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AM@pidinbni ITAP — njiectepu mipoMmesiToBOi KHcaoTH 3 JinodginbHUMH Ta
rizpoginbHUMHU pparMeHTaMH BUKOPUCTAHO AJ KOJOITHOT0 PO3YHHEHHS PALY JinodintbHux
peuoBuH. Amdipinbni ITAP y BoaHomy cepenoBuili yTBOPIOIOTH cepuyHi Mimeau Ta
MileJIpHi arperaru, siki co00i1i3yl0Th BOOHEPO3YMHHI PeYOBHHH 3aJ1€:KHO Bil iX mpupoan
Ta 0ynoBu I1AP.

KuarwouoBi caoBa: ampidinbui amiecrepum mnipomesiToBoi Kuca0TH, coJro0LTizamis,
Jino¢iJbHi pe4yoBUHM.

Amphiphilic surfactants, diesters of pyromellitic acid with lipophilic and hydrophilic
fragments, were used for colloidal solubilization of lipophilic agents. In aqueous solution
amphiphilic surfactants form spherical micelles and micellar aggregates which solubilize
water-insoluble agents, depending on their nature and surfactant structure.

Key words: amphiphilic diesters of pyromellitic acid, solubilization, lipofilic agents.

Beryn. B ocTaHH1 pOKH CIIOCTEpIraeThCcsl 3HAYHUM 1HTEPEC A0 CUHTE3y HOBUX IOBEPXHEBO-
aktuBHUX peuyoBuH (ITAP) ta dopmyBaHHs 3a iX yd4acTIO MPSAMHX Ta 3BOPOTHUX Milled Ta
MmitessipHux cTpykTyp [1]. Taki MinesasipHi CTpYKTYpH MOXYTh CIIYT'YBaTH SIK HAHOPEAKTOpaMH Ta
HAaHOKOHTEWHEepaMH, 30KpeMa Ui JOCTaBKH JIIKAPChKUX 3aC001B, CHHTE3y HAHOYACTUHOK METAaJIiB
Ta 1X OKCHIIB TOILO [2—4].

Bigomo, 1o nikyBambHHMH MOTEHIIAN BENHUKOI KUTBKOCTI MPOTUIYXJIMHHHUX TpENnapaTiB Ta IHIINX
TEPaNeBTUYHMX 3aC00IB, PEKOMEHIOBAaHUX JUTS JIIKYBaHHS 0araTh0X OHKOJOIIYHHUX, CEPIICBO-CYJAMHHMX Ta
3amajbHUX 3aXBOPIOBaHb, OOMEXYETbCS iX (DIBUKO-XIMIYHUMH BIACTHBOCTSIMH, 30KpeMa Malloko
PO3YHMHHICTIO Y BOJAHUX cepefoBHUINnax. Lle 3yMoBItoe po3BUTOK JOCIiPKEHh HAHOTEPATICBTUYHOI JJOCTABKH
JIKIiB 3 BUKOpHCTaHHSM acomiatiB [IAP monekynspHoro po3mipy.

Kpim Toro, ITAP mouanu mmpoko BUKOPUCTOBYBATH B OIOTEXHOJOTIT JUIS €KCTPAKIIii MPOTEIHIB 3
KIITHHHUX MeMOpaH, sK cTaOimi3yroui i JeHaTypyodi areHtu [5]. MinenspHi CTpyKTypH Ha iX OCHOBI
BHUKOPHUCTOBYIOTBCS 1 SIK HOCII, 1[0 MPOHUKAIOTEH 4Yepe3 KIITHHHY MemOpany [6]. 3okpema, amdidiasna
ITAP Tputon X-100 (4-okTuiadeHONMONIETOKCHIAT) BUKOPUCTOBYEThCS ISl JI3HCY KIITHH 3 METOI0
eKCTpaKIIil OUIKIB UM IHIIMX KIITHHHUX MEMOpaH, JUls POBeIeHHs TpaHcdekii [7].

OTxe, aKTyaJbHOI MPOOJIEMOIO € CTBOPCHHS HAaHOHOCIIB (HAHOKOHTEHHEPIB) HAa OCHOBI MilleN Ta
MIIENISIPHUX arperaTiB JuTst iMoOLTi3alii TinopLTBHAX BOJIOHEPO3YMHHUX PEUOBUH 3 METOIO 30UIBIICHHS 1X
KOJIOTIHOI PO3YMHHOCTI Y BOJHOMY CEPEIOBHIII, 10 MOXE OYyTH BHKOPHCTAHO IS 3acTocyBaHHA [8, 9].
INapodobHi B3aemomii MoneKyln pedoBHH IUQITFHOrO XapakTepy y BOJHHX PO3YMHAX TMPHBOAATH [0
YTBOPCHHS KOMITAKTHHUX CTPYKTYP, SIKHMH € MIIICIH 1 MII[EIAPHI arperaTtd, 110 3a0e3euyoTh HalMEHIIIH
KOHTAaKT HenojspHux rpyn 3 Bomoto [10]. BuBueHHs CTPYKTypH i BIacTHBOCTEH TaKHX acoIliaTiB €
HeoOXimHUM Juis edekTuBHOI iMOOUTI3aNil TMoQiTbHUX BOJOHEPO3UYMHHHX PEUOBUH, 30epiraHHs i
JOCTAaBKH 1X Y HAHOKOHTEIHEpax 1 po3yMiHHS TPOIeCy COM0OiTi3alriii.

3 ornmsany Ha e, cuHTe3 HOBHX aMQidpirbHux [TAP Ha OCHOBI TPOMENITOBOrO IiaHTiAPHIY Ta
JOCITIDKEHHS MIIIETISIPHUX CHUCTEM, SIKi YTBOPIOIOTBCS Y BOJHUX CEPENOBUIIAX, € AKTYaIIbHOIO TPOOIIEMOIO.
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Merta poGotu — cuHTe3yBaTd HOBI amdidinbHi [TAP-miectepu mipomeniToBoi KHCIOTH Ta
JOCITIINTH BIIACTUBOCTI 1 XapaKTEPUCTHKH MIIleN 1 MIeJSIPHUX arperaris, siKi yTBOPIOKOTH 1i aMmidinbHi
ITAP y BomHOMY CEpPEIOBHMIII, a TAKOXK JOCTIINTH 3aJ€KHOCTI iMoOiizarii (comobinizarii) JimodiasHIx
BOJIOHEPO3YHHHUX PEUOBHH PI3HOT IPUPOH KOIOITHUMH PO3YHHAMH HOBHX aMQidinsaux [1AP.

ExcnepumMenTaibHa 4vactuHa. Marepiamm. IlipomenitoBuit mianrigpun (IIMIA) (Aldrich).
MOHOMETHUIIOBHI eTep TONIEeTHICTIIKOMO 3 MOIeKynsapHo0 Macoro M; 550 (MITEI ss), BMiCT OCHOBHOI
pedoBunu > 98 % (Aldrich) ounimanu Bimronkor aseorponHoi cymim Boau 3 OeHszonom. Tpuernnamin
(TEA) (Aldrich) oummanu BakyymHoro meperonkoro. Amidatuunuii cnmpt (AC) l1-okranon (Okr)
ountanu 3a meromukoro [11], nermnosuit cnupt (Ller) (Aldrich) BukopucToByBanu 0e3 O4YHIICHHS.
Humerundopmamin (IMDA) (Aldrich) ounmanu BucymryBanusm Hag KOH npotsirom 24 ron, moTiM Haxa
CaO — 48 oz i ToAaNBIIOK BaKyyMHOIO ITEPErOHKOIO.

Cunre3 aiecrepiB mipomesitooi kucaoru (JEIIK) s3milicHiOBanmM ABOCTAIIMHO ITOCIITOBHOIO
B3aemogicto [IMJIA 3 AC T1a MIIEl's50 y IM®A 3a exkBIMOISPHOrO CITIBBIIHONICHHSI peareHTiB, iX
koumenTparii 2,0 mons/n y npucyraocti TEA (0,02 monn/m) 3a Temmeparypu 353 K 1o koHBepcii,
omm3bkoi 10 99 % [12]. KonBepcito peareHTiB KonTpomtoBanu 3a BMmicrom COOH rpyn y mpomykrax
peakuii. ITicns yrBopenns JEIIK 3 peakmiiiHoi cymimi BigraHsiu po3unHHUK JIM®PA 3a 3HHKEHOrO
tucky. Ckian i crpykrypy oaepxkanux JEIIK nitBepxyBanu [U- Ta [IMP- criekrpockomiero [12].

Kputnuny xonuentpauiro minenoyrsopednsa KKM JIEIIK y BoaHuX po3uMHax BHU3HAYalu 3a
130TepMOI0 TIOBEPXHEBOTO HATATY. [30TepMu moBepxHeBoro HaTATY Boguux po3unHiB JIEIIK oxepxkyBanun
3a joromoror tenziomerpa Jro-Hyi 3a 293 K [13].

Busznauenuss KKM 3 BukopucranisiM (payopecueHTHOI Npoou

Hns BuzHauennss KKM JIEITK Bukopucrana ¢iyopeciieHTHA CIEKTPOCKOIS 3 3aCTOCYBaHHSM
mipeHy sk ¢uyopecieHTHol mpoOu. s Iboro TOTyBajld PO3YMH MIPEHY B alleTOHI KOHIICHTpAILil
5 x 10 monb/1 Ta 1m0 20 MJT [FOrO PO3YMHY JONABATH y MOPOKHI MPOOIPKM Ta BHIAPOBYBATH ALETOH
MPOTATOM 2 TOA 3a KIMHATHOI TeMIepaTypH, HIcCs 4oro TyAu X jgomaBaiu mo 20 M BOIHUX PO3YHMHIB
JEIIK pizHoi konnentpaii 3 pH 6,50+0,05, sxwuii BctanormoBain 15 %-M po3yrHOM HaTpiii kapOoHATY.
Po3unrHM mepemilnyBaau MpPOTAroM HACTYHMHHX 24 roj Ui BCTAHOBJICHHS DPIBHOBard 1 cojro0Oimizarii
(dayopecuentHol npobu. Jlns BumiproBanHs duryopecuenitii 3 mi pozuuny JAEIIK 3 como0inizoBaHuM
nipeHoM BHocHIH y duyopecrenTHy kioBery 1.0 x 1.0 cm? Yci CIeKTpu oepKyBald 3 BHKOPHCTAHHSM
Fluoromax-3 Fluorescence Spectrometer (Jobin Yvon Horiba) 3 reomerpiero 90° ta mriimusoro 0,5 mm. [Tins
30y KEHHSI BUKOPHCTATH Aem 390 NM.

3uauenns I'JIb po3paxoByBanu 3a JleBicom [14].

TpaHcmiciiiny esiekTponHy Mikpockomnio (TEM) 3milicHioBai M 3a IOMOMOrOX TPAHCMICIHHOTO
enexTponnoro Mikpockorna TEM JEOL JEM 100CX Il. Jns onepxanns mikpodororpadiii 3pazok JEITK
3 xonrenrpamieio 0,2 % mac i pH=6,5 sBurpumyBamu 1 xB Ha mosepxui migxmaaku (300 mesh Formvar
coated grid), Bumansm HaATHIIKKA (GiTbTpyBaabHUM TarepoM. ITicias mporo momaBamu 1 kparmio 1 %
¢dochaTtHO-BONIbYPAMOBOT KHUCIOTH, BUTPUMYBAJIM 10 BCTAHOBJICHHS MocTiiiHoro pH 7-8, momimianu Ha
pemiTky Ha 2 XB, BUAAISUIM HAJUIMIIOK (QUIBTPYBAIGHHUM TMarnepoM 1 BHCYIIYBalld 3a KIMHATHOL
TEeMIIepaTypH.

Metox ManokyToBoro poscitoBanHsi HeiitpoHiB (MKPH) BuUKOpHUCTOBYBaM Uil TOCHIIKCHHS
CTPYKTYPH Ml 1 MIIEIIPHUX arperaris, I0 YTBOPIOWOTHCA Mix uac camoBnopsiakyBanHs JIEIIK y
BOIHUX po3unHax. ExcriepuMeHTH TpoBOAWIM 3a mocTiiiHOi Temneparypu 298 K na moromi BL-6
(EQ-SANS) nynbecyrouoro mkepena Heiirponis (Spallation Neutron Sourse) 8 Hartionanbhiit maboparopii
Oaxk Pimk, CLHA. Texuiuni xapakrepucTuku notoky BL-6 HaBeneno y tat6mn. 1.
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Tabnuys 1

Texniuni xapakTepucTuku notoky BL -6 Ta 06ciryroByro4oro odaaiHanHs

Bincrans Bij kepena 10 3pa3ka 14 m Jiamazon Q 0.004 A%< Q<15 At
. . Bincrans Bijg 3paska 110
[TupuHa NOTOKY HEUTPOHIB 30-43A a 73D A 1,3-10m
JIETEKTOpPA
. BoBuMipHuil (*HE) uyTmmBmii 10
CynepKpUTHYHHIMA . )
Mogepatop Po3mip merexTopa MO3UTPOHIB JAETEKTOP ILIOMICIO
BOJICHb 2
1wm
N . . ~10"-10° Po3minpHa 34aTHICTD .
[HTerpanpHuil MOTIK HA CEJIEKTOPI . . 55 4,3 mm
HeWTpoHiB/cM/C JIETEKTOpPA

MaJtokyToBe pO3CilOBaHHSI HEHTPOHIB MPOBOAWIM B IHHOBALIHHOMY PEKHMi 3 MPOMYCKOM Kaapy
(frame-skipping mode) [15], sikuii mae 3MOry onep)KaTH y TPU pa3d MIMPIIMH MOTIK HEHTPOHIB, HIX 3a
cramionapuoro 60 I'y pexumy omeparrii. IIpodini posciroBanHs Oyiu pamiadbHO TpaHc(opMoBaHi y
JIBOBHMIPHY 3aJIOKHICTh BEKTOpa po3citoBaHHs [(0J) 3 BHUKOPHCTaHHSAM BIIMOBIAHWUX CTaHAAPTIB i
KOpEryrouux mpoQijiB MpomycKkaHHs Ta po3ciroBaHHs (PO3CiFOBaHHS MOPOXKHBOI KIOBETH, PO3CIIOBaHHS 3a
3aKPUTHX KOJIIMATOPIB TOIIO) /IS KOPETYBaHHS Baja AeTekropa. JJis JOoCiuKeH s BUKOpUCTOBYBamn 1 %o-i
po3unH omiromepiB 3a pisaux pH y neiitepoBaniit Bomi (D,O) 3a Temmeparypu 298 K. DO
BHUKOPHUCTOBYBaJIH JIJIsl 30UIbIIIEHHS KOHTPACTHOCTI MILEIAPHUX CTPYKTYP T4 YHHUKHEHHS HEKOT'€pEHTHOT'O
PO3CIIOBaHHS TiJPOTEHOM Y CKJIaJli pO3YMHHUKA. KOHTPaCTHICTh T0OCATAETHCS 32 PaXyHOK BEJMKOI PI3HUII
T'YCTHHHU JTOBXKHHH HEHTPOHHOIrO po3ciroBanHs (Scattering length density, I'JIP) mix i30TomamMu riaporexy
"H i neiirepito *H. IlepBuHHYy 06p0OKY IaHHX, @ TAKOXK MTiAOIp MOIEIEl TS OIUCAHHS OXEP/KAHUX KPHBUX
MPOBO/IMJIH 32 JIONIOMOTrOF0 nakera ananizy \WaveM elric na ocHoBi Mozeneii, onucanux y [16, 17].

Couarodinizaniio JinoQiibHUX pevyoBHH KOJOIAHUMHU BOJHMMH pozurHaMu amQipiieHux [1AP
Ler-TIMJIA-MIIEI s Ta Oxt-IIMIA-MIIEI 550 BU3Ha4amu 3a meroaukoro [13] (FOpkenko A.L).

Sx nminodinbHI pEYOBHMHH BUKOPHUCTOBYBAlM TENTaH, HOHAH, JABaHJOBY Ta amlelbCHHOBY OIIii,
puO’ stamit skup. Crmrobiiizamiio MPOBOJWIN TPOTAroM 2 Mi0 1 BH3HAYalM 3a 3AJICKHICTIO TMOKa3HHKA
3aJIOMJICHHS BiJl KOHIIEHTpalii comooitizoBanoi y winenax Ler-IIMJA-MIIEIssp a6o Oxt-IIM/IA-
MIIEl'ssy ninogiabHOI pEeYOBUHU-COMIOOLTI3ATY. MakcuMallbHe 1 IIOCTIHHE 3HAYEHHS ITOKa3HHKA
3aJIOMJICHHS BiJIIIOBi/Ia€ MaKCUMaJIbHIN KOHIIGHTpAIIll COI00UII3aTy, Ka TOCATAEThCS 32 HACHYCHHS HUM
mirien ITAP, sika BU3Ha4aaach 3a MeToaukoro [13].

Pe3yabTaTn i 00roBopeHHsi. AmdidinbHi giecTepd MpPOMETITOBOI KUCIOTH OICPKYBAlH 3a
cxeMmoro puc. 1:

0 0 o] 0 H, o] o]
I I c”: y: OH HO/GC\C/O%AIk o) g c”: c”: OH
C C - -
LT T oo ] ok
\C C C”3 ﬁ—OR HO—C C—OR
[ |
O 1mmjga © O Monoecrep © © JEIIK ©
P

R=C4 Cis. n=12
Puc. 1. Cxema cunme3sy amepighinonux oiecmepis nipomenimogoi Kuciomu

[Ipo moBHOTY mepediry peaxiiii ectepu@ikaiii 1 3aI0BUIbHE BHUIUICHHS IIJIBOBUX IIPOAYKTIB
CBIIYMTH 33/I0BUTbHE Y3TO/DKEHHS 3HauYeHb Monekyisipaux mac JEIK, BH3HA4YeHHX Tellb-TIPOHUKHOIO
xpomarorpadiero 3 po3paxoBaHUMHU 3HAYCHHSIMH, a TaKOX AaHi nociimkensb [U- ta [IMP-cniekTpockoriero
Ta Mac-CIEKTPOMETPI€to, siKi Oysu mpoBeneHi paniie [18-20].

Opnepxani JEIK € amdidpinbHEMU pedoBHHAMU 1 PO3YMHSIOTHCS SIK Y TONSAPHUX PO3UMHHHKAX,
30KpeMa, y BOIHOMY CEPEIOBHII, TaK 1 y MaJOMOIIPHUX OPraHIYHMX PO3YMHHHMKAX — OCH30J11, TiOKCaHi,
Terpariapodypani, xaopodopmi, TeTpaxiopMmeTani. IX am@idinbHiCTh 3yMOBIeHAa TMPHCYTHICTIO Yy
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CTPYKTYp1 MOJIeKyl JIaHIIoriB 3anumkiB JinogineHux AC i rigpodpineanx MIIEL, siki conmbBaTylOThCS
BIJIIIOBIIHUMU CIIOPITHEHUMHU 32 MPHPOAOI0 PO3UNHHUKAMH.

Hocmimxysani JIEITK 3HImKYIOTH OBEpXHEBUI HATAT HA MEXi po3aity (a3 BoAHUMI PO3UMH-TIOBITPS HA
19-35 mH/m [20]. I3otepmu moBepxHeBoro Harsary JIEITK cBimuats mpo Te, 10 3i 3pOCTaHHAM KOHITEHTpaIlii
JEIIK moBepxHEBUI HATAT 3MEHIIYETHCS JO MEBHOIO 3HAYCHHS, MICNSA YOro JIocsrae (haKTUYHO IMOCTiHHOT
BEJIMYHHH, 10 1a€ 3Mory BuzHaunTd KKM 3a i30TepMamMu MOBEpXHEBOro HATATY (TaoI. 2).

Busnaueno, mo Benmunan KKM 3anexats Big [JIb Ta mosxkuHu minodinbHOTO 1 TiApodiIEHOTO
¢parmentie monekynun JEIK. TlpucyTHicTh ABOX KapOOKCHIBHHX TPy y (parMeHTi — 3alHIIKy
nipomenitoBoi kucinotu B JEIIK mae 3Mory momaTKoBO perynioBaTé X MOBEPXHEBY aKTHBHICTh 3a
BennunHO pH BomHoro cepemopuina. Tak, 30UIbIIeHHSs pH BOAHOrO PO3YMHY CYNPOBOMIKYETHCS
spocranHsaM KKM, mio, o4yeBuaHO, MOB'si3aHO 13 30imbmieHHSM rigpodineHocTi JEIIK 3a 3pocranHs
ioHi3aii kapOokcunaTaux rpym [17].

Bu3HaueHo, 1110 3pOCTaHHS JOBKHWHU JIMOPUILHOTO ajKibHOro aniora B psiay Bix C4Hg 10 CiHas
B mMoneky:ni JIETIK 3 oqnakoBum rigpodinsaum nanmorom — MITEI sso mpuBoauth no0 3MeHmenass KKM y
BOMHHUX posunHax (Tabm. 2). J[o TOro ’k 3pOCTaHHS MOBKHHH TiapodigpHOrO (parMeHTa iCTOTHO HE
BIMBae Ha Bemnunay KKM [20].

Tabauys 2
3navenns ['JIb Ta KKM JEIIK 3a pH 6,5, Bu3Ha4yeni pisHuMH MeTOIaMU
KKM y BomHHX PO3UHHAX, MMOJIB/JT
Hino@iﬂ;%ﬁ%)‘pamem JII;EJ}']I;K 3a i30TepMamu, 3a i30TepMamu, o
meron o Hyi METO/]] 3BKyBaHHS Kparuti MYOpECICHTHA P0da

-C4Hg 14,7 71,2 - -
-CgHy7 13,1 11,7 15 0,33
-Cy6Hzs 7,4 2,03 0,69 0,07

*Tinpodinsuuii pparment JEITK — MITEI s50.

3 1abin. 2 3po3ymino, 1o pe3yiabTaT Bu3HaueHHs KKM pisHMMH METOAaMH BiIPi3HAIOTHCS OAWH Bif
OJIHOTO, Y JICSIKUX BHIaJKaX — Ha MOps oK. OYEeBUIHO, IO il YaC BUKOPUCTAHHS METONY BiIPUBY KiNbILIs
(meron Mro Hyi) meperuH KpHBOi i30TEpMH IOBEPXHEBOTO HATATY CIIOCTEPIraTHMETHCS 3a HACHYEHHS
MOBEPXHI BOJHOTrO po3unHy moisekynamu [1AP, mo agcopOyrotbest Ha Mikdasi po3unH-moBitps. Meron
(biyopecieHTHOT MpoOM Jae 3MOry BU3HAYMTH KOHIIeHTpamito ITAP, 3a SKOi NMOYHMHAETHCS YTBOPEHHS
MilIen i He MoXe OyTH JIOCATHYTa MaKCUMaJlbHa aIcopOILisi MOJIEeKyJ1 Ha Mixda3i (Tadim. 2).

Jocaimxenna SANS. JlocmipkeHHs CTPYKTYpH MILlel Ta MIlINISIPHUX arperaris, siki yreoptorots JIEIK y
BOJHUX po3unHax, npoBogwm MeronoM MKPH. MKPH npae 3mory onmepskatet ysBICHHS TIPO pajiyc iHepIiil
CTPYKTYp Y PO3UFHI, ITOB’ SI3aHKH 3 TX ICTHHHOIO ()OPMOIO Ta PO3MIpaMH, TIPO CTPYKTYPY siapa i 000JIOHKH, 10 1a€
MOXJIUBICTH 3pOOHTH BUCHOBKH PO TOHKY CTPYKTYPY MIIENISIPHUX arperariB y po3drHax.

Hocnimxenass MKPH naioTe MOXIHBICT BUSBHUTH 3MiHM JUGEPEHIIIHHOTO Tepepi3y po3CisHOro
MPOMEHST HEHTPOHIB, PO3MOALT SAEPHOI Ta MArHITHOI JOBXKHH PO3CIFOBAHHS 3aJIGKHO BiJ IapaMeTpiB
HEOJHOPITHOCTEH, 3 IKUMH 3yCTPIiYaeThCsl My40K HelTpoHHOTro poMens. JudepeHiianii nepepi3 mydka
HEHTPOHIB OMKICYETHCSI BEKTOPOM PO3CIFOBAHHS (] 1 ISl HHOT'O CIIPABEINBE PIBHIHHS

q= ﬂ S nﬂ ,
I 2
Jie A — TOBXKHMHA XBUJII HEUTPOHIB, HM; 6 — KYT pO3CilOBaHHS.

Jyis aHammizy po3CilOBaHHS HEHTPOHIB MU(PAKTOrpaMu PO3CIFOBAHHS 3a JIOIMOMOIOI BiAIOBIAHOIO
MPOrpaMHOro 3a0e3MeyeHH s OYJIM MepeTBOPEHI Y KPHBI MaJOKyTOBOT'O PO3CIIOBAHHS HEHTPOHIB Y BUTIISI
rpadikiB 3anexHocti 1(q) = f (Q).

Hapmani, BUKOpPUCTOBYIOYH KPHBi PO3CiIOBaHHs, TPOBOAWIM TEPBHHHY OOpPOOKY NaHHX, a TaKOX
migdip Mojenei JIUis OMHMCAHHS OJICPKAHMX KPHUBHUX 1 MOJCIIOBAHHS 3a JIONMOMOTOI0 IMaKeTa aHaji3y
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WaveMelric na ocHoBi Moxeneii, onucanux y [16, 17], Ta BiamoBigHOro mporpamMHOro 3ade3redeHHs 3
METOI0 BCTAHOBJICHHS XapaKkTepy CTPYKTYP, 10 YTBOPIOIOTH aociiipkyBaHi oixiromepHi JIEITK y po3unnax.

MopnentoBanHsl mMokasano, mo y BoaHux pos3urHax JIEITK yTBoproroTh chepuuti cTpykTypu (B
OKpPEMHX BHIAJKaX MO)KHA JAU(EpEHIoBaTH SAPO Ta OOOMOHKY cdepH), sSKi 3a JJOCITiIKYBaHOL
KOHIIEHTpaIliil omiromepis y aeirepopaniit Bomi D,O (1,0 %) ta pH 4,0 ta 6,5 yrBoprowoTh (pakraibHi
crpykrypu (Tabm. 3 Ta 4).

Tabauys 3
[Hapamerpn ¢ppaxtanbuux crpykryp AEIK
3a pH=4,0 Ta pH=6,5y 1,0 % po3uunax y D,O 3a temnepatypu 25 °C*
Ler-TIMJIA- OxT-TIMJIA- OxT-TIMJIA- Byr-TIMJIA-
TapameTpu MITE 55 MITE 55 MITET s5 MITE 55
pH 4.0 pH 4.0 pH 6.5 pH 6.5
OO0’ eMHa yacTKa 0,109 0,111 0,007 0.015
Paniyc ceprranoro 6moka, A 5.00 5.00 4.99 4.99
o mucniepcHicTh 610Ka 0.099 0.099 0.100 0.099
Po3MipHicTh (ppakTary 2.12 1.00 2.36 2.24
Kopersiriiina oBxKuHA 54 25 2213 292 4
dpaxTansHoi crpykTypH, A ' ' ' '
TP (rycrina ogxumin 8.29' 10° 203 107 4.64 10° 343 10°
posciroBans), A ' ' ' '
* Po3paxoeai Ha OCHOBL MOOeli.
Tabnuys 4

IHapameTrpu cepuyHMX CTPYKTYP TUIY “ Aapo-0600Hka” EIIK
3a pH=4,0 Ta pH=6,5y 1,0 % po3uunax y D,O 3a remneparypu 25 °C*

TTapaverpi Ler Hl\/éﬁAG ,1\5/IHEF550 OkT 1'[1\/;))lJ_;|A6 };/IHEFE;E—,O Byr HNFI))E'IZ *I\:IHEF550
Pagiyc sapa, A 174 51 11.8
ToBumHa 06onoHKH, A 17.4 91.4 -
[JIP sinpa, A™ -3.06" 10° 1.30° 10° 4.25 10°
[JIP oGomomku, A2 *** 5.74 10° 6.06" 10° -

* Po3paxosari Ha 0OCHOBL MOOEi.

** [Ins ByT-IIMJIA-MIIED 550 3a pH=6,4 kommpacm misic 10pom ma 0OONOHKOW 6CMAHOBUMU HE 80AN0Ch,
momy 6yna 6UKOPUCMARA NPOCMA MOOeb OJisi CQepUUHUX CIMpPYKmyp.

*** I7TP D,0, 6,37 10°42.

3 olepKaHUX AaHUX 3PO3YMIIO, IO JOCIIKYBaHI OJIIrOMEPH YTBOPIOIOTH MEPBUHHI c(epuyHi
CTPYKTYpH TIpHOIH3HO OfiHOTO pajiyca ~ SA (Tabm. 3), ski 3r0m0M arperyioTh y (GpakTajibHi CTPYKTYpH.
MomimucnepcuicTs st ycix Mozeneid He nepeuinyBana 0,1. Kopensmiiiauii po3mip ¢pakTaibHUX
CTpykTyp (KOpensmiiiHa moBKuHA) 3poctae 3i 30iapmmenHsM pH, 3okpema mis OxT-ITIMJIA-MITEI 55 3
32,5A 3a pH 4,0 1o 221,4 A 3a pH 6,5 (Ta6m. 3).

OtpumaHa KopeJsiiiHa aoBxkHHA (pakTambHuUX cTpykTyp 3a HH3bkux pH (pH 4,0) 3pocrae 3i
3MEHIIICHHSM JIOBXHHHU TiIpooOHOro KomrmoHeHTa: 5,4 A mna Her-TIMJJA-MIIETss Ta 32,5 A mua
Okt1-TIMJIA-MIIET 55 (Tab1. 3).

3a pH 6,5 ¢paxranbHi posmipu (aKkTHUHO He 3alexaTh Bif ckmamy omiromepis: 221,4 A mna
Her-TIMJIA-MITET 5, Ta 222,4 A s Oxt-TIMJIA-MIIET 550 (T261. 3).

OO0’ emHa YacTKa (pakTary 3pocTae 3i 3MEHILICHHSAM po3Mipy TiipodoOHOro kommoneHTa (tadi. 3).

®dpakranabHa po3MipHICTh ~2,1-2,3 15 OLTBIIOCTI 3pa3KiB BKa3ye Ha popMyBaHHS Mac-(ppakTaiiB 31
CTPYKTYpOIO, OJIM3BKOIO 710 KOMIIAKTHHX TayCCiBChKHX JaHIoriB [21, 22]. ¥V Toi camuii 4ac 3pa3ok
Oxr-IIMJIA-MIIEl's5 32 pH 4,0 mae ¢pakranbny posMmipHicTh ~ 1,0, 1o Bka3zye Ha PO3TOPHYTY
KOH(]OpMAaIIifo oJiroMepHOi MOJEKYIIH.
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Huns 3paska Oxr-IIMJIA-MIITEI'ssg (pH 6,5) kpuBy po3ciroBaHHSI OMUCYBadH IBOMA MOJCISMH: 1.
(hpakTabHOK MOJEILIIO I 001acTi MaJIUX (] Ta ii. MOAEIUIIO s cepu Ty SAPo-000JI0HKA B 00J1aCTi
Benukux (. OOuaBi Moxaeni n1o0pe OMMCYIOTh BIAMOBIAHI AUISHKH KPUBOI 1 Y3rO/DKYIOTBCS MIDK COOOO:
paniyc sapa chepuuHOi CTPYKTypH HNpHUOIHM3HO JOpiBHIOE pajiycy cdepuunoro 61oka dpaktany (=5 A,
tabn. 31 4), a cymapHa BeNMYMHA PO3MIPY chepryHOl MOIENi, SIKy MOXKHA PO3paxyBaTd sIK iaMeTp
anpa+topmuHa obononkn 2 = 10 A + 91,3 2 A = 193A (ra6n. 4) 6nu3bKa 10 KOPENALIHHOI JOBKHHH
dpaxrany =~ 221,3 A (tabx. 3).

AmHauni3 ofiep)KaHMX JaHUX MoKa3ye, 110 ['JIP 30uibInyeThes 13 3pocTanHsaM pH 1 He 3HAYHO 3aJICKHUTh
Big ckimaay omiromepuoro JEIIK (ta6im. 3). 3 i€l camoi Tabauii 6adyumo, 1o s (ppaKkTaxiB 3HaAUCHHS
I'IP cBiguaTh NMpoO MPHCYTHICTH IMUIBHUX CTPYKTYp, IO YTBOPIOIOTHCS TiapodoOHuMEU (parMeHTamMu
mostekyn JETIK (3 musekum I'JIP). [leranpHimmii aHami3 ckiamy (paKTalbHHX CTPYKTYp MOTpedye
JOCITIDKEHb 3 MiZI00POM KOHTPACTY CyMillli JIefiTepoBaHOro/HEACHTEPOBAHOIO POZYMHHUKA.

Jus cTpykTyp THIy “sApo-000NOHKA”, TPUIYCTUBIIM, IO SIPO YTBOPIOETHCA TiIpOPOOHHMH
¢parMeHTaMH 1 PO3UYMHHHKOM, MOKHA PO3paxyBaTH BEIUYMHY BMICTY TiipooOHOr0 KOMIIOHEHTa i
posunnHuka C (D0) y siapi 3a JOMOMOror0 MPOCTOTO PiBHSIHHS:

C (D,0) = 100% T'IP(smpa) - TJIP(rinpodo6HOTO (hparmenty)
'AP(D,0) - I'’IP(rinpodobHOrO dparmenty)

ne TP (D,0)=6,37 10° A?[23-25].

Busnaueno, 1o I'IP rinpodobroro kommonenTa y Ler-IIMIA-MIIEI 55, a came — 3a/HIIKY HETHIOBOTO
cimpry  nopisrioe; TJIP (rizpopoGroro ¢parmenta)=3,02 10° A2 Tomi micns mpocTix po3paxyHKiB 3
BHUKOPUCTaHHSM JaHUX Ta0J1. 3, BMicT po3unHuauKka DO y spi chepuuHoi crpykTypH, siKy yrBoproe Ller-TIMIA-
MITIEI s5 32 pH 6,5 nopisaroe C(D,0) 0,43 %, a BmicT rimpodobroro ¢hparmenta — 99,57 %.

V Bunanky Okr-IIMIA-MITET s5 rigpodoOHuii parMeHT — 3aIUIIOK OKTHIIOBOrO criupTy, I'JIP sikoro
nopisrioe: [JIP (rimpodobroro ¢parmenta)=3,17" 10° A2 ITicist pospaxyskis BusHauero, mo C(D;0) 46,86 %,
a BMicT TigpododHoro ¢parmenta 53,14 %. Lli nani me pa3 cBimgaTh PO PO3TOPHYTINIY KOH(MOpMAIIi0
OJTiIroMepiB 3 MEHIIMM Tiipoh0OHUM OIOKOM, IO JIa€ 3MOTY SIIPY HACHIYBATHCH POSYNHHUKOM.

VYTBopenus wminensipaux arperatie  amdipineaumu  JAEIIK  Oxt-IIMJIA-MIIElssy y Bomi
ninTBepukeHo gocaimkeHHsMd TEM (puc. 2). OtpuMani 300pa)keHHsS JAlOTh MOXIIHUBICTH 3pOOUTH
BHCHOBOK IIPO YTBOPEHHs Mille/IIPHUX arperaTiB chepuunoi cTpyKTypH 3 cepeaHiv posmipom ~230 A, mo
nmo6pe y3romkyeThbes 3 gannmu MKPH (ta6:1. 3).

Puc. 2. TEM-mikpoghomozcopagpisi miyensprux cmpykmyp HEIIK,
o0epoicanux 3 600H020 po3zuury Oxm- [IM/JA-MIIET 55

xonyenmpayii 0,2 Yoma pH 6,5

Opnepixani 3a gonmomororo TEM ta MKPH nocnimkens xapakrepuctuku Mminenspaux crpykryp JEIK
I00pe  Y3rO/DKYIOThCSA 3 TMPOBEIACHUMM JOCHIDKCHHSIMH CONFOOLTI3aMIl JinopiIbHUX BOJIOHEPO3YMHHUX
pedoBuH y BoaHUX Koioigaux pozduHax OkT-IIMIA-MIIEI ss, Ta Ler-IIM JIA-MITEI ss.
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Hocaimxenns  coarodbinizanii  ginoginbHux pedoBuH BoaHuMH  po3umHamu  JIEIIK.
PedpakroMmerpuyHuM MeToqoM OyJIo JOCHIKEHO COMIOOLTI3aIiio 0araThoX JINOQILIBHUX, ITOraHo
PO3YMHHHX 200 HEPO3YMHHKX y BOJMI PEUOBHH, TAKHX SIK TETaH, HOHAH, aleJbCHHOBA Ta JIaBaHI0Ba OJIil,
pul’ suMit KMp y BOAHUX KOJNOIMHUX po3uuHaX, o3HadeHux JIEIIK 3a pisaux pH. JlocnmimkyBaHi
mnodineHI onii MalTh Pi3HY MPUPOLY, € CyMilIaMH 0araTboX MPOCTUX PEUOBHH PI3HOT MOJEKYISIPHOL
MacH i OyJI0BH.

VY cknaai HatypanbHOI JaBaHAoBOi oiil MicTHThCs Onm3bko 300 pi3HUX OpPraHIYHUX CITONYK.
TonoBHOO CKITaI0BOO € CKIIAJHI €CTEpU CHUPTIB i KUCIOTH: MacisiHa, OITOBA, KallPOHOBA 1 BaJiepiaHOBa.
Kpim Toro, B omii maBanmu Mictareest miHamimanerat (35-45 %), minamoon (30-35 %), Tepmin-4-on
(6mu3pko 5 %), maBammysimanerat, 6epraMor, JaBaHmioN, repaHion, 6opHeo, KapiodiaieH, HOHAHAbD,
kam@opa ToIIo. 3arajioM I CyMilll Ma€ JMoQiibHI BIaCTUBOCTI. JlaBaHIOBa OJIisl 3aCTOCOBYETBCS Yy
KOCMETHYHHX 3ac00ax: MUJI, IAMITyHSIX, MapQyMepHUX KOMITO3UIIISX, ITiJ] Yac JIIKYBaHHS OIIKiB, THIHHUX
paH, Ut iHTaJIAIIi Tpy OpOHXITaX, JJIs JTIKyBaHHS PI3HHUX IIKIPHHX 3aXBOPIOBaHb (aKHE, CK3EMH), ITi]] Yac
0e3COHHs1, HEeBpACTeHii, Crprsie HopMaizamii GyHKIliT BereTaTHBHOI HEPBOBOT CUCTEMH TOIIIO.

Jlo ckmamy amenbCHHOBOI oiii BXOmsaTh: JimMoHeH (~95 %), minamoon (~0,2 %), d-tepmineon
(~0,2 %), nermosuii ampaeria (~0,1 %) tomro. YactuHa omii, sKka He BUIAPOBYETHCS, MICTHTh aypOIITEH.
ATIeTThbCHHOBA OJTisl Ma€ JIIKyBaJIbHI BIIACTUBOCTI, & caMe: IIBHUJIKO 3HIMA€ TOJIOBHUI 01k, 00l y cyriiobax i
M'si3ax, JIoroMarae mpyu HeBparii, MO3UTUBHO BIUIMBAE HA POOOTY NMUTYHKOBO-KUIIIKOBOTO TPAKTY, CIIPHSIE
BHBE/ICHHIO TOKCHHIB 1 IIUTAKIB 3 OPTaHi3My JIIOJIMHU, BUKOPUCTOBYETHCS JUTS MPOQUIAKTHKN Ta JIIKYBAHHS
CEepLIECBO-CYIMHHUX 3aXBOPIOBAaHb, IMIJBUINCHHS IMYHITETY IIIOJAWHH, € MPEKPACHUM HATypaJIbHUM
aHTHCENTUKOM TomI0. [IIUpOKO BUKOPUCTOBYETHCS y appymepii Ta KOCMETHUHHX 3ac00ax.

Bemnunan comroOimizamii  pi3HMX pedoBMH y BoaHuX posunHax Ller-MITET ss-IIMJA i
Oxr-MIIE@'s50-IIMIA, Bu3HauUEHI B OJJHAKOBHX YMOBaX CBI4aTh, 1110 MPOLIEC COMOOLTI3aIlIi BU3HAYAETHCS
sk 6ymoBoro ITAP Ta MillelnIpHHX arperaTis, Tak i MPUPOIOI0 comobimizaty (Tadi. 5).

Tabauys 5

BemunHa cosnobiaizanii’ Jino(iIbHUX PeYoBUH y BOAHHX PO3YHHAX
Her-MIIEIs50-IIMIA i OxT-MIIEI 's50-IIM/IA 3a pH 8,4

JETIK JlaBanzmoBoi onii, AnensCHHOBOI 01, T/T Pu6’ ssaoro xupy, r/t
r/r, pH 8,2 pH 8,4 pH 8,4
Her-MITET s50-TIMJJA 2,386 0,0164 0,0076
OkT-MITET s50-[IMJIA 1,430 0,0205 0,0114
Tabauys 6
Beanuuna conrodinizanii* rentany i HoHaHy B po34HHaxX
Her-MIIEI s50-IIMIA i OxT-MITEI 550-IIMJIA 3a pisuux pH
lenrany Honany
JABIIK pH o/t pH o/t pH o/t
Her-MIIET ss0-IIMJA | 7,1 0,0181 9,6 0,0444 71 0,0139
OkT-MIIET s50-TIMJIA | 7,2 0,0271 9,7 0,0533 7,2 0,0187

Baunmo, 1o comroOinizaiis 1aBaHI0BO1 OJIii HAa JABa MOPSIKH OUbIIA, HXXK COMIOOLTI3AIS TeNTaHy,
HOHAHY Ta arnelbCHHOBOT OJIil, Ta HAa TPH MOPSAKH OiIbla, HiX pud’ ssuoro xupy (tadm. 5, 6)

OueBHnaHO, MO II€ 3yMOBIEGHO MPHPOJOI 1 CKIagoM JaBaHnoBoi oiii. [lopiBHIOIOTH cKian
JIABAHJIOBOI 1 aleIbCMHOBOI OJ1ifi, 0auyMMO, 110 OCHOBHI KOMIIOHEHTH ale/IbCHHOBOI OJ1ii — JIMOQiLIbHI
peyoBUHH, 30KpeMa, JiMoHeH (1-merwmi-5-i3ompomenin-1-muknorekcen — 95 %), SKuil COMIOOLTIZyEThCS
rizpodobuuM sapom Mmimen ITAP, 1110 yTBOPIOETHCS aNKIIbHUMU (OKTHIBHUM 1 IETHIBLHIM) 3aMiCHUKaAMH
Ta 3aJIUIIKOM ITiPOMETITOBOT KUCIIOTH.

Jo cknamy naBaHIOBOI OJIii BXOJAMTH BENHMKA KUTBKICTh TiAPO(IIBHUX PEUOBUH, TAKHX SIK €CTEPH i
kucnotu (MaciisiHa, OITOBa, KalpOHOBA 1 BaliepiaHOBa), sIKi COMIOOUTI3YIOThCS y mepudepiitHiin obnacti
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Mitnen, copmosaniii rigpodineHuMu dparmentamu MITEI'ss. JlimodineHI X KOMIIOHEHTH JIaBaHIOBOI
ofii — repanion, OopHeon, KapiodilieH, HOHaHAJb, Kamdopa, IyOMJIbHI PEUYOBHMHH, CMOJIM, TIPKOTH,
repHiapiH, KyMapuH — COJIIOOUTI3YIOThCS JINOPiIbHUM siapoM Minenu. Lle mosicHroe HabaraTo OLIBIII
3HA4YCHHS CONOOLTI3aIlT JTaBaHI0BOT OTil.

Judysis minopinbHUX, PO3radykeHol OyIOBH MOJICKYJI pHUO’ SUOro XKHUPY Y sapa MIIeIIpHUX
arperariB yrpynHena. Jlo Toro x 3 Tadu. 51 6 3po3ymino, 10 y BUNIAKaxX aneiabCHHOBOI OJil, puO’ 1400
XKHPY, TENTaHy 1 HOHaHY, KOJIHM IMOOLTI3aIlig comobinizaTy MoXKe BiIOyBaTUCh MEPEBaXHO y TiipodoOHMX
Aapax MILEISIPHUX arperariB, BeMW4rMHa comoOiumizamii Oinbma y pozunHax OxT-MIIEDsso-IIMIA. Lli
naHi jmobpe minTBep/pkyoTh jgaHi MKPH, srimHo 3 sikumu monekyinu OkT-MITEDsso-TIMJIA, siki
YTBOPIOIOTh MIIIEISIpHI arperatu cepuyHoi (GOpMH, 3HAXOAATHCS Yy PO3TOPHYTIIIiH KoHbopMarii, HiK
Her-MITET s50-TIMJIA, a rycTuHa mnogineHOro sjipa iXHIX MINETIpHUX arperariB OuIblla, HDX Millel
Ller-MITED s50-TIMJIA (Ta6m. 2). e nosermrye audy3ito TinodibHUX PEUOBUH Yy spa i Cipuse OUTbIIiN
conroOitizanii y posunHax OxktT-MITET sso-TIMJIA.

Bauumo Takok, 10 COMIOOLTI3AINS renTaHy Mae OUIBbIN 3HAYEHHS, HDK MOro roMoiora HOHaHy 3a
ycix pH. OueBuaHO, IO HaBiTh HEBEJIMKE 3POCTAHHS MOJICKYJISPHOI MacH COJIOOLTI3aTy 3MEHIIYE
edexruBHICTh qUPY3ii y ninodinbae sapo mimenu [TAP.

BcranoBiieHO Takok, 10 30UTbIIeHHST pH-pO34HHIB CYyNPOBOKYETHCS 30LTBIIEHHSM COMOOLTI3AIT
(Tabun. 6), mo 3yMOoBJIeHO ioHI3amier0 KapOokcuabHuX rpyn y ckiami JETIK, X 10#1aTKOBOIO TifpaTaliero
Ta 3MEHIIIEHHSIM IUTHHOCTI MIIENISIPHUX arperaris, M0 mojierurye audys3ito JTinodiibHOro comooiTizaTy i
Spa MIEIIPHUX arperaTis.

BucnoBoxk. Bcranosneno, mo amdidinsHi giecTepy MpoMeENiTOBOI KUCIOTH Y BOJHHUX PO3YMHAX
YTBOPIOIOTh TIEPBMHHI chepHuHi CTPYKTYpH MPHOIM3HO OJHOTO pajiyca SA, siki 3romoM arperyiors y
(dpakTanbHi CTPYKTYpH — MilensipHi arperatu. Kopensmidauii po3Mip (pakTadbHAX CTPYKTYp 3pOCTae 3i
30inpmeHHssM pH, 3okpema, mis Okr-IIMJIA-MIIEI s 3 32,5A 3a pH 4,0 no 2214 A 3a pH 6,5.
Kopersiiiina nokuna GpakranbHux cTpykTyp 3a Husbkux pH (pH 4,0) 3poctae 3i 3MEHIIICHHSIM JIOBKUHH
rimpodobrOro kommonenta: 5,4 A mns Ler-IIMJIA-MITEI'ss; Ta 32,5 A st Oxt-TIMJIA-MITET 550, 32 pH
6,5 ¢paxtanbHi po3Mipu (GaKTHYHO He 3alexarh Bin ckiaamy omiromepis: 221,4A nmns Ller-TIMJIA-
MIIET ssp Ta 222,4A nnst Oxr-IIMJJA-MITET 550

MinenspHi arperatd oniromMepiB 3 MeHIHM TiipopoOHUM OJOKOM MAalOTh PO3TOPHYTIITY
KOH(OpMALIIio 1110 A€ 3MOTY APy HACHIYBATUCh PO3YMHHUKOM 1 MATH MEHIIY INUIBHICTD.

Minenspui  arperatu  JEIIK como0imi3ytoTe ninodinbHI pPEYOBHMHH, MNPUYOMY BEIHYHMHA
comoOinizalii BU3HAYAETHCSA SK CTYKTYPOIO MILIEISIPHOrO arperara, Tak i MPUPOAOI0 CONMOOLTi3aTy i
y3romxyerbest 3 qaanmu MKPH.
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