®EHOMEH
MATEMATHUUYECKOMN
MO/IEJIN
JIOTK-BOJIBTEPPHI 11
CXO/IHbIX C HEN

—



MareMarnueckass Mo/JeJib
JIoTkn-BoJsbTeppnI

OO0 B MoaeIn
«XULTHUK-KEPTBA» H3yuyaeMblie IPOIEeCChI:

-

dB " . |1 momymAnuonHOe
dt =B| (Bl ,B,)- Zﬁiij —a,RF(B;), i=0,n || B3aumopeiicTBue
/=0 2. Mojiesi B3auMOJIENCTBUSA
IR RlesayF(By)+1 +e,0,F(B,)~ i) SR "y
| dt C OKpYzKalo-1llel cpeiol;
3. MOJieJIb KJIaCCOBOM OOPHOKI;
‘ 4. MOJieJIb 0eCKJIacCOBOTO
00111ecTBa 3IIOXU OXOTHUKOB-
Hcrosb3yeTcs 1J14 OruCaHusA coGupareei;
Pas3/JIMYHBIX IIPDOLECCOB 5. MO/ieJIb BOEHHBIX JJeHCTBUM;
6. BUpyCHas MO/iesib MH(PEKITNOH-
OMoJIOTHH, HOTO 3a00JIeBaHUS;
HKOJIOTHU, 7. MOJIEJIb PacIIpOCTpaHEeHUs
MeUINHE, AIUJIEMUN BKJIIOYAsA MOJEIb
B COITUAJIbHBIX UCCJIEIOBAHUAX, 3apaxKeHuA BUPyCOM KOMIIbIOTEPOB;
B UCTOPUHU, B paIMOPU3HUKE U JPYIUX HAYK 8. Mo/ie/Tb B3aUMO/IeHCTBUA

KOI'HUTHBHBIX I/I/I/IJII/I
IMOIIMOHA/IBHBIX MO/ MO3ra.




OcHOBHBIE TUIIOTE3bI MOJEJIN
Ha OCHOBE 5K0JIOTHYECKHUX IIPUMEPOB

Mogenb JloTku—BosibTepphl — e€cTh MaTeMaTH4ecKoe OIhcaHue
JAPBUHCKOTO0 NpPUHIMIA O00pbObI 3a cymecrBoBaHue. OHa
OMUCBbIBAET B3aMMOJIEICTBUE JIBYX BHJIOB — MOIIYJAIMA
XUIHUKOB U IOILYJIAIMU KEPTB.

N(t) — YHCIeHHOCTb JKepPTB
P(t) — YUCJIEeHHOCTD XUIITHUKOB

dN

— =aN — bNP
dt

dP

— = —dP 4+ ¢cNP
dt

e a,b,d,c — moJ10KuTesIbHBIE IIOCTOSHHBIE.




OcHOBHBIE TUIIOTE3bI MOJEJIN
Ha OCHOBE 5K0JIOTHYECKHUX IIPUMEPOB

CrcremMa ypaBHEHHU OCHOBAHA Ha CJIEAYIONIUX JOMYIIEHUAX:

e IPU OTCYTCTBUU XUIITHUKOB KEPTBHI PA3MHOKAIOTCS HEOTPAHHYEHHO
corsiacHO ypaBHeHuio dN/dt = aN, KOTopoe Ha3bIBAIOT HHOT/A
ypaBHeHreM MaJibTyca;

e XMIITHUKHU MPHU OTCYTCTBUU KEPTB BHIMHPAIOT COTJIACHO yPaBHEHUIO
dP/dt = —-dP;

. cJaraemaie, IIPOIIOPIIUOHAJILHEIE IIPOU3BEJECHUIO NP,
paccMaTpUBalOTCs KaK HpeBpallleHre SHEPTUU OJHOT0 HCTOYHUKA B
SHEPTuI0 Apyroro (ddpdexT BAUAHUA MNOMYJIAIUU XUIIHUKOB Ha
MOMYJIALUI0 KEPTB, TO €CTh Pe3yJbTaT UX BCTPEUYU, COCTOUT B
YMEHBIIIEHUU cKopocTu mpupocta dN/dt uuciaeHHOCTH XepTB Ha
BenunHy NP, IponopoHaIbHYI0 YHCIEHHOCTH XUIITHUKOB).

aHHAasi MOJIeJIb SIBJISIETCS CTPYKTYPHO-HEYCTOUYNBOU




CucreMma «<XHIHUK-KEPTBA» C Y4ETOM
BHYTPUBUAOBON KOHKYPEHIIUU

N(t) — YHCIIEeHHOCTD XKepTB
P(t) — YMCJIEHHOCTD XUIITHUKOB

dN N
—=aN(1——)—bNP

dt K,
ap = —dP|1 £ + cNP
dt K,) "¢

rae K1,2 — IIOTEHOHUAJIbHBIE EMKOCTHU SKOJIOTUYECKUX CUCTEM, KOTOPBIE
onpeac/aIArnTCA JO0CTYIIHBIM KOJIMYECTBOM PECYPCOB U COOTBETCTBYIOT
IMpeAC/JIbHbIM SHAYCHUAM YU CJIIEHHOCTHU HOHYJI?IIIPlﬁ.

\



Mopaesib KOHKYPEHIIMU U MO/I€JIb

MyTyaauzma (cumonosa)
Modenw KonkypeHyuu

dN, N,
- - TlNl 1 - K_ - eN1N2

dt ]
AN N (1 NZ) hN, N
. TRz LT | T N N
dt K,
rjae 7"1’ 7"2’ e,h = TIOJIOKUTEeJIbHBbIE€ IIOCTOdAHHBEBIC. AHEUII/IB CUCTEMBbI

ypaBHEHHM IIOKA3bIBAET: €CJIM N MONIYJIALUN JIMHEHWHO 3aBUCAT OT M
pecypcoB, IIpUYeM m < n, TO MO KpallHEd Mepe OJiHa M3 IOIyJIAINMN
BbIMHPAET

Modeab mymyaausma (cumbuosa)
du1

T Uy (ry+aqus+aquy)
duZ _
T Uy (T +az U +azus)

JIsl OIIMCAHMS MyTyaIn3Ma JOCTaTOUHO IIOTPeO0BATh, UTOObI




Bo3MoO:kHBIE TOIIOJTHU-
TeJIbHbIE (DAKTOPHI BHYTPHU- U
MEKITOIYIAIMOHHbBIX OTHOIIIEHUN

HenuHeliHass 3aBUCUMOCTb CKOPOCTH PA3MHOXKEHUS IONMYJANUN KEPTB OT
IVIOTHOCTA TP MaJIbIX 3HAYEeHUSAX IUIOTHOCTH (OTCYTCTBUE JAOCTAaTOYHOTO

au,
KosinuyecTBa OpauHblx map): A(u) = ey TA€ A W N — mnoJsioKuTeJbHBIE

IIOCTOsIHHBIE.
BHyTpuBUA0BasA KOHKypeHIUs KepTB: A(u) = au(l — %)

bu
HacmmeHHe XUIITHUKOB: 31 (u) = (1+aw) — TpO(l)I/IUIeCKaH (I)YHKI_II/IH XUIITHHUKA.
o o bu
HenmuaenHBIN XapaKTeP Bbl€JaHUA XUIIIHUKAMU KEPTB: 31 (u) = (1+azu)

bv
(1+Pw)

«KoHKypeHIUsA XUIIHUKOB 32 3KepTB: B, (V) = . ITpu sTom B(u, v) =

= Bi1(u)B2(v).

v
KOHKypeHI[UA XUIIHUKOB 34 OTJIMYHBIE OT 3KePTB pecypchl: C(v) =

v
(1+1<_1)
HenuHeWHBbIN XapaKTep 3aBUCHUMOCTH CKOPOCTU Pa3MHOKEHHS XUIIHUKA OT
IUIOTHOCTH TIOIYJIALMY IIPU MaJIbIX 3HAaYeHUAX IJI0THOCTU: C,(V) = npu

atoM C(u,v) = C;(u)C,(v) wm Ci(u) = B;(u).D,(v) = cv,
cv

(Nv + v)B; (u)

c
(Nv+v)’

T.e.C(u,v) =




1. MaTeMmaTnueckaa MOJAeJIb B3aIMOJIeUCTBUA
3arpsa3HeHUuA C OKpYy:Kaloliel cpeaon

CuTyanus «3arpsasHeHue — IPUpo/ia» &~ YaCTHBIU CIIydal MOJIEJIN
«XUIITHUK-KEPTBa»

N(t) — YHCI€HHOCTB KEePTB ~ Npupooda

P(t) — 4YKMCJIEHHOCTD XUIIHUKOB &~ 3a2ps3HeHUe

I'J1aBHOE NP EAIIOJI0KEHU e

OKpy:Kammasg cpeJa aKTHBHO abcopbupyer u mnepepabaTbhIiBaeT
3arpsi3HeHUe BILIOTh /10 OIIPeJIeJIEHHOIO IIpe/iesia

CueHapuu B3aIMOJIEVICTBUSA

1. Ilpm wmasnbpix BbBIOpOCax 3arpsA3HEHUs OKpY’Kawllas cpefa €ero
IIOJTHOCTBIO IlepepabaThIBaeT (yCTOMUYHBAs CUTYaIlHsI).

2. [Ipu yBesinyeHUN BHIOPOCOB 3arpsi3HEHUs B 3aBUCHUMOCTU OT BHEITHUX
YCJIOBUHU U CIydaWHBIX MPUUYNH OKPYKAIOIIasA cpejla MOXKET HaXOUThCA B
YZIOBJIETBOPUTEIEHOM COCTOSIHUH, a MOXKET U IMOTHOHYTH (bucTabuiibHas
CUTYyaIusl)

3. HakoHell, TpeThbs CUTYyalllsI COOTBETCTBYET SKOJIOTHUECKOU KaTacTpode

OJIHOMY BEIMHUPAHUIO IPUPO/IbI




1. MareMaTudeckas MO/JA€eJIb B3aMOJAEHCTBUA

3arpsA3HEeHUA C OKpYKaIoUlen cpeaon
ﬁ[OCTpoeHI/Ie MOJEeJIN:
P - KOHIEHTpAIlUA 3aIrpA3HEHUA
E — m1oTHOCTH OMOMACCHI.

B cjiydae I1OCTOAHHO Z[GﬁCTBYIOIIIGI‘O HCTOYHHKA 3arpA3HE€HUA, CKOPOCTb €Ir0 U3SMEHEHUA

MOZKHO OITHCAaTb CJIEAYHOIIUM o6pa30M:

dP_ -
act - ’

I/le @ — MOIITHOCTh UCTOYHUKA 3aTPSA3HEHUs B €IMHUILY BpeMeHH, b-— koaddurueHT
€CTeCTBEHHOTO YHUUTOXKEHUs 3arpsI3HEeHUS.

[Ipu HayasbHOM ycoBuM P(t = 0) = P, pellleHNe YpaBHEHUS] UMeEET BHU/I
a a
P(t) =+ (P —7)e™
b © b
TO €CTb CO BpEMEHEM KOHIEHTpAIIUA 3aIrpA3HEHUA YMEHbIIAETCA €CTECTBEHHBIM 06p330M

'umnoresa: 3arpsA3HeHNE HAXOAUTCA B IIOCTOSSHHOM B3aUMOJIEMCTBUU C OKpY:KaloIei
cpeaou, KOTopas oKas3blBaeT OUYUIaloIui 3P PeKT Ha 3arpsA3HeHue. Torga

IIPOIECC B3AaUMO/IEUCTBUS C OKPYKAIOIEN CcpeIoM MOKHO OIUCATh CIIEAYIONEN CUCTEMOU
YPaBHEHUMU:

rae byuknusa f(E,P) > 0 — onucbiBaeT abcopObupoBaHue U nepepaboTKy
3arpsi3HeHUs OKpYy:Kalolieil cpenoit; g(E) — caaraemoe, OMchIBatoIiee
TUHAMUKY OKPY>KaIoIler cpeibl B OTCYyTCTBUE 3arpsa3Henust; h(E,P) —
yHKIYS, OnMChIBaOIIasi BPETHOE BIIUSHUE 3arpsi3- HEHUsS Ha

LIIyT0 Cpe/Ty




1. IIpocrenmas MoaeIb B3aNMOAE€HCTBUSA
3arpsA3HEeHUA C OKpYKaIoUlen cpeaon

ﬁ[pI/IMeM B KauecTBe PYHKIIUIN B3aUMOJEUCTBUS 3aTPA3HEHUS U JKUBOU ITPUPOIHI
f(E,P) = cEPwu h(E,P) = dEP, te c u d — TIocTOSSHHbIE KO3 DUITUEHTHI.

Byzmem cuuTarh, YTO TIPH OTCYTCTBHHU 3arpsi3HEHUs TIOBeJIeHHe OKpyXKaroleii cpe-
Il MO)KHO OITMCATh JIOTUCTUYECKUM ypaBHeHHeM, TO ecTh ¢(€) = r&(1 — £/K), tne
7 — MOCTOSTHHBIN KO3 dumueHt, a K — COOTBETCTBYeT MAaKCMMAlIbHOMY 3HaueHUI0 & TpHU
d€ /dt = 0. TlongctaBus Beipakenus g f(E,P), h(E,P), u g(£) B cucreMy ypaBHeHHIt
(9), monyuum
dP & &

_— = — OP-—. €& —— Lc,‘ = = — .
el bP — cEP, i (1 K) dEP

[Tepexons B cucreme ypaBHeHwuit (10) k Ge3pa3MepHBIM ITepeMeHHBIM

_b_u C_b_v —bt : I
_d, (,—c, T = y O(—bQ,

ad r r

Uy = +

i ba p:E,

noaydaeM MPOCTEHIIYI0 MaTeMaTHIECKYI0 MO/IelIb B3aUMOEUCTBHS 3arpSA3HEHUS C OKPY-
YKarolei cpeioil B BUAE CIIeAYIOIUX YPaBHEHUN:
du dv 5

7 =@ u—u, EZ’U(UO_U)—P’U-

e



2. MareMaTudeckasa MOJd€eJb OUNCTKHN CTOUYHBIX BO/I

PaccmoTpum fmaiiee Mojellb OYMCTKM CTOUHBIX BOJ, OCHOBaHHYIO Ha CleIyHOIINX
MPOCTBIX MpeACTaBICHUSX.

bynem paccMarpuBarh 3arps3HUTEIb KaK «KepTBY», a OMOIOTMUeCKH aKTUBHBIH WII
KaK «XHIIHHKa». [Ipoliecc OMOXMMUYECKOTO OKHCIIEHUs 3arps3HUTeNs OylaeM TpaKTOBaTh
KaK «IoeJaHue» ero MUKpOOpraHu3MaMHi aKTHBHOTO WIIa.

[Tpeanonokum, 4To UMeeTCsl IOCTOSTHHBIH UCTOUHMK 3arpsA3HeHMs, a aKTUBHBIH I
criocobeH mepepabarbiBaTh 3arpsA3HeHHe 10 olpeiereHHoro mnpexena. CuMraem, uyTo M3-
MEHeHHe KOHILIEHTPAIlMi aKTUBHOTO WJIa B YHCTOIf BoJe YOBIBAaeT 10 3KCIIOHEHIIMATbHOMY
3aKOHY.

Torga TMHAMUKY OYMCTKH CTOYHBIX BOJ MOJKHO ONHUCATh YpPaBHEHUSIMHU

P £

E:a‘_bD(P)_Cf('Da")v E:_do—l—é’.h(P,@)’

rae P(t) — xKoHLeHTpauus 3arps3HeHusi Boibl, &(f) — MIOTHOCTh GHMOMAcChl aKTHBHOTO
wina, D(P) — dyHkuus AUCCUNAIMK, XapaKTepU3yIollas eCTECTBEHHBIH pacrajl 3arps3He-
uust; f(P,E) u h(P,E) — Tpodudeckne GpyHKINHN, XapaKTEPU3YIOIIHE MPOIECC OUUCTKH
3arpsA3HUTeNs1 OMOJIOTHUEeCKH YHUCTHIM WIOM; @ > () — MOIIIHOCTh HCTOYHUKA 3arpsi3HeHUS;
d > 0 — mocTosiHHasi, XapaKTepu3ymllas CKOpPOCTh YObIBAHUS aKTHBHOTO Wjla B YMCTOH
BOJIE; C U € — TOIIOKHUTEIbHbIE TOCTOSIHHBIE.

N



2. Maremaruueckasn MOACJIb OUNCTKHN CTOUYHDbIX BO/I

Homyctum, uto D(P) = P, a tpoduueckne QyHKIHH «XHUIIHUKa» H «KEPTBB»

U OJIMHAKOBBI U UMEIOT BHUJ;
PE
P.E)= h{P.E)= —. 1me r >0 — mocTosgHHAas.
FP.E) =P8 == m
Torna GyaeM UMeT:
dP PE d€ ’ PE
LT o ST e PR [ ]
dt r+P dt r+P

Pa3yMHO mNpeAnonokuTh, UTO CYIIECTBYeT HEKOTOpOEe MOpPOTOBOE 3HaueHHEe KOH-
LeHTpaLUU 3arpsa3HeHust P*, Mpu MpeBbIllIeHHH KOTOPOTo OYMIIA0IIas CIOCOOHOCTh Uila
YMEHbILIAeTCsl, U PacCMOTpeTh Tpodudeckue GpyHKLHUUA BUIA

f(P,E) =EPe ™, r=const>0.

B stom clIydace BCIUMYHHA IMOPOTroBOT0 3HAUCHHA 3arpA3HCHUA P* = 1/7’ B P€ajlbHOCTH
B OITUCBIBACMOM IIpOLeCcCe €CTh €11€ OJHAa KOMIIOHECHTA — TMPOLECC aspalliy — HACBILLCHHUA
Hi1a KHUCIIOPOAOM, KOTOprﬁ SHAUUTECJIBHO ITOBLBIIIAET CHOCO6HOCTB nepepa60TKH 6I/IOJIO-
'HMYCCKH AKTUBHBIM WJIOM 3arpA3HUTEIIA. & YUYE€TOM CKa3aHHOI'0O MareMaTrudyeckasa MOI€C/Ib
OYUCTKH IIPUMET BHU!

P | . dE , , dQ

- —:a—bP-—Cf(P,L‘/). "—:_d"+€f(Pﬂé’)Q(t) —:—IIQ+R~

dt dt dt

rae a, b, C, d, e = const > 0. 3,[[er Q(t) — KOHLECHTpanuAa Kucjiiopoja, a R > 0 onpenaeiAaeT

BCIIMYHUHY NIPHUTOKA KHUCIIOPO[Aa B CUCTEMY B €IHHHULY BPEMCHHU.
Nee 0 S



3. MogeinpoBaHue KJIacCOBOM OOPbObI

3anuireMm YPAaBHECHUA MOJCIIH «XHIIMHUK—KCPTBA» B BUJC cnez[onmeﬁ CHCTCMBI:

e a(y1 — y)z, e —b(z — 1)y,

rne r, Yy — 4YACICHHOCTb HOH}’JIHI_II/Iﬁ, 1 U Y1 — HX CTAlUOHAPHBIC 3HAQUCHUA, G U b -
[IOCTOAHHBIC.

PaccmoTpuM, ABa THUIIA TPaKAaH: pabouux 1 KaITUTaJIUCTOB.

Pabourie TpaTsIT Bech CBOM Ji0X0J WL Ha moTpebJieHHe, KalWuTaJIHUCThI
HaKaIJIMBalOT CBOM A0x074 Y —wlL, rae Y — mpoayknus mpousBoacTBa. IleHa
IIOTPeOUTENBCKHIX TOBAPOB HOPMHPOBaHA K €UHUIIE.

IIycte K o3Hagaer kamural, a = age?’ = Y /L — Hpou3BOAUTENHLHOCTH TPY-
12, BO3PACTAIOIIYI0 C MOCTOSHHOM CKopocThio ¢, K = K /Y — xosddunmeHt xamura-
noeMkocTH mpomykuuu, N = Npe™ — npemnoxeHue Ha pblHKe paboueil CHIIBI, KOTO-
poe YBEeIIMYUBAETCS ¢ TEMIIOM pocTa n. Jold 3arpaT Ha OIUIaTy TpyJAa IO OTHOIIEHHIO
K HaI[MOHATBHOMY Hoxoxmy cocrapisier wlL/Y = w/a. CnenoBarensHo, nons npuOBLIHA
KanmuTainucToB coctaBiieT (1 — w/a). IlockonbKy cOepeskeHHMss MOXKHO OINpeNelHTh Kak
S=Y —wL=(1—-w/a)Y, nons uuBectuuuii cocrasisier d/dt = S = (1 —w/a)Y
w (dK/dt)(1/K) = (1 —w/a)(Y/K); npu 5ToM BEIOBITHEM KanuTala npeHeOperaeM.




3. MoaeaupoBaHue KJIacCOBOM O0OPhObI

[Tocne nmpocThIX nTpeoOpa30BaHuii, C yUEeTOM I0JIydaeM

i
dr  [1-y
E_I - L _(g+n)
dy [ldw 1da
it J|wdt  aadt
rae (da/dt)(1/a) = g.
de |1 | Y dy 3 |
E—w[g—(mn) k]- o = Yl=(g +7) +pa].

3ameTruM, 4TO MoZeib ['yaBMHA, yUMTHIBarOIlas B3aUMOCHCTBUE MKy YPOBHEM
3aHATOCTU U 3aKOHOAATE/IbHO YCTAHOBJIEHHOM /10JIeH OTUMCIIeHUH Ha OIUIaTy TpyAa, BeCh-
Ma HallOMMHaeT KJIaCCUYeCKHe MO/ TOJUTHUECKO SKOHOMHHU (e€ MHOI/a Ha3biBa-
I0T HEOMapKCHUCTCKOI). Mozellb BHOBb MpHBJIEKaeT BHUMaHHE K TpydaM 3KOHOMMCTOB-
KJIaCCUKOB, TakuX Kak Pukkapao, Cmut, Mapkc. YBbI, MOZellb CTPYKTYPHO HEYCTOWYHBA.

WUTak, Moiellb «XUITHUK»—KEePTBa» MOXKeT ObITh MCIIOJIb30BaHa /151 MOJeIUpOBa-
HUS SBJICHUM B3aMMOCBS3U I'OPOJCKOM 3eMelIbHON PeHTbl U HHTEHCUBHOCTH 3€MJIeTI0Nb30-
BaHUs, Oe3paboTHILI U TMHAMUKH 3KOHOMHYECKOTO POCTA.

N



4. CxomHada naeo0J1orud Jiojaeu i
OIIMCAaHUA BOCHHBIX IeHUCTBUHU

B saHHOW MoOJAeNMN COCTOSIHHE CHCTEMBI OIIMChIBaeTcaA Toukod (X, y)
IIOJIOKUTEJILHOTO KBajipaHTa ILUIOCKOCTH. KoopauHaThl 3TOH TOUKHU X U Y —
YHCJIEHHOCTH IIPOTUBOCTOSINX apMHUN. YpaBHEHUS MOJIEJIN UMEIOT CIEAYIONTUI
BU/I:
dx dy
— = —by, — = —ax.
dt dt

31ech a u b — MOIITHOCTD OPYKHsI apMUU X U aDMHHU Y, COOTBETCTBEHHO.

B pabore B./1. ApHoJba mpeaIioiaraeTcs, UYTo HempepbIBHAA alllIPOKCUMAIIHA
JIOCTaTOYHO XOpOollla, ¢ CKOPOCTh M3MEHEHUs YHUCJIEHHOCTH BOUWCK
IIPOMOPIUOHATIbHA  3(P(MEKTUBHOCTH  BBICTPEJOB IMPOTUBHOU  CTOPOHBI.
«7KecTkadg» Mozesb JOIyCKaeT TOUHOE PellleHue B BUJe:

v A YA

2 2
ax® — by® = const.

dx dy

e —b(z,y)y. = —a(x,y)x?

>
X

Puc. «Msarkas» mojeilb BOHHBI | Puc. «KecTkas» MOJi€/Ib BOHHBI



5. IIpocreiiniasa BUpycHas MO/JEJIb
NH@GEKIINOHHOI0 3200 1€eBaHUA

OcHOBHBIMH (hakTOpaMH B MoJIeIi HHPEKITMOHHOTO 3a00jIeBaHUs SBISIOTCS ClIeTy-
FOIIIHeE:!
e KOHLIEHTPALUs MMaTOTEeHHBIX PA3MHOXKAIOUIMXCS aHTUTeHOB V' (1);
e KOHIeHTpauus aHtuten F'(t); mox aHTUTelaMH MOHUMAIOT CyOCTpaThl MMMYHHOI
CUCTeMbl, HEUTPAIM3YIOIIMe aHTUTeHbl (MMMYHOITI00Y/IMHBI, peleNTOPhl KIIeTOK);
e KOHIEHTpalus Mmia3MokiIeTok C' — HocuTesel U MPOAYLIEHTOB aHTUTE!T — TpeIToJa-
raeTcs MoCTOSHHOI;

® CTCIICHDb IOPAXKCHHUA OPl'aHA-MHIICHHW HC YUHUTBIBACTCA.
YPaBHeHI/Ie, OIIHUCBIBAKOLICC H3MCHCHHEC YHCIIa aHTHICHOB (qymepongIx KJICTOK,

ITPOHHUHKAKOIIHUX B OpFaHH3M), HMECT BH]

dV
— =BV —yFV.

IIJUI I[MOJIYUCHHA BTOPOI'O YPABHCHHUA TTOACUHHUTACM OajlaHC yucia dAHTHUTCII, pearupy-
OOHUX C aHTUTCHOM. By,:[eM HMETDb

dF = pCdt —wyFVdt — u Fdt.




5. IIpocreiiniasa BUpycHas MO/JEJIb
NH@PEKIMNOHHOI0 3a00/IeBaHUS

PaccmoTrpuM aBa mpefeibHBIX Ciaydas AWHAMHKH Oone3Hu. JlomycTum, 4To opra-
HH3M He TPOU3BOIUT aHTUTEIl JaHHOH cnienuuIHOCTH, TO ecThb F'(t) = Fy = 0 mns Bcex
t > 0wup = 0. Toraa u3 (28) cinexyert, uTo
dV

— =BV = V(t) = VoePt,

rae Vo — no3a 3apakeHus (HauajbHas KOHIEHTpalus aHTUTeHOB) npu ¢ = 0.

[

Puc. O6nacte 3aboneBanwii, orpa-
HUUCHHAS PEIICHUSMH Ul JBYX Mpe-

JACJIIBHBIX CIIyUacB



6. CxomHbIe MOJEJIU pacIpoOCTPaHEHU IINUAE MU

Paccmorpum SIR-Mmozens Kepmaka—MakKeHipuka, nojaras, 410 0CoOU MOMY/ISLHUA
MOTYT OBITh B TpeX pa3IMUHBIX COCTOSHUSX:

e S(t) — 3m0poBBIe 0COOM, KOTOPBIE HAXOAATCS B TPYIINe PUCKAa U MOTYT MOAXBAaTHTh
UH(DEKLHIO;
[(t) — 3apa3uBIIMECs IEPEHOCUUKH OOIe3HHU;
R(t) — Te, KTO BBI3IOPOBET M T€PeCTal PACHPOCTPAHATH 00JIe3Hb (B 3Ty KaTerOpHIo
OTHOCSIT, Hal[pUMep, MPUOOPETIIUX UMMYHHUTET HIIH J1a)Ke YMEPIIHX ).

TunuuHas 3BoMIOIUSA OCOOM TOIY/ISALIMU ONUCHIBACTCS CIEAYIOIIeH IuarpaMMoi:
S—1— R.

[TocTpoum heHOMEHOIOTHYECKYIO MO/IE/Ib, COOTBETCTBYIOIIYIO HarpaMme, HCTOb-
3ysi CIeAyIOIIHe JOMYIIeHHS:

1) momynsius 3aMKHYTa U UMeeT MOCTOSSHHBIN pazmep [V

2) MPOMEXYTOK BpeMeHH, Korja 3a0o0IeBIIMI OCTaeTcs OMACHBIM I OKpYIKaro-
IIUX, paclipeesieH Mo 3KCIOHEHIMaIbHOMY 3aKOHY CO cpeaHuMm 1/v;

3) KOHTAKThI CIydyaifHbl U PAaBHOBO3MO)KHBI (OIHOPOJHOE TIepeMelIMBaHKe).

[Ipu >THX gonyIIeHUsX OyJeM UMETh:

dS dl dR

E — —AS, d_f =Rl ‘{I, E = YI?

N —



6. CxoaHbIE MOJIEJIU PACIIPOCTPAHEHUA 3ITHUAEeMUN

rjae A — Tak Ha3blBaeMasi cujia MH(pEKLIUH, KOTOpasi B JaHHOM CJIyuae paBHa MPOU3BEIEHHIO
KOJIMYECTBA KOHTAKTOB B €IMHHILY BPEMEHH, CIEIaHHBIX OIHHUM 30pOBLIM (0003HAUUM
3TO KOJIMUECTBO Kak /N '), BEpOSATHOCTH MepeaaTb eMy WH(MEKIUIO MPU KOHTAKTe P U Bepo-
SITHOCTH BCTpeTHTh 3abonesuiero [ (t)/N. O6o3nauum 3 = cp. Toraa nomyuaem L = ] u
NPUXOAUM K CTaHIapTHOH (hopMe ypaBHEHUIA:

ds dI dR dS dI dR
B2 pep B peg ¢ SR___p =0
G P2ty g =k By @ T BV E Y m -

S(t) + I(t) + R(t) = N.

TpeTbe ypaBHeHHE B NPUBEIEHHOW CHCTeMe H30BITOUHO M, MOCKOIbKY dS/dt < 0, To
€CTeCTBEHHO CUMTaTh ()a30BBIM MPOCTPAHCTBOM TpeyroibHuk S(t) + [(t) < N.

B KHUTEe Ipe/IoKEHO UCI0JIb30BaTh MOIEJIb, PACCMOTPEHHYIO BHIIIIE, C
HEKOTOPOU MOoAH(PUKALIUEN JIJIsI aHAJIN3a 3apakKeHUsI BUPYCOM
KOMITbIOTEPOB. IlocTaHOBKA 3a/1aUH CIeAyIOMIas:

[IycTh S — 4HCI0 KOMITBIOTEPOB, KOTOPbIE IMMOABEPTAIOTCS 3apaKeHUIO
BUPYCOM, I — 4acTh KOMIIbIOTEPOB, 3apa’keHHbBIX BUPYCOM U HE UMEIOITUX
aHTHUBUPYCHOTO MPOrpaMMHOro obecrneueHusi, R — 4acTh KOMIIbIOTEPOB,
IOITUX JIOJDKHYI0 aHTUBUPYCHYIO 3alTUTy (MMMYHUTET).




6. Moaudukanusa MOJAeJaN pacipoCTPpaHEeHUs IITHUAEe MU

dS dl dR
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800 Sotho =N 5309 1 g0
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Puc. [Ipumep KOHKPETHOTrO pacueTa 1o ypaBHEHHSIM




7. 00001eHHaa Moae b JIoTku—BoJbTeppshl A1
OIIMCAHUA B3aMO/IE€NCTBUA KOTHUTUBHBIX M/HJIH
AMOIIMOHAJIBHBIX MOJ MO3Ta

KpynmHomaciiTabHble KOTHUTHBHBIE IMATTEpHbI (MOJBLI WJIHW MpeACcTaBJIeHUs,
Ha0J1I0/1aeMble B SKCIIEPUMEHTE) B paboueM perkrMMe MO3ra JOJIKHBI I10JIaBJATh
APYyT [Opyra, 4YTO €CTECTBEHHO [OJIXKHO IIPOUCXOAUTH II0CJIeN0BATEJIbHO BO
BpeMeHU. THBIMU cjI0BaMH, pabOTaIONIUNA MO3T JIEMOHCTPUPYET KOTHUTHUBHYIO U
SMOIIMOHAJIbHYIO aKTUBHOCTh B BHJI€ LENOYKU CMEHAINUX ApPYyr JApyra BO
BpeMeHM KOMOWHAIMU QQYHKIIUOHAJIBHBIX MOJI, a CcaMH OJTH KOMOWHAIIUH
OIIPEJIEJIAIOTCA POIOM MEHTAJIbHOU aKTUBHOCTH.

YOOMAHYTBIE BBIIIE IIPOIECCHl KOHKYPEHIIUU KOTHUTUBHBIX U 3MOIIMOHAJIbHBIX
MO/, MEKTy cO00M, a TaK»Ke SMOITMOHAIbHBIX 1 KOTHUTHUBHBIX MO/ APYT C IPYTOM
B paboTe mpejjiaraeTcsi OIMCHIBATH CHUCTeMaMU YypaBHeHUN Ttuma JIOTKU-
BoJibTepphl B cieayoliei 00001eHHoNu popMe:

dz;i(t) -

= zi(t) |wi(E) — Zqi,j(E_)xlti(t_) +izi(Bn(t), 1= 1,.n.
i=1

3mech x;(t) XapakTepu3yeT aKTUBHOCTb i-i MOJIbl (UUCIEHHOCTH i-i TOMYIIALUU B 3KOJIO-
THH); 1 — YKCIIO B3aMMOAEHCTBYIOMMX Mof (momyasauuit); 1;(F) — nocrynamoias B CH-
creMy MH(OpMaLMs UIU JOCTYIIHbIe pecypcesl; (p; j(E) — ameMeHTs MaTpullbl B3auMoIeH-

CTBUSA; 1)(f) — MY/IBTUILIMKATUBHBIN IIyM, IPUCYTCTBYIOLIHIT B CHCTEMe; T — XapaKTepHoe
BpeMsi, omnpejiesIstoliee npoliecc.




