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PACIMMPOCTPAHEHUE ®POHTOB,
MUMNYNbCOB U BOJIH
ABTOBOJIHOBbIe moAaeNnu B SKONOrmu

Mopenu pacnpocTpaHeHuUs
HepBHOro MMny/bCca




Moaenb pacnpocTpaHeHWA BOHbI

[leTpoBCKOro-Konmoroposa- [TMUCKYHOBA

£

1$(c)

a 2
X _pZ ()
$¢ ) A %1

Mogaeib pactpocTpaHeHUsA
} - JOMUHUPYIOLIETO BUaa

OyHKIMU PaBOU
4acTu




AHapen Hnkonaesny Koamoropos

YemoBeuecTBO Bcerga MHE
IIPEACTABIISIIIOCH B BUAE MHOXKECTBA
OJIY’>KJAIOIIUX B TYMaHE OTOHBKOB,
KOTOPBIE JIMIIb CMYTHO YyBCTBYIOT
CUSIHUE, PACCEMBAEMOE BCEMU
IPYTUMH, HO CBSA3aHbI CETHIO SICHBIX
OTHCHHBIX HUTEH, KaKIbIU B OJTHOM,
IIBYX, Tp€X... HanmpaBieHusax. 1
BO3HHUKHOBEHME TAKHX IIPOPHIBOB
yepes3 TYMaH K APYyIroMy OTOHBKY
BIIOJIHE pa3yMHO Ha3biBaTh "AYJIOM".

Annper Hukomaerrnd KosiMOropoB 3aHUMAET YHUKAJIBHOE MECTO B
COBPEMEHHOM MAaTEMaTuKe, U B MUPOBOU HAayKe B 11eJ10M. [1o mmpore
1 Pa3HOOOPa3HI0 CBOMX HAYYHBIX 3aHSATHUH OH HAITOMHHAET
KJIACCUKOB €CTECTBO3HAHUS MPOILILIX BEKOB



UBaH leopruesny

MeTpOoBCKUMU
1901-1973

BBIJAIOIIUICSI COBETCKUU MAaTEMATUK U JEATENb OTEUYECTBEHHOIO
obopazoBanus. C 1951 mo 1973 rr. — pexTop MOCKOBCKOIO
rOCyJapCTBEHHOrO yHUuBepcurera uM. M.B.JlomoHOCOBa



[Mpodunab pacnpoCTPaHAOLWENCA BOJIHbI B Ppa3Hble MOMEHTDI
BpemeHu B ypaBHeHuun lMeTpoBckoro-Konmoroposa-lMcKyHOBa
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* [pepenbHaa popma KPMBOI NJIOTHOCTM AAETCA PeLleHnem
YPaBHEHMUS:
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e obpawaowmmca B Hy1b Npn Z =+ o0 U B €AUHULY NpU Z = — 0.

e Takoe peweHue V (Z) Bcerga cywectsyeT U e4UHCTBEHHO, C
TOYHOCTbIO A0 Nnpeobpa3oBaHua (A — NpPon3BONAbHAA NOCTOAHHAA), HE
MeHsAtoLwero Gopmy KpUBoMn.

* YpaBHeHME MOXKeT bbITb NOIY4EHO, EC/IN UCKATb pPeLLUeHne
YPaBHEHMA pacnpoCTPaHeHUA BOJIHbI B popme:

V)=0,

e Cltr) =V (r—At)



Ambpo3ma - ambpo3mneBbin AMCToes,

PacteHne oo 180-
200 cm B gNnHY
PacnpocTtpaHaeTca
TO/IbKO CEMEHaMM
(narke BockoBoW
CnesocTu)

Ambpo3ua nonviHonnctHaa (Ambrosia artemisiifolia) 6bina 3aBe3eHa B
Poccuto B copoKkoBblie roabl 20 BeKa Bo BpemA Bennkon OtevecTtBeHHOM
BoWHbI BMECTe C aMepMKaHCKMMKM NPOA0BONLCTBEHHbBIMUM MOCTaBKaMU
3epHa. «Yyxon» ana Poccum Bna 6bICTPO pacnpocTpPaHMACA MO OFPOMHbIM
Tepputopusam Esponenckon yactn CCCP, B 3aKkaBKa3be, Ka3axcTaHe,
Mpumopckom Kpae. AMBpo3mA 3arnyLllaeT NoceBbl Ky/IbTYPHbIX PACTEHUN,
He nmeeT B EBpone 1 A3nmn ecTeCTBEHHbIX BpeauTeneun, He noeaaeTcs
H6ONbLLINHCTBOM TEMNNOKPOBHbIX }XUBOTHbIX, Mbl/ibLLa aMbpPO31K BbI3bIBAET
MACCOBYIO aNIJIEPTUIO Y NIIOAEN B IeETHEE BPEMS.



PacnpocTtpaHeHue ambpo3mneBoro
nucroena

* [lonocaTbin XXyK —ambpo3nesbin ancrtoes
(Zygogramma suturalis), asnaetcs
ecTecTBEHHbIM BpeauTenem ambposunm B

AmepuKe.

[epsbin BbINyCK B 1978 T. B
CTaBpono/sibCKOM Kpae.

B 1983 r.— o 5 Tbic. ocoben Ha 1 KB.M




[TonynAaunOHHaA
BOJIHa

HaunHaA c TpeTbero NOKoNEHUA KyKa
rpaHuLbl pa3pacTatolencsa nonynaymm
MOXHO bbl/I0 ONpeaennTb No 30HaM
BbICOKOWM MNAOTHOCTM INCTOEAA. TN 30HbI
npeacTaBnAnm cobom HenpasUIbHOM
dopMbl Kpyru, NpUYem MnosiIoXKeHme 30H
BbICOKOM MJIOTHOCTU B TEYEHUE CE30HA
OCTaBaNoOCb PUKCMPOBAHHBIM U U3MEHAIOCb

Wb B Cnieayrouiem cesoHe




MonynaumMoHHas BolHaA aMmbpo3neBoro
nucroena
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RSO0+ + 9 BonHa ambpo3uneBoro
| nucrtoena, Kpmeasa |, n
% BOJIHA NOPAXKEHHOCTH
100 _ ambposumn (%), kpusas
I11 -/ Il. 1 — pacyet no
—_—— - moaenu, 2,3 — AaHHble
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\+ HabnogeHnn
\'l' Anekcees B.B., Kpbiwes N.U.,
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\ MaTematTmnyeckoe
\ + 'B‘l' O MOOENNPOBAHUE IKOCUCTEM,
oL 0 l L >cof 4 1992




OLEeHKa 3aCOpPeHHOCTU (PUTOLIEHO30B A30BCKOro pai

FID | Shape * name ] 5 _ambr dolya ambr
FL_14] Polygon ANeKcaHgpoBCKoe 30538 2457 0081787
2 | Pobygon ENHEABETHHCKDE Soa7 1216 0133818
13 | Polygon ENHEIBETOBCKDE 15024 692 0,04506
& | Polygon zafoHCKDE 23748 3023 0127285
17 | Polygon EaraneHHLukoe 2030 a7 0110481
7 | Pobygon EANHHOBCKDE 20716 2187 0,105571
1 | Polygon KpacHOCAL0BCKDE 3547 408 0115027
10 | Polygon ERYIMAHCKOE 14151 1544 0,109109
12 | Polygon Kyreicroe 0258 3482 0,115073
4 | Polygon EyNEWoBCKoe ga22 1341 0205812
11 | Polygon MaprapuToBCKoE 18220 2332 0127391
& | Pobygon HOBOANEKCAHOPOBCKDE 13450 1979 0147138
0 | Pobygon ofuneHeHCKDE 11481 1349 0117385
15 | Polygon oTpagHoe 18525 2414 0123638
9 | Pobygon newkseckoe 21080 265928 0127329
3 | Pobygon POreKHHCKDE 10267 1176 0114542
5 | Polygon camapckoe 17019 2110 0,123579
16 | Polygon cemuBankosckoe 13518 1120 0082852
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[1NOTHOCTb CeMSH aMbpo3umn B rnoyse — OT 24 A0 127 WT. Ha KB.M.

(Koeanes n ap. 2013, 2014; Kosanes, TioTioHOB 2014; Apxunosa u ap. 2014)
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[loneT nuctoena

Mbdidol D

@ bBbicTpoe (B TeyeHne 5-6 nokoneHum) pa3Butne crnocobHOCTU K NONETY

JNeTarowmnn noaBua Zygogramma suturall;
volatus Kovalev (Koesanes 1989; Kovalev 2004)

0 0.V, Kovaley

N3mMeHeHnsa akcnnnspHOro annapara,
BK/OYAOLWME pa3BUTUE MbiLL, U
akeunnsapHbix ckneputoB (Kosanes 1989;
Bpoackunn 1989; Kovalev 2004; Ap3aHoB
2012)




TpeboBaHUs K MOAENN

@ fABHOe onucaHune I'IpOCTpaHCTBEHHOVI ANHAMUN KU

@ PaccmoTpeHume Kak cnyvyarHbix (AMddy3MOHHbIX), TaK U
HanpaB/IEHHbIX MOTOKOB MOMNY/ALMNOHHOM NJIOTHOCTMH,
CTUMY/IMPYEMbIX HEOAHOPOAHOCTbLIO NMULLEBOTO pPecypca

@ YyeT NnpocTpaHCTBEHHOM HEOAHOPOAHOCTU NYTEM BblAeNEeHUSA
HEeNPUroAHbIX ANA Pa3BUTUA PACTEHUI Y4aCTKOB

@ BO3MOXHOCTb OTCNEKMBAHUA NU3SMEHEHNN TEHETUYECKOU CTPYKTYPbI
nonynaunmn putodara

@ Yyet addeKkta Onnum (Allee 1931; Stephens, Sutherland 1999) 8
nonynaunmn putodara

8 yHMBEpCE\!’IbHOCTb, NMPUMEHUMOCTD K I'IO,EI,O6HbIM cncremam

O6beanHeHne Moaenun NpoCTpaHCTBEHHOrO rnoseaeHns XuiHnKka (FoBOpyxuH u ap.
2000; Arditi et al. 2001; TwoTioHOB 1 ap. 2002, 2009; Sapoukhina et al. 2003) ¢ nemo-
reHeTn4yeckummn ypasHeHuamm B.A. KoctuupbiHa (Kostitzin 1936, 1937, 1938, 1938a)
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YAE MAPTMH
XEMCTAA

Cepaue —
KYNbTYPHbIN

M Hay4YHbIU
CMMBOJ




PacnpocTtpaHeHue
HEepPBHOINo MMMyAbCa U
aKTMBHOCTb cepALa

AKCOH 9-AHEBHOW MblILIN

MoTeHuManbl B cepaue



3a4a4va pacnpocTpaHeHUA HepBHOro
MMNYAbCA.

B oTBeT Ha ctyneH4yatoe nuameHeHume HanpAaxeHmnd sg0/1b MEM6paHbI npoxoauT

OAWNHOYHbIN HEPBHbIN MMMYNbC— MNOTEHLMAN AENCTBUA, KOTOPbIN ANNTCA NPUMEPHO 1
MC W pacnpocTpaHsaeTca co ckopocTbio oT 1 go 100 m/c.
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dopma HEPBHOIO MMNY/bCa BO
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Moaenb Xoa4KMHa-XaKcaun

Hodgkin A.L., Huxley A. F. A quantitative description of membrane
current and its application to conduction and excitation in nurve // J.

A.L.Hodgkin Physiol. (London), 1952, v.117, p. 500-544.
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Mopenb Putuxoto-Harymo

Fitzhugh R. Impulses and physiological states in theoretical
model of nerve membrane // Biophys. J., 1961, v.1, p. 445-466.

Puyapg PutuXoio
. . _ (FitzHugh Richard,
Nagumo J.S., Arimoto S., Yoshizava S. An active pulse 1922-2007)
transmission line simulating nerve axon // Proc. IRE, 1962,
v. 50, p. 2061-2071.
MembpaHHbIN NOTeHLMAN OcTanbHble NepemMeHHble

du dv
—=fUu)-v+I1l,, —=bu-vv,

f(u)=u(a-u)(u-1).



PacnpeneneHHaa mogenb PUTLXbIO-
Harymo
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Moanoporosoe BO3AeNCTBUE

Hapnoporosoe Bo3aeicTene



Cepaue — obbemHan cuctema Co CNOXKHOM
NPOCTPAHCTBEHHOW OpraHun3aumnen, B
KOTOPOW KaXXAblX 31EMEHT ABAAETCA NN
reHepaTopom KonebaHum nnum
BO3OYyAMMbIM 3/1EMEHTOM




dopma lNoTeHumana lencrtema B
PA3INYHbIX OTAEeNax cepaLa




JKCNepuMeHT: onTnuyeckoe
KapTUpoBaHWe annKkapaa

'ﬁ. s:_ l_‘ 5

Mechanical + Electrical activity Cold arrhythmia
electrical activity




MopaenupoBaHue BOJIH B cepAeyHOM TKaHu
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AKCMomaTuyeckme
Moaenu
BO3O6yanmom cpeapbl
(H.BuHep, Po3eHbntor,
lfenbdaHa, Letnnn)

N. Wiener

Wiener N. and Rosenblueth A. The mathematical formulation of
the problem of conduction of impulses in a network of
connected excitable elements, specifically in cardiac muscle //
Arch. Inst. Cardiologia de Mexico, 1946, Ne 3-4, v.16, p. 205-265.

N.M.TenbdaHg,

fenbdanp, U., M., , B. TypduHkens, C., , et al. (1963). "O cuHXxpoHM3aLUNM
ABUraTesibHbIX eAUHULL U CBA3AHHbIX C HEKO MOAE/IbHbIX
npeacrasneHuax." buopusmka 8(4): 475-486.

BuHep, H. n Po3eHbntoT A. (1961). "MpoBeaeHne MMNyAbCOB B CEPAEYHOMN MbILLLLE.
MaTtemaTtnyeckas popmyampoBKa Npobaembl NPoBeAEHMNA UMMAYbCOB B CETU CBA3AHHbIX
BO30OYAMMbIX 9N1€MEHTOB, B YaCTHOCTU B cepaevyHomn mbiwile." KubepHetnyeckum cbopumnk UM 3.




| free AKCMOMATUKa
BO3OyaAMMbIX cpen

. 7

1. KaxKablh aneMeHT X MHOMKecTBa X MOMKeT HaxoAMTbCsl B O4HOM U3 Tpex
cocTtoaHu: nokoi (free), Bo3byaeHune (exited) n pedpaktepHocTs (refracted).

e 2. CocToaHue BO36y)K,£I,eHI/1F| nmeetT HEKOTOPYH A/TUTENDBbHOCTb T PAa3/IUYHYIO,
3006u1,e roeopA, N4 pa3HblX X, 3aTEM aIEMEHT NepexoanuT Ha BpemMA R(X) B
pecbpaKTopHoe COCTOAHME, NOC/NIEe YETro BO3BPaALLAETCA B COCTOAHNE NMOKOA.

e 3. OT Ka)kaoro Bo36yXAeHHOro 3/ileMmeHTa BO3byXKAeHMe pacnpocTpaHAeTca C
HEKOTOPOM CKOPOCTbIO V MO MHOKECTBY HAXOAALLIMXCA B MOKOE 3/1eMEHTOB.

e 4. EcnvanemeHT x He 6bln BO3OYKAEH B TEYEHNE HEKOTOPOrO OnpeaeneHHOro
BpemeHu T (x), TO NO NPOLIECTBUMN 3TOro0 BPEMEHN OH CAMOMPOU3BO/IbHO
nepexoauT B BO3byKaeHHoe cocTosaHue. Bpemsa T(x) Ha3biBaeTcs nepnoaom
CNOHTAHHOW aKTUBHOCTU 3neMeHTa X. [peaenbHbIM ABAAETCA caydai, Korga T (x) =
00, TO €CTb CMOHTaHHAA aKTUBHOCTb OTCYTCTBYET.



PesepbepaTopbl
(cnnpanbHbie BONHDI)

BonHa BO36yKaAeHNA MAET CBEPXY
BHU3,;

YepHbIM NOKa3aHa Bo3byKaeHHas
cpeaa, WTPUXOBKON —
pedpaKTepHas cpeaa;

ceTkoM (Ha A) — HeBO3bYAMMbIN
Y4aCTOK cpefibl, KOTOPbIN
cTaHoBMTCA BO36yanmbim (Ha b)
KaK pa3 B TOT MOMEHT, KOrga MMMO
Hero NPoxoAuT BOJIHA
BO30OyaeHnsa. B—E—
AANbHENLWNI Xo4 BOMIHbI Npw
BO3HWKHOBEHUN peBepbepaTopa.
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CnunpanbHble
BOJIHbI B
cnucrteme

benoycoBa-

HaboTMHCKOro

pa3mep A4YENKU
9 KB. MM.
(Muller, Plesser

et al. 1986)



3D (o6bemHble) BUXpKU B cepaLe 1 B peakumm
Benoycosa-abotuHckoro (BZ)

From: Aliev RR, Panfilov AV. From: Anues PP. (1994).
Chaos, Solitons & Fractals 7(3)
293-301 (1996).



9BO/IOLUMA CMNPANBbHOUN BOTHbI







[eHepauna N pacnpocTpaHeHue
Bo36yKaeHua 8 CY u npeacepanm
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Shibata et al., Experimental Physiology (2001) 86.2, 177-184.



Kapouomuouyum oxpyocen 8-12 kanunsapamu




Cxema meMbpaHHbIX U BHYTPUK/IETOYHbIX TOKOB
B KapgnomumoumTte

|lla |ca,1 |ca,l |t Ill!l |I(r |I(s |tn |sus |I(ac||

Asmes P.P., Hatinaxsu JI.M. JAH 402 (2005).



JKBMBAJIEHTHAA SNEKTPUYECKaa cxema membpaHbl
KneTtkn CMHYCHOTO Y3na XKenygodka

BHekneTouHoe NPOCTPAHCTBO

Na Ic:‘Aa',L 'Ca,T lto lsus IIl(r ks 'f* Ibg Kach |

P 'TIT'

X feh-modified currents

Model described in: Zhang et al. Am. J. Physiol., 279, H397-421 (2000),
Zhang et al. J. Cardiovasc. Electrophysiol., 13, 465-474 (2002).



MopaenunpoBaHue: TpaHCMYypaibHOE
(KpynHooyaroBoe) pacnpocTpaHeHne
BO3OYXAEeHUA

NHTpa-mypanbHbii MHPAPKT — 3aXBaTbIBAOWMIMN OAUH OTAEN CepALa,

TpaHCMypasibHbIA — HECKO/IbKO OTAE/10B



