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The structure of the arabinogalactan (AG) and its sulfates was characterized by method of FT Raman
spectroscopy. It was established, that after sulfation of AG with a chlorosulfonic acid in pyridine, there
was an introduction of sulfate groups in arabinogalactan chain. As shown by X-ray diffraction (XRD),
initial samples of MCC had amorphous structure, and in the course of sulfation there was a further
amorphization of the structure of a material. By use of scanning electron microscopy (SEM) and
atomic-force microscopy (AFM) was shown, that sulfated arabinogalactan synthesized in pyridine,

have different morphologies from starting arabinogalactan.
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Hzyueno cmpoenue nampuegvix coneil cynbgamuposannozo apabunozanraxmana (AI)) opesecumnsvi
JUCMBEHHUYDL, NOTYYEHHBIX cyTbamuposanuem AL X10pcynbonogoii Kuciomoii 6 cpede NUpUOUHA.
Bseoenue cynvgpamnuvix epynn ¢ cmpykmypy AI” noomeepaicoeno nossrenuem ¢ KP-cnekmpax nosvix
NOJNIOC NO2NIOWEHUs. NO CPAGHEHUIO CO CNEKMPAMU UCXOOH020 nonucaxapuoa. Memoodom penmeeHo8cKotl
ougpakmomempuu NOKA3AHO, 4MO UCXOOHble 00pA3Ybl APAOUHOLANAKMAHA UMEM aAMOppHOe
cmpoenue; 6 npoyecce CyTb@amuposaHus NPOUCX0OUM OaTbHelas amopOu3ayus CmpyKmypol
mamepuana. C nomowwio pacmpogou 31eKmpoHHou mukpockonuu (POM) u amommo-cunogou
muxpockonuu (ACM) noxazarno, umo mop@onoeus nony4yeHHoz20 8 cpede NUpUOUHa cyrbGamuposaHHo2o

ATl cywecmeenno omaunaemcs om Mop@onocuu ucxoono2o apabuHo2araKmand.

Krnrouesvie crosa: apabunoecanrakman, cyrbgamupogarue, CyrbhamuposanHvliil apabuHoeaiaKkma,
xnopcynvghonosas kucioma, nupuduwr, KP-cnexmpockonus, penmeeHO8CKas Ougpaxmomempus,

pacmpoeasi d1IeKmpOHHAA MUKPOCKONUS, AMOMHRO-CUTI08A51 MUKPOCKONUAL.

BBenenue

B Hacrosimiee BpeMst akTHBHO BEIETCS IIOMCK OMOorndecky akTUBHBIX BemecTs (BAB) pac-
TUTEIBHOTO MPOUCXOXKIEHUS. DTO B IEPBYIO OUEPEb CBA3AHO C TEM, YTO OMOJIOTHYECKU aKTHB-
HbIE BENIECTBA PACTUTEIHHOI'O IPOUCXOXKICHUS OYEHb YacTO 00JIalaloT Pa3IMYHBIMU BHAAMH
OMOJOTHYECKON AKTHUBHOCTH M MPAKTUUYECKH HE OKA3bIBAIOT MOOOYHOIO MEWCTBUS Ha >KHBOMH
opraHusM. XOpOIIO U3BECTHO, YTO CyJNb(aTHPOBAHHBIE ITOJHCAXAPUABI HMEIOT P HOBBIX BH-
J0B (M3UOJIOTUUYECKOI aKTUBHOCTH, B YACTHOCTU OOHAPYKHMBAIOT BBICOKYIO aHTUKOATYJISIHTHY IO
aKTUBHOCTB M JApPyTHe BUABI (HPU3HOIOTHYECKOH aKTUBHOCTH, TaKMe KaK IIPOTHBOBHUPYCHAs, aH-
tunponudepaTuBHas, aHTHCKIEPOTHUYECKAs,, UMMYyHOMoayaupytomas u mnp. [1-10]. Ogaumu u3
TaKHX NEPCHEKTUBHBIX U JOCTYMHBIX BEIIECTB PACTUTENBHOTO MPOUCXOKICHUS CUUTAIOT CYIb-
¢datupoBanubie npousBonnbie Al [7, 8]. CynbdpaTupoBaHHble TPOU3BOJHbBIE apaOUHOrajJaKTaHa

OPOSABIAKOT BBICOKYH) AHTHUKOATyJISHTHYIO W THIIOJUNUACMUYCCKYIO aKTUBHOCTb, YTO ACJIACT

— 548 —



Natalia Yu. Vasilyeva, Alexander V. Levdansky... Study of Structure of Product’s Obtained by Sulfation of...

NEPCIEKTUBHBIM UX MPUMEHEHHUE JIsl MPO(UIAKTUKH U JICUEHU S CepACUHO-COCYIUCTHIX 3a0oe-
BaHuil. CynpaTupoBaHHbBIE TPOU3BOAHBIC apaOMHOraJaKTaHa aHAJOTH TelapruHa — Cepocoep-
JKaIero rITMKO3aMHUHOTIIMKaHa, BEIeCTBA )KUBOTHOTO NpoucxoxaeHus [11]. biarogaps Beicokon
3¢ (HeKTUBHOCTHU TenapuH MHUPOKO NCHOIB3YeTCs B KJIMHHUYECKOH NMPAaKTHUKE JUIS IpeAoTBpalie-
HUS TPOMOOOOPa30BaHUs U MPEAYIPEKICHUS TPOMOO30B, SBISIOMIMXCS BaXKHEHIIEH TPUIUHOM
NH(ApPKTOB M MHCYJIBTOB, a Take ()eHOMEHa BHe3amHo# cMmepTH. K cokaneHuio, mpumMeHeHHE
renaprHa COIpPOBOXKAACTCS U PSIOM HEKENAaTeIbHBIX MOO0YHBIX () (PEeKTOB, TAKUX KaK OCTEOIO-
po3, TPOMOOLMTONEHUSI, TEMOPPAaruu U Jp. B kadecTBe 3aMeHBI ObLIM MPENJIOKEHBI TpenapaThl
¢ Mogo0HOW aKTMBHOCTBIO, B YACTHOCTU XOHJPOUTHH Cylbdar, nepmaran cyibdar, cynbdaTs
1,3-L-ranakTaHoB MOPCKHUX OECIO3BOHOYHBIX, CyJNb(aTHpoBaHHbIE (pyKaHBl BOAOPOCIEH W T.A.
[1, 9]. HoBble anTukoarynsatel (AK) pa3pabaThiBaloT ¢ Leiblo NoJaBieHus crenupuyeckux dep-
MEHTOB HJIM 3TAallOB CBEPTHIBAHMS KPOBU U JUIS IOYYEHHU S JIEKAPCTBEHHBIX CPEACTB C HAMMEHbB-
UIUM 9UCJIOM MOOOYHBIX 3()h(PEKTOB.

W3BecTHO, 4TO aHTUKOATYJISTHTHASI AKTUBHOCTH CYIb()aTHPOBAHHBIX ITOJINCAXAPHUI0B HAIIPsI-
MYI0 3aBUCHT OT METO/1a CyJIb(paTHPOBaHUS, BIUSIOIIET0 HA CTENEHb CyJIb(paTupoBaHus, XapaKkTep
pacmoioXeHus cyab(QaTHEIX TPYIII, MOJCKYISIpHYIO Maccy u ap. [9-20]. Tak, oOHapykeHO, U4TO
AHTHUKOATYJISIHTHAsI aKTUBHOCTD TI'ellapuHa CBsi3aHa C OCOOCHHOCTSIMHU CTPOCHHUS €r0 MOJIEKYJIbI.
st onipenenieHnst CTPOSHUS CIOXHBIX I'eapuHOIOA00HBIX COEJUHEHNH NCTIONIB3YIOT Klaccude-
CKHME METOJBI: ITOJIHBIH U YACTUYHBIN THAPOIHN3, HepMEHTATUBHOE PACLIEIVICHHE U IIEPUOJATHOE
okucienue (pacnazg no CMUTY), METOJ METHIIMPOBAaHUS Xeyop3ca, a Tak)Ke PU3HKO-XUMUUYECKHE
METOJIBl: BCE BHUJBI CIIEKTPOCKOMHH SIIEPHOTO MarHUTHOTO pe3oHaHca (SIMP), xpomaTto-macc-
CHEKTPOMETPHIO, 3JIEKTPOHHYIO M aTOMHO-CHJIOBYI0 MHKpOCKonuio. [locnequuit MeTox B CHITy
CBOMX OCOOEHHOCTEH OTKPHIBAET BO3MOXKHOCTh M3y4YCHHSI OMOMAaKPOMOJIEKYJ U KUBBIX KJIETOK,
HCIOJNIB3YETCs IS OIPECIICHHS PACIIONIOKEHH! I YIIIEBOAHBIX Lenell B mpocTpancTse [18].

HecMmoTpst Ha 0OLIMpPHBIE UCCIIEOBAHUS [0 YCTAHOBICHHUIO KOPPEISALUU MEXY CTPYKTYpOH U
OMOJIOrMYEeCKOM aKTUBHOCTBIO TEMapHHONONOOHBIX BEIIECTB M3 PA3IMYHBIX HCTOUHUKOB H, B YacT-
HOCTH, CYJb(aTHpOBaHHOTO apaOMHOrajIaKTaHa, COOTHOUIEHHUE MEXY CTPYKTYpOil U Ouosoruye-
CKOHM aKTHBHOCTBIO T'€TIapHHONOMOOHBIX BEIIECTB, UMEIOIIUX CJI0KHOE CTPOECHHE, B HACTOSIIIIEE BpeMs
M3YYEHO HEAOCTATOYHO U MOJTHOCTHIO HE MOHSTO.

JIist napHEHIeTro NCCieIoBaHNsI B3aNMOCBSI3U MEX/1Yy CTPOCHHUEM U OMOJIOrMYEeCKOi aKTHBHO-
CTBIO CyJb(aTUPOBaHHBIX MPOU3BOAHKBIX AL, MojyueHHbIX pa3paboTaHHBIM HaMu crocobom [21], B
JaHHOW paboTe MPOBENCHO NX (PU3NKO-XMMHUYECKOE HCCIIe0BaHIE METOIaMH CIIEKTPOCKOIUHN KOM-
6unanuonHoro paccesinus (KP), peHTreHOBCKO# qudpakToMeTpru, pacTpoBoii anekTpoHHoi (POM)

1 aTOMHO-CUJI0OBOH MHUKpockonnu (ACM).

JKcHepuMeHTAIbHAS YaCTh

B kauecTBe HCXOIHOTO CHIPbsI UCIIOB30BaNH apadbuHoranakrad (Al') JpeBecHHbBI TUCTBEHHHUIbI
cubupckoii (Larix sibirica Ledeb.) mpoussoactea OO0 «Xumust npeBecunsl» (Mpkyrck, Poccus) nox
HanMeHOBaHHueM mpenapara «PudponapCr»

[onydenue cynsgpaToB Al ocymectBisum mo metoauke [21] cynbhaTupoBaHHEM MEXaHOAKTH-
BUpoBaHHOr0 Al XJ10pCyIb()OHOBOM KUCIOTOW B TUPUIMHE C TIOCIENYIOIINM BbIIeIIEHUEM cylibdaTa

LIEJITIONO03BI B BU/IE HATPHEBOW coiu (conepkanue cepsl 13,2 % mac.). [Ipozpaunsie minéuku cynbda-
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TUPOBaHHBIX 00pa3uoB Al' nomyvanu ucnapeHueM 6-7%-HbIX BOJHBIX PACTBOPOB Ha IJIAJKOM CTe-
KJISTHHOW TIOZITIOXKKE.

KP-criekTpsr 00pasnos 0s1i1u cHsIThl HAa NXR FT-Raman moayne nins UK-®ypre cnekTpome-
Tpa Nicolet 6700 ¢ oxmaxkgaeMbIM KXKHUAKHM a30ToM Ge TH0J0M B KadecTBe JeTekTopa. B kauecTse
HUCTOYHHUKA CBETA JJIs BO30YKICHHUS pamMaHOBCKOro paccesHus npumensan Cw-Nd: YAG-nasep
¢ Bo30yxknaromieit nunueit 1,064 um. KP-criekTpsl Obiu 3anucansl B quamnazone 200-3500 cm!
C MCIOJBb30BaHHEM Pabodyero CreKTpaIbHOTO pasperieHus 8 cm!. BeixomgHass MOITHOCTE Ja3epa
cocrasisia 100 mW. Kaxnerir oOpazer OB ABaXKABI MPOAHATU3UPOBAH MPU ONMHAKOBEIX yCIIO-
BUSX, U ObL10 HakorieHO 400 pa3BepToOK. YCpeqHEHHBIH CIIEKTD ObLI CHOPMHUPOBAH KaK OKOHYA-
TEJBHBII CIIEKTP COOTBETCTBYIOIIETO 00pa3la, U BHINIOJIHEHA BEKTOPHAsI HOPMHPOBKA CIIEKTpa.

HHTerpupoBaHue NUKOB OCYIIECTBHIIM C IIOMOIIBIO ONEPALIMOHHOTO CHEKTPOCKOIUYECKOT0
nporpammuoro obecrniedenunss OPUS Ver. 6.0 (Bruker Optik GmbH, Ottnunren I'epmanus). Ana-
JIN3 JAHHBIX ObLT BBIMOJHEH ¢ momornbio OriginPro 7.0 (OriginLab Corporation, Maccauyycetc
CILIA).

Pentrenoga3oBblit aHaau3 npoBeeH Ha peHTreHoBckoM Audpaxromerpe JJPOH-3 ¢ ucnonb3o-
BanneMm Cu Ko moHOXpomaTusupoBanHoro usinydenus (A = 0,154 um), nanpspxenne U 30 kB, cuna
Toka 25 MA. lar ckanupoBanus 0,02 rpaz., Bpems HakomieHUs B Touke 1 ¢. CheMKy IpOBOIUIIHN B
HHTepBaje Oparrockux yrios 20 ot 5,00 xo 70,00 rpan.

DeKTpOHHBIE MUKPO(OTOrpaduu 0Ty UeHbI Ha PaCTPOBOM dJIEKTPOHHOM MUK pockone TM-1000
HITACHI (SInonus) c yckopstomum HarpspkenueM 15 kV u ¢ ysennuenuem ot 100 no 10 000 xpar c
paspemenuem 30 HM.

HccnenoBanus mieHok cynabgparupoBanHoro AI' meronom ACM B NOIYKOHTaKTHOM MOJE IIPO-
BOJMJIM C HCIOJIb30BAHHEM MYJIbTHMOJOBOIO CKaHUPYIOIIEIO 30HI0BOr0 MHKpockoma Solver P47
(HT-MAT, Mockga), ocHamEéHHOro 14 MKM cKaHepoM (CKaHHPOBaHHE 00pa3loM) M IOCTHPOBOYHBIM
cronukoM (Momenb SKM). CkanupoBaHue 00pas3IioB OCYIIECTBIISIIOCH HAa BO3AYXE MPH KOMHATHOMN
tTemneparype. B pabore ncnonp3oBany KpeMHHEBBIE IpsMOyToiabHble KaHTuiaeBepsl NSGI1 (HT-
MJT, MockBa) ¢ THIUYHOW Pe30HaHCHOI YacToToM Konebanuii okosio 170 kI’ n KOHCTaHTOI KECT-
koctu ~20 H/m; nnuHa 6ankm coctaBisiza 10-15 MM, paguyc KpUBU3HBI HIIIBI OBLT MeHee 10 HM.
CxaHUpOBaHKE NMPOU3BOIUIOCH HE MEHee 4eM B 3-4 TOYKax Ha HECKOJBKMX Iutomaakax. CKopocTs
CKaHHpOBaHUS cocTaBisiia 1,5-2 ', pasperieHne momydaemMoro nzoopaxenus 256x256 touek. Kax
MPABUJIO, CTIIAYKMBAHHUE U HHYIO 00pab0TKy N300paXKeHUH, 32 NCKIIIOUEHHEM BbIUeTa OBEPXHOCTH

BTOpPOTO NOpsi/iKa, HEC MPOBOAUIIN.

Pe3yabTaThl M 00CyKAEHUE

B nponomkenue paboThl M0 M3ydeHUIO cyibdarupoBanus apadbuHoranakraHa (Al), BbiieneH-
HOT'O U3 JIPEBECHUHBI JTHUCTBEHHUIIBI XJIOPCYIb()OHOBON KUCIOTOH B MUPUIANHE, H3yUCHBI CTPOCHHE U
CBOMCTBA HATPUEBBIX COJIEH MOJTyUeHHBIX CyibdaroB Al

Crpykrypa Al apeBecHHBI JINCTBEHHHUIBI U CYJIb()AaTHPOBAHHBIX NMPOU3BOJHBIX HCCIEIOBaHA
metonoMm KP-cniekTpockonuu (puc. 1).

Beenenwne cynbdarHoii rpymmsl B cTpyKTypy Al moarsepxaaetcs mosiBieHneM B KP-criekTpax
HATPUEBBIX COJICH CYIb(PaTUPOBAaHHBIX 00pa3ioB Al HOBBIX I0JIOC MOMJIONICHHUS B 001acTsX 418-422,
588-592, 823-843, 1074-1078, 1263-1267 cm™.
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Puc. 1. KP-criektpst 06pa3nos: a — ucxoguoro Al'; 1-4 — cynehaTupoBaHHBIX 00pa3noB Al

IMomoca mormnomenust B obmactu 418-422 cm! cooTBeTCcTBYET NehOPMAIIHOHHBIM KOJIEOAHUAM
SO; rpynm §(SOs), a nostoca npu 588-592 cm™! MOxxeT OBITH OTHECEHA K Ie(OPMALIUOHHBIM KOJICOaH -
s 8(0=S=0). [omoca mormorenus B 06aactu 823-843 cm! mpucyma C—O—S-BaseHTHBIM KoOebha-
HUAM V(C—0-S). [Tonoca nornonieHus B auana3one 1074-1078 cM' 1OMHHUPYET B CIEKTPE U IPHUCY-
112 CHMMETPHUYHBIM BaJIeHTHBIM KonebarusiM v,(0O=S=0). [Ipyroii muk npu 1263-1267 cm! sBisiercst
CHTHAJIOM aCHMMETPHYHBIX BaJICHTHBIX KoJeOaHMH v,,(O=S=0).

HHutencuBHas nojoca B obmactu 1097 cm!, oTHOCSINASICS K CHMMETPHUYHBIM BaJICHTHBIM KO-
nebaHusAM MIHKO3UIHEIX cBszelt v (COC), HabmogaeTcs B ucxomHoM Al omHako B cynmbdaTupo-
BaHHBIX 00pa3lax M3-3a BBEIEHUs CYJb(ATHBIX Py €€ HHTCHCUBHOCTh CHHMIXKAETCS W CUTHAJ
HcYe3aeT.

Penrrenonudpakunonnsie cHUMKU Al mokasanu amopHOe CTpoeHHUe Iojucaxapuaa, Ha Ko-
TOphIX 4eTko auddepenmupyercs amopdHoe rano Al (puc. 2). AmopdHoe ctpoeHue Al Takxke oT-
MeueHo B paborax [22, 23].

BBenenue cynbhaTHBIX TPy B MAKPOMOJIEKYJISIPHYIO CTPYKTYpY A’ IpUBOIUT K U3MEHEHHIO
BUJIa PEHTreHorpaMMebl. Tak, Ha peHTreHorpaMme cynbdaTupoBanHoro obdpasua AT HabGnrogaNOCh
CrIa’kKMBaHUE IUKA B UHTEpBaJe YIIIOB OT 15 10 25° ®, 4TO TOBOPHUT O TOM, UTO IPOUCXOIUT JaIbHEN-
mas amopduzanus CTpyKTypbl Marepuala.

MeTo10M pacTpoBOii 3IEKTPOHHONH MUKPOCKOIIMH ITPOBEICHO HccienoBanne oopasnos Al 1o u
nocne cynbparupoBanus. Kak mokazano Ha puc. 3a, AI' COCTOUT U3 arperupoBaHHbIX U OUHOYHBIX
TpaHyJl pa3nu4dHoOi (GopMbl U pa3mepa. IIpenMyIIecTBEHHO IpaHybl HMEIOT IIOOYIsipHYyI0 hopmy
¢ nuametpoMm ot 10 1o 90 Mmxm. HekoTopsie YacTHIIBI COOpPaHBI B arjiOMepaThl, pa3Mep KOTOPBIX J0-

cturaeT 300 MxM.
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Puc. 3. POM-u3o6paxenus odpasuos ucxonnoro Al (a) u cynsdparuposansoro Al (6)

[Mocne cynsdarupoBanus 00pa3ibl UMEIOT MOP(OIOTHIO, HECKOIBKO OTIUYHYIO OT UCXOIHOTO
AT. Kak BuaHO Ha puc. 30, cynbdarupoBanubiii AI' cOCTOUT U3 ChEepUUSCKUX YACTHUII, 00pa3yOIIUX
arJgoMeparbl CO CpeIHUMHU pazmepamu 0koiio 2-10 MkM. Pa3mepsl OTAENbHBIX YaCTHUI] BAPbUPYIOT B
HUHTEpBaJje OT 5 MKM U MEHEe.

K coxanenuto, MeTooM POM J0CTATOUHO CI0XKHO OMPEASIUTH TOYHYIO BBICOTY HAOIIOaeMbIX
00BEKTOB, 0COOEHHO HAHOPAa3MEPHbIX, TIO3TOMY CHHTE3UPOBaHHbIE IUIEHKH CylbpaTtupoBanHoro Al
JIPEBECHHbI JIMCTBEHHUIIBI ObLIN U3y4eHBbl MeTOoM ACM B MOJyKOHTAKTHON MOJIE€ Ha BO3JyXe, KO-
TOpasi MO3BOJISIET ONPEIEIUTH HE TOJBKO JIaTepajibHbIE pa3Mepbl 00BEKTOB, HO U UX BBICOTY C TOYHO-
cthio 10 0,1 M [24]. [Tony4yeHHbIC TaHHBIC TPUBENICHBI Ha pHC. 4a u 40.

Kak BumHO Ha puc. 4a u 4r, MOBEPXHOCTH CyJib(harupoBaHHOro AI' COCTOMT M3 OIXHOPOIHBIX

KPUCTAJLITUTOB, UMEIOMHNX chepuieckyto Gpopmy ¢ nnamerpom npumepro 100-200 am. Kpucrammurst
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Puc. 4. ACM-u300paxkenue mieHku cynbhaTupoBanHoro obpasua Al (a — penbed, 6 — pa30BbIi KOHTpACT,
B — IPOQHIIb HONEPEIHOTO CeUSHHs BOJb JIMHUY HAa H300pakeHHH a, T — peabed B 3D)

80 HM.

pacoyIokKeHbl paBHOMEPHO 110 IIOBEPXHOCTH 00pa3la U He 00pa3yloT arperaToB. Pacuer cpeqnexsa-
JPAaTUYHON IIEPOXOBATOCTH IO MPO(HUITIO MONEPEIHOr0 ceYeHUs (pHc. 4B) AaeT BENTUYUHY ITPUMEPHO

Cyns o n3o0pakeHuo $pa3zoBoro KoHTpacra (puc. 40), MOBEPXHOCTH TUIEHKHU CYIb()aTHPOBAH-

HOro AI' 1oCTaTo4YHO OJHOPOAHA IO CBOEMY (Pa30BOMY COCTABY M HE CONCPIKUT MOCTOPOHHUX IMPH-
Meceit. Takum 00pa3oM, MOKHO CYyJIUTh O YACTOTE IEIEBOTO MPOAYKTa, CBOOOTHOTO OT IIOCTOPOHHUX
MpUMeCe, TPUCYTCTBYIOIIMX B PEAKIIHOHHOM PacTBOpE.

BoiBoabl

1. PaciumdpoBansl KP-criekTpsl nmoriomeHus: HaTpUeBBbIX coyell  Cynb(aTupoBaHHOTO apalu-
HOTaJIaKTaHa, IIOJyYeHHOTO U3 JPEBECHHBI JHUCTBCHHUIIBI IIyTeM CylIb()aTUPOBAHUS €T0 XJIOPCYJib-

(hOHOBOW KHCIIOTOW B cpelie mupuanHaA. BBenerne cyabhaTHBIX TPYIINT B CTPYKTYPY MHONHCaxapuaa
MOATBEPIKIeHO mosiBjecHreM B KP-criekTpax HOBBIX IMOJIOC MOTIIOINIECHUS B 001acTsx 418-422, 588-592,
823-843, 1074-1078, 1263-1267 cm™.
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2. MeTosoM PEeHTIeHOBCKOW NTU(PPAKTOMETPHH TT0Ka3aHO, YTO MCXOAHble o0pa3ubl A" u3 npe-
BECHHBI JINCTBEHHHIIB MMEIOT aMopdHOe CTpoeHHe, a B mpolecce CyabpaTupoBaHUS MPOUCXOTUT
JanpHeimas amopdu3anus CTpyKTypbl MaTepHalia.

3. C nomo1bio pacTpoBoil 3eKTpoHHOI MuKpockonuu (POM) 1 aTOMHO-CHIIOBOM MHUKPOCKO-
nuu (ACM) nokasano, uto cynbdarsl Al monyueHHbIe B CUCTEME «XJIOPCYIb(OHOBASI KUCIOTA — M-
PUAMHEY», UIMEIOT MOP(OJIOTHI0, OTNINYHYI0 0T HcxonaHoro Al IToBepxHocTh cynbdarnpoBanHoro AT

COCTOUT M3 OJHOPOJIHBIX KPUCTAIIIUTOB, UMEIOIIUX CHEPUIECKYI0 POpMYy.

BaarogapuocTu

B pabore 3azeficTtBoBaHBl IpHOOPE KpacHOSPCKOTO pernOHANBHOIO IEHTPa KOJUIEKTHBHOI'O

noJsis3oBanust CO PAH.

Paboma evinonnena npu gpunancoeoii noooepricke PODH — npoexm Ne 12-03-93117.
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