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AHHOTaNMsA. ATOMHO-CHIJIOBast MUKpocKoIHs (ACM) — 3TO epclieKTUBHBIHN U yXKe IHUPOKO NPUMEHAEMBIN METOA
B MEIUKO-OMOJIOTHYECKUX HCCIIEOBAaHHUAX. B CBsI3M € 3TUM BO3HHMKaeT HEOOXOIMMOCTh pa3pabOTKH HOBBIX METO/IOB,
JITOPUTMOB M ITPOTPAMMHBIX CPEICTB Juist aHaimu3a A CM-n300pakeHHid MOBEPXHOCTH OMOJIOIHYECKUX KIIeToK. B pabore
npeioxke Meton kinaccuukanun ACM-nu3o0pakeHHH MOBEPXHOCTEH IPUTPOIMTOB C MOMOMIBIO CTATHCTHYECKOI
OLICHKH CTIEKTPAIBHBIX INIOTHOCTEH, MOIydaeMbIX JUCKPETHBIM IpeoOpa3oBanneM Pypoe. [1o KaxI0i TMHUN CKaHUPO-
BaHMA UcXoHOTOo ACM-n300pakeHHs CTPOUTCS IIEPUOI0TpaMMa, KOTopast CIIIaXKUBaeTCsl OKHOM JlaHHMAIIs A71st oryde-
HUS OLICHKH CIIEKTPAJILHOM INIOTHOCTH. 3aTe€M BBIYHMCISIIOTCS CPEIHNE3HAYESHHUS OIIEHOK CIIEKTPAIBHBIX TNIOTHOCTEH ISt
Ka)KJJOH 4acTOTHI 110 BCEM JIMHUSM CKaHUPOBaHUs. J[Marna3oH 4acToT ycpeTHEHHBIX OIICHOK pa30MBaeTcs Ha J[Ba OTpe3Ka
U JUIS KaXJIOTO OTpe3Ka pPacCUMTHIBAETCS CpelHee 3HaueHWe creKTpanbHol mioTHoctH Ha HeM (Cl m C2 cootBert-
cTBeHHO). [lonmyueHHOH mape 3Ha4eHUH B ABYXMEPHOM IIPOCTpaHcTBe cooTBeTcTBYeT Touka (C1, C2). B pabote npoana-
JU3UPOBAHBI MHOXKECTBA TaKUX To4eK A1 ACM-n300paskeHUH MOBEPXHOCTEH pa3sHBIX (POPM IPUTPOIUTOB (IUCKOLIUTOB,
c(epoKTOB, KOAOIMUTOB M 3XHHOUUTOB). [IpenioxHsiii criocob aHanu3a ACM-1300pakeHn i MOBEPXHOCTEH SPUTPOLIH-
TOB MO3BOJIMJI HOJIYYUTh CTaTUCTHYECKH 3HAYMMBIC Pa3M4Ms MapaMeTPOB CHEKTPaJbHBIX OLEHOK Ul pa3HbIX (opm
APUTPOLMTOB, MAIIMEHTOB C BPOXKAEHHBIMU HAPYIICHUSIMH CTPYKTYPBI LIUTOCKENeTa (HaCeICTBEHHbIH CheporuTo3).

KiroueBblie cioBa: ACM-u3o0pakeHus, TUCKpeTHoe Tpeobpa3oBanne Pypre, CieKTpaabHas INIOTHOCTh, CTaTH-
CTHYECKasl KJIaCCU(PUKAIHS, SPUTPOLUTHI.

Bseoenue. B HacTosiee BpeMs aTOMHO-cUII0Bass MUKpockonust (ACM) yxe 10CTaTO4YHO IIN-
POKO MPUMEHSIETCS] B MEIUKO-OMOJIOTHUECKUX UcchenoBanusx [1-2]. ACM-u3o0pakeHue nmpeacTas-
Js1eT co00il MacCHB TOYEK B TPEXMEPHOM MPOCTPAHCTBE (X,Y,Z), OMHUCHIBAIOIINX JINOO KapTy penbeda
noBepXxHOCTH (pexuM topography), mubdo kapTy TOKaIbHBIX (U3UKO-MEXaHUIECKUX CBOMCTB - JIaTe-
panbHBIX cuit (pexum torsion) [3].

ACM-m3o06paxenne pazmepom NxN Touek npencraBisieT co0oi coBOKYIMHOCTH U3 N 1Byxmep-
HBIX MaccHUBOB (X,Z) Mo N Touek B Ka)KIOM, PacloJIOKEHHBIX HA PACCTOSIHUHU IlIara CKaHUPOBAHMUS
BJ0JIb ocu y. Kaxpiil MaccuB (X,Z) MOKHO paccCMOTpETh, KaK pealn3alyio CllydaifHOro mpoiiecca
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[4-6], mi1s KOTOPOrO MOKHO MPUMEHUTH TUCKPETHOE Mpeodpasoanne Pypoe [7-8]. Ha ocHOBE BbI-

2
6opouHoro criekTpa X(wk) Bbiuncsercs nepuogorpamma R(ew,) =X (@ )|, crnaxusaercs ¢ nomo-
1IbI0 OKHa JlaHua1st pazmepoM M (B paboTe MCIOIb30BaTIOCh M=5) U MOIyYaIOT CIIIaXKEHHBIE OLICHKU

CIIeKTPAIBHOM TIOTHOCTH R, (a)k) [9].
Jlnst ka0l 9actoThl U BEIYKCISETCS CpefHee 3HAUCHHE CIEKTPaJbHOM IIOTHOCTH M0 N
MaccMBaM JaHHBIX — Ry, (wk) . dst cpaBHeHnss ACM-n300pakeHUN pa3IMYHBIX OHMOJIOTHYECKUX

KJIETOK YacToTHas 06yacTs kpusoil Ry (@) pasGusaercs Ha 2 otpeska: [y, ;] ¥ [a)t+1’wﬁ I, rnet
2

— HOMep pasTpaHHYMBAONIEH dacTOThl Ha KpuBoi Ry (@) (B pabore ucmombzoancs t=19). s

yKa3aHHBIX OTPE3KOB HaxoaTcs cpegHue 3HaueHus C1 u Cz, KOTOpPbIE 3aT€M HCIIOJIB3YIOTCS B Kaue-
cTBe HH(POPMATUBHBIX pu3HAKOB ACM-u3obpaxennii [10].

Mamepuanvr u memooOwi. B pabore aHaIM3UPOBAIUCH 3allUCAaHHbIE B PEKUME CKAHUPOBAHUS
torsion (kxapta narepanbHbix cuil) ACM-u300paXKeHUs] TOBEPXHOCTEH 3PUTPOLMTOB (JMCKOLUTOB,
c(epoLnTOB, KOAOLMTOB M 3XUHOLIUTOB), HOJIYYEHHBIX OT MMALMEHTOB C HACJIEACTBEHHBIM C(epoLu-
to30oM. Pasmep ACM-u3o0paxenuii — 2,5 MKkMx2,5 MKM 1 paspemieane 256x256 nukceneit (N=256).

O1eHKH CIIEKTpalIbHBIX INIOTHOCTEN ObUIM paccunTansl ¢ nomouisio I10, pazpaboranHoro Ha
s3pike C++ ¢ ucnonp3oBanueM O6ubmmoreku fftw. I'paduku cieKTpalbHBIX OLIEHOK MOCTPOCHBI U
npoananu3upoBansl B MS EXcel.

Pe3zynomamei. Ha pucynke 1 mpoMIUTFOCTPUPOBAHBI PA3JIUYUs CIIEKTPAIBHBIX OIEHOK, YCpe-
HEHHBIX 110 BCeil BBIOOPKE AJ1s Kax 101 hopMbl 5puTpoToB. Ha 3TOM prcyHKe IpeicTaBiieHa TaKkxKe
rpanuia pasnueneHus t (s uadpopmatuBHbIX npu3HakoB C1 u Co).

IIpoBesneH craTucTUYeCKUil aHanu3 ¢ ucrnonb3oBaHueM kputepus Gumiepa u kpurepust Crbro-
nenta nHpopmatuBHbIX npu3HakoB C1/Cz st BEIOOPOK TUCKOLUMTOB, C(HEPOIUTOB, KOJOIMTOB U
SXHWHOLUTOB. Y CTAaHOBJIEHO CTATUCTUYECKU 3HaUMMoe pazinuune napamerpos C1/Cz s JUCKOLUTOB
1 ocTaidbHBIX GopM 3puTporuToB (P<0.05) manueHTOB ¢ HACIEACTBEHHBIM CEPOITUTO30M, YTO CBH-
JIeTeIbCTBYET O PA3JINYMU CTPYKTYPbI IUTOCKEETa JJIs 3TUX (POPM KIIETOK.

CneKTpanbHble OLUEHKM, YCpeAHeHHbIe Mo Bbifopram
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Pucynok 1. CnexTpasbHble OIIEHKH, YCPETHEHHbIE M0 BEIOOPKAM JIJIsl TUCKOIIUTOB, C(HEpPOIIUTOB,
KOJIOLIUTOB M SXWHOILIUTOB

3axnrouenue. Pazpaboranuslii criocod ananuza ACM-n300pakeHuil MoOBepXHOCTEN 3PUTPOLIHU-
TOB MO3BOJIACT MOJYYUTH CTATUCTUUCCKH 3HAYUMBIC Pa3IMdHA MMapaMCTPOB CIICKTPAJIbHBIX OLCHOK
JUISL pa3HBIX (OPM IPUTPOIMTOB MALKMEHTOB C BPOXKIECHHBIMU HAPYIIEHUSMH CTPYKTYPBI LIUTOCKE-
neta (HaclIeICTBEHHBIN C(HEepOIuTO3).
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Abstract. At present, atomic force microscopy (AFM) is widely used in biomedical researches. In this connection,
there arose the need to develop new methods, algorithms and software for analyzing cell surface’s AFM-images. We
proposed a method for classifying erythrocyte (blood cells) surfaces’ AFM-images using statistical estimation of spectral
densities obtained by discrete Fourier transform. A periodogram is calculated for each scan line of the initial AFM-image.
They were smoothed by the Daniel window to obtain the estimations of spectral density. Then we calculated the average
values of spectral density estimations for each frequency over all scan lines. The frequency range for the average estimates
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is divided into two segments and for each segment the average value of the spectral density is calculated (C1 and C2). In
two-dimensional space the resulting pair of values corresponds to the point (C1, C2). We analyzed sets of such points for
surfaces’ AFM-images of various erythrocytes’ forms (discocytes, spherocytes, codons and echinocytes). The proposed
method for analyzing erythrocyte surfaces” AFM-images allowed to obtain statistically significant differences in the pa-
rameters of spectral estimates for various erythrocytes’ forms of patients with congenital disorders of cytoskeleton struc-
ture (hereditary spherocytosis).

Key words: AFM images, discrete Fourier transform, spectral density, erythrocytes.
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