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[Tosryuensl HaHOBMYIbcuu (H3D) mpocToro cocraBa, B KOTOPBIX MOJIMOKCUATWICH (4) JIaypuJIOBBIi 3¢hup
(bpumx L4, bp-4) siBasgercs nucriepcHoi ¢a30il U cTabuIn3aTopoM, a Boga — AUCIIEPCUOHHOM CPEemaoid.
N3yueHsl cBoiicTBa HD: pacrnipenejieHre 4yacTUll 110 pa3MepaM, COTI0OMIN3allMOHHAs] eMKOCTh U TpaHC-
MOPTHHIE CBOMCTBA IT0 OTHOIIECHUIO K JIUNOGUIbHOMY OMouuay ocHoBaHMIO xjioprekcuauna (XI'). Ilon-
TBEpKIeHa arperaTuBHast ycromunBocth HD B TeueHUe 1iuTesIbHOro BpeMeHU (Mecsiiibl) U 3(pheKTUBHBI
macconepeHoc XI' yactunamu nucrnepcHoit da3el HO B BomHoit cpene. OOHapyXeH YHUKAIbHBIN 3¢ eKT
CaMOIPOM3BOJILHOTO YMEHBIIIEHUS pa3MepoB Kareib HO npu comoounuzaumu XTI, mpu 3TOM UX CpeaHUii 1ua-
MeTp yMeHbIaeTcs ¢ 52 + 6 no 19 + 3 um. [TpuunHoii addekTa siBisieTcs 00pa3oBaHue Ha TTOBEPXHOCTH Karle/lb
KOMILIEKCOB Mexkiy MoJiekynamu bp-4 u XTI, kotopble jiydliiie pacTBOpUMMBI B Bozie, Hexen bp-4. Mosekyiibt
bpumx L4, Bowienive B cocTaB KOMIUIEKCOB, TEPEHOCSTCS C MTOBEPXHOCTH Karellb B JUCIIEPCUOHHYIO CPELy,
YTO Y IPUBOAUT K YMEHBIIEHUIO padMepoB. KoMIuiekcooOpa3zoBaHHeE TIPOMCXOIUT 3a CUET 0Opa30BaHUSI MHO-
KEeCTBEHHBIX BOTOPOIHbBIX cBsi3eil N-H:-+O. B momokcnatiiimpoBaHHOM ciioe Kaneslb bp-4 1okaimm3oBaHo OT
84 10 96% comobwmsnpoBaHHoro B HD 6uonmaa, 4to Takke ooyciaoBaeHo H-cBsa3smu.

Karoueswie crosa: ipsiMmble HAHOIMYJIbcuU, bpumxk L4, ocHoBaHuMe XJ10preKCuanHa, COMo0WIn3alus, arpe-
raTUBHAas1 yCTOMUYUBOCTh, TPAHCIIOPTHBIE CBOMCTBA, BOJOPOIHbBIE CBSI3U
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BBEAEHUE

B mocnennee BpeMsl BCIIeACTBHE BO3pacTalolleit
PE3UCTEHTHOCTU IMaTOI€HHBIX MUKPOOPTaHU3MOB, a
TaKK€ OCTPOIi HEOOXOIMMOCTU MPOMPUIAKTUKU BU-
PYCHBIX 1 O0aKTepHaJIbHBIX MH(MEKIIN 3aMETHO BO3-
pocC MHTEpeC K mperaparamM, 00J1a1alouM aHTUCETT-
TUYECKUMU cBoiicTBamMu. MI3BECTHBI JBa OCHOBHBIX
TUNA ACMCTBUSI aHTUCENTHUKOB: OaKTepHUOCTaTHU4E-
cKoe (MHruOupoBaHUE PA3MHOXKEHMs MaToreHa) u
OakTepuLIMAHOE (pa3pylleHre KJIeTOYHbIX MEMOpaH
MUKPOOPTAaHMU3MOB M UX yHUYTOXeHue) [1]. OnHuMm
13 OCHOBHBIX HaIllpaBJeHUI (papManeBTUIECKOTO
nu3aiiHa B TTOCEIHUE NECATUIICTUS SIBJISIETCS pa3pa-
6orka HaHoAMyNIbcuil (HD) ¢ mmpokmm criekrpoMm
AaHTUMHUKPOOHOI aKTMBHOCTH B OTHOIICHUM OaKTe-
puii, 000JI0YEUHBIX BUPYCOB, IprOOB U1 c1iop [2]. Ha-
HOSMYJIBCUM YOMBAIOT IIATOT€HBI, B3AUMOIEICTBYS C
UX MeMOpaHaMH, YTO 3HAYUTEIbHO CHIKAET BEPOSIT-
HOCTbD IOSIBJICHUSI PE3UCTEHTHBIX LITAMMOB [2].

Oco0BIlT MHTEpPEC TIPEACTABIISIOT IPSIMbIe HAHO-
amynbcuu (HD), nx otmryaeT KMHeTUYeCKast CTabMTb-
HOCTb B TEYEHHE IJIUTEILHOTO BPEMEHU, CLIOCOOHOCTh
COTIOOMIIM3NPOBATh TUITOPMIILHEIC TIeJIeBBIe KOMIIO-

HEHTHI U 2(PHEKTUBHO MPOHUKATh Yepe3 OroIornye-
ckue MemOpanbl [3, 4]. HaHo3MynbcUM SIBIISIFOTCS
NUCTIEPCHBIMUA CUCTEMaMU TUMA XUIKOCTb/XXKUI-
KOCTb CO CPEIHUM IUaMETPOM (d,) YaCTULL B AMamna-
30He OT 10 7o 200 HM M Yy3KMM pacIipeacaeHrueM 10
pasMepam, JJIMTeJIbHOEe BpeMs COXpaHSIONIUMU Me-
TacTabuJibHOEe (KBa3MpPaBHOBECHOE) COCTOSIHUE [5—
7]. Ona HD xapakTepHBI onTHYecKasi Ipo3padHOCTh
WX HEe3HAUYMUTENbHas ONaJIeCLeHIINs, TOHWXKEeHHast
BSI3KOCTh M BBICOKOpa3BUTas Mexka3Hasli MOBEpX-
HOCTb.

s moydeHUsT HAHOSMYITBCUIA C aHTUCETITHYECKOM
AKTUBHOCTBIO UCTIOB3YIOTCST PA3IMIHBIC TIOIXOBI:

1. I[lpuMmeHeHMEe GaKTEPULIMIHBIX 3(DUPHBIX Macel
B KadyecTBe AucrnepcHoi ¢pa3er HD;

2. Mcronb30oBaHmne B Ka4eCTBE SMYJIBraToOpoOB Ka-
THOHHBIX [TAB ¢ aHTHCEenTUYECKUM NeiCTBUEM;

3. Comobunu3anus OMouuaoB B IIpsaMbix HO.

I1epBEIit TTOIXON TPOMJLTIOCTPUPOBAH B padboTax [8—
15], toe mpenacTaBieHbl COCTaBhbI U cBoiicTBa HD, mepe-
YeHb MaTOTeHHBIX MUKPOOPTaHN3MOB, OTHOCHUTEIBHO
KOTOPBIX MIOATBEPXKIECHO OAKTEPUIIMIHOE NeHCTBHE.

296



HAHOBOMVYIJIbCUU TTOJINOKCUDBTHUIIEH (4) TAYPUJIIOBOTI'O DOUPA

Puc. 1. CtpykrypHBIe (hOPMYJIbI OCHOBAHUS XJIOPIeKCH~
nuHa (a) u bpumx L4 (06).

Db deKTUBHOCTL TPUMEeHEHUST KaTUOHHBIX [TAB
B coctaBe HO ¢ aHTHCeNnTHYECKMMU CBOMCTBaMU OTpa-
>KeHa B uccienoBaHusx [ 16—20]. Hampumep, Ha ocHOBe
OmHapHBIX KomMno3nnuit TBuH 20 + OeH3aIKOHUIA
xiaopua u [Tmoponuk F127 + me THIIMUpUIMHUIMA XJI0-
pun paspadoTansl HD 111 MECTHOTO ITPOTUBOMMUK-
po6HOro JiedyeHUsI OXOTOBEIX paH [18]. B kadyecTBe
nucrnepcHoi ¢a3pl HD ncrnonb3oBanochk paduHUPO-
BaHHOE COEBOE MacJjio, BOJHAs JUMCIIEPCUOHHAs cpelia
COIEpKaJIa STUJIOBBIMA CIIMPT U XEJIATUPYIOLIUI areHT
(BTA). ITokazaHo, yto ripu ipuMeHeHu HO 3Haum-
TeJIbHO CHUXKAETCS POCT IPaMIOJIOXKUTENIbHBIX 1 Ipa-
MOTpULIATEIbHBIX OAKTEPUI B OKOTOBBIX paHaX U Ha-
OJr0maeTCsl IMPOTUBOBOCIIAIMTENILHEIN 3 dekT [18].
B pa6orte [19] npu ncronb30BaHUM CMECU HEMOHO-
reHHoro 1 karmoHHoro [TAB (Tsun 20 + xmopun 6eH-
3aJIKOHUSI) B KAYECTBE CTaOMIM3aTOPOB METOIOM r'OMO-
TeHM3aluy MpuroTosiieHa HD, mpossisionias aHTH-
MUKPOOHYIO aKTUBHOCTb OTHOCUTEILHO 30JI0TUCTOTO
cTaI0OKOKKA (PE3UCTEHTHOIO K METULMJUIMHY) B
OIbITaX in Vitro Ha UHMUIIMPOBAHHBIX 0Opa31Iax KOXHU
MbIIe 1 cBruHel. [1pu 3ToM B KauecTBE TUCTIEPCHOM
da3sl HD npuMeHssioch coeBoe Macjio, a BOIHAasI T1C-
MepCUOHHA cpena conepxkana mmuepuH u DA TA [19].

Tperuit nongxon kK pa3paborke HD macno/Bona ¢
AHTUCENTUYECKUMU CBOMCTBAMU IIpeNCTaBJIeH ITy0-
mukanugamu [21—23]. Hanpumep, B padote [23] -
MmouIbHOE MPOTUBOBOCTIAIUTENIBHOE, aHAJIbI€3UPYIO-
Iee M aHTUCENTUYECKOEe BEIIeCTBO (LIMTpajib) OBLIO
COMOOMIM3UPOBAHO B nucrepcHoii paze HD, koTopas
COCTOSIIa U3 TPUALJITIMLIEpUIA CPEIHEN JUIMHBI LIETTU
C HE3HAYMTEJIIbHOI H00aBKOW YyHIEKaHa, a BOmHAas
IVCTIEPCUOHHAS cpefia MpeAcTaBiisiiia codoit 0ydep-
HBI pacTBOp (JIMMOHHAsI KMCJIOTa/LIATPAT HATPUs,
pH 3.0). B xauecTBe cTabuianzaropa pa3paboTaHHOM
npsiMoit HOY ucnonb3zoBanu cmech TBUH 20 1 Xena-
tnHa (1 : 3, mac.). [Toryuyennsle HD ocraBanucek cra-
OWJILHBIMU B TeueHUe 14 nHeit mpu TeMmeparype Xpa-
HeHusa 30°C [23].
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HecMmotpst Ha oueBmmHbBIE mocTomHCTBA HD B Kage-
CTBE HOCUTEJICH JTUITO(PUIbHBIX AaHTUCENITUYECKUX Be-
IIECTB, OOIIUM HEOOCTATKOM OITMCAHHBIX HAHOSMYJIb-
CHii SIBJISIETCS CIOXKHBIM MHOTOKOMITOHEHTHBIM COCTaB,
M 3a4YaCTyI0, BRICOKME KOHLIEHTPALUM CTaOMJIM3aTOPOB
win ux cMmeceit. [Ipu 3ToM B TMTepaType IIpakTude-
CKHM OTCYTCTBYIOT cBefeHMsT o HD mmpocTtoro cocrana.

Hanoamynscum, tne TeuH 85 (Hemuiieuioo0pasyio-
1iee JUnoduibHOE MOJMOKCUITWIMPOBAHHOE
HenoHoreHHoe [IAB (HITAB)) BeicTyItaeT omHOBpe-
MEHHO B POJIM AUCTIEpCHOM (a3bl U cTabuam3aTopa,
BIIepBbIe ObLIU MOJy4YeHbl B paboTax [24, 25]. IToka-
3aHO, YTO MPU ONpeAe/ICHHBIX YCI0BUSIX TBUH 85 muc-
Meprupyercss B Boie C¢ 0OOpa3oBaHUEM arperaTuBHO
YCTOMUUBBIX B TEUEHUE IJUTEIbHOTO BpeMeH HD.
OO0OHapyXeHO, 4TO HaHOpa3MepHble Karum TBuH 85
SIBIISIIOTCS 3P GEKTUBHBIMUA HOCUTEISIMU JTMTTO(PDUITb-
HBIX BEIIeCTB (AHTUCENTUKA OCHOBAHUS XJIOPTeKCH-
muHa (XI') [24] 1 TMIIOTEH3UBHOTIO JIEKAPCTBEHHOTO
BenlecTtBa ¢enoaunuHa [25]) B BomHoI cpene. s
HO ¢ comobwmmsupoBaHHbIM XI' monTBEpXKIeHA BbI-
COKasl aHTUMUKPOOHasi aKTUBHOCTb IO OTHOLLIEHUIO K
Staphylococcus aureus [24]. ITocKoJibKy JaHHBIA MO/ -
XOJ SIBJISIETCSI HOBBIM, BO3HMKJA HEOOXOOWMOCTh
MPOBEPKU TUIIOTE3bl 00 YHUBEPCATLHOCT HEMMIIE-
JIooOpasyolnx noaokcuatunnpoBaHHbeix HITAB ¢
ruapodibHO-TUunoduiIbHbIM Oamancom (IJIb) B
nuariazoHe ot 9 no 11 B KauecTBe 6a3uca yHUBEpCalb-
HBIX HAHOpPa3MEepPHbIX HOocUTeJei TUMOMUIbHBIX aH-
TUCENTUYECKUX BEIlIeCTB B BOTHOI cpelie.

Llenpio gaHHOI PaGOTHI CTATIO U3yYeHUE KOJIIOM/-
HO-XMMMWYECKNX CBOMCTB MOJIMOKCUATWIIEH (4) aypu-
JoBoro adupa (bpumxk L4, bp-4) u riorydeHre npsiIMbIX
HAHOBMYJIBCHIT Ha €T0 OCHOBE [IJISI THKOPIIOPUPOBAHMST
JIMTTO(MILHOTO aHTUCETITUUECKOTO BEIlIeCTBA.

OCIHEPUMEHTAJIBHAA YACTbH
Obsexmul uccaredo8anus

XioprekcuauH B (popme ocHoBaHwust (XI' — 1,1'-rek-
cametuieH-0uc[5-(4-xnopdeHnn)ouryaHuanH|) Obut
BBIOpaH B KayecTBEe JUIMOQPUIBHOTO aHTUCEIITUYE-
cKoro BelliecTBa. MojiekynsipHast Macca XI' coctaBisier
505.45 da, TemriepaTypa 1aBieHus — 134 + 2°C,
mwiotHocTs — 1.07 x 103 xr/m® (25°C), pactBopu-
MocTh B Boge — 1.81 x 10~* M [24]. CrpykrypHas
dopmyna XI' mpuBenena Ha puc. la. B pabore uc-
roJib3oBaJics npemnapat pupmsel “Medichem” (Mcna-
HUSI) CO CTEIeHBIO YNCTOTHI 99%.

I[MomiokcuatuieH (4) naypuiosslit 3dup (bpumkx
L4, bp-4) sBnsieTcss HEMULIEITIO00pa3yIOIIMM B BOJI -
Hoii cpene nunoduiabHbiM HITAB (I'JIB = 9), koTo-
poe IIpu KOMHATHOM TeMITepaType HaXOTUTCS B KU~
KOM arperaTHOM COCTOSIHUU M JIETKO TUCIIePTrUpyeT-
csl B BOAHOI cpefie, YTO MOCTYKIUJI0 OCHOBAaHUEM €T0
BBIOOpA B Ka4eCTBE TUCIIEPCHOM (ha3bl MpsSIMBIX Ha-
HoaMysbcuii. Mcrmonb3oBanu bp-4 ot pupmer “Sig-
ma Aldrich” (CILIA), ero ruioTHOCTb paBHa 950 kr/m3
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(25°C), monekynsipHas macca ~ 362 Ja. JlaHHbIe O
pPacTBOPHMMOCTH B BOJIE U APYTUe BaxKHENUIINE KOJIJIO-
UIHO-XUMUYECKUE XapaKTEPUCTUKU B JIUTEpAType
orcyTcTBYIOT. CTpyKTypHast popmyita bp-4 mpusene-
Ha Ha puc. 10.

JIas TIpUTOTOBJIICHUSI PAcTBOPOB M TIPSIMBIX HD
KCIIOJIb30BAIN AUCTUIJIMPOBAHHYIO BOY C YAEJIbHOM
BIIEKTPOITPOBOTHOCTHIO 1.5 MKCM/cM (22°C).

IMomstunenrnukons 400 (ITBI'400) mapkm “ajis
cuHTe3a” ot pupmel “Merck” (I'epmaHust) ¥ H-IIPOITH-
JIOBBIM CIAPT MapKM “x.4.” oT “Sigma Aldrich” (CILIA)
HWCHOIb30BaIN 0€3 JONOTHUTEILHOM OUMCTKH.

Memoobt uccredosanus

* MeTton TypOMIMMETPUU OCHOBAH Ha SIBJICHUU
paccessHUSI CBeTa KOJUIOMIHBIMM YacTULIAMM, HaXO-
ISIIIAMMCS B IMCIIepCUOHHOM cpene. Ecnu nccnemy-
e€Moe BEllleCTBO OeCLIBETHO, TO B BUIMMOI 00J1acTu
criekTpa (IIpH JUTMHE BOTHBIL A > 400 HM) [T €70 UCTHH-
HBIX PacTBOPOB ONTHUYECKAs IUTOTHOCTL OyIeT paBHA
Hymo. [Ipu yBeJIMYEeHUM KOHIEHTpAIlUM BelllecTBa
CBEpX €ro pacTBOPUMOCTH U MOSIBJICHUM YaCTUIL OIT-
THUYeCKasl IUIOTHOCTh (A) OydeT Bo3pacTaTh BCIEHd-
CTBUE paccestHUsI cBeTa. MeToanKa mpely3uoOHHOM
TYpOMAUMETPUM JIJISl OIpeIeICHUSI pACTBOPUMOCTU B
pozxe munoduibHBIX HITAB 65112 pa3padoraHa 1 1mo-
JIpoOHO omnMcaHa B pabore [26]. DTa MeETOIMKA OCHO-
BaHa Ha aHau3e crekTpoB A(\) 1 CepUU MPENETbHO
pa30aBIIeHHBIX TIPSIMBIX SMyIbcriit HITAB ¢ n3BecTHBI-
MU MOJIIPHBIMU KOHIIEHTpauusMu. [1pu BeIOpaHHOI B
BUIUMOI 00JIaCTU CIIEKTpa JUIMHE BOJHEI (A = const)
onTuyecKas INIOTHOCTb JUHEWHO 3aBUCUT OT MOJISIP-
Holi KoHueHTpaunu HITAB 1 onmmceiBaeTcst ypaBHeHU -
eMA=—o + BC (tme oL ¥ B — MOJIOXUTETbHBIC YUCIICH-
Hble KO3(MUILIMEHTHI). DKCTPAIIOISILINS TaHHON JIM-
HelHoM 3aBucUMOCTU A(C) K HyJIeBOMY 3HAaUECHUIO
ONTUYECKOM IUIOTHOCTH HaeT 3HaueHHE pacTBOPU-
moctu HITAB B Boze:

S =Crio) = 0/P. (1)

3HaueHus1 S ONpeneysoT I HECKOJbKUX Bbl-
OpaHHBIX JJIMH BOJH U BBIYMCIISIIOT CpeIHEe 3Haye-
Hue pactBopumoctu HITAB 1151 naHHOTO BpeMEHHU f.
DTOT METO/I TTO3BOJISIET UCCIEN0BaTh KUHETUKY pac-
TBOpeHUs. U3MepeHrs1 MOBTOPSIIOT Yepe3 olpeae-
JIEHHBbIE TIPOMEXYTKU BPEMEHU BIUIOThH 10 YCTAHOB-
JIEHUSI paBHOBECHOTO 3HAYE€HUSI PACTBOPUMOCTH.

Cnekrpsl A(A) B nuamasone A = 200—800 HM pe-
TMCTPUPOBATIA (OTHOCUTEJIBHO BOJIbI) C TIOMOILBIO OfI-
HourydeBoro cnekrpodoromerpa Agilent 8453 (CILIA).
J11s1 n3MepeHN UCTTOJIh30BaINCh KBaplieBbIE KIOBE-
ThI TOJNLIUHOM 1 cM. TOYHOCTH onpeneIeHUs ONTU-
YeCKOI MJIOTHOCTH cocTapiisuia 1 % 1074,

* Tensnomerpus. I[Ipun nsmepennn mexdasHoro
HaTsikeHus (G) Ha rpaHulle pa3aena bpumk L4/Bona
METOJOM BHCSINEH KaIUIM MCIIOJIb30BaIM TOPU30H-
TaJbHBII MUKPOCKOIT CO BCTPOSCHHOI TP PpOBOIT BU-

nmeokamepoir DCM-130. Mertognka oCHOBaHa Ha
aHaJIn3e N300paKeHUSI Karlulv C ITOMOIIIBIO IPOTrpaM-
Mbl Drop Shape Analysis (Kruss), 6a3upytoiiieiicst Ha
YUCJICHHOM WHTETpUpPOBaHNM ypaBHeHUsT FOHra—Jla-
iaca, 9YTo o0ecreunBaeT TOYHOCTh U3MEPEHMIT MEX-
¢azHoro HaTskeHust £0.1 MH/M.

* JlucnepCHOCTb HAHO3MYJIbCUI MCCIEOOBAIN
METOIOM JTUHAMMWUYECKOTO pacCesIHUs CBETa Ha BBICO-
KOCKOPOCTHOM aHanu3atope Zetatrac™ NPA152 (Mi-
crotrac Inc., Nikkiso), ucronb3ywoliemM 3anaTeHTO-
BaHHBIE aJITOPUTMBI 0OPAOOTKU CIIEKTPa MOIITHOCTHU
JIOTJIEPOBCKUX CABUIOB IIPU OPOYHOBCKOM IIBMKE-
Huu 4dactull [27]. JluamazoH M3MepeHUs] pa3MepoB
coctasiugetT ot 0.8 HM 1o 6.5 MkMm. B kauecTBe ucTOU-
HUKa KOT€pPEHTHOTO MOHOXPOMATUYECKOIO M3Iyde-
HUSI MCIIOJIL3YETCS JIa3ePHBIMA 1O, C JJIMHOI BOJHBI
780 uM. YrpaBiieHne aHaIM3aTOPOM M 00paboTKa pe-
3yJIbTATOB MPOU3BOIMUTCS C TIOMOIIIBIO TTPOrPaMMHOTIO
obecnieueHust Microtrac FLEX. M3mepeHust ipoBonu-
M 6e3 TIpenBapuTebHOrO paszodasiennss HD. B kauge-
CTBE oOpasiia CpaBHEHMS UCIOJb30BaJIU BOIY, IO~
CKOJIbKY OHa SIBJISICTCSI AUCIIEPCUOHHONI cpenoii Ha-
HOAMYyIbcuii. OIBITH TOBTOPSIIM HE MEHEe Tpex pas
TS Kazkaoro BpeMeHu xpaneHust HO. Tomyganm nud-
depeHIIMaIbHBIE KPUBBIC paclpencsicHUsI 10 pa3Me-
paM, XapaKTepU3yIollre 00beMHYIO OO (U 06. %)
YacTUIL KaXJI0ro JIuaMeTpa.

* Y®-crnekTpocKonusi UCTIOJIb30BaJIach IS OMpe-
JIeJIeHrsI paCTBOPUMOCTU (COMIOOMIN3AlIMN) OCHOBA-
Hus xjaoprekcuanHa B HO. Hanoamynbcuu Hachlia-
Jiu XTI, nepruoanyecku yepes orpeneeHHbIe TpoMe-
KYTKM BpEMEHU OTOMpaIn TTPOObI HAHOSMYJILCUU HaJl
ocankoM XTI, puibTpoBaiy 1 pa30aBIIsLiIvd H-TIPOTIUIIO-
BbIM CIIMPTOM, KOTOPBIi XOpoIlio pacTBopsieT XI.
Jas pactBopoB XI' B #-ITpOITMJIIOBOM CIIUPTE U3BECT -
Hbl JJIMHA BOJIHBI, COOTBETCTBYIOIAs MaKCUMYMY
nonTomeHust (A, = 261 HM), 1 MOJISIpHBI Koo dhu-
LUUEHT SKCTUHKLMU (E,q; = 35357 £ 60 M~! cm™) [24].
CrieKTpbl MOIIONIEHMS pa3daBIEHHbBIX ITPO0 (PUKCHUPO-
Bau oTHocuTebHO HO Takoro xke cocraBa (Ho 6e3 XI')
MpY ONMHAKOBOM Pa30aBJICHUU H-TTPOITUJIOBBIM CITUP-
TOM. PacTBOpuMOCTb Sy pacCUUTHIBAIM 10 (DOpMYJIE:

Sy = sty p, 2)
261
rne A,;; — ONnTUYecKasi MIOTHOCTb, COOTBETCTBYIO-
mass Makcumymy nomioieHuss XI' B H-TIpONMIOBOM
cniupte; P — pazbaBieHue mpookl.

M3mepeHuns1 IpoBOAMIIN BIUIOTH 10 YCTAHOBICHUS
paBHOBECHBIX 3HaYeHUil Syr. CriekTpodoTromeTp U
KBaplieBbIe KIOBEThHI aHAJIOTMYHBI IIPUBEICHHBIM BbI-
mre (CM. MeToH TYpOUAUMETPUN ).

* HccnegoBanue MaccoliepeHoca COJTI0O0WIN3U-
poBaHHOr0 XI' ITpoBOAMIIN C TTOMOIIBIO TP Y31MOH-
HoIi siueiiku PpaHlla, COCTOSIIE U3 TOHOPHOU U
aKILEIITOPHOM YacTeil ¢ pacoa0KeHHBIM MEXIY HU-
MU OTBEPCTHUEM, Ha KOTOPOE IIOMEIIAaloT MEMOpaHy.
Pasmep mop MemOpaHBI HOJDKEH 3aMETHO ITPEBBI-
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1IaTh pa3Mep HAaHOHOCUTENEN, YTOOBI CKOPOCTh Mac-
corepeHoca He JTUMUTUPOBajach CBOMCTBAMU MEM-
Opansl. B pabote ucrnons3zoBana MeMbpana MF-Mil-
lipore m3 OMOJIOTMYECKN WHEPTHOM cMecu 3(PUPOB
LHe/UT0103b1 (muamMeTp nop — 0.8 MKM, TOJIIMHA —
150 MmxM 1 mopuctocth — 75%). 3BecTHBIE 0OBEMBI
oOpa3lia U NMPUEMHOM cpenbl MoMellaid COOTBET-
CTBEHHO B JIOHOPHYIO U aKIIENTOPHYIO YaCTU TYEHKU
®panna. Bomnerit pactBop I[1DI'400 (12.5 mac. %)
ObLT BBIOpaH B KauecTBE MMPUEMHOM Cpelibl, TOCKOb-
Ky pactBopsieT XI' B 33 paza Oonblile, yeM Boaa [24].
ITpo6Gbr mpreMHOIi cpelibl OTOUPAIN Yepe3 OIpeae-
JIEHHbIE TPOMEXYTKU BpeMEHU, pa30aBisiiv H-TIPO-
MUJIOBBIM CIIUPTOM, IIJISI KOTOPOTO U3BECTEH MOJISIP-
HbII KO3 GULMEHT 3KCTUHKLIMU XI, M TIepeHOCUIIU
B CITIEKTPOPOTOMETPUUECKYIO KIoBeTy. [Tocite orbopa
MpoOBI B aKIIENTOPHYIO YacTh sueiiku PpaHia no-
0aBJISUIU TPUEMHYIO Cpely B TOM XXe 00beme. OToOpaH-
Hoe koymm4iecTBo XI, comepxkaieecss B mpode (MKT),
YYUTBIBAJIM IpU pacyeTax. B KauecTBe oOpasiia cpas-
HEHUS TIPU CEKTPOPOTOMETPUUECKUX U3MEPEHUSX
KCIIOJIb30BAJIU MPUEMHYIO Cpey, pa30aBIEeHHYIO H-
MPOIUJIOBBIM CIIUPTOM B TAKOE XK€ YMCJIO pa3, uTo U
npoba obpasua.

KommuectBo XI, mepeHeceHHOE depe3 eaImHUILY
TUIOIIAIM MEMOpaHbI 3a BpeMsI #, PACCUUTHIBAIM 1O

dopmye:
_ GV
aO ’

0 (3)
rne Cyr — koHuenTpauus XI' (MKr/cm?®) B mpueMHOiA
cpelle Ha MOMEHT BPEMEHM ¢, pacCUMTaHHasl 1o ypaB-
HeHMIO 2; V — 00beM npueMHoi cpenbl (7.4 cm®) u
a, — TJIolIalb, Yepe3 KOTopylo uaet nuddysus, pas-
Has iowany otsepctus sueiiku @panua (0.71 cm?).

» IIpocBeunBaromas 3JeKTPOHHASI MUKPOCKOIIUS
(IT9M). Pa3zmepnr yacTul aucnepcHou ¢azsr HO
onpeaessuii C TTOMOIIBIO MPOCBEYMBAIOIIETO 3JIEK-
TpoHHOro Mukpockomna Leo 912 AB Omega. [lpu
MOIATrOTOBKE 0Opasna IjIs nuccaegoBaHmus Karmmo HD
HaHOCWJIM Ha MEIHYIO CETOUKY aruamMeTpoM 3.05 MM,
TMOKPBITYIO TOHKOM TOJIMMEPHOM TUIEHKOM, IMOABEP-
rajy CyIllKe Ha BO3Oyxe B T€U€HNE HECKOIbKIX MUHYT.
Hanee koHTpacTUpoBaiu 2% BOTHBIM PAaCTBOPOM Goc-
dopHoBoNBdpamoBoii kuciotel H;[P(W;044),4] - H,O
W BBICYIIMBAJIM B TedeHWe 3—5 mMuH. TommmHa 06-
pasia Ha IpocBeT He npeBbiiaia 0.5 Mxm. M3o00paxe-
HUS YacTUL ObUIM TOJY4YEHBI C pa3pellcHUuEeM OO0
100 am. Ilpm momoIy BCTPOEHHOTO IIPOrPaMMHOIO
o0ecIeueHUsT U3MePsUIM HEOOXOIMbIE ITapaMeTphl Ha-
HOYACTHII.

* Hanosmynscnn bpumk 1.4 B Boze mmostydainm ¢ 1mo-
MOIIbIO yAbTpa3BykoBoro aucnepraropa Y3IIH (Poc-
cust) Ha yactoTe 22 xl1. K TounsiM HaBeckaM bp-4
T00aBISIIN M3BECTHBIE 00BbeMBbI BoAbl. C ydeToM
MJI0THOCTU bp-4 paccuyuThiBalu €ro MOJISIDHBIE
KoHIOeHTpalmu B HD. Halimen onTuMaibHEIN pe-
KUM ITUCTIEPTUPOBAHUS: TPEXKPATHOE YIIBTPA3BYKO-
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BO€ BozneiicTBue (Kaxmoe B TedeHue 15 ¢), yepemyro-
1Ieecs ¢ maysamMu (1o 5 MUH) B YCJIOBUSIX OXJIKIEHUSI.

* JInsa oueHKU 3¢ (EKTUBHOCTH HAHOSMYJIbCHUIA
bpumx L4 B xayecTBe HOCUTENEN TUMOMUIBHOIO aH-
TUCENTUYECKOTO BellecTBa X Hackiaau XI. ITpowe-
JIypa 3aKkjodajiachk B cienyioimeMm: B HD nobasisinu
XI' Takum o6pa3om, 4TOOBI BCerga MPUCYTCTBOBAJIO
HeOOJIbIIIOE KOJIMYECTBO €ro ocanaka, oopasibl Xpa-
HWIY B 3alIMIIEHHOM OT CBE€Ta MECTE IPH IIEPUOI-
YECKOM OCTOPOXKHOM MepEeMEIIMBAHUM C TIOMOIIBIO
MarHuTHOM Memnanku. Yepes ornpenesieHHBIE ITpOMe-
KYTKM BpeMEHHM aKKypaTHO OTOMpasIM IIpOOKI Hal Ocai-
KoM, uibpTpoBanu Ux yepe3 puibTpel “Millipore” ¢
nramMeTpoM 1top 0.8 MKM C MCITOJIb30BaHMEM OTHOPA30-
BBIX UIJI ¥ IIIPULIOB. B TeueHne HECKOIBKMX MECSIIIEB
CUCTEMATUYECKH IPOBOIMIN TUCIIEPCUOHHBIN aHAN3,
a TakKe WCClIeIoBaIM KUHETUKY pacTBopeHus XI.

Bo Bcex cayuasix vicciieqoBaHUS TIPOBOIVIIN TIPU
KOMHaTHoI1 TeMmneparype 23 £ 2°C.

PE3VJIBTATHI U OBCYXIEHUWE

PactBopumocTts Bpumk L4 B Boae OblIa onpeneieHa
METOIOM IIPeIU3NOHHON TypOoumumerpun. [lpu yib-
TPpa3BYKOBOM AMCIIEPrMPOBaHMUU T10JIy4Yaii 0a30BYIO
H3 (Cg,.4 = 30.22 MM), KOTOPYIO XpaHWIIU B TEYEHUE
2-X Helelb UISI JOCTVXKEHUSI PaBHOBECHBIX 3HAUe-
HUI pactBopuMocTu bp-4 B BomHOIT mucriepcUoH-
Hoit cpene. HaHoaMynbcusi Oblla arperaTUBHO
YCTOIIYMBA, O YE€M CBUIETEIBCTBYET HEM3MEHHOCTH
pacnpeneneHus YacTHUIL 110 pa3MepaM U IIOCTOSIHCTBO
CPEIHEro AMamMeTpa YacTuil (d,, = 60 HM) B TeueHUE
Bcero nepuoaa HaomoaeHwus. [1pu pazdaBieH BOOOMN
ncxogHoit HD rotoBmmm cepmio HAHO3MYIIBECHUI C pa3-
JMYHOM KoHueHTpaumeir bpumxk L4 (Cp,4 = (6.28 —
35.61) x 1072 MM), 11 KOTOPBIX PETMCTPUPOBAIN
criekTphl A(A) B IIMPOKOM AMara3oHe LIuH BoiaH 200 —
800 uMm (puc. 2). U3 criekTpoB A(A) IIpu BEIGPaHHBIX
mmHax BoaH (400, 420 n 450 HM) TTOTydeHBI JIMHEH -
Hple 3aBucuMoctu A(Cp,4), NPENCTaBICHHBIE Ha
puc. 3. Ha ocHOBe 4MCIeHHBIX KO3 (MUIIMEHTOB JIN-
HEWHBIX YPABHEHU, OMMCHIBAIOIINX 3TU 3aBUCU-
MocCTH (puc. 3), Oblj1a oIipeaeaeHa paCTBOPUMOCTh
Bpunx L4 B Bozie Sg,.4 = (2.8 £0.2) X 1072 MM.

s onpeneneHus: MexXda3zHOTO HaTsKeHUs (G)
Ha rpaHuue pasaena da3 bpumx L4/Bona 6bpu1 npu-
MEHEH MeToJ BUCcsIIer Kariu. [TocKoabKy miaoT-
HOCTbH BOIBI TIPEBHIIACT IIOTHOCTh bp-4, Bomy 10~
MeTlaIn B KaIUISIp, KOHIMK KOTOPOTO HAXOIMIICS B
MacisiHoii ¢ase (bp-4). Ha koHuuke Kamujjspa
dopMupoBaJICS CTOJIOMK BOIBI, a HE KaIlIs, TIO3TOMY
oKazajach BO3MOXHA JIMIITb TTPUOIMKeHHAsT OlleHKa
MexdasHoro HatsikeHust. @opma “cTondouka” Mo-
JKeT OBITh alMIPOKCUMHUPOBaHa IIFUIMHIPOM, OCHOBA-
HHE KOTOPOTO MMeeT paauycC, paBHBIN paguycy Ka-
nmuuIsipa (r), a ero HYDKHUI KOHEIl IPEeICTaBIsIeET COO0M
rmosrycepy ¢ pammycoM, COOTBETCTBEHHO paBHBIM pa-
nuycy Kanwuisipa (puc. 4). I1pu atom cuibl mexxdas-
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Puc. 2. Criekrpsl A(A) s HaHosMynbenii bpumx L4 ¢
pa3IUYHBIMU €ro KOHIIeHTpauusimu (yepes 14 gueit): 1 —
0.063; 2 — 0.124; 3 — 0.184; 4 — 0.243; 5—0.300 u 6 —
0.356 MM.

HOTO HATSDKEHUS KOMIIEHCHUPYIOT BeC “BOHHOIO LIU-
JMHIOpYKa” (C yIeTOM CIJIBI ApXrMena) B TeYCHUE He-
CKOJIBKUX MUHYT, YTO MO3BOJISIET 3aITMCaTh CJIeIYIOIIee
COOTHOIIIEHHE:

2nre = V,Apg, 4)

e Ap — pasHOCTb IUIOTHOCTEH Bozbl U Bp-4, paBHas
46.9 kr/M>; g — yCKOpEHHME CBOOOIHOIO MaJeHUs
(9.81 m/c?); V,, — 00beM “cTONOMKA” BOIbI, YAEPKU-
BaeMOro Ha KOHYMKe Karwuispa (V,, = nr?l — nri/3).
ITo HalMM faHHBIM = 7.5 X 107%™, /= 1.2 x 102
aV,=2.1x10"8M>. Paccunrannoe u3 ypaBHeHus (4)
3HaYeHue MexX(a3HOTO HATSKEHUS HA TPAHULIE pa3ie-
na a3 Bpumx L4/Bona cocrasnster ~2.0 X 1073 H/m.

B pabote 6bUIM MTOTYyYE€Hbl HAHOAMYJIBCUHU C pa3-
JMYHBIM cofepxanuem bpumxk L4 (Cy, 4 BappbupoBa-
g ot 55.5 1o 193.5 MM). ITocKkosibKy pacCTBOPUMOCTh
bp-4 B Bone nipeHeOpeskMOo Majia 10 CpaBHEHUIO C UC-
CJIeIOBAaHHBIMM KOHLIEHTpauusaMu bp-4, MoxXHO cum-
TaTh, YTO OHU COOTBETCTBYIOT KOHLIEHTPAIIX JAHHOTO
HITIAB B mucnepcHoOM coctossHuM. B TedeHue Bcero
BpeMeHM HaOmoaeHus (4 mec.) atu HD coxpaHsu
MPaKTUYECKU HEU3MEHHBIMU CPETHUI pa3Mep YacTULl
(d.p = 52 6 HM) 1 MOHOMOZAJILHOE Y3KOE PacIpesieie-
HMEM YaCTHII 10 pa3MepaM (MHIEKC MOIMINCIIEPCHO-
ctu (UI11) pasen 0.078 + 0.010). Ha puc. 5 B kauecTBe
npyuMepa mOpuBeneHbl auddepeHINaIbHbIe KPUBbIE
pacnpeneneHus yacTul 1o pasmepam it HO (Cgp 4 =
= 84.1 MM) nipu pa3TMYHBIX BpeMeHaX XpaHEHMSI.

JucnepcnonHbIi aHanm3 mist HD, nmpencrasiieH-
HbII B TaOyJIMPpOBaHHOM (hopMe, CONEPKUT TaHHBIE O
BKJanax (W, 06. %) kaxmnoit ppakimm ¢ YacTUIIaMu
orpenesieHHOro nuamMerpa (d;) B o01uii oo0beM auc-
nepcHoi ¢a3bl. C yueToM cheprudeckoil GOpMEBI Ka-
neab HD cymMmapHas miomanb ITOBEPXHOCTU JIMC-
NepCHOM (a3bl Maccoil m MOXKET OBITh BEIpaxkeHa
CJIEAYIOIINM 00pa3oM:

0.08
Az = 0. 190C5p 4— 0.005
R*=0.998
0.06 Aa0=0. 179C5p 4— 0.005
=0.998
A450 = 0.165C5p_4 — 0005
R?=0.998
< 0.04 +
¢ 400 HM
0.02 0 420 1w
A 450 uMm
0 0.1 0.2 0.3 0.4

C5p74, MM

Puc. 3. 3aBUcMMOCTH ONTUYECKOI TUIOTHOCTU TIPeNeb-
HO pa30aBJIeHHbIX NPSIMbIX HaHOAMYJIbcuil bpumxk L4 ot
ero KoHIeHTpauuu npu minHax BojH 400, 420 u 450 aM.

Sy = 100 Z( /d,), )

e Macca m BbIpaxkeHa B T, TJIOTHOCTh BellleCcTBa JA1C-
repcHoi hasbl P — BT/M>, a AMaMeTp Kareib d; — B M.
Ha ocHoBe naHHBIX OMCIEPCUOHHOIO aHajiu3a
MpYU HOPMUPOBAHUM Ha €NUHUILY MacChl AUCIIEpC-
Hoit pa3sl (m = 1 1) 13 ypaBHeHUs (5) pacCUUTHIBAIN
YAENBHYIO TIOBEPXHOCTD (S, M2/T) MOJIy4EHHBIX Ha-
HoaMmynmbeuii bpnmx L4, koTtopas Bo Bcex ciaydasx B
cpenHeM cocrasuia Sy, = 121 + 10 M2/r. He3zaBucu-
MOCTb BEJIMYMHBI Sy, OT KOHLIEHTpauuu bpumk L4 u ot
BpeMEHU XpaHeHUs CBUACTEILCTBYET 00 arperaTuBHOI
YCTOMUMBOCTH MOJIyYEHHBIX HAHOIMYJIbCUIA, KOTOpasi,
MO-BUIMMOMY, 00YCJIOBJIEHA HU3KOI pACTBOPUMOCTBIO
BelllecTBa aucrepcHoit ¢dasbl (T.e. bpumxk L4) B Bone,
YTO UHTUOUPYeT U30TEPMUUYECKYIO TTeperoHkKy. Kpo-
Me€ TOTO, TOCTAaTOYHO MaJjioe MexX(ha3HOe HATSKEHUE Ha
rpaHulie pasaeyna bp-4/Boma cIocoOGCTBYET YCTOMYM-
BocTH 3TuX HO K Koarynsinuu, a 3HaYUT U K KoaJiec-
neHuuu. [1Ipu aTOM ycpeaHeHHas Mniolaib MoBepx-
HOCTU IUCIIEPCHOI (ha3bl HAHOIMYJILCUU B pacueTe
Ha 1 1 HD (§*, M?/)1) ITMHEIHO 3aBUCUT OT KOHLIEH-
tpaunu bp-4 (8* = 50.1Cy, 4 — 663.2; R* = 0.998).

Takum o6pa3oM, IpsiMble HAHOAMYJIbCUU bpumxk L4
HaXOIATCS B HEM3MEHHOM METacTaOMILHOM (KBa3u-
PABHOBECHOM) COCTOSTHUM B TEUYCHHE IIUTEIHHOTO
BpPEMEHHU, YTO MO3BOJISIET KiIacCU(UIIMPOBaTh UX KakK
nceBroaoGWwIbHbIe TUucrepcHbie cucteMbl [28]. [Ipu
5TOM TTOBEPXHOCTH KaITeJIb 9KpaHUPOBaHa TUAPODIITH-
HBIMU TOJMOKCUITWIMPOBAHHBIMU LIETISIMU MOJIEKYJT
Bp-4, yTo o6GecneunBaeT CIyIasXkBaHHE Pa3HOCTH T10-
JIIpHOCTE MEXKIY IUCIIEpCHOM (ha30if 1 aucIiepcu-
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Puc. 4. Anmpoxkcumanusi (GopMbl “cTonOuka” BOMdbBI,
YIAEPXKUBAIOIIETOCS Ha KOHUMKE KaITWLIsIpa IPU U3Mepe-
HUM MexXGba3HOro HaTSKeHUS Ha TpaHMLE pasiena
Bpumx L4/Bona.

OHHOH cpeloi M CHUKaeT MexX(a3HYI0 3HEPTrUIo.
ITonyyeHHBIe BYXKOMIIOHEHTHBIE HD, B KOTOpPHIX
bpumx L4 BemroaHseT GyHKIMKM AUCIEPCHOM (ha3bl 1
cTabuiamszaTopa, XapaKTepu3yITCs BBICOKOpPa3BU-
TOM MexX(a3HOil MOBEPXHOCTHIO, IUIOIIANh KOTOPOI
MOXHO IIeJICHAIIPABJICHHO PEryJIMpOBaTh, BapbUpYs
KOHILIeHTpaLuio bp-4.

PesynbTaThl IUcepcUOHHOTO aHaimm3a ajist HO ¢
COMOOMIN3NPOBaHHBIM XI, TTOJIydeHHBIC NTpU pa3-
JIMYHBIX BpeMEHaxX XpaHEeHUS, IIONTBEPKIAIOT X arpe-
TaTUBHYIO YCTOMUMBOCTD. VuTrocTpaliueil, HaripuMep,
CJIYXKUT pUC. 6, Ha KOTOPOM NpuBeAcHbI 1uddepeH-
Ne3 2023
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Puc. 5. IuddepeHuraibHble KPUBbIC paclpeaeaeHus
YacTUII TI0 pa3MepaM HaHoaMyJIbcuu bpumk L4 (C Bp-4 =
= 84.1 MM) 11pu pa3IMYHBIX BpeMeHaX XpaHeHus (BpeMst
yKa3aHo B JIETEH/IE).

LIaJbHbIE KPUBBIE paclpeneeHUsI YacTUIl 1o pa3-
mepam 11 HD (Cy, 4 = 166.8 MM) ¢ XT npu Bapbu-
pOBaHUM BPEMEHU XpaHEHMs OT 3 CyTOK mo 1 Mec.
Kpowme Toro, mis Bcex HO ¢ comoOumm3npoBaHHBIM
XT' 3HaUeHUST CPEIHETO TMaMeTpa YacTULL U YAETbHOMN
MOBepXHOCTH (d,, = 19 + 3 M u S, = 324 £ 35M%/1), a
TakXXe MOHOMOJAJIbHBIN Y3KUI1 XapaKTep pacrpele-
neHus 1o pasmepam (UI10 = 0.089 & 0.012) He 3aBUCIT
oT BpeMeHU. I1pu 3TOM 3aBUCUMOCTbD TUIOIIAAN MEXK-
dazHoit moBepxHocTu S* (M%/n1 HD) nuHeiHO BO3-
pacrtaeT ¢ yBeJIuuyeHMeM KoHLieHTpauuu bpumk L4:
§* = 112.3Cg,, 4 — 144.4 (rne Cg, 4 BoIpaxeHa B MM).
Takum o6pazoM, HaHOAMYJIbcU bp-4 ¢ comooman-
3upoBaHHBIM XI Takke MOXKHO OTHECTH K KBa3upaB-
HOBECHBIM CHCTEMaM.

PactBopuMocTsb (conmobunuzaiius) XI' Bo Bpeme-
HU B HAHOBMYJIbCUSIX C Pa3IUYHBIM cCOAepXKaHUEeM
Bpumx 14 Gblna ucciegoBaHa MeTonoM Y®-criek-
Tpockonuu. B KauecTBe mprumepa Ha puc. 7 IpUBee-
HBI CIIeKTphI TTornomeHusa XI' B mpobax HD pazmmu-
HBIX KOHIIEHTpanuii yepe3 14 cyT, 4TO COOTBETCTBYET
yca0BUsIM paBHOBecusi. Kak ynmoMsiHyToO Bbillle, po-
661 HD ¢ XI' pa36asisiiin H-IIPONUIOBBIM CIIMPTOM.
3aBUCUMOCTD pacTBOPUMOCTU OCHOBaHUS
xjioprekcuauHa B HD ot koHueHTpanuu bp-4 siBisi-
erca muHeHoM: Sy = 0.033Cg, 4 + 0.127 (puc. 8). Jlu-
HEMHOCTb JAaHHOU (DYHKIIMM MTOATBEPXIAECT aHAJIOTUIO
C CoMOOMIM3anyeit TMNo(UIbHEBIX BEILIECTB B BOTHBIX
MULIeIUSIpHBIX pacTtBopax ITAB [29]. JluHeiitHOCTB
M30TEPMBI COJIOOMIIM3aINN HAOJIIOJaeTCsI B IIIMPO-
KOM MHTepBayie KoHIleHTpaluuii [TAB, npu aTom co-
mobwm3anroHHas eMkocTth (CE) mumemt oTrHocu-
TEJIbHO COJIIOOUIN3aTa, XapakTepudyemasi OTHOIIEHU -
€M Yuciia MoJIeH comodumn3ara K yuciy moseit [TAB,
HaxoJsI1Ierocs B MULISJIJIIpHOI (hopme, oTipenesisieT-
Csl TAHTEHCOM yTJla HaKJIOHA U30TEPMbl K OCHU KOH-
LICHTpALIMii (T.e. paBHA COOTBETCTBYIOIIEMY YMCJICH-
HOMY KO3(hduimeHTy auHeiiHoro ypaBHeHus) [30,
31]. OGHapy:XeHHasI aHaJOTHs IT03BOJISICT OIIpeje-
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Puc. 6. JuddepeHumanbHble KpUBbIE pacripeneieHMs
YacTUIl TI0 pa3MepaM UIsI HaHOAMyJiabcuit bpumk L4
(Cpp-4 = 166.8 MM) ¢ XT npu pasimyHbIX BpeMeHax Xpa-
HeHMs (BpeMsI yKa3aHOo B JIET€HIE).

8 —
SXl_ = 0‘033C5p—4 +0.127
R>=10.973
6+
=
=N
2
“
2 -
| | | | J
0 50 100 150 200 250

CBp—4’ MM

Puc. 8. KBasupaBHOBecHas n30TepMa COJIIOOMIN3AIIN
OCHOBaHMSI XJIOPTeKCUINHA B HAHOAMYJIbCHsIX bpumk L4
nipu 22°C.

JINTh COMIOOWIN3ALIMOHHYIO €MKOCTb HaHO3MYJIbCHIA
otHocutenbHO XI: CE = 0.033 % 0.001 momnb XI'/Monb
Bbp-4 (puc. 8). 11 uccieqoBaHHOTo MHTEpBaia KOH-
nentpauuit bpumx L4 pactBopumocts XI' B HaHO-
SMYJIbCUSX TI0 CPABHEHUIO C €70 paCTBOPUMOCTHIO B
Boze Bo3pactaeT B 10—38 pas.

ITokazaHo, yTo comoomnm3auysa XI' 1MHeitHO BO3-
pacTaeT ¢ yBeJIMYEHMEM IUIOIIAAN IIOBEPXHOCTU IMC-
nepcHoii ¢a3el HD bpumx L4 (puc. 9), BciaencTsue
Yero MOXHO IIPeAIlonoXuTh, uto XI' 1oKanm3oBaH
Ha 1ToBepxHoCcTH Kareab HD. IToaTBepxoaeT 3Ty TH-
I0Te3y TakKe TO, uTo bpumxk L4 aBisieTcss He TOIBKO
JIMCIIEpPCHOI (ha30ii, HO U CTAOMIN3aTOPOM pa3pado-
TaHHBIX TPpIMBIX HD 1 ero rmmpodniabHbIe TTOMMOK-
CUBTUJIMPOBAHHBIE 1IN HAXOISTCS HAa MOBEPXHOCTU
Karieib, IpY 3TOM B KaXKI0i LIETIN COMEePKUTCS S aTo-
MOB KMCJIOPOAa, CIOCOOHBIX CIY>KUTh aKIIeIITOPaMU

1.0
osl — 1—555uM
—2-841uM
0.6 —3—111.1 MM
- —4-138.6 MM
0.4 6 — 5-166.8 MM
0 —6-193.5MM
0.2f 1
0 L : —~
200 250 300 350 400

A, HM

Puc. 7. CriekTpbl OIIOIIEHUS 17151 OTIpeAeJIeHUsI paCTBO-
pumoctu XI' B HaHOOMYIbcHsIX bpumk L4 pasnuaHbix
KOHIIEHTpaluii yepe3 14 cyt. 3HaueHUsT CBp-4 npuBene-
Hbl BJiereHae. [1poobl pa3daBiisiiv H-IIPOMUIOBBIM CITUP-
TOM B 251 pas.

8 —
7F Sy =0.29055* +0.2579
6L R>=0.9425
s ST
= 4L
2
A3t
2 -
1 -
0 5 10 15 20 25

S*x 1073, M2/n HD

Puc. 9. 3aBUCUMOCTh PAaCTBOPUMOCTH (COJTIOOMIN3ALIIN)
XTI oT mjIo1aay MOBEPXHOCTU IUCIEPCHOI (ha3bl HAHO-
amynbeuit bpumk L4 (B pacuere Ha 1 1 HD).

MPOTOHOB NpH (POPMUPOBAHNMN BOOJOPOIHBIX CBSI3EH
[32]. Kpome Toro, monekyna XI' conepXuT 6 UMUHO-
TPYII, KOTOPhIC SIBJISIFOTCSI JOHOpaMU IIPOTOHA MpU
dopMUpOBAaHUU BOAOPOIHBIX cBs3eil [33]. Takum
obpa3oM, Kaxaasi coooumin3upoBaHHas B HO Mo-
Jnekyna XI' MoXeT yIep:KMBaThCs BO BHEIITHEM ITOJIM -
OKCHATWJIMPOBAHHOM CJIO€, OKPYKAIOIIeM Karuii Ha-
HOBMYJIbCHIA, 32 CYeT (pOPMMPOBAHMS MHOXKECTBEH-
HBIX BOIOPOMHBIX cBsi3eit N--H---O.

Bax#o moquepkHyTh, 4To comobdmim3anys X1 mpu-
BOJIUT K 3aMETHOMY YMEHbLIIIEHMIO pa3MepoB Karesb
H3, sto ummoctpupyet puc. 10, HA KOTOpOM COIIO-
crapjieHbl quddepeHIanbHbie KpUBbIe pacipenesie-
Hug vactul no pasmepam HD bpumx L4 (Cg, 4 =
= 166.8 MM) ¢ XI" 1 6e3 Hero npu OIMHAKOBOM BpeMe-
HM XpaHEeHUS. AHAJIOTMYHBIC Pe3yJIbTaThl ObUIN TIOJTY-
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Puc. 10. AuddepeHnanibHble KPUBBIE pacHpeaeaeHNs
YaCTHUII II0 pa3MepaM HaHoAMYyIbcuit bpumxk L4 (CBp—4 =
= 166.8 MM) 6e3 XTI (1) 1 c uHKOpTIOpUpoBaHHbIM XI' (2)
gepe3 7 CyT.

4eHbl I Beex uccnenoBaHHbix HOY (Cgpy = 55.5—
193.5 MM). I1pu 5TOM 3HaUYE€HUE CPEOHETO NUaMETpa
YacTUL JUCIIEPCHOM (ha3bl YMEHBIIAETCSI IIPUMEPHO
B 2.7 pa3a, a yaeibHasl TOBEPXHOCTh HAHOIMYJIBCUH
S,z COOTBETCTBEHHO BO3pACTaeT B 2.7 pa3a. DTO OYEHb
HEOXUIAaHHBII pe3ynbTat. Kak rpaBuiio, BBeIeHUE JIU-
no(pMWIBHBIX JOOABOK B MpPsIMble HAHOIMYJIbCUU TIPH-
BOJIMT K YXYIILUEHUIO UX arperaTUBHOM YCTOMYMBOCTU
U, CJIeIOBaTEIbHO, K YBEIMYEHUIO pa3MepOB Kareb.

st moaTBepXkAeHUsT HAOMI0JaeMOro HamMu He-
oXunaHHoro 3¢ deKkTa yMeHbIIIEHUST pa3MePOB YaCTUI1I
HD npu comobunuzanum Omonuaa HaHOAIMYJIbCUS
bpunx L4 (Cg, 4 = 166.8 MM) ¢ XTI Oblia uccnenosa-
Ha MetonoM I1OM. Pesynbratel [1DM mnpencrasiie-
HbI Ha puc. 11 1 HaxoaITCSd B COOTBETCTBUM C JaHHbI-
MU IUCTIEPCUOHHOTO aHaI13a.

IMpnunHoit Habmomaemoro »>¢gdeKra, Ha HaIl
B3IJIsIII, MOXET ObITh (pOpMUpPOBaHKME HA TTOBEPXHOCTU
yactul HD xomimiekca mexmy Mojekyiamu bp-4 u
XTI, KOTOpHIii Iy4dIie paCTBOPUM B BoAe, HEXKEIIN Be-
1ecTBo aucnepcHoit dasnl (bp-4). JeiicTBUTeNbHO,
B IUCIIEPCUOHHOM Cpele BCIIEACTBME MAaJIbIX KOH-
IeHTpalii 000MX KOMITOHEHTOB 00pa30BaHMS KOM-
IUIeKca He MPOMCXOAUT, TOTAA KaK Ha TMTOBEPXHOCTU
Kanenb HD, roe cKoOHIIeHTpUpOBaHBI OKCU3TUIBHBIE
rpymisl bp-4 n comoommm3upoBanHbiin X1, Gopmu-
poBaHMe KoMILIeKca 3a cueT H-cBsizeit BecbMa Bepo-
STHO. B maHHOM ciiyyae oKka3bIBaeTCsl yMECTHOM aHa-
JIOTHSI C MULISJUIIPHBIM Y1 MUKPO3MYJIbCUOHHBIM Ka-
TaJIM30M, KOTlla KOHIIEHTPUPOBaHEe KOMITIOHEHTOB B
JacTULaX OUCIIEPCHOI (pa3bl oOecneuynBaeT IpoTe-
KaHue xuMuueckux peakuuii. I[lockonbky B nucnep-
CUOHHOM cpelle KOMIUIEKCOB HET, OyIeT MPOUCXOIUTh
X MaCCOIIEpEeHOC C IIOBEPXHOCTHU Kamelb B IUCIIEPCH-
OHHYyIO cpeny (110 rpagueHTy XMMMUYECKOTO ITOTEHIINA-
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Puc. 11. Muxkpodotorpacdust HaHoamysbcuu bpumxk L4
(Cpp-4 = 166.8 MM) ¢ XT, nony4yennas meronom [1OM
yepe3 1 Mec. XxpaHeHUsI.

Jia) BIUIOTh [0 YCTAaHOBJIEHUSI paBHOBecHs. Eciu koM-
TJIEKC JIy4lllie PAaCTBOPYM B BOIHOM Cpeie o CpaBHEHUIO
¢ bpumx 14, To HEKOTOpOE KOMMYECTBO €T0 MOJIEKY/I B
CcOoCTaBe KOMILIEKCA OylIeT MepeXoanuTh C TOBEPXHOCTU
JUCIIepCHOI a3kl B AUCIIEPCUOHHYIO CpeIy, 4TO U
MpUBEIET K YMEHbIIIECHHIO pa3MepoB yacTuil HO.

I1pu o1ieHKe BEPOSTHOTO COCTaBa KOMIUIEKCA He-
00XOIMMO YYHUTHIBATh CTPYKTYPHBIE OCOOCHHOCTH
moekyn XI' u bp-4:

* Monekyna XI" uMeeT CHMMETPUYHOE CTPOSHME,
COIEPKUT ABE MOJISIPHbIE OUTYaHUIUHOBBIE IPYITIHI
(puc. 1a), Tormorpacduyeckas IJIOIaab KaXKI0H IpyII-
el cocTasiseT ~ 0.89 um? [33].

* Monekyna bp-4 xapakrepusyercs TUPpUIbHBIM
cTpoeHueM (puc. 10), Tomorpaduyeckas miomanb
MOJIIPHOM MOJTUOKCUAITUINPOBAHHOM YaCTH MOJIe-
Kynbl paBHa ~0.57 HM? [34].

ITocKOABKY TOJBKO IOJISIPHBIE YYaCTKH MOJIEKYJI
Bpumx L4 n XI' cnoco6HBI (OpMUPOBATh BOOOPOI-
HblEe CBSI3U, MPUBOIAIINE K KOMILIEKCOOOpa3oBa-
HMIO, yYeT pa3MepPOB HOJISIPHBIX y4aCTKOB 1 CTPYKTYPBI
MOJIEKYJT 0O0OMX TUTIOB MO3BOJISIET MPEATOJIOKUTD, YTO
KOMIUIEKC MOXET COCTOSITh U3 2-X mojieKyn HITAB u
MoJieKysbl ononuaa (2bp-4:1XI') mim ke u3 MoIeKy-
Jel HITAB u monekynbl XI' (1bp-4:1XT"). PactBopu-
MOCTb IAHHBIX KOMIUIEKCOB B BOMHOM TUCIIEPCUOHHOM
cpene (S,) MOXET ObITh IPUMEPHO OLIEHEHA, UCXOIS U3
aJIUTUBHOCTU BKJIAIOB KOMITOHEHTOB, BXOMISIIIIUX B UX
COCTaB:

S¢ = Xpp-aSppa + XxrSxrs (6)

e Sgp4 M Sxr, — COOTBETCTBEHHO, MOJISIpHast pac-
tBopuMOCTh bpumk L4 u XI' B Bone, Xp, 4 1 Xxp —
MaccoBbI€ J0J1 KOMITOHEHTOB B KOMILJIEKCE.

Jas xomriekca 2bp-4:1XTI, mo HamuMm pacuye-
TaM, Xg, 4 = 0.59 u Xy = 0.41, a s KomIUIeKca
1bp-4:1XT — Xg,4 = 0.42 u Xy = 0.58. PacueTsl no
ypaBHeHHUIO (6) TIOKa3aau, 4To S, 11T KOMITJIEKCOB
coctaBoB 2bp-4:1XI" u 1bp-4:1XI, cooTBEeTCTBEHHO,
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cocrasaeT 9.09 X 1073 u 1.17 x 10~* M. TToCKOJIBKY KO-
JIMYECTBO KOMIUTIEKCOB KaXIIOTO COCTaBa HEBO3MOXKHO
OIIEHUTH, a TIOJlyYeHHBbIe 3HAYEHUS S, pa3INJaroTcs
b Ha £12.5%, To 11e1ecoo0pa3Ho paCTBOPUMOCTh
KOMIUIEKCOB B BOJIe TIPUOJIMKEHHO TPUHATH paBHOM
cpenHeMy 3HaueHuIo0 S, = (1.04 + 0.13) x 10~* M, uto
B ~3.7 pa3a IIpeBHIIIaeT pacTBOPUMOCTb bp-4 B Boze.

Cnenyer oTMeTUTh, 4YTo XI' IIPpUCYTCTBYET B AUC-
nepcuoHHoI cpene HD kak B Buae MHIMBUIYATLHBIX
MOJIEKYJI, TaK U B BUAEC KOMIUICKCOB C MOJIEKYJIaMU
bpumx L4. TToatomy pactBopuMocTth XI' B mucnep-
CUMOHHOM cpele (Syc) ABIAETCA CyMMOM pacTBOpU-
MocCTei B BoAe obenx ¢hopM JaHHOTO GUOLIMAA U CO-
craBiser 2.85 x 10~ M. C yyeToM 3HaUYeHUs Spc ¥ 1aH-
HBIX 0 pacTBopuMocTr XI' B HAaHOAMYJIbCHUSIX (puc. 8)
MOKHO YTBEPXKIATh, 4TO OT 84 10 96% Guoumaa jao-
KaJIM30BaHO B ITOJIMOKCUATUJIMPOBAHHOM CJIO€ Ka-
neib (Io CyTH, agcopoupoBaHo). Ancopoums XI' Ha
MOBEPXHOCT HAHOHOCHUTEJICH MOXKET OBITh OlLIEHEeHA
M3 CIEAYIONIETO COOTHOIICHUS:

= (SXF - SZ[C). (7)
S*

3HaueHus aacopouuu XI' Ha MOBEpPXHOCTU Ka-
nenabr HD, paccunTaHHbIe IJIs1 BCEX UCCICAOBAaHHBIX
KoHueHTpauuii bpumk L4, npuBeneHb! B Tadmuie 1,
13 KOTOpPOM clieayeT, uto 3HadeHus I coBmamaior ¢
TOYHOCTBIO £6.9%, Ipy 3TOM cpeaHee 3HaUeHUE all-
copoumu XTI coctaBuiio (2.9 £+ 0.2) x 10~7 Mmonb/M>2.

INonydyeHHBIe pe3yabTAaTHl MOATBEPKIAIOT HAIITY
TUIIOTE3y O MEXaHMU3Me CaAMOIIPOM3BOJILHOTO YMEHb-
IIeHus1 pa3MepoB Kareab HD npu comodunuzanuu
XTI, Korga MCKIMIOYNTETEHO Ha TOBEPXHOCTU Kallelb
dopmMmupyloTcss KoMIuiekchl bp-4:0mommm, Oolee
pacTBOpHMBbIE B Bojie 110 cpaBHeHUIO ¢ bp-4, 1 npo-
HWICXOIUT UX MacCOMepeHOC B BOMHYIO a3y BIUIOTH IO
YCTaHOBJICHUS aJICOPOIIMOHHOTO PABHOBECHSI.

KuHeTnka MaccomepeHoca OCHOBAHUS XJIOP-
reKcuavHa 4YacTullaMu aucriepcHoir ¢dasst HO
(Cppq = 166.8 MM) usydanach Metonom Y®-cnekTpo-
CKOIMUM C UCIOJb30BaHUEM IU(MGY3MOHHOMN SUYeiiKu
®panua. Konuenrpauuiwo XI' (Cxr) B IIpUEMHOI
cpelie Uil pa3HbIX 3HAUYEHMI f OLIEHUBAJIU U3 YpaBHe-
HUs (2) Ha OCHOBE CIIEKTPOB MOMIOIICHMS, TIPUBEIEH-
HBIX Ha puc. 12a, 126. YcTtaHOBIEHO, UTO yXe uepe3 1 9
Cxr = 30.5 MKT/cM?, 94TO MpeBbINIaeT MUHUMAIBHYIO
uHruoumpyloiyio KonueHrpauuio (MHUK), kotopas B
cirydae XI' 11t M PpOKOTro Kpyra ImaToTeHHBIX MUKPO-
OpraHu3MoB cocTasiger ot 1 no 20 mkr/cm? [35].

Ha ocHoBe ypaBHeHUsT 3 pacCUMTHIBaIN KOJIUYe-
cTBO XI, nepeHeceHHOEe HAaHOPa3MEPHBIMU KaTlJISIMU
bp-4 uyepe3 enuHUIly IIomaad MeMOpaHbI IIpU pas3-
JIMYHBIX 3HAYEeHUSIX BpeMeHU. KuHeTnka maccore-
peHoca XI' mpencTaBieHa Ha puc. 13, U3 KOTOpPOro
BUIHO, YTO Ha 3aBUCUMOCTU (Q(f) MOXHO BBIIEIUTh

3AABIMOBA, MAJTAILIUXNHA

Taomuna 1. 3xHaueHusi agcop6ouuu XIT Ha moBepxHOCTH
Kaneab HD ¢ pasnnyHbpIMU KOHLEHTpauusiMu bpumk 1.4

Cppqg X 10°, M T x 107, Moib/M?
55.5 2.7
84.1 2.9
111.1 3.1
138.6 3.0
166.8 2.5
193.5 3.1

IBa JIMHEMHBIX y4acTKa, XapaKTEPU3YIOLIUXCS TI0-
CTOSTHHBIMM CKOPOCTSIMU MacCCOIEPEHOCA, PABHBIMU
126 + 51 26 = 1 Mxr cM—2 u~!. Takum oOpa3oM, Ha-

0.30 (@)
0.25 — 1-05u
0.20 —2—104
— 3-244y
< 0.15 — 4-34y
0.10
0.05
0 L ]
200 300 400 500
A, HM
0.30 ©)
0.25 — 1—44y
0.20 — 2-54y
0.15 — 3—6.44
=0 — 4-195y
0.10 — 5-30.84
0.05
0 | |
200 300 400 500
A, HM

Puc. 12. CriekTphbl MomIomieHus: Tpo0d MPUEMHOMN cpebl
u3 stueiiky PpaHila npu pa3IMIHbIX BpeMeHax Habuto/e-
HUS (BpeMsl yKa3aHo B JIET€HIE) IJIsI ONpeAeeHUsI Mac-
conepeHoca XI' wactumamm mgucriepcHoil a3pl HaHO-
amyiabeuit bpumk L4 (Cpp_4 = 166.8 MM). T1poGbl pas-
GaBJIEHbBI H-TIPONUJIOBLIM clipToM (a — B 16.7 pa3; 6 — B
34.3 pa3za). PactBop cpaBHeHUsT — IpreMHasI cpefa, pas-
GaBJIeHHas! H-IIPOMUJIOBBIM CITUPTOM B TaKOE Ke KOJInJe-
CTBO pa3s.
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Puc. 13. Kunetuka maccomnepeHoca XI' vactumamm
nucnepcHoi da3sl HaHoaMynbcuii bpumxk L4 (CBp—4 =
=166.8 MM).

omronaercs 3ddekTuBHBII MacconepeHoc XI' HaHO-
pasMepHBIMH KatuisMu bpumk L4 B BogHOIT cpene.

SAKIIIOYEHHME

OmpeneneHa pactBopuMocTh bpumk L4 B Bone u
MexXdazHoe HaTsSKeHUe Ha TpaHulle pasaeiaa bpumk
L4/Boga. Ilpu He3HAUYUTEIBHOM YJIBTPa3ByKOBOM
BO3JCUCTBUM TIOJy4eHbl HAHOBMYJIBCUU ITPOCTOTO
COCTaBa, B KOTOPHIX JIUITOPMIILHOE HEMUIIETIO00pa-
sytoiiee HITAB (bpumx L4, bp-4) sasasercs
IMCTIepcHOI (pa3oit m crabmmaaTtopom. dncrnepcnoH-
HBIN aHanM3 roAaTBepaui, yto HD Haxomsarcs B HeU3-
MEHHOM METacTaOWJILHOM (KBa3MpaBHOBECHOM) CO-
CTOSIHUM B TeYeHUE IJIUTEILHOTO BpeMEeHU (Mecsi-
me1). Comoomwmzamusgs XIT He moBmMsIa Ha
arperaTMBHYIO YCTOMYMBOCTD ITOJTydeHHBIX HD, onHa-
KO CTajla IPUYMHONM YHUMKaJIbHOTO 3(PdeKTa CcyIe-
CTBEHHOTO YMEHBILIEHUSI pa3MepoB Kaneib bpumk L4
1 yBeJMYEeHUs yaeabHOU moBepxHocTu HD. B kaue-
CTBE BEPOSTHON NPUYMHBI JaHHOro 3(ddeKra pac-
cMaTpuBaeTCs 00pa3oBaHUE HAa IOBEPXHOCTU YACTUII
IUCIIEPCHOM (ha3bl KOMIUIEKCOB MEXAY MOJIEKYIaMU
bp-4 n XT, xoTopsle Jydiie pacTBOPUMEI B BOJIE, HE-
xenmu bp-4, n ux MaccomnepeHoOC B JUCIIEPCUOHHYIO
cpeny. s uccaenosanubix HO or 84 no 96% coutro-
OMIM3UPOBAHHOIO OCHOBAaHMS XJIOPTEKCUIMHA JIO-
KaJIM30BaHO B MOJMOKCHUITWIMPOBAHHOM CJIOE€ Ka-
nenb bp-4, 4To, Kak M KOMIUIEKCOOOpa3oBaHUE, 00y-
CJIOBJIEHO o0pa3oBaHUEM MHOKECTBEHHBIX
BOHOPONHBIX cBs3eirt N--H--O Mexmy MoJieKylamMu
XTI u bp-4. IloaTBepxneH 3(pheKTUBHBINA Maccorie-
peHoc XI' karmuisimu bp-4 B BomHoli cpene. Becbma
BEPOSITHO, YTO HAHO3MYJIbCUU C COTIOOMIN3UPOBAH-
HbeIM XI' mmociayxaT 6a3mucoM HOBBIX 3(h(EKTUBHBIX
¢dOpM aHTHUCETITUKOB.
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