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W3ydeHs! cniekTpanbHO-TIOMIHECIICHTHBIE W TeHepalnoOHHbIe XapakTepuctuku pogamuHa 101T u ¢ena-
neMuHa 512, BHEIpDEHHBIX B IPOCThIE M KOMIIO3UTHBIE IelIb-MaTPUIbI Pa3HOI'O COCTaBa Ha OCHOBE TeTpa-
STOKCUCHJIAHA, IpU BO30yxKueHnn m3nydeHusimu XeCl-nazepa u 2-it rapmonnku Nd:YAG-mna3epa. Ycra-
HOBJICHO, YTO B3aMMOJIEICTBHE KPAacUTes C TBEPAOTEIBHON MaTpuUliell MpOUCXOAUT MyTeM oOpa30BaHUs
COJILBATOB IO THILY JOHOPHO-aKkenTopHoi 1 H-cesi3u. Onpenenensl 3(p(peKTUBHOCTH TreHepannuy B 3aBU-
CHUMOCTHU OT MHTEHCUBHOCTH BO30YXJCHUS U Na3epHas (POTOCTaOMIBHOCT I'€llb-CUCTEM C KPaCUTEISIMU.
ITokazano, 4to 3¢h(hpeKTUBHOCTH NMPe0Opa30oBaHMs N3YyUCHHUS HAKAUKU ¥ JlazepHas (POTOCTAOMIBHOCTh
KpacuTesell B KOMIO3UTHBIX I'elb-CHCTEMaXx BhIIIE, YeM B IPOCTBIX I'elb-MaTPHUIAX.

PACS: 42.62.Fi, 42.70.Hj, 78.60.-b

BBEIJEHUE

HcTouHnky KOrepeHTHOTO M3Iy4YeHUs] — BasKHas
YaCTh COBPEMEHHBIX HAYKOEMKMX TeXHOnoruii [1-3].
JlocTonHCTBa NepecTpauBaeMbIX Ja3€pOB Ha OCHOBE
PacTBOPOB OpPraHUMYECKHUX MOJIEKYJ OUYEBHAHBI: BbI-
cokas 3(p(peKTUBHOCTb IPEe0Opa30BaHUs U3IIyUYEHUS
HAKa4yKH, JOCTaTOUHBIN pecypc paboThl U MIUPOKas
o0sacTb nepecTpoiku B BupuMoi, ommxkuein UK un
Y® obaactsix (ot 1300 go 330 um). OgHako MIKAPO-
KO€ BHEAPEHHUE >KUAKOCTHBIX JIA3€POB Ha Kpacure-
JAX CAEPKUBAETCS CIOXKHOCTBIO M I'POMO3JIKOCTHIO
UX YIPaBIEHUS, MOXAPOOMNACHOCTHIO U TOKCHYHO-
CTBIO pacTBOpHUTesedl. B cBd3M ¢ aTUM akTyajbHa
npobieMa co3gaHus TBEPOTENbHBIX AKTHBHBIX CpPefl
Ha OCHOBE M3JTyYEHHS MMOJUMEPHBIX MOJIEKYJ [4] nu-
60 JTIOMHUHO(OPOB, BHEPEHHBIX B MMOJUMEPHBIE Op-
raHM4YecKNe MaTPULbl, HApIMEP NOJINAKPIIIATHBIE,
MOJIMCTUPOJIBHBIE, B KOTOPBIX OpTraHN4Y€CKUE JTHOMU-
HO(OpPBI XOpOLIO pacTBOpsAIOTCA [5—7], a MaTpHUIbI
nerko o6pabaThiBatoTcs MexaHndecku. CyIecTBeH-
HBIM HEJJOCTaTKOM IPH UCMOIH30BaHUT TAaKUX MaTe-
pHaOB OKa3blBaeTCsl UX HM3Kasl Jla3epHasi CTOH-
KOCTb, TPUYEM NTOPOT pa3pylIeHNs CYIIECTBEHHO MO-
HIDKAeTCsl INpPH MHOTOKPAaTHOM BO3JACHCTBUM H
nepexofe K Y® Hakauke [5, 7]. Kpome Toro, nnun-
HOBOJIHOBBIN Kpai IMOJIOCHI HOTJOIIEHUS! IOJINUME-
TunMmeTtakpuiaaTHoil (ITMMA) maTpuibl nonagaeT B
o6nacth nznyuyenns XeCl-nazepa, SIBISIIOMIETOCS OfT-
HUM U3 YHUBEPCAJIBHBIX UCTOUYHHKOB BO30Y>KICHUS
MHorux Y ® na3epHbIX KpacuTeJIell, HallpuMep Mpo-
U3BOIHBIX OKca3oua. [IpenMyIecTBOM B 3TOM OTHO-
5 OIITUKA U1 CIIEKTPOCKOIIMA
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IIEHnU O0O6NIaflaloT TBEPHOTENbHbIE HAHOMOPHUCTHIE
CHJIMKATHBIE MAaTPULBI HA OCHOBE TETPAITOKCUCHIIA-
Ha (TOOC), nonyyaemMbie ¢ HOMOUIBIO 30J1b-TENIb-ME-
TOfA: OHU IpOo3payHsbl 70 250 HM, TPH 3TOM J1a3epHast
croiikocTb TOOC-MaTpuI CyIIECTBEHHO BBIIIE, YEM
IIMMA [8, 9]. Ncnonb3yeMbIil MpU 3TOM METOJ
30JIb-TeJIb-CHHTE3a [TO3BOJISIET HAPSy C 00 beMHBIMHI
MaTpHIlaM# co3/1aBaTh TOHKHE (| < 1 MKM) TUIEHKH €
BBICOKOH J1a3€pHOI CTOMKOCTHIO [8], MOTpEeOGHOCTH B
KOTOPBIX Ha COBPEMEHHOM 3Talle pa3BUTHS HAHOTEX-
HOJIOTUH Ype3BbIUaiiHoO Bbicoka [1-3]. OgHako nomy-
YaeMble TaKNM METOOM MaTepHalbl 06/1afjaroT Mo-
BBIIICHHOW XPYIKOCTBIO, 3aTPYAHSOLIEH UX oOpa-
6oTrky. Kpome Toro, nammuume B mnopax TOOC-
MaTpHLbl BEICOKOH KOHIEHTPALMHA THAPOKCHIBHBIX
—OH-rpynmn Begetr K 00pa30BaHUIO B psAfEe CIydyacB
HapsAy C XOPOILIO JTIOMUHECIUPYIOIINMY CI1a00U3ITy-
YaoUmX WOHHBIX ¢opM Monekyn [8, 10]. ns
MpEefOTBpAlEeHUs] HeXelaTeIbHbIX 3(P(EKTOB MC-
MOJB3YIOT CMEIIaHHbIe CHJIMKATHbIE MAaTpULbI,
MpEfICTABISIONINE HAaOOp allKOKCHCUJIaH3aMellleH-
HbIx: Hampumep, TOOC + BUHWITPUITOKCHCUIIAH
(BT20C) [8], B KOTOPBIX YMEHBIIAETCS KOHIEHTpPA-
uusg OH-rpynm, a Tak:ke ruOpugHbIe MaTEpUABI, SIB-
JISIOUIUECS] CMEChI0 OPTaHWYEeCKUX MOJUMEPOB (Ha-
npumep, IIMMA) u HeopraHmyeckux CHJIMKaTHBIX
cocTaBJsitonmx. Crnoco6 nojayyeHns ¥ COOTHOIIEHUS
KOMIIOHEHTOB B TaKHX MaTepHajgax CyIIeCTBEHHO
BIUSIIOT Ha CHEKTPaJIbHO-JTIOMUHECHEHTHbIE, (POTO-
XMMHYECKUE W TeHEpPAlOHHBIE CBOWCTBA KpacuTe-
aei [9, 11-16]. CaegyeT OTMETUTb, YTO HAPSAY CO
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KY3HEUOBA u np.

Taoanmma 1. CTpykTypa, ClIeKTpaabHO-IIFOMIHECIIEHTHbIE U reHepalmoHHble XxapakTepucTuku P101T B mpocThIX U KOM-

MO3UTHBIX MaTpUllax

CHsz_ _N o N

COOH .CI”

HOrN |y CI1.BO36 }\Qm s T , HM A)\I/Z» A , HM AAI/Z’
Cpena: A, iy Aok > Mmex o (ATX Qg max HM max HM KITI, % Psp, Psg’
()\per)’ HM 1201 S Jx/cm
HM) XS | no 0o0nyueHus |mocne oOJydeHust
T30C + BT90C 590; 608, |604 (51)| 17 664
(7 : 3) marpuna; 308 (640) 32 |661 +665| 6 665 15 0.3 Pgo =40,
P50 = 90
T20C + BT20C 590; 608, |[602(61)| 8 660 10 8.7
(7 : 3) marpuma; 532 (640) 18 659 +661| 5.5 12
25 659 +661| 6.2 13
55 16
70 661 2.6 660 11 11.8 Pgy= 1120,
PSO = 22 500
Kommno3sur ¢ 595, 606 (47)| 13 0.15
TIMMA; 308 (640, 605) 30 665 2.8| 665+ 7.4 0.25 Py =370
+ 667 + 670
Kommosut ¢ [IMMA;  |595, (640, 605)| 605 (47)| 65 666 5 660 4.8 33 Pgy = 6250,
532 Psy=32000
Kommnosur ¢ 575+ 530; [605(84)| 6 655 7
IIMMA + Yb(NO3)s; 575 + 530, 30 655 2.8 653 3 0.6 Pgo =100,
308 (640) Psy =285
Kommo3zur ¢ 575 +530; |605(72)| 8 |653+657 4.6 15.8
IIMMA + Yb(NO;)3; 575 + 530, 18 657 3 18.8
532 (640) 60 | 659 655 12 167 Py = 2700,
PSO = 27 000
Kowmmosur ¢ I1C; 308 590; 605, 616 (62)| 35 Her
(640, 615) TeHepanun
Kowmmo3sur ¢ I1C; 532 590; 605, |[617(62)| 65 [661 +663| 6 659 + 5.5 1.3 Psq =475
(615, 640) + 661 + 663

MHOTMIMH TPEUMYIIECTBAaMU CUITMKATHBIX HAHOTIOPH-
CTBIX MaTPHUI] OHU OOJIaTalOT PACCESTHUEM U3ITyICHUS
0co0eHHO B Y ® 065acTu U3-32 BLICOKOPA3BUTOI MO-
PUCTOCTH, UTO OTPAaHWUYMBAET WX WCIOIb30BaHMUE.
st mpeopoNeHnsT 3TUX HEAOCTaTKOB CO3[AIOTCS
KOMIIO3UTHbBIE MaTEepHUalbl, TOJIy9aeMble MMyTEM BBe-
JIeHNs B HaHOpa3MepHble MOphl HAIOJIHUTENEH ¢
ONM3KUMU TIOKa3aTeNSIMU IPEJTOMIIEHNS, KaK pean-
30BaHoO B [17, 18] myisi MUKPONIOPUCTOTO CTEKNA, a B
[19-21] — gnst cunukaTHBIX MaTpull. Takue KoMno3u-
Thl HE YMEHBIIAIOT JIa3ePHYI0O M MEXaHWIECKYIO

OIITUKA M CIIEKTPOCKOIIM

IPOYHOCTb, & KPACUTEHU, BHEJPEHHbIC B TAKUE Ma-
TepHuajbl, IPHOOPETAOT HOBbIE CBONCTBA.

Llenb manHOM pabOTHI COCTOUT B U3YUEHUU U aHa-
JU3€e CNEKTPAIbHO-TIOMUHECIEHTHBIX, FeHepalllioH-
HBIX CBOICTB M J1a3epHOINl (POTOCTAOMILHOCTU JBYX
Ja3ePHBIX KPACHUTEIIEH C PA3HBIMU CTPYKTYpaMH, W3-
Jy4YaroluX B BUAMMOW OOJacTU CIEeKTpa IpH BO3-
OY>KIEeHNN CBETOM Pa3HbIX IJIUH BOJIH I HHTEHCUBHO-
CTH, BHE[[PEHHBIX KaK B IPOCTbIE, TAK U B KOMIIO3HT-
HbI€ CUIIMKATHbIE MAaTPHIIBI.
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Taomna 2. CTpyKTypa, CIeKTpaIbHO-ITIOMIHECIEHTHBIE 1 TeHePalMOHHbIe XapakTepucTuku ®512 B pa3nudHbIX cpefiax

O
e
O+

CF3
ToTJT | " H3J1 A)\]/27 n3n A)\1/2’
A A = Ao 1M g | Amac B P50, Py,
Cpena; A, HM )\ C1-B030 (OA, ) 8 KIIII, % 3
max 5 172/ % = nocjie H)K/CM‘
(Aper), HM HM g% A0 00yeHus 00 TyueHust
Oranoi; 308 562; 602 40 620 3 25 Pgy =250
Oranon + 0.5% HCI 515 + 535; 590 Her
reHepanuu
TIMMA -matpuua; 308 560; 610 (42)| 25 609 3.5 10.5 Py, =200
T20C-maTpuna; 308 590 (605), |609 (56)| 20 631.5 | 20
605 (630) 35 632 11 632 35
T2OC-maTpua; 532 605, (630), {605 (50)| 75 634 1 630 6.8 5.5 Pgo =500
590, (605) Ps,=38000
Kowmmosur ¢ [IMMA; 308 570; 590, |604 (43)| 35 612 2.5 616 2.5 1.6 Psy=125
(600, 640)
Kommosur ¢ [IMMA; 532 570; 590 |604 (43)| 80 (621 +634(1 +1.5| 621 3 20 Pgy > 33500
(600, 640)
Kommnosut ¢ IMMA + 540; 580, |606 (54)| 40 615 2 612 5.7 0.7 Psy =70
Yb(NO3)5; 308 (600, 640)
Kommo3sur ¢ 540; 580, |605 (54)| 1 615 38 Psy=21000
TIMMA + Yb(NO3);; 532 (600, 640) 85 615 3.7 615 4.6 6 Pgy = 6800
Kowmmnosur ¢ I1C; 308 590; 590, [606 (54)| 30 640 44
(605, 640)
Kowmmosur ¢ TIC; 532 590; 590, |606 (54)| 80 645 3.3 (634 +64322+3 20 Py, =800
(605, 640)

OB'BEKTHI U METOJIbI UCCIIEJOBAHMA

B kavecTBe a3epHBIX KpacuTenen ObLIN UCHOIb-
30BaHbl U3YUYEHHbIE paHee B APYIux cpefax peHale-
muH 512 (P512) u pogamun 101T (P101T). Kak BupHO
U3 IPUBEIEHHBIX CTPYKTYP (Tabu. 1, 2), KaX/blit opra-
HUYECKUIl KpacuTelb WMEET HECKOJIbKO IIEHTPOB,
CMOCOOHBIX K crenu(uieckKuM B3aUMOJCUCTBUSM C
TBEPAOTENHHON MATPHUIIEH, YTO U OOBSICHAET BHIOOP
9TUX Kpacuteneil. B nepByro odyepenb aTO 3aMelleH-
HbIE€ AMUHOTPYIIIBI, /JIsI KOTOPBIX MOKET HAOIIOAATh-
sl B3aUMOJIEIICTBHE C MPOTOHAMM KOHIEBBIX THIPOK-
cunbHbIXx —OH-rpynn cunmukatHoi mMatpuusl [8, 10], a
TakKe KapOOKCWIbHAS TpyMia Ha (PEHWIHHOM paju-
KaJle pOlaMMHOBOT'O KPaCcUTEIIsl, KOTOpasi MOXKET B3a-
MMOJIEHICTBOBATh C MPOTOHOAKIENTOPHBIMA IIEHTPA-
MU TBEPAOTEIBHON MaTPUIbl C OOpa30BAHUEM I[BUT-
TeproHa. ODTH TMPOLECChl XOpPOIIO W3YYEHbI B
OCHOBHOM U BO30YKJICHHBIX COCTOSTHUSIX JIJIST POIaMHU-
HOBBIX KpacuTeJell MOCPEACTBOM CIIEKTPOCKOMIYE-
CKHX W KBaHTOBO-XMMHYECKMX MeTomoB [22, 23]. B

OIITUKA "N CIIEKTPOCKOITIMA

ToMm 102  Ne 2

cTpyktrype ®512 TakKe UMEIOTCs 3aMelleHHas! aMu-
Horpynna —RNH n kap6onmnpHass —C=0, koTopsle
MOTYT B3aMMOJEHCTBOBaTh C IPOTOHOJOHOPHBIMU
LEHTpaMH TBEPOTEIbHBIX MATPUL] B OCHOBHOM U BO3-
OY>XJCHHOM COCTOSIHUSIX.

ITpouecc npuroToBaeHUss KOMIIO3UTHOH MaTpu-
bl C KpacUTENSIMU OBLI pealin30BaH Ha OCHOBE Me-
TOJUK, IPUBEECHHBIX B [8, 9, 19, 20], u mpoxogun B
HECKOJIBKO CcTajinil. BHauae ocyIecTBIISIICS CHHTES
nopuctoil HeokpameHHoi TIOC-reap-MaTpunpl,
3aTeM MPOBOMAMIIACH MPONMHUTKA MATPHUILI KUJKUMHI
OpPraHMYEeCKUMU MOHOMEPaMH, OKpaIlleHHbBIMU Kpa-
CHTEJISIMU, TIOCII€ 3TOTO MPOXOAUIA MOTUMEPU3ATIHS
MOHOMEpPa B HAHOPa3MEPHbBIX MOPaxX reib-MaTpHUIbI.

O6pa3upl HEOKPAIIECHHBIX CIUIMKATHBIX HAHOIO-
PUCTBIX Telb-MaTPHIL, UCIIOIH3YEMBIX B TaIbHENIIIEM
JUIsE TPUTOTOBJIEHHUS] KOMIIO3UTOB, TOTOBHWJIUCH IO
HE3HAYNTEIFHO MOAM(UIMPOBAHHON MeTofauKe [8,
19], t.e. myrem rupponusa TOOC u ero nocneny:o-
1Ieil NoNuKOHAeHcauun (00pa3oBaHuEe HeopraHuye-

2007 5*
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D,3,4),112,5,6), orH. ef.
16+

12
8
4
0
D (1, 3), otH. ef. 1(2,4,5), otH. ex.
20+ - 120
., ® 50

161 : 4 416
12k V412
8l o oL
41 4
0 = I---- - | LY
300 400 500 600

A, HM

Puc. 1. Cnextpsl Bo36yxueHus payopecuenuni (2 (a, 6),
5(a, 6),4 (6), 6 (a)) m mornomenus (/ (a, 6),3 (a, 6), 4 (a))
P101T (a) mu @512 (6) B8 TOOC + BT2OC (7 : 3) renb-
mwieHke — / (a), TOOC + BT2OC (7 : 3)-marpune — 2 (a);
B Komnosute ¢ [IMMA - 3 (a), / (6), 2 (6); B KOMIIO3UTE
c [IMMA + Yb(NO3)3; —4 (a), 5 (a), 3 (6), 4 (6); B KOMIIO-
sure ¢ [IC -6 (a), 5 (6). A,,.,.= 600 aM — 5 (a, 6), 640 HM —
2 (a, 6),4 (6), 6 (a).

per

CKOTr'0 IIOJIMMEPHOr0 Kapkaca). icxomHas peakiuoH-
Hasl cMmech, cogepxamas TOOC, 3TUnoBbIA COUPT,
BOZly, a30THYIO KHCJIOTY U (pOpMaMuj B MOJSIPHOM
cooTHoweHnu 1 : 4 :4:0.06 : 2, TIaTenbHO IepemMe-
LIMBaTach MarHUTHON MEUIANKON B TeueHue 4 4 10
MOJIHOTO TPOXOXKJAeHUsI Tupponusa. I[lonyueHHbIH
30I1b PA3JIMBAJICS 10 3 ¢M® B MOJIMAKPUIOBBIE KIOBE-
ThI, 3aKpbIBAJICS NMapaduHOBON IUICHKON (BHauale
TEPMETUYHO, 3aTEM C HEOOMBIINMH OTBEPCTUSIMU)
cyumiics B redenue 1-3 nepens npu 40°C go o6pazo-
BaHUs TBepAoro read. HanpHedmas TepMooOpadboT-
Ka reiab-o0pa3loB, pealM30BaHHAS MyTeM HX 000-
rpeBa ¢ MEIJICHHBIM HMOBBIIIIEHnEM TeMiepaTypsl (30
K/41) ot xomHaTtHO# 0 600°C, mpumaBana JONOIHA-
TEJIbHYI0 MEXaHUYECKYI0 MPOYHOCTh CUJIMKATHBIM
reJib-MaTPHLAM.

s momy4eHus KOMIIO3UTOB HCIOJIb30Basach
MeTopuka, onucanHasi B [20]. CuHTe3upOBaHHBIE U
TepMOoOoOpabOTaHHbIE MPO3padyHble HAHOMOPHUCTHIE
CHJIMKATHbBIE TeJIb-MaTPHIbI IOrPY>KaINCh Ha 48 4 B
pacTBOp KpacuTelsi ¢ KoHienTpanueii 10 Mo/ B

OIITUKA M CIIEKTPOCKOIIM

KY3HELIOBA u mp.

MOHOMepe (MeTHJIMeTakpuiaT uian crupoi). Okpa-
IIEHHBIA OpraHWYecKnii MOHOMeD MudPyHAAPOBAT
B MOPBI CHIIMKATHON MATPHUIbl U TaM TOJIUMEPU30-
Basicss 6e3 J00aBKM WHUIMATOpa IMOJUMEPHU3AINN.
ITonmMmepu3zanus NpoXoduia Ipyu HaTpeBaHUM 006pa3-
oB 1o 60°C B Teuenue 72 4. [Tocne cymku o6beM
MOJTMMEpPa B MOPax YMEHBIIIAJICS, TOTOMY KOMITO3UT
MOBTOPHO MPOMUTHIBAJICS TAKUM K€ PACTBOPOM MO-
HOMEPOB C KPACUTEIIEM U BBIIEP>KUBAJICS TIPU TEMITE-
patype 50°C mo Tex nop moka mpoiiecc nHoJmMepusa-
nuu He 3akaHunBaics. [locie mpoxoKaeHus: BTopoun
MOJTMMEPHU3AINH OPraHNIECKOro MOHOMEpPA B TOpax
reJb-MaTPUIBI MOBEPXHOCTH MOJTYYEHHBIX KOMIIO3H-
TOB OUMIIIAIIACH (XJIOPOOPMOM B MEXaHIUECKH) IS
UCIOJL30BaHMS Jlajieeé B ONTHYECKUX IKCIIEPUMEH-
Tax. B urore GbUIM MOJNyYEHbI TBEPAOTEIbHbIE 00-
pasibl B BUJiE PSIMOYTOJIBHBIX MAPaJIICJICTHIIEIOB C
paszmepamu 0.5 X 0.5 X 1.6 cM, pu 3TOM KOHI[EHTpa-
usl Kpacutenst B oOpaslie HaxXxoAwiach B Mpefienax
(1-2) x 10 monw/n. B [24, 25] npuBeeHbI pe3yabTa-
THI 10 BIUSHUIO HEKOTOPBIX PEAKO3EMETbHBIX 3JIe-
MEHTOB Ha (POTOCTAOMIBLHOCTh POJAMUHOBBIX Kpa-
CUTEJIe!, TO3TOMY ISl U3YUEHUS! BIUSHUS TOOABOK
PeAKO3eMEeNbHBIX 3JIEMEHTOB Ha XapaKTEePHCTHUKHU
KpacuTejiell B BBIIICONMUCAHHBIX KOMIIO3UTAaX ObLIN
MPUTOTOBJIEHBI 00pa3Lbl ¢ JOOABKON B METUIMETA-
kpuinat conu Yb(NO;); B Konuuyectse 2%.

CriekTpanbHO-TIOMUHECHCHTHBIE XapaKTEePUCTH-
Ki (CHEKTpbl NOIVIOUIEHHs, (PIyOpeCcUeHIUH, BO3-
Oyxmenust (PIyOpeclUeHINN) OMpeNessuin C MOMO-
bto ciekTpodoTomMeTpa “Specord M40 u ciekTpo-
meTpa CM2203 (“Solar”, Benopyccus). IlockonbKy
NOTJIONIeHNE OO0 BEMHBIX T€HEpUPYIOIUX 00pa3loB
cnumkoM Beduko (D > 2), cnekTpbl NOTIIOIEHNS,
MpUBEICHHbIE HA pUC. 1, COOTBETCTBYIOT MOTJIOLIE-
Huro TOHKMX MmiIeHoK (I < 1 MKM) 1160 cnenuaabHO
IIPUTOTOBJIEHHBIX B HEKOTOPBIX CIy4yasix 00pa3LoB C
MEHbIIEN KOHIEHTpaluen Kpacurens. B ocranbHbIX
CIIy4asix UCCIIEeOBAJIUCh CIIEKTPhI BO3OYKAEHUS 00-
pasuoB. Perucrpauus payopecueHnun ocyniecTBis-
sack nop yraoM 30° BO30yKECHHUIO KaK B MAKCUMYyMeE
MOJI0ChI (PIIyOPECUEHIINN, TaK 1 Ha €€ KpasiX.

OmnpepeneHnne T€HEPAUMOHHBIX XapaKTEPUCTUK
(KIIH, ciekTpbl reHepanuy, pecypc padboThl) IPOBO-
AWJIOCh TNpu Hakadke wusnydenusmu XeCl-nmaszepa
(A, =308 uMm, T, = 12 uMm, E. < 25 MIIx/umm) u 2-i
rapmonuku Nd:YAG-nazepa (A, = 532 uM, T, =
15 = e, E,. < 100 M/Ix/umm). BapuanT BO30yKaeHUS
— TIOTIEPEYHBIN, U3TyYeHHe HaKadku (POKYCHpPOBa-
JIOCh Ha rpaHb 00pasia B NPSIMOYTOIBHYIO MOJIOCKY
pasmepom 0.4 % 0.07 cm. Pe3onartop pnuHo# ~1.5 cM
00pa30BaH INIYXUM 3€PKajioM U BBIXOTHOW I'PaHbIO
o6pasua. 'eomeTpus Bo30yKaeHUS 7151 OOOUX J1a3e-
POB U Bcex 00pa3loB Oblja OJUHAKOBOH, OHa OIpe-
felsiach pa3MepaMu TBEPHOTEIbHBIX 3JIEMEHTOB U
ToM 102

Ne 2 2007



CIHEKTPOCKOITMYECKUE U TA3EPHBIE CBOMCTBA

I (2-6), oTH. ep.

I (l), oTH. ef.
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580 600 620

Puc. 2. CnexTpsl diayopecueHIun (1, Ay, = 532 HM) 1
rerepanuu (2—6) P101T B komno3urtHoit marpune ¢ [IM-
MA 1npu BO30OYXAEHMH H3ITydeHHEM 2-I TapMOHUKH
Nd:YAG-nazepa, 2—5 — 5o o6mydeHusi, 6 — IOCIe MOTIIo-

mennst 32 KJIxK/cM® H3TydeHNs HAKAUKIL W,056 = 8.5 (2),
17 (3), 24 (4), 65 MBt/em? (5, 6).

1 (1), oTH. ef1.
4 6.8.9 I (2-9), oTH. ep.
YN 7 7

0.8

0.4

1 1 1
580 600 620 640
Puc. 4. Cnekrpsl dunyopecteHImn (1, Ayoag = 532 HM) 1
reHepauuu (2—9) ®512 B komnosutHoil matpuue ¢ [IM-
MA. Apos6 =308 (2, 3), 532 M (4-9). 2, 4-6 — go obyde-
Hus; 3, 7-9 — mociie OOIydYeHHS; E;‘I;)D;‘JI = 180 (3), 120

Ix/em? (7), 15 (8), 33.5 kIx/eM> (9); Wyos6 =30 (2, 3), 8
(4), 18 (5), 80 MBt/cM? (6-9).

He SBJIsNach ONTUMANIBHON (IIPU APYTrOd reoMeTpUH
I OTAENBHBIX OOpa3lloB MOINN OBITH HOJIyYEHBI
Jy4Ilue Pe3yabTaThI).

DHepreTuieckue XapakTepPUCTUKH ONPeAEIsIIICH
C NOMOIIBIO U3MEPUTENEH ONTUYECKOU MOIIHOCTH
MMO-2H, KTTI-2, Gentec-ED-100A UV (c morpemi-
HOCTBIO 10 7%). CriekTpanbHbIe TapaMeTphbl TeHepH-
PyeMOro KOMIIO3UTaMU WU3JIYy4YEHHUs] U3MEPSIIUCH 3a
1 ¥MI. ¢ MOMOIIBIO Ta3€PHOrO CIEKTPOMETpA “AHI-
crpem” (HoBocubupck). AnmapaTHoe YIIUpEHUE
CIIEKTPOB COCTABIISIET 3 HM M yUYUTHIBAETCS NP aHa-
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1(2-5), oTH. ef.

I(I),otH. en. j

0 1 1 1
570 590 610 630
Puc. 3. Cnextps! yopectueHmun (1, Ay, = 532 HM) 1
reHepauuu (2-5) P101T B komno3utHoi Matpuue ¢ ITM-
MA + Yb(NO3)3; Aposs = 308 (4, 5), 532 (2, 3); 2,4 — o
o6nydenust; 3, 5 —nocne o6ayyeHus; E:;I;H =22 K,II)K/CM3

(3), 600 Iax/eM? (5), W6 = 60 (2, 3), 30 MBr/em? (4, 5).

1(2-7), oTH. ef.

I (1), otH. efn.
1.0
1.2+
=y
0l naﬁu 0.6
0.4 i
0.2
0 1 1
580 600 620 640 660
A, HM

Puc. 5. Cnekrpsl ayopectueHmun (1, Ay, = 532 HM)

reHepauuu (2—-7) ®512 B xomnosutHoit Matpuue c I1C

pu BO30YXKaeHNN n3nydeHueM 2-it rapmonnku Nd: Y AG-

na3epa. 2—4 — fo ob6nydeHus; 5—7 — mocne oOJIydYeHHUs;
TorJat

Eepe = 350 (KITIT = 14%) (5), 1000 (KT = 7%) (6),
1900 JT/em? (7); Wyoss = 9 (2), 18 (3), 75 MBt/cM? (4-7).

nu3e pe3yabTaToB B Tabn. 1 u 2 (Ha puc. 2-5 npuse-
[eHbl HOPMHUPOBAHHbIE HA MAaKCHUMyM M HE HCIPAB-
JIEHHBIE I10 IIUPUHE CIEKTPHI).

I'enepanmonnasi (poTOCTaGMIBHOCTL (pecypc pa-
OOTBI) TBEPAOTENBHBIX JIA3€PHBIX JIEMEHTOB M3Me-
psJIach BEJIMYMHONW CYMMApHOW SHEPruy HaKayku B
pacuere Ha 1 cM? reHEepUpYIOILETO 00BEMA, B PE3YIThb-
TaTe NOIJIOLEHUSI KOTOPO# nepBoHavyasbHbId KIIJT
YMEHBIIIAJICS 10 YCIOBHON BenmmuuHBL: Ha 20% — Py,

Ha 50% — Ps, (B en. [Tx/cm?). Tenepupyrommii 00beM
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MpeficTaBsieT coOOoN MPU3My C OCHOBAaHUEM B BUJE
BO30Y2KJaeMOM MPSIMOYTOJIBHOM MMOJIOCKK HA NOBEPX-
HOCTH T'PaHH, BbICOTA MPU3MBbI ONpEIENsIeTcs Tyou-
HO¥ IPOHMKHOBEHUS! M3/Ty4YCHHS] HAKAYKHU BBIIIIE YPOB-
H$I IOpOTa reHepanun. JTa riyOnHa 3aBUCUT OT MTOPO-
ra redHepauun (W,), MHTEHCHBHOCTH MAajlaloIIEro
U3Ty4YeHUs U NOIVIoNIeHus (KOHIEHTpalui) KpacuTe-
a5 Ha A, K =D/l = €C, rne D — ontuyeckast miot-
HOCTD, | — TIyOMHA MPOHUKHOBEHMS, € — KOahdunu-
€HT 9KCTUHKIMHA Ha A ,,, C — KOHI[EHTpaI|si KpacuTe-
asg. Onenka | penamach mOpu  yClOBHHM, 4TO
KOHLEHTpALHsl KPacUTeNsl B KOMIIO3UTHON MaTpHIe
~2 x 1073 Momb/11, 3HAUEHKE € OJIU3KO K COOTBETCTBY-
IOlleMy 3HavYeHuto B pactBope, D = Igl/T 0O
O1gW,,,/W,. Hanpumep, KOHKpeTHOe 3HauycHue |

npu W, = 80 MBTt/cM? oneruBanocs no 100-kpat-
HOMY OCIIabJIEHUIO HAaKayKyu B Pe3yJbTaTe ee MOrio-
LIEHNS B IOBEPXHOCTHOM CJIO€ M TOCTHXKEHUSI IIOPO-
ra reHepanui, T.e. D = 2. [Ipu Takoi onieHKe A Ha-
Ka4KHM C A, = 532 uM 3Hauyenue |, o6o3navensoe ||,
mitst Mmatpur, ¢ @512 =0.05 em, ¢ P101T =0.03 cm. Cre-
AYET OTMETUTD, YTO MOJIyYeHHbIE OLIEHOYHbIE 3HaYe-
HEsI || cormacyroTcsi co 3HaUCHHSIMH TITyOUHBI MPO-
HUKHOBEHUST BO30OYKIeHus |, MOJyYeHHBIMH U3 OT-
[IeYaTKOB reHepalyy Ha BBIXOJHON rpaHu oOpasia.
OmnpepenseMblii TakuM 00pa3oM pecypc padOThI
TBEPJIOTENBHON Ja3epHO-aKTUBHON Cpefbl, BbIpa-
>KEHHBIN B JIKOYJISIX Ha KyOMYECKHUN CAHTUMETP, SIB-
JISIETCSl YHUBEPCANBHON XapaKTEPUCTUKOM, TaK Kak
MO3BOJISIET CPABHUBATH B OJIHOM IIKAJIe TeHePallOH-
HYIO (POTOCTAOMIBLHOCTH NIOOBIX TBEPAOTEIHHBIX
MaTpul, 1 pactBopoB. Omubka B OLEHKE pecypca
[P 9TOM OIIpEJIEIsIeTCS B OCHOBHOM OIIMOKOI OIpe-
neseHust BO30ysKnaeMoro oobema, T.e. |. KocBeHHbIM
00pa3oM OHa ompefessieTcss pa3InyiueM pe3yJbTa-
TOB B IBYX YKa3aHHBIX IIO[XOax: HaIpuMep, AJs
®512 1, =0.05 cm u | = 0.06 cM — pacxoxpeHHe co-
crasisieT 17-20%.

PE3YJBTATBI 1 OBCYXJIEHHNE
CnexmpanvbHO-AI0OMUHECYEHIMHbLE C60LCIEa

CrekTpOCKONMYECKNE XapaKTEPUCTUKU KOMIIO-
3UTHBIX MaTpPHUIl TpUBEAEHbI Ha puc. 1-5 u B Tadm. 1,
2 B CPaBHEHUU C AaHAJIOTUYHBIMHU CBOMCTBaAMU Kpacu-
Tellell B HEKOTOPBIX pacTBOpax, npoctblx [IIMMA u
CHJIMKATHBIX MaTpunax. CiefyeT OTMETHUTh, YTO B
[[eJIOM KOMIIO3WTHbIE MaTPHUIbl TOCTATOYHO OIHO-
ponHbl. HekoTopass HEOAHOPORHOCTH KOMITO3UTOB
P101T c I1C, npossasitomiasicss B Buje 00jee okpa-
LIEHHBIX TO4YeK pa3mepoMm MmeHee (.01 MM, MOXeT
OBITH CBsI3aHAa C MEHBIIEN PACTBOPUMOCTBIO KpacH-
Tens B ctupouie. [lo6asnenne conmn Yb(NOs); B KOM-
no3uTHble MaTpulbl ¢ ©512 BbI3bIBACT yBEIUUCHUE

OIITUKA M CIIEKTPOCKOIIM

KY3HELIOBA u mp.

paccesiHusl, CBSI3aHHOE, MO-BUJUMOMY, C U3MEHECHHUEM
B3aMMOJIEIICTBUSI YacTHUI] B mopax. B aHamormanom
komno3ute ¢ P101T HabmrofaroTcs gaske BU3yalbHO
CIIEKTPOCKONMMYECKIEe W3MEHEHHUS: IIBET 0Opasma oT
MaJINHOBOT'O CMEIIIaeTCsl B OPaHKEBYIO CTOPOHY.

DTO corylacyeTcsl co CIeKTpaMu MOTJIOIICHUS, TO-
JTYYEeHHBIMU [Tl OMHOTHITHBIX OOpas3IoB: MOTJIOIIe-
HUE KOMIO3UTOB, cofepxkamx Yb(NOs);, cMereHo B
KOPOTKOBOJTHOBYIO 00JIACTh 10 OTHOIIICHUIO K HE CO-
JepKamuM 9Toil mobaBku (cp. KpuBble 3 W 4 Ha
puc. la, / u 3 Ha puc. 16). UccnegoBanust pogaMiuHO-
BbIX [22, 23] u (peHATEMIUHOBBIX KpacuTeNel B TOJ-
KHUCIIEHHBIX pacTBoOpax (TabJ. 2) moKa3aiu, YTO TaKue
CIIEKTpAJIbHbIE N3MEHEHUS CBSI3aHbBI C OJIOKUPOBAHU-
€M 3JIEKTPOHHOH IJIOTHOCTH HAa a30T€ 3aMELIEHHOHN
aMUHOTPYNITBI TIOJIOKUTENNBHBIM 3apsfIOM, HaXOJIsI-
IIAMCS B COJTbBATHON 000JI0UKe, C 0Opa30BaHUEM Ka-
toHa CI"[R*-PhCOOH]*. B koMno3utHbIX o0pa3nax
Hapsay ¢ IpOTOHAMU THAPOKCUIbHBIX rpynn TOOC-
MaTpullbl, KOHIEHTpAIHs KOTOPBIX MaJa i o0pa3o-
BaHUS 3aMETHOT'O KOJIMUECTBA KATHOHOB B 9THX Kpa-
CUTEINSIX, 3TO MOTYT OBITH MOJOKUTEIbHbIE HOHBI
Yb*. [ITMHHOBOJHOBAS MOJOCA B CIEKTpe BO30yXKIe-
HUST 00pa3I[OB HE BCErfla COBIAAAET CO CIIEKTPOM TIO-
riomeHus (KpuBble / u 2 Ha puc. la, [ n 2,3 u 4 Ha
puc. 16), YTO CBUIETEIBCTBYET O MOIJIOIICHUH U U3TTY-
YEHWM Pa3HBIX CTPYKTYPHBIX (DOPM Kpacurelns B
TBEPAOTETHLHBIX MATPUIIAX.

Yro kacaeTcst ceKTpoB (hIyOpeCLeHH, TO, He-
CMOTpS Ha CyIIIECTBEHHOE pa3linyie CTPYKTYphl Kpa-
cuTesNell 1 KOMIIO3UTHBIX MaTPHIL, MAKCUMYMbI IOJIOC
(pnyopecueHu Bcex U3yYEHHBIX OOpa3lOB OYEHb

OIU3KHA — )\,?;IX = 602-606 um (puc. 2-5, Ta6u. 1,2) —3a

uckmoueHreMm P101T B komnosute ¢ I1C, rae dayo-
pecCIeHIUsl CMeIeHa B NIMHHOBOJHOBYIO OOJIACTh:

)\r?:;( = 616-617 am. OgHAKO €CTH OCOOEHHOCTH B (pOp-

Me crekTpa ¢payopecueHnun: B komnosurax ¢ [ICu c
pobasnenueM Yb(NO;); k [IMMA nonoca ¢uyopec-
LEHIUN CYIIECTBEHHO YIIMPSIETCs 3a CYET POCTa WH-
TEHCHUBHOCTH B JJIMHHOBOJHOBOI obOiactu 620-660
oM (puc. 3, 5, Ta6m. 1, 2). CormacHO 3TUM pe3yibTa-
TaM, CTOKCOB CABUT, 3a(pMKCUPOBAHHbBIN C UCIOIB30-

TorJt n
BaHUEM CHEKTPOB BO3OYXKMIEHUS, AV, = Viaw — Vinax

pist P101T B TBepAOTENbHBIX MAaTPULAX U KOMIIO3U-
TaxX COCTaBJIseT OT —6 10 26 HM, T.e. oT —160 HO
850 cMm! (Tab:1. 1). DTO MOXKET 03HAYATh, YTO B BO3-
Oy>XJI€HHOM COCTOSIHUM TIPOUCXOUT HU3MEHEHUE
CTPYKTYpbl MOJeEKyJIbl. Hampumep, mnoriomaer
uBuTTepruoHHas popma pogammHa CI-[R-PhCOO]*

morJt

€ Amax =575 HM, RKOoTOpast oOpa3yeTcst pu crienugu-

YeCKOM B3aMMOJIENICTBUU KapOOKCU(PEHNIBHOTO 3a-
Mecturenss —PhCOOH c¢ noxkanbHO# 37I1€KTPOHHOU
ToM 102
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IJIOTHOCTBIO COJIbBATHOM 00O0JIOYKY — B JAHHOM CITy-
4ae C CUJIIOKCAHOBOM I'PYNION CUIMKATHON MaTPHIbI
unu C=0-rpynnoii B [IMMA. M31y4aeT B 3TOM ClIy-

YJae U [BUTTEPUOHHAS hopMa (A:ﬁ; = 605-607 um), n

HeWTpanbHast (Aﬂgx = 630-650 mm). ITormormennto
HenTpansHO#t ¢opmbl CI[R-PhCOOH]* P101T B

TorJa
MaTpUIaX COOTBETCTBYET A = 595-608 HM, Kak

clefyeT W3 CIEeKTPOB BO30yXKpaeHHs o0O0pa3loB
(puc. la, kpusble 2, 6). [Ipu Bo3OyKnueHnn B S-co-
crosHue KucnotHocts Ph—COOH-rpynnsl, xapakre-
pusyromasi  9¢(EKTUBHOCTh OTpbIBa INPOTOHA,
YMEHBILAETCS, @ OCHOBHOCTD YBEJIMYMBAETCS 3 CUET
nepeHoca 3JeKTPOHHO IIIOTHOCTH Ha KapOokcudge-
HUJLHBIN 3aMECTUTEND, KaK IMMoKa3aHo B [22, 23], uTo
MPUBOJIUT K yBEJIMYEHHUIO BBIXOfla (PIIyOpECUEeHINN
HelTpanbHO# (hopMbl. BeposiTHOCT, 00pa3oBaHUs
IBATTEPUOHHON (POPMBI KaK B OCHOBHOM J,, TaK U
BO30YXK/IEHHOM Sj-COCTOSIHMM YMEHBIIAETCSI B TeX
KOMIIO3UTHBIX MaTPHILAX, Ie JOKaJlbHas 3JIEKTPOH-
Hasl ITIOTHOCTB MO0 3a0JIOKMPOBaHa, HAIPUMEP, IT0-
JIOXKUTENbHBIMIA NOHAMU Yb, MTnOO M3HaYaIbHO Ma-
J0BeposATHA, HanpuMmep, B [1C. I[ToaTomy B KoMIIo3n-
tax ¢ IIC u ITIMMA c¢ pnoGasienueM coau Yb 1o
CPaBHEHHUIO C APYTMMHU CYLIECTBEHHAs POJb MPUHA-
nexutr (pIyOpecUeHIMd HEeWTpanbHOH  (POPMBI
P101T. ITormoieHne B KOMIIO3UTaX ¢ JOOaBIEHUEM
Yb(NO;3); mpuHapnexkut KaTHOHHOW (opMe U
KOMIIJIEKCY C B3aHMMOJIEHCTBUEM IIO aMUHOTPYIIIE,
Kak omnucaHo BbllIe (puc. 1a, kpusas 4), HO B BO30YK-
JNEHHOM COCTOSIHMM B3aUMOJEICTBHE NI0 aMUHOTPYII-
me ocnabeBaeT, Kak MokaszaHo B [22, 23], moaTomy
(payopecuupyeT n He#TpanbHas, U LUBUTTEPUOHHAS
¢opma P101T (puc. 3, Tadm. 1).

B otnmmume ot P101T @512 numeet TOIbKO MPOTO-
HOAKIIENTOPHbIE KapOOHWIBHYIO U 3aMEIIeHHYIO
amuHorpynnsl. CorjacHO KBaHTOBO-XMMUYECKHM
pacueTraM, CIeKTp KaTHOHA 110 aMUHOTPYIIe cMela-
eTcsl B KOPOTKOBOJIHOBYIO OOJIacThb, YTO COTIIACyeTCs
¢ aKcnepuMeHToM (puc. 10, KpuBas 3, TadJ1. 2), a KaTH-
OH N0 KapOOHWIBHOW Ipymne oOpa3yercs TONBKO B
BO30Y>K/IEHHOM COCTOSIHUM M CMEIIAET CIIEKTP B JIJIMH-
HOBOJIHOBYIO oOjacTh [23]. Ha ocHoBanum aHanmsa
9THX OLIEHOK W CIEKTPOB BO3OYKACHUSI MBI CUUTAEM,
yro cpnyopecueHuuss D512 Ha [IIMHHOBOIHOBOM
Kparo yIIMpeHHOH nmonock! guyopecuernuu B TOOC-
MATpHLE U KOMIIO3UTE ¢ JOOABIEHUEM CONMM Yb npu-
HaJIJIEKUT JIOKAJIBHOMY ‘‘cosibBaTy’’, 0Opa30BaHHOMY
pu B3anMopeiicteun ©512 no KapOOHWIBHO Tpyme
¢ nporoHamu —OH-rpynmbl CUINKATHON MaTpUIbI U
MOJIOKUTENBHBIMUA MOHamMu Yb. Takue “combBaThl”
cmabpl B S-coctostHnn (06braHast H-cBs3b) m cyime-
CTBEHHO YCHUJIMBAFOTCS IPU BO30YXKJECHUHU B S -COCTOSI-
HHUE 3a CYET MEepeHoca 3JIEKTPOHHOW IJIOTHOCTH OT
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Puc. 6. 3aBucumocTu 3(p(hpeKTUBHOCTHU F'€HEPALUU TBEP-
norenbHBIX MaTpul, ¢ 512 (/—4) u P101T (5-8) ot un-
TEHCHBHOCTH BO30OYKICHUSI N3NyUeHHEeM 2-i TapMOHU-
ku Nd:YAG-nazepa; I — TOOC-matpuna, 5 — TOOC +
+ BTOOC (7 : 3)-marpuna; 2, 6 — komno3uTsl ¢ [IMMA;
3,7 —xomno3utsl c [IMMA + Yb(NO3)s3; 4, 8§ — komMnosu-

ToI ¢ T1C.

a30Ta aMMHOTPYIIBLI Ha KapOOHWIIBHYIO TPYIY, KaK
MOKa3aHo B [23] 1yisi aMMHOKYMAPHUHOBBIX U (heHase-
HOHOBBIX KpacCHUTENEH.

reHepaL;LtOHHble Xxapakmepucmurku

I'enepauus usnydyenus npu Hakauke XeCl-nmase-
POM HE NOJy4YeHa TOIBKO A1t KoMno3uTos ¢ [1C, uro
00bsCHSIETCS, TI0-BUAUMOMY, CYLIECTBEHHBIM IIOTJIO-
HeHneM m3iaydeHus Hakayku I1C, mockoibky npu
BO30YXKJICHUU 3THX K€ KOMIO3UTOB U3IYyUYCHUEM 2-I
rapmoHuku Nd:YAG-na3zepa nomnydeHa apexTus-
Has reHepauus, ocodenHo miust 512 (puc. 5, 6;
Tab6xa. 1, 2). Ha puc. 6 npuBefieHbl THINYHBIE 3aBU-
cumoctu KIIJI renepanuy u3y4eHHbIX TBEPAOTEIb-
HbIX OOpa3yoOB OT HMHTECHCHUBHOCTH BO30YXKIECHHS
(A, = 532 HM), U3 KOTOPBIX CIEAYET, YTO BCE KOMIIO-
3WTHBIE MATpUIlbl T€HEPUPYIOT Oosee 3(P(HEKTUBHO
M0 CPaBHEHMIO C YUCTO CUJIMKATHBIMHU, B KOTOpBIE
KpacUTeNIn BBOAWIUCH B IPOLIECCE 30JIb-TeIb-CUHTE3A:
@512 B TOOC-matpurie u P101T 8 TOOC + BT30C
(7 : 3)-maTpune. HanGonwimasa 3¢ppeKTUBHOCTD MO-
aydeHa g5t $512 B komno3uTHbIX MaTpunax ¢ [IM-
MA 6e3 no6asku u [IC. Haceinenne u HeKoTOopoe
yMeHbIIeHNE 3(PPEKTUBHOCTU IeHEpalyy P MOBBI-
[IEHUM WHTEHCUBHOCTH HakKauku cbiiie 50 MBT1/cm?
CBSI3aHO, MO-BUAMMOMY, C HACBHILIEHHEM MOTJIOLIe-
HUS, 4TO COTJIAcyeTCsl CO CMEIEHUEeM CIIEKTPOB I'eHe-
panuu Mpu yBeJIMYEHNH MHTEHCUBHOCTH BO30YyXfe-
Hus (puc. 2-5), U yBeIIMUECHUEM PO CTYNEHUYATHIX
mporeccoB B KaHanax S-S um T,—T,-mormomnieHus
[26]. KauecTBEHHO MOXOXKKE 3aBUCUMOCTU IONyYe-
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Puc. 7. I3menenne a¢ppextuBHoCcTH renepanun $512 (a)
1 P101T (6) B 3aBUCMMOCTH OT CyMMapHO IOTJIOIIEHHOM
9HEPrud BO30YKACHUS (Ayys5 = 532 HM) KPacHTEISIMHA B
TBEpHOTENbHBIX MaTpumax: / (a) — TDOOC; I (6) —
TOOC + BT30C (7 : 3); 2 (a), 2 (6) — KOMIIO3UTHI C
TIMMA; 3 (a), 3 (6) —xommno3uTel c [IMMA + Yb(NO3)5;

4 (a), 4 (6) — xommo3utsl ¢ I1C.

Hbl 1 s Hakaukn XeCl-mazepom, ogHako agdex-
THBHOCTh F'€HEpALH B 9TOM ciIydae JijIsi 00oux Kpa-
CUTEJNIe! CYIIECTBEHHO HuXKe (Talu. 1, 2).

HecMoTpst Ha TO YTO MONOXKEHHE MaKCUMYMOB
CIIeKTPOB (hIYOPECHEHIIUN BO BCEX KOMIIO3WTaX W
MPOCTBIX MATPHUIAX MPAKTHUECKH OIMHAKOBO, CIEK-
TPbI TeHEpalK Pa3INJaroTcs Oojee YeM Ha IUPUHY
nmosockl (Tabu. 1, 2; puc. 2-5). I1pu yBeanyeHnn uH-
TCHCUBHOCTHN HaKadKu CHCKprI FeHepaHI/II/I MOI‘YT
CABUTaThCsSl KAK B KOPOTKOBOJHOBYIO O0JIACTh, YTO
CBSI3aHO C OOBIYHBIM YMEHBIIEHHEM peabcopOuun,
Tak W B JJIMHHOBOJIHOBYIO (puc. 2). B HekoTophIx
CIyJasix CIIEKTPhl TeHepallid WMEIOT HECKOJIbKO
MaKCUMYMOB, YHCJIO UX BO3pacTaeT PU YBEIIMUCHAN
MHTEHCUBHOCTH BO30OYXKJCHUS, B Pe3yibTaTe Yero
n3Mensietcss 3(pPEeKTUBHOCTh TEHEepaluu 3a CYeT
pacIIMpeHusl MONIOChl TeHEepalu.

OIITUKA M CIIEKTPOCKOIIM

KY3HELIOBA u mp.

CrefgyeT OTMETHUTD, YTO BCE KOMIIO3UTHI U MaTpH-
ubl ¢ P101T renepupytoT ¢ CylIeCTBEHHBIM JJIMHHO-

U3

BOJTHOBBIM CABUTOM (A4 = 655-670 HM) OT Makcu-

MyMa (paryopecueHuu (puc. 2, 3). YUuThIBas aHalu3
CHIEKTPAIbHO-IIOMIUHECHEHTHBIX ~ XapaKTEePHUCTUK,
[IpUBEJEHHbBIH BbIIIE, MbI II0JIaraeM, YTO B U3Y4EH-
HbIX TBeppoTedbHBIX oOpa3uax P101T renepupyet
TOJIBKO B HENTPANBHOM (popMe, KOTOpas odpa3yeTcst
B BO30YXX/IECHHOM COCTOSIHAU B pe3yibTaTe (poTorme-
peHoca NPOTOHA, NPHHAIEXKAIIEro B OCHOBHOM
COCTOSIHMM TBEPAOTEIBbHON MaTpHile JUOO0 KOMIIO-
3UTHOMY HAaIlOJHHUTENI0, HA KapOOKCU(PEHMIbHBIN
3aMEeCTUTENh. DTOT 3(PPEKT COMpOBOXKIAETCI 00-
JIETYEHHbIM 00pa30BaHUEM WHBEPCHOI HACEEeHHO-
ctu 17151 HeidTpanbHoi popmbl P101T, Tak kak B oc-
HOBHOM COCTOSTHUM Takue (popMbl MPaKTHUECKH OT-
CYTCTBYIOT (TIOTJIOIIAET LBUTTEPUOH), U MEHBIINM
[OPOroM IeHepaluu Jj1sl 3TOH (POpMBbI, HECMOTPS Ha
TO 4TO (pIIyopecuupyeT NPEUMYIIECTBEHHO IBUTTE-

pronnast gopma (Ar = 605-606 um (puc. 2, 3)).

B xomno3utax ¢ @512 renepaiiust ocyIiecTBiIsieT-
csl TaK3Ke Ha JITMHHOBOJIHOBOM KPAaro MOJIOCHI (hITyo-
pecuennun (puc. 4, 5; tabn. 2): B obmactu 612—
615 am g kommosuta ¢ IITIMA (uucroro u ¢ go-
6aBkoit Yb(NO;);) mpu A, = 308 M, B o6sacT 632—
634 um B TOOC-MaTpulle HE3aBUCUMO OT BO30YyXKTe-
Husl 1 B o6nactu 620 u 634 HM B Kommio3ute ¢ [IMMA
IIpY BO30Y>KI€HUN B JJINHHOBOJIHOBOU o6iacT. Kom-
no3ut ¢ I1C rerepupyert ¢ A, = 642-645 am. [Tpu A,
=308 HM reHepanus He NOJy4YEeHa [0 IPUIMHE, O KO-
TOPO¥ CKa3aHO BHIIIE, HO BLIHYKCHHOE U3TyUCeHNE
B 9TOM cCJIyuae UMeeT MaKCUMyM B obiactu 640 HM B

OTJWYHE OT )\?;;X = 606 uM (Tabmn. 2). Takoe u3meHe-

HHUe cnekTpos reHepanuu $512 B 3aBucumocTu OT
CTPYKTYpbI KOMIIO3UTa U TapaMeTPOB BO30YKIAECHUS
CIIEyeT CBSI3bIBaTb C BO30YXAECHUEM pPa3IMYHbBIX
“conbpBaToOB”, 0Opa3yIOIUXCs NMPHU CrenupuIecKuX
B3aMMOJICICTBUSIX KapOOHWIBLHON TPYIIBI KpacuTe-
JI C CUJIMKAaTHON MaTpULEN U HAIIOJIHUTEJEM HaHO-
pasMepHBIX op. B neaom 512 nmeet 6osee BbICO-
Kylo 3((eKTUBHOCTL TeHEpalil B HEMOJSIPHBIX
komno3utax (ITMMA, TIC), B KOTOpPBIX OTCYTCTBY-
FOT IPOTOHOJOHOPHBIE LIEHTPBI B3aNMOJCHCTBHS.

P101T, HaoO0OpOT, II0XO FEHEPUPYET B KOMITO3H-
tax ¢ IIC u IIMMA, sdpekTuBHOCT reHepanun
BO3pacTaeT NMpH YBEJIMYEHUM MOJSIPHOCTA B CHIIH-
KaTHBbIX MaTpULAX, a TaKXKe IpU ROOABJIECHUM CONH
Yb(NO;); k [IMMA 3a cyet oOpa3oBaHus “conbBa-
TOB” C INEPEHOCOM 3JIEKTPOHHOW NJIOTHOCTH WU
nporoHa. CMenieHne ClieKTpa reHepanuu KpacuTels
B OJTHO¥ MaTpHIIe IPH U3MEHEHUH A, TAKXKE CBsI3a-
HO ¢ BO30YKJIEHUEM U IeHepalyeil pa3HbIX COJIbBa-
TOB.
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CIHEKTPOCKOITMYECKUE U TA3EPHBIE CBOMCTBA

CymecTBeHHOe yMeHblleHne 3(h(EKTUBHOCTH
reHepanuu oboux Kpacuteneir npu Y P Bo3Oyxpe-
HUY O0'BSICHSETCA KaK YaCTUYHBIM MTOTTIOIEHAEM 13-
Jy4eHNs HaKa4ykK¥M MaTpHIEl W HallOJHUTEISIMHA Ha-
HOIIOpP, TaK W HAaKayKOH KpacuTejeil B BbICOKOBO3-
OY>KI€HHOE COCTOSIHUE, BBIXOJ W3JyYEHUs MpH
BO30Y>KAEHNH B KOTOPOE YMEHBIIaeTcs, Kak IMokasa-
HO JIJIsI pOJaMHiHOB B [23, 27].

I'enepayuonnan opomocmabuavHocms

Ha puc. 7 npuBefeHsl 3aBUCUMOCTH W3MEHEHUS
9(p(PEKTUBHOCTH TeHepauud OT IOIJIOMEHHOH B
yAEIBHOM TEHEpUpyIoleM oO0beMe 3IHEPrud BO3-
Oyxnaenus (A, = 532 HM) B pe3ynbTaTe (hoTOnpeBpa-
LIEHNI KpacuTejell B TBEPHAOTENbHBIX MaTpulax H
KoMIo3uTax. l'eHepannoHHass (POTOCTaOUIBHOCTH
9THX Xe 00pa3noB npu Y P BO30OyKAeHNH (HANpH-
Mep, XeCl-mazepom) MeHbIIE Ha ~2 TOpsAKa
(Tabu. 1, 2), 94TO TakKe COrJiacyeTcsl ¢ pe3yjbTaTa-
MU, TIPUBEICHHBIMU I PACTBOPOB M MOJMMEPHBIX
MaTpHull ¢ pogamMuHamu [22-24].

Haubonbsmmm pecypcoM 001aJat0T KOMIIO3UTHI C
TIMMA, npudyem $512 B 9TOM KOMIIO3UTE OTINYA-
eTCsl OT BCEX OCTANBHBIX: BMECTO YMEHBIICHHS Ha-
yansHOoro KIIJI no Mepe yBenuueHus: NOTIOMIEHHON
9HEPIr'uM HAKAYKH IPOMCXOMUT €r0 yBeJlndeHune ot 23
1o ~40% nocine nornomenus ~17 KIIxx/cm? 1 Tonbko
MOCJIe 3TOTO HaYMHAEeTCs ero MeJJIeHHOEe YMEHbIIIe-
Hue (puc. 7). Psy u faxke Pgy B 9TOM KOMIIO3UTE Ompe-
[eNHUTh HE YAAIOCh, TOCKOJBKY MOCIE MOTIOIIEHUS
~35 KJIx/cM? a(ppexTMBHOCTD reHepanun Oblia BCe
elfe BhIIIe HavalibHOI 1 cocTaBsiina 34-35%. [1puan-
HOW TaKUX OCOOEHHOCTEH SIBISICTCSI BO3MOXKHOCTH Off-
HOBPEMEHHO! MHOTOIIOJIOCHOW Te€HEpalyy Pa3HbIX
“conbBaToOB”, OOpa3yIOLIMXCS NPH B3aUMOJECUCTBUAU
®512 ¢ cunanoneHbiMu Ipynnamu TOOC-maTpuypl 1
¢ IIMMA. Ha cBexxeM HeOOIy4YEHHOM MECTE B KOM-
no3ute ¢ [IMMA camblil HU3K1iT HOpOT HAOJIIOAETCS

JUIS CONBBATOB, TEHEPUPYIOIMX C Ay = 619 HM. TTo

MEpE YyBEJINYCHUA NHTCHCUBHOCTHI BO36y>KII€HI/I$I oa-
HOBPEMEHHO C 39TOM ITOTOCON BOZHUKACT TreHepanus C

)\:12; = 634 HM, TpHWHAJJEXKalIas, IO-BAANMOMY,
“compBatam” ©512, B3aumoperctyrommm ¢ TOOC-
Matpuuei (puc. 4, Tabiu. 2). 3Ta mojgoca 3aTeM pac-
HIUPSIETCS B KOPOTKOBOIHOBYIO OOJIACTh U “‘CIIUBAET-
cs”’ ¢ mepBoit moJiocoit, o6ecnieunBas 3p(PEeKTUBHOCTh
no 40%. Ymensbinenne KI1JI renepanym no Mepe yBe-
JINYCHUSA HOI‘JIOIHGHHOﬁ QHEPIMM HAKaYKU COITPOBOXK-
Aa€TCd YMEHBIICHUEM U NCUC3HOBCHUEM JJIMHHOBOJI-
HOBOW MOJIOCHI réHepanuu, Npu 9ToM MakKCUMyM I'€HE-

U3
panum CMeIaeTcs B 00NacThb A, = 621 HM.
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Takast 0cOOEHHOCTh OJHOBPEMEHHON T'eHepaluu
HECKOJIBKHX ‘““‘COJIbBATOB’” MPUCYILA TBEPAOTEIbHBIM
alieMeHTaM. B pacTBope Takue B3auMOIefiCTBUS, KakK
MPaBWJIO, YCPEMHSAIOTCA B PE3YJbTaTe CTOJIKHOBE-
HUI, TO3TOMY T'eHepanusi HaOJII04aeTcsl TOJIbKO AJIs
Han0oJsiee ONTHUMAaTbHBIX COJIBBATOB, OCTANIBHBIE IPU
3TOM TymaTcsi. KadecTBEHHO MOXOKNE 3aBUCUMOCTH
KIIMI oT ynucna UMIyIbCOB F€HEPALMK IPUBENIEHBI B
[15, 21] pnst pogaMIUHOBBIX M MTUPPOMETEHOBBIX Kpa-
cuTesell B THOPUAHBIX U KOMIIO3UTHBIX MaTpHIaX,
OJTHAKO CIEKTPAIbHBbIE XapaKTEPUCTUKMA M aHAIN3
9TUX 3aBUCUMOCTEN B pabOTax OTCYTCTBYIOT.

Cnenyetr ormetuthb, uro P101T B KomMmosute c
IIMMA He o6nHapyxwuBaeT pocra KIII B mponecce
HapaOOTKHM pecypca, XOTs 3TOT KOMIIO3UT TOXE SIB-
nseTcs Hanbonee oTocTabunbHeM A P101T mo
CpaBHEHUIO ¢ Apyrumu (puc. 7, Tabia. 1). B aToM KoM-
no3ute P101T Takke oOHapyXkuBaeT B HEKOTOPBIX
CIIy4asix MHOTOIIOJIOCHYIO reHepauuto (Tadu. 1), on-
HaKO 3(p(PEeKTUBHOCTb F'€HEPALINN KAXKIOTO U3 COMb-
BAaTOB HEBBICOKA, pa3IMyue B MU3Iy4aeMOll HEPruu
Majno (tabn. 1), pocra KIIJI no mepe oGnydeHus
KOMIIO3HTa HEe HAaOIIOIaeTCsl.

Ho6asnenue conu Yb(NOs); He MPUBEIIO K YBEIH-
YEHMIO Ja3epHOil POTOCTAOUIBLHOCTU OOOUX Kpacu-
Tesei npu Bo30yxkaeHuu 2-it rapmoHukon Nd:YAG-
Ja3epa, 4TO COTrJIacyeTcsl C pe3yibTaTaMH, IPUBEIeH-
HbIMHU B [24], pecypc HECKOJBKO YBEINYUBAJICS JTUIIb
nia ®512 npu Hakauke XeCl-nmazepom (tabm. 2). s
U3YUYCHMSI MeXaHW3Ma JIeCTBUSI cou Yb Ha nazep-
Hy10 (pOTOCTAOMIBHOCTh KpacUTENell HEOOXOAUMBI
MOTIOJIHUTENbHBIE NCCIEeJOBAHMS.

CnengyeT OTMETHUTh, YTO KOMIO3UTHI ¢ I1C nmeror
camblil HU3Kkui pecypce: KIIJI yObiBaeT ropasfo ObICT-
pee, 4eM B IPOCTBIX CHIIMKATHBIX MaTpHULax (puc. 7).
Kpowme toro, B aTom kommosute ¢ $512, eqruHCTBEH-
HOM U3 Bcex o0pasloB, B Ipoliecce N3y4eHHs Ja3ep-
HOH (POTOCTAGMIIBHOCTH TIOCIIE MHOTOKPATHOTO BO3-
[ecTBUS N3TyYeHNs] HAKaYKK Ha IIOBEPXHOCTH I'PaHU
OCTaroTCs CIENBI B BUIE MEXaHNYECKUX MOBPEKAECHUN
(TpelyH, pacliiaBoB IIOBEPXHOCTH), YCYTyOIISIOIIMX
Jerpajlalliio FeHepayd, X0Ts aHAJIOTMYHBINA KOMIIO-
3uT ¢ P101T Takux nmoBpexXpueHuil He UMEET. AHAIN3
CIIEKTPOB T'eHepaluy MokKasai, 4YTo 3(ppeKTUBHAs re-
Hepauud (KIT = 20-28%) dopmupyeTcs Ha “conbBa-

u3a

tax” @512, B3anmopeiictBytomiero ¢ [1C (A, = 641

HM (puc. 5, kpuBas 2). ITocne obpa3oBanus “ciefos”
u ymeHnblenus KITJT 6onbiie yem B 2 pa3a COEKTp re-

HepaIyK CABUTAETCS B OONACTD Ay = 634 HM (puc. 5,

KpuBasg 7), 4TO COBHAIAET CO CIEKTPOM FEHEpaluu
512 B TOOC-Marpune (Taba. 2), mo-BUANMOMY, B
pesyabTate “Boiropanus”’ I1C. B nepByro ouepenp aTa
0COOEHHOCTh MOXKET ObITh CBA3aHa C TeM, UTO HHTEH-
CHBHOCTb HaKauKy OHM3Ka K IOPOTy pa3pyLICHUs Ta-

2007
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KOTO KOMIIO3UTa. DTO yCyryOusieTcsl BbICOKOH 3Hep-
rueit renepaunu 512 B komnosute ¢ I1C, noBbimaro-
el CyMMapHYIO IJIOTHOCTB JIa3€pHOTO WM3ITy4YEeHHS,
gyero He HaOmromaercs i P101T (KIIO mo 1.3%,
puc. 6). C ipyroii cTopoHbl, Tako# ke Bbicokmit KITJ]
B kKomno3ute ®512 ¢ [IMMA He BbI3bIBaeT MOBpe-
KJCHU MOBEPXHOCTH IPH ropasfgo Oosee IIUTeNb-
HOM BO3JIEICTBUM Hakayku. [lpuumHa paspyiieHus
T1C-kommo3uta ¢ ®512 3akimovaeTcs, MO-BUANMOMY,
B 60JIee HU3KOM 3HaYeHUN TeIIONPOBOTHOCTH (B 1.5—
2 pasa) m mnopora jazepHoro paspymenus IIC mo
cpaBaennto ¢ [IMMA (B ~5 pa3) [5]. B ycrnoBusix Ha-
LIETro IKCIIEpUMEHTa CyMMapHasi JIOTHOCTD JIa3€pHO-
ro M3Iy4YeHUsl (HaKauky + reHepauum) B BO30OYXKJICH-
HOM 00 BeMe [1C-kommosuTa ¢ ©512 noBbIaeTcst Ha
~20%, a c P101T Tonbko Ha 1%, 9TO 11 OO BSICHSIET ITO-
JTy4deHHbIE pe3yabTaThl. [ MOATBEPXKICHUSI 3TOTO
MIPEIIONIOKEHNS B JaJbHENIIIEM TUIaHUPYEeTCs Ucclle-
[OBaTh JIYYEeBYIO CTOMKOCTH TaKUX MAaTEPUAJIOB.

SAKIIIOYEHUNE

Takum o6pa3oMm, OJyYEHHbIE pe3yIbTaThl IOKA-
3aJI1, YTO CO3[JaHuEe KOMITIO3UTHBIX MaTEPHUAJIOB C Ja-
3epHBIMI KpPACHUTEJSIMA Ha OCHOBE CHUJIMKATHON
TOOC-Matpuipl — NepCIeKTUBHBIA Iy Th [JId CO3/a-
HUSI JIa3€PHBIX 2JIEMEHTOB C YJIYUIICHHLIMU Kaue-
cTBaMH. 3aMOTHEHNE HAHOPAa3MEePHBIX IOP CUITUKAT-
HOH TeJlb-MaTpUIbl NOIMMEPOM MPUBOAUT K PacIlIn-
peHmto objacTm TeHepanuum Kpacurtens. bes
MOTIOJTHUTENBHON MeXaHM4YeckKoi oO0pabOTKM co3fa-
Hbl TBEpOTENbHBIE 0Opa3ibl, mpeobpasyromue B
KpacHyo o6macTb (612-665 um) n3nyyenue XeCl-na-
3epa u 2-i rapmonuku Nd:YAG-nmazepa. Bricokas
a(dekTrBHOCTH npeobpa3oBanng Hakauku P512 B
komno3utax ¢ [IMMA (go 40%) u pecypc paboTbl
(Pgo > 35 x/Ix/cM?) MO3BOJISIFOT MCMIOAL30BATh UX B
KayecTBE MUHHUATIOPHBIX JIa3epHO-aKTUBHBIX Cpef
mJsl KpacHou oOnactu crnekTpa (618—635 um). [Ho-
MOJIHUTEJbHAST 00paboTKa MOBEPXHOCTENR MaTepHua-
Ja [ MpUAAHUS TMapajieIbHOCTH COOTBETCTBYIO-
UM TpaHsAM, OOpa3yrOIUM pPe30HATOp, MO3BOJUT
YBEJIUYUTH 3(P(PEeKTUBHOCTH T€HEPALUH 10 3HAUYCHUI
COOTBETCTBYIOIINX XapaKTEPUCTUK PacTBOPOB B
KBapIEeBbIX KIOBETaX, Kak noka3aHo B [28]. CnenyeT
MOJYEPKHYTh, YTO NPUBEJICHHbIE B Halllei padoTte
XapaKTEePUCTUKN TBEPAOTEIbHBIX KOMIO3UTHBIX
Matpuy, ¢ kpacurensmu (KIIM, pecypc paboTsl) mo-
JyJeHbI B YCIOBUSX MOIITHOTO JIa3ePHOTO BO30OYKe-
aud (1o 80 MBT/cM?) 1 MO3BOJISIOT JOCTUTATh BBICO-
KUe BBIXO[HbIE 3Hepruu reaepanuu (3—5 mIx/mmi),
4YTO Ha 2-3 Mopsifika MPEBOCXOAUT BBIXOJHbIE HEP-
UM TBEPAOTEIBHBIX 3JIEMEHTOB C KPacUTeNsIMU, 00-
napgaromux 6onee Bpicokumu KIII reHepanuu, HO
MOJTYYEHHBIX TPY MEHbIIIEH MHTEHCUBHOCTH BO30Y3K-
[eHus1, Hanpumep, B [14, 15, 21].

OIITUKA M CIIEKTPOCKOIIM

KY3HELIOBA u mp.

AHanu3 MexaHu3MOB (POTONpPEBPAIEHUS U B3an-
MOJIEHCTBUS KPACUTENSl C TBEPAOTENBHON MaTpHUILEH
B OCHOBHOM U BO30Y>KJ€HHOM COCTOSIHUSIX TMOKa3bl-
BaeT, YTO 3TU MEXaHU3MbI (DOPMUPYIOTCSI IO TOMY
’Ke NPUHLUIY, YTO U B PacTBOPAX: HAIUYUE IeTepo-
aTOMOB B CTPYKTYpE KpacuTeneil ¥ BHEIIHEH cpefbl
AKTUBU3UPYET clienuuuecKre B3aUMOACHCTBUS C
00pa30BaHUEM COJIBBATOB MO THITYy JOHOPHO-aKIEM-
TopHoii 1 H-cBsi3u. OGpasyroiuecs B pe3yJbTaTe Ta-
KOTO B3aUMOJIEICTBHS COJIBBATBhI OKa3bIBAIOTCS
(pukcupoBaHHBIMU B TBEPHOTEIBLHON MaTpHIE, YTO
IpefoTBpalaeT TyLIeHHe BO30Y>KNEHHBIX COJIbBa-
TOB B pe3yJIbTaTe CTOJIKHOBEHUH, KaK 3TO HaOItofa-
eTcsi B pacTBopax. Takas pukcaiysi IpuBOAKT K BO3-
MO>KHOCTH OJHOBPEMEHHOH MHOIONOJIOCHOH TreHe-
pany KpacuTedsi, MOBbIIaoneil 3(p(peKTUBHOCTD 1
pacmpsiromeil 00JacTb NEPECTPONKHA KPAaCUTEINS B
KOMIIO3UTHBIX MaTpuiax. HeBo3MoxkHOCTH cBOOOSI-
HOTO NepEeMEILEHNUS COJIbBATOB U MOJIEKYJI B COJIbBa-
Te yMeHbIIaeT 3(p(PeKTUBHOCTL HEOOPATUMBIX (PO-
TONPEBPALCHNUN U3-32 TEMUHAIBHON PEKOMOVHALIH
BO30Y3KIAEHHOTr O cojibBaTa 6e3 ero pacnaja no ¢oto-
XAMHYECKOMY MEXaHU3MY. DTO 00eCcreunBaeT NOBbI-
LIEHHBIA pecypc paObOoThI JIA3€PHBIX CPef] HA OCHOBE
P101IT u @512 B KOMIIO3UTHBIX MAaTPUIIAX.

BrepeHne noaMMEpHBIX HANIOMHUTENIEH C Kpacu-
TENSIMA B HAHOpPa3MEpHbIE MOPhI CHIIMKATHOW MaT-
PHIIBI TO3BOJISIET TOTOBUTH TBEPOTEIbHbBIE MaTPH-
b1 JIA3€PHON YUCTOTHI 6€3 JOMOTHUTEIHHON OUUCT-
KA MOHOMEPOB OT MEXaHHYEeCKUX Ipumeceii,
KOTOpBIE HE MOIYT IPOHMKATL B HaHOpa3MEpPHBLIE
(2-8 uM [12-14, 18]) mopBI, 4TO TaKXKe ABIASAETCS IPH-
YUHOH NOBBITIIEHHON 3 (PEeKTUBHOCTH NMpeodpa3oBa-
HUS U3JIyYeHHS] HaKauKu U JIa3epHON (POTOCTaOUIb-
HOCTH KOMITO3UTHBIX MaTPHI] C KPACUTEISIMH.

PaGora BrimonHeHa mnpu nopgepxkke POPU
(rpanT Ne 04-02-81002) u BPODOU (rpanT Ne P0O4P-
001).
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