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function f(k){
return k 2k * f(k-1) : 1;
3
varg =f;

console.log(g(3)):
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function f{k){

returnk ? k * f(k-1): 1;
}
var g =1;
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console.log(g(3));
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var f = function fact(k){
return k ? k * fact (k-1) : 1;
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varg =f;

f=null;
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public double galculateTemperature(double roli, double ro2i, double
tDelta, double Vi, double Ui, double currentTime, double TiMinus1, double

Ti)

{

return GetUpFromT(roli, ro2i, tDelta, Vi, Ui, currentTime, TiMinus1,
Ti) / GetDownFromT(roli, ro2i, tDelta, Vi, Ui, currentTime);

}

private double GetUpFromT(double roli, double ro2i, double tDelta, double
Vi, double Ui, double currentTime, double TiMinusl, double Ti)
{

var upl = GetAcomponentFromT(currentTime, tDelta);

var up2 = TiMinus1 - 2*Ti - 2 *Ti/ GetRadius(currentTime);

var up3 = Ti * GetBcomp onentFromT(roli, ro2i, clConst.Cp1l,
clConst.Cpl, tDelta);

var up4 = Ti * GetCcomponentFromT(roli, clConst.Cp1, ro2i,
clConst.Cp2, Vi, Ui, currentTime, tDelta);

return upl * up2 + up3 + up4;
}
private double GetDownFromT(double roli, double ro2i, double tDelta,
double Vi, double Ui, double currentTime)

{

var downl = GetBcomponentFromT(roli, ro2i, clConst.Cp1l, clConst.Cp1,
tDelta);

var down2 = GetCcomponentFromT(roli, clConst.Cp1, ro2i, clConst. Cp2,
Vi, Ui, currentTime, tDelta);

var down3 = GetAcomponentFromT(currentTime, tDelta) * (1 + 2/
GetRadius(currentTime));

return downl + down2 - down3 * (2 / GetRadius(currentTime) + 1);

private double GetCcomponentFromT(double roli, double cpl , double ro2i,
double cp2, double Vi, double Ui, double currentTime, double tDelta)

{
return (roli * cpl * Vi + ro2i * cp2 * Ui) /
GetDeltaRadius(currentTime - tDelta, currentTime);

private double GetBcomponentFromT(double roli, double ro2i, double ¢ pl,
double cp2, double tDelta)

{
return (roli * cpl + ro2i * cp2) / tDelta;

private double GetAcomponentFromT(double currentTime, double tDelta)

{

return (clConst.alphal + clConst.alpha2) / GetDeltaRadius(currentTime
tDelta, currentTime);

}

10j 3 BftejHjdjlsmw L dzOwmg dzd jtc dits® 3] @psc-mw® o dzj d
) tcEOdBd 2 SSH HEY ©OMUjko (ks2 d §shdjHEzshd
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sMmikh jMise dzvjlsmvy o  qugtunBdelsj 1 Ht ¢ O omidg Higf{ 120 § wy Pinfgls

ftescttORBdSets SBSHO, o (bt ftsdmMitHdls

SBdEOCO. 1 0HGs OCY] Ekuyifls:, ybts o §osctOdrkdsd:
Cslsiesd ©OMMUdls 9 0j kMY ©OHdEMN § Oy dPL d3j dedets & &

[dMmMsddze SSHO 2: [ jlH tOMYJIsO ttOHdEMO f Otctsc

public double GetRadius(double time)

double coefA =1.8559;/ y=coefA * x " coefB (W tstcBzdapPOdzj Yilz@ r tow

Slsote ] By ORI dswic] IBY
double coefB = 0.1911;

return  coefA * Math.Pow(time, coefB) / 2;
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int T=0;
double R, RO;
CalculationClass calculationClass = new CalculationClass();

private void timer_Tick(object sender, EventArgs e)

{
double DeltaT = 0.001;
double RatioValueColor = 0.04;
R = 2 * calculationClass.GetRadius(T++ * DeltaT);
RO = 2 * calculationClass.GetRadius(DeltaT);
SolidBrush sb = new SolidBrush(Color.FromArgb(255, 255, 0, 0));
grRol.FillEllipse (sb, (int)((pictureBoxRo1.Width - RO *50)/2),
(int)((pictureBoxRo1.Height - RO *50) / 2), (float)(RO * 50), (float)(RO
*50));
try
{
Pen pen = new Pen(Color.FromArgb((int)(255 - T*
RatioValueColor), 0, (int)(T * RatioValueColor)), 4);
grRol.DrawEllipse(pen, (int)((pictureBoxRol.Width - R*50)/2),
(int)((pictureBoxRo1.Height - R*50)/2), (float)(R * 50), (float)(R *
50));
}
catch
{
Pen pen = new Pen(Color.FromArgb(0, 0, 255), 4);
grRol.DrawEllipse(pen, (int)((pictureBoxRol.Width - R*50)/2),
(int)((pictureBoxRo1.Height - R*50)/2), (float)(R * 50), (float)(R *
50));
}
T++;

pictureBoxRo 1. Refresh ();}
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FRAX ™ WHcrpymenT ouetky pucka nepenoma

Noma HHCTpYyMEHT pacyeTta A Bymara Mpachukn Bonpochl W OTEETHI Cchingmn

WHCTpyMeHT ona pacueTta

InA nogcyeta 10-neTHell BEPOATHOCTKM Nepenoma ¢ ucnonb3osaHwen MK oTBeTbTe Ha chegdyowpe

BOMPOCHI.
cTpaa: Poccus Wma [ ID: O dakTopax pucka
dHKEeTa: 10. BTopHYHEI 0CTeonopo3 ®per Opa
1. Bozpact (oT 40 A0 90 NeT) MNK A3Ta POXKAEHWA 11. ANKOrob OT 3 EMHUL 1 ®ner Opa
BozpacT: [arta poxasHUA: Gonee B geHs
55 rog: | 1962 | mecay: |03 | gews: |12 12. MrHepaneHas nnoTHOCTE
KocTw (MIMK)
2. Mon O Myxckoii @ xencionit
Bhibu BMD |w
3. Bec (x) - bibupaTe
4. Poct (M) - OUHCTHTE MNocuTate
5. Mpegw ecTeywWwIi Nepenom Orer @ pa BMI: 26.0
6. Nepenom Beapa y poanTenei Oner ® a The ten year probability of fracture (%%)
7. KypeHue B H3CTORLES BPeMA ®per Opa
- - Mzjor osteoporofic
8. MMOKOKOPTHKOMAS ®yer Opa
" __ - Hip fracture
9. PEBMATOMAHLIA apTpUT ®per Opa

{dB. sOd Cbdvwilstplong) S EdNE O ©OLodlsdy §jto] dzsc

sOCdds ®BEKOL 53, stec OdzdL Oydw d3d Hdyd dz ¢ 52 f
LOCdz¥g yols: mw o orwodzjdedd ctelzff or MsCtsets tdME O |
d dz20L dz0yjdzedd Mtstslse jlsMmiselzs h jets dzj yj dedv, zOt to
fjto] zsd3tso .

r dzv  fspyfndzdwv HOdzdz" = L OHOY dzgjtsBrBBHdABS ML HOG
ddzhstczZiBOEs @ zdzv stste® Hdzw tsyjdeSd tedmMC O tOLodIlsdw
E § Oyd,j delsx00SHiT E®MKI DNEYe, O sOCyj odzj Hisj dedw o
Odze tsted Is ROV d fz® C Ity tedmMCO tOLoadlsdw fjtoj zsditso
ftoddzj daj ded v COdz' CEzdzw stste®, d MBLHOddwY yj dzlstc® B fs
sCtekzej. [uyujodHdes, Ylss HOdzdzOW ddaW stedzZOYd sdzdzOW
tcdMC O tcOL odlsddtsdtsa Hts daff J4®] tsB dzOH Ols! HisY tsdzdzd Is §
MetstesMisd Sz yStsos?2 Wddz steOydd o d&BsHdWdCOydd
COLHjd 5 HdJIsdud MSdds dqdzlsj teo j dzydw d3 d SBKLOL 2
d dzmis toz d3j dzls © dz! dz' tsdzfflA=i A GRYsdjwdz jfiR , 0 tE@ sG] do AWt to di @els] ]




KIMHLM eckne

Mpukas MuHKcTepcTsa
3pas ooxpaHeHns PO Ma

AHb NEMels

efepant Hble KMHIH eck e

JMarHacThEe, NedeHmo 1
npodinakTHie ocTeonopoaa.
et oM eHaaLMK «XPoHIM eckan
Gone:

pekomeHaLi no

denepant Hole

€
”

OKAZATENV BA20B5IX AHANM20B NONB20BATENS MPOrHO3 PUCKA NMEPENOMA KOCTEW M PEKOMEHOALIMW NINA NONL30BATENEN

KOHCYNETALIMA C BPAHAMK B @OPMATE YAT-B0TA

FHOORMAI I HARHESAT OIESDRRIEE MC « OSTEOKIDN EY » NOACYET CKOPOCTU KNYSOUKOBOW OUNETPALIAW

PEKOMEHOALIMK MO OBPA3Y X3HA W MATAHUKD

MOKA3ATENW MCCNEAOBAHUA MOMNL30BATENA

AO

SEM
MoNL30BATENL

t MALZdGS ydsdzOdz dzOW gtsH j dzr ddglsj dzdzj Sz Odz dets? Mg flsj
fOyd,j dzstsomiufi} [ISQDEFO0O R84 ¢ OSTEOKI DNEYe
ddMmlsj BO HEd 20O o ¢ dzt yOIs! o MmdBvY 0OdzO@zpdz RO dz
WSdZWBISfI’]WI

14 da,

T oL OMIs,

T tesMmlis,

Todfm, ddznj¢fm BOMMT Isj dzO,

1 0dz0d3dzj Misd ud MSdd HOdedz" § (Jteddzd BOJ B § fJtoffC
Zodzdudj fwijHhjmsoalkzshjets fjtoj ZsBO, dOddudj ]
ROMlsswh j j otej &v, db(islsdgjs dijndddigd y3 Ok s sy o  H j
ks CoCielsdSsdHse, dO&dud) tjokOssdHdsets Oklstd
sflsj s stesL O) ,

T HOdzdzr | dzOB StcOlststodztsets tsBfdzj Hiseo Odedw ( Stoj Olsd «
WshW ste, B j dztsSd,tc jGsdeiteas el 2, G tedtsds, cdzf CL O, ff Ots
[, hjdsydor Ysmi¥olksoLO, BdCOetdOl § d&OL & ) ,

1 H Odzdz' § d dzMls oz d3j dzls O dz' ddis ¢ 66 16 dftiss) el j2H 5 0 PEzd W H C
sflsjsHj dMdlstdjlstedd.

[ Odgdz" | 5 COYHBR od Lso0Oljdi ftoddsyjddwy dz
ftosj Ssdtelzj &ss?2  MmdMmisj &3d o] HY s5dPOsg@IPWRHOC d fipOteEsdz2 |
dzdo j emOdz! dzts?2 BOL'" HOdzdzr = dzO fj esHdW M dzd?2 H J dz
M sd Lisd Odzd s jORY. sd{§ O

sOCOW MdMmisj kO foLotddls Motjotj dj dds HdOC ds
Cfylsdy j dzOtelh jdedw, ylsts o Moty ByjjH' Godksy]jls
@O 30%, MsCtOldls! ©OMRGHT &0 o jHj Gl ZkQuedl d




- O Y O O B B O ¢ t 1 t¢II

VIf JHEdGOtGESH d%@‘ﬁs@@z@lz{nuqzlﬁ]g ow

fs5COL O] dzd dzj sOd desflsd §Oydjdasso f mid  d&j dzj
LOdj flsdlsj dz dezs § sy udek® Ilsjtwofdy) .

] disj tcOlskztcO

1.1 jdkzOw .., 1 jdztsoO® s. 5., 1dtws B8O .1. AJEF
HdOGdetsmisd ¢ 4, dzi yd s i ot QAzOL s s sesL
T 2. 4. 4

2.1 dh dgv € r.¢., [ OMsOdzdj o © ¢C. [ ., ZjtdWsea O |
Bd dzj tc @ds fridstslzr | 2 dzOtelzh jdedw [/ 1 J Wietsdztse d YU73cEDNM d O dzd
ZUGCST.

3.50tcdzsody 1.1 . wOftcdgMmsBl® . )., sthisdzOw § Old
Btsdzj Ldzd ftsyd €. [ Misi s &t 5-88. HdtpsEdyilorp/B0y1EB81dodte012943 2 2 ;

41 dSdlsddzmCoOwv [ . ¢., vistksEdpis? Oo ) oY Isfzgidzf OshHB
fjtc] dzbdsse ) f cdischyyzqicEmMf2 HC B gy ydsdzdzr = o' B
[l [ iHdyddméd?2 mtso-JOB https?Zddibrgl 0 . D1 5 1#8/12000A 0-3
107

Sbhustesf ysoa 0 1 . 1., 1 OtcOdzgs9 © R . o ., [ 4 mdaw €
tetsid2 MS sFRAMES HY dzff (sivic j-fiz) teglzged o j totsWisdesisd tsfls
fjtoj dzbdsse / / A GERUAOIs HO0.1®R016. -~

6. Kanis J.A., Johansson H., Oden A., McCloskey E. Guidance for the adjustment of FRAX
according to the dose of glucocorticoids // Osteoporos Int. 20P2.t t809 816.

7.Kannus P, Par kkar. J, Sieva@anen H, Hei non
"Epidemiology of hip fractures”. Bone. 18 (1 Suppl): 583S. https//doi.org/10.1016/8756
3282(95)00380. PMID 8717549.

8. Leslie W.D., Lix L.M., Johansson H., Oden A., McCloskey E., Kanis J.A. Sgime
discordance and fracture risk assessment: a physioégaly FRAX enhancement // Osteoporos Int.
2011w . 22 .i847,. 839

9. Meng Y., Fu M., Guo J. et al. Characteristics anthplications of fracture in older adults
with chronic kidney disease: a cressctional studyd Orthop Surg Rek7, 377 (2022).
https://doi.org/10.1186/s1304822-032538

E vicd3Odzyj af® dgv Sts.z.dzef S Isg YOV Oteso O 1. [ .,




stsfr dzoyto
Hte Isjnde dzOkC,
HOdd s jteBteeMSd2 ctsfkzH Oteflse j
0L S tsMB3duj MS et fftodt
CuOdllglsjteBlztce, s

sdf¥?5vrtvdr fdrefrRtdI o R SOl RrRULVLLL LS C
CtrRUt JARUOGIR

O dzdztsls OY oinls tots j dz0@  BOIs j B3OIsd yj MS Ow B H | dz tc O
BOGdzd sdetse s  fsdzw  (t1f1), f sty HOj Bsets HJMS te,
fso jtendetsfisd {tedltesydlsO, o ELStd SOfdddvij. i
dL d3j dzj dedd § OORj steE®, ( B OREHEOCO] O Pezdzw f 5o j tor o
Lisdlstesydls O, Yofmstsisrs oo jddw d3j ©3B tcOdz G j BC
Ctsdzj B Odzd 2 1f1. Cltsls §sCOLOjd dBsyjls B Is!

[
Cesalssc O o MdMisj i3 B¢ eohid ey Bd” YygdOL td s SdfYis
dLdjtewshdnan t1f1, M yddze ftejHJdzjddw dzO tcOdzdzed
o MdMmisj 3§ BISCLBYJ®t zdY ydd.

sdz¢ yjor j dgEzasde®ls dzts JB3O I Jsadp@ls  ud MSE 54 | Fsdilg oAy tpsle
34 d3B ELOQROY H .

] §smozjHdsij CEBH' kojddyddhshn' Stsdduyjfmsets § ki
Ldzj SstesdBOCc dzgd sdzgsets gL dzzyj degdv (SfR) ) BdBdsedy,
stecOdzdL Oydd Y desets (cjdzjlsdyd MEtsdz, € dzj Istsydztsds,
sBi jSC¥BJ] Gfdjtcdtekzels ¢[R. C[R ydo'n tttcOdzdL d@idso
CIR OCkkzOd dts, §MStd Ck ftojHMsOoadvjls §OC Isjt
sjstejlsduyujmMets?2 bsySd Ltejddwyw desodL dz@ dMmfdzj Hiso (
fsHody dzts?2 ‘BedsBEO®UfIsso Msmissdls o Istds, Yls ts,
CtesotslssC O o MdMmlsj gy BIStesydqteSkzdzvydd, © M ftOC
Bscklk Brl! Shdses?2 HE ©OLEOBSKCd fttdettss
Ctetso slsts ¢ ) md Mmis jydid , BALstss yd @ dakw ¢ OC H dzW tc
M oH j ydesmtsmizu dMmis' 7 L OBBsdzj 90ded?2, OC d o ftetsyy

[ 9 Zd3] tedzOW BB HJ dz!

]l -Bjtodets? BsHjdzd ftojHf sdzZOcOjsfpw, ybts HdMCtcjls
MtstcsdzOr oW Bskzd sdz! dats 2 stcOf j i d tJ dgjds]QgBlaciPdzi o ds
Bj BB EORE? ft COYOE&RE tk HJO®B) Istetsd

[ Mdzd ¢ sHodyde 2V 6 ymioioytgfisldiyws  fASH  dz@tolas@p dzj dzd
dzj C tslststelz o, ydsz3 Y S EHzOE sHW h 28 iwr, dz@ts o P g s @D @z, 1 ¢ s !
ssysy MBLHOjlsMW dBOcdzdlsdetsy §tsdzy (1) dzOf 6wy j dzdz

|_|:quina
4pr® -

[Mdd LOLWHBe dagjMCd 60/ do)s of Is el EBEBEYS Y ) Is s
sfteJHjdVjlsy COC 9jCIstedzOY MEBRBO 1 f1 lsH ] d dzr

O



gfltcforvde Tt ddatef R[]0

VIf i3 HEd&OEEH dz s O&81H wazth S OV S sdzW j o dzyd v

t Oy’ e tHddd fid el tiiemetsdcQis dad @b v Is:o |
COYHT2 dL ¢ shbtisd tomluds2d 190t @t § Ozd &8 M3l B8 e @&dztizO
f dzOL 3" ®BiyHE LREEBsSYJIEHQEI ftoj HilsOo dzj dz" dL d3j dz
¢ Of d dztifvifd ©. (

t Ofpud IsT  dzO0 ¢ s@fizdy Is judsis ffudo L BO dzte B ) ff ls33 vdalzd v -
L tedlstetydlsOBd, oL Oddse v dedj MshjHdd:  tdlstesyd
GOMUjSOT. 1td Bd hdD) 6O6IMNEEY dl ¥ Bzj ( e28tg b &I dzt
By s § ] dzj Bt Y .

1 1 1 1 1
0 5 10 15 20 25 30

{ MmRL d3j dzj BetfY ¢/ &5) oHBd fd COfddd O ( &S
L=2BC &5, Msssds Ol ®OEnHY s yOmMssts2 Mk, d

-20
0

1 1 1 1 1
5 10 15 20 25 30

{ dBRL d5j zj BetfY ¢/ &5) oHBd fd COfddd 60 ( &S
L=8EC &5, Misssds SwOI®OENY s YOMSe 52 Mt d




HIJ'[[I[KI;

VIf j Y HIEdO

1 1 1 1 1
0 5 10 15 20 25 30

t dBRL Bj dgj Latf ¢/ di5) o HBdz ©fMd COfdddytd ( &3¢
L=2 3¢ &3, Mttt @ ®OB O s o GOLA | Miststtts
20

15+

10+

5l

ol

5l

aol

a5k

0 5 0 15 0 % 30

t JBRL Bj dgj Latf ¢/ d5) o HBdz ©fMd COf dddvtcd ( &3¢
L=8BC &5, MbcORc ®@OB O s o ©LOLA | Mtk

1] 8 d3j todzOW  dBSH dz

redydddd Ctsofllets CPHiJddNeijided] §6H HJI2MIsod]c
CsdyOrn SOfqdddvied bfwkzedr yOMmlsdy (! tdlesydlsss)
C Of d dedgdialzd dzH g Yj S OW Istekze O fiP, o deldiztls jodpdzchds kB
Liedbtesydls MU, M9 SHOEIHED ¢ OV dzj My d BOJ BOW  dz' & Is ts dat
LOfsdzdzv s h Ow ftesdsjyzlsSd djyHE {tdlesydlsodd d &
l GjHBEZOEO] s -ibEesjcdlspigdly §tod j e H jdiss o
ftsojtendtsiisd dzj dLdsjdgvelsfmw, O jcet dsjafs|cObzd. [

@ _© 38



gfltrfrirvdr Pt g4t

VIf j 3 HEdOGsH da e OB I ydzth) S OV W e
b

sfdMOddY {Isdr fsyjmhss dhfsd Lk shw
ko jlHEBEE Hj WStk Bses sjd&zO [ 5] .

¥

tdBaejudddj {tedtetyqgBD § azsME sMmis! ©
ABCD1 dzOff tcOo dzj dzded W o BP B tcOdz" d HodxJjdzdw L OteWH
ltej Hf SZOEOj s, ylsts {tedlstesydls ftojHpE0s dw j
RZOdB A P @O Bj dz' P OV ©BEOLEshdj) M  sdbkadokdf nsd
USGHO, WttdsO ! todlstetsyaflsiO, L Caf@ jsishpy] jdfifdesd Ouij to jdgj 3B
S[s).
V:'bzé,z_a-lmg
g3 2
S=A+2b} +blLL b % )|§|1'20'5

a- b

_ 6 b aarcsin0 2 )

g O H a
A=2 p b2, a=b,

a b

by 2 o
A="bgb +2, 1350 & L—ui) a b
E 200 1 §

) sdztsy j ded j ¢ tSq@stefsdgddist®)] oL OH Oj IsTW ke dsd b dsj
COf ddzdzy 60 d | WIOMHEBY Bzdzj B s Oults] & e IsQe@iydfdzd tc O .
NS sesmis! oL &' EjyHE {tdstsydsOkd bkHso djlss s
flsj dzC 52 € Off o dzdzv tckOte Qo dizjtecfdsMedsdy dtlsjs2Bizts dzi H 1)@; 4 dzv i) o3«

t Ofmud s"™H(¢f/IB) B dzd ff tetso jxeg,dz" tkisd, R, Bisd) ¢ 3Mdsw § te d
fdzj Hizv h 0 L dzOyj O’ § OwOdj lstetse  (

v OB d&zdYyO 1
Il atsHdz § JOteOd3j Iste”

] OO Ister (ddalsjteoa Od 1 OwORHiis,dz L zj &g j
JOd3jIste & tedsYadf)sO ( 3 4 B3¢ d3
g ¢ fitplds 1 tod sA®WPls @BC(AD M) 100 3¢ o3/ M
YyOMlstslsO o tOh j d&f® te3g /dfg s @ 20 B/ M
{Bl jd3 { tcdBBBIOGEYY O 94 &C KB
] dztsh OH ‘'  dfj sl B0EGREAS 135 2d3C o3
1 Otovwisid Istc 6 § (' BI@BS5 | 126 Oz 3,2P4 &
vy dmdzts  Is to @1 B to of 2 101
1 J B3O Is 600 @00l 10-20%

O



gfltcforvde Tt ddatef R[]0

VIf i3 HEd&OEEH dz s O&81H wazth S OV S sdzW j o dzyd v

1 20w o nBBHA J OO Ister’ By dzts o " WFBREDBIO'4  qlaf
B BBteOdzy d BBEKOLEZH " J = TN UsUaktsdts 3§ dalzedzOlQ Y ts '
43¢ &3 ) WO RBE &3 HJjMXdzdl 5] shHede j § pdeds) t wf ¥ dztshE
X=Xo, txds-d,-2,-3,-4 ( 6-9)Mm.

RL twOmyjlsse odHdets, yYlsts dz0 @Eak'sH dis®ftp IszsY dzd 4
MeitsesmMisgs L @B H tsH o d ) dats 2 d3j 3B tc O dzj fMih j Mise j dzdzts
Liedbtetsydils® dz'l9jjds  wxefL, d3jjakyiddf d3€ 184 HdEE o3, Ists HBOSC fc
dLd3j dedlsiw B2 BITBY &6l 10 " &zd ftose jHjdd ¢ eBhubls
f dzts i Cxs-hHdgY s Y=tBAPdz$ d3/ wWl0d30,50s8 / M (-2 . 10

RL ttOMmydlstse o dH dets wicQls Hztstntsd alss oy 8 @ QAL gl d3
tOMmisjils. vOC, wf f GO teglsde § tsB/ Hnte Giftsls 510 e’ /iy, IHC
His 5501 &30

tdB. twi(¢/ &i3) o thedsmBIbdylsd

tdm. twi(i¢/ @) o HeAsmBSdlsd




tdg. twi(i¢/ i3) o eAsMBIdlsd

%1077
45

tdB. twi(ie/ @) o HemsigsCdsmlisd

%108
15 -

tdmo. tvfd/ B)w=10B¢/ M




tdml. tv(d/ B)w=3Pd/ M

%1078
6 ~

100

tdm2. (1 (d/ B)w=HPed/ M

1 OC dz¥ uJd deqd J

t Oy st waBts-B] fdz®2 BsH jdzd s5COL Odzd, yYlsts 9 tcOF
zdets o tHMAZE Miststttsdzkz, d&dBts o wWOL M J Mbststetsdz , W
Ltedlstesydlso®d.  OL dzsfiHdsf dgfj dgdHaptizdatgalf dnq dizz @jsisgind” M) to
Edzi dzt " jdedj 5 teOMMmistswdzgdw sls {1 tcdlstesydls©O. 1 J SH G
ftedeojMmisd ¢ dL d3gj dgj dzd ¥ GjBSHAOBISd L Otewy j dzdz’ A
O OL sdz Stsdzj BOded?2 t 1)1 3 pHls’ 1 todstelsPd ISSO2O Cds
ZsC Odz) degsets CtetsolssC O d dMfsd Lo Ol Mw fted O
yjdz 8 tsfftejHjdzj ddyw Mmjtenj ydesmtsmizHdMmisr 7 dzOtelzh j dzd

1l ZOGtsH Otedzsis! L O WddzOdzmtsozd¥ YBHHJjEYSCE t6OBBI

t OBSIsO o' ff stzdzgz@e@mtfords? G SHHjteyCJ [ dJdzdMmlis] teml
sBteOL 5o Odzdw t sMMmd2ME 2 A j H-JOR3O0PE A, z ddn ©elzdz@Zls Pdizd




O P I I GO O G R A A

VI[ j 3y HEdOGEH @'t O&BIH ygzth ¢ Ow ¢ tsdzw

shdser f(ohstsjddy §sdjosLOhdhjdd 2 2 6dhlsjd
sldesmdlsj & dzts?2 dzOo e Oydd,S tshij Boiagjufij s asesds s ded) s d

[ disjtcOlskztcO

l.stsfr dzpytda [ Oy B3OIsdyd ME sy BBHJ s Odzdj  d3
ELSCtsets COf Jqazdzv e © fted t©OL dzd ydz' = L dzOyd dzd2023. G § d3C
= 8. https://clck.ru/3HSPpD

2. FungY.C. Biodinamics (Circulation). N.Y.: Spring&ferlag, 1984. 404 p.

3. KopyltsovA.V., DyuzhikovaN.A. Mathematical modeling of the magnetic field generated
by a network of parallel narrow capillaries // J. Phys.: Conf. Ser. 202697.. P012028.

4. Kopyltsov A.V., DyuzhikovaN.A. Mathematical modeling of the magnetic field in the
vicinity of narrow capillaries // IX Intern. Conf. on Advanced Agritechnologies, Environmental
Engineering and Sustainable Development. 2024.8@. P.03008.

5. KopyltsovA.V. Mathematical model of the motion of asymmetric erythrocytes along narrow
capillaries /[Russian Journal of Numerical Analysis and Mathematical Modeldg2. V.2 6 . 6. ~
P. 535553.

E stsfrdz ytsse ¢. 1.



http://www.degruyter.de/journals/rjnamm/detail.cfm

1 J ey judeSlts
COdzH .-d3AIE.L . dZ2OEZC, HTS
#lsOdzS o Phy
COdzH .-&3AIg[.L . dz2OEC, HTS
l sz tsctcOHMEd?2 ctsmMkzH OtMmlise j
G . ] sdze 8GtcOH,

trsvttrivi3r vestd1i1 30 srvrR 1 Y o1 ¢fvupswW RSEqrores
1 [JR1IIB1L3M ARTRY[HSRM HRHBUT[ {

O s s OYdUicOB sl ©OMMEOEdo OjlsM™ oS kists] dalsd

ftoJ HdzOL dz2OyJj dzgdzOW Hdzv ftojHMECOL Odedw slsC dzd € O dzd dz
CoOLdeOtdrsdzd yd ME s oBLHj2Mlse dijsL o Sldasd & dH j dzrts y
LWWjSsdodesmis! tj Sktwtej dalsdz" = wWydds& Simpl eRNN, L
d vyid¢. uvMmOdse dzj dets, yYlsts 9 LOHOYJ HtjHMEOL Odz
LSTM ddzd GRU M ydmdzsd3 dzj Qtetsdztsor P fiffiftsly § df tsdsjvisi €
dmf sdz! L 59 Ols Bsdz' "5 yYydmdzs Mmdzsy o, HdzVv  dzj dzd oz
Yd s ey afpdzs2dz" = Milsj 2.

s dzs Y o j:df)ertzeuidasts dzO dzfy dzO v fitetfj JS Szidoticty MlSEHOGY W (dzj 2 t6 ts
dzj dzd dzj 2 dzr 2 ®CdzdC; LSTM; GRU

1tcj HMC OL Odednid Mts |p Wetzd S  dzj Cslststetsy L OH OdedEsy o
Bdes dde] dztsy J dzdv n, 9o C dz¥ yovw wOHdBdEZSOyds [ 7], Mmew
d MfjCShktesmMSsyfde [4]. ) shmlstetsj ddj &sHj ddi Hdgdzj 2 d
L Issets HisMIsOlstsydasdzde r dyd dgjdze dsls - d B3 zdz' mdzlzs {4 to,
nOttOSIsjtedMmisdékz MdMmisj d3r . [ HdOCt HddzW dzj dzd dzj 2 dz' -
sldijlsdls: tOLo | yYybt dMfsd LsoO0ddj wVWHtse | td Isj
tcOL dztsy § dzd ¥ d t©OLH fLdzdded] toOzddydidsctsls f stewHE O
stcdo dOdz! des?2 LOHOYG2 [ 2] . -tpjlavtsdd@aEEgddts? LIRHjONS to s
ud mdzj , Ctoesdgy daj dzddzj 2 des?2 Mmeavw L d lsCdzd¢ O d eotsLH
toj OCydj2 Mmdmilsj 3" oL Bpy@dzd bsdzsi B | Figha v sCukzh
wWodzwjlsfqw tOLdzr 2 otej dzd dedets? BOMN IsOB HJd2ORBdSd Mmd

RMMdzj Hs9 Olsjdzd oMy yYyoOhj dMmftsdz Lz ls HdzW dBsH | d
fdMmisj &3 &B3j ssH’ BO" Jdzdetsets tsBlzugztegy M B H6UMC M
Lstsd3 fsHatH] §oMistes) dadj BsHjdd Mdhilsj ddr ddzd Mt
sz yj dedetsets © tojLbdz SOIj S jteddsj des®. | OHOYO
o' wWodzjdegdd L OCtsdesdgj todetsMmisj 2 dge yYlssa dzOEfEts s @LOS
ftosdLotsdz detsy otLHj2Mlsoad, .

] LOeadmdditsmisd ©ls osnRtHd 7 d of AtSHA =7 HOdd
OtendlsjSlskte dgjRtetsdeder # Mjlsj2, dMysd Lkjd & Hd
£C OL Odzdzts? OB slsj dzOL dzPlsfyizd z0 OB B j € BE oL @ 5 ® iy dzks
d tBttOBBISECd dqLtBtOYy jdd?2. 1d34d ftdejH]jdO ¢ dzOoMmh
MdedkzOizse © o9dHJ HIMSjlsder = §tsmdzj HiS9 Olsj dz! desis §

O



gfltcfrivder Pt d4toffRrRELT O

VIf i3 HEd&OEEH dz s O&81H wazth S OV S sdzW j o dzyd v

I fjttots? OtndljClhizt] b dflf Hiipsjon duplczdztsy s inee) Hidsd
HOdzdzr 7 dzj Mo w L Odyr iy HE Mtss 52 sde@ to Ajtfpsdzs | ¥offxedH jt
W dzwW yils Mies ydzO daf €L Hxi Rifiso@eid Mdls Is §tj v fustied d,

ddzj HS9 Olsj dz' dzts, fEEHssOaaffjd B ddgd jtH#Is o -~ SHdZr 7, dad ¢t
ORdlsjClkicO® &ayjls B Is! dfMf s dyhls® PizOdzoarzs 20 © gl
ornBBHd] omHfiBdMisdy  sddsmeowL dts? ddzd Mmev telstsydz

53 - Sy > ss
YOO 000
. 5

tdfip. 1. [Mmdesoder j Otendlsj SClskter dgj 2tetsdedz" = Mjlsji 2 Hdzw
Q) tsHddz oa-tsH, -teneld o' B)SHBK ddees - SHp-MmaBMasE s ) - Boese
9nBBHS, GHJdMo Ny Ahamideisets o - tSHBo, (Byahodmzednd dzr tots
many-to-many) ; d) ddtsets s ntsHiSe, HBdtscts OfMd dAd-mamyedz’ = o

J OtcrdlsjClslztej , i tc ZHAf§I0 0 dzpz@&icds dzdz@v tefg Jnls - d
or ydmdzj dedv f sfdzj H tsoy@dD) dz'ndsts ighisq Xv lis§ @ @ tindf s dizif) 2 dzC C
odzzlstej dzdzi § MmMtsMmlsswdzdd Mdlsd fted 1 Istsdz dL dzj dgv j Is:
otcj di3j dedetsdy M OcG j dzj & 5lsuAL @y oQtErlsdgjtCdis Ztc @ d3tsy j Is B
o ydfdzj ded v L dz@yJ Rt flfjctezO dfosy PEsC B j A fwRKBJC O f
fazzyoj f§odddsihis: & sfdh @] s i MEHEsOddgE R Ot
tc] OdzdL s90OIs! orHjdzjdzdy ddzd YtsSHOodzj dedjy dzj S Blsster

dbtern dlsj CIsztce©, § tizdfallipH, | dfdEChydz daCs otc@ifidni- dz'H daiEAdsaP dols- ts
o Mttslse jlsMisadj ydzj §EBL Qcd B &ELZIcO By jls BT Is!
hdiesSsets Ctoze O LOHOY: HAW o yd fmdx dadhwdzw i tisjusy <@
SHdtsets ddzd MteOL 2 dzgj M sdz € dA i Ow@dfj knte 5 alzOMdafs® dzO dz

] OtcrdlsjCllztej , f to j mdesli@le dz§ Grezis B d3lzdz0 o Rtdwpiiplzts d3iz
eslse jIshiso k] lsy.5MuyQ OussE 7SOz 60O &y j s § ted &3 dzgv
sBtcOBBISCd Mdc dOdatse, CBGHO wMkh jMmlse dzv j vz e ff tej

O



gafltrfrirrdr 1ti4t¢HRtiJ¢}v

VIf i3 HEd&OEEH dz s 068 wdzth S OV S sdzW j o dzyd

ydWtcser j Wddz Ister , dzj dzd dzj 2 dz" J Hd dz2Odsd ud M< dJ
dzj MlsOydtsdzOtede’ = fdMlsj .

1 0Ctsdzj y, o Oterndlsy € lIsktelrdzClie to it Hsfiffsit) aHdzjo dadety Xiz! diEB fr
oLH]2NBagwOYUdJo OjIsfqw o dzgj Cslstster 2 o j Chkigs Mmazhls
or ydmdzj dad Wy sI€0sddf CCdor dIs j SIskztc® sy jIs Br s  f tod dzgd
otsLHj2Mlsady daj BSGckls B' Is! L OH Odg" HdzW fSHddsG ts
LsdzH Jteso Odzdw . v OC Y] OtendljSlskztcO sy j sSOBOsSK MW s
ZO BHAdAR ot d3dj dzdesdz ddzlsj tco Odzj , des M t©WOL dz i3 YO

t OfmMimdiislstedds Otrndlsj Slskztck dzj 2 tots dzdats 2 My Isd, i
ftcj SBtcOL 5o Odedw™¥ Md e dzOdztso s toclz &R tc O IsSitalg st ts 29 i
fd ¢ da@ dzO i ges BEeMyjlsO, (tsHOs smw dz20 Mdc dzOdzlider j o
ClststeOV  fiPste jj extgts] dzlsdzr = dzj 2 esdats o . td Skttt dzls dzO
sfdzseo Odzd d ortsHdzr » HOdzdz' = 'Qd o g Mdzw f s cldts §Chg 5 ) f)tisv
Colststets] Htoj HsObdric] ) KBROBARY bdstksisCHYrn toj Clztotsj dz
9jCltste fBSHOjlkMWw dO oftH Mdij Blzs 1 jogts thj SNt © jsdzl
toj Cktotcj dzelsdzr 7 Mmdzsy o fge i9jjH dsdaMes’ Is fifyts frpls syved2daR®) o j € |
tcOL B3 tocdzb @ClEM)E, 1C Slstster 2 f SHOj sy  dzD®, o R tsts B 5 Brelzis fi
slsmuyjls o nokts§ it e 2O dzPd3j Is! ftetsdL osdz! dzf 2 Etotse
LdzOSC, ftibtBz H&v fsddshewL dsets Masw dhfsd Lk

lﬁl—éb L' hﬂi » L! h& »--» L' héV,
H J H J H ‘—‘J H
S BN B U el N Y NG ) L NG
| A B
H ’ H - H —

h! h!
Elu-b-D ENH—bD
h?ﬂ h%n

tdm. 2. ottnidlsjChiztO® cdketSt? tojChkictej dzls dzts?
Hdzv Mmdder tesdzdzse s o] sBtcOL 59 Odzd W Md 6 dzO

Il dzOfmlstswh jj otej 3w dOdeBdzjJ §flzdvicd &i5d toj Sk
tcj Ctetoj delsdzg" j wyd2¢€d (TSermp | MeRMANN Yy, (LLoSiTgMy®hith r G a t

(GRU) [1]. stdzj ydets, Mkh jfeokjls Bd hsPo &ty
9 LOEBOBNBOEEJHRBHIYdSOYd?2 wyj2¢d LSTM, Ctbkttr
LCMmy jteddsj delstse, dzgj HOEl L dzOudlsj dz dzs  ftej d dglzh

O



gfltrfroindr T td1toeffRrREL] O

VIf i3 HEd&OEEH dz s O&81H wazth S OV S sdzW j o dzyd v

OB SClsEzBORd st ssd3sz o Otendlsj € Iskztdzjdz$2j. to §f mf)ls Gzo dzlz &t
gd3j dedets 1 Isd wyj2¢d. vdfqpdzs wyjds o MmMdzsj o' BdtcO
mMzsvyels 1 HB 4. RMftsdz L so Odzd ! MIsOdzH Otelsdz” § H dzv
ZOMstes2Cd toj Sktotoj dzlsder =7 wyjJ<¢, LO dhmeur yj dals mtc
dzf sBrBHdMBE Hdzv t6j Odzde @QQPd Otrndlsj CIsizter todfm

ltcjHO OtedIsj dz dzOv 9 jtedW dEC Oydw BsHj dzd MdzOy O dzC
MdMisji fes dzs s o 56 ts5 -Glsd df tSldgtey @lz&MBORd tctso Odzder di3d YO MIstsls Od
[BEYOsh jj dzsy jMmlseots MmMhsswds dL -sk080&yS nEkd®?
Hdzd Is j dz! detsfpls' 8 200 tslsfpyjltsea. I LHj2Msodw ftoj HI
Mz yoO2dzr d3d § Otc O] st OB :5 ; Yy @i ILtHly) Q T [o@ dzfIfixDf tls) H,Odzgz O 1
WOLUPO: 2 ). tOL&BAttcHPSC p@ (e@iorgidz 64, ©BEYJ dd]
OHOffIsdo dese s OdzestedlsBO wlsdddL Oydd Adam dzO 20
dmf sdz! L s Odzsm! Mtcj H dzj St HHME OO JOARS j~ EdSCiTs) disjtdad s I
sj Mstsotsetts Bty jMisea O MsMlsoadzvdz 5% s tBh je yd
Csdzj ydetsc ts tcjLEzdz OISO dmf sdz' L s9 Odzts ! d3d dzd 3O
stcj dzgdteso sydesds d Isj Mistsosd3 dgdesy j Mise OR .

02
o1 4 029 B IJ it ' \‘ I‘L \ 057
& 00 & 00 00
o1 . J e l‘w ik .1‘ s ]
-2 4
0 5

T T T T T T T T T T T T T T T T T T T T T T T T T
50 kil 0o 125 150 175 200 0 25 50 kil 100 125 150 175 200 Q 25 50 el 100 125 150 175 200
0.03

.02 4
05

0.01 4
= 0.00 A = 00+

0,014
0.5

0,02 4

0.04
0.02 q

= 000

—0.04

T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 25 50 K 100 125 150 175 200 0 25 50 K 100 125 150 175 200 0 25 50 s 100 125 150 175 200
sample, n sample, n sample, n

tdfMm. 1Bweddj tcr Ot sBEZYOs hdrn BBtOLB L dz2OBBKO H O
1065 f5teWHSCO &0 cOtdsddyujmMidj otLHj2Mlssadw Mt
OBy dzdlskH OB  dOYOd dr & W OL Od3q

10 kit ftdeojHjd LOsdmddshmisd &ddd Bzez0 Wk
toj CkEtotcjdzlsdzgr 7 wyjds o MmMsi ddMYtedd Wiildsedd L tsjp Olelad
SimpleRNN RL HtjHMISOodzj dzgdz" » toj L zdz SOt Mmdzj HIzJ Is,
fted dmMf scdEalRBOdjdt Etctej dzlsdz" » dzj Qtetsdetse d MmMdzOB s
dnf sdz! L €Dz ddzj 2tctsdetse o Hdsd Mdztsj] o jtetsWisdats
fted BB "jd& udhdi +ftsa M Bjd " j2 MEseshis! ¢
tcjLEdz sOIstse B &zt MH J d&zOIs 9" 9 SH, Yylsts cdzze 8¢
o C ztotcj dzlsjdaBR256/M5j4) ¢ dzO w®lsdesmdls j dz' des BROdzsd3 yd fmdz
dMfsdz Lzj BBse s dzOB SO HOdzdz 7 dzO0 2 Istg Oz WO ' 0Q jcls
cORBE O sMisOo dzj dgdzs?2 L OHOYd, dMyitsd L s9Odedj B
gLBr bsydg.yjuwalj ydmdzO { ftss tsBlRZzyjddw Hts 1000 {tc

@@ 47




gfltcfrivder Pt d4toffRrRELT O

VIf i3 HEd&OEEH dz s O&81H wazth S OV S sdzW j o dzyd v

5L%Pted dmitsdz LsoaOdedd 32, 64 dodzd 128 dgj2tctsdatsa
1 st stsBlz §tod o i) SidpleRMNHG@RE] do j W jdgd® f sfls O9 dzj dzdzs 2
dmf sdazd sot®OH desMdzs2 dzr 7 toj S kZtotej dzlsde" » Otendlsj Szt

Q@-———+.] o €+ »
™ ~o 1 Ry -
\\\ + ] bty + !
b T 1 I T LY ]
A \ I VNN \ ]
1072 4 3 \ ‘ 5 LR \ !
\ \\\ "‘ t" 107 3 \ b A F
\ W \ ] @ ] VM \ h
A 0 " H o \ \ 1
\ A \ I - e | N A /
0 h. Y \ 1 c Y {' \ 1
] N . \ K o N \} Y ]
o=
9 WOA '\ i & NN !
103 4 LY LY . = _ Ny, A 1
: NN / g 1079 N /
- A 4 Y
1 —+- M=1 o, . . H 1 -+ M=1 “\ S !
1 ~ AT Y
| =w- M=2 \‘}Q" Sy ! 1 =%- M=2 SN ~ H
Ay - 1 ~
{1 —e- M=3 R | —e- m=3 Sve. SN/
- . ! h.‘.h b -3
4| —®- M=4 R o -o- M=4 et o
1075 104
10! 102 10! 102
Cells Cells

tdf. 4. 10edmdisiisd sShdetss ofs otej kY GeBlkyjddY ftth
tjCktetej dglsdz 7 wyjjS o fMmasj d SsddyjMmsed® Mmhsjs. ud
Bdzts Y § MY atcj@, 020 Isj Mistse B

10 kiR ftdojHjd LOsdmdhshisd &ddd Bzez0 Wk
toj Ctotejdalsder 7 wyjjS o Mmsj d MY teded Wjiildsedd L tsp Oledad
LSTM. 1tjHMlsOodzj dzgdzr § L Qoadfd ddsMmisd {isydsdzgdzizss it
Myl M wyj2¢0dd LSTM, sjd3 dzzyhj dzO ftej HME OL
LOBy sdls! , ybkts, ¢€060¢ d o Mdzkyoj Mmjlkd M wyj2¢0d
dzj Qtesdzso @=2%6%)2 Yiede sHdls § kkkz, ykssM#lid3d) §jts
ddzd BBEYO] MiFw ) § dzbictise (Hjdedz" J 1 Sy jtod g dzls fts
MsrteOdew j sMw fted tsBkyjdedd o Isjuyddedy 1000 + §ts5n.
ZO0 WY@~ d 5 odHds, Ykt d&ddd z3O0d dZOvw hdB ¢ O Hdv
Yi B HdzY fMilsd Simpl e RNNMY SR d 3 S B sE0OY s HBOW dz
fOBWIsd, LdOyjdd, SCobtstets?2 dzgj jtjHOY IsMw dzO B s
9 ttOdiC Orn BHdtets MW 1O wyuj2¢0 fO0dkvIsd fjtcjHO

lted dMfsdz L s9 OdgedylsOg j j ¥ G R U lzsdzs G jc Eedzts 3 € tz@ totc d
EflsOdeso dzj des, ylsts wyj2¢d GRU 2kyj BEZYO® sMw H
vtsdz! €8 Hdzw fWwWisd Msyd sOded?2 ydmdzO dzj 2tetsdetsea o Wy
fted dMitd L solOEalfsBD 0dz® fisfyp. 6 HtedojHjdz L Oad
shdeCd twuldejdefeded dalsdz” = Y yd 4 ¢ o Mmdztsy dM Hdevdzdpg JiilsCe
GRU ftfMdzj 1000 1f§ftsn tsBRZYjddw. 1t LdOyjddvd WE
o Mzs] By dets L OB IsdIls! , ylsHe za p @d wPdz®®j HO% ted dzj f
LWWiCls, yjd® ke j ddeayfdatyj ydiesd, wAGHY ShHdrw) QO] Is-
dkd ibs OS] j§ LdOyjddi WeEdtydg=3ad dwkid? ¢ adt o
stcj dzd teso sydesdz, 1SOC  dzO IsjMmMistsosd3 d3detsy 4 Miseo OR .
fteOCIsdyud MSd dHJ dzlsdydzr . [ Isms H Oo dnjdagdatz?j Is, O HU@sud Hd

O




glltcoforndr 11 fLtoftRrREI] O

VIf i3 HEd&OEEH dz s 068 wdzth S OV S sdzW j o dzyd

fdsr fz® ko jdzdyde Ol! cdzeddkz Mjlkd f] wyj26¢O0dd GR
SHegszd Ho ko Mds2 ds2 Mmjilsd.

i il el bt
"“Hx\ e \h‘ “'--,_)R n""'..,
T \ \\t 3” 1072 4 A R *_ 7
-2 4 L % I E A \
107 5 N 1 . K] o N !
L \ \\ i1 Y U Y \ I
R S o " LN BN A\ !
L * M a VoMo \ /
A Y A Iy 8 % s N ‘\ !
. NN \ ]2 107 "N S ¥
n 103 4 % Ly = ] ~ e P 3
3 3 SLN A I JI = b L e ro
. \‘ ~. 30--._‘ ! ;r o S o ~<l ]
~ ~L_rh = o N - ~
""‘\\ ¢ ~4 I = L "\\‘ K]
1 . =~ It - ~ 1
| == M=1 AN ~~. 1 = -t 4 —+- M=1 N ~ A
Y v Iy i 10 E T LTS jrl' ]
10-4 4 =%- M=2 Mo R 1 —x- M=2 3 <L /’
] I rs B ~ gl
] -v- M=3 *\"‘"‘-. \‘\)? ’, 1 7" M=3 ‘;:3.__'- ,i //
4 ~ — 4 - -
1 -e- M=4 ST’ -o- M=4 el
1 — . —_—rt . . 1075 ey . —
10! 102 101 102
Cells Cells

tdm. 5. 10sadmddsMmisd shdetst ot eotjdBY BEYJddwy d
sls ydmdzO toj ¢ Ztete dzlstdis d2d WiujlsietO o diffxigtej. dudzj © © f ted o .
ZO Istej dzdtetso sydzsds d3de®y EfiEs jsp S cOo O
] TR —-+- M=1 ! &= —+- M=1
_ \ \ —w- M=2 1072 4 A b - M=2
1072 4 )‘"‘1\\\ " —e- M=3 ] x‘-\ \\\ —e- M=3
N AN -o- M=4 1w \ -o- M=4
0 10_3_3 LY \\\ \\ EI 10 ; .\ \ \‘\ \\
E \\ \ A" \\ S \\ \ ~ \\
\\.. K\ *“\ g \\\\ X\ \"“-..ﬁ_‘
-4 4 A \‘\ \\ e - g 10_4_: i.ﬁ‘-.., \\ Mﬁh’"-v._
10 E i-u...:-.‘\ \X * -.ﬁ“ ] L-.__.':...‘_,.\\ \\\ ""-»_'.\
So ‘“..‘\ ‘h"‘--. \\# \\
o \")e_.__ f‘_:,qc . ~ X : .
1075 4 ‘"“::;:-:iﬁia—:;; 1075 - “""'\Jg:'z:‘ﬁ:?-_-:‘ .
Tt e e e
Cells Cells

tdm. 6. 1 0adMmddtsMmisd tshdetsS ot oatj Y BEYJ Y
sl YydmdzO tojSktetejdidsdey 7 wyjjS o Mmdsj d Stddyj mlsse
dz0  Isftagjtsdz sy dats d3 d3dzts ¥ [ dg® olg §, ) it setOdg O

RL ftejHMIsOodzj dzdgr » tejL Ekzdz! sOlstse MmdzjHEjls, ylbt
toj Cztetcj delsdz’ d3d dzj 2 tetsdede” d3d MmJ sw dsd Bsy dets dMmYf sdz! L
o SCdduyifmbej A, stcf B ] dztizg Zmdry Imtsthdsdgy j t6f o B
LOteOyYUdo Oj itséts dz@ BBLkYjdedj dzO Hdets?2  ftshj . [
dL d3j dzd Is ¢ Msslse jIsMiseze h d2 § OtcOd3j Iste BHlsddBBdL Olsts
WEdzS ydd OCIsde Oydd toj C kztote]j delsiafty ¢ tf toff dztiis. O &[dz® gafiastd o
Oterndlsj Slskter M wyj2¢0O0d3d Si mpl eRNN, LSTM d GRU
OCIsdoOydd dL dzOBtstc® RelL U, Softpl us, Sigmoi d,
[ dzv IsjifMmsdteseo Odzdw  d3r dmf sdz! ktisMEdzy O dztsfijddsd delz s v
C=128 dzj ?tetsdzOd3q . rdzw wyjj<$ Simpl eRNN dd dzd diz0 dz
ReLU, Leaky RelLU d, dmisd Lkj 3OY {5 Ed@RsdyOds:s
WEdCydd OClkdeOydd cj2lstse: Is ts dzi) § ¢6 oi3ts f i@ dz'dadz@ Wz j W3k




gfltrfroindr T td1toeffRrREL] O

VIf i3 HEd&OEEH dz s O&81H wazth S OV S sdzW j o dzyd v

SELU d Tanh S0OLOddMm' kMt 2y ot sdirfy O j) lddigv 1 fistdsgdz  dfifr
Moz e hdrn Myjlodzd? WEdkSiyd?2 O0¢CIsdeOydd or atsHO
EisdzyOdzgds ), SELU + Sigmoi d, d8ijgsnipii de tstlzjSE LizZin s s
MowL Ocas[,H fists sz, M dMisd LsoOddjd Ity 7, O daj
MsyjlsOded?2 WkdzCyd?2 0OCIsdoOydd fsLotdvels dzj 2 totsdzdz
ydmdzy +fsn, fedujdd uUibrtej dr WddEh ydiy sdizvl ¢ J
10ddzzyh 8 sCOLOdEsh: dMisd LE2jBs] s kdsdyodds

[T ftotslsiMmisdtetso Odzd f toj Hdztsy J dgdgz o h j Oterndlsj ¢
ftocj sBtcOL 8o OdzgdW Mde dzgOdztso HdzW dzj dzd dgj 2 des?2 M MmisJ
LSTM, GRU. | COyjfmlsej dOBsKO HOM 7 dJ(hfsd Lss
fseWHCO &0 cOtdsdduyjmSd) otLHj2fsodw Mt Mz
ftedo jH | dazde@2D. teldthyd wtBEYJjddd dIMfsd Lss Odhw a3
learning_rate=18c |l i pnorm = 1. [Blkyjdedj fHtesotsH ddztsi' daC

04 o’ B I}
aq I | 02

024 3| { ".|||

A 00 A 00 CEE

02+ : |1!l| M!”l

044 | | U ERY T 1 -0.2 4

T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 25 50 75 100 125 150 175 200 ] 25 5 s 100 125 150 175 200 Q9 23 50 75 100 125 150 175 200
0.015

015 03]

0010 4
0.10 1 024

0.05 - 0,005 - ol

0004 T T T T T T T T 00001 % T T T T T T T T 001 s T T T T T T T T
0 25 50 5 100 125 150 175 00 0 5 50 75 100 125 150 175 200 0 2 0 ) 100 125 150 175 200
sample, n sample, n sample, n

tdfm. 7. ltwddjter §Ote tsBlZYyoOs hdrn tBttOLt dL dzOBBWKCO H
fcdzcmMtso se s -¢t dAf stls'OH A O® dzO S Otedizsdzed yd MSdJ oL HJ2MIsoc
OB dzdIszH Odsd o deCOgdfdz’ dz" s W O

10 ki3] ftedeojHjd LOsdmddshisd o&ddd B3Od disets
Csdzd yd mMlsoa © mMzsy ©# d ydmdz0 wyj i< Si mpl eRNN 9 Mmd

md mils j d3r . RL fHtjHMmlsOodzj dadz" = HOdzdz" 7 BtsyMztzj o d H J
ftcdotsHdl ¢ kdjdzg M jdads W lzdzC yduf=4 tshfigiesOvdgizd 1 HJERj tdsts dd
GjLbzd sOr, YjdB HobkRMds?2 dOw fjls: . CrfififxHs jL HoCKd

dzij kEZazEyh Ojls COyjfMmMbseots ftotsedetsL qetso Oded W . 4 56 dzO M
weo g v M sdz' L 59 OdzadVj=2H @z6-4M detsj22dmsRdzAlds do M dzts j .
10 tdPzdffitgde jHjde L OsadMmddtshmisd o&ddd B3Odz! dztse ts
Csdzdyuyd Mse © Mdtsje d udmdzO wyjjs o Mmdtsj HddY M)
shdeSCd dzO Istej ded s gy difssdy dalsdztinH | dzOIs! o' 9 tsH, Yl
dej 2 e As o dzsj ddzd SOSs) xJ Ma Oz yjfdedfjds] tgdaly dz@ H Tt
tojLzdz s0OIs. lted {1 btd3 d@desetsmdzts2de j Mmjlsd eofmy yJ
shdeCd. RL ftolHmMB®Bakz] fpdzj Rizjclg L Zadglsks dzO0d dzz y" d J
RBdzsy j Mlseoj HMisdeOs Ismw ftod M€zl 2 &o Oulgg ¢ Qg r tc
lted {1 Istsd3 Ho kzn @dAsRalzOdz] IgtedzOdg B J MY j udoOj s tshd

O




O O O O O O O O O N A N L

VIf j 4 HEdOEEH dz@ 't 0&BIH wdzh S Ov ¢ tsdz¥ j to

ftcd dMf sdz' L 59 Odzd fyJ dB)yBNedPOy inilileita fGetd:-or ce RTX 2
BrfMlstej i (ot &3 GdMz4 jGed2 8MnisdISOSTM jIs f tod d3j tc dzts
LSTMM=2 QF 256 H&v tBbkyjddvVw fslkttjBttes Odtsm:! { ted d3d

== =1 s ”;:
7 R
—%- M=2 s ,,‘, 10-2 4 r ’,"
1072 4 —+- M=4 S 3 e
3 L j E— ! £
S - i T3 . [
L s o (N BRI [
A ES \ [ o \ Y [ r
o M [ A o \ A P F
| XN i a \ oo N !
“ \ A . [y I c \ NN it !
0 \ \ \ i/ i = \ A pJ N ]
\ \ 'L o} 10—3 — LY A\ “1.'\ £ ]
3 10—3 . LY \"\ L JrE' ] A\ D s !
v \ y 7 T ] oo ¥ [
Y \ AY ! = ., N \\ / ]
. A\ \ ! o h \ r i
~o N \ ! = SN "
~ 4 ~ Y !
~ \\ ;Jf I \.\\\ *H f
\
- . L~ X —-+- M=1 e * 47
\!‘ v e ! s '~ - x
Ssl 7 , — - Y 4 P
4 Tao Ld . 10-44 ~%° M=2 LN e -
10 E R— > 1 _ —~—— o
E om—"1" ] —e- M=4 Nt =X
101 102 101 102
Cells Cells

tdfm. 8. 1 OodMmddsMmisd G"dipISKsdedstsd teff )y d g 2y dPOdid S|
tjChbtjdlsdr 0 wyjjS o Mmhs] d Sskdujmses0 mMdsjs §td
fMgmisj & . wdjoO ftdojHjdO shdsCO &0 dddtksgfistss st

1072 1

- 4 e
¥e=zos, —+- M=1 ] == —+- M=1
\ = 1t *\‘\
\ LS —%=- M=2 A \ —w- M=2
|\ \\\ T \ \\
\\ '\\\ —%- M=4 \\ \\\ —+- M=4
LY
-3 4 % L v LY
10 E \\ \\\ o 103 E \\ T
1 q LY
Y \ \*_ 9 ] \ ¥
A LA % ~
W \ \ c \ Voos
wn » Y \\ 2 \ \\ "'s.
3 Tl Tw ® N T R
- ~ d =) -
104 4 e S = =~ S ,
] - ~ . @ 1074 4 S :
~ - ~
1 . ")(-.‘__H S = B \\ . ~
4o -
\\\ X \\\ \\ “n.._“_ \’h_.__‘___-q_
~
. N —— AN kL
=~4 + L. S~
e W ———— X - S
1075 1 S oo 5 Teem— - X
] 1072 4
— T —— T — —— —T —
10! 102 101 102
Cells Cells

tdm. 9. 1 OadMmdwsmhisd ddvqedf? tetsdzdetcd dfyj ks iy jw yd 2 ¢ OB
tjCbttejddsder 7 wyjjS o Mmiesj] d SskdujmbesO fdsjs §td
MgMmlsjdgr . wdzjoO ftedojHjdzO hdBS O dz@ ddts s defits 5o tsRdzs

10 bBd#0 ftede jHjd L Osdhgdd3timsaiyj dafdsd dfCarzCdas d
Csdzdyj Mo © Mmdzsy 8 d ydmdzG wyjj< o Mmdzsj Hddzw A
tojLEd sOIstse Mdzj Hikjls, yYybt keojdduyjddj ydmndazd ndts,
zd3sj dz' M j dzd ¢ shdBSCd HtoscdesL otz 8 d RALd Ld2® d fg¢
dcdztsy jMisej HdwW yYjlsr oy cmdzs?2 dets?2 Mjlsd o diKdz®64 ugpts
sftcOQoHOdets. 1lted 1 Issd3 atej BY tBERYjddy ISOC2 ¢ tsdaW
C=512 dzjQtesdzOdzd o Mmdztsyg .




L —+- M=1 1072 3= - —+- M=1
TN —x- M=2 TSl —k- M=2
T —e- M=4 AN Ty —e- M=4
1073 4 & * %3 “
] ““v\“\ N 2 107 DR N
" ;\“x\_ N é A ‘\‘\ \\\
g \\.‘ T RS Y é \.h"w \*‘--*-*\\
10‘4—é “-..\\ ‘\‘x\\ \\\ 'E 107 1 \\\ x\_ﬁh-‘ ey .
S H‘-“D-(-.‘ \N"-.. N ‘4"‘\\
\\___‘_' K“x“‘\h“* 5, TN
105 e D =¥ 10-5 Dot ST —X
o e T
Cells Cells
tdm. 10. |@odeEsiEedts ot B BEYj dd"Y daj 2 tesdedzs2 fMJ Is
6] Chtotejdalsdy o wWyjjS o Misj d Stsdkdyjmse® fdsjs ftod
fflsj o . uwdzjoO ftedojHj O BhdeC O kO WO JsgRHsEs 5eEs

] wOommisistj dd'tOns rd2Q] fdiddsdiiiz § sH O Odzd ! dzj
J HdzOC 5, co¢ tsls dzj YO dzts fiy! o s 99 jHJjddd, O SLHJ]?
ftsfqdzj Hise Ols j dz detsfylsd ddiBf zdzt ftse, ftedyj i3 dzOB dz¥ H j dz
dzj o sL Bsy dzts. [ ' ff SH G 5lsjstefiflsefo dizOMsde? HOlsEdzzdRS d 4 figtf d
otsLHj2Mlsoadj ©® ©odHj HeokR ©OHdBYOMtld 7 &Y kd
oAzl jl ftedo jHjdr fddjter sOSdn tbSddStss d ofsL
sBlzyjdzdw tojClktetej dzlsdats?2 SMetsdzdzts?2 fjisd fp wyj2¢0

27
1] 14 J
< 1 < 1 < A
-1 1 14

0 200 400 600 800 0 200 400 600 800

.

o

o
o

21

1000 1000

0.4 0.4
0.2 4
S 0019

=0.2 1

—0.4 1

T T T T T T
0 200 400 600 800 1000

tdfm. 11. lteddkjte’ §Ot SBEZYO:hdi GBKOLSs dL OB SE
&ZO Ho O twOHdtYOMistslsdzer » dd&3f zdz MO

lteso jHjdedzr J Sy Jjeddsd delsT fsCOL" 90 1Is, ybts §ts
sflsddidL Olststc® Adam f (—AB@BIbEsRh) esr 8y Or b he
wY4e0od3d o Mmdtsj. 1tfMdj & fwsejdd jhj Hej
f OO stcORd =NEdr heagril®ydyY atelzn Mdzs2 dzs?2 d yj st
wWyj2¢e0Bd o MmMdztsy . L ) IE @AY dizOdzts , M j sls s 58 JzIs'OFG Is W
Ho lzm Mdzts2 dz@WdzC1j2 Of tdefdofj Hj dz ftedd3j 6 ftej HMNG OL Odaed W
osLHj2Mlseady © oduH]j Hwisd vy d&ffkzdz mMse .




0 200 400 600 800 1000 0 200 400 600 800 1000

400 600 800 1000

o
N
S 4
5}

[ 200 400 600 800 1000

tdm. 12. ltddjte’ lCddSte tBLEYj ddas? dzj 2 t6ts dzdzts
o C tsdz¥ d ¢M D64

10 sffdso0dzdd ofMmjin HtoiHMIsOodzj dgdz' = toj L 2Zdz' IsOIsK
fto] SBtcOL 59 Odgd 8y M ¢ ezl 2d M sdz! L s9 Ols! Mmilsd M
GRU ¢ MttOodzedlsj dz! dets dzi Bsdzr " d &3 yd fydzts d3 delzjn? tdys(dedse) d
dzji s M3 MdzO dMftsdz L s Ols! Bsdz! " 5§ yd mdzts fdztsy ¢
M sd LsoOdzdj Ujls' tejoimds2dr 7 Mjlj2. 1 sdkzyj dd
qRf zdz Mse §&COL T 90sls, vyt Mjlsd LSTM OHJC o OIs dat
Mdfigds jdz© Btsdz! dr dJdelsjtco OkzOA, HOY ] CEBSEHO dzO o - BH
[1dMOdzdzOY o tcOBBI] HtesMlsOw tjCktotcj dzlsdzOwW Ot
LOHOYOR fjHMSOLOdY SIS d&dS O daj dzddzj 2dz’ 7 dzj Mls
mMd Milsj RO jdsimMve § Ot OB stedL Jetso Ols! , dzdBt ydhmds § Ots
Btsdzr hdd3s. 1 jtetsdadzzs fyj Is Bsy dets tsBEZYdls: 9 dzOB &
LSt j ydodzdL dtetso Odzdats j sBtStclzHts0 Odzd dgdzd toj H S
sBlzyj dzdzkz ¥ HdgdGjzdr! dpOB StcOlststcd®s Hd&zW HOdz dzj 2 M j G ts,
OdzOdzdL ©. ©v0OS, o ®OCk]stte)L sdOdnds? M jSlstesms s
tcj O dtetso Ols! dzO drL o jMmilsder § Hdzw diMmdzi HEZj BSEts 94 ",
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]l sz sctcOHME 52 5B &ZOMIs(J .
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1 RC
R
¢ dzdztsIs Oy d fls Ols+ § OMmMmMdBz3OIsted 8 O Ismw Oomy j ClIsr GO Is
d3tSH4dzq'thssOdz,q'W 11]’q' J a3d 2 . ltsq'atSI-S Isdhw sifizdPlg] kO
sBtsBhY dadz" 2 Cts3f Otclsdzj dzls Odz? dz" 2 Y tsSHRBH. dlsOadlsimw
pjeswisdsMisj?2 diLOedmdd & fitejrtsHtss, dMABHWH
Coikf Otclsd3j dels Ocdz! dz' 7 BtsH jdzj 2. ) tojHAEZOCO] IsMs j &j Ists+
1 8COLO0OdzZ0 L dzOyd dzgts s cOL tcOBSlsOdzdlese s gj ssH O dzO
9 0dOdzlsse § Oltsej dzO, fodkyjdeder & f §tod d3j daj dzd j o5

sdzs ujor j dfpdzt ekt s 0 O dz R d3tsyHd Adis &3 Dicls d3j dzls O ¢zt dzr
o jtssiisd (;§BRIEHEY tdzs] HBsH,j Zdteso Oded j .

bt

[ JlssHT &BOIlj BOIdujMEBsets d SCiRf! slsjtcdesets dBBsH
dfmmdzj H s Odad W tc OL dzdqlz@dz'd ifz" Ants Y ¢ @xjz'daip® . 1 Oy dzts 2 s B
fsHsBd » BBHjdzi?2 Yo dtPhHuesiEeO®didd s @iz § yd sd
JtesedesL tOLodlsdw 1 fdHiBJd fsLosdzwW jIs o' tOBSISOIs:
fs LOMdIsj dzOfyj dzj dedw [ 1, fpg. 117].

[HdB2 dL dzOd B tsdzj j dLejMmlsdzr = d "desSts §tedi
LY dud &322 W edstsidlafy “n ¢ B8RS jd31s @ glzdzO W BsH j dz2  Bhdetse OdzO
Ylsts COYHT 2 ddzHdoeodH o wfitcjHjdy dedz" 2 Btsdzj dzls o tcj o
otsls dzj Ctslstster §j dL dedm [ 4, . 47]:

1. S(susceptiblp o st tcdiddBarnffeo'dH, Ctslstster 2 J hydzjdajO displlsj ot
d dBtsydls BriIs! ddzWdydutseOdz fted CtdzlsOSCIsy fp IsOCtso

2.1 (infecteg dda% dyd tdsfadddfdedH, Clstster 2 BBdzj jIs © H(
ddedt dydtetse Ols! otsMftedddude’ n;

3.R (recoveredl o' L HBtcisddzod af@H, Colstster 2 kx4 daj BTt
dqdzaW d yd ctdotOaldzty o dzj By il ddWdydttses Ols! oMt tod d

J sted ¢ d dzOdz! dzIR deshtgdid dzls §f tcj H MIs O dzw j Isfyw ) )
HdWWJ tej dzyd Odz! dg' n ZteOo dzj dzd 2 , COYHBS] gL Cslsts
ydmdzj dedesmlsd ddzndodHtse o MmMtslse jlsmMise ks h jdi3 MsMmists

20

20

S — @ 1)

- o
GHIIJRIWERS ydd s otej d&3j dzd, BlsteOy O hdj ¢ dzdyd ml
Msmistswdzg g (W BN jj Stdzduj Mibat sd VW dady tes, d dzls j dz
L OOy gidkdsu WW I pesmisd or L Histese dzj dad v .

O



gfltcfroirvder Pt d4toffRrE ¢}v

]
VIf i3 HEd&OEEH dz s 068 wdzth S OV S sdzW j o dzyd

RfMatsHY L MERERsEY ddl)sfteg Hj dzj dz Ho O fjtejntst
dgdzW d ydtetsfg Odgd jo "(L HSfgtso dpjddrd jS Y HBBEts dL fjtej aBHTES
oted d3j ded o " ydmdzv jIsw jets ddasj dmdo detsls! yjtejr ¢
o jteYsdsMis! HOGESSBREEHEHFIsnOLO0s Q8 dzdp &2v fdzj H ¥ h

h o2 h 22

h 2 h O (2)

G HQ(f, ) dQ(f2, 1) T d dals § dzfnd o dats i fo, f jlday mjtiplas e C tsdzd yJ Mlsea ts o
Br dzd ddeW dydtetse Odzr ddzd o' L uifsddtHee] jdfB(kpd) JoBKHRT dzls o fc
9JteBWIsdesMisdfy dffj tojlsitdSH FSiyls o jtesWisdesmisd BT Is! d daW
osMftcdddBydossmisd d orLHBtese jIs! ) mMemisswdzedd d
Mstslse j Isise j dzdzts.

stsdzgj ydz' 2 fHtosegdest BsHjdzd o Cdzt yOjIs ydmdzj dedets il
9" LHBSKBO § 9" dnS @HdaH de ddettsdg dals o toj d3d dzed dzO L OH Odzdzts C

[ BB OV { ®IRdEsHjfdzd, otL dzd¢ ¢ dzOMf C i Otels d3j dzls
sdzso j§ Colsstetsets  dzj 3 dls gHj W tcOL H j dzj daed W f stz
(S Otclsdzj dzlst ) ddzHdoeodHtse. 1 HEBRMUEBSD ¢ BOE Pkizs gdz
LdOyddisds M Issyscd Ltejddw wOLadlsdw d OSSR tesfmls
feh jmsoaksls jvy BsHd¥dSOydd, Ctlsttrj mMoeslsedlshlse
73]

1. SEIRM3tsH jiédzb j H j dzts fREEEkpessd dzd 3t d i d2OZP QY d ®dzdz” 2§ |
L OBtsdzj 9 Odzd ¥ ;

2. SIRDBSH jiédzb j H j dets MDgdets,Wv dilfjd inpr 9 O h j j Md3j tels! s

3.SIRSEsH jidBo jHjdz His sdzded lsj dz' dz' 2 R# j thjsTs8s v dad |
sfdmr e hd2 oL @Iy dezt ¢ wslsjter otsLdzdCh jeots ddizdzkzdz

]l ttOdi¢ O C@dif RicdstEzj fgsH R sSHO &Bsy jls BT Is! stcc O
BsHjdzd, Gfdmr 90j BOv dOBsesd Mehsswdd?2 d §jt
Cdi3f Otels d3j dzls O dz! dzOW B H j dz tcOMmY tctsfistc Odzj dad v d dzi
ftejHMisOodzj dzZO o odH] CcEBPRBOSEFGtcy 8kl s MW ke W
Y B toibdde s sdetsflsdzr j § jtej AtsHT d5j 3 HE dad &3] .

vL0¢C WBSIREGHED jIs BT Is! BfdMOdz0 MdzjHEzehddz ctcOW s

S fz—’ R

fl—’ I

tdf. 1. 1t REBEOgdiddj odH] cwOYO fjtj itH

stsdif Otcls d3j dzls Odz! dz" 2 f SHR BSH HEf EMCOj s dzO0dzd yd.
fjtcjicHses dL BSHEses Memlsswddy. s kOCdd fMdkzyC
oL Bsy detsfls! ddav dydtetse Oded W dzj BT ts dzdfiscigfizd § O ldztya Jlst
fMd3d tels! SiIsr Adzjffpor O®OEdz] o Odzd j &3 fedyddz [ 6, M. 2] ;
90 yd dzOyds gqdzHdoe dHse [ 2, . 417] d Hte. J
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otsmMfteddBUudotsiisd, fo®Rdds §jtejrtHO, sfdhre0Oshj
Hisf sdzdzd Isj dz' dz" | dzj L9O ondidriafcdef ji friftsifrids swisdmdf w .

OS¢, dOfttd®jite, MsttkzSlkkteO® osHj dd, Gfdhnr oOs
o OtcdOdzlsOsd § Obtcjdz® f Ysttddteso Odedjds sBh jets d
sSBtcOL 5d3:

f]_ fn+

n+2\ R

tdfm. 2. lwjHflsOodz dedj BsHjdzd wOMfeshstOds dad™ «
)] Ystthddeso Oddj &5 SBNM jats diBkzdedlsjls® o odHj

[ dzv sO¢ts?2 dBsHjdzd HdydO B' Is! syd dzj dzO d dzls
90 Odzlssds § OlstsGj dzO H v g Cdfiste] dzdv o j osv Is dzsfyls j

s0OC t0Odzj j Bl yjdes, fjtejrtsHr, dMmasuwhdj dL
M sdwdkd. s0O¢C MdzjHMmMsedj, ojteWisdesMmisd  tsH B dz
MEzRBBO By jls BT Is! Btsdz hj JHdddyr. [HAZOCt ftcojH

f sHtdAR] o O Is, yYlsts o ®itejHjd ddzg" 2 @ dBsdzj dzls o tcj d3j o
SHdzsd3 Mtsgleds Wdzd) @ jde'zd2ts;,d v tSHdsote]j d3j dedetse s jtog -
MsmMistswdzd?2 HBdydO B'Is! dMeE dz¢ yj dzO.

vsO0Cdd3 BBKOL A3, tOdzic®BBEEOE R d3j stsH, W adgdi kmw
ftoj sSBtOL ts9 Odzd j o jtotswWisdzsfls j 2 dzi L O dfd &ig" = i
Mstslse jIsMisoazs hddis o jtocsWilsdegsmiswdz HOdzdzr = f jto]j mnBHESO

) Efyls! HOWz §jSilgdiE sHdz & o jteswisdsmisj?2 jtej R sH
1 J BB A BHlSRs ol Isflstc iftoj SBOL 59 Odzgdz’ 7 9 j tetsW IsdztsMls j -

5OC, ftod dOddudd Hokn jtoj npsfHiye) Isd L dig Hidzts & & 2

n 3)

] 5MC sdz' € kp fipgrCjlddsitaf s o j teswisdzsMisd §jtej otsHESe G
oL BBy dzr twOL dzdyde' | Stsdi3BddzOydd YmtcOE Obtz@Btzd 20 .4 .
MetesCd Cthttts? fojHmMsOodvesl ofj oL dshdLj tof
Bdztsy § P4 O 5 OF H OV M RSP EXL ORO IO Us", COCdJ dL fjte
HOdzdztsdz d fnaBBHJ . | B Sdzdzd¥s j dz'iflzts o &g HUL dpO P et Y €
IzZsddujmMSd ftoslsdotsf sdztsyd' MsskbOfls PP icPddy L dzO
ftod dzd &30 Is Mmdzj Hzs P d2 o dH:

O
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© B A3 p o AT (5)

dzv  MdbizoOydd Hebkr jt] n tsHkSLodzOtyts didd v j digas tgls o g
o jtesWilsdesflswds Mmdzj Hzs h drn MmtsBr Isd2: MsrteOdzj dzd§ d
fitcosets fjtejrntsHO, of ftsdzdzgj dedj Idz' ¢85 olsttesets
fjtcjnitHES .

RMn- SH dzOW syjdzC O o jtesVWisdesisd COYHEBSE  jtoj:
dzj Btsdz’ hsets ftesdBi Y kIsSCO otcj d3j dzd, Cwlstste’ 2 tcOdzj
ojswWilsdetsmisd dJdW Jdydteseo Odzedw, or' LHBtBe dzj dzdVw, Mmd3d

HdzY fosd)ydleSdd Hjde . v0Cdd SBLOLBd, §tod dffdj
MtcOBOIsT 9 Odzgd j &3 dgj MCtsdz? Cdr f jtejrBBHBSO 9 L OH O dzdzt
f sdzOc Ok’ , COCE2 dL dd° BGdjj ojoWijd o Il

9 JlosWisdesMisj 2 wifsdygolsOdze "ds® tcOo dzsd3j todetsdyz Mdzz yO2 dz
ftesdL sh juhdna SHdzts o to g dgj Hztizs O I4fjjdis dEHs dzts ) Is - COYHESE
sfdmr o0 jets tSHdzsotej d3j dzdetsj o' f tsdzdej ded j dzj MC sdz'
2zZzO mMtslse jlsMmMisokze hdj fjtejatsHT .

lojHY dc® jQIStSIcOMY tej Hj dzy dedz" = 9o JtesWisdetsMisj 2 dM
tc O9o dz dMasHdy 8 o tosvBRtzOMBY d@y dfde’ dzo jRB S BQ dzd yJ M
ftesdLtsh juhdn o Molse jlsMisokze h j dAdstcfgtsH B Iss sésHf @ J
fMdzj H ZeshBded® L ts d3:

Q 5 (6)
lted tcOMMBstslstej dagdd dMAsHO, Sttt 2 tsfdMmr a0jls
ifmMsy MrtcOdzgjdzdj ftojydziets MsmMisswddw, o Motlse jlis
fsmMCtsdz Sk HOdzdz 2 dMna oy ydafndzp tzd g Is f & jits B 20 Uf thea] O dzdz
fiJtcj anHtte, BHtjH]jdjdd] Jjet LdOyjddw dj fttsdL o
ltoj SBtcOL 59 OdzdzOVY 9 j tetsW IsdztsMis! COYHBEB f jtoj nts

tcOM toj HJ dzy dadz’ w o jtotswisdatsfyls j 2 Isj n dfma sHBO , )
bdzj HE QiS], o ydimdzj dedj fHtoj sBtcOL 5o Odzdets?2 o J totsW Is dzfs
N B. g Q (7)

Il ydmdzj dzdJ ftoj sSBtcOL 59 Odzdz" » 9 jtetsWisdzsMmisj 2 d3tsy
odH]j. 1EMmMl!' CoOHtOl MU {iplthiste®@Ed|lss o dethY - s 10 d3b di
l jeswisdsmisd Heokn djLOedmdd = fjittjitHBe ®Bsclls
Mt dASEBO C o OHEOLO. uvOCdd tBLOL 5B, § dsh OH
fesf sSteydsdzOdz dz' | o jteswisdshswd Mtslse jlsfise s h g1
Bse zls BI Is! 9" yd fmdzj dz Yd tedtL dzOr s H j dzd § i dzts h
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tdfm. 3. JibBjledujmSs) fjumsOodjddj (] cSBLOL 5

JfdMOdeder 2 3 stsH, toj Odzd L tsio(Ordpdz” 2 tadidgijdey diz toO otaif)
dZzOodzd f§ OC jIsy] H dzw Cdzmlstezd totso Odzd W ¢ % dgffidensrisodzj dzls |
(https://pypi.org/project/epidemmo

g JdMfittsde Odzd J i3 HOdzdzse s f OCjIsO BT dZzO f tsfMistetsy
f Olstse jdzgso M tcOL dzd ydets?2 d dzlsj dzid o dzgts fls ‘tesd Mlz@a€ Qy O dzd
smdzseo Odzedd ( sMmistes dedets?2 BsHJjdzd d Mddalsy Isdyd MmS dn

ftotsC ddsOts®dj Ister , dMfsd Ltso Odade” j] HdzV  sdzzyj ded v
v OB d&zd yo
] OOdj Iste’  dstsH j dzd tets o Oded W
; 1 d2Oyd dzd| 1 dzO U ded
1 OBO®) st foscdts] 4§ t6sd dzs |
1 Oyo0dz! detsj Ctsdzd yj MBI o s 97 97
1 Oyodz dets§ € sdzd g flsCo@y HY"daly 1 1
f Ols ts ¢ijl@@)s1e40), 13(0),
1 OyoOdz! detsjy S tdzdyj MisAR(E@ o' L 0 0
%Qsﬁqz Cst WWdydd dzls d dzls § dzfi 0.05 0.05
st WWdydjdalsr ddalsj demdo desmisd L Otc Oy j dgdWw H dzw
1 Ols 56 () 2.0 4.0
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tiLkd sOT w©OB®Glk' &sHjdd f) dhfsd Lo Oddj &
olststetsdts ftosedatsL dqtotso Qaftfitz dzC @Ac j ¥ ) lsf O o5dz] fifas ts lsdaQ Is i ls o
dzOB tstc O f OtcOdi3j Istetso ftod HMIsOo dzj df to d dgjedz s diafs) 3, 34
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ftjorhOls: JjHddyezts dindzgehEddj s mfpftedddBuder = -
gdzHdoedHtse, ftejorhoshd?2 ft ydmdzj dedesmisd MOz d M
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Btsdzj ] tBfdzseo Odedz" j] o7 9 tSHT s Momlsswddd LHEBEKES
o jdzdyde 0sls MCtstetsmis: Hd Oc dzetsfgls d Osd ,d B &8, d § thudz t§ @
MsMtcj Hslstsydls' Mw dzO@ Btsdzj j S Oyj Mlso j dedetsds dzj ugj dzd d

stesdzy wWOMY tsL dzOo Odzdwv dL BBteOY jdegd?2, Mo jtclstsyds |
o BBd&OMIsd O0OEZJL O odHJ . Ujndsdzsce diR dER shhipdetez
slsfdzy ¥y do Ols! Bl jJCIsr o HddZOBIJSEJ, twOmMftsL dzOe Ols!
ZO-tsHdls ftedd3j dzei dzedd o MdMmlsj BOR BJ LY OMdesMmisd, ¢
d 0dzOdzdL ftesdMmMratsHWh jets o L isdzj H JRUidE@aod@ dzdtWO dRizdey
dmf sdz' L s sfpw o O e stelsOr d dzO MIsOH d sdOR H dzW

]l MW jte] Oolstdesdidzs' » IsteOdemtf stelsdzg’" = Mtej HMIse s 1
toj " jdedWw Hdzw t6j OdzdL Oydd WkdzCS yd2 SCStdif’ slsj todetscts
fBrtsH foLotsdzVjls OoltsdBisBddzv i3 tcOMmYf sL dzOo Ols! HESEKE
Fyomksdzdétseo Hodyjddw d OHOfIsdttse Ols! mMw ¢ d3j dzw ¢
Mo jttlssydz" » dzgj Qtetsdzdz" = Milsj?2 © OoalssdisBddzd L dzO
LWW ] S Bde dats

14 Bjdajj ddalsjtej mdes dmf sdz L soa Odedj o OC totsdats dzd
Hicsdztser 7 Mded BE s dMMmdzj Hise Olsj dzd dBsckls O0dzOdzd L d
PetsHd?2 dd ftesedtsL qtetso Ols! Ftesy O2 detsfls ! . v O0Cdj (
fcordy dzftesdL osudlsj dz? desfmisd, des d Efmlsts?2ydoe sfilsd
EhjteB tls CdzdkzOIsdyd MSdr dL d&3j dzj dzd 2 .
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VlJndsdzsedd cdzkeBsStsets tsBbkyjJ ddw, o¢d¢ yow fme .
dmf sdz! L 28 Isfqw  Hdzv MBLHOddwY MdMmis &3 & jsChEsdgjdesHoO y o
fsRsh 5  OdzOdzdL © dLBLOY jdd?2 o ftsdedBOdedw € tsc
Cudif Odzdd dBsckls dORsHdl! Mfshmser §60L 0! d&
LdzOydlsjdzt dets fso" " Ojls 1 WWjCIlsdo desfls! BOtC J Isd dze
Bcj dzH O f tsdz! Blso Ols j dzv d&3d |

vO0Cdd3 sBwOL tsd3, fHtweddsj dzgj dedj Mo jtelstsyds n daj 2 e
ftoj HSMISOo dzv W EZded COdz! dg' §j tjhjdedV HdzYW Mzsy de = L
dLBtOY jdd" d odHjit. tOMbkhjj yd@Qdsv 26y suzyb
Yysts btsdzr ¢ts o9 jternkZPh CO 0O02MBjtc O dL kzyj dedvw. R fnfyd
oL BBsy deslsd Hdzw fteddsj dzj dedv L Iss2 di3sh dats?2 s = dzts
dmSeMmmlse j dzdesec s ddzlsj dzdzj SIsO Hdzw HEMIsdy jddw Jhj

1 Qo ddz' dats dimtf sdz! L 59 Odzad j Okze d3d dzlsOydd H O dzd:
sBkyOs h jes dzOBGKO, dis T BBRBSEOjIs BsHJ dzd dzyhj
fsorhjdds JjJi Efmbs2ydesfmisd ¢ f§jteisBlkyjdds. 10
Hsdy) Z00B O dJtcso OdzO ¢ CtsdgCtojlsdes?2 L OHOUYS d Isd 4yt
toj Lzdz sOlstse. 1 teddij daj dzdj Mo Jjlssyds n dzgj 2 tetsdzdz’ n

9 C dzs yow Codif ! 6 Is]j todats Lted dzd J , d3d Hdyd dem & z s Hd
Mtcj HMlsoa © dekddesecd ] H Oy HEB2 dL 1Isdr BB d&OMIsj 2
Hj Bsdefmistcdtelzs Is Mmoatss 1+ WWjClsdoe desfyls! , SHdZOCts 9 Oy

fjtedsBlzyjdzddd3 d dzj HsMISOKStsd3 H Odzdz’ = . Il BlHEM]
fsHaBH' € BlEkYj dds0 dg Q%osjdzdit @L tdQYBlsQI?, 0 Ols ¢ Btsdzj |
Okcdj dz2sOydd HOdzdzr B, Cthtter j MAsckls jhj Bd hj

] djtcOlskztc®
l.stedL jomSCd?2 ¢., wkbmMCjojtec R., mddzsmazg dgNEt ¢
f sdii3sh 1 8 cdzzB sSCdgfk 2 s dedzly W Y tBQHIRY % j dzedw o B ZOMIsd
sSBtOBBISC d (2deW1s2te dgi@ y2dBd0 9 7

2.6 dBtsdzv dz s . , 1dmMMmi tdzOdz ¢ . {ud dz Gz € d |
dLtsBtcONJaRRs M/ 1409. 1556. 2014.
Mg s., YX0Odz m. , ri dzsmis Olstsy bztiz] 1 8 Iz Y gztled € B §iz

JLsBOj iz Btcdzd & dBOIsj tod O detoEES s @5 438 § dzis g th dzs dzlz 1
tcOMY sL dzOo Odzd 2 0 BBV 8t6 ©

4.1 JHd3sdz 1., r oo OdzO w. , 1dJwehds ., AQOtcn OH
Eded W d yd tctog @didztelzjs,] o toj d3W s B/dHBtdAoidgdd@d Wiz Cdsji tgjCOdtme €
| EBBs Sl ¢ Isjtedzscisz L tej dzd¥. (2 GeOBGR&BL. dz00 Odzd ¢ BB

5.LeCun Y., Bottou L., Beaagge d IYear iaf g napp P
recogni tiPomceédifngst he. | EEEB611)Pp. 227 8.
https:10db109k9/726791
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s
b dzdzts s Oy PMmdstsIs to j dgr fjtemyf jSIsder dMmyf sdz' L 59 Odzd
dej Qtetsdeder 7 Mjlsj?2 (wrR18) Hted dMimdzj Hseo Odedd ff Otc O
(lef) tOBtslsddits cOLBH jtojtcOBOIST 908N jgs L O SH

osLHj2Msody Y% @Mse il dazsP tHEy o s .
lted §oBtshd dmefiplzi Hizj B3 = ¢ taOh@Rd3" g © “Hodddjcurzts i
ftoedL dzOCidsB SBAR dzdzr 2 f OtcORj Iste § OtcOfd i3 Ols d GISME 52
Tydmdzs HOttse HEPKMNY B OalzH B dzlz Isls C dztsdzj dzgd W H dzv € Ots

sdzs yjor Jj fpdes c® s ddgs zmMmise j dzdzr dzj P @sazdzj ftor f
o Oted OB § dz! dzsMisd ;i @RI Bl e B JOF BRI ui MSd) GodL d

] slstcj B detsfyls ! ) dmf sdz L soOdzdd wR ® H dzw 9r w,
ftedL dzOGC 59 fted OdzOdzdL § i QdevQudigidls tc tgazts yldatg M is j & § Is LA,
MsOdzC do O Isipw dMmMmdzj Hse P j dzd © HOdzdes?2 B d&ZOMIsd |

stcOHdydesdzdzr | MsOIsdMmisdyd MSdy HBilssHT yYyOMmlsss s
Hisfistse jtodz" » t©OL dzduyd?2 fHted MtcOoadzj dzdd § OtcOdj Istetso
3ets sdfOl B jHjdedi HOY] daj MEBd €dr tBMdzj HISO C
dzj WisjcOLBots?2 slsteOmdzd o EkmMdzsedwr ftesdL oatsHMIse O

l MmMewerd M {Isddz, oetLddSO0jls fslstejBdshmls! o dzs
fJ toH npdgtz H ddifiEldsj2d3' S lsster 2 B' L otsdzdd dzj Istsd'
lawt, des d BifMfjudl: dr tejfftcjL jdzlsOlsdoe detsfils: [ 6

[ dzv  tej N jdedw 1 Ists?2 LOHOYd B' dzO fHtodd3j dzaj dzO ¥
Hd dz2Odsd S d 1 ut £ tOBtsldditse cOL Y j tcj tc R EOMds@s N
fsHo jtoy j dede” ~ otsLHj2Mlse ds 9tcd HdzM n ftosdL o tsH s
Ldzj Cstesd3sOGded Isdescts L dzlzyg ded v .

J dimMmdzj Hse Odzdd Yo HMIsOo dzj dz tcJ L Ezdz sOIst O dz
sjrndtsZtedy MSdrn EMsOdtsoa ¢, s j tcOls M s (s LisHsjo 20hdsm
11 A

l dmmdzj Hizj B ctozffz otshdzd 30 dGzyydd o oL
Edzsedwir otLHj2MsadwY WOCktsttses WdLdyjmMeis?2 1Isdt
SlstsBteOdz By uddz' , dej ddi3j* " di Msy kzls e dnds o zG
oL tcOMIs iz, MlsOy k& OBl dd ftesdLotsHmlse jdade" d3 W Iz
11 A
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Il dimimdzjHkzj B3 n cekff Or (B ldts? d Ctdlstetsdz dzts
lwt (Ek2.4.):

- X137 SIMi sBsBN jdzdzgr 2 §COLOIsjdz2 OCIsdyp dzgsig d dndpts
dzj o dzts?2 MmdMmlsj 3" (11 8), o7 Oy jdedz" 2 9o Ekfmdztse dzgr -

- XTI PARisBtsBh jdzdz" 2 f s5COLOIsjdz §OOmMdif Olsd yd M¢

- X371 SSg YyoOfMmlstslsO MjteHj yder » MsCtOh jdzd2 (vyuww) o

- X471 SDNNi fnls OdzH Otels dets ] tSIsC dztsdzj dzedj H d&zdIsj dzt detsfls d

- xsTIBNTddzH j § ) dzOf oWy j dzdv 1 O 9 ME 56 5

[ Odgdzr | 5 9 0tedOBJ dz' detsfilsd MmJjteHj ydzese s tdlsdzO BT
dmf sdz! L tso Odzd § d3 -0 &f.Otc OISO ¢ ¢ dzts§

[ dzw 9" wWodzj dzd W L dzOyd 3" - HJOcG detsmisduyd MS dna t
LotedMmisdyud MEsets OdzOdzd ¢ © P d3t3gz® dgd ASERSMIHEASRPO od I8 jtddO y
w;i=100).

]l OB On BBKLOBBISSd HOdMd = d&jBSHOARd ¢ ZzOMMd wd
MicOo dzj dzd J Mtcj Hdzdr L dzOYyJ dzd?2 tcOdzetseo HEH E2MmiIsd dtsc
sBfMdzj Hzj 3F = cGolzifdzj HEzh Rd3 ( OB @2 ts dk:)

- Hdzv o' BBt L dzOyj dzd?2 f OtcOd3j stese SI M, SDNN
ftoddsj dzv dzipw dzj f O OB sedip heded; U Ctedlsjed? [ OdzdzO

- Hdzw 9" Btec¢ L dzOy4d dzd 2 f OtcOd3j Istets o PAR ( :
ftoddj dzv iz § OteOmBd Shgally MS B dls ©.

vOBd&ZdyoO 1

tjJLizd O ftsf Otcdetsets MteOo dgj dedWw Mtcj Hded R L dzgOyj ded 2
fOtcO®Rj stetse | ut ©OBSldzdSitses GOLSH jtojtcOB O’ 9 O |

1 OtOdzd B {
4 tc O dzd 060G ; SIM PAR SSs SDNN IBN

i fPelkffO 2 0,301 0,502 | 0,790 | 0,872 | 0,981

) od d3j UOded WitskGjtalaffdf © His 35 dzjls, dzORBHWH dj Mivdkyswd da'sL H
Hes 35 dzjls, dzgj dOCDGHWHh g MY HiElgBd odslzlsijR MBBEg jidz'l } n dz
Ciedlsduj S 05K © 50 daj

{smizsmissflptse j todz’ » pOLUE)Yd 23§ X0k oM B3 tOMN
f OtcORj stcOBRBd | ut t(Bld@Bjda.z j1R" Rd3tEejzld o dH j Isj dzr fls ot
1¢ts IsdfO o fGtotsd hdzj dedets? { Stsdkzsedd. wtcOodzdo O) o
BiyHEz M2 5 fteduyddsy dOmtSYHjddW tOBBISded S 59
Emdzseo dv e sttkzr O, dzth i QzdgS O v tc Ousd@dsqdits (S @0 dzj § € C

[ dzw tcOL toj h j ded W dzj s tcj Hj dzj dedets s d fjtcotsets
My sdz L s OO’ fo j tc KICNTRAY; 3 Hizj 2 1 ts triz® O REgzs 2 C s H
sflsdBdL tcso Odz OolsstcORd Msc OMdetz dfStgd dtyd f O g, 1 to
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YHTACMOCTH H 0oJee

CTPYKTYPHpPOBa- oA 3(ppeKTHBHBIX
HHS KoJIa A CTPYKTYP AAHHBLIX

YMeHbIICHHE
Ay0,THpOBAHHSA

Ycrpanenue Yayamenne
NOTeHIIHAJIBHBIX NPOH3BOAHTEIb-
ommuoboK HOCTH

tdm. 1. ltwddydf™ sfdidLOydd f§tesctcOddzdetsa t

vdzEyh jdedd uydbkOoj ddsmisd d MbtckzSlskztcdtoses Odedw € ts+
B ssHise HAdW dddydoOoddL Oydd d tBERzydddw oGsHJ dd
Eftctsh O s f sHHtERREO&ISHI®OREY dlsj CMistse™ 7 L dzOyj dad 2 .
Vs dz " jdzedd HEBARZJtetso Odzdw CB8HO ftsdL o tsH J dzts iy
tojLEzdz sOlstse tsBRZYjddY d cttOWditse, O ISOCYJ HMW
RN sdz' L s0 Odzd | B sdzj j LWWiClkde dzr n MstckzC skzte
fteddgj dzdv Mzso Otcj2 HdzW BfldidL Obtstese d WkdC yd?2
lteso J € O dzO Mbkh jMmsotso Odedy WO2dzse d Htj Clsts
EmlstcOdzedls! HtslsjdydOdz dets otsL Bsyde j tshdBSCd o CBSH
RMfsdz! Lsoa O &jlssH ¢cnet _maineée bkHOMsH' Yy Bzt h
d, ¢0¢ MmMdzjumbseodj, Ekdzkzyhdlk' ftsdLotHdIlj d desfls
[fIsddddL Oy PABCN5DERH O] IsOC % J ftesojHJd2ZO L O Mmud
(dMfsd Lo Odedv BBdzjj CtdfOCkd 7 CtdhstezSyd2) .
R®BY stelsr , mMzse Oted Hdzv s Isd didlz d2Mlsusders o H AW W tdztfdzE o
d3tsH j dzd WikdC ydw H dzw tsB dzts @ dzj dzd W ftesctej M B O
toj Odzd L s Odzdz’ | 9o dfRoists,tc Ofddcidztsigis @ az®jjdzr dzO0 tod )

CaoBapu 1is DOyHKnus 115
Hnoprer ONTHMHA3ATOPOB H onpeneNeHust
¢yHKINUii NoTeph MoJeJIn

* keras * dict_optim * define_model
* models, layers, * dict_loss
optimizers,
regularizers
DyHKnus 1715 OcHoBHaR
o0HOBJIEHAN $ynxnus aus
nporpecc 6apa obyuennss CHHC
* save results * net_main

tdfm. 2. rR&IsElST, Mhseoted q WYkdSydd, JdhNfsd Lkjd j
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W

]l YoHEkBoC s i@ OBHBmEBEE MY sdzr L s9 OdzO M+ BdB
SBlzuj ded v dzj ? wgiselzuzd g fPlgdsd M JJ4 BSHEEZY B HEZY M
sflsdfidL Olststetss d tjebdvtedL Otstcso .

1 OtWHE ) Elsdddlsts?2 Hdpl odL Haddsld® y ds Odis(Hny dzdnls
B d B dzd tsRythdh ¢fi dzw tcOB BBIsT M MzEyo22dzr &i3d ud mdzOkzq, d
CteOWd¢ 52, W02 dztso 52 mMdMmlsj @3ts 2, H Ols tsrandorg, mathe j d3j d
matplotlib.pyplot, os, datetime, time, nupy SOC Y J fndzsdeOush 2 Mmdsdgjsdg
sflsddizddL Olststese ) KR a $sB i¢c § €ds OfiRdEp do® mre, Msf sMis 0o &
WEdS yd2 fslsjte:r f dKedrhskzisdi I obowtsG@dd o

r dzv ML HOdwY Wd&tsHj dd wrR] & defif edd mhE @Ez@fMis o & I
42 WkdSydd mtHoCols]jvdz’ fdasidzddstH j ©zd mo d e,| sH S @adzj dz
f dztsIs dzr = Mdzts j o fl L OH©nueozd 3l . afdQitd @ dgjyfets &d3dDeetm G he j( dz
ML HOdzdzts @ r d3su j dzd model &

Il " BteOdgdzOVY W EkdzC ydw Hdzw Mmtsn taCdajvded Vro eted sl thrtadgB @ Is t
CSHy HR1 8 HSGY Sdzdy &zZOM! M d Mtsdg elpforsrh dpsbiy o @ tis'fy ISfits tSHj (
s sy ewn qhilsswdesy/isddoz€ ygw disd § sMmistetsy dzgdw G tcOW d ¢
cpl t, plfiogstnétc Odaj dzd v Cte@%d @ 55 @Ww e ldWn@id ddzd v 9 09 dztsfls
csum_wes e, slsCter sdw WO2d&ZO Hazwi t DY & p@ d ([ dadf tf G5
dgdzs stedz3Oydd g fipjvisrdi toe &¥.02 dz

ANzdzC ydet cmai n(glf s aldzOv dzO)yg dzO H dzw sBEzyd ded w
dmf sdz! L s Odzedj @3 H Odzdz" =, ftgl rothfigld O wdajf dadzdZY j & 6L |
L OH OY(d:

1. RdzdydoOdzdL Oydw d ftsHeltseaCO Htj Slssted?2
current_date( f sdzz yOj d3 Is j fathhtazdir( fiPlsZz) ¢ HReg A UsItstesjd B Iz H &
Mrh tcOdgv Is! Mw odaykdirfpatt te @I M)s,L HOJ @3 HERBREYIsttitigdzd dzO
mMEh jMmMlsekzjls). [(MmMdzd Hdtey Slsstedw Exj MEkh jMmMsolkzjls,

2 . l sHetslstsa CO 0O ¢C(d H dzw s~ tc Odzpuwiplfer_datds j € &z h
(sftejHjdzvjdd SCdzdyjMmsets kx4 Mk R ¢ Il kainet dirddata ff SH |
(ML HOj d3 dd3v dztso ts2 ff tscHHadttcag S0sets & d dsepathiz® fdic dadgj tc,
(Wtedddtclzj d3 ff tsdzder 2 f Els! osinkdidpaahtst@ ditf datd)in ¢ tc H O ttc datf p
fsHHd] Clssted ® .

3. 100 dMm: ddet tstc i3Bag ftep( WO IS sBsEO2 dzBEZH jIs dMmy
E tcOo dzj dzd Winfoyad SetmdgIxt( MtsL HOJ d3 W O2dz Hd&w L O dMmd ¢
wes to _file( W stcdidtelzj d3 MistetsC 2z M d d3d dzO dzgritef..) (> dHipzve O C
LOctsdizsotsC WO A&ZO f sEdmMOdd] &3 §f OttOd3j Istetso M J

4 . AdCdz Hdzv f sSH G sBhte flag] stef == L didf & :C slsster 2
or f sdzdgw Is+ Mw  H tsflagssiepdzilf tsfipls O df jtdsC Gwc Gtepdzrods yif ndzv j &3 tsB
Csdzdyd Mlso s h O¢ B tc AgVbar(f de'ts\g ol dgiin] o3 reGEc @juls tbas tc j
(ddzd yd Odzd L dtelz j d3 L-dEOaligdatep = 1ff iefpls de@dndzd e O &3 W dzOe o
dL yd¢ &z0) .
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5. [BlEyd dedj daf ghobatsdadam@ acfiy Fisglobal_var.func_olfnf tetse j tow j d
Emdztse d 4, Colsstetsy , 9 J teBW Is dzts, s toj fiorjindexjsdsi,in ¢ OC c
ranggglobal varfunc activ)i yd ¢ dz ¢ ts d dzH paéné) Gidzlaté) puspe? s@sL H O J o3
d dgw fsHHdtc] Clssted d Hodzmkdir(pathS dir hdgt® nunfhgre d ) MtsL H O d3
fsHHdt] CIststed s H tmnuntbgrSelzih ranyggliphplls/gr.len train nedi yd ¢ dz ff ts
Ctsdzd yd mls o 2 malel & dgfinadgndde(global var, indexset) i s tej HJ dz¥v § A3 d3ts
dzj 2 to ts dzdzts thodeficprispde(...)i S B Jdzdtclkzj d3 dsH j dz! fl L OH Odzde
WikdzS ydg 2 i sls j tg'modelfit(.dgll B YOI &3 dBtsH j dzinput di&da d H O dzdz’
output_datatime teachel o " yd mdzv j d3 o tc yalge barsts Btepjbded B dzts o dzv j d3
i tc ts ¢-B Pigipdate_progress_bar(value_bar) 5B dztseo dzV¥v j d3-B Qs s Gotc § Gblpls j oW J
history dicti dL 9 dzj € Oj d3 H O dzbiStofy, JI slsmtEjX IsdOsL 9 O Oif Is pw
acc_valuesfl] >= global var.required_accuracyi ff tctse j toW j d3, HisMmisd 6 dzlzIs ©
Is 5 y dztslin Bata, savéd MsL HOJ &3 dd3v Y sHHd] SlIststedd HdzW Msh t
os.mkdir(path_dir_data_save learm) MtsL HOj &3 Y tSHHdJtc] SIststed & Hdzv Mt
tsB 2 yJniadelsave(.)Mtsr tcOdzV j d@3 tsB R yd dedzzée dRsH jdzr o W02

] sy MM d 5dzOdz! dzOW ZOMmMlstes2 C O dwR1 &8 ftosdL o sH J dzC
SHdL zOydts?2 CdzommdWdeoydqwy m WkdStydi?2 filsddidL
CGteOHdJj dzlsdzs iz M EMSCE (BJL dBRfEd MO | jMisjtese O) .

tdLlzdz OIsr dzOMstes2Cd f OtcOd3] Is tedste © d®BdgtwG tf J ftctg K
ASCN5. 0.2 [1] 9 SGfitejHjdzjddd OO stetss f StewW i
ftcjHMIsOoadajgqg o IsOB dz

lted 1 Issd, t©OL @) todetsMmis! ontsHdz = HOdgdz" = © ©R d
f OtcOzj stetseo J ut twOBSlsdzd C soH Qdede’, »n toHOdzd3j dz iz ttsf) j 1o d
Csdzdyj Mlsosds sBfmMdzj Hizj Fr = Gtz ff .

vOBd&ZdYO 2

tjLEd O dOMlscEatd § OOdk) st
o SYtwjH,jdjddd §O0COkE stss (SL"HCO § OLOM) sieEss

f/ 1 OtcOd3d Iste dzOMis te 1 dz2Oy 4 dzd §

1 [ OL i34 tedzsMmis! o - SH 5

2 { OL d3j tedetsmis! o' [ g 2

3 |t OLdigjte sBEYOE N |2 60

4 |lvdf L OHOYd [ desé s C dzOMMiseo OV SHdaisL dz

5 ANzdzC ydw 0OCIsde Oy( Relu

fndzts W

6 %gzgz‘?vqu ©¢bde Oyd Sigmoid

7 ] T asHdzs? Mdzis2 Softmax

8 |AnkzdzS ydw (tslsj te! Categorical crossentropy

9 |nkdz2S ydvy ssfilsdddLd wlstsrOMisdud MSd2 cttOHd dzls
1 d Msjtese O

10 |[ jIsted§ O Accuracy

11 |ssdzdyd mMlsots + f s5n 18

13 |stsdzdyj Mlsoats tsBEZYJ 100
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