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[Toay4yeHbl 1 0OXapaKTEPU30BaHbI ITOJIU3IEKTPOJIUTHBIE KOMILIEKCHI XUTO3aHa C K-KappariHAaHOM KakK
MOTEeHLKAIbHbBIE aAcOPOeHTH HaHOMapKepa (JyopeclieMHa B BOOHBIX Cpefax MpU Pa3JIM4YHbIX 3HA-
yeHussx pH. CieKTpoCKONMYeCKMMU METOIAMU U3y4eHO CBSA3bIBaHUE (IyopeclerHa ¢ XUTO3aHOM
M KOMILIEKCOM K-KapparnHaH—xuTo3aH. C MOMOILbIO aHaIM3a PABHOBECHBIX U30TEPM KCCIISIOBAHbI
3(hGEKTUBHOCTD U MEXaHU3M aacopOLMu (PIyOpOHOBOIrO KpacuTelisd Ha CUHTe3MPOBaHHBIX KOMILIEK-
cax. M3orepma ancopbimu diryopeciienHa Ha 4YacTUIaX MOJIUAIEKTPOJIUTHOTO KOMILIEKCa aleKBaTHO
onucaHa B pamkax mozaenu ®peiinanvxa. Ha ocHoBe maHHBIX TylIeHUS (DIYOPECLEHLIMU OIpeae/eHbI
addexkTuBHbIE KOHCTaHTH LlITepHa—PoapMepa (iryopeciierHa ¢ XMTO3aHOM M KOMIUIEKCOM K-Kappa-
TMHAaH—XWUTO3aH M II0Ka3aHO, YTO CBSI3bIBAaHKME HaHOMapKepa ¢ OMOIToIMMepaMy OCYILECTBIISIETCS 3a

CUYET pa3HbIX MEXaHU3MOB B3aUMOIECIHACTBUSI.
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BBEAEHUE

B Hacrosiiiee Bpemsi B OMOMEIUITMHCKYIO TTPAKTUKY
BCE aKTUBHee BHeIpSETCS TePaHOCTUKA — ITOIXO,
00BEINHSIONINI JIeUeHUE U TUATHOCTUKY Pa3TUIHBIX
3ab0IeBaHUI [UIST TEpATIUM 10, BU3yaJbHBIM KOHTPO-
JIeM U paHHero MPOTHO3UPOBAaHUS Kypca JIeUeHMUs.
CucreMbl JOCTaBKU JIEKAPCTBEHHBIX CPEICTB IS Lie-
JIeii TepaHOCTUKY TIPU3BaHKI pelllaTh IBOMHYIO 3a1a4y:
oOecrneynBaTh KaK BU3yaJU3alMI0 OOJIbHBIX TKaHEH,
TaK U JeUYeHUE KOHTPOJIUPYEMBIM BHICBOOOXICHUEM
AKTUBHBIX JIEKAPCTBEHHBIX KOMITOHEHTOB. OCOOEHHO
TaKoi MOAXOMA NMEPCHEKTUBEH IJI1 pPa3pabOTKU U MpU-
MEHEHUS CUCTEM JOCTaBKU TOKCHUYHBIX MpenapaToB
JUIS1 XUMUOTEpaIinu, a TakxKe aHTUOMOTUKOB U APYTUX
CWJILHOJEMCTBYIOIIMX JIEKAPCTBEHHBIX cpeacTs [1—3].

B coBpeMeHHOI1 HayuyHO#l JTuUTEpaType yBEeJIUIU-
BaeTCs KOJIMYECTBO IMyOJIMKALIMIA 110 KCITOJb30BAaHUIO
pPa3IMYHBIX HAHOMAPKEePOB WJIM METOK JIsI Ouomma-
THOCTUMKM M OMOBU3yaIu3aluu (OpraHUYeCcKUX JIIo-
MUHO(DOPOB, MOJTYITPOBOIHUKOBBIX KBAHTOBBIX TOUEK,
HaHOpa3MePHBIX YIJIEPOAHBIX TOYEK), UTO SIBJISICTCS
OTpaXXeHHWEM PacCTyIIero MHTepeca K 3TOMY TUITY CO-
enuHeHuit [4—6]. KcaHTeHOBBII KpacuTtenb ¢Jiyopec-
ueuH (DJIL) sasasercs npumepom pH-uHanKaTopa,

JIUAHNOH-aHUOHHOE pPaBHOBECHE KOTOPOTO MPUXO-
IUTCS Ha (pu3nonorndyeckuii nuama3od pH, uyro 00-
YCJIABIIMBAET €ro MPUBJIEKATEIbHOCTD IS UCITOJIB30-
BaHUS B KauecTBE BHyTpuKiaeTouHoro pH-3oHma [5].
DyopoHOBBEIE KPACUTEIU IUPOKO MPUMEHSIOTCS
B MEIUIMHE B Ka4yecTBe (PIyOpPECIIEHTHBIX MapKEPOB
JUIST CCJIENOBAHUSI OMOJIOTMYECKUX OOBEKTOB, KOH-
TPACTHBIX areHTOB, B (POTOOMHAMMWYECKON Tepamuu,
JJIsl TMAarHOCTUKY Y JICYSHUSI PAKOBBIX OITyXOJIeid Ha
MMOBEPXHOCTHU KOXHU [7—9].

Oco0as poJib B pa3paboTKe CUCTEM JOCTaBKU Jie-
KapCTBEHHBIX CPENCTB OTBOAUTCS HAHO- U MUKPO-
KOHTeIfHEpaM Ha OCHOBE OMOITOIMMEPOB Pa3IMIHOMN
XUMHUYECKOMN TTPUpPOIHI (TTOJUIETITAIOB, TTOTNCaXapy-
IoB). AMuHonoavcaxapua xuto3aH (XT3), nonyyae-
MBIl U3 MAHLIMPbCOAEPKAILETO ChIPbsl TUAPOOMOHTOB
XUTHUHA, OTJIMYaeTCss OMOCOBMECTUMOCTDIO, OaKTepu-
OCTAaTUYHOCTbHIO, CITIOCOOHOCTBIO K OHoaerpagalnu
Y YCUJIEHUIO pereHepaTUBHBIX MPOLIECCOB MPU 3aKUB-
nenuu paH [10—12]. Hanuuyue B CTpyKType MaKpOMO-
Jnexyn XT3 ruapoKCUIbHbBIX, aMUHO- U alleTaMUIHbBIX
TPYIIIT OMpenesieT ero MOJIMAJICKTPOIUTHBIE CBOM-
ctBa. CriocobHOCTh XT3 K KOMILIIeKCOOOpa30BaHUIO
C Pa3MYHBIMU OPTAHWYECKMMU U HEOpraHUYeCKUMU
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COEMMHEHMSIMM 00ecTieYMBaeT BO3MOXHOCTD €TI0 B3a-
UMOIEMCTBUS C aHMOHHBIMHU TTOJMAJIEKTPOJIUTAMU
B BOIHBIX PacTBOpax ¢ 00pa3oBaHUEM IMOJUIIIEKTPO-
JuTHbIX KoMriekcoB (ITDK) [13—15]. Cpeau nonau-
caxapuaoB aHMOHHO TTPUPOIBI BAXKHOE MECTO 3aHM-
maroT KapparuHaHbl (KPI') — BEICOKOMOJIEKYIsIpHBIE
JTHeiHbBIe cyThdaTupoBaHHBIE TUAPOGUILHBIE TTOJIH-
caxapuabl KpacHbBIX Bogopocieit [16, 17].

Kommiekcsl KPI' ¢ XT3 BbI3BIBAIOT ITOBHILICH-
HBII MHTEpEC, IIOCKOIbKY JaHHBIC ITOJIMCaXapUIbl CO-
JepXaT B CBOEM COCTaBe (PyHKIMOHAIbHbBIE TPYIIIbI
pa3HoOii MOJISIPHOCTH, U, CJIEIOBATEIbHO, TOSIBISIETCS
BO3MOXHOCTb YIIPaBJICHUSI paclpeaeieHUeM LIEHTPOB
CBSI3BIBAHMS Ha OMOIIOJIMMEpax C OpraHM4YeCKUMU
KpacutensiMmu. MHTepec K ncciaenoBaHUSIM COBMECT-
HBIX CHCTEM Ha OCHOBE KpacuTeleil M1 BOIOPacTBOPH-
MBIX OMOIIOJIMMEPOB OOYCJIOB/IEH U APYTUMU IPUIHM-
HaMu: (bJIyOPOHOBBIE KPAaCUTEIN MOXHO MCIIOJb30-
BaTh B KauecTBE (hJIyOPECLIEHTHBIX HAHOMAapPKEPOB IS
OMOBU3yaJIM3allMM, a TAKXKE JaHHbIE KPACUTEIN MOTYT
BBICTYIIaTh B KaUeCTBE MOJAEIbHBIX OOBEKTOB OTpHIIA-
TeJIbHO 3apsKeHHBIX JIEKapCTBEHHBIX BelnecTB. Coue-
TaHue GoTodIyopeCLeHTHBIX CBOMCTB (iyopecienHa
¥ 6noakTUBHBIX cBoMcTB [IDK Ha ocHOBE MPUPOITHBIX
MOoJMCaXapUIoB JejlaeT TaK1ue CUCTEMBI NTePCIEKTUB-
HBIMM MaTepuajaMu JJjIs CO3TaHUS MYJIBTU(MYHKIINO-
HaJIbHBIX IMAarHOCTUYECKUX U TepalleBTUYECKIUX HOCH-
TeJei.

Panee HaMu ObUIH TTOJIy4eHBI C(hepOre v Ha OCHOBE
[MOK anpruHaTa Kaablysl U XMTO3aHa I UMMOOU-
JIN3alM aHTUOMOTHKA He(OTaKCUMa, IjIs1 KOTOPOTO
B HaCTOSIIIee BpeMs ellle He pa3paboTaHa HellapeH-
TepajibHas JieKapcTBeHHas ¢opMma. brio mokasaHo,
YTO OIpenesioniee BIusgsHue Ha 3¢ OEeKTUBHOCTb UH-
KaICcyJIMpoBaHUSI aHTUOMOTHUKA U (papMaKOKMHETH-
yeckue IMpoGuIn ero BEICBOOOXIECHUS B Pa3IMYHBIX
cpenax oKa3bIBaeT B3aumMojelicTBUe IedoTakcuma
¢ noauMepHoit matpuueit [18, 19]. TToaToMy HEOTDb-
€MJIEMOI1 4aCThI0 pa3pab0OTKU HOBBIX CUCTEM IOCTaBKU
JIEKapCTBEHHBIX CPENCTB IJIs LieJieil TepaHOCTUKHU SIB-
JIgeTcs U3ydeHre MeXaH3Ma MEXMOJIEKYISIPHOTO B3a-
MMOACUCTBUSI MEXIY BCEMU KOMITOHEHTaMM CUCTEMBIL.

Llenp pa®oThl 3aKiTI09Yagach B U3yYeHUU CBSI3bIBA-
HUS (hJIyOPOHOBOIO KpacuTess ¢JiyopecliernHa ¢ Io-
JIU2JIEKTPOJUTHBIM KOMILJIEKCOM Ha OCHOBE XUTO3aHa
Y KapparmHaHa B BOAHBIX Cpelax 1 BhISIBJICHUU Xapak-
Tepa BIUSIHUS 100aBOK OUOMOJUMEPOB Ha CIIeKTpasb-
HO-(IIyopeclieHTHBIE XapaKTePUCTUKNA KPACHUTEIS.

OKCITEPUMEHTAJIBHAA YACTb

B kauecTBe TOIMMEPHBIX OOBEKTOB MCCIEIOBAHNS
HCIIOJIb30BAIY TTOJIUCAXapUIbl, TIPOSIBISIONINE B BO-
JHBIX PACTBOPAX MOJUIIEKTPOIUTHBIE CBOIICTBA — T~
npoxiopun xutoszaHa (MM 38700, cteneHb nealeTu-
nupoBanus 80% (3A0 “buomnporpecc”)) u K-Kappa-
ruHaH (“Molecularmeal”). Kpacurenab kcaHTEHOBOTO
pana @JIL npuMeHsUIM B BUJE TUHATPUEBOM COJIU

MMUPTAJIEEB, IINJIOBA

(ToproBoe Ha3zBaHue “¥YpanuH A”, “Pycxum”). I1pu
MIPUTOTOBJIEHUN PACTBOPOB B Ka4eCTBE PaCTBOPU-
Telieit MCIOJNIb30BaIN OMANCTILIMPOBAHHYIO BOIY
(pH 7.0), BogHbie pacTBOpHI 6.0 MM yKCyCHOI Ku1C-
sotel (pH 5.6) u 102 M HCI (pH 2.0). buguctwum-
POBaHHY10 BOAY MoJIyyajiyd Ha yCTaHOBKe “buauctu-
nsitop crekassHHbIN BC” (ITAO “Xumnaboprnpubop”),
KOTOpasi paboTaeT Mo MPUHLIUITY IBOMHON NMEeperoHKu
BOIbl. YUCTOTY BOABI KOHTPOJUPOBAJIU MO BEIUUYUHE
YIEIbHOM 3JIEKTPONPOBOJHOCTU, KOTOPAsi COCTaBJIsIIa
1.0—3.0 MxCwm/cM.

CuHTEe3 NMOJU3IEKTPOJUTHBIX KoMIIekcoB KPT'—
XT3 npoBoauiau myTeM cMelllMBaHUsI BOJHOIO pac-
tBopa KPT ¢ xoHuentpauueit 1072 M ¢ pacTBopoM
XT3 konuenrpauueii 107> M B 6.0 MM pacTBOpe yK-
cycHoi KucioThl. [Tondop UCXOMHBIX KOHLICHTpALIUI
MPOTUBOIIOJIOKHO 3apsiKEHHBIX MOJU3JIEKTPOJIUTOB
OCYILIECTBJICH HA OCHOBAHUM Pe3yJIbTaTOB paHee Mpo-
BeJICHHBIX McCleaoBaHuii o ¢opMmupoBanuio ITDK
Ha ocHoBe xuTto3aHa [18]. pH moyiyueHHoro pactsopa
XT3 cocraBisut 5.6. CocraB cMeceil MOIURIEKTPO-
JIUTOB BBIpaXXKaJu B BUAE OTHOILIEHUS] MOJIbHBIX KOH-
neHTpauuit k-xkapparnHana n xuto3aHa [KPI'] : [XT3]
(MoJ1b: MOJIb) M U3MeHsU ero oT 1:9 1o 9:1. ITonyyeH-
HBbIE CMEeCU MHTEHCUBHO TIepeMelTBaId Ha MarHUT-
HO#1 Memanke 1 4 1 BBIAEPXKUBAIN B TEUCHHUE CYTOK
pu KOMHATHOI Temneparype. OOpa3oBaBIIdecs Ya-
ctunbl 19K otoensiau oT HempopearupoBaBIIUX HC-
XOIHBIX ITOJIMMEPOB IIEHTPU(GYTUPOBAHNEM B TCUCHHE
5 muH rpu 3000 06/MUH.

CpenHuii pa3Mep JacTUIL B UCCIIEAYEMBIX CHCTEMax
u {-TOTeHIIMAT TTOBEPXHOCTU YACTUIL OTNPEAeNsIN
METOIOM TMHAMHMYECKOTO pacCesHUs CBeTa Ha aHa-
Jm3aTrope pa3Mepa gactull cepun Zetasizer Nano-ZS
(“Malvern Instruments Ltd.”), ocHameHHOM re-
JTAi-HEeOHOBBIM JIazepoM (633 uHM, 4 MBT). Yromn cBe-
TopaccesiHusl cocTtaBasi 173°. I'paduueckyro uHTep-
MpeTaluio pe3yJibTaTOB U3MEPEHUS MOJydaau C TOMO-
11blo MporpaMmmMHoro obecneyeHust “DTS Application
Software” xomnanum Malvern Instruments misa pa-
0OTHI MOJ YNpaBJeHUEM OINEPALMOHHONW CHUCTEeMBbI
Windows®. [1pu aHaIM3€e aBTOKOPPEISILIMOHHOMN (QyHK-
LIMU UCITOJIb30BaIU TTPUOJIKEHUE TBePAbIX cheprye-
ckux yactuil. Onpenenenue {-noTeHIIMaga B BOAHBIX
cucTeMax MPOBOJMJIM METOIOM 3JeKTpodopeTuye-
CKOTO paccesiHUsI CBeTa ¢ MpUMEHEHUEM TeXHOJIOTUU
M3-PALS (Mcnonb3oBaHuE OBICTPO U MEIJIEHHO IIe-
PEMEHHOTO 3JIEKTPUYECKOTO T0JIsSI Hapsiay ¢ (ha30BbIM
M YaCTOTHBIM aHaJIM30M paccessHHOTro cBeta). Ilepen
BBITTIOJTHEHMEM M3MEPEHUI 00pa31ibl GUIBTPOBAIH UYe-
pe3 ¢punsrpel Millipore ¢ MeMOpanoit Durapore PVDF
u guametpom 1op 0.45 mxMm. st kaxkaoro obpasua
npoBoauin 3 cepumn udMepeHuil mo 10 usmepeHuin
B Kaxoii. Omubku usmepeHuit pasmepa u {-MmoTeH-
myasa yactul coctasmim £2% v £0.12 MB cooTBeT-
cTBeHHO. JI715T oleHKM pa3Mepa U MOP(hOJIOTUN YaCTHUII
koMmrIurekca DJIL ¢ XT3 ucronbp3oBaiy JIOMUHEC-
LeHTHBIIT MuKpockoIrl BX-43 “Olympus”.
Ne3d 2024

KOJITOUJTHBIM )KYPHAL oM 86



CBA3bBIBAHUE ®JIYOPECLHHEMHA XM TO3AHOM

VienbHyI0 371€KTpONPOBOOHOCTh U BeanduHy pH
CMEIIIaHHBIX BOAHBIX PACTBOPOB MOJUAJIEKTPOJIUTOB
OIpEeIesiIv C MOMOLIbIO KOHAYKTOMeTpa—pH-MeTpa
SevenMulti dual meter pH / conductivity (“Mettler
Toledo”).

NK-cnexTpbl HCXOOHBIX 00pa31ioB HOIU3IECKTPO-
JIUTOB, (hiryopeciienHa ¥ MPOAYKTOB UX B3anMMOIei -
cTBUs noaydyanu Ha Pypbe-criekrpometpe ALPHA-T
S/N102706 (“Bruker”) B cneKTpaJbHOM IHUamna3oHe
4000—375 cm~! ¢ paspemenuem 4 cm~!. KoMIurekcol
BBIAESIIA U3 PACTBOPOB, BHICYIIIMBAIU U U3METbUaIU
IO TOHKUX mopomkoB Maccoii 0.5—1 r. ITopomku
nepeMelmnBaan ¢ 6poMuaom Kanust Mmaccoit 100 mr
U CITPECCOBBIBAIM B TOHKYIO TIacTUHY. OTHeceHue
XapaKTepUCTUUECKUX TI0JIOC TIPOBOIMIIN IO CIIPaBOY-
HBIM MaTepuaiam..

MexxMoieKysipHble B3aMMOIEUCTBUSI MEXITY Kpa-
cutreniem, XT3 u IIDK Ha ero ocHoOBe B mpoliecce ux
CBSI3bIBaHMS (aACOPOIIMM) U3YyYaJIU CHIEKTpaIbHBIMU
METOHAMMU.

CHexTphl TOTJIOILIEHUS PacTBOPOB KpacuUTes
¢ no6aBnenueM XT3 u [1DK nonyyanu Ha cKaHUPYIO-
111eM ABYyXJIyueBoM criekTpodoromerpe “Lambda 35”
(“Perkin Elmer Instrumental”). Ilpu uamepeHusix uc-
0JIb30BAJIM KBapLEBbIE KIOBETH 00beMoM 3 cM>. Kio-
BETY CpaBHEHMSI 3aIIOJHSUIN TUCTUJIIAPOBAHHOI BO-
Joii. Perucrpalinio aIeKTPOHHBIX CIIEKTPOB paCTBOPOB
MPOM3BOAWIN B MHTepBaje WIMH BoJH 400—600 HM.
O0paboTKy CIIEKTPOB IIPOBOIWIN IIPU HOMOIIHU IIPO-
rpammMmHoro obecrieueHuss UV WinLab. B ucxonHwrit
pacTBOp KpacHTelsisl C BapbupyeMoii B MHTepBalie
20—100 MKr/MJI KOHIEHTpaueil 00bEeMOM 5 MII JO-
6apisun pactBop XT3 (25 MM) o6beMoOM 5 M1, Tia-
TeJIbHO MepeMelINBaId Ha MAarHUTHOI MelllajiKe U Bbl-
JepXuBaiy B TeueHre 10 MUH nepen U3MePEeHUSIMU.

st mpoBeaeHUs CIIeKTpaJIbHBIX U3MEPEHUIA pac-
tBopoB DJI1I B mpucyrctBun yactuil [1DK o6pasisr
TOTOBWIM cienyomuM oopaszom. K pactBopaM Kpa-
curesisi ¢ KoHueHTpauusiMu ot 20 1o 100 MKr/MJ1 00b-
eMOM 5 MJI J00aBIsIM S5 MJT KOJUIOUAHOTO pacTBOpa
II9K c onpeneneHHBIM COOTHOIIEHEM KOHIICHTPALMiA
[KPI']: [XT3]. [NepemeinnBaim ¢ TOMOIIbIO MATHUTHOM
MellIaJIKY B TedeHue 1 yaca st TOCTHKEHMST paBHOBE-
cus1 copbuum — aecopouun. OcaxaeHue yactull [1OK
¢ aIcOpOMPOBAHHBIM KpacuTeeM ITPOBOAMIN LICHTPU-
(yrupoBanuem B TeueHue 10 muH npu 3000 06/MuH.

J7151 HaxXOXKIeHUS YAeIbHON KOHILIEHTPALMU aaco-
pOVpPOBaHHOTO KpacuTens (g,) U paBHOBECHOI KOH-
ueHTpaunu HeancopouposanHoro MJILL (C,) ucnomnb-
30BaJIv ClIeAylollee YpaBHEHUE:

go = 0= (1)

m

! Tapacesuu b. H. IK-cIrieXTpbl OCHOBHBIX KJIACCOB OpraHuye-
ckux coenuHeHunit. CipaBouHble MaTepuaibl. M.: MI'Y, 2012.
C. 14-27.
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roe C, — HadaJbHas KOHLIEHTpaUuus Kpacurensd; V —
00BbEM pacTBOpa; m — Macca aJicopoeHTa.

PaBHoBecHy10 kKoHLeHTpauio DJILI B pacTBope
C, onpenessuln 1o BeJIMYMHE ONTUYECKOH MI0THOCTU
pu IJuHe BOJHBI 490 HM ¢ MCIOJb30BaHUEM Kajlu-
OpPOBOYHOIT 3aBUCMMOCTHU. B TIpenBapuUTEeIbHBIX MC-
CJIEOBAHUSIX OBIIO YCTAHOBJIEHO, YTO 3aBUCUMOCTD
OMNTUYECKON TUIOTHOCTU OT KoHueHTpauuu DOJIL
nomyuHseTcs 3akoHy byrepa—Jlambepra—bepa npu
JauHe BoHbI 490 HM B IMana3oHe KOHUEHTpalui
10—50 MKr/M. YneabHbll KO3(PPULIUEHT 3KCTUHKIIUN
st DJIL B Bome coctaBmi 228.7 1/T-CM.

Ananu3s usorepM aacopouuu PJIL Ha yacTuax
I19K npoBoguim B pamkax Mmozaeieit Jlenrmiopa [20]
u @Opeiimmxa [21]. Momeas 0OmHOCIOWHOI ancopOmm
JleHrMIopa onuchIBaeTCsl ypaBHEHUEM:

—_ KLCe (2)
Te =13 K,C,
rae g, — anacopOLMOHHAs eMKOCTb MOHocIos; K, —
KOHCTAaHTAa CBA3bIBAHUI.

C ucnosap3oBaHUeM U30TepMBI JIeHIMIOpa Haxo-
AU 6e3pa3MepHbIil apaMeTp aacopOLIMOHHOrO PaB-
HoBecus R;:

1
L= 1+KLCmaX’

3)
rne C, . — HauOoJbllasi HaYajbHasi KOHLEHTPALWs aji-
copbara.

ITapameTp R; yka3blBaeT Ha TUIl aacoOpOLMHU, KO-
TOPBII B 3aBUCMMOCTH OT BBIOPAHHOIO IMalia3oHa
KOHILIEHTpalMii ancopbara MOXeT ObITh HEOOpaTUMBIi
(R; = 0), 6maronpuarHsiii (0 < R; < 1), HeO1aronpu-
aTHeli (R, > 1) [22].

AZCOpPOLIMIO KPAaCUTENsI HA TeTEPOreHHOM MOBEPX-
HocTH ancopbOeHTa [1DK onuchiBanym Takke MOIETbIO
Dpeitnpmmxa:

_ 1/n

q. = KC,'", 4)

rae K — KoHcTaHTa aacopouuu ®peitHanuxa; #n — na-

paMeTp, YKa3bIBaIOIIMi Ha CTeTIeHb HEOAHOPOIHOCTHU
MOBEPXHOCTHU acopOeHTa.

CrrexTpsl pyopecuernmun DJIL B mpucyTcTBUM
XT3 u 19K nmonyyanm Ha CKaAaHUPYIOIIEM CIIEK-
Tpodayopumerpe “CaryEclipse” ¢upmbl “Varian”.
B pactBOpHI KpacuTelssi ¢ KOHUeHTpauueid 3 MKM
obobemom 5 mut mobasisuiu ot 0.1 mo 0.5 mi pacTBopa
XT3 (xonuentpanusg 50 MM) unu I19K ¢ Takoii xke
kKoHueHTpanueint XT3. JnrHa BOIHBI BO30YXIECHUS
cocrasisia 440 aMm. Peructpanumio crieKTpoB BO3-
OyXIeHUS IIPOU3BOAWIN B UHTEPBaJe JJIMH BOJH OT
450 mo 650 M. KoHCTaHTHI CBI3bIBAHUS KPAaCUTEJIS
¢ XT3 u II1BK ompenensin Ha OCHOBE TaHHBIX TY-
meHus GayopecueHUru. JJuHaMudeckKoe TylleHue
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Puc. 1. CtpykrypHBbIe (POPMYJIbI TTOBTOPSIIOIINXCS 3BE-
HbeB XT3 (a) u k-KPI (6).

OH

dyopecuenun onmuceiBain ypasHenuem LlltepHa —
donpmepa [23]:

Fy
= (3)

rae Fyu F — MHTeHCUBHOCTU (IyOPECLIEHLIVU B OTCYT-
CTBUE U MPUCYTCTBUU TyIUTENS; [ Q] — KOHLIEHTpaLMs
TymuTenst; K — apdekTuBHass KOHCTaHTA CBI3bIBAHUS
KpacuTeisi C TOJMMEPOM.

YceroitunBoctb KoMIuiekcoB DJILI—XT3 B BomHBIX
pacTBOpax M3ydyajlu MEeTOIOM MOJIbHBIX OTHOIIEHU
[24]. ToroBuau ncxomubie pactBopbl XT3 1 DJILI
¢ koHueHTpauueit 1074 M. B 10 MepHBIX K0JI0 Hau-
Basu o 2 mi pactBopa XT3 1 ot 0.5 mo 8 mur PJILI,
3aTeM JOBOIUIN 00beM cMecH Bomoit 1o 10 mit. B co-
OTBETCTBUU C METOJOM MOJIbHBIX OTHOIICHUI MpU
MOCTOSIHHOM KoHLeHTpanuu XT3 u mepeMeHHO
koHueHTpauuu OJIL cnekTpaabHble U3MEHEHUST IJIsI
pacTBOpa KpacuTells ONUCHIBAIA YPaBHEHUEM:

=1+K[0],

[XT3] _ 1 1
A-4, e-¢g ((g_go).BK.[(DHu])v

rie A u A, — ONTUYECKHE TUIOTHOCTU PACTBOPOB
B nmpucyTcTBUU 1 otcyrcTBun X13; [XT3] — KOHLIEH-
Tpalus pacTBopa xuto3ana, M; [DJILl] — koHIIeHTpa-
M pactBopa (uryopecuenHa, M; € U €, — MOJISIpHBIE
KO3 GUIIMEeHTH 9KCTUHKINK KoMruiekca n DJIL;
B, — KOHCTaHTa yCTONYMBOCTH KOMIUTeKca, ML

KoHcTaHTy ycTOHYMBOCTU KoMILiekca 3, paccuu-
TeIBaIu cnocoooM Kitorua [24] u3 rpacduka 3aBucu-
Moctu [XT3]/(A—A,) ot 1/[DJIL].

Konanyectso PJILI, BrICBOOOAUBIIETOCS U3 I10-
JIMMEPHBIX HOCUTEJIEH, PACCUMTHIBAIIM MO BEIUUYUHE
ONTUYECKOM IIJIOTHOCTHU MpPHU IJIMHE BOJHBI 490 HM.

(6)

MMUPTAJIEEB, IINJIOBA

BricBo6oxaenne DJIL mpoBoanin B yCIOBUSIX in Vitro
npu TeMmnepatype 37° B MOIAEIbHBIX CpelaxX >Keymou-
HO-KUIIIEYHOTO TpakTa (Kucjas cpena xkemyaka, pH
2.0; HeiTpajbHas cpena TOHKoro kuieynuka, pH 7.0)
¥ XapaKTepU30BaJIl BEIUUYNHON (, KOTOPYIO OIIpeae-
JISUTA KaK OTHOLUEHME KOJMYeCTBa BEIIECTBa M,, BbIC-
BOOOIMBIIIETOCS U3 HOCUTENST K MOMEHTY BPEMEHU 7,
K PaBHOBECHOMY KOJIUUECTBY BEILIECTBA M.

0 = % 100.

oo

(7

PE3VIJIIBTATBI U OBCYXIEHUE

XT3 cocToUT NMPEeuMYILECTBEHHO M3 OCTaTKOB
2-aMUHO-2-1e30Kcu-[- D-TrokonmpaHo3bl, CBSI3aH-
HbIX (1 — 4) cBazsmu (puc. 1a), x-KPI' — u3 ocrar-
KoB nucaxapuzaa -D-ranakronupaHossl U o-D-ra-
JIAaKTO-TIMPAHO3bl, CBSI3aHHBIX COOTBETCTBEHHO
(1 - 3)u (1 > 4) cBazsimu (puc. 16). B coorBeTcTBUUI
¢ Ipupoaoit GyHKIMOHANBHBIX Tpyni XT3 oTHOCUTCS
K cl1aObIM KaTMOHHBIM MOJUBJIEKTPOIUTAM, 3apsii
KoTopsix 3aBucut ot pH pacrtBopa. x-KPT aBnsiercs
CWJIBHBIM aHMOHHBIM CYJIb(aTUPOBAHHBIM ITOJIMCA-
XapUIOM, €TO 3apsll COXpaHsSEeTCs MOCTOSHHBIM BO
BceM nuamnaszoHe pH [25]. B xucabix pactBopax XT3
B IMMPUCYTCTBUU OTPULIATEIBHO 3aPSKEHHBIX MAKPOMO-
nexyn KPT npoucxomut popmuposanue [1DK, Brico-
Kasl CTAaOMJIBHOCTb KOTOPOTO TOCTUTAETCS 3a CYET KO-
ONEPaTUBHOTO XapaKTepa MEXKMOJIEKYISIPHBIX CBI3EH,
BO3HUKAIOIIMX MEXIY KOMIUIEMEHTAapHBIMU MaKpo-
MoJieKyJlaMU (2JIeKTpoCcTaTUUeCKHe, BaH-/1ep-Baalb-
COBbIE 1 IuAPOOOHbBIEe B3auMoaeiicTBust). MexaHu3m
00pa3oBaHMS IIPUIAET MTOTYYSHHBIM TTOJIMMEPHBIM CH-
cTeMaM BOCIIPUUMYMBOCTD K HE3HAYMTEIbHBIM U3ME-
HEHUAM BHEITHUX akTopoB [26]. 11 3 deKTUBHOTO
BJIEKTPOCTATUYECKOTO B3aUMOACHCTBUSI MAKPOMOJIE-
KyJibl TTIOJJUMEPOB JOJKHBI HAXOIUTHCSI B PacTBOpE
B MOHM3NPOBAHHOM Buie. B kauecTBe 3HaueHns pH,
IIpY KOTOPOM aMUHOTPYIIIbl XT3 IIPOTOHMPOBAHBI
U cynbdaTtHbie Tpymnnbl KPI' 3apsskeHbI oTpULIaTeIbHO,
6b110 BRIOpaHo pH 5.6.

[To U3MeHEHMIO 3JIEKTPOIPOBOIHOCTUA CMEIIAHHBIX
pactBopoB KPI' u XT3 cynuim o xapakrepe MexXMo-
JIEKYJIIPHOTO B3aMMOAEHCTBUS MOJIUIJIEKTPOIUTOB
(puc. 2). Ilpu cmemrenuun KPI' u XT3 HabmonaeTcs
pe3Koe yMeHbIIEHUE 3JEKTPONPOBOAHOCTU PacTBO-
pOB, UTO CBUIETEILCTBYET 00 BJIEKTPOCTATUUECKOM
B3aUMOJIEHCTBUH MMPOTOHUPOBAHHBIX CBOOOIHBIX aMU-
Horpyni XT3 u cynbdatHbix rpynn KPI. Ha uzorepme
BJIEKTPONPOBOAHOCTU CMECEei MOJMHUOHOB UMEETCS
BBIpaXXeHHBIN Mepernd, yKasbIBaloIuii Ha 0Opa3oBa-
Hue crexuomerpudeckoro 19K ¢ MmakcuManibHBIM KO-
JINYECTBOM MOHHBIX CBs3eil. B ycioBHsIX TpoBemeHUS
HaIIeTro SKCIepUMeHTa KOMIUIEKC ObLI 000TallleH 3Be-
HbsMu KapparuHaHa ([KPI']: [XT3] = 1.5).

MeTomoM AMHAMHUYECKOTrO CBE€TOpaCCECAHUA yCTa-
HaBJIMBAJIN XapaKTEp NU3MCHCHMUS pasMepa U C—HOTCH—
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nuana yactull [I9K B 3aBUCMMOCTH OT cocTaBa cMe-
ceil monmanekTpoauToB (tabm. 1). {-moTeHMan Ma-
KpomouieKysl XT3 B OTCyTCTBUM MOJMAaHUOHA UMEET
nojoxuteabHoe 3HadyeHue. Beenenue KPI' B pactBop
XT3 npuBOAUT K 3aKOHOMEPHOMY CHUXKEHUIO {-T10-
TeHIlIMaja MOBEepPXHOCTHU yacTtull. B uHTepBasne cocra-
BOB cMecH monmaiiekrponutoB [KPI]: [XT3] = 1+1.5
oTMeyvaeTcs IOoJHas HelTpalu3alus IIPOTUBOIIO-
JIOXKHO 3apsiKEHHbBIX TPYIIT XMTO3aHa U KapparnHaHa
B KOMILJIEKCE, UTO COIJIacyeTCsl C KOHIYKTOMEeTpuye-
CKMMMU NaHHBIMU. JladbHEeRIINI pOCT KOHIIEHTpaLun
KPT B cMecu ¢ XT3 npuBoauT K Mepe3apsiake YacTULL
I15K. B n306niTKe 111060 OMHOTO, JIMOO BTOPOIO ITOJIM-
2JIEKTPOJIUTA 3HAaYeHUs {-TIOTeHIIMaIa YacTUIl HaXo-
ISTCSI B 1Maria3oHe, HEeOOXOMMMOM IS COXpaHEHUS
KOJUTOUHO cTabuiabHOCTH cycnieH3uu [1OK.

B obGsiact cpeqHuX cocTaBOB KOMILIEKCa DJIEKTPO-
CTaTUIECKOE CBA3BIBAHME TIPUBOIUT K THAPO(PoOM3a-
muu yactull [19K u usmeHenuio ux pasmepa. Jluamerp
yactull XT3 coctaBisger 142 HM. YUUTBIBas1, UYTO TE€O-
peTUYECKM pacCUUTAHHbBIN paauyc uaeaaibHON MOau-
MEpHOI LIeTr JaHHOTO MoJucaxapuaa JeXuT B rmpele-
nax 5—15 um [27], cienyet caenaTh BbIBOA O TOM, UTO
YaCTUIIBI TAKOTO pa3Mepa IMPenCcTaBIsIIoT co00if acco-
nuatel Mmakpoueneii. C nodbasnenneM KPI' pazmep ua-
CTUII 3HAYUTEJIbHO YMEHBIIIAETCs, YTO OCOOEHHO SIPKO
nposipisiercs mociie nepe3apsiaku [T1OK. Komnakrusa-
LMl YacCTHUI] KOMILIEeKca, MO-BUAUMOMY, O0YyCJIOBIeHA
KOH(MOPMAIIMOHHBIMU U3MEHEHUSIMU MaKPOMOJIEKYJT
¥ pacIamoM uX acconuaroB. [1pu 4eThIpeXKpaTHOM
n30biTKe KPI' MOXXHO MpeamnoaoXuTh, YTO B COCTaB
II9K BXomsST OTAEIbHBIE MAKPOMOJIEKYJIbl MOIMIIEK-
TPOJIUTOB.

HMonHoe cocTosiHue (hayopeciienHa B BOTHBIX pac-
TBOpax 3aBucuT oT pH. [1pu 3Hauennsax pH < 5.5 OJI1I
3apsKeH CJ1abo MOIOXUTENLHO, B obaactu pH 5.5—-6.8
KpacuTeab HaxXomuTcsl B HelTpalbHOIt popme. Ilpu
s3HayeHuax pH 6.8—8.0 ®JIL 3apsikeH ciaabo oTpuna-
TEJIbHO U SIBJISIETCSI MOHOAHMOHOM, a MpU 60Jiee BbICO-
kux pH HaxonuTcst B Buje AMaHUOHA C BBICOKMM OTpU-
HaTeJbHBIM 3apsiaoM [28]. OCHOBHYIO pOJIb BO B3au-
mozeiicteuu @DJIL ¢ XT3 urpaet a1eKTpoCcTaTUIECKUM
MEXaHU3M CBS3bIBaHUS KapOOKCHJIBHBIX TPYMIT Kpa-
cutenst (DOJIL nuccouupyeTr MPEeUMYIIECTBEHHO T10
KapOOKCUJIBbHOM TpyIire) U MPOTOHUPOBAHHBIX aMU-
Horpynn XT3. JIomoaHUTENbHBII BKJIag MOTYT BHO-
CUTb JIUTIONb-TUTIOJIbEHBIE B3aUMOAECHCTBUS MOISIPHBIX
aMMHO- U TUAPOKCUIIbHBIX rpyTil XT3 ¢ KCAaHTOHOBBIM
TPULIMKJIOM KpacuTess, a Takxke ruapodoOHbIe B3au-
MOJENCTBUS ITIOKO3aMUHOBBIX 3BEHbEB TOJIMCcaxapuaa
C HEeMOJIIPHBIMU (pparMeHTaMU MOJIEKYJT KpacuTeJIsl.

ITo maHHBIM MeTOIAa TMHAMMWYECKOTO CBETOpacces -
Hug (Tabm. 2), B cMemaHHbIX pactBopax OJIL u XT3
(bopMUpPYIOTCS BBICOKO aCCOLIMMPOBAHHbIE YACTULIHI,
pasMepbl KOTOPBIX MPEBBIIIAIOT pa3Mep YacTULL UC-
XOIHOTO mojimcaxapuaa npuMepHo Ha 300—550 HM.
O6pa3oBaBIINECS YaCTUIIBI OBLTN BU3YAIN3UPOBAHBI
C TIOMOIIIBLIO TIOMUHECLIEHTHO MUKPOCKOTIIUM.
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[KPT] : [XT3]

Puc. 2. 3aBUCUMOCTb YIEITBHOM 3JEKTPOIIPOBOTUMOCTHI
cMeceit KPI' u XT3 ot ux cocraBa [KPI']: [XT3].

Ta6auua 1. Pasmep u {-morenuman yactui [1DK KPT—
XT3

OTHOMCI}MC Pasmep d, | {-moteHuman
koHueHTpauuit [KPT]: M ’ uB ’
[XT3], Mmonb: Mosib

0 141.7 £ 2.8 +29.5

0.25 1225125 +17.4

0.43 105.7 £ 2.1 +11.5

1.0 91.3+ 1.8 +8.2

1.5 50.2 £ 1.0 -8.0

2.33 4351 0.1 —19.7

4.0 34.8 £ 0.1 —29.7

Ta6muna 2. Pazmep u {-norenHiman yactuiy GJL-XT3*

O6pasern Pasmep d, | {-moreHimar,
HM MB
XT3 140.2 £ 2.8 +30.1
DIII-XT3 (pH 2.0) | 4304 £8.6 +17.0
OIL-XT3 (pH 5.6) | 598.6 + 12.0 +15.2
DJII-XT3 (pH 7.0) | 708.3 £ 14.2 +7.4

* KoHLleHTpaunyu KOMIIOHEHTOB B CMECH: Cqypy = 20 MKT/MJI,
Cxr3= 12.5 MM

Ha puc. 3 B kagecTBe TIpuMepa IpuBeneHO N300pa-
xenue yactul OJIL—XT3 npu pH 5.6. Kak BugHo,
pe3yJbTaThl MO ONMpPEneeHUI0 pa3MepPOB YaCTUIL CO-
JIaCYIOTCSl ¢ JaHHBIMU, MOJIyYeHHBIMUA METOJIOM JIU-
HaMuueckoro cBetopaccesHus. C nuameHenueMm pH
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600 1M

20 MM
Eg —

Puc. 3. U3o6paxenus yactuu OJIL-XT3 mpu pH 5.6,
MOJTy4EHHbBIE HA IIOMUHECLIEHTHOM MUKPOCKOTIE (Cayyyy =
= 20 MKr/MI1, Cypr3 = 12.5 MM).

3500 3000 2500 2000 1500 1000 500
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Puc. 4. UK-cnektpor DJILL (1), XT3 (2) u KoMruiekca
®JILU—-XT3 (3), BBIIEICHHOTO M3 BOIHOTO pacTBOpa Mpu
pH 5.6.

Ccpenbl pa3Mep YacTULl YBEIUUYMBAETCS, YTO YKA3bIBAET
Ha pa3nuus aacopOIMOHHON eMKOCTH MOJuMepa
no orHomreHuo K MJILI B 3aBUCUMOCTH OT 3HAYECHWI
pH. {-notenuman yactun OJIL—XT3 cocranser me-
Hee 30 MB, 4TO cCBUIOETEIBCTBYET O HEJOCTATOYHOI

MMUPTAJIEEB, IITNJIOBA

BJIEKTPOCTAaTUYECKOI cTaOMIM3allMy BOOHOM CyCIICH-
3un. Hauboiee apdexkruBHoe cesa3biBanue OJIL xu-
TO3aHOM 3a CYET DJIEKTPOCTATUYECKOro B3auMOIei-
ctBus otMeuaeTcs ripu pH 7.0, T.e. B Toit obmacTu, rae
(yHKIIMOHAJIbHBIE TPYIIIBl KPAaCUTEISI U TOJIUIJIeK-
TPOJIUTA UMEIOT CIa0bIe MPOTUBOMOJIOXHBIE 3APSIIbI.

KoHncranTa ycroitunBoctn kominiekca OJIL—XT3
B,, HaiileHHast METOIOM MOJIBHBIX OTHOILIEHMIA, B pac-
tBope ¢ pH 2.0 cocraBuna 6.5-10¢ 1-monb~!, ¢ pH 5.6—
4.0-10° r-monps~!, ¢ pH 7.0—2.1-10° rmons . KoHcranTa
YCTOMYMBOCTU KOMIIJIEKCOB B CJIA0OOKMCION M Heil-
TpasibHO# cpemax B, <108, uro xapakrepusyer MX Kak
KOMILJIEKChl HU3KOM YcTOoMUMBOCTU. CIieayeT OTMETUTb,
YTO HAaMMEHbIIIEe} YCTOMUYMBOCTHIO 00J1a1aeT KOMILIEKC
npu pH 7.0.

Hns moAaTBepKIeHUsI KOMILIEKCOOOpa3oBaHUs
DJIL ¢ XT3 npoBeaeHO UCCIeNOBaAaHUE CTPYKTYPhI
00pasloB UCXOAHBIX KOMIIOHEHTOB 1 KOMILJIEKCa Me-
tonoM MK-cnekrpockonuu (puc. 4).

B cniekrpe DJILI nMeeTcs mojoca IMOTIOLIEHUS
3700—3000 cm~! ¢ MakcumymoM nipu 3378 cM~!, xapak-
TepHas IS BAJICHTHBIX KOJIEOAHWI THIPOKCYIILHBIX
rpynn. MK-criekTp ob6pa3ia He comepXXUT MPU3HAKOB
JTAKTOHHOM CTPYKTYPBI, TAK KaK OTCYTCTBYIOT ITOJIOCHI
norouieHus B oonactu 1800—1600 cm~!, oTHOCAIIM-
ecs K BaJICHTHBIM KOJIcOaHUSIM KapOOHUIBLHOM TPYIIITBI
snakToHa. ITomocel kapookcunar-annona COO~ (1582,
1463, 1397 cm~!), no-BUAMMOMY, TIEPEKPHIBAIOTCH 110~
JIOIIEHUEM apoMaTudecKux Kojell. [IpucyTcTByeT mo-
joca 1250 cM~!, coOTBETCTBYIOIIAs BAJIEHTHBIM KOJIE-
6anusMm cBsi3u C—O B (peHoNBHOI TpynIe. B criekrpe
XT3 HabmomaloTes xapakTepHbIe IJIST OJIMcaXapuaoB
MOJIOCHI MOTJIOMIEHUS: Vo g, V n_y (IIOJTOCA TOTTI0-
1IeHust ¢ MakcuMyMoM Tipu 3418 em™!), vy (momoca
normnoweHns 3000—2800 cM~!' ¢ MakcUMyMOM IIpH
2891 eM!), Ve_¢, Ve o MUPAHO3HBIX KoJell (Iooca
nomtomenus 1200—1000 cm~!). B ciektpe umerorcst
MOJIOCHI B MHTEpBaJie, XapaKTEPHOM [Jisi aMUIHbIX
TPYII 8y, (1650—1300 cm~!). Hamnuue mosoc morio-
menus 1318 cm~! u 1518 cM~! monTBEPXKIAET BHICOKYIO
CTEIIeHb JealleTUIMPpOBaHUs obOpasua XT3 u ero xa-
THOHHYIO hopmy, obyciosiaeHHyo NH,*-rpynmamu.
[MonoxeHue TOJIOC TTOTIOIIEHUST MHANBUIYATbHBIX
ob6pasuoB kpacutens u XT3 cornacyercsi ¢ onmy0IuKo-
BaHHBIMU JaHHBIMU [28, 29].

B UK-crmiekTpe npoaykra B3aumoneiicteus OJILI
¢ XT3 nossiusiores nosnocsl npu 1631 cm~! (nedop-
ManroHHbie koiebanust NH,-rpymmer) u 1517 cm~!
(NH,;"-rpynmsr). OtMmeuvaioTcsi mojochl 1463
u 1254 cm™!, cBUIOETENBLCTBYIOIINE O MPUCYTCTBUU
B CTPYKTYpe KapOOKCcUJaT-aHMOHOB U (PEHOJbHBIX
TUAPOKCHIIOB KpacuTelist. MOXHO MPEaIoNIOXUTh, YTO
OTMEUYEeHHbBIC U3MEHEHUSI B CIIEKTPE BbI3BAHBI HIOHHBIM
B3auMoaeiicTBueM GyHKUMOHaNbHbIX Tpyrmn OJILI
u XT3. Ha6mrogaeTcs TakKe CIBUT MOJIOC TTOTTIOLIEHUS
B 00J1acTH BasieHTHbIX KosiebaHuii O—H- u N—H-cBs-
3eit (MmakcuMyMm mpu 3406 cMm~') U yBenmueHue ux
Ne3d 2024
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WHTEHCUBHOCTH, YTO YKa3bIBaeT HA 0Opa3oBaHME BO-
JOPOIHBIX CBsI3el MeXIy (PYHKIIMOHAbHBIMU TPYTI-
ITaMu KOMITIOHEHTOB.

Hanee cBa3piBaHue duyopecuenHa ¢ XT3 u koM-
mwiekcomM KPT'—XT3 u3yyanu Ha OCHOBE aHaIv3a U3-
MEHEHUM CIIEKTPOB MOMIOMEHUS W (PIyopeCeHITNN
KpacuTes pu 1o00aBjieHuH OMonoiauMepoB. B amek-
TPOHHOM cIieKTpe BogHoro pactsopa MJILI (puc. 5,
kpuBas /) npu pH 7.0 npucyTcTByeT MHTEHCUBHAsI T10-
Joca nomioieHus 490 HM u neperud B paitoHe 470 HM,
YTO OTBEYAET CYILIECTBOBAHUIO KPACUTENSI B pacTBOpE
B opMe nuannoHa R>™ u comiacyercs ¢ aureparyp-
HbeIMU gaHHBIMHA [28]. Criektp mormomenus OJILI,
cBsi3aHHOTO ¢ XT3 (kpuBas 2), CyllleCTBEHHO OTJIM-
yaeTcs OT CIeKTpa pacTBOpa KpacuTenisi — ¢ JodaBe-
HueM XT3 (caM NMOJMBRJIEKTPOJIUT B JaHHOM obyiacTu
He TIOITIONIAET), TTOSABIISIETCS ITMPOKast T0JIoca C IBOI-
HBIM MaKCMMYMOM B 00jiacT 455—475 HM U 1njiedyom
npu 425 HM, 9TO XapaKTepHO I aHUNOHHOM (pOpPMEI
HR~ ®JIL B Bonme. IIpuunHO TaKOTO M3MEHEHUS
B criektpe DJIL, mo-BUIMMOMY, SIBISIETCS TIPUCYT-
CTBME B pacTBOpPE pa3iUYHBIX MOHHBIX CBOOOIHBIX
¥ cBSI3aHHBIX popM Kpacutens. IToxoxue mo xapak-
Tepy CIeKTpaibHbie U3MEHEHUSI KpacuTest HabJo-
IAIOTCS 1 B pe3yJibTaTe ero ancopOIMM Ha YyacTUIIax
IM9K.

C 1eablo U3yYeHHMsI paBHOBECHOT'O TIpoliecca aico-
pOumu Kpacureis Ha yactuiiax Komrmuiekca KPI—XT3
ObUIM TTOJIYYEHBI U30TEPMBI COPOLIMU. YIEIbHYIO KOH-
neHTpauuio agcopouposanHoro PJIL ¢, Haxonunm
no ypaBHeHUIO (1) ¢ yueToM XapaKTepUCTUK MPUTO-
TOBJICHHBIX PACTBOPOB. PaBHOBECHYIO KOHIIEHTPAIIUIO
OJIL C, onpenensiiy cneKTpohoToOMETPUUECKH MToCIe
ynaneHus u3 pactBopa yactull I19K ¢ ancopbupoBaH-
HBIM KpacuTeyneM HeHTpudyrupoBaHueM. B tabauie
3 mpencTaBieHbI pe3yJibTaThl MaTeMaTU4eCKOi oopa-
OOTKM 3KCIIEpUMEHTAJIbHOI M30TepPMHBI aAcopOInu
®JILI 13 BogHOro pactBopa Ha yactuuax I19K ¢ no-
MoIIbIo ypaBHeHMiT JleHTMIopa (2) m @petimmixa (4).

KoHcTaHTa copbuimoHHoro pasHosecus K; B ypas-
HeHuM JIeHrMIopa XapakTepusyeT XMMUYECKOe CPOI-
CTBO cop0aTa K COpOEHTY — YeM CUJIbHEee 3TO B3aUMO-
JeicTBUE, TeM OOJIbIlIE KOHCTAaHTAa COPOLIMOHHOIO PaB-
HoBecus. Cponctso Mexay DJILL n yactuamu [1HK
OLIECHUBAJIM MO BeIMYMHe 0e3pa3MepHOTo mapaMmeTpa
aACcOpOLMOHHOTO paBHOBecUs R;, paccynTaHHOTO
C UCIOJIb30BAHUEM KOHCTAHTHI CBSI3BIBAHUSI YPaBHE-
Hu4 Jlenrmiopa K (3). Ilo 3HaueHuto mapamerpa R
MOXHO CIeJIaTh BBIBOI, YTO YCIOBUS IJIsI COPOLIMOH-
Horo npouecca @JIL] Ha yacTuax komriekca KPT—
XT3 6aronpusTHLI.

Monenb nzorepmbl OpeitHaINXa IUPOKO UCITONb-
3yeTcs Il ONMCaHusl aicopOIM PaCTBOPEHHOIO Be-
1IeCTBa U3 PacTBOpa Ha reTePOreHHOUN MOBEPXHOCTU
W TIpEAIIoaraeT, YTo, B MepBYyIO0 ouyepenb, 3aIlOJIHI-
JOTCSI COPOLIMOHHBIE LIEHTPHI ¢ 0oee CUIILHOI CBS-
3BIBAIOIIEH CITOCOOHOCTBIO Y MPOYHOCTH CBS3BIBAHUS
Ne3 2024
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Puc. 5. Cnextpsl nomtomeHust pactsopos DJIL (1)
B ipucyrctun XT3 (2) u [19K (3) (Cqny = 20 MKr/Mmi,
Cxr3 = 12.5 MM, otHomeHue KoHueHTpauuit B [IOK
[KPT]:[XT3] = 1.5, pH 7.0).

YMEHBIIIAETCS ¢ YBEIUYEHUEM CTETIEHU 3aIllOTHEeHMS
MMoBepxXHOCTU copbeHTa. [lapameTp n B ypaBHeHUHU
DpeitHaMXa XapaKTepu3yeT MHTEHCUBHOCThL COP-
OLIMOHHOTO Mpollecca U paclpeneeHue akKTUBHBIX
neHtpoB. Eciu n < 1, aHeprus cBsi3eil Bo3pacTaeT, Ipu
n > 1 aHeprus cBsI3U COpOEHT—CcOpPOAT yMEHbIIIAETCs
0 Mepe 3aIoJHEeHUSsI TOBEPXHOCTH, B cliyyae n = |
BCE COPOIIMOHHBIE LIEHTPHI 9KBUBaJIEHTHHI [21]. B Ha-
IIeM ciydae n > 1, ciemoBaTebHO, 3al0THEHUE T10-
BepxHocTu [IDK mpuBOIUT K yMEHBIIEHUIO SHEPTUU
cBs13u Mexay PJIL 1 KoMIIeKCcoM.

Kaxk BugHO 13 Tabj. 3, Moneib agcopounu ®peii-
HAJIMXa OaeT JIYYIIYI0 CXOOMMOCTb C 3KCIEePUMEH-
TaJbHBIMU pe3yabratamu copormu DJIL Ha gacTuiax
I1DK, o0 yeM roBopsT 60j1ee BICOKME KO3(PDPUITUEHThI
KOppEeISIIUY, ITOIyYeHHbIE TIPU JIMHeapU3aluu dKC-
MePUMEHTAIbLHON U30TEPMEI TT0 Moaenu OpeitHaaxa
10 cpaBHEHMIO ¢ Moaenbio JleHrmiopa. Cienyet oTMe-
TUTh, 4TO aacopouusa DI Ha yactunax [IDK Ha oc-
HoBe XT3 u KPI' B esioMm HeBenmka.

B pa6ore [4] npu uzyuenuu aacopouuu OJIL u ero
raJlIorTeHIPOU3BOAHBIX (203MHA U BPUTPO3UHA) Ha
Komriekcax XT3—xoHapoutuHcynbdar u XT3—rua-
JIypOHAT He yJIajoCh CIEKTPaJIbHbIMU METONAMU BbIs-
BuTh cBs3biBanue DJIL ¢ [1DK B m3yyeHHOM muama-
30HE KOHILIEHTPALIM B OTJIMYME OT COPOLIMU 03MHA
1 OPUTPO3MHA, YTO aBTOPAMU OOBSICHEHO Pa3IUYUIMU
B 3((HEKTUBHOCTU AUMNOJIb-AUMOJbHBIX U TUAPOGHOO-
Hbix B3auMmogeicteuit MJIL ¢ I[1BK mo cpaBHeHUIO
C €ro raJlIoreH3aMelleHHbIMU MPOU3BOIHBIMU.

Ha cnenyroomeit ctanuu paboThl M3y4aaocCh TY-
menne dayopecuernunu PJIL B mpucyrersum XT3
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Ta6mmma 3. KoHCcTaHTH M30TepM ancoponun JleHrMopa
n Opeitammmxa ¢payopecienHa Ha yactuiax [1DK KPI'—
XT3*

KoHcTtaHTbl n30TepMbl aacopobuuu JIeHrMiopa
K, 1/mMr R, R?
0.51 0.99 0.891

q,p» MT/T

1.64

KoncranTel nuzorepMsl aacopouun OpeitHminxa
1/n n R?
0.87 0.997

K, n/mr

0.0113 115

* OTHOIIEHME KOHLEHTpaluii MoauaaeKTpoauToB B [19K
[KPT]:[XT3] = 1.5

u [19K nna HaxoxneHusT KOHCTAaHT CBSI3BIBAHUS I10
ypaBHeHuto IllrepHa — @onsmepa (5). Ha puc. 6a
npeAcTaBleHbl CIIEKTPHI (PIyopecleHIIUN pacTBoOpa
DJIL (kpuBast 1) U pacCTBOPOB KPACHUTENST MIOCTOSTH-
HOI KOHIIEHTpalLlMU ¢ pa3andyHbIMU 1ob6aBkamu XT3
(xpusble 2—4) ipu pH 7.0. PactBop ®DJILI obnanaer
JKeJITO-3€JIeHOH JIIOMUHECEHLIMEe, UMEeT SMUCCUIO0
npu 510 HM, YTO JeJIaeT ero XOpoIIMM HaHOMapKepoOM
JJ1s1 BU3yalli3allMM IPOLIECCOB B OpraHM3Me 4YeJloBeKa.
®opwma crieKTpoB (IYyOpeceHIINN KPACUTENS U 10~
JIOXXEHME MaKCUMyMa He U3MEHSIIOTCS IIPY BBEACHUU
XT3. OgHako oTMeuyaeTcsl CHUXKEHUE UHTEHCUBHOCTU
dryopecuentmu @JIL, 9To 0OBICHAECTCT MEXMOJIE-
KyJSIPHBIMU B3aUMOIECTBUSIMU MOJICKYJT KpacuTest
¢ makpomonekyramu XT3. Ha puc. 66 B KauecTBe
npuMepa MpUBEIEHO CpaBHEHME TyIIeHUs diyopec-
nenuyny OJIL nodaBnenuem XT3 onpenesieHHONH KOH-
neHtpauuu 1 [IBK KPI'—XT3 ¢ Takoii xke KOHLIEHTpa-
nueit XT3. Kak BUaHO U3 pucyHKa, B IPUCYTCTBUU
KOMIUIEKca HabJonaercs elle 00j1ee UHTEHCUBHOE
TyuieHue (JyopecueHIIMA KpacuTess o CpaBHEHHUIO
¢ nobaBkamu XT3.

[To monyyeHHBIM crnekTpaMm GyopecleHlInn
®JILI B pacTBOpax ¢ pa3sIMYHLIMU KOHIEHTPALISIMU
XT3 u 19K nocTpoeHbI 3aBUCMMOCTHA B KOOPIMHA-
tax ypaBHeHusi LlItepna — @onbmepa F/F — 1 or
[Q] (BcTaBkM Ha puc. 6a u 66). ['paduk 3aBUCUMOCTH
Fy/F — 1 ot [Q] mpencTasisgeT coO00i MpSIMYIO JIMHUIO
¢ HakJloHOM K B ciyyae oqHOTo MexaHu3Ma B3anuMO-
NEeWCTBUS KpacuTesss C OMOIIOJMMEPOM, a TIpY HaJIu-
YU HECKOJIBKUX MEXaHW3MOB CBSI3BIBAHUST HAHOMap-
Kepa HabJIofaloTcs OTKIIOHEHUS OT JIMHeiHocTH [9].
BunHo, uro 3aBucumoctu Fy/F — 1 ot [Q] npu Ty-
meHun dayopecuenunu PJIL kak xuTozaHOM, Tak
u 19K uMeroT OTKJI0OHEeHUS OT TMHEHHOCTH, UTO YKa-
3bIBAET Ha pa3IMyHbIe MeXaHU3MbI cBsI3bIBaHsT DJILI
¢ XT3 u I[19K npu pH 7.0. DdpPpekTuBHBEIE KOHCTAHTHI
cBsi3biBaHMs Kpacurelis ¢ XT3 u [1OK (ycpenHeHHO
YUUTBIBAIOIIME€ BCE MEXaHU3MBbI CBI3bIBAHMS) PABHBI
186 M~ u 340 M~! coorBercTBeHHO. Ha ocHOBaHMM
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Puc. 6. Crexkrpsl piyopecuenuu DJIL (3 MmxM) (1)
B pacTBOpax C pa3iuuyHbIMU KOHLeHTpauusmu XT3:
1(2), 3 (3), 5 (4 mM. CripaBa — tymeHue diyopec-
ueHunu OJIL nodasnenuem XT3, [Q] — koHLIEHTpa-
g XT3 (a); cnekTpbl (GpayopecleHIIMU pacTBOPOB
®JIL (3 MkM) (1) B mpucyrctBuu XT3 (2) u [19K (3)
(cxt3= 1 MM, oTHOULIEHUE KOHIIEHTPALIUIl MOJUIIEK-
tposautoB B [1DK [KPI']: [XT3] = 1.5). CnpaBa — Tylie-
Hue dayopecuenun OJIL nodasnenuem [1DK, [Q] —
konuentpauus [19K (6). (A, = 440 um, pH 7.0).

B036

MOJYYEHHBIX JaHHBIX MOXHO CAENaTh BHIBOJ O BO3-
MOXHOM 00Jiee CMIIbHOM B3aUMOICHCTBUM KPACUTEIS
¢ koMmruiekcom KPI'-XT3 1o cpaBHEHUIO C XUTO3a-
HOM. BepogTHBIMM IpUYMHAMM 3TOTO SABJISIETCS YCU-
JIeHNE BTOPUYHBLIX TUIIOB B3aUMOAEHCTBUS (TUAPO-
(oOHBIX, TUMOJb-IUIIOJbHBIX) MOJEKYJI KpacUTEs
¢ 6ojiee TUAPO(POOHOI MOBEPXHOCTHIO YACTULL KOM-
Iiekca. AICopOLIMOHHAsI EMKOCTb 3aBUCUT TaKXKe OT
Ne3d 2024
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(opmbI agcopObeHTa — ONTUMATbHBIM COOTHOIIIEHHUEM
MEXIy TUIOIIAAbIO IIOBEPXHOCTH M 0OBEMOM YaCTUIIBI
XapaKTepU3ylTCcs YacTULbl cheprudyecKoil (OpMBI.
B paboTte [4] ObL1O TTOKa3aHO, YTO aJCOPOIMOHHAS
€MKOCTh (DIIyOPOHOBBIX KpacuTeneil Ha chepudecKux
gactunax I[19K xuro3zana nmeer Ooblliee 3HAUCHNUE
M0 CPaBHEHUIO C MOJIEKYJISIPHBIM XUTO3aHOM, YTO JIO-
CTUTAETCs, TI0 MHEHUIO aBTOPOB, 32 CUET ONTUMAITb-
HOMH IUTOIIaAY U KadyecTBa moBepxHocTu yacTtull IT1OK.

Ha 3aknrountenbHO cTanuy pabOTHI AJII MOJE-
nupoBaHus BeicBoOOXAeHU DJIL (Kak MOIETBLHOTO
JIeKapCTBEHHOI'O BellleCTBA aHMOHHOI MPUPOAbI) U3
MOJYYEHHBIX MOJUMEPHBIX HOCUTENIEH B OpraHu3Me
YJeJIoBeKa ObLjIa IIPOBeIeHa OlleHKA KOJIMYECTBa BbIIS-
JIUBILIErocs Kpacutess rpu HaxoxaeHuu [T1OK KPT—
XT3 ¢ ummoouansoBanHbIM DJILI B pactBope 0.01 M
HCI (xucnas cpena xenyaka) ¢ MocjJeayoluM ero mne-
pemelieHneM B Bomy (HeiiTpajabHas cpeaa TOHKOIO K1-
IIEYHMKA), YTO COOTBETCTBYET IIYTHU, KOTOPHIN JeKap-
CTBeHHasi ¢hopMa MPOXOAUT B XKeJyIOUHO-KUIIEUHOM
TpakTe. OOHapyXeHO, YTO Ha JMHAMUKY BBICBOOOXIIE-
Hust OJIL u3 komiiekca pH cpenbl oka3piBaeT 3Ha-
qyuTesIbHOE BaustHue. KumHeTndeckast KpuBasi BEICBO-
ooxaenus PJIL B kuciioil cpene BRIXOOUT Ha IJIaTO
3a 1 4, B TeueHUe KOTOPOTO JeKapCcTBeHHas (opmMma,
BBOIMMas IIEPOPaIbHO, OOBIYHO OCTAeTCS B XKeIyIKe
YyeJloBeKa, U MPU 3TOM BhIAeaseTcd 16% Kpacurens.
Hajnee Ha TIPOTSKEHUU 6 9 KOJMYECTBO BBIIETUBIIE-
rocsg DJIL npakTuyecku He U3MEHSIOCh. B Monenb-
Hoii cpene ¢ pH 7.0 BeicBOOOXIaeTCsI OCHOBHOE CO-
nepxanue DI (no 74%) B TeueHue 4 4. Pasnnuusg
B npodumisix BeicBoOoXmeHus DJIL B ycimoBusax pu-
3MOJIOTMYECKUX Cpell OpraHu3Ma 4ejoBeka 00yCIoB-
JICHBI, IO-BUIMMOMY, U3MEHEHNEM 3aKOHOMEPHOCTEM
MEXMOJICKYJISIPHBIX B3aMOJCIICTBIIT KOMIIOHEHTOB
cucTeMbl. B KHCIBIX cpeaax Hu3Kasi CKOpOCTh BBICBO-
o6oxaeHuss DJIL MoxeT OBITH OOBICHEHA CUIBHBIMUA
BJIEKTPOCTATUICCKUMU B3aUMOIEHCTBUSIMU IIPOTHU -
BOIIOJIOKHO 3apsi>KeHHBIX MTOJIURJIEKTPOJIUTOB U 00-
Jiee BBICOKOM YCTOMYMBOCTbHIO KOMIIJIEKCA KPACUTENS
¢ XT3. Ilpu pH 7.0 npoucxonut nenpoTOHUPOBaHUE
amuHorpyni XT3, 4To ocadiiseT ero B3auMoIeiCTBHIE
kak ¢ KPT, tak n ¢ ®JILI. OT™MeuaeTcst TaKKe YMEHb-
meHue ycroiumBoctu koMiiekca OJIL[—XT3. B 1e-
JIOM MOXHO CJIIeJIaTh BBIBOI O TOM, YTO B HEUTPAIIbLHOM
cpede HabJiogaeTcst obllee ociabaeHe MeXMOJIe-
KyJSIpHBIX B3aumoneiictBuit B cucteMme “KPI'—XT3—
®DJIIL”, yTO M MPUBOAUT K YBEJIUYEHUIO CKOPOCTU
BBICBOOOXIEHMSI KPACUTENS U3 ITOJUMEPHBIX YaCTHILI.

SAKJIIOYEHUE

Ha ocHOBe NpUpOIHBIX MOJUCAXAPUIOB XUTO-
3aHa M K-KapparvHaHa IMOJydyeHbl CTaOMIbHBIE MO-
JINBJIEKTPOJUTHBIE KOMILJIEKCH C pa3MepoM OT 35
10 142 HM, XapaKTEepUCTUKHU KOTOPBIX 3aBUCIT OT
COOTHOILIEHUS 3apSAN0B MOJUDIIEKTPOIUTOB B KOM-
miaekce. CaellaHO MPEaIoNIOXEHNUE, YTO MEXaHU3M
Ne3d 2024
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agcopouuu (ayopeclerHa B IIPOLIECCEe CBSI3bIBAHUS
C XMTO3aHOM M KOMILIEKCOM K-KapparmHaH—XWUTO-
3aH MOXET BKJIIOYATh HECKOJBKO TUIOB B3auMOeii-
CTBUIA: OMpeEeNsIollee 2JIEKTPOCTATUUECKOE B3au-
MOJIEeCTBUE, TUTOIb-TUIIOJbHBIE M THAPOGOOHEBIE
B3auMopeiictus. IlokazaHo, 4yTo addekTrBHAas
KOHCTaHTa CBSI3bIBaHUS (hJlyopeclienHa ¢ KOMILIEK-
COM K-KapparuHaH—XWUTO3aH BBIIIE 10 CPABHEHUIO
C KOHCTAHTOM CBSI3BIBAHUS IJIsI MHINBUAYAIHHOTO
XUTO3aHa. YCTAaHOBJIEHO, UTO BEICBOOOXACHUE (hITyO-
peclieMHa U3 MOJUMEPHBIX HOCUTENEN B YCIOBUSIX in
Vitro B cpenbl, UMUTUPYIOIINE OMOTOTUISCKUE K-
KOCTM B OpraHu3Me yejaoBeKa Mpu rneppopaibHoOii 10-
cTaBke, siBnsieTcst pH-3aBucumbIM nporieccoM. Takum
00pa3oM, MOJUIJIEKTPOJUTHBIE KOMITJIEKCHI XUTO3aHa
" K-KapparmHaHa pacCMaTPUBAIOTCS B Ka4eCTBE Tep-
CHEKTUBHBIX OMOCOBMECTUMbBIX HAHOHOCUTEEH s
JIEKapCTBEHHBIX CPENCTB aHMOHHOM MPUPObI, 1ETEK-
TUPOBAHMUE KOTOPBIX MOXKHO OCYIIECTBIISITh C ITIOMO-
IIBIO CITEKTPaTbHBIX METOMIOB.

OMHAHCHPOBAHUME PABOThI

HaHHas paboTa (puHAHCHUPOBAJaCh 3a CUET CPEACTB
GloakeTra opraHusanuu. HUkakux IOMOTHUTEIbHBIX
TPaHTOB Ha MIPOBEICHNE WM PYKOBOACTBO JAHHBEIM KOH-
KPETHBIM UCCIIeNOBaHUEM TTOJTYYEHO He ObLIO.

COBJIOAEHUE OTUYECKHMX CTAHIAPTOB

B maHHO# paboTe OTCYTCTBYIOT MCCJICIOBAHUS YEIIO-
BeKa WJIN KUBOTHBIX.

KOH®JIMKT MHTEPECOB

ABTOpHBI TaHHOM PabOTHI 3asIBASIOT, YTO Y HUX HET
KOH(DJIMKTa MUHTEPECOB.
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