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KeTOB A.A., A. T. H., (nepMCKHH rocyAapcTBeHHblH Hal_\HOHanbHblH HCcneAOBarenbCKHH 
YHHBeprnrer), 

KpacH0BcK11x M.n., acn1-1paHT (nepMCKHi1 rocyAapcrseHHblH Hal\HOHanbHblH 
HCcneAOBaTenbCKHH YHHBeprnrer), 

MaKCl1MOBl1'1 H.r., K. r.-M. H. (ECTeCTBeHHOHayYHblH HHCTHryT nepMCKOro rocyAapCTBeHHOro 
Hal\HOHanbHOro 1-1ccneAOBarenbCKoro yHHBeprnrera), 

>KyKOB ,IJ,.,IJ,., K. T. H. (6enopyccKa~ rocyAapcTBeHHa~ aKaAeMH~ HCKYCCTB) 

npOAYKTbl TepMM"leCKOM 
AeCTPYKU.MM 
caMo3ayYxat0w.ero 
neHononMCTMpona 

Om peoaK14uu 
B pecny6nuKe Oflfl ymenneHufl cyU(ecmay10uwx )/(LJflbtX ootv10B wupoKo ucnonb3yemrn 
neHononucmupon. To)/(e wupoKo OH nputv1eH>1nrn a PoccuiJCKoiJ <PeoepoL(uu. t1 monbKO 
fv/OCCOBOfl w6eflb fl/OOeiJ HO nO)l(Ope 8 Kfly6e «XpOMOfl JIOWOOb» {c. neptv1b), ymenfleHHOfvl 
neHononucmuponotv1, 3ocmoauno npoaecmu ywy6neHHbte ucCJ1eooaoHu>1 npooyKmoa copeHufl 
3mo20 tv1omepuono u ux BflUflHUfl HO 3iJopoabe u oo)l(e )l(LJ3Hb J110oeiJ, nonoawux B 30HY 
no)/(opo. 

Kn11H11YecKasi KapT11Ha nopa>1<eH11si nt0,o,eiii Ha no>1<apax 
npo,o,yKTaMl1 ropeHl1Sl psi,o,a CTp011TeflbHblX MaTep11aJlOB 
He OTBe4aeT 4aCTO ,D,eKnap11pyeMOMY OTpaBJleHl1IO yrne
Kl1CJlblM 11 yrapHblM ra3aM11. Asrnpb1 Hanosiw,eiii CTaTbl1 
Ha OCHOBaHl111 11HCTpyMeHTaJlbHblX l1CCJle,D,OBaH11iii npo
AYKTOB TepM11YecKoiii ,o,enpyKu,1111 (TepM11YecKoe pa3no
>1<eH11e, TepMopa3no>1<eH11e) 06pa3u,os neHonon11crnpona 
CaM03aryxataw,ero (,n,anee - nnC-C) ,D,OKa3blBalOT, 4TO 
np11411HOiii nopa>KeHl1Sl JltO,D,eiii Ha no>Kape MOryT CJlY>Kl1Tb 
ranoreHco,o,ep>1<aw,11e coe,o,11HeH11si. 3rn sew,ecrna 06pa3y
t0Tcsi np11 n11pon113e ranoreHopraH11YecK11x coe,o,11HeH11iii, 
KOTOpble ,D,06aBJlSllOT B neHOnDJll1CTHpOll (,n,anee - nnC) 
B KaYecrne aHT11n11peHOB. 

TaK, He yKna,o,b1saeTcsi B npe,o,nasneH11Sl 06 0Tpasne
H1111 yrneK11CJlblM 11 yrapHblM ra3aM11 KaprnHa nopa>1<eH11si 
JltO,D,eiii Ha no>Kape B Kfly6e «XpoMaSl JlOWa,D,b» B r. nepM11 
5 ,o,eKa6psi 2009 r. ,Ll,aHHOe on11caH11e xapaKTepHo 6onb
we ,D,JlSl si,o,os11TblX sew.ens neroYHoro ,o,eiiicrn11si. AK Hl1M 
OTHOCHTCSl B nepsyt0 04epe,D,b ,D,11XllOpaHrn,D,p11,D, yronb
HOiii Kl1CJlOTbl, 11n11 cpocreH [1]. B ,o,oKyMeHTe [2] yKa3aHo, 
4TO B HeKOTOpblX MeCTax noMew,eH11iii «XpoMoiii JlOWa,D,11» 
3BYKOl130JlSll.J,11Sl 113 nnC Bblropena. 0,D,HaKO, K CO>KafleHl1IO, 
Xl1Ml14eCKl1iii aHaJll13 3TOro MaTep11ana 11 npo,o,yKTOB ero 
TepM114eCKOro pa3JlO>KeHl1Sl He npoBO,D,11JlCSl. 

no,o,YepKHeM CJle,D,ytaw,ee. B CJly4ae TepM114eCKOiii 
,o,enpyKU,1111 BblCOKOTOKCH4Hble reTepoopraHl14eCKl1e co
e,o,11HeHl1Sl 113 Xl1Ml14eCKl1 411CTOro nnC He Bbl,D,eJlSllOTCSl. 
V1cT04H"1KOM 11x 06pa3osaH1-1si B yCJlos1-1six n1-1pon1-13a, np1-1-
MeHsieMoro B CTp0"1TeflbCTBe nnC, SlBJlSllOTCSl ,D,06aBJlSle
Mble B Hero aHT11n11peHbl: xnop- 11Jll1 6poMopraH114eCK"1e 
coe,o,11HeH1-1si. B Pocrn11 1-1MeHHO TaK1-1e coe,o,1-1HeH1-1si 1-1 ,o,o-

2 6 I HAY4HblE 111ccnE,llOBAHl15l 

6asnsit0T s nnc, nonyYasi nnc-c [3, 4]. np11 3ToM npo113so
,o,11Ten11 3a4aCTytO He pacKpblBalOT Hl1 Xl1Ml14eCKl1iii COCTaB, 
Hl1 KOHU,eHTpau,11t0 aHT11n11peHOB. 

MaTepHanbl H MeTOAbl 

B paMKax nposo,o,11MblX asTopaM11 1-1cCJle,o,osaH1-1iii Bbl
nonHeHo CJle,n,ytaw,ee: 
• npe,o,sap1-1TeflbHO onpe,o,eneHo co,o,ep>1<aH1-1e 3fleMeH

TapHblX 6poMa 11 xnopa B nsirn 06pa3u,ax npoMblWJleH
Horo nnc-c (2 - npeCCOBbliii nnc-c, 3 - 3KCTPY3110HHbliii 
nnC-C) pa3HblX np0"13BO,D,"1Tefleiii peHTreHocpnyopec
U,eHTHblM Mern,o,oM Ha np116ope ElvaX (CWA, YKpa1-1Ha). 
Bee o6pa3U,bl co,o,ep>1<an1-1 ranoreHbl. Maccosasi ,o,onsi 
xilopa s nepecYeTe Ha 3fleMeHTapHbliii xnop B ,o,syx 
06pa3u,ax conas1-1na OT 1,0 ,o,o 1,5%, a 3JleMeHTapHoro 
6poMa, TO>Ke B ABYX 06pa3u,ax, - OT 1,0 ,D,O 2,0%; 

• ocyw,ecrnneH n11pon113 yKa3aHHblX Bb1we nsirn o6pa3-
u,os npOMblWJleHHOro nnC-(; 

• ocyw,ecTsneH n11pon1-13 aHrnn1-1peHa «Xnopnapacp1-1H 
Xn-66T» (,n,anee - Xn-66T) npo"13BO,D,CTBa OAO «Kay
CT11K» (r. Bonrorpa,o,) - CMern xnop1-1posaHHblX yrneso
,o,opo,o,os c ,D,Jl"1HOiii u,en1-1 C

12
-C

30 
c o6w,eiii Maccosoiii 

,n,oneiii xnopa He MeHee 70%; x11M11YecKasi cpopMyna -
C0H20• 2.xCLx, r,o,e x = 18-23, n = 12-30; 

• ocyw,ecrnneH n1-1pon113 nonyYeHHblX s pe3yflbTaTe na-
6oparnpHoiii non1-1Mep113au,1111 crnpona s Macce MO
,o,enbHblX 06pa3u,os 4"1CToro non11crnpona (,n,anee -
nq "1 nc c MaCCOBOiii ,D,Ofleiii xnopa 15%. Crnpon ,D,JlSl 
nonyYeH11si 06pa3u,os c xnopoM noCJle y,o,aneH1-1Sl CTa-
611n113arnpa r11,o,pox11H0Ha n0Mew,an11 B aMnynb1, ,o,o-
6asnsin1-1 Xn-66T, aMnyflbl 3ana1-1san11. 06pa3U,bl non1-1-
Mep1130Bafl"1Cb npi-1 80 °( B np"1CYTCTB"111 ,D,"1H11Tp"1lla 
a30,D,111130MaCJlSlHOiii K"1CJ10Tbl (,Ll,AK) no MeTO,D,11Ke [SJ. 
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n1t1pom13 o6pa3LJ,OB nnC-C, aHrnn1t1peHa Xn-66T, 41'1-
CTOro nC l'1 nC C Xn-66T npOBOA1'1nl'1 Ha np1t16ope rnH
xpOHHOro TepM1t14eCKoro aHan1t13a STA 449 Fl npo1t13-
BOACTBa KOMnaH1t11t1 NETZSCH (lepMaH1t15!) np1t1 aHan1t13e 
ra30BblX npOAYKTOB Macc-cneKTpOMeTp1'14eCKl'1 Ha Mace- . 
cneKTpoMeTpe QMS 30 3 CF Aeolos roro >Ke npo1t13BOA1t1Te
n5l (p1t1c. 1). 06pa6oTKY nony4eHHblX pe3ynbTaTOB ocyw,ecT
Bn5ln1t1 c 1t1cnonb30BaH1t1eM coorneTcrnyiow,ero np1t16opaM 
nporpaMMHOro o6ecne4eHl'151. 

P1-1c. 1. np1-16op CHHXpOHHOro TepM"14eCKOro 
aHan1-13a STA 449 F1 1-1 Macc-cneKTpoMeTp 
QMS 303 CF Aeolos 

Tl, % 

451 

Ha p1t1c. 2 npeACTasneHbl pe3ynbTaTbl TepMorpas1t1-
MeTp1t14ecKoro aHan1t13a o6pa3LJ,a nnC-C Maccoei 4,24 Ml. 
Harpes ocyw,ecrnn5ln1t1 a aTMoccpepe aproHa co CKopo
CTblO 10 °C B Ml'1Hyry. Pa3no>KeHl'1e nnc-c npoTeKano 
B OA1'1H 3Tan c 3HAOTepM1'14eCKl'1M 3cpcpeKTOM B 1'1HTepsa
ne 349-451 °C c MaKrnManbHOCi CKOpOCTblO pa3nO>KeHl'151 
np1t1 417 °C. Maccosa51 AOn51 yrnepOAHOro ocTaTKa - 7,40%. 

,D,anee 1t1cnonb3YIOTC51 cneAyiow,1t1e coKpaw,eH1t15l : 
• Tl (TG) - TepMorpas1t1MeTp1t15!, 1t1n1t1 TepMorpaB1t1MeTp1t1-

4ecK1t1C1 aHan1t13; 
• ATI (DTG) - A1t1cpcpepeHLJ,1t1anbHa5l TepMorpas1t1MeTp1t15!, 

1t1n1t1 A1t1cpcpepeHL.1,1t1anbHb1C1 TepMorpaB1t1MeTp1t14eCK1t1C1 
aHan1t13 ; 

• ACK (DSC) - A1t1cpcpepeHLJ,1t1anbHa5l cKaH1t1pyiow,a51 Kano
p1t1MeTp1t15! . 
ConocTasneH1t1e AaHHblX TepMorpaB1t1MeTp1t14eCKoro 

aHan1t13a c Macc-cneKTpocKon1t1eC1 no3son1t1no 1t1AeHrncp1t1-
L.1,1t1posaTb p51A coeA1t1HeH1t1C1, 06pa3yiow,1t1xrn a yKa3aHHOM 
TeMnepaTypHOM 1'1HTepsane AeCTpyKLJ,1'11'1 nnC-C (Ta6n. 1). 

Ta6nuu,a 1 

XapaKTep11crnK11 coeAHHeHHH, onpeAensieMblX 
MaCC-CneKTpOMeTpH~eCKH npH n11pon113e nnC-( B aproHe 

MoneK)'nllpHa11 npeAnonaraeMOe 
nnoll.laAb n11Ka, x10-•·A·s Macca, a.e.M. COeAHHeH11e 

26 

37 

51 

65 

78 

92 

104 

a1.1ernneH 3,846 

xnopOBOAOPOA 1,963 

xnopMeTaH 25,878 

X!lOp3TaH 1,459 

6eH30Jl 

rnnyon 
crnpon 

J:\TI, %, MHH . 
,QCK, MBT/Mr 

J, 3 K30 
4.0 

5 
,QTI 3.5 

14,557 

0,381 

11,995 

P1-1c. 2. Pe3y!lbTaTbl 
TepMorpas1-1MeTp1-14eCKoro 
aHaJl"13a o6pa3l(a nnC-( 
Maccoi1 4,24 Mr 

tJ>Mv.,v-~,,.,-""-""1"""'~~~l~\ 0 

I 3.0 
I 
I -5 

2.5 

noTepR MaCCbt: - 92 .60% -10 

2.0 

-15 

40 
1.5 

-20 

1.0 

-25 
20 0.5 

Tl 
-30 

0.0 

-35 
100 200 300 400 500 600 700 800 

TeMneparypa ,°C 
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Cpe,D,11 coe,D,11HeH11C1 , 11,D,eHrn¢11u,11poBaHHblX KaK xnop

opraH114eeK11e, npeo6na,D,aeT xnopMeTaH. Ero MoneKyn51p

Ha51 ,D,OJ151 B npo,D,yKTax n11pon113a 3Ha411TeJlbHO npeBoexo

,D,11T ,D,Ofll1 ,D,pyr11x xnopco,D,ep>Kaw,11x coe,D,11HeH11C1 11 ,D,a>Ke 

apoMarn4eeK11x Bew,eeTB, 06pa3y10w,11xe51 np11 n11pon11-

3e nc. 
lt1eKJ1I0411TeflbHO Ba>KeH ¢aKT o6Hapy>KeHl151 B npo,D,yK

Tax pa3flO>KeHl151 CJle,D,OBblX KOJ1114eeTB Bew,eeTB e MOfleKy

ll51pHblMl1 MaeeaM11 98 11 99, xapaKTepHblMl1 Afl51 ¢oereHa. 

Hafll1411e Kl1CllOpo,D,a 11, COOTBeTeTBeHHO, CJle,D,OBblX KOJll1-

4eeTB ¢oereHa B rnneMe (nnow,a,D,b n11Ka MoneKyn51pHoC1 

MaeCbl 98 COOTBeTeTByeT 0,131·10-9 A·s) MO>KHO o6Me

Hl1Tb np11e)'TeTBl1eM 11Jll1 Kl1CllOpO,D,CO,D,ep>Kaw,11x coe,D,11He

Hl1H B coeTaBe aHrnn11peHa, 11Jll1 oeTaT04HOro Kl1CllOpO,D,a 

B 514eHKaX nnC. 

AHaflOrl14Hble 11eCJle,D,0BaHl15I nnc-c npoBeJ111 

11 B B03AYWHOH epe,D,e. 06pa3eU, Maecoei 6,59 Mr Ha

rpeBaJ111 CO CKOpOeTblO 10 ° (/M11H. np11 napallfleflbHOM 

Maee-cneKTpoMeTp114eeKOM aHan113e. B B03,D,yxe TepMo

pa3no>KeH11e nnC-( TepMOrpaB11MeTp114eeK11 Ha411HaeT 

Tr,% 

1001------

80 

60 

40 

20 

(1 I - lq)MBaR TepMOrpaSMMelpMM 

[2)- KpMBaR HOHHOfO TOKa 104 (CTHpon) 

100 200 300 400 500 600 700 
TeMneparypa, •c 

HottHblR TOK ·10-11, A 
2.5 

2.0 

1.5 

1.0 

0.5 

[1] 

[2] - 0 

800 

PIK. 3. (OBM€ll\€HHble KpHBble Tr H HOHHOro TOKa MaCCbl 104, 
x apaKTepH3Ytoll\erO 3MHCCHIO crnpona, B C/lyYae nnC-( 

Tr,% 

100------

80 

60 

40 

20 

(1) - KpMBaA TepMOrp88MMeTpMl4 

(2) - ICpMISafl MOHHOl'O TOKa 98 (4>0CreH) 

100 200 300 400 500 600 700 
TeMneparypa, ' C 

HOHHblA TOK . 10·13, A 
2.0 

1.0 

[2] -1.0 

-2.0 

-3.0 

-4 .0 

[1] 
-5.0 

600 

PHC. 4. (OBM€ll\€HHble KpHBble Tr H HOHHOro TOKa MaCCbl 98 
(cpocreH) B C/lyYae nnC 

2 8 I HAY4HblE 111crnEAOBAHll15l 

¢11KrnpoBaTbC5l e 2 66 °C, 11 nepBa51 cryneHb pa3no>KeH115I , 

11Met0w,a51 3H,D,OTepM114eeKl1H xapaKTep, npO,D,OJl>KaeTC5l 

AO 405 °C. nonaraeM, K 3TOH TeMneparype OT non11Me

pa OCTaeTC5l Jll1Wb n11poyrnepO,D,HblH KapKae, ,D,OeTaT04HO 

yeTOH411BblH BnflOTb AO 460 °(, np114eM OKOJlO 4 38 °( Ma

Tep11an Ha116onee CTa611neH 11 He Ha6nt0,D,aeTrn np113Ha

KOB n0Tep11 ero Maeebl Hl1 no Kp11BblM ,ll,TI, Hl1 no Kp11BblM 

,ll,CK. 

,ll,aJlbHeeiwee eH11>KeH11e Maeebl B 11HTepBafle 460-
5 7 5 ° ( e MaKrnMyMOM eKopoern ,D,eCTpyKLJ,1111 np11 500 °( 

O,D,H03Ha4HO MO>KHO OTHeern K OKl1CJleHl1IO n11poyrnepo,D,a 

e Bblpa>KeHHblM 3K303¢¢eKTOM. 

ConoCTaBneH11e TepM114eeK11x 3¢¢eKTOB e ,D,aHHblMl1 

Maee-cneKTpOeKon1111 n03BOJ15llOT 3aKJll0411Tb, 4TO Bee op

raH114eeK11e COe,D,11HeHl151 Bbl,D,eJ15llOTC5l 113 nnC-( ,D,eeieTBl1-

TeJlbHO B 11HTepBafle TeMneparyp nepBoro na,D,eHl151 Maeebl. 

lt1eKJ1104eH11e - OKCH,D, yrnepo,D,a (IV), o6pa30BaH11e KOTO

poro 11MeeT ,D,Ba MaKrnMyMa.,ll,n51 np11Mepa Ha p11c. 3 npe,D,

CTaBneHbl COBMew,eHHble Kp11Bble Tl 11 110HHOro TOKa Mae

ebl 104, xapaKTep113y10w,ero 3M11ern10 ernpona. 

Oco6b1C1 11HTepee npe,D,eTaBJ15llOT xnopnpo113BO,D,Hb1e 

npo,D,yKTbl OK11CJ111TeflbHOro n11pofl113a, o6pa30BaBw11ern 

B 3aMeTHblX KOJ1114eeTBax 113 aHrnn11peHa. 0Hl1 11,D,eHrn¢11-

u,11poBaHbl cornaeHO MOfleKyfl51pHblM MaeeaM KaK XflOpo

BO,D,OpO,D,, xnop3TaH, ¢oereH, Xflop¢ypaH 11 Mernflxflop¢y

paH. Maee-cneKTp ¢oereHa (Maeea 98) np11 Haflo>KeH1111 

Ha Kp11Byt0 Tl - Ha p11c. 4. 

,ll,fl51 onpe,D,eJleHl151 OTHOrnTeflbHOro MOfleKyfl51pHoro 

eo,D,ep>KaHl151 Bew,eeTB B npo,D,yKTax n11pofl113a 113MepeHbl 

nflow,a,D,11 Beex n11KOB Ha Maee-cneKTpax (Ta6n. 2). 

,ll,fl51 noeTpoeHl151 MaTep11aflbHoro 6aflaHea no xflopy 

np11H51TO ,D,Ba npe,D,nOJlO>KeHl151. nepsoe: Beeb XflOp, np11-

e)'TeTBy10W,l1H B 11eXO,D,HOM nnC-( B MaeCOBOH ,D,Ofle 1,5%, 
nOflHOeTblO nepeXO,D,11T B weeTb Bbl51BfleHHblX npo,D,yKTOB -

XllOpOBO,D,OpO,D,, XllOpMeTaH, XllOp3TaH, ¢oereH, XflOpcfJy

paH 11 Mernflxnop¢ypaH. BTOpoe : nflow,a,D,11 110HHblX TOKOB 

BO speMeHl1 COOTBeTeTBYIOT MOfleKyfl51pHOMY KOJ1114eeTBy 

coe,D,11HeHl151 . c y4eTOM 3Tl1X npe,D,nOflO>KeHl1H paee411Ta

Hbl KOfll14eeTBa COe,D,11HeHl1H, Bbl,D,efl51IOW,11XC5l 113 nnC-( 

(Ta6fl. 3). 

,ll,fl51 np11MepHOH ou,eHKl1 KOfll14eeTBa 06pa3y10w,ero

(5l cfJoereHa MO>KHO np11H51Tb nflOTHOeTb nnC-( paBHOH 

30 Kr/M 3• Tor,D,a, 11eXO,D,5I 113 np11se,D,eHHblX BblWe pe3yflb

TaTOB 3Kcnep11MeHTOB, nofly4aeM, 4TO 113 1,0 fl nnC-( 

np11 n11pon113e Ha B03,D,yxe o6pa3yeTrn 291 ,6 Mr ¢oe

reHa . ECJ111 ,D,onyCT11Tb B cooTseTeTB1111 e 11eT04Hl1KOM [1 ], 
4TO ABYXMl1H)'THOe B03,D,eeieTB11e ¢oereHa Ha B03,D,yxe 

B KOHLJ,eHTpau,1111 3,2 Mr/fl np1180,D,11T K fleTaJlbHOMY 11e

XO,D,y, TO TepM114eCKoro pa3JlO>KeHl151 B TOH >Ke epe,D,e 1,0 fl 
nnC-( ,D,OeTaT04HO ,D,Jl51 C03,D,aHl151 eMepTeflbHOH KOHLJ,eH

TpaU,1111 ¢oereHa s 9 2,2 fl B03,D,yxa. 

06pa3eU, Xn-66T Maecoei 7,57 Mr HarpeBafll1 B 803-

,D,yxe co eKopoeTblO 10 °C/M11H., napaflfleflbHO npoBO,D,51 

Maee-cneKTpoMeTp114eeK11C1 aHafll13. TepM114eeKoe pa3-
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Ta611uu.a 2 

XapaKTepHCTHKH COeAHHeHHH, OnpeAensieMblX Macc-cneKTpOMeTpH~eCKH npH nHpOnH3e nnC-( Ha B03AyXe 

Molle1<yll11pHa11 Macca, a.e.M. npeAnOllaraeMoe COeAHHeHHe 
nlloll.laAb nHKa, MOllbHall AOllll OT BblAe/lHBWHXCll 

x10-•·A·s COeAHHeHHH, MOil. % 

18 BOA a 684,055 9,58·10-1 

26 aL(ernneH 8,802 1,23 ·10-2 

28 OKG1A yrnepoAa (11)* 3Tl-1/leH 69806,391 9,78 ·10 

37 XllOpOBOAOPOA 2,708 3,79· 10-3 

44 OKG1A yrnepOAa (IV)** aL(eTa!lbAerl1A 840,852 1,18 

46 3TaHO/l 3,238 4,54·10-3 

51 XllOpMeTaH 25 ,918 3,63 ·10-2 

58 nponl10HOBblH a!lbAefl1A 0,122 1,71 ·10-4 

65 X110p3TaH 0,913 1,28 ·10-3 

78 6eH30/l 11,766 1,65 ·10-2 

92 T011yo11 0,141 1,97·10-4 

98 cj>ocreH 0,106 1,48·10-4 

102 x11opcj>ypaH 0,727 1,02 ·10-3 

104 crnpo11 7,268 1,02·10-2 

106 6eH3a!lbAefl1A 1,269 1,78·10-3 

116 MeTl1/1XllOpcpypaH 0,056 7,84·lQ -S 

* Maeee 28 nOMl'1MO OKCl'1.Qa yrnepo.Qa (II) eo oTBeTeTByeT TaKIKe 3Tl'1JleH, HO SClle.QeTBl'1e 3aSe.QOMO 6011bwero K0111'14eerna OKC1'1.Qa yrnepo.Qa (II) e41'1Ta
eM see KOl11'14eeTBO selljeerna MOJleKy11ApHoi:1 Maeebl 28 OTHOCAUjl'1MCA K norne.QHeMy. 

** Maeee 44 nOM1'1MO OKCl'1.Qa yrnepo.Qa (IV) eooTBeTeTByeT TaKIKe a4eTallb.Qern.Q, HO SClle.QeTSl'1e 3ase.QOMO 6011bwero KOl11'14eerna OKC1'1.Qa yrnepo.Qa 
(IV) e41'1TaeM see KOl11'1 4eeTBO selljeerna MOJleKy11ApHOi:1Maeebl44 OTHOeAUjl'1MeA K norne.QHeMy. 

Ta611uu,a 3 

MaTepHanbHblH 6anaHc no xnopy 

Molle1<yll11pHa11 npeAnOllaraeMoe 
nlloll.laAb ,IJ,Ollll COeAHHeHHll 

nHKa, B 06ll.leM KOllH'leCTBe 
Macca, a.e.M. coeAHHeHHe x10-9·A·s X110pnpOH3BOAHblX, MOil. % 

37 XllOpOBOAOPOA 2,708 8,90 

51 XllOpMeTaH 25 ,918 85 ,18 

65 XllOp3TaH 0,913 3,00 

98 cj>ocreH 0,106 0,35 

102 x11opcjJypaH 0,727 2,39 

116 Mern11x11opcj>ypaH 0,056 0,18 

JlO>KeH"1e Xn-66T TepMorpaB"1MeTp"14eCK"1 Ha4"1HaflO 
cjJ1-1KrnposaTbC5l c 306 °C, 1-1 nepsa51 nyneHb pa3JlO>Ke
H"151 npo,o,on>Kanacb p,o 348 °C. ,ll,anbHeCiwee yMeHbWe
H"1e Mace~ Ha41t1Hanocb np1-16n1t13"1TeflbHO np1-1 500 °C 
"1 MO>KeT 6b1Tb OTHeceHO K OK"1CJleH"1IO n1-1poyrnepO,D,HOro 
onaTKa ,o,o oKrn,o,a yrnepo,o,a (IV). Bbl51BJleHo, 4TO np1-1 
n"1p0ll"13e Xn-66T o6pa3ylOTC51 TaK"1e XllOpCO,D,ep>KaW,"1e 
coe,D, "1 HeH"151, KaKX!lOpOBO,D,OpO,D,,XflOpMeTaH, XJlOp3TaH 
1-1 cjJocreH. Ha p1-1c. 5 - COBMew,eHHble Kp1t1Bb1e Tl 1-1 1-10H
Horo TOKa Maccb1 98 , xapaKTep1-13yiow,ero 3M1-1crnio cjJoc
reHa. 

Tr,% 

100 

90 

80 

70 

60 

50 

40 

30 

20 

100 

,IJ,Ollll COeAHHeHHll Macca Bell.leCTB, BblAelllltOll.\HXCll 

B 06ll.leM KOllH'lecree Ha 1 r ce113aHHoro Cl 
XllOpnpOH3BOAHblX, Mac. % B HCXOAHOM COeAHHeHHH, Mr 

6,37 

84,06 

3,77 

0,66 

4,72 

0,41 

nnOUla.Qb 0.01177E-09A·s 

150 200 250 300 350 
TeMneparype, •c 

(1)- KJ)HBaff repMorpaBHMerpMH 
(2) - lq)MBast 140HHOfO Totea 98 (q>ocrett) B Xn-66T 

93,76 

1236,86 

55 ,53 

9,72 

69,39 

6,08 

400 450 

t.10HHblA TOK . 10-13, A 

7.60 

7.50 

7.40 

7.30 

7.20 

7.10 

7.00 

6.90 

111 
6.80 

500 

B 803,D,yxe repM"14eCKa51 p,enpyKL\"151 nc c ,o,o6aBJleH"1-
eM xnopnpo"13BO,D,HblX repMorpas1-1MeTp1t14eCK"1 Ha4"1HaeT 
cjJ 1-1 KrnposaTbC5l c TeMneparypbl 303 °C, 1-1 nepsa51 cryneHb 
pa3JlO>KeH"151 "1,D,eT ,D,O 415 °C. noTep51 MaCCbl 3a 3TY cryneHb 

P1K. 5. CosMell\eHHbre Kp1>1sb1e Tr 1o1 1o1 0HHoro TOKa Maccbr 98 
(cpocreH) B C/ly4ae Xn-66T 

HAYYHblE V1CCJlE,LJ,OBAHV15l I 2 9 
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COCTaB1t1na 78%. npeAnOnO>K"1TenbHO K 3TOC1 TeMneparype 
OT non111Mepa ocTaeTCSl TOnbKO n111poyrnepoAHb1C1 KapKac, 
AOCTaT04HO ycTOC141t1Bb1C1 snnOTb AO 5 30%. AanbHeC1wee 
yMeHbWeH1t1e MaCCbl CB513aHO c OK1t1cneH1t1eM n111poyrne
POAa c sb1pa>t<eHHblM 3K303cpcpeKTOM. Kp111sb1e Tr 111 ACK 
"1AeHT"14Hbl Kp"18blM, nony4eHHblM np111 OK1t1cn1t1TenbHOM 
n1t1pon1113e 4"1CTOfO nC. 

ConocTasneH111e AaHHblX TepMorpas111MeTp1114ecKoro 
aHan1113a c pe3ynbTaTaM111 Macc-cneKTpocKon111111 no3son111-
no 1t1AeHrncp1t1l.\1t1posaTb p51A coeA1t1HeH1t1C1, 06pa3y10w,111xrn 
np111 pa3nO>KeH"1"1 nc c A06asneH1t1eM xn-66T. 06Hapy>t<e
Hbl COeA1t1HeH1t15l co cneAytoW,"1M"1 MoneKyn5lpHblM"1 MaC
CaMW 36, 37 (xnopOBOAOPOA), 50, 51 (xnopMeTaH), 64, 
65 (xnop3TaH), 98, 99 (cpocreH), 102 (xnopcpypaH) 111 116 
(MernnxnopcpypaH). 

Ha p111c. 6 npeACTasneHbl COBMew,eHHble Kp1t1sb1e 
TepMorpa81t1MeTp"1"1 "1 "10HHblX TOKOB 98 An5l 4"1CTOro 
nC "1 nC c A06asneH1t1eM Xn-66T. 

Tr,% HOHHblR TOK · 10"12, A 

100 ---------

90 

80 
0.95 

70 

60 0.90 

50 

0.85 
40 

30 
0.80 

20 (2) 

10 
nf10Ul3Ab 0.10961 E-09A·S 11 1 0.75 

100 150 200 250 300 350 400 450 500 550 
TeMnepa-rypa, "C 

(1)-ttpMBSff T"epMOl'p8BMMeTpl4M 

[2) -tepMBaR Mot*ioro TOl<a 98 (¢>ocreH) B nc c ,qo6aeneHMeM Xrl-86T 
(3] - KJ>MBaR MC>t+toro TOKa 98 (4>0CreH) B \4MCTOM nc 

P11c. 6. CosMell.\eHHb1e Kp 11 sb1 e Tr 11 110HHblX TOKOB 98 (cj>ocreH) 
Aflll 411CTOro nC 11 nC C A06asneH11eM Xn -66T 

np111 n111pon1113e 4"1CTOro nC 3M"1CC"15l COeA1t1HeH1t15l C MO
neKyn5lpHOC1 MaccoC1 98 He Ha6ntoAaeTCSl. 

06pa3ytow,"1eC5l B pe3ynbTaTe n111pon1t13a nC C A0-
6asneH1t1eM xnop111posaHHblX yrneBOAOPOAOB COeA1t1He
H"15l aHanOr"14Hbl npOAYKTaM TepM"14eCKOC1 AeCTPYKL\"1"1 
nnc-c. 

6pOMOpraH"14eCK"1e COeA1t1HeH"15l KaK aHrnn111peHbl 
B nnc-c He MeHee onaCHbl, 4eM xnopCOAep>t<aw,111e. BeAb 
6poMcpocreH, 6poMCOAep>t<aw,111C1 aHanor cpocreHa, 1t1MeeT 
TOKrnKonorn4ecKoe B03AeC1crn111e, nOA06Hoe cpocreHy. 
np1t14eM "13-3a TOro, 4TO B ycnOB"15lX n1t1pon1113a 6pOM
paA1t1Kanbl ycToC14111see xnop-paA1t1Kanos, 6onee nonHoro 
npoTeKaH1t15l peaKL\"1C1 no paA1t1KanbHOMY MexaH1t13MY cne
AYeT O>K1t1AaTb OT 6poMopraH1t14eCK"1X coeA1t1HeH111C1. 

30 I HAY4HblE 111crnE.UOBAHV15l 

1. Kn111H1t14ecKyto Ka pm Hy OTpasneH1t15l npOAYKTaM111 ro
peH1t15l Ha HeKOTOpblX no>t<apax Henb35l o6b51CH"1Tb 06pa30-
saH1t1eM Ha H"1X TOnbKO OKC"1AOB yrnepOAa. 

2. TepMorpas111MeTp1t14ecKoe 111ccneAOBaH1t1e, cosMe
w,eHHoe c Macc-cneKTpoCKon1114ecK1t1M aHan1t130M npo
AYKTOB OK"1cn"1TenbHOro n111pon1113a nnC-(, COAep>t<aw,ero 
xnopopraH1t14ecK111e aHrnn111peHbl, noKa3ano 06pa3osaH111e 
BblCOKOTOKC"14HblX sew,ecTB - xnopOBOAOPOAa, xnopMe
TaHa, xnop3TaHa, cpocreHa, xnopcpypaHa, Mernnxnopcpypa
Ha 111 AP. Bo3AeC1crn111e 3rnx sew,eCTB Ha ntoAeC1 B KOHL\eH
Tpal.\"15lX, sep051THblX B cny4ae no>t<apa, MO>KeT np1t1BOA"1Tb 
K neTanbHOMY "1CXOAY· 

3. n111pon1113 nC C 3aAaHHblM MaCCOBblM COAep>t<aH"1eM 
xnopa np1t1BOA1t1T K no5lsneH1t110 aHanorn4HblX n111pon1113y 
nnc-c npOAYKTOB. 

4. np1t1MeHeH1t1e B nnC-( B Ka4eCTBe aHT"1n1t1peHOB 
6poMopraH1t14eCK"1X coeA1t1HeH111C1 BMecrn xnopopraH1t14e
CK"1X 03Ha4aeT 06pa3osaH111e s npol.\ecce no>t<apa c BblCO
KOC1 AOneC1 sepo51THOCrn BblCOKOTOKC"14HblX 6pOMCOAep
>KaW,"1X aHanoros. 

5. CneAyeT T04HO onpeAen1t1Tb AonycT1t1Mb1e o6na
crn np1t1MeHeH1t15l B CTp0"1TenbCTBe nnC-( C ranoreHOp
raH1t14eCK"1M"1 COeA1t1HeH"15lM"1 B Ka4eCTBe aHrnn111peHOB 
"1 pa3pa6oTaTb An5l 3T"1X cny4aes aAeKBaTHble nnC-( 
KOHCTpyKrnBHO-TexHonor1114ecK111e peweH1t15l, 06ecne4111-
sa10w,111e ero no>t<apHyto 6e3onacHoCTb. 

6. An5l onpeAeneH1t15l no>t<apHoC1 onacHOCT"1 Bbmy
CKaeMoro npOMblWneHHOCTblO nnC-( peKOMeHAyeTCSl 
111cnonb30BaTb 1t1HCTpyMeHTanbHb1e MeTOAbl aHan1113a Tep
M"14ecKoC1 ycTOC14"1BOCrn B COBOKynHocrn c Bbl5lBneH1t1eM 
803MO>KHblX npOAYKTOB OK1t1cn1t1TenbHOro n111pon1t13a. 
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