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Application of Fractal Analysis to Estimate Macrostructure Change of

Dehydrated Biological Fluids

[Nokazano, uto ammu geruapaTnpoBaHHbIX OHomorumdeckux xuaxocteit (bXK) gemoBexa u KMBOTHBIX (CITIOHA, TJIa3Ma KPOBH,
crepManbHasl IJIa3Ma, SKCTPAKTHI IUTANIEHTHl U JIP.) HMEIOT XapaKTepHYIO CTPYKTYpY, YyBCTBHTEJIBHBI K MCTOYHUKY U criocobam
MOTYYEHHUS], a TAKXKE K PAa3IHYHBIM THIIAM (H3UKO-XMMHYECKUX BO3NEHCTBHHU Kak in vitro, Tak u in vivo. IlpeamoxeH cmocod
KOJIMYECTBEHHOTO ONMCAaHWUS M3MEHEHHH MaKpOCTPYKTYpHI HeruapaTupoBaHHBIX BJK, ocHOBaHHBII Ha (pakTanbHOM aHAIH3E
n3o0pakeHnit darid. Onucan aIropuT™M IPOrpaMMHOTO KOMITIEKCA ATsT KOHTPACTUPOBAHHUS MOP(QOMETPHH 1 pacuéTa (ppaKTaTbHBIX
pa3MepHOCTeH n300paXKeHHH IIPpenapaToB A1l MHKPO CKOIIHH.

Kniouegvie cnosa: dGnonorudeckast )XUAKOCTb, GAlUH, PUTMHUECKHE XOJIOAOBBIC BO3AECHCTBHUS, 3aMOpaKUBaHUE, (ppaKTaIbHAs
Ppa3MepHOCTb.

[Toxazano, mo ¢amii aerigparopanux Gionoriuaux pinue (BP) monuan Ta TBapuH (cinHa, mIa3mMa KpoBi, CliepMalbHa IUia3Ma,
eKCTPaKTH IUIALIEHTH TOLIO) MAIOTh XapaKTepHy CTPYKTYpY, 4y TJIHBI O JuKepesa i CrocobiB oepikaHHs, a TAaKOXK [0 PI3HUX THIIB
(i3uKO-XiMIYHHX BIUTUBIB SIK i1 Vitro, TaK 1 in vivo. 3aponoHOBaHO CIIOCi0 KiJTBKICHOTO OMICY 3MiH MaKpOCTPYKTYPH JIETipaTOBAaHUX
BP, 3acHoBaHMil Ha (pakTagbHOMY aHai3i 300paxeHs ¢auiit. OnucaHO aNropuT™M MPOTPAMHOTO KOMIUIEKCY AJIs KOHTPACTyBaHHS
MopdomeTpii Ta po3paxyHKy (HpaKTaIbHUX pO3MIpHOCTEH 300paKeHb MpenapariB Ui MiKpOCKOITii.

Knrouoei cnosa: 6ionoriuHa pinuna, amii, pUTMidHI X0JIO0BI BIUTMBH, 3aMOPOKYBaHHS, (ppakTaibHa PO3MIPHICTS.

It has been shown that the facies of dehydrated biological fluids (BF) of humans and animals (saliva, blood plasma, sperm plasma,
placenta extracts et al.) have the characteristic structure, are sensitive to deriving source and methods, as well as to different types of
physical-chemical effects not only in vitro but also in vivo. The method of quantitative description of macrostructural changes of
dehydrated BF has been proposed, based on fractal analysis of facies images. The algorithm of software complex for contrasting,

morphometry and computation of fractal dimensions for images of the smears for microscopy has been described.
Key-words: biological fluid, facies, rhythmic cold effects, freezing, fractal dimension.

B mociemnune ronbsl CTPYKTYPHOE COCTOSIHHUE
ouonornueckux xuakocrtei (bX) nmon BausHHEM
(hr3uKO-XUMHUYECKNX (AKTOPOB U MPU Pa3IUYHBIX
MaTOJOTUSIX SIBASETCS MPEIMETOM HUHTEHCUBHBIX
uccienoBanuii [6, 8, 11, 16]. CymiecTByroiue METOAbI
aHaM3a KOH(MOPMAIIMOHHOTO COCTOSIHUS MaKpo-
monekyn (MK-criekTpockonusi uin peHTIe€HOCTPYK-
TYPHBIH aHAJIN3) TIO3BOJISIIOT PacIu(POBLIBATH CTPYK-
Typy WiIH KOH(POPMAITMOHHOE COCTOSHUE BBEICOKO-
OYHUIIEHHBIX 00pa3moB [9], HO ABIAIOTCS MEHee
MH()OPMATUBHBIMHY MPH aHAINU3E CMECEH Pa3IMUHbIX
OCJIKOB U NPYTHX OPraHWYECKUX MOJEKYNI. B psime
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Recently the structural condition of biological fluids
(BF) under the effect of physical-chemical factors and
at different pathologies has been the subject of intensive
researches [6, 8, 11, 16]. Their actuality is determined
by the fact that the existing methods of analysis of the
conformation condition of macromolecules (IR
spectroscopy or X-ray crystal structure analysis)
enable to determine the structure or conformation
condition of the highly purified samples [9], but are
less informative when analyzing the mixtures of
different proteins and other organic molecules. In some
cases for integral characteristic of BF, exposed to
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Cly4daeB JUIsl MHTErpanbHOM Xapakrepuctuku bXK,
MOABEPriINXCS PA3JUYHBIM TUIIAM BO3JEHCTBHIA,
HEOOXOOUMBI MPOCTBIE U JOCTYMHBIE 3KCIpPECC-
MeToasl. K HUM OTHOCUTCS METOJ, MO3BOJIAIOMIUN
MIOJIyYHTh NIPHU BBICBIXaHHU pacTBopa bJXK Ha mpen-
METHOM CTEKJIe IJICHKH — (parimu. MeTo OCHOBaH Ha
camoopranuzanun komnoHeHtoB bXK, mpencrtas-
JSIOMUX co00i M3MEHYHBYIO, BHICOKOAMHAMUYHYIO
CTpyKTYpY [1, 2], pu aTOM MOpdoIorHIecKas KapTu-
Ha BBICOXIIETO 00pa3ia SBIsSeTCs CHeNUPUIHON U
OTpakaeT Ha MAaKPOCTPYKTYPHOM ypOBHE MEKMOJIe-
KyJISIpHBIE B3aMMOJIEHCTBHS B HCCIIETyEMOM 00pasIie.
Qammu bX, cogepxamux 6eTKH, IMEIOT HECKOIBKO
KOHIIEHTPHUYECKHUX 30H, B KOTOPBIX 110 KPaIo pacroa-
rarorcs OeJKu, a B LEHTPE — COJIM, a TaKXKe Apyrue
MUHEPAJIBHBIE M HU3KOMOJIEKYJIAPHBIE KOMIIOHEHTHI.
CooTHomEeHHE MHUPUHBI 30H Qaluy B JOCTATOYHO
LIMPOKOM HHTEpPBaJIe KOHIEHTPALUi KOPPENUpPYET C
KOJIM4YecTBOM OeJIKOB U coinel B oOpasie. [locne ucna-
penus u3 oOpasua cBoOOIHON (0OBEMHOM) U YacTH
c11abo CBSI3aHHOM ¢ OeJKamMH BOJBI MO KpasiM (aruu,
B 00JIaCTH KOHIICHTPHPOBAHHS OCIIKOB, BO3HHKAIOT
CHJIbHBIE MTPOLIECCHI PACTSKEHUS U CXKATHS B PE3YIIb-
Tare U3MEHEHHs] KOH(QOPMAIMOHHOTO COCTOSHHUS
0enKoB, KOTOPBIE MPUBOIAT K MOSBICHHUIO TPEIINH.
@anuu m1a3Mbel KPOBH 3[J0POBOT0 YEIOBEKA pacTpec-
KHMBAIOTCS IO painlycaM 4epe3 OTHOCUTEIBLHO paBHBIE
MIPOMEKYTKH, Kpasi TPELIHH 3aru0atoTcsi 1 00pa3yroT
xapakrtepHble apkansl [1]. IIpu vannaun B bX Tokcu-
YEeCKHX BELIECTB YacTO HAOJIONAIOT MOSBICHUE
XapaKTEPHBIX «SI3BIKOB APHOJBAA» (IIATOJOTHYECKUX
3JIEMEHTOB) B KPAaeBOW 30HE.

[Toxa3aHo, 4TO OKCUTEHUPOBAHNE U O30HUPOBAHNE
Pa3MOpPOKEHHOM TUIa3Mbl KPOBH MOTYT BOCCTaHaB-
JIMBATh HAPYUICHHYIO CTPYKTYpY ¢anuu [16]. Onucan
METOJ] aHAJIN3a KPUCTAJUIN3AIMHA KOMIIOHEHTOB POTO-
BOM JKUAKOCTH Yy OOIBHBIX, CTPAAAIONINX PA3TNIHBIMA
dbopmamu caxapHoro maumabera [6]. [Ipennpunu-
MaroTCs MOMBITKH MPUMEHSTH JJISI MEAULMHCKOU
JMarHOCTUKY IETUAPATHPOBAHHBIE PACTBOPHI LIEIBHON
KpoBHu [4].

B 10 e Bpems aHanu3 HaOM0aeMbIX U3MEHEHUI
B OOJIBIIMHCTBE CIy4aeB HOCUT ONHKCATEIbHBIN, BU-
3yaJbHO-JIOTHUECKUM XapaKTep, 4TO HE MO3BOJAET
MPOBOJUTH KOJIUYECTBEHHBIE OLIEHKU M KOMIIbIO-
TepU3upoBaTh MeTo. MccnenoBarenu 4acTo orpaHu-
YUBAIOTCS M3YYEHHWEM BHEIIHETO BHa BBICOXIIEH
karu pactBopa bXX moj cBeToBbIM MUKpPOCKOIIOM B
cpaBHeHHHU co ctanmaptom [8]. Jus mupoxoro
MIPUMEHEHUS JAHHOTO METO/[a C HAyYHBIMHU U ME/IUKO-
JUArHOCTHYECKIMH HEISIMA HEOOXOANMa KOJINYECT-
BEHHas olleHKa. B paborax [6, 7, 11] ananuzupyercs
CTPpYKTypa anuii ¢ UCIOJIb30BAHHUEM METOIOB
MaTeMaTH4eCKOro aHajlu3a, KpUCTaiorpaguyecKux
noaxonoB [11]. B mociaennee BpeMs mpu KOJIH-
YECTBEHHOH OLIEHKE MapaMeTPOB peaIbHBIX KPUCTaI-
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different types of effects, the simple and available ex-
press-methods are necessary. Among these there is
the method enabling to derive the facies at BF solution
drying on the object-plate. The method is based on
self-organization of BF components, representing the
changeable highly dynamic structure, herewith the
morphologic picture of the dried sample is specific and
indicates intermolecular interactions at macrostructural
level in the investigated sample. Facies of BF containing
proteins have several concentric zones where the
proteins are set on the periphery, and salts are in the
middle, as well as other mineral and low molecular
components. The ratio of facies zones’ width in
reasonably wide interval of concentrations is correlated
with the proteins’ and salts’ numbers in the sample.
After vaporation out of the sample of free (volumetric)
and a part of low-bound water with the proteins on the
periphery of facies within the range of protein
concentrating the strong processes of extension and
pressure are appeared as a result of conformation
condition of proteins leading to the appearance of
cracks. Blood plasm facies of healthy person are
cracked on radiuses in quite equal intervals, the edges
of cracks are bended and form characteristic arcades
[1]. In the presence of toxic substances in BF the
appearance of characteristic “Arnolds’ tongues”
(pathologic elements) in marginal zone is often obser-
ved.

It has been shown that oxygenation and ozonation
of frozen plasma of blood may reconstruct the broken
structure of facies [16]. The method of crystallization
analysis of oral fluid components in the patients affected
with different forms of Diabetes mellitus has been
described [6]. Efforts are done to use dehydrated
solutions of whole blood for the medical diagnostics
[4].

At the same time the analysis of observed damages
generally has a descriptive visually logic character, that
does not enable to derive the quantitative specifications
and computerize the method. Investigators are often
limited with external view for studying of dried drop
solution of BF under light microscope in comparison
with the standard [8]. For a wide use of this method
with scientific and medical-diagnostic aims the
quantitative specification is necessary. In papers [6, 7,
11] the facies structure is analyzed with use of
mathematics analysis methods and crystallographic
approaches [ 11]. Recently at quantitative specification
of real crystals parameters (they usually have very
high deviations from a normal Euclidean polyhedrons
form) they find utmost idea use of fractal geometry.
The measure characterizing the deviation of filling
extent with crystal in comparison with ideal crystal is
its fractal dimension.

The research aim is a development of the
quantitative description method of macrostructural
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JI0B (OHU 9acTO MMEIOT OYEHb CHIIbHBIE OTKIIOHEHHUS
OT IIPaBWIBHON (POPMBI €BKIIIOBBIX MHOTOT DAHHHUKOB)
Haxo#sT Bc€ Oonbliee MpUMEHEHHE Uaen (ppaxTalib-
HOH reoMeTpuu. Mepoil, xapakTepu3yIomen OTKIO-
HEHUE CTETIEHH 3aMOJHEHUS KPUCTAIIIOM NPOCTpaH-
CTBa IO CPAaBHEHMIO C MUJCAIBHBIM KPHUCTAJIIOM,
SABISIETCA ero (pakTagbHass pa3MEpHOCTb.

Lenb paboThl — pa3zpaboTka MeToa KOIUIECTBEH-
HOTO OITUCAaHMsI N3MEHEHUH MaKpOCTPYKTYpHBI A€THIpa-
THpoBaHHBIX b)K, 0CHOBAHHOIO Ha KOMIIBIOTEPHOM
aHajn3e M300paKeHUH (Ganuidi ¥ BBHIYHCICHHH WX
(hpakTambHBIX Pa3MEPHOCTEH.

Mateprnaabl 1 meToAbI

OO0pa3IbI CFOHBI U MOYH TTOTYYaIH OT ITAIUEHTOB,
HaXOJAIINXCS Ha amMOyiaTopHoM jiedeHnn B MHCTH-
TyTe 030HOTEpANHH U MeoOOpynoBaHus (T. XapbKOB).

W3 maneHTs! poKeHHI] TIONTyYalld: a — CBEXKHUE
BOJTHO-COJIEBBIE 3KCTPAKThl; O — BOJHO-COJIEBBIC
AKCTPaKTHI 110 MeTo Ty PunaTosa (C mpeBapuTeIbHON
BBLIIEpKKOH ITpu Temrieparype 4°C B TeueHue 5 1Hel);
B — OKCTPAKTHI, TOJTyUYeHHBIE 0 MeToy DPuiiaToBa U
MOJIBEPTHYTHIE aBTOKJIaBUpoBaHuIo npu 125°C
(40 mun). OONAUKYIAPHYIO KUAKOCTH Opasu OT
MaIUEeHTOK METOJIOM IMYHKITHH [5].

CrnepManpHYIO Miaa3My co0ak Mmolydaiad U3
00beIMHEHHBIX 1-H U 2-Hi, a TakKe U3 OTAEIHLHO
MOy4YeHHOU 3-i ()paKIMK CIIepMBI 3I0OPOBBIX KoOeen
OpOoIBI «poTBeinepy. CriepMalbHYO IIa3My TITHIT
(MuctutyT ntuueBonctsa YAAH, c. Bopkn) nomyvanu
3 15 o0bemMHEHHBIX 00PA3IOB CIIEPMBI 3I0POBBIX
MIETYXOB MOPOABI «po-aitnanay u 20 00beTMHEHHBIX
00pa31oB criepMbl MHAIOKOB. [lma3zmMy oT KieTok
otaensuy reaTpudyruposanuem mpu 1000 g B TeueHue
10 MuH. OnBITHBIE 0OPA3IBl CIIEPMATBHOM TIJIa3MbI
cobak u nTul 3amopaxusaiu 10 —20°C B MOPO3HIIb-
HoM Kamepe «MuHCck» 1 10 —196°C morpyxeHuem B
XKHUAKHUH a30T, XpaHWIU B T€UCHHE MECAIA MPH ITUX
XKe TeMIeparypax, a 3aTeM pa3MOopaXKHBaJiM Ha
BozstHOM OaHe mipu 37°C.

CBIBOPOTKY MMOJyYaJld U3 KPOBU KPBIC IMMOCIE
PUTMHAYECKHX X0JI0MOBBIX Bo3aehcTrii (PXB) pazHoit
mmmrenbHocTH (10, 20 1 65 MUH), OCYIIIECTBIIEMBIX
C TIOMOIIIBIO MMPOMBINIEHHOTO THTIOTEPMOT€HEpaTopa
[12]. IIpu 3TOM >KMBOTHBIX, IOMEUICHHBIX B KOHTEMH-
HEpbl 00BEMOM 2 J1, 00yBai MOTOKOM XOJIOJTHOTO
Bo3/yXa ¢ Temreparypoii 10°C, wacrotoii 0,1 I'm.

@danuu uccaeayeMbIX 00pa3loB MOTyJYaayd HaHe-
CEHUEM Ha MPEIMETHOE CTEKJIIO 5-6 Kameb (10 5 MKJ)
aHaJM3UpPyeMOro pactBopa kaxuaoro suga bXK u
BBICYIITUBAaHHEM Ha BO3AYyXe IIPU KOMHATHOM TemIie-
patype (20°C ) B Teuenue 24 4 [2].

Bce uccrnenoBanusi mpoBelneHBI B COOTBETCTBUH
¢ «O0mUMHN 3THYECKUMHU TPUHIHUIIAMU IKCIEPHU-
MEHTOB Ha JKUBOTHBIX», 0/1o0peHHbIME |1 Harmonans-
HBIM KOHTpeccoM 1o 6nostuke (Kues, 2004, YkpanHa)
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damages of dehydrated BF based on computer analysis
of facies image and calculation of their fractal
dimensions.

Materials and methods

Samples of saliva and urine obtained from the
patients been at ambulatory medical care at the Institute
of Ozone Therapy and Medical Equipment of Kharkov.

From parturient placenta there were obtained: a —
fresh water-saline extracts; b — water-saline extracts
obtained by Filatov’s method (with pre-exposure at 4°C
for 5 days); c — extracts obtained by Filatov’s method
and put to autoclaving at 125°C for 40 min. Follicular
fluid as punctured from the patients [5].

Canine sperm plasma was obtained from total 1%
and 2™ as well as from singly obtained 3™ fraction of
healthy canine sperm of Rottweiller breed. Bird’s
sperm plasma (Institute of poultry breeding, Borki)
obtained from 15 total samples of healthy fowl sperm
of Rhode-Island breed and 20 total samples of turkey
sperm. Plasma from the cells was taken out with
centrifugation at 1000 g for 10 min. Experimental
samples of dogs’ and birds’ sperm plasma were frozen
to —20°C in “Minsk” freezing chamber and up to
—196°C by plunging into liquid nitrogen were stored
for a month at these temperatures and then were
thawed on water bath at 37°C.

Serum was obtained from rats blood after rhythmic
cold effects (RCE) of different time (10, 20 and 65
min), realized with industrial hypothermogenerator [12].
Herewith the animals, placed into 2 | containers were
blew over with flux of cold air with 10°C, 0.1 Hz
frequency.

The facies of investigated samples were obtained
with applying (by 5 pl) on object-plate of 5-6 drops of
analyzed solution of each kind of BF and drying on air
at 20°C room temperature for 24 hrs [2].

All experiments were carried out according to
“General ethical principles of experiments in animals”
certified by the II National congress for bioethics
(2004, Kiev, Ukraine) and confined with regulations
of “European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 1985).

For mathematical processing of the images of dried
drops with MBI-15 light microscope, equipped with
Panasonic WV-CP470 telecamera, were entered and
saved as bmp format. For each facies image in MS
Power Point environment we choose the trajectory
and transfer time along monitor screen for analyzed
facies area image. Using a Techsmith Snagit 5.2.0
software of moving image capturing we have
developed the video file with such parameters: density
is 50 frames per second, size of scanner frame is 0.1
of scanned image, which we saved in bmp format with
Virtualdub 1.6. Facies analyzed image was broken up
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1 CONIACOBAHHBIMU C MOJOXEHUSAMHU «EBpoIenckoi
KOHBEHIIMH O 3al[UTE MO3BOHOYHBIX XKHBOTHBIX,
HCHOJIb3YEMBIX IJIsl SKCIIEPUMEHTAIBHBIX U JPYTUX
Hay4HbIX 11enei» (CrpacOypr, 1985).

I matemaruueckoil o0paboTKu M300paskeHUs
BBICOXIIMX Karejb ¢ TOMOLIbI0 CBETOBOTO MUKPOC-
kxorra MBU-15, ocHamenHoTo Tenekamepoi Panasonic
WV-CP470, BBOAWUIHN B KOMIBIOTEP U COXPAHSIHN B
dhopmate bmp. [ kaxaoro uzobdpakeHus Gauu B
cpene MS Power Point BeIOupanu TpaeKTOpUIO U
BpeMsI IepeMEIIeHNS 110 IKpaHy MOHUTOpa H300paxe-
HUS aHATH3UPYEeMOi o0mactu (aruu. Mcrmonb3ys mpo-
rpaMMmy 3axBaTa JIBHXYLIETOCS H300pakeHUs
Techsmith Snagit 5.2.0, co3naanu Bugeodaiii ¢ mapa-
MeTpaMu: yactoTa — 50 KagpoB B CEKYHIY, pa3Mep
ckaHupyrouiero kaapa— 0,1 ckaHupyemMoro nzoopaxe-
HUSL, KOTOPBIA coxpaHsiy B popmare bmp ¢ moMorpo
nporpammbl  Virtualdub 1.6. Anmanusupyemoe
n3zobpakenne danuu pazdUBaIoCs Ha 77 KaApoB (n =
600—-1000), xKa>kabIil U3 KOTOPBIX C IOMOILBIO pa3pa-
060TaHHOTO HaM® MporpaMMHOro komriekca FRAM
MEePEeBOMIIH B IU(PPOBBIE MAaTPHUIIBL. Mcronb3ys u3-
BECTHBIM MaremaTmdeckuii ammapat [3, 10, 13-15],
CTaHAapPThl U MPUHIMITEI TOCTPOCHUS aITOPUTMOB
IporpaMM Ui aHaiu3a u3obpaxenuit [15] paccun-
ThIBAJIK MOP(OMETPHUCCKUE TapaMeTPhl, PpaKTaib-
HBIE Pa3MEPHOCTH U CTATUCTHYECKHE TIOKA3aTEIN.

[Iporpammuslil komiuieke FRAM umeer moxnyinb-
HYIO CTPYKTYpY, OJIOK-CXeMa ajJroputMa KOTOPOTO
npuBeaeHa Ha puc. 1.

®pakTanbHbII aHATHA3 KOKAO0TO Kajapa (MomyIb 12)
HauMHAIM C 3arpy3Kud M300pakeHHs B pabouyro
o0JacTh mMpOrpaMMHOro KomIuiekca (Moxynb 13)
BxonHoe n3o0pakeHue NPEJCTABISIOCH B BHJE
Marpuibl [, pazmepoM mXn, rJje m — YUCIO CTPOK,
N — YHCJIO CTOJOIOB AMCKPETHOTO TOJSA 3PEHUS —
kaapa V. O6macte V MOXHO paccMaTpuBaTh Kak
pactp, Marpuiy | — kak HeOTpUIATEIbHYIO [IETOYHC-
neHHyto QyHKIUIO Ha pacTpe. 3Hadenue (i, j) paBHO
apkoctu B Touke (1, UV, 0< 1G4, j) <1 ,i1=0,1,...,
m-1, j =0, 1,..., n-1. 3mecp I — MakcuManbHOE
LEJIOUUCIIEHHOE 3HaueHne sspkocTH. Pynkuuto I(i, j)
Ha3bIBaIOT HUPPOBBIM H300paKeHHEM Ha pacTpe V.

B cpene FRAM aBTOMaTHuecKH CTPOUTCS TUCTO-
rpamma SIpKOCTH M300pa)XeHHSI U PaCCUUTHIBAIOTCS
ero o6o0meHHble mapamMeTpsl (MUHUMAJIbHAS U
MaKcHMallbHas SPKOCTh, YPOBEHb aJalTalUH H
KOHTpacTHOCTh). KoHTpacTHOCTE M300pakeHus:

255
rae L, — apkocth (ot 0 mo 255); L, — ypoBeHb
aZjanTaliy, YUCICHHO PaBHBI MaTeMaTH4eCKOMY

0XMIAaHHUIO, ONMPEAEIIEMOMY IO THCTOTpaMMe
SPKOCTEH H300pakeHUsL.

L - L2
G| L+ L2

(1)
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into n frames (n = 600-1000), each of those were
transformed to numeral matrices due to developed by
us FRAM program complex. Using the known
mathematical apparatus [3, 10, 13—15], standards and
principles of constructing the program algorithms for
image analysis [15], morphometric parameters, fractal
dimensions and statistical indices.

FRAM software complex has a modular structure,
the flow diagram of algorithm was given in Fig.1.

Fractal analysis of each frame (12 module) was
started from loading the image into operating area of
software complex (13 module). Entry image was
presented as I matrix, of mxn size, where m is the
number of lines; n — number of columns of discrete
vision field, frame V. V area may be considered as the
raster, | matrix as non-negative integral function on
the raster. Value I (i, j) equal brightness in point (i, )V,
0< 11, j)<I ,1=0, 1,..., m-1,j =0, 1,..., n-1. Here
I ax—maxnnum 1ntegra1 Value of brlghtness Function
I(i, j) is qualified as digital image on V raster.

In FRAM area histogram of image brightness is
plotted automatically and its total parameters are
calculated (minimum and maximum brightness,
adaptation level and contrast ratio). Contrast ratio of

255

image:
L =L
K=3 o }P(L ), (1)

where L —brightness (from 0 up to 255); L ,— adaptation
level of numerically equal to mathematical expectation
determined by histogram of image brightness.

Further work of software complex consists in the
selection of method and formulas for calculation of
fractal dimensions (15-17 modules) for data sizes of
“window” and “step” of scanning (18 module). At this
moment in software complex the “prism” method [15,
17], calculation of D fractal dimension, D, information
dimension and D, correlation dimension have been
realized.

D value characterizes the filling volume, where the
physical system (in this work this is facies) exists:

Inl ° 2)

where N — cells number of different sizes (with / side),
which is necessary for covering of the investigated
range (facies areas).

D, value called as information dimension is shown
as information, which is necessary for determining of
point location in cell increase when approaching the
cell size € to O:

N(e)

Z p;Inp,

D = lim=—— s 3)
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Puc. 1. briok-cxema anroputMa mporpaMMHOro komiuiekca FRAM i aHanmu3a u MOPGOMETPHH MHKPOCKOITUIECKIX
n300pakeHNH OMOIpenapaToB.

Fig. 1. The diagram flow of FRAM software complex algorithm for analysis and morphometry of microscopic images of
biological products.
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JanpHelimas pabota MPOrpaMMHOTO KOMILIEKCa
3aKJII09aeTcs B BeIOOpe MeTozma M GopMyl pacyera
¢dpakTanpHBIX pazMepHocTed (Momynu 15-17) s
3aJJaHHBIX Pa3MEPOB «OKHA» U «I1aray CKaHUPOBAHUSA
(Monyns 18). B mporpaMMHOM KOMILIEKCE B HACTOSI-
LI MOMEHT Pean30BaHbl METOA «IPU3MBbD» [15, 17],
pacuert ¢pakTanapHON pazMepHocTH D, nHpOpMannoH-
HOM pasMepHOCTH D, M KOPPETALIMOHHON Pa3MEPHOCTH
D,.

Bennunza D xapakTepusyeT cTeleHb 3al10JIHEHUS
MIPOCTPAHCTBA, B KOTOPOM CYIIECTBYET (u3nyecKas
cuctema (B JaHHOU paboTe darus),

=-lim———, 2)

rae N — KOJIM4YeCTBO sU€eK pPa3HbIX pa3MepoB (CO
CTOpOHOH /), HEOOXOAMMOE AJIsI TOKPBITHS U3Y4aeMOTO
MHOXecTBa (00mactu anun).

Bennuuna D |, HazeiBacMass MH(POPMALMOHHON
pa3MepHOCThIO, MOKa3bIBaeT, Kak MH}popmanus,
HeoOXoauMas i OTPENEIeHUS MECTOIOI0KEHUS
TOYKH B siYE€HKE, BO3PACTAET MPU CTPEMIIEHUHU

pa3mepa sueriku € k 0:
N(g)

Z p;Inp,

D = lim&—8— s 3)

Benuuuna D,, HasbpiBaeMas KOPPEIALHOHHON
Pa3MEPHOCTEIO, BIISETCS OLIEHKON BEPOSITHOCTH TOTO,
YTO /IBE CIy4ailHble TOUKH MHOXKECTBA HAaXOAATCA B
OJTHOM siUeiike &:

N(g)

In Zp,
= lim—=— 4
D, = Ine ®

[Tocne BeIOOpa MeTom0B U (hopmyn pacuera D
cTpowiu moiie (hpakTanbHbIX pazmepHocteit (ITDP)
(Moaynp 19), nporecc GopMUPOBAHUS KOTOPOTO
[IOKa3aH Ha puc. 2.

[Tpu moctpoenun [1OP ckanupyrot n3odpaxeHue
I(i, j) «oxHOM» W, pa3zmepom aXb mukceneil ¢ marom
nepeMemieHus s. Ha kaxxnom mare onmpenenstor
$pakranpubie pasmepHoctd D . B «okHe» W n
3aMuChIBaIOT B MaTpuiy D, KOTopon HazbIBatoT [1OP.

Ananu3 [IOP MoxeT oCcymecTBIATHCS aBTO-
MaTHYECKH C MOMOINBI0O METOJ0B CErMEHTAIUU
(Momyns 20), K KOTOPBIM OTHOCHUTCS PEaTH30BAHHBIHN
B mporpamme meron «k-nmepesa» [15]. Jlns cermen-
tauuu [IOP onpenensatoT auana3zoH H3MEHEHUS
¢GpaxTanbHeiX pasmepuocred (AD=D_ - D ).
3aTeM Npou3BOAIT MOCTPOSHHE EPBOTO ypoBHA «k-
nepeBa». Ilpu 3ToM Bech AMana3oH 3HauYeHUH
¢pakranbHBIX pazmepHocTedl AD pasOuBaroT Ha k
T0JIIMaNa30HOB NEPBOro ypoBHs pasbuenus (AD ,

AD,, ..., AD, ), 3nauenus QpaxTanbHBIX pazMmep-
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D, value called as correlation of dimension is the
estimation of probability about the fact that two random
points of the range are in the same € cell:

In» p;
D, = lim—~— 4)
2 &0 Ilng

After selection of the methods and formulas of D
calculating we plotted the margin of fractal dimensions
(MFD) (19 module) which process of formation has
been shown in Fig.2.

When plotting MFD 1 (i, j) the image was scanned
with W “window”, axb pixels’ size with s step of
moving. At each step D, fractal dimensions were
determined in W “window” and were entered in D
matrix, which is called as MFD.

MFD analysis may be automatically realized with
segmentation methods (20 module) “k-tree” method
realized in the program [15]. For segmentation of MFD
the damage range of (AD = D__ — D . ) fractal
dimensions were determined. Then the plotting of the
first level of “k-tree” was made. At this all value range
of AD fractal dimensions were divided into k subranges
of the first level of quantisation (AD , AD,, ..., AD,),
the value of fractal dimensions are round off to the
first decimal place, the subrange extent will be equal
to 0.1. For each subrange of the first level of quanti-
sation the selective images were plotted (215 module).
Then the subrange was selected with containing
maximal clusters’ number of fractal dimensions. Initial
values of fractal dimensions of MFD were round off
to the second decimal place but analyzed subrange of
the first level was divided into 10 subranges of the
second level of (AD,,, AD ,, ..., AD ,), quantisation at
this extent of subrange of the second level will be equal
to 0.01. Image segmentations are repeated according
to determining (rounding off) efficiency of fractal
dimensions and desired degree of detailing. “K-tree”
method for image segmentation enables to point out
the clusters with the same dimension and to contrast

P ~
. 4 NN
f.-"" .-'"' "\\ N
[ Y R ' A\l
D\l&: E Bss E “a = Dos | Dot | Dos T Do
b D‘G
L I(i,j) ) | Das
g -
.’, |4_
Dyzxt| Dyans N
I ytad ;DC;V Dy <o |Dpasa
- = -

Puc. 2. Cxema npouecca noctpoenust [IOP.
Fig.2. Diagram of plotting MFD process.
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HOCTEH OKPYIVISIFOT A0 IEPBOI0 3HAKa ITOCIIE 3aISTOH,
MIPOTSDKEHHOCTH Mmonuana3ona oynet passa 0,1. J{ms
KaXX/10T0 MOIMaIia30Ha epBOro ypoBHA pa3OnueHus
AD,, AD,, ..., AD, CTpOSAT CeNeKTHBHbIE H300paKe-
Hus (Moxynb 21). 3areM BBIOMpAIOT MOAIMAIIA30H,
COAEpIKaIINN MaKCUMalbHOE KONUYECTBO KJIACTEPOB
¢dpakTranpHBIX pa3MepHOcTeil. McxonHbple 3HaYCHUS
¢paktanpHbix pazmepHocrerd [IOP okpyrmstoT 1o
BTOPOT0 3HAKa MOCJIE 3aIATOH, a aHAIU3UPYEMBIN TIOJT-
JMara3oH MepBOro YpoBHA pa3ouBaioT Ha 10 moxaua-
a30HOB BTOPOro ypoBHs pasouenus AD ,AD, ., ...,
AD,, mpu 3TOM NPOTSAKEHHOCTh MOJAHA-NAa30HA
BToporo ypoBas paBHa 0,01. CermenTanuu uzo0paxe-
HHUS TIOBTOPSAIOTCS B 3aBUCHMOCTHU OT TOYHOCTH
omnpeneneHus (OKpyriieHus) GpakTaabHBIX pa3Mep-
HOCTEH 1 HeOOXOIMMOH CTETICHH JieTanu3anui. MeTon
«k-mepeBa» s cerMeHTalMU W300pakKeHUN 1MO3-
BOJISIET BBIAEIATH KJIACTEPHI C OAMHAKOBOM pa3mep-
HOCTBI0, KOHTPACTUPOBATh N300paKEHHUS U HAXOIUTD
BH3YaJIbHO HE ONpezessieMble 0COOCHHOCTH.

CenekTuBHBIE HU300paXeHUs, COOTBETCTBYIOIINE
pa3NIUYHBIM YPOBHSIM «K-JepeBa» M Juana3oHam
(pakTanbHBIX pa3MEPHOCTEH, BEIBOAST B OT/IEIBbHBIC
OKHA TIPOrpaMMHOTO KOMILJIEKCA B BUJIE H300paXKeHUs,
MPeIyCMOTPEH UX MOppoMeTprUecKuil aHamu3 (Mo-
nynu 3—11). Bce n3o0paxeHuss COXpaHSIIOTCSA B
oTAeNbHBIX (ainax (Moaynb 22), MOTYT OBITH
CKOTIMPOBAHBI ISl UCTOJIb30BaHMs B TEKCTOBBIX H
rpadMuecKuX peJaKkTopax U NPUMEHATHCS ISl OCT-
poenus 3D-mozeneit.

Pe3yAbTaTbl M 00CyXXAeHHe

Kak Bunmno u3 puc. 3—6, mopdosoruueckue
XapaKkTepUCTUKHU (aruil meruapaTupoBaHHbiXx BXK
YeJoBeKa W JKMBOTHBIX (CIIOHBI, MOYH, (OJLIH-
KYJISIpHOM JKMJIKOCTH, CIIEpMaJIbHOM TJIa3Mbl AKHUBOT-
HBIX, 9KCTPAKTOB IJIAICHTHI, TIA3Mbl KPOBH KPEHIC),
SIBIISISICH CHIEUM(PUYHBIMU IS JAHHOTO o0pasiia,
CYIIIECTBEHHO 3aBUCAT HE TOJIBKO OT UCTOYHHKA, HO
U 0T criocoba nosryueHust 1 oopadotku. @amun I,
MOJTy4eHHBIE U3 CBEXKEBBIICIICHHOH IJIalleHTHI (puc. 4,
a) u nmo metony Punatosa, MOJOOHBI IO CBOEMY
BHemHeMy BuIy. B To xxe Bpems damus D11 (puc. 4,

images and find out visually not determinable
properties.

Selective images associated to different levels of
“k-tree” and fractal dimensions ranges were displayed
in single windows of software complex as image its
morphometric analysis (3—11" modules) has been
provided. All images were saved into single files (22
module) and could be copied for use as text and
graphics and used for 3D modeling.

Results and discussion

Figures 3—6 demonstrate the morphologic charac-
teristics of facies of dehydrated biological fluids (BF)
of humans and animals (saliva, urine, follicular fluid,
sperm plasma of animals, placenta extracts, blood plas-
ma of rats) being specific for data sample essentially
depend not only on the source, but on producing method
and treatment. EP facies derived from freshly isolated
placenta (Fig. 4, a) and the one by Filatov’s method
are similar to their external view. At that time EP facies
(Fig. 4, b) derived by Filatov’s method has thicker edges
and smaller crystals in central zone that points to the
utmost content of proteins in the sample. On the
contrary, into composition of autoclaved and filtered
EPs the high molecular proteins are not included, and
low molecular peptides, nucleotides and salts dominate.
One can see this because of plain edge of facies and
large crucial crystals in its center (Fig. 4, c).

Different regimens of low-temperature treatment
and storage affect morphologic properties of dried
samples of BF facies. In Fig. 5 the facies of sperm
plasma of animals slowly frozen up to —20°C and
quickly frozen with different rates stored at equal
temperatures have been shown. One may see that
slow freezing and further storage at —20°C render
maximal effect on macrostructure of all thawed
samples without distinction of animal species. Appea-
rance of facies, quickly frozen and stored at —196°C,
approaches to the control samples specimen. Macro-
structure of dehydrated BF provides a high sensibility
not only to physical-chemical in vitro effect, but also
at the level of the whole organism. Fig.6 shows the
effect of RCE 10, 20 and 65 min time on macrostruc-

Puc. 3. Bua daruii cironsi (a); Mouu (0); hOUTHKYISPHOM )KUAKOCTH (B) YeioBeka. YeenuueHue: (a) u (0) 40; (B) 15.
Fig. 3. Image of saliva facies (a), urine (b) and human follicular fluid (c). Magnification: (a) and (b) 40; (c) 15.
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a a

Puc. 4. BnusiHue crioco00B NOTy4YeHUs SKCTPAKTOB INIAEHTH! Ha UX (halluy: a — CBEXEBBIICICHHOT0; 0 — 110 duiarosy;

B — aBTOKJIABUPOBAaHHOIO. YBenuueHue 15.

Fig. 4. Effect of the methods of placenta extracts deriving on their facies: a — freshly isolated; b — by Filatov’s method; ¢ —

autoclaved. Magnification 15.

0), moyyueHHas o Merony dunatosa, uMeeT OoJiee
TOJICTBIC Kpasi ¥ 0Oojiee MeJKHe KPHCTAIbl B ICHT-
pabHOI 30HE, YTO OTpaXkaeT OOJIbIlee COMePKAHIE
B oOpasiie OekoB. HanpoTuB, B COCTaB aBTOKJIaBH-
poBaHHOrO ¥ mpoduasTpoBanHoro DI He BXOAST
BBICOKOMOJICKYJISIPHBIC OCJIKH, MPeo0IagaroT HU3KO-
MOJICKYJIIPHBIC MENTH/IBI, HYKICOTUIBI U CONU. DTO

ture of dehydrated blood serum of rats. It is seen that
RCE of different length renders various effects on
structure of intermolecular interactions in rat’s blood
serum which may be associated with the compensatory
effect of different adaptive mechanisms.

Since during facies’ formation, there are physical
processes, resulting in formation of fractally organized

KoHTponb

Puc. 5. ®auyu criepmanbHO# m1a3Mel codaku 1 v 2-if ppakumii (2) u 3-i ppakumn (0); criepMalbHOM IU1a3Mbl 1eTyXa (B); HHIFOKa
(T) B HOpMe, a TaKkXKe MOCcie 3aMOpaXUBaHUs criepMaibHOM mnasMbl 10 —20 n —196°C 1 XpaHeHUsI IPU COOTBETCTBYIOIINX
TeMIeparypax B redeHue 1 mecsia. Yeenuuenue 15.

Fig. 5. Facies of sperm plasma of dog (1* and 2" fractions) (a) and 3" fraction (b) sperm plasma of flow (c), turkey (d) normal and
after freezing of sperm plasma down to—20 and —196°C and storage at corresponding temperatures for 1 month. Magnification 15.
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BUHO I10 IJIOCKOMY Kparo (paluy ¥ KpyITHBIM KpecTo-
00pa3HBIM KpUCTaJuIaM B ee LeHTpe (puc. 4, B).

Ha mopdonoruyeckne cBoiicTBa BBICYIIIEHHBIX 00-
pasuoB danuii BXX BIusiOT pasHble PeKUMbI HU3KO-
TemnepaTypHoil 06pabotku u xpanenus. Ha puc. 5
MoKa3aHbl (aluy cCrepMabHON IIa3Mbl JKUBOTHBIX,
MeeHHO 3aMmopoxenHbie 10 —20°C u ObIcTpo 3aMo-
POKEHHBIE C Pa3NMYHBIMU CKOPOCTSIMH M XPaHUB-
LIMeCs MPHU COOTBETCTBYIOLINX TeMIeparypax. Mox-
HO BUJETb, YTO MEJUIEHHOE 3aMOpaXMBaHHE U TOCIe-
nymoinee xpanenue mpu —20°C 0ka3bIBalOT HAUOOIb-
1Iee BIMSHUE HAa MAKPOCTPYKTYPY BCEX Pa3MOPOKEH-
HBIX 00pa310B, BHE 3aBUCUMOCTHU OT BU/IA YKUBOTHOTO.
Bun daunii, ObicTpo 3aMOPOKEHHBIX U XPAHUBIIUXCS
npu —196°C, npubnuxaercs K BULY KOHTPOIBHBIX
00pa3noB. MakpocTpyKTypa JeruIpaTHPOBaHHBIX
BX nposBngeT BBICOKYI0 UYyBCTBUTEIBHOCThH HE
TOJIBKO K (PU3UKO-XMMHUUYECKUM BO3IEHCTBHSM int Vitro,
HO M Ha YpPOBHE Ienoro opranmsma. Ha puc. 6 mo-
ka3aHo Biusaue PXB mmurensHocThIO 10, 20 1 65 MuH
Ha MaKpOCTPYKTYPY AerHApaTHPOBAHHON CHIBOPOTKH
KpoBH KpbIc. Buano, uto PXB paznuunoil niu-
TEJBHOCTHY OKAa3bIBAIOT PAa3HOE BIMSIHHE HA CTPYKTYPY
MEXKMOJIEKYISIPHBIX B3aUMOJIEUCTBUI B CHIBOPOTKE
KPOBH KpPBIC, KOTOPBIE MOT'YT OBITh CBSI3aHBI C KOMIICH-
caTOpHBIM 3((}HEKTOM pa3IMUHBIX ATaNTalHOHHBIX
MEXaHU3MOB.

[ockonbky npu hopMupoBanuu Qaruii MpoTeKaroT
(u3nUeCcKue POLECCHl, NPUBOAALINE K 00pa30BaHUIO
(pakTasbHO OPraHU30BaHHBIX CTPYKTYP, I KOJH-
YeCTBEHHON OIIEHKH MOXeET OBbITh MpHUMEHEeH (pak-
TanpHbIN aHamus [10, 12].

Pesynbratel ¢pakransHoro ananmza ganuii XK
MpUBEACHEI B Ta0. 1-3. MOXHO cenaTh BEIBOJI, YTO
napameTp D noctaTtouHo 4yBCTBUTEICH K HK3MEHEHUIO
MaKpOCTPYKTYpHI pa3HbIX bIK, HOTy4eHHBIX pa3HbIMU
croco0amMu M MOABEPTHYTHIX BO3JACHCTBUAM Kak in
Vitro, TaK U in vivo.

st onrcanust ppakTaibHBIX CTPYKTYP, BCTpeUa-
IOLIMXCS HA MUKPOMAacITadax, IIMPOKO UCTIONB3YIOT
MOHATHUE KJIACTEP — CKOIUIEHHE OJIM3KO PacIooKeH-
HBIX, TECHO CBSI3aHHBIX JPYT C APYTOM YaCTHLL 000
MIPUPOJIEI (aTOMOB, MOJIEKYJ, HOHOB, YJIbTPaaNCIIep-
CHBIX "acTul). B mociennee Bpemsi TepMUH Kiactep
pacmpocTpaHseTcss U Ha CHUCTEMBI, COCTOSIINE U3
OOJIBILIOTO KOJIMYECTBA CBA3aHHBIX MAKPOCKOIMYECKUX
YacTHII.

BeezeHo Takxke moHsTHE PpaKkTanbHOro Kiacrepa,
0] KOTOPBIM TOHUMAIOT CTPYKTYPY, 00pa3yIoIyrocs
B pe3ysbTaTe acCOLUANNU YacTUL] IPU YCIOBUHU TUd-
¢dy3Horo xapakrepa ux aswkeHus [13]. OcobeH-
HOCTBIO ()PaKTaJIbHOTO KiacTepa SIBISETCS TO, YTO
CpeaHss IUIOTHOCTh YacTHLl B HEM MajaeT 1o Mepe
yIajgeHus: oT oopasyromero neHrpa. PasMepHocTs
KJlacTepa He 3aBUCHT HH OT ero (hOpMBbI, HH OT THUTa
yHakoBKH B HEM yacTtuil. OHa JHUIIb CIY>KUT KOJH-
YEeCTBEHHON XapaKTEPUCTHKOM TOT0, KaK KiacTep 3a-

NMPOBJIEMbI
KPMOBMOJIOIrUM
T. 17, 2007, N24

Puc. 6. Bmusaue PXB (in vivo) pa3nniHo# IponoImKu-
TEJILHOCTH Ha CTPYKTYPY (aruii CHIBOPOTKH KPOBHU KPBIC:
1 — xouTpons; 2 — 10 mun; 3 — 20 Mun; 4 — 65 MuH.
Veenmuuenue 60.

Fig. 6. Effect of RCE (in vivo) of different term on facies
structure of rat’s blood serum: 1 — control; 2 — 10 min; 3 —
20 min; 4-65 min. Magnification 60.

structures for quantitative estimation, the fractal
analysis may be used [10, 12].

The results of fractal analysis of BF facies are
shown in Tables 1-3. It could be concluded that D
parameter is rather sensitive to macrostructure dama-
ge of different BF obtained with various methods and
exposed not only in vitro, but also in vivo.

For the describing of fractal structure found in
microscales there is widely used the term of cluster,
i.e., accumulation of closely located tightly bound with
each other particles of any origin (atoms, molecules,
ions, ultra disperse particles). Recently the term of
cluster has been extended also to the systems, comp-
rising a big number of bound microscopic particles.

Tadaunua 1. BinsHye pa3nuaHbIX CIOCOO0B MOTy4eHHS
9KCTPAKTOB IJIALEHTHI HA (PPaKTANBHYIO Pa3MEPHOCTb UX
haruit
Table 1. Effect of different deriving methods of placenta
extracts on fractal dimension of their facies

AOCTOBEPHOCTH
pasauuusg OTHOCUTEABHO
CBEKEBBIACACHHOTO
Signifi cance of
difference in respect of
freshlyisolated

CnocoObI MOAyYeHUsT
9KCTPAKTOBIIAAIIEHTEL
Deriving methods of
placenta extracts

OpakTranbHas
pasMepHOCTb
Fractal dimension

CBeKeBBIAGACHHBIN

Freshlyisolated 1232003 N
ITo ®unatoBy
ByFilatov's method 1292005 <005
ABTOKAGBUPOBAHHEIH 1,39£0,05 <0,01

Autoclaved
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Taomua 2. BivsiHue pUTMIYECKHX XOJIOIOBBIX BO3JICHCTBHIA
in vivo Ha (paKkTaIbHYIO PA3MEPHOCTh (YAl CHIBOPOTKU
KPOBH KPbIC
Table 2. Effect of thythmic cold effects in vivo on fractal
dimension of facies of rat’s blood serum

- dpakTarbHas AOCTOBEPHOCTH
POAONKUTEABHOCTE PAIMEPHOCTS Pa3AMYHST OTHOCUTEALHO
PXB KOHTPOAS
Term of RCE dilr:rfggtsfiil)n Signifi cance of difference
in respect of control
b -
o) st PXB 1,2620,03 <0,05
20 mun PXB
20 min of RCE 1,16=+0,02 <0,05
oo it PXD 1,300,03 <0,01

MOJHSET 3aHMMAaeMOe UM POCTPaHCTBO. Takas gppax-
TajJbHas cucTeMa 00JlagaeT CBOHCTBOM CTaTHUCTH-
yeckoro camononodusi. [locTpoeHHbIH 1Mo cirydaitHo-
My 3aKOHY (paKTaIBHBIN KIIACTEP IMEET BHYTPEHHUH
MOPAJOK, OJHON M3 KOJIMYECTBEH-
HBIX XapaKTEpHUCTHUK KOTOPOTro
SIBJIETCS €T0 pa3MepHOCTh. Pa3pa-
00TaHO MHOYXECTBO MOJEIbHBIX
MeXaHH3MOB (OPMHUPOBAHUS Ppak-

The definition of fractal cluster has been also
introduced, which is understood as the structure, for-
ming as a result of association of the particles under
the condition of diffusive character of their movement
[13]. The peculiarity of fractal cluster is the fact that
an average density of particles in it decreases with the
moving away from forming center. The dimension of
cluster does not depend either on its form, or the type
of packing of the particles in it. This serves as the
quantitative evaluation of the fact how is the cluster
fills in the space, taken by it. This fractal system has
the property of statistical self-similarity. Build on
accidental principle the fractal cluster has an inner
order, one of quantitative characteristic of which is its
dimensions. There are developed many model
mechanisms of forming the fractal clusters.

Now the results of many experiments have been
summarized, in which the rules of fractal nature of
real objects were disclosed on model mechanisms
base: aggregation model limited with diffusion, model
limited with diffusion of cluster aggregation and model
of cluster-cluster aggregation [13-14]. Many real
physical processes, including fluid crystallization on
embedding, are well described with these models.
Fractal ideas are successfully used for describing of

Taouuna 3. BiausHue 3aMopaXuBaHUs ¥ XpaHEHHs IPU HU3KUX TEMIIEpaTypax
CIepMaJIbHOM IJIa3Mbl JKUBOTHBIX Ha ()paKTajIbHYIO pa3MEPHOCTH (aiuii

Table 3. Effect of freezing and storage at low-temperatures of sperm plasma

of animals on fractal dimension of facies

TaTbHBIX KJIACTEPOB.
[MporeHT ot AOCTOBEPHOCTH
B HaCTOﬂmee BpeM;[ 0606H‘IeHBI lzzqgggs[;y%)é q)paKTaAbHaS[ KOHTPOABHBIX pasanyuus OTHOCUTEABHO
pe3yJIbTaThl MHOTOYHCIIEHHBIX Storage pasMepHoOCTH 3HaYeHUit ~ KOHTpOAA
temperature °C Fractal dimension Percent from the Signifi cance of difference
OKCIICPUMEHTOB, B KOTOPBIX BBISAB- p ' control values in respect of control
JISITHCH 3aKOHOMEPHOCTH (PpaKTajib-
o Cb 3aKOHOMCPHOC (bp Cobaka (ppakiuu 1+2)
HOM IPUPOBI PeaTbHBIX 00BEKTOB Dog (1+2 fraction)
Ha OCHOBE MOJICIILHBIX MEXaHM3-
Korrpons, 1,390,023 100 -
MOB: MOJEJb arperauuu, orpaHu- Control 90,
YEeHHOH 11 3UeH, MOJCIb, Orpa-
ﬂv by o ACIb, OTP . —-20 1,550,034 112 <0,05
HUYEHHOH 1uddy3neit KinacTepHoil
arperanuu, 1 MOACJIb KJIaCTep- —196 1,480,033 107 <0,05
KJIacTepHo# arperamuu [13, 14].
TTeryx
Muorue peanbHbie GU3UUICCKHE Foul
MpoLECChl, B TOM YUCIIE KpUCTAJI-
JIM3AIMs KUIKOCTH Ha IOIJIOKKE, Kgg;ggfb 1,330,04 100 -
XOPOIIIO OMTUCHIBAIOTCS ITUMH MOJIC-
asivu [13]. @pakranbHble Waed ¢ -2 1,380,05 104 <005
YCIIEXOM MIPUMEHSIOTCS U 1715 OTU- o 120,04 o <001
caHUs NMpOoTeKaHUs (TEPKOJISLIUM)
KUIKOCTEH uepe3 MOPUCTHIE CPEIbl ?H,AI;IOK
urke
[14]. Moznenb NEepKOISILIUU C BBITEC- d
HEHHUEM TaKXe Mpuemiema s KSHT?O?L 1.24-0,04 100 _
ontro ! !
OTIMCAaHUs CTPYKTYypHUPOBAHUA (a-
LIMH, €CJIU B HEHbIOTOHOBCKOM O1O- —-20 1,300,03 105 <0,05
XUMHUYECKON JXKMIKOCTH CHOPMHU-
o — =+ <
PYIOTCS CIIOM Pa3HOM PEOJIOTHH. 196 111=0.03 90 005
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Paccuurannbie HaMu (hpakTaIbHBIC Pa3MEPHOCTH
(hartuii IO3BOJISTIOT COOTHECTH UX YHCIICHHBIC 3HAYCHHS
C MOJIEJIbHBIMM, a 3HAYUT IOHATH MEXaHU3MBI BIIMSTHUS
M3YYEHHBIX (PaKTOpOB Ha (HYU3HKO-XUMHUYECKOE COC-
tostane bK.

BbiBOADI

Matemarndeckuil aHann3 n3o0pakeHui ¢anuit
B)XX mo3BosisieT 00beKTUBU3UPOBATh METOM M KOJIH-
YECTBEHHO OLIEHUBATh U3MEHEHUS CTPYKTYphl BK Ha
MakpoypoBHe. Bmecte ¢ TpaiuiinoHHBIMU MOPQOIIO-
THYECKUMH HCCIEAOBAHUSIMH ONMCAHHBINA MOAXO.
OKa3bIBACTCS IPOLYKTUBHBIM KaK JJIsl OLEHKH BIIMS-
HUS Pa3UYHBIX (UIUKO-XUMHUECKUX (aKTOPOB Ha
o0pasipl, Tak ¥ MpU pa3paboTKe KOMIBIOTEPHBIX
JKCIIPECC-METONOB MEIUIMHCKON AUAarHOCTHKHU.
[lepcniekTHBHO cO3aHME KOMIBIOTEPHOW Oa3bl AaH-
HBIX JIJIs1 HAKOTIJICHHS U CHCTEMaTH3allu MaTepraia.
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fluids flowing (percolation) through the porous media.
Percolation model with pushing out is also acceptable
for describing the structuring of facies if layers of
different rheology are formed in non-Newton’s
biochemical fluid.

Fractal dimensions of facies calculated by us enable
to compare their numerical values with model ones,
and, it means, to realize the mechanisms of effect of
studied factors on physico-chemical BF condition.

Conclusions

Mathematical analysis of images of BF facies
enables to objectify the method and to assess
quantitatively by the damages of BF structure on
macrolayer. The described approach with traditional
morphologic investigations is productive not only for
the estimation of effect of different physical-chemical
factors on samples but also when developing the
computer express-methods for medical diagnostic. The
building of computer database is prospective for
generation and systemization of information.
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