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PEDEPAT

Tema gurmioMHoi po6otu: MeTonu KepyBaHHS MEAMYHUMH JTAHWUMHU HAa OCHOBI
0JIOKYEHH-TEXHOJIOT 1.

ABTop pobotu: Ocsammii B.B., ctynent rpynu KI2m-20-1.

KepiBauk po6otu: bepespkuit O.M., JOKTOp TEXHIYHUX HayK, mpodecop,
npodecop Kadeapu KOMIT IOTEPHOI 1HXKEeHepii Ta IHPOopMaIIHHUX CUCTEM.

[TosicuroBasibHa 3amucka: 154 c., 22 puc., 7 Tabin., 2 noxa., 100 mxepen.

ITEPEJIIK KJTFOUOBUX CJIIB: 6;10K4eiH-TEXHOJIOT1s, 070K OJ0KYEHHY, PO3AiI
0JIoKy OJjokyelHy, MEIWYHI [laHi, TpaH3aKIlisi, JOCTaTHICTb MEAUYHUX JIaHMX,
penyTaIrisi MeINYHOI YCTAHOBH.

06 ’exmom docniodcenHs € TIPOIIEC KePyBaHHSI MEIUIYHUMU JTAHUMH.

IIpeomemom OocniodicenHsi € METOAN KEPYBaHHS MEIUYHUMHU JJAHUMHU Ha OCHOBI
OJIOKYEHH-TEXHOJIOT1H.

Memoro keanigpikayiiinoi pobomu € TMIIBUILIEHHS €QEKTUBHOCTI KepyBaHHS
MEIUYHUMH JTaHUMH MIITXOM PO3POOJICHHS METOJIB KEPYBaHHS MEIUYHUMHU JTaHUMHU
Ha OCHOBI1 OJIOKYEHH-TEXHOJIOT 1.

JI1st po3B’sI3aHHS TOCTaBJICHUX 3a]1ad BUKOPHUCTOBYIOTHCS OCHOBHI ITOJIOKCHHS
3arajpbHOi Teopii CUCTEM, CUCTEMHOTO aHami3y (i€papXidHOCTI, JEKOMMO3UIli Ta iH.),
Teopii MOJETIOBaHHS TpoIleciB. BHacHiIOK MpoBEAEHHS MOJEIIOBAHHS IPOIIECY
KepyBaHHA MEIWYHUMHU JaHUMHU Ta PO3pOOJIEHHS METOAIB KEpyBaHHS MEIUYHUMU
JAHUMH BUKOPHUCTAHO TEOPETUKO-MHOXXMHHI MIAXOAU, aire0py CHUCTeM, amapar
MOJICIbHO-OPIEHTOBAHUX  MIAXOAIB, METOAU  KOHILENTYaJlbHOTO  MOJICIOBAHHS,
npUHIMNU To0yA0BH 0a3 3HaHb Ta (OPMYBaHHS JIOTIYHOTO BUCHOBKY, €BPUCTHUYHI
OL[IHKH.

Hayxosa nosusna ompumarnux pezyibmamie TOJATae y po3poOJeHHI METOJIB
KepyBaHHA MEIUYHUMH JTAHUMH Ha OCHOB1 OJOKYEHH-TEXHOJIOTIH, KOTPI JO3BOJISIFOThH
OIIIHUTH MHOXXKMHY MEIMYHUX JaHUX Ta 3aHECTH iX B OJIOKYCHH (3a YMOBHU JOTPHUMAaHHS

BCIX HEOOX1THUX BUMOT):



1) Bmepiie po3poOiieHi Mojenai OJOKy OJIokueiiHy, ¢parMeHTy OJIOKYCHHY Ta
By3Ja OJIOKYEiiHy, MpeAcTaBlieHl Yy (opManTi30BaHOMY Ta CXEMaTHYHOMY BUIJIAII, a
TAaKOXX MOJIEJI TPOLIeCy KEPyBaHHA MEIUYHMMH JAHUMHU (OI[IHIOBAHHS JIOCTaTHOCTI
JAHUX Ta BUKOHAHHSA TpaH3aKLii HAJ MEIUYHUMHU [@HUMHU), SKI € TEOPETUUYHUM
HOIATPYHTSIM JUIA pO3pOOJICHHS METOJy KEepyBaHHS MEIUYHUMHU JaHUMU Ha OCHOBI
OJIOKYEHH-TEXHOJIOT1i1 ]

2) BIiepie po3po0ICHO METOJI OIIHIOBAHHS JTOCTATHOCTI MEAMYHHUX JTAHUX, SKHA
3a0e3nevyye: MOXKIMBICTh aHai3y MHOXMHU MEAWYHUX JaHUX Ha TpeaMeT iX
JIOCTATHOCTI;, MOXKJIMBICTh KIJIBKICHOT'O OIIIHIOBAHHS JOCTAaTHOCTI MEIWYHMUX JAaHUX, B
pa3i HEJOCTATHOCTI MEJUYHHUX JaHUX Yy MHOXHHI, (D)OPMYBaHHS pEKOMEHAALIN 1010
JIOTIOBHEHHS! MHOKMHU MEIUYHHUX JaHUX — SIK KEPIBHUUTBO, AKY IH(QOpPMALIIO CIiJ
JOJJaTH Y MHOXHUHY MEIWYHUX JaHUX U1 MOKJIMBOCTI iX 3aBaHTaKEHHS B PO3.LI
«/aHn1 61oky» 010Ky OJOKYEIHY;

3) Brepie po3poOJICHO METOJ BUKOHAHHS TPAH3aKIKA HaJ MEIUYHUMHU JaHUMH,
AKUU CKIIAQJA€ThCS 3 €TalllB 3aHECEHHA 1HQopMalii 10 OJIOKYEeHHYy Ta OTpUMaHHS
1H(popmarii 3 6sokyeitny. Po3pobiennii MeTol BUKOHAHHS TPaH3aKIii HaJ MEAUYHUMHU
JaHUMH 3a0e3Meuye: MOKIUBICTh NMPUNHATTS PIIICHHS NPO J0AAaBaHHsS TpaH3akKLli Ta
MEIUYHUX JaHUX BiJ Mali€HTa y OJOKYEH; MOXJIMBICTb MPUUHATTSA PILICHHS IMPO
BHJIaUy JaHUX 3 OJOKYCHHY 3a 3aITUTOM BiJI JIIKaps.

Ipaxmuuna 3Hauywicms OMmpuUMaHux pe3y1omamis MOJSATaE .

1) po3po0iicHHI CXeMH Mepeki OJIOKYEHHY, sKa Bi3yalli3ye B3a€MO3B’SI3KH MIXK
By3J1aMH, OJIOKaMH, cMapT-KOHTpakToM Ta Proof-of-work 3aBaannasmu 00K4einy;

2) po3po0JieHH] TpaBHJ JUIsi BU3HAYCHHS JOCTATHOCTI MEIWYHHUX JaHHX, SKi
3a0e3MeuyloTh aHali3 MEIUYHUX JaHUX Ha MpeAMET BIJUIYKaHHS BCIX Hamepe[
BU3HAUCHUX HEOOXIIHUX EeJEMEHTIB MEIWYHUX JaHWX; HPUUHATTSA PIMICHHS PO
JIOCTaTHICTh a00 HEIOCTATHICTH 1H(OpMAIlii; BUBEICHHS Bi3yalli30BaHUX IMiJIKA30K, STKUX
€JIEMEHTIB JIaHUX HE BHUCTAYae, s 3a0€3MEUCHHS MOXKJIMBOCTI MIBUKOTO JTOTIOBHEHHS
JAHUX; KUTBKICHY OILIIHKY JOCTATHOCTI MEIUYHUX JaHUX,

3) po3po0IeHH] apXITEeKTYpH CUCTEMH KepyBaHHS MEIUYHUMU JTAaHUMU Ha OCHOBI
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BCTYII

Ha cporogni mporecu NpUWHATTSA pilIeHb y c@epi OXOPOHU 3A0pPOB’S €
TPYAOMICTKMMHU Ta ckiaaHuMu [1]. TIpoaykTuBHICTE TIpalli MEIMYHHMX IPaIliBHUKIB
MO3ke OyTH 30UTbIIeHA 3aBISIKH BUKOPUCTAHHIO CUCTEM MIITPUMKH MPUHHATTS PillIeHb
(CIIITP) Tta iudopmamiitaux texnonorid (IT) [2]. Bukopucranns meamunux IT Ta
CIIIIP wnamae mikapsM akTyalbHy I1H(OpMaIil0 B Traidy3l MEAMIMHH, IT1BUIILYE
e(pEeKTUBHICTh  BUKOPHUCTAHHS  aKTyallbHUX  MEIUYHUX  PECYpCiB,  IIJIBHIIYE
MPOJYKTUBHICT POOOTH, IHTErpy€ YKPAiHCbKY MEIULMHY B CBITOBUM MEIUYHUUN
npocTtip [3, 4]. IT nonomaraioTh y NPUUHSATTI PIllI€Hb, 0 OCOOJHUBO BAXKIHWBO B
CydacHy €Moxy «I0ka30Boi» meauuuuu [5]. Came iHbOpMaIlIiHI TEXHOJOTI MOXYTh
3MEHIIUTH KUIBKICTh MEAWYHUX IIOMWJIOK, HaJaTh OUIbII HaaIMHI PIIICHHS Ta
3MCHIIIATH BUTPATH HA OXOPOHY 3710poB’s [6]. KpiMm 11boT0, BEIHMU KOPUCHUMHU, ajie B
TOM € Yac CKJIaJHUMHU ISl TPOEKTYBAHHS € KpocauciuiiiHapai meauani IT [7-14].

Y crarti [15] po3rasgaroTbes CUCTEMH MIATPUMKM HPUHHATTSA PIIICHD,
NpU3HAYEH] ISl MIATPUMKH JIIKapiB y NPUMHATTI PIIIEHb 1 JUIsl HIABUIIEHHS SKOCTI Ta
oesnmekn MeauuHoi gormoMoru. Ormsan [16] mokazaB, mo IT-miaTpuMka KIIHIYHHX
pillIeHb € MEepPCIEeKTUBHUM HanpsMKoM Ha HaOmmk4i 10 pokiB. CrijbHE TPUAHATTS
pillieHb BKJIIOYAE Pi3HI BUAM areHTIB, sIKI MOAUISIOTH BUMOTY, IO BOHH MOBHHHI MaTH
JOCTaTHIO 3[aTHICTh MPUAMATH pilIeHHs JUIS  BiAMOBiAHOrO pimeHHs [17].
InTenexkryanbhi IT MOXyTh HampaBisiTU JIKapiB y NPUHHATTI pilleHb, MOCTAaHOBII
JlarHo3y Ta MOKpamieHH1 KOHTpakTy. e Mo)ke 3HM3UTH BUTPATU HA OXOPOHY 370POB’ S
3a PaXyHOK 3MCHILICHHS MEIMYHUX MOMHIIOK 1 HaTaHHS OLIbII HaiHHUX MPOTHO3iB [6].

CporonHi MeauyHi 1H(OpMaNiiiHI TEXHOIOri NOBUHHI BIANOBIIATA 4 BUMOTaM:
eeKTHBHICTb, O€3MeKa, HOBU3HA Ta ekoHOMIuHa Burojaa [18]. Cdepa oxopoHu 310poB's
B VYKkpaiHi aaBHO mnoTpeldye 3MiH, 1 0€31i4 MOXJIMBOCTEH OJOKYEHH-TEXHOJIOTi
(blockchain) MoxyTh pomomMortu il odonuTu TpaHchopmariito 1€l chepu Ta
3a0e3MeunT BIAMOBIAHICTh 3a3HaueHUM 4-M BuMoram. Jlokazom 3pocTaHHS
3aTpe0yBaHOCTI OJIOKYEHH-TEXHOJIOTII MOXE CIY)KUTH pe3ydbTaT JOCHIIKEHHS,

npoBeneroro B koBTHI 2017 poky komanmoro «Black Book» [19]. B xoai 1poro



JOCIIIJIKEHHSI OYJI0 ONMUTAaHO 88 CIOXMBAYiB CUCTEMU OXOPOHHU 3/I0POB'S (cepel HUX —
NPEICTaBHUKA CTPAXOBUX KOMIIAHIM, CHOXHBad4l MEIUYHUX TMociayr) Ta 276
MOCTAYaJbHUAKIB MEIUYHUX TOCHYT (BIAMOBIJAIBHUX 32 TEXHOJOTIYHHUNA TIPOIEC
daxiBuiB, menemxkepiB 1 IT-axisuiB). «Black Book» BusBuB, mo 19% kepiBHUKIB
MEAMYHUMU OpraHizauisiMu Ta 76% MpeAcTaBHUKIB, sIKI OMJIA4yIOTh MEIUYHI MOCITYTH,
posrisgany abo BXKE 3aCTOCOBYBAJIM PIIIEHHS Ha OCHOBI OJIOKUECHH-TEXHOJIOT11. Takum
YUHOM, IT1JIBUILIEHA yBara /o TEXHOJIOT1i pO3MOALIEHUX PEECTPIB MPUBENA A0 POIYMIHHS
MOTEHII1aTy 3aCTOCYBAaHHA OJIOKYEHH-TEXHOJIOT1i B CHCTEM1 OXOPOHU 3/I0OPOB'S.

OT1xe, Hapa3i akmyaivbHow 3a0adero € TOTpeda y KepyBaHHI MEIUYHUMH JaHUMU
Ha OCHOBI1 OJIOKYEIH-TEXHOJIOT1H.

Memoro keanigpikayitinoi pobomu € TIIBUILIEHHS €QEKTHUBHOCTI KEpyBaHHS
MEIUYHUMH JTaHUMH [UITXOM PO3POOJICHHS METOJIB KEpyBaHHS MEIUYHUMHU JTaHUMHU
Ha OCHOBI1 OJIOKYEIH-TEXHOJIOT1H.

[TocTaBneHa MeTa TOCATAETHCS PO3B’SI3aHHSIM TaAKUX OCHOBHUX 3a0aY.

1) anani3 BiIOMHX METOJMIB Ta PIlICHb JJIS KEPyBaHHS MEIWYHUMHU JaHUMH Ha
OCHOBI OJIOKYEHH-TEXHOJIOT1H,;

2) MOJICITIOBAHHS TIPOLIECY KePYBAHHS MEIUYHUMU JTAHUMH;

3) po3po0IeHHS METOTy OL[IHIOBAHHS JOCTATHOCTI MEIMYHUX JaHUX;

4) po3po0IIeHHsT METOTy BUKOHAHHS TPAH3aKI[ii Hall MEIMYHUMH JaHUMHU;

5) po3po0IieHHs apXiTEeKTypH CUCTEMHU KEpyBaHHSI MEIUUYHUMH JaHUMH Ha OCHOBI
OJIOKYEWH-TEXHOJIOT1i

6) mpoBeIEHHS EKCIEPUMEHTIB 13 KepyBaHHS MEIWYHHUMH JaHUMH Ha OCHOBI
0JIOKYEIH-TEXHOJIOT 1.

06 ekmom 0ocniodceHHs € IPOLIEC KEPYBAHHS MEIUYHUMU JTAHUMHU.

IIpeomemom OocniddcenHss € METOJl KepyBaHHS MEIMYHUMH JAHUMHU HA OCHOBI
0JIOKYEHH-TEXHOJIOT 1.

Haykoea Hosuzna ompumanux pezyiomamié TOJSATae€ y Po3poOJeHHI METOIB
KepyBaHHA MEIUYHUMH JTAHUMH Ha OCHOB1 OJOKYEHH-TEXHOJIOTIH, KOTP1 JO3BOJISIOThH
OIIIHUTH MHOKMHY MEIMYHUX JaHUX Ta 3aHECTH iX B OJIOKYEHH (3a YMOBHU JOTPUMAHHS

BCiX HEOOX1THUX BUMOT):



1) Bmepiie po3poOiieHi Mojenai OJOKy OJIokueiiHy, ¢parMeHTy OJIOKYCHHY Ta
By3Ja OJIOKYEiiHy, MpeAcTaBlieHl Yy (opManTi30BaHOMY Ta CXEMaTHYHOMY BUIJIAII, a
TAaKOXX MOJIEJI TPOLIeCy KEPyBaHHA MEIUYHMMH JAHUMHU (OI[IHIOBAHHS JIOCTaTHOCTI
JTAHUX Ta BUKOHAHHSA TpaH3aKlii HaJ MEIUYHUMU JaHUMH), SKI € TEOPETHUYHUM
HOIATPYHTSIM JUIA pO3pOOJICHHS METOJy KEepyBaHHS MEIUYHUMHU JaHUMU Ha OCHOBI
OJIOKYEHH-TEXHOJIOT1i;

2) BIiepie po3po0ICHO METOJI OIIHIOBAHHS JTOCTATHOCTI MEAMYHHUX JTAHUX, SKHA
3a0e3nevyye: MOXIMBICTD aHali3y MHOXMHU MEAWYHUX JaHUX Ha TNpeaMeT ix
JIOCTATHOCTI;, MOXKJIMBICTh KIJIBKICHOT'O OIIIHIOBAHHS JOCTAaTHOCTI MEIWYHMUX JAaHUX, B
pa3i HEJOCTATHOCTI MEJUYHHUX JaHUX Yy MHOXHHI, (D)OPMYBaHHS pEKOMEHAALIN 1010
JIOTIOBHEHHS! MHOKMHU MEIUYHUX JAaHUX — SIK KEPIBHUUTBO, SIKYy 1H(OPMAILIIO CIiJ
J0JIaTU 'y MHOXKMHY MEAMYHUX JaHUX JUIs MOKJIMBOCTI 1X 3aBaHTaXEHHS B PO3JLI
«/aH1 6;10Ky» 050Ky OJIOKYEHHY;

3) Brepie po3poOJICHO METOJ BUKOHAHHS TPAH3aKIKA HaJ MEIUYHUMHU JaHUMH,
AKUU CKIIAQJA€ThCS 3 €TalllB 3aHECEHHA 1HQopMalii 10 OJIOKYEeHHYy Ta OTpUMaHHS
1H(popmarlii 3 6sokyeiiny. Po3poOieHnii METol BAKOHAHHS TPaH3aKI1Hd HaJl MEJUYHUMU
JaHUMH 3a0e3Meuye: MOKIUBICTh NMPUNHATTS PIIICHHS NPO J0AAaBaHHsS TpaH3akKLli Ta
MEIUYHUX JaHUX BiJ Mali€HTa y OJOKYEH; MOXJIMBICTb MPUUHATTSA PILICHHS IMPO
BHJIaUy JaHUX 3 OJOKYCHHY 3a 3aIIUTOM BiJI JIIKaps.

Ipaxmuuna 3Hauywicms OMpuMaHux pe3y1omamie MoJsrae y:

1) po3po0iicHHI CXeMH Mepeki OJIOKYEHHY, sKa Bi3yalli3ye B3a€MO3B’SI3KH MIXK
By3J1aMH, OJIOKaMH, cMapT-KOHTpakToM Ta Proof-of-work 3aBaannasmu 00K4einy;

2) po3po0JieHH] TPaBHJ JUIsi BU3HAYCHHS JOCTATHOCTI MEIWYHUX JaHHX, SKi
3a0e3MeuyloTh aHali3 MEIUYHUX JaHUX Ha MpeAMET BIJUIYKaHHS BCIX Hamepe[
BU3HAUCHUX HEOOXIIHUX EeJEMEHTIB MEIWYHUX JaHWX; HPUUHATTSA PIMICHHS PO
JIOCTaTHICTh a00 HEIOCTATHICTH 1H(OpMAIlii; BUBEICHHS Bi3yalli30BaHUX IMiJIKA30K, STKUX
€JIEMEHTIB JIaHUX HE BHCTAYae, s 3a0€3MEUCHHS MOYKIIMBOCTI IIBHIKOTO TOTIOBHEHHS
JAHUX; KUTBKICHY OILIIHKY JOCTATHOCTI MEIUYHUX JaHUX,

3) po3po0IIeHH] apXiTEeKTypH CUCTEMH KEPyBaHHS MEIUYHUMH JaHUMH Ha OCHOBI



Memoou 00CHIOAHCEHHAL. s PO3B’sI3aHHS [IOCTaBJIEHUX 3aja4
BUKOPHCTOBYIOTHCS OCHOBHI TIOJIO’KEHHSI 3arajibHOI TEOpIi CHCTEM, CHCTEMHOTO aHaI3y
(iepapXi9HOCTI, JEKOMITO3WINI Ta 1iH.), TEOpii MOMEIIOBaHHS MpoIleciB. BHacmimok
MIPOBEJICHHS] MOJIENIIOBAHHS MPOIIECY KEPYBAHHSI MEIUYHUMH JaHUMHU Ta PO3POOICHHS
METO/IIB KEPYBAHHSI MEIUYHUMHU JAHUMH BHKOPHUCTAHO TEOPETHUKO-MHOXHHHI ITiIXO0JIH,
anredpy cucTeM, anapaT MOJEIbHO-OPIEHTOBAHUX IMIIXO/1B, METOAN KOHIIETITYaJIbHOTO
MOJICJIIOBAHHS, IPUHIUMIIK MOOYI0BU 0a3 3HaHb Ta POPMYBaHHS JIOTTYHOTO BUCHOBKY,
EBPUCTUYHI OITIHKH.

3a TeMOI0 JUIJIOMHOiI pPOOOTH OIyOJIIKOBaHA OJIHA CTaTTS y 3aKOPIOHHOMY
HAyKOBOMY BHJIaHHI, IO 1HJIEKCYEThCS B HAyKOMETpWUYHIM 06a3i Scopus, 1 Te3m
JIOTIOBI/I1, TIOJJAHO JI0 JPYKY OJHY CTaTTIO Yy 3aKOPJOHHOMY HayKOBOMY BHJIaHHI, IO
IHICKCYETBCSA B HAayKOMETpHYHiM 0a3i SCOpus (momatok A), Ta B3ATO y4acth y 4-th
International Conference on Informatics & Data-Driven Medicine (November 19-21
2021, Valencia, Spain), a Takox y MiKHApOAHIA HAYKOBO-TIPAKTHUHIN KOH(epeHIii
«IaopmariiiHi cCHCTEeMHU Ta TEXHOJIOTII B MEIUIIMHI», IO Mpoxoauia 25-26 nucTtonanga
2021 p. B HAY «XAl» (M. XapkiB):

1) T. Hovorushchenko, Ye. Hnatchuk, A. Herts, A. Moskalenko, V. Osyadlyi.
Theoretical and Applied Principles of Information Technology for Supporting Medical
Decision-Making Taking into Account the Legal Basis. CEUR-WS. 2021. Vol. 3038.
Pp. 172-181.

2) T. Hovorushchenko, A. Moskalenko, V. Osyadlyi. Methods of Medical Data
Management Based on Blockchain Technologies. Journal of Reliable Intelligent
Environments. Special issue on Smart Technologies and its Application for
Medical/Healthcare Services. 2022.

3) Mockanenko A.O., I'oopymierko T.O., Ocsunuii B.B. JlocmikeHHs pillicHb
JUIsS. aBTOMAaTHU3allli poOOTH JIiKapiB HAa OCHOBI OJIOKUEHH-TexHoJoTiH // MixHapoaHa

HAyKOBO-TIpaKTUYHA KOH(epeHIlis «[HpopMalliifHi CUCTEMU Ta TEXHOJOTII B MEIUITUHI»

ISM-2021 (XapxkiB, 25-26 nuctomnazna 2021). C. 42-44.



1 AHAJII3 BIJOMHUX METO/IB TA PIHNIEHb /1JIs1 KEPYBAHHS
MEJIUYHUMMU JAHUMHU HA OCHOBI BJIOKUYENH-TEXHOJIOI'TA
1.1 Amnami3 BioOMHUX METOMIB Ta iH(OPMAINIWHUX TEXHOJOTIH ISl KepyBaHHS

MCAUYHUMHU JaHHUMH

BrpoBakeHHs HOBITHIX KOHKYPEHTOCTIPOMOXKHHUX 1H(POPMAILIMHUX TEXHOJIOT1H B
yci chepu J0JIChKOT AiSTIBHOCTI 3 METOI0 aBTOMATH3allll MPOLIEeCiB, 3MEHIIIEHHS YaCTKU
¢bi13ugHOT mparli Ta MiHIMI3allli BIUTUBY JIFOJICEKOTO (DAKTOPY € OCHOBHOIO CTPATET1YHOIO
METOI0 PO3BUTKY iH(poOpMaIiiHoro cycniibctBa B Ykpaini [20]. IIpoBenemo anami3
BIJOMHX METO/IIB Ta IHPOPMALIHHUX TEXHOJIOTIH IJ1s1 KEPYBaHHA MEUYHUMHU JAHUMH.

[IpuiiHATTA pilieHb y BIAAIIEHH] HEBIJIKJIAHOI JOMIOMOTH Ma€ OyTH e(peKTUBHUM
Ta mWBUAKUM. OCKUIBKK Ui PI3HUX CHUTYallli 3aCTOCOBYIOTHCSI PI3HI 3aKOHH, JKapi
NOBUHHI JOTPUMYBATUCSl TEBHUX MPOLEAYp 1 PO3IISAaTH KOHKPETHI FOPUIUYHI
MATAHHS, a TaKOXK IPaIfOBaTH 31 CKIAJHUMHU TalllEHTaMHU Yy BIIUICHHI HEBIJIKJIAIHOI
JOTIOMOTH. BakJIMBO MIBHUIKO 3HAWTH MPaBUJIbHY 1HPOPMALIID Ta JOTPUMYBATHCS
PEKOMEHI0BAaHOI IPOLEYPH, OCKIIBKU HEMPaBUJIIbHI [I1i JIIKApsl MOXKYTh MaTH CEpHO3HI
Hachiaku. [TporoTun MoOUIBHOT CUCTEMH MIATPUMKH MPUNHATTS PIIICHb IS MEAUIHUX
MpaIiBHUKIB BIJAIJICHHS HEBIAKIAAHOI JOMOMOTH JUIsl BU3HAUEHHS Ta JOTPUMAaHHS
NPaBUJIBHOT MPOLIEAYPH BiAMOBIIHO O YMHHOTO 3aKOHOIABCTBA OMKCaHO y poboTi [21].
Taka cuctema BUKOPUCTOBYETHCS JIJIsI 3MEHIIIEHHS MMOBIPHOCTI BXKUTTS HEMPABHIIBHUX
NI, a TAaKOX 3 MIHIMI3AIIE€I0 TOB’SA3aHUX 3 IIUM PU3UKIB Ta 30€PEKECHHS K JKUTTS Ta
3JI0pOB’s TMAII€HTIB, TaK 1 CBOIX BJIIACHUX TTPaB.

OOMIH MeAWYHMMHM JIaHUMHM BIANOBIIHO /O 33aKOHY TIPO  MEIUYHY
KOH(1JEHIIMHICTh BUMArae BijJ €KCHEpTiB TNIMOOKOro 3HAMOMCTBA 3 MOT0 CKJIAAHUMU
MOJIOXKCHHSAMHU I TepeBipku. Y cTarTi [22] mpejacraBieHO MEIUUHY PEISIidHY
MOJeb Il BUJAOOYTKY JIOTIYHUX MPaBUJI 3 MEIUYHOIO TIpaBa, HEOOXITHUX IS
pO3pPOOKM CHUCTEMH MIATPUMKH MEIWYHUX PINICHb, SKa TIOJIETIIYE TPOIIEC
CJIEKTPOHHOTO OOMIHY JMaHMMH 3 MIHIMQJIBHUM BTpy4YaHHsM Joauad. [l joriuni
npaBuia MOTIM BUKOPUCTOBYIOTHCS AJISI MPUUHATTS TOYHOTO PILLIEHHS BIJIMOBIIHO JI0

3aKOHOJABCTBA MICJIs OI[IHKY 3aIlMTIB BiJI PI3HUX OpraHi3allii Il Pi3HUX MIJICH.
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Mertoro crarti [23] € po3pobieHHs Mojieneli 3a0e3neueHHs SIKOCTI Ta YCHIIIHOCTI
TpaHCIUTAHTAIllI Opra”HiB B  CTaHIAPTU30BaHOMY ¢opMari s  MOBTOPHOTO
BUKOPHUCTAaHHA Ta OOMiHY Yy BCbOMY CBiTi. OpurinansHi ¢opMu OyiM MepeTBOpPEHi B
CTaHJapTU30BaHI (GopMH BIAMOBIAHO JO MOJIEJI OINEpalliHUX JaHWUX 1 HaJaHl I
BIIKPUTOTO JIOCTYIly B MiXHapoaHoMy cxoBuill ¢opM. Enementun ¢opmu Oynu
NEepeKIaZieHl Ha aHIJINAChKY MOBY Ta CEMaHTUYHO 30aradyeHi KOHUENTYyaJIbHUMU
yVHIKQTbHUMHU 1eHTHdIKaTopaMu 3 €IUHOI MEAMYHOI MOBHOI CHCTEMH Ha OCHOBI
pIlIEHHS METUYHOro ekcrepTa. Yci ¢opmu mocTymHi B IHTepHeTi sk OaraToMOBHI
nokymentd ODM. Komn'torepuszoBana iHpacTpykTypa Uil Y3TOKEHUX (GopM
JOKyMEHTAIlli HaJaeTbesl y cdepl TpaHCIUIAHTallll OpraHiB, IO Ja€ MOXIIHUBICTh
MOBTOPHOT'O BUKOPUCTAaHHA Ta 0OMiHY Y BCbOMY CBITI.

[MapagurMu OOYHMCIIIOBAJILHOTO 1HTENEKTY, BKIIOYAIOYM IITY4YHI HEHPOHHI
MEpEX1, HEUITKI CUCTEMHU, €BOJIIOIIHI O0YUCITIOBAIbHI METO/IU, IHTEJIEKTyaJIbH1 areHTH
TOINO, 3a0€3MeUYyI0Th OCHOBY IS JIOJACBKMX MIPKYBaHb y MEIMYHUX CHCTEMaXx.
HaOnuxene MipKyBaHHS € OfHIEI0 3 Hale(EKTUBHINIMX HEYITKHUX CHUCTEM.
[IpencraBnena B po6oti [24] opieHTOBHA cUCTeMa MipKyBaHb PO3IIISIAE OIIHKY PH3HKY
B CUTYyalIlli, KOJIH JIiKapi 3BaXyIOTh HEOOX1HICTh orepaltii 1Jsl maIieHTa.

Excrpakopnopansne 3ammigHedHs (EK3) e HalimommpeHimuM MeETOAOM Y
JOTIOMDKHHUX PEMPOIYKTUBHUX TEXHOJIOTISIX 1 B OUTBIIOCTI BUITAJIKIB OCTAHHIM 3aC000M
JTiKyBaHHs Oe3rutiaus. Y crarti [25] 3anpomoHoBaHI Teopis, MOJEIb Ta ONTHMAalIbHA
nporeAypa KOHTPOIO JUIS TTOKPAIIEHHS PE3yNIbTaTiB JIKYBaHHS €KCTPAKOPIIOPaTHLHOTO
3aIUTITHEHHS 32 OJHUM 13 YOTHPHOX MPOTOKOJIIB, SIKI BUKOPHUCTOBYIOTHCS B peaibHIN
npaktuili. IlepeBipka nporueaypu IpOBOAUTHCS HA OCHOBI KIIIHIYHUX JaHUX MAIlIEHTIB,
gkl padime npoxonunu 1wkiu  EK3. [aauBigyansHi mapaMeTpd Mojaenl s
KOHKPETHOTO TAaIli€eHTa OTPUMYIOTh 3 BUKOPUCTAHHSIM MOYATKOBUX JIBOJICHHUX JTAHUX
JUISS KOXXHOTO TaIlieHTa. Pe3ynpTaTv MiATBEPIKYIOTh BHKOPUCTAHHS PO3POOJIEHOTO
X0y NIl IPOTHO3YBAHHS 1HAMBIAYadbHOT ONMTHUMAJIBHOI TO3yBAaHHS Mpenapary s
KOXXHOTO TaIli€HTa.

Astopu [26] posrnsmatore 3akon Ne 219/2017 3 HOro BaXKJIMBUM BHECKOM Y

BU3HAUEHHS POJIEH Ta BIAMNOBIAAIBHOCTI CY0’€KTIB y BIJIHOCHMHAX MO JOMNIALY 3a
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nami€eHTaMu. 3aKOH CIPHUSE 1 3MIIHIOE BITHOCHHU TypOOTH Ta JOBIPU MIXK JIKapeM 1
MaIi€eHTOM, M0  BKJIIOYA€  KOMIIETCHTHICTh, TpodeciiiHy  aBTOHOMIIO  Ta
BIJIMOBIIATIGHICTh JIIKAps, a TAKOXX CaMOCTIHHICTh TPUUHATTSA PINICHh 1 MPaBO Ha
camoBu3HaueHHd. Jlisi KOHKpeTHOi peanizamii 3akoHy 3apa3 HeoOXiJHa ajeKBaTHa
iHpopMaIliiiHa cucTeMa Ta CUCTeMa MIATPUMKH NPUUHATTS PIlIEHb JJIS CIIPUSHHS Ta
3MIITHEHHS BIJIHOCHH JIOTVISIY Ta JOBIPM MK JIIKApeM 1 Malli€HTOM, IO TrapaHTYIOTh
BIICBHCHICTh IIOJI0 HACIIJIKIB MOBEIIHKH Ta 3aXHUCTy IpaB yCIX 3aJydyeHHX CyO’ €KTIB.
KpiMm TOrO, A momepenHix po3MOpsSIHKeHb BAXKIMBO 3aJyMaTHCA MpPO JOCTaTHICTDH
MeIUYHOI 1H(opMallii, sKa BHUMAaraerbcd camMuUM 3aKOHOM, BpPaXOBYIOYH, IO
IPOMAJITHUH MOYX€E 3BEPTATHUCS 10 KBaTi(PIKOBAHUX CIELIAIICTIB, @ TAKOXX CAMOCTIMHO
3HaXOJIUTH 1110 1H(opMallito, 00Mparoyu JOCTYIIHI JKepena iHpopMmaliii.

[Ipomarytouun MojieJb aBTOHOMII MPUUHATTS pIllIEHb Yy MEAUYHUX MUTaHHSX,
(dbpaHily3bKe 3aKOHOJABCTBO, 3pOOWJIM 3TrOJly MAIll€EHTIB HAa MEIUYHI MPOIEAYpHU
00OB’SI3KOBUMHU 3T1THO 3 CYJIOBUM IPaBOM Ta 3aKOHOJABCTBOM. Mojenb aBTOHOMIl
OPUUHATTS  pillIeHb Y MEAWYHUX THUTaHHSAX (BIAMOBIAHO 110  (PpaHIly3bKOTO
3aKOHOJIaBCTBA) onucaHa y [27].

[NamienTam 1 rpoMajsiHaM MOTPIOEH MOCTyN A0 1H(OpMallii mpo CBO€E 3I0pOB’s,
00 OTpUMAaTH PETPOCTICKTUBHUH, a TAKOXK TIEPCIICKTUBHUI TTOTJISA HA MPOIIECH JOTIISTY
ta peabumtarii. Y [IBemii Oyma po3poOieHa HaiioHaIbHA MIATGOpMa OOMIHY
MeanuHoto iH(opmariero [28], sxa 3abe3nedye oOMiH 1H(POpPMAINED MDK PI3HUMHU
1H(GOpMaLIHHUMU CUCTEMaMH OXOpPOHM 370poB’a. HamioHanbHa mBeachka miardgopma
3a0esrneuye Oy/iBenbHI OJOKH, HEOOXITHI /Ui HaJlaHHS TMalll€eHTaM OHJIAWH-JO0CTYITY 0
1H(opMallli PO CBOE 3I0POB’Sl Y (PparMEHTOBaHIN Ta PO3NOAUIEHIH CHCTEMI OXOPOHU
310POB’A1.

Halikpama wmeauyHa TmpakTUKa 3acHOBAaHA Ha MOPUIAUYHUX Ta ETUYHHUX
MPUHITUIIAX, SKUMH KEePYIOThCS JIiKapi Ta MOCTa4albHUKH MEIMYHUX TOCITYT I 4Jac
JOTTSiy 3a marieHTamMu  a0o TPOBEACHHS JOoCHifkeHb. OCHOBHUMH €THUYHUMU
INPUHIAIIAMA ~ MEJMIIMHA €  aBTOHOMIA, JOOPOYMHHICTh, HEIIKIJJIUBICTH 1
cripaBeIuBICTh. JIjist TOTO, 11100 MaIli€HT BBAXKaBCS 3IaTHUM POOUTH BUOIP 1100 CBOTO

MEIUYHOTO OOCITYrOBYBaHHS, BiH MOBHHEH MPOJEMOHCTPYBATH PO3YMOBI 3/110HOCTI Ta



12

KOMIETEHTHICTh.  Jlikap  OpUAMYHO Ta  €TUYHO  3000B’si3aHUN  30epiratu
KOHQIICHIIINHICTG MEAUYHOT 1HQOpMAIlll Mali€HTIB 1 MOXE TMOPYIIUTH IO
KOH(IICHIIIIHICTD JIHIe B IEBHUX yMOBaX. Y po06oTi [29] po3pobiieHo meTon mpaBoBoi
OIIHKH 37JaTHOCTI TallieHTa IpUMaTH PIIlIeHHS.

[Hdopmarriiini cucTemMu € KIOYOBUM (DAKTOPOM YCTIXY METUYHUX JOCIIKEHb Ta
OXOpOHHM 37I0pOB's. B maHmii yac GiNBIIICTh IUX CHCTEM BUKOPHUCTOBYIOTH I'€TEPOTCHHI
Ta BJIACHI MOJeNl JIaHMX, SKI MEPEIIKO/PKAI0Th OOMIHY JaHUMH Ta KOMILIEKCHOMY
aHaI3y TaHUX Yy HAyKOBUX IUIIX. Yepes CKIaTHICTh METUYHOI TEPMIHOJIOTI] 3arajibHa
KUIBKICTh MOJICJIE MEAMYHHUX JaHHMX JyKe Belrka. Hapasi nmepeBaxkHa OiIbIIICTh IMX
MOJIeJIell HENOCTYIHI HAyKOBOMY CIIIBTOBAapUCTBY. MeTow mopTany Mojeneu

mennuanx npanux (https://medical-data-models.org) e copusitu oOMiHy MoaensIMU

menuunux ganux [30]. [TepeBaramu nmopraiy € OKpAIICHHS Ta MIPUCKOPEHHS PO3POOKH
MoJeNIed MEOUYHMX JAHMX I[UIIXOM OOMIHY TNEpEeAOBHUMH MPAKTHUKaMHU, OLIbII
CTaHJAapTU30BaHUX MOJENICH TaHHUX 13 CEMAHTUYHUMH aHOTALISIMU Ta KPalioro ooMiny
iHpopmarliero MK 1H(QOPMAIIHHUMU CUCTEMaMH, 30KpEMa, EJIEKTPOHHUM 300pOoM
JaHUX Ta EJIEKTPOHHHMH MEIWYHMMH 3alMCaMU CHUCTEMH. 3MICT MOpTaly moTpedye
NOJIAJbIIOTO PO3LIUPEHHS, 00 OXONUTU IIMPOKE OXOIUIEHHS BCIX BIJNOBIIHUX
MEIUYHUX 001aCTEH.

3a3Buuail TOAATKOBUM I1HCTPYMEHTOM TIiJ] 4ac MPUUHATTA KIIHIYHUX PIillleHb
ClIy’)KaThb CHUCTEMM aBTOMaTH30BaHOTO miarHoctyBaHHs. CywacHi CAJl 3a3Buyait
MpaIol0Th Ha OCHOBI METOJIB MAamMHHOTO HaBuyaHHS [31-33], sKi BHSBISIOTH Ta
ONMKCYIOTh KOHKPETHI OCOOJMMBOCTI 3aXBOpIOBaHHS Ha 300pakeHHi. Taki Meroau
ONTUMI30BaH1 /i1 KOHKPETHUX HAOOPIB JaHUX 1 HABYEHI BU3HAYATH 3a3/ajeriab 3a1aHl
3sminn B po3Mmipi ROI [34]. B ocranHi pOKH IIUPOKO 3aCTOCOBYIOTHCS METO[IH,
3aCHOBaHI Ha BUSBIICHHI O3HAK 3 BUKOPUCTaHHAM riinOokoro HaByanus (DL) [35-38].

Bukopucranns menuunux IT Ta CIIIIP Hagae mikapsMm akTyanbHy 1H(GOpMAIlO B
rajy3i MEAWIMHU, MIABUILYE €(PEKTUBHICTh BHKOPUCTAHHS AaKTyIbHHX MEIMYHUX
pecypciB, MiJBUILY€E NPOAYKTUBHICTb POOOTH, IHTETPYE YKPAiHCBKY MEIULUHY B
cBITOBUW MeanuHuid mpoctip. [T gomomararoTh y TpUAHATTI pillIEHb, 1O OCOOIMBO

BAXKJIMBO B CYYACHY €II0XY «JIOKa30BO1» MEIHUIIUHH.
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1.2  JlocaigKeHHS THITIB Ta MOKJIMBOCTEH OJIOKYEHH-TEXHOIOT1H

brmokuelin — 1e oauH 13 CHOCOO0IB PO3MOJIEHOTO 30epiraHHs AaHuX. [0
TEXHOJIOT1I0 MO>KHAa BUKOPHUCTOBYBATHU IS 3alIUCy Ta BIJICTEXKEHHS OYIb-IKOTO BUIY
iHpOpMarii: Bi MEIUYHUX MOKA3HUKIB 0 mpoBeaeHHs BrOOpiB [39]. Biokyeitn — e
CHIJIBHO BUKOPUCTOBYBAaHUM, IOCTIMHUN peeCTp, SKUM CHOPOIIyE TMPOLEC 3amucy
TpaH3akIliil Ta oOJIIKy akTHUBIB y Oi3HeC-Mepexi. AKTUB MOXKe OyTH MarepialbHUM
(OyamHOK, aBTOMOOLIT, TPOIIT, 3eMJIsI) YU HEMaTepialbHUM (1HTEJIEKTyalbHA BIIACHICTD,
MATEHTH, aBTOPCHKI IIpaBa, OpeHaAuHr). Ll TeXHOor1s 3HMKY€E PU3UKHU Ta BUTPATH IS
BCixX 3aaisHUX cTopin [40].

["osoBHA BIAMIHHICTG OJI0KYEHHA BiJl CTAHJAPTHUX 0a3 JaHUX — JACICHTpaIi3alisl.
To6To0, mo-nepiie, 3a UM IPOLECOM HE CTEXKUTH KOJAHUN PETYIIATOP YU Oprasizamis. A
no-apyre, iHdopmMallisi He 30cepe/PKeHa, CKaKiMO, Ha CepBepax B OJHOMY MicCli, a
pO3MOoIiJieHa Y BETUYE3HIA Mepexki KOMI'TOTEPIB y BCboMy CBiTi [41].

«Y YoMy TMOJSATae BaXJIUBICTh OJOKYEHHY: OI13HEC B3aJICKUTh BiJ JIaHUX.
[IIBMAKICTE OTpUMaHHS Ta TOYHICTh JAHUX TIPAIOTh BUPIIAIBHY pPOJb. biokuyeilH
171eaJTbHO MIAXOAUTH JUIS HaJaHHS Takoi 1HQopMaIllii, OCKUIBKM BiH IPOIOHYE
YIOBHOBR)XEHUM Yy4YaCHUKaM MeEpeXl MUTTEBUM, 3arajbHUN Ta IOBHICTIO MPO30pUI
noctyn gm0 iHdopmarlii y HE3MIHHOMY peecTpi. Mepexka OJoKYeiHa T03BOJIsIE
BIJICTe)KYBaTH 3aMOBJICHHS, IIJIaTeX 1, OOJIKOBI 3amycH, TOBapu Ta Oarato iHmioro. |
OCKIJIbKM BCl YYaCHUKH MAalOTh CIUIBHUWA JOCTYI 10 €IMHOTO JpKepena JAOCTOBIPHUX
JTAHUX, BOHU MOXKYTh B Oy/Ib-SIKMiI MOMEHT MEPETJITHYTH BC1 BIZIOMOCTI TIPO TPaH3aKIIii,
mo0 mpamoBaTH 3 OUIBIIOD BIEBHEHICTIO Ta OTpUMAaTH HOBI MepeBard Ta
MOJKJIMBOCTI», - BBaxkaroTh y IBM [39, 40].

brokueiin (Big anrmiiicekoi blockchain) gocniBHO mepekiianaeTses K JAHIIOT 13
0JI0KIB. Y KOXXHOMY 3 TakuxX OJIOKIB y HU(POBOMY BHUIUISI/I 3alucaHa Ta YW 1HIIA
iHdopmartisa. Byap-skuii KOprCcTyBay MOKE MEPETITHYTH 1110 1HPOPMAITiT0, aJIe HE MOXKE
ii 3minuTH [42].

Ko’xHa HOBa TpaH3akilis, HE3aJeXKHO BiJ ii po3Mipy, MEPETBOPIOETHCA Ha HOBUM

XEIIOBaHWM KiacTep. BiH CkiamaeTbest 3 yHIKaAIBHOTO HAOOPY CUMBOMIB Ta mudp,
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CTBOPEHOTIO 3a MEBHUM ajiroputMoM. HoBuii 050K 3aBX/1M MOCUIIAETHCS HA TONEPEIHIH,
THUM CaMUM CTBOPIOIOUHM CTPOTY MOCHIIOBHICTH [43].

broku Grokueiina 30epiratloThCs y By3Jiax, sKi TONOMararoTh CHHXPOHI3yBaTH Ta
CBOEYACHO OHOBJIIOBATH JaHl I BCIX YyYacHUKIB. By3nu OyBaloTh MOBHUMH Ta
nosiermeHuMu. [1oBHI 30epiratoTh aOCOIOTHO BC1 OJIOKH, TOJIETTIICHI — TIIbKA OCTaHHI,
aJie Ipx HeOOXI1AHOCTI MOXKYTh 3alMTYBaTH 1 monepeaHi [44].

[Tepen moTparuisHHSIM OJOKY B JIAHIIO)KOK Ma€ BigOyTucs Huska mnopii. Ilo-
nepimre, yroga mae Oytu BepudikoBana. Ha BigMmiHy BiJ KJIACHYHHX TpaH3aKIH, Y
OJIOKUelHI omepallii MiATBEPKYIOThCS MEPEKEI0 KOMITIOTEepiB. SIK MpaBUiIO, MEpexi
CKJIaIal0ThCs 3 THCSY 1 HABITh MUIBMOHIB MalllMH Y BCboMy cBiTi. [lo-apyre, micis Toro,
K yroja Oyna BepugikoBaHa, iHpopmallis Haacuaaerbesa 10 010Ky. Tam MicTUThCA AaTa,
yac, cyma Ta 1udpoBuil manuc o0ox ctopiH. I, HapemTi, GJIOK OTpUMY€E YHIKaTbHUN
1AeHTUIKAIAHUN 3a(PPOBAHUI KO/, 8 TAKOXK XEII MONEPETHBOr0 MaKeTa, JOJIaHOTO B
JaHIroKoK. [icis xerryBaHHs BiH MOke OyTH JojiaHui y Ookdelin [45].

JUsl MpUCKOpEHHsT TPaH3aKI[iil 3aCTOCOBYEThCA HAOIp MpaBUIl (CMapT-KOHTPAKT),
SAKUU 30epIiraeTbCs B MEpPEkKl OJIOKYEHHA 1 BUKOHYETHCS B aBTOMATHYHOMY PEXKHUMI.
CMapT-KOHTPAKT MOK€ BHU3HA4YaTH YMOBH I Tepenadl KOPHOpaTUBHUX OOJIraiii,
J0JIaBaHHs KPUTEPIiB BUILIATH TYPUCTUYHHUX CTPAaXOBOK Ta OaraTo iHmoro [46].

Kosxna TpaH3akiisi 3amucyeThcsi SK OJOK AaHMX. TpaH3akilii BiToOpakaroTh
NEPEMIIIICHHS] aKTUBY, SIKUA MOXKE HaJiekaTH JI0 KaTeropii MaTepialibHux (ToBapu) abo
HeMmaTepiaabHUX (IHTeJIeKTyallbHa BJIAacHICTh). KopHcTyBad Ma€e MOBHUN KOHTPOJIb HaJl
BMICTOM OJIOKY maHux [47].

Koxxen Onok moB's3aHuid 3 TONEpeaHIM Ta HACTynmHUM OjokoMm. bioku
YTBOPIOIOTH JIAHIIFOKOK JIAHUX TI0 MIp1 TOTO, SIK PECYpC MEPEMIIIAETHCS 3 OJTHOTO MICIIS
70 1HIIOro abo 3MIHIOE BJIACHUKIB. BJIOKM MIATBEPIKYIOTh TOYHHMM Yac Ta TOPSIOK
BUKOHAHHS TpaH3akiiii. KpiM Toro, GJOKM HEPO3PUBHO 3YEIJICHI OJWH 3 OJHUM, IO
BUKJIIOYA€ MOXIIUBICTh 3MiHH OJIOKY a00 BCTABKM MiX JBOMA iHITUMH Ookamu [48].

Tpan3akiii yTBOPIOIOTh HE3MIHHHWI JIAHIIOKOK OJsokiB. KoxkeH HOBuUil OJI0K
BBQKAETHCA JIOJATKOBUM TIIJITBEP/PKEHHSIM CIIPABXKHOCTI TMOMEPEIHbOr0 OJIOKY Ta

OsokuelHy 3arajioM. TakuM YMHOM OJIOKYEHH 3aXUIICHUI BiJ] HECAHKIIIOHOBAHUX 3MiH,
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1 B LIbOMY TIOJIITAa€ OJIHA 3 HOro TOJOBHUX TMepeBar — HE3MIHHICTh. OCKUIbKU
MOJKJIMBICTh 3JIaMyBaHHS 3JIOBMHUCHHKIB BUKJIIOYEHA, CTBOPIOETHCS HAMIMHHUI peecTp
TPaH3aKIIii, TKOMY YYaCHUKH Mepexi Moxkere noBipstu [49].

Sk 3a3HadeHo BUIIE, BCl OJIOKK 3'SBISAIOTHCS B JIAHIIO31 B XPOHOJIOTITYHOMY
nopsAaKy. Y HbOMY MICTHTbCA iHGOpMallis MOpo JaTy Ta Yac YroAu, BJIACHUU
3amupoOBaHUN KO Ta Xel monepeanboro 0aoky [50].

Ax tinpku 1HGOpMAIliS TOTpaIUIIe 10 OJOKYEHHY, i HEMOXXJIHUBO 3MIHMTH a0o0
BunanuTu. Kirodem mo Oe3mekw TEXHOJIOTII € Te, M0 BCl KOPUCTyBadi MeEpexi
OB IOMJISIFOTLCS TIPO Oyab-siki 3minu [51, 52].

Jlpyra ymoBa, sika 3abe3neuye 0JIOKYEHHY O€3IeKy, - CKIaAHICTh MPOIECy J0Ka3y
po6otu (Proof-of-Work). [lnst 3minu Onoky Xakepy 3HAJOOWUTHCS BUPIMIUTH IIUTHHA
KOMILJIEKC MaTeMaTHYHUX 3aBJaHb BiJl BY3JIiB, II0 HE TaK BXe i mpocto [51, 52].

[ romoBHe — mpo3opicTh Mepexi. byab-ska JI0JuHA MOXE MEpPErIsIHYTH
1H(dopMarrito mpo OJ0KH, IO O3HAYAE MMOBHY MPO30PICTh TpaH3akilii. OCKUIbKU y Oy b-
SAKUA MOMEHT 4acy B MEpEXl 3HAXOASIThCS MUIBHOHU KOMIT'HOTEPIB, CTAE MPAKTUYHO
HEMOJKJIMBHUM 3J1aMaTH CUCTEMY 1 3aJIMINUTUCS HeroMiueHuM [51, 52].

Turnu 6nokueitH-mMepex [48-50]:

1) 3araJIbHOIOCTYITHI OJIOKYEHH-MEPEeKi — JI0 3arajJbHOJOCTYITHOI OJIOKYCHH-
MEpeXi MOXKe MpUEAHATHCS OyAb-SIKHA KOPHUCTYBad; 10 HEAOJIKIB Takoi Mepexi
HaJeXaTh BHUCOKI BHMOTH JI0 OOYMCIIOBAJIBHOI TOTYXKHOCTI, HHU3bKUN pIBEHb
KOH(D1IEHIIMHOCTI TpaH3aKliii Ta CciIa0Kuil 3axMcT; L1 KpUTepli BaXIJIMBI MpHU
BUKOPHUCTaHHI OJIOKYEHHY y KOPIIOPATUBHUX CEPEOBUIIAX;

2) npuBaTHI  OJIOKYEWH-MEpeXXi — TpHUBaTHA OJIOKYCHH-Mepexa, SK 1
3araJlbHOJIOCTYNIHAa  OJIOKYEHH-Mepeka, €  JIEHEHTPaTi30BaHOK  OJHOPAHTOBOIO
MEpEXEI0; MPOTE YIPABIIHHSA TAKOK MEPEXKEI0 3/IIACHIOETHCS OJIHIEI0 OpraHi3alli€lo,
sKa BIJMOBIAA€ 3a YMNpPaBIIHHA YYaCHUKAaMM, BUKOHAHHS MPOTOKOJY KOHCEHCYCY Ta
MIATPUMKY 3arajIbHOTO PEECTPY; 3aJEKHO BiJ CIICHAPII0 BUKOPHCTAHHS TAKWHM ITiIX1]T
JI03BOJISIE ICTOTHO TBUIIUTH JOCTOBIPHICTD 1 HAMIMHICTE 1H(OpMAITii, 110 TIepeTaeThCs
MDK yYaCHHKaMU; MpUBaTHA OJOKYEHH-MEpeka MOXKe rnepedyBaTH 3a KOPIOPATUBHUM

OpaHaMayepoM abo0 HaBiTh Y JOKATHHOMY CEPEIOBHIII];
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3) eKCKIIIO3MBHI  OJIOKYEHH-MepexKi — KOMIIaHii, IO OOHMparTh NPUBATHHIA
ONMOK4YEHH, 3a3BMYail HANAIITOBYIOTh EKCKIIO3MBHY MEPEXY; BaXKIUBO, MIO
3araJlbHOJIOCTYTHI OJOKYEHH-MEpeKi TaKOXK MOXKYThb OYTH EKCKIIO3UBHUMH; 1€
HaKJIa/1a€ MIeBHI 0OMEXEHHs Ha KOJI0 0¢10, SKUM JI03BOJICHO OpaTH y4acTh y MEpexi abo
JUIIIE OKPEMHUX TPAH3AKIIISAX; YIaCHHUKAaM HEOOXiJHO OTPUMATH 3ampOIIeHHS YH JT03B1I
Ha IIPUETHAHHS;

4) 610KUEHH-KOHCOPIIIYM — BIANOBIJAJIBHICTh 3a aJMIHICTPYBaHHS OJOKYEHHY
MOXKE JIe)KaTH Ha KIUIbKOX OpraHizamisx; Ii 3a3faleriib oO0paHi opraHizaiii
BCTAHOBJIIOIOTH IpaBa JIOCTYIY [0 BUKOHAHHS TPAH3aKIId 4Yd JOCTYMY N0 JaHUX;
OJIOKYEHH-KOHCOPIIIYM € 1J€aJIbHUM pIIICHHSIM JJi1 KOMIIaHii, KOJIM BCl YYaCHHUKHU
MaloTh JI03BOJIM Ta HECYTh KOJEKTUBHY BIMOBIIAJbHICTD 3a OJIOKYEIH.

OCHOBHUM THUIIOM OJIOKYEHHY € JelEeHTpali30BaHl abo 3arajJibHOJOCTYITHI
OJIOKYEHHU, TaKl IK OITKOIHH, B IKMX Oy/Ib-XTO MOYKE€ OTPUMATH JOCTYII 1 OpaTH y4acTb.
OpHak TEXHOJIOTis OJIOKUEHHY He OOMEXKYETHhCS TIIbKH JICLIEHTPaTi3alll€l0, OCKUIBKU
IEHTpaITi30BaH1 OJOKYSHHH TaKOXK MAIOTh JCsIKi TiepeBaru s kopropaiii [53].

3 TEXHOJOTIYHOI TOYKH 30py SK ILEHTPaJi30BaHl, TaK 1 JIELEHTpali30BaH1
JIAHITIOKKH OJIOKIB Jy’K€ CX0K1, OCKIJIbKH OOW/IBI PO3IMOICHI B TUMYACOBUX MEpexkax,
Jie KO’KEH BY30JI BIJIMOBIAA€E 3a 30epiraHHs Ta 3aXUCT 3arajbHol KHUTH. | 1715 X, 1 418
IHIIUX OJIOKYEWHIB TMOTPIOEH Y3TOJKEHUN MeXaHi3M (HalpuKIaj, MiITBEPHKCHHS
po0OTH a0 MIATBEPKCHHS yUacTi) MiX By3J1aMH JJIs CTBOPEHHS €1MHOI KHUTH [53].

Haitoupiumii  gakTop, sIKUMil BIAPI3HSE LIEHTPATI30BaHI JIAHIIOXKKUA OJIOKIB Bij
JCTIICHTPATII30BAHUX, - 1I€ IyJI BY3JiB, SIKI MOXYTh OpaTH y4acTb B MEpeXl 1 BHOCHTHU
aZIMIHICTPAaTUBHI 3MIHM B Mepexy. Tak, Hampukiala, OITKOIHM, SIKUH € HaiOuIbIIUM
3arajJibHOJJOCTYITHUM OJIOKYEWHOM B CBITI, HE Ma€ MEPELIKOJ Uil JOCTYIy, KOJIM MOBa
3aXO/IUTh TPO JOCTYI IO KHUTU Ta CIIIbHE BUKOPUCTAHHS KOMIT'FOTEpa JJIsi BUKOHAHHS
aIropuTMy TepeBipku podotu. Ha BiamiHy Binx uworo, Hampukian, IBM Hyper Ledger
Fabric € 6ubI1 HaAIMITOBAaHOIO B TOMY CEHCI, 1110 OpraHizaiiis, sika po3roprae Blockchain,
Ma€e TpaBo TOJIOCY B KOXKHOMY aCIeKTl ydacTi B OnokueiiHi. LlenTpanizoBani 6J0KueiiHy,
SK MPaBUIIO, OUTBII OOMEXEHI B TOMY, KOMY BOHHU JO3BOJISIFOTH BHOCUTH 3MIHH B KHHTY,

OCK1LJIbKY BOHH BUKOPHCTOBYIOTH OJIOKYEHH 151 BHYTPIIIHIX 3anuciB [53, 54].
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[lepeBaru Onokucitny [44-49]:

1) 3MiITHEHHS IOBIpU — MPHETHYIOYHCH JI0 MEPEXi OJIOKYEIHA, KOPUCTYBAY MOXKE
OyTH BIICBHCHHH B TOMY, IO 3aBXAH OTPHUMYBATHME JIOCTOBIPHY Ta OINEpPaTHBHY
iH(opMallito, a TaKOX y TOMY, III0 HOro KOH(QIISHIMHI 3amucu OJ0KYeiHA JTOCTYITHI
JuIIe BUOpaHUM HUM YYacCHHKaM MEpPexi;

2) BucOKa Oe3meka — JjIs 3AIMCHEHHs TpaH3aKIlii MoTpiOHa 3rojia BCiX YYaCHHUKIB
1010 TOYHOCTI JaHUX, 1 3alKCH IIPO BCl MEepPEeBIpeH] TpaH3aKIlli € HE3MIHHUMU, HIXTO,
HaBITh CUCTEMHHI aJMIHICTPATOP, HE MOKE BUJIAJTUTH TPAH3AKINIO;

3) migBUICHHS €(PEKTUBHOCTI — PO3MOALICHUN PEECTpP, JOCTYI J0 SKOrO MaloTh
yCl yYaCHUKHM MeEpexl, JO03BOJISIE HE BUTpadyaTH Yac Ha 3BIpAHHA 3amnuciB. s
NPUCKOPEHHSI TpPaH3aKLIi 3aCTOCOBYEThCS HAOIp MpaBWil (CMApT-KOHTPAKT), SKUN
30epiraeThbCsi B MEPEKi OJOKYEIHA 1 BAKOHYETHCSI B aBTOMAaTUYHOMY PEKUMI.

Binbmricte (axiBIiB CXOAATHCS HA AYMIIl, 110 OJOKYEHH € JOCUTh OE3MEeUHUM,
npore € ¥ MiHycHu 1€l TexHosorii. [lepma npobnema — macmtaboBaHicTh. ToOTO 31
3pOCTaHHSAM KUIBKOCTI YYaCHUKIB, CUCTEMI BCe CKIajHIime oOpoOusaTu Tpan3akuii. [lle
OJVH PH3MK — Tak 3BaHa «ataka 51%p» [39]. Lle o3Hauae, mo KijgbKa KOPHCTYBadiB
Mepexi, sIKIi MalOTh BEJIMKI KOMIT'FOTEPHI MOTY>KHOCTI, JOMOBIJIUCS 1 MOKYTh 3MIHUTH
3alUCM B KOHKpeTHOMY Omomi. [Hmia mpobiema st OJOKYeHHIB, — fKI
BUKOPUCTOBYIOTHCS HE ISl KPUTITOBAIIOT, - HEJJOCTATHE TECTYBAHHSI, TOMY BOHU OLITBIIT

CXHJIBbHI JIO XaKePChKUX aTakK.

1.3 JocmimkeHHsT 3acTOCYBaHHS  OJIOKYEHH-TEXHOJOTIH mpu  1OOYI0BI

1HpOpMaIIHHUX TEXHOJIOTIH ISl KepyBaHHSI MEIUIYHUMHU TAHUMH

e mo mangemii COVID-19 rany3i oXopoHH 370pOB'S Ta MPUPOJHUYUX HAYK
CTUKANUCA 13  CepHOo3HMMHM  mpobOjieMaMu, TIOB'S3aHUMH 13 B3aEMOJIEIO,
KOH(1JEHIIIMHICTIO Ta BIJCTEKYBaHICTIO JIAHITIOKKIB TocTadaHHs. [1le ogHa cepito3Ha
npo0sema TMoJsirae y BiJICYTHOCTI 371ar0/KEHOT B3a€MOJIIT MK 3aKpUTHMU CHCTEMaMH

€JIEKTPOHHUX MEAUYHUX KaPT, sIKI MPONOHYIOTh O1ibiie 700 moctayabHUKIB.
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B yMoBax manumemii opranizaiii y cdepi OXOpOHH 370pOB'S Ta MPHUPOTHUYUX
HayK 3IMTOBXHYJIUCS 3 HOBHUMH MPOOJIEMaMH, BKIIFOYAIOYH aAJanTallilo JIaHITFOXKKIB
MOCTABOK JJISi JJOCTABKH 3aCO0IB 3aXHUCTy Ta MIBUAKY PO3pOOKY METOJIB JIKyBaHHS,
TECTIB Ta BakUMH. B maHuii yac BOHM aKTHMBHO BIPOBAKYIOTH 3aCO0M YIPABIIHHS
3roJIol0 Ta 3abe3nedeHHsl Oe3MeKku MEIUYHUX JaHUX, 00 SKHAWIIBUIIIE BITHOBUTH
poOOTY TICIS 3HATTSI OOMEKEHbD.

biokueitn Bxke 10BIB CBOIO €(PEKTHBHICTh Yy Taldy3l OXOpPOHH 3JI0pPOB'S Ta
OPUPOHUYNX HAyK, JOMOMAraloyd 3MILIHUTH JOBIPY Ta ONTHUMI3yBaTH CHIBIPALIO.
binbiie Toro, 18 TEXHOJIOTIS MPOJAOBXKUTH BIIITPaBaTH MPOBIAHY POJIb Y BUPIIICHHI I1I€
CKJIQIHIIIUX mpoodiemM [55].

OcTaHHIM YacoM MiABUIIEHA yBara 10 TEXHOJIOTI PO3MOJIIIEHUX PEECTPIB
npuBesa A0 pO3yMiIHHA MOTEHIIATY 3aCTOCYBaHHS OJOKYEHH-TEXHOJIOTH MPpU MOOY0B1
IHQOpMAIIHHUX TEXHOJOTIA [JIi CHUCTEMHU OXOpPOHU 370poB's. OCHOBHHI OyMm
OJIoKueHH-TIpOeKTiB B MenuiuHi goBoauTbesa Ha CIIA. 3aranpHa kaptuHa o0cATy

BUKOPUCTAHHS OJOKYEHH-TeXHOIOTIN Juisi meauyHux [T Burismae HacTYylIHUM YUHOM

(pucynok 1.1).

Size of the blockchain technology market worldwide
from 2016 to 2021 (in million U.S. dollars)

2 3125

1430

B85.4

548.2

339.5

210.2

Pucynox 1.1 — O0¢siru BUKOpUCTaHHS OJIOKYCHH-TEXHOJIOT1H IJIsT METUIHIX

iH(pOpMaIIfHUX TeXHOJIOTIH [56]
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brok4yeiH mepeTBOPUThL MEIUYHI  MIANPUEMCTBA Ta  MIJABUIIUTH  SKICTh
0OCITyTOBYBaHHS, JO3BOJITIOUM PO3BHBATHUCS HOBHUM EKOCHCTEMaM Ta HOBHM Oi3HEC-
MonesiM. [Hopmartiss mpo OXOpOHY 3MI0POB’s, IO 30epiracThCsi B OJIOKYEHHI, MOXKE
3MIHUTU Croci® 30epiranHs KIiHIYHOI iH(OpMaIllii, a TaKoXK Te, K BiIOYyBa€Tbcs OOMIH
iH(OpMaIIi€ro B opranizaiiii, 3 TapTHEpaMH 3 OXOPOHH 37I0POB’S, TJIATHUKAMHU 1, TOJIOBHE, 3
narieHTamMu. biiokueitn AeneHTpanizye MeaudHy iHpopMaIrito, miaIBUITYI0UN JOCTYITHICTb,
e(pEeKTUBHICTb, MPO30PICTh JAHUX Ta JIOBIPY IO HHUX, aj€ TaKOXX BUMArae pereabHOro
TUTAaHYBaHHSI, 1100 MAKCHMAJILHO BUKOPUCTATH IIEPEBary, siKi BiH IIPHHOCUTH [57].

Po3pizHeHi cuctemu 00Ky MOXKYTh HMPHU3BECTH 10 (OPM 3roJd MAIllE€HTIB Ta
icTOpli XBOpOOH, Kl € HEMOBHUMH, CYIEPEWIMBUMU a00 HEOJHO3ZHAYHUMHU. 3aIHCH ;,
30epexeHl B OJIOKYEiHI, MO)KHA BUKOPHUCTOBYBATH JIJIsl HaJAHHS MOBHUX IMO3/I0BXKHIX
3aMKCIB MPO CTaH 370pOB’S JJIsi OKpeMHUX o0ci0, HaJaloud BCIM TMalllEHTaM OLIbIIe
KOHTPOJIO HaJ BJacHOWO iH(opMalliero depe3 MIATBEPHKEHY 3TOoy. 3aBlsSKU
OJIOKUEHHY KOXKEH 3alliC Malli€eHTa BijoOpakae HaMBIIOMINI MEJW4YH1 (akTH — Bij
FEHOMHHUX JaHUX 10 J1arHOCTUYHOI MEAMYHOI Bi3yamizaiii — 1 Moke OyTH HaaiitHO
niepeIaHuii, KOJIH 11e HeoOXiHO, 0e3 HeoOXi1JHOCTI IICHTPaIBHOTO aaMiHicTpaTopa [57].

VYrpaBiaiHHS KIIHIYHUMH BUIPOOYBAaHHAMH T€HEpPYE BEIWYE3HI MACHBU JIAHUX,
[0 BMMAarae BijJ aJMIHICTPATOPIB OXOPOHHU 3J0pPOB’S BECTH HAJIMHI Ta MOCIIAOBHI
3aMMCH  JIJISl eKCIEPTHOI TMEepeBIPKM Ta BIAMOBIJHOCTI HOPMATHBHUM BHMOTAM.
[HCTpyMeHTH OJOKYEeWH y TO€IHaHHI 3 E€JIEeKTPOHHUM 300pOM JaHHX MOXYTh
JIO3BOJIUTH aBTOMATUYHO arperyBaTy, TUPAXXyBaTH Ta PO3MOJUISATH KIIHIYHI AaH1 cepen
JTOCTITHUKIB 1 MPAKTUKIB 3 OLIBIIOI PEBI3i€I0, BIICTSKEHHSAM ITOXODKCHHS Ta
KOHTPOJIEM MOPIBHSHO 31 CKJIAJHUMH Ta 3BUYaiHUMH cucTteMamu [57].

Baxko omiHuUTH BapTicTh MeIU4YHOI JonoMoru. OOJK peaJlbHUX BUTPAT Ha BCl
aCMEeKTU MEIUYHOI JOTIOMOTH MOXE pO34apyBaTH K MOCTaYaIbHUKIB, TaK 1 MaIli€HTIB.
KoHTpakTt Ha OCHOBI OJIOKYEIHY, 3aCHOBaHI Ha pe3yJbTaTax, MOB’S3yIOTh KIIHIYHI
pe3ynbTati 3 BUTpaTaMu. [locTadalbHUKU TIOCIYT Bif amTeK 10 JIKApeHb MOXKYTh
3aMpPOTNIOHYBATH CMOKUBA4YaM MEAUYHY JOTIOMOTY 3a JIOMIOMOTOI0 MOJENI 3a BapTICTIO

3aMICTh IUIATH 33 IOCITYTH 1 3MEHIIIUTH CKJIQJHICTh 3anuciB [57].
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Jlocmiaumo BioMi pIlIEHHS Ui KePyBaHHS MEAWYHMMH JaHUMH Ha OCHOBI
OJTIOKYEHH-TEXHOJIOTIH.

Bci icHyro4l MPOEKTH 3 BHUKOPUCTAHHS OJOKYCHH-TEXHONOTIT y cepi oXopoHH
3JI0pPOB’S MOXHA PO3JILITUTH Ha IEK1IbKa HAMTPSIMKIB:

1)  BiACTEeXKEHHS IOXOJDKCHHS — BHUKOPHUCTAHHS PO3IOIUICHOTO PEECTPY IS
perymoBaHHs (hapMaleBTUYHUX MMOCTABOK 1 BIACTEKEHHSI MEIMKAMEHTIB:

- npoekt The MediLedger Project [58] — Bigkputa Mepexa IS
BPETYJIIOBaHHS MTOCTa4aHHs (hapMaIleBTUYHUX TPErapaTiB 3 METOI0 CKOPOYCHHS BUTpAT
Ha JOTPUMAaHHA HOPMATUBHUX BUMOT, IMiJIBUIICHHS O€3MEKH, MOKPAIICHHS 3arajibHoi
O13HeC-NIsUTbHOCTI (hapMalleBTUYHOTO JIAHIIOKKA MOCTa4aHb, a TaKOX MNPUIIUHEHHS
HAJXODKEHHS! KOHTpapakTHUX/(paTbCU(PIKOBAHUX JIIKIB

- npoekT Prescriptlon [59] — Buxopucranus iDIN, ommaiH-ciy)0ou
NEPEBIPKU CHPABKHOCTI, KA 3aCTOCOBYETHCS B 1HTEPHET-OAHKIHTY, B SIKOCTI 3aco0y
MIJKIIOYEHHS 70 OJIOKYEHH 3 METOI  CcaMOCTIHHOro BHOOpY Talli€eHTaMu
NocTayajlbHUKA MEIMYHHUX MOCIYT 0€3 MOCEpPEAHUKIB, a TAKOXK 3 METOI BIJACTEHKEHHS
MOXOJIPKEHHSI PEIICTTIB

2)  30epiraHHs Ta yNpaBJIiHHSA JaHUMH — y chepi OXOPOHH 3I0POB'SI MUTAHHS
VOpaBIIHHA 1HQOpPMALIE0 € JyKE€ aKTyaJlbHHUM; MEIUYHI MPALIBHUKH IIOJAHS
MpaIoTh 3 JaHUMH, SKIi BHMararoTb OOEpPEXHOTO ITIOBOJKCHHS, aHOHIMHOCTI,
KOPEKTHOI Iiepeiayl, a TAaK0K 0COOIMBUX MPABWI 1010 HAAAHHS JOCTYIY 0 MEIUYHUX
JTAaHUX, OCOOJIMBOTO aNTOPUTMY YIPABIIHHS npaBamu. Lle HalmomynsipHIIIAKA Hanpsm
pO3po0OK B MeauIuHI, BiATaKk € Outbmie 20 pimeHb s 30epiraHHs Ta yIpaBiIiHHS
MEIUYHUMH JAaHUMH Ha OCHOBI1 OJIOKUEHH-TEXHOJIOTI1:

- cuctema Healthchain [60] mms 36epriranHs 0COOMCTHX MEAWMYHUX 3aITUCIB;
npejacTaBlieHa y BUDiAlL rpadikiB iHQopMmallis npo 370pOB’S MAIEHTIB JOMOMArae
(daxiBLUAM NOKPAIIUTA METOJIUKH JIKYBAaHHS, 3AyYUTH KIII€HTIB, 30UIbIIUTH TPUOYTOK,
YHUKHYTH BTpaT Ta CKOPOTUTH BUTPATH HA aJMIHICTPATUBHUN PECYPC

- miatpopma IRYO [61] nns 30epekeHHS 1 KOHTPOIIO MAIliEHTaMH
€JIEKTPOHHUX MEJIMYHUX KapT Ha OcHOBI Onokueiiny EOS, 3abe3neuye Oe3neune

30epiraHHs JaHUX PO 3I0POB’S M1l MOBHUM KOHTPOJIEM CaMOTO TaIll€EHTa
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- npoekT CareX [62] nisa npoBeIeHHs TUIATEXIB B cpepi OXOpOHU 3A0pPOB’ s
yepe3 BrnacHUM TokeH CareX; NPOEKT, IO BHUPINIyE TPOOJIIEMY TPaHCKOPAOHHUX
MEPEBO/IIB KOIITIB MPU MEAUYHOMY TYpHU3MI1

- mwiatgpopma SmartHealthCareToday [63] nmns 30epekeHHS OCOOUCTUX
MeANYHUX AaHuX, iHTerpanii crangapty EHR ta PHR, siki mictate indopmariro mpo
JKUTTS TAIliEHTa, HOTO aBTUHOCTI Ta PEryJIApHI BUMIPIOBAHHS MEIMYHHMX IOKAa3HUKIB;
HAJa€ JIaHi Mpo 370POB’Sl Il MEJUYHHUX YCTAHOB JIJIsl TOKPAILIEHHS METOIIB JIKYBaHHS

- akpenuToBaHa oHnaitH-porpama The Medical Interpreting and Translating
Institute Online [64] myis HaBuaHHs MeauuHOro nepekiany; MiTio mpornoHye oHaiH-
KypcC, JOCTYITHUI Yepe3 A0JIaToK 1 y BeO-Bepcii

- miatdopma GlobalLabs [65] mst mocimimkeHs 1 po3po0ok B chepi 0XOpoHH
3M0poB’ss Ha 0a3l OnokuelHy; 0a3a JaHWUX/KAaTajuor JOCHIJHUKIB 3 OIKUCOM iX
MOXJIMBOCTEH JJIs YCTAHOB, 3allIKaBJICHUX B HAYKOBO-JOCIIAHUIIBKUX 1 JIOCIIIHO-
KOHCTPYKTOPCHKHX poOOTax

- nerneHTpamizoBada 1iatdopma  Clinicoin  [66], 1m0 BHHArOpOIKye
YYAaCHHMKIB 3a JOTPUMAHHS 3J0pPOBOr0 CrocoOy >KUTTS; 1H(popmalis Ta 0COOUCTI
MEJUYHI JaHl 30epiraloTbCsi B CUCTEMI, IO JO3BOJISE il BIJACTEKYBATH pPE3yJIbTaTH 1
pO3pOOJIATH IHIUBIAyaJIbHI IUIaHW; 3a BUKOHAHHS «3J0POBUX» [ yYaCHUKH
OTPUMYIOTh TOKEHU

- cuctema QuantH [67] ansa 306epiranHs Ta oOMiHYy MEIUYHUMHU JTAHUMU Ha
OCHOBI1 OJIOKYEHH; PIllIEHHS «BCE-B-OJHOMY» IPOTIOHYE HIUPOKHH CIEKTP MEIMIHUX
MOCJIYT B1J ICNIEHTPaAII30BaHUX CITY>KO Ha OJIOKUYEHHI

- cucrema Patientory [68] ana 30epiraHHs 1 YHOpaBIiHHSI MEAUYHUMHU
JAHUMH; JOCTYIl 1O JIaHMX BIJIKPUBAETHCS 3a JOMOMOTOK JoAaTky; Patientory
crioy4yaetbess 3 Oyap-skoro cucremoro HER 1 no3Bosisie B3aeMOIISITH  JIIKapsiM,
MOoCTavaJIbHUKaM MEAMYHHX TTOCITYT Ta CIIOKMBaYaM

- marganunk Synthium Helath [69] mist ctBopeHHs MioBUX 3B’SI3KIB MK
MEIUYHUMH YCTAaHOBAMU 1 IOCTavYaIbHUKAMHU MEIUYHOTO 0ONagHaHHs; miatdopma aae
MOJKJIMBICTh TMOCTAYaJIbHHKAM PO3IIMPUTH CBOIO NMPUCYTHICTh HA PUHKY, MPOJABATH

TOBApH IIBUIIIIE, 3HIWKYIOUYH OTNEpalliiiHi BUTPATU
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- npoekT MedRec [70], mo cTBOproe OJOKYEHH-CUCTEMY JUISi MEAUYHHUX
KapTOK Malli€HTIB; HOTro (YHKIIIT — peecTparlis 1 30epiraHis MEIMYHHUX 3aMKcCiB B popmi,
10 JTO3BOJISIE TAIlIEHTAM Ta JIKapsM, MOCTa4albHUKaM MEIUYHHUX MMOCIYT Ta POaudam
NAIlE€HTIB OTPUMYBATH JIOCTYII O MEAUYHOT KapTH MallieHTa

- npoekT eHelath Estonia [71] 31 cTBopenHs 6a3u MmeaudHUX KapTok EcToHii
Ha OJIOK4eiHi; 3a0e3meuye Oe3neKy mpu 30epiraHHi JaHuX, iX MPO30POCTI, 3PYUYHOCTI
KEpyBaHHSA €JIEKTPOHHOIO CUCTEMOIO Ta KUTTEBUMHU LIUKJIOM MEIUYHHUX KapT

- craprann Open Longevity [72] 3 po3poOsieHHs MIarHOCTHYHOI TaHeml
CTapiHHs, TOOTO MpOrpaMHOro 3a0e3NedyeHHs, fAKE J03BOJSE HAKOMUYyBaTH 1
aHali3yBaTU JaHl MpO CTaH 3[0pOB’s, BIKOBI 3MIHM OpraHi3My Ta Ha iX OCHOBI
CTBOPIOBATH €(heKTUBHI METOAMKH JJIsl Teparli CTapiHHs

- npoekt Mediacalchain [73] nis 3pydHoro 1 6e3meyHoro 30epiraHHs
OCOOMCTMX JAaHMX TMALI€HTIB; TPAH3aKLli MEIUYHUX 3aMKCIB PO3TAIIOBYIOTHCS B
OJIOKYEHH, a TOTIM CTBOPIOETHCS CMapT-KOHTPAKT, SKUM Hajlae OOMEXKEHHM B dYaci
JIOCTYT JI0 €NEKTPOHHOT KapTH MaIli€HTa

- cuctema BurstlQ [74] ana oOpoOku, 30epiraHHs 1 mepenadl MeIUYHUX
JAHUX TMAaIli€eHTa; MaWJaHYuK JUIs 3py4yHOro OOMiHY iH(opMalli€ro mpo 370poB’s 3
(daxiBLUAMH, HAYKOBUMH LIEHTpaMH Ta (hapMalleBTUYHUMHU KOMITaHIsIMU

- npoekt Gene Blockchain [75] 3 ymopoM Ha AOCHITHUIBKHI HAMpPSIMOK
poOOTH; HaJa€ JOCTYII 10 TEHETUYHMX JIAaHUX, 0 JI03BOJISAE€ 3HAUTH MPUIMHHU 0aratbox
3aXBOPIOBAHb 1 pO3POOISATH METOJMKH 3 iX 3aM00IraHHs Ta JIIKyBaHHS

- neneHtpanizoBane cxopuine Bowhead Health [76] mns mepconanpHUX
JAHUX KOPHCTYBAYiB;, CXOBUIIEC KOHTPOJIOETHCS BHUKIIOYHO CaMUM TAIlIEHTOM 3a
JIOTIOMOTOI0 MOOUTIBHOTO JI0JIaTKY

- miatgopma Pokitdok [77], mo nHakomuuye mocBig y cdepli OXOpOHH
3I0pPOB’Sl; 3a 1i JOMOMOTOK MOKHA 3HAXOJUTU IMOCTAYaJbHUKIB MEAUYHUX TOCIYT,
oTpuMaty 1H(OpMaIlio Mpo MHOYTBOPEHHS HA MEIUYHI TTPOLIETypHU

- npoekt DokChain [78] mist 06poOku (hiHAHCOBHX Ta KJIIHIYHUX JAaHUX B
rajgy3l OXOpPOHU 3JI0pOB’sl, 3a0€3MEUEHHs I1HTENEKTyaJlbHOI Ta JAUHAMIYHOI

aBTOMATHU3aIlll MEIUYHUX TIPOIIETYP
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- npoekT HealthCombix [79] mns cTpykTypyBaHHS pOOOTH MEIUMYHHX
oprasizamiif; Ha TUIaTGOpPMI JOCTYIMHA TEJIEMEIUIIMHA, MOXIJIMBI BHHArOpOId B
KPHUIITOBAJIIOTI 32 HaJIAHHS JTAHUX

3)  TemeMemuiHa (OrepaTHMBHA BIpTyajbHa KOMYHIKAIlid 3 MEIUYHHMHU
baxiBISIMH) — TPOEKTH, IO PO3POOISIOTH TIATHOPMH, 32 JOTOMOTOIO SKUX MAIli€HT
MOX€ OTpUMaTH KOHCYJIbTallll Y MEIUYHUX (PaxiBIIiB:

- mwiatgpopma Symptomatic [80] mist 3a1CHEHHS pOOOTH 3 BEIUKUMHU
JAHUMH, CYMICHA 3 €JICKTPOHHMMH MEIWYHUMHU KapTKaMHd Ta HaJa€ IOCIYTH
TeJIEMEIUIIMHYU IUIIXOM B1JICOKOH(EPEHIII; MiAXOIUTh JUIs YINPaBIHHSA JaHUMHU IIPO
Oy/lb-SIK€ XpPOHIUYHE 3aXBOPIOBAHHS

- miatdpopma Docademic [81], mo cmemiamizyeThCsi Ha TEICMEAWIMHI 1
3’€HY€ TAII€HTIB 3 JIKapsSMU 3 BUKOPUCTAHHSM B1JI€03B’SI3KY; MMPOTMIOHYE PEOKMEH IaIli{
10 JIIKYBaHHIO Ta A1arHOCTHUI1 IS JIIKapiB, MACOBHM JTIOCTYII IO TPYII MAall1€HTIB

- npoekt DocCoin [82] nnst 3’enHaHHS 32 JIOMOMOTOK) CMapT-KOHTPAKTIB
KOpPHUCTYyBaya 3 OyAb-IKUM MEAUYHHUM (DaxiBLIEM CBITY, IKUH MOXE MPOKOHCYJbTYBATH,
NPU3HAYUTH JIIKYBaHHS 1 BUIIUCATHU JIKU

- miatdpopma TrustedHealth [83] mis Tenmememuiuam, ska Oa3yeTbcs Ha
OJIOKUYEIHI; chcTeMa MOKE 3B’SI3aTH MallieHTa 3 OyAb-SKUM MeIUYHUM (axiBIEM 3
YCBhOTO CBITY

- cucrema PointNurse [84], OCHOBHMM HampsSMKOM [ISUIBHOCTI SKOI €
TeaeMeAUIMHA; JO3BOJISIE MEICECTPaM 1 WIEHAM KOMaHAW MIATPUMKHU IPOBOJUTH MPSAMI
KOHCYJIbTAIllT 3 TEPBUHHOI MEIWKO-CAHITApHOI JOMOMOTH, 3IIHCHIOBAaTH OIIHKY
3I0pPOB’sl, 3pYYHO PO3MOJLISATUA MK COO0I0 000B’ SI3KU

4)  nmiarHOCTHKAa — TIPOEKTH B Taly3i HOBITHIX TEXHOJOTiH, CIPSMOBaHI Ha
BUSIBJICHHS] XBOPOO 3 BUKOPUCTAHHSIM OJIOKUHEHY:

- onokueitH-inppactpykrypa  SKYCHAIN  [85], npusHauena  mis
pO3TallyBaHHs, HaBUYaHHS Ta BUKOPHUCTAHHS IITYYHOTO 1HTEIEKTY B chepl OXOpOHU
3I0pOB’sl, @ TaKOX MAJIsi TOro, 1100 3pOOUTH IHTENEKTyallbHI A1arHOCTHYHI CHCTEMHU
O1IBII JOCTYNHUMHU JIJIsl CTOKHMBa4a, BUKOPUCTOBYIHOUM OJOKYEHH JJisg 3a0e3MeyeHHs

Oe3MeyHuX TPaH3aKI[IA MIXK KIIFOUOBUMHU CTOPOHAMU
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- cucrema DeepRadiology [86], 1m0 BHKOPHUCTOBYE TIJIMOOKE MAaIUHHE
HaBYaHHS JJIs1 00p0oOKH 300pakeHb, OTPUMAHUX METOJaMH PalJo0NpPOMiHEHHS;

- IT-mnardpopma eHealthFirst [87] nmns mepcoHami30BaHOTO YIPaBIIHHS
MEIUYHUMHU KapTamMu Ha 0a3l OJOKYEeWHY 3 BUKOPUCTAHHSM IITYYHOI'O 1HTEJIEKTY,
MAIIMHHOTO HaBYaHHSA Ta MPHUPOJOMOBHOI OOpOOKHM; 3abe3nedye MEepBUHHY
J1arHOCTUKY 1 (opMyBaHHS Ha ii OCHOB1 ONTHUMAJBHOTO AJITOPUTMY J1arHOCTHKH,
JIKyBaHHS Ta MPOMUIAKTUKH

5)  BUKOpHCTaHHA OJOKYEWHY JUI1 3aJIydeHHS KOIITIB — TMPOEKTH, IO
ITyKaroTh (hiIHAHCYBAHHS JIJIA peajtizallii CBoiX 1J1eH:

- miatdopma SolveCare [88] mns menenTtpamizaiii mociayr y chepi 0XopoHH
3JI0POB’ s, KA JO3BOJISIE TTOCTAYAIbBHUKAM MEJIWYHUX MOCTYT Ta CTPAXOBUM KOMITaHIsIM
B3aEMO/IIATH 3 KIIEHTaMU 0€3 MOCepeIHUKIB;

- cuctema Luven [89] mmst miarHOCTyBaHHS paKy Ha paHHIX CTaaiax Ta
MPOEKT, AKUHN MIATPUMYE PO3BUTOK III€ET METOIUKH;

- npuctpiii Health Monitor [90] nnst HeiHBa3MBHOI MiarHOCTHKHU aialery,
BHUPA3KH IUTYHKY 1 paKy JIETCHb;

- npoexT Elcoin [91], saxuii ogqHOYacHO 3aiiMa€eThbCsl PO3POOKOI0 MEIUIHOTO 1
KOCMETOJIOTTYHOTO OO0JaHaHHS Ta ACHEHTPaTI30BaHOI CUCTEMU Ha OJIOKUCWH1 s
PO3MIMPEHHS TOCTYITHOCTI MEIUYHUX TOCITYT, MIABUILCHHS 1X SIKOCTI Ta HaIIMHOCTI.

[IpoBeneHe MOCHiIKEHHS BUKOPUCTAHHS OJIOKYEHH-TEXHOJIOTII y chepi OXOpOHH
3I0pPOB’S MMOKa3aJio, 0 Hapasl MPaKTUYHO BCl OMHUCAHI MPOEKTU — 11€ MPOTOTHUIIH, SIKi
nepeOyBaroTh Ha CTaAll po3pOoOKH. BIIBIIICTh 3 IMX MPOTOTHIIB 3HAXOAATHCS Ha eTalll
anb(a-TeCTyBaHHS, 1110 HE 1a€ MOXJIMBOCTI OJUBUTHCS TOTOBUI MPOAYKT. Ajie OaraTo
MPOEKTIB MAKOTh BIAKPUTHI KOJ 1 BIAKPUTI JIJIs1 HOBUX YYACHUKIB.

HadinonynapHimuM HanmpsMKOM JUisl 3acTocyBaHHs TexHousorii blockchain B
MEIUIMHI € 30epiraHHs 1 YIOpaBIiHHS JaHUMHU, JJIs SIKOTO PO3pOOII€TbCsl HalOlIbIIa
KUIBKICTh TPOEKTIB, IO NPOMOHYIOTh PIMIEHHS MO POOOTI 3 BETUKUMH JaHUMHU.
He3Baxatouu Ha 11e, MEPCIIEKTUBHUMH HAMPSIMKAMU TAKOX MOYKHA BBaKaTH KOHTPOJb
JAHIIOKKIB TIOCTaBKM 1 3ajdydeHHs KkomTiB Ha cTagisx R&D (Research &

Development).
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1.4 BucuHosku. [loctanoBka 3amaui

Ha cporogni mporecu OpUMHATTA pilleHb y c@epi OXOPOHH 3J0POB’Sl €
TPYJAOMICTKMMH Ta CKJIATHUMH. [IpoyKTUBHICTH Tpalll MEIUYHUX IPalliBHUKIB MOXKE
OyTu 3017bIIeHAa 3aBASKA BHUKOPUCTaHHIO iH(opmamiiiHux TexHojorii. Came
iH(opMaIIiitHl TeXHOJIOT1i MOXXYTh 3MEHIIUTH KIJIBKICTh MEIUYHUX TTOMHUJIOK, HaJaTH
OUIbII HAJIWHI PINICHHS Ta 3MEHIIUTH BUTpPAaTH Ha OXOPOHY 340poB’s. ChOrojHi
Meau4Hi 1H(QOpMaIliiiHi TEeXHOJIOTIl MOBUHHI BIANMOBITaTH 4 BUMOTraMm: €(QEKTHUBHICTH,
Oe3rneka, HOBU3HA Ta eKoHOMIuHa Buroga Cdepa oXOpoHU 370poB's B YKpaiHi JaBHO
notpedye 3MiH, 1 0e3miu MOXKIMBOCTEN OsokuerH-TexHoJor1i (blockchain) moxyThb
JOTIOMOTTH i owosUTH TpaHchopmaliito i€l chepu Ta 3a0E3MEUUTH BIANOBIIHICTD
3a3Ha4eHUM 4-M BUMOraMm. TakuM 4YWHOM, TIJBUIIEHA YyBara JO TEXHOJOTIl
PO3MOIJICHUX PEECTPIB MPHUBEIA JO PO3YMIHHS MOTEHINATy 3aCTOCYBaHHSI OJIOKUCHH-
TEXHOJIOT1i B CUCTEM1 OXOpOHH 3/10poB's. OTKe, Hapa3i akTyaJbHOIO 3a/1auelo € moTpeda
y K€pyBaHH1 MEAMYHUMH TaHUMH Ha OCHOB1 OJIOKYEHH-TEXHOJIOT1i.

MeTroro [1aHOro JOCHKEHHsSI € TMIJBHUIIEHHS €()EeKTUBHOCTI KEepyBaHHS
MEIUYHUMH JTaHUMH [UISIXOM PO3POOJICHHSI METOJIB KEpPYBaHHS MEIUYHUMHU JTaHUMHU
Ha OCHOBI 0JIOKYEHH-TEXHOJIOTIH.

JIns HOCSITHEHHS TTOCTaBJICHOI METH CJTiI pO3B’s13aTH HACTYITHI 3a4a4i:

1) aHaii3 BiIOMHX METOJIB Ta PIllICHb /IS KEPYBaHHS MEAMYHHUMHU JTaHUMH Ha
OCHOBI OJIOKYCHH-TEXHOJIOT1M;

2) MOJICITIOBAHHS TIPOIIECY KePYBaHHS MEIUYHUMH JTaHUMU,

3) po3po0IeHHS METOY OLIIHIOBAHHS JOCTATHOCTI MEIMYHUX JTaHHX;

4) po3po0IIeHHsT METO Iy BUKOHAHHS TPAH3aKIiH HaJl MEANYHUMU JTaHUMU;

5) po3po0IieHHs apXiTEeKTypH CHCTEMH KEpyBaHHS MEAMYHUMH JaHUMHU Ha OCHOBI
OJIOKYECHH-TEXHOJIOT1H;

6) mpoBeIeHHS EKCIEPUMEHTIB 13 KepyBaHHS MEAWYHHUMH JaHUMH Ha OCHOBI

OJIOKYENH-TEXHOJIOTIH.
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2 MOJEJIOBAHHSI TMPOLIECY KEPYBAHHS MEJAYHUMM
JTAHUMUA

2.1 MogemoBanHs pyxy iHGOpMaLiiHUX TOTOKIB B TPOIEC] KEpyBaHHS

MCAUYHUMHU JaHHUMH

Hapasi mae wmicie CTpiMKHII PO3BHUTOK 1H(POpPMAIIHHUX CHCTEM Ta MEPEKEBUX
TEXHOJIOT1H 3aKJIaJIB OXOPOHH 370pOB’s, KiOephi3UMUHUX MeAudHuX cucteM. OJHaK
JlaH1, BAKOPUCTOBYBaHI B IIUX CUCTEMAaxX Ta TEXHOJIOTISX, MOXKYTh IMiIJITaBATUCS 3arpo3i
BUTOKY, (panmbcudikariii Ta miapoOKu mijx yac ix nepenadi, 30epiranns Ta ooMiny [92].

MeauuHa nonoMora crtajia HEBiJ €MHOIO YaCTUHOIO KUTTA Jirojed. Hapasi mae
MICLI€ pi3Ke 30UTbLIEHHS OOCATY MEAMYHMX JAHUX (HANpUKIAL, MEIUYHUX KAPTOK).
ToyHICTP Ta NOBHOTA MEAMYHUX JAHUX € OJHIEI0 13 HaWBAXKJIMBIIIMX BHUMOT SK
MAIl€HTIB, TaK 1 JIiKapiB. 3aXUCT KOH(DIACHIIIMHOCTI Ta Oe3neyHe 30epiranHs MeIUUYHUX
JaHUX € BHUPIMIAIbHUMH MHTAHHSAMU IMiJI 4ac HaJaHHSI MEAUYHUX Tochyr. besmeune
30epiraHHsi Ta MOBHOTA OCOOMCTUX MEIWYHUX KapT JaBHO XBWJIIOE JIIOJCTBO. SIKILO
MeIu4H1 JaHl OyAyTh BKpaJieHl, MiapoOJieHI abo BUIAJEHI, L€ MOXE MPU3BECTU 10
3aTPUMKH MIPOTPECY JIIKYBAaHHS 1 HABITh CTAHOBUTH 3arpo3y *KHUTTIO narfienTa [93].

EnexTpoHHi MeaWuHI KapTKH € 3pYYHHM I1HCTPYMEHTOM JUisi 30epiraHHs Ta
aHanizy Meau4HuX AaHux. OOMiH eeKTPOHHUMH MEIUYHHMMH 3alliCcaMy Ta KapTKaMu
MDK PI3HUMH OPTaHi3allisiMH OXOPOHH 37I0POB’S Ma€ BEJIMKE MO3UTHUBHE 3HAYCHHS JIJIS
JOCITKEHB 11010 3ao0iraHHs 3aXBOPIOBAHHSAM Ta €IieMisIM/TIaHAEMIsIM, IPUBOJIUTH
JI0 Kpalloi SIKOCTI MEIMYHOI IOIOMOTH, MIHIMI3alli Yacy pearyBaHHs B HaJ3BHYAWHUX
CUTyaIliIX Ta OLIbII TOYHOTO KOHTPOJI KPUTHUYHHMX MEIWYHMX Tmoxiid. OmHak
€JIEKTPOHHI MEIWYHI KApTKU MICTATh BEJIMKY KUIbKICTh KOH(IAEHUIHHOT 1H(}OopMaii,
TOMY J0CI JyX€ BaXXKO OOMIHIOBAaTHCh MEIUYHOIO 1H(GOPMAIEI MK PI3HUMHU
MEIUYHUMH yCTAaHOBAMH, X04a OOMIH JAaHUMHU MDK PI3SHUMHU MEIUYHUMH YCTAaHOBAMHU
BXKE€ € TEHJICHIII€I0 PO3BUTKY MEIUIIMHU Ta chepr MeauyHuX nociyr. OOMIH BEIMKOIO
KUIBKICTIO 1H(OpMAIli MK PI3HUMH OpraHi3allisiMd OXOPOHU 37I0POB’S € CKIJIATHUM 3
TOYKHU 30py Oe3MeKH, KOH(PIACHIIHHOCTI Ta HABAHTAXXEHHSI Ha MEPEXKY, OCOOIMUBO IS

BEJIMKOMACIITAOHUX CHUCTEM OXOPOHM 3J0pOB’s. BHUTIK [JaHMX B €JIEKTPOHHHX
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MEIMYHUX KapTKax MOK€ TMPU3BECTH JO TMOPYIIEHHS KOH(DIACHIIWHOCTI JaHUX
naiieHTa (HanmpuKIIaj, HOro CTaHy 370pOB’s, AiarHo3y, Toio) [94-96].

[osiBa TexHOMOTIT OJIOKYEHH HAJAa€ HOBY 1J1€I0 [T BUPILICHHS 1€l mpoOieMu. Sk
XCII-JIAHII0)KOK 3 XapaKTepUCTUKAMH JICLICHTpasi3allii, IMepeBIpKH Ta HE3MIHHOCTI,
TEXHOJIOTisI OJIOKYEHH MOXe BUKOPUCTOBYBATUCH [UIsl Oe3meyHoro 30epiraHHs
NEPCOHANBHUX MEIUYHUX JaHUX. TexXHoJoris OJIOKYEeHH € JAClEeHTPaTi30BaHOlo,
0€3MeYHOI0, HAAIMHOI0, TPU3HAYCHOIO VISl KOJIEKTUBHOTO 0OCITYTOBYBAHHS 1 3aXHILIEHOIO
BiJ] MiAPOOOK, TOMY BOHA MIAXOAWUTH IJISI 3aXHCTy Ta OOMIHY MEIWYHHMHU JTaHUMHU.
brok4eiiH, ik HOBa TEXHOJIOTISA, IIUPOKO BUKOPUCTOBYETHCS ISl BUPILIEHHS MPOOiIeM
e(peKTUBHOCTI Ta O€3MeKu OOMIHYy MEAUYHMMH AAHUMH. biok4eilH € Oe3neyHum y
3aCTOCYBaHHI, OCKUIbKH BIH MIM(pPYE Ta MepeBipsie MEAUYHI JaHl y BUMAAKY 3JIOMY YU
BUTOKY 1H(opmMarlii. 3aBAgku TaKUM OCOOJIMBOCTSAM TEXHOJIOTiS OJOKYEHH Ha
CBOTOJIHIIIHIH JIEHh OTPUMYE BEITMYE3HI MIepeBard sl MeIUuHUX naHux [97].

3a nomoMorow OJOKYEHHY KOpPUCTyBadl MOXYTh 30epiraTd BaKJIUBI MEIMYHI
JIaHl, OPUTIHAJBHICTh AKUX MOKHA IEPEBIPUTH, SKIIO € Migo3pa Ha migpoOky. Kpim
TOTO, MOXYThb OyTHM BHUKOpPUCTaHl KpunTorpadiyHi ajiroputMH sl 3a0e3MeyYeHHs
KOH(IISHIIITHOCTI MEIUYHUX TaHWX (HANpPUKIAA, 3JJOBMHUCHUK HE 3MOXE MPOYUTATH
TEKCT, SIKIIO BiH BKpaB jaHi) [98].

Sk mpaBwmIo, OUTBIIICTD JAHUX B €JEKTPOHHUX MEIMYHUX KapTKaX 3aJUIIAIOTHCS
HE3MIHHUMH MIC/IA iX 3aBaHTAXKECHHS B CHUCTEMY. TaKUM YMHOM, OJOKYCHH MOTCHINHHO
MOK€ BUKOPUCTOBYBATHUCS JIJIsl TIOJICTIIIEHHSI OOMIHY MEIMYHUMHU TaHUMU. P13H1 Mean4Hi
oprasizaiii Ta okpemi ocoOu (HampuKIaJ, JiKapi, JIKapHi, MEIW4HI JlabopaTopii Ta
CTpaxoBi KOMITaHii) MOXYTh OTPUMATH JOCTYH JI0 €NEKTPOHHUX MEIUYHUX KAPTOK, IO
30epiratloTbcsl B OJIOKYEHHI, 3 OUIBII BUCOKUM pIBHEM JOBIpU. biokdelH-pilieHHs
IIPOITOHYIOTh €(PEKTHUBHI MIAXOAH 10 HAMIMHOTO YIPaBIiHHSA MEIUYHUMU JaHUMH, KOJIH
30epiratoTbes Ta 0OpOOISIOThCS KOH(IIEHIIIHHI JaH1 MallieHTiB. 3BICHO, JJIS YCHIIITHOTO
BIIPOBA/KEHHSI TEXHOJOTIT OJIOKYEHH B YNpPABIIHHA MEIUYHUMH JaHUMH BaXKJIMBO
OTpUMAaTH 3rojfy JikapiB 1 marieHTiB. Hapa3i 6arato 1IHCTUTYMIMHHX Ta MPOMHUCIOBHUX
3aKJIaJiB B)KE€ BU3HAJIM BAXKIJIUBICTh TEXHOJIOTIT 111 CEKTOpPA OXOPOHH 3/I0POB’sl, & TAKOK

copMyJITIOBaIM OCHOBHI 11€1, KOHIIEMIIT Ta OCHOBHI BapiaHTH BUKopucTaHHs [99].
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[lepmr HIXXK BUKOHATH MOJIENIOBAHHS NPOILECY KEPYBaHHS MEIUYHUMH JaHHMHU,
CNiJI BUKOHAaTH MOJICNIOBAaHHS PyXy i1H(GOpMaliiHUX TMOTOKIB B MpOIECI KepyBaHHS
MEAMYHUMU JTaHUMU 3 BUKOPUCTAHHSIM OJOKYEHH-TEXHOJOTIH.

B nponeci kepyBaHHS MEIUYHMMH JIaHUMU 3 BHUKOPUCTAaHHSAM OJOKYEHH-
TEXHOJOT1M MeAnuHl JaHi OyIyTh pO3TalIOBYBAaTUCh B Oyokax OnokueitHy. Tomy mist
MOYaTKy PO3IIITHEMO CTPYKTYpPY 00Ky Oiok4eiHy. BpaxoByrouu, 110 3arojoBoK OJIOKY
0JIOKYelHY MICTUTD JIaTy Ta 4ac, Bepcito, MeTajaHi, u(poBl MiAMKCH CTOPIH, BIACHUM
3amupoOBaHUN KOJ, XE€Il MOMepeaHhOro OJOKYy, MPEeACTaBUMO Takuid OJOK Y

HACTYITHOMY BUIJISIII — pUCYHOK 2.1,

3aros10BOK 610Ky

. HaHi 610Ky
BnacHuun

3aWndpoBaHuii
Koa,

[aTta

Uundposinignmcu

. CTOpiH
Bepcia

Xew

MeTasaHi nonepeaHbLOro

610Ky

Pucynok 2.1 — CtpykTypa 610Ky O0KueiHy

[IpencraBuMo Tomai GI0K OJOKYEHHY y (QopMaizoBaHOMY BUTISAL — Y BUTIISIL

KOPTCIKY HOro eJIEMEHTIB:

B=<H,D>=<(d,t,v,md,ec,ds,hb),D >, (2.1)

ne H — 3aromoBok Omoky, D — mani 6moky, d — mara, t — gac, v — Bepcis, md —
MeTajaHi, €C — BiIacHuWU 3ammdpoBaHuil koa, 0S — mudposi mignucu cropin, hb —

Xell MOTNEePEeHHOT0 OJIOKY.
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brnokueitn — 1ie nanmtor 13 6s0kiB. KokeH OJIOK MOB's3aHUNA 3 TOMEpPETHIM Ta
HACTYMMHUM OJIOKOM. BJIOKM HEpO3pHBHO 34YEIUICHI OAWH 3 OJHHUM, IO BHUKJIIOYAE
MO>KJIUBICTh 3MiHH 0JIOKY a00 BCTaBKH MK IBOMa OJIOKaMH.

BpaxoByroun BuliieHaBeieHy 1H(POpMaIIito, IPeICTaBUMO (PparMeHT OJIOKUEHHY Y

HACTYITHOMY BUTJISAJIl — PUCYHOK 2.2.

3aron10BoOK 610Ky Nani6

o aHi 610K
BnacHum Y
3awmndpoBaHuii

Koz,

[aTa

Lndposi nignucu

CTOpIH
Bepcis p

Xew
nonepeaHboro,
(n-2)-ro, 6noky

MeTagaHi

(n-1)-6nok

3aro10BoK 610Ky fani6

o aHi 6ok
BnacHui ¥
3alWmnbpoBaHmnin

KoA,

[aTta

Lindposi nignucu

CTOpIH
Bepcia e

Xew
MeTapani nonepeaHbLoro,

(n-1)-ro, 6noky

n-u 610K

3aro/10BoK 610Ky fani 6

" aHi 6ok
BnacHumn ¥
3alnbpoBaHUi

KOoA

[aTta

Lindposi nianmcn

CTOpIH
Bepcia e

Xew

MeTadaHi nonepeaHbOro,

n-ro, 610Ky

(n+1)-14 610K

Pucynox 2.2 — ®parmeHT O6s10KueiHy
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[IpencraBumo Toai Takuii parMeHT OJ0KYEHHY y hopMaTi30BaHOMY BUTIISIAL — Y

BUTJISAII MHOKUHU KOPTEXKIB, SIKI IPECTABISIIOTh OJIOKH OJOKUEHHY !

BCH :{Bl’BZ"”B B ,B

By _1ByBy i d=

={<(dy.t;,v;,md, ec;,ds,),D, >

<(d2,t2,v2,md2,ec2,d32,hb1),D2 >...,

<(dn —1’tn —l’Vn—l’mdn _1,ecn_1,dsn —1’hbn —2)’Dn—1>’ (2.2)
<(dn,tn,vn,mdn,ecn,dsn,hbn_1),Dn >
<Uh 0t 1Vn 1My 4180 11 %0 12MP7) Dy g >

!

ne HoMep eneMeHTy hb Bkasye, 1o 1e xerr came mornepeHbporo OJIOKY.

brioxu 6mokueiiny 30epiratoTbes y By3jax, siki JOIMOMaraloTb CHHXpPOHI3YBaTu Ta
CBOEYACHO OHOBJIIOBATH JIaH1 JIJIsl BCIX y4acHUKIB. KpiM GJ10KiB, y By3iax 30€piraroThCs
KOMIUTIEKCH MaTEeMaTHYHUX 3aBJlaHb JUIs 3MiHK 010Ky — Tak 3BaHi Proof-of-Work tasks,
MpU3HAYEH1 JJI YCKIAJHEHHS TIPOLIeCy 0Ka3y 1 3a0e3reueHHs 0e3neKku OJI0KUehHy.

B Mepexi Onok4eitHy 30epiraerbcsi TAKOK CMAPT-KOHTPAKT — HAOIp MpaBuil JJis
MPUCKOPEHHSI TPAH3aKII{, K1 BUKOHYIOTHCSI B aBTOMAaTUYHOMY PEKUMI.

BpaxoByroun BUIIEBUKIAJEHE, TPEICTAaBUMO TMPUKIAL Mepexi OJIOKUeHHy Y
HACTYyITHOMY BHUIJISIII — PUCYHOK 2.3.

[IpeacraBumMo By30J1 OJIOKUEHHY Yy HACTYTHOMY (pOpMaTizoBaHOMY BUTJISIIL:
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BCH =<{< (dl’tl’vl’ mdl,ecl,dsl), D1 >

< (d2,t2,v2,md2,ec2,d52,hbl),D2 >...,
< (dn —1’tn ~1'Yn —1’mdn _1% —1’dsn —1’hbn — 2)’Dn 17 (2.3)
< (dn,tn,vn,mdn,ecn,dsn,hbn_1),Dn >
< (dn +1’tn +1'Vn +1’mdn +1%n +1’dSn +1’hbn)’Dn +1 >l >

ne T —muoxuna Proof-of-Work tasks.

By3on

CmapTt-
KOHTPaKT

Pucynok 2.3 — Mepexa 6510K4eiHy
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MenuuHi JOCTIDKEHHS BUMArarTh IHTErpallli pi3HUX 1HCTPYMEHTIB Ta Kepel
nanux. Hampukiman, 710 HAX MOXYTh HalieKaTH 1HCTPYMEHTH CEKBEHYBAaHHS, NaHI 3
CJIEKTPOHHUX MEIUYHUX KapT, 3amucd Mpo (i3WdHy aKTHBHICTH, oTpumani 3 loT-
MPUCTPOIB, a TAKOXK IHCTPYMEHTU POOOTH 3 BEIMKUMH JAHUMH Ta METOAU TIUOOKOTO
HaBYaHHSI.

J10 OCHOBHMX BHMKJIMKIB HAJICKHUTh SK BIACYTHICTh 3arajbHOro (popMaTy JaHUX, i
CKJIQHOCTI 31 CBOIMH OTpPUMAaHHSIM Yy uaci. bJok4eiliH Moke JO03BOJIMTU CTBOPUTHU
BEJIMKI MAacHBHU JaHMX 13 PI3HUX JKEpell Ta 3a0e3MeunTd iX 3B'A30K Mk coboro. Kpim
IbOI0, TEXHIYHI  MOXJIMBOCTI  OJIOKYEHHY  3a0e3medyaTh  B3aEMOMII0  MIXK
MOoCTadYaJbHUKAMU Ta CIHOKMBadYaMHM JaHUX, a TaKOoXK 3MOXYTh 3aXUCTHUTH
KOH(1IEHIIMHICTh MAaIIEHTIB Ta 0€3MeKy CaMUX JIaHUX.

B mporieci kepyBaHHS MEAMYHUMH JAHUMU CIIiJI MIOE€JHATH HasgBHI B MEIUYHUX
yCTAaHOBAaX MEIMWYHI J1aHi, SIKMMHU CJIiJ OOMIHIOBAaTHUCh 3 IHIIUMH MEAUYHUMU (1 HE
TIJIBKH) YCTAaHOBAMHU, 13 MEPEKEI0 OJIOKYEHHY 3 METOIO0 OpraHizailii 3aXUCTy MEIUYHUX
JTAaHUX, a TAKOX OLIHHUTH PEIyTalll0 MEAUYHOI YCTAaHOBH (SIK MailHEpa) Ta po3poOUTH
npouenypy (mopsa0K) BUKOHaHHS TPaH3AKIIH.

CtpykTypa 1 3MICT 1H(POPMaLIMHUX MOTOKIB B MpPOIECi KEPYBAHHSI MEIUYHUMU

JTAaHUMH TIPEICTaBIICHI HA PUCYHKY 2.4.
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MeauuHi gaHi

Enement 1 Enement 2 see EnemeHnT m

IHbopMaULIMHI NOTOKK,

wo onucyrTe
MeaWYHi gaHi

Mepesxka >/ \
OsoKueiiny 7
MeTtoaun KepyBaHHA
Byson |
MegUYHUMU JaHUMU -
Byson 2 . . o
Ha OCHOBI 610KYEH-TeXHONOTIN
Cwmapr-
KOHTPAKT

IHpOpMaLMHI NOTOKK,

IO OMMCYIOTH - OL[IHIOBAHHS PEMyTaUii MeAUUHOI YCTAHOBH
- - mpoueAypa (mopAI0K) BUKOHAHHS TPaH3aKLii
610KYenH -

- OUIHIOBAHHA J0CTATHOCTI MEIMYHUAX TaHUX

Pucynok 2.4 — Ctpykrypa 1 3MicT IHPOpMaLIHHUX TOTOKIB B MPOLIECT KEPYBAHHS

MCAUYHUMHU JaHHUMU

Ha ocHoOBI mpoBeneHOro MojentoBaHHS 1H(OpMaIiiHUX NOTOKIB B MpoLEci
KEpyBaHHA MEIWYHUMH JIaHUMH BUKOHA€EMO MOJCIIOBAHHS IIPOLIECY KEPYBAHHS

MCAUYHUMHU JAaHHUMMU.

2.2 MopnenoBaHHS TIPOIECY KEPyBaHHS MEJIWYHHMHU JaHUMH: OIIHIOBaHHS

JIOCTaTHOCTI

3a3Buuail, MEIUYHUMHU JAHUMH BBAXAlOTh TUIBKU T1 JIaHi, 0 OTPUMYIOThH MpHU
BUMIPIOBAHHI XapaKTEPUCTHUK MalieHTa. KUTbKICTh XapaKTepUCTUK MallieHTa ynMana (1

HE 3aJIeKUTh, UM HJIe MOBA TIPO XBOPY a00 3/I0pOBY JIFOUHY).
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JIst OUIBIIOCTI MEIUYHUX JIAaHUX XapaKTepHI HACTYITHI OCOOJUBOCTI: HEUITKICTD;
HEY3TO/DKEHICTh TEPMIHOJIOTI]; BEJIMKa KUIBKICTh SKICHUX O3HAK, SKI Cy0’€KTHBHO
OIIHIOIOTh CTaH XBOPOTO; BIACYTHICTh €IMHUX aJTOPUTMIB OIKCY CTaHy IMAIlI€HTA;
BIICYTHICTh €JIMHHMX aJTOPUTMIB OIKUCY JIarHOCTUYHOTO 1 JIIKYBaJbHOTO IIPOIIECIB;
HEJOCTaTHIM piBeHb CTaHAAPTH3AIlli MEAUYHOI TOKYMEHTAllii; 3Ha4yHa PI3HOMaHITHICTb
MEIUYHUX JaHUX.

BpaxoByroun o0co0aMBOCTI TMOOYMOBH OJIOKUCHHY Ta MOJCIIOBAHHS PYXy
iHbOpMaIlIHHUX TOTOKIB B TpOIECi KEepyBaHHA MEIUYHUMU JaHUMH, BHUKOHAHE Y
miapo3a1a 2.1, ¢iIijl OIIHUTH JAOCTATHICTh MEIUYHUX JAHUX, MEPII HIK 3aHOCUTH iX B
po3ain «Jlani 6;10Ky» 050Ky Oj0KuelHy. Po3rissHeMo npoliec OliHIOBaHHS T0CTATHOCTI
MEIUYHUX JaHUX Ha MPUKJIAJl OUIHIOBaHHA JOCTATHOCTI 1H(popmarlii (HasBHOCTI BCIX
ICTOTHUX YMOB) Y JIOTOBOPI PO HAJaHHS METUYHUX MOCTYT.

[Ipu 3pificHeHHI MEAWMYHOI  JiISUTBHOCTI, JIIKYBaJIbHMM  3akiaj  IIOJHSA
3IITOBXYEThCS 3 HEOOXITHICTIO JOKYMEHTApHOTO BPETYJIOBAaHHS BIJIHOCHUH 3
KOHTpareHTamM#, TOYMHAIOUM 3 TMHUTAaHb 3a0€3MEUCHHS HEOOXITHUM HJii poOOTH
oOnaHaHHAM, MEIUKaMEHTaMH, CHIBIpAlE0 3 1HIIMMH JIIKYBAJIbHUMH 3aKiajamMu 1
3aKIHUYIOUHd Oe3IMoCcepeHbOI0 pealli3alli€l0 OCHOBHOT'O BHUIY MISIBHOCTI — HaJaHHS
MEIUYHUX ToCayr mnarmieHtaM. OJHI€l0 3 HAUNOMIMPEHIMMNX IMiJICTaB BUHUKHEHHS
MPaBOBITHOCHH 3 HAJaHHS MEAUYHUX MOCIYT € TOTOBIP MPO HAJAHHS METUYHUX MTOCTYT
[100]. Lie#t npaBoYrMH BUKOHYE POJh OCHOBHOI'O NMPABOBOTO MEXaHi3My peaji3allil mpas
1 3aKOHHHMX 1HTEPECIB MOT0 y4acHUKIB ((PI3MYHUX OCI0, MEIMYHUX 3aKJIAJIIB, JIKAPIB) 1
CTUMYJIFOBAaHHSI €EKOHOMIYHOI IOIIJILHOCTI MPUBATHOI MEUYHOT JIISITEHOCTI.

JloroBip mpo HaAaHHSI MEIUYHUX TOCIYT MOYKHA PO3TJSAATH SK JOMOBIICHICTD,
3rIIHO SIKOi OJHA CTOpOHa (JIIKap, MEIWYHUN 3akiaa) 3000B’SI3yEThCS HAJIATH
BIJIMOBIJIHY MEIUYHY MOCIYTY 3a 3BEPHEHHSM 1HIIOI CTOPOHU (MAaIlieHTa), CIPsIMOBaHY
Ha BIJIHOBJICHHS Ta MIATPUMAaHHS HOTO 37I0pOB's, a MAIIEHT 3000B’A3YEThCS CILUIATUTH 32
HEi TPOIIOBY CyMy, BU3HAYECHY B JOTOBODI.

JloroBip ipo HaJgaHHS MEIUYHUX MOCIYT Ma€ TEPMiH YMHHOCTI; BU3HAYAE TIpaBa 1
00O0B’SI3KM CTOpIH; 0a3yeThCsl HA MPUBATHIN aBTOHOMII; € ()OPMOIO OMOCEPEIKYBaHHS

BIIHOCMH MDK JIIKapeM 1 TAaIl€EHTOM; YMOXIIMBIIOE JOTOBIPHY IUBUIBHY



35

BIIMOBIAANBHICTD JIIKaps (MEIMYHOTO 3akiaay). B qoroBopi MoxyTh OyTH mepeadadeHi
KOHKPETHI BUAM MEAMYHUX TMOCIYT. 3a CBOEIO MPUPOAOI0 JOTOBOPU MPO HaJaHHS
MEAWYHUX TOCIYI € JBOCTOPOHHIMH. JlaHi [OTOBOpU MOXYTh YKIagaTHUCh Ha
BU3HAYCHUI a00 HA HEBU3HAUECHUN CTPOK.

Y cydacHOMY IHMBUIBHOMY 3aKOHOJABCTBI CTOPOHAMHM JOTOBOpPY IMPO HaJaHHS
MEJIMYHUX TIOCIYT € BUKOHaBellb Ta 3aMOBHHMK. AHami3 ¢T.901 IluBinmbHoro Kopjekcy
VYKkpainu Jae miIcCTaBu CTBEPJIXKYBATH, 1110 1 BUKOHABIIEM, 1 3aMOBHHKOM MOXYTh OyTH
¢bi3uuHi1 (rpomaasiHu YKpaiHH, 1HO3EMHI TPOMaJAsHU Ta 0coOM 0e3 rpoMajsHCTBa) 1
IOpUJIMYHI 0cOOM (MIANMPHEMCTBA, YCTAHOBM, OpraHizaiii ycix (opM BIACHOCTI 1
TOCIOJAPIOBAHHS ), OCKIJIBKHA CTaTTS HE MICTUTh KOJAHUX OOMEXEHb 11010 Cy0'€KTHOrO
ckiagy 3000B's13aHHA. [lanieHTOM 1 BIATIOBIAHO CTOPOHOIO JOTOBOPY MOXE OYyTH TaKOXK
HEMOBHOMITHIN. OJIHAK OJIUH 3 MOAPYXOKSI HE MOXKE YKIIaJIaTh JOTOBIP 3aMICTh 1HIIIOTO.

J10 ICTOTHUX YMOB JIOTOBOPY HaJlaHHS MEIMYHUX MOCITYT HAJIEKATh:

1) mpeqmMer NOTOBOPY — TPEAMETOM JOTOBOPY BHCTYMAIOTh Jii 3 HaJIaHHS
MEIUYHOI IMOCIYrHM, TOOTO BUMHEHHS JIIKapeM (MEIWYHOIO YCTAaHOBOIKO) IMEBHMX MI1i
II0JI0 HAaJaHHS MEAUYHHUX MOCIYr CTOCOBHO MPOQIIAKTUKH, JIarHOCTUKH, JIKYBaHHS,
peabumiTarlii; ciij 0coOJMBO BI3HAYUTH, IO MPEAMETOM Yy JOrOoBOpi OyJie HE Mmociyra,
a caM MpoIleC HAJaHHS MOCIYTH (111 BUKOHABIIA);

2) MeTa yKIIaJICHHS JIOTOBOPY TPO HaJJaHHS MEAWYHUX TTOCIYT — METOI0 YKJIAJICHHS
JIOTOBOPY € HE JIMILE Pe3ysbTaT, a ¥ MPOLEC, BHACHIIOK SIKOTO JOCATAEThCS PE3yibTar,
110, B CBOIO UE€Pry, € MOTHBOM YKJIaJICHHS IOTOBOPIB MPO HAJTAHHS MEIUYHUX TTOCIYT;

3) iHa JOroBOpYy — IliHA MEIWYHOI IMOCIYTH, SK MPAaBHUJIO, BCTAHOBIIIOETHCS
HaJaBayeM nociayru (JikapeM adbo MEIUYHOIO OpraHi3ali€lo) B OJHOCTOPOHHBOMY
NOPSZIKY, BUXOASYM 13 1i Xapakrepy, oOCIry Ta BpaxOBYIOUM PHHKOBI I[IHM Ha
aHaJIOT1YH1 MOCIYTH; MPU LIbOMY, BUKOHABI IJIATHUX MEIUYHUX MOCIYT HE MOXKYTh
ITHOpYBaTH TMOJOKEHHA IMBUIBHOTO 3aKOHOAABCTBA YKpaiHM WIOAO MyOJIIYHOCTI
MPABOBITHOCHH 3 HAJAHHS MEAWYHUX TOCHyT; (izmuHa ocoda MOXKE IMOTOIUTHCS 3
I[IHOI0 BCTAHOBJICHOIO KOHKPETHUM CYO’€KTOM HaJaHHSI MEAMYHUX TMOCIyr 1,
BIJIMOBIHO, 3/{ICHUTH BOJIEBUSIBICHHS JIs YKJIQJICHHS IOTOBOPY a00 K 3BEPHYTHUCS 10

THIIIOTO TIOCITYTOAABIIS;
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4) yMoBa mpo MpaBo Ha JAOCTYIIHY, CBOEYACHY, JOCTOBIPHY Ta IMOBHY 1H(GOpMAILi0
PO CTaH 37I0pOB’S MalieHTa — y yuHHOMY LluBiIbHOMY KOZeKCi YKpaiHH MICTUTHCS
crarta (cT.285), mo mnependavae mpaBo (i3uvyHOI 0cobM Ha iHPOPMAIIO TPO CTaH
3J10pOB'S;

5) SIKiCTh MOCIYTH — JKap Ta MAIliEHT IMO-Pi3HOMY OIHIOIOThH SKICTh HaJaHOI
MEJUYHOI MOCIYTH; MAIIEHT OLIHIOE SKICTh MEAMYHOI JOTIOMOTH 3 TIO3UIIIH CTaHy CBOTO
3I0POB’S MICJS JIIKYBaHHS Ta CTaBJIGHHS JO0 HBOTO JIIKaps; JIKapl OIIHIOIOTH SIKICTh
HaJaHHA MEIUYHOI TONMOMOTH HacamIiepe] 3a TEXHIYHOI MalCTEPHICTIO, TOCSITHEHHSIM
Oa)XaHOTO PE3yNbTaTy JIKYBaHHS; SIKICTh MEIMYHOI MOCITYTH 3aJIEKUTh B1Jl HACTYITHUX
YUHHUKIB: TpOo(]UIb MEIUYHOrO 3aKiany, npodeciiiHa KOMIIETEHIIs JIKaps Ta HOro
CYMJIIHHE CTaBJIEHHS J0 CBOiX OOOB’SI3KiB, PAaBHJIbHICTh OOpPaHUX METO/IIB JIIKYBAaHHS,
OCHAUIEHICTh MEUYHOI'0O 3aKJIay HEOOX1THOIO Cy4YaCHOIO MEIMYHOIO araparyporo;

6) yMOBM TNPUNHMHEHHS JOTOBOPY — TMPHUIIMHEHHS JOTOBOPY NP0 HAaTaHHS
MEIUYHUX TOCIYT MOKE BIOYTHUCh MpPU HACTaHHI OJHIET 3 MIJCTaB: CMEPTh OJAHIET 13
CTOpIH, 3@ B3aEMHOIO 3r0JIO0, MICJS NPUNMHEHHS MAHIMYJSAL1A, BUOIp 1HIIOTO JIKaps
BHACIIJIOK BTPATH JI0OBIPH A0 JIKAPs UM JIIKYBAIBHOIO 3aKJIadY;

7) CTPOK Jii I0rOBODPY;

8) ctpok il 3000B’s3aHP — CTPOK il JOTOBOPY MOXKE 3aKiHYMTHUCH, a
3000B’sI3aHHS TIPOJIOBXKY€E ICHYBaTH (HAMPUKIAM, KOJM dYepe3 NEsKUH Yac MaIlieHT
3BEPTAETHCS IO MEIWYHOTO 3aKJaay 13 MPOXAHHSIM BUIPABUTH HEMOIIKU, MO OyIu
JTOMYIIEH]1 1] Yac HaJaHHs MEIUYHUX MOCIYT).

[IpencraBuMo TOM1 AOTOBIP HAJaHHS MEIMYHHMX IMOCIYT 3 MO3MUIlT HEOOXITHOCTI
HAsIBHOCTI B HbOMY BCIX ICTOTHUX YMOB Y HACTYITHOMY (pOpMaJIi30BaHOMY BHUIJISIII — SIK

MHO>KHHY BC1X HOTO ICTOTHUX YMOB:

CMS ={sc, ae, pc, rc, ra, prc,ir,gs, mip, pcd,tm, nmme, ct, ctm, to}, (2.4)

e SC — MpeaMeT JOroBopy, ae — iHdopmarliss mpo MpoIeC HaJaHHS TOCTyru (i

BUKOHABIISI), PC — MeTa YKJIaJeHHS JO0ToBOpY, IC — iHdopmalls Mmpo pe3ysbTar
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JIOTOBOPY, ra — iH(opMartist Ipo MpoILec AOCSITHEHHS pe3yabTary, Prc — IiHa J0TOBOPY,
Ir — yMOBa PO MpaBo Ha JOCTYIHY, CBOEYACHY, JOCTOBIPHY Ta MOBHY iH(MOPMAIIIO PO
CTaH 3/0pOB’S TallieHTa, (S — SKiCTh TOCayrd, Mip — iHdopmarliss mpo mpodisb
MeIMYHOro 3aknaxy, Pcd — imdopmaris npo npodeciiiny KOMIETEHIIO Tikaps, tm —
1H(OopMallist PO METOAM JIIKyBaHHSI, NMME — iHdopMmallis MPo OCHAIIEHICTh METUIHOTO
3aKJiaJly HEOOXITHOI0 CYyYacHOIO MEIMWYHOI0 amapaTyporo, Ct — yMOBH NPHUIIMHEHHS
JIOTOBOPY, CtM — cTpok Aii moroBopy, t0 — cTpok i 3000B’s13aHb.

BpaxoByroun BHINEBHKIaJCHE, BCE OLIBINOI yBarm Ha CHOTOJHI TOTpedye
NUTaHHS YKIAJIaHHS JTOTOBOPY MPO HAaJaHHA MEIUYHHUX TIOCIYT, 30Kpema, MepeBipka
HAsSIBHOCTI Y JIOTOBOPI BCIX ICTOTHUX YMOB. B1JICYyTHICTh ICTOTHUX YMOB B JJOTOBOPI MPO
HAJaHHS MEUYHUX MOCTYT MOKE MMPU3BECTH 10 BUHUKHEHHS Psiy mpoOiem:

* BIJICYTHICTh a00 HEKOPEKTHE BHM3HAYCHHS MpPEIMETa JIOrOBOPY MPO HaJaHHS
MEANYHUX MTOCIIYT;

* MOMWJIKM Yy BHM3HAQ4€HHI MPaBOBOIO CTaTycy CTOPIH (HEPIIKO B JOTOBOpPAx
yIYCKaIOTh YMOBH, SIK1 MOTPIOHO Oys0 O BKa3aTu — sIK MPaBUJIO, ITpaBa CTOPIH);

* HEMOXJIMBICTh 3aIIPONIOHYBATH BJIIACHI YMOBH JIOTOBOPY.

BpaxoByrouwn, 1110 BCi HaBeICHI BUIIIE ICTOTHI YMOBH € 000B’SI3KOBUMH, MTpaBUiIa
JUIsl BU3HAYEHHSI JOCTAaTHOCTI 1H(OopMalii y A0roBOpi Npo HaZaHHS MEIUYHUX MOCITYT
marothb Bursia [100]:

1) sKIO B JOTOBOPI MPO HAJAHHS MEIWYHUX MOCIYT HasBHHM MyHKT «[Ipeamer
JIoroBopy», To: sd=sd+1 ta a[1,1]=0, inakmre a[1,1]=1;

2) SKIIO B JIOTOBOpI HasBHA iH(OpMAIlis Mpo Tpolec HagaHHS mocayrd (i
BUKOHAaBIIA), To Sd=sd+1 Ta a[1,2]=0, inakme a[1,2]=1;

3) SKIIO B JIOrOBOPI HAsSBHUN MYHKT «MeTa yKIaaeHHsS J0roBopy», To sd=sd+1
ta a[1,3]=0, imakme a[1,3]=1;

4) sKIIO B JOrOBOPI HasBHA iH(OpMAaIlis Ipo pe3yabTaT J0roBopy, To Sd=sd+1
ta a[1,4]=0, imakme a[1,4]=1;

5) sKiIo B JIOroBopi HasBHA iH(OpPMAIlisS MPO MPOIEC TOCATHEHHS pe3yJbTary,

to sd=sd+1 Ta a[1,5]=0, inakme a[1,5]=1;
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6) sKkmo B AoroBopi HasBHUU MyHKT «L{iHa moroBopy», To sd=sd+1 ta a[1,6]=0,
iHakme a[1,6]=1;

7) SKIO B JOTOBOPI HasBHA yMOBa NP0 IPaBO Ha JIOCTYIIHY, CBO€YACHY,
JOCTOBIPHY Ta IOBHY iH(OpMaIlil0 Mpo cTaH 340poB’s mamieHta, To Sd=sd+1 ta
a[1,7]=0, inakmre a[1,7]=1;

8) sKIIO B IOTOBOPI HAasABHUMU MYHKT «SIKicTh mocmyru», To sd=sd+1 ta a[1,8]=0,
iHakme a[1,8]=1;

9) sKmO B AOTOBOPiI HasiBHA iHQOpMALiS PO MPOPidh MEIUIHOTO 3aKIATy, TO
sd=sd+1 ta a[1,9]=0, inakmie a[1,9]=1;

10) siko B 10roBOpi HasiBHA iH(pOpMaIlis Ipo MpoQeciitHy KOMITIETEHIIO JTiKaps,
to sd=sd+1 Ta a[1,10]=0, inakme a[1,10]=1;

11) sik1o B JOTOBOPi HassBHA iH(OpPMAILIis PO METOIH JiKyBaHHs, To S0=sd+1 Ta
a[1,11]=0, imakme a[1,11]=1;

12) sK1110 B IOr0OBOpi HasiBHA iH(GOpMAIIisS PO OCHAIIEHICTh MEIUYHOIO 3aKIady
HEOOXITHOIO CydYacHOI MEIWYHOK amaparyporo, To Sd=sd+1 Ta a[l,12]=0, imakimie
a[1,12]=1;

13) siki0 B J0TOBOpI HAassBHUM MYHKT «YMOBH MPHIIMHEHHS IOTOBOPY», TO
sd=sd+1 ta a[1,13]=0, inakmre a[1,13]=1;

14) sxo B goroBopi HasiBHMEM TyHKT «CTpok maii goroBopy», To Sd=sd+1 Ta
a[1,14]=0, inakme a[1,14]=1;

15) sikmo B goroBopi HasBHUE MyHKT «CTpok Ail 3000B’s13aHby», To Sd=sd+1 Ta
a[1,15]=0, inakme a[1,15]=1.

B enemenTtu apyroro psiaka maTpuili af | 3aUCyrOThCS HEOOXiaHI ICTOTHI YMOBH
JIOTOBOPY TIPO HAJAHHS MEIUYHHX MTOCIIYT, a CaMe:

a[2,]1 |=«ipeaMeT 10TOBOPYY;

a[2,2 ]=«iHdopmalris Mpo Npolec HaJaHHs MOCTYTH (11 BUKOHABIIS )»;
a[2,3]=«mera yKiIajaeHHs IOTOBOPY»;
a[2,4]=«iHdopmalris mpo pe3yabTaT JOTOBOPY»;

a[2,5 |=«indopmarris npo Npoiec T0CATHEHHS Pe3yIbTaTy»;
2,6]

al2,

=«Il1Ha IOTOBOPY»;
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a[2,7]=«ymoBa mpo mpaBO Ha JAOCTYIIHY, CBO€YACHY, JOCTOBIPHY Ta TOBHY
iH(pOpMAaITito TTPO CTaH 3I0POB’S MAIIEHTAY;

a[2,8]=«sIKiCTh MMOCITYTHY;

a[2,9]=«indopmartisg npo npodias METUIHOTO 3aKIATY»;

2,
a[2,10]=«indopmariis mpo npodeciiiHy KOMIETESHIIIO JiKaps»,
a[2,11]=«iHdopmariist Ipo METOAM JIIKYBaHHSIY;

a[2,12]=«iHdopmariiss Mpo OCHAIIEHICTh MEIWYHOTO 3aKJIaJy HEOOX1THOIO
CY4YaCHOIO MEUYHOIO aapaTyporoy;

a[ 2,13 ]=«yMOBU NPUNUHEHHS JIOTOBOPY»;

a[2,14]=«cTpok Aii JOTOBOPY»;

a[2,15]=«cTpok Aii 3000B’A3aHbY.

Merona BU3HAUYEHHS JOCTATHOCTI 1H(OpMAIIi y TOTOBOPI PO HATAHHS MEIUYHHUX
TIOCITYT CKJIaIa€Thes 3 HacTymHuX Kpokis [100]:

1)  AwnHaJi3 JIOroBOPY 3 BUKOPHUCTAHHSM KOXKHOTO 3 PO3POOJICHHUX MPABUII IS
BHU3HAYEHHS JIOCTAaTHOCTI 1H(pOpMalli y AOroBOpl MPO HAJAaHHSA MEIUYHUX IMOCIYT Ta
iIpaxyHOK JTiYMIbHUKA SO,

2)  Sxmo S0=15, To mpuiiMaeThCs PINICHHS MPO JOCTaTHICTH iH(OpMAIli y
JIOTOBOPI1 MPO HAJAAHHS MEIUYHHUX MOCIYT (OCKUIBKM BCl ICTOTHI YMOBHU JOTOBOPY PO
HaJaHHS MEIUYHUX TOCIyT € 000B’S3KOBUMHU 1 HasBHI y JOTOBOPi) 1 3aHECEHHS KOTO
naHuX B po3in «/lani 6510Kky» 010Ky OJOKYEiHY;

3)  Sxmo sd<l15, To: mpuiiMa€eThCs PIMICHHS PO HEAOCTATHICTH iH(pOpMAIIT y
JIOTOBOPI MPO HAJaHHS MEAWMYHUX MOCIYT, 1, OTKE, JOTOBIP MOTPedye MTOOMpaIfoBaHHS
nepea  3aHeceHHsSIM Horo naHux B po3aul «JlaHi Onoky» Onoky OJoK4YeilHy;
KOpPHCTYBauy HAJAlOTHCS BIICYTHI B JJOTOBOP1 ICTOTHI YMOBH — SIKIIIO €JIEMEHT MATpHIIi
a[1,j]=1 (j=1..15), To KOpHCTYBa4y BUBOJIUTHCS BIAMOBIAHUI €JIEMEHT MaTpHIl a[2,]] sK
KEpIBHUIITBO, $IKI ICTOTHI YMOBM CJiJ JOJaTH B JIOTOBIp JUIi MOKJIMBOCTI HOTO
3aBaHTaXEHHS B po3/in «/JlaHi 6510Ky» 0J10Ky OJI0KUEHHY.

3a aHANOTIYHUM TPUHIMIIOM MOKHA OIIHIOBATH JOCTATHICTh Oyab-SKHX

MEIUYHUX JAHUX TIEepe]l 3aBaHTAXEHHSM X B po3/ii «/laHi 010Ky» 050Ky OOKYeiHy —
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TOJIOBHOKO YMOBOIO IS IILOTO € PO3YMIHHSI TOTO, IO came (sKi came OOOB’S3KOBI
CJIEMEHTH ) Ma€ OyTH MPEACTABICHO y IIUX JaHUX.

[Ipormec oriHIOBaHHS JOCTATHOCTI MEIUIHUX JAHUX TIOJISATAE Y:

1) aHami3i MEAUMYHUX JAHUX Ha MPEAMET BiAMIYKaHHS BCiX Hamepe] BU3HAYCHHX
HEOOX1IHUX €JIEMEHTIB MEIUYHUX JAHUX

2) MPUHAHATTI PillIEHHS PO JOCTATHICTH 00 HEIOCTATHICTH 1H(OpMAIIii — SKIIO BCi
Harepe]l BU3HA4YeHl HEOOXIHI €JEMEHTH MEIWYHUX JIaHMX HasBHI, TO MPUHAMAETHCS
pilIeHHs TPO JIOCTaTHICTh 1HOpMAIli 1 MOXKIMBICTh 3aHECEHHS iX B po3aun «Jlaxi
0JIOKy» OJIOKy OJOKYelHy; SIKIIO HE BCl Harepes] BHU3HA4YEHI HEOOXIJTHI €JIEMEHTH
MEIUYHUX JAHUX HasiBHI, TO NPUUMAETHCS PIIIEHHS MPO HEJOCTATHICTH 1HPOpMalii 1
JIOTIOBHEHHSI TAHUX TNIEPEJT 3aHECEHHM iX B po3aul «/JlaHi 0J0Ky» 010Ky OJIOKUEliHY;

3) I MOJIMBOCTI IIBHJIKOTO JIOTIOBHCHHS JaHUX BHUBOJIATHCS ITiJKA3KH
CTOCOBHO TOr0, $IKI CaMe€ HEOOXIJIHI €JIEeMEHTH MEIWYHUX JIaHUX BIACYTHI, fK
KEpIBHUIITBO, SIKI €JIEMEHTU JAHUX CIiJ JOJATH JJIS MOXKJIMBOCTI iX 3aBaHTaXXECHHS B
po3ain «Jlani 0J10Ky» 010Ky OJOKYEHHY.

JlonatkoBO Moke OyTH OOUHMCIIeHA KUIbKICHA OI[IHKA JIOCTaTHOCTI MEIUYHUX

JaHUX 32 (GOPMYJIIOIO:

md =——, (2.5)

e amd — KiIbKiCTh JOCTYITHHUX CJIEMEHTIB MEAUYHUX JaHuX; Md — HeoOXiIHA KiJIbKICTh

CJICMEHTIB MCANYHUX NaHUX.

2.3 MonenoBaHHS TPOIECY KEpPyBaHHS MEIWYHUMHM JaHUMH: BUKOHAHHS

TpaH3aKIIii

brokueitn — 11e cucteMa 30epiraHHs 3amuciB, B SKiM 0€3114 HEe3aICKHUX JIKEPE
MiATBEPKYIOTh JOCTOBIPHICTh 3amHCy, TEPII HIX BiH OyJe AOJaHUN B JIAHITIOXKOK

nanux. Ilicms Toro, sk pJaHl J0AaHl, BOHM HE MOXYTh OYTH 3MIHEHI, 1 3aIuC
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MOIIUPIOETHCST PI3HUMM By3JaMu Mepexi. JlogaBanHs HoBoro 3amucy (OJOKY) y
MOCJTITIOBHICTh OJIOKYEiHA BHMAara€ BCTAHOBJICHHS WOTO CIPABXKHOCTI O3990
YYaCHUKIB, MIAKIIOUEHUX 10 Mepexi OmokueitH. Lli 6moku gaHux 3B'SI3yIOTHCS OJIMH 3
OJIHAM, YTBOPIOIOYM JIAHIIOKOK. Bcl ydacHHKM OJIOKYelHY MOXYyTh OauuTHh BCi
TpaH3aKllii, 0 31CHIOIOTHCS, ajle 0COOH BC1X yYaCHUKIB MMPUXOBaHI.

TexHosoris GJOKYEHH BUKOPUCTOBYE AJITOPUTM IPUCBOEHHS KOXKHOMY OJIOKY
3amupPoBaHOTO XENI-KOAY (YHIKQJIBHOTO psaKa 3 JiiTep Ta mudp, 1Mo iHOoAl Ha3UBaOTh
«uudpoBum BigOutkom»). Kpim xem-komy, KOXeH OJOK MICTUTh CYKYIHICTb
MOMEpPeIHIX TpaH3aKI[ii 3 MITKaMH 4acy, a TaK0X XeII-KOJl MOMepeAHbOro OJIOKY, SIKUN
CIIy’)KUTh HE3MIHHOIO CIOJIYYHOIO JIAHKOIO MiK HACTyITHUMH OAHH 32 OJHUM OJIOKaMu
JAHITIOXKKA.

[udpyBaHHs 1 TUMYACOBI MITKM B CYKYIOHOCTI JO3BOJISIIOTH TEXHOJOTIT
0JIOKYEH aBTOMATHUYHO MEPEBIPSATA HE3MIHHICTH I[I€1 MOCTIJOBHOCTI XEHI-KOJIB, IO
MOCTIMHO 301bInyeThes. Ll omepairisi He 103BOJIIE BCTABJISTH HOBI OJIOKM HE TIO
MOPSAKY, YHEMOXJIMBIIIOIOUH 3MiHY a00 (danbcudikalliio JaHuX TpaH3aKI[iu.

Tpan3zakiuii po3MILIyIOTbCA B OJIOKax 1 MIATBEPIKYIOThCA BajigaTopaMu, SKi
NEepeBIPSAIOTh  SIKICTb Ta CIPABXKHICTh JIAHUX, 3aBAaHTAXEHUX KOPUCTyBadyaMu
(mamientamu). HemiarBep/keHa TpaH3aKIlisi HE MOXKE BBAXKaTHCS 3aKIHYEHOIO — JI0
30epekeHHsT B OJIOKUElHI BOHA MOXe OyTH cKacoBaHa a0o 3MiHEeHa. Y OJOKYelHax 3
MIATPUMKOIO CMAapT-KOHTPAKTIB Ta MEPEX JAPYroro piBHA TPaH3aKIli MOXYTb OyTH
BKJIaJICH1 OJIHA B 1HIITY.

brokueiin TpaH3akiiis — 1e nepeaada (HaxTiB, Kl 30MparOThCSA B OJIOKH. Y CBOIO
yepry, OJIOKUEHH € Mepexer 3 OJokaMu, sIKi MICTATh IUdpoBY iHGOPMAIIIO PO
Tpanzakiii. KoxxHa Tpan3akiiisi B OJIOKYEiHI (PaKTUYHO € KOMAaHJ0I0, BUKOHAHHS SKOi
MIPU3BOJUTH JI0 3MIHU CTaHY BCi€l MEpexi.

k1o B G710KY€iHI JO03BOJIEHI CKJIQJHIII KOHTPAKTH, KOKEH 3 SIKMX Hece B co0i
MiHI-0a3y JaHUX Ta peajizye METOAM 3MIHM Mepexi (CMapT-KOHTPaKTH), TO TaKl
porpamMu BUKOHYIOTh POJIb, IICHTUYHY IOPUIUYHUM YToJiaM, ajie B TAKOMY pa3i BOHU

3aKPITUTIOIOTHCS 3@ CTOPOHAMM TEXHIYHO.
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Tpan3zakiiist y OJIOKYEHHI 3 TEXHIYHOTO TOIJISIY — aToMapHa Mojisl, TI03BOJICHA
0a30BUM MPOTOKOJIOM. [HakIe KaxydH, TpaH3aklis — i€ MOAis, y Mipy NMPOBEACHHS
SKOi OHOBIIOETHCS 1H(OpMallis B OjokuelHl. €1uHa BIAMIHHICTD MOJSITa€ B TOMY, IO
Taka 3MiHa CHEKTpa JaHUX CTOCYETHCS HE MEBHOTO KOMITIOTEPA, a BCIX MITKIIOUECHUX
710 OJIOKYEITH-MepeXi MPUCTPOIB Y BC1H TIIAHETI.

VY 6ii0kax 6y10KkuelHy 30epiraroThCs Taki JaHi PO TpaH3aKIi:

* JlaHl TpaH3aKI{ — JaTa, Jyac, epe/iaHi J1aHi,

* JaHi MpOo YYaCHHUKIB TPAH3aKIIil — aJpeca BIANpaBHUKA Ta OJIEPKyBaya;

e JlaHl MPO KOXKEH OJIOK — II€ YHIKaJbHUM KOJ (XeIl), 3aBISKH SKOMY OJIOKH
MO>KHA PO3PI3HITH MK COOOIO.

Bci 6110kM MICTATH 3alMC TpaH3aKIIi 3 MO3HAYKOKO Yacy, IPUYOMY KOKEH HOBHIA
OJIOK TOB'sI3aHU 3 MOTIEPEIHIM, 3aB/ISIKH YOMY CTBOPIOEThCS Oe3MepepBHUN JIAHITIOMKOK.

OcHoBHa 1€ 3acTOCyBaHHS OJIOKUEWHY B MEIUIMHI, HANpUKIAL, IS
YOPABIIHHS JIAHIIO)KKAMHU TIOCTAa4aHHs, IOJSIra€ B TOMY, HI0 KOXHA TPaH3AKIs,
MOB'sI3aHa 3 pELENTYpHUM IMpenaparoM, o0'elHye Ha OJIOKYEMHI BCl 3alliKaBJIEHI
CTOPOHM: BUPOOHHMKIB, TUCTPUO'IOTOPIB, JIIKapiB, MAIIEHTIB Ta (papMaleBTIB. Y LbOMY
BUIAJIKY OyJlb-sK1 3MiHH 200 cripoba miApoOKu perenty OyayTh OJpa3y BUSBIICHI.

Cama > TpaH3akilisi CKJIQJa€ThCs 3 TPHOX EJIEMEHTIB: BXIJl, BUXiJ Ta JaHi
TpaH3akiii. Bxig TpaH3akinii — aapeca, 3 SKOi 3I1HCHIOEThCS HAACUIaHHS AaHUX. Buxin
TpaH3aKIIi — ajpeca, Ha Ky HamiiAyTh nani. JlaHi TpaH3akIii — 11e mepeaani MeIndHi
JTaHl.

Crin 3a3Ha4YMTH, 10 B MIPYy TPAHCIAIT TpaH3aKIlil B OJIOKYEHHI HIXTO HE MOXeE
3MIHUTH X1J TIOMiH, OCKUIBKA MOKJIMBOCTI CKacyBaHHsI a00 MOBEepHEHHs He icHye. [[o
TOTO K, JaHl TpaH3aKlli OJOKYEHH HEMOXKJIMBO 3MIHUTH, HE KaXy4dd BXKE MpO iX
BUJIAJICHHS.

CaMe 3aBISKM MM XapaKTEPUCTUKaM OJIOKYCHH TpaH3aKilii MarOTh BEIUYEC3HY
nepesary. [locTiitHuit XxapakTep TEXHOJOTIi OJIOKYEHH poOUTH il i/1IeaTbHUM BaplaHTOM
JUTSI peartizairii B pi3HUX cdepax.

VY peanbHHX OJIOKYEWH-Mepexax 3a INEBHUN TMepioa BiAOYyBaeTbCad KiJIbKa

TpaH3aKIlii. | 3amucu mpo TpaH3akKIlii BKIOYAOTHCS A0 OJHOTO OJIOKY.
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JIoCUTh BOXXJIMBUM € OOJIIK TpaH3aKI[ii — (ikcallis nepexoaiB akTUBY abo IMpaBa
Ha HHOTO BiJ] OJTHIET JTFOUHU JI0 1HIIION.

Tpan3akiii TpoxXoasiTh MPAKTUYHO MUTTEBO, aj€ Ha IXHE MATBEPKEHHS MOXKE
3HanoouTHcs 4yac. HeoOXximHui dYac BH3HAYa€ alrOpUTM KOHCEHCYCY KOHKPETHOT
OJIOKYEH-MepexKi.

S0 nesiki y4acHUKUA MEpeki BUMUKAIOTh KOMI'IOTEPH 1 YaCTHUHA TPAH3AKIIN Y
HUX HE B10Opa3uThcs abo iX 3alucHU BUSBISATHCS HEKOPEKTHUMH, 1€ HE BIUIMHE Ha
poboty wmepexi. IIpomeaypa KOHCEHCyCy, TOOTO IOCSTHEHHS 3TOIH, JO3BOJIUTH
BIJIHOBUTH IIPaBUJIbHY 1H(pOpMAITIIO.

HemniaTBepmkeHa TpaH3akilisl — 1€ TpaH3aKIlis, ska OyJia BKIOYEHA 10 OJIOKY, 1,
OTXKe, He mijysirana oOpoOii. [[ns mpoBeneHHsI TpaH3akIlid, SK MpaBUJIO, MOTPIOHE
NpUHANMHI OJIHE TIATBEP/KEHHsSI 3 OOKYy Y4YacHUKIB Mepexi (MaiHepiB). Biiabmricts
OJIOKYEIH TpaH3aKI[1i 3aBEPIIYETHCS MMPOTATOM OJIHOTO-/IBOX JIHIB.

[IpuyriHY BUHUKHEHHS HEMATBEPKEHUX TPAH3aKIIIN:

* TpaH3akilis Oyna MIOMHO 1HINIMOBaHA — B CEPEAHHLOMY MEpeXl MOTPIOHO HE
MeHe 10 XBUIHH, 1100 BKIIOYUTH OJOKYEH TpaH3aKLiio B OJIOK;

* BIJICYTHS OIUIaTa KOMICii 3a TpaH3akIlito ab0 BOHA HAJITO HU3bKA,

* Mepeka TNepeBaHTaXeHa — Yepe3 OOMEKeHY MPOIYCKHY 3AaTHICTh Mepeka
MPOCTO HE MOKE 00OPOOIIATH TPaH3aKIIIl 3 JOCTATHHOIO IIBUJIKICTIO.

Buxoasuu 3 BHIE3a3HAYEHOTO, MPOIIEC TPAH3AKIli B OJOKYECHHI CKIaZa€ThCs 3
HACTYMHUX KPOKIB!

1) kopucTyBa4 iHIIIIO€ TpaH3aKIiO (HaJCHIa€e OJIOK);

2) OJIOK TPAHCITIOETHCS KOXKHOMY YYaCHUKY OJIOKYCHH-MEPEexki sl IePEeBIPKH;

3) 6JIOK TIOPIBHIOETBCS 3 KOXKHHUM €K3EMILIIPOM PEECTPY; SKIIO BCi €K3EMIUIAPH
PEECTPY CHIBIAAI0Th, TO TPAH3aKIIISl 3aTBEPIKYETHCS;

4) BUKOHAHHS TPaH3aKI[il 3aBEePIIyEThCs, 1 OJOK MOJAEThCS K OCTaHHS 4YacTHHA
JIAHITIOKKA OJIOKYCHHY.

[Ipotec mepeBipku OIOKYESHH-TPaH3AKINIT CKIIAIA€THCS 3 HACTYITHUX KPOKIB:

1) 3aiiTu Ha caiiT Opay3epa TpaH3akiii — https://www.blockchain.com/explorer;
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2) y BepxHiil yacTuHi iHTepdeHCy B IMOJI IMOIIYKY BBECTH XEI TpaH3akiii ado
azapecy, 3 sSKoi OyJa iHimiiHoBaHa TpaH3akilis, ado imentudikarop tpanzakiii (TXID);

3) oOpaTi HEOOXiTHHI OJIOKUCHH;

4) natucuytu "Ilomyk";

5) BIICTEKUTH TPAH3AKIIIIO Y OJIOKYEHHI.

Takum 4MHOM, 32 JJOTIOMOT'OIO CEPBICY, 3a3HAYEHOI0 BUIIE, MOKHA JI13HATHUCS, Ha
SKOMY €TaIll 3HaXOIUThCs BiJIIIpaBiieHa OJIOKUEHH TpaH3aKIIisl.

Jlo icHyrounx OOMEXEeHb 3aCTOCYBaHHS OJIOKUEHHY B MEAMIMHI (3 TOYKH 30py
BUKOHAHHS TpaH3akIliii) MOKHA BIJHECTH THUTAHHS MacCHITa0OBAHOCTI, 3aTPUMKH
nepenadl  JaHUX, B3aeMOAIl MDK PI3HUMH CHCTeMaMmH, O€3NeKH JaHuX Ta
KoH(pineHuiHocTi. Hanpukian, depe3 BIICYTHICTh CTAaHAAPTIB MUTAHHSA CYMICHOCTI
PI3HUX pIllIeHb CTaOTh MPoOJEeMOI0 30€piraHHs MEIUYHUX JaHUX Ha OJIOKYEHHI.
Benuki o0csirn MeIUYHUX JaHUX MPU3BOJATH 10 YIOBUIBHEHHSI OOMiHY Ta OOMEXye
Mex1 MaciTaboBaHocTi. Kpim 11b0r0, MOTpiOeH JOCTYIl 10 JaHUX. AJie OKpeMi MEeTUYH1
YCTaHOBH HE FOTOBI AUIMTUCA TaHUMH, OLIIBII TOTO, HE BC1 NALIEHTH XOUYTh YIPABISATH
BJIACHUMHU MCTUYHUMH JTaHUMH.

PosrasiueMo 0co6IMBOCTI TpaH3aKIlii Ipu poOOTI 3 METUYHUMU JaHUMHU.

MenuuHa ekocucTeMa nependayae YoOTUPU FPYIHU KOPUCTYBAUIB:

* KOpuCTyBadl (TAIli€eHTH) — cami Mami€eHTH abo YMOBHOBAXEHI TPETI 0COOM
(MeIuuHI IEHTPH, HAMPUKIIAN), SIK1 3aBaHTAXYIOTh MEANYHI JIaHl 0 CUCTEMH;

* BaJiAaTOpU — TNEPEBIPAIOTH SKICTh Ta CIPABXKHICTh JAHUX, 3aBAHTAKEHUX
KOPHUCTYBadyaMH;

* KII€HTU (JIIKapil) — BUBYAIOTHh JaHI NAILI€HTIB, CKJIAJalOTh 3BITU MNP0 CTaH
310pOB'S;

* (apmaileBTHYHI Ta JOCHITHUIIBKI KOMIIaHii, SKi MOXYTh OTPUMATU JOCTYII J0
3HEOCOOJIEHUX JAaHUX KOPUCTYBaUiB.

Haui 6;10ky D € Muoxwunoro 3anmcis: D={d,,d,,...,d, }. TaausizyansHuii 3ammc
B MHOKHHI MEJIUYHHUX JAHUX CIPUMUMAETHCS K CHUCTEMA 13 TPhOX €JIEMEHTIB (Tpiaja) —
TUII, 4ac 1 SIKICTh, IO MIPEICTABICHO B HACTYNMHOMY (OpPMalli30BAHOMY BUIJIAIL Y

BHTJISIJII TPIHOK:
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d; =<dtp,,dtm;,dq; >, (2.6)

ne dtp; - Tun gaHUX (THI JAHUX MOXKE OyTH AMHAMIYHMM — HANPHUKIA[, aHali3 KPOBi,
ab0 CTaTUYHHM — F€HOM, BIIOMTKH masbiiiB); dtM, - yac qaHux, qarta, KOJIHM I JaHi 0yJ10
otpumaHo; d(; - SIKIiCTh JaHHX, € BPaXOBYEThCS «TEPMIH MPHUAATHOCTI» iHPOpMAIT Yn
aHaJi31B — YUM BOHA BHIIA, TUM LIIHHIIIA 1H()OpMALlis; HAIPUKIIAA, PE3yIbTaT MEPEBIPKH
Ha XOJIECTEPHH JIi€ MBPOKY, a TEHETUYHHIA TecT — Bee xuTTs; 1 =1. K.

Pob6oTta mounHaeThCs 3 TOrO, 10 KOPHCTYBadl 3aBaHTAXKYIOTh JaHI B XMapHE
CXOBHUIIIE, /1€ BOHU MEPEBIPSIOTHCSA Ta aHOHIMI3YIOThCS — BUIANAETHCS 11EHTU(IKATOP
NalieHTa — a MoTiM MHUGPYIThCS METOJAOM cuMeTpuyHoro mudpyBanusg. [am, 3a
nonomororo anroputMy [lamipa, KiIrodi BiAIpaBsiOThECA 30epirayaM (1€ OJUH 3 BU/IIB
MOBHUX BY3JIIB OJOKYEIHA) MO MPAMHUX ayTeHTU(IKOBAHUX KaHallaX 3B'A3Ky, M100 Ti 3a
HEOOX1THOCTI 3MOTJIM pO3IMIU(PYyBaTH JaH1 KOPUCTYyBaya.

OnHOYacHO 3 MM T€HEPYEThCS CIIy’KOOBa TpaH3akKIisA, SKa MOBIIOMIISE 1HIIMX
YYaCHHUKIB €KOCHUCTEMHU MPO 3aBaHTAKEHHS JaHUX y Xxmapy. s TpaH3akilis MICTUTh
BIJIKDUTUNA KJIFOY, 1H(QOpPMALIIO MPO THUIl JAHUX Ta MOCWIAHHA HAa HUX Y XMAapHOMY
cxoBuiill. [Ticnst enexTpoHHOTO MiANUCY 1HGOpPMAIIis MOKe OyTH 3amucaHa y OJOKYEHH.

Jlo pileHHs, T0AaBaTH TPAH3aKIIO Yy OJOKYEHMH 4YM Hi, YYACHUKH MEpexi
NPUXOJATH 32 JIOTIOMOTOI0 AJITOPUTMY KOHCEHCYCY. By3nm-BamimaTopu MepeBipsiOTH
iHpopMarlito Ta TEHEPYIOTh CIY>KOOBY TpaH3aKIliiO, B SKIH MICTATHCS Xl JIaHWX Ta
pe3ynbTar Bajmigamnii. Ko qaHi npoiluiv nepeBipKy, BOHH 3alHMCYIOThCS B OJIOKYEHH,
a X BIIACHUK OTPUMY€ TOKCHH, KIIbKICTh SKUX BU3HAYAETHCS CMapT-KOHTpakToM. [licns
1IHOTO 1H(OpPMAITis TPO TAIlI€EHTA CTAE TOCTYIMHOO JIJIS 1HIINX YYaCHHKIB.

[ToTiMm, sIKIIO 11 AaHi OyyTh MOTPIOHI JIKAPIO JUIsl MPOBEAEHHS JTOCTIIKEHb a00
MOCTAaHOBKM JlarHo3y, BiH (opmye 3amuT 1 BiAmpaBise Horo BamigaTtopaM. Bonu
JOJIal0Th 3alUT y OJOKYEHH 1 MOBIAOMISIOTH 30epirayam, 10 MOTPIOHO HamiCcIaTH
JikapeBi KpunrorpadiuHi Kiroul s po3mrdpoBKH JaHUX 13 Xxmapu. Tak camo mporec
BUTIISIAAE I (papMalleBTUYHUX KOMMAHIN, JOCIITHUIBKUX 1HCTUTYTIB, JEPKABHUX

MCINYHHX YCTAHOB, a4 TAKOX HArJsiA0BUX OpFaHiB.
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Tonmi mpoliec BUKOHAHHS TpaH3aKIii HaA MEIUYHUMHU JaHUMHU (3aHECEHHS
iHbopMaIlii 70 6JI0KYEIHY) CKIaJAa€EThCS 3 HACTYMTHUX KPOKIB:

1) 3aBaHTaXCHHS JAaHUX KOPUCTyBadaMH (IaI[i€HTAMH) B XMapHE CEPEOBHIIIE;

2)mepeBipka (B T.4. Ha JOCTAaTHICTh) Ta AaHOHIMI3allis (BHIAJCHHS
imeHTrdIKaTOpa NaIieHTa) 1aHuX;

3) mmdpyBaHHSA JaHUX METOJIOM CUMETPHYHOTO MIH(DPYBaHHS;

4) BiampaBka KIIto4iB 30epirayam 1o npsMHuX ayTeHTH(IKOBaHUX KaHallaX 3B'A3KY;

5) reneparnis cimyx00Boi TpaH3akIlii (3 BIAKPUTHM KJIOYEM, iH(OpPMAIE TPO
THUI JJAHUX Ta TMOCUJIAHHSM Ha JIlaHl Y XMapHOMY CEpEJIOBHIII), KA TMOBIIOMIISE THITUX
YYaCHHUKIB €KOCHCTEMH MPO 3aBaHTAKECHHA JaHUX y XMapy,

6) NpUAHATTS PIlICHHS PO MOKJIMBICTH JOAAaBaHHS TpaH3akIlii y OJOKUYeiH 3a
JIOTIOMOT010 JITOPUTMY KOHCEHCYCY;

7) mepeBipka iH(popMaIlii BatigaTopamus;

8) reHepaiiis ci1y>k00BOi TpaH3aKIIii (3 XEIIaMHU JTaHUX Ta Pe3yJbTaTOM BaJlijarlii);

0) sKI0 JaHi TPOWNIIIM TMepeBipKy, TO BigOyBaeThcs 3amuc iH(opMarii y
0JIOKUeiiH, 1 iH(OpMallis PO MalliEHTa CTA€ AOCTYITHOIO IS 1HIIUX YYACHUKIB, IHAKIIIE
KOPHUCTYBauy HaJa€ThCsl BiIMOBA Yy 3amuci iHGopMallii 10 OJIOKUEHHY.

A Tmporiec BHUKOHAHHS TpaH3aKIii HaJA MEAUYHHMH JaHUMH (OTpUMaHHS
1H(popMarrii 3 OJI0KYEHHY) CKIAAAETHCS 3 HACTYITHUX KPOKIB:

1) k1o JIiKapro Uil TPOBEACHHS JIOCHIPKEHb a00 TMOCTAHOBKHM JiarHO3y
HEOOX1IH1 NIEBHI JIaH1, TO BiA0yBaeThCs (hOPMYyBaHHS 3alUTY O BaJli1aTOPIB;

2) MofaBaHHs 3aIUTY BaJliJaTOpaMu y OJIOKUCHH;

3) moBiIOMJICHHSI BajlilaTopaMu 30epiraviB, mo MOTPIOHO HAJICIATH JIiKapeBi
KpunrorpadiuHi K4l s po3mn(pOBKH TaHUX 13 XMapH;

4) oTpUMaHHS JaHUX — SKIIO OTPUMaHO J03BLI B BajIi1aTOpiB Ta 30epiradvis.

[Tporiec BUKOHAHHS TpaH3aKIlii HaJ MEIUYHUMU JTaHUMU (3aHeceHHs 1HdopMallii
10 OyI0KueliHy Ta oTpuMaHHs 1H(QopMaIllii 3 OJOKYEHY) MPEICTABUMO Y BUTIISAI CXEMU

— PUCYHOK 2.5.
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Pucynoxk 2.5 — IIpoiiec BUKOHaHHS TpaH3aKIliil HaJ MEAUIYHUMU JTaHUMHU

2.4 BucHoBKH

Y posnuti 2 kBamidikamiiHoi poOOTH TPOBEACHO MOJIETIOBAHHS PYXY

iH(pOpMaLIHHUX TOTOKIB B TMpOLECl KEePyBaHHS MEIUYHUMU JaHUMH, a TaKOX
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MOJICJIIOBAHHSI TMPOLIECY KEpyBaHHS MEIUYHUMHU JaHMMH, a caMe OI[IHIOBaHHS
JIOCTaTHOCTI JJaHUX T4 BUKOHAHHS TPaH3aKIIi HAJl MEIUIHIUMH JTAaHUMH.

HaykoBy HOBHW3HY MNpEICTaBISIOTh pO3po0JeHI Mojaeni OJIOKy OJIoKuerHy,
dbparMeHTy OJIOKUEHHY Ta By3Jia OJOKYeHHy, MpeacTaBicHl y (opmaizoBaHOMYy Ta
CXEeMaTHYHOMY BUTJIAMI, & TAaKOX MOJIEJ TPOIecy KepyBaHHS MEIUIHUMHU JTaHUMHU
(oILiHIOBaHHSA JOCTATHOCTI JaHUX Ta BUKOHAHHS TPaH3aKId HaJ MEAUYHUMH JTaHUMHU),
Kl € TEOPETHUYHUM HIATPYHTSAM [JIsi PO3POOJICHHS METOAY KEpPYBaHHS MEIUYHUMU
JTAHUMH Ha OCHOBI OJIOKYEHH-TEXHOJIOT1H.

[IpakTuuHe 3Ha4YEHHS OTPUMAHMX B PO3UT PE3yJIbTaTIB MOJITAE Y

* po3poOJIEHHI CXEeMH MEpEexi OJOKYEHHY, SiKa BI3yali3ye B3a€MO3B SI3KH MIXK
By3J1aMH, OJIOKaMH, CMapT-KOHTpakToM Ta Proof-of-work 3aBpanasmu 610Kk4yeiny;

* po3poOJieHH! TpaBWJI I BU3HAYEHHS JOCTATHOCTI MEIUYHHMX JaHUX, SIKI
3a0€3MeuyloTh aHall3 MEIUYHUX JaHUX Ha MpeAMET BIJIIYKaHHS BCIX Hamepe[
BU3HAYCHUX HEOOXIJHUX €JEMEHTIB MEIUYHHUX JaHUX; MPUUHATTS PIIMICHHS PO
JIOCTATHICTh a00 HEJOCTaTHICTH 1H(OpMAIll; BUBEJCHHS B13yali30BaHUX MIJKA30K, IKUX
CJIEMCHTIB TaHUX HE BHUCTAYae, sl 3a0€3MeYCHHS MOYKIMBOCTI IMIIBUIKOTO JTOITOBHCHHS

JAHUX; KUIBKICHY OILIIHKY JOCTATHOCTI MEIUYHUX JaHUX.
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3 METOJIW KEPYBAHHSI MEJUYHUMH JAHUMH HA OCHOBI
BJIOKYEMH-TEXHOJIOI'TA

3.1 Merox OLIHIOBAHHS JOCTATHOCTI MEIUYHUX JAHUX

[adopmarriss — Oyab-akuil ¢akT, TOHIATTA a00 3HAYEHHSA, OTPUMAaHI 3 JaHUX, a
TaK0X KOHTEKCT, OOpaHui 31 3HaHb, 400 KOHTEKCT, acolliioBaHui 13 3HaHHAMH. JlaHl —
nogaHHs iHQopMalii y JeaKoMy (GOpMali3oBaHOMY BUIJISII, MPUIATHOMY IS
nepeayi, iHTeprpeTaii abo 06poOKH.

Ak 1 Oynp-axuit 00'ekT, IHPOpMAIIisi MAE BIACTUBOCTI (00'€EKTH PI3HATHCS 32 CBOIMHU
BJIACTHBOCTSIMHU). XapaKTEPHOIO OCOOIMBICTIO 1H(OpMAaIlii, 110 BIAPI3HAIOTH 1i BIJ 1HIIMX
00'€KTIB TPUPOJU Ta CYCHIJIbCTBA, € BIJ3HAYCHWI BHUILE Iyalli3M: Ha BJIACTHBOCTI
1H(popMallii BIUTUBAIOTH SIK BJIACTHBOCTI JAaHUX, IO CTAHOBIATH i1 3MICTOBHY YacTHHY,
TakK 1 BJIACTUBOCTI METO/1B, 1110 B3aEMO/IIFOTh 3 JAHUMU B X0/l 1H(HOPMAIIHHOTO MPOIIECY.

AJIEKBaTHICTh — CTYIIHb BIANOBIIHOCTI 1H(MOpMAIli, OTPUMAHOI CHOKHUBAYEM,
TOMY, IO aBTOp BKJIaB y ii 3MICT (TOOTO AaHi). AJEKBATHICTh 1H(pOpMAaIii I1HOAL
MOMMJIKOBO ILTYTAIOTh 13 11 1OCTOBIPHICTIO. L{e aOCOMOTHO pi3H1 BIACTUBOCTI.

AKTyaJbHICTh — CTYIIHb BIAMOBIAHOCTI 1H(POpMAIlli MOTOYHOMY MOMEHTY 4acy.

BiaTrBoproBaHicTh Ta TmepeaaBaHICTh. BiaTBoproBaHicTh 1H(OpMaLii TICHO
noB's3aHa 3 ii mepenaBaHICTIO 1 He € ii He3ale)KHOK 0a30BOI0 BIIACTUBICTIO. SKIIO
NepeIaBaHiCTh O3Hauae, MO0 CJiJ BBWKATH ICTOTHUMH IPOCTOPOBI BIAHOCHHU MIXK
YaCTUHAMHU CHUCTEMH, MK SKUMH TepedaeTbcs 1H(opmalis, TO BIATBOPIOBAHICTh
XapakTepu3ye HEBUYEPHHICTH 1H(OpMallii, TOOTO M0 TpH KOIMiOBaHHI 1HGOpMAaIlis
3AJIMIIAETHCS TOTOXKHOIO caMiii coOi.

JuckpeTtHicTh — 1H(pOpMaIlis CKIATAEThCS 3 OKpeMUX (AKTHUHUX AAHHUX, IO
NepEeIal0ThCS Y BUTIIAAI OKPEMHUX TTOB1IOMJICHbD.

JlocTaTHICTh — 3MICTOBHA MOBHOTa HAOOpPY MOKA3HUKIB JJI MPUIAHATTS PIILICHHS.
JloctatHicTh (TIOBHOTA) 1H(MOpMAIlli 03HAYA€E, MO MICTUTh MIHIMAJIbHUH, ajie TOCTATHIN
JUTSE IPUMHSATTS TPABUIBLHOTO pillieHHs cKiaj (HaOlp moka3HuKiB). [ToHSATTS moBHOTH
1H(dopMalii noB's13aHe 3 i 3MICTOM (CEMaHTUKOIO) Ta ParMaTUKOl. SIKk HEMOBHA, TOOTO

HEJOCTaTHS JUISl IPUMHATTS MPABUIBLHOTO PIMICHHS, TaK 1 HaAMIpHA 1H(GOpPMAIIIST 3HUKYE
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e(eKTUBHICTh MPUUHITHX KOpUCTyBaueM pimieHb. [loBHOTa 1HpOpMaIlii 6arato B 4omy
XapaKTepu3ye SKICTh 1H(OpMAIi Ta BH3HAYA€ JOCTATHICTh JAHUX ISl TPUAHSTTS
pimeHs abo I CTBOPEHHSI HOBUX JAaHUX 3 YpaxXyBaHHSAM HasBHUX. UMM MOBHIII JaHi,
THM IIAPIIUHN Jlana30H METOIB, K1 MOKHa BUKOPHUCTOBYBATH, TUM ITPOCTIIIIE MMiII0OpaTH
METO/I, III0 BHOCUTH MIHIMYM MTOXUOOK y Xi/1 1H(OpMAIIIITHOTO MpoLIecy.

JloCTOBIpHICTh — BIAMOBIAHICTE 1H(MOpMaIii O00'€KTUBHIA pealbHOCTI (SK
MOTOYHIN, TaKk 1 MMHYJIM) HaBKOJMIIHBOTO CBITY. Ha mocToBipHICTH iHOpMaIrii
BIUIMBA€E SIK JOCTOBIPHICTh JTaHUX, TaK 1 aJI€KBATHICTh METO/IIB, BAKOPUCTAHUX TpH i
OTpUMaHHI.

JlocTynHICTh — Mipa MOKIMBOCTI OTpUMaTH Ty 4YM 1HIY iHpopmamito. Ha
JIOCTYMHICTh BIUIMBA€E JOCTYMHICTh JAHUX Ta JOCTYMHICTH aJICKBATHUX METOJIB JJIS 1X
1HTepHapeTaii.

3anam'siTOBYBaHICTb. 3anaM'siITOByBaHy 1H(popmaio Ha3UBATUMEMO
MaKpOCKOIIYHOIO (Mar4M Ha yBa3l MPOCTOPOBI MacHITabu 3amam'siTOByr040i KOMIPKH 1
yac 3aram'siTOBYBaHHS ).

Hagwmipuicte. Hepigko HaamipHICTh 1H(OpMAIil JIOAWHA CYTO IICHUXOJIOTIYHO
crpuiimMae Sk ii SIKICTb, TOMY I1I0 BOHA J03BOJIS€ 1l MEHILE HAIpyKyBaTH CBOIO yBary 1
MEHILIE BTOMJIIOBATHCh. 3BHUYAWHHMM TEKCT, HAAPYKOBAHMM YKPAIHCBKOIO MOBOKO, Mae€
HaaMipHicTh Omm3bko 20-25%. Hammiphicts iH(poOpmallii, 1m0 MICTUTBCS B TEKCTI,
JIO3BOJIAE ~ 37I0TQJyBaTUCS TPO 3HAYEHHS HEpo30IpIMBUX CHUMBOJIB. BizyanbHa
1H(dOopMaIlis Mae qyKe BEJIMKY HaaMipHICTb — moHaa 90%. HagmipHicTs BineoiHpopmartii
— 1m0 9899 %. Ils HagMIpHICTH JO3BOJIIE HaM PO3CIIOBAaTH yBary, IO YacTo
CHpUKMAEThCS K BIAMOYMHOK TWif dYac neperisiay (uibMy. Byab-sike CKOpoueHHs
HAJMIPHOCTI JaHUX OOOB'I3KOBO TSTHE 3a COOOK CKOPOYEHHS CIEKTpa MOTEHIIMHHUX
CHOC001B IXHROTO BUKOPUCTaHHS. B 1H(hOpMaIiiiHUX TEXHOJOTISX MUTAaHHS HAaIMipPHOCTI
JTAHHUX Ta JTOCTATHOCTI METO/IB — II€ 3aBXKAH MUTAHHS TOHKOTO Ta HEMPOCTOTO OallaHCy.

OO0'eKTUBHICTh — HE3aJEXKHICTh BiJl Oyab-un€ei AyMKH. OO0'€KTUBHOIO MPUHHATO
BBaXKaTH Ty 1HGOpPMaIIiI0, Y IKY METOJU BHOCITh MEHIINH Cy0'€KTUBHUI €JIEMEHT.

3axXUIIEHICTh — HEMOKJIMBICTh HECAHKI[IOHOBAHOTO BUKOPUCTAHHS YU 3MIHHU.

EpronomivHiCTh — 3py4HICTh (POPMHU YU OOCATY 3 MOTJISAY CIIOKHBAYA.
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Ilepen 3aBaHTaXEHHSAM OyIb-SKMX MEIUYHUX AaHUX B po3ain «Jlani OnoKy»
0JI0Ky OJIOKYEHHY BapTO OIIHHUTH iX JOCTATHICTh. [ OJJOBHOI YMOBOIO IIJISi IIOTO €
PO3YMIHHA TOTO, SIKI camMe€ OOOB’A3KOBI €JIEMEHTH MAarOTh OYTH MpPEICTaBICHI y LHX
JAHUX, OCKUTBKHU 1] TOCTATHICTIO MEAMYHUX JaHUX OyJIeMO pO3yMITH HAsBHICTh B HUX
BCIX HEOOX1THUX 1H()OPMALIIIHUX eIEMEHTIB.

: . =1d d. Bl
BpaxoByroun, mo mani 610ky D € MHOXHHOIO 3aIuUCiB: D=1{a,.d,.....ds;} ,

a
IHIUBITyQIbHUN 3alliC B MHOXXHMHI MEIUYHHUX JAaHUX CHPHAMAETHCSI SK CHCTEMa 13
TPHOX E€JIEMEHTIB, IO MpeacTaBicHO (GopMyroro (2.6), ToAl e€TaJoHHI MEIUYHI JaHi

npcacTaBuMoO y BI/IFJ'IHI[i MHOXXHWHU:

D, ={<dtp_,dtm,_,dq, ><dtp, ,dtm, ,dq, >,..<dtp_,dtm _,dqg,_ >}, (3.1)

ne dtp; & - THII JTaHUX; dtmist - yac jnanux; dg; o - fAKkictb manmx, i =1.K, K - kinbkicTb

3aIuCiB B MHOKMHI MEIMYHUX JAHUX, K1 TOTYIOTBCS 10 3aHECEHHS y OJIOK OJIOKYEeHHY.
HasBHa >k MHOXWHA MEAMYHHMX JaHUX, SKi TUTAHYIOTBCS 10 3aHECEHHS y OJIOK

0JIOKYEHHY, MOXYTh OyTH NPEICTABIEHI Y BUTJISAI1I MAaTPUILL:

dtp, dtm, da,

av

dtp,_ dtm,_ dg,

av

D., = , (3.2)
dtp; dtm, da;

dtp, dtm,

av av av
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ne emementu dtp,,, dtm; , dg;,, (i=1.k; k - ximpkicte 3anmciB B MHOXHHI

iav
MEIMYHUX JTaHWX, SIKI TOTYIOTBCS JO 3aHECCHHS Yy OJIOK OJIOKUeHHY) MOXYTh OyTH
BIJICYTHI, SIKIIIO MEAUYHI JaH1 Y MHOKHHI € HEJJOCTAaTHIMH.

BpaxoBytoun, mo Bci HaBeneHi y gopmyii (3.1) eneMeHTH MEIUYHUX JaHUX €
O00OB’SI3KOBUMH 3 TOYKH 30pYy JIOCTAaTHOCTI MEIWUYHHMX JaHHX, TO Mpasuia Ojis

BUBHAYEHHS 00CMAMHOCMI MEOUYHUX OAHUX MAIOTh BUTJISAI:

1) sxmio B i-my 3anmci ganux muokuau D,, (1=1.K) nassHa indopmaris mpo
TN laknx (Haseruit enement dtp; ), To: sdtp =sdtp +1 ta b[i,1]=1, inaxme b[i,1]=0;

2) sixio B i-my 3ammci manux mHokubau D,, (1=1.K) nasBHa indopmaris mpo
yac nanux (HassHuil enement dtm; ), To: sdtm=sdtm+1 Ta b[i,2]=1, inaxme
b[i,2]=0;

3) sikuro B i-my 3amuci ganux muoxkuad D,, (1=1.K) HasBHa inpopmaris mpo
SIKiCTb flanux (HasBHuit enement dg; ), To: sdq =sdq +1 ra b[i,3]=1, inaxue b[i,3]=0.

Martpuirs B matume HacTynHuiA y3aranbHEeHUN BUTIISI — Tabmuis 3.1:

Tabmuua 3.1 — Marpuns B, B  sKkili  HaKONUYYIOTbCS  O3HAKHU

HasIBHOCTI/BIICYTHOCT1 TOTO UM 1HIIIOTO €JIEMEHTY 3alKUCy B MHOXKHHI METUYHUX JaHUX

1

(mun danux dtp,,)

2

(uac oanux dtm,)

3

(sikicms 0anux dq,,)

0 (3a BiACYTHOCTI
TaKOTrO €JIEMEHTY)
a6o 1 (3a HasIBHOCTI

TaKOTrO €JIEMEHTY)

0 (3a BiACYTHOCTI
TaKOTro €JIEMEHTY)
a6o 1 (3a HasIBHOCTI

TaKOTro €JIEMEHTY)

0 (3a BiACYTHOCTI
TaKoOTro €JIEMEHTY)
a6o 1 (3a HasIBHOCTI

TaKoTro €JIEMEHTY)

0abo 1 0ab6o 1 0abo 1
0abo 1 0abdo 1 0abo 1
0 abo 1 0abo 1 0 abo 1
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Hanpuxknaz, sxio peaabHi MeIUYHI JaH1 CKIanarThes 3 10 3amuciB, mpuyomy B
1 3amuci BiACYTHIN €JIEMEHT «4ac JaHUX», B APYroMy 3aluci BiICYTHI €JIEMEHTH «THUII
JTAHUX» 1 «IKICTh JAHUX», B TPETHOMY 3aIIMCl BIJICYTHI €JIEMEHTH «4ac JaHUX» 1 «SIKICTb
JaHWX», B YETBEPTOMY 3alMCi BiJICYTHIM €JIEMEHT «TUIl NaHWX», B IISITOMY 3aIuci
HasiBHI BCl TPU €JIEMEHTH, B IIOCTOMY 3amHCl BIACYTHIM €NEeMEHT «SIKICTh JaHHX», B
ChOMOMY 3aITHC1 HassBHI BC1 TPH €JIEMEHTH, Y BOCbMOMY 3aIHCl BIJICYTHI €JIEMEHTH «THII
TaHUX», «49ac JaHUX», Y JEB’SITOMY 3alUCl HasBHI BCl TPU €JIEMEHTH, a Y JECATOMY
3amucl BIACYTHIM €JIEMEHT «dYac JaHuX», TO MaTpuis B Mae nactynmHuil Burisa —

tabmuis 3.2:

Tabmuus 3.2 — Matpunst B my1s1 onrcanoro nmpukiagy
1 2 3

(mun oanux dtp,,)  (wac oanux dtm,,)  (axicme Oanux dd,,)

1 0 1

© 00 N O o A W DN B

R R O P k| R, O L o
ol k| O R R, R P O K
R R R P O Rk, Rk O o

=
o

BpaxoByroun ocobnmuBocti ¢popmyBanHs Matpuill B (tabmmmi 3.1 1 3.2), mpaBuia
st GopMyBaHHS PEKOMEHIAIIIN 00 JOMOBHEHHS MHOXHHHA MEAMYHHUX JaHUX MAIOTh
BUTJISI

1) sixrro b[1,1]=0, To KoOpHcTyBauy HaAa€ThCs PEKOMEHIALIS 100 JOTMOBHEHHS

i-ro 3anmcy ganux 61oky (1 =1.K) inpopmariero npo tam gaHux;
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2) sixmo b[1,2]=0, To koprcTyBauy Hagae€ThCss PEKOMEHIALlIS 00 JTOTIOBHEHHS
i-ro 3ammcy nanux 610Ky (1 =1.K) inpopmariiero npo yac nanux;

3) sixmro b[i,3]=0, To kopucTyBauy HagaeTbcs PEKOMEHAAIlIS MO0 JTOTIOBHCHHS
i-ro 3anucy manux 010Ky (1=1.K) inpopmariero npo gkicTs 1aHKX.

Tomi wmeTonm OIiHIOBaHHS JOCTaTHOCTI MEAWYHUX JaHUX CKIAJAEThCS 3
HACTYITHHUX KPOKIB:

1) anani3 MHOkMHHM Mean4yHUX naHux D,, mepen 3aHeceHHsM iX y posmin «/lani

O5I0Ky» OJIOKY OJOKYEHHY 3 BHUKOPHCTAHHSIM KOXKXHOTO 3 PO3POOJICHUX TPABUI JIJIS

BU3HAUEHHS JOCTATHOCTI MEIMYHUX JaHUX Ta IiApaxyHoOK miunnsHukiB SAtp, sdtm,
sdq ;

2) 00YHCIIeHHs KIJIbKICHOT OIIIHKH TOCTATHOCTI MEIUYHHUX JaHHUX 3a (YOPMYIIOIO:

sfmd :1_(sdtp N sdtm N sdq);

3k k k (3:3)

3) axmo Sdtp =K Ta sdtm=k ta sdq =Kk Ta sfmd =1, To npuiimaeTscs pimenus
PO AOCTATHICTh MEUYHMUX JAHUX B MHOXKUHI D,, (OCKUIBKHU BCl €IEMEHTH MHOXXHUHU

MEUYHUX JAaHUX € OOOB’SI3KOBUMH 3 TOYKH 30PY JOCTATHOCTI MEIUYHHUX JaHUX 1

HasiBHI y MHOXuHI D, MenuuHux naHuX, sKi TOTYIOTbCS 10 3aHECEHHS Y OJIOK
OnokueiiHy) 1 3aHeceHHs naaHux MHOxuHU D,, B posmin «Jlani O6moky» 050Ky
0JIOKUEHHY;

4) sxmo Sdtp <k a6o sdtm<k a6o sdq<k a6o sfmd <1, to: mpuiimaerncs
pillleHHs TpPO HEJOCTATHICTh MEAMYHMX JaHMX y MHOXuHI D,,; Taka MHOXHHa
METUYHUX JaHUX MOTpeOye MOOMpPAIIOBAHHS IEpe]] 3aHECEHHSAM ITUX JaHUX B PO3JLT
«Jlani Onoky» OJOKy OJOKYElHY;, KOPUCTyBauy HAJalOThCId PEKOMEHJAIll 1010
JIOTIOBHEHHSI MHOKMHHM MEIUYHUX JaHWUX — 3TIHO 13 TpaBuiamMu i (popmyBaHHS

pPEKOMEHalil 11010 TOTIOBHEHHS MHOKUHHM MEAMYHMX JaHuX D,, — sK KepiBHUITBO,

Ky 1H(pOpMAIIO CITiJI JOJaTH Y MHOXKUHY MEAMYHUX JaHux D,, U1 MOXIMBOCTI X
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3aBaHTXEHHS B po3iain «JlaHi Oioky» 00Ky OJIOKUYEHHY; BiOYBA€ThCA JOMOBHEHHS

MHOXHHM MeANYHMX naHux D, ; BinOyBaeTbcs HOBEpHEHHS Ha Kpok 1 Merony.

CxeMa MeETOAy OIIIHIOBAHHS JOCTATHOCTI MEIUYHUX JaHUX Ma€ HACTYITHHUH

BUTJISIA — PUCYHOK 3.1.

TIpaBuna
IS BH3HAYEHHS
IIOCTAaTHOCTI
MEIHUHHX JAHHX

AHaii3 MHOZHHHA
MeIHIHHX JaHHX

TligpaxyHOK JIitH IbHHKIB

> >

OO09IHCIeHAS KUTBKICHOI OIIHKH JOCTaTHOCTI MEIHYIHHX JaHHX:

Pimenns npo Pimenns npo
HEIOCTATHICTh JIOCTATHICTh
MEIHNYHHX JIaHUX MEIHNYHHX JaHHX

Pexomennaiii momo ) [IpaBuna 3aHeceHHS MeIHIHHX JaHHX
Lo R e A5 GOPMyBaHHS (MHOKHHH ) B PO3.III
MEIUYHUX JaHHX PEKOMEH ALl o0
JIOMIOBHEHHS MHOMHHH
MEIHYHAX JaHHX

«JlaHi GI0KY»
OIIOKYEHHY

,HOHOBHCHHH MHOXHHH

MECIHYIHHX TaHHX

Pucynoxk 3.1 — Cxema MeTOTy OIIHIOBAHHS IOCTATHOCTI MEIUYHUX JTAHUX
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Po3poOnennii METOJ| OIliHIOBaHHS JOCTAaTHOCTI MEIWYHUX JaHUX 3a0e3Ieuye:
MOXXJIMBICTh aHAII3y MHOXHWHU MEAWYHHUX JaHUX Ha TNPEeIMeT iX JOCTaTHOCTI,
MOKJIUBICTh KUTBKICHOTO OITIHIOBAHHS JIOCTAaTHOCTI MEIUYHMX JaHWX; B pasl
HEJOCTaTHOCTI MEIWYHUX JIaHUX y MHOXKHHI, (POpMyBaHHS pPEKOMEHJIAIH 010
MOMOBHEHHS] MHOXKUHU MEOUYHUX JaHUX D

ay — AK KEpIBHULTBO, Ky 1H(OpMAIIO CIIij

Aoaatn 'y MHOKHHY MCIUYHUX HAHUX Dav pInIb | MOJKJIMBOCTI iX 3aBaHTa)KCHHS B pOSI[iJI

«/Jlani 6110Ky» OJI0KY OJI0KUYEHHY.

3.2 Meroa BUKOHAHHS TPaH3aKIid HAJ MEIUYHUMHU JaHUMU

[licns mepeBipkd MEAMYHHUX JAHUX Ha MPEAMET JOCTAaTHOCTI 3 BUKOPUCTAHHAM
MeToay, po3pobieHoro B migpo3auti 3.1, 3a yMOBM OTpUMaHHS BHCHOBKY PO

I[OCTaTHiCTB MCANMYHHUX OAaHUX B MHOKHHI Dav 1 3aHECCHHSA JaHUX MHOXKHWHH Dav B

po3ain «JlaHi 6510Ky» 00Ky OJIOKUYEHHY, BiIOYBA€ThCSA 3aHECEHHS MEIUYHUX JTaHUX JI0
OJIOKYEHHY 3a HACTYITHOIO MPOLIETYPOIO.

CroyaTrky B XMapHE CXOBHILE KOPHCTYBadl 3aBaHTaXYyIOThb JaHl, Ki
AHOHIMI3YIOTBCS, a TOTIM IHU(PPYIOTECS METOJOM CHMETpHYHOro ImmdpyBanHs. Jlami
KJTFOY1 BIAMPABIISIOThCA 30epiradyaM NpsMUMHU ayTeHTU(DIKOBAaHUMH KaHAJIaMU 3B'S3KY IS
3a0e3MeYeHHs] MOXKJIMBOCTI po3IM(pyBaTH JaH1 KOpUcTyBaua. B 11el sxe yac Bi10yBaeThCs
reHepailis ciayk00BOi TpaH3akIii, 10 MICTUTh BIAKPUTUI K04, 1H(GOpMAIIO NPO THII
JTAHWX Ta TIOCWJIAHHS HA HUX Y XMapHOMY CXOBHIII 1 SIKa TMOBIJOMJISIE 1HITUX YYaCHUKIB
€KOCHCTEMH TPO 3aBAHTAXEHHS JaHuX y xMmapy. [Hpopmariiss Moxke OyTu 3amucaHa y
OJIOKYEHH MiCTIs HAKJIaIaHHs eJIEKTPOHHOTO TIIHUCY.

[ToTiM, SIKIIO [J11 MPOBEACHHS TOCHIIXEHb a00 MOCTAHOBKHU JI1arHO3Y Il JlaHi
3HAIOONIATBCS JIIKapro, BIH CHOpMYE 3amuT, SKUN BIANPABIAETHCS BalllJaTOPaM.
BanigaTopu 101ar0Th 3anuT y OJIOKYEHH 13 MOBIAOMIIEHHSIM 30epiradiB, 110 JIKapeBi
noTpiOHI KpunTorpadiyHi KiIovl Juis AemudpyBaHHs TaHUX 13 XMAapHOTO CEPEAOBHILIA.
AHaNOTIYHO MPOIeC OTPUMaHHS 1HGOPMAIIil BUTIISIAE IS TOCTITHUIIBKAX 1HCTUTYTIB,

dbapmareBTUYHUX KOMIaHIH|, TepKABHUX MEAUYHUX YCTAHOB.
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Tonmi MeTon BUKOHAHHS TpaH3aKIid HaJl MEIUYHUMHU JTAHUMU CKJIAJA€ThCS 3
HACTYITHUX KPOKIB:

I eram — 3aHecenHs iHpopMAIIii 10 OJIOKUYCHHY:

1) 3aBaHTa)KEHHS JIaHUX KOPUCTYBadaMmH (TIalliEHTAMU) B XMapHE CEPEIOBHIIIC;

2) aHOHIMI3alis (BUAAJICHHS iIeHTU(IKAaTOpa MAIli€HTA) TaHUX;

3) mudpyBaHHS JaHUX METOJIOM CUMETPUYHOTO MIH(PPYBAHHS;

4) BignpaBKa KIIIOYiB 30epirauaM I10 NPSIMHX ayTeHTH(IKOBAHMX KaHaslaxX
3B'SI3KY;

5) reneparist cay»)00B0i TpaH3akIlii (3 BIAKPUTHM KIIi04YeM, iH(OOPMALIE0 PO
THUIl JAaHUX Ta MOCHJIAHHSAM Ha JaHl y XMapHOMY CEpPEJOBUII), KA MOBIIOMIISE THIINX
YYaCHUKIB €KOCHCTEMH MPO 3aBaHTAKECHHA JaHUX y XMapy,

6) NpUUHATTS PIMICHHS TPO MOXJIMBICTh JOJABaHHS MEAWYHHX JaHHX Y
OJIOKUEHH 3a JOMOMOTOI0 aJrOPUTMY KOHCEHCYCY (OJIOK MOPIBHIOETHCS 3 KOXHHUM
EK3EMILUIIPOM PEECTPY; SKIIO BCl €K3EMIUIAPU PEECTPY CIMIBNANal0Th, TO TPaH3aKIis
3aTBEPKYETHCS);

7) mepeBipka iHpopMallii BajiaTopamu;

8) reHepaiiis ciy00BOI TpaH3aKIIii (3 XeIIaMH JaHUX Ta Pe3yJIbTATOM BaJlijallii);

9) sKmO maHi MPOWILIM TEpeBipKy, TO BiAOyBaeThCcs 3amuc iHpopMarii y
OJIoK4eiH, 1 iIHOpMAILIis PO TMAIEHTa CTA€ JOCTYITHOO JUIS 1HINMNX YYaCHHKIB, 1HAKIIIES
KOPHUCTYBady HaJa€ThCs BIIMOBA y 3amuci 1Hdopmarlii 10 O0Kueliny;

II eran — oTpumanHs 1H(oOpMalii 3 OJIOKYEHHY:

10) sikmo  JTiKapro IS MPOBEACHHS JOCHIKEHb a00 TOCTAHOBKH JiarHO3y
HEOOX1IH1 TIEBHI JIaH1, TO BiI0yBa€eThCsA (DOPMYyBaHHS 3aMUTY J0 BajliJaTOPIB;

11) noraBaHHs 3aMUTy BaJligaTOpaMH y OJJOKYCHH;

12) noBioMIIeHHsI BaJlijaTopaMu 30epirayis, 1o MOTPiOHO HajaiciaaTh JiKapesi
KpunrorpadiuHi K4l sl po3mn(pPOBKY TAHUX 13 XMapH;

13) oTpuMaHHs AaHUX — SKIIO OTPUMAHO J03B1J Bij Baji1aToOpiB Ta 30epiradvis.

Meron BUKOHaHHS TpaH3aKIlii HAJ MEIMYHUMH JaHUMU (3aHeceHHs 1H(opmarrii
10 OJI0KYelHy Ta OTpuMaHHs 1HGopMaIllli 3 OJIOKYEHY) TPEACTABUMO Y BUTJISI CXEMHU

— pucyHok 3.2.
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OTpumMaHHA iHgopmaunii 3
BnorueiHy

YW oTpHMMaHO
nossin?

MoeigoMmneHHA
Banigatopamu
3bepirauie npo
noTpeby HamaHHA
HOYIB NiKapA M

JonasaHHA 3anuTy
Bafnigatopamu

opMYBaHHA 3aNMTY
bo eanigatopie (3a
3aMMTOM J3HHMX
nikapem)

Pucynok 3.2 — Cxema MeToly BUKOHAHHS TpaH3aKL1d HaJ MEIUYHUMU JaHUMHU



59

OuiHMMO Temnep pemyTarlio MeIUYHOI YCTaHOBU — SIK MaifHepa Osiokueitny. Jlis
IILOTO BBEJIEMO HACTYITHI MIO3HAYCHHS:

Ib - noBxkKHA MOTOYHOTrO OJIOKUYEHHY;

sbl - po3mip Giroky OoTOYHOTO GIIOKUEHHY;

kbl - xinpkicTs 6510KIB y O0KUEHiHI;

Krtr - kinpKicTh TpaH3aKiiii peecTpy B GJIOKYEHHI;

kmtr - kinpKicTh MEIMYHUX TpaH3aKIii B OJOKYEHHI;

mtr, - KiIbKICTh MEIUYHHMX TPaH3aKIiil B |-My OJoli, OJepKyBayeM SKUX €
pO3TIIsiAyBaHa MEAMYHA yCTaHOBA (MalHE);

r,- KiTbKiCTh TpaH3aKmid peectpy B 1-My OJOI, oaepXKyBaueM SKHX €
pO3IIIAlyBaHa MEUYHA YCTaHOBA (MaitHED);

f - moriuma 3miHHa (JKIIO JaHa MeaWYHA YCTaHOBA 3apEeKOMEHIyBaia cede
yecuuM Maitnepom, To f =1, inakme f =0);

(a,A) - mapamerpu permyrariii CHCTEMH.

BpaxoByrouu BBeJieH1 TO3HAYCHHS, 600CKOHANEHUL MEeMOO OYIHIOBAHHS penymayii
meouunoi yemanosu (six maiinepa o10K4etiny) CKIAAa€ThCs 3 HACTYITHUX KPOKIB:

1) BBeCTH 3HAYEHHS JOBXKHMHH MOTOYHOrO Oyokueiny 1b;

2) BBECTH 3HAUEHHS pO3Mipy GJIOKY B HOTOYHOMY O0Kueiini Sbl ;

I
shl

4) migpaxyBaTv KiIbKiCTh MEAMYHHUX TPAH3aKI[ii y Oiokuerni Kmtr;

3) BU3HAYMTHU KiIBKiCTH GJIOKIB y moTounoMy Osokueiini: Kbl =

5) migpaxyBaTH KiIbKiCTh TpaH3aKIlii peecTpy B Oiokueini Krtr;

6) BBeCTM KiJBbKICTh MEOWUYHUX TpaH3akmid Mtl; amsd KOXHOTO OJIOKY,

OJIep>KyBadeM SIKHX € pO3TIIsAyBaHa MEUYHA YCTaHOBA,;

7) BBecTH KUIBKICTh TpaH3akUii peecTpy MI; g KOXHOTO OJIOKY,
OJIEp>KyBaueM SIKHX € pO3IJIsAyBaHa MEIUYHA YCTAHOBA;

8) BBecTH OIiHKY MaiiHepa B opmaTi Joriunoi 3minHoi f : sxio gana meanuna
yCTaHOBA 3apeKoMeHyBaa cede uecnum maiinepom, to f =1, imakme f =0;

9) BBecTu mapameTpu penyranii cucremu (@, 4);
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kbl
21,
10) po3paxyBatu cepenHe 3HaUeHHS Mean,,, = —i:klrt :
r
Kbl
> mtr,
= _

11) po3paxyBaTu cepeqHe 3Ha4eHHS Mean, = Ik "
mtr

kbl kbl
>t >,
_ = )2 :

1 _(i:l
kbl sbl krtr

12) po3paxyBatu cTaHOapTHE BIAXWICHHS O =

13) po3paxyBaTu cTaHAAPTHE BIIXUICHHS O = (4= - I= )2

kbl sbl kmtr

mean, ,,
14) po3paxyBatu 3HaueHHA ) = —
1+ oy
mean,.
15) po3paxyBaru 3HaueHHA O, = —
14+ 0y,
16) BuzHaunt X=0, -, - Ib;
1 X—a
17) Busnauntn f(X)== -1+ —);
2 A+|x—q

18) po3paxyBatu Ta OIIIHUTH pENyTaIlil0 MEIUYHOI YCTaHOBH (K MaifHepa
onokueiiny): R=min(1, f - f(x));

19) npUHHATTS PIIEHHS [IO0J0 PEIyTallii MEIMYHOI YCTAHOBH — YUM OUIBIINM €
3Ha4eHHs R, THM BHUIIOIO € pemyTallisi Ta I0Bipa 10 MEIUYHOI yCTaHOBH SIK JI0 MaiiHepa
OJIOKUEHHY.

Meroa OIIHIOBaHHS pemyTailii MEAUYHOI yYCTaHOBHM (K MaiHepa OJOKYeiHY)

MPEAICTaBUMO Y BUTJISIII CXEMU — PUCYHOK 3.3.
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BeegeHHA:

Ta [ONA KOXKHOro

6noky;

MigpaxyHoKk Ta

Pucynok 3.3 — Cxema MeTO/ly OLIIHIOBaHHS pemnyTallli MEANYHOI YCTAaHOBH (SIK MaifHepa

0JIOKUYECITHY)
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brokueliH Bce 111€ € BIIHOCHO HOBOIO TEXHOJIOT1€10, TOMY HE IMBHO, IO 3 OJIHOTO
OOKy € €HTy31aCTH, Kl BBaXXalOTh, 1110 1I€ PEBOJIIOLIS, CX0XKa Ha 1HIIMIA [HTEepHeT, 1 110
BOHA CYTT€BO BIUTMHE Ha O13HEC, MPOMHUCIIOBICTh, CYCIUIBCTBO, a 3 1HIIOTO OOKY, MOKHA
MOYYTH MEHII ONTUMICTMYHI JAYMKH MPO TE, IO HEJOCTATHsS 3pUIICTh, BIJCYTHICTH
IOPUIMYHUX PIIIEHb YU MpoOJeMH 3 MacIiTa0OBaHICTIO € TPOOJIIEMOIO IIMPOKOTO
BIPOBAPKCHHS TexHoJorii. (s peamizarii pimieHb, 10 IPYHTYIOThCS Ha OJIOKYEHHI,
BOXJIMBO PO3YMITH, HIO 1€ 3a TEXHOJIOTIS 1 IO MOKE 3ampoIlOHYBaTH MOTEHIIHA
KOMIIaHisl ChOTOJIHI — 3 yciMa 11 MOXJIMBOCTSIMU Ta 0OMEKEHHSIMHU.

BukopuctanHs cMapT-KOHTpakTy B OJOKYEHHI MOXK€ BUBUIBHATH KOUITH,
nepeaaBat iHPOpMaIlilo, peeCTpyBaTH Ta BCTABISATU JaHl — BCE Y 3allpOrPaMOBaHOMY,
aBTOHOMHOMY pexumi. lle Moke BIUIMHYTH Ha Takl €JeMEHTH, SK: Lu(poBa
imeHTudikarlis, TOJOCYBaHHS, VYIPaBIiHHS, BIJICTC)KCHHS aKTUBIB, BIICTC)KCHHS
JIAHIIO’KKA MOCTABOK, & TAKOYK OCOOMCTICTh Ta peryTalis ocTadyajbHUKA.

Penyramis MenuuHoi ycraHoBH (SIK MaiiHepa OJOKYEHY) € BaKJIMBUM
MOKA3HUKOM, OCKUIBKA OJIOKM 3aluCyIOTh IE€PEBIpPEH1 BaliaTOpH, IO 3aBYAaCHO
oOuparThca Ta 1o (akty € mMoaepaTtopamu cuctemMu. Came I BU3HAYEHHS TaKHUX
BaJIiJaTOPIB MAIOTh I[IHHICTh HE KUIBKICTh TOKEHIB, a peImyTallis, ToOTo OJOKYEHH 3a
NEBHUM aJTrOPUTMOM, 3 BpaxXyBaHHSM pemyTalii, o0upae BajigaTopa, SKUW 3amuiine
HACTyMHUU OJ0K. PemyTairist 3poctae 3 akTUBHHUM >KUTTAM y €KOCHCTEMI OJOKYEHHY Ta
B3a€EMOJII 3 IHIIMMU y4acHUKaMH. YuM Kpaia pemyTtariisi — TUM OUTBIINN IIaHC Ha
CTBOPEHHSI HACTYITHOTO OJIOKY.

Otxe, Brepiie po3poOJCHO METOA BHKOHAHHS TpPaH3aKIId HaJa MEIUYHUMU
JTAaHUMH, SKUWA CKJIAQJA€ThCsl 3 €TamiB 3aHeceHHs iHQopMaiii 10 OJoKuelHy Ta
oTpuMaHHA 1H(}opmarlii 3 OmokyeitHy. Po3po0OneHuii MeTol BUKOHAHHS TpaH3aKIi HaJ
MEIUYHUMH JaHUMHU 3a0e3Meuye: MOKIUBICTh MPUUHSATTS PIMIEHHS TMPO J0JaBaHHS
TpaH3akKIilii Ta MEAUYHUX JaHUX BIiJl Talll€eHTa y OJIOKYEWH; MOJIMBICTh MPUHHSATTS
pIIIICHHS TIPO BUJAYy JaHUX 3 OJIOKYEHHY 3a 3alUTOM BIJT JTIKApSI.

KpiMm 11p0T0, BIOCKOHAJIEHO METOJ OILIHIOBAHHS PEmyTarlii MEAUYHOI yCTaHOBH
(s1x MaifHepa OJOKYEIHY), SKUH J03BOJISIE pO3pAXyBaTH 1 OL[IHUTH PEMYTALII0 METUYHOL

YCTaHOBH.
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3.3 AjropuT™Mu KepyBaHHS MEJAUMYHUMHU JaHUMH Ha OCHOB1 OJIOKYElH-

TEXHOJIOTIT

Sk Oyno noBeAEHO BUIIE, BAPTO OLIHUTU JIOCTATHICTh METMYHUX JAHUX Mepe iX
3aBaHTaXEHHSIM Yy po3ain «Jlani Omoky» Onoky Onokueitny. Ilig nmocratHicTio
MEJIMYHUX JAaHUX PO3YMIEMO HAsBHICTh BCIX HEOOX1THHX 1H(POPMAIIHHUX €JIEMEHTIB Y
MHOKHHI JaHUX.

BpaxoBytoun, mo nani 610ky D € MHOXHHOIO 3amucCiB, a KOXXKHUH 3aluc y
MHOKHHI MEIUYHUX JaHUX MPEACTABISEThCS K CUCTEMa 13 TPhOX eJIeMEeHTIB (dhopmyiia
(2.6)), ToN1 MHOXWHA MEIUYHUX JAHUX, SKI TUIAHYIOTHCS J0 3aHECEHHS y po3ain «JlaHi

O10Ky» O110Ky OJ0KUeiHy, Moxke OyTH mpejacTaBieHi y BUrisial matpuni D, (popmyna

(3.2)),

ne enementu dtp;, dtmiav’ dg;,, MOXyTh OyTH BiACYTHI, SKIIO iCHY€ HEIOCTATHICTH

MEJUYHUX JAHUX Y MHOXKHHI.

BpaxoByrouw, 1o BCi eI€MEHTH MEIUIHUX JaHUX € 000B’I3KOBUMU 3 TOUKU 30Py
ix mocraTHOCTi, y miapo3aumi 3.1 Oymu po3poOieHi mnpaBwia JUisi BU3HAYCHHS
JIOCTAaTHOCTI MEAWYHMUX JaHUX Ta MpaBwia JUisi (OpMyBaHHS pPEKOMEHAALIN 010
JIOTIOBHCHHS MHOKMHU MEIUYHHMX JaHUX, & TaKoX PO3pPO0JCHO METOJ OIlIHIOBAHHS
JIOCTATHOCTI MEIMYHUX JaHUX, SIKUH JO3BOJISE aHAII3yBaTH MEIWYHI JIaHI Ha TIPEAMET
iX JOCTAaTHOCTI; KIIBbKICHOTO OILIHHUTU AOCTATHICTh MEAWYHHMX JAaHUX; SKIIO, 3T1AHO 13
pO3pOOTICHUMHU TIpaBWUJaMU JJI1 BHU3HAYEHHS JOCTAaTHOCTI MEAMYHUX JaHUX,
c(hOpMOBaHO BUCHOBOK IPO HEJOCTATHICTh MEIUYHUX JTAHWX Y MHOXHHI, TO, 3T1JIHO 13
pO3pOOICHUMH TIpaBUIaMu Il (opMyBaHHS pPEKOMEHJAIlIW IIOAO JOTMOBHEHHS
MHOXHUHU MEIUYHUX JaHUX, (GOPMYIOTHCS PEKOMEHAAIl JJIs JIOMOBHEHHS MHOXUHU

MennyHuX aaHux D,, - KopucTyBauy HajaroThcsd MigKa3KH, Ky iH(OpMaIlilo BapTo
J0JaTH Yy MHOKMHY MEIUYHUX NaHux D,, mig ix O6e3meperkoaHoro 3aBaHTaKEeHHS B

po3nin «/lani 010Ky» 070Ky OJIOKUEHHY.
brnok-cxema  anroputMy — OILIHIOBAaHHS  JOCTATHOCTI ~ MEIWYHHUX  JIaHUX

MpEJICTaBICHA HA PUCYHKY 3.4.
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AHaii3 MHOKHHH MEIHYHHX JaHHX i3
3aCTOCYBAaHHAM KOKHOTO 3 IIpaBHi
JUISL BU3HAYEHHS JTOCTATHOCTIL

MEeIHYHHX TaHHX

v

ITigpaxXyHOK JTIYHIbHUKIB
sdtp, sdtm, sdq

l

1 .

2
3

sfmd =

(

sdtp N sdtm . sdq

OO0umHCIeHHS KUIBKICHOI OIIHKH JOCTATHOCTI MEAHYHIX JaHHIX:

k

k

k)

Y

PiimenHs npo
HEJOCTATHICTh
MEIHYHUX
JaHHX

sdtp =k Tta sdtm=Fk Ta
sdg=Fk ta sfind=1

PexomeHnnauii mono
JOTIOBHEHHS MEANYHNX
IOAHNX i3 3aCTOCYBaHHIM
Tpasun gna gopMyBanHa
peKoMeHaauiii woao
JOTIOBHEHHA MHOMKIHHI
MEIHYHHX TaHHX

A J

JIOTIOBHEHHS MHOKHHH
MeIH9HHX JaHux D

Pienns npo
JOCTaTHICTh
MeIHYHIX
IDaHUX

h 4

3aHeceHHS MeJHYHHX JaHHX

(muoxuna D)) B po3min

«JlaHi 610Ky» OIOKY
OmoKUeHHY

A\J

C

Kinemr )

Pucynok 3.4 — biok-cxemMa aaropuTMmy OIIHIOBaHHS JOCTATHOCTI MEAUYHUX JTAHUX
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[Ticnst mepeBipkH JOCTATHOCTI MEIWYHUX JaHUX 3 BHUKOPHUCTAHHSIM METOJY
OITIHIOBAHHSI JIOCTATHOCTI MEIWYHUX JaHHWX, 3a YMOBHU, IO OTPHUMAHO BHCHOBOK IIPO

JOCTAaTHICTb MEIUYHHUX JaHUX B MHOXKHUHI D,, 1 Ip0 MOMIIUBICTb 3aHECEHHS NaHHUX
mHoxuHu D, B posgin «/lani Gnoky» Oioky OjokueiHy, Moke OyTH BHKOHAHO

3aHECEHHS MEIUYHUX JaHuX A0 OJoK4YelHy 3rifHo 13 | eramoM MeToay BUKOHAHHS
TpaH3aKUId HaJ MEIUYHUMH JAaHUMH, po3po0sieHoro B miapo3aim 3.2. Skmo meanyHi
JaHl 3HAAO0OJSATHCS JIIKApIO ISl MMOCTAaHOBKHU JiarHo3y a0o MpPOBEACHHS J0JIaTKOBUX
JOCITIJIKEHB, TO JKap cPOopMye 3amuT, sIKW Oyae ompaiboBaHo 3rigHo 13 Il eramom
METOJYy BUKOHAHHS TPAH3AKIIA HAJl MEIUYHUMHU NaHUMH, PO3POOJIECHOTO B MiAPO3ILIIi
3.2. brnok-cxemMa airopuTMy BUKOHAHHS TPaAH3AKIIA HaJA MEIUYHUMHU JaHUMHU
(3aHeceHHsa 1H(popmanii A0 OJIOKYEeHHY Ta OTpUMaHHA 1H(opMalli 3 OJOKUYEHHY)

MPE/ICTaBIICHA Ha PUCYHKY 3.9.

C IlouaTox )

Y

3aBaHTaKeHHA NAaHUX
KOPUCTYBauaMmi (nauieHTaMi) B
XMapHe cepenoBHile

A4

AHoHIMI3aMIA

MIudpyBamHs

v

BignpaBka KTIO9iB
3Gepiradam

A
T'eHeparis ca1yxOOBOI
TpaH3aKIli-IOBIIOMIEHHS
VIACHHKIB IIPO 3aBAHTAKEHHT
JIAHUX Y XMapy

l
©

Pucynok 3.5 — briok-cxema alroput™My BUKOHAHHS TPaH3aKI[iil HaJl MEJIMYHUMU JTAHUMH,

apkymr 1
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Un cHiBMaIar0Th
BCI eK3eMILIIpH

peectpy?

Bimmoga y 3amuci
Tax JaHHX 10 OIOKYeHHY

TIpWiTHATTA pillleHHS PO
MOKTHBICTD JOJABAHHS
TpaH3aKIlii ¥ OTOKYeiiH

l

TlepeBipka iH(popMAIIii
RaTiIaTOpaMu

v

v

I'enepanisa cayx6oBoi
TpaH3aKIil

Jani mpoimiu
MepeBipKy?

v

BiaMora y 3ammci
JaHHX 0 GIOKYEHHY

3amuc iEdopMarii v
O/10oKYeHH

A

DQopMyBaHHS 3aMHTY 10
BaTiaTOPIB (TPH 3aMHTI
JTaHHX TiKapeM)

l
&

Pucynok 3.5 — briok-cxema alroput™My BUKOHAHHS TPaH3aKI[ii HaJl MEIMYHUMU JTAHUMH,

apKym 2
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(? ©

JloaBaHHS 3aIHTY
BaTiZaTOpaMH Y GI0KIelH

|

TToBLIOMIEHHS
BaliaTopamMu 30epiradiB
po moTpedy HaJaHHS
K/TIOUIB JTIKapsM

Uu oTpumMaHo
J103BLT?

BimvoBsa v 3ammci
JTaHUX 710 OIOKYeHHY

Tax

/ Bumada manux / y

<
-

A 4
( Kinens )

Pucynok 3.5 — briok-cxema anropuTMy BUKOHAHHS TPaH3aKIIId HaJl METUIHUMH JaHUMH,

apky1 3

BaxxnuBuM mokazHUKOM MPHU POOOTI 3 METUYHUMH JTAHUMH Ha OCHOBI OJIOKUYEHH-
TEXHOJIOT1i € pemyTalis MEIUYHOI YCTaHOBM (SIK MaiiHepa OJIOKYEHY), OCKIJIbKH
OJIOKYEHH 3a MEeBHUM aJITOPUTMOM, 3 BpaxXyBaHHSIM penyTailii, o0upae BaiigaTopa, sKui
3anuiine HacTynmHui 050k. Uum kpara pemnyTaiiis — TUM OUTHIIMKA 1IaHC Ha CTBOPEHHS
HACTYIHOTO OJIOKY.

OuiHioBaHHA pemyTamii MEAMYHOI YCTaHOBM K MaiiHepa OJOKYeHHY
BiIOYBa€ThCS 32 BIOCKOHAJICHUM METOJIOM OIIHFOBAHHS pemyTallii MeMYHOI YCTaHOBH,
po3pobsieHUM y miapo3ain 3.2.

brok-cxema airopuTMy OIIIHIOBAHHSI pEMyTaIlii MEANYHOI YCTAHOBU SIK MaiHepa

0JIOKUYEIHY MpeicTaBlIeHa Ha PUCYHKY 3.60.
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Pucynox 3.6 — biiok-cxema aaropuTMy OLIHIOBaHHS penyTallii MeIUYHO1 YCTaHOBU
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Omxe, B WAPO3AIl  po3po0OJieHO OJOK-CXeMy aJTOpUTMY  OLIIHIOBaHHS
JIOCTaTHOCTI MEAMYHUX JAHUX, OJIOK-CXeMYy alTOpUTMY BUKOHAHHS TpPaH3aKIlil HaJ
MEANYHUMU JAHUMHU, SIKHW CKIIAJa€eThes 3 €TarliB 3aHeceHHs iHdopmaiii 10 OJ0KuelHy
Ta OTpuMaHHA 1HPopMaIlii 3 OJIOKYCIHHY, a TAKOXK OJIOK-CXeMY aJlTOPUTMY OIlIHFOBAaHHS

penyTaii MeIMYHO1 YCTAHOBH.

3.4 BucHOBKH

JlocTaTHICTh — 3MICTOBHA ITOBHOTA HA0OPY MOKA3HUKIB U IPUHHATTS PIIISHHS.
HoctaTtHicTh (1OBHOTA) iH(opMallii o3Hayae, M0 BOHA MICTUTh MIHIMAJIbHUMU, aje
JIOCTATHIN JJIs1 TPUUHATTS MPaBUWIBHOTO PIIIEHHS CKJaj (HaOip moka3HUKiB). [ToHATTS
JIOCTATHOCTI 1H(oOpMaIlii ToB'a3aHe 3 i1 3MICTOM (CEMaHTUKOIO) Ta MparMaTukoro. Sk
HEIMOBHA, TOOTO HEAOCTAaTHA ISl NPUIHATTS NPaBUIBHOTO PIIICHHS, TaK 1 HaaMipHa
iHdopmarlis 3HWKYe e(DEeKTUBHICTh NMPUHUHATUX KOpPUCTyBaueMm pimieHb. [loBHOTa Ta
JOCTAaTHICTh 1H(pOpMarii Oarato B YOMY XapaKTEpHU3yHOTh SAKICTh 1H(oOpMmamii Ta
BU3HAYAIOTh JIOCTATHICTh JIaHUX JIJISl MPUUHATTA PillIeHb a00 JJii CTBOPEHHS HOBUX
JAaHUX 3 ypaxXyBaHHSAM HasBHHX. UMM MOBHIIII JaHi, TUM IIUPIIAN Jl1arla30H METO/IIB,
K1l MOYXXHA BHUKOPHUCTOBYBATH, TUM NPOCTILIE MIIIOpaTH METOJ, 110 BHOCUTHh MIHIMyM
MOXUOOK y X1/ iHHOPMAIIHTHOTO MPOIIECY.

B poszaini Bmepiie po3po0seHO METOJl Ta ajJfOPUTM OLIHIOBaHHS JOCTATHOCTI
METUYHUX JaHWX, SKAW 3a0e3euye: MOKIUBICTh aHAI3y MHOXHUHU MEIUYHUX JTaHUX
Ha TpeaMeT iX JOCTAaTHOCTI; MOMJIMBICTh KUIBKICHOTO OIIIHIOBaHHS JIOCTATHOCTI
MEIUYHUX JIAaHWX; B pa3l HEIOCTATHOCTI MEAMYHUX HaHUX Y MHOXHUHI, (POpMYBaHHS

pEeKOMeHanii o0 JAOTOBHEHHS! MHOKMHM MeIuuHuX naHux D,, — sk kepiBHMLTBO,
AKy 1H(OpMAIiIo CIiA 10JaTH y MHOKMHY MeIuuHuX naHux D,, ams MoxiauBocTi ix

3aBaHTAXKECHHS B po3/i1 «/laHi 6110Ky» OJI0KYy Ol0KYEHHY.

Kpim mporo, B po3aun Bhepiie po3po0JIeHO METOJl Ta aJlOPUTM BUKOHAHHS
TpaH3aKIid HaJl MEIUIHUMH JTAHUMH, SIKUI CKJIQJA€ThCS 3 €TariB 3aHeCeHHs 1HhopMartii
10 OJIOKUYeliHy Ta oTpuMaHHs iHdopmarrii 3 610k4eiiHy. Po3po6ieHuit MeTo BUKOHAHHS

TpaH3aKIii Ha/l MEAMYHUMU JIAHUMU 3a0€31edye: MOKIUBICTh MPUAHATTS PIIICHHS PO
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JOJaBaHHSI TPaH3aKIlli Ta MEIUYHHMX JaHUX BiJ TAIll€eHTa y OJOKYEHH; MOXJIUBICTh
OPUKAHATTS PIIIEHHS MPO BUAAUy JaHUX 3 OJOKUYEHHY 3a 3aIIMTOM BiJl JIiKapsl.

BaxxinuBuM nokazHUKOM MpHU poOOTI 3 MEMYHUMHU JAaHUMHU Ha OCHOBI OJIOKYEHH-
TEXHOJIOTII € pemyTallis MeIUYHOI yCTaHOBU (SIK MaiHepa OJIOKYelHY), OCKUIbKU
OJIOKYEIH 3a IEBHUM aJrOPUTMOM, 3 BpaxXyBaHHSIM pemyTallii, o0upae BajigaTopa, SKuii
3anuine HaCTymHHUHM 00k, UnM Kpama peryTarisi — TUM OUTBIINI IaHC Ha CTBOPCHHS
HACTYITHOTO OJIOKY.

B po3nimi Takok oAepxkaB TMOAAIBIIONO PO3BHUTKY METOJ Ta aJrOPUTM
OIIHIOBAHHS pemyTallii MEIMYHOI YCTaHOBHU (K MaifHepa OJOKYeiHY), SIKHi J03BOJIsIE

pPO3paxyBaTH 1 OLIIHUTH PEIyTaLl}0 METUYHOI YCTAaHOBHU.
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4 KEPYBAHHSI MEJUYHUMU JAHUMH HA OCHOBI BJIOKYEWH-
TEXHOJIOI'IA

4.1 Cuctema KepyBaHHS MEAUYHUMH JJAHUMH Ha OCHOBI OJIOKYEHH-TEXHOJIOTIN

[lepur HiX mepelT 10 PO3poOIECHHS apXITEKTYPU CBOET CUCTEMU I KEpYBaHHS
MEIUYHUMHU JaHUMH, PO3TJSHEMO apXIiTeKTypd BIAOMHUX CHUCTEM KEpYyBaHHS
MEIUYHUMHU JAaHUMHU Ha OCHOBI OJIOKYEHH-TEXHOJIOTIH.

Tak, y pobGoti [93] mpencraBieHo KOHIEMIiI0 Bepudikaiii ramry3i OXOpoHH
3I0POB’S 32 JOTIOMOIOI0 OJIOKYEHHY Ta MITYYHOTO 1HTEIEKTY — PUCYHOK 4.1, a Takox
XMapHa apxiTEeKTypa IHTEJICKTyaJlbHUX AarcHTIB Ha OCHOBI 3rOPTKOBUX HEUPOHHUX
Mepex sl 301IbIIEHHS TOKAa3HHMKIB MEIWYHUX JaHuX (pUCYHOK 4.2), sika mepesipse
MEIUYHI JaHl 3a JONOMOTOI0 QJITOPUTMIB IITYYHOTO IHTENEKTY B OaraTOBHUMIpPHHUX
MacuBax; MICJIs MEPEeBIPKU JaHl pO3MIIIAIOTHCS B OJOK OJIOKUYElHy, OTIM B CMapT-

KOHTpPAKTH 1 pOSHOI[iJIHIOTBCSI OKPCMO 3a JOIIOMOI'0K0O KOHCCHCYCHHUX aJIFOpI/ITMiB.

. EMR
EMR Data Certification
Artificial Intelligence —e—— = (Elecric Medical Record)
Blockchain Algorithm
Service OCs
IBlockchain iy
; Smart (Order Communication System)
Personal Data Deep Learning C'::"act OCS Data Certification
PACS
PHR Neural Network
5 Genertion o (Picture Archiving

#“Personal Information Protection Protection

Communication System)

PACS Data Certification
ﬁ ﬁ PHR

~1
PHR Data Certification

(Personal Health Record)

Knoweldge Data(Big Data)

Pucynok 4.1 — Konnenirisi Bepugikallii raay3i 0XOpoHH 370pOB’s 32 JOMOMOI'O10

OJIOKUYEHHY Ta ITYYHOTO iHTENeKTy [93]
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Data

DataAnalyzer __Refinin /  Release

Block.io

Starting Point Mini-Batch

Loss Function Gradient

Stochastic Gradient Descent Softmax-with-Loss M
Blockchain Blockchain Consesunse : : Softmax [l
Blpckchain Release

Node Algorithm(Hyper POR) | © Sharding | Affine b
Adam Smart Contract o
Epoch RelLU C
Cross Entropy Error S
Momentum /

Convergence Mean Error - '
Mini-Batch Learning ]

Ada Learning Rate
Mean Squared Error Grad A
C
S

Sigmoid Function MlAltldlmensmnal

Nonlinear Function rrangement

Sigmoid Frmation

Pucynok 4.2 — XMapHa apXiTeKTypa IHT€JIeKTyaJIbHUX areHTiB Ha OCHOB1 3TOPTKOBUX

HEHPOHHUX MEPEXK JUTs 301IbIICHHS MOKA3HUKIB MEIMYHHUX JaHuX [93]

Ha pucynky 4.3 mokazaHO apXITEKTypy CHCTEMH, Ji¢ OJOKYEHH KOHCOPIIyM
MPEICTABICHO SK MPOMDKHE MpoTrpaMHe 3a0e3MeueHHs 3 MEeBHUM pPIBHEM JOBIpH, a

KO’KEH MEIMYHUH 3aKJIa]l BUCTYIA€ BY3JIOM-Y4acHUKOM ruiatdopmu [94].

: Uploaded data
“v" 671

Data owner
(patient)

EncEXEted index
PHI

Medical institution

¢ Uploaded data Encrypted index O Corresponding result ‘.‘ . I
Nl - 3

671
\"'4 PHI search index
Data owner Medical institution O
(patient) Data users
O
_ O
4 _Uploaded data Encrvpted index Access control (decryption keys)
&R : Q ryp I
v 5 HI
Data owner K ectiied finchifiati Consortium
(patient) Sie s blockchain

PucyHok 4.3 — ApxXiTeKTypa CUCTeMH OJIOKYCHH-KOHCOPIIIyMY METUUHHX 3aKiaaiB [94]
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Hacrtymnna apxiTekTypa CHCTEMH Ha OCHOBI1 OJIOKYEHHY CKJIaJIa€ThCs 3 3-X PIBHIB

— piBHA OTPUMAaHHS JaHUX, PIBHA 30epiraHHs JaHUX, PiBHA OOMiHY JaHUMH — PUCYHOK

4.4 [95].
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PucyHok 4.4 — ApxiTeKkTypa TpUPIBHEBOT CUCTEMH Ha OCHOBI OJIOKYeHH-TeXHOJOTI# [95]

VY [96] mpencraBiena apxiTEKTypa KOHTPOJIO JOCTYIY J0 MEAWYHUX JaHUX Ha

OCHOBI OsiokueiiHy (pucyHok 4.5). I11o6 rapanTyBaTH, 10 MOJITHKA Ta OOMiH J03BOJIAMU

€ 3araJIbHOJIOCTYITHUMU B OJIOKYEHHI, @ TAKOX JIJIsl EKOHOMII pecypciB OJIOKUYEHHY, 111 Ba

KJIFOUOBI MMapaMeTpu 30epiraerbes y 0J1okuelini. [HIm MeauyHi 1aHi Bee 111e 30epiratoThbes

Ha cepBepl MEIUYHOIO 3aKjaay, a TaKoXK CepBep MEIWYHOro 3akiagay Oepe Ha cebe
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poboTy ayTteHTHdIKaIil 0 KOHTPOI AocTyiy. Ilicias Toro, sk KOpUCTyBad HaJilLIe
3alUT Ha JIOCTYI, MOAYJIb KEPYBaHHS OE3MEKOI0 JAaHUX MpOaHai3ye 3alUT Ha JOCTYII,

NPU3HAYUTD POJIL, IPOaHaJi3y€e 3aBJaHHs Ta 3alUTAE TOCTYI JO MEAUYHHUX JaHUX.

Medical institution staff Medical device
--_-'lnquire_____ _ Collection }
—

Data security management

Permission
Patient » 4«{ Administrator
T | Data |<—> Task

A < » Role | —»  User A

Access permision of medical data

e il

T Access l Feedback

‘ Blockchain data storage ‘
A

User service state User state
__ftvaluation ) AU B feedback ____

. S:;te . | — ~ | State

eedback I 1 -
: q’ermissiun > Permission | Permission | feedback
- acquisition feedback !

| > Ttab '€
State ! ! State
Assessment 2020202020200 T TTTTTTTTToooTmooomommommmmmommmmmmm T T Assessment

Pucynok 4.5 — ApxiTekTypa KOHTPOJIIO JOCTYIY 0 MEANYHUX JAHUX Ha OCHOBI

Onokueiiny [96]

Jlist miaBuIeHHsT €(peKTUBHOCTI Ta O€3MeKHu OOMIHY €JIEKTPOHHUMHU MEAUYHUMHU
KapTKaMH M1 CUCTEMaMH KOHTPOJIIO MEAMYHOI iH(opMallli KOpEeKTHOMY yMIpPaBIIiHHIO
JAHUMH CHOPUSITUME €AUHUM 1 CYMICHUM TMIJIX1J] — HaNpUKiIad, CXeMa CIUIBHOTO
BUKOPUCTAHHS EJEKTPOHHUX MEIUYHUX KAapTOK Ha OCHOBI TIOPUIHOI apXiTeKTypHu
osokueiny [97]. SIxk moka3aHo Ha pUCYHKY 4.6, yC1 yYaCHUKH KOHCOPIIIyMY IOB’si3aH1
pa3oM i3 HaOOpPOM MpaBWII 1 MONEPETHHO BHU3HAYCHWMH CMapT-KOHTpakTamH. TibKu
YIOBHOBaXEH1 OpraHizamii MOXYTh OTPUMATH JOCTYN JO0 YYTJIMBUX YacCTHH
CJICKTPOHHUX MEIUYHHMX KapTOK, MO0 IMOCTAaBUTH MEIWYHUHN JiarHO3 1 CKJIACTH TUIaHH

JIKyBaHHS.
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Pucynok 4.6 — CxeMa CiIbHOTO BUKOPHUCTAHHS EIEKTPOHHUX MEIMYHUX KapTOK Ha

OCHOBI TiOpUAHOT apXiTeKTypH Ookuciiny [97]

Mepexeuii cepBic DynamiChain Ha 0CHOB1 OJIOKUEHHY Ta BEIUKHUX JaHUX IS
rajry3i OXOpPOHHU 37I0pOB’Sl MPEJCTaBIECHO Ha PUCYHKY 4.7. 3amporoHOBaHa MEIWYHA
OJIoKuelH-Mepexka Oyna cremiani3oBaHa sl OOpOOKM BEIMKHUX [JaHUX OISy
30pOB’s, SIKI CKiIanalThesi 3 TecTiB Inbody, aHami3iB KpoBi Ta HaAOOPIB JaHHUX
(GbyHKL10HATBHUX TeCTIB [98].

Tpu opranizamii — mocTayaJdbHUKWA JaHUX, KOPUCTYBadl JIaHUX 1 JIKaApHSI —
YTBOPIOIOTH KOHCOPIiyM y DynamiChain (pucynok 4.8). B 0cHOBHOMY MOCTa4aabHUKH
JAHUX MOXKYTh BCTAHOBJIFOBATH CBOi TMpaBWJIa JWHAMIYHOI 3rofu. JlikapHi MOXYTb
30epiraTH 3anucu nepeaadi MeAMYHUX JaHUX 1 KepyBaTH MepeIayueto JaHuX 3arajibHOTO
orjsiny 310poB’s. KopucTyBadi AaHUX MOXKYTh IMOPIBHIOBAaTH X€Ill JAHUX OIJISAY
3JI0pPOB’Sl Ta YATATHU JIaH1 OTJIALY BIAMOBIAHO. {0 KOHCOPIIyMY IPHEIHYIOTHCS BC1 TPU
opraHizaitii yepe3 oauH kaHan. Opranizailii BCTAaHOBIIOIOTH BJIACHUN OJHOPAHTOBUI
IPUCTPIA y CBOEMY LEHTP1 00poOKkH JaHuX. J[oAaTKOBY y4acTh Y KOHCOPIIIYMI MOXHa
BCTAHOBUTU 3a JIOMIOMOTOI0 OJIOKy KOH(Iirypaiii, 1o 30epiraetbcsi B CIYKO1

3amoBiieHHs [98].
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Pucynok 4.7 — MepexeBuii cepBic DynamiChain Ha ocHOB1 OJI0KY€iTHY Ta BETUKHX

JAHUX JUIS TaTy3i OXOpOHH 310poB’st [98]
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Pucynok 4.8 — brnokuelin-koHcopitiym 3 3-x opranizaniii y DynamiChain [98]



77

JleranpHuii poOoumii mporec OmokdeiH-Mepexxi SPChain npeacraBieHo Ha
pucyaky 4.9. Koxna opranizaiiis (HampuKiIaj, Mali€eHTA Ta MEAWYHI YCTaHOBH) Y
SPChain mae o6OmikoBuil 3amuc OnokdeitHy. CHcTeMa CKIQJa€TbCcsl 3  €TalliB

HaJIAIITYBaHHS, PEECTPAIlii, 3aBaHTaKEHHS, MITKH, CIIJILHOTO JTOCTYIy Ta momyky [99].

(5) Propose TXs

TET
Lol

s
s Medical institution D

'y

: + q{S]l’rthlmx'['[-l
= n - —.@/

Medical institution A Medical institution B
r

Consensus group

(7}T|_I (;) Pinned

T kevblock
4)1 pload

Keyblock icroblock MB;

4 L - 2
Hash root
Hash root  Hash root

Keyblock Microblock MB;

Hash root

I

Process EMR
Generate tx

I

Patient i

I"I (9) Pinned T[_

Patient j

Pucynok 4.9 — Jleranpauii podounii mpoiec OmokueiiH-mepexi SPChain [99]

Ha ocHOBI mNpoBeAEHOro aHaii3y apxXiTeKTyp BiJIOMHUX CHCTEM KepyBaHHS
MEIUYHUMHM JaHUMH Ha OCHOBI OJIOKUCHH-TEXHOJIOTIH, pPO3pOOMMO apXiTEKTypy
CUCTEMH Il KEpyBaHHS MEIUYHUMM JaHUMHU Ha OCHOBI pO3po0JeHUX Yy po3aiii 3
METO/IIB Ta aJITOPUTMIB OLIHIOBaHHS JOCTATHOCTI MEIUYHUX AaHUX (OJOK OIL[IHIOBAHHS
JOCTATHOCTI MEMYHUX JaHMX ), BAKOHAHHS TPaH3aKI[iil Ha/l MCANYHUMHU JaHUMHU (OJI0K
BUKOHAHHS TPaH3aKIid HaJ MEAUYHUMH JaHUMH), OILIHIOBAHHS pEIyTaIii MeIrndHOl
YCTaHOBHM SIK MaifHepa 0JiokueliHy (OJI0K OIIHIOBAHHSI peITyTallii MEJMYHOI YCTAaHOBH).

ApXITEKTypa CUCTEMHU Il KEPYBaHHS MEIWYHUMHU JTaHUMH IIPEACTABJIICHA Ha

pucyHky 4.10.



biok oniHroBaHAS pemyTantii
MeIMYHOI YCTaHOBH

CmapT-
KOHTPaKT

Briok BUKOHAHHS TpaH3aKIIIH
HaJ] MeIHIHAMH JAHHMH

Basa 3HaHb — 6a3za Me4MUYHMX JaHUX

B0k omiHIOBAaHHS TOCTATHOCTI
Ta 6a3a npaeun

MEIHYHHX JaHHX

Pucynok 4.10 — ApxiTekTypa CUCTEMH ISl KEpYBaHHS MEAMYHUMU TaHUMU
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4.2 ExcrniepuMeHTH 13 KepyBaHHS MEIWYHHMM JaHUMU Ha OCHOBI OJIOKUCHH-

TEXHOJIOT1I

[IpoBeneMo eKCIIEpUMEHTH 13 KEpPYBAHHS MEAMYHUMHU JIaHUMU Ha OCHOBI
OJIOKYCHH-TEXHOJIOTIM 3 BUKOPUCTAHHSIM pO3POOJIEHUX Yy po3aur 3 METoHiB Ta
AJITCOPUTMIB OLIIHIOBAHHS JOCTATHOCTI MEIUYHMX JAHMX, BUKOHAHHS TpPaH3aKIii Hax
MEAVYHUMH JIaHUMH, OLIHIOBaHHS penyTalli MEIUYHOI YCTaHOBM (K MaiiHepa
OJIOKUYEHHY).

JUig 1epuioro eKCrepuMeHTY OLIIHMMO JOCTaTHICTh MHOKMHU JaHUX MEIUYHHUX
KapT aMOyJaTOPHUX XBOpPUX aMOysaTtopii CIMEHHOI MEIMIMHM, K1 TUIAHYIOTHCS /10
3aHECEHHs OJIOKY TaHHUX OJIOKY OJIOKYEHHY.

[IpoananizyeMo Taky MHOXHUHY JaHUX 3 BHUKOPUCTAaHHSIM KOXKHOTO 3
pO3pOOIEHUX MPaBWI ISl BHU3HAUEHHS JOCTATHOCTI MEIWYHHUX JAHUX Ta MiIpaxyeMo

munnearkr  SAtp, sdtm, sdq.

PosrnsgyBana MHOXKHHA MEIUYHUX JIAHUX CKiIanaeTbes 3 10 3amuciB, mpuaoMy B
NEepIIOMY 3alKCl BIICYTHIA €JIEMEHT «4ac JaHuX», B JPYyroMy 3amucl BIJICYTHI
€JIEMEHTH «TUI JTaHUX» 1 «SIKICTh JAaHUX», B TPETHOMY 3aIIHC1 BIICYTHI €JIEMEHTH «4ac
JAHUX» 1 «SIKICTh JAHUX», B YETBEPTOMY 3aIMCl BICYTHIN €IEMEHT «THI JaHUX», B
II’SITOMY 3aluCl HasiBHI BCl TPH €JIEMEHTH, B IIOCTOMY 3alMCi BIACYTHIN €JIeMEHT
«SIKICTh JaHUX», B CbOMOMY 3alliCl HasBHI BCl TpU €JIEMEHTH, Y BOCBMOMY 3aIluCi
BIJICYTHI €JIEMEHTH «THIl JaHUX», «4ac JaHUX», Y JIEB’SITOMY 3aIllKCl HasBHI BCl TpH
€JIEMEHTH, a y JACCATOMY 3aIKCl BIJICYTHIN €JIEMEHT «4ac JaHuX», TOMy Matpulsd B; mae
HACTYITHUM BUTIIST — TaOuis 4.1,

Jliunnmeauku  SOtP, sdtm, sdq B TakoMy BHNAAKy MarOTh HACTYIIHI 3HAYEHHS:

sdtp, =7, sdtm, =6, sdqg, =7.
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Ta6mung 4.1 — Matpuns By 1711 MHOXKHHYM JaHUX MEIMYHUX KapT aMOyJIaTOPHUX
XBOpHX aMOyJaTopii CiMeHOI MeTUIIUHA (€KCTICpUMEHT 1)
1 2 3

(mun danux dtp,,)  (uac danux dtm,,)  (axicmo oanux dd,,)

1 0 1

© 0 N o o A W DN P

R R O R k| k| o r O
ol r| O R k| R, R O K
R R R Rk O k| R, O O

=
o

Jam 0o0uncauMo KUIbKICHY OLIHKY JOCTAaTHOCTI MEAMYHUX JaHUX 32 (OPMYIIO0
(3.3), BpaxoByrOuM, IIO MHOXXHMHA JaHUX MEIWYHUX KapT aMOYJIaTOPHHX XBOPHUX
amMOynaTopii ciMEHOI MEAUIIMHM, SIKI TUIAHYIOTHCA 10 3aHECEHHs OJIOKY AaHUX OJIOKY

onokueiiny, ckianaerses i3 10 3anucis, Too6to Kk, =10

1 sdtp, sdtml sdql) 1 (7 6 _)
k, Ky k, © 3 10 10 10

sfmd, =

Ockineku SOtp <k Ta sdtm<k Ta sdq<k ta sfmd <1, To: mpuitmaerscs
pIlIEHHS] TPO HEJOCTATHICTH MEAWYHHMX JAHUX y MHOXHHI D,, MeamuHmx Kapt

aMOyJIaTOpHUX XBOpUX amOynaropii ciMeiHoi MenuuuHu. OTXe, po3rsayBaHa
MHOXMHA MEAUYHUX JaHUX MOTPeOye TOOMPAIOBaHHS TIepeI 3aHECEHHSIM IUX JaHUX B

po3ain «Jlani 6510Ky» 070Ky OJIOKYEHHY.
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KopucryBady HamaroThcss peKOMEHAIIIT [I0/I0 JOTIOBHEHHS! MHOKHHH MEIHMYHUX
JAaHUX — 3TITHO 13 TpaBWiIaMu s (POpMyBaHHS PEKOMEHIAIA MO0 JTOMOBHEHHS

MHOXHHH MeIuyHuX naHux D, — gK KepiBHUIITBO, SKy iH(POpPMAIIIIO CIiJ JAOAATH Y

av

MHOXKMHY MEIWYHUX AaHuxX D,, A7 MOXJIMBOCTI iX 3aBaHTaXKEHHS B po3ain «JlaHi

Omoky» Onoky OmnokdedHy. [msi po3risigyBaHOi MHOKHHU JaHWX MEIUYHUX KapT
aMOyJIaTOPHUX XBOPHUX aMOymaTopii ciMeiHOT MEAUITMHN PEKOMEHAIlT € HACTYITHUMH:
JOTIOBHUTH 1-fi 3amuc eIeMEeHTOM «dJac JaHWX», JTOMOBHHTH 2-M 3amuC elIeMEHTaMu
«TUI JaHUX» 1 «SIKICTh JAHMX», JOIMOBHUTH 3-H 3alMC €JEeMEHTaAMH «4ac JaHuX» 1
«SIKICTh JTAHWUXY», TOTIOBHUTH 4-i 3aIUC €JIEMEHTOM «THIT TAaHUX», TOTIOBHUTH 6-1 3amuc
CJIEMEHTOM «SKICTh JaHUX», JOMOBHUTH 8-U 3alUC €JIeMEHTaMHU «THIl JTaHHUX», «4ac
TaHuX», 1oTMOBHATH 10-i 3amuC eIEMEHTOM «4Jac JaHUuX».

S0 MeauYHa yCTaHOBa BCe 1€ 3alliKaBjieHa y 3aBaHTAXKEHHI CBOIX JIaHUX JI0

6HOKy 6HOK“I€IZHY, TO BOHA BHKOHA€ OOIIOBHCHHA MHOXHWHH MCINYHUX AAaHHUX DaV’

HICTS YOTO CJIJi BUKOHATH MOBEPHEHHSA Ha Kpok | MeTonmy OLIHIOBaHHS JOCTATHOCTI
MEANYHUX JaHUX, TOOTO BUKOHATH aHaJll3 OHOBJIEHOT MHOKHHHU MEUYHUX JTaHUX.

Jnga  excnepuMeHTy | po3risayBaHa MHOXHHA MEAMYHUX JaHUX Oysa
JIOTIOBHEHA, TICJS 4YOTo I MHOXHWHA JaHUX 3HOB Oylia mpoaHai3oBaHa 3
BUKOPUCTAHHSAM KOKHOTO 3 PO3pOOJICHHX NpaBWJI JUIsl  BHU3HAUEHHS JIOCTaTHOCTI

MEIUYHMX JaHuX Ta Oy migpaxosani munnsHuky SOtp, sdtm, sdq.

[licnss goompalltoBaHHs B MEPUIOMY 3alKCl BIACYTHIA €1EMEHT «4ac NaHUX», B
JIPYroMy 3allMci BIJICYTHIA €JIEMEHT «AKICTh JAaHMX», B TPETbOMY 3aIlMCl BIICYTHIN
CJIEMEHT «SKICTh JaHUX», B YCIX IHINIUX 3alycax HasBHI BCl TPU €JIEMEHTH, TOMY
MaTtpuild B; Mae HacTymHHM BUTIISAL — TaOuIs 4.2.

Jliynneaukn  SAtp, sdtm, sdq B Takomy BHIIaAKy MarOTh HACTYIHI 3HAYCHHS:
sdtp, =10, sdtm, =9, sdq, =8.

Jam o6uncauMo KiTbKICHY OIIHKY JOCTaTHOCTI MEAMYHUX JaHUX 32 (OPMYIIO0

(3.3):
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sdtp, sdtm1 sdql) E(Q 3 _)

sfmd, = =
3k  k k310 10 10

Tabmung 4.2 — Matpuns B; st goomnpaiiboBaHOT MHOKHHHU JaHUX MEIUYHHUX
KapT aMOyJIaTOPHUX XBOPUX aMOyJIaTopii CIMEHHOT METUITUHM (EKCTIEpUMEHT 1)

1 2 3

(mun danux dtp,,)  (uac oanux dtm,,)  (axicmo oanux dd,,)

0 1

© 00 N oo o A W DN PP

I e
I I B
I =] =)

=
o

Hapasi sdtp =k, mpore sdtm<k Ta sdq<k ta sfmd<1, tomy 3HOBY
MPUAMAETHCS PIlIEHHSI PO HEIOCTATHICTh MEJANYHUX JaHUX y MHOKHUHI D,, Mequanux

KapT aMOyJlaTOpHUX XBOpHX aMOysatopii ciMelHoi Memuimau. OTxe, po3risayBaHa
MHOKMHA MEIUYHUX JaHHUX 3HOBY IMOTPEOYy€E JOOIpAIlOBAaHHS Iepe] 3aHSCCHHSIM ITHX
JaHUX B po3i «JlaHi 6J10Ky» 610Ky OJOKUCHHY.

KopucryBauy HagaroThCs PEKOMEHIAINT MO0 JOTIOBHEHHS MHOKHHH MEIUYHHUX
JAHUX — 3TIHO 13 MpaBujiaMu s (OPMYBaHHS PEKOMEHJAIN MI0JI0 JOTMOBHEHHS
MHOXHUHHM MeAWYHUX naHux D, . i po3risiyBanoi 1oonpainboBaHOi MHOXKHHU JaHUX
MEIUYHUX KapT aMOyJIaTOPHUX XBOPUX aMOyJIaTopii CIMEHHOT MEUITMHU PEeKOMEHAAITIT
€ HaCTYITHUMH: JOTIOBHUTH |-H 3alyc €JIEMEHTOM «dJac JaHWUX», TOTIOBHUTH 2-H 3aImic

€JIEMEHTOM «SIKICTh JaHUX>, JOIIOBHUTH 3-1i 3aIKC €JIEMEHTOM «SIKICTh JaHUX».
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MenanuHa ycraHOBa, MPOAHANI3yBaBIIM OTPHUMAaHI BHUCHOBOK Ta PEKOMEHMAIi,
MpUITHSIA PIMIEHHS 3aBAaHTAXyBaTH MHOXKHHY JaHUX MEIMYHUX KapT aMOYyJaTOPHHUX
XBOpUX amOynatopli ciMEWHOI MEIULMHU 10 OJOKYy OJIOKYeiHy O0e3 MMoAaIbIIoro
JOOTIPAIIOBaHHS.

st Opyeoco excnepumenmy OIMIHUMO JOCTATHICTH MHOXKHHH OOJIIKOBUX JaHUX
KabiHeTy (YHKIIIOHAJIbHOI JIarHOCTUKH amOyJjaTopii CiIMEWHOI MEIUIMHH, SKi
TUTAHYIOTHCS 10 3aHECEHHS OJIOKY JaHuX OJIOKY OJIOKUYEiHY.

[IpoananizyeM0 TaKky MHOXHUHY JaHUX 3 BHUKOPUCTAaHHSIM KOXKHOTO 3
PO3pOOJIeHNX MpaBUi AJIs BH3HAYCHHS TOCTATHOCTI MEIWYHHUX JTAHUX Ta IMiIPaxyeMo

miunneHuky St , sdtm, sdg.

PosrnsayBana MHOKHHA METUYHUX JTaHUX CKJIamaeTbes 3 20 3amuciB, MPUIOMY B
NEepIIOMY 3alKCl BIJICYTHIA €JIEMEHT «4ac [JaHuX», B JPYyroMy 3amucl BIJICYTHI
CJIEMEHTH «THUI JIAHUX» 1 <«SIKICTh JAaHUX», B TPETHOMY 3aIKCl BIJICYTHI €JIEMEHTH «4ac
JAHUX» 1 «TUI JAaHUX», B YETBEPTOMY 3alUCl BIIICYTHIM €JIEMEHT «THUIl JaHUX», B
I’ SITOMY 3aIliCl BIICYTHI €JIEMEHTH «THI JAHUX» 1 «AKICTh JaHUX», B IIOCTOMY 3amuCl
BIJICYTHI €JIEMEHTH «THUII JAHUX» 1 «4ac JAHUX», B CbOMOMY 3aIlMCl BIJICYTHI €IEMEHTH
«4ac JaHUX» 1 «IKICTh JAHUX», Y BOCBMOMY 3aIIHC1 BIJCYTHIHN €JIEMEHT «AKICTh JaHUX),
y JI€B’SITOMY 3amuci HasBHI BCl TPU €JIEMEHTH, Y JECATOMY 3aIUCl BIJICYTHI €IE€MEHTHU
«TUN JaHUX» 1 «AKICTh JIaHUX», B OJWHAJUATOMY 3alUCl BIJACYTHI €JIEMEHTU «THII
JAHUX» 1 «4ac JaHWX», Y JBAHAAIATOMY 3aIlUCi BIACYTHIA €JIEMEHT «THIl JaHUX», Y
TPUHAALSATOMY 3aMKCl BIICYTHIN €IEMEHT «SIKICTh JaHWUX», Y YOTUPHAAISATOMY 3amuci
BIJICYTHI €JIEMEHTH «THI JAHUX» 1 «4Yac JNaHUX», Yy I SATHAALSTOMY 3alucl BiJACYTHI
CJIEMEHTH «4ac JIaHUX» 1 «IKICTh JaHUX», Y HIICTHAIISTOMY 3aIUCl BIZICYTHI €JIEMEHTH
«THIM JAHUX» 1 «4ac JAHUX», Y CIMHAJUATOMY 3aIKCl BIACYTHIN €IEMEHT «4ac TaHUX»,
y BICIMHAJIITOMY 3aIlMCl BIACYTHIN €E€MEHT «4ac JaHUX», Y JI€B’ ITHAALSTOMY 3aIuCl
BIJICYTHI €JIEMEHTU «4acC JaHHUX» 1 «SIKICTh JaHUX», Y NBAAISITOMY 3amuCl BIJCYTHI
CIIEMCHTH «THI JAaHUX» 1 «SIKICTh JaHUX», TOMY MaTpuls B, Mae HacTymHUIN BUTIISAI —

tabyms 4.3.



84

Jiunneauku  SOtp, sdtm, sSdq B TakoMy BMIAAKy MarOTh HACTYIHI 3HAYCHHS:

sdtp, =9, sdtm, =9, sdq, =11.

Tabmums 4.3 — Matpuus B, ans MHOXUHM OOJIKOBUX JaHUX KaOlHETY

(bYHKIIOHATEHOT JiarHOCTUKY aMOynaTopii ciMeiHHOT MeTUIIMHY (EKCIIEPUMEHT 2)

1 2 3
(mun danux dtp,,)  (uac danux dtm,,)  (axicmo oanux dd,)

1 1 0 1
2 0 1 0
3 0 0 1
4 0 1 1
5 0 1 0
6 0 0 1
7 1 0 0
8 1 1 0
9 1 1 1
10 0 1 0
11 0 0 1
12 0 1 1
13 1 1 0
14 0 0 1
15 1 0 0
16 0 0 1
17 1 0 1
18 1 0 1
19 1 0 0
20 0 1 0
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Jlaii o0YuCIMMO KUIBKICHY OIIIHKY JOCTaTHOCTI MEAMYHHMX JaHUX 3a (OPMYJIOH0
(3.3), BpaxoByouHW, IO MHOXHHA OOJIKOBHX JaHUX KaOiHETy (YHKIIOHAJIBHOI
JIarHOCTHKU aMOynaTopii CiMeWHOT MEIUIINHM, SIKI TUIAHYIOTHCS IO 3aHECEHHS OJIOKY

naHux OJOKy OyoKueitHy, ckinanaetses i3 20 3amucis, T06T0 K, =20:

sfmd, = . 9Pz, My 5905y 1.5, 5 T4

3k, k, ky’ 320 20 20

Ockineku SOtp <k Ta sdtm<k Ta sdq<k ta sfmd <1, To: mpuiimaerhcs

pIlIICHHS TPO HEJOCTATHICTh MEIUYHUX JaHWX Yy MHOXuHI D,, 0OJIKOBHX JaHHX

av
ka0iHeTy (YHKIIOHAIBHOI JIarHOCTUKH aMmOynaropii ciMmeiiHoi MenuuuHu. OTxe,
po3MIIsilyBaHa MHOXXHHA MEIWYHUX JaHUX MOTpedye JOOMpallOBaHHA TMepes
3aHECEHHSIM IUX JTaHUX B po3aul «/JlaHi 610Ky» 00Ky OJIOKUYEHHY.

KopuctyBauy HafaroThCsl peKOMEHAAIIIT 1100 JTOMOBHEHHS MHOXKHHH METUYHUX
JAHUX — 3TIHO 13 mpaBuiIaMu s (OPMYBaHHS PEKOMEHJAIIN MI0JI0 JOMOBHEHHS

MHOXHHHM MEIWYHUX JaHux D,, — SK KepiBHULTBO, sIKy 1HOpMaLiIO CIiI J0JaTH Y
MHOXKMHY MEIWYHUX AaHux D,, A7 MOXIMBOCTI iX 3aBaHTaKeHHS B po3ain «JlaHi

O5oKy» OsIoKy OnoxdeitHy. J{st po3risigyBaHOi MHOKHHHM OOJIIKOBUX JaHUX KaOIHETY
(yHKLIOHATBHOI JIIarHOCTUKK aMOyJaTopii CIMEMHOI MEIUUMHU pEKOMEHJalli €
HACTYMTHUMM: JOTOBHUTH |- 3amuc €IeMEHTOM «d4ac JaHWX», JOMOBHUTH 2-U 3amuc
CJIEMEHTAMH «THUIl JAHUX» 1 «IKICTh JAHMX», JOIIOBHUTH 3-M 3aIIUC SJICMEHTAMHM «Jac
JAHUX» 1 «THI JAHUX), JOIMMOBHUTHU 4-1i 3aIIHC CIICMEHTOM «THII JTAHUX», TOIMIOBHUTH S5-1
3aIIiC €JIEMCHTAMH «THII JaHUX» 1 «IKICTh JaHUX», JOIMOBHUTHU 6-I 3alKC eIEMEHTaAMH
«TUII JAaHUX» 1 «9ac JAHUX), JOMOBHUTH 7-H 3aIIUC €JIEMCHTAMH «4Jac JaHUX» 1 «IKICThb
MAHUX», JTOMOBHUTU 8-H 3alUC €IEMEHTOM «IKICTh HAHUX», HOIMOBHUTH 10-ii 3ammc
CJIEMCHTAMH «THI JJAaHUXY» 1 «SIKICTh JAHUX», TOTMOBHUTH 1 1-ii 3amuc eIeMEHTaMH «THII
JIAHUX» 1 «4ac JaHWUX», NOMOBHUTH 12-1 3aIHUC €IEMCHTOM «THUII JAHUX», JTOTOBHUTH
13-i1 3amuc eIEMEHTOM «IKICTh JaHHWX», JOMOBHUTH 14-H 3amuc eJIeMEHTaMU «THII

AaHUX» 1 «4ac JAaHUX», JOIOBHUTH 15-H 3amuc ejIeMEHTaMHM «4ac JTaHUX» 1 «IKICTh
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IAaHUX», JOIIOBHUTH 16-1 3amuc €JeMEHTAMU «THUIl JAaHUX» 1 «Jac JTaHHUX», JOIIOBHUTH
17-1 3anmmc eIeMEHTOM «4Jac JaHWX)», JOIMOBHUTH 18-i1 3aIIMC €JIeMEHTOM «dJac JaHUX),
JIONIOBHUTHU 19-1 3ammc eneMeHTaMHu «4Jac JaHUX» 1 «IKICTb JaHHX», JOIOBHUTH 20-K
3aIIMC €JIEMEHTAMU «THII JAHUX» 1 «SIKICTb JaHUXY,.

S0 MeauYHa yCTaHOBA BCE IIE 3alliKaBleHA y 3aBaHTaXKCHHI CBOIX JaHUX [0

6J'IOKy 6JIOK“I€I>1HY, TO BOHA BHUKOHA€ OOIIOBHCHHA MHOXXHWHHM MCIANMYHUX OaHHUX DaV’

MICTISL YOTO CJI1J BUKOHATH MOBEPHEHHS Ha Kpok 1 MeTony OLiHIOBaHHS JOCTATHOCTI
MEIUYHUX JAaHUX, TOOTO BUKOHATH aHaJI13 OHOBJICHOI MHOKHHU MEIUYHHUX JaHUX.

Jist  eKcnepuMeHTy 2 po3MisglyBaHa MHOXHHA MEIWYHUX JaHux Oyna
JIOTIOBHEHa, TIICIsT 4YOro Il MHOXKMHA JaHMX 3HOB Oyja MpoaHami3oBaHa 3
BUKOPUCTAHHSAM KOXKHOTO 3 PO3pOOJICHMX NpaBWi JJIi  BU3HAYEHHS JIOCTATHOCTI

MEIMYHMX JaHuX Ta Oy migpaxoBaHi miunmisHuky SAtp , sdtm, sdq.

[Ticnst moormpalroBaHHsl B JPYroMy 3amucl BIJICYTHIN €JIEMEHT «TUIl JIaHUX», B
TPETbOMY 3amluci BIICYTHIM €IEMEHT «4ac JaHUX», B II'SITOMY 3alucl BiJCYTHIii
€JIEMEHT <«SIKICTh JIaHMX», B IIOCTOMY 3allMCl BIACYTHIH €JIEMEHT «4ac JaHuX», B
ChOMOMY 3aIluCl BIJICYTHIN €JIEMEHT «SKICTh JIaHUX», Y JECSATOMY 3aIluci BIACYTHIN
€JIEMEHT «THUIl JaHWX», B OJUHAALATOMY 3alKCi BIACYTHIH €IEMEHT «4ac JaHUX», y
YOTUPHAAISATOMY 3alUCl BIJICYTHIA €JIEMEHT «THUI JAaHUX», Y I STHAAISTOMY 3aIucl
BIJICYTHIN €I€EMEHT «SIKICTh JJAHUX», Y IIICTHAAUATOMY 3alKCl BIACYTHIN €IEMEHT «THUIl
JAHUX», ¥ J€B’ATHAUATOMY 3aIKCl BIACYTHIN €1EMEHT «SIKICTh JAHUX», Y ABAALSATOMY
3amucl BIJICYTHI €JIEMEHTH «THI JaHUX» 1 «IKICTh JJaHWX», B YCIX I1HIIUX 3amucax
HasIBHI BC1 TPU €JIEMEHTH, TOMY MaTpullsl B, Mae HacTynHUI Burisan — radnuus 4.4.

Jliyuneaukn  SAtp, sdtm, sdq B Takomy BHIIAAKy MarOTh HACTYIHI 3HAYCHHS:

Jam o6uncauMo KiTbKICHY OIIHKY JOCTaTHOCTI MEAMYHUX JaHUX 32 (OPMYIIO0

(3.3):

sfmd, = £ . (P2 , SdM,  Sddpy L1 15 17 15, 2g

3k, k, k, 320 20 20
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Ockineku SAtp <k Tasdtm <k ta sdg <k Ta sfmd <1, romy 3H0BY npuiimaeTscs

pIICHHS MPO HEIOCTAaTHICTh MEIWYHUX JaHUX y MHOXHHI D,, OONIKOBUX JaHUX

av
ka0iHeTy (YHKIIOHAJIBHOI JIarHOCTUKM aMmOynaropii ciMmeiHoi MenuuuHu. OTxe,
pO3TIIsAlyBaHa MHOXHHA MEIUYHHX JaHWX 3HOBY IMOTpeOye MOOMpPAIfOBaHHS TEpe.
3aHECEHHSM ITUX JaHUX B po3ai1 «JlaH1 6J10Ky» 00Ky OJIOKUEHHY.

KopuctyBauy HamaroThCs peKOMEHAAIIIT MO0 JOMOBHEHHS MHOKHHH METUIHUX
JAHUX — 3TITHO 13 TpaBWiIaMu s (POpMyBaHHS PEKOMEHIAINA MO0 JTOMOBHEHHS

MHOXKMHM MeauuHux nanux D,,. [ig posrisayBaHoi 100npaiboBaHOT MHOXKHUHH

OOMIKOBUX JaHWUX KaOiHeTy (YHKIIOHAIbHOI [1arHOCTUKKA aMOynaTopii CiMerHOl
MEIUIMHU PEKOMEHJAlli € HACTYHHMH: JONMOBHUTH 2-il 3alUC €JIEMEHTOM «THII
JaHUX», JONOBHUTH 3-H 3alMc €JIEeMEHTOM «d4ac JaHHUX», ONOBHUTHU S5-M1 3amuc
€JIEMEHTOM «AKICTh JaHUX», JONOBHUTH 6-i1 3amuC €JIEeMEHTOM «4ac JaHuX»,
JIOTIOBHUTH 7-1 3allHC €JIEMEHTOM «SKICTh JaHUX», JONOBHUTH 10-i 3amKC eJIeMEeHTOM
«TUI JaHUX», TONOBHUTHU 11-i 3amKC €JIEMEHTOM «4ac JaHUX», JOTMOBHUTH 14-ii 3amuc
CJIEMEHTOM «THI JAaHUX)», JONOBHHUTH 15-M 3ammc eJIEMEHTOM «SAKICTh JaHUX),
JOTIOBHUTH 16-I1 3amMC €IEMEHTOM «THN JAaHUX», TONOBHUTH 19-i 3ammc enemMeHTOM
«SIKICTh JAHUX», JOMOBHUTH 20-i 3aMKC eIEMEHTaMH «TUI JAHUX» 1 «AKICTh JaHUX.
Menuyna ycTaHoOBa, MPOAHANI3YBABIIM OTPUMaHI BHUCHOBOK Ta PEKOMEHJAllli,
MPUIHSIA PIIICHHS PO II¢ OJHE JOIMOBHEHHS MHOXXWHHM OOJIKOBHX JaHUX KaOIHETY
(yHKLIOHATBHOI JIarHOCTHKM amOynatopii ciMeiHoi MenuuuHu. PosrisgyBaHa
MHO’KHMHA MEIMYHUX JaHUX Oyia TOMOBHEHA, MiCJig YOro s MHOKMHA JIaHUX 3HOB Oylia
MPOaHAJI30BaHa 3 BUKOPHUCTAHHIM KOXHOTO 3 pO3pOOJEHUX MPaBWII JJIsi BHU3HAUEHHS

JOCTATHOCTI MEINYHKUX JAaHUX Ta OyaH migpaxosani miynnepaukr SAtP, sdtm, sdq.
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Tabmung 4.4 — Marpuus B, nis moonpaiiboBaHOT MHOKUHHM OOJIIKOBUX JIAHUX
kaOiHeTy  (QYHKIIOHAIBLHOI  JIarHOCTUKHA  aMOysaTtopii  CIMEWHOI  METUITMHU
(excriepuMeHT 2)

1 2 3

(mun oanux dtp,,)  (wac oanux dtm,,)  (axicme Oanux dg,,)

1 1 1 1
2 0 1 1
3 1 0 1
4 1 1 1
5 1 1 0
6 1 0 1
7 1 1 0
8 1 1 1
9 1 1 1
10 0 1 1
11 1 0 1
12 1 1 1
13 1 1 1
14 0 1 1
15 1 1 0
16 0 1 1
17 1 1 1
18 1 1 1
19 1 1 0
20 0 1 0

[Ticns apyroro moorpalfoBaHHs B yCiX 3amucax HasBHI BCl TPU €JIEMEHTH, TOMY

Matpuls B, Ternep Mae HacTynmHuM BUTISA — Ta0aus 4.5.
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Tabmung 4.5 — Marpuus B, nis Bapyre moornpaiboBaHOT MHOXKHHHU OOJIKOBHX
TaHuX KabOiHeTy (QYHKI[IOHATBHOI JIarHOCTUKM aMOylaTopii CIMEHMHOI MeTuITMHU
(excriepuMeHT 2)

1 2 3

(mun oanux dtp,,)  (wac oanux dtm,,)  (axicme Oanux dg,,)

1 1 1 1
2 1 1 1
3 1 1 1
4 1 1 1
5 1 1 1
6 1 1 1
7 1 1 1
8 1 1 1
9 1 1 1
10 1 1 1
11 1 1 1
12 1 1 1
13 1 1 1
14 1 1 1
15 1 1 1
16 1 1 1
17 1 1 1
18 1 1 1
19 1 1 1
20 1 1 1

Jliynneauku  SAtp, sdtm, sSdq B Takomy BHIIAAKy MarOTh HACTYIIHI 3HAYCHHS:

sdtp, =20, sdtm, =20, sdq, =20.
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Jlaii o0YuCIMMO KUIBKICHY OIIIHKY JOCTaTHOCTI MEAMYHHMX JaHUX 3a (OPMYJIOH0

(3.3):

sdtp, sdtm2 sdqz) 1 (@ 20 Q)_

sfdz—
2 =3 K, k, Kk, 320 20 20

Ockinmekn  Sdtp=k Ta sdtm=k ta sdg=k ta sfmd=1, tomy Ttemep
NpuiiMaeTbes PILIEHHS NMPO AOCTATHICTh MEJUYHMX JaHUX y MHOXuHI D,, o6mikoBux

JaHUX KaOiHeTy (YHKIIIOHAJIBHOI J1arHOCTUKU aMOynaTopii CIMEMHOI METUIIMHH.
OTxe, po3riisiyBaHa MHOKMHA MEAMYHUX JAHUX MOKe OyTH 3aHeceHa B po3ain «JlaHi
0J10Ky» OJIOKY OJIOKYEIHY.

OniHuMO Temep pernyTamilo MEIUYHOI YCTAaHOBH (HAIPHKIAM, JBOX PI3HUX
amMOyJnaTopiii CIMEHHOI MEAMIMHM) — SIK MaiiHepa OJIOKYElHY, BHUKOPHUCTOBYIOYH
BJIOCKOHAJICHH METOJ] OIIIHIOBAHHS pemnyTallii MEIUYHOI yCTaHOBU (SIK MaiiHepa
OJIOKYEHHY).

JIisi  mepmioro eKCIepuMEHTY 3HA4YeHHS JOBXKUHHU MOTOYHOTO OJOKYEHHY
Ib=110; 3nauenns po3mipy 610Ky B motounomy Gnokueiini Sbl =10; toni kinbkicTs

Ib 110 .. .
—— =11; KkinpKicTh MEIUYHHX TPAH3AKI[IHA

6JI0KiB y moTounoMy onokueini: Kbl =
sbl 10

y Onokueiini kmtr=40; xinekicts TpaH3akiiii peectpy B Onokueini Krtr=50;
KUIBKICTh MEIUYHUX TPAH3aKIHd ISl KOXKHOTO OJIOKy, OJep)KyBadeM SKHX €
pO3TIsiAyBaHa MeAnYHa YCTaHOBA,
mtr, =2, mtr, =1, mtr; = 2, mtr, =3, mtr; =4, mtr, =3,mtr, =1,

mtry =5, mtry =1, mtr,, =5,mtr;; =3; KUIBKICTh TpaH3aKLill peecTpy I KOXKHOTO
OJIOKY, oJlep)KyBadueM SIKUX € pO3IIIsATyBaHa MeTuIHa yCTaHOBA,
rtr, =3,rtr, =5rtr; =2,1tr, =1, rtr; =3,rtry =4,1tr, =6, rtry =1, rtry =7, rtr,, =1, rtr;, = 2;
oOIliHKa MaiiHepa B (opmari joriunoi 3minnoi f =1, ockinbku JaHa MeauyHa ycTaHOBa
3apeKOMEHIyBaa cebe YeCHMM MalHepOM; TMapaMeTpu pemyTaiii CHUCTeMH

(=0.75,1=0.85).
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kbl

rr.
2 35

i=1

Tomi cepeaHe 3HA4YCHHsA Mean. = 0.7; CepeaHE 3HAUCHHSI

krtr 50
%
mtr,
i 30
mean, ., = "klw 0" 0.75; CTaH/apTHE BIIXWICHHS
kbl kbl

_ il — (- =0.85; cramgapTHe  BigXMICHHS

_ 1 .(i=1
"V kbl sbl Krtr 11 10 50

kbl kbl

> mtr, > mtr,

2 Zm‘z \/1 35 35
) —

- - 1 30 30
o = (i s 2:\/_.__—2:0.68;
=il Tt emr ) V11 0 " 20! SIS
mean . mean .
L= €y, 01 =0.38; s3mHauenns 0, = €Ny 075 =0.45; 3HaueHns
1+o0, 1+0.85 1+o0,, 1+0.68
X=0,-0,-1b=0.38-0.45-110=18.81.
Busnaunmo f(X)= L 1+ X——a) = L @+ 18.81-0.75 )=0.98. Toxi
2 A+ ‘X — a‘ 2 0.85+ ‘18.81— 0.75‘
penyTaiiro MEIUYHOT YCTaHOBU (s1x MaliHepa OJIOKUelHY):

R=min(L, f - f(x))=min(L1-0.98) =0.98. Omxe, penyramis Ta I0Bipa JO MEIHYHOI
ycTaHOBH (ciMeliHoi amOysatopii Nel) sk n0 maiiHepa OJIOKUYEHHY B JaHOMY BHITaJIKy €
BHCOKOIO.

Jist  Apyroro eKCIEepUMEHTY 3HAau€HHS JIOBKMHU TIOTOYHOTO OJOKYEHHY

Ib =1020; 3nauenns posmipy 6110ky B morounomy onokueitni Sbl =102 ; Toai kinbkicTh

Ib 1020
OinokiB 'y mortoyHomy Onokueiini: Kbl=—=

sl 102

TpaH3akmii y Onokuedni Kmtr=70; xinpkicTh TpaH3akuiii peectpy B OJIOKYEiHI

10; xkimpKicTh MeEIUYHMX

krtr =85; kinbkicTh MEQUUHMX TpaH3aKIil Ul KOKHOIO OJIOKY, OJEPKYyBAYEM AKUX €
pO3MIIsIIyBaHa  MEIWYHA  YCTaHOBA, mtr, =3, mtr, =5, mtr; =8 mtr, =3, mtr; =2,
mtry =4, mtr, =6, mtr; =5,mtry =10,mtr;; =1; KUIBKICTb TpaH3aKWId peecTpy AN

KO>XHOI'O 6J'IOKy, OZCpPKyBa4CM AKHX € pPO3riiAyBaHa MCEAWMYHA  YCTAaHOBA,
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rtr, =10,rtr, =9,rtry; =7, rtr, =5,1tr; =3, 1try =5,1tr;, =6, rtry =2, rtry =4, rtr;, =1,
olliHKa MaiiHepa B opmari oriunoi 3minnoi f =0, ockinbku gaHa MeauyHa ycTaHOBA

JI0C1 HE 3apeKoMeHAyBajla cebe YEeCHUM MailHepoM; MapaMeTpu pernyTalli CUCTeMu
(¢=0.75,1=0.85).

kbl

rtr.
2 5

Tomi cepenHe 3HadeHHs Mean . = = 2061 CepeHE 3HAYCHHS
krtr 85
kbl
> mtr, 47
mean,,, = I:kl—t =20 0.67; CTaHJapTHE BIAXUJICHHS
mtr

kbl kbl

. Do, Zmi)z:\/l

o 52 52
_ i . (—-—-"5)=0.03; craHmapTHC BiIXMICHHS

= (2
" Vkbl * shl Krtr

(o}

10 102 85
mtr. mtr.
- - 1 47 47
Oty = (2 S - L \/— (——--)?=0.06; 3HAYCHHS
kbl ~ shl kmtr 10 102 70
mean . mean .
Q= i 061 =0.59; s3mauenns 0, = mr _ 067 =0.63; s3nauyenns
1+0, 1+0.03 1+0,, 1+0.06
X=0,-0,-1b=0.59-0.63-1020=379.13.
Busnaunmo f(x) :1.(1_'_)(——0() :1-(1+ 379.13-0.75 )=0.99.
2 /1+‘X—a‘ 2 O.85+‘379.13—0.75‘
Toni penyTaiito MEJIUYHO1 YCTaHOBHU (s1x MaiiHepa 0JIOKUYEHHY):

R=min(L, f - f(x))=min(1,0-0.99)=0. Omxe, pemnyramis Ta x0Bipa A0 MEIMYHOI
ycTaHOBH (ciMelHOi amOysatopii Ne2) sik 0 MaiiHepa OJIOKYCHHY B JaHOMY BHUIIQJKY €

HaA3BUYaTHO HU3BKOIO.
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4.3 BucHOBKH

B po3aini nmpoBeneHo aHami3 apXiTeKTyp BIIOMUX CUCTEM KEPYBaHHS MEIUYHUMU
JAHUMH Ha OCHOB1 OJIOKYEHH-TEXHOJIOTIH, a TaKOX PO3POOJIEHO apXiTEKTYpy CHUCTEMH
JUIS KepyBaHHS MEIMYHMMH JIaHUMHU Ha OCHOBI PO3pOOJIEHUX Yy po3aul 3 METOJIB Ta
QITOPUTMIB  OIIIHIOBAHHS JOCTATHOCTI MeIWYHUX JaHuX (OJIOK OIIHIOBaHHS
JIOCTATHOCTI MEIMYHMX JIaHUX ), BAKOHAHHS TpaH3aKIii HaJ MEIUYHUMH JaHUMHU (OJI0K
BUKOHAHHS TPaH3aKI[ii HaJ MEIWYHUMHU JTaHWUMH), OILIHIOBAHHS PEIyTaIlli MEIHMYHOl
YCTaHOBH sIK MaiftHepa 0JI0KueiHY (OJIOK OIIHIOBAHHS peITyTallii MeUIHOT YCTaHOBH).

B mpomy po3nauii TakoX MPOBENEHO €KCHEPUMEHTH 13 KepyBaHHS MEIUYHUMHU
JTAHUMH Ha OCHOBI1 OJIOKUEHH-TEXHOJIOTIN 3 BUKOPUCTAHHSAM PO3POOJICHUX y po3aim 3
METO/IIB Ta AJITOPUTMIB — EKCIIEPUMEHTH 3 OI[IHIOBaHHS IOCTATHOCTI MEAUYHUX JTAHUX
(oTpuMaHuX M MPUKIALY BiJ JABOX PI3HMX aMOylnaTtopiil CiIMEHHOI MEIUIUHHU), a
TaKOXK EKCIIEPUMEHTH 3 OI[IHIOBaHHS pPEeIyTaIlii MeIUIHOl YCTaHOBH (HAMPHUKIIAM, TBOX

pI3HUX aMOyJIaToOpiil CiMEHOT METUIIMHN) — SIK MaiiHepa OJIOKYEHHY .
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BUCHOBKHA

VY po0oTi 3a pe3yibTaTaMyi BUKOHAHUX TEOPETUYHUX Ta MPAKTUYHUX JTOCHTIIKEHb
pealii3oBaHO TMIABUIICHHS €(QEKTUBHOCTI KEPYBaHHA MEIWYHUMH JaHUMU MUIIXOM
pO3pOOJIEHHS METOAIB KEPYBaHHS MEIUYHHUMHU JaHUMH Ha OCHOBI OJIOKYEHH-
TEXHOJIOT1H.

VY mepmioMy po3nisii MPOBEACHO aHaji3 BIIOMHUX METOMIB Ta pIMIEHb IS
KepyBaHHA MEIMYHMMU JIaHHMH Ha OCHOBI OJIOKYEHH-TEXHOJOTIH, 30Kpema,
OPOHATI30BAaHO BIOMI MeETOAM Ta 1HQOpPMAIHI TEXHOJOrli ISl KepyBaHHS
MEIUYHUMH JIaHUMH, TPOBEICHO JOCHI/DKCHHS THUIIIB Ta MOMIIMBOCTEH OJIOKYECHH-
TEXHOJIOT1M, BUKOHAHO JOCIHIJDKEHHS 3aCTOCYBaHHS OJIOKYEHH-TEXHOJOTIH MpuU
1noOy/10B1 1H(POpMAIIHHUX TEXHOJIOTIN 1Ji1 KepyBaHHS MEIUYHUMHU JaHUMH. Ha OCcHOBI
MIPOBEJICHOTO aHaji3y OyJIu 3p0o0JIeHI BUCHOBKHU IIOJI0 aKTyaJbHOCTI Ta HEOOXITHOCTI
NIJBUIIEHHSI €()EKTUBHOCTI KEPYBAHHS MEIWYHUMH JAaHUMHU IUISIXOM PO3POOIEHHS
METO/IIB KEpYBaHHS MEIUYHUMH JaHUMHU Ha OCHOBI OJIOKYEITH-TEXHOJIOT1H Ta BUKOHAHO
MOCTaHOBKY 3aj1a4i TUIJIOMHOI poOOTH.

VY npyromy po3auii MpOBEIECHO MOJCIIOBAHHS NPOLECY KEPYBaHHS MEIUYHUMU
JTAHUMH, 30KpeMa, MPOBEICHO MOJEIIOBAHHS PYyXy 1H(GOpPMAIIWHUX MOTOKIB B IMPOIIECI
KepyBaHHS MEIWYHUMH JaHWMH, MOJICTIOBAHHS TIPOIECY KEpyBaHHS MEIMYHUMU
JAHUMH 3 TOYKHA 30py OIIHIOBAaHHS JOCTATHOCTI MEIWYHUX JaHWX Ta BHUKOHAHHS
TpaH3aKIii HAJ METUIHUMH JaHUMHU.

VY Tpethomy po3nauli po3po0JICHO METOAM KEepyBaHHS MEAUYHUMU JTAHUMH Ha
OCHOBI1 OJIOKYEWH-TEXHOJIOT1H, 30KpeMa, pO3p00JIEHO METOJ| OIIHIOBAHHS JOCTATHOCTI
MEJUYHUX JaHUX, METOJI BUKOHAHHS TPaH3aKI[i HaJ MEIUYHUMH JIaHUMHU, aITOPUTMH
KepyBaHHS MEIMYHUMH JTAaHUMU Ha OCHOBI OJIOKYEHH-TEXHOJIOT.

VY yeTBepTOMY pO3ML MOKAa3aHO OCOOJMBOCTI KEPyBaHHS MEIUYHUMU JTAHUMU
Ha OCHOB1 OJOKYEeHH-TeXHOJOr1i. Po3po0ieHo apXIiTeKTypy CHCTEMH KEpyBaHHS
MEIUYHUMH JTAaHUMH Ha OCHOBI OJIOKYEHH-TEXHOJIOTIH, MPOBEACHO EKCIEPUMEHTH 13
KepyBaHHS MEANYHUMH JAaHUMHU Ha OCHOBI OJIOKYEHH-TEXHOJOTIH — EKCIIEPUMEHTH 3

OLIIHIOBAHHSI IOCTATHOCTI MEIMYHUX JaHUX (OTPUMAHUX JJIs MPUKIIAIY Bij IBOX PI3HUX
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aMOyJIaTopiid CIMEMHOT MEIUIIMHU), a TaKOX EKCIEPUMEHTH 3 OI[IHIOBAHHS pemyTarlii
MEANYHOI YCTAaHOBH (HAIPUKIIAJ, TBOX PI3HUX aMOyIaTopii CIMEHHOT MEAUIIMHN).

HaykoBa HOBM3HA OTpUMaHUX pE3YyJIbTaTIiB MOJSITAE y PO3POOJICHHI METO/IIB
KepyBaHHA MEIUYHUMH JTaHUMH Ha OCHOB1 OJOKYEMH-TEXHOJIOTIH, KOTp1 JAO3BOJIAIOThH
OIIIHUTH MHOKMHY MEIMYHUX JaHUX Ta 3aHECTU iX B OJIOKYCHH (32 YMOBHU JOTPUMAHHS
BCiX HEOOX1THUX BUMOT):

1) Bmepmie po3poOieHi Mojeni 010Ky OsokdeiHy, gparmMeHTy OJIOKUCHHY Ta
By3Ja OJIOKYEiHy, MpeAcTaBlieHl Yy (opManTi30BaHOMY Ta CXEMaTHYHOMY BHUIJIAII, a
TaKOXX MOJENI MPOIECY KEepPyBaHHS MEIUYHUMHU JaHUMHU (OLIIHIOBAHHS JOCTATHOCTI
JAHUX Ta BUKOHAHHA TPAH3aKIId HAI MEIUYHUMHU JaHUMH), SKI € TCOPETUIHUM
HIATPYHTSIM JUIA pO3pOOJICHHS METOMy KepyBaHHS MEIUYHUMHU JaHUMU Ha OCHOBI
OJIOKYEHH-TEXHOJIOT1H;

2) Brepiie po3poOJIEHO METO OIIHIOBAHHS JOCTATHOCTI MEIMYHUX JaHUX, IKUN
3a0e3mnedye: MOXIJIMBICTh aHaNI3y MHOXKHMHU MEJMYHUX JaHUX Ha TMpeAMET iX
JIOCTATHOCTI;, MOJKJIMBICTh KIJIBKICHOT'O OIIIHIOBAHHS JOCTAaTHOCTI MEIWYHHUX JaHWUX; B
pa3i HEJOCTATHOCTI MEJUYHHUX JaHUX Y MHOXHHI, (DOPMYBaHHS pPEKOMEHAALIN 1010
JIOTIOBHEHHS! MHOKMHU MEIUYHHUX JaHUX — SIK KEPIBHHUITBO, SIKYy 1H(GOPMAIIIO CIijT
J0JIaTH Y MHOXUHY MEAWYHUX TaHUX JII MOKJIHMBOCTI iX 3aBaHTKEHHS B PO3ILIT
«/lani 6;10ky» 650Ky OJIOKUEHHY;

3) Bmepiie po3po0JIEHO METO/ BUKOHAHHS TpaH3aKIii HaJl MEAUYHUMU JAHUMHU,
SAKUU CKIIAQJAEThCS 3 €TalliB 3aHECEHHA 1HQopMalii 10 OJIOKYEeHHYy Ta OTpUMaHHS
iHpopmMmariii 3 6stokueitHy. Po3pobiieHnit MeTo ] BUKOHAHHS TpaH3aKIlii HaJl MEIUIHUMU
JaHUMU 3a0e3neuye: MOXKJIMBICTh MPUUHATTS PIlIEHHS MPO JOJaBaHHS TpaH3akuUii Ta
MEIUYHUX JaHUX BiJ Mali€HTa y OJOKYEH; MOXJIMBICTb MPUUHATTSA PILICHHS PO
BHJIaUy JaHUX 3 OJIOKYCHHY 3a 3aITUTOM BiJI JIIKaps.

[IpakTHyHa 3HAYYIICTh OTPUMAHUX PE3YIbTATIB MOJIATAE Y:

1) po3po0iicHHI cXeMH Mepexi OJIOKYCHHY, sKa Bi3yalli3ye B3a€EMO3B’S3KH MiXK
By3JIaMH, OJI0KaMu, cMapT-KOHTpakToM Ta Proof-of-work 3aBmganusmMu O10K4CHHY;

2) po3pO0ICHH] MpaBuiI Ui BH3HAYEHHS MAOCTATHOCTI MEIWYHHX HaHMX, SIKI

3a0€3MeuyloTh aHajll3 MEIWYHUX JaHUX Ha TpeAMET BIAIIYKaHHsS BCIX Hamepen
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BU3HAUCHUX HEOOXIIHUX €eJEMEHTIB MEIUYHUX JaHUX; NPUAHATTSA PIMIEHHS PO
JIOCTaTHICTh a00 HEIOCTATHICTH iHGOpMAIlii; BUBEICHHS Bi3yalli30BaHUX ITiIKA30K, STKUX
CJIEMCHTIB IaHUX HE BUCTAYae, JUIsl 3a0€3MEYCHHS MOYKIMBOCTI IIIBUKOTO JTOTTOBHECHHS
JAHUX; KUTBKICHY OLIIHKY JOCTaTHOCTI MEIUYHUX JTaHUX;

3) po3po0IeHH] apXITEKTypH CHCTEMHU KepyBaHHSI MEAMYHUMU JaHUMH Ha OCHOBI

3a TEeMOIO UIUIOMHOI pPOOOTH OIyOJIIKOBaHA OJHA CTATTA y 3aKOPAOHHOMY
HAyKOBOMY BHJaHHI, IO 1HACKCYETbCS B HayKOMETpHuHiM 0a31 Scopus, 1 Te3u
JIOTIOB1/T1, TIOJIAHO 70 JPYKY OJHY CTaTTI0 Y 3aKOPAOHHOMY HayKOBOMY BHJIaHHI, IO
1H/IEKCYEThCS B HAYKOMETPUYHIM 0a3i SCOPUS (momatok A), Ta B3ATO y4acth y 4-th
International Conference on Informatics & Data-Driven Medicine (November 19-21
2021, Valencia, Spain), a Tako)X y MDKHapoIHIi HayKOBO-NIPAKTHYHIA KOH(EpEeHIIT
«IH(popmariiiHi CHCTEeMH Ta TEXHOJIOT1 B MEAUIIMHI», 110 MpoxoamiIa 25-26 IucTormnaja
2021 p. B HAY «XAI» (m. XapkiB):

1) T. Hovorushchenko, Ye. Hnatchuk, A. Herts, A. Moskalenko, V. Osyadlyi.
Theoretical and Applied Principles of Information Technology for Supporting Medical
Decision-Making Taking into Account the Legal Basis. CEUR-WS. 2021. Vol. 3038.
Pp. 172-181.

2) T. Hovorushchenko, A. Moskalenko, V. Osyadlyi. Methods of Medical Data
Management Based on Blockchain Technologies. Journal of Reliable Intelligent
Environments. Special issue on Smart Technologies and its Application for
Medical/Healthcare Services. 2022.

3) Mockanenko A.O., T'osopymenko T.0., Ocsmmii B.B. ocmimkeHHs pileHb
JUIsS. aBTOMAaTH3aIlli poOOTH JIKapiB HAa OCHOBI OJIOKUYECHH-TeXHOJIOTIH // MixkHapoaHa
HAyKOBO-TNIPaKTUYHA KOH(pepeHIis «HpopMaliiifHi CUCTEMU Ta TEXHOJOT1 B MEIUIIUHI»

ISM-2021 (XapxkiB, 25-26 nuctomnazna 2021). C. 42-44.
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Abstract

The structure and principle of application of the methodology for supporting the medical
decision-making taking into account the legal basis, as well as the scheme of application of
information technology for supporting the medical decision-making considering the legal
basis were developed in the paper. The developed methodology for supporting the medical
decision-making taking into account the legal basis provides: support for decision-making on
the possibility of using the reproductive technologies, donation and transplantation, provision
of therapeutic services, dental services, and general medical services; automation of semantic
analysis of medical contracts; formation of conclusions on the possibility or impossibility of
concluding the appropriate contract: providing a request with a list of essential conditions in
the contract, due to the absence of which a decision was made on the impossibility of
concluding a particular contract; guaranteeing the existence of all essential conditions in the
contract, if a decision has been made on the possibility of concluding a certain contract:
minimizing the influence of the human factor in making medical decisions. Experimental
results of verification of medical contracts using the developed methodology and information
technology showed that from 20% to 54% of medical contracts do not have all the necessary
essential conditions, iLe. are incorrect and cannot be concluded without revision. Thus, the
developed methodology and information technology provide an opportunity for clinics and
patients to avoid signing incorrectly executed contracts without proper essential conditions
that could have negative consequences for both patients and clinics.

Keywords

Medical decision-making, contract for the provision of medical services, blockchain-based
information technology for healthcare system, methodology for supporting the medical
decision-making taking into account the legal basis

1. Introduction

Today, health care decision-making processes are time-consuming and complex [1]. The
productivity of health professionals can be increased through the use of decision support systems
(DSS) and information technology (IT) [2]. The use of medical IT and DSS provides doctors with up-
to-date information in the field of medicine, increases the efficiency of the use of relevant medical
resources, increases productivity, integrates Ukrainian medicine into the world medical space [3. 4).
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IT helps in decision-making, which 15 especially important in the modemn era of "evidence-based"
medicine [5]. IT can decrease medical errors, can provide more dependable solutions, and can reduce
healthcare costs [11]. In addition, cross-disciplinary medical ITs [7-14] are very useful, but at the
same time difficult to design (for example, IT for medical law, as many health problems have legal
roots [15]).

Ome of the most important civil law institutions for the field of medical law is service contracts.
The contract on the provision of various medical services (therapeutic, dental, reproductive
technology services, transplantation, and donation services) is the most important and commeon basis
for the emergence of legal relations for the provision of certain types of medical services. Again, the
use of medical IT significantly increases the correctness of the contract from a legal point of view,
protects the doctor and patient from legal conflicts, provides a quick and free check of all essential
terms in the contract, as well as provides recommendations for the further concluding or non-
concluding the contract [ 2, 16, 17].

Thus, the development of theoretical and applied principles of information technology for
supporting medical decision-making taking into account the legal basis is currently an urgent problem
for Ukraine.

2. State of the Art

Currently, more and more researchers are paying attention to the problem of developing theoretical
and applied principles of information technology for supporting medical decision-making taking into
account the legal basis.

Thus, paper [ 18] discusses decision support systems designed to improve the quality and safety of
health care by supporting physicians in decision-making. In [16], the authors conducted state-of-the-
art on known decisions for supporting the making of medical decisions based on legal grounds based
on the introduced by the authors 7 criteria, analyzed more than 30 known methods and tools and
found that none of the known solutions meet all 7 criteria in the complex and cannot be fully
applicable to the field of medical law.

Recently, increased attention to the technology of distributed registries has led to an understanding
of the potential of blockchain technologies in the construction of information technology for the
health care system. The main boom in blockchain projects in medicine is in the United States. The
general picture of the use of blockchain technologies for medical IT is as follows — Figure 1.

Size of the blockchain technology market worldwide
from 2016 to 2021 (in million U.5. dollars)
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Figure 1: The extent of using blockchain technologies for medical information technologies [19]

Let's explore the known solutions for the healthcare industry based on blockchain technologies.
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All existing projects on the use of blockchain technology in the field of health care can be divided
into several areas:

1. Ongin tracking — the use of a distnbuted registry to regulate pharmaceutical supplies and

track medicines:

- The MediLedger Project [20] — an open network to regulate the supply of pharmaceuticals in

order to reduce compliance costs, increase safety, improve the overall business activity of the

pharmaceutical supply chain, and stop the supply of counterfeit drugs

- Prescriptlon project [21] — use of iDIN, an online authentication service used in Internet

banking, as a means of connecting to a blockchain for patients to choose their own health care

provider without intermediaries, as well as to track the origin of prescriptions

2. Data storage and management — in the field of health care, the issue of information

management Is very important; healthcare professionals work on a daily basis with data that

requires careful handling, anonymity, correct transmission, as well as special rules for granting

access to medical data, a special rights management algorithm. This is the most popular area of

development in medicine, so there are more than 20 solutions for the storage and management of

medical data based on blockchain technology:

- Healthchain system [22] for storing personal medical records; presented in the form of graphs

mformation about the health of patients helps professionals to improve treatment methods, attract

customers, increase profits, avold losses and reduce the cost of administrative resources

- IRYO platform [23] for storage and control by patients of electronic medical records based on

the EOS blockchain, provides secure storage of health data under the full control of the patient

- CareX project [24] for making payments in the field of health care through CareX's own

token: a project that solves the problem of cross-border transfers of funds in medical tourism

- SmartHealthCarcToday platform [25] for storage of personal medical data, integration of

EHR and PHE. standards, which contain information about the patient's life, his activities, and

regular measurements of medical indicators; provides health data to health faciliies to improve

treatment

- Accredited online program The Medical Interpreting and Translating Institute Online [26] for

teaching medical translation; MiTio offers an online course available through the app and in a web

VEersion

- GlobalLabs platform [27] for blockchain-based healthcare research and development:

database/catalog of researchers with a description of their capabilities for institutions interested in

rescarch and development

- Decentralized platform Clinicoin [28], which rewards participants for maintaining a healthy

lifestyle; information and personal medical data are stored in the system, which allows it to track

results and develop individual plans; participants receive tokens for performing "healthy"” actions

- QuantH system [29] for storage and exchange of medical data based on blockchain; all-in-one

solution offers a wide range of medical services

- Patientory system [30] for storage and management of medical data: access to data 1s opened

by means of the application; Patientory connects to any HER system and allows interaction of the

physicians, healtheare providers, and consumers

- Synthium Helath [31] platform for establishing business relationships between medical

institutions and suppliers of medical equipment; the platform allows suppliers to expand their

market presence, sell goods faster, reducing operating costs

- MedRec project [32], which creates a blockchain system for medical cards of patients: its

function is to register and store medical records in a form that allows patients, doctors, health care

providers, and relatives of patients to access the patient's medical record

- eHelath Estonia project [33] to create a database of Estomian medical cards on a blockchain;

provides security in data storage, their transparency, ease of management of the electronic system

and the life cycle of medical records

- startup Open Longevity [34] to develop a diagnostic panel for aging, ie software that allows

you to collect and analyze data on health status, age-related changes in the body and based on them

to create effective methods for the treatment of aging
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- Mediacalchain project [35] for convenient and secure storage of patients' personal data;

medical record transactions are placed in a blockchain, and then a smart contract 1s created, which

provides time-limited access to the patient's electronic card

- BurstlQ) system [36] for processing, storage, and transmission of patient medical data; a

platform for ecasy exchange of health information with specialists, research centers, and

pharmaceutical companies

- Gene Blockchain project [37] with an emphasis on the research direction of work; provides

access to genetic data, which allows to find the causes of many diseases and develop techniques

for their prevention and treatment

- Decentralized storage Bowhead Health [3%] for personal data of users: the repository is

controlled exclusively by the patient using a mobile application

- Pokitdok platform [39]. which is gaining experience in the field of healthcare: with its help,

you can find health care providers, get information about pricing for medical procedures

- DokChain project [40] for processing financial and clinical data in the field of health care,

providing intelligent and dynamic automation of medical procedures

- HealthCombix project [41] to structure the work of medical organizations; telemedicine and

possible rewards in cryptocurrency for providing data are available on the platform

3. Telemedicine (operational virtual communication with medical professionals) — projects that

develop platforms through which the patient can get advice from medical professionals:

- Symptomatic platform [42] for working with big data, compatible with electronic medical

cards, and provides telemedicine services via video conferencing; suitable for data management of

any chronic discase

- Docademic platform [43] specializes in telemedicine and connects patients with doctors using

video communication; offers recommendations for treatment and diagnosis for doctors, mass

access to groups of patients

- DocCoin project [44] to connect the user through smart contracts with any medical

professional in the world who can consult, prescribe treatment and prescribe medication

- TrustedHealth platform [45] for telemedicine, which 1s based on blockchain; the system can

connect the patient to any medical professional from around the world

- PointNurse system [46], the main activity of which is telemedicine; allows nurses and

members of the support team to conduct direct consultations on primary health care, to assess

health, to conveniently share responsibilities

4. Diagnostics — projects in the field of the latest technologies aimed at detecting discases using

blockchain:

- SKYCHAIN blockchain-infrastructure [47], designed to deploy, train and use artificial

mtelligence in healthcare, as well as to make intelligent diagnostic systems more accessible to

consumers, using blockchain to ensure secure transactions between key parties

- DeepRadiology system [48], which uses deep machine leamning to process images obtained

by radiation methods;

- IT platform eHealthFirst [49] for personalized management of medical cards based on the

blockchain using artificial intelligence, machine learning, and natural language processing;

provides primary diagnosis and formation on its basis of the optimal algorithm of diagnosis,

treatment, and prevention

5. Using blockchamn to raise funds — projects that seek funding to implement their 1deas:

- SolveCare platform [50] for the decentralization of health services, which allows health care

providers and insurance companies to interact with customers without intermediaries

- Luven system [51] for diagnosing cancer at an early stage and a project that supports the

development of this techmique;

- Health Monitor device [52] for non-invasive diagnosis of diabetes, gastric ulcer, and lung

CAncer;

- Elcomn project [53), which simultaneously develops medical and cosmetic equipment and a

decentralized blockchain system to increase the availability of medical services, improve their

quality and reliability.

The most popular area for the application of blockchain technology in medicine is data storage and
management, for which the largest number of projects is developed that offer solutions for working



with big data. However, the analysis showed that such an important area as support for medical
decision-making based on legal grounds is again currently out of the field of attention of developers
who offer medical solutions using blockchain technologies, although blockchain technologies could
be useful for the protection and management of data on the contracts concluded by the patient, as well
as on the contracts proposed for the conclusion.

Given the importance and relevance of the problem of supporting medical decision-making based
on legal grounds, the goal of this research is to design a methodology and scheme for the application
of information technology for supporting medical decision-making taking into account the legal basis.

3. Theoretical and Applied Principles of Information Technology for
Supporting Medical Decision-Making Taking into Account the Legal Basis

In order to form the theoretical principles of information technology for supporting medical
decision-making taking into account the legal basis, let's develop the methodology for supporting the
medical decision-making taking into account the legal basis based on previously proposed by the
authors' models and methods [16] - Figure 2. All models and methods that make up the proposed
methodology are presented in detail in [16].

The integration of the developed models and methods into the methodology for supporting the
medical decision-making taking into account the legal basis provides the following results:

1.  Decision-making support on the use of reproductive technologies, donation and

transplantation, the provision of therapeutic services, dental services, and general medical services

2. Automation of semantic analysis of contracts — on the basis of the previously developed and

presented in [16] rules

3. Forming conclusions on the possibility or impossibility of concluding a contract — on the

basis of the previously developed and presented in [16] methods

4.  Providing a request with a list of essential conditions in the contract, due to the absence of

which a decision was made on the impossibility of concluding a particular contract

5. Guaranteeing the existence of all essential conditions in the contract, if a decision has been

made on the possibility of concluding a particular contract

6. Mimmization of the influence of the human factor in making medical decisions

In order to form the applied principles of information technology for supporting medical decision-
making taking into account the legal basis, let's develop a scheme of application of information
technology proposed in [16] — Figure 3.

It i1s obvious from Figure 3 that the input of information technology for supporting medical
decision-making taking into account the legal basis 1s the contract for the provision of medical
services, and the result of processing such a contract by the developed information technology 1s one
of two results:

I. Conclusion on the possibility of concluding a processed contract with the subsequent

conclusion of this contract

2. Conclusion on the impossibility of concluding a processed contract, them IT provides a

request with a list of essential conditions in the contract, due to the absence of which a decision

was made on the impossibility of concluding this contract

4. Results & Discussion

Let's consider the application of the developed methodology and information technology for
supporting the medical decision-making taking into account the legal basis. Let 2 contracts for the
provision of therapeutic services are submitted at the IT input. The developed methodology and IT
after processing the submitted contracts have formed the set of essential conditions that are missing in
the analyzed confracts (on the basis of the previously developed and presented in [16] rules and
methods). The set of missing essential conditions for the first contract is empty. The set of missing
essential conditions for the second contract AP = {"theoretical principles of work", "duties, rights, and
responsibilities of the doctor (medical institution)”, "medical history", "general clinical and
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laboratory-instrumental methods of research”, "previous (syndromic) diagnosis”, “functional state of
individual organs and systems”} is not empty. Then the developed methodology and IT provided for
the first contract a conclusion about the possibility of concluding the contract, after which the contract
was concluded, and for the second contract - a conclusion about the impossibility of concluding the
contract, after which a request was formed with a list of essential conditions in the contract, due to the
absence of which a decision was made on the impossibility of concluding this agreement. Thus, with
the help of the developed methodology and IT, the clinic and the patient avoided signing an
incorrectly executed contract without proper essential conditions, which could have negative
consequences for both the patient and the clinic.
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Figure 2: Structure and principle of application of methodology for supporting the medical decision-
making taking into account the legal basis
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Figure 3: Scheme of application of information technology for supporting the medical decision-
making considering the legal basis

The developed methodology and IT were used to verify 853 general contracts for the provision of
medical services. As a result of this analysis (Figure 4) it was found that only 697 of the 853 contracts
had all the necessary essential conditions and could be signed without revision, and the remaining 156
contracts did not have all the necessary essential conditions, so they could not be signed without
revision, L.e. without the application of the developed methodology and IT, 20% of general contracts
for the provision of medical services would not be correct from the point of view of civil law and
could lead to negative consequences for both the patient and the clinic.

The developed methodology and IT were used to verify 324 contracts for the provision of dental
services. As a result of this analysis (Figure 4) it was found that only 198 of the 324 contracts had all
the necessary essential conditions and could be signed without revision, and the remaining 126
contracts did not have all the necessary essential conditions, so they could not be signed without
revision, L.e. without the application of the developed methodology and IT, 38% contracts for the
provision of dental services would not be correct from the point of view of civil law and could lead to
negative consequences for both the patient and the clime.

The developed methodology and IT were used to venfy 1046 contracts for the provision of
therapeutic services. As a result of this analysis (Figure 4) it was found that only 813 of the 1046
contracts had all the necessary essential conditions and could be signed without revision, and the
remaining 233 contracts did not have all the necessary essential conditions, so they could not be
signed without revision, i.e. without the application of the developed methodology and IT, 22%
contracts for the provision of therapeutic services would not be correct from the point of view of civil
law and could lead to negative consequences for both the patient and the clinie.



The developed methodology and IT were used to venify 52 donation and transplant contracts. As a
result of this analysis (Figure 4) 1t was found that only 24 of the 52 contracts had all the necessary
essential conditions and could be signed without revision, and the remaining 28 contracts did not have
all the necessary essential conditions, so they could not be signed without revision, 1.e. without the
application of the developed methodology and IT, 54% donation and transplant contracts would not
be correct from the point of view of civil law and could lead to negative consequences for both the
patient and the clinie.

The developed methodology and IT were used to venfy 512 contracts of the use of reproductive
technologies. As a result of this analysis (Figure 4) it was found that only 267 of the 512 contracts had
all the necessary essential conditions and could be signed without revision, and the remaining 245
contracts did not have all the necessary essential conditions, so they could not be signed without
revision, 1.e. without the application of the developed methodology and IT, 48% contracts of the use
of reproductive technologies would not be correct from the point of view of civil law and could lead
to negative consequences for both the patient and the climic.

Thus, as shown by the results of venfication of medical contracts using the developed
methodology and information technology, from 20% to 54% of medical contracts do not have all the
necessary essential conditions, 1.e. are incorrect and cannot be concluded without revision. Thus, the
developed methodology and information technology provide an opportunity for the clinic and the
patient to avoid signing incorrect contracts without proper essential conditions that could have
negative consequences for both patients and climics.

General contracts for the provision
of medical services

Contracts for the provision of dental
SEVices

Contracts for the provision of m Incorrect contracts

therapeutic services
B Correct contracts

Donation and transplant contracts

Contracts of the use of reproductive
technologies

o - -

0 500 1000

Figuré 4: The results of application of the developed methodology and information technaldgy for
medical contracts of different types

5. Conclusions

The paper proves the importance and relevance of the problem of supporting the medical decision-
making, taking into account the legal grounds.

The structure and principle of application of the methodology for supporting the medical decision-
making taking into account the legal basis, as well as the scheme of application of information
technology for supporting the medical decision-making considering the legal basis were developed in
the paper.

The developed methodology for supporting the medical decision-making taking into account the
legal basis provides: support for decision-making on the possibility of using the reproductive
technologies, donation and transplantation, provision of therapeutic services, demtal services, and
general medical services: automation of semantic analysis of medical contracts; formation of
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conclusions on the possibility or impossibility of concluding the appropriate contract; providing a
request with a list of essential conditions in the contract, due to the absence of which a decision was
made on the impossibility of concluding a particular contract; guaranteeing the existence of all
essential conditions in the contract, if a decision has been made on the possibility of concluding a
certain contract; minimizing the influence of the human factor in making medical decisions.

Experimental results of verification of medical contracts using the developed methodology and
information technology showed that from 20% to 54% of medical contracts do not have all the
necessary essential conditions, i.e. are incorrect and cannot be concluded without revision. Thus, the
developed methodology and information technology provide an opportunity for clinics and patients to
avolid signing incorrectly executed contracts without proper essential conditions that could have
negative consequences for both patients and clinics.
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Abstract

The healthcare sector in Ukraine has long been in need of change, and the many opportunities of
blockchain technology can help it lead the transformation of this sector and ensure compliance
with the requirements of the efficiency, safety, novelty, and economic benefits. State-of-the-art on
known decisions on the use of blockchain technologies in the information technology for medical
data management showed that, despite a large number of different solutions, effective methods and
solutions for medical data management based on blockchain technologies are currently lacking.
Therefore, improving the efficiency of medical data management by developing methods of
medical data management based on blockchain technologies is currently an urgent problem. The
paper developed a method for assessing the sufficiency of medical data, which provides: the ability
to analyze a variety of medical data for their sufficiency: the ability to quantify the sufficiency of
medical data; in case of insufficiency of the medical data, formation of recommendations on
supplementing the medical data to be able to wpload them to the "Block Data" section of the
blockchain block. The paper developed & method of performing transactions on medical data,
which consists of the stages of entering information into the blockchain and obtaining information
from the blockchain. The developed method of performing transactions on medical data provides
the ability to decide on the addition of transactions and medical data from the patient to the
blockchain; the ability to decide on the issuance of data from the blockchain on request from a
doctor.

Keywaords: blockchain techmology, medical data, blockehain transaction, sufficiency of medical data
1 Introduction

The introduction of the latest competitive information technologies in all spheres
of human activity in order to automate processes, reduce the share of physical
labor and minimize the impact of the human factor is the main strategic goal of
the information society in Ukraine [1-4].

Even before the COVID-19 pandemic, the health and natural sciences sectors
had serious problems with interoperability, confidentiality, and traceability of
supply chains. Another serious problem is the lack of coordinated interaction
between closed electronic medical record systems, which are offered by more than
TO0 providers.

In the context of the pandemic, health and natural science organizations have
faced new challenges, including adapting supply chams to deliver remedies and
rapidly developing treatments, tests, and vaccines. They are currently actively
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implementing consent management and medical data security tools to resume
work as soon as possible after the restrictions are lifted.

Today, medical information technology must meet 4 requirements: efficiency,
safety, novelty, and economic benefits [5]. The healthcare sector in Ukraine has
long been in need of change, and the many opportunities of blockehain
technology can help it lead the transformation of this sector and ensure
compliance with these 4 requirements.

Blockchain is one way of distributed storage. This technology can be used to
record and track any type of information: from medical records to elections [6].
The main difference between blockchain and standard databases s
decentralization. That is, first, this process is not monitored by any regulator or
organization. And secondly, the information is not focused on servers in one
place, but distributed in a huge network of computers around the world [7].

Blockchain is literally interpreted as a chain of blocks. Each of these blocks
digitally records one or another piece of information. Any user can view this
information, but cannot change it [8]. Each new transaction, regardless of its size,
is converted into a new hash cluster. It consists of a unique set of symbols and
numbers created by a certain algorithm. The new block always refers to the
previous one, thus creating a strict sequence [9]. Each block is associated with the
previous and next blocks. Blocks form a chain of data as a resource moves from
one place to another or changes owners. The blocks confirm the exact time and
order of transactions. In addition, the blocks are inextricably linked to each other,
which eliminate the possibility of changing the block or inserting between the
other two blocks [10].

Blockchain has already proven its effectiveness in health and natural science,
helping to build trust and optimize cooperation. Moreover, this technology will
continue to play a leading role in solving even more complex problems [11].

Therefore, improving the efficiency of medical data management by
developing methods of medical data management based on blockchain
technologies is currently an urgent problem.

2. State-of-the-art

We will conduct state-of-the-art on known decisions on the use of blockchain
technologies in the construction of mformation technology for medical data
management.

Usually, medical data are considered only those data, which were obtained by
measuring the characteristics of the patient. The number of patient characteristics
is considerable (and it does not matter whether it is a sick or healthy person).

Most medical data are characterized by the following features: vagueness;
inconsistency of terminology; a large number of qualitative features that
subjectively assess the patient's condition; lack of uniform algorithms for
describing the patient's condition: lack of uniform algorithms for describing
diagnostic and therapeutic processes; insufficient level of standardization of
medical documentation; the significant variety of medical data.

Medical data, as a rule, are uncertain. Reliability is an important characteristic
of healthcare systems. In reliability engineering, such systems are considered
complex, inhomogeneous, and uncertain, and require special mathematical
representations. The reliability analysis based on uncertain data is represented in
[12-14]. New methods to construct a structure function based on initial uncertain
data is proposed in [12]. Fuzzy decision trees are used in this method to transform
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initial uncertain data about a real system into an exact-defined a system structure
function. Incomplete data is analyzed in [13] using fuzzy decision trees, where
input and output attributes are interpreted as component states and values of the
structure function, respectively. In the paper [14], a methed for structure function
construction is proposed based on incomplete and uncertain data in human
reliability analysis. The proposed method application is considered for healtheare
to evaluate medical error. This methed i1s developed using a fuzzy decision tree,
which allows all possible component states to be classified into classes of system
performance levels.

Blockchain can transform healthcare enterprises and improve service quality
by enabling new ecosystems and new business models to evolve. Healtheare
information stored in the blockchain can change the way clinical information is
stored, as well as how information is shared in the organization, with healthcare
partners, payers, and, most importantly, patients. Blockchain decentralizes
medical information, increasing the availability, efficiency, transparency, and
credibility of data, but also requires careful planning to maximize the benefits it
brings [15].

Separate accounting systems can lead to patient consent and medical histories
that are incomplete, inconsistent, or ambiguous. Blockchain records can be used
to provide complete longitudinal health records for individuals, giving all patients
more control over their own information through confirmed consent. Thanks to
the blockchain, each patient record reflects the most well-known medical facts -
from genomic data to diagnostic medical imaging - and can be reliably transmitted
when needed, without the need for a central administrator [16, 17].

Clinical trial management generates vast amounts of data, requiring healtheare
administrators to keep reliable and consistent records for peer review and
regulatory compliance. Blockchain tools, combined with electronic data
collection, can automatically aggregate, replicate, and distribute clinical data
among researchers and practitioners with greater revision, tracking, and control
compared to complex and conventional systems [18].

It is difficult to estimate the cost of medical care. Accounting for the real costs
of all aspects of health care can be frustrating for both providers and patients.
Outcome-based blockchain contracts link clinical outcomes to costs. Service
providers from pharmacies to hospitals can offer consumers medical care using a
cost model instead of a service fee and reduce the complexity of records [19].

Currently, there is a rapid development of information systems and network
technologies of health care facilities, eyber-physical medical systems. However,
the data used in these systems and technologies may be at risk of leakage,
falsification, and forgery during their transmission, storage, and exchange [20].

Medical care has become an integral part of people's lives. There is currently a
sharp increase in medical data (such as medical records). Accuracy and
completeness of medical data are some of the most important requirements for
both patients and physicians. Protecting the confidentiality and secure storage of
medical data are crucial issues in the provision of medical services. The safe
storage and completeness of personal medical records have long been a concern
for mankind. If medical data is stolen, falsified, or deleted, it can delay the
progress of treatment and even endanger the patient's life [21].

Electronic medical records are a convenient tool for storing and analyzing
medical data. The exchange of electronic medical records and cards between
different healthcare organizations is of great positive importance for research on
disease and epidemic/pandemic prevention, improves health care, minimizes
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emergency response times, and more accurately monitors critical medical events.
However, electronic medical records contain a large amount of confidential
information, so it is still very difficult to exchange medical information between
different medical institutions, although the exchange of data between different
medical institutions is already a trend in medicine and health services. The
exchange of large amounts of information between different healtheare
organizations is difficult in terms of security, privacy, and network load,
especially for large-scale healthcare systems. Leakage of data in electronic
medical records can lead to a breach of confidentiality of patient data (eg. health
status, diagnosis, etc.) [22-24].

The advent of blockchain technology provides a new idea to solve this
problem. As a hash chain with the characteristics of decentralization, verification,
and immutability, blockchain technology can be used to securely store personal
medical data. Blockchain technology is decentralized. secure, reliable,
collaborative, and counterfeit protecting, so it is suitable for protecting and
sharing medical data. Blockchain, as a new technology, is widely used to address
the efficiency and security of medical data exchange. Blockchain is safe to use
because it encrypts and verifies medical data in the event of a hack or leak. Due to
such features, blockchain technology today receives huge benefits for medical
data [25].

With the help of the blockchain, users can store important medical data, the
authenticity of which can be verified if there is a suspicion of forgery. In addition,
cryptographic algorithms can be used to ensure the confidentiality of medical data
{for example, an attacker will not be able to read the text if he stole data) [26].

As a rule, most of the data in electronic medical records remain unchanged
after their download into the system. Thus, the blockchain can potentially be used
to facilitate the exchange of medical data. Various medical organizations and
individuals (such as doctors, hospitals, medical laboratories, and insurance
companies) can access electronic medical records stored in the blockchain with a
higher level of trust Blockchain solutions offer effective approaches to the
reliable management of medical data when confidential patient data is stored and
processed. Of course, for the successful implementation of blockchain technology
in medical data management, it is important to obtain the consent of physicians
and patients. To date, many institutional and industrial institutions have
recognized the importance of technology for the health sector, as well as
formulated basic ideas, concepts, and key uses [27].

An overview of all existing projects, systems, and technologies for the use of
blockchain technology in health care the authors conducted in [28].

In addition, [21] presents the concept of healthcare verification using
blockchain and artificial intelligence, as well as a cloud architecture of intelligent
agents based on convolutional neural networks to increase medical data, which
verifies medical data using artificial intelligence algorithms in multidimensional
arrays; after verification, the data is placed in a blockchain block, then in smart
contracts and distributed separately using consensus algorithms.

The paper [22] presents the architecture of the system. where the blockchain
consortium is presented as an intermediate software with a certain level of trust,
and each medical institution acts as a member of the platform.

The following architecture of the system based on the blockchain consists of 3

levels - the level of data acquisition, the level of data storage, the level of data
exchange [23].

121



= - IR N P N

The authors of [24] present a blockchain-based access control architecture for
medical data. To ensure that policies and exchange permissions are publicly
available in the blockchain, and to save blockchain resources, these two key
parameters are stored in the blockehain. Other medical data is still stored on the
medical institution's server, and the medical institution's server is responsible for
access control authentication. After the user submits an access request, the data
security management module will analyze the access request, assign roles, analyze
tasks, and request access to medical data.

For increasing the efficiency and security of the exchange of electronic medical
records between medical information control systems, a single and compatible
approach will promote correct data management - for example, the scheme of
sharing electronic medical records based on hybrid blockchain architecture [25].
All members of the consortium are bound together by a set of rules and pre-
defined smart contracts. Only authorized organizations can access sensitive parts
of electronic medical records to make a medical diagnosis and make treatment
plans.

The DynamiChain network service based on blockchain and big data for the
healthcare industry is presented in [26]. The proposed medical blockchain
network specialized in processing large health review data, which consists of
Inbody tests, blood tests, and functional test data sets. Three organizations - data
providers, data users, and a hospital - form a consortium at DynamiChain.
Basically, data providers can set their own dynamic consent rules. Hospitals can
keep records of medical data transfers and manage the transfer of general health
data. Data users can compare health review data hashes and read review data
accordingly. All three organizations join the consortium through one channel.
Organizations install their own peer device in their data center. Additional
participation in the consortium can be established using the configuration block
stored in the order service.

The detailed workflow of the SPChain blockchain network is presented in [27].
Every organization (such as patients and healthcare facilities) in SPChain has a
blockchain account. The system consists of stages of setting up, registering,
downloading, tagging, sharing, and searching.

A study of the use of blockchain technology in health care has shown that
curmrently almost all of the described projects are prototypes that are under
development. Most of these prototypes are in the alpha testing phase, which does
not allow us to see the finished product. But many projects are open source and
open to new entrants.

State-of-the-art on known decisions on the use of blockchain technologies in
the construction of information technology for medical data management showed
that, despite a large number of different solutions, effective methods and solutions
for medical data management based on blockchain technologies are currently
lacking. Therefore, it is necessary to develop effective methods of medical data
management based on blockchain technologies, which is the purpase af this study.

3. Methods of Medical Data Management Based on
Blockchain Technologies

In the process of managing medical data using blockchain technologies, medical
data will be located in blocks of the blockchain. Therefore, first, consider the
structure of the blockchain block. Given that the header of the blockchain block

5
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contains the date and time, version, metadata, digital signatures of the parties, its
own encrypted code, the hash of the previous block, we present such a block as
follows - Figure 1.

Header of the block Data of the block

Date Cwn encrypted
oode
Time .
Digital signatures
. of the parties
Wersian
Hash oftha

previows block

| Metadata | ‘

Figure 1. Blockchain block structure

Then we present the blockchain block in a formalized form - in the form of a
tuple of its elements:

B=« H D >=<(d t,v,md ec,ds hb) =, (1)

where H — block header, I) - block data,  — date, ¢ — time, v — version, md —
metadata, ec — own encrypted code, ds - digital signatures of the parties, b -
hash of the previous block.

A blockchain is a chain of blocks. Each block is associated with the previous
and next blocks. The blocks are imextricably linked to each other, which
eliminates the possibility of changing the block or inserting between two blocks.
With this in mind, we present a fragment of the blockchain in the following form -
Figure 2.

Then we present the following fragment of the blockchain in a formalized form
- in the form of a set of tuples that represent the blocks of the blockchain:

BCH ={B),By....B, 1.B,.By /=
- {"f\.frdl..ill..vl.mdl.ffl.{iil }.Dl =
{f’dz,fz,\-'z.mdz,E'{'z,ds'z,hbl J,Dz o
{rdn—l‘!n—I'vn—l'mdn—l'mn—l‘d‘gn—l‘hbn—zj'ﬂn—l 2, (2)

<fd .t

nin*Vn ,md",ec",dsﬂj:rb"_lj. Dﬂ =

f:;’d“+1,r“+1,1-“+1,md“+1,ec”+1,ds“+1,hb“ "‘Dn+1 >

i

where the element number Ab indicates that it is the hash of the previous block.

Given the peculiarities of blockchain construction, the sufficiency of medical
data should be assessed before entering them in the "Block Data” section of the
blockchain block. Given the papers [3, 4], the main condition for this is to
understand what are the mandatory elements to be presented in these data, because
the sufficiency of medical data will mean the presence of all necessary
information elements.

6
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Figure 2. Fragment of a blockchain

Given that the data of block D is a set of records: D =/d)|.d5....d} /, and the
individual record in the set of medical data is perceived as a system of three
elements (type, time and quality) d; =< dip;,drm;,dg; >, then the available set of
medical data, which are planned to be entered in the blockchain block, can be
represented as a matrix:

7
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di‘plw ﬂ’mrlw dqlw
dfpzav d:mzm__ dqzm__

o] - .
W \dipy,,,  dtvy, o dg; 1 ©)

dipkﬂv di'mkﬂ quﬂ"lr'

where dip; - data type (data type can be dynamic — for example. blood test. or
static — genome, fingerprints); dfm; - time of data, date when this data was

received; dg; - data quality, which takes into account the "shelf life" of

information or analysis — the higher it is, the more valuable the information: for
example, the result of a cholesterol test is valid for six months, and a genetic test -
a lifetime; i = [k k& is the number of records in the set of medical data that are

being prepared for entry in the blockchain block. The elements dip; , dtmy ., dg;

may be absent if the medical data in the set are insufficient.

Given that all the elements of medical data listed in the matrix are mandatory
in terms of adequacy of medical data, the rules for determining the sufficiency af
medical data are as follows:

I} if in the i-th data record of the set Dy, there is information about the data
type (available element dip;), then: sdip = sdip + [ and bfi, 1] = 1,
otherwise bfi, IJ =10

2} if in the i-th data record of the set [, there is information about the time
of the data (available element dfmy ). then: sdim = sdtm + I and bfi, 2] = 1,
otherwise b fi, 2] =10

3) if in the i-th data record of the set Dy, there is information about the
quality of the data (available element dg; ), then: sdg = sdg + I and bfi, 3]
= [, otherwise bfi, 3] =0

Matrix B has the following generalized view — Table 1.

Table 1. Matrix £, which accumulates signs of the presence/absence of a record element in a set of
medical data

e
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Given the peculiarities of the formation of the matrix 8 (Table 1), the rules for
the formation of recommendations for supplementing the set of medical data are
as follows:

1y af &fi, {] = @, then the user is recommended to supplement the i-th data
record of the block with information about the data type

2y af bfi, 2] = 0, the user is recommended to supplement the i-th data record
of the block with information about the data time

3} if bfi, 3] = 0, the user is recommended to supplement the i-th data record
of the block with information about data quality

Then the method of assessing the sufficiency of medical data consists of the
following steps:

I} analysis of a set of medical data I, before entering them in the section
"Data of the block" of the blockchain block using each of the developed
rules for determining the sufficiency of medical data and counting the
counters sdip, sdtm, sdg

2} calculation of quantitative assessment of the sufficiency of medical data by
the formula:

sdip  sdim _ sdg

1
de=. 4
Sfmd =3 (= T @

3y if sdip = k and sdtm = k and sdg = k and sfmd = I, then a decision is made
on the sufficiency of medical data in the D, set (because all elements of

the medical data set are mandatory in terms of medical data sufficiency
and are available in the medical data set, which are being prepared for
entry in the blockchain block) and entering the data of the Dy, set in the

section "Block data" of the blockchain block
4y if sdip <k or sdim <k or sdg <k or sfind <1, then: a decision is made on the
insufficiency of medical data in the D, set; such a set of medical data

needs to be supplemented before entering this data in the "Data of the
block™ section of the blockchain block: the user is provided with
recommendations for supplementing the set of medical data - according to
the rules for the formation of recommendations for supplementing the set
of medical data — as a guide on what information should be added to the
set of D, medical data to be uploaded to the blockchain block section;

supplement to the set of medical data take place; retum to step 1 of the
Method takes place.

The developed method of assessing the sufficiency of medical data provides
the ability to analyze a set of medical data for their sufficiency; the ability to
quantify the sufficiency of medical data: in case of insufficiency of medical data
in the set, formation of recommendations on supplementing the set of medical
data — as a guide, what information should be added to the set of medical data

[ to be able to upload them to the section "Data block™ blockchain.

MNow consider the features of transactions in working with medical data.

The medical ecosystem provides four proups of users: users (patients) -
patients themselves or authorized third parties (medical centers, for example) who
upload medical data to the system; validators — check the quality and authenticity
of data uploaded by users; clients (doctors) — study patient data, compile health
reports; pharmaceutical and research companies that can access depersonalized
user data.

9
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The process of performing transactions on medical data (entering information
into the blockchain and obtaining information from the blockchain) let's presented

in the form of a diagram - Figure 3.

Uploading data by
users to the caud
environment

erification {including
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almﬂ-.r-‘r:i:aljun of
+
Data encryption

|

Sending keys ta J

—
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Generation of srnm:l-\'
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participants about

uploading data ta the
cloud

Deciding on the
possibility of adding
medical data to the
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blockehaim
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[ ]
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Adding a validatar
request
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validation results) request of the
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BLOCKCHAIN
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Figure 3. The process of performing transactions on medical data

Then the method of performing transactions on medical data consists of the

following steps:

Stage | — entering information into the blockchain:
I} uploading data by users (patients) to the cloud environment

10
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2} anonymization (deletion of patient ID) of data

1) data encryption by symmetric encryption

4} sending keys to custodians wvia direct authenticated communication

channels

5) generation of service transaction (with the public key, data type

information, and reference to data in the cloud environment), which
informs other participants in the ecosystem about uploading data to the
cloud

) deciding on the possibility of adding medical data to the blockchain using

the consensus algorithm (the block is compared with each instance of the
registry; if all instances of the registry match, the transaction is approved)

7} walidation of information by validators

8) pgeneration of service transaction (with data hashes and validation results)

9y if the data is verified. the information is recorded in the blockchain, and

patient information becomes available to other participants, otherwise, the
user is denied entry of information to the blockchain

Stage 1] - obtaining information from the blockchain:

10} if the doctor needs certain data for research or diagnosis, then he generates

a request to the validators

11} adding a validator request to the blockchain

12) custodian notifications by the validators that cryptographic keys need to be

sent to the doctor to decrypt cloud data

13} obtaining data — if permission is obtained from validators and custodians

So, the method of performing transactions on medical data has been developed,
which consists of the stages of entering information into the blockchain and
obtaining information from the blockchain. The developed method of performing
transactions on medical data provides the ability to decide on the addition of
transactions and medical data from the patient to the blockchain; the ability to
decide on the issuance of data from the blockchain on request from a doctor.

Based on the analysis of architectures of known medical data management
systems based on blockechain technologies, let's develop the architecture of
medical data management system based on developed methods of assessing the
sufficiency of medical data (medical data sufficiency assessment unit), and
performing transactions on medical data {unit of the performing transactions on
medical data). The architecture of the medical data management system is
presented in Figure 4.

The presented medical data management system is not now realized, now only
its architecture is developed. Further research of the authors will be aimed at the
realization and implementation of such a system, as well as the wvalidation and
verfication of the proposed medical data management system after its realization
and implementation, which will be the goal of another study. another paper.

4. Results & Discussion

Let's conduct experiments on medical data management based on blockchain
technologies using the developed method of assessing the sufficiency of medical
data. For the experiment, let's evaluate the sufficiency of the set of medical
records of outpatients of family medicine outpatient clinics, which are planned
before the entry of the data block of the blockchain block.

Let's analyze this set of data using each of the developed rules to determine the
sufficiency of medical data and count the counters sdip, sdm, sdyg.

11
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Figure 4. The architecture of a system for medical data management

The considered set of medical data consists of 10 records, and in the first
record there is no element "data time", in the second record there are no elements
"data type" and "data quality”. in the third record there are no elements "data
time" and "data quality”. in the fourth record there is no element "data type”, in
the fifth record there are all three elements, in the sixth record there is no element
"data quality”, in the seventh record there are all three elements, in the eighth
record there are no elements "data type"”, "time data ", in the ninth record there are
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all three elements, and in the tenth record there is no element” data time ", so the
matrix B has the following form — Table 2.

Table 2. Mawix 8 for the set of data of medical records of owpatients of family medicine

outpatient clinics
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Counters sdtp, sdtm, sdg in this case have the following values: sdip = 7. sdim
= i, sdig = 7. Next, let's calculate the quantitative assessment of the sufficiency of
medical data, given that the set of medical records of outpatients of family
medicine outpatient clinic, which are planned to enter the data block of the
blockchain block, consists of 10 records, 1.e. k= I0:

sdtp  sdtm sdg

s.l"md=l-(—+ +—=
) Ik k k

1 7 6 7
==f—t—=+—=)=067
/ 3 (ID 10 10}

Since sdip <k and sdtm <k and sdg <k and sfind </, then: a decision is made
on the insufficiency of medical data in the set of Dy, medical records of

outpatients of family medicine outpatient clinie. Therefore, the considered set of
medical data needs to be supplemented before entering this data in the section
"Data of the block" of the blockchain block.

The user is provided with recommendations for supplementing the set of
medical data - according to the rules for the formation of recommendations for
supplementing the set of medical data — as a guide on what information to add to
the Dy, medical data set to be uploaded to the blockchain block section. For the

considered set of data of medical records of outpatients of family medicine
outpatient clinic recommendations are as follows: to supplement the lst record
with the element "data time", to supplement the 2nd record with elements "data
type" and "data quality”, to supplement the 3rd record with elements "time data
"and" data quality ", add the 4th record with the element” data type ", add the 6th
record with the element” data quality ", add the 8th record with the elements" data
type "," data time ", add the 10th record element "data time".

If the medical institution is still interested in uploading its data to the

blockchain unit, it completes the medical data set Dy, then returns to step 1 of

the method of assessing the sufficiency of medical data, i.e. analyzes the updated
medical data set. For the experiment, the considered set of medical data was
supplemented, after which this set of data was re-analyzed using each of the
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developed rules for determining the sufficiency of medical data and was counted
counters sdip, sdim, sdg.

After supplementing the medical data, in the first record there is no element
"data time", in the second record there is no element "data quality”, in the third
record there is no element "data quality”, in all other records there are all three
elements, so matrix B has the following form — Table 3.

Table 3. Matrix & for the supplemented set of data of medical records of outpatients of family

medicine cutpatient clinics
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Counters sdip, sdtm, sdg in this case have the following values: sdip = 10, sdim
= @ sdg = 8 Next, let's calculate the quantitative assessment of the sufficiency of
medical data:

0,98, o

sdtp  sdtm sdyg 10,
o 10 10

! |
— e N T
7% T R

sfmd =

Currently sdip = k. but sdmm <k and sdg <k and sfind <1, so again the decision
is made about the insufficiency of medical data in the set of D medical records
of outpatients of family medicine outpatient clinic. Therefore, the considered set
of medical data again needs to be supplemented before entering this data in the
section "Data of the block" of the blockchain block.

The user is provided with recommendations for supplementing the set of
medical data — in accordance with the rules for the formation of recommendations
for supplementing the set of medical data Dgy,. For the considered revised set of
data of medical cards of outpatients of family medicine outpatient clinic the
recommendations are as follows: to supplement the 1st record with the element
"data time", to supplement the 2nd record with the element "data quality”, to
supplement the 3rd record with the element "data quality".

The medical institution, having analyzed the obtained conclusions and
recommendations, decided to upload a set of data from the medical records of
outpatients of the family medicine outpatient clinic to the blockchain without
further supplementing.
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5. Conclusions

The conducted state-of-the-art on known decisions on the use of blockchain
technologies in the construction of information technology for medical data
management showed that, despite a large number of different solutions, effective
methods and solutions for medical data management based on blockchain
technologies are currently lacking. Thus, improving the efficiency of medical data
management by developing methods of medical data management based on
blockchain technologies is currently an urgent problem.

The paper developed a method for assessing the sufficiency of medical data,
which provides: the ability to analyze a wvariety of medical data for their
sufficiency; the ability to quantify the sufficiency of medical data; in case of
insufficiency of medical data in the set, formation of recommendations on
supplementing the set of medical data — as a guide. what information should be
added to the set of medical data to be able to download them to the section "Block
data” of blockchain.

In addition, the paper developed a method of performing transactions on
medical data, which consists of the stages of entering information into the
blockchain and obtaining information from the blockchain. The developed method
of performing transactions on medical data provides the ability to decide on the
addition of transactions and medical data from the patient to the blockchain; the
ability to decide on the issuance of data from the blockchain on request from a
doctor. The architecture of the system for medical data management has been
developed on the basis of the developed methods of assessing the sufficiency of
medical data (medical data sufficiency assessment unit), and performing
transactions on medical data (unit of the performing transactions on medical data).

The paper also conducted experiments on medical data management based on
blockchain technologies using the developed method - experiments on assessing
the sufficiency of medical data, which confirmed the viability and veracity of the
developed method.

Further research of the authors will be aimed at the realization and
implementation of such a system, as well as the validation and verification of the
proposed medical data management system after its realization and
implementation.
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obpofEy TPaHIAKIDIH, AHATITHEY, BHCOKY MNEHIKICTE poOOTH HOpPOTpaMH, MACITAGOBAHICTE 1
NpoIyETHEHICTE.
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2. Health Tewvel 7 Cramgapr [Enexrpomsmii  pecypc]. UBRL:  hitps:/zdrav.expert/
index php/2aD0%0F% D 1%:80%D0%BEY D0 B4%D1%683%D0%:BA%%D1%082 Health Tevel 7 2%D0%A1
2eD1%082% D02 B0 DI BD D02 B4 D0 B 0%D1%:80%:D1%82. (1aTa spepHemma  16.06. 2071:|

3. Memerxo O. b, Jlemesso 0. O. 3acTocypamma Texmonorii DeepSee InterSystems mns mobymosn
DararopEMipeEHX ©a3 JamHEx 1 cxosHm iEpopmamti [EnexTpomEmi pecypc] @ Hapu. mocid. mo mab.
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VIK 004.9: 004.056.5

JOCITAEHHA PIIITEHE 1714 ABT OMATIBAIJ;II POBOTH TIKAFPTE HA OCHOEI

BJIOKYENH-TEXHOIOITH
A O Mocranersso, T. O. l'oropymesxo, B. B. Ocagmi
MizmapoIHRH HAVEOBO-TEXHITHHE YHIEepCHTeT e apagemika Hpis byraa,
I MeTEHEIERHA HAMOHATSHEA YHIBEDCHTET
E-mail: tat_vana@uky net

The healthcare sector in Ukraine has long besn in need of change, and the many opportunities of
blockchain technologies can help them lead the trangformation of this area. This study analyzes the use of
blockchain technology in healthcare. All existing projects on the wse of blockchain technology in the field of
health care can be divided into several areas: tracking ovigin; data storage and management; telemedicine;
diagnostics; use of blockchain to raise finds. The most popular direction for the application of blackehain
technolegy in medicine is data storage and management.

Beryn. Bopopamsensd HOBITEIY KOHEYPEHTOCIPOMORERX iHdopMamfHm: TexHoIond & voi cdepn
MEONCHEOT MATEHOCTI 3 METOR ABTOMATHIANI NPONECis, SMeHIIEHHEA JACTEH (i3HTHOL Npari Ta MiHiMisami
EILTHBY JEOJICEECNG (AETOpY € OCHOBHON CTPATETIMHON METOH POSEHTEY iH(OPMAMAHOIC CYCILIECTEA B
Vepairi [1]. Croromm Memrmmi indopiamiie TexHOIOTH TOBHHE] BAINCELTATH 4 BEMOTAM: e:l}mn:ﬂn:im
fesmera, HOBHIHA TA £EOHOMITHA BHTOIA [2]. Cdepa oxopoHH 3OopoB's B YEpAIEL JABHC DOTpedye 3MIH, 1
fesmin MosHEOCTeH Omormeds-Texmomori (blockchain) Mo#yTE DOMOMOTTH @ OTOMHTH TpaECHOPMATIED
miei cepr.

Joxasom 3pocTaHHA 3aTpefyBaHOCT] GIOKTeH-TeXHOIOr MoMe CTYAHTH PesyIbTAT JOCTUTHEHHA,
npoeegeroro B woeTHL 2017 pory momargo «Black Books [3]. B xoxi npore gocaimsenss Gymo omETaHO
88 cnomHBATIE CHCTEMH OXOPOHH 300POB'E (Cepel HEX — MPeJCTABHHEH CTPAXOBHX EOMIAHIH, CHORMBAT
METHIHHE OOCTyT) Ta 276 DocTaTAThHEEIE METHIHAY DoCTyT (BIIIOBJATHEHIN 34 TEXHOIOTTTH Opomec
paxieni. mememaepis i IT-gaxiemie) «Black Booky emasme, mo 19% EepiBHNKE MeTHTHIME
OpTAHI3aMiAME Ta (6% DpeICcTABHMEIR, HEi OMUAYYEOTE METHIHI OOCTYTH, POSTIAfATE abo BEe
3ACTOCOBYBATH PIlIEHEA HA OCHOB] BI0KMeHH-TeXHOIOrL

Takens wEHOM, MiTEHIIEHA VEATa A0 TEXHOIOTI] pOSDOJUTEHHX PEcCTPME NPHIBENA 00 POIYMIHHA
MOTEHIMATY 33CTOCYEAHEA CIoETeHE-TEXHOIOT B CHCTEM 0XopOoHH 37opor's. Meror mascoro nocmmeensa
€ AHATIS EHKCOPHCTARNT OIoKTeHE-TexHoIori v cdepi oXopoHH 370p0E 4.

Ocrosna yacTusa. Bei icHyi0T OPOEKTH 3 BHEOPHCTAHHA O0KTeHE-TEXHOTOM ¥ cdepi oxoporn
30POE A MOXHA POTLIHTH HA KLUTEEA HAOpAMEiE [4, 5]:

1. BigcTesmeHHs NDOXOT#HEHHT — EBHEOPHCTAHER pPOSOOJUIEHOTO pPeECTPY MMM PEryIEOBAHHA
thapMANEETHIHAX DOCTABCE 1 BIICTEREHHT MeTHEAMEHTIE:

- mpoexT The Medil edger Project ix Chronicled

- mpoesT Prescriptlon sig mesTpy FEshape & xomabopanii 13 SNS Bank NV 1 Deloitte Hemrpon;
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2. 30epiranEd Ta VOpARMHHEY JaEEMH — Y ofepi OoXOpoHH 3D0pOB'S DHTAHHA YIPAETIHER
iEDOPMAIFK € DVEe AETVATBHHM, MeTHUHI DpANEHHEH MOJHA OPAIFOOTE 3 JAHFMH, 5K EHMATAKTE
obepesHOTD MOECMTEEHHA, AHOHIMHEOCTL, EOPEKTHOL DepeTaTi, a TAKCHE OCOOMIHEHX DPAaERT IMoJs HATARHT
JOCTYITY A0 MeTHIHAY TIHNE 0COOIHEOTD AMTOPHTMY YIPAETHES mpapavy. 1e Hafmony IapHine Hanpan
pospoboE B MeTHITHEI, BiNTak € Cimeme 20 pilleHs mme 30epiradEHd Ta YIIPABTIHEA MeTHTHEMA TIHFME Ha
OCHOBL GI0KTe N - TEXHTOTH:

- cacTena Healthchain oma stepriranms ocofHCTHN MeTHTHEN 3AMHCIE,

- mnatdopua [RYO ona stepeseHii | EOHTPOIEC DADICHTAME SISETPOHEERN MeTHIHIE EAPT;

- mpoekT Carel 1714 NpoBeIe Rt IIATEHIE B cepl OXOPOHE 330P0E A 9epes BaacHHH TokeH Carel;

- mnatdopua SoartHealthCareToday mna stepemermd ooofHOTHDD MeTETEHITE TAHE,

- opdabiE-nporpasa The Medical Interpreting and Translating Institute Online a1 Hap=asrd
MeTHTHOTC DepekTamy:

- mnatdopua Globallabs mis gocaimsess i pospobok B cdepl oxopoHH 300poe’ A Ha Dasi OmorwedHy;

- mnaTdopya Clinicoin, Mo EREATOPODEYE VIACHHEIE 33 JOTPHMAHHA 3J0POBOI0 COOCO0Y BHTTA,

- cecTeMa QuantH gus sbepiramms Ta oOMIy MeTHIHRME JAHFME HA OCHOBL OO0 HH;

- cecTena Patientory mas 30epirammy 1 YIpaETHEA MeTHIHHMS TAHFLEH,

- mMafgasmee Synthium Helath gma cTeopeHHs DiNOBHX 3B A3KIE MOE MeTHIHAMH VCTAHOBAME 1
MCCTATATEHHEAME MeTHIHOTO OO THAHES;

- npoekT MedRec, mo cTeoproe GnokmeHE-CHCTeMY UIH MeTHUHHX KapTOK ITATIFHTIE;
- npoekT eHelath Estonia 31 cTRoperss Sazn MemeHx KapTolk EcTomid Ha Gmormeii;
- ctaptan Open Longevity 3 poapcﬂnem DiATECCTHTHRC TAHST CTAPIHET,
- mpoekT Mediacalchain ga 3pyaHOTO 1 DesnevHOr0 30epiraHEy OCOOMCTHX JAHNK NAIICHTIE,
- cecTenMa BurstlQ) ans obpobrm, sbepiramms 1 uepe;tam METHTHAY TAHAY MAEHTA;
- mpoekT Gene Blockchain 3 ymopom Ha ZociTHIIERHE HANPAMOK PoDOTH;
- cxoemme Bowhead Health ona TEPCORATEHILT JAFT EOPHCTYEATE;
- mnatdopua Politdok, mo EaromerTye goceid v u:l:pepl OXOPOHH 3TOPOE 1]
- mpoekT DokChain ams obpotn dimascoBmT Ta mmxamnmﬂ}mmmpoﬂnws 1,
- mpoekT HealthCombix 114 cIpyETypyEasEA poGoTHE MeTHTHIX OpTaHI3AMIH;

3. TenememrmHEEA — OpPOEETH, MO PO3POOIAOTE WIATHOPME, 33 JONOMOTOR AERX NAUICHT MOXE
OTPHMATH EOHCYIETAIN ¥ MeIHTHIX DaxiBIlie:

- mraTdopya Symptomatic 40d 3WACHSHAA PoDOTH 3 BETHEHAMH JAHAME, CYMICHA 3 eISKTPOHHEMHE
MeTETEHNMH EAPTEAME Ta HATAE IOCTYTH Telene THITHHE,

- maargopya Docademic, mo coemamisyeTeed Ha TEIEMETHIHH i 3 €IHYE DANICHTIE 3 HMEIDAME 3
EHEOPHCTAHEAM BiTE03E 3KV

-mpoekT DocCoin gud4 3'c¢IHAHHS EOPHCTVEaZa 3 OyOb-SEHM MeTHIHHM GaxiBOeM CEITY 3a
JOTIOMOTOR CMAPT-EOHTPAKTIE,

- mnatdopua TrostedHealth moa TenemegmpeEs, fka OasyeThed Ha GIoETeHEI;

- cocTeMa PointNwrse, oCHOBHAM HANPAMEOM JIRTBHOCTI AEOL € TENeMeIHITHHA, TOOTCO ODepaTHEHA
BIPTYATEHA KOMYHIEAS 3 METHIHAME () axXiBIIAME;

4 MiarHocTHEAS — INpOSETH B TATY: HOBITHIX TEXHOIOTIH, CIPAMOBAHI HA BHABISHHSE XBOpob 3
EHEOPHCTAHEAM OIoEHery:

- boosmetm-iEgpacTtpyETypa  SKYCHAIN, oDpesEaueHa S04 pOSTAIIVEAHHA, HAFYAHHA Ta
EBHEOPHCTAHEA MITYIHOIC IHTEIEETY B odepi 0XOpOHE axopcm'.ﬁ

- CHCTEMA DeepRamulug}r IO BHEOPHCTOEYE MHOOKE MANIHANE HABIAHHA 1A IITYIHOTO {HTENEETY.
AEHH Oyae obpofasTH 300paeHH, OTPHMAR] MeTOTAMH Pﬂl.:[GDIIPOLﬂHE‘EEH

- IT-nnardopua eHealthFirst ans mepcoHATI30BAHOTO VOPABTIHAA MeIHUHFME EADTAMH Ha ©Oasi
GmorgelHy 3 BHECDHCTAREAM IITYIHOTD IHTETEETY, MAIIHEHOTD HABTANES TA OPHpogoMoERe] obpobim;

5. BeropHcTaERs OmoRTeHHY D14 3AMVIeHER EONTIE — IPOSETH, MO MyEAOTH QIHAHCYEAHEA LIA
peamizanii cEoix inef:

- KPR Medical Sclutions — mignpeemcTEo, mo 30Hpac EOMTH Ha OvaEmo depus, ge Gyae
EHPOITYEATHCE KAHACIC I18 BHEODHCTANEA B MeTHIHHY LT,

- mmargopya SclveCare m1d gemeHTpamisamii HOCTYT ¥ ofepi oXOpOHH 3,:|;opos 4, AKA JOSBOIIE
MGCTATATEHHEAM MeTHTHIR ODOCTVT Ta CTPAX0BHEM EOMIAHITM E3ACMOTIATH 3 ETCHTAME 023 MocepeTHHAKIE;

- cHcTeMa Luven Im7 JIaTHOCTYEAHHA PAKY HA PAHEIX CTATLTE TA DPOEKET, AIHH MITPHMYE POSEHIOK
e MEeTOTHES,

12-16 ameromaza, 2021 p. 43 u. Xapxie
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- nprcTpil Health Monitor oia HeigsasHERO] JIaTHOCTHER Jia0eTy, BHPAsEH OUTYHEY 1 PAEY JeTeHE;

- opoesT Elcoin, mrmE Oyge oOHOYACHD 3AMMATHCE po3poDHON METHUHOTO 1 EOCMETOIOTIIHOTO
o0IAMHAREE Ta JeDeHTPAM3OBAHOL CHCTEMH Ha CIORMEHEHI A4 pOIMNHEDEHHA JOCTYIHOCTI MEeTHOHRX
DOCIYT, MiTEHIEHNT % SROCT Ta HAMIAHOCTL.

Hapazi mpaxTe=EC BCl ONHCAHL OPOSETH — e OPOTOTHIH, AKi Depe0vEAROTh HA CTADN pospolEH.
BimemicTs 3 UEX MPOTOTHINE 3HAXOAATECE HA €Tall ATs(a-TeCcTyBAHEA, o HE Jac MOBIHECCT] IOJHEHTHCA
TOTOERH OpogyET. Ane 0araTo DpockTiE MAKTE BLIEPHTHA KO i BUIKPHT] I1A HOBHX VIACHHEIE.

Hafmomynapminmmy HEAnpaMEcM 414 3acTocyEaHeEd Texsonoerii blockehain B Megammm © 30epiragns 1
VOIPABTEHET JAHFDH, 4714 AKOTC PospobIfsThcAd HAHOLTEMA FNMEKICTE OPOEETiE, M0 DPONCHVIOTE PINISHHS
oo poboTi 3 BemEErNE Jammue. Hespamaroan B3 Oe, DepCISETHEEAME HATDAMEAME TAKOE MOEHA BEAKATH
EOHTPOIE TAHITHO#FIE DOCTAEEH 1 3AMVIeHES KOomTiE Ha cTagims B&D (Research & Development).

Bucrobry. BopoBaTseHH: HOBITHIX KOHKYPEeHTOCHPOMOZHIN iHQOPMAIIAHIY TeXHOZOMNH B yoi
citepr meomceECi TIAMEHOCT 3 METONR ABTOMATHIANG DPONeciB, SMeHIEHHS UACTEH (isHvHOL mpami Ta
MIEDM3ANIT BIUHEY MFOICEROTO (AKTOPY € OCHOEHO CTPATETTMHOR METON POIBHIEY m@opm@ammm
cycoimecTea B yEpaimi. Cdepa oxopoHH 3gopoe'a B YEpaiEi JaEHC mDoTpebye 3MiH, i Ge3miu MoXIHEOCTEH
OmoxeiH-TEXHONOTE MOy TS JONOMOITH iM OUOIHTH TpaHC(opMAani mei cdepr. V AaHOMY JOCTUTHEHE
IpoEeTeHs AHATS BHEOPHCTAHHA GmormelH-TexHoIorl ¥ n:l:pepu OXOPOHH 370poE 1 Bel icHYIOW IPOSKTH 3
BHIOPECIE.EEZE OnoxTeH-TeXHOIOT ¥ cepi OXOPOHH 3OPOE A MOMHA POSILIHTH HA KUTEKA HATPAMEIE:
BiNcTeReHRE IOX0 KT, 30epiraHHd Ta YIPARTIHAY JAHMMA, TeleMeTHITHEA, JiarHOCTHES, BHEODACTARER
OmoEGeHHY U4 SATYYEHEA KOTIE. Hamon}'mlpmma HAOPAMEOM IIA 3AcTOCYBAHHE OIOETeHH-
TEXHOIOTI] B MEANHH] € 30epiraHey i YOPARTIHEA JTAHFNH.
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The work is devoted to the analysis of the current state of information technologies used fo create an
electronic health cave system in Ulmwaine from the point of view of the system users. Ways to eliminate the
shortcomings identified during the survey are outlined.

Beryn. Meroro mo@ymoes Oyvap-mrol dopMamifEe CHCTEMH € MIEMINEHAY SleRTHEHOCTL poboTH O
EOPHCTYBATE. ¥ BOpOBATHEHH] YEpainceroi Enexrporsoil cacTens oxoporn 3nopos s (ECO3) mpeinvae yoacts
BEHEA EUTEEICTE JNER[HE T4 iHIINX MeTHIHAY OPAINEEFEE. 3 METOH ONIHEH BiTHOMISHHY EOPHCTVEATE 10
mMegraEEE iEhopuaniEe: creTen (MIC), a5 BOEH EREOPHCTOEYVIOTE B PODOTL EAMH OVI0 DpOBSTeHC ORTARH-
AHESTYBAHEA Ta AHA3 JyMOE 00 YICCKOHATEHA IPOTPEMEEFE IPOIYETIE.

12-16 ameromaza, 2021 p. 44 . Xapwie
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JTOJATOK B

IMPE3EHTANLIA 10 3AXUCTY KBAJI®IKAIIHHOI POBOTH

METOAUN KEPYBAHHY
MEAUHHUMU AAHUMU HA
OCHOBI BAOKYEUH-
TEXHOAOTIN







NYBAIKALLI TA KOHPEPEHLLIT




AHAAI3 BIAOMUX METOAIB TA PILLEHb AASl KEPYBAHHSA
MEAUYHUMU AAHUMU HA OCHOBI BAOKHEHH-TEXHOAOT I

AHAAI3 BIAOMUX METOAIB TA PILUEHb AAfl KEPYBAHHA
MEAVWYHUMU AAHUMU HA OCHOBI BAOKYENH-TEXHOAOTIN




MOAEAIOBAHHA PYXY IHPOPMALLIMHUX NOTOKIB B
MPOLLECI KEPYBAHHA MEAUMHUMMU AAHUMMU

Lo nianmias

CTpYyKTYPQ DAOKY BAOKYEIHY

MOAEAIOBAHHA PYXY IHPOPMALLIMHUX NMOTOKIB B
MPOLLECI KEPYBAHHA MEAUSHUMU AAHUMMU

PpArmMeHT BAOKYEIHY
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MOAEAIOBAHHSA PYXY IHPOPMALLIMHUX NOTOKIB B
NMPOLLECI KEPYBAHHA MEAUYHUMU AAHUMU

Mepexa BAOKYenHY

MOAEAIOBAHHSA PYXY IHPOPMALLIAHUX NOTOKIB B
MPOLLECI KEPYBAHHA MEAUYHUMU AAHUMHU

IHGopMAWHENHI NoTOKM,
IO ONHCYIOTE ey
MeansHi Aani

ﬂ.wru-nnuy
Bysoa |

MeTtoam xepysaHua

MEANUHHIMK A3HHMM

A OCHOBI BAORUEHK-TEXHONONR

Crapr-
EOMTPAKT

“ OUMNICTAMIEE PEIVTALIE MEZIH0L \CTANCRI!
* NPOSKIN PA (IOPAI0K) BIRKOHIRHA TRAN KT

Cipykrypa | 3




MOAEAIOBAHHA MPOLLECY KEPYBAHHSA MEAUYHUMMU
AAHUMMU: OLLIHIOBAHHS AOCTATHOCTI

MOAEAIOBAHHA NPOLLECY KEPYBAHHS MEAUYHUMMU
AAHUMU: BUKOHAHHSA TPAH3AKLLIA
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MOAEAIOBAHHS MPOLLECY KEPYBAHHS MEAUMHUMU
AAHUMMU: BAKOHAHHSA TPAH3AKLLIA

MOAEAIOBAHHS MPOLLECY KEPYBAHHS MEAUMHUMU
AAHWUMU: BUKOHAHHS TPAH3AKLLIA

Eand

MPOUEeC BUKOHAHHS TRAH3AKLIN HOA MEAMYHUAMM ACHHMMMU



MO A O A A

METOA OLLIHIOBAHHA AOCTATHOCTI MEAUYHUX AAHUX

Cxema METOAY CUIHICBOHHA AOCTATHOCTI MEAMYHMX AQHMX
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METOA BUKOHAHHS TPAH3AKLLIM HAA MEAUMHUMMU
'  AAHUMM ;

Cxema MeToAy BUKOHAHHSE TRAH3IAKUIW
HOA MEAUYHUMM AQHMMM

BAOCKOHAAEHWA METOA OLIHIOBAHHS PENYTALLIT
MEAWYHOT YCTAHOBM (K MAHEPA BAOKHENHY)
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BAOCKOHAAEHWUA METOA OLIHIOBAHHS PENYTALLII
MEAWYHOI YCTAHOBM (K MAWHEPA BAOKYENHY)

CUCTEMA KEPYBAHHS MEAMYHUMMU AAHUMU HA OCHOBI
BAOKYENH-TEXHOAOTTI

o, ——




EKCMEPUMEHTM I3 KEPYBAHHS MEAUMHUMU AAHUMU HA
OCHOBI BAOKHEAH-TEXHOAOT

EKCMEPUMEHTH I3 KEPYBAHHS MEAUMHUMU AAHUMU HA
OCHOBI BAOKYEAH-TEXHOAOTIA




EKCMEPUMEHTM 13 KEPYBAHHA MEAUYHUMU AAHUMU HA
OCHOBI BAOKYEWH-TEXHOAOTIN

BUCHOBKMU
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BUCHOBKMU
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3aBinyBauy kapeapu KIIC
I-p.TexH.HayK, npod. ['oBopymenko T. O.

Ocsagoro Bitanis Bitamiiosuua

111Ib 3100yBa4a BUIIOI OCBITH

®IT, 2 kypcey, rpynu KI2m-20-1

3A5BA

3 npaBunamu uuHHOrO Ilomoxkenns «lIpo noTpumaHHs akaaeMidyHOi JOOpPOYECHOCTI B
XMeNbHUIIPKOMY HalliOHAJIBbHOMY yHiBepcHuTeTi» Bix 26.09.2020 (31 3minamu Big 26.11.2020), 3rigHo 3
SIKUM BHSIBJICHHS TUIATiaTy € I1iICTABOIO JUISl BIIMOBH B JOIYCKY KBaJTi(hiKaIiitHOI poOOTH 10 3aXUCTY
Ta 3aCTOCYBAHHS 3aX0/liB JUCHUIUTIHAPHOI Ta aKaJEeMIYHOI BiIOBIJAILHOCTI, 03HaoMieHui (a). [Ipo
BUKOPUCTAHHS IMPOrPAaMHO-TEXHIYHUX 3aco0iB Ui MEpeBipKU KBamidikamiifHux poOiT 3700yBadiB
BUIIOI OCBITM Ha IUIAriaTOIOBIIICHMIA (2) Ta HAJAal0 CBOIO 3roAy Ha OOpOOKYy Ta 30epekeHHS
YHIBEPCUTETOM MO€ET pOOOTH B IHCTUTYIIITHOMY peno3uTapii yHIBEpCUTETY.

Takox Hamaw yHIBEpCUTETY MPaBO Ha Mepeaady MOei poOOTH sl 00poOKu Ta 30epekeHHs B
0azax ganux nporpamHo-TexHiyHUX 3aco0iB (Unicheck ta Anti-Plagiarism) Ta Bukopuctanas podotu
JUTSL BUSIBIIGHHS TIAriaTy B 1HIIUX pOOOTax, siKi MepeBIpsAIOTHCA MPOrPaMHO-TEXHIYHHUMH 3ac00aMu Ta
KOPUCTYBa4aMH, 110 MAlOTh JOCTYII O IUX MPOTPAMHO-TEXHIYHUX 3aC001B, BUKJIIFOYHO B OOMEKEHUX
LITISX /17151 BUSIBJICHHS TUIariaty B TEKCTax pPoOiT.

Poborta 115 mepeBipKU YHIBEPCUTETOM HAJA€ThCS B APYKOBAHOMY Ta €JIEKTPOHHOMY BapiaHTi.
Enextponna Bepcist Mo€i poO0TH 301raeThes (1ICHTHYHA) 3 TPYKOBAHOIO.

25 xBiTHs 2022 poky



PIIIIEHHS EKCITEPTHOI KOMICIT
KA®EJIPY KOMITIOTEPHOI IHXKEHEPII TA IHOOMALIIMHUX CUCTEM
[IPO JIOITYCK KBAJII®IKALIMHOI POBOTHU JI0 BAXUCTY

[TigTBepmKyeMO 03HAHOMIICHHS 3 Pe3yJbTaTOM 3BiTy MOAIOHOCTI MO0 POOOTH, TEHEPOBAHOTO
CUCTEMOIO BHUSIBJIICHHSI TEKCTOBUX 301riB/iIEHTHYHOCTI/CX0KOCTI:
HasBa: Metoau KepyBaHHA MeANYHUMM AGHUMM HA OCHOBI 6J10KYEVH-TEXHOOTIN

ABTOD: Ocannuni Bitanivi Bitaniiosuy

CremiajpHICTb: 123 — KomntoTepHa iHxeHepis

OcCBITHS TIpOrpama:__ OCBiTHbO-HayKOBa

HaykoBwuii kepiBHUK:_Bepesbkuit Oner Mukonaioswy, A4.1.H, npodecop

[Ticns anamizy 3BiTY MOAIOHOCTI 3pO0JICHO TaKU BUCHOBOK:

Ne BucHoBok [To3nauka npo
BIJIIIOBIIHICTE
1 3amo3uueHHs, BHUABICHI B poOOTi, € 3aKOHHUMH 1 He € IoiariatoM. PoOora . .
. B1AIIOB1JAa€
NPUHAMAETBCS IO 3aXUCTY.
2 BusiBnieni 3amo3ndeHHs HE € IUIariaToM, Po3MIiIIeHi B po3fijiaX, sSKi He OMHCYIOTh

Oe3mocepelHFO aBTOPCHKE JOCIIIKEHHS, ajie KiJIbKICTh IMTAT MEPEeBUIIYE OOCHT,
BUIIPABIAHUHN TOCTABICHOI METOI0 poboTn Po6oTa mpuilMaeThes 10 3aXKCTY, ale
Mae OyTH BimkopuroBaHa. BimkopuroBaHuii BapiaHT Mae OyTH TOHaHHH Ha
kadenpy 3a 2 AHI 0 3aXUCTY, pa30M i3 3asSBOO MO0 CAMOCTIHHOCTI BUKOHAHHS
MMCHMOBOI POOOTH Ta iJEHTHYHOCTI IPYKOBaHOI Ta eJIeKTPOHHO Bepcil podoTn

3 BusiBiieHI 3ammo3uueHHsI HE € IJIariaToM, aje¢ YacTKOBO PO3MIIICHI B PO3IiIax, sKi
OIMUCYIOTh 0E3MOCEePEIHBO aBTOPCHKE OCHIPKEHHS, @ KUIbKICTh IIUTAT MEPEBUILYE
o0csr, BUNpaBAaHU MOCTaBIEHOI0 METOI0 poOOoTH. B 3B’A3Ky 3 UM MeTa poboTH
Ta TIOCTABJICHI 3aBAaHHs He Oynau MocsrHeHi. Pobora mMoxe OyTH AOMyIICHA 10
3aXUCTy (HACTYITHOT'O POKY) IICJIS TOTO SIK Oy/ie BiJKOPUTOBaHAa Ta JOMIpaIlbOBaHa i
YCIIIIHO NPOi/ie MOBTOPHY NMEPEeBipKy Ha akaJeMiYHUH IuIariar.

4 PoGoTa MicTHTh HABMUCHI TEKCTOBI CIIOTBOPEHHS, IIepe0auyBaHi ClipoOU yKPHUTTS
3amo3mueHh abo iHINI TIPOSBH akKaJgeMmigyHOro Iuariaty. PoGora MicTHUTB
(habpuxariiro abo ¢anscudikarito raHux. PoboTa He TOMyCKAETHCS IO 3aXHCTY.

[linTBepKEHHS:
3armo3nyeHHs, BUSBJICHI B POOOTI, € 3aKOHHUMH 1 HE € TUIariaToM, OCKUTBKH:
1) 3ano3uyeHHs PO3MIIIEHI B PO3IiaX aHai3y ICHYFOUYMX aHAJOriB Ta MPOTOTHINB, sSKi HE OMHCYIOTh
Oe3mocepeIHbO0 aBTOPCHKE AOCHIIKEHHS 1 HE CTOCYIOTHCS PE3YJIbTaTiB POOOTH;
2) yci 3amo3uueHHs GparMeHTapHi, a00 MarOTh HAJIECKHUM YHHOM O(OPMIICHHI TOCHIIAHHS;
3) HaMOiNBIIy CXOXICTh BCTAHOBJICHO 3 OJHHM JOKYMEHTOM 1 craHoBuTh BoHa 0.95% B wacTuHi
3arallbHONPUHHSTOT TEPMIHOJIOTIT;
4) Bci 3adikcoBaHi CHCTEMOIO O3HAKH MOAM(IKAIi TEKCTY BiJHOCATHCS O KOMOiIHYBaHHS JIATHHCHKHX
CHUMBOJTIB 31 YKpailHOMOBHUMH CKOPOUYEHHSIMH 1HJICKCIB B JOPMYJIax, 110 He € MOAH(DIKAIIEI0 TEKCTY.
CymapHuii o0csAr BCiX 3al03W4eHb, BU3HAYCHHN CHCTEMOK) BHUSBJICHHS 30iriB/ 1JIEHTUYHOCTI/CXOXKOCTI,
cknanae 5.36% i agpecyetncs q0 43 mepiopKepen, 1o, 3 ypaxyBaHHAM HaBeEHUX OOTPYyHTYBaHb, BiAMIOBiTa€E
XapakTepy HayKOBOTO JIOCIIPKEHHS 1 CBITYUTH HA KOPUCTH KBauTi(pikaiiitHo1 poboTH.

KepiBHuk pobotu z / 4 O. M. bepe3sbkuit
I'apant OHII (C/‘ O. C. Casenko

3aBinyBau kadenpu KIIC T. O. I'oBopy1I€HKO



