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KaK y:>Ke OTMetJaJIOCb /t- 3!, TipH4HHbl H3MeHeHHJI BO 

apeMeHH xapaKTepHCTHK TIJIBCTMacconwx CUHHTHJIJIJITopoB 

/IIC/ CBR3BHbI -c npoueccoM noJJHMepH3BUHH, c OJJ.HOH 

CTOpOHbl, H CBOHCTBBMH CUHIITHJlJIHUHOHHblX JJ.06BBOK • 

c JJ.pyroii. 

B pe3yJihTaTe ao3.ueiicTnHH Hmm 1upy10111nx H3JIY4eHHii 

H apeMeHHblX ¢aKTOpOB Ha IIC B HHX, HapRJJ.Y C pa3pyrneHH· 

eM CUHHTHJIJIJIUHOHHblX JJ.06aBOK. npoHCXOJJ.HT CTPYKTYPHbJe 

H3MeneHHJI B TIOJIHMepnon OCHOBe, conpoBO:>KJJ.BIOlllHCCJI XH· 

MH4eCKHMH npeaparneHHHMH C ytJaCTHCM CB060JJ.HblX PBJJ.H· 

KBJIOB.· 

CyMMapHble npouecchl, ITpOHCXO.JHlllHC KBK B ITOJIHMepHoii 

OCHOBe, TaK n ·a CUHHTHJIJIHUHOHllblX .:xo6aBKBX, n o6ycnaa

JIHBalOT BO3HHKamrnne B nc Heo6paTHMblC npeapa111eHHJ1, 

TipHBOJJ..lllllHe K yMeHblUeHHIO HX CBCTOBoro BbIXO)].a H npo-

3pa4HOCTH. 

B npouecce MHoroJieTHeii pa60Tbl C ITOJlHCTHPOJibHhlMH 

IIC HaMH 6h1JIH Bbl.llBJieHbl onpe.:xe.'!~IIHhle 3BKOHOMepnocTH 

no BJIH.IIHHIO HeKOTOpb!X ¢aKTOPOB na peiKHM ITOJIHMepH3aUHH 

CTHPOJia H, KaK CJie.UCTBHe 1TOro. na 1KCITJiyaTaUHOHHbJe 

xapaKTepHCTHKH IIC. B 4BCTHOCTH. npn no.:x6ope OTITHMaJib -

HblX YCJIOBHH TIOJIHMepH3BUHH 6bJJ10 3B!\fe4CHO, l{TO BBCJJ.eHHC 

B. peaKUHOHHYIO Macey HHHUHB TO pa - nepeKHCH 6en30HJia, 

TIO3BOJI.lleT He TOJibKO npoBO.lIHTb npouecc npH 6onee yMe· 

peHHblX TeMnepaTypax. HO H TIOJIOiKHTCJibHbIM o6pa30M 

BJIH.IITb Ha CTa6HJibHOCTb CUHHTH.'lJIHUHOHHbIX CBOHCTB. 

B nacTO.IIIUeii pa6oTe npnae.neH·bl pe3yJibTaTbl HCCJICJ].O· 

aaHHH H HeKOTOpble BblBO.libI, KOTOpbIC HenocpeJJ.CTBeHHO 

CB.113aHbl C H3y4aBIUHMHCH HBMH panee Bonpoca-MH CTapeHHJI 

IIC H npeJJ.CTaBJIHIOT HHTepec IIJIH pa60Ta10111nx a JTOH 

o6JIBCTH. 
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nrrH HCCITeJIOBaHHH HCITOITb30BaITHCh ITOITHpOBaHHbie 06· 

pa3UhI IIC p 30 MM, h 10 MM c .no6aBI<aMH eeiuecTB Krracca 

rrorrmpeHHITOB ii 0Kca3orroe, 3arrorrnMepn3oeaHHbie B npncyT· 

CTBHH HHHUHaTopa H 6e 3 Hero' a TaKiKe nrreHKH TOITI..QHHOH 

"'0,1-0,3 MM, npHrOTOBITeHHbie H3 3THX iKe o6pa3UOB 
/4/ 

MeTOJIOM IlOITHBa • IIepeKHCb 6eH30HITa oqnI..QaJiaCb xnopo-

qiopMOM nyTeM nepeoca)K,u:eHHH, c .n;o6aenenHeM MeTHJioaoro 

CilHpTa / Sf. 
B Teqenne .necHTHrreTnero cpoKa 3KcrrrryaTaunn H xpa

neHHH yKa3aHHhIX o6pa3UOB Ha HHX rrepuo,nHqecKH H3Me· 

PHITHCb HeKOTOpbie xapaKTepHCTHKH IIC: OTHOCHTeIThHbIH 

CBeTOBOH BblXO,U, cneKTpbI rrporrycKaHHH, KOrrHqecTBO OCTa· 

ToqHoro MOHOMepa /OM/, MorreKyrrHpHhIH eec / M/ H Mo· 

rreKyrrHpHo·eecoeoe pacrrpe.ueneHne / MBP/. 
KaK H3BeCTHO. CTapeHHe IlOITHMepa • 3TO rrpeiK,ne acer-0 

pe3yrrhTaT XHMnqecKHX rrpoueccoe, o6ycrroerreHHhIX .u:eii

CTBHeM KHCJIOpo.na, Tenrra. CBeTa, HOHH3Hpyioiuero H3rry

qeHHH H T.Il •. ' KOTOPbie npHBO.llHT K .ne CTPYKIIHH H CIIIHBaHHIO 

MaKpOMOITeKyrr. CTapeHHe, rrpHBOl(HIUee K HapyrueHHIO 3Hep

reTHqecKoro paBHOBeCIIH CHCTeMbl, IlP0HCXO.U:HT TaK)Ke 3a 

cqeT ncnapeHHH H3 IlOITHMepHofi OCHOBhl rreTyqHx KOMno

HeHTOB, HanpHMep, OCTaToqHoro MOHOMepa. <l>OTOXHMffqec

KaH .n:ecTpyKUHH noeepXHOCTHOro CITOH conpoBO)K.llaeTCH 

npou:eccaMH ru,n:pOITH3a H OKHCITeHHH B pe3yITbTaTe B3aHMO· 

.u:efiCTBHH ,UBOfiHofi CBH3H C Brrarofi H KHCITOpO,n0M B03,Uyxa, 

qTo npu.u:aeT peaKUHH BeCbMa CITOiKHhifi xapaKTep. Pa3rrHq· 

HaH paCTBOpHMOCTb CUHHTHITITHUHOHHbIX .no6aBOK e IlOITHMepe 

n MOHOMepe ewe e 6oITbIIIefi CTerreHH HapyruaeT O.U:H0po,n

HOCTb IIC. 
O,u:HaKo BbIXO.ll peaKUHH IIOITHMepH3aUHII o6bJqHo MeHbUie 

e,U:HHHilbI, T.e. ~ IlOITHMepe Bcern:a con:epiKHTCH OM, Korrn

qecTBO KOToporo o6ycrroerreHO, e OCHOBHOM, peiKHMOM no~ 

ITHMepH3aIIHH. Harruque OM,KaK OTMeqarrocb, OTpHUaTeITbHO 

CKa3hIBaeTCH Ha OIITHqecKHX, CUHHTHITITHIIHOHHbIX H MexaHH· 

qecKHX CBOfiCTBax IlOITHMepa /7-9/. 
11crrorrh30BaHHe HHHUHaTopa IIOITHMepH3aUHH yeerrnqnea

eT CKOpOCTh peaKUHH H CITOC06CTByeT OOITee IIOITHOMY ee 

rrpoTeKaHHIO, qTo IIpHBOIIHT K r,1eHb1IIeHHIO KOITH4eCTBa OM 
B llC. O,n:HaKO C Te4eHHeM Bpe ... feHH. B pe3yIThTaTe ,U:eCTpyK· 

UHH norrnMepHbrx uerrefi. KorrrrY:ecTBO OM B rrorruMepe yee

ITH'JHBaeTcH. fIO:JTOMY Ba')f(H0 CBeCTII K MHHHMYMY nepB0Ha· 
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qarrhHoe co.nep»<aHHe OM B rrorrHMepe, qT06b1 ero KonnqecT· 

BO C TeqeHHeM BpeMeHH He .llOCTHrarro BeITH4HHhl, BITHHIOIUefi 

Ha H3MeneHHe ceoficTB IIC. Orrpe.uerreHHe OM rroKa3arro, 

qTo B crryqae IIOJIHMepH3aUHH C rrepeKHCbIO 6eH30HITa KOITH· 

qecTBO OM B 06pa3ue IIC qepeJ 10 rreT eo3pacTaeT Ha 

2O-250/o, Tor.na KaK B 06pa3uax. 3aII0ITHMepH30BaHHblX 6e3 

nepeKHCH 6eH30HITa B Tex iKe yc.rIOBHHX, KOITH4eCTBO 

OM yeennqneaeTCH 3a TOT )Ke rrepH0..1 B ~- 2 pa3a. naHHbie 

rrpnee,u:eHhI B Ta6rrrrue 1. 

KaK MOiKHO BH.lleTb H1 Ta6JJHUhl I. 111Menenne co.uepiKa· 

HHH OM c TeqeHHeM BpeMeHH y BCCX HCCJJC.U0BaHllblX o6-

pa3UOB rrpoHCXOJIHT B o6nacTH JIO 70/o. B TO iKe BpeMH 

o6pa3Uhl C rrepeKHCbl{) 6en1ouna ITO CUHIITHITJIHU,HOHHhlM 

xapaKTepHCTHKaM 6oncc CTa6nJil,Hhl. no .ua11HhIM pa6oThl /s/ 
BeJIH4HHa CBeTOBOrO BblXO.lla llC Ha4Hl!aCT 3UMCTH0 yMeHh • 

ruaThCH JIHWh rrpu conep)Kanuu OM> 20/o. Cnc.lloBaTeJihHO, 

yeenuqeHHe OM • TOJlhK0 O.!IHa lf1 npH4HH.- BJJHHIOIUHX Ha 

CBeTOBOH BhIXO.ll lf rrpo1pa'-1H0CTb rrc. If OHO HC MOiKeT 

jlBJIHTbCH orrpe.nenHIOIUHM. 

lionee BepoHTHhlM HBJJHCTCH B!lllHIIHC_..-Jla CU,HIITHJIJIH• 

U,HOHHbie CBOHCTBa nonnMepro,rnnont4CCKoro COCTaBa nc. 
HaMH 6bIJIO IIOKa Jano. qTo y,1eJ1bllJCJIIIC cpc..1nero M nc, 
a cne.noeaTeJibHO, yeeJJH'-leHJIC .:1<1-'111 llll 11IHIX II0JIHMeprOMO· 

noroe, o6nanarnwnx 6onhmu,1 rrnr.'lmuc11tteM e Y<P-o6nacTn; 

npHBOJIHT K yMeHhIIJeHlfl{) CBCT0Bnro BhlX0.lla. norruMepro

MOJIOrH4eCKHH cocTaB ITC M0'ih"Hn peryn11poeaTh, eaphHPYH 

KOJiffqeCTBO BBO.llHM0ro HHHUl!a T0pa. 

nnH YCTaHOBJICHHH OTTTH\la.'ll,HOro K0JJH4eCTBa rrepeKHCH 

6eH30HJia, He BJIHHIOIUero na CllllllTll.'l."lHUHOHHYIO 3cpcpeKTHB· 

HOCTh H rrpo3paqHocTh IIC. no rrpuno..1Hmero K 6onee rronHoii 

IlOJIHMepH3aUHH o6pa '.rna. 6bIJJH rrpHrOT0BJieHhl H uccne.u:oea

Hbl IIC OJIHOro - CIIHHTHJJJJHUH0HH0ro C0CTaBa C pa3JIH'-IHOH 

KOHU,eHTpauueii rrepeKHCH 6eH30H.'la. a TaKiKe o6pa3U,hl IIC 
C pa3JIHqHblMH CUHHTHJIJJHII_H0HHhIMH ..106aBKaMH, npnroTOB· 

rreHHhie B O.llHHaKOBbIX YCJI0BHHX C rrcpeKHChIO 6eH30HITa 

H 6e3 Hee. 

B Ta6nnue I I rrpneenena 3a_eucn,wcTh KOJIH'-leCTBa OM, 
., a Ha puc. 1 - OTH0CHTeJihH0ro cne T0BOro BhIXo.n:a - . OT -

KOHIIeHTpamrn rrepe1rncn 6e1nmrna B o6pa Ju,ax cocTaea: 

2o/o n ·TepcJ)emrna -+ 0,04ofo PO POP. 
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B Ta6irnue· II I 'rrpnae.IIeHbI pe 3ynhTaThI nccne.n;oaamiu 
nc pa3nHqHoro C0CTaBa, rrpnroToaneHHbIX B 0,ll;HHaK0BblX 
ycno:amrx c rrepeKHChIO 6eH30Hna ii 6e3 Hee. 

.D:aHHbie Ta6nnu I I n I I I rroJ<a3hIBaIOT, qTo Hanuqu_e 
HHHUHaTopa B K0ITffY:eCTBe ,!IO O, 1 'fo ife H3MeHHeT CBeTOBOH 
Bh1xo,n IIC, Iio CHHmaeT conepmaHne · OM. B :!'0 me apeMH 
Knacc . .n;o6aBKH H ee K0HUeHTpauHH He 0Ka3bIBaIOT BITHHHHH 
Ha OM. ·' 

Orrpe.n;eneHHe M H aHaITH3 KPHBbIX . MBP 111{io3BO· 
ITHITH ycTaH0BHTb rrpuqnHy CHHmeHHH CBeT0Boro BbIX0,n;a IIC 
IIpH yaenuqeHHH K0HUeHTpaUHH rrepeKHCH 6eH30Hna H 0K0H
qaTeIThH0 orrpe.n;enHTb 0IITUMaITbHYIO K0HUeHTpauuIO ee B IIC. 

Ha puc. 2 II0Ka3aHa 3aBHCHMOCTb 0TH0CHTeITbH0ro cae
T0B0ro Bhixo.na IIC OT M. lb puc. 2, a TaKme no .n;aHHhIM 
.n;pyrux aaTopoa /s, 121 BH.IIHo, qro, HaquHaH c·M> 80 000, 
ero aenH'iHHa ·He CKa3bIBaeTCH Ha CUHHTHITITHUHOHHOH JqJqJeK
THBH0CTH. 

Hccne.noaa1me MBP- 3aancnM0CTH aecoaoii .n;onu rro
nuMepa OT M, rrpuae,neHHoe Ha puc. 3, rroKa3ano, lfTo rrpH 
HH3KHX K0HUeHTpauHHX rrepeKHCH 6eH30HITa UITH B ee 0TCyT
CTBHe /KpHBbie 2 U 1 COOTBeTCTBeHHO/ K0ITHqe CTB0 HH3K0M0 -· 
neKynHpHhIX qipaKUHH cocTaBnHeT < 2O<fo . acero cocTaaa· · 

. -
rronnMepa, Tor.na KaK IIC, co.IIepmaIUHH l'fo rrepeKHCH 6eH· 
30Hna /KpHBaH 3/ yme Ha s:8O'fo C0CT0HT.H3 HH3K0MOITeKy
ITHpHbIX qipaKuuii. HH3KHH caeroaoii Bhixo.n JToro 06pa3ua· 
cornacyeTCH c .naHHhIMH puc. 1 u 2. Hccne.nonaHne HJMe
HeHHH· MBP B Te'fe~ue ,necHTHITeTHeii JKcrrnyaTauun H xpa
HeHHH IIC, rrpumi,neHHoe Ha puc. 4, rroKaJano, qTo ecnu 
B caemerrpHr0T0BITeHHbIX C nepeKHCblO 6eH30Hna /KpHBaH -I/ 
H 6e3 Hee /KpuaaH 2/ 06pa3uax xapaKTep MBPnpaKTHqecKH 
0,UHHaK0B, TO C TeqeHHeM apeMeHH JT0 C.00TH0WeHHe Hapy~ 
waeTCH. qepe3 10 neT K0ITHqecTBO HH3K0M0ITeKynHpHbIX' 
qipaKUHH B o6pa3ue 6e3 rrepeKHCH 6eH30Hna ao3pacTaeT 
noqTH a· 3 · pa3a /KpnnaH 4/. B To me apeMH a 06pa3ue 
C rrepeKHCbIO C00TH0WeHne Mem.n;y qipaKUHHMH 3a TOT me 
rrepuo.n rrpaKTnqecKn He MeHHeTcH /KpnaaH 3/, qTo HBITHeTcH, 
rro-BH.lI~M0My, O,!IHOH H3 rrpuqnH CTa6HITbHOCTH TaKHX IIC 
rrpn ·3KCIInyaiaunn, TaK KaK H3 .naHHbIX Ta6ITHUbl I y HHX 
He Ha6.ri10.n;aeTCH pe3Koro yMeHbWeHHH CBeTOBoro. BhIXO,ll;a 
B TeqeHne .n;rrnTenhHoro apeMeli:n. • 
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BnHHHHe nepeKHCH 6eH30HITa Ha 0llTH'-leCKHe· H CUHHTHIT· 
ITHUH0HHbie xapaKTepHCTHKH IIC ?.iOmHO. o6HapymHTb H_ rrpu 
Hccne.n:oaaHHH crreKTpoa rrporrycKaHHH. Ha puc. 5 rrpe.n;cTaa-

·-. ' . -

neHhl cneKTPhl nporrycKaHHH rrneH0K, npuroT0BITeHHbIX H3 
II0DHCTHpona, C pa3nHqHoH KOHUeHTpauueii rrepeKHCH 6eH-
30Hna /O,O5'fo - l'fo/. 

Jl3 puc. 5 BH,UH0, qTo xapaKTep H3MeHeHHH cneKTp0B 
nponycKaHHH KaK y II0ITHCTHpona 6e3 nepeKHCH 6eH30HITa 
/KpHBaH 1/, TaK H y ll0ITHC'fHpona c 0,05 ~ 0, l<fo nepeKHCH 
6eH30HITa, npaKTHqecKH 0.IIHHaK0B /t<pHBbie 2,3 C00TBeT
c1aeHHO/. Ilpn K0HUeHTpaunH nepeKHCH 6eH30H.Tia l<fo.aec 
/KpHBaH 4/- Ha6mo,naeTCH 3aMeTH0e IIOrITOll(eHHe B o6naCTH 
2775 - 3100 A, qTo coarra.IIaeT c naqanoM H3nyqeHHH 
nepaHqHbIX CUHHTHITITHUH0HHbtX .II06aBOK. Ilo ·BH,ll;HMOMY' 
yMeHhWeHHe caeToeoro Bb!X0,!Ia TIC C yeenH'-leHHeM KOH· 
ueHTpaunH nepeKncn. 6en1on.rta caH1ano c· yaenH'-leHHeM 
co.n;epmaHHJI HH3K0M0ITeKynHpHblX qipaKUHH, nornoll(aIOll(HX 
a KOPOT_KOBOITHOBOH o6nacTn. a TaKme c yMeHbWeHHeM 
34JqieKTHBHOCTH nepe,naqn 1Heprnn B036ym.n;eHHH OT no
ITHMepHOH OCH0BbT K ITlOMHHecueHTHblM .no6aBKaM, ecne.n:
CTBHe_ qacTHqnoii rrepenaqn ee IIP0llYKTaM pacna.n;a rrepe
Kncn 6eH3oHna. Ponh HHnunaTopa e noe1,frnennH cTa6Hnh· 
H0CTH CUHHTHITITHUH0HHbIX CBOHCTB flC HeIIocpe,ll;CTBeHH0 
CBH3aHa . C xapaKHlJ)OM CB060.IIHblX pa.UHKaIT0B, o6pa3yIO· 
ll(HXCH npH pacna.IIe rrepe1<ncn 6en1onna. MexaHH3M pac
na.na 3&BHCHT OT ycno_BHH rrpoBe.JeHHH peaKUHH /l3/_ IlpH · 
3T0M ilpH 6onee HH3KHX TeimepaTypax peaKUHH / ~ 65. -
70° C/ o6pa3yIOTCH CB060..'1Hhte pa.lHKaITbI THlla C6 H 5 COO, 
npHB0.lIHll(He K 06pa3oeaHHIO coennneHHH, racHll(nx qimoopec
uenumo, a llpH 6onee BblC0KHX TeMnepaTypax / _2:8O°C/ • 
qieHHDbHbie pa,UHKaITbl C 6 H s-, He o6pa 3YIOll(He racHIUHX 
npHMeceii. KpoMe Toro. c yaenn'-leHueM TeMnepaTyphr yae
nHqtteaeTCH CKOP0CTb pacnana ·nepeKHCH 6eH30Hna C o6-
pa30BaHHeM HMeHH0 <fieH

0

HITbHbtX pa.IIHK8.ITOB. Cne,n;oim TeITh • 
HO, HaqanbHaH TeMrrepaTypa peaKUHH II0ITHMepH3aUHH npe.n;
orrpe.nenHeT xapaKTep panHKanoa. 0·6pa1y10IUHXCH rrpu pa3-
nomeHHH nepeKHCH 6eH30HITa. 

OTCIO,Ua .:BhTTeKaIOT ·. rrpaKTnqecKue B~IB0,ll;bl, ll03B0ITHIO~ 
IUHe nonyqaTb HaH6onee J<aqecTBCHHhie n CTa6HIThHbie no 
xapaKTepncTHKaM o6pa3IIhL ·,[!Jrn Toro, qT06b1 caecrn K 
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MHHHMYMY K0ITHqecTBa OM H HH3lllHX II0ITHMeproMonoroB, 
a TaKiKe o6ecrreqHTL 6onee paBHoMepHoe qiopMHponaHHe 
M0ITeKyITHpHblX uerreii, Heo6X0.!1HM0 HCII0ITb30BaTL rrepeKHCb 
6eH30HITa B KaqecTBe HHHIIHaTopa / <.O, 1 nee o/o/ H HaqHHaTL 

. - 0 
II0ITHMepH3aUHI0 rrpH yMepeHH0 BblC0KHX TeMrrepa Typax /80-

0 95 C/. IlpH 3THX TeMrrepaTypax yMeHLlllaeTCHB03M0iKH0CTb 
o6pa30BaHHH racHIUHX rrpnMeceii H II0.ll.llaeTCH Y.ll0BITeTBO· 
pHTeITLH0MY perynnpoBaHHIO. CK0P0CTL Terrnoo6pa30BaHHH. 
,l:{anee Halli 0IILIT rroKa3an. qro no nocTHiKeHHH crerreHH 
rrpenpamemrn B rronnMep 70 - 8O~o. re

0
Mrreparypy rrocre

rreHH0 cnenyeT II0.llHHMaTL .!10 150-170 C H Bbl.lle.piKHBaTL 
peaKUH0HHYIO Macey llpH 3TOH TeMrrepaType B reqeHHe 
60-100 qacoB .llITH ocyII.IeCTBITeHHH Han6onee II0ITH0r0 H 

rny6oKoro rrpouecca rronnMepH3aUHH. 
O6pa3ULI IIC, rronyqeHHLie 110 TaKoMy peiKHMY, MoryT 

6b1Tb HCIIOITb30BaHbl B 3KCIIepHMeHTax B reqeHHe .llITHTenL

H0ro npeMelrn. 
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