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Hccaenosana rugpogobHas accounanus B MUKPO(Da3HO PACCIOEHHOM TUAPOrese rugpo-
¢o6HO MOIM(PUIMIPOBAHHOU MOJIMAKPHUIOBON KHCJIOTHI METOAAMH MAJOYIJIOBOTO HEUTPOH-
HOTO paccesiHUS U (DIYyOPeCIeHTHON CIEKTPOCKOIUHM C MCIOJb30BaHUEM IIUPEHa B KAUeCTBe
3oHza. Pa3paboraHa MeToAuKa ompejeieHUs] arperalyoOHHBIX YKMCeN] THMAPO(POOHBIX noMe-
HOB B €J1a00 HaOYyXIINUX NMOJUMEPHBIX TeJsIX MeToaoM TymeHus hayopecuenunu. Ilokasano,
YTO BBeJE€HHE 3apsKEHHBIX 3B€HbeB B rejb HNPUBOJUT K yYMEHBUIEHHIO arperanyoHHOro
yycjaa rugpo@oOGHBIX JOMEHOB M3-3a 3JEKTPOCTATUYECKOTO OTTAJKUBAHHSA ONHOUMEHHO

3apAXKEeHHbIX 3B€HbEB HA UX MOBEPXHOCTH.

Beenenune

B nocnenHee BpeMsi 0COOBIH HHTepeC BbI3BIBAIOT
MOJIUMEPBI, HAHOCTPYKTYPY KOTOPBIX MOXKHO M3MEHSTb
C TIOMOIbI0 BHENIHUX BO3MeHCTBUU. Takue «BOCIIpHU-
MMYMBbIe» HAHOCTPYKTYPBI OOBIYHO XapaKTepPHb MJIsI
TOJIUMEPHBIX CHCTEM C KOHKYDPEHIIMeH JIBYX MPOTHBO-
NEHCTBYIOIIMX TeHAEHIWH — TPUTSIKEHUS W OTTal-
KnBaHusi. V3MeHsii COOTHOLIeHHEe MeXIy 3THMH KOH-
KYPUPYIOLUIMMH TEHAEHIHUSMHA C TOMOIIbI0 BHEIIHHX
(aKkTOpPOB, MOKHO BapbHPOBATh KaK THII, TaK W MEPHOT
BO3HHMKAIOIIEH HAHOCTPYKTYPHI.

HenaBHo BocmpunMuuBasi HAaHOCTPYKTypa Oblia 06-
HapyXeHa B TeJsX TuApopoOHO MOAW(DUIHTPOBAHHON
nonuakpusoBoit kucaorsl (I'M ITAK) [1], conepxariux
KaK 3apsiKeHHble T'PYMMbl, OTBETCTBEHHBbIE 32 3JIeK-
TpPOCTaTHUYECKOe OTTaJKUBaHHe, TaK H THAPO(OOHBIE
H-alKUJbHBIE TPYMIbl, OTBETCTBEHHbIE 3a AacCOLHa-
nuio. B BomHOW cpeme rumpodoOHbIE TPYMIbI, CTpe-
MSICb YMEHbIITUTh SHepPreTUYeCcK! HEeBBITOIHbBIH KOHTAKT
C BOJOH, arperupyloT Mexjay cob6oi ¢ oOpa3oBaHU-
emM TuapodoOHbBIX momeHoB [2, 3]. COBOKYIHOCTb Ta-
KHX JIOMEHOB, OTpe/ie/leHHBIM 06pa30M PacooKeHHBIX
B NIPOCTPAHCTBE TPEXMEPHOU CeTKH Tessi, (hopMupyer
YVHHKaJIbHYI0 HaHOCTPYKTYpy ressi. B pabore [1] me-
TOIOM MaJIoyTyIoBoro paccestHust HeltporoB (MYPH)
OBIIO OOHApy>KeHo, YTO TIPH BBEIEHWH Bcero 2 MoJ.%
3apskeHHbIX rpynn B reab ['M [TAK BosHukaer
mMukpodasHoe paccioenue [4-6], conpoBoxmaiorieecs
BTOPUYHOH arperauuieil THAPOPOOHBIX AOMEHOB JAPYT
¢ ApyroM ¢ obpasoBaHueM KjacTepoB. [Ipu stom, Kak
ObLTO MOKa3aHo B pabore [7] AByMs He3aBUCHMbI-
mu mertomamu IMP 13C wu Y®-cnekTpocKonuu, He
MPOUCXOAUT paspylieHust ruapoPoOHBIX TOMEHOB, T.e€.

BCE H-aJIKUJbHBIE TPYMIBl OCTAIOTCH arperMpoBaHHBIMU
Mexay coboi. OfHAKO MPHU 3TOM MOMKET MPOUCXOAUTH
U3MeHeHHe 4Yucsa TUAPO(OOHBIX H-aJKHJbHBIX TPYIIH,
BXOISILIMX B cocTaB ofgHoro gomena. [loatomy mnpen-
CTaBJIETCS BaXKHBIM ONPENeNNUTh arperallMoHHOe YHCJI0
THAPO(OOHBIX NOMEHOB B MHKPO(hA3HO PacCIOeHHOM
rejie ¥ CPaBHUTb €T0 C arperalMoOHHBIM YHCJIOM JOMe-
HOB B HCXOIHOM He3apsKeHHOM rejie. DTO TMO3BOJUT
OXapaKTepu30BaTb H3MEHEHHUSI HAaHOCTPYKTYpBI TreJs,
MPOUCXOASLINE B TIpoLiecce MUKPO(a3HOTO PacCI0eHN ],
BBI3BAHHOTO BBeJEHHEM 3apsI’KeHHBIX IPyM.

Taxum 06pa3oM, 11e/bl0 HACTOSIIIETO HCC/IeT0OBAHHUS
SIBJISIJIOCh OIpefesieHHe arperaldoOHHOr0 4HcC/a H-aJ-
KHJIbHBIX T'PYNI B MHKPO(A3HO PACCJIOEHHOM XHMHUe-
cku cuutom rese M TTAK.

3KcnepnMeHTaanaﬂ 4yacThb

Marepuansl. B pab6oTe wuCnonb3oBasd akpuio-
Byl Kucsory (¢pupma-npousBoputens Fluka, umcro-
ta > 99%), NOMOJHUTENHHO OUHIIEHHYIO MePeroHKOoM
HEMoCPeCTBEHHO TMepell CUHTEe30M; H-I0felHIaKpHIaT
(Scientific Polymer Products); N,N’-gumernsidopma-
mun (Lancaster); N,N’-mernnentucakpunamun (Flu-
ka, umcrora > 99.5%); stamon (Fluka), monosnu-
TeJIbHO OUHIIEHHBIF TeperoHKoi ¢ 0T60pPOM (pakiluu
¢ Ty =77.5-77.8°C; 1 M Bomunlit pactBop NaOH
(Fluka); nupen (Fluka, uucrora > 97%), momnoJiHu-
TeJIbHO JBYKPAaTHO OUHIIEHHbIH MepeKpucTasin3alei
u3 staHosa B Bony; Do O (Fluka, 99.9% D).

Fens TM TTAK, comepxamuii 20 moa.% wH-mome-
HUIBHBIX THAPO(OOHBIX rpynm (puc. 1), cuHTe3upo-
BaJM 10 MeTOAHKe, NOAPOOHO ONHUCAHHOH B pabdoTax
[1, 7]. CocraB cHHTE3HPOBAaHHBIX reJjed OblL1 Ompeme-
JeH mpu momomu MetonoB IMP 'H u snemenTtHOrO
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Puc. 1. Xumuueckoe CTpoeHHe Tessi THUAPOHOOHO

momuduuposanHoi [TAK

aHasiusa. Okasanoch, UTO OH TPAKTHUECKH COBMAIaeT
C COCTaBOM MCXOJIHOH CMeCH MOHOMEepOB MPHU CHHTE3E.
PacnipenesneHue 3BeHbeB MO [eNH ObLIO 0XapaKTEPH30-
Bano metomoM IMP 13C. TMokasano, uTo OHO GJIH3KO
K CTaTHCTHYECKOMY.

[Tosy4yeHHbIH re/lb MHOTOKPATHO TPOMBIBAJH B 3Ta-
HOJIE OT HeNpopearupoBaBUINX HCXOMHBIX peareHTOB
u pumeruadopmamuna (JMPA) B Teuenue mecsiia.
OunieHHbl#, HaOYXIMIWH B 3TaHOJE Tejib Hape3asu
Ha KYCKH M CYIIWJM B TEPMOCTAaTHPyeMOM LIKady 10
MOCTOSTHHOW Macchl. Macca BhICyIleHHbIX 06pas3ioB CO-
crasasya npubausurensHo 0.028 r. K cyxum obpasuam
HO00aBJSIN pacCUMTAHHOe KoJauuectBo 1 M BomgHOrO
pactBopa NaOH, 4To6bl 3a1aHHOE KOJHUECTBO 3BEHbER
resist (2 Mos1.%) TiepeBecTH B COMEBYIO (opMmy.

O6pasubl g YP-cnekTpockonuu U QJyopec-
IIEHTHBIX HM3MEePeHHH TOTOBU/IM CJeNyIOMUM 00pPasoM.
K xaxkmoMmy u3 006pa3loB BBICYILIEHHBIX TreJjell ObIIo
no6asseno 1o 0,2 ma pactBopa nupena (Py) B ataHose
OTIpe/ieIeHHOM KOHLUEHTPALMH B AHanasoHe ot 4.4-10~%
no 0.032 wmosb/n. DTaHoN yHASIM BHICYIIMBaHHEM
B TeyeHHEe TpPeX CYTOK B TEPMOCTATHPyeMOM LIKady.
[Tocne cyuiku mo6GaBASIM PACCUUTAHHOE KOJHUECTBO
BOJbl, HEOOXOAMMOE MJI JOCTHIXKEHHUS] BO BCeX 00pas-
1ax OIMHAKOBOH cTermeHH HabyxaHus « =8, KOTOPYIO
onpenesIsiiv o opmysne

m — my
o=—7",
mo
Toe m W my — Macca rejas B HabyxXIlIeM U CYXOM

COCTOSIHUSIX cOoOTBeTCTBeHHO. [locsie no6aBseHnst BOLbI
00pa3lbl OBIIM OCTaBJEHBl HAa HECKOJbKO CYTOK [/
PaBHOBECHOTO pacIpesie/IleHHs] PaCTBOPUTEJISI 10 BCEMY
o0beMy TeJis.

Mertonpi. ObuLy0 KoHLeHTpaluto nupena Cpy B 06-
pasiax reJjsi ONpenessyid CIeKTPO(MOTOMETPUUECKH MO
TMOIVIOIIEHHIO HA [JIMHEe BOJHB 338 HM OTHOCHTE/b-
HO 0a30BOH JIMHWM, HCIOJb3Ys TMPeNBAPUTENbHO H3-
MepeHHOe HaMHu 3HaueHue KO3 (UIHEHTA SKCTHHKIIHH
e = 17200 n-momp~'-cm~!'. Mamepenus mnposomumu
B KBaplLEBHIX KIOBeTaX C JJHHOH ONTHUECKOTO MYyTH
0.2 cm Ha cnekrpodoromerpe Hewlett-Packard 8452A.

Konuenrtpauunio runapohoOHbIX [OMEHOB, COmepKa-
WIMX OHY MoJiekyJy mupeHa Cpy(jy, B rejie Onpeesisiiu
MeTOLOM (pJTyOpecleHTHOH crnekTpockonuu. CHeKTpsl
(hyiyopeclieHIIMM THPEeHa H3Mepsiikn Ha CrIeKTpPodoTo-
merpe Hitachi MPF-4. JInuna BoJHBI BO30YXIeHHS
cocTaBnsina 338 HM.

Jlnsi XapakTepuCTHKH HAHOCTPYKTYPBI TeJjieil wuc-
nosb3oBasun Meton MYPH. HM3mepenuss BbIMOMHSIH
Ha BPeMSPOJIETHOM MOIEePHHU3UPOBAHHOM CIEKTPOMET-
pe IOMO, pacrojioxeHHOM Ha 4YeTBEPTOM KaHaJe
BBICOKOTIOTOUHOT0 [8] ummysabcHoro peakropa MBP-2
B OO0beTHHEHHOM HHCTHUTYTE SIIEPHBIX HCC/IeIOBaHUN
(Hy6na). [lpu uccaenoBaHUH HCMOJIb30BANH [IBYXe-
TEKTOPHYIO CHCTEMY, I09TOMY IHana3oH 3HAUeHWH BOJI-
HoBoro BekTopa Q coctaBasa ot 0.006 mo 0.5 AL
[IpuMeHsiIM CTaHIAPTHBIE MPOrpaMMbl yripaBseHus [9]
u obpaboTku [10] akcnepuMeHTaNbHBIX AaHHBIX. K3-
MepHUTeJIbHBIE KIOBETHI JJIT 00pa3lloB ObIIH H3TOTOBJIE-
Hbl CIIELMAJNbHO C YUeTOM OCOOEHHOCTEH HCClelyeMbIX
o6bekToB. OHU MpeacTaBasiiu coO0H pasbOpHBIE AHC-
KOOOpa3Hble KIOBETbl IHAMETPOM 2 CM C allOMUHHEBBIM
KapKacoM W KBapIeBbIMH CTeKJaMH, 3a30p MexX1y
KOTOPBIMH, 3aroJHEHHBIE 00pa3loM reJsi, COCTaBJsI
2 MM. B xadecTBe (DoHOBOro 06pasiia HCroJb30Bagn
TSIKeJYI0 Boay. KioBeThl mMomeliasd B KacCeTHHILY,
HaxXo#silLytocs B TepmocratupyemoM Gokce mpu 20°C
¢ TemrnepatypHoi cradunusanueit no 0.03°C.

PesyubTaThl U 00CyXIeHIE

HesapsikeHHbI redb. ArperamydoHHoe UYHCIO
H-aJIKWJBHBIX TPyTn B He3apsikeHHoM Treje ['M ITAK
OTIpeIeJIslIN U3 NaHHBbIX, MoJyYeHHbIX MeTogoM MY PH.
Ha puc. 2,a npexncraBieHa KpruBasi MaJoyrJoBOro pac-
CesTHHS] HeUTPOHOB 1711 HedapskeHHoro reqist M [TAK.

Bunno, 4to Ha KpuUBOH pHC. 2,4 TNPUCYTCTBYET
eIMHCTBEHHbIH MUK («IHK [OMEHOB») MpH 3HAUEHUH
BosTHOBOTO BekTopa ¢ = 0.119 A~ cooTBercTByIOMIMIl
nepuony HaHOCTPYKTypel d = 53 A. Tlokasamo [1],
4TO 3TOT MEepPHOJ] XapaKTepusyeT CpelHee PacCTOsIHMe
MeX1y ruapodoOHeIMM JToMeHamu B reje. Habyxa-
HUe resisi (T.e. yMeHblIeHHe KOHLEHTPALUK MoJUMepa
B reJjie) MPUBOIUT K CABHTY TIOJNOXKEHHUS] CTPYKTYPHOTO
nikKa B 00/1aCThb MaJbIX YIJOB, YTO CBHJETE/bCTBYET
0 TOM, 4YTO THAPO(OOHbIE TOMEHBbl CTAHOBATCS BCE
LaJnblile IPYT OT Apyra. YBe/H4yeHHe XapaKTepPHOTO pac-
CTOSIHUSL d TPU yMeHbLIEHHH KOHLUEHTPAUN MOJUMepa
MPOUCXOIUT B COOTBETCTBHHM CO CTENEHHBIM 3aKOHOM
dn~ Cp_o'35. [TokasaTtesnb creneHu, OJU3KUE K —1/3,
CBHIETEJbCTBYeT O DAaBHOMEPHOM HaOyXaHWH THAPO-
¢unbubix eneit [TAK B rese M [TAK Bo Bcex Tpex
HarpaBjeHusix [11] ¥ COOTBETCTBEHHO O PaBHOMEPHOM
pacrpeneseHud TUAPO(POOHBIX arperatoB B 06beMe re-
JIs1.

[TockonbKy [IOMeHBl H30TPOMHO  pachpeeseHbl
B oObeme rejsi, TO HX KOHLEHTpPaUHUsl MOXKeT ObITb
BbIUMCJIEHA U3 NepHoja HAaHOCTPYKTYpPbl d U Xapakrepa
pacrpeaeseHHst arperaToB B oObeMe rejisi B COOTBET-
CTBHHU C BbIpaxKeHHEM

Cq = na/(Ny - @®),

rie Ny — uucao ABoranpo, > — 06beM 3/1eMeHTapHO#H
A4elKH, 7y — KOJWYECTBO THAPO(OOHBIX OOMEHOB
B OJIHOH 3/ieMeHTapHOH siyelike. Xapakrep pacrpenese-
HUSI IOMEHOB B O00beMe [aHHOH CHCTeMbl HEH3BeCTeH,
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Puc. 2. KprBble MaJIOyrJIOBOTO HEHTPOHHOTO pACCEsSTHUS He3apsKeHHOro (a) u cabo3apsikeHHOro (6) rejen
I'M ITAK. Crenenb HaGyxauus rejieil B DoO a =2 (koHueHTpauus moanmepa B reqe C, = 33 Bec.%)

OHAKO W3 JIUTEPaTYPHBIX HaHHBIX [12] crenyer, uToO
OJ1s OOJIBLIIMHCTBA aHAJOTHYHBIX CHCTeM XapaKTep-
Ha Oojiee TJIOTHAas YMakKOBKa — TIpaHeLeHTPUPOBaH-
Hasl KyOuueckasl pelleTKa M reKcaroHa/bHas pelleTKa
¢ TJIOTHeHIe# ynakoBKOH. JI/1s1 9TUX pelIeTOK Ha 00b-

3 3
eM 3JIeMEeHTapHOH siuelku a° = (\/20,’) MPUXOASATCS

gyeTblpe nOMeHa. 3Hasi KOHIeHTpanuio jaomeHoB Cy,
MOXKHO BBIYHCJIHTDH CpejiHee 3HaueHHe arperaldoHHOrO
ynca JoMeHoB Nj (T.e. UHC/IO H-aJKHUJIbHBIX TPy,
BXOASIIIUX B COCTaB OTHOTO THAPOPOOHOro HOMeHa).
OHO paBHO OTHOIIEHWIO KOHIEHTPALHH H-aJKUIbHBIX
rpynn Cyy ¥ ruapodobHbx nomeHoB Cy: Ny = Cyi/Cy.

PaccuntanHoe TakMM 00pa3oM arperamudoHHOE YHC-
JIo oKasasoch npubansutespHo paBHbM 80. [Mosyuen-
Hble 3HAUEHHUS arperalHoHHBIX YHUCeJ IOMEHOB B He3a-
psikensoM rejie M [TAK 643k K 3HaueHusiM arpe-
FalMOHHBIX YHCEJ IOMEHOB B BOAHBIX PACTBOpPAx He3a-
psikeHubix ['M nosumepos (Hampumep, B M mnosu-
STHJIEHOKCHIE), COMEPKAIMX TakoH ke TUApPo(OOHbBIH
H-IOfeUIbHBIE paguKan [2].

Takum o6pazom, metrogom MYPH onpeneneno arpe-
rallioOHHOE YUJIO THAPO(MOOHBIX TOMEHOB B He3apsiKeH-
uom resie M [TAK. Ono cocrasasier 80.

3apsikeHHbIN reqab. Beenenue 2 Mosi.% 3apsikeH-
HBIX 3BeHbEB B Tejib MPHBOAWUT K TOSIBJEHHWIO MHTEH-
CHBHOTO NMHKa Ha Manbix yraax npu g = 0.029 A-!
(puc. 2,6). B pabore [1] mokasaHOo, 4TO 3TOT THK
BBI3BAaH MHKPO(Aa3HBIM paccioeHHeM B reje, B pe-
3yJbTaTe KOTOPOTo rMAPOQOoOHBIE JOMeHbI, H3HAUaIbHO
paBHOMEpPHO pacrpeeJsieHHble B HaOyXIlell B BOie T'HI-
pPOHIBbHON CeTKe reJisi B YCJIOBHSIX OTCYTCTBUS 3apsija,
MPH 3apsKEHNH TeJisi, YIJIOTHSSICh, aTPeTHPYIOT MeXLy
co6oii ¢ 06pa3oBaHHEM HAACTPYKTYP — THAPOGOOHBIX
kyactepoB. Koppessiuvu B pacrpeneseHHH 3THX KJja-
CTEpOB 10 00beMy TeJisi U SIBJASIOTCS MPUUHMHON BO3-

HUKHOBEHHS NHKa Ha MaJbIX YIaax («MHUK KJ1acTepoB»)
Ha KPUBOH HEUTPOHHOIO paccesiHUs 3apsi’KeHHOTO Teis.

B nanHowm cirydae crnoco6 onpenesieHuHs: arperamuoH-
HOro uucga no gaHHeiM MYPH He MoxeT 6biTh mpriMe-
HEH 10 JIByM MpHYMHAM: 1) TOUHOe TOJIOKeHHe «TTHKa
LIOMEHOB» TIOUYTH IOJHOCTbIO CKPBLITO IJIEUOM HHTEH-
CHBHOTO MaJsIOYTJIOBOT'O IMHKa KJIacTepoB; 2) CTPYKTypa
MHKPO(A3HO pacCclOeHHOro rejsi HeusoTpomnHa. [loaTo-
My [IJsl ONpeJesIeHHs] arperalioHHOr0 4Hcjaa B 3aps-
KEHHOM Trejie Obll NpPUMeHeH MeTod (JyopecleHIHH
C HUCNOJIb30BAHHEM IIHpeHa B KadecTBe THAPO(POOHOro
songa [13].

Panee meton (hsyopeciieHTHOH CIIEKTPOCKOTIMU C UC-
MOJIb30BAaHUEM IHpPEHa B KauyeCTBe 30HAA TPUMEHSIH
LJIsl OTpefle/ieHHs] arperalMoHHBIX 4HCeN THAPO(hOo6-
HBIX JIOMEHOB B pacTBopax JHHeiHbX ['M nosnmepos
[14-16]. DroT meTom OCHOBaH Ha TOM, YTO MHpPeH
MJI0X0 PacTBOPHUM B BOJe, U B BOOHBIX pactBopax ['M
MOJIUMEpPA OH JIOKAJMH3YEeTCs] IPEUMYILIeCTBEHHO BHYTPH
runpodobubix momeHoB [17]. M3mepennss mnpoBomsiT-
csl TIpU KoHUeHTpauuu mupena Cpy, TNpeBbIlIaoIeH
KOHIeHTPaLHuio runpohodHbix aomeHos Cy (Cpy > Cy).
[Ipy sTOM B HEKOTOpBIE HOMEHBI MOMAfaeT MO OTHON
MOJIEKYJIe TUpeHa, B Ipyrye J0MeHbl — M0 IBe U 6oJee.
Uewm Bblllle KOHLIEHTPALHS JOMeHOB B cucteMe Cy (mipu
JlaHHOH KOHLeHTpauuk nupena Cpy), TeM GoJblile J0-
Js1 p| IOMEHOB, COIEPXKALIMX ONHY MOJIEKYJTy MHUpeHa.
OnuvHOYHBIE MOJIEKYJIBI THPeHA HMEIT Y3KHe MOJOCH
ucnyckanusi B odsactd 370-395 HM, a numepsl nupeHa
MMEIOT LIHMPOKYI0 MOJIOCY HCIYCKAaHUS ¢ MaKCUMyMOM
Ha 480 um [13].

[Ipu ompenenennu KoHUEHTpauuu nomeHoB Cy 110
(hyryopeciieHIIMM MOHOMEPOB TTHPEHa 0OBIYHO HUCIOJb3Y-
ot pacnpenenenue [lyaccona [13]
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rie o; = Cpy/Cy, a p; — OTHOCHTeNIbHASA [0/ arpera-
TOB, COIEPKAIIMX [ MOJIEKYJ MUpeHa.
Hast i =1 umeem

C
pL = %e_cpy/cdy Cay = Cpy e_CPy/Cd,
d
In <Cd(l)> = —@,
Cpy Cy
rge Cd(]) — KOHLLeHTpaLLI/IH JTOMEHOB, CO[Lep)KaLLLI/IX

OfIHY MOJIEKyJNy MHpeHa,
MoHOMepoB nupeHa Cpy(iy.

Obuyro kouueHTpauuio nupeHa Cpy OMpeessior
CMeKTPO(OTOMETPHUECKH [0 TOTJIOIIEHHI0 Ha [JHHE
BOJIHBI 338 HM. KOHIleHTpalHI0 TOMEHOB, COMepXKallux
onHy MoJiekyny nupena Cyjy, ONPENENSIOT U3 CreKTpa
(dbayopecuenuun nupeHa. [Ipu atom 06bIUHO cuwnTa-
[OT, UTO OHA IMPOIMOPLUHOHATIbHA UHTEHCHBHOCTH JIIOMHU-
HeCLEHIMH MOHOMepa THpeHa, mpuueM Ko3(DQULHUEHT
MPOTIOPIIMOHAMBHOCTH He 3aBUCUT OT KOHLEHTPALHUH
nypeHa.

OnHako HalIM UCCeIOBAHHUS NPOBOAM/IHNCH He C pac-
TBOpAMU TOJHUMepa, MJsi KOTOPhIX Obl1a paspadora-
Ha MeTOIHKa, a cO cla0o HaOYyXIIMMH MOJHMEPHBIMH
reJIIMH, B KOTOPBIX KOHILEHTpauus mojumMepa (1 co-
OTBETCTBEHHO KOHIEHTpAllMsl [OMEHOB) Obljia OuYeHb
BBICOKOH. B 3KcmeprMeHTe He0O6XOZMMO BapbHPOBATh
KOHLEHTpauuio nupera Cpy TPU MOCTOSHHOH HHTEH-
CUBHOCTH Tajalollero Ha KioBeTy cBeta. [lpu 3TOM
npy GOJBIINX ONTHUECKUX TOJIHHAX KioBeThl (D = 1)
HHTEHCHBHOCTb JIIOMMHECUEHIIMM MOHOMEpOB MHpeHa
yKe He OyleT pacTH MPONOPLHUOHATBHO KOHLEHTPALUH
MoHomepoB mrpeHa Cpy(1y. Hanpumep, npu sHauuresnb-
HOH ONTHYECKOU IJIOTHOCTH (KOrJa MOIJIONIAeTCs IIOUTH
BeChb MAJAIOUIMH CBET) HHTEHCHBHOCTb JIIOMHHECLEH-
LMK MOHOMEPOB MUDeHA [1,,(1) yKe MPaKTHYECKU He
OyneT U3MeHSITbCS MPU JaJbHEHIIeM pocTe o0lIel KOH-
ueHTpauuy nupena Cpy, B TO BpeMsl KaK KOHLEHTPaLUs
MoHoMepoB nupeHa Cpy(j) TPU 9TOM OyeT BO3pacTath
(mpu Cpy < Cy). IlosToMy npu H3MepeHHsX Mbl PeLIUIH
OTOHTH OT TPaZULHMOHHOTO MOAXOMIA, MpPeAnoJarawile-
ro, 4YTO KOJHMYECTBO MOIVIOLIEHHOH 00pas3loM Hepruu
MPOTIOPIIMOHABHO KOHLUEHTPAUUK MHPeHa, U Tpemso-
JKUJIM HOBBIH METON, B KOTOPOM 00Jiee TOUHO YUHTHI-
BaeTCsl KOJMUYECTBO HEPTHH, MOIJIOLIEHHOH 00pa3LoM.
CyTb ero COCTOUT B CJIe1yIOLIEM.

[TycTb onTHueckasi MJIOTHOCTb 06pa3oB D He siBJS-
eTcs MaJsiol, HanpuMep D = 1. CBsixkeM HHTEHCHBHOCTb
JIOMHHECIIeHIIUM MOHOMEPOB IHpPeHa B TAKOM 00pasiie
C KOHLIEHTpallMell B HeM JIOMEHOB, COAEepPKAaIIUX ONHY
MoJieky1y nupena. OO1as NoryolieHHast 3Heprusi B 06-
pasie

OHa paBHa KOHUEHTpaUWHU

Laps = 1o (1 = e_D)-

W13 sroit 0611ell sHeprux Ha OO MOHOMEPOB IHpe-
Ha, 0YeBUIHO, MPUXOIUTCS

_ CP 1
]al)s(1)=[0(1_e D)#()
y

I/ISMepﬂeMaﬂ SKCHepI/IMeHTaJH)HO UHTEHCHUBHOCTb
JIOMHUHECHUEHIIUNU MOHOMepOB paBHa
Cry(1)

]lum(l) =k(l— e_D) pr )
Tie k& — HEKOTOPBIH KO3(D(PULNEHT.

Taxkum 06pasom, Cpy(iy = liym(1)Cpy/(1 — e~P). Pas-
lleIMB 3TO BbIpaXkeHue Ha Cpy, MOJyUUM

[lum(l)CPy
(1 - e_D) CPy

]lum(l) CPy

Hcrnosb3yst mpensioxkeHHYI0 HAMH METOAMKY, MOXKHO
MPOBOJUTbL H3MepeHUs], TO0Jb3ysCh MAOCTATOYHO TOJ-
CTBIMH KIOBETAMH M TOJydYasi TMPH 35TOM XOPOLIYIO
MHTEHCHBHOCTb JIIOMHHECUEHUHH. $ICHO, 4TO B 3THX
u3MepeHusix D NOMKHO OBITh TAKUM, YTOOBI e~ D 6outo0
HeHaMHOTO MeHbllle e[HHHIBI, TaK KaK B MPOTHBHOM
cJlyuae TOUHOCTb MeTOna pe3Ko nagaetr. PeanbHo Besu-
yuHa D pomxHa ObITh CPaBHUMA C eIHHHUIEH.

Ha ocHoBaHuu 3kcrneprMeHTaJbHBIX HAHHBIX CTPO-
utes rpadur fymcny/ (1 — e~P) kax dyukuus ot obueil
KOHIeHTpauuu nupena Cp, (onTuyeckas MIOTHOCTb D
saBucuT ot Cpy). KoTaHreHc yria Hak/oHa MoJydyeH-
HOM NpsIMOH U OyleT paBeH KOHLEHTpPaUuK 1oMeHoB Cy.
3Hasi KoHIleHTpauuio noMeHOB Cy W KOHLEHTPALHUIO
runpodobHbix rpynn C,y B Teje, a TakxKe TO, 4TO
BCce THUAPOPOOHBIE T'PYNMbl Tejisi B JAHHBIX YCJOBHU-
SIX BKJIIOUEHBI B arperatsl [7], MOXHO OIpeNeUTh
arperainyoHHoOe 4ucyao ruaApoPob6HBIX n0oMeHOB Ny Mo
dopmyse: Ny = Cy/Cy..

C ucrnonb3oBaHueM pa3pabOTaHHONW METOAMKH HAMH
OBLIO OTpeMiesIeHO arperaloHHOe YUCI0 THAPOGOOHBIX
noMeHoB B MHKpo(asHo paccioenHom rejqe I'M ITAK.
Ha puc. 3 mpencraBieHa sxkcrneprMeHTaJbHO MOJYyYeH-
Hasi 3aBUCUMOCTb BeJIMUNHbBI ]lum(l)/(l—e_D) 0T o01Iel
KOHLeHTpauuu nupena B rene Cp,. M3 sroil 3aBucu-
MOCTH OblJla OTpefesieHa KOHLeHTpauus aomeHoB Cy
(KoTaHTeHC yrJIa HaKJOHa MPSMOi), KOTopasi 0kasasach

— kecpy/cd ,

HJIN

lum!(1—€7P)
55

5.0

457}
40+

3.5 ! ! ! ! ! ! ! )
00 01 02 03 04

Cpy ><102, MOJSTb

Puc. 3. 3aBUCHUMOCTb MHTEHCHBHOCTH JIIOMHHECIIEH-

MU THpPeHa OT ero KOHLEHTPALUU B MUKPO(a3HO

paccioenrom rese I'M TTAK, comepxamiem 2 Moa1.%
3apsiKEeHHBIX 3BEHbEB
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paBHOi 6- 1073 Mosb/n1. CpaBHHM MONYUEHHYIO BEJH-
guHy C OOlIed KOHIeHTpauued TUmpo(OOHBIX TPYIII
C.x B rene. M3 crernenu HaOyxaHus refsi 1ojydaeM
KOHIIEHTPALHMIO MOJHMepa B reje

10° 1.184 /
cg=——=1. MOJIb/ 1,
0 aMO
rme My — cpemHsis MoJjisIpHasi Macca rejisl, paBHas
105.6 r/mosb, o — creneHb HaOyXaHHsI TeJisi, paB-

Has 8.

M3 XuUMHUYeCKOro CTpPOEHHsI TeJsi CJeLyeT, uTo
KOHLEHTpaUuus THAPO(MOOHBIX TPYIN B reje COCTaB-
asiet 20 Mos.% OT KOHIEHTpAlWH TMoJuMepa, T.e.
Cax =0.2 ¢y =0.237 moun/J1.

ArperailoHHOe UYHCJIO H-AJKHJIBHBIX TPYII, BXO-
OSIIAX B COCTAaB OMHOTO THAPOPOOGHOrO JOMEHa,
Ny =Cy/Cy= 0237/(6 . 10_3) =39.5.

TakumM o6pasom, pacueTsl MoKasa/H, UTO B OJHOM
noMeHe cocpenoTtoueHo okosno 40 ruppodoOHBIX 3a-
MecTHTesell. AHa/JOrHUHble 3HAUeHUs arperalnoHHOTO
4ucsa TUAPOPOOHBIX TOMEHOB MOJyUeHbl JJIs1 BOIHBIX
pacTBOpoB cyabo3apsixKeHHbIX JuHelHbXx ['M nomnme-
poB — I'M [TAK [14] u [ M-cononumepa akpuIaMuaa
M akpusaara Hatpus [15, 16].

TakuM o6pasoM, Mokas3aHo, YTO B MpOLECCe MHUK-
po(asHOTO pacc/o0eHus, BbI3BAHHOTO BBEIEHHEM 3apsi-
JKEHHBIX TPYMIN B reJsib, YMEHbIIAETCS arperamuoHHOe
gucso ruapooOHbIX noMeHOB. [lo-BuauMOMYy, 3TO CBSI-
3aHO C yBeJIMUEHHEeM 3/1eKTPOCTAaTHYeCKOro OTTaNKHUBa-
HUSI Ha WX TIOBEPXHOCTH.

Pabora BeIMOJHEHA TpU (UHAHCOBOH TIOMAEPXKKE
rpanta [Ipesunenrta Poccuiickolt ®enepaiuu ajst nop-
IIePKKH MOJIOABIX POCCHHCKMX YYeHBIX — KaHIWMIa-
TOB HaykK ¥ ux pykoogutesnedt (MK-5173.2006.3)
u PODU (rpant 05-03-32865).
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