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Anomauia. Auaniz O0ocgidy excniyamayii CMpiuKosux mpancnopmepie niomeepoltcye 20106HI nepesazit KOHBEEPHO20
Mpancnopmy - BUCOKUU piGeHb NPOOYKMUBHOCMI Npayi, HA OCHOBI asmomamusayii pobomu 001AOHAHHA, MONCIUBICTND
MPAHCNOPMYBAHHA WUPOKOI HOMEHKIAMYPU BAHMANCY | HU3bKI 8UpOOHUYI gumpamu. Bonu € oOHum 3 OCHOBHUX 3ac00i6
be3nepepenoco MexHoI02IUH020 MPAHCROPMY NPU HABAHMANCEHHI 8Y2LLIs, PYOU, 2PAGilo 6 MOPCbKUX NOpMax. 3acmocyearHs
CMPIYKOBUX KOHBEEPI6 He MINbKU 8 bepe2osux, ane i 6 CKIAdi CYOHOBUX BAHMANCHUX KOMNJLEKCI8 3YMOBUNO HeOOXIOHICMb
CMBOPEHHSL GUCOKONPOOYKIMUBHUX CMPIUKOBUX KOHBEEPI8 3 GEIUKUM MINCDEMOHMHUM Nepio0oM ekcnayamayii. 3uauui
Kanimanvhi eumpamu Ha NPpuOOAHHA CMPIYKOGUX KOHBEEPI8 KOMNEHCYIOMbCS HUZbKUMU eKCHIYAmayiliHuMu eumpamamu.
Cobisapmicmb  0OUHUYI BAHMANCY CMPIMKOBUMU KOHBECEPAMU HUMNCHe, HIJC Y IHWUX MPAHCHOPMHUX 3aco0i8, Wo
3acmocoeyromsvcs 6 CcKaoi MOPCbKUX nepesanmanicyealbHux KOMNJIEKCIB. HpaKmuKa BUKOPpUCMAHHA cmpitmoeux KOHGeCpiG
8I0OMUX KOHCMPYKYIU PI3HO20 NPUSHAYEHHS, GUKOHAHHS | MUNOPO3MIPI8 NOKA3YE, WO 8CI 6e3 BUHAMKY 3A3HAYEH] KOHBEEPU
MAomes NPUHYUNOBY 6a0Y - WGUOKUM DYUHYBAHHAM elleMeHmie niogicku cmpiuku. Juuamiyni yoapu npu HA8AHMANCEHHI i
nepemiwjeHHi 8aHMAN}Cy NPU3800aMsb 00 uje OINbUIO20 3HUNCEHHS NEPMIHY CLyHCOU cmpiuKu i RIOBICKU, A MAKONMC CYMMEBO2O
3POCMAHHA eHepeoEMHOCII npoyecy mpancnopmyeants. Lli npoyecu npuzeooame 00 nepedyacHozo 8uxody KoHeeepa 3 1aoy,
8mpam 6anmagicy, NUIOBUM 3a0pYOHeHHs 1 empamu 1020 AKocmi npu mpaucnopmyeanui. Cmpiukosi KOH8eEpu HACMINbKU
VOOCKOHAMUNUCS, WO (aKmuyHo 00cs2nu neeno2o "mopocy moodepuizayii”, 3a SKUM He NpoisioaiomvCs PeaibHi ULISXU
NOINUIeHHS eKCAYAMAayiuHUX 1acmugocmell 8 pamkax mpaouyitiHoi cxemu poauKoeoeo xonsecpa. 1liomeepoicennsam yvoeo
€ mou pakm, wo 6 OCMAHHI POKU NAMEHMHUMU OpP2AHAMU 6 C6Imi UOAOMbCS NOOOUHOKI NameHmu 6 00aacmi
KOHBeEpoOYOYBanHs SKI He € NPUHYUNOSUMU OJil NOOAIbUO20 PO3GUMKY Ub020 NEePCHeKMUBHO20 [ He0OXIOH020 6udy
mparncnopmy. [locmasnena 3a0aua upiutyemscsi mum, wo CUCMeEMAa AMOPMU3AYLL CMPIYKY MPAHCNopmepd, wo CKAa0aemocsi
3 OCHO8U, demnghepie 3 MAZHIMOPEONOSIYHO20 eNacCmOMIPY, OIIOKY JICUBNCHHS MA KePYBAHH S, MA KA GIOPIZHAEMbCS MUM, U0
Odemngbepis 3 enacmomipy, 3aKpinieHi Ha OCHOBI, GUKOHAHI V 6ueiA0i MPbOX KOHYEHMPUYHUX YUTNIHOPIE pi3HOI eucomu, 6
000NI0HYI 3 BUCOKOMONEKYIAPHO20 NOMIEMUNLEHY, CUCHAT HA KePYBAHHS GIACMUBOCAMU MA NOPAOKOM 3ALYYeHHs 00 Oii AKUX
Hao0xoo0ums 6i0 0AM4UKi8 HABAHMANCEHHS. MA YOApy, WO PO3MAULO8AHT NI0 OCHOBOK V MICYi HABAHMAICEHHS BAHMAICY.

Abstract: Analysis of experience in the operation of belt conveyors confirms the main advantages of conveyor transport - a
high level of productivity, based on automation of equipment, the ability to transport a wide range of goods and low
production costs. They are one of the main means of continuous technological transport when loading coal, ore, gravel in
seaports. The use of belt conveyors not only in coastal but also as part of ship cargo complexes necessitated the creation of
highly productive belt conveyors with a long service life. Significant capital costs for the purchase of belt conveyors are offset
by low operating costs. The unit cost of cargo conveyor belts is lower than that of other vehicles used in marine transshipment
complexes. The practice of using belt conveyors of known constructions of different purpose, design and size shows that all
without exception, these conveyors have a fundamental drawback - the rapid destruction of the elements of the suspension of
the belt. Dynamic shocks during loading and relocation of cargo lead to an even greater reduction in the service life of the belt
and suspension, as well as a significant increase in energy consumption of the transport process. These processes lead to
premature failure of the conveyor, loss of cargo, dust pollution and loss of its quality during transportation. Belt conveyors
have improved so much that they have actually reached a certain "threshold of modernization"”, beyond which there are no
real ways to improve performance in the traditional scheme of the roller conveyor. This is confirmed by the fact that in recent
years, patent authorities in the world issue single patents in the field of conveyor construction, which are not essential for the
further development of this promising and necessary mode of transport. The problem is solved by the fact that the damping
system of the conveyor belt, consisting of a base, dampers made of magnetorheological elastomer, power supply and control,
and characterized in that the dampers made of elastomer-ru, fixed on the base, are made in the form of three concentric
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cylinders -ditch of different heights, in a shell of high molecular weight polyethylene, the signal to control the properties and
the order of involvement of which comes from the load and shock sensors located under the base at the place of loading.

KurouoBi ciioBa: KoHBeep, aMmopTH3allis, qemidep
Key words: conveyor, depreciation, damper

Beryn

AHani3 10cBiqy ekciuryaranii CTPiYKOBHX TPAaHCIIOPTEPIB MiATBEP/PKY€E T'OJIOBHI IepeBard KOHBEEPHOTO TPAHCHOPTY —
BHCOKHI piBEHb MPOXYKTUBHOCTI Mpalli, HA OCHOBI aBTOMAaTH3alii poOOTH OONagHAHHSA, MOXXJIHMBICTH TPAHCIOPTYBAHHS
IIMPOKOi HOMEHKJIATYpH BaHTaXy 1 HHM3bKI BHPOOHWYI BHUTpaTH. BOHM € OJHMM 3 OCHOBHHX 3aco0iB Oe3mepepBHOTO
TEXHOJIOTIYHOTO TPAHCHOPTY NPH HABAaHTAXKEHHI BYTUUIA, PyAH, I'PaBilo B MOPCHKHX MOPTaX. 3acTOCYBAHHS CTPIYKOBHX
KOHBEEPIB HE TIBKK B OEpPEeroBUX, aje i B CKJIaJl Cy[JHOBHUX BAHTOKHHX KOMILICKCIB 3yMOBHJIO HEOOXIJHICTh CTBOPEHHS
BHCOKOIIPOAYKTUBHHX CTPIYKOBUX KOHBEEPIB 3 BETMKUM MDXKPEMOHTHHM MEePioIoM eKcIuryarattii (puc. 1).

\

I»

Puc. 1. — CynHoBuii cTpiYKOBHIT KOHBEEP

3HayHI KaliTajdbHI BHTPAaTH Ha MNpPUAOAHHS CTPIYKOBHX KOHBEEPIB KOMIICHCYIOTHCS HHM3BKMMH EKCILTyaTal[liHUMHU
Butparamu. CoOiBapTicTh OAMHUII BaHTaXy CTPIYKOBUMH KOHBEEpAMM HIDKYE, HDXX Y IHIIMX TPAHCIOPTHHX 3aco0iB, MO0
3aCTOCOBYIOTBCSI B CKJIaJl MOPCHKHX IEPEBaHTaKYBAIBHHX KOMIUIEKCIB. IIpakTHka BHKOpPHCTaHHS CTPIYKOBHUX KOHBEEDIB
BIJJOMHX KOHCTPYKIH Pi3HOTO MPH3HAYEHHsI, BAKOHAHHS 1 THIIOPO3MIpiB MOKa3ye, 10 BCi 03 BUHATKY 3a3Hau€HI KOHBEEPH
MaloTh TPHHIMIIOBY Bajy - IIBHJIKAM PYyHHYBaHHSM €JIEMEHTIB IIJABICKM CTpiuku. JlMHaMi4HI ypapu NpH HaBaHTaXEHHI 1
MePEeMIIICHHI BaHTaXy MPU3BOAATH IO Ie OUTHIIOrO 3HIKEHHS TEPMiHY CIYKOM CTPIYKH 1 MiIBICKH, a TaKOX CYTTEBOTO
3pOCTaHHS €HEProEMHOCTI Ipoliecy TpaHCopTyBaHHs. Lli mporecy Npu3BOAATH 0 MepeadacHOr0 BHXOXY KOHBEEpa 3 Jiany,
BTpaT BaHTaXy, MWIOBMM 3a0pyJHEHHS 1 BTpaTW HOro SKOCTI NpH TpaHCHopTyBaHHI. CTpPIiYKOBI KOHBEEPU HACTLIBKU
YIOCKOHAIMIINCS, 110 (PaKTUYHO MOCATIM TIEBHOTO "TOpOTYy MoOJepHi3alii”, 3a SKMM He NpOIIISAAIThCs peajbHi MUIIXU
TMOJIMIIEHHSI eKCIUTyaTalliiHUX BIACTHBOCTEH B paMKax TPaAMIiHOT CXeMH POJIMKOBOTO KOHBeepa. [linTBepKEHHSIM [OTO €
TOW (paKT, 110 B OCTaHHI POKHM MATEHTHHUMHU OpraHaMU B CBITI BUAAIOTHCS MMOOJMHOKI MATEHTH B 00JIacTi KOHBEEPOOY/TyBaHHS
SIK1 HE € IPUHIMIIOBUMH JIJIS ITOJJANIBIIONO PO3BUTKY I[bOTO MEPCIIEKTUBHOTO 1 HEOOX1AHOTO BUY Tpancnopry [1, 2].

AHaJI3 JiTepaTypHUX AKepeJsl Ta MOCTAHOBKA 3agaui

Bigoma cucrema amopTH3altii, 110 MiCTUTh OCHOBY Ta JeMIipepHy OalIKy 3 HOCTIHHIMH XapakTepucTukamu [3].
Henomniku npuctpoto, siki 00yMOBIIEHI 3aCTOCYBAaHHSIM CTaTUYHOI AeMI(epHOi OanKu:

— BY3bKHI BarOBHH /Tiala30H 3aCTOCYBAaHHS;

— HEOOXiTHICTh HasIBHOCTI MTEBHOTO Habopy AemMiipepHUX OalloK IS Pi3HUX BaHTaXIB Ta YMOB €KCILTyaTarlii;

— 3HAYHI BUTPATH HA PEMOHTHO-BITHOBIIIOBAJIbHI POOOTH.
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Haii0inpm OJIM3bKMM 3a TEXHIYHOKO CYTHICTIO Ta Pe3yJbTaTOM, IO JOCATAETHCS, O BHHAXOIY, IO MPOIOHYETHCS, €
cUCTeMa aMOPTH3aIlii, 110 MiCTUTh OCHOBY, IEMII(EPH 3 MAarHiTOPEOJOTIUYHOIO €IACTOMIPY Yy BHIVIAAI MeMOpaHH, Ta OJIOK
JKUBJICHHsI Ta KepyBaHHs [4, 5].

Henoniku mpucrporo, ski 0OyMOBIIEHI 3acTOCYBaHHSIM JeMII(epiB 3 MarHiTOPEOJIOTIYHOTO eNacToMipy Yy BHIJISII
MeMOpaHH:

- oOMe)keHU BaroBuii ianma3oH AeMIipyBaHHS,

BiJICYTHICTh AuepeHIitoBaHHsI poOOTH CHCTEMH aMOPTH3ALlii B 3aJICXKHOCTI BiJf )parMeHTaIii BAaHTaXXy Ha CTPIvIli;
— HEMOJKJIUBICTh TPAHCIIOPTYBAHHS BaHTaXY Y BUIJISI BEJIMKUX (parMeHTiB;
3HAYHI BUTPATH Ha PEMOHTHO-BIJHOBIIOBAIBHI pOOOTH.

Merta Ta 3aga4i J0CTiIKEeHHS

TakuM YMHOM aKTyaJbHUM HAayKOBO-TEXHIYHMM 3aBJAHHSIM € CTBOPEHHS CHCTEMH aMOPTH3allii CTPIYKH TPAHCIOPTEPY,
KM MOJJIMBO 3aCTOCOBYBATH Y TpAHCIOpPTEpax Ui TPAHCIOPTYBAHHS BEJIMKAX BaHTaXy Y IIUPOKOMY JIiama3oHi
(bparmenrariii, y sIKiii npuCyTHE afanTHBHE NeMIpipyBaHHs IMHAMIYHUAX yJapiB BAHTaXy CTpPivlli, IMiJBHIIECHA 3HOCOCTIHKICTB,
3HIDKCHI EKCIUTyaTalliiHi pPEeMOHTHI BHTPAaTH Ta OJHOYACHO 30€pekKeHI MPOCTOTa  CXEMOTEXHIYHUX PIMICHb CHUCTEM
amopTH3alii BiIOMUX THIIIB.

Pe3ysbTaTu JocaiTKeHHs

[ocraBiena 3ajada BUPIOIYETHCSA THM, IO CHCTEMa aMOPTH3alil CTPIYKH TpPaHCIIOpPTEpa, IO CKIATAETHCS 3 OCHOBH,
nemriepiB 3 MarHiITOPEOIIOTIYHOTO €aCTOMIpy, OJIOKY KHBJIICHHS Ta KEPyBaHHS, Ta SKa BiIPi3HAETbCA THM, 10 TeMIidepis 3
eIacTOMIpy, 3aKpilieHi Ha OCHOBi, BHKOHAHI y BHINIAMI TPhOX KOHIEHTPHUYHUX MIIHIAPIB Pi3HOI BHUCOTH, B OOOIOHII 3
BHCOKOMOJIEKYJIIPHOTO TTOJieTHIICHY, CUTHAJ Ha KepyBaHHS BIACTUBOCTSAMH Ta ITOPSAKOM 3alydeHHS 10 Jii SIKHX HAIXOJUTh
BiJl TaTYMKIB HABAHTAXXEHHS Ta yIapy, [0 PO3TAIIOBAHI ITiJl OCHOBOIO Y MiCIli HABAHTAXXEHHS BaHTaKy [4 -7].

CyTh CXEMOTEXHIYHOTO PIilIeHHS MOSCHIOETHCA KpecieHHSM (puc. 2), e 300pakeHa CHCTeMa aMOpTH3allil CTpidku
TpaHCIOPTEPa, 0 CKIAMAETHCA 3 OJIOKY JKUBJICHHS Ta KEpyBaHHs 1, JIiHIM KUBJICHHS Ta KEPYBaHHSA 2, CTPiUKa TPAHCIIOPTEPY
3 3 3aKpilIeHUMH Ha Hei JaTYMKaMy HaBaHTaXXEHHs Ta yuapy 4 Ta ocHOBOIO 5. Ha OCHOBI 3akpiIuleHO psiiv 3 KOHIIGHTPUYHHX
OWIIHAPIB 3 MAarHiTOPEOJIOTIYHOTO eNacToMipy 6, KOXKEH 3 KOTPUX BKPUTHH OOOJIOHKOIO 3 BHCOKOMOJIEKYJISIPHOTO
noyietuneny 7. Ilpm HaBaHTaKeHI BaHTaXy Ha CTpPIYKY BIINOBIIHI JAQTYUKH PEECTPYIOTH SK Bary BaHTaXy (JaT4MKA
HaBaHTaKEHHS), TaK 1 CTYIIHb (hparMeHTalil BaHTaXy (IaTYUKH yIapy).

[Ticns moTparuIsIHHS BaHTaXy Ha TPAHCIOPTEPHY CTPIYKY JAWHAMIYHE HABAaHTA)XKEHHS 3 OCHOBH IEPENAETHCS 10 JAaTYUKIB
HaBaHTaXeHHS Ta yaapy. Ha migcrasi indopmariii moa0 BaHTaxy OJIOK JKMBJICHHS Ta KEpyBaHHS T'€HEPYy€e KepyIOUWil CHTHAI,
0 3MIHIOE BJIACTUBOCTI Ta TOPSAOK 3aJTy4eHHS JO Mii KOHIEHTPHYHHMX IWIIHIPIB 3 MarHiTOpEOoJ]OTiYHOTO eIacToMipy.
Cryninp amopTHu3amii perymoeTbesl 3aBIsIKH 3MiHI MPYXHOCTI Ta KUIBKOCTI poOOYMX JemIipepiB 3 MarHiTOpeosoriqHOTro
eIacToOMIpy.

V/

Puc. 2. Cucrema amopTu3sanii cTpiuku Tpancnoprepa: 1 — 010K KMBJICHHS Ta KepyBaHHsI; 2 — JIiHii ’KUBJICHHS TAa

KepyBaHHs; 3 — cTpiuka TpaHcnopTepy; 4 — JaTYMKH HABAHTAKEHHS Ta yIapy; 5 — 0CHOBA; 6 — KOHIIEHTPUYHUX

HMJIIH/PIB 3 MATHITOPEOJIOTIYHOr0 eJ1acTOMipy (Moka3aHi 30i1beHuMn); 7 — 000JI0HKA 3 BUCOKOMOJIEKYJISIPHOTO
noJiieTUuJieHy.

Jist 3niiCHEHHST BUHAXO/y 3aCTOCOBAHO KOMOIHAIIIO €JIeKTPOMEXaHIUHMX Ta MArHITOPEOJIOTTYHOTO EJIEMEHTIB.

VY nepuioMy TUHaMIYHOMY PeXHMI (TPAHCIIOPTYBAaHHs BAHTAXKY y BHIUIAAI ManuxX parMeHTIB) aMopTH3allis IUHAMIYHUX
HAaBaHTAXXCHb Ha OCHOBY Ta CTPIUYKy BiOYBA€ThCS 3a PaxyHOK NPYXKHHX JaedopMalliii HaiOLIbIIOro UWIIHAPY 3
MarHiTOpEeoJIOTIYHOTO eJIACTOMIPY. 3HIDKEHHS 3HOCY TPAHCIIOPTEPHOI CTPIUKM BiAOYBAE€ThCS 3a PaxXyHOK BHUKOPHCTaHHS
000JIOHKA 3 BUCOKOMOJIEKYJISIPHOTO MTOJIIETUIICHY .
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VY npyroMy AWHaMi4YHOMY PeXHMi (TPaHCHOPTYBAaHHsS BaHTaXy y BUINIALL CEpeIHIX Ta BEJIUKHX (pparMeHTIB BaHTaXy)
aMOpTH3allis TUHAMIYHMX HABaHT)KEHb Ha OCHOBY Ta CTPIYKY BiIOYyBa€ThCs 32 PaxyHOK HPYXKHUX AedopMariil 3a1ydyeHHUX
JI0 1i CyMiCHO 3 HAalOUIBIINM IITIHAPOM 3 MarHiTOPEOJIOTIYHOTO €IacTOMIpy CepelHbOTo, a00 pa3oM CEpeHbOI0 Ta MaJIOro
utiHapiB. CTYHIHE TaCiHHS PEryJIIOETHCS 3aBISKH 3MiHI IPYXKHOCTI JieMIi(epiB 3 MarHiTOpeoIoriYHoro enacroMipy. B cBoro
4yepry, 3MiHa BIacTHBOCTEH aemmdepy BiOyBa€eThCs y BIAMOBIIHOCTI 3 KEPYIOUUMH CHTHAJIaMH BijJ JaTUYUKIB HaBaHTAKEHHS
Ta yaapy.

BucHoBxku

TexHiuHUN e(eKT HOCATAEThCA 3aBISKHA TOMY, IIO KOMOIHAIliS €NEeKTPOMEXaHIYHMX Ta MAarHITOPEOJOTIYHHUX CJIEMCHTIB
3abe3medye:

- aganTuBHe AeMIipipyBaHHS TMHAMIYHIX HABAHTa)KEHb IIMPOKOTO CIIEKTPY Ha BCi €IEMEHTH TPAHCIIOPTEPY;

— MiABHUIEHHS CTIMKOCTI 10 3HOITYBAHHS €JIEMEHTIB TPAHCIIOPTEPY;

- BIICYTHICTB 3CYBY TPaHCIOPTEPHOT CTPIUKH;

— MIJBUILEHHS TEPMiHY CIIy)KOHM POJIMKOBUX BY3JIB Ta TPAHCIIOPTEPHOT CTPIUKH;

— 3HIDKEHHS eKCIUTyaTaliifHuX Ta pEMOHTHHX BUTpaT.

3acToCcyBaHHS 3alpPONOHOBAHOTO CXEMOTEXHIYHOTO DIIlIEHHS CHCTEMHU IIJBICKH CTPIYKOBOTO TpPaHCIIOPTEpa JO30JIUThH
3HAYHUM YMHOM 30UTBIIMTH MDKPEMOHTHUH Tepio]] Ta 3SMEHIIUTH BapTiCTh EKCIUTyaTalllifHuX BUTpPAT.
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Annomayia. Poboma npuceiauena po3pobyi mMobinbHo20 000amKy 0af NIOMpumKu 06e30pomoseoi nepedaui OAHUX 3da
donomoeoio Wi-Fi.

Ilpeomemom Oocnidscenns € cnocib6 nepedaui Oanux 3a 0onomo2oi 6Gezdpomosoi mexnonozii Wi-Fi. 3asdannsm
NPOEKMYBAHHSL € PO3POOKA MOOIILHO20 000amKy Oiisi 6e30pomosol nepedaui OAHUX V JOKAJbHIU MEPexNci, KA 00NoMoice
Kopucmysauesi 6 weuoKkoi i AKIiCHOI nepedaui Oanux 3acobamu 6Oe30pomosux mexuonozit 3a oonomoeorwo Wi-Fi. Ilpu
00CAIOMHCEHHI OCHOBHUX NPOOIemM npeomemnol obiacmi, aHarisi aHaiozis ma 3aco0is po3pobku Oyi0 cmeopeHo 06asy OaHux i3
BUKOPUCMAHHAM pensyitinoi cucmemu ynpaeninusa 6asu oanux SQLite, suxopucmani mosu npoepamyeanns Kotlin, Groovy ma
Java, cepedosuwye po3pobku Android Studio ma cucmema asmomamuunozo ckiadanus dooamxy Gradle.

Poboma Oyna cnpsimosana Ha po3poOKy MobOiIbHO2O 000AMKY, 3A60AKU SKOMY JHOOU 3MONCYMb WEUOKO MA SIKICHO
nepeoagamu @atiiu ma 0OMiHO8AMUCyL Oypepamu 0OMIHY HA PIZHUX NPUCMPOAX 3a OONOMO20i0 Oe30pOMOBUX MEXHONO2Il 3
suxopucmannam Wi-Fi y noxanvuiti mepexci. Cucmema aensie coboio MoOibHULl 000amoK, AKULL 00NOMA2A€ 00AM
nepeoagamu iHghopmayiro 6e30pomosuUM CROCOOOM ) TOKANbHIL Mepexci.

Jlanuti npocpamuuil npodykm He € 6ubaziugum 00 anapamHozo 3abe3neyenis, wo 003605€ KOPUCIYBAMUCS CUCTEMOIO
KOXCHIUl badcaroyill 1t00uni, aka mae docmyn 8 Inmepuem.

Abstract. This work is devoted to mobile application which support wireless data transfer with help of Wi-Fi technology.

The object of research is the method of data transmission in the local network. The task of design is to develop mobile
application for wireless data transfer in the local network, which can help people send large data from folder or file and
working with clipboards from another device with help wireless technologies for data transfer. In the study of the main
problems of the subject area, analysis of analogues and development tools. For this project a database was created with the
help relational database management system SQLite, used programming languages like Kotlin, Groovy and Java, integrated
development environment Android Studio and system of automation building applications Gradle.

The work was aimed at developing a mobile application that will allow people to quickly and efficiently transfer files and
exchange clipboards on various devices using wireless technology using Wi-Fi in the local network. The system is a mobile
application that helps people transmit information wirelessly on a local network.

This software product is not demanding on hardware, which allows anyone who has access to the Internet to use the
system.

Karouosi ciioBa: MOOUIBHUI 01aTOK, 6a3a qaHux, 6e3apoToBa TexHomoris Wi-Fi
Key words: mobile application, database, Wi-Fi wireless technology

Beryn

Ha cporoanimmHiii eHb OiNbIIICTE BUPOOHMKIB PI3HOMAaHITHUX NPHUCTPOIB HaMaralThCs MAaKCHMaJbHO INEPEXOJIUTH Ha
6e3nporoBi iHTepdeiicu. 3aBasku TexHoyorisM Wi-Fi, Bluetooth € MoXnuBicCTH AUIMTHCS, MPOCIYXOBYBaTH Ta IIyKAaTH
iHpopMmaniro 6e3 mormoMoru Apoty. Takoxk Oe3JpOTOBI TEXHOJOTI € My)Xe HMIBHIKUM Ta KOM(OPTHHUM CIIocoOOM Iepenadi
iHpopMamii 3 mpucTporo Ha HpUCTpiil. be3mpoToBi TexHOMOTIi pi3HOTO THUIY 3a0€3MedyIOTh POOOTY MOOLTFHUX Tele]oHiB,
GPS-cucrem, cymmyTHUKOBOTO TenebadeHHs, 03 pOTOBOI KOMITIOTEpHOI reprudepii Ta 0e3poTOBUX Mepex pi3HOTO piBHA [1].

Mema i 3a80amnns po3pobKu — CTBOPEHHS] MOOUTFHOTO JOAATKY LTS O€3pOTOBOI Iepeaadi JaHUX Y JIOKAIIbHINA Mepexi, SKa
JIONIOMOK€ KOPHCTYBaueBl MBHU/KO 1 SIKICHO TIepeaTH JlaHi 3aco0amu 0e31pOTOBUX TEXHOJIOTIH.
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TeopeTnuHa YaCTHHA

Mepexa nepenadi JaHUX € HEBiJ’€MHOIO YaCTHHOIO 1HQPACTPYKTYpH OYy/b-SKOTO Cy4acHOTO MiANPUEMCTBA. 3aJISKHO BiJ
MacmrTabiB KomnaHii (Manui, cepeiHii 4M Benukuil Oi3Hec) abo cdepu IisUIBHOCTI (BUPOOHMITBO, JIOTICTHKA, TOPTIBIIA,
(iHaHCH, TOIIO) KOMIT FOTEPHI MEpEXi MOKYTh BIIPI3HATHCS OJHA BiJl OJHOI, HAIIPUKIIAM, 32 apXiTEKTYpOIO Ta MacmTaboM, 3a
piBHEM KepOBaHOCTI Ta HaMiHHOCTI, 3a KUIBKICTIO iHTerpoBaHuX ¢yHKHii. KoxHa reorpadidno i3onpoBaHa dacTHHa
migmpueMcTBa (OKpeMuil odic, OymiBis ab0 HaBITh KOMIUIEKC CIIOPY[) MAa€ BIACHY JIOKaJbHY MEPEkKy, OCHOBHOKO AKOi (Y
OUTBIIOCTI BHUITAAKIB) € TIPOBiTHA JTOKabHA Mepexka nepenaui maHux (LAN) [2]. Takox 3apa3 1me CTOCY€eThCS i MOBCAKICHHOTO
KHTTS.

Ilepemaua manmx — ¢izumgauid mnporec. 3a (paxkToMm iHpOpMamis mepeMilryeThCs Bif JKepena a0 mpuitMada. BoHa icHye
TIIBKK B MOMeEHT Tiepenadi. Jo Ta micnms nmepenadi iHpopMariiss 3HaXOIUTHCA y BUIIAAI CTaTUYHUX JaHUX. Y MOMEHT, KOJIU
nmaHi 3arpeOyBaHi, BOHH CTaioTh iH(popmariero. [Ipyn 3acTocyBaHHI TEXHIYHHX METOIB Iepefadi JaHWX MK JDKEpEeIoM Ta
npuiiMayeM MOBHHEH 3HAXOAUTHCS HOCIH, 3IaTHUI OBFOCTPOKOBO 30epiratu iHdopmalito, 3 skoro ii MokHa B OyIb-sKUi
MOMEHT BBaXkatu [3].

Be3npoToBi KOMI'FOTEpPHI Mepexi — I TEXHOJOTis, IO O3BOJSE CTBOPIOBATH OOYHCIIOBANLHI MEPEKi, MOBHICTIO
BIJMIOBI/IHI CTaHIapTaM sl 3BHYAHHUX JAPOTOBUX Mepex (Hampukian, Ethernet), 6e3 BuKopucTaHHS KaOenbHHUX ApOTiB. Sk
HOCill iH(opMalii B TakuxX Mepexkax BHCTyMaloTh panioxBwini CBY-nmiamazony. Y 3aranbHOMY BHIAAKY O€31pOTOBOIO
MEpexer0 Ha3sUBAETHCS Mepexka, B K € X049 OM OJMH CerMEHT, IO CIoJydae JaBa i Oinplie 0e3ApOTOBUX HPHCTPOI IO
pamiokaHaiy.

AirDrop - ue texnomnoris Apple nepeaadi JaHuX 3a JOMOMOTOK0 O€3POTOBUX TEXHOJIOTIH. [laHuil mporpaMHuii MpoayKT €
MIPOTIPieTAPHUM DILlICHHSM, K€ B CBOIO 4epry po3pobieno mix mpuctpoi Apple. Ilpoaykr mae 3pyunwmii iHTepdetic, 1odpe
IHTeTpOBaHMUN B cCHCTEMH Apple Ta JISTKHi y KOPUCTYBaHH.

SHAREIt - anprepHatuBa mast 6Ge3mapoToBOi Tepemadi KoHTeHTy. JlogaTtok Mae BOyIoBaHy (YHKINIO TMeperssiay
(dotorpadiii, mo 30epiraroThCsi Ha MOOLTLHOMY MPHUCTPOi 3 KoMmm'rorepa. OCHOBHA IMepeBara Mporpam - Hadarato OLIBII
BHCOKa IIBUIKICTh Mepenadi JaHuX B mopiBHsHHI 3 Bluetooth mporokosom i HaBiTe NFC [4].

ShareDrop - knor HTML5 cepsicy Apple AirDrop. lle mo3Bossie epenaBati (aiinu 6e3nocepenHbo Mixk IPUCTPOSIMU Ge3
TIOTIEPETHROTO 3aBaHTAXKEHH 1X Ha sIKuiich cepBep. Bin BukopuctoBye WebRTC st 6e3nedHoi TuMuacoBoi nepenadi daiinis
i Firebase mist ynpasninas npucytHicTio 1 curnanizanii WebRTC [5].

OcHoBHa npobiieMa JaHol MPeaIMETHOT 00JacTi moArae y APOTOBOI IMepenadi JaHuX, a came, 1o JaHui croci0 mepenadi
JJAaHUX € He KOM(OPTHUM JUI KOPHCTyBaya. SIKIIO KOPHCTyBad IUIAHye OAWH 1 TOi camuii aitn mommpuTi Mix OaraTbMa
TIPUCTPOSIMH, 3aBJIIKK O€3/1pOTOBI Nepenadi 1aHuX LeH nporec Oyae MaKCUMAaIbHO MIBUAKUM Ta KOM(MOPTHHM.

KoskeH 3 BHIIEpO3IIISIHYTHX aHAJIOTIB Mae€ IEBHI MepeBard Ta HEJONIKH, AesSKi MaloTh 100py IHTETpaliio B OIepariiHii
CHCTEMIi, alleé He MATPUMYIOTh KPOC-TIAT(OPMEHICTh. AJie 0 3aralbHHAX HEIOJIKIB WX MPOTPaMHUX IMPOAYKTIB MOXKHA
BIJTHECTH:

® HE3pYYHE MiIKIFYCHHS 10 IHIINX JCBaiCiB

e HeMa€e MOXKJIMBOCTI MPALOBaTh 03 MiJKIIOYESHHS JI0 MEPEeXi IHTepHET

e He IIBUJIKA Mepeaya JaHuxX

IMpakTHyHa yacTuHa

Junst peanizanii MoOiIbHOTO H0OATKy OyJI0 BUKOPHCTaHO MOBH nporpamyBaHHs Java Ta Kotlin. Java BukopucroByBanach
st 006poOxu iHTepdeticy, Kotlin BuKopucToBYBanacs Ui HalMCAaHHS CEPBICY BiAIPaBKU, IPUIHATTS Ta 00poOKM maHuX. [t
peamizanii rpadigaoro iHTepdeiicy Oyma BukopucTaHa TexHoioris XML. B saxocti 6a3m nmaHux 3anmisHa BOyJZoBaHa B
omepamniiiny cuctemy Android cumcrema ympasminHa Oasamm nmaHmx SQLite Ta 6i6miorexa SQLiteOpenHelper mms
niaKIoYeHHs 1 podotu 3 BJI.

"
=

Pobora 3
TIOKATEHOK

MEPEXOI0

Tlesaiic xricnra |

Puc. 1 — Indopmaniiina Mmoxesn
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Ha pucynky 1.1 300paxeHo iHpoOpMalliiiHy MOJeNb CHCTEMH, B3a€MOJii KOpUCTyBaya 3 MPOrpamoro, I MOAYISIMH Ta
B32€EMOBITHOCHHHU MK MOJYJISIMHU. J|aHOIO CHCTEMOIO MOXKE KOPUCTYBATHCs OyIb-sSKUil KOpUCTYyBadu. BiH Mae MOBHUIA 10CTyn
J0 (aiytoBoi crcTeMu MPUCTPOIO Ta JOKAJIBHOI Mepexi. B 6a3y maHux 3ammcyloThes JaHHI Ipo poOOTy KOpHCTyBada IUist
MaiioyTHpoi ontumizanii. 3 B/l Oyzne BimoOpakaTucs TibKHM KOpHCHA iH(hOpMAILIist 11 KOpUCTyBaya.

KopucryBau mig yac poOOTH 3 JOJATKOM MOXE TpaIioBaTH 3 (haiIOBOI0 CHCTEMOIO Ta JIOKAJTBHOI MEpexero. Yci il
KopHCcTyBaya OynyTh 3amucyBaTuch B B/l mis MallOyTHHOrO po3LIMpEeHHs Ta onmTHMisauil monatky. J{ns kopuctyBada Oyne
BimoOpaXkaTrcs TUTBKU TOTPiOHA iHGOpMAITis.
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Puc. 2 — Cxema 0a3u 1aHux

Ha pucynky 1.2 300paxeHa cTpyKTypa cxeMu 0a3u IaHHX i3 3B’s3kaMu M Tabmunsmu. JlaHHa 0a3a qaHnx HeoOXimHa asist
NOBHOTO (YHKIIOHYBaHHs nonarky. baza npuBeneHa 10 TpeThOi HOPMaJIBHOT (OPMH, 3 ypaxyBaHHIM crHewianizaiii norped
CHCTEMH TIPO IO CBITYATh 3B’SI3KH, IKi BKa3aHi HA PUCYHKY.

baza nanux Mae 5 TaOmuib, 3B'SI30K MK TaOJIHMISIMH «OJIUH 10 Oaratbox», 0a3a MpU3Ha4YeHa [yl 30epiraHHs JaHuX, Ipo
TIPUCTPOI, SIKi 3HAXOJSITHCS B aHIH JIOKabHIA Mepexi, (aiian KoTpi KOPUCTYBay BiANPABIAB 1 MPUHMaB Ha MPUCTPIH.

TonoBHoto Tabmumio ciing BBaxkatn «Devicey/«IIpuctpiit», y skiii Oyne BIMCYBaTHCh yci JIeBaliCH, SKi KOHTaKTyBaJIH 3
TIPUCTPOEM KOpHcTyBada. JlaHa TabJIHII € TOJOBHOIO, TOMY IIIO BOHA ITOTIM BUKOPUCTOBYETHCS ISl ONITUMI3aLlil ITOIIYKY.

st peanizanii rpadiunoro iHTepdeiicy Oymna Bukopucrana texHosorisi XML Ta MoBa nporpamyBanss Java. B ¢aiini XML
ONHCYBaNHCh Tpadiui eneMeHTH iHTepdeiicy, sSKi B CBOIO Yepry JONOMaraid BimoOpakaTW HAaTHBHI €leMEHTH TpadidHOTro
inTepdeiicy omepamiiinoi cucremu Android, a MoBa mporpaMmyBaHHsA Java Jomomaraja OIpanbOBYBaTH HaHI €JIEeMEHTH
inTepdeiicy. s cTBOPEHHS aganTUBHOTO iHTEpdEHcy, sIKUil Oy/e mpamroBaTy Ta BimoOpaxaTrucs oJHaKOBO Ha Bcix Android
npucTposix, BukopucroByBascsi ConstraintLayout. /laHuii maker jornoMarae mpuTsIryBaTH eJIEMEHTH iHTepdeicy o 3aaaHux
CTOpIH.

s minkoroueHHs: 6a3u JaHuX BUKoprcToByBaBcs cepBic SQLiteOpenHelper. B nanomy cepgici € miarpumka 06a3u gaHux
SQLite, Takox cepBic HaJjae MOKJIMBOCTI B3aEMO/ISATH Ta KOH(DIrypyBaTH €Tary CTBOPEHHS Ta OHOBJICHHS 0a3u JaHUX.

PesyabTaTn

[Iporpamue 3abe3nedeHHs, po3poliieHe B paMKax JaHOro NpoekTy, € Android gomaTkom st 6e3ApOTOBOI Nepenadi JaHuX
y JIOKaJIbHIH Mepexi. B mporpami € MoximBocTi nepepadi Qaiiry 3 MpUCTPOIO Ta NPUHHATTS (ailily 3 IHIIOrO MPUCTPOIO,
OKPIM IIOTO € MOXJIUBICTH Iepeadi TeKCTOBUX NoBigoMieHs 1o Tuiry URL anpec 3 Oydepa oominy.

Januii nporpaMHuid MPOAYKT HE € BHOATIMBUM JI0 anapaTHOTO 3a0e3le4eHHs, 110 J03BOJISIE KOPUCTYBATHCS CHCTEMOIO
KOXHIN Oakarodiif JFoAWHI, sika Mae qocTym B [HTepreT. CHCTEMHI BUMOTH [T MOOITIBHOTO TeNeOHY: ONepaTHBHA MaM'sITh —
70MB, BinbHE Miciie Ha aucky - 1 1MB, oneparriiina cucrema — Android 4.4, Android 5.1, Android 6.0, Android 7.1, Android
8.1, Android 9, Android 10, Android 11.
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Puc. 3 -Tosi0BHa cTOpiHKa

@ Choose device

|

OLEG LINUX FEDORA

CANCEL

Puc. 4 — Bubip aesaiicy

11

kol

lonoBHa cTOpiHKAa MICTUTH JIOTOTHII, HAJAIITYBAaHHs, KHONKA JUIS BIANPABKM JIaHWX, KHOIKA U OTPUMAaHHS IaHUX 3
9 b b
Oydepa oOMiHy Bin iHmoro nemaiicy. Ha maHiif CTOpiHIII aBTOMAaTHYHO 3aITyCKA€THCS CEPBIC IUIS MPHUHATTS Ta 0OpPOOKH

HaTunckaroun Ha KHOTIKY BiATIPaBKH, IEPEXOANMO IO BUOOPY NeBaiicy Ha skuii OaxxaeMo BigmpaBuTH (aitmm un manky. [Ipu
HATHUCKY Ha JIeBaiic, MOIIYK IHIIOrO JAeBaiicy He 3YNHHSEThCS. SIK TUIBKH 3’SBUTHCS HOBHMHU JieBaiic, Oyle MOXIIHMBICTh
BianpaBuTH iHGOpMaIio i Ha Hboro. [{e MeHto Oy/ie BinoOpa)kaTucs TakoX TO/I1, KOJIM HATHCHEMO Ha KHOTIKY «get clipboardy,
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Ui oTpuMaHHs Oydepa oOMiHY 3 IHIIOrO JeBaiicy, ab0 KOJIM CTOPOHHIM 10maTok Oyme 3BepTaTHUCS OO AOAATKY IS
0e31pOoTOBOI Mepeiadi JaHUX y JOKaIbHIM Mepexi, KOJIU Oyie MOTPIOHO MPAIFOBATU 3 JAHUMH.

BucHoBku

B pe3ynpTari HammWcaHHS TAHOTO TPOEKTY OyJIo po3po0iieH0 MOOITBHMI JOMATOK JUIs OS3APOTOBOI Mepeiadi NaHUX Y
JIOKaJBHIM Mepexi, SIKUi JOTIOMOXe KOpPUCTyBadeBi B IMIBUAKOI 1 SIKICHOT Iepeaadi JaHuX 3ac00aMu O€3pOTOBUX TEXHOJIOTIH.
[lepen peanizamieto MPOrpaMHOTO MPOAYKTY OYJI0 MPOBEICHO aHAaNi3 MPEIMETHOT 00JIACTi, PO3TITHYTO Ta MOPIBHSIHO iCHYIOU1
aHAJIOTH, HAa OCHOBI 4OTO OyJI0 BHOKpEMIIEHI HeoOXiTHI BUMOTH J0 MPOTPaMHOTO IIPOIYKTY.
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Anomauin. Booa - ocnosa ecvboco ocueo2o na niawemi. Booui posuunu HeoOXiOwi Onsi 3abe3neueHHs nomped
NPOMUCTOB0CI, CLILCLKO20 20CRO0ApPCMEa, nobymosux nomped. Booa npu euecomognenti 1k noguUHHA 8i0N0GI0AMU NEeGHUM
HOpMAM, mae 6ymu oucmuivosanolo. Mema éedenns npoyecy nio2omoeku 600U Npu 8UOMOGIEHHI K — OMPUMANHSA 20MOB0T
ouuueHoi 600U 13 3a0aHUMU NOKAZHUKAMU siIKocmi. Bucokoi egpekmuernocmi npoyecy nio2omogku 600U MOACHA 00CAMuU ulie
npu aemomamuzayii ybo2o npoyecy. Bci icnyroui po3pobku 6 cgepi aemomamuzayii nio2omosxku 600U He 3a0080bHAIOMb
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cyuacHum eumozam 00 saxkocmi eomoeozo npooykmy. B OHAXT, na xageopi ATIIIPC pospobreno Hoeuil nioxio 00
asmomamu3ayii ni02omosKu 800U 3 Memorw 3abesneyents il 8UcoKkoi sxocmi. Pesyromamu cmpykmypHo-napamempuinozo
cunmesy i ananizy pospobnenoi CAY niomeepooicyromv nepeeazu 3anponOHO8AHO20 NIOX00Y, A came BUCOKY OUHAMIYHY
moynicme ynpagninusa npoyecom. Ilobyodosana aemonomna CAP 3abe3neuye ucoxy skicmes 20mogozo npodykmy. Pozpobnena
npoexmua 0OKyMeHmayis 8i0oopaicac 6ci 0cobugocmi i nepesazu 3anponoHO8aH020 cnocoby ynpaeiinusa. Pospobnene APM
onepamopa-mexuonoea i naraouuxa CAY ¢ SCADA-cucmemi dozeonsne 3pyuno i egpekmueno cnocmepicamu ma Kepysamu
Xodom npoyecom niocomosku 600u. Ilooanvuiutl po36umox NUMAHHL ABMOMAMU3AYIl YNPAaeIiHHA NPOYecom Ni020MosKu 600U
3Hall0e 8 Ma2icMepCcobKill 8UNYCKHIU pOOOMA.

Abstract. Water is the basis of all living things on the planet. Aqueous solutions are needed to meet the needs of industry,
agriculture, household needs. Water in the manufacture of the drug must meet certain standards, must be distilled. The
purpose of the process of water preparation in the manufacture of drugs - to obtain ready purified water with specified quality
indicators. High efficiency of the water treatment process can be achieved only by automating this process. All existing
developments in the field of automation of water treatment do not meet modern requirements for the quality of the finished
product. At ONAFT, the ATPIRS department has developed a new approach to automation of water treatment in order to
ensure its high quality. The results of structural-parametric synthesis and analysis of the developed automatic control system
confirm the benefits of the proposed approach. The constructed cascade system of automatic regulation provides a high
dynamic accuracy of management of the considered technological process. The automated workplace of an automated
operator-technologist and an automatic control system in the SCADA system allows you to conveniently and operate and
control the process of pasteurization of apple juice. Further development of the issue of automation of water treatment process
management will be found in the master's thesis.

KurouoBi cioBa: cucrema aBromatugHoro kepyBaHHS (CAK), o6’ekt xepysanns (OK), aBromarn3zoBane pobode Miciie
(APM) omepaTopa, miATOTOBKA BOAW, BUTOTOBJICHHS JIiK.

Keywords: automatic control system (ACS), control object (CO), workstation of operator (OWS), water treatment,
production of medicine.

Beryn. Bona - Ta cama cki1ajoBa OCHOBa BCHOTO JKMBOT'O Ha IUIAHETI, Oe3 SIKOT HEMOXKIIMBE KUTTS 1 PO3BHTOK JIFOJICHKOT
nuBitizanii. KpiM miaTpuMky npupoJHUX MpoleciB GyHKIIOHYBaHHS OpraHi3My, BOAHI PO3UMHM HEOOXiTHI [uist 3a0e3neueHHs
moTped MPOMHUCIIOBOCTI, CLUIBCHKOTO TOCIIOIAPCTBA, TI0OYTOBHUX MOTPEO.

Bony BUKOPHCTOBYIOTH 30KpeMa HpH BUPOOHHITBI JiK. Boja MoBMHHA BiAMOBiNATH NEBHUM HOpMaM, i IIOBHHHa OyTH
JUCTHIbOBaHA. J[MCTHIbOBaHa BOJA - BOAA, OYMIIEHA BiJl PO3YMHEHHWX B HiM MiHEpaJbHHX COJIEH, OpraHiYHUX PEUOBHH Ta
IHIIAX OMIMIOK MUISXOM MUCTHIAMil. pH MaTu 3HaueHHs B miama3oHi 5,4-6,6. OineTpallis BOIU MPOXOIUTH Yepe3 JCKiTbKa
CTYIICHIB MEXaHIYHOI OYHCTKH, a OCh PiBeHb PH perymroeTbes eneKTpomiaHi3aTOpOM, NIe 3aBASKH IMOJadi HAIpPYTH MOXKHA
peryIoBaTu AKicTh BOAH, TOOTO PH, ame motpibHa cTtabipHa moJada BOAM Y BUTJII THCKY, II€ 1 € ABa KOHTYPH sKi OyIyTh
pETYJIIOBAaTHCS, TAKOXK BOHHM B3a€MO3Bs3aHi. BOHM 1 CKJIa[aloTh OCHOBY TEXHOJOTTYHOTO PErIaMEeHTy MPOIECY MiIrOTOBKH.
Po3po6iieHnii TEXHOIOTIYHMI PETJIAMEHT CITY)KHTh OCHOBOIO: a) pO3pOOKH KOHTYPY B IKOMY Oy/Ie peali3oBaHO TEXHOJIOTTUHHNA
npotiec; 0) KepyBaHHS TEXHOJOTTYHMM MPOLECOM IpU HOro peaiizauii y BUpoOHMYMX yMOBax. [Ipu mpoekTyBaHHI KOHTypa
3a0e3MneuyeTbCcss MOXKIMBICTh BUKOHAHHS PErJIaMEHTY NPHW 3MiHI YMOB BEACHHS NPOIECY Y BCHOMY MOXIIMBOMY Jliana3oHi,
30KpeMa pO3PaxOBYIOThCS HEOOXiJHI BHUTPAaTOBI XapaKTEePHCTHUKH PETYNIOIOYMX opraHiB. [Ipu KepyBaHHI Ha OCHOBI
TEXHOJIOTIYHOTO pEerjiaMeHTy OOMpaloThes, MEpII 3a BCE, PErysibOBaHI 3MiHHI, OOIPYHTOBYIOTHCS IX 3aJaHi 3Ha4yeHHS 1
MIPUMYCTHMI BIJIXHJICHHS.

Merta i 3aBaaHHA gocaiakeHb. Mera BeZeHHs POLECY OYMCTKH BOJU — OTPUMAaHHS TOTOBY OYHILICHY BOIY i3 3a1aHUMHU
NOKa3HUKaMHU SIKOCTi. [Ipy ImpOMHCIIOBOMY BHMPOOHUIITBI JOCATHEHHS METH MOXKe OYTH BHIPABAAHO TUIbKH TOIi, KOIH
TEXHOJIOTIYHMN MPOIEC MAa€ CEHC peali3yBaTH, KOJW BHKOHYEThCS I[UIMH pPsiI BHMOT 1O TEXHOJIOTIYHOI'O MPOIIECY.
TeXHONOTIUHMIA MMPOIIEC OYMIEHHS BOIM JOILIGHO Peali3oByBaTH sKIO: 1) € mojadya BOAW 10 IISHKH OYHMILNEHHS, 2) € B
HAsSBHOCTI KMBIICHHS U €NeKTpoiaHizaropa; 3)HMoBHMHHA OyTH €JEKTPOCHEpris B KONax JKHBICHHA Hacoca i3
CepeTHbOCTATUCTHYHUMHU NTapaMeTpaMy MEpexi.

AHaJi3 JiTepaTypHuX JaHMX i mocTaHoBKa mpodsemu. J[is 3a0e3nedeHHsT BUCOKOI SIKOCTI OYMIIEHHS BOAM, HEOOXiTHO
LIeH porec aBToMaTu3yBaTH. YnMasio po3poOHHKIB MPUCBSITHIIN CBOI JOCII/KEHHS I[bOMY NMUTAHHIO.

Cibipcbka eKooTigHa KOMITaHisl 3aIpOIIOHYyBala CIIocid aBTOMaTHYHOTO KEPYBAaHHS MPOIIECOM IiATOTOBKH BOJH, B IKOMY
pETYJIIOBaHHS THUCKY y CHUCTeMI BiIOyBaeThCs LUISIXOM KEpyBaHHS KiamaHaMH JUisi 3a0e3NeueHHs TiIpaBIiYHOr0 KOHTPOJIO.
OCHOBHUM 3aBJaHHSM TiJPaBIIYHOTO KOHTPOIIO € 3a0e3NeUYeHHs] MOKJIMBOCTI BHPIBHIOBATH IIepemnaj THCKYy B Kamepax
¢inpTpary i KoHuEHTpary. HegonikoM naHoro crociOy € Te, 110 BiH He 3a0e3neuye rHyYKUil KOHTPOJb THCKY Y CHCTEMI, 1110
CIIPUYMHSE 3MCHIICHHS TPOMAYKTHBHOCTI BHPOOHMIITBA Ta TOTIPIICHHS SKOCTI TOTOBOTO mpomykty. Kommawis Ecosoft
3anporoHyBajia crocido Oe3nepepBHOI 0OPOOKU BOIH, SKH MICTHTh aBTOMATHYHE KEPYBaHHS 3a JOIMOMOTOK) KOMIUICKTY
JaTYMKiB, BUTPATOMIpiB, BIYCKHMX 1 BHIyCKHUX KjamaHiB i. HemomikoM maHoro maHoro crmocoOy € Te, IO BiH €
€HOprozaTpaTHuM i ekoHoMiuHO He BurigHuM. Kommawis Diasel Engineering sampomnonyBana crmoci® MiArOTOBKH BOAM,
BHKOPHCTOBYIOUH JIMIIE YCTAaHOBKH 3BOPOTHBOTO OCMOCY, J@HHMH CIIOCIO € €HEepreTHYHO €KOHOMHHM, aje HEJONIKOM AaHOTO
croco0y €, HU3bKa SKICTh BOOU, 00 B CHCTeMi HE BHKOPHCTOBYETHhCA €NEKTPOXiOHi3aTop. Haibimpmr OMHM3pKNM 1O
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3aIIPOIIOHOBAHOI0 € CIIOCI0 ABTOMATHYHOT'O KepyBaHHS MPOLECOM ITiATOTOBKU BOJH, SKUH MICTUTH PETYJIIOBaHHS TUCKY BOJHU
y CHUCTEMI HIISIXOM 3MiHU 4aCTOTH OOEpTaHHs NMPUBOAY €JIEKTPOJIBUTYHA HACOCY MOJaui BOJM, 1 SIKOCTI BOJIY HIISIXOM 3MiHU
MOTYXHOCTI JioHizaTopa (3Minu PH). HemosikoM maHoro cnocoOy € Te, 0 KOHTYp PEryJIFOBaHHS THCKY BIUIMBA€E HA KOHTYP
peryJroBaHHs SIKOCTiI BOJM, IO 0OOYMOBJIIOE€ HU3bKY AMHAMIYHY TOYHICTH PEryJIOBaHHS, IO MPUBOIMTH J0 HHU3BKOTO PIiBHS
SIKOCTI HiITOTOBKH BOJIH.

Ha xadenpi aBromMarm3amii TeXHOIOTIYHUX TporieciB O/echKoi HANIOHATBHOI akajgeMii XapuoBHX TEXHOJIOTIH B paMKax
BUITyCKHOI pPOOOTH, 3alpOIIOHOBAHO HOBHI CIOCIO aBTOMAaTHYHOTO KEPYBaHHS MPOLECOM ITATOTOBKA BOJH  JUIS
TEXHOJIOTIYHUX MOTPeO.

Metoan i martepianm nociaigkenb. OCHOBHUM BHKOPHCTAaHUM METONIOM € JiasieKTHYHWI. Tako)X BHKOPHCTaHO Taki
METOIM: aHalli3, CHHTe3, IHAYKLIS, IeAyKIis, CIOCTEPEKEHHS, EKCIIEPUMEHT, BHMip. OCHOBHHMM EKCIIEPUMEHTAIBLHUM
METOJIOM 00paHO IMiTaIliiiHe MOICTIOBAHHS.

PesyabTatu gocaimkeHb. CrodaTky OyJIO pO3IJSIHYTO TEXHOJOTIYHMH MpoLeC MiATOTOBKH BOIY, IMOOYIOBaHO
mapaMeTpU30BaHy TEXHOJIOTIYHY cxemy (puc. 1), mapameTpmdHy, Ta CTPYKTYpHY (pHC.2) cXeMH mpomuecy SK 00’ €KTy
yopaBimiHHA. [IpoBeAeHO CTPYKTYpHY H TapaMeTpuyHy ineHTH(ikamilo KaHaliB o00’e€kTa ympaBiiHHA. [IpoBeneHo
napaMeTpUyHy ONTHMI3allil0 AITOPUTMIB yNpaBiiHHS, MopiBHsIbHUN aHani3 CAP, orpumano mudposi aHamorn oOpaHHX
anroput™iB. [loOynoBano Garatromipny CAP Ta Ha ii ocHOBI — aBToHOMHY CAP (puc. 3). 3po0yieHO MOpIBHAIBHHUN aHai3
pe3ynbTariB MojaenoBanus (puc. 4, 5, tadn. 1, 2, 3). Po3pobieHo APM onepatopa-texHodora i Hanagunka CAY B SCADA-
cuctemi (puc. 6). Pospodnena ACYTII Ha 6a3i MiKpONPOIIECOPHOI TEXHIKU KA e(pEKTHBHO Kepye MPOLIECOM, 3a0e3NeUyroun
MATPUMKY PETYJNbOBAaHUX KOOPJAMHAT HA 33JaHOMY pIBHI Ta 3MEHIIEHHS BHKODHCTaHHS elleKTpoeHeprii. Jms mworo
IiIBUIIEHA SIKICTh PEeryJIOBaHHS, YAOCKOHAJIEHO aITOPUTMH YIPABIiHHS, PO3POOJICHO KOHTPOJIEPHO-KOMIT FOTEpPHA Mepexa,
3IICHEHO TPOTpaMyBaHHsS aITOPUTMIB PETYIIOBaHHA Ta JOridyHOro kepyBanHsS CAY. Po3risHyTO MUTaHHS €KOHOMIYHOT
e(eKTUBHOCTI 3aIpPOIIOHOBAHOTO PIICHHS Ta TUTAHHSI OXOPOHH TIparti.

Wai, U, U2, Q2, F2

3 nepuwoi g
€nekpogaiaHizaTop (DI
LINSHKN OYNLLEHHSA BOAW 61 [ ] 2 e 0l
K ] I ] I 1
1
Q1, P1 1 @\ ©
Wa, Ta, U1, P2, F1 == == |
®inbTPN 3BOPOTHLOrO OCMOCY 10—
1 62 [lo cxoBuia
Hacoc nogauv Boau 36epiraHHs
Puc.1 — [TapameTpu30BaHa TEXHOJIOTiYHA cXeMa Mpolecy MiArOTOBKH BOIH

Q1 — Ph na Bxogzi y cucremy (o Hacocy) , Ph; U — nampyra y Mepexi, B;
P1 — tuck Ha Bxoai y cucremy (1o Hacocy) , bap; Q2 — Ph nicns enexrpopeonizaropa, Ph;
P2 — tuck micns Hacocy, bap; F2 — Butpara micist elekTpoeoHizaropa, M*/c;
U1 - manpyra B JaHITI031 KUBICHHS €IEKTPOJBUTYHA U2 - Hanpyra B JIQHIFO31 )KUBIICHHS
Hacocy, B; eJIeKTpOIeoHI3aTopa, B;
F1 — BuTpara micis Hacocy, M3/c; 0 2 — HaJIT B €JICKTPOACOHI3aTopi, %o;
6 1 — HamiT Ha MeMOpaHax 3BOPOTHOTO OCMOCY, %; Tn — Temnepatypa Hacocy
Wni — motyxHicTs [ Wn — moTy>KHICTh HACOCY

fi Ul — MoJI0XKEHHS PEryJIloI0Yoro OpraHy 3MiHH YaCTOTH €JICKTPOIPUBOIY

- P» Hacocy; '
ST ———-— —> U2 — MOJIOKEHHS PEryIII0I0Y0ro Oprany 3MiHH uBJeHHs Ha 11
2 S - P2 — Tuck y cucTemi micis Hacocy;
s ~~ | Q: Q2 — saxicts Bonu micis [l
——————— — > f1, f2 — BekTOp HEKOHTPOIBOBAHKUX 30YPEHB;

Puc. 2 — CtpykTypHa cxemMa npouecy miIroToBKH BOIH K 00'€KTy peryJJi0BaHHSA
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Puc. 3 — CTpykTypHa cXxeMa aBTOHOMHOI CHCTeMH KepyBaHHS

Ul — mOJIO’KEHHS PeryIII0I0u0ro OpraHy 3MiHH
YaCTOTH €JIEKTPOIIPUBOY HACOCY;

U2 — ITOJIOXKEHHS PEryJIFOI0YOro OpraHy 3MiHH
moty>kHocti Ha 11

P — TrCK y cucTeMi OYHMIIEHHS BOAH;
Q — sKICTh BOAM y CHCTEMI;

1, f2 — BexTOp HEKOHTPOIBOBAHUX 30YPCHB;
WP1(p) — nepenatouna GpyHKIIis peryIsaTopa THCKY
BOJH;

WP1(p) — nepenarouna GyHKIIisSE pEryisTopa TUCKY
BOJIH;

WP2(p) — mepenarouna GpyHKIIisI perysTopa sKOCTi
BOJIH;

WK(p) — mepenaTouna (yHKIis KOPUTYIOUOIO
JIaHKY;
P # _ 3anane 3HaueHHs THUCKY BOJIH;

A P — moMuIika perysroBaHHS 3HAYCHHS THCKY BOJIH;
Q Y _ 3anane 3HAYEHHS SKOCTI BOJIM,

A Q — moMUIIKa PETyIIOBaHHS SKOCTI BOIU
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Puc. 5 — Ilepexigni npouecu B CAP 6a30Boi ctpykTypu i crpykTrypu CAP nigBuieHoi AuHamMiyHoi ToUHOCTI 32
KaHajaoM «ul - P»

Tabuus 1 — PesyabTatu nopiBHaHHsE CAP 6a30B0i i nigBHIEHOI JUHAMIYHOI TOYHOCTi B NepeXiTHUX pPesKuMax

CAP Pmax Tronp Qmax Trong J
I 0.29 41.2 0.32 59,4 44
111 3 xop. JI. 0.15 19.1 0.21 28,6 11.7

Taoauus 2 — PesyabTraTn nopiBHsinast CAP 6a30B0i i nigBumeHoi TMHAMIYHOI TOYHOCTI B CTAJIUX pexKUMAX JIJIsT

KaHaay «U; —P»

3Havyenus napamerpos OY
IToka3zaTens kauecTBa
HOMHHAJIBHEIC Ty4IIue XYJIIHe
MaremMaTudeckoe 0KHIaHue 6 6 6
CpeaHekBagpaTUYecKoe OTKIOHEHUE 0,037 0,031 0,045
CpeanexBaJpaTHYeCKUil epUo 57,2 57,2 57,2
HHurerpanbHblii KpUTEpUd 20,63 18,37 23,21

Taonuus 3 — PesyabraTn nopiBusinast CAP 6a30B0i i nigBumeHoi JMHAMIYHOI TOYHOCTI B CTAJIUX pexXUMAaxX sl
KaHaJay «Up, — O»

Crpykrypa CAP
ITokazaTens kauecTBa TToBrIICHHOI
bazoBas N
IMHAMHYECKOH TOYHOCTH

MaremMaTnueckoe oXuIaHne 6 6
CpenHeKBagpaTHIECKOe OTKIOHCHHE 0,02 0,019
CpenHeKBagpaTHYSCKUHA MEPUOT 1377,0 97,1
WHTerpanbHbIid KpUTEpU 191 183
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Puc. 6 — Bikno «MHeMocxeMa» NPH BIIKPUTHX eKPAHHUX (popMax yNPaBJIiHHA ABUTYHAMH i KJanaHaM#u

[lomanpmmii pO3BUTOK TNHTAaHHA aBTOMATH3allii KepyBaHHS IIPOLIECOM TMacTepw3amii SOMYyYHOTO COKY 3Haige B
MaricTepchbKiil BUITyCKHiil po0oTi.

OO0roopeHHs1 pe3yJIbTATiB AOCHITKeHb. AHaJI3 TEXHOJIOTIYHOTO IIPOLECY IArOTOBKH BOJH, J03BOJIMB PO3KPUTH HOTO
CyTh Ta MOOYyAyBaTH MapaMETPH30BaHy TEXHOIOTTUHY CXEMY, SKa BMIIIY€E BIACTHBOCTI BXIJHUX Ta BUXITHUX CHPOBHHHUX Ta
SHEepPreTHYHUX IOTOKIB. AHali3 MapaMeTPHU30BaHOI CXEMH I03BOJHMB BHIUINTH CEpell BCIX IapaMeTpiB IOTOKIB TPYIH
CHPOBUHHHUX, CHEPreTHYHMX Ta MEXaHIYHUX BXIJHUX MapaMeTpiB Ta pErJaMEeHTOBAHUX, EKCIUTyaTalliiHUX, TEeXHIKO-
€KOHOMIYHUX BUXITHUX MapaMmeTpiB i moOymyBaTu mapaMeTpuyHy cxeMy. Ha mapameTpudHiii cxemi Oyno BHIIIEHO OCHOBHI
periaMeHTHi mapamMeTpy Ta BiAMOBIJHI Kepyroui BIUIMBH Ta MOOYZOBAHO CTPYKTYpHY CXEMY MpOILECY MirOTOBKH BOJH, SK
00’exTy KepyBaHHsA. CTpyKTypHa Ta mHapaMeTpudHa iaeHTH(IKalis KaHaidiB 00’e€kTa KepyBaHHS, MO3BOJMIA OTPUMATH
MaTeMaTH4HI MOJEN 00 €KTa KepyBaHHS, 3a IOMOMOro skux Oymo ozepskano III ta TIIJ] anropuTMu peryiroBaHHS.
[Tapamerpuuna onTHMI3allisl aJrOPUTMIB J03BOJIMJIA OEP)KaTH ONTHUMAIbHI MapaMeTpu Hallaro/pKeHHs perynsaropis. s
OCHOBHMX pEryJbOBaHHX mapameTpiB Oyno mobymoBano CAP 0aszomoi crpykrypu. IlopiBHsiabauii ananmizs CAP 0a3oBoi
cTpykTypy Ta CAP minBuimeHoi AWHAMIYHOT TOYHOCTI MOKa3aB MiABHUINCHHS IHTETPATBHUX MOKAa3HUKIB SKOCTi. Po3polOieHi
ANTOPHTMH TyCKY-3YIMHKH CHCTCMH BDaxXyBajli yMOBH MOYAaTKOBOrO CTaHy Ta BEICHHA MPOLECY. Po3pobiieno APM
onepaTopa-TexHosora i Hamagunka CAY B SCADA-cucremi. CkitazicHa B cepeZoBuUIIi Step7 mporpama KePYBaHHs NPOLECOM,
Ta peanizoBana Ha ii ocHoBi SCADA-cuctema B cepenosuiini WinCC flexible anss APM omneparopa-TexHoiora i Halaaduka
CAK no3Bosisie B peXXnMi pealIbHOTO 4acy CTEKHTH 33 XOIOM TEXHOJIOTIYHOTO TpoIecy, Ta 32 HEOOXIJHOCTI BIUIMBATH Ha
Hporo. OOpaHi TexHiYHI 3aco0M 3a0e3NeuyloTh HAJIEKHE Ta BHCOKOSKICHE KEpPYyBaHHS MPOLIECOM MiArOTOBKH BOJOHM Ta
BIJIMIOBi1aI0Th BUPOOHWYMM YMOBaM TEXHOJIOTIYHOTO Iporecy. Po3poOneHuii BapiaHT KOMIUIEKTY TEXHIYHOI JOKyMEHTAIlil
CAK: cxema aBroMaTH3allil; MPUHIMIIOBA EIEKTPHYHA CXEMa KOHTPOJIO Ta KEPYBAHHS, MPHHIUIOBA EIEKTPHYHA CXEMa
JKMBJICHHS; 3arajlbHAN BHJ IUTa OIlepaTopa; MOHTa)XKHA CXeMa IWTa Oleparopa; cxeMa 30BHIIIHIX NPOBOJOK Ha 0asi
koHTponepa ¢ipmu Siemens SIMATIC S7-300, zagoBomsHsie BuMorn 3amoBHHKa CAK. Po3risHyTi mUTaHHS €KOHOMIYHOI
e(eKTUBHOCTI 3alpONOHOBAHOI0 PIllIEHHS Ta MUTAaHHS 3 OXOPOHM Ipalli JO3BOJMIN 3pOOUTH OOIPYHTYBaHHS Ta BUCHOBKH
0710 iIHBECTHIIIHO MPUBAOIMBOCTI PO3POOKH MPOEKTY, aIKe MPUPICT YUCTOTO MPUOYTKY Ta YHCTHI TPOIIOBHHA MOTIK OiibIe
HYJIsI Ta JJOPiBHIOKOTb, BIANOBIAHO, 58 946 Tuc. rpH Ta 164 923 Tuc. TpH.

BucHoBku

1. Bona - ocHOBa BCHOT'O JKUBOTO Ha IIAHETI.

2. BonHi po3unHu He0OXimHI 11 3a0e3nmedeHHs oTped IPOMHUCIOBOCTI, CITLCHKOTO TOCTIOapPCTBa, IMOOYTOBUX MOTPEO.

3. Bona npu BUTOTOBJICHHI JIiK TIOBUHHA BiJIIOBIJATH ICBHUM HOPMaM, Ma€ OyTH JUCTHIILOBAHOIO.

4. MeTta BeIeHHS MpOIlECy IMATOTOBKA BOAW TIPH BHUTOTOBJICHHI JIiK — OTPUMAaHHS TOTOBOI OYHIICHO! BOIH i3 3aJaHUMHU
MTOKa3HUKAMHU SKOCTI.

5. Brcokoi epeKTHBHOCTI TpOoIIecy MiATOTOBKH BOJM MOKHA JTOCATTH JIMIIIE TP aBTOMATH3aIlii I[bOTO TPOIIECY.

6. Bci icHyroui po3poOku B chepi aBTOMATH3aIll MirOTOBKH BOAM HE 3aJ0BOJIBHSIOTH CyYaCHHM BHUMOTaM O SKOCTI
TOTOBOI'O TPOAYKTY.

7. B OHAXT, na xadeapi ATITIiIPC po3pobieHo HOBUI MiAXix 10 aBTOMATH3AIIi] MiATOTOBKH BOJIH 3 METOIO 3a0€3MCUCHHS
1 BUCOKO{ SKOCTI.

8. PesynpraTH CTPYKTYPHO-TIAPAMETPUYHOTO CHHTE3y 1 aHamizy po3podaeroi CAY miaTBEpIKYIOTh IepeBaru
3aMpOIIOHOBAHOTO MMiXO0IY, & CaMe BICOKY JUHAMIYHY TOUHICTH YIIPABIiHHS IIPOIIECOM.

9. IlobynoBana aBTonomHa CAP 3a0e3rneuye BUCOKY SKiCTh TOTOBOTO IIPOAYKTY.
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10. Po3pobiiena npoekTHa TOKyMEHTaLlisl BiloOpakae BCl 0COOIMBOCTI 1 epeBark 3alpoIOHOBAHOTO CIIOCO0Y YIpaBIiHHS.

11. Po3pobnene APM omepaTtopa-texHonora i Hamamauka CAY B SCADA-cucreMi n03BONSIE 3pydHO i €(hEKTHBHO
CIIOCTEPIraTi Ta KepyBaTH XOJ0M MPOIECOM ITiIrOTOBKH BOJIH.

[Momanpmmii pO3BUTOK NHTAHHS ABTOMATH3AIlli YINPaBIiHHS MPOIECOM MIiATOTOBKM BONW 3HAWIE B MaricTepchKii
BUITYCKHIl pOOOTI.
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Anomayin. /locniodxcenns 6azyemvca Ha 3anumi NPaAKmMuKyu npo HeoOXIOHICMb po3poOKU Ul BNPOBADICEHHS HOBUX 3AC00i8
B0JIOKOHHO-ONMUYHUX 3AC00I8 MOHIMOPUHSY 8071020CMI 2a3y, AKi, 3a PAXYHOK NIOBUWEHHS BIPO2IOHOCMI BUMIPIOBAIbHOL
inghopmayii, 3abe3neuyrome 3HUNCEHHSI HEBGUPOOHUYUX empam. Y pobomi eupiwene axmyaibhe HAYKOBO-MEXHIUHE 3A80aHMHS
HAYK08020 0OTPYHMYBAHHS, PO3POOKU U O0CHIOHCEeHHA 3ac00y MOHIMOpuH2y 8onococmi 2asy. Ilpononosanuil 3acio 3abesneuye
nioUWeHHsE 00CMOBIPHOCII Pe3YIbMamis 6UMIPIOGAHHSL 3d PAXYHOK 6UKOPUCTNAHHS NPUHYUNLIE YACMKOBOI IH8APIAHMHOCMI 00
306HIWHIX HEKOHMPOIbOBAHUX BNIUGIE BUMIDIOBAHb, KA O0CA2AEMbCA WIIAXOM CUHME3Y Npoyecie nepemeopeHHs Ceim.id,
KOHCMPYKYIL, KOMOIHayil mamepianie i cnocody 00epicants GUMIPIO8aibHol iHghopmayii. Hk 0b'exm 00CHiOdNCeH S BUSHAYEHI
npoyecu opmy8aHHs U NepemeopeHHs iHPOPMAYIUHO20 CUSHATY Y B0IOKOHHO-ONMUYHOMY 3AC00I MOHIMOPUHZY 801020CHI
2azy y CKIAQOHUX YMO8AX MPAHCNOPMYSAHHA. Bionosiono, npedmemom 00CniOdNceHHSI € BO0JOKOHHO-ONMUYHI 3acobu
MOHIMOpUHZY, Wo QYHKYIOHYIOMb Y CKIAOHUX Yymosax excnayamayii. Teopemuyna uwacmuna podoOmu GUKOHAHA 3
BUKOPUCMAHHAM. @) CUCIEMHO20 AHANI3Y U OO0CHIOMNCeHHsT Onepayitl — Npu GU3HAYEHHI CMPYKMYPHUX 38'513Ki6 MidC
ejleMeHmamu BUMIPI08AIbHO20 3ac00y OideHOCMUKU U 0eKOMROo3uyii 06'ekma 0ocniodxcenHs; 6) meopii ONMUYHUX X6UNe800i6 —
npu  pO3PAXYHKAX Koe@iyieHmie ONnmuyHo20 36'513Ky OLIAHOK onmuunoeo eonokHa (OB); 6) memooie ananimuunozo
0ocniodcents npoyecie 83aemMo0ii NOI6 XUNeB00HUX eleMeHmi8 — NpU OOCIIONHCEeHHI Npoyecié NepemeopeHHs CEimi08020
sUNPOMIHIOBaHHS V uymaueomy enemenmi (YE) nio enausom Oegpopmayii. IIposedeno nopieHANbHUL aHANI3 GRAUGY
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EeKCNIYyamayitiHux Qaxmopie Ha Xapakmepucmuku 60JOKOHHO-ONMUYHUX NPUCPOI6 KOHMPONIO GIACMUBOCmell 2a3)y HA
cyoHax-eazoeosza. Ilpoeedenuti awnaniz — pesyromamis  6NAUGY — eKCHAYAMAYIUHUX  Oecmadinizyrouux  ¢axmopie Ha
Xapakmepucmuxkyu npucmpoie MOHIMOPUHZY GIOOMUX MUNie, 003801U6 JOKANIZY8AMU KONO OOCHIONCEHb Y MeNCax
BUKOPUCIMAHHSA  80JIOKOHHO-ONMUYHUX OAMYUKI8 aMnAimyoHoi mooynayii. BusHnaueno, wjo KomneHcayilo HeKopenbOo8aHOol
CKIA0060I NOSPIUHOCII aKCelepoMempa HeobOXIOHO GUKOHYSAmU HA OCHOGI GUKOPUCMAHHS Memooi6 I[HEAPIaHMHUX
nepemeoperb, 3ACHOBAHUX HA NpuHyuni Oazcamoxananvuocmi. O6pani Memoou, NPUNYUeHHs [ MamemMamuyHull anapam
docnidxcentsi. OOIPYHMOBAHO 3ACMOCYBAHHS X6UILOBO20 AHANIZY npoyecis y uymausomy enemenmi (4E) 3acoby monimopumney
Ha ocHo8I pigHsaHb Makceenna ma memody piguux 06'emis. Ha niotpynmi mooughixogarnoi meopii 38'a3anux Moo y onmudHux
BOJIOKHAX, A MAKONC NOJIONCEHHSIX Meopil NPYXHCHOCMI, CHOPMOBAHA MAMEMAMUYHA MOOelb NePemeEOPEeHHs C8IMI08020
BUNPOMIHIOBAHHSL ) NPONOHOBAHOMY 3AC00I MOHIMOPUH2Y. 3ACMOCY8AHHS 3aNPONOHOBAHO20 MemOo0y GU3HAUEHHS Napamempis
CUHME308aH020 3ac00y OiACHOCMYBAHHA HA NPAKMUYI CMEOPIOE NepedyMosU 01 pO3POOKU BUMIPIOBATbHUX NEPemEopro8ayis
WUpoKoco L{i]lb06020 NPUSHAYEHHAL.

Abstract. The research is based on the request of practice about the need to develop and implement new means of fiber-
optic means of gas humidity monitoring, which, by increasing the reliability of the measured information, reduce non-
production losses. The actual scientific and technical problem of scientific substantiation, development and research of the
means of gas humidity monitoring is solved in the work. The proposed tool improves the reliability of measurement results by
using the principles of partial invariance to external uncontrolled effects of measurements, which is achieved by synthesizing
the processes of light conversion, design, combination of materials and method of obtaining measurement information. The
processes of formation and transformation of the information signal in the fiber-optic means of gas humidity monitoring in
difficult conditions of transportation are determined as the object of research. Accordingly, the subject of the study are fiber-
optic monitoring tools that operate in difficult operating conditions. The theoretical part of the work was performed using: a)
systematic analysis and study of operations - in determining the structural relationships between the elements of the measuring
instrument of diagnostics and decomposition of the object of study; b) the theory of optical waveguides - when calculating the
coefficients of optical coupling of optical fiber (OB); c) methods of analytical study of the processes of interaction of the fields
of wave-wave elements - in the study of the processes of conversion of light radiation in the sensitive element (S) under the
influence of deformations. A comparative analysis of the influence of operational factors on the characteristics of fiber-optic
devices for monitoring the properties of gas on gas carriers. The analysis of the results of the influence of operational
destabilizing factors on the characteristics of monitoring devices of known types, allowed to localize the scope of research
within the use of fiber-optic sensors of amplitude modulation. It is determined that the compensation of the non-correlated
component of the accelerometer error must be performed based on the use of invariant transform methods based on the
principle of multichannel. Selected methods, assumptions and mathematical apparatus of research. The application of wave
analysis of processes in the sensitive element (S) of the monitoring tool based on Maxwell's equations and the method of equal
volumes is substantiated. Based on the modified theory of coupled modes in optical fibers, as well as the provisions of the
theory of elasticity, a mathematical model of the transformation of light radiation in the proposed monitoring tool was formed.
The application of the proposed method for determining the parameters of the synthesized diagnostic tool in practice creates
the preconditions for the development of measuring transducers for a wide purpose.

Kuro4oBi ci1oBa: ra3, CyJHO-Ta30B0O3, MOHITOPHHT, BOJIOTICTh, BOJIOKOHHO-ONITHYHUH, Uy TIINBUH €JIEMEHT.
Key words: gas, ship-gas carrier, monitoring, humidity, fiber-optic, sensitive element.

Beryn

TexHosoriuHi Ta KJIIMaTHYHI YMOBH 3aBaHTaXXCHHS Ta TPAHCIIOPTYBAaHHS Ha CyJHAX-Ta30B03aX MOXYThb CYTTEBO BILUTUBATH
Ha CTaH Ta30BUX CyMIilIiB. BIUIMB MOpPCHKOTO HaBKOJNHWIIHBOTO CEPEIOBWINAa Ta KOJNHWBAaHHS IapaMeTpiB PEXHUMIB
TPaHCIIOPTYBAHHS MOXYTh CHPHUSTH JOJaTKOBOMY 3BOJIO)KEHHIO ra3y y TPaHCHOPTHHX TaHKax. HecBoedacHe BHSBIEHHS Ta
YCYHEHHS TIPHYHMH 3BOJIOKCHHS Ta3y HPUBOAWTH A0 PoOOTH 0OnamHaHHS Ha HecmeUM]IKaifHMX peXMMax Ta BHXOAY 3
npale3aTHOro CTaHy. 3 METOIO 3armo0iraHHs HEBUPOOHWYMX BTpAT i JUisi 3a0e3neyeHHs Oe3neKku CyAHOIIABCTBA, PIllIeHHS
10710 37IICHEHHSI BCHOTO JIOTICTHYHOTO KOMIUIEKCY 3aXOJiB IIOAO CYJCH-Ta30BO3iB, MPUIMAIOTHCS BUKIIOYHO Ha IMiJICTaBi
JiarHOCTUYHOI iH(opMallii Tpo peanbHUi CTaH Ta30BUX CYMIILIB.

CyuacHa KOHIEMNIis "NPEBEHTUBHOTO MOHITOPHHTY' TPYHTYETbCS Ha PI3HUX METOJaX BH3HAYCHHS CTaHy OO0'€KTy
KOHTpOJIs, 30KpeMa — igeHTH]IKalil 3MiHM CTaHy ra3onoiOHOro BaHTaXy Ha TOYATKOBIH cTamil ix po3Butky. [Ipakrnune
BHUKOPHCTaHHS I1i€] KOHIETIi] BUMarae BIIPOBa/KEHHs HOBITHIX, OLTbII €()eKTHBHHIX, aBTOMATH30BAHNX 3aC00IB MOHITOPHHTY
1 3HAYHO YCKJIAJHIOE MPOLEAYPH KOHTPOIIO BaHTaxy. TeHIEHIIi PO3BUTKY CYYaCHMX TEXHOJIOTiIH Ta30BMX BaHTaXHHX
oTlepariiif cBia4yaTh, 0 camMe 3aCTOCYBaHHS HaJiiHMX, iIHBapiaHTHHX JI0 BIUIMBY 30BHINIHIX 30ypeHb BUMIPIOBAIFHHUX 3ac00IB,
SKi JIETKO IMIUIEMEHTYIOTBCS Y CYAHOBI iH(OpMAIiifHO-BUMIpIOBANIbHI CHUCTEMH, 3a0e3MeuyloTh BHCOKY eKCIUTyaTalliiHy
e(eKTUBHICTh Ta HAAIHHICTh (PYHKIIOHYBAHHS CYJHOBOTO ra30BaHTAXKHOTO KOMILIEKCY.

B Hamr yac 3aco0m MOHITOPHHTY CTaHy BaHTaXy ra3dy Ha cyAHaX (yHKIIOHYIOTh B YMOBax AecTadinmizyrounx (axTopiB —
KOHIIEHTPOBAHOT'O BIUIMBY IIOTY)KHHX €JEKTPOMArHiTHHX, TEPMIYHMX Ta BiOpamiiHUX IOJIB MOTYXHOTO, KOMIAKTHO
PO3TaIIOBAaHOTO, CyIHOBOro oOnanHaHHs. Came 11i 30ypeHHs He 03BOJSIIOTH 3a0e3MeduTH eQEeKTUBHHUN Ta JOCTOBIPHUIN
MOHITOPHHT 32 F'OJIOBHOIO KOHTPOJILOBAHOIO 03HAKOIO — HAsIBHICTIO BOJIOTH y Ta3i.

AHami3 BiOMHX pilI€Hb JOBOAWTH, IIO 3aBAAaHHS CTBOPEHHS 3ac00iB MOHITOPHHTY HAa OCHOBI BOJIOKOHHO-ONTHYHHX
KOMIIOHCHTIB, SKIi HEUYYTIMBI JO0 OUIBIIOCTI eKCIUTyaTalliiHuX necradimizyrounx ¢akropis (D) Ta narote 3mMory
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0e3nepepBHOro, TPUBAJIOTO 1 JIOCTOBIPHOIO KOHTPOJIO CTaHy TIa30BOi CyMillli, € aKTyaJbHUM 1 3aTpeOyBaHuUM
CYIHOBJIACHUKAaMH, PO3B'SI30K 1 IPaKTHYHE BUKOPHCTAHHS SIKOTO CYTTEBO IMIABHUINYE piBeHb Oe3Mekn cyaHoIaBcTsa [1, 2].

Mera i 3aBAaHHS A0CTiIZKEHHSA

VY SKoCTi METH MOCTIKCHHsS BU3HAUEHO 3HIDKEHHS HEMPOMYyKTHBHHX BTPAT Ta aBapiifHOCTi, 3abe3medeHHS BHCOKOL
e(eKTUBHOCTI BHKOPUCTAHHSI CYJCH-TA30BO3iB, 10 JIOCSATAETHCS BIPOBAKCHHSIM CYYaCHHUX 3aCO0IB MOHITOPUHTY CTaHy
BaHTaXy Ta3y, sAKi 3a0e3[eUuyloTh MiIBUICHHS BIPOTITHOCTI TPOIECiB MOHITOPHHTY 32 pPaxXyHOK BHUKOPHCTAHHS TIPUHIIUITIB
YaCTKOBOI IHBapiaHTHOCTI 710 30BHiMIHIX J[D Ha BUMIpIOBaHHSL.

JlocsirHeHHSI TOCTaBIICHOI METH Tlepeadadae BUPIMCHHS HACTYITHUX 3aB/IaHb:

1. BusHaueHHs 3aBaJOCTIHKUX 1O BIUIMBY ekciuiyaTamiiHux JI® 3aco0iB MOHITOPHHTY BaHTaXy TIa3y 3 MOJAJIbIIO
OIIIHKOIO MOYKITUBOCTEH KOPEKIIii BUMipIOBAIbHHUX IOTPIITHOCTEH.

2. CTBOpeHHsT MaTeMaTH4YHOI MOJeNi OIHIOBAaHHS BIUIMBY 3MIHM IapaMeTpiB Ha METPOJIOTIYHI XapaKTepUCTUKU
3aBaJOCTIHKMX Ta O€3NEYHNX BOJIOKOHHO-ONTHYHUX 3aC00IB KOHTPOJIIO BOJIOTOCTI rasy.

O0'exT, MpeaAMeT Ta METOIM JOCTiKEeHHSI

Sk o0'ekT mocmimpKeHHS BHW3HA4YCHI IMporiecd (OpPMYBaHHS W TEPETBOPEHHS iH(POPMAIIITHOTO CHTHAIYy Yy BOJOKOHHO-
ONTHYHOMY 3aC001 MOHITOPUHTY BOJIOTOCTI T'a3y Y CKJIAIHUX YMOBAaX TPAHCIOPTYBaHHI.

BinmoBimHO, TpeaMeTOM MOCHIIKEHHS € BOJIOKOHHO-ONTHYHI 3acO0M MOHITOPHHTY, MO (YHKIIOHYIOTH y CKIATHHUX
YMOBax eKCIUTyaTarii.

TeopernyHa 4yacTHHa POOOTH BHKOHAaHA 3 BHUKOPHUCTAHHSM: d) CHCTEMHOTO aHaNi3y ¥ JOCITIPKEHHS omepanii — mpu
BU3HAYCHHI CTPYKTYpHHMX 3B'A3KIB MDK eJeMEHTaMH BUMIPIOBAJbHOTO 3ac00y JIarHOCTHUKM M JeKoMmmo3uiii o0'ekra
JOCTIIDKSHHS; 0) Teopil ONTHYHUX XBHJICBOAIB — MIPU PO3paxyHKaX BTPAT ONTHYHOTO BHUIIPOMIHIOBAHHS IIPH 3B'S3KY MIISHOK
orrrraHOro BostokHa (OB); 6) METO/IiB aHATITHYHOTO JOCTIKEHHsI TIPOIIECIB B3a€MOIi1 TIOJIB XBHIICBOIHUX €JIEMEHTIB — MPH
JIOCITI/PKEHH] TIPOLIECIB MTEPETBOPEHHS CBITJIOBOTO BUIPOMIHIOBAHHS Y ONTHYHOMY 4yTiuBoMy enemeHTi (UE) min BrummBom
nedopmartiii.

HaykoBa HOBH3HA pe3yJIbTATIB 10CTi/IZKEHHSA

HaykoBa HOBHM3Ha OTPUMAaHUX PE3YJIbTATIB MOJSATAE Y HACTYITHOMY.

1. Boiepiie 3ampomnoHOBaHI TEOPETHYHI OCHOBH MOOYIOBH 3aco0y MOHITOPHHTY, SKHH, 3a paXyHOK OOIPYHTYBaHHS 1
BU3HAYCHHS KOHCTPYKIIi Ta 3acTOCYBaHHS MaTepialiB 3 OCOOJMBUMH BIIACTUBOCTSMH, BIAPI3HSIETHCS YaCTKOBOIO
iHBapiaHTHiCTIO 10 30BHImHIX (D, 1o no3Bonsie 3ailicHIOBaTH Oe3MepepBHUII MOHITOPHHT BOJIOTOCTI a3y, MiJBHIIHUTH SIKICTh
Ta Oe3MevHiCTh eKCIUTyaTallii CyIeH-Ta30BO31B.

2. OTpuMaB TOAAIBUIMK PO3BUTOK METOJ| CHHTE3Y BOJIOKOHHO-ONTHYHOTO 3ac0o0y MOHITOPHUHTY BOJIOTOCTI Tazy, SKHH
BiZIPI3HAETHCS BiJ] BIJOMUX CXEMOTEXHIYHUX PIIIEHb ONITUMI3AIIEI0 CIIOyYeHHsI KOHCTPYKTUBHHUX MapaMeTpiB i KOMOiHAIIIEO
MaTepiaiB, 0 TO3BOJISE MPAKTUYHO 3/T1HCHIOBATH 3alIPONIOHOBAHUI CIIOCIO OJiepKaHHs iHPOPMAIIii PO CTaH BaHTAXY rasy.

3. OTprMana MOJAJBLIOTO PO3BHTKY MaTeMaTH4Ha MOJENTb BOJOKOHHO-ONTHYHOTO 3aco0y MOHITOPHHTY, sKa
BiJIPI3HAETHCSI 3aCTOCYBAHHAM MOAM(IKOBaHOI Teopii 3B'I3aHMX MOJI, IO J03BOJISIE BU3HAYATH Ta KOPETYBaTH MapaMeTpu
3ac00y MOHITOPHHTY 3a paXxyHOK OOJIKy BIIACTHMBOCTEH pEalbHHX MaTepiaiiB, TEXHOJOTil BHPOOHHWIITBA Ta OCOOIMBOCTEH
eKCIuTyaTartii.

AHaJi3 npeaMety gocaigxeHHs Ta ¢popMaJtizauisi 3aBIaHHS 1110 PO3B'A3Y€ThCS

Ha mincraBi aHanmizy pe3ynbTaTiB 0COOJIMBOCTI €KCILTyaTallii CyJCH-Ta30BO3IB BH3HAYCHO, IO 0 OCHOBHHX CJICMCHTIB,
TEXHIYHUN CTaH SIKUX JIMITy€ €(peKTHBHICTE MOHITOPHHTY BIIACTHBOCTEH BAHTAXY, CIiJ BiTHECTH, Y MEPIITy Yepry, JaTUUKH
Bosiorocti ra3zy. HanifiHicTh, TepMiH BUKOPHCTaHHS JAaTYMKIB Oarato y YoMy 3aJie)kaTh BiJl YMOB €KCIUTyaTallii, BIUIUBY
HABKOJIMIIHBOTO CEPEeOBHUINA Ta KIIBKOCTI poboumx IuKIiB. Ha OCHOBI IOCHiKEHHS 3aKOHOMIPHOCTEH 3MIHH TEXHITHOTO
CTaHy, IPUYMH Ta BUJIIB YIIKOKEHb JIATYUKIB BOJIOTOCTI a3y BU3HAYEHO, 110 OLTBIIICTh PO3MIITHYTHX YIIKOJDKEHb €IEMEHTIB
JATYUKIB Maike HE MiINal0THCSI MATEMAaTHIHOMY OIHCY, MAIOTh BHCOKY IIBHIKICTh PO3BUTKY 0 KPUTUYIHOTO CTaHY i CKIaTHI
JUISL BUSIBJICHHS 32 HEMIPSIMUMU J1iarHOCTHYHUMH O3HaKaMH Ie(EeKTH.

CyTT€eBOIO TPOOIIEMOIO Y MOHITOPUHTY BIACTUBOCTEH Ta3iB € BiICYTHICTh CTAHAAPTU30BAHUX TAOIMYHUX 3aJICKHOCTEH IS
MapIiajJbHOrO TUCKY BOJSHOI Mapy, KOe(illi€eHTIB CTUCKAIBHOCTI JUTS BOASHOI MapH, 3aIeKHOCTEH JUIsl IepepaxyBaHHs OJTHHX
OIIMHHIIb BOJOTOCTI B iHIIN. Buan icHyro9MX 3alIe)KHOCTEH, IO 3aCTOCOBYIOTHCS Y HAIl Yac, MAIOTh MIEBHI BiIMIHHOCTI, IIIO €
JUKEPEJIOM /10 HEKOPEKTHOI IHTepIpeTalii pe3yibTaTiB BUMipIOBaHHs MPUJIAIaMH Pi3HUX BUPOOHHUKIB.

AKTyaJbHIMH € BUMIPIOBAaHHS BOJIOTOBMICTY IIPH BHCOKMX THCKaxX Ta3y y BaHT@XHHX Ta TPAaHCIOPTHHX CHCTEMax.
Hiamazon tuckiB nmonaa 10 MIla, 3 mo3uriii rirpockomii Maibke He 3a0e3MeUCHUIA METPOJIOTIUHO. 3 OMJISIOM Ha Te, IO pealibHa
MOBE/IIHKA Ta3y B TAKMX YMOBAaX CYTTEBO BiJIPi3HAETHCS BiJ] BU3HAYEHOI TEOPETUYHO, CTBOPIOIOTHCS YMOBH JJIsl HEMOXKIIMBOCTI
rpagyipoBIli JaTYHKIB [IPU HOPMATBHHUX TUCKAX 3 EKCTPAIOJISIIIEI0 PE3YIbTATIB Ha OUIBII BUCOKI THCKH.

Kpim Ttoro, akTyanpHMM 3aBHAaHHSIM € BHUMIPIOBaHHS BOJIOTOCTI y TEXHOJIOTIYHUX Ta3axX, IO MICTATh  JIOMIIIKH
BYITIEBOJIHIB. BHMiproBaHHS TeMmepaTypd KpalnKH pOCH B TaKMX Tra3ax IPHBOOUTh A0 HEIOCTOBIPHHX pE3YJbTATIB
BHMIpIOBaHHS BHACJIIZIOK HEKOHTPOJIBOBAHOTO BIUIMBY JOMILIIOK BYIJIEBO/IHIB HA TEMIIEPATYpPy KparKH pocu BOJIOTH [2].

Ha miarpyHTi npoBeneHoro aHaiizy 3po0JieHO HACTYHHHMH BHCHOBOK. Ilomanpie yZOCKOHAJIEHHS MPOIECiB BOJIOKOHHO-
OIITHYHOTO 3ac00y MOHITOPHMHIY BOJIOTOCTI T'a3y MOXKJIMBE Ha OCHOBI BIIPOBa/DKEHHS PillIeHb, SIKi JO0Ope 3apeKOMEeHIyBalll
cebe B aTOMHOI €HEPreTHIl, a caMe TepexoLy 0 3aCTOCYBaHHS BHCOKOTOYHOI BUMipIOBAIBHOI TEXHIKH, CTBOPEHOI HA OCHOBI
BOJIOKOHHO-ONITHYHHX TEXHOJIOTIH.
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kol
TakuM 4MHOM CHPSIMOBaHICTh JOCITI/PKEHHsI c()OPMOBaHA Ha OCHOBI "3amuTy NMpakTUKU" MPO HEOOXiJHICTH PO3pOOKH i

BIIPOBAJKEHHS HOBHX 3aCO0IB MOHITOPHHTY BOJIOTOCTI Ta3iB, siKi 3a0e3medaTh MiABHIICHHS BIPOTIAHOCTI BUMIpPIOBaIbHOT
iHpopMaii i 3HWKEHHS HEBUPOOHMYMX BTPAT ra30TPAHCIIOPTHOMY JIOTICTUYHOMY KOMILIEKCI.

AHaJi3 BOJIOKOHHO-ONTHYHHUX 32c00iB MOHITOPHHTY BOJIOTOCTi rasy
OIOKyY

st oOpaHHSI CXEMOTEXHIYHOTO PIllIeHHs, sIKe HalHOLIbII MOBHO BiIMOBIAA€E 33/1a4aM MOHITOPHHIY CTaHy BaHTaXy raszy Ha
CyZHaX-Ta30B0O3aX, BUKOHAHA OI[iHKAa MMOTEHHIHHUX MO>XJIMBOCTEH BOJIOKOHHO-ONTHYHHMX BHMIPIOBAIBHUX IEPETBOPIOBAYIB

BiJ/I3EpPKAIIOI0OYOTO APy, YTBOPEHOTO HA OCHOBI,

BOJIOT'OCTI ra3iB BIIOMHX THIIIB.

Bigomuii BOJOKOHHO-ONTHYHMH JATYMK BOJIOTOCTI rasy, IO CKJIAJA€ThCsl 3 OCHOBM 3 KBapIOBOI'O CKJA JO SIKOT
TITPOCKOIIYHOTO MaTepialdy, PO3TAlIOBAHOTO MDK BiJA3CPKATIOIOYAM IMApOM Ta CHIpalbHOIO IUITHKOIO OCHOBHOTO
HEpO3' €EMHO Ta KOAaKCialbHO MO CKJISHOI TPYOKH MpHKpIITUIEHA IO

TPUBApeHUN BiIpi30K TepdopoBaHOI CKISTHOI TPYOKH,

NN

RN
S

cBiTnoBoja (puc. 1) [3].
[lepma mpsma IiNsHKa OCHOBHOTO CBITJIOBOJAA
CBITJIOBOJIa MIPHUKPITUIEHO OiMeTaNeBy IIACTUHKY Ta CKIISTHY 3aryIIKy MiX CBITIIOBOJIOM Ta TPYOKOIO.
O O O |

T

BiJI3€PKAJFOI0YOr0 IIapy, a CHipajbHa JUISTHKA PO3TAIlIOBaHa KOHIIEHTPHYHO A0 CKIITHOI TpyOKH. [lo Apyroi mpsMoi JiIsTHKH
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Puc. 1 — BoJIOKOHHO-ONTHYHUI JATYMK MOHITOPHHTY B0OJIOrocTi ra3y: 1 — ocHoBa, 2 — cKkJisiHAa TPyOKa, 3 —
Bina3epkanounii map, 4 — nepua npsgMa IiJiSTHKa 0CHOBHOIO CBiT/IOBOAY, 5 — 0JI0K 3 TirpockoniyHoro Matepiaiy, 6 —
cmipajbHa IUISIHKA OCHOBHOTO CBITJIOBOY, 7 — APyra npsiMa AiJIAHKAa OCHOBHOTO CBIiT/10BO1Y, 8 — OiMeTasneBa
IUIACTHHA, 9 — oTBOpHU nepdopanii, 10 — 3araymka.
OcHOBHa BIIMIHHICTD BiJI ICHYIOUMX aHAJIOTIB TMOJSrae y TOMY, LIO JUis [epeladyl Ta MNpuiioMy CBITIIOBOTO
BUIPOMIHIOBaHHS 3aCTOCOBAHO €IWHHMK CBITJIOBOJ 0€3 BUIBHUX ONTHYHHUX IIOBEPXOHb Ta Uil KOMIIEHCalii IUIMHY

TeMIEePaTypH HABKOJIHMIIHBOTO CEPEAOBHUILA 3aCTOCOBAHO OiMETaJIeBY IUIACTHHY.
IDTACTUHM Ta CKITHOTO BOJIOKHA. C 9acoM HAasBHICTH TAKOI CITONYKH IHIIIIOE IMOYATOK ASCTPYKTUBHUX IIPOIECIB Y MaTepiami

CBITJIOBOJY. [HIMI HEOMIK OOYMOBIICHHMI KOHTAKTOM TiPOCKOIIYHOTO MaTrepialy Ta CBITJIOBOY, IO YTBOPIOE CIipaib.
[MoTparuisiHHS BOJIOTH 10 MaTepiajiy CBITIOBOIY CTBOPIOE YMOBH ISl MOLIKOXKCHHS MOBEPXHI CBITIIOBOJY Ta MOPYIICHHS

HenomikoM BKa3aHOTO JAaTYMKy, IO CYTTEBO BIUIMBAE HA HOTr0 XapaKTCPHCTUKH, € HASBHICTh CIOIYKH OiMeTaleBOl
IZICHTUYHOCTI BUTKIB cripaii. Bka3aHi HelOJIKM HETATHBHO BiIOMBAIOTHCS HA METPOJIOTIYHUX XapaKTCPUCTHKAX JTATUUKY.

Binpmoo Miporo BiNBHHH BiI 3rajjaHUX HEMONIKIB BOJOKOHHO-ONITHYHHUN MATYHUK BOJOTOCTI Ta3y, IO CKIATNAETHCS 3
nepopoBaHoOi KOJIOH 3 KBapIIOBOTO CKJIa /IO SIKOT MPUKPIMJIEHO B3aEMHO 3BapeHi 3ariyIika, OCHOBHUI CBITIOBOX (pHC. 2) [4].

%,,,,,,,,,,,A

le 1/ 8/ s/ 1/ 2
Puc. 2 — BoJIOKOHHO-ONTHYHUI JaTYNK BOJIOTOCcTi ra3zy: 1 — koq6a; 2 — 0CHOBHMIA CBiT/10BOA; 3 — MiHa TpyOKa; 4 —
3arjynka; S — nepBMHHA riJIKa CBITJIIOBOJA; 6 — BTOPHHHA IijIKa cBiTJI0BOAA; 7 — 0JI0K 3 rirpockonivHoro marepiaiy; 8

— Bimm3epkamowunii map; 9 — oropu nepdopauii; 10 — onTuunuii posraay:xkyBay; 11 — Bxinuuii ontuunuii piasTp; 12

— BUXigHUI onTHYHUI QinbTp.
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Jlo OCHOBHOIO CBITJIOBOJY Ta BiJ SIKOrO Kpi3b BOJIOKOHHHMH PO3Taiy’>KyBau 3 ONTHYHUMH (iIbTpaMu y KOXHIH JiHIT
HAJIXOJIUTh Ta BiJIBOAWTHLCS BUMPOMiHIOBaHHA. [l0 CKJIaAy JaTdyuka TaKOK BXOIUTh MiJHA TPyOKa, pOo3TalllOBaHa KOAKCiaIbHO
JI0 CBITJIOBOIY, TEPBHHHOI Ta BTOPMHHOI TUIOK CBITIOBOAY. BJIOK rirpockomiyHoro marepiajly po3TamioBaHWH MK
BTOPHHHOIO TUJIKOIO CBITJIOBOXY Ta Koj0Oor. Bimmsepkamrorounii map yTBOpEHMH Ha TOPI BTOPHUHHOI T'UIKM CBITJIOBOIY.
BigmiHHICTIO 1aTYMKa € TO, 110 NEPBHHHA i BTOPWHHA T'UJIKM BCTAHOBJICHI 3 MOXIIMBICTIO 3MiHHM pajliyca 3THHY MDK HUMH, a
MiZHY TpyOKYy IPHBapeHoO 10 OCHOBHOTO CBITJIOBOA.

[Mopsin 3 mepeBaraMu, IbOMY AAaTYNKy TAKOXK NMPUTAMaHHI MEBHI HEMOMIKH. A caMe — 3TMHaHHS CKJISTHOTO CBITJIOBOAY il
kyToM 180° € mepeayMOBOIO 3MEHIIEHHS EKCIUTyaTallifHOro pecypcy natumky. Lle oOMexye 3acTocyBaHHS AAT4UKY JUIS
BHpIIICHHS 3a/1a9 MOHITOPHHTY TEXHOJOT19HIX Ta3iB.

B T0ii e gac, BCTAHOBJICHO, 110 PO3MISTHYTI BOJOKOHHO-ONTHUYHI JATYMKU BOJOTOCTI Ta3y, MPHUHIMI Aii SKUX 3aCHOBAaHUH
Ha MOZYJIMii BEIMYNHH IHTEHCUBHOCTI CBITIOBOTO BHUIIPOMIHIOBAHHS I Ai€}0 BUMIpIOBAHOI BEMTWYHWHHU, HAHOLIBII MPOCTI,
HaAiiHI 1 yHIBepcallbHi 3a 3acTocyBaHHAM. Ha OCHOBI aHami3y mpomeciB pyWHAIl CKISHIX MaTepialliB ImiJ BILTUBOM (i3HUKO-
MeXaHIYHUX (aKTOpiB 3p00JIEHO TaKi BACHOBKH:

—3aco0M BUIIPOMIHIOBAHHS Yy IEPETBOPIOBauaxX 3 BIAKPUTHUM abo0 3akputuMm ontuuHuM KaHanoM (OK) mix BrummBoM
eKCIUTyaTaliiHuX AeCcTablIi3yrounX (hakTOpiB € HKEePESIoM MoripiieHHs abo aectpykilii OB ta Bosokonnoro UE;

— HalMEHIIOI0 MipOIO ITiJ] BIUIMB MiNa aroTh neperBopoBadi 3 3akputuM OK, a npu nedopmanii YE citig yHUKaTH BILIHBY
Ha Horo OiYHy CTOpOHY;

— HeoOXiJIHE 3aCTOCYBaHHSI METO/IiB aBTOKOpEKIIil BBy J|d Ha XapakTepHCTHKH AaTYUKIB Bojorocti [1].

Byo 3anmponoHOBaHO CXEMOTEXHIYHE pillIeHHS, Y SIKOMY 3po0JieHa crpoba MO€THAaTH BIACTHBOCTI, IO 33/I0BOJIGHSIOTH
3pO0JICHNM BHCHOBKAM.

3a OCHOBY IPHHHATO OTHOMOJIOBHI CBITIIOBOJ, BKPUTHH 3aXUCHNUM IIapoM (puc. 3).

Puc. 3 — /IBoxkaHaJIbHUN ONTHYHHUI JaTYMK BOJOTrocTi ra3y: 1 — nepBMHHUHN Po3rajy:KyBay; 2 — BTOPHHHHUH
posraiyxyBay; 3 — ontu4Hi GinbTpu; 4 — CBITIIOBOJ BUMIPIOBATBHOI0 KAHAJY; S — CBITJIIOBOJ KOHTPOJIBHOTO KAHAILY;
6 — 3axucHuMii map; 7 — Bigazepkano0yuii map; 8§ — KOTymKa 3 rirpocKoNmiYHoOro BOJI0OKHA.

Ha BuMiproBansHOMY CBITJIIOBO/II CTBOpEHA MPY>KHA KOTYIIKA 3 FIPOCKOIIYHOTO BOJIOKHA — aHaJora BoJIoccs 010J10T14HOTO
MOXO/KeHHs. BOJIOKHO, HaBUTE Ha CBITJIOBOJ] CTBOPIOE Y HHOMY ITOIIEPEHIO Harpyry. KOHTpOIBHUIT CBITIOBO BiIPiI3HAETHCS
BIJICYTHICTIO KOTyIIKH. OOHMIBa CBITJIIOBO/A, CIIONYYEHI 3 ONTHYHHMH pO3Taly)XyBadyaMHd 3 ONTHYHUMH (UIBTpaMy,
YTBOPIOIOTh KOHTPOJIHUH Ta BUMIPIOBAILHAN KaHAI AAaTYNKA. 3aXMCHUH IIap CBITJIOBOJA YTBOPIOE MaTepiall, HaBeJICHUH y
[5].

BosokHo (ikcyeThes Ha CBITIOBOJI 3 MONEPEAHIM HATATOM. B HaciJIOK YOTO y CBITJIOBOI YTBOPIOETHCS HANpy)KEHHS,
sIKe HAaXOJUTh CBOE BIIOWTTA y 3MiHI oKa3HKKa mpodins 3amomienns (I1113) marepina cBiTiioBosa. 3 mo3umiid MeToqa piBHAX
00'eMiB CHONyYeHHS HamNpy>KEHOI Ta HEHANPYXCHOI YaCTHH CBITIOBOAA € aHAIOTOM CIIONYYEHHS CBITIIOBOZIB 3 PI3HUMH
aneprypamu. Ilicis 3BONOKEHHS BOJIOKHA HOTO JOBXHHA 301IBITY€ETHCS, IO iHIMIFOE 3MEHIIICHHS HATIPYKCHHS Y CBITIOBO/II.
ToOTo CTBOPIOIOTHCSI YMOBH JIJIs 3piBHIOBAHHS allepTyp ABOX JIUITHOK BUMIPIOBAaJIBHOTO CBiTIIOBOAA [6].

AHali3 BUKOPHCTOBYBaHHX METOJIB IiJBUIIEHHS TOYHOCTI ¥ crabimpHOCTI pobotn BOA mokaszaB, mo peaiizoBaHUH y
NPOTIOHOBAHOMY DILIICHHI METOJ 1HBapiaHTHHX IIEPETBOPEHb, 3aCHOBAHMX HAa TNPHHIMII OaraToKaHaJIBHOCTI, 3a0e3neuye
JIOCTATHIO KOMITEHCAI[IF0 HEKOPEJIbOBAHOI CKJIa/I0BOT MOTPIlIHOCTI MEPETBOPIOBAYA.

CTBOpeHHS MOeJIi BOJTOKOHHO-OITHYHOI0 JaTYMKA BOJIOTOCTI rasy

Juist mociiKeHHs MPOLIECIB Y 3alpONOHOBAHOMY CXEMOTEXHIYHOI'O PIIIEHHS! BOJIOKOHHO-ONTHYHOIO JaTYUKY BOJIOTOCTI
ra3y BU3HA4YCHO psiJi METOJIIB, IIPUITYIIIEHb 1 MaTeMaTH4HUid anapar. A came, posrisinati YE sik 6araroriapoBy cTpykTypy, Ae
OJTHOPIZHI 3MiHHM NPO(iII0 MMOKAa3HUKA 3aJOMIICHHS, Y HACHIiIOK AedopMallii, eKBiBaJICHTHI 3MiHI TOKa3HUKA 3aJIOMJICHHS Ha
MIOCTIMHY BEJIMUMHY y JesKii oOnacti momepednoro nepepisy. Lli mporecn BH3HaueHi 3 MO3MIIH XBHJIBOBOTO aHaji3y, Ha
OCHOBI piBHAHb MakcBema. 3icraBneHHs OB 3 pi3HuM cryneHeM 30ypeHHS PO3IVISSHYTI Ha OCHOBI METOAY ITOKa3HHKA
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3aJIOMJICHHSL PIBHOTO 00'eMy, a aedopmaliii — 3aCTOCYBaHHSM MOJIENI KJIACHMYHOI MEXaHIKM CYIUIBHHUX CEPEIOBHII, IO
MAKOPSIOThCs 3aKoHy ['yka ijist aHi3oTporHoro Tina [6, 7].

Juist IKicHOT # KUTBKICHOT OLIHKY 1i€l B3a€MOJIIT B ONTUYHUX PO3paxyHKax 3acTOCOBYEThCS psija MeToiB. CrpsMOBaHOCTI
BHKOPHCTOBYBaHUX METOAIB C()OPMOBaHI 3 ypaxyBaHHSM [JBOICTOI NPUPOJIM CBITIOBOTO BHUIIPOMIHIOBAaHHSA I Pi3HOMAaHITTS
(dopM iioro TpaHcopTyBaHHS. KITFOUOBHMU MO3UINISIMH OUTHIIOCTI BUKOPUCTOBYBAHUX METOJIIB € MOJICNb TIOIIUPEHHS CBITIa
(reomeTpryHa a00 XBHIILOBA) 1 MOJIENb, 10 iMiTye OB.

Po3B's30K 3aBHaHHS MOIYJIALII aMILTITYAH ONTHYHOTO BHIIPOMIHIOBAaHHS LUIIXOM BIUIHBY KOHTPOJBOBAaHHX IMPOLECIB HA
XapaKTePUCTUKH MaTrepialy BOJIOKHA TaKOXX MOXKe OYTH 3HAHICHWI KOXXHUM 3 BiIOMHX MeToAiB. ToMy Ui onThMizamii
METOJIOJIOTTYHOT0 i MaTEeMaTHYHOTO anapara, y JOCIiUKeHHi Oyu, y Ieplry 4epry, KOHKpEeTH30BaHi BpaXxOBaHi BHIIE TO3HUIII].
Takox Oynu BBeIEHI MPUIYIICHHS i 0OMEXEHHs, M0 Hai0iblIe CYyTTEBO BIUTMBAIOTH HA KiHIEBHH Pe3yJIbTaT JOCIiIKEHb,
HE3aJIeKHO BiZ 00paHOTO METOAY i crtocoOy po3B'sI3Ky 3aBIaHHS.

B OB 3BuuaifHO HEe BHKOHYETHCS yMOBAa MaJIOCTi JOBKWHH XBWJII CBITJA, IO MOIIUPIOETHCS, Y MOPIBHSAHHI 3 paaiycoMm
CeplICBUHM BOJIOKHa W TOMYy NpOMEHeBa MOJEJdb MOXKE IPHBOAWUTH JO 3HAYHUX HorpimHocreil. Ha BiaMiHy Bix
TreOMETPUYHOTO0, XBWIBOBHH aHAJ3 ONTHUYHMX XBHJICBOJIB JIa€ MOXKJIMBICTH PO3IJSIIATH IPOIIECH TOIIMPEHHS CBiTIAa HE
TUIBKU TOJI, KOJIM PO3MipH (POPMYFOUOi CBITJIIOBHI Iy4YOK CHCTEMH 0arato Oijblle JOBXKUHU XBHWII, alie W mpu OyIb-sKiM
CHIBBIHOIICHHI MK HHMH. Y 3B'A3Ky i3 IIUM, JIOTIYHAM € MOJICIIOBaHHSA poOoumx mporeciB B OB Ha OCHOBI ioro
JeJIeKTpUYHOT alpOKCHUMAIlil.

3rifHO 3 Teopi€lo, PO3B'A30K PiBHSIHbL MakcBeluia, 03BOJISIE TOYHO BU3HAYMTH XBHJIEBOAHI Xapakrepuctuku OB. OmHax
PO3B'SI30K MOYKHA OJISpPKaTH JIMIIIE YHCETPHUMHU METOJaMH, III0 BUMAraloTh 3HAYHOTO 00CATY OOUHCITIOBAIbHUX POOIT.

st momonaHHs bOr0 YTPYAHSHHS NPUUAHATE MPUITYIIeHHS, 3rinHo 3 skuM OB npencraBiseTbes SK OJJHOPiIHA CepLCBUHA
paniycoM p 3 Marepialy 3 IOKa3HHKOM HepeoMJIeHHS N, OTOYEHAa HECKIHYEHHO TOBCTOIO OOOJIOHKOIO 3 Marepiany 3
MOKA3HUKOM TIepesIOMIICHHS Ng (<Ngo). Lle mo3Bosie, 3 monepeqHiM yBeOCHHSIM HaOIMKEHHS CIa0OHANPSIMHHUX XBHJICBOJIB,
3aMiHUTH PiBHSIHHSA MaKcBeIlta CKaIIPHUM XBHJIHOBUM PiBHSHHSIIM.

Jpyre nomylieHHs, 3aCHOBaHE Ha IONEPEIHBOMY, — IIe IIepeXiJ JO raycCOBOrO HaOJIIDKEHHS, SIKe HaJIa€ MOXIIMBICTBH
OJIep)KaTH aHANITHYHI BUPAXKEHHS IPAKTHYHO JUIS BCIX XapaKTepUCTUK nomuperHs xsuwii B OB 3 nosineruMm I1113 [6, 7].

[leperBOpeHHs rayccoBa Iydka MOJ € TayCCOBHM 3a (JOpMOIO, a MEPETBOPEHHS OTHOPIJHOTO ITydYKa Ja€ LMITiHAPHIHUH
aHanor ¢yskuii sin x/x. Heo6xigHo Bimsmaumty, mo inTencuBHicTs A%(U) IU(PAKIiiiHOI CTPYKTYpH OZHOPIAHOTO MydKa €
MaiiKe rayCcCOBOIO TS 3HAYCHB UFs, MEHIIIMX YOMY TIepInuid Hy b GyHKii J; (Urs).

VY tex yac, rayccoBuii my4dok 3 p ~ 0,75Urs mae maiike Taky * IHTEHCHBHICTh TU(PPAKIIWHOI CTPYKTYPH, K OTHOPIIHHIA
MmydoK pasiyca fs. @ymxitis A%(U) € Maiike rayccoBOKO [T MUKiB PI3HHX 3r71a/DKEHAX TPO(TIB, IPOMIKHIX M OXHOPITHIM
i rayccoBuM. Lle o3Hauae, 110 pe3ysbTaTy i BUCHOBKH, OTPHUMAaHI JIJIsl TayCCOBOTO My4Ka, HIMPOKO 3aCTOCOBHI ISl Oy Ib-SIKMX
OB 3 noBinbauM I1113. Takum 4yMHOM, XBHIbOBA MOJIEIb MOUIMPEHHS CBITIa B CYKYMHOCTI i3 IPUHHATHMH JOMYIIEHHAMH K
3aBJISIKM CBOiH yHiIBEpCalbHOCTI OyJsia BuOpaHa 0a30BOI0 y JaHii poOoOTi.

3rigHo 3 Teopemoro JIiyBULIS 1 3aKOHY SICKPABOCTI, XBUJICBOJIHA CTPYKTYpa, 10 Mae M; MOJ, 110 HAMPABISIOTHCS, MOXKE
3i0paTu He O1IbII M3 MOJ, 10 BUITPOMIHIOIOTHCS 30Y/1KYI0UOI0 XBHIIEBOIHOIO CTPYKTYPOIO i3 unciioMm Mox M. Lleit pesymnbrar
HE 3aJIeKUTh Bl TUIy ONTHYHOTO 3B'SI3Ky MK XBHJICBOJHMMH CTPyKTypamu. Lle nmae mizcraBy posrisaTH, y 3araJlbHOMY
BUNAJKY, 3aBJaHHS y3TOJDKEHHS JIBOX XBHJIEBOJHUX CTPYKTYp SK HOPYIICHHS MPUHMAaNbHOI aHTEHU JICSIKMM 3aJIaHUM I10JIEM
BUIPOMiHIOIOUOi aHTeHH. [Ipy 07HaKOBIH MONIpH3alii eNeKTPUYHUX TI0JIiB, 10 30y/DKy€E ; 1 OPYIIYBaHOI Y, XBWIIb 1 IpH
HEMIMPOKIXA Jiarpami CIpSMOBaHOCTI IBOX amepTyp y HaOMmKeHHI eKkBiBaleHTHIM HabmmkeHHI0 Kipxroda epexkTHBHICTH
Y3TOJUKEHHS XBUJIEBOJHHUX CTPYKTYP I10 OTY>KHOCTI 1 €:

n= Tr Nos (61)
Je Tr — koeilieHT TpoIyIeHHs, 1o = | .[\Vl\VZdS| 2 _ ed)eKTHBHICTh TIEPEKPHUTTS 30YHKYIOUOTO Yo i HOPYIIYBAHOTO 1 TOJIB,
HOPMOBAHHUX TakK, 10 I \|/1| ds=1i [l \|/2| ds =1.

TakuM YMHOM B3a€EMOJII0 TOMIB JeopMOBaHOI Ta HeAe(hOPMOBAHOI YACTHHM CBITIOBOJY BHMIPIOBAIFHOTO KaHATY
MOXJIMBO PO3IIIIATH SK IIPOLEC INepeladi ONTUYHOI MOTY)KHOCTI MDK XBWJICBOIHMMH CTPYKTYpaMH, 3B'I3aHHMH 4Yepe3
TOPIEBI MOBEpXHi. SIKIIO TOJEe OCHOBHOI MOAM 30ypeHOi MIJITHKM BHMIPIOBAJIIFHOTO CBITIOBOJA OIHCYETHCS TayCCOBOIO
(YHKIII€IO 3 BiAMOBIIHAM PO3MIpOM IUISIMH ITy4Ka Ps, TOOTO .

R =eap(Z), (6.2)
ips
TO KOKHE PO3Y3rOJPKEHHSI MOXKJIMBO PO3IJISIATH SIK BIANOBITHUM YMHOM OPIEHTOBAHMM rayCCOBHMH IMy4YOK, CHPSIMOBaHHMH Ha
He30ypeHy IUITHKY. YacThHa MOTYXHOCTI, BTpaueHa IPU TaKOMY CIIOJTy4eHHI JOpiBHIOE 1- Py/P;.
Taxkum 4uHOM, IS OCHOBHOI MOJIH, MOJISIPU30BAHOI Y3JI0BXK OCI CBITIOBOAA:

Yy = Fy = exp {%)’ (6.3)

p . o
e Ty =7 — PO3MIp TISIMU MOJIH; V — XBHJIEBOJTHHI MTapameTp.
¥

[punycTusiim, mo N; = Ng,, OAEPKUMO BUPKEHHS JUTS YACTUHH MOTYXKHOCTI MMy4Ka, 10 MOUIMPIOETHCS B OCHOBHIN MO
F_I]_ (:F'Erl:l)‘ (64)

o 2 2
Fi ps +7g
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Bupas (6.4) omucye ChiBBiTHOIICHHsI ONTHYHOI MOTYXHOCTI MPU MOPYUICHHI XBUJICBOAY MOXHJIAM ITydKOM. Takuid THIT
HOPYIICHHS € HAWOLIBII 3aralbHAM BHITAIKOM MTOPYIICHHS ITOJISL.
Skio nmy4ok HanpasisieThes Ha Topens OB min kyrom 0; 1o Horo oci, To

[i5° 7yt k) exep (22 Jmatn]

- (:_:) I F 'Zﬁ:'d.: . : (6.5)

L

bl

bl

SIkmo mnpu BH3HAYeHI chiBBinHOMIEHHS (6.5) rayccoBHil ITy4OK 3aMIHUTH OJHOPIAHUM 3 PAIlyCoOM ps, OAEPKHMO
aHAJOTIYHE BUPaXXEeHHS I ciaaboHanpsiMHoro OB 3i cxiggacTuM npodisem moka3HUKa MepeIOMICHHS

E
. [J'u"' F;':Rjj[':kﬁjﬁdﬁ]
o2

::_t- - (a_, T (6.6)
Posrnsnemo
I, = [ (R, (R) RdR 6.7)
Tmapdp F(R)=J (URYJ (U}, O0<R<1 =
Fi(R) = K; (WR)/ K; (W), 1<R<:
Ps

=1 = [F RR) ], (kr)Rdr = I + L. (6.8)
I, = ()t fy J,(WR)],Ger) Rar, (6.9)

ne Ky — dyskuis beccenst; W — mapamerp moau y o6omoHIi; U — mapaMeTp MOJH y CepIIeBUHI.
CkopucraeMocs iHTeTrpaoM Bix 700yTKy ¢ynkuiit beccens, Toxi (6.9) nepeTBOpUTHCS 1O BUIIIALY
1
l3= (31 (U))((U* k) "R(k J(UR) J-1(kr) - (kn)Jp.(UR))| 0 =

= ((k 31 (U) J11(K) - U3i(K) 31 (U))QI(U)(U* - k%) (6.10)
s
7 Ewa
=1 ;[[m JI(kr) Rdr. (6.11)
CkopucraeMocs iHTerpaioM Big qo0yTky pyHkmiit beccemns, Toxi
ps
P

Ly = (K1 W) ™ (R(KKI(WR) Jy.a(kr) - Wy(KDKa(WR)(W2 + k%)) L =
= ps (K Ky (Ws) JI-1(ks) - WJi(ks) K1 (WS)) - p(kK| (W) 514(K) —
- W31 (K) Kiaa (W) ((Ki (W) (W, + K%)p)™ (6.12)
SIxmo noBepHyTHCS 110 (6.4), TO

bzl

y (:a:) U+ [ +2,P4p? vimimn
T\t n T PR WELW

(6.13)

he]

L

Bupaz (6.13) ypaxoBye HaiOUIbIl 3arajbHUil BHUIIAJOK TIOPYLICHHS XBWJIEBOAY. JSIKIIO pO3MIAAATH CIIIBBICHE
PO3TaIIyBaHHS MydYKa i OJJHOMOJIOBOTO XBHJICBOIY, TO BUIUIUBAE, 110 Oyae mopymieHa Tinbku HE-mona i 6; = ks =k = 0.
[TpuitHATTS X 0OMEXEHb TPUBOAUTH 10 TepeTBopeHHs (6.13) no Burmsay

2= () [(5) - (=) 6149
ER VI b2 PRy (W)

[lix BIIMBOM MeXaHIYHMX HAaBAaHTAXEHb Y Pe3yNbTaTi edekTy (GoTOmpyKHOCTI CBITIOBOJ CTAa€ ONTHYHO aHI30TPOITHUM,
TOOTO HAMPSMKH FOJIOBHUX OCEH ENIICOiAa JieIeKTPUIHOI MPOHUKHOCTI 30irafoThCsl 3 HaNpsIMKaMH TOJIOBHUX OCEH elincoina
Hanpyrd. TakuM YWHOM, MPHKIAACHA JO CBITIOBOJA HABAHTAXXCHHS NPHUBOJUTH JO 30UTBIICHHS MIUTBHOCTI Marepiany i,
BiJIMIOBITHO, /10 301IBIICHHAS JieEKTPUIHOT IIPOHUKHOCTI.

Busnaunmo BenmuuHM G 1 Ap y cepledHHMKy Ta oOousioHI, mo Binousae, OB. Ilpn BIIMBI Ha MOBEPXHIO CBITIIOBOAA
PO3IOIIEHOTO THCKY HAaMOTAaHOTO BOJIOKHA F, 3MiHa pagiyca cepaeynnka Ap., TOBHHHA JIOPIBHIOBATH, 32 aOCOJIOTHOIO
BEJIMYMHOIO, 3MiHI BHYTPIITHBOTO pajiyca 0OOJOHKH. SIKIO0 BHHUKAIOYMHA MPH BOMY THCK Ha ceplaedHuk F, To BemmunHa
3MiHU pajiyca cepaeunuka [8-10]

Ap, =-—

2 Fyp, (6.15)
1

a BeJIMYMHA 3MiHH pajiiyca 000JI0HKH

ne | — koedirmient [Tyaccona; E — momyns FOwra;
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A = FaphFib V=
’ o5 C
Cuila CTUCKYBaHHS CBITJIOBO/IA BH3HA4YA€ThCs sk [10]
_ Si"ﬂﬂl’
- _.'
Pﬂt

1€ Smax — MAKCUMAIbHE CTATUYHE HAMPYXKCHHS BOJIOKHA; t — KPOK HABUBaHHS.
Toxi yacTHHA MOTYKHOCTI, sika 00YMOBIIEHA IEPEMIHHOIO JIIEI0 CyXOro/ 3BOJIOKEHOTI'O BOJIOKHA Ta 3 ypaxXyBaHHs Maibke
THIHHOT 3aJIS)KHOCTI BEIHIHHU Spax BIZI BOJIOTOCTI KOHTPOIEOBAHOTO CEPEIOBHUINA, MOXKE OyTH BU3HAUCHA SIK

P =1-— (E{P“ +JPE=:]{'\'IIW): ( 1._:1': )
B Vi {{{pu +ap,, }{'*'I'mh 2

p, — K, (W)
oK, (o, + 40, ) (\[(BF = k#n, )2

3 ypaxyBaHHSIM pe3yibTaTiB TOCIiIKeHb, HaBeneHNX y [11-13], mominsHIM € BUKOHAHHS CBITJIOBOIIB BUMIPIOBAJIHLHOTO Ta
KOHTPOJFHOTO KaHANIB 31 IMTY4HOro camdipy sK MaTepiamy, sk 3a0esrmedye HEOOXimHI MEXaHIdHI XapaKTepPHCTHUKU
BHUMIPIOBAJIFHOTO TPUCTPOI0 CHCTEMH JJIsI KOHTPOJIO BOJIOTOCTI ra3zy (IpH MPUITYCTUMOMY Jialla30Hi T€OMETPHYHHX
PO3MipiB), y BCbOMY poOOYOMY Jliara3oHi THCKY Ta TEMIIEpaTypH.

BucHoBku

1. BuzHayeHo, 110 HaWOLIBII 3aBaJOCTIMKMMM 0 BIUIMBY EKCIUTyaTallifHUX (akTOpiB € BOJIOKOHHO-ONTHYHI 3aco0H
MOHITOPHHTY BOJIOTOCTI ra3y Ha CyAHax, SIKi MoOyJIOBaHI Ha OCHOBI 3allpOIIOHOBAHOI CXEMH IIEpPETBOpIOBAaYa 3 3aKPHTHM
ONTUYHMM KaHAJIOM 1 3aXWIIEHUM YYTJIHBHM €JIEMEHTOM 3 30BHIIIHHOIO HABHBKOIO NPY)KHOTO €JIEMEHTa, MPY>KHICTH SKOTO
3aIeKUTH BiJl BOJIOTOCTI T'a30BOTO CEPENOBHIIA. 3a Pe3yabTaTaMH OLIHKKA MOXIIMBOCTEH METOMIB KOPEKIil MOrpiltHOCTEeH
00TpyHTOBaHO OOpaHHS JBOKAHAIBHOI CXeMH 3aCO0Y MOHITOPHHTY.

2. BuzHayeHa 3aNe)XHICTh MapaMeTpiB ONTHYHOTO, KA € OCHOBOIO MAaTEMaTHYHOI MOJeNi 3aco0y MOHITOPHHTY, Ta B SIKOT
BpaxoBaHi BIACTUBOCTI MaTepiajiB Ta 0COOIMBOCTI TEXHOJOTI] BHPOOHHIITBA.
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Anomayia. Memor oanoi cmammi € po3pobka 3pyunoi iH@opmayitinoi mexuonozii idenmughikayii mooeni OUHAMIKU
bazamosumipnozo pyxomozo ob'ekma ma 30ypeHb, wo Oil0mb HA HbO20 NI0 4AC QYHKYIOHYBAHHS, 34 OAHUMU BEKMOpI8
CUCHAII@ KepYBAHHS MA CUSHANLE HA SUX00L 00 €Kmy, HaAnpaeieHol Ha NIOGUWEHHsT HAOIUHOCMI OMPUMAHHS Pe3Vibmamie
obuucnennsn. Jns cmeopenns ingopmayitinoi mexnonozii idenmugixayii euxopucmano npukiaoue cepedosuuje Stateflow
Matlab. Biominnow pucoio ingopmayitinoi mexnonozii € niosuwjena moyHicmos ma HAOIUHICMb GUKOHAHHS OOYUCTIEeHb, 5IKi
00Cs2HYMI 34 PAXYHOK RPOBAONCEHHS HO8020 NIOX00Y 00 Npoyecie hakxmopusayii NOTTHOMIATbHUX MAMPUYb, YOOCKOHAICHHS
AN2OPUMMIE MHOJICEHHS NONIHOMIANbHUX, OPOO0BO-PAYIOHAILHUX MAMPUYb GION0GIOHO O/ 3MEHUIeHHS 8Mmpamu BIPHUX
BHAYYWUX YUPp 34 PAXYHOK 6NOPAOKYBAHHS | PAHICUPYBAHHS e/leMEeHMAPHUX ONepanoie ma O 3MEHUIeHHS 3DOCHAHHS
NOpsIOKi6 pe3yibmamis Ha OCHOBI GUKOPUCMAHHS ONepayiil 8UOANIeHHs 8iONOGIOHUX NOTOCI8 NPABOPYY ma i6opyy ma 8800y
8i0N0GIOHUX HY1i8 npasopyy ma nigopyy. IIpu 6UKOHAHHI OOCTIONHCEHHS OYI0 CMEOPEHO NPOSPAMHO-MEXHIYUHY cucmemy 300py
eKCnepUMeHMAIbHUX OaHuX, 015 idenmugbikayii Mooeni OUHAMIKY WMAHeU, Wo 8UKOpUcmogyiomscs 8 niamgpopmi Cmioapma,
Ha ocHosi LabVIEW 3 euxopucmannam mooynie FPGA, SoftMotion ma Real-Time. Taxoxc, 6 pobomi Oyra nposedena
i0enmugbixayiss modeni Ounamixku wmaneu niampopmu Cmioapma ma eusHawena ii nepedamoyna (QYHKYIsL, A MAKONC
nepeoamouna QyHKYisi hopmyouoco Qitempa, aKuil npu 6XiOHOMY CUSHANL Y 8u2lA0L OLI020 WYMY MAE HA 8UXOOL BUNAOKOBUTL
npoyec 3 3a0aHUMU CMAMUYHUMY XAPAKMEPUCTHUKAMU.

Abstract. The purpose of this article is to develop convenient information technology for identifying the model of the
dynamics of a multidimensional moving object and disturbances acting on it during operation, according to the vectors of
control signals and signals at the output of the object, aimed at increasing the reliability of the calculation results. The
Stateflow Matlab application environment was used to create an information technology for identification. A distinctive feature
of information technology is the increased accuracy and reliability of computations, which have been achieved through the
introduction of a new approach to the processes of factorization of polynomial matrices, improvement of algorithms for
multiplication of polynomial, fractional-rational matrices, accordingly, to reduce the loss of significant digits due to ordering
and ranking of elementary operands and to reduce the growth of orders of results by using the operations of removing the
corresponding poles from the right and left and entering the corresponding zeros on the right and left. During the study, a
software and hardware system for collecting experimental data was created to identify the model of the rod dynamics used in
the Stuart platform based on LabVIEW using FPGA, SoftMotion, and Real-Time modules. Also in the work, the identification
of the model of the dynamics of the rod of the Stewart platform was carried out and its transfer function was determined, as
well as the transfer function of the shaping filter, which, with an input signal in the form of white noise, has a random process
at the output with specified static characteristics.

KurouoBi ciioBa: cuicremu, kepyBaHHs, 00'€KT, ineHTH(IKaIis, mITanTa, aTgopma Crioapra, [T
Keywords: system, control, object, identification, rod, Stewart platform, IT

Beryn.

CTBOpEHHsSI TapaHTOBaHO KOHKYPEHTOCIIPOMOXKHUX CHCTEM cTaliii3auii pyXy CKIamHUX OaraTOBUMIPHHX pPyXOMHX
00'eKTiB, siKi (QYHKIIOHYIOTh B yMOBax Jii BMIIQJIKOBHUX HEKOHTPOJIbOBaHUX 30ypeHb, 3 MiHIMaJbHUMH BHUTpaTaMH Ha
NPOEKTYBaHHS OJ/IHA i3 FOJIOBHUX BHUMOT JOCSTHEHHS YCIIiXy Ha PUHKY JJAHOTO Kijlacy HpHUCTpoiB. Sk 3a3HaueHo B MoHOrpadii
[1], omHuM i3 HaliOiIPI eEeKTUBHUX Ta IEPEeBIPEHUX NPH CTBOPEHHI aBialliifHOI Ta KOCMIYHOI TEXHIKHM HUISXiB BUKOHAHHS
TaKoi yMOBHM € 3aCTOCYBaHHS €KCIEPHMMEHTAIbHO-aHATITUYHOIO IIJAXOAY IO TPOEKTYBAaHHS OINTHMAIBHHX CHCTEM
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CTOXACTUYHOI cTadum3anmii.

OnuH i3 (GakTopiB YCIIIIHOTO 3aCTOCYBaHHS TAKOTO MiAXOJy BH3HAYAETHCS 3 OAHOTO OOKY BiJIOBIMHICTIO aJrOpPUTMIB
ineHTH(IKALI] CTPYKTYpH Ta MapaMeTpiB MOJIeJi B yMOBaxX HAaOJKEHUX JI0 PEabHOTO PeXUMY (PyHKLIOHYBaHHS IOCIiJHOTO
3pa3ka 00'€KTy, a 3 IHIIOTO - HAasBHICTIO CHCTEMH KOMIT'IOTEPHOI MaTeMaTHKH, IO JO3BOJISIE 3aCTOCYBATH AITOPUTMHU JUIs
ABTOMATH30BaHOTO MPOEKTYBAaHHS ONTHMAIFHIX CUCTEM aBTOMATHYHOTO KEPYBaHHSI.

AHaJi3 JiTepaTypHUX JaHUX i MOCTAHOBKA NMPodjeMHu

CporofiHi BiJIOME JIOCHUTH MIMPOKE KOJIO METONIB iNeHTHU]IKalii Mojenedl IUHAMIKKM O0O0’€KTIB KepyBaHHsS, SKi
(YHKIIIOHYIOTh B YMOBax Jil HEKOHTPOJILOBAaHHUX IIEHTPOBAHMX CTAIlIOHAPHUX BUMAJIKOBUX BILIMBIB [1 - 3], 3a maHuMu «BXin-
Buxim». OmHAaK, BUKOPUCTAHHS BiJOMHUX METOMIB CTPYKTypHOI imeHTH(iKamii B CAIIP oOMexeHO 3a paXyHOK IiJIBHIICHOT
O0YHCITIOBAIEHOI CKJIATHOCTI, SKa BHHHWKA€ TPH BUKOHAHHI MAaTEMAaTHYHHX OIEpalii 3 TONMIHOMIalbHAMH Ta APOOHO-
panioHaJbHIUMH MaTPUISIMH KOMIUICKCHOTO apryMEHTY Ta MPOSBISETHCS Y 3MEHIIICHH] HAaAIHHOCTI ollepiKaHHs pe3ynbTaty [4,
5].

B takux ymoBax xojio MeToAiB imeHTH(iKamii 3HaYHO 3BYKyeThcs. Hampukian, y craTrti [6] mpeacTaBiIeHHI anropuTMu
imeHTudiKamii AMHAMIKN eTeMeHTiB 0araTOBIMIpHOi CHCTeMH cTabiii3allii, 1e CTBepIKy€eThCs, 0 B YMOBAX, KOJIM CUTHAIIN B
KOHTYpP1 KepyBaHHSI HaJIe)KaTh 10 MHOKHHHU IICHTPOBAaHUX CTal[lOHAPHUX BUIAJKOBHX IPOIIECIB, a IIYM JATYUKIB Mae pi3Hi
JUKepena TOXODKeHHs! 31 30ypeHHSIMH Ha CHCTEMY, TO MOXKHa OJHO3HAYHO BU3HAYMTH MAaTpHIi JAPOOOBO-pallioHaIBHUX
¢byHkuiii popmyBaua 30ypeHHs Ta 3HANTH CHUCTEMy 3BHYAMHUX AU(EpPEeHLIATbHUX DPIBHSHb MIHIMAIBHOTO MOPSIKY, SKa
XapakTepusye ITUHaMiKy 00'ekTa KepyBaHHS. Y TOW ke 4ac BiICYTHI iHQopmaniiiHi TexHosorii ineHTH]IKamii sl OIiHKA
JMHAMIKH 00'€KTIB KepyBaHHS, sIKi O JJOOMOTJIM B BUPIILIEHH] MPOOJIEMH CKIIaJHOCTI BUKOHAHHS TaKHX PO3PaxyHKIB.

MeTa Ta 3aBIaHHSA JOCTiKEHHS

MerToto gocmipKkeHHS € po3poOKa 3pydHoi iH(GOpMAIifHOT TEXHOIIOTIT iAeHTH(IKAII] MOAeTl TUHAMIKH 0araTOBUMipHOTO
pyxomMoro o0'ekTa Ta 30ypeHb, IO AiI0OTH HA HHOTO MiJ Yac (YHKIIOHYBAaHHSA, 332 JAHWUMHU BEKTOPIB CHTHANIB KEPyBaHHS Ta
CUTHAJIIB Ha BUXOJi 00 €KTY, HAaIlpaBJICHO! HA iABUICHHS HAIIHHOCTI OTPUMAHHS PE3yNIbTaTiB OOUHCIICHHS.

Juis nocsrHeHHS 1iel MeTH 3rigHo poboTH [1] Oyiio mocTtaBieHo Ta po3B’s3aHe 3aBIaHHs MOOYIOBH aJTOPUTMY IiATOTOBKH
JI0 po3B’s3aHH 3a1a4i imeHTudikamnii Ta ii iHpopmMaIiiitHoi TEXHOIOT1i.

VY rtepminax poboru [1], Hexall Ha BXOji 00'eKkTa KepyBaHHs AiIOTh M-BUMIPHHH BEKTOp CHTHAJIB KepyBaHHS Up Ta n-
BUMIpHHH BEKTOp OLIOr0 IIyMy OJMHOYHOI iHTeHCHBHOCTI 4. Ha Buxoai 00’ekTa Aie n-BUMIpHHUN BEKTOP CUTHAIIIB BUXOIY Xi

(puc.1).

I Dopmyrounit
U A : ¢bineTp

l

I

X1

— M SO p? —>

Puc. — CTpykTypHa cxema 00’ekTa inenTudikamii:
P, M - noniHoMianmsHi MaTpHIIl Bi orepaTopy AUQEpEeHIIIFOBaHHS S BIATIOBITHOTO PO3MIPY, Wop — BEKTOP IICHTPOBAHIX
CTalllOHAPHHUX BUIAIKOBUX 30ypEHb
Fig. 1 — Block diagram of the identification object

BBaxaeTbcs, 10 BEKTOP 30ypEHB o, MOKE OYTH 300pa)KeHUH SIK:

Vop = FA.
ne ¥ — nrykana MaTpuis po3MIpHOCTI 1t X 11, eJIEMEHTH KOl — oneparopu QyHKIIT Bix S. BeKTop yon popMyeThes 3 BeKTOpa
myMiB A TiHIAHAM CTiHKUM (QibTPOM 3 MaTpuIiero nepenarodnux Gpyukiii ‘¥, Takok, BeKTOpH KOPUCHUX CUTHATIB i 30ypeHb
SBJISIFOTH CO00I0 0araToOBUMIpHI CTal[lOHAPHI BHUIAJIKOBI MPOIECH 3 HYJIbOBUMH MAaTEMAaTHUYHUMH CIOJIBaHHIMHU 1 JpoOOBO-
paIioHaJbHIMH MATPHUIIMH CIIEKTPAJbHUX 1 B3aEMHHX CIIEKTPAJIbHUX MIIBHOCTEH S oy 5 gty 5 P 5 wgx,» Kl BXKE

OTpHMaHi 32 JAaHUMH BUIIPOOYBaHb.

3amada OTpUMaHHS MUHAMIYHUX XapaKTEPHCTHK OaraTOBHMIPHOTO PYyXOMOTo o0'ekTa i BekTopa 30ypeHb, IMOJsTae y
HACTYITHOMY: 3a JAaHWMH BUMIPIOBaHHX BXITHOTO Ug 1 BUXITHOTO BEKTOPIB X; HEOOXiTHO BHOpaTH OJIOKOBY MATPHIIO-PSIOK
nepenarounux ¢yakmiid @ Tak, mod BOHA MiHIMI3yBalla IOKa3HUK SKOCTI iMeHTH(IKAIT:

1
J== J‘tr(SégR)ds,
] oo
e S/SS - TPAHCTIOHOBaHA MATPHIIA CIIEKTPaIbHAX IIUIBPHOCTEH BEKTOPY MOXUOOK ineHTH(iKamii & R — cuMeTpruYHA JOAATKOBO
BH3HAYCHA BaroBa MaTpPHUII.
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1. Metoau Ta MaTepinu A0CTiIKeHb

AJNTOpUTM HIArOTOBKH J0 pO3B’si3aHHs 3ajaul igeHTudikaii Mojeni JUHAMIKM 0araTOBUMIPHOTO PYyXOMOIO 00'€KTa,
CKJIAJa€ThCA 3 BUKOHAHHA HACTYITHUX eTaHiB:

1. BBeneHHs1 cUCTeMH 3BUYaliHUX JudepeHIianbHUX PIBHSIHB, 0 XapaKTepru3ye AMHaMiKy 00’ €KkTa KepyBaHHS:

Pxy = Muy + w, @
2. BBeieHHS BEKTOpY MOXHOOK ieHTHdIKaMI] & KU JOPIBHIOE
E=%—DSg 2

ne @ —OnmoyHa MAaTpUIl TeperaTOYHHX (QYHKIIH o00’ekra imeHTHdIKamii BiX pPO3MIMPEHOTO BEKTOPY BXIiITHUX
. Ug
CUTHAJIB ¢ = .
A

3. 3HaxOpKeHHS 3B'SI3KY TPAaHCIIOHOBAHOI MATpPHIll CHEKTPAIBHUX HIUTBHOCTEH MOXHUOOK imeHTH(IKAIii g ¢ 3 OIIOYHOIO
Matputieio @, Ha 0cHOBI TeopeMu Binepa-XiHunHa y BekTopHii popmi [7], 3acTocoBanoi 10 BekTOpy (2):
! _ ol / / /
S, = SX1X1 - nglfl)* — (I)leg + (I)SgCD* , ?3)
e S>/<1X1 — TPAHCIIOHOBaHA MATPUIIS CIIEKTPAIBHUX IIITBHOCTEH BUITAIKOBOTO TIPOLIECY Xg; Séyl — TpaHCIIOHOBaHA MaTPHUIIL

B32€EMHUX CIIEKTPAILHHUX LIIBHOCTEH MK BEKTOPHHMH BUIIAJKOBUMH MPOLIECAMH £ Ta Xy;

T
St= [ syl @
Ste, = (Sipey She,): )

4. Bu3HBYEHHS MaTPHIli B3A€MHUX CTIEKTPATBHUX IIITBHOCTEH 55y, Uepe3 BUXiHI AaHi. [ 1bOT0, BPaXOBYIOUH MaTpPHITi
.S'EIi, .5' Ta MPOBOASYH JICSKI IIEPETBOPEHHS, OTPUMYEMO PIBHSHHS 3B’ SI3KY
-1 — -1
5.1’1_\155 5_11.":'1 - 5.1’1.1’1 - Sxiuu'giluﬂusi&uxi'
JUtst BinuykysaHHs QyHKUiT Sy, HEOOXiHO pakTOpH3yBaTH MATPHLIO Sy, 3 ST Siy,, ypaxoByroun crenudiky BekTopa A

SK BEKTOpa OJMHAIHHAX OUTHX 1IyMiB [8].
5. Busnauenns nepmoi Bapiarii ¢yHKIioHaMy sIKOCTi imeHTH(ikamii JJ, mpn yMoBI MiHIMIi3amii Ha Kiaci CTIHKOI Ta
(hisnuHO peamizoBaHoi MaTpuii @;

1 I -1 / 1, ol
&= T Itr[Ro* (— RoSgx, D™+ ROCDD)D*&D* + RO(— Sy RoD ™+ S, DRy, D*)&DD]ds , (6)
oo
ne 0J, 0@ — Bapianii BignoBiauux Gyukimiii; Ry — pe3ynsrar pakropusanii matpuii R, B = Ry Ry.

6. BusznaueHHs komIiekcHoi 3MiHHOT MaTpuui D, sik pe3ynbTar BiHepoBCcbKOi (hakTopr3arii:

/
7. Po3paxyHok Tp+7. B pe3ynbTaTi cenapariii:
/ -1
T :TO +T+ +T_ = S(X]_D* . (8)
ne Ty — emeMeHTH Matpuii moiiHoMa 5; T, — eNeMeHTH MaTpuili, MpaBHJIbHI ApOOM 3 MOMIOCAMHU TiTBKH B JiBid

MIBIUIOMIMHI.
8. O0uucnenns: O61okiB Marpuli @ (ONTHMaNBHI CTPYKTYpH MaTpullb nepeaaTHux (yHKIiH 00’ekra izeHTHdikamii Py i
¢binsrpa ‘P, sxuii popMye qUHAMIYHI XapaKTEPUCTHKK 30yPEHHS, IPUBENCHOTO 0 BUXOAY CUCTEMH - Dj,.):

_ 5 -l -1

@—[@11 czj12]—Ro [To +T+]D . 9)

9. BusHaueHHs JUHAMIYHMX BIacTUBOCTeW marpuii P 3acTocoByroun onepaiito OAHOOIYHOrO BHJIAJICHHS MOJIOCIB
Marpuib Fy5 1 $44, micys MbOro 3HAXOAUTHCS MaTpurlst M

M =F&,,, (10)
10. O0uuCneHHsT MATPHIII CIIEKTPATLHUX LIITBHOCTEH 30y PIOI0YOTO BILIHBY:
Sy =Py Pl (11)

OOrpyHTOBaHHI BUILE aJTOPUTM 03BOJISIE 3alPONOHYBATH 1H(OPMALiiiHy TEXHOJOTII0 1IeHTUdIKalLii MOAETl TUHAMIKA
6araToBUMIpHOTO pyXoMoro 00'eKkTa, 10 CKJIay SIKOi HOBUHHI BXOJUTH TPOLEITYPH J0AaBaHHS Ta MHOXKEHHS MOJTIHOMIiaJIbHUX
Ta ApoOOBO — paIliOHaJbHUX MAaTpHIb, BIHEPOBCHKOI (hakTopm3alii, BiHEpPOBCHKOI cemapaiii IpoO0BO — pallioHAJIBHUX
MAaTpPHIh, 3HAXOPKECHHSI TUCTIEPCIHHUX IHTETPaTiB.

Jnst crBopenHs iHdopMariiHOT TexHooril ineHTHdikauii BUKoprcTaHO HpHKiIagHe cepenosuine Stateflow Matlab, sixa
MTOKa3aya BUCOKY e(peKTUBHICTH [9] mpy BUPIIICHHI 3324 MPOEKTYBaHHS 0araTOBUMIPHUX CHCTEM aBTOMATHUIHOTO KEPyBaHHI.
Stateflow € iHTepakTHBHAM iHCTPYMEHTOM pO3pOOKH B 0OJNACTi MOJIENIOBAHHS CKIAIHUX, KEPOBAHUX IOMISIMHA CHCTEM, IO
XapakTepU3yIOThCA CKIIAMHOK TOBeMiHKor0. IIporpamumii 3aci6 Stateflow e posmmpennsm cucremn Matlab Simulink Ta
3a0e3neuye MOXKJIMBICTh (DOPMYBAHHS KIHIIEBMX aBTOMATIB IIUIIXOM MOOYA0BH i€papXiYHUX MOZEJICH Y BUIIISIL I ICHCTEM.
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B cucremi Stateflow cTBopena BimmosizHa miarpama MOTOKIB, IO peatidye iHTEPAaKTHBHHE mporiec ineHTrudikartii Momei
nuHaMike wiatdopmu Crroapta (puc. 2).

Bbrnok Rachet 8 Stateflow sxiroueno B Mmojens cucremu Simulink.

BigminHOIO pucoro iH(pOpMaliifHOi TexXHOJIOTI] BUKOHAHHs €TalliB ifeHTHdikanii Mogeni JUHAMIKH 0araTOBHMIpHOTO
pyXoMoro 00'eKTa € MiIBUIIIEHA TOYHICTh Ta HAAIHHICTh BUKOHAHHS 00YMCIIeHb, K1 JOCITHYTI 32

Rachet ‘
— A |MATLAB Function prev(x1x2)

s {[u1 x3]=prev(u,xn)
figure(1)
plot(t,u1,t,x2), grid on;} MATLAB Function

Q) [Suu,Sxx,Sux]=spectral_density_estimation(|1,12)

{[Suu,Sxx, Sux]=spectral_density_estimation(u1,x3)
LaodefSux Sux.frequency(1:170)); grid on;}

WSxx,WSux]=spectral_density_assessment(Suu,Sxx,Sux);} MATLAB Function
[WSuu,WSxx, W Sux]=spectral_density_assessment(S1,52,53)

' . {GplGotto]=FCWN(W
Y\ D=[Gpl 0,0 1]} |MATLAB Function [Gpl,Got,tol]=FCWN(w) |
|
=) T=mulmif(Syx,(D')*-1) |MATLABFunctmn stabsep(K2) ‘
T {T0_Tp=stabsep(T)
w0 31 \ F=muimtf(T0_Tp,D"-1) —
/S S |MATLABruncmn T —mumtAE) ‘
\ F12=F(1,2))
L) |MATLAB Function [tl,tl_1]=DPLF(rr1) |
@ {Itltl_1]=DPLF(F11)
\ P=tl

® PZ:éoqﬂJ“f‘l |MATLAB Function M :VNZLF(KG.B_ep]l
\ ep=0.

. [MJ=VNZLF(F111,ep)

‘\\ Spsipsi=P*F12°F12z"Pz;}

o Exit

e -

Puc. 2 — Jliarpama notokis, sika peajizoBana B Stateflow
Fig. 2 — Flowchart implemented in Stateflow

paxyHOK BIIPOB/IXKEHHsI HOBOTO MiIX0/y JI0 TpoleciB (akropusaiii noninoMiansaux marpuipb (Gyskuis FCWN (puc. 2)) ta
O0YHCITIOBAIFHOTO ANTOPUTMY, NMOOYIOBAaHOIO Ha WOTO OCHOBI, YAOCKOHAJEHHS AlTOPUTMIB MHOXKEHHS ITONiHOMiaJbHHUX
marpuis (Qyukmis Mulmtf (puc. 2)) 3 cucremn pospaxynkis Stateflow Matlab mis smeHimenHs BTpaTh BipHHX 3HAYYIIMX
mudp 3a paxyHOK BiAIOBIJHOTO BIOPSIIKYBAHHS i PaHKHUPYBaHHs ereMeHTapHux omepanaiB (dymukiis Stabsep (puc. 2)),
MHOEHHS Ipo60BO-parioHansHux Matpuils (Gyrkiis Mulmtf (puc. 2)) mwis 3MeHIIeHHS 3pOCTAaHHS TIOPSIIKIB PE3yIbTATIB HA
OCHOBI BUKOPHCTAHHSI OTIepalliif BUialeHHs BiAMOBITHUX MOJIOCIB paBopyd Ta JiBopyd (¢pynkuii DPRT ta DPLF (puc. 2)) Ta
BBOJ1y BIIMOBITHUX HYJIIB paBopy4 Ta jiiBopyd (¢pyHkuii VNZRT ta VNZLF (puc. 2)).

2. Innamika mranru miaatgopmu CTioapTa 3a pe3yJabTaTaMH CTPYKTYPHOI ineHTHDiKaTIT

[Ipn BUKOHaHHI JOCT/KEHHsI OyJIO CTBOPEHO MPOTPAaMHO-TEXHIUHY CHUCTeMy 300py €KCIepUMEHTAIbHUX JaHWX, JUIs
imeHTUdiKalii Moxeni JMHAMIKY [ITAHTH, 10 BUKOPUCTOBYIOThCS B mutaTdopmi Ctroaprta [10].

lranra miatrdopmu CTroapTa (puc. 3) IPHKpIIUICHA A0 CTOJNY Yepe3 KapIaHHUH MigBic 1 3 eNIEKTPOIBUIYHOM Ta KYJIBKO-
rBUHTOBOIO maporo (KI'II), rBUHT 2 SKOi MPHUKPITUIEHO O KaPETKH 3 HABaHTAKEHHSIM 3, III0 BCTAaHOBJICHA Ha peiiku. Kaperka 3
Mae€ KyJIbKOBI Ilepeadi, ki 3MEHIIyIOTh TepTs KoB3aHHs. ['aiika 4 KI'TI xopcTko 3akpiluieHa 10 MOPOXKHUCTOTO Baly 5, m0
obepTaeTbest y MimmIUMHUKaX koprycy 6. Ha raiiky 4 »OpCTKO BCTaHOBICHO MAarHiTHe Kuiblle 7 3 HAHECEHHUMHU pajialibHO
MAarHiTHAMH TMOJIOCAMH JOBKHHOK 2 MM, IHKPEMEHTAIBHOTO MAarHiTHOTO KijblieBoro enkoaepa LM13 (pipmu RLS Merilna
Tehnika d.0.0.) [11], B KOMIUTEKTi SIKOTO € KOMIAKTHA 34MTyIOua rojioBka 8. YV kopmyci 6 3ampecoBani Bici 9, ski MaroTh
MOXITMBICTh 00€PTATUCS y TOJIKOBHX MIAIIMITHUKAX, PO3MILICHUX Y OTBOPax KapaaHHoro miagicy 1. Takum uynHOM, KapaHHUH
IiIBiC Ma€ JIBI B3a€EMHO MEPIICHIUKYISIPHI OCi 00epTaHHs, SKi NEPEeTUHAIOTHCS y TOYIl, IO 3HAXOANUTHCS Ha oci rBUHTA. Jlo
kopmycy 6 mpukpiruienuit kpoumreitn 10 3 enexrpoasurynoM 11, Ha Baiy sSKOro 3akpiruieHHi 1mKiB 12 3y0uacTo-macoBoi
nepesayi, ska mnepenac oOepTaHHsS MOPOXKHUCTOMY Bajdy 5 1 raimi 4 rBuHTOBOi mepenayi. B sikocTi enexrponpuBozaa
BHKOPHCTOBY€EThCS OararoyHKIIOHAIFHUN CepBONPUBOJ 3MiHHOTO cTpyMy cepii EP2 3 cepomBurynom 80ST-M04025
¢ipmu HANGZHOU MIGE ELECTRIC CO., LTD.

[IporpamHO-TeXHIYHA 4YacTHHA CHUCTEMH 300py €KCIICpUMEHTAJIbHUX JAaHuX Oyna mnoOymoBana Ha LabVIEW 3
BukopuctanasaM moxnyniB FPGA, SoftMotion Ta Real-Time. B sxocti amapaTHOi gacTmHH Oyno B3ATO TEPCOHAIBHUI
KoMI'foTep 3 OaraToyHKIiOHAIEHUM pekoH(pirypoBanum npuctpoeM 1/O ma 6a3i IIJIIC (FPGA) NI PCI-7833R 3 Virtex-I1
3M Gate FPGA, sikuii IpHeTHY€ETHCS 10 CEPBONPUBOLY Ta enkoaepy LM13 ma nomomororo Spring-Screw Terminals - SCB-68.

ExcriepumeHT OyB moOy0BaHHI HACTYIIHUM YHHOM, reHeparop Oinoro mymy 3 nporpamu B LabVIEW dopmye Bxignumit
CHTHaJI KepyBaHHS CepBOIPUBOAY. /liana3oH IbOro CUrHAITY OOMEXEHO Aianma3oHoM nepemimenHs reuaTa KI'TI.

3a IONOMOrol0 CHrHajly KepyBaHHS 3ailicHIoeTbes pyx reuHta KI'TI 3 kaperkoro Ta HaBaHTaKeHHsM, a eHkouep LM13
BuMmiptoe ooepranns raiiku KI'TI (tooro nepemimenns reunta KI'TI) ta nepenae indopmanito no nporpamu B LabVIEW. B
pe3yJbTaTi OTPUMAHO JIBa MACHBH TOYOK BXIJIHOT'O CHI'HAJIy Ta peakuii mranry miatgopmu Crioapra Ha 11ed cUrHal, siKki Oymu
BBeneHi B mporpamy MATLAB. Li curnanu € BXizHuMu napamerpamu Ooky Rachet B Stateflow.
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Puc. 3 — locaignuii 3pazok mranru miaargopmu Croapra
Fig. 3 — Stewart platform rod prototype

ITicns nonepeaHboi 00poOKu (ByHKILisE Prev (puc. 2)) curHaM KepyBaHHs Ta peakilii peCTaBlIeH] Ha PUCYHKY 4.
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Puc. 4 — 3HayeHHs BXiZHOIro Ta BUXiTHUX CUTHAJIB CHCTEMH
Fig. 4 — The value of input and output signals of the system

Maui 3a nomomororo ¢ynkiii spectral_density_estimation (puc. 2) 6yi0 Bu3Ha4YeHO:
CTeKTpabHa NIIIBHICTH BXiHOTO CUTHATY 5. wgitp 34
—0.016231

wts = (502G - 02)
CTIEKTpalibHA MITBHICTH BUXIHOTO CUTHAITY Ly
4.72587%(s + 0.1)(s — 0.1)

S = 504 400G + 020G —0.2)

B3a€MHA CIIEKTPasIbHA MIITBHICTh CHTHAITY Sy,
—2.769°F

“o¥ T (s 4+ 0.04) (s + 0.2)(s — 0.2)

sIKa Ma€ BUTIIAL (pHC. 5).

5

5
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Bode Diagram
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Puc. 5 — B3aeMHa ceKTPaibHA MUILHICT CHTHALY Sy y,

Fig. 5 — Mutual spectral signal density 5,

3aBsiku nporeaypi spectral_density  assessment (puc. 2) Oy/iu BU3HAYEH] OL[IHKH IMX IIIJIBHOCTEH.
3rigHo 3-ro MyHKTY anroputMmy iaeHtudikaii (4) Ta BianoBinaux motokiB B 6o Rachet B Stateflow, 3 Bukopucranusam
BiHEPOBCHKOI (hakTopu3aii noniHomiansaux Marpuis (Gyskiis FCWN (puc. 2)) mpu 55y = 1, migctaBuBIIN CIIEKTPAIbHY

I[TBHICTE BXIJHOTO CUTHATY Sy, OTPUMYEMO:

—0.016231 .
2= (s + 0.2 (s — 0.2) ]-
0 1

3rigHo 4-To MyHKTY anroputMmy ifeHTH(ikalii, TpoBiBIM (haKTOpU3alilo MaTpuIi Sy, _».,.S'L".S'_n,xi, 3a JJOOMOTOK0 (YHKINT

FCWN (puc. 2), otpumMaiu:
v , ) orp 0.00021739s

o4 = 1 0.000G £ 000
[Tic1st BOTO, MiACTABIAETHCS 5 L Tak ;Au x, B(5) Ta orpumyerncs:
—2.769 -107% 0.00021739s
(s +0.04)(s + 0.2)(s —0.2) (s +0.02)(s + 0.004) ]
3rifiHO 6-TO MyHKTY anropuT™y ineHTHdiKaii, BUKOHABIIN (aKTOpH3allito MaTpuii Sy, , 3a goromoroio ¢yuxuii FCWN

s, =

g1

(puc. 2), orpumanu:
d, U] 01274

=[5 4b -

“ TG +02)

Hani 3rigHo 7-rO IYHKTY airoputMmy ineHtudikamii (8), Marounm IpoOHO-pamioHaTbHI MaTpHIl .5';311 ta [, BoHHM
MEPEMHOXKYIOTECS 3a gormomoror ¢yHkuil Mulmtf (puc. 2), a micis nporo BUKOHYETHCS BIHEPOBChKA cemapallis ((pyHKLis
Stabsep (puc. 2)), B pe3yJbTaTi 40ro OTPUMYETHCS MaTPHLIS:

0.00021739 0.0002173%9s
(s +0.2)(s +0.04) (s +0.02)(s +0.004)F

BBomsun mosHaueHHs Ry=1, BimnoBimHo 1m0 8-ro myHKTY anroputMmy ineHTtudikamii (9), mepeMHOXHBIIM APOOHO-
parionansni Matpuui [Ty + T, ) Ta D" 3a nonomororo dyrkuii Mulmtf (puc. 2), onepxyerbes Marpurs &

0.0017063 0.00021739s
=[&+nﬂ@ (s +0.02)(s + 0.004) )
ne %44 - onTHMaNBHA CTPYKTYpa MaTPHIL MepeaaTouHoi GPyHKINT 00’ €KTa ineHTH(IKAITT:
0.00170863
®u = G 1000
&- - onTHMalnbHA CTPYKTYpa MaTpulli nepenarodnoi GpyHkiii ¢inbtpa, skuil popMye qUHAMIYHI XapaKTEPUCTUKH 30ypEHHS,

n+n:[
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IIPUBEJICHOIO 10 BUXOAY CUCTEMMU:
0.00021739s

Py = :
27 (s +0.02)(s + 0.004)
Jauti 3rigHo 9-TO IMyHKTY aNropuTMy iIeHTH]IKAIii, 3aCTOCOBYIOUH OIEPaIlif0 OJHOOIYHOTO BHIAIEHHS IOITIOCIB MATPHIIb
&4y 19y, 3a monomororo ¢yskuii DPLF (puc. 2), ogepxyeTsest moniHoMianbHa MaTpurs F, sika JOpiBHIOE:
P =(s+0.04)

ITicast HbOro 3HAXOAUTHCS MaTpuist M
M = 00017083,

Bimmosimao mo 10-ro myHKTy amroputMmy ineHtudikarii (11), 3acTocyBaBImIM oOIEpami0 BBOAY HYJIB JIBOpYY 3a
nonomoroto ¢ynkuii VNZLF (puc. 2), Oyia oTpuMaHa MaTpHILs CIIEKTPAIBHHUX HIUTBHOCTEH 30yPIOI0YOTO BILIUBY:

4.7258 = 107 %:2(s + 0.04) (s — 0.04)

9w = 0,006 — 002G + 0.009) G — 0.008)

BucnoBku

B pob6orti Oyna npoBenena ineHTH(IKamis MoJeni JUHAMIKK mTaHrd mwiatdopmu CTioapra Ta BU3HAYEHa ii IepenaToyHa
(yHKIIS, a TAaKOX MepenaToyHa QyHKIs GopMyrodoro QiabTpa, sIKUM IIPH BXiMHOMY CHTHAJI y BUTIIAAL OiJIOTO IIyMy Mae Ha
BUXO/Ii BUMAJKOBHUIT IPOIIEC 3 3aJaHUMH CTATHYHHMH XapaKTePUCTHKAMH.

Ha ocHOBI BiIOMHX YaCTOTHHX aJTOPUTMIB CTPYKTYpHOI iIeHTH}IKAIll OTpUMaHO HOBY iH(OpMAIliiiHy TEeXHOJIOTi0, SKa
JO3BOJISIIOTh  3HAXOAWTH TMOPSAOK Ta TapaMeTpH JIHEeapu30BaHOI CHCTEMH 3BHYaWHUX AW(EpeHIialbHUX PpIiBHAHB
OaraToBUMIpHOTO 00’€KTa Ta MATPHIl CIEKTPAaJbHUX IIUIFHOCTeH 30ypeHb, SKi MiIOTh Ha HBOTO B YMOBaxX pPOOOTH
HAOJMKEHHX 10 PeaibHOrO peXXUMy (DYHKITIOHYBaHHS JOCIIIHOTO 3pa3ka 00'eKTY.

BigminHOIO pucoro iH(popManiifHOi TexXHOJIOTil BUKOHAHHs eTamiB ijeHThgikamii Moaenal JUHAMIKK 0araTOBHMIpHOTO
pyXoMoro o0'ekTa € MiJBHIIEHA TOYHICTh Ta HaAIHICTh BUKOHAHHS OOYMCIIEHB, SIKi JOCSTHYTI 32 PaxyHOK BITPOBaKEHHS
HOBOTO MiAXOIy A0 MpoleciB (akropuzamii HoNiHOMIAIBHAX MaTpUIb Ta OOYUCIIOBAJIBHOTO aJITOPHTMY, ITOOYIOBaHOTO Ha
HOT0 OCHOBI, YIOCKOHAIICHHS aJrOPUTMIB MHOXKEHHSI MOJIHOMIaJIbHIX MATpHUIlb 3 cHCcTeMH po3paxyHkis Stateflow Matlab ms
3MEHIICHHS BTpAaTH BIPHHX 3HAYyNIMX OU(pP 3a pPaXyHOK BiIMOBIZHOTO BIIOPSIKYBAaHHS 1 PaH)KUPYBaHHS €JIEMEHTapHHX
OllepaH/IiB, MHOXXCHHS JApoOOBO-palliOHaJbHUX MATPUIb U1 3MEHIICHHS 3pPOCTaHHS MOPSAAKIB pe3ylbTaTiB Ha OCHOBI
BUKOPHCTAHHA OTIepaliii BUAAJICHHS BiAIOBIMHUX TONIOCIB MPABOPYY Ta JIIBOPYY Ta BBOAY BIANOBIIHHUX HYIIB MPaBOPYY Ta
JBOpYY.
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Abstract. The paper describes how MIP-mapping and paging can be used to represent not only terrain imagery, but also
terrain elevation. Previously the only things missing to implement Earth coverage were computing power, input/output
bandwidth, graphics processing units (GPUs) and techniques to deal with large data sets. The article describes the rendering
method that uses the GPU for most of the calculations. Modern graphics accelerators for personal computers allow you to
solve problems that require the generation of images of the visual environment of photographic quality in real time. High-
quality visualization of large continuous spaces of 3D vegetation is one of the requirements when creating most land transport
simulators, as well as many virtual reality applications. Representation of large forest spaces in the form of free-standing tree
models that have an acceptable visual quality for close-up display from the observer, it is impossible due to the huge number
of primitives required for visualization. The article proposes use parallel calculations in GPU to accelerate rendering. We
successfully integrated proposed visualization method into the standard rendering pipeline. For considered tests the
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application with GPU average ten times faster, than the version using only CPU. The proposed method takes into account the
features of the architecture of modern GPUs and allows you to distribute the load on the display between the CPU and GPU.
In this case, the method does not require significant resources for visualization. The implementation of the method showed that
received speed in most cases is sufficient for the effective application of the method in computer games. The paper also
proposes a method for high-quality visualization of large continuous spaces of 3D vegetation.

Annomayia. Y cmammi onucyemocs, sax MIP-mexcmypysanns ma nemuodlcune MolCyms Oymu GUKOPUCMAHI 05
npeoCcmaesieHts He MilbKU 300padcenb micyesocmi, ane U eucomu peivey micyesocmi. Paniwe ons peanizayii nokpummsi
3eMui He BUCMAYANO Jauuie OOYUCTIOBANLHOI NOMYNUCHOCMI, NPONYCKHOI 30AMHOCI  66€0eHHA/6UBEOEHHS, 2PaPIiuHUX
npoyecopie (GPU) i memodie pobomu 3 eenuxumu Habopamu Oawux. Y cmammi onucyemvcs memoo Gi3yanizayii, sKuil
suKopucmosye epaghiunuil npoyecop 0asi 6invuwiocmi obuucienv. Cyuachi epaghiuni npuckoprosaui 01 NepCOHANbHUX
KOoMN tomepié 003801A10Mb  UPIWY8amu  3a0ayi, WO BUMAAIOMb 2eHepPYB8AHHA 300padiceHb GIi3ValbHO20 Ccepedosulla
domoepapiunoi sikocmi 6 pesicumi peanvrozo wacy. Axicna gizyanizayis eenuxkux denepepsrux npocmopié 3D pociunnocmi €
OOHI€EI0 3 BUMO2 NPU CMBOPEHHT OIILULOCI CUMYTIAMOPIB HA3EMHO20 MPAHCNOPMY, d MAKOXC 6A2ambox 000amKie 8ipmyanibHOL
peanvrocmi. [Ipedcmagnents enuKux aicosux npocmopis y euenadi OKkpemo CHosYUx mMooeieti oepes, AKi Maoms NPUUHAMHY
8i3yanbHy AKICMb 0 6i000paxceHHs 3 OOKYy chnocmepieaud KPYNHUM NIAHOM, HEMOXMCIUBO Yepe3 Beluye3Hy KilbKicmb
npumimuegie, HeobXiOHux Ons gizyanizayii. ¥ cmammi nponowyemocs sukopucmosyéamu napaneivti oouucienus 6 GPU ons
npuckopenus gizyanizayii. Mu ycniwno iHmezpy8anu 3anponoHOBAHUU Memoo Gi3yanizayii 8 CMAaHOApmMHULl KOHBEEp
sizyanizayii. /[na pozenawymux mecmie npoepama 3 GPU 6 cepeonbomy 6 Oecamv pasie wieuouie, HIidiC 6epcis, uo
suxopucmogye minoku CPU. 3anpononoganuii memoo 8paxogye 0coonusocmi apximekmypu Cy4dcHux spagiuHux npoyecopis i
0036015€ po3nodinumu Hagaumadgicenns Ha oucnieu mionc CPU i GPU. ¥V yvomy eunadky memoo He nompeOye 3HAUHUX
pecypcie 0aa gizyanizayii. Peanizayis memoody nokazana, wo ompumanoi wieuokocmi 6 0inbuiocmi 8unaokie 00Cmamusbo O
ehexmuBHo20 3aCmoCy8anHa Memooy 8 Komn romepHux iepax. Takooic y pobomi 3anponoHo8ano mMemoo AKiCHOI 6izyanizayii
senukux besnepepsHux npocmopie 3D pocaunHocmi.

Keywords: mip-mapping, height maps, irregular mesh, vegetation.
Kurouosi ciioBa: MIP-TekcTypyBaHHS, KapTH BHCOT, HEpeTyJsIpHA CiTKa, POCIHHHICTh

1. Introduction

There have been remarkable advances in image generation since paper “Pyramidal Parametrics” [1] — or have there been?
Although paper [1] is best remembered for its introduction of texture MIP-mapping, a method intended to increase image-
generation speed and reduce rendering artifacts; it also introduced pyramidal data structures, parametric interpolation, highlight
anti-aliasing and levels of detail in surface representation. MIP is an acronym for multum in parvo — Latin for “much in little”.

The paper [1] planted the seeds and set everything in place to allow image generators to process and render the entire
Earth’s surface, imagery and terrain skin. At the time the paper was written, the only things missing to implement Earth
coverage were computing power, input/output bandwidth, graphics processing units (GPUs) and techniques to deal with large
data sets.

One such technique was put forth in paper [2]. The paper proposed a method to structure very large textures such that an
image generator could page —in- only the visible portion of the texture’s entire MIP-map, simplifying the texture paging
process and enabling the creation of large, geospecific-imagery-based terrain databases.

Modern graphics accelerators for personal computers allow you to solve problems that require the generation of images of
the visual environment of photographic quality in real time. High-quality visualization of large continuous spaces of 3D
vegetation is one of the requirements when creating most land transport simulators, as well as many virtual reality applications.
Representation of large forest spaces in the form of free-standing tree models that have an acceptable visual quality for close-
up display from the observer, it is impossible due to the huge number of primitives required for visualization. The
representation of large areas of the forest, in the form of a textured surface, which is acceptable for visualizing a forest located
far from the observer, becomes unacceptable as you approach it. Thus, it is necessary to have a continuous representation of
the 3D vegetation visual model, which allows, on the one hand, displaying them in real time using modern graphics
accelerators, and having, on the other hand, an acceptable visual quality at all levels. the visualization space. As well in this
paper, we present a method for high-quality visualization of large continuous spaces of 3D vegetation, which allows you to
evenly distribute the visualization load between the CPU and GPU.

2. Triangulated Irregular mesh

Most GPU-s have used MIP-mapping and derived techniques only to texture terrain and three-dimensional models. They
also offer various paging schemes allowing the efficient rendering of large, high fidelity, geospecific-imagery-based terrain
databases. Most do not, however, use MIP-mapping techniques to create and render terrain skins. There are two major reasons
for this: First, it is often believed that image-generator performance is directly proportional to the number of polygons in a
rendered scene; second, to enhance the accuracy of the terrain, 2-D features such as roads, rivers and lakes are integrated in the
terrain.

To reduce the number of rendered polygons, current state-of-the-art visual databases are built using a tiled triangulated
irregular network to represent their terrain skin. Triangulated irregular network are created using digital elevation maps
constrained by 2-D vector information in the form of point features, lineal features and aerial features. In those databases,
terrain is usually stored as tiled blocks with few levels of detail — typically, three or four. Triangulated irregular network have
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the advantage of accurately positioning terrain peaks and valleys. They also allow fine resolution and coarser resolution
features, such as winding rivers on rolling hill terrain, to coexist while maintaining a low polygonal count.

Triangulated irregular network has major drawbacks, however. It is difficult to seamlessly connect the different terrain
levels of detail without creating cracks in the terrain. Some terrain creation techniques force the terrain to “pop” between levels
of detail. Other techniques have the levels of detail blend in through transparency gradation. These techniques drastically
increase the polygonal count and create unsightly artifacts, such as sudden terrain shifts and imagery blur, in the rendered
scene. Constrained triangulated irregular network terrain is created using algorithms derived from Delaunay triangulation [3].
These triangulation techniques are computationally intensive and cannot be performed at runtime as part of an image-generator
operation.

3. MIP-mapped Terrain

Today, most image generators are built using commercially available GPUs, which can process polygons at a rate
exceeding hundreds of millions of polygons per second. There is a catch, however. These extreme rates can sustained only if
the texture, color and material are the same for all polygons — that is, if all polygons are rendered within the same graphic state.
The rendering rate is reduced to 100,000 polygons per second if each polygon is rendered in its own graphic state. Thus, the
limiting factor is no longer the polygon but the graphic state. To take advantage of GPU polygonal processing capabilities, the
number of graphic states must be reduced at the expense of higher polygonal count. Future GPU development will also
increase polygonal rendering rates faster than graphic state switching rates.

One method to handle rendering terrain while optimally feeding the graphics pipeline was described in [4]. The author
exploits the ideas set non-polygonal terrain. Terrain generation follows a technique similar to texture MIP-map generation.
High-frequency content is removed as coarser terrain resolutions are generated, resulting in smoother transitions between
levels of detail.

Flight training and, more specifically, helicopter flight training require high-resolution terrain and imagery. Terrain grid
post spacing and imagery texels spanning less than 0.027 arc-seconds (about one foot) will become more and more common.
To efficiently use GPUs to render terrain elevation and terrain imagery at those fine resolutions, we have to use methods to
generate extremely large grids of terrain skin and extremely large terrain imagery textures in a structure that allows an image
generator to seamlessly load portions of the textured skin around the viewpoint. We need a virtual MIP-map of the terrain
elevation and a virtual MIP-map of the imagery.

Using the techniques discussed in [4] — creating non-polygonal MIP-map terrain — will reduced rendering artifacts and will
allow us to render visual databases at finer resolutions than could previously be done.

4. Polygonal terrain

Regular grid could be square, hexagonal, or triangular and so on. For Cartesian coordinate system most natural is square
grid with axis collinear cell sides and grid-aligned origin. Let us call this grid regular and all other — irregular. “Most” an
irregular is grid with randomly spaced nodes. Others could have other kind of irregularity: square grid rotated, or shifted
relatively to coordinate system, or with independently shifted nodes. Some properties of these grids are “regular”, and we can
use them for irregular grids evaluation. Generally, to achieve higher compression it takes more processing resources (time,
memory), including decompression. In our case, compression factor is a number of IG input triangles under irregular grid
model with respect to that of regular grid terrain model.

Regular grid has fixed sampling rate for each LOD. In this case, LODi is a set of triangles, which approximates terrain so
as the maximum error is not higher than appropriate constant.

Irregular grid has fixed bandwidth, and LOD with the same maximum error could have fewer nodes in this case. Here
LODi is represented by set of triangles, organized in clusters so as for each of them, maximum approximation error is between
current LOD maximum and next LOD maximum.

Irregular grid bandwidth wideness has two consequences. Each LOD can have “built-in” (implicit) surface roughness [5]
and therefore database volume could be reduced.

For regular grid, the maximum amount of memory also could be specified, because of limited mountain's height. If this
limit is 300m for 10m space frequency then regular and irregular grids will introduce the same error at regular cell size 8 times
less than that of irregular. The later gives us a difference in triangles number about 64 times. This is in accordance with [12].

Rendering photo-realistic, complex terrain features at interactive rates requires innovative techniques. A polygonal model
and geometric pipeline can be used but this introduces massive storage requirements and, ideally, a parallel implementation of
the algorithm. However, features with high spatial frequency context (ridgelines and canyons) require large numbers of
polygons to meet a specified level of terrain accuracy. Using traditional polygonal representation for the example complex
surface give rise to a range of problems such as visible surface determination, depth complexity handling, controlling levels of
details, clipping polygons by viewing frustum, geometry transformations of large number of polygons [7-15].

Numerous methods for rendering height-based terrain surfaces have been developed [16]. Databases for terrain use DEM
(digital elevation model) models. This standard is designed by U.S. Geological Survey and, on essences, is a table of heights
terrain with counting out through 7.5 or 15 minutes. DEM model consists of two files, binary file of data in which recorded
heights in the manner of 16- bit fixed numbers, and head file which describes a format of record of numbers used in the file of
data (BigEndian or SmallEndian ), but in the same way area on terrestrial surface which describe heights in the file of data.
The continuous level of detail algorithm takes a two-part approach in which terrain is first divided into blocks for which a
detail level can be selected at a coarse granularity [17]. The real-time optimally adapting meshes algorithm builds upon the
algorithm [17] by organizing terrain meshes into a triangle bintree structure [18]. Geomorphing to the continuous level of
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detail algorithms described in [19]. The progressive mesh technique was extended to height-based terrain, and it enables
smooth view-dependent terrain rendering with geomorphs [20].
The terrain relief shown in Fig. 1.

¥

Fig. 1. — Top view of the landscape

5. 3D vegetation visualization

The method consists of two views: a forest view in the foreground, a forest view in the foreground, and a transition from
one view to another.

In the distance, a forest can be represented as a 3D model of the earth, textured with a corresponding texture, but this
representation does not have the necessary volume, which is typical for a forest. To add volume, the method proposed in [21]
was used to visualize the fur. In this case, the forest is represented by a set of layers that repeat the geometry of the earth, and
are shifted relative to it either up or in the direction of the normal for the corresponding distances. In order not to drill down on
the geometry of the forest layers at the same time as detailing the geometry of the earth, and in order

to avoid excessive growth of the database volume, the geometry of the layers was generated using Vertex Shader from the
earth geometry when displayed. Each of the layers is textured with a special

texture representing a horizontal slice of one or more trees. To add more volume, the textures of the lower layers are

darkened. To achieve greater visual diversity, the forest layers are also textured with another texture T, which uses RGB

channels to color the trees, and A channel to "cut out" the glades.
In addition, the same texture, with the same texture coordinates as on the layers, is also used to visualize the earth. The final
color of the i-th layer of trees is calculated using the formula

C=2T.T, @)
Ca=TaTea )
The spatial distribution of trees can be set using the formula
1 n-1
D=>>C, ®3)
2%

However, when using this method on the silhouettes of mountains, as well as when the direction of view is parallel to the
forest layers, visual artifacts appear.
In order to hide most of these artifacts, it was proposed to use a system of vertical fences. Fences are a set of vertical two-

sided faces generated on edges 3D models of terrain and trees with a characteristic height. Fences are textured with the T_

texture, which is a vertical cut of one or more trees. To reduce
visual differences between the layers of the forest and vertical fences on fence superimposed with the same texture

coordinates on the earth and on layers of the forest, T texture and texture coordinates T for the texture's selected in order as

accurately as possible to match the texture of the spatial distribution trees. In addition, to avoid visual differences in the
lighting of the fences, the normal to the fences used for lighting is either directed vertically upwards or perpendicular the
terrain on which the fence is located. The final color of the vertical fences is calculated using the formula

C=2T.T, @)
C,=T.Tes 5)

In order to reduce the number of faces forming a system of vertical fences, fences are generated only on those edges of the
terrain where the angle between the faces containing this edge is less than the critical angle. The critical angle is chosen
empirically depending on the nature of the terrain for which the fence system is generated. Also from the system completely
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transparent fences are excluded, i.e. those fences that completely fall into the clearing. When using a vertical fence system,
when the orientation of the fence is parallel to the direction of view, visual artifacts associated with trilinear texture filtering
appear. In order to get rid of such artifacts, the dependence of the transparency of vertical fences on the angle between the
tangent to the fence and the direction to the observer is introduced.

The transparency is calculated at each vertex of the fence using the Vertex Shader and interpolated inside the face. By
combining fences with close tangents into groups and preserving the tangent cone for each of the groups, you can perform
early rejection of completely transparent groups of fences.

The described representation of large forest spaces, in the form of a combination of a system of layers and vertical fences,
is only applicable for displaying distant plans, so it is necessary to smoothly control the transparency of this representation of
the forest, depending on distances to the observer. In addition, to reduce the artifacts associated with clipping the geometry of
the far clipping plane, the transparency of the forest layers, the vertical fence system, and the ground increases as you approach
the far clipping plane.

To represent the forest near the observer, a set of three-dimensional models of trees placed on the terrain is used [22]. The
transition to the view in the background is carried out through a smooth change in the transparency of three-dimensional trees.
In this case, the transparency changes as follows

A [0if d>d, ()
T 1if d < d,

where d is the distance to the observer, d is the distance between start and layers fence, d, is the distance between the

layers and fence fully appeared.

For additional optimization, the system of layers and vertical fences is divided into spatial groups, and if this group is
completely transparent, it is not visualized grouping is used to discard faces that are not in the viewport.

Moreover, since the area of disappearance of three-dimensional models of trees, and the area of appearance of forest layers
and vertical fences overlap, the number of visual artifacts that appear when the observer moves is minimal.

To reduce the visual artifacts associated with the transition from one view to another

, the tree models are arranged according to the distribution texture, the color of the tree is determined by the T texture ,

and the tree itself is illuminated according to the normal to the terrain at the point at which the tree is placed.

Three-dimensional tree models can be visualized in n calls to the GPU, where n is proportional to the number of trees that
need to be displayed at a given time. Since the number of trees to display is large enough, this approach leads to a significant
performance decrease. On the other hand, at the preparation stage, you can combine three-dimensional tree models into groups
to visualize them in a single call to the graphics accelerator, but this approach leads to a significant increase in the volume of
the database.

Therefore, at the preparation stage, the forest is spatially divided into kd-tree, so that the leaf of the tree is either empty, i.e.
does not contain any trees, or contains as many trees as possible. Each non-empty leaf contains several trees, defined by their
position relative to the borders of the leaf, the normal to the surface at a given point, the color of the tree, and the number of the
three-dimensional model in the list of all tree models. Moreover, to save disk space, the position and normal were set with
reduced accuracy. At the mapping stage, the kd-tree is recursively traversed, and if a node does not fall within the scope, then
it and its descendants are not traversed. All three-dimensional tree models from visible and non-empty nodes kd-tree, collected,
sorted in the order " from depth to yourself” and are rendered in a single call to the GPU.

Fig. 2. — Mountain road with forest

Conclusion
The main merits of proposed approach are the following: reduction of the load on the CPU and decrease of data flow from
it to the GPU. The corresponding traversing of the scene and the set of masks provide the right priority order. Rendering
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method, described above, uses a GPU for most of the calculations. We can use parallel calculations in GPU to accelerate
rendering. We successfully integrated proposed visualization method into the standard rendering pipeline. Verify the
performance for the different scenes. For considered tests the application with GPU average ten times faster, than the version
using only CPU.

A method of continuous detailing of three-dimensional vegetation models in virtual reality systems has also been
developed, which has an acceptable visual quality at any distance from the observer.

The proposed method takes into account the features of the architecture of modern GPUs and allows you to distribute the
load on the display between the CPU and GPU. In this case, the method does not require significant resources for visualization.

The implementation of the method showed that the visualization of a wooded surface area is 10000x10000 on an Intel Core
2 CPU E8400 3.0 GHz, and a GeForce 8800 GTX it was happening at a speed of =60 frames per second. This speed in most
cases is sufficient for the effective application of the method in computer games.
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Anomayia. be3ymoero 00Ho0 3 HAUBANCIUGTUIUX 2ay3ell 8NPOBAONCEHHA THHOPMAYITIHUX MEXHONO02I € MAKA, Wo MICHO
nos’sasana 3 3abe3neyeHHIM NOBCAKOeHHUX nomped moounu ma ii Oesnexu. Ocoby yeazy npugeepmaroms po3poOKu, AKi
CnpsAMOBani donomoemu OOUHL 6 excmperiti cumyayii. Tlpuxiaoom modice 6ymu npoepamuuil RpooyKm, sKuil 00380J1UMb
KOPUCMY8a4am GUKIUKAMU UEUOKY OONOMO2Y OOHUM HAMUCKAHHAM KHONKU [ 8I0CAIOKO8Y8AMU il MICYE3HAXOONCEHHSL 8 OOPO3L
V pasi nocipuieHHs Cmawy 300po8’s MoOuHu. Baoicnueoio @ymkyiclo 0ns  kopucmysaua-nayicnma € 3a0e3nedenHs
be3nepeperoco IOCMEdCeHHs Kapemu WeUOKOI 00NOMO2U BRPOO0BIC 8Cb0O20 ULIAXY NePeCYB8AHHs Kapemu WeUoOKoi 00noMO2uU.
Peanizayis maxoeo piwenns nompebye 3abesneuenHss HAOIHOI pobomu, YIICHOCMI GHYMPIWHIX KOMNOHEHMIS, 1e2Ky
docmynHicmo i 3pyuHe suxopucmanus. Memoio 0anoi pobomu € cmeopeHHs: NPOSPAMHO20 RPOOYKMY, KU OONOMO2A€E 800iM
bpuead weuoKoi donomozu NPOKIA0AmuU ONMUMALLHULL MaApuwpym 00 MICYs GUKIUKY, d, MAKONC, O0036011€ NAYIEHMAM
cnocmepieamu 34 Nepecy8aHHAM Kapemu ma eusHauamu uac npubymms Mmeoukie. B cucmemi pospobreno Haoitino-
npayrouull, sudiienull cepeep, KUl 0Opobse 0awni, Maxi AK: iHoOpMayito NPo KOpUcmyeauis, BUKIUKY, Opusadu, Kapemu.
Peanizosano moociugicms 6 pesxcumi peanvHozo uacy ompumysamu ingopmayiro npo micye nepebysawHa Kapemu, AKd
3Haxo0umscs 8 0opo3i 0o nayicuma. Ilonodcenns 00'ekma oOYUCTIOEMBCA 3A805KU BUKOPUCHAHHIO POMIUEH020 HA HbOMY
GPS-npuiivaua, sixuti npuiivae ma oOpobisic cueHanu Cynymuuxie xocmiunoeo ceemenmy GPS — cucmemu 2nobanvrnozo
nosuyionysanns. s peanizayii 6yna euxopucmana mosa npozpamyeanns C#, @peimsopk ASP.NET Core, cucmema
ynpaeninks 6azamu oanux PostgreSQL, cepedosuwye pospobku JetBrains Rider, niamgopma Ons mecmogozo xocmumey
cepeepa Heroku. Pesynrvmamom po3pobku € MOOiibHUilL 000amoK, KUl 00360JUMb KOPUCMYBAYY SUKIUKAMU UIEUOK)
donomogey i siocmesicysamu c8oro Kkapemy. /s 600iie kapem 3abe3neyyemuvcs 3pyuHa poboma npu 6UKOHAHHI C80IX 0008'13Ki8.
Bzaemoois misc mobinbnumu dodamrkamu 30[ICHIOEMbC 3a OONOMO2010 cepeepy, SKUX NPayloe 3 yCima KOpUCmysadamu
MOOIIbHUX 000amKig, 3a0e3neuyiouu WeUOKY I C60EUACHY nepedaiy OaHuXx.

Abstract: Undoubtedly, one of the most important areas of information technology implementation is closely related to the
provision of everyday human needs and security. Special attention is drawn to developments that are designed to help people
in an emergency. An example is a software product that allows users to call an ambulance at the touch of a button and track
its location on the road in the event of deteriorating human health. An important function for the patient-user is to ensure
continuous tracking of the ambulance throughout the movement of the ambulance. The implementation of such a solution
requires reliable operation, integrity of internal components, easy accessibility and ease of use. The aim of this work is to
create a software product that helps ambulance crew drivers to plan the optimal route to the place of call, as well as allows
patients to monitor the movement of the carriage and determine the time of arrival of medics. The system has developed a
reliable, dedicated server that processes data such as: user information, calls, crews, carriages. The possibility of receiving
real-time information about the location of the carriage on the way to the patient has been implemented. The position of the
object is calculated by using a GPS receiver placed on it, which receives and processes signals from satellites of the GPS
space segment - the global positioning system. The C # programming language, the ASP.NET Core framework, the
PostgreSQL database management system, the JetBrains Rider development environment, and the Heroku server test hosting
platform were used for implementation. The result of the development is a mobile application that will allow the user to call an
ambulance and track their carriage. For drivers of carriages convenient work at performance of the duties is provided.
Interaction between mobile applications is carried out by means of the server which works with all users of mobile
applications, providing fast and timely data transfer.
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KoarouoBi cioBa: jonatok B pexuMmi pealibHOTO uacy, LIBHJKA JOMOMOra, 0a3a JaHuX, TEXHOJIOTISI «KIIEHT-CEpBEpy,
iHhopMariiHa MOIEIb.
Key words: real-time application, ambulance, database, client-server technology, information model.

Beryn

[lepcniekTUBH KOMITIOTEPHHX TEXHOJIOTIH, iX PO3BUTOK MAalOTh BEJMUYE3HHWH ITOTEHIAN, SKUH HE OOMEXYeThCS HAIIUM
0aueHHAM HAIpPSIMIB CY9acHOTO Mporpecy. PO3BHTOK TEeXHOJOTiH BiAOyBaeThCS HACTLIBKM MIBHAKO, IO B HEAAJICKOMY
MaioyTapoMy IT Moke mocTaTu mepen HaMH B TaKOMY BHII, B SIKOMYy MU co0i maxke i He ysBisum 6. B temepimmHii wac
0e3yMOBHO BaXXJIMBHUM € PO3BUTOK 1H(GOpMAITHMX TEXHOJOTiH 1 Tamy3ed, SKi TICHO MOB’s3aHi 3 3a0e3MeueHHIM
MOBCSKICHHHUX MOTPeO TroAuHU Ta ii Oe3mexu. BenuuesHe 3HAYCHHS B HAIIOMY JKHTTI MOCUIHM MOOLTBHI mpucTpoi. BoHu €
NPaKTHYHO y KOXHOI JIIOJUHU. Y TIIOBCAKICHHOMY JKUTTI CMapT(QOHH J[OIIOMAaraloThb HaM CHUIKYBaTHCS 3 JIIOJbMHU,
neperyisiAaté iHpopMallilo B IHTEpHETi, KOPUCTYBATHCS 3PYyYHHMH Ta/DKETaMH 1 3aBaHTaKyBaTH JONATKH, SIKI y HESKHX
BHIIQJIKaX CTAlOTh HE3aMiHHMMH I 3a0e3meucHHs KoMyHikarii. Po3poOka MOOUTBHMX HOAATKiB HaOpajia TIraHTCHKHX
00epTiB. KaTajor takux moJaTKiB Halidye BEIMYE3HY KUIBKICTH PO3pOOIIEHMX KOHIEMIiH. Y cBOIH OUIBIIOCTI BOHH MaloTh
PO3BaXaJBHUI XapakTep, ajie JesiKi MPOrpaMu MOXKYTh HaBiTh JIOTIOMOI'TH JIIOJMHI B €KCTPEHIN CUTYyalii, MPUKIIAJOM SIKOi €
norpeda y HaJaHHI MIBUIKOI MEMYHOI JOIOMOTH.

HIBuIKICTh pearyBaHHs Ha BHUKJIMK JIOJUHN € HAWBAKIMBIIIMM YHHHUKOM POOOTH HEBIIKIAAHOI MIBHIKOI TOMOMOTH. Y
CBOIO Yepry, JIOIWHI MOTpiOHO MaTH iHpOpMALi0 TPO KapeTy, IO BHiXalla M0 Hel, Taky sK ii MiCIIe3HaXOIKEHHsS Ta 4ac
mpuOyTTA. Y Takiil cuTyarlii He MO>KHA HEOOIIHIOBATH IICHXOJIOTIYHUH CTaH JIIOAEH, SIKUI TOYHO MOKPAIIUTECS, AKIIO HATaTH
1M MOXIUBICTh OaUUTH KapeTy, IO PyXaeThCsA IO iX MICIs po3TamryBaHHSI. MOKIMBICTD NMEPETTIIHYTH LI0 iH(popMario Ha
MiZCBiIOMOMY piBHI Oyne 3aCIOKOIOBAaTH JIOAMHY 3aBISKH MOXIMBOCTI CIOCTEPIraTH 3a MiCIeM 3HAaXOKEHHS KapeTH y
JOJIATKY B pEAIbHOMY Yaci.

TeopeTnuHa YacTHHA

OCHOBHUM 3aBJIaHHSIM HIBUKOI JOTIOMOTH € CBOE€YAcHA peakilis Ha BUKIMK 1 IIBHJKE HaJaHHS JOIMOMOTH JIIOJHHI, sKa
3pobuia BUKIMK. [jisi 0OpOOKHM BUKIMKIB Bij JIOJeW iCHYIOTH omeparopd. BoHu oOpoOJsiioTh BCi A3BIHKHM Ta IEpeIaroTh
iHpopMarito OpuragaMm NIBUAKOI JONOMOTH. bpuraau, B cBoro 4epry, MpUCTYNaTh JO BUKOHAHHS, BUDKIKAIOUM Ha KaperTi 3
mifcTaHIii A0 mariedta. OAHIE 3 OpraHizallifHUX MPoOJieM HaJaHHS HEBIiAKIAJHOI JONOMOTH € Te, IO Ha TPUHHITTA
BUKJIMKY BiJl JIIOJJMHU BUTpaya€ThCs AesKUi yac. OnepaTop MOBUHEH B3STH TPYOKY, 3alMCaTH BHUKJIHK, TIOBLIOMUTH Opuramsy
PO MiCIIe3HaXO0KEHHS JIFOINHY, sIKa BUKJIMKaia MBUAKY. Bee 11e 3aiiMae meBHUIA 9ac 1 MO)ke MaTH HenependadeHi HacliaKH,
KOJIM MOBa HJe NMpO MOPATYHOK JIIOAWHH. Y TaKUX CHUTyalisx Oylb-sKe 3MEHIICHHS BHTPAYEHOTO Yacy MOXKE BPSATYBaTH
JIIOIMHI JKUTTS. AHATI3YIOUM IO MPOOJeMy, CKOPOYEHHs yacy Ha OOpoOKy BHKIIMKIB MOXKIIMBE 33 JIONIOMOTOIO BUKIHKY
IIBUJIKOI JTOTIOMOTH 4Yepe3 MOOUTbHHMI J0oAaToK. JIOCHTh BIIKPUTH HOTO 1 HATHCKAHHSIM OJHI€] KHONKH BUKJIMKATH Kapery.
[otpibHO MpUitHATH 10 YBard Te, MO MBHIKICTH POOOTH cepBepa B TAaKWX BUMAIKAX € HAWBAXIUBIIINM (HaKTOPOM, TOMY IO
BUKIUK TOBHHEH OyTH OTpUMaHHWHA Ta oOpoOneHmil HeraiiHo 6e3 OyIb-KOI MOMJIMBOI 3aTPUMKH. TakKoX BaskKIHBOIO
po0OIEeMOI0 TP BUKOHAHHI CBOiX OOOB'S3KIB OpHTaloro € Te, M0 MapuIpyT, SKUM BOHHU HAIPABISIOTHCS JIO JOJAWHHU, MOXE
OyTH naneKko He ONTHMalbHUM. PilieHHAM Takoi mpoOJieMH € aBTOMATHYHE MPOKIAJaHHS LUISXY A KapeTH MIBUAKOT
JIOTTIOMOTHY BiJ[ CTaHIIIl 1O MAallieHTa, KU 1 BUKIUKAE. B TakoMy BHUIMAAKY, BOIIN KapeTH MOXe My)Ke MIBHUAKO JICTATHCS 10
JIIO/IMHY, BUTPATHBIIM HA0AraTo MeHIIE Yacy.

JaHne pilneHHs 103BOJISIE peai3yBaTH TaKOX 1HIIY (YHKIIIO — BIJCTEXKESHHS KapeTH LIBHIKOI JOIOMOTH B MOOLIEHOMY
noaatky. JlroanHa, sika BUKJIMKana IIBUJKY, MOXKE B PEKUMI PEaNbHOTO 4Yacy BiJCIIIKOBYBAaTH Miclle 3HAXOJDKEHHS KapeTH,
mo npsimye a0 Hel. IMamieHT Takok MaTUMe MOXKJIMBICTh 0OayMTH ONTUMAJIBHUH LUIAX Ta CIIOCTEpIraTH 3a IepecyBaHHAIM
KapeTH B 10po3i. B somy nonomararume GPS, cykymHICTh pagioeIeKTpOHHUX 3ac00iB, IO JO3BOJISIE BU3HAYATH TTOJI0XKEHHS
Ta MBHUJIKICTH pyXy 00'ekTa Ha moBepxHi 3emiti abo B armocdepi. [TonoxxeHHs 00'eKTa 0OUUCITIOETHCS 3aBISIKM BUKOPUCTAHHIO
po3mimenoro Ha HeoMy GPS-mpuitmaua, sikuit mpuitmae ta 0OpoOIIsie CHTHANU CYIMyTHUKIB KOCMIYHOTO CETMEHTY CHCTEMH
riobanpHOr0 mosumionyBanHs GPS. TakuMm 9uHOM, IMOAMHA BOJOAIE iH(POPMAIIEIO MPO pealbHUN Yac MPHUOYTTS KapeTu
MIBUJIKOT, III0 MOYXKE JJOTTIOMOTTH i, SIK B IICHXOJIOTIYHOMY IUIaHi, TaK i B pillIeHHI caMOCTIHHOTO YCYHEHHS MPo0IeM.

e oaHi€r0 BaXKJIMBOIO OCOOJMBICTIO € peaii3allisi aCHHXPOHHUX METOIB Ul POOOTH MPOrpamMH B JIEKUIBKOX MOTOKaX.
ACHHXpOHHICTh B TPOrpaMyBaHHI — BUKOHAHHS MPOIECy B HEOJOKYHOUOMY ([UIsi TOJOBHOTO MOTOKY) PEXKUMI CHCTEMHOIO
BUKJIMKY, 11O J03BOJISIE J0IaTKOBUM TOTOKaM MPOTPaMH MPOAOBKUTH 00poOKy. [IuTaHHs B TOMY, SIK pealli3yBaTH B3aEMOII0
MaIfieHTa i BO/is KapeTH, OOMiH JaHUMHU MiX HUMHU. PIlICHHSAM € CTBOPCHHS TaK 3BaHWX YMOBHHX KiMHAT — Xa0iB (aHri. hub)
Ha CTOPOHI cepBepa, B SKMX 3HAaXOMAAThCA MalieHT 1 BoAiH. [lamieHT OoTpuMye B pexuMi peaibHOrO 4acy JaHi Bia BOIis
mBHAKOI. Takux xa0iB Moke OyTH CKLIBKH 3aBIOJHO, IO OHOMY Ha maiiieHTa i Bogis. Cami no co0i Xxabu iCHYIOTh OKpeMO 1
HE B3a€MOJIIOTH OJUH 3 OJHWUM, TOMY pOOOTa IOTOKIB JaHWX HA TAKOMY CEpBEpi MOBHHHA NPOXOJIUTH ACHHXPOHHO, HE
3YNHHSIOUH HII TOTOKH. ACHHXPOHHHUH KOJ BUHOCHTH OIEpAIlif0 3 OCHOBHOTO MOTOKY IPOTpaMy B JOAATKOBHH MOTIK, SIKMH
BiJIIPALIbOBYE B MapajielbHOMY PEXHUMI He 3yIHHSIOUHN MPH [IbOMY OCHOBHHI MOCIHIIZIOBHUH IIpoIiec 0OPOOKH KOL.

Sxmo ommcatyu mporec poOOTH TakuX XabiB MOKPOKOBO, TO BiH Oye BUTIISAAATH HACTYITHIM YHHOM:

- MaLi€HT BUKIIMKAE MIBUIKY JOIOMOTY B MOOITPHOMY J0/ATKY;

- Ha cepBepi CTBOPIOETHCSI HOBHI Xa0 3 MOTOYHUM MAL[IEHTOM 1 YeKa€ MPUHHATTS NEPCOHAIOM MIBUAKOI J0TIOMOTH JIaHOTO

BUKIIHKY;
- KOJIM BUKJIMK TPUHAMAETHCS, B Xa0 JOMAETHCS BOJIIH KapeTH;
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- xab 00poOJIsie MaHi MiCI PO3TAIyBAaHHS HAIli€HTA 1 BOMIsL, THM CAMHUM CTBOPIOIOYH ONTHMAJIbHUN MUIAX 32 JOMOMOTOI0
MapmpyTHuX manux OpenStreetMap a6o GoogleDirectionsApi;

- MapuipyT BioOpa)kaeTbcsi K y BOMIS LIBHAKOI JOMOMOTH, TaK i y Talli€HTa, Uil TOro o0 BiH 0OaduB mpolec
MepeCyBaHHS KapeTH MIBHU/KOI JIOTIOMOTH;

- IaHi y MaIfieHTa Ha eKpaHi 0OpOOJISIOTECSA B PEKUMI PEaIbHOTO Yacy JJIS MOCTIHHOTO OHOBJCHHS MICIS 3HAXOKCHHS
KapeTH;

- KOJIM KapeTta npudyBae, Xxad Ha cepBepl BUAAISETHCS.

IIpakTHyHa YyacTUHA

Juist BUpileHHs ocTaBieHol npobyieMu Oy BU3HAUESHI HACTYIIHI 3a/1a4i:

- po3poOUTH apXiTEKTypy real-time MOOITEHOTO AOAATKY;

- po3poOUTH MOBHODYHKIIIOHAIBHIIA CEpBEP I B3a€MOJIIT 3 MOOLIEHUM J0AaTKOM;

- CTBOPHTH 3pY4HY PEECTpAIiI0 Ta aBTOPHU3AIliI0 KOPUCTYBAYiB;

- 320€3MeYUTH MOXKIINBICT 3pYYHOT0 BUKJIMKY IIBUIKOI IOIOMOTH 4epe3 I0IaToK;

- peasti3yBaTH MOXKJIMBICTh BiZICTE)KCHHS KapeTH IIBHJIKOI JOIIOMOTH;

- HaJJaTH KOPUCTYBAa4eBi OCOOUCTHH MPOQiNb.

Ha pucynky 1 HaBeneHna indopmairifina Moaenb cuctreMu. Ha Hiil 300paskeHi MOyl Ta 1X B3aeMois. Moyt po3moiieHi
Ha Cepsep, API ta Kiienr.

KnieHTcbka |
YyacTuHa i

Mo6insHWiA

AOAATOK

API Buknuk wengkoi Po6oTa 3
[OMOMOTA BUK/TNKOM
BiacrexeHHA OnNTUManbHUA
KapeTu : LWNAX
PeecTpauia ABTOpM3aLif PeparysanHa
ocobucTux
BAaHWX
CepBepHa
Cepeep
4YacTUHa
basa gaHux

Puc. 1 — Indopmauniiina moaesb cucreMmu

B ocHoOBI peaiizaliii JaHOro MPOrpaMHOro MPOAYKTY JIKHUTh apXiTeKTypa KilieHT-cepBep. KiieHT-cepBepHy apxiTeKkTypy
MOYKHa O3HAYUTH K KOHLENLio iHGopMaiiiHoT Mepexi, B sIKii OCHOBHa YacTHHA i pecypciB 30cepe/pkeHa B cepBepax, SKi
00CJIyTOBYIOTh CBOIiX KIIEHTIB. MOJIeNb KIIIEHT-CEPBEPHOI B3a€MO/IiT BU3HAYAETHCS MEPII 32 BCE PO3MOAITIOM 000B’S3KIB Mik
KIIIEHTOM Ta cepBepoM. Taka apxXiTEKTypa Ma€ HACTyIHI KOMIIOHGHTH: HaOIp cepBepiB, sKi OOCIYroBYIOTH iH(POpMAIiED
TIporpamH, SIKi 10 HUX 3BEPTAIOThCs; HAOIp KIIEHTIB, SIKI 3BEPTAIOTHCS /IO CEPBICIB, 110 HAJIAIOTHCS CEpBEPAMH; MEPEXKY, SKa
3a0e3rneuye 3B'130K MK [IIMH KOMITOHEHTaMH.

Ockinbku po3poOKa cepBepa € BaXKIMBOIO YAaCTHHOIO Oy/Ab-SIKMH KIIIEHT-CEpBEPHOI apXiTEeKTypw, JUId peaiizamii OyIo
Bukopucrano ¢peiimBopk ASP.NET Core, sikiii Hajgae BiqMiHHY (DyHKIIOHIBHICTH AJISI PO3POOKM BHUCOKOHABAHTaKEHUX
cepsepiB. PpeliMBopk 0Oy I0BaHUI 3 HAOOPY HE3aNEeKHUX KOMIIOHEHTIB i Ja€ MOXKIJIMBICTh 200 BUKOPHCTOBYBAaTH BOYIOBaHY
peaiizamito IUX KOMITIOHEHTIiB, a00 PO3MIMPHUTH iX 3a JOIMOMOTOI0 MEXaHi3My CITaJKyBaHHsS, a00 CTBOPHUTHU i 3aCTOCOBYBATU
CBO{ KOMITOHEHTH 3i CBOIM (yHKIioHATOM. Takok BHKOPHUCTOBYETHCS psin Oibmiorek: SignalR — mis pean-taiim peamizarii
KJIl€HT-cepBepHO apxiTekTypu, NewtonsoftJson — mist po6otu 3 json-dpopmarom, JwtBearer — mist po60TH 3 TOKEHAMH Ta iHIII
KOMIIOHEHTH.

KiieHTchbka 4YacTHHA MNPOTrPaMHOTO TMPOAYKTY SIBJIsSE€ COOOK MOOUIBHMH J0AaTOK. Y HbOMY KOPHCTYBad MOXE
3apeecTpyBaTUCs, aBTOPU3YBATUCS, PearyBaTH CBOI EPCOHAIIBHI JaHl Ta BUKJIMKATH IIBHJIKY JOMOMOrY. SIKIO KOPHUCTYBay
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Ma€ poJib BOJisi KAPETH, TO BiH MOKe OaunTH Miclie3HaXOKeHHs narienTa Ha Mani. Hanarote Bech et hyHKIIOHAN Tak 3BaHi
API — mporpamuuii iHTepdeiic 1oaaTKy JUis 3BEpHEHHS 110 cepBepa. Uepe3 MeToau 1boro iHTepdeiicy BinOyBaeTbCs B3aEMOIis
MIDK CEpBEPOM 1 KIIIEHTOM. Y CBOIO YEepry Ha CepBepl 3HAXOIMTHCS 0a3a NaHUX, sKa MPAIIOE 31 30ePeIKCHHIM, pPeaaryBaHHIM
JaHUX.

Jliis peatizaliii mporpaMHOTo IPOAYKTY Oyjia BUKOPUCTaHA MOBa mporpamyBanHs C#, cucTeMa yIpaBiiHHS 0a3aMu JaHUX
— PostgreSQL, cepenoure po3podku — JetBrains Rider, mmardopma anst TecroBoro xoctuHry cepBepa Heroku, MobinbHuMiA
JI0IATOK BUKOPUCTOBYE (hpeitMBOopk Xamarin.Forms.

Juns 3B's13ky G6asu manux PostgreSQL 3 cepBepom BukopucToBYyeThesi TexHoioris ORM mix HazBoro Entity Framework
Core. 3a nomomoroto ganoi ORM xacu, onmcaHi mporpaMHIM KOJOM MOKHA 3ICTaBIISATH 3 TAOMHUIISIMA B 0a3i JaHUX.

services.AddDbContext<AmbulanceSystemContext>(options =>
{
var connUrl = Environment.GetEnvironmentVariable("DATABASE_URL");
connUrl = connUrl.Replace("postgres://", string.Empty);
var pgUserPass = connUrl.Split("@")[0];
var pgHostPortDb = connUrl.Split("@")[1];
var pgHostPort = pgHostPortDb.Split("/*)[0];
var pgDb = pgHostPortDb.Split("/")[1];
var pgUser = pgUserPass.Split(":")[0];
var pgPass = pgUserPass.Split(":")[1];
var pgHost = pgHostPort.Split(":")[0];
var pgPort = pgHostPort.Split(":")[1];
string connStr = $"Server={pgHost};Port={pgPort};User
Id={pgUser};Password={pgPass};Database={pgDb};ssimode=Prefer;Trust Server Certificate=true";
options.UseNpgsql(connStr);

VY naHiit AiISHOI KOy, CHOYaTKy 34YUTYEThCS 3MIHHA HABKOJIMIIHBOTO CEPEJOBHILNA CHCTEMH, Ha SKOMY CepBep
posropraerbest. [1oTiM mapcuHroM 3 1ii€i 3MiHHOT 3YMTYIOTHCS JJaHi PO MOPTH 1 XocTU. Ha OCHOBI LIMX J@HMX CTBOPIOETHCS
PAIOK JUTS MigKIFOUEHHs 10 0a3u manux. [lapamerp sslmode no3Bosiste migkiIoyaTucs A0 0asu 3 Pi3HUX aaMiHICTPATHBHHX
naHesnei it podoTr 3 0a30r0 JaHMX Oe3mocepeHbO. ['0TOBUI KOHTEKCT 0a3u MOXKE MPAIIOBATH 1 B3aEMOJISITA 3 JTAaHUMU 3a
JIOTIOMOT 010 KnaciB. 1Jist 3MiHM CTPYKTYpH 0a3M JaHUX BUKOPHUCTOBYIOThCS Mirpaii. BoHH CTBOPIOIOTBCS ITiciIst 3MiHM KJIaciB,
sIKI ONUCYIOTh Tabimui i ix atpuOyTtu. Mirpanii ckiagarotecst 3 Ha3Bu i Bepcii Entity Framework Core, Ta 3a momomororo
migrationBuilder mocmijoBHO onuCyOTH BCi 3MiHH, SIKI HEOOX1THO 3aCTOCYBaTH A0 Oa3H.

Hwxue mpencraieHi ocHOBHI (YHKII Ta HpoLeaypH HPOTPaMHOTO TPOAYKTY, i3 3aCTOCYBaHHAM SKHX peasli30oBaHO
CHCTEMY LIBHAKOI JOTIOMOTH.

Peaxnizamiss ogHOpa3oBOro mapois IS MiATBepKeHHS momTH. JaHuit MeTon oOpoOisie CTBOPEHHS 1 BiATIpaBIICHHS
OTHOPA30BHX TMapoiB. BiH € aCHHXpOHHIM 1 Ha BUXOJIi Ma€ CTPOKOBHUH THII TaHUX, SIKHUI MiCTUTH 3T€HEPOBAHAN OJHOPA30BUI
naposib. [lapamMeTpaMu METOMy € TOIITa 1 JIOTIYHE 3HAYEHHS TOT0, YM € Iie peecTpallisi adbo aBropusariis. [lami BinOyBaeThCs
NOIIYK KOPUCTyBaya 3a MOIITO. SIKIIO JIoriuHe 3Ha4YeHHs JOpiBHIOE true, aje KOpUCTyBad HE 3HAWICHWH, METOJ| BHUIAE
«BUHATOK». B iHIIOMY BHTajKy, KO 3MiHHA gopiBHioe false i kopucTyBau 3HalimeHuit B cucTemi, Takox Oyme BHIAHO
«BuHATOKY. Jani korcTpykTop MimeMessage() cTBoproe moBioMIIeHHS, sike 1 Oy/ie BIAMPABICHO K OJJHOPA30BHUil maponb. 3a
nomomororo SmtpClient() cTBoproroThest KoHDIryparii 1st KOHEKTY. B pe3ynbTati MeTol MOBEpHE 3reHEPOBaHHI MapOIb.

Jlorika cTBOpEHHS OJIHOPAa30BOTO MapoJis BUHECEHa B OKpeMuil MeToJl. Bka3ano macuB Bcix mudp, i 3a IOMOMOTOIO [[LOTO
MacHBY CTBOPIOETHCS 6-3HAUYHMI OHOPa30BUi napoib. CoOpTyBaHHS BiIOyBa€ThCS B IIUKIII, @ HA BUXO1 CTBOPIOETHCS PAIOK 3
BHITQJKOBO BiJICOPTOBAHUX U DP.

public string GenerateOtp()
{
var chars = "1234567890";
var stringChars = new char[6];
var random = new Random();
for (inti=0; i < stringChars.Length; i++)
{ stringChars[i] = chars[random.Next(chars.Length)];
}

var str = new String(stringChars);
return str;

}

CrBopeHHs Ta pobora xabiB. Xabu — 1ie YMOBHI KIMHATH, SIKI MICTSTh 3'€JHaHHS AESKOI KUIBKOCTI KOPUCTYBadiB IS
00OMiHY MiX HAMH TaHUMH B PEXHMi PEabHOTO Yacy. Xabu CTBOPIOIOTHCS Ha CepBepi, MPUIMAalOYl BCi MOBIIOMIICHHS Bix
OJTHOTO KOPUCTYBada IIbOTr0 Xaba i TPaHCIIOIOYH I1€ TIOB1IOMIICHHS iHIITMM KOPUCTYBa4aM Xaoa.
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public class HubContextGps : HubContext
{/I checking status

public static bool ReadyForConnect { get; set; }

public static bool IsConnection { get; set; }

public HubContextGps()

{ HubConnection = new HubConnectionBuilder()
WithUrl(Url + "gps™)
.Build();

public async Task EnterToGroup(int callld)
{ await HubConnection.InvokeAsync("Enter", callld);

public async Task SendToServer(int callld, double latitude, double longitude)
{ await HubConnection.InvokeAsync("SendGPS", callld, latitude, longitude);

B

Kontekcr xaba: 3minmi ReadyForConnect i IsConnection BkasyioTe craH migkiaodeHHs 10 xaby. KowHctpykTop
HubContextGps() 3a momomororo HubConnectionBuilder() crBoproe dakTuyno migkmOUYeHHs g0 xaby. Meron
EnterToGroup(int callld) momae xopucryBaya mo rpynu B xabi. Ha3a xaba Bu3HauaeThCs imeHTH(IKaTOpOM BHKIHMKY. Ha
cepBepi Xab CTBOPIOE TPYIy 3 TaKOK Ha3BOIO. ['pyna BH3HAYAETHCS iMCHTH()IKATOPOM BUKJIMKY, a JaHi MPO MIHPOTY Ta
JIOBrOTY TPaHCIIOIOTHCSl YUaCHUKAM I'pyIH xaba.

Tpancnroe fnaHi KOpucTyBad poiii «BoAii». [Ticis mpUHHATTS BUKINKY, B Xa0l 3HAXOAATHCS J[Ba YYaCHUKH: KOPHCTYBad,
KM BUKJIMKaB MIBUAKY 1 BOJAIA KapeTH, SKWM BHKOHye Nl BHUKIMK. JlaHI NpO MICII€3HAXO/PKEHHS KapeTH BOis
TPAHCIIOIOTHCS MOTEPIIIOMY B PEXHMI PEAbHOr0 4acy. TakuM YHHOM PEali3yeThCsl MOXIHBICTH BiJCTEKEHHS KapeTu
LIBH/IKOI JIOTIOMOTH B MOOLTBHOMY JIO/IATKY.

Ha cepBepi BukopucToBy€eThes Gibmioreka SignalR, sika 3a6esmnedye po6oTy 3 xabaMu, TpymaMH i I IKIIOUCHHSIMH.

public class GpsHub : Hub
{ public async Task Enter(int idCall)
{

await Groups.AddToGroupAsync(Context.Connectionld, $"group{idCall}");

}

public async Task SendGPS(int idCall, double latitude, double longitude)

{

await Clients.OthersInGroup($"group{idCall}").SendAsync("ReceivingGPS", latitude, longitude);
await Clients.All.SendAsync(""ReceivingGPS", latitude, longitude);

B

Hosuii xab cTBOproeThest 3a gonmomororo kiacy Hub. Acunrxponni meroau Enter ta SendGPS 3a6e3neuyrots poboTy xaba 3
KiieHTaMd MoGineHOrO momatka. Groups.AddToGroupAsync nomae HoBi migkmtodeHHs B xab, a SendAsync TpaHciroe
MOBIJJOMJICHHSI 1HIIMM MiAKIIoueHuM Kimientam. SignalR cam Hamgae kpamumii MexaHi3m Juis B3a€MOJil ISl KOHKPETHUX
Bunankis. Haiibinem ontumansHuM € WebSockets. YV nmeskux Bumamkax, xomu WebSockets we minTpumyerscs,
BUKOPHUCTOBYETECs Server-Side Events abo Long Polling.

Peanizanist nporpaMHoOro npoaykrTy

Merononoris po3poOku. bByio mocraBieHO BaXIMBE 3aBIaHHS CTBOPEHHS MAaKCHMAalIbHO TOYHOTO, 3pYy4YHOTO Ta
3aBepIICHOTO MPOTpaMHOTo 3a0e3nedeHHs. ToMy oOpaHa METOIOIOTis po3poOKH nepeadadaia moOyI0BY IPOTOTUITHOT MO
CUCTEMH, IO JO3BOJIMIO B KOPOTKI TEPMIHHM peani3yBaTH MOOUTPHHN JOAATOK U TMAIIEHTIB Ta MPAIiBHUKIB IIBHIKOL
nmorroMord. OCKUTBKM TIPOTPaMHUM MPOAYKT MaB MPOXOAWTH YHCICHHI CTalil TepersimTy Ta TOONpaIfoBaHHA, oOpaHa
METOJIOJIOTsI BUSIBHIIACH BKPal €()eKTHBHOIO Ta T03BOJIMIIA ONICPYBATH Hai3aTpeOyBaHIIIMMU IHCTPYMEHTaMHU PO3POOKH.

sUMoSU AHATIS M NPoeKMVedHHA

NOYAmyose NIAHVeanHA MIAHVEAHHA ENKOHANHA

NOKPOKOEd
dematizayia

DO3Z0PMARNA

ClfIHKQ mecnivedanns

Puc. 2 — IlporoTnnHa Moe b PO3POOKH T0AATKY
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OyHKIiaHATbHI MOKJIMBOCTI Ta OMKC IPOrpaMHOro npoaykty. KopucryBau Moke 3apeecTpyBaTHCs 1 yBIHTH B MOOUIbHUI
JOJATOK, 00 MaTh MOXCUIMBICTh BHUKIMKAaTH KapeTy IIBHUAKOI NOHOMOrH. Ilicms BHKIHMKY KapeTH, KOPHCTyBad MOXeE
BIJICTeXKYBAaTH ii MiCIIE3HAXO/KCHHS B PSKUMI peanbHOro yacy. Ha mari moka3aHuil ONTUMAIbHUNA UISX BiJl MIiCLS BHKJIUKY
JI0 IOTOYHOTO 3HAXO/KEHHSI KapeTH, a TAKOXK BiOOpakaeThCs 3MiHA MOJIOKEHHS KapeTH Mif Jac 11 pyxy. s kopucTyBaHHs
MOOLTBHHAM J0AaTKOM HEOOXIAHO MaTH JOCTYN 10 Mepexi 1 BkiaroueHuit GPS. Ilpu mepmioMy BXOAi BiIKpUBAeThCsA (hopMma
BXOAy B gojaaTok. Ha pucyHKy 3 HaBeleHO CTOPIHKY aBTOpH3allii KOPHCTYBaya B JOAATKY.

319 & & v4an

IR0 * WM
!:_'_ - ~

YBilTH B0 cucTeMMn

YBIATH

Puc. 3 — Cropinka aBropu3anii

st peectpartiii HOBOro KopHcTyBaya IependadeHo KHOnky «HoBuit akayHT» Imicis HATHCKaHHS SKOI BiAKPHETbCS HOBA
CTOpIHKa, /Ie CTBOPIOETHCS HOBHH aKkkayHT. KopucTyBad MMOBHHEH BBECTH CBOi JIaHi i HATUCHYTH Ha KHOMKY «lligTBepauTny.
[Ticns mporo Ha moOIITY, Ky OYJNO BKa3aHO, HAJACWIAETHCS OJHOPA30BHH Mapoib Uil MiATBEp/UKEHHA. Ilicis BBeneHHS
OITHOPA30BOTO TApOJII HA CTOPIHII peecTparlii, CHCTeMa 3apeecTpye KOpHCTyBada, BHOCHTH Horo nmai. [lami BigOyBaeThcs
TepexiT Ha TOJIOBHY CTOPIHKY mporpaMu. Ha pucyHky 4 HaBeJJleHO MEHIO KOPHCTyBada-Tali€eHTa MOOLUTBHOTO JOAATKY.

BumnmeaTi WengEy
BigcremeuHa KapeTe
NMpodine
Ingopraayin
HacTpolERr

Puc. 4 — MeH10 KOpuCTyBa4a

Ha ronoBHi#l cTOpIHIII JOAATKY MOKHA BiJjpa3y BUKIMKATH IBUAKY JOMOMOTY. J{Jsl IbOTO € TP OMIil: BUOpaTH MPUIUHY
BUKJIMKY 1 HATUCHYTH KHOTIKY «BUKIIMKATH MIBHIKY»; CAMOMY OIMMCATH MPUYMHY BHUKIHKY 1 HATHCHYTH KHOTIKY «Buknukatu
HIBUIKY»; HE BKa3yBaTH HIYOTO 1 HATUCHYTH KHOIKY «BuknukaTu mBuaky». Jlam kopucTyBad Mae MOKIHBICTD BiICTEKYBaTH
CBOIO Kapery, siKa MpsIMye€ JI0 HbOTO B JJaHUit MOMeHT. [1J1s Iboro HeoOXiJHO MepeiiTn Ha cTopiHky «BixctexenHs kaperu». Ha
PHUCYHKY 5 HaBeIeHO BIKHO J0JaTKa, JI¢ BiIOOPaXKAEThCS MUIAX, MICIIE3HAXO/KCHHS TAIli€EHTa Ta MICI[E3HAXO/DKCHHS KapeTu B
peasibHOMY Yaci. MapuipyT TakoX BigoOpa)kaeThCsl y JOAATKY BOJIS INBUIKOL, 3aBASKH YOMY BiH BUTpadyae HabaraTo MEHIIe
4acy sl TOro, o0 AiCTaTUCs MyHKTY NMpHU3HAueHHs. TaKUM YMHOM BHPILIYETHCS JyXe BaK/IMBa MpobieMa eKOHOMIi dacy,
o0 MOXKe OYTH AyKe BaXUIMBAM (DAaKTOPOM JUISl TIOPATYHKY JIOJWHU. B CBOIO 4epry JIFOMHA TaKOXX BUTPAYAE MiHIMaJIbHY
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KUIBKICTh Yacy Ui BUKIIMKY IIBHKOT JOMOMOTH 4epe3 MoOUIbHUMIT noxaTok. KopucTyBau, sikuii 3HaXOAUTHCS B CTaHI, KOJIH
BiH HaBITh HE B3MO31 [TOBIIOMHUTH IIPO CBOIO MTPOOJIEMY, OJTHUM KITIKOM MOXE 31 ICHUTH BUKJIHK.
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Puc. 5 — BikHo BincTexkeHHSI MicIisl 3HAXOZKEHHSI KAPeTH MBUIKOI 10TIOMOT T

Takox MOOLTEHHMH 10JJATOK Ma€e CTOPIHKY OCOOHMCTOro HMpo(info nanieHTa. Y HbOMY KOPHCTYBad MOKE IEPETJIsAaTH CBOT
JlaHi, BBEJEHI mimJac peectpamii. 3a MoTpedoI0 KOPHCTYBAad MOXKE 3MIHIOBATH iH(OPMAII0 HATHCHYBIIN KHONKY «OHOBUTH
nmaHi». [Ticis mporo 3amuT, B Ti SKOTO MICTATHCS HOBI 3HAYCHHSA TIONIB, BiANPABIEThCS Ha cepBep. [licist 00poOku maHuX i
30epexeHHs 1X B 0a3i maHux, iHpopmamito Oyae oHoBieHO. [liggac KOXKHOTO BXOIY B JOJATOK aBTOPH3AIlis 30epiracTbes.
Haruckanns kHONKY «BUiTH 3 cHCTEMM) IPU3BOJUTH 10 3MiHHM KOPUCTYBaya.

B pasi BUKOpUCTaHHS JOAATKY KOPUCTYBaueM — BOJIEM KapeTH LIBUAKOI JOIIOMOTH, Peayi30BaHO HACTYIHHH aJrOpUTM
niit. [Ipu BHKIIMKY IIBUAKOI JOTTOMOTH MAIiEHTOM BOJI€BI KapeTH MPUXOANUTH TIOBIIOMIIEHHS TIPO T€, II[0 B CHCTEMY HaJliHIIOB
HOBUIT BUKIHK. [Ticnst y3rokeHHs 31 CTaHIi€0 BOAIN NpuiiMae BUKIIHMK Y IOJATKY, /I 0/Ipa3y BioOpa3uThCs TOUKA HAa Marli —
Miclie 3HaXOJPKeHHs NallieHTa Ta Oy/ie POKIaIeHO MapIIPyYT 3a Ii€l0 ajpecoro. B MoMeHT npuOyTTs 32 MiclieM NpU3HAYSHHS
KOpPHUCTYBaueBi MPUXOANTH MOBIJJOMIICHHS TIPO Te, 110 KapeTa IBH/KOI JOIIOMOTH MpulyIia 3a aJpecoro.

Po3pobinennii 1o1aTOK MPOTECTOBaHO Ha pisHUX Bepcisx Android. [loBeneHa crabinpbHa paboTa JOAATKy Ha MOOUTBHUX
MIPUCTPOSIX PI3HUX BUPOOHHUKIB.

BucHoBxku

BaxniBoio 9acTHHOIO JaHOi poOOTH € peamizaiisi MOOUTBHOTO AONATKy 1 cepBepy. 3aBAskM oOpaHiii MeTonoJorii
po3pobkH, a came MOOYAOBI IPOTOTHIHOI MojelNi, MOOUIBHMH /JONAaTOK CTBOPEHO B KOPOTKI TEPMiHH, HOro poOoTy
JOCTIKEHO, IIBUAKO BUSBJICHI HEMONIKH OKPEMHUX MOIYIIB, BHECEHO BiIIOBIIHI 3MIHH 10 MPOTrpaMHOrO Koay. Po3poOka i
BpaxyBaHHS BCIX HIOAHCIB POOOTH MPOTPaMH B PEKUMI peaslbHOTO Yacy BIMarae 3a3/JaJierib TPAMOTHOTO TIPOCKTYBaHHS BCi€l
CHCTEMH, OCKIJIBKU I0AAaTOK TOBUHEH MOMEHTAIFHO pearyBaTH Ha 3MiHH B KOOPJIMHATAX KapeTH IIBUIKOI IOMOMOTH, a CepBep
JOJIATKY TIOBMHEH MaTH BUCOKY CTIHKICTh 10 Oyab-sSIKMX HaBaHTaxeHb. ll[e OIHIEIO Ba)KIMBOIO OCOOJHUBICTIO € peai3allis
ACHMHXPOHHUX METOJIB Uil poOOTH MporpaMu B JACKUIbKOX MoTokax. IlocTaBanu muTaHHS, SIK pealli3yBaTH B3aEMOJIIIO
nami€eHTa i BOJisl KapeTu, OOMiH JaHMMHU MK HUMH. PillIeHHSIM CTano CTBOPEHHS YMOBHHUX KIMHAT — Xa0iB Ha CTOpPOHI cepBepa,
B SIKUX 3HaXOJATHCS MAIli€HT i BOJii. XaOu iCHYIOTh OKPEMO 1 He B3a€EMOJIIIOTh OJIMH 3 OJJHUM, TOMY po0OTa IIOTOKIB TaHUX Ha
cepBepi NMPOXOJIUTh aCHHXPOHHO, HE 3YMHUHSIOYM 1HIIN MOTOKW. /I BiINpaBKM Ha cepBep MiClLsl pO3TallyBaHHs Malli€HTa
ABTOMATHYHO BUKOPUCTOBYETHCS CHUCTeMa TiobampHOro mnosuiionyBanHs (GPS) B moOineHOMYy Tenedoni. Jlani wmicus
po3TalryBaHHS KapeTH MOXYTh IepenaBaTiucs abo TakuM jKe IUITXOM 3a JIOIOMOTol0 TenedoHy BoJis, abo depes3 HaBirarop
GPS, po3ramoBaHwmii B KapeTi IMBUIKOI JOTOMOTH
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