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Bonpocel BhiZeJeHHs M oTAereHus Ru OT maarHHH U ee
CHYTHHKOB, BCE Bo3pacraioulee npumeHenne Ru u ero coenu-
HEeHHH B TeXHIKEe, 4 TAKKE PAN NpodaeM, CBA3EHHBIX € HCOOb-
B0BAHHEM $[IEPHOCO TOPIOYEro, NPEIONPEAeAsoT HECOMHEHHO
NOBHIIEHHBIE HHTEpPEC K XUMHH DYTeHHs 33 HOCJAeIHee BpeMs.

Hacroamiass pa6ora NOCBSILIEHA HCCA€L0BAHUIO OE3BOIHBIX
raJ0reHuI0B pyTenus (Hcxaiouas QTOPHALL).

B ee 0CHOBY IOJOXEHO KOJIHYECTBEHHOE H3VUEHHE HUX Tep-
MOAHHAMHYECKHX CBOHCTB, HeOOXODHMBIX JLJas PANNOHAJIBHOLO
BEIGOPA YCIOBHI CHHTE3a 1 IOpe/cKasaHull CyliecTBOBAHHA eLle
HEOTKPBITHIX COCJHHEHHH, a Taise A9 OOESICHEHHA MNPHYHIL
HEYCTOHUHBOCTH HEKOTOPBIX M3 HHX.

layuenuo TepMOAUHAMHUECKHX CBOHCTB IIPEIIECTBOBANSE
paGoTa MO NPHIOTOBAEHHIO UHCTHIX TA/AOTEHHIOB W HX HAEHTH-
thy xamuy.

[lpepnaraemas pabora npeictaBiasger CoOOH HaCTh HCCJASIO-
BaHUil IO XUMHE U TEPMOIHHAMHKE TajJOr@HHI0B M OKCHIaxo-
PEHHIOB BJEMEHTOB JAONOJHHTEJBHEX MOATPYNN, BELYILHXCH
Ha kadenppe HeopraHuyeckod xMMHH JIEHHHrPaJICKOro yHWBEp-
curera. B maGopartopuax xadeipnl HCCAEHNYIOTCA IAJOTEHHIBL

OKCHTaJOTeHHIE 3JEMEHTOB HOMNOJNHHTEIBHHX NOArpynn 4, 5,

W 7-T0 DepHOLOB MePHOAMYECKOH CHCTEMBbI; /i O0JbIIMHCTBA
COGAHHEHHHA 3THX 3JEeMEeHTOB TepPMOIANHAMUYECKHE AAHHBIE HOYTH
OTCYTCTBYIOT. JTC CHEDIKHBAET DA3BHTHE HEKOTOPHIX BaMHELX
COBDEMEHHLIX MPEACTaBAeHHH B HEOPraHHYECKOH XHMUWH, HATPH-
Mep, TAKHX KAk TEOPHH MOoJs JHraHiK, paccmarpuBalolnas B3ad-
MOCBA3b 3/1eKTPoHHEIX (-0pOuTanoB ATOMOB W HMOHOB M HX pac-
IMEeMJeHHe B MOJCKYJAX W B TBEPAHX Tenax MmO JLeHCTBHEM
MO OKPYIKAIIIUX JHTAHI.

Ilpusnanue HeoOXOJUMOCTH TEPMOAHHAMUYECKOrO HaNpasie-
HHST B HACTOsIEe BPEeMs CAEAyeT yie u3 1oro, uro B 1955.r.
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npu Orgenenun X. H. AH CCCP 6nlia opraHu3oBaHa KOMHCCHS
70 XMMHYECKO TepMOIHHAMMKE, NPH3BAHIAd CIOCOGCTBOBATL
KOOPIHHALMK W DA3BHTHIO HAYYHBIX HCCIEZOBAHMEH, OcCoOGenHo
SKCIEPHMEHTANbHBIX, B 00JaCTH XHMHYCCKOH TEpPMOJIMHAMUKH
u TepMoxHMUH. O HEOOXOAHMOCTH PACILHPELUS TEPMOIHHAMU-
yeCKHX H KaJopuMmerTpuuyeckux ucciaenosanuit 8 CCCP rosopu-
Joce Taxike na [lepsofi BeecolosHoit KOH(MepeHnun NO KajgopH-
MeTpuH, cocrogfBiiefica B gupape 1961 1.

C TeopernyecKoil TOUKH 3PEHMS] CYILECTBEHHO OTBETHTL HA
BOIPOC O HeCYWIECTBOBAHHH MHOIMX CTYNEHEeH OKHC/AEHHS rano-
TeHH/0B MeTaJ/0B [A0N0JHUTENBHEX NOArpynn. OanuM us nyren
OTHICKAHHA OTBETA HA 3TOT BOMPOC, @ TAKMKE HA MiOFHE CMEH-
HBIe C HUM, ABAAETCA IIPHEM CPaBHUTENBLHOTO H3YYEHHs CBOACTB
COEIHHEHHI aA€MEHTOB-aHa/I0ro0B. B HatmeMm cJjayuae, HarpaMmep,
CpaBHEHHE TePMOANHAMHUECKHX CBOHCTB rasoreniioB MOArpym-
nel Fe, Ru, Os,

lasorennasl Ru v Os 10 CpPaBHEHHIO C HX BBIIECTOAIHM
aHanoroM Fe H3YYeHH MaJ0: 3KCHEDUMENTAABHO IOJYYCHHLIE
TEPMOAHHAMUYECKHE XaDaKTePHCTHKH [0 HACTOSLIEr0 BPEMEeHH
HME/JIMCh TOABKO JJad TPUXJAODHAA DYTeHHs; HO JaHHEE HEeLo-
CTATOYHO HANEKHHE XOTA OBl MOTOMY, YTO [Jjd TenaoTs o6pa-
soBanua RuCl; npuBomsiTcs Komedaiougiecs B IIHPOKUX NPEje-
Jax sHauenwus: —46, —60,5 u 63 xxaa. Henanexnoll aBiasiach
¥ BeJIUYMHA TEILIOTLl ©00pasoBaHud [Jd JLBVOKHCH pYTEHHS,
CymecTBYIOIINE B JUTEPATY PE BEJAUTHHB OKHCAHTENBHBIX TIOTEH-
‘1uazoB Ru ¥ ero coenuuneHuii B BOAHBIX PAacTBOpax TaxkKe
BRIGUC/ACHEL MO 3THM omubounsM AaunsiM  gas RuCly u RuO,
U ABIAIOTCH T'PYOLIMH.

Hama pa6ora no H3yueHHUIo XHMHYECKHX H TEPMOAMHAMHUE-
CKMX CBOHCTB rajJoreHuzoB RU W ero ABYOKHCH IIpH3BaHa BOC-
MOJIHUTL OOUH W3 CYIECTBEHHBIX [POGEedOB B XHUMHH 3TOTO
HMHTEDEeCHOTO M MaJoHCCIeI0BAHHOLO 31€MEHTA,

HamA monyuYeHE TepMOAHHAMHYECKHE XapPAKTEDPHCTHKH I/
BCEX H3BECTHHX B HACTOfANIEe BPeMs Ge3BOAHBIX TaaoreHum(
pyTeHus, 3a HCKJAOUeHHEM (TOPHIOB, a TAKKE Ompe/e/eHa
Temw10Ta 06pasoBanud ABYOKHCH pyTeHusa. HMcenenoBansl pazinu-
nele popmuur RuCly, Bucwmufi ra3o00pasnbll XJOpPHA PYTEHHS
(mo nmamemy mnpeamonomenuio RuCly), RuBry, RuJ; 1 RuO,.
Mayuenn mponeccs:

1) BRUCl; @sy) = @ RuCly (o),

2) & RuCl; () = Rtrs) + */a Cl, (ras),

3) OCRLICIS (t8) = RUC|3 (ras)s

4) @ RuCls sy + /3 Cly (rasy = RUCl, (raa),
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5)  RuUBrg (18)= Ri(s) ‘i',af{z Br; (ras),

6) RuJ;@s) = Rugs) 4 %/s Js (ran),

7)  Rugs) + Oy (rany = RUO (1),

8) RuJss) + O (ras) = RUO, sy + /2 Jg 1wy .

Jas HccaenoBaHuA HA3BAHHBIX BELIEGCTB W NPOLECOB HCIOb-
30BaHH CJAENYIOUIHE MEeTOAbI:

1. cuHTe3 M XMMHYECKHHA aHanus;
PEHTTeHO- H 3JexkrpoHorpadrueckufi (Aa30BHIT  aHaAH3
¢ OnpeNe/eHHEM MEXMAOCKOCTHEIX PACCTOSHHE;
NUKHOMETDHYECKOE ONpejieseHHe MIOTHOCTH;
CHATHE KDHBHX HATrpEBaHHA 15 OnpefeneHus noauMopd-
HOTO TpeBpauieHust;
TEH3UMETDHUECKHE METOMIBI:
C — craruueckust ¢ 6ydepom — koun, H,SO,,
M —cratryecknit ¢ MeMO6PAHHBIM HYJIbMaHOMETDOM,
D — nuHaMHUecKHit METOA HACHIEHHH ra3a-HOCHTeId

(c HOCHTeNAMM A30TOM H XJOPOM);

6. KasopHMeTpPHUECKOE ONpeaeIeHHe SHTABIMA 06pa30BaHUA.

o ose N

Il

B cBfI3H € HEZOCTATOYHOH H3YUEHHOCTHIO TOJUMODPDHBIX
Moaudukanuit RuCly 1 nporuBopeYHgMH OTHOCUTEABHO CTYIEHEH
OKHCJIeHUS] NPOAYKTOB XJQDHPOBAHHA METaJA/MYECKOro PyTeHHs,
H3YueHO B3aMMOJIeficTBHe pyTedus ¢ xJjopom mnpu 280—8407;
Ans paborel npuMeHsacs pyTeHu#t 99,97 % uucTOTH ¢ cozep-
axkanneM oxoao 0,01% Fe un 0,02% Rh, Pd, Pt. lMokasauo, uto
IPU 3THX TEMOCPATYpPaX NPH MOJHOM XJAODHPOBAHHH KOMEUHBIM
NPOLYKTOM SIBASETCS TBEPABIA TPHXJOPHI PYTeHUs B TPEX MO-
aucbukanuax: 1) uepHele OGJecTdHe [IACTHHKH, HEpacTBOPUMBIE
B BOJE, CHHPTE, H KHCA0TAX; 2) KODHUHEBLI PHX/JABIA MOPO-
UIOK, HePAaCTBOPHMBIl B BOZE, HO DPACTBOPUMEIH B BOXHOM 3TH-
TOBOM COHPTE; 3) TEMHOKODHUHEBBIfl MIOTHBEIH TOPOLUIOK THIPO-

fomuuHL{, aMmopdHBIH,

Ha ocHoBaHMH DeHTTeHOrpaHUECKHX HCCACNOBAHUH MbI
00o3nayu/an 3TH npenapatH «, B u amopdHas dopma RuCl,.
C NOMOMIBIO TepMO-, DEHTTEHO- H 3JeKTPOHOIDAMM YCTAHOB-
snieHo, uto B-monudukauus RuCly npu temneparypax soime 500°
Heo6paTuMO NpeBpamiaeTcs B a-Mogubukamuio (ypasd, 1),

ITnkHOMETPpHUECKH ONpeReseHbl MIOTHOCTH BCeX Tpex opm:

mogudukanun RuCly a 8 amophHas
ay’ 2/omd 388 3,73 3,43



MakcuMaabHas MOTPEIHOCTh onpeaeaenuii okoao 1% .

Mayuensl mnpomecce axcconmamuu M cy6aumaumuu  RuCly.
Ornomenne Ru:Cl B o6pasmax, HCNOJb30BAHHBIX A/ PabOTH,
roae6astoch oT 1:2,96 no 1:3,03. [Ons wuaMepeHuil IaBJeHMst
AMCCONMAUMH M AABAEHHA [apa NPUMEHEHH TOHMEHOBAHHLIE
BHIE TeHsuMeTpuyeckue Mertonw C, M, D.

Iapaenns, uamepeHHsie MetogoM C mpu 500—885°, orse-
YalT JABJAEHHIO XJ0pa, 06pasylolerocs NpH JHCCOLHALMH TBEp-
noro RuCl; B paBHOBECHH C HUM H MeTaJJHYecKHM Ru,

Vamepeunus maBaeHu#ft Meronom M naBaju cyMMapHoe naBje-
nue: IP= Py + Py o + P, (a); maBaennem RuCl, B ycio-
BHIX OMHTA, KAK INOKAa3bIBAET pPAaCyeT, MOXKHO mpeHe6peyb.
TlosToMy pas3HOCTh [JaBJeHHH, H3MepeHHHX MetogoM M u C,
Jaer:

pRuCl1 = LP _pCI, (6)

Hsmepenus no merogy D B Toxe a3oTa HO3BOJIMJAH PaCCUM-
TaTh AaBJeHus XJopa npH mgucconmanud RuCly M maBieHus ero
napoB B npeanonoxenud, uro RuCly; B napax MoHoMepeH;
6JH30CTh 3HAYEHHI HKaBJAeHHl PRuc,a,nmyueHHbtx H3 YpaBHEHHA
(6), U JaBAeHHH, pACCYMTAHHLIX M3 JAAHHHEX 0O Meroxy D,
ONpPaBABBAIOT 3TO NMPELION0KEHHE.

YeranoBka no Meroay D mnposepssiack no Cd u PbCly;
pesynbTaTH OmpefedeHMil HaBieHWH UX Mapa coBnasu B Opene-
JaX OWHOOK H3MEPeHHH C JUTepaTypPHHMH.

Jlanuele mo gaBaeHuaM xJopa npu guccounaumun RuCl;, mo-
JIYYEHHbIE TPEMS PpasHEIMH METOZAMHM, YKJIaIBBAIOTCS Ha Ll
NpAMY10, BEIpaKalOUYyIOCA ypaBHEHHEM

6796
g Rey = 7 5,823;
paccynTaHHbEe M3 9THX JAaHHBIX TEepPMOAMHAMHYECKHE XapaKTs
DHCTHKH B CPaBHEHHWH C JHTepaTypPHLIMH NPHUBEJEHH B Ta0.I.
rensoeMkocTs @ RuCly npuHaTa OpHEHTHPOBOYHO PABHOH Tenao-
emkocru CrCl,.

B pa6ore Benepa m Banpua rtepMomHHaMHYecKHX Xapakre-
PHCTHK He NPUBOJUTCH, HO IO daHHBIM 3Tux aBTopoB AH mpo-
uecca gucconmaunn «RuCly 2) Gymer GAM3KUM K 3Ha4YeHHIO,
BoluKcaeHHoMy Bpiospom mo touxam Pemu n Kena. Ms Ta6a. |
BHIHO, YTO PACXOXKICHHS B H3MEHEHHAX TEePMOIMHAMHYECKHX
(yHKIMHA, ompeneseHHBIX HAMH M DaCCYHTAHHEX DpiospoM, HeBe-
Jukn. Pemu n Kew npuBossar toabko Bequunny AH o6pasosa-
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uust TBepporo RuCly us mpocruix Bemects (—63 kkaa), Hempa-
BHJIBHO PAaCCUHUTAHHYIO HMH 0O NPHOIHKEHHOMY YPaBHEHHUIO
Hepucra. Ilo ux manneiv Bprosp Beiyucana AH obpasoBanus
TBepaoro RuClg paBHoli — 46 xkan; H3-32 OTCYTCTBHSA AAHHBIX IO
tennoemkoctu RuCly, mepecuer Ha CTaHZAPTHYIO TeMIEPaTypy
HM HE IPOH3BOIHJICH.

Ta6awmwuma 1

[Npouecc @ RuCly (1) = Ru (1) 32 Cly 5, (2)

Wamenen Cdegen

e e Bpiospa Buan  |Pemu u Benep u

o E}c i N0 AaHHBIM | H 1p. Ken Baabu
YELER. Pemn u Kena

s KKan 3 TEPMOAKHA-
AFysone. |38 +4 | 31 +45 1435445 MHUECKHE
T XapaKTe PHCTHKI

Mg == A0- 0 A6 4 3 (605, 28| 183 9 RHe P AEORAT
ASygpida e 47 +2 | 49 +15 |57+25

Ssge 5 €. 389+2 | 380+15 [305+25
(aaa RuCly [TB))

T°K, P, =1 arm.} 1143 900 1126 1113 1043

B aupape 1960 r. Boumsaa pab6ora DBuana, [appucoHa w
MsaTura Takxe mo Tepmuueckoi aguccomuanuu RuCls;, Bemoa-
HEeHHas UMM II0 KOHpPaKTy ¢ KOMHCCHEH 10 aTOMHOH aHep-
run CIHA. Hama pa6Gota 1mo 3TOMYy 3Ke BONPOCY BHINJA H3:
neuaty B 1958 romy.

TepMoaHHAMUYECKHE BeJHYHHH, MOJyYeHHEE Buaiom # mp.

pyatorcs Or Hammx M gauHeix Pemu u Kewa. 310 06B-
ACHSETCS TeM, uTO YKA3aHHHIE aBTOPEL HE H3yualu NMponecca
cybaumanuy RuCly n ne 3uaan 06 06pasoBaHWM NPH NOBBILIEH-
HEIX JaBjeHnsx xJjopa rasoofpassoro RuCl,. 2T1u aBropH omue-
HuAM mapouaabee faBienus RuCly B 1076 oT Beauuds paBHO-
BeCHBIX JAaBaenuil xJopa npu puccommanun RuClg; n3 nammx
e JaHHHX caexyeT, uTo ecad npu 700° ata nompaBka ¥ COCTAB-
aser 10%, xax yxaseipaioT Buaa u ap. (mpu 3THX TeMuepaty-
pax HallW ¥ HX TOUYKH IPAKTHYECKH COBNAJAIOT), TO NpH Gojee
BHICOKMX TeMmepaTypax nonpaBouHbii uiaeH Ha gaBiaedus RuClg
# RuCl, 3sauurteanbHo Bospactaer; npu 820° on paBeH OKOJIO
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27 % . Tax Kak KpuBas 3aBUCHUMOCTH HABJAEHHA XJ0Pa NPH JHC-
connanuu RuCly or TeMmepaTypsl HAET OYeHL KPYTO, TO CpaB-
HHTEJNbHO HEOO/DbINOE H3MEHEHHEe HAKJAOHA KPHBOH CHIBHO CKa-
3BIBAETCA HA BEJHYMHE TEmA0BOro s(pdekra H Ha H3MEHEHHH
sHTponuy mnpouecca. Cieayer OTMETHTL W TO, 4TO JHHAMUYE-
CKHH MeTOoJ HaCHINeHHs OblJI NPUMEHEH YKA3AHHLIMH aBTOPAMH
LIS M3MEpEeHWs [aBJeHHH, JeXalluX 3a TpaHuLAMHU NPHMEHH-
MOCTH 3TOFO METOJA.

Buasg u gp. orMeuyaioT, YTO HX BEeJHUYMHBl COIJACYIOTCH
¢ maHuuimu Pemu u Kena. Ha camom aene, 310 He Tak; AHmcn,
no Buany u ap. pasHa — 60,5 kkaja, B TO BpeMs Kak pacyer
mo manueiM Pewmu u Kewa maer Beanuuuny — 46 kkaa (camu ke
Pemu v Ken, xak ykaspiBajOCh BBIIIE, BBIUUC/IIIN €€ Hempa-
BUJIBHO paBHON — 63 Kkau).

Hamu 2707 npouecc ucc/iegoBad B 60Jee MIHPOKOM TeMmmnepa-
TypHOoM uHTepBane 500—87(°; B NPOTHBONOJOXKHOCTH APYTHM
aBTOpaM H3yueH Temmepatypublit yuactox 500—650°, rae umeer
mecro auccouwamua RuCly, a ero cyOGIuManuf NPaKTHYECKH
OTCYTCTBYET, TOUKH, NOJAYyYeHHbe B 3TOH 00JacTH TemMneparyp,
Jexar Ha oAHol mpamol log Pp o =1(T) ¢ AaHHBIME, HONYUYEH-
HbIMM NIpU GoJiee BLICOKHX TeMIepaTypax, H, CJAeI0BaTeabHo,
TIOATBEPIKAAIOT WX MPABHILHOCTD.

M3 ckasaHHOTO $SiCHO, NOYEMY TEePMOIHMHAMHYECKHE Xapak-
Tepuctuku Bunna, Cappucona u Ma3THHA 3HAYWTENBHO 3aBhi-
1LIEHBI.

Kak ywxasepiBajock BEIIIE, HAMH H3MEPEHBl JaBJeHusi CyO0.au-
Manuk RuCl; xom6Gunamued cratnueckux MerogoB C u M u
IUHAMHYECKHM MeTosoM HacHuleHna D B nHrepBase Temmepa-
Typ 575—821°,

Benuunnpl aasaenuii cy6aumanuu RuCly, nosyuennsle aByMms
CIHOCOOaMH, YKAAALIBAIOTCH HA OAHY NPAMYIO, BHPaKalOWLyOCH
YPaBHEHHEM: )

{

8348
log Boonemg = — S + 6,420.

Paccunrtadbl 3Ha4eHHA H3MEHEHHH TePMOJAUHAMHYECKUX QYHK-
nuit nmpomecca cy6aumanuun @ RuCly (taéa. 2); rtenaoemkoctu
TBEpaoro u rasoo6passoro RuCl; OpHEHTHPOBOUHO NPUHATH
paBHEIMM TemsoemkocTssM CrCl, B cOOTBETCTBYIOIHX arperart-
HEIX COCTOAHHUSIX.

CpaBHenue HallHX JaHHHX C oleHko# Dpiospa (rada. 2)
TMOKA3bIBAET, YTO BEJUYHHL Bpiospa 3aBhIEHEL.
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Tacauna Z

Mpouecc @ RuClg(p) = RuCl, (150 (3)
Hamenen. TepMoIMHAMHY., Flain Ouenxa Bpiospa
yHxuul
AFjqp KKaJ/MOUL 3746 (42)
-\Hgsa KKaJ/Moab 4943 (55)
Al 4143 (44)
(e L 1242 1250
11
[lpy usyyeHuu peaxkmuu XJAOPUPOBAHHA METAAIHUECKOTO

PYTEHHS Ha XOJOJHBIX YACTAX anfapata OLIJIO 3aMEUEHO NOfAB-
JIEHHe HaJgeTta pacTsopumoro amopdsoro RuCl,; mpu Temmepa-
rype nmxe 5007 ero nNOsiBAGHHE HEAb3A OOBACHHTL 33 CUET
npocroro ucnapenua RuCly, tak xak Hmke 500° maBaenue napa
NOCAETHEr0 HUYTOXKHO MaJo. ITH HaGMIOAEHNUS 34CTABUAH HAC
NPeAnoa0KuTh, 4T0 TBepAbH RuCly, BaaumomefcTBya ¢ xaopom,
o0pasyeT HEHM3BECTHBIH L0 CHX IOp BBICIIMA Tra3000pasHLIL
XJIOPHA, KOTOPHH nNpy KOHAEHCALHH BHOBL pacnajaercda Ha
RuCly n Cl, [TpoBeaerbl OMBITE MO 3aMOPAXKUBAHKIO JIETYUYETO
BBHICHIETO X/IOPHJA JKUAKAM BO3LYXOM IIPH BEIXOME €ro U3 rops-
UeH 30HBI PEAKIHM; YCTAHOBJAEHO, YTO PA3JOMKEHHE ,3aKaleH-
HOTO® TaKuM NyTeM BHICHIETO XJOPHIA™ PYTEHHA HAYMHACTCS
npH TeMmneparype oxomao —30°

Ha ocnoBanmu npasuaa Menjgeneesa—DBeiiin 0 Bepxuem
npejene yCTOWYMBHIX CTyneHeR oxmcaennss U GakTax CyIECT-
/7 "BaHHA XJaopopyteHaTor ¥ ruapatoB RuCl, moxHO npemmosa-

-b, UTO HaubO/NEE BEPOATHBIM BBICIIUM XJAOPHAOM pPYTEHHS
spasercss RuCl;. [is mpoBepkH Mpefnoa0Xenus 0 CyHIECTBO-
BAHWMA BBICINErO JIETYUYEro XJOPHAA MPOBENEHH CPABHUTEJbLHBIC
KOJIMYECTBEHHEIE U3MEPEHUs YHOCA PYTEHHA M3 JOMOUKH, COMNEP-
#asmel napecky RuCly, B TOke asora u XJopa npH TemIepa-
patypax 484-—756° yOnib Beca Ru B Toke XxJ0pa 0Ka3anach
3HaYMTEJbHO BRIIE, UEM B TOKE asoTa. Y MeHblleHue Beca Ru
npu warpesanun RuCl; B Toxe a3zora 06yc/aaBiuBAETCS, IAAB-
HHM 06pasom, ero ucnapeHuem (o6pasoBanunem RuCl, moxue
npexebGpeus, TaKk KakK = NapOMaJBHHE  AaBJAeHHd XJA0pa NpH
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nuccomuanun RuCly go 700° Hepeauxu). B cayvae xe Harpesa-
nua RuCl; B TOKE XJ0pa, yMeHblueHuss Beca Ru B Jaomouke
00yCaaBAUBAIOTCA KAK HCnapeHueM, Tak U obpasosanuem RuCl,.
OueBujHo, pasHOCTL BenuuuH yOuuan Beca Ru B Toke xJjopa
¥ B TOKe a307a jaeT YOH/b B JOHOYKE NPH ONLITAX B TOKE
XJI0pa TONBKO 3a cueT obOpasosaHug RuCl,.

OTH JaHHHE IMO03BOJIM/N PAaCCYUTATh 3aBHCHMOCTH log K=
:f(%) ana peaknuu: o« RuCly . +%2Cly = RuCl; . (4).
Ilpn pacueTaxX KOHCTaHT paBHOBecHS NPUHHMaA0Ch, yrto RuCl,
JeTut B BHAe MoHoMmepa, kak u RuCl;. 3IxcnepumeHTanabHBe
TOYKM B MHTepBase temneparyp 770—960°K yxaambiBaiorcs Ha
NMpSIMYI0, BHPAXKAIOULYIOCS YypaBHEHHEM:

10g Kp (aqm) —_ 3—0;?1 + 0,9324’.

OnurTHHE AaHHBIE Bbille 960°K OTKIOHAIOTCA OT 3TO# nps-
MOH B CTOPOHY 60JBIUIHX 3HAYEHUR W HMEIOT 3HAYUTEJAbHHH pa3-
6poc, NMO-BHIMMOMY, H3-32 HEHAAEHHOCTH METOIa NPH H3MEpe-
HUM BEHICOKWX MJaBJAeHUI napa, JexaluxX NpPH 3THX YCJAOBUAX
3a TPAHMIAMY TMPUMEHHMOCTH METOHA Hachimenus D.

Il KOJMYECTBEHHBIX DACYeTOB TEDPMOJNMHAMHUYCCKHUX BEJIU-
yMH npouecca (4) WCNoOJB30BaNCH, KAK JOCTATOYHO HAEMHHbBIH,
yuactox mpsamoit no 960°K; remaoemxoctn RuCls (my v RuCly (rag
TPHEATH OpHeHTHPoBOUHO paBHbiMU Cp mias CrCl; ey 11 CrCly (ras).

UncseHHblE 3HAYEHUST HafileHHBIX CTAHIAPTHHIX TEPMOMMHA -
MUYECKUX XapaKTepHCTHK JJA npouecca (4) caemyroinue:

A — 167 & 0,5 kkax/'Moab, Swg= + 7,8+ 0,5 5. e.
AF;,gg: + 14,1 + 1,0 xxaja MOAL.

M3 noayuyeHHEX IAHHBIX paccunTanbl AFlg gﬁpasoaaﬂm H
Szos s ra3ao06pasHoro RuCl,, a umenno: Afag = — 32,3,
+ 2,5 kkan; Sws=73,2 + g,S 9. €.; NPH 3TOM NPHHSATH BO BH.
MaHME Hawy BeaHunHbl Affs m Sws gna  tBepaoro  RuCly
(raba. 1).

Jas sHTponuu rasoobpasnoro RuCl, uMeeM BenuuuHy cpas-
HUTENBHO OAM3KYI0 K BeJUYKHAM, XapaKTePHBEIM /s rasoobpas-
HbIX TETPAXJOPHAOB JIPYTUX 3/IeMEHTOB. y

Ecan ke pgns tBepporo RuCly mpuHATE BENHUHMHY Sagg =
=30,5 3. e, naunyw DBuasom m ap., T0 K8 raspoofpasHoro
RuCl, wonyuyaercsi aHOMaAbHO HH3KOE 3HAYEHHE BHTPONHU
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64,8 5. e. 310 0OGCTOATEABCTBO HABAAETCA OAHUM H3 YKasaHHi
IPaBHJABHOCTH MOJIyUEHHBIX HAMH 3Ha4eHHH A8 npouecca obpa-
soBanus tBepuoro RuCl; u3 mpocTHX BEIIECTS.

JlanHHE ONBEITOB TMpH TemmepaTypax Beime 960°K mcnoanso-
BAHBL JIs1 OLEHKH 06JacTh CyllecTBOBaHHA rasoo6pasnoro RuCl,
B paBHOBeCHM C TBepAnM W razoobpasuuim | RuCly v xJaopom;
npu 5TOM B MHTepBaje temmepatyp 500—600° B razoo6pa3noi
dasze nmpakTHuecku cymectsyet toabko RuCly; Beme 600° Ha-
DALY € pocroM napuuansuoro pgasnedus RuCly Bospacraer raxxke
napuuatsHoe gasiewne RuCly; napunanasHoe nasaenne RuCly
AOCTHTAET MaKCHMyMa npu Temmeparypax oxosao 800°, mocae
Yero OHO Pe3KO NafaeT, NpPHEAMKASCH NPAKTHYECKH MpH
850—870° k nyawo. Tak xak mpu sTHX TeMIlepaTypax. TBEpPABIH
RuCl; He MoxeT cyulecTBOBaTh, TO MEPECTAHYT CYIIECTBOBATDH
H paBHOBecus (3) u (4).

[Ipy 3TOM MOrYT BO3HHKHYTH HOBHIE paBHOBECHs, COOTBET-
CTBYIOUIVE B3aHMOAEHCTBHIO MertadaHueckoro Ru ¢ XJopoM.
JleficTBUTEIBHO, IPH NPONyCKaHWH Had MeTaanuyeckuM Ru xzaopa
NpH TeMmnepartypax ebime 870° oH ynaeraeT B BHJAE KAKHX-TO
ra3006pasHBIX XJAOPHIOB. OJKCIEPUMEHTAJbHO JeTyuecTs Ru
B TOKE XJopa oO0HapyieHa Bmioth fo 12507; npu 6ogaee BBHICO-
KMX TeMnepaTtypax H3MepeHusi He NPOBOIHJIHCH.

CpaBHeHue 3aBucuMoctd AF—1(T) mas xnopugos Ru mnoxa-
3bIBAET, YTO HANGOAEE BEPOATHEIM MPH 3THX YCAOBHUAX SABJAETCH
CyLIeCTBOBAHHE pPaBHOBECHA: Ru(m)+ Cl, (i4s) = RUCL; (rasy  (9)-
Pacuerrl mapuuaanLHoro aaeiaeHus rasoo6pasumoro RuCl, B ypaB-
tennn (9) 4anM BeqMuUMHBl 6AM3KHE K 3HAYLHHAM, OLEHEHHHIM
BproapoM, Hanpumep:

T°K Pruct, aT™

1513 4910~ Hamru

4 1500 ~ 10~ Gpiosp
IV

M3 coeaunenufi pyTeHHs C OpPOMOM B HHAMBUAYA/JILHOM CO-
CTOAHMM u3BecTeH Jaumb RuBrg; cymecrsyromue MeToasl ero
NOJTYy4YEeHHs He JaBa/d BO3MOMXHOCTH BBIAEJHTh €0 B YHCTOM
cocrosinu. Hamu uucrelfi TpuGpoMun pyTeHHA OBLT BIEpBHE
NOJy4YeH HENOCPeACTBEHHbIM COEIHHEHHEM PyTeHHA ¢ GpoMoM
B 3aMadHHBIX CTEKJASHHBIX TPYOKAaxX NPH NOBHIIEHHOM HABJACHHH
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6poma. Tak nanpumep, npu Harpesanun okoao 0,7 r pyTeHus
npu 475° u paBieHunx Opoma 1o 20 atm B Teuenue 58 yacos
o0pasyercs NPOAYKT C aTOMHHM OTHOweHHeM Ru:Br—1:2,99,
Haiinena naotHocTe Tpubpomuaa pyrenus d=>5,42 + 0,02 r/cm?.

[Tonyuenuwit cyxuMm nyrem RuBrts, B orauuue or 1pubpo-
MHJa OMHMCAaHHOTO [0 HAac B JHTEpaType, HE PacTBODHM B BOJeE,
STHJIOBOM Cnupre, KucjaoTrax. CpaBHeHHe MOpPOLIKOrpaMm o6pas-
1oB RuBry, mosyueHHHIX CYXUM NyTE€M M H3 BOJAHOrO pacTBopa,
HE JaeT YKa3aHWH Ha CyLIEeCTBOBAHHE [ABYX DPasJHUHHX DO KpH-
CTAJJIHYECKOH CcrpyKkType (GopM TpubpoMuza pPyTEHHI.

HMceaenoBanna tepmuueckoit mucconmuamun RuBr, nposoam-
JAHCH C oﬁpasuamu, NOJAYHEHHBIMH CYXHM IIYTEM, B HHTepBaJjae
remneparyp 360—620° Temu ke Tpems merogamu C, M, D, uro
1 B cayvae RuCl,.

O6partnMocTb mpouecca pasnoxenus RuBry moarsepxgaercs
TeM, YTO K NMOCTOAHHOMY JaBJEHHIO NPH JaHHOH TEMIepaType
yAaercs NMOAOHTH Kak OT HeJocTaTka, Tak W OT H3GHTKA Gpoma.
Ilpn msMeHeHHH cocraBa TBEpHOH,(asE paBHOBECHOE JaB/leHHE
6poMa He MeHsercs, CaeZOBaTeJBHO, B cHcTeMe Ru—Br coepn-
HEHUH HH3IUHX CTYHeHeH OKUCJACHHS DPYTEHHs, COeIMHEHHH
NepeMeHHOro CoCTaBa HJAM TBEDARX pacTBOPOB He of6paszyercHd;
5TO YCTAHABJHBAGTCS TAK2e W PEHTreHOTrpa(HYecKH.

Taxum o6paszoM, npomece * AHCCOLMAILAH TPUOPOMHIA HIET
1m0 ypasHeHno: RuBry () = Rumy + %/, Bry (ras) (). ¥YHOCa pyTe-
HH H3 PEAKIHOHHOIO COCyZha Npu Hu3MepeHunsx mo Merogam C
u [l npu TeMneparypax ONBITOB He HAGJI0JAETCs; N0ITOMY H3Me-
psieMoe naBJeHHEe BO BCeX Tpex Merozax o6ycaaBauBaercs
TONBKO Napamu 6poMa. B merome I, BoiIe/sIOUIMACA ApH JHUC-
conuanuyu TpubpoMuga pyTeHus, GPOM yJaaBJAHBaJACH B JIOBYIIKe,
OXJaXAaeMol KuAKHM Bo3LyxoM. [locsie omnmita onpepeisiuch:
yMeHblUeHHe Beca Jnox0ouek ¢ HaBeckamu RuBrg, Bec coGpanHOro
B JIOByLIKe Opoma; OCTATKH B JOJOYKAX aHAJH3HPOBAIHCH BOC-
CTAHOBJAEHHEM BOAOPOJIOM. '

PesysipraThl u3MepeHudl gaBAeHHH GpoOMa CTATHUECKHMH Me-
TogaM# C u M u guHamuueckum MertojzoM JI yKAaALBAOTCH
Ha OAHY NPsAMYIo, BEpaXkaiouwlylocs Ias mpomecca () ypasue-
HHEM:

logK, (atmM)=— %76 -+ 3,786.

M3 uaMepeHHBIX HaBJaeHHi Gpoma mas npouecca (5) paccuuta-
Hbl CTAaHJAPTHHE TePMOAMHAMHYECKHe XapakTepucTHkH (Tada. 3).
Tenaoemkocte TBepgero RuBr, ouenena no npasuay Komnna.
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Tabaumnma 3

Ipouecc: RuBrg () = Rt 7 + 3/g Bry (ras) ()
H eH. 1 ;
3M9H¢;3m{1'§}¥;omm Hamn Ouenka Bpiospa
_'\F;gs KKan +30+4 +20417
AHpgg KKan 4442 +35+10
ASggg 3 € 4942 5047
Py, =1 arm. 893° K 600° K

Ma mada. 3 BHAHRO, 4TO TPHOPOMMA PYTEHHA 3HAUNTENBHO
ycrofiunpee, ueM ato caeayet no Bprospy.

Vv

B cucreme Ru—I B MHIHBIAYAIHHOM COCTOAHHH, KAK H B CIY-
uae GPOMMICB, BHIeJeH JHIb Ruly; skCmepHMEHTAIbHO HAMH
BIIepBBIE HAHAEGHE TEPMOJUHAMHUYECKHE XapaKTEPHCTHKH MPO-
necca o6pazoBaHus TBepaoro Rul; m ompenenena ero Tenjora
00pa30BaHus KaJOPHUMETPHYECKUM IyTeM.

Rul; npurorosisiics B3ayMoLelicTBHEM PACTBOPOB TPHXA0PHIA
pyrenus ¥ Kl; NonHETKH CHHTE3a ero U3 NPOCTHIX BEILLECTB, aHa-
JIOTHYHO TPUGPOMUIY, HE AaJH TOJOXHTENBHHX DPe3yJbTaToB.
Ilo nutepatypuuiM gaHHbiM Ruly ananmsupoBastcs BOCCTAHOB/IE-
HHEM BOJOPOLOM; OJHAKO, PEaKIHs C BOJAOPOAOM HauYHHAeTCcd
okono 300°, korma samerua yaxke aumccomwauus Rulg u HI. Tep-
MOAMHAMHYECKHH aHA/JH3 MOKaskBaeT, uto okoao 300° Hapsay
¢ BoccraHoBJAeHHeM Rul, BOOOPOZOM NPOUCXOIHMT €ro pasiome-
iue. IMoatomy ans ananunsa Rul, ME HCnonip3oBadn ero TepMmi-
JeCKYi0 [AMCCONMALMID HA NPOCTHIE BELIECTBA B BAKyyMe [pu
400°; fiox yJAaBAUBaJCA B INPHEMHHKE, OXJIAMIAEMOM KHIKHM
BO3JYXOM, W ompejessjcss THocyabdaroMm Harpus. MHcmosassye-
Mbe B pabore obpasusl Rul; uMenn B cpenrem aTOMHOE OTHO-
menue Ru:l=1:3,01 + 0,03. Ha#nena naotHocTs Rul, dP =
= 5,25 + 0,02 r cM®. Tepmuueckas aucconmanus Rul, usyuena
cTaTHYecKHM MeTonoM (M) ¢ mMeMOpaHHBIM HYJAbMaHOMETPOM
npu 590—660° K. ®asopuft aHa/qH3 NPOAYKTOB YacTHYHOH AuC-
colHauyuM TPHHOAMZA, BBHAY HX MEJKOJAHCIEPCHOCTH, NPOBO-
ILUJCA 3/eKTPOHOTIpadHuecky; HUKaKHX Apyrux ¢as, kpome Rulg
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% Ru He obGuapyxeno, T. e, pasnoxeHHe Rul, mpu nHarpesanuu
APOTEKALT [0 YPABHEHHIO:

Ruly (rs) == Rt 18) + %2 I3 (ra) (6)

ITpensapurennHo narpesanieM Ruly B Bakyywme no 400° 6nia0
YCTAHOBJEHO, YTO KOJAUYECTBO PpYTeHHA B JIDAOYKE OCTAETCH
MOCTOSHHBIM; TIO3TOMY JAaBjJeHHE B MeMOpaHHOH Kamepe IpH
H3MepeHuaX Mo meroay M o00yc/a1aBAHBaAOCHE TOJNBKO MapaMu
Hona. K paBHOBeCHIO MOAXOJMH/JH OT HEAOCTaTKa #Hoja B mapax,
TaK Kak o6paTHBI# NpOLEcC, XOTA H MAET, HO JaXKe NPH BEICO-
KMX AABJEeHHsAx #oja C OYeHbh Maao# CKopocThio. KamepeHnukwie
BeJMYMHBL HaBiacHHA Hona Aaa nponecca (6) viaaiHBAaOTCH Ha
NPAMYIO, BHPAKAOUIYIOCT YPABHEHHEM:

log K, (arm) = — 522 4 13,547,

M3 3TMX JAHHBIX PACCUMTAHB CTAHIAPTHBE TEPMOAUHAMHYE-
CKHE BeJaMuHHB aas mpouecca (6) (rabxn. 4); renaoeMxocrsb
TBepaoro Rul, omesena no npasuay Konna.

Ta6nnua 4

ApoLecc: Ruly 75y = Rt (1) + 32 12 raq) (6)
.H3MeH.Jy€§}.{H§§;HaMHW. Hawmw OU,EHK& Bp}{)'ﬂpa
AFpqg KKAA 12046 7422
AHggg KKan 43043 22415
AS5gs 9 e 15943 150+7 /
P, = ar. 663° K 400° K

Hawmu BeanunHn aas nponecca (6), xax u B cayuae RuBry,
3HaYHTeJbHO BHIIIE 3HAYeHHH, oneHeHHEIX DproapoM, HO, oue-
BH/IHO, MPAaBUJIbHEE XapaKTepH3yI0T 3TOT MpOLecc.

ComocraBuM Mexay cofofi TeMneparypsl, nNpy KOTOPHIX JA3B-

JIEHWS Ta/joreHa NMpH [UCCONHANMH TPHUTaAOTEHULOB DPYTEHHA
ipaBHo 1 atwm.
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RuHalg RuCly RuBry Ruly ABTOpH

[ 1143 893 663 Hatuu
900 600 4 B
T*K, npu Kort. 1196 ot 0 Bploap
Py, = | atm. : = JRRE i
a 1113 — — Pemn u Ken
1043 — — Beaep u Bansn

Kak otmesanoce BHIIIIE, TEPMOOHMHAMHYECKHE KapHJCTEpHCTHKH
Bprospa aas RuCl; paccuuTaHel MM 1O 3KCIEPHMEHTAJbHBIM
nanueM Pemu u Ken. Oxnako, nas Temneparyphl, NpH KOTO-
poil aapneHue xJopa npu aucconnannu RuClgqsy pasHo 1 atwm,
Bpiosp npusoaur snauenue 900°K, B 10 Bpems xak camu Pemu
H Ken ouenuaun ee paBuod 840°C. He scHO, uyeM O6GBACHHTH
TaKOe pacxouieHue.

Tak wax m1a RuBr, w Rul; remneparypn, mpu roropsix
Pha,=1 aT™, HaxoZuauch H3 3HaueHus aaa RuCly, To oHM
TAKKE ABIAAIOTCA CHABHO 3aHHXKEHHBIMM,

st MOATBEPMACHHA TEH3UMETDHYECKUX JTAHHBIX [0 AHCCO-
IHANHN TPHHOAMIA PYTEHHSA INPOBEAGHHl KaJOPHMETpHUECKHe
OnpeJeNeHtss ero TenoTH 06pasoBaHnA. XUMHUYECKUM AaHAJH-
30M H CHATHEM MOPOWIKOrPaMM YCTaHOB/AEHO, uTo RulJ, npu cxH-
raHu¥ B KHCJAOPOIE MpeBpaliaercd B ABYOKHCh pyTenusa. Ten-
qaora obpasoBanua RuO, B aureparype 6blia H3BECTHA, HO ee
BE€JHYHNHa BbI3BIBAJIA@ Y HAC COMHEHUS B €e NPpaBUWJIBHOCTH: 3Ta
BeJMYHHA, DaBHad — 52,5 KKaJj/MOab, HENPABUJIBHO pPAaCCUMTAHA
Pemn n Kenom Bcero no aByM sKCHEepHMEHTAaJbLHEIM 3HAaUEHHSM
JaBJAEHHH KHCAODOZA NMPH H3YYEHHH TEePMHYECKOH IHCCOUHAIUH
RuO, no ypasreduio HepHcTa; pacuer no ypaBHEHHIO H300aphl
naer — 59,6 kxan. TeM ne Menee, pesMuyuHa —52,5 Kkaa BOwAA
BO BCe CIPAaBOYHHMKH, B TOM 4HC/Ie H B 0630pHYIo cTaThio Bpioapa
10 TEPMOJAMHAMHMKE OKHCJAOB. B cBg3u ¢ oTcyTrcTBHEM B JuTe-
parype HajgemxHon BeauuHHH AHgyo,, MBI ONPERENHAH €€ KAa0-
PHMETPHYECKH CXKMFAHHeM METAJJIHYECKOr0 PYTeHHd B KHC/IO-
poge. Ilng paGorel HcnoabsoBajdcs pyteani 99,97 % UHCTOTH,

OnuTel NMPOBOAN/IHCE B CAMOYIVIOTHRIOUICHCH KaJIOPUMETPH-
yeckoil Gom6e M3 HepmaBemollell CTald B KaJODHMETPE ¢ H30-
TEPMHUYECKOH 060/04KOH IpH Temneparype 25° u JaBaeHUH
kucaoposa 30 aTM; TemMmepatrypa KaJopUMETpa HU3Mepsaach Tep-
MHCTODOM, IIPOKANHOPOBAHHEIM IO CTAHAAPTHOH OeH30AHOH KHC-
aote 99,99% uucrorer, BmbGpan nyte cxuranus Ru B ueano-
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thaHoBOM MelIouke, npu 3TOM cropato or 40 mo 80% Mmeranna;
B OTHEJbHHX ONBITAX JJ8 HHHIHUPOBAHNS PEaKIHI 100aBATIOCH
napad@UHOBOE Mac/o; TEeILIOTH FOopeHus wueasodaHa u mnapadu-
HOBOIO MacJa omnpegeaedel paBuuEMu 4100 u 10990 xan/r.
B mpoiykTax rOpeHusi pyTeHHs peHrrenorpaduuecku obuapy-
#Kenbl Toabko Ru n RuO,; xuMuueckuM myTeM He oOHAPYKEHO
jgaxe caeroB Jgeryuyeli RuOj, T. € TropeHne MeTalJHIeCKOTro
Ru NPOHCXOINUT MO YPaBHEHHIO: RU (rs) -+ O (rasy = RUO, @y (7).
Tocie onBITA OKHCEN BOCCTAHABAMBAJICS BOIOPOJOM A0 METANIA;
no yOb.IH B Bece Mocje BOCCTAHOBIEHMS ONPERENAJHCh KOJIH-
YeCcTBa CBA3AHHOTO Kucaopojga M cropepmero Ru. Tlompaska
Ha paguanuio Haxoxuwiaach, 0o gopmyae Penpo—Ilpaynanepa—
Vcosa. Tennora ropeHus pyTeHus paBHa — 73+ 1 KKaJj/T-aTOM
(Tounee — 72,9 + 1,2; cp. 3nau. u3 14 on.). HaiizeHnas BetuunHa
sHTanbnuu obpasoBanus RuO, cymiecTseHHo OTIMYAETCH OT
3HAUEHMS M3BECTHOTO U3 Jurepatypel. Hama seamunna AHguo,
Gosee mpagpononoGHO xapakrtepusyer uameHeHusi Alaeo, npu
nepexoge o1 Zr k¥ Ru no mepuony u B noarpynne Fe, Ru, Os,
yem pesuuuna Pemu u Ken.

210 MOATBEPMIAETCA TAKKE CPABHEHHEM BSHEPreTHKH OKHMC-
JIOB TOTO HJH HHOTO 3/JEMEHTA C SHEpPTeTHKOH COOTBETCTBYIO-
mWUX XJA0puaoB, npoBeleHHnM BnepBee C, A. lllyxapessM.
Takoe cpaBHeHME NO3BOJAWIO TOMOHTH K TEepMOAHHAMUYECKOMH
XapaKTEPHCTHKE OCHOBHBIX WM KHCIOTHHX (DYHKOMHA OKHCIOB.

CpaBHeHue Meu¢ay cOOOH CTAHAAPTHBIX TEMJAOT 0OpPa3sOBAHUSA
OKHCJIOB H XJIOPHIOB, PaCCUHTAHHEIX Ha | T-3KB, NMO ODEPHOLAM
CHCTEMHB XapaKTepu3yeT KOHKYDEHLHIO XJ0opa H KHCIOPOJAA KaK
okucauTene B pamkax [lepuoguueckoro sakona. Eciau Bedu-
yuHel AH cramfg. s XJOPHAOB JAHHBIX 3J€MEHTOB 0oJblle
COOTBETCTBYIONIMX 3HAUEHHI AJS WX OKHCJIOB, TO OKHCJIBl 3THX
5JEMEHTOB MMEIOT OCHOBHOH XapakTep M JerKO NpH HeHTpaaH-
sagun HCl mepexogdar B COOTBETCTBYIOMHE XJOpUAH. Ecin xe,
Haobopor, AH crami. sHepruu o6pa3soBaHMs OKHCJIOB MPEBHI-
AT BEJIUYMHBL 3HEPTHMH 00pa3oBaHus XJOPUIOB, TO XJIOPHIAH
3THX 3JEMEHTOB CKJAOHHE K IHAPOJAU3Y, 4 OKHCJILL HMEIOT KHC-
JOTHHH XapaKTep.

Hama Bennunna AHguc,= — 16,3 xxana/r-skp

Hixe AHpso,= — 18,2 kkan/r-skB.; 3T0 COOTBETCTBYET Ha-
oawaenusam, uro RuCl; npu narpeeanuy Ha BO3AYXE Jerko Ie-
pexopur B RuO,, B BOAHBIX pPacTBOPaX CHABHO THAPOAHU30OBAH,
a B nmpucytcTBun HCl naer XaopopyrenueByo KHCAOTY, T. €.
S DYTEeHUs KaTHOHHOE COCTOSIHHE MaJo XxapakTepHo, a RuO,
obaagaeT cJabBIMH KHCIOTHBIMH CBOHCTBAMH.
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Beaununna Bumna u Ap. AHgue,= — 20,2 krkan/r-axBs, Ha-
TPOTHB, NPEBHIIAET HAaY Beanunny AHrio,——18,2 kkasi/r-sks,
He roBops yxke o BeauuuHe AHgyo,= — 13,1 KKa.a,r-akB, MO-
ayueHHoii Pemu n Kenwom. [lo pawnpm stux aBropoB RuQj,
JOMKeH 061anaTh OCHOBHLIMH CBOACTBAMH, YTO NPOTHBOPEUHT
HAOAIOLEHUAM.

YTouHHB BeAUYHHY Teruorsl obpasoBaHusg RuQ, MBI NpoBe/iK
KaJOPHMETPHUECKHE ONpeNeNeHHs 3HTaJ blMuu ofpaszoBatus Rul,
1O peakIuu:

RUI:I (18) + Og(raa) — RUOg (TB) + 3, 2 II (7B) {8)

OnpegeneHus tennoTw ropenus Ruly npoBoauancs, B OCHOB-
HOM, TaK Me, KAK H B C/lyuae CHHUTAHUA Meraajiuueckoro Ru,
¢ TOH JUIbL PA3HHUIEH, YTO MH OCTAHOBUIHMCHL Ha ropeHau Rulg,
6¢3 100aBOK KaKuX-1HGO TOPIOYHX BEIIECTB, 3a HCKJAIOUEHHEM
HHTKH; XOTA TIDH TOM U HE HaﬁﬂloﬂaHDCb €ro KOJHYECTBEHHOIO
cropanua (81—95% ), HO ommbGka oOmpeaeJCHMH Obla 3HAYM-
TeJbHO ME€HbHIe (Zo 57% ), 4eM B TIPUCYTCTBHM UENIO(DAaHA AN
Apyrux ropiouux sewecrs (zo 25%). OnwrT npoBOAuJICH cie-
AyomuM obpasom: HaBecka Ruly (0,2—0,5 r), cmpecosanHOro
B BHAE 'I‘HGJIE’I‘!(H, nepeBs3biBaIach HHTKOﬁ, nomMmeuiajgacb B TH-
TeJb W NpUHKpenasnacbh K HHXPOMOBOI"'I IPOBOJIOYKE; 3aTEM IIpO-
BOJAHJNOCE CHKHraHHe. [lTocae omeiTa M3 TUrIA C NpoAyKTOM Tro-
PpeHust HarpeBaHueMm B BakyyMme o 100° ypaasiics cBOGOAHBIG
foa, obpasylouuicss npu ropeuun Ruly; mo ypasn. (8). 3atem
HarpesaHueM B BakyyMme no 400° monHocThio pasiaraau Hemo-
ropeBwnii Ruly; mo y6uau B Bece 3a cuer yjageHusi CBA3aH-
HOTO flofla ompeAensnoch KoJuuecTBo HecropeBuwero Rul,. Mo
KOJHYECTBY KUCIOPOJA, HAHICHHOMY IIPH BOCCTAHOBJAECHHH OKMC-
Jla BOJOPOZOM 10 MeTauana (mocae OmpeieneHus CBA3AHHOLO
fioza), paccuHTHIBAIOChL KOJHYeCTBO cropesumero Ruly; B psize
ONHITOB KOJMMYECTBO Hecropermiero Ruly paccuuThIBAIOCh TAKKE
13 yﬁle'IH B BeCe IPH €ro OKHCJAEHUH B TOKE KHC/A0pOAa IIpH
250°%; pacuersl, NOJYYEHHBEIE O6GOMMH NyTAMu (pas/iOKeHHEM
B BaKyyME€ M OKHCJEHHEM), Ja/H COBHAJAIOU[HE PE3YJbTaThl.

Cpenuee 3nauyenne (w3 12 om.) remqore ropenns Ruly mo
ypaBH. (8), nonyueHHoe AT TPex Pas/HYHLIX OOPA3l OB, PaB-
HO §7,4+ 1,2 kkaa.

M3 ypaBH. (8), npuHHMas BO BHUMAHUE HAHZEHHYIO HAMH
BeJHYMHY Tena0Thl 06pasoBanus RuO,, pasayio — 72,9 + 1,2 kxau,
BHIUHCJAAEM TEMAOTY oOpasoBanus Rul; m3 TBepapix pyTeHus u
#ona, paBuyio —15,6+24 nan — 37,8 +2,4 kkaa/Moab U3 TBEP-
JOro pyTends u rasoo6pasHoro Hojga. 3HAUEGHHS SHTANBIHH
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ob6pasoBauus Rul;, HaliieHHBIe N3 TeH3UMETpHueCKuX (Taba. 4)
W KAaJOPUMETPHUECKHX OIpeaejeHnii, OAuU3kH Meuay coboi,
YTO MOATBEPHAAET HX IPABHALHOCTD.

VIIL

CpaBHEHHE TMOJYUYEHHEIX HaMH 3HTaIbNUH O6pasoBaHHA L1f
ra/OTeHHIOB DYTEHWS M JUTEepaTypHBEIX JAHHEIX AnAg raJjore-
HHJOB APYTHX [JIATHHOBBIX METa/IOB MOKAa3blBaeT, YTO HAMIH

peauunHsl AHges o6pazoBanust aas RuHaly,, B o6uem, 6J1H3kH

K AHgs 06pa3oBaHHs TPHTalOTEHHJOB APYTHX TNJAATHHPBBEIX Me-
TaJsJIOB.

Hawa Beauunna Sss=38,9 5. e. mas RuCly corzacyercs
¢ Beauuunoit 38,0 3. e., paccuuTaHHOH DBprospoM mnO ITAHHBIM
Pemu u Ken, 1 sHaunTeabHO OTaHYAaeTcd OT BeauunHs 30,9 3. e.,
HafigenHol Buasom W Op.; nocjenHsAs Be/MHYHHA §BJASETCH aHO-
Ma/JbHO HH3KOH W OMH3KA K 3HTPONHMH AMXJIOPHWIOB, YTO 3aCTAB-
JsieT OTHOCHTBCHA C OCTOPOMHOCTHIO K JIAHHLIM YKa3aHHBIX aBTO-
poB, Ha ocHOBe mONyYeHHHIX HAMH TePMOJMHAMHYECKHX BeaH-
yuH 174 xa0puzoB Ru ¢ ucnosnns3oBaHHEM AWTEPATYPHEIX HaHHBIX
aas xqaopunoB Fe u Os (HexoTOpble BeJIHUHHB A8 XJOPHIOB
Fe, Ru u Os akcrpanoJiupoBaHE HaMH) pacCMOTPEHAa YCTOHYH-
BoCcTb xJopuaos Fe, Ru u Os npu pasnuyHbX TeMnepatypax
C TOYKH 3DeHHsl HX CBOOOAHOA sHeprud oOpa3oBanus. [as
XJIOPHIOB Ru moNyuYeHH caefyioulHe ypaBHeHHs CBOOOIHOMA
3HEPruH oOpas3OBaHMA:

Xaopun AFp = AHggs — TASSQB
RuCly () —27+30 T
RuCly (45 14 —14:T

‘RuClg —49--47 T
RuCls (145 SO0
RuCly () — 544635 T
RUCly 100y — 32440 T

I'pachnueckuit aHanu3 NMPUBeJAEHHBLIX yPaBHeHHH MOKA3HIBAET, YTO
npu temneparypax Hmxe 300° K moxer cymectBoBaTh RuCly (1)
(remnepatypa Hauasna pasaoxenus RuCl, . omnpenenena Hamii
Ha onsite paBHOi okono — 30°); RuCly o) ycTo#iuuB mpu 300—
1200° K, a RuCl; ey ABASETCA HEYCTOHUYMBBIM NPH JIOGBIX TeMIe-
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parypax, Tak kak JuHHg AF = {(T) nasa nero jexur BHIIE, YeM
aas tBepabix RuCl, m RuCl,. ¥YcrofunBocTh raso00pasHBIX
XJOPHJAOB PYTEHHS XapaKTEPHU3YETCs CJeIYOLHM 06pasoM: npu
temneparypax Hmke 950°K nHanGosee yCTOHUMBEIM ABIAETCH:
RuCl,, B unreppane temneparyp 950—1450°K — RuCl,. npH
6o/1ee BBICOKHX TEMOepaTypax CTaHOBHTCA YycTo#uuBbiM RuCl,;
OYEBHAHO, UTO IPH elle 6oJiee BHICOKHX TEMIEpPaTypax MOMHO:
OMXMJATL NOSIBJIEHUS Ta3000pasHOr0 MOHOXJODHAA PYTEHHA.

B nuesine ycrofiunBeix (OpPM coeXvHeHuH HaHHOTO 3JeMeHTa
C KaKHM-AH00 APYTHM 3J€MEHTOM NMPaKTHYECKH CYLICCTBYET ABa
npepena, NOJYHHAIOIHUXCA OOLINM NPABHJIAM CABHMTA BEPXHEro:
(T. Befiin) u uumnero (C. A. [llykapes) mpenenoB ycTOHYH-
BHX (opMm. ‘

JleficTBHE 3THX TNpPaBUJ MOMHO BHAETH H3 IIPHBEIEHHOTO
HHMXEe CAHCKAa H3BECTHHX TaJOTeHHAOB pacCMaTpiBaeMOH HaMM:

noarpynner Fe, Ru, Os:

FeFy, FeFy, — — FeCl, FeClz — —
— RuFy, RuFj, RuF; —  RuCl;, RuCl- —
= — OsKy—, Ok, —  OsCl,, * 95Cl,, "OsCl,,
FeBr;, FeBrg— : Fels, Fel, o
= RuBrs, RuBrz . Rul, =
—  OsBrg, OsBr, —  Osl;. 05l

3Be3n0uKkol 0003HAYEHB HEYCTOHYUBHIE BemlecTBa, a MycThe
MEeCTa OTBEeYaloT COEJHHEHMSIM HECYUIeCTBYIONMM B KOHIEHCH-
poBanHomM cocrosinvu. Ms aroro cnucka BHAHO, 4YTO HpH Iepe-
xoze or Fe ¥k Ru u Os nogsagiorca rajoresguasl 6ojee BECO-
KHX CTyneHeH OKHCJIEHHs, T. €. BeDPXHHH mpeje] YCTOHYMBHIX
coeguHenuit caBuraerca ot FeF, x OsFy, or FeCl, k¥ OsCl;
u T. 1. B TOo e Bpems HuxHUII npexen cxpBuraetca or FeF,
« OsF,, or FeCl, k¥ OsCly u 1, a. [lpu nepexome oT GropHEOB.
JAHHOTO 3AeMeHTa K ero MOAMJZAM YCTOHYHBOCTH BBHICHIHX CTY-
neHell OKUC/JEHHd NajaeT; NpPU ITOM CTAHOBATCA MeHee Xapak-
TepHeIMU /51 Fe — Tpersqa, s Ru— nartas, a gas Os — mecrad
CTYNEHH OKHC/IEHU.

CHBUTH BepXHEro W HIMKHEro NpejesoB, Kak I[10Ka3aHo
C. A, lllykapeBrIM, 3aBUCAT, HAPSAY C KPyTU3HOH KpuBblx AH
00pa30BaHHs OT CTYMEeHH OKHUCAEHUA U BEJAHUYHHAMH SHEprui
KOHICHCAUK, 0T 3HA0-3(dpexTa KOOPAUHALMK, MepOl KOTOPOro
ABAAGTCH PASHOCTb MEMAY aAJUTHBHHIM W DeaJbHLIM 3HAYEHUS-
MH MOJEKYJASPHOH 3Hepruu, YCrofuuBOCTL BHICIIHX CTyHNeHel
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OKkucaeHus y ranoredunoB Fe, Ru, Os magaer mo mepe Boapa-
CTaHMA 9HA0-3h(deKTa KOOPIMHAIIHH: -

1) or dropumos k iomumam; 2) or Os, — sgemenTa 6-ro
nepuoja C CPaBHUTENbHO KPYNHBIMH aTOMaMi, K Fe—aieMeHTy
4-ro mepuoja ¢ aTOMaMH MEHbBLIEro pasMepa U NOBHLILIEHHOHK
2Hepruelfl HX BO3OYKAEHHUS.

O6BACHEHO HEeCYIIeCTBOBAHUE BTOPOH CTYMEHH OKMC/ASHHHA
y TBepauix ranoredngoB Ru u Os no cpaBHenuio ¢ Fe: mpu
nepexone Or sHeprud ux o0pasoBaHHA U3 CBOOOJHBIX ATOMOB
K 3HEPrdsiM 00PA30BAHHA M3 NPOCTHIX TeJ BeJHuHHH fis RuHal,
n OsHal,, B oranune or FeHal,, oTBeuaior Makcumymy cBo-
OOJHO! SHEpruu; N03TOMY TBepabie aurasoreHngsl Ru u Os
BK30T€PMHYECKH NHCIPONOPUHUOHHDYIOT HAa METaJJ M COOTBeT-
CTBYIOWMH TPHUTAJIOTEHMA. JTO CBf3aHO C NOBBIUEHHBIMH SHEP-
rugvu cybaumannun Ru u Os no cpasHennio ¢ Fe.

B bl B O ]I bl

1. HM3yueHo B3aumMoJeficTBHE METANIHUECKOrO PYTEHUS € X.10-
poM mpu Temmepatypax 300—1200° u asaBaenun xaopa 1 arm.

Ha#iieHo, 4TO B 5THX YCMOBHAX KOHEUHHIM TDPOAYKTOM pe-
AKOUHM sBAACTCH TPUXAOPUE RU, KOTODLIH B 3aBHCHMOCTH OT
YCIOBHA HOJIYUEHHA MOMET CYIECTBOBATL B 3-X NMOJHUMODPHHBIX
(opMax: B BHAE ABYX KPHCTAAIHYECKHX MOAuuxanui o u 8,
a Takxke B BHIE aMOpP@HOH (OPMEL, H3 KOTOPHIX HauboJee
ycroiiuuBoit Qopmolt aBigercs v. BrnepBme omnpejieseHbl Mex-
IAOCKOCTHBIE DACCTOSAHHA g o H B-MomuduKanHi M IA0THOCTH
Bcex tpex (opm RuCls.

2, C noMoupl0 TEPMO,-PEHTIEHO- H 3/1EKTPOHOrDAMM BIlep-
BHIC yCTaHOBJEH HeoOpaTuMblii (rasoseii mepexom BRuCl, B o-
MoAudHKaNMIO TPH Temmepatypax Beime 500°.

3. O6HapymeHo, 4YTO NpPU HACPEBAHHM MeTajAnanueckoro Ru
wim RuCly B tToxe xsopa npu temneparypax 400—550° noay-
yaercs cyoaumar aMophHoi Moaudukanuy RuCly, orintaomeid
OT - 1 B-MOgubuKamu# CBOEH paCTBODHMOCTHIO B BOAE; 374
Haubosiee axtuBHas ¢opma RuCly monyuaercs sa cuer pacnaja
o6pasyromeroca rasoodpasHoro RuCl,, BBUAY HEYyCTORYHBOCTH
€ro B TBEDIOM COCTOSIHUH.

4. Mamepensl JaBACHHS XJOpa NPH AHCCOMUALMH TBEPAOTO
TPUXJIOPHAA pyTeHus B paBHOBecHH ¢ Ru u RuCl; npu remme-
parypax 500—875°, n paccuMTaHB CTaHZADTHHE TEPMOJUHAMIYE -
CKHE BeJHYHHB 3T0r0 nponecca: & RuCl; ()= R (z) + */oClj (ras).

5. Bnepsbie onmpenesieHH BeJAHYNHHEI NABACHHH CyOIUMALHH
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o RuCly npu rtemneparypax 577—827° W paccuMTaHel TepMo-
OHHAMHYECKHE XapPAaKTEDUCTHKH TMpomecca ero cyGJuMamuy:
aRUC]:;(TB):RUCI;;(ras).

6. TToxasano, 4to npu- B3aumojedcTBun TBepnoro RuCl,
€ XJIOPOM IDH JaBJEHHH INOCaejHero B 1 atM U TemmepaTypax
400° n Bole 00pa3yercs HEHW3BeCTHHIH paHee BHCIIKA rasoo0sd-
pasHBIl XJOpHL pyTennd (BEI1eJeH B TBEPAOM BHJIE, HAYHHAET
pasnaratscs okoao — 30°); nmpexgmonaraercs oGpasosanue RuCl,
[0 pearium:

RuClg (rs) + /2 Cl; (ras) = RUCl; (ras).

MaMepeH:E KOHCTaHTH PABHOBECHS JAHHOH peaxmuu IPH TeM-
nepatypax 450—700° u BHIUHCIEHB €€ TepMOAHHAMMYECKHE
XapaKTepHCTHKH,

7. Bneppele ycranosiaeno, yro metanamnueckut Ru npu Tem-
neparypax Beme 900° w paBnenuu xJopa B 1 atM 3aMETHO
B31UMOJEeACTBYRT C XJA0pOM € OGPA30BAHHEM JIeTYyUero XJ0pHia;
nupexnosaraerca obpasopanne rasoobpasnoro RuCl, no peakuun:

Ru sy + Cl, asy =RuCl, (ras)e

8. Bneppuie mosyuen umucTHHA TPpUOGpOMUJ PyTeHHS H3 TPO-
CTLIX BEIN CTB; ONPEAENEeHBl er0 MEMNJOCKOCTHHE pPaCcCTOAHHS
W naorHocrs, HMaydena tepmuueckast jgucconumanus RuBry npu
450—620° n pHIYHCACHH TEPMOAWHAMHYECKHE XaPAKTePUCTHKH
nponecca. RuBrg (rsy= R () 4 /5 Br; (ras); yCTaHOBACHO, 4TO HU3-
wyux GPOMHIOB NPH 3TOM He obpasyercs,

9. Bnepsrie nayuena tepmuieckas muccomuamus Rulg; yera-
HOBJIGHO, YTO HU3MWHX HOOWAOB NPH 3TOM Takxe He obpasyer-
C; Hafilensl TepMOJHHAMAUECKHE XapaKTepUCTHKH [npoLecca:
Ruly rmy =Rt ooy + */2 | ra9). Omnpesiennens MJIOTHOCTL H MEX-
IJIOCKOCTHEIE paccToanna Rul,.

10. BrepBsle xaJOPHMETPHYECKHM NYTEM OMNpeleseHa Tel-

iTa oCGpasosanusg RuQ,, paBwas —73 KKaa/MOAb; NOKA3AHO,
4TO (UIYPHPYOUIAS B CHPABOYHON JUTEpAaType BeJHYHHA Tem-
JIOTH ero o0pasoBanus — 92,5 KKkaa/MoJb HeBepha. [Ha ocHoBa-
HUH MOJYYeHHOH Beauwunsl AHp o 1 MSBECTHOTO W3 JIHTEpPATY-
pHl 3uavenus Sy . BHuncaAeHa AF. o6pasosanust RuO,, pas-
Hasg — 60,6 + 1 kxaa/mMoanb.

11. Bnepsele kKanOpuMETpPHUECKHM NYTEM ONPEAEJEHA Tell-
Jaota obpasosanns Ruly; M3 mpocTHIX Bemiecrs; Ha#jeHHAs
BequYHHA 0.113Ka K 3HAYEHMIO SHTAJIBNHE 06pasOBaHiist, BHUHC-
JEHHOH 1TO JAHHBIM TEH3UMETPHUUECKHX H3MEPEeHHH.
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12. TlpoBeneno cpaBHeHHe MOJYdYeHHRIX BeJanunn AH. jas

raJoOreHnaoB pyTeHusd ¢ JAaHHBIMH @ [4Jid raJoreHujgoB JpYyTrux
INMATHHOBBIX METaJJOB H IOKa3aHO, YTO HX BEJIHYHHBI AHEQ&

Oan3xu mMexnay coboii.

13. Ha ocHoBaHuu [MOJYYEHHBIX HAMU M JHTEpaTypPHBLIX JAH-
HBEIX PaceMOTpeH Bonpoc o0 YCTORUYNBOCTH XJAOPHAOB MOJArPYII-
nu Fe, Ru, Os B mupoxoM TevwmepaTypHOM HHIePBaje ¢ TOYKH
3pennsa CBuOOAHEX sHepru# ux cOpasosanusa, Teepunii RuCly
cymecrryer npu temneparypax mmiue 300°K, teepamii RuCly—
npu 300—1200°K, a tBepuanifi RuCl, saBasercs HeyCroiunBBIM
IpH JI00LIX TeMmeparypax; YCTOHHUBOCTH razoo0pasHbIX XJ0-
PUIOB PYTEeHHsI M3MEHAETCH B MNOCHEA0BATENBLHOCTU: IPH‘ TEM-
mepatypax Huxe 950° K namGoaee ycrofumsnia ssasercs RuCl,,
npa 960—1450° K — RuCl,, npu GoJee BLICOKHX Temmeparypax
cTaHOBHTCSA ycToHunBBIM RuCl, m BO3MOMKHO 0OPA30BAHUE ra30-
00pA3HOr0 MOHOXJOPUAA DY TEHHS.

14. IlpoBejgeHo cpaBHeHHE raloTeHUAoB Hoirpynns Fe, Ru,
OSs ¢ TOUKH 3PEHHS YUEHUH O MIedgaX ycroHuupnix ¢ pm Gu-
HAPHBIX XUMHYECKHX COEJAHHEHII; nmoKasano, 4ro npH HEpPeXoje
of Fe ¥ Ru u Os HOHB.‘ISIIOTCSI rajorewugs 00Jee BblOKHX
CTymeHell OKHCJeHMS, T. €. BEPXHHUH Hpejes YCTOHYLBBHIX coe-
nunenult gpuraetca ot FeFy k OsFy, or FeCl; ¥ OsCl; u 1. a.;
HIDKHEHEA ke mnpexpen caBuraercs or FeF, k OsF,, or FeCl;
RO s@lSpa

Ilpn nepexoxe ot GropuioB JaHHOTO 3JeMeHTa K €rg
AomuaaM YCTOHYWBOCTE BBICIIHX CTYNEHEH OKHUCJeHUs MazaeT;
IIPH 3TOM MEHEe XApaKTePHBIMH CTAHOBATCS Aasl [Fe — Tperbs,
ansg Ru—maras, a ans Os — mecrasg CrymeHH OKHCIEHUS. 3T0
3aBUCHT, Hapsdy C KPyTUSHOM KpuBbIX (3aBHcHMocTh AH obpa-
30BAHUA OT CTYIIEHH OKWCJACHHS) W BEAHUHHAMH 3HEPIHA KOH-
JAeHcaluu, ot sumo-addexra koopawnannu. Jlawno o6bACHEHHE
HECYMIECTBOBAHHA BTOPOH CTYMEHI OKHCJCHHS Y TBEPABIX rajo-
regnnos Ru u Os no cpashenunio ¢ Fe. f
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