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ACTaT - aaaMeaee pacnpocTpaseSSbiil aneMeST sa saweil nnaseTe: s aeMsoll Kope 
/1/ 

ero CO.IlepliCJ[TCK OltOJIO 70 Mr • nnlil BCCJI91lOBaTenell aCTaT CTan .llOCTyii9S TOnhKO nocne 

IIC>ny'l9BHlil ero B peaynhTaTe lilll9psoro CBST93a 1 1109TOMY C IIOnBbiM npaBOM ero MOlKHO 

OTSeCTR K CRSTeTB'l9CKBM 9JieMeSTaM. 

HecMOTps sa To, qTo XBMBqecKBe csollcTBa acTaTa saqan• &ayqaTb qeTBepTb seKa 

TOMY sasan, MBOroe s noseneBBB aToro aneMesTa Bbi3biBaeT COMHeSRlil1 a s sacTomuee 

Bp9Mlil Mbl 3Sa9M 0 S9M OTSOCHT9JibHO Mano. 3TO CBlii38HO npelKne BCero C OTCYTCTBH9M 

cTaeiBnhBbiX a AOIIrOlKHBywax aaOTonos acTaTa, qTo nenaeT neaa6elKSbiM nposenesae scex 

BCCJI91lOBaBBII Ba yp0BS9 ynhTpaMHitpOitQnHqecTB CO BC9MH Bb!TeltaiOWHMB OTCIO.Ila Tpynso

CTliiMBo KpoMe Toro, cnenyeT HM9Tb s, sany, qTO acTaT cnoco6es o6paaosb!BaTb 6onbwoe 

qsc.IIO BaJI9BTBhlX COCTOliiBHil1 S9KOTOpb19 H3 KOTOpPX OOJiallaiOT Bb!COKOII pealtUHOBHOJl 

cnoco6sOCTbiO. 

llpOHBJIHlil B O.llSRX c.nyqaSIJt MeTaJI.IIOHilHbl9 CBOIICTBa1 a B llpyrHX MeTannsqeCJtRe1 

aCTaT npencTaBJIKeT aa ceCSs onas aa sas6o.nee HBTepecs~x aneMesToB nepaonsqecKoll 

CRCTeMble 

§ I. 11CTOpHH OTKpb!TBlil 

CymecTBosasae 85-ro aneMesTa nepaonaqecKoll CHCTeMbi 6bmo snepabte npencKaaaso 

Mesne.neeBhlM. B saqa.ne 20-x ronos Barsep
121

, acxons sa <jlaaaqecKoll ocsoahi nep.JIOilH-

qecKoro aaJtosa, BHOBb BbiCKaaa.n npennonolKesae o cywecTaoaasas nBToro qnesa non

rpynnbl raJIOHilOB. C 9TOrO Bp9M9SH saqaJIBCb HHT9HCHBHbl9 IIOHCKB ero B npHpOliHbiX 

o~KTSX. Onso aa liPfrHM cTans noBBnBTbCH coo6wesas o6 o6sapylKeHBH 85-ro aneMes-
/3 4 56 11 

Ta ' ' ' ' • Bsoab OTKpbiTOMY aneMeSTy npanacbiBan&cb onpeneneHHbie XHMaqecKae 
161 .171 

csoAcTsa H npacsaasan&cb asyqBbie saasasas: ana6aMBII , renbseuas , asrnorenbse-
/8/ /9/ /10/ . 

IUIA , nenTBB , naKas • Eonee TIUaTenbH8B nposepKa BhiileneHHH a MeTonos anes-

TR<jJRJtai!RR 85-ro 9.1I9M9BT81 KOTOpb19 HCROnh30B8nHCb B p8Hee OTMeqeHHblX pa60T8X1 

3 



/11 12 18 14/ 
npasena K BblBO.!lYo 'ITO cyweCTBOB8HB9 91'0 H9nb3B 6binO C'IBT8'rb .!lOK838HHblM 

1 1 1 
• 

/15/ 
Macc-aaepreTB"leCJ!:8B aasacaMOCTb .!lmr TBJKenblX B.!lep noxaabiBaeT, 'ITO s aneMeHTe 

85 'IBCDO npOTOHOB B HefiTpOHOB B8XO.!lBTCB B T8KOM COOTBOU19HHB 1 H3 KOTOpOI'O H9nb3B 

OJKB.!l8Tb 3H8'1BTQDbHOfi yCTOfi'IBBOCTB B.!l9p 9TOI'O 9D9M9HT81 8 CD9.!lOB8T9nbH01 B 91'0 H3Q

TODOB c 60nbwBM nepBO.!lOM nonypacnaQa. B npapO.!lHbiX o6'beKT8X aneMeHT 85· scTpe'laeTcs 

TOnbKO B CD9.!lOBblX KODII'19CTB8X KSK KOpOTKOJKRBYWHfi .!l0'19pHBfi DPO.!lYKT B 9CT9CTB9HHblX 

pa.!lHOSKTRBHblX PB.!ISX. noaCKH .!l8HHOI'O aneMeHT8 B rrpBpO.!lHblX o6p831l8X C BCDOnb30B8HB9M 

XBMB'19CKBX MeTO.!lOB BbiJleneaas, paapa60TaHBblX JlDB ero 6naJKailwero aaanora- ilo.!la, ae 

Morna npasecTa K ycnewHblM peaynbTaTaM. 3To npe>K.[le acero 6bino csll3aao c JlMTenb

HOCTblO MeTO.!lOB BbiJleDeHHB H3 np&pO.!lBblX o6'beKTOB H OTCyTCTBHeM .!l0CT8TO'IHO .!lOni'OJKHBy-
/16/ /17/ 

max 1130Tonos 85-ro aneMeHTa. Kapn&K a Xyny6eil }lana noJlp06Hblil KpHTH'Iecxail 

0030p 0 6eaycrrelllHblX DOHCK8X H9Jl0CT8l0Ill9I'O I'8DOHJl8 H Oll!H60'IHblX COOOlll9BH9X o6 ero 

OTKpblTHH. 

nepsoe JlOCTOB9pHoe C006weHH9 06 OTKpbiTRH H HJl9HTH<jlHK81lHH 9D9M9HT8 85 DOHBH-
/18/ 

nocb s Hl40 r. s paooTe Kopcoaa, MaJ!:-Keaaa a Cerpe , KOTOpble nony'lana ero npa 

6oM6apARpOBK9 BHCMyTOBOfi MHW9HH HOHSMH reDHB Ha 60-AlOfiMOBOM llHKDOTpOH9 Kana<jlop

HHfiCKOI'O YHRBepCHTQ'ra DO peSKilHH 

Bi
209 

(a, 2n) At 
21 ! 

BnocneACTBHH y'leHbie, OTKpblswae STOT aneMeaT, Aana aMy aaasaaae astaiin 
/19/ 

OT rpeqecxoro aurarou - "aeycTOfi'IHBblll'. 3TO H89B8HH9 yAS'IHO OTpa>K8eT np&pOAY 

3D9M9HTa. no 1962 I'OA8 B pyCCKOH XHMH'I9CKOH DHTepaType Ob!nO pacnpOCTpaHeHO H83BBHRe 

• BCTSTHH' • 8 HBCTOSUUee speM!I 38 STHM 9D9M9HTOM 38KpenneHO H83B8HH9 1 
BCTBT' • 

§ 2. HaoTODbl acTaTa 

B aacTomuee speM!I nasecTHO 20 aaOTonos acTaTa. OcaosHble paA&OaKTHBHhle xapaK

TepacTHKR HX H B.!l9pHbl9 peBKilHH, DO KOTOpblM OHR 6binH DODY'I9Hbl R HA9HTH<jlHilHpOB8Hbl 0 

npaseJleHbi s 1-aonane I. 

Ta6nana 
1 /20/ 

HaoTODbl acTaTa 

3aeprasr 
MeTOA 

HaoTon nepaoA nony-
Tan pacnaAa 

a -'IBCTHll 
nonyqeaasr pacnaJla 

(s Maa) 

At too 0,8 MHH a 6,42( 60%) Au+ C 12 

6,47( 40%) 
I 

4 

• 

'•!'', 

At201 

At202 

At203 

At to• 

205 
At 

At2os 

At 201 

At 2~s 

At 209 

At 210 

Atzu 

Attl2 

At 212m 

2 

f;o MHII 

8 MHH 

7,1-7,~ MHH 

9-9,3 MHH 

:12,7-26,2 MHH 

22-29,5 MHH 

1,8-2 'IBCa 

1,7 'laca 

5,5 'IBCB 

... 

8,8 'ISCa 

7,2-7,5 'lac 

0,22-0,305 cex 

0,120 celt 

8 

a 

a (12%) 

a.a. (88%) 

a (14%) 

a.a. (86%) 

a (4,5%) 

3.3. (95,5%) 

a ( 18%} 

a.a. (82%) 

a (0,9%) 

a.a. (>99%) 

a (~10%) 

a.a. (~ 90%) 

a (0,5%) 

s.a. (99,5%) 

a (~ 5%) 

a.a. (~95%) 

a (0,17%) 

s.a. (>99%) 

a (40,5%) 

a.a. (59,1%) 

a 

a 

5 

4 

6,348 

6,133(64%) 

6,231 (36%) 

Au+ C 12 , I 

Au+ C 
12

, I 

6,09 Bi(a, iOn) 

Pt + N 14 

Au+ C 12 , N 

5,95 Bi(a,9n) 

Au+ C 12 , ~ 

5,90 Bi (a,Ba) 

Au+ C 
12 

,.N 

Pt+N 11 

5,7-5,9 Bi(a,7n) 

Au+ c 12 , N 

5,76 Bi(a,6n) 

Au+ N 14 

AO'Iepa. Rn207 

5,65 Bi (a, Sn) 

AO'Iepll. Fr212 

5,642 Bi (a, 4n) 

AO'IapH. Rn2D9 

5,519(32%) Bi (a, 3n) 

5,437(81%) AO'Iepa. Rn 210 

5,355(37%) 

8,862 Bl (a, 2n) 

AO'Iepa. Rn211 

7,60(20%) Bi(a,n) 

7,66(80%) 

7,82(80%) Bl(a,n) 

7,88(20%) 



6bin0 C'IHTBTb Jl0It838HHbiM/ 
11112

•
181141 

• 

/15/ 
nn!fl TSUKenbiX Hnep nOK83biBaeT1 'ITO B 3neMeHT& 

COOTHOWeHHH1 H3 KOTOpOI"O He/lb3H 

3neMeHTa1 a cnenosaTe/lbH01 a ero H3o-

B npHpOllHbiX o6'b&KTax 3neMeHT 85· BCTpe'laeTCH 

KOpOTKOlKRBYWRll llO'IepRRll npOAYKT B 9CTeCTB9HHbiX 

naHROI"O 3neMeHTa B npRpOJlHbiX 06p831laX C RCilO/Ib30BaHHeM 

pa3pa60TaHRbiX nn!fl ero orraJKallwero aHanora- Aona1 ae 

ln<>,..ynhTaTaM. 3TO npelKne BCQI"O 6hin0 CBH3aHO C llMTem,

npBpOllRbiX o6'beltTOB R OTCyTCTBReM AOCTBTO'IHO llOIII"OlKRBY-
/16/ /17/ KapnRK R Xynyoell nana nonpo6HbiA KpBTR'I&CKRil 

HeAOCT&JOWei"O I"BIIORAa R OWR60'1Hh!X C006WeHR9X o6 ero 

06 OTltpbiTRH R RAeHTHij>BK81lRB 31l&MeHTa 85 nOHBB
/18/ 

Cerpe 1 KOTOpble nony'IBIIR ero npa 

RORaMH rerrHH Ha 60-AJOIIMOBOM llHKIIOTpoHe KarrRijlop-

3TOT 3neMeHT1 gana eMy H83B&HRe astaiin 
/11l/ 

3TO Ha3BaHRe yA&'IHO OTp8lK89T npRpOAY 

XHMH'IeCKOil nHTepaType 6blnO pacrrpOCTpaHeHO Ha3B8HHe 

3THM aneMeHTOM 3aKpenneHO H83B8HHe 'acTaT'. 

§ 2. H3oTOnhl acTaTa 

o 20 H30TonoB acTaTa. OcHOBHble paAROaKTHBHbJe xapaK

rro KOTOpbiM OHH 6binB nony'leHbl B RAeHTHij>HUHpOB8Hbl1 

TaonHna 
/20/ 

H30TOilbi acTaTa 

THn pacrrana 

a 

4 

#Ill 

3Hepi"H!fl 
a -'IBCTBil 
(s Mas) 

6142( 60%) 

6147( 40%) 

MeTOA 
nony..:eHB!fl 

Au+ C 
12 

At2o1 

At202 

At203 

At204 

205 
At 

At 206 

At 207 

At 2~8 

At 209 

At 21o 

At211 

At212 

212m 
At 

2 

1,1) MRR 

3 MRR 

7 11-714; MHR 

IJ-913 MBH 

~2 17-26 12 MBH 

22-2915 MHH 

118-2 ..:aca 

117 'laca 

5 15 ..:aca 

8 13 ..:aca 

7 12-715 'laC 

0,22-01305 celt 

0 1120 celt 

3 

a 

a (12%) 

3.3. (88%) 

a (14%) 

3.3. (86%) 

a (41 5%) 

3.3. (ll515%) 

a (18%) 

3.3. (82%) 

a (01 9%) 

3.3. (>91l%) 

a (~ 10%) 

3.3. ( ~ llO%) 

a (0 15%) 

3.3. (lllll5%) 

a (~ 5%) 

3.3. ("95%) 

a (0117%) 

3.3. (>ll9%) 

a (40 15%) 

3.3. (5911%) 

a 

·a 

5 

4 5 

61348 

61133(64%) 

61231 (36%) 

Au+ C 12 • N 14 I 0 16 

Au+ C 12 • N 14 • 0 16 

6109 

5195 

5190 

5,7-519 

5,75 

5165 

51642 

Bi(a, IOn) 

Pt+ N 14 

Au+ C 12 , N 14 , O 16 

Bi(a,9n) 

Au + C 12 • N 14 • 0 16 

Bi (a,Sn) 
12 14 16 

Au+ C , N , 0 

Pt+ N 
14 

Bi(a,7n) 

Au+ C 12 , N 14 , O 16 

Bi(a,6n) 

Au+ N 
14 

llO'Iepa. Rn207 

Bi(a,Sn) 

AO'IepH. Fr212 

Bi (a, 4n) 

AO'Iepa. ·~0209 

51519(32%) Bi(a,3n) 

5,487(31%) Jl0'18pR.Rn210 

5,355(37%) 

81862 Bi (a, 2n) 

no..:epa. Rn 211 

7160(20%) Bi(a,n) 

7166(80%) 

7182(80%) 

7188(20%) 

Bi(a,n) 



1 1 2 8 4 5 

AtiU << 1 ceK a 9,2 fiPOAYKT pacnaAa 

J>a225 

At214 2 X 10-6 Celt a 8,78 no'lepa. Fr218 

s PRAY p
8

22e 

At 215 ltOp<l'r'J:Kil a 8,04 fipBpOAHbill -
AO'Iepa, AcA 

liS -4 
no'lepa, Fr 219 ·Al 10 celt a 8,00 

s PRAY Pa227 

At ue 3 X 10-4 CeK a 7,79 noqepa, Fr 220 

sPRAY Pa22a 

At217 0,018 celt a 7,05 no'lepa. Fr 221 

s PHAY U
233 

At 211 1,5-2,0 Celt a 6,6976(94%) fipapOAH&Ill -

6,653 (6%) AO'IepHBil RaA 

219 
a (97%) At 0 19 MilK 6,27 fipBpOAHhlli -

f3 (8%) AO'Iepsall AcK 

3A9Cb CTOBT OTMeTBTb 1 'ITO npaKTB'IeCKB see B3SeCTHble B30TODhl 8CT8T8 olipaayiOT-

CB TAitll:8 B no peaKllBBM rnylioxoro pacwenneHBH TOpBH B yp8S8 npOTOH&MB SbiCOKHX 
/21-28/ 

aaepr•il • 

Ha pac. 1 aaolipa)l(esa rpaljlaqecKaH aasBCBMOCTb asepr•a a -'laCTBil OT MaccosblX 
/24/ 

'IBCe4 (s qacna aeliTpoaos) aaOTonos acTaTa • Kax s•~:~no Ba Talin. 1 B pac. 1, aaalio-

nee AOJirO)I(BSYIIIBe 1130TOUbl 8CT8T8 IIMeiOT 'IBCJIO BeliTpOBOS1 6JIB3KOe It 126 1 COOTSQTCTSYI0-
/25 26/ 

wee olipaaosaHBIO aaKoH'Ieasoll RAepsoll oliono'IKB ' • Xo~:~ Kpasoll (pac. 1) noKaahmaeT, 

'ITO nerxae aaOTODbi AOJI)I(Hbl BMeTb o'lem. Manble nep&OAhl nonypacnaAa a pacna~:~aTbCB c acny-

Clt&BBeM Sh!COKOSHepreTB'IBhlX a -'laCTBil. KpoMe Toro, olina~:~as aaa'I&Tenbuoll aeliTpoao-

AecjlanBTBOCTbiO, OHB aenpeMeaso liYAYT aeycToli'IBSbl K aaxsaTy opeiaTanbaoro aneKTpoaa. 

fipa nepexo~:~e s seliTpoaoaaeibiTO'IHYIO olinacTb ( A- Z>126) KpBsaB npeTepnesaeT aanoM, 

'ITO yK&abls&eT sa peaKoe yMeHbwesae npo'IHOCTB CSH3H HYKIIOHos s RApe: see aaOTOnbl 

acTaTa c A > 211 aMeJOT o'leHb KOPOTKHe nepaoAhr nonypacn&Aa. Haalionee TRJKenble aaOTonhr 

8CT8T8 (A~219) npoBBnBIOT H91tOTOpy10 yCTOli'IBSOCTb.lt a -p8CD8J:IY, 0AH81t0 S STOll 06-
/27 28/ 

n&CTB soaMO)I(Hbi nepeXOilbi nyTeM f3 •pacna.Qa ' • PRA asTopos ShiCKaa&JsaeT npen-
11 

6 

• 

DOJIO)I(QHB91 'ITO 8CT8T DOilOiiHO 48-My B 61-My 8JI9M9HT8M SOO!SWe Be BM 
/29. 

HbiX RA9P 

BhiW9B3110)I(eHHbre aaxosoMepaocTa noxaa&rsaJOT, 'ITO aaalionee llonro>K 

acTaTa BBnaeTCB At 
210 

c nepao.QOM nonypacnaAa 8,8 'lace, Cpass&Mhle 

pacna.Qa BMBIOT At
209 

(5,5 'lace) 11 At 211 (7,8 qaca). 

B seKOTOphrX pa!SOTax, nocsinuesablX aay'leRBIO B30Tonos acTaTa, OTMe 
208 /80/ 

At BMeeT aaoMep c nepaonoM nonypacnana 6,8 'lace • Bhma oliHaJ 
204m 206m /80/ 

1130M9pb1 At (25 MIIB) B At (2,9 'I&Ca) , Bonae TIII8Te' 

nepaonos nonypacnana At 208 At2oe II At 
204 

no nep&OJ:IB'Iecxa Sh1ne• 

SeMy UDnOHBIO He UOK838JI8 npacyTCTSHB OTMe'!eHHbiX SblWe llOnrO)I(BBYIIIBX 1 

BepoBTao, naHHhle ceeneaas o cywecTeoeaHBII aaoMepoe o6ycnoeneabl owaliK 

CKoro xapaKTepa. 

nns B3y'leHHH XHMB'I9CKIIX CSOliCTB 8CT8T8 aaa6onee YllOiiHbl ero OTH~ 

)I(IISYlliBe B30TODhl C MBCCOBblMII 'IBCJI8MB 209, 210 H 211, 3TH H30TOUbi Odbl 

CH Upll o6ny'I911HH BBCMyTa a -'18CT!IIl8MH, 

4>yl1Kil11H B036ylKll9HHH Bi 
2 09 

(a , 2 n) At 
2 
II B3Y'I9H8 llOCT&TO'IHO DOll! 

Ee nopor cooTseTCTBYeT 21 Mas, a Sbrxon At
211 

llOCTBraeT M&KCHMYM 

a -'laCTBil, paesoll 26 Mae. Ba)I(HO OTMeTBTb1 'ITO nns nony'!eHBB 'IHCTor 

npaMeca npyrax aaoTonoe asepraa aoaoe reruu1 ae non)l(aa npeBbllli&Tb 29 M 

p98KilBH (a 1 3n ) • 3TH ycnosaa aeolixonaMo colinJOnaT&, Korna aaMepesae , 

'acT aT a nposon&TCH nyTeM peracTpaua a -'laCTllll, Talt Kelt At 2 1° pa 

HB 99% B 188 - llHeBHblll Po 
210 

1 T&KlKQ BCnyCK810111llll a -'18CT!IIlbl, fipl 

At
211 

sa 59,1% ocywecTsnaeTCa nyTeM aaxsaTa op6IrTan&aoro anexTpoaa c 

nono&Irll - 211, ao nocneMall HMeeT nepaon nonypacnana scero 0,52 celt, a 

11106oll &KT pacnana At 
211 

npasoJ:IBT 1t sbropocy a -'laCTBilhl, CneKTJ 
211 

At &MeeT o'!eHb xallj,&KTepHblll ean: nse n&HHB - 5,865 Mas - a - ' 

ro At
211 

a 7,48 Mae - a - 'I&CTBilbi Po 211 • fapBHTaell 'IHCTOThl oli 

CnylKHT OTHOW9HB9 BHT9HCHSHOCTell 8Heprall 5,865 II 7 1480, KOTOpoe llOJI)I(H< 

!1aOTon Atuo /82/ 209 !ihln snepeble nony'!es no pe&KilBB Bi (a, 3n ) 

yJKe OTMe'lanoc& shrwe, nopor aToll pe&KilBB - 29 Mae, a M&KCBMYM sblxona 

ua 40 Mas. AcTaT - 210 TDnbKO sa 0,17% pacnanaeTCH c BhllipocoM a -'Ia• 

rsHMB 5,519 (82%), 5,487 Mas (81%) s 5,855 Mas(87%). B ocaoeHOM )1(9 pB 

sneT '!epea aaxsaT oplisTanbaoro aneKTpoaa, • cxeMa nepexonoe npencTasnae 
/84/ CJIO)I(HYIO KapTBHy 

nna nony'!eHBB liOnbWBX KOn&'leCTB B30TOD8 At 209 saslionee 'IBCTO l 

pe&KilHB Bi
209 

(a,4n)At
209 

, fipasna 1 o6p&31lb1 1 nony'!eSBhle no TBKOMY ME 

aaTenbHo aarpaaaeHbl npyraMB saOTonaMs acTaTa, Manoe xona'!eCTBO cosepw• 

7 



9,2 llpOilYKT pacnalla 

p.225 

-6 
0 celt a 8,78 .Qoqepa. Fr21B 

celt 

cex 

a PllllY Pa228 

a 8,04 llpapOilHblil -
llO'Iepa. AcA 

a 8,00 .Qoqepa. Fr 
219 

a PllllY Pa227 

celt a 7,79 .Qoqepa. Fr 220 

a PllllY Pa22B 

a 7,05 .Qoqepa. Fr 221 

a PllllY U
2 33 

a 6,6976(94%) llpapOilHbtil -

6,653 (6%) llO'IepiDlA RaA 

a (97%) 6,27 np&pOilHbtil -

fJ (3%) llO'IepKBII AcK 

, 'ITO npaKTH'I&CKJI BC& H388CTJib18 H30TOUbl aCTaTa ol5pa3yiOT-

TOpHst B ypaaa npOTOHaMB BblCOKHX 

rpa¢JH'I8CK8SI 38BHCHMOCTb aaeprBH a -'18CTHil OT M8CCOBblX 
/24/ 

aaOTonoa acTaTa • Kax BHAHO aa Ta!Sn. 1 a pRe. 1 , aa&!So-

acTaTa HM&IOT 'IHCno H&IITPOHOB, 15n&3K08 K 126, COOTB&TCTBYI0-
/25 26/ 

l!llepaoli o6ono'l:KH ' • Xoll xpaaoll (p&c. 1) noKa3&taaeT, 

nonypacnalla B pacnaAaT&CB c acny

a -'laCTRil. KpoMe Toro, o6naAaB aaa'l:BTen&aoll aeliTpoao-

6yAyT aeycTOII'IHBbt K aaxsaTy opliBTan&aoro aneKTpoaa. 

o6nacT& ( A - Z> 126) xpasaB npeTepneaaeT aanoM, 

CBSI3H ayKnOBOB 8 Slllpe: ace R30T0Ubt 

nonypacnaAa. Ha&6onee TSIJKenble aaOTon&t 

B&KOTopyiO ycToii'IHBOCTb K a -pacnally. 0ABaKo a &Toll o6-
/27 28/ fJ -pacnalla ' • Pllll aBTopoa BbtCKa3&taaeT npeA-

6 

# 

nonoJKeBae, 'ITO aCTST UOil06HO 43-My H 61-My aneM&HTSM BOOCSIUe He HM&eT fJ -CT86Bn&
/29, 

HblX st.Qep 

8&tlll8H3nOlK&HHbl8 38KOHOM&pHOCTH UOK83bi8810T0 'ITO HSH!Sonee llonrOJKBBYIIXHM H30TOUOM 

acTaTa enBeTCB AF 10 
c nepHOilOM nonypacnalla 8,3 'lacs, CpaeRHMble nepiiOilbl nony-

pacnaAa aMem At
209 

(5,5 'laca) a At
211 

(7,3 qaca), 

B B&KOTOpbtX pa60Tax, nocainueaa&tx aay'leHHIO B30TOnoe acTaTa, OTM&'Ianoc&, 'ITO 
208 /30/ 

At &MeeT aaoMep c nepaoAOM nonypacna~:ta 6,3 'lacs • B&ma ooaapylKeH&t TaKJKe 

H30M&pbl At 204m (25 MHII) H At 206m /30/ 
(2,9 'l:aca) • Bonae TlllaTen&HaB npoaepxa 

At 
204 

no nepaoAB'l:ecxa e&tllenB&MOMY llO'Iep
/31/ B&My UDnOHHIO He noxaaana UpBCyTCTBBSI OTM&'I&HIIblX BbiiUe llOnrOJKBBYIIXBX H30Mepoe 

nepHOilOB nonypacnaAa At 20s . • At2oe 

BepoSITao, ll8llll&te caeA&IIHR o cymecTBOBSIIBH H30Mepoe o6ycnoaneabl OIUH6JtaMa M&TOilR'Ie

cxoro xapaKTepa. 

.Qng B3y'I&HHR XHMB'I&CKHX CBOIICTB 8CTaTa 11aa6onee YllOOIIbl ero OTIIOCIIT&nbiiO Aonro

lKBBYIUB& H30TOnbt C MSCCOBbiMB 'IIICnaMB 209, 210 B 211, 3TH H30TOnbt OObi'IRO nony'laiOT-

Cll UpB Oony'I&HHH BBCMyTa a -'laCTBilaMB, 

4>yHKilBSI B030YlKA&HHSI • 209 211 /32 33/ 
Bt (a, 2n) At 113y'leaa llOCTaTO'IHo noApo6ao ' • 

Ee nopor cooTB&TCTayeT 21 Mae, a B&IXOA At211 
AOCTBraeT MaKCBMyMa npa aaepraa 

a -'laCTRil, paaaoli 26 Mae. BaJKRO OTM&TBTb, 'ITO Anst nony'I&HBH 'IBCToro At 211 6ea 

npiiM&CB Apyrax aaoTonoe aaepraR aoaoa renag ae ADnlKHa npea&tlllaT& 29 Mae - nopora 

peaKilHB (a , 3o ) • 3TH ycnoaBSI JI&OISXOARMO coCSniOA8Tb 0 KOrlla B3Mep&HB8 SKTBBHOCTB 

aCTaTa npoBOABTCSI nyTeM peraCTpanaa a -'laCTBil1 Tax JtaK At 210 pacnaAaeTCH 

H8 99% B 138 - AH&eHblli Po 
210 

, TSKJKe acnyCJt81011XHII a -"laCTBilbl, npaBAa, pacnall 

At
211 

aa 59,1% ocymecTBnReTCSI nyTeM aaXBaTa op6aTan&Jroro aneKTpoaa c o6paaoeaaaeM 

nonoaa!l - 211, 110 nocneAHBII aMeeT nepaoA nonypacnaAa acero 0,52 ceK, a npaKTB'Iecxa 

n106ol! axT pacnalla At 
211 

npHBOABT 1t B&t6pocy a -'laCTBilbl, CneKTP a -'laCTHil 

At
211 

aMeeT O'lellb xapaxTepa&rli BHA: ABe nBHHB - 5,865 Mae - a - 'ISCTBilbt caMo-

'' ro At 
211 

a 7,43 Mae - a - 'laCTBil&t Po 
211 

• rapaHTaeA 'IBCTOTbl o6paana At 211 

cnylKBT OTROW&HB& HHT&HCBBHOCT&A &Kapral! 5,865 

11aoTon At no 1821 
6&rn anepe&re nonyqea 

a 7,430, JtOTOpoe AOnJKao ObiT& 40/60. 

no peaxnaa Bi 209 (a, 3n ) At 210 
• Kax 

yJKe OTM&'IanOCb Bbllll&, nopor STOll pe&KilBB - 29 Mae, 8 M8KCBMYM ebtXOAa npBXOilBTCSI 

aa 40 Mae, AcTaT - 210 TDnbKO aa 0,17% pacnaAa&TCR c B&t6pocoM a -'laCTHil c aaep-

raRMH 5,519 (32%), 5,437 Mae (31%) a 5,355 Maa(37%). B OCHOBHOM JKe pacnaA ero 

BA&T '!:&pea 38XB8T Op6HT8n&Horo an&KTpOKa, B CX&Ma nepeKOilOB npellCTSBnSieT llOeOn&HO 
/34/ 

cnolKHYIO K8pTBHy 

.Qn!l nony'I&HHSI 60n&IUHX KOnH'I&CTB H30TOna At
209 

HSHOonee '!:aCTO HCnOn&3y&TCSI 

pe&KilBSI Bi 
209 

(a, 4n) At
209 

, npaella, o6pa31lbl, nony'l:&HHble no T8ltOMY M&TOily, OOSI-

34ie.llbHO aarpS13H&Hbr ApyraMB aaOTonaMa acTaTa, Manoa KOnH'IeCTeo coaepweaao 'IHCTOro 
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4CT4T4 - 209 MOlKRO Bhl.ll8UTb lt41J: .ll0'18pllllll DpO.IlYKT B3 Ra 
2 

U , 11011)''188MorO DpB oGny-

/21 SO/ 
'18RBB TOpBB Dp0TOR8WK C 8B8praall 850 ~8B ' 

AcTaT - 209 pacn8.1l48TCR DyTeM 3ax&aTa op6aTan..aoro snaJtTpoaa a acnycKalllla 

/SO/ 
,a -'laCTBD c aaapraell 5,642 :!:. 0,005 ~aa, BeTBJo a -pacna.na cocTaanaeT acero 5% , 

raMM4-B31IY'I9RB9 

naBBII, 

At 201 , COIIpOBOlK.Il810Ul99 sn&KTPORRhlll 38XS8T , COCTOBT 83 '19Thlp9X 

0cBOSHhl9 R.ll9PRI>I9 CSOIICTB8 B CX9Mhl Y -nepeXO.QOB ,nna R9KOTOphiX B30TOIIOS aCTa

/20/ 
no.npo6ao a3naraJOTCK a o!Saope Xall.na , Ta 

§ S, AcTaT s upapo.ne 

Hcxo.na 83 nponeccoa pa.n8ouTasaoro pacna.na s ypaaosoM pR.Ily, Xaa s&JCKa3an 

/S5/ 
llp9.QDOnOlK9BB9 0 S03MOlKHOCT8 06p830B8HBR 830TOIIOB 8CT8T8 llp8 {J -paCD8,Q9 DonOiliiH 

/S6/ /37/ 
KapnaK a EepaeT , a 3aTeM a Banea , 83)''1811 pa.naoaKTHSROCTb .no'lepaax npo.nyK-

TOS pa,noaa, o6aapylKBnB, 'ITO Be3B8'1HTenbB8R '18CTb RaA (Po2 1B ) pacna.naeTca no 

CX9M9: 

RaA tr , 

3MHB 

a 

>99% J 

2·10-2 % F:~ .. 
Hanaqae s caeJKeaw.neneaaoM o6pa3ue .RaA Hapii.Qy C a -'laCTauaMa c aaepraell 

5,99 ~as, o6ycnosneaahJX pacna.noM aToro aaOTona. nonoaaa, a - 'laCTHU c aaepraell 

{3 -pacna.ne RaA 6,6S ~SS Cn)'lKHnO .QOK838Ten&CTBOM o6p.830B8HaSI At21e npa 

0rKphlTB9 {3 -paaseTaneHBSI upa pacna.ne RaA DOCII)'JKBnO TOn'IKOM .nnSI B3)''19HBR 

DOIIOHB9SblX ljJpaKilBII ,npyrBX 9CT9CTS9HHhiX pa,nB08KTBSHbiX pii.QOS C UenbJO o6HapylKeHBSI Ho

/38/ 
ShiX npapo.nHhiX aaOTonos acTaTa, KapnaK 8 BepaepT coo6mana o {3 -pacna.ne AcA(P0

21\ 
-4 21S 

Oaa ycTaaosana, 'ITO AcA aa 5 x 10 % npeTepnesaeT {3 -pacna.n, o6paaySI At , 

KOTOphlll pacna.naeTCH 

/39/ 
AsaabOH npoaen 

At
215 (8,00 ~as) a 

T8KlK9 K8K DpO.I:I)'KT 

Ha ocaosaHaa 

. -4 
C nepBO.QOM 10 CeK, BCD)'CK8SI a -'laCTBilbl c aHepraeA 8,4 ~sa, 

6onee TmaTenbahle accne.noaaHBSJ a yTO'IHan saepra10 a -'laCTBil 

- -7 
OTHOW9HBe {3 I a ( 0,9 X 10 ) • naaHblll a30TOD 6bln o6HapylK9H 

nocne.noaaTenbHhiX a -pacna.noa npOTaKTaHaa - 227 
/40/ 

38KOHOMepHOCTB a - B {J -paCD8,QOS S 9CT9CTB9HHblX p8.QB08KTaS-

a&IX p~~.~:~ax 6hlno c.nenaHo npe.nnonoJKeHae, 'ITO Ac
227 

a pesyn~oTaTe pe.nxax cny'laea a -

pacna.na o6pa3yeT neno'IKy, napannenbayJO OCHOSHOMY 
/9/ . /41/ 

PSI.IlY • Xall.n B rapco Shi.Qene-

nHnB B3 BCTO'IHBK8 8KTaHBH - 227 B 20 Mann&KIOpB cpp8KilBIO cppaHUBH, B KOTOpoJI, B CBOIO 

O'lepe.l:lb, XBMB'I9CKHM DyT9M 6hln B.Q9HTBcpBilBPOB8H At 210 • BhlnO IIOK838HO, 'ITO At 218 

8 

• 

BM~ 114pBO.Il DOII7P4CII8.1l8 0,9 MBH, 1!;8 97% paCD8.Q88TCB C BCDyCK8BB9M 

C 8Bepraell 8,27 ~8B B H4 S% Dp&TeplleBaeT f3 -p8C114.1lo llamraa pa60T/ 

naeT 9.1lBRCTS8B~II cny'lall XBMB'I6CKOII H.Q9HTacp8K8nBa a30TOII8 8CTaTa H3 

o61oexTa, llocTosepao ycTaaoaneHo, 'ITO a npapo.nBhlx pa.naoaxTHBRhiX o6paa1 

06HapylK&Bhl TOnloKO TPa KOPOTKOlKHSylll.BX H30TOII8 8CT8T4 ( At215 , At2 

onmomaecB 'lneaaMB P8.1lB041tTaaa&IX ceMeiiCTs, 3TaM ot5bBCHBeTca TOT cpa1 

cne.naee apeMa BBTepec 1t noacxaM a accne.nosaaaJO npapo.nHoro acTaTa aec 

3R.IlC.K. 

§ 4. ~8TO.Qhl IIOllY'19BaB a Shl.Qeneaaa 8CT8T8 

flpa nony'leBBa acTaTa Ha naKnOTpoHax uo peaxnaa (a,zn) MeTanna' 

B8IIII8BngeTC!I Rna H811hinH9TCII cnoeM TOIIUlHHOII 50-100 Mr/cM2 H8 anJOMBH 

Ky. 8 Cny'lae 06ll)''19HaH OKaCa BaCMYT8 S K8'19CTBe no,nnOlKita aCIIOnlo3YeTCJ 

CTaB.Ka, B OTBepCTBall KOTOpoJI Bllp8C00BhiB8eTCSI Bi
2 

0 
3 

, Bo aat5eJK&Qe D< 

BO speMH o6ny'leBHSI B pe3ynbT8Te cy6naM8UBH IIO.QnOlKKa 'c o6paTROII CTOpO. 

CSI so.nollx). 

AcTaT, o6paayJOmaAcB a 

OCHOBHhlM DpO.QYKTOM peaxuaa 

sneMeHToa aea&a'laTenea ( u ~ 

peayn&TaTe o6ny'leHaSI BHCM)'T8 a - '18CTalll 

-24 2) 
( U ~ 10 CM 1 a BKna,n pa,naoaKTaBHhiX it30 

10-
26 

CM
2

) 
142

•
431

, llnSI OT.QeiieHal! Ot5paay 

Ta OT ocaosaoll MaCChi MeTanna'leCKoro sacMyTa a OT nonoaa11 '!aCTO acnon 

K8ll neTy'leCTb 8CT4T8, llacTannanall DpOBO.QaTCH B TOKe 830T8 (npa .Qaaneai 

• xo MM pT. CT, ) llliH a saxyyMe npa aarpesaHaa MameaH .no TeMnepaTyphl 3 

flapbl 8CT8T8 KOH,Q9HCBpyJOTCll H8 OXn8lK,Q89MOII lKH.QKaM B03.1:1)'XOM ana C)'XBM 

HOCTa CT9KnHHBOII noaywxa, llnll DOI!y'leHal! pa,naOXRMa'leCKR 'laCTOrO 4CT8T~ 
/1844/ 21 

ero rrosTopHaH soaroaiJ:a ' , 8h1xo.n At 0 cocTaanSieT 5- 15%. 3To < 

HerronHOTOII Bhi.QeneBRB 8CT8T8 R3 BHCMyTa B ra30B)'IO cpaay DpH T&MIIepaType 

IIPH 6onee BhiCOKOII T8MDepaType H8'1HH88T B03rOHHTbCll BaCMyT, 
~ 

/30/ 
8hiCK83hiB89TCSI Dpe,nnonOlK&HBe , 'ITO )'.1:18PlKHBBHBe 8CT8T8 S aaCM;y': 

CBH38HO C o6paloaamreM H9neTy'IBX COe.naHeHall ero C BHCMYTOM BB)'TPa 06~ 
anbcp8-'18CTaii8MH Mameaa, 3TOT cp8KT IIO.QTBeplK.Q8eTCl! TeM, 'ITO .naCTaMana~ 

/301 H8 B03.QyXe llpBBO.QRT K y,naneHHIO a3 BaCMYTOBOJI MameHR .1:10 80% 8CT&T8 

My, npH HarpesaHHH Ha soa.nyxe coe.naaea&e saCMy-Ta c acT&TOM pa3naraeTc 

HaeM OKHCH BHCMyTa a CB060.QHOrO 8CT8T8, 0CHOBbiB8SICb H8 STaX ,Q&HHhiX, A 

paapat5oTan cne.Q)'IOUl)'IO CX8M)' Bbi.Q&neHaH 8CT8T8 a3 BHCM)'TOBOII MHill9Ha, 

06ny'leHH8ll BaCMYTOB8SI MBUl8Hb DOM8Ul8eTCl! B CT8K8B a3 HeplK8BeiOUl9l 

x) B cnyqae nony'leliBH acTaTa no peunBSIM rny6oxoro pacmennea&ll upu 

TopaSI DpOTOB8MR BhiCOKBX 8Heprall TSKBe Dpe.:lOCTOpOlKHOCTR He Tpe6yJOTCB, T8l 

BHT8HCaBHOCTb IT)"'K8 DpOTOHOB He H8CTOnloKO B81IBK8
0 

'ITOt5hl Bhi3B8Tb CBnbHhlli 
weHR. 
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BbiAeiUITb lt8K A0'18pBIII DpOA)'ItT R3 
/21,80/ 

saeprael 350 Mss • 

R• 1 u , nonyqaeMoro np• o6ny-

lacuaAaeTCH D)'T&M 38XB8T8 op6BT8niDBOrO sneBTpOB8 B RCD)'CK8BIIR 

Msa. BeTBb a -pacua.~:~a cocTaanseT acero 5%/SO/. 

38XB8T , COCTOBT B3 '19Thlp9X 

CBOiiCTB8 B CX9Mhl Y -nepeXOAOB AUK B9KOTOphlX R30TODOB 8CT8-

/20/ 
a o63ope XaiAa • 

§ 3. AcTaT B npapoAe 

paA&OaJtTHBHoro pacna.~:~a B ypaaoaoM psuzy, Xaa BbiCKa3au 
/35/ 

I3MO}f{HOCTH o!Spa30B8HRH H30TODOB acTaTa npB {3 -pacna.~:~e nonoaas 

/37/ 
a Banes , R3)''18B paABO&KTRBBOCTb AO'Iepaax npoA)'K-

'ITO Be3B8'1HT9UbB8H '18CTb RaA (Po21B ) pacnaA&&TCH no 

RaA rr , 

F·· 3MHB 

a 

>99% 1

2·10-2 % 

o6pa3Ue .RaA aapHAY C a -'18CTRU8MH C SHeprBel 

STOrO H30TOD8 nonOHBH, a - 'I&CTBU c saeprael 

06pa30B8HH51 At2IB npa {3 -pacna.~:~e RaA 

RaA UOCny}f{HUO TOU'IKOM AU51 H3)''19HB51 

Apyrax 9CTeCTB9HBhlX p8AR08KTRBHblX pMOB C U9nbl0 o6aap)'}f{9HHH Ho

/38/ 
KapUBB a BepHepT coo6mana o {3 -pacnaAe AcA(P0

21
\ 

-4 {3 21S 5 x 10 % npeTepneaaeT -pacnaA, o6p&3Y" At , a a 

nepBOAOM 10-
4 

ceK, acnycKa51 a -'laCTHilhl c saepruel 8,4 Msa. 

6ouee TDl8T9UbHbl9 HCCU9AOB8HB51 H yTO'IBBn SHeprHIO a -'I&CTHil 

OTHOWSHHS {3- /a (0,9 X 10-7 ). Jl&HHblil H30TOD 6hlU 06Bapy}f{9H 

/401 
a -pacnaAOB npOT8KTHHR51 - 227 • 

a - H fl -p8CIT8AOB B eCT9CTB9BHb!X p8AB08KTHB-

np9AUOU0}1{9HB90 'ITO Ac 227 
a pe3ynbT&Te peAKBX cny'laeB a -

/9/ . /41/ 
• napauneUbBYIO OCHOBHOM)' PSUIY • XaiiA H rapco BbiAene-

" - 227 B 20 MBUUHKIOpH ljlp&KUBIO ljlp8HUH510 B KOTOpoil, B CBOIO 

D)'T9M 6btn BASHTB!jlHUHpOB8B At 219 • Sb!uo noKa3aHo, 'ITO At 211 

8 

ttl: 

RM&eT Depa:OA Uox,pACila.ll4 0,9 MBB, H8 97% paCD8.[1841TCR C BCD)'CI'.8BII9M a -'18CTB1l 

/41/ 
c sBapraal 8,27 Mas • aa S% upaTapneaa&T fl -pacnaA. JlaBBas pa!SOTa npaACTaa-

nsaT 8ABBCTB8BBUI cny'lal XKMB'16CKOI BA&BTB!jlHK811BB B:30TOD8 8CT8T8 K3 DpBpO.[IBOro 

O!S'It9KT8. JlOCTOD&pBO )'CT8HOBnaao, 'ITO B DpBpOABhlX p8ABOaKTKBllb!X o!Spa3U8X MOryT !Sb!Tb 

o6B&p)'}l{8fihl'TOniDBO TpB II:OpOTBO}I{BBYIUKX B30TOll8 8CT8T8 ( AtfiS , At 2 18 x At 1 U ), 

SIBnmomaacs uea&MJI PBAB08KTBDBbiX caMeiCTs. 3TBM o6'bHCHHeTcs TOT ljlaxT, 'ITO a no

cnenuee Bp&MR BHTepec K DOBCK8M B BCCneAOB8BIIIO DpBpOABOrO 8CT8T8 H9CK0Dbi'.O DOBII-

3Bnc<~. 

§ 4. MeTOAhl DOny'I8HBR B Bbi.[I9U9BB51 8CT8T8 

flpH ITOny'I&HBB 8CT8T8 Hll IlBKUOTpOB8X DO peaKUBB (a,xn) M9T8UnB'I9CKBI BBCM)'T 

2 
H81IU8BnHaTC51 RUB H8Ubln519TCSI CUOQM TOUDlBBOI 50-100 MrfCM B8 8UIOMBBH9B)'IO UO.[IUO}I{-

Ky. 8 Cny'lae 06ily'leBBll OKBCB BBCM)'Tll B K8'19CTB9 ITO.[InO}I{KB BCIT0nb3YSTC51 M9AH8SI DU8-

CTBHK8, B OTBepCTBBH KOTOpOI Bllp8COI)Bb!B89TCSI Bi2 0 3 • 80 B369}1{8H89 DOTSpb 8CT8T8 

BO Bp&Mll o6ny'I&HBSI B pe3ynbT8T9 cy6UHM8UBH DOAUO}I{KB C o6p8THOI CTOpOHbl OXU8}1{.[1810~ 

CH BOAOIX). 

AcTaT, o6pa3yromuilcs B 

OCBOBHbiM llpOJ:IYKTOM pe&KUBB 

sneMSHTOB H93H8'1BTeneH ( U ~ 

p93)'UbT8T9 o6Uy'ISHH51 BHCMYT8 a - '18CTH!l8MH 1 HBD519TCSI 

-24 2 
( U ~ 10 CM ) , B BKU8A p8.[1H08KTHBBbiX H30TODOB ApyrHX 

-26 2 /42 43/ 
10 CM ) ' • Jlu<~ OTAeneaus o6pa3yrowerocll acTa-

T8 OT OCHOBBOil MiiCChl MeT&UnR'ISCKOrO BBCM)'T8 H OT IIOnOHRll '18CTO BCITOnb3yeTCll Bb!Co

K8R U9Ty'I9CTb 8CT8Tllo JlBCTBUUllllBll DpOBOABTCll B TOKe 830T8 (npB A8BD9HBR B HeCKODb

KO MM pT. CTe ) llnB B B&Kyy~e ITpH Harp&B8HBH MHW9HB ,C(O T9MIT9p&Typbl 300-600 °C. 

flapbl 8CT8T8 KOHA9HCRpyJOTC51 H8 OXU8>KA89MOil >KBAKHM B03AyXOM BUB CYXBM nbAOM ITOBSpX

HOCTH CT9KUHHHOI nOB)'WKRe Jlng DOny'laHBll p8AHOXBMB'I9CKB 'IBCToro 8CT8T8 DpOH3BOABTCH 

/18,44/ 210 
ero uoaTopaaa aoaroaxa • BbiXOA At cocT&BU<IaT 5- 15%. 3To CB513aao c 

HeDOUHOTOI Bb!A9U9HHR 8CT8T8 83 BBCM)'T8 B ra30B)'IO ljla3y DpR T9MDepaType 600°C; 

npu 6onee BhlCOKOI TeMnepaType H8'1BB89T B03rOHHTbC51 BHCMyT. 

~ 
/30/ 

8biCK83biB89TCSI npeADODO}I{9HBe , 'ITO )'ll9P}I{HB8HB9 8CT8T8 B BHCMyTOBOJ! MHW911B 

CB5138HO C o6paloB8HB9M H9DeTY'IBX C09ABB9HBI ero C BBCMyTOM BHYTpB o6ny'laeMOJ! 

8Dbljl8-'18CTB!l8MB MHWSBB. 3TOT ljlaxT DOATBep>KA89TC51 TeM, 'ITO ABCTBDnllllHll DpH 700-80Q°C 
/30/ 

Ha B03AyXe DpBBOABT K YllllDSBIIIO B3 BHCM)'TOBOil MBWSHB ,C(O 80% 8CT8T8 • flo-BBABMo-

My, DpB Harp9B8HRB Hll B03A)'X9 C08ABB9HB9 BHCMyT8 C 8CT8TOM p83naraeTCR C 06p830Ba

HH9M OKHCB BHCMyTa H CB060AHOro 8CT8T8. 0CHOBbiB8RCb 88 STBX A8HHblX, AnnellhM8B/4S/ 

p83pa60T8U CU9AYIOlllYIO CXeMy Bb!A9U9BHR 8CT8T8 B3 BBCMyTOBOil MHW9BR. 

O!Sny'leHHas BRCM)'TOB&B MBW&Hb noMewaeTcll s cTaKaH B3 aep>Kaseroweil CT&UB a 

x) B cnyqae nonyqeHBll acTaTa no peaxuaRM ruy6oKoro pacwenueaaa upa o6uy'leHBB 

TOPBll DpOTOH8MB Bb!COUX saeprail T8U9 Dp9,:tOCTOpO}f{H0CTH He Tpe6yJOTCll, T8K K8K 06bi'IHO 

HHTSHCBBHOCTb Dy'!K8 llpOTOHOB He H8CTOnbKO B9nRK80 'ITO!Sb! Bbi3B8Tb CHDbBbiJ1 pa3orpoa MH

Ilie!{B. 
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aarpeaaeTCR .110 270°C .QnR y.Qaneoa neTy'IRX DpaMecell. nocne.IIYJOIIUUI .llKCTRMBilBB aCTaTa 

DpOH3aO.IlBTCR DpB ~00°C • .QBCTBMBT CO!SapaeTCB aa OlUialK.Il49MOII ao.Qolt DIISCTIIIllt9 R3 DIIa

TaHbl, DO.Qaew&HHOII Ha.ll paCDnaaeHBOA MHW91Dol0o .Qng OKOa"'&T91IbiiOit O'IBCTD 8CTaTa Dna

TaKa DOMemaeTCB a xaapu.eayiO Tpy61ty B Dpa .ll8&n9UB 10-4 MM pT. CT. H 130° OTrOHII

IOTCB DpBM9CBt nocne 'lero npoaaaO.QHTCH DOaT01lB851 .llBCTBMRD.BB aCT8T8 upa 5()()°C. 'fRCT!dlt 

8CT8T KOH.Il9HCapyeTCR a U -o6pa3HOII Tpy6Ke0 oxnalK,IlaeMOII CYXBM llb.llOM, Co CT9B01t Tpy6-

KB 8CTaT CMbiaaeTCR 0,5 MII paa6aaneBHOII a30TBOII UCIIOTbl. BbiXO.Il a STOM cnyqae .llOCTII

raeT 30% B KOHD.9HTpanBll 8CT8T8 a paCTaope COCTa&IIR9T., 10-8M. 

MeTO.Il .llBCTannmaa TaxJKe acnom.ayeTCB .111151 abi.QeneuH acTaTa aa .11pyrax Maweaell, 
/46/ 

aanpaMep, 301IOTa • fipa STOM o6ny"'9HBaSI MBW911b paCTaOpR9TCSI a pacnnaaneBHOM 

CBBHil9 ana aaCMyT90 nocne "'&rO DpOa3aO.QHTCR OTroaxa 8CT8Ta. 

KpoMe .QacTannSIIlaa~acTaT abi.Il&IIBIOT aa Maweaell B TSK aaabiBB&MbiM 'MoKpbiM MeTa

noM'. fipa STOM o6ny'I98Hblli aHCMYT ana OKBCb BBCMyTa MOryT 6b1Tb paCTBOp9Hbl B xnop

HOII KHCIIOT9 0 coneplKamell B Ka'leCTBe HOCaT911B nna aCTaTa ae6om.woe KOIIB'I9CTBO Ilona, 

Macca MaWeHB c6paCbiBa9TCR aa paCTBOpa ocaJKneaaeM cjloccjlaTa BHCMYTa. ACTaT B cjlopMe 
/47/ 

AtJ nepexonaT a cjlam.TpaT • OnaaKo npenapaT conepJKaT aexOTopoe xonaqecTeo nona-

HR.st. 

/48/ 
B pa60Te nnR OTneneaaa 8CTaTa OT BBCMyTa HCn01Ib3Y9TC51 SKCTparapyeMOCTb 

ero aaonponanOBbiM scjlapoM. BacMyTOBaSI MBW9Hb paCTBOpR9TCR B a30THOII KHCIIOT90 pacTaop 

ynapHBa9TCR0 HO 89 nocyxa, TaK KaK ae60IIbWB9 KOIIH'I9CTB8 830THOII KBCIIOTbi He M9W810T 

nan&HeiiwaM onepanBHM, B npH6a&n9HB9M KOHD.9HTpBpOBaHHOII COIIHHOII KBCIIOTbl paCTBOp no-

eonaTcB no SM no HCI .Qanee paCTBOp OXIIaJKnaeTCH, B SCTaT 9KCTparHpyeTCR H30npo-

nHnOBbiM scjlapoM, npeneapaTen&ao aaCbimei;IBbiM SM conBHoll KHCnOToll. Opraaaqecxaa cjlaaa 

npoMbiBaeTCR SM HCI , a aaTeM acTaT pesxcTparapyeTCR pacTaopoM NaOH , conepJKa-

maM ae6on&woe xonaqeCTBO Fe (III) • ranpoOKHCbiO JKeneaa aaXB8TbiBaiOTCR nonaoCTbiO 

ocTaswHeCR npaMeca, a nOTepH acTaTa npa STOM ae npeBbiwaroT 5%. Bbixon - oxono 90%. 

l1aTepecHbiii MeTon sKCTpaxuaoaaoro OTneneaaa acTaTa OT nonoaaB a BHCMYTa npase-
/30/ 

nea B pa60Te • JlnB BbineneHaB acTaTa aa KOHil9HTpapoaaHJibiX COIIBHOKHCnbiX paCTBOpOB 

B Ka'leCTBe SKCTpareaTa B aToM cny'lae acnon&ayeTCR naaaonponanOBbiii scjlap, conepJKamHII 

ae601Ibwoe xona'leCTBO 20%-aoro pacTsopa Tpa6yTancjloccjlaTa B aao6yTanosoM scjlape, 11 

9KCTpaKUaR ocymeCTBnReTCB B npaCyTeTaaa B K8'1eeTB9 BOeeTSBOBaTeiiR nByXB8119HTHOrO 

JKeneaa. Cnenbi nonOHBR, BaeMyTa H eBHJIJla BbiMbiBaiOTeR aa opraaaqeeKOII cjla3bl eMQCbiO 

2M aaoTaoll a 4M conBaoll KaenOT. PesKcTpaxu.aa npoaaeonaTCR wenoq&ro. 

npa nonyqeaaa aeTaTa DO peaKUHRM rny6011:0r0 paemenneaaB TOpHB ee'I&Hae o6paao

BaHHB H30TOnOB aeTaTa Ha naa-TpH DOpBnKa M9HbW9 eyMMapaoro eeqeaaR o6pa30BaHaSI 
/49 50/ 

nponyKTOB neneaaa a rny6oKoro pacmenneaaa ' • B naaaoM cny'lae nna nony'leaaa 

10 

.. 
r.:.: .... 

pa.QKoxa~qeexB 'IBCToro acTaTa aeo6XOilHMa O'IHCTKa OT 6om.maBCTBa sne~ 

Q'I9CitOII CRCT9Mblo 

ns; 
B pa60Te npaeo.QaTCa M&TO.IlBKa BblneneiiBH aCTa'l'a aa ceaau.a, sa' 

o6nyqeHBbiX DpoToBaMB BbiCOitoll saepraa. Cornacao aToll M&TOJlBite onaa r1 

'lecxoro TopeR, o6nyqeaaoro DpOTOHBMB c saepraell 660 Msa, pacTsopaeTCs 

ll9BTpBpOB8BliOII 830THOII KBCIIOTbl DpB aarpeBaHBB B KOII6e C 06paTHbiM XOn 

K 430TBOKBenoMY paCTBopy no6aBIIB9TCR 40 Mil 8M COII51HOII UCIIOT!d
0 

HaC 

3KCTpaltUaR DpOBOQTCR. 60 Mil JlBa30DpODHIIOBOrO Sljlapa B SKeTpaKTOpe C M 

Meman~toll. Opraaa'lecxal cnoll .QBaJKnbl DpOMbiBaeTeR 15 Mn SM conaaoll 

B3 scjlapa p&SitCTparapyeTeR 40 Mil 0,1 M paCTBOpa CTaaBHTB BaTpBB B 2M 

HOM)' pACTBOp:f no6aBIIB9TCB 10-15 Mr T&nnypaTa HaTpaB0 4-5 Mr XIIOpaCTO: 

1-2 Mr xnopoaypaTa aaTpaB. PacTsop OT ocallKa OTnenaeTCR cjlam.Tpoeaaae' 

IISIHHbiii cjlaiibTp N.! 4. 0caJKneue T&nnypa CTBHBTOM H&TpaB DOBTOpB&TCR 9U 

STOM B3 paCTBOpa ynanBIOTCB nonoull, 301IOT00 PTYTb B PB.Il .llpyrax MeTanl 

UlHXCR C M9TannaqeeKHM T9.1liiypOM aa W9110'IHOrO paCTBOp& B npaCyTC;BH~ 1 

ana o6paayromax TPYAHopacTaopaMbie ra.11poouca. lUeno'laoll cjlan&TpaT non1 

KoBD.eBTpaposaaaoll conaaoll xaCIIOTbl, conepJKamell .. 4 Mr Tennypa. OcalK.Ilef 

4 BM9CT9 C HBM B aeTaTa aa KBCIIOrO paCTBOpa nposonBTCR npa SH&pra'IROI 

BBH. fioene KO&ryiiRD.Bll ocanlta .lliiB nOIIHOTbl oeaJK.Q&Ha.R aeT&TB eme .llBSJKn~ 

Do 5 Mr Tennypa. Ocanox Tennypa, conep:lKamall aeTaT, OTnenBeTOR OT pac1 

p0BBBB9M0 npOMbiBaeTCR 6M COII51HOII uenOTOII B paCTBOpReTCR B H9CKOIIbK~ 

u.eaTpaposaaaoll aaoTaoll xaenOTbl. K nony'leHHoMy pacTsopy no6aenaeTcR 21 

BOll KaCIIOTbl 0 a T911.1lyp OeaJKn&&TeH .llByXIIOpaeTbiM OIIOBOMo nocne aoary~ 

eme pas noBTOpBeTCR OCaJKneaae T&nnypa (5 Mr). Bbmasmail oeanoK U9HT) 

npoMbiBaeTCa ltoau.eHTpaposaaaoll ItaenOToll a pacTaopBeTCH s 5 Mn SM HC I 

Clt&RBB raaoo6paaaoro xnopa. OT Tennypa acTaT OT.IlenaeTeH SKCTP&KD.Bell e 

DB.IlOBbiii scjlap. 3cjlapabiii en~ (6 Mil) nsaJKnbi npOMbiB89TeH 1,5-2 Mil 8M 

Tbl 0 a aCTaT peSKeTparapyeTCH BOnoil (.llBa paaa no 5 Mn). nocne SKCTpB 

ca pacTsop panaoxaMa'lecxa 'laCToro aeTaTa .. 0,01M DO HCI , co.llepJKaw 

paCTBOpaTenR. 

.Qng OTneneBBR acTaTa OT Tennypa a .lliiR nO.Ily'19HBR KOH.D.9HTpHpOBaJIBO 

MOlKHO HCnOIIb30BaTb XpOMaTorpacjiB'I9Citall MeTon
1511

• PaCTBOp 8M COIIRBOII 

CbiW&HBbiii xnopoM, eonepJKamull Tennyp a acTaT, nponyexaeTeP. qepea enol! 

Llays~:c 50 x8. Tennyp aa CMone ae aa.o.epJKasaeTCR, aeTaT ancop6apyeTCH a 

CMbiBB9TCR xnopaoll aonoll. 

BbiXO.Il aCTaTa no BbiWeonacauaoli MeTonaxe eoeTasnaeT 60;!;)0%,cTenE 
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111151 ynaneHHSI neT)''IHX np&M8Cell. nocnal1)"1011UUI AIICTHMIIIIJISI aCTaTa 

• n&cTannSIT co6&paeTCSI Ba oxna•naeMOI BOAOII lln&CTKBE8 H3 nna-

Hall pacnnaaeBBOlt MHW811bJO. nns OltOR'I8T811bllOI 
-4 

KBapneayJO Tpy6Jty H npH naaneKHH 10 MM pT. 

O'IHCTHK ACTaTa nna

CT. R 180° OTI'OBII-

'I&I'O npoa3BOAaTCSI IIOBTO~BaB nacTaMHIIRB acTaTa npH 500°C. qHC~II 
U -o6paaaoll Tpy!SKe, oxnalKlla&MOII CYXHM llbllOM. Co CTeBOK Tpy6-

MII paa6aaneaaoll aaOTHoll ucnOThl. BhiXOll B &TOM cny'lae nocn
-8 

s acTaTa B pacTBope cocTa&nBeT • 10 M. 

nns Bhllleneaus acTaTa ua npyrax MBmeaell, 

pacTBopseTcs B pacnnaaneHBOM 

nocne qero npOa3BOllaTCSI OTI'OBita aCTaTa. 

,_acTaT BbiAenHJOT a3 Maweaelt B TaK Ba3biBa8MbiM "MOitpblM M8To

BHblil BHCMYT ana OKaCb BaCMyTA MOI'YT !S&ITb paCTBOp8Hbl B xnop

amell a Ka'leCTBe aocaTens nns aCTaTa ae6om.woe KDnB'IaCTBO Ilona, 

eTcR as pacTaopa ocalKAeBBeM cpoccpaTa BBCMYTa. ACTaT B cpopMe 

1471 cpHnbTpaT • 0AHaKO npenapAT COAaplKBT H8KOTOpoe KDna'laCTBO nono-

Anl'l OTAeneHaB aCTaTa OT BaCMyTa BCIIOnhSyaTCSI SKCTparapyaMOCTb 

acjlapoM. BacMyToaas MBW&Hb pacTBOpReTcR B asoTBOII KHCnOTe, paCTBOP 

AOCyXa, T8K K8K ae60nbWHe KDnB'I8CTB8 aSOTBOII KBCnOTbl He MemaJOT 

HM, H npa6aaneHH8M KOHII8HTpHpOB8HHOII COIIHHOII KHCnOTbl paCTBOp AD-

HCI nanee paCTBOp OXn8lKA8eTCH, H acTaT 3KCTpar&pyeTCSI HSOnpo

l,.,nP.AnA.,.<>JTJ.I<O aac&rmeHHbiM 8M consaoll KacnOToll. OpraHB'IecltaR cjlasa 

saTeM acTaT peaKcTparapyeTCR pacTaopoM NaOH , coneplKa-

Fe (Ill) • runpOOKHCbJO lKenesa saxaaTb!BaiOTCl'l nonBOCTbJO 

noTepa acTaTa npa aToM ae npea&rwaJOT 5%. B&rxon - o~tono 90%. 

9KCTp8KUHOHHOI'O OTAeneHHl'l aCTaTa 0T nOIIOBHR H BBCMYTa npHBe

H BbiAeneHHR 8CT8T8 HS KOHU6HTpHpOB8HRblX COIISIHOKHCnbiX paCTBOpOB 

B aTOM cny'lae acnom.syeTCR naasonponanoa&rll acjlHp, conep)[{awall 

20%-aoro pacTaopa Tpa6yTancpoccpaTa B aso6yTanoaoM acpape, H 

.Rna<>T~R B npHCYTCTBHH B Ka'leCTBe BOCCTaHOBHTanR ABYXBaneHTHOI'O 

Bb!Mb!B8JOTCR HS opraHH'I6CKOII cpaSbl CM6CbJO 

saoli K&CnOT. PesKcTpaKUHR npoHSBOAHTCR weno'I&JO. 

no peaKUHRM rny6oKoro pacmenneaaR TOpHR ce'leaae o!Spaso

ABa-TpH nopRAK8 M6Hblll6 CYMMapHOI'O Ca'laHHH o6pa30B8HHH 
/49 50/ 

pacruenneaHR ' • B ABHHOM cny'lae AnH nony'leHHH 

10 

.. 
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paAJioXH~'IeCKB 'IBCToro acTaTa aeo!SXOAliMa O'IBCTKa OT 6om.maacTBa aneM&HTOB nepao-

Ali'18CKOII CBCT6Mbl. 

ns1 
B pa60Te llpBBOABTCH M8TOABKa Bbll18116HBll aCTaTa B3 CBHBila, BBCMyTa B TOpHll, . 

o6nyo~esablx npoToRaMB BbiCOKOII saeprau. Cornacao aToll M&TOABKe OAliB rpaMM MeTamm

'lec~toro TopeR, o6nyqeaaoro npOTOBaMB c asepraell 660 Msa, pacTBOpllaTCH B 5 Mn KOB

neBTpBpOBasaoll aSOTBOII KRCIIOTbl npB BarpeBaRBB B KDn!Se C o6paTBbiM XOnOABIIbHRKOM. 

K aSOTROKRCIIOMY paCTBopy no6aBII118TCII 40 Mil 8M COIIIIHOII KRCIIOTbl, BaC&IW8RROII xnopoM. 

3KCTpaKilHSI llpOBOllBTCB'60 Mil AHHSOIIpOIIBIIOBOI'O 9cpapa B 9KCTpaKTOpe C M8XaRB'I8CKOlt 

Memanxoll. Opraaa'leCKHII enol! nBa)[{llbl npOMbiBaeTCll 15 Mn SM conBBolt KBCnOTbl. AcTaT 

aa &41apa pesltcTparapyeTcs 40 Mn 0,1M pacTaopa cTaRRBTa BaTpBII a 2M NaOH • K meno'I

BOMY paCTBOpy> no6aBIIIIeTCII 10-15 MI' TennypaTa RaTpBII1 4-5 MI' xnopHCTOI'O naRTaRa H 

1-2 MI' xnopoaypaTa HaTpBS. PaCTBOp OT OCall([a OTI1611H8TCH cpHnbTpOBaHHaM 'lepes CT&K

IIIIHBblll cpBnbTp Jl(g 4. 0c8lKA6RBe Tennypa CTaRBTOM HaTpHB nOBTOpS18TCSI eme pas. npa 

aTOM us pacTaopa ynanii!OTCH nonoull, aonOTo, pTyT& • p1111 llpyrHx MeTannoa, cooca)[{naJO

muxcs C M8TaiiiiR'I6CKHM TellllypOM BS Dl8IIO'IBOI'O paCTBOpa B npHCyTCTBHH BOCCTaHOBHT611SI 

ana o!Spasyromux TPYllBOpacTBOpHM&re rHAPOOKRCH. llleno'!aoll cpBnbTpaT non~tacnseTCH 20 Mn 

KOBIIeBTpapoaaaaoll consaolt KBCIIOT&r, conep)[{amell • 4 Mr Tennypa. Oca)[{A8HHe Tennypa, 

a BM8CT9 C BBM H acTaTa B3 KHCIIOI'O paCTBOpa npOBOAHTCH llpH 3HeprH'IHOM nepaM&lllHBa

BBB. nocne KoarynBDHH OCaAKa AnSI nonROTbl OC8)[{l18BHH aCTaTa eme ABS)[{Abl nooaBn.HaTCH 

no 5 Mr Tennypa. OcanoK Tennypa, coneplKamall acTaT, OTnenseTCH OT pacTaopa neTpacpyra

poaaaaeM, npOMbiBaeTCH 6M CDnHBOlt KBCIIOTOII H paCTBOpHeTCH B R8CKOnbKHX KannSIX KOH-

neaTpapoaaaaoll asOTaoll KH;IIOTbl. K nony'leHBOMY pacTaopy no6aanseTCH 20 Mn 6M cons-

ROll KHCnOTbl 0 H Tennyp OCa)[{AaaTCSI ABYXIIOpHCTb!M DnOBOM. nocne KOarynBDHH ocanKa 

eme pas nOBTOplleTCSI OC8)[{116HH8 Tennypa (5 Mr). B&rnaBmHII OCaAOK U6HTpHcpyrapyeTCH 1 

npoMbl&aeTC!I KosneaTpapoaaaaoll KHCnOToll 11 pacTaopseTcs a 5 Mn SM HC I npa npony-

Cltaaaa raaoo6paaaoro xnopa. OT Tennypa acTaT oTnenseTCH aKCTpaKnHell ero a naasonpo

uanoablll scpap. 3cpapa&rll cnoll (6 Mn) ABB)[{llbl npoM&raa-cs 1,5-2 Mn SM conRHoll Kacno

Tbl, H aCTaT pa9KCTparapyeTCH BOAOll (naa pasa no 5 Mn). nocne 9KCTpaKUHH nony'laeT-

CH pacTBOp panaoXHMH'IaCKH 'IHCToro acTaTa • 0,01M no HCI , coneplKamail cneA&r 

paCTBOpHTenH. 

nns OTneneBHH 8CTaTa OT Tennypa H AnSI nony'leRHH KOHU8RTpHpOBaHHOI'O npenapaTa 
/51/ 

MOlKBO acnollb30BaTib xpoMaTorpacpa'!eCKHII MeTOA • PacTaop SM consaoll KHcnOT&r, aa-

c&rmea&blll xnopoM, conep)[{amall Tennyp H acTaT, nponycrtaeTCF. qepes enol! KBTHOHHTa 

nayartc 50 x8. Tennyp aa CMOne ae sanep)[{HBaeTCH, acTaT ancop6apyeTCH H Aanee 

CMblBaaTCB xnopaoll BOAOil. 

BbiXOll aCTaTa no B&rmeonacaaaoli MeTOAHKe cocTa&nseT 60 ;t.10%,cTenea& oaacTKH 

-1o
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~2~/ . 
B pal5o-re necjlopa ' npBBOABTCH cneAyJOmas cxeMa BblAeneos aCTaTa, ol5paayiO-

meroca B peaynL'TaTe peaKDBH pacmenneos Top•s-282 noA AeilcTsHeM npOToRoB c aaepraeil 

180 ~98, TopH9B811 MH1119Rb paCTBOplleTCII B KORDeBTpHpOB8HHOil consHOil KBCDOTe C AOi5aa

neBB9M se15oru.max KODB'I9CTB nnaBBKOBOil KBCnOTbl, PaCTBOp paal5aanseTCH AO s~ HCI 

B aCTaT COOC8>Kll89TCII C 9D9M9HT8pBbiM TennypOM AB)'XDOpBCTbiM onOBOM, Jlng )'AaneBBII 

COOCII:>KAIIJDIIIarOCH DpB 9TOM nonoRIUI Tennyp paCTBOpii9TCR npR sarpeBaBHH B MHBHM8JIL-

BOM KDnB'IecTBe KOHD9BTpBPOB8BBOil 830TBOil KHCnOTbl H BHOBb OC8:>KA89TCII 15onee MRrKHM 

BOCCTasoBBTeneM - cepBBCTbiM raaoM aa paal5asnessoro conRHOKHcnoro pacTBOpa. OcaAoK, 

COA9p:>Kamsi! 8CT8T0 paCTBOP!IeTCII B Hei5on&mOM Oi5'beM9 KOHD9HTpRpOB8HHOil 830THOil KHCnOTbl, 

nOA1119IIII'IBB89TCII AO 2M DO NaOH , H 8CT8T OTA9DSI9TCII OT Tennypa a cneAoB nonoRHII 

H Ap)'rHX pallH08KTBBHbiX 38rpii3H9HHil npa COOC8:>Kil9BHH BX C aneM9HTapHbiM TennypOM DOO

ne nol5asneHRII cTaHHHTa HaTpRII. <l>snLTpaT. nonKu:cngeTCII aaoTHoil xu:cnoToil no 0,8-0,5 M. 

Jlng DpeAOTBp81119BBII 38XB8Ta 8CT8T8 KDnDORilHbiM ODOBOM B MOMeHT B3M9R9HBR KlfC:nOTHOil 

Cp9Abl ll0!58BniiiOTCII Hei5om.mse KOnB'I9CTB8 DD8BBKOBOil KBCnOTblo ¥!3 KBCnoro p8CTB0p8 

8CT8T Bblll9nllaTCSI D)'T9M C8MODpOR3B0nbHOrO OC8:>KA9HRS! Ha cepei5pRHOil ljloru.re. llpH aTOM 

nony'laeTCll a -pansoaKTHBHO 'IBCTbiil npenapaT acTaTa • .llns nepeaeneBHII acTaTa B pacTBop 

Cepei5pS!HaH cjlonbra paCTBOpSI9TCII B KOHneHTpHpOB8HHOil 830THOil KBCnOTe, R cepel5po oca

>K,[l89TCH B au:ne xnopsna. Bo u:a15e:>KaBBe aaxsaTa acTaTa oc~llKOM xnopu:na cepel5pa nocnen-

HHH ODep8DRII DpOBOilRTCII B 38T9MB9HBOM M9C'T9. 

§ 5. <I>H3B'I9CKR9 CBOiiCTB8 8CT8T8 

Yia-aa Manoro nepu:ona nonypaCD8Aa acTaT ae MO:>KeT 15biTb nony'leB B aecOMbiX Konu:

'leCTBax; B CBSI3R C 9TRM cjiR3R'I9CKR9 CBOiiCTB8 9TOrO 9D9M9HT8 II ero C091lRH9HRil 113)''19-

Rbl B9CbM8 H9DODHO. 8 OCHOBHOM 9TH CB9/l9HRSI i5binB nOll)''I9Hbl D)'T9M RHTepnOnRDRR B 

9KCTP8nODIIDRR ll8HHbiX
1
pony'leHHbiX llDSl ero i5nRlKailmRX aaanoroB 1 RnR Ha OCHOB9 TeOpeTB

'IBCKRX paC'IeTOB. 

llpellCK838HHbl9 3H8'19BBH T9MD9p8T)'pbi nnasneBHII II KRD9HRII p8BHbl COOTB9TCTB9HHO: 

t - 411 °C; t = 299°C 
1581 • 8bl'IRCD9HHblll H8 OCHOB9 TeopeTR'I9CKHX ll8BHblX pallB)'C 

DJI KRD 

At+ 7 
OKaaancs paBBblM 0,62 f-1541• KpRCTannu:'leCKRi! ROBHbiJI panu:yc At-, oneHeHHblil PIIAOM u:ccne-

/55-57/ 0 -
noaaTeneA , u:MeeT aenu:qu:ay, 15IIJiaKyJO K 2,8 A. Panu:yc At B raaool5pa3HbiX MoneKynax 

/57/ 
no pac'leTaM paaeH 1,97 ~. Pac'leTbi u:oau:aanaoHHbiX nOTeanu:anos llSIOT cnenyJOmu:e 

/58-60/ /58-69/ /59/ 
3H8'19HRII: nepBbilt - 9,6 9B , BTOpOil - 18,2 9B ; Tp9TRil - 80 98 ; 

'19TB9pTbiJI - 41 38 

91 a.s. 
1591 

• 

1591 
DIITblJI - 51 38 

1591
; W9CTOJI - 78 98 

1591
; C91lbMOJI -

12 

~k 

OTsocu:Ten&aag aneKTpoOTpsnaTen&BOCTb STOMa acTaTa DO oneaKe 

8 IITOMBIUI pecjlpaKDR>t, Bbl'IBCnaRBall B8 OCBOB9 STOlt BenB'IHHbi,- 19,8 C 

Ha ocsoaaBBB u:asecTBblX naHHblx no '18CTOTaM Konel5asu:JI nsyxaToMs 

Br 2 u: J 2aTa aenu:'lu:sa DyTeM aKCTpanonsnu:u: 15blna onpeneneaa a nns 

rpacjiR'I9CK8ll 38BHCHMOCTb cu • ranoreaos B KoopnssaTaX logcu • OT I 
HOBB09 KBSBTOBoe 'IRCno, ]- DOTaHDRan BOBH38DRB MOneBynbl TilDa : 

senB'IHBY J ( At 2 ) • 8,8 a a. Aaanora'IBhiM MeTonoM 15blna onpenenea~ 

llBCCODRSDBB MDnaK)'Dbl 8CT8T8 (D(At 2 )) , KOTOpall OK838D8Cb paBBOI! 1 
/80/ 

pai50Te , DpB BCDDm.30B8BBB T9pMOilBB8Mli'I9CBOro DIIKna, flhlna ODpenene 

+ 
DBII BOBB30B8BBOlt MODe&ynhl 8CT8T8 D (At

2
) = 2,4 9 Bo PaC'I9TIIblM D)'TeM 

119BOTOphle T9pMOilHB8Mli'I9CKB9 xapaKTepHCTBKB llnll 8TOMapsoro SCTSTS 
/84/ 

nbi- At 2 a nnll pl!lla coenu:sesu:JI acTaTa co menO'IHbiMB u: meno'IHCX 

M9BT8MB/
57

•
681

, 

CneeyeT OTMeT&Tb, 'ITO XOTII AnSI nayxaToMaoll MoneKynhl acTaTa 1 

XBMBBo-TepMODBBaMB'I9CKB9 DapaMeTpltl, MOnBK)'na At
2 He flhlna ol5aa: 

TmaTenLBbiX ODhlTax, nposeneRRhlX MeToAoM Macc-cneKTpanLHoro aaanu:a, 

Haal5onee cosepmesBhie npatlopbi noasonHJOT B aaCTOIIWee speMg or 

pble $B3H'I9CKB9 li:OBCT8HTbl 8CTaTa 9KCnep!IM911T8nb.HbiM ll)'T9M
0 

BCnon&3) 

Konx'leCTBa aneMeHTa. TaK, Banpu:Mep, cneKTp nornomeHBII acTaTa xccne 

WbJO BbiCOKO'I)'BCTBBTen&soro cnexTporpacjla c Kanxnngpao-al5cop15nu:oasol! 

30B8HH9M ra300flpa3llbiX Oflp83DOB 8CT8T8 B KOnB'I9CTB8 0,2 IIOIIarpaMI 

BbinH ol5sapy>KeBbi nse nu:BHII c nnxaaMH sons • 2244,01 x 2162,25 

C9llbl COOTB9TCTB911110 K nepeXOil8M 

52 0 47 4 
6p p 3/2 - 6p s P5f2 B 520 6474 

6p ps/2 - P s P3f2 

"' 
§ 6. XHMH'IBCKHe CBOIICTBa 8CT8Ta 

Kax OTMa'lanoc& Bbime, acTaT He BMeeT nonro>Kssymsx aaOTonos, B 

llnll H3)''1911Rll aro CBOIICTB llOC'T)'DIIbi nslllb yn&TpaManbi9 KDnH'IaCTBa ane 
-11 -15 110M BCCn91lOB8HBll DpOBOAIITCSI C KOIID911TpanBIIMB 10 - 10 ~. Haal5 

~ /~! posaBBhll! paCTBop acTaTa (10 ~) !5hm nony'laB B pai50Te • YlaseCTIIO 

8CT8Ta DpHBOilHT K 1 a -p8CD81l)' B MBH)'T)', llo 9TOI! DpB'IHII9 ~~ paCTl 

flbl 8BTHBBOCTbiO 1,54 X 10
16 

a -'laCTBn/MBB OMS, llpH TaKoli Bb!COKOII : 

HOCTB 119B3fle>KIIO npOBCXODBno !5bi BCKBDaBBe BCCnall)'9MbiX paCTBOpOB B B 

pan•onsa BOllhl c otlpaaosasaeM 3Ba'IBTen&BbiX Konu:'laCTB nepexac• BOilOJ 

IS 



/22 •521 npJlBOnBTCR cnenyiOin8SI CX8M8 Bbln&JIQHJISI 8CT8T80 o()paayiO

peaKUHH pacmennesas TOpBR-232 non neACTBB9M npOTOHOB C SHeprll&A 

p8CTBOpS18TCR B KOBU9BTpHpOB8HHOfi COJIBHOfi KBCJIOTQ C no6as

Rn8BHKOBOfi KHCJIOTbl. PaCTBOP paa6aanseTCB no 3M HCI 

S.JI9M&HT8pllbiM TBJI.JIYpOM nBYXJIOpHCTbiM OJIOBOM. nns ynaneHJill 

p8CTBOpR9TCR IIpH BarpeBBHIIH B MHBHM8Jlh-

830TBOfi ItliCJIOTbl H BBOBb 0CBlKn89TCl! 6onee MRrltHM 

raaoM aa paa6aaneaaoro consaoxacnoro pacTeopa. Ocanox, 

H860JlbWOM o6~MQ ItOBU9HTpHpOB8HBOA 830TBOA KHCJIOTb1 0 

NaOH H 8CT8T OTneJISI9TCR OT Tennypa H CJI9nOB noJIOIIHR 

aarpR3H9BHfi npH COOCBlKneBBH HX C SJI9M9BT8pHb1M T9JIJiypOM noc

B8TpHR. <I>HnbTpaT nonKilCJIReTCR aaoTHoA KllCJIOTOfi no 0,3-0,5 M. 

BCTBTB KOJIJIOilnBbiM 01IOBOM B MOM9HT H3M9H9HllR KliC:JIOTHOA 

xon•qecTaa nnas•xoaoA ItllCJIOTbl. Ha Kllcnoro pacTaopa 

caMonpoll3BOJibHOro ocaJKneHllR sa cepe6pBHoA <jloJibre. flp• aTOM 

'IHCTbifi rrpenapaT BCTBTBe nns nepeeeneHJIR BCTBTB B p&CTBOp 

B KOHneHTpBpOBBBHOA 830THOA KllCJIOTe, ll cepe6po oca

H369lK8HB9 aaxsaTa acTaTa ocanxoM xnopana cepe6pa nocnen-

R B 38T9MB9BHOM M9CT9. 

§ 5. <I>H3H'I9CKH9 CBOfiCTB8 aqTBTB 

nonypacnana BCTBT He MOlKBT 6b1Tb nony'leB B BeCOMbiX K01IH

~H3HqecKH9 CBOfiCTBB aToro aneM9BT8 H ero coenHB9HHA Hayqe

aTH CBeneHHR 6hiJill nonyqeHbl nyTeM HBTepnOJIRUHH H 

nns ero 6naJKafimex asanoroa,enu sa ocsoae TeopeTH• 

3HaqeBHR T9MII9p&Typb! IIJI8B.119HB!I H KHII9BBR p&BBbl COOTB9TCTB9HHO: 

= 299 °C 
1531 • 8biqucneHHbiA Ha OCHOB9 TeopeTJlqeCKHX n&BHbiX panayc 

o/54/ -
0,62 A • KpHCTa.nnuqeCKHfi BOBHblfi panayc At , OU9H9BHblll p!lllOM BCC.JI8-

B9JIBqBHY, 6nuaxy10 x 2,3 R. Panayc At- B raaoo6pa3HhiX Monexy.nax 

1,97 5\. • Pac'leTbi aoaeaaneoHHhiX nOTean•anoB naiOT c.nenyiOWHe 

/58-60/ /58-59/ /59/ 
,6 aB , BTOpOll - 18,2 aB ; TpeT!lA - 30 aB ; 

1591 
n!!Tblli - 51 aB 

1591
: W9CTOfi - 78 aB 

1591
; cenbMOfi 
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0Tl!OCBT9JlbH8!1 aJ19ItTp00TpHU8T9JlbBOCTb STOMA BCTBTB no 

A ATOMIIA!I pecjlpAitnH!I, Bbl'll!CJI9liB8R HA OCBOB9 STOll BQJIBqBBbi,-

/61 I 
oneaxe pasaa 

19 3 
3 /62/ . 

, CM • 

2,2, 

Ha OCIIOBAHBB aa~eCTHbiX n&HHhiX no qacTOTBM xone6asaA nsyxaTOMHhiX Monexyn F 
2 

, Cl:! 

• -1/60/ Br 2 • J 2 STa sena'l'aaa nyTeM axcTpanonunaa 6blna bnpeneneaa a nn!l At 
2

- w •- 160cM • 

rpacjlaqecxas aaBHCHMOCTb w • ranoreaoa a xoopnasaTax logw • OT log n 2 J ( rne n - oc-

HOBlloe KBBHTOBOQ 'IHCJI00 J- nOTeHnaan HOHH38IUH MOJieKyJihl Tllna XX) naeT AJIR At
2 

aen•qasy J ( At 2 ) - 8,3 a a. AsanorHqJibiM MeTonoM 6blna onpenenesa eenaqusa aaeprHH 

nHCCOIUSUBH M01I9JtY1Ibl 8CT8T8 ( 0( At 2 ) ) , KOTOpag OK8381IACb paasoA 1 ,2 a e. 8 aToll lKa 
/60/ 

pa()OTQ , npB HCnDm.30B8llKH T9pMOnBli8MB'I8CKOro UBKJIB, 6biJl8 onpe):I91I9H8 B91IHqHH8 nHCCOUHB-
+ 

UKH BOHH30BAHHOA MOJ18KY1Ib1 8CTAT8 0 (At
2

) a 2,4 

H9KOT0pb18 T8pMOnHH8MH'I8CKH9 X8p8KT9pHCTHKH 
164/ 

a a. PacqeTllbiM nyTeM 6biJIB nony'leHbi 

/57 63/ 
nns 8TOM8pHoro BCTBTB t ; MOJieKy-

Jib!- At 2 H nns pB.tla coenuaeaaA acTaTa co wenoqHbiMH u menoqaoaeMaJibHbiMB ane-
MeBTaMK157•631. 

CnenyeT OTMeTBTb, qTo XOTH nnH !layxaTOMaoA MoneJtynhl acTaTa paccqaTaHbi Mllorae 

XliMHKo-TepMoiUHaMBqecxae napaMeTp&r, Monexyna At
2 

ae 6blna o6sapylKeHa npa aecbMa 

TinaTaJibllbiX OIIhiTax, nposeneHllbiX MeTOllOM Macc-cneKTpaJibaoro aaanuaa /65/ 

Haa6onee coaepmel!Hhia npa6opb1 noaaonHIOT B aacTosmee speMH onpeaenRTb HeKOTo

phle cjll!3B'I9CKR9 KOIICTBHTbl BCTBTB 9KCnepRM9HT8JlbHbiM nyTeM, RCIIOJib3Yll RHllHKBTOpHbie 

KOJIRqeCTB8 9JI8Mai!Ta. TaJt, llanpaMep, CnaKTp norJIOin9HHll BCTBTB HCCJI9llOB8JlC!I C IIOMo

InblO BbiCOKO'IYBCTBRT9JlbHOro~naKTporpacjla C K8IIIIJIJIS!pliD-86Cop6nROHHOA gqellxoll C RCIIOJib-

30B8Hli9M raaoo6pa3llb!X o6p83UOB 8CT8T8 B KOJ1RqecTB8 0,2 HOHarp&MM /66/ 

BbiJIB o6sapylK9llbl nBe JIRHHH C nJIRHBMR B01Ill = 2244,01 R 2162,25 5\_, KOTOpoe OTHe-

C9llbl COOT89TCTB911HO It nepexonaM 

52 0 47 4 6p p 3/2 - 6p s Ps/2 R 520 6474 
6p P 3/z - P s P a/2 

" 

§ 6. XHMRqeCKHe CSOllCTBB BCTBTB 

KaK OTMeqanocb Bbiina, BCTBT Be HM98T nOJIPOlKHBYinHX H30TOIIOB
0 

B CBR3H C '19M 

nnl! uay'lesas ero caoAcTa nocTynHhl JIHinb yJibTpaManhie xonu'lecTaa aneMeaTa. B ocsoa-

-11 ·15 
110M BCCJI&nOBBHBB npOSOnHTCll C KOIIU811TpanRHMH 10 - 10 M. Haa6onee KOHU9HTpH-

~ /~/ 
pOBBHHbiA paCTBOp BCTBTB ( 10 M) 6biJl nony'laH B pa60Te • Yl3S9CTHO, qTO 650 BTOMOB 

BCTBTB npHSOnHT It 1 a -pacnany B MHHyTy. flo STOll DpHqHHa 1M p&CTSOp 061I&ll8JI 

6bl BKTHBHOCTblO 1,54 X 10
16 

a -'IBCTBn/MHB CM
3

• flpH TBKOil Bb!COKOA Yll91IbHOA BKTRB

IIOCTK H8R36elKHO IIpOHCXOnBJIO 6b! BCKBIIBHK8 RCCnenyeMbiX paCTBOPOB H HHT9HCBBHbiA 

p'nBOJIB3 BO.tlhl 9 o6paaoaaaBeM asa'IKTenbHbiX KOJIB'lecTs nepeKBCH aoaopona. 
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B STBX ycnoaaax 6blno 6bl aeBOSMOlKHO CTa6&JIB3HpoaaTb acTaT B JKenaeMOM OIUICJIHTeJibHOM 

COCTOSIHBB, ACTST, KSK B ace 9Jl8M8HTb1 0 HaXOJUtCb B yllbTpaMaJibiX S:OHU9HTpBHX1 H9B36eJKRO 

6y.l:leT B3aHMO.[leiiCTBOBaTb B paCTBOpaX CO CJie.[laMH 3arpR3H9HBII0 COp6HpOB8TbCSI Ha Ubine-

BB.[lHblX 'faCTHilaX, o6pasy,-.: pa.[lHOS:OniiOB.[lbl t B T,.[l, 

06bi'iHOo B3y'faSI UOBe.[leHBe sneMeHTa0 HaXO.[l:tiiierOCSI B HH.[lHKSTOpHbiX KOJlB'ieCTBaX1 

BCU01Ib3YIOT MeTO.I:l HOCBTeneil, Ho aCTaT Be &MeeT HB CTa6BJlbHblX H30TOUHbiX HOCHTeneil1 

aa .l:lOCTaTO'iRO y.l:loaneTaopaTen&aoro ReasOTonRoro ROC&Teng, RsnSISICb Raa6onee THJKenbiM 

sneMeRTOM no.l:lrpynn&I ranoreaoa, OR nonJKeR o6nanaTb csollcTBaMH nocnenRax. Onaas:o 

SJieKTpOUOJIOlKBTeJlbRble CBOliCTBa y 8CT8T8 UpOSIBJISIIOTCSI 6onee pe3K0 0 '19M y 1\ona, B B 

R9KOT0pb!X CJIY'i8HX OR HSilOMBRSeT MeTaniJbi, nonoJKeHBe CHJlbBO OCJIOlKBReTCR TeM1 'iTO XB-
/67-69/ 

MBR CnenoB.biX KOJIH'feCTB ilona CHJlbRO OTDJI'fSeTCSI OT XBMHH erO MSKpOKOJIB'feCTB 

npa MSJibiX KOBileBTp81lHHX l\ona &MeeT M9CTO He Ton&KO o6p830B8RHe ROBb!X ljlopM (aanpH

Mep, npa OKacneRBB xpoMOM- VI BJIB nepaeM - IV llonana npa xoaneBTpanaHX nopRJlKS 

-7 10 M B 1M cepROil KHCJIOTe 6binH BallneRbl TpB Re&neHTBij}HilHPOBaRRble B R9H3BeCTHbJe B 

MaKpOXBMHH Ilona lj}OpMb!), BO H B3aHMOnel!CTBHe erO CO cnenaMH llbinH H MHKp0UpHM9CII-

/70/ 
MB 

8 aaCTOrunee apeMR H3BeCTHbl 'f8Tblpe OKBCJIBTen&BbiX COCTOSIHBSI acTaTa·: At -acTa-

Tan; At(O)- ayneaoe COCTORR&e; At(X) - BeKOTOpOe ReaneRTBij}HilBPOB8HR09 BaneBTBoe 

+S - /71/ 
COCTORRBe H At - B ljlopMe SCTaTa (AtO 3 ) , B pa60Te AnneJlbMaila npason&TCSI 

cnenyJOwaSI cxeMa OKcanaTeJlb&o-aoccTaROBBTeJlbRhJX nOTeanaanoa acTaTa npa p II • 1 : 

At- -0, 38At(O) - 1•08At(X) -~ AtO- <-l,68H AtO (?) 
3 5 6 

1) ACTST B RyneBOM COCTORRBB - At (0) nono6ao sneMeBTapRoMy llony, acTaT 

B ayneBOM OTHOCHTeJlbROM COCTORBBB o6nanaeT O'feBb 6on&wol\ neTy'feCTbJO, Ha STOM CBOll

CTBe1 B 'faCTHOCTB 1 OCROBaH MeTon BbJneneBBR aCTaTS B3 pacnnasneRROll BBCMYTOBOII 

MBWeRHo 

AcTaT, aaxonac& s rasoo6pa3ROM cocTOliHBB, nerKO cop6BpyeTCR noaepxaOCTRMB paa

na'iRbiX MaTepaanos. B Ta6nane 2 npasenea&I pesyn&T8Tbl no onaospeMeaaol\ ancop6na• 
/44/ 

aCTaTa Ra nosepXROCTRX p83JIB'fHbiX M8T8JIJIOB B Bb!COKOM BSKyyMe o nosepXHOCTb Me-

TSJIJIOB B KslKnOM CJIY'fae npensapaTeJlbHO O'fHW8J18Cb aarpeaaHBeM llO ~ 400°C B 8TMOC!jlepe 

sonopona. 

11cnapeaae a ancop61lBst acTaTa sasacaT OT npaponhl JionnoJKKH. ManaS! neTy'feCTit 

C IIOBepXROCTB 30JIOT8 B nnaTHHb1 0 IIQ-BBJlBMOMYo o61.steHsteTCst o6p830B8BHeM BOBOII saneRT
/44/ 

ROil ljlopMbl 8CT8Ta BJIB ero B38HMOneiiCTBB8M C M8TepH8JIOM nonnolKKB . , 

14 
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.. 

Ta«Snaua 2 

Kcm.'llec'I'BO ancopGapOBaBBOro 8C'J'a'J'a a OTBOCBTt 
Mtl'l'ana IIIU~IIIUII 

82s"c 
i20°C 

1 ·onb!T 2 

Amcuqnl 0,8 0,2 

HBK81Ib 0,2 0,8 

Melli> 0,5 '0,8 

nna'J'au 86,8 88,5 

3onOTO 88,4 0,1 

Cepe6po 24,8 65,0 

100,0% 100,0%. ~( 

ACT8'J' B syneBOM COCTOstBBB B paCTBOpax B81Ib3R OTOJKneC'J'BJIII'I'It ,C K8Ko 

OllpeneneBBOII XBMB'II8CKOil ljlopMOil, 3TO MOryT 6b!Tb nponys:Tbl pe8KilHB 8C'I 

MB OprsHB'IeCKBX 3arpst3B811BII0 MeJKranoreHHble C09.[lBReBHR aCTaTa H 9JI9M9E 
• /45/ 

'!'a'!' • nocnenaaii,Gesycnosao, DpacyTCTByeT s paa6asneaHblx aao'J'BOKHCnbl 

3To cnenyeT XOTst 6bl B3 '!'oro, 'ITO llpB acnapeaaa pac-raopa Ra6nJOnaJOTcst 6 

aCT8'J'8• npa Bb!CYWBBaHBB a30TBOKBCJIOrO paCTBOpa Ba llJiaTBBOBbiX nonnOlKK8 

1441 
Cst llpBMepao 28% 8CTaTa , 0nH8KO llOTepB 8C'J'8T8 BCnenCTBBe ero Jl&Ty'le 

BeJIBKB, KaK llOT&pB ilona llpB Bblll8pBBaRBB paCTBOpOB1 coneplKaWBX MBKpOII:OJI 

M&BTapaoro Ilona. YneplKBsatBe acTaTa aa pa3JIB'IB&JX noaepxaocTSIX npB Bblll 

Hb!X pacTsopoa MeHsteTCR B 38BBCBMOCTB OT Dpaponbl nosepxaoc'J'a, cocTasa 1 
/15/ 

ycnosail Bblll8pBB8BBst · , 

AcTaTY a synesoM cocToliHau npacyma cop6naa aa corexne as paa6asne1 

/45/ 
KBCJibiX pacTaopos • YaenH'IeHBe KOHUeHTPaJIBB asOTaoll KBCJIOTbl npBBOJlB'I 

BRIO cop61lBR1 BepORTR01 B pe3yllb'J'aTe B3MQH8HBII B8J19BTHOrO COCTOliHBst 8CTI 

At ( 0) , Jl:aK H lion, B 9JI9M8BTapBOM COCTOSIHBB 0'18Bb XOpOWO SKC'J'P81 

a30TBOKBCJ1b!X paCTBOpOB llO'I'J'B BC&MB opraBH'I&CKBMB paCTBOpB'J'QJIIIMBo 3TO 

SCTaTa W8p0KO HCilOIIb3yeTCII npa R3Y'I9HBR ero XBMBH, Ha6n10neaae sa B3M• 

ljlanaea-roa SKCTPaKUHB acTaTa as pacTBopoa HNO 
3 

npB asMeaeaaa xoane1 

aell npB no6asneaBa npyrax KBcnOT, KOMnnexcoo6paaoaaTenell &JIB pasna'IB&I: 

16 



•bl H9BOCiMO>KHO CTa6HJIH3RpOBaTb aCTaT B >K911a9MOM OltHCIIHT911bHOM 

ace SII9M9RTbl, HaXOIUICb B YllbTpaMallblX ltOHll9HTpHHX0 H9R36e>KRO 

Tb a pacTBopax co cnenaMH aa:rp>13HeHHil, cop6apoaaTbCst aa Uhme-

,~ panROltOIIIIORnbl , B T,n. 

·BeneHBe SII9M9HTa, HaXOn3Ill9I'OCSl B HHARKaTOpHbiX KOIIH'l9CTBSX, 

eneil, Ho acTaT Re HM99T HH CTa6RilbHblX H30TOllHblX HOCBTelleil, 

OpRT91lbHOI'O H9B30TOIIHOI'O HOCRT911Sl, HBIISISICb HaB601199 TSl>K911blM 

noreaos, oR .non>KeH o6nanaTb caoilc'I'BSMB nocne.naux. OnHaKo 

SCTa'l'a npOHBIISIIOTCH 6onee p93KO, '19M y ilona, B B 

anOMBBae'l' MeTallllbl, nonO>K9HH9 CHilbHO OCIIO>KHH9TCH 'l'eM, 'ITO XB-

/67-69/ 
ilona CHilbHO OTJlH'l89TCSI OT XBMHH 9I'O M8ltp0KOIIR'l9C'I'B 

HM99T M9C'I'O He 'I'OilbKO o6pa30BaHB9 HOBblX ~OpM (aanpB

OM- VI BIIB nepHeM - IV ilonBA8 npa KOilll9H'I'panHHX llOPHAit8 

110'1'9 6blllH HailneHbl TpB BeHneRTB~HllRPOBaBHble B H9H3B9C'I'Hble B 

) , HO R B38HMOA9iiC'I'BH9 9I'O CO Cll9n8MH llblllH H MRitpOnpBMQCll-

S1 H3B9C'I'Hbl 'l9Tblpe OKBCIIH'I'ellbHblX COCTOHHBSI ac'l'a'l'a: At- -aC'I'a

COCTOSIHHe; At(X) - H9KOTOpoe ReHn9H'I'H~llHPOBaHHoe salleH'I'Hoe 

- /71/ 
~opMe acTa'l'a (AtO 3 ) • B pa60Te AnnellbMalia npBBOnBTCH 

:aT911hHo-BOCC'I'aBOBHT91lbHblX llOT9HilB8110B aCT8T8 npa • p II • 1 : 

-O,JsAt(O) - 1 • 08At(X) _-l,Ss AtO- <-1•6811 AtO (?) 
3 5 6 

- At(O) nono6HO SII9M9HT8pHOMY llony, 8C'I'8'1' 

M coc'l'ostHRB o6na.naeT O'leHb 6ollbwoil neTy'leC'I'bro. Ha STOM csoii

'BaH M9TOn BblnelleHBSI ac'l'a'l'a B3 paCnllaBII9HBOil BBCMyTOBOil 

I'83006pa3HOM COCTOHHBB, 119I'KO COp6Bpye'I'CSI nosepXHOCTHMB pa3-

Ta611Hil9 2 npaseneHbi peayllb'l's'l'bl no onaospeMeaaoll a.ncop6naa 

/44/ 
pa311R'lHblX MeTaiiiiOB B BblCOKOM saKyyMe • nosepXHOCTb M&-

npensapH'I'ellbHO O'lHill811aCb aa:rpesasaeM no .. 400°C s 8'1'Moc~pe 

op6nBH 8CT8'1'8 38BHCBT OT npBpOnb! llOAIIO>KKRo ~8118H ne'l'y'l9CTb 

nllBTBBhi, no-sanBMOMY, o61.l1Caste'I'Cst o6pasosaaaeM sosoll saneHT

/44/ 
I'O B38HMOneliCTBR9M C M8TepR8110M llOltiiO>KKB 
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Talln•n• 2 

Maoran.a 
KonB'lecTBO AACOpiSBpoa&BBOI'O 8C'I'8T8 B OTBOCB'I'enbBb!X 

lmSZIIIIXII 
120°C 828°C 

1 Ollbl'l' 2 Ollbl'l' 

AmoMBnl 0,8 0,2 0,8 

HaJtem. 0,2 0,6 0,7 

Me.cDo 0,5 • 0,6 4,8 

nna'I'BH8 86,8 88,5 6,5 

3onOTo 88,4 0,1 0,7 

Cepellpo 24,8 65,0 87,5 

100,0% 100,0%. 100,0% 

Ac'l'a'l' a aynesoM coc'I'OKBRB s pacTBopax Rallb3B OTO>KAaC'I'BIIBT&,c KaJtoll-na6o. 

Ollpllll9118HBOll XRMB'ISCKOII ~pMoll, 3'1'0 MO:r'y'l' ISb!Tb DPOllYJtTbl pealtllRR 8CT8'1'8 CO cnena

MB Opi'8HB'l9CKRX 38I'p>l3H8HBII0 ,MelKI'8IIOI'eRBb19 CoellRB9BRH 8CT8T8 B SII9MaH'1'8pBb111 ac-
/48/ 

'1'8'1' • nocneQBRli 1 1Se3yCIIOBBO, DpRCYTCTBye'l' B pa368BII9HBblX 830THOitBCIIb1X paCTBOpax. 

3'1'0 Cllllll)'a'l' XOTB lib! B3 TOI'00 'ITO DpB BCDapeHRR paC'I'BOpa B861110ll8D'I'CH 60ilbWRe DOTepa 

8CT8'1'8o npa Bb1CYWRB8BRR 830THOitRCIIOI'O p8C'I'BOpa HS DII8'1'BH0Bb1X DOlliiO>KKSX yne'l'y.-saeT-
. /44/ 

cs npaMepao 26% ac'l'a'l'a • O.!IBaKo nOTepa acTa'l'a scnenCTBBe ero neTy'leCTR ae TaK 

B911BitR0 lt8K DOTepR liOA8 DpB Bblll8pBB8HRB paCTBOpos, COll9p~81llBX MBitpOitOIIB'leCTBa sne

M8B'1'8pBOI'O llolla. YllepJKasaaae ac'l'a'l'a sa pa31lB'lBbiX nosep~oc'I'HX npa sbmapasaaau BOll-, 

BbiX paC'I'BOpOB M9BHeTCH B 38BRCHMOC'I'B OT DPRPOilbl nosepXHOCTB, COCT8B8 paC'I'BOpa B 
/15/ 

)'CIIOBBII Bblll8pBB8HBH · , 

AcTa'l')' a aynesoM coc'l'oHHaa npucyma cop6nau sa cTexne B3 pa36asneBHhlx a30TBo
/48/ 

KRCIIb!X pac'l'sopos • Ysenll'leaue KOBilaBTpallBB 830THoll KBCIIOTbi DpBBOllRT K yMeH&me-

/45/ HBIO copl!l{BB, BapOHTHO, B pe3yllb'I'8T8 B3M9H9HBH B8119H'I'BOI'O COC'I'OHRRB 8CT8T8 • 

At ( 0) , lt811: R liOll, B SIIIIM9HT8pBOM COCTOHRRR O'leHb XOpOWO SKCTp8I'H pye'I'CSI 83 

830THOII:RCIIblX p8CTB0p08 DO'ITB BC9MB Opi'8BB'l9Cil:RMR paCTBOpB'I'911BMB. 3'1'0 CBOliCTEO 

acTaTa wqpo11:o RCllOilb3yeTCH npz R3)''111BRB ero XHMBH. HallnroQeHBe 38 R3MaReaueM KOS~ 

~HnBeB'I'OB Sll:CTpaKllBB acTa'l'a R3 pac'l'sopos IIN0
3 

npa R3Meaesuu ltOBneB'I'panau nocnen

Bet .DpR ll0688119BBH npyi'RX KBCIIOT, KOMDIIaltC006pa30B8T91laJI BnR p8311B'lHblX OKHCIIHIOillRX I ; 

~ 
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B BOCCT8R8B.IlBB8~lllBX ar&RTOB ~aeT B03MO*BOCTa YCT8HOBBTa ~OPMY 8KCTparapyeMoro 

coe~aeaaa, creaeBD xoMDnexcoo6paaoBaaaa a DOTeanaan oKBcneHBa. 

Ha opraBB'IecxoA 4J&3b1 At (0) DonBOCTb~ Bbl~enseTCB npa BCTpHXBB8HBB 0,1MNa0H. 

Beposrrao, B llAHBOM cnrrae npoacxo~T ~CnpODOPJU:OHBposane At(O) 110 8CT8TB~8 • 

1441 
6onee BLICoxoro oaacnaaaoro COCTOBBBB • fioaxacneaae paCTaopa nepesoaaT acTaT s 

npe*BIOJO ~OpM)", B OR BBOBD 9KCTparapyeTCK opr8BB'IecKBMB paCTBOpBTe.llBMB C npelKHBM 

:a:oecjltJrnaeBToM pacDpe~enenB. 

l13 BO~LIX paCTBOpOB At (0) '18CTB'IHO COOC8m~8eTCB C H8KOT0pb1MB raapOOKBCHliO:B, 

a TUlKe c AgJ B TJ j , B8pOBTHO, B pe3yollDT8Te COptlUBH ero p83BBTOA nosepXROCT&~ 

STBX ocaaaoB; yaena'leaae xacnOTaOCTB pacTsopa cosepweaao noaasnseT aacop6na~. fipo--

MLIB8BBe OC8AIOB Agj B Tl J 8D8TOH~M nonaOCTa~ y~anseT acTaT c ax noBepxaocTa. 

ACTaT B ayneBOM COCTOHBBB MO*BO Bblll8n&Th B3 p8CTBOp8 npB OC8*1l8HBB H8 aneMeR

/18 72/ 
T8pBOM Tennypa, MeTannB'I8CIOM cepet)pe B B8 CynD~~8X p83n&'IHLIX TRlK&.IlbiX M8T8n.llOB ' • 

Oa TaBlKe COOC8lKil88TCR c PdJ 
2 

/47/ 

l13y'!8HBe 8.1l8KTpOXBMB'IeCKOrO DOB81l8HBR 8CT8T8 DOK83~no, 'ITO KpHTB'I8CKHll nOTeR-

DB8.1l Bblll81l8HBH At(O) B3 830THOKRC.Ilh!X p8CTBOpOB H8 K8TOile paaeH - 1,22 BO.IlDTa, a 

/44/ 
R8 8R01l8 - 1,45BOilbT8 • 8 K8'1eCTBe aneKTpOilOB B 8TRX 0Dh!T8X RCDOilb30B8.1lRCb TOHKBe 

aonOTLie ~onDra. 

Jlpapo~a coeaaaeaall acTaTa, BhraenH~maxcs npa snexTponaae, aeaasecTaa. 

3KCTp8KUKR 8CT8T8 DOnHpHLIMB p8CTBOpBTe.llRMB B3 paCTBOpOB MHHepallbHLIX KHC.IlOT 

B npacyTCTBHH OKBC.IlBTeneA ana BOCCT8HOBBTeneA WHpOKO RCDOilb3yeTCH npa H3Y'I8HHH 

/44 45 48 78/ 
XBMBH 8CT8T8 ' ' ' • flpaaaa, cneayeT OTMeTHTb, 'ITO K03~HllB8HThl pacnpeaeneHBH 

At(O) M8lKliY BO!(HOll H opr8BH'IeCKOA ~30A BeCbM8 CBIIhHO 38BBCHT OT 'IHCTOThl npa-

M8HR8MhlX peareHTOB, fipHM8CB, H8XOilRCa ~8lK8 B MBKpOKOHD8BTp8DBHX, MOryT nepeseCTB 

3B8'1KT8nbHyJO '18CTb 8CT8T8 B +opMy C apyrHM K08~~HDH8HTOM pacnpeaeneHHH. Tax, MHoro--

KpaTB8H 8ICTp8BDHR 8CT8T8 H3 O!(HOrO H TOrO me paCTBOpa opraBH'I8CKRM paCTBOpRTeneM 

DpHBODHT K naneBB~ K09~HUHeHT8 pacnpene.lleHBR C K8lK!IOA 3KCTp8InHeA a, H8KOBen, 

acTaT coBCeM nepecTaeT axcTparapoJ;~aTbcs. To'IHO Tax me a s cnyqae MHOrOl!tpaTaoA 

pe8KCTp8KDBH H3 opr8HH'I9CKOA ~3hl 80!(Hh!M p8CTBOpOM KOnH'I8CTBO peaKCTparapyeMOrO 

144 45/ 
8CT8T8 D8!(89T ' • 8 CBH3 B C STHM npa npBB.Ile'leHBH 3KCTp8KUHB K8K M9TOil8 B3y'le-

HIIIH XBMIIH 8CT8T8 MOlKBO ae.ll8Tb BbJBOilbl Ofi H3M9HeHBH COCTOHHBH nocnenaero TOIIhKO 

s cny'lae o'leBb 6onawax paana'laA s xos~anaeaTax pacnpeneneaaa accneayeMLIX ~opM 
/15/ 

8CT8T8 

CymeCTB&HHhiA BKna~ B B3y'leHae XRMBB 8CT8T8 8KCTp8KilaOHHhlM M9TO!(OM BH&Cna 

/44/ /48/ /45 78/ 
!llKoacoa, Jleaaarep H Cerpe , He AMaH a AnnellbMaa ' • Tax, npa aeA~TBaB 
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BOCCT8HOBBT8.1l8A TBnB S0 2 H 3 AsO 3 ana MeTanna'lecxoro llBBKa aa 

coneplKamae At(O) 1 H86n~aanocb pea:rr:oe YM8HbW&Rae KOS~aJU:eHTOI 

fipa 3TOM, 0'19BBIUIO, 8CT8T B ayneBOM COCTO.IDUIB BOCCT8B8BnBB88TCH II< 

TseplKaaeTCB coocaJKneaaeM ero c llonaaaMB cepe6pa ana Tannag. 

fipB ~eACTBBB Br 2 , UOo-BB!(BMOMY t npOBCXOliBT OKCBneHBe 8CT8Ti 

pOB8HBOrO B8.1l8HTBOrO COCTORBaH 
/45/ 

!lo6asneaae CBIIhHLIX OKBCnHT&neA TBU8 S 2 0 a • nepesonaT 8CT8T B C 

1441 
COOC8lKI!8JOW8eCH C Aon8TOM Cepefipa • 

2) AcraTan-aoa npeacTasnseT aaa6onee aay'leaaoe cOCToaaae acTe 

TOro, 'ITO ST8 ~OpM8 npORBnHeT aaafiOIIhWee no~o6ae CO CBOliCTB8MB Ac 

pa3yeTCB B p8CTBOpax, COil8PlK8!llBX 8CT8T B ayneBOM COCTOBHBa, B npa 

BOCCT8HOBaTeneA, T8KHX, K8K SO 2 , H 3 As 0 3 , sonopoa s MOMeHT Bi.IJ:IE 

pacTsope ana Na 2 SO 3 B meno'IHOM. Ha aTo yxaabrsa~T peaynbT8Thr 011~1 
' \ 

Marpaua a no coocalKaeaa~ c AoaanaMB npa n~6hiX aHa'leaaax xacncnls, 

/18 44/ -
CTBHJI p83nH'IHhiX aHaOHOB ' o At He y~anaeTCa B3 OC81lKOB Hepe 

!(OB npa npOMhlB8HBa ax 8D9TOBOM (xax sTo aMeno MecTo s cny'lae c 

3Ta naHBhie CBaaeTenbCTBY~ 06 B30MOp~HOM COOCamaeHBa At- C A0111 

OTHomeHae xos~~anaeaTos na~yaaa J H ·At B 1% p8CTBOpe 
-8 -8 

meM 1,2 x 10 MKJ a 4 x 10 MNa
2

S0
3 o Jo •1 , paaao: 

J At-

fipeanonaraeTCa, 'ITO acTaTaa-aoll nornomaeT ynbTpa~aoneTOBhre n1 

BO.IlBbl ~ 8000 X 1751• 

Pa60Ty c At a xacnoM pacTaope cneayeT npoao~aTb c 6onbw< 

/18 44/ 
CTbJO, T8K K8K eCTa YI838HaH B8 06p830B8llae neTy'laX 8CT8TB~OB ' 

8) He aaeaTa~U:aposaaaoe saneHTsoe cocToaue- At( X) • Taxae 

B8H8~8T-aoa, 6poM, xnolf. 6aXpOM8T, KOHil9HTpBpOB8HH8B 830TB8R :rr:acnOTi 

neJITBOrO lKene38 OKacn~ At(O) ~0 HeKOTOpoA saneBTaoll ~pMhi, C~ 

KOTopoll nelKaT MelKnY At(O) - /15 44 45/ 
a AtO 3 ' ' • 3Ta ~opMa ae sxc 

'leTLipexxnopacThrM yrnepoaoM a He coocamaaeTCs c Aona~aMa. 

HexoTOpLie accnenosaTena npBnachiB&IOT aaHBOMY cocToaBBIO acTaTa 

- 177 78/ - 178/ 
~pyrae - ~OPMY AtO ' (no aaanoraa c AoaoM) ana AtO 

2 

Rae nocnenaeA ~na Aoaa a He ycTaHosneao, Ho, xax c'laTaeT asTop, aTa 

38TbCR 6onee CT86a.llbHOA nnB 8CT8T8o 

0cHOBHLI8 38KOHOMepBOCTa aaMeHeHaH CBoliCTB ;;~neMeHTOB B nepa0111 

yxaah!sa~ aa To, 'ITO acTaT aonmea 6hrTb 6onee 'MeTanna'leH! 'leM apyr 

s '18CTHOCTB, 03H8'18eT, 'ITO acTaT aonJKea ner'le, 'leM Aoa,. npao6peTaTh 1 

17 

t'~ ... ~:""' 



yCT8ROBBTb ~OPMY SXCTparBpyeMOro 

.excoo6pasoaaa•a B nOTeanBan ox.cneaaao 

nonaocTbro BhlA8DB8TCB DpB BCTPBXBB8BBB O,lMNaOH. 

npOBCXOABT ABCDPOD0pnBOBBpOB8BB8 At(O) AO aCT8TBA8 B 

1441 
COCTORBRB o fiOAXBCD8HB8 paCTaopa nepeaOABT 8CT8T B 

sXCTparapyeTCB opraBBqeCKBMB paCTBOpRT8DBMB C npe~BBM 

At(O) qaCTBqBO COOC8~A8eTCll C B8XOTOpblMR rHApOOXRCliM:a, 

aepoaTHO, a pesynbT8Te copfSnaa ero pasaaToA noaepxaocTbro 

XRCDOTHOCTB paCTBOp8 COB8pW8BBO DOA8BDH8T 8ACOpfSnBroo fipo--

TlJ 8D8TOH?M DODBOCTbro YA8Dli8T 8CT8T C RX D088PXHOCTBo 

MO~BO BblA81IBTb B3 paCT80P8 npB OC8~A8BBB B8 3D9M8B

/18 72/ 
B Ba CYDb~A8X pasii.HqHhlX T~enhlX M8T8M08 ° o 

.qA~xoro DOB8A8HBll 8CTaT8 DOX838DO, qTO KpBTBqecKBA DOT8B

B8 KaTOAe paB&H - 1,22 BODbT8 0 8 

STBX ODblT8X BCDODb30B8DBCb TOBKBe 

Bb1Jl8Dl!IOWBXCH DpB SD8KTpOIIB38 0 H8B3B8CTH8o 

paCTBOpBTenliMB B3 p8CTBOPOB MBHepaDbBhlX KBCDOT 

BDH BOCCT8HOBRT8neft WBpOKO HCDODbSyeTCB DpB aayqeHBB 

npaB)la, CD8AY8T OTM8TRTb0 qTO KOS~BDB8HTbl pacnp8A8D8BBH 

opraaaqecxoA ~aoA aecbMa CRDbBO saaacl!T OT qacTOTbt npa

Aa~e B MRKPOKOHD8BTpaUBBX0 MOryT nepeaeCTR 

B ~OpMy C ApyrHM KOS~~HDH&HTOM pacnpeAeDeBHBo Tax, MHoro-

paCTBOp8 opraagqeCKHM paCTBOpRT8D8M 

C Ka*AOA SKCTpaKnaeA Bo H8KOR8D0 

ToqHo Tax ~e a a cnyqae MaoroxpaTHOA 

paCTBOpOM KOIIBq&CTBO pesKCTp&rRpyeMOro 

STHM Dpa DpRBneqeHBH SKCTpaKUHH K8X M&TOAa R3yqe

B~80Abl ofS R3M8H8HBH COCTOBHRB DOCD&AH&ro TODbKO 

a aos~anaeHTax pacnpeAeneaaa accneAyeMhlX ~opM 

HayqeHHe XRMHH 8CTaTa 9KCTp8KUBOHHbiM M&TOAOM BH8CDB 

441 1481 145 73/ 
, He AMaH H AnnenbMaH ' o Tax , npa A&ACTBRB 
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BOCCT8BOBBT&DeA THUS SO 2 , H 3 As 0 3 ana M&TannBqecxoro naaxa aa KBCDbte pacTaophl, 

coAep~amae At ( 0) , aafSnroAaDOCb pesxoe yMeBbweaae xos~BnB&HTOB pacnpeAeneaaao 

npa 3TOM 0 oqesaAHOo acraT B ayneBOM COCTOBHBR 80CCTaBaanaaaeTCH AO At- 0 qTo DOA

TBep~)la&TCB cooca~AeaaeM ero c AoARA8MR cepe6pa ana TannaHo 

npa A&ACT8Ra Br2 , no-aBAaMOMy,npoaCXOABT oxcaneHBe acTaTa AO BeRA&BTa~an•
/~/ 

poaaaaoro aaD8BTBOrO COCTOHBall 

.nofSasneaae CanbBhlX OKaCIIBTeneA Tana 5 2 0 8 - nepe80ABT aCT8T 8 COCTOBHB8 (AtO-), 
/44/ 3 

cooca*Aaromeeca c AoAaTOM cepefSpa o 

2) AcTaTau-uoa npeACTa8nlleT aaafSonee aayqeaaoe COCTOBHBe acTaTa 8CDeACT8Re 

TOro, qTO STa ~OpMa DpOSIBDBeT HaafSODbwee DOA06ae CO C80ACTBaMR JiOAHA-aOH8o At- 015-

paay&TCH B p8CT80p8X0 COAep~8WRX 8CT8T B HyneaoM COCTOHRaa, 8 npacyTCTBBB CaDbRbiX 

BOCCT8HOBRT8DeA, T8KHX1 KaK S02 0 H 3 As0 3 1 BOAOPOA B MOM8HT BbiA8118Haa B KHCDOM 

pacT8ope ana Na 2 00 3 8 wenoqaoMo Ha &To YK83biB8IOT peaynbT8Thl ODbiTOB no snexTpOoo 

Marpan-a a no cooca~Aeaaro c AOAHA8MB npa nrofSbtX aaaqeaaax KBCDOTBOCTR B a npacyT-

/18 44/ -
CTBHR paaii.HqHbtX aHHOHOB ' o At He yAanaeTCa R3 ocaAKOB aepacT80PBMhlX AoAB-

A08 npa DpOMb!BaHaa RX 8D8TOROM (K8K STO HMeno MeCTO B cnyqae COOC8~AeRRH At(O) )o 

3TH A8RHbl8 CBaA8T8DbCTBYIOT 06 B30MOp~HOM COOC8*A8HBa At- C AOARA8MBo 

OTapweHRe KOS~~RDB&HTOB AH~Y3BR J R At 8 1% paCT80pe NaCJ , COAep~a-
-3 

a 4 x 10 MNa 2 S0
3 

0 _/0 =1 41+0 02
1741

0 

J At- ' -
1 

x 10-SM KJ meM 1,2 , paaao: 

fipeAnonaraeTCa, qTo acTaTah-aoa nornomaeT ynbTpa~aoneTOBbte nyqB c AIIBBoA 

80DBhl ~ 3000 X 1751
0 

PafSOTy C At 8 KHCDOM p8CTBOpe CD8AY8T DpOBOAHTb C f50DbWOH npeAOCTOpO~Ro-
/18 44/ 

CTbro, Tax xax eCTb yxaaaaaa aa o6paaoaaaae neTyqax acTaTaAOB ' • 

3) He RA8BTRpJiHpOB8RR08 B8D8HTR08 COCTOBBR&- At( X) •. Taxae OKRCIIBT&DR, K8K 

"' BaR8A8T-ROB0 fSpoM, XDOp 0 fSaXpOM8T0 KOHU8BTpRpOB8HBaH 830TB8B KRCDOTa H HOHhl Tpexaa-

neaTaoro ~eneaa OKBCDmoT 

KOTopoll ne~aT Me~AY At(O) 

At(O) 

• 
AO H8KOTOpOA B8D8BTBOA ~OpMbl 0 CT8D8Hb OKRCD&HBH 

- /15 44 45/ 
AtO 3 ' ' , 3Ta ~opMa He sKCTparBpyeTca 

qeThlpexxnopBCTblM yrnepOAOM B Be COOC8*A88TCH C l!OARAaMR, 

1761 
HexoTophle BCcneAo8aTena npBDBCbl88roT A8HHOMY cocToaHBro acTaTa aapBA +3 ; 

- 177 78/ - 178/ 
Apyrae - ~OPMY AtO 0 

(no aaanoraa C AOAOM) BDB AIO 
2 

, XOTa cymecTBOBB-

HHe DOCD&ABell ADH AOA8 a He yCT8HOBDeH00 B00 KBK CqRT88T 8BTop, ST8 ~OpMa MO*&T OK8-

38TbCH 6onee CT86RnbBOA ADB 8CT8T8, 

0c&08Hbl8 38KOBOM8pBOCTB B3M8R8BBll CBOACTB sneMeHTOB B nepBOAB'I&CKOA CHCTeMe 

yxaabtB810T Ha To, ~o acTaT AOD*eB 15btTb 6onee 'MeTanii.Hqea! '!eM Apyrae ranoreahl. 3To, 

B qa9'l:'II.OCTR 0 osaaqa.-r, qTo 8CT8T AOD~eB nerqe, qeM JioA,, npaofSpeTaTb DODO*HT&DbHblft 
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3Apll.ll. B PIIJl8 pal50'1' yiUl3blaaeTCII, 'ITO 110 CaOBM CaoiCTBAM ACTAT ISonee DOX- BA nono

/18 79/ 
all B aBC:MYT - C:BOBX ISUlKAlbo:X COC:8A81 a Tal5rurll81-"18M RA loA ' , 

/44/ 
B paoO'I'e IS~ouiJI uony'leBbl aJtcuepaMeBTam.Bble AARBJ>Ie, caaAeTem.cTsyiOmae o15 

ol5paTHMOC:TB 8.118ltTJIOXBMB'19CitOro Bblll8.118RB II ACTATA 118 30110'1'0M K8TOA8 113 cepROKBC.IIbiX 

paCTBOpOB1 OltBC.II8BBbiX 15axpOM8TOM1 'ITO MOlKHO BCTO.IIItOB8Tb KAK AOK838TellbCTBO cyme

CTBOB8HIIII ACTATA a ~pMe lt8TBOBa, 

HccneAOB8D8 DOB8A8BBH 8CT8TA1 OKBC.IIeRBOro 15axpOMATOM1 B p8CTBOp8X 830TROI XRC

.IIOTbl DOit838.1101 'ITO OR •aXOABTCII B cjlopMe 0AH03ApiiJlBOrO lt8TBOH8/
8
0/, 3TO 15bl.IIO A01t83ABO 

0Db!T8MB DO MBrp8DBB 1 B3 pe3yllbT8TOa ltOTOpb!X BBAR01 "'TO BOB 8CT8T8 B A8BROI cpene 

/80/ 
Dp8BMYill8CTB8JIIIO ABB>K8TCII It lt8TOAY , 0X838.110Cb1 'ITO 8CT8T B STOll cjlopMe cop15a-

pyeTCB BS MOBocjlyBKniOII8.11bRbiX cym.cj!Oit8THOIIBT8X, 3TO D03BO.IIB.IIO onp8A84BTb eenB'IHHy 

sapii.Qa BORa 8CTaTa, oJtac.rzeasoro ISaxpoMAToM,_B pacTaop8x 830'1'Holl KBC.IIOTbi: &Ta aenB'IHRa 

Olt838n8Cb paBHOI 8AHIIBII8/
8
0/, 

no PRAY XBMB'I8CitHX CBOliCTB lt8THOH 8CT8T8 IIOA00811 TII>K8.11b!M OAHOB8n811TIIb!M lt8TBo

H8M0 H81IpBM8p T8n.IIHIO B ll83HIO'H XOpOWO YB.II8K88TCII OC8AK8MB cjloc~piiOBO.IIbcjlpoM8T8 

/81 82/ 
nesHB, 15axpoM8T8 T8nnRH a llonaTa cepeopa (Taonana 3) ' • • 

KaTHOH aCT8Ta caMonpoH3BO.IIbiiO BbiAenaeTCH R8 MeT8nna'leCKoll nn8THHe, noKpbiTOll 

/83/ 
OXHCROI 11.118HitOII (pBC, 2) , CltOpOCTb BbiA8.118RBII (npH BpeMeRH BbiA8.118RHII r :5 40MBR) 

YAOB.II8TBOpBTenbRO OIIRCbiB88TCII yp8BH8HRBM pe8KIIBH nepeoro 1IOpHAK8 

dx K( S cr;-= a-x>v- ( 1) 

a - H8'181lbl108 KO.IIH'18CTBO sneMeHT8 B pSCTBOpe, S - BHABM8H IIOBepXHOCTb 11.118THI1bl1 

V - o6'beM paCTBOp80 K - DOCTOHHH8H, 

H8 eena'IHRY ancoponaH nono>KaTenbHO enaHeT noewwe11ae TeMnep8Typbi a OTPHII8-

Tenbao - yeenH'IeHae KHC.IIOTI10CTH, BhiAenHewzllcH H8 nn8TBHe 8CT8T npo'IHO ynep>KHB8eT

CH 118 IIOB8pXHOCTH M8T8.11.118, 0AH8KO ero MO>KHO nerKO A8COp0BpOB8Tb 8ROAHOfi IIOIIS!pH38-

nzell nn8THHbi, 

CaMonpOR3BOilbRoe BbiAeneaze 8CT8T8 H8 nn8THHe, noKpbiTOII oKHCHOII nnea1toll, c 

IIOCnBAYIOillBM 8ROAHbiM p8CTBOp8HBBM 1103BO.IIII8T nony'I8Tb p8CTBOpbl 8CT8T8 Dp8KTH'I8-

CKH BO BCBX CHnbRbiX KHC.IIOT8X H, ltpOMB TOro, OTKpb!B88T B03MO>KHOCTb HCIIO.IIb30B8Tb 

/83/ 
3TO HB.II8HB8 IlpH DOny'leHHH p8AHOXHMH'I9CKR 'IHCToro 8CT8T8 

4) CO£TOHRB!I +5 a +7, 38K.IIJO'Ieaae o cywecTeoeaHHH 8CT&T8T-aoaa (Ato;> oi>mo· 

CA8.118HO R8 OCHOB811HH pe3yllbT8TOB OllbiTOB 110 COOC8>KA8HHIO 8CT8T8 C l!OA8T8MB Cepeopa, 

CBHH118 H oapHII 113 830THOKHC.IIbiX H ltnOpHOKBC.IIbiX p8CTBOpOB, COA8p>K8WHX CHnbHbl8 

- - 144 73/ 
OKHC.IIHTenH: S 2 0 8 = Ce!V ,]0 

4
, NaBiO 3 ' , AcTaT-HOH He 3KCTparapyeTCII '18Tblpex-

18 
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TaiS.rzana 3 

3axsaT OAB03apHAaoro 1taTao11a acTaTa p83nB'II1J>IMB OC8Ait8MB H3 830TI101tB 

coAep>Kamax lSaxpoMaT-soa (0,005 MH
2 

Cr 20~) (o61.eM pacT&opa 

0C8AOK npoll9CC 38XB8T8 CocTae pacTeopa HaA 

a ero aec 8CT8T8 OC8DKOM 

(JtpOMe 15BXpOM8T-H0118) 

Tid Cr 2 0 7 38XB8T B MOM811T 
2MHN0 3 2 Mr ol5p830B8RBII 0C8DKA 

_ ,_ _, _ Mr +3 
2MHNO 3 +tO Wit La 

, CoplSnas sa rOToaoM 
2MHN0 3 OCAA1t8 

, _,_ 
2MHN0 3 + 10::::; La+

3 

Ag 2 Cr
2

0 7 38XB8T B MOM811T 06-
2MHNO 

3 40 Mr pa30B8HH!I OC8Ait8 

, 
Coponaa 118 rOTOeoM -·-OC8Ait8 

AgJO 3 3aXB8T B MOMBHT 06- O,SMHNO 
3 

+ 0, 01 MKJO 
3 15 Mr p830B8HBH OC8AK8 

, - , O,SMHN0 3 +0,01MAgN0
3 

Ba(JO 3 ) 
2 

, 
O,SMHNO 

3 
+ 0,02MKJO 

3 40 r 

-·- -·- O,SMHNO 3 + 0,02MBa(NO 3) 
2 

Th(JO 3 ) 4 
40 Mr -·- O,SMHNO 3 + 0, 01MKJO 3 

, , 
0,5MHN0 3 + 0,01MTh(N0

3
)

4 40 Mr 

Cs 
2
HPW CoplSUH!I H8 roTOBOM 3MHN0 3 

loo Mr 
OC8AK8 

Cs 
3

PW 
_,_ 

3MHNO 3 
100 Mr , , 

3MHNO 3 + 0, 3MCsN0
3 

Rb 3PW 
100M 

, 
3MHNO 

3 
+ 0, 3MRbNO 

3 

(NH 4 ) 3 PW 

_,_ 
3MHN0 3 + 0, 3MNH

4 
NO 

3 100 Mr 

(PW,-
3
=[P(W

12 
0

40
) ]-

3 
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'ITO DO CBOBM C80II:CT88M 8CT8T ISonee DOX~ 88 nono

/18,79/ 
IDJKaBmBx coce.Qell: B TaiSmrne,-'leM aa ll:o.Q • 

Dony'18Bbl 9KCDepKM8BT8nbBbl8 .QSRBbl&, C8B.Q8Teru.CTBYIODlB& oiS 

Bblll&n&BR H 8CT8T8 sa 3MO'l'OM K8TO.QQ .113 Cep.IIOKRCnbiX 

'ITO MOJKHO RCTonJt088Tb K8K .QOX838T&n&CTBO cyme-

acTaTa, OKHCneaaoro 6BxpoMaTOM, B pacTaopax asO'l'soll x~c-
/80/ 

•xoABTCSI B «!JopMe OAH03apHAROro KATKOBa • 3To IShlno .Qoxasaso 

'ITO ROB 8CT8T8 B .Q8BROII Cp&.Q& 

'ITO 8CT8T B STOll: «!JopM& COpiSR-

Cyn&«!JOK8THOBRTaX. 3To nosaonano onpe.QenBT& aena'IHRY 

ISaxpoMaToM,_B pacTaopax asO'l'sol! KRCnO'l'hi! STa aenR'IHRa 

CBOIICTB KaTHOB 8CT8T8 DO.QOIS&R TBJK&nhiM O.QBOBan&BTHbiMK8TRo

XOpOWO yan&K89TCR OCa}lK8MR «!Joc«!JopROBOn&«!JpOMaTa 

~~~/ 
cepeopa (Taonana 3) ' • 

Bbi.Q&nB&TCR Ba M&TannR'IeCKOII nnaTBBe, DOKpb!TOll 

CKopocT& BbiJl&neRBR (npu apeM&BB BbiJleneaaa r < 40 MRB) 

l.aaeTca ypaaueaaeM peaKilRH nepaoro nopRJlKa -

s ...!!.!__=K(a-x)ydr 

sneM&HT8 B paCTBOpe, 

fiOCTOSIHH8Sie 

(1) 

S - BRJlRM8R DOB&pXHOCTh nnaTRBbl 1 

DOnOlKHT9JlbHO BllR!leT DOBbiW9BRe TeMDepaTypbl B OTpBila

HOCTB. 8hiJlenuawslica sa nnaTsae acTaT npo'IHO yAeplKRBaeT-

0JlHaKo ero MOlKHO nerKo JleCopoapoaaTb aHOAHoll nonapusa-

HRe aCTaTa Ha nnaTRHe, DOKpb!TOJ! OKBCHOif nneHJtOif, C 

HB9M D03BOnR&T nOny'laTb paCTBOpbl aCTaTa npaKTR'Ie-

B, KpOMe TOro, OTKpbiBaeT B03MOlKHOCTh BCDon&30B8Tb 

/83/ 
paJlHOXBMH'I9CKH 'IHCTOrO acTaTa • 

3aKnJO'IeHae o cymecTaoaasss acTaTaT-sosa (AtO~) ohlno· 

ODbiTOB DO COOCalK.Q9HHIO aCT8T8 C IIO}l8T8MH Cepeopa, 

H XAOpHOKHCnbiX paCTBOpOB1 COJl&pJK8DlHX CHnbHble 

J N B. _ /44,73/ A 
0 4, 8 10 3 • CT8T-HOH HQ SKCTparspyeTCR 'I&Tblp&X-

18 

• 

TaiSR:Bila 3 

3axaaT O.QB038pHARorO K8TRORA ACT8T8 pasnB'IBbiMB oca.QKBMB RS 830'1'HOKBCnbiX paCTBOpOB1 

co.QapJKamax oBxpoMa'l"-ROII ( 0,005 MH 
2 

Cr 
2 
0: ) ( o61.aM pacT&opa 5 Mn) 

Oca.Qox 

a aro aec 

Tt
1 

Cr
2

0
7 

20 Mr 

-·-

Ag 2 Cr
2

0
7 

40 Mr 

-·-
AgJO 

3 
15 Mr 

-·-
Ba(JO 3 ) 2 

40 Mr 

Th(JO 3) 4 
40 Mr 

40 Mr 

Cs
2
HPW 

loo Mr 

Cs 
3

PW 

100 Mr 

Rb 3PW 
100 Mr 

(NH 4 )
3

PW 
100 Mr 

nponecc 38XB8TA 

acTaTa 

3aXBaT B MOM811T 

oiSpasoaaaaa oca.Qxa 

CopiSnaa sa rO'l'oaoM 

oca.Qxe 

-·-
3axaaT B MOM&RT oQ

pasoaaBRH OC8.QK8 

Coponus sa rOTOaoM 

OC8JlK9 

3aXB8T B MOM9BT o6-

p830BaHBll OCa}lK8 

-·-

Coponss aa roTOBoM 

OCa.QKe 

-·-

-·-

CocTaB paCTBOpa Hall 

OCaJlKOM 

(xpoMe ISaxpoMaT-aOIIa) 

2MHN0 3 

2MHNO 3 + 10,:- La+
3 

2MHN0 3 

2MHN0 3 +10:::; La+3 

2MHNO 
3 

-·-
O,SMHNO 3 + 0, 01 MKJO 

3 

O,SMHNO 3 + O,OlMAgNO 3 

O,SMHNO 
3 

+0,02M!{JO 
3 

O,SMHN0 3 +0,02MBa(NO 3 ) 
2 

O,SMHNO 3 + O,OlMKJO 3 

O,SMHNO 3 + O,OlMTh(NO 
3

) 
4 

3MHN0 3 

... 
3MHNO 3 

3MHNO 
3 

+ 0, 3MCsN0
3 

3MHN0
3

+0,3MRbNO 
3 

3MHN0 3 +0,3MNH
4

N0
3 

-3 -3 
(PW) =[P(W

12 
0

40
)] 
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% 8CT8T8 

B OC8.1llt8 

94 ±. 5 

94 

84 ±. 1 

80 ±. 5 

74 ±. 6 

4,5±_1,5 

96±) 

91 ±. 2 

95 

59±_4 

47±.5 

9,5±.1 ,5 

6 ±. 0,5 

78 ±. 4 

87 ±. 0,2 

74 ±. I 

24 ±. 4 



I) 

lUIOpHCTNM yrHpO.QOM B 6eOCJ.110M. OrpanATellbBbll 3ApB.Q &TOI cjlopMW ac,-aTa, oCJpH)"JOIIUII

/44/ CB llpB OJtllcn&DB_ Na 2 S2 0 B 830TOBOI I:BcnOTe, .QOI:83U OUblTAMB DO N&I:TpOMBrpAUB • 
t44! 

8 

EbtllO oiSaapyJKeBO , 'ITO acT aT, oucneBBhtll ropSI'U:u pacTaopoM Na 
2 

S 
2 

0 
8 

, O'I&IDo 

XOpOWO COOC8lli,!IA8TCSI C rBApOOUCioJO .IIAJITUA. npe.r:monaraeTCSI1 'ITO B &TOM cnyqae oCJpa• 

ayeTCSI C08Allli&Jille THUS La ( AtO 3 ) 3 1 KOTOpoa aepaCTBOpBMO B W8110'1BOII cp&Ae. 

172/ 
0.QJUIKO AnnenJoMaB 118 BsiSIIJOAall COOCSlKA9USI ac,-aTa, OXHCileBBOro CeiV a 

184/ 
6M HCIO 4 , c rH.r:tpooxKCJoJO 'leThlpexaaneKTBoro nep1151. B pa60Te cooiSlllaeTcsr, 'ITO ac,-a1', 

OKBCII&JIIIblll CeiV 1 XOpOWO &KCTparHpyeTCSI .QJIB30npODBil0BbiM &cjmpOM 83 <f-5M pACTBOpOB 

830TBOII1 C&pBOII B ltllOpBoll KBCIIOTo MBKpOKOnB'Iec,-aa IIOAA B &TBX yCIIOBBBK Be 8KCTpArB-

pyJOTCllo HaaeCTB01 'ITO CeiV B paCTBOpax CBilloBhiX MBBepanbBbiX KBCIIOT OKBCillleT IIOA 

B BB.QBI:STOpBbllt KOIIB'I&CTBAX AO JO ~ /67/ 

B sac,-o.lllllee speMSI BeT aJtCnepaMeaTaaswx ASBBhiX, .r:toJtaablasJOillHX cymecTBoaaue 

At+? B <jlopMe nepecTaTaTa. 

171/ 
TaJt, Annen~oMaa scnollbaysr TaJ:ae aseprB'IBble oucnBTena, xaJt H

5
JO 

8
, CeiV B 6MHCI0

4
, 

Be nOAy'IBil 8CT8T8 B <jlopMe, COOC8JKA88YOII C DepiiO.QSTOM ltAIIllllo J1 llpB 8TBX ycnOBBBK 

acTaT aaxaaTbtBaeTCB TOilbKO llonaTAMB. O.Qllaxo, npHBBMall ae BBBMAHBe paaaoo6paa•e cPoPIIl 
/85/ 

UepliOAST-BOBOB 1 B91lb3SI nenaTb OltOB'IST&IlloBOrO 38KilJO'IeHBSI 06 OTCyTc,-BBB COCTO~SI 

+7 !Sea nallbaellwell nposep~:a. 

Bee nepeqacneaable saneBTBble coCTOSIBBH acTST oiSpaayeT, xaJt Y*• OTMe'lanocb 

BblW9 ,npa CTOillo MSilhlX ltOBU9BTp8UBBK1 'ITO nASI CT86BilB381lBB &TBX <jlopM HeoiSXO.QJIMO 

nonnep}I(BBATb OltBCIIBT91lbBhiii nOT&HilBSil paCTBopa B CTpOro onpeAeneBBbiX np&A91l8Xo no

STOMy nnsr B3y'leHHSI XBMB'I&CKBX CBOIICTB xaxoro-naiSo COCTQSIBBSI 8CTAT8 paCTBOp o6sraa

TellbBO non}l(eH COn9p}I(8Tb OltBCIIHTellb (BOCCTAHOBBTellb B cnyqae ACTSTBA-BOBS) Be TOilbltO 

AilS! DepeBOA 8 8CT8TA B TpeiSyeMyJO ljlopMy 1 HO B AilS! 381llBTbl STOll ljlopMbl BO Bp&MSI Ollb!TS 

OT MBKponpBM9C9111 B9H369}1(BO COnep}I(SIJlBXCSI B BCnOilb3Y9Mbllt peaJtTBBAXo 

5) Me}l(rsnoreBBhl9 CoeAHH9H!SI SCTATA. npa B3Y'l8JIJIB XBMBH 8CT8T8 B p8CTBOpax
1 

Be 

coAep}I(Smax CTaiSanaaapyJOmax areHToB, B ISoru.waacTBe cnyqaea nony'IAJOTCH seaocnposaao

nBMhle peaynbTSThl. Ecns CT86BnB3HpyJOillBM ISycjlepOM SIBIIS19TCSI ranoreHBSSI napaj -; J 
2

, TO 

llpeoiSnaASlOillBMB COCTOHJIJIHMB 6ynyT M&JKranoreHHhl9 coenBB9HBSI TBUOB AtJ B AtJ; • 8 

llpBCYTCTBBB 91l9M9HT8pBOrO Ilona ftY119BSSI BSileBTHOCTb 91l9M9HT8 Up9ACT8Bn9BS BCKIIJO'IBT&Ilb-

178/ 
so MOilexynaMB AtJ • .ansr nocneAaero cny'laR AnnellbMAB onpenen•n c 6ollbw<'ll TO'I-

BOCTbJO aaaqeaae xosljl.pHnaeaTa pacnpeneneuR Me*nY '!eTbipexxnopacTbiM yrneponoM a 

BOA Oil, oxaaaaweecB paBBhiM 5,5 ( TaiSn. 5). 

/28 48/ 
B pa60Tax ' nonpoiSso aayqeaa &JtCTpaxnasr acTaTa .Qllaaonponanoab!M eljlapoM 

B3 OISpaiSOTSBBbiX xnopOM paCTBOpOB COIISIJIOII ltBCIIOTbl p8311B'IBOII JtOBU911Tp8UBB (pac. 8). 

',. 

20 

• 

,, 

He1Maa
1481 

sa ocaosaua nasablx OIIhiTOB no axcTpaxnaa nenaeT aaJtnJO'I 

BAHBB SCTATOxnopB.QS COCTABS AtCI; BIIB AtCI: • Eeraan B CBO&a. 

3blB89T1 'ITO COCTSB I:OMnlleJtCS OTBe'laeT1 B9pOSITH01 <jlOpMylle AtCJ; 

CTenellb OI:BCII9BHB +1. 

3TO npennonO}I(9HBe IISWIIO IIOnTBep}l(neue B pa60Te no B3Y'I9BBJO 
/88/ 

SCTSTA 88 nnaTBB9 1 noltpb!TOII OltBCHOII nneBJtOII 1 B3 830THOitBCilblX ~ 

MOCTB OT JtosnesTpanaa xnop-aosa. I3hlno ycTalloBnello, 'ITO aa nponecc 

88 nll8TBH9 OTpBUST91lbBO BIIBS19T XllOpB.r:t-BOB (TaiSnana 4). 

TaiSnana 4 

8blneneBB9 8CT8T8 H8 Ull8TBB9 B npacyTCTBBB COIISIJIO!I JtBCIIOThl 

S • 4 CM; pt V•10Mn, r•40 MBR 

[HCI] 0 2 X 10-8 M 8 X 1b" 

%At sa Pt 58,7±,8,1 28,5±. 2,8 12,5 ±. 

[HCI] 5 x 10-8 _ M 8 i: 10-8 M -2 
1,8x10 M 

%At sa Pt 4,9±,0,8 2,1±,0,12 0,91±,0,18 

------· 
PacnpeneneBB9 SCTSTS M&}l(ny paCTBOpOM B UIISTBBOII 38BBCHT OT KC 

aoaa cnenyJOillBM o6paaoM: 

(KdD-1)-t[CI-]0 
, 

n 

rna K d • Atp t / Atp -P OTHOW9BH9 KOIIB'19CTBA 8CT8T8 88 DllATBBe (At P t 

ero a pacTaope ( AtP..,) B paCTBOpax, Be COn9p}I(81JlBX xnop-BOBa; 

D-Atp-/ Atpt #- OTBOW9BB9 KOIIB'I9CTB8 8CT8T8 B paCTBOpe Jt 

ero aa nnaTBBe B np8CYTCTBBB xnop-aosa; 

Kn - KOHCTABTA B9CTOIKOCTB Baa6onee yCTOII'IBBOrO xnopOitOMnnexca 

anneH.IlOB - D • 

8 xoopnBBTAX lg(KdD-1)-lg[CI-) TO'IKB1 p8CC'IBTABBbl9 no I 

pacnonaraJOTCH BnOIIb HpHMOII, C TaBreHCOM yrna BSKIIOHS It OCR aiSCilHCC 

.aaaBhte *• no anexTpoMarpanaa sa ISyMare caaneTellbCTBYJOT o TOM, 'ITO 
/81 88/ 

HX SCTAT BAXOnBTCH B 8BBOBBOI lj!OpMe 1 
• 

TaxaM o6paaoM1 npaaeneaable ablwe peaynbTaThl noaaonana cnenaT 

OllB038pSIIlllblll Jt8TBOB 8CTST8 npacoenBBH9T nBS BOBS ltll0p81 oiSpaaysr ItO 

TBIIa [(AtX) Cl ~ r 
-6 2 

(1,86±,0,18)x10 M. 

KoacTaBTA aecTollxOCTB eToro JtoMHne~:ca OKS· 
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a ISeDo.BOM, 0TpHQ8TenbBhlll 38pSUI STOll cjlopMbl 8CT8T80 oiSpU;rJODUII-

Na S 0 B aaOTOBOll I:BCnOTe, AOJ:aa .. 0Db1T8MH no NI&KTpOMKrPaJUIB/
44

/, 
2 2 B 

44/ , 'ITO acTaT, oucneBBhiA ropSPIBM pacTeopoM Na
2 

5
2 

0 
8 

, 0'1811b 

rHApOOI:BC&IO ,llaiiTU8, npeAnonara8TCSio 'ITO B &TOM cny'lae oiSpa .. 

La (AtO 3 ) 
3 

, KOTOpoe BepacTBOpBMO B IQ8.110'1BOll Cp8,!18, 

1 
118 sa6n10Aan coocalKA811BSI aCTaTa, OKacneBBOro CeiV a 

/84/ 
'leThlpexeaneBTBoro nepxH. B pa60Te cooiSm;aeTcB, 'ITO aCTa'J', 

, XOpOWO SKCTparapyeTCSI .IUIB30HpODRnOBbiM &cjlapOM RS 4-5M paCTBOpOB 

xnopBoll xacnOT. MaxpoKons'leCTea llona B sTBX ycnoeasx 118 sxcTpara-

CeiV e pacTeopax canhlll>!x MBBepan&HhiX KBcnOT oucxaeT lion 

JO- /611 
3 

BeT SKCnepBM8BTanhBb!X A8BBhiX0 AOJta3hiBaiOIQHX CyiQeCTBOB8HH8 

Taxae sBeprB'IBble OXBCnRTenR, xax H5 ]0 e• CeiV B 6MHCIO 
4 

, 

B <jJOpMe0 COOCalK,!Ia8MOll C nepliOA8TOM Xanaa. J1 npa 8TBX ycnOBBBX 

TonbKO iloAaTaMa, 0nBaxo, npBBRMall BO BHBMaBH8 pa3BOo6paaae <!Joplll.. 

OKOR'IaT8n&ROro aa1niO'I8HHll 06 OTCyTCTBaR COC'J'O~ll 

BaneHTHble COCTOSIUSI aCT8T o6paayeT0 XaK yll<e OTM8'18.110Cb 

'ITO AnSI CTa6anB3aQBR 8TRX <jlopM Beo6XO.IUIMO 

.,nBTeni.Hbii! HOTeHQBan paCTBOpa B CTporO onpeqeneBBbiX npeAenax, no

XaKoro-nafio COCTOSIIIBSI acTaTa paCTBOp ot)gaa

OKBCnHTen& (BOCCTaBOBBTenh B CnY'fa& BCTaTBA-BOBa) Be TOnbKO 

B Tpe6yeMyiO <jlopMy, BO B qng 381QRTbl STOll <jlopMb! BO Bp8MSI OHbiT8 

COA8Pli<81QBXCSI B BCnon&ayeMbiX peaKTBBaX, 

npa B3Y'I8HBB KRMBB aCTaTa B paCTBOpax, 118 

fian&WBHCTBe cny'la8B nony'la!OTCH H8BOCnpOB3BD

liBnlleTCH ranoresaag napa J -; J 
2 

, To 

6yeyT MelKranoreHHble COOABHe~Bll TBnOB AtJ B At}-, B 
2 

lloAa ayneeaH eaneRTHOCTb sneMeRTa npeqcTaaneaa BCXniO'IBTen&-
178/ 

.llnH nocneAnero cny'laH Annen&MaR onpeAenan c 6on&wnll TO'I-

los41clmnsenTa pacnpeAeneaaH M8lKAY '18TbipexxnopacTb!M yrnepOAOM R 

no)1po6no B3y'leHa 8KCTpaXIIBH aCTaTa QBHSOnponRnOBbiM B<jJBpOM 

pacTeopoe conHHoA xacnoTbi paana'llloll xoBAeaTpau• (pac. 8), 

20 

ttl: 

HeliMaR/4a/ Ra OCROBaUB ABBBbiX OnhiTOB no SKCTpaltiiBB AenaeT SaKniO'I8BB8 0 cymecTBo

BaRRB aCTaToxnopBAa cocTaBa A!CJ ~ BnB AtCI ~ , Beraan B CB08M o6aopa
177 

/ yxa-

3b!Ba8T, 'ITO coc'l'ae KOMnn8xca OTBe'laeT, seposrrao, <jlopMyne Ate!; , T,e. aCTaT BM&eT 

CTen&Kb•OXRCneBBSI +}, 

3TO npennonOlK8HBe sawno nOATB8plKA8BRe B pa60Te no B3Y'I8HBIO aACOpfinBB KaTSOSa 
/88/ 

aCTaTa sa nnaTBS80 HOKpbiTOA OXBCSOJI: nneBXOJI: 1 BS aaOTSOXBCllb!X pacTpOpOB B SaBBCB-

MOCTR OT KOIIIleBTpansa xnop-aoaa. Bhino ycTaBoBneao, 'ITO sa nponecc aAcop6nsa acTaTa 

aa nnaTBS8 OTpanaTen&Ho snsseT xnopBA-aos (Ta6nana 4). 

Ta6nana 4 

Bb!nenesae acTaTa Ba nnaTaB8 B npacyTCTBBB conHRoA xacnOThi 1M HNO -5 xl0-
3 

3 

sp, • 4 eM; V •10 Mn, r •40 MRH 

[HCI] 0 2 X Io-8 
M 8 X 10-3 M 

%At sa Pt 58,7±,8,1 28,5±. 2,8 12,5 ±. 2 

[HCI] 5 X 10-8_ M 8 t. 10-8 M -2 
1,8xl0 M 2x10-2M 

%At sa Pt 4,9±,0,8 2,1±,0,12 0,91±,0,18 0,52:!:P,2 

--·-----
PacnpeAeneaae acTa~a MelKAY pacTeopoM • nnaTssoll aaeacuT OT KosneaTpanaa xnop

soaa cneAYIOIQBM o6paaoM: 

(KdD-l)=t[CI-]n , 
D 

rne K d • AlP 1 1 AtP _; OTSomeBRe xonaqecTea acTaTa sa nnaTaBe (At P 1 ) 

ero B pacTeope ( AtP -J B pacTBopax, ae coAeplKamax xnop-aosa; 

~ 

( II ) 

x xonsqecTBY 

D. Alp-/ AlP 1 
- OTHOW8SBe xonS'I8CTBa aCTaTa B paCTBOpe K KOliB'IeCTBy 

era aa nnaTBBe B npRCY'J'CTBRH xnop-aoaa; 

Kn - KOHCTaSTa ReCTOAXOCTR Bas6onee yCTOli'IBBOrO xnopOKOMHnexca acTaTa C 'IBCnOM 

aAA8111lOB - D • 

B KOOPABBTax lg(KdD -1) -lg[CI-) TO'IKS0 paCC'IBTaSRbl8 no )1aHHbiM TaonBilbl 4, 

pacnonaraiOTCs BAonb npsMOll, c TaarescoM yrna aaxnosa x oca a6cnscc, paBHhiM AByM, 

JlaHSbl8 lK8 no eneXTpOMBrpaQBB aa 6yMare CBB)18T8nbCTByiOT 0 TOM, 'ITO B STSX yCnOBR
/8} 88/ 

BX acTaT RaXOABTCll B assOHSOII cjlOpM8 ' , 

TaKBM o6paaoM, npseeqeBHble Bhlme peaynbTaTbl noasonsna cnenaTb BhiBOA, 'ITO 

OAHOSapSIJlSbiii KaTBOB aCT8T8 HpSC08ABSli8T ABa BOlla xnopa, 06paayg KOMnneKCSb!ll BBROH 

Tuna [(Atll) Cl2 r 
(1,86±,0,18) xl0-6· M

2• ,, 
KoscTasTa secToll:xOCTB &Taro xoMnnexca oxaaanacb paesoA 
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KoMuneKCHI>III xnopH AJ[blll 8HHOH. OC5naAaeT OAUM 0'18.0. Hll'l'epe<:HbiM C upeuap&T'H!IHOII 

T'O'lKB apeUSI CBOIICTBOM: OB 8ACOp6HpyeTCSI H8 cym.4JoKaTHOUT'AX THD8 KY-2 H llay&KC 80 

H3 npeAB8pHT9li&HO H8Ci>IW8HHbiX xnopOM paCTBOpO!I COnSIBOI KBCnOTI>I H xnopHAO!I menO'lJ[biX 

MeTannoB (pile. 4) 
1511

• 

MeJKranoreHHI>Ie coe.qaHeUll ai:TaTa B paanB'llli>IX cacTeMax B npacyTC'l'BD lion c 

BCDOllb30B8HH9M lKBAXOCTHOII 9KCTp8J:DBB 'l8TblpexxnopHCTI>IM yrnepOAOM DO.qpOISHO ISWIIB 

/45 73/ 
aayqeabl Annem.MaHoM ' • B Ta6une 5 upaaoAHTCII JtoeljlljlaueBTI>I pacupe.qeneu11 

ranoreHOB H MelKranoreHOB M9lKAY 'l9TblpexxnopBCTI>IM yrnepOAOM H BOAHOII ljlaaoll. 

Ta6niil8 
5173/ 

KosljlljlsnseHTI>I pacnpeAeneus ranoreaoB a MeJKranoreHoB 

(210C), D-(XY)CCI /(XY) BOAR. 
XY D 4 

AtBr 0,040 

JCI 0,34 (25°C) 

JBr 4,3 

At] 5,5 

Br
2 

27 

J2 86 

/45/ 
Ha ocBOBARHB A&RBbiX no pacnpeAeneB.IIIO Annem.MaBOM pacc'lBTSRI>I ltORCTARTbl 

i1liTepeCHO OTMeTBTb1 'ITO 8CT8'1' BC9I'A8 o!SpaayeT 6onee DpO'lHblll ltOMIU 

B cOOTBeTCTBYIOWBX ycnOBHBX. KoHCT8HTbl paBHOBeCHH AnH o!SpaaoBaHHH HAem 
/45/ 

ranoreBHI>IX JtOMnneJtCOB acTaTa s lloAa paanH'l8IOTCH a 5-8 paa 

I13B9CTBO ... 'ITO MOileltynbi1 COCT051IllH9 H3 ABYX OAHH8lt0Bi>IX 8TOMOB ran' 

r&pyiOTcll qeTI>Ipexxnop&CTbiM yrnepoAOM 3Ha'lHTem.ao nyqwe ( D 1 •86), 'leM 
2 

.qeplKamBe ABA pa311H'lBbiX aToMa ( D Atl = 5,6; D1 8 ,•4,3; D1c 1•0,34). 3To oe 

ljlaJtTOM
1 

'ITO MOll91tYIII>I nepBOI'O TH08 COBepweBBO .119DOIISipBbl1 B TO Bp9MSI K8 

J[b18 C09ABB9USI SIBIISIIOTCSI ABDOIISIMBo 

. /861 B pa6are 61>1no Hayqeao coocaJKAeue AtJ c 9119M9BT8pBbiM IIOJ 

4JopMe.IDibiX p8CTB0p8X. nox838BO, 'ITO BXOlKA&Ue AtJ B !tpBCT8nllbl IIOA8 

norapaljiMB'lecxoMY aaxoay pacnpeAeneBBB llopaepa H Xocx&aca. Kos.pljlanaeBT 

A= 
log((AtJP...,)/(AtJP-P + AtJ TB) I 

log! (J 2P_P)/(J2 P-P + Jn B) I 
=4 

/87/ 
MeJKr81101'9BBbl9 C09ABB9BBH o6paayiOTCSI B B TB9pAOM COCTOJ[J[J[B • 

COAeplKamBII CsAt]
2

, nerxo nonyqaeTCII nps A06aBneHBB It BOAHOMY paCTBOJ 

61>ITO'IBOI'O xonz'leCTBa TBepAoro J 2 • HarpeBaaseM s nocne.qyiOWBM oxnalKJl 

uony'l89TCSI CsJ s , COA9plK8WBll 8CT8T. 

TepMB'lecxoe paanolKeaue CsAtJ 2 
DOA'IBBli9TCSI o6meMY npa!IBny p83] 

ranoreBRI>IX C09ABR9RHll (B T81tHX cnyqaSIX npOHCXOABT o6p830B8RB9 aeneTy'IE 

BBAA !Sonee nerxoro ranoreaa c MeTannoM), T.e. o!SpaayeTCB ReneTY'lllll Cs 

!103I'ORB8TCB B ljlopMe At] 
1881 

o!SpaaoBaRBB paanB'IRbiX xoMnnexcoa acTaTa ( Ta6n. 6). I § 7. AcTaT a oprauqecxux coeAHReRBSIX 

T a IS n a n a 6
1451 

KoRcTaHTbi oiSpaaoBaB.IISI pa3nB'IHbiX MelKranoreBBbiX ltOMDileJtcoa acTaTa 

P e a x ll B 11 K ., + 10% (21 °C) 
OuD.-

AtJ( BOAR)+ r = Atr 2000 

Atj(BOAR) + Br- = AtJ Br- 120 

AtJ(BOAR) + Cl- = AtJCI- 9 

AtBr(BOAR) + Br- = AtBr; 

AtJ(BOAR )+ JBr( c cl() = AtBr(BOAR ) + J 
2 

(c c1
4

) 

Atj(BOAR )+ V2Br 2 ( BOAR)= AtBr( BOAR)+ V2J 
2 

(BOAR ) 

320 

3800 

4,2 X 104 

0,0011 At] Br- + Br-= AtBr 2+ r 
AtJCl- + Cl-=Ate!;+ r -4 

2 X 10 

-------,:.J.~-~~~-----

22 .. 

B RacTo51Illee BpeMB n&y'leBo AOCTaTO'IRO 6om.woe 'IRcno sneMeBTopra 

ARB9UII IIOA8 C !Sollee BnB M9R99 DOAp06RO H3y'I&RRbiMR CBOIICTB8MRo 3TOI'O 

o6 ACT8're
1 

XOTB cymeCTBOB8RR9 yCTOII'IBBbiX 81lltRnbBbiX H apam.Rb!X npOR31 

8119M8BT8 Bi>IT91t89'1' B3 el'O DOIIOlK&RBSI B nepBOAB'IeCKOII CBCTeM9 (yCTOII'IRB 

CltBX npOB3BOAHbiX B C9AbMOII rpynne nepBOAB'IeCJtOll CBCT9MI>I 1 OTB9'1810WI 

+8 H Bb!W91 ysenB'IBB8eTCSI OT xnopa It lloAy). 

TpyAROCTB, c xaropi>IMB npsxoABTCH cTanJtsBaTbCH nps pa!SoTe c Reopr 

M8MB 8CT8T8
1 

Olt83b1!1811)!l'CB ewe 60li&WRMB npB B3y'leUB opraHB'I9CKBX I 

&Toro sneueHTa. 

0ABOII B3 oco6eHROCTell CBRT938 sneMeRTOOpi'8U'19CitBX C09ABH9UII p, 

sneMeBTCB SIBnli9TCll TO, 'ITO ORB MOI'YT npOB3BOABTbCH IIBWb C U'lTOlKBO 

28 
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Allblll 8BBOH. oiS.IUIA8eT OAIIBM 0'181Do BB'1'8p41CBbiM C Dp8ll8p8HBBOI 

aAcopiSapyeTcs sa cym.cjloxaTaouTax Tana KY-2 • .llaysxc 50 

xnopOM p8CTBOpOB ConHRol XBCnOTbl B xnopB,IlOB m9nOqJlbiX 

g 

8CT8T8 B p83nRq&biX CBCTeMAX B DpBCy~BBH IIOAS C 

axcTpaxnaa '19Tbip9xxnopaCTMM yrn9pOAOM no,llpoiSao ISwna 

• B Ta6nan9 5 upasoABTCR xoe~BilB9BTM pacnp9Aeneaaa 

'19Tblp9Xltn0pBCTblM yrn9p0AOM B 80.QJIOI cjla3oll. 

Taonana 5178/ 

9HTbi pacnp9A9n9UB ranor9aos a M9JKranor9aos 

(210C), D=(XY)CC! /(XY) BOAR. 

D • 

0,040 

0,84 (25°C) 

4,8 

5,5 

27 

86 

/45/ 
pacnp9A9n9HBJO Ann9n&MaBOM paCC'IRTaaw KOBCT8BTbi 

acTaTa ( Taon. 6). 

T a 6 n a n a 6 1451 

M9JKranor9HBbiX K0Miln9KCOB aCTaTa 

2000 

120 

9 

±. 10% (21 °C) 

At Br( BOAR ) + J 
2 

( c Cl 
4 

) 

820 

3800 

)=AtBr( BOAR)+ 1/2]
2 

(BOAR) 

22 

• 

4,2 X 104 

0,0011 
-4 

2 X 10 

J1!1TepeCBO OTMeTBTbo 'ITO aCT8T BC9r)la o6pa3y9T 6on99 DpO'IRblll KOMDn8KC 1 '19M IIOA 

s COOTB9TCT&yJOmax ycnosarur.. KoacTaRTbl pasaos9CBB AnB o6pa3osaHas BA9BTB'IBbiX M9JK
/45/ 

ranoreBBblX KOMnn9KCos acTaTa a lloAa pa3naqaJOTcs a 5-8 pa3 • 

J1389CTB00 'ITO MOn9xynbl, COCTOBmB9 B3 IIB)'X OAHHaK08blX aTOMOB ranor9B08 0 9XCTpa

rapyiOTCSI '!9Tblp9xxnopacTbiM yrn9pOAOM 3Ba'IBT9n&Ho nyqm9 ( D J •86), '19M MOJ;I9Kynbi, co-
2 

A9PlK8IIIB9 ABa pa3nR'!BblX aTOMS ( 0 AtJ = 5,8; DJ 8 ,•4,8; DJCI•0,84). 3To o6ycnosn9BO T9M 

cjlaKTOM, 'ITO MOI19KynM n9psoro Tana cos9pm9BRO B9nonspabl, a TO sp9MH KaK M&lKra.nor9H

Ilbl8 C09ABB911BB IIBnSIIOTCR ARnonaMBo 

/86/ B pa60T9 eiblno H3y'I9Ho coocBJKAeBBe At} C an9M9B'I'8pHbiM liOAOM B xnopo-

cjlopM9lhlbiX paCTBOpaX. lloxa38HO, 'ITO 8XOJKA9HB9 At} 8 KpRCT8nnbl liOA8 DOA'IBBReTCR 

norapR~MB'I9CXOMY 3axosy pacnpeA9n9BBR .llopa9pa a Xocxaaca. Koa~Bn&9RT pacnp9A9neaaa 

log((AtJP...,)/(AtJP-P +At] Tal I 
A=------~~~~----~

log( (J 2 p-p )/ (J2 P-P + J 2T B)} 
=4 ( III ) 

/87 I • 
MeJKranoreBRbl9 coeABB9HHB o6pa3yJOTca a a TB9pAOM cocTOBBHR • TaK, CsJ 3 

COAeplKaiiiBll CsAtJ
2

, n9rKO nony'I89TCR npa A06asn9RHB X 80AROMY paCTBOpy CsJ{At) B3-

6biTO'IHOro KonB'I9CTsa T89pAoro J 2 • Harp988HB9M a nocn9JlyJOmaM oxnalKJl9HB9M cacT9Mbi 

uony'laeTCR CsJ 3 , COA9plK8IIIBII aCTaT. 

TepMaqecKoe pa3noJKeaae CsAtJ 2 
noA'IBBHeTCH oomeMY npasany paapymeaaH nona-

ranoreaab!x coenaaeaall (a Taxax,cnyqaHx npoacxonaT o6pa3osaaae aeneTy'lero Moaoranore

BBAa ISonee ner~~:oro ranoreaa c MeTannoM), T.e. o6pa3yeTca aen9Tyq&ll CsJ , a aCTaT 

803roHR8TCR B ~OpM9 At} 
/88/ 

§ 7. AcTaT a opraBH'!ecxax coenasesaax 

B sacTosme9 speMR nonyqeso AOCTaTO'IBO 6om.moe qscno·'"an9MaBTopraaaq9cxax coe

ABHeBBll lona c eionee ana Meae9 noApoeiao B3y'leHHb!MB csollcTB8MB. 3Toro aenb3B cxa3aT& 

o6 8CT8Teo XOTR cymeCT80B8RB9 )'CTOII'IIIBblX an:ItllnbBb!X B apan&Bb!X np011380AHblX 9TOrO 

aneM8B'I'8 8b!T9KaeT R3 9rO UonOlK9BIIII B nepBOAH'IeCKOII CBCTeM9 (yCTOll'III~OCTb opraBH'Ie

CitRX npOB3BOA!Ib!X B C9,1lbMOII rpynne D9p110Jlii'19CitOII CBCT9Mbl 0 OT89'!aiOIUIIX saneHTHOCTII 

+8 B Bb!W80 )'B9nR'IIIBaeTCR OT xnopa K lloAy). 

TpynaocTH, c KOTopwMH upHXOAHTCa cTamr:HsaT&ca up11 paiSoTe c aeopraaH'I9CKHMH ~op-

MaMB 8CT8T8
0 

OK83b!B8Jii)!I'CB 9lll9 60JI&WBMII npll 113)''19BHII opr8BII'I9CKIIX npOB3BOJlHbiX 

aToro aneM&BTa. 

0ABOI 113 OC069BHOCTell CIIBT938 aneM9BTOOpr8BII'I9CitiiX C09ABH9BHII p8Jlii08KTBBBblX 

aneM,BTOB RBnR~qll TO, 'ITO ORR MOryT npoa3BOJliiTbCSI n!lmb C BII'ITOlKBO Manb!MII KOnH-
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'I&CTB8MB BQJIIQCTBa, 3TO OIS'IollCB!i&TCH1 C OABOll CTOpOBb1 1 H&B03MOlKHOCTbJO A8lK8 C nOMOIIIbJO 

COBp&MQBHbiX yCT8BOBOJt nony'IBTb BQCOMble JtOnH'I9CTB& OTAe'llbHblX p&ABO&ItTBBHblX sneMeB

TOB (ojlp&HIUiil1 &CT&T1 p&AOB) B B&06XOABMOCTbJO npHMQH8HBB cnenaanbBOll, B8CbM& CnOlKBOll 

T&XBBKB BCCneAOB&BRll. C Apyrol! CTOpOBb1 1 B 9TO rna&BOQ 1 npOB9A9BBJO BCCn&AOB&HBll CO 

3H8'1BTenbBbiMB KOnR'I&CTB&MR H&IUlTOpblX P&AII081tTBBHb!X B91119CTB conyTCTBYJOT T8JtHe 

p&AR81lRORIIo-XBMH'I9CJtB9 R3M9H9HRB (Jtalt C8MBX H3Y'I88Mb!X B91119CTB
1 

T8K B OltpylK&JOIIIell 

Cp&Abl) 1 ltOTOpbl& BCKnJO'I8JOT B03MOlKHOCTb nonyqeHBH np&BHilbHOll HHojlOpM&IlBH 0 CBOliCTB&X 

B COCTOHHBB H3Y'I8eMbiX B91119CTB, 

0ARHM 83 BalKRbiX Cn&ACTBHll Toro, 'ITO npR CBRTe3e sneM&HTOopr&HH'I9CKBX C09AHR9-

HBll P&ABO&ItTBBHblX aneM&HTOB npRXOARTCH RM&Tb Aeno C cy6MBitp01tOnB'IeCTB&MB B91118CTB, 

HBnHeTCB H9B03MOlKHOCTb yCT&HOBn&RBB K&'I9CTB8HHOro H KonB'I&CTBeHHO COCT&B& B3Y'I89MbiX 

COeARReHBll C nOMOIIIbJO npHMbiX MeTOAOB 8R&nB3&, no STOll npR'IBHQ onpeAenBJOm&B pon& 

B T8ltBX HCCneAOB8HBmt npHH&AnelKRT KOCBeBBblM M&TOA&M1 OCBOB&BHblM B& Cp&Bi!&BBH nose

A9HBB B3Y'I88Mb!X B81119CTB C noBeAeHB8M B3BeCTBbiX C09ABH9RBll aneM&HTOB-aRanoroB, npa 

9TOM H&B6onee YA06Hb!M BBnBeTCB Ra6nJOA9RBe 38 nOB9A9HBeM aneM&HTOB B BX COQABH9HBll 

npB xpoMaTorpaojla'leCKBX npoueccax. 

TaK Jt&Jt acTaT Re &MeeT AonrolKBBYIIIBX R30Tonos, np&KTB'I&CKR eAHHCTBeRRbiM MeTo

AOM CRRTe3a ero opr&HH'I&CKHX npOB3BOAHbiX HBnBeTCB CRHT93 C HeB30TOnRbiM HOCRTeneM -

liOAOM, 

Ao nocneAHRX neT no nony'I&HRJO aCT&To-opraaaqecKax CO&AHHeaull B nsTepaType 

148 78,89-91/ 
6binO onyfinBKOB&HO nHIIIb H9CKOilbKO p&ISOT 1 ' , 

Ha ocaoB&HHB A&HHbiX no aKCTp&ltllRH aCT&Ta B npoMeJKyTO'IBOM oxucneHHOM saneHTHOM 
. -3 

COCTOBHHH 83 0,5 M Cepaol! JtBCnOTbl 6eH30nOM B p&CTBOpOM 10 M ojleaona B 'leTblpexxnopB-

CTOM yrnepoAe B peaxCTP8KIUIH acTaTa 83 9TBX pacTBOpBTenell o,5 M NaOH HeliMaH AenaeT 

1481 
3&JtnJO'IeHRe 0 CYIII9CTBOB&HBB 8CT&TOfieH30na B &CT&TOojleHona , 0AH&KO 9TH COeABH&HHB 

He 6binB Bb!AeneHbl B BA9HTHoPBilBpOB&Hbl, 

npoTBBOp9'1BBbie peayn&T8Tbl 6binB nonyqeHbl npB nonbiTJte CBHT93Bp0B&Tb liOAO(acTaTo).. 

1781 
ojlopM B p -lloAo(aCT&To)-aHBnBB& , 

3acnylKBB8eT BHHM&BB.II Bb!Cit83b!B&HB9 ATeHa (6a3BPYJOIII98C.II Ha 3H&HBB XBMH'I&CKHX 

CBOfiCTB &CT&Ta) 'IT01 B9p0.11TB01 B&Bfionee nerxo BBeCTB &CT&T B opraHB'I9CityJO MoneJtYny 

B TOM cnyqae, JtOrA& OK H8XOABTC.II B nonOlKBT&IlbHO 38pHlK9HHOM COCTOHBBB B K&JtOM-HR6yAb 

1781 npoMelKyTO'IBOM npOAYKT& 1 nony'I&JOIII&MCB BO BpeMB pe&KilBB 

noMBMO yxa3&BHbiX Bbllll81 6blnO nony'I9HO 6om.moe JtOnB'I9CTBO opr&HH'I9CKBX CO&AB

/89-91/ B9BBil 8CT&T81 npeACT&BnBJOIIIBX BHTepeC AnB 6aonorH'I9CitBX RCCneAOB&HHll , qepe3 

AB83Q-COQABB9BBB 6blnB nony'leBbl &CT&TOO&H3on1 &CT&THpOB&HHblll CbiBOpOTO'IHb!ll an&6yMBH
1 

24 

• 

p -aCT8T069H30liH8B ltBCnOTa, nocneAHHH 0Titpb!B89T B03MOlKHOCTb BBOL 

Hble IIPOTeBBbl, npBMblM acTaTapoB&HH&M B npBCYTCTBBB KJ 3 6blnB 

B&HBbll!: BB'IBblll am.6yMBB a y -rno6ynaa. Peaxus acT&Ta c N -lloA 

TBpOBaBRblit TBp03BHo 

/92 93/ B pa60Tax ' onacaabl M&TOAbl caaTe3a acTaToopraHB'IeCKBX 

RAt; RAtCI 2 ; R2 AtCI a RAt0
2 

(rAe R - ojleaan&Hbll!: BnB n -TOnBr 

Kax ojleHBn, Tax B n - Tonan - npoB3BOAHbie acTaTa 6binB nonyq 

JKe CXeMe: 

R2 JCI + KJ(At)-. R 2 J ·J<At) 170"-190oc RJ(At) --

CI 1l- ?.~_r:...- R 
2 
J (At)CI 

_!__. RJ(At)CI
2 
~ 

~RJ(At)02 
CaaTe3 RAtCI

2 
K BOAHOMY paCTBopy R 2 J Cl A06aBnSIIIIC! 

Bblll&BIIIBll ltpHCTanna'leCJtRil OC&AOK IIO)lBeprancs TepMH'I9CKOMY pa3no; 

R2 J· J(At)-> 2RJ(At). K npOAYKTY pe&KIUIB Ao6aBnsnoc& ae6on&moe KOnH'I< 

a nocne oxnaJKAeRBB AO 0° RJ( At) xnopepoBanca AO npeKpameHBB Bbl 

xpaCTannaqecKoro ocaAxa RJ(At)CI 2 

CaaTea R 2 AtCI Ans nony'leHBB R2 J(At)CI BCnOn&30Banc 

CT&nnbi paCTBOpSUIBCb B xnopoojlopMe, paCTBOp HarpeaanCB AO KBil9HBB,E 

Ao6aananca ropSI'IBil xnopoojlopMeHHbiA pacTBop R2 H 9 • CMeCb aarpeaa 

HyT H& BOAHBOll 6aHe1 8 38TeM oxna)I{A8nac&. 8hin8BWHil OC8AOK ll&HTpH 

T&IOIIIHXCB B p&CTBOpe CM&CH npOAyKTOB R 2 AtCI 9KCTparapoBanCB BOA< 

CHHT&3 RAt0 2 
KpacTannbi RJ(At)CI 2 noMemanac& B ll&HTpH· 

B ltOTOpyJO A06&BnBnOCI) 2 Mn 50% paCTBOpa NaOH H 0,5 Mn yKcycE 

aarpeaanacb AO 70° H xnopHpo&anac& AO nonaoro nepexona JKenToro xp 

oca,IUta RJ(At)CJ 
2 

B 6enblil &MopojlHhlil OC&AOK RJ(At)02 , 3aTeM TeM 

AO 100°, ocanoK 6biCTPO neHTpHojlyrapoaanca, a H3 paCTBOpa, npH oxna~ 

Bb!KpBCT&nnB30BbiB8nCB RJ(At)O 
2 

HAeRTaojlaKanss nony'leHHbiX coenaaeaail ocywecT&nanac& MeTonaMI 

6yMalKHoll xpoMaTorpaojlaa. 

Pe3ym.TaTbi asan&30B sneMeHToopraHH'Iecxax coeAHH&HBil acTaTa 

Ollb!Ta xopowo cornacyJOTCB c naHHhiMH, nony'leHHhiMH npa aaana3e aaa, 

iloAa (Ta6nana 7), 
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o6 .. SICBli9TCll1 C O.(IBOJ! CTOpOBhl 1 B9B03MO>KHOCTioJO .(18>K9 C UOMOUU.JO 

UOIIY'IBTio B9COMhl9 KOIIH'I9CTB8 OT.(I9nloHbiX p8AB08KTBBHbiX SII9M9B-

) B Be06XO.(IBMOCTioJO npBM9H9HBB Cll9ItB81IIoBOJI1 B9CioM8 CIIO>KBOJI 

rii8BBoe, npoaeaeBBJO accne,~:~oB8BBJI co 

B9JWTOpbiX p8,1:1B08KTBBBhlX B9IIl9CTB COUYTCTBYJOT T8JtJI9 

C8MHX B3Y'I89MhlX B9IIl9CTB 1 T8K B 0Kpy>K8JOIIleJI 

B03MO>KBOCTio UOny'leHBB llp8BBnloBOJ! BH~OpM8nBB 0 CBOJICTB8X 

Taro, 'ITO npa CBRTe3e sneMeBTOopr8HB'Iecxax coeaaae

npsxo,~:~aTCll HM9Tio )l91IO C cy6MBKp0KonB'I9CTB8MB B9IIl9CTB
1 

YCT8HOBII9BBSI KB'I9CTB9BHOrO B KOIIB'I9CTBQBHO COCT8B8 B3Y'I89MhlX 

npSIMhiX MeToaoB 8B81IB38. IIo sToJI npB'IBHe onpeaenHJOIIlBll pon~o 

npHHB.(III9>KBT KOCB9HHbiM M9TO.(IBM1 0CBOB8HHbiM 88 Cp8Bi!9HBB DOBQ

C DOB9Jl9HH9M B3B9CTBbiX C09.(1BH9HRJ! 9119M9HTOB-8H81IOrOB. f1pB 

38 DOBQ)l9HB9M 9119M9HTOB B HX C08)lBB9HBJI 

B30TODOB1 Dp8KTH'I9CKH 9JlHHCTB9HHbiM M9TQ

DpOH3BO)lHbiX SIBIIli9TCll CHHT93 C H9B30TODHhiM HOCBT9119M -

no nonyqenaJO 8CTaTo-opr8RB'Iecxax coeaaaenaJI B IIHTep8Type 

/48 78 89-91/ 
H9CKOnloKO pa60T 1 1 

• 

DO SKCTp8KUHH 8CT8T8 B DpOM9>KYTO'IHOM OKHCIIQRHOM B81IQHTHOM 

-3 
KBCIIOThl 6eH301IOM H pBCTBOpOM IQ M ~80118 B 'IQThlpexxnopa-

1-rnAocnaa BCT8TB H3 STHX pacTBOpHTQI!eJI o,5 M NaOH HeliMBH )l91189T 

1481 
B 8CTBTO~BOII8 • 0AH8KO 9TH C09)lRH9HBll 

DOIIY'19Hbl npa DODhlTKQ CBHT93Bp0B8Tio lloao(8CT8TO).. 

ATe&a (6a3apyJOmeecH B8 3H8BHB XBMB'I9CKHX 

BBH6onee IIerKO BB9CTB BCT8T B opraHB'IeCKyJO MOII9JtYIIY 

H8X0JlBTCH B DOIIO>KBT9111oBO 3apli>K9HHOM COCTOSIHBB B KBKOM-HB6yalo 

1781 DOIIy'laJOIIl9MCH BO Bp9MSI p98KUBH o 

6hlno nony'leao 6on~omoe xonaqecTBo opr8HB'IeCKax coeau

BBTepec JliiSI 6aonorn'I9CKBX BCCII9)lOB8HBII/89- 911• qepe3 

DOIIY'19Hhl BCT8T009B30II1 BCT8TBpOBBHHblll ChlBOpOTO'IBbiii 81IIo6yMHH
1 

p -8CT8T06eB30IIB8SI KBCIIOT8. f1ocne)lHHSI OTKphlB89T B03MO>KHOCTb BBO)lBTb 8CTaT B pa31IB'I-

Bhle npOTeBHbi. IlpSIMbiM 8CT8TBpoaanaeM a npacyTCTBBB KJ 3 

B8HHhlll SIB'lBhlll a111o6yMBH H Y -rno6ynaa. Pe8KUHB 8CT8Ta C 

TBpOB8HHhlil. THp03BH. 

6biiiB DOIIY'I9Hbl aCTBTBpo-

N -J!oacyKnBHBMBJlOM - acTa-

. /92 93/ 
8 p860T8X ' OUBC8Hhl M9TO)lhl CHHT938 8CT8TOOpr8HB'I9CKBX C09JlBH9HHII TBDOB: 

RAt; RAtCI
2 

; R
2 

AtCI B RAt0
2 

(rae R - ~eHBIIbHbiH HIIB n -TOIIHI!IoHhlll paaaxan). 

Kax ~9HBII, T8Jt B D - TOIIBII - npOB3BO)lHbl9 aCTBTa 6hiiiB llOIIY'I9Hhl no O)lHOil H Toll 

>K9 CX9Me: 

R
2 

JCI + KJ(At)-. R 
2
J·J(At) l7!P-l90oc RJ(At)-

Cl \l. ~\\.J....- R 2 J(At)CI 

--L.... RJ(At)CI 2 ~ 

~RJ(At)0 2 
CaaTe3 RAtCI

2 
• K soanoMy p8CTBopy R

2 
JCI ao6a&nlii!CH pacTBop KJ(At), 

BbiU8BIIlBII KpBCTIUIIIB'I9CKHII OCaJlOK llO)lBeprancB T9pMH'I9CKOMY pa31IO>K9HBJO npB 170-1!l0°C: 

R
2 

J• J(At) .. 2RJ(AJ.). K llPOJlYKTY peaKUHB ao6aBIIHIIOCb He6onbm09 KOIIH'I9CTBO xnopo~opMa 

a nocne oxna>KJl9HBSI ao 0° RJ(At) xnopuposancH ao npeKpameHBH BhiJleneHBH >KenToro 

KpBCTBIIIIB'I9CKOrO OCS)lKa RJ(At)CI 2 

C HHTe3 R 2 AtCI L!nH nonyqeHRH R 2 J(At)CI BCD01Ib30BBIICH RJ(At)CJ
2 

• Kpa-

CTallllbl paCTBOpliiiBCb B xnopo~OpMe, paCTBOp HarpeBai!Cli JlO KHll9HHli,H It H9MY M9AII9HHO 

,~:~o6aBnliiiCH ropli'!Bll xnopo~opMeHHbiii pacTBop R 2 H q • CMeCb aarpesanac& aecxon&xo MB

JIYT H8 BOAHHOII 68891 8 3BT9M OXIIB>KABIIBCb. 8biUBBIIlHII OCB)lOK U9HTpa~yrHpOBBIICH. 113 OC

TBJOIIlHXCll B pacTaope CMeca npoayxToB R 2 AtCI sKCTparaposancH soaoll. 

CaaTe3 RAt0
2 

• KpucTBIIIIbi RJ(At)CI 2 noMemanacb B ueHTpa~y)!{HYIO npo6apxy, 

B KOTOpyiO )l06BBI!liii0Cio 2 Mil 50% paCTBOpa NaOH H 0,5 Mil YKCYCHOII KHCIIOTbi. CMeCb 

0 • 
aarpesanac1o ,1:10 70 . a xnopaposanacb ao nonaoro nepexoaa )!{ei!Toro KpacTannH'Iecxoro 

OCB.(IK4 RJ(At)CI 2 B 691Iblli BMOp~Hbiii OCBJlOK RJ(At)02 • 3aTeM T9MUepaTypa llOBbilliBIIBCb 

JlO 100°, OCB)lOK 6biCTpO U9HTpHWrBpOBBIICH1 H 83 paCTBOpa, npH OXIIB>K)l9HBR ero JlO 0°C, 

Bb1KpBCTBIIIIB30BbiBBIICSI RJ(At)O 
2 

I1Jl9RTB~Bit4UBH Dony'leHHhlX C08)lRH9HBll ocymeCTBIIHIIBCb M9TOJlBMR TOHKOCIIOIIHOll B 

6yMB>KBOil XpOM4TOrpa~B. 

Pe3yllbT4Thl aaanB30B eneMeHToopraaa'leCKHX coeauaeaall acTaTa B npeaenax omu6xa 

OllhlT8 XOpOlliO corl!aCyJOTCH C )l8HHbiMB 1 llOIIY'I9HHbiMH UpB BHBIIB39 BHBIIOrH'IHbiX C09JlBH9HBii 

loaa (Ta6naxta 7). 
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Ta«5nana 7 

3Ha'leHRe Rf ABB TOBRnDpOR3BOAR~X aCTaTa R liOAa DpR XpOMaTorpa$RpOBaBBR 
paanaqa~MR paCTBopaTensMR sa CMeca cenaxareru. KCM Ni! 6 - ranc. 3axpennea

H~l! enol! 

BewecTBO Rf 

MeTason MeTaaon 3Taaon 
ByTason AueToa (26%)- (26%)-

BOAS BOAS 

n -CH 
3 

C 
6 

H 
4 
J Cl

2 
0,33;!:.0,02 0,1;!:.0,01 0,68;!:.0,02 0,6;!:.0,02 0 

n-CH C H AtCI 
3 6 • 2 

0,32;!:.0,03 0,11;!:.0,02 0,68;!:.0,04 0,61;!:.0,03 0 

(n-CH 3 C
6

H
4

)
2

JCI 0,1;!:.0,02 0,23;!:.0,02 0,1 :!:.0,03 0,67;!:.0,02 0,66;!:.0,02 

(n- CH
3 

C 
6

H
4 

)
2 

AtCI 0,1;!:.0,06 0,26;!:.0,03 0,1 ;!:.0,04 0,68;!:.0,03 0,64;!:.0,03 

n- CH 
3 

C 
6 

H 
4 

JO 
2 0,66;!:.0,06 0 0,76;!:.0,04 0 0 

n -CH
3 

C
6

H 
4

At0
2 

0,66;!:.0,06 0 0,72;!:.0,06 0 0 

B aayqesae HHABBHAYBilbHbiX caol!cTB aneMeHToopraaaqecxax npoaaaon HbiX acTaTa, 

H9COMHeHH01 BH9C9T 60nbll!Ol! BKnan CHHT93 RX C DOMOIIlhiO M9TOA81 OCHOB8HHOrO Ha H3M9-

H9HRH XBMB'IeCKOrO COCTOBHBll 8TOMOB npB l!A9pHbiX npeBp8IIl9BBliX. 8 9TOM cnyqae Dpen

CT8Bnl!eTCII B03MOlKHbiM nonyqesae opraHB'I9CKBX C09AHHeHBJ! 8CT8T8 003 HOCHT9Bll. 3TOT 

/94,95/ 
MeTon, CbirpaBwal! 6oru.wy10 poru. B aayqesaa XBMBH nonosal!oprasa'leCKRX coenasesal! , 

no CRX nop He nonyqan WHpoxoro pacnpOCTp8H9HBll nnll aCTSTa, no-BBARMOMy,aTO CBH38HO 

C TPYAHOCTHMB nonyqeHBll COOTB9TCTBYIOIIl9l! opraHB'Iecxol! Cpenbi, COA9plKallleil panos - BC

XOAHbil! DPOAYKT1 83 KOTOporo B peayllbT8T9 K -3aXB8T8 o6paayiOTCll 'ropB'IBe' 8T0Mbl 

8CT8Ta, 

8. Baonoraqecxoe noBeAeaae acTaTa 

YcTaaoBneao, qTO acTaT, DOA0«5ao l!ony, cenexTBBHO KOHil&RTPBPY9TCll B IllBTOBHnsol! 
/96/ 

lKeneae • B CBB3H c 9THM aayqesae «5aonoraqecxax caol!cTB acTaTa sa'lanocb cpa3y 
/96/ 2 1 

nocne era OTitp~TBll , 06bi'IHO ABll 9THX nenel! HCD011b3YIOT At I , nnll KOTOporo, 

K8K OTM9'18nOCb Bb!We, ni06oli aKT p8Cil8A8 npHBOnHT It BCDyCK8HHIO a -'18CTBIJbi1 8 AO'Iep

HHJ! BHCMYT-207 o«5nanaeT CTom. 6onbwBM nepaonoM nonypacnana, 'ITO ae acxalKaeT peaynb

TaToB accneuoBasal!, npenapaTbi acTaTa nn.11 6aonoraqecxax uenell nony'laiOTCII no cTaanapT

sol! MeTonaxe: OTrOHK8 B B8KYYM9 H3 BHCMyTOBOJ! MBWeHB B KOHneHCHpOB8HR9 B noBywJte 

sa TosJtol! noBepxsocTa nbna. nocne OTT8HB8HBll ru.na nonyqaeTCll BOnHbil! paCTBOp 8CT8T8 

B MHHHManbHOM o«51.eMe, «<>aaaonoraqecJtal! paCTBop, acnom.ayeMI>Ill npa HH'b9KilllliX, IIJliX:OTOB-

26 
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n.!I&TCII Ao«58Bn9HR8M K BOAHOMY paCTBOPY 8CT8'1'8 COOTB9TCTBYIOIIlero KOBI 

CTOrO H8Tp1111, 

npa R3Y'I9HRH «5aonorR'I9CKIIX CBOJ!CTB 8CT8T8 o6~'1HO IICDOilb3yeTCi 

ero ltOnR'19CTBO (M9Hl>IIl9 10 MBKpO!t!Opll), Jlns Dony'I&BIIll AOCT8TO'IBO TO'IHI 

pacnpeAeneHRIO 8CTaTa B opraRR3M9 Heo«5XOAHM O'I9Hb TOHKHII asanHTH'I9CK 

A8n811Rll ero H3 «5aonOrB'I9CKBX 0«5'1o9KTOB, 3TOMY Tpe60B8HRIO YAOBneTBopse• 

paAIIOXIIMH'I9CKOrO onpeAeneHBll 8CT&Ta B 6JionOrH'19CKBX MaTepaanax, pa3pi 
172/ 

TOHOM C CQTPYABRKaMR , 0praRR'I9Citall cy«5cT&HDRll DO 8'I'OMY M9TOAY ] 

MOKp~M ClKRraBBeM CM8Cb!O xnopaol! B 830THOJ! KRCnOT (9M xnopH8111 COJ 

o«5'1o8MY 16M 830TBOII KBCnOT~). Jlanee paCTBOp ynapBB89TCll no nOSIBB9HBll 

BOil ltRCnOTbl (npa &TOM 830TH8ll KBCnOTa OTrOHlleTCll nOBHOCTbiO) 1 p&3«58l 

napoBaasol! BOAOil AO 3M no xnopsol! xllcnoTe, a acTaT aa sToro paCTBOpa 

perBCTp81lBR ana COOC8lKA9HR9M C MeTannB'I9CKBM TennypOM BnB copCSilHeil 

HOM ABCJte. BI>Inenesae sa cepe«5pe Tpe6yeT MeHbwe BpeMesa (aa nepBwe 1 

eTCH 73,6%, H 38 nocn&AY!OIIlB9 20 MHH - nonBOCTbi0) 1 B 9TOT M9TOA «5onee 

cepal!sb!X asana3ax 6aonora'lecxax MSTepaanoa. 

11ccnenoBaHBll panao6aonors'leCKBX cBolicTB acTaTa-211 noJta3ana, 'ITO 

acnycxaeMbie npa pacnane sToro B30Tona, npos3BonHT sexoTopbie pa3pywes 

WHTOBBAHOil lK9B93bi B, B npOTHBODOnOlKHOCTb ilony, He 38TP8rHB8IOT COC9AR 

/97/ 
sy10 lKene3y , 3To yxa3biB89T aa TO, 'ITO acTaT HBnlleTCH, noJKanyll, at 

CBOQM pOA9 Cp9ACTBOM TepaneBTH'I9CKOrO ne'leHHll npH yaenH'IeHHH lllHTOBHA 

Pauao6aonora'leCJtoe B03AellcTaHe 

38 6om.we, '19M rny«5oxo nposaxaiOWHX 

a -'18CTHll 8CT8T8 Ha IllHTOBHAHYIO 
/98/ 

,S -'18CTHII l!oua - 131 , 

Y CT8HOBneH00 'ITO nponan- THOypall&n nOA8Bnl!eT KOHileHTPHPOB8HH8 l!o, 

soli JKene3e, B cnyqae acTaTa s$$exT o6paTHbiil - sa6niOA8eTcs ero Jtosue 
/99/ 

BB&AeHRB KpbiCaM 9TOrO nllltn8p8T8 

11HTepeCHO OTM8THTb0 'ITO eCnH 8CT8T BBOAHTCll B BRAe paAHOKOnnOHAI 
/100/ 

B OCROBHOM B. ne'I&HH , 3TO OTp8lK89T o6wyiO TeHAeRIIHIO Anll 60ilbW 

TOB 1 CnOC06HblX o6pa30Bb!B8Tb KOnnOHAHbie paCTBOpbl, 

npa Cp8BH9HBH M&Ta6onH3M8 8CT8T8 H panaol!ona yCT8HOBn9H01 'ITO 

JKenyAKOM a noqxaMB no'ITH OA&Haxoao. B npyrax cny'laHx, 38 acxniO'I&RRE 

lKene3bi, M&Ta«5ona3M acTaTa coBepwesso OTnaqes OT lloAa. JlaJKe npa BB&A• 

Hb!X A03• 8CT8T8 B BBA9 HCTHRHbiX paCTBOpOB Kpb!C8M H o6e3bl!H8M HQ Hat5n 

nor&'I9CKHX H3M9H9HBil B ApyrBX opr8H8X H TK8Hl!X1 KpOMe WBTOBHAHOJ! lKE 

Ha6niOA&HBll no saxonnesaiO acTaTa-211 B IllBTOBHAHOll lKene3e 'lenoaexa np 

R9KOTOpbiX $YHKIJHli aToro oprasa T8KlKe nOK83ana OTCYTCTBB9 KOHUeHTpHpO 
/102/ 

B upyrax opraaax 
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Ta6nHna 7 

llnH TonHnnpoHsnollHblX aeTaTa H llolla npH xpoMaTorpa$HpoBaHHH 

MeTa Ron 

0,33!,0,02 

0,32!,0,03 

0,1!,0,02 

0,1±.0,05 

0,65!,0,05 

0,65!,0,05 

aa eMeeH eenHKarenb KCM NP 5 - rane. 3a~~:pennea
Hblll enol! 

Rf 

MeTaaon 3Taaon 
ByTaaon AueToH (25%)- (25%)-

BOllS BOllS 

0,1!,0,01 0,68!,0,02 0,6!,0,02 0 

0,11!,0,02 0,68!,0,04 0,61!,0,03 0 

0,23!,0,02 0,1 !,0,03 0,67!,0,02 0,55±.0,02 

0,25!,0,03 0,1 ±.0,04 0,68±.0,03 0,54!,0,03 

0 0,76±.0,04 0 0 

0 0,72!,0,05 0 0 

eBolleTB aneM&HTOOpraHH'IeeKHX npOH3BOil HbiX aeTaTa, 

BKI181l eHHT83 HX e nOMOIIlb!O M8TOil80 OeHOB8HHOrO Ha a3Me-

llHHll aTOMOB npa Slll&pHbiX npeapameHHHX. B 9TOM eny'lae npell

opraHH'IeeKHX eoe/lHHeHHII aeTaTa Oe3 HOCHTenSI, 3TOT 

/94 95/ H3y'leHHH XRMHH nonOHHIIopraHH'IeeltHX eOe/lHHeHHII ' , 

/lnll aeTaTa, flo-BH/lBMOMy0 9TO eall3aHO 

opraHH'IeeKoll epe/lbl, eoneplKamell panoa - Re-

B peayn&TaTe K -saxaaTa o6pasyi0Tell 'ropli'IHe' aTOMbl 

8. BHonora'leeKoe noaeneaHe aeTaTa 

aeTaT, ITO/l06HO llony, eeneKTHBHO K0Hil8RTPBPY8Tell B lllHTOBH/lHOll 

9TaM a3y'leHHe 6aonorH'IeeKHX eaolleTB aeTaTa Ra'lanoeb epa3y 

At 2 11 , nnH KoToporo, 

aKT paenana ITpHBO/laT K HeDyeKaRHIO a -'laeTHilbl0 a /lO'Iep-

nepHO/lOM nonypaenana, 'ITO He HeJtalKaeT pe3ynb

aeTaTa /lllll 6HonorH'IeeKHX uenell nony'la!OTCH no eTaanapT-

B BaKyyMe H3 BHeMyTOBOII MHW8HH H KOH/l8ReHpOB8HH8 B nOBYWK8 

n&lla. floene OTTaHBaHHSI nh/la nony'laeTeSI BO/lHblll paCTBOp aCTaTa 

~H3HOI10rH'IeeKHll paeTaop, Henon&3y&Mblll DpH HRbeKilHSIX0 DpHrOTOB-

26 
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'• 

nseTCSI llOt58BI18JIIIeM K BO/lBOMy paCTBopy 8CT8T8 COOTB8TCTBY10Wero JtonH'I&eTBa XllOpH-

eTOrO BaTpHSI, 

flpa H3y'leRRI! t5HOI19rH'IeCKHX CBOIICTB aeTaT8 06bl'IHO BCDon&3yeTCSI 0'18Bb Be6on&W08 

ero JI:OilH'18CTBO (M&Hblll9 10 MHEpOK!OpH), nns nODy'I8HHSI /lOeTaTO'IBO TO'IRbiX llaBBbiX no 

paenpeneneUJO aeT8T8 B opraRHSMe aeo6XO/laM 0'19Bb TOUHII aaanHTH'IeeEHII M9TO/l Bbl

/leneRHSI ero H3 t5HonorH'I8CKHX 06b9KTOB. 3TOMY Tpe60B8BHIO YllOBI18TBOpS!eT MeTO/lHK8 

p8/lHOXHMB'18CKOrO onpe/leneBHSI aCT8T8 B 6aonorH'I8CKHX MaTepHanax, pa3pa60TaHBall faMHilb-
/72/ 

TOBOM C eOTpy/lBHKaMR • OpraRH'I&eltaSI eyt'icTaHilHSI no STOMY MeTO/lY paspywaeTCH 

MOKpb!M ClKHraBHeM eM&CbiO XllOpHOll H a30TROII KaenOT (9M XllOpBaB, CO/l8plKal!lall 30% no 

Ot5'1oeMy 16M aSOTHOll KHCnOTbl), nanee paCTBOp ynapHB8&TeSI /lO ITOS!Bn&HBSI napoB xnop-

BOll JI:HCIIOTbl (npH STOM a30THall KHCI10T8 OTrOHSieTCSI nonHOCTb!O), pas6aBI1SieTCSI /lHeTHn

nHpOBaBBOll BO/lOII llO SM no xnopaoll KilenOTe, a aeTaT H3 sToro paeTBopa Bbl/lenl!eTcB llnll 

perHCTpallHH ana COOCalK/l8HH9M e M&TannH'I8CKHM TennypOM HnH COp6nHell H8 eepe6pli

HOM llHCJte. Bbl/leneaae Ha cepet5pe Tpe6yeT MeHhwe apeMeHH (sa nepBble 10 MHH cop6Hpy

eTeH 73,5%, H 3a ITOCn&llYIOWae 20 Mall - DOnHOCTb!O), a STOT M8TO/l 6onee npHrO/l9H D}JH 

eepaiiBblX allanHsax 6aonorH'IeeKHX MaTepHanoB. 

11ccne/lOB8BHH p8/lH06HonOra'leeKHX eBolleTB 8CT8Ta-211 nOK838nH, 'ITO a -'18eTHUb10 

aenyeKaeMble np11 paena/l& STOrO a30TOna, npOHSBO/ll!T H8KOTOpbl8 pa3pyweBHll B TKaHSIX 

WHTOBH/lHOll lKene3bl a, B npoTaBononOlKHOCTb liOilYo He 3aTParHBaiOT eoee/lHIOIO napaWHTOBHJl
/97/ 

Hy!O lKene3y , 3TO yKa3b!BaeT Ha TO, 'ITO aeTaT BBnlleTell, DOlKanyil, &/lalleTB8HHbiM B 

eBoeM pone epellCTBOM Tepan~BTa'leeKoro ne'leHHH npa yaenH'IeHaH WHTOBH/lHOil JKene3bl, 

Panao6uonorH'IeCJtoe B03AelleTBHe a -qaeTHil acTaTa aa mHTOBH/lHyro JKene3y a 2,8 pa
/98/ 

3a 6on&we, '18M rny60KO DpOHHKaiOWaX ,ll-qaeTHn liO/la - 131 • 

Y eTaHOBneHO, 'ITO nponan- THOypaUHil nOilaBnHeT KOHileHTPHPOBaHHe llona B WHTOBH/l-

Roll JKene3e, a cny'lae aeTaTa a$$8KT o6paTHblll 
/99/ 

BB&/leHaa KpbleaM STOrO npenapaTa 

aa6nronaeTeSI ero KOHUeHTpapoaaHHe npa 

·'' 
11HTepeCHO OTM&TaTb, 'ITO ecna aeTaT BBO/laTell B Balle p8/lHOK011110Hila, TO OR oeellaeT 

/100/ 
B OeHOBHOM B. ne'I&HH • 3TO OTpaJKaeT o6myro TeH/leHilHIO /lllll 6on&WHHeTaa 911eMeH-

TOB0 enoeo6HblX 06pa30Bb!BaTb KOilnOH/lHble paeTBOpbl, 

flpH epaalleHaa 

JKenyllKOM H DO'IKaMa 

MeTa60nH3Ma aCTaTa H pa/lHOliO/la yeTaHOBneHO, 'ITO Bbl/l8118HHe HX 

no'ITa onaaaKoao. B npyrax eny'lallx, 3a HCKnKl'I&HHeM WHTOBH/lHoil 

lK81183b!0 M8Ta60I1H3M aeTaTa eoaepweHHO OTIIH'IeH OT llo/la, naJKe npa BBellellaH eMepTellb

HbiX /l03• aeTaTa B Balle HeTaHHbiX paeTBOpOB Kpb!eSM a o6e3bl!HaM He Ha6nl0/lai10eb MOp$o

nora'leCJtaX a3M8H8HHll B /lpyraX opraHaX H TKaHSIX0 KpOMe WaTOBH/lHOll lK81183b/lOl / 

Ha6nroneHBH no HaKonneHHIO acTaTa-211 a WHTOBH/lHOll x<ene3e 'lenoBeKa npH aapyweHHH 

H8KOT0pb!X $yHKilHll 9TOrO opraHa TaKJKe noKa3allH OTeyTCTBHe KOHU8HTpHpOBaHRll aeTaTa 
11021 

a·npyrHx opraH•x 
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fipll MJIOrOKpATIIOM BB81t811HH IS<>m.Wlllt ltOG BCTaTa KpbiCBM ll 06e3USM IIB!SnJOABliOCJ. 

s:apywes:Jie ax poc'l'a, sepoBTao, B peaym.'l'a'l'e H3Meaeull oPYBKilRil lKenea BBy'l'p&llllell cexpe

llHH, o!SycnoBn&IIIIOro lleAOC'I'STKBMII rOpNOliOB !UHTOBIIJtBOl! lK&n&3bl/l03 /, 3'!'RN lK8 MOlKIIO 

oiS'bHcs:a'I'Jo a nonaoe yea'I'I'OlK&IIae onyxona rpynaoA lKene3bi y xpLic npa MRoroxpaTBOM 
/103/ 

BB8Jt8RBB 1186<>m.WBX JtOG BCTB'I'B , fipBBJta, B BeltOTOpbiX paiSOTaX ;yTBeplKJtB8'1'CU, 'ITO 

/104/ BC'I'B'I' 'IBCTB'IRO ltOIIIIeiiTpBpyeTCB B B rpyJtBOl! lK&neae 

fipa sse.neaaa O'leRJo !ion&wax .!lOG acTaTa xpLicaM 'lepea 26 Mecanes ea6nro.nanoe& 

IIO'ITB nonaoe paapyweaae lllBTOBBJtHOl! >K81I83bl B BbiCOJ:O pa3BBTbl8 OII}'XOnB CIIB3BCTbiX 
/105/ 

TKaaell a rpynaoll >Keneabr • 

Haxonneaae acTaTa WHTOBBJtRol! >Keneaol! aaxonaTCSI xax !ibl no.n KORTponeM rano4Jaaa, 

TBK J:aiC BB8118HB8 KpbiCBM TBpOJ:CBHa, CTHMYIIBpyromero pa60Ty rano4Jaaa, IIpBBOJtBT X no-

/106/ nasneaaro KOII!l&HTpaposaauH aC'I'aTa B lllHTOBHJtRol! JKeneae • Bhlno noKaaaao TaK>Ke, 

'1'1'0 po.naun-aoa 6noxupyeT aaKonneaue acTaTa B lllHTOBBAIIoll JKeneae, o6paayg, eepoH'!'ao, 

IIOCTBTO'IRO IIpO'Illbll! KOMIIII8KC0 B, CII8AOB8T8.1IbB00 pOAaBBA-BOR MO>KHO liCIIOIIb30B8Tb AIIH 
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