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AnaHoTanus

st KOMM94eCcTBEHHO OIEHKH CTPYKTYPHBIX U MOP(MOIOrH9eCKUX U3MEHEHUH [T0BEPXHOCTH
KJIETOK, BCTYTIUBIIAX HA TIyTh aronTo3a, paccanuTanbl pernomenomornaeckue (Sy, Sq, Sq, 9H-
Tponus) U GppaKTAIbHBIE XAPAKTEPUCTUKY (XapakTepucTuaeckas GhpakTaabHasds PAa3MEPHOCTD,
pasmeprocTh Puaapscona n nokasarenp Xepcera). x anamms nmokasas, 9To ¢ moMompio GheHo-
MEHOJIOTUIECKUX XaPAKTEPUCTUK MOYKHO YCTAHOBUTDH UE€TKYIO TEHIEHITNIO B M3MEHEHNN MUK PO-
reoMeTpHH KJIeTO9HOM MeMOpaHbl, TOrJa Kak (hpakTajabHbE XapaKTePUCTUKH IIO3BOJIAIOT Oy~
YUTH IOMOJHATEIBHY IO HH(MOPMAIUIO 06 yIOPSAI09€HHOCTH CTPYKTYPbI IOBEPXHOCTH MeMODaH
KJIETOK. YCTAHOBJIEHO, ITO C MOMONIHIO (DEHOMEHOJIOTUIECKUX M 0CODEHHO (hpaKTATBHBIX Ma-
pPaMeTpOB MOXKHO BBISIBUTH HAPYIIEHUS CTPYKTYPBI KJIETOYHBIX MEMOPAH, KOTOPBIE BU3YAJIbHO
HE OIPee/TAI0TCH.

KuroueBnlie cioBa: dhemomenosorndeckne n (ppakTaabHble XapaKTEPUCTUKH, CTPYKTYPa,
KJIETOYHAs TTOBEPXHOCTb.

BBenenue

CyrmecTByIorniue Ha CEroaHSANHUI JeHb METObI OMUCAHUS MOPMOIOrHIecKuX 0Cco-
OeHHOCTEl HAHOPA3MEPHBIX CTPYKTYP MMEIOT KAUYeCTBEHHBINH XapaKTep W HEPEIKO sABJIS-
I0TCsI BU3yaJbHBIMA. B CBsI3U ¢ MACIITAOHBIM MTEPEXOIOM HAYKH U TEXHOJIOTUN K MAHUITY-
s 00bEKTAMU HAHOPAa3Mepa U yCJI0KHEHHEeM MEeTO/I0B aHAN3a Pe3yIbTaToB mpobdie-
Ma KOJUYECTBEHHOTO OMpPeJIe/IeH s CTeNeH! YIOPSJI0YeHHOCTH CUCTEM TaKUX OObEKTOB
SABJISIETCS B TIOCJIETHUE TOBI OYEHb aKTyaJJIbHOM.

Ckanupytomasg 3ou10Bass Mukpockonus (C3M), B 0COGEHHOCTH aTOMHO-CHJIOBAS
mukpockornust (ACM), mo3Bossger mojgydarb B HAHOMETPOBOM JIMANIA30HE TPEXMEPHBIE
U300paKEeHUsT MOBEPXHOCTH OOPA3IOB ¢ PA3HBIM THUIIOM MPOBOJAUMOCTH, JEHCTBYS MpU
9TOM Ha BO3/yXe, B KUJIKOCTH U B Bakyyme. [lociaeaytomas Maremarnieckas 00padoTKa
JIAHHBIX AT BO3MOXKHOCTH TUIyDOKOTO aHAIN3A PA3JIUIHBIX XapaKTEPUCTUK MOBEPXHO-
CTH W OTKPBIBAET MEPCIEKTUBY s MUPOKOro ucnojb3osanus ACM npu wusydenun
JIOKAJIbHON CTPYKTYPHI TTOBEPXHOCTH Pa3HOOOPA3HBIX O0HEKTOB B JEKTPOHUKE, KPH-
crajnorpaduu, XUMAA, OUOJIOTUN, MEIUITNHE U T. TI.

B macrogameit pabore Ha mpumepe MakpodaroB, BCTYNHUBININX Ha MyTh aloOITO3a,
mpoBeJieHa OleHKa 3(PGEKTUBHOCTH TPUMEHEHUS HEKOTOPBIX (hEHOMEHOJTOTUIECKUX U
dpaxkragbHbix xapakTepucTuk K ACM-u3obpakennsaM OGHOJOTHYECKUX 00HEKTOR C IIe-
JIBIO MTOJIYYeHWs JOMOJHUTETHHONW HHMOPMAIINT O CTPYKTYpe uX nmosepxuocTteil. Ocobbrit
WHTEPEeC MPEICTABJSIOT CIydaun, KOrga U3MEHEHUS MUKPOreOMETPUN KJIETOUYHBIX MEM-
OpaH BU3yaJabHO He PUKCHUPYIOTCs. Torma ompemeneHne KOIUIECTBEHHBIX MapaMeTpPoB
COCTOSIHUS KJIETOYHOM MOBEPXHOCTH, a UMEHHO (DEHOMEHOJOTHIECKUX U (PPAKTATbHBIX
XapaKTEPUCTHUK, MOMOXKET MPOTHO3UPOBATH MYTh PA3BUTUSA KIETKH.
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1. OO6bekT M MeToabl Ncciae J0BaHUSA

B kadectBe 00beKTa HCCIEAOBAHNS BHIOpAHDLI MEPUTOHEATbHBIE Makpodaru (KOH-
TposbHBIE 06pa3Ipl) 1 Makpodarn, obpadoranubie MoHOMepoM (400 MKr/MJi1) n auMe-
pom (25 mkr/mu) PHKassr Bacillus intermedius (PHKaza B. intermedius) (ombITHBIE
obpasupl). Jumepnyio dopmy PHKazbr nosyuanu onucanubiv B padore [1] ciocobom.
O6pasiipl U1 CKAHUPOBAHKS TOTOBUJIU [0 METOJMKE, IIPUBEIEHHOI B [2].

Buszyanuzanuio mnoBepXHOCTHBIX CJI0EB MaKpodara MpoBOAUIN HA BO3LyXe MPHU KOM-
HATHO} Temmeparype B mojaykoHTakTHOM pexkuve Ha ACM Solver PATH (BAO «HT-
MT»), ckanep 50 MKM. Bbliu HCHIOIB30BAHBI CTAHIAPTHBIE KPEMHUEBBIE KAHTHIIEBEPHI
NSG11 (BAO «<HT-M/T»), paauyc KpuBu3HbI OCTPUs KOTOPBIX ObLi1 Menee 10 HM.

Jlist onucanus U AeTaau3anun CTPYKTYPhI MOBEPXHOCTH MIPUMEHSINCH (DEHOMEHOIO-
ruYecKue Xxapakrepuctuku [3], Koropble onpejessior Haubosiee obiiue cBoiicrBa, oTpa-
JKAIOTINe COCTOsTHUE pebeda BeeX BUIOB MOBEPXHOCTH, B TOM YHCJIE W OHOJTOTMIECKUX
00bekTOB. st omncanusi MUKPOTEOMETPHUH TTOBEPXHOCTH CHUMAJN CEPUI0 M300parke-
HUH C OJMHAKOBBIMU pa3MepaMu (5 X5 MKM) C Pa3IUYHBIX YYACTKOB TMOBEPXHOCTU U
OTIPEJIeJISIIIN MapaAMETPhI [IEPOXOBATOCTHU O CJETYTOIIUM (DOPMYJTAM.

a) Cpenneapudmernyeckas [MIEPOXOBATOCTb [OBEPXHOCTH, KOTOPAs OIPEIEesser

IIEHTP CUMMETPpUN:
1 N
Sa = (ﬁ) Z |Z(Za.7) - Zmean| ) (]-)

1,j=1
rae z(i,j) — 3HaYeHHWe BBICOTHI pesbeda B TOUKe ¢ KoopamHatamu (i,7), M3MepeH-
Hoe ¢ momompio ACM, N — KOJIMYECTBO TOYEK B CTPOKE CKAHUPOBAHWA, Zmean

N
=1/N? Y 2(i,j) — cpeaHee 3Ha9eHEE BHICOTHI pesbedba Ha H300PaKeHHH.
ij=1
6) CpejHekBajpaTuvHas MIEPOXOBATOCTh IIOBEPXHOCTH, KOTOPAs ONpPEIeisder Iuc-
MEepCHIo CIyJaiiHoONl BEJMUUHBI M XaPAKTEPU3YeT PACCESTHNE OTIENBHBIX €€ 3HATCHWH OT

IIEHTPA PACTIPE/IC/ICHIS :
1/2

S, LS iy g 2
q = m Z (Z(Za.]) - Zmean) . (2)

4,j=1

B) Pa3max BBICOT, KOTODBIii OMpejessieT PasHuIly MexKay HAUOONBINM (Zmax) W
HAVMEHBITAM (Zmin) 3HAYEHUSIME BBICOT penbeda Ha M300parkeHnun:

Sy = Zmax — Zmin-

JI7is KOJIMYIeCTBEHHOM OIEHKU CTEIEHU YMOPsSAI09€HHOCTH HAHOPA3MEPHBIX CTPYK-
Typ HpuMeHsHCh 4 (ppakTanbHble XapaKTEePUCTUKU: XapaKTepucTudeckas (ppakraib-
Hasi pa3MepHOCTh, pa3MepHOCTh Pudap/cona, nokasareib Xepera, OTHOCUTETbHAS JTUC-
nepcusi [4]. Buun mpoBesien pacuer st KasKI0rO THIA KJETOK: KOHTPOJb, Makpoda-
ru + mounomep PHKa3wr B. intermedius, makpodarmu + mumep PHKa3zwr B. intermedius.
B kauecTBe npuMepa Ha NOBEPXHOCTH KOHTPOJIbHOMN Kj1eTku (puc. 1, a) moka3aHo xapak-
TEPHOE MECTO, BBIOpAHHOE I MaTeMaTHdecKoi oopadoTku. Jms momoOHbIX obmacTeii
MOCTPOYHO PACCUUTHIBAIUCH 3HAYEHUST (DPAKTATBHBIX XapPAKTEPUCTHK.

2. 3DKCIepuUuMeHT

Panee namu 66110 BriepBhIe OKa3aHo, aTo Mmonomep u qumep PHKaswr B. intermedius
BBI3BIBAIOT AIMONTO3 MEPUTOHEATBHBIX MAaKpodaros in vitro, a MeToJ; aTOMHO-CUIOBON
MUKPOCKOIHU [IO3BOJISET MCCJIEJI0BATH PA3JIMUHbIE CTaJuu anonrosa [5].
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Puc. 1. ACM-u3o6paxkennst makpodaros, pazmep kaapa 30 X 30 MKM: @) KOHTPOJIb ¢ yKa3a-
HueM BBIOpaHHoil Ay1s o6paboTku obnactm; 6) makpodaru + monomep PHKaswr B. intermedius
(400 mxr/mn); 6) makpodaru + gumep PHKasst B. intermedius (25 Mkr /)

Ha puc. 1 npeacraBnenst ACM-uzobpaskennsi Makpoharos, KOTOpbIE OTPAKAIOT
MOP(}OJIOruIecKe U3MEHEHUsI TOBEPXHOCTU KJIETOK C YUIeTOM DPACIOJIOXKEHUsI BHYTPU-
KJIETOYHBIX OPraHEe I U WX Tepepaclupeesienns B mporecce anonto3a. [1o cpaBHeHUIO
C KOHTPOJIbHBIME 00pa3maMu y Makpodaros, 06pabOTAHHBIX MOHOMEPOM W JIMMEpPOM
PHKa3br B. intermedius, MOXXHO OTMETHTDh XapaKTepHBIE s alloNTo3a Mopdoaornde-
ckue u3MmeHenus kjerku (puc.l, 6, 6): BbICBOOOXKIEHUE COMEPKUMOro Kierku (6s1e6-
GUHI), KOTOPOE IPUBOJUT K YMEHBIIEHUIO 0ObeMa HUTOILIA3MbI, MHBAIMHALIMK s1/I€PHOM
MeMOpanbl, dhparmentanyun sapa. OIHAKO HA MOBEPXHOCTH MWHTAKTHBIX KJIETOK W KJie-
TOK, obpaboranubix mpenapatamu PHKa3, mmerorcs ygactku 6€3 9eTKUX pa3anduii
B CTPYKTYype 1 MOPGOJOrur, B TOM YHCJIE yIacTKU B obmactu sijapa. i KoniugecTBen-
HOW OIEHKH CTPYKTYPHBIX ¥ MOP(OIOTHIECKUX U3MEHEHU T TOBEPXHOCTH STUX yIACTKOB
OBLTH PACCINTAHBI (PEHOMEHOJIOTHIECKHIE U PPAKTATBHBIE XaPAKTEPUCTHKH.

[Ipn ananmse heHOMEHOIOIHIECKUX XapakTepucTuk (S, , Sq, Sy, SHTPONNs) Ha-
OJIFOTAeTCS YeTKAS TEHIEHINs TOCIeI0BATEILHOTO YBEJINYEHNsI 3HAYEHWI BCEX Tapa-
METPOB y KJIETOK, 00PabOTaAHHBIX MOHOMEPOM ¥ JWUMEPOM, 1O CPABHEHUIO C KOHTPOJIb-
ubiMu obpasiamu Mmakpodaros (tab. 1). Oquako nmapaMerpbl MepoxoBaTOCTHU, Ope/ie-
agembie o gpopmynam (1), (2), ve cogepxkar undopmalyu 0 PABHOMEPHOCTH U YHODsi-
JIOYEHHOCTH pesibeda MOBEPXHOCTH.

MukporeomeTpus MOBEPXHOCTH KJIETOK SIBJISIETCST TUHAMUYECKON cucremoii. Vcce-
JIOBaHUE TUHAMUYIECKON CHCTEMBI MIPE/IMOIAraeT n3ydeHne ee CBOMCTB, KOTOPBIE OIpeIe-
JIAIOTCS HEKOTOPBIMU MHBapUaHTaMu (Hanpumep, suTponueii u T. i.). Ilosromy B 3TOM
CJIydae UCMoJIb30BaHNe KJIACCHIECKUX TEOMETPUYECKIX TTAPAMETPOB IIIEPOXOBATOCTH B~
JIsieTcsl HelocTaTouHbIM. Bosiee Toro, reoMerpudeckue mapaMerpbl He 0TOOPaXKaT Ta-
KO€ BaYKHOE CBONCTBO IMEPOXOBATOCTH JUHAMUYECKON CHCTEMBI, KAK IBOJIIOIHS.
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Tabn. 1
DeHOMEHOIOTHIECKTE XapaKTePUCTAKN TTIOBEPXHOCTH MaKpogaros 10 1 MOCe B3auMOIeHCTRIS

¢ monomepom u gumepom PHKazer B. intermedius

TTapamerp Konrponn Maxkpodaru + MoHOMED Maxkpodaru + aumep
PHKa3wt B. intermedius | PHKa3zwr B. intermedius
Sy, HM 142.1 + 33.9 172.3 £ 38.5 218.5 £65.1
Sa, HM 19.54+3.9 23.0 +6.5 32.74+19.6
Sq, HM 23.8 +4.7 284+ 7.1 39.3+94
Durponus 10.14+0.3 10.34+0.3 10.5£04

Taxkum oOpa3zoM, HEOOXOIUMBI HOBBIE MOJXOIBI B OIEHKE MUKPOTEOMETPHUH TIOBEpPX-
HOCTH, W OJJHUM U3 TAKWX IMOIXOIOB MOXKET ObITh MCHOJIH30BAHNE TEOPUH (hPaKTAJIOB.
[Tpumenenne Teopun hpakTATIOB TMO3BOJUT BHECTH HOBBIE TTOKA3ATEN I OIEHKH IITe-
POXOBATOCTH, MPOTHO3UPOBATH M3MEHEHUs MUKPOT€OMETPUU KJIETOYHON MOBEPXHOCTHU
B mporiecce ux (POPMUPOBAHMUS.

®pakranabHble U3MEPEHUS B OT/IH4re OT (PeHOMEHOJIOTHIECKUX UMEIOT CBOEH IeIhI0
KOJIMYECTBEHHO OIEHUTH MOBEPXHOCTH C TOYKHU 3PEHUS YIOPSATOYEHHOCTH, OMPEIEIUTh
Mepy XAaOTHYHOCTU CTPYKTYpbl. V3MeHeHue mokasaress dHTponuu B Tada. 1 oTdacTu
JIaeT BO3MOYKHOCTH CY/IWTH TAKKE O CTENEHW XAOTUYHOCTU B CTPYKType MeMOpaHbI
MakpodarosB, OTHAKO TOJIBKO B CAMOM ODIIEM BHIIE.

Beinr mpoBesen cpaBHWTENBbHBIN aHAIN3 3HAYEHUN BBIMEYNOMAHYTHIX 4 dpak-
TAJILHBIX XapaKTePUCTUK, PACCYUTAHHBIX MO maunubiM ACM-uzobpaskennii moBepxHO-
creit Makpodaros Ay 3 rpymn KJIETOK: KOHTPOJBHAS TPYMa, MAKpOMaru + MOHOMED
PHKassr B. intermedius u maxkpodaru + mumep PHKassr B. intermedius (puc. 2).

[lepBasi u3 xapakTepuCTUK — XapaKTEPUCTHUYECKas (PPAKTAIbHAA Pa3MEPHOCTD
(CFD), naer olieHKy CTeneHu, ¢ KOTOPOHl TPAEKTOPUsl B IIPOU3BOJILHOM MIPOCTPAHCTBE
ornmdaercs or npsaMoauHeitroro nytu. CFD Gosbiie win paBHa equHUIE; PABEHCTBO
€JIUHUIE COOTBETCTBYET MPSIMOJIUHEHHOMY TyTH. B maHHOM Cilydae poJib OJHOMEPHOTO
CUTHAJIA BBIMOJIHsIET ¢Tpoka u3 Marpullbi ACM-uzobpaskenus. [IpuBenenunie Ha puc. 2
JIAHHBIE TO3BOJIAIOT CIEJATh BBIBOJ, 9TO I'PYyMIa KOHTPOJIbHBIX KJETOK MMeeT Hambo-
Jlee yrnopsiIOueHHy 0 IOBEPXHOCTh, TaK Kak coorBercrryomiee eif 3uadenune CFD Gmke
Bcex K 1, manee maer rpymma kiaetok mMakpodaru + monomep PHKaszwr B. intermedius
U camas HEpOBHAsl TMOBEPXHOCTH y TPYyNNbl KJIETOK Makpodaru + auvep PHKazbr
B. intermedius (puc. 2, A).

Bropas xapakrepuctuka — pasmeprocrb Puuapuacona (D_R), koropas mnomo6uo
CFD naer monsitve O CTeneHyu OTKJIOHEHWs CUTHAa OoT npsamoii. Ee 3nadenus: takxke
[MOKA3BIBAIOT OOJIBINYI0 YIOPAJIOYEHHOCTh Y MIOBEPXHOCTEH IPYIIbl KOHTPOJIbHBIX KJle-
TOK ¥ XaOTHYHOCTH y TPymmbl KjaeTok makpodaru + nuvmep PHKaswr B. intermedius.
Hymo 3ameTnTh, 9TO pazmepHocTh Pudapicona okasbiBaeTcst 6ojiee TyBCTBUTETHLHON
K U3MeHeHusM B cTpyKrype nosepxuoctu, uem CFD (puc. 2, B).

[Mokazarens Xepcra (H) ykasbiBaer Ha crenenb HEpCUCTEHTHOCTU MJIM AHTUIEDCHU-
crearHocTu u npuHuMaer 3Hadenus or 0 go 1. Uem om 6amxke K 1, Tem Oosee mepcu-
CTEHTHOE TIOBEIEHNE y CUTHAIa. B JaHHOM Ciydae MOKa3aTeab XepcTa OmKe BCero
K 1 [1j1s1 KOHTPOJIBHBIX KyIeTOK. CJeqoBare/ibHO, 3T TPYINa MOBEPXHOCTEH UMEeT HaW-
OOJBIYIO YIOPSJIOYEHHOCTh W COMEPIKUT MEHBINE BCETO BBICOKOYACTOTHBIX IITYMOBBIX
KOMIIOHEHT. UyTh 0OJiee XAOTHUIHBIME ABJISIOTCH MTOBEPXHOCTH I'PYIIBI KJIETOK MaKpO-
daru + mornomep PHKa3wr B. intermedius, a eme 6osiee — rpynmbl Makpodarn + aaMep
PHKasbl B. intermedius (puc. 2, B).

IMocnennsisi xapakrepucTika — oTHOcHTesbHas aucniepenst (D RD) — roBopwur o Be-
auvuHe pasbpoca 3HAYEHWH CWUTHAIa B 3aBUCUMOCTH OT JJIWHBI HAOOpa MaHHBIX, W
HAWMEHBITHI pa3dbpoc HAOIIOJAETCS Y KOHTPOJIBHOM rpymnmbl KieTokK. OnHako HaIO0
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Puc. 2. ®pakranbable xapakrepuctmku: A) xapakrepucrudeckad (pakTasbHadg pasMep-
mocrs CFD; B) pasmepnocts Puuapacona D R; B) nokasarens Xepcra H; I') orHOCHTEB-
wag nucnepcus D RD. O6Go3nadenus: e — rpymna KOHTPOJIBHBIX KJ/IETOK, A — Makpoda-
ru + moromep PHKaszwr, ¢ — makpodaru + numep PHKassbr

3aMETUTh, YTO €€ 3HAYEHWs IMO3BOJSIOT JIUIMIb OTIAEJIWTh KOHTPOJBHYIO TPYIITY Ke-
TOK OT ocTanbHbIX (puc. 2, T').

Takum obpazom, Bce (bpakTagbHbIe XapAKTEPUCTHKH yKA3bIBAIOT HAa TO, YTO caMas
YIOP$I09eHHAS TIOBEPXHOCTD HADIIOIAETCS Y TPY bl KOHTPOJIbHBIX KJIETOK, JAJee CIie-
ayer rpynma kiaetok makpodarn-+mvonomep PHKazosr B. intermedius n camoit xaoTmd-
HO OKa3bIBaeTcs rpymnmna kiaetok makpodarn+maumep PHKa3wer B. intermedius.

3akJiroueHne

JI7is KOJTMYIeCTBEHHON OIEHKN CTPYKTYPHBIX U MOP(MOJIOTHIECKUX U3MEHEHUH M-
BepxHOCTH Makpodaros paccuutanbl (enomenomorndeckue (Sy, Sq, Sq, sHTpOmU:A)
u (dbpakrajbHble XapaKTePUCTHKHU (xapakrepucrudeckas (pakTajbHas Pa3MEPHOCTD,
pa3mepHocTh Pudap/icona u nokasarenb Xepcera). YCTaAHOBJIEHO, YTO € IIOMOIIBIO (heHo-
MEHOJIOTHYECKUX XAPAKTEPUCTUK MOXKHO TOKA3aTh YETKYI0 TEHIEHIMIO0 B M3MEHEHUU
MHUKDPOTEOMETPUN KJIETOYHOUW MeMOpaHBI, TOT/Ia KaK (PpakTaJbHBbIE XapPAKTEPUCTUKU
[MO3BOJIAIOT TOJIYYUTH JIOTMOTHUTENbHYI0 HHGMOPMAIUIO 00 yHOPAJTOYEHHOCTH CTPYK-
TYypPBI MOBEPXHOCTH MEMOpPaH KJIETOK. AHAIN3 3HAYCHWH STUX XaPAKTEPUCTHK MOKA3AJ
CTENYIONUe Pe3yIbTaThl: Hanboee yHopsI09eHHAsl TOBEPXHOCTH MPUHAICKUT KOH-
TPOJBHBIM KjeTKaM. lloBepxHocTH Makpodaros, B3auMOMEHCTBYIOIINX C MOHOMEPOM
PHKa3wr B. intermedius, nMeIOT MeHee yIOPSTOYEHHYI0 CTPYKTYPY, B HUX MPUCYTCT-
ByeT 0OJIbITIE BHICOKOYACTOTHBIX COCTABIAONINX. CTPYyKTypa MOBEPXHOCTEH MaKpoda-
ros, obopaboranubix aumepom PHKaszer B. intermedius, siBasgercs camoi XaOTHYIHOIA.
Yersepras xapakrepucTuka (OTHOCUTE/IbHAS JAUCIIEPCHs) HE BbIABUIIA OTJIMYUIL B CTPYK-
Typax mMeMOpaH KJIeToK, obpaboranHbix MoHomepom u aumepom PHKazbr.

[Monyvennnie pe3yabTaThl TOATBEPAWIN CTPYKTYPHBIE W MOP(OJIOTHIECKUAE U3ME-
HEHUs B Makpodarax mocje ux nHkybamnu ¢ monomepom u aumepom PHKaser B. inter-
medius, XapakTepHbIe /s AMONTO3a. JTU HAPYIIEHUs] TaK YKe, KaK W BU3YAJbHbBIE,
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BBIDAYKEHBI CHJIbHEE y KJETOK TOCTe WX B3aUMOIEHCTBUS C JuUMEPHON (HOopMOoit
PHKa3br B. intermedius.

Paccmorpennbie peHOMeHOTOrMIECKNE B (PPAKTATHHBIE XaPAKTEPUCTUKH MTPEICTAB-
JIAIOT OOJIBITION WHTEPEC JIsi M3YUEHUsl CTPYKTYPhl PA3JIMYHBIX TOBEPXHOCTEH, B TOM
qucye OUOIOrnIecKuX MeMOpaH, MOCKOJBKY C UX MOMOIIBI0 MOYKHO BBISBUTH HAPYIIe-
HUsI CTPYKTYPBI KJIETOYHBIX MEMOPAH, KOTOPbIE BU3YAJbHO HEe (DUKCUPYIOTCS.

Summary

0.A. Konovalova, M.E. Sibgatullin, A.N. Montach, N.V. Kalacheva, D.Z. Galimullin,
M.Kh. Salakhov. Phenomenological and Fractal Characteristics of Microgeometry of Cellular
Membranes in AFM-Images.

Phenomenological (S,, Sa, S, entropy) and fractal characteristics (characteristic
fractal dimension, the Richardson dimension and the Hurst exponent) were calculated
to quantitatively estimate the structural and morphological changes of the surface of
the cells undergoing apoptosis. Their analysis showed that it is possible to establish an
accurate tendency in the change of the microgeometry of a cellular membrane by means
of phenomenological characteristics. Whereas fractal characteristics allow one to obtain the
additional information about the orderliness of the structure of membrane surface. It was
established that phenomenological and especially fractal parameters make it possible to reveal
structural infringements of cellular membranes, which cannot be visually defined.

Key words: phenomenological and fractal characteristics, structure, cell surface.
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