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Jlyupkuii HaIliOHATBHUN TEXHIYHUN YHIBEPCHTET

HIJIXOJU TA AJITOPUTMHA OGPOBKH TA PO3II3HABAHHS 305PAKEHDb CKJIAJTHOI
CTPYKTYPHU

Jlinmuaa H.M., Jlimmna B.O., ITosersina 10.C. Ilinxonu ta ajropurMu o0po0KH Ta po3ni3HABAHHA 300paskeHb CKJIATHOL
CTPYKTYpPH. Y CTaTTi ONWCaHI BHCOKONPOIYKTHBHI alrOPUTMH Ta NpOrpamMHe 3a0e3NeueHHs, 1[0 BUKOHYE ONHY i3 3a1ad oOpoOKu
300pakeHh — AHAJTITUYHOIO ONMCAHHS KOHTYpIB 00’€KTIB BHIUICHMX Ha PacTPOBHX 300pakeHHsX. [loka3aHo, IO 3aIpOINOHOBaHA
METOJIVKa, aTOPUTMH Ta po3poliieHe mporpaMHe 3a0e3redeH s MOBHICTIO BUPIIIYE PO3TIISIHYTY 3afady s 300pakeHb SIK ITYyIHOTO
TaK 1 TIPHPOTHOTO ITOXO/KEHHSI.

Kitro4oBi ci10Ba: KOHTYp 300pa)keHHS, aITOPUTM, aHATITHIHUH ONMC 00’ €KTIB, alpOKCHMaIlis, 9ac 00pOOKH.

Jimmunaa H.M., Jlmmuna B.A., Ilosctanaa 10.C. IMoaxoasl m meroabl 00pa0OTKH MW PACIO3HABAHUS H300paKeHUI
CJIOKHOH CTPYKTYpPbl. B craTbe ommcaHHbIe BBICOKONPOU3BOAUTENIBHBIC aITOPUTMBI M NIPOrPaMMHOE OOECIIEUeHHE, BBIONHSIIOIIEE
OJIHY U3 3aJ1a4 00pabOTKN M300paXKEHNH — AHATUTHYECKOTO OMMCaHUS KOHTYPOB OOBEKTOB BBIICJICHHBIX Ha PACTPOBBIX M300paKEHUSX.
IMoka3aHo, 4YTO MpeVIOKEHHAs METOJIMKA, alrOPUTMBl U pa3pabOTaHHOE INPOrpaMMHOE OO€CIEUEHHE IOJHOCTBIO PElIaeT
paccMaTpuBaeMyro 3a/1auy 1 H300paxeHHit Kak HCKYCCTBEHHOTO TaK M €CTECTBEHHOTO IIPOUCXOXKICHHSI.

KiroueBble c10Ba: KOHTYP H300pa)XeHUs, aJITOPUTM, aHAJTMTHYECKOE OMHMCaHHE 0OBEKTOB, allPOKCHMAIHs, BpeMs 00paboTKu.

Nataliia Lishchyna, Valeriy Lishchyna, Ju. Povstyana. Approaches and algorithms for processing and image recognition
of complex structure. In article highly productive algorithms and software are described, that executes one of tasks of the image
processing — analytical description of contours of objects of selected on the raster images. It is shown, that a method, algorithms and
developed software, is offered fully decides the considered task for the images as artificial so natural origin.

Keywords: contour of image, algorithm, analytical description of objects, approximation, time of treatment.

IMocraBka mnpodsemMu. AHajai3 Ta po3Mi3HABaHHS 300paK€Hb CKJIAJAHOI CTPYKTYpPH Pi3HOI (i3udHOI
TIPUPOIH IMMHUPOKO BUKOPUCTOBYETHCS B PI3HUX OOJACTSAX HAYKH 1 TEXHIKH, HAPUKIAT B METUITMHI Ta O10JI0Ti1
JUTSI aHAJTi3y PEeHTTEHOrpaM, TKaHWH KIIITHHH 1 XpOMOCOM; B HEPYHHIBHOMY KOHTPOJII MaTepialliB i CEpEIOBHIII,
B pPOOOTOTEXHIII TPH aHaTi3i JUHAMIYHUX TPUBHMIPHUX CIICH; B KPHUMIHAJICTHIN UIS pecTaBpamii 1
BiTHOBJIEHHS HW3BKOKOHTPACTHHX JOKYMEHTIB; B JIA3€pHIA JIOKAamii Ui BUSBICHHS MAaJOPO3MIPHHX 1
BETMKOPO3MIPHUX 00’ €KTIB § y IHIIINX Tay3sX.

@opMyBaHHSI MeTH AOCAiIKeHH:. Meroo pobOTH € po3poOka HOBOTO MiAXOAYy IO CTBOPEHHA
BHCOKOIIPOAYKTUBHHUX TEXHOJIOTIN CHHTE3Y, 0OpOOKH Ta po3mi3HaBaHHS 300pakeHb CKIAJHOI CTPYKTYpPH Pi3HOT
(hiznuHOI TIpUpOAW, AKWA A€ MOXIIHMBICTh TEHEPYBAaTH 300paXK€HHS TPUBUMIPHHX OO0 €KTiB, 3MIHCHIOBATH
TEOMETPUYHI EPETBOPEHHS IS MIOKPAIIEHHS SKOCTi 300pakeHHsI, JOPMYBaTH CUCTEMH iH)OPMATHBHIX O3HAK
JUTA OTIHCY MaJOPO3MIPHHX 1 BETMKOPO3MIPHUX PYXOMHUX 1 HepyxoMuX 00pa3iB, i Ha X OCHOBI CTBOPIOBATH
BHCOKOIIPOAYKTHBHI PO3ITi3HABAIBbHI CHCTEMHU PEabHOTO Jacy.

Bukiiax ocHOBHOTo martepiay.

Icaytoui anroputmMu MOOYIOBHM KOHTYPY OO0’€KTiB BHKOPHCTOBYIOTH TIPWHIIUI TpacyBaHHS MeEXi
OTHOPIAHUX [UISHOK ITIBTOHOBUX a00 NBOpiBHEBUX 300paskeHb. OCHOBHHM iX HENOJIKOM € Te, IO IpH
TpacyBaHHI MeXK MJUISHOK, 300paKeHHs HEOJHOPa30BO MPOIISANAEThCI B JOBUIBHHX HANpsSIMKaX, SKi
BU3HAYAIOTHCS TTOBEAIHKOI MEXKi 00 €KTY. A 1€ IPUBOIUTD 10 3HW)KEHHS epEKTHBHOCTI pOOOTH MPOrpaMHOro
3a0e3nedeHHs, 0COOIUBO, KOJIM OOpOOISIOTHCS 300pa)KeHHsS! BEMUKAX POo3MipiB. ToMy JMOIIIBEHO pO3pOOHTH
OJTHOTIPOX1THAW alTOPUTM, IO TT030aBIEHUH 3a3HAYSHUX HEIOMNIKIB.

B ocHOBy anroputMy MOXKHA IIOKJIACTH TPUHIMI MEPEBIpKH Ha MApHICTh, IO 3aCTOCOBYETHCS B
IpoLeypax 3aloBHEHHs 00iacTell. AJrOpUTMH 3allOBHEHHS O0JlacTel, sKi BUKOPUCTOBYIOTH HEPEBIPKY Ha
MapHICTh, IPYHTYIOTBCSI HA TOMY, IO JIOBUTbHA INPsIMa TEPETUHAE JOBUIBHY 3aMKHYTY KPHUBY MapHY KUIbKICTh
pasiB.

PosrisiHeMo CyTh OTHONPOXiAHOTO ajIropuTMy NOOYIOBH KOHTYpY 00 €KTy Ha mpukiani puc. 1. Hexai
300payKeHHS CKaHYETHCS 371iBa-HANPaBO 3BEPXY-BHU3 allEPTYPOIO MEBHOIO PO3MIPY, MOKH IIKCENi OJHOPITHUX
JIUISTHOK MalOTh OfHAKOBI (pikcoBaHi 3HaueHHs. Ilpn mocsrHeHHI Mexi 00’ekTy (Touka A) MOPOIKYIOTHCS ABi
nyru koHTypy 00’exTiB | Ta |l niBa ta mpasa. Lli 1yru 3aHOCATBCS y CHMCOK KOHTYpPIiB BiANOBITHUX 00’ €KTIB 5K
HE3aMKHYTi1 mocmigoBHOCTI Touok. KoopmuHatu (X,Y) TOukn A 3aHOCSTBCS y CHHCKHM TOYOK IUX Ayr. B
HACTYIIHOMY CKaHI IIPU MEPEeTHHI MEXK 00 €KTiB KOOPAMHATH TOYOK MEPETHHY JOOaBISIOTHCA Y CIUCKH TOYOK

© Jlinuaa HM., Jlinmuuaa B.O., I[Toscrana 10.C.
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HAOMMKIMX Ayr KOHTYpiB. OCKUIBKH TMiKceni Tijla 00 €KTY € YOTUPU-3B’SI3HMMH, a KOHTYPH — BOCHMHU-
3B’SI3HUMH, TO BiICTAHb MIXK CYCIIHIMH KOHTYPHHMH TOYKaMmu Oyze piBHa oguHMLi. ONHparourch HA MTPUHIHMIT
MApHOCTI TOYOK IMEPETHHY JeAKOi MpsAMOi JiHii Ta 3aMKHYTOrO KOHTYPY, JO CHHCKIB OYr KOHTYpiB Oyne
n00aBIICHO OAHAKOBY KiNbKIiCTh TOUOK. [Ipy momanbmomMy ckaHyBaHHI 300pakeHHs1, y Touli B Oyzne mopomxeno
HOBI JIyT¥ KOHTYPIB Ta A00aBiieHi 10 BiamoBigaux 00’ekTiB. Y Tourli C nmyru AC ta BC 00’€1HAIOTHCS B €TUHHIA
CETMEHT KOHTYpY.

O A P A=7
g 1 /—T8 W A=6
|/
I LD WM A=6
FF ™ A=6
N c Wl A=14
\/

Pucynok 1 — XapakTepHi JUISHKA KOHTYPIiB 00’ €KTiB

[Iponoxkyroun 00pOOKYy 300pakeHHsI 3a PO3TJITHYTHM ITiJXOJ0M, HOBI JAYr'M KOHTYPHHUX JIaHIIIOTIB
OyayTh crBopeHi y Toukax D ta F, a y Toukax E, G ta H BigmoBigsi ayru OyayTh 00’€IHaHI B JIAHIFOKKH Ta
YTBOPSTH 3aMKHYTI KOHTYPH JUISIHOK.

AHani3 anroputmy ¢popMyBaHHSI KOHTYPiB

PosrisiHyTHH anropuTM OINMUCAaHHS KOHTYpIB 00’€KkTa 3a0e3redye TMOOYIOBY KOHTYpIB (30BHIIIHIX Ta
BHYTPINIHIX) BCIX 00’€KTIB 3a OJMH TEperisyl 300pakeHHs 3 KOHTYpHHUM mpernapatoM. HeoOXimHO BUIIIHTH
TUTBKH J(Bl JUISHKA TaM’SITi JTOBXXHHOIO TPOIOPIIMHOI IIMPHHI 300payKeHHs Ui 30epeXeHHsT MapKyBaHHS
00’ekTiB Ta iX cycimcrBa. OCHOBHI 3aTpaTH BHYTPIMIHBOI mam’sITi OyayTh IpUHaaaTH IS 30epekeHHs qyT Ta
JIAHITIOTIB KOHTYpiB. Y Tporieci oOpoOKH 00’€KTy HOro KOHTYpP MICTHTHh TUIBKH JyTH, SIKi ITOCTYIIOBO
00’emHyI0TbC MK cobOoto. Ilicis 3aBepreHHsT 00pOOKH BHYTPIITHROTO KOHTYPY a00 00’€KTy B ILIOMY BCi
TyTH 3aMUKAIOTHCS Ta YTBOPIOIOTH 3aMKHYTI JIAHIIIOTH.

Onuc nporpam

OCHOBOIO PO3pPO0JICHOrO IPOrpaMHOro 3a0e3leUYeHHs aHaJITHYHOTO OMHCAHHS KOHTYPIB € (DYyHKIIisA
ObjectPtContourDescr(). Bimmosigao m0 cBoro (pyHKIIOHYyBaHHS, BOHA BHKJIMKAE HOMOMDKHI IiAIPOrpamMu
(pynukmii), mo peanmizoByOTh OKpemi il Haj iHGOpMAIifHUMH 00’€KTaMH (Iyramu, JIaHIIOTAMH Ta iH.).
BignmosimHo 1o iHGopMamiiiHUX 00’€KTiB 3 SKHMH OIEPYIOTh Nporpamu, (QyHKIiS po30UTI HA TPYIH.
Hanexwuicth GyHKIIT 10 MTEBHOT IPyNy BU3HAYAETHCS TIEPIIMM CIOBOM Yy ii Ha3Bi. A came: ObjectPt... — dynkimii
NpaIoTh 3 00’ekTaMu B 1imomy; Branch... — dyrkiii nparmorors 3 myramu kontypis; Chain... — ¢ymkmii
MpAIoOTh 3 JaHIroraMu koutypis; Neighbourhood... — dyHkiil BigcmigKOBYIOTh CyCiCTBO 00 €KTIB.

[Iporpama ObjectPtContourDescr() € 06a30BOr0 sl aHAJITHYHOTO OMFCAHHS KOHTYPIB OO’€KTIB Ha
OiHapHUX 300paxenHsx. [Ipororun ¢pyHkmii MictuThes y (aitni 3aronoBkiB EdgeDescription.h, a moBHwmit Tekct
y ¢aitm EdgeDescription.c.

OCHOBHMMU BXiTHUMH mapamerpamu QyHKIli € BKka3iBHUK contF Ha ctpykrypy Tumy FILE, yepes sxuit
BiOyBa€ThCS 3UNTYBAHHS BXITHUX NaHUX (OiHApHOTO 300paskeHHs) 3 daitmry. 300pakeHHs 3amucaHo y ¢aim B
¢dbopmati RAW 3 6itoBoro rimbuHoro 8 OiTiB Ha mikcenb. Po3mipu 300pa’keHHsT TepenarThbes dYepe3 3MiHHi
imWidth ta imHeight, mo BiamoBimHO 3amar0Th HOro MIMPHHY Ta BHUCOTY B MikcemsX. JIast oG4MCIeHHS
IHTETpabHUX XapaKTEPUCTHK 00 €KTIB B IMPOIleCi OMUCaHHS 1X KOHTYPIB Ta HEMOXIAHWX NpU Kiacu]ikariii,
¢byHkuii nepenatotbes BKkaziBHukK iy FILE s mocTymy 10 mepBHHHOTO 300paskeHHs Ta HOro rpaiieHTy.

Pesynbpratamu poOoTH nporpamu € BKa3iBHUK Ha MacuB ereMeHTiB struct SObjectPt, y sskomy po3milieHo
onucaHi 00’€KTH Ta AoBXMHa Iboro macuBy ObjectCount. Ilicns mepermanmy Bcix psakiB 300paskeHHS
nporpama 3BUIbHSIE BUKOPUCTAHY IaM SITh Ta IMOBEPTA€ BUKIMKAIOYil Mporpami BKa3iBHUK Ha MacHB OIMCAHUX
00’exTiB Ta Horo po3mip yepe3 ¢popmanbauii mapamerp ObjectCount.

I'pyna gynxuii ObjectPt... onpautoBanHs 00’ €KTiB

I'pyna ¢ynknii, mo nounHaerbes 3 npedikcy ObjectPt mpusHadeHa ajisi BUKOHaHHS omepauid Haz
o0’ekramu B ninomy. [lo Hei Bxomate ¢ynkuii: ObjectPtCreate() — crBopeHHs Ta iHimiamizamii 00 €KTY;
ObjectPtDelete() — 3uumenns 06’ekry; ObjectPtConcatenate() — o0’exnanns 06’exri; ObjectPtCleaning() —
OYHMCTKH TIOPOXKHIX 00’ €KTIB.

Oyukuig ObjectPtCreate() npu3HadeHa CTBOpEHHs Ta iHilianizanii HoBoro o0’ exty. Bona moBeprae HOBI
3Ha4YeHHS BKa3iBHMKAa Ha MacuB 00’€KTiB, Horo MakcumaibHy HOBXHHY ObjectPtMax Ta iHIEKC CTBOpPEHOTro
00’exty ObjectPtCnt.

© Jlinuaa HM., Jlinmuuaa B.O., I[Toscrana 10.C.
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struct SObjectPt* ObjectPtCreate(

struct SObjectPt* pObject,

int &ObjectPtMax,

int &ObjectPtCnt,

struct SBranch* pBranch);

VY crBOpeHuil 00’€KT MepenucyeThes Ayra KOHTYPY, BKa3iBHHK Ha siKy pBranch mepemaetbcs depes
(dhopmanbHi napamerpu. [1am’siTh, 1110 BUALISETHCS JOAATKOBO IHIMIATI3YETHCS HYJIEM.

Oynxkiis ObjectPtDelete() mpusHauena ans 3HUINCHHS 00’€KTy Ha skuii Bkasdye pObject. Crmouatky
MEPerisiIa€ThCsl BHYTPILIHS CTPYKTYypa 00’€KTY Ta 3BUTBHSETHCS BCS MaM’siTh, IO BUUICHA B Mpoleci Horo
MoOYZI0BH, a TIOTIM yCIM IOJISIM CTPYKTYPH IIPHCBOIOIOTHCS HYJIHOB1 3HAYCHHSI.

Oynkiis ObjectPtConcatenate() 00’enHye (31MBa€) 00’€KTH, KOJIU Y JIBOX JAUITHOK 300pakKeHHS, SKi
00pOOIISIIIHCS. HE3aIEKHO, MOSBISIETHCS TOUKA, IO € YOTUPHOX-3B’A3HOI0 3 000Ma AUISIHKaMHU. Y BHIAAKY, KOJIH
“00’e€qHYIOTBCSA” 00’€KTH 3 OJHAKOBUMH IHJAEKCAMM, TO 1€ 3HAYWUTh, 110 3aMKHYBCS OJMH 13 BHYTPIIIHIX
KOHTYPIB.

Oynkuis ObjectPtCleaning() mpu3HaueHa i BUJAJCHHS MacHUBY IOPOXHIX 00’€KTiB 3 METOK HOTro
YIUTBHEHHS.

Oynkuis ObjectPtCleaning() moBepTae HOBY JOBXHHY LIUJIbHO YIAKOBAHOT'O IWHAMIYHOTO MACHBY.

I'pyna ¢ynxumii Branch... onpaitoBanHs 1yr KOHTYpiB

VY nportieci moOy0BH, KOHTYPH CIIOYATKY MPEACTABISIOTHCS yraMH, TOOTO HE3AMKHYTHMH JIAHITFO)KKAMHU
KOHTYpHHX TOYOK. ['pyna (yHKIIH Ha3BU SKUX MMOYMHAIOTHCS 3 mpedikcy Branch npusnadena mist pobotH 3
ayramu. Jlo mporo kiacy BimHocsathes (ynkuii: Branchlnsert() — BcraBneHHss HOBOI Iyrm B 00’€KT;
BranchAddPoint() — noxaBauus Touku 10 Obkyqoi gyru; BranchGrow() — HaporieHHs BKa3aHoi yrd TOYKaMH 3
inmmx ayr; BranchMove() — mepemimiensst ayr 3 omHoro o0’ekty B inmmii; BranchNext() — mwmxmiuxmit
IHKpeMeHT iHaekcy Oibkywoi nyru; BranchMove2Chain() — 3amMukaHHs AyT Ta MEepeMillieHHs B MACHB JIAHIIOTIB.

Oynkitis Branchlnsert() nobarisie HOBI ayru 10 00’ekry. Bxignumu napamerpamu dyskiii € pObject
BKa3IBHUK Ha 00’ €KT 0 SIKOTO J00aBJISIFOTHCS IyrH Ha siKi BKaszye pBranch.
void Branchlnsert(struct SObjectPt* pObiject, struct SBranch* pBranch);

®yukiris BranchAddPoint() 1o0aBisie HOBY TOYKY KOHTYPY 3 aOCOIIOTHUMH KOOPAWHATAMH 300paKeHHS
(n, m) y 6bkxyuay myry o6’exkry pObject Ta mepemimye imaukaTop ObKy4oi AyrM Ha HACTyNHY, kim0 Next -
iCTHHA.
void BranchAddPoint(struct SObjectPt* pObiject, int, int);

®dyukitis BranchGrow() npu3HadeHa st HAPOILEHHS YT KOHTYPY TOYKaMH 3 JBOX 1HIIUX AYT.

void BranchGrow(struct SBranch* pDestBranch,

struct SBranch* pSrcBranchOne,

struct SBranch* pSrcBranchTwo, bool bFree);

VY kinenp myrum mpuitmada pDestBranch moGaBnstoTecst Toukm 3 ayr mkepen pSrcBranchOne Ta
pSrcBranchTwo mocmizoBHo i, sikimo bFree — icTuHa, Ayrd JpKepena 3HHIIyIOThCS. OcTaHHIE mapamerp
n00aBIeHO /I KOPEKTHOTO OIpAIIOBaHHS CIYy>KOOBOrO HYJIBOBOTO OO’€KTYy OyI'H SKOTO HE ITOBHHHI
sauinyBatucsa. Oyrakmis BranchGrow() BUKoprcToByeThCS Ipr 00’ €THAHHI 00’ €KTIB.

Oynxiis BranchMove() nepeminrye Number mocmimoBHUX OyT 3 IWHAMIYHOTO MacHBY Ha SKH BKa3ye
pSourBranch y 6ibkydy no3umito MacuBy oyt o0’ ekty pObject.

void BranchMove(struct SObjectPt* pObiject,

struct SBranch* pSourBranch,

int);

OyHKIlST BUKOPUCTOBYETHCA y TporpamMax o0’emHaHHS 00 €kTiB. BoHa mepemilmae He3aMKHYTI AyTH
KOHTYpIiB 3 OJHOro 00’ekTy B iHmMH. CroyaTtKy nepeBipseTbCcs MaKCUMAJIBHUNA PO3MIP MacuBy Ayp 00’€KTy
mpuiiMada i mpu HeoOXimHOCTI po3mmproeThes. [loTiM po3cyBaeThcs iCHyroumidi MacuB Oyr Ha Number
€IIEMEHTIB Ta y MIOPOKHE MicCIIe TTepeHoCAThes AyTru. [HnukaTop Oiky4doi qyru iHKpeMeHTyeThcs Ha Number.

®ynkuig BranchMove2Chain() 06’ennye ngi cyciani gyru 00’ekty pObject yTBOpIOIOYM BHYTPILIHIN UM
30BHINIHIA KOHTYPHHI JIAHITIOT Ta MEPEMIIIye HOro B MaCHB JIAHIIFOTIB.
void BranchMove2Chain(struct SObjectPt* pObiject);

@ynkuig BranchNext() mpu3HadeHy Al UUKIIYHOTO MEPEXOAY Ha HACTYIHY Ayry 00’ekty pObject.

void BranchNext(struct SObjectPt* pObject);

OyHKLiA 301IbIIYe HA OOUMHUIIO iHAMKATOP ODKYUOI AyrH, sKo ObKyda Jyra € OCTAaHHBOIO B MacHBi, TO
IHIMKATOP BCTAHOBIIIOETHCS B HYJIb.

I'pyna ¢ynxuii Chain... onpautoBaHHs JIaHLIIOTIB KOHTYPiB
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Oysknii 3 wiei rpynu mpamiolTh 3 yKe 3aBepIIeHHMMHU (3aMKHYTUMH) JaHIoraMu KoHTypiB. [o Hel
BXomuTh TutbkU ABiI QyHkuii: ChainSetRect() — Bu3HaueHHs ommcyrodoro yotupukytHuka, ChainMove() —
MEPEMIIICHHS MaCUBY JIAHITIOTIB 3 OJTHOTO 00 €KTY B IHIIIHIA.

Oynknig ChainSetRect() Bu3Hauae OMUCYIOUWH YOTHPHUKYTHHUK 3aMKHYTOIO JIAHIIOTA HA SIKUH BKa3ye
3minHa pChain.

int ChainSetRect(struct SChain* pChain);

Onwucyrounii YOTHPUKYTHHUK TPEICTABISIETBCS 4Yepe3 aOCONIOTHI KOOPJAMHATH JIBOIO BEPXHBOTO Ta
MPaBOro HWKHBOTO KyTiB. Lli KOOpAMHATH BU3HAYAIOTHCS SIK MiHIMalbHE Ta MAaKCUMAaJIbHI 3HAUYEHHS KOOpPAUHAT
TOYOK, 110 BXOJSITh B JIAHIIIOT 32 KOXKHOIO 3 OCEH.

Oynkuig ChainMove() nmpu3Hauena i1 nepemMinieHHs Number JaHIIOTIB 3 TO3UIIT MaCHBY JIAHITIOTIB Ha
Ky Bka3ye pSourChain y macuB naHioriB 00’ exty pObject.

void ChainMove(struct SObjectPt* pObject,

struct SChain* pSourChain, int Number);

Ockinbku, Ha BIIMIHY BiJl JAyr, MOPSIOK YepTyBaHHsS BHYTPINIHIX JIAHIIOTIB HE Ma€ MPUHIUIIOBOTO
3HAYEHHS, TO Ui iX Mepe3anucy BHKOPHCTOBYEThCs craHmapTHa o¢yHkiis memmove(). Tiabku, mepex
MepeMilieHHsT 30UIbIIYEThCS E€MHICTH MAacWUBY Jyr OO0 €KTy MpHiiMada, a Micls Tepe3anucy 3BUIBHSIETHCS
BIJINIOBIJIHA TIaM’ATh B SIKil 30epiraaucs JaHIIOTH.

I'pyna gynkuii Neighbour... BU3Ha4eHHs cycijicTBa 00’ €KTIB

CycinctBo 00’€KTiB Ma€e BaKJIMBE 3HAYCHHS Ha erari MaHimynsii 3 00’€KTaMu, MpH BU3HAYEHHI iX
B3a€MHOTO MTOJIOKEHHS, CITUTBHUX TOYOK KOHTYpPY, 00 €/JHaHHS Ta iH. BusHaveHHs cyciiicTBa yxe cOpMOBaHUX
00’eKTiB € TMepebipKOBOI0 Ta 3aTPaTHOK 3aJadel0, TOMY CYCIICTBO [OLIbHIIIE BH3HAYaTH Ha eTali
(dbopmyBaHHS X KOHTYpIB, KOJIM € Bcs HeoOXimHa it mporo ingopmaris. Jlo rpynu (GyHKIiIA BH3HAYEHHS
cycigctBa 06’extiB BxomuTh: NeighbourObjAssign() — BcTaHOBIEHHS B3a€MHOTO CYCiJCTBA IABOX 00’ €KTIB;
NeighbourObjChange() — 3amina B3aemuoro cycizcrsa msox 06’exriB; NeighbourObjMove() — mepemimnienns
nmaHux mmpo cyciacto 06’ekry; NeighbourObjDelete() — 3uumenHs maHux mMpo CyciaCTBO 00 €KTY.

Oynkiris NeighbourObjAssign() npu3HadeHa i BCTAaHOBJICHHS JaHUX PO CYCiICTBO ABOX 00 €KTIB, 110
3anani ingexcamu ObjHigher Ta ObjLower y macuBi 00’ extiB pObject.

void NeighbourObjAssign(struct SObjectPt* pObject,

int ObjHigher, int ObjLower, int LoPointCount, int LoHighSum);

UYepes 3minnHi LoPointCount Ta LoHighSum nepenaeTbcst KiIbKiCTh TOYOK KOHTYPY, IO HAJIEKAaTh 000M
00’€KTaM Ta CyMapHe 3HaYCHHS iX SICKPaBOCTEH.

Oyukiris NeighbourObjMove() mpusHadeHa st MEPEMIIICHHS TaHUX Ipo cyciacTBo 00’exty pObject B
HOBY no3utIifo, 3 mo3utlii OldObjID y mozutito NewObjID.

void NeighbourObjMove(struct SObjectPt* pObject, int NewODbjlD, int OldObjID);

Take mepeminieHHsT HEOOX1AHO T 30€peKEeHHS MOPSIKY COPTYBAaHHA B MAacHBI JaHHWX IPO CYCIACTBO.
[lotpeba B mepemilieHHI BUHUKAE y BUMAAKY KONU I1HIEKC 00’€KTy MiHse€Tbca. s mepeMilieHHs NaHuX
BIIIIIYKYIOTBCSI CTapa Ta HOBa IMO3MWIliS JaHUX B MAcHBI MPO CYCIICTBO 00’€KTIB, BIAMOBIMHO MO iHAEKCIB
O1dObjID ta NewObjID.

Oynxiis NeighbourObjChange()npu3HadeHa asi BUIy4eHHS JaHHUX PO CYCiACTBO 00 €KTY, 3 1HAEKCOM
SourceObj, 3 macuBy pObject Ta mpu3HaueHHS 00 €kTaM, siki Oymu cycimHiMu 3 SourceObj, cycigcTtBa 3
00’extoM 3 iHmekcoMm DestinObj.

void NeighbourObjChange(struct SObjectPt* pObject, int DestinObj, int SourceObj);

@DyHKITIS 3aCTOCOBYETHCS Y BHITAJIKaX KONH CYCiHI 00°€KTH 00’ €THYIOTHCS (3THBAIOTHCS) 1 MPUPOTHO
HoBoyTBOpeHu 00’ekT (DestinObj) mepebupae mo cebe cycimcTBo 3 00’ekTamMu, MO Oymud CyMDKHUMH 3
o0’ektom (SourceObj), mo mpuemHaBcs OO0 HbOro. BoHa mpamroe 3a mpocTuM anroputMoM. Crodatky
3HULIYIOTBCS JaHi Opo B3aeMHE cycifgcTtBo 00’ekTiB DestinObj Ta SourceObj 3a momomororo ¢yHKmii
NeighbourObjDelete(). Ili3Himie opraHi3oByeThcsi LUK, Y SKOMY HEperIsAaloThest Bei cycimni 3 SourceObj
00’extu. B xoxHOMy 3 HUX (yHKuieto NeighbourObjDelete() 3aumyeThCS CycincTBO 3 00’ekToM SourceObj a
3a gonomororo QyHkuii NeighbourObjAssign() npusHagaeTses cyciactBo 3 06’ exkroM DestinObj.

Oyuknig NeighbourObjDelete()npusnauena aast BHUIydeHHS! JaHMX PO CYCiACTBO 00’€KTY 3aJaHOro
innexcom ObjDelete 3 06’ exTy 3ananoro BkasiBHuKoM pObject.
void NeighbourhoodObjDelete(struct SObjectPt* pObjDest, int ObjDelete);

OyHKLIA meperiigae MacuB 3 JaHUMH TMPO CYCiACTBO OO’€KTIB, 3HAXOAWTH Ta BHIIydae AaHi MIpo
cycizctBo 3 00’ekrom ObjDelete musxom CTUCKaHHS MacuBY, 3MEHIIYE Ha OAMHUIIO JIYMIBHUK 00’ €KTiB
CYCi/liB Ta BCTaHOBJIIOE 1HJEKC HACTYIIHOTO 332 OCTaHHIM cycina B —l. BcTaHOBNEHHS iHAEKCY, HACTYIHOIO 32
OCTaHHIM CYCiioM B MacuBi, B —l, 3a0e3lieuye KOPEKTHY 3YNHHKY aJITOPUTMY HOLIYKY OO0’ €KTIB CYCiliB y
BIIOPSIKOBAHOMY 3a HE CHaJaHHSAM MacHUBi.
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st TecTyBaHHS MPOrPaMHOTO 3a0e3MedUeHHs] PO3pOOJICHO TEXHOIOTYHI MPOrpaMu, Ha SIKi MOKJIAJaluCs
¢ynkuii 3a0e3nmeueHHs iHTepdelicy 3 KOpPHCTyBaueM, BiHOOpa)keHHs Ta aHajli3y pe3yJibTaTiB poOOTH
PO3pOOICHHUX TIPOTPaM.

3aBaHTaXyBaJbHUI MOAYNb iHTepdeiicHoi nporpamu HasuBaeTbes ContourDescribe.exe. vV Tomy x
KaTano3i moBuHEH OyTH iHiriamizamiitauii ¢daitn ContourDescribe.ini B skoMy MpomucaHo 3aBIaHHs Ha 00pOOKYy.
[HimianizanidHui ¢aiin Mae HaCTYIHY CTPYKTYPY:

ContourDescribe.imWidth=256

ContourDescribe.imHeight=256

ContourDescribe. InputFile=c:\HouseRoofs\Roofs\Test9\Test_1.raw

ne ContourDescribe — komoBe, 110 BU3HAYa€ HANCKHICTh KIFOUIB, IO HAyTh MICIS KPANKU came JI0 i€l
MpOrpamu;

imWidth, imHeight — mmpuna Ta BucoTa 300pakeHHs B MIKCENSIX;

InputFile — moBHa Ha3Ba daiiny 3i 300pakernsM y RAW dopmari.

Inrepdeticna mporpaMa uutae iHimiamizamiiHuii Qain Ta nepeBipse MOBHOTY Ta KOPEKTHICTh BXiITHHX
JaHuX. SIKIO mepeBipka 3aBepIuuiacs YCIilHO, BUKIMKAIOTHCS (DYHKIIIT aHAIITUYHOTO ONMUCAHHS KOHTYPIB, B
THAKIIOMY BHIIQ/IKy BHJIAETHCS TIOBIIOMJICHHS TIPO MOMUWJIKY Ta BUKOHAHHSI TPOrPaMu TePEePUBAETHCA.

Jnst BUBOAY pe3yJbTATiB OMUCAHHS KOHTYpiB 00’€KTiB po3pobieno nBi ¢ynkmii imDrawContourPoint()
ta ObjectPtTestPrint(). [Tepmia BiATBOpIOE GiHapHE 300paXkeHHs HA OCHOBI aHAJIITUYHOrO OIMMCAHHS KOHTYPIB Ta
CIyXHUTb JIUIsl Bi3yallbHOI OIIHKKA pOOOTH MPOrpaMu, a Jipyra aHalli3ye KOPEKTHICTh KOHTYPHHX JIaHI[IOTIB Ta
BHUBOJIUTH 1HPOPMAI[iIO0 MPO 00’€KTH Ta X KOHTYPH B TEKCTOBOMY BUTJISAI. 3a il JONOMOI'OI0 MOXKHA TOYHO
OI[IHUTH KOPEKTHICTh POOOTH MPOrpaM OMUCAHHS KOHTYPIB.

[pororun ¢yHkIil BinTBOpeHHS OiHApHUX 300paXkeHb 00 €KTIB 3a X KOHTYpaMH Ma€ BUTIISII

void imDrawContourPoint(FILE *outF, int imWidth, int imHeight,

struct SObjectPt* pObiject, int ObjectCount,

int ObjectDraw)

ne OUtF — Bka3iBHHUK Ha BIOKpUTHH (aii, y SKUi BUBOAUTUMETHCS 300paKCHHS;

imWidth, imHeight — mmpuHa ta Brcota 300paskeHHs;

pObject — BkaziBHUK Ha MacHB 00’ €KTIB;

ObjectCount — moBkrHa MacHBY 00’ €KTiB;

ObjectDraw — inmekc 00’€kTy SKHH HEOOXIIHO BHMBECTH, SKINO IHAEKC € BiI’€MHHM YHCIOM, TO
BUBOJIITHCA BC1 00 EKTH.

ODYHKITIS aHATII3y Ta BUBOIY CTPYKTYPU 00’ €KTIB Y TEKCTOBIN (POPMI BUKITUKAETHCS 3 ITapaMeTpaMu

void ObjectPtTestPrint(FILE *logF,

struct SObjectPt* pObiject, int ObjectCount,

int nObject, int bSquare, int bNeighbors,

int bChains, int bPoints, int bPointDiff)

ne l0gF — Bka3iBHHMK Ha BiIIKPUTHIA (Baiis y KUl BABOAUTHMETHCS TEKCTOBA iH(MOPMAITLis;

pObject — Bka3iBHUK Ha MacHB 00’ €KTIB;

ObjectCount — moBxuHa MacHBY 00’€KTIB;

nObject — iHaekc 06’ekTy sIKMii HEOOXiTHO BHBECTH, SIKIIO iHICKC € Bil’€MHHM YHCIOM, TO BHBOISTHCS
BCi 00 €KTH.

bSquare, bNeighbors, bChains, bPoints, bPointDiff — kiroui, HeHyIbOBE 3HAYECHHS IKUX 3a0€3MMeUye PYK
y ¢ain: 1omi 00’€KTy; CIHCKY CYCiIHIX O0’€KTiB Ta MapaMeTpu iX CHITbHUX AUITHOK KOHTYPIB; CIHCKY
JAHITIOTIB Ta iX OMUCYIOYMX YOTUPUKYTHHUKIB, TOUOK KOHTYPY; PI3HHII MK KOOpPAWHATaMH CYCITHIX TOYOK
KOHTYDY, SIKIIIO BOHA ITEPEBUIILY€E OJANHHIIO.

BucHoBku. BigoMi anroputMu 00Xoay Ta aHANITUYHOTO OMUCAHHS KOHTYPiB BUMAararoTh 0araTopa3soBoro
meperyisily KOHTYPHHX TOYOK 300paxkeHHsS. Ha 300pakeHHSX CKIQIHOI CTPYKTYpH II€ HPUBOAUTH [0
0araTtopazoBOro MOTJISJaHHS 300paKeHHS, IO ONpPAaIbOBYETHCS. SIKINO, BUXiJAHE 300pa)KEHHS Ma€ JOCHUTh
BEIHMKI PO3MIpH 1 HOro HE BIAETHCA IIOBHICTIO PO3MICTHTH B OIEPATUBHIA MaM’STi, TO MiMYUTYBaHHS
(parmMeHTiB 300pakeHHs Oy/le BUMarath iHTEHCHBHOI POOOTH i3 30BHINIHIM 3amaM’STOBYIOUHM IPUCTPOEM.
Ockinbku onepaiiss poOOTH i3 30BHILIHIMH NPUCTPOSIMH € IOBUIBHOIO, TO PO3IJISTHYTI aJIropuTMu OyayTh
KPUTUYHHMHU 33 9aCOM BUKOHAHHSI.
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CHUCTEMA PAJIOEJIEKTPOHHOI BOPOTHBEHU HA BA31 ARDUINO UNO R3

oBerana 10.C., SAmyk A.A., Jlimuna B.O., Hoaimyx M.M., Iloreiiuyk M.I. Cucrema pagioejieKTpoOHHOI 60poTHON Ha
6a3i Arduino UNO R3. B nocnimkeHHi 3arporoHOBaHO CHCTEMY paioeieKTpoHHoi 6oporsbu Ha 6a3i Arduino UNO R3 mns nporumii
Oe3IMiJIOTHUM JIiITAIBHUM anapartaM. PO3IIISIHYTO CTPYKTYpPHY CXeMY Ta IPOaHAIi30BaHO MapaMeTPH CHCTEMH Ta OKPEMHX i CKJIaJIOBHX.
31iliCHEeHO MOPIBHSIbHY XapaKTePHCTUKY 3alPOIIOHOBAHOTO 3pa3Ka Ta ICHYIOUHX aHAaJIOriB.

KuarouoBi ciioBa: 6esninomuuii nimanshuti anapam, padionepeuikooa, Arduino UNO R3, Wi-Fi, maenempon, ynieepcanvruii
36YKOBULL MOOYTb.

IMoscrsina FO.C., Amyk A.A., Jlummuua B.O., Ioaumyk H.H., IToreiiuyk M.U. Cuctema pano3/1eKTPOHHOI GOpbOBI
Ha 0aze Arduino UNO R3. B wuccienoBaHuu MpeuioKeHa CHCTEMa PaJHO3JIeKTPOHHOH GoprObl Ha 6aze Arduino UNO R3 mist
MIPOTUBOJICHCTBHST OECITMJIOTHBIM JICTAaTEIbHBIM ammapaTaM. PaccMOTPEHO CTPYKTYPHYIO CXeMy M IIPOaHAIM3HPOBAHBI MapaMeTphl
CHCTEMBI M OTJACNBHBIX e€¢ cocTaBsomuX. OCYIIECTBICHO CpPaBHUTENBHYIO XapaKTepPHCTHKY IPEIJIOKEHHOro oOpasma |
CYILIECTBYIOIMX aHAJIOTOB.
KioueBble cioBa: Oecnunomuvlii  aemamenvuviti  annapam, paouonomex, Arduino UNO R3, Wi-Fi, maenempon,
VHUBEPCATbHBLIL 36YKOBOU MOOYTb.

Ju. Povstyana, A. Yashchuk, N. Lishchyna N. Polischuk, M. Poteychuk. Arduino UNO R3 radio electronic control
system. The study proposed an Arduino UNO R3 based electronic warfare system to counteract unmanned aerial vehicles. A structure
scheme was submitted and the parameters of the system and its components were analyzed. A comparative characteristic of the proposed
prototype and its analogs was carried out.

Keywords: unmanned aerial vehicle, radio interference, Arduino UNO R3, Wi-Fi, magnetron, universal sound module

Beryn

BbesminorHi mitanpHi anmapaty (BI1JIA) yxxe qaBHO cTajam HOPMOIO Ha OUTBINIA YacTHHI IJIAHETH, Ta ¥ 3a
ii Mexxamu. BoHM MarOTh MOXJIMBICTH [TOCTaBJISITH BaHTaXi, BUKOHYBATH aepo(OTO3HMOMKY, HOCTIIKYyBaTH
CKJIa/T aTMOC(epH Ta TOTO/JHI yMOBH, BUKOPHCTOBYIOTHCSI KOPECTIOHCHTaMH, HAYKOBIISIMH, PATYBAJIbHUKAMH Ta
BIICEKOBUMHU JJISl IOCTYIY Yy BiJiIalieHi MicCIlsl, HaBiraifii Ha MiCIIeBOCTi, TOIIO.

Ane pa3oM 3i 3pOCTaHHSM IIOMHUTY 3pOCNa 1 TPOMO3MUIlSA JENMIeBUX JITATBHUX amnapaTiB 3 Malloro
BaHTAXOMIAHOMHICTIO, SIKi 3HAXOJATHCS Y BUTHHOMY JOCTYITi 1 BUKOPHUCTAHHS SIKUX, SIK 1 BUMOTH JI0 Oe3meKu
Maifke He perymoeTbes. Hemae HIsIKMX rapasTiid, o mig 9ac IXHbOro BUKOPHCTAHHS BUIAKOBO YU 3YMHCHO
HE TIOCTPAKIAIOTh BUMAIKOBI TIEPEX0XKi UM HE MOCTpakaae MaiHO. A 3aHernmokoeHHs BukopuctaHHs BIIJIA B
TEPOPUCTUYHUX aKTaX HAaBHCAE€ HAJ CIIEICITYy)KOaMH YXKe KiTbKa NeCSITHIiTh. 31 3MEHIIEHHSM TrabapuTiB i
30LTBhIIEHHSIM MOOLTBHOCTI Oe3minoTHHKIB 3HapsamasM npotunii BIIJIA HeoOximHo Oyth me 1 OUThII
MOOITEHHUMHM Ta KOMITAKTHUMH [5].

B nmaniii craTTi mOCHiKyeThes crocid OOpoThOM 3 OE3MUTOTHUMHU JITAIBHUMH arapaTaMy IMUISTXOM
BUKOPHUCTAHHS CHCTEMH KOHTPOIIIO CIpAIfOBaHHA NAaTYMKIB, IO Y CBOIO Yepry IOBHHHO 3a0e3MeunTH
JOCTaTHBO TOYHE BUKOPUCTAHHS 0€3 3HAYHOrO BILIMBY HA PaliouacTOTH i CTOPOHHI IPUCTPOI.

Meroro po0OTH — € OIUC HAJlaTO/DKEHHSI Ta JIOCTIDKEHHS CHCTEMH MPOTH/Ii OE3MUIOTHUM IIiTaTbHUM
armapaTam.

Metoau rociizkeHHs

Icropisi BukopucTaHHS came OE3MUIOTHHX JITAlIbHUX amnapaTiB Hajiuye yke Oiiblie COTHI POKIB.
[uBunbHI Ge3MUIOTHI JIiTAJNBHI anapaTd BUKOPUCTOBYIOTHCSI HE HACTUIBKM JABHO Ta 1 XapaKTEPUCTHKU Y HUX
ckpomHimni. KnacudikytoTbcss BOHM y BiANOBIZHOCTI A0 PO3MipiB MO AiaroHaji Bij IBUTYHa IO ABUTYHa, Oe3
CHCTEM 3aXUCTy Bin mepemkon Ta Oe3 ypaxyBaHHS BHCOTH, TOMY IO pO3Mip 3a3BHuail BinmoBigae
(bYHKIIIOHATBHUM MOXIHBOCTSIM [1].
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Hus npuknagy y CHIA ®denepanbHe aBialiiiHe BiIOMCTBO 3a0OpOHs€ OE3MUIOTHUM JHTAIbHUM
amaparaM, B TOMy 4ucIi Herpodeciiaum, nitatu Buiie 400 ¢yTis.

3BHUAHO X Taki XKOPCTKi MpaBUja YHEMOXKIHMBIIOIOTh KoMepuiiiHe Bukopuctanus BITJIA, nanpuknazn
JIOCTaBKa TOBapiB HE MOXKE 3JIiliCHIOBAaTUCH Oinblie sk 3a 500 MerpiB Bij ckiagy. A TOMY pO3MOYaBCS IMOMIYK
aNbTEpPHATHBHUX BapiaHTIB BPETYNIOBaHHS LBOTO KOHQIIKTY iHTepeciB. Tak OpHTaHCHKAa acomialis MiIOTIB
(BALPA) Buctymae 3a Te, 00 APOHH MPOrpaMyBald Tak, 00 BOHK HE MOTJIM 3aJIiTaTH Y IEBHUI MOBITPAHUI
NpOCTip — WIETHCS MPO Tak 3BaHE “BCTaHOBJIEHHs reo3on”. Cepist mponiB Phantom, siki Bupo6isie DJI, Bixe mae
taky ¢yHkuito. Y cucremy GPS 0e3MiIOTHHKIB BHECEHI KOOPAMHATH THUCSY aepOIOPTIB Y BCbOMY CBiTi. BoHH
HE MOXKYTh 3aJIiTaTH B IIi 30HHU.

Brim 3anmmarotbest crapimi mMomeni 6e3 AaHoi QyHKIIl, Moaeni, M0 He BHUKOPUCTOBYIOTH GPS um
00XOJATh 3aXHCT, a TAKOX caMOpoOH1 OE3MUIOTHUKY Bijl aMaTOpiB-paIioN00UTeNiB.

Bu3HadeHa MOCTIIOBHICTh CTAIill MPOTHIIT IPOHAM: BUSBUTH, PO3II3HATH 1 3HUIMTH. J1JIs CIIPOIICHHS
Ta JIOBEJICHHS JI0 aBTOMATH3MYy OyIb-SKWUH 00 €KT IO TOTPAINMB Yy MOJE 30py CEHCOPIB CHCTEMU BBaXKAETHCS
OesminoTHUKOM. OTXe, B TOAAJBIIOMY CHCTEMa Ul 3pYYHOCTI pO3pOOKM 1 TeCTyBaHHS MOALISEThCS Ha 2
MiJICKCTEMH, a caMe — CEHCOpHY, IO BiAmoBimae 3a 3HaxomkeHHs BIIJIA ta cucremy, 1o BiAmoBimae 3a
CTBOpeHHsI paionepemkon [3].

CeHcopHy cucteMy HaimpocTiiie nooyayBatu Ha 6a3i Arduino (puc.l) — matdopmi, KoTpa miaTpuUMye
OUTBIIICTh NPUHIIMITIB Ta MIXO/IB BUTBHOIO Ta BIIKPUTOrO MPOrpaMHOro 3abe3neueHHs (puc.2).

o

Puc. 1 — Arduino Uno R3

OCHOBHMMHU KOMIIOHEHTAMH € TIJIaTa MIKpOKOHTpOJIepa 3 eJIeMEHTaMH BBOJY/BHBOJY Ta CEPEIOBHIIE
po3podku Processing/Wiring Ha MOBI IIporpamMyBaHHS, 110 € CHPOIIEHO MmaMHOxHHOW C/C++. Arduino moxe
BHKOPHCTOBYBATHCSA K JUISI CTBOPEHHA ABTOHOMHHX IHTEPAaKTUBHUX OO0’€KTIB, TaK 1 MIAKIIOYATHCS IO
MpOrpaMHOro 3a0e3MedeHHs, SKe BUKOHYEThCS Ha KoMmm 'roTepi (Hampukiam: Processing, Adobe Flash,
Max/MSP, Pure Data, SuperCollider).

N
1

Puc. 2 — Cxema Arduino uno Rev3

[Inardopma Bumyckae y BUIBHHH AOCTyll cBOe oOiagHaHHS y BUIUIAAl ¢aitniB muzaiiny Eagle CAD,
ninen3oBani 3a minensiero Creative Commons Attribution Share-Alike, sika 103BOJIsIE BUKOPHCTOBYBATH SIK
0COOHMCTI, TaKk 1 KOMepIliHI MOXigHI POOOTH, SKIIO BOHU aKPEAUTYIOThCcS y Arduino Ta BUIYCKarOTH CBOI
MPOEKTH 3a Ti€ro K Jinensier. [Iporpamue 3abe3nedeHHss Arduino TakoX € BIIKPUTHM BUXIJIHUM KOJOM.
Buxigauii xon mns cepemosumia Java BumymeHuit mig GPL, a 6i6miorekn wmikpokonTponepiB C / C ++
3HaxozaaTees mig LGPL cTBopeHoi s mBHIKOT 1 JIerkoi po3poOKU Pi3HOMaHITHUX €JIeKTPOHHHUX MPHCTPOIB.

MIKpOKOHTpOJIEp Ha IUIATI TPOrpaMyeThCs 3a JIOMIOMOrOKd MOBHM TporpamyBaHHs Arduino Ta
iHTerpoBaHoro cepenosuma po3pooku Arduino IDE. [lns nporpamyBaHHS He MOTpIOHO mporpamarop,
mporpaMa 3ammBaeTbes yepes nopt USB.
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Cam ¢peiimBopk € moximHoro Big Wiring — open-source ¢peliMBOpKY IO TO3BOJISIE MUCATH KPOC-
1athopMoBe MporpaMHe 3abe3nedeH s Ui KepyBaHHs TPUCTPOSMH, TPUKPIIICHUMH 10 IIMPOKOTO Koja myat
MIKPOKOHTpPOJIEPIB, ISl CTBOPSHHS IHTEpaKTUBHHUX 00’ekTiB. daktnynHo, moBa Arduino — me sume Habip
¢yukuiii C/C++, ki MO)KHA BUKIMKATH 3 MPSIMO 3 KOy, XOY €CKi3 3a3Ha€ He3HaYHUX 3MiH, a MOTIM mepesae
6esmocepennbo B kommiastop C/C++ (avr-g++).

Arduino Uno — e npuctpiii Ha ocHOBI MikpokoHTposnepa ATmega328, sikuii y CBOIO 4epry SBISIEThCS
MIKpOKOHTpOJIepoM, cTBopeHnM Atmel Tta nHanexuts mo cim’i megaAVR. Bona mae momudikoBane 8-
pospsimae sapo mpomecopie B RISC. Reduced Instruction Set Computing — apxiTekTypa mpoIiecopiB 3i
CKOpPOYEHHM HAOOpOM KOMaH, TakoK Bimoma sk “Load/Store apxiTekrypa”, mo3ask CHCTeMa KOMaH TakKoi
apxiTeKTypu He BKIIOYAE apU(PMETHKO-JIOTIYHHX Olepaniii 3 omepangamu y mam’sati. [ns Oyab-sikoro
00poOJIeHHs TaHuX X crovaTKy ciin 3aBantaxxyBatu (Load) B perictp, BuKOHYBaTH HE0OXiJHi omepaitii, a Toxi
30epertu (Store) Hazaz y mam’sth [2].

3 Bukopucranusam ¢yukuiii pinMode(), digitalWrite() i digitalRead() xoxen 3 14 mudpoBux BHBOAIB
MOXe€ TIPAIIOBATH B SIKOCTi BXoAy abo Buxoay. PiBeHb Hampyru Ha BHBOmax oOMexeHuid 5SB. MakcuMmanbHUR
CTpYM, KU MOKE BiJiTaBaTH a00 CIIOYKUBATH OIMH BUBIJ, CTaHOBUTH 40 MA.

Cucrema Arduino miarpumye oOpoOKYy aHaIOroBuX cUrHaimiB. J[jis BXIIHMX CHTHAJIB CHCTEMa Mae
ALIT (anamoroBo-MQppoBHil IepeTBOpioBay), B pa3i BUXIAHOTO CUTHaTy — MOxJuBa Monyismis M
(IMPOTHO-IMITYJIECHA MOJTYJIALLIS).

B Arduino, cepriem sikoi € mikpokorTponep Atmega, € omgun 10-6itauit AII. Tle o3Hauae, 1o TideHni
3HAUEHHS HaIpyrd Moxke nepedysaru B jgiamaszoni Big 0 — 1023. B sanexnocti Bif ornopHoro Hampyru 1024
3Ha4YeHb OyJyTh PO3MOiNICH] Ha BiMOBIIHUE Jiama3oH. B pe3ynbraTi MM MOXEMO OTPHMATH PI3HY TOYHICTS 1
PI3HUIA [iana3oH HAMPYT, 3YUTYBAJIBLHUX aHAIOTO-TIM(QPOBUM IIEPETBOPIOBAYEM.

Arduino Uno Hagae psa MOKIMBOCTEH JUTs 3IIHCHEHHS 3B’SI3Ky 3 KOMII IOTEPOM, II[€ OJHUM ApPIyiHO
a00 iHIMMH MIKpoKOoHTposuiepamu. Y ATmega328 e npuiimau UART, 1110 103BOsISIE€ 31MCHIOBATH TOCTIIOBHY
3B’s130Kk 3a jgomomoror mudporux BuBomie 0 (RX) i 1 (TX). Mikpokoutporep ATmegal6U2 na miari
3a0e3mnedye 3B’5130K Iporo mpuiiMada 3 USB-moprom komm’rorepa, i mpu miaximoueHHi 10 IIK mossosse
ApnyiHo Bu3Havatucs sk BipryansHuii COM-mopr. IpommuBka mikpocxemu 16U2 BHKOPHCTOBYE CTaHIAPTHI
npaiiepa USB-COM, ToMy ycraHOBKa 30BHIIIHIX apaiiBepiB He morpibHo. Ha mmardopmi Windows
HEOOXIMHUH TIMBKH BimnoBiguuii .inf-gaitn. ¥ maker mporpamuoro 3abesnedeHns ApIyiHo BXOAUTH CIIellialbHa
Mporpama, 1o J03BOJISIE€ 3YMTYBATH 1 BiAIpaBaATH Ha ApIyiHO IIPOCTi TEKCTOBI maHi [2].

bi6bmioreka SoftwareSerial mosBonse peamisyBaTH MOCTITOBHHE 3B’S30K Ha OYyAb-IKHX LH(MPOBHX
BuBogax Arduino Uno.

PesyabTaru

3arajom OUTBIIICTh OE3MUTOTHHUX JITAIBHHUX amapatiB BUKOpUCTOBYIOTh yactotd Wi-Fi. Curnan Wi-Fi
BITHOCATH IO PaJiOXBHIIb, BIAMIOBIAHO, BiH Ma€ Taki X BIACTHBOCTI, XapaKTEPUCTUKH 1 TOBEIIHKY. PagioxBwmii,
B CBOIO Uepry, MiAMOPSAIKOBYIOTHCS MPAKTHYHO THUM K€ (PI3SMUYHUM 3aKOHAM, IIO 1 CBITJIO: MOIIMPIOIOTHCS B
MPOCTOPiI 3 TAKOK K IIBHUIKICTIO, CXHJBHI 10 AWQpPaKilii, IMOTJMHAHHS, 3aracaHHs, pPO3CIIOBaHHIO, TOIIO.
OCHOBHI XapaKTEPUCTUKH pamioXBWII, a 3HA4uTh i curaamy WIi-Fi — e ii goBxkuHa i yactora (4acTOTHHIA
miarason) [6].

Ha manuii MOMEHT Hai4acTimre 3acTocoByOThCs ToukH noctymy Wi-Fi i anrenn Wi-Fi 2,4 TTri 5TT.
Ha Bimminy Bix 5ITn, y 2,4 I'T goBxunaa xBuiai ctaHoBUTh 12,5 cm. Cepen IITIOCIB — BiMiHHE TOAONAHHS
HEBENHUKHUX TEPEIIKOA, HAMpPHUKIAJ, TYCTHX JICOBUX MACHUBIB, 3aBISIKH XOPOIIill MPOHUKAIOYIA 3MATHOCTI i
oMHHaHHIO Tiepernkon. Cepen MiHYCiB — TOJATKOBA 3alIyMIICHICTh edipy IHIIMMH TPUCTPOSIMH, IO IPAIIOIOTH
Ha IIii 5ke yacrori [4].

I'mymiHHS cCUTHAY JPKEMMEPOM HE SIBJISEThCS MOBHICTIO 3aKOHHUM MeToioM 60poTh0u 3 BITJTA, npote
MOKHA BHKOPHCTOBYBATH iHII MPUCTPOI IO MPAIIOIOTH HA Till e yacToTi. Haltbinbin cymMicHIM 3 TOUKH 30py
HAKJIaJaHb 4YacTOTH € BHUKOPDHUCTAHHS TeHepaTopa BHCOKOYACTOTHUX  EICKTPOMATHITHUX  XBWJIb
MIKpOXBHJIBOBOT'O Jiana3ony [5].

MarHeTpoH € eleKTPOBaKYyMHOIO JIAMITOI CICIiadbHOT KOHCTPYKILii, B SIKIi €IEKTPOHH PYXaIOThCS Y
JIOJJATKOBOMY MAarHITHOMY TIOJi.

Henonik MarHerpoHiB — IUIaBaHHsS 4YacTOTH, TepeBara — 3Ha4Ha IOTYXHICTb. B pangapax, Hampukian,
HECTAOUTBHICTh YaCTOTH KOMIICHCYIOTh MI/UTAIITOBYIOYM NpHUIMad Ha YacTOTY BHUIIPOMIHIOBAHHS, IO €
TEXHIYHO MPOCTILIOK 33/1a4€t0 HIXK yTPUMaHHS CTaJIol 4aCcTOTH IepenaBaya.

Cam 1o co0i MarHeTpOH SIBJISETHCS JIMIIE YACTHHOK CHCTEMH, 30KpeMa BiH MIHIMaJBbHO MOTpeOye
HasBHOCTI TpaHcopMaTopa, KOHAEHcaTopa 1 JioaiB i 3a0e3nedeHHs cede Hanpyroro.
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TpancdopmaTop — cTaTUYHME €IEKTPOMArHITHUH TPUCTPiH, 1m0 Mae ABI abo Oimblue iHIYKTHBHO
3B’s13aHI OOMOTKH 1 MPU3HAYCHUH JJIS MEPETBOPEHHS 3a JOMOMOIOK €ICKTPOMArHITHOI IHAYKI onHiel abo
KUIBKOX Hampyr 3MIHHOTO CTpyMY B OAHY a0 JeKilbKa iHIIMX Hampyr 3MIiHHOTO CTpyMy Oe3 3MiHM YacTOTH
HaNpyrd 3MiHHOTO CTPYMY.

Konnencatop — mpucTpili 111 HAKOMAYEHHS 3apsay Ta eHeprii eixekTpuuHoro momsi. Konumencatop €
MACHBHUM E€IEKTPOHHHM KOMIIOHEHTOM. B HalmpocTilmoMy BapiaHTi KOHCTPYKISI CKJIAJA€Thes 3 OBOX
CIIEKTPOHIB Y BUIJISI IJIACTUH (OOKJIaI0K), PO3AUICHUX JICICKTPUKOM, TOBIIIMHA SIKOr'O MEHINIA B TIOPIBHSIHHI 3
po3mipamu o0Okianok. KonmeHcatopu [Uis NPaKTUYHOTO 3aCTOCYBaHHS BOJIOMIIOTH OarathbMa Iapamu
JeJeKTpUKa Ta 0araTolapoBi eNeKTpoIu, abo YepryBaHHsS AICNIEKTPUKIB Ta EIEKTPOAIB, 3TOPHEHI B IMIIIHAD
a00 mapasernerimnes i3 4oTUpMa CKPYrJIeHUMU peOpamu. 3B’SI30K MK IMMIJICHCTEMAaMHU 3TIHCHIOETHCS ILISIXOM
nmepenavi curHaiIy Ha kepoBane pene (puc.3). Jane pene kepyernsest Hanpyroto 5V i 3maTHe kKomyTyBath 10 10A
30V DC i 10A 250V AC.

Pene mae 1Ba okpeMi JaHIIOTH: JAHIIOT YIIPABIiHHS, MPEACTaBIeHN KoHTakTaMu Al, A2 1 kepoBaHHI
JIAHITIOT, KOHTakTH 1, 2, 3. JIaHIforu HisK He IMOB’s13aHi MiXK cO00I0.

A1 3 _]1
Rell |——-

A2 2

Puc. 3 Cxema BHYTpIIIHBOI OYZI0BU TIepeMUKada

Mix koHTakTamu Al 1 A2 BCTaHOBJICHUH METaJICBUI CEPACYHHK, IIPHU MPOTIKAHHI CTPYMY IO SIKOMY 10
HBOT'O IPUTATYETHCS pyxauBHid skip (2). KonrakTu xe 1 1 3 HepyxoMmi.

Inst yupasiinHA pene € Taki geram: pesucrop (R1), p-n-p tpamsucrop (VT1), miox (VDI1) i,
6esmocepenuno came pene (Rell). JIsa ceitiaomiomu BcranoBieHi mus imgukarii. LED1 — imamkamis momaui
JKUBIICHHS Ha MOIyJIb, 3aropsaHs LED?2 cBimunth mpo 3aMuKaHHi perne.

[Ipu BKIIFOUCHHI KOHTpOJIEpa BUBOJAU 3HAXOSTHCS B BUCOKOOMHOMY CTaHi, TPAH3UCTOP HE BIIKPUTHH.
Tak sx y Hac TpaH3UCTOp P-N-P THUITY, TO IS WOTO BIAKPHUTTA MOTPIOHO Tomatw Ha 6a3y mimyc. s 1mporo
Bukopucropyemo dynkmiro digitalWrite (pin, LOW).Temep TpaH3ucTOp BiAKPUTHI i Uepe3 KEPYIOUHMH JTaHITIOT
Te4e CTPyM 1 perne crpanboBye. s BIIKITIOWEHHS pefie Ci 3aKpUTH TPaH3UCTOP, MOAABINIM Ha 0a3y ILTIOC,
Bukimkasinu ¢yukiiro digitalWrite (pin, HIGH).

Monynb Mae 3 BuBeneHHs (cranaapty 2.54 mm): VCC: «+» xusnenns, GND: «-» xxuBienns, IN: BuBin
BXIJJHOTO CHTHAIY.

[MinkmrouenHs Moayins Tex oo npocte: VCC Ha + 5 BonbT Ha Apayino, GND na Oyap-sxuit 3 GND
KoHTakTiB Apayino, IN Ha Oyap-skuii 3 mudpoBUX BXOAIB / BUXOIIB ApIyiHO.

B saxocti martymka BHUKOPHMCTOBYBAaTHMETHCS VHIBEPCAJIbHHMIA 3BYKOBHI MOAYIHh TNPU3HAYCHUN ISt
BUSIBIICHHS 3BYKY 1 BH3HAYCHHS IIOPOrOBOTO 3HAYCHHS 3BYKY. [lopir cHpanbOBYBaHHS KOMITapaTopa
PETYIOETHCS TIOTEHITIOMETPOM.

[Iporec mpakTHgHOi peamizamii PO3MOYMHAETHCS 3 TOOYIOBH NPHUHITUIOBHX CXeM pOOOTH IBOX
migcucTeM. Mojenb TPOEKTYBaHHS CEHCOPHOI MiJICHCTEMH 3 MepeMUKaveM CKiajeHo y cepemosumn Virtual
Breadbord. IIpexacraBicha Ha pHCYHKY 4.

w
|

Puc.4 — Cxema nepemMukava Mix TiICHCTEMaMHU

HacrynHoro migcucTeMoro € MiKpOXBHIJIBOBHM BHUIIPOMIiHIOBaY (pUC. ), AKHM, SIK yKe Oyllo cKazaHo, i
Ma€ COPUYMHATH TEPEIIKOIH Y 3B’ 43Ky O€3IMIOTHOrO JITAIbHOTO anapary 3 MPUCTPOEM MIJIOTYBaHHSL.
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TpaHcpopmaTop

HodiaHIEW

Puc. 5 — Cxema enekTpudHOro kosua migcucremu No2

Sk yxe OyIio 3a3HaUeHO MiJICHCTEMa MiHIMaJIbHO Ma€ CKIIAAA€ThCS 3 BUCOKOBOJILTHHX TpaHc(opmaTopa
KOTPHiA TMEPETBOPIOE CTPYM, KOHJIEHCATOpa, 10 HAKONMHMYYE 3aps] Ta JioJa a TAKOX MarHeTpoHa, KOTpUH 1
MaTHMe CTBOPIOBATH pajiioneperkoau [2].

KepyBaTumMerbest mizicucreMa nporpaMHO KEpOBaHHUM pelie CEHCOPHOT MiZICHCTEMH.

Jiist mpakTUYHOI peatizailii CeHCOpHOI MiZICKCTEMH ISl TOYaTKy HEOOXiJHO 00paTh HOMEPH KOHTAaKTIB.
Taxk yHiBepcanbHUIT 3BYKOBUH MOAYIb Oyje migkimouaTrcs KpiM po3’emiB 5B ta GND mudpoBuM BUXOI0M J10
3a3/aNeriib BA3HAYEHOT0 1 MPOIUCAHOr0 KOHTaKTy 7. CXeMy MiIKIIOYEeHHS YHIBEpCALHOIO 3ByKOBOT'O MOYJIS
[MOKa3aHO Ha PUCYHKY 6.

Puc. 6 — Cxema miIKIIIOYEHHS YHIBEpCaIbHOTO 3BYKOBOTO MOJTYJIS

[T’e30enemenT Mae nuire 2 KOHTAKTH Ta HE MOTpedye TOJATKOBOTO )KHUBJIEHHS. TOMY IMiIKITIOYA€THCS A0
BH3HAYEHOT'O B IPOrPaMHOMY KOJIi KOHTaKTy 8 Ta cranmaptHoro BuBogay GND.

Pene migkmovaetses 1o koHTakTiB 5B, GND Ta orosomeHoro y mporpaMHOMY Koji KoHTakty 13. 3
MPOTHIIGKHOTO OOKy IO pelle MpUENHYEThCS Ha CepeqHii KOHTaKT TakK 3BaHWW mposin L, Ta BuBim Ha
Tpanchopmartop.

Cencopna mifgcucrema (y MPOMDKHOMY BapiaHTi) OKpiM JaT4WKa 3BYKY 1 KOHTpoOIepa MOMepeaHbo
BKJIFOYAa€ MaKeTHY IU1aTy, KoHekropu TuiiB male to female ra male-to-male, xkaGenb sxuBIICHHS/TIPOrpaMyBaHHsI
USB type ta 6ok sxuBneHHs. [Ipu monepenHiii (Ha MakeTHIiN TUIaTi) TOCHIMOBHINA 30ipIi miIcucTeMa MaTHMe
BUTJISI TOKA3aHUN HA PHCYHKY 7.

Puc. 7 — 3ibpana cencopHa (Kepyroua) miacucTemMa Ha MakeTHIN ruiati

[Ipu nocnigoBHii 30ipii KOMIOHEHTIB migcucrema Ne2 MaTHMe BUIJIA] [TOKa3aHUN HA PUCYHKY 8.
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Puc. 9 — Cucremu nporunii BITJIA, Buj 3cepenunun

Ha cam kiHenb, cucTeMa >XMBUThCS Bix Mepexi 220V 3 nmapajiebHUM i’ €IHAaHHAM 000X MiCHCTEM.
Crioci0 KHMBIICHHSI BKJIFOUAE EIEKTPUYHI BUJIKM i3 KOHTAKTOM JIJISl 3a3eMJICHHS Kitacy 3axucTy | Bij ypakeHHs
CIIEKTPUYHUM CTPYMOM, TOOTO mnepeAdadaeThes, 0 IPUCTPIM BIAAUIITUME BCI JOCTYIHI 0 JTOTUKY YaCTUHU
BiJl CTPYMOITPOBITHUX POOOUO0 130JISI1I€10, a METAJICBl YaCTHUHH, SKi JTOCTYIIHI JI0 JOTHKY HIPUEIHYBATUMYTHCS
JI0 3aTHCKaya ab0 KOHTaKTy 3a3eMJICHHS pO3TAIllOBAHOTO BCEPENUHI Mpuiamy. 3a3eMIICHHS METAJIeBUX He
CTPYMOITPOBIJIHUX YacTHH 3a0e3MeuyeThCs NPUETHAHHSAM BHIKA TPUJIaNy JO CHElIaIbHOI PO3ETKU 3
3a3eMITIOBATILHAM KOHTAKTOM.

Jnst mporpaMyBaHHS HEOOXIJJHO JIMIIE BCTAHOBUTU CEPEIIOBHINE PO3POOKH Ta JpaiiBEpH MPHUCTPOIO,
M’ €MHATH TUIATy, PO3POOMTH TEKCT IpOrpaMy TPHETHABIIM 3a MOTpeOM HeoOXimHi Oibmiorekm. Ilicms
BBEJCHHS KOJAY 3a MOTpeOM HEOOXiJHO BUOpaTH HA3BY/MOJIENb IUIATH 3 BWIIAJHOTO CIIHCKY y MEHIO
Iuctpymentu\lTnaTa, a Takox Homep COM-mopTy Ta BUBAaHTaKUTH CKETY.

TecTyBaHHS MPOBOAMIIOCS HA BIMOBIHICTH 3asIBICHUM BHPOOHHMKOM mapamerpam cucteMn RAYSUN
MD1. lomaTtkoBo Oyie MpoBeneHO HANATOMKyBaIbHE TECTYBAHHS U Y3TOKEHHS POOOTH BCiX KOMITOHEHTIB,
HaIPHUKIIAJ, TECTYBAaHHS TAWMIHTIB BIIKJIUKY Ta TOBTOPHOTO OMMMTYBAaHHS TATUYHKIB.

TecTyBaHHS Ta HANAro/PKEHHsS JAaTYMKAa 3BYKY BiJOYBAa€ThCS B JIBOX HANPSMKAX: PEryJIIOBaHHS
(hizmgHOTO pe3ncTopa s 30LTBIIEHH/3MEHIIIEHHS Iy TJIMBOCTI MIKpO(OHY Ta peAaryBaHHs TaiiMIHTIB May3u Ta
BIIKIIHKY (Y CKETYax).

PesynpraToM mpoBeIEHOT0 €KCIIepUMEHTAIBHOTO AOCHTIKEHHS BUCYHYTHX TilOTe3 MOZENeH 1 MeTO/iB
cTala MoOyZoBa CHCTEMH MPOTHIil Oe3MiIOTHUM IiTanbHUM amapataMm. OOpoOiieHi pe3ynbTaTH 3aHECEHO 0
Tabmumi 1.

Tabmuts 1. [lopiBHSIHHAS e)eKTUBHOCTI 3 BITOMUMH KOMILIEKCAMH

Ha3zpa mapamerpa RAYSUN MD1 HocaimxyBannii 3pa3ok
Kitac 3axucry Bin ypakeHHs 2 1
CIIEKTPUYHUM CTPYMOM
BapTicTb KOMIIOHEHTIB - 2 THC. TPH
Oxpema BapTicTh IOBHOTO - 1,5 tuc rpu
LUKy BUTOTOBJICHHSI Ta TECTYBaHHS
ITaT po3poOHUKIB - 1
JosxuHa 116 cm x 33 cm x 190 c™m 56 x 35 x 48
Bara ~6 KT ~10 xr
Hampyra nepenocHoro DC 24v -
JDKEepena )KMBJICHHS
€MHICTh aKyMyJIsITOpa 6400 m / Ax -
Poboua Temneparypa 10 — 55 rpanycis 10 — 60 rpanxycis
BignocHa Bosoricts 95% 95%
Kiac 3axucry IP33 IP21
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Yac aBTOHOMHOI po0OTH 60 xB -
Yac 3apsay akyMyJsTopa 4 ronuHu -
Jiama3on yacTor 1560 — 1600 I'T'x 2395 -2490 I'Tu

2395 -2490I'Tn
5710 — 5920GHz

[Hupuna mpomMeHs 15 rpagycis 45 rpanycis
(miama3oH)

BuxigHa moTyKHICTh aHTEHH 12 — 15 dBi -

EdexrtuBHuii nianazon Binpme 1100 metpiB bausbko 3-X MeTpiB

* ¢ — iudopmallist y BUIbBHOMY JOCTYIIi 200 KOMIIOHEHTH YU XapaKTEePUCTUKH BiJICYTHI
[IpakTHyHEe BUKOPHUCTaHHS OOMEXKYETHCS TEXHIYHUMH XapaKTEPUCTHKAMH JaHOI CHCTEMH, 30Kpema
CEpHO3HUM HEIOIIKOM MOXKE CTaTH Bara Ta BiJICYTHICTh aBTOHOMHOI'O YKHBJICHHSI.

BucHosku

VY mporeci eKCepUMEHTY BUSBHIUCH MPOOJIEMH 3 TEIUIOBIIBOJOM VY TIJICHCTEMH CIPHYHMHEHHS
paj;ionepenkoa, TOMY B IOJANBIIOMY PEKOMEHAYETHCS BHPIIIUTH 1[I0 MPOOJIEeMy BCTAaHOBJIECHHSIM
BEHTHJISIIIIMHOTO BHBOAY Ta CHCTEMH TepMmo3anoOikHUKIB. Cepell IHIIMX HOBOBBEIEHb MOXE OyTH
BCTaHOBJICHHSI aBTOHOMHUX aKyMyJsTOpiB (i BIIMOBIMHO pO3poOKa CHCTEMH iXHHOTO OOCIYrOBYBaHHS) JUIS
3a0e3nedeHHst OLTBIIOI MOOUTEHOCTI. PekoMeHayeThesi TakoK 3aMiHa TpaHcopMaTopa Hampyrd Ha OuTbII
Cy4acHUH.
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HamionansHuii TeXHIYHUN YHiBEpCHTET «XapKiBCHKUH MOMITEXHIYHUIA IHCTUTYT»

PO KOE®IIIEHTU CIIOTBOPEHHSA ITPU BUKOHAHHI KPECJIEHUKIB B
AKCOHOMETPIYHUX ITPOEKLIAX

Kypniao A.T'. Ilpo koedinieHTH CIOTBOPEeHHsI NMPH BUKOHAHHI KPeCJIeHUKIB B aKCOHOMETPIYHUX MPOeKHisXx. Y crarTi
PO3TIISTHYTO OCHOBHI ITOJIOXEHHS II[OJI0 CIIOTBOPEHHS PO3MIpiB IpH MOOYAOBI aKCOHOMETPUIHHX MpoeKIisx 3a Bumoramu €CKJI.
[TosICHIOIOTECS! IPUYMHH 3pOCTaHHS 00’ €My aKCOHOMETPUIHUX MPOESKIiH y MOPIBHIHHI 3 OPTOrOHAJHLHUMH IpoeKiismu. [TokazaHo
MIpaKTHYHE 3aCTOCYBaHHS MOOYZOBHM aKCOHOMETPUYHHX INpoekuiil. HaBeneHo mpukiamm po3paxyHKy CIIOTBOPEHHS PO3MIpiB NpH
mo0y10Bi aKCOHOMETPHYHUX NPOoeKIisnx 3a Bumoramu €CKJI.

KurouoBi ci1oBa: akconomeTpist, 00’ eM, criorBopeHHs, hopmyna CiMIICOHa, TPAaKTHIHE 3aCTOCYBAHHSL.

Kypuio A. T'. O Koappuuuenrax uckaKeHHs1 IPH BbINOJHEHUH YepTeskeil B aKCOHOMETPHYCCKHUX NpoeKkuusx. B cratse
paccMOTpEeHBl OCHOBHBIE IOJOXKEHHUS 10 MCKKEHHWIO pa3MEpOB NPH MOCTPOSHUH aKCOHOMETPHUYECKHX MPOCKIMSIX 10 TpeOOBaHUSIM
ECKJI. OOBsICHSIOTCS PUYUHBI YBEJINUEHNST 00bEMa aKCOHOMETPUUECKUX MPOEKIMI 110 CPaBHEHHIO C MCXOIHBIMH OPTOTOHAJIBHBIMH
npoekuusamMu. IlokazaHO MpakTHUECKoe IMPHUMEHEHHE IOCTPOECHUs aKCOHOMeTpHueckuXx mnpoekiuil. [IpuBemeHsl mpumepsl pacuéra
HU3MEHEHHUS Pa3MepPOB IPH IIOCTPOSHNUH aKCOHOMETPHYECKHX MPOEKIN B cOOTBETCTBUH ¢ TpeboBanusmu ECK/I.

KiroueBble c10Ba: akcoHOMETpHs, 00beM, HCKaxeHue, hopmyna CUMIICOHA, TPAKTHYECKOE TPHMEHEHHE.

Zhurilo A. G. On distortion coefficients when performing drawings in axonometric projections. The article deals with the
basic provisions on size distortion in the construction of axonometric projections according to the requirements of ESCD. The reasons for
the increase in the volume of axonometric projections compared to the original orthogonal projections are explained. Practical
application of construction of axonometric projections is shown. Examples of calculation of size changes in the construction of
axonometric projections in accordance with the requirements of ESCD are given.

Keywords: axonometry, volume, distortion, Simpson's formula, practical application.

IlocranoBka mpoOjaemu. He3Bakaroun Ha IMMPOKUHA PO3BUTOK KOMITIOTEPHOI TEXHIKH Ta IIHPOKE
3aCTOCYBaHHSA 11 JUII BUKOHAHHS KPECICHUKIB, IIOSABI BXE MEKUIBKOX TokojiiHbk mporpam KOMIIAC,
AUTOCAD Ta ixHIX aHaJIOTriB, aKCOHOMETPUYHI MPOEKIIii IMMPOKO BUKOPUCTOBYIOTHCSI y MAIIMHOOYAYBaHHI Ta
apxitekTypi. [na ix omanyBamHa moTpiOHO M0oOpe 3HATH iXHI BIIACTHBOCTI Ta MpaBWJIA iXHBOI MOOYHOBH,
pamioHaJbHOTO PO3TAlIyBaHHS, 3 METOK OTPHMAaHHA HAWOUIBII BHTIAHOTO 300pa’keHHS, Ta 3MEHIICHHS
KUTBKOCTI pi3HHX 1MOOyIoB, Tomno. Ha *aib, akCOHOMETPHUYHI MPOEKIIil MalOTh BiAIOBIAHI JHIIe iM crienudidai
BIIACTHBOCTI, SIKI YCKJIAQIHIOIOTH TMOOYZOBY KpECIEHWKIB Ta iXHIX YacTWH, Ta, BIAMOBIAHO, BUKOPHCTaHHS
BKa3aHMX MPOCKIIIA HA MPAKTHIII.

AHani3 ocTaHHix gocaimxkens i myouikaniii. [Tutanasa moxo ToyHUX TpadivHUX MOOYIOB Ma€ BEIUKY
icTOpUYHY JTaBHHUHY, Oepy4H CBilf MOYATOK Iie B poboTtax Apximena, EBkimiga Ta iHOIMX BYEHUX. 3 BHUEPITHOIO
MTOBHOTOIO 1 CTPOTOI0 HAYKOBOIO OOTIPYHTOBAHICTIO TE€Opis TOYHUX METPUYHHX TOOYyHOB Oyrna po3poOIiieHa
MatematukoM ['acmapom Momxkem, skuit y 1795 — 1799 pp. omy6nikyBaB pe3ynbTaTH CBO€i JABAaIIATHPIYHOT
pobotu mix Ha3Boro «Hapucua reomerpis» [1].

Cepen iMeH, 3 AKHMH TOB'SI3aHUI PO3BUTOK HAYKOBOI Mparli B 0OJACTi aKCOHOMETPUYHUX MPOEKIIii,
MOXKHA 3TaJaTH BUJIATHUX BiTuM3HAHUX BYeHHX: H. M. beckina, O. O. Bomsbepra, H. O. ['maronesa,
€. A.I'mazynoBa, A.L Hobpskoa, /[l. 1. Kapruna, I I KoroBa, M. O. Punina, C. O.CmupHOBa,
M. ®. YerBepyxina [2, 3].

VY naHuii yac Teopis akCOHOMETpii po3poOeHa AOKJIAAHO 1 BUCBITICHA B YMCICHHUX MPALSX 3 HAPUCHOI
reomerpii. IluTaHHS >X TpPaKTHKK TMOOYIOBH aKCOHOMETPHUYHHX 300pak€Hb BHCBITIIEHI B JiTepatypi
HElOCTaTHbO. Y MPaKTULi MOOYIOBH aKCOHOMETPUYHHMX 300pa)KeHb 4YacTO BHHMKAIOTh 3HAYHI TPYIHOLLI,
O0yMOBJIEHI HE TUIbKM HEJOCTATHHOIO IIiATOTOBKOK BHKOHABIISL, ajle 1 CKIATHICTIO OKpPeMHX 3ajad, M0
BHMararoTh CIeIiabHOro po3'scHeHHs [4-8].

[onoxxeHHs YCKIIAIHIOEThCA 1€ i ToMy, 110 3a ocTtanHi 20..30 pokiB MpaKTUYHO He MyOmiKyBanocs poodit
13 MpakTHKH MOOYIOBM AaKCOHOMETPUYHUX 300pakeHb Ta ii OCHOBHUX 3akoHiB. Ti x poboru, mo Oynu
onyOJIiKoBaHi paHilie, y OUTBIIOCTI BUIIAJKIB PO3MIISIAIOTE aKCOHOMETPUUHI npoekuii, He nepexdaueni ['OCT
2.317 — 69 a6o JICTY 1SO 5456-3:2006 [9, 10].

HeBupimeni yacTunu npod/jeMu. MeTor CTaTTi € BU3HAYEHHS! MPUYHMH LIMPOKOTO PO3IIOBCIOHKEHHS
AKCOHOMETPUYHUX MPOEKLid, OOIpyHTYBaHHS 3HaUeHb KOe(ILIEHTY CIIOTBOPEHHS Ta Pi3HHILI, 10 BUHUKAE TIPH
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MOpPIBHSHHI  300pa)keHb B aKCOHOMETPHYHUX TNPOCKILISX Ta aHAJIOTYHUX iM, aje BUKOHAHUM B
OpTOroHaNbHUX mpoekuisax [11, 12].

Mera pociinzKkeHHs.

Jnst mpakTHYHOI MOOYIOBH aKCOHOMETPHYHOTO KPECIeHWKa MOTPIOHO 3HAXOAMTH aKCOHOMETPHYHI
KOOpJIMHATH TOYOK MO iX HATypaJbHHX KOOpAMHATAX Ta BIAKIAJATH iX y MEBHOMY MODPAIKY MapaienbHO
AKCOHOMETPUYHHUM BiCSIM.

Ha mpaxtuni 1oninsHO BUMaraTd CHpOLICHHS y BU3HAYEHHI aKCOHOMETPUYHUX KOOPAMHAT 33 PaXyHOK
JedKOoi 3MIHM pO3MIpiB KpecieHuka, Mo 30epirae, 3po3yMmiio, HOro BUTISA, ajie, MPAKTHYHO 3aBXK/H,
MIPU3BOUTE JJIs1 3pOCTaHHS 00’ €MY.

Y T'OCTi 2.317 - 69 nns i30MeTpHYHHX MPOEKIiH HaBeleHO KoeilieHTH croTBOpEeHHs 1o ocsix X', V',
Z', mo nopieHIOOTH 0,82. [lns crpoieHHs MOOYJIOB MPOMOHYETHCS BHUKOHYBATH 130METPHYHI MPOEKIii 3
koedinieHTaMu crioTBopeHHs 1o ocsax X', Y', Z', mo nopiBHioOTE 1 (ToOTO O3 3MiHIOBaHHs). [HIIMMHU clioBaMH,
pH IOOYIOB1 130METPHYHKX TPOEKIIIH MO BCIX OCSAX BIAKIANAIOTHCS HATYPAIbHI BETHYNHIL.

Uu cnipaBe/iMBe Take pilieHHs ?

Tak, TOMHOXYIOUYH TPaBi YaCTUHU POPMYIT

K;

Ha JISSIKUI MHOXKHHK 71, OTPUMA€EMO HOBI BHPA3H ISl aKCOHOMETPUIHUX KOOPAUHAT:

Xa" = mexa' = meK*xa
ya" =me ya’ = moKy.ya

Za" =m-* Za’ = m'Kz'Za.

i dbopmynu 3 JNErKicTio MOBOIATH, IO HOBI aKCOHOMETPHUYHI KOOPAMHATH TPOMOPIIiHHI MEPBICHUM.
Taka 3MiHa BiAmoBimae meperBopeHHIO roMoTeTii (ToxibHocTi) 3 meHTpoM Ha modatky O' i 3 koedirieHTOM
TOMOTETIi, 1110 IOPIBHIOE 1.

Puc. 1. IleperBopenns roMoTeTii 3 HEHTPOM Ha moyaTKy KoopauHat O'
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HilicHo, K BUAHO 3 puc. 1, y BUNAIKy 3MiHM aKCOHOMETPHYHUX KOOpJAMHAT y m pa3 Touka A’
MEPETBOPUTECS B TOUKy A", mpuuomy npsMa A’'A"” IpoXoAuTh depe3 MoYaToK KOOpAWHAT akcoHometpii O, 1

O IA n
0'4'
MOMiOHOro (rOMOTETUYHOI'0) ITEPETBOPEHHS BChOr'0 KpecieHunka. OTxe, BUTIIA 300pakeHHS HE 3MIHIOETHCS, a
3MIHIOIOTBCS JIUIIE HOro po3Mipu. Takuii akCOHOMETPUYHHUH KPECICHUK Ha3UBAETHCA MPUBEICHUM, HA BiIMiHY

BiJ] IEPBICHOI'0 aKCOHOMETPUYHOT'0 300payKeHHsI, 1110 € TOYHUM.
SAxio 3acTocyBatu BioMy Gopmyay CiMIICOHA 3 METOFO OI[IHKU 00’€MY, MOXKHA 3aIllUCaTH:

BIJIHOIIICHHS =M. Takum YHHOM, TaKe IEPETBOPCHHS AKCOHOMETPHUYHUX KOOPAMHAT BEAC 10

zf(x)dxzisz(x)dx:b_Ta(f(a)+4f(mTa)+ f (b))

ne f(a) — 3nauenns yHkiii B Toui a;

b+a )
f (T) - BHAYCHHA q)YHKIIII B TOUKaX a1 6;

f(b) - 3HaueHHs QyHKIT B TOUIII 6.

[Ipocre neperBopeHHsT BKa3aHoi (hOpMYIH MPU3BOIUTH JIO OTPUMAHHS JOCHUTh MPOCTOTO BapiaHTY i€l
dbopMmysH, SIKy MO)KHa BHUKOPHUCTOBYBATH JUIsl BH3HAYECHHS 00’€My, SIK MIHIMyM CEMH MPOCTHX TUI Ta iXHIX
00’eqHaHb: MPU3MH, mipamian (IOBHOI Ta 3pi3aHoi), HuIiHApa, KoHyca (IIOBHOTO Ta 3pi3aHoro), cdepu.

Takum urHOM, 00’€M BKa3aHOi (irypu MOKHA BU3HAYHTH, SK:

\Y :%(SH+4SC+SB)

ne h — Bucora tina;
SH — IJIONIMHA HU)KHBOT OCHOBH;
Sc - IUIOIIMHA CEPEHBOTO TIEPEPi3y;
Sp - IJIOIIMHA BEPXHBOI OCHOBH;

Oco0aMBO BaKIMBUM € KOPHUCTYBaHHS IIPUBEIEHOI0 aKCOHOMETPIEI0 B THUX BUIAJKAX, KOIH 3aBISKH
[IbOMY TEPETBOPEHHIO BAAETHCS OTPUMATH aKCOHOMETPHYHI KOOPAWHATH, IO 30iraloThCS 3 HATYPaJIbHUMH, i
THM CaMHM T1030aBUTH ce0¢ Bil CTOMIIMBOI Ipalli 3HAXOIUTH aKCOHOMETPHUYHI KOOPIWHATH 32 JIOTIOMOTI'OO
MHO)KEHHS HaTypaJbHUX KOOPAWHAT Ha TOKa3HWKH croTBOpeHHs. 3 BBemeHHsM y mito ['OCT 2.317 - 69 us
3ajaya Mai)ke BTpaTHJIa CBOE 3HAYECHHS, ajieé HABITh 1 CbOTOAHI JOBOOUTHCS BUKOHYBATH KPECIECHHUKH, ©
0cOoOIHMBO ecKi3u, B i3oMeTpisx, He nependbauennx ['OCTom, mpuB'sI3yr0dl aKCOHOMETPUYHI KOOPAMHATH IO
po3ramnryBaHHA (DirypH.

SIKIO pO3TISHYTH, SK TPUKIIa], OPTOTOHATIBHY 130METPUYHY MpoeKIito. To, y Iiif mpoeKIii moKa3HuKA
CIIOTBOPEHHS 10 BCIX TPHOX OCSX PiBHI 1 BUPAKAIOTHCS (POPMYIIOIO:

2
K=K =K== =082

TakuM 4MHOM, JJIsI BU3HAUYEHHS aKCOHOMETPUYHUX KOOPIHMHAT Yepe3 HaTypalsibHi JoBenocs O mopas
3MiHIOBaTH ocTaHHi B 0,82 pa3u. 3aMiCcTh LBOTO MOXKHA KOPHUCTYBATHCS NMPHUBEICHOI AKCOHOMETPi€lo (10 i
nepenbadeno B [OCT 2.317 - 69), mis goro tpeda, mod y Gopmyii 1o06yTok meK, = me Ky, = meK; = 1. Toxui
MPHUBEACHI AaKCOHOMETPUYHI KOOPIUHATH OyIyTh IOPIBHIOBATH HATYPAIbHUM:
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Za = 1.

Le Hai3BUYARHO MOJIETIIYE MTOOYA0BY aKCOHOMETPUYHOT'O 300pasKeHHSI.
OTpumaHuii KpecJIeHUK 3a CBOIM BUIIISIOM HE BiIPI3HAETHCS Bill TOUHOI aKCOHOMETPIi, ajne po3mip Horo

3MIHIOETHCS Y BiTHOIIEHHI M = —— = 1,22,
0,82

Panime, no BBeaenns B xito [OCT 2.317 - 69, Ha npakTHIli BUMarajiy NepeTBOPSHHSI B OJIMHULIIO X04a O
OJTHOTO TMOKA3HUKA, 10 3B MOXKIIMBO, IIEPEXOAIYH 3 130METpii B TPUMETPit0 a00 AUMETPito. 3 BBEACHHIM Y
niro 1iboro 'OCTy Taki npoekiii 3BU4aiiHO He BAKOPUCTOBYIOTb.

3BUYaiiHO, 00’€M € MHOXKEHHSM 3HAYCHHS TPhOX KOOpAMHAT. SKIO KoXHa 3 HUX Oynae Ouiblie
BIJIMTOBIIHOT KOOPJIMHATH HA OPTOTOHAIBFHOMY KpeclieHHKY B 1,22 pa3u, To 00’eM 3pocTe KyOidHO, TOOTO, B
1,816 pas3is.

Ha puc. 2 300pakeni s 3piBHSHHS HOpMajibHa 1 30UIbIICHA 130METPUYHI MPOEKIlii Kyda 3 pedpom,
PIBHHM OJMHUII HATypalbHOrO Macitady. Sk BUAHO 3 KpeclieHWKa, HOpMallbHe i 30iIblleHe 300pakeHHs
BIZIPI3HSIOTHCS OJHE BiJ OJHOTO JIMINE po3Mipamu, 30epirarodd BCi iHINI BJIACTHBOCTI, Y TOMY 4YHCHi 1
HAOYHICTh. A TPYIOMICTKICTb MOOYIOBH CYTTEBO 3HUIKYETHCS, 110 BAXJIUBO TSI TOYATKIBIIIB.

B
\ A - 1
i C
© G
/ \ pl d ’

AB = 0824, AB =d -

ac =d, ac;, =122d,
bd = 0,58do bd, = 0,71do
m=pq = O,82do mn, = PG = b

/P/\

Puc 2. HopmanbHa i 36iibliena izomerpuuni mpoekuii ky6a 3 peGpoM, 110 TOpiBHIOE OMMHUII
HATYpaJIbHOro MaciuTady [7]

SIKIO KOO B aKCOHOMETPIii 300paXKyEThCSI EIIICOM, IIKaBO BU3HAYUTH PI3HUITIO MK IIJIONIMHAMH €Tirca

Ta KOJa.
[Inommua koma mopiBHIOE™

S=n*R*= % m*D?

2 2

y

. X
Busnauumo momuny eninca — + - =1.
a~ b
[lapamerpuuHe piBHSHHS TaKOTO eJlirca JOpiBHIOE:
X = a*cost

y = b*sint

JIe a 1 6 — HAIIIBBICI eirca.
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0 0 0 1 ~nc2
S =4 [ bsint(-asint)dt = 4ab | sin’ tdt = 4ab | #dt:

zl2 7l2 7l2

L gan—Lsin 2t = 4ab % = rab
2 2 2

Sxmo mincraButy y ¢hopMmylly 3HAUCHHS HaIliBBICEH eJirca, BBaYKAIOUHW JiaMeTp KoJla piBHUM OJWHUIIL,
OTPUMAEMO:

Sg1 = n* %0,58* % 1=0,145n

Sp2 = 1* %0,71* % 1,22 =0,216mn

VY mopiBHSHHI 3 KOJIOM JiaMeTrpom 1:

Sk = n*0,5° = 0,251

TakyuM 4YMHOM, BHUKOPHUCTaHHS 30UIbIIEHOI I30METPUYHI MPOEKIli J03BOJISIE OTPUMATH HAarjIsaHe
300payKeHHS eIliNcy, OUThIT HAOIKEHe JI0 KOJa, HiXK MPH BUKOPHCTAHHI HOPMAaJIbHOT i130MeTpil.

Uu auBHO, 1110 00’€MHE 300pakeHHs, 00’€M SKOro Oijbllle MOYaTKOBOro 00’emy B 1,8 pasu, € OuIbII
HanIIHUM? 3pO3yMijIo, 110 HIYOro JUBHOrO HeMmae. lle MONOKEHHs y)Xe HArIIIHO LIFOCTPYE HE JIWIIE
BUKOPHCTaHHSI aKCOHOMETPUYHHX IPOEKIlif, a ¥ BiOMe MOJOKEHH, 10 3 METOI0 OTPHUMAaHHS HAOYHOCTI HE
Tpeba BUKOPUCTOBYBATH 00’ €MHI miarpaMu. Tpeba BUKOPHCTOBYBATH AiarpaMu cToBOdYacTi. bo BoHH Habararo
Kpaire (IMpy BUKOHAHHI MacmTady) UTFOCTPYIOTE Pi3Hi 3aJIGKHOCTI, HXK 00’ €MHI Jiarpamu.

BucHoBKH Ta mepcneKTHBH MNOJAIBIIOTO JOCTiI:KeHHs. Bu3HaueHo, 4YOMy aKCOHOMETPHYHI
MPOEKIlii OTpUMANHM IIHPOKE PO3MOBCIOMKEHHS, OOIPYHTOBAHO 3HAYCHHS KOC(II[I€EHTY CIOTBOPEHHS  Ta
TTOKa3aHa Pi3HUIL, 1[0 BHHUKAE B TTOPIBHIHHI 300pakeHh B aKCOHOMETPHIHUX MPOCKITIAX Ta B AaHAIOTIYHUX B
OPTOTOHAJIBHUX MPOCKITIAX, HacaMIepea B 3MiHI 00’ €MiB 300paKeHHS.

JloBeneHo, IO BUKOPHUCTAHHS 30UTHIICHOI 130METPHYHI IPOEKIIi TO3BOJSE OTPHUMATH HArJAIHE
300pakeHH eiIcy, OUTbI HabIrKeHe 10 KoJla, HDK MTPH BUKOPUCTAaHHI HOPMaJTbHOI 130MeTpii.
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METHODS OF FUZZY SETS THEORY FOR STATISTICAL ANALYSIS
OF MASS SERVICE SYSTEMS

Zaiats V.M., Rybytska O.M., Majewski J., Marciniak T., Zaiats M.M. Methods of fuzzy sets theory for statistical
analysis of mass service systems. Approaches to the processing of fuzzy information are proposed in the conditions of
incomplete determination of the vector of input characteristics, which are based on the theory of fuzzy sets and fuzzy measures.
Their analysis have been carried out, the limits of their use, and areas of effective application, in particular, regarding mass
service systems.

Keywords: fuzzy sets, fuzzy logic, measures theory, systems of mass service, methods of pattern recognition theory,
logical and functional programming.

3asub B.M., Puounska O.M., MaeBcbkuii 1., Mapuinsak T., 3asus M.M. Metoau Teopii He4iTKUX MHOKMH 1151
aHAJTi3y CHCTEM MacOBOr0 00CJIYyroByBaHHS. 3al[POIIOHOBAHO IiIXOAW 10 0OpOoOKH HEwiTKOI iHpopMalii B yMOBaX HEMIOBHOT'O
BHU3HAYCHHs BEKTOpa BXIIHUX XapaKTEPHCTHK, sKi 0a3ylOThCS HAa Teopii HEWITKMX MHOXKHH Ta HewiTkux Mip. [IpoBemeHo ix
aHasli3, BM3HAYEHO MEXI iX BUKOPHCTaHHA Ta cepu e(pEeKTHBHOIO 3aCTOCYBaHHsS, 30KpEMa, IOAO CHCTEM MacoBOTO
00CITyrOBYBaHHSI.

KurouoBi ciioBa: HediTKi MHOKMHH, HEUiTKa JIOTiKa; TEopis Mip; METOIU Teopil po3mi3HaBaHHS; CUCTEMH MAacCOBOIO
00CITyroByBaHHsI, JIOTiYHE 1 PYHKIIOHATIbHE [IPOrpaMyBaHHsL.

3asubs B.M., Puounska O.M., MaeBckuii 5., Mapuunsk T., 3asaus M.M. Metoabl Teopuu HeYeTKHX MHOKECTB
IS aHAJIN3a CHCTEM MACCOBOr0 00CTy:KHBaHMsl. [IpeayokeHbl MOAXOAbl K 00paboTKe HeYeTKOH MHPOpMALUK B YCIOBHSIX
HETIOJIHOTO OINpPEEJICHHUs. BEKTOpa BXOJHBIX XapPaKTEPHCTUK, OCHOBAHHBIC HA TEOPHUHM HEUYETKHX MHOXXECTB W HEYCTKHUX Mep.
[IpoBeneH ux aHaIK3, ONpeIeNICHbl IPAHUIbI X HCIOIb30BaHUs U chepbl 3P PEKTHBHOrO MPUMEHEHHS, B YaCTHOCTH, KaCaTeIbHO
CHCTEM MacCcOBOI'0 OOCITyKHMBaHHSI.

KiroueBblie cjioBa: HEYETKHE MHOXECTBA; HEUETKas JIOTMKA; TEOPHsl Mep; METOAbl TEOPUH PACIIO3HABAHHS; CHCTEMbI
MacCOBOT0 00CTY)KHUBAHHS, JIOTHIECKOE U (DYHKIIMOHATIBHOE IPOrpaMMUPOBaHHE.

I. Introduction. The significance of theoretical results, as a rule, is based on their practical value in
applied applications that directly or indirectly confirm the feasibility of their application and do not
violate the logic of reasoning. Newly introduced terms or analytical or descriptive formulas that are not
operational and do not have practical value over time are excluded from scientific consideration.

The purpose of the work is to show the universality of the approach to statistical analysis of the value
of information fuzzy on the basis of the theory of images and fuzzy logic, to compare it with existing
methods and approaches to assessing the value of information, to indicate the limits of practical
applications, to determine the advantages and disadvantages, the directions of further research.

Il. The approach based on the fuzzy sets and measures theory. The aforementioned
disadvantages are eliminated in the approach based on the application of methods of recognition theory
and operates with the notion of information, the quantity and value of information that are different from
the classical definitions obtained on the basis of probability theory.

The problems of mathematical and computer modeling today lie, in particular, in the impossibility of
applying precise logic rules and models of tasks with clearly defined input parameters in cases where, for
some reason, there are contradictions, uncertainties or uncertainties of information about the object being
studied, system or phenomenon [1].
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Uncertainty is known to arise due to a lack of knowledge relating to a specific event [10]. She is
present to the experiment. The mathematical model of uncertainty is based on the theory of probabilities,
the theory of possibilities, confidence measures, theory calculate of predictions and functions, and a
number of others.

The phenomenon of fuzziness arises in the process of combining into one whole objects that have a
common property ¢ :

X = {x |x owns @}

where X all the elements of a certain universal set run.

Given that there are always elements X in the reality that it is unclear whether they possess the
specified property or not, X it is not a plural in the classical sense. Any attempt to interpret the general
description leads to fuzzy concepts, since the exact description contains an excess of details. Increasing
the accuracy of the description leads to an increase in the amount of information, the content of which
decreases until the time when the accuracy and meaningfulness do not become mutually exclusive. For
the first time, LA stressed the need for uncertainty for the transmission of content Zade [5]. It was the
ideas of this American scientist who pushed for the development of "fuzzy mathematics” [6], which,
along with the apparatus of fuzzy sets, contains other methods of work with uncertainty.

The application of the theory of fuzzy sets and measures is a step towards the convergence of the
precision of classical mathematics with a false inaccuracy of the environment, an attempt to overcome the
linguistic barrier between a person whose judgment and evaluation are approximate and fuzzy, and
technical means which can only carry out precise instructions [7].

A device that allows you to work with fuzzy logic, "blurred" parameters of models, is a Fuzzy-
technology device. The Fuzzy-Technology division has fuzzy expert systems.

Linguistic (descriptive) variables extend the ability to represent knowledge. They are determined by
fuzzy sets whose values are established by membership functions. Membership functions can be obtained
through subjective expert assessments [8], or by analyzing fuzzy clusters. According to [8], fuzzy expert
systems can be implemented when the cost of acquiring accurate information, that is, information in
absolute terms, exceeds the maximum revenue from the restructuring of a model or is virtually
impossible.

It is known that the initial stage of constructing artificial intelligence on the basis of the use of
natural language is based on ambiguous logic and the mechanism of output with rigid rules.

The modern or second generation of expert systems possesses at least two peculiarities: fuzzy
presentation of knowledge and fuzzy deductions. One of the most common problems of logical derivation
in the conditions of fuzziness can be formulated as follows:

Given (fuzzy) logical rule” If A thenB™ .
Observed A" (A to some extent). What should be B?

After receiving the fuzzy set of conclusions, find a specific numerical match (conduct dephasing).
Consider the object with one output and n inputs of the form

y = T04 %, %), (1)

where the set of values X,..., X, —of input variables; y — output variable.

To construct a mathematical model on the basis of establishing the relationship between input and
output variables in accordance with experimental data, by conducting a phasing operation, guantitative
and qualitative variables are translated into linguistic terms

U, =[u. JJ, i=1n, 2)

Y=[y.v] (3)
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where ui,u_i - the smallest and the highest possible value of the variable X;; y.,y - the smallest and the

highest possible value of the output variable Y.

To solve the problem (8), it is necessary to apply a method of making a decision by which the fixed
vector of input variables X = (XI Xyevns X:) x; €U, would unambiguously be placed in accordance with
the solution y*eY. For the formal establishment of this dependence we shall consider the input
X, 1 :1,_n and output y parameters as linguistic variables given on universal sets (9), (10). To evaluate
linguistic variables X;, i =1,n and y , we will use qualitative terms from the following term sets:

A= {ail,aiz,...,aip‘}—term-set of input variable x, i=1n; D={d,,d,,..d }— term set of

output variable y.. To construct term sets it is possible to apply, for example, the method proposed in [7].
For each term of each linguistic variable, based on expert knowledge, the memberships functions

,uaip (x) and ydj (y) (trapezoidal, triangular, rectangular, sinusoidal, parabolic, etc.) [7] are constructed
based on expert knowledge, where ua‘p (x) - the degree of belonging of the element x €U, to the term
aPeA, i=1n; p=1p; u"(y)- the degree of belonging of the element yeY to the term

d ; €D, j=1m.

The definition of linguistic estimates of variables and the membership functions necessary for their
formalization is the first stage in the construction of a fuzzy model of the object being studied. In the
literature on fuzzy logic, he received the name of the fuzzification of variables [10].

The next step is to create a fuzzy knowledge base.

Let the object (1) know the rules that connect its inputs and output using vectors such as:

V, =(X1,X2,...,Xn,y), k=1,_N, else N =Ky +...4+Kj+..4Kp, 4)

where K ; — the number of experimental data corresponding to the same value d ; of the term-set of the
output variable y; m-— the total number of terms of the output variable, and in the general case
k #..#K,.

We will assume that the number N < p, p,...p,, of available experimental data is less than the total

overview of various combinations of possible terms of input variables p;, i :l_n Then the knowledge

base is a table formed according to the following rules:
1. The table's size is equal N x(n+2),where n+2— number of columns and N — the number of

rows;
2. Each line of the matrix is a combination of input variables assigned by the expert to one of the

possible values of the term-set of the output variable Y. In this case, the first k; lines correspond to the
value of the output variable y = dl, the following Kk, lines - to the value y =d,, etc., and the last K,
lines — to the value y =d_;

3. The first n columns of the matrix correspond to the input variables X;, i :1,_n; the (n+1)-th -
the weight ij, j =1,_m, p =1_kJ of the rule and (n + 2) -th - the value to the output term-set dj of
the variable y, j= 1,m, corresponding to the combination of values in the first (n+1) - th columns.

4. The element ai“’, located at the intersection of the i-th column and the jp -line corresponds to
the linguistic evaluation of the parameter X; in the row of knowledge matrix with the number jp . In this
case, the linguistic assessment aijp is chosen with the term-set corresponding to the variable X, i.e.
afeA, i=1n; j=1Lm; p=L1k,.
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When an expert creates linguistic rules such as "IF - THEN" that form the basis of fuzzy knowledge
about a particular object, the expert's confidence in each rule may be different. If one rule in the opinion
of an expert can serve as an undeniable truth, then according to another rule in the same expert there may
be some doubts.

In order to reflect these different degrees of confidence in the base of fuzzy knowledge, the
weighting of the rules is introduced - these are numbers from the interval [0, 1] that characterize the
expert's confidence in each particular rule chosen by him to make a decision. The general view of the
knowledge base is given in Table. 1.

Table 1. General view of the fuzzy knowledge base

Incoming Input variables Weight | Output
combination number variables
W
X X | X | X y
11 11 11 11 11
a1 a2 ai an Wll
12 12 12 12 12
8, E2h a, Wi, d
1
1k, ak as  pl al W,
H jl jl jl j1
h a, alt |a/ al W,
: j2 j2 j2 j2
J> all 3'2J aiJ ar: WJZ d
j
ikj jk jk; jk
JkJ a a' a, Wik,
ml a.;nl aiml ar:nl Wml
2 2 m2 m2
m2 alm a;ﬂ ai an WmZ d
m
K Km K K
mkm aim a;“ aim ar:n Wik,

After building the knowledge base, you need to carefully check in Table 1 the presence of the
opposite in the content of the lines, that is, rules that the same input variables have different output values.
The introduced matrix of knowledge defines a system of logical utterances such as "IF - THEN, ELSE",

which associate the values X,,...,X, of input variables with one of the possible output values
d;, j=1m:

IF (x, =a") AND (x, =ai') AND ... AND (x, = a*) (with weight w,,),

OR (x, =a"?) AND (x, =a¥) AND ... AND (x, = a'?) (with weight w,,),
OR ...
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OR (x, =a™ ) AND (x, =a2 ) AND ... AND (x, = a¥ ) (with weight w, ),
THEN y=d,, OTHERWISE
IF (x, =a?') AND (x, =aZ*) AND ... AND (x, = aZ*) (with weight w,,),
OR...
OR (x, =a*:) AND (x, =aZ¢) AND ... AND (x, = a2 ) (with weight w,, ),
THEN y=d,, OTHERWISE ...
IF (x, =a™) AND (x, =a™) AND ... AND (x, =a™) (with weight w,,),
OR ...
OR (x, =a™)AND (x, =a* ) AND ... AND (x, = a™ ) (with weight W, ),
THEN y=d,.

A similar system of logical expressions is called a fuzzy knowledge base. Using the operations (OR)
and (AND) described system of logical statements can be rewritten in a more compact form:

kil n

U{ﬂ(xi =ai”’)}+ y=d; j=1m. 5)

p=1l i=1

Thus, the input relation (1), which establishes the connection between the input parameters
X;, 1=1n and the output variable, is formalized in the form of a system of fuzzy logical statements (5)

based on the created matrix of knowledge. The rules of the described fuzzy system, in which the degree
of truth is different from zero, is considered to be active.

In [7], a method is proposed to use fuzzy logic equations that are based on a knowledge matrix or
isomorphic system of logical expressions (5) and allow us to calculate the values of the membership
functions of the output variable for the fixed values of the inputs of the object.

Linguistic estimates aijp of the variables X,,...X,, contained in the logical statements (5) will be
considered as fuzzy sets defined on universal sets (3). We introduce the following notation:

,ua‘jp(x.)— the membership function of the parameter X to the fuzzy term

N 1_m p= 1, yZ (x1 Xy e )— membership function of the vector of the input

variables X = (X1 X2,...Xn) of the term of the output variable y = dj, j =1,m.

Thus, we have two types of functions, the relationship between which is determined by the base of
fuzzy knowledge (5), on the basis of which you can output a system of logical equations, which can be
submitted in a compact form:

K n ip .
/udj (X, Xy X, ) = p\fl[wjp[i,_\l#ai (xi)D, j=1m. (6)

where v — is the logical “OR”; A — logical “AND”.
The decision d” e D{d,,d,,...,d_}, that corresponds to a fixed vector of the values of input

variables X = (XI X X*) will be carried out in accordance with the following algorithm constructed

1

using the apparatus of the fuzzy (blurry) logic [9]:
1. The possible range of change of controlled parameters is determined, a knowledge base is created
with the use of expert data and a system of fuzzy logic equations is derived (6).

2. The vector of the values of the input variables X = (XI Xy e :) is fixed.
3. Specifies the function of fuzzy term membership for different controlled parameters.
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4. Using logical equations (6), the values of many parametric membership functions
21 (X,%,....,X) of vector X for all values d;, j=1,m of the output variable y. are calculated. In

this case, the logical operations v (OR) and A (AND) over the membership functions are replaced by
the operations max and min:

u(@) v pu(b) = mexq u(a), (b)], ()
p(@) v p(b) =mex p(a), p(b)], (8)

That is, first find the minimum values of belonging functions in each rule, and then among them they
choose the highest value of the membership function among all rules for each value d;, j =1,m, which
corresponds to the original variable y . Thus, the conclusion is made that the origin variable y belongs to
aterm d;, whose membership function is maximal.

The proposed algorithm uses the idea of identifying the linguistic term by the maximum of
membership function and generalizes this approach to the entire knowledge matrix. The computational
part of this algorithm is easily realized by simply applying operations max and min.

To obtain a clear number from an interval [X, ¥] that corresponds to a fuzzy value of the output variable, it is
necessary to apply a dephasing operation. You can define this clear number, for example, by the gravity method

Max
y ftin yHO)dy
T = T Max ., ..
fin BGay ©
where Min and Max is the left and right points of the interval of the fuzzy set of the source variable Y .

Il. Results of statistical analysis on an example of a system of mass service. The task of
forecasting the value of unrealized goods of a certain type at the end of the trade season of a trading firm
dealing with chemical protection products of plants is considered in the paper. Obviously, minimizing the
balance from unrealized goods will increase the efficiency (productivity) of the trading firm.

The experts found that the weighting factors that affect the current balance Y are: X, (“balance") -
the balance of the previous trading season (in US dollars); X,- "New purchases”) - the cost of new
purchases (in US dollars); X, ("Margin"”) - the average value of trade margins (in percentages); X, (“the
duration ") - the duration of the sale of this drug (in years). The universal sets for the described variables
are defined as follows: U, =[0;600000]; U, =[20000;1500000]; U, =[0;50]; U, =[0;10]. The
universal set for the predicted value coincides, obviously, with U, .

For each input and for output variables, term-sets are constructed:

A ={"small" "medium" "large" “critical" } = {S,M, L,C};

{"small" "medium" "large” } ={S, M, L};

{"small" "medium" "large” } = {S, M, C};
{"short™"medium", "long lasting"} = {S,M, L} ;

D = {"small" "medium" “large” “critical" } ={S, M, L,C}

Based on the information provided by the expert, the following membership functions are
constructed for the terms of input and output variables

A
A
A,
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Figure 1. Membership function of linguistic
variable "balance”
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Figure 3. Membership function of linguistic
variable “margin”

The next step is to build a fuzzy knowledge base:

M C B

80 000
100 000
50000 +
500 000
700 000 —
800000 T
1200000 -
1500 000

Figure 2. Membership function of linguistic
variable "new purchases"

Figure 4. Membership function of
linguistic variable “the duration”

Table 2. The basis of the fuzzy knowledge of the problem

Incoming Input variables Weight Output
combination variable
number »
logical 4
sulg) % X W y
11 M N M K 1
12 B N M C 0,9
13 B N M I 1
14 K N M C 1
15 M N B I 0,7 d,
16 M C B C 0,7
17 C N C C 0,8
18 C N C I 0,8
19 C C C C 0,7
20 B N C I 0,9
21 B N B I 0,5
23 C N B I 1
24 M C C C 1
25 M E B C 0,8 d,
26 C C M C 0,8
27 C E M B 0,7
28 C E C C 0,7
29 B C C C 0,7
30 B € C I 0,5
31 B (¢ B I 0,3
32 K q B il 08 d,
33 M E C C 0,9
34 M E C K 1
35 C E M K 1
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36 C B d I 08

37 M E B C 0,8

38 M E B I 0,9

39 C E B C 0,9 d,
40 C E B I 1

41 B E B I 1

The following calculations were made for the trading company data for the 2011 sales season
x, =80000; x,” =36000; x,” =22; x,” =9. In this case, the variable X, refers to the terms "medium"

(with the degree of affiliation u(Xx)=1-

(x—60000)) or "high" (with the degree of affiliation
30000

(0= \
= X -
a 30000 100000 ~

to the terms "average" (with degree of affiliation) or "high" (with degree of affiliation); x; - to the term

(x—70000)); X,- the term "small" (with the degree of belonging z(x)=1-

"long-term" (with the degree of belonging u(x) =%(x—6)). By simple comparison it is easy to see that

the active rules will be rules 18, 20, 21 (lead to the output d, ) and 23 (leads to the output d,).

The quantitative value of the output value (the result of defuzzification) was calculated by the
method of the center of gravity (16). Finally, the value of the forecast value of the balance of the

commodity mass y* :WD 260415 is equal to that which is sufficiently close to the real balance

13588,5
of the goods 23200 by the end of the 2016 season, namely US dollars.

It should be noted that the predicted values can be more closely approximated to the actual observed
(taking into account data for several previous years) by reviewing the established weight coefficients,
adjusting membership functions, etc. You can also increase the number of input quantities. However, with
their too large numbers, the construction of a fuzzy knowledge base about the unknown dependence
becomes a difficult task. This is due to the fact that in the memory of the average statistician at the same
time can hold no more than 7+2 the notions-signs. In such cases, it is expedient to carry out the
classification of input variables and, in accordance with it, construct a derivation tree that defines the
system of embedded statements in each other [1, 7].

One can propose a different approach to processing large volumes of fuzzy data under conditions of
incomplete certainty of the vector of input variables (primary characteristics). The essence of the
approach is based on conducting a simulation of the behavior of the investigated system and an expert
assessment of the addition of the existing knowledge base to the new informative data and the
establishment of the vector of input characteristics. Obviously, such an approach is iterative and it is
necessary to take care of the convergence of the calculation process to achieve the goal with minimal cost
and limited error.

When dealing with non-physical data in artificial intelligence problems, the construction of
recognition systems, expert systems, medical and parametric diagnostics, the creation of logical-linguistic
models, the most successfully adapted declarative programming languages, which in the language of
logical statements and functional-logical dependencies provide the opportunity to describe the problem
with fuzzy formulated data and obtaining solutions in the form of logical sequences, new functional
dependences or probabilistic characteristics with definite mathematical By hope and dispersion of the
input sign. Ultimately, the initial vector of primary attributes should be refined, which will ensure reliable
processing of fuzzy data.

Therefore, the processing of incomplete or unclear information is, on the one hand, the application of
the theory of blurry logic (in particular, the theory of fuzzy sets and measures) and the construction of
logic trees or, on the other hand, the formation of logical rules from the functional-logical dependencies
with indeterminate variables, which can take both deterministic and probabilistic values [11-19]. In the
process of processing a priori information and selecting appropriate criteria of likelihood, you can
replenish the insufficient data, providing the formation of new knowledge.

Obviously, for implementing the described approach to calculating the value of information, it is
advisable to use declarative programming languages (Lisp, Prolog or their modifications depending on a
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specific objective problem) [1], which are most successfully adapted for the functions of the form (5 ),
(6). These languages can be both analytical and descriptive (functional, logic rules, fuzzy sets), which
allows solving problems associated with qualitative recognition and analysis of objects of complex
structure (handwriting recognition, handwriting, psychophysiological state of a person , construction and
analysis of storage, processing, information security, automated theorizing, environmental monitoring and
decision-making) and implementation of the target functions relevant to a specific applied or scientific
task.

IV. Conclusions. Approaches to the processing of fuzzy information under conditions of incomplete
definition of the vector of input characteristics based on the theory of fuzzy sets and fuzzy measures,
construction of membership functions and application of declarative programming languages are
proposed.

The further development of the proposed approaches can be achieved by conducting specific
statistical studies related to the need to assess the quantity and value of information based on a figurative
approach.

The proposed approach is advisable to use in applied problems, where the mathematical description
is difficult or completely impossible. This approach will contribute to the development, in fact, of the
methods of recognition theory and identification, and the theory of information and coding.
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MOJAEJIOBAHHS CIIPSIZKEHUX KIHEMATUYHHUX [TIOBEPXOHBD 3A TOITOMOI'OIO METOJA
I'BUHTOBOI'O NEPETBOPEHHS B CUCTEME MATLAB

IcmainoBa H. I1., Emdiceer 1. II. MoaenoBaHHS CHOpsiKeHMX KiHEMATHYHUX MOBEPXOHb 3a JIOMOMOIOI METOAA
TBUHTOBOTO neperBopennst B cuctemi MATLAB. 3anpornoHoBaHO KOMIT'IOTEPHE MOJEIIOBAHHS CIIPSDKEHHUX MTOBEPXOHB €JTINTHIHHUN
mapaboIIoiN 1 oci - KOHIYHA TBUHTOBA JIiHis B cucteMi MATLAB.

Kuro4oBi cjioBa: cipsbkeHi KIHEMaTHYHI TOBEPXHi, SIINTUYHUI mapados1oi, KOHIYHA TBUHTOBA JiHis, cucteMa MATLAB.

Hcemannosa H. II., Eaucees U. II. MoaeaupoBaHue cONpsSiKeHHbIX KMHEMATHYEeCKHX IIOBEPXHOCTeH ¢ MOMOLIbLIO
MeToJa BHMHTOBOro mnpeodpazosanusi B cucreme MATLAB. IlpeanokeHO KOMIIBIOTEPHOE MOJEIUPOBAHUE CONPSIKEHHBIX
TIOBEPXHOCTEH- SJITHIITHIHBIH 1TapaOoJIoN T ¥ OCH - KOHHYecKast BUHToBas TuHus B cucreme MATLAB

KiroueBbie c10Ba; CONpsDKCHHBIE KHHEMAaTHYECKHE IOBEPXHOCTH, SJUIMIITHYECKHH Napabosion, KOHMYECKas BHHTOBAsS
smaMs, cucrema MATLAB

N. Ismailova , 1. Yelisyeyev. Design of the attended kinematics surfaces by means of method of spiral transformation to
the system MATLAB. Computer simulation of mating surfaces is proposed - an elliptical paraboloid and axes - a conical helix in the
MATLAB system.

Keywords: mating kinematic surfaces, elliptical paraboloid, conical helix, MATLAB system.

Ilocmanoexa naykoeoi npoonemu. Y poOOTI MPOMOHYETHCS TEOMETPUYHE MOJICITIOBAHHS CIPSKEHUX
KIHEMATUIHUX IMOBEPXOHb METOAOM TI'BHHTOBOI'O IEPETBOPCHHA, MJIA MPAKTUYHOI'O BHUKOPUCTaHHA O6p06KI/I
JeTayieif, Mo MaloTh MPOCTOPOBO-CKIAJHY TOBEPXHIO TICHO MOB'S3aHY 3 YTBOPEHHSM B3a€EMHO-OTHMHAIOUHX
CIIPSDKCHHUX TOBEpXOHB. [1]. KoMIT toTepHE TeOMETpHYHE MOJCIIOBAHHS CKIAAHUX CIPSIKEHUX KiHEMaTHIHHX
MTOBEPXOHB MiABUIIYE MPOAYKTHBHICTH PO3PaXyHKOBO-KOHCTPYKTOPCHKHUX POOIT.

Ananiz  oocnioxycenv. Komm’roTepHe  MOJICTIOBAHHS  CIPSDKCHWX — ITOBEPXOHb  JeTallell B
MamuHOOYyAyBaHHI CcKiIafgHol (opMu BHpinIye mpoOJaeMy IMIBUINEHHS TOYHOCTI mNpo(dimoBaHHA Ta
MPOAYKTUBHOCTI TIpami KOHCTPYKTOpa. MeTor [JaHOro JIOCHIIKEHHS € po3po0ka KoMl ToTepHOro
MOJICTIOBaHHS 3a JOITOMOT'OI0 METOAa TBUHTOBOI'O IiepeTBopeHHs B cucteMi MATLAB, cripsbkeHHX TTOBEpXOHB
Jerajnei B MalimHOOy/TyBaHHI.

Ocnoeéna yacmuna. Y Meroni TBUHTOBOTO TEPETBOPEHHS OKpPIM KyTa MOBOPOTY 3aJa€ThCs IIar
3pymenss. [lpu peamizamii Meromy KpyroBOTrO TEPETBOPEHHS IyKaHa TOBEpxHS X, Oynma oTpumMaHa 3a
JIOTIOMOTOFO JTiHIH PiBHIB, 110 HE JO3BOJIIE BUKOHYBATH HAJl HUMH HISKHX JiH, OKpiM OBOpOTY. Takum YnHOM
(Teopema 1), criouaTky BHKOHYETHCS TIEpPEMII[EHHsS MMOYATKOBOI MoBepxHI @ Ha 3amaHuWii mar h, a morim
BHKOHYETHCS KPYroBe IEPETBOPEHHS OTPUMAaHOI BHACHINOK TmepeMimieHHss noBepxHi ®*. [lpum BuKOHaHHS
MTOCTIAOBHOCTI [, KpUBOIIHIIHA BiCh TAKOXX Mae OyTH IepeMimnieHa Ha miar h.

Teopema 1.

Ilogepxna X ompumana y3azaibHeHum 26UHMOBUM HEPEMBOPEHHAM NoeepxXHi D 6iOHOCHO Kpueoi m
(w) 3 ynkyiamu @(o,7) u h(o,7). Toodi icnye maka nosepxusa @, aKa nNpu y3a2aAbHEHOMY KpPY20BOMY
nepemeopenni HaeKo0 mici e Kpueoi m (u) 3 miero xe Pynxuicro h(o,1) opmye nosepxuio Z.

PosrisiHemo peanizainito Meromy TI'BHHTOBOIO IIEPETBOPEHHS, IPYHTOBAHOIO HA METOAI KpPYroBOTO

repeTBopeHHs [4], CTOCOBHO ITOBEPXHI - eNNTUYHHUNA 1Mapaboroin, 3amaHuil mapaMeTpuyHuM piBHAHHAM (1) i
0Ci - KOHIYHa TBUHTOBA JiHis, 3a/laHa ApaMETPUYHUM PiBHIHHSM (2).
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3HaueHHs IIara TBUHTOBOro meperBopeHHss h=10, kyr mnoBopory ¢=45°. 3 ypaxyBaHHSM Iara
FBUHTOBOT'O IEPETBOPEHHS TEPEMIIICHUH eINTUYHUN Mapadooin 3aJaHuil apaMeTpUYHUM piBHsAHHAM (3), a
nepemilieHa KOHIYHa TBUHTOBA JIIHIS TapaMeTPUYHUM PIBHSIHHSM (4).

X =@-U-COsSv
E‘zb-u-sintﬂ,
=h+05-u? 3)
rmel=u=50=v=ma=3b=2
x=xp+i-sint
E‘=}-‘D+t-cast,
=h+z,+c-t (4)

2 0=t=2mH="5x,=5y, =252, = —2

T

roec =

2]

3MIHUBIIH CHHTAKCHC TIOOYIOBH KPYTOBOT'O ITEPETBOPEHHS, IPUBEICHUI HIKYE, OTPHMAEMO PE3yJIbTar,
rokazanuii Ha puc.1-4.

h=10;

% 3aBmaHHS MMapaMeTpiB MOYATKOBOTO EIIMTHIHOTO MTapadoioina

ap=3;

bp=2;

up = (0:0.05:5)"

vp = [0:0.05*pi:pi];

Xp = ap*up*cos(vp);

Yp = bp*up*sin(vp);

Zp = 0.5*up."2*ones (size(vp));

% 3aBmaHHs MapaMeTpiB MOYATKOBIN KOHIUHINA 'BUHTOBIH JiHii

Hv=15;

cv=Hv/(2*pi);

X0v=5;

yOv=-25;

z0v=-2;

tv=0:pi/50:2*pi;

Xv=x0v+tv.*sin(tv);

Yv=y0v+tv.*cos(tv);

Zv=z0v+tv.*cv;

% 3aBOaHHs MapaMeTpiB MepeMillleHOro eTinTUYHOro napadonoina
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Xph = ap*up*cos(vp);

Yph = bp*up*sin(vp);

Zph = h+0.5*up.~2*ones (size(vp));

% 3aBiaHHs MapaMeTpiB MepeMilleHill KOHIYHIM TrBUHTOBIN JiHIT
Xvh=x0v+tv.*sin(tv);

Yvh=y0v+tv.*cos(tv);

Zvh=h+z0v+tv.*cv;

% BHCHOBOK Ha eKpaH IOYaTKOBHUX 1 MEPEMILIIEHUX eIIMTHYHOro Mapadosoifa i KOHIYHOT TBHHTOBOI JIiHIT
B IIOMY K BiKHI

Figure (‘'Color','w")

ElIPar=mesh (Xp,Yp,Zp);

xlabel('x"); ylabel('y"); zlabel('z")

hold on

KonVin=plot3(Xv,Yv,Zv);

grid on

hold on

EIParh=mesh(Xph,Yph,Zph);

hold on

KonVinh=plot3(Xvh,Yvh,Zvh);

ED 10 5 0 5 0 5 EEEE P 2 5 1
X ¥
Puc.1. Ilpoekuis Ha TuromuHy XZ Puc.2. Tpoexkiis Ha ronwHy YZ

}—WD?
*5 : : :
-15 -10 -5 u] ] 10 15

Puc.3. Ilpoekuis va mommnay XY Puc.4. TpuBumipHe npeacTaBiIeHHS

BusnaunMo MakcuMaibHe 1 MiHIMaJIbHE 3HAUEHHS Z 171 NIepeMillieH01 KpUBOIIHIHHOT TOBEpXHi
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miPh=min(Zph);

minZph=miPh(1);

maPh=max(Zph);

maxZph=maPh(1);

[ToGynoBaHni minii piBHS JJIsi KPUBOJIIHIHOT MOBEPXH.
[ur]=[minZph:0.1:maxZphl;

hold on

[contEP, hEP]=contour3(Xph, Yph, Zph, ur);
Buznauena qoBXxMHa MacHBy Ur.

lenUr=length(ur);

BusHaunMo TOUYKHM TepeTHHY TepeMillieHO0T KOHIYHOT TBUHTOBOI JIiHIT 3 TOPU3OHTAIBHUMH TJIOMIMHAMH,
BiJMOBiTHUM piBHAM [ur]. st IbOTO MiCTaBUMO B MapaMeTpuyHe piBHSHHS (2) 3HAYeHHS z=[ur] i BUYHCIMMO
3HA4YEeHHS Xpp 1 ypp.

[t0]=([ur]-zOv-h)/cv;
Xpp=x0v+sin(t0).*t0;
ypp=y0v+cos(t0).*t0;

[MoBepHeMO KOXHY JiHIIO piBHA Ha KyT 45° HaBKOJO BiIMOBIJHOI TOYKH INEPETHHY KPHUBOIIHINHOI Oci
BigHOCHO oci Z. JImst mporo ckopucraemocs ¢ymkiiero Rotate Different Center (lines, XC, yC, zC, length,
angle), CTBOPEHOO IIPH PO3POOLII METOAY KPYroBOIo reperBopeHHs, ae lines - Habip minii pisus, xC, yC, zC -
KOOPJIMHATHA TOYOK TIEPETHHY KPHUBOJIHIMHOI OCi 3 TOPH30HTAIBHOIO IIONTMHOIO piBHSA, length - moBxxmuHa
MacuBy, angle - KyT OBOPOTY.

function Rotate Different Center( lines, XC, yC, zC, length, angle )
for i=1:length
rotate(lines(i), [0 0 1], angle, [XC(i) yC(i) zC(i)])
end
end

V Bikai Command Window BukimmkaHna QyHKIIisS TOBOPOTY.
Rotate Different Center (hEP,xpp,ypp,ur,lenUr,45)
Pesynbrart neperBopenns (Puc.5-10).

-0 -25 -20 -15 -10 -5 1] g 10 15 -0 -25 -20 =15 -10 5 1] g 10
i ¥

Puc.5. IIpoekuis Ha momuny XZ Puc.6. IIpoekuis Ha miommny YZ
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-25 -20 -15 -10 ] 0 a 10 14 ¥ E R
. ¥

Puc.7. Tpoekuis Ha mommay XY Puc.8. TpuBumipHe mpeacTaBiIeHHS

y st a0 -0 0 o 2 .
# ¥
Puc.9. TpuBuMipHe peACTaBICHHS Puc.10. TpuBumipHe npeacTaBacHHS

J1 Ha0YHOTO TIPEACTaBIICHHS IOYaTKOBUX JTAHUX 1 OTPUMAaHOTO Pe3yJIbTaTy CTBOPHMO HOBUH Tpadik
(Puc.11-16).

%BinobpaskeHHs OYATKOBUX AAHUX 1 pe3ysbTaTy.
Figure (‘'Color','w")

ElIPar=mesh(Xp,Yp,Zp);

xlabel ('X"); ylabel('y"); zlabel('z")

hold on

KonVin=plot3 (Xv,Yv,Zv);

hold on

[contEP, hEP]=contour3(Xph, Yph, Zph, ur);
Rotate Different Center (hEP,xpp,ypp,ur,lenUr,45)
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-0 -25 -20 -15 -10 ] 0 a 10 14 -0 -25 -20 -4 -10 4 0 a 1a
K ¥

Puc.11. INpoexkiiis Ha tiomuuy XZ Puc.12. Ipoekiis Ha miomumuy YZ

-25 -20 -15 -10 ] 0 a 10 14 ¥ -30 30 .
X

Puc.13. Ilpoexuis Ha iomuay XY Puc.14. TpuBuMipHe mpeaCTaBICHHS

5 10
M 20 a0 a5 20 15 10 5 1] o0 20

¥
Puc.15. TpuBumipHe npencraBieHHS Puc.16. TpuBumipHe npecTaBIeHHS

X

Pucynku 5-10 cimyxatb A1 HA0YHOI AEMOHCTpalii METOAY TBUHTOBOTO IEPETBOPEHHS, a, OTXKE, HEMAE
HeoOXimHOCTI BimoOpakatn ix Hajgami. TakuM YWHOM, CHHTAKCHUC METOAY T'BHHTOBOTO IIEPETBOPEHHS, HE
BKJTIOYAE BiTOOpaKeHHS JIOTIOMDKHUX KPHBOMIHIAHINA TOBEPXHI 1 KPUBONIHIWHIN OCI.

VY 1eit yac, NpakTUYHO BCi IPOEKTHI PillIeHHS BUKOHYIOThCS 3a foromoror CAIIP. Ile no3Bosnsie icToTHO
CKOPOTHTH 4Yac Ha NPOEKTYBaHHS. AJie HE 3aBKIM 3a JIOMOMOrOI0 CTaHJAPTHUX 3ac00iB KOMI'IOTEPHOTO
MOJIETIIOBAaHHSI MOXKHA BUPILIMTH TOCTABJIEHE 3aBIaHHs. Y 3B'SI3KY i3 IIUM BHHHUKAa€ HEOOXIAHICTH Y CTBOpPEHHI
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crnenialbHUX MianporpaM st MoOyJOBH METOMIB MPOEKTYBAHHS CHPSYKEHUX MOBEPXOHb, TOMY IO B HUX €
KpHUBOIMiHII{HA Bich, HamNpsMHA, 1 yTBOPIOIOYA.

Po3poOnenunii reomerpuyHUii MeTOAa TBHHTOBOTO MEPETBOPEHHsS 3a JOMOMOrOK KOMIT IOTEPHOTO
MOJICTIIOBAHHS JIO3BOJISIE BUPINIMTH CKJIA/JHI 3aBJAHHS KOHCTPYIOBAHHS CIPSDKEHUX MOBEPXOHB, MiJBUIIUTH
TOYHICTh 1 TIPOAYKTUBHICTh IHXKEHEPHOI Tpali 1 CTBOPIOBAaTH KOHKYPEHTHO-3[4aTHI BHpPOOUM B
MaIIMHOOYIyBaHHI, JIITAKOOYIyBaHHI, KOpaOyieOy1yBaHHi.

BucHOBKH Ta mepcneKTHBH MOJAJIBLIIOTO J0CHiIKeHHs. Y pe3yabTaTi MPOBEACHUX NOCIIIKEHb MU
PO3pPOOHIH MiANPOrpamy Ui BU3HAYEHHSI KPYrOBOT'O i TBUHTOBOTO MEPETBOPEHHS CIPSHKEHUX IOBEPXOHB JI0
pilleHHS MpOoOJIEeMH  KOHCTPYKTOPCBKUX pPOOIT B MAIIMHOOYIyBaHHI SKa Ma€ MOXIHMBICTH MiJABUIICHHS
TOYHOCTI MPOQLIIOBAHHSA Ta MPOAYKTUBHOCTI. [lomanbIm AOCHIKEHHS SKi po3po0sieH] y HampsMi po3poOKu
KpPYT'OBOT'O Ta TBUHTOBOTO IEPETBOPEHHS CIPSHKEHUX TTOBEPXOHB € y3arajJbHEHUH METO, SIKU HAOIM3UTHCS J10
BUpIIICHHS TPOOJIEMH BUKITIOUEHHS iHTepdepeHIii mpu mpoditoBaHHs JAeTaieil B MAalIMHOOY TyBaHHI.
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PO3POBKA IIIJIICHOI METO1OJIOT' T OPTAHIBAILII CACTEM THUITY «PO3YMHUM
BYJUHOK» B PAMKAX ITAPAJIJUTMU «(IHTEPHETY PEUYE»

Kykynin C. B. Po3poOka wuimicnoi mertomosorii opramisamii cumcreM THNY «pO3yMHHI OyIMHOK» B PpaMKax
napagurMu «iHTepHeTy pedveit». J{ocmi/pkeHO CydacHi IiXOIH, IO BUKOPUCTOBYIOTHCS Y almapaTHO-TIPOrpaMHHUX IUIaThopmax
JIOMaIlIHBO{ aBTOMATH3alil CHCTEM THUITy «pO3yMHHI OYJHMHOK» B paMKax 3araibHoi KoHIenil «[HTepHeTy pedeit». [{ns opranizamii
B3a€MOJIIT MiXK eJIEeMEHTaMH IUTaT(OPMH JOMAIIHBOI aBToMaru3amii OyJI0 3alpONOHOBaHO BUKOPUCTATH iIMOBIPHICHO-4acOBI MOJIEI,
30KpeMa pPO3pi3HIOBAIBHY MOJIENIb YMOBHOT'O BHIIAJKOBOTO MOJSI Ta HEWpOMepeXkeBi aJrOpHTMH INporHo3yBaHHA. [loOymoBaHa
YHiBepcajlbHa CXeMa OpraHizalii, KOHTPOIIIO Ta YIPaBIiHHS JaTYHKIB, KOHTPOJIEPIB Ta aKTyaTOPiB CUCTEMH «PO3YMHUH OYITHHOKY.
3arnporioHoBaHi 0a30Bi MiAXOAM BIPOBAKEHHS PO3PI3HIOBAIFHHUX IMOBIpHICHO-YAaCOBHX MOJENEH IpU MoOYIO0BI HelpoMepekeBUX
NTOPUTMIB JIOMaIIHboi aBTOMaTH3alii. [1o0ymoBaHO MaTeMaTHYHy MOIENb poOOTH HeHpoMepeKeBOro airoputMmy Kiacupikarii
1abJIoOHIB BXIHUX iH(OPMaLifHUX CUTHAJIB, III0 OTPUMYIOTECS BT MEpEeXKi JaTYHKIB.

KurouoBi ciioBa: po3ymMHuMit OyIMHOK, TOMAIIHS aBTOMAaTH3allisl, HeHpOMepeKeBi aropuTMH, iIMOBIpHICHO-4acoBa MOJIEIb,
PO3pi3HIOBaIbHA MOZIETb YMOBHOI'O BHITAJIKOBOT'O TTOJISI, KIIIMAT-KOHTPOJb.

Kykynnn C. B. Pa3paGorka neJocTHOH MeTOHO0JIOTMHM OpPraHM3alMH CHCTEM THINA «YMHBIH A0M» B paMKax
NapajurMbl «MHTepHeTa Beleii». llccienoBaHbl COBPEMEHHBIC IIOJXOJbI, MHCIONB3YEMbIE B aNNapaTHO-TIPOrpaMMHBIX
miatpopmMax AOMAIIHEH aBTOMAaTH3allMM CHCTEM THIA «yMHBIH J0M» B paMkax oOmed koHnenuuu «MHTepHera Bemeit». [lns
OpraHu3aliy B3aUMOJEHCTBHS MEXIy 3J1eMEHTaMU IUIaTGopMbl JIOMAIlHEl aBTOMAaTH3aluK ObUIO INMPEUIOKEHO HCIONb30BATh
BEPOSITHOCTHO BPEMEHHBIE MOJEIM, B YAaCTHOCTM MOJENIb YCIOBHOTO CIIy4aiHOro TMOJNIsi W HeHpoceTeBble airOpUTMBI
nporHosupoBanus. IlocTpoeHa yHHBepcadpHas CXeMa OpraHM3alluM, KOHTPOJNS M YNPaBIEHMS JATUMKOB, KOHTPOIUIEPOB U
aKTyaTOpPOB CHCTEMbl «yMHbIH fom». IIpeioxeHHple 0a30Bble MOIXOIbI BHEIPEHHS BEPOSTHOCTHO-BPEMEHHBIX MOJENEH mHpu
HOCTPOSHUU HEHPOCETEBBIX ATOPUTMOB JOMaIlHeH aBroMarus3aiyu. ITocTpoeHa MaTeMaTHyecKash MOJIENb paboThl HEHPOCETEBOro
aJIrOpUTMa KJ1accu(pHKalUy Ma6I0HOB BXOJHBIX HHPOPMAIIMOHHBIX CUTHAJIOB, MOTy4aeMbIX OT CETH JaTUYHKOB.

KimoyeBble cj10Ba: yMHBIH J0M, JOMAIIHsS aBTOMATH3allus, HEHpPOCETEBbIE ANTOPUTMBI, BEPOSTHOCTHO-BPEMEHHAS
MOJIENIb, MOJIENb YCIIOBHOT'O CIIy4aifHOTO TOJs, KIIMMAT-KOHTPOIb.

Kukunin S. Development of a holistic methodology for the organization of smart home systems in the framework of
the "Internet of Things" paradigm. The modern approaches used in the hardware and software platforms of home automation
systems such as smart home in the framework of the general concept of the "Internet of Things" are discussed. To organize the
interaction between elements of the home automation platform, it was proposed to use probabilistic-temporal models, in particular, a
conditional random field model and neural network prediction algorithms. A universal scheme for the organization, control and
management of sensors, controllers and actuators of the smart home system has been built. The proposed basic approaches for the
introduction of probability-time models for the construction of home automation neural network algorithms. A mathematical model
of the neural network algorithm for classifying of the input information signals patterns received from a network of sensors is
constructed.

Keywords: smart home, home automation, neural network algorithms, probability-time model, conditional random field
model, climate control.

IMocranoBka HaykoBoi npo6jemu. Ha cLoroquilmHiid geHb cucTeMa TUIY «PO3YMHMM OyauHOK» [1-
5] posrisinaroTscs Ha piBHI OJHOrO KIIIOUOBUX €IEMEHTIB 3arainsHol KoHuennil «[Hreprery peveii» (Internet
of things, 10T), moO BKa3sye Ha 3HAYUMICTH [JAHOIO NOCIIMKEHHA SK (YHIAMEHTAIBLHOrO B o0yacTi
iHpopMamiitaux TexHonoriid (IT). 3 iHmoro 00Ky, aKTyaJIbHICTh JOCTIIKEHHN TaKOX IIITBEPIKYETHCS
NPaKTHYHUMHM pe3yJbTaTaMH, 10 MalOTh OYTH OTpHMaHl IpH IOOYJIOBI KOMIIJIEKCHOI METOMOJIOril
OITHMI3allii mIaThopM JTOMAIIHBEOI aBTOMATH3AIlil. AHAJI3 HAYKOBUX MyOuikamiii, mo OyJIo mpoBeaeHo y
paMKax JTaHOTO JTOCITIJIKEHHSI, OXOILTIOE MOEII NIMOMHHOIO aHaji3y JaHuX [6, 7], anmroputMu Ha 0asi 9iTKOI
moriku [8, 9] ta iMoBipHicHO-yacoBi momeni [10-15]. Okpemo Oyao pO3INIAHYTO IIXOAM, 3aCHOBaHI Ha
BIPOBADKCHHI MOJEII YMOBHOTO BHIQJKOBOTI'O IIOJISA, 30KpEeMa pO3PI3HIOBAIBHHX IMOBIpHICHO-YaCOBHX
moxeneit [14, 15]. 3 Merow BHM3HAYEHHS HPOAYKTHBHOCTI 3alPOIIOHOBAHOI METOMOJOriYHOI 0Gasu mpu
MoOy0BI HEHPOMEPEIKEBUX aJTOPHTMIB JOMAIIHLOI aBTOMATH3AaIlil OyJI0 OKpPEeMO PO3TIIIHYTO ITyOsikarmii
MPUCBSYEHI  aBTOMATHU30BAaHMM CHCTEMaM  KJIIMaT-KOHTPOJIID, CTaTUCTHYHI [JaHi sSKUX  HaJjam
BHKOPHMCTOBYBAJIUCS IIPH ampoOallii Meromonoriunux pekomenaamii [16-23]. IIpoBenennii aHaii3 BKa3aB Ha
BIJICYTHICTh LUTICHOI METOMONOTIYHOI 0a3u y JnaHidl raimysi, mo Oyno TpeJCTaBICHO SK HeBHUPIlIeHy
YACTHHY 3arajibHoI Mpo0JieMH.
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TakuM YMHOM, MeETOK [OCJHiKeHHs € T1o0yJoBa LUTICHOI METOAONOril BHPOBaHKEHHS
PO3PI3HIOBANBEHUX IMOBIPHICHO-4aCOBUX MoJeield mpu MmoOy10BI HEWPOMEPEKEBUX AITOPUTMIB TOMAIIHBOL
aBTOMAaTH3alll.

BukJiax ocHoBHOTo MaTtepiajy ii 00IpyHTYBaHHSI OTPUMAHHUX Pe3yJabTATIB TOCTiIZKEHHSI.

1. 3araJibHi IPUHITUIM OpTraHi3allil CHCTEMU TUITY «PO3yMHUI OYIMHOK

B3aemonist cepeoBuIla XMapHOTO CEPBICY Ta CUCTEMHU PO3YMHOI'0 OYIMHKY 3I1MCHIOETHCS Ha PiBHI
B3a€MO3B’s3Ky By3Jia 10T Ta KOHTpoJiepiB TOMANIHLOI aBTOMATH3allii, SK IIe MOKa3aHo Ha puc. 1.

By3on cuctemu IoT

<>||| Amaparsa mnargopma

o= - ~
o3| Heifpomepe:keBHii anropuT™

Hapuanns | ----- +| IIporrHosyBaHHs |---
A

Pexomenparii |<------------

3@ Jlatunukn --<*->|_| Konrponepn | ---+ ‘i'? AxTyaropi | ----1

O cmamucmuyni oani dyuxyii aemomamuzayii O

0 o~
&% [Tapamerpu cucteMu «Po3yMHHIT OyIHHOKY | <------------

~

PozymHmMIT 6yTHHOK

Puc. 1. YuiBepcanpHa cxema oprasizarlii QyHKIIOHATEHUX €IEMEHTIB CHCTEMU «PO3YMHUN OYAHHOK

Ha piBHi yHiBepcambHOI cxemu (YHKI[IOHYBaHHS CHCTEMH, IapaMeTPH CEPEIOBHINA PO3YMHOTO
OyIMHKY 30MparOThCcs CHUCTEMOIO IATYMKIB Ta HaJalll TepeAaroThcs O KOHTPOIEPIB, SKi TMepenaroTh
oTpuMaHi faHi 10 By3ia 0T, ge 6510k TaHUX BUKOPUCTOBYETHCS ISl HABYAHHS HEHPOMEPIKEBUX aJTOPUTMIB,
10 HaJa€ MOXKITUBICT JIJISl TIPOTHO3YBAHHS ITO/IAJIBIIIOT 3MiHU TTApaMeTPiB CEPEIOBUIIA PO3YMHOTO OYINHKY
i opraHizamii poOOTH aKTyaTopa, SIKH 37iiicHIOe (YHKIII aBTOMAaTH3allil, 10 Hagami, 3HOB TaKH,
nepeIaeThes uepe3 KOMaHau KOHTpolepa.

Habip ¢ynknid momamHboi aBTOMATH3aIli € HAA3BUYAWHO MIMPOKUM, SIKi MOXKHA TOAUTUTH Ha TPH
0a30Bi Tpynu: KOHTPOJIb OCBITIEHHS, KIIMAaT-KOHTPOJIb 1 0XOpoHa OyauHKY. SIK TOKa3aHO Ha pHC. 2 OKpiM
CIIeIiaTi30BaHUX JAaTYMKIB Ta aKTyaTOPiB CHCTEMa BKIIIOYAE y ceOe €IeMEHTH, II0 BHKOPHCTOBYETHCS
OJTHOYACHO JIJIsl BUKOHAHHSA KUThKOX (VYHKIIIH JOMAaITHhOI aBTOMAaTH3AITII.
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Puc. 2. bazoBa Mozeab BUKOHaHHS (YHKIIIH TOMAIIHBOI aBTOMATH3alIii 1110 0a3YEThCS HA CUCTEMI TaTUYHKIB,
KOHTPOJIEPIB Ta aKTyaTOPiB

Cxemu mpexacraBieHi Ha puc. 1 Ta puc. 2 BKa3ylOTh Ha Te, IO 3ajadya OINTHMI3aIlii B3aeMOIii
(hyHKITIOHATHPHAX €IEMEHTIB CHCTEMH AOMAIIHbOI aBTOMAaTH3aIlli Ma€ MpOCTe PIlIeHHS, TOMY aKTyallbHUM
3aBAaHHSAM € pO3po0Ka MPOrpaMHOrO CepEeNOBHUINA, SKEe OOpoOIse CHUTHANHM Bil AATYMKIB, MPOTHO3YE
MOBEIIHKY CHCTEMH «PO3YyMHHUI OyIWHOK» Ta MpHHAMAE pIillleHHs, MIOAO IUIaHy poOOTH akTyaTopiB. B
paMKax TaHOTO MOCTiPKEHHS HaWOLThIl e)EeKTHBHHM IMiAXOIOM ONTHMi3amii (DYHKI[IOHYBAaHHS CHCTEMH
PO3YMHOT0 OYAMHKY BBaYKAETHCS METOMAWKA, IO 0a3ye€ThCs Ha BUKOPHUCTAaHHI HEHPOMEPEKEBUX alTOPUTMIB
Ta KUMOBIPHICHHX MOJENICH OOYI0BH aITOPUTMIB IOMYKY 1 IPUHAHATTS pillleHHS.

2. ITo0ynoBa HelipoMepekeBHX AJITOPUTMIB Ha 0a3i PO3PI3HIOBAJBLHOI IMOBIPHICHO-4ac0BOI MoaeTi

Bubip ns aHamizy iMOBIpHICHO-YACOBHX MOJENICH MOB'SI3aHMM 3 TUM, IO BIAIOBITHUA MaTeMAaTHIHHHA
armapaTt HaJa€ MOXKIIMBICTh IMPOBECTH OI[IHKY €(PEKTHBHOCTI Ta TOYHOCTI PO3Mi3HABAHHS HEHPOMEPEIKEBUMHU
anropuTMamMu  iHGOpPMALIMHMX IIA0JOHIB 32 YMOB HEBHU3HAUCHOCTI. AJTOPHUTMU HA  OCHOBI
IMOBIPHICHO-YaCOBMX MOJ€EJEl MpallOl0Th 3a HACTYIIHOIO CXEMOIO: Ha BXIJ ITOJAETHCSA OJIOK MaHUX, IO
BIAMNOBIJa€ IMOCIITOBHOCTI CHTHANIB, OTPUMAaHUX BiJ JAaTYHMKIB CHCTEMH JOMAIIHLOI aBTOMATH3AIlil
MPOTATOM IIEBHOTO IMPOMDKKY 4Yacy (Tak 3BaHe, 4acOBE BIKHO), a HAa BHUXOJi, BIAMOBIAHO, (OPMYIOThCS
MTOCTIIOBHOCTI TIPUXOBAHHUX CTaHIB, AKi BiNOBIiJaIOTh KOMaHJaM, IO MarTh OyTH TiepelaHi Ha BXOIU
aKTyaTopiB.

Hexait moTounuii yac cuctemu JOPIBHIOE £, 4ACTOTY Tepenavi JaHWX Bijl JATYMKIB IO KOHTPOJIEPiB
BH3HAYMMO 4Yepe3 MiHIMaIbHUI MpoMiKOK dacy Af, a yacoe BikHO — sik &+ AT = + IV - Af. BigmosinHo,
as muoxkuan k € [1; K] marumkiB  moxHa OTpUMaTH BHpa3 Uil MaTPUIli BXiJHUX 3HA4YeHb

HelpOMepeKEeBOro arOPUTMY PO3Ii3HABAHHS iH(POPMANiHHUX MAaOIOHIB:
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AHaNOTIYHUM YHHOM MAaTpHIsl BUXITHHX 3HaYeHb HEHPOMEPEKEBOrO ajrOpUTMY, €IEeMEHTH SKOl

MOXYTh IPUHMATH 3HAYEHHS 3 HAO0py [aiJ A3y een Bfyen @ Jr], BU3HAYa€THCS sIK (puc. 3):
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Ak MoxkHa O0AYMUTH JJIsi KOXKHOIO MOMEHTY 4acy OJIOK JaHHMX BijJ IOBHOrO Ha0Opy HaTuukiB k € [1;K]

ABJISE€ cOOOI0 BEKTOP X(t), 10 OYayeThCS HA OCHOBI MHOXKHHH CHTHAIIB X1 ():

x(t) = {xy(£), x5(8), e x (), o x (£} (3)
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Heitpomepe:xepuii knacudikarop cucteMu «Po3yMHHUIT OYIIHOK
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Puc. 3. MaremaTtruna Mozens poOOTH HelipoMepekeBOoro anropuTMy kinacudikaii cuctemu «Po3ymHuit

Oy IMHOK»

BinnoBinHo, 3araipHa QyHKITIS MOKe OyTH OITMCaHa Yepe3 CUCTEMY PIBHSIHB, IO BU3HAYAE BEKTOPH BXITHHUX

1 BUX1JITHAX 3HAUYEHb:
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Rleenad = &), Xt +n- A1), .. +32(t + N - At)} @
Vieeena] = (@), oyt +n-at), .. +y(t + N-A))

3anpornoHoBaHy METONONOriuHy 0a3y NOOYIOBU HEHPOMEPEKEBUX aJTOPUTMIB, IO MOXYTh
MPALIOBAaTH Yy paMKax CUCTEMH PO3YMHOro OyIMHKY, HaJali MO)KHA BUKOPUCTATH JIs PO3POOKU aJrOpUTMIB
Ha OCHOBI HaiBHOI 0a€CIBCHKOI MOJIENI, TPUXOBAHOI MapKOBCHKOT MOJIENI Ta MOJIEIi YMOBHOI'O BUIIAIKOBOTO
TOJIsI.

BucnoBku. B pesynprari npoBemeHoi poOoTH  Oylio  JOCHIDKEHO CyYacHI MiAXOIH, IO
BHKOPHCTOBYIOTHCS y alapaTHO-MPOrPaMHUX IIATPOPMax JOMAIIHLOI aBTOMATH3allli CUCTEMHU «PO3YMHUH
OyJMHOK» B paMKax 3arajbHoi KoHIenIil «lHTepHeTy pedeit». st opranizaiiii B3aemMoii MK elleMeHTaMu
KOMIUIEKCY JOMAlllHbOT aBTOMATHU3allii OyJIO 3alPOIIOHOBAHO B3SATH 3a OCHOBY IMOBIPHICHO-4aCOBI MOJIENI,
30KpeMa PO3pPI3HIOBAJIbHY MOJEIb YMOBHOI'O BHIIAJIKOBOI'O TMIOJII Ta HEHPOMEPEXKEBI aJfOPUTMHU
nporao3yBanHs. [loOymoBaHa yHiBepcalibHa cXeMa oOprasizallil, KOHTPOJIO Ta YIPAaBJiHHS JaTYUKIB,
KOHTPOJIEPIB Ta aKTyaTOPIiB CHCTEMH «PO3YMHHUH OyIWHOK». 3amporoHoBaHi 0a30Bi MiJXOH, IO MOXYTh
OyTH BUKOPHCTaHI IPY BUKOHAHHI (DYHKIIIH JTOMAITHLOI aBTOMATH3allii 110 0a3y€ThCsl HA CUCTEMI JIATUYMKIB,
KOHTPOJIEPIB Ta akTyaTopiB. Pesymprarom poboTh crama po3poOka MareMaThdHol Mojeni podoTu
HEHPOMEPEKEBOr0  alIroOpuTMy Kiacudikailii IIa0JOHIB BXIAHMX IH(GOPMAIIMHUX CHTHAJIB, IO
OTPUMYIOTHCS BiJl MEPEKI JaTUHKIB.
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RECOGNITION SYSTEM FOR INCREASING BUSINESS POTENTIAL FROM IN-STORE
CUSTOMERS

Mopo3 B.I., Cuporkina O.I., Mapouko A.M. Cucrema po3nizHaBaHHS JJis NMiJABUILEHHS ed)eKTUBHOCTI Oi3Hecy mpu
poboti 3 mokynusimu B Marasmui. B nmaniii po0oTi mpencTaBieHO KOMIUIEKCHHUH alTOPHTM CTBOPEHHS CHCTEMH pO3ITi3HaBaHHS
KOpPHCTYBa4a 3 METOI0 ifeHTH(iKalii MOKYINIB, a TakoX 300py, CKIaxyBaHHS, aHAJi3y i JOCIi/PKEHb TOPToBoi oprasizamii 3
CHHXPOHI3AIII€I0 1 BUBOJIOM B Iporpamy, BctaHoBieHy Ha [1K a6o cmaptdomn.

KirouoBi caoBa: AwnamiTnuHa cucreMa, e(EKTHBHICTH TOProBOi OpTraHi3amii, aJrOpuTM aHaji3y 1 JOCIi/UKEHb,
MOJICITIOBAHHS 1 IPOrHO3YBaHHS Pe3YIbTaTIB.

Mopo3 B.HU., Cuporknna E.W., Mapouko A.H. Cucrema pacnosHaBaHusi 1Jisi NoBbilieHnst 3(pdexrnBHOCTH OH3HECa
npu padore ¢ NMOKynaTeJsiMH B MarasuHe. B naHHOH paOoTe mpeicTaBieH KOMIUIEKCHBIH alrOPUTM CO3JaHUSI CHCTEMBI
PAacIo3HABaHUs MOJB30BATENS C LENbI0 HACHTH(OHKALMKU TOKYNaTeleH, a Taikke cOopa, XpaHEHHs, aHaM3a M HCClel0BaHUM
TOProBOH OPraHU3aIMU ¢ CHHXPOHM3ALKEll ¥ BBIBOJIOM B IPHIIOXKEHUE, ycTaHOBIEeHHBIM Ha [1K nu cMapTdoH.

Kirouesble ciioBa: AHanutnueckas cucteMa, 3(eKTHBHOCTh TOProBoi OpraHU3aliy, arOPUTM aHAIIM3a U HCCIIeI0BaHHH,
MOJIETMPOBaHUE U IIPOTHO3UPOBAHKUE PE3YIILTATOB.

B. Moroz, O. Syrotkina, A. Marochko. Recognition system for increasing business potential from in-store customers.
This paper presents a comprehensive algorithm for creating a user recognition system to identify customers as well as collect, store,
analyze and research data from a business. Its main features include synchronization with, and output to, an application installed on a
PC or smartphone.

Keywords: Analytical system, effectiveness of the trade organization, algorithm analysis and research, modeling and
forecasting results.

Introduction and formulation of the problem. Any analytics begins with collecting initial data.
Therefore, only after receiving all the data can we begin the analytical part. In our case, the following items
are input data:

1. The number of potential buyers who enter the shop;

2. Their movement along the area of the outlet (heat map);

3. Focus on specific goods (the time they spend at a counter or in a given area);

4. Total time spent and time zones of the store (hours in which most customers visit);

5. The amount of money spent to purchase the goods within certain hours, from certain counters

and in general.

Aim of the article. The aim of the paper is to describe the concept of collecting information, taking
into account different conditions. We would like to offer an effective algorithm and methodology for
collecting information about the work of a business organization.

Analysis of previous experience in the development of similar systems. There are currently enough
ideas to recognize the number of visitors entering the store:

3D-ASSIS [1] is a video system used to collect information and further analyze attendance data at
shopping venues, and theme clubs. It can also be used in public transportation.

FindFace [2] is face recognition technology developed by NtechLab specializing in neural network
solutions. Based on this technology, the company presents a number of solutions for various industries across
the country.

NeoFace [3] is high performance face recognition software that delivers the most accurate results in
the quickest way possible for the most demanding use of face recognition in real time. It can also be used
following a specific event.

However, in spite of the technologies already implemented, the question of creating a unified system
of tracking and identifying users (with the subsequent transfer of information to the processing base) remains
open and requires improvement for specific situations.
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Disadvantages of identification systems:

Dependence on high quality, expensive equipment;

High cost when using different systems to increase efficiency;
The need to retrofit doors to accommodate monitoring equipment;
It is an imperfect system operating at less than 100% efficiency;
The inability to screen out non-customers (such as employees).

arwdPE

dvantages of the automated system:
Unity of the system;
More than 90% efficiency;
Wide variation of parameters (the algorithm is not affected by age differences, lighting, head
position, etc.);
4. In the future, it is possible to increase the indicators and therefore increase the efficiency of
business activities;
5. Identifying people from the “Black List” at the entrance to the outlets.

W >

Main part

In order to create a user authentication system, it is necessary to complete the following tasks:

1. What technical means to use;

2. How to distinguish between users and employees of the store and other staff;

3. How to determine the focus of buyers (by time-of-stay or by the number of people in certain
areas);

As a solution to the first problem, we can use the following user-identification scheme. The first
element of our hierarchy will be sensors mounted on doors or frames.
Sensors capable of calculating user entrance / exit is shown in Fig. 1.

Fig. 1. User entrance / exit sensors

These sensors are able to recognize the entrance and exit of users when they cross an infrared ray.
When the first ray and the second one are crossed, the system registers “entrance” of a customer, otherwise it
registers “exit”. These sensors have several disadvantages [4]. First, there may be a situation where the
customer first crosses the second ray, such as swinging his arm or bag over the top. Secondly, with a large
flow of customers, the efficiency of the sensors decreases. Therefore, the second stage of our scheme will be
a 3D sensor mounted directly above the entry/exit area, which in turn can differentiate the number of
customers in that area. The 3D sensor mounted above the zone is shown in Fig. 2.
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Fig. 2. 3D sensor above the entrance area

Thanks to this sensor, recognition efficiency increases to about 95%, but this indicator can be
improved, because under some circumstances this sensor may not be very effective when customers walk in
with an umbrella or small children [8]. Therefore, in order to reach greater efficiency, we can go to the third
element called “cameras”, which are capable of recognizing images. In order to effectively identify the
customer, we need two cameras, one on the left and the other on the right [9]. In this case, when the customer
comes in with his head turned or with his hat on and the camera is unable to recognize him, it goes to zero.
The location of the cameras in space is shown in Fig. 3.

=
«Q

Fig. 3. Location of cameras in space for maximum identification efficiency
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The second task of distinguishing between customers and employees can be solved by using one of
the following solutions:

1. Put a special ID badge on the outerwear of employees, such as a symbol on a T-shirt that will lock
the camera and ignore these images;

2. Create a system of “smart gestures” that can be used by employees at the entrance to correctly
identify them [5];

3. Enter employees in the database so they will be recognized correctly at the entrance [6];

4. Provide them with special cards that will work as keys and be recognized by sensors when putting
them at a certain distance;

5. Track movements, and in case of crossing “service areas”, ignore them and record them into the
“employees” category [7].

The solutions with the keycard and ID badge are shown in Fig. 4. The analysis of the zone and the
identification of the person as an employee is related to his position in the space and being in a special zone
are shown in Fig. 5.

Keycard

Fig. 5. Analysing the checkout zone and recording the administrator to the “employee” group

Customers’ focus on the product will also be determined by thermal cameras. Their indication will be
based on the time the customer was near the counter and the number of customers in the area. The redder the
area, the more people were there [10]. This is shown in Fig. 6.
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Fig. 6. Thermal zones indicating the most popular areas in the store

Conclusions and prospects for further development. We considered the concept of information
collection taking into account various possible scenarios. There are several options for implementing a
camera system that can identify users and their preferences.
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METOJUKA OIPAIIIOBAHHSI XMAPHUX CEPBICIB GOOGLE SLIDES TA SITES JJIs1
CTBOPEHHS ITPE3EHTAIIM ITPO PITHY KPAIHY I POSMIIIEHHS IX HA CAUTI B KYPCI
«YKPAIHCBKA MOBA SIK IHO3EMHA»

IMaxonok 3. O., Muponiok JI. II. MeTonuka onpamoBanHsi xmMapHux cepsiciB Google Slides Ta Sites nis crBopennst
npe3eHTaliil Npo pinHy KpaiHy i po3mimeHHs ix Ha caiiti B Kypci «Ykpaincbka MoBa sik iHo3eMHa». Ha cydacHomy erari
PO3BUTKY OCBITM B YKpaiHi HpIOPUTETHUM HANpsIMOM € BIIPOBa/DKEHHS iH(GOpMamiHHUX TexHONorii. [IpoBimHOIO TEHIEHINE0
CBITOBHX iH(OpMaNifHUX TEXHOJOTiH € XMapHi TEXHOJIOTI] Biy1aneHoro 30epexeHns faHux. OCKIIBKHA il ac iCUTy «YKpaiHChbKa
MOBa SIK 1HO3E€MHa» CllyXadi MaloTh NPEJCTABUTH MPE3EHTALI0 PO PiHY KpaiHy, TO Oy/lo 3alporOHOBaHO BMOTHBOBAHY MOJEIb
npe3enTauii Ta 1l crBopeHns B Google Slides. Cepsic Google Slides oOpano Ha miAcTaBi TaKUX XapaKTEPHCTHK: OE3KOIITOBHICTb,
MPOCTOTa BHUKOPHCTAHHS, MOXJIMBICTH 3aCTOCYBaHHS 3 Oy/Ib-fKOrO IIPUCTPOIO 3@ HAsABHOCTI IHTEpHeTy, JIerKHi 3B’A30K UM
PO3MIIIIEHHS. JOKYMEHTY Ha BeO-CTODiHII, CYMICHICTh KOPHMCTYBAauiB y JOCTYII Ta pelaryBaHHI JIOKYMEHTIB depe3 IHTepHer,
HE3aJIeKHO BiJl TOrO, Ha SIKOMY MPUCTPOI BOHM MPAIIOOTH; iMIopT ¢aiinie i3 Microsoft. st po3MillieHHs BaXXITHBOI Ta LiKaBOi
iH(opManii Npo KpaiHy, B SIKUX NPOXKUBAIOTH CIIyXadi-iHO3eMLi, OyJI0 CTBOpeHO caifT 3a nomomororo Google Sites.

Kuarouosi caoBa: iHdopmariiiiHo-koMyHikaiiiHi Texuomorii, xmapHi cepsici, Google Slides, Google Sites, 3aknan Buroi
OCBITH, CIlyXadi-iHO3eMIli, yKpaiHChbKa MOBa SIK IHO3€MHa, IIPEe3eHTallisl, KpaiHO3HABCTBO.

IMaxonok 3. A., Muponiok JI. II. Meroauka o6padorku o6jaunbix cepBucoB Google Slides u Sites pasi co3panust
Npe3eHTAlMii 0 POJAHON CcTpaHe W pa3sMellleHUS MX Ha caiiTe B Kypce «YKpPauMHCKHIl f3bIK KaK MHOCTpPaHHbINi» Ha
COBPEMEHHOM 3Tame pa3BUTHs 00pa3oBaHMsA B YKpauHe NPUOPHTETHBIM HAIpPaBJICHHEM SBISETCS BHEAPEHHE MH(OPMALOHHBIX
TeXHONOruid. Bemymieil TeHaeHIMeld MHUPOBBIX HH(POPMALMOHHBIX TEXHOJOTHH SIBISETCS OONAYHBbIE TEXHOJOIMH YIAJICHHOTO
XpaHeHHs! JaHHBbIX. [IOCKOJbKY BO BpeMs 3K3aMeHa «YKpPauHCKHH A3bIK KaK MHOCTPAHHBIN» CIIYIIATEIM JOJDKHBI HPEICTaBHUThH
MPE3CHTALMIO O POIHOM CTpaHe, TO ObLIO MPEUI0KEHO 000CHOBAaHHYIO MOJIEIIb IIpe3eHTaluu U ee cosganue B Google Slides. Cepsuc
Google Slides u30paH Ha OCHOBAHMHM CIIEIYIOIIMX XapaKTEPUCTHK: OECIUIaTHOCTb, IPOCTOTA HCHOJIb30BAHUS, BO3MOXHOCTD
NPUMEHEHUs C JII000ro YCTpOiCTBa Npu Hanuuuu HTepHeTa, jerkas CBA3b WJIM Pa3MEIUCHUs JOKyMEHTa Ha BeO-CTpaHuLe,
COBMECTHMOCTb I10JIb30BaTeNIed B JOCTYNE M PEJAKTUPOBAHMU JIOKYMEHTOB 4epe3 MHTepHeT, He3aBUCHMO OT TOro, Ha KaKoM
ycTpoiictBe oHH paboraror; umiopt ¢aitnoB n3 Microsoft. [lnst pa3meleHns: BaKHOW M MHTEpeCHON MH(GOpPMAIMU O CTpaHax, B
KOTOPBIX MPOXKUBAIOT CITyIIATEIN-MHOCTPAHIIBI, ObLT co3aH caiiT ¢ momomipio Google Sites.

KirroueBblie ciioBa: MH()OPMAMOHHO-KOMMYHHMKAIIMOHHbBIE TEXHOJIOrUM, obnaunble cepsuckl, Google Slides, Google Sites,
BbICIIEE y4eOHOE 3aBE/ICHUE, CIIYLIATEIN-HHOCTPAHIIbI, YKPAMHCKHHN SI3bIK KaK HHOCTPAHHBIN, IPE3EHTALHs, CTPAHOBE/ICHHE.

Pakholok Z. O., Myroniuk L. P. Methods of treatment of Google Slides cloud processing services and Sites to make
homepage presentations and placing them on the site in the course «Ukrainian language as foreign». The introduction of
information technologies that would completely meet the needs of users is the main field at the present stage of education
development in Ukraine. The leading trend in the world of information technology is cloud-based remote storage technologies. As
students are required to submit a presentation about their home country during the «Ukrainian as a foreign language» exam, a
motivated presentation model and its creation in Google Slides have been suggested. The service Google Slides is based on the
following features: free, easy to use, accessible from any device on the Internet, easy to access or place a document on a web page,
users’ compatibility in accessing and editing documents online, notwithstanding what device they work on; import files from
Microsoft. A site was created using Google Sites to provide important and interesting information about the countries of foreign
listeners residence.

Keywords: information and communication technologies, cloud services, Google Slides, Google Sites, institution of higher
education, foreign listeners, Ukrainian as a foreign language, presentation, country studies.

IMocranoBka HaykoBoOi nMpodaeMH. Bci acliekTH )KUTTS Cy4acHOTO CyCIIUTBCTBA OXOIUICHI IPOIIECOM
iHpopmaTu3anii. 3rifHO HALIOHAJIBHOI CTpaTerii pO3BUTKY OCBITH B YKpaiHi Ha mepioxg mo 2021 poky,
MPIOPUTETHUM € BIPOBADKCHHS 1HGOPMAIIfHO-KOMYHIKAIlIHHUX TEXHOJNOTiH, 1Mo 3a0e3NnedyroTh
YIOCKOHAJICHHSI HAaBYaJIbHO-BUXOBHOI'O TIPOIECy, JOCTYIHICTh Ta €(EeKTHBHICTh OCBITH, IiATOTOBKY
MOJIOZIOTO TTOKOJIIHHS JI0 KUTTEMISUIBHOCTI B iH(pOpMaLiifHOMY CycHinbCTBi [7].

Jo pizHOBUIIB iH(OPMAIiIHHO-KOMYHIKAI[IHHUX TEXHOJOrIM HaJeXKaTh «XMapHI TEXHOJOTii» abo
«xmapHi obuucnenns» (cloud computing). Ix xonmenmis 3’sBunacs me B 1960 poli, KoIu aMepHKaHChKUi
ydeHuii, Qaxisenp 3 iHGOPMATHKU 1 Teopii eneKTpOHHO-o0uncIoBanbHUX MammH JxoH Makkapri (John

© ITaxomok 3. O., Mupomntok JI. I1.
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McCarthy) BuCIIOBUB MpUIyILIEHHS, IO y HEAAICKOMY MaiOyTHBOMY KOMII FOT€PHI OOYMCIICHHSI CTaHYTh
HaJIaBaTUCS MOMIOHO 10 KoMyHanbHUX mociyr (public utility).

AKTHBHE BHKOPHUCTaHHA TEPMiHY «XMapHi TeXHOJOri» y cBiTi mouuHaeTsest 3 2006 pOKy.
JI. C. YepHsK BBakae, MO BIEpIIC TEPMiH «XMapa» BXKHB Ta cOpoOyBaB BUTIYMAuWTH TeHepaIbHUN
nupexTop komnawnii Google Epik HImiar [11].

B Vkpaini TepMiH «XMapHi TexHOJOri» moyann BropoBapkysatu 3 2008 poky, aje mij «xMaporw» Ha
TOM Yac PO3yMUIM OE3KOIITOBHI XOCTHHTU IIOIITOBUX CIYXKO JUIsl CTYyIEHTIB Ta BHUKIaAayiB. Yci iHImi
IHCTpYMEHTH, #Ki, 3a3BHYai, MPOMOHYBaJ W Il BHUKOPUCTaHHA B «XMapi», OynM BifCyTHi uepe3
HEJIOCTATHICTh iH(OpMallii Ta Opak HaBU4OK BuKopuctanus [8, c¢. 105].

AJIeKBaTHOTO BH3HAYEHHS IIOTO TEPMiHY HE iCHye U JOTenep, OCKLIbKH JOCHIAHUKU MPOMOHYIOThH
BiacHe OaveHHst y KoHTekcTi neBHoi mpobiemu. I'. /1. KucensoB i K. B. Xapuenko nogarots Taxky aediHimiro:
«cloud computing — 1ie mporpaMHo-anapaTHe 3a0e3MeUYeHHsI, SIKe JTOCTYITHO KOPHCTyBady depe3 [HTepHer y
BUTIISIZIL CepBiCy, KM Hajae 3pyqHUH iHTepdeiic s BiyIaIeHoro J0CTYIy A0 00YMCIIIOBAILHUX PECYPCiB
(mporpam i manux)» [4, c.351]. O. M. TypaBiHiHa BBaXkae, 10 XMapHi OOYMCICHHS — 1€ «TEXHOJOTis
OIpaIllOBaHHs JaHWX, B SIKUX TporpaMHe 3a0e3leueHHs HaJaeThcd KOpUCTyBaueBi sik [HTepHeT-cepBic» [9,
c. 119]. K. M. JlaBpimea it A. FO. CTeHsmMH pO3yMitOTh IijJi XMApPHUMH OOYMCIICHHSIMH «HOBI CHCTEMHI
3aco0u Il MATPUMKH 00uKcieHb, sikumu € Google Apps, IBM-VSphere ta cucremu Microsoft — WCloud,
Azure, Amazon, Mech, WApps, SkyDriven tomo» [5, ¢. 201]. 3rigmo 3 mokymeHTOM [HCTHTYTY iH)KEHEDIB 3
enekrporexHiku Ta enekrponiku (Institute of Electrical and Electronics Engineers, IEEE), «xmapHi
OOUHCIIeHHS — 1e TapaJurMa, B paMKax sikoi iHQopMallisi MOCTIHHO 30epiraeThCs Ha cepBepax y Mepexi
IHTEpHET 1 TUMYAacOBO KENIYEThCS HA KITIEHTCHKIH CTOPOHI, HANPUKJIAJ], HA TEPCOHAIBHUX KOMII IOTEpax,
IrpOBHX MPUCTaBKaX, HOyTOyKax, cMapTdonax Tormo» [10].

OnHak OUTBIIICTG BITYM3HSHUX Ta 3apyODKHHUX aBTOPIB KOPUCTYETHCS TOYHUM 1 YHIBEpCaJIbHUM
dopmymroBanusiv  Harrionaneaoro Iucturyty CranpaprtiB ta Texuomoriii (The National Institute of
Standards and Technology, NIST). Ilix xXMapHEMH OOYHCICHHAMH PO3YMIETHCA MOIEIL 3PYUHOTO
MEpPEXKEBOro JOCTYIY 0 3arajibHoro (poHmy OOYHMCIIIOBAIILHUX PECypciB (HAIpHKIAL, MEPEK, CEPBEpIB,
(haifTiB JaHWX, MPOrpamMHOTO 3a0e3MeUeHHs Ta MOCIYT), SKi MOYKHA IIBHAKO HAJIATH 32 YMOBHU MiHIMaIbHHUX
VIIpaBIHCHKUX 3YCHIIb Ta B3a€MOJII 3 mocTadanbuukom [12, ¢. 30-31].

VY HIHMpOKOMY CEHC1 XMapHi 00UMCICHHS — I [HTepHET-TeXHOIOTIT BigAaIeHOro 30epeKeHHs TaHuX.
XMapHHH cepBiC — IOCNIyra HaJaHHS XMapHHX PECYpPCiB 3a JOMOMOIOI TEXHOJIOTIH XMapHHUX OOYHCIICHb.
XMapHi TEXHOJOTil € ONHIEI0 3 MPOBITHUX TEHICHINM CBITOBUX iH(QOPMAIIHHAX TEXHOJOTIH, a XMapHi
CepBICH B OCBITI pO3TIANAIOTHCS SIK HAHOUIBIN TEPCIEKTHBHUN PO3BUTOK YIPOBADKEHHS XMapHUX
texHonorid. 3rimao M. II. llumkinoto ta M. B. Ilonens, «xXmapHi cepBiCH HIMPOKO 3aCTOCOBYIOTHCS B
HaBYAJIBHUX 3aKIagax YKpaiHu, MOps] 3 MM iX BUKOPHCTAHHS HE € CHCTEMAaTHYHHM, HE OpraHi30BaHO B
€IMHY CHCTEMY, HE € JIOCTATHBO HIIECCIPSIMOBAHIM 1 30pIEHTOBAHMM HA MEBHI HeAaroriuui miti» [13, ¢. 74].

Ha croromni HaiOLIBPIIUMHU MMOCTAYAIBHUKAMHU MPOrPAMHOTO KOHTEHTY UISI HABYAJNFHUX 3aKJIaiB €
kommaHii «Microsoft» 1 «Google», mo HamarOTh MporpaMHi Ta IHGPACTPYKTYpPHI CEPBICH MIKOJIAM,
KoJepkaMm 1 yHiBepcuteTam. [Ipuknagamu cygacHUX cepBiciB, mOOyIOBaHUX HA OCHOBI XMapHUX OOYHMCIIEHB
i ocBity, € Live@edu Big Microsoft i Google Apps Education Edition.

AHaJi3 ocTaHHiX gochaimxeHs i myOaikaniii. OcranaiM yacom Oarato HaykoBmiB T. JI. Apximosa,
B. 0. buko, 1O.B.I'punyk, M. L. Kangak, I . KucenroB, H.b.Komusak, I'.P.Kopuibka,
1O. I'. Hocenxko, C. O. CemepikoB, [. M. Ctpomuno, A. M. Ctprok, M. A. llluHeHKO Ta iH. TPUCBIUYIOTH
CBOI MyOIiKamii TeOPETHYHUM Ta TPAKTUYHHM OCHOBAM 3aCTOCYBAaHHS XMAapHUX TEXHOJIOTiH B OCBITI Ta
HaBYANBHINA TISJIBHOCTI.

Baromuii BHECOK B TEOpItO i MPAKTUKy BUKOPHCTAHHS XMAapHUX CEPBICIB B OCBITHIN MpOIEC 3p00HIN
3apyOikHi BueHi X. @. Anpaeneitaii, K. P. Auin Kymap, P. I'ypynarx, M. E. [in, I'. JI. TIpatt, K. XeBBiT Ta
iH.

TeopernuHi Ta MpaKTHYHI acleKTH BUKOPHCTaHHS XxMapHuX cepsiciB Microsoft Office 365 nmeranbHo
BHBYEHO y JIOCHI/DKEHHSX HAyKOBIIB [HCTHTYTY iH(OpMAIifHMX TEXHOJOri Ta 3aco0iB HaBUaHHS
HanionaneHoi Axaznemii neparoriununx Hayk Ykpainu C. 1. JlutBunoBoi, O. IL Ilimuyk, O. M. Cmipina,
M. I1. lInmkinoi Ta iH.

Haii6inbm 3pydHHMH i TOMYJSPHUMHU ChOTONHI € XxMapHi cepBicu Google, o0’eanaHi mix €qMHIM
openaom Google Cloud, no sixoro Bxomsate Gmail, Google Docs, Sheets ta Slides Tomo. Bnposamxennsam
cepgiciB Google B ocBiTHii npouec 3aitmanucey H. P. banuk, A. C. Kapnenko, H. B. Kononen, H. B. Mopse,
M. B. Hockosa, B. I1. Onekcrok, JI. B. PoxnaecrBencbka, O. M. Cripin, M. I1. llumkina. JlocBin iHTerparii
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xMapHux cepBiciB Google Apps B iHopMamiiHUA MPOCTIp BHUILIOrO HABYAJIBHOIO 3aKJaly OIMCAB
B. I1. Onexkciok, a mopiBHsUIbHI XapakTepuctuku cepBiciB Google — O. 1. I'ymennuii Ta 1. O. Tlaniii.

[HdopmaniiiHo-KOMyHiKalliiiHI TEXHOJOril — HEOAMIHHA CKJaJ0Ba HAaBYaHHA IHO3EMHUX TPOMaJSH
yKpaiHchKiii MOB1 B CXiHOEBpOIEHChKOMY HalioHaIbHOMY yHiBepcuteri iMeHi Jleci Ykpainku. Ilinrorosue
BiJIUTCHHS y HAHOUIBIIOMY HaBYaJIbHOMY 3aknazi Bomuni 3 2010 poky 3aKiHUMIIN HE TiUIBKKA aHTJIOMOBHI Ta
(paHKOMOBHI TPOMAJSHU TEPEBAXXHO 3 apUKAHCHKOTO KOHTHHEHTY (Ainkup, ['ana, 3amb6is, 3imOalse,
Kamepyn, JliBisg, Konro, Hami6is, Hirepiss, Ceneran, Cupis, Toro), ane i 3 bonrapii, bpaswii, Kuraro,
CLIA.

B ocHOBY HaBYaHHS TOKJaaeHa MOJEIh MOBJICHHEBOI MOBEAIHKMA HOCIS yKpaiHCBKOi MOBH y cdepi
IIOIGHHOTO CHUIKYBaHHS SIK OPi€EHTHUD ISl IHIIOMOBHOTO KOMYHiKaHTa. MeToauuHe 3a0e3medeHHs] Kypey
3IHCHIOETHCS 3aBJSKH MigpyYHHKaM «BcTynmHuii xypc 3 ykpaiHChKOi MOBH IS CTYJEHTIB-1HO3EMIIIB
MiAroTOoBYOro BimmiaeHusm» 3a pexakmieio T. O. Jlertsapporoi [1] i T. €. Macunpkoi «YKpaiHchka MOBa SIK
inoszemua: Komynikamis» [6], a Takox meroguunum po3pobkam €. I. T'opots, H. O. [lanuniok,
JI. K. Masimon, O. O. Porau [2] ta H. O. Tanumiok i T. €. Macunskoi [3], B skux migiOpaHo MOBHHIA,
M 0 B b e H H € B u i i
KOMYHIKaTHBHHIA MaTepiaJ.

Crnyxayi-iHO3eMIli BHBYAIOTh YKpailHCbKy MOBY HE€ TUIBKH I 4ac ayJIUTOPHUX 3aHsTh, aje 1 Ha
no3Bimni. [Iporec comiokyIbTypHOI ajanTaiii NpUIIBHIMYIOThH MTi3HABaJbHI eKCKypcii. Sk mpaBuIto, mepia
EKCKypCisl POBOJUTHCS B YHiBepcuTerchkomy My3sei Jleci Ykpainku. BinOyBaeThcs mporiec iHTepaKTHBHOTO
HaBYaHHS, KUl 3a0e31edye BHYTPIIIHIO MOTHBAIIiIO OCBITH Ta CIIPHSIE Ti €)eKTHBHOCTI.

[Micnst 3akiHYeHHS HABYAHHS, Ha BUITYCKHOMY ICIHTI, SIKHM MPOBOJWTHCS B JBAa €TaIld, clyXadi-
1HO3eMI[I MaloTh MPEJICTAaBUTH PO3MOBiJb MPO cede¢ Ta CBOK POAWHY, HAMKCATH JUKTAaHT, BHKOHATU
MPAKTUYHE 3aHSITTS 3 TPAMATHKHU, IIPOYUTATH TEKCT 1 BIAMOBICTH HA MTUTAHHS JI0 HHOTO. SIKIIIO PO3MOBIAB PO
CBOIO CIM 10 HE BHKJIMKAE TPYAHOIIIB Y CIIyXadiB-iHO3EMIIB, TO IPE3EHTAIlis ITPO PiIHY KpaiHy € HEMOBHOIO,
HE AMBJITYNCH HA MONIEPEeIHI HACTAHOBH BHKJIa[ava.

MeTta cTaTTi mojsATac B TPEACTABICHHI MOJENI Tpe3eHTallii Mpo piaHy KpaiHy, CTBOpPEHY 3a
normomororo Google Slides mms cinyxadiB-iHO3eMINiB MiATOTOBYOro BimmineHHs CXiZHOEBPOIEHCHKOTO
HAI[lOHAIBFHOrO yHiBepcuTeTy iM. Jleci Ykpainku Ta mommpenHs iHdopmarii mpo Hei Ha caiiri Google Sites
JUTSI TIEpEBipKK HaOyTHX 3HAHB YKPaiHCHKOI MOBH.

Mera Kopemioe 3aBJAaHHS. 3alpOIOHYBATH BMOTHBOBaHY CTPYKTYpY Npe3eHTamii; BKa3aTh Ha
mepesaru  Google Slides mepen Power Point; pamutu mpamroBatu 3 Google Slides mms crBOpenHs
Hpe3eHTalliil; BKa3aTh Ha MEPCIEKTUBY BUKOPUCTAHHS CalfTy, cTBopeHoro 3acobamu Google Sites.

JocnimkeHHs MPOBOIMIIOCS Ha 0asi MiaroToBUoro BigauieHHs CXiTHOEBPOIEHCHKOTO HAITIOHAIBEHOTO
yHiBepcutery imeHni Jleci Ykpainku. Ilix gac pobotn Oyno BHKOPHUCTaHO KOMIUIEKC METOIIB 1 MPHIOMIB:
CIIOCTEPEKEHHS 32 BUKOHAHHSM IPE3CHTAlil Ta IX MPEACTAaBICHHSIM CIyXadyaMH-iHO3EMI[IMH; CTBOPEHHS
Mozeni Ui MaiOyTHIX Tpe3eHTamid; TeopeTnyHa 1 NpaKTHYHAa IMiArOTOBKA CIyXadiB-1HO3EMIIIB ISt
YIOCKOHAJIEHHS MTPE3eHTAallli: IHCTPYKTaX, KU BKIFOYaB CTATUCTAYHI JaHI CTOCOBHO KiTBKOCTI CIaiIiB Ta
9acy Ha BHCTYII, O3HAllOMJICHHS 3 B)KE€ ICHYIOUHMH 3pa3KkaMHM ITPe3eHTAalii, IPOIO3HII I10J0 BUKOPUCTAHHS
AHTIIOMOBHUX 1 YKPaiHCEKOMOBHHX CaHTIB, SIKi MICTSTH iH(pOpPMAIIiO TIPO PiIHY KpaiHy; 3BEepHEHHS yBaru Ha
Te, 10 KOXKEH Clai1 Ma€ 000B’SI3KOBO MIiCTUTH KOPOTKY TEKCTOBY iH(OpPMAITiO i BAPTO HAIMCATH JOJAATKOBY
iHbOpMaIlifo YKpaTHCHKOIO JITEPaTypHOIO MOBOIO.

Buksiax ocHOBHOro marepiajqy il OOrpyHTYBaHHSI OTPMMAaHHUX pe3yasbTaTiB. JlocBig podoTu i3
CIlyXadamMu-iHO3eMIISIMH TTOKa3aB, IO JJIs1 BUKOHAHHS Mpe3eHTallii HeoOXiqHO, TepIl 3a Bce, CIHUPATHCT Ha
YITKAN CIHMCOK CIaliB, SKUH JO3BOJIMTH NMPEICTABUTH KpaiHO3HABYY iHQopMaliio B yciii MOBHOTI. 3 wi€ro
METOI0 MM 3alpoNOHYBAJIM CIyXayaM-iHO3EMISIM BHUKOPHUCTATH METOJ] KOMIUIEKCHOCTI, SKUil TOJATrae y
BCeOIYHIA XapaKTepuCTHLI KOHKpeTHOi KpaiHu. OJHa 3 0OCOONMBOCTEH MiIXomy A0 KpaiHO3HABYOTrO
Marepiary KpHEThCS B HAMAaraHHi OXOITUTH BCl CTOPOHU 00’ €KTa MpeAcTaBiIeHHs. Hamr BUITyCKHUKH MaroTh
BHCTYIIUTH y poii 30upadiB, 30epiradiB i peTpaHCISATOPIB JaHUX Mpo Teorpadiro, CydacHy iCTOpiro,
MOJIITUYHUN PO3BUTOK, EKOHOMIKY, KYJIBTYPY PiZHOI KpaiHH, YCBiIOMIIIOIOYHM BaXKJIHMBICTH iH(OpMAIiHHOT
(hyHKIIIT KpaiHO3HABCTBA.

VY mporeci JOCHI[DKEHHS MU JAIAIUIM BUCHOBKY, IO ONTHMAJLHUM BapiaHTOM 3 TOYKH 30pY
IH(OPMATUBHOCTI € HACTYITHHU TIEPEITiK CIIau/IiB.

1. Kpaina (Ha3Ba Ha ¢oHi npamopa).
2. T'ep0 i neBi3 kpainu.
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Ha3zBa riMHy Ta My3u4Hi iHCTpYMEHTH U1 HOTO BUKOHAHHSI.
Mana KOHTHHEHTY (300KY KiIbKiCTh HaCeICHHS).
Mana kpainu (300Ky KiJIbKiCTh HACEJICHHS).
Cronuts KpaiHH, KiIbKICTh HACEICHHS B MICTI.
[oniTnynnii 1 nep>kaBHUE ycTpoi kpainu. BamoTa.
[Mpe3unenT (iM’s 1 mpi3BuUILE, PIK HAPOPKCHHS).
MoBHu Ta eTHI4HI TPYIH.
0. Tpanuiiiine BOpaHHS YOJIOBIKIB.
1. Tpanmuuiiine BOpaHHS >KiHOK.
12. Tlpukpacu.
13. Bwuaatni ocobucTocTi kpainu (Bill OYAaTKy Jep>KaBHOCTI JI0 ChOTO/IEHHSI, iM’4 1 TIpi3BHUIIE, PiK
HapOKEHHS):
MOMITUYHUN Aistd (CYCTIUIBHUMN JisTd), 3 SIKUM aCOIIIOETHCS KpaiHa,
BUEHUH,
MUCbMEHHHK,
apTHCT (aKTOp, CMiBaK, XYI0KHHUK),
CIIOPTCMEH.
14. BwusHauHi JoKalii B MICTI.
15. BwusHausi JoKarii I103a MiCTOM.
16. Ilpunana i MaHAPIBHUKIB.
17. HamionanbHa KyxHs (BKa3aTH iHTPEIIEHTH):
Ka,
HarIol.
18. TlpupomHi pecypcH.
19. EkoHOMIi4HI pecypcH.
20. BakmouHwuii ciaiia 3 ¢poro aBropa ([skyro 3a yBary!).

RBOo NG A~W

CykynHicTh ciainiB He mae mnepeBuiryBatu 30-35, a TpuBajiicte aemoHcTpallii 40—60 XBHIIHMH,
BpPaxOBYIOUH CITEIU(DiKy KpaiHu i TOATKOBY TEKCTOBY iH(OpMAILito, Ky BUTOJIONIYE BHITYCKHHUK.

Ha ex3ameHi ciyxad-iHO3eMellb ITIOBHHEH MPOJEMOHCTPYBATH BMIHHS KOPUCTYBATUCS iH(OpMAIIIHHO-
aHATITHYHOI0, KOMYHIKATHBHOIO | perpe3eHTaTHBHOI (DYHKIIISIMU MTPU BUKJIAJCHHI MaTepiaiy YKpaiHChKOO
JTEpaTypPHOIO MOBOIO.

[1ix yac BUKOHAHHS MTpe3eHTalliil Oy HEMOOAMHOKWMH BHIIAJIKH, KOJH CITyXadi HE Malli KOMIT IoTepa
9l HOyTOYKa 3 HEOOXITHUM MPOrpaMHUM 3a0e3MEYCHHSIM, a BUKOPUCTOBYBaIM cMapThoH 4u anoH. La
o0CTaBMHA CIIOHYKajla 0 TONIYKiB HOBOI JIOMIHAHTH Cepel CEpBICHOrO MPOTPaMHOTO 3a0e3ledeHHs —
Microsoft ta naiibinbin momyssipaoro B cBiTi morrykoBuka — Google. O6uaBa KOHKYPEHTH BUCTYIHJIM Ha
PHHKY XMapHHX CepBICiB, Jie JiepoM yke BIPOIOBK Oaratbox pokis € Amazon.

SIkmo panimie momynsipuum OyB Microsoft PowerPoint, srimHo maxmx myOaiuHoro Web-momatky
Google Trends, skuii mokasye, SK YacTO TEPMIH IIYKAOTh MO BIJHOIIEHHIO JO 3arajibHOro O00CATY
MOITYKOBHUX 3aIMTIB PI3HUMH MOBaMH y PI3HUX PErioHax CBITY, TO 3r0JJOM B yMOBaX »OPCTKOI KOHKYPEHIIil
TIOIYJIAPHICTh HOTO 3HU3MIIACh, TIOCTYIMUBIINCH BiTHOCHO HOBUM mpe3eHTarissM Google Slides.

Microsoft PowerPoint Bxomuts 10 ckimagy IuiatHoro xmapHoro cepeicy Office 365, a
CximHOEBpoOIeHCHKUN HaIlliOHANBHAN yHiBepcuTer iMeHi Jleci Ykpainku miakmoueHnid 70 HbOro. OCKITbKU
CIIyxadi-iHO3eMIli He € CTyJIeHTaMH HAaBYAJIBHOTO 3aKJIaJy, TO JJIs HUX HEe MOXYTh OyTH CTBOpEHi 0OIiKOBi
3armmcu B Office 365.

I[Tpu BubGOpi n0OKaTKy, HEOOXITHOTO BUITYyCKHUKAM JUISl CTBOPEHHSI MPE3CHTAILIT, MU TAKOXX KepyBaJUCS
HACTYITHHMH MIpKYBaHHSIMH: OE3KOIITOBHICTh, MPOCTOTA 3aCTOCYBaHHs, 30epiraHHs y BipTyaibHOMY (haii-
MeHe/DKepi, MIBUAKAN JOCTYI, HAsABHICTH IHTErpamii 3 IHIIUMH 0JaTKaMH, BiJICYTHICTh HEOOXIJHOCTI B
o(iCHUX MakeTax, MOXKJIHMBICTD TUTUTHCS TPOMDKHUMH pe3yJIbTaTaMU 3 KOJIETAMHU Ta CIyXayaMH, B HAILIOMY
BUIAJKY — BHKJIaJayaMH, HaBIiTh 32 YMOB BUKOPUCTAHHS PI3HUX ONEPAI[IHHUX CHCTEM.

Honarok Google Slides npononye psix IHTYITHBHUX Ta IHHOBAIIMHUX (YHKIIN npe3eHTanii. B HoMy
JOCTYIHI OCHOBHI QyHKILI{ 3 0)OpMIIEHHS Tpe3eHTalil, KilbKa abIoHIB AU3aiiHy, pi3HOMaHITHI WpUQTH,
aHiMauiitHi eeKTy Ta iHII IHCTPYMEHTH.

VYci 3a3HayeHi BUIIe MPUYMHY IPUBEIH 10 BUOOpY xmMapHoro cepBicy Google Slides.

[MpoananizyBasim MoxuBocTi peseHrtaniii Google Slides, moxxHa HaBecTH OCHOBHI iX PUCH:
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cepricu Google B minomy, a Takox Google Slides, 3okpema, € Ge3KOINITOBHUMU;

MPOCTOTAa BUKOPUCTAHHS, MOMKJIMBICTh 3aCTOCYBaHHS (paiiyliB-0BIIOK;

pobota 3 Google Slides Ha Oyab-siKOMy MPHUCTPOI 3a HAsBHOCTI [HTEpHETY;

iHTerpyBanHs B iHII goxatku Google;

ofaHo4vacHa pobota 3 Google Slides He3aneXHO BiJl MPUCTPOIO, HA SKOMY MPAIIOIOTh KOPUCTYBayi
(iHo3emerb-cityxau, BUKIIaaay yKpaiHChbKOT MOBHU Ta BHKJIana4 iHGoOpMaTHKN);

e cyMicHicTh 3 Microsoft PowerPoint.

ITpore Google Slides mae i psix HemomikiB:

HEOOX1IHICTh 3a0€3MeUeHHS TOCTIHHOTO 3’ €HAHHS 3 MEpeXero [HTepHeT;

BIJICYTHICTh TEXHOJIOT'IH rapaHTyBaHHs 30epeKEeHHS Ta KOH(DIACHIIHHOCTI JaHHX;

KUTBKICTh edekTiB € mpubau3no 15 (B Microsoft PowerPoint — npu6mmsno 50);

MOXITUBICTB iMIOpTYy Jwmiie Bigeo YouTube (Microsoft PowerPoint immopTye aymiodaiinm);
HasIBHICTH 00J1iKOBOrO 3anucy Gmail.

BapTo mizkpecinuTH, 110 CTBOPEHY MPE3eHTAIlif0 ciTyXadi-iHo3eMIll MOXKYTh PO3PYKYyBaTH, HaiCIaTH
MOIITO0 YK OMyONiKyBaTH B [HTepHETi, 30eperTd Ha JIOKAJTBHOMY KOMIT IOTEpi, MPUIOMY JOCTYITHUMH €
JIeKiTbKa BapiaHTiB 30epexeHHs, B Tomy uucii it Microsoft PowerPoint (3 posmupenusam .pptx). 3aBusku
ILOMY BUKJIaJIa4i 3IHCHIOIOTHh NIEPEBIPKY, 3BEPTAIOYM YBary Ha KOMIIO3HUIIIIO PO3TAaIllyBaHHsS 300paKeHHS i
TEKCTY Ta MPaBWIBHICTh HAIHUCIB.

[Ticns nporo BuKIaAad iHGOPMATHKH pO3MILIYE HOBY KpaiHO3HABUYy iH(GOpMAIlI0O Ha CaWTi,
cTBOpeHOMY 3a moromoror Google Sites.

Bubip 1010 cepBicy 00yMOBICHHH HHU3KOK IPUYHH, OCKUIbKH, mo-miepine, Google Sites 103BoJIsiE
OE3KOIITOBHO CTBOPIOBATH IIOBHOI[IHHI BEO-CTOPIHKH 3 BMKOPHUCTAHHAM Biki-TexHoiorii. Ilo-gpyre,
pO3MIITyBaTH caliTi y Mepexi [areprer. [lo-TpeTe, yMOXKIIUBIIIOE JOCTYIT A0 POOOTH HAJ CAaiTOM AEKIIBKOX
KOPUCTYBa4iB, B HAIIOMY BHIIAJIKy — BUKJIaJa4iB.

3ayBaKMMO Bifpasy, 1110 0€3KOITOBHUI XOCTUHT Bix Google Sites perymoeTbcsi TAKUMU BUMOTaMH:

e o0csr muckoBoro mpoctopy — 10 100 M6 mst 36epiranss ingopmarii Ha caiiti i 10 ['0 Ha KoXeH
JIoMeH it 30epiranns iHdopmarii mpu Bukopuctandi Google Ciryx0;

e He miarpumytoTees CSS i1 JavaScript;
JIOMEHHE iM’s caiiTy Mae BurIIsiz Sites.google.com/site_name.

CtBopeHHS caifTiB 3a morromoroio Google Sites miAmOpsSAKOBYEThCS TAKUM TIPABHIIAM:

e odopMIIEeHHS CalTiB 3MIHIOETHCS TUTHKH IO KOJBOPaX, PO3Mipax Ta CTHIIAX MpPU]TIB;
e 3a00poHa aHOHIMHUX KOMEHTApIB i BTPYYaHHS B 3MICT;
® BifACYTHICTH cTpiuku RSS 3 OHOBIEHHSMU CaliTy.

Cutiz 3a3HAYUTH, 11O I1i 3aCTEPEKCHHS TS HAIIOI pOOOTH HE MPUHIIUIIOBI.

Ockinbku il o cTBOpeHHIO caiitiB Google Sites mpocti # J0KIagHO MPOIHCTPYKTOBAHI JOBiIKOO
Google Sites Help, To mu He onrcyemMo iX MOKPOKOBO. Pa3oM 3 THM 3BepTaEMO yBary, 10 po3poOHUK CalTy
NoBUHEH OyTH 3apeecTpoBanuM B G0Ogle, BOIOIITH akayHTOM.

Juis opopmieHHs caliTy JOCTYITHI KijlbKa IIa0JIOHIB BeO-13aliHy, a came:

e Be0-CTOpiHKA — 1€ CTOpiHKA JJIs pO3MIMIEHHS TEKCTY TEMaTHYHUX PO3JLTIB, 300pakeHb TOIIO;

® OrOJIOIIEHHS — CTOPIHKA JUIS T0/1a4i TeKCTOBUX MOBIIOMJICHB, BIOPSIKOBAHUX Y XPOHOJIOTTYHOMY
MOPSIZIKY, TIOYMHAIOYH 3 OCTAaHHIX BBEJCHUX;

® KapToTeKa — CTOpiHKa JUIi 30epeXeHHs NOCHIaHb Ha 3aBaHTakeH1 (paiiii, BIOPSAKOBAHHX 11O
Tarnkax;

® CIHCOK — CTOPiHKa, Ha AKil OAAIOTHCS CTPYKTYPOBAaHI JaHi SIK CIIMCKH 3 KUTbKOX TIOJMIB.
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BaxxTMBUM € pPO3TalIyBaHHS CaliTy, SKHA KOPUCHWH HE TUTBKH I PO3POOHMKIB, ame U s
kopuctyBauiB. OOpaHHS MiCIl1 PO3TANIYBAaHHS — BAXKJIUBHH KPOK, SAKAH JO3BOJMTH aIPECHO
MOCIYTOBYBAaTUCS  I[IKaBOKO  KpaiHo3HaBuoro  iHpopmariiero. Ockiabku  MIATOTOBYE  BifaineHHs
CximTHOEBPOMEHCHKOr0 HAIIOHATLHOTO YHiBepcuTeTy iMeHi Jleci YkpaiHku Mae BiIacHy CTOPIHKY, TO Oyi10
BUDIIICHO PO3MICTUTH Ha HIi TMOCHJIAHHS Ha HOBOCTBOpeHHH calT «KpaiHo3HaBCTBO Bia cityxauiB-
inozemmiB» (puc. 1). Bigcwmaemo kopucTyBadiB g0 caiity https://sites.google.com/view/country-
studies/home, Ha sikoMy BMilIeHO 3pa3ok mpe3eHTarfii ciayxada 2018-2019 HaByambHOrO POKy Amamry
Hiamno (puc. 2, 3).

=& CxigHoesponeiichKuil HalioHAAbHMI YHIBepcATeT iMesi JTeci Ypainkn
SCIENTIA VINCES

Hasiauws  Haycs vaswossui  Mowsaponyi sssen

Yipslkanoracyse!  AcouBy Esyosims  Tsopd sonestien  [yGahess Bhopmauls
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Puc. 1. Cropinka migrorosdoro Bignimenas CHY imeHi Jleci Ykpainku

cC 0O i sites.google.com/view/country-studies/home B T ™

KpaiHo3HaBcTBO Bif cryXauiB-iHo3eMLiB

Slide 1

Puc. 2. 'onoBHa cTopiHKa CaiTy, MEPIINi claiia mpe3eHTarii
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C )} # sites.google.com/view/country-studies/home B % ®

KpaiHo3HaBCTBO Bif cnyxauiB-iHo3eMUiB

ABTOp
Amajny
Jiamwno

I Yeprenn
\ 2019

JISAKYIO 3A YBATY !

16} slide32 ~ s I D

Puc. 3. 'omoBHa cTopiHKa caiTy, OCTaHHIN ClIaiij] Mpe3eHTallii

BucHoBKH Ta mNepcneKTHBH MOJAJIBLIIOr0 JociaigxkeHHs. [IpoBeneHe IOCTIIHKEHHS J03BOJISIE
3poOHMTH Taki BHUCHOBKHU. [lo-miepiie, 3amporoHOBaHa MOJEb IPE3EHTAIlli BUSBWIACS MPOIYKTUBHOIO,
OCKIUIbKY TIOPIBHSHO HEBEJIMKA KUIBKICTH CIIAWIB MiCTHJIa KOPOTKY iH(OpMAIIii0, fKa CYIpOBOKYBajacs
KOMCHTapeM, Jalla aJeKBaTHE VSBICHHS PO KOHKPETHY KpaiHy, BHKIWKaNa 3allikaBIICHHS TBOPIIB
TIpe3eHTAITIH.

ITo-mpyre, mix gac migroroBku mpesenrariii B Google Slides cimyxaudi-iHo3emii mif KepiBHHUIITBOM
BUKJIa/Ia4iB ONaHyBaJIM HOBY XMapHY TEXHOJIOTIIO.

[To-TpeTe, ITLOMY CIIPHUSUTH TEXHIYHI TIEpEBary, PYIIIHHOI CHJIOI0 SKUX CTajda BIACYTHICTH MOTPIOHOTO
MPOrpaMHOro 3a0e3MeUYeHHs Yy CayxadiB, 1 3py4YHOCTI HOBOI TEXHOJOril Ui HHX, OOIPYHTOBaHI
BUKJIQITa4aMH.

[To-yetBepTe, iHTErpallist pisHux noaaTkiB Google nama MoxIHBiCTH cTBOpUTH 3acobamu Google Sites
CailT TSt pO3MIIIIEHHS TIPEe3eHTAallii IPO PigHi KpaiHu CIyXadiB-iHO3EMIIiB.

[lo-m’siTe, CTBOpeHHsS CalTy YMOXIUBUTH JOCTYNI IO KpaiHO3HaBYOI iHQOpMamii MHIpOKOro Koia
KOpHCTYyBadiB.

[lepcrieKTHBHUM HANPSIMOM TIOAJBIIOTO JOCTIIKEHHS € HAIOBHEHHS CalTy poOoTamMu MaiOyTHIX
CIIyXadiB, CTBOPEHHS HAa HBOMY pI3HUX TEMAaTHYHHX CTOPIHOK i3 MeTOo (Qikcarii 3aKIIOYHOrO eramy
TepeBipKY 3HaHb 3 JUCHUILTIHA «YKpaiHChKa MOBa SIK iHO3EMHA.

Cnucok 0idtiorpagiynoro onucy
1.BerynHuii Kype 3 yKpaiHChKOI MOBH IS CTY/ICHTIB-iHO3eMIIiB ITiiroroBuoro BimmineHns / 3a pea. T. O. JlertsappoBoi. —
Cymu : YHiBepcuTercbka kuura, 2010. — 415 c.
2.T'opors €. 1. Notes on Ukrainian Grammar : HaB4Y.-M€TO/[. MaTepiajiy 3 rpaMaTHKN YKPATHCHKOT MOBH JIJIsl aHTJIOMOBHHX
crynenriB-inozemuiB / €srenis ['opors, Hina danwtok, Jlecs Manimon, Oxkcana Porau. — JIyusk : CHY imeni Jleci
Vkpainku, 2014. — 40 c.
3. Janumok H. O. Ykpaincbka MOBa sIK iHO3eMHa : podoya mporpaMa HOpMaTHBHOI HABYAIBHOT TUCIMILTIHU JUTs CITyXadiB-
iHo3emiiB miaroroBuoro BimineHns / H. O. danumiok, T. €. Macuupka. — Jlymek : Bexa-dpyk, 2017. — 24 c.
4.Kucenpos I'. JI. 3acrocyBaHHsSI XMapHUX TEXHOJIOTIH B aucTaHiiiiHomy HaBuanHi / I'. JI. Kucensos, K. B. Xapuenko //
CucremHbIl aHaMU3 ¥ uHGOpMAIMOHHBIe TexHomoruu | XV MexIyHapoaHas HaydHO-TexHudeckas kongpepenims «CANUT-
2013», 27-31 mas 2013, Kues. — Kues : YHK «IICA» HTYY «KIIN», 2013. — C. 351.
5.JTaBpimeBa K. M. [naycrpiansHuii miaxia 10 po3poOKy i BUKOHAHHS MPUKIATHUX CUCTEM B TeTEPOreHHHUX PO3MOAIICHUX
cepenosumiax /K. M. Jlappimea, A.1O. Crewsmuun  //  International ~ Conference  «Parallel and Distributed
Computing Systems», 13—14 Gepesus 2013, Xapkis. — Xapkis, 2013. — C. 196-204.
6.Macumpka T. €. Ykpaincbka MoBa sik iHo3emHa : Komynikartist / Tersna Macuipka. — JIyipk : Bexa-/Ipyxk, 2019. — 232 c.
7.HarionanbpHa crparerist po3BUTKy ocBiTh B Ykpaini Ha 2012-2021 poku // lupexrop 1Koy, jineto, rimuasii. — 2011, —
Ne 6.
—C. 25-43.
8.Ceitmamerosa 3. C. Obnaunbie cepBuchl B oopasoBannn / 3. C. Ceiinamerosa, C. H. Ceiirsenuesa // Undopmannonusie
TeXHOJoruu B obpasoBanuu. — 2011, — Ne 9. — C. 105-111.
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2012.

—Ne 10. - C. 119-121.

10. Xwmapni obuncnenns [Enexrponnnii pecype |. Pexxum nocrymy: uk.wikipedia.org/wiki/XmapHi_o64ucieHHs.

11. Yepusix JI. C. Wnrerpammsi — ocHoBa obiaka / JI. C. Yepnsk // Orkpeitie cucrembl. CYBJ. — 2011. — Ne 7,
[OnexTponusbIit

pecypc]. Pesxum ocryma: http://www.osp.ru/os/2011/07/13010473/.

12. IIupokosa E. A. O6naunbie Texnosnoruu / E. A. Illupokosa // CoBpeMeHHbIE TCHACHIIMH TEXHHYCCKUX HAYK: MATEPHAIIBI

MEKITyHapOIHOM 3a09HON HaydHOH KoH(pepeHuun. — Yda : Jlero. — 2011. — C. 30-33.

13. ymxira M. II. Xmapo opieHTOBaHE OCBITHE CEPEIOBHINE HABYAIHHOTO 3aKJIATy: CYJaCHHH CTaH 1 TEpCIeKTHBU
PO3BHUTKY
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TepHONTBECHKUI HAIlIOHALHII TEXHIYHHN yHIBepcUTeT iMeHi IBana [Tymrost.

AEPOJJUHAMIYHA MOJEJIb I'PYIIM BE3NIVIOTHUX JIITAJIBHUX AITAPATIB Y ITPOCTOPI 3
HNEPEHIKOAAMMU

Pomaniok JI. A. Uuxipa I. B. Aepoamnamiuna MojeJb Ipynd 0e3miJIOTHHX JITAJLHHUX amapariB y mpocTopi 3
nepemKoaaMu. Y CTaTTi JIOCIiDKYETHCS aepOIMHAMIYHA MOJIENb TPYIU OE3IUTOTHHX JIITATGHUX arnapariB y MPOCTOpi 3 MepeIIKoaaMH,
1oOy10By MoyIeri 3/1ificHeHO Ha OCHOBI MeToxiB (hopMyBaHHs TpaekTopii Dubins Ta nmpocropoBoi Teopemn Ilidaropa, momo rogorpada.
VY crarTi BU3HA4Y€HO, 1[0 OZlHA 3 KJIACUYHUX TPAEKTOPiil, 5Ika BUKOPUCTOBYETHCA I MAaHEBPY OE3MIJIOTHOrO JITAJIBHOIO arapary Bij
OJHi€T BUCOTH JI0 1HINOI Iie TIePEeTHH KPYIJIOl CIipalii, sIka MPOEKTYEThCs Ha TUIOMMHY X-Y Y BHIVIAII Kojia. Y TOpIBHSHHI 3 TEOPEMOIO
[Tidaropa, momo rogorpada, JOBKHHA TpaekTopii cripani Oynme Oinbhie, HbK Oyap-sAKa iHIIA Ta OLITBII TOYHA 32 (POPMOIO TPAEKTOPII.
Busnaueno npobieMy 00Xoy IepermKoy] Ta HaBeJeHo cxeMy Dubins IuIaxiB JBoX O€3MiJIOTHHX JIITAJIBHUX amlapariB y HABKOIUIIHOMY
CepesioBUIIl 3 mepemkogaMu. Ha OCHOBI 3a3Ha4yeHOi CXEMH OIMCAHO aNroOpuTM neperulanyBaHHa uusixy BITJIA2 3 perymroBanHAM
KPUBHU3HHM 3a JJOIOMOTOF0 IIPOMIXKHOT TOUKH, I1J0 BUHECEHO HA JPYTii cxeMi. 3a3Hauaerses, 1o a1 3actocyBaHHs BITJIA, BaxnuBo, mo6
Ge3mnepepBHICTh KpUBU3HU Oyita mporopiiiina 6idHoMy nprckopenHio BITIA, sk HaciioK, HEOOXiTHO MaTH KOHTPOJIbOBaHY KPUBH3HY
Ha KOPZIOHAX KPUBHX IHTEPIOJIALIT, a TAKOXK HAKJIACTH OOMEKEHHS MaKCHMAaJIbHOT KPUBH3HHU.

KirouoBi ci10Ba: 6e3MisIoTHUI JTITAIBHUN arapar, Neperikoau, IpocTip, aepoIMHaMiuHa MOJIEITb, TIOJIT.

Pomanrok JI. A., YUuxupa U. B. Aspoamnammudeckass MoJaeJb IPynnbl O0eCNUJIOTHBIX JIETATEJIBHBLIX aNapaToB B
NMPOCTPAHCTBE ¢ MPeNnsITCTBUSIMU. B cTathe UccieayeTcs: adpoAnHaAMHUEcKasi MOJICNb TPYIIIBI OSCITUIIOTHBIX JICTATEIBHBIX alapaToB
B MPOCTPAHCTBE C MPEISITCTBHSIMH, IMOCTPOCHUE MOJEIH OCYIIECTBICHO Ha OCHOBE METOMOB (HhOPMHPOBaHHS TpackTopuu Dubins u
MPOCTPAHCTBEHHON TeopeMbl [ludaropa, mo romorpada. B cratbe ompeseneHo, YTo OOHA W3 KIACCHUCCKHUX TPACKTOPHM, KOTOpas
HCIOJIB3YETCS ISl MaHEBpa OCCITHIIOTHOTO JICTATENILHOTO ammapaTa OT OJHOM BBICOTBHI K JAPYrOW 3TO MEPECCUCHUE KPYTJIOH CIUpaH,
KOTOpasi MPOCIUPYeTCs Ha MIOCKOCTh X-Y B Bujae kpyra. ITo cpaBHeHuio ¢ Teopemoit I[udaropa, mo romorpada, JIMHA TPACKTOPUH
criupaind Oyzaer Oonblie, yeM Jrodast apyras u Oosiee TouHas 1o (hopme Tpaekropuu. OnpeseneHsl mpodaemMy 00Xoaa MPEnsSTCTBUI U
npuBeacHa cxema Dubins myTeil AByX OCCIMIIOTHBIX JICTATCIBHBIX allapaToB B OKPYKAIOIICH cpene ¢ mpernsTtcTBusMu. Ha ocHoBe
YKa3aHHOW CXEMBbI OMHKCAH aJITOPUTM TieperianupoBku yTH BITJIA2 ¢ peryiaupoBKoii KpUBHU3HBI C MTOMOIIBIO MTPOMEKYTOUHON TOUKH,
BbIHECEH Ha BTOpoi cxeme. Ormeuaercs, urto s npumeneHus bBIUIA, BaxkHo, YTOOBI HENMPEPBIBHOCTH KPUBHU3HBI ObLIa
nporopionansHa 6okoBoM yckopenuto BITJIA, kak ciencTBre, HEOOXOJUMO UMETh KOHTPOJIHPYEMYIO KPUBU3HY Ha TPAHULIAX KPHUBBIX
MHTEPIIOJISIINY, @ TAKKE HATOKHUTh OrPAaHUYEHHST MAKCUMAJIbHON KPUBU3HBIL.

KuroueBble ci1oBa: OecIIUIOTHBIN JIeTaTeNIbHbIH annapart, NpensaTCTBH, IPOCTPAHCTBO, a3pOANHAMUYECKask MOJEb, IIOJIUT.

Romaniuk L. A., Chykhira 1. V. Aerodynamic model of a group of uavs in aircraft space. The article examines the
aerodynamic model of a group of unmanned aerial vehicles in a space with obstacles, the model is built on the basis of the methods for
forming the Dubins trajectory and the Pythagorean spatial theorem, according to the hodograph. The article determines that one of the
classical trajectories that is used to maneuver an unmanned aerial vehicle from one height to another is the intersection of a circular
spiral, which is projected onto the X-Y plane in the form of a circle. Compared with the Pythagorean theorem, according to the
hodograph, the length of the spiral path will be longer than any other and more accurate in the shape of the path. The problem of
avoiding obstacles is identified and the Dubins diagram of the paths of two unmanned aerial vehicles in an environment with obstacles is
given. Based on this scheme, an algorithm for redevelopment of the UAV2 path with curvature adjustment using an intermediate point is
described in the second scheme. It is noted that for the use of UAVS, it is important that the continuity of curvature is proportional to the
lateral acceleration of the UAV, as a result, it is necessary to have controlled curvature at the boundaries of the interpolation curves, as
well as impose restrictions on the maximum curvature.

Key words: unmanned aerial vehicle, obstacles, space, aerodynamic model, flight.

Beryn Ta mocraHoBka mpodOiaemu. B ymoBax peamizarii miaHyBaHHS NUISAXIB TPYMU Oe3MUTOTHHX
mitaneHux amapatiB (BILJIA), sxi 3'eqHytoTh BUOpaHi TOYKH, 00OB’S3KOBHUMH € OOMEXKEHHS, sSKi HEOOXiJTHO
npuiiHATI 10 yBarn. OCHOBHUM UYMHHHMKOM OOMEXEHHsI € KpuBM3Ha abo pazaiyc possopoty. lle, pazom 3
IUTAHYBaHHSIM HaWKOPOTIIOrO IUIIXY, BUMAara€ po3poOKHM MiIXoniB, fKi NPUAMAaTHMYyTh L€ OOMEXKEHHS B
PO3paxyHOK 3aralilbHOTO IIIIAXY Ta Oe3meuHoi Tpaekropii rpymu BIUIA.

JlocuTh 4acTo, BUTAHO MAaTH KOPOTKI IUISIXH, AJIS TOro, mo0 3BECTH 0 MIHIMyMY 4Yac MpojiboTy, a
TAaKOXX 3HU3UTU BUTPATy HaJMBa, 1 MOB'A3aHY 3 HUM EHEPril0 Ta MOTYKHICTb. MeToau IUIaHYBaHHS MOXYTb
OyTH pO3LIMPEHi Ui OTPUMAaHHS KOPOTKOTrO LUISIXY 3 OLTBLI JOBrUX MapLIPyTiB 3 METOK 00XOMy MEpEeIKo]
abo i cuHXpoHizauii yacy npuOyttss BIIUJIA. Anroputmm Ui NPOEKTYBaHHA HAaWKOPOTIIMX MapIIPYyTiB
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3aCTOCOBYIOTBCSl B Pi3HUX HayKOBUX cdepax, TAKUX SK OOYHCIIOBAIbHA TE€OMETPIis, AOCTIKEHHS onepamii Ta
norictuka. OpHie0 3 100pe TOCHIHKYBaHUX POOIeM B O0UMCITIOBAIBHINA TEOMETPIi € aJrOpUTM 3HAXOPKCHHS
HAMKOPOTIIOrO MapuipyTy, Akuii Oynao Bigkputo, me y 1987 pomi. 3amaya xomiBosbkepa 1 KHTaCBHKOTO
JIUCTOHOIII, IMPOKO BUBYAIOTHCS B Taiy3i NOCHIIPKCHHS Olepalliid, ajJe BOHU OYAYIOThCS y BHIIsIALI rpada i
pillileHb HE MalOTh.

Ha croronni, npu miiaHyBaHHI TPaeKTOPii MOJNBOTY aKTyaJIbHUMH € TPU BUAM MULIXiB: Dubins — nosx 3
JIyraMH TOCTIMHOT KPMBHU3HHU; KIOTOila — IDISAXH, sAKi cXoki 3 Dubins nuisixamu, ajie 3 gyramMu 3MiHHOL
kpuBu3naw; [lidaropa — rogorpad (PH) musaxy. KokeH 3 HEX Bonojie HU3KOIO TepeBar Ta HEAOMIKIB OfHAK Y
MonentoBanHi Xy BILJIA 3acTocyBaHHS iX € HEOOX1THOW YMOBOIO.

AHaJi3 ocTaHHIX HoCHimKeHb i myOuikamiii. B MOTOYHOMY JECATHIIITTI CIOCTEPIra€ThCs CTIMKE
3pOCTaHHS JOCHIDKEHb 1 pO3pO00OK IIOJO0 aepPOJMHAMIUYHOIO MOJCIIOBAHHS 33 HAIMPSIMKOM OC3MIIOTHUX
JTaTbHUX anapaTiB.

Huzka aBropiB P.O. benskos, I'.Jl. Pagsisinos, O.J]. ®ecenko, B.B. Bacunsuenko, O.I'. Llatypsu, A.B.
Mumanekuii, B.I1. Pomanenko [1] po3pobuin MeToauKy MOOYIOBH iHTENEKTYaIbHOI CUCTEMHA aBTOMATHYHOIO
yIpaBJiHHSA OE3MIIOTHUM JITAJIBHUM amapaToM JUis MiHiMi3amii TMoXuOku Oe3rmaTdopMHOi iHepIianbHOi
HaBIraliifHOT CHCTEMH 3a paxXyHOK 3aCTOCYBaHHSI HEHPOHHOT MEpexi.

1. boumapes, JI.I1. Kydepos, T.®. IlImensoBa [2], moCTiauny ToJ0BHI aClIEKTH ONTHMI3AIll CHCTEMH
VIIPaBIIiHHS JIETKOTO OE3MUJIOTHOTO JITATbHOTO anapaTty 3a YaCTOTHUM KPUTEpieEM, MaTEMaTHYHO OOTPYHTYBaB
BHOIp HAIIPSIMKY PyXYy Ta 00XiJ| epeiKoI.

Cucremy iH(pOpMaIIHHO-BUMIPIOBATIBHY Ta YIPAaBISIOUY MaJOPO3MIPHOrO OE3IJIOTHOrO JITaIbHOTO
amapaty IMiJBHUIIEHOT TOYHOCTI, 00rpyHTyBanmu cxemamu Ta pospaxyHkoMm [I.I. Boumaper, P.T [xadapsane ta
AM. Kosyb [3].

CToCOBHO MOJIeNIOBaHHs KiHEMaTHUKU Ta JAuHaMmiku nonbotry BITJIA, Bapto Bigmitut poboru HO. T.
Hanwuka, 1. 1. Bamnekoro, [4] ta 1. C. Karepunuyka, 0. I'. [lanuka Ta 1. I. Bamuipkoro [5]. ABTopu ieranbHO
ONMHCYIOTh MOXKJIMBICTh 3aCTOCYBaHHS aBTOMATUYHOTO YIPaBIiHHS cucTteMoro Hagiramii BIIJIA B ymoBax
MEPEIIKO/T Ta MEXaHI3MHU (POPMYBaHHS TPAEKTOPIT HONBOTY.

I3 3apyOiKHMX BueHHX BapTo Bigmitutu pobotu C. Mu, D. Wang [6], Z. Lin, D. Ma, J. Meng, L. Chen
[7],J. Yu, J. Sang, X. Gao [8], Y. Lv, J. Na, Q. Yang [9], Y. Sun, B. Xue, M. Zhang, G. G. Yen [10] Ta ixmri.

HesBaxkaroun Ha MacmTaOHICTh HAYKOBHX IOCTIIKEHb y cepi acpoauHaAMIYHOrO MOJICIIOBAHHS 3a
HampsIMKOM OE3MUJIOTHUX JITAJIbHUX alapariB, 3rajjaHa TeMa 3ajIHINAEThCS BHBUCHOI HE IMOBHOIO MIpOI0 Ta
moTpedye MomaIbIIuX TOCTiKEHb.

IlocTanoBKka 3aBAaHHA. Y cTaTTi HEOOXiMHO PO3POOHUTH aepOAMHAMIYHY MOJENh TPYMH OE3MUTOTHHX
JTAIBHUX arapariB y MPOCTOPi 3 MePEmKOIaMH.

Bukiiax ocHOBHOro mMartepiany AocaigxeHHs. BukopucTaHHsS ABOBUMIPHOTO IJIAHYBaHHS MapIIPyTy
4acTo 3ycTpivaerbest y mitepatypi [3, 5]. Ile mMoxe OyTv mMOB'si3aHe 3 HEBEIMKOK KUIBKICTIO TOCIIIKEHD
MJIaHyBaHHS MapHIpyTy Ha3eMHHUX poOOTiB, THM HE MEHII, MPH POOOTi 3 JMITATFHUMH anapaTaMH, J0 TUIOMIHMHA
pPyXy HEOOXiHO IoJaTH BHUCOTY Y pO3paxyHKax MaHEBpiB B KOCMOCI. 3 TOYKHM 30py IIaHYBaHHS TPAa€eKTOPIi,
MOYaTOK y TUTAHYBaHHI NUISIXY 3aJMIIAE€THCS AHAIOTIYHUM TIOYaTKOBOMY, TOOTO, MapaMeTpyd OJUHAKOBI y
MOYATKOBIM Ta KiHIEBii Toukax. MDaKTHIHO € TPHU MPOCTOPOBI KOOPAWHATH (X, Y, T), 1 TpH KyTOBI Opi€eHTAIlIi,
(kpeHy, TaHTaXy, HUIITTOPEHHS).

JocmimkeHHs MpoBeieHe Ha MPUKIIaIi JBOX METOIB!
tpaekropis Dubins;
npocTopoBa Teopema Ilidaropa momo rogorpada (zami — PH).

ts

t tor

to

Puc. 1 Tpusumipni ymoBu ManeBpy Dubins [11]
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OpuH 3 BapiaHTIB METOAY «BIiAPI30K — ayra» — 1e Meroa Dubins. Lleit Merox 3ria/pKkyBaHHS MOJSATAE B
3aMiHl MPUIETIMX 10 KyTa JIaMaHOl YacTHH BiIPi3KiB Ayru Kona. BigzHaummo, mo, Xxoya IUIAX MO METOAY
Dubins 3riamkyeThcsi, KpUBH3HA I[BOTO NUIAXY € PO3PUBHON, PO3PUBH BUHUKAIOTH B TOYKax 3'€THAHHS
BiZIpi3KiB 1 AYT KiJ.

TpuBUMIpHHI IUISAX TOILOTY 7§ ) MOXKHA OTPUMATH 3a JAOMOMOIOK) PillIEHHsI HACTYITHOTO PiBHAHHS:

rig)

E'(xf-'}?j'-' Zs.l Es.l 1:!‘]3} Pf{xf.l}?f.lzf.l Ef.l w‘fj

()] < K maw [T < Tgx )
ne T(t) — kpuBuU3Ha,
k(t) — xpydyeHHs TPAEKTOPIT;
r(g) — nuIAX noNLoTY;
X 21 Ver Zaa X, Vg, Zp — KOOP/IMHATH TI0YATKY Ta KiHIA IUIAXY BiNOBIIHO;
8., Y., 8¢, W — KyTH IOBOPOTY MOYATKY Ta KIHIIS UIAXY BIAMOBIAHO;

OpnHa 3 KJIaCHYHUX TPAEKTOPIN, IO BUKOPUCTOBYETHCS JUISI MAHEBPY OE3MIJIOTHOI'O JIITAIBHOTO anapaTy
BiJl OJIHIET BUCOTH JI0 1HIIOI € TIEPETUH KPYIJIOl CHipali, sika MPOeKTYEThes Ha MmiomuHy X-Y Y BUIIISII KOJa.
TpaekTopito MO)KHA NPEACTABUTH SK HAMOTYBaHHS Ha IIOBEPXHIO BEPTHUKAJIBLHOIO IWJIIHApPa. Baxauporo
BJIACTHBICTIO 11i€T KPUBOI € Te, 1O 1 KPUBU3HA 1 KPYUEHHS IMOCTIiHI, 1110 Y CYKYIHOCTI Ja€ pajaiyc HUIiHApa i
BUTOK cripan. Y mopiBHsHHI 3 PH, noBkuHa TpaekTopii ciipani Oyne Oubline, HXK Oynb-ska iHIIA Ta OUIBII
TOYHA 32 (HOPMOIO TPAEKTOPII.

Y3araapbHEHHSIM JIBOX METOJIIB € TeOpeMa.

Teopema 1. SIK11o 1Ba MOTHYHUX BEKTOpa . 1 tr 3'eIHaHI JIHIEIO BeKTOpa Ly, SIK MMOKa3aHo Ha puc. 1, TO

MaHEBp MO)Ke OyTH BUKOHAHHUH 3a YMOBH, SIKIIIO BC1 BEKTOPH JIEXKAaTh B OHIN IIJIOIIHHI.
Pucynok 1 mokasye, mo 1Ba TOTUYHI BEKTOPH 3HAXOAATHCS B PI3HHUX IUIOMIMHAX, a TOYAaTOK JOTHYHOTO
BEKTOpA £, HE JISKUTD B IUIOIIMHI, K& BU3HAYAETHCS IBOMA BEKTOpaMHU L i Lp.

Jiis oTpuMaHHS TPaeKTOpii MONBbOTY, HEOOX1THO BU3HAYUTH MMOYATKOBHI MaHEBP AYTH, IO TOPKAETHCS
JOTHYHOT'O BEKTOpY £ B TUIONIMHI, OO OTPUMATH L. lle Oyae rapaHTyBaTH, IO el BEKTOP 3HAXOAUTHCS B

OnHIM TUTOMMHI 3 Lf 1 £y, Tpaexropito Dubins MoxHa 00YMCIMTH 3a JOTIOMOIOI0 MMOBEPHYTOrO BEKTOpA L.~ B
SIKOCTI HOBOT'O BEKTOpa MOYATKY JOTHYHOI. HOpManmbHUiA BEKTOp Mg MOXKE OyTH BU3HAYCHUH SK HOpPMA JIO
JIOTUYHOTO BEKTOPA, & TAKOXK TAKUH, IO JISKHUTH B IUIOIIMHI, K& BU3HAYAETHCA L 1 £y, BiHOpMans BekTopy b,
CKJIaJIa€ TIpaBy TPIHKYy.

[louaTkoBa TpaekTOpis Oyne ckimagatucs 3 KOMOIHOBaHOI KPHWBH3HH TPAEKTOPIi IMOAO BEKTOPY
OiHOpMaJi, 3 TMONANBIIUM KpPEHOM, 100 BUOyAyBaTH HOpPMaslbHI 1 OiHOpMaui BeKTOpH, sl (OpMyBaHHA

ocraTo4uHoi Tpaektopii Dubins. Tomy Tpaektopiss Dubins ckimagaerbcsi 3 OfHIET TUIONMHU KOJNAa TPAEKTOPIi 3
BHU3HAYCHHSIM KPHUBU3HU Kz 3 HOPMAIBHOTO 3aMyCKy TPAEKTOpii Kola 3 BH3HAYCHHSIM KPHBU3HU K, Ta

IPSMOJIIHIHHOT TPA€KTOPIi 1, HAPELIT, 3aKIHYEHHS TPAEKTOPIT KOJIA 3 BUSHAYEHHAM KPUBU3HU K.

3acrocyBaHHa wMerony Dubins momsirae 'y mudepeHIiTHO-TEOMETPUYHUX —KOHIICIIIIAX, MEeTO
mpocTopoBoi Tpaektopii Ilibaropa PH, oTpumyroTb 3 BHUKOPHUCTaHHAM TEPIIOrO TMOPSAKY €pMITOBOT
inTepnonsnii. OTpuMaHa TPaeKTOpis MOAATKOBO HAJAITOBaHa Ha 30iMbIIeHHS Tpaektopii nmombory BILIA
IUTSTXOM 301UTBIICHHS TOBKWHU TPAHUYHUX JOTHYHUX BEKTOPIB.

[loyatox mMaHeBpy Moxe OyTH BHU3HA4YE€HHH 3 ypaxyBaHHSIM OCHOBOI JiHII MDK JABOMa IOJOXKEHHSIMH. 3
TOYKH 30pY KOXKHOI IMO3UIIii, TO3UTHBHE UM HEraTUBHE OOEPTAHHS BiJ IOTHYHOI'O BEKTOpa A0 LEHTPAIbHOTO
BeKkTOopa Oy/e BU3HAYEHO 3HAKOM KPWBU3HH IS KOXXKHOTO MaHeBpy. Ha modaTky maHeBpy i Ha Horo ¢iHimri
BIUIA 3milicHIO€TBCS TIOBOPOT BiIIOBIIHO /10 TOTUYHOTO BekTopa t,. Takum unHOM:

[tmf,nmf,bmf] = [tfjn_fbe]Rf
e
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1 0 0

RS:(G cos(@.) —sm(rirs})
0 sin(g.) cos(g.)
1

0 0
R, =(0 cos(os) —sin(of) 3)
0 sin{cpf} cas{qﬁrf}
¢ 1@y — KyTH IOBOPOTY /ISl MOYATKOBUX 1 (QiHIIIHMX MAHEBPIB JIiTaKa.

Paniyc-BexTopu Moxe OyTH BU3HAYCHO, SIK

0

= [tml'ﬂmjbm] i-lg'rks (4)
0

1, aHAJIOTIYHO,

0
1

= [tmfjnmfjbmf] T H'rkf (5)
0

BaswucHi BekTopH MoB's13aHi
[tr.np by ] = [t n., bR (6)
ne R e marpuiero o0epTaHHs Ha Ky MOTpiOHO 3MIHUTH BiCh Bijl MOYATKy J0 (iHINTY.
Takum 9HHOM, MaEMO
R = (tznp,bs) - (to,mg, b,) (7)
3BiICH
teet, teeomg teeby
R=|ngt; mgn, ng-b; 8)
be-t, bg-n, bg-b,
3'enHyBaNbHI BEKTOPH YTBOPIOIOTH OPTOTOHAIRHUHN HaOip BeKTOpiB. KOJKeH BEKTOp JIGKUTD Y BiAIIOB1THIMA

IUIOIIMHI MaHEBPY, sKi He 30iraroTbcs. BHYTpIlIHIN 3'€eqHYBaJbHHI BEKTOP € 3arajbHUM ISl 000X MaHEBPIB
BIJTA. Takum 9UHOM, MOYKHA 3aITUCATH Y BUTJISIII:

ﬂgzﬂ[tm MNoms bm]ag
ar = altmg Mmg  Dmglog ©)

s Ler
Hy = (ﬂns) Ta oty = (txnf) (10)
Dys Xy
Penep ®@peHe A1 ABOX IJIOLIMH MaHEBPY MOB'A3aHO 3

[tf Mg I;':I.f]:[ts' M bs]R;
[tms Nmg bmel=[tr 71y bf]Ry,

[tms Mons bm]:[ts o bs]Rs- (11)
Uepes
[tms Mons bm]R;:[ts e bs];
[tm_f Momf bmf]R}'z[tf My bflz[ts Mg bs]Rz[tm Moz bm]R;R
12)
Ta
[t Mmp BmglEltme Moms bm]R;RRf (13)
Lle o3nauae, 1o
tt; = R.RR e
ar = R;RR ., (14)

Paniyc-Bexropu R 1 B¢ Takoxk MOXYTh OyTH OIMCaHi B OCSX MOYATKY MAHEBPY, K
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0
Te = [tms Mg Bms] iif;,;g
0
0
1
17 = [tms sy s JRIRR | £ 7/, (15)
0

Bekropu Takok MOXKYTh OYTH BU3HAYEHI B OCSX IMOYATKY MaHEBPY, Y BUIIISII
+1
g, == fks [tminmi bm]ﬁsi

+
= _1z’ kg [t Mmgs B B

o= iifkf [t1mss omss Dms JRERR B (16)
JopxuHa nuisixy Dubins 11e cymMa JOBXHHH IIMX CEIMEHTIB sSIKa 3aJIa€EThCS K
ar; v 44
h,.-:[um—:m:—:au:l.rr.mq;nublns =hi+h,+a.+ hf = E,"rks + sszs +a f/kf (17)

ne h — e 1oBKMHA IIISAXY;
5 tif — mouaTkoBa ayra IDIIXY, 3arajibHa JOBXKHWHA IDISIXY, KIHIIEBA JAyTa XY,

I — CerMEHT OyrIH,

£ — KyT JyIH;

k — xpy4eHHs.

Insx PH 3abe3nedye 3MireHHs] KpUBOi y 3aMKHYTIH ()OpMi TIONIHOMIB.

PiBusaus (18) € GaratowsieHOM pO3pOOJICHUM JIIsl IHTEPITONAIT BUTLHUX BEKTOPIB Ha KOpAOHI. BinbHI
BEKTOpPH MaroTh mosmmii (x,¥,z) i manpsam (8,4y!) B mpocropi. KpuBa iHTepmomsmii ABOX TakuUX BEKTOPIB
Ha3WBAETRLCS iHTEpIIoNAMicro Epmita. OTprMaHa KprBa MaTUME JOTHYHY CIAJKOEMHICTD, ajie HE CITaIKOEMHICTD
kpuBu3HU. i 3acrocyBanHs BITJIA, BaxiuBo, 1100 Oe3mepepBHICTh KPUBU3HU Oyiia HpOMopIidiHa GiYHOMY
npuckoperaio bITJIA. TakuM umHOM, HEOOXITHO MaTH KOHTPOJHOBAHY KPHUBH3HY Ha KOPJIOHAX KPHUBHX
THTEPITONAIIIT, @ TAKOXK HAKIIACTH OOMEXEHHS MaKCHMAIbHOI KPUBH3HH.

Qlg) = Ef:uQe(lz.)q*(i -q)*%  gqe[01] (18)

e mo3Bomuth 3abe3neuntr pianid muisix bIUJIA. Tenep, kpuBa PH mpencraBnena B m'atromy mopsaKy
MTOJTIHOMiaJTEHOI POPMU K

5 -
r(@) = Bi=obe () a*(1-5%  qe 0] (19)
ne by = (x3,¥y, Zx) — KOHTPOJIBHI TOYKHU, BEPIIMHM AKMX BU3HAYAE YIPABJIHHA GaraToKyTHHKA be3be
3k =0,...,5.
[ToyaTKOBUMH i KiHIIEBUMH KOH(DITyparismu € P, (X, Vs, Zs, G, W) i Dr (xf, Y2, 15}-, P J.-'jl, BIJIIIOBIIHO.

YoTupr KOHTPOIBHI TOYKH TONIrOHIB be3be pO3paxoBYeTHCS NIITXOM €pPMITOBOI IHTEPHONSIi IEPIIOTo
MOPSAKY HACTYITHUM YHHOM:

IE:'II!I = (xm Yz ZS'}-'
by = {xf,}}sz},
dg = mplcos(8,)cos(y,), cos(8,)sin(y,),sin(8,)],
g = Mg [cas{ B¢ }cas{i,!) £ }, cas{ B¢ }sm {wf }, sin I[H‘f }],
by =bp+ 12"5%.;
bq_: b5+1j5 dE-’ (20)
[Ipu opienTarnii BukopuctaHo chepudni koopauHaTH. KOHCTaHTH My 1 Mg BiNirpaloTh BUPIMIAIBHY
POJIb y CKITaJaHHi KPUBOI IHTEPIIONIALL.

[IpoGnema 00xoxy mepemKoa TiCHO MOB'I3aHa 3 IUIAHYBaHHAM LUISIXY, TOMY L0 HasBHICTh MEPEIIKO/,
SIK TIPABHJIO, TPU3BOAMTE 10 HeperulanyBaHHs NULIXiB. [InanyBanns musaxy 3 ooxonom nepemkoa B 3D € Ginbin
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CKJIaJJHUM, TOMY ILI0 MIPHU TaKOMY IUIaHYBaHHI € HECKIHUEHHO 0araTo HampsIMKiB Juia MaHeBpiB sk aist BIIJIA
TaK 1 JUIs IEPEIIKO/,

Hnst Toro, mo0 MaHEeBpYBaTH B HABKOJIMIIHBOMY CEPEIOBHIII, sike MOBHO mnepemkon, bITJIA moBuHeH
OyTu 30aTHUH OOYMCIUTH TPAEKTOPIi, AKi OyAyTh MjaBaTH HABKOJO IMX MEPEIIKO] 1 MOBUHEH OyTH 3AaTHUM
MPUXOIUTH 10 KiHIIeBOI Touku. OTKe, € BUMOra, OOYUCIIUTH KOMIIO3UTHI TpaekTopii Dubins, siki BKIFOYaIOTh
MaHEBpH YXWIICHHA. Y pa3i BUHUKHEHHS €JMHOI IMEPEHIKOAM, IO TEepeTHHAE MPSMONIHIAHUNA CEerMeHT
crangapTHOi Tpaektopii Dubins, 1Ba BapiaHTa YHHKHEHHS TPaeKTOpii MOBHHHI OyTH pO3paxoBaHi Il KOXKHOI
nepenikonu. Tak sk craHAapTHA TpaekTopis Dubins ckilamaeThes 3 M'SITH CErMEHTIB, 3 MOYATKOBUX, IPOMIXHHUX
1 KIHIICBUX MaHEBPIB JOyrH, pa3oM 3 JIBOMa MPSIMUMH BiIpi3kamH. Y TOYATKOBiH 1 KiHUEBIH My31 MaHEBpH
Mo (piKOBaHO, 00 BiIPi3KK OYJIH JOTUYHUMH JI0 TIEPEIIKOIM KOJa.

SAxio BJIITA BusBIIsS€ MEepeHIKOay 3a JOMOMOIOK JIaTUyUKa, PO3TAIIOBAHOIO Ha OOPTY, JIiTaK MOBHHEH
MOBTOPHO CIUIAHYBaTH ILIAX a00 MUITXOM 3MIHM KPUBHM3HM MDK JIBOMa TOYKAMH PO3TIIHYTOrO BHIAJKY a0o
MeperiaHyBaTH [UISX 3 BUKOPHCTAHHSM MPOMDKHOI ToukH. [lepemkony mpoxomsiTe MepeBipKy BU3HAUYCHHS,
SKIIO Pajiyc IMepenKoay TIepeTHHae TpaekTopito abo «Oe3nmeky» BIUJIA. Skmo pazniyc mepemkoiaw He
nepernHae Tpaektopito BIIJIA, To mepernanyBanHs He morpiOHO. Lle mMoxxe Oytu 3poGiieHo abo MUISIXOM
30UTbIIEHHS] KPUBU3HU TPAEKTOPii, a00 HIISXOM CTBOPEHHS MPOMDKHOI TOYKH 1 3 MOJAEIHOBAHO HOBUH NIISX,
SIKUI BKJIFOUA€ B ce0€ HOBY KOJIIHHY TOUKY.

Skmo npumycTuTH, MO Jpepemsogs € MEpeKon00 y patiyci 6e3nexn BIUIA Ogezpeya, TO YMOBOKO ISt

YHUKHEHHSI 3ITKHEHHS Oy/ie
Gnepeu:lecu,:l;a n Gﬁean:eeca =0 (21)
Cxema JuIs cepeI0BHUIIa TIOBHOTO MEPEIIKO]T [T0Ka3aHa Ha PHC. 2.
[lepermkomayu MOAEIIOIOTBCS Y BHIVISIAI OaraTOKYTHHKIB, 00JacTi Ta KOOpAWMHATH SKHUX BiJOMI.

[TmanyBaHHs NUISAXY TPYIH OC3MUTOTHHUX JITATBHUX anapaTiB MOXKHA 3aITUCATH Y BHTJISI:
Pij—alq)
Posj-1(¥aijmt,Vai i1, Osii-1) = Praj(p.5 Veis 65.07) (22)
[ = 11 e s NEMLTAS .f = 21 "'Jn'pi |kz(q}| = Ii‘::vru'z:ri ]-[Eesn:ee-:aJ Hqus:—xu:—:a'
(23)

Mg — € YUCTI0 OE3MUTOTHHX JIITATBHUX araparis,

25

KiHueBa 6a3a
npubyTTS

20

15 7

10—

MouaTkoBa 6asa
BUIBOTY

5 10 15 20 25 30 35

*po3pobka asmopa na ocnosi [4,8]
Puc. 2 Dubins masxu 1Box 0e3MiJIOTHUX JiTATbHUX anapaTiB y HABKOJUIIHbOMY CepeI0BHIIi 3
nepeuKoIaMu

s peanizanii anroputMmy npuiimemo asa BITIJIA. O6unsa BIUIA € ogHopigHuME 32 CBOIMH (i3HYHUM
MOJIBOCTSIMH, 1, OTXKE, BOHU OOU/IBA PYXAIOThCS 3 OJIHIEIO MIBHJIKICTIO i MAIOTh OOMEXEHHSI KPUBH3HH.
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Pucynok 2 nokasye TpaekTopii ABOX O€3MiTOTHUX JIITATBHUX alapaTriB Y HABKOIUIIHBEOMY CEpEIOBHIII
3 mepemkonamu. nsax monsoty Apyroro 6e3miiotHoro JitaigsHoro anapaty BIIJIA2 nepernnae mepemkony i
OUISIX TPOJABOTY Mepmioro OesminoTHoro JjditanpHoro amapaty bBIIJIAl. Kpususna myrm umsixy Dubins
pi3HOMaHiTHA MO0 YHUKHYTH pajiyc 3arpos3u. PucyHok 3 moka3sye, HOBUI Oe3MeuHuil NUISX Micis 301IbIIeHHS
kpuBHu3HH TpaekTopii BITJIA2, mist pimeHHs Tiei 5k 3aqa4i 3a JONOMOTOI0 TIPOMIXKHOT TOYKH.

[Ticnst Toro, ik mepemKkony nepeTuHy 0yino BUSBIEHO, MPOMKHI TOUKH T€HEPYETHCSL.

25
KiHueBa Ga3sa

npubyTTA

0 — prcy

© []

y

— A T ST T T T ’.

IIpomixkHa TOUKa
5 —
MouaTkoBa Gasa
BUNLOTY D

5 10 15 20 25 30 35

*pospobka asmopa na ocrosi [4,8]
Puc. 3 IlepennanyBanss muisixy BIIJIA2 3 pery/iroBaHHAM KPUMBH3HH 32 JONIOMOI0K0 MPOMIKHO1
TOYKHU

[lepernH MUTAXiB BU3HAYAETHCSA IHTEPAKTHBHO Ul KIJIOTOIMM MYTOBHX CErMEHTIB, a MEPETUHH JiHIA 3
eITiNciB MOXKYTh OyTH BUSBJIEHI 32 JJOIOMOT OF0 TIPOCTOT T€OMETPii.

IIpoMiKHMI IUIAX TPOBOAUTHCS Ul KOJKHOTO IEPEXPECcTs B MEKax 30HM paaiycy mepemxonu. Ilicms
[bOTO, NIUISAXH MEPETUIAHOBYIOTHCS, 00 MPOUTH Yepe3 HOBI TOUKK MojentoBaHHs nursixy BITJIA.

BucHoBkH. Y CTaTTi PO3KPUTO METOAWKY MOOYAOBH aepOAMHAMIYHOI MOJENI Tpymu Oe3MiJIOTHHUX
JMTAIBHUX arapartiB y mpocTopi 3 mepemkogamu. HaBegena Momens € BIOCKOHAICHOIO METOIMKOI MOOYIOBH
TpaekTopii momeory BIIJIA B ymoBax mepemkon. AepoauHaMi4HOI MOJENi, MIO ONKCaHa, MOXe OyTH
BHKOPHCTaHa, Y SIKOCTI cTiifkoi Mmoneni rpymu BIIJIA B ymoBax hopMyBaHHS TPa€KTOpii MOITBOTY.

AnropuTtM MOOYIOBH aepOAMHAMIYHOI MOJIENi TPYIH Oe3MUTOTHUX JITaJhHHUX anapatiB y MpocTopi 3
TIEPEIIKOIaMHU € CTIHKAM JI0 30BHINIHIX Ta BHYTPIIIHIX BIUIMBIB. 3alIpONOHOBaHA METOJMKA 3HAYHO CKOPOUYE
Yac MPOEKTYBaHHS, Ta BUTPATH HA IPOEKTYBAHHS. A pe3y/lbTaT MOJCIIOBAHHS € JAi€BUM Ta OC3IIOMUIIKOBUM.
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IosoBina Hina AnaroaiiBHa, kann. ¢iz-MaT. HayK., IOIEHT Kadeapu eKcriepuMeHTanbHol (i3uKn Ta
iHpOpMaiTHO-BUMIPIOBaIbHUX TEXHOJOT1H

CximHOEBpONEHCHKII HAliOHAbHUH yHiBepcUTeT iMeHi Jleci Ykpainku

METOJ MOMEHTIB SIK IHCTPYMEHT KOMIT'IOTEPHOI IIATHOCTHUKHA HABYAJIGHOT TISITTBHOCTI

I'osioBin M.B., T'onoBina H.M., I'ysayoB J.M., I'onoina H.A. Metox MOMEHTIB $IK IHCTPyMEHT KOMII’IOTEpPHOI
DiarHOCTHKH HABYAJBHOI AisIbHOCTI (HAa MPHKJIaai BUBYEHHSI mporpamMyBaHHs1). [IpoBeneHMH MOIENbHUI PO3TISAN JUHAMIKH
TpaHchopMaIliif CTaTUCTUYHHUX PO3IOAIIB NIBUAKOCTEH HAaBYAIBHUX Ail BEJMKUX rpyn ydHiB. st mociipkeHHs 3MiH OyB 3aCTOCOBaHMI
MaTeMaTHYHMI amapar MeTOJy MOMEHTIB. AHali3 AWHAMIKM 3MiH MOMEHTIB PO3MOIUIIB MEPIIOro — YeTBEPTOro MOPSJIKIB, IO
BiZIOYBarOThCS B MpOIECi HABYAHHS, Ja€ 0a3uc U1 00’ EKTHBHHX IHTETpaIbHUX OI[IHOK MPOXOKEHHS MPOIlecy HaBUaHHSL.

Kitro4oBi ci10Ba: cTraTHCTHYHI PO3MO/UTN, METO MOMEHTIB, KOMIIETEHIII1, MOJIeNTb, HABYAHHSI, 3HAHHS, YMiHHS Ta HABUYKH

I'onosnn H.B., I'onopnna H.M., I'yzauos /.M., I'omoBuna H.A. MeToq MOMEHTOB KaK MHCTPYMEHT KOMIBIOTEPHOIi
JAUATHOCTHKH Y4eOHOH JesiTeJJbHOCTH (Ha NpuUMepe M3Y4eHHsl nporpamMmupoBanus). IIpoBeleHO MOJEIBHOE paccMOTPEHHE
JIMHAMHMKH  TpaHC(OpPMAIMil CTaTHCTHYECKHX paclpeleieHnil ckopocTel yd4eOHbIX JeicTBuil Oonmpliux rpynn ydyammxcs. Js
UCCIIEZIOBAHNUS M3MCHEHUH ObUI NMPHMEHEH MaTeMaTHYeCKHMi ammapar MeToJa MOMEHTOB. AHaJIM3 JHMHAMHUKHA M3MEHEHHH MOMEHTOB
pacnpezesIeH!i epBoro - 4YeTBEPTOro MOPSIKOB, MPOUCXOAIINX B Ipolecce 00ydeHus, AaeT 6a3uc s 0ObEeKTUBHBIX MHTEIPATIbHBIX
OIIEHOK NPOX OXKJIEHHS IIPoLiecca 00yUEeHHI.

KiroueBble ¢j10Ba: CTaTUCTHYECKUE PACIPEISIICHHs, METOl MOMEHTOB, KOMIIETEHLIMH, MO/Ielb, 0O0y4eHUe, 3HAHUs, YMCHUI U
HaBBIKU

Holovin N.B., Holovina N.M., Huzachov D.M., Holovina N.A. Method of moments as instrument of computer diagnostics
of educational process (on the example of learning of programming). The author has carried out the model analysis of the dynamics of
transformations of statistical distributions of the speed of academic activities of big group of students. For the research of changes, the
author has used the mathematical apparatus of the method of moments. The analysis of dynamics of changes of the moments of
distribution of the first — fourth order that take place in the course of education provides the basis for the objective integral evaluations of
the process of education.

Key words: statistical distributions, method of moments, competencies, model, education, knowledge, skills.

IlocranoBka HaykoBoi mpodjemu. CydacHi cepemHi IIKOMM 1 BHINI HABYAJIBbHI 3aKIagll IMTOCTYIIOBO
HAaCHYYIOTBCS KOMIT IOTEPHOIO TEXHIKOIO. Y 0aratboX MICIX ii CTa€ ITKOM JOCTaTHBO UTSI BIPOBAKEHHS
KOMII FOTEPHO-OPIEHTOBAHWX TEXHOJIOTIH HAaBUYaHHS B IIMPOKOMY KOJi AWCHUILIIH. JlucTaHMiiHI Kypcw,
Hanpukian, B cepenouil Moodle, MoxxyTs OyTu B 3HauHil Mipi aBToMaTn30BaHi [1, 2]. ¥V Takux TEXHOJIOTisIX
YOCOOIOIOTECS CydacHi 3a04Hi ()OpMH OCBITH. ICHYIOTH TaKOXX YHCIIEHHI TPEHIHTH MiABUIIEHHS KBamidikarii,
AKi BHMAaralTh IIBHIKMX Ta MAaKCHMaJbHO €(QEKTHBHHX CYYaCHHX KOMIT IOTEPU30BAHUX TEXHOIOTIYHUX
miaxoniB y HaB4aHHI. KoMIT'toTepHa AiarHOCTHKA, IO pPEeaNli3yeThCs B IMPOIECi aBTOMATH30BAHOTO HABYAHHS
BEJIMKUX TPYIl YYHIB, CIlyXadiB KypCiB Ta CTYACHTIB, € MOTY)KHHM JDKepenoM iH(opMallii CTOCOBHO TMpPOIECiB
(bopMyBaHHS BiAMOBIAHUX TPOGECIHUX KOMIIETEHTHOCTEH, 3HaHb, YMiHb Ta HABHYOK [3].

AKmyanbnum TWTaHHAM OIIHKA KOMIT FOTEPHO-OPIEHTOBAaHMX METONMK HABYaHHS € KOPEKTHA
MaremMaTHnyHa OOpoOka iX pe3ynbTaTiB. Taka 00poOKa MO3BOINSE ONTHMI3YyBaTH MPOIEC ABTOMATH30BAHOTO
HaBYaHHS, MPUIIBUAMIUTH HOTO Ta MiABUIIUTH e(EKTUBHICTh. Y IHOMY CEHCi MOTPIOHI HE OMIHKH OKPEMHX
YUHIB, a y3arajJibHeHi XapaKTepUCTHKU BCHOI'O MPOLECY HABYAHHS — CTATUCTUYHI PO3IOIUIN OLIHOK, PO3IOILIN
MIBUAKOCTEH BUKOHAHHS 3aBaHb, aHAJI3 0COOIMBOCTEH X PO3MOALTIB HA Pi3HUX eTanax HaBYaHHS.

Memoto uici pobomu € monudikailis MaTeMaTHYHOrO amapaty METOay MOMEHTIB [4] mist posrisay
JTTHAMIKHY 3MiH CTATUCTHYHUX PO3IMOJILTIB Pe3yNIbTaTiB HABYaHHS, MOJICTIFHUI PO3TIIs X TPaHCHOpMAIIii.

AHaJIi3 nonepeaHix eKcrepuMeHTAIbLHUX T0CIIIKeHb Ta MUTAHHS alPOKCUMAaIil pe3yJbTaTiB.

Komn’rorepHa miarHocTika TMpoleciB HaBUAHHS € PKEPEIOM PI3HOMAHITHUX CTATHCTUYHUX PO3MOJILTIB.
Po3moinyg mMBHIKOCTEH BUKOHAHHS 3aBJIaHb BEITMKMMH IPyNaMH CTYICHTIB JOCTIDKyBaaKch B poborax [5-7].
Bonu Manu BUTTISI MIMPOKUX, aCUMETPUYHHX, EKCIIEPUMEHTAILHIX KOHTYPiB. Byno 3adikcoBaHo, 1m0 B mporeci
HaBYaHHS LI KOHTYPH 3MIHIOIOTh CBOIO ()OPMY 1 3MILITYIOThCS B LIKaJi yacy. bymo Takox mokazaHo, 10 KOXKEH 3
TAaKUX EKCIIEPUMEHTAIbHUX CTaTUCTUYHUX KOHTYPIB 3pYyYHO alpOKCUMYBATH CYMOI HOPMaJbHHUX (TayCOBHX)
KPUBHUX 3CYHYTHUX OIHAa BiIHOCHO onHOi B ImKajii yacy. KokHa 3 raycoBuX KpuBHX (iKCye CBili CTaTHCTHYHO
pO3IONUIEHNH piBEHb KOMIIETEHTHOCTI Y BUKOHaHHI 3aBaaHb. llepepo3moainu BKJIAJIB LUX HOPMAaJbHUX
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KOHTYpIiB B CyMapHHMH PO3MOALI, B Mpoleci HaBYaHHS, Ja€ TpaHcPopMalito GOpMH CyMapHOTro KOHTYpY. Jlis
MOJANBIIOTO JOCTIIKEHHS LIKaBUM € MOJETbHUI aHaii3 TpaHnchopmaiiid GOpMHU CTATUCTUYHUX KOHTYPIB, IO
BiIOyBa€eThC B Tporieci HaBuaHHs. OCTaHHE OA€ MONCAUBICID UILIU 3Q MEXHCI CYMAHIMAPHO20 002060PECHHA
PiBHI6 KomnemeHMHOCHI ma MamemMamuuHo eudinumu ui piGHi, a makoyic nodauumu o0cooaugocmi
nepexooie Mixyc pieHAMU KOMNEmMeHMHOCHI.
BukJax ocHoBHOT0 MaTepiany i 00IpyHTYBaHHSI OTPUMAHMX Pe3yJabTaTiB.
Mooenvruii nioxio 00 po3yMiHHA HAGUAILHUX NPOUECI8 BEIUKUX 2PYN YUHIG

Cymuicmo M00e1bH020 eKCHepuMeHmy, 10 TPONOHYEThCS B POOOTI, € OPUTIHAJILHUM 1 IOJIATaE B
(ikcallii MBUIAKOCTI BUKOHAHHS OKPEMHX 3aBJaHb B MakeTax TeCTiB. Ha MIBUIKICTP BUKOHAHHS 3aBlIaHb
BILIMBAIOTh PI3HOMaHITHI CTOXaCTU4HI (PaKTOpPH, aJpKe Cy0’€KTH HABYaHHS PO3PI3HIIOTHCS PIBHEM MiATOTOBKH,
MalOTh Pi3HI BPO/UKEHI Ta HaOyTi B Mpolleci HABYaHHS 3AaTHOCTiI, Y HUX MOXKe OyTH pi3Ha MOTHBALis JI0
JISTIBHOCTI, HEOMHAKOBUH IOTOYHMI eMOMiHHUI craH, Mipa cromieHocTi. CykynHicTh 1uX (akTopiB
00YMOBIIIOE Pi3HY IIBUIKICTh BAKOHAHHS 3aBJJaHb OKPEMUMHU CTyJeHTaMH. ToMy Hajali IpuiiMeMo HacTyITHE.

Mooenvnuii po3nooin 6UKOHAHUX 3A60AHb 3d IX YACOM BUKOHAHHA MAE 6U2IA0 HOPMAIbHO20. AllKe
3HA4YEeHHS TaKol JOCHIKyBaHOI Oe3nepepBHOi BUMAIKOBOT BETMUMHH, SIK Yac BUKOHAHHS 3aBllaHb (popMyeThCs
Mi/i BIJIABOM BEJIMKOTO YHMCIa HE3AIeKHUX BUMAJKOBHX (PAKTOPIiB, MPHUUOMY CHIIA BIUIUBY KOXKHOT'O OKPEMOTO
(dakTopa Mana i He MOXe IIPEBATIOBATU Cepe]] IHIINX, a XapaKTep BIUIMBY — aJUTUBHUN. BB BUMaaKoBOTO
(dakTopa Ha 4Yac BHKOHaHHS (OpMyeTbcs 3 BHUMAAKOBOW '"moOaBkoro". L1 mobGaBka BapiaTWBHA, Maia, M
piBHOBIpoOrijHAa 3a 3HAKOM. Lle KopeItoe 3 3arajibHO BXKUBAHUMH T1IX0JIaMH MTOSICHEHHST MeXaHi13My (pOpMYBaHHS
HOPMAaJILHO PO3IOJIUICHUX BUTIAJIKOBUX BeTHYMH. DOpMa KOHTYPY HOPMAIILHOTO PO3IOJILTY Ma€e BUTIISLI (puc.1).

A e—(t—to)2/2c72
N2mo

He I(t- cymapHa KUIBKICTP BHKOHAHHMX 3aBIaHb PI3HUMHU Cy0’€KTaM{d HaBYaHHS, t — Yac BHKOHAHHS
3aBIaHHS, to —IICHTP PO3MOALUTY 110 Yacy. G — TUcIepcis (IMUpUHA KOHTYPY). A — aMITIITya B MAKCHMYMI.

3maTHICTh 0 BUKOHAHHSA 3aBAaHb B IIPOIECi HABUAHHS TEX CBOJIONIOHYE. I[IpakTmdHa HaBYabHA
TUSUTHHICTE CKOPOYYE Yac BUKOHAHHS 3aBaaHb. OIHAK 11¢ CKOPOUEHHS IS Pi3HUX CTYACHTIB pi3He. LlikaBoro €
JTUHAMIKa IUX TIPOIIECiB, B CEHCI TpaHCopMaIlii CTATUCTAYHUX PO3IOALTIB MIBUAKOCTEH BUKOHAHHSI 3aBIaHb.

BapiaTuBHICTH 3JaTHOCTEH MO MISTIBHOCTI Ta HAOYTTSA KOMIIETEHTHOCTEH, IO MO IIi€i IisSUTbHOCTI
MIPUBOIUTH 0 MOJEIBHUX PO3MOALTIB Cy0’€KTiB HaBYaHHS 3a dacoM (IIBHUIKICTIO) BUKOHAHHS 3aBaaHb. Lli
PO3MOITN 3MIHIOIOTH CBOIO (JOPMY B IIpOIleci HABYAHHS i MOXYTh OYTH MIHHWM MaTepiajoM JUIs aHaTi3y
BIMOBIIHUX HAaBYAILHUX IMpoIeciB. BapiaTWBHICTh BPOMKEHHX Ta HAOYTHX 3JaTHOCTEH JO pO3B’SI3yBaHHS
3aBlaHb, CTOXAaCTHUYHICTH (DAKTOPiB, IO BIUIMBAIOTh HAa MIBHAKICTE MPAKTHYHOI IiSTBHOCTI 3YMOBIIOIOTH
MIFPOKUH PO3MOALT CyO’€KTIB [ilf 3a YacoM BHKOHAHHS 3aBIaHb. HaBuaHHS, y poOOTi, MPEINCTABIECHO SK
MIOCTIIOBHICTh CEaHCIB y BUKOHAaHHI TMAaKeTy 3aBJaHb. 100TO pO3rismaeThCs AWHAMIKA 3MiHM (OPMH Ta
MTOJIOYKEHHS CTATUCTHYHOTO PO3IOILTY B 3aJISKHOCTI BiJl HOMEpY CITpOOM BUKOHAHHS MAKETy 3aB/IaHb.

Ilcuxonozo - nedazociuni niosarunu mooeni ma ix mamemamuyHa AnPOKCUMAYin

Ymoeu mooenvnozo excnepumenmy. Y MONENbHUX JOCHIKCHHSIX BBAXKAETHCS, IO 3aBJAHHS TAKETy
BimkamiOpoBaHi, TOOTO KUNBKICTh HEOOXIMHWX [iii JUTI BHKOHAHHS KOXHOTO 3 3aBJaHb B MEXKaxX IaKeTy
OJTHAKOBAa, 3aBIaHHSA 3a CKIAJHICTIO €KBIBaJIEHTHI. Y IIhOMY BHWIIQJKy, B IIOCIIJOBHOCTI MOBTOPIB CEaHCIB
BHUKOHAHHS OJIHOT'0 1 TOTO K MAKeTy 3aBJaHb, MOXHA Oyje crocTtepiraTd TUHAMIKY MPUCKOPCHHS HaBYaIbHUX
i 3 BUKOHAHHS KOXKHOTO 13 3aBJIaHb T4 3MCHIIICHHS YHCIIa TOMUIIOK.

Junamixa opmysanns xomnemenmuocmeil 6 Oisanvhocmi. llporiecn HaBYaHHS TPYMU 1 OKPEMOTO
Cy0’eKTa HE € TPHUBIAIBHUMHU TpOLECAMH. Y HABYaHHI OKPEMOro CTYJCHTa MPUXOBaHI JOCUTh CKIAJHI
KOTHITHBHI NIPOLIECH, & HABYAHHS TPYIH JCTEPMIHYETHCS 3aKOHAMU CTATUCTHKH.
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Puc.3. JluHamika HaApOCTaHHS 1 CHaJaHHSA
KITBKOCTI BHUKOHAHWX 3aBlaHb. a) BHUKOHAHHS
peanmizyloTbCsi 3 KOHTpPOJIEM CBimoMocTi. b)
ABTOMATH30BaHE BUKOHAHHS.

cnpodu
Puc.2. Jlnnamika HapoCTaHHS KUTHKOCTI
BUKOHAHUX 3aBJIaHb

HaBuanHs crnpuunHIOE 3MIHH CTPYKTYpH [EKIapaTUBHUX 3HaHb. BimOyBaeTbes ix mudepeHIiamis Ta
igTerpamis [8]. 3HaHHA TpaHCHOPMYIOTBCS B CEHCI y3TOMKEHHS 3 CHCTEMOIO 3HaHb KOXKHOTO 3 CyO’ €KTiB
HaBuaHHi. BimOyBaeThcs ix aOcTparyBaHHS BiJ HECYTTEBHX JeTajeld, KOHIIENTyai3aiis Ta 3TOPTaHHS.
Peanizyerscst HaOyTTS OLTBIIOT JTAKOHIYHOCTI Ta YHIBEpPCAIBHOCTI. Y TpOIleci HaBYaHHS YCBIIOMJIEHE TIOBLIHHE
BHKOHAHHS 3aBJIaHb, KOJI KO)KEH KPOK KOHTPOJIFOETHCS CBIAOMICTIO, 3MIHIOETHCSI aBTOMAaTH30BAHUMH JiSIMH, IO
CYIIPOBOIIKYIOTECA 3TOPHYTOI0 JIAKOHIYHOK JEKIAPAaTUBHOIO MATPUMKOI mwux 1iii. KoHTpoms cBimoMocTi
3aIUIIAETHCS TUTHKU B KIIFOYOBHX TOYKAX BUKOHAHHS BIpaBU. BimOyBaeThcs mepexim A0 aBTOMAaTH30BaHUX JiH,
SIK B CEHCI JIEKITapaTUBHOI, TaK i MpoIenypHoi iX ckimamoBoi. CrocTepexeHHs TaKUX MPOIIEeCiB OCOOINBO IIKaBO
Ha BEIMKUX TpyHax Y4YHIB, KOJHM IHAWBiTyadbHI OCOOIMBOCTI OKpPEMHX Cy0’€KTiB HaBYaHHS CTAalOTh HE
cyrTeBUMH. Y QopMi Ta TOJNOXEHHI BiJNOBIMHUX CTAaTHCTUYHHUX PO3IMOAUIIB 3aKiajeHl IHTerpajibHi
XapaKTepUCTUKHU NIPUTaMaHHI BCIM y4acCHUKaM IIpOLiecy HaBYaHHS. Po3rimsHeMo nani MaTeMaTUYHUN amapar, 1o
J03BOJIUTH MOJEIIOBATH IIPOLIECH HaBYaHHS BEJIMKHUX TPYIl YUHIB 200 CTYIEHTIB.

Jlunamika napocmanna KitbKocmi 6UKOHAHUX 3A60aHb. Y POOOTI NMPUUMAETHCH, MO 3TATHOCTI IO
HaOyTTS KOMIIETEHTHOCTEH B IisUTBHOCTI PO3MOALICHI B MOMYJALil 3a HOPMalbHUM 3aKOoHOM. OCTaHHE €
aHAJIOTIYHUM JI0 po3noniury piBHA 1Q, a6o 10 aHTPONOMETPUYHHMX PO3MOALUIIB IMapamMerTpiB Tilla, HAIPHKIAL]
TaKWX 5K, PiCT, 00’ €M JIereHiB, Tomo. [Ipuiimemo, 110 37aTHICT 0 BUKOHAHHS 3aBJaHb T€XK ONMUCYETHhCS Ha 0a3i
HOPMAaJILHOTO 3aKOHY (1), e n HOMEp CpoOM BMKOHATH 3aBJaHHA. 3alITPUXOBaHA IJIOIIA MiJ HOPMAaJIbHOIO
KPHBOIO Ha pHC.2 BKa3ye Ha KUTbKICTh NPaBUJIbHO BUKOHAHUX 3aBJaHb I'PYIIOI0 CTYAEHTIB Y MOTOYHIN cripoOi.
Buano, mo BopogoBx mepiroi cipoOM BUKOHAHHS IMAKETy 3aBAaHb Oyne AyKe Maia KUIbKICTh HPaBUIIBHO
BUKOHAHUX 3aBOaHb. B 1pyrid, Tperid i Tak nani cnpobi BUKOHAHHA NAaKeTy 3aBllaHb, BCiMa Cy0’e€KTamu
HaBYaHHS, KUTBKICTh MPaBUIBHUX BUKOHAHB 3aBJaHb 30UIbIIYETHCS. 3p03yMilio, IO MPUPICT IO B cpoOu
70 cnopoOu He € oxHakoBUH. BuaHO, 110 mpHUpiCT miomi 3 po3paxyHKy Ha OAHY CIpoOy MiHIMalbHHHA Ha
MOYaTKOBOMY €Talli HaBYaHHS i Ha KiHLUEBOMY. Y cepeArHi HAaBYaHHS NPUPICT 30UIbLIyETHCS B MOPIBHAHHI 3
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MOYaTKOM 1 Ma€ Maiike MOCTIHHY BENHYHHY MPOTATOM KiIbKOX chpo0. TyT 3aneKHICTh KiTBKOCTI BUKOHAHMX
3aBJlaHb BiJ cripoOu Maibke miniliHa. Ha kiHIeBoMy eTani HaBYaHHS PHUPICT 3HOB 3MEHIIYETHCA. 3pO3yMio, 10
Mpoliec HaBYaHHs BUXOAUTH Ha HACHMUEHHA. Bci 3aBaHHs MaKeTy BUKOHYIOTBCS BCiMa Cy0’ €KTaMM HaBYaHHS Ha
upoMy erami. [loma mig HOpManbHOIO KpWUBOKO ¥(n) BiAMOBiAae MOBHIH KUTBKOCTI MPaBHJIBHO BHKOHAHUX
3aB/IaHb BCiMa Cy0’€KTaMHU HaBYaHHS.

Er)=S 20

Jie N — HOMEp CIPOOH, Nmax.— HOMEP KiHIIEBOI CIIPOOH.

3MiCTOBHUI CEHC OKpeMOi TOYKM Ha KpuBii £(n) (puc. 2.) HactynHmid. L{g Touka BimmoBigae KiIbKOCTi
3aBJlaHb, 110 BUKOHAlA Tpyra cy0’€KTiB HABYaHHS y BiAMOBiAHIN crpobi n. 3anexHicte £(n) Mae JiHIHHY
yactuHy. YuM Oiibllie KyT HaXWily Ii€l JiHIHHOI YaCTMHH, THM IIBHUJIIC BinOyBaeThcs HaBuaHHS. Jlucmepcis
HOPMAaJIBHOT'O PO3MOJIiNY ¥(n) BU3HAYAE KYT HAXUITY JIHIHHOT yacTHHH &(Nn), TOOTO NIBUAKICTh HABYAHHSI.

Mooenvhuit nepepo3nodin wWeUOKOCmi 6UKOHAHHA 3A60AHb HA KOpUCHb asmomamu3zosanux Oii. Ha
puc.3a npencTaBieHnid MOAENBHUHN Tpadik 3MiHU KiTBKOCTEH yCHIIIHO BUKOHAHWX 3aBJaHb TPYIOI0 CTY/JCHTIB
3a MOBUIBHUM MEXaHI3MOM AisuibHOCTI. TOOTO 3a MexaHi3MoM, IO Iepeadavae MOBHICTIO YCBITOMJICHI il
Mali’Ke Ha KOYKHOMY €Tarli BUKOHAHHS 3aBjaHb. Ha puc.3a BHIIHO, CIIOYATKY, HAPOCTAHHS KUIBKOCTEH YCIIIITHO
BMKOHAHHUX 3aBaHb. J{ami KiIbKICTh 3aBaHb 3a MOBUIBHMUM MEXaHI3MOM M€ Ha Craj i 30UIbIIYEThCS KiJIbKICTh
BMKOHAHHUX 3aBJaHb 3a IIBUJKHM MEXaHI3MOM, TOOTO 3a MEXaHi3MOM aBTOMaTH30BaHUX Aik puc.3b. Ilepimii
MeXaHi3M peai3yeTbes, KOJMHM Jii 3 BHUKOHAHHS 3aBJaHb PEaNi3ylOThCS TOBUTFHO 3 BUCOKHM KOHTPOJEM
cBigomocti. Ha 1efi MOMEHT HaBHYKH I1Ie TOraHO C(hOPMOBaHI.

[Ticnst werBepTOi cripoOH BiAOYBA€ETHCS 3pOCTAHHS KUTBKOCTI BUKOHAHUX 3aBJIaHb 3 SIKICHO MTOKPAIIEHO0
TEXHIKOI, 31 cOpMOBAaHUMH YMIHHSIMHU, HABUYKAMH, 3 BHCOKOI aBTOMATH30BaHICTIO Jid. [Ipm 1pomy, sK
BHIHO 3 pHUC.3 BiIOYBa€ThCs IMEPEPO3NMOIT KUIBKOCTEH BHMKOHAHHX 3aBJaHb MDK IOraHo c(OpMOBaHOIO
TeXHIKOW i#f (puc.3a) i BHCOKoaBTOMaTH30BaHUMHU HissMu (puc.3b). Ile peamizyeTscs BimHIMAHHAM 3HAYEHb
npyroi KpuBoi Bix mepimoi. Criaj KiTbKOCTI BAKOHAHMX 3aBJaHb, 10 MOYMHAETHCS 3 OMUHAIIATOI cripobu puc.3b
MTOSICHIOETHCS TTOCTYTIOBUM 3aBEPIICHHAM YYHSIMH MPOIeCY HaBYAHHS IICIS MOCATHEHHS HUMH MaKCHMaJIbHOT
IIBUAKOCTI BUKOHAHHS 3aBJIaHb.

Mooenvnuit cmamucmuyHuii po3nooin 4acy 6UKOHAHHA 3A80aHb (CKIATAETHCA 3 JBOX HOPMAaJbHUX
KOHTYpiB). Y pobOTi IPOBEICHO MOENbHE JOCIIIKEHHS B AKOMY aCHMETPHYHHM CTATUCTHYHKIA PO3ITOIIN 4acy
BHKOHAHHS 3aBJIaHb IPECTABIAETHCS CYKYITHICTIO ABOX (prc.4) HOpMaJbHUX KOHTYpIB pizHOi amrmumitymu. Lli
KOHTYPH € pe3yJIbTaToM BHKOHAHHS 3aBJaHb TPYIOI0 CTYJEHTIB B OfHili crmpoOi. Ha puc.4 mpencraBieHo tpu
cipobu. Puc.4a BiamoBimae I'sTiii MomenbHIiM crpoOi BHMKOHATH TAaKeT 3aBaaHb;, puc.4b — choMiit crpobi, a
puc.4c — geB'stiit cipo6i. Ha puc.5 mpencrasieni Bei 13 MogensHUX CIpoO BUKOHATH 3aBIaHHS.

3 IBOX HOPMAJIBHUX KOHTYPIB, IO B CyMi CKIQJal0Th OKPEMHH CTaTHCTUYHUIN PO3IMOALT, OAWH OymeMo
Ha3WBaTH KOHTYPOM IIBUIKICHOI poOOTH, a apyrmid — moBuIbHOI poOoru. CyKymHa mioma mig obdoma
HOPMaJTPHIMH KOHTYpaMH BiJIIOBiZa€ KUTBKOCTI BCIX BUKOHAHUX 3aBIaHb CTY/CHTAaMH B IIBUIKII Ta MOBUTBHIN
momi. [loBinmkHa Mopma BiATIOBiNA€ YCBIMOMIIGHHM MisiM, a IIBHJKA — aBTOMAaTH30BaHWM, MIAOIOHHUM [isIM 3
MiHIMaJIBHAM KOHTPOJEM CBIZJOMOCTI, TUTPKM B KIFOUOBMX MOMEHTaX BIAMOBIMHUX Iii. Y Tporeci HaBYaHHS
KUTBKICTh aBTOMAaTH30BaHUX i, IO BiAMIOBIJAOTH TIIOMII i KOHTYPOM IIBHIKICHOT poOOTH Oy/e 3pocTaTH, a
KUTBKICTB [Tif, BIIMIOBIMHMX MOBUIBHIN POOOTi, 3MEHITYBATUCH. Lle MOKHA pO3TIAAATH SIK «IIepeKadKy» IUTOIII 3
OJHOTO KOHTYpPY B npyruii. CeHC MOMENTBHOTO €KCIIEPUMEHTY IONISATa€ B TOMY MO0 TOCTITUTH, OCOOIMBOCTI
[IOTO HaBYAIBHOTO MPOIIECY.
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Puc.4. Kortypu po3noniaiB 4acy BUKOHAHHS
3aBOaHh Ta IX HOPMallbHI  CKJIaJOBI.
Tpanchopmariss popmMu KOHTYpYy KpHBOI : _
BHACIIJIOK TIPOLIECY MEPEKAYKU IUIONL Ta po3noziiTy Bixt HOMEpY CpooH
3MIIEHHS CKIIAJIOBUX CMYT.

Puc.6. 3anexHIiCTh IUIOMII 1117 KPHBOIO

Koncmpykm, ak mipa cknaonocmi ma Kinbkocmi HaguanvhHux Oiil. BUKOHaHHS KOXXHOTO 3aB/IaHHSA
nependavae yTBOPEHHSI OKPEMOro KOHCTpYKTy. KoHcTpykTamu OyneMo Ha3WBaTH JIOTIYHO 3aBepIleHi, 3B’ s3aHi
MK CO000 Tpyru KOMIOHEHTIB. KOHCTpYKT MOKe MaTh B CBOEMY CKiai He Oiibiie 7+2 oquuuils [9], To6TO B
Mekax MarigHoro uucia Mimrepa. Ha modyatkoBoMy erami Aili CTOCOBHO KOHCTPYKTY, BiH BUMarae OKpeMOro
30CepEeKEHHS YBaru Ha co0i Ta TPUBAIHX IHTENEKTYyallbHUX 3yCHUIIb CTOCOBHO cebe Ha MpeaMeT yCBiOMIICHHS
MexaHi3My poOoTu. B kiHneBi#t (asi poOoTH 3 TakeToM 3aB/aHb, IMiCIsI BUKOHAHHS HU3KH OJHOTHITHUX 3aBlaHb,
KOHCTPYKT CIIPHAMAETHCS, SK LUTICHHA 00’€KT — TarTepH (Bi3epYHOK) KOMIIOHEHTIB 3 NPUTAMaHHUMH
¢bysakmisiMa. BinOyBaeThcst CyTTEBE CKOpOYEHHS dYacy i CTOCOBHO TaKOro KOHCTPYKTY B IIpoleci Horo
peamizamii mpu po3B’s3yBaHHI 3aBIaHb. B Mopmerni po3risimaeThCs caMe MpoIlec Mepexony KOHCTPYKTIB, IO
3aCTOCOBYIOTHCSI B TIAKETI 3aBJJaHb, y CTaH MATTEPHIB.

Peaizanist KOXXHOT0 3aBIaHHs NTAKETy Nepeadayae BUKOPUCTAHHS HOBUX KOMIIOHEHTIB. Y CEHCi BUBUEHHS
IporpamMyBaHHS IIe MOXYTb OyTH HOBI 3aCOOM IpOrpaMyBaHHS, II0 BHKOPHCTOBYIOTBCS, SIK IPAaBHIIO, PA30OM.
Hanpuknan, 3acobu pobotu 3 daitnamu, adbo 3acodbu podOTH 3 psiIKaMH, TOLO. Y PI3HUX peajti3alisx 3aBJaHb B
MakeTi i HOBI 3aCO0M TIpPEJCTaBJIeHI B Pi3HUX oOCTaBMHAX. DOpPMYBaHHS KOHCTPYKTa € alTOPUTMIYHOIO
3amavero. bazyBaTHCh KOMIOHEHTH KOHCTPYKTY MOXYTh Ha pO3TalyXeHHi, IUKIi, QYHKIIi, mporemxypi abo
IHIIOMY JIOTiYHOMY 0a3wuci, o 00’ €IHYE KOMIIOHEHTH B TPYITY.

OcHo6HUII npUHYUR KaiOpO6KU 3A60aHb B CEHCI CKJIAJHOCTI Ta KUIBKOCTI HABYAJILHUX [N MOJSATAE B
HACTymHOMY. B Mozeni, o po3risaaeThes, peaizaliss KOKHOIo 3 3aBJlaHb ITaKeTy BUMAarae JBOX KOHCTPYKTIB.
[Ipu npomy OynoBa OIHOrO KOHCTPYKTY BiJIoMa, IPYruil HEOOXiAHO CTBOPUTH 1 00’ €AHATH 3 BITOMHUM. Y KOXKHIN
pearmizauii KOHCTPYKTH MiX c00O0 3B’si3aHi. 3B’S30K MOXKE MOJSTaTH B TOMY, IO OJUH KOHCTPYKT Kepye
IHIIIMM, TO/I MOXKHA Ka3aTH, IO JAPYTUH KOHCTPYKT 3HaXOIUTHCS B MEpIIOMY (BKJIAZEH! LUKIH, PO3rallyKEeHHS,
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npouenypu, GyHkuii). B iHmomy Bunaaky KOHCTPYKTH BUKOHYIOTBCS MTOCITITIOBHO OAMH 32 OJHUM.

IHoginbui 0ii npedcmaeieHi HOPMAIbHUM KOHMYPOM 6 30HI RoginbHOI podomu. 1li nii me He
AaBTOMAaTH30BaHi Ta BiIOYBalOTbCS CTOCOBHO KOHCTPYKTY, IO HE € CTEPEOTHIHHUM A CTyAeHTiB. Taki mii
BHMAaraloTh OJHOYACHOI KOHIIEHTpallil yBarm Ha BCIX JIOTIYHHMX 3B’S3KaX KOHCTPYKTY. BUKOHaHHS 3aBIaHb
BHUMArae 3BepTaHHs JI0 JIOBIZIKOBOI JIiTEpaTypHu Ta TPUBaJIOl poOOTH IO OCMUCIICHHIO 3aBJaHb. Hanani 3BepTanHs
JI0 JIOBIJIKOBOT JIiTepaTypH MiHIMi3yIOThcs. CTy/IEHTH, Ha I[bOMY €Talli, MatOTh 3HAHHS CTOCOBHO OKPEMHUX HOBHUX
3ac00iB MporpaMyBaHHs, OJHAK BOHH Ill€ HE MAlOTh MPAKTHKH iX 3aCTOCYBaHHA. ToMy He MOXYTh IIBHIKO
CKJIACTH HEOOXiJTHUH KOHCTPYKT 3 OKpEMHX KOMITOHEHTIB (3ac00iB MporpaMyBaHHs). YBara CKOHIIEHTPOBaHa Ha
KOMITOHEHTaX KOHCTPYKTY 1 HOro BHYTpILIHIX JIOTIYHUX 3B’s3KaX. BinOyBaeThcsa MOBiIbHE BUKOHAHHS 3aBJIaHb,
KOJT KOKEH KPOK KOHTPOIIOETHCS CBITOMICTIO.

Lleuoki 0ii npedcmasieHi HOPMATLHUM KOHMYPOM 6 30HI WeUOKol podomu. Taki nii aBTOMATH30BaHI
Ta BiZI0YBalOTHCSI CTOCOBHO KOHCTPYKTY, IO € CTEPEOTUITHUM JUIsI CTY/ICHTIB. Y Tpolieci HaBYaHHS yCBiIOMIICHE
MOBUJIbHE BUKOHAHHS 3aBJIaHb, KOIM KOKEH KPOK KOHTPOIIOETHCS CBIIOMICTIO, 3MIHIOETHCS aBTOMATH30BAHUMHU
MPOLEYPHUMH JIISIMH, 110 CYIPOBOKYIOTHCSI 3TOPHYTOIO JIAKOHIYHOIO JIEKITAPATHBHOIO MiATPUMKOIO ITUX Ail.
KoHTposib CBIIOMOCTI JIMIIAETHCSA TUILKK B KIIFOYOBHX TOYKAaX BMKOHAHHS BIpaBu. BinOyBaeThcs mepexim a0
ABTOMATH30BaHUX i, SIK B CEHCI JCKJIapaTUBHOI, TaK 1 MPOIENYPHOT X CKJIaJI0BOI.

Buno, 1110 mipu mepexo/i Bij cipoOH 10 cripoOH, B IPOLeC HAaBYaHHSI, BiI0OYBA€THCS MPUIIBUAIICHHS il
CTYJICHTIB CTOCOBHO BHKOHAHHS 3aBJIaHb TakeTy. Lle mposBisieThCs SK «Iepekayka» KUTbKOCTEH BHUKOHAHHX
3aBJIaHb 3 TOBUIHHOT MOJIU B IIBHJIKY.

Tpancghopmauii hopmu mooenvnux Konmypie ¢ npoueci nasuanns. Ha puc.5 npejacrasiieHi MOJEIbHI
rpadiky y TPhOXMIPHOMY BHUIJIAAI BIAMOBIAHI BCiM crpobam Big 1 mo 13. JJuHamika mpolriecy HaBYaHHS
npezicTaBiieHa Ha Tpadiky BicClo 3 HOMEPOM CIPOO BHKOHAHHS ITAKETY 3aBJaHb.

VY Mojeni BpaxoBYeThCS, IO Ha IOYATKOBOMY €Talli poOOTHM 3 IMAaKeTOM 3aBJaHb TUIbKH HEBEINKa
KUTBKICTh 3aBHaHb BHUKOHYETHCS MPaBUILHO. AMIUTITYa HOPMAaJIBHOTO KOHTYPY MOBUIBHOI poOOTH Maia B
nepiriit crpo6i. IIBuakicHa poOoTa BiacyTHs. [lani B KOXKHIM HOBiM crpoOi BiIOyBa€eThbCsA PICT aMILIITYId
KOHTYPY BiIIIOBITHOTO MTOBLTHHIN poOOTi. ADKE KITBKICTh 3aBIIaHb, 10 BUKOHYETHCS MMPABUIILHO 30UTBITYETHCS.

Ilepepo3nomin miomy MiJi KPUBUMH HOPMAJbHHUX CKJIAJOBHX PO3MOAITY IOPOIKYE TpaHchopmarrii
MOJICTTLHOTO PO3TOJILUTY Yacy BUKOHAHHA 3aBraHb. Lli Tpancdopmarii mpeacrasneni Ha puc.5. TproxMipHUT
rpadik, BIIIOBITHUN TBOXMIPHOMY aHAJIOTY, IPEIACTaBICHOMY Ha puc.4.

Koumyp noginonoi pobomu BIiNNOBimae pPIBHIO KOMITETEHTHOCTI TpPH SKOMY BHKOHAHHS HaBYAIBHUX
3aBlaHb BIAOYBA€THCA B MPOIECI YCBIMOMIICHUX MOBUTRHUX AiH. BifcmigKOBYIOTBCS BCi JIOT19HI 3B SI3KH MIXK
KOMIIOHEHTaMH KOHCTPYKTa. BimOyBaroTbcs iHAYKTHBHI Ta AEAYKTHBHI ii. Pe3ynbrar nux il € CriBCTaBIEHHS
Bi3epyHKa KOMITOHEHTIB KOHCTPYKTa 3 HOTO (PYHKIIISIMU, SIK I[UTICHOTO YTBOPEHHS.

Koumyp weuoxoi pobomu BignoBigae piBHIO KOMIETEHTHOCTI, KOJIW Jii CTOCOBHO KOHCTPYKTY
aBTOMAaTH3YIOThCS, CTAIOTh CTEPEOTHITHUMH, 3TOpHYTHMH. HeoOXimgHOCTI B HENYKTHBHHX 1 IHIYKTHBHHX MisSX
CTOCOBHO BHYTDINIHROTO MeEXaHI3Hy poOOTH KOHCTPYKTy Hemae. [laTTepH (BH3MPYHOK) KOMIIOHEHTIB
BiIMOBITHUH KOHCTPYKTY PO3MI3HAETHCH, K MIa0NoHHNNA. DYHKIIIT IFOT0 CHHTETHYHOTO THIIOBOTO KOMITOHEHTY,
SIK TIUTICHOTO YTBOPEHHS, 3TaIYIOThCS 1 3aCTOCOBYIOTHCS.

Ha puc.5 npeacraBnenuii BUNagoK, KOJIM KOHTYPH OKPEMHUX PO3IOALTIIB 3CyBalOThCS y MPOLEC] HABUAHHS
B Oik 3MeHmeHHS dacy. CeHC IpOro 3MiIMIEHHS B TOMY, [IO HaBiTh B MeXax JBOX 0a30BHUX pIBHIB
KOMIIETEHTHOCTI HaBYAJIbHOI AISITFHOCTI, BiIOyBa€ThCs HEBEMKE MPUCKOPEHHS BiJl CIIPOOH /10 CIIpOOH.

[IpoBeaeHO Takok 1 MOJENbHI €KCIIEPUMEHTH, B SIKUX 3MilleHHS He BigOyBamoch. Bci rpadikm mamm
AHAOTIYHUHA BUTIAA. BidyanpHO 3MilIeHHS Ha MOJENBHUX KPUBHX BAXKKO MOOAYHNTH, aJpKE I 3MIIeHHS, T0-
nepie, Ma€ HEBEIUKY BEIUYMHY BiX mepioi 10 ocTaHHBOI crpoOu (B Mexkax 10% Bix MIMPHHM MOIEIBHOTO
KOHTYpY), HO-Ipyre, 3CyB KOHTYPY PO3NOALTY HAKIaJaeThCsl Ha IMPOLEC MEpepo3MOALTy aMIUINTYJ OKpPEMHUX
KOHTYpiB KOXXHOTO 3 posmofimiB. llepeposmomin amrmuniTy, B pO3MOITI TEX BUTIAAAE SK IepecyBaHHS
pO3MOiNiB y OiK CKOPOYEHHS Yacy BUKOHAHHS 3aB/IaHb.

3 puc.5 BHAHO, IO HAa MOYAaTKy MOAEIHHOTO €KCHEPUMEHTY IUIOMA Mil pO3MOAUIOM MEHIIA, HDK B
cepenHiil yactuHi HaBuaHHs. Lle MOB’sA3aHO 3 THUM, 10 MOJEIIOETHCS PeajibHa CUTYallisl, IKa CIIOCTEPiraeTbes B
npoueci HaByaHHS. CroyaTtky He BCi Cy0’€KTH HABYaHHS NPABHIIBHO BHKOHYIOTH 3aBJAHHS. Y PO3IMOILI
MOMAIAl0Th TUTBKK Ti 3aBAaHHS, IO Oy MPaBWJIBHO BUKOHAHI. Y TpoIeci HaBYaHHS KUIBKICTh JIFOZCH, II0
MpaBUIbHO BUKOHYIOTh 3aBIaHHs 30UIbIIyeThes. [ami maiike BCi 3aBOaHHS BHKOHYIOTbCS NPaBWIBHO. Y
crpobax, M0 XapaKTepU3yloTh Mepioj cepelnHN HaBYaHHS (3 YETBEPTOi MO OAMHAAUATY crpoly), Iuioma mixn
KPHBOIO PO3MOALTY (CyMapHa IJIOIIA i IBOMa HOPMAaJbHUMH CKJIaJ0BHMH) BUXOAUTH Ha NONUYKY (puc.6). Tyt
[polec HaBYaHHs MOJSTae B NPHUIUIBMALICHHI BUKOHAHHS 3aBAaHb 3a PaxyHOK SKICHOIO IOKPAIIEHHS
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KOMITeTeHTHOCTI. L{e mokpaleHHs: MOIENIOEThCs, SIK IEPEpO3IMOALT IO MK JBOMa HOPMaJIbHUMH KOHTYpaMH,
OIIMH 3 SIKMX BiANOBiZa€ 3a BUKOHAHHS 3aBJaHb, IO PEANi3yIOThCs 3 KOHTPOJEM CBiIOMOCTi, a JOpyruii — 3a
AaBTOMAaTH30BaHE BUKOHAHHS. /IMHaMiKa IbOTO Mepepo3noaiTy 300paxkeHa Ha puc.3.

Ha ocranuboMy eramni HaB4aHHs (micas 11 cripoOu) rmoiomia mij po3noaiioM 3HOB 3MEHIIYEThC (puc.6),
aJKe 3 TPOLeCy HaBYaHHS IIOCTYIIOBO BUXOMATH Ti 0COOH, 110 BXKE 3aKIHYMIIM MPOIeC HaBUYaHHs. 3po3yMiso, o
B MOJICNI Pa3oM 3 ILJIOIICI0 3MIHIOEThCS aMILIITYIa KOHTYPY PO3IOALTY B 3aJISKHOCTI BiJl HOMEPY CIIPOOH.

Habymmsa komnemenmnocmi TIPOSBISIETBCS B MOJENi SK IepeKkayka IUIOMI MK KOHKYPEHTHUMH
MOJaMH, IO XapaKTepH3yIOTh CTYMiHb HAOyTTs yMiHb Ta HaBUYOK. Y UETBEPTid cmpoOi Bci 3aBIaHHS
BHKOHYIOTBCS TPaBUJIBHO, ajieé B OCHOBHOMY TUIbKH B TOBUIBHIN MOi. 3 pHUC.5 BUAHO, 10 aMILTITYAa PO3NOIALTY
nocsra€e MakcuMymy. [lOsBISE€TbCS KOHTYpP BIANOBIAHWE MIBHAKICHIA poOOTi. Y m’sATill crpoOi IIBHIKICHA
poboTa BKE TPOSBISETHCS HEBEIUKOI aCUMETPIEI0 3arajbHOro KoHTypy. Crhaay aMmIUITyId 3arajibHOro
PO3MOJITY IIE HE CIIOCTEPIraeThes. Y IIOCTIH Crpo0i ByKe MOXKHA 0aunTH 3apOJKEHHS HOBOI'O MAKCUMYyMY.

SxicHa mepeOynoBa HaBYaJbHUX [iif, KOHTPOJIBOBAHUX CBIJIOMICTIO, HA KOPHCTh aBTOMATH30BaHUX
BiIOyBa€eThCs Ha ChboMill cripobi (puc.S5). BuaHo, mo pobora rpynu CTyJeHTIB OTpuMalia HOBY SKicTh. Po3mozin
Mae€ JIBa MAKCUMyMH Maibke OJHaKoBO1 aMIntiTyau. OJUH MaKCUMYyM BiJIIOBIHHI MOBUILHOMY CTHJIIO pOOOTH,
a APYruid MIBHIKOMY. 3p0O3yMiJio, HIO IIi BA MAKCHMYMH HIDKYE HIK MAaKCUMYMH PO3IIOILTY TIOMEPENHiX crpoo,
KoIlu poboTa BigOyBaslach TUILKH B MOBUIBHOMY KIIIOUi 1 BCi 3aBJIaHHS BHKOHYBJIMCH MpaBHIbHO. Ha chomiit
crpoOi BiOyBCs MIBUIKHIA MEPepO3NONLT TUION] Mii KOHTYpaMmH, IO CKIJIal0Th CTATUCTUYHUN PO3IOJiI, Ha
KopucTh mBUAKOT Moau. Ha BochbMi, AeB’sATidi crpoOi 1 majigi JAOMIiHye IIBHKA MOJAa BHUKOHAHHS 3aBJaHb.
CraTrCcTHYHHN PO3MO/ILI BTpadae acCUMETPIto, aJpKe BCi 3aBJIAHHS BCiMa CTYJCHTAMH BUKOHYIOTHCS IIBHUJIKO.

Bmpama momusayii onsn nodanvuwioeo mpeniney. 3 necAToi crnpoOM IOYMHAE CHAJaTH, aMILIITyIa
posmonuty. Iloma mix KOHTYpOM TeX 3MEHINYEThcs. B Mozeni BpaxoBYEThCsl IOCTYIMOBUN BUXiJ CTYJCHTIB 3
MpoIiecy BUKOHAHHS MMaKeTy 3aB/aHb 3 MAKCUMAILHUMU OIliHKaMH.

3bepesicenns naowi nio cmamucmuyHuM po3noodiiom. BimMITHMO, IO HE3BAXKAIOYHM Ha IEPEPO3ITOMLT
aMInTiTyn Ha 4-10 crmpobi Tutoma I 3araJbHEM KOHTYPOM PO3IOAUTY HE 3MiHIOEThCsA (puc.6). Ha mpomy
MIPOMDKKY HaBYAHHS BCl CTYACHTH IPAITIOIOTH 3 TTAKETOM 3aBJIaHb 1 BCI 3aBJaHHSI BUKOHYIOTHCS ITPABHIBHO.

Hesgenuki npuckopenns pobomu 6 medxcax oonoi axicnoi mooanvrocmi. Y MOIEN PO3TIAIATNCH TAKOXK
MOJKJIMBI HEBEJIMKI 3CYBH BIAMOBIIHUX KOHTYPIB (IOBUIBHOI 1 IIBUAKOI pOOOTH) Yy MpoIeci POPMYyBaHHS yMIiHHSI.
Bymu mpoBemeHi MomenpHI JOCTIIKCHHS IS BUMAAKY HE3MIHHOTO IIOJIOKEHHS KOHTYPIB, JIHIHHOTO i
HeNiHIHHOTO X 3cyBY. HemiHiifHmiA 3cyB BinOyBaeTbcs B MOZIEINI 32 TOTapr(PMITHIAM 3aKOHOM.

Mamemamuuna 06podxa mooenvHux po3nooinis

Momenmu, ak incmpymenm OJiaznocmuku npouecy Hhaeuanns. KoxeH, 3 TPEICTaBICHUX BHIIE
MOJIEIbHUX KOHTYPIB, OIUCY€ CTATHCTUYHHN PO3IONLT HAa OKPEMOMY eraimi HaBYaHHS (B OKpeMiil MOTO4Hii
cpo0i). Y mporieci HaBUaHHS 3MIHIOEThCA (DOpMa, aMITTITYa CTATUCTHYHOTO PO3MOILTY Ta TUIOMIA i KPUBOIO.

MoMeHTH [03BOJNSIOTH (PIKCYyBaTH Taki IHTErpajbHI XapaKTEPUCTHUKH CTATUCTHYHUX PO3MOAITIB, fK:
LEHTP TOKIHHS, JUCIIEPCit0, ACHMETPIl0, Ta HOro TOCTPOBEPIINHHICTE. LIeHTp TSHKIHHS pO3MOIUTY Ta TUCTIEPCist
OZHO3HAYHO BH3HAUYAIOTh TIOJIO)KEHHS KOHTYpYy Ha oci dYacy Ta #oro mmpuHy. Popma KOHTYpY
XapaKTEePH3YETHCS ACHMETPIEI0 Ta TOCTPOBEPINUHHICTIO [4]. MeTox MOMEHTIB YCIIIIHO BUKOPHCTOBYBABCS JIJIsI
JOCTIDKEHHST METOMK Ta PO3POOKH TEOpii KOMITIOTEPHOro TECTYBaHHs, 30Kpema, B pooori [10].

VY xoxHil (a3l HaBYAHHA MEHTP TSHKIHHSA, IUCHEPCis, aCUMETPisl, TOCTPOBEPUIINHHICTh CTaTUCTHIHUX
PO3MOINIB OTPUMYIOTh HEBENWKI 3MIHU. LIEHTp TSKIHHS CTaTHCTHYHOTO PO3MOALTY, HAPHKIAA, B IPOIECi
HaBYaHHs TeEpPeMIlIyeTbcss B OIK 3MEHIIEHHS Yacy BUKOHAHHS 3aBJaHb. AJDKe, 3aBaHHS B KOXHIH cripoOi
CTYIEHTH BUKOHYIOTH BC€ MIBUAIIE 1 mBumIe. Li 3MiHM MOXYTh MaTH IIKaBUI HETIHIMHAN XapakTep 3B’ sI3aHUH
3 0COOJIMBOCTSIMH MpOLIECY HaBYaHHSA. 3MIHM B IIpomeci HaBYaHHsS (Big cmpoOu g0 cropobu) aucoepcii
CTaTHCTHYHOTO PO3IOJIITY, aCHMETPii, TOCTPOBEPUIMHHOCTI TeX 00’ €KTHBHO XapaKTEePU3YIOTh MPOLEC HAaBYAHHS
Ta JO3BOJIAIOTH pealli3yBaTH MOro MiarHOCTHKY. LIeHTp TsOKiHHS, MucIepcis, acHMeTpis, TOCTPOBEPIIMHHICTh
CTaTHCTUYHUX PO3MOALNIB, 3 OMHOTO OOKY, JO3BONISIFOTh BHSBUTH HAHOUIBII KOHIIENITyallbHI, IHTErpalbHi
0COOJIMBOCTI MPOLIECIB HABYaHHS, L0 XapaKTEpHI Ul BCiX Cy0’€KTiB LBOro mpouecy. 3 Apyroro 00Ky, BOHU
JIAI0Th MOXKIIUBICTh BIZICTOPOHHUTHUCH BiJl HECYTTEBUX OCOOMUBOCTEH, 1110 IPUTAMaHHI OKPEMHM CY0’€KTaM.

Ilouamkogi momenmu. 11i MOMEHTH B KOHTEKCT1 MPOOJIEMH, 1110 PO3TIAAAETHCS, MAIOTh BHTJISI

5,0 = t'p(0ct

ne p(t) me KOHTYp pO3MOALTY CTYJCHIB 32 YacoM BUKOHaHHS 3aBnanb. N = 0, 1, 2, 3, 4, ... — mOpsAI0K MOMEHTY.
3po3yMiJio, IO 1el KOHTYp MOXKHA Ha3WBATH 1 KOHTYPOM PO3IOJIUTY 3a IIBUAKICTIO BUKOHAHHS 3aBJaHHS, aJKe
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MIBUIKICTh BUKOHAHHS OTHOTO 3aBJaHHsI A0piBHIOE v =1/t.

Ilnowa nio koumypom poznodiny. I1noma mix KOHTYPOM JTO3BOJISIE TOYHO OI[IHUTH 3arajibHYy KUTBKICTh
BHKOHAHHUX 3aBJaHb BCIMa Cy0’ €KTaMU HaBYaHHS. 3pO3YMiJIO, IO Yac BUKOHAHHS Y BCIiX Pi3HHI.

[Tnomma mijg KOHTYPOM PO3MO/ILTY O0UUCITIOETHCS HYIbOBUM ITOYaTKOBUM MOMEHTOM Soft).

5,0 = [ (Ot

[Tpu mocriitHil KiNbKOCTI cy0’€KTiB HABYaHHS, Ta CKIHYEHHIH KiIBKOCTI 3aBJaHb y MAaKeTi BEIUYMHA So B
Mpolieci HaBUaHHA BUii/le HA «oMuuKy». L{e Oyne o3HauaTH, 1110 BCi 3aBJaHHS BUKOHYIOTHCS TIPABUIIBHO.
Lenumpanvni momenmu. llenTpanbHi MOMEHTH OOYHCITIOIOTHCS 3a (HOPMYJIOKO:

[ee]

M, ()= [(t—1)" p()dt; ze t=S,/S, :n=1,2,3.4. ...

_ 10 () = M, (©)5,(1)

Ha ocHOBi mouaTKOBUX 1 IIEHTPATBHUX MOMEHTIB MIEPIIOr0 YETBEPTOrO MOPSAKY O0UMCIIIOIOTECS HACTYITHI

IHTErpaJIbHi XapaKTEpPUCTUKN KOHTYPIB: IIEHTP TOKIHHS, IUCTIEPCisi, ACHMETPIs, TOCTPOBEPIIMHHICTS.
Inmezpanvni xapakmepucmuku popmu Konmypy po3nooiiy
(Momenmu nepuiozo - uemeepmozo nopaoKy)

1. Henmp msaoicinua po3nodiny (LeHTPaIbHUNA MOMEHT MEPIIOro mopsAnaky). LleHTp TsoKiHHS Po3Moainy,
Iy’Ke UyTIUBHH 1 KOPUCHUH IHTErpalbHUN TapamMeTp CTATUCTHYHOTO KOHTYPY. BiH 3HaUHO Yy TIHMBINIHIA JIO 3MiH
(dbopMH KOHTYpPY HIX IONIOXKEHHST MakcuMymy. OYeBHJIHO, TEPMIH 3aKpIiMHUBCS 4Yepe3 IMHPOKE BHKOPUCTAHHS
foro y ¢izuni. [HTEeprperyoun po3noaii, K po3noAil Mach MOXKHA CKa3aTH, 10 IIEHTP TSDKIHHS — 1€ TapaMerp,
SIKAM BKa3y€ Ha TOYKY PIBHOBATHW KX Mac. Y il poboTi OyeM0o TOBOPUTH TIPO CEpEaHIN Jac B POMOALTL. AKe
JOCIIKYIOTBCSI CTATUCTUYHI 3HaYEHHS 4acy BUKOHAHHS OKpPEMUX 3aBlaHb. LIEHTp TSKIHHSA KOHTYPY pO3IOALILY
Ma€ HACTYIHUHN BUTJIIS;

t=S,/S,

2. lucnepcia po3nodiny (ieHTpaJIbHUI MOMEHT IPYroro mopsaky). Jucrepcis KpHBOi — Lie mapaMerp, 3a
JOTIOMOTOI0  IKOTO MO)KHA OIIHUTH IHPHHY CTAaTUCTUYHOrO posmonaury. lleli mapamerp Tex ITUPOKO
BHKOPHCTOBYETHCS B JOCHIHKEHHAX 3 (pismku. Tam melt TepMmiH BKa3dye Ha Te€, HACKUIBKH IIMPOKO PO3KHIIAHI
3HAYEHHS BETMYMHU BIJHOCHO CEPEIHBOr0 3HAYEHHS. Y TEepPMiHAX MeXaHIKd — 1€ MUPHUHA PO3MOIALTY Mach
BiTHOCHO HEHTPY TEOKIHHA. Y mid poOOTi mucmepcis — e IMMpUHA PO3MOALTY 4Yacy BHKOHAHHS 3aBJaHHS
BiZIHOCHO CepeHBOro 3HaueHHs. JIICIepCito KOHTYPY PO3NOJIiNY — Hz(t) 4acTo mo3HayaTh o-(t).

o’ (1) = 11, (1) = M, (1) /S,(t)

3. Acumempia Kpueoi po3znodiny (UEHTPATHHAA MOMEHT TPETHOTO TOPSIKY). ACHMETpis KpHUBOI
JOpIBHIOE HYJIIO A1 CUMETpu4HOi KpuBoi. KOHTYp, 3 KpyTOIO JIiBOIO Ta MOXMJIOK IMPABOK CTOPOHOK Ma€e
JIOJAaTHY acHMETpito, TIPU KPYTiil MpaBiil i MOXWIIIH JiBilf CTOPOHI KOHTYpY — acuMerpis Bix emHa. Jlns Toro,
mo0 orpumaTH 0e3po3MipHY aOCONIOTHY BENWYMHY acHMeTpii B SKOCTI acHMeTpii MPHHHSATO PO3TISAATH
HaCTyIHUI BUpPa3:

71:,U3(t)/0-3

4. T'ocmposepwiunnicms Kpugoi po3nodiny (UEHTPATBLHUN MOMEHT YETBEPTOrO  MOPSAKY).
l'ocTpoBepIIMHHICTD KPUBOI Ma€ NOAATHE 3HAYEHHS B THX BUIAJAKAaX, KOJU BEpIIMHA PO3MOILTY 3arocTpeHa y
MOPIBHSIHHI 3 HOPMAJBHOI, 1 mapaMerp — BiA €MHHH, KOMM BEpIIMHA HPUTYIUIEHA. [ OCTpOBEPIIMHHICTDH
KOHTYpY PO3HOJiTy B A0COMIOTHUX OAWHUIISIX aHATNITUYHO 3aMMCY€ETHCSI HACTYITHUM YHHOM:

72 = () o* =3

Jocnioxncenns cnekmpie MomeHmie po3nooinie Ons ananizy npouecie Haguanus Oyno 3arPOIIOHOBAHO
aBTOpOM Y [5]. AHami3y migIaroThCs 3aJeKHOCTI CEPEHBOr0 Yacy, AUCIepCii, aCHMeTpii Ta rOCTPOBEPIIMHHOCTI
PO3MOiIIB Bil HOMEPY CHpOOM BHKOHAHHS IMAaKeTy 3aBJaHb. 3AJIEKHOCTI MOMEHTIB pPO3MOJUIB Bif eramy
HaBYaHHS (HOMEpY CpoOM) MPOMOHYETHCS HA3UBATU CheKmpamu momenmie. Came 11i CIEKTPH MOMEHTIB, a He
OKpeMi 3Ha4YeHHsS MOMEHTIB, MOXYTh JaTH SIKICHUH pe3ysbTaT HpH JOCiKEeHI npouecy HaBuaHHs. Llei minxin
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PaJMKaIBLHO BiIPI3HAETHCS BiJl IKICHUX OIIIHOK, a/pKe 0a3yeThCs HA MaTEMAaTHYHIN MO MPoIlecy HaBYaHHS Ta
Ha MOJCITHHOMY EKCIIEPHMEHTI. Pe3ynbpTaTtd, SKOTrO MOPIBHIOIOTHCA 3 pe3ysbTaTaMH OOPOOKH peaIbHUX
CKCIIEPUMEHTAIbHUX CTATHCTUYHUX PO3MOJUTIB. AHaNI3 MPOILECY HABUAHHS BEIMKUX TPYI JIOJICH HAa OCHOBI
MaTeMaTHYHOI 00POOKH JI03BOJISE BUIUTUTH TOMIHAHTHI, 00’€KTUBHI PUCH I[OTO TIPOIIECY.

Mooenvnuii ekcnepumenm ma 1020 aHaniz
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CriekTpr MOMEHTIB OOYMCITIOBAIHMCH IS IBOX BapiaHTIB MOAENHHOrO eKcriepuMeHTy. [lepmmii BapiaHT,
KO KOHTYPH, IO € CKJIAJOBMMH PO3IONLTY, HE 3CYBAalOThbCA y Tpolleci HaBYaHHA. BinOyBaeTbcs TLTBKH
MIEPEepO3MOAINT aMILTITYylT OKpEMHUX KOHTYpiB. Jpyrwii BapiaHT, KOMW KOHTYpPH, IO € CKIAJOBUMH PO3MOALITY,
3CYBAIOTHCS B MPOIIECi HABYAaHHS JiHIHO. MeXi 3cyBY HE3HAYHI Y IOPIBHSIHHI 3 AUCIEPCIEI0 PO3MOILITIB.

Mik KOHTYypaMH pO3IOJily BiIOyBaeThCs mepepo3noin rmiom. Moro crenmdika imocTpyerhes puc.s.
Tak y mpocriif iHTeprperallii mpomecy HaBYaHHS BiIOYBAa€ThCA HACTYNMHE. AMIUIITYJa KOHTYPY TpPHUBAalIOro
BHKOHAHHS 30UTbIIye CBOIO amIutityny. Ll amrumityma HaOyBae MakcHMyMy Ha deTBepTi crmpobi. Mix
YEeTBEPTOIO 1 JIECATOI0 CIPOOOI0 BUKOHAHHS MMAKETy 3aBJaHb BiOYBa€THCS MEPEPO3MOILT TUIOII ITiJT KOHTypaMHu
posmominy. Lleit mepepo3nonin Tpebda po3yMiTH, SIK MOCTYIIOBUH Mepexin cy0’ €KTiB HaBYaHHS BiJl HEIOCKOHAIOL
TEXHIKM BUKOHAHHS 3aBJaHb (3 HOraHo c(hOpMOBAaHMMHU yMIiHHSIMH Ta HABUYKAMH) 10 JOCKOHAJIOI TEXHIKU, KOJIH
YMiHHS 1 HABUYKH, HEOOX1TH1 JUII BUKOHAHHSA 3aBJaHHs, cOpMOBaHi B MoBHiH Mipi. Ha mpomikky Bim 10 i mami
cpoOW BUKOHATH 3aBJIaHHS BiJI0YBa€ThCS MISUIHHICTH BCi€l CyKYyITHOCTI Cy0’€KTIB HaBYaHHS B YMOBaX KOJH iX
3HAHHA, yMIHHS Ta HABUYKU CPOPMOBaHI B IMOBHIH Mipi.

BaxnuBuMm € Te, 110 MoMermu po3noodinie He 3anexcamsy 6i0 naowyi niod po3noodinom, OTHAK MOMEHMU
3anexcams 6i0 NOAOHCEHHA PO3NOOINY Ha oci uacy ma 6io 020 hopmu.

Oco6ueocmi nizHagaIbHUX NPOYUECi@ y CREKMPAX MOMEHMIE pO3n00iNie

Mooenbvna 3anexcnicmov cepeoHb020 YACYy GUKOHAHHA 3A60AHHA 6I0 emany Haeuanns (cnekmp
Momenmie nepuiozo nopsaoky). Ha puc.7 mpencraBieHi MOJENbHI 3aJIOKHOCTI CEPETHHOr0 Yacy BUKOHAHHS
3aBJaHHA (LEeHTpa TSHKIHHS PO3INOALUTY) BiJ HOMepY crpoOu. BuaHO, 0 CIIeKTp MOMEHTIB UyTIMBHH A0 3CYBY
KOHTYpY po3noxainy. Ilenmpanvna wacmuna zpaghikie nepuiozo MomeHmy XapaKmepucmuuHa 8 ceHci OuiHKu
AKICHUX 3MIiH KOMHemeHnmHocmi 6 euxkonanni 3aedanv. Haxun uenmpanwvnoi niniiinoi wacmunu mum
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Oinbuwiuil, uwum weuoule 6i00YBACMbCA NEPEPO3NOOiN NAOWi ni0 KOHMYPAMU GHACAIO0K MeXAHI3MY
«nepekaukuy. (I1in HAXUIOM PO3yMIEMO KYT LIEHTPAJIBHOI JIIHIHHOI 00J1aCTi MEPIIOro MOMEHTY JI0 oci crpob.) B
00J1acTi IOYaTKOBHX CIPOO y BHUIAJKY, KOJIU 3CYBY HEMa€, CIIOCTEpiraeThes moindka B rpadiky (puc.7a). Komun
3aJIeKHICTh JiHIHA Ha TEPIIOMY CIIEKTPi MOMEHTIB CIIOCTEpIraeThCsl JiHIMHA 3aJeXHICTh B 00JACTi MEpIINX
n'siti cnpod (puc.7b). AHanmoriyHa cuTyamis B KiHIEBHX crpobax. TyT TeX CIOCTEpiraeTbcsi BiIMOBITHO
nonuyka (puc.7a) Ta JiHiiHa 3aJ1eKHICTh (puc.7b).

[Ipo MexaHi3M HaBYaHHS BHKIIOYHO BHACTINOK 3MIiHH SIKICHOTO pIiBHS KOMIIETEHTHOCTI MOXKHA
CTBEPKYBaTH, SKIIO CIIOCTEPIraeThCsl, 3 OAHOrO OOKY, JiHIHHMHN rpadik B UEHTpaibHIH YaCTHUHI 3aJIeKHOCTI
CepenHbOro Yacy BHKOHAHHS 3aBJaHb Bill HOMEpY CIIpoOH, a 3 ApYyroro OOKY, MOJUYKU B LM 3aJIEGKHOCTI, Ha
MOYaTKOBOMY 1 KiHI[eBOMY eTani HaBuaHHs. JIiHIHMI 3CyB KOHTYpY MOBUIBHOI Ta MIBHAKOI pOOOTH BiJ CpoOH
JI0 CHpOOM CHPUYMHIOE JIHINHY 3aJeKHICTh B IOYATKOBIM a00 KiHIIEBIH YacTuHI 3ainexHocTi. Kyt 1iel
3aJIeKHOCTI 70 Ooci chnpo0 Ha MOYaTKOBOMY a0 KIHIIEBOMY eTamli HaBYaHHS CBiuaTh MPO MOKPAIleHHS
BIJIMTOBIIHOT KOMITETEHTHOCTI 0e3 rmepexoay ii B HOBY SIKICTh. Tak HaXuisl 3aJI©KHOCTI B 00JNACTi MOYaTKOBUX
crpo0 CBIMYHTH MPO MPUIIBH/IIEHHS POOOTH B MEXKaxX MOBUILHOI TEXHOIOTIT JiSTIBHOCTI, TOOTO B Tpoleci
KOHTPOJIIO CBIJIOMICTIO BCHOTO Ha0OpY HaBUaJIbHMX JIiil, HEOOXITHUX JJIsi BUKOHAHHS 3aBJaHHS. SIKIIO %K HaXUJI
icHye B o0nacTi KiHIIEBUX cIpo0, TO BiIOYyBaeThCS NPHUIIBUALICHHS pPOOOTH B MEXKax aBTOMAaTH30BaHOI
JUSUTBHOCTI, KOJIM KOHTPOJIIOIOTHCS CBIZIOMICTIO TUTBKH KJIFOUOB1 KOHIIENTYaIbHI MOMEHTH HaBYaJIbHHUX MiH.

Mooenbna 3anexcnicms wiupuny po3nooiy uacy eUKOHAHHA 3a60aHHA 610 emany Hasuanns (cnekmp
Momenmie Opy20z0 nopadky). Ha puc.8 mpezacraBieHi CeKTpH MOMEHTIB, IO ONMHUCYIOTh CIIEKTPH MOMEHTIB
MEpIIOr0 — YEeTBEPTOr0 MOPSIIKIB, KOJM HEBEJHWKHX 3CYBIB KOHTYpIiB HE BifOyBaeThcs. PeanizyeThcsi TUIBKU
Mepepo3MoAil IJION[ MiJ HOopMadbHuMH KpuBuMH. Ha puc.8b mpencraBiena amHamika 3MiHH aucriepcii
(IpuHM) PO3MOLTY Yacy BUKOHAHHS 3aBJIaHHS, KOJW BiJOyBalOTHCS HEBENHMKI JiHINMHI 3CyBH KOHTYpiB. BujiHo,
0 TpolleC Tepepo3MOoALTy IO (IKCYEThCS METOIOM MOMEHTIB, SIK ITOCTYNOBE 30OUIBIICHHS HIMPHHH
pO3MOILTY, a MOTIM HOT0 3MEHIIICHHS.

Ha mouaTkoBOMYy 1 KiHITEBOMY €Tami MOAECIBEHOTO SKCIIEPUMEHTY aucriepcis crana. [llupuHa posmomiry
30UIBIMYETHCSA, a TOTIM TIOBEPTAETHCS JIO IMOYATKOBOTO 3HAUYCHHS. 3MiHA wupuHu po3nooily 6Kazye Ha
MeXAHIIM «nepPeKaukuy, aK Mexanizm AKICHOI 3MIHU KOMHemeHmMHOCMI Y 6UKOHAHHI 3a60aHb. B MOIEITBHOMY
EKCIIEPUMEHTI, 1110 TMPEACTABICHUNA Ha PHC.8, IMUPUHN KOHTYPIB IO MEpPEKadKH 1 MICIA HEl CHiBMamamTh. ToMmy
TIOJIMYKH JHCTIEpCii Ha MTOYATKY 1 B KiHIII MOJEIBHOT'0 €KCIIEPUMEHTY 3HAXOIATHCSA Ha OMHOMY PiBHI. MojaenbHi
eKCIIEPUMEHTH 3 PI3SHUMH IIUPUHAMU KOHTYPIB [TOBIILHOI'O Ta IIBUIAKOIO BUKOHAHHS 3aBIAAHHS JAIOTh TMHAMIKY
3MIHHM AUCIIEPCii 3 PI3HUMH PIBHIMH MOJIMYOK B ITOYATKOBHX 1 KIHIIEBHX CITPOOax.

Mooenvua 3anexcnicmv acumempii po3nooiny uvacy 6UKOHAHHA 3A60aHHA 6i0 emany HAGUAHHA
(cnexmp momenmis mpemvozo nopaoky). Ha puc.8C npencrasieHa TuHaMIKa 3MIiHH aCHMETPii PO3MOAiTy Yacy
BHKOHAHHS 3aBAaHHs. BrumHo, 1m0 mporec mepepo3noaury miomny (GpiKCyeTbcs METOAOM MOMEHTIB, SIK TIOCTYIIOBE
30LTBIIIEHHS JTIBOCTOPOHHBOI acuMeTpii (Bil’€MHa acuMeTpisi) pO3MOLTY, a TOTIM MPaBOCTOPOHHBOT acHMETpii
(momatHs acumerpig). Ha mowyaTkoBOMY 1 KiHIIEBOMY eTari MOJIENBHOTO E€KCIIEPUMEHTY acCHMETpisl BiACYTHS.
@DiKCyeThCSI TAKOXK HYJIbOBAa ACHMETPIsl B MOMEHT «HepeKauku), KOIU KOHTYpP TOBUIBHOI 1 MIBHIKOI poOOTH
MaloTh OIHAKOBI aMILTITyIu. XapakmepHa 3mina acumempii po3nooiny cnouamky é 8i0’emHy obdracms, a
nomim 6 O00GMHIO MAKOMNC 6KA3YE HA MEXAHI3M «NEPEeKayKku», AK MeXaHizm AKICHOI 3MiHu
KOMNEmenmnocmi 6 6UKOHAHHI 3a60aHb.

Mooenvna 3anexcuicmov 20CMOPOGEPUIUHHOCHI PO3NOOIY YACYy GUKOHAHHA 3A60AHHA 6i0 emany
nHaeuanusn (cnekmp momenmie uemeepmozo nopsaoky). Ha puc.8d mpencraBneHa guHamika 3MiHH
TOCTPOBEPLIMHHOCTI PO3MOAITY Yacy BHMKOHAaHHS 3aBIaHHSA. BuAHO, IO mpolLec Mepepo3noily IUIOL]
HOPMaJIbHUX KOHTYPiB (DIKCY€ThCSI MOMEHTOM YETBEPTOrO NOPSIKY. Y TOYaTKOBiH (a3i MOIenbpHOro
EKCIIEpUMEHTY TOCTPOBEPIIMHHICT, Ma€ HYJIhOBE 3HAUSHHs, Jali BiI0OYBAa€ThCS IIOCTYNOBE 30UTBIICHHS
TOCTPOBEPLIMHHOCTI PO3MOALTY, HOTIM HOro 3MEHIIEHHs, 1 3HOB 30UIbIIeHHS. Y KiHLEBiH (a3l MoxensHOro
EKCIIEpUMEHTY TOCTPOBEPLIMHHICT 3HOB HA0yBa€ HyJIbOBE 3HaUeHHsS. HasiBHICTh TPhOX €KCTpEMyMiB B CHEKTPi
MOMEHTIB YETBEPTOr0 MOPSAKY BKa3ye Ha BUCOKY UYTIHBICTH ITi€l 3aeXHOCTI 10 (OpMHU pO3MOALTY (CIEKTp
JpYroro NOpSIKy Ma€ OIUH €KCTPEMYM, TPEThOro — JBa). Bix’eMHa rocTpoBepIIMHHICTE BKa3ye Ha HAsSBHICTD
JIBOX BEPILIMH B PO3MOJiJIi Yacy BUKOHaHHS 3aBlaHb. HyJaboBe 3HaU€HHS IOCTPOBEPIIMHHOCTI Ta acUMETpil Ha
MOYaTKOBOMY 1 KiHIIEBOMY eTalli MOJAEIbHOI0 eKCIEPUMEHTY CBIIYMTH PO HOPMAaJbHUN XapaKTep pPO3MOIily
YJacy BUKOHAHHS 3aBJaHb B ITOYATKOBiM 1 KiHLEBiH (a3l MOIENFHOrO eKCIIEpUMEHTY, a TAKOX Ha MOBHY 3MiHY
SIKOCTI KOMIETEHTHOCTI. 3po3yMmino, 1m0 B KiHIEBid ()a3i MOIENBHOIO €KCHEPHUMEHTY L HOpMallbHa KpHUBa
nepeMicTUIach B 1Kl Yacy B 00JacTh IIBUAKUX Ail. Bei cTyIeHTH BUKOHYIOTH 3aBAaHHS B KOHTYPi LIBHIIKOI
pobotu. Xapaxkmep 3minu 20cmpogeputuHHOCHE PO3NOOIY 6KA3YE HA MEXAHIIM «HEPEKAUKUY», AK MEXAHIZM
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AKICHOT 3MIHU KOMNEemMeHMHOCMI Yy 6UKOHAHHI 3A60aAHb.

BucHoBKH.
Ilposedeno moodenvHuii po3enad OUHAMIKU MPAHCHOPpMAYyili CMAMUCMUYHUX PO3NO0iNie wieuOKocmell

HaeuanbHux Oill 8eIUKUX ZPYR YUHIG. 3ACHMOCOBAHO MAMEMAMUYHUIL anapam memooy mMomeHmie. Ananiz
OUHAMIKU 3MIH MOMEHmIE pO3nooinie Nepuiozo — 4uemeepmozo HOPAOKIE, uio 8i0dyearomvcsa 6 npoyeci
Haeyanus, oae 6azuc 013 00’ €KMUBHUX IHMEZPATLHUX OUYIHOK HPOXO0O0IHCEHHA NPOYecy HAGUAHHA.

1.

ok w

10.

ok w

Momenm nepuiozo nopaoky (cepeone snauennsn po3nodiny). 1IBUAKICTs hopmyeanus 08020 AKICHO20
PpieHa Komnemenmuocmi y TpyIIA YYHIB BU3HAYAETHCS IICHTPATBHOI YaCTHHOIO 3aJI€KHOCTI (CepeaIHbOro
4yacy BUKOHAHHS 3aBJaHb) BiJl HOMepy crpoOu. BoHa Mmae JniHIlHUWI XapakTep Ta Bi3yalsidye HIBUAKICTH
MEPEepOo3MOAITY TUIONI CKIaJ0BUX PO3MOAiTYy (HOpPMalbHHUX KOHTYpIB, IO BiMOBIJAIOTH 3a MOBUIBHY i
IIBUKY TEXHOJOTII0 i NMpHW BUKOHAHHI 3aBJaHb). UMM IIBHIIE I[H TEPepO3MOail BigOyBaeThCS, TO
crocTepiraeThes OUTBIIMN KYT A0 oci crpoO Ii€i IIeHTpaIbHOT YACTUHH CHEKTPY MOMEHTIB.
Momenm Opy2020 nopaoky (Oucnepcis, wiupuna po3noodiny). Ha MexaHisMm popmyeanns Ho6020 AKIiCHO20
Pi6éHs KomnemenmHocmi B XOJl BHKOHAHHS 3aBJlaHb BKa3ye XapaKTepHHU J3BOHOMOMIOHWIA BUIJIS]
BifmoBiHOrO Tpadiky. Y NeHTpaJdbHId YacTHHI 3aJI©KHOCTI I[OTO MOMEHTY BiJ eTany HaBYaHHS
CIIOCTEPIraeThCs CyTTEBE 30UIBIICHHS NIMPHHU PO3IOJITY, a MOTIM 3MEHIIIEHHS 10 MOYaTKoBOro piBHs. Le
BKa3ye Ha MEXaHIi3M 3MIiHM KOMIIETEHTHOCTI, 1110 3B’SI3aHUM 3 MEPEPO3IOALIOM KIIBKOCTI BUKOHAHD 3aBJaHb
MDK HOBUIBHOIO Ta MIBUAKOK TEXHOJOTIEK Tii.
Momenm mpembozo ma uyemeepmozo nOpPAOKy (acumempia ma 20CHPOGEPUIUHHICHIL PO3NOOINY).
MexaHi3M SIKICHOT OJHOKPATHOi 3MIHHM KOMIIETEHTHOCTI B XOJi BHMKOHAHHS 3aBJaHHS OJHO3HAYHO
MPOSIBIIIETCSL B XapaKTePHil 3MiHI aCHMETpil Ta TOCTOPOBEPIIMHHOCTI po3moairy. Tak acHMeTpisi CloYaTKy
Mae€ JiBa eKCTPEMYMH, @ TOCTOPOBEPIIMHHICTh TPH. Taka KIbKICTh EKCTPEMYMIB BKa3y€e Ha JIBI CKJIAJIOBUX
PO3IOJIUTY MIXK SKHMH BiJIOYBAETHCS TIEPEPO3ITOJILT TUIOII.
Momenmu nepuiozo, 0py2020, mpemovo2o ma uemeepmozo nopaoky. IlnaBHa 3MiHa MBUAKOCTI Hiii, 6e3
SIKICHOT X 1epe0yq0BH, HPOSBIIIOTHCA Ha rpadikax y BUIIIA/I IJIABHUX KPUBHUX 03 ekcTpeMyMiB. CepemHs
MIBUIKICTH Jifi B TPymi BIPOIOBXK TPEHYBaHHS OyJe IUIABHO 3pOCTaTH. MOMEHT Jpyroro Mopsaky Oyme
BKa3yBaTH Ha 3MEHIIEHHS AWCIepCii MiCHs TPWUBAJOro TPEHYBAaHHA y BUKOHAHHI OJHOTHITHHX 3ajady, a
ACHUMETPisl Ta FOCTPOBEPIIMHHICTh CYTTEBO 3MIHIOBATHCH HE Oyie.
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Formulation of the problem. In the modern world, information technology plays a significant role
in all spheres of human life. Presentation of modern areas of production, science, sports, economics and
culture becomes impossible without the use of computer technology. Computer technology in connection
with total computerization is a priority course for the development of 21st century science. The need for
computers arises in everyday life, both during work, research and education, as well as in leisure planning
and the implementation of free time.

On this year's day, there are tens of thousands of outdoor computer computers. It’s independent of
such an abundance, the number of types of customers, which is one type of one mechanism by the principle
of principle, it is divided. If there is a combination of virusi, yaki can be brought immediately to the decimal
type. The main and most widespread classifications of computer components are those for middle class
living, but for the types of computer systems in which there are viruses. The flip side of all the advantages of
computer technology is their vulnerability. Vulnerability of information includes the exposure of information
to various destabilizing factors, which can lead to a violation of its confidentiality, integrity, accessibility or
misuse, which undoubtedly adversely affects the owner of the information.

Analysis of research. The issue of paramount importance for the user is the problem of data and
system security, the possibility of fearless use of information brought from outside and ensuring the stable
operation of the computer. The problem of external threats is particularly acute in connection with the
development of the Internet, as it is through it that viruses and malware are often introduced that appear,
modernize and infect thousands of computers daily. Trojan programs (backdoors, rootkits, ransomware
Trojans, Windows blockers), worms, viruses, dialers, spyware, phishig attacks - this is not a complete list of
unpleasant surprises that an insecure user will sooner or later encounter.
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Threats to information security are divided into active and passive. Passive ones are mainly aimed at
unauthorized use of information resources of information systems, without affecting its functioning, listening
to communication channels, etc. Active threats are aimed at disrupting the normal functioning of information
systems with a targeted effect on its components. Active threats, for example, include the failure of a
computer or its operating system, the distortion of information in a data bank, and the destruction of
software.

A computer program has its own author and a specific purpose, therefore, the behavior of a virus in a
system is set by its creator (virus writer). Definition A computer virus implies a program with the functions
of propagating its own copies in files of other programs. A mandatory attribute that a computer virus
possesses is the ability to infect other files on the computer. Computer viruses have the ability to inject
themselves into the “body” of other programs and files on a computer for their own reproduction.

Presentation of the main material and the justification of the results. The first computer viruses
were created by their authors solely for the purpose of self-assertion - the authors tried to confirm their own
abilities by writing these programs. Often, no other functional application other than self-copying, the output
of any messages of a comic nature, such programs did not carry. It only interfered with working on an
infected system, but there was no talk of destroying user information as a result of infection with such a
computer virus. Later, viruses began to possess destructive functions: they deleted certain user files,
sometimes a number of system files, on the infected system, which rendered the operating system unusable.
A characteristic of that period was the WIN.CIH virus, which at some point in time caused damage to the
motherboard of the computer, writing incorrect information to the BIOS [1].

Over time, the number of computer viruses created began to decline, giving the palm of the eye to
Trojan horses. Today, cybercriminals have become the destiny of professionals with the goal of their
activities to make a profit. Of the most common computer viruses in recent times, it is worth noting Sality
and Virut (according to the classification of Kaspersky Lab). Both of these computer viruses carry a distinct
economic component, involving the infected computer in an entire zombie network that can secretly submit
to its owner (virus writer) via the Internet, send spam, or even make DOS attacks on Internet services. In
fact, looking at the Virut or Sality computer virus, we come across a trojan supplemented by a method of
propagating a computer virus for greater efficiency.

The most common malware family today is trojans. The term “trojan” was borrowed from the
legendary story about the Trojan horse, thanks to which in ancient times an invisible penetration into the
territory of the enemy was made. In the same way, modern computer trojans imperceptibly enter the victim’s
computer and begin their secretive existence there. In fact, these are all the same malicious computer
programs, but lacking the ability to reproduce their copies through files of other programs. The trojan is
created already completely ready for work. Computer Trojans usually have as their goal spyware or thieves,
during which they can send spam from an infected computer, record and send information entered on the
keyboard, collect and steal all kinds of passwords, carry out secret remote control of the infected computer
via the Internet, and much more. The classification of trojans is quite extensive. Today you can find
ransomware trojans, trojans for sending spam from an infected computer (spam bots from the English Spam
bot), trojans for remote control of an infected computer (backdoors from the English backdoor), trojans for
the secret or deceitful installation of other trojans (droppers), trojans for covert download from the Internet
of other trojans (downloaders). It is also worth mentioning trojans for stealing passwords from an infected
computer (for example, passwords from messenger programs, social networks, online games) and trojans for
automatically infecting a computer via the Internet. Recently, Trojans pretending to be anti-virus programs
have been quite popular.

The following Trojan programs are most common:

1. Keyloggers (Trojan-SPY) - Trojans that are constantly in memory and store all the data coming
from the keyboard for the subsequent transfer of this data to the attacker. Usually in this way an attacker tries
to find out passwords or other confidential information.

2. Password hijackers (Trojan-PSW) - trojans, also designed to receive passwords, but do not use
keyboard tracking. Typically, such Trojans implement methods for extracting passwords from files in which
these passwords are stored by various applications.

3. Remote management utilities (Backdoor) - trojans that provide complete remote control over a
user's computer. There are legal utilities of the same property, but they differ in that they inform about their
purpose during installation or are supplied with documentation that describes their functions. Trojan remote
control utilities, on the contrary, do not give out their real purpose, so the user does not suspect that his
computer is controlled by an attacker. The most popular remote control utility is Back Orifice.
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4. Anonymous smtp-servers and proxies (Trojan-Proxy) - trojans that perform the functions of mail
servers or proxies and are used in the first case for spam mailings, and in the second for hackers to trace
tracks.

5. Browser settings modifiers (Trojan-Cliker) - Trojans that change the start page in the browser, the
search page, or any other settings for organizing unauthorized access to Internet resources.

6. Installers of other malicious programs (Trojan-Dropper) - trojans that provide an opportunity for
an attacker to perform a hidden installation of other programs.

7. Trojan Downloader - Trojans designed to download new versions of malware, or adware, to a
victim computer.

8. Trojan-Notifier - Trojans of this type are designed to inform their "host" about an infected
computer.

9. "Bombs" in archives (ARCBomb) - trojans, which are archives specially designed in such a way
as to cause abnormal behavior of archivers when trying to unzip data - freezing or significant slowdown of a
computer, filling a disk with a lot of "empty" data.

10. Logical bombs - more often not so much trojans as trojan components of worms and viruses, the
essence of which is to, under certain conditions (date, time of day, user actions, external command), perform
a certain action: for example, data destruction.

11. Dialing utilities - a relatively new type of trojan, which is a dial-up utility for accessing the
Internet through paid mail services. Such trojans are registered in the system as the default dialer utilities and
entail large bills for using the Internet (Pic 1). [2].
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Vulnerabilities in operating system modules contribute to Trojan infection. They also pose a threat to
the computer’s security interms of Trojans infected vulnerabilities in the web browser and its plug-ins
(extensions). Despite the fact that Internet Explorer, the most popular browser among users, is gradually
losing ground, the main vector of attackers is aimed specificall at this browser. For invisible penetration of a
trojan through a vulnerable browser, attackers use the so-called exploits - special data codes that cause
memory corruption and allow access to its neighboring areas, which ultimately allows the Trojan to infect a
computer. Vulnerability in browser plug-ins is associated with extensions such as Adobe Flash Player for
displaying FLASH animations in a browser or Adobe Acrobat Reader for displaying PDF documents in a
browser. To prevent computer infection through the Internet, you need to use high-quality anti-virus
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programs equipped with web filters. Only reliable products of two Russian companies can be attributed to
reliable anti-viruses: Kaspersky Labs and DRWeb [3].

In addition to the secret trojan infection, there is the possibility of open infection with the Trojan -
the user actually gives the attacker a “green light” when the Trojan is “offered” to the user under the guise of
something useful. The method of misleading the user by communicating to him important data that is
actually false, is currently experiencing another round of its development. New techniques have not yet been
discovered, old and long-tried are used on an appalling scale. One of the most striking examples of this
technique is phishing attacks. Phishing is a type of online fraud whose purpose is to obtain user credentials.
Organizers of phishing attacks send emails on behalf of popular brands and insert links to fake sites into
them. Once on this site, the user runs the risk of informing criminals of valuable information, such as their
credit card number. You can often stumble upon banners and pop-ups that mimic the interface of the
Windows operating system. When hackers try to install a virus on someone’s computer, in most cases they
need the user to personally run the program. To convince the owner of the computer to do this, the virus is
usually passed off as some useful software. Faking under system messages, banners “find” non-existent
viruses and trojans on the computer, and then offer to install a certain antivirus, which is actually a Trojan.
Thus, the user is fraudulently forced to voluntarily install the trojan into his computer, somewhere playing on
curiosity, and somewhere on inattention and fear [4].

It is also worth mentioning such methods of infection with Trojans as instant messaging systems
(ICQ, MSN Messenger, etc.), as well as e-mail, which began the era of computer virus infection via the
Internet. Now this method of reproduction can no longer be called popular, since anti-virus products and
security systems on mail servers have learned with enviable success to find and neutralize computer viruses
and trojans in e-mail. The infection vector of Trojans and viruses via the Internet has shifted towards infected
websites. According to statistics from anti-virus companies, the content of viruses and trojans in e-mail today
is at the level of 2-3 percent of the total number of letters, which in itself is small. But, nevertheless, e-mail
cannot be completely deducted. You should never open and run attachments in emails from unknown
senders. Recently, attackers began to send links to an infected site instead of attachments in their letters,
therefore, clicking on links in letters from unknown senders is also not recommended. As for instant
messaging systems, here again it is possible to run into links to infected sites, which can be sent in your
message to one of the contacts whose computer is currently infected with the Trojan, or if the client’s
number and password could be known to attackers.Consider some of the features of information security
threats recorded in 2010, which can be called the heyday of Internet fraud [5].

1. Banking Trojans. The first place in the list of cyber pests is awarded to banking Trojans. This
category of malware includes those that are aimed at obtaining unauthorized access by attackers to the
accounts of individuals and legal entities through remote banking systems. The latter are now rapidly gaining
popularity, and criminals seek to take advantage of this popularity. It is likely that in 2011 we will witness a
shift in the sphere of interests of Internet fraudsters from private users to legal entities, on whose accounts
much more significant amounts of money are concentrated.

2. Windows blockers. The second place is rightfully occupied by the classic Windows blockers,
which have kept users and experts of antivirus companies in suspense since the fall of 2009. Windows
blockers include malware that displays a window (blocking other windows) with the requirements of
attackers. Thus, the user is deprived of the opportunity to work on the computer until he pays for the unlock.
A variety of such blockers, as well as fraudulent pretexts, is shocking - from the requirements to pay a fine
for using pirated software to the requirements for paying for the ordered content.

3. Data encryptors. In 2010, many new modifications of encryption Trojans appeared, the purpose of
which is user documents. After the Trojan encrypts the documents, information is displayed that it is
necessary to send money to the attackers for the decryption. In the vast majority of cases, virologists quickly
develop utilities with which you can decrypt user data, but since it is not always possible and attackers
require significant amounts of money to decrypt, Trojan.Encoder is on the third line of our top ten.

4. Redirectors to malicious and fraudulent sites. These malicious programs are created by
cybercriminals to modify the hosts system file in such a way that when they try to access a popular site, a
fake site with a design similar to the original is displayed in an Internet browser. Usually, access to most
search engines is blocked in order to deprive the user of the opportunity to “deal with" the virus on their
own. Moreover, money will be required from the user under various pretexts. The most popular scam
requirements are: the user must send an SMS to unlock access to the social network; the user must send an
SMS to confirm that he is not a bot. At the same time, some viruses change the path to the hosts file in the
registry, thus reducing the likelihood that the average user will cope with the malware on his own.
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5. False antiviruses. False antiviruses look like antivirus software, and often their design resembles
several antivirus products at once. But these malware have nothing to do with antiviruses. Once installed in
the system, such “antiviruses” immediately report that the system is allegedly infected, and for the treatment
of the system it is supposedly necessary to purchase a paid version of the antivirus program. In some cases,
they threaten to delete all information from the hard drive or make the computer unusable.

6. Blockers launch IM-clients. For several months in 2010, attackers spread a malicious program that
blocked the launch of popular instant messaging clients. Users of 1CQ, QIP and Skype were under attack.
The IM client was replaced by a similar interface malware, in which, upon startup, the user was informed
that his account was blocked for spamming, and to restore access to the corresponding service, it was
necessary to send an SMS message, naturally, to a paid number.

7. False archives. Attackers invented and implemented dozens of schemes for obtaining illegal
income, and the malware itself fell on hundreds of millions of computers [6].

Almost all Internet users have come across such a window at least once in their life. Attackers create
fake torrent trackers or file storages from which you can supposedly download popular or rare content. These
resources appear in the first lines of popular queries in search engines. Using such a resource, the victim
receives an allegedly self-extracting archive with the desired information for downloading. In reality, the
“archive” turns out to be an executable file (* .exe), the interface and icon are very similar to a self-
extracting archive. The difference between such an archive and the present is that in the process of
“unpacking” at a certain moment the user is informed that a certain amount of money must be paid to
complete the process.

8. Bootlockers. In November 2010, a blocker was distributed, which, during infection, is recorded in
the boot area of the hard drive, thereby blocking the loading of the operating system used. When you turn on
the computer, information with the requirements of the attackers is displayed on the user's screen.

Like any application, computer viruses can be divided into two main stages of the life cycle - storage
and execution. The storage stage corresponds to the period when the virus is simply stored on the disk
together with the object to which it is embedded. At this stage, the virus is most vulnerable to antivirus
software, as it is not active and cannot control the OS for self-defense. Some viruses at this stage use
mechanisms to protect their code against detection. The most common method of protection is to encrypt
most of the body of the virus. Its use in conjunction with code-mutation mechanisms (discussed below)
makes it impossible to isolate signatures - persistent virus code snippets [7].

The stage of execution of computer viruses, as a rule, includes five stages: 1) loading the virus into
memory; 2) search for the victim; 3) infection of the found victim; 4) performance of destructive functions;
5) transfer of control of the program-carrier of the virus. Let's look at these steps in more detail.

Downloading the virus. The virus is loaded into memory by the OS at the same time as the
executable object into which the virus is embedded. For example, if a user executes a program file
containing a virus, then obviously the virus code will be loaded into memory as part of that file. In the
simplest case, the process of downloading the virus is nothing more than copying from disk to RAM,
sometimes accompanied by setting addresses, after which the transfer of control of the code body of the
virus. These actions are performed by the OS, and the virus itself is in a passive state. In more complex
situations, the virus can, after obtaining control, perform additional actions that are necessary for its
functioning. In this regard, two aspects are considered. The first aspect is related to the maximum
complication of the virus detection procedure. Some viruses use sophisticated algorithms to provide
protection during storage. Such complications include encryption of the main body of the virus. However,
the use of encryption only is half-way, since the part of the virus that provides the decryption of the virus at
the boot stage should be kept open. To avoid such a situation, virus developers use mechanisms of
"mutations” of the decryptor code. The essence of this method is that when embedded in the object of a copy
of the virus, part of its code related to the decoder is modified so that there are textual differences with the
original, but the results of the work remain unchanged. The following code modification techniques are
commonly used:

- changing the order of independent instructions;

- replacement of some instructions with equivalent results;

- replacement of registers used in the instructions for others;

- introducing randomly noisy instructions.

Viruses that use similar mechanisms of code mutation are called polymorphic viruses. When sharing
encryption and mutation mechanisms, the embedded copy of the virus will be different from the original, as
one part of it will be modified and the other will be encrypted on a key created specifically for that copy of
the virus. And this significantly complicates the detection of the virus in the computer system. Polymorphic
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viruses (polymorphic) are hard-to-detect viruses that have no signatures, that is. E. Containing no permanent
section of code. In most cases, two samples of the same polymorphic virus will have no coincidence.
Polymorphism is found in viruses of all types - file, boot, and macro [8].

The additional steps that polymorphic viruses perform at the download stage are to decipher the
main body of the virus. When using stealth algorithms, viruses can completely or partially hide themselves in
the system. The most common stealth algorithm intercepts system requests to control OS actions. Viruses
that use stealth algorithms are called stealth viruses. Stealth viruses (Stealth) are able to hide their presence
on the system and avoid detection by antivirus programs. These viruses can intercept OS requests to read /
write infected files, while they either temporarily treat these files, or "substitute™ for themselves uninfected
pieces of information, emulating the "purity" of infected files.

In the case of macros, the most popular way is to bar calls from the macro view menu. One of the
first file stealth viruses was the "Frodo™ virus, the first bootstrapping stealth virus was the "Brain" virus.
Often, viruses use a variety of non-standard techniques to delve deeper into the core of the OS, either to
protect against the detection of their resident copy, or to complicate treatment against the virus.

The second aspect is related to the so-called resident viruses. Since the virus and the object in which
it is embedded, are for the OS as a whole, they are naturally located in a single address space after download.
Upon completion of the aobject, it is unloaded from memory, while also unloading the virus, going into the
passive storage. However, some types of viruses are capable of being stored in memory and remain active
after the end of the virus carrier. These viruses are called resident.

Resident viruses, when infected with a computer, leave in memory their resident part, which then
intercepts the OS access to the objects of infection and introduced into them. Resident viruses are in memory
and are active until the computer is shut down or OS restarted. Macro-viruses can be considered as resident,
since for most of them the basic requirements are fulfilled - constant presence in the computer memory for
the whole time of work of the infected editor and interception of functions used in working with documents.
In this case, the role of the OS takes on the editor, and the concept of "reboot operating system" is treated as
an exit from the editor [9].

Non-resident viruses do not infect your computer memory and retain activity for a limited time.
Some viruses leave small resident programs that do not spread the virus in memory. Such viruses are
considered non-resident. It should be noted that the distribution of viruses into resident and non-resident is
true mainly for file viruses. Boot viruses, like macroviruses, are resident viruses.

Conclusion and prospects for further research

Analyzing all of the above, we can conclude that in the face of a significant increase in countering
virus attacks and a significant increase in user literacy in the field of countering Internet threats, virus writers
and hackers are forced to actively develop methods of the social formation that a certain amount of money
must be paid to complete the process. In fact, the user is deceived twice - sends money to attackers and does
not receive any information that is useful to himself.

The process of developing malicious programs and means of countering them is a constant war of
technologies. Original ideas are regularly implemented in viruses, which requires adequate actions from
antivirus software developers. The authors strongly recommend that you follow the news on the websites of
anti-virus companies and follow the advice of information security experts about the need to update software
(not only anti-virus) or perform specific actions to improve computer security.
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IlocTanoBka 3aaavi. Po3risiHEMO MPUHIMIN KOAYBaHHA 300pa’ke€Hb, MPaBIIbHE 3aCTOCYBaHHS iX B
UG POBOMY CBITi, PI3HHUITIO MIXK OCHOBHUMH (popMaTamy 300paKeHb Ta HOBUHKH Ha SIKi BAPTO 3BEPHYTH yBary.
HaBeaemo mpukimamy KogyBaHHS pi3HUX (opMartiB, HOPIBHAEMO iX KiHIIEBI MOKA3HUKU IOCIIOBHICTE 0OpOOKH

(pmc. 1).

Pucynok 1 — TlocmizoBuicte 00pobOku Baseline JPEG, Progressive JPEG, nuCKpeTHHM KOCHHYCHHM
MePETBOPEHHSIM, BEHBIICT-TIEPETBOPEHHAM

MeTto0 1aHOr0 DOCTITKeHHS € OTPUMAHHS KIHIIEBHX ITOKa3HUKIB 300pa’keHb i MPUKIAJ SIK MOXKHA
BUKOPHCTATH 1li IOKa3HUKH B PI3HUX CEPEOBUINAX.

OcHoBHa vyactuHa. PactpoBi dopmaru BKIIOHAIOTH B ce0€ CiTKy MIKCENiB, TOOTO IHTEPHpPETOBAHHUM
neperisigadeM koA, BimmoBimHo mera gopMary - moka3aTh HaOOpOM CUMBOIIB OyIb-siKe 300paxeHHs (puc. 2).
®opmar JPEG crHickae KapTMHKY 3 BTpaToro sKocTi. BuximHe 300pa)keHHS pO3OMBAETBHCS 1 TPYIyEThCS Ha
kBanpatu 8x8 mikceniB. ['onoBHa Meta hopmary JPEG — miniOpaTu Takuii piBeHb SKOCTI, 00 Bara 300paskeHHS
Oyna HeBelWKa 1 AKiCTh KapTUHKHM Oyna anekBaTHOIO (puc. 3). Bara 300pa)xeHHSI BKJIIOYAlO4M CTUCHEHHS B
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¢opmari JPEG 3amexuTh Bif KINBKOCTI KOJMBOPIB, PO3AUIBHOI 34aTHOCTI 1 po3mipy. OTke OCHOBHI
XapaKTePUCTUKHU LHOTO popMaTy:
e HalnomyssIpHimMi Gopmar;
Maui po3mip Qaiinis;
no0pe cTrckae GoTo, ajie ICye YiTKi JIiHii;
HE Mae€ MPo30pOCTi;
He OibII HiXK 8§ OIT HA KaHaJ.

LWicTHapuaTkoBuii Koa:

211813 321F15 613C1C 75411E
614229 6F5949 938479 3E4545
7D5C25 6A6E67 706769 362624
4B2E10 4B2D11 312120 3B2316

MepeBoanM B ECATKOBUIA KOA:

R: 033 R: 050 R: 097 R: 17
G:024 G:031 G: 060 G: 065
B: 019 B: 021 B: 028 B: 030
R: 097 R: 1M R: 147 R: 062
G:066 G:089 G:132 G: 069
B: 041 B: 073 B: 121 B: 069
R: 125 R: 106 R: 112 R: 054
G:092 G110 G: 103 G: 038
B: 037 B: 103 B: 105 B: 036
R: 075 R: 075 R: 049 R: 059
G:046 G:045 G: 033 G: 035
B: 016 B: 017 B: 032 B: 022

Pucynok 2 — [Tpubnmxena ainsaka ¢pororpadii, KOKeH MmKceNlb K0T — OKpeMHUH KO KOJIbOPY

Pucynok 3 — JliBa yactuna 300paxkenHs1 — 1o ctucHeHHs popmarom JPEG, npasa yactuna — micns

Otxe 3amicte nomymnsapHoro ¢popmary JPEG Mu MoxeMo BUKOpUCTAaTH MEHII BiTOMHUI HOro HamagoK —
JPEG2000. Le#t ¢popmat Bonozie BciMa XapaKTepUCTUKAMH CBOT'O TOMEPEIHUKA, ajle 31 3MIHEHUM aJIrOpUTMOM
00poOKH. 3amicTh JOUCKPETHOTO KOCHHYCHOTO MEpETBOPEHHS, BUKOPHCTOBYE BEHBIIET-TIEPETBOPEHHS.
300paskeHHs 3MEHILYEThCS B JBa Pas3H, U HBOI'O 3HAXOIATHCA PI3HHUII IO BEpTHKAJi, MO TOPU3OHTAJI Ta
ycepeaHeHe 3HaueHHs 1o Aiaro”aiti. [Iporec noBroproeTses nekinpka pasis. (puc. 4). [Inrocu BUKOpUCTaHHS:
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BiZICYTHS OJIOYHICTB;
MPOTrPeCUBHE 3aBaHTAKCHHST;
MiHIaTIOpa BUXIJIHOTO 300paKEHHS MPUCYTHS B caMoMy (aiii;
e migTpuMKa 16-0iTHOrO KOJNBOPY.

Onosnena Bepcigs JPEG2000 mae na3sy JPEG-XR i Takox Bif]pi3HSETBCSI CIIOCOOOM KOAYBaHHS 300paskeHHS.
3aMicTh BEWBIET-IIEPETBOPEHHS BHUKOPHUCTOBYETHCS KOAYBaHHs Onokamu 4x4 mikceni i JpyruM piBHEM IS
Makpo-05oky 16x16. Iligrpumye pizHi onmii cydauckpernsarii. [Ipore ueit popmar pinko BUKOPHUCTOBYETHCS 1
HE MATPUMYEThCs 6araTbma Opay3epamu Ta NPUCTPOSMH.

Pucynok 4 — BeiiBner-nnepeTBOpeHHS

®opmat PNG € ¢dopmaroMm cTucHeHHs 0e3 BTpaTH SKOCTI 1 J03BOIIsE 30epiraTh 300pakeHHs, B SKUX
notpibHa ocobmuBa TouHicTh. Mae nBi Bapiarii: PNG8 ta PNG24. [epumii Mmoxe mMaTu suiie 256 KoiIbopiB, a
PNG24 BukopucroBye Outbiie 16 MinbiioHIB KONbOpiB. ['omoBHa ocobmuBicth Gopmary PNG — miarpumka
anbda-mpo3opocTi, TOOTO KOXKHOMY MIKCETI0 OKPEMO MOXHA 3aJIaTH CBOKO CTEMiHb Mpo3opocTi (puc. 5). OxHak
3a paxyHOK CTHCHEHHs 0e3 BTpar, 300pakeHHsI bOro (OopMaTy MaroTh BENHMKY Bary. Takox Mae (QyHKIIiO
JIOTTUCYBAHHS JIONATKOBUX OyokiB. Lle mano MoXIuBICTH peaizyBaTH aHiMailiio 0e3 BTpaTH 3BOPOTHBOI
CYMICHOCTI.

/Iﬁ-“f"“f")"f”

Pucynok 5 — Jlororum yHiBepcureTy 3 mpo3opuM (HoHOM

WEBP — He € 0kpeMO0 po3pobkoro. Moro aaropuT™My BUKOPHCTOBYIOTh aIrOPHTMH Bifle0-KOJEKIB s
CTHCHEHHsI KIIOYOBHX KajpiB. B Hbomy BinOyBaerbcs meperBopenHs 3 RGB B YUV (puc. 6) i Takox
3aCTOCOBYETBHCS JIMCKPETHE KOcHHYycHe meperBopeHHA. Ha Binminy Bix ¢opmary JPEG, Onoku MOXyTb
posouBatuch sk Ha 4x4 Tak 1 Ha 16x16 mikceniB. ANroOpuTM BU3HAUaE 1€ i sika Oyae TOYHICTh, OPIEHTYIOUUCH Ha
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JeTaizallito AUITHOK (puc. 7). Halimikagimne — 11e KoayBaHHS 4YacTUHM 300paxkeHHs cxoxuM Ha JPEG criocobom
i 3 mepenOayYeHHsIM Ha HACTYIHI OJOKH, ONMMPAIOYMCh HA BXKE BiIOMi. Y BHIMAAKY KOJIH TependadeHHs MOXKHA
YCHINIHO 3IHCHUTH 3 MaJIOI0 KUIBKICTIO MOMUJIOK, HiIPaxoBY€EThHCsI MOMUJIKA MepeadaueHHs i sika 30epiraeThes
3aMiCTh OJIOKY.

Taxox 3a gonomororo Gpopmaty WEBP MoxkHa cTuckatu 300paskeHHs 3 BTpaTaM, ajie 0e3 BTpaT KaHaly
mpo3opocTi. Takoro He BMi€ Hi OIWH 3 MOMyIsApHUAX popmartis.

Pucynok 6 — IleperBopenns 3 RGB B YUV, i HaBnaku

Pucynok 7 — BusHa4ueHHs anropuTMOM JIUTSTHOK 3 OLTBINOI0 JETai3aIli€elo i3 3aCTOCYBaHHIM OJIOKIB
16x16 mikcenis

OcHOBY BeKTOpHHX (POpMaTiB CTAHOBISATH MaTEeMaTH4HI (POPMYIH, TEOMETPUYHI MpeACTaBIeHHS Diryp,
npumituBu. [lpumituBu critagaroTh ¢irypu, Qirypm MOXyTh MaTH 3ajJHBKYy, oOBeneHHs Tomo. BekropHa
rpadika MicTUTh B CO0i IHCTPYKIii KOMIT'IOTEpPY SK IIOCh HaMalltoBaTh (TOYKH Ha IEBHUX KOOPAWHATAX,
3’€IHaHHA IIUX TOYOK MTEBHOIO KPHUBOIO, KO/ KOJIHOPY, TOBIIUHA JIiHii 1 T.1T.).
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Pucynok 8 — JliBa yactuHa - IOroTHI B BEKTOpHOMY (hOopMaTi, mpaBa — Mmicis pacTepu3arii

Ha ¢inanpHOMYy erami Takoro MajlOBaHHS TNPH BHBEIEHHI Ha €KpaH JIOBOJHUTHCS IIEPETBOPIOBATH
iZieaibHy MaTeMaTHYHy MOjelb B mikceni. Came 1€ Ha3MBa€eThes pacrepu3alliero (puc. 8). s mpuknany 10
BEKTOPHOI rpadiku BIAHOCATHCS MPUQPTH, iIKOHKH, JIOTOTHITH, LTFOCTPAILi.

Bci BekTopHi opMaTé CX0XKi 1 PI3HUIS MK HUMH JIMIIEC B PEIAKTOPi, B SKOMY CTBOPIOETHCS BEKTOP.
Koxen penmaktop mae cBoi cnenm¢iuni ocobmuBocti. Cepen Bimommx ¢opmatie mMoxna Buaimuta CDR
(pemaxtop CorelDraw), Al (Adobe Illustrator), EPS (pamni Bepcii Adobe Illustrator, mpore wuacro
BHUKOPHUCTOBYETHCS 3 OIVIsy HAa HOro mmpoky cymicHicts), SVG (Biakputuii ¢hopmat, skl po3yMitOTh YCi
Opay3epn). IcHye He OJIMH JAECATOK BEKTOPHUX (POPMATIB, ajie CEHC KOXKHOTO OJMH - OMKMCATH MAaTEMaTHYHO TE,
110 OTPiOHO HaMaJIIOBaTH.

BucHoBkH

Omxe, hopmat 300pakers JPEG € myske rHydkuil i B 3aJI€XKHOCTI Biff TOr0, HACKLIBKH SKICHUM Ma€ OyTH
KapTHUHKA 3aJIeKUTh Bara 300pakeHHs. J[ms BiqoOpakeHHsS HaWKpallle 3aCTOCOBYBATH MPHHIIUI TEPETBOPEHHS
Progressive JPEG abo auckperHe KOCHHYCHE meperBopeHHs. dopMaT ayKe MOMHPEHUH 1 MiATPUMYETHCST Y
BCiX chepax BUKOPHUCTAHHS. 3aCTOCOBYETHCS T poTorpadiii.

s 3aminu Beim Bimomoro JPEG, B cydacHoMy cBiti mokasye ceoe dpopmar JPEG2000. Bukopucrorye
OLTBINT JOCKOHATUH alTOPUTM BEUBJICT-TIEPETBOPEHHS, 1110 TO3BOJISIE€ CTUCHYTH KapTUHKY 0e3 BTpat. He ripmmii,
HDK WOro IONepemHHUK, IMPOTEe MEHIN TMOIMMPEHUH 1 MIATPUMYEThCS JIMINE BiZOMHMH Opay3epamMu Ta
OTIepaIliiHIMH CHCTEMaMH.

PNG dopmatr npusHaueHu# Oibiie s poOOTH MK pemakropaMy abo Ui BiIoOpakKeHHs JIOTOTHIIIB,
HEBEIMKUX 300paxkeHb. Yacto 3actocoByeThess B Web-maByruni. Mae MOBHOIIHHY MPO30pICTh Yepe3 anbda-
KaHaJl, CTUCKA€E KapTUHKHU 0e3 BTpart, ixeanpHuil s rpadiku. He mpusHadennit anms myomikaiii ¢pororpadiii.

WEBP - BigHOCHO cBiXHii opmart, skuii mpencrauia kommnanis Google. Ha TperuHy Kpalie cTHCKaE,
Hik ¢opmar JPEG, minTpumye mpo3opicTh NMpH CTUCHEHHI 3 BTpaTaMH, aHIMAIlIO 1 MPH HEOOXIJHOCTI MOXe
CTHCKAaTH 300pakeHHs 0e3 BTpat. TooTo nmoeanye cunbHi ctoporn JPEG Ta PNG. dopmat He miaATpUMYeEThCS
OaraTtbMa MPUCTPOSMH Ta ONEPAIiIHHUMA CUCTEMAMHU.

BekrtopHi hopmaTi BiApi3HAIOTECS Bif pacTpy. Mera Oyab-KOro BeKTOPHOro ¢opmMaTy — MaTeMaTHIHO
OIMCAaTH Te, N0 Ma€ HaMallloBaTH Opay3ep abo mporpama. KoMmm’roTep Mo)ke HECKIHYEHHO MacIiTaOyBaTH
KapTUHKY /IO eTaIry pactepu3arlii 6e3 BTpar sikocTi. BektopHa rpadika 3acTOCOBY€ETHCS IS JIOTOTHUITIB, IKOHOK,
mpudTiB, UmtocTpaiiii. Bei BekTopHI hopMaTH cX0XKi 1 BIIPI3HAIOTHCS JHIIE penakropaMu. HawnomynspHinmuit
tdhopmat — SVG, sxuii € BigkpuTuM Opay3epHIM (OopMaToM i miATpUMYEThCs Oy ib-sskuMu OC.
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THIIIAJI3AIIS CTAHIB HIJIEA®Y MOXKEXHOI CUTHAJIIBALIIT HEAIPECHUM
MOXEXHUM NPUMAMAJIbHO-KOHTPOJIBLHUM ITPUJIATOM

Tepaeunknii T.B., Kaiimuk O.JI., Tkauyk A.A., Yybaii P.C., Umupyk P.P. Inimianizanii cramis nuieiidgy mosexmoi
CUTHAMI3aNii HeaapPeCHUM TOKEKHUM MNPUHIIMAIbHO-KOHTPOJLHHM NPWJIAAOM. Y CTaTTi pPO3TJISIHYTO MUTAHHS TPaBWIBHOCTI
(hYHKIIIOHYBaHHS KOMITOHEHTIB HEaJPECHOI CHCTEMH IMOXKEKHOI CUTHaJIi3amii BiJ pi3HUX BUPOOHHKIB. BCTAaHOBIECHO MOMKIIMBI PEXHUMU
poOOTH HEAJPECHUX MOXKEKHUX INPHUAMAIFHO-KOHTPOIBHUX TPWIAAIB 3aJIe)KHO BiJ CTaHy HUIei(y IOXKEXKHOI CHrHAmi3amii Ta
3aIPOIIOHOBAHO y3araJbHIOI0Yy HOMOTpaMy, sIKa OIUCYE TX OIHUCYE.

KorouoBi cioBa: mwieiid, cymicHicTh, HeaJpecHa cHUcTeMa MOXKEXKHOI CUTHami3alii, mpuima] NpUHManbHO-KOHTPOIBHUN
TIOKEKHHUH, CIIOBIIIyBaY.

Tepaenknii T.B., Kaiinpik O.JI., Tkauyk A.A., Uy6aii P.C., Umbipyk P.P. Ununmanu3amusi cocrostHuii nuieidga
MOKAPHOH CUTHAJIU3AIMU HeAJAPECHHIM MOKAPHBIM NPUEMHO-KOHTPOJBLHBIM NpuOopoM. B crarbe paccMOTpeH BOIpOC
MPaBUJIBHOCTH (DYHKIIMOHHUPOBAHHMS KOMITOHEHTOB HEAJPECHON CHCTEMBI IMOXKAPHON CHUTHAJM3ALUMM OT Pa3JIMYHBIX MPOH3BOAUTENIEH.
YcTaHOBIEHBI BO3MOXKHBIE PEXUMBI paOOThl HEAJAPECHBIX MOMKAPHBIX MPUEMHO-KOHTPOJILHBIX IPHOOPOB B 3aBHCUMOCTH OT COCTOSHUS
nueiia noxapHOH CHTHATM3aLUH ¥ TIPEIUI0KEHO 0000IIAI0NIYI0 HOMOIPaMMY, KOTOPasi ONMCHIBAET UX OIHCHIBACT.

KiroueBble ciioBa: 1uieii), COBMECTIMOCTD, HeapecHas CHCTeMa MOKapHOW CUTHAJHM3aLHHU, MPUOOp MPUEMHO-KOHTPOIBHBII
MOXapHbIH, N3BEILATEb.

Terletskyi T.V, Kaidik O.L, Tkachuk A.A, Chubai R.S, Chmyruk R.R. Initialization of fire alarm loop states by non-
address fire alarm control panel. The article deals with the issues of the correct functioning of components of the non-addressable fire
alarm system from different manufacturers. Possible modes of operation of non-address fire control devices are determined depending on
the condition of the fire alarm loop and a generic nomogram is described, which describes them.

Keywords: loop, compatibility, non-address fire alarm system, fire alarm control unit, detector.

[IpuiuBHaIIEHHS TEMINB BBEACHHS B EKCIUIyaTallil0 BEIMKHX IMPOMHUCIOBUX INIIPHEMCTB, IX
PEKOHCTPYKIiSA, IHTEHCHU(IKAIlS TEXHOJOTIYHUX IIPOILECIB, PO3MIMPEHHS aCOPTUMEHTY W  oOnacTei
3aCTOCYBaHHS MaTepialliB, KOHIICHTpAIlis MaTepiallbHUX IIHHOCTSH MPH3BOIUTH 1O 301IbIICHHS HMOBIPHOCTI
BHHUKHEHHS TIOXKEX 1 3pDOCTaHHIO 30UTKIB Bil HUX (O[HA BENMKa MOXKEXKa 3[aTHA JIecTadili3yBaTH eKOHOMIKY
BCHOI'0O PETioHy a00, HaBiTh, ICPIKABH).

OgHUM 13 NUISXIB, SKUKW CIOPSIMOBAHO HA 3HIDKEHHS 30HMTKIB BIJI IOXKEX, € BUSBJICHHS IOXKEKI Ha
MMOKeKHOI aBTOMAaTHKHU. Jlo ckiamy octanHboi BXomaTh IBC mokexHOI cHTHami3allii, CKIaJ0BOI0 YaCTHHOIO
SIKUX € CTIOBIIITYBaYi MMOXKEXKHI.

CrogimyBaui noxxexHi (CII) criparipoByI0OTh Ha TIOSIBY IEPBUHHUX O3HAK MOXKEXKI, TIEpEaoyd CUTHAT JI0
MpwIaAiB TpuiManbHO-KOHTpONbHUX TokekHUX (IIIIKII) uwepes BigmoBimawii tmeid. [ITIKIT o6pobnse i
curHaiy i GpopMye KOMaHAW MIOAO MOJANBINNX Jil, HANPUKIAJ, TOJABaHHS CUTHAIIB TPUBOTH (3BYKOBHX
Ta/a00 CBITJIOBUX) TIOXKEXHUMH OIMOBIIyBaYaMH 3 METOIO IONEpeKEHHS JIoAel mpo HeOe3MeKy, mepeaBaHHs
TPUBOXKHUX CIOBIIIEHh HA MOXESKHHHA MOCT Ta/abo MyJbT LEHTPATI30BAHOTO IMOXKEKHOTO CIOCTEepiraHHs, a
TaKOXX BBIMKHEHHS Ta/a00 BUMKHEHHS TOro a0o iHIIOro oOnajHaHHS 4YM iHXXKEHEpHUX cucTeM (y TOMY YHCIi
CHCTEM MPOTHITOKEIKHOTO 3aXUCTY).

[netipu noxexnoi curnanizarii (ILIIC) sBasoTh COO00 ENEKTPUYHI JIAHITIOTH, SIKi 3’€JHYIOTh BHXIIHI
nanku CII, 1o BKIIIOYAIOTh B ce0e JOMMOMIKHI BUHOCHI pajlioeIeMEHTH 1 IPOTH CIIONy4YeHHsI Ta MPU3HAYeH He
tinbku Juis Bupadi Ha [IIIKII moBimomieHp mpo CBili cTaH, a TakoX 1 ToJadi EIEKTPOXKUBJICHHS Ha IIi
CHOBIITyBayi.
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HocroBipHicTh QyHKUioHyBaHHs Takux [BC HampsMmy 3anexuTh Bil MNOpaBHILHOCTI BHOOpPY, 3a
BIJMIOBIIHUMH METOAWKAMH, HOMIHATY JAOIMOMDKHHMX HaBICHMX eJeMEHTIB UUIeH(iB, mpoOieMH 3 SIKHUMH
BHHUKAIOTH ITiJ] 4aC BUKOPUCTAHHS 00JIaIHAHHS Pi3HUX BUPOOHUKIB.

Bumoru no 3acrocyBanusi CIIC perimameHTyeThCsl OaraTbMa HOPMATHBHO-TEXHIYHMMH JOKYMEHTaMHU.
Tax y n.1.6 nauionansHoro cranaaptry JCTY EN 54-1:2014 [1] e Bumora mo no cymicaocti CIT ta TITIKII:
“Te, 110 KOMIIOHEHT CUCTEMH 3a70BOILHIE BUMOram Bimmosigaol yactuau EN 54, ne o3Hayae TOro, 1mo Takui
KOMITOHEHT Oyzie 00OB’SI3KOBO MPaBWJIBHO (YHKI[IOHYBATH CIUIBHO 3 iHIIMM KOMIIOHEHTOM, SIKHH TaKoX
3aJ10BOJIbHsIE BUMoOraMm BiAmoBinHoi yactuau EN 54 (manpuknan, [IIIKIT y cnomyuenni 3 CII), Ko Timeku
00H/IBa KOMITIOHEHTA He OYJIM OIiHeH1 pa3oM SIK Ti, 110 3aJ0BOJLHAIOTHE BUMOTraM oo cuctemu’”. OKpiM 1bOTO,
BignosigHo 1o m.7.2.1 IBH B.2.5-56:2014 [2], CIIC noBuHHA BUSBJIATH O3HAKH IMOXKEXKI Ha paHHIM cTajii Ta He
JMaBaTH XMOHUX CIpalfOBaHb, a ¢ 3aJexuTh 1 Bij 30amancysanns IIIC 3 ITIIIKII, mio 3mifdcHIOETHCS 3a
BIJINIOBIIHUX HOMIHAJIIB KiHIIEBOI'0, 0OMEXYIOUOr0 Ta IIYHTYHOUOr0 PE3UCTOPIB.

Koxen i3 BupoOHukiB [TIIKIT i CII y TexHi4Hili TOKyMeHTAIlil HABOJUTHh CBOI METOJUKH Ta PEKOMEHIaIlil
010 BU3HAUYCHHSI 3HauYeHb HaBicHUX eneMenTiB LITIC. Ha mpakTuiii :x He 3aBX /11 BIAETHCS BiJpasy HOCSITHYTH
30anancyanns 1UIIC # IIIKII. Po3paxoBane 3a momanowo B jmokymentaiii Ha [IITKIT Meronukoro 3HaueHHS
MOJKE BIIPI3HATUCH BiJl HEOOXiHOro HoMiHamy omnopis, sikiio CIT B LLITIC Bukopucrano iHmux BUpoOHUKIB. [le
nosicHioeThes 11.1.6 HarionansHoro crangapty JCTY EN 54-1:2014 i tuMm, mo cydacHi CII — 1ie akTuBHI
enemenTH IBC, 110 MatoTs He 0JTHAKOB1 BOIBT-aMIIEPHI XapaKTEPUCTUKU.

3 orysily Ha BHKIJIAJICHE BHIIE, [TOCTAJI0 MUTAHHS B PO3POOIIl METOAUKKM BU3HAYCHHS HOMIHATY HABICHUX
enemenTiB IIIIC crocoBno pizamx tumiB [IC i mapok Heanmpecumx IIIIKII, a me morpedye mnepemycim
MOTEPETHFOr0  BCTAHOBJICHHS MOXIUBUX pexumiB pobdoru [IIKII pisHUX BHPOOHUKIB Ta TPUHIIUITIB
iHiiamizamii HuMH  ycix  ¢QyHKIioHadbHuX craHiB IIIIC 3 mnomanpliuM OTPUMAaHHSAM  BIiAMOBIIHON
3aKoHOMIipHOCTI. OTprMaHa 3aKOHOMIPHICTh CTaHE OCHOBOKO /IO BHBEIEHHS HEOOXITHUX YMOB Y3TOIKEHHS
KOMITOHEHTIB TTOKEKHOT CHTHAJII3aIli] Ta po3paxyHKy HOMiHaTy HaBicHUX enementi LITIC.

Vi meanpecui [ITKII puznagators cran HITIC muisxoM BUMIpIOBaHHS CyMAapHOTO OMOPY MiAKIIOYESHOT O
nuietia 31 BecranoBiaeanmu y HboMy CII Ta kiameBum enemenToM [3 - 5, 12]. i cranu LITIC i camoro mpumnamy
BimoOpakaroThcsl Ha cBiTIIomionauX iHaukaropax [TITKII.

Hampuknan, y TITIKII “Tipac-4I1” Bpa3i BUHUKHEHHS MPOOJIEM i3 >KHBJICHHSIM MHTOTSITH IHIMKATOPU
“Hecnpasnicts” Ta ‘“JXKunenns” (mepemdadeHO TaKOXK BITOOpaKCHHSI POIIUPEHOI 1HAMKAIlI HECIIPaBHOCTEH
JKUBIIEHH:). HecripaBHOCTI Biq0oOpakaroThCS MUTOTIHHSM 30H, SIKi IOAaHO Ha puc 1.

BiIcvTHICTE IlopyvieHsa TaMmepa
mepexi 220 B /
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Puc. 1. Posmmpena inaukanis HecipaBHocTeit sxuBneHHs [ITIKII «Tipac-41D»

1
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JIinii IITIC tunosoro neaapecuoro IIIIKII (auB. puc. 2) miagKIII04a0Th 10 HOTO KOHTAKTHUX TIPHCTPOIB
(KY). Ho 3aranpHo craHuiiiHoro Omnoka o6poOku indopmaunii (3CBOI) minknrodeHi OJIOKM NPOMEHEBUX
komruiektiB (IIK), B sikux 3gificHroeTscsi o0poOka iHdopmanii Bim CII. YV 3aramsHomy 3CBOI Bukonye
KOMYHIKaIiiHl (YHKIIT MK iHIIIMH OJOKaMH Ta HU3KY (YHKIIH, SKi € 3araJbHUMH s YCiX OJOKIiB
MIPOMEHEBUX KOMIUIEKTIB (IIOZa€ CUIHAJIM YNpaBiIiHHA Ha cBiTioBi mpuctpoi curHamizanii (CIIC), 3BykoBi
npuctpoi curnamizauii (3IIC), mpuctpoi curnanizanii nomkomkeHHs (IICII) ta npuctpoi ynpaBiiHHS
ycranoBkamu noxexoracinas (ITYVIID)). ¥V pasi cnpausoByBanus CII abo ix BigmoBu, 3CBOI dopmye Ta
nepenae BiINOBIAHUN CUTHAJ JIHI€I0 3B 53Ky 10 MyJIBTY HeHTpajtizoBanoro criocrepexenns ([1LC).

bnox kourpomto pobGoru TectoBuih (BKPT) i 6ok kontpomio aBromatnynuid (BKPA) 3nilicHoI0TSH
nepeBipky poOoTu cTaHUii y BiANOBiAHUX pexumax. JKuBieHHS OJNOKIB 3IiMCHIOETbCS Yepe3 OJI0K
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aBTOMaTH4YHOTO BBeeHHs pe3epBy (BABP) Bin mkepena ocHOBHOT0 ab0 pe3epBHOTO KHUBIICHHSI.

OcHoBHI BUMOTH, siKi BucyBatoTh 70 [1TTKII cucremu moxxexHOi cCUTrHami3arii:
- KOHTpOJb NEKUTbKOX HUIeH(iB curHamizamii 3 OyAb-KAMH THIIAMH TIOKEKHUX CIOBIIlyBayiB
(mMacMBHMMHU — Ha PO3MHKAHHS 1 3aMUKaHHS CHTHAJIBHOT'O JIAHIIOTa; aKTUBHUMHU — 3 JKUBJICHHSM T10
uuerdy; pydYHuMn);
- aBTOHOMHA po0O0Ta BiJ BOYIOBAHOTO PE3EPBHOIO >KHUBICHHS MPOTATOM 24 TOOWH B YEPTOBOMY
pexumi i 3 ronuam B pexumi “Tlokexa”;
- BKJIFOUCHHS TIPUCTPOIB CIIOBIIIECHHS (CUPEHU), MPAIIOIOYHX Bijl pE3€PBHOTO JKUBJICHHS,;
- BKJIFOYEHHS aBTOMATUYHHUX 3aCO0IB ITOXKEKOraciHHs 1 JUMOBHUIAIIEHHSI a00 BKIFOYEHHS BEHTWIALIT
3a JJONIOMOT'0r0 BOY/TOBaHOTO pee;
- mepemaya Ha nyiabT neHtpanizoBaHoro cnocrepexenns ([ILC) curnamis “Iloxkexa” i
“HecrnipaBHicTh”;
- eKCILTyaTallisl y aBTOMaTHYHOMY PEXKHMi poOOTH 0€3 ydacTi ormeparopa.

vvIl |—
CTIC
CII ,
Ky = 3CBOI
3TIC
Cl_[ L ] * L 3 :
BKPA BKPT TICTI
b4
BABP

b Curaan ga IIIC

Puc. 2. Y3aranpHeHa CTPYKTypHaA CXeMa HEaIPECHOI CHCTEMH MOXKEKHOT CHTHAJTI3aImii

Heanpecwi IIIIKII, 32 moTpedbu, MOXKYTh 371iCHIOBATH ITOBTOPHY TIEPEBIPKY 30HU Ha CIpaIfoBaHHs. BoHa
3aCTOCOBYETHCS JUIA YCYHEHHS MOMHJIKOBHX CITPaIllOBaHb, 0 BWHHUKAIOTH Bifl BIUIMBY EIEKTPOMArHITHUX
TIEPEIIKOl, EIEKTPOCTATHYHUX PO3PSAMIB Ta IHIMMX SBHIN, IICII SKuX 30epiraerbes 3matHicTh CII mo
BiTHOBJIEHHS YeproBoro pexxmMmy BHacmigok ckumaHHda. [licma crpamroBanas CII B 3omi IIIIKII BHKOHYE
MPOIEAYPY aBTOMATHYHOTO CKUAAHHS, HE TEepexoasdn npu mpoMy B pexum “Iloxexa”. Skmo mporsrom
iHTEpBay Yacy, MOYMHAIOYH BiJ TEPIIOTO CIIPAIfOBaHHs, BU3Ha4YeHOro B mapamerpi “[*11]” (mporpamyerbcs
OKpEMO) TIOBTOPHOTO cripaiffoBaHHs 30HH He crajiocs, [IIIKII 3ammmaerscs B pexumi “Ueprosuii”, B iHIIOMY
BHITAJIKy — TIepexoauTh B pexuM “[loxkexxa”. AnroputM poboTH naHoi GyHKINT mogaHo Ha prc. 3.

Pexamm CopamroBaHHA | )| ABToMarndgHe | |3a9ac [*11] ©yno apyre

«JeproBuil» —y| cHOBiNIyBada ‘| CKIJIAaHHA ‘—y|cripanroBasHA?

t |

|
[HL | [TAK |

«Iloxe®Ea» B 30H]

Puc. 3. Anroputm nepeBipku noBTopHoro cupaioBanas CII

YmoBu dpopmyBanHa BianoBinHuXx pexxumiB podoru IIIKII y koxkHOro BUpoOHHMKA Pi3HUH 1 3aJI€KUTH Bi
KOHCTPYKTHBHHX OCOOJNMBOCTEH MpHIIamy.

3a peakuieto CII Ha MosiBy NEPBUHHHMX O3HAK IMOXKEXi iX MOXKHA MOJUIMTH HA JBi TPYIH: HOPMAJIbHO-
3aMKHYTI Ta HOPMaJIbHO-PO3IMKHYTI.

Jo TIIKII crioBinryBadi MiAKIIOYAOTh 33 JBOXIIPOBIIHOK a00 YOTHPHOX-MPOBIIHOK cxemamu [6-11].
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Haii6inpme po3noBCcioIKeHHS OTpUMaa ABOXIIPOBiIHA cxeMa.

TN/ N\

/I)- Rkinu.
MITKII

H3 nacuanmii H3 nacusamni
CIOBILTYBAM CHOBILYEAY

c- G

Puc. 4. Cxema migximoyeHHs1 HOpManbHO-3aMKHeHHX CI1 B ABOXITpoBiMHMI Huterd
Ryiuy — KIHIIEBUN PE3UCTOP

CroBinnyBadi i3 HOpMaJIbHO-3aMKHYTUMH KOHTaKTaMH BKIIFOYAIOTh y JBOXJAPOTOBHMA IUICH( MMOCIITOBHO
(muB. puc. 4). Y yepropomy pexumi 1nieid nepedyBae mia HAIPYrow Ta 4Yepe3 HhOro MPOTIKAE BU3HAUCHHIMA
CTpYM, SIKUMl MPUWHATO Ha3uBaTH 4eproBuM. [lim yac CHpalbOBYBaHHs OJHOrO abo0 JEKUIbKOX CIIOBIIyBayiB
YeproBuil CTPyM MHTTEBO MAJA€ JO HYJS, IO 1 € O3HAKOK MOKeki. Takuid crocid Bu3HAdYeHHs (akTy
CTIpAIlIOBAHHS CIIOBINlyBaya Ma€ CYTTEBHI HENMOMIK: 00pUB MuIel(a cripuiiMaeTbest sk oxkexa. O0puB nuieidy
MOBHICTIO BUBOJIUTH CHCTEMY 3 Jany. JlJisl yCyHEHHS TaHOTO HEOIIKY 3aCTOCOBYIOTh NUICH(H 13 NIYHTYIOUUMH
(0OBimHMMU) pe3ucTopamMu (IUB. PHC. 5), SKUH BCTAHOBJIIOIOTH MApasieIbHO 10 BUXITHUX KOHTAKTIB KOKHOTO
HOpMabHO-3aMKHeHoro CI1.

B

IITKIT

RKixL,

H3 nacuammii H3 nacusuuii
CNOBILYBAY CIOBILYBAY

1IC- @

Puc. 5. Cxema miakmoueHHast HOpMaabHO-3aMKHEHUX CII 3 IIyHTYIOYMM pe3ucTopoM B ABOMPOBIAHUNA muTEi(
Ru — myHTYI04ni pe3uctop; Ry — KIHIEBUH PE3UCTOP

VY deproBoMy pexuMi 3HaYEHHSI CTPYMY BH3HAYAETHCS OMOPOM KIHIIEBOTO €IEMEHTY a00 KiHIIEBOTO
MIPUCTPOIO, TaK SK OMip KOHTAKTIB CHOBINIyBa4a 3HAYHO MEHIIMW 3a OMip HIYHTYHOUOrO PE3UCTOpa, TO CTPYM
npoxoanuTh dyepe3 kortaktu CII. Ypasi crpanboByBaHHS CIOBiIyBada HOro KOHTAKTH PO3MHUKAIOTHCA 1 CTPYM
MOYMHAE MPOTIKATH Yepe3 IIYHTYIOUUil pe3uctop. B Hachimok 4oro Horo BeIMYMHA 3MEHIIYETHCS 32 PaXyHOK
migBumieHHs cymapHoro omnopy HUTIC. 3a BennyuHO 3MEHIIEHHS! CTPYMY MOJKHA BU3HAYHTU HE TLTBKH (PaKT
CHpanbOBYBaHHS CIIOBIIIyBada, ajieé ¥ KUIBKICTh CIIOBIIIyBadyiB, mo crparfoBanmu B nureiidi. [lig gyac oOpuBy
nuteiia cTpyMm mamgae mo Hyns. JaHa cxema MmigKIIOYEHHS (IWB. pucC. S5) M03BONSE imeHTH(IKyBaTH Taki
HECIIPABHOCTI, K OOPHUB JIiHIl Ta KOPOTKE 3aMKHEHHS.

punnun aii koxxaoro CII Ta BXigHUH Omip B Pi3HUX peKHMax poOOTH 3a3HAYEHO B HOrO TEXHIYHOMY

MacropTi.
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Puc. 2.6. Cxema minkiroueHHs HOpMaibHO-po3iMkHeHuX CII B nBompoBinHuMi muteid
Ru — pesucrop HaBaHTakeHHS; Ry — KIHIIEBUH pe3ucTop

[MacuBui CII 3 HOpPMaIbHO-PO3IMKHEHUMH KOHTAKTAMH ITiJKIIOYAIOTh JI0 JIBOXAPOTOBOrO IUIeHpY
napaienbHo (AuB. pUC. 6). Y Takili cxemi mocmigoBHO a0 kK0okHOro CII BCTaHOBIIIOIOTH HaBaHTaXKYBaJIbHUH
pesuctop Ru. Ypasi cipaiiboByBaHHs CIIOBillyBada BiI0YBA€ThCS 3aMHKaHHS HOrO KOHTAKTIB 1 CTPYM IMOYHHAE
MPOTIKaTH 4Yepe3 3aMKHEHI KOHTAaKTU Ta pe3uctop Ru. BHachmimok mporo cTpyMm y mnuieddi 3MiHIOETBCSA, 1O
BusHavaeThest [ITIKIT sk curnan “IToxexa”.

[IpoananizyBapmu Tabmmmoo craHiB [IIKIT “Tipac-4n™ [3], Oy/i0 BCTaHOBJICHO, IO YEPTOBUN PEKUM
poboTH cTaHOBUTH B Mexax Bin 2 mo 3,7 kOm. s HopmaneHoi pobotu TITIKII kiHneBuit pe3ucrop He mae
BHXOJIUTH 32 BCTAHOBJICHI MEXKI OIOPY, & CIPAIIOBAHHS MOXKEKHOI 30HU BIIOYJEThCS MPH BUXOMI 13 3aJaHUX
MEX OIopYy.

Ha puc. 7 BimoOpaxkeHo rpaHW4Hi (KpaiiHi) MeXi OMOpPIB y pi3HUX pexumax podotu mpu pobdoti 3 CII,
KOHTAKTH SIKUX 3aMHKAIOThCA 3 BepU(IKaIi€Io 3a IBOMA JaTYMKaMH. 3 HOMOIPaMH BHJIHO, IO CHOBIIICHHS PO
NoKeKy Hanmxoauth, konu omip LIIIC B mexax Big 0,3 mo 1 kOM, a npu 3HadeHHi B Mexax 1...2 kOm
BiOyBaeThcs Bepudikaiis. ToOTo, 11100 HaAIAIIIOB CUTHAN TPUBOTM HeoOXiaHo, mo0 crparoBamu asa CII B
onHomy IIIIC. fxmo x omip € menmmM 3a 0,3 kOwm, To TIIIKII Bugae curnan npo 3amukanus LIIIC Tta
3acBiuyeThes inaukarop “HecmpaBnicts”. Takoxk iHamkatop “HecnpaBHICTB” cripaiifoe, SKIO OMIp Yy 30HI €
OibmM 3a 3,7 KOM, 1110 CBITYHUTE PO 00pUB y nuieli i a00 3HSTTS CIOBINyBaYiB B 30HI.

SaMHKaHHA ‘ ‘ O-Sﬁm»:
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Puc. 7. Homorpama pexumis TITTKIT ipu po6oti 3i crioBinmyBadyaMu 3 KOHTAKTaMH, SIKi 3aMHAKAIOTHCS Ta
Bepudikairiero 3a nsoma CI1

Homorpama, sika nogana Ha puc. 8 sianosigae ILIIC 3 CIT 6e3 Bepudikariii. Ile qae 3mory miakirodaTy B
nurerid taki CII, gk croBinryBad 3aiiMIICHOCTI.
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Puc. 8. Homorpama pexxumu [ITIKII mpu poGoTi 31 crioBinryBadaMi 3 KOHTAKTaMH, SIKi 3aMUKAIOTHCS 6€3
Bepudikarlii 3a 1BoMa CIOBIITyBaYaMH

Ha puc. 9 nmogano Homorpamy, sika imoctpye podory IIIKII ta 3mauenns omopis LLIIC npu pobGoti 3
CHOBIl[yBauyaMH 3 KOHTAKTaMH SIKi PO3MUKAIOTHCS Ta BEPUQIKAITIEIO 32 JBOMA CIIOBIITyBaYaMH.
Puc. 2.9. Homorpama pexxumis IITKII nmpu po6orti 3i crioBinryBagamMu 3 KOHTAKTaMH, SIKi PO3MHUKAIOTHCS Ta

2

3aMHKaHHA O6pue

O ® @

2 3.7 16,1 8 KOM

Bepudikarriero 3a noma CII

CrpaitoBaHHsI s IAHOTO BapiaHTy 3HAXOAUTHCS B iHIIIH cTOPOHI, TOOTO omip y muiekdi 301bIIyeThCs
(Bepudikariiss 3HaXOMUTHC Y Mexax Bif 3,7 m0 6,1 kOm, a CHOBIIIEHHS PO MOXKEXKY B Jiama3oHi Big 6,1 1o
8 kOm). Yci onopu, Aki € OUIBIIMMHU 3a BKa3aHi BKa3ylOTb Ha CIPALlOBaHHS OOpPHUBY. AHAJOIIYHO, SIK 1y
MOINEPEAHBOMY BHIIAJKY, PEKUM OOpHBY MOXKE CBIIUYMTH NpO 0O0puB B muieiidi, abo 3HATTS cHoOBillyBaya 3
uuendy.

3aMHKaHHA Obpue

© el ] . @ ®

2 3.7 8 KOm
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Puc. 10. Homorpama pesxumu IITKII npu po6orti 3 crioBinyBauaMu 3 KOHTAaKTaMH, SIKi pO3MUKAIOThCS Oe3
Bepudikanii 3a 1eoma CIIT

Po6ora nux CII, siki (GyHKIIOHYIOTH 38 TPUHIMIIOM PO3MHUKAHHS KOHTAKTiB, MOXKIIMBA 1 Oe3 Bepudikarii
3a IBOMa CIoBillyBauaMu (auB. puc. 10).

[oni6ui HOoMorpamu 6ysno orpumano i crocoHo IIIIKIT immux BupoOHUKIiB. IX aHanmis n03BONMB
BCTAaHOBUTH, IO MOXIUBI pexxumMu pobotu ycix HeaapecHux [IIIKII pizHuX BUPOOHHKIB € igeHTHYHI Ta
BiIMiHHi y 3HAUEHHIX ONOPIB 32 SKUX BCTAHOBIIOEThCS BianoBiguwmii ctan LITIC.

Otxe, Bech amiana3zoH omopis, siki Moxe npuitHaTa LITIC neaapecnux ITIKII posmoxinenuit Ha Tpu
OCHOBHI obnacTi (iuB. puc. 11): “Tpusora 1” — omip nmetida npsmye a0 0; “Ueprosuii pexxum” ta “Tpusora 2”
— omip nureiida npsmye o . Koxna i3 obnacreir “TpuBora” ckiasaeTbes 3 TPhOX migodnacreit: “Ymara”,
“Tloxkexxa” 1 “HecripaBHicTh”.

HECHMOMREMNA  Vsara Yeara _([NONRENA WHEGHN,
-~ TPMBOrA1 ~ TPMBOrA2 = <

r1 r2 r3 r4 rs ré

0, KOm

Puc. 11. Cranu neagpecuux [IKII 3anexHo Bix omopy LIIIC

VY 4yeproeomy pexumi, konu xofeH i3 CI1 He BusBuB nepBuHHOI o3Haku noxexi, ITIIKIT dakruyno
Bu3Havae onip IITIC, skuii moBuHen mnepebyBatu B jgianasoHi R3...R4 (iHmmMMH cioBaMH — HOMIHAJIbHE
3HAYEHHS KIHIIEBOI'O OMOpPY Ma€ rnepedyBaTH y 3a3HaAUCHMX MEXKaX, a Bpas3i BUXO/Y 32 HUX BiOYAEThCS Iepexia
1o pexxumy “TpuBora” i cpairoBanus CIIC).

HasBaicTh Tpphox mimoOnacreid pexumy “Tpuora” mosicHoeTbes morpedoro CIIC B posmmpenii
1H()OPMATHBHOCTI MO, IO BiIOYBAIOTHCS Y KOHTPOJIHLOBAHIHN 30Hi.

[netipu nHeampecuux CIIC MoxyTh (YHKI[IOHYBaTH B OJHOMY 3 JIBOX PEKHMIB poOOTH —
OITHOIIOPOTOBOMY a00 IBOXIIOPOTOBOMY. Y NBOXIIOPOTOBOMY pPE&KHMi, Bpasi cmparoBanHs omHoro CII y
nuretii IIKII momae curnan “Vmara”, skmii crocopHo CII 3 HOpMaTbHO-PO3IMKHYTUMH KOHTaKTaM{ TIOBHHEH
nepedyBatu B mianmazoHi R2...R3 i1 crocopHo CII 3 HOpMallbHO-3aMKHYTHMH KoHTakTamu — R4..R5. Tlpu
cuparoanHi 18ox CII momaetbes curnan “Tloxkexa”, mio Bianosigae mianazony R1...R2 mist CII 3 HopmaibHO-
PO3IMKHYTUMH KOHTakTamu 1 piamazony R5..R6 mis CII 3 HOpManbHO-3aMKHYTHMMH KOHTaKTamu. Y
OJHOIIOPOTOBOMY pexkuMi y pasi cupamrosanasa onHoro ClI y mutefidi [IIKII Binpa3y momae curnan “Tloxexa”.

Otpumany HoMorpamy (IuB. puc. 11) MPONOHY€ETHCS B3SITH 32 OCHOBY JIJIsl BU3HAYEHHS HEOOXITHIX YMOB
Ta BUBEJCHH BIAMOBITHUX PIBHIHG JJIs BU3HAUeHHs HOMiHanmy HaBicHuX enemeHTiB LIIIC, 3acTocyBaHHS SKHX
3a0e3neunTs HaAiWHICTH GyHKHioHyBaHHS CIIC.
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VV VYV VY

BUMOTI'H IO CTPYKTYPH TA O®OPMJIEHHSA MATEPIAJY CTATEA

HaykoBa cTaTTsi 000B’513KOBO NOBUHHA MATH HACTYNHI HeOOXiHi eJieMeHTH:

1) NMOCTAHOBKA TPO0JIeMH Yy 3araJlLHOMYy BHIJISAMI Ta 11 3B'S30K i3 Ba)UIMBHMH HAayKOBUMH YW TPAKTHIHUMHU
3aBIAHHSIMU;

2) aHaJi3 OCTaHHIX JoCHiTxKeHb i mMyOJikamii, B SKAX 3aII09aTKOBAHO PO3B'S3aHHA JaHOI MpoOieMH i Ha SKi
CIIUPAETHCS aBTOP,

3) BU/IiIeHHS] HeBUPilIeHHUX paHillle YaCTHH 3arajbHOI MPo0dJeMHu, KOTPUM MIPUCBAIYETHCA O3HAUCHA CTATTS,

4) (hopmyTIOBaHHS METH AOCTIAKEeHHSI (TOCTAHOBKA 3aBJaHHS);

5) BHUKJIaJ OCHOBHOTO MaTepiajy AOCTiIyKeHHs 3 MOBHUM OOIPYHTYBaHHSM OTPUMaHUX HAYKOBUX PE3yJIbTaTiB;
BHCHOBKH 3 JIJAHOTO JOCIII/UKEHHS, Y TOMY YHCJIi 3 HAYKOBOIO HOBU3HOIO 1

6) NMEPCNeKTUBH MOAANBIINX AOCTI/IKeHb Y JaHOMY HalpPsIMKY.

CrarTio MOXHa TOAAaBaTH YKpaiHCBbKOIO, pociiickkoro abo aHriiiicbkkoro MoBamH. Bona moBuHHa OyTm HaOpaHa y
TekctoBoMy peaaktopi MS WORD 03/07/10 i HagpykoBaHa Ha Ja3epHOMY ab0 CTPYMEHEBOMY MPUHTEPi Ha OLIHX JTHCTax
¢dopmaty A4 (297x210 mm). Hymepaniro cTopinok He BukoHyBatu. Odcsir crarTi 5-10 cTopinok (He MeHIue).
IMapamerpu cropinku. BepxHe, HkHE Ta mpaBe nosie —1,5 cwm, miBe — 2 cm. Bix kpato 10 BepxHBOTO KOJOHTHTYNA — 1,25
CcM, HIOKHBOTO — 1,25 cMm.

Ilanka crarri. YJIK, ORCID (sxmio €), agropu (iM’st Ta Tpi3BHIE MOBHICTIO), Miciie poOOTH KOKHOTO aBTopa. Hassa
oprasisarii Ta Ha3Ba CTaTTi HAOUPArOTHCA 3 HOBoro psaka mpudrom Time New Roman Cyr po3mipom 11 ot 3 oguHapHUM
MDKPSIKOBAM iHTEPBAJIOM Ta BUPIBHIOIOTHCS TIO JIiBOMY Kparo. Ha3zBa cTarTi po3MimlyeTscs depe3 OOWH PAJOK HIDKYE
Ha3BM opraxizauii (po3mip mwpudty 11 0T 3 HAMIBKUPHUM BHILUICHHSAM Ta BUPIBHIOBAHHSM 10 LIEHTPY).

AHoranii (yKpaiHCbKOIO, pOCIIICEKOI0 Ta aHINIIHCHKOI0 MOBaMH) MOBHHHI MICTUTH TpI3BUILIA Ta iHII[iaJdM aBTOPIB, HA3BY
CTaTTi Ta KOPOTKUH T1 3MICT 1 PO3MILIYIOTBCS 4Yepe3 OJMH PSJOK HIKYE Ha3BM CTATTI Ta HaOMpalOThcs 3 a03aI[HOTO
Bigcryny 1 cm mpuprTom Time New Roman Cyr pozmipom 9 T 3 oAMHAPHUM MIKPSIKOBUM IHTEPBAJIOM 1 BUPIBHIOIOTHCS
o mwupuHi. Hrxye aHoTawiit 000B’s13k0BO BKa3yIOThCsl KJIIOYOBI cJIoBa.

OCHOBHHIf TEKCT PO3MIIIYETHCS HA Yepe3 OIMH DPAIOK HUKYE aHOTAllil, HaOWpaeThcs 3 ab3amHOro BifcTymy 1 cm
mpudrom Time New Roman posmipom 11 0t 3 oguHapHUM MIKPSAKOBHM IHTEPBAIOM Ta BUPIBHIOETHCS MO IUPHHI.
®opmyau HabuparoTecs y pempakropi popmyn MS WORD (BukopuctroByBaru mpudti: Symbol, Time New Roman Cyr;
po3mipu mpuTiB: 3BUYAWHUH 12 1T, KpYIHUIA iHACKC 7 1T, NpiOHUI iHASKC 5 IT, KpynHUKA cuMBoI 18 T, ApiOHUN cCHMBOI
12 nt). ®opmyna BUPIBHIOETHCS IO LIEHTPY 1 HE TMOBUHHA 3aiiMaTH OlibIe 5/6 MHUPHHU psaKa.

LmiocTpamii, mo mpucyTHi y CTaTTi, HCOOXITHO PO3TAIIOBYBATH Yy TEKCTI IO HEHTPY, BHPIBHIOIOYH MiAMUCH MO ICHTPY
(Puc. 1. Haszga). [pyruii ek3eMIDIsIp LrocTpamii HeoOXiJHO MOJaTH Ha OKPEeMOMY JIHCTI. [mrocTpamii moBUHHI OyTH YiTKUMH
Ta KOHTPACTHUMH.

Tabauui moTpiOHO PO3TAaLIOBYBAaTH Y TEKCTi IO LEHTPY, MPUYOMY iX INUpUHA MOBHHHA OyTH Ha 1 CM MEHIIA IIUPUHH
psiaka. Ham tabnuiiero ctaButhest ii mopsiakoBuii Homep i HazBa (Tabmuis 1. Ha3ea) Ta BUPIBHIOETHCS 1O LICHTPY.
Mocunanust Ha Ty 4M iHIIY PoOOTY MOBHMHHI MO3HAYATUCS B TEKCTi Yy KBaJIPaTHHUX JAYXKKaX 3a MOPSAKOBHM HOMEPOM Y
CIIUCKY JITEpaTypH B KiHIIl CTATTi; MOCHJIAHHS HA JDKEpesa CTATUCTUYHHX JaHUX OOOB'A3KOBI; MOCHJIAHHS HA MyOJiKaril
JIOCHIZIHUKIB OOOB'S3KOBI; MOCHJIAHHS Ha MiJPYYHUKH, HABYAIbHI MOCIOHHMKHM, Ta3eTH 1 HEHAYKOBI )XypHalIM — HebaxaHi;
MTOCHJIAaHHS Ha BIACHI ITyOJIiKaIil JOMyCKAOTHCS TUTBKH Y BHITAAKY KpalfHROI HEOOXiMHOCTI; poOOTH aBTOPIB, Ha TPi3BHIIA
SIKHX € ITOCWJIAHHS B TEKCTi, MAlOTh OyTH B CITUCKY JIITEPAaTypH A0 Wi€i cTaTTi.

Cuucok 6i6aiorpadiunoro onucy ta References. Crnmcok niteparypu («References») morpiOHO NPUBOAKUTH MOBHICTIO
OKpeMHM OJIOKOM, TTOBTOPIOIOYHM CIHMCOK JIITEpaTypH, SIKMH MMOJA€ThCs YKPAaiHCHKOIO / POCIHCHKOI0 MOBOIO, HE3AIEKHO Bij
TOTO, € B HhOMY 1HO3€MHI Jpkepena 9i Hi. To0To, micis cTarTi mogaeThes 2 crucku: «Crmcok 6ibmiorpadiqHoro onmcy»
(3Buyaiinmii cincok Jsiteparyph) i «References» (crrcok st mixkaapoaaux BJ1). HeoOxinHo B onuc pxepesia BHOCHTH BCiX
aBTOpIB, HE CKOPOUYIOUH iX 10 TPHOX, SK 1€ PEKOMEHIOBAHO JI0YNMH y HAC JAepkaBHUMH cTaHmaptamu. References -
MOBUHEH OyTH YKJIaJIeHHH aHINIiHChKOI MOBOIO abo TpaHciiTepoBaHuil. OGOpMIIIOBATH 3riJHO 3 OJHHUM i3 HaHOLIbII
yxuBaHuX y cBiti cranmaptie: APA — American Psychological Association; CBE — Council of Biology Editors, Citation-
Sequence; Chicago (Author-Date System); Harvard; Harvard — British Standard; MLA (Modern Language Association) —
Single Spaced Reference List; NLM — National Library of Medicine; Uniform Requirements for Manuscripts Submitted to
Biomedical Journals. V sxomHOMY 3 TepeniueHHX CTAHIAPTIB HE BHKOPHCTOBYIOTHCS PO3MLNOBI 3HAKH: «//», «—». Ha3pa
JoKepenia Ta BUXIOHI JaHI BiJOKPEMITIOIOTHCS BiIl aBTOPIiB 1 3aroJIOBKa CTAaTTi TUIOM MIpU(TY, HaHYacTime, KypCHBOM
(italics), kpamkor abo komor. IcHye Oarato OE3KOIITOBHHX MpOrpaM JUisi CTBOpeHHs 0ibmiorpadiuHux omuciB y
POMaHCBKii abeTmi, o 1aI0Th MOXIIMBICTH aBTOMATHYHO CTBOPIOBATH ITIOCHJIAHHS 33 OJHUM 13 CBITOBHX CTaHIAPTIB
nanpukian: http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.com/., https://vak.in.ua/.

Jlo craTTi 000B'SI3KOBO JIOAAETHCS JBI peweH3ii: 30BHINIHS 1 BHYTpimHA. Penakuis 3aimimae 3a co000 NMpaBoO HANPABISATH
CTaTTi Ha JOAATKOBY PELEH31I0 Ta BIIXWIIATH IX B pasi BiICYTHOCTI peIeH3IH.

CrarTs 060B’A3KOBO TOAETHCA HA JA3epHOMY AUCKY. Ii TaKOX MOYHA TEPECNaTH eIEKTPOHHOIO IOIITOIO 32 aipecoro:
cit@Intu.edu.ua.

B kinmi crarti 0008’ s13k0B0 BKazytotbes [11b, mocana, HaykoBUi CTYIiHb, BUCHE 3BaAHHSI PEIIEH3EHTIB CTATTI.
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Mopo3 b. 1., AutinoB O.A., KypapiaboB B. C. ABTOMaTH30BaHA CHCTeMa T0CTABKH Me]|
0e3miIOTHUX JTAaJbHUX amapartiB (MyJbTHKONTEpPiB) 3a 3amuTOM cHokuUBa4ya. [IpeacraBieHO KOHLENT CHCTEMH JOCTaBKH
MEIUKaMEHTIB 3a JIOTOMOT0I0 OE3MIJIOTHUX JIITAJBHUX arapaTiB. 3alpOIIOHOBAHO aPXITEKTypy CHCTEMH aBTOMAaTHYHOI AMCIIETY epu3amii
3aMOBJICHB BiJl CIIO)KMBa4a, 30epiraHHs 3aMOBJICHb, Ta IUIAHYBAHHS JOCTaBKU APOHaMH. Takox Oyio po3rIISTHYTO IOPUANYHI OOMEK CHHS
PoOOTH 3aIPOIIOHOBAHOT CHCTEMHU.

Kiio4oBi ciioBa: MyJIbTHKOIITED, APOH, JI0CTABKa, KIiEHT-CepBepHa apXiTekTypa, RSA, APM, HTTPS, Mission Planner.

0eCMUJIOTHBIX JleTaTelbHBIX aNnapaToB (MyJbTHKONTEPOB) MO 3ampocy noTpeduTessi. IIpencTaBieH KOHIENT CHCTEMBI JOCTABKU
MEJUKAMEHTOB C IIOMOIIBIO OCCHMIOTHBIX JICTATENbHBIX ammapaToB. lIpeyokeHa apXHTEKTypa CHCTEMBI aBTOMATHYECKOi
JUCHIeTYepU3aliK 3aKa30B OT INOTPEOUTENs, XpaHeHWs 3aKa3oB, W IUIAHMPOBAaHHME JOCTAaBKH APOHAMH. Tarke OBUIM pacCMOTPEHBI
IOpPUANYECKHE OTPAaHNYCHHUS pabOTHI MPEIUIOKECHHOH CHCTEMBI.

KroueBble c10Ba: MyJIBTHKOIITED, IPOH, JOCTABKa, KIIMEHT-cepBepHast apxitektypa, RSA, APM, HTTPS, Mission Planner.

Mopo3 b. ., Autunos A.A., )KypasieB B. C. ABTOMAaTH3MPOBAaHHAS CHCTEMAa IOCTABKH MEJIMKAMEHTOB C IMOMOIIbIO >

Moroz B., Antipov A., Zhuravlev V. Automated system for the delivery of medical supplies using unmanned aerial
vehicles (multicopter) at the request of the consumer. The concept of medical supplies delivery system using unmanned aerial vehicles
is presented. The architecture of the system of automatic dispatching orders from the consumer, storage of orders, and scheduling delivery
by drones are proposed. The legal limitations of the proposed system were also considered.

Keywords: multicopter, drone, delivery, client-server architecture, RSA, APM, HTTPS, Mission Planner. j
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