VK 519.6

IIPEJICTABJIEHUE TOPI'OBBIX CUT'HAJIOB HA OCHOBE
AJAIITUBHOI CKOJIB34IIIEN CPEJHEN KAYV®MAHA
B BIJIE CICTEMBI JIMHENHBIX HEPABEHCTB

M. M. Hvwaes, U.M. Coxoaurcrasn

PaccvarpuBaeTcst npuMenenne 33290 CUIBHON OTAETUMOCTH JIJIsT HOJYIeHUsT PEIEHHi O Mo~
KyIKe Win npojayke GUHAHCOBBIX AKTHBOB, TAKWX KaK aKIMH, HHOCTPAHHAS BAJIIOTA, (PBIOYEPCEHI 1
T.7. Ha GUPKEBOM pBIHKe. [ 9TOT0 BBIMOIHEHO TIOCTPOEHRE MBYX CHCTEM JTHHEHHBIX HEPABEHCTB,
3aMAI0MUX 06JACTH B N-MEPHOM HPOCTPAHCTBE, KOTOPHIE OMUCHLIBAIOT YKCIEPTHBIE TOPTOBLIE CHUT-
HAJIBI HA OCHOBE aallTHBHON cKOMb3smeil cpenueii Kaydwmana.

Karouesnvie caoea: 3adana cuavholl omdesumocmu, gelieposcroe omobpadcerue, adanmueHas
croAb3AUaA cpedHas Kaydmara, mopeosvie cueHaavt 0as poboma.

BBeneunne

B nacrosmee BpeMdA OKOJIO 40 % obbema TOPIrOB Ha MHUPOBBIX 61/1p>Kax OCYINECTBALAETCA PO-
foramu — nporpaMMaMi, paboOTAIIUMEI 10 PA3JIHYHBIM aJMOPUTMAM, TPH3BAHHBIM OIPEIETHTh
HAWJIYdIUi MOMEHT BPDEMEHH JJist MOKYIKY U/UId Mpoaayku akTtuioB [1]. Poct apromaruzamnun
TOPrOBBIX Ollepaliuii Ha OUpKAX, PACTYIAs CJIOXKHOCTH MPUMEHSIEMBIX AJIFOPUTMOB HEYKJIOHHO
BEAYT K MOBBIMEHUIO CKOPOCTH U3MEHEHUd HEH N YCUJEHUIO HECTAIlMOHAPHOCTU B PBLIHOYHBLIX
npoieccax. B kauecTBe MEPCIEKTHBHON MOAEIN ABTOMATHYECKOTO IPUHATHS pemeHuil Ha u-
HaHCOBOM DbIHKE fABJIAETCA MOAC/JAL, OCHOBaHHad Ha 3a1a4€ CUJILHOM OTACTINMOCTH.

Saﬂaqa CUJIBHOW OTAEIMMOCTHA 3aKJII0YaCTCd B HAXOXKJCHUU CJIOd HanbOoILINeH TOJINIUHBI
MEXKIy JIByMsl BBIMYKJIBIMH HeTepeceKarommmMucs Maororpanankavn [2]. Kaxkapiit MEOTOrpaH-
HUK OIUCHIBAETCS CUCTEMON JIMHEHHBIX HEPABEHCTB B N-MEPHOM HpocTpaHcTBe. CHCTEMA JIMHEH-
HBIX HEPABEHCTB /[IJisi MHOTOI'PAHHUKA (DOPMUPYETCH HA OCHOBAHHH SKCIIEPTHBLIX ONEHOK. Takue
OLICHKH OIIMCBIBAIOT HPAKTHYCCKOC HCIIOJIB30BAHNEC IKCIICPTHOT'O Ha6opa PBIHOYHBIX [MOKA3aTEICH
CJIeAYIOMIEro BU A

Iz' = Iz(p, v, T),

rae p — MaCCHB BPEMCHHLIX PAAOB HEH II0 PA3JIHYHBIM aKTHBaM, IO KOTOPDBLIM COBEPIIAJINCH
CHIETKH, U — COOTBETCTBYIONTIE 0OBEMBI CIEJIOK, T — HAOOD MapaMeTpoB JIJis pAcyeTa PHIHOYHOTO
MOKa3aTeNsl.

,ZLHH KazKJA0T'0 PBIHOYHOT'O TOKa3aTeld, KaK IIPpaBUJa0, CYIMECTBYET HECKOJLKO SMIINDUYECKHN
YCTaHOBJICHHBIX y(]J'IOBI/Iﬁ Ha 3HaYCHUdA, ITPU KOTOPLIX TE€HEPUPYETCd CUrHaJl K MOKYIIKe UJn IIpo-
Jaxke akTuBa. Hanmpumep: <«moxymaeM, eciu I; > 0, mpogaeM, ecin I; < Oy Wan «IOKyTmaeM, Ipa
I; > I,_1, npomaem npu I; < I;_1». Takum o06pazoM, U3 COOTBETCTBYIOMKUX HADOPOB YCJIOBUil
HA 3HAYEHHs] PLIHOYHBIX TOKa3aTesell (GOPMUDYIOTCH JBE CHCTEMBI HEPABEHCTB. DTH CHCTEMBI
OTIHCHIBAIOT JIBE HENEPECEKAIOITIecs 00JIACTH B N-MEPHOM ITPOCTPAHCTBE, Iyie N — 00ITee KOJu-
YECTBO NMEPEMEHHLIX BCEX UCIIOJL3YEMbBIX PHLIHOYHBLIX noKasareaei I. FeOMeTpI/ILIeCKI/I 3TO MOZKHO
npeacTaBuTh KaK JABa BBITYKJIBIX HENEPECCKAIOMIUXC MHOTOTPaHHUKa B Ti-MEPDHOM IITPDOCTPaHCTBE.
TeKyLuee PBIHOYHOE€ COCTOdAHUE OIINChIBaCTCA TOYKOMA B 3TOM IIPOCTPaHCTBE. ECJ'H/I JJidd TEKYIIe-
'O PBIHOYHOI'O COCTOAHMA OAHOBPEMEHHO BLIIIOJJHAIOTCA BCE HEPaAaBEHCTBA, OIHNCBIBAIOIINE OJWNH
U3 MHOTOTPDAHHUKOB, 3TO O3Ha4YaeT, 9TO TOYKa PLIHOYHOI'O COCTOAHUNA OKal3ajlaChb «BHYTPHU», U

TTOABUJICA SKCHepTHI)Iﬁ CUTHaJI Ha MOKYIKY MJIU IDOAaKy aKTHUBa.
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Kak TOJIbKO PBIHOYHOE COCTOSIHHE M3MEHsieTcsi (HampuMep, Ha OMprKe 3aKJIIOUeHa CIIEJKa,
[OMEHSINCh KOTHPOBKHU, M3MEHUJIACH BEIMYMHA CIPOCA WM TPEJIOKEHUsI U T.J1.), CPa3y Ke
OTHOBPEMEHHO U3MEHHAIOTCA U KOOPAUHATBHI TOYKU, U KOOPJMHATBHI BEPIINH MHOTOIDAHHUKOB B
N-MEPHOM IIpoCcTpaHcTBe. Takum 006pas3oM, perraeMast 3aatda MMeeT sIpKO BBIPayKeHHBIN HecTa-
I[IUOHAPHBIN XapaKTep.

Pemenne 3a1a4un cuyIbHON OTIEINMOCTHY HO3BOJISET HAUTH CJIOM HAMOOJIBIIIEH TOJIIINHBI MEK-
Y YKa3aHHbBIMU MHOT'OTPaHHUKAMKU U Ha OCHOBE 3TOT'O IIPUHUMATDL PEIIEHNE O IMMOKYIIKe UJIN IIPO-
JazKe aKTUuBa JaK€ B TOM CJjIy4dae€, KOI'/Zla HET «TOYHOI'O IIOIIa/IaHnA» TOYKHU PBIHOYHOI'O COCTO-
AHUA B OJUH U3 MHOT'OI'DaHHUKOB. B CUJIYy HECTallUOHAPHOCTU HCXO/HbIX JJaHHDbIX, CbaKTI/IquKI/I
€JIMHCTBEHHBIM 3D HEKTUBHBIM METOJIOM HAXO0XKJICHUST PA3E/ISIONIEero C/Iog HAuOOIbIINeH TOJIIIN-
HBI sAABJIAETCA METOJ pelleHusdA 3aavdu CHJIbHOIT OTACJIMMOCTH C HCIIOJIb30BaHUEM CbeﬁepOBCKI/IX
orobpazkenuii [3]. OcOGEHHOCTBHIO JAHHOIO METO/Ia SBJISIETCS €10 BBHICOKAsT aJIAIITUBHOCTD K JIHHA-
MHUYIE€CKOMY U3MEHEHMIO MCXOHBIX JIAHHBIX HEIOCPEJICTBEHHO B Xoje Bbraucaenuit. HegoctaTkom
YKa3aHHOI'O METO/Ia, ABJISIETCS MeJJIEHHAas CXOIMMOCTD (beilepoBCKUX IpolieccoB. s mpeomosre-
HIUsI 9TOIO HEJOCTATKa B paboTax [4—6| ObLI IPEeJIOKEH 1 MCC/IeI0BAH TapAJIIeIbHBIA AJIrOpUTM

PEeIeHns 38191 CUJIbHON OTJETMMOCTH C UCIOJIb30BaHeM (hefiepOBCKUX 0TOOparKeHUI.

1. IIpumep mocTpoeHUs CUCTEMbI JUHEHBIX HEPABEHCTB
JJI aJJAalTUBHOTO CKOJIb3dlero cpeatero Kaydmana

PaccmorpuM npumep IOCTpPOEHHUSI CHCTEMbI JIMHEWHBIX HEpaBeHCTB. B KadecTBe mpumepa
Oy/JleM HCIOJIb30BaTh aJIallTUBHOE CKOJIB3SINee CpejHee (JacTHbBI Ciiydail 9KCIIOHEHIIUATIBHOTO
CKOJIB3SIINIEro cpejiHero), pazpadborannoe Kaydwmanowm |7]. dus yaobersa jgasee 6y/ieM HCHOIB30-
Barb abbpesuarypy AMA (Adaptive Moving Average).

Corutacho [8], sxkcrionennuanbHoe cKosb3stee cpearee (Exponential Moving Average, EMA)

HaXOJUTCA II0 PEKYPPEHTHOMY COOTHOIICHUNIO:
EMA; =a-x; + (1 — a) - EMA;_1, (1)

[IPU TOM:

EMAg = x¢9 — m.e. neppoe 3Havuenne EMA npuHUMaeTcss paBHBIM IIEPBOMY 3HAUYEHUIO aHa-
JIN3UPYEMOT'0 YUCJIOBOIO Psijia,

a € (0;1) — «cryaxkuparomumii hakTop».

g ydera HeCTaIMOHAPHOCTH PBIHOYHBLIX IporeccoB Kaydman mpesjioyKuil HCIoab30BaTh
IIEPEMEHHBII «CIVIayKUBaIONMil dakTop», T.e. KO3(MOUINEHTH, KOTOPbIE 3aBUCAT OT TEKYIIei
BOJIATUJIBHOCTH («U3MEHUYUBOCTH» ) PHIHOYHBIX II€H. ABTOPAMU TIPEJIJIOXKEH CJIEY IO BUJT yKa-

3aHHBIX KOIDDUIUEHTOB:

2

|zi — Ti—nt1] 2 2 2
ai:ai(xanafas): n_1 : L (f+1_8+1)+8+1 ) (2)
E !in—k—%i—k—l\
k=0

rjae f U § — <«CIJIaXKUBAIOIINEe» KOHCTAHTBI, 7 — KOJMYIECTBO MEPUOJIOB (CIIEJIOK) I pacdeTa

cpeaHero. ABTOphBI peKOMEHIYIOT Ha MpakTHKe ucrnoiab3osars n = 10, f =2 u s = 30.
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Ucnon3yst coorHomenne (1) u yaurbiBasi, 9ro «criaaxkupawormmuii dhakrop» Kaydmana sasu-

CUT OT BOJIATUJIBHOCTU U MEHAETCA CO BPEMEHEM, JIJId AMA IIoJryvdaeM:

AMA; = a; - x; + (1 — ai) . AMA,L',l, (3)
AMA; 1 = aj—1 - @iy + (1 —a;—1) - AMA;_,

AMA; ny1 = @iny1 - Timng1 + (1 = aipny1) - AMA; .

YuanreBast, uro AMA;_,, = T;_, ¥ MOACTABJISAST COOTBETCTBYIOIINE PEKYPPEHTHBIE COOTHO-

IIEHNUsI, TTOJIYYIaeM CJIeytorntyio hopmyay pacdeta AMA; wepe3 3HAYMEHUST TUCTOBOTO PIIA:

n—1 7j—1 n—1
AMA; = a;z; + Z Qi—jTi—j H(l — ai,k) + ZTi—p - H(l — CLZ‘_]‘). (4)
j=1 k=0 =0

DKCIEpTHBIE TOPTOBBIE CUTHAJBI (COTTIACHO MPE/JIOZKEHISIM aBTOPOB) T€HEPUPYIOTCS € TIOMO-
I[BIO JIBOWHON (DUIHTPAIME — HA OCHOBE CPEJ/IHEKBAIPATUIHOIO OTKJIOHEHUS U 110 HAIIPABJIEHUIO

n3Menenns AMA:
AMA; — min (AMA) > ¢;,

[Tokymaem, ecou: LR

AMA; > AMA; .

max (AMA) — AMA; > 6,
HPOJfLaeM, eCJIn: i—n..Q

B YKa3aHHBIX COOTHOIICHUAX:

0; = K - 0; — 3Hauenune duabrpa,

n—1
1 _
o; = ,|— g (Aj—; — Aj)? — cpeauekBajipaTuyHOe OTKIOHEeHNE n3Menenuit AMA B coceux
n
Jj=0
HepuoJIax.

K — 5107151 cTaHapTHOIO OTKJIOHEHUs! J7isi (busibrpanun, (aBTOPbl PEKOMEH/IYIOT UCIIOJIb30-
Batb K = 0,1 (r.e. 10 %) mus poiaka dbrodepcos u dopeke, n K = 1 ji1s pbIHKa aKIuii).
A; = AMA; — AMA; 1 — pa3HuIa MexKJy «COoCeTHUMU» 3HadeHusMu AMA.

-1
1 n
A = — E A;_j — maroxkuganue A; 3a n 1epHOIOB (CIEIIOK).
n
Jj=0

min (AMA) — vunanmasnbioe 3uadenne AMA 3a n mocsiefHuX TEepHoIoB (CAETIOK).
1—n...1

max (AMA) — makcumasbHoe 3Haderne AMA 3a n mocseHuX 1eproioB (CIesI0K).
1—n...1

2. HOJIy‘IeHI/Ie CHCTEMBI JINHEMHBIX HEepaBeHCTB B dBHOM BH/IE

P&CCMOTpI/IM CJIy‘Ia.f/'I IIOCTPOEHNA MHOI'OTPaHHUKA C HEPpABEHCTBAMU, OTBEIAIOITUMU YCJIOBHUIO
«IIOKYyIIaTbh».

[Teppoe HepaBeHCTBO (DUIBTPALUS 110 CPEIHEKBAIPATUIHOMY OTKJIOHEHUIO):

T—Mn...7

Buauenust AMA; st pacaera min (AMA) u §; HAXOASTCS ¢ MOMOIIBIO PEKYPPEHTHOMN Hhop-
1—MNn...17

MyJIBL (3).
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HepaBeHCTBO B dBHOM BHJE:

n—1 j—1 n—1
. E o ;.”1_ - . .||1_ ) — min (AMA) —6: >0
a;Ti + - Ai—jTi ]k 0( ai—)| + Tin | 0( ai—j) E}%nz( ) i > U,
Jj= = Jj=

njin, AaJjisl HarJigdJHOCTH:

aizita;i1(1—a;) zi1+ai2(l —a)(l—ai—1) zi2+...

- —i—ai_nﬂ(l - CLZ‘) .. (1 — ai_n+2) “Ti—pt1 + a;i_n(l — ai) - (1 — ai_n+1)—
— min (AMA) —6; > 0.
i—n..i

st mostydgenust Broporo HepapeHcTBa (buiibTpaliust 10 HampasjieHuto usmeneHuss AMA)
BOCIIOJIb3yeMCsl PEKYDPPEHTHBIM COOTHOIIeHneM (3):

AMA; — AMA;—1 = a; - (x; — AMA;_1).
ITo ompenesenuto a; > 0, u, ciaegoBaresbHO, yciaosue AMA; > AMA; 1 TOXJIeCTBEHHO

HepapeHcTBy x; — AMA;_1 > 0.

Takum 06paszoM, ¢ yueToMm BHJa (4) 1mojydaeM Bropoe HEPABEHCTBO B SIBHOM BH/IE:

n

-1 n
Tj — Qj—1Ti—-1 — Z Aj—jTi—j H(l - ai—kz) — Tj—n—-1" H(l - az‘—j) >0,
k=1 j=1

=2
njin, AaJjisl HalrJigdJHOCTH:

x; — i 1Ti—1—ai—2(1 — a;—1) - xi—2 — a;—3(1 —a;—1)(1 —a;—2) - xi—3 — ...

. —ai_n(l — ai_l) R (1 — ai_n+1) cLij—m — xi—n—l(l — ai_l) R (1 — ai_n) > 0.

OKOH‘{aTeJH)HO, CcucreMa HepaBEHCTB [Jjid IIOCTPOCHUA MHOI'OI'DaHHUKA (yCHOBI/Ie «IIOKY-
H&Tb») IPpUHUMAET BUI:

n—1 j—1 n—1
a;T; + Z Qi—jTi—j H(l — ai,k) + Ty - H(l — ai_j) — z‘I_IiLiIli(AJWA) —9; >0,
J=1 k=0 =0

n

Jj—1 n
Tj — Qi 1T—1 — Z Qi jTi_j H(l — Qi) | — Ti—p—1 - H(l —a;—j) > 0.
k=1 j=1

=2

Cucrema HEPABEHCTB JIJIsl IOCTPOEHUsS] MHOTOIPAHHUKA (YCIIOBHE <«IIPOJIABATD ):

n—1 j—1 n—1
a;r; + Z Qj—§Ti—j H(l — ai,k) 4+ Ti—p - H(l — ai_j) — erlrELin(AMA) +6; <0,
7=1 k=0 7=0
n -1 n
Ty — Qj—1T5—1 — Z (lz;j{L‘Z;j H(l — ai_k) — Lij—n—1" H(l — ai,j) < 0.
j=2 k=1 Jj=1

SaKJ/IroueHue

B nannoii pabore mpoBeseHO MOCTPOEHUE JIBYX CHCTEM HEPABEHCTB HA OCHOBE dKCIEPTHBIX
CUT'HAJIOB, 0A3UPYIONINXCA Ha aJallTUBHOM ckoJib3smnieil cpenneit Kaydwmana. [lonamnanue B onun
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MHOTOI'DAHHUK JIa€T CUTI'HAJ K MOKYIIKE, B JIpyroit — K mpojaxke. Hanbosbimuit mHTEpEC TIpE/I-
cTaBJjdeT caydail OTCYyTCTBUS YeTKOI'O SKCIIEPTHOI'O CUT'HAJIA, KOIVIA TOYKa PBIHOYHOI'O COCTOSHU A
OKa3bIBAECTCA HE TOYHO «BHYTPHU» OJHOI'O U3 MHOI'OI'DAHHMKOB, OIIMCHIBAEMBIX CUCTeMaMU JIMHE-
HBIX HEPABEHCTB, & HAXOJUTCS B HEKOTOPO# oKpecrHOCTU. IIprHsATHE 0OOCHOBAHHOIO pENIEHUS
JI0O MOMEHTa IOSBJIEHUS YETKOI'O SKCIIEPTHOIO CHI'HAJA ITO3BOJIMT MAKCUMU3UPOBATDH NPUOBLIL
OT TOPIrOBBIX olepaluii. Peasnzaiius Mexanu3Ma reHepaluy CUTI'HAJA HA MOKYIIKY HJIM [IPOJIAXKY
aKTUBa B 9TOM CJIydae OCHOBBLIBAETCS HA PENIeHUN 33Ja9¥ CUJIBHON OTIAEJIUMOCTHA U OIpenese-
HUU PACIIOJIOXKEHUsT TOUYKA PBIHOYHOI'O COCTOSTHHSI OTHOCHUTEJIBLHO CJI0sT HAUOOJIbIINEH TOJIIIHEI,

Pa3eJIIONIero 3Tu MHOIOI'PAHHUKMY.

Hcenedosarnue svinoanero npu dunarcosoti noddepocke PODU 6 pamkax HAYwHO20 Npo-
exma M 12-01-00452 v @onda codeticmeusn pazeumuio Masvit Gopm npeonpuamutl 6 Hay4Ho-
mexnuueckot cepe 6 pamrar npoexma N 11533p/20979.
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REPRESENTATION OF TRADING SIGNALS BASED
KAUFMAN ADAPTIVE MOVING AVERAGE AS A SYSTEM
OF LINEAR INEQUALITIES

M.M. Dyshaev, JSCB CHELINDBANK (Chelyabinsk, Russian Federation),
I.M. Sokolinskaya, South Ural State University (Chelyabinsk, Russian Federation)

This paper considers the adaptation of problem of strong separability for decisions about
buying or selling financial assets, such as equities, currencies, futures, etc. on the stock exchange.
There were constructed two systems of linear inequalities that define the regions in n-dimensional
space. These systems describe the expert trading signals that based on adaptive moving average
of Kaufman.

Keywords: the problem of strong separability, Fejer mapping, adaptive moving average of

Kaufman, trading signals for robot.
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