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PE3IOME

Ifenv uccnedoearusi: C IIOMOIIBI0 ATOMHO-CHAOBOM MUKPOCKOIINY, UCIIOAB3YS PEKHUM KapTHPOBAHHUS CBONCTB
IIOBEPXHOCTH C HaHOPa3MEPHbIM pa3pelIeHHEM, YCTAHOBUTh Pa3AMYHe YHCACHHBIX 3HAYEHUH ITapaMeTpoB, XapaKTepH-
3YIOIIUX [eOMETPHUYECKHE U MeXaHUYeCKHe (aAre3lOHHbIe) CBOMCTBA HEOPTraHUYECKUX HAaHOPAa3MEPHBIX YacTHI] U HaHO-
pa3MepHBIX YaCTHI] OMOAOTHYECKOTO ITPOUCXOXKIACHHSI.

Mamepuanst u memoodut. B kadecTBe OHOHAHOYACTHUIL UCIIOAB30BAAN 9K30COMBI, BEIZIEACHHBIE M3 KPOBU MBI-
mu AMHUK Af METOIOM IOCAEZI0BATEABHOTO YABTPALlEHTPU(YTHpoBaHusd. B KadecTBe HEOPraHWMYECKUX HAHOYACTHIL UC-
II0AB30BaAM HAHOYACTHIIEI cepebpa. HaHoYacTHIIb! CKAHUPOBAAH Ha BO3IYXe C IIOMOIIBI0 aTOMHO-CHAOBOIO MHKPOCKOIIA
BioScope Resolve (Bruker) B pexxume 3amnucu PeakForce QNM in Air ¢ 3anuceio KapT CHA aAre3WH U ToIorpadun usyda-
€MBIX ITOBEPXHOCTEH.

Pesynemamet. HanoyacTuis! cepebpa M 5K30COMBI MMEAU OAM3KHE, HO CTATHCTUYECKH Pa3AWYalolIMecsd Aua-
MeTps! (45,59 = 1,04 um 1 41,25 £ 0,91 HM, p < 0,001 t-kpurepnii). Tem He MeHee HAHOYACTHIIBI cepebpa XapaKTepU30-
BaAHCH OOABIIMMHM 3HAYEHHUSIMU KakK BBICOTBHI, TaK M IAOIIAAN CBOOOMHOM IIOBEPXHOCTH B CPABHEHHH C COOTBETCTBYIO-
IIMMH 3HAYEHHUSIMH I1apaMeTpPoB 9K30COM. OTO IPHBOAUT K 0osee BBICOKOMY 3HAYEHHIO CTEIIEHH PACIIAACTAHHOCTH AT
9K30COM (YCpeaHEHHOe OTHOIIeHHe auamerpa K BeicoTe (d/h) paBHsasock 11,78 masg sk3ocom u 6,67 — mass HAHOYACTHIL
(p < 0,001, MaHH-YUTHHU KPUTEPH), 9TO 00YCAOBA€HO OOABIIMMK B CpaBHEHHU C HaHOYAaCTHIIAMH cepebpa aare3noH-
HBIMH CBOMCTBaMH MeMOpaH 3K30COM M 0oaee HH3KHUM 3HA4YeHHEM OTHOIIEHHS 00beMa YacTHIIBI K €€ IIAOIIAIU ITOBEPX-
HOCTH. YCpeQHEHHbIe 10 HaHOMAaCIITAOHBIM y4acTKaM IIOBEPXHOCTH HAHOYACTHUIL CHABI aare3uu O6viau Bbite 3,2 £ 0,57
HH nas 5K30cO0M B CpaBHEHHH C HaHO4YacTHLaMu cepebpa — 2,2 £ 0,03 HH (p < 0,05, MaHH-YUTHU KpUTEPUii).

BakxntoueHue. BeIIBACHBI Pa3AUYHs ITApaMETPOB IeOMETPHYECKHX (AHAMETD, BBICOTA, IIAOIIAAL CBOOOMIHOM I10-
BEPXHOCTH) U MEXaHHYECKHX CBOHCTB (CHABI aAre3uH) HAHOYACTHIL cepebpa U 3K30COM, ITO3BOASIIOIIHE C IIOMOIIBIO Me-
TOZIOB 2TOMHO-CHAOBOH MHKPOCKOIIMHM HAECHTH(HUIIMPOBATE U PA3AHYaTh 3TH HAHOYACTHIILI IIPU HU3YYEHHUH CAOKHOKOM-
IIOHEHTHBIX OMOAOTHYECKHX CpeJl C BO3MOXKHBIM COZiepKaHNeM 000HX THIIOB HAHOYACTHIIL.

Knroueesvle cnoea: HaHouacmuybl, 3K30COMbl, AMOMHO-CUIO8ASL MUKPOCKONUSL.
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ABSTRACT

Objective: to identify the difference of the numerical values of parameters characterizing the geometric and
mechanical (adhesive) properties of inorganic nano-sized particles and nano-sized particles of biological origin by atom-
ic force microscopy using the mode of the mapping of surface features at nano-sized resolution.

Material and methods. Exosomes isolated from the blood of Af mice by the method of sequential ultracen-
trifugation were used as bionanoparticles. Silver nanoparticles were used as inorganic nanoparticles. The nanoparti-
cles were scanned in air with the help of the BioScope Resolve (Bruker) atomic force microscope in the PeakForce QNM
in Air mode with the recording of the maps of adhesion forces and imaging of the topography of the studied surfaces.

Results. The silver nanoparticles and exosomes had similar but statistically different diameters (45.59 £ 1.04 nm
and 41.25 +£ 0.91 nm, p < 0.001 t-test). Nevertheless, the silver nanoparticles were characterized by higher values of
both height and free surface area in comparison with the corresponding values of the exosome parameters. This leads
to a higher value of the spreading ration for exosomes (the average ratio of diameter to height (d/h) was 11.78 for exo-
somes and 6.67 for nanoparticles (p < 0.001, Mann-Whitney U test) due to greater adhesion properties of the exosome
membranes compared to the silver nanoparticles and a lower value of the ratio of the particle volume to its surface
area. Averaged over the nanoscale areas of the nanoparticle surface, the adhesion forces of exosomes were higher (3.2
0.57 nN) compared to those of silver nanoparticles (2.2 + 0.03 nN, p < 0.05, Mann-Whitney U test).
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Conclusion. The differences in the parameters of the geometric (diameter, height, free surface area) and me-
chanical properties (adhesion forces) of the silver nanoparticles and exosomes have been revealed, which allows identi-
fying and differentiating of these nanoparticles by the methods of atomic force microscopy during the study of complex
biological fluids with possible content of both the types of nanoparticles.

Key words: nanoparticles, exosomes, atomic-force microscopy.
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Beeodernue

BypHoe pa3BUTHE HAHOTEXHOAOTHH B IIO-
CAeHUE NECATHUAETHSI, CIIOCOOCTBYIOIEE IIH-
POKOMY B BCECTOPOHHEMY H3y4YEHUIO CBOMCTB
HAHOPa3MEPHEIX OOBEKTOB pPa3HON HPUPOALI
U BO3MOXKHOCTH HX HCIIOAB30BAHHUS B MEIU-
IIMHe, IPUBEAO0 K (DOPMHUPOBAHUIO IIEAOTO HO-
BOTO HAIIPaBAEHUd - HAHOMEOUIIMHBI. Baaro-
[aps CBOMM CBOMCTBAM HAHOYACTHUIIBI HAXO-
OAT IpUMeHeHUe KaK B (papMaKOAOTHIECKOH
OTpacAM, TakK U B MEOUIIMHE A AHUATHOCTH-
YEeCKHUX U TePAIleBTUYECKUX IleAeH.

CosmaHre HaAHOYACTHUIL CO CBOMCTBAMH,
TpeGyeMBIMH JAS TAPTeTHOM NOCTABKH A€Kap-
CTBEHHBIX IIPENapaToB B KAETKY-MHUIIEHb,
ABASIETCS OMHUM M3 BaKHEUIITHNX HATIpaBACHUH
B obaacTu GHOTEXHOAOTUH. DTO IIO3BOAHUT pe-
LIUTH P BAXKHBIX IIPOOAEM KX IPUMEHEHUS B
MOAEKYASIPHOM Tepamnuu: CHUXKEHHE KCEHOOUo-
TUYECKOT0 BO3MEHCTBUS HA KAETKHU, HE SBAS-
FOIIMEeCs MUIIEHIMH, JOCTaBKa AEKAPCTBEHHO-
ro mpemapara TOYHO B KAETKY-PELUIIUEHT HU
yBeAHMYEHHE €ro KOHIEHTPAIIUM, TEM CAMbBIM
noBblag 3pPeKTUBHOE AEHCTBUE IIperapara
Ha opraHusM B 1ieaoM [1]. Cpeau mepCcrekTHB-
HBIX HAHOYACTHI[ OAS TapreTHOH [JOCTaBKHU
AEKapCTBEHHBIX IIPENapaToB pacCcMaTpPHUBAOT
KaK HeOpraHWdYecKHe TBEpAble HAHOYACTHUIILI,
TaK U AUIIOCOMBI U 9K30COMBIL.

B OguarHOCTHKE IIHPOKO MIPUMEHSAIOTCS
METaAAUYEeCKHEe HaHOYACTHUIILI, CIIOCOOHBIE
IIOTAOINIATh U OTPaXKaTh IIAAIOIIee SAEKTPO-
MarHUTHOe u3AydeHHe. JlaHHBIEe CBOMCTBa
II03BOASIIOT UCIIOAB30BATh UX B KAUYECTBE KOH-
TpaCTHpPYEeMBIX  areHTOB B  MATHHUTHO-
PE30HAHCHOM M KOMIIBIOTEPHON pPEHTTEHOB-
CKOM TOMoOTpadUuu [OAS MOAyYeHUd Oosee HMH-
dopMaTHUBHBIX CHUMKOB. [IAS MaHHBIX IeAet
IIOAXOASAT HaHOYACTHIILI 30A0Ta U cepebpa
BBHUAY UX BBICOKON GHOCOBMECTHMOCTH U OT-
HOCHUTEABHOM HPOCTOTHI B IloAydeHUH. Kpome
5TOr0 HaHOpa3MepHbIe YacTHULLI cepebpa 00-
AanmarT aHTHbOakTepuaAsbHBIM 3 derToM [2].
Heopranudeckue HaHOYACTHUIILI, HAIPUMED,
yacTuObl cepebpa mOpencraBagrOT — cobo#
TBEPABIM OOCTATOYHO OMHOPOAHBIHA HaHOpPA3-
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MEPHBIH KyCOK MeTasra. Hapany ¢ HaHoOua-
CTUIIaMH HEOPTraHUYECKOr0 IIPOUCXOXKIEHUS
IAS TUATHOCTHYECKHUX IeAeH IPUMEHSIOT 4da-
CTHUIIEI OMOAOTHYECKOI'O IIPOHCXOKICHHUSI, KO-
TOPbIE MOTYT TaKXKe SIBASITHCA U MapKepaMHu
pa3angHBIX 3aboseBaHuE. K maHHBIM 4acTH-
IIaM MOXKHO OTHECTH 3K30COMBI, 00pasyroIiu-
ecd B OpraHU3Me IIyTeM CAUSHUS MYABTHBE-
3UKYASIPHBIX TeAell ¢ MeMOpaHo#i. Pasmepsl
9K30coM Baprupyot ot 40 o 100 M [3]. B
TOM dYHCA€ U Oaarozmapss CBOMM HaHOpasMe-
paM, 3K30COMBI IIUPKYAHPYIOT II0 BCEMY Op-
TaHU3MYy U OIIPENEAdIOTCS BO BCEX €ro KUJ-
KHX Cpellax (CAIOHA, I1AasMa, TPYAHOE MOAOKO,
Mo4a, cAé3Has KUOKOCTb, ciepMa U ap.). OK-
30COMBI IIPEACTABAAIOT CODOH OKpysKeHHBIE
Ouoaoruyeckoil MeMmOpaHoO#l  cepudeckKue
CTPYKTYpPBI C pasAWdHBIM Habopom depMeH-
ToB U PHK, KOTOpBIE BBIAEASIOT KAETKH B
MEKKAETOYHOE ITPOCTPAHCTBO C IIEABIO MEK-
KAETOYHOH KoMMyHHKanuu. CocraB HUX MeM-
OpaHBI JOCTATOYHO CAOXKEH H 3aBHCHUT OT CO-
CTOSHVS U THUIIA IPOAYLUPYIOIIEeH UX KAETKU.
B opranmsme HeopraHHYecKHe HaHOYACTHUIIHI
U 3K30COMBI MOTYT IIUPKYAUPOBATH OJHOBpPE-
MeHHO [4]. 13-3a HaHOpa3MepPHBIX MacCIITa00B
UOEHTU(PUKAIIUA HAHOYACTHI] Pa3HOH IIpHU-
poabl HEBO3MOXKHA C IIOMOIIBIO METOI0B CBe-
TOBOHM MHUKpOCKOIINHU. PacriodHaBaHpe HaHO-

4acTHUIl BO3MOXKHO  MeETOAaMH  aTOMHO-
cuaoBo¥ Mukpockonuu (ACM), HOpoToOUHOM
ITUTOMETPUH, SAEKTPOHHOM MHUKPOCKOIIHH,

JAUHaMHUYECKOI0 CBeTOpaccedaHud U ap. Kax-
ObIM K3 METOMOB OIIPENEACHHSI HaHOYaCTHIL
HMeEET CBOH IOCTOMHCTBA U HemocTaTkKu. [Ipu
ACM HeT BO3MOXKHOCTH «yBHIAETH» BHYTPEH-
HEe CTPOEHHE HAHOYACTHIBI, KaK 3TO BO3-
MOXKHO B METOJE IPOCBEYUBAIOIIEH 3AEK-
TPOHHOM MHMKPOCKOIIMM, KOI/la BO3MOXKHO
BBIIBUTH pasAH4He 3K30COM OT HAHOYAaCTHIL
cepebpa 10 HAAWYHIO V DK30COM MeMOpaHbI U
KHUOKOTO coaepxkumoro. OnHako olleHKa Ha-
HOYAaCTHI[ METOAOM aTOMHO-CHAOBOM MUKPO-
cronnu (ACM) obramaeT psooM IPEeHMYLIECTB
II0 CpaBHEHUIO C [OPyTHMH MeTodaMu. B
nepByl0 odepenb, ACM mo3BoageT IPOBOAUTH
H3MEpPEeHUs KaK B XXKHUAKOCTH, TaK U Ha BO3MY-
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Xe, IPEOCTaBASIsI Pa3AWYHBIE BO3MOXKHOCTHU
OAd uccaenoBaHuii. Bo-BTOPBIX, C IIOMOIIBIO
9TOr0 METOoAa MOIKHO IIOAyYaTh peaAbHbIE
TpéXMEpPHBIE  H300pazkKeHUd  IIOBEPXHOCTU
00BbEeKTa C HAHOPA3MEPHBIM pas3pelIeHUEM,
YTO ITO3BOALET AATh OOAEE ITOAHYIO MOP(OAO-
THYECKYIO OLIEHKY HCCAEAyeMOMY OOBeKTy. B-
TpeTrbux, ACM maeT BO3MOXKHOCTH OLIEHUTH
MeXaHWYeCKHE XapaKTEPUCTHKHU II0BEPXHO-
CTH, TaKHe KaK aJAre3usi, MOAYAb YIIPYyT'OCTH,
OUCCHUIIAIUAS U AP., IIO3BOALIONINE AATH IIPE-
IIOAOKUTEABHYIO OIEHKY B3auMOAeHCTBUSI
KAETOK C HAaHOYACTHIaMH M CTEHEeHH HX 3]-
(PEKTUBHOCTH HCIIOAB30BAHUSA HAHOYACTUI] B
KadecTBe «0DOAOYKU» OAA TAPTETHOM OOCTaB-
KU AEKapCTB B JAHHBIN THII KAETOK.

Ilens uccnedoseaHust

C moMOIIBI0 aTOMHO-CHAOBOM MHKPOCKO-
IIMHM, UCIOAB3yS PEXHUM KapTHPOBaHUS
CBOMCTB IIOBEPXHOCTH C HaHOPA3MEpPHBIM
paspelleHueM, YCTAHOBUTH pa3AHYHe YHC-
AEHHBIX 3Ha4YeHUH IapaMeTpoB, XapaKTepH-
3YIOIIUX TEOMETPHUYECKHEe M MeXaHW4YeCKHe
(amresnoHHBIE) CBOWICTBA HEOPTaHUYECKUX
HaHOPa3MEPHBIX YaCTHUI[ W HaHOPa3MEpPHBIX
9aCTHIL OHOAOTHYIECKOTO IIPOUCXOKIECHHS.

Mamepuanst u memoodst

B kaudectBe 6HMOHAHOYACTHI] HCIIOAB30Ba-
AW 3K30COMBI (BHEKAETOYHbIE BE3UKYABI pa3-
MepoMm meHee 150 HM), BbIIEA€HHBIE U3 KPOBHU
MBIIIHY AMHUU Af MeTooM IocA€0BaTEABHOI'O
yABTpalleHTpUdyrupoBanus. 2KHUBOTHbIE CO-
JEePXKaAUCh B CTAllMOHAPHBIX YCAOBUSX BHBa-
pusa THY «(Uuctutyt paguobuosoruu HAH Be-
AapyCH» Ha IIOAHOLIEHHOM CTaHIapTHOM ITH-
LIIEBOM palliOHE M CO CBOOOIHBIM JOCTYIIOM K
BOJIe, COTAQCHO YCTaHOBAEHHBIM HopMaM. Bce
9KCIIepUMEHTaAbHBIE pPaboThl C Aabopartop-
HBIMH ZKMBOTHBIMH BBIIIOAHSIAMCH B COOTBET-
CTBHHU C OOILIENIPUHATHIMU HOpMaMHu obpariie-
HHE C XKUBOTHBIMH U IIpaBUAaMH [JUPEKTHUBEI
2010/63/EU Espomnetickoro Ilaparamenra u
Coeta EBpometickoro Coro3a 110 oxpaHe KHU-
BOTHBIX, UCIIOAB3YEMBIX B HAYYHBIX II€ALX, OT
22 ceurabpa 2010 roma. CMmelraHHyO apTe-
PHaAbHO-BEHO3HYIO KPOBB, IIOAYYEHHYIO IIPH
JEKATIUTAIlUH Ha (poHe TAyOOKOTO 3(PHUPHOTO
HapKo3a, 06EEMOM 2 MA BHOCUAH B IIPOOHUPKY
¢ 3,2% pacTBOpoM 2-3aMELIEHHOr0 HUTpaTa
HaTpua B cooTHouleHHu 9:1. dopmeHHBIE
S5AEMEHTBI OCarKaAH EeHTPUPYTUPOBAHUEM B
TedeHue 10 muH. npu 300 g u 4 °C. CynepHa-
TaHT IIOBTOPHO IIEHTPHU(YTUpPOBasl B Tede-
Hue 20 muH. nipu 2000 g u 4 °C. [aa ygaase-
HHUS KAETOYHOTO aebprca K obpasiiaM MmAa3Mbl
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npubaBagau 10 Ma ¢pocaTHO-coaeBot Oydep
(®CB) u neurpudyrupoBasun npu 10000 g,
4 °C B Teuenue 30 muHyT. [agd ocaxkaeHUS
9K30COM K CyIepHaTaHTy IIpubaBAgaum 3 MA
®CE u ueHTPpUYTUPOBAAH [ABaXKAbl IIPH
100000 g, 4 °C B Teuenune 70 muHyT. 100 MKA
ocazka C 3K30COMaMH PeCyCIeHIHpOBaAu B
900 mra PCB, HaHOCHAM Ha IOBEPXHOCTH
CBEXKECKOAOTOH CAIOABI K BBICYLIMBaAM Ha
Bo3ayxe (25 °C, @ = 55 %). B kagecTBe Heop-
raHHYeCKUX HAaHOYaCTHI[ MCIIOAB30BaAM Ha-
Ho4dacTHUIlpl cepebpa, NIPUTOTOBAEHHBIE IO
caenyromedl Mmeroauke: B 50 MA JIeHOHH30-
BaHHOH Boabl mobaBasdAu 42 MT THApoOKapO6O-
HaTa HaTpud, 15 Mr murpara HaTpusd U 450 Mr
TAIOKO3BI 10 IIOAHOT'O PacTBOPEHHd. 3aTeM IIpH
nepeMelnBaHuu nobaBasgaun 640 MKA pacTBoO-
pa HuUTpara cepebpa (4 Mr/MA) ¥ BbIOEPKUBA-
AM 4 4gaca Ha yABTPa3BYKOBOil 6aHe. PacTtBop
HaAHOYACTHI[ OHaAW30BaAu HOpotuB 2,5 MM
nuTpara HaTpusd. HaHodacTHIlbl HAHOCHAM Ha
IIOBEPXHOCTh MOAMMPHUIIMPOBAHHON IIOAMSTH-
AEHHMUHOM KPEMHHEBOH IIOJAOKKHU IIyTEM €€
BBIZIEPKUBaHUA B pacTBOPEe HAHOYACTHIIL.
HanouacTHUIlbl CKaHUPOBaAHW Ha BO3AyXe
IIpu KOMHaTHOM Temueparype (22 °C, @ = 65 %)
C IIOMOIIBIO aTOMHO-CHAOBOI'O MHKPOCKOIIa
BioScope Resolve (Bruker) B pexume 3amnucu
PeakForce QNM in Air, HrAo#-30HOOM
SCANASYST-AIR (paguyc 3aKpyTrA€HHL 2 HM).
B kaxmoif Touke cKaHa (pa3mep ob6aacTu
CKaHHpOBaHUd — 1 x 1 MKM, pa3pelieHue —
256 x 256 nukceael, ckopocTs 3armcu — 0,5 Hz)
IIPOBOAMAACH 3allUCh CHAOBOM KpPHUBOH, IIO
apaMeTpaM KOTOPOH OJHOBPEMEHHO C 3alld-
ChbIO CKaHa IIPOBOJIHAACE OLIEHKA CHABI aJre€3UH
B BBIOpaHHO# Touke. Kapra cua aare3mm BHO-
CHAaCh B OTHEABHBIH KaHaA 3aIlMCH OJHOBpE-
MEHHO C 3aIlHCBI0 ToIorpadHiYecKux KapT HU3y-
YyaeMbIX IIOBepxHocTeil. OO0paboTKa MoAydeH-
HBIX CKAaHOB IIPOBOAHAACH C IIOMOIIBIO IIPO-
rpammMbl NanoScopeAnalysis 1.8. [Iag u3ydeHus
aAre3HOHHBIX CBOMCTB paccMaTrpuBasuchk 120
y4acTKOB HAHOYAaCTHI] pa3MepoM 25 X 25 HM.
Jasi OLIEHKH Te€OMETPHYECKHX XapaKTEePHCTHK
HaAHOYACTHUI] UCIIOoAb30Basachk pyHKusa Particle
Analysis. YncaoBble maHHBIE HPEOCTABACHBI B
BHJIE CpeIHero 3Ha4YeHUd U rpaHul; 95% mose-
PUTEABHOI'O HMHTEpBaAsa B CAydae HOPMAaABHOTO
pacpenesesHus u Meguanel (Me) u rpaHun WH-
TEepKBapTHUABHOrO mHTepBaaa (Ql; Q3) mpu pac-
IIpeleA€HUH, He IIOMYUHAIOIIEMCS paclpeaese-
Huio ['aycca. Craructudeckas ob6paboTka maH-
HBIX IIPOBOAHAACH C IIOMOIIBIO IIPOTrPaMMBbI
SPSS Statistics 17.0, moctpoenre rpadurka — B
«Statistica», 10.0. OueHKy HOPMaAbHOCTH pac-
IIPEeA€HUsT YHCAOBBIX [IaHHBIX IIPOBOAHAM C
HUCIIOAB30BaHMEM  KpHUTepud  Koamoroposa-
CMvupHoBa. CpaBHHUTEABHBIM aHaAM3 IIPOBO-
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IUACE C HCIIOAB30BaHMEM KpurepHeB MaHHa-
YutHu, t-kpurepusa CTbiofeHTA.

Pe3synomameul u ob6cyxoerue

C momonisio Metoma ACM mccaemoBaAu
HAHOYACTHUIIbl HEOPTAaHUYECKOTO U OHOAOTH-
YEeCKOr0 IIPOHCXOKIEHUS Ha KPEMHUEBBIX
OAAOXKKAX. [IAs Kaxkaoro obpasiia ompeaeas-

NEW TECHNOLOGIES

AV TEOMETPHUYECKHE ITapaMeTphl: IIAOIIANb (a),
BeIcoTy (h), mmamerp (d), orHOmIenue (d/h) u
cuabl aare3uu (Fa). Tunuunsie ACM- uzobpa-
KEHUd HM3Yy4YEHHBIX HAHOYACTHI IIpe/cTaBAe-
HBI Ha PUCYHKe 1.

CaenyeT OTMETHTD, YTO HAHOYACTHUIIBI Ce-
pebpa IpH CpaBHUMEBIX C 3KCO30MaMH qHA-
MeTpax HMEIOT 3HAYUTEABHO OOABIIIYIO BBICO-
Ty (Tabauia 1).

TuI TpexXMepHOro N300pakeHus

Tomorpaduieckre U300paXkeHUs

Kap’rm CHA aAre3vuu

Hanouactuisl cepebpa

BHeEKAETOYHBIE BE3UKYABI
nepudepruIecKod KpoBH

PucyHok 1 - TpéxmepHbie ACM-H300pazkeHHsI HAHOYACTHIL cepedpa H 5K30COM Ha KPEMHHEBBIX IMOAAOKKAX
(pa3mep obaacTH cKaHHpOBaHHS — 1 MKM X 1 MKM)

Tabauna 1 — l'eoMmeTpryecKue mapaMeTpbl OMOAOTMYECKHX U HEOPTaHMYECKUX HAaHOYACTHIL

[TapameTp Tun HAaHOYACTHIL
HaHOYaCTHUIIEI cepebpa OMOHaHOYACTHIIBI
(n = 40) (n =40)
[Maomany (a), HM2 1704,79 + 81,39 1335,67 £ 61,01*
Bricota (h), HM 8,05 £0,51 3,56 £ 0,22**
HuameTtp (d), HM 45,59 + 1,04 41,25 £0,91**

* — pa3AMYHS IBASIFOTCSI CTATHUCTHYECKH 3HAYKMMBIMH 10 CPaBHEHHUIO C IPYIIIIOH HaHOYACTHIL cepebpa npu p < 0,017
(t-xpuTepuii CThlofieHTa); ** — pasAMYHs ABASIOTCS CTATHCTHYECKH 3HAYHMMBIMH B CPaBHEHHH C I'PYNIIOH HAHOYACTHIL

cepebpa nipu p < 0,001 (t-kpurepuii CTpIoneHTA)

Hass Goaee IIOAHOH OLEHKH MOP(OAOTH-
YeCKOH XapakTepPUCTHKH HAHOYACTHI[ HaMU
Op1a oreHeH mnapamerp d/h. 3HauenHue mnapa-
MeTpa ObIAO Goablile y 9k3ocoMm (11,78 (8,88;
20,65)), uem y HaHO4YACTHUIL cepebpa (6,67 (4,44,
7,99), p < 0,001, kpureputi ManHa-YUTHU).
[anHoe pazanyme MOKET OOBICHATBHCS TPaHC-
dopmartireit oKpyraoii (popMbI 3K30COM B Goaee

146

pacrAacTaHHYIO IIPU UMMOOHMAHU3AIINU 9K30COM
Ha TIOJOAOXKKE BCAEACTBHE MEHBIIIEr0 3Hade-
HHUSA OTHOIIEHUA 00beMa K IIAOIIaAU MOBEPX-
HOCTHU U OOABIIIMX CHA B3aUMOAEHCTBULA II0-
BEPXHOCTHU 5K30COM C 3AE€KTPHUYECKH 3aps-
JKEHHOM KPEMHHEBOH IIAACTHHKON B CpaBHE-
HHU C I[IapaMeTpaMH{, XapaKTEpPHBIMHU [OAL
TBEPABbIX HAHOYACTHIL cepebpa.
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ITPABHAA ZIASd ABTOPOB

HanougacTuiiel HM3y4eHHBIX THIIOB CyIIle-
CTBEHHO pAa3AHWYAAHCH II0 MEXaHHYECKUM
CBOMCTBaM (CHA€ anare3uu) (PUCYHOK 2).

Hanmouactuier cepebpa xapakKTepU3yIOT-
Ccd MEHBIINMH 3HAYEHHUSIMH YCPEeIHEHHBIX
10 HAHOMACIITAOHBIM y4YacTKaM IIOBEPXHO-
CTH CHA are3uH B CPABHEHUH C CHAAMHU a-
re3WH, MIPUCYIIMMU [IOBEPXHOCTH 3K30COM.

RULES FOR AUTHORS

PesyapTaTbl  HcCCA€LOBaHHS  [IOKa3bIBAIOT
BO3MOXKHOCTBb Pa3AHMYUTh HAHOYACTHUIIBI pas-
AWYHOT'O IIPOUCXOXKIAEHHS (HallpuMep, HaHO-
JacTuIbl cepebpa M 3K30COMBI KPOBH), Te-
CTHUPYS HUX IMOBEPXHOCTb C IIOMOIIBIO IIyIa
(MrABI) aTOMHO-CHAOBOTO MHKPOCKOIIA U H3-
mepaa pan ACM-mapameTpoB Ha HaHO-
Maciabe.
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PHCYHOK 2 — 3HaUeHHA CHA aJire3HH Y HaHOYaCTHIL HeopraHuieckoro (1)
H OPraHHYEeCKOro (2) IpOHCXOXAEeHHA

Barxnrouenue

BreigBaeHBI pasanyug IapaMeTpPoOB Ieo-
METPHUYECKHX (OuaMeTp, BBICOTA, IIAOIIAIb
CBOOOHOM TIOBEPXHOCTH) M MEXaHHUYECKHX
CBOICTB (CHA aAre3uH) HAHOYACTHUI] cepebpa U
5K30COM, IT03BOASIOIINE C IIOMOIILI0 METOIOB
aTOMHO-CHAOBOH MHKPOCKOIIMH HIOCHTUMHU-
IIUPOBATh U pPa3AWYaTh S5TH HAHOYACTHUIIHI
IIPH U3YYEHUN CAOKHOKOMIIOHEHTHBIX OHMOAO-
TUYEeCKHX CpeZl C BO3MOIKHBIM COAEpPKAHHUEM
000MX TUIIOB HAHOYACTHII.

ABTOpBHI OaAaromapaT 3a (PHUHAHCOBYIO
noanepxkkKy BPPDU (mpoekt B20P-427).
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