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PaccmarpuBaeTcst TeopeTuyeckasi MoJejb MEXaHNUECKUX 3aKOHOMEpPHOCTe obpa3oBaHus nedopmaiuu
MeMOpaHbl MPU MPOHUKHOBEHUU KOpPOHABUpyca B KJIETKY. YIpyrue W ruOKue IIUIMbl KOpOHaBUpYcCa,
MMeEIOIINe O0CIKOBYIO CTPYKTYPY, IPUKPEIUISIOTCS K pelienTopaM 000i0uku KieTku — muineHn ACE2. C
nomolibio depmenra TMPRSS2 3anyckaeTcss MexaHU3M CIUSIHUSI BUPDYCHOIM M KJIETOYHOM MeMOpaH ¢
o0pa3oBaHMEM TOPHI CIUSIHUS, 4Yepe3 KOTOPYI TMPOUCXOAUT pACKpPbITME Karcuiaa oOOJ0YKHU
KOopoHaBupyca W npoHukHoBeHue BupycHoil PHK BHyTpr kierku. Ha ocHoBe 3akoHOMepHOCTeu
MEXaHUKU KOHTAKTHOTO B3aMMOJAEHCTBUS U TEOPUM YIIPYTOCTU ONpedessieTcss KpUTuueckasi BeJIudrnHa
panuyca KJIeTKU, MpUA KOTOPO MPOUu30iiaeT oOpa3oBaHUE TOPHI CIAUSTHUS U JIOKAJIbHOE MOBPEXICHUE
00010uKkM KJIeTKU. [IpoBeneHHbIe pacueTsl TOKAa3bIBAIOT, YTO YEM MEHbIIIE pa3Mep KJIEeTKU, TeEM MEHbIIIe
BEPOSITHOCTh MEXaHWUYECKOTO TIOBPEXACHUSI KIETKU TIpU BO3JAEMCTBMM KOpoHaBupyca. OmHUM u3
CoCcO0OB YMEHbBUIEHUS pPa3MepOB KJIETOK SBJSETCS YMEHbIIEHHWE KOJIMYeCTBa BHYTPUKIETOUHON
XKUIKOCTA 32 CYET TMPUMEHEHUSI JEKAPCTBEHHBIX CPENCTB — IMYPETUKOB. BeanuymHa KPUTUYECKOTO
panuyca KJIETKM OOpaTHO MpPOIOPILMOHANbHA BEJIMYMHE CHUJIbI TPUXKMMa B MOMEHT MPUKPEIUICHUS
KOpOHaBUpyca K KjeTouHoit MmemOpaHe. HeobxonuMsl najdbHelIne UCCIeTOBaHUS 3aBUCUMOCTU CUJIbI
MpUXKUMa OT TeoMeTpuUeckoil (popMbl U pa3MepoB IIMIMOBUAHOTO OTPOCTKA IJISI PAa3IUYHBIX IITAMMOB
KopoHaBupyca. Eciiv BO3HUKIIIWIA HOBBII IITaMM OyJIeT NeiCTBOBATh HAa KIIETOYHYIO MEMOpaHy C MEHbIIEH
CWION TIpUXKMa, TSXKEeCTb 3aboyieBaHUSI CHU3UTCSA. TpebyeTcss mpoBepKa BBIBOJOB TEOPETUYECKOTO
HCCJIEIOBAHUS SKCIIEPUMEHTATbHBIMU METOIAMMU.

Kanruesvie crosa: Koponasupyc, aunuouas 000404Ka KAemMKU, MEXAHUKA KOHMAKMHO20 83AUMO0eliceusl,
AHCUOKUTI KpUCMANA, Meopusi Ynpy2ocmu.
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C Havana maHAeMHUHU B CPEACTBAX MacCOBOI MH-
dopMaluy OBUIM MHpeACcTaBJIC€HBI MHOTOYMCICHHEIC
dortorpaduu KopoHaBHUpYyca, ITOJIyYeHHBIE C IIOMO-
11O 3JIEKTPOHHOTO MUKpockomna. Ha atux ¢ortorpa-
busIXx MOXHO BUAETh, YTO HA OKPYIJIO ITOBEPXHOCTHU
KOpPOHaBHpyca IUIOTHO pacHojararoTcs IIUIIOBUI-
HbIe OTpocTKU. IIINITOBUIHBIN OTPOCTOK MMEET HOXK-
Ky, KOTopasi KpenuTcsl K KPyTJoi 4acTu KOPOHaBU-
pyca. Ha KoH1Ie IIIMMOBUAHOTO OTPOCTKA HAXOAUTCS
TeJ0 ¢ OYTpUCTOI IMOBEPXHOCThIO. Pa3zMep KopoHa-
Bupyca cocrapaser 100—120 am. Buprnon kopoHaBu-
pyca COCTOMT U3 HyKJeoKaricuaa, MeMOpaHbI, 000-
JI0uKHU U muIia (S), KOTOPEIE SIBIISIFOTCSI CTPYKTYPHBI-
mu 6enkamu. benok S 3peiioro BupmoHa COCTOUT U3
JIByX HEKOBAJIEHTHO CBSI3aHHBIX CyObEeIMHUIL: CYyOb-
enuHuia S1 cBS3bIBAET KOPOHABUPYC C KJIIETKON-MU-
IMIEeHBIO, a CYObemuHUIIa S2 3aKperuisgeT 0eJoK S Ha
MeMmOpaHe. Mtorn mccienoBaHuii B3aMMOIEMCTBUS

KOpOHaBUpyca C KJIETKOM ObUIM OTpaXK€Hbl BO MHO-
rux padorax (cMm., Harpumep, 0030pHI [1, 2]).

benkoBrie mmnbel kopoHaBupyca SARS-CoV-2
ype3BblUaliHO TMOKU U YIPYTUM B OTJIMUME OT OoJjiee
JKECTKUX U PUTUIHBIX LIIMUITOB IPYTUX KOPOHABUPYCA,
HampuMep, rpurmna. B BepxHeii yacTu 0ej1Ka MMeeTCsI
MeTIs1, SIBJISIIOLIAsICSl PeLenTOP-CBS3bIBAIOIINM J10-
MeHoM (RBP), He mokpbITasg MojieKyJIaMU TITMKAHOB
(monucaxapuaon). Ero yHKIIMS — OpUKPEenUTHCS K
peuenropy ACE2, KOTOpbIil HaXOOUTCS Ha ITOBEPX-
HOCTH OOJILLIIMHCTBA KJIETOK CJIU3UCTON ropja U Jier-
KUX 4ejoBeka. ITociae Toro, Kak KOpOHAaBUPYCHBIC
IIUTIBI TIPUKpEmInCh K perentopy ACE2, mpoune
0eJIK1, MMEIoIIMecs] Ha ITOBEPXHOCTU YeJIOBEUYECKOIM
KJIETKHU, 3aITyCKalOT MPOLIECC, KOTOPBIN TIPUBOIUT K
CIIMSIHUIO BUPYCHOM M KJIeTOYHOI MemOpaH. Kopo-
HaBupyc SARS-CoV-2 »>(deKTUBHO UCIIOIb3yeT
depment TMPRSS2, obGHapyXeHHBIII B OOJBIIMX
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KOJIMYeCTBaX Ha BHEIIHE 000JI0YKe pecrnupaTop-
HbIX KJIeToK. Ha HauanbHOM aTanie TMPRSS2 paspe-
3aeT CaliT, y4acTOK MOJIEKYJIbI OejiKa, Ha CYObeAUH-
1e S2 IUITOBUIHOI0O OTPOCTKA KopoHaBupyca. Uepes
3TOT pa3pe3 psiA TUaAPOOOOHBIX aMUHOKUCIOT IPO-
HUKaeT B OJMKallryto MeMOpaHy KJIIETKU-XO3SIMHA.
3areM YUIMHEHHBIN IIUTT CKJIadbIBaeTCsl CJIOBHO 3a-
CTEXXKa-MOJIHUSI, 3acCTaBJIsII MEeMOpaHbl BUpyca W
KJIETKU CIIUBATHCSI.

ChusiHue MeXIy BUPYCHON M KJIETOUYHOUW MeM-
OpaHamMu oOpasyeT TMopy CJIUSHUSI, Yyepe3 KOTOPYIO
pupycHass PHK BbeicBOOOXmaeTcss B LMTOILIA3My
KJIETKU-XO3SIMHA JIJISl CHATUSI O00J0UYKHU U PerinKa-
uuu. JIpyrue KOpoOHaBUPYCHI, Hampumep, TpUIINa
WJIW aTUITUYHOU MHEBMOHUM, BTOPraloTCs B KJIETKY C
MOMOIIIBIO 3HIOCOMBI, TIPU 3TOM HUKAKHUE TOpbl HE
oOpaszyrorcs. O4eBUIHO, YTO CIIOCOOHOCTH KOPOHA-
BUpyca TIPOHUKHYTb BHYTPb KJIE€TKM 3aBUCUT OT
CBOWCTB MeMOpaHbl, a UMEHHO, OT €€ YIPYroCTH.
YeM ciioxkHee BUPYCHBIM OeJikaM OyaeT 1eopMupo-
BaTh KJIETOUHYIO MeMOpaHy 1 1aTh BO3MOXHOCTb 00-
pa30BaHUIO TIOPbI CAUSIHUS, TEM MEHbIIIE BEPOSIT-
HOCTb TOTO, YTO BUPYC CMOXET MPOHUKHYTb B KJIET-

KYy.

CornacHO  XKMAKOCTHO-MO3aW4YHOW  MOIeau
CTPYKTYPBI MeMOpaHBI, IPEIJIOKEHHON B padote [3],
ouoJiornyeckasi MeMOpaHa MpeacTaBisieT co0oi 1Ba
napajuieJIbHbIX CJI0sl TUNuaoB. B MeMOpaHy BKpari-
JISHBI pa3auyHble MeMOpaHHbIe Ocejiku. HekoToprie
M3 HUX HAXOJSTCS HAa BHEILIHEN WJIM HA BHYTPEHHEN
TMMOBEPXHOCTU JIMITMIHON YacTU MeMOpaHbl; Apyrue
MPOHU3BIBAIOT BCIO TOJIIYy MEMOpaHbl HACKBO3b.
Ilpu dusnosornyeckux Temmeparypax MeMOpaHBI
HaxXomsATCS B XUIKOKPUCTATLIMYECKOM COCTOSIHUU U
MPOSIBJISIIOT CBOMCTBA YIIPYTOCTU TOJBKO BIOJIb OCU
Z, TIEPIICHAVKYJISIPHOM ABYM CJIOSIM JIMITUIHBIX MOJIE-
KyJ1, 00pa3yioniux NOBepXHOCTh 0001049ku. Eciu cu-
JIa IefCTBYEeT BIOJIb CJIO€B, TO B 3TOM HampaBIeHUU
3aKOH YIIPYIrOCTH He pabOTaeT, U TeJIO BEJIET ceOs Kak
BsI3Kasl XKMIKOCTh. TeJia ¢ BhIIIEONIMCAaHHBIMU CBO-
CTBaMM Ha3bIBAIOTCSI CMEKTMYECKUMU. B cMeKTHKax
BCE€ IJIMHHBIE OCU MOJIEKYJ TePIeHANKYISIPHbBI MO~
BEPXHOCTU cJiosl. ToJIIMHA KaXXIO0ro cjaosi paBHa
JUIMHE OOHOM JIMITMAHOM MoJieKyJibl. Eciu Bo3neii-
CTBOBAaThb CUJIOK BIOJIb OCU Z, TO PACCTOSIHUE MEXITY
TUIOCKOCTSIMUA M3MEHUTCS U IPOU30MIET UCKPHUBIIE-
Hue cyioeB. IIpu 3ToM, Kak M B TBEpPAOM TeJjie, BO3-
HUKHYT YIIPYTUe CUJIbl, CTpEMSIIECs BEPHYTh TEJIO
B IIpexXHee cocTosiHue. ToJlurHa KIETOUHOW MeM-
OpaHBbI cocTaBisieT 7—12 HM.

ABTOpHI padoT [4, 5], IpUMeHSIBILIE METOALI Ha-
HOTPUOOJIOTUU IJISI OMNpeNeIeHUsT HOPMaTbHBIX CHUJI
MNpU BHEIPEHUM KaHTUJIeBepa (MEXaHUYECKOrO 30H-
Jla) B oOpasell, MOJyYWIN pe3yabTaT, YTo s TTOJU-
MEPOB 1 OMOJIOTMYECKUX TKAHEM XXeCTKOCTb TaKOu
CHUCTEeMbl MOXXHO 3aMEHUTh 9KBUBAJIEHTHOU padoTOM
OPYXUHBI, IJIs1 KOTOPOil MpUMEHUM 3aKoH I'yka.
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B pabGorte paccMmarpuBaeTcs TeopeTHyecKash MO-
JIellb MEXaHUYEeCKUX 3aKOHOMEPHOCTE oOpa3oBa-
HUS TOPHI CIIUSTHUS TPU MPOHUKHOBEHUU KOPOHA-
BHUpYCa B KJIETKY.

OITPEAEJIEHUE CUJIbI [TPUXKHWMA
B MOMEHT INPUCOEAVMHEHUA
MMITOBNAHOI'O OTPOCTKA
K OBOJIOYKE KJIIETKH

ABTOPEI paboTHI [6] pazpaboTaar TEOPETUIECKYIO
MOEJb, KOTOpasl IIPeAcKa3biBacT 3HEPTreTUYECKUE
3aTpaThbl, TPEOYOLIMECS 1151 TPOHUKHOBEHUS BUPYC-
HBIX OEJIKOB BHYTPbh KJIEeTKM-MUIIeHU. (OKa3anoch,
YTO Ha TIPOLIECC CIUSHUS MeMOpaH BJIUSIIOT He-
CKOJIBKO KITIOUEBBIX (pakTOpOB. Bo-nepBEIX, 3TO reo-
MeTpUYECKME TTapaMeTphl 0€JIKOB CIMSIHUS. OueBUI-
HO, YTO OT MX MPOCTPAHCTBEHHON YKJIaaKU 3aBUCUT
TO, KaK OHM OynyT paboTath ¢ MemOpaHoii. Kucmot-
HOCTBh Cpelibl — 3TO BTOpOii dpakTop. HakoHer, Tpe-
TUU TaBHBINA (haKTOp — 3TO TaK Ha3bIBaeMble «pad-
ThI» (OT aHIJI. raft — mror). Kak n3BecTHO, IMIIMAIHAS
MeMOpaHa B HOpME NpeOBIBacT B MOJYKUIKOM CO-
CTOSIHUU, B HEM, KaK B JUIMUAHOM MOpE, IJaBaloT
KPYITHBIE MOJICKYJIBI ¥ MOJIEKYJISIDHbIE KOMILJIEKCEHL.
Pad e mpeacTaBasgioT cob0i Kak pa3 TaKMe XXeCTKIE
MOJICKYJIAPHBIC IIJIOTHI NJIM OCTPOBKM, OTHOCUTEJIb-
HO CBOOOIHO II€peMENIAIOIIMecs MO MOIYKUIKOM
KJIETOUHOI MeMOpaHe. OHM B3aMMOAEHCTBYIOT C BU-
PYCHBIMM OeJIKaMu Y WTPaoT PEellallylo pojb B
TOM, KaK IToiiaeTt npouecc cimssaus. Ecnu B Tom Me-
CTe, I7ie BUPYCHBIE OCJIKU CIMSIHUS aTaKyIOT KJIeTOY-
HYyI0 MeMOpaHy, oKa3biBaeTcsl padT, TO BUPYCY IPO-
HUKHYTbH B KJIETKY OyIeT 3HaUNTEJILHO JIETYE.

CpaBHUM pa3Mephbl KJIETKM U KOpoHaBupyca. Pa3-
Mep KJIETKM — 3TO €IUHUILIBI MUKPOMETPOB, pa3Mep
OKOHEYHOCTHU IIUITOBUIHOTO OTPOCTKA KOPOHABUPY-
ca — B 1000 pa3 MeHblIIe, eOMHUIIBI HAHOMETPOB.
ITpu sTOM B 007aCTM KOHTaKTa MMEETCs BbICOKasl
KOHLIEHTPAlMS CUJIOBbIX HAaIPSDKEHU, KOTOpbIE
c/1abo 3aBUCAT OT KOH(pUTYypaluy Tej BAaJIU OT 00J1a-
cTh KoHTakTa [7] JlaHHOoe MexXaHMYeCcKoe B3anMO-
neiictBre 1o opmMe MOXHO CXeMaTUYECKU 3aMEHUTh
B3aMMOJIEICTBUEM OKOHEYHOCTU KOpOHaBUpyca C
KECTKUM padToM. 3a1aui KOHTAKTHOTO B3aUMO/Iei -
CTBHUS Pa3jiMYHBIX MO popMe Tea Mo OnpeAeaeHnuto
HOPMAaJILHOI CUJIBI MpYKUMa ObLIM pellleHbl aBTO-
poMm paboTsr [8].

PaccMoTpuM ciiydaii Bo3neicTBUSI KOPOHABUPY-
ca, UMEIOIIETO OKOHEYHOCTD IIIMMOBUAHOTO OTPOCT-
Ka Kpyrioii popMbl. CxeMa HOPMaJILHOTO KOHTaKTa
CUCTEMBbl «KOPOHAaBUPYC — O00O0J0YKa KJIETKW» BO
BpeMs MPUCOENMHEHHUSI K pelenTtopaM MeMOpaHbl
npeacTtaBaeHa Ha puc. 1. OnpenenuM cCUily MpUXU-
Ma, BO3HUKAIOIIYIO MPU CXKAaTUX CTPYKTYPHOTO Oeli-
Ka LIMIIOBUIHOTO OTPOCTKA KOPOHABMPYCa BO BpeMs
MpUcoeIUHEHUsT K MeMOpaHe kietku. M3 Teopum
VIIPYTOCTU W3BECTHO, UYTO pPE3YJbTUPYIOLIAsl Ccuja
MOXET ObITh MPEACTaBIEHA B BUIIE CyMMBbI CWJI, €~
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Puc. 1. Cxema B3auMOIeCTBYsI KOPOHABUPYCA, UMEIOIIETO OKPYIIIYIO OKOHEYHOCTh HIUTTOBUIHOIO OTPOCTKA, C TTOBEPXHOCTHIO

000JIOUKM KJIETKN

CTBYIOIIMX HA KAXIBI 3JIEMEHT MOBEPXHOCTU KOH-
TakTa, T.¢. B BUAE HEKOTOPOIO MHTETpajia Mo 3TOM
noBepxHoCcTU. IloaToMy HeoOXOAMMO OIpeaeTUThb
CUIy TIPVKMMA Ha KaXIOM 3JIEMEHTE 00JaCcTh KOH-
TakKTa, a 3aTeM MPOCYMMHUPOBATH MO IJIOLIAAN KOH-
TakTa.

3aMeHUM ynpyroe B3auMoaeicTBrue KaxKaoid Tou-
KM KOHTaKTa MPYXWHOM. [ITUHA MPY:KUH, HAXOMSI-
IIUXCSI B KOHTAKTe C MOBEPXHOCTHIO, OIpeaesieTCs
13 TEOMETPUYECKUX COOTHOIICHMI, KaK

I(r) = ly — Al + F*/2Ry,, (1)

rae /) — IMHa HenedopMUpPYyeMO IIPYXUHBL, M; A/
— BeJIWYMHA MaKCHUMAaJIbHOUN mehopMallni MpyXKu-

2
r

2Ry,

I
\P\=g'£(

rae Ay — Kpyrosas ILIOLIAAb 00JacTU KOHTAKTa, M2;

k — K03 PUIINEHT KEeCTKOCTU CTPYKTYPHOTO OeaKa
IIUIIOBUIHOTO oTpoctKa, H/M, E — Momyns FOHra
CTPYKTYpHOTo OejiKa IIMMOBUIHOTO OTpOCTKa, [la,

H/m2.

OITPEOEJTEHUE JIOKAJIBHOT'O
MEXAHMUYECKOTI'O KPUTEPUA
MPOYHOCTU MEMBPAHBI KIIETKHN
IMPU BO3JAEMCTBUU KOPOHABUPYCA

C YU4ETOM MAacIITaOHBIX OTHOIIECHMI CHIa Ipun-

XnMa P Isl KJIETKU SIBJISIeTCSI TOUSYHON COCPENOTO-
YeHHOI CIIOl. DTa cuja HallpaBlIeHa NepIeHINKY-
JISIPHO K MOBEPXHOCTHU 000J104KK. B 3TOM Hampasie-
HUU XUAKOKpUCTAJUIMYECcKasi MeMOpaHa KJIeTKU
BEJET ce0sI KaK TBepHoe Teao. 3amada oIpeaeIeHUs
SHepruu AeopMaliy IpU B3aMOICIICTBUM TOYCU~
HOIT coOCpenOTOUYEHHOI CUJIBI C MEMOpPaHOIi OblLjIa pe-

—Al) - 2nrdr

HBI, M; R, — paiuyc OKpyIjaoii OKOHEUHOCTH LIUIIO-
BUIHOTO OTPOCTKA, M.

Omnpenennm paguyc ob6JacTU KOHTaKTa dg U3 Ipa-
HUYHOTO YCJIOBUS Ha Kpalo 00JIaCTH KOHTAKTAa:

(2)

Orcioga misg paguyca o0JIaCTU KOHTAaKTa Haxo-
M

Iy — Al + ay?/2-Ry, = I,

a =2 MR, 3)

B cooTBeTcTBUU ¢ 3aKOHOM ['yKa 1151 TOJTHOIM CH-
JIbI IPYKUMa ‘P‘ (B HBIOTOHAX) HAXOIUM

_ MkR,AI’ _ TER,AI’

; 4
Ay lo

mena JI. Jlangay m E. JIudpmmuem [9], a Takxke
JI.B. IloropenoBeim [10].

Ilpu BO3mENCTBUM COCPENOTOUYECHHON CHJIBI Ha
000JIOUKY MOTYT peaJrM30BaThbCcs OBa BapuaHTa. B
IEPBOM BapHaHTE COCPENOTOUEHHAS CUJIa IIPOU3BO-
IAT HeOOIBIITOM N3TM0 B 00JIAaCTH BOKPYT TOYKM TTPH -
JIOXXEHMUSI CHIIBI (CXeMa TaKoro BO3JeiicTBUS N300pa-
JKeHa Ha puc. 2); BO BTOPOM — IIpU BO3ACUCTBUHU MO-
MepeyHoOil CHJIbI B 0O0OJIOYKE MOTYT BO3HUKHYTh
BBHIIyYMBaHUSI, MeHsoIIME ee popMy (cxeMa oOJjia-
CTU BBIIYYMBaHUSI U300pakeHa Ha puc. 3).

1. PaccmoTrpuM BapuaHT oOpa3oBaHUsSI u3ruda B
00JIaCTH BOKPYT TOYKHU TIPUJIOXKEHUS TONEPEeYHOM
COCpeIOTOUYeHHOM crutbl (puc. 2). Jlaxe npu ciadoMm
M3rnde uMeeT MeCTO cuia pacTskeHus. I1pubmika-
SICh K TOYKE IIPUIOXKEHHUSI COCPEIOTOYCHHOMN CUJIBI,
9Heprusl u3ruba pacTer, a SHEPrusl pacTSKEHUs Ma-
naet. IIpu onpenenenuu nepopMaliii BOJIU3U TOYKHA
MPWIOXEHMSI COCPETOTOYSHHOM CHMJIBI HEOOXOAMMO
YUUTBIBaTh 00€ 3TU 3Hepruu. [IprmeM mopsiiok Be-
JIMYUHBI 00y1acTh Aedopmannu 3a d; (M), Toraa Iio-

BUODU3NUKA Tom 68 Ne2 2023
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Puc. 2. CxemMa BIMSHMSI TOYEYHOI COCPEOOTOUYECHHOI
cuiibl P Ha 06010uKy (1-# BapraHT).

1Ak 3TOM 00J1aCTU UMEET MOPSAIOK ~d 12. Tensop ne-
dopmanuu Oyner nopsinka C;/R, rae €; — BeauuMHa

nedopmanyu B M, R — paguyc 000JI0YKM KIETKHU B M.
IIpoBenst pacueTsbl, OCHOBAaHHBIE HAa TEOPUU YIIPYTO-
CTH, aBTOPHI paboT [8, 9] moyunyiu ciaemayronume 3a-
BUCUMOCTH:

— IJ1s1 TIOJTHOM OHEPIrumM CUJibl paCTAXKCHUA

Eny ~ Eh(@/R)’dy (1), (5)
— 151 TIOJTHO# BHEepTuu n3ruda
Enypena ~ E1R75,%/RY (1), (6)

roe E; — Monyns ynpyroctu FOHra cMeKTH4YecKoit

obonouku kaetrku (Ila, H/Mz), h _ TOJIIIMHA 000-
JIOYKU KJIETKU (M);

— JJ1s1 IOJTHOM dHeprum nedopMaunu

Enyio ~ Eh?%%/R (1), (7)

Bennunna obnactu nedopmauuu onpenessiercs
W3 yCJIIOBUSI MUHUMYMa En o M paBHa d| (M): b

d, ~vhR. 8)
Bapbupyst Enjy 1o T; ¥ IpupaBHUBAsI BEJIUUNHE

paboThl cwiIbl NpuxKUMa P, HaliieM BEIUYUHY MPO-
ruba g;:

¢ ~ [P R/E, - . 9)

2. I1pu obpa3zoBaHUM 0OJIACTU BBIITYyYUBaHUS, SIB-
JISIolIeiics 111apoBbIM CETMEHTOM (puC. 3) OCHOBHas
4acTh YIIPYTroil d3HEPIUu CKOHIIEHTpUPOBaHa BOJIU3U
Kpast 001acTu BellydrBaHUsl. B 310l o61acTu u3ru6
000JIOUKM cpaBHHUTENbHO BeiuK. IIpemmoiaraem,
4YTO pasMep OOJIACTU BBIIMYYUBAHUA 7 (M), IIPUYEM

ry << R. O603HaYMM LIUPUHY MOJOCHI 00JIaCTH U3TU-

6a d, (M), TIOIaAb TOJIOCH M3TKba ~r,d, (Mz). B
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Puc. 3. CxeMa BIMSIHUSI TOYEUHOU COCPEIOTOYCHHOM
cuiibl P Ha 060510uKy (2-i1 BapuaHT).

9TOM 00JIACTH OCHOBHEIE 9HEPTUH — 3TO SHEPTUS U3-
ruba BIOJb MepHMIMaHa W OJHEPrusl pacTIKEeHUsS
BHOJb NMapayend. O6o3HaunM yepes G, (M) cMelne-

HHE TOYEK 000JIOUKU B I10JIOCE U3ruoda.

B pesynbrarte ripoBeneHHBIX pacueToB [9, 10] ObI-
JIU MOJIyYyeHbl Clieaylolie 3aBUCUMMOCTU Jisl 0o0sa-
CTU TI0JIOChI U3ruoda:

— JUJIS TIOJIHOM DHEPTUU CUJIBI PACTSIKEHUS
3.3/ p4 .
Enyg ~ E1hdy’ ry’ /R (OX); (10)
— JIJIS TIOJTHOW SHEPTUH U3rnuba

Enypend ~ 1 ry? /R dy, (1x); (11)

— 151 TIOJIHOM 3Hepruu Aeopmalunu
Enyo ~ Eyry’(h/RY?/R =
= const-E>/> H¥?/R (Ix), (12)
rne H — rnyouHa rporu6a (M);
— IOCTOSITHHAs const paBHa
const = 1.2:(1 — 62)~3/4,(13)

rae o - koadgpunueHt [lyaccona.

(13)

BennunHa obnactu aedopmanuu onpenessieTcs
W3 yCJIOBUS MUHAMYMA Eny o M paBHA dy (M):

2
d” ~~hR. (14)
3aBUCUMOCTb MeXay IIyouHou nmporuda H v Be-
JIMYMHOU NPUIIOKEHHOM COCPENOTOYEHHOM CUJTBI ‘P‘

MOJIyYUTCS IPUPABHUBAHUEM ‘P‘ K MPOU3BOAHO OT
noyiHo# sHeprum Eny . 1o H 1 paBHa

H~| 13|2 "RVE,' . (15)
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3aBUCHUMOCTh MEXIy INIyOMHOM mporuda H u pa-
JINyCOM 000JIOUKU R MMeeT HeJIMHEWHBbIN XapakTep.
st 060JI0UKM KIIETKU, SIBJSIONIENCS XKUIKUM KPU-
CTaJJIOM, CUTyallusl ¢ 0Opa3oBaHMEM 00JaCTU BbIMY-
YMBaHUS HEBO3MOXHAa. B aToM ciiyyae cMeKTUK 10J1-
XKEH IIpeTepneBaTh IBOMHON M3rnd — BHYTpH obJia-
CTU BBIMTyYMBAHUS B BUIE Tporudba W B TI0JIOCE
obactu BTopuyHoro usruda. Ilpu nsrnbe xuakoro
KpUCTajljla BHYyTPEHHUE CJIOU CKaIllMBAaIOTCS, U 3TOT
MEePEeKOC NOJIKEH KOMIIEHCUPOBAThCSI MHBIM TI€PEKO-
coM B apyroM mecte. [1py BOBHUKHOBEHUU IBOMHO-
ro rfepekoca M OTCYTCTBUSI CBOOOJHBIX KpaeBbIX
YCJIOBUI JJIs1 KOMIIEHCAllMM, TaK KaK IpaHulla 000-
JIOYKU 3aMKHYTa, TPOU3OMUAET PACXOXKIEHUE CITOEB,
Mo3BoJIsIoNIee 00pa3oBaTh Mopy ciausHus. Onpene-
JIATh BEJIMYUHY PAINyCa KIETKU Ry eqi, TIPYU KOTOPOW

MPOM30IIeT 00pa30BaHUE IMOPHI CIUSHUSI, MOXHO
MpUpPaBHUBAHMEM BEJIWYMH NpOrmda mepBoro g,
(dpopmyna (9)) u Broporo H (dpopmyna (15)) BapuaH-
TOB. B pesynbraTe momyanm

Roeax ~ E°/|B). (16)

[MonyyeHHasT 3aBUCUMOCTDb ONpEaeIIsieT JOKaIb-
HbI KPUTEPUI MPOYHOCTU KJIETKM, 3aKJTIOYAIOLLI -
cs1 B TOM, 4TO, €CJIM paauyC KJIETKU OyaeT OoJiblile,
4YeM BEJIIMYMHA Ry i, TO IPOU30HAET 00pa30BaHUE

MOPbI CIAUSHUS, ITO3BOJISIIOIIE TMOJIHOE OTKPBITUE
Karcuaa o00JIOUKM KOPOHAaBHpYyca U IPOHUKHOBE-
HUE TeHETUYECKOI0 MaTepuaja BHYTPb KJIIETKH.

OBCYXIEHUE

Ha ocHoBe BhIIEN3IOXKEHHBIX (OPMYJT paccum-
TaeM MPUOIU3UTENBHYIO BEIUUUAHY Ry eqc (POpMysa
(16)), Ipu KOTOPOIT BO3HMKAET 0Opa3OBaHUE MOPHI
ciustHust. JIaHHbIE pacdeThbl HEOOXOAVMEI TSI OTIpe-
JeJIeHUsI KAaueCTBEHHO! KapTUHBLI MeXaHUYeCKOIO
B3aMMOJEHCTBUS KOpPOHABUpyca C OOOJIOUKOIt
KJIETKH.

HeobxomnMo oTMeTUTh, 4To B hopmyJie (16) mpu-
cyrcTtByeT oTHouleHue E|/E npu noncraHoBke Besu-

YMHBI CWJIBI IIpYKUMa. B muTepaType nmerorcs mpo-
TUBOPEUMBEIE JAaHHBIE O BeJIMuMHe Momyis FOHra
s MeMOpaH spurpoumutoB: ot 1.4—1.7 kxIla mo
11.7 xITa [11, 12]. BeposiTHO, UMeeT MeCTO HeJIUuHeii-
HBII XapaKTep 3aBUcMMOCTU Moayiist FOHra oT rmapa-
METPOB CUCTEMBI. JIJIs1 CTPYKTYypHOro OeJiKa IINUIIO-
BUIHOTO OTPOCTKA MAHHBIX IO BEIIMYMHE MOIYJIS
IOnra Het. MI3BecTHO, YTO O€JIOK OOMyCKaeT MaKCH-
MaJjibHYyIO JedopMaliiio B pa3Mepe OJJHOTO aHICTpe-
Ma. s XUIKOKPUCTAJUIMYECKOI O0OJI0YKM MEM-
OpaHbl KJIETKM MaKCUMaJIbHasl BeJIMYMHA Iedopma-
muur Al He MOXeT IIpeBbIIaTh BeJmuuHEL 0.014/2, Toe
h/2 — 3TO BeIMYMHA IIara PeIleTKU XKUIKOTO KpHU-
cTajuia, paBHasI IJIMHE OJIHOI MOJIEKYJIbI MM I10JIO-
BUHE BEJIMYMHBI TOJILIMHBI o6osouku. ITomydaercs,
YTO NOPSAOK MaKCUMaJIbHOM BEJIMYMHBI AedopMa-
UM CTPYKTYPHOTO OejiKa IMUITOBUIHOIO OTPOCTKA

KOJIBIIOBA

KOpOHaBHpYyca 1 MEMOpaHBbI KJIETKU IIPUMEPHO OOUH
u toT Xxe. JomnyctumM, uro orHoweHue E;/E paBHO
enmHule. bygemM cuuTarh, 4TO JAHHOE AOMYIIEHUE
MpPaBOMEPHO IJIsI KAUYeCTBEHHOM KapTUHBI MEXaHU-
YEeCKOro B3aMMOIEHCTBUSI KOPpOHAaBUpYyca ¢ 000104~
KOM KJIETKU.

OnpeneauM BeJIMYUHY CHITbI TPYKUM ‘P‘ o ¢op-

Myiie (4) u moactaBuM B opmyity (16), TpUHSIB OT-
HoueHue Ry, //) paBHbIM enuHuue. I[lomydyum, 4yro

HOPSIIOK BEJMYUHBI Ryyeqr = 100-107¢ M. CoorBet-

CTBEHHO MOPSIIOK BEJIUUUHBI JUAMETPa KIETKH, TIPU
KOTOPOM BO3HUKAET MOpa CIUSIHUS, OyIeT IIpubIv-
3uTeabHO paBeH 200 MKM.

I[Ipu 3aboneBaHMM KOPOHABHUPYCOM OCHOBHOE
nopakeHre BO3HMKAeT B JIETOYHOU TKaHu. M3BecT-
HO, 4TO THMaMeTP aJibBEOJ YBEJIUUYMBACTCS B 3aBUCH-
MOCTH OT BO3pacTa: Y HOBOPOXKAESHHBIX OH COCTaBJISI-
eT 150 MxM, y B3pocabix — 280 MKM, Y TTOXKHWJIBIX JTIO-
meit — 300—350 mxM. DakT TLKEIOTO TEUECHUI
3a00JIeBaHMS Y IOXKWJIBIX JIIOJIeii, BEPOSITHO, CBSI3aH C
OOJIBIINM pa3MepoM HMX KJIETOK JETOUHOM TKAHU! T10
CpPaBHEHUIO C pa3MepPOM KJIETOK IPYTUX BO3PACTHBIX
rpyn. [IpousBeaeHHbIE pacdyeThl IOKA3bIBAIOT, YTO
yeM MEHbIIIe OyaeT pa3Mep KJIEeTK!, TeM MEHBIIIE Be-
POSITHOCTh OOpa30BaHUS ITOPHI CIAUSHUS U COOTBET-
CTBEHHO TOBPEXICHUS KICTKUA IIPU BO3IECHCTBUU
KopoHaBupyca. OmMHIUM U3 ITyTeil yMEHbIIICHWS BEJI1-
YMHBI pa3Mepa KJIETKU SIBJISICeTCSI yMEHbIIIEHUE KON -
YyecTBa BHYTPUKJIETOYHOM >kuakocT. Ha HavaibHOM
aTane 3abojieBaHUs IIPMMEHEHME MpernapaToB-Iuy-
PETUKOB MOXET OBITh 3((EKTUBHON Teparnmueii,
MpeIOTBpaIIaoIei TTaTOJIOTHYECKOE TTOBPEKICHNE
JIETOYHOI TKaHU.

B nanvHeiieM HeOGXOAUMO TIPOBECTU UCCIIEIO-
BaHUs BIMSHUSA HOPMbI OKOHEYHOCTU LIMITOBUIHO-

TO OTPOCTKA Ha BEJIMYMHY CUJIbI IIPpUXKMMa ‘P‘ Pa3-

JIMYHBIE MYTallMd KOPOHABUpYCca MMEIOT XapaKTep-
Hble (OpMBI HIUITOBUIHOTO OTpocTKa. Hampumep,
OIPENEVM BEJIIMUUHY Ry oo B ClIy4ae, eciu dpopma
IIUITOBUAHOTO OTPOCTKA KOPOHaBUpYyca IIpeACTaB-
JIsieT co00OM UMIMHAPUYECKU cTepkeHb. Cuty Tpu-
>KMMa B 3TOM CJIydyae MOXHO ONpeaeuTb METOIOM,
KOTOPBIl TPUMEHSITA IJISI OTIpEACIICHUST CHJTBI TTPH-
KUMa B cIydae OKpyTiaoit (doOpMbl OKOHEYHOCTH OT-
poctka (popmyna 4). B cirygae neiicTBUS LIIMHIPU -
YEeCKOT0 CTEPXKHSI Ha 000JIOUKY KJIETKM CUjia MPUKU-
Ma MOXET ObITb BbIUMCIAEHA 10 GopMmyse

‘ﬁ‘ =FE-A4- %, rae Ay — IIomans 00JIaCTH KOHTaK-
0

Ta B hopMe Kpyra (M2); ly — BBICOTa IWIIMHIpPA, TN~
Ha HeneopMupyeMoii mpyXuHbI (M); Al — BeaudnHa
MaKCHUMaJIbHOM AeopMaliiy IpyXUHBI (M); £ — Mo-
nyinb FOHra cTpyKTypHOro 6ejiKa IIUMOBUIHOTO OT-

poctka (Ila, H/M2). Homyctum, urto /y/h = 1. Pagnyc
OCHOBaHM MoJ0XUM paBHbIM 0.2 HM. Torna nopsi-
JOK BEJIMYUHBI Ry ea OYIET IPUOIU3UTEIILHO PAaBEH

BUODU3NUKA TomM 68 Ne2 2023



YACTb AHTUKOBUJIHOW TEPAITUU

1000 mxM. B 3TOM cirydae mtaMM KOpoHaBHpyca Me-
XaHUYECKM He CMOXKET 00pa3oBaTh IOPY CIAUSHUS U
JIOKAJIbHO IIOBPEIUTh 000J0YKY KiIeTKU. [Ipu BO3-
HUKHOBEHUM HOBBIX INTAMMOB, y KOTOPBIX IIHIIO-
BUIHBII OTPOCTOK OyIeT BO3AECTBOBATh HAa 000JIOY-
Ky KJIE€TKM C MEHbIIEH BEJIUYUHOM CUJIbI MPUKKMA,
TSDKECTh TeUeHUs 3a001eBaHUsI OyIeT CHUXKATHCS.

JlokanbHbIE TTOBPEXIEHUST 000I0YKM KJIETKM aK-
TUBU3UPYIOT CBEPTHIBAIOLIYIO CUCTEMY KPOBM, MpPU
5TOM TIOBBIIIAETCS KOJUYECTBO TPOMOOLIMTOB JJISI
«IMKBUIALMU» TAKOTO TTOBpekAcHUSI. OMHOBpEeMEH-
HO C 3TUM TOBBIIIAETCS PUCK TPoMO030B. Eciin mmo-
BpeXIEHNE UMEET MaJIbie pa3Mephl, TO BO3MOKHO Ca-
MOBOCCTaHOBJIeHHUe MeMOpaHbl KieTku. IIpencra-
BMM, 4YTO B MeMOpaHe BO3HUKIO OTBEpPCTUE
panmuycoM ry,.- OOpasoBaHue B MeEMOpaHE OTBEP-

CTHS IPUBOINUT K YBEJIMYCHUIO TUIOIIAIN TTOBEPXHO-
CTU IO EPUMETPY OTBEPCTUSI HA BEJTUUUHY 2717}, 410/,

rae A — TomuurHa 060104Ku. COOTBETCTBEHHO ITPO-
MOPLIMOHAIBHO YBEJIUYMBAECTCS SHEPTUS IOBEPX-
HOCTHOrO HaTskeHusi. C Apyroii CTOPOHBI, MOsIBJIe-
HUE OTBEPCTUS BJICUYET IMOTEPIO MJIOIIAAU BHYTPEH-
Hell ¥ BHEIIHEN CTOPOH IMOBEPXHOCTHU OOOJIOYKU Ha

BEJIUUMHY 2nrhole2, YTO TIPUBOJIUT K MOTEPE SHEPTUU

MMOBEPXHOCTHOTO HaTskeHUsI. Eclin pa3HHIIa B aHep-
TUSIX CKJTAIbIBACTCS B TIOJIL3Y ITOCIIETHE, TO 06pa3o-
BaBIlleeCcsT OTBEPCTUE CaMOBOCCTAaHAaBIMBAaeTCsS 3a
CYET TIepexo1a MOJIEKYJI IMITHIOB M3 HIDKHETOo, 6ojee
TUTOTHO «YITAaKOBAHHOTO» CJI0SI MeMOpaHBI B BEpXHUIA
CJIOI ¢ MCIOJIb30BaHNEM KPOMKHU oTBepcTHs. C po-
CTOM pajuyca . OTBEPCTUE JTOCTUIAET KPUTUYE-

CKOT0 pa3Mepa, paBHOTIO TOJIIIIMHE MEMOpaHBI A, TIpU
MPEBBIIICHUU KOTOPOTO MPOU30MAET JIOKATBLHOE TT0-
BpexXaeHue MeMOpaHBI. Takoe MOBpeXIeHUE MEM-
OpaHBl KOPOHABMPYCOM Haubojiee BEPOSITHO TMpPU
OoJbIINX pa3Mepax KIeTKU. JlaHHoe yIIpyroe cBO-
CTBO KOPOHaBUPYyCa MOXKET OBITh UCITOJIBL30BAHO TIPU
aHTUPAKOBOI Tepanuu, Tak KaK Mpyu aHOKCUM PaKo-
BOM KJIETKM TIPOUCXOIUT ee HabyxaHnue [13] u, coor-
BETCTBEHHO, 3HAYUTEILHOE YBEIMYEHUE Pa3MEPOB.

BbIBOJ1bI

1. Yopyrue v rubkKue Ikl KOpOHaBUpYyca, UMe-
o11re 6eJIKOBYIO CTPYKTYPY, MPUKPETUISIIOTCS K pe-
nenropam obonouku kietku-muiienn ACE2. C mmo-
moiblo depmeHTa TMPRSS2 3amyckaercss Mexa-
HM3M CIUSHUS BUPYCHOI M KJIETOYHOM MeMOpaH C
00pa3oBaHVEM MOPbI CIUSTHUS, Uepe3 KOTOPYIO ITpo-
HWCXOIUT PAaCKpbITHE Karlcuaa 000J0YKU KOPOHABU-
pyca u npoHuKHoBeHHe BuUpycHol PHK BHyTpb
kJeTku. B pabote paccmaTrpuBaeTcs TeopeTudeckast
MOJIeJIb MEXaHUUYECKUX 3aKOHOMEPHOCTe 0bpa3oBa-
HUS NOPbI CAMSHUS MPU MPOHUKHOBEHUM KOPOHa-
BUpYCa B KJIIETKY.
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2. Ha ocHOBe 3aKOHOMEPHOCTE MeXaHUKHN KOH-
TAaKTHOTO B3aMMOJNEMCTBUSI M TEOPUU YIPYTOCTU
omnpenesieTcsl KpUTWYECKasl BeJIMYMHA pamuyca
KJIETKU, IIPY KOTOPOI IPOMU30MIeT 00pa3oBaHUE I10-
pPBI CIIUSTHUS U JIOKAJIbHOE TOBpEXICHUE 000I0UKI
KJIETKH.

3. IIpousBegeHHbIE pacueThl ITOKA3BIBAIOT, 4TO,
yeM MeHbllIe OyIeT pa3Mep KIeTKU, TeM MEeHbIIIEe Be-
POSITHOCTD JIOKAJIbHOTO TOBPEXICHUS KJIETKU TPU
BO3IEMCTBUM KOPOHABHpPYCa. YMEHbBIIUTh BEJIMYNHY
pa3Mepa KJIeTK MOXHO YMEHBIICHNEM KOJMYeCTBa
BHYTPUMKJIETOYHOM XuakocTyu. Ha HavyajnbHOM 3Tarne
3a60J1eBaHUS IIpUMEHEHNE TIpeTapaToB-INyPETUKOB
MOXeT OBITh d(PPEKTUBHOI Tepartmieil, IpeaoTBpa-
LIAIOLICH MAaTOJIOTrNYeCKOe MOBPEXIEHUE KIETOK.

4. Tak KaK KpUuTu4ecKasl BeJIMYMHa paauyca KjeT-
KM OOpaTHO MNPONOPLUMOHAIBHO 3aBUCUT OT CUJIbI
MPYKMMa B MOMEHT ITPUKpPETICHUsI KOpOHaBUpyca K
000/104Ke, HEOOXOAMMBI OaJbHEHMIINE MCCIeI0Ba-
HUS 3aBUCHMOCTH FreoMeTpudecKoit hopMbl U pazme-
POB OKOHEYHOCTU IIUTIOBUIHOTO OTPOCTKA Pa3Iny-
HBIX BUIIOB IITAMMOB KOPOHAaBUpPYCAa HA CUJTy TIPU-
kuma. [Ipy BO3HUKHOBEHUM LITaMMa, Y KOTOPOIO
IIUITOBUAHBIN OTPOCTOK OyAeT BO3aeiiCTBOBaTh Ha
000JIOUKY KJIETKM C MEHBIIIE BETUYMHOMN CUJIBI TTPU-
XUMa, TSIKECTh TeYeHUsl 3a0oJieBaHUSI OyIeT CHU-
XKaThCH.

5. HeobGxonmuma mipoBepKa BBIBOJOB T€OpPETUYE-
CKOT'O MCCJIEAOBAHUSI SKCTIEPUMEHTAUTbHBIMU METO-
JlaMU.

KOH®JIMKT MHTEPECOB

ABTOp 3asBJIsIET 00 OTCYTCTBUY KOH(MDJIMKTA UHTE-
pecoB.

COBJIIOAEHUE OSTUYECKHNX CTAHIAPTOB

Hacrosmas ctaTths He COIepKUT KaKMX-JIN00 HC-
CJIEIOBaHMIA C y9aCTHUEM JIIOIEei MJIN JKMBOTHBIX B Ka-
4eCTBE OOBEKTOB UCCIIEIOBAHUNA.
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Part of Anti-COVID Therapy Based on a Theoretical Model Describing Mechanics
of Contact Interaction between Coronavirus and Cell Membrane

N.A. Koltcova

Saint- Petersburg, Russia

This article proposes a theoretical model of mechanical feedback in pattern formation on deforming a mem-
brane when coronavirus enters a cell. Coronavirus stiff and flexible spike proteins attach to ACE2 receptors
on the cell membrane of the target cell. TMPRSS2 triggers the fusion of the viral and cell membranes with
the formation of a fusion pore leading to opening of a capsid surrounded by the coronavirus envelope and viral
RNA release into the cell. Based on mechanical feedback analysis of contact interaction and elastic shell the-
ory, a critical value of cell radius, at which a fusion pore is formed and membrane damage occurs locally, is
determined. The results revealed that the smaller the cell size, the less likely that the cell will be damaged me-
chanically when exposed to the virus. One of the ways to reduce the cell size is to decrease intracellular fluid
volume through the use of medicines - diuretics. The critical value of cell radius is inversely proportional to
the value of binding energy at the time of attachment of the coronavirus to the cell membrane. Further re-
search is required to improve our knowledge of the dependency of binding energy on the shape and sizes of
spikelike bumps for various types of coronavirus strains. It may be predicted that when a new coronavirus
strain will emerge, it may produce lower binding energy to cell surface and the severity of the disease may de-
crease. It is necessary to verify the conclusions of the theoretical study by experimental methods.

Keywords: coronavirus, lipid shell of the cell, mechanics of contact interaction, liquid crystal, elastic shell theory
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