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AHHOTalHsl. PeaKlus KJIeTOK Ha MexaHHUYeCKHe CUTHaJIbl UTPaeT K/I04YeBYyI0 PoJib B JKHU3HEHHO BasKHBIX
OHrooruyecKUX Ipoleccax, TAKUX Kak pa3BUTHe OPraHOB, pereHepaliusi TKaHeHt, CTapeHHe U Pa3BU-
THe paka. MexaHHYeCcKHe CBOMCTBA, TakHe KaK YIPYTroCTb, MSTKOCTb, IIePOXOBATOCTh, BSI3KOCTb, ITOKA-
3BIBAIOT, KaK KJIETKU U TKAaHU pearupyioT Ha BO3JeHCTBHE U KaK OT 3TOr0 3aBUCST UX 6HONIOrHUecKue
dynkuuu. CKaHUpyoImas 30HA0Basg MUKpockonus (C3M) siBasieTCS YHHBePCAJbHBIM HHCTPYMEHTOM
IJ1s1 KOTM4YeCTBeHHOM XapaKTepUCTUKU MeXaHHUYeCKUX CBOMCTB TKaHeM U KJIeTOK B eCTeCTBEeHHBIX yCJI0-
BUSX. [laHHBIe 0 MeXaHHUYeCKHUX CBOMCTBAaX 6MOIOrMUeCcKUX 00beKTOB, I0yUeHHbIe C IOMOIIbI0 ATOMHO-
CHJIOBOM U KaIlMJIISSPHOM MHUKPOCKOIMH, MOTYT 6BITh CBSI3aHBI C OMOTOTMYeCKUMHU IIPOllecCaMU U IaTo-
JOTUSIMU B TKaHSIX.
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Abstract. The response of cells to mechanical signals plays a key role in biological processes such as organ
development, tissue regeneration, aging and cancer development. Changes in mechanical properties, includ-
ing stiffness and viscosity, show how cells and tissues react to stress and how their biological functions
depend on it. Scanning probe microscopy (SPM) is a versatile tool for quantitative characterization of the
mechanical properties of tissues and cells in vivo. Data on the mechanical properties of biological objects
obtained using atomic force and capillary microscopy can be associated with biological processes and pathol-
ogies in tissues.
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BBEAEHUE

CraHUpyIOIIas 30HA0BasI MUKPOCKOIIHM S BKJIIOYaeT
B cebs Bce ceMeNCTBO METOLHK, B KOTOPBIX IIPO-
®HJIb IOBEePXHOCTU PeTUCTPUPYETCS C IIOMOIIBIO
30H/a: 3TO He TOJIbKO aTOMHO-CHJIOBas, HO U APy~
rve pa3sHOBHIHOCTH MHUKPOCKOIIMU: TYHHe/JIbHAA,
KaIlWJIJIsIpHas, pe3UCTUBHAA U Ip.

B aTOMHO-CUJIOBOH MHKPOCKOIITHH (ACM) Tormo-
rpadus U MexaHHYeckas uHPopMmanus obpasua
omnpenensiloTCS IyTeM H3MepeHHUS B3aHUMOJeH-
CTBUSI MeXX/Yy II0BEPXHOCTbIO 0Opaslia U 30HAO0M
KaHTHJIeBepa B IIpoLiecce MOCTPOYHOIO CKaHMU-
poBaHus obpasna. CybHaHOMETpPOBOe pa3pelle-
Hue B ACM [03BoJIsIeT Olpefe/IsiTh MeXaHHuYeCKUe
CBOMCTBa OMOJIOTMYECKUX 00BEKTOB: KeCTKOCTh,
BSI3KOCTb U afire3uio, 6aromaps 4eMy MOKHO IIPoO-
BeCTH COOTBETCTBHE MeXK/AY CBOMCTBAMU U H300pa-
SKEHHUSIMU [I0BEPXHOCTHBIX K CYOKJIETOUHBIX CTPYK-
TYp Pa3HBIX BHU/IOB TKaHeH 0T O0JIBHBIX 1 3[[0POBBIX
IOHOpPOB. CKaHHpYyIOIag KallU/JISIpHAsI MUKPO-
CKOIIMS SBJISIeTCS YHHUKAJbHBIM UHCTPYMEHTOM,
KOTOPBIH I103BOJIsIeT CTPOUTH 3D-Mopdonoruio
SKUBBIX KJIETOK M TKAaHEHM B KHUAKOCTU C HAHOMeE-
TPOBOI TOUHOCTBIO.

KonuyecTBeHHas BU3yanusauusd B ACM u usme-
peHMte MeXaHHYeCKHX CBOMCTB TKaHEeM U KJIeTOK
[IpelCTaBISIOT 0COOBIN HHTEepec AJIs OLleHKHU Ouo-
JIOTUYeCKHUX 06 beKTOB in vivo ¥, TAKUM 0obpa3som,
TpebyIoT Hepa3pyllarouel MOATOTOBKU [JIs HX
COXpaHeHHUs B 1abOpaTOPHBIX YCIOBU X AJ1s cbopa
IAHHBIX B HOpMe U ITpU 3aboneBaHUIX [1].

ACM wucIo/1b30Basachk IIpH HUCC/IeLOBAHUHU TKa-
Hel cepAlia U aOPTHI C LieJIbIO BBISIBJIEHU ST MeXa-
HOOMOJOTMYECKHUX M3MEHEeHHIM, CBSI3aHHBIX
C PU3HMOIOTMYeCKHUMHU U IIATOJIOTUYECKUMHU IIPO-
neccaMH, TaKMMHU KaK pereHepalus, pa3BU-
THe CepAlld, CaXapHBIN AuabeT U HIIeMHUYeCKas
bone3ns cepmpua [2]. OgHaKO, IIOKA IIOAIOTOBKA
TKaHeH /151 U3MePeHHs Ha MHKPOCKOIIe OCTaeTCs
JIOBOJIPHO TPYJHOM 3aJavuell M3-3a HAJIUYUS TOIIO-
rpaduyeckrX HEOLHOPOLHOCTEH, YHUKAJIbHOCTHU
MEeTOLUKH IIOAIOTOBKH 00pa3LioB /IS OIlpesiesleH-
HOTO THUIIA TKAaHEeH.

B ckaHUpYyIomel KalHUIJSPHON MUKPOCKOIIHNHU
(CKM) B KauecTBe 30Ha BBICTYIIAeT KAIIUJIIAP,
3aII0JIHEHHBIN 3/1eKTPOIHUTOM. [I03ULIHOHHUPOBaHUE
KaIlUJIJIsIpa OCYILeCTB/ISIeTCS 10 U3MePeHUIO BeJIU-
YHMHBl MOHHOTO TOKa, IIPOXOAsIlero yepes KOH-
YUK KallUAaspa. YHUKAABHOCTh KAallUJIASIPHOH

INTRODUCTION

Scanning probe microscopy includes the whole family
of techniques where surface profile is recorded using a
probe: it is not only atomic force microscopy, but also other
types of microscopy: tunnelling, capillary, resistive, and
others.

In AFM, topography and mechanical information
of a sample are determined by measuring interaction
between the sample surface and the cantilever probe
during line-by-line scanning of the sample. The sub-
nanometre resolution in AFM allows measuring the
mechanical properties of biological objects: stiffness,
viscosity and adhesion, so thatitis possible to match the
properties images of surface and subcellular structures
of different types of tissue from diseased and healthy
donors. Scanning capillary microscopy is a unique tool
that allows studying 3D morphology of living cells and
tissues in liquid with nanometre precision.

Quantitative visualisation in AFM and measurement
of mechanical properties of tissues and cells are of par-
ticular interest for invivo assessment of biological objects
and thus require non-destructive preparation to pre-
serve them invitro for data collection in normality and
disease [1].

AFM has been used in study of heart and aortic tissues
to detect mechanobiological changes associated with
physiological and pathological processes such as regener-
ation, cardiac development, diabetes mellitus, and coro-
nary heart disease [2]. However, so far preparation of tis-
sues for microscope measurement remains a rather diffi-
cult task due to presence of topographic heterogeneities,
uniqueness of sample preparation techniques for a par-
ticular tissue type.

In scanning capillary microscopy (SCM), a capillary
filled with electrolyte acts as a probe. The capillary is
positioned by measuring the magnitude of the ionic
current flowing through the tip of the capillary. The
uniqueness of capillary microscopy lies in the non-con-
tact nature of scanning - the capillary stops above the
sample surface when the current drops by ~0.5% of the
specified value [3].

Using SCM we determined changes in morphometric
characteristics of endothelial cells during experimental
septicopaemia: endothelial cells decreased the adhesion
area to substrate, which was determined by a decrease
in the area of cell projection, and the cell membrane was
smoothed. However, endothelial cell stiffness was para-
doxically unchanged compared with controls. Over time,
neutrophil migration led to more significant changes in
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Puc.1. XapakmepHas mopgonozusi KOHMpPOoAbHbIX 06pA3L,08 cpe-
308 mkaHu Substantia nigra doHopa 6e3 Hegponozu4eckol namo-
A02UU, SIPKO 8bIpAXKeHbl Kpamepbl ¢ OUAMEMPOM 0KOAO 2-3 MKM
Fig.1. Characteristic morphology of control samples of Substantia
nigra tissue slices from donor without neurological pathology, cra-
ters with a diameter of about 2-3 pm are pronounced

MHKPOCKOIIUM 3aK/I04UaeTcsi B 6@CKOHTAKTHOM
NpHUpoAe CKAHUPOBAHMS ~ KAIIMJIJIAP OCTaHAB/IH-
BaeTCs HaJ, IOBePXHOCThI0 obpaslia pH NafeHUuu
ToKa Ha ~0,5% OT 3aJaHHOM BeJIUYUHEI [3].

C momoinpio CKM ompenenuain U3MeHeHU ST MOP-
boMeTpHUYECKHUX XapaKTePHUCTUK 3HAO0TeJIHAJIb"
HBIX KJIETOK B XOJe 3KCIIePHMeHTabHOM CeIlTH-
KOIIMEeMHH: SHIO0TeIHaIbHbIe KJIeTKH YMeHbIlalu
IJIONA/Ab aiTe3UH K Cy6cTpaTy, UTO oIlpeensiioch
yMeHbIIeHHeM IJIOMAIH IIPOeKIIMH KJIeTOK, a Kjie-
TO4YHasi MeMbpaHa CryIaskuBajaachk. OIHaKO KeCTKOCTh
3H/I0OTe/HaIbHBIX K/IeTOK I1apaoKCcalIbHBIM 06pa3oM
He M3MeHMJIACh 110 CpaBHEHMIO C KOHTponeM. C Teye-
HHeM BpeMeHH MUIPallks HeUTpodH/IOB IPHBOAHIA
K 6ojiee cyleCTBeHHOMY M3MeHEeHHUIO SHI0TeIHallb-
HBIX KJIeTOK: CHaudajla 06pa3oBbIBaIUCh Hernybo-
Kue nepdopanu B MeMbpaHe, KOTOpPbIe JOCTATOYHO
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endothelial cells: first, shallow perforations in mem-
branes were formed, which healed rather quickly, then
stress fibrils were formed and, finally, endothelial cells
died and multiple perforations were formed on their
surface [4].

However, despite the advances in SPM [5], the obtained
data are still difficult to use in clinical diagnosis and
medicine.

MATERIALS AND METHODS

Tissue slices of Substantia nigra from donor without neuro-
logical pathology and Parkinson’s patients were examined
using a developed scanning capillary microscopy unit.

The excised biomaterial fragments were placed in 10%
neutral formalin solution for fixation, with the volume
of fixing liquid exceeding the volume of biomaterial frag-
ments 10 times. Fixation in formalin was carried out at
room temperature for 24-48 hours. After one day the fixing
liquid solution was changed.

After fixation, the biomaterial fragments removed from
the fixing fluid were washed in running water for 2 hours.
Next, histological wiring of the biomaterial through alco-
hols of ascending concentration, xylene-paraffin and liq-
uid paraffin was performed by automated isopropyl wir-
ing using an automatic processor Leica TP 1020. The par-
affin-impregnated biomaterial fragments were embedded
in special warmed casting moulds and poured with com-
mercial paraffin melted at 60 °C on a Leica EG 1160 cast-
ing station to form paraffin blocks. A plastic histological
cassette was used as a base for the paraffin block. The fin-
ished blocks were cooled.

Histological sections 3-4 pm thick were made from par-
affin blocks on a Leica RM 2235 rotary microtome.

Prepared slices (two from each tissue fragment) for light
microscopy after spreading on a water bath were placed on
slides and dried on a heating table.

Before staining, these samples were freed from paraf-
fin by running them through a battery of solvents (xylene,
alcohol). The specimens were stained with haematoxylin
and eosin in strict accordance with the instructions of the
dye sets and according to the standard procedure. For the
conclusion of histological preparations, a transparent pre-
serving medium (e.g., Canada or fir balsam) was applied
to the stained section, not covered with cover glass.

The study was performed on a FemtoScan Xi scanning
capillary microscope [6], and data processing was per-
formed in FemtoScan Online software [7].

Capillary microscopy was used to obtain 3D morphology
of the tissue surface and to detect visual differences in the
samples.

Tissue samples from donor without neurological
pathology are characterised by a more structured sur-
face, presence of characteristic depressions with cra-
ters and pronounced edges. Morphology of slices from
Parkinson’s patients is visually more homogeneous, has
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OBICTPO 3a>KUBIISIIKCH, 3aTeM GOPMUPOBAIUCH CTPeC-
coBble GUOPHUIIIBI U, HAKOHEL, SHIOTeJIHaJIbHbIE
KJIeTKH IT0orubanu, U Ha KX [I0BEPXHOCTH 0Opa30BbI-
BaJIMCbh MHOKECTBeHHBIe Ilepdopaniuiu [4].

OnHako, HeCMOTpsI Ha JocTixkeHUs C3M [5], mony-
YyeHHbIe JaHHBIe II0Ka ellle CJI0KHO MCII0JIb30BaTh
B KIMHHYECKOM JUATHOCTUKE U MeIHIHNHE.

MATEPWAIbI U METOADI

C roMo11bio pa3paboTaHHOM YCTAHOBKH /1S CKAHUPY-
IOIeH KAKISIPHON MUKPOCKOIIUH ObLIN HCCIefo-
BaHBI Cpe3bl TKaHeH Substantia nigra ;oHOpa 6€3 HeBpoO-
JIOTMYeCKOHM I1aTOJIOTMU U 60/1bHBIX [IapKUHCOHOM.

Bripe3saHHbIe pparMeHTHI briomaTepHaa At GUK-
CallMM IIOMela/Iu B 10%-HBIM pacTBOP HEHTPaabHOIO
dopMmanmHa, Npu 3ToM 06beM GUKCHUPYIOIIEH KU/
KOCTH IIpeBbIIIaj 06beM GparmeHToB 6rOMaTeprana
B 10 pa3. dukcanuio B popMaarHe IIPOBOSMIIH IPU
KOMHATHOH TeMIlepaType B TedeHHe 24-48 4. Yepes
OJHHU CYTKH PacTBOP QUKCHPYOIeH XUIKOCTH
MEHSIIH.

ITocne ¢ukcanuu ¢parMeHTH bHoMaTepuana,
H3BJIeYeHHOT0 U3 QUKCHUPYIOIIeH KUIKOCTH, IIPO-
MBIBa/IM B IPOTOYHOM BOJle B TedeHHe 2 4. Jlajee
BBIIIOJTHSIN TUCTOJOTHYECKYI0 IIPOBOAKY 6roMa-
TepHaJa 4yepe3 CIUPTHI BOCXOASIeld KOHIleHTpa-
LMK, KCHUJIOoN-TapadHuH U KUAKUH NapapuH aBTO-
MaTH3HPOBAHHBIM CIIO0COOOM H30IIPOIHU/IOBO IIPO-
BOOKH C MCIIO/JIb30BaHHEM aBTOMAaTHYeCKOIO IPO-
teccopa Leica TP 1020. IIponnuTaHHBIe HapadHUHOM
dparmeHTH 6OMaTepHana 3aKjaafblBalu B CIeLH-
aJIbHbIe IIPOrpeThie 3aIMBOYHbIe GOPMEI U 3a/IMBATH
Ha 3aJIMBOYHOM cTaHIMU Leica EG 1160 pacriiaBiieH-
HBIM IIPH 60 °C KOMMepUYeCKUM ITapaduHOM 11 Gop-
MHPOBaHHUS TapadHHOBLIX 6/I0KOB. B KauecTBe OCHO-
BaHUS I MapadUHOBOro 6J10Ka MCII0IBb30BAIH I1JIa-
CTHKOBYIO THCTOTIOTMUECKYIO KacceTy. [0TOBBIe 6/10KH
OXJIa>KOAJIH.

Y3 mapa¢uHOBBIX 6710KOB Ha POTALIHOHHOM MHKPO-
ToMme Leica RM 2235 M3roTaB/JIKMBaIK TUCTOJIOTHYE-
CKHe Cpe3bl TONIUHOU 3-4 MKM.

ToToBBIe Ccpe3bl (IO ABa C KaXJ0ro pparmMeHra
TKaHH) JI/151 CBeTOBOM MUKPOCKOIIMH I10CJIe PacIpaB-
JeHUs Ha BOASIHOM b6aHe momeInanayd Ha IpegMeT-
HbIe CTeKJIa M BRICYIIHMBA/IH UX Ha HarpeBaTe/JIbHOM
CTOJIHKE.

[lepen okpamuBaHUeM 06pasiibl 0CBOOOXKAATH
oT mapaduHa, NpoBoAs Mo 6aTapee pacTBOpUTeEH
(kcuion, cnupT). OKpAIMIMBaIKA FeMaTOKCHINHOM
M 3031 HOM B CTPOTOM COOTBETCTBHH C MHCTPYKLUAMHU
Hab0poB KpacHTesell U 10 CTAHAAPTHOM IIpoLeype.
Jis 3aKa04YeHHs TMCTOJOIMYEeCKHX IIpernapaToB
Ha OKpalleHHbIH Cpe3 HAaHOCH/IH IIPO3PAYHYI0 KOHCep-
BHPYIOIYIO cpefly (HaIlprMep, KaHa[CKHUEI KN ITHXTO-
BbII 6a/1b3aM), He IOKPBIBAIH IIOKPOBHBIM CTEK/IOM.
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Puc.2. Obpasey cpe3os mkaHu Substantia nigra doHopa, 60Ab-
H020 lNapKUHCOHOM. Bu3yanbHo 3amemHo mMmeHee pa3Hoobpas-
Hbill penbed cpe3a no CpagHeHuUto ¢ KOHMPOAbHbIM 06pa3uoMm
Fig.2. The sample of tissue slices from Substantia nigra of donors
with Parkinson’s disease. Visually noticeable less varied relief of
the slice compared to the control sample

no characteristic drops with even edges. At the same time
general roughness of healthy tissue samples was higher
than in Parkinson’s patients: the average value of rough-
ness was Ra 196 +33 nm, Rq 250+48 nm, similar parame-
ters for samples from Parkinson’s patients: Ra 143+17 nm,
Rq181+19 nm.

When comparing morphology of the two specimens,
characteristic differences are noticeable, but more sta-
tistical data on the study of tissue slices, including those
obtained with AFM, are required. An important indicator
of this area of Substantia nigra is also specimens conductiv-
ity, which can be measured using AFM [8]. The question of
the relationship between changes in tissue morphology of
patients and direct signs of Parkinson’s disease remains
unresolved.
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VccnenoBaHue IIPOBOAM/IM Ha CKaHHUPYIOLIeM
KaIM/ISIPHOM MHKpockore "®emToCkaH Xi' [6],
06paboTKy ZAHHBIX — B IPOrPAMMHOM ObecIieueHHUH
"®emToCKaH OHManH" [7].

C moMOILIbI0 KAIHU/IJISPHOU MUKPOCKOIIUHU y/a-
noch HabniomaTtbs 3D-MopdONOrHI0 MOBEPXHO-
CTH TKaHHU U 0OHAPYyXUTh BHU3ya/IbHblE PA3IHUUYUS
B obpa3max.

O6pasLbl TKAHHU OT JOHOPA 6e3 HeBpOIOTMYeCcKOH
[IaTOJIOTUU XapaKTepHU3yoTcsl 60/blIer CTPYKTY-
PUPOBAHHOCTEIO [IOBEPXHOCTH, HAJIUYKeM Xapak-
TepHBIX BHAJHUH C KpaTepaMH M SPKO BBIPa’KeH-
HBIMHU KpasiMH. Mopdoorus cpe3oB oT 60IBHEIX
[TapKHHCOHOM BH3yaJIbHO boslee oJHOpPOLHAs, He
KMMeeT XapaKTePHBIX IIepellafioB C POBHBIMU KPasMHU.
IIpu 3Tom obmias mepoxoBaTOCTh 06Pa3I0B TKa-
Hel 6e3 IMaTOOrMU OKa3ajaach BhIIIe, YeM y 60/b-
HbIX [TapKUHCOHOM: CpeHee 3HaYeHHe IIepPOX0BaTo-
CTH cocTaBuIo Ra 196 £33 HM, cpefHeKBaJpaTUYHOe
Rq 250+48 HM, aHaJIOTUYHbIe ITapaMeTPbI A1 06pas-
LI0B Cpe30B OT 60/1bHBIX [IapKHUHCOHOM: Ra 143+17 HM,
Rq 181£19 HMm.

[Ipu cpaBHeHHH MOPQOJIOTHH ABYX 0OpasIioB
3aMeTHBI XapaKTepHBIe Pa3JH4Ms, HO TpebyeTcs
GosblIle CTATUCTUYECKUX JAHHBIX I10 UCCIIeIOBAHUIO
Cpe30B TKaHeH, B TOM YHCJIe IIOTy4YeHHBIX C IIOMOIIbI0

CONCLUSION

As part of the work, slices of Substantia nigra were obtained
from a healthy donor and a Parkinson’s patient. The sam-
ples were examined using scanning capillary microscopy.
The 3D morphology of the slices was evaluated. It was
visually shown that the tissue slices from a donor without
neurological pathology have a more branched and rougher
surface compared to samples from Parkinson’s patients.
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TENErPAMM KAHAN A

HAYYHOIO USOATENIbCTBA

TEXHOC®DEPA:

4 OHNanH penoprarxxku
C KpYNMHEMLWMX BLICTABOK OTRACAK

A AHOHCHI MEPONPUATUIA C yYacTMeM
TEXHUYECKMX IKCNEPTOB OTPacM

4 CKWOKKW Ha XypHano
M3naTenbcTBa oo 25%

A HKOHKYPCHl WM PO3BITRbIWM
OT BEOAyLLMX KOMNaHMu

A KHWHHBIE HOBWMHKIA X npezeHTaL i

HOBBIX BEIMNYCKOB XWYPHalnoR

MognucelBanTeck M OCTaBanTech B Kypce @
rnaBHblX coBbITUA HayYHO-TEXHMYECKOW cdepbl
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ACM. BaskHBIM ITOKa3aTeseM JaHHOU o61acTu Substantia
nigra siBJIsieTCs. Tak>Ke IIPOBOAMMOCTb 06pasLioB, KOTO-
PYI0 MOSKHO M3MePHUTH C moMo1nbio ACM [8]. Octaetcst
HepelleHHBIM BOIIPOC CBA3H U3MeHeHU S MOP(OIIOTHH
TKAaHU 60IbHBIX C KOHKPETHBIMU ITPU3HAKaMU O0Ie3HH
ITapKkHHCOHA.

3AK/IIOYEHUE

B paMKax paboTsl 6bUIH ITONy4YeHBl Cpe3bl Substantia
nigra oT 3/10pOBOr0 LOHOPA U 60/71bHOT0 [ITapKUHCOHOM.
HMccnenoBaHbl 06pasiibl C IOMOLIBI0 CKAaHUPYIOLIEH
KaIlMUISIPHOM MHUKPOCKOIIMH. Bblla oXapaKTepH30-
BaHa 3D-Mopdosorus cpe3os. Br3yabHO ITI0OKa3aHO, YTO
Cpesbl TKaHU JI0HOpa 6e3 HeBPOIOrM4eCKO I1aTONIOr UK
uMeloT 6ojiee pa3BeTBIeHHYIO U 6oJlee epPOXOBATYIO
IIOBEPXHOCTB I10 CPAaBHEHMUIO C 06pa3liaMu oT 60/IbHBIX
[TapKHHCOHOM.

BNATOAAAPHOCTH

PaboTa BBIIIOJHEHA II0 roc3aflaHUI0 IpU GUHAH-
COBOH IMoOAJepKKe du3udeckoro dpakynaprera MIY
uMeHU M.B.JlomoHOocoBa (PerucrpallMoHHAas
TeMa 122091200048-7). I10 "®emroCkaH OHJIANH" IIpefo-
ctaBeHo OO0 HIIIT "LIeHTp IepCrieKTUBHBIX TeXHOJIO-
TUI", WWW.Nanoscopy.ru.

WHOOPMALIUA O PELIEH3UPOBAHUU

Pemakius 61arofapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BKJIaJ, B pelleH3UPOBaHLe 3TOM
paboTel, a TaK>Ke 3a pa3MellleHHe CTaTek Ha cakTe Kyp-
Haja ¥ [mepenaydy Mx B 3JIeKTPOHHOM BHe B HIb eLl-
BRARY.RU.

Jekaapauus o KoH(AUKMe uHmepecos. Asmopbl 3a9840m 06
omcymcmauu KOHPAUKMO8 UHMepecos UAL AUMHBLX OMHOWEHU,
Komopble Mo2Au bbl nosAuams Ha pabomy, npedcmasAexHyto 8 daH-
Holl cmamee.
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