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their orange cousinsbut traditional sweet potatoes will work just fine, too [8].
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LOMdIslz ddzt sted3Oydd d dJdeW stedsOydesdzdzr = MdMmlsj &3 tsis
HsMislzy, otejusdshd j OOCH d EklbjuSd HOddz &,
yd aztsflsdetsmisd HBfUISIZEde'an d ddaW stedzOydd.

dtcj H ZetotstL BJLESYO m med d dziizs ¢ 30y dfdizd
dzj f toj H dzZO3J toj dzdzr | . Rmn MdzjHMmlsodjd dsckls Mmdzkzyd
ftej Hipsea, kKOS ( 'ljts aq’dzdzJ Hj2flsedw f§sd L
ftosctcORBBdsd sBj M jyiddd d Is. H

dlstsdls tBtOIlsdIs! dzd B3O dzd J @O EetogRisk dgw h dfjda
OCIsr, MmMtsea jteh O BB J m 1uct“ dzOdzj Misd otcj H d daW St

ZOtelzh dls+ dr destedzOdz! dztsy Wk ydodzdtetse Odzd J .
Clsd EeoctetsL ™ oCdzs yoels o MmjBWw:

T mOCjtemMCdy OIOSC(d
i Jtoj Hisdesfdets] ftesctcOBRBdets] B Mt j Y ded §
i Adhddzc d MtsydOdzr dzgOw ddgy j dzgj o W
i1 4 dzd qdgsNjj deded yd lse O
i U] YS © HOdzdze R~
I sdBjth{dsdOy
i wjljoerj OLOSHd d tlsSCOL o eBMdzE)y de Oded d
i 1l dezlstej deded j EcGtetsL T
I sdBjtlsjtetetsted L O3
i sdBjtco ts2 dz
Y]jdtse jC O, Mlstej @3 h jetsmw dzOtckzh dls! tOBtslskz ddz
HsMiskzf ¢ dJddW fec@GodaRf, o OO6 Cdaidzxfdgidd - OC j toc s d3. J
frlsOslsfimv dzO2Isd dJdeW stedzOyd s , CslsstcOY HOJjIs HEsM
oL BN dC O, o ®BOCMdABOd dgr » B j BOR d §tod d3d dzd
tcOL dzdydz' | EdzseCd d ftedj d3" .
I deOfmlstswh jj otej i3W H daf dalissigdgdydudl datgl ts BL A0S Hfdsd3ts

tcOL OB SIS OIs! B34 ~ OdadiL filts d3dzfc Grufdd L s Ols fnd mils j d3dzr 2
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dMfcd LcoOdedjd5 oL O dBsMow L Odgdz’ = Bjte. CWWjSIsdo
pC s yoOjls o MmMjBw SCodfdjSh ojt, cTdobtzn @ hdf"
sBlkzyoshdj OmfjCisr , d IbteiBlzjls MY ddtses $BC
ZeototsL ' .

1 tsH "ketbLts2" fdddkoOsls d*eBt?2 §slsjdydod dzr
Clsstets] dBsyjls fojHMisOo dvils! f OMdasmls: ddzd daj @
ffflsj 5", HOdeder j] ddzd 4§ jwOydd. s Shdsed & ket

IzISJuCO dde stedzOydd ;

SR tetsdi sOydw dda¥ stedsOydd;
ﬂJMGMCudB@d&BSO%@BJ ftedd3j da
dzj f tcOo ddz! detsj ftod d3j dgj ded j d daW

dz wtsted3®uq’tsc
s
dzj MOz ydsdzgdtotso Odedz 2 B 3§ dz d dz
z
B

|
|
| d dz
i yd
i d3®ud4? d&3d At
I slsCOL s ddW stcdzOydtsdeder = t6j M o ;
I dzOtelkzh jdedj ddaW stedB3OyYdsdedzse s ts N d
i dzj L OCBdedets] dMyf tsdz! L soOdzedj ftod J G
1 tesWddzOCIsdyd MSOW HjwWIs] dzd desfyls s ftojHBIso to!
Wo dzW jCsifiplr op o L WWjClsdods &3 MejHMisesd3 5B MY § U ded
l Oy dets f sded BBOIs! , yYybts ftojHBlsoatON jddi Stif’ ¢ Isj to
d 1 WWjClsdodes, yjd3 Bste: BO M YoMz HMmMisoadw &3 Ol O
lted tOMCtohizddsd Ot tcj Misky dzj dzd2, Mo w L Odzdz" 7 |
Isj nded ¢ B2, s J tcOIlsd o dz | mMslstezH dzd € d MlsOdz¢ do O
ftod Msktf dzts?2 HJWIsjdzt desfpsd d ydWwttser dsd HESE OL Ols,
OkzOdzdL © d dmtf sdz' L s9 Odad,w fW=EHASYj\dgdy S~ = © H O tzez]
Bitesftcdwvisd?2 o OSCda MmMdzzyow s, dzj sBatSHd B dd&3d Is
Cslster J o' atsHYWIS L O ftejHjdzr BOLBSots?2 stdHdyd MEt
r dzw My j h dzesG s sfizh j fdsoLdrfp@ddats 2 s ] jtevAdsidda’ deiss fi
Mtslstelz H dAGWE JOEl od deW St 3Oy sdzdz = Isj mdzSdzSGe 2 dzj BB n t
&zOo " C O], L dzZOdzedw dsd d td MztemOd3d, O IsO¢YJ M

MlsOdzH OtelsT , © HBBOOtE € t0OdzjJj MECOL Odzdzs Bz Mlsts( |
L dzOdzd 2 d f tsdzdtisOfded v - @CMjdic@sdz L dzO s ! jets IsOCIsd¢S
Csistf ! s Isjteds" j] MdMmisj dizr , ktetse jdz@ jcets L dzOded?2 d ¢

ftcj f sHOo Olsj dzd or fMh dn Isj rnded ud MSC dn LO9 jHJded?2,
CsdiRf ' s lsjtode” d&3 Isjmdesdzsedw oz dIptstztsc difsts Ao O Fis Is tdf b
ftod Mskzydzr = 1 dzj 3gj delstseo, fsHMSC OL Ols! oL @By d § ¢
gkh jmMsoakjls ddsy jMisets WOSCIktsteseo d bkmdzsed?2,
H dzw dzj L OC sdedetsets HBMlszf © ¢ CtsdeW d H § dzyd Odz! dzts 2
otsLdzd C-OB! dzfHBtcOBBISSS o OBl wHkSCBSoatHMISa O
ZOMmistswh jj otjdgw" BBt! BO M dJqdWstedOydsdzder i3 k¢
LOHOYk, BOSC COC, (odBB3ddts dzj o dzd B3OIsj dz! desisd telz €
o to J H ts dztff fipdz'c Ac O d3d3, Cslsster | ftodL o Odg fseotej@dIs!
SetesBdsets wOL dzstsBtOLdY kOSCdn ftctOdid MisOdasoe
ZOH >y dzr | MejHMlsoa © L OMdIsr sls dgd n .
s ZzOmMmMdW ds Oydwy ftosectcOdidz Hdzw oL dzsdzO© 1 s
i #COdgj tor EZwWwLoddhismisj 2
I RdzMIstclz d3jadglst' © QDO W ¢ O
I Jtej HsdzsMdzets] flescteOdBBdetsy B MY Jyujddd (odtelzf
i Rdefflstclzdzj dzls oL dzsdzO f Otetsdzj 2
i Rdzistcz 3y dzlf 'j o tztstc© Szt yj?2 d " dWtctse Oded v
i wjlsjorj OBOSd d 1+ S dzs2 st
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i RAMistczdgj dzls HdzW tSBRtSHO L O dlIsr
i aYydOdz' dzOw ddgy j dzaj ted W
I telsCdlsr
T afeaOnmr zCd o Vdh ddee
dkh jmMsoalzjls otetd@dts] C(sdzdyjMmlset EcttsL o MW

sded f§tsMistswdzdets + atsdzs ydtsdzdtelzy Is. sdBjtcftcj Miskzf
tcOL tcOB OIsr 908 s dgsor j dBilssHT d Isjnded Odlzdat &v 0Ols OF
1 s1 stsdB3z, vy dzj MstsBtcOL dets EZHJ dzdls! MtsBsy o ded &3O
FectesL, IOCts?2 COC CoRf:!silsjtedz J odtekzfmr .
ddMmlsj B30 ®BteOBBISSd HOdzdzr 7 (&) d fteddzyd:
fMsL HOo9 Ols E ftoiMmMskfdditses otL 3O dztsfiplyiL o o BB s
MCter ssets HsMsEyf O ¢ dJddW¥W sted3Oydd .
1dMOdeS ydtsdzdtetso Odzgdzr 2 HtsMlskzy ¢ dJdeW stedzOydd BT
1. stsfeg fadz" &zj sBrtsHdBsMisd ¥dLdud Métsets HsMisikzf O
HOdzdz" = (&fr1) .
2. 1YL duimidd nshskzf s S8 Waf d3y Galzd@dm M(ddnfsri )

I Mot di3j dzdetsdy d3dtej, GHJ YoM i3 Misdes fted dzd
d3j dgv dzfpfwv  f sSHABH € l]’lsdzdd:s@dz,“ ddett stedzOydd . ‘A
SBrtSHd®BO tBttOBISCO d, Isjd3 Bdzj j, Qoo OW |
Wisted3Oyd d315>1@15u’tm@19|1509dizeflsld (di%ﬂte@slsalzﬁ.

1 jtco OV BTro90jls detstcdzOlsd o dz d dzj detste 3OIsd o dzOW
W stc 30y d s dzdzts 2 BJLtsl]’Ofr]dztsfr]lsq’ weodw jIsfpw Ctdif dzj €
W sted30yd sdzdzOY Mtej HO 1 Ists dzj f tetsfilsts2j degi’~, O dgdQ@ Ca3
d ¢ Is tc s dzdzts § sBBtckzHtse Odzd | , i ctsG6 tc Odzdzdats § sB j
Elstejdzgdzgdn Hjdz ® LOadMmddi@smisd s MftsMsceO BtGO
H tclzydz" j, B rOdzdL Jtetseo Odzdz" j, OolstsBBOISdL et
olssBOIsdL qietso Odzdz Jev B Q) OO0 SO EHY I tcthp O dzdz" -
Ctsorna MmMdMmlsjdz (ORI u) . 1 OC st dzj dzd § d ttBKO
hos ¢RI ® tMEM jMsodwe lsmw o tjcdsdzOdz dzr n
R

LOQdZ“ ud ded d H O dzdzts 2 MlsOls! d, d3ts ) dafs f tst
te BO Y d ts dzdzts 2 BJLEBY OmMdesmisd o ftcOo stsntcOdad Is j
ddzdi o Mbotej B dedes 3 ydWtetsosdz BBdted . o EZyd st
zg dz' - ftoj Misizy ded ¢ OB, sBd MYJuddzdd LOMNdIsT
tedzZOyd sdzdz EOtzp M leits o C dzt yj o 52 L OHOYJ 2.

stedEOIsdor d LOGER G SOLdE) COOdzdzr = d CdBJ
fjydoeoOsls COtCOMm HMAzW EMisOdaso dzj dzgdw MisOdzH Otel
q
dz
Is
4

WistedzOydtsdzdzOY B L s OMdesmisOr o dif tc Bastas T 5 O dzl
) odlsjdz dz" | HOdzdzr | d BBjMfjuydeaOjls Btstc! Bz
H oy Odeds L OCtsdedesmisd d Htse jtodw Bh jMlsoa® ¢ ¢

gl Re [[sRUu T QuULT 3
1. stejls! WG tse o. ., { sBOdtsoa © [ . . "R
ftcOo ssntcOdzedlsjdz' dz7 7 GEEOdtso: bkjtsedw d §LOCIkdSC
2. o j d3j dzts o . 1., LtedBS 50 1. 6. "R dz¥ 5t
ftcOotssntcOdzdIsy dz! dzf | BtecOdz' : 0OdzOdzd L g’tgisdec;d3 d t
3s tstedzd dzts Il . 4., | Ootej dzls! j o d. [ . " R dzW St
ftcOo scntcOdzedlsj dz dzf | BtecOdz" : oL OddBsMawL ! d o dzd
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4 . RO 1.1 ., wdHBESO9O [.R. "10CBdEHOI]
BJ LY OMmMdetsmisd o H jOdsdlag ddztsoly Isad 18 tdocOD disttson"tc ( 2 0 1 )
5. ljibteseo 1.f., uwB@Bddseoe® uv.u. " [MmMdtse ¢ds

SttEOdROR: Mmotejdjdd j o' Lo’ d tjhjddw"” (2016)

I BtedzOC s @ Mfls.. ¢ . O jOflsty Hiz( ¢ -5 Db € O L dntS P 19 @ tdAGAO W
OC OHJ BJW)

1 P2 yBtesel sERWN 2 MY 2 CkEfMO, DOEdsEa@OK s |t
s OQaLlffX OW ¢EtsMkzH OteMmise j dzdzOY OC OH j g W )

1 02 ytstetso O sk wOs h Ow fiyw 2 to f ZdeHOdZO d € Pde wtg dp | tc
s COLMEOY ctsMizHOwMmiIse j dzdzOWY OC OH j B W)

uvrs -1
1 86,1 32
[RAALTTLVARGS P10 31 Ut¢11r1WdRHrdmth@1rrIR
ITEfRYX O RYOARC JRHIL [
1 slsOh jo 0o /\.b., lo[deteisaG) [ . U.
(] o jstO® C OL S Ow sk H Qd.iise ji daizOM i ©X OH § B3q

RLEYjdedj BjrOdedL Bse wOLodlsdy d ©OMftesist
O tcOo dzj dzd j &3 BtsSte! BF f) B sdj Ladzvdefdc OdelnisoH &z 1 fig st te of
Bjte d ftedodoatsC. [dv tjhjddy (Its?2 ftsedy &3 dz0O
sdzd dMftsd Lso Odzd Isjsteds o jtetswWisdasilisj2 d HWWjt

1l jco O iSO dMfsd L s O! &Oj BOIsdyj M d
tcOMYf etsMistcOdzj dzgd¥ Bisdzj L dzj?2 BF &ZO HtejHitoddWIlsO [ O
fMHj &ZzOdz vddz' "R AOtetetsdg, Clstster 2 todd3j dzd dz  dzt
3] elsdetsisd s sMfr o 1840 &.

J dzOh |

27 ©OBGl] & dhfsd Lo Odd &Olj EOlsd
cl BHj d shdse OdzO dz® Isds feddydy j, ulsts g
gdW d ydtetseo Odaedz j] dz¢ Hd oMfMilstej yos Ismw fm dzj ddeW¥ d ydtot
Csdzd uj flsots dzj d da¥ d y & et ak) dimfz'dss Bz Js? kffgs dz' h Ols! mw
Csdzd yj Mok MistsdzC detso j dzd?2 dBiyHE ddaW d ydtetso Odzdzr d3c

{ O dEslsicdd s dj B ©wOMfshiscOds ddv  d dz¥ j
SHdE?2 §sfkzdydd.

clojmnjd Hej Wtwgudd B (o) @y @bt ) § s&flgfsgbg s

dzj L Otc Oy j dadz' sftsB o WMmtsdzj dzgls o toj d3j dzd t ] to
fsfzdvyydd o t]’tstsfnlsts@dzfr]lsalz d3r UtGJdZJBtGJGOJdSG [ 3
dL o j Misde xdPuyfdech d y(0) = a [ 2]

& = XxX(k(#t)eaekE)Il bxyeet

VticOodzj dzadj (1) tsCOLM90Ojls dL d3j dgj ded j &tsdzd yj
I'jdzd b dz® Istsd3 ZtwOodzj dedd Wodzv jlsfw Ctsi W dydy delstsds

{ftejHjddd Yajrmj iz (e

;OE§ — rgu ()

rdzv L OCter sdvw dBsHjdzd HBfEMIsdd3, Ykt L OBtsdzj 9 (

a+n=x+y=const 3)

LicOodzj dzd j (3) WodzW jlfw Efmdsedjd B OdkOdMO.

vuydlsreoOw (3), fitjfdh jiiMm2ygsed jntse O dd3 dzOY(
AmO 91 A @ (4)
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x(0) =n. (5)

LIcOo dzj ded ™ ( 4) B@lsJ BB ud & OV B H | dz! H d dzOd3
dzi L OOy § dzdz" = tsMtsB j 2.

s1 WWdydjdels ftesf steyd sdzOdz! desfplsd b o s Hj dz
f4tejrnoyd ddavj Cydd Yecsd als3eg) uP- L Higtewez’ d3d  dz® H
LdzOyjdzdd OO IstcO® b LOoadMmdls ©lIs adHO tmMtssd (

( Mdzd x(t) dL e j Mmlsdats, sts Csdzduyjfmsets y(t) d
tcOodzj dzdWw B OZOdzZMO ( 3) :

y=a+ni X (6)

lteddzd 3O St W dyd] dzs Of o®©f sty Is O dadzbizts fy lsaf]
sfted Hy dzdd3 ydmdzj dzdetsjy tejh jdzdy B©B"™ Cdztso § dzgdetse s H J VY

ANtcOG 3 dzls S sSH O:

Listing 1.y d dzj dzdetsj toj " J(d&JJ oL R Oyd ( 4)

library (deSolve)

fMB <-function(t,x,parms){

dX.dt<-(-b)*x[1]*(n+a-x[1])

return(list(dX.dt))}

a<100;n<1000;t0<seq(0,1,0.1);

b<-0.01,;

soll<ode(y=n,t=t0,func=fMB,parms=NNULL)

Y1l<-a+nsoll[,2]

b<-0.02;

sol2<ode(y=n,t=t0,func=fMB,parms=NULL)

Y2<-a+nsol2[,2]

b<-0.03;

sol3<ode(y=n,t=t0,func=fMB,parms=NULL)

Y 3<-a+nsol3[,2]

#l1 smtetsj ded] ccteOWdECO WEkdSydd x(t)fted teOL dzd A

plot(soll[,1],sol1][,2],type="1",xlab="t",ylab="x(t)",

ylim=c(0,201),col="red",lwd=4)

lines(sol2[,1],s0l2[,2],col="green",lwd=4,Ity=5)

lines(sol3[,1]sol3[,2],col="blue",lwd=4,lty=6)

legend("topright”,legend=c("b=0.01","b=0.02","b=0.03"),

col=c("red","green","blue"),lty=c(1,5,6),

lwd=4,xjust=1,yjust=1)

tdJLikzdz sOIs:

100
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tdfmr fdzOdsd € © ydmdzj dzdesmisd L OOy j dzder = tsMtseB j 2 o
100.

1)
8
«

150

50

o - —

0.0 0.2 04 0.6 08 10

{dfr f OGBS O wdhdj ddashlsd djL 0Oy | &d' & shse.
200, a = 100.

1 O0yOoOdz! dz' §j L deOyjdedw™w dodeW qydtetse Odzdz" = J
& &&d n = 20inglp. =4 1@B8MIEEd St Wi dydj dls
wdSsuydd keojaduydeOojlsmw, d wudfdzts dzj ddeWv dyd
1 Oyodz! dz' j L dzOyj dedw ddaW dydtetse Odzedz" = d dzj d
= 1000, a=£1d0 af,cdafz®y o dH :

v
400 600 800 1000

200

T T T T
0.0 0.2 0.4 0.6 ]

tdimr dzOBd ¢ O ydmdzj dedesisd L OtcOy j dedz" 7 B j 2
1000, a = 100.

o
8 4
159

150
—

50

o 4 - — o

T T T
00 02 04 06 08

L dfr 6 OB S O dhdj dedzsmisd dzj L OOy j dzdzr & SHSs
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n =1000, a =100

clr tcOMMdsslstecj dzd dssH j dz! BJL ZyjlsO orLHBEE
BsHjdz2 fp Eydltsdz 9" LHBSttse dzj dzed W™ B tsdzz(fzr - ¢ tslitsts @2
s dm" oyjflszs o' LHtBSttso joh drn thtsej 2. 1 5o OV  d&OIsy§
ftcj HMMisOo dzj dzO MdMmiIsj B2 EktcOodzj dzd2é[ 2] :

~— T ow

S YA (7)

vy — O

1 O Odpjwisotalzw j Isfpw  MiIsj §f jdet ¥ or LHBteBo dzj dedfr d 5
kdfsd shtssd.

wn  Ethom i T (8)

ViOo dzj P UOY dz" | bEMdsedw HdAv Mdflsjd , 5. ¢.
9 dzgOyOdzt dgr 2 Bsd3j dzls o tcj dzgj dzd tcOo dzts dzlz dz® .

vidzse dJ BOdZOEZMO (3) fHteddkils o dH:

® W a & @ 9)

ANtcOGd3d dzls S sSHO:

Listing 2.y d dzj dzdetsj toj " J(RJJ oL ®RH Oyd ( 7)

library (deSolve)
fMB2<-function(t,y,parms){
X<-y[1];Y<-y[2];Z<-y[3];
with(as.list(p).{

dX.dt<--b*X*Y

dY.dt<b*X*Y -g*Y
dZ.dt<g*Y+X+Y+Z-n-a

return (list(c(dX.dt,dY.dt,dZ.dt)))}D};
a<-100;n<1000;

b<-0.01;9<0.5;
y0<-c(X=n,Y=a,Z=0)
p<-c(a=a,n=n,b=b,g=0)
t0<-seq(0,10,0.1);
out<-ode(y=y0,t=t0,fMB2,parms=p)

tjLkd kOIs

T T T
0 2 4 6 8 10

tdm. 5 1 ddodids o dL d&3j daj ded ™ Ctsdzd ud e O
dzj o dz2% d yd tottp Odlzdm® L kgW S j o h d o
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}Bd=1000, a = 100 & §sdzu0jd hdjne:"dj dw

o o —— —— —— —— — i —— — = —— — = —— — = ——

1000 1200
\

Y
600 800
~
~

400

200
1
-

tdm. 6r ddzOd ¢ © ydmdzj dedztsmisd dzj  dzW d yd tets9 O dzdz" |
orLHBS9 johdmn z (t) e 2.

lted Bd " kojddujddd otjdjdd ofmj thtsd
fOHOJIs HB dzkz dzv . ydimdzs ddW dydese Odzdz" = isB j 2

HOdz! dzgj 2N Jd3 EdRgjder nOjIsiqw L O Muydls d= o
fcdzdzs] ol ObEss dzflpss j 2 .

sO0Cdd3 tsBteOL 5A3:

1.1 sfmistets d dzd Codstf ! 6 s odaz® d3d B H J fzisf Zdzw yd 2 o7

L Histots 9 dz

HdWW jtej dzydOdz! dzr » ktcOo dzj dzd 2 .
2.1 5COLOdzd SO St ¢lsjtodets] BSH | dzdtetse Odzd j
o &dHJyddaj .

gl Ru[[sRut ULt 3

1.] sH j d&zd H J taofde &gy d 2 dzO sMmdztso | HdWW j toj day
tej OdzdL Oydw o dBEsswHdR] MEtwmyBlesmtssady / 1 Otdftse
v sdzd3OY ) DO O dpto:ts RSLOH OdzMS sets W jHjtoOdzi Bz6cig. Zdzd o

2.1 jmisidagd €t J e ¥ 1 R A R R0{L9 Vol. 23 No. 3 328 334 RUDN Journal
of MEDICINE http://journals.rudn.ru/medicine

.04 2dzd 1. [ O] BOISJEO o Bdttdtsecdd d-fdBiHJyd
[ dte, 0LIZO .M.

1 slsOh joOi &. . dgpjtlzl&tima_botash@mail.tu (v j 9 jst©® € OL S OW
csfmMkzH OteMise j dgdzOY OC OH § B W

1 ddzv tetsai @) lsizHy dzls C Bj 5 d § ¢ dziip O s ¢, BourfiazfisiEddnimtk dey®
JojstOmCOLMEOY EsfmizH QoMmise j dzdzOW OC OH j 3 W

U 1 s00494
186,1 32

gl sfrufvyréc R sfruvfvréc t¢rR11RiIl4Rc
1 B8lsOh joa O A. 5., 1ddzvictsea O 71 .

(4o stOmC OL MC OV ¢ ikH O tyigste S jdigipn) og OH j &

[(DHq’ISBq’lsazlsﬁdszzq’qunQOW d W lzdeH Od3j dzls Odz! dzOW

dL zyos h Ow otLHj2Mlsadj dsdedL qtelze P jets L dzzyj o
tOHJdOyYydd d&zO LHBSteso ! | .
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sdte slssSMdSsLO. (6t dOdeBtdzjj YyoOmlsr &3 etsL Hj2Mmls
fjtcdsHsd © GEHT dqdzd HiMwWiIsddzj sdvw  smdzd 9 BL H,
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18 HOdzdets?2 MnaJ d3d HJ ZOBHEF OL @Gg q ] i y ¢ ts s df Gdzds'C 3
(SBdzd yd Mlso s dztso SteShted ezdiilstctsdy j Sfi@B3catc ] MMdctse Od
(ddzv dydtetse Oded § Ulzo MiSh dIsf) dz JasE sSls dpEd o HOE § J to
Btsdzr d@) ~ d( My o Jj oW ilsdicanlse sz f{ flz Qs jadzls dzks) ddiztv d yd
slsmizlsMlsodd oL Bsy desmisd MY dzls Ofledgses sd tMOGEE i gz
RdWdydtotse @Qdzdz fitcd ( Motsj otcj d3j dadaets d3 or weogdzj dzd d d
nd B esWddzOCIsded WHj ) sRv S Btcsigkyfz ftotsh j H
~ndBdsf oW PZOSCSYEHE (9" v o dzj q’q’ Exd o O‘;lsq’sdzts;) W
OCIsdg Odifdj)tc] nSHW IS o cHLfsfdz dB gdz'yder A te(d + WWJSIlsdo
mMEtssmis! ¢ (2) TjijtejatsHYIS 9 GtGIzl]’thz deZJl{JdZer"(t

RMY sdzt L zw KO j BBOIsd ygd ME BB H j dz MtsL HOF
cOWWiSCIkdodetsmils! d f dzOdzd tetso dch; foslR]otslskze j .66 Iz ¢
s SeRtsH j dzd
library(ggplot2)
library(deSolve)
library(reshape?2)

# Model inputs
initial_state_values=c(S=15299785,
L=1334686,
P=750000,
T=7720000,
C=2516720)
parameters=c(gamma=0.0533,lambda=0.000D3284628,mu=0.0081,p=0.0005,
delta=0.000173,
sigma=0.0075,muT=0.0206)
# Time points
time=seq(from=1,to=2by=1)
# SLPTCmodel function
slptc_model < function(time,state,parameters){
with(as.list(c(state,parameters)),{
dS <1 -lambda*S- mu*S
dL <- (1-p)*lambda*S- (delta + mu + sigma)*L
dP < sigma*L - mu*P
dT <- delta*L + p*lambda*S- (mu + muT + gamma)*T
dC < gamma * T- mu*C
return(list(c(dS,dL,dP,dT,dC)))
}
)
}

#Solving the differential equations
output<as.data.frame(ode(y=initiadtate values,func = slptmodel,parms=parameters,times =
time))
out_long=melt(output,id="time")
# To plot the proportion of susceptible, infected and recovered individuals over time
ggplot(data = out_long,
aes(x = time, y = value/100000, colour = variable, grovprrable)) +

geom_line() +xlab("Time (years)")+ylab("Proportion of the

population")+scale_color_discrete(name="State")
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I tjLizd kO fksOzddy i ooOdszzE tsc dsL o Odzd .
dzj Uj d@Pez), OYJ dZzOY f} 2010 CBHO 5 2030 CESH

riner

* time 5 L P T C
1 1 15259785 1334686.0 750000.0 7720000.000 2516720
2 2 15459330 13143025 753842.8 7112443946 2889860
3 3 15617583 12942431 7575036 6552712465 3229028
4 4 15774554 1274502.6 7T60%86.2 ©6037044.391 3536935
5 5 159350254 12550766 7642944 55561968.953 3816078
6 6 16084692 12359594 7T67432.0 5124292.56% 4065757
7 7 16237679 12171464 7704026 4721070.879 4297052
L] 5 16359626 11586329 7732059 4345550.851 4503035
9 5 16540542 1130414.0 775857.3 4007353.898 4685384
10 10 16690037 11624851 778348.53 3692057.831 48654757
11 11 16836321 1144841.7 7806864 3401581.234 50037586
12 12 16585404 1127475.2 782874.9 32133570.381 5136753
13 15 17131296 11103933 784917.1 2887425.150 5255077
14 14 17276006 10535794 7T86816.2 2660287.123 5359841
15 15 174158543 10770334 7885754 2451028444 5452185
16 16 17561915 1060751.1 7501%7.9 2258241.561 5533119
17 17 17703140 10447281 7916B86.5 2080629.736 5603575
18 16 178435218 1028960.5 7530444 1515558.309 5664411
19 19 178821le2 1013444.3 7842746 1766246.667 5716416
20 20 18115975 558175.3 755375.6 1627360.855 5760319
21 21 15256681 S83145.8 796363.0 1499406.734 S5T96TS0
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