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B pabome paccmompenvl nymu pezyiuposanus yposHs X0iecmeputa 6 4ei08e4eckom opeanusme.
THokazana yenecoobpasHocmv UCNONL308AHUA COPOEHMOB-CEKBECMPAHMOE HCENUHbIX KUCIOM OJ4
Jleyenus — amepozeHHvlx  3aboneganuti. lIpoananuzupoeana  63auMoOCEsA3b  Mencdy  CMpOoeHuem
NOBEPXHOCTNHO20 Cl0s CUHME3UPOBAHHBIX A0COPOEHMO8 U IPDEKMUBHOCHIBIO U3BTEHEHUS ICETTUHBIX
Kuciom. BulOenenvl nepcnekmuénvie HanpaeieHus NOBbIULEHUS CPOOCMBA AO0COPOEHmMO8 Ho
OMHOWEHUIO K HCETUHbIM KUCTIOMAM.

XomnecTtepuH — 00s13aTeNbHBIN u HEOTHEMIIEMBII JIEMEHT HOPMAaJIbHOU
KU3HEAEATENPHOCTH oOpran3Ma. OH HEoOXOOMM MJIsi CHHTE3a IIOJIOBBIX TOPMOHOB H
NPaBUIBHOTO  (DYHKIIMOHUPOBaHMS HEPBHOW CHUCTEMbI, 33J€HCTBOBAaH B  Ipoliecce
NHIICBAPCHUs] W aHTHOKCHUAAHTHBIX MexaHm3max [1, 2]. XomecTepuH BXOJHUT B COCTaB BCEX
KJICTOYHBIX MeMOpaH, 0e3 Hero HeBO3MOXHA MOJIHOLIEHHAs )KU3Hb. BmecTe ¢ TeM, n30bITOUHOE
COZIep’KaHNE XOJECTEPHHA B KPOBHU SIBIISICTCS OJHUM U3 OCHOBHBIX (DaKTOPOB PHCKa pa3BUTHS
OCJIOKHEHUH  CepJCYHO-COCYIUCTBHIX  3a00JeBaHUN U NPEKICBPEMEHHOH  CMEpTH.
OOycoBIIEHO 3TO MPHUCYTCTBHEM B KPOBH, HapsAy C JUIMONPOTEMHAMH BBICOKOW IIOTHOCTH,
MOOHIIM3YIOIIMMH XOJIECTEPUH U3 TKaHEH (B TOM YHUCIIE U3 CTEHOK COCYIIOB), JTHIIONPOTCHHOB
HU3KOW M OYCHb HHU3KOW IUIOTHOCTH, KOTOPHIE HEpEeNaroT XOJIECTEPHH B INepuepuvecKue
TKaHH, YTO MOXKET CIIOCOOCTBOBaTh (POPMHUPOBAHUIO ATEPOCKICPOTHYECKHX OJISIIEK Ha
CTEHKaX COCY/OB M Pa3BHUTHIO aTepOCKIEPO3a.

JloCTHYB CHIKEHUS YPOBHS XOJECTEPUHA MOXXHO HECKOJIBKUMH CIIOCOOaMHU: € MTOMOIIBIO
U3MEHEeHUsT 00pa3a KM3HU (CHM)KEHHE MAacChl Tena, TO3MPOBKAa (DU3MUECKUX HArpy3ok),
panuoHa nHUTaHusA (CBeIEeHHE K MHHUMYMY HOTPEOJICHHUS KHPOCOICPIKAIIUX MPOAYKTOB) H
IpueMa CHEeNHaNbHBIX TpernapaToB. B Tex ciydasx, Korja HONBITKH HEMEIUKAaMEHTO3HOTO
CHIDKEHHSI YPOBHS XOJIECTEpUHA HE MPHUBOASAT K JKEIaeMBIM pe3ylbTaTaM, TpeOyercs mpuem
TUIIOJIMITUAEMUYECKUX TpenapaToB. OCHOBHBIMH COBPEMEHHBIMH THITOJIUIHIEMUYECKUMH
CpeACTBaMU SIBJISIIOTCA MPENapaThl CASAYIOMUX TPYII: HUIKOTHUHOBAsK KUCIOTa M HEKOTOPHIE €¢e
MPOU3BOHbIE (KCAaHTHHOJA HHUKOTHHAT, SHAypaiuH); ¢ubpatel (kinopudpar, OGe3adudpar);
CTaTHHBI, WM BacTaTHHBI (JIOBACTaTHH, CHUMBACTHH); AaHUOHOOOMEHHBIC CMOJIBI, WU
cekBecTpaHThl JkeauHbIX KucinoT (KK) — ocHOBHOro mpomykra MeTaboiM3ma XoJieCTepHHA
(xomectupamun,  komectumon)  [3].  BeiOop  mpemapata  ompemensieTcss  THIIOM
TUIIEPIUIIONPOTEMHEMHUH, KJIMHUYECKOH KapTUHOW 3aboneBaHus, 3(PPEKTUBHOCTHIO U
MePEeHOCUMOCTBIO npernapaTta. COBpeMEHHbIE THIIOIUITHAEMIYECKHE TIPETapaThl MPEICTABISIOT
coboii 3¢ eKTUBHBIC JEKAPCTBEHHBbIE cpelncTBa. HUKOTMHOBAs KHCIOTAa M €€ MPOU3BOJHBIC
TOPMO3SAT IOCTYIUICHUE B IT€Y€Hb CBOOOTHBIX KHUPHBIX KUCIOT, KOTOPHIE YU4acTBYIOT B CHHTE3€
JUMONPOTENHOB HU3KOH M OYeHb HHU3KOM IIOTHOCTH. (DUOpaThl YCKOPSIOT BBIBEACHUE
XOJIECTEpHHA W3 TE€YEHH C OJKEIYbI0 M YCHJIMBAIOT B IICYCHW AKTUBHOCTH (hepMeHTa
JUMONPOTEUHIINIIA3bI, YTO TMPHUBOAUT K YMEHBIICHUIO KOJMWYECTBA IKUPHBIX KHUCIOT,
HEOOXOJMMBIX JJIsl CHHTE3a JIMIONPOTEMHOB HHU3KOW W OYeHb HH3KOH IUTOTHOCTH. B
pe3yabTaTe CHIDKAIOTCS KOHLEHTPAIMM  XOJIECTEPHHA U JIPYTUX  JKUPOCOJEPIKALINX
COeIMHEHUI B KPOBH, a yPOBEHb JIMIIONPOTEHHOB BBICOKOI IJIOTHOCTH yBenumumBaercs. Ha
(oHe MPUMEHEHUS CTATUHOB YIYYIIAeTCsl COCTOSIHUE BHYTPEHHHX CTEHOK COCYJIOB, M OBICTPO
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HOPMAJIM3YIOTCA IOKa3aTeNu OOIIEro XOJecTepuHAa U JIUMONPOTEHMHOB. OTH 3(QeKTh
JOCTUTAIOTCSl 3a CYeT TOro, 4YTO CTAaTUHBI TMOJABISIOT aKTUBHOCTH  (hepMeHTa
3-THAPOKCU-3-METHITIYTAPUI-KOOH3UM A-peAyKTa3bl M TEM CaMbIM TOPMO3ST CHHTE3
xoJjectepuHa B neuyeHd. OCHOBHBIM NPEMSITCTBUEM JUIsl IPHUEMa HUKOTHHOBOW KHCIIOTHI U €€
MPOU3BOJIHBIX, PUOPATOB, CTATHHOB SBJISIOTCS 3a00JIeBaHMsI MIEYCHH (B YaCTHOCTH, TEMIATUTHI),
Tak Kak Ha (poHEe MpUMEHEHUs 3TUX MpenaparoB HaOMOAaeTcs HapylleHne QYHKIUU TeUeHH,
KOTOpOE TMPOSIBIISIETCS MOBBIIICHUEM YPOBHSI MTEYCHOUHBIX pepMeHTOB. Kpome TOro, B peaKux
Clydasix CTAaTHMHbI MOTYT BBI3BIBATh TSDKCIbIE HM3MEHEHHsS B MbImax (pabaomuonus), a
¢ubpatbl cIOCOOHBI MOBBIIIATH PUCK 00PA30BaHUS KAMHEH B JKEITYHOM ITY3BIpE.

CexBectpanthl KK, sBIssSCh aHHOHOOOMEHHBIMH CMOJIaMH, MPU TPUEME BHYTPh HE
BCACBhIBAIOTCS B KPOBB, a 00pa3yroT B KulleuHuke koMmriiekchl ¢ JKK, koTopeie BRIBOAATCS U3
opraHusMa BMeCTE C KajoBbIMH Maccamu [4-8]. B pesyabrare B MedeHH HaOJIFOMaETCS
KOMIICHCAaTOpHOEe ycwiieHne mporecca BoipadoTkn KK wu3  Xxomectepuna. Bospocmias
noTpeOHOCTh B  XOJIECTEpUHE O0OecreuynBaeTcs YyBEIMUEHHEM CHHTE3a XOJIECTEpHHA B
rernaTronuTax 1 U3BJICYECHHEM U3 KPOBH XOJECTEpUHA, CBSI3aHHOTO C JIUIONPOTENHAMU HHU3KOM
IUIOTHOCTU. BCEACTBHE TaKMX TPOIECCOB YPOBEHb XOJECTEpUHA B KPOBU M TKaHIX
CHHXaeTcsl. TakuM 00pa3oM, MEXaHWU3M THIIOJIMITAIEMUYECKOT0 ACHCTBUS cekBecTpaHTOB JKK
0asupyeTcsi Ha HeoOpaTUMOW copOIuu u BbIBeneHUM 3 opranmsma KK, mpuBoasmuMm K
perpeccuu arepoCcKIepoTHIecKuX 3abonesanuii [9, 10].

JKenmdHble KHCIOTHI MPEACTABISIOT COOOW BellecTBa CTEPOMAHON mpupoisl. [Ipormece
ounocunresa KK u3 xonecrepuna [11] mpencrasien Ha cxeme 1.

THIPOKCHITNPOBAHNE
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Cxema 1. buocrHTe3 *KEIMUHBIX KUCIOT U3 XO0JIECTEPUHA.
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Xonmuin-kopepMeHT A CBSI3bIBACTCS C TAypHUHOM M TIUIIMHOM, BCJICICTBHE YEro 00pa3yroTCs

TaypoXoJjieBas U TIIMKOX0JIeBas KHCIOTHI (cxema 2).
CO—SKoA
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TaypoxoJieBas Kucnora I'muxoxonesast kuciaora

CxeMma 2. bruocuHTe3 TaypoxoJeBOi U IIMKOXOJIEBOM KHCIIOT U3 XOIiI-KodepmenTa A.

B xemum w4yenoBeka B OCHOBHOM COJEpXKATcsl XOJEeBas, JI€30KCUXOJEBas U
XEeHOIe30KcuxoeBass KucioTel [12]. Kpome Toro, B HeOOJBIINX KOJIMYECTBAX MPUCYTCTBYIOT
TaKKe JINTOXOJIEBasA, aJuIOXOJIEBasi M  YPCOJE30KCHUXOJIEBAsI KHUCIOTHI — CTEPEOU30MEPHI
XOJIEBOM M XEHOAE30KCUXOJIEBOM KUCIOT. XOJEBASI U XEHOAE30KCUXO0JIEBAsI KUCIIOTHI, KOTOPbIE
CUHTE3UPYIOTCA B IMEYEHM, OTHOCATCA K mnepBuuHbIM JKK M Haxoasrcs, B OCHOBHOM, B
KOHBIOTUPOBAHHOM C TJMLHUHOM WJIA TaypUHOM COCTOSIHMU. B KHIlIEUHUKE COJIM MEPBUYHBIX
KK mpeBpamaroTcsi B COJM BTOPUYHBIX — I€30KCUXOJEBOM W JIMTOXOJEBOM KHUCIOT. B
neyeHouHoH sxemun KK mucconuupyroT u HaxomsTcs B (opme cosieil HaTpus W Kajus, 4To
00BsICHsET mIesiouHble 3Hauenus pH xemun (7,5-8,5) [12].

XapaktepHoit ocobeHHOCThIO cTpoeHUst JKK sBisieTcs Hanmuuue CTEpOMIHOTO OCTOBA,
MOJIBUKHOM OOKOBOM IEMOYKH M PAa3IMYHOTO KOJMYECTBA TMAPOKCHIBHBIX rpymm (Tadm. 1).
Xenunbple KHCIOTHI COAEpkKAT B CBOEH CTPYKType KapOOKCHIBHYIO TPYIITY, KOTOpas MOXET
OBITh CBSI3aHA C TAaKMMH AMHHOKHCIIOTaMH, KaK TaypHH W TJIHIMH. Bce 3T CTPYKTypHBIC
0COOCHHOCTH MPHUBOJAT K TOMY, uTo B Mojekynax KK mpucyrcrByior kak runpodoOHbie, Tak
U TUIPO(UIBHBIE YYACTKH, OMPEACISIONINE TTOBEPXHOCTHO-aKTUBHBIE CBOWCTBA IKEITYHBIX
kucioT. OcHoBHbIe Ouonormdyeckue Gyaknuu KK HemocpencTBEHHO CBSI3aHBI C X
CKJIOHHOCTBIO K MHIIEIUIOOOPA30BaHUIO M 3aKJIIOYAIOTCS B OMYJIBTUPOBAHHH KHUPOB H
COoMOOMIU3aIKU TUIHUI0B B KuieuHuke [13]. [ToaToMy n3ydeHHIO MPOIecCOB MOJIEKYIIIPHOTO
arperupoBanuss JKK B BOAHBIX cpemax yaensercs 3HauuTenbHOe BHHMManue [14, 15].
HeGonpmoro pazmepa muniemisl oopasytores u3 4—10 MoneKys U MOCTPOCHBI TaKUM 00pa3oMm,
9TO HEMOJSPHBIE CTOPOHBI CTEPOMIHBIX EIWHHII OOpalieHbl BHYTPh, a TOJSPHBIE
TUJIPOKCUIIBHBIE TPYIIIBI — HAPYKY. 'H SIMP uccnenoBanust mokasand, uro HamGolee
pacnpoCTpaHEHHBI B YEJIOBEYECKOM OpraHM3Me XojaT HaTpusi o0paszyeT AuMephl U
TeTpamMepbl MpH 00IIel KOHICHTpauuu MoHoMepa a0 100mMM [16]. Ilpu Oonee BBICOKHX
KOHIEHTPALUAX JTH TEpBUYHBIE MHUIEIUIBl (QOPMHUPYIOT OOJbIINE KIacTephl 3a CYET
BOJIOPOAHBIX CBSI3€H MEXIy TMAPOKCHIBHBIMU TPyHIaMy M TMPEBpPALIAIOTCS BO BTOPUYHBIE
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mutemtbl [17, 18]. Kpurnueckass KOHIEHTpAIMs MUIICIUIO00pa3oBaHus (KOHIICHTpAIHS, TIPU
KOTOPOH B CHCTEME BO3HHMKAIOT B 3aMETHBIX KOJIMYECTBAX MHMIEIUIBI, HAXOJAIIMECST B
TEPMOJUHAMHYECKOM PAaBHOBECUH C HEACCOLMHUPOBAHHBIMH MOJICKYJIAMH) XOJIEBOM KHCIIOTHI,
ompeneleHHass ~ METOJOM  coMoOmnu3anuu  ruapo@oOHOTO  KpacuTens,  COCTaBIsET
19-20mmonbs/n B jamamazone Ttemneparyp 20-30°C [19]. B Tabm. 1 mnpeacraBieHbI
KPUTHYECKHE KOHIICHTpAIMKU MHUIeIIoo0pa3oBanusi HekoTopwix JKK, monydeHHBIE METOIOM
H3MEPEHUs TIOBEPXHOCTHOIO HATSHKEHUS pacTBOpoB [14].

Taoauna 1. PU3UKO-XUMHUYECKUE CBOMCTBA JKETYHBIX KHUCIIOT

Kemunas kucnora | Ilonoxenue u Kputnueckas PactBopumocts | Koaddurment

OpHCHTAIUS KOHIICHTPALUs B BOJIC*, pacrpeeneHus
HIPOKCHITBHBIX MUIIEIITI000pa3oBanus™ | MKkMoJib/i1 [20] MEKTY

rpymni MMoutb/i [14] H-OKTaHOJIOM U

Boma | 0.15 M Nd Boz0i* [21]
XoJyieBas 307012a 13 11 273 2,02
TJIMKOXOJIEBast 307 0l2a 12 10 32 1,65
JIE30KCUXO0JIEBAs 3012a 10 3 28 3,50
XEHOAE30KCUX0JIEBAs 307 a 9 4 27 3,28
YPCOJI€30KCHX0JIeBast 3073 19 7 9 3,00
* mpu 25°C

B cBsa3u ¢ Tem, uro cekBecTpaHThl KK He BcachlBarOTCd B KpPOBb, OHHM JIMILEHBI
CUCTEMHOTO JCHCTBUSI W  OTHOCHUTEIBHO O€30MAacHbI, TIOITOMY MEAMKH CYHTAIOT
1enecooOpa3HbM HAuWHATH JICUEHHWE AaTEepPOreHHBIX 3a00JIeBaHUN HWMEHHO C ATOW TPYIIIBI
npenaparoB. HecMOTpss Ha OIpOMHBIN UCCIIENOBATEIBLCKUI OIBIT, BOIIPOC O CPABHUTEIBHOMU
3((PEKTUBHOCTH CYIIECTBYIOIINX CEKBECTPAHTOB, HAIMUMHU MTOOOYHBIX 3(hPEeKTOB 1 pazpaboTke
HOBBIX dHTepocopbenToB KK mpomomkaer ocTaBaThCsl MPEIMETOM MHOTOYHCICHHBIX
KJIIMHUYECKUX UCCIIEJIOBAaHUM M Hay4HbIX AMCKyccuid. Kak ciemyer U3 aHanuza IUTepaTypHbIX
TaHHBIX, TTOTeHIIMANbHBIE ancopOeHThl KK HOmKHBI OBITH CENEKTHBHBIMU IO OTHOIIECHUIO K
Monekynam KK, XapakTepu3oBaTbCS BBICOKOW COPOIIMOHHOM EMKOCTBIO M TMPOYHOCTHIO
yaepkuBaHUS  ancopOarta. bBOJBIIMHCTBO CHHTE3UPOBAHHBIX HAa CETOMHSIIHWA  JI€HBb
aacopoenToB KK mpeacraBisitor coboii MaTepHuaibl, COCTOSIINE M3 MOJUMEPHOTO OCTOBA U
COJICpIKaIIie B CBOCH CTPYKType aMHHO/aMMOHHUEBBIC TPYIIIBI, ATOM a30Ta KOTOPBIX OKPYXKCH
pa3IMYHBIMH 3aMecTHTeIsIME [22—26] (cxema 3). biarogapst TakoMy CTPOEHHIO, ITOJIMMEPHBIE
COpOCHTHI-CEKBECTPAaHThI ~ MOTYT  cBs3biBaTh KK B pe3ynapTaTe  BO3HUKHOBEHHUS
ANEKTPOCTATUYECKUX B3aMMOICHCTBUII MeEXAy YETBEPTUYHBIMA AMMOHHUEBBIMH TpYyNIaMH
(YAT) momumepa w anmonamu JKK, W TpOYHO ynepKHBaTh HMX 3a CYET TUAPOPOOHBIX
B3aMMOJICHCTBHI, BO3HHMKAIOIIUX MEXKIy IOJUMEPHOW  MaTPHIIECH/yriIeBOAOPOIHBIMBI
pamukaiamMu u crepounHbiM ckenerom JKK. MakcumanbHas coOpOIMOHHAsS €MKOCTh I10
OTHOIIICHHUIO K XO0JIeBoi Kuciore (Hambosee pacrmpocrpanenHon u3 JXKK), B 3aBHCHMOCTH OT
crpoenusi YAT u npupozabl ocToBa, u3MeHsercs otT 2,6 Mkmoib/r 1o 0,98 mmosns/r noaumepa
[22-26].

Buenpenune XK B monmuMepHyro MaTpuily, HapsiIy ¢ yBeITUYeHUEM OMOCOBMECTUMOCTH,
o0ecrieyrBaeT MOBBILIICHUE CPOJICTBA copOeHTa 1Mo oTHOIEHHIO K Mojekyiaam JKK. ABropamu
paboThl [27] ObUIM CHHTE3UPOBAHBI CTUPOJI-TUBHHUIOCH30IbHBIE COMOJUMEDPDI C Pa3THYHBIM
COJICp)KAHUEM XUMHUCCKH 3aKPEIICHHOW XOJIeBOM  KHCIOThI  (cxema 4), CrocoOHbIC
00pa3oBBIBATh KJIACTEPHBIE CTPYKTYPHI ¢ Mosiekynamu JKK.

B mpouecce cBszpiBanus JKK u3 pactBopa Takumu agcopOeHTaMu CO3Aar0TCs Hanbouee
ONaronpusTHBIE YCIOBHUS [UIS peanu3aliy 3JIEKTPOCTaTUYECKUX B3aUMOJEHCTBUM, CHII
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Ban-gep-Baanbca 1 BOOOPOIHBIX CBSI3€M, UTO, B CBOK OUY€pElb, NIPUBOAUT K YBEIUYEHUIO

IMPOYHOCTHU CBA3BIBAHUA KCITYHBIX KHUCJIOT.
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Cxema 3. [TonumepHbie COPOSHTHI-CEKBECTPAHTHI KEITYHBIX KUCIIOT.
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Cxema 4. Cononumep CTUpOJia ¥ JAUBHUHIIOCH30JIa ¢ XMMHYECKH 3aKPEIUICHHON XOJIeBOU

KHUCJIOTOH.

B mocnennee Bpemsi Bce OoJjblliee BHUMAHUE YACIACTCS apXUTEKTYPHOMY AU3alHY
HOBerHOCTI/I HO.HI/IMepHI:IX MaTepI/Ia.HOB y KOTOprfI nacT BO3MOXHOCTH HOquaTB
BbicOKOcenekTuBHBIE copOeHThl JKK. Co3manue meHTpOB aacopOInu, XapaKTepU3YIOIIHXCS
COOTBETCTBYIOLIMMH pazMepamu, (HOpMOii 1 HATMYMEM CBSI3BIBAIOLINX TPYIII O OTHOLICHHIO K
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monekynam JKK, MoxeT ObITh peaqn30BaHO C HCIIOJIB30BAaHHMEM METOJa MOJIEKYISIPHBIX
OTIe4yaTkoB. [ monyuyeHus moivMMepa ¢ OTHEYaTKaMHM XOJIEBOM KHCIOTHI aBTOPBI PabOTHI
[28] mpuMeHMIM THOPUAHBIA METOJl MOJICKYJSPHBIX OTIEYaTKOB: MOHOMEPHYIO TEMILIATHYIO
CTPYKTYpPY KOBAJIEHTHO CBS3BIBAJIM B MpOIECCE MOIMMEPHU3ALNHU, a 3aTeM H3BJICKAIU MyTeM
pa3pyllIeHUs] XUMUYECKUX CBSI3€H C MOJMMEpPHON MaTtpulel. B pesynbrare cononmnMepusanuu
TEMILIATCOICPIKAIEro MOHOMepa (METHI0BOTO ddupa 30-METaKPUIOHI XOJICBOH KHCIOTHI) C
UCIIOJIb30BAHUEM CIIMBAIOIIETO areHTa (ITUJICHTJIMKOIb JTUMETHIIAKpUIaTa) B MPHUCYTCTBUH
UHHUIMATOpa ToJMMepu3auun  (a30-0uc(n300yTupoHHUTpUIIa)) OBUT TIONYYEH TMOJIUMEp C
KOBAJIEHTHO CBSA3aHHOW XOJIEBOM KuUCIOTOW. WM3BieueHwe TeMmIuiata IyTeM THIPOJIN3a
NPUBOAMT K yraaneHuto 44,7 %xoneBoi KUCIOTH U3 MOJUMEPHONW MATpUIbl U 00pa30BaHUIO
yrayOJaeHui C pacloloXKeHHbIMH B HHUX KapOOKCHJIBHBIMU TIpyHIamH, CHOCOOHBIMHU
cieun(UYecku  CBSI3BIBaTh  XOJEBYIO KHUCJIOTY TIIOCPEACTBOM  BOJIOPOJHBIX  CBsI3Eil.
CopburonHass eMKOCTh (0 XOJIEBOW KHCJIOTE) CHHTE3MPOBaHHOrO mojumepa mpu 25°C
coctaBisieT 344,8MKMOIIB/T.

AHAIOTHYHBIA TOAX0a OBbLI HCIOJB30BaH B pabore [29], aBTOpBI KOTOpOW IS
MOJyYeHUs TOJUMepa C MOJEKYJISPHBIMU OTIEYaTKAMU XOJIEBOM KHCIOTBHI OCYIIECTBHIU
CIIMBKY XOJjlaTa HaTpUsi U YaCTUYHO HEUTPaTM30BAHHOIO IMOJIMAJUIMIAMMOHUN XJIOpuaa
SMUXJIOPTHAPUHOM, a 3aTeM U3BJICKIM TEMIUIAT XOJEBOM KHCIOTHI IYTeM THIPOJIU3a.
AncopOruro xoneBoil kuciaotel uzydanm npu 37 °C u3 pactBopoB ¢ pH = 6,8. braromaps
HAJIMYHUIO B MOJMMEPHON MaTpuile aMUHOrpymm (cxema 5), CIOCOOHBIX B3aMMOJICHCTBOBATH C
KapOOKCWJIBHBIMU TpPYIIaMU XOJEBOM KHCJIOTHI, MOJYYEHHBIH METOJOM MOJEKYISIPHBIX
OTIIEYATKOB TMOJMMEpP JAEMOHCTPUPYET IO OTHOUIEHHIO K XOJIEBOM KHCJIOTE BBICOKYIO
COpOIIMOHHYIO EMKOCTb, KOTOpPasi COCTABIISET 2 MMOJIB/T.
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NH,

NH

NH
NH,
NH
OH
NH,
NH
H,N

Cxema 5. CtpykTypa nojimMepa, HoJlydeHHOTO METOJIOM TEMIUIATHOTO CUHTE3a.

Co3nanue UEHTPOB aacopOLUHM, TeOMETPUYECKHE pa3Mepbl KOTOPBIX CHOCOOCTBYIOT
cs3biBaHuI0 JKK, ObIIO peann3oBaHO Takke B pe3yibTaTe BHEIPEHHUS B MOJUMEPHBIA OCTOB
makpomosiekyn  B-mmknogekcrpuna  (B-I1J) [30-32]  (cxema 6). U3BectHO,  4TO
WHIUBHUIyaIbHBIN [3-IIUKIOIEKCTPUH CIOCOOCH YMEHbBINATh PEaiCOPOIIMI0 XEHOIE30KCHX0IaTa
MIOCPEJICTBOM CBSI3BIBAHUSI W BBIIEIECHUS €ro M3 OpraHu3Ma, TeM CaMblM IIPUBOISA K
MOHW)KEHHIO YPOBHS XOJIECTEpUHA W MpeNoTBpaias ooOpa3oBanue kamued [33]. Ananms
pe3yabTaTtoB aacopoiuu coneit JKK Ha moBepxHOCTH BoOoHEpacTBOPUMBIX [B-11J[-comepskarimx
MOJUMEPHBIX  a7COPOCHTOB TO3BOJISIET YTBEP)KAATh, UYTO COYETAaHUE TI'EOMETPUYECKOIO
(axTopa, KOTOpBI BHOCAT MakpoMouieKyisl [3-11J], ¢ co3nanreM MmonoXHUTENbHO 3apsKEHHBIX
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a30TCOJEPKAIIUX [IEHTPOB AJACOPOIUU MPUBOJUT K YBEIMUYEHUIO COPOITMOHHON CIIOCOOHOCTH
MOJTUMEPHBIX MaTEPUAIIOB.
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Cxema 6. B-11/I-comeprkariue moJuMepsbl.

B pab6ore [30] Obuto moOKa3aHO, YTO MOAM(PHIMPOBAHHE THAPOKCHIBHBIX TPYIII
B-LI/I-comepxamiero  moaumepa, MOJIYYEHHOro TmyreM comoimMepmsaumuu  [-LIJI ¢
snuxyopruapuaoM, ankuwibHbiMH YATD (0,1mMoub/T monuMepa) TPUBOAUT K YBEITHUCHHUIO
aZcopOIMu XeHO/Ie30KcuXojlaTa Hatpus B 1,5pasza. M3ydeHue cpaBHUTEITBLHON ajacopOIuu
npou3BoaHbIXx JKK cBuaerenscTByer o 6osnee 3¢ (HhEeKTHBHOM M3BICUYEHUH XCHOAE30KCHXO0aTa
M0 CPAaBHEHHIO C XOJAaTOM M TJIMKOXOJIATOM HATpPHUs, YTO CBUICTEIBCTBYET O CYIIECTBEHHOMH
pOJIM COOTBETCTBUSI TE€OMETPUYECKUX PAa3MEPOB COPOCHTa W TIOJIOCTH [3-IMKIOJEKCTPUHA
[30, 31]. Koncranra ycroitunBoct komiutekca xomar—[3-11J{-comepskarumii momumep B 20 pas
MPEBBIIIACT KOHCTAHTY YCTOWYMBOCTH KOMILIEKCA X0JIaT—XoJecTupamMuH [32].

HecMoTpst Ha OrpOMHOE KOJMYECTBO MPOBEACHHBIX IN VItro u in ViVo SKCepUMEHTOB 10
nzyuenuto aacopormu KK monmuMepHbIME cOpOCHTaMU-CEKBECTPAHTAMH, JIUIIb HEKOTOPHIE U3
HUX TPOIUIA KIMHUYECKUE WCIBITAHWS W JIOMYIICHBI IJIS KCIIOJIb30BAHUS B MEIUIIUHCKUX
nensx [7, 34-37] (cxema 7).

Cucrematuveckoe W3y4YeHHE  COPOIIMOHHOW  CIIOCOOHOCTH  XOJEeCTHpaMUHA U
KOJIECTUIIONIA TI0 OTHONIICHWIO K KOHBIOTHPOBAaHHBIM U HEKOHBIOTUpOBaHHBIM KK
MPOBOIMIOCH B TeueHHe MHOTrHMX jerT [38-42]. Bbuto ycTaHOBICHO, YTO XOJECTHPAMHH II0
spdextuBHocTr m3BineueHuss KK u3 Oydepubix pactBopoB ¢ pH = 7,4 mpeBocxoauT
kostectunon [43]. [IpoBeneHubie iN VIVO UCCIIECAOBAHUS TMOHMKEHHS YPOBHS XOJIECTEPHHA C
MOMOIIbI0 COPOEHTOB-CEKBECTPAHTOB TAK)KE CBHUJCTEILCTBYIOT O OOJIBIIEM MOJOXKHUTEIHLHOM
addeKxTe B Cilydyae HCIOIb30BaHHUS XOJIECTHPaMHHA IO CPaBHEHHIO ¢ KosecTurmosiom [44].
ABTOpBI padothl [45], uzyuas ancopbumto coneir KK Ha moBepXHOCTH XOJeCTHpaMHUHA M3
BOJIHOW Cpellbl, YCTAaHOBHJIM, YTO TUTHUApPOKcHrpon3BoanHbie KK cBs3pIBatoTCS JTydine, dem
TPUTHIPOKCUIIPOU3BOAHBIE. BMecTe ¢ TeM, mocnenuue uccienoBanus [46] cBUACTENBCTBYIOT O
TOM, YTO XOJICCTUPAMUH MOMJIOMIAET iN VIVO Jinib 1—2 Y0KeTIHBIX KUCIOT OT MaKCUMATIbHOTO
KOJIMYECTBA, KOTOPOE OH MOJXKET MHorjomiars IN Vitro. Huskas copOumoHHas crocoOHOCTH
XOJIeCTUpaMUHa OOBSICHIETCS HE TOJBKO TEM, YTO OH CBS3BIBAET OTHOCHUTEIHHO HEOOJBINNE
KoJm4yecTBa TPUTHAPOKCWIBbHBIX JKK B JBEHaAaTUNIEPCTHON KUINKE, HO U CKIOHHOCTBIO K
necopbuuu XK ¢ moBepXHOCTH ancopOeHTa-CEeKBECTpaHTa B KOHIE KHUINICYHHUKA, TAC HX
KOHIICHTPAIIMsI CTAHOBUTCSI MEHbIIE Oyaromaps peaiacopOruu. KoHboraTel IUTHIPOKCHIBHBIX
KK necopOupyloTCsi OTHOCHTENBHO MEIUICHHO C TIOBEPXHOCTH XojecTupamuHa. Huskoe
CPOJICTBO TIO OTHOIICHHIO K TaypOXOJEBOH M TIMKOXOJEBOW KHCIOTaM, a TaKXKE BBICOKHE
CKOPOCTH JUCCOLMAIMU WX KOMIUIEKCOB TPUBOAIT K TOMY, YTO HAOMIOJAETCS JIUIIb
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HeOosbIoe YMEHbIIEHHE KonuyecTBa TpuruapokcmibHeix KK u ux Bo3BpamieHue B
[IOPTAJIbHYIO KPOBb.
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Cxema 7. XUMHYECKOE CTPOCHHE MTOJIMMEPHBIX COPOEHTOB-CEKBECTPAHTOB, MPUMEHIEMBIX B
MEJIULIMHCKOU MPAKTHKE.

Konectumun u kojeceBuiIaMa ruipoXJI0pu]] OTHOCITCA K copoeHTam-cexkBecTpanTam KK
HOBOTO TIOKOJICHHUS, TMPEBOCXO/SIIIUM IO COPOIIMOHHBIM MMapamMeTpaM XOJICCTUPAMUH |
kosectunion. KojecTuMua mpeacTaBiisieT COOOH SMOKCHAHBIA MOJUMEP C HMHUAA30JIbHBIMH
GYHKIMOHATBHBIMA ~ TPYIIIAMH, MaKCUMajlbHas COPOIMOHHAS EeMKOCTh KOTOPOTo IO
OTHOIICHHUIO K XOJaTy M Je30Kcuxojary in vitro cocraBmser 5,38 u 5,86Mmons/r (mms
xosnectupamuna — 3,83 u  2,92mmoinns/r) coorBercTBeHHO [35]. Bbicokas 3¢ (heKkTHBHOCTH
n3BieueHns coieil JKK xoiecTuMuIoM o0bSICHIETCA 3HAUYNTEIFHOH HOHOOOMEHHON EMKOCTBIO
(4,9MMOB/T) U XOPOIIMMH KHHETHYECKUMH MapaMeTpaMy copOLUK. YHHUKaIbHAs CTPYKTypa
MOJMMEPHOTO OCTOBA KOJIECEBWJIaMa THAPOXJIOPHIA, COICPIKAIIEr0 MHOTOYHUCICHHBIC
ruapodoOHble  OOKOBBIE  ILIEMOYKH, COTJIACHO  pe3ysibTaraM  IOJy4eHHBIM N Vitro,
00yCJIOBIIMBAET BBICOKOE CPOJICTBO ancopOeHTa mo otHomeHuio K KK u m3buparenbHOCTh
copOuuu [36, 37].

Cpenu HEJIOCTATKOB IO/IaBJISIFOIIIETO OOJIBIINHCTBA MOJMMEPHBIX
COpPOCHTOB-CEKBECTPAHTOB CIIEyeT OTMETUTh HU3KYIO CEICKTUBHOCTH MO OTHOIeHHI0 K KK
(ocobeHHO € Tpems THAPOKCHJIBHBIMH TPYIIaMU), HEBBICOKYIO CTaOMIBHOCTh KOMILICKCA
NOJMMEP—KeIYHas KHCJIOTa, CIIOCOOHOCTh CBSI3bIBaTh TAaK)KE AaHUOHHBIC JIEKApCTBa,
BUTaMUHBI, coiu. I[lo3TOMy [UIs JOCTHXKEHHUS CTOMKOro TepameBTHueckoro sddexra

305



HeoOXoauMo mpuHUMaTh Oonbmre a03b1 (1o 30r/cyT) 3THX amcOpOCHTOB, 4YTO, B CBOKO
ouepeib, IPUBOAUT K TPOOIIeMaM C MUIICBAPCHUEM.

s perynupoBanus conepxkanusi XKK B opranu3me myTeM BBIBEACHHS WX U3 OpraHU3Ma
W TPEKPAIICHUsT SHTEPOrenaTndecKOd NUPKYISIIHA HCIIONB3YIOTCS, TTOMHUMO ITOJIMMEPHBIX
MOHOOOMEHHBIX COpPOEHTOB, TaKXKe NPUPOAHbIC NHIIEBBIC BOJIOKHA, YHTEPOCOPOEHTHI Ha
OCHOBE XHMTO3aHa, yIJIEPOIHbBIE aJICOPOCHTHI.

[Tpu u3yuenuu aacopOUMU UCCIeTOBATENN MPHUIILTH K BRIBOIY, YTO YeM 0oJiee MOJIIPHOM
spisietcs JKK, TeM MeHbIe ee CpoJACTBO K MHUIIEBBIM BoiokHam [47]. Tak, in vitro 6su10
YCTaHOBJIEHO, YTO JUTHHUH JIEMOHCTPUPYET OONBIIYI0 AKTHUBHOCTH IO OTHOIIEHUIO K
cBoboaabpiM JKK, yeM k KoHBIOTHpOBaHHBIM. B paborte [48] mokazaHo, YTO IEUTIOJIO3HBIC
MaTepuaabl W TIOPOMIOK JPEBECHHBI MPOSBISAIOT Clladble COPOIMOHHBIE CBOMCTBA IIO
OTHOIIICHHIO K XOJIaTy HATpus (BelnnuuHa agcopOuuu cocrasiser 7—13 Mkmoss/T). Mcxons us3
TOTO, 4TO JApeBecrHa ocuHBI comepxut 20 % nurHuHa, a cOpOIMOHHAs €MKOCTh JUTHHUHA B
4-5 pa3 npeBbIacT COPOIMOHHYI0 EMKOCTh IPEBECHHBI OCUHBI, aBTOPBI padoThl [48] nenarot
BBIBOJI, YTO OCHOBHBIMH IIeHTpamu aacopOrmu KK Ha mOBEpXHOCTH APEBECHUHBI SIBIISIOTCS
JUTHUHOBBIC BOJIOKHA. 3BNIeUeHNEe ETUTFOIO3EI U JIPYTUX CaXapu0B U3 JTUTHUHA MPUBOIUT K
yBEIWYEHHUIO ajcopOimu xojata Harpusa. [lockonbky amcop6uus KK w3 pactBopa c
KOHIICHTpalMeil MOUYCBUHBI 6 MOJIB/JT HE MPOUCXOIUT, TO cBsi3biBaHue KK JTUTHUHOM MMeeT
ruapodoOuelii  xapakrep [47]. Knumnudeckwe wucnbitanus [49] mpoaeMOHCTpHpOBAIU
11e1eco00pa3HOCTh HWCIONB30BaHUS JINTHUHA TPU TUrepiunonporenHemun. OmHako Oblna
nokazana Hed()(HeKTUBHOCTH JIMTHWHA B Ipoliecce copOuuu koHprorupoBanHbix JKK in vivo
[50] u orcyrcTBUE dddekTa mpu JIeueHUH 3y/a, BEI3BAHHOTO H30BITOYHBIM cojepxkanuem JKK
B opranusme [51]. Bel1o ycTaHOBIIEHO, YTO MHINEBBIC BOJIOKHA (IEKTHH, IEIUTIOI03a, JINTHHH)
OKa3bIBAIOT paznuyHoe BiusHue Ha Mmertabonusm JKK, He mpuBoas B TeueHue 4 Henelb K
CYIIECTBEHHBIM HM3MCHEHHUSIM B COCTaBE IKEIYM, TPEABAPUTEIHHO HE OO0OTaleHHOH
xosnectepuHoM [52]. [lumieBbie BOJIOKHA, OE3yCIOBHO, HAILIM IIMPOKOE IMPUMEHEHHE B
MEIUIIMHCKOW TmpakThke. Bmecte ¢ Tem, Hu3kas 3¢dextuBHOCTs, wu3BieueHus KK wu
MEJIJICHHOE YCTaHOBJIeHUE paBHOBecHs (okosio 17 4) [47] nenaroT ux mManodheKTUBHBIMU TPU
peleHnn mpooIIeM, CBA3aHHBIX ¢ N30BITOYHBIM coepkanueM JKK B opranuzme.

Ha ceropssimHuii JeHh TPEUIOKEHO HECKOJIbKO Mexanm3mMoB copobuun KK Ha
noBepxHocTd xutTo3aHa [53]. Hawmbomee 00OCHOBAaHHBIMH SIBJISIOTCS IPEACTABICHHS,
Oasupyromnecss Ha BO3MOXKHOCTH BO3HHKHOBEHHS DSJIEKTPOCTATHYECKHX B3aMMOJCHCTBHIA
mojiekya KK ¢ mprcyTCTBYIOIIMMHU Ha MOBEPXHOCTH XHMTO3aHa amuHOrpymnmnamu (Cxema 8) u
crocoOHOCTH XUTO3aHa cBs3bIBaTh JKK BeieacTBre 00pa3oBaHusi HEPACTBOPUMBIX couieit [54].
CoracHo pesynbTaTaM, MPeACTaBICHHBIM B pabote [55], comepkanue Taypoxosara HaTpus,
aJIcOpOMPOBAHHOTO Ha MOBEPXHOCTH XHWTO3aHA U3 arerarHoro Oydepa ¢ pH = 3 mpu 30 °C,
coctasisieT 0,004mons/r. Ipucyrcrue comu (0—150mons/n NaCl) ymenbiaeT KpuTHYECKYTO
KOHIICHTPALIMIO MUIIEIUIO00Pa30BaHMsI M YBEIMYMBACT MHHHMAJIbHYIO KOHIICHTPAIUIO
TaypoxoJiata HaTpus, HEOOXOUMYIO JJIsl CBS3BIBAHUSI XUTO3aHOM, HO MTPAKTUYECKH HE BIUSET
Ha konuyectBO conu JKK, koTopoe copbupyercs mnpu HackimeHuu. ccnenoBanus,
MPOBEJICHHBICE B YCIOBUSX, ONM3KHX K CYIIECTBYIOIIUM B YEIOBEYECKOM OpTaHU3ME
(pH = 2-xenymok, pH = 6,4- nBenaanatunepcruas kuimka, pH=7,0-7,6— TOHKHI
KUIICYHUK, Temmnepatypa 37 °C), moAaTBepaAwIM mpoTekaHue aacopOumu coneir KK Ha
MOBEPXHOCTH XUTO3aHa BO BceM m3ydeHHOM nuamna3zone pH [56]. Ancop6ums coxerr KK
coctaBisiza oT 60 10 91 %B 3aBucumoctu ot pH cpenpr (1 xuTo3ana criocodbeH copOUpoOBaTh
10 3T COJNH JKEIYHOW KHUCIOTHI), a HauOOJIbIIAs CKOPOCTh W3BJIICUCHUs HaO0Janach IMpH
pH =7. CormacHo wHcClIeIOBaHUAM, TPOBEACHHBIM INVIVO [57], yBenuueHue 03Bl
MOTPeOIIIEMOT0 XUTO3aHA HE BIUSET Ha oOlee KOJIMYECTBO BHIBOAMMBIX U3 opraHusma KK,
HO HW3MEHSET WX COCTaB. AKCKPEUHWs JIMTOXOJEBOW KHCIOTHI CYIIECTBEHHO BO3pACTacT,
YBEJIMUMBACTCSl BBIJCIICHUE JI€30KCHXOJIEBOM KHCIOTHI, & KOJIUYECTBO XEHOJE30KCHXOJIEBOM
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KHUCJIOTBHl YMEHbIIAeTCsl. ABTOPBI pabOThl OOBACHSIOT TakoW 3((eKT BIUSHHEM XUTO3aHA Ha
metabonu3M JKK B kuiedHuke.

OH
H OH H
HO HO
HO - L —O
NH ~0
e !
o@ cn, |  Hou

Cxema 8. CTpykTypa XHTO3aHa.

B pesynbrare nccnenoBanus aacopomuu coseid JKK Ha MOBEpXHOCTH aKTHBUPOBAHHBIX
yrie#t in vitro B auanaszone pH ot 7 10 9 ObUIO yCTaHOBIEHO, YTO aKTHBUPOBAHHBIA YroOJb
nosHocThi0 m3BiekaeT JKK w3 pactBopoB ¢ KoHmenrpamueit 5mmons/n [58]. Tlpupona
MOBEPXHOCTU YTJIEPOAHBIX COPOCHTOB (AKTMBHPOBAHHBIA Yyrojib, IPAaHYJIMPOBAHHBINA YroJjb,
rpaduT, yrieBOJIOKHHCTBIC MaTepHalbl) CYIIECTBEHHO BiuseT Ha cpoactBo k KK. Tak, mis
AKTUBUPOBAHHOTO YISt BEJIMYMHA agcopOIuu YMEHBIIIAeTCsI B pany
YPCOJE30KCUXO0JIAT > XCHOAE30KCUX0IaT > e30Kcuxonat > xomar  [59], mms  rpadura
OpPOCIECKUBACTCA  Jpyras  3aBUCHMOCTb.  JIC30KCHXOJIAT > XCHOAE30KCHUXO0JaT > X0jaT >
ypcoaezokcuxomnar [60]. Knunudeckne UCIBITaHKS TTOKA3bIBAIOT, YTO AaKTUBUPOBAHHBIN YTOJIb
CIOCOOCTBYET MpEKpaIeHUIO 3HTeporenatnyeckoi mupkymnsauuu JXKK Beiencrsue BhIBeIEeHUS
ux u3 opranusma [61] m cmocoben moHmkaTh ypoBeHb JKK B chiBopoTke KpoBu [62].
HecMoTpss Ha NpOAEMOHCTPHUPOBAHHYIO IN VItrO BBICOKYIO cOpOLMOHHYIO 3(deKkTHBHOCTD
YTJIEPOJIHBIX COPOEHTOB MO OTHOMIEHUIO K coisiM KK, oTcyTcTBHE M30MpaTeTbHON cOpOu 1
HEO0XOAUMOCTh YIOTpeOIeHHUs OONBIINX KOIMYECTB YIIIEPOAHOTO cOpOeHTa A JOCTHKEHUS
TepaneBTHUecKoro 3pdexra orpaHMYMBaeT MX HCIOJIb30BAaHUE B IPOIIECCAX PEryIHMpOBaHUS
conepskanus JKK B yemoBeueckoM opraHusMe.

Takum oOpa3om, u3 Bcero MHoOrooOpasusi aJCOpOCHTOB OCHOBHOE BHHMAaHHUE
uCclieioBaTeNel mpu pemeHnu npobdiaemsl perynupoBanus coxepxkanus KK B opranuzme
COCpPEIOTOYEHO Ha TMOJHUMEPHBIX ajcopOeHTax. OgHAKO, KaK HW3BECTHO, IOJIMMEpPHBIE
OpraHUYECKHE MaTEpHUaIbl UMEIOT LEIbI sl HEAOCTATKOB, HAPUMED, HA0YXaHHE CTPYKTYPHI
IIPU KOHTAKTE C paCTBOpPaMH, MEIJICHHOE YCTAHOBJICHHE aJICOPOIIMOHHOTO paBHOBECHS, HU3KAas
XUMHAYECKass M TEpMHUYECKas YCTOWYMBOCTb, CKJIOHHOCTh K OKHUCIHMTEIBHON IeCTPYKLIUU
[63, 64].

ATNBTEpHATUBON OpraHMYECKUM TOJUMEPHBIM aJCOPOSHTaM-CEeKBECTPAHTaM MOTYT OBITh
afacopOeHTBl ¢ HeHaOyXawmied CTPYKTypoH, Hampumep, amMop(HBI  HEMOPUCTHINA
BBICOKOJIMCIIEPCHBIN KpEeMHe3eM, KOTOPBIii MMEET BBICOKYIO XMMHYECKYIO0, TEPMHUYECKYI0O U
MUKpPOOHUOJIOTMYECKYI0 YCTOMYMBOCTH, HE HaOyXaeT 0pH KOHTaKT€ C pacTBOpaMu H
OMoJIOTUUEeCKUMHU  cpepaMu. PesynbraThl m3ydenus azacopomuu KK Ha moBepxHOCTH
THJIPOKCHUIIMPOBAHHOTO BRICOKOIUCIIEPCHOTO KpEMHE3eMa B 3aBUCUMOCTH 0T pH paBHOBECHOTO
pactBopa [65] CBHIETEIBCTBYIOT O TOM, YTO B KHCIIOM obiactu aacopoims KK Bospacraer ¢
yBeJIMYEeHUEM TUAPO(HOOHOCTH M YMEHBIIEHNEM KOHCTaHThI KucinoTHON nonmuzanuu JKK. Ipu
pH>7 okemuHble KHUCIOTHI MPaKTUYECKH HE aACOpPOMPYIOTCS Ha  TOBEPXHOCTH
THJIPOKCHUIIMPOBAHHOT'O KPEMHE3EMa, YTO, OUE€BUHO, O0YCIOBICHO B3aUMHBIM OTTAIIKMBAHUEM
JUCCOLMUPOBAHHBIX CUJIAHOJBHBIX TPYII TOBEPXHOCTH KpemHedema u aHUOHOB KK,
MPUCYTCTBYIOIUX B pacTBope. Takum oOpa3om, pe3yibTarsl u3ydenus aacopoOuuu XK Ha
MOBEPXHOCTH THIPOKCHIMPOBAHHOIO BBICOKOAUCIIEPCHOTO KpeMHe3eMa IN Vitro  4eTko
JIEMOHCTPHPYIOT HecoBmaaeHue nuanasoHa pH, B koropom ancopOrus KK mpoucxonut
HaubOosee 3ppekTuBHO, ¢ qUana3oHoM pH TOHKOTO KHIIIEYHUKA, UMEIOIIETO IISIOYHYIO CPEy.
Tem He MeHee, BBICOKOAMCIIEPCHBIM KPEMHE3EM C YCIEXOM IIPUMEHSIETCS B KIMHHYECKOU
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NPaKTUKE Kak SHTEpocopOeHT [66-69], B ToM wumciae u mpu 3a00NieBaHUSAX IICYCHH,
conpoBoxaaroniuxcs HapymenueMm oomena JXKK. CymectBennsle otauuus B afacoporuu KK
Ha MOBEPXHOCTH aMOP(HOT0 BUCOKOAUCIIEPCHOTO KpeMHe3eMa iN VItro u3 BOJHBIX paCTBOPOB
1 iN VIVO CBs3aHbI CO CIMIOCOOHOCTBIO JTUOKCHIA KpeMHus ajcopoupoBars KK B opranusme B
BUJC MHIIC/UIAPHBIX KOMIUIEKCOB ¢ ¢ochomunuaamu u Oenkamu [66]. B pesynabrare
MPOBEICHHBIX IN VItr0 uccnenoBanuii ObLIO YCTAHOBIICHO, YTO MOJIEKYJIbl OenkoB 1 JKK mMoryT
aJIcopOMPOBATHCS Ha MOBEPXHOCTH KpeMHe3eMa mocienoBateibuo [70] uim o1HOBPEMEHHO B
Buze komiuiekcoB KK ¢ Oenkamu, KOTOpbIE IpeaBapUTENLHO 00pa30BATUCh B OMOIOTHYECKUX
XKHUIKoCTax [71, 72]. AncopOiiust Ha TOBEPXHOCTH KpeMHe3eMa Oelika, COIepIKaIlero B CBoei
CTPYKType JOHOpPHBIE TpyHmbl W THUAPO(OOHBIE pagUKanbl, MPUBOAUT K YBEIHUCHUIO
aacop6iumn XK.

[ToBeimeHUsT CPOACTBA KpeMHE3eMa 1Mo oTHoIIeHUI0 K JKK MOXHO AOCTHYB B pe3yibTaTe
L[E€JICHANIPABICHHOTO KOHCTPYMPOBAHUS aJCOPOLMOHHBIX ILIEHTPOB IYTEM XUMHUYECKOTO
MOAU(DHUIIMPOBAHUS  €r0  TOBEPXHOCTH  JOHOPHBIMH  OPTaHUYECKUMHU  TPYIIIAMH |
ruapooOHBIMU pagMKalaMH. JTOT MOAX0A ObUT peanu3oBaH B padotax [70, 73-76], aBTOpbI
KOTOPHIX  OCYIIECTBWJIM  MOIU(DUIIMPOBAHHE  TIOBEPXHOCTH  KpEeMHE3eMa  TaKUMH
a30TCOACPKAIUMHA OPTaHUYECKUMH COCTHHEHHSIMH, KakK (3-aMHHOIPOIMII)TPUITOKCUCHIIAH,
umuaazon u nonu(l-suHmin-2-nupponuaon) (Cxema 9). Bbulo yCTaHOBJIEHO, YTO BEIUYMHA
yaenbHOU ancopbuuu KK Bo3pacTaeT mpu yBEIMYEHHMHM OCHOBHOCTH a30TCOJEPIKAIIETO
OPraHMYECKOTO  COCAMHECHHS, HWMMOOWIM30BAaHHOTO HA IOBEPXHOCTH KpeMHe3eMa:
BUHUJIUPPOIUAOIbHBIE TPYNIbl < UMHIa30JbHbIE TPYMIBI < AMUHONPONUIbHBIE TPYIIIHI.
Onnako ¢ yBennuenueMm pH paBHOBecHBIX pacTBOpoB anacop6is KK ymensmaercs [73-75],
9TO OOBICHSETCS HAKOIUICHHEM OTPHUIATeNILHOTO 3apsga Ha TOBEPXHOCTH KpEMHE3eMa B
pe3ynbTaTe AMCCOLHMAIMKY CUJIAHOJIBHBIX TPYIII, a TAK)KE YBEJIMYEHUEM COJEpP’KaHUS aHMOHOB
KK B pactBope. Ancopbuus XK Ha MOBEpXHOCTH WMHUAA30IMIKpPEMHE3eMa HaOI0aaeTcs
naxxe npu pH > 3,5, xorma UMUAA30JbHBIE TPYIIBl HAXOASTCA B HEMPOTOHHPOBAHHOM
COCTOSIHMM, YTO CBSI3aHO C YBEJIMYEHHEM TUIPO(GOOHOCTH TMOBEPXHOCTH KpEMHE3eMa B
pe3yJIbTaTeé XHUMHUYECKOIO0 3aKpEIUICHUs HMMUJa30Jia. BBeaeHne B TOBEPXHOCTHBIM CIIOU
KpeMHe3eMa  a30TcojiepKalux  (YHKIUOHAJIBHBIX  TPYII  U3MEHSET  COPOLMOHHYIO
CHEM(PUIHOCTh THIPOKCHIMPOBAHHOTO KpeMHesema 1o oTHomeHuio k JKK. Bxuaa
JTUCTIEPCUOHHBIX B3auMojieicTBUi B ancopOimio KK pacrer, 4To mposBisieTcs B yBEIMUYCHUH
azicopOIIMu BO BCEM HM3ydeHHOM MHTepBajie pH. YMeHbIIeHne ruapouiIbHOCTH TOBEPXHOCTH
IMOKCHIa KpEMHUS BCJIE/ICTBHE MOAU(PUIHPOBAHUS OpraHUYECKUMHU u
KPEMHUHOPTaHUYECKUMU COCTUHEHUSIMU CIIOCOOCTBYET BO3pacTaHUIO aacopOuuu Oomee
ruapodooHsx XKK. Onpenensronuii BKi1ax B acopOIIUI0 OCYIIECTBIISIIOT JJIEKTPOCTATUUECKHE
B3aMIMOJICHCTBUS OTPHUIATEIHHO 3apsiKeHHBIX aHHOHOB JKK ¢ MOMOXHUTENhHO 3apsKeHHBIMHU
LEHTPAMU MOBEPXHOCTH MOAUPUIIMPOBAHHBIX KpeMHe3eMoB. OJIHAKO MOJIOKUTEIbHBINA 3aps
MOBEPXHOCTH MOAU(PUITMPOBAHHBIX KPEMHE3EMOB HE SIBISICTCS TIOCTOSIHHBIM U YMEHBIIIACTCS C
poctoMm pH, uto otobpaskaeTcst B ymenbienuu agcopouuu KK B memounoii cpene [73—76].

Takum  oOpa3oM,  mepexoa  OT  TUAPOKCHIMPOBAHHOTO  KpeMHe3eMa K
OpraHoKpeMHe3eMaM, KOTOpPhIE CO/IepKAT B CBOEH CTPYKType CIOCOOHBIE K MPOTOHUPOBAHUIO
a30TCOJepXKAIUe OPraHWYeCKUe TPYIIbI, TPUBOJUT K BO3PACTAHUIO aacopomuu
pacmmpenuto natepsaia pH, B kotopom Habmogaercs ussneuenue JKK. Onnako ¢ poctom pH
paBHOBecHOTO pactBopa aacopbuus KK ymensmaercs. M36exars 3Toi mpoOieMbl, O4EBHIHO,
MOKHO MyTeM MOJIU(UIIMPOBAHUS MOBEPXHOCTH KpEMHE3eMa OpraHMYEeCKHMMH pPaguKajamH,
COJIEPKAIIMH B CBOEH CTPYKTYpE YeTBEPTHUHBIC AMMOHUEBBIC TPYIITIHI.

B OonpmmHCTBE paboT, MOCBAMIEHHBIX XHMHYeCKoW uMMoOmnmm3anuu YAIT Ha
MOBEPXHOCTU KpeMHe3eMa, onuchiBaeTcsi BBeAeHUEe YAI B MOBEPXHOCTHBIM CIIOW HOCUTENS
KaK pe3ylabTaT IOCIeA0BaTeabHBIX (MHOTOCTAAUNHBIX) XHUMHYCCKHX peakuuid [77-91].
OpnocraauiiHoe 3akperuieHne YAIT B NMOBEpPXHOCTHOM CJIO€ IHUOKCUAA KPEMHHUS SIBIIAETCA

308



MeHee pacripocTpaneHHbIM [80, 91], MOCKONBKY AJis €ro pean3alid HeOOXOIUM CIIOMXKHBIN
cunre3 YAI'-coaepxkammx cuiaHoB. [lonydeHne xumudecku 3akperieHHbIx YAIT metomom
cOOpKM mTpeirnonaraeT TMPOBEACHHE B TIOBEPXHOCTHOM CIIO€ KpEeMHE3eMa peaKIlHid
KBaTepHU3ALNN WA UMMOOMIN3AIUI0 OPIraHUYECKUX COEIMHEHUHN, KOTOphIE YKe COolepKaT B
cBoel cTpykTrype YAI' — ueTBEpTUUHBIX aMMOHHUEBBIX COJIEH.

I\lIHz TTIHz I\|IH2
s 8 8
| | !
A
/Sli\ /Sli\ /Sli\ %O %@ %O
0 o O N N N
N L L L
1 an jus) an
AT | S
AMHHonpOHHnerMHe3eM (:)“ L:‘: (:)“
. | ! |
—Si—O0—Si—(CHy;— — Qi— N
V% Si —Si —Si—
~ O \( \( \_/ | |
o ]
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SO S (Cl) A AN AN
o) o] o 0
— Y Y \—/ N
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N e \< / \ /\
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- s Y Y \ / e oNH( 1 BUHUIT 2 TUPPOIHIOH)
TTonMBUHUATIUPPOTUANUIKPEMHESEM

I/IMI/I,I[aBOJ'II/IJ'IerMHCSGM

Cxema 9. CTpoeHHE  TIOBEPXHOCTHOTO  CJIOSI ~ KPEMHE3€MOB,  MOAM(PHUIHMPOBAHHBIX
a30TCcoAepKAMH (GYHKIIMOHATBHBIMH TPYIITaMH.

JIJIsT OCYIIECTBIICHUST PEAKIMK KBaTCPHU3AMUHA OOBIYHO HCIOJIB3YIOT B3aMMOJICHCTBHE
erMHeBeMa, MOI[I/I(bI/II_II/IpOBaHHOI‘O TaJIOTCHAJIKUJIbHBIMHA I‘pyr[l'[aMI/I, C TpeTI/I‘IHBIMI/I aMHMHaMH
[77-81, 84, 8691] miu B3auMociiCTBHE aMHHOOPTaHOKPEMHE3EMOB C HOJUCTHIM METHIOM

[82, 85].
B kauecTBe KBaTEpHU3UPYIOMIMX areéHTOB HCIOJB3YIOT KaK JUIMHHOIICTIOYEUHBIC, TaK W
KOPOTKOLIEIOYEUHbIE TPETUYHBIE aAMUHBI. HyxneodpunsHoe MPUCOEANHEHHE

amuHHOenoYeuHbIX N,N-TUMeTHII-H-aIKHIaMHHOB K XJIOPOPTaHOKPEMHE3EMY, MOJTYyICHHOMY
B pe3yJbTaTe B3aMMOJCHCTBHUS MOJMCHIOKCAHOBOTO TMOKPBITHS MHUPOTCHHOTO KpeMHe3eMa ¢
n-XJIOPMETHIICTHPOJIOM, OIIKCaHO B pabore [77]:

CHj3 CH3
Sio> di-n + \_@_\—> e s|—<:H2 CH; CI
@ aHeTOHHTpHTI
Sio, S' CHz CH; + CpHamuaN(CHg)y =
65°C, 164
CH3
9 Si—CHs— CHr@‘CHz +(CH3)2CmH2m+1C|

=4-18

KonnuecTBo XMMHYECKN 3aKpEIUIEHHBIX Ha MOBEpXHOCTU KpeMHezeMa YAI' cocrasisier
or 0,059 no 0,080mMMmoB/T (1,09—1,48«[I<M0JIL/M2), B 3aBHCUMOCTH OT UIMHBI AJIKWIBHOU
LIENOYKH TPETUUHOT0 aMHHa. bonee Bbicokuil BbIXoa NpuBUTHIX YAI' B ciydae HCTIONb30BaHUS
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JUTMHHOLIEIOYEYHBIX TPETUYHBIX aMUHOB, IO MHEHHUIO aBTOPOB [77], 00yCIIOBIIEH MX OOJIBIINM
CPOJCTBOM K THAPO(HOOHOMY MOKPBHITHIO XJIOPOPTraHOKPEMHE3EMa.

3HauuTENbHON cTeneHn npuBUBKUM YAI' MOKHO JOCTHYB B pE3ysIbTaTe B3aUMOACUCTBHUS
raJIOreHAIKUIKPEMHE3EMOB C apOMAaTUYECKUMU TPETUYHBIMU aMuHaMu. MoauduiupoBaHue
XJIOPOTIPOITMIIKpEMHE3eMa METHIT U OYTHIIIIPOM3BOIHBIMU MMH/1a30J1a TIO3BOJISIET 3aKPEMHUTh HA
noBepxHoctd kKpemuesema 0,182 u 0,156mmons/r (0,72 u 0,61MKMOJ‘IB/M2) YAT
cootBeTcTBeHHO [91]:

aAIlCTOHUTPHJT (o
1 J N"RINCHY | /SN
=Si0—Si—(CH,);Cl+ N —= =S O0—Si—(CHp)s— N R
\ = 90°C, 6u \ _—
R = CH3, C4H9

B3anMoneiicTBre XJIOPONIPONMIIKPpEMHE3eMa C OCH3WIUMETHIAMMOHHAEM TPHBOIUT K
UMMOOHMIIM3AIMK B TOBEPXHOCTHOM cjoe cuimkarens YAI, KOHIEHTpamus KOTOPBIX
cocraBmser  0,6mmons/r  [78].  Hcmosnp3oBanume  Oojee  PEaKIMOHHOCITOCOOHBIX
HOIOTIPONTMIIBHBIX TPYIIN TO3BOJMIO aBTopaM paboThl [79] moBbicuTh 3((HEKTUBHOCTH

mpolecca KBaTepHU3AIMH
MCTHII-

‘CH3 STHIKETOH ‘CH3
ESFGS‘F(CH2)3CI + Nal— ESFO*%i*(CHZ)gl +NaCl
CHs
HN(CH),
CHg CH;, CHs;
) | aleToH I ‘
ESroff;I*(CHz)al + — SFOSi(CHZ)rN’TCH@
CHg CHs CH,

bnaromapst 3amemieHHI0 aTOMOB XJOpa Ha WOJA, MaKCHMAaJIbHOE KOJMYECTBO XUMHUYECKU
saxpemeHHsx YAT cocrasmno 1,13mmonb/r (2,6 MKMOITB/MY).

[TockonbKy peaknuio KBaTepHH3AIWU OOBIYHO TPOBOIST B PAacTBOpax, TO YCIOBHS €€
MIPOBEJICHUSI HAXOJSATCS B HEMOCPEICTBEHHOW 3aBUCHUMOCTH OT JIETY4eCTH aMuHa. Bricokas
JIETY4eCTh KOPOTKOIICTIOUEUHBIX TPETUYHBIX aMHHOB, 10 CPABHEHUIO C JITMHHOICTIOYCYHBIMH,
3HAYUTEIBHO YCJIOXHSET OCYIIECTBICHHE pEaklUd KBAaTEPHU3AUWKW HA TIOBEPXHOCTHU
KpEMHE3eMa W OTPaHWYHMBACT WX KCIIOJF30BAaHHE B KAYECTBE KBATCPHU3UPYIOIIMX arcHTOB.
[TompITKM  ONTUMM3AIMHM  YCIOBHH  pEaKIMU IYTEM BApbUPOBAHHS  TEMIIEPATYpPhI
KBaTepHU3aIUU TmpeacTaBicHsl B pabore [80]. Hambombllee KOIMYECTBO XUMHUECKH
3aKpeIJICHHBIX Ha TMOBEpXHOCTH KpemMHesema YAIT Obut0 monydeHO B pe3ylbTaTe
B3aUMOJICHCTBUS HomonponmikpeMae3eMa ¢ 25 % pacTBOpOM TPUAITHIIAMHHA B METAHOJIE TIPH
34°C u cocrasuio 0,091mmons/r (0,52MrM0I6/M7):

ESi—O—|Si—(CH2)3I + N(CHg)g —> ESi—O—T»i—(CFb)sNYCHs)sl‘

ABtopsl pabotel [78] obOpaiiailoT BHHMaHHE Ha HH3KYI0 aHHOHOOOMCHHYIO EMKOCTh
OpraHOKpEeMHE3eMa, MOJYICHHOTO B PE3YNIbTaTe B3aUMOICHCTBHUS XJIOPOIPOMIIKPEMHE3EMA C
TPUATUIIAMUHOM B JuokcaHe. OpHako B paboTe HE YKa3bIBAeTCs COACpP)KAaHUE XUMUYECKU
3akperieHHBIX YA W He paccMaTpuBalOTCS TPUYMHBI HU3KOTO BBIXOAA PEAKIUU
KBaTepHu3aluuu. J[muTenbHOe, MHOTOKpAaTHOE MOAM(DHUIMPOBAHHE XJIOPOIPOMNUIKPEMHE3EMa
TPUATHWIAMHHOM B pa3iM4YHbIX Ccpefax (aleToH, BOJa—aIlEeTOH, 3TaHOJ) W IMIUPOKOM
TEMIIEPaTypHOM HWHTEpBaje, peaiu3oBaHHOe apropamu [91], Takke HMENO CIEACTBUEM
3aKperyiecHue B TOBEPXHOCTHOM  CII0O€  KpeMHe3emMa  HeOOJbIIMX  KOJIWYECTB
IPOIIIITPUTHIAMMOHHI XJIOpHAHBIX rpyr — 0,07 7mmos/t (0,28 Mxmons/M?).

TakuM 00Opa3oM, UCHOIH30BAHUE KOPOTKOLCTIOUEYHBIX TPETHUYHBIX aMHHOB B KayeCTBE
KBaTEPHU3UPYIOIIMX areHTOB BeAeT K oOpazoBanuio YAI-comepkammx KpEeMHE3EMOB C
HU3KOM KOHIIEHTpanuel (yHKIIMOHATBHBIX Tpymi. OCyIEeCTBICHHE PEaKIIUU KBaTEPHU3AIUHU B
napoBoil (pase 6e3 pacTBOpUTEINS MO3BOJISIET CYIIECTBEHHO YIPOCTUTH YCIOBUS SKCIIEPUMEHTA
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U PaCHIMPHUTh TEMIEpPaTypHbIM MHTEpBaJ HMCCIECIOBAHUSA, TaK KaK HCYE3aeT HEOOXOIUMOCTh
MPOBE/ICHUS] PEAaKIUU TPU HU3KUX TeMIieparypax. Takoi moaxoj ObUT pealin30BaH aBTOpPaMHU
pa6or [81, 86-90] ¢ nenpro MoaudupoBaHus moBepxHocTH KpemHesema YAIL B pesynbrare
KOHTAKTa TaJOreHAIKWIKPEMHE3EMOB C ITapaMU KOPOTKOLETIOYEYHBIX TPETUUHBIX AMUHOB.
Peakmust kBaTepHHU3AIMH MEXY TaJOTCHATKWIKPEMHE3eMaMy U TIapaMH TPHUATHIIAMHHA
Obula OCYIIECTBJICHA C BBICOKMM BBIXOJIOM XHMHYECKH 3aKPEIUICHHBIX Ha TOBEPXHOCTHU
kpemHe3eMa YAI kak mpu MOBBIIEHHOM [aBJICHWW MapoB MoJu(HUKAaTOpa C ydacTHEM
XJIOPOAJKWIKpEMHE3eMa, TaKk M B MATKHX YCIOBUSIX C HCIOJb30BaHUEM Ooiee
PEaKIMOHHOCIIOCOOHBIX HomoankuakpeMuesemMoB [86—90]. beuto ycraHOBIIEHO, YTO CTEIEHD
KBAaTEPHU3ALMU  XJOPONPOMMIBHBIX TPYNI KpEeMHEe3eMa YBEIMYMBACTCS C  POCTOM
TEMIIEPaTypbl W JUIMTEILHOCTH peakiik B aBTokiaBe [87]. MakcumanbHOE CojepKaHue
XUMAYECKH  3aKpeIUICHHBIX B IIOBEPXHOCTHOM  CJIO€  XJIOPOHPOMHIKPEMHE3eMa
MPONIITPUITHIAMMOHHIA XJIOPUIHBIX TPYII JOCTHTACTCS B PE3yJIbTaTe MPOBEICHUS PEaKIIUU
HYKJICOQHIBHOTO NpHcoeauHeHus TpudTwiamuaa npu 150°C B TeyeHue Su (paBHOBECHOE
JaBJICHHUE TTapoB Moaudukaropa 4,5@10° I1a) u cocraBnser 0,30MmoIB/T (1,OMKM0HL/M2):

ESi—O—Sli— (CH2)3Cl + N(CoHg)z™ ESi—O_|Si—(CH2)3N+(C2H5)3CI'

Hcnonb3oBanue B mporecce  MoAUDUUUpPOBaHMA ~ Oolee  pEaKIMOHHOCIOCOOHBIX
HOI0ATKHIIKPEMHE3EMOB TI03BOJIHIO aBTopaM [86—90] ocyiiecTBUTh MpoIiece KBaTEPHU3AIIUU
IIpU JaBJICHUM HACHIIIEHHBIX MApOB TpUATUIaMuHa U Temneparype 100°C:

|
ESi—O—Sli— (CH,)3NH(CHy) 1l + (QH5)3N—>ESi—O—S:i— (CHy)sNH(CH,);, N (CoHs)4l™

CozepikaHue XUMHYECKHU 3aKPEIUICHBIX TPOMHITPUITIII- U ACLIAITPUITUIAMMOHHN HOUIHBIX
rpym cocrasuno 0,19u 0,32mmoins/r (0,7 i 3,0 MKMOITB/M?) COOTBETCTBEHHO.

[TponunTpuOyTHIaMMOHUIT OpOMUAHBIE TPYNIBl OBUTM IIOJy4eHBl Ha ITOBEPXHOCTH
KpeMHe3eMa B pe3yibraTe peakiun [81]:

ESi—O—?i—(CHz)g,Br + N(CyHg)g—™ > ESFO—?i—(Cth N"(C4Hg)3Br~

Peaxnuio KBaTepHU3aIMK OCYIIECTBILLIN B mapoBoil ¢aze npu 80 °C. CopepikaHue XUMHUECKU
sakpemeHnsix  YAD cocraBaser 0,16mmons/r (0,32MkmMonb/M?). [I0 MHEHHIO aBTOpOB
pabotrer  [81l], oOpa3oBanue HeOosbmioro kommuectBa UYAIT  Ha  MOBEPXHOCTH
OpOMOTIPOTTMIICHITMKATENIS CBSA3aHO ¢ HU3KON HYKJICO(PMIBHOCTBIO TPUOYTHIIAMIHA.

IIpouec mosydyeHuss XUMHUYECKH 3akpelieHHbIX YAI B pesynbTaTe B3anMOAEHCTBHSA
AMHHOOPTaHOKPEMHE3eMOB C HOJMCTBIM METHJIOM  JIOCTAaTOYHO CIIOKEH B pean3allv,
MOCKOJIBKY TpeOyeT MOJHOW TEMHOThI M MHOTOKpaTHOW o0pabotku [82, 85]. Peakuus
METHJIMpOBaHMsS ObUTa OCyllecTBiIeHa B pabore [82] ¢ menpi0o MMMOOWMIM3aIMK Ha
noBepxHOCTU KpemHezeMa UAI' ¢ KOpOTKOLIEIOYEUHBIMU 3aMECTUTEIISIMU Y aTOMa a30Ta’

\ \ _
ESi—O—‘Si— (CHy)sNH, + CHyl —»ESi—O—‘Si— (CHY)N*(CHa)3l

| L -
=Si-0- fi— (CHy)sNH(CH,),NH, + CHyl —>==Si—O- ?n— (CHR)sNH(CH,):N*(CHg)sl
Conepsxanne YAT cocrasmsier 0,70u 1,19mmons/r (1,41 2,4 MKMOIIB/M?), COOTBETCTBEHHO.
Hns BBemennss YUAIT B MOBEpPXHOCTHBIM CJIOM KpeMHeE3eMa, Hapsly C peakuusiMu
KBaTEepPHU3ALUU (aykneodunbHOE MPUCOEIMHEHHE TPETUYHBIX aMUHOB K
rajJoreHATKWIKPEMHE3eMaM WIIM METHIMPOBAHUE aMHUHOOPTaHOKPEMHE3EMOB), HCIOJB3YIOT
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HETOCPEJICTBEHHOE 3aKperjieHne Moaudukaropa, coaepxamiero B csoeit crpykrype YAI. B
pe3yabTare 3JIeKTPO(GHIBHOTO 3aMELIEHHs aTOMOB BOJOpPOJAa AMMHONPONMIBHBIX TPYMII
KpEMHE3eMa YETBEpTHYHOW aMMOHMEBOH  COJBbI0  LUAHYpXJOpuia ObUT  IMOJIyueH
opraHokpemHeseMm ¢ coxepxkarrem YAT 0,38mmons/r (6,3 Mrmois/v?) [83]:

Cl pona-aueron, Cl

| N\ NaHC | N\
=Si-0-5i- (CH)NH,+CI={ N NaiCS; o i—(CH)NH N
N=( CI"38°C, 24 N=( CF

N*(C;Hs)s N*(CoHs)3

N3BecTHBI pabOTHI, B KOTOPBIX JJISI UMMOOMIM3AIIMY Y€TBEPTUYHBIX aMMOHHUEBBIX COJIeH
Ha  TIOBEPXHOCTH  OPraHOKPEMHE3EMOB  HCIOJB30BAaM  peaklud  TBEpAOo(a3HOTO
TUAPOCWIMIIMPOBAHUS M COMOJUMEpHu3anuu. lIpoBeneHne TaKuX pEaKIUd MPeanoiaract
B3aUMOJCHCTBUE KPEMHUUTHAPUIHBIX ¥ BHUHWIBHBIX TPYIIl OPraHOKPEMHE3EMOB C
HeHachlllleHHbIMU YAI'-comepkalluMu OPraHUYECKUMHU COCIMHEHUSIMU COOTBETCTBEHHO. B
pabore [93] mpomeMOHCTpUpOBaHA  NPUHIUIHAIBHAS ~ BO3MOXHOCTH  XMMHUYECKOTO
3aKpEIUICHUS] BUHIJIOCH3WITPUMETHIIAMMOHHH XJIOPH/Ia B TTIOBEPXHOCTHOM CJIO€ KpEeMHE3eMa C
MCIOJIb30BAaHUEM PEAKIMH TEPMHUUYECKOTO THUAPOCHIMIHpOBaHUSA. Hambomblinee coaepkaHue
XUMUYECKH 3aKPEIUICHHBIX Ha TOBEPXHOCTH KpEeMHe3eMa OCH3WITPUMETHUIaMMOHUI
XJIOPUAHBIX TPYII PETUCTPUPYETCS B PE3ysbTaTe TEPMUUECKOTO TUIPOCHIUIUPOBAHUS MPHU

150°C u cocrasnser 0,02Mmonb/T (O,O?MKMOJ‘IB/MZ):
OH

\ /
=Si-0—Si—H +HZC=HCO CH>—N*(CHg)sCI”
Eh ™~
3
OH

ESifOfSlif(CHz)zOCH2N+(CH3)3CI‘

S
o ?H
ESi*O*ii *(‘:H@CHzNJ'(CHs)sC'_

Hs CHs

Hoctuub BbICOKOTO coaepxkanusi YAI, 3akpelieHHbIX B TMOBEPXHOCTHOM  CJIO€
KpEMHE3eMa, B COUYETAHMM C XOPOUIMMH KHHETHYECKUMH XapaKTepUCTUKAMU aJCcOpOeHTa,
MOXKHO, HCHOJB3YySl PEaKIUI0 TMOJMMEpPU3alUd € Y4acTHEM BHHWIBHBIX  TPYII
BUHWJIKPEMHE3EMOB.  IMOJMMEPHU3aLUsl  CTUPOIATPUMETHIaMMOHMIT  xmopuaa [93] w
BUHWIOCH3MITpUMETHIaMMOHHI  Ximopuaa [88, 94]. CormacHo pesysibrataM H3ydeHHUS
peakuuu COIOJTUMEPHU3ALIH BUHUJIBHBIX Tpymn BUHUJIKPEMHE3eMa u
BUHUJIOCH3WITPUMETUIIAMMOHUN XJIOpHIa B 3aBUCUMOCTH OT TeMIepaTypbl U KOJIUYECTBA
WHUIMATOpa B PEaKIIMOHHOW CMECH, MaKCUMaIbHBIA BbIXOA MPUBUTHIX YAI peructpupyercs
OpA  MOJIbHOM  COOTHOIICHMM  KOMIIOHCHTOB [BHHMJIBHBIC TPYIIbl  KpeMHe3ema] :
[BUHHIOCH3MITPUMETHIIAMMOHUHN  XJopu] : [2,2 -a30-0uc-uzo0yruponutpmwi] =1 :2:0.12u
temmnepatype 65 °C [88, 94]:

| fHz
=Si-O—Si-CH-CHy CH-—

CH=CH, /

|
ek s B
S0 ‘T" CH-CH, + CH3 N (CHg)Cl

N = ||
CHzN (CHsCl =Si-O—$CH-CHy CHy CH-

+ _
CHzN (CHg)Cl
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Conepkanne xummdecku 3akpemneHHbix YATD cocraBmser 0,29mmons/r (1,1MrMomb/M7).
Takum oOpazoMm, B JMTepaType TMpEACTaBIEH IIMPOKUN CHEKTP METOAMK CHHTE3a
YATI'-cogepxamux KpPEMHE3EMOB, IIO3BOJISIIOIIMN  IIEJIEHANIPABIEHHO  KOHCTPYHMPOBATh
MOBEpPXHOCTHBIE MEeHTphl ancopoummu KK pasznuuHoro crpoenums. B 3aBucumMoctu oT
XUMHAYECKOH TPUPOABl MMMOOMIM30BAHHBIX B IIOBEPXHOCTHOM CJIO€  KpeMHe3ema
(YHKIIMOHATIBHBIX TPYII, MPEBATUPYIOIMIMMH CTAHOBSITCS T€ WIM HHBIE B3aUMOICHCTBUS.
JBwxkymeir cumoit  ancopbumn KK Ha 1NOBEpXHOCTH KPEMHE3EMHBIX MaTepHasoB,
COJepKallluX B CBOEH CTPYKType OCHOBHbIE (DYHKUMOHAJIbHbIE TPYMIMbl, SBISETCA
ANEKTPOCTATUYECKOE MPUTSDKEHUE MEXKIY IIOJOKUTENbHO 3apsDKEHHBIM  aTOMOM — a30Ta
ancopoenta u annonamu JKK (cxema 10).

Cxema 10. MoHHBIII OOMEH MEXIYy aHMOHAMH IKEIYHOWM KHCIOTHI M TPOTHBOMOHAMH,
CBs3aHHBIMU C ITOJIOKHUTCIIBHO 3ap$I)K€HHBIMI/I I.IeHTpaMI/I HOBerHOCTI/I a;[cop6eHTa.

OpHako, MOMUMO 3JIEKTPOCTAaTUYECKUX, CYIIECTBEHHYIO POJib B Ipollecce aacopOuuu
KK wurparor ruapodoOHbie B3aumopeicTBus. bbuto ycraHoBieHo, 4uto aacopbuus XK Ha
MOBEPXHOCTH  KpeMHe3eMa, YacTUYHO  MOAU(DUIMPOBAHHOTO  TPUMETHIICUIMIbHBIMU
IPYIIIaMH, OCTAeTCA IMOCTOSHHOM B JOCTAaTOYHO WIKMpOKOM jauamnasoHe pH. Ilpu BeicOKmX
3HaueHnsX pH npoucxoaut ymensiienue aacopoiuu KK Ha moBepXHOCTH opraHoKpeMHe3emMa
C OCTaTOYHBIMU THAPOKCUIIBHBIMH TPYIIIIAMH, 4TO aBTOPbI pa0oThI [70] 0OBSACHIIOT B3aUMHBIM
oTTankuBanueM aHuoHOB JKK M oTpHIlaTEeNbHO 3apsyKEHHON MOBEPXHOCTH KpemHesema. Jlist
KpEMHE3€EMa, y KOTOPOTO CUJIaHOJIbHBIE TPYIIIIbI MOJIHOCTBIO 3aMEeIICHbI
TPUMETUJICUIIMIIBHBIMU, HE HaOmtomaeTcss yMmenblnenue azacop6imu KK ¢ poctom pH. Oto
CBUCTEIBCTBYET O HE3aBHCHUMOCTH MEXaHU3Ma aJICOPOIMOHHOTO B3aUMOJCUCTBUS OT
nepexona JXXK u3 MonekynspHoil B HOHHYIO (JOPMY U O CYIIECTBEHHOM BKJIaJIe B aJCOPOITHIO
KK ruapodoOHBIX B3aMMOACHCTBHIA.

Ha cxeme 11 wu3o0pakeH mporecc aacopOuum B pe3ynbTaTe IHUCIEPCHOHHOTO
MPUTSDKEHUST MEXIY TUAPOGOOHBIMU Yy4acTKaMH ITOBEPXHOCTH aJICOPOCHTA U CTEPOUIHBIMHU
CEerMEHTaMHU MOJIEKYJ JKETYHON KHUCIOTHI, KOTOpble HaxonaaTcs B pacTBope. ['uapodoOHbIMU
Y4aCTKaMU SIBJISIOTCS YTIIE€BOJAOPOIHBIE PaJUKaibl, C MOMOIILI0 KOTOPhIX YAI 3akperieHsl Ha
MMOBEPXHOCTU aACOpOCHTa, a TaK)Ke TOBEPXHOCTHbIC HOHHBIC KoMruiekchl “YAI—XKK”.
[ToaTomy ruapodoOHBIE B3aUMOJEHCTBUS MOTYT PEAIM30BBIBATHCSA ABYMS IYTSIMHU. Kak
pe3yNbTaT AUCIEPCHOHHOTO MPUTSHKeHUS Mexay Monekynamu JKK, koropble HaxonsaTcs B
pacTBOope, U TIOBEPXHOCTHBIMH HWOHHBIMH KOMIUIEKCAMH JHOO C  yIJI€BOJIOPOJIHBIMU
paguKagaMu aacopOeHTa.

[ockonbky m3snedenue KK u3 Ouonormveckux cpex ¢ nmomoinpto YAI-conmepxamux
KpPEMHE3eMOB IPOUCXOIUT Kak 10 HOHOOOMEHHOMY MeEXaHHW3My, Tak U Osaromgaps
ruipooOHBIM CHIIaM, BRXKHYIO POJIb B co3aHuu 3P pekTuBHBIX copoeHToB JKK urpaer monck
ONTUMAJIBHOTO COOTHOIICHHUS MEXIY BKJIAIOM DJJIEKTPOCTaTUYECKUX U TUAPO(POOHBIX
B3aMMOJICHCTBHII B Tiporiecc aacopouuu. Kak Obuto mpojeMoHCTpupoBaHo B pabote [94],
CTpEMJICHUE MCCIEAOBATENEH TOCTUYh BBICOKOTO coaepxkaHus YAI B MOBEPXHOCTHOM CIIO€
KpeMHe3eMa He BCerja OnpaBAaHo. YBEIUYEHHUE IIOTHOCTH MPUBUBKU MPUBOAUT K MEPEXOY
YAI' u3 u30IMpPOBaHHBIX IIEHTPOB aAcOopOLMU B KoomepaTuBHbIe. lIpm 3TOM NHpOYHOCTH
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yAepKUBaHUS MPOTUBOMOHOB BO3PACTaeT, a UX CHOCOOHOCTHL K oOMeHy Ha aHuOHBI KK
yMeHblIlaeTcs. BenencTaue cyIecTBeHHOro B3aMMHOTO BIUSIHUS COCETHUX (DYHKIIMOHATBHBIX
rpynn HaOMOMAeTCsl YMEHbBIIEHWE KaK KOHCTAaHThl HOHHOTO OOMEHa, TaK W KOHCTAHTHI

YCTOWYMBOCTH MOBEPXHOCTHBIX KOMILIEKCOB, KOTOPhIE 00pa3ylOT XMMHYECKH 3aKpCIJICHHBIC
YAT ¢ annonamu XK [94].

Cxema 11. BaumopneiictBue ruapooOHBIX yYaCTKOB MOBEPXHOCTH  aJcopOeHTa  Co
CTEPOHMIHBIMH CETMEHTAMH MOJIEKYJI )KEITYHOM KHCIIOTHI.

[lepcrieKTUBHBIM IyTE€M TOBBIIMIEHUS CPOJCTBAa KpemHe3ema no oTHomeHuio kK KK
SBIIICTCS CO3JaHME MO3aWYHOTO CTPOCHHUS TMOBEPXHOCTH C UCIOJIB30BaHUEM METOJa
MOJICKYJIIPHBIX ~ “oTmedyaTkoB”. ['mapoduiabHO-TUAPODOOHBIM KpeMHE3eM, MOJTYYCHHBIH
ruapodoOu3anueii  CBOOOJHBIX  YYaCTKOB  IOBEPXHOCTH KpPEeMHE3eMa C  IOMOLUIBIO
reKCaMeTHIIIMCHIIa3aHa MoCiIe aacopOIMUi XOJICBOH KHCIOTHI (AmMIMKAIMOHHBIN CUHTE3),
JEMOHCTPHPYET OoJiee BHICOKHE 3HAUCHUS BEJTMYUHBI YICIBbHON aIcCOPOIIUU XO0IEBOW KHCIIOTHI,
yeM TUIpo(OOHBI KpeMHE3eM C TaKuM K€ COJEpP)KAaHHEM XHUMHUYECKH 3aKpereHHBIX
TPUMETWICHIMIBHBIX TPYII, HO HE HMEIONMI Mo3au4yHou cTpykTypbl [95]. Bosee Toro,
kod(durment pacrnpenenenuss B obnactu ['eHpw st aacopOIMU XOJIEBOM KHCIOTHI Ha
MMOBEPXHOCTH KpEMHE3eMa C OCTPOBKOBBIM pacmpeeieHneM (DyHKIIMOHAIBHBIX TPYII BBIIIE,
yeM B ClIy4yae KpeMHe3eMa C  TOJHBIM  3aMEIIEHHEM  CHJIAHOJIBHBIX  TPYIII
TPUMETUIICUIIbHBIMUA. OYEeBUJIHO, TEOMETPUYECKHE “OTHEYaTKH  XOJIEBOM KHUCIOTHI Ha
MOBEPXHOCTU TUAPOPUIBHO-TUIPO(POOHOrO KpeMHe3ema SBISIOTCA  JIOMOJHUTEIbHBIMU
aJICOPOIIMOHHBIMU  [IEHTPAMHU, CIOCOOHBIMU CBSI3bIBAaTh XOJIEBYIO KHCJIOTY Kak 3a CYeT
BOJIOPOJHBIX CBSI3€M, Tak W Oyiarogaps reOMETPUYECKOMY COOTBETCTBHIO ITHX LEHTPOB M
pa3MepoB MOJICKYJIbI XOJIEBOM KHCIOTHI.

3HAUMTENbHBIH HMHTEPEC HCCIeNoBaTeNe K NpoOieMe peryaupoBaHUs COJCPIKAHHS
KEIYHBIX KHCIOT B YEIOBEYECKOM OpraHU3Me MPHUBET K pa3paboTKe OrpOMHOTO KOJIWYECTBA
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copOenToB-cekBecTpanToB KK paznuunoii npupoasl. OHaKo, Kak CIeayeT U3 JUTePaTypHBIX
naHHbIX, 3¢ dexkTuBHOCTh U3BieueHus: JKK cuHTe3MpoBaHHBIMU aJCcOpOEHTAaMH B YCIOBUSX
iNVitro u INVIVO CymoiecTBEHHO  OTIMYaercs. Breicokas  COpOIMOHHAsS  €MKOCTh
COPOEHTOB-CEKBECTPAHTOB MPU OTCYTCTBHH CEJIEKTUBHOCTH IO OTHOIICHHIO K Mosiekyiam KK
NPUBOAUT K CBSI3BIBAHUIO W BBIBEJCHUIO M3 OpPraHM3Ma BHUTAaMHHOB, JIEKAPCTBEHHBIX
npernaparoB W JPyrux OWOJOTMYECKHM aKTHBHBIX coenuHeHuir [96]. IlosToMy BaKHBIM
ycloBueM MipH pa3pabotke copOenToB KK siBnsieTcst co3ganme CeNneKTUBHBIX aAcOpPOIMOHHBIX
IIEHTPOB, CIIOCOOHBIX OOECIEeYUTh H30UPATEILHOCTh COPOIMM W BBICOKYIO TPOYHOCTH
yIepKUBaHU MOJIEKYJ ajcopOaTa. Hambosee mepCcneKTUBHBIM MYTEM JTOCTHKEHHS BBICOKHX
COpOLIMOHHBIX TapaMeTpoB mo oTHomeHuto K JKK sBnsieTcss co3nanue IEHTPOB aJcopOIui,
KOTOPBIE XapaKTEPU3YIOTCSI COOTBETCTBYIOIIUMH T€OMETPUUYECKUMHU pa3MepaMu U HaTU4heM
CBSI3BIBAIOIIUX (PYHKIIMOHAIBHBIX TPYI.
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In the present work, the ways of cholesterol leegjulation in the human body have been
considered. It has been shown that applicationdsioabents-sequestrants for treatment of atherogenic
diseases is expedient. The interrelation betweefaca structure of synthesized adsorbents and their
efficiency in the removal of bile acids have beaalyed. The perspective ways of enhancement of
adsorbents affinity in relation to bile acids haween elucidated.
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