE C CYJIb(PUIAMH
XaJbKO(PHUIbHBIX MeTaJJIOB.

Y moJioHWs] HET CTaOUJIbHBIX M30TOINOB, Bce 27
€ro M30TOMOB PalHOaKTHBHBI, ¥ TOJbKO 2'Po BeTpe-
JaeTcs B mpupoe, OYIydd MPearnocaeIHUM YJIeHOM
MPUPOJHOTO PANUOAKTHUBHOIO Psifa pamus.

HNudopmaunsg o CTPYKTYPHBIX OCOOEHHOCTSX U
(pu3M4eCKUX CBOHCTBAaxX aJJIOTPOMHBIX (POPM Cephl
XOpOLIO CHCTEMaTH3WpOoBaHa B KHure [9, T. 2].

B OCHOBHOM COCTOSIHHM aTOMBl XaJbKOT'€HOB
HUMEIOT 3JIeKTPOHHYI0 KOH(Urypauuimo ns’np* ¢ uet-
HBIM YHCJIOM BAaJIEHTHBIX JEKTPOHOB, IBA M3 KOTO-
peIX HecrapeHbl. [ToaToMy KHCIOpPOD, He UMEIOINH
HH3KOH MO 9HEPrHH BaKaHTHOH d-opOuTanu, B 60Jb-
IIHHCTBE COENUHEHWH NBYXBaJIEHTEH, B TO BpeMs
KakK JpPyrue XajbKOTeHbl CIOCOOHBI 00pPa30BBEIBATDH
IO ILIECTH KOBAJEHTHBIX CBSI3eH.

[Ipu mepexome OT KHUCJIOpPOHA K IOJIOHHIO pas-
Mep aTOMOB M HX BO3MOXKHBbIE KOOPIWHALMOHHBIE
YHCJla YBEJHUUYMBAIOTCS, 8 3HAUEeHHS SHEPTHH HOHU-
3alMH U 3JEKTPOOTPULATENBHOCTh YMEHbBLIAKOTCS.
Kucsopon, 3/eKTpoOTpHLATEBHOCTD KOTOPOTO yC-
TyHaeT JUIb PTOPY, U cepa — TUIIMYHbIE HEMETAJ-
JIbl, CeJIeH U TeJIyp — METAJIOUABl C XapakTep-
HbIMU MeTa/JIM4YeCKUMHU CBOHCTBAMH, MOJOHUH —
MeTaJll.

HecmoTpsi Ha HeOOJbIIOH paauyc, KOOpAWHA-
LIMOHHOE YUCJIO KHCJI0pPOJA MOXKET H3MEHSIThCS B
IIMPOKHUX IpelesaxXx B 3aBUCHMOCTH OT XapakTepa
CBSI3W (KOBaJleHTHAasi, WOHHAs) W THIA KPHUCTaJ-
auueckoil cTpykTypol: O (aToMapHBI KHCJIOPOX),
1 (O,, CO), 2 (H,0O, H,0,), 3 (H;0%), 4 (okcoare-
tatel Be u Zn), 6 (MgO, CdO) u 8 (Na,O, Cs,0).

B coenvHeHHsX cephl, cesieHa, TeJaypa C KHC-
JIOPOJIOM U TAJIOTeHAMH Peanu3yITCs CTENeHN OKHUC-
JgeHnss +6 (B rekcadropumax DFg m cmemmaHHBIX
ranorenunax), +4, +2. C 60JbILIHHCTBOM OPYTUX
3J1eMEHTOB OHHM 00pa3yloT XaJbKOTEHHIBI, TIe Ha-
XONSITCS B HU3IIEH cTemeHu okucjaenus (—2). Ilo-
MHMMO 3TOro 6Jjaromapsi cocoOHOCTH K 06pasoBa-
HHUIO TOMOATOMHBIX LeMed BO MHOTHX COEIMHEHHSIX
Cepel, ceJieHa ¥ TeJIypa peaqu3ymTcs (hopMmasb-
Hble MTPOMEXKYTOUHBIE (B TOM 4HCJEe OPOOHBIE) CTe-
nenu oxkucaenus: +1 (S,Cl,), —2/5 (Na,S;), +5/2
(Na,S,04), +1/5 (Se?f), +1/2 (Tei*) u mp.

M3-32 BBICOKOW 3JIEKTPOOTPULATENBHOCTH, He-
6OJIBIIOTO paguyca U OTCYTCTBHS HU3KOTO IO dHEP-
i d-TIONYPOBHSI aTOM KHCJOPOAA He crocobeH



Tabauuma 23

CgoiicTBa 3semeHTOB 16-if rpynmnbi

CgoiicTBO (@] S Se Te Po
ATOMHBIA HOMep 8 16 34 52 84
Yucao npupoaHbiX M30TOMOB 3 4 6 8 0
AnekTpoHHas KoHpurypauus artoma | [He] 2s?2p* | [Ne] 3s23p* | [Ar] 3d'%4s4p* | [Kr] 4d'°5s%5p* | [Xe] 4f1*6d'%6s%6p*
KoBanenTtHbid papuyc (KU 12), um 0,074 0,104 0,140 0,160 0,164
Wonnbiii pagnyc (nns KU 6), vM
M2- 0,198 0,221 (0,230?)
M 0,050 0,097 0,094
M+ 0,042 0,056 0,067
Aueprusa vonusauuu I,,
KJIx - MoJib ™! 1313,9 999,6 940,9 869,3 812,0
JHeprus CpPoACTBa K 3JEKTPOHY,
KJIX - MOJIb ™! 141 200 195 190 183
DIeKTPOOTPULATENBHOCTD:
no [TosuHry 3,44 2,58 2,55 2,10 2,00
no Ousapeny—PoxoBy 3,50 2,44 2,48 2,01 1,76
Tabauua 24
HekoTopble (u3nueckue CBOWCTBA ceJieHa, Teadypa U MOJOHUS
CgoiicTBO Se Te Po
T. na., °C 217 452 246—254
T. kun., °C 685 990 962
AH ommsaumy KK - MOTE™! 206,7 192 —
MaotHocts (25 °C), r-cm—3 lekcaronaabubi 4,189 6,25 a 9,142
6-MOHOK/IMHHBIA 4,389 p 9,352
cTekJOBUIHBIA 4,285
YneabHoe ajgekTpuyeckoe conpotupienue (25°C), mxOwm - cm 1010 @ 1 o 4,2-1075
4,4-10-°
Ilupuna 3anpewentoi 3oubl E,, xJlx - Mosn! 178 32,2 P 0

2 CHJIBHO 3aBHCHT OT YHACTOTHI, TeMIepaTypbl U IIO0TOKa Q)OTOHOB; COIIPOTUBJIEHUE

paBuo 1,3-10° Om-cm.

oTnaBaTh Gosee ABYX 3MeKTPOoHOB. CoelMHEHHS, B
KOTOPBIX KHUCJOPOJ IMPOSIBASET CTENeHb OKHCJAEHHS
—+2, ABJSIOTCS CHUIbHBIMHM OKHMCJHUTENSMH U KparHe
HeyCTOHUMBBEL. Bce ocTasnbHble XaJIbKOT'€HBI MPOSB-
JISIOT BBICLIYIO CTeNeHb OKHUCJAeHHd 6. YcTohuu-
BOCTb D% moHMXKaeTCss OT cepbl K MOJOHHIO, AJS
KOTOPOro CTaOU/IbHBI COEIMHEHHUS CO CTeleHbIO
okucyenus —+4, +2 (wanpumep, PoO,, PoCl,).
TpynHOCTE DOCTHXKEHHS BBICILIEH CTENEHH OKHCJe-
HUS SIBJISIETCS XapaKTePHBIM MPU3HAKOM IMOCTIIEpPe-
XOIHBIX 3JIEMEHTOB IecToro nepuona. OHa oObsic-
HSIeTCSl YBEJHMUYEHUEM MPOYHOCTH CBSI3H 6SZ-3JeKT-
poHOB ¢ snpoM. OKHCAUTENbHAs CIIOCOOHOCTD CeJle-
Ha B BBICIIEH CTENeHM OKHCJEHHS 3HAYMTEJbHO
BbILLIE, YEM TeJIypa M CEpHI.

Kucnopon, kak u Ipyrue 3/7eMeHTBl BTOPOTO
nepuoaa, OTJWYAETCS M0 CBOHCTBAM OT CBOUX 6o-
Jlee TSKeJsbIX aHaJoroB. K3-3a BBICOKOH 3JIEKTPOH-
HOH IJIOTHOCTH M CHJIBHOT'O MEXK3JIEKTPOHHOTO OT-
TaJKHBAHHUS CPOJCTBO K 3JEKTPOHY KHCJIOPOAA H
MIPOYHOCTH CBA3H D—23 OKa3bIBAIOTCS MEHbLIE, YEM
IJIsl Cepbl, CeJleHa U TeJIypa, a CTelleHb HOHHOCTH
CBSI3M MeTaJlJI—XaJbKOreH—3HauUTebHO BBILIE.
B cuny MeHblero paanyca KAc/JOpoA B OTJIWYHE OT
cepbl crnioco6eH 00pa3oBbIBATb IPOUYHBbIE JI-CBSI3U
(pm-pmM) C IPYTHMH AaTOMaMH, HANpUMeEpP C KHUCJO-
pomom (O,, Os), yrmeponom, a3oToMm, cepoH, ¢oc-
¢dopom. Ilpu nepexone oT KUcaOpoa K cepe Mpou-
HOCTb ONMHApHOH O-CBSI3U pacTeT H3-3a ocnalbJe-
HHSI MEXK3JIEKTPOHHOTO OTTAJKHBAHHUS, a MPOYHOCTD
TI-CBSI3Y TIOHMZKAeTCs], 4TO CBSI3aHO C POCTOM pajuy-
ca W yMeHbILIEeHHEeM IepeKpPbIBaHHS aTOMHBIX p-0Op-

x)kunkoro Se mpu 400 °C

6utasnen mo m-TUNy. TakuM 06pa3oM, eCJH AJsT KHUC-
Jlopofia 3HepreTUYecku OoJiee BBIFOAHO 0OpaszoBa-
HUe KpaTHBIX (O - 71)-CBsI3ed, TO IJIs1 CEphl U ee
aHaJIOTOB yCTOWYMBEE OKA3bIBAIOTCSl ONMHAPHBIE
CBSI3H.

B cBoiicTBax cepbl NpocyekuBaeTcsi OOJblIe
aHaJIOTHH C CeJeHOM M TeJJIypOM, 4eM C KHCJIOpO-
IOM W ToJjoHHeM. Tak, B COeIMHEHHSX C OTpHLA-
TeJIbHBIMH CTEMEHSIMU OKHUCJIEHHUS OT CEPBI K TeJLIy-
Py YCHJIMBAIOTCS BOCCTAHOBUTEJIbHBIE, & B COEMHE-
HHUSX C MOJIOXKUTEJbHBIMU CTENEHSIMA OKUCJIEHUS —
OKHCJIUTEJbHBIE CBOHCTBA, HauboJiee CUIBHO BhIpa-
’KeHHBIE Y CceJIeHa.

B wnesoM OKHCJHTEJNbHO-BOCCTAHOBUTEJbHBIE
CBOHMCTBA COEOWHEHUH 3/71eMeHTOB 16-i rpymmsl xa-
PaKTEPU3YIOTCS CJAEAYIOLIMMH 3aKOHOMEPHOCTSIMH:

1. CHuXKeHMEe yCTOHYHMBOCTH coenvHeHuH H,M
ot H,S k¥ H,Po.

2. Bosbuias ycroituuBocTh coennnenuit MV mo
oTHoweHno K M° u coemnnenusm MV! nasa Se, Te
u Po (o He masa S).

3. AHomasnbHble cBoficTBa Se B BhICLIEH cTere-
HU OKHCJIEHHSI.

AJIEMEHTDI 17-i TPYNIIbI

K snemenrtam 17-# rpynnsl oTHocsiTcsi TOp,
xjaop, 6pom, Hon, actat. HasBaHue 3Tux 3jnemeH-
TOB — eano02enb. (Tped. «POXKAAWIIUe CONU») —
00yCJIOBJIEHO TeM, YTO OOJIBLUMHCTBO WX COeIHHe-
HUH ¢ MeTa/ylaMd NpPeACTaBJ/sfAl0T co00H TUMUUHBbIE
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comu (KF, NaCl u 1. 1.). B 3eMHO#l KOpe ycTaHOB-
neHo coaepxkanue 9,5-102 % ¢ropa, 0,013 %
xnopa, 3,7-107° % o6poma, 1,4-10~* % iona u
cJIeOBble KOJIMYeCTBa acTara.

DJeKTpOHHAs! KOH(UTrypaLHsi, HEKOTOPBIE Xapak-
TEPUCTHKH ATOMOB TaJOTeHOB M HUX (hHU3HUeCKHe
CBOHCTBA NpHUBeleHbl B Tabauuax 25 u 26.

B 0OCHOBHOM COCTOSIHMH aTOMBI rajloreHOB HMe-
IOT 3JEKTPOHHYIO KOH(HUrypauuio ns’np’, roe n —
rJIaBHOE KBAHTOBOE YUCJO (WM HOMep IMEepHona).
CpoticTBa (propa, Kak M APYrUX 3JE€MEeHTOB BTOPO-
ro nepuona, OTJHYAIOTCH OT CBOUCTB OoJjee TsxKe-
JIBIX aHaJoroB. DJIeKTpoHbl 2s% u 2p® aToma ¢ropa
csabo 9KpaHUPOBAHBI OT SIAPA, YTO NMPUBOAUT K BbI-
COKOH ymesnbHOH (Ha enuHHlly oO6bema) 3JeKTPOH-
HOH MJIOTHOCTH U COOTBETCTBEHHO MeHbIUEMY pa-
nuycy, GOJbILMM 3HAUEHUSIM SHEPIUH HOHHM3ALUH H
3JIeKTpooTpHLAaTebHOCTH. [Ipu mepexome ot (pro-
pa K fony pasMep aTOMOB M BO3MOXKHble KOOpAWHA-
LIMOHHBIE YHCJA YBEJHUYUBAIOTCS, & SHEPIMH HOHU-
3alMHd U 3JIEKTPOOTPULATENBHOCTh YMEHBLIAKOTCS.
CponcTBO K 3JEKTPOHY (hTOpPa MeHbLlE, YeM XJIOpa.
DTO CBSI3aHO C CHUJIBHBIM MEX3JEKTPOHHBIM OTTaJ-
kuBaHueM. [Ipu mepexome ot xJsopa K Homy cpon-
CTBO K 3JIEKTPOHY TOHMKAeTCs M3-3a YBeJHUEHHUS
panuyca atoma rajoreHa. @rop obsagaer BEICOKOH
3JIEKTPOOTPHLIATENBHOCTBIO. DTO TIPUBOJUT K TOMY,
4yTO IJis1 (PTOpa U3 BCEX BO3MOXKHBIX CTeleHel OKHC-

aenusi (—1, 0, +1, 43, +5, +7) xapakTepHbI
Tosabko —1, 0.

M3BecTHB! KOBa/IeHTHbIE COEAUHEHUS, (POpMaJib-
HO cojJep:Kallldie aToM TajoreHa, B TOM YHCJE H
(bTopa, B MOJOXKHUTEJNbHOH CTEleHU OKHCJeHHS, Ha-
npumep BrfONO, F+OCIO,;, I+ (ONO,);. 3mech
aToM rajioreHa KOBaJIeHTHO CB$I3aH C OKCOAHUOHOM
yepe3 MOCTHKOBBIH aTOM KHCJOpPOAa. YKasaHHble
COeIMHEHUs] HeYCTOHUYMBBl U JIETKO paspyllalnTcs
BOJIOH.

CrnenyeT Takxke OTMETHTb BBICOKHE IO CpaBHe-
HHMIO C IPYTHMH rajoreHaMH 3HTaJblHH 06pa3oBa-
HHMSI MOHHBIX M KOBaJIeHTHBIX (pTOpHAOB. B cayuae
UOHHBIX (PTOPUIOB 3TO O0OYCJOBJIEHO HEOOJbLINM
pasmepoM HoOHa I, CHJBHBIM KYyJOHOBCKHM B3a-
UMOJEUCTBUEM U COOTBETCTBEHHO BBICOKOH HEpru-
el KpUCTANIMYeCKOH pelleTkH. Broicokas sHTaNb-
nust 06pa3oBaHus KOBaJeHTHBIX (PTOPUAOB CBSi3aHa
C MaJbIM paguycoM atoma (Topa, ¢ OOJBLIMM II0
CPaBHEHHUIO C JPYIMMH rajoreHaMu NepeKpbIBaHU-
eM aTOMHBIX opOuTajedl W, 3HAUUT, ¢ OoJjee Mpoy-
HOH KOBaJIeHTHOH CBsi3bi0. Hampumep, B Mosexy-
nax NF; u NC1, sneprus csa3u N—X cocrasiser
272 u 193 xJIx/MOJIb COOTBETCTBEHHO.

[anorenbl — TUMHYHbIE HEMETAaJJIbl, MO AEHCT-
BHeM BOCCTAHOBUTeJeH INpeBpallalollecss B ra-
goreHua-uonsl X—. MoHHBI# XapakTep rajoreHu-
JIOB HECKOJIbKO OcJia0eBaeT ¢ POCTOM IOPSIAKOBOTO

Tabauua 25
CgoiicTBa 3jemMeHTOB 17-i rpynnbi
CBo#iCcTBO F Cl Br 1 At
ATOMHBIA HOMep 9 17 35 53 85
Yucao ctabGuibHbIX M30TOMNOB 1 2 2 1 0
AtomHaa macca 18,9984032(9) | 35,4527(9) 79,904(1) 126,90447(3) (210)
daekTpoHHas KoHdurypauus atoma [He] 2s22p> | [Ne| 3s23p° | [Ar] 3d'%4s%4p5 | [Kr] 4d'°5s%5p° | [Xe] 41*6d!1%6s%6p°
ATOMHBIH pajauyc, HM 0,039 0,073 0,085 0,104 HeusBecren
HoHHbll paauyc X—, HM 0,133 0,184 0,196 0,220 —
BannepBaanbcoB paauyc, HM 0,135 0,180 0,195 0,215 —
HOauna cBsisu X—X B X,, HM 0,143 0,199 0,228 0,266 —
Aueprus vonuszauuu l,, xJx-momap—! 1680,6 1255,7 1142,7 1008,7 [926]
DHeprus cpoacTBa K 3JEKTPOHY, 332.6 348.7 324.5 295.3 [270]
K JIK/MOJb
AH,,.. Aas X,, xJIX - Moab~! 158,8 248,58 192,77 151,10 —
CreneHb OKMCJeHHSI (B CKOOKax yka- —1, 0 —1, 0, +1,| —1, 0, +1, —1, 0, +1, —1, 0, +5
3aHbl HEYCTOWYUBBIE CTEMEHU OKHUCJIe- +3, (+4), +3, (+4), +3, +5, +7
hits) 5. (46). | +5, +7
+7
DJEKTPOOTPULATENBHOCTD:
no [TosuHry 4.00 3,20 3,00 2,70 2,20
no Osapeny—PoxoBy 4,10 2,83 2,48 2,21 1,96
Tabnuua 26
HekoTtopbie (uanueckue CBOWCTBA raJlOreHOB
CBoilcTBO F, Cl, Br, I,
T. na., °C —219,6 —101,0 —7,25 113,6 @
T. kun., °C —188,1 —34,0 59,5 185,2 2
d (k; remnep., °C), r-cm—3 1,516 (—188 °C) 1,655 (—70 °C) 3,187 (0 °C) 3,960 @ (120 °C)
AH,,, xIx-moab~! 0,51 6,41 10,57 15,52
AH, ., Jx-momb! 6,54 20,41 29,56 41,95
Temneparypa (°C), npu koTopoit 765 975 775 575
1 % X, muccouuMupyeT Ha aToMbl
(p=1 atm)

4 JlaBieHue mapa TBepmoro Homa paBHo 0,31 Mm. pT. CT.
Temnepatype muasgaenus (113,6 °C).
® TlnoTtHocTh TBepmoro Homa 4,940 r-cm—2 mpu 20 °C.
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HOMepa, YTO SIBJASIETCS CJENCTBUEM YyMeHbIIEHHS
3JIEKTPOOTPULIATEBHOCTH. B coenunenusix ¢ 6osee
3JIeKTPOOTPULATENbHBIMU 3JEMEHTAMU TaJOTeHbI
MpPOSIBJSIOT MOJIOXKHUTEJNbHbIE CTEIEHU OKHUCJEHUS.

CoenMHEeHHUS TaJOTEHOB B IIOJOXKUTEJBHBIX CTe-
MeHsX OKHUCJEHUS TIPOSABJSIOT OKHUCJAUTEJNbHbIE
cBoricTBa. CorjlacHO 3HAYeHHUSIM CTAHAAPTHBIX IO-
TEHLIMAJIOB Ul XT OKHCJHUTENbHAS aKTUBHOCTb Me-
usercsd B pany Cl>Br>1, mna X5t —B pany
Br=Cl>1I, a gas Xt"— 8B psagy Br>I1> Cl,
COOTBETCTBYIOLIEMY BTOPUYHOH MEePUOIUYHOCTH.
Kunernuecku naubosiee JaOUIBHBIMH SABJSIOTCSH
COeMHEHHUS Hona — HONaThl U MepPUOAATHI.

CoeqvHeHUsI, B KOTOPBIX aTOM rajioréHa BBICTY-
naJj Obl KaK OJHOBAJEHTHBIH KaTHOH X1, B BOIHBIX
pacTBOpax HeU3BEeCTHbI, IOCKOJIbKY SHepreTHyecKue
3aTpaThl Ha MOHM3aLMIO He KOMIIEHCUPYIOTCS JHep-
ruefl KpUCTaJJIMYECKOH pelleTKH MU COJIbBaTaLUHU.
OnHako B HEBONHBIX CpeNax yAaeTcs BBIIEJUTH
NpOCTble U KOMILJIEKCHBIE COJIM, B KOTOPBIX aTOM
rajoreHa HaXOOHUTCS B IIOJOXKHUTEJbHOH CTeleHHU
okucyaeHust -+ 1:

Cl, + HSO,F = CI*[SO,F|~ + HCl,
2CsNsN + 21, = [I(CsHsN)o | F[Ls]

WsBecTHBI nosukamuonsl earoeenos X§, XJ, a
TaKXKe COeQVHEHHs, BKJIOYAOLINE aHUOKHKbIE POop-
Mol nosueanroezenudos Xz, Xz #u T. I

AcrarT mo cBOMM CBOHCTBAM HaroOMHHaeT HO..
Hanpumep, unentuguuuposansl coenunenuss HAt,
CH,At, BiAt, Ba(AtO,),. OnHako coenuHeHHST C
BbICILIEH cTeneHbio okucyaeHus At He mosyueHsl.

Mounexyna Fy — HUCKIIIOUUTENBHO CUIBHBIA OKHC-
JINTENb, KOTOPBIH MOXKET BBIHYXKIATh APYTHE 3Je-
MEHTBl NPUHUMAaTb HEOOBIYHO BLICOKHE CTEMEHH
OKHUCJIeHHs, 00pa3ysl Takue MNPOAYKTh Kak IF,,
PtF,, PuF, BiF;, TbF,, CmF,, KAg"F, u AgF,.
daxruueckun PTOp (KaK U OPYrHe 3JeMEHTBl 2-T0
nepuona: Li, Be, B, C, N u O) aBasiercsi niis cBoeit
TPYTIIEl ATUIHYHBIM 3J€MEHTOM, U 110 OfHHM H TEM
’Ke nipuunHaM. [ls1 BCeX ceMH yKasaHHBIX dJeMeH-
TOB HabJIOOAITCS OTKJOHEHHS OT 3KCTpPAaroJs-
LIMOHHBIX 3aKOHOMEPHOCTEH, YTO MOXKHO 0OBSICHUTD
JeHdCcTBUEM TpeX (PaKTOPOB:

1. Ux aTomBl Majoro pasmepa.

2. VX 3JeKTPOHBI MPOYHO CBSI3aHBI, ¥ MOITOMY
He CTOJIb JIETKO MPOUCXOANUT HOHW3aLHUsl WM HCKa-
JKeHue (mosisipusauusi), KakK B cJydyae NPYTUX 3Je-
MEHTOB TPYIIIbI.

3. Y HUX OTCYTCTBYIOT HH3KHE 110 SHEPTHH d-0Op-
O6uTanu, KoTopble MorJju Obl y4acTBOBaTb B oOpa-
30BaHUM CBS3H.

[TapamokcasbHO, HO TOKCHYHBIE TajoTeHbl Ha-
LM MPUMeHEHWe B CaHUTApuu U MenuuuHe. Pro-
pPOBOLOPOAHAS KHCJIOTA BBHI3BIBAET YpPE3BBIYAHHO
6oJ1e3HEHHbIE 0XKOTH KOXKH, NT03TOMY CO BCEMH CO-
eIMHEeHUSIMH, KOTOpPble THAPOJIN3YyIoTCS ¢ 06pa3oBa-
uuem HF, cnenyer o6pamatbest ¢ 60JbIIOH OCTO-
POXKHOCTBIO. MakcuMmasbHasi TOMycTHMasi KOHLEHT-
pauusi rasoobpasHoro HF (mpu mnutensbHOM BO3-
neiicTBun) coctasaser (2—3)-10~* % (cp. ¢ 103
% nna HCN). Cso6onHblii ¢dhTop elue GoJiee TOK-
CHYeH: MakKCHMaJsbHas AOMYyCTHMas KOHLEHTpalus

MpH €KeITHEBHOM 8-4acOBOM BO3JEHCTBHH paBHA
0,1-10~* %. He6oabluass npumech (HhTOPHI-HOHOB
B TMHUTbEBOH BOJE — XOpOLlIee CPEeACTBO AJs Mpo-
¢unakTuku kapueca 3y6os. Ilpu comepxkanuu ¢ro-
pua-noHos < 1-10~* % HUKAKHUX BpeIHBIX MOO0Y-
HbIX 3)(peKTOB He 0OHapyKEeHO [axKe MOoCJe MHOIro-
JIETHEr0 UCIOJb30BAHUSI TAKOH BOIBI, TOITOMY (PTO-
pUpoOBaHHe MHUTbEBOH BOIBI PEKOMEHIOBAHO, U B He-
KOTOPBIX CTpaHax Takasg o0paboTKa MpUMeHseTCs
yxe MHoro JieT. OIHaKO NpH cofepKaHuu PTOpHm-
voHOB (2—3)-10~* % Ha 3y6ax MOryT MOSIBUTHCS
KOpUYHEBble KpanuHku, a npu 5-1072 % Obun
OTMeueHBl [a)Ke OMacHble TOKCHYECKHE TMPOSIBJIe-
nus. Ilpn nonapanuu B opranusm 150 mMr ¢ropuna
HaTpUsl MOTYT BO3HHKHYTb TOLIHOTA, PBOTA, IHa-
pesl ¥ ocTpele OOJIM B KHBOTE, HO BCE ITH CHMIITO-
MBI OTpPaBJIEHHS MPOXOAAT NPH OBICTPOM BHYTPH-
BEHHOM ¥ BHYTPHMBIIEYHOM BBeIE€HHH HOHOB KaJ/lb-
uus. B nocnennue necaTtuneTus pTopupoOBaHUE IH-
ThEBOH BOABI CTAJIO BBI3bIBATH CIIOPBI M HaXKe Mpo-
TECTBHI.

XyopupoBaHre BOLOMPOBOIHON BOJBI PACIIPOCT-
PaHEHO MOYTH MOBCEMECTHO B Pa3BUTBIX CTPaHaX.
Kax u B caydae ¢ropa, mpy NMOBBIILIEHNH KOHLEHT-
paLuy XJ0pa MpPOsIBASETCS €ro TOKCHYHOCTD: 3arax
XJiopa 0OHapYKUBAETCS MPU CONEPKAHUHU B BO3LY-
xe 3-10~* %, npu 1,5-10% % xs0op BbI3BLIBAET
pasnpaxenue roprauu, npu 3- 1073 % — kamen,
a npu 0,01% — 6bicTpyto cmeptb. Caenyer us-
6eraTh IJIMTENBHOTO BIABIXAHUS XJ0pa TPH €ro KOH-
LeHTpalyud B Bosayxe > 1-10~* (%)

HcnonbsoBanne KBr x kauecTBe cegaTHUBHOIO
(YCTIOKOUTEIbHOT0) U TPOTHBOCYIOPOXKHOTO Cpel-
CTBa IpU JIEUEHUH STIUJIENCUH U3BecTHO ¢ 18357 .
Hpyrue BaxkHble 06JaCTU MPUMEHEHHUST OPOMCOIEp-
JKalMX COEAWHEHHH — 3TO aHTUMHPEHbI (IIPOTHUBO-
MoXKapHble CPelNCTBa, NPEeAOTBpallalolliie BO3ropa-
HUe) ¥ MexX(hasHble KaTaju3aTopbl.

Hacrolika sasemMeHTHOrO Hoia — pacripocTpaHeH-
HBIH aHTHCcenTHK. s MpodHUNakTHKH U JIeUeHHS
3a00JIeBaHUH LIUTOBUIHOH Kese3bl npuMeHsioT K,
HOIMPOBAHHYIO COJb (MTOBapeHHAasi COJb ¢ NoOaBKa-
mu 0,01 % Nal). [Tomumo poTorpaduy ¥ MeaHIH-
Hbl, HOJl ¥ €ro COeJMHeHHs LIMPOKO HCIOJb3YI0TCS
B 00BEMHOM XHMHYeCKOM aHajiuie. HMomopranuye-
CKHE COEeJMHEHHS TaKKe UrpaioT 3aMeTHYI0 pPOJb
B CUHTETHUYECKOU OpraHUYeCcKOH XUMHUHU.

DJIeMeHT ¢ TOpPSIAKOBBIM HOMepoM 85 (acrart,
YTO O3HauaeT HeyCTOHYMBBIN) B NPUPOIE COMAED-
JKUTCS B TPeHeOPEKUTENbHO MAJbIX KOJHYECTBAX.
B obfuell caoxHOCTH pasHbIMU criocobaMy ObLIO
nosydeHo 27 usortomnos ot At no ??°At, omHako
BCce OHM KOopoTKoxuByiine. [Tomumo 2''At Tosbko
YeThIpe U30TOMNA UMEIOT MEePHOJ MoJsaypacnana 60Jb-
mwe 1 uaca: 3t0 27At (t,,,= 1,80 u), %At (1, =
=1,63 u), 29At (1,,="5,41 u) u ?9At (1,,,=28,1 u).
OTo o03HayaeT, YTO 3aMETHbIE KOJMYECTBAa acTaTa
HJIM er0 COeJMHEHWH He MOTYT OBITb BbIAEJEHH H
HUYero He M3BECTHO O (PU3MYECKUX CBOUCTBAX 3TO-
ro asnementa. Hanpumep, oTHOcHTesnpHO HanboJsee
ycroituuBbiil nzoTon 2'9At umeeT yaesqbHYIO aKTHB-
HOCTb, OTBevamllyo 2 kiopu Ha | Mkr, T.e. 7100
akToB pacraga B 1 ¢ Ha | mkr BemectBa. Camble
6oJbllMie U3yUeHHble MpernapaThl actata CoAepIKa-
au ero B KoauuecTBe okKojao 0,05 MKr, Tak 4To
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BCe HallM 3HaHUS B 0OJACTH XUMHH 3TOro 3Je-
MeHTa TIOJIyYeHbl NYTeM HCKJIOUUTENbHO HU3SIIL-
HbIX 3KCIIEPUMEHTOB CO CJIELOBBIMU KOJHUYECTBAMU
BellecTB, OOBIYHO MPH KOHIEHTPALMU IIOPSAKa
10-1—10—"2 mosab-s~'. Haubosee KOHLEHTPHPO-
BaHHbIE BOJHBIE PACTBOPBI acTaTa WM €ro COelIu-
HEeHUH, KOTopble KOraa-aubo OblIM U3y4YeHbl, COlep-
)anau npumepHo 10~8 mousb - ! BelecTBa.

3JIEMEHTDI 18-ii TPYNIIbI

daeMeHTBl 18-i rpynmnel: TeJull, HEOH, aproH,
KPUIITOH, KCEHOH U pajJoH — Ha3blBalOT MHEPTHHI-
MU (Wi 6JIarOPOIHBIMK) ra3aMu. DJIEKTPOHHAS KOH-
(hurypauys nepBOro NpeAcTaBUTEJNs IPYIIbl — re-
gusi — 1s2. ATOMBI OCTa/JIbHBIX HHEPTHBIX ra30B Ha
BHEIIHEM YPOBHE MMEIOT BOCEMb BaJIEHTHBIX 3JIEKT-
POHOB, YTO OTBeYaeT YCTOHNYMBOU 3J€KTPOHHOH KOH-
¢urypauuu. HexoToprle aTomHble U (u3nyecKue
cBOicTBa 6/1aropoHbIX ra30B MPeACTaBJAEHbl B Tab-
aune 27.

[enuit — BTOPO# 1O pacrnpoCTPAHEHHOCTH 3Jie-
MeHT Bo Bcesennoit (76 % H, 23 % He), Ho on
yepecuyp Jerku#, 4ToObl ero ynepKuBano rpaBu-
TauuoHHoe mnoJse 3emau. [loatomy Bech nepBoHa-
YyaJbHBIA 3amac rejusi Obll Halled MJAHETOH yTe-
pPsiH, U B HacTosllllee BpeMs 3eMHOH reJsiui, Kak U
aproH, — MPOAYKT paauoakTuBHOro pacnaga (‘He
obpasyercs mpu [P-pacrnage TSAKeNbIX 3JEMEHTOB,
“Ar — npu 3aekTpoHHOM 3axBaTe usotomna ‘°K).

Baaropoauble rasel cocTaBasiioT okoao 1 % 3em-
HOU aTmocdepbl, MpUUYeM T[JaBHbIH KOMIIOHEHT —
aprod. MeHbllHe KOJHUYECTBA 3THUX 3JE€MEHTOB Ha-
XOASITCS B BHIE BKJIOUEHWH B BYJKAHUYECKUX (Mar-
MaTHYECKHX) MOPOJAX, OTHAKO aTtMocdepa CJIYKHUT
rJIaBHBIM MpOMbIleHHbIM ucTouHHKOM Ne, Ar, Kr
1 Xe, KOTOpble H3BJEKAIT B KauecTBe MOOOYHBIX
MPOAYKTOB TMPH CXKUKEHHUH U pasjieseHUH BO3AyXa.

ConepxaHue rejqusi B aTMocdepe B MITb pas
6oJibllle, yeM KpuntoHa, u B 60 pa3 GoJblue, gem
KCEHOHa, OJHAKO €ro M3BJIeYEeHHE U3 ITOTO HCTOU-
HUKa 3KOHOMHYeCKH MeHee 3(P(PeKTHBHO, ueM IOo-
JiyueHHe U3 MPUPOAHOTO rasa — MpPHU YCJAOBHH, UTO
oH cozepxuT 6oaee 0,4 % renus

Korna cyuiectBoBaHrWe 3TOH IPyMMbl 3J€MEHTOB
OBLI0 OKOHUATENbHO YCTAHOBJIEHO, 0Ka3al0Ch, YTO
OHA HEe TOJIbKO 3aHMMaeT IMOAXOAsIlee MeCTO, HO
(haKTUYeCKH yJIydlIaeT IEePUONUYECKYI0 CHCTEMY,
TaK KaK CTAHOBHUTCSI €CTECTBEHHOH IpaHULEN MeX-
Iy BBICOKO3JIEKTPOOTPHULATENbHBIMU TaJOTeHAMH H
BBICOKO3JIEKTPOTIONOKHUTENbHBIMU 1EJOYHBIMH Me-
tamnamu. [lepednciieHHble 37eMeHTHl TONYYUIN Ha-
3BaHHE <HHEPTHBIE Ta3bl» W COCTABHMJM HYJEBYIO
rpymIy, XOTs ObLIO IPeNNoJioKeHHe, YTO UX Mak-
cHMaJibHasi BaJleHTHOCTb MOXeT ObITh paBHa BOCH-
mu. MIX TakxKe HasblBaIM «peiKHe Trasbl», OJHA-
KO, MOCKOJIbKY JIETKHE 3JEMEHTBI 3TOH TPYyMIbl HET
MPUYUHBl CYUTATH PENKUMH, a TsXKejble HeJIb3s
CUHTATb MOJHOCTBIO HHEPTHBIMH, HauOoJee MOIXO-
Nsilllee Ha3BaHMe [/ HUX — «OJIarOPOAHbIE Ta3bl».
B nocsnenHue TpuauaTh JeT MOBCIOAY HCIOJb3yeT-

Tabnuua 27
CgoiicTBa 3jemeHTOB 18-ii rpynnsi
CBoiicTBO He Ne Ar Kr Xe Rn
ATOMHBIH HOMep 2 10 18 36 54 86
Yncao npupoaHbIX M30- 2 3 3 6 9 1
TOMOB
AtomHas macca 4,002602(2) | 20,1797(6) | 39,948(1) 83,80(1) 131,29(2) 222,0176
dJeKTpoHHAas KoOHpurypa- 1s? [He] 2s22p® | [Ne] 3s23p® | [Ar] 3d'%4s?4p® | [Kr]4d'%5s%5p¢ | [Xe] 4f'*5d'%6s%6p5
uMs atoma
ATOMHBIH pajauyc, HM 0,122 0,160 0,192 0,198 0,218 0,220
dHeprua voHusauuu, I, 2372 2080 1520 1351 1170 1037
KJIK - MoJIb ™!
dHeprus Bo30YXKIeHHUS — 1601 1110 955 801 656
ns’npb > ns’npS(n + 1)s!,
kJ3K/MoJIb
DAEKTPOOTPULIATEIbHOCTD
no [Tosunry — — — 3,00 2,60 —
no Ouspeny—PoxoBy 5,50 4,84 3,20 2,94 2,40 2,06
T. na., °C — 0 —248.61 —189,37 —157,20 —111,80 —71
T. kun., °C —268,93 —246,06 —185,86 —153,35 —108,13 —62
AH,,, kIx - Mo~} 0,08 1,74 6,52 9,05 12,65 18,1
MnoTHOCTL MpU H. Y., 0,17850 0,89994 1,7838 3,7493 5,8971 9,73
MT - cM 3
TenaonpoBoaHOCTb TIpU 0,1418 0,0461 0,0169 0,00874 0,00506
0°C, Ix-c'-Mm!'-K!
Pacteopumoctb B BOJE 8,61 10,5 33,6 59,4 108,1 230
(20 °C), cm3-kr!
CojpepxaHue B CyXom 524-10~* | 1,821-103 | 9,34.10! 1,14-10—* 8,7-10-6 [lepemenHnsle cie-
Bo3ayxe, 06. % bl @
CopepxaHue B mMarmaTu- 3-10-7 7-10—° 4-10-6 — — 1,7-10—1
yeckux nopojax, mac. %

9 Cpennee sHaueHue ~ 6-10-18 %,

® JKupkuii resuii — eIMHCTBEHHAs KHAKOCTb, KOTOpasi He MOXKeT OBbITb 3aMOPOXKEHA OIHUM TOJIBKO MOHHKEHHEM TEM-
nepatypnl, TpebyeTcsl TakKe NeHCTBHe NaBjeHHS. TakKe 3TO €AWHCTBEHHOE BEIIECTBO, y KOTOPOrO OTCYTCTBYET <«TpPOHHas
TOYKa» — COYETAHHE YCJOBHH (TeMIepaTypbl U AABJIEHHUS), IPH KOTOPBIX COCYIIECTBYIOT W HAXOLSTCS B PABHOBECHH TBepas,
JKHAKas U razoodpasHas (asbl.
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Cs MMEHHO 3TO Ha3BaHHE, U HMX OTHOCAT K 18-i
TPYIIIE MEePUOAUUECKOH CHCTEMBI.

WNuepTHOCTb 6/1arOpoOAHBIX ra3oB 00ycCJa0BUIA
UX KJI0YeBYIO MO3ULHIO B 3JE€KTPOHHOH TEOpHUH
BaJeHTHOCTH, paspaboranHo#r B 1916 .
JIxx. H. Jleroucom u Y. Koccesem, nousitie «cra-
OUJBHBIA OKTET» OBLIO MPUHATO B KaUeCTBE OCHOB-
HOTO KpUTepUsi 06pa30BaHUs CBSI3H MEXAY IBYMS
atoMaMd. To 06CTOSITeNbCTBO, 4TO OJaropojHble
rasbl OfHOATOMHBI W HEMOJSIPHBI, NMPHOJMKAET HX
K HIeaJbHOMY rasy M IOPOXKIAET HEeNpPOXOISILIHH
HHTEpeC K UX (PU3UYECKUM CBOHCTBaM.

[Ipeobaananve B mpupome usoromna °Ar obyc-
JIOBJIUBAET WHBEPCHUIO MOPSKA U3MEHEHHUST aTOMHON
Maccel st Ar u K B mepuomguueckoil cucteme, u
pacrosio>keHue aproHa mnepej KajueM OBIJIO OKOH-
YaTesNbHO MPUHATO TOJNBKO TOTHA, KOTJA BBISICHH-
JIOCh, YTO MCXOHAS M3 ATOMHOH MacChl Tejlusl ero
CJeqyeT MOMECTHTb IMEPEN JUTHEM.

[lenquit obsanaeT psiioOM YHHUKAJbHBIX CBOHCTB.
Cpenu HHMX — YAMBUTEJbHBIA Mepexon OT Tak Ha-
3piBaeMoro requsi-I kK resuio-ll, kKotopwiéi mpouc-
xomgut BOm3u 2,2 K (TemmepaTypa Tak HasbBae-
MOH «A-Touku»), Korma xkunkuid He (tounee ‘He,
tTak Kak *He He BemerT cebsi momoOHBIM 06pazom
BIJIOTb 10 1—3 MUJIJIMKEbBUHA) OXJaXK/AaeTCs TIPH
BakyyMHpoBaHuH. [lepexon sicHO BHIeH — BHe3am-
HOe MpeKpalleHHe TypOYJeHTHOTO KHIIEHHS, XOTH
ucnapenue mpoposkaercsi. He-I — obbrunas xun-
KOCTb, OIHAKO IPH Nepexoje pe3Ko BO3pacTaioT ee
ynesbHasi TemsoeMkocTb (B 10 pas) u Temsompo-
BoaHocTh (B 10° pas), a BA3KOCTb, KOTOPYIO H3Me-
pSIIOT 10 TEYEHHI0 Yepe3 TOHKHH Kamuusip, CTa-
HOBUTCS NpPaKTHUECKH HYJNeBOH (OTCioga TEepPMHH
«CBEPXTEKYUYeCTb>).

CrienyeT OTMETHTB NPaKTHYECKH BaXKHOE CBOH-
CTBO — CIOCOOHOCTb OJIarOPOAHBIX a30B, 0COOeH-
HO requsi, TUQQPYHOUPOBATH CKBO3b MHOTHE Ma-
Tepuasbl, 0OBIYHO HCIOJb3yeMble B JIaOOPATOPHH.
PesnHa ¥ MOJHMBHHUAXIOPUL — OOBIYHBIE TIpUMe-
pbl TAaKHX MaTepHasoB, HO TeJHH MPOXOIUT AaKe
CKBO3b CTEKJIO, TaK 4TO CTeK/sHHbIe cocynsl [lpioa-
pa He MOTYT OBbITh HWCIOJb30BaHBl B KPHOCKOIHYE-
CKHX OIBbITAaX C JKUAKHM TeJIHeM.

CyliecTBYyeT 0MacHOCTb /151 3[10POBbsi, KOTOPYIO
NpeacTaBJ/sieT B IPUPONHOHN Cpefle PaAuOaKTUBHBIN
paJIoH.

Bce asmeMeHTBI 3TOH TPyNNbl HUMEIOT yCTOWYHU-
Bble 3JIeKTPOHHbIe KoH(purypauuu (1s? niu ns’np®)
¥ TIPH HOPMaJIbHBIX YCJIOBHSIX MPEACTABJSIOT COOOH
fecliBeTHbIE ONHOATOMHbIE ra3bl 6e3 BKyca M 3a-
naxa. Henossipras cdepnueckas mpuponga ux aro-
MOB 0OyCJIOBJIUBaeT (hU3MuecKhe CBOHCTBa, KOTO-
pble TOCJ/e0BaTebHO MEHSIIOTCS B COOTBETCTBHH
C aTOMHBIM HOMepoM. Mexxny aToMaMu AEHCTBYeT
TOJIBKO cJjaboe BaHOEepBaajbCOBO B3aUMOJEHCT-
Bue. OHO yCH/IMBaeTCsl C BO3pacTaHHEM IOJISPH3Y-
€MOCTH aTOMOB M yMEHbILIEHHEM 3HEpPrUH HOHU3a-
uu¥ (BJaMsIHHE 000UX (PAKTOPOB yBEJUUMBAET MEXK-
aTOMHOE B3aHMOJEHCTBHE C POCTOM aTOMHOrO HO-
Mepa). HauboJsiee sipko 3TO WJIIOCTPUPYET SHTAJb-
MUs UCTIAPEHHs, KOTOPasi CJAYXKHT MepOH dHEpTuH,
HeoOXOAUMOH 1/l TIPEONOJIEHUST MEXKMOJEKYJISIPHO-
ro B3aUMOIEHCTBHS;, 3HTAJbIIUS HCIAPEHHUS IIPH
Nepexofie OT TeJiusl K PafoHy MeHsieTcsl 6oJiee 4eM

o

B 200 pas. Onmnako 3Hauenuss AHS. Bo Bcex cay-
yasgX MaJsbl, a TeMNepaTypbl KUIEeHUs HU3KHUE MJis
Bcex OJIarOpPONHBIX ras3oB, MPUYEM Yy TeJus — ca-
Masi HA3Kasi U3 BCEX BEIIECTB.

CTabuJIbHOCTDL 3JEKTPOHHBIX 000JI0OUEK TIOM-
TBEPKIAeTCsd TeM, YTO KaXKIbld 3JeMeHT NaHHOH
TPYIIBl UMEeT HAWBBICIIYI0 SHEPTHUI0 HOHM3ALMH B
CBOeM [epHOMe, XOTs ee 3HAUeHHE YMEHbILIAETCS
BHHM3 [0 TpyNIe H3-3a yBeJWYEHHs pas3Mepa aro-
MoB. lnsi GoJiee TsIKeJbIX 3JEMEHTOB OHA [Na)Ke
MeHbIIIe, 4eM [Jsi 3JIeMEeHTOB MEePBOTO Iepuona,
TaKAX KaK KUCJOPOA H (PTOp, UTO TIPOSIBJISETCS
B peakKLHOHHOH CIOCOOHOCTH OJ/1arOpPOAHBIX a30B.

OTKpbITHE OJIATOPOJHBIX Ta30B CTaJNO TPSMBIM
pe3ysbTaTOM HX HepeaKLUHOHHOCIOCOOHOH MpHUpo-
Obl, U TepBble Oe3yCIelIHble MOMBITKA BBI3BATH
XUMHUYECKHEe DeaKUWH YKPenwad MHeHue 00 HHepT-
HOCTHU 3/ieMeHTOB. TeM He MeHee MpeANpPUHUMAINCD
TIOTIBITKH 3aCTaBUTb PearHpoBaTh TsiXKeJble GJaro-
ponuele rasel. B 1933 r. Jlaitnyc Ilosuur, ucxons
M3 3HAUYEHWH WOHHBIX PAIWyCOB, TPEATONOXKHI, UTO
moryT ObITh mosyuersl KrFg u XeF. I.-M. Hoct
u A. JI. Kafie nonbiTajquch MOJyYHUTb BTOPOE CO-
e[IVHEHVe TIPU TPOMYCKAHUU 3JEKTPUUECKOro pas-
psina uepes cMecb Xe U F,, HO moTeprnesnn Heynauy.
Ho 1962 r., xorna Obln1 BbimeneH «XePtFg», nns
6/1aropoiHbIX Ta30B OBLIM H3BECTHBI TOJBKO KJ/aT-
paTbl, o6pasoBanubie Ar, Kr u Xe ¢ rugpoXxiuHOHOM
U BOJIOH.

KnarpaTel moBOJBHO YCTOHYHMBEIL, HO BBIOEJSIOT
ra3 Mpd PaCcTBOPEHHH WJM MJaBJeHWUH. AHajoruy-
Hble KJaTpaThbl MOJYYeHbl AJS MHOTHX OPYTHUX ra-
30B C MOJIEKYJIAMH CPaBHHUMBIX pPa3MepOB, TaKHX
kak O,, N,, CO u SO, (mepBblfi KaIaTpaT OBLI
nogpo6Ho wuccnenoan . Ilaysmmom B 1947 r.).
Opnuako wactuusl He u Ne c/HIIKOM MaJjbl U HEIO-
CTaTOYHO TOJSIpPU3YeMbl, YTOOB 06pa30BLIBATH T10-
JNOOHBIE KJATpaThl.

Hccenenys xumuueckue cBoiictsa PtFg, H. bapt-
JIETT 3aMETHJI, 4TO TIPU [JIUTEJbHOM BbIIEPIKUBA-
HUM Ha BO3AyXe OH MEHSIeT LBET, a I03XKe COBMe-
ctHo ¢ [. JlomaHnoMm oH moaTBepaua oOpa3oBaHUE
OF[PtF¢]~. Oxkasanoch, uto PtF, siBisercs okwuc-
JIUTeNeM HEBUAAHHOH cujbl. BaptaeTT npenmoJio-
x)ua, 4yTo Rn 1 Xe aHasoruyHbiM 06pa3oM LOJKHBI
OKHCJISITbCS 3THM pEareHTOM, IOCKOJBbKY IepBast
SHEpTUs MOHW3alMH Ijisi Rn MeHblle, a B chaydae
Xe oHa CpaBHHMA IO BeJIMYHHE C SHEPTHEH HOHHU3a-
MU MoJieKyJasipHoro Kucsopona (1175 k/Ix - mosb~!
s Oy — OF + e). Bekope Bapraert o6HapyXud,
4TO TeMHO-KpacHble napel PtFg camonpousBosbHO
oxkucysiior Xe, 00pasysi KeJTO-OpAaHXKEBBHIH TBep-
OBIA MPOAYKT. 3aTeM OblIM CHHTe3UpOBaHbl Xel, n
XeF,. Tak ObLIO TOJIOXKEHO HAyajJo XUMHUH OJaro-
POJIHBIX Ta30B.

WMHunuBunyanbHbele COEAWHEHUS MOJYYEHBl TOJb-
KO IJs Tskesblx 6aaropomsbix rasos (Kr u Xe);
pPaloH TaKXKe pearupyetr ¢ (PTOPOM, HO BBIIEJIEHHE
U U3yYeHHe CBOUCTB IPOAYKTOB 3aTPYAHSIET BBICO-
Kas pafinOaKTUBHOCTb, KOTOPAsi HE TOJIBKO ONacHa
ISl UCCJIe0BaTeNel, HO TaKyKe TIPUBOJIUT K PasJio-
JKEHHI0O TPUMEeHsIEMBbIX peareHToB. B Mosekymnax
COeMHEHHWH aTOMbl OJIaTOPOAHBIX Ta30B OOBIYHO
CBSI3aHBl C aTOMaMH (Topa WJIH KHUCJAOPOHA, U B
OOJIBIINHCTBE CJIy4aeB — HUCK/IIOUATENbHO C HUMH.
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OnHakKo TMOSABJAITCH CBeJEeHHUS O Bce OOoJiblIeM
yHucJie COeNUHEHUH, Tle UMEIOTCS CBSI3H C aTOMaMH
Cl, N u pnaxe C. XuMHUeCKHe COEJUHEHHUS, BKJIIO-

qaruye Jerkue 6J’IaI‘OpOIIHbIe rasnl, yxe Ha6mona-
JIMCb, HO OHHM OY€Hb HGYCTOﬁqHBbI K 4aCTO I10ABJIdA-
IOTCA TOJBKO B POJIH INPOMEXYTOUYHbLIX YACTHLL.

CINTMCOK HEKOTOPbIX UCMOJIb30BAHHbIX JIMTEPATYPHbIX UCTOYHHUKOB

1. CBobonuas sHUMKJIONEIUA «Buxumnemus» (http://ru.
wikipedia.org/wiki/Mennenees).

2. Baox A. M. «Ho6enunana» JImutpus Menneneesa //
[Tpupona. — 2002. — Ne 2.

3. Omutpuen M. C. Ceo6oma, tpya u goar // JKyps.
obued xumuu. — 2007. — T. 77. — Ne 2. — C. 179—192.

4. Anux6eposa JI. 1O. Ilepuoanyeckuit 3akKoH H Te-
pHOAMYeCKas CHCTeMa XMMHYecKuX sieMeHToB // BecTHuk
MUTXT. — 2009. — T. 4. — Ne 1. — C. 5—15.

5. Hazapenko B. A., Auronosuu B. I1., Hesckas E. M.
l'unposs HOHOB MeTa/ioB B pa30aB/eHHBIX pacTBOpax. —
M.: Aromuspar, 1979. — 192 c.

6. Caitipynu P. C., Caiipymun A. P. CoBpemeHHyI0
MEPUOAMYECKYIO CHCTEMY 3JE€MEHTOB — B LIKOJbHOE 06paso-
sanne // Poc. xum. xypHana — 2003, — T. 47. — Ne 6. —
C. 95—101.

7. Caiipynnun P. C., Cafidynnun A. P. HoBas tabauua
Mengeneesa // Xumusi u xkussb — XXI Bek. — 2003. —
Ne 12. —C. 14—17.

8. Caiipymmun P. C., Caiipymnmun A. P. CoBpemeHnHas
dopma Tabanip Mennesneesa // Hayka u xusup. — 2004, —
Ne 7. —C. 2—7.

9. Caitpynu P. C., Caitpyanun A. P. CoBpemeHHas
nepuonuueckas cuctema siaementos J. M. Menneneesa //
TFeopecypenl. — 2008. — Ne 3 (26). — C. 24—26.

10. MUmauutos H. C. HoBasg ocHoBa m/is omucaHus Iie-
puoauunoctd // YKypH. obueit xumuu. — 2010. — T. 80. —
Ne 1. — C. 69—72.

11. Heopranuueckas xumusi: B Tpex Tomax / ITox pen.
akagemnka 0. II. TperbsikoBa. — M.: Msn. uentp «Aka-
nemust», — T. 1 u 1. 2—2004; 1. 3, kuuru 1 u 2 — 2007.

12. Tpunsyn H., dpuwo A. Xumusi siementoB. B mByx
toMax. — M.: Bunom. Jlabopatopus 3uauuii, 2008.

13. Omecmn k. Dnementsl. — M.: Mup, 1993. — 256 c.

14. UepkecoB A. WM. TeopeTnueckue acrnekThl eCTECTBEH-
HOH CHCTeMbl XMMHYeCKHX 3jeMeHTOB. — CapartoB: M3a-Bo
Capatos. yH-Ta, 1974.

15. Uepkeco A. M. KBaHTOBble COCTOSIHHSI SII€PHBIX
NPOTOHOB — (hU3HUYECKasi OCHOBA MEepPHOLMYECKOro 3aKOHa

XUMUYECKHX 37eMeHToB // M3B. By3oB. XUMHS U XHMHUe-
ckast texnojorus. — 1982. — T. 25. — Ne 11. — C. 1302—
1307.

16. Baoxunues [. Y. OcHOBb KBaHTOBOH MeXaHHKH. —
M.: Hayka, 1976.

17. Xumuueckas
1995. — C. 43l1.

18. Maproinenko JI. Y., Kucunes 0. M. Kpatkuii ouepk
HayyHOH, Nefarorniyeckodl M OOLIEeCTBEHHOHW [esTeNbHOCTH
B. U. Cnuuuna B cBsisu co 100-meTHeM co OHS pOXKAEHHS
// JKypH. neopr. xumun. — 2002. — T. 47.— Ne 4. —
C. 523—529.

19. Tnansies B. II. CoBpemeHHOE
METONOJNOTHUECKOE 3HAUEHHEe TePUONUYECKOH CHCTEMBI
XUMHueckux saementoB // Becr. TTIIY. — 2000. —
Beim. 2 (18). Cepusi: ecTecTBeHHble HayKH (CIELBBIMYCK). —
C. 28—32.

20. MaxoB b. ®. [lepuonuueckuii 3akon M. Y. MeHne-
JleeBa — HOBasi (POPMYJHPOBKA U MaTeMaTHYeCKOe BBIpaXKe-
HHe 3aKOoHa // YcIexu COBDEMEHHOrO eCcTeCcTBO3HAHHS. —
2008. — Ne 9. — C. 24—29.

21. Xopowasun JI. bB., llepbarckuit B. B. Dmek-
TPOHHble SIYeHKH U KJIacTepbl XHMHYECKHX 3JE€MEHTOB
// O6bemun. Hayu. xypHal. — 2008. — Ne 3 (209). —
C. 55—63.

22. 3ousoroB 0. A. Tlepuonuueckasi cucTeMa 3J€MEHTOB
// JKypu. amamur. xumuu. — 2007. —T. 62. — Ne 9. —
C. 901—-902.

23. 3oa0tos 0. A. JI. 1. MenneneeB ¥ aHaJUTHUECKas
xumuss // JKypH. amamur. xummu. — 2010. —T. 65. —
Ne 5. —C. 451.

24. Kopabnepa T. I1., Kopoabkos . B. Teopus mepuo-
nUYeckol cuctembl: YdyebHoe nocobue. — CII6.: CII6TY. —
2005. — 174 c.

25. KneukoBckuit B. M. Pacnpenesienre aTOMHBIX 3J1€KT-
pPOHOB W mpaBujo 3anojHenust (n + 1)-rpynm. — M.: Artowm-
usnar. — 1968. — 432 c.

26. PakoB . I'. BewecTtBa u Joou: 3aMeTKH U OYEepPKHU
o xumuu. — M.: UKL «Akagemkuura», 2003. — 318 c.

sHuUKJgonenus. T. 4. — M.: BP3,

COCTOAHHE H

COLEP)XAHHUE

KpaTtkue O6MOrpa(UUeCKUe JAHHBIE ......cccooerrerierierienieaieanianeans 5
Od¢uuuanbuble npusHanus 3acayr . M. Menneseesa ....... 6
«Hob6enmunana» JI. V1. MEHIEMEEBA ....cccevvvveeeeeeeeeieeieeeeeee, 7

J. Y. MeHnpesieeB U TeOPHST APPEHHUYCA ..oovvevevieiiiieiinians. 7

«MEHIEMEEBCKATY BOIKA ..c.eveveiienieiieiiieeeiceieieeiceeiceeeaeaes 8
O ymynocTd J. V1. MEHIEMEEBA ..o 8
K ucTopuu OTKPBLITHSI NMEPHOANYECKOH CHCTEMbI XHMHYe-

CKHX OJTEMEHTOB ..eiueitetiaiieteieseseatesessseeseseeseeseeessseanesenenes 9
KosuecTBeHHbIE 3aKOHOMEPHOCTH ME€PUOAHYECKOTO 3a-

KOHA oetietieiientete et ettt ettt ese e st e st et e b e eaeeteeteebeeneeneaseeneaneenean 18
O coBpeMeHHO#H (DopMe MePUOIUYECKOH TaOJHLEH ............. 23
«AJXUMHUYECKHH» MEePUOA CHCTEMbl XHMUYECKHX 3JIEMEH-

TOB 1ttt ettt 24
O XHMHMYECKHX CBOHCTBAX CBEPXTSIXKEJbIX I/JIEMEHTOB ...... 27
IPUJIOXKEHUNI
ATomHble U (pUBHUECKHE CBOHCTBA BOAOPOIA ..ceovoverrreeeeen. 29
DIEMEHTBI 1-H TPYIIIIBL ...eviiieiieiieiieieie e 30
DIEMEHTBI 2-H TPYIIIIBL c.eeuviiieiienienienieienie et 31

60

DIIEMEHTBL 3-H TPYIIIIBL c.eeuvivieiienienienieiente e ete et eneeneas 32
JTAHTAHUIBL «.ooeeeee oo e 33
AKTHHUIBL ..o 36

DIEMEHTBI 4-H TPYIIIIBL c.eeviiieiienienieieienie ettt 38

DIEMEHTBI 5-H TPYIIIIBL «.viueiiiinieieieieeieiiete et 40

DIIEMEHTBI B-H TPYIIIIBL ..eovivieiienienienieieie et 41

DIIEMEHTBI 7-H TPYIIIIBL 1..eovivieiienienienieteeeeee e eeeeneeneeneeneeneeneas 42

AeMeHTBl 8—10-F TPYIIT .eoiiiiiiiiiiiiciccicieeeeceee e 44

DeMEHTBI 1 1-H TPYIIIBI ..ovviviiniiiiiiiiieiceicicieeeeeeee e 46

DIEMEHTBL 12-H TPYIIIIBI .oveevieiieiiiecie et 48

DIEMEHTBL 13-H TPYIIIIBI .ooveivienieiiiecie ettt 49

DeMEHTBl 14-H TPYIIIIBL c.ooviniieiieiiiiiieiceiet s 51

DEMEHTBI 15-H TPYIIIIBL coeviiiiiieiiiiieiceiet s 52

DIEMEHTBI 16-H TPYIIIIBL .vvevieiieiiiicie ettt 54

DIEMEHTBL 17-H TPYIIIIBI .oveevienieiiieeie et 55

DeMEHTBl 18-H TPYIIIIBL c.ooviiiiiieiiiiiieicie s 58

CrHCOK HEKOTOPBIX HCIIOJb30BAHHBIX JIHUTEPATYPHBIX

FICTOUHHKOB ...ttt ettt ettt ettt et 60



Group 1 pynna

Nepwoa =+ Perlod

2

Lithium
Nurua

9.012182
4 Be
s!

1278
2970
1.57/1.47

Beryllium
Bepunnuia

22.989770

11 Na
[Nel3s'
97.86

24.3050

1107
1.31/1.23
Magnesium
Maruwin

AToMHana macca, OTHOCUTEenNbLHasn

ATomHbIn HoMmep. OGoaHavuenue
Pacnpegenerue anekrpoHoB
Temneparypa nnaaneHun (°C)
Temneparypa kuneHus (°C)

SNeKTpooTPULIATeNBHOCTL
(no Monwnry/no Annpeay u Poxosy)

CoBpemeHHasi nepuoaguyeckas cuctema anemextoB [.1.MeHgeneesa

Haasanue
JNatuHcKoe HassaHue

186.207

75Re

[Xe] 4f“5d°6s”

1.9/1.46

Rhenium
Penunn
Rhenium

3180
5627

Latin name

Atomic mass, relative

Atomic No. Symbol

Electron configuration
Melting point (°C)
Boiling point (°C)

Electronegativity
(Pauling/Alired & Rochov)

Name

3

6

7

9

Groups 1...18 IUPAC 1989

Groups 1A.. . VIii...0 IUPAC 1970

13

14

15

16

17

a

Va

Via

Viia

rpynnit 1..18 WMIOMNAK, 1989

MNeynns: 1AL VL.

10

11

0 MKONAK, 1970

12

1llb

Vb

Vib

Vilb

Vil

Vil

vii

! Ib

b |

10.811

2.04/2.01
Boron

Borum

26.981538

13 Al
3s573p’
660,37
2467
1.61/1.47
Aluminium

[Aluminum])
AnoMuHUA

Carboneum

12.011

6 C

2s*2p*
~3550
4827
2.55/2.50
Carbon
Yrnepona

28.0855

14 Si
3s573p”
1412
2355
1.90/1.74
Silicon

Kpemnwvn
Silicium

14.00674

15.9994

8 O

2s*2p*
-218.4
-182.96
3.44/3.50

Oxygen
Kucnopopn
Oxygenium

18.9984032

9 F

2s°2p°
-219.62
-188.11
3.88/4.10

Fluorine

P
Fluorum

0

4.002602

2 He

1s*
=-272.2
-268.93

123 eV
Helium
Fenua

20.1797

10 Ne
2s72p°

-248.7

-246.05

10.6 eV
Neon
Heon

30.973761

15 P
3s'3p*
44 .14

280
2.19/2.06

Phosphorus
Doccop

32.066

16 S
3s’3p*

112.8

444 674

2.58/2.44

Sulphur
Copa
[Sulfury

35.4527

17 CI
3s%3p°
-100.98
-34.6
3.16/2.83
Chilorine

Xnop
Clorum

39.948

18 Ar

3s’3p*
-189.2
-185.7

7.7 eV

Argon
Apros

(Kalium)

40.078

20Ca
4s”

839
1487
1.00/1.04

Calcium
Kansuwi

44.955910

21Sc

3d'4as”
1541
2831

1.36/1.20

Scandium
Cranpgwin

50.9415

23 V
3d%4s®
1890

3380
1.63/14.5

Vanadium
Banagwi

51.9961

24Cr
3d°4s’
1857

2672
1.66/1.56

Chromium
Xpom

54.938046

25 Mn
3d°4s”

1244

1962
1.55/1.60
Manganese
Mapraxeu
Mang

55.845

26Fe

3d°4s”
1535
2750
1.83/1.64
Iron
XKeneao
Ferrum

58.933200

27Co

58.6934

28 Ni

3d*4s”
1453
2732
1.81/1.75
Nickel
Hwn Ken.

N

63.546
29Cu
3d104s|

1083.4

2567
1.901.75
Copper
Mens
Cuprum

65.39

30Zn
3d'4s”
419.88
907
1.65/1.66

Zinc
_Uwnx

69.723

31Ga
3d"°4s?ap’
29.78

2403
1.81/1.82

Gallium
Frannwi

72.61
32Ge
3d"4s’4p®

937.4
2830
2.01/2.02

74.92160

33ASsS

3d"4s’4p®
817
(3. 7MPa)
.815
2.18/220
Arsenlic
‘Mblll-!hﬂll

78.96

345 e
3d™4s’4

217

684.9

2.55/2.48

Selenium
CeneH

79.904

35Br

3d™™4s%4p®
-7.25
58.78
2.96/2.74
Bromine
Bpom

83.80

36 Kr
3d™4s*4p”
-156.6

-152.3
6.8 eV

Krypton
Kpunron

P

85.4678

37Rb
[Kr]5s’
38.89
687.2
0.82/0.89

Rubidium
PyGwuwawnin

87.62

38 1
5s*

769

1384

0.95/0.99

Strontium
CrpoHuni

88.90585

39 Y
4d'ss*

1522

3337

1.22/1.11

Ytetrium
WiyTpua

Uwmpxoruni

92.90638

41Nb

4d'ss’'
2468

4742
1.6/1.23

Niobium
Huobui

lybdenum
MaonuGaen
Molybdaenum

132.90545
55Cs
[Xe]BszB s

678.4
0.79/0.86

137.327
56 =
6s”

725
1640
089/0,97

Barlum
Bapwia

138.9055

57La
5d'6s’

920

3454

1.10/1.08

Lanthanum
Nawran

178.46

72 Hf

Hafnium
FadcdHwn

180.9479

73Ta
4f*5d’8s”
2996

5425
1.5/1.33

Tantalum
Tauwran

95.94

42 Mo
4d°5s'
2617
4612
2.16/1.30
Mol

(97),

43 Tc
Issv

2172

4877

1.9/1.36

Technetium
TexHeunn

101.07

44 Ru
4d'ss'
2310
(~3900)
2.2/1.42

Ruthenium
PyTenvn

106.42

46 Pd

d"
1552
3140
2.2/11.4

Palladium
Mannagwin

107.8682

47Ag

4d'’ss’
961.93
2212
1.9/1.4
Silver
Cepebpo
(Argentum)

L,

112.411

48Cd
4d"ss*

320.9

765

1.7/11.5

Cadmium
Kagmwin

114.818

49 In

4d"°5s™

118.710

50Sn
4d‘°5s'59’
231.88
2270
1.96/1.7
Tin
Onoso

121.760

51Sb

4d"5s*5p’
630.5

1750
2.05/1.8
Antimony
Cypuma
(Stibium)

127.60

52Te
4d*5s'5p*

4495

989.8

2.1/ 2.0

Tellurium
Tennyp

126.90447

4d"5s'5p*
113.5
184.35
2.66/2.2
lodine
Wioa
lodum

131.29

54 Xe
4d"5s'5p"
-111.9
-107.1
5.85eV

Xenon
KceHnon

183.84

74W

186.207

1.9/1,46

Rhenium
Ponuni

190.23

760s
4f"5d°6s”

3045

5027

2.2/1.52

Osmium
Ocmuin

77 Ir
4f“5d4’8s”

2410

4130

2.2/11.6

Iridium
Upuawi

185.078

78 Pt

4f“5d°6s’
1773.5
3830

2.2/1.4

Platinum
Ha

196.96655

79AuU
475d"°8s’
1064.43

2807
2.54/1.42
Gold
3onoro
Avrum

200.59

80Hg

4"‘5d'°6$‘

3563
1.9/1.5

Mercury
(Hydesrgyruam)

0.7/0.86

Franclum
DpaHuMA

(226)
88

7s*
970
1140
0.89/0.97

Radium
Pagwun

(227)
89AC
6d'7s*

1050
(~3250)
1.111.0

104 RF

51'6d°7s*

Rutherford

AKTHHMA

Peaeppopani

(262

105 Db

Dubnium
AyGrnin

51''6d*7s*

‘107Bh

(264)

5f'6d*7s*

Bohrium
Bopuia

(265)

108 Hs'

5f'6d*7s*

Hassium
Xaccvii

(268) |

109 Mt

5f'6d'7s®

Meltnerium
MeRTHepHiA

(269),

110 Uun’

5f1'6d"7s*

Ununnilium
YHyHHWUNAWA

Gy
111 Uuu

51*6d°7s"

Unununium
YHYHYHWUA

(277)

112 Uub’

51'°6d"°7s*

Ununbium
YHYHOuA

1.62/1.44
Thallium
Tannun

( )

113 Unt

5'6d"75°7p'

Ununtrium
YHYHTPUA

207.2

82Pb
41'5d'"6s’6p”
327.5

1740
2.33/1.55
Lead
Cauuelf

208.98038

83 Bi
4f“5d"6s’6p’
271.3

1564
2.02/1.67
Bismuth

L Bncglyf

= (289)
114 Uu

sf“sd"')'s"lg'

Ununquadium
YHyHKBaaMh

* Element has no stable nuclides. For
radioactive elements the value in
parentheses refers to the number of
nucleons (mass number) of the most
stable isotope (IUPAC, 1995)
* JneMeHT He MMeeT YCTORYMBLIX
HaoTOoNOB. [iNA Hero 8 cKkobkax
NPUBEAEGHO IH3AYEHWe MACCOBOro
yucna (MMCno HYKNOHOB B Agpe)
Hanbonee QONrOXUBYLIEro uioTona
(MIONAK, 1995).
{ ) Alternative english name
[ ] American spelling of the element's
name
() AnbTepHarMBHOE aHIMMUICKOe
HasBaHWe

[ ] AMepukaHcKkoe HanucaHue

HalBaHWA INeMeHTa

(210) |

84Po

4f“5d"8s’6p*
254

962
2.0/1.76

Polonium
Monouni

® P.C.CandynnuH,
A.P.Candynnun, 2004

© R.S.Saifullin,
A.R.Saifullin, 2004

Mar, 2004

(210)

85 At

A7'5d"6s"6p*
302

337
2.2/1.86

Astatine

AcTtar
Astatium

140.116

58Ce

4f'6s®
798

3426
~1.2/1.1

Cerium
Uepwia

i 140.90765

159 Pr|

| 4f°6s®
931
3512
~4.2/1:1

¥ ¥

T

L

(14521

61Pm

41°'6s*

24601
1.2/1.1/

Promethium
Mpomerwuin

150.36 |

1077
1791 |
-1.2/1.1 |

Samarium
Camapuia |

151.964

Jssz 63EuU
4

822
1597
-1.2/1.0

Europium
Esponwui

157.25

64Gd

4f'5d'6s”
1312

3250
~1.2/1.1

Gadolinium

an

158.92534 |

65Tb

41°6s”
1356
3123 |
~1.2/1.1

Terbium 1
Tepbuin |

162.50 |

166 Dy

| 4r°6s?

1408
2562
~1.2/1.1

Dysprosium
Aucnpoawnia

164.93032

67HO

4f'6s”
1474
2695
~1.2/1.1

Holmium
Nenamui

|

167.26

68 Er
41?65

1529

2863

-~1.2/1.1

Erbl_urg

168.93421

69T m
4f76s”

1545

1947

~1.2/1.1

Thulium
b =

P

¥

173.04

70Yb

4f6s”
819

1193
~1.27/1.1

Ytterbium
WitTTtepbun

174.967

71Lu
4f'*sd'es?

1663

3302

-1.2/1.1

Lutetium
JoTeuwn

(232)

90 Th

6d’7s’
1750
(~3800)
1.11/1.1

Thorium
Ca

(231),

91 Pa

5f6d'7s”
1572
4230-4500
1.14/1.1

Protactinium
Npor A

~-1.2/11.2

Uranium
Ypax

(239)

93Np

5r'ed'7s’
639

3802
1.22/1.2

Neptunium
Henrynuuin

(239) |

94 Pu |

51°7s’

3340
1.2/1.2

Plutonium
HMA

(243),

95 Am
s5r7s’

996

2607

-1.1/1.2

Americium
AmMepuunni

(247)_

96 Cm

51'6d'7s’
1340
3110
1.2/1.2

Curium
Kiopun

~1.1/1.2
Berkelium

Bepxknui| Ki

o8 CF

51°7s’

1227
1.2/1.2

Californium

(251)

99Es
51'7s*

1.3/-
Einsteinium
it B

(257)

100 Fm’
5f77s”

1.3/1.2

Fermium

PP

(258)

101 Md’

5°7s*

1.2/1.2

Mendelevium
Mewgenesui

(259)_

102 No
5*7s”

1.3/-

Nobelium
HoGenwun

(260)

103 Lr

51*6d'7s”

1.3/-

Lawrencium
Jloypexcui

(222)

86 Rn
41"5d"6s’6p"
-71.0
-61.8
5.1eV

Radon
Panox






