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ITEHTU®IKAILISA PUHKOBUX 3AJIEJKHOCTEM HA OCHOBI SIBHIIA
JUBEPTEHIIII MIK IITHOIO TA THIUKATOPOM TEXHIYHOI'O AHAJII3Y

UJIEHTUO®UKAIIMSA PBIHOYHBIX 3ABUCUMOCTEN HA OCHOBE SIBJIEHMSI
JIMBEPTEHIIMM MEXJY IEHON 1 UHINKATOPOM TEXHUYECKOI'O AHAJIN3A

MARKET DEPENDENCES AUTHENTICATION BASED ON DIVERGENCE
BETWEEN A PRICE AND TECHNICAL ANALYSIS INDICATOR

B crartTi po3BuHYTO niaxia A0 MNPUAHSTTS YNpPaBaiHCbKUX PilllEHb HA CBITOBUX (DiHAHCOBUX PUH-
Kax, B OCHOBY SIKOIrO MoK/jaaAgeHO MartemMaTnyHy MoAesib iAeHTUgikauii aBuila anBepreHuii MiXk LiHOK0
Ta IHAMKATOPOM TEXHIYHOIro aHani3y. [1s niaBuiLeHHss e(pekTBHOCTI PO6OoTN Ha QiHAHCOBUX PUHKaX
3arnporioHOBaHO MPaKTUYHY peasi3aLlito AaHOro niaxoay y BUrasai aaroputMy MPURHSTTS YrpasB/iiH-
CbKUIX pPilleHb, SIKWI MOKI3AEeHO B OCHOBY MeEXxaHiYHOi ToproBesbHOi cuctemu (MTC). HaBeaeHo
pe3ynbTatn TectyBaHHss MTC B nakeTti TradeStation ProSuit.

B cmamebe pa3sum no0xo0 K NPUHSIMUIO yNpasneHYecKux peweHull Ha Mupo8bIX (oUHaHCO8bIX PbIHKax, 8
OCHOBY KOMOPO20 MofIoXeHa MameMmamudeckasi mModernb udeHmugbukayuu sieneHus dugepaeHUUU Mexoy
ueHol U UHOUKamMOPOM MexXHUYecKko2o aHanusa. [ns noebiweHus 3aghghekmusHocmu pabombl Ha
puUHaHCco8bIX pbiHKax nNpeodsioxeHa Mpakmuyeckass peanu3ayusi 0aHHoeo nodxoda 6 eude anzopumma
MPUHAMUS ynpasneHYeckux peweHul, Komopbll MO/I0KeH 8 OCHO8Y MexaHU4Yyeckoll mopaoeoll cucmembi
(MTC). lNpusedeHsl pe3ynbmambl mecmuposaHusi MTC e nakeme TradeStation ProSuit.

The paper develops an approach to making managerial decisions on the world financial markets,
based on mathematical models of authentication of divergence phenomenon between the price and in-
dicator of technical analysis. With the aim of financial market efficiency improvement, there had been
suggested the practical realization of the given approach in the kind of managerial decision making al-
gorithm, which is in the basis of mechanical trading system (MTS). Mechanical trading system’s testing
results in the Trade Station Pro Suit package had also been shown.

Beryn

Ha croroanimHiii neHb icHye 6arato miaxo/iB, 3a JOIOMOTOIO SIKMX BiI0OYBa€ThCsl MPOTHO3YBAHHS CH-
Tyalii Ha CBITOBHX (DIHAHCOBMX PHMHKaX Ta MPUAMAETHCS PIlICHHSA MPO YKIaJaHHS TOPrOBEIbHOI YTOJH.
KoxeH 3 HuX 0a3yeTbcs Ha IEBHUX HAYKOBUX 3acajaX, akcloMax, NPUITYLIEHHAX Ta BKIIOYAa€ B cede Be-
JIMKE PO3MAiTTs METOAIB Ta iX iHCTpyMeHTiB. HalimommpeHimmM miIxoa0M € TeXHIYHUNA aHami3. [HeTpy-
MEHTapii HOTo AIMCHO BEMMKHIA: BiJ 0a30BHX JiHIM TpeHIy, ONOPY Ta MIATPUMKH, TEXHIYHUX 1HIAMKATO-
piB 1o Teopii Xaocy Ta BUKOpUCTaHHS dpakTaniB. Tpeimep cam odupae TaKTUKY Ta CTPATETIIO CBOET TPH,
CTBOPIOE BIIaCHUHM HaOip iHCTpyMEHTIB AJis aHamizy. Ta HaiiBaKuuM € HEe po3poOKa CBO€T BIACHOI TOPro-
BEJIbHOI TAaKTHKH, a Oe3nocepeHe ii BUKOHAHHSA B MPOLECi TOPriBIli, HABITh TOAI, KOJM BOHAa 30MTKOBA.
TiNbKKA TAKUM YMHOM MOJKIJIMBO PEAILHO OI[IHUTH PE3yJbTaTH ii pOOOTH Ta 3pOOUTH BUCHOBOK CTOCOBHO
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MO>KIJIMBOCTI ii ITOAANBIIOro 3acTocyBaHHA. [IpoTe, sSK moka3ye mpakThKa, OLIBIIOCTI TpekmepiB HE BIa-
€ThCSI TIOBHICTIO JOTPUMYBATHCS PO3POOJICHOT TAKTHUKH, OCKIIBKH ITiJ{ BIUIMBOM €MOIIIH Ta I1HIIHX
Cy0’eKTUBHHX (paKTOPiB BOHH MOYMHAIOTH CyMHIBAaTHCS, BHACTIIOK YOTO MPOTrParoTh. ToMy aKTyalbHHUMH
Ha CHOTOHIIIHIH IEHb 3aJTUIIAI0THCS ITAHHS, TIOB’ sI3aHi 31 CTBOPSHHSAM MEXaHIYHUX TOPTOBEIBHUX CHCTEM,
SIK1 3BOJIATE JIFOACEKHUN (haKTOP BIUIMBY B TOPTIBII 10 MIiHIMyMY.

Hyxe GaraTo miTepaTypHUX HKEpes MPUCBSUCHO MUTAHHAM, IO MOB’s3aHi 3 pO3pOOKOI0, ONTHUMI3alli-
€10 Ta TECTYBaHHS MEXaHIYHUX TOProBelbHUX cucteM. [lepmr 3a Bce — 1ie [xedpi Kam ta [Jona MakKo-
pMmik [1], sIKi 3aKiTaiM OCHOBU TECTYBaHHS Ta ONTUMI3allil TOProBEeIbHUX MIIXO/IB Ta TAKTUK, Ta Pobept
[apno [2], sikuil y3araJbHUB OCHOBHI eTanu MoOy0BH MEXaHIYHUX CHCTEM TOPTiBIIi Ta pO3pOOHB METO-
JoJoTifo iX moOymoBu. Takoxk MokHa BuauMTH podotu B. 1. Cadina [3], sxuii 3aiimMaBcs MUTaHHIMU
Oe3nocepeIHbOl peaizailii TOProBeIbHUX CHCTEM IS MTaKeTa TeXHIYHOro aHaiizy MetaStock.

Merta nocmipKeHHs oJsArae B MiABULICHHI €()eKTUBHOCTI pOOOTH Ha (DiHAHCOBHX PUHKAX 338 PaXyHOK
PO3pOO0IIEHHS] MEXaHIYHOT TOPrOBENBHOI CHCTEMH Ha OCHOBI sIBUINA JWBEpreHiii B cepenopui TradeSta-
tion ProSuit, 3aBisiku YoMy JFOACEKHIA (aKTOp BIUIMBY B TOPTiBIIi 3BOIUTHCS 0 MIHIMYMY.

BcTynneHue

Ha cerogHsWHWIA OeHb CywecTByeT MHOMO NMOAXOA0B, C NMOMOLLbI KOTOPbIX MPOUCXOAUT MPOrHO3M-
pOBaHMe CUTyauun Ha MUPOBbLIX (PUHAHCOBBIX PbIHKAX U NMPUHMMAETCS peLleHne O 3aKMioYeHUn Topro-
BoW caenku. Kaxapin n3 HUX 6asupyeTcst Ha onpefeneHHbIX Hay4HbIX NPUHUMNAX, akcuomax, npearno-
NOXeHUsiX 1 BKM4aeT B cebs 6onbloe pasHoobpasve MeTodoB M UX MHCTpyMeHToB. Hambonee
pacnpocTpaHeHHbIM NMOAXOAOM SIBNSIETCS TEXHUYECKUI aHanui. IHCTpymeHTapuii ero OericTBUTENBHO
HonbLUON: OT 6a30BbIX NMHUIA TPeHAA, CONPOTUBIIEHUS U NOAAEPXKKN, TEXHUYECKUX MHOUKATOPOB K TE€O-
pun Xaoca n ncnonb3oBaHuo pakTanos. Tpengep cam BbibMpaeT TakTUKy U CTpaTernto CBOEN Urpbl,
co3faeT COOCTBEHHbIN HAabop MHCTPYMEHTOB AN aHanu3a. Ho cambiM TspkenbiM SIBNSIETCS He paspa-
6oTKa cBOelr COOCTBEHHON TOProBOM TaKTWKW, a8 HEMOCPEACTBEHHOE ee BbINOMHEHWE Mpy TOProerne, Aa-
Xe Torga, Korga oHa ybbiTouHas. Tonbko Takum 06pa3oM BO3MOXHO pearbHO OLEHWUTb pesynbTaThbl ee
paboTbl M caenaTb BbIBOL OTHOCMTENBHO BO3MOXHOCTM €e nocreayowero npumeHenusi. OgHako, Kak
nokasblBaeT NpakTuka, GOnbLUMHCTBY TpenaepoB He yAaeTcsl MOMHOCTbI0 NpuaepXmuBaTtbes paspabo-
TaHHOW TaKTUKW, NOCKOMbKY NoA BO3AENCTBUEM SMOLIMI U APYIUX pasfapaxatolmx akTopoB, OHU Ha4n-
HaloT COMHEeBaTbCsl, B pe3ynbTaTte 4Yero npourpbiBatoT. [oTomMy akTyanbHbIMW Ha CEroAHSIWHUA OeHb
OCTalTCs BOMPOChI, CBA3aHHbIE C CO3JaHMEM MEXaHWYECKUX TOProBbIX CUCTEM, KOTOpPbIE CBOASAT Yerno-
BEYECKMI hakTop BNUSHWS B TOProBrie K MUHUMYMY.

OueHb MHOrO NUTEpaTypPHbIX MCTOYHMKOB MOCBSILLIEHO BOMPOCaM, KOTOpbIE CBSI3aHbl C pa3paboTkoi,
ONTUMM3aLMEN U TEeCTUPOBaAHME MEXaHWYECKNX TOproBbix cucTeM. Mpexae Bcero — ato Mxedpu Kay un
[oHa MakkopmMuk [1], KOTOpbIE 3an0XWUIN OCHOBLI TECTUPOBAHWUSA U ONTUMU3aLMM TOProBbIX MOAXOA0B U
TakTuK, n Pobept Mapgo [2], koTopbin 0606LLMT OCHOBHbIE 3Tanbl MOCTPOEHUSA MEXaHUYECKMX CUCTEM
TOProBnu n paspaboTtan MeToaonorMio Ux NOCTpoeHus. Takke MOXHO Bbiaenute pabotel B. W. CaduHa
[3], koTopbIN 3aHMMancs Bonpocamy HEMOCPEACTBEHHOM peanu3auMu TOProBbIX CUCTEM Afs nakeTa
TexHu4yeckoro aHanusa MetaStock.

Llenb nccnegoBaHus 3akioyaeTcs B NOBbILLEHUN 3pdekTMBHOCTY paboTbl HA PMHAHCOBbLIX pPbiHKaX 3a
cYeT pa3paboTKM MeXaHNYECKOM TOProBOM CUCTEMbI HA OCHOBE SIBNEHUst anBepreHummn B cpeae TradeStation
ProSuit, briarogaps yemy 4yenoBeveckuin hakTop BNMSHWS B TOProBrie CBOAMTCS K MUHUMYMY.

Introduction

Nowadays there are many forecast and management support approaches on the world finan-
cial markets. Each of them is based on certain scientific principles, axioms, suppositions, and in-
cludes a large variety of methods and their instruments. The technical analysis is the most wide-
spread approach. It uses a wide range of instruments; starting with trend base line, resistance
and support lines, technical indicators up to the Chaos theory and the use of fractals. Trader him-
self selects tactic and strategy of the game, creates his own set of instruments for the analysis.
The most complicated part of this job is the direct implementation of its own trading tactic, but not
its development, especially, when it is unprofitable. Only in such a way it is possible to evaluate
job results and make the conclusion about the possibility of its future use. However, as practice
shows, most of traders don’t completely follow the developed tactic, because of doubts under the
influence of emotions and other irritating factors, and as a result they lose. That is why the ques-
tions related to the creation of mechanical trading system, minimizing the human influence factor,
are of great importance.

A lot of literary sources are dedicated to the questions, related to the development, optimiza-
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tion and mechanical trading systems testing. First of all they are Jeffrey Cats and Dona McCor-
mick [1], who had provided the basis for testing and trading approaches optimization. Tactician
Robert Pardo [2], who had generalized the basic stages of mechanical trading systems construc-
tion and had developed the methodology of their construction. It is also possible to mention the
works of Safina [3], who had been solving questions of direct realization of trading systems for
technical analysis package MetaStock.

The main object of the research is to increase financial markets operations efficiency by
means of mechanical trading system development based on the divergence phenomenon in the
TradeStation ProSuit environment, which would minimize the human influence factor.

OcHOBHA YacTHHA

Po3poOka MexaHIIHOT TOPTOBEIIEHOT CUCTEMH MTPOBOAMUTHCS B IeKiTbKa erariB. Crio9aTKy BU3HAYAETHCS
Ha0ip iHCTPYMEHTIB Ta MPOBOAUTHCS iX (hopMamizarlist Ui CTBOPEHHSI MaTeMaTHYHOI MOJeN ineHTudikamii
MIEBHOTO sABUINA a00 PUHKOBOi Mozelni. B ocHOBY 1ii€i Moaeni MOKHA MOKIACTH OyAb-sIKMHA 1HAMKATOD i
METOJT TEXHIYHOTO aHasIi3y (a00 KOMOIHAIlII0 TaKUX 1HIUKATOPIB 1 METOiB) [4, 5]. B ocHOBY MaTemMaTHaHOL
MOJIeJi, 3aIPOTIOHOBAHOT aBTOPaMHU, MOKIIAJICHO SBHUIIE TUBEPIEHIIT MiXK I[IHOIO Ta 1HIUKATOPOM TEXHIYHO-
ro aHainizy. Takuil BUOip MOSICHIOETHCS TUM, IO PAKTHYHE BUBYCHHS Ta aHaJII3 PUHKOBOI CUTYallii IoKa3a-
JIH, 1110 11 SIBUIIE € YK€ CHIIbHUM CHUTHAJIOM, SIKMI CBIIYMTH PO 3MiHY HaHIBHOT I[IHOBOT TEHICHIIII.

CyTHicTh siBHIIA IUBEpreHuii Taka. Bei iHAMKAaTOPH TEXHIYHOTO aHaIi3y HOBHHHI MiATBEPIKYBATH PyX
LiHK, TOOTO, AJISl TPEHILY, IO 3pOCTaE, KOXKEH HOBHH MAaKCUMYyM L[iHU TIOBHHEH CYNPOBOUKYBATHUCH OiJb-
[IMM 3HaYEeHHSM 1HAWKATOpa IMOPIBHIHO 3 MOMEPEHIM MAaKCUMYMOM, a JUTS CIIaJJHOTO — KOXKEeH HACTYITHUH
MiHIMYM IIiHY [TIOBUHEH MiATBEP)KYyBAaTHCh MEHIIIMM 3HAYSHHSIM 1HIUKATOPa MOPIBHIHO 3 TIONEpEaHIM. AJe
1HOZI BUHHMKAE CHUTYAIlisl, KOJIX HOBOMY MakCUMyMy (MiHIMyMY) IliHM BiAIOBifae MeHIe (Oiblie) 3HaYeH-
Hs IHJMKaTOpa MOPIBHAHO 3 monepeaHiM. Lle 1 e sBuie quBepreHiii — Ay)ke CHIbHUN CUTHAN, SIKHH CBIJI-
YHUTH MPO Te, IO HASBHA PUHKOBA TCHACHIIS 3aBEPIIYETHCSA 1 MOXKHA OYIKYBaTH ii 3MiHU B HPOTHICKHY
CTOpOHY [6, 7].

Hns popmanizamii Ta moOyJ0BH MaTeMaTUIHOI MOJIeNli BHKOPUCTOBYBABCS arapar anreOpu ajaropur-
Mikn 0araTopiBHEBOIO MPOEKTYBaHHS KJIACIB aJIFOPUTMIB 1 porpam, sikuil 0azyerscst Ha TepMiHax CAA-
cxeM (bararopiBHeBUX (OpPMaTi30BaHUX MPOEKTaxX), AKUi OyB po3pobnenui I'. €. LerTninum [8].

Anroput™ poOOTH MOJIENI mepeadavyae TaKy mociiioBHIcTh Aiil. CriodaTKy BiI0OYBAETHCS MOUIYK Tep-
moro MakcuMmymy (MiHimymy). Ilicnms Toro, sik #ioro Oyne 3HaimeHO, BiOyBaeThcs 30epekeHHs Horo
3HAYEHHS Ta 3HauY€HHS OOPaHOr0 TEXHIYHOTrO iHAMKAaTOpa I JaHOro MoMeHTy uacy. Ilicns uporo Bia-
OyBa€eThCs MOUIYK HACTYITHOTO MakCUMyMy (MiHIMyMY) Ta 30epeeHHsl HOro 3HAUeHHS Ta 3HAYCHHS TeX-
HIYHOTr0 iHAMKATOpa B LIel MOMEHT 4acy.

[Ticns Toro, Sk Mpyruii MakcuMyM (MiHIMyM) OyJio 3HaiiieHo, e TpoIleC MEepPeBipKH, B pe3yNbTaTi
SIKOT'O MOJKJIMBI TaKi CUTYaIlii:

— Slxmo apyruit MakcuMyM (MiHIMyM) OiTbImi (MEHIIHI) TIePIIoTo, a 3HAYE€HHS BiAMOBITHOTO TEXHi-
YHOTO iHAWKaTopa MeHIIe (OLIbIe) MomepeHhOTO HOTo 3HAYSHHS, IPUIOMY BiTHOIICHHS 3MiHH Be-
JIMYUHHM 1HAMKATOpa OiIBIIE BiJl BCTAHOBJICHOTO, TO IICHTH(IKYETHCS SBUILE AUBEPTEHITIT MK I[IHOKO
Ta iHguKaropoM. Ilicig poro ApyrHii MAKCHMYM CTa€ TIEPIIHAM, i TIOAAJBIINI MOIIYK Ta IMepeBipka
MPOBOIUTHCS BITHOCHO HBOTO.

— Slxmo apyruit MakcuMyM (MiHIMyM) OUbIIWE (MEHIIWI) TIepIIOro, 3HAYSHHS! TEXHIYHOTO 1HIUKa-
TOpa Ha HhOMY OinbIe (MEHIIe) 3HAUeHHS Ha MONePEeAHbOMY — 1€ CHUIbHU CUTHAI, SIKAW CBIIYNTH
Mpo Te, M0 TeHJACHIis Oyne MpomoBKyBaTHCs. 3 BUHUKHEHHIM TaKOl CHUTYyallii IPYTrUi MaKCUMyM
(MiHIMYM) CTaHE MEpUIMM 1 B pa3i 3HAXOKEHHS HACTYITHOTO MaKCUMyMy (MiHIMyMY) MOpPiBHSHHS
Oyze IpOBOANUTHCS MO BIAHOMIEHHIO 0 HHOTO.

— SIxmo apyruit MakcuMyM (MiHIMyM) MeHIIe (O1TbIIe) mepIioro (BU3HAYEHO JIOKAIBHUH eKCTPEMyM
a00 NMPOTUIICKHUHN NaHIBHUI TPEH[) — MEPIIUI Ta APYTHid MAaKCUMYyMH (MiHIMyMH) OOHYJISIFOTBCS 1
MIOITYK MTOYMHAETHCA CIOYaTKy. HeoOXimHICTh mi€l MepeBipKH MOSCHIOETHCS THM, IO OYIb-SIKHMA
BUJ TPEHAY BKJIIOYAE B ceOe MPOTHIIECKHI HAMPSIMKY HOTO PYXy JIOKallbHI eKCTpeMyMH (OCKITBKH
[iHa PYXA€TbCS HE MO MPSAMiH, a 3Ur3aronoAioHo), sIKi He TOBUHHI 11eHTH(IKYBaTUCS I 1aHOTO
BHIy TeHACHINI. | MeTOr0 Ii€l mepeBipKu € IMOIIyK BEpIIMHH ab0 THA MMaHIBHOTO I[IHOBOTO PYXY
came Ticlsg SIKOTO BifOyIeThCsl 3MiHA TEHJICHINT 1 BIMOBIIHA 3MiHA THUX CJIEMEHTIB, SIKi TOBHHHI
ineHTudikyBaTucs (MakCUMyMiB a00 MiHIMYMiB).

Mogenb po3pi3HIOE IBa MOKIIUBUX BHIN TUBEPTEHITII.

«Benmeska» nuBepreHiis HacTae Ha TPEHII, UI0 3pOCTaE, KOJIM HOBOMY MaKCHUMYMY I[iHM BiATOBinae
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MEHIIIe 3HAYEeHHS 1HJMKATOpa IO BiTHOIICHHIO JI0 MONEPEJIHLOT0 MaKCHMyMy — II€ CHJIBHHMN CHTHAM
3aBEPIICHHS TTAHIBHOI TEHJIEHIIIT, 0 CUTHAII3Y€E TpeHaepy Mpo HEOOXiMHICTh BIAKPUTTS KOPOTKOI TIO3H-
uii. Ilig KOpOTKOIO MO3UILIEI0 PO3YyMiIOTh MPOJAXK AKIii 32 BHLIOKO I[IHOIO, MPOTHO3YIOYH MOJANbLIE iX
TAIHHS 1 MOKITUBICTD KYITIBIII iX 32 HUXKYOIO IIHOFO.
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Puc. 1. I'pad-cxema nuBepreHmii
Puc. 1. I'padp-cxema gmeepreHumum
Fig. 1. Divergence graph-scheme

«buyauay nUBEpreHiliss HacTae
Ha CMaJHOMY TPEHJi, KOJIH HOBO-
My MIHIMyMy I[iHA BiIIOBia€e
Oinpllie  3HAYEHHS  IHAWKATOpa
MOPIBHSHO 3 TOMEPENHIM, IO €
JUIsL Tpelijiepa CHIIBHUM IIOTEpe-
JUKYBaJbHUM CHUTHAJIOM TPO PO3-
BEPTAHHS MaHIBHOI IIHOBOI TEH-
JeHIii 1 1po  HEOOXIAHICTH
BIIKPUTTS JgoBroi mosumiii. Ilig
BIIKPUTTSIM JIOBTOi TO3UIIT PO3y-
MIIOTh KYIIBJIIO aKIil 328 HIKYOIO
[[IHOIO, MPOTHO3YIOUM iX picT Ta
MOXIMBICTh 3TOJIOM TPOJATH iX
(3aKpuTH JOBry MO3MIII0) 332 BHU-
moro 1iHoro. J{ist Buxomy Oyne
BUKOPUCTOBYBATHCS  MPOTHIICHK-
HUHN cUTHAN (U1 BIIKPUTOI JOBrol
MO3UI[I — TOMYK «BEIMEKOI»
JMUBEPTEHIIil, a i1 BITKPHUTOI KO-
pOTKOI TO3MIii — mMmomyk «Oudva-
4oi» JUBEpreHiii). Ys3araibHEeHa
rpad-cxema MaTeMaTUIHOI MOJEINI
ineHTHdIKaIl JUBEPreHIii Mnoka-
3aHa Ha puc. 1.

B mifi cxemi Imag 3MIHHUMUA
Ekst1 ta Ekst2 noBUHHI pO3yMiTH-
Cs BIJTIOBITHO MAaKCUMYMH Ta Mi-
HiMymn miHd. B kiHneBux Oiokax
MIOPIBHSIHHSL Ha HAsBHICTH JWBEp-
TeHIl, YMOBU JAIOThCS I «OH-
Jaqoi» IUBEPreHIlii, TOOTO Imix
Ekst po3yMieTbcs MAaKCUMYM I[iHH.
Jns «BemMexoi» mepeBipKu 3HAKH
3HAXOAAThCSA B JyXKKax, a FEkst
ACOIIIOETHCS 3 MIHIMyMaMHU I[iHH.

[InsgxoM TPakTHIHOI pOOOTH 3
OararbMa IHOUKATOpPAMH TEXHIY-

HOT'O aHaJIi3y OyJo BHpilIEHO 3yNMUHUTHU CBiil BuOip Ha inaukaropi MACD, nist SKoro mokiajgeHa B OCHO-
BY MaTeMaTHYHOI MOJEJIi 3aKOHOMIPHICTh BHKOHYyBajiack Haitkparme. MACD (moving average conver-
gence/divergence) € OMHUM 13 CKJIATHUX 1HAMKATOPIB IHEPIIil, IKHH OCHOBAHMH Ha TIEPETHHI, CXOHKECHHI 1
PO3XO/DKEHHI JIBOX KOB3HHMX cepenHix BenwuuH [9, 10]. Ilpuknamu sBuilla TABEPreHIl MIX ILIHOK Ta
ingukaTopoM MACD nokasani Hukue (puc. 2 ta 3).
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Puc. 2. BigkpurTs 1oBroi no3uiii B pe3yabTaTi AMBEPTEHIIIT MK WiHOIO 1 iHguKatopom MACD
Puc. 2. OTKkpbITUe ANMHHON NO3ULUUK B pe3ynbTaTe AUBepreHumMmn mexay LeHom n nignkatopom MACD
Fig. 2. Opening of long position based on divergence between a price and MACD
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Puc. 3. BigkpurTsa KOpoTKoi MO3uLii B pe3yIbTaTi JUBEepreHii Mixk niHoro i ingukatopom MACD
Puc. 3. OTKpbITME KOPOTKOW NO3ULMK B pe3ynbTaTe AVBEPreHuun Mexay LeHon n nigukatopom MACD
Fig. 3. Opening of short position based on divergence between a price and MACD

MaTeMaTHYHO YMOBH BiJIKPUTTS TOPTOBEILHUX MO3UIIIH HA OCHOBI SIBHUIIA TUBEPTCHIIIT MOYKHA OITHCA-
TH 3a JIOIIOMOTI'0I0 TaKUX CITIBBITHOIICHD MIX I[IHOIO Ta 3HAYCHHIMHM 1HIUKATOpa:
— «Beamerxa TUBEPreHIIisD):

) SecondPriceMax>FirstPriceMax;
Sell_Signal= i ) ) (D
SecondIndicatorMax<FirstIndicatorMax;
«buyaya JUBEpreHIis»:
, SecondPriceMin<FirstPriceMin;
Buy_Signal= . o . . (2
SecondIndicatorMin>FirstIndicatorMin.

[IpuaIHT POOOTH aNTOPUTMY MPUHHATTS YIPABIIHCHKUX PIIIEHb Ha OCHOBI 1IeHTH(IKAI] SBUIIA AH-
BEPreHIlii MOXKHA OITUCATH TAKUM YUHOM:

— BusHaueHHS TOYaTKOBHUX YMOB.

— InenTudikariist TUBEPreHIIiT.
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— IIpuAHSATTS PIIICHHS CTOCOBHO BIAKPHUTTS KOPOTKOT UM JTOBTOI TTO3HIITI.

— InenTudikailist HACTYITHOTO CUTHAIY JUBEPreHIIT.

— IlepeBipka HasBHOCTI BIAKPUTHX MO3MUIIiH Ta BU3HAYECHHS 1X TUIIIB.

— IIpuitHATTS pilIEHHS CTOCOBHO 3aKPHUTTS MO3UIII YM MPOIOBKEHHS MOIIYKY HACTYITHOTO CHTHATY
JMUBEPreHiii (Ipu 1bOMY, YaCTHHA aIrOPUTMY, SKa 1IEHTHU(IKYE CUTHAI B HANPSMKY B)KE BIAKPUTOL I10-
3uLii, Oyze IrHOpyBaTUCs A0 THX Tip, IOKU He Oye 3HaliIeHO MPOTHIICKHUH CUTHAI 1 BIIKPHUTA MO3ULIS
He OyJe 3aKpuTa).

Ha ocHOBI po3po0iieHrx MaTeMaTHIHUX MOJIENEH Ta alrOpUTMY NIPUIHATTS YIPABIiHCHKHUX PIllleHb OY-
JI0 MPaKTUYHO peasli3oBaHO MexaHiuHy ToproseibHy cucteMy (MTC) B maketi TexHiuHoro aHamnisy TradeS-
tation ProSuit Ta mpoBezeHo ii TecTyBaHHs Ha aKI[isiX, sKi BXOJIATh 10 cKiaany inaexkcy Dow Jones Industrial
[11]. TnTepBan TecTyBaHHS TOPrOBENbHOI cTparerii — 4 Micsi (4acoBuii iHTepBan rpadika — 5 xB.). [Iporec
TECTyBaHHS MepeciigyBaB ABI METH: IO-TIEpIle, BU3HAUYUTH YW BUKOHYE JlaHA CHCTEMa Te, 10 il 3a7aHo
(ToOTO Bi3yasbHA IepeBipka iNeHTH()IKOBAHUX MOMEHTIB JUBEPreHIlii), MMo-Ipyre, OTPUMATH TPHOIN3HE
ysIBIICHHS TIpO Tpo(isib MPUOYTKY Ta pH3UKY 1€l cuctemu. [Ipu oMy crcTeMa MOBUHHA MOKAa3aTH CTii-
KICTh Ta MPUOYTKOBICTH CBO€ET poOOTH Ha Pi3HUX (hiHAHCOBHUX iHCTpyMeHTax. CHCTeMa BBaXKaeThCs Ipate3-
JIATHOIO, SIKIIO MPOIICHTHE CITiBBIIHOIIEHHS MPUOYTKOBUX yrof J1o 30utkoBux Oinbiie 40 % mpu mo3uTHB-
HOMY 3arajJbHOMYy 3HaueHHI npuOyTkiB [6]. Sk ToOKa3HMKH e(EeKTHBHOCTI pOOOTH cTpaTerii Oynu
BUKOpHUCTaHi: P/L — criBBiAHOMIEHHS MPUOYTKiB/30UTKIB 10 1MO3uIIii, % P/L — MpOIEHTHE CIIiBBiIHOIICH-
Hs IpUOYTKiB/30UTKIB 0 BKIIaJeHUX KOWITIB, Percent profitable — xiIbKicTh TPUOYTKOBUX BXOJIB MO BiJI-
HOIICHHIO JI0 X 3arajibHOI KIIbKOCTI, BUPa)KEHA B IIPOIICHTAX.

PesynpraTu TecTiB moka3aHi B Ta0HIIL.

PeSyJ’leaTl{l TeCTyBaHHSA

Pe3ynbTaTbl TeCTUpOBaHUA
Testing results

Tuxep
KOMIAHIT |y Mo3utrii EI;I ac BXOHy/?HXOHy Ilina Bxomy Iina Bixo- Kowmicis
T“EZE:SM' Tun noanumm pems ?ﬁgi? bixoAa I__l,eHa BX0Aa Ll,eHaZé}n;xop,a Komuccus P/L % P/L
Ticker of the Type of position offering/decision Price of offering Final price Interest
company
o 09.12.2003 3:15 o
AA Short Position 09.25.2003 10:55 $29.23 $27.00 $5.00 1125.00 7.698 %
" 09.26.2003 09:55 o
AA Long Position 10.13.2003 10-30 $26.85 $29.99 $5.00 1580.00 | 11.769 %
o 08.20.2003 11:10 o
AXP Short Position 08.25.2003 11-20 $45.43 $45.83 $5.00 190.00 0.836 %
AXP Long Position 08.26.2003 13:30 $44.38 $46.81 $5.00 1225.00 5.521 %

09.18.2003 12:20
. 09.18.2003 13:55 o
AXP Short Position 11.17.2003 13-40 $46.93 $43.63 $5.00 1660.00 7.074 %

08.20.2003 09:50

BA | Long Position| go 202003 9990 1 s34.47 $35.06 $5.00 | 455.00 | 2.663 %
CAT | Long Position | 00502003 0020 | §72.00 $70.49 $5.00 | —745.00 | —2.069 %
CAT | Long Position | 0002003 1040 | 569,78 $74.29 $5.00 | 2265.00 | 6.492 %
DIS  |Long Position | (o od 20031350 | 591 57 $22.11 $5.00 | 280.00 | 2.596 %
EK  |Long Position 0089205?;_22000033 | s21.72 $29.80 $5.00 | 1050.00 | 7.576 %
GE  |Short Position| o 052003 830 | 53199 $33.73 $5.00 | —1245.00 | ~7.976 %
GE  |Long Position| 00202003 12135 1 599 41 $29.02 $5.00 | —185.00 | —1.258 %
GE |Short Position| o025 2003 0940 1 530,29 $29.36 $5.00 | 475.00 | 3.136 %
HD  |Short Position| 0o9-200% 185 | 35 93 $32.26 $5.00 ~5.00 | —0.031 %
HD  |Long Position| 00:26-200310:20 1 gy 45 $34.09 $5.00 | 980.00 | 6.096 %

09.04.2003 15:25
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[TpomoBixeHHs TabIHII

HON | Long Position | 0 a0 2005 9940 $29.23 $28.83 $5.00 | —190.00 | ~1.300 %
HON  |Short Position|  p (02003 10> $29.86 $28.00 | $5.00 | 940.00 | 6.296 %
HON | Long Position| 0922200 14:40 $27.65 $30.12 $5.00 | 1245.00 | 9.005 %
IBM | Long Position | 0o 20-200% 9940 $82.99 $84.19 $5.00 | 610.00 | 1.470 %
IBM | Long Position | 0 ar 2005 10°43 $82.48 $87.78 | $5.00 | 2660.00 | 6.450 %
INJ |Short Position| 07902003 140 $51.12 $48.43 $5.00 | 1355.00 | 5.301 %
INJ | Long Position | 0-212003 1320 $49.40 $47.94 $5.00 | -720.00 | -2.915 %
KO [Short Position|  -04:2003 159 $44.50 $42.64 $5.00 | 940.00 | 4.225%
KO |Long Position| (o-ci200% 11130 $43.66 $44.46 $5.00 | 410.00 | 1.878 %
MMM |Short Position| g 32200 1330 $71.97 $71.81 $5.00 90.00 | 0.250 %
MMM | Long Position | 00002003 0940 $71.65 $69.85 $5.00 | -890.00 | -2.484 %
MRK |Short Position| 00 20 020 $52.75 $49.36 | $5.00 | 1705.00 | 6.464 %
MRK |Short Position| 0o a0 200s 1292 $51.56 $50.21 $5.00 | 685.00 | 2.657 %
MRK | Long Position | 00 a0 200% 1420 $49.52 $47.74 $5.00 | —880.00 | -3.554 %
MSFT |Short Position| 0o 19-2003 134 $26.32 $27.09 | $5.00 | -375.00 | —2.850 %
T |Short Position| 0o 2i200% 0940 $21.28 $21.26 $5.00 20.00 | 0.188 %
WMT  [Short Position| 2003 940 $59.80 $60.16 | $5.00 | —170.00 | —0.569 %
XOM | Long Position | (520200 0945 $36.59 $37.09 | $5.00 | 260.00 | 1.421 %
XOM  |Short Position| 0o 222005 0940 $37.09 $36.49 $5.00 | 310.00 | 1.672 %

OcHoBHasl YacTh

PaspaboTtka MexaHn4eckol TOproBoi cUcTeMbIl NPOBOAMTCS B HECKOMbKO 3TanoB. CHavana onpege-
nsietcs Habop MHCTPYMEHTOB TOFO MIM MHOTO MeToAa aHanusa, NpoBOAMTCS MX dopmanu3aums ¢ Le-
Nblo CO3AaHMA MaTeMaTU4eCKO Moaenu naeHTMdUKaLmMm onpeaeneHHoro SBrneHns Unu pbiIHOYHOM Mo-
nenu. ina cosgaHnst MaTeMaTUYeCKON MOAENU MOXHO WMCMofb3oBaTh MO0 MHAOMKATOP UNK mMeTon
TeXHMYecKoro aHanusa (Mnu nx kombuHauuio) [4, 5]. B ocHOBY MaTteMaTuU4eckon mogenu, NnpeanoxeH-
HOW aBTOpamu, OyaeT MOMOXEHO SIBNIEHWE OUBEPreHunn Mexay LEHON U MHOMKATOPOM TEXHWUYECKOro
aHanusa. Takoi BbIbOp NpegonpenensieTcs Tem, YTO NPaKkTUYEeCKoe U3yYyeHue 1 aHanm3 PbIHOYHOM Cu-
Tyauum B TeYeHMe NccneaoBaHuin nokasanu, YTo 4aHHoe SABNeHWE SBNSIETCS OYeHb CUMbHBIM CUTHaNoMm,
CBUAETENLCTBYOWEM 00 M3MEHEHWUW TEKYLLIEN LIEHOBOW TEHAEHLNN.

CyTb sIBNeHUs OMBEPreHuMn 3akrovaeTcs B crieayrowem. Bce MHOMKATOpPbl TEXHUMYECKOro aHanvsa
OOMKHbI NOATBEPXKAATh ABWXKEHWE LIEHbI, TO €CTb: AN BOCXOASLEro TpeHaa, Kaxabl HOBbIN MakCUMyM
LieHbl JOMKEH COMPOBOXAATLCSH OOMbLIMM 3HAYEHMEM MHAMKATOPA MO CPaBHEHWUIO C NpeablayLiMMm Mak-
CMMYMOM, a AJ1S1 HUCXOASALLEro — Kaxabli Crneayowmin MUHUMYM LieHbl JOJPKEH NOATBEPKOATbCS MEHb-
UMM 3HaYEeHMEeM MHAMKaTOopa No CPpaBHEHMIO C NpeablaywmmMm. Ho nHoraa Bo3HWKaeT cuTyauusi, korga Ho-
BOMY MakCMMymy (MWHUMYMY) Li€Hbl COOTBETCTBYET MeHbllee (Oosbluee) 3HayeHue uHaukaTopa Mo
CpaBHEHWIO C MPeablayLmM. DTO U eCTb SIBNIEHNE OMBEPrEHLMN — CUSbHBIA CUrHar, CBUAETENbCTBYOLLMIA
0 TOM, YTO CYLLECTBYHOLLAst PbIHOYHAA TEHOEHLUMSI 3aBepLUaeTCsi U CrefyeT oXuaaTb ee pa3BopoT B MPo-
TMBOMOSIOXHYHO CTOPOHY [6, 7].

[nsa doopmanmsaumm 1 NOCTPOEHNST MaTeMaTUYECKON MOOENM UCMONb30Bancs annapar anrebpbl anropuT-
MWKM MHOTOYPOBHEBOTO NMPOEKTUPOBAHNS KIMAacCoB ariropUTMOB M NMPorpamm, KOTopbl 6asupyeTcs Ha TepMu-
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Hax CAA-cxeM (MHOroypOBHEBBIX hopManuavpoBaHHbIX MPoekTax), paspaboTtanHbin I, E. LienTnuHbim [8].

Anroputm paboTbl MoAenu npegycmaTtpuBaeT CreayloLlylo nocrefoBaTenbHOCTb AencTBuin. CHa-
Yana nNpoucxoamT NMOWCK NepBOro Makcumyma (MMHumyma). lMocne Toro, Kak oH 6yaeT HawaeH, npouc-
XOAUT COXpaHeHWe ero 3Ha4YeHUs 1 3HaYeHns n3bpaHHOro TEXHUYECKOro MHAMKaTopa ANna 4aHHOro Mo-
MeHTa BpeMeHu. [locne aToro NponcxoamT MNOUCK crieaylolero MakcuMmyma (MMHMMyMa) U coxpaHeHue
€ro 3Ha4YeHus N 3HaYeHNs TEXHNYECKOro NHAMKaTopa B 3TOT MOMEHT BPEMEHU.

Mocne TOro, kak BTOPON MakCcMMyM (MUHMMYM) Obin HandeH, naeT NpoLecc NpoBepKu, B pesynbrarte
KOTOpPOro BO3MOXHbI CeAyloLme cutyaumu:

— Ecnun BTOpon makcumym (MUHMMyM) 6onblue (MeHbLLE) NepBOro, a 3HayeHue COOTBETCTBYIOLLErO
TEXHWYECKOro nHankaTopa MeHblle (6onblue) npeablayLlero ero 3Ha4deHus, npuyemM OTHOLLEeHWEe
N3MEHEeHNs BenuYMHbI MHAMKaTopa 6onblue YyCTaHOBMEHHOro, TO MAEHTUMULMPOBAHO SBNEHWe
AviBepreHums Mexagy LeHouW n uHamkatopom. llocne 3Toro BTOPOM MakCUMym CTaHOBUTCS Mep-
BbIM, I AanbHEWLWni NOUCK 1 NpoBepKa NPOBOANTCH OTHOCUTENBHO Hero.

— Ecnun BTOopon makcumym (MUHUMYM) Gorblue (MeHbLUE) NepBoro, 3Ha4eHne TEXHUYECKOro NHAW-
KaTopa Ha HeM Bornblue (MeHbLUEe) 3HaYeHWs Ha npeablayLueM — CUMbHbIM CUrHanoMm, cengetenb-
CTBYIOLNA O TOM, YTO TeHAeHuunsa ByaeT npopormkatbes. pn BO3HUKHOBEHUW TakoW cuTyauuu
BTOPON MakcMMym (MWUHUMYM) CTaHET NepBbIM U NP HAXOXAEHUW CcreayloLero Makcumyma (Mu-
HUMYyMa) cpaBHeHue ByaeT NPOBOAMTLCS MO OTHOLLEHUIO K HEMY.

— Ecnun BTOpOM Makcumym (MUHMMYM) MeHbLue (BonbLue) nepBoro (onpegeneH nokanbHbIA 3KCTpe-
MYM UIM NPOTUBOMOJIOXHbBIA FOCMOACTBYOLNA TPEHA) — NEPBbIA U BTOPOW MaKCUMyMbl (MUHK-
MyMbl) OBHYNAOTCS M NOUCK HaYMHaeTCs cHavana. HeobxoaumocTb 3Tov NpoBepkn obbacHaeTcH
Tem, YTto niobon Bua TpeHda BkrovaeT B cebs NPOTUBOMOMOXHbIE HanpaBneHWIo ero ABMXEHUS
nokasnbHble 3KCTpeMyMbl (MOCKONbKY LieHa ABUraeTcs He Mo NpsiMon, a 3uraaroobpasHo), KoTo-
pble He AOMKHbI NAEHTUMULMPOBATLCA ANS AaHHOW TeHAeHUMU. M uenblo 3ToN NpoBepKn SBMs-
€TCS NOWCK BEePLUUHbI UMK AHa roCnoACTBYIOLEro LIeHOBOrO ABWMKEHWS, MMEHHO nocne KOTOporo
COCTOUTCS WU3MEHEHWe TeHOEHLUMU U COOTBETCTBYHLLee W3MEHEeHWe TeX 3NIeMEHTOB, KOTopble
OOMXHbI MAEHTUdMLMPOBATLCA (MAaKCUMYMOB UM MUHUMYMOB).

Mopaenb pasnuyaeT ABa BO3MOXHbIX Buaa AUBEpreHumu.

«MeaBexbsi» ANBepreHuMs HacTynaeT Ha pacTyllem TpeHae, Koraa HOBOMY MakCUMyMy LieHbl OTBe-
YaeT MeHbllee 3HayYeHue nHAaMKaTopa No OTHOLLUEHWIO K NpeablayLeMy MakCUMyMy — 3TO CUIbHbIV CUr-
Han 3aBepLUeHNs roCrOoACTBYOLWEN TeHOEHLUMN, KOTOPbIN curHanuampyeTt Tpengepy o HeobxoamMmMocTu
OTKPbITUSA KOPOTKOM no3uumn. Nog KOPOTKOM MO3MuMeN NOHMMAIOT Npogaxy akuuin no 6onee BbICOKOW
LueHe, NPOrHo3npysa eé€ garnbHenwee nageHue U BO3MOXHOCTb MOKYMKM (3aKpbITUS KOPOTKOW MO3numm)
no 6onee HN3KON LieHe.

«Bblubsi» AMBepreHUMa HacTynaeT Ha HUCNadaloWweM TpeHae, Korga HoBOMYy MUHUMYMY LieHbl OTBe-
YyaeT Gorbluee 3HayYeHne MHAMKaTopa No CpaBHEHMIO C NPeablyLMM, YTO SABMASETCH CUMbHbIM CUrHa-
fIoM pa3BopoTa rocrnoAcTBYOLEN LEeHOBOW TEHOAEHUMU U CUrHanu3npyeT Tpengepy o HeobxoaumocTu
OTKPbITUSA ONUHHOW no3uumun. oa oTKpbITMEM AMMHHOW MO3WLUKM MOHUMAIOT NOKYNKY akuuin no Gonee
HW3KOW LieHe, NPOrHo3upys ee poCT U BO3MOXHOCTb MPOAaXu B AarnbHenweM (3akpblTve ASIMHHON Mo-
3uuun) no 6onee Bbicokon UeHe. [ns Bbixoga OyaeT Mcnonb3oBaTbCs NPOTUBOMOSIOXKHbLIA curHan (ans
OTKPbITON ANMHHOW NO3ULMIA — NOUCK «MeaBeXbely AMBEPreHuUMu, a Anst OTKPbITOM KOPOTKOM No3uumm —
nonck «obluben» ameepreHummn). ObobLeHHas rpad-cxemMa MaTeMaTU4ECKON Mogenu naeHTudukaumm
AviBepreHummn npegcrasneHa Ha puc. 1.

B paHHonm cxeme nog nepemeHHbiMu Ekst1 n Ekst2 gormkHbl TOHUMATBCS COOTBETCTBEHHO MaKCUMY-
Mbl U MUHUMYMbI LieHbl. B KOHeYHbIX 6nokax cpaBHEHMS Ha HanuuMe AMBEpPreHuun, ycrioBus npeacras-
neHbl Ang «bblubeny» aneepreHummn, To ectb nog Ekst noHumaeTtca makcmym ueHbl. Onsa «meaBexoen»
NpoBepKM 3Hakn HaxoaATcs B ckobkax, a Ekst accouunpyeTtca ¢ MMHUMYMaMu LeHbI.

MyTem npakTnyeckon paboTbl CO MHOrMMU UHAMKATOPaMM TEXHUYECKOro aHanm3a 6bino peLueHo oc-
TaHOBUTb CBOW BbIGOp Ha nHaukaTope MACD, ona KOTOpPOro NonoXeHHas B OCHOBY MaTMoAenu 3ako-
HOMepHOCTb mncnonHanack nyywe scero. MACD (moving average convergence/divergence) siBnsietcs
OOHWM U3 CMOXHbIX UHAMKATOPOB MHEPLIMU, KOTOPbIA OCHOBAaH Ha NepeceyeHnn, CXOXKAEHUN N PacXox-
OeHUn OBYX CKOMb3AWmMX cpedHux BenuyuH [9, 10]. MNprmMepsbl SBNeHUA AUBEPreHunn Mexay LeHOW n
nHgukatopom MACD npuBegeHbl Ha puc. 2 n 3.

MaTemaTu4eckn ycnoBust OTKPbITUA TOProBbIX MO3ULMIA Ha OCHOBE SBIEHWS AMBEPreHuMM MOXHO
onncatb C NOMOLLbI COOTHOLLEHUI Mexay LeHOW 1 3Ha4YeHUs MU MHOuKaTopa npeacTaBneHHbIX B dop-
Mynax «MeaBexbs gueepreHumsa» (1) n «beluba gusepreHuunsa» (2).

MpuHUMN paboTbl anropnTMa NPUHATUSA yNpaBrieHYeCcKNX pelleHnin Ha OCHoBe uaeHTUdUKkaunm sB-
nieHns AMBepreHLun MOXHO onucaTtb cneayowmnm obpasom:

— OnpepgeneHune HavarnbHbIX YCIOBUN.
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— NpeHTndurkauma gueepreHumm.

— lMNpuHATUE peLleHnst OTHOCUTENBbHO OTKPLITUSI KOPOTKOW MK ANMHHON NO3ULUN.

— VpeHTndmkaumsa crnefyroLlero curHana gMBepreHumin.

— lNpoBepka HanMuMst OTKPbITbIX NO3ULNIA U ONpeaeneHnst X TUMOB.

— TpuHATME peLleHnst OTHOCUTENBHO 3aKPbITUS MO3ULMM UK NPOLOIHKEHMS NMOMCKA CreayrLLero
CurHana avMBepreHumun (Npyu 3ToM, 4acTb anropuTMa, KoTopasi MOEHTU(ULMPYET CUrHaN B HanpaBneHum
yXKe OTKpbITON no3uunn, OyaeT UrHOpUpoBaTbLCst 40 TeX Nop, Noka He ByaeT HangeH curHan npoTMBOMO-
NOXHbIM OTKPLITOMY UM OTKpbITas NO3uLMs He ByaeT 3akpbiTa).

Ha ocHoBe pa3paboTaHHbIX MaTeMaTU4YecKMx MOAENen M anroputma MNPUHSATUS ynpaBleHYeCcKUx
peleHun Hbina NpakTYeckn peannsoBaHa mexaHndeckasa Toprosasi cuctema (MTC) B nakeTe TexHUYe-
ckoro aHanmsa TradeStation ProSuit n npoBegeHo ee TecTMpoBaHMe Ha akuusiX, KOTOpPbIE BXOAST B CO-
ctaB nHgekca Dow Jones Industrial [11]. UHTepBan TecTupoBaHusa TOprosoun ctpaterun — 4 mecsaua (4a-
COBOW MHTepBan rpaduka — 5 MuHyT). lMpouecc TecTupoBaHMs npecnenoBan ABe Lenu: BO-NepBbIX,
onpeaenuTb BbINOSHAET NN AaHHasi cucTema TO, YTO el 3afaHo (TO eCcTb BM3yarnbHasi NpoBepka MaeH-
TUPULMPOBAHHBIX MOMEHTOB ONBEPrEHLMM), BO-BTOPbIX, NONY4YMTb NPpUONU3NTENbHOE NpeacTaBreHne o
npodmne nNpubbinn 1 pucka gaHHom cuctembl. Mpu 3TOM cucTemMa OOSKHa NokasaTb CTOMKOCTb M Mpu-
ObINBbHOCTL cBOEN paboTbl HA pa3HbIX PUHAHCOBBLIX MHCTPYMEHTax. CucTtemy MOXHO cumTaTb paboden,
€Cnn NPOLEHTHOE COOTHOLIEHME NPUOBINbHBIX CAENOK K yobiTouHbIM 6onee 40 % npu NO3MTUBHOM OG-
wem 3HavyeHun npmbeinu [6]. B kavyecTtBe nokasaTtenen acpdekTmBHOCTN paboTbl cTpaternn Obinn umc-
nonb3oBaHbl: P/IL — cooTHOLWeHNe npubbinn/ybeiTkoB no nosuuun; % P/L — npoueHTHOe COOTHOLUEHWE
NpmbbINW/yBLITKOB K BNOXeHHbIM cpeacTBam; Percent profitable — konvyecTtBo npnbbinbHbLIX BXO40B NO
OTHOLLEHUIO K MX OOLLEMY KONMYECTBY, BblIpaXXeHHOE B NMPOLEHTaXx.

PesynbTaThl TECTOB NpUBeaeHsI B Tabnumue.

Main part

Mechanical trading system development is conducted in several stages. First, the set of instru-
ments is defined with their further formalization aimed at authentication mathematical model crea-
tion of the certain phenomenon or market model. Any indicator or method of technical analysis (or
their combination) [4, 5] can be used as the basis for the creation of mathematical model. In the ba-
sis of the suggested by the authors mathematical model, there is the phenomenon of divergence
between a price and an indicator of technical analysis. Such choice is predetermined by the fact that
practical study and analysis of market situation during researches had shown that this phenomenon
was a very strong indicator, which is an evidence of the current price tendency change.

The heart of the divergence phenomenon is in the following. All the indicators of technical analy-
sis should confirm price development, that is, for ascending trend, each new price maximum should
be accompanied by the larger value of indicator in comparison with the previous maximum, and for
the descending trend each next price minimum should be confirmed by the smaller value of indica-
tor in comparison with the previous one. But sometimes there is a situation, when the smaller (lar-
ger) value of indicator corresponds to the new price maximum (minimum) in comparison with the
previous one. This is a divergence phenomenon — strong signal testifying that an existent market
tendency is completing and we should expect its turn to the opposite side [6, 7].

There had been used algebra algorithmic apparatus of multilevel algorithms and programs
classes construction for formalization and mathematical model construction, which uses the terms
of SAA-schemes (multilevel formalized projects), developed by Tseitlin G. E. [8].

The model execution algorithm provides following sequence of actions. First, search of the first
maximum (minimum) occurs. After it is found, its value and the value of selected technical indicator
for the given moment of time is being saved. Then the search of the next maximum (minimum) and
saving of its value and the value of technical indicator at the present moment of time occurs.

After the second maximum (minimum) had been found, the process of verification is being
conducted with the following possible situations:

— If the second maximum (minimum) is larger (smaller) than the first, and the value of the

proper technical indicator is smaller (larger) than its previous value, and at the same time
the indicator value change connection is bigger than the basic one, the phenomenon of di-
vergence between a price and indicator is identified. Then the second maximum becomes
the first, and the further search and verification is conducted concerning it.

— If the second maximum (minimum) is larger (smaller) then the first, the value of technical indi-
cator is larger (smaller) then the value of previous — it is a strong signal, testifying about ten-
dency continuation. If such situation occurs, the second maximum (minimum) becomes the
first and in case of next maximum (minimum) finding, the comparison will be conducted con-
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cerning it.

— If the second maximum (minimum) is smaller (larger) then the first (local extremum or op-
posite main trend is determined) that means that the first and the second maximums
(minimums) are put to zero and the search starts over again. The necessity of this verifica-
tion is explained by the fact, that any kind of trend includes opposite to its direction local
extremums (as price moves not by line, but by zigzag), which should not be identified for
this tendency. The aim of this verification is in the search of top or bottom of dominating
price motion, just after which there will occur the tendency change and appropriate change
of those elements which should be identified (maximums or minimums).

A model differentiates two possible types of divergence.

"Bear" divergence which comes on growing trend, when the smaller value of indicator con-
cerning a previous maximum meets the new price maximum — it is strong signal of dominating
tendency completion, which gives warning to the trader of short position opening necessity. Short
position is the actions sale at the higher price, with its further falling forecast and possibility of
purchase (short position closing) at a lower price.

«Bull» divergence comes on falling trend, when the larger value of indicator in comparison with
the previous one meets the new price minimum — it is a strong turning signal, which gives warning
to the trader of long position opening necessity. Long position opening is the stock purchase at the
lower price, with its further growth forecast and possibility of future sale (long position closing) at the
higher price. An opposite signal will be used for the exit ("bear" divergence is searched for the
opened long positions, and "bull" divergence is searched for the opened short position). Generalized
divergence authentication mathematical model scheme is presented at Fig. 1.

There price maximums and minimums accordingly are the variables of Ekst1 and Ekst2. In the
eventual comparison blocks for the divergence presence, terms are for "bull" divergence, that is
Ekst is price maximum. For "bear" verification the signs are in brackets, and Ekst is the price
minimum.

Practical work experience with many technical analysis indicators allowed to choose MACD
indicator, for which the regularity, which had formed a mathematical model basis, came true.
MACD (moving average convergence/divergence) is one of complicated indicators of inertia,
which is based on crossing, convergence and divergence of two sliding averages [9, 10]. Exam-
ples of the divergence phenomenon between a price and indicator MACD are provided below
(Fig. 2 and Fig. 3).

Mathematic conditions of trading positions opening on the basis of the divergence phenome-
non can be describe using the correlations between the price and the indicator values presented
in formulas for "Bear divergence" (1) and "Bull divergence" (2).

Work principle of administrative decisions making algorithm on the basis of divergence phe-
nomenon authentication can be described as follows:

— Initial conditions determination.

— Authentication of divergence.

— Decision-making as for short or long position opening.

— Authentication of next divergence signal.

— Verification of the opened positions presence and determination of their types.

— Decision-making as for position closing or next divergence signal search continuation (at
the same time, part of algorithm, which identifies a signal towards having already opened posi-
tion, will be ignored until an opposite signal to the opened one will not be found and opened posi-
tion will not be closed).

On the basis of the developed mathematical models and administrative decision making algo-
rithms, there had been practically realized the mechanical trading system (MTS) in the pack for
technical analysis TradeStation ProSuit, its testing was accomplished with actions which are Dow
Jones Industrial index part [11]. Trading strategy testing interval — 4 months (interval of graphic is
5 minutes long). Testing process purposed two aims: first, it should define whether this system
fulfills the set task (that is, visual verification of the identified divergence moments); secondly, it
should get the approximate picture of profit type and risk of the given system. At the same time
the system should show stability and profitability of the work using different financial instruments.
The system can be considered as operable, if percentage of profitable and unprofitable transac-
tions is more than 40 % at the positive value of profit [6]. Such indexes were used as the ones of
strategy work efficiency: PIL is value of profits/losses on position; % P/L is percentage of prof-
its/losses to the investments; Percent profitable is the amount of profitable inputs in relation to
their general amount, shown in percents.
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Tests results are shown in a table.

BucHoBku

1. He muBnsquch Ha MHMPOKE PO3MAITTS METOIB aHANI3Y PUHKOBOI CHTYAIlli Ta MaKeTiB KOMIT IOTEPHHIX
NpOrpam ISl TOPTiBIi, HAMBXKIUBIILMM (PaKTOPOM ISl OJOJIAHHS B TOPTIBJI 3aJIMIIAETHCS JIIOACHKUN (ak-
TOp, EMOLi Ta iH., IO 3aBaXka€ TpeHaepy MiA Yac MPOTHO3YBaHHs Ta MPUHHATTS PillIeHHS MpO YKIagaHHS
TOPrOBeNILHOI yromu. Buxomom 3 11i€i cuTyaillii € BUKOPHUCTaHHS MEXaHITHUX TOPTOBEIBHUX CHCTEM 3aBISKH
SIKUM JIFOICBKHH (DaKTOp 3BOJMUTHCS A0 MIHIMYMY.

2. Po3pobiieHo MaTemMaTHyHi MOJENI iIeHTU(IKAIl AUBEPTEHIliT MK I[IHOIO Ta IHIUKATOPOM TEXHIU-
HOTO aHaTi3y.

3. Po3pobinieHo anroputM NpUHHATTSA YIPaBIIHCHKHUX PIILEHb, SIKHM BU3HAYAE MOMEHTH BiJIKPHUTTS Ta
3aKpUTTS TOPrOBEJILHUX MO3MLINA HA OCHOBI iIeHTU}IKaLi{ «OMYauoro» 4 «BEAMEKOT0» BUAY TUBEpre-
HIIil.

4. CTBOpeHO MexXaHiuyHy TOProBelbHY cTpaTerito ajs nakera TradeStation ProSuit Ta mpoBeneHo ii Te-
CTyBaHHA. 3a MEpioA TECTyBaHHSA cTpaTeriero Oyno nposeaeHo 34 yroau, 3 skux 23 Oyau npuOyTKOBUMH
i 11 36utkoBuMu. [IpolieHTHE CIiBBiHOIIEHHS MPUOYTKOBUX JI0 30MTKOBUX Yroj ckiaio 68 % mpu mo-
3UTUBHOMY 3arasibHoMy 3HaueHHi Total Net Profit 3a mepiox TecTyBaHHs, IO € QYK€ BUCOKHM ITOKa3HH-
KOM eQeKTUBHOCTI poboTn cuctemu. CepeaHs MpoleHTHa NPUOYTKOBICTh 3a iHIEKCOM, BPaxOBYIOUH
BUKOPHCTaHI KOIITH, ckiana 2,24 %; MakcuMalbHO 3aiisHa cyma KomTiB ckiana 3100008; cymaphumit
npuOyToK 3a mepion TectyBanHs — 167308. IIponeHTHa MPUOYTKOBICTH 32 YOTUPUMICSYHUHA TIEpioa 3
ypaxyBaHHSIM BKJIAJICHUX KOIUTIB ckiana 5,4 %.

5. OTpuMaHi pe3ynbTaTh CBIIYaTh PO JOCUTH BEIHKY e(peKTUBHICTh JaHoi cucteMu. [IpoTe BoHa Mae
1 TIEBHI HEJIOJIKK cepell SIKUX 3HauHe MPOCiAaHHA IiHU 32 TIO3HIIISIMHA Ta HEBUKOPHUCTAHHS 3aXUCHUX TaK-
THK, 30KpEMa «CTON OpAEPiB», SKi 3BOAMWIH O 10 MiHIMyMY TOProBelbHI BTpaTth. B mojanemiomy ruiany-
€TBCsI PO3POOJICHHS OJIOKA 3aXUCHUX TAKTHK, SIKi O 3BOJMIIM TOPTOBEJBHI BTPATH 10 MIHIMYM 32 PaxyHOK
BUCTABJICHUX «CTOII-JIOCC OPAEPIBY.

BbiBOAbI

1. HecmoTps Ha wnpokoe pasHoobpasve MeTogoB aHanM3a PbIHOYHOW CUTYaLun U KOMMNbIOTEPHbIX
nporpaMM s TOProssiv, BaKHENWUM hakTopoM ANA NpeodorieHus B TOProBrie OCTaeTcs yeroBeye-
CKMI hpakTop, smMouunn 1 gp., Mellalolwme Tpenaepy npu nNporHo3npoBaHN U NPUHATAN peLleHns O 3a-
KIIOYEHUN TOProBbIX CAENoK. BbIxogom u3 AaHHOW cuTyauumn SBrseTCa UCMNoMb3oBaHMe MexXaHU4eCcKnX
TOProBbIX cMcTeM, Bnarogaps KOTOpPbIM YenoBeyeckuit pakTop CBOAMTCH K MUHUMYMY.

2. PaspaboTaHbl MaTemaTuyeckme mMoaenu naeHTudukauum aMBepreHumMn Mexay LeHow U nHavka-
TOPOM TEXHUYECKOro aHanmaa.

3. PaspaboTaH anropnt™ NpUHATUSA YNpaBNeHYeCKNX peLleHnid, KOTOpbIA onpeaensieT MOMEHTbI OT-
KPbITUS 1 3aKPbITUSA TOProBbIX NO3WLMIA HA OCHOBE MAEHTUMDMKALUN «OblYbErO» UM «MEeOBEXbLErNO» BU-
0a ousepreHumn.

4. CospgaHa mMexaHu4veckas Toproeasi ctpaTternst ans naketa TradeStation ProSuit n npoeegeHo ee
TecTMpoBaHue. 3a nepuog TeCTUPOBAHUA cTpaTermen 6bin coBeplueHo 34 caenku, n3 KoTopbix 23 Obinu
NpuobINbHBIMU U 11 YObITOYHBIMKU. POLLEHTHOE COOTHOLLEHWE NPUOLINBHBIX CAEMNOK K YObITOYHBIM CO-
ctaBuro 68 % npu nosutueHoM obuiem 3HadveHumn Total Net Profit 3a nepmoa TecTupoBaHus, 4To 9BNSA-
€TCA O4YeHb BbICOKMM MNokasaTenem 3ddeKkTUBHOCTM paboTbl cuctembl. CpedHAs NpOLEeHTHas npu-
ObINbHOCTb MO MHAOEKCY, YYMTbIBasi UCMOMb30OBaHHble CPeacTBa, cocTaBuna 2,24 %; makcMmanbHO
3agelicTBoBaHHas cymma cpefcTs coctaeuna 310000$; cymmapHasi npubbinb 3a TeCTUPYEMbI nepuog
— 16730$. MpoueHTHas NPUBLINBEHOCTEL 38 YeTbIPEXMECSAYHbLIN NMepuoa C Y4eTOM BIIOXKEHHbLIX CpeacTs
coctasuna 5,4 %.

5. Mony4yeHHble pe3ynbTaTbl CBMAETENBCTBYHOT O AOCTATOYHO 60MbLION 3MEKTUBHOCTA AAHHON CUC-
Tembl. OgHaKo OHa UMeeT W onpefeneHHble HeJoCTaTkU, CPeayn KOTOPbIX 3HAYUTENbHOE NpocedaHve Le-
Hbl MO MO3MLUMAM 1 HE UCMONb30BaHUE 3ALUMUTHBIX TAKTUK, B HACTHOCTM «CTOM OPAEPOB», KOTOPbIE CBOAUNN
Obl K MMHMMYMY NOTEpU Npu Toproene. B ganbHenwem nnaHupyeTcst pa3paboTtka 6noka 3awmTHbIX Tak-
TUK, KOTOPbIN cBOAMI Bbl YOLITKA K MUHMYMY 3a CYET BbICTaBMNEHHbLIX «CTOM-I0CC OPAEPOBY.

Conclusion

1. In spite of the variety of market situation analysis methods and trade programs, human fac-
tor remains the major overcoming factor (emotions etc) impeding the trader during the market
situation forecasting and making decisions on trade contract signing. The solution to this situation
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is the usage of mechanical trading systems, minimizing a human factor.

2. There had been developed the mathematical identification models of divergence between
price and technical analysis indicator.

3. There had been developed management decision taking algorithm determining time of trad-
ing positions opening and closing on the basis of "bull" or "bear" divergence identification.

4. There had been created a mechanical trading strategy for TradeStation ProSuit package
with its testing. During the strategy testing period, there had been concluded 34 bargains, 23 of
which were profitable and 11 were unprofitable. Percentage of profitable and unprofitable bar-
gains was 68 % under positive general value of Total Net Profit during the testing period proving
the great efficiency of the system functioning. Average percent income according to index, con-
sidering the used facilities — 2.24 %; maximal amount of money involved — 310 000$; total in-
come during testing period — 16 730%$. Percent profitability for the period of 4 months was 5.4 %.

5. The obtained results are the evidence of high efficiency of this system. However, the sys-
tem has certain imperfections such as considerable price swings on positions and protective tac-
tics disuse especially "stop-orders" minimizing trade losses. It is planned to develop the block of
protective tactics minimizing trade losses at the expense of "stop-loss orders" value in future.
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