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- IPOCTPAHCTBEHHBIE ACIIEKTBI
AUHAMHAKH CBEPTBIBAHHY KPOBH
II. ®EHOMEHOJIOTHYECKAS MOZMIEJIb

AMHAMHKA MPOUECCOB CTPYKTYpoOGPa30BAHMS NpPU CBEPTHIBAHMM KPOBM MCCIEAOBAHA
B paMKax peakiMOHHO-IMPPY3HOHHON MOAENM, OCHOBAHHOA HA COBPEMEHHBIX GHOXMMM-
- YECKHX MPEACTARICHUIX. AHAIM3 MOJIESM NOKA3AJ; UTO MEXAHM3M, 110 KOTOPOMY HPOMCXORMT
CTPYKTYypoo6pa3oBaHHe B KPOBH, CYIIECTBEHHO OTJIMMACTCH OT IMMPOKO M3BECTHOTO MEXAHU3MA
OTKPbITOr0 Thiopunrom. ITokasaso, uTo mMpu CBEPTHIBAHMM KDOBL BEieT Cels Kax crneum-
¢uueckas axTMBHAS Cpefia HOBOTO TMNA, B KOTOPOi#t (hOPMMPOBAHME NPOCTPAHCTBEHHBIX
CTPYKTYP NMPOMCXOIMT B Pe3y/ibTaTe B3AMMOAECHCTBHMS NBYX KOHUEHTPALMOHHBLIX ABTOBOJH.

Bnepsnie B0o3MOXHOCTh (hOPMHPOBAHMS CTANHMOHAPHHX NMPOCTPAHCTBEHHHX CTPYK-
TYp B peakuuoHHO-Iu(dy3HOHHEX cucTeMax Orna npeackasana Triopuarom B 1952 r.
[1]. Mo3xgnee TeopeTHueckn GHUIO MOKA3aHO, UTO B MOJOGHHX CHCTEMAX MOTYT TaKXE
00pa3soBHBATLCS M PETyJISPHHE MPOCTPAHCTBEHHO-BPEMEHHHE CTPYKTYPH B BHAE pac-
NpOCTPaHSIOmuXcs BOMH [2-4]. UMEHHO TakMe CTPYKTYpDH B BHJEC KOHICHTPHYECKMX
¥ CIIAPAJLHBIX BOJTH GHUIM OTKPHTH B XHMHYECKO# cucreme Benoycosa-’Xa6orurckoro
[5,6]. 3arem ananormuHee BoJHH Oh/M TakXe OOGHADYXECHH B HOMYJSIMSX TaK
HashBAaCMHX «ConnambHEX» amed Dictyostelium discoideum [7], B cepneuno#t Tkanu
[81, B ornesibHEX kierkax [9] m HEKOTOpHX APYTHX CHCTEMAaX, OGOOMIEHHO HA3H-
BacMHX AKTHBHHMH cpenamu. HemaBHo B peanibHOM XHMHYECKO# cHcreMe Ownnm
OTKPHTH WM CTAlMOHAPDHHE CTPYKTYPH, npeAackasaHHne Twiopurrom [10,11].

Usyuenne cucrem, B KoTopHx Habmopamuce 3deKTH NPOCTPAHCTBEHHON WM
NPOCTPAHCTBEHHO-BPEMEHHON CaMOOPraHM3alHH, NMOKA3HBAET, YTO BCE OHHM HMMEIOT
CXONHHE NPHHIMAIK CBOCT0 KHMHETHUYECKOro ycrpoiicrsa [12-14]. Teopernueckue me-
TOAB, Pa3paGoTaHHHE B CBS3M C PEmEHMEM NpobaeM cTpykTypooGpasosanus [15,16],
‘MO CymecTBy OGOOHmIaIOT M3BECTHHE METONH HenuHelHOM mumammku [17-19], co-
CTaB/idd COBPEMEHHYIO TEODHIO JUCCHIIATHBHHX CTPYKTYP — CHHEPIETHKY.

AHanHM3 COBPEMEHHHX NPEACTABICHMA O CHCTEME CBEPTHBAHHY KDOBH IIOKAa3a,
YTO 6MOXAMHYECKAs KMHETHKA POLECCOB CBEPTHBAHAS o0/3naer pAIOM XapaKTEPHHIX
JVIt aKTHBHHX Cpen uepr, ofycnasimsaommx (popMUpOBaHHE B HMX MPOCTPAHCTBEH-
HO-BPEMEHHHX CTPYKTYp. [IpencraBneHHoe B AaHHO#K pabore MCCAECNOBAHHE MAaTeMa-
THYECKOM MOAENH MOKa3HBAET, YTO CHCTEMA CBEPTHBAHHMS KPOBM obnamaer Heobxo-
AHMHIMH CBOMCTBAMM 11 (hOPMHMPOBAHMS JIOKAJIM30BAHHHX M NPOCTPAHCTBEHHO-PE-
TYJSpHHX AMCCHOATHBHHX CTPYKTYP B KpOBH uejoBeka. IIpn 310M BHACHZETCHS, 4YTO
¢dopMupOBaHME ITUX CTPYKTYp, AOJIKHO MPOHMCXOAMTH MO MEXAHH3MY, CYIIECCTBCHHO
OTIHYHOMY OT npeasoxeHHoro TroiopuaroM. HMccrenosanme 3moro MEXaHH3Ma NO3BO-
JIMET 3aKJIOYHTh, YTO KPOBb NpencTaBiser cofoit BechMa cneumdbuunyio aKTHBHYIO
CpPeRy HOBOIO THINA, CTPYKTypOOOpAa3OBaHHE B KOTODOM HBJMETCS PE3YJIBTATOM B3a-
HMOJIEHCTBHS - paCNPOCTPAHIIOMMAXCS ABTOBOJIH.
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MaTeMaTHYecKas MOJeb

- IMHAMHMKA CHCTEMH CBEPTHBAHHS KPOBH ONpPENENSETCS NpOM3BOACTBOM M pac-
MpefeieHNeM N0 MNPOCTPAHCTBY BEMIECTB IBYX THIOB: (PAKTOPOB CBEPTHBAaHUS M
daxTopos, npenarcreyiommx cBepThHBaHMK [20-22]. B peanbHHX KPOBEHOCHHX CO-
CyAax CBEPTHBAHUE AKTHBHpPYETCH (PAaKTOpaMM, BHACASIOMMMUCS B MECTE MOBPEX-
AeHus. Ot (PAKTOPW 3AMYCKAIOT Kackan OMOXMMHUYECKMX peakuyil, BEAYIHX K
nosieyicHNI0 TpoMOuHa. Kackax oxBaueH nerasMm MOJOXHTEIBHHX OOpaTHHX CBR3Ei.
[23] TMocne axkTMBamuy, Kak NOKAa3HBAIOT SKCHNEPHMEHTH in vitro B CACTEMax C
NOJIHHM TIEPEMEIMMBAHMEM, KHMHETHKA HAPACTAHAS KOHLECHTPAUMH TPOMOMHA HOCHT
B3PHIBHOM, CAMOYCKOPSIIOIMACS — 9KCHOHEHIMANBHHA XapaKkTep [22,25]). AxTHBauuA
CBEPTHBAHMS NMPOUCXOAUT UETKO BHPAXKEHHHM MOporoBHM obpasom [24,25]. Tloxmo-
POroBHE KOHILICHTPALMH AKTHBHUPYIOIHMX (HAKTOPOB npaxmqecxu HE HNpPHBORAT K
oOpasoBanmnio TpoMOuHa.

OKCNOHEHIMANBHOE HAPACTaHWE TPOMOMHA BO BPEMEHHM NOCAE AKTUBALMH CMe-
HSAETCA CTO/MIb XE PE3KMM CHAazOM. OTO CBSI3aHO C NMOSBJCHMEM B KPOBH MHIHOMTODOB
TpoMOUHA M (AKTOPOB, NPENSTCTBYIOMMX €N0 NPOH3BOACTBY — (DAKTOPOB AHTHCBEP-
toBaHng [26]. HekoTOopHC KOMNOHEHTH WHrHOMTOPHOM CHCTEMH, KaK HAampHMEp
nporend C, asasiorcsd ¢epMEeHTaMH, aKTHBAUMS KOTOPHX 3aMyCKAaeTcs HEnoCpeacT-
BEHHO TpomOmroM. B pesynsrare, nogsnenume B nnasMe OGOABIMX KOHUECHTPALMIA
TPOMOMHA BH3HBACT AKTMBANMIO peakumif, Gokupyommx erc coGCTBEHHOE NPOM3-
soacreo [27]. ‘ »

Kak w3BecTHO M3 o0mei TEOPHH AKTHBHHIX CPEX, B PeakIMOHHO-AH(PY3NOHHEX
CHCTEMAX C CAMOYCKOPSIIOMMMCS XapPaKTEPOM TOUYEYHOH KHHETUKHM MOTYT CYIIECTBOBATD
HEJIMHCHHKE, HE3aTyXaIOmue, CaAMONMOAREPXHUBAIOIMECS BOJHH — aBTOBOJIHH, XapakK-
TEPHCTHKH KOTOPHX 3aBUCAT HE OT Cnoco0a MX MHMUMANMHM, 3 OT COOCTBEHHO KHM-
HETHYECKOro ycrpoucrea cucreMu [12-15]. B cOOTBETCTBHH C 3THM 3KCMNOHEHIMANb-
HOCTb KMHETHKH HAPACTaHNS KOHIEHTpAauuu TPOMOMHA B KaXnoM Touke W ero aud-
dby3ng nenaoT BO3MOXHHM aBTOBOJIHOBOE PACTPOCTPAHEHHWE TPOMOMHA NO NMpPOCTpaH-
CTBy. JTO O3HA4YaeT, YTO B KPOBH MPOLECC AKTMBALUHA CBEPTHBaHUS Oyaer pacmpo-
CTpaHATbCS B BHAC (PPOHTOB HEJMHEHHHX CAMOMONAEPXKHBAIONMXCS KOHICHTPALMOH-
HHIX TPOMOMHOBHIX aBTOBOJH. PacnmpocTpamenue TpoMOHHOBOH aBTOBOMHH obecreyn-
Baer ABUXEHME (DpOHTA moMMepu3auuu (MOPHHA, TO €CTh COGCTBEHHO YNIpaBjIgET
pocToM (pUOPHHOBOIO CrycTKa B KPOBH.

Qopmupylommecs B peanbHOM KPOBHM (PMOPUHOBHE CryCTKH (TpOoMOH) npezxc'ran-
ASI0T co00ii MPOCTPAHCTBEHHO JIOKAMM30BAHHKE o6pasopanns. Bo Bcex Xe H3YYECHHHIX
A0 CHX NMOpP AaKTHBHHX CPEAAaX ABTOBOJHH PAaCNpOCTPAHAIOTCS 6€3 3aTyxaHMs BILIOTH
HO: ECTECTBEHHRIX NMPOCTPAHCTBCHHHIX IDAHMI, CHCTEMH. B HameMm npencTasieHMH 3TO
_03HAYaEeT, YTO CHCTEMA CBEPTHBAHHS O0ECHCUMBAET HE TONBKO BO3HHKHOBEHHME H
pacnmpocTpaHeHHe TPOMOMHOBOH aBTOBOJIHH B KPOBH, HO H €€ OCTaHOBKY. OrpaHmdYcHne
HaNbHOCTH pPAacOpOCTPAHEHHA TPOMOMHOBOM ABTOBOJIHH OOYC/IOBJIEHO, MO HAMEMY
MHECHHIO, XapaKTepoOM KMHETHKH peaknmii, obecrnieuuBarommx 610KHPOBAHHE CHHTE3A
TPOMOHMHA MOC/IE AOCTHXEHHMS MM CBOETO MaKCHMYMa 3Hauenus, [IpA 9TOM KIIOYEBYIO
poNib, KaK MOKA3HBAET AHAMHM3 GHOXHMHYECKHX JAHHHIX, no.nxnn HIPaTh T€ PEaKIHH,
KOTOpHE 3amyCKalTCd CaMHM TPOMOHMHOM.

MexaunaMn peakumit, obecrneynsaomux nponsnoncmo aHTHCBEpTHBAaOMMX ¢ak-
TOPOB, HEAOCTATOYHO NOJHO H3Y4YEHH, MOITOMY B JAHHOK paboTe MH OrpaHMYMINCH
YTPOLIEHHOH MATEMaTHYECKOH Moaenbio. OHAa ONMCHBACT KMHETHAKY MPOM3BOACTBA M
natdysnm mo mpocTpaHCTBY TOJBKO ABYX (axTopoB: (PAaKTOpA CBEPTHBAHHS — TPOM-
6una u ¢akTOpa, NPENATCTBYIOMWENO CBEpTHBaHMIO, momodHOro Gesxy C. Moneas
OPEANONAraeT, Yro CHHTE3 aHTHCBEPTHBalomero daxkropa samyckaercs TpOMOHHOM n
HOCHT ABTOKAaTAaJMTHYECKHH MMOPOIOBHIH XapakTep.

Maremarnueckas MOgenb CBOAMTCH K YPaBHCHHSM:
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o " 5+p, MO We+DAS ®
?
5P =BO(1 — 9/O)[1 + (¢/90*] = 1,9 + DyAp @

rae A — oneparop Jlataca; 6 = © (7F)f) — KOHIEHTpauMs KIIOYEBOrO dakropa
CBEPTHBAHMS — TPOMOHHA, ¢ = ¢ (75f) — KOHIEHTPALMS AHTHCBEPTHBAIOMETO ¢dakrTopa
B TOUKE CHCTEMH C KOODAMHATAMH 7 = (X,y,Z), B MOMEHT Bpemenn t. Koadpunuenrn
%4 M % 0TOGPaxaIOT NACCHBHHE YTEUYKH COOTBETCTBYIOMMX BEMIECTB; & M [ ONPERENSIOT
CKOPOCTH TIPOM3BOACTBA TPOMOMHA H aHTHCBEPTHBAIOMETO (PAKTOPa COOTBETCTBEHHO;
Y oTo0paxaer BIMSHME AHTHCBEPTHBAIOMETO (AKTOPa HA YMEHBIIECHAE KOHIIEHTPALAH
TpomGuHa; C XapaKTepH3yeT NPEAEbHYIO KOHUECHTPAIAI0 aHTHCBEPTHBAOMEr0 (haK-
T0pa KpoBu. D, u D, — xoapuumentn audipysun. Bemwumna 6, y,/(a - 7,)
COOTBETCTBYET MOPOroBO# KOHUEHTpamuu TpoMOmHa., WHEMEU croBamd, Mopenb y4H-
THBACT, YTO CBEPTHBAHME, SBJIANCH IOPOTOBHIM MPOLECCOM, 3aNMYCKAETCHd TOJBKO B
CIyYyae, €CJIM HAaYaJbHBH CTHMYJI JOCTATOYHO CHJIEH.

Hecnoxunii ama/ms nokaswBaer, YTO HY/NEBOE, NPOCTPAHCTBEHHO OAHOPOAHOE,
CTaIMOHAPHOE COCTOSHME CHCTEMH SIBASETCS YCTOAYMBHIM IO OTHOMIEHMIO K MaJIHIM
BoamMymeHnsM. OnHako, ecmm B pesyabTaTe (IYKTyauuw Wik B Pe3ysabTaTe CTHMY-
ASOMHE M3BHE B HEKOTOPO# 00IACTH NPOCTPAHCTBA KOHIEHTPALHS TPOMSHHEA NMPEBHCHT
NOPOroBOC 3HAUCHHUE, TO B CHCTEME MOXET CHOPMHPOBATHCS TPOMOMHOBAS ABTOBOJIHA.
HUcnonbays uzsecrane Metons [28,29] u3 ypasuenns (1) a1s cKOpocTs TPOMGHHOBOTO
dpoHTa MOAyuMM OwEHKY:

v ~ 2VaD, 3

B xaxpoif Touke, uepes KOTOPYIO MPOXONHMT TPOMOHHOBHI ¢porT Hapacranume
KOHIIEHTPAaLuA TPOMOMHA, KaK BHAHO U3 ypasHEHHS (2), 3aMyCKAET B3PHBHOE CAMO-
YCKOPSIOMEECH NPOU3BOACTBO aHTHCBEPTHBAKMEIO (hakTopa. 3TO, B YACTHOCTH, AENAET
BO3MOXHHM PAacrpoCTPAHEHHE MOCICAHEIO M0 NPOCTPAHCTRY ABTOBOJHOBHM 0GPa3oM.
B 210M HECNOXHO yOeAMTHCS CTPOTO MareMaTHueckH. JIeHCTBHTENBHO, YPaBHEHHE
(2), ecmu paccMaTpEBaTH B HEM O Kak NapaMeTp, MO CBOEMY BMAY OTHOCHTCS K
noApoGHO M3YYEHHOMY KAACCY YDPaBHEHMH C é);c'ra WIbHOM KMHETHXOMH, KOTOpHE, KaK
XOpOWIO M3BECTHO, AONMYCKAIOT PEICHHUS B BHRE aBTOBONHH [29]. U3 ypasHenms (2)
TaXX€ BHAHO, YTO BOJHA AHTHCBEPTHBAKOMEro (akTOpa MOXET pacHpOCTPAHATHCS
TOJILKO N0 00/1aCTH, B KOTOpO# KOHIIEHTpAalus TPOMOMHA JOCTATOYHO BHICOKA, T.€.
TaM, ITe paHee yxXe mpomna TpoMOMHOBas BOJIHA.

Hng onpenesieHNsS CKOPOCTH BTOPOH BOJHH M XapaKTepa ee B3aHMONEHCTBHA C
nepBoil, OHIM BHIOJHEHH KOMIBIOTEPHHE pacuet. Ha OTpe3Ke NMpaMOM MIMHOM L =
1,5MM ¢ HENPOHAUAEMEIME rPAHMYHKMH YCIOBHSMH paccMaTpHBAJIOCh NOBEACHHE CH-
creMu (1)—(2), HCXOOHO HAXOAAmIEHCT B CBOEM YCTOAUMBOM CTALIHOHAPHOM COCTOSHHU:
0, 3 =0, Py (r) = 0. BoHa MHUIMHPOBAIACH JIOKANLHKM MOBHIEHHEM KOHICHTPALAH
TpoMOuHA BO/MM3H N€BOM rpamRMub. BHuHGICHHS NPOM3BOAWINCh IO CXeMe Jiiiepa
[30]. Mcnonb3oBanHbe NPH YACAECHHOM WHTETPHPOBAHMM NAPAMETPH MOAE/H npuse-
AeHH B Tabmuue 1. OueHK: mapaMeTpoB CAGNAHH HA OCHOBAHHH pabor no Guoxummu
H KAHETHKE MPOLECCOB CBepThBamus [20-23].

/ Tabruya 1
3navcHus NapaMeTpos, MCNOJIb3YEMbIX B MATEMATHYECKON MOJEAM
a, mun! B, mun! Y, wmun laM™! 8y, HM P HM
2,0 0,0015 5,0 3,0 0,005
C, M Xyo MU' Yp» Mun ! D,, cM¥/c D,, cM?/c
5,0 0,05 .0,35 1077 1077
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HcCIenOBaHEE MATEMATHYECKON MOJIETH TOKA3a/10, YTO NMPH JOCTATOYHO BHICOKHX
3@auenHusx mapamerpa 6, > 2.4, XapaKTCpPH3YIOIMEINO BEJHYHHY MOpora, B CHCTEME
CBEpTHBAHAS PEAA3YETCS PEXUM, IPH KOTOPOM M3 HAYaNBbHOIO BO3MYMEHW CHauaIa

¢opMmpyeTcs TPOMOHHOBAS BOJIHA, @ CITYCTS ONPENETICHHOE BpEMS eif BO C/Iex CTapTyeT .

BOJIHA aHTHCBepTHBaHWg. [locaenHss, PacHpOCTPaHAICh CHAYana C GosibIcit, 4eM

mepeas BOJHA, CKOPOCTBIO, MO Mepe NpHOGIHXEHHS K mepenHeMy (pOHTY 3aMETHO -

ocnabaser TPOMOGMHOBYIO BOJHY HO AMILIMTYAE, TaK YTO B ONpEACICHHHA MOMEHT
pacnpeaenerne TpoMGHHA O IPOCTPAHCTBY BCIOAY OKaskBaercs noanoporosuM. ITocne

9TOro TPOMOGMHOBAas BOJHA, a C HEli M BOJHA AHTHCBEPTHBAHHS, TaCHYT CaMd 0O .

cebe. (puc.1) SKCHEPHMEHTANBIO 3TO AOIXHO GBI GH COOTBETCTBOBATH (POPMMPO-
BAHHIO B OOJIaCTH, e NpomUIAa TPOMOMHOBAS BOJNHA, TBEPAOTO CTYCTKAa C PafuycoM,
COBNAJAIMMM C AAJBHOCTBIO PACIPOCTPAHEHHS 3TOH BOJIHHL .
PacueTH MOKA3HBAIOT, YTO M3MEHEHAE (POPMH HAUATLHOIO HMITYJIbCA B IHMPOKHUX
Npeneaax He3HAUMTENBHO MEHSET NATbHOCTh DACNPOCTPAHEHMS BOJHH CBEPTHBAHMS.
Unaue rosops, pasmep c¢opmupyomerocs TpoM0a ompenesnsiercs HE HAYAIbHHIMA
YCAOBHSMH, a CBOMCTBaMM CaMBX ypasHeHmil (1)—(2), orpaxaiommx KHHETHUECKOE

YCTPOHCTBO CHCTEMH. B 3TOM CMEiC/IE ZanbHOCTD PACHPOCTPAHEHWS BOJHH, TO €CTh . |

pasMep CTYCTKAa, BHCTYNAeT KAK BHYTPEHHSS COOCTBEHHAd XapaKTEPHCTHKA CACTEMBI
— ee aBToMacmTal.

B umMC/IeHHOM SKCHepPHMEHTEe OGHapyXWBaercs, YTo BCaencTsMe Auddysun aHTH-
ceepruBaomero ¢akropa B 06JacTh, HEMOCPEACTBEHHO OKPYXAIOMYIO copmMupoBas-

mmiics CTYCTOK, CHOCOOHOCTh K CBEPTHBaHHIO TaM OKasWBaeTcd nopasieHHod. Ona

BOCCTAaHAB/IMBACTCS JIMIIDb YEPe3 A/IMTEIBHOE BPEMS TOCIE HCUE3HOBEHHS TPOMOHHOBOM
BOJIHH. TeM CaMBiM, PaCCMATPHBAEMas HAMH MOJE/b OMMCHBAET CIIOCOOHOCTh CHCTEMH
o0pasoBHBATh 30HY HECBEPTHBAHAA, «XHAKYIO» 30HY BOKPYTI CTyCTKOB KOHEYHOTO
pa3amepa.

IpoBeAEcHHOE YHMCAEHHOE MCCICAOBAHHE MOMMMO OMHCAHMS (HPOPMUPOBAHMS JIOKA-
JM30BAHHOTO TpoMOa NpENCKa3HBAET TAKXE BO3MOXHOCT (POPMHMPOBAHHMS JPYrux
TPOCTPAaHCTBEHHO-PETYSPHKX CTPYKTYp. Tak, NpH yMEHbIICHHH mapamerpa 6, Hmxe
onpezeneHHoro 3Hauenus 6, < 2,3 (B nuanasome sHauenmi 6, > 1,3), nosenenue
CHCTEMH KAauUEeCTBEHHO MeHseTcd. Bropas BO/MHA, HAIOHSY NEPBYIO, ocnabiaser e¢ Ha
HECKOJIbXKO TOPSAKOB MO aMILIATYAe (M, KaK CaeAcTBue, ocnabasercs cama). Onnaxo
3ra «ocnabseHHas» MaNOAMIUINTYQHAS TPOMOHMHOBAsS BOJIHA BCE XC€ OCTAETCH HAANO-
POTOBOM M IPOAOJIXAET PAacCHPOCTPAHATHCS, YAANESCh OT CHOpMHPOBABIIErOCS Yy HeEe
B THUIY TBEPAOIO CryCTKa. B cmty cBoel MasioaMIUIMTYAHOCTH 3Ta BOJIHA HEC BH3HBACT
CKOIbKO-HUOYAb 3aMETHOIO CBEpPTHBaHHs Kposn. Korna oHa ynansercs OT nepBHyHOrO
CTYCTKA HA PAcCTOSHHME TMOPSAKA €r0 Pajuyca, BIMSHHE aHTHCBEPTHBAIOMEro (axkropa
NPAKTAYECKH Hcye3aer. TpoMOMHOBasS BOJHA HAUMHAET CTPEMMTEJIBHO YCHIMBATBHCH
N0 aMIUIMTYAE, BH3LBasl JIOKAJTBHOE CBEPTHBAHHE B HOBOM Mmecre (puc.2).

B TOT MOMEHT, KOrAa aMIUIMTYA3a TPOMOMHOBON BOJIHH AOCTHIaeT KPHTHUECKOTO

3HAUCHMS, NMpPA KOTOPOM JIOKAJbHAs KOHLEHTPAnMs AHTHCBEPTHBAIOMEro (akropa
NpeBHINAET 3HAYEHHE P, HAUMHAET (POPMMPOBATLCH AHTHCBEPTHBAOMAs BoHA. [lo-
CNEqHss, POQUBIIACH B TOUKE TPOMOHHOBONO MAKCHMYMa, HAUMHAET PACIPOCTPAHSITHCH
KaK BHEpell, TAK M HA3aJ, PAaCIEIUISs TPOMOWHOBHI «XO/M» HA JBE YacTH. HBuxy-
mAscs BIEPEN BOJHA AHTHCBEPTHBAHMS, HACTUTAd (P)POHT TPOMOMHOBOH BOJHH, PE3KO
ocnabnger ee, HO HE raCHT OKOHUATEJbHO. Eme pa3 mopTopsercd QNMCAHHAS paHEe
IOC/IEAOBATENBHOCTD COONTHII. JKCHEPHMEHTAIBHO ITO AOJIXHO COOTBETCTBOBATH CIIY-
Yal0, KOraa B pE3y/AbTAaTe NOCJAE BTOPOrO Crycrka (hopMHpyeTcs TPETHH, MOTOM

" werBepTwit M T.A. (puc.2) B AByMepHOM Ciyuae 3TO COOTBETCTBOBAMOC Oni popmmpo-

BAHMIO CHCTEMH KOHIEHTPHYECKMX KOJIEL 3ar0JMMEpH3OBABIICHCS KDOBH.
IpuMmeuarensHa cyap0a BOJIH ABMXYIMXCS Hasad. Oka3HBaeTcs, NpH OOHMX
3Hayennsx mnapamerpos (1,3 < 6, < 1,8) ofparsHas BO/MHA AHTHCBEPTHBAIOMETO
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Tirgs 0,00 ain

TIm: $,50 min |

3

’ ‘! i """;z:; b A

Puc. 1. Iocnenosatenshbie crapiu GoPMMPOBAHUS TOKAIMIOBAHHOIO ubpimnosoro crycTka. 3aech u pajee
CIUIONIHOMA JMHMEN NOKA3aHA KOHUEHTPAUMS TPOMOMHA, TONCTOH TYHKTUPHON JIMHMEHA — KOHUEHTpaIMs
AHTHCBEPTHLIBAIOMETO (HAKTOPA, TOHKOH MYHKTHPHON JIMHME/ NOKA3AHO PACTIPENEICHHE dubpuna. Pacuernt
TPOBENCHW NpH 3HaueHuM napamerpa 8, = 3,0. 3naueHus OCTANBHBIX NApaAMETPOB COBNAAARIOT ¢ MPHBE-
nenHniMu B TaGu.1. .
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_TINE: 28.30 min

Puc. 2. QopMHpyIOIIANCS MPOCTPAHCTBEHHO-PETYAIPHAS CTPYKTYPa B BHJIE ITOCJICA0BATE/IBHO BOSHMKAIOIMX
dubpunossix crycrxos (8, = 1,5)

(aKTOpa HACTHTaeT OCTATOK TPOMOMHOBOTO XOJIMA, ABUTAIOMIErocs Hasaf, u ocnabnser
ero A0 noxnoporosoro yposHs (puc.2). Ilocre aroro ofe BOJHE TacHYT.

IMpu 3mavenmax 1,9 < 6, < 2,3 mu HabmonaeM B YHMCIEHHOM IKCNICPUMEHTE
csoecoOpasuuii 3ddexT THma 3x0. ARTHCBEPTHBAIOIEH BOJIHE HE YJAACTCS NMONABMTH
[0 MOATIOPOTOBOTO 3HAYEHMS AMIUIMTYAY TPOMOHMHOBOTO MaKCHMyMa, IBHIraloIErocs
Ha3zag (puc.3). U om, ocTaBadch 3amOpOrOBHIM, NMPORO/DKACT ABHraTbCd B MaJIOAMII-
JIMTYXHOM BHJIE YEPE3 «HECBEPHYBIYIOYCS» 30HY, NOCTENEHHO YXOAS W3 30HH BJINSHUS
anTHcBepTHBalomero ¢axkropa. [ocne TOro, Xak MakCMMyM IJTOH BOJHH IPOXOAWT
30HY NIIOHMXCHHOTO CBEPTHBAHMS, €T0 AMIUIMTYAA HAYMHAET BHOBb PacTH. AMILTUTYAA
3710 0OpaTHOI BONHK JOCTHTAET CBOErO aGCOMOTHONO MaKCMMyMa TOUHO B TOM MECTE,
rme oH yxe Own panee. TpoMOMHOBas BOJNHA BNEPBHE MOSBHIACH B JTOM 30HE,
OpHiiAg C POTHBOIOJIOXHOMK CTOPOHH. Ecyin B 30He, KyJa NIPHILUIO X0, MOJMMEpH3anusg

- TIME:D 369 min

I(’gac. 3é ;bopmupylomascsl TI0CJIEAOBATENLHOCTL (PUOPHHOBBIX CrycTKOB npu Hamuuuu pdexra Tuna 9xa
- ). ,
0 '
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Puc. 4. ChopMupoBaBuIMiiCs, NEHTPAJILHDIN, XOPOWwO 3aN0NHMEPU3OBABIIMIACE CryCTOK M MOCHEN0BATENLHO
dOPMMPYIOIIMEC BOKPYT HETO 30HBI C HM3KOM CTEMEHBIO 3aTONMMEPHIOBAHHOCTH ®, = 0,5).

¢uOpuHa paHee MpoONUIa HE MOJHOCTHIO, TO C MPAXOAOM BO3BPATHOM 3XO-MOKOOHOM
BOJIHH TMPONECC NOMMMEPH3ALMA MPONO/IKHTCH (pHC. 3.

Hakosen, 6510 06RapyXeHO, YTO KOIZA MOPOr MO OTHONMICHMIO K CBEPTHIBAHMIO
ouenb Man (6, < 1,2), TO TPOCTPaHCTBEHHAS KAPTHHA CBEPTHBAHNAS KPOBH onpenensercs
CIENYIOIMM BOJHOBHM PEXHMOM (puc.4). ITocne 10KaNbHON HHAIHALNH CBEPTHBAHNAS,
Kax oOwuHO, (popMHpyeTcs TPoMOHHOBas BOMHA GOBIIOH aMITATYAH, BHIHBAIOMA
06pa3oBaHME MEPBOXO CrycTka. 3arteM (opMupyeTcds HAymas el BCaen BONHA aHTH-
ceepraBalomero daxropa. [Tocieansia HaCTATACT NEPBYIO, ocnabasger ee, HO HE racHT.
OnHAKO, MAJOAMILTATYAHAS TPOMOWHOBAS BOJIHA BIIPEA> HMKOINA HE YBEJIHUMBACTCS
0 aMILUIATYJ, COMOCTaBAMBX C MMEBIIMMH MECTO MpH ¢bopMHpOBAHAA NEPBAYHOIO
crycTtka. VICHNTHB2S TNEPHOTHYECKHE, 33TYXAKOmMMeE xonebaHud, OH3 BHIXOAUT HA
CTAaMOHAPHHN PEXHM PpacrnpoCTPpaHCHHS (puc.4). Tlpm sTOoM cnesoM 3a Hell C TOH
Xe CKOPOCTBIO JBHXETCS MAJIOAMIUTUTYAHAs BOJHA AHTHCBEPTHBAIOMCTIO daxropa.

JTOT pEXHM COOTBETCTBOBAaI OH B ISKCHNEPHMEHTE GuicTpoMy 00pa3oBaHMIO B
KpPOBH TBEPHOTO, XOPOMO 3aNOJMMEPH3HPOBABINEIOCS LEHTPAIBHOIO CryCTKa u Men-
JICHHO paCcTynicll BOKpPYr HErO 30HH, B KOTOpOi#l CTENEHb NOJTMMEPH3ALH $ubpuna
MaJsia. OTa 30HA NOCTENEHHO pACHIMPAETCS A0 ECTCCTBCHHHX IPAHMILL. demxymeics
¢poBT moMMepA3aLEM BeAeT cefd B 9TOM CIyyae TOYHO TaK Xe, KaK M XOpOmWo
A3yYCHHHE ABTOBOJIHH B AKTHBHHX CPEnax [14,31]. Cxopoctb 3Toro ¢bpoHTa SBIASETCH
ABTOMOJE/IBHOM NEPEMEHHOM, 3aBMCSIMIEH HE OT HAYAIBHHX YCJIOBHM, 2 TOJMBKO OT
cOBCTBEHHOM BHYTDEHHEH KHHETHKHM CHCTEMHL ‘ ‘

OOcyxpaeHue pe3yibTaToB
' !

TpoBencHHBI TEOPETHUECKMA ABAM3 KHHETHUECKOIO yCTpOMCTBA CHCTEMH CBEP-
THEAHAS MOKA3aJ, UTO B KPOBH UYEJOBEXA HMEIOT MECTO BCe HEoOXOAMMHE YCJIOBAS
ans (GOPMHADOBAHMS KaK JIOKATA3OBAHHHX, TaK M NPOCTPAHCTBEHHO PpCryJISpPHBIX
AMCCHTIATHBHRX CTPyKTyp. M3 Hamero paccMOTpeHHMs CJENYET, 4TO dopMupoBaRHE
3THX CTPYKTYP AOJIXHO MPOHMCXONMTDH MO CYryG0 BOJHOBOMY MEXaHH3MY, OTIMIHOMY
OT paHee M3BECTHHIX MEXaHM3MOB CTPYKTYpooOpa3oBaHms.

Buemue ¢OpMHPOBaHME B MCXONHO OXHODOAHOM Cpejie NMPOCTPAHCTBEHHO ymops-
AOMEHHHX CTPYKTYp IyTEM NOCJACAOBATEIBPHOIO POXICHHS APYr 32 APYIOM HOBHIX
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CTPYKTYPHHX 3JIEMEHTOB HanoMuHaeT pocT Koaew, Jluzuranra [32 ], oquaxo MexauHIME
3TMX TpPOLECCOB HE MMEOT HHuero obmero mexnpy coboit [33]. B 10 xe Bpems
CTPOro¢ MOC/IEAOBATE/IBHOE MPOCTPAHCTBEHHOE YNOPSJAOYEHHE, MPH KOTOPOM HOBHC
CTPYKTYDHHE JJIEMEHTH BO3HHKAIOT HAa HEKOTOPOM PacCTOSHHH OT paHee cdopmupo-
BABIIMXCS, HE MOXET OHTb ONMMCAHO U ¢ mo3numii Teopnd Thiopuara [1]. 39r1a Teopus
NpEeAnosaraeT, YTO0 YCJIOBHS CTPYKTypooOpasoBaHMS, BOZHMKAIOMME B pE3Y/bTATE
HEYCTOWUYMBOCTH, TOTANBHM, T.€. CAWHOOOPA3HH BO BCEX TOYKAaX PacCMATPHBACMOH
CHCTEMH. BesiencTBme Takoi 3akpuTHyeckoil Gmdypxkanmm poXIEHHE CTPYKTYp HO
THIODHHETY MOXET MPOMCXOAMTh BCIOAY MO MPOCTPAHCTBY OXHOBPEMCHHO, T.C. Mapas-
JIGJIbHO B pasHHX 4acTax cucremui. [Ipm 2TOM B npHRUMNE HEBO3MOXHO OMHCATDH
00pa3oBaHAE B HCXOAHO OAHOPOAHON HEOTPAHMYEHHOH CHCTEME JIOKAIH30BAHHHIX JUC-
CHIIATHBHHX CTPYKTYP KOHEHWHOIO pasMepa THNA MapooOpasHHX CryCTKOB.

UccnenoBanne AOKpUTHYECKMX Gudypkaumit B peaknnoHHO-aH(xpy3HOHHHX CHC-
TeMax NOKa3ajo, YTO POCT MPOCTPAHCTBEHHHX NATTCPHOB MAET MyTEM ACJICHHS paHCE
¢hOpPMHEPOBABIIMXCS CTPYKTYPHHX G/OKOB, BHEIIHE HANOMMHAS NCJICHHE KIETOK [34-
36). B oTaimume OT 3TOr0 B paccMaTpuBaeMoi cHcTeMe (hopMHpOBaHHE peryaspHOH
IPOCTPAHCTBEHHOM CTPYKTYPH NOJDKHO MATH IYTEM AOOABJICHHS BHOBb BO3HMKAIONMIMX
CTPYKTYPHHIX 3J€MEHTOB K paHee C(OPMHPOBABIIAMCH.

IMpu GHopMHPOBAHMHM B PaCcCCMaTPHBAEMOH CHCTEME JIOKATM3OBAHHKWIX AMCCHNATHB-
HBX CTPYKTYp (pHC.l), KOTODHM B JKCIEPHMEHTE COOTBETCTBOBAH OB CrycTKH
KOHEYHHIX Pa3MEpOB, MH IO CYTH HMEEM JEJ0 C HOBHM HEOOHYHHM (HEHOMEHOM,
KOTTIA. KOHEYHHIH pa3Mep OObEKTa OKA3HBAETCH 3aBUCSIIMM HE OT criocofa WHAUMANKy,
a OT cOOCTBEHHO KMHETHYECKOIO YCTPOMCTBA CHCTEMH. B 3TOM CMHIC/IE pasMEp CryCcTKa
npencrasaser cobOM THNHUHYIO COOCTBEHHYIO XapaKTEPHCTHKY CHCTEMH — €€ BHYT-
penHmit MacmTab (aBTomacmrab), T.€. XapaKTEPHCTHKY, nonobrylo cobcTBeHHOH va-
cTOTE aBTOKOJie0aHMH M CKOPOCTH aBTOBOJH B HM3BECTHHX AaKTHBHHX cpexax. Tem
CaMbiM NIPH 3HAJHM3EC CHCTEMH CBEPTHBAHHMS MH CTOJKHYJHMCh C HOBOA aBTOXapaKTe-
PHCTHKON HEPAaBHOBECHHX CPEA — AAJBHOCTHIO PAaCHPOCTPAHEHMS BOJIHHL.

OTMeTHM, YTO HE TOJBKO pasMep Crycrka, HO M BCE NPOYHE NPOCTPAHCTBCHHHE
MacmTabH CTPYKTYp B pacCMaTpMBacMOM CHCTEME, TaKHE KaK TOJMHHA 30HH C
MOHHXEHHOM CHOCOOHOCTBIO K CBEPTHBAHMIO, WMPUHH 00pasylommxcs KOJEL, He
8aBHCST OT CrOoco0a MHMIMAIMH CBEpTHBAaHMA. [losroMy OOHapyXeHHOE SBJICHHE B
menoM yMecTHo Ghuto GH HA3BaTh aBTOMACIITAOMPOBAHMEM (ABTOCKCWIMHIOM).

PacCMOTpEHHHI HAMH MEXaHM3M CTPYKTYypooOpa3oBaHHS ROCTaTOYEH IS Mare-
MATHUYECKOTO OMMCAHNS KaK KOHCYHHX YEAHMHEHHHX OOBEKTOB THNA CryCTKOB, TaK H
nocsenoBaTeNbHO (POPMHUPYIOIIMXCS KOHLEHTPUUECKHX Kosen. B pamkax sroro me-
XaHHM3Ma KPOBb BHCTYNAET KaK Cpefa, B JUHAMHKE CBEPTHBAHNSA KOTOPO# OKA3HBAIOTCH
CYIIECTBEHHHWMH 1BA CHEIUICHHHX CAMOYCKOPSIOMMXCS MOPOroBHX mponecca. Bomen-
cTBHe SToro TpomGooOGpasoBanme mpencraBaser coboit cBoeoGpasmuit, cyry6o mByx-
ABTOBOJIHOBOM NPOLECC. -

Ob6mas U3AKO-MATEMATHYECKAS TEOPHA TAKMX CYIIECTBEHHO OMAaBTOKATAIHTH-
YEeCKHX, ABYXaBTOBOJIHOBHX CPEl K HACTOSIIEMY BPEMEHM HE Pa3BUT3. JTO, BUAHMO,
CBSI33HO C TEM, YTO BO BCEX [ETAJILHO M3YYEHHHX A0 CHX JIOP AKTHBHHX CPEAax B
KAYyecTBE ABTOKATAJIMTHYECKOH BCETNA BHCTYNAZNA TOJBKO oaHA mepemeHHas [12-14,
37-39]. Kak nokasano MCCIEAOBAHME NPEAIOXEHHOH HAMH MOAEHH B CYIUECTBEHHO
6HABTOKATAIMTAYECKON CHCTEME MMEETCS PSA HOBHX HEOXHA3HHHX OCOOEHHOCTEH.

1) Hasuume B aKTHBHHX CpEAax HM3yuYEHHHX PAaHEEC THIOB ONHOH ABTOKATAIM-
THYECKON NMEepeMEHHON MpeaonpeReNseT BO3MOXHOCTh NOJHONO HCUEPNAHWUG PECYpPCOB
CHACTEMH NO BCEMY NPOCTPAaHCTBY. HMKAakoM CaMOJMMHTHPOBAHHOCTH B ITHX CPEAax
Her. MopMupyomuUecs B HUX BOJHH M (PPOHTH PACTIPOCTPAHLIOTCS A0 €CTECTBEHHBIX
rpannn. (TouHo TakoBa CHTyanus M B CHCTEMax C LHCONHHIMHM Da3BCTBICHHHIMHA pe-
AKIHSMH, YIpaBAdIOMMMH HpoueccaMu ropenns W B3puBa [37-401).

BraBTOKATAIHTHYHOCTD B PACCMATPHBAEMONH HAMHU CHCTEME ONPEAESeT NOBEACHHE
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TPOMOMHOBOIl M AHTHCBEPTHBAIOMEH BOJH KaK CaMOCTOSTE/bHHX, KOIA PAcCTOSHHE
Mexny ux ¢ponramu Beamko. COmxenue dbponToB TIPUBOAMT K TOMY, UTO BOJHH
CTaHOBATCS B3aNMO33BUCHMHLIMHA H IBOIOLMOHMPYIOT, TaK Xe€ KaK M THOHYT, CLEILIEHHO.
Benenacrsue yero m MoryT popMHpPOBATHCS OGBEKTH KOHEUHHIX pasMepoB, T.e. MOXET
PEayn30BaThC ABTOHOMHHEIM, CaMOIMMHTHPOBAHHHIN 110 MPOCTPAHCTBY MPOLECC.

2) B or/iMuMe OT TPAZMUHMOHHHX OJHOPOAHHX AKTHBHHEIX Cpell, B KOTOPDHX NOHM-~
XeHHast Bo30yInMocTs (pethpakTepHOCTD) O0HApYXMBAETCS TONBKO C3aM PacIpoCT-
paHsiomerocs (ppoHTa, B PacCMaTPABAEMO HAMM CHCTEME MEXAHMIME TOPMOXEHHS
BOJIHH CNIOCOOHB OGECIEYnBATh CHMXEHHE CIIOCOOHOCTH K CBEPTHBAHHIO U HENOCPen-
CTBEHHO mepes TPOMOMHOBHIM (poHTOM, T.e. CBOEOOPa3HYIO «IEPENHIOION pedpaxrep-
HOCTb. B cuity aToro B paccmMatpmBaeMoit cHCTeMe MH JOJIXHB MMETb cBoeobpasHoe
“OTTA/IKHBAHME» (3AMENICHUE) PACNPOCTPAHSIOMMXCS HABCTPEYY APYT APYTY (POHTOB,
4 HE MX aHHAIWISUMIO, KaK 9TO UMEET MECTO B AKTHBHHX CPEAAX M3BECTHHX THIIOB.
[12,14] .

3) Amanns moxeNM NOKa3ai, YTO B PacCMATPUBAEMOH HAME IPOCTPAHCTBEHHO
OAHOPOJHOM CHCTEME MOT 6H MMETh MECTO APDEKT 3apoxacHHs BO3BPATHOM aBTOBOJIHH
Thna 9xo. [lomoGumit >dpexr [41], B u3BecTHHX nO CHX Op AaKTMBHHX Cpeaax
MOXET HMETb MECTO TOJBKO NPH HAJIWYHMHM NPOCTPAHCTBEHHOH HEONHOPOLHOCTH.

Bumenpuseaennne coobpaxeHus moKasHBAIOT, YTO C NO3HIHH TEOPHH CaMOOp-
FaHN3ALAH KPOBb MOXHO PacCMATPUBATH KaK AKTHBHYIO CPENy MPHHLIMIHAIBHO HOBOTO
THNA, B KOTOPOii ()OPMHPOBaHAE NPOCTPAHCTBEHHHX JUCCHIATHBHBIX CTPYKTYD HOJIXHO

€UMBATHCH CYry00 aBTOBOJHOBHIMH MEXAHH3MAMH.

C MenuumMHCKOM TOYKHM 3pEHHMS 3a7aua MCCICIOBAHAS MEXAHHIMOB dysxumonn-
POBaHHAd CHCTCMH CBEPTHBAHHMS KDOBH SBJSETCS HCKTIOUHTENBHO AKTYanbHOH. OT-
MCTHM JIAUIb XOPOWIO M3BECTHHI CHHAPOM XHCCEMHHMPOBAHHOTO BHYTPHCOCYXHMCTOTO
CBEPTHBAHUA, BO3HMKAIOMMUN INMPH MHOTHMX NATOJOIMYECKHX npoueccax [42,43). Mu
NOJIaracM, 4YTO NPHUPOAA ITONO NPOLECCA MPIMO CBI3AHA C ABYXBOJHOBHM MEXAHH3MOM
CBEPTHBAHMSA KPOBH. .

Mu Graromapam A.H.BopoGbesa 3a 10, uro ero paborw u BHCTYIUICHUS] CTHMY-
/MPOBAJIA HAC 3aHITBCS HCCICHOBAHMEM CHCTEMH CBEDTHBAHHS KDOBH. Bmpaxaem
TIPH3HATEILHOCTL CBOMM KosLteram no paGore: P.W.Boakosoit, A.B.IToxunxo, E.N.Cn-
Haypunse, B.M.CapGamry, B.E.MoBmesy, 3a momomp B pabore u IUIOROTEOPHKIE
JHUCKYCCHH. )

Pa6ora Bunonxena npu ¢puHanCOBOH nomnepxke Poccmitckoro @oupa Oynnamen-
TILHHX MccAenosanmit (rpanr N 93-03-5523).
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SPATIAL ASPECTS OF HUMAN BLOOD CLOTTING DYNAMICS
IL PHENOMENOLOGICAL MODEL

ATAULLAKHANOV F.I, GURIA G.T., SAFROSHKINA A.YU.

National Scientific Centre for Haematology, Moskow

Pattern formation dynamics of the blood clotting system was investigated using a reactlon-diffusidn

mode! based on modern biochemical concepts. It is shown through analysis of the mode! that the pattern
formation mechanism in the blood significantly differs from the well known fundamental Turing’s mechanism.
Within the mechanism discovered the human blood is treated as the specific new-type active medium, in
which the pattern Jormation is determined by the interplay of two autowaves.
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