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Bae11eHHe 

l1ay'leHHIO XHMH'18CKHX nocne11CTBHli Sl/lepHbIX npeBpaIUeHHli 

c MOMeHTa OTKpbITHSI a(jiqieKTa CuHnnap11a-qanMepca B 1934 ro11y 

llOCBSIIUeHO TaKOe 6ollhwoe KOnH'18CTBO pa6oT, 'ITO STO npHBeno 

K CO3/laHHIO CaMOCTOS!TellhHOI"O paa11ena pa11HOXHMHH - XHMHSI 

'"ropSl'IHX"' aTOMOB. Heo6XO/lHMOCTb no1106aoro po11a HCCne11OBaHHli 

o6oCHOBaHa TeM, 'ITO /l8TanbHOe H3Y'l8HHe XHMH'l8CKOI"O COCTOSIHHSI 

pa/lHOaKTHBHblX aTOMOB noaaonsieT nony'laTb CB8/l8HHSI B TaKHX 

cpaBHHTenbHO Mano H3y'leHHhIX o6naCTSIX XHMHH, KaK XHMHSI 'ropsi

'IHX a TOM OB", XHMHSI TBep11oro COCTOSIHHSI Tena, pa11HaUHOHHaS1 XH

MHSI. C npaKTH'l8CKOli lKe TO'IKH apeHHSI STH HCCne/lOBaHHSI none3Hbl 

11nsi coa11aHHSI KOHTponHpyeMoli XHMHH ropSl'IHX aTOMOB C uenb!O 

npoll'3BO/lCTBa pa11aoaKTHBHbIX H3OTOllOB H CHHTeaa M8'18HbIX coe

/lHH8HHli. 

Eonbwasi 'laCTb pa6oT no H3Y'l8HHIO XHMH'18CKHX ~OpM CTa-

6HnH3aUHH pa11HoaKTHBHhlX aT.OMOB Bhmonaeaa npH o6ny'leHHH Be

IUeCTBa MHW8HH HeliTpanbHhlMH 'laCTHUaMH B peaKUHSIX THna ( n, y), 

(n,p) dr,n) ii T.11. Meabwasi 11onsi pa60T· npoae11eaa npa 

o6ny'leHHH aapS!lKeHHhlMH 'laCTHUaMH, cnylKalUHMH HCTO'IHHKaMH 11nsi 

peaKUHli THna (p, xn) , (a, xp ). ,·(a, xn) H T.n. 

l1ay'leHH8 XHMH'l8CKHX a~~eKTOB Slll8pHblX npeapameHHfi, npo

reKalOIUHX llO/l 11elicTBH8M BhICOKOSHepreTH'18CKHX 'laCTHU, nony'IH

no pa3BHTHe nHWb B nocne/lHHe /l8CS!Tb neT B CBSl3H C pa3BHTH

eM yCKOpHTenbHOli T8XHHKH. 
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MexaHH3M smepHhlX peaKUHA, npoTeKa10max ll!)A B03AeACTBH8M 

.'laCTHll Bb!COKHX aaepraA (AeCHTKH H COTHH Mas), eCT8CTB8HHO, 

OTnH~88TCH OT M8X8HH3Ma smepHhlX,peaKUHA npa HH3KHX aaepI'HHX. 

Haa6onee HHTepeCHhlMH HBnHJOTCll accneAOBSHHll XHMH'l8CKHX 

4>opM TeX aneMeHTOB, B03HHKaJOmH:x; B smepHbIX npoueccax, KOTO

pble o6naASIOT H8CKOnbKHMH ycTOll'IHBblMH BaneHTHhlMH COCTOHHHH

MH. 

npeAM8TOM HSCTOHmero accneAOBSHHll llBHnOCb H3y'leHH8 x11-

MH'l8CKOI'O noaeAeHHll 8TOMOB paAHOaKTHBHOI'O peHHH, 06paay10me

I'OCH B peaKUHHX BbICOKOaHepreTH'l8CKHX npoTOHOB C ll.QpaMH pe

HHll H IIPIIAIIH, BXOAHmHX B COCTaB p_aan11'1Hb!X HeopI'8Hll'l8CKHX 

·C08AHH8Hlll!. 

KaK n0Kaaan11 pauee npoaeAeHHhle 11ccneAOBaH11H npa 06ny-

11eu1111 TennOBhlMII Hel!TpOHaMH, peHHl! HBnHeTCll 11cKnJ0'18HH8M H3 

npaBHna, KOTOpOMY cneAyeT noae.QeHHe TaKIIX aneM8HTOB KaK·As t 

Se a • Au .• Mn_· 11 T.A. Bo acex aT11x cny11a11x, KaK 

n0Kaaan11 8KCnep11MeHTanbHhle peaynbTaThl, KOH8'1H8ll CTeneHb OKHC

neHHll, Ha6nJOA88M8ll nocne XHMll'leCKOI'O npeapameHHH, conpOBOlK

AaJOmero smepHbil! npouecc, 6bma Hll)Ke acxo.ctuoii. noaeAeHae )Ke 

peHHll OTnaqanocb, II B npOTHBononOlKHOCTb ll0B8A8HIIIO ero I'OMO

nora · Maprauua, Ansi KOToporo aa6n10Aanc11 nepexoA Mn( VII)_ ➔ Mt "'(IV), 

AnH peHHH aMena MecTo peaK11n11: Re( VII) ➔Re"(VII)11 Re(IV) ➔ Re* (VII). 

611eBII.CIHO, 6onbWYJO ponb B aTOM 11rpaeT paan111111e B aneKTpOXH

MH'l8CKOM noTeH1111ane napbl ·. 06ny11aeMoe B8W8CTBO - npOAYKT peaK

llHII. HccneAOBaH11e aTOI'O a4>cl>eKTa, TSKHM o6pa30M, oco6eHHO_ IIH

TepeCHO Ha paanH'IHblX C08AHH8HHHX peHHll, 06ny11eHHblX BbICOKO-

auepI'll'IHblMH npOTOHaMllo 

KpoMe TOI'O IIHTepeCHO 6b!ll0 cpaBHIITb XHMH'l8CK08 noae.Q8HH8 

pa.QHOSKTHBHOI'O p8HHH B 06ny11eHHhlX C08.CIHH8HHHX peHHSI II C08.CIII

H8HHHX C H8H30TOllHOl! peweTKOll,B KOTOpbIX nopHAKOBblll HOM8P 

06ny11aeMOI'O aneMeHTa 6onbwe, '18M y peHHH • .llnH STOI'O cpaBHH~ 

aanllCb XHMH'18CKll8 a#eKThl peaKUHll Re(p,p>31)Re H. Ir(p,3p>«i)Re. 

Haij>opMallllll O XHMll'l8CKOM noBe.QeHHH ll.ll8P OT.Qa'III peHHS!, 

B03HHKaJOmHX npH 06ny11eHIIII HeopraHll'18CKIIX C08.QIIH0Hllfi P8Hllll 
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II IIPIIAHH npoTOH8MH C saeprnii 660 Mas, B aaBIICHMOCTII OT XH

MH'l8CKOI'O COCTaBa 06ny11aeMblX coeA11HeH11il, IIX arperaTHOI'O 

COCTOSIHIIH, riocneAyJOmeil T8PMll'l8CKOl! o6pa6oTKII o6ny'l8HHbIX. 

KpllCTannoa II pH.Ila .CIPYI'HX cl>aKTOpOB cnoco6cTByeT o6~HCH8HIIIO 

MeXaH113Ma XIIMll'l8CKOI'O noBe.QeHIISI aTOMOB OT.Qa1111, nonyqaeMbIX 

B Bb!COKOSHepreTll'IHbIX SI.Q8pHblX peaKUHHX. 

f n a Ba 

B nepaol! rnaae .ct11ccepTau1111, npe.ctcTaan1110111efi co6oil o6aop 

.nHTepaTypHOI'O MaTepnana, .QSHO OITHCSHHe coapeMeHHOH Teop1111 

XHMll'18CKIIX s#eKTOB, C~Sl3aHHblX C ll.ll8PHblMII npeapameHIISIMII 

B TBep.ctbIX Tenax. PaCCMOTp8Hbl B11.Qbl 8Hepr11il, Bbi3b!BSJOmllX paa

pbIB XIIMll'18CKIIX CBSl3eil. HCTO'IHIIKaMII aaepr11il, KOTOpb18 npll_BO.QSIT 

K pa3pb1BY XIIMH'l8CKOH CBSl311, C'IIITSIOT SHeprHIO OT.Qa'III, IIOHll3aUIIIO 

H sneKTPOHHOe B036ylK.Q8Hll8 aTOMOB. 3aTeM OITIICblB88TCSI Mexa

H113M n0Tep11 auepr1111 aToMoa, 06paay10m11xcsi a si.ctepHbIX npouec

cax. ATOMbI MoryT TepSITb cao10 i11ueT1111ecKy10 aHepr1110 nyTeM 

ynpyrnx II ueynpyrnx coy.ctapeuaii c aTOMOM an11 MoneKynaM11 auew

Heil cpe.Clhl HnH B npouecce B3allMO.Q8HCTBllll C aneKTpOHSMII BHew

Heil cpe.ctbI. 

B nocne.QH8M paanene aTOH rnaBbl paCCMOTpeHO Il0B8A8Hll8 

sinep OT.Qa'IH B 06ny11eHHhlX HeopraHll'18CKIIX KPIICTannax. 

fnaaall 

BTopaH rnaaa IlOCBSimeHa 11ay11eHHIO XHMll'10CKOI'O noaeneHHSI 

aTOMOB ·pannoaKTIIBHoro pemrn, 06paay10merocsi B ll.QepHbIX peaK-
1850187 184-180 

UIISIX Tuna Re ( p, p X n) Re non A8HCTBll8M 

npOTOHOB c SHepraeil 660 Msa. 

8 Ka'leCTBe MHWeHeii 11cnonb30B8nHCb neppeHaTbl Kanasi, HST

PIISI, aMMOHIISI, 11 reKcaxnopopeHaT Kanasi, KOTOpbie 06nyqa10TCSI np11 

KOMHSTHOH TeMnepaType. Bb!B8.Q8HHblM ny'IKOM npoTOHOB Ha CIIHXpo

UHKnOTpOHe n.HTT 011.HH • 
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PaAHOXHMHqecKHM'MeTOAOM H3yqanocb pacnpeAe~eaae paAHO-

. 8KTHBHOI'O peHHH MelKAY ABYMH CTa6an&HbIMH BaneHTHblMH Cc,>CTOH-

HHHMH: Re(IV) a Re(VII) B 3aBHCHMOCTH OT ycnoaHH o6nyqe-

HHH, XHMHqecKOI'O COCT8B8 MHWeHH H 'o6pa60TKH o6nyqeHHbIX MH

weHeA. 

a) Pe3yn&T8Thl, . nonyqeHHbie npa o6nyqeaaa wenoq~bIX -nep

peHaToB (HaTpHH a KanaH), neppeaaTa aMMOHHH H reKcaxnopopeaa

Ta KanaH a KpHCTannaqecKoA tf,opMe a a paCTBOpe 4· MOO ·npeA

CTaBneHbI B Ta6naue 1. LlnH KalKnoro o6nyqeaaoro coenaneHHH 

6bmo onpeneneao yAeplKaHae panaopeHHH B cpopMe · o6nyqeaaoro 

coen11neHHH. 

Ta6naua 1 

YAeplKaaii:e panaopeHHH (Ro%) ·a neopraaaqecKaX 

coeAHHeHHHX peHHH <f, = 2.108 p/cM2ceK ( nnH NaReO,, 

KReO 4 'K2Rea6 H 'P = 1,6•l09p!c2ceK (nnH 

NH, Re O,) 

06Jiyt1ae11oe coe].tHHeHHe Ll KpHCTaJIJIH rsi&~cT~R-4MHC , 
N~ ~ Oy -96,4 97,3 
k ~ o., 98,I -

NU., Re o-, 66,4 2,7 
~t ~e cl~ 68,7 -
TTpaaenenai,ie·3aaqenHH R0 B aToA a nocneny10max Ta6na

uax npencTaBnH10T co6oA.cpennee apa«pMeTaqecKoe Tpex napannen&-

HblX onpeAene HHA, OWH6KH H8 npeBblW8IOT ;!: 1,0% • . TT peACTasne H

Hbl8 pe3yn&T8TbI fiOK83blB8IOT, qTo: 

npa o6nyqeHHH KpHCTannoB neppeHSTOB Kan~H a naTpHH npaK

TaqeCKH BeCb paAHOaKTHBHblA peHHA CT86HnH3HpyeTCH B «pOpMe 

Re(VII) , np II o6n_yqeHHH JKe xpacTannoa NH 4 Re O, OKono OAHOii 

TpeTH peHHH cTa6anH3HpyeTCH B qeTblpexaaneHTHOA cpopMe, qTo 

roaopHT O BOCCTaHaBnHB8l0WeM acpcpeKT8 HOHOB 8MMOHllH, 
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2. 
3. 
4. 
5. 
6. 
7. 
8. 

npH o6nyqeHHH K 2 Rea6 6on&W8H qaCTb panaoaKTllBHO-

ro peHllH (65-80%) CTa6ana3yeTCH a cpopMe MST8pllHCKOA MOneKy

nbl. 

06nyqeaHe paCTBOpOB conelt peHHH npHBOAllT K CTa6HnH38UHH 

npaKTaqeCKH BCero panaopeHHH B BbICweli: DKcaneaaoA 4JopMe, He3a

BHCHMO OT BaneHTHOll cpopMbI peHHH B o6nyqaeMOM C08AHH8HHH. 

6) BnHHHHe HHT8HCHBHOCTll 60M6apnapy10wax qacTHU Ha aena

qHHy YA8PlK8HHH P8AH08KTHBHOI'O peHHH OblnO accnenoaaHO nnH coena-

ueu11A NaReO, NH, ReO, H K2 ReOa • TTonyqeHHbl8 . 

pe3ynhTaTb1 np11BeAeHbI B Ta6nHue 2. 

Ta6nHua 2 

YneplK8HHe p8AH08KTIIBHOI'O peHHH B KpHCTannax 

NaReO, ' NH,Reo, H K 2Rea 6 • o6nyqeHHblX 

npH pa3nHqHbJX HHTeHCHBHOCTHX noTOKa_npoTOHOB 

0,7.IOB 
2,2.108 
I,5.Ia9 
5,7.Ia9 
7,0~Ia9 
2,9.IoIO 
3,8.IoIO 
5,0~IoIO 

R. 
97,0 
96,4 
96,5 
97,3 
99,8 
99,8 
97,6 
96,0 

ff-fte01, · 
cf> p/01,-ceK 

I,6.Ia9' 
7,9.Ia9 
I,4.IOIO 
3,7.IOIO 
4,I.IoIO 
5,o.1010 

R 
66J; 
89,2 
76,4 
74,6 
78,3 
83,7 

"J.p/011-ceK 
I,5.IOB' 
2,6.108 

I,7.Ia9 
2,7.Ia9 
5,4.Ia9 
7,0~Ia9· 
3,2.IOIO 
5,3.IoIO 

R. 
68,I 
67,8 
66,87 
65,2 
71,0 
75,6 
77,0 
83,5 

113 Ta6nHUbl BHAHO, qTq yneplKaHHe paAHOpeHHH B KpHCTan-

nax NaReO 4 OCT88TCH npaKTff_qecKll noCTOHHHblM B HHTepBane 

108-1010 p/cM2CeK. B cnyqae NH,Reo, 38M8TH8 HeCKOn&KO 

aeperynHpHaH 38BHCHMOCTb, B TO BpeMH K8K AAH K2 Rea 6 

yneplK8HH8 nocTeneHHO B03pacTaeT C pocTOM HHT8HCHBHOCTH npo

TOHHOI'O noTOK8, 113 Ta6naUbl T8KlKe BHAHO, qTo yneplK8Hlle AnH 
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K 2 Rea 6 OCTaeTCSI npaKTH'leCKH IlOCTOSIHHblM (65-68%) B HH-

8 9 2 
Tepaane 10 -5·10 p/cM ceK, a aaTeM aoapacTaeT, noxonsi no 80% 

npH IlOTOKe ¢ = 5.1010 p/cM2cef, 

a) XHMH'leCKOe noaeneHHe panHOaKTHBHblX BTOMOB peHHSI B 

npouecce H3OTepMH'leCKoro OTJKHra 6blno nccnenoaaHo nnsi coenH-

HeHHil NaRe04_, •NH4Re04 H K:2ReQ5 

ITony'leHijble peaynbTBTbl IlOK83BnH, 'ITO COOTHOllleHHe q>OpM 

Re(IV) H Re(VII) 38BHCHT OT THna o6ny'laeMoro coennHeHHSI: 

B KpHCTannax -NaRe04 H Nff4 Re04 (pHC, 1 H 2) npoTeKBIOT 

KOHKypnpyrol!lHe peaKUHH BOCCTBHOBneHHSI-OKHCneHHSI, B KpHCTannax 

K 2Reab (pnc. 3) npoTeKalOT npouecCbl BOCCTBHOBneHHSI peHHSI, 

COOTBBTCTBYIOl!lHe KnaCCH'IBCKOMY xony KpHBblX H3OTepMH'leCKOro 

OT)!{Hra ( 6b1C.Tpasi Ha'lanbHasi H rrocnenyromasi 6onee MenneHHasi 

CTBAHSI- C nceanonnaTO) ,· 'ITO 11O3BOnHno B STOM cnyqae npoBeCTH 

KHHBTH~eCKHil aHanH3 H onpenenHTb CKOPOCTb BOCCTBHOBneHHR pa

AHOpeHHSI, SHeprHIO aKTHBBllHH H nopsinoK peaKUHH ( Ta6nHUbl 3 H 

4).-

r) Ha OCHOBe nony'leHHblX peaynbTBTOB o6cyJKnaeTCSI Mexa

HH3M noaeneHHSI panHOBKTHB!IbIX BTOMOB peHHSI C TO'IKH apeHHSI 

B38HMoneilcTBHSI aTOMOB OTAB'IH C neq>eKTBMH pe111eTKH o6ny'laeMbIX 

KpHCTannoB H C nponyKTBMH paAHOnHTH'leCKOro paanoJKeHHSI. 

-t O (. 

IOO 

ISO 

200 

805 

Ta6nHua 3 

BenH'IHHbl, xapaKTepH3YIOl!lHe KHHeTHKY npouecca 

BOCCTBHOBneHHSI paAHO8K
0

THBHOro peHHSI npH TepMH'leCKOM 

OTJKHre KpHcTannoa K 2 Rea 6 , o6ny'leHHb!X npoTOHBMH 

c saeprHeil 660 Msa 

Ro, "I~ R""", ·;. AR=~-Ro "C//2. , c..e..J,:. 
I< .3 _, 

. 10 , q,k. . 
7I,O 80,5 9,5 480 I,44 

7I,O 86,0 IS,O 330 2,IO 

7I,O 90,5 19,5 800 2,31 

7I,O 97,0 26,0 270 2,56 
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91 

Pac.1. 

,.. .. 3 

----i-----------2 
D 

• 1 

5 15 25 35 

BpeMR om:J1Cu2a, "ac 
TepumecHlt on:11r . xpJtetaJIJl~B Na Re011 , oOJ1y11eHHHX 
-npor0HW1ic c EP • 660 K3B npu pa~ll'IBHX rexneparypax: 

2 o . .L · 9 - 2 .. o 9 
I - 100 C, v • 2,9.I0I p/CK .cex; 2 - 200 c, rf, .o.a.IO p/CII ,cex. 
3 - soo0c, </, • 4-,2.ro 0 p/c-.2 .cex. 
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Ta6nHua 4 

pHepr11si aKTHBaU11H npouecca TepMH'IeCKoro 

OTmHra aTOMOB pa11HopeHIISI B KpllCTannax· K2Rea5 
, 

0cno11:oaoBaHHbill Appem1yc BaH.7t- ~neTqep-
M8T0,7t IIp11uaK Epay-H 

9HeprHH 
8KTHB8IU1H 

(aB)_ 0,20 0,42 0,33 

11) _CpaaHeH11e XHMH'IeCKHX s¢¢eKTOa,conpoBom11a10~11x paa

llH'IHhle SlllepHble npeapameH11S1, llpOIICXO/lSIIUHe B O/lHHX II TeX me 

CHCTeMax, npencTaansieT onpe11eneHHb1il: HHTepec, 

CpaBHeHHe peayn~TaTOB 6blll0 cnenaHO 11nsi·n~ppeHaTOB HaT-

PHSI H Kan11si a 6onee nonHoe - nnsi Kp11cTannoa K 2 Re Cl 6 · , 06-

ny'IeHHbIX 11pOTOH8MII C 3Hepr11en 660 Maa II TennOBblMII Heil:Tpo

HSMII, 

Ta6n11ua 5 

Y11epmaH11e pa1111oaKTHBHOrO peHIISI (Ro%) 11pH 

06ny1JeH1111 coe1111HeHHfi peHIISI paanH'IHblMH 'I8CTIIU8MH 

06Jcyllaeuoe {n.nxn,..) En =660 Man_ {'1. • t ) 
coe]t~rnem1e KpHCTamm PaCTBOp KpHCTa1.tJII:l PaCTBOp 

Nc..Re.o't 98 97 I00 IO0 
tli2,e..o't 98 - I00 -
\!.i. Re ~Ir,,,_ 65 3 60-70 0 

5:tnpa OT/18'111 peHHSI, nony'IeHHble B pea KUH SIX ( p, p XII), 

06na11a10T BbICOKHMII aHepr11siM11 OT/la'IH CnecSITKH Maa) B cpaa

HeH1111 C TeM11, KOTOpble MOmHO nony'IIITb nyTeM Heil:TpOHHOro 3ax

BaTa, 11 B 9TOM cnyqae aTOM OT/18'111 6y11eT CllllbHO OT/leneH OT 

12 

i 

I 
i 
\ 
' 

OCTanbHblX napTHepoa nepBOHa'IallbHOfi MoneKynbl, Pa1111opeHHfi B 

3TOM cny'Iae 6y11eT B3aHMO1IeficTBOBaTb C TeMH KOMIIOHeHTaMH, 

KOTOpble HaXO/lSITCSI B KOHUe ero TpaeKTOpHII, TaK, HallpHMep, B 

cny'Iae K 2ReCl5 MOmHo npennonaraTb, 'ITO 'IaCTb pa11HopeHHSI 

CMOmeT BOCCTaHOBIITb CBOH CBSl3H B KPHCTannH'IeCKOfi pemeTKe 

HnH MomeT 11O/lBepraTbCSI H3MeHeHHSIM nyTeM CTOllKHOBeHHSl·H 11O

cne11oaaTenbHOfi 3aMeHbl C HeaKTHBHhIM aTOMOM peHHSI H3 IIOHa 

Rea~- , ,Upyrasi 'IaCTb MOmeT B38HMO/le.ncTBOBaTb C 11e¢eKTaMH 

B KpHCTann111JeCKOil: pemeTKe, 

TI01106He llpHaeneHHblX peaynbTaTOB 11O/lTBepmnaeT TOT ¢aKT, 

'ITO B peaKUHSIX, Bbl3B8HHblX TennoBhlMII Heil:TpOHaMH H BblCOK09Hep

rH'IHblMH _llpOTOHaMH H npoTeKa!OIUHX 6e3 H3Me!le!IHS! aTOMHoro 

HOMepa, 3!1eprHSI OT/la'IH lie OKa3hIBaeT cymeCTBeH11oro BnHSIIIHS! 

Ha KO!le'I!lblil: BblXO/1 . aane!ITHblX COCTOSIJ!Hfi H/lep ·0T11a'IH, 

B pa6oTe. cpaBHHBa!OTCSI TSKme_ peaynbTaTbl TepMH'IeCKOro 

OTmHra KpHCTannoa K 2 Rea 6 ' o6ny'IeHHblX npOT.O_JlaMH C 3Hep-

rHefi 660 Maa H TellnOBblMH 11eil:TpoHaMH (pHC, 4). B111111O, 'ITO 

B o60HX cny'Iasix OTmHr 06ny'Ie!IJ1hIX KpHCTannoa llpHBO/lllT K 0/lH

JlaKOBblM peaynbTaTaM, COBlla/la!OIUHM He TOllbKO no xapaKTepy, 

HO II no BenH'IIIHe, EcTeCTBeHH0,3TH npouecCbl OTm11ra xapaKTe

Pll3Y!OTCSI OAHO:lt II TO:lt me KIIHeT11Koil:, B o60HX cny'IaSIX MeTa_CTa-

611llbHbie ¢parMeHTbl OT/la'IH B npouecce OTm11ra BCTylla!OT B peaK-

UH!O co CBOIIMH napTHepaM11, KOTOpble B K 2ReCI 6 He MoryT 6h!Tb 

CnHIUKOM pa3nll'IHhlMH B peaKUHSIX (n, y) H (p,p X n), 

rnaaam 

TpeTbsi rnaaa nocasimeHa H3yqeH1110 noae11eHHS1.aTOMOB pa~Ho

aKTHBHoro peHHSI, 06paay10merocsi llpH o6ny'IeHHH BblCOKO3HeprH'I

HblMll npoT0HaM11 coe1111HeHHfi aneMeHTa c Z , Ha e11HHHUy 6ollb-

me 'IeM Z peHHSI, B peaKUHH THna: 

191,193 Ir(p, ap xn) 191- n Re. 
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8 Ka'leCTBe MIIW8HII 11CllO11b3OBan11cb coenHH8HIISI '18Tblpex-

aaneHTHoro ·11p11n11m Na 2 IrCI 6 , Na 2 lrCI 6 .6ff2 0 , (NH 4 ) 2 Ir Cl6 

11 coen11aea11SI TpexaaneaTaoro 11p11n1rn: Na a I rCI 6 , Na 
3 

I rCI 
6

• 12Hp, 
(NH 4 ) 3 lrCl 6 • H2 0 11 IrCI 3 • 

PanllOXIIMH'leCKHM M8TOltOM aayqancSI Bb!Xon panaoaKTHBHOI'O 

peHHSI B cjlopMe Re (VU) B 3SBKCHMOCTII OT XKMK'l8CKOI'O COC-

TaBa MHW8HK, IIHT8HCIIBHOCTII llOTOKa npOTOHOB, pa3HbIX o6pa6o

TOK MHWeHeit. B Ta6nmi:e 6 npencTasneHbl nony'leHHbl8 peaynbTSTbI. 

Ta.6nmxa 6 

8b1xbi:i Re(VII) (%) s aeopraa11'1ecK11x coen11aeHHSIX 

Kplli:tHSI, 06ny'18!fHbIX npOTOHSMII C 3Hepr11eit 660 Maa 

Coe;Z(1rneHHe 

No.,2- Ir d ~ 

NQz.ft-c-l<;. ;/1-iO 

(Nlh,/z_ T..-dr; 

Nct 3 tru, 
N(l~ r.,.,~ . r2. 112. o 

(Nl-lf/
3 

[-rd,. 11-io 

r.,..~3 
{ cycnemnrn) 

KpHCT8Jim.t :i?aCTBOp HHT8HCHBHOCTI, 
4MHCI CllHPT ;!(HOK- nyqKa npoTO-

. _caa p/c:2~eK 

· IO 45,9 99,9 - - 2,2.IO 

97,9 - - - n 

60,2 87,0 - - n 

39,8 - - - I,4.IOII 

93,2 - - - n 

77,8 

90,2 69,3 68,4 1,0.roII 

Bpeun 
OC5Jiy
qeHHH 

t1ac 

8-IO 
n 

II 

0,5 
II 

-.1 O,I 

KaK llOKS3bIBaIOT peayllbTaTbI, XIIMH'l8CK11it COCTaB o6nyqaeMOI'O 

coen11HeHIISI II ero arperaTHOe COCTOSIHlle BnHSIIOT aa BbIXOlt Re( VII). 

a) B11n110, 'ITO np11 o6ny'leHIIII HaTplleBblX II aMMOHll8BbIX 

·coneit reKcaxnopoKoMnneKcoa 11p11n11SI, conep1Kam11x II ae conep1Ka-

15 



nmx xpncTannnaaunonny10 BOJ:IY, Bh1xoi:1 Re ( VII ) yBenn•mBaeTcsi 

B TSKOM nopS!.QKe: 

Na 2 IrCl 6 °6H 2 0 > (NH 4 ) 
2 

lrCI 
6 

> Na 
2 

IrCI 
6 

Na}rCl 6 -12H 2 0>(NH
4

)
3 

IrCl
6 

°H
2

0>Na
3

1rCl
6

, 

'ITO l'OBOpHT O Bnnrumn KpHCTannnaaunoHHOil BO.Qbl H HOHa aMMO

Hnsi. 

PeaynbTaThl onhJTOB no 06nyqean10 cycneaann IrCI 
3 B paa-

nn'IHblX cpei:1ax llOKS3blBS!OT, 'ITO CTa6nnnaaun11 pai:1nopeHn11 B qiop

Me Re( VII) 3aBncnT OT COCTaBa oxpyJKaIOIUeH cpe.Qhl, T.e. OT 

peaxuui! c npo.QyKTaMn pai:1nonnaa: 6onee HHTencnBHQ npoTeKaeT 

peaxun11 oxncnennsi npo.QyKTOB B BO.QHOM paCTBOpe 4M HCI 

B opraanqecx~x paCTBopnTensix (i:1noxcaH n cnnpT). 

, 'leM 

. 6) floKa3aHo, 'ITO TepMn'leCKnii OTlKnl' o6ny'leHHOH 6e3BO.QHOH 

conn Na 2 1rCl 6 Bbl3b!BaeT OKncneane pa.QnOaKTnBHOl'O peHnll 

(pnc. 5), KpnBbie TepMn'leCKOl'O OTJKnl'a nMe!OT Knaccn'leCKnH xa

paKTep, 'ITO noaBonnn.o npoBecTn KnHeTn'lecKnH ananna n onpei:1e

nnTb CKopoCTb peaKunn OKndnennsi, sneprn10 aKTnBaunu npouecca 

n nop11i:1OK peaKunn. 

B_ rni:1paTttpOB8HHOH conn npaKTn'leCKn BeCb pa.QnoaKTnBHblil 

peHnH HaH.QeH B qiopMe Re(VII) n STa Benn'lnHa He naMeHS!eTCII 

C naMeHeaneM .QO3bl o6ny'leHnll n ycnoBnl!Mn TepMn'leCKOl'O OTJKn

ra (pnc, 6). 

Ha pnc. 7 npencTaBneHhl peaynb:raThI, nony'leHHhJe npn nayqe

nnn pai:1naunonnoro OTJKnra. PeaynbTaThl noKa3h1Ba10T, 'ITO i:1n11 

Na 2 IrCI a (xpnBasi 1) n (NH 4 )2 IrCI a ( KpnBal! 2) BblXO.Q 

Re (VII. ) yBenn'lnBaeTcsi c yBennqeaneM nnTerpanbaoro noToKa 

npOTOHOB B nay'leHHOM .Qnanaaone, Ha'lnHaSI C 1 = 5,1013 p/cM2 , 

Kax Bnnno, B sTnx consix npoTeKaIOT npoueccb1, npnBOJ:1111Une B 

nTore K oxncnenn10 sii:1ep OT.QB'ln penn11, 

B rn.QpaTnpoBaHHOM Na2 I rCl6 • 6H 2 0 (KpnBaSI 3) llO'ITn 

Beeb pai:1nopenni! cTa6nnnanpyeTcsi B 7 - BaneHTHoii <jiopMe i:1n11 Bee-
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ro nayqeHHOro HHTepaana HHTeHCHBHOCTH nOTOKa npoTOHOB, noaTo

MY Ha Kpnaott npaKTnqeCKH Ha6n10naeTCH nnaTo, 

B) nonyqeHHble peaym,TaTbl oJ5cy.lKnaJOTCH Ha OCHOBe Mexa

HH3Ma B3aHMonettCTBHH gnep oTnaqn peHHH C neij>eKTaMH KpHCTan

nnqecKott peweTKH n nponyKTaMn pannonnaa conett, B03HHKa10mnx 

non nettCTBHeM Bb!COKO3HeprnqHblX npoTOHOB, 

r n a Ba IV 

CpaaHeHne noaeneanH gnep oTnaqn peHnH, 06paay10mnxcg 

B peaKUHHX Re(p,p xn} Re n Ir(p, 3p xn} Re , npencTaa-

neHo B qeTBepToH rnaae, 

XHMnqeCKOe nono6ne reKCa~opOKOMnneKCOB peHHH. (IV} 

n npnnng ( IV) naeT BO3MO.lKHOCTb cpaBHHBaTb noaeneane aTo-

MOB pannopeHHH, 06paay10werocg npn o6nyqeHHH. KpncTannnqecKHX 

conett C H3OTOnHott H H8H30TOnHott peweTKBMH K2 ReCI 6 H 

Na
2 

Ir Cl
6 'COOTBeTCTBeHHO, 

PeaynbTaTbl noKaaann, qTo: 

12 · 
a) npH OTHOCHTenbHO HH3KOM HHTerpam,aoM noToKe (4,10 -
13 2 5•10 p/CM ) Bb!Xon Re(VII} npaKTHqeCKH onnHaKOB a o6enx 

conHx, .llanhHettwee yaennqeane noab1 npnaonnT K paannqHoMy no-

aenean10 pannopeanH: B K 2 ReCl 6 Bb1xon Re( VII ) yMeHbwaeT-

CH, a B Na 2 IrCI 6 Bb!XOA Re (VII) yaennqnaaeTCH (pnc. 8); 

6) 

Re(VII) 

npn npouecce OT.lKHra npoi;cxonnT yMeHhweane Bb1xo11.a 

11.ng K 2 ReC1 6 
n yiennqeane nng Na 21rCl6 

, T.e. 

npoTeKa!OT paam1qHble npoueCCbl, · npHBOII,HIUHe K BOCCTaHOBneHHIO 

pan11opea11g B KpncTannax K 2 ReCl 6 II K OKHCneHHIO Ha Kpnc-

Taimax Na 2 IrCl 6 (pnc, 9). 

TaKoe 6onbwoe paannqne o6bHCHHeTCH pa3Hb!M xapaKTepoM 

peaKuntt, npoTeKa!OIUHX B H30Tonaott H HeH30Tonaott peweTKaX 06-

nyqaeMhlX coeAHHeHntt, 
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BblBOAbl 

1. nony>1eHHbl8 pe3yllhTSTbl IIOKa3anH, 'ITO BblXOA paAHOSKTHB

HOro peHHSI B 7-BaneHTHOtt ~OpMe 3SBHCHT OT·XHMH'l0CKOro COCTaBa 

o6ny-qaeMoro C00AHH0HHH. 

2. TTpe H3Y'l0HHH IIOB0A0HHSI HAep OTAS'IH peHHH, B03HHKSIO-

nrnx B peaKllHHX Tena Re(p,p xn)Re , 6bmo aattiteHo, 'ITO: 

a) TTpe.o6ny'leHHH KpHCTannoB neppeHaTOB_Kaneg e HaTpHSI 

IlpaKTH'l0CKH B0Cb paAHOSKTHBHblil peHHil CTS6HnH3HpyeTCSI B ~OpMe 

Re ( VII) , npe o6ny'leHHH JKe KpecTannoB NH 4 ReO 4 OKono OA-

Hott TpeTH peHHH CTa6iinH3HpyeTCH B '10TblpexBaneHTHOil ~OpM_e, 

'ITO roBOPHT O BOCCTaHaBnHBaromeM s~~eKTe HOHOB aMMOHH~. 

TTpe o6ny'leJl'crn K 2 1:?eCl 6 6on&wag·qacTb paAHOSKTHBHO-

ro peHHH (65-80%) CTa6ene3epyeTCH B ~OpMe MaTepHHCKOil MOne

Kynbl. 

06ny'leHee paCTBOpOB conett peHHH IlpHBOAHT K CTa6HnH3allHH 

\ . . 
npa,cTH'l0CKH BCero .paAHOpeHHH B BblCWett OKHCneHHOA ~OpMe, Re(\111), 

H038BHCHMO OT BaneHTHOA ~OpMbl peHHH B o6nyqaeMOM C00AHH0HHHo 

6) 0TM0'10HO BnHHHHe HHTeHCHBHOCTH IIOTOKa npoTOHOB Ha 

Il0B0A0HHe PSflHOpeHHH. B OTneqee OT KpHCTannoB NaReO 4 

C00AHH0HHH NJl 4 Re0~ H K 2ReCl5 OKa3anHCb 6onee 'IYBCT-

BHTenbHblMH K H3ny'leHHIO, T.K. YA0plKaHH0 (Ro> . pacTeT· C yBe

nH'l0HH0M HHTeHCHBHOCTH IIOTOKa. 

B) H3y'l0HH0 no~eAeHHH paAHOSKTHBHOro peHHH IlpH TepMH~ 

'10CKOM OTlKHre KpllCTl;lnnoB IIOKa3ano, 'ITO CO!)THOW0HH0 ~OpM: 

Re( IV) H Re(VII) 38BHCHT OT THila 06n-y>1aeMoro C00AHH0HHH: 

B KpHCTannax NaReO 4 H (Nil 4 )Re04 npoTeteaIOT KOHKYPHPYIO-

mHe pea_KllHH BOCCTaH0BneHHS1-oKHcneHHS1, B KPHCTannax K 2 ReCI 6 -

nponecCbl_ BOCCTSHOBneHHSI peHHSI, COOTBeTCTBYIOmHe KnaCCH'l0CKO

My XOAY KpHBblX H30TepMH'l8CKOro OTlKllra. 

r) CpaBHeHHe Il0B8A8HHH paAHOpeHHSI B KPHCTannax K 2Re Cl 
6 

, 

06 ny'leHHbIX npOTOHSMH C saepr_Hett 660 MsB H TennoBblMH HeATpo

HSMH, IIOKa3ano, 'ITO OHO He 3SBHCHT OT SHeprHH OTAS'IH, nonyqae-

23 



MOH pallllOSKTIIBHbIMII aTOJl1SMII B npouecce S11Iep11oro npeB

pameHIISI. 

3. TTp11 11ay'!eH1111 XIIMll'leCKOr6 IlOBelleHIISI PSllllOSKTIIBHOro 

peH11si, o5paayromerocsi B peaxu11six T11na Ir ( p, 3p x n )' Re 

no IlOKS3SHO, '!TO! 

, 5hl-

a) TTpH o5ny'leHHII HSTpHeBhlX II SMMOHHeBhlX coneii reKca

xnopOKOMnneKCOB IIPIIIIIISI, COJieplKSl!lllX H He COJieplKal!lHX KpllCTan

ll113SUHOHHylO BOIIY' 5bmo HaAJieHO, '!TO BbIXOll Re( VII) yBen11'!11-

BaeTCSI B TSKOM nopSIJIKe: 

·Na2 lrCla 0 6H20 >(NH 4 tJrC1 6 > Na 21r0 6 

Na3 IrCl6 °12H 2 0 >(NH 4 )alr0 6 -H 2 0>Na3 IrCl 6 , 

'!TO roBOpllT O BllHSIHIIII KpllCTann11aau110HHOii BOllbl II IIOHa SMMO

HIISI. 

Peaym,TaThI OllbIToB no 06ny'!eH1110 cyc11eHu1111 IrCI 
3 

B paan11'1Hb!X cpeJiaX Il0KS3b!B8IOT, '!TO CTa611n11aau11si PS/lllOpeHIISI 

B cpopMe Re ( VII) 38BHCIIT OT COCTSBa OKpylKa10mett cpellhl, T.e. 

OT peaKUHA Re* C IIPOIIYKTSMII pa1I11on11aa. 

5) PallH8llllOHHblli II TepMll'!eCKIIH OTlKllr o5ny'!eHHOA 5e3BOll-

HOA con11 Na 2 Ir Cl 6 BhI3hIBaeT 0K11cne1111e pa1I11oaKTHBHoro pe-

HIISI. Kp11Bhle TepM_H'leCKOI'O OTJK11ra COOTBeTCTBYIOT Knacc11'1eCKOMY 

xapaKTepy, '!TO 1103BOn11no IIJ)OBeCTII KIIHeT11'1eCKIIH a11an11a. 

B rH1IpaT11poBaHHOA con11 npaKTll'leCKII Beeb pallllOSKTIIBHb!H 

peH11A Haii)leH B cpopMe Re( VII), . II a Ta Ben11'!111Ia He 113MeHSieT-

CSI C 113MeHeH11eM ll03bl o5ny'leHIISI II ycnOBIISIMII TepMll'leCKoro 

OTJK11ra. 

B) TTp11 cpaBHeH1111 IIOBelleHIISI Slllep OTIIS'III pe1I11H, o5paayro-

lll11XCSI B peaKUIIHX Re(p,p xn) Re H Ir(p,3p xn) Re, 

o5HapylKeHO. 5onblIIOe ·paam1'!11e, KOTOpoe MOlKHO o5'bSICHIITb pa3Hb!M 

xapaKTepOM peaKu11ii, npoTeKalOl!lllX B 1130T-OIIHOii H Hell30TOIIHOH 

pellleTKe o5nyqaeMbIX coe1I1111e1111ii. 
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4. TTony'leHHble peayllbTSTbl o5cyJKllSIOTCSI Ha OCHOBe MeXaHH3-

Ma B3SHMOll8ACTBHSI Hllep QTIIS'IH peHHSI C JiecpeKTSMH KPHCTannH

'18CKOil pelll8TKH H npOllYKTSMII pa1I11on11aa conett, BO3HHKSIOl!l11X IlOll 

ll8ACTBll8M BbICOKOaHeprll'IHblX npoTOHOB. 
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