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the infrared region of the spectrum are applied, as well as methods and methods for processing such images. The
work related to the tasks of face recognition, the determination of temperature in the infrared range, has been going
on for the last 10 years and is being solved with the help of high-sensitivity video cameras operating in the reflected
IR range. The possibility of using thermal imaging cameras for this type of research has recently appeared. Informa-
tion signs in thermography are subcutaneous drawings of arteries and veins, which are unique and unchanged for
each person, since the vascular pattern does not depend on face temperature, plastic surgery and the aging factor of a
person, like a fingerprint. A study was made of the physiological features of a person's face with a view to isolating
a universal and stable temperature region, which can be used as a binding area in the allocation of the face area. The
approach to the study of thermographic images, human recognition for the tasks of intellectual video surveillance,
medical, security, cartographic purposes is presented. An algorithm for automatic facial recognition and determina-
tion of the human body temperature in the infrared (IR) radiation range is proposed, the results of its work are pre-
sented and the efficiency analysis is performed. The optimal place for determining the human temperature - the
internal angles of the eyes was determined experimentally, since this region has the most reflection in the infrared
range. The algorithm is developed in the MatLab environment and can be ported to other programming languages. A
study was made of the method of applying one image to another, and the optimal method was chosen. The analysis
showed high efficiency of the algorithm — 90 % of successfully recognized images. Possible use in ready-made
thermal imagers and security systems.

Keywords: pattern recognition; image analysis; video surveillance systems; thermography; Face detection, combi-
nation of images.

Haoitiwna 0o peoakyii
23 bepesnsn 2018 poky

Peyenzosano
16 xeimusa 2018 poxy

VK 681.3
BbIBOP DJUUIMIITUYECKOM KPUBOU 1 BA30BOM TOUYKU ITPU
PA3PABOTKE AJITOPUTMA CJIOKEHUS EE TOYEK C
PALIMOHAJIBHBIMU KOOPIMHATAMM HA KOHEYHOM ITOJIE

Axbapos J[. E., Ymapos L. A.
Depeanckuti puruan Tawkenmceko2o ynusepcumema uH@OPMAyuOHHbIX MEXHOIO2UL UMEHU

Myxammao anv-Xapesmu, Depeana, Pecnyoruxa Y3oexucman
E-mail: sht00357@gmail.com

B cmamve uccrneoosanvl sonpocul pewenus 3a0au onpedeneHusl u GblHUCIEHUS NAPAMEMPO8 DIIUNMUYECKOU
kpugoil (OK) 0nst KoppekmHoil peanuzayuu ACUMMEMPUYHBIX KpUnmoai2opummos. Mcnonvzosanst popmyner Buema
07151 KOpHell MHO20UTIeH08, Npusedel cnocob 6vlbopa Kodgd@uyuenmos. Yrazan unmepsan 6vlbopa 6a3060t mouxu.
Onpeoenenvt Gopmyavl KAcameibHo K 6a3080U MoOYKe U HAXONCOCHUS. KOOPOUHAMbL TMOUKU HepeceyeHusl Kaca-
menvhou ¢ DK. Ionyuena pexyppenmuas opmyna croscenusi 6a3060i mouxku ¢ opyeumu moukamu IK ¢ payuo-
HAbHbIMU KOOPOUHAMAMU.

Knrwouesvie cnosa: siunmuyeckas Kpueas, ACUMMEMPUYHBII KDURMOAI2OPUMM, OUCKPUMUHAHM, KYOudeckoe
ypasHeHue, opmynvt Buema, 6azo6as mouka, nopsaoox 6a3080U MOUKU.

Beenenue

AcuMmMeTpuyHbIe KpHUnTorpaduyeckue — anro-
PUTMBI KOHCTPYHPYIOTCS HA OCHOBE BBIYMCIUTEIBHBIX
CIIO)KHOCTEH: PpA3JOKCHUS JOCTATOYHO OOJIBIIOTrO
HATYpaJbHOTO YHCJIAa Ha TPOCTHIE MHOXHTENH, IHC-
KPETHOTO JIOTapu(PMUPOBaHUS Ha KOHEYHOM IIOJIE C
JIOCTaTOYHO OOJIBIION XapaKTEPUCTHUKOM, CIIOMKCHIS
TOYEK C PAIlMOHAIHHBIMH KOOPIMHATAMHE SJUIAITHYE-
ckoit kpuBoii (JK) Ha KOHEUHOM TTOITE.

Hamomuaum, dro anroputmsel mudpoBanus RSA
u Onb-['aman, Taxxke cTaHAapT aITOPUTMOB DIICK-

TpoHHOH nmdposoit noamucu DSA u I'OCT P 34.10-
94, nx moanduxamuu Ha IK EC DSA-2000 u T'OCT
P 34.10-2001 sBasiroTCS MMPOKO HCIOIB3YyEMBIMH,
KaK MoKa3aHo B paborax [1 —4].

HocTaHoBKa 3agaun

[IpunoxeHns aCHMMETPHYHBIX aITOPHUTMOB Tpe-
OyIO0T TIpenBapUTEILHOTO BBIOOpa (YCTAaHOBKH) Tapa-
METPOB JJIsi KOPPEKTHOW paboThl M obOecrieueHus Ta-
paHTUPYEMOH CTOMKOCTH. YCTaHOBKa IIapaMeTpOB
OTKPBITBIX M 3aKPBITHIX MAapaMETPOB TPeOyeT MmpoBe-
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JICHUSI HENPOCTHIX BBIYMCICHUH, UCXOAS U3 0COOCH-
HOCTH CJIO0XHOCTH, Ha KOTOPOM OCHOBAaH aJTOPUTM.
Jns obecrniedeHus! rapaHTUPYEMOH CTOWKOCTH B TIPH-
MeHeHHH anroputMa RSA Tpebyercs Haiftm nmocta-
TOYHO OOJIBLIMX MPOCTHIX YUCEN, KOTOPBIE XPAHSTCS B
cekpere. Kak n3BecTHO, 3a7a4a: OompeereHnue 10CTa-
TOYHOTO OOJBIIOTO [JAHHOTO HATypaJlbHOTO YHCIA
MPOCTOE WJIM HETPOCTOE HE HMMEET CBOETO IIOJIHOTO
pemienus [4 — 7]. B mpuiokerusx anroputMa Oiib-
I"aman BEIOOP MapaMeTpoB IMPOILE, TEHEPALHS OTKPBI-
TBIX J W 3aKpBITBIX X KIIOYEl 1O paBEeHCTBY

y=a'modn, rne n — JOCTaTOYHO OOJIBIIOE HATY-

palbHOE YHCIIO, HE MOPOKAAET OONBINON BBIYUCIH-
TEJIBHOW CJIOKHOCTH.

Anroputmer Ha OK TpeOyIoT: ompeneneHns Ko-
3¢ ummentoB camoit DK, OCyIIECTBICHUS OTEpaIiu
Ha KOHEYHOM TIOJIE XapaKTEePUCTUKOW IKEIaTeIbHO
MPOCTHIM YHCIIOM, HaXOXKACHUs 0a30BOM TOYKH pa-
IIMOHAJBHBIMI KOOPJMHATAMH TIOPSAKOM IPOCTOTrO
YHCIIA, CIOKHBIX BBIYMCIICHHH, CBSI3aHHBIX CO CIICIH-
¢uxoit mMonmenu anroputMma. B mpemaraemoii crarbe
UCCIIEAYIOTCS BOMPOCH PEIICHUs 3ajad ONpeAeTIeHU-
€M U BbeluMCcIeHHeM mnapaMmerpoB DK ams koppekTHoi
peanu3ayu aCHMMETPHUYHBIX aITOPUTMOB.

Pewenue 3apaun
B mpuiiokeHusIX KpUNTOrpaduvecKuM anro-
purmam DK ucronssyercs eé Bux - =X’ + px+¢q Ha
KOHEYHOM TI0JIe XapaKTePUCTUKOM, HATIPUMEpP 1, T.C.
y2:x3+px+q(modm),m>3. 1
Ecmn ko3 umments ymoBIeTBOPSIIOT Hepa-
2 3 3 2
4p° +27
BeHCTBy q_ + p_ = u
4 27 108

X+ px+q=0 2)

<0, To ypaBHEeHHE

UMEeT TpPU Pa3HbIX JICUCTBUTENbHBIX PEILICHUS
X, X,, x,, caegosarenbHo, OK mepecekaer ock OX B
Toukax (x,,0), (x,,0), (x;,0). IMeHHO 5TOT Ciryyaii
aBisieTcst 3G PEKTUBHBIM B IPUIIOKEHHH [3, 4].
Ecnu  kyOnueckoe ypaBHEHHME HMMEET BUJ
X’ +ax’ +bx+c=0, TO ero pemenue X, X,,X, Ha-
XOAUTCS N0 ceayomuM Gopmynam:
x =—-2sqrt(Q)cos(t)—a/3;

x, = =2sqrt(Q)cos(t+(2pi/3))—al3;

x, ==2sqrt(Q)cos(t—(2pi/3))—al3
rae t=acos(R/sqrt(Q*))/3, O=(a’-3b)/9,
R=(2a’-9ab+27c)/54 .

[Mpennaraercs mMoaX0J MCHONB30BaHUS TEOPEMBI
Buera, DK M0XHO BBIOpaTh O cIOCOO0M, yIOOHBIM B
HPWIOKEHUSX.

Jst 3TOr0 BBIOMPAIOTCS TOYKH C palMOHAIBHbI-
Mu koopamHatamu: (x,,0), (x,,0), (x;,0) c ycmo-
BUAMH X, +X, +x, =0, X -x,+x -Xx,+X,-x,=p,

X, X, x, =—q . Hanee, Quxcupyrorca: x, u X,, Ha-

XOJUTCH, x, =—(x, +x,), BBIYUCIIAIOTCS
D=X X+ X, X+ X, Xy, g =—(X X, -X3).
BriGop 6asosoii Toukn P(x,,y,) Ha 9K ¢ Kko-

OpAMHATAMH PAIUOHANBEHBIX YUCET OCYIIECTBIISICTCS
cnenyronmmM odpasom. i onpeaenéHHOCTH cHavaa
HEOOXOAMMO YHOPSAAOYMUTH 3HAUEHUS X, X,, X, IO
BO3PACTaHMIO: €CIM X, <X, <X,, TO HyMepauuro
OCTaBUTh KaK €CTh, MHAuU¢ NepeHyMepoBarb. U3 00-
nactu ompenenenus K ¢ukcupyerca x =x, mo yc-

JIOBUIO — /—% <X, <X,, ¥ JlaJiee Ha 5TOH TOYKE BbI-

3
YUCJIACTCA Xy tpx,tq=2z2, CJICI0BATCIIbHO

Vo = i\/z . Kak pesynbrar yMHOXEHHS U CIIOKEHUS
pallMOHANBHBIX YHUCEN, 3HadeHHe z, OyIeT pauuo-
HaneHbIM. Ho y, He Bcerma OyneT pallMOHAIbHBIM.
IlosTomMy x, crouT BHIOpaTh Tak, 4TOOBl ), TOXKeE

OBUTO panMOHATBHBIM YHCIOM. MBI MPEAIONI0KHM,
YTO TOYKAa C PANWOHANBHBIMA  KOOpAWHATAMU

P(x,,,) HaiiicHa, XOTsS HAXOXKICHHE TAKOH TOUKH
ToXe He Tak npocto. Hampumep, 9K MokHO BBIOpaTh
Y =X+ px+q=x—26x—40 u 6a30ByI0 TOUKy Ha
Hel P(xo,yo) = (—2; 2) .

HenocpencTBeHHBIM BBIYUCICHHEM MOXKHO yOe-
IUTHCSA, 9TO TIpH p = —26 u g =—40 maBapmant DK
[3-6]:

3

JE)=1728—2P_(modm) = 16-108x
4p’ +27¢q
3 3
x— 2P (modm)=16-27-4—P_(modm)
4p°+27q 4p* +27¢

B COOTBETCTBYIOILEM BBIOOPE XapaKTEPUCTHKH m > 3
KOHEYHOTO  TONSA  yJOBJIETBOPSIOTCS  YCIOBHUS
J(E)Y=0 u J(E)=1728.

Omnpenensierca ypaBHeHHEe KacarenbHoil OK B
TOUKE P(xo, yo) . JInst 3TOrO BBIUUCIISIETCS IPOU3BOJI-

2
o 3x, +p
Hasi B Touke P(Xx,,),), T.e. Y, =————, 410 Ipe-
Yo
CTaBNSET yIIOBOH KOX(QOUIMEHT HCKOMOIi KacaTelb-

Hoil. Torna ypaBHeHHE KacaTeIbHOU UMEET BUJL
3x. %+
_h TP (x—x,)
2y,
3x %+ 3x %+
y=20 TPy 2 TPy
2y, 2y,
HemnocpencTBenHo petast cuicteMy ypaBHEHHH

YV =X +px+q

Y=Y

0
3x,° + 3x,° + )

y:Mx+ _Mxo

2y, 2y,

HaXOJAUTCA TOYKa MEPECCUCHU (xlﬂyl) KacaTelbHOI

0

Bicnuxk HTYY “KIII. Cepia IIPHIA/IOBY/IYBAHHA. — 2018. — Bun. 55(1) 105



ISSN 0201-744X, ISSN 0321-2211

Asmomamusayia ma inmenekmyanizayia npunadodyoysanns

¢ OK. Orciona nMeeM ciienyroniee KyOnueckoe ypas-
HEeHHue

2
x _[—3x02 +pJ x’ +[p——3x02 i (J’o -
2y, Yo

2
3x,” + 3x% +
_M%J " q_(yo_Mon o,
2y, 2y,

3x,” + ’
a:_( : pj ’
2y,

3x,” + 3x.% +
b:p— 0 p(yo_ 0 pxoj’

O003HaYNB

Yo 2y,
3x,” + ’
X p
c=q _(yo S xo] )
2y,
ypaBHeHwHe (3) 3amumiercs B BUIE
X +ax’ +bx+c=0. 4)

Tak Kak paccMaTpUBacTCsl HAXOXKJICHHE KOOPIUHATHI
TOYKHU TiepecedeHus kacaTenbHoi ¢ DK, ecrecTBeHHO
nosarath, 4To penieHue ypaBHeHus (4) x, =X, = X,,
rie x, — KoopauHaTta 0a3o0BOH TOYKM P(xo, yo) .
ITonb3ysch TeopeMoil Bueta, umeeM COOTHOLIEHMS
X +x, +x, =—a, XX, +X X, X, X, = b,
X, - X, X, =—C, OTCI0Ja
2
b—x, c

x3=—a—2x0= =——2
2x, X,

3x, +p 3x, +p
Hu y3:0—x3+[y0_0—x0 *
2y, 2y,
Orcioma, HaxXoOmATCsl  KOOPAWHATHI  TOYKH
[2]P(x0,y0):P(xo,y0)+P(x0,y0):(x3,—y3) Ha

9K ¢ CHMMETPUYHBIM OTOOpPaKCHUEM TOYKH Iepece-
yeHus: oTHocuTelnbHO ocu OX. Temepb mepeomnpene-

151, 4TO (xz,y2 ) = [Z]P(xo,yo ) = (x3,—y3) , IMeeM:

3x,+p
(yo_oixo)z_q
c 2y,
Hn=""77% 2
xO xO
3x, +p 3x,+p
u yzz_o—xz_(yo_o—xo)-
2y, 2y,

Koopaunats! Touku
(%503) = BIP (59 7) = P (%0, 30 ) +[21P (%, 3,
HaXOJATCS CHMMETPUYHBIM OTOOpPaKEHHEM TOYKH
nepeceueHust DK ¢ npsmoi, npoxonsdiei yepe3 Tou-

KU P(xo,yo) u [2]P(x0,y0 ) YpaBHeHUE MNPIMOH,

MIPOXOAIICH Yepe3 3TH TOYKH, onpeneisercs hopmy-

- X—Xx
JIOH: &z—o,mm oTcrona
Vo= Vo Xy—X
X - X Y=y G
y=yot 2, )= x 4y, - 002 =20).
X =% Xy =X Xy =X

Brruucngem 3T0 BBIpak€HHE M MOJCTaBISIEM B
ypaBHeHnue DK, Torna

2
[yz—ygj xz+2{yz—yo[y0_xo(yz—yo)HH
Xy =X Xy =X Xy =X

2
x (. —
+y0_—0(y2 %) =X +px+q.
X =X

2
ITockonbky a = —{uj ,

Xy =X
X,
b_P 2y2 o [y() 0(y2 yO)J:
Xy =X Xy =%
2
X
c=q{y0— o (7 yo)}’
Xy =X

TO, Y4UTbIBAsA, 4YTO €0 pCIICHUA X, = X, U X, H3BCCT-
HbI, HAXOJUTCA

{yo % (n=n) _yO)T -q

X =X
X; =
Xy * X,
— X -y
OTC}OHa’ V= Y2 =)o X5 +y0 _M 3 KOOpHH‘
X =% X =%

HATBl CUMMETPHUYHOTO OTOOpaKCHHsI TOYKH Iepece-
YeHHsI OTHOCUTENbHO ocu OX crenyromue:

Xy =X
S =
Xo "X,
" 1rojiaras
Vo =W xo(yz_yo)
y3=_y3=_( X3+ Yy~ .
Xy =X X, =%

AHaJ‘IOl‘I/IIIHO HaXoOsTCst KOOpL[I/IHaTLI TOYKHU
[i+1]P(xO,yO) = P(xo,yo)—i-
HilP (X 30 ) = (X0 Vi) » (=2,3,00015)

dhopmynamu:
2
|:y0 % (yi _yo):| _
X; — X,
xi+l -
X, * X,
Yi™) X\ Vi =)
Vi = _[ S X+ Y _M]
X, —X, X, =X,

Bo3HuKaeT BOMpOC, KOTAa OCTAHOBUTCS 3TOT
mporecc cioskenus Touek JK.
Eciu nipu HEKOTOPOM 3HAa4YeHWH n=i+1 mMmeer

MECTO (xn, yn) = (xo,—yo) , TIPOIIECC OCTAHOBUTHCS H
YUCIO /1 HA3bIBACTCS IMMOPSAKOM 0a30BOM TOUYKH
P(xo,yo) [3-10].

B mpunoxeHusx xKemaTeabHO, YTOOBI OBLIO 3HA-
YCHHUE YUCIIA 71 JJOCTATOYHO OOJBIIOE U MIPOCTOE.
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AHAJIN3 MOJyYeHHBIX Pe3yJIbTATOB

OtMeueHo, 4To B pa3paboTke Kpurrorpadude-
CKUX QITOPUTMOB BOCHOJB3YETCS CICTYFOIIUN BHI
SJUIANITHYECKON KpuBoii [3 — 10]

¥’ = (x*+px +q) mod m,

rae Ko3pPUIUeHTHI p, g € F, SIBIAIOTCS HEHYJICBBIMU
3JIEMEHTaMH IPOCTOro Mojsi F,, — YUCIOBOTO IOJIS
XapaKTEePUCTHKON m>3, KpOMe TOr0 3HAYEHHE BhIpa-

XeHns 4p’ +27¢> 1o MOZYIIO m He PaBHO HYIIIO, T.C.
(4p° +27¢° Ymod m # 0.

MoxHO oTMeTHTh, uto DK y° =x"+ px+gq=
=x"-26x-40 wu
P(xo, yo) = (—2; 2) YIOBJIETBOPSAIOT TpeOOBaHUSIM [3
—6]:

—KkodpunmeHTsr p, g € F,, SBIAIOTCS HEHYJICBBIMH
3JIEMEHTAaMH TPOCTOTO TMOJIS;

OazoBasg TOYKa Ha  HeEH

— 3Havenue Bepaskenus (4p° +27¢” Yymodm # 0;
—unBapuant J(E) #0 uJ(E)# 1728;

MOSTOMY  JJUIMIITHYCCKAsT KPHBas YIOBJICTBOPSET
TpeOOBAHUSAM KOPPEKTHOTO IPHIOKCHHS B aIrOPUT-
max OIIIT.

3aki0ueHnne

HccnenoBaHbl BOIIPOCH pElIEHHs 3a1ad OTpeie-
JICHUsI ¥ BeIYMCIEHHs mapameTrpoB DK s xoppekt-
HOW peann3anii aCHMMETPHYHBIX aITOPHUTMOB!

1. JInsa obecnieuennst 3PEKTUBHOCTH TPHIIONKE-
HU anroputMoB Ha DK 1o 3HaKy 3HaYeHHS TUCKPH-
MHHAaHTa KyOW9eCKOTO ypaBHEHHUS IMPHUBEICHO YCIIO-
BHE BHIOOpa KOA((DHUIIMEHTOB, TIPU KOTOPHIX JITUIITH-
yeckass KpuBas mepecekaeT ocb OX B TpEX pasHBIX
TOYKAX;

2. Ucnonp3yst popmynsl Buera juis kopHel MHO-
TOWICHOB, MpUBEICH crmoco0d BeIOOpa ko3dduumeH-
TOB, KOTOPBIH SIBJISETCS YAOOHBIM M YacTO LENec000-
Pa3HBIM [0 HAY4YHBIM 3aMbIClIaM pa3paboTUnKa;

3. YkazaH uHTEepBaji BEIOOpa 6a30BOM TOYKH, YTO
SBIISICTCS HEMaJo BAXKHBIM C TOYKH 3pPCHHS PAaIno-
HAJIFHOTO BBIYUCIICHHS CIIOKEHHUS Touek JK;

4. Onpenenensl (GopMysbl KacaTedbHOW K 6a30-
BOM TOYKE W HAXOXKICHUS KOOPAWHATHI TOUKH IIepece-
YeHHs KacaTesbHoi ¢ DK;

5. ITonmydena pekyppeHTHast GopMyIia CIOKEHHS
6a30Bo# ToukHu ¢ Apyrumu Toukamu JK ¢ panuoHaib-
HBIMH KOOPJMHATaMH, KpPOME TOTO OHA SBISETCS

YK 681.3
1. E. Axbapos, III. A. Ymapos
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00001IEHHON (HOPMYIION YIS CIOKCHHUS JTFOOBIX TOYCK
3K ¢ panuoHaIbHBIMU KOOPIUHATAMH.
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BUBIP EJIIITUYHOI KPMBOI TA BA30BOI TOUYKM IIPU PO3POBLI AJITOPUTMY
JOJABAHHA 11 TOUYOK 3 PALIIOHAJIBHUMU KOOPAUHATAMU HA KIHIIEBOMY

[1OJII

VY crarTi ZOCTIKEHO TUTaHHS PO3B’sI3aHH 3a7[ad BU3HAUCHHS Ta 004nCIICHHS TapaMeTpiB enintuaHoi kpuBoi (EK)

JUISL KOPEKTHOT peajizanii acHMeTpUYHNX KPUITOAJITOPUTMIB.
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AcumeTpuuHi KpunTorpadivuHi anropuTMH KOHCTPYIOIOThCS Ha MIATPYHTI PO3KIAJaHHS JOCTATHHO BEJIUKOTO HATY-
PATBHOTO YHCJa HA MPOCTI MHOKHUKH, TUCKPETHOTO JOrapu(MyBaHHS HAa KiHIIEBOMY MOJi 3 TIOCTATHBO BEIUKOIO
XapaKTePUCTHKOIO, TOJTAaBAaHHsI TOYOK 3 parioHaIsHIMH KoopauHatamMu EK Ha KiHIIEBOMY TOJTI.

Anroputmu Ha EK motpeOyroTh BU3HaUeHHS KOedili€HTIB caMoi KpUBOI, 3[1HCHEHHs orepalii Ha KiHIEBOMY IO
XapaKTEePUCTUKOIO, OaXKaHO ITPOCTUM YHCIOM, 3HAXOJDKEHHs 0a30BOi TOUYKH pallioHaTbHUMH KOOPJHMHATAMH ITOPSA-
KOM IIPOCTOTO YHUCJIA, CKIATHUX OOUNCIICHb, TTOB’sI3aHUX 13 CIIeN()iKOI0 MOJIEITi alTOPUTMY.

HaBeneno ymMoBy BHOOpY KOehilli€HTIB 32 3HAKOM 3HAYCHHS JUCKPUMIiHAHTa KyOi9YHOTO PiBHSIHHS JJIs 3a0€3MeUeH-
HS eeKTUBHOCTI 3actocyBanHs anroputMmiB Ha EK. 3 Bukopucranasm ¢opmyn Biera mams kopeHiB GaraTousieHiB
HaBeJIeHO crocid BUOOpY KoedilieHTiB. 3a3HaueHO iHTepBaJl BUOOPY 0a30Boi Touku. Bu3HaueHo Gopmynu moTmd-
HOi 10 6a30BO{ TOYKM 1 MONIYKYy KOOpAWHATH TOoukd mepeTuHy aotudHoi 3 EK. OTpumana pexypeHTHa (opmyia
JIofaBaHHsA 0a30BOi TOYKM 3 iHIUMHU ToukaMu EK 3 pamioHalbHUMU KOOpAMHATAMH, sIKA € y3araJlbHEHOI (opMy-
JIOYO JIJIs ToiaBaHHs Oy ib-sakux To4oK EK 3 pamioHamsHIMU KOOpIUHATAMHU.

KaiouoBi ciioBa: enintuyHa KpuBa, aCUMETPUYHUI KPUIITOAITOPUTM, TUCKPUMIHAHT, KyOidYHE PIBHSHHS, GOPMYITH
Biera, 6a30Ba TOYKa, MOPSIOK 0a30BOT TOUKH.

D. E. Akbarov, Sh. Umarov

Fergana branch of the Tashkent University of Information Technologies named after Muham-
mad al-Khwarizmi, Fergana, Republic of Uzbekistan

THE CHOICE OF AN ELLIPTIC CURVE AND THE BASE POINT IN THE
DEVELOPMENT OF AN ALGORITHM FOR ADDING ITS POINTS WITH RATIONAL
COORDINATES ON A FINITE FIELD

In article the problems of solving the tasks of determination and calculation the parameters of an elliptic curve (EC)
for the correct realization of asymmetric cryptoalgorithms are probed.

Asymmetric cryptographic algorithms are constructed on the basis of the decomposition of a sufficiently large natu-
ral number into prime factors, of discrete logarithm on a finite field with a sufficiently large characteristic, of addi-
tion of points with rational coordinates EC on a finite field.

The algorithms on the EC require the determination of the coefficients of the curve itself, the operation on the finite
field by the characteristic, preferably by a prime number, the finding of a base point by rational coordinates by the
order of a prime number, complex calculations related to the specific nature of the algorithm model.

A condition is given for the choice of the coefficients by the sign of the discriminant value of the cubic equation to
ensure the efficiency of algorithms application on the EC. Being used by Vieta formulas, for roots of polynoms, it is
given a method of a choice of coefficients. The interval of a choice of a basic point is specified.

The formulas of the tangent to the base point and the location of the point of intersection of the tangent with the EC
are determined.

A recurrence formula is obtained for the addition of a base point with other points of EC with rational coordinates,
which is a generalized formula for the addition of any points of EC with rational coordinates.

Keywords: elliptic curve, asymmetrical cryptoalgorithm, discriminant, cubic equation, Vieta formulas, basic point,
order of a basic point.
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