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YIIK 51-76
FUNCTIONAL REPRESENTATION METHOD FOR 3D-BIOPRINTING
METO/J ®YHKIHUOHAJIBHOI'O ITPEJACTABJIEHUS JJ151 3D-BUOIIEYATH
Pakhomova E.A. / IlaxomoBa E.A.
ORCID: 0000-0001-5074-6538
SPIN: 4230-8680
National Research Nuclear University MEPhI, Moscow, Kashirskoe Hwy, 31, 115409
Hayuonanvhoui uccnedosamenvckuii soepruiil yuugepcumem MUD,
Mocksa, Kawupckoe wocce, 31, 115409
Skolkovo Institute of Science and Technology, Moscow, Bolshoy Boulevard, 30, 121205
Croakosckutl uncmumym Hayku u mexuonoeuti, Mockea, bonvuwot 6ynveap, 30, 121205

Annomayusn. Ilpoananuzuposan Kpumepuii MOYHOCMU C NO3UYUL KA4ecmed npoyecca
buoneuamu: akmopvl, GIUAIOWUE HA YPOBEHb  MOYHOCMU, CHOCOObL €20  U3MepeHus,
MOOeNUPOBaAHUsl, HATUYUE NPOSPAMMHO20 ObecnedeHusi Ol YMux yenel, d Maxxice 803MOJ’CHbIE
nYmu pazeumusi ONUCAHHO20 NPEOMEMmHO20 NOJSL NPU COBPEMEHHOM e20 cocmosnuu. TIpednosicero
paccmampusams 3D-6uonevams Kak ycogepuiencmseosanuyio 3D-nevams ¢ aoanmayueri K HCUGbLM
KAEMKaM, MKAHIAM U KOHCIMPYKYUSIM C NPUMEHEHUeM Memood QYHKYUOHANIbHO20 NPeOCMAaBLeHUs.

Knrwouesvie cnosa: 3D-6uonpunmune, memoo QYHKYUOHANILHO2O NPeoCmAasieHusl, YPOBeHb
mouHocmu, yugposoi 0BOUHUK

Abstract. The criterion of accuracy is analyzed from the standpoint of the quality of the
bioprinting process: factors affecting the level of accuracy, methods of measuring, modeling, the
availability of software for these purposes, as well as possible ways of developing the described
subject field in its current state. It is proposed to consider 3D-bioprinting as an improved 3D-
printing with adaptation to living cells, tissues and structures using the functional representation
method.

Key words: 3D-bioprinting, Function Representation, fidelity, digital twin

Beryniienue.

B Hacrosmiee Bpems Mup mnepexuBaeT IV HHIYyCTpHAIBHYIO PEBOJIIOLHMIO,
chokycupoBanHyro Ha 3D-newatu u 3D-Omomeuatn. OpHako, B OTJIMYKE OT
JI0BOJBHO pa3BuToil 3D-meuaTtn, 3D-OnoneuaTs HAXOAUTCA HA CTAIUU Pa3pabOTKH
KaK OTpaciib HMHAYCTpuH M cdepa HCCICAOBAHHM, TOCKOJIBKY BCS HWHIYCTPHUS
OuomevaTtd HalpaBl€Ha CKOpee Ha UCCIEJOBaHHE TEXHOJOTUH, TpeOyromen
I[Opa6OTKI/I C OCSJIbKO CO34aHUA ’KHU3HECIIOCOOHBIX OpPTraHHBIX KOHCTPYKTOB.

OpuuM u3 0OCYXXIaeMbIX acHeKTOB sBIseTcs fidelity, WM OTKJIOHEHUE
KEJIAeMOro pe3yJsibTara OT JIEUCTBUTEIBHOTO (Ha PYCCKOM MaKCHUMAJIBHO ONHM3KHIA
aHAJIOT — «TOYHOCTH»). TOYHOCTH OHMOMEYaTHOTO KOHCTPYKTA IO3BOJISIET
MpeacKasarh, OYIET JU OSTOT KOHCTPYKT JKM3HecmocoOeH. Ilinoxas TOYHOCTH
MPUBOJUT K (PUHAHCOBBIM MOTEPSAM U 3aTATUBAHUIO HKCIIEpUMEHTa. UTOOBI H30eXKaTh
MOAOOHBIX MpoOJeM, YpPOBEHb TOYHOCTU [IOJDKEH OBITh OIpPEIENICH 3apaHee C
IIOMOII[BI0 MAaTEMATUYECKOI'0 MOJECIUPOBAHUS U CHUMYJALUH, T.€. MHOCPEACTBOM
co3flaHusi 1U(poBOro ABOMHMKA TME4YaTHOTO opraHa. JloCTHKeHUE MNPUEeMIIEMOTO
YPOBHS TOYHOCTH Ha OJTale MOJACIMPOBAHUS IO3BOJIUT JTOOUTHCA OOJbIIeH
() GEKTUBHOCTH B MPEIMETHOM 00J1aCTH U, KaK CICACTBUE, B HHIYCTPUH OUOIICUATH.

B HCCICAOBAHNHA PACCMATPHUBACTCA BA’)KHOCTb TOYHOCTH KaK KPUTCPHUA Ka4CCTBA
npoiiecca Ouonedaru. [Ipoananus3upoBaHo, YTO BIMSET HA YPOBEHb TOYHOCTH, Kak
¢Iro MOXHO H3MCPHUTHL H CMOACIHUPOBATH, CCThb JIH Kakoe-11u00 IIpOorpaMMHOC
obecrieueHue ISl U3BMEPEHUS U KaKOB JIAJIbHCHIIINKM MMyTh Pa3BUTHSL.
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OCHOBHOM TEKCT.

Obnactes wuccnenoBanuil 3D-OmomneyaTH, SBISIOUIYIOCS YacThlO OOJBIION
obmactu  «3D-mewatb B MEAMIMHE»,  MOXHO  paccMaTpuBaThb  Kak
YCOBEpUIEHCTBOBaHHYI0 3D-mevaTh ¢ ajanTanueld K JKUBBIM KIETKaM, TKaHSIM U
KOHCTPYKUUSM. BHONIpUHTEpPHI MOKHO paccMaTpUBaTh KaK OAHY U3 Pa3HOBUIHOCTEH
MeAUIMHCKUX 3D-NpuHTEPOB, YTO MpeacTaBiIeHo 00001eHHoM cxemol (puc.1).

3D printing in medicine

I
+ .

Bioprinting (as printing Printing something for

of living cells, most purposes of a living Vascular implants, grafts &
COMMoN cases) organism > protheses
(11, 3], [], [20], [29] [2], [51,061, [19] [10], [11], [14], [44]
Blood vessals
[12,[451,[47] - — Implants, grafts & protheses _>{ Dental implants |
Vascularized tissue | | {most common cases)  — [30], [32], [33], [34]
. . _ [7], [8], [9], [49] [27].[28]
Jaaculapzed cardiac Carfiage grats
o - : M (59,60 |
[13],[46].[248] Skin e For drug delivery systems !
(15, [16],50] ™ and dru[gsi.d]:reemng 4._{ Joints implants & protheses
[35], [26].[37]
Bone - Tizsue engineering: .
[171, [18], [31] biodegradable parts for _,{ Bone implants & protheses
fissue reconstruction )
- [53],[61].[62]
Cartilage -
For pharmaceufics [561,157] 353] [+— Biodegradable scaffolds |
research & tests 4>| Sratolds [40], [41]
o
22, [ Physiclogically 138, 9] Mon-biodegradable scaffolds
relevant tissue [+— [42] [#3]
For cancer therapy 1211, 122]
development
[24],[25].[26]
Whole living organs
(active elaboration) |4
[20],[52]

Puc.1 3D neuats B MeaquunHe (BKJIKYas OMONEYATh)
Hcmounux: [1] — asmopckas paspabomka

Menmununckas 3D-nieyate MOXET ObITh OObEAMHEHA C OHMONEYaThl0 C y4ETOM
UCIIONIb30BaHUsl ~ OuMomarepuanoB, reHepauuu  ckapdongoB  (KapkacoB) H
BO3MO>KHOCTBIO OTHECEHHSI ATUX JIBYX HAMPABICHUN K aJIUTUBHBIM TEXHOJIOTHSIM.
Menuruackyto 3D-medats U Ouomnedarh M3 JKUBBIX KJIETOK OOBEIMHSAIOT: CBOWCTBA
OnomarepuanaoB, NTPOOIEMBbI TOYHOCTH, AaJJUTUBHAS TEXHOJOTHUS B KadeCTBE
TexHoJIoTuueckor 0a3bl. C Ipyrol CTOPOHBI, MapaMeTp TOYHOCTH TOpa3io BaKHEE
JUTsl OMOTIeYaTH U3 )KUBBIX KIIETOK, yeM s 3D-medatu B MEUITMHCKUX 3a/1a4ax, T.K.
MMIUTAaHTaThl BCErJla HMMEIOT KOPPEKTHPOBKY TMOCJE MPOU3BOJACTBA, a mpu 3D-
OuomneyaTd TOYHOCTh CIUSHHUS C(PEpOUIOB TKAHEW MOXKET BIUITh HE TOJBKO Ha
KauecTBO MeYaTH, HO U Ha )KMU3HECITOCOOHOCTh OMOKOHCTPYKIUU.

B kayecTBe MOTEHIMAIBHOTO PEIICHUS JJISI MOJCTUPOBAHUS U CUMYJISIIUU ObLT
onpenenen moaxon FRep (Function Representation), WCHOJb3yeMbIil B
TBEPJOTEILHOM, OOBEMHOM MOJCIUPOBAHUH, KOMIIbIOTepHON Tpaduke. [loaxon
FRep Obi1 ycmemHo HCHOMB30BaH I MOJICIUPOBAHUSI POCTA KOJOHUHU KIETOK
MJICKOITUTAIOIINX, TIPEACTABIIIONIEH co00i "oOpaTHYO 3a1aqy" CusHUS CHEPOUI0B
TkaHen [2]. PaccmarpuBas noaxon FRep s mojaenupoBaHUs TOYHOCTH, CIEAYET
OTMETHTD, 110 KpaliHel Mepe, JIBa OTPaHUYEHUS: 10 YHCITy CHEpPOUuI0B TKAHU BBUIY
XapaKTEPUCTUK HEOOXOJUMON PpEe3yJbTUPYIOIIeH OuoneyaTHOM KOHCTPYKIIUMHU; TIO
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HAIpaBJICHUIO JABUKEHUS, T.K. TKAHEBbIE CPEPOUBI JOJKHBI ObITh TOJIBKO BHYTpPU
karmenb rtuaporens. [logxom FRep wucmonmb3yer HempepbiBHYIO (YHKIIUIO CO
cBOMcTBaMM: OOJblle HYJIS 3a mIpeneiramMu OOBEKTa, paBHA HYJIO Ha TPAaHULIE
o0BbeKTa, MEHbIIE HyNs 3a mpeaenamMu oObekTa [3]. [TockombKy MOIX0J MO3BOJISAET
YYHUTHIBATh TOYHOCTh KaK KPUTEPUN KadecTBa OWONEYATH, OH SIBJSETCS XOPOITUM
pEIIeHUEM IS 3a/1a4 MOJICITMPOBAHUS POCTa KOJIOHUM, CITUSHUSA C(HepOnIOB TKaHEH.

Omna w3 mpoOsieM JOCTIKCHHSI TPUEMIIEMON TOYHOCTH, SIBISIOMICHCS
OTKJIOHEHHEM >KEJIAeMOro pe3ylsibTara oT (PaKTHUYECKOro, COCTOUT B TOM, YTO 3TO
OTKJIOHEHHE MOKET OBbITh BBI3BAHO CIIUIIIKOM Pa3XKMKEHHOU CTPYKTYpOH OHMOUYEpHUI
(rumporesneif), HHM3KOM BA3KOCTbIO, HEKOTOPHIMU JPYTUMH PEOJIOTHYECKUMHU
CBOMCTBaMH. DTO OCJIOXKHSAETCS TEM, YTO MCCJIEOBATEIN MOTYT CAENaTh T'MIAPOreb
0oJiee )KUIKUM, MBITasACh U30€KAaTh HEKPO3a B LICHTPE TKAHEBBIX C(HEPOUIOB.

Emé onna mnpobiiema, YCIOXHSIONMIAsE TMpolecc OuomedyaTH, CBsi3aHA C
MPUPOJHBIM SIBICHUEM CIUSHUSA cPepouaoB, obOecreynBaromM OCHOBY st 3D-
MPOIIECCOB OMOmeYaTH KOHCTPYKIIMM OpraHOB M TKaHEW, JUIsl 4ero B HACTOSIICE
BpeMs CYIIECTBYIOT pabouyue TMPOEKThl YIy4IIeHus Tpoiecca ciusaus [1].
VYBenuuuBas auamerp cPepousoB, MOKHO TMOJYUUTH Jydlllee KauyeCTBO CIHSHUS.
Opnnako, 6o7ee KpynHble chpepon ibl HaCTO UMEIOT HEKPOTHUUECKUN MPOLIECC B LIEHTPE
M3-32 HU3KOW KOHUEHTPALUHU KUCIOPOJa U JPYTrUX MUTATENIbHBIX BEMIECTB U, TAKUM
obpa3om, HE€ MOTYT OBITH HCIIOJIB30BaHBI B OuomedaTu. [l JIOCTHIKEHHS
KOMIIPOMHCCA MEXJIYy JABYMS OSTHUMH BaXKHBIMM TPOILIECCAMU MPEANOJIaraeTcs
MaTE€MaTUYECKH CMOJEIUPOBATh (PAKTUYECKYI0 CHUTyalUI0 C KOHIEHTpalueu
MUTATEIbHBIX BEIIECTB B OINPEACICHHOM JMaMeTpe c(PepouaoB, a 3aTeM — CIHSIHHUE
3TUX c(eporsoB ¢ (PaKTUYECKUM YPOBHEM TOYHOCTH, MPH YCJIOBUH OTCYTCTBUS B
TUX cheponiax Kakoro-i1udo HeKpo3a. ITU JiBa MpoLecca MOJIETUPOBAHMS JOJIKHBI
ObITh OOBEAMHEHBI B OJHOM HCCJIEIOBAaHUM CTaIMU MPEABAPUTEIBHON 00paboOTKU B
3D-skcnepuMeHTax 1O OuornedaTtd, 4YTOObl JIOCTHYb JYYIIMX PpPE3yJbTaTOB M
n30exaTh HauboJee pacpoCTPAHEHHBIX OLTHOOK.

[IpoBeaeHo MoaenMpoBaHUE 3aBUCUMOCTU HAIMYMSI HEKPOTUUYECKUX MPOIECCOB
B IEHTpe OT jAuameTpa c¢epousioB; pelleHa 3agavya peakuuu-guddys3um.
KoHuentpanus kuciopoja B KJIETKaX pacCMaTpUBajiach B 3aBUCUMOCTH OT BPEMEHH
U KOOPJIMHATHI ISl ONpPEACNICHUs] MaKCUMAaJIbHOTO JuaMmeTpa chepouga TKaHu 0e3
HEKPOTHYECKUX MPOLIECCOB, BO3HUKAIOMIMX B HeHTpe. [loTpebiieHne muTaTelbHbIX
BEIIECTB KJIETKAMH pPACCMAaTPUBAIOCh KaK HCTOYHUKOBBIA Ko3pdumment OCR
(cKopocTh OTPEOJICHHS KUCIOPOAa), 3aBUCSIIUNA OT CBOMCTB BRIOPAHHOU KJIETOYHOM
MaTpHUIIbI U BRIOpaHHBIX KJIETOK (1). AmpoOarus v Banugaus MOAEIU MPOBOIUIACH
Ha OBIYBMX XOHJApOONacTax B kieTouHoi kynbtype DMEM, OCR 6bina npussTa B
Bune 2,47*10-16 r/kmerka/c [4], pasmeneHHBIX Ha 00BeM KIETKH. Pacuers
MPOU3BOAIIINCH B TPOTPaMMHOM WHCTpyMeHTapuu Wolfram Mathematica. Ilo
pe3yibTaTamM MOJEIUPOBAHMS, MAKCUMAIbHBIA JUAMETP TKAaHEBOrO cepouia TKaHU
U3 OBIUBMX XOHJPOOJACTOB B KJIETOYHOW KyiabType DMEM 06e3 HeKpoTHYEeCKUX
IPOLIECCOB B LIEHTPE cocTaBisieT 285 MkM. Banupanus moaenu Oblia npegocTaBieHa
B koMmanuu «3D Bioprinting Solutions» Ha TkaHeBBIX cepousiax Ha TPETUU JICHBb
nociie mnoceBa. [lo pesynbTaTam »>KCIEPUMEHTa IOJHOE OTCYTCTBHUE HEKpPO3a
HaOmomaeTcss Ha auaMerpax g0 260 MkM; mpu guameTpe B 285 MKM  yKe
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HPUCYTCTBYIOT HEKOTOPBIE HEKpOTHYECKHEe mporecchbl. OHAKO MO pe3ybTaTaM Kak
MOJICTUPOBAHUS, TaK W OKCIEPUMEHTa HAOMIOJaeTCs TEHACHIMS CHUKCHHS
KOHIICHTPAIlMW KHUCJIOpOJa B IIEHTPE TKAHEBOro cdepouaa IOCiIe JTOCTHKCHUS
muametpa 250 mxm. CremoBareiabHO, MOACIb TpeOyeT MopabOTKH: HEOOXOIUMO
y9ecTh KOI(PQPUIIMCHT KOMIIAKIUK KJICTOK, a Takke paccMoTpeTh auddysuro
MUTATEIILHBIX BEIICCTB U3 CPEJIbI.
2
a—C=D2Vc—0CR, iac:(
ot D ot

o°C  20C
+_

o’r r or

j—OCR (1)

3akJ/il0ueHue ¥ BHIBO/IbI.

Wtak, Bompoc ciusHUS CHEPOUAOB JODKEH OBITh PAacCMOTPEH B
MaTeMaTHYeCKON MOJeNd B KOMIUIEKCE: KaK C T€OMETPUUYECKON TOYKH 3PCHHS,
YUHUTBIBas BO3MOXHBIE OTKJIOHEHHUS OT kejlaeMoro pesynbTaTa («bad fidelity»), Tak u
C TOYKH 3pPCHHsI PEIICHUS YPaBHEHUS «peakiusi-qudy3us» 1715 BRIICHCHUS HaJTMUUs
7100 OTCYTCTBHUS B LIEHTPE TKAHEBHIX CPEPOHMIOB HEKPO3a, JENAIOIIET0 KOHCTPYKT
HeKU3HecTIocOOHBIM. KOHEUHBIM  pe3ynbTaTOM MPEACTABIACTCS KOMIUICKCHAS
BaJTUAMPOBAHHAS MaTEMaTHYCCKU-CUMYJISIIMOHHAS MOAeIb (1u(pOoBOi JTBOWHUK),
oopMIIeHHAs KaK IPOTPAMMHBINA MTPOIYKT.
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V]IK 667.6

PAINT COMPOSITION FOR PROTECTION OF WOOD AND METAL

WITH HIGH MOISTURE RESISTANCE
JJAKODPAPBOBA KOMITO3NLIA JJIA BAXUCTY JEPEBUHU 1 METAJLY 3
MIIBUIIEHOIO BOJIOIOCTIMKICTIO
Dymura V.V./ Ilumypa B.B.
Student / cmyoenm
Holub L.S. / T'oay6 JI.C.
c.t.s. / K.m.u.
Ukrainian State University of Chemical Technology, Dnipro, Gagarin Avenue, 8, 49005
Hepoicasruil suwuti HABYATLHULL 3aK1A0 « YKPATHCOKULL 0epAHCABHUL XIMIKO-MEXHOI02TYHUL
VHigepcumemy, /[Hinpo, npocnekm I'acapina, 8, 49005

Aunomauin. B pobomi pos3ensdaromvcs Acnekmu CMEOPEeHHs CKAady aaxogap6o8oi
KOMNo3uyii 01 3axucmy OepesuHu i memany 3 RNio8uwjeHor eonococmitkicmio. Ilonimepnoro
0CHOB010 1aKOPap6060i KoMNo3uyii € aKxpunosa OUcnepcis camozuusaemo2o muny. Pospobrenuii
cKknad naxogpapbosoi komnozuyii 0ac modcaugicms papoysamu 60102i NOGEPXHI I NPOBOOUMU
gapobysanvHi pobomu npu nioguueril 801020cmi NOGIMpsl.

Knwuosi cnosa: naxoghapbosa xomnosuyis, 3axucm, 60J1020N02TUHAHHS, B0I020CMIUKICMb,
NOKA3HUKU

Abstract. The article considers aspects of creating a composition of paint composition for
the protection of wood and metal with high moisture resistance. The polymer base of the paint
composition is an acrylic dispersion of self-crosslinking type. The developed composition of the
paint composition makes it possible to paint wet surfaces and carry out painting work at high
humidity.

Key words: paint composition, protection, moisture absorption, moisture resistance,
parameters

Beryn.

VY 3B'13Ky 3 HECTIPUATINBOIO €KOJIOTIYHOIO CHUTYAI[I€I0 BCE OUTBIIOTO 3HAYCHHS
HaOyBalOThb  BOJHO-IHUCIEpPCiiHI  JakodapOoBI  MaTepiaid, BHUPOOHMUIITBO 1
3aCTOCYBaHHS  SIKHX HE TOB'SI3aH€ 3  BUKOPHUCTAHHAM  TOKCHUYHUX 1
MOKEKOHEOE3MEUHNX OpPTaHIYHUX PEeUOBHH. [0 1X OCHOBHHUX NEpeBar BiIHOCSTHCS
HU3bKa TOKCUYHICTh, IIIBUJIKE BUCUXaHHS, MOKJIUBICTh (papOyBaTH BOJIOT1 MOBEPXHI 1
npoBoAuTH (hapOyBasibHI POOOTU MPH T1ABUIIEHINA BOJIOTOCTI MOBITPS. 3aCTOCYBAHHS
TaKUX MaTepiajiB  JO3BOJIA€E BUKIIOYMTA BUKOPHUCTAHHS TOKCHYHUX Ta
MOXKEKOHEOE3MEYHUX PO3UUHHUKIB, KPIM TOTO, B IPOMUCIIOBOCTI MTPU POOOTI 3 LIUMHU
MaTepiaJlaMd  3HIDKYIOTBCS BHUMOTHM [0 OXOpOHHM  TMpalli, TMOXEeXo- Ta
BUOyxoHeOe3neyHocTi  ¢apOyBajibHUX  poOIT, HE MOTPIOHO  3aCTOCOBYBATH
oOnmagHaHHS 11 BUPOOHWIITBA Ta HAHECEHHs JIakopapOOBOTO TMOKPUTTA Y
BUOYX03aXUCHOMY BUKOHAHHI.

OcTtanHIM dYacoM BOJHO-IMCIIEpCIHI JakodapOOBI Marepiaaud IIUPOKO
3aCTOCOBYIOTh B OYIIBHMIITBI JUIsl 30BHINIHBOI 1 BHYTPIIHBOT 00poOku. Taki
Marepiajay MOBUHHI BHUPINIYBAaTH 3aBJaHHSA HE TIJIbKUA JIEKOPATUBHOTO O3100JICHHS
OyaiBelb 1 CHOpYyA, a W 3axWIIaTH CIOPYAH BiJ Aii BOJOTH, COHSYHOrO CBITIA,
MEXaHIYHUX a00 XIMIYHUX MOUIKOMKEeHb. HallO11bll nomupeHi B 1[bOMY BIJTHOIIECHHI
dbapbu Ha oOcHOBI mojiBiHiNanerary. IlepeBara ix 0OyMOBJIeHa JIETKICTIO
BUTOTOBJIEHHA BOJHOI JMCIIEpCli MONIMEPY 1 BIJHOCHOKO JI€MIEBU3HOID MOHOMEPY
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[1,2]. OnmHak BOHM MarTh HU3bKY BOJIOTOCTIHKICTH 1 MPH PETYIIPHOMY MHUTTI
MOKPUTTS MOCTYNOBO 3MUBAETHCS BOOIO.

OCHOBHHUI TEKCT

OpHuM 13 coco0iB BUPIIIEHHS i€l MPOOJIEMH € MOXKIIUBICTH 3aCTOCYBaHHS
BOJIO-IMCIIEPCIHUX Jlako(apOOBUX MaTepialiB, 0 CKJIAQy SKUX BXOJAATH BOJHI
aucrepcii  MoMiakpuiaTiB, OTPUMaHI €eMYJIbCIHHOI MOJIMEepU3alli€l0 aKpHUIOBUX
nosimMepiB i comosimepiB. IX BUKOPUCTOBYIOTh B BOJOPO3UMHHMX KOMIIO3HILSAX, IO
YTBOPIOIOTH TBEPJl, arMmocepocTiiiki 1 Onuckydi mnokputts. LI marepianu
3aCTOCOBYIOTh B OYAIBHUITBI Il 30BHIIIHBOI 1 BHYTPIIIHBOI 0OpOOKK OyIiBENb 1
CIIOpYZ, a TakoX i oO0poOku jaepeBunu [3]. HalGiunpm nommpeHUMEU
IUTIBKOYTBOPIOBAaYeM, 10 BHUKOPHUCTOBYETHCS B  pelentypax JakohapOoBux
MarepiaiiB, € BOJHI JUCHEepCii aKpWJIOBUX CONOJIMEPIB (YUCTI aKpuJiaTH),
AKPUJICTUPOJIBHUX COMOJIIMEPIB (CTUPOJI - aKpPUIJIaTH), & TAKOXK TOMO- 1 COIOJIIMEpIB
BiHUJIAILIETATY (3 €THJICHOM, edipaMu aKpUIOBOi a00 METaKPHIIOBOI KUCIIOTH).

[Hmm BomHi gucmepcii, HampUKIaa COMOJIMEPIB CTUPONy 3 OyTajieHoOM i
NOJIlypeTaHiB, MPaKTUYHO HE BUKOPUCTOBYIOTH y  pELENTypax IIMPOKO
3aCTOCOBYBaHUX BOJO-AUCHEPCIHNX JakodapOooBux marepiamnis. [IpudarHOO 1IHOTO €
HU3bKa aTMOC(EPOCTIMKICTh 1 CHJIbHE TIOXKOBTIHHS TOKPUTTIB Ha OCHOBI
CTUPOJOYTAI€EHOBUX COMOJIIMEPIB 1 BUCOKA BapTICTh BTOPUHHUX MOJIYpPETAHOBUX
nucriepcii [4].

Asmopcovka po3pobka

Hamu 3anpononoBaHo ckian 1akohapOoBoi KOMITO3UIIIT 7Sl 3aXUCTY A€PEBUHU
1 MeTaly 3 IMABUIICHOIO BOJIOTOCTIMKICTIO, B SIKIH MTOJIMEPHOIO OCHOBOIO € aKpUJIOBa
mucniepcisi  NeoCryl XK-237. Jlama akpwioBa JAucCHepCis € JAUCHEPCIEO
CaMO3IIMBAEMOTO TUITY 1 SABJIsIE COOOIO pe3yNibTaT MOJIMEpU3allii aKpUIOBOT KUCIOTH
3 I0JIaBaHHSIM CTaO113aTOPIB Ta EMYJIbraTopiB.

B sKocTi mMIrMEHTy 3aCTOCOBYEThCS JIBOOKHC THUTaHy. SK HamoBHIOBaY
3apONOHOBAHO BUKOPUCTOBYBATH KapOOHAT Kajblil0. B sIKOCTI aucnepraropa npu
BUPOOHULITBI JIakoPapOOBOT KOMITO3ULIT JIJIi  3aXUCTy JIEPEBUHU 1 MeETaly
BUKOPHUCTOBYIOTh nucrieprarop Mapku Edaplan-490 - 3mouyBau 1 qucnieprarop, sikui
HOIIXOAUTh JJIsi OpraHiyHuUX mirMeHTiB. Jlo ckimamy JsakogapOoBOT KOMITO3MIIIT
BXOJIUTh IMIHOTACHUK, SIKUW SIBJIsI€E COOOI0 CYMIIl MOJIICHJIOKCAHIB Ta TiapodoOHuX
YacTOK B MOJITJiKoJi. B penentypi BUKOPUCTOBY€eTbCS O10LKI, SIKH Ma€ B CBOEMY
CKJIaJl  aKTUBHY  pPEYOBMHY -  CYMIIlI  XJIOPMETHII30TIa30JIIHOHY  Ta
METHUJII30TIa30JIiHOHY. B gKoCTI 3arymiyBaua BUKOPUCTOBYETHCS  HEIOHHHIA
ypeTaHoBUil MOAU(IKATOP PEOoJorii, po3poOJSIeHU I CKIaJaHHS PELenTyp
MIUPOKOTO  Jiana3ony ¢apb, TMNpU3HAYEHUX IS BHYTPIITHHOTO/30BHINIHHOTO
3acTocyBaHHA (Bia CTpyKTypoBaHux (ap0 mo ¢ap0, moBemiHKa SKUX MPAKTUYHO
BIJIMOB1Ia€ HBIOTOHIBCHKIN PiUHN).

Po3pobnena nakodapboBa KOMIO3UIISE Ma€ HHU3bKY TOKCHYHICTb, IIBHJIKE
BUCHXaHHS, MOXJIMBICTh (papOyBaTH BOJIOIT MOBEPXHI 1 MPOBOAUTH (hapOyBalibHI
poOOTH TpW TIJBUIICHIA BOJIOTOCTI TOBITpsS. BHUKOpPUCTaHHS JaHOTO CKJIamy
nako(apOOBOi  KOMIIO3MINI  JO3BOJSIE OTpUMATH Jako(papOOBI MOKPUTTA 3
MIJIBUIICHUMHU (P13UKO-MEXaHIYHUMHU BIACTUBOCTAMHU (Ta0I. 1).
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Taoaunga 1

®Di3uKo-XiMiYHI BJIACTHBOCTI JaK0(PapO0BOI KOMIO3UILIL A 3aXHUCTY AePeBHHHA
i MeTaJy 3 MiIBUIIIEHOI0 BOJIOTOCTIHKICTIO

No [Toka3Huk Bennunna Onuuuis [Toka3Huku
MTOKa3HUKa BUMIPIOBAHHS JACTY
1 | pH emaii 8,0-9,2 6,8-9,5
2 | MacoBa yactka 53-59 % 52-61
HEJIETYYUX PEYOBUH
3 | ITokpuBHICTB 80-95 Kr/M° 80-210
BHUCYIIICHOI ITIBKH
4 | MopO30CTIMKICTb, 20 °C 5
ITUKJIA HE MEHIIIE
5 | CTifiKICTB IUTIBKH 10 45 rona 12-24
CTaTUYHOI 1 BOJU TIpH
t (20+£2)°C, He meHIIe
6 | CtyniHb nepeTupy, He 5 MKM 30-70
GNISHE
7 | Yac BUCHUXaHHA J10 1 rox 1
cTyneHs 3 npu t
(204£2)°C, He MeHI1Ie
8 | Aaresis (He MeHIIE) 10 MIla 1,5-3
MOBEPXHI :
berony 3,0
Lermm 3,5
IepeBa 2,5
Metany 2,0
BucHoBkH.

byna orpuMana ekojoriuHo yucra JiakogapOoBa KOMIO3UIIIS JJISI 3aXUCTY
JEPEBUHM 1 MeTajly, sKa Ma€ IMiJABUIIEHY CTIMKICTh 0 JAii BOJOTH, CTIMKICTH JI0
BIUIUBY MPOJYKTIB MeTaboJi3My OakTepiii Ta yTBOpPEHHsI I'pUOKOBOI MiKpOQIOpH.
JlakoapboBe MOKPUTTS Ha OCHOBI PO3pPOOJEHOTO CKJIAAy HE Ma€ HEraTHBHOTO
BIUTMBY Ha 37I0POB’S JIOJWHU Ta HETAaTUBHOTO BIUIMBY Ha OTOUYIOYE CEPEIOBUIIIE.
CykymHICTh BCIX O3HAaK 3asBJICHOI PELENTYpH J03BOJISIE PO3POOUTH Jako(apOOBy
KOMITO3MIIII0O 3 XIMIYHO, TE€pPMO-, MOPO30-, BOTHECTIAKICTIO, MIABUIICHOIO
BOJIOTOCTIMKICTIO JUIs 3aXUCTY JEPEBUHU Ta METAIY.
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Abstract. The article discusses the approach of the physical aspects of transfer processes. The
given information-energy approach is acceptable for formulating and solving problems of non-
idealized mechanical and hydromechanical systems in dissipative processes. The article describes
the principles that can be used for the design of devices and modules of mechatronic systems.

Key words: transfer phenomena, transfer coefficient, system consideration levels.

Introduction.

Nowadays, significant attention is paid to the transfer processes in hydraulic
drive systems and apparatuses, namely in hydrodynamics, mechanotronic and
automation, since they have a pronounced character of energy balance and are closely
related to the transfer of mass, energy and momentum with the determination of
coefficients, and with another with and information-energy transfer-virtual [1-2]. The
range of tasks is the creation of high-energy and efficient systems and devices with
high energy efficiency and flexible readjustment of the operating characteristics on
demand by command from a computer. These tasks include the creation of effective
vibration protection systems, energy dissipation-shock-absorbing devices with stable
characteristics, technology for the development of hydrogen generators of increased
productivity using computer control, technologies of cavitation liquid media [3-6].

To achieve this goal, for the first time, it is proposed to use the synthesis of
information and energy of signal and energy transmission, which provides a
significant reduction in calculation and design time in comparison with existing
methods. On the one hand, it makes it possible to organize good energy processes, on
the other hand, when we control the electronic part, the time for the numerical
calculation of the design and verification of design options is significantly reduced.
This is achieved, on the one hand, by taking into account the transmission
phenomenon at the stage of calculation, on the other hand, by the consistency of the
computer part of information and energy transmission.

The developed block diagram illustrates the proposed approach to the transfer of
information and energy in mechatronic systems when analyzing its behavior,
transitions of information flow into the energy flow of the executive system (signal,
action, result) (Fig. 1). At the first stage, the flow of information turns into a flow of
pneumatic, hydraulic, electrical energy in the executive units and elements of the
system according to the transmission coefficients (Fig. 1). In some cases, the
movement of the working body in such system can be carried out by hydraulic drives.
A three-stage energy conversion takes place in the hydraulic drive. First, electrical or
thermal energy is converted into mechanical energy and then into hydraulic energy.
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For the initial conversion of energy, electric motors are used, less often internal
combustion engines or a manual drive. The transformation of mechanical energy into
hydraulic energy is carried out by hydraulic pumps and is characterized by the
transfer ratios in the drive system in the working environment.

The scale of the change in transmission factors determines the compliance of the
performance characteristics with their value in the design of the system. As practice
shows, in the changing operating conditions of the system, the energy balance
changes. For example, a change in heat transfer in the system affects the working
processes and, accordingly, leads to a change in the transfer coefficients and
operating characteristics of the system as a whole, namely, the accuracy of its
positioning, the flow rate of the working fluid and the speed of the working fluid.
Changing the operating characteristic of a drive or system requires constant
adjustment of its characteristics and leads to a change in operating parameters,
efficiency. Therefore, the well-known methods of compensating for changes are the
introduction of feedback or systems that allow automatic correction in devices of
drive systems by changing the values of the transmission coefficients and organizing
operating modes in the format of a neural network. If we consider a neural network,
then the current parameters of the transmission coefficients are one of the defining
indicators of the correction of the drive system according to a certain law and should
be taken into account when developing compensators and feedback. Transport
phenomena are usually considered at three hierarchical levels (scales): macroscopic,
microscopic and molecular.

Mactne-information-Fower-System

. |
Obyechive l | : i
/ Program® Signal |« Information ACHONS pi' Zf:;;gz; -tfi';OW' Result
|:> compiiter — flow” I=> hydraulic, >
and its change electric etc.
Task position

Feedback

b 4

Mass fransier

Actuator

1
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F \ | Pulse franster

L Heal fransfer
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Figure 1 - Scheme of information and energy transfer when analyzing the
behavior of a mechatronic system

Transport phenomena are described by the following laws: momentum transfer,
Newton's law of viscosity, mass transfer, Fick's law of diffusion, heat transfer,
thermal conductivity, Fourier's law.
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Let's find the dependence of the energy resource for the transfer of information,
A, in vector form according to the above laws. The law of information transfer: the

amount of information that is transferred through a plane perpendicular to the
direction along which the energy gradient is observed is directly proportional to the
transfer signal, the area of the plane to the energy gradient [6]:

A=-vgrad £ (1)

where v - signal, E - energy ("energy complex").

The needs for the development of modern science and technology give rise to
the need for in-depth studies of the features of the transfer process. In this regard, the
problem of studying complex processes of information and energy transfer, which
play an important role in fluid mechanics, in hydraulic drive, in mechatronics, in
electronics, etc., is of particular importance. The physical characteristics of a
substance in the processes of mass transfer are the transfer coefficients - kinematic
and dynamic viscosity, internal friction of the moving layers of the medium [1-6].
They, as a rule, are determined experimentally depending on the factors that
characterize the state of the substance (temperature, pressure drop, etc.). A change in
the nature of the transfer coefficients, as well as the physical and chemical
characteristics of the working fluid (viscosity, density, thermal conductivity)
manifests itself in the instability of the operation of individual units and affects the
organization of work processes, which leads to a change in the functional and
performance characteristics of the hydraulic drive elements and the system as a
whole. The transfer phenomenon, in a first approximation, can be described by three
main transfer coefficients - the friction coefficient, the heat transfer coefficient, and
the mass transfer coefficient in the context of the boundary layer theory.

Summary and conclusions.

Thus, energy is the main characteristic of the state of a physical object. Taking
into account the processes of transfer and transfer of information makes it possible to
evaluate at the stage of research and design the processes occurring in mechanical
and hydromechanical systems. The possibility of using information-energy transfer
(1) of a signal through an energy gradient is shown. The proposed approaches can be
used for a series of tasks for hydraulic drive systems as part of modules of
mechatronic systems.
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PROPERTIES OF CAST BILLETS OF COPPER-BASED ALLOYS
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Anomauia. B pobomi pozensoacmuvcsa UpoOHUYMEO MIOH020 OpOmy HA emani 00eplCaAHHs.
JUMOI 3a20MOBKU GUHUKAIOMb MPYOHOWI, WO NO8 A3aHI 3 VMBOPEHHAM 2a3080i NOPUCMOCHI,
Hecnimin ma mpiwux. OKpim moeo, npu eupooHUymei mioi HaniebesnepepsHum i be3nepepeHum
mMemooamu y (hopmMoymeopoouux nPUCmMposax CNOCmepieacmvcs eluKe 6i08e0eHHs mend, siKe
npueooums 00 SCKPABO BUPANCEHOI MPAHCKPUCMANI3AYIi 6 CMPYKmMypi Jumoi 3a20mosKu.
IIpogedeni Oocniddcenns noxazanu, nicis 00poOKU piOkoi Midi 6 npeOKPUCMAri3ayiitHoMy
memnepamypHomy iHmepeaii npusooUns 00 CYMMmMeEBO20 3MEHUEHHS PO3MIPY 3epHA

Kniouogi cnosa: numms, mMionuti Opom, MpancKpucmanizayis, Kpucmanizayis, yivmpassyx,
PpOo3Mip 3epHa, 8ibpayis, cmpyKmypa, yibmpa3eyKosi KOAUBAHHS.

Abstract. The paper considers the production of copper wire at the stage of obtaining a cast
billet, there are difficulties associated with the formation of gas porosity, non-alloys and cracks. In
addition, in the production of copper by semi-continuous and continuous methods in the forming
devices there is a large heat dissipation, which leads to a pronounced trans crystallization in the
structure of the cast billet. Studies have shown that after treatment of liquid copper in the pre-
crystallization temperature range leads to a significant reduction in grain size

Key words: casting, copper wire, trans crystallization, crystallization, ultrasound, grain size,
vibration, structure, ultrasonic vibrations

Beryn. B nganumii wac He icHye 3araibHOi JAYMKH MO0 BIUIMBY BiOparrii
po3miaBy. BusBieno, mo BiOpalmisi po3uiaBy MPUBOAUTH IO CIOHTAHHOTO
3apOJKEHHS] HOBUX KpucTamiB. [Ipu nboMy BUIUISETbCA JABAa OCHOBHHX MEXaHI3MHU
IHTEHCUBHOTO 3apOJKEHHs MiJl Ji€r0 BiOpaiiitHoi 00poOku. B mepuiomy Bumaaky B
pIAMHI TPOTIKAE MPOLEC MHUMOBLIBHOTO 3apO/UKEHHS KPHUCTAiB 3a paxXyHOK
nepeoxosiokeHHd. B npyromy Bumanky mia i€ BiOpaiiiiHoi 0OpoOku pi3ko
30UTbIIYETHCS YMCIIO KPUCTANiB B PIAMHI, M0 KPHUCTAII3YEThCA 32 PaxyHOK
PO3UIEHHS BXKE ICHYIOUMX KPUCTAIIB.

3 ycixX Teopid, Kl pO3TJISLAal0Th MPOIIEC CIIOHTAHHOTO 3apO/KEHHSI KPUCTAJIIB
] J1i€r0 BiOpailii, MOXHA BUAUIMTH JBa OCHOBHUX HampsiMku. Lle mepia, 3 sxoi
Cliaye, IO 3acCTOCYyBaHHS BiOpallli BH3UMBa€ B pO3IUIaBl 3pocTaHHs TUCKY. Lle
MPUBOJIUTH A0 MIJIBUILCHHS MEPEOXOJIOKEHHS PO3ILIaBy, 10 301IbIIY€E IMIBUIKICTD
3apOJIKEHHS IICHTPIB KpUCTati3allii B po3miasi [1].
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3riiHO 1HIIOI Teopii mpW JWHAMIYHINA i1 BiOpalii Ha pO3IJIaB 3apOJKH 3a
paxyHOK BEJIMKOi TYCTMHM B TIOPIBHAHHI 3 PIAKUM METAIOM, OJEPKYIOTh
MPUCKOPEHHS 1 TMOBUHHI OyTW BUOUTI 3 TUX MICLb B SKHX BOHU BUHUKIU. Takum
YUHOM, 3aBISKH IHEPHINHOMY 3aMIIEHHIO YacTHHOK TBepAoi (a3u mpoTikae
pyliHyBaHHS Oap’epiB, a caMme TEIUIOBUX Ta KOHLEHTPALIWHUX, SKI (HOPMYETHCS
HABKPYTU 3apOJIKIB NpU iX BUHUKHEHHI, IO 1 3a0e3neyye mpouec iX MoAalbLIoro
pocry.

OcHoBHMI TeKCT. Y 3B 3Ky 3 IIUM, B JaHUN Yac BEJIMKa yBara MpHUALIIETbCS
BUKOPUCTAHHIO BiOpallii Ha po3riaB B mpoliect kpucranizamii. ToMy nogaibiiuii
PO3BUTOK JIUTTSA CIUIABIB O€3MEPEPBHUM CIIOCOOOM 0a3yeThCsi Ha BUKOPHUCTAHHI
PI3HOIO TUITY BILJIUBIB.

Ha npakrtuii Oyn0 BUSIBIEHO ONTHUMallbHI YMOBH BiOpaiii Ay miai mapku M2
(gacrota v= 18 I'u 1 ammityna A = 1,5 mm). Mertanorpadiunuii aHani3 CTpyKTypu
BWJIMBKA IMOKa3aB, 110 MPU TaKUX Mapamerpax GOpMyeThCS PIBHOMIpHA CTPYKTYpa,
3epHa PiBHOOCHI, ApiOHI 3 cepenubor mwiomer 0,43 MM?, a cepeaHiil posmip
JIEHAPUTHOT KOMipkH ckianae 1,8 Mxm. MexaHiuHl JOCTIHKEHHS 3pa3KiB HACTYITHI:
o = 253 mlla; BinHOCHE BUIOBxkeHHS 0 = 59,3 % 1 TBepaicTh 3a Bikepcom 57 HV.

B po6Gorti npeacrapneni AaHi o BIUIKMBY BiOpauii (wactota v= 25 I' 1 ammiityna
A = 0,4 MM) Ha CTPYKTYpy KaJaMi€BOi OpoH3M B mpoleci kpucramizamii. [lokazano,
10 Taka [is MPUBOJUTH HE TUIBKH 0 MOAPIOHEHHS MaKpO3€peH 1 JEeHAPUTHUX
KOMIPOK, aje 1 3a0e3mnedyye XIMIYHY Ta CTPYKTYpPHY OJHOPITHICTH BUJIUBKA. [lpu
IIbOMY, KOE(]IIIEHT JIKBAIll KaJMit0, SIKUM XapaKTEepU3y€e CTYMiHb HEOJHOPITHOCTI
XIMIYHOTO CKJIaJy, Ma€ ONTUMAaNIbHI TapaMeTpH.

BinburicTe MOCTITHUKIB BBAXKAOTh, 1110 OCHOBHOKO MPUYUHOIO JIIKBAIlli € pyx
pIAMHU yepe3 TBEpAOpiAKYy a3y 3a paxyHOK TEIJIOBOTO 3kuMaHHSA. B mporeci
yCaJKl B pe3yJbTaTl TBEPJHEHHS 1 PI3HULI TYCTUHU MDKIEHAPUTHOI PIAMHU
MO3WTUBHUM BIUIUB BiOparli Ha XIMIYHY OJHOPIIHICTh BUJIUBKIB TOSICHIOIOTH
CYTT€BOIO 3MiHOIO CTPYKTYpHu. OKpiM TOTO, BiOpallis 104aTKOBO MEPEMIIITY€E PO3ILIaB
y JIYHIII Ta BUPIBHIOE XIMIYHUN CKJIa]] B yChbOMY 00’ €Mi PIAKOTO METAITYy.

Yacto I TOKpalleHHs BJIACTHBOCTEH YOPHUX Ta KOJIbOPOBUX METaJIB
BUKOPUCTOBYETHCS YJIbTPa3ByKoBa oOpoOka [2-4]. YnbTpa3ByKOBI KOJMBaHHS, SKi
NPUKIAJEHO JI0 PO3IUIaBy MPHUBOJATH [0 JAOAATKOBOIO IEpeMIllyBaHHA Ta
1HTeHCU(DIKYIOTh TIporec aeraszaiiii. OKpiM TOro BOHHM TPOTHUIIIOTh BUHUKHEHHIO
JIEHJIPUTHOT JIIKBallll Ta KOHIEHTpallli HEMETaJIeBUX BKJIIOYEHb Ha TPaHUIISIX 3€pEH,
[0 TO3UTUBHO BIUIMBAE Ha (POPMYyBaHHS OJHOPIIHOI CTPYKTYpH METAIy B IMpPOILIECi
KpucTasi3arii.

Buxopuctanas  yapTpa3ByKy Yy  TEXHOJOTIYHOMY  TIPOIECi  JO3BOJISIE
TOMOTEHI3yBaTH CTPYKTYpPY MIJIHOi 3arOTOBKM Ta MIHIMI3YBaTH KUIBKICTh JIIKBaIlil
(ax 10 iX MOBHOTO 3HUKHEHHS ), 3aBISIKA YOMY CKOPOUYETbCS OOpPHBAHHS APOTY MpU
BOJIOYiHHI, 3pOCTA€ ii IUIACTUYHICTh Ta MOKPALIYIOThCS IPOLIECH 3BAPIOBAHHS.

B po6oTi HaBeneH1 pe3yabTaTh TOCTIIKEHb BIUIMBY YJIBTPA3BYKY, SIKUM J1sIB HA
pO3IUIaB, Ha CTPYKTYpYy 3aroTOBKM 3 MIJHOro crmjaBy. Jlociaiay mpoBOAWSIM Ha
MalluHi  HamiBOE3NMEepEepBHOTO TOPU3OHTAIBHOTO JUTTA. B JgaHOMYy BHINAIKy
yJIbTPA3BYKOBUY BHUIPOMIHIOBAY PO3MIIIAJIM HA 30BHIIMIHIA YacTHHI KOPITYCY
KpUCTai3aTopa NEPHeHAUKYJISIPHO 10 BiCl BUTATYBaHHA 3aroToBKu. llpu 1pomy
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MEXaHIYHI KOJIUBaHHS BHMCOKOI I1HTEHCHBHOCTI, SKi 30yJKyBali 00 €MHI XBHII
MPOXOJWIN KPi3b CTIHKM KpUCTaNIi3aTopa Ta rpadiToBy BTYJKY 1 TAKUM YHHOM JIIOTh
Ha PO3ILJIaB, 110 TBEPAHE.

B pesynbraTi, ynpTpa3BykoBa 0OpoOKa pO3IJIaBiB MpHU iX KpucTamizaii
OPUBOIUTH 1O TNOAPIOHEHHS 3€pHa, pPyWHYBaHHA Ta BUJAJICHHS HEMETaJeBUX
BKJIIOUEHbB, 110 BUPAXKAETbCA y BUIJISAL MIABUIICHHS IacTuyHOcTi Metany. Llomo
BUKOPUCTAHHS 3aroTOBOK, sIKi OyJIO OJep’KaHO TpH il YJIbTPa3ByKy, TO BOHH
MPOSIBIIAIOTH TIJBUINECHY 3JaTHICTh 0 BOJOYIHHS, BIJIMAIIOBAHHS, CKPYUyBaHHS Ta
VIIUIBHEHS, MIABUILYETHCS BUXiA TIAHOTO, CYTTEBO 3MEHILIYIOTHCS 3aTpaTH, SKi
MOB’513aH1 3 NMPOBEJIECHHSIM OKPEMHUX TEXHOJOTIYyHUX omepauiii. Kpim Toro, rotosa
MOPOJYKLIsI, SKY OJEpKaHO NpPU BUKOPUCTAHHI YJIbTPAa3BYKYy, Ma€ OIHOPIIHY
CTPYKTYPY Ta HIJBUILIEHY IJIACTUYHICTb.

[Ipu upomy, yinbTpa3ByKoBe 00JIaIHAHHS 32 TPUHIIUIIOM Jii, € OLTbII IPOCTUM B
MOPIBHSHHI 3 QJIbTEPHATUBHUMH CHUCTeMaMu (HAmpUKIad, eJIEeKTpPOMAarHiTHe
nepeMinryBaHHs a00 JWHAMIYHE M’sIKe OOTHCHEHHS), IO JO3BOJIIE OJIep)KaTh
1o/110H1 MO3UTHBHI €(hEeKTH.

Sk Oyno moka3aHO BUIIE, IO JAJs TMOKPAUIeHHS BJIACTUBOCTEH YOPHHUX Ta
KOJLOPOBUX  METAJiB  4YacTO BUKOPUCTOBYETHCA  YJIBTPa3ByKoBa  0OpoOKa.
VnbTpa3ByKkoBI KOJMBaHHS, $KI NPUKIAAEHO [0 PO3IUIaBy MPUBOJATH 0
JI0JIaTKOBOTO TEpeMINTyBaHHsI Ta 1HTEHCU(IKYIOTh mpolec aerasaiii. OKpiM TOro
BOHHU MPOTUIIIOTh BUHUKHEHHIO JEHAPUTHOI JIIKBALlil Ta KOHLEHTpALli HEMETaJIeBUX
BKJIIOUEHBb Ha TPAHUILIX 3€pPEH, 110 TO3UTUBHO BIUIMBAE Ha (POpPMyBaHHS OTHOPITHOT
CTPYKTYPH METaIIy B IPOLIEC KpUCTAII3allil.

B pesynbraTi, ynbTpazBykoBa o00poOka pO3IUIaBiB MpU iX KpuUCTami3amii
OPUBOIUTH 10 TOAPIOHEHHS 3epHa, pPyWHYBaHHA Ta BUJAJICHHA HEMETaJEBUX
BKJIIOUEHbB, 110 BUPAKAETHCA y BUIJISAL MIABUIICHHS IMiacTuyHocTi Metany. Lllomo
BUKOPHUCTAaHHSI 3aroTOBOK, fKI OyJ0 oOjAepXkaHO MpH Aii YJIbTPa3BYKy, TO BOHHU
POSIBJISIIOTh MIABUIIEHY 3[aTHICTh 0 BOJIOYIHHS, BIINATIOBAHHS, CKPYYyBaHHS Ta
VIIUTbHEHHSI, TIJBHUINYETHCS BHUXIJ TIJHOTO, CYTTEBO 3MEHIIYIOTHCS 3aTpaTH, SKI
MOB’sI3aH1 3 MPOBEJEHHSM OKPEeMHX TEeXHOJOriyHuX ormnepamii. Kpim Toro, rorosa
OPOIYKIliA, SIKYy OJEpPX aHO NpPH BUKOPUCTAHHI YJIbTPA3BYKy, MAa€ OJHOPIAHY
CTPYKTYPY Ta MiJBUILEHY IJIACTUYHICTb.

Brms
BiOparli€ro

-

Puc. 1. CxeMa yCTAHOBKH JaTYMKA KOJUBAHb MPH JUTTI MITHUX 3ar0TOBOK
1 — posnnas; 2 — kpucmanizamop, 3 — 8aHa 3 po3niasom, 4 - 3a2omoexa

Conference proceedings 19 Series «SWorld-US Conference proceedings»



International scientific inteqration November 9-10, 2020 '

B pobGoti Oyno BUKOpHCTaHO YIbTPa3BYKOBUM TeHepaTop Mapku Makita
DVRS850RTE. [latunk konuBaHb BCTAHOBIIOBAIN HAJl PO3IJIABOM y BEPXHIN YacTHHI
Kpuctanizatopa. CxeMy yCTaHOBKH JIJaTYMKa KOJMBAaHb IPEJICTABICHO HA PUCYHKY 1.

[IpoBeneHi moCHiKEHHS TOKa3ajid, Mmicis oOpoOkM piakoi Migli B
MpeIKpUCTANI3aliiHOMY TeMIIepaTypHOMY I1HTEpBall MPHUBOJUTH JIO0 CYTTEBOIO
3MEHIIICHHSI pO3Mipy 3epHa (puc. 2.).

\ i i = L &
Puc. 2. BiuiuB y1bTpa3ByKoBOI 00p00OKH HA CTPYKTYPY
a) b6e3 obpoobku, 6) oopooka Y3K, x1000

:‘ g

MiTHOTO POTY

[Tpu oMy, yIbTpa3ByKOBe 00JIaTHAHHS 32 IPUHITUIIOM /i1, € OUTBII TPOCTHUM B
MOPIBHSHHI 3 QJIbTEPHATUBHUMH CHUCTeMaMu (HAmpHUKIAA, €JIEKTPOMAarHiTHE
nepeMinryBaHHss ab0 JuHaAMIYHE M’sike OOTHCHEHHS), IO JO03BOJISE OJIep)KATH
MO10H1 TO3UTUBHI €PEKTH.

BucHoBku. byno po3risHyTO BHPOOHMITBO MiAl HamiBOE3NEpEpPBHUM 1
Oe3mepepBHUM METOJaMu Y (OPMOYTBOPIOIOYMX NpHCTposX. Ilpu mpomMy mporieci
CIIOCTEPITa€ThCS BEIMKE BIBEACHHS TEIUIa, K€ MPHUBOJUTH JI0 SICKPABO BHUPAKEHOI
TpaHCKpHUCTaII3alii B CTPYKTypl JUTOi 3aroToBku. IIpoBeneHi aocCHimKeHHS
MoKa3aiu, Micas 00OpoOKH PiAKOT Mial B MPEAKPUCTANI3AIIHHOMY TEMIIEpaTypHOMY
1HTEpBaJIl MPUBOJUTH A0 CYTTEBOTO 3MEHIIIEHHS PO3MIPY 3€pHA
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Anomauia. Poszensoaemvcs nepepobka 6mMOPUHHO2O —ANIOMIHIIO, 5AKA 68 OaHull 4ac
BIOOKPEMUNUCS 8 CAMOCMIUHY 2ANY3b NPOMUCIOB0CMI | HA3UBAEMbCA GMOPUHHA MEMAnypeis -
6MOPUHHA MeMAnypeis anoMiHito. 3a60aHHAM GMOPUHHOI Memanypeii antoMiHilo € NPOMUCIOBA
nepepobka 6pyxmy, 6i0x00i8, WIAKi@ ma IHWUX 6udie emopunHoi cuposunu. Hasedeno, wo
nepepooKa anOMIHIEB020 WINAKY COO0BUM MemOoOOM 3abe3neyye 0ocumv NOBHe 36'13)6aHHS.
AnoMiHilo, ane YMEopeHHs OKCUOI6 8y2ileyto ma ix HeeamusHull 6NIUE HA HABKOJUWHE Cepedosulye
€ He0oliKoM

Kniouogi cnosa: anominiii, wnax, 6MopuHHa Memanypeis, co008ull Memoo, 00HOB8ANEHMHUL
antoMinill, 0808aneHmMHUL antoMinil, nomernyian 1i66ca, 2iOpokcud antoMiHito, OKCUO 8y2leyto

Abstract. The processing of secondary aluminum, which is now separated into an independent
industry and is called secondary metallurgy - secondary aluminum metallurgy. The task of
secondary aluminum metallurgy is the industrial processing of scrap, waste, slag and other types of
secondary raw materials. It stated that the processing of aluminum slag by soda method provides
complete binding of aluminum, but the formation of carbon oxides and their negative impact on the
environment is a disadvantage

Key words: aluminum, slag, secondary metallurgy, soda method, monovalent aluminum,
divalent aluminum, Gibbs potential, aluminum hydroxide, carbon monoxide

Berym.

3pocTarounii MOMUT HA ANIOMIHIA 1 MOTrO CIUIaBHM OOYMOBIIIOE TOIIYK ILISXIB
MOTMOBHEHHSI MOr0o 3amaciB  IIISXOM  OUIbII  €QEKTUBHOTO Ta EKOHOMIYHOTO
BUJIYYCHHS aJIIOMIHIIO, SIK 3 OIJHUX IUIAKIB, TaK 1 HUIAXOM MEPEpOOKH alOMIHIEBOT
CUPOBMHU 3 BHUCOKMM BIJHOILIEHHSM IUIONII MOBepXHI A0 Baru. Hampuknan, npu
00poO11i JeTaneil yTBOPIOEThCS CTPYXkKa, Bara sikoi ctaHoBUTH Bif 3 g0 10 % Bin
3arajbHOi Macu 00poOmoBaHMX neTtaneld. CTpykKa, Ma€ HEBEJNMUKY IIIJIbHICTH B
MOPIBHSHHI 3 PO3IUIABJIEHUM METaJioM, 1 111 00CTaBUHA YCKJIAJIHIOE ii MEpPEerIaBKy
Yyepes3 MIBUAKE OKUCIECHHS CTPY)KKH MPU KOHTAKTI 3 TapSYUM MOBITPSIM.

Takox BuMararoTh rMOOKOI NEPEPOOKU aTIOMIHIEBI IUIAKH, SIKI Y BUTJIAI TaKk
3BaHUX 300pIB HAKOMUYYIOTHCS MPHU MEPBUHHOMY OTPUMAaHHI aJTIOMIHIIO. 3aJI€KHO
BiI BMICTY B HHMX YacTKH QIIOMIHIIO 300pH KIaCU(IKYIOTh K IIHKH - BMICT
anmtoMiHio >45 %, abo K APOCH - BMICT amtoMiHito <45 %.

[Ile omma rpyma aJlOMIHIEBUX IIUIAKIB YTBOPIOETHCS TIPH BTOPUHHOMY
BUPOOHMIITBI ATFOMIHIIO 3 aJIFOMIHIEBOTO CKpaIly, a came, B JAHOMY BHUIIAJIKY IIie B Oi-
apimioMy o00csi3i. OCKUIBKM B paMKax TMPOIECIB, IO BUKOPUCTOBYIOTHCS JIJIS
OTPUMAaHHSI BTOPHUHHOTO AJIOMIHIIO, JOJAIOTHCS COJISHI CYMIII, IO CKJIAJAI0ThCS 3
NaCl 1 KCl, BinOyBaeThcsi yTBOPEHHS TaK 3BaHUX AJTIOMIHIEBUX COJISTHUX IIUIAKIB, B
SAKUX TaKOXK MICTSITHCSI pEeT€HEPOBaH] YaCTKH AIFOMIHIIO.
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3HayHUN  00CAT  QJIOMIHIEBUX  IIUIAKIB ~ YTBOPIOETHCA HA  JIMBapHUX
MIAIPUEMCTBAX, IO MPAIIOIOTh 32 TEXHOJOTIE 0ec(hIIF0COBOI TIIIaBKH aTFOMIHIEBUX
crutaBiB. lmakum moxyte mictutu Bim 20 mo 80 % wmetamy. dakTMyHO BOHHU
MPEICTaBISIOTh 300pH, SIKI CKIAAAI0OTHCS 3 CYMIIl MeTaiy, 1 okcuIiB. Croiu Takox
MOXKHa BIHECTH HACTWJI 3 PO3JIUBHUX KOBIIIB 1 MiHY, ILIO YTBOPIOETHCS MPH
nepeauBaHH1 ATIOMIHIIO.

OCHOBHHUH TEKCT.

JInist miBUILIEeHHS €(DeKTUBHOCTI MepepoOKu 1IIaKky B poooTi [1] po3rasgaeTbes
COINOBHUM METOJ, SIKMM 3aCHOBAaHMM HA TEMIIEPATYPHO-3AJIC)KHUX XaPAKTEPUCTUKAX
XIMIYHUX pEaKIii 3a y4yacTio alfoMiHII0. MexaHi3M 1bOro Mpouecy 3aCHOBaHUN Ha
3MiHI BQJICHTHOTO CTaHy AQJIIOMIHIIO BiJi TPUBAJICHTHOTO J0 OJHOBAJEHTHOIO 1
HaBIIaKH, B 3aJIEXKHOCTI BiJl TEMIIEPATYPH I1]1 Yac XIMIYHOI peaKiii

Al, 0, + Na,CO; — 2NaAlO, + CO, T,

NaAlO, + H,0 < NaOH + Al(OH), .

MexaHni3Mm gaHOTO Mporiecy moOya0BaHO Ha MOJIENI, Ka OmucaHa B MOHOTpadii
benseBa A.l. [2] — Ha 3MiHI BaJICHTHOCTI JFOMIHIIO 3 TPHOX JIO OJTHOTO 1 HABIIAKH B
3aJICKHOCTI Bij TemrepaTypu (Ha yTBOpPEeHHI Cy03’eqHaHb almoMiHIIO). Takuii xe
mporec croctepiranu  aBropu  pobotu [3] mpm Mac- CHEeKTpOMETPUIHOMY
JOCTIIKEHH1 MPOLECIiB BUIIAPOBYBAaHHSA OKCUAY aiioMiHii0 3 Byrieuem. [Ipodecop
Bepxosnok A.M. y po6oTi [4] Bepiie 3aCTOCyBaB MOJIe]b YTBOPEHHS Cy03’€THaHb
QTIOMIHIIO 11 PO3POOKM MeXaHI3My XIMIYHMX peakIlii B TMpoleci NepepoOKu
AJFOMIHIEBOTO LIJIAKY 1 BUITYYEHHS 3 HbOT'O aJTIOMIHIIO.

[Ipu po3poOil MexaHi3My XIMIYHUX peakiiid Oylo po3paxoBaHO, LIO 3MiHA
noteHuiany ['160ca mpu yTBOpPEHHI OJHOBAJICHTHOTO AQIIOMIHIIO MPU B3aEMOJIl
AIIOMIHIIO 3 KUCHEM JIOPIBHIOE, B 3aJI€KHOCTI B TeMmIieparypu, Beanunnu AG = —
384,59-0,079T (puc. 1).

et
X 0,0-
g 1001 4A1+ 0y, = 2A10
S 2001
—
> 23001
2 4001
=
§ -500
S 6001
o]
2700 -
-3 500 1000 2000 3000
o

Temneparypa, K
Puc. 1. 3anexnicTs 3Minn noreruiaay I'id0ca Big Temneparypu npu
YTBOPEHHI O/THOBAJIEHTHOT'0 AJIIOMIiHIiI0

YTBOpeHHs JABOBAJEHTHOI'O AQJIIOMIHIIO TPH B3aEMOJIi afOMiIHIIO 3 KHCHEM
3MmiHa norteHmiany ['166ca xapaktepusyerbest piBHIHHIM AG = 86,29-0,117T (puc. 2)
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-3001
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3wmina noreHmiany ['mooca, k/]x

500 1000 2000 3000
Temneparypa, K
Puc. 2. 3anexxunicTs 3Minu norexuianay I'i00ca Bijg TeMnepaTypu npu yrBOpeHHi

JABOBAJIEHTHOI'0 AJIOMIiHiIO

Sk BUAHO, TIPU BUCOKIM TeMmepaTrypi YTBOPEHHS OJHOBAJICHTHOTO AFOMIHIIO
OUIBLI CTIPUSTIIMBE, HI’K IBOBAJICHTHOTO.
Ha ocHOBI BHKJIaJE€HOT0, MEXaHI3M MPOLIECY BHJIYYECHHS aJIOMIHIIO 31 HUIAKY
MO>KHa MIPEJICTAaBUTH 32 JIOOMOT0I0 HACTYTTHUX XIMIYHUX PEeaKIliil:
A" = Al" (mpu t=2500...3000 °C)
A1203 + N32CO3 = 2NaA102 + COZ
[Ticist mpoTiKaHHS BHINE MPEICTABICHUX PEaKIid TeMIlepaTypy 3HUKYIOTH 0
1000...1100 °C. IIpu upboMy OKCHJ OJHOBAJICHTHOTO AJIOMIHIIO PO3KJIAIA€ThCS Ha
METaJIIYHUMA aJIFOMIHIM Ta OKCHUJ TPUBAJIEHTHOIO aJIFOMIHIIO:
3A1,0 =4Al + ALO;
3araipHa cXeMa TaKoro Impoliecy HaBejieHa Ha puc. 3.

CrutaBneHHst .
OKCHly i KapGoHaTy ABTOKIIaB 3

Cradysaris TOPSIYOIO BOZOIO
LIaKy .‘?:‘.‘:‘:’.'p.‘n.‘f:‘.‘n.‘f:f:
L 2
= -
;

PadiHyBaHHSs IPOLYBKOIO Tpowapiosass

=
XJIOPY B TEDMETHYHOMY Enexrpouti3 B kpiodiTi FiIPOOKCHILY ATIOMiHit0 ’g
11 K b

xoBui pu 750-770 C

Puc. 3 . 3arajnbHa cxeMa c0I0BOro0 MeTOAy NepepoOoKH HIIAKIB

[Ticist 0OpoOKM MPOJYKTIB peakilii, T1IAPOOKCH ATIOMIHIIO HAIpPaBIsS€ThCS Ha
MPOXKAPIOBaHHS, & OTPUMAHHUKA TJIMHO3EM - Ha €JEKTPOJIITUYHE OTPUMAHHS YHCTOTO
amoMmiHito. IlepeBaroro cogqoBOro METoy € IOCUTh IMOBHE 3B'SI3yBaHHS AIIOMIHIIO B
CTIHKY CLITb - aJTIOMIHAT HATPIro, 10 3a0e3Meuy€e Ha HACTYIMHHUX €Tarax 3aCTOCYBaHHS
no0pe BIAIpaIbOBAaHUX TEXHOJOTIYHUX TpuitoMiB. HemomikoM cooBOro Meromy €
YTBOPEHHSI OKCHJIIB BYTJICITIO Ta iX HETaTUBHUI BIUIMB HA HABKOJUIITHE CEPEOBUIIIE.
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BucnoBku.

[Tpu mepepoOrii BTOPUHHOI aTIOMIHIEBOI CHPOBHHM BUTPAYAETHCS BCHOTO S5 %
eHeprii s mepepoOKr PyIHOT CHPOBHHHM, IO 3a0e3reuye 1HTEHCUBHUN PO3BUTOK
TeXHOJIOT1. HalfO1bIIT NOIITFHUM € BUKOPUCTAHHS €JIEKTPOTEPMIYHOTO Ta COJOBOTO
METO/IIB BMJIYYECHHsI alIOMiHIIO 31 nuiaky. [Ipu BUKOpUCTaHHI €IEKTPOTEPMIYHOTO
METOJly JOCSTa€ThCsl BHCOKA €(EeKTHBHICTh 1 MPOAYKTHUBHICTh BIJIHOBJICHHS
ATIOMIHIIO 31 MIJAKy, a TaKOX 3a0e3MeuyeThCsl 3aXUCT poOOYOro MpOCTOpPY B 30HI
pobotu oOciyroByrodoro nepconany. IlepeBaroto cogoBoro MeToay € JIOCUTh MTOBHE
3B'sI3yBaHHS AJIFOMIHIIO, aJie YTBOPEHHSI OKCHJIIB BYTJICIIO Ta iX HETaTUBHUI BILJIB HA
HABKOJIMIIIHE CEPEOBHUIIE € HEOTIKOM.
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Abstract. The article shows the main directions of designing new combined products
Key words: combined product, functional product

Introduction.

Over the past decades, there have been huge changes in the technology and
range of food products. They also affected the methods of production that have
become classic, traditional, and time-tested, as well as the products themselves. These
changes led to the emergence of new groups, and namely, functional, therapeutic and
preventive, to the allocation of products.

The changes also led to simplification of technologies, reduction of production
cycles, and fundamentally modified technological and flexible hardware solutions.
These innovations are associated with a deeper understanding of the role of nutrition
in life, the manifestation of new conditions and quality of life, as well as the
emergence of environmental problems, as well as the active use of nutritional
supplements and improvers.

Main text

According to a number of authors, the maintenance of human health,
performance and activity can be achieved under the stipulation that the physiological
needs for energy and nutrient materials are fully met. In this regard, to eliminate an
existing deficit of essential nutrients in the human body, scientists and experts
propose to use the practice of food production of a new generation i.e. of functional
products and supplements as a promising and profitable directions.[1] The
establishment of food products of the new generation occurs mainly in two areas: the
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development of analogs of production, the quality criteria which are properties
known to the public products, and products with new properties and composition.

In accordance with modern scientific concepts, functional foods are those
intended for systematic consumption by all population groups that preserve and
improve health and reduce the risk of developing nutrition-related (alimentary)
diseases due to the presence of physiologically functional ingredients in their
composition. Tutelyan (2015) believes that the food of the XXI century must be
functional, and it is important to create funds that could educate the population and
prepare them for new types of products.

Assessing the feasibility of producing composite products from various raw
material sources and considering the practical aspects of their application, it should
be noted that the degree of effectiveness is predetermined not only by the available
natural resources, but also by information that reflect their quality, the degree of
purification and concentration, level of biological and nutritional value; functional-
technological properties and organoleptic characteristics; the extent and terms of
compatibility; homogeneity and stability of composition and properties; biomedical
conclusion; availability of supplies and cost; economic efficiency of their application
in industry.

The new ideology in the field of combined products involves a combination of
meat or fish raw materials with cheap, highly functional and, in most cases, full-
fledged amino acid composition of protein ingredients obtained from a variety of raw
materials of plant origin, provided that their compositions are mutually enriched
(General chemical and amino acid), a combination of functional and technological
properties, increasing biological value, improving organoleptic indicators of finished
products, reducing its cost.

Food compositions, as a rule, have a target orientation in the correction of
nutrition and include selected ratios of natural, slightly changed during food
processing; isolated objects of selective action, for example, amino acid fortifiers,
sets of mineral and ballast substances, vitamins, polyunsaturated fatty acids.

Specialists from all industries are engaged in creating functional products with a
multi-component composition. all product groups of food products are covered. In
scientific publications numerous examples of the development of functional products
are given. Thus, when developing functional meat products, microcrystalline
cellulose is used, which reduces the absorption of harmful substances. When
developing confectionery and dairy products, propolis is used, the composition of
which is represented by more than 800 natural plant compounds. Based on the study
of all the achievements of this new direction of nutricitology, a unified systematic
approach to creating functional products for any group of food products has been
developed, thanks to which the General principle of their design is justified for
specialists.

According to the concept of development of the Russian fisheries sector until
2020, it provides for waste-free production and deep industrial processing of
biological objects of fishing to produce semi-finished products and finished products.
Leading technologists have done a lot of work in this direction. A method is known
for producing combined products by mixing minced fish from freshwater fish and
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hydrated pea flour, followed by fermentation with transglutaminase[3].

A method is proposed for the production of combined products from minced fish
from freshwater fish with animal protein Scanpro 1015/SF in a dry and hydrated state
in the form of a protein-fat emulsion with subsequent freezing .

A known method for producing a functional combined product based on minced
fish from three types of fish, including freshwater, with oatmeal, rice, barley, dried
shiitake mushrooms Ltntinusedodes, dried kelp, dried Jerusalem artichoke. A method
for enriching fish semi-finished products with dietary fiber using Apple fiber is
proposed .

There 1s a known method for producing combined minced meat from whiting
and saika, which consists in cutting fish carcasses to fillets without skin and bones.
The fillet is crushed, the skin is also crushed in a colloid mill, then it 1s treated with a
solution of citric acid. The processed colloid is mixed with hydrated pea or lentil
flour. The resulting composition is mixed with two-component minced meat .

Pasty culinary fish products are very popular among consumers. They are
especially popular in Japan, Germany, Poland, and the Scandinavian countries.
Herring, flounder, salmon, mussels, and crustaceans are the main raw materials for
the production of fine and coarse pate masses. To improve the taste characteristics,
crab meat, butter, smoke liquid, flavorings identical to natural ones, and other
additives are used.

In the UK, Germany, and France, pates are traditionally produced in the form of
mousses and creams. As a rule, they are made on the basis of shrimp, squid, mussels,
hake meat, vegetables.

In Russia, pate products from small smoked herring are known — «Sprat» pate,
fish pate «Riddle» from oceanic horse-mackerel, which a combined composition,
where carrots, onions, semolina, spices are used as additives [4].

Another promising area is the production of vegetable fillers for molded fish
products in the form of fruit and vegetable sauces.

Conclusion and conclusions.

Currently, the world has accumulated vast experience in obtaining combined
products of a given raw material composition. However, despite the wide experience
of using plant products to create combined fish-growing products, in world practice,
issues related to the scientific and practical justification of the modes and parameters
of biotechnology of soy protein-mineral products; technology of soy protein-mineral
concentrates; technology of canned fish cutlets and weight pates based on them have
not yet been resolved.

From this point of view, the creation of fish-growing semi-finished products and
combined functional food products with high quality and safety indicators deserves
attention. This work will be devoted to solving these problems.
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Anomauin. Pozsumox memooie KOHCEPBYBAHHS POCIUHHOL CIbCbKO2OCNO0APCHKOI CUPOBUHU
IDYHMYEMbCA HA BUBYEHHI MeXaHismié il KpioywKoOdceHb ma Kpio3axucmy 6 Hnpoyecax
3aMOpoCy8anHs, 30epicantus ma degppocmayii. Koau 6ooa 6 piokiti cucmemi nepemeoproEmMovCs Ha
70, 1020 KPUCMANU YUIKOONCYIOMb KIITMUHU | MKAHUHU CUPOBUHU, HANPUKIAO N10Jis, 1210, 080Ui8.
11i0 kpioywKkoOiceHHAM pPO3YMIIOMbCL CMPYKMYPHO-PYHKYIOHATbHI 3MIHU, K 8I00Y8aombcs npu
memMnepamypax HUNCHUux 8i0 pieHs, 00 K020 adanmosaHull 0ioio2iyHuLl 00 €km, moomo npoyecu 8
KAIMUHAX | MKAHUHAX Y YUKIL IX HU3bKOMEMNEPAmypHO20 KOHCEPBYBAHHS. 3 Memoio niosuujerHs
AKOCMI  3AMOPONCEHUX Hanispabpuxamié O0OYLIbHO BUKOPUCMOBY8AMU KPIONPOMEKMOopU —
CNOYKU, 30aMHI 3an00ieamu po36UMKO8I YUKOONCEeHb OI0N02IUHUX 00 €KMi6 NPpU 3aMOPOICYBAHHI.

Kniouogi cnosa: s1200u, 3amMopodicy8anns, Kpionpomexmopu, oedppocmayis, imaminu.

Abstract. Development of preservation methods for agricultural plant raw materials is based
on studying the mechanisms of its cryogenous damages and cryoprotection during freezing, storage
and defrostation. Whenever water in the liquid systems turns into ice, its crystals would harm the
cells and tissues of the raw (for instance, fruit, berries, and vegetables). Cryogenous damages
should be defined as the structural and functional changes in temperatures lower than the level to
which the biological object is adapted, in other words — the processes in cells and tissues within
their low-temperature storage cycle. It is expedient to use the cryoprotectors, or the substances to
prevent the biological damages of biological objects during their freezing.

Key words: berries, freezing, cryoprotectors, defrosting, vitamins.

Berym.

3a mporHo3amu (paxiBLiB, MPIOPUTETHUM METOJOM KOHCEPBYBAaHHS Xap4yOBOl
CUPOBMHU BHU3HAHO INTYYHUH XOJOA Yy BCIX Horo Moaudikamisix 1 BapiaHTax
Bukopuctanua [1, 2]. Pazom 3 tum, y kpaiHax CximHoi €Bpomu  MHOKH IO
BUITYCKAE€ThCSI HEOCTATHHO BIACHOI 3aMOPOKEHOI POCIMHHOT mpoaykiii [3],
O0COONHMBO TUIOAOBO-ATIAHOI, a Ta, IO HAAXOAUTh Yy TOPTIBEIbHY MEPEKY,
31€OUIBIIOT0 Ma€ HM3bKY SIKICTh Yy 3B’SI3KY 3 HEJOCKOHAJICTIO TpPaJuIliiHUX
TEXHOJIOT1M 3aMOpOKyBaHHs 1 30epiranHs HamiB(aOpukartiB. bioo0’€KkTH 3a3HAIOTH
3HAYHUX KPIOYIIKO/KEHb MiJ Yac 3aMOpoXxyBaHHA [4], ToMy mpH ix gedpocraiii
BTpPA4a€ThCsl KIITUHHUNA CIK 1 pa3oM 13 HUM — OIOJOTIYHO AaKTHMBHI PEYOBHUHU
(BiTaMiHM, MIHEpaJIbHI €JIEMEHTH, MIHOPHI CIOJYKH), $IKi, BJIAcCHE, 1 CTaHOBJIATH
OCHOBHY I[IHHICTb TIJIOJIOBO-SIT1THOT CHPOBHUHH.

Tomy  BHOCKOHaJieHHA  ICHYIOUMX  HH3bKOTEMIIEPATypPHUX  TEXHOJIOTIH
MepepoOJICHHsST TIJI0JIOBO-SIT1IHOT Ta OBOYEBOI CHUPOBUHHU, 30KpeMa 3a PaxyHOK
MOETHAHHSI BIUIMBY XOJIOY 3 IHIUMU (PI3UYHUMHU ¥ TEXHOJOTITYHUMU YHHHUKAMHU, €
aKTyaJlbHUM IS BUPOOHUKIB 3aMOpOKeHUX HamiBabpukariB [5], mo ¥ crajuo
METOIO0 JIaHO1 POOOTH.

3aranpHUN BUCHOBOK YYEHHX-KPi10O10JIOTIB TaKW: PO3BUTOK PYWHIBHOTO T03a-
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Ta BHYTPIIIHBOKJIITUHHOIO KPUCTAJIOYyTBOPEHHS ICTOTHO TalbMY€TbCA IpU
3aMOpPOXKYBaHHI KJIITHH 1 TKaHUH, SIKIIO BOHO BiAOYBA€ThCS MiA 3aXMCTOM PI3HUX
KpIOMPOTEKTOPIB, SIKI COPUSIOTH MOAUPIKAIT CTPYKTYpH PiIKOi da3u 1 XapaKTepoBi
il KpUCTAJIOYTBOPEHHH [6].

OCHOBHHUH TEKCT.

JlochipKeHHsT MPOBOJAWIMA 3 ATOJaMU YOPHUIN; SITOJAAMU OXHUHH; SAr0JaMu
ropobunu yopHorutiiHoi. [licnst eramiB BigOOpY CUPOBHHH, MUTTS, 3BUIBHCHHS BiJ
JOMIIIOK yCl JOCHI/DKYBaHI 3pa3kd OOpoOJIsUIM  PO3YMHAMM  KPIOMPOTEKTOPIB
OpraHiyHOi Ta MiHEpaJbHOI NPHUPOAH, €PEKTUBHICTh SKMX OMHCAHO B poOOTax 3
Kpio6ioiorii [4, 6, 7] 1 mepeBIpeHO B HAIIUX JAOCTIIKEHHSIX.

[Ticns npuliMaHHs CUPOBUHU, MUTTS, OYUIIEHHS BiJl CTOPOHHIX JOMIIIOK SITOJU
00poOJIsIIM  po3UyMHAMM  KpiompoTeKTopiB MpoTsirom 40...60 xB. mpu KiIMHATHIM
temriepatypi. [1oTiM 3aMOpoXyBajiv y MIBUAKOMOPO3WIBbHIM Kamepi PO3CUIIOM IpHU
Temriepatypi —35...—37 °C, 1o BiANOBiJIa€ MapaMeTpaM IIOKOBOTO 3aMOPO>KYBaHHS.
[Iporiec TpuBae 10 JOCATHEHHS B IIEHTPI sria Temrepatypu —18 £ 1 °C.

3amMoposkeHi siroau makyBaid B maketd mo 500 T, DOTPUMYIOYHMCH BUMOT
IUTICHOCTI 1 TEPMETHYHOCTI yMaKOBKH, 30epiramu mpotsrom 12  wmicsIiB
(MakcuManbHUM TepMiH) TIpu Temrnepatypi —18 °C 1 BiTHOCHI! BOJIOTOCTI HE OljbIIe
HIK 95 %. Ilpu migroToBmi sArig a0 peamizaiii npoBogwIHM Jedpocraiio mpu
temriepatypi 34...40 °C Ha BoasHii Oani. KoHTposieM ClyXuiau sroau, 3aMOpPOKEH1
32 TPaaUUIAHOI TEXHOJIOTIE, TOOTO 0€3 BUKOPUCTAHHS KpIOMPOTEKTOPIB. Y
JOCIIKYBaHUX Sr0JIax Ta KOHTPOJBHUX 3pa3kax BHU3Hadaid BMiIcT BiTamiHy C.
Mertonuka Bu3HaueHHs Bitaminy C — 3arajlpbHOBIJIOMa 1 IPYHTYEThCS Ha
BUKOPUCTaHHI 2,6-1uxJI0pPpeHoT1HI0(EHOIATY HATpito [8].

Tabumnus.
3aaumkoBHii BMicT acCKOPOiHOBOI KMCJIOTH Y 1e(pPOCTOBAHMX SAATOAAX
3anuwrosui emicm AK, % 0o emicmy y
Bukopucmanuii kpionpomexkmop COlyCUX 7200aX
0JICUHA | YOPHONIIOHA |  YOPHUYSL
20pobuna

MgCl, (15%) 76,8 70,7 62.4
Caxapo3a (10%) 78,7 76,5 64,0
®pykrosza (10%) 64,9 63.8 58,8
I'mroko3a (10%) 75,8 64,2 57,7
Caxapoza (10%) + num. k-ta (1%) 83,5 81,8 75,5
®pyxkro3za (10%) + mum. k-1a (1%) 74,2 70,4 64,7
I'moko3a (10%) + aum. k-Ta (1%) 81,6 69.8 76,5
Cop0inosa kucnora (1%) + 62,8 60,5 58.4
oen3oitna kucaora (1%)
KonTtpons (6€3 kpionpoTeKkTopa) 31,0 33,6 22,4

Howcepeno: Asmopcoka po3pobka

Y r1abmumi HaBEIGHO pe3yJIbTaTH BMICTY acKOpOIHOBOi KuCIOTH (Y
MIPOIIEHTHOMY CITIBBIHOIICHHI JI0 IIbOTO MOKA3HUKA y CBKUX SAT0JaX: STOAN OKUHU
—130,4 mr / 100 r; siroau ropoounu — 243,6 mr / 100 1; srogu yopHuI — 193,3 mr /
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100 r, mpuitastoro 3a 100 %) y nedppocroBanux sromax micis 12 micsmiB
30epiraHHs, 3aMOPOKEHMX 3a BJIOCKOHAJICHOK TEXHOJIOTI€I0 3 BUKOPHUCTAHHSIM
KpIOMPOTEKTOPiB. 3a JaHUMHM TaOiMlll, NO3UTHUBHUI BIUIMB KpPIONPOTEKTOPIB
BUSBIICHO ISl BCIX 00 €KTIB: CTYMiHb 30€pEKEHHS aCKOPOIHOBOI KUCIOTH B Ar0/ax,
3aMOPOXKEHUX JaHUM CIIOCOOOM 1 JedpocToBaHuX Micis 12 micsiiB 30epiraHHs,
MEpPEeBUIyE Yy BCiX 0€3 BHUHATKY JOCHTIaX AaHAJOTIYHUNA TOKA3HUK JUIsl SATif,
3aMOPOXKEHHX 0e3 MmornepeaHpLoro o0poOIeHHs KpionpoTekTopaMu. | xoua MexaHi3MH
Iii KpIONPOTEKTOPIB CKJIAJHI W JIOCI HE MOBHICTIO PO3KPUTI (@ B TEXHOJOTISNX
XapYOBHX MPOIYKTIB iX JIMIIIE TTOYaIX BUBYATH), MOKHA KOHCTATyBaTH, IO 3 iXHBOIO
JOTIOMOT'OI0 PEANbHO 3BECTH JI0 MIHIMYMY PE3YJIbTATH YIIKOJXKYIOUOi J1i BiJI’€EMHUX
TEeMIIepaTyp MpU 3aMOpPOKYBaHHI ST Ta MOojanblmii iXx nedpoctaiii, mpo o
CB1/IUaTh JIaH1 3aJTUIIKOBOTO BMICTY aCKOpOIHOBOI KUCIIOTH.

BucHoBKM.
Kpiozaxucr, 3miiicCHeHH MOCTIPKEHUMH TPOTEKTOpaMH, BUKOHAB OJIHE 13
HaWBAXKJIMBINIUX 3aBJaHb — 3BIB JIO MIHIMYMY VIIKO/DKYIOUY IO HU3BKUX

TEeMIIepaTyp 1 iIXHIX HACTIAKIB, Y PE3yJIbTAaTl YOT0 Y 3aMOPOXKEHHX Srojax micis 12
MicsIiB 30epiranHs 1 aedpoctaiii Baangocs 30epertu moHan 70 % ackopOiHOBOI
KHCJIOTH, TOMA1 SK TPAAMIIINHI TEXHOJIOTI 3aMOpoKyBaHHsS (0€3 3acCTOCYBaHHS
KPIOMPOTEKTOPIB) O3BOJISIOTh OTPUMATH Y 3aMOPOKEHUX 1 IEPPOCTOBAHUX STOJAX
6mm3bpK0 30 % ackopOIHOBOT KUCIOTH BiJl il BMICTY B CHPOBHHI.
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REACTIVE POWER COMPENSATION IN DISTRIBUTED NETWORKS.
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KOMITIEHCAIIISI PEAKTUBHOI IOTYXKHOCTI Y PO3IIOJAIJIbHUX MEPEXKAX.
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Anomauyia. B pobomi euxkomano oensi0 nyonikayiii w000 KOMneHcayii peakmueHoi
NOMYHCHOCMI Y  PO3NOOJIIbHUX Mepedcax. Biomiuena meHOeHyis YOOCKOHANeHHs NioX00is,
3aCmMOocCy8anHs ONMUMI3AYIUHUX CYyUacHUX Memoois. Hasedeno xapakxmepni nioxoou 00 po3e'si3anHsi
3a0au4i KomneHcayii peakmueHoi NOMyHCHOCMI.

Knrwwuosi cnosea: peaxmuena nomyogicHiCmb, KOMNEHCAYis, Memoo Onmumizayii, npuseoeHi
suUmMpamu.

Abstract. Publications is reviewed paper on reactive power compensation in distributed
networks. There is tendency to improve approaches, use of modern optimization methods.
Characteristic approaches to solving problem of reactive power compensation are given.

Key words: reactive power, compensation, optimization method, reduced costs.

3aBAaHHs KOMIIEHCAIll PEAaKTUBHOI MOTYKHOCTI B PO3MOAUIBHUX €JIEKTPUYHUX
Mepexax TOCTaTHhO JOBTMM 4Yac 3HAXOAUTHCS B 30HI yBard HAyKOBILIB 1 MPAKTHUKIB
chepu enekTpoeHepreTuku. OOMeXeH1 eHepreTUYH1 PecypcH IJIaHeTH, YacTi KPHU30B1
SBUIIIA B €EKOHOMIKaX 0araTh0X KpaiH CBITY CTUMYJIIOIOTH MOIIYKH HIISAXIB €KOHOMII
€HEepropecypciB, 30KpeMa 3MEHIICHHS TEXHIYHUX BTpPAT EJICKTPUYHOI EHeprii y
PO3MOAUIBHHUX EJICKTPUIHUX MEpekKax.

OmHuUM 3 BIOMHUX IIISAX1B 3MEHIICHHS TEXHIYHHMX BTPAT €JICKTPUYHOI SHEpPTii €
KoMmrieHcariss peaktuBHOi TOTY»)HOCTI (PIT). Teopetwuni acmexktu 11i€i 3amadi
3HAWIIUIA JIOCTATHE OCBITJICHHS B HAayKOBIM 1 HaBYaJbHIM JiTEpaTypi, 30KpeMa y
pobotax HO. C. XKene3ko [1, 2 Ta iH.]. 3HaYHA CKIJIAHICTH EJIEKTPOCHEPTETHUHUX
cucTeM (JpKepelia eNeKTpUYHOI eHeprii, JiHIT eleKkTpornepenadi, MiACTaHIli, KIacH
HOMIHAJBHUX HANpyr TOIIO), 3 OJAHOro OOKYy, Ta TOCTIHHUNA PO3BUTOK W
YAOCKOHAJIEHHS METOJIIB Ta MPUCTpoiB KomreHcauii PII, 3 iHmoro, € npuunHamu
MPOIOBKEHHS MOUTYKIB KPaIoro (a CbOroJiH1 BXkKe 4acTO 3aCTOCOBYETHLCS BUSHAUCHHS
«ONTUMAIILHOTO») PO3B's13aHHA 3a1a4i KommneHcarlii PI1.

baraTo yBarm HajgaHoO MUTaHHSAM KOMIIEHCAIl COS @ Y Mepekax MPOMHUCIOBUX
mianpueMcTB. Tak y poOoTi [3] AOCHIIMKEHO MOMJIMBOCTI CydacHUX 3aco0iB
komreHcamnii PII, a y poGorax [4, 5] po3riissHyTI METOAM ONTUMI3ALll MOTYKHOCTI
MPUCTPOIB KOMIIEHCAIlll 3a KpUTEpPIEM MIHIMAIBHUX TPHUBEACHUX BUTpaT 3
KOMIUIEKCHUM YpaxXyBaHHSIM BTpaT — Yy PO3MOAUIbHIM Mepexi MPOMHUCIOBOTO
MIIIPUEMCTBA, Y IpUcTposx komreHcanii P11, y tpancdopmaropax nexosux TII.

Hocmimxyroun 3aBaaHHs komreHcanii PII y po3nominbHuX Mepexax aBTOpHU
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3a3HA4YaloTh, [0 MAaKCUMaJIbHOTO e€QeKTy MOXKHa JOCATTH, ONTUMI3YIOUH
po3mimieHHa Ta mnapamerpu kepen PII 3 ypaxyBaHHSM 3MiHM XapakTepy
€JIEKTPOCIIOKUBAHHSI, a TAKOXX PEXKUMIB PO3MOIIIILHOI MEPEXKI.

[TocranoBKka 3asay, MOB’sI3aHUX 13 PO3MOJALTIOM PEAKTUBHOI €HEPTii y CydacHHX
YMOBAaX yCKJIaTHIOETCS, PO3MIPHICTh 3aja4 30UIBIIYETHCS, 1[0 YaCTO MPU3BOAUTH JI0
Hee(DEeKTUBHOCTI KJIACHYHUX MiIX0JIB. Pe3ynbTaT po3B's3anHs 3a7adi 3aJICKUThH Bij
JOCTIIKYBAaHOI CXEMHU €JIEKTPONOCTaYaHHsI, TEXHIYHUX XapaKTepucTuk pkepen PII,
oOMexeHb 100 TeHepyBaHHS PII CHHXpOHHUMH JBUTYHAaMH, BapTOCTI
€JIEKTPOCHEPTil Ta BApPTOCTI KOHJEHCATOPHUX YCTAHOBOK. Y KOKHOMY KOHKPETHOMY
BUMAJIKY ONITUMAJILHUN BapiaHT KOMIEHcallli Oyjie pi3HUM.

Cepen MeTOJIB OTPUMAaHHSI PO3B'S3aHHsI ONTHUMI3AIINHOI 3a/1a4ul MepeTiKaHHS
PII y po3noauibHii Mepexi, 30KpeMa TMOIIyKYy MIHIMYMY JHUCKOHTOBAaHHMX
MPUBEJCHUX BUTpaAT, HAOYJIM TMOMIMPEHHS METOJlI HEBU3HAYEHUX MHOKHUKIB
Jlarpanxa [6, Ta 1H.] Ta 3aCTOCYBaHHS T€HETUYHHIX aJIFOpI/ITMiB [7, Ta in.].

JocmimkeHHs: 0coOaMBOCTE METOIB PIIIEHHsS ONTUMI3AIliHUX 3a7ad 1010
komneHcanii PII, 3oxpema 3aCTOCYBAHHS TeHETHIHUX AITOPUTMIB 1 MeToja
Jlarpanxa, BuKOHaHO y po6OoTi [7]. 3a OliHKaMU aBTOpa B yMOBaX OOMEXKEHb Yy
dbopmi HEpIBHOCTEH epeBara 3a FreHeTHIHUMU aJrOPUTMAMHU.

BucHoBknu.

Ornsan niTepaTypHHUX JDKEPENT MOKa3ye IO 3aCTOCOBYIOTHCS HACTYIHI MIAXOIH
70 BUPIIICHHS 3aBJaHHS KOMIICHCAllll PEaKTHUBHOI MOTY)XHOCTI y PO3MOIIIBHUX
MepeKax.

[lepmoueprose BpaxyBaHHs HACTYNMHUX (DaKTOPIB:

- HOPMAaTUBHI JOKYMEHTH (OLIHKa €(QEeKTUBHOCTI I1HBECTHUILIM, Tapupu Ha
aKTUBHY €JIEKTPOEHEPTiI0, MJIaTa 33 NEePETIKAHHA PEAKTUBHOI MOTY>KHOCTI);

- CXeMa CHCTEMHU pO3MOJALITY EJNEKTPUYHOI €Heprii, mapaMmeTpu eJIeMEHTIB
CXeMH, TapaMeTpu peKUMy cxemH (Tpadiku CIIOKWBAaHHS aKTHBHOI Ta
PEaKTUBHOI MOTYKHOCTEMN, KJIaC HAaIpyry TOUIO).

BusnaueHHss HasBHMX 1 MOXJIMBHUX JUIsl BCTAHOBJICHHS JIKEPENT PEAKTHUBHOI
MNOTY)XKHOCTI: CHHXPOHHI JIBUTYHHM B peXuMl Mnepe30yKeHHs, CHUHXPOHHI
komriencaropu PII, HeperyiapoBaHi YW peryiboBaHI KOHJEHCATOpHI Oarapei,
CTaTU4H1 TUpUCTOpHI KomrieHcaropu PII, kommeHcarliiini meperBoproBaui Ha 0Oasi
MIPUCTPOIB CUIIOBOT €JIEKTPOHIKH.

Bupa perymoBanns mxepen PII. Pydne perynroBaHHS — 4E€proBHil NEpPCOHAI.
ABTOMaTHYHE PETYIIOBAHHS: PETYISITOPH MOTYXHOCTI KOHACHCATOPHUX OaTapei 4u
30yKEHHS CHHXPOHHUX KOMIIGHCATOPIB, MIKPOIPOILIECOPHI TMEPETBOPIOBaYli,
KOHTPOJIEPH, PETYISITOPH TOIIIO.

Busnauennss cxemu komrmeHncarii PII. 3arambHa 1i1s eleKTpoCcHOXXKHMBaya B
1isoMy (TPOMUCIIOBE MiMPUEMCTBO, PAaliOH MICTa, CENHUINE TOIIO). ['pymoBa — s
Ipynu OJHOTUITHUX €JIEKTPOCIOKHUBAYIB UM eJeKTponpuiiMadiB. [HAMBITyanbHa —
JUTSL OKPEMOTO €JIEKTpOoNpruiiMaya.
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MOBILE MONITORING SYSTEM IN MINING AND OIL INDUSTRIES
MOBHUJIBHASI CHCTEMA KOHTPOJISI BTOPHOM U HE®TSIHOM OTPACJISIX
Lopatin V.V./ Jlonatun B.B.
d.t.s., sen. res. / 0.m.H., C.H.C.
ORCID: 0000-0003-2448-0857
Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of
Sciences of Ukraine: Dnipro, Simferopolskaya st 2 a, 49005
Hnemumym eeomexnuueckou mexanuxku um. H.C. [lonakoea HAH Ykpaunvl,
Huenp, Cumgpepononscras, 2 a, 49005

Annomayusn. B  pabome paccmampusaemcs — coz0anue  Memooo8 U CPeoCcme
MEXHONI02UYECKO20 KOHMPOI OMEeYaowum HOPMAMUBHO-NPABOGLIM AKMAM U OMPACIe8biM
cmanoapmam. Haubonee nepcnekmusHbiMu cpedcmeamu mexHoL02udecKko20 KOHMpOos 8 20pHOU U
HegpmaAHoU ompaciax aensiomcs moounbHvle cucmemovt koumpoisn (MCK). Ocnosnas 3a0aua MCK -
ocHawjenue  nompebumenel,  OOCIYHCUBAIOWUX — 000PYOOBAHUE — NOMEHYUATbHO  ONACHBIX
npou3Bo0Cme, HAOEHCHbIMU KOMHAKMHBIMU —CPEOCMBAMU  Hepa3pyuaoueco  KOHMpous U
MOHUMOPUH2A A0ANMUPOBAHHLIMU K KOHKpemHomy obwekmy. Kax npasuno, annapamypa MCK
Gopmupyemca u3 cepuiinblx UMepUmenbHblX npeobpazosameneti, YCmMpoucms u 0amuyukos, 4mo
OUKMYemcst KOHKPEMHbIM 00beKMOoM 8 2OPHOU uiu Hehmsnou ompacaax. Onmumuzayus u eubkoe
obvedunenue cxem MCK 6 o00wyro cmpykmypy O PA3IUYHbLIX HAYANLHLIX  YCA0GUL
(cmpykmypuzayus) ocywecmensnemcs 0OpaAmHbIMU CEA3AMU, OCYWECBIAIOWUMU 83AUMOOEUCMEUe
C Opyeumu 91eMeHmamu U OKa3vlealowumu enusHue Ha xapakmep pabomwvr MCK 6 yenom.
U3znooicennviti mamepuan oaem uemixoe onpedenerue MCK, ee omauuumenvHvle 0cobeHHOCMU OM
U38ECMHBIX CUCTEM MEXHON0SULECKO20 KOHMPOJISL 20PHO20 UNU HEeMAH020 000PYOOBAHUS.

Knrwoueevie cnosa: moodounvuas cucmema xoumpons (MCK), mexuonocuyeckuil KOHmMpOb,
cucmema peanvrozo spemeru (CPB), oopamnas céa3b, ceoticmea, CmpyKmypuposaHue.

Abstract. The work examines the creation of methods and means of technological control that
meet regulatory legal acts and industry standards. The most promising means of technological
control in the mining and oil industries are mobile control systems (MCS). The main task of MCS is
to equip consumers servicing equipment of potentially hazardous industries with reliable compact
means of non-destructive testing and monitoring adapted to a specific facility. As a rule, MCS
equipment is formed from serial measuring transducers, devices and sensors, which is dictated by a
specific object in the mining or oil industry. Optimization and flexible integration of MCS schemes
into a common structure for various initial conditions (structuring) is carried out by feedbacks that
interact with other elements and affect the nature of the MCS operation as a whole. The presented
material gives a clear definition of MCS, its distinctive features from the known systems of
technological control of mining or oil equipment.

Key words: mobile control system (MCS), technological control, real-time system (RTS),
feedback, properties, structuring.

Beryniienne.

[locne BcTymieHns Ykpaunsl B accoumanuto Epomneiickoro coroza (EC)
MPOUCXOAUT aJanTanus TpeOOBaHUNW M HOPMATHUBHO-IIPABOBBIX AKTOB YKpPaWHBI K
crangaptaM EC, kacaromuxcs Hepaspyliaromero KoHTposs. g monaHoneHHOo#N
MHTETpallii B MHUPOBYI0 SKOHOMHKY M BBIIIOJIHEHUS MEXIYHAPOJIHBIX HOPM IO
0€30MacHOCTH TOPHbIE U HE(PTSIHBIE MPEANPUATHS YKpauHbl BBIHYKIIEHBI BHEAPATH
HEOOXOJMMBIE CHCTEMbl TEXHOJOTMYECKOro KoHTposs. Hampumep, coriacHo
HITAOIT 0.00-1.63-13  Hepazpymiaromuid  KOHTPOJIb MAaIIWH, MEXAHU3MOB,
0o00OpyJOBaHUsI  TOBBIINIEHHOW  OMAacHOCTHM  HMEIOT  MPaBO  OCYIIECTBIATH
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UCKITIOUUTEIBHO CHELUATUCTBI o Hepa3pylaruemMy KOHTPOJIIO,
cepTUUIIMPOBaHHBICE  COTVIACHO  TpeboBaHmsiM  dTOoro  akra.  Hawmbosee
MEPCIEKTUBHBIMU  CPEACTBAMHM  TEXHOJOTMYECKOIO KOHTPOJE B TOPHOHM U
He(dTerazoBoi OTpacisax ABISIOTCS MOOMIIbHBIE crucTeMbl KOHTpoJist (MCK) ocHoBHas
3aJjaya KOTOPBIX - OCHAILEHHE MOTpeduTesneil, oOCIyKUBAIOUIMX O000pYyI0BaHHE
MOTEHIHMAIIBHO OIMACHBIX MPOU3BOJACTB, HAJIC)KHBIMU KOMIIAKTHBIMU CpEJICTBAaMU
HEpa3pylIAKOIIEr0 KOHTPOJISS U MOHUTOPHUHTA aJalTUPOBAHHBIMU K KOHKPETHOMY
o0bekty. MCK oTHocuTcs K cuctemam peanbHoro BpemeHu (CPB), koropas
coOupaeT pe3ysbTaThl U3MEPEHUN KOHTPOJUPYEMBIX MapaMeTpoOB, MPOU3BOAMUT HUX
00pabOTKy B COOTBETCTBUMU C 3a/laHHBIMU QJITOPUTMaMH M BBIA€T PE3YJIbTAT
KOHTpPOJIA 32 TaKOW MPOMEXKYTOK BPEMEHM, KOTOPBIM 00ecrneurnBaeT BO3MOMXHOCTb
peuieHust copMyIUpOBaHHBIX 3a7ad KOHTpoJsi. Paspaborannas aBtopom MCK
MOJIHOCTBIO COOTBETCTBYET TpeboBaHusM cTanaapToB EC.

OCHOBHOM TeKCT

UYro 3HayuT KOHTpOMpoBaTh 00BheKT KOHTpois (OK) MCK? Cymerb mOHSTH
3aKOHOMEPHOCTH IPOIIECCOB HOpMaNBHOTO (mTaTHOro) ¢yHkiuonuposanus OK 1o
ONpENIECNICHHBIM TapaMeTpaM. Tak, Kak CcO37JaBaeMble METOIbl U TEOpPUS KOHTPOJIS
(MTK) BnusitoT n1pyr Ha Apyra, Hepeako B ocHoBe MTK oka3bIBatoTCs CXOAHBIE UAEU
u OK, To HEYIUBUTENHHO, YTO OHU CTPYKTYPUPYIOTCS ompeeneHHbIM 00pa3om [1].
[Toxg crpykrypupoBanuem B koHburypaimu MCK aBTopom monHumaercs rudkoe
00bEMHEHNE CXEM B OOILYI0 CTPYKTYpPY JUIsl pa3IMYHBIX HAYalbHBIX YCJIOBHH C
MOSIBJICHMEM HOBOTO KadecTBa. B o0mieM Buje rudkas pyHKIMOHANbHAS OJI0K-CXema
MCK Oblna BHEpBble MpeACTaBiI€HAa Ha MyOJWYHOM 3alMTe JOKTOPCKOM
nucceprauuu aBtopa [2]. Obmas cxema mporecca koHtpoiass MCK mpuBenena Ha
Puc.1.
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Puc.1 O6mas cxema npouecca kourposs MCK

CylIeCcTBEHHBIM OTJIMYHMEM SIBJIAETCS aJanTauus K YCIOBUSAM M 33JadyaMm
KOHTPOJISI, T.€. TPOLEAypa MOXKET OBbITh Pa3IMYHOW U 3aBUCUT OT KOHTPOJIS
koHKpeTHoro OK, rae onepanusi CpaBHEHHUS C TPAHUYHBIMHU 3HAYEHUSIMU [1apaMETPOB
U UX KOPPEKIHUsS MOXET MMETh MECTO Ha JII0OOM 3Tare MpOoIeaypbl KOHTPOJS C
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MOMOIIBIO THOKOCTH MPEIJIOKEHHONU OJIOK-CXeMbl M ONTUMHU3AIMKU BHIOOpA COCTaBa
MCK, 4dero He ObUIO y MpeIIecTBEHHUKOB. OTHOCUTEIBHO KPUTEPHS IPABUILHOCTH
pesyabratoB KoHTposst MCK. Ecnu OK He BBICOKOTO YPOBHSI CII0KHOCTH TO MOJIEIb
koHTpost (MK) mposepsiercs Ha cooTBeTcTBUE opurnHany OK, B IpOTUBHOM ciiy4yae
MOJIEJIb HYKJIa€TCA B COBEPIICHCTBOBAHUM. JIJIs MOyYEHUSI aHAIUTUYECKUX OLICHOK
norpemHocteid B MCK aBTOpOoM mpennaraercsi HCHOJIb30BaTh MOJEIN OOIIET0 BUAA
npensioxkeHHble B padote [1], B TakoM ciydae B KaueCTBE 3TaJIOHOB MOTYT CIIY>KUTb
(yHKUMOHANBHBIE pANbI, a KayecTBe MeTposiornueckoro kputepuss B MCK
MpeJIaraeTcsi MCHOJIb30BaTh MHUHMMYM  B3BEUIEHHOW CpEeAHEKBAIpPaTUUYECKOM
MOTPEUTHOCTH ~ aNMpPOKCUMALIMM  aHAM3UPYEMO (QyHKUIMU ee wmoaenbo [1].
JIOCTOMHCTBOM TPENJIOKEHHOTO METPOJIOTUYECKOr0 KpPUTEpHUsl 3aKJI0YaeTcsl B
BO3MOKHOCTH BBIICJIEHUS YYAaCTKOB Han0OOJee TOUYHOTO MPUOIMKEHUS U TO3BOJISIET
KOCBEHHO PEIINTh PsJ] YACTHBIX 337a4 aHaJIU3a.

C yero nHauuHath ucciegoBanue OK? C Touku 3peHHUs] aBTOpa, MPEXIE BCEro
HEOoOXOaUMO BbIIEIUTh (akThl W KOHKpeTHble mnapamerpsl OK, Kortopele
CYILIECTBEHHO BIIUSIOT Ha mpuHUMaemoe pemreHne o rogaoctu OK. B peansubix OK
ux MHoro. Kak Bblgenute Haumbosee cyliecTBeHHble? BriOpaB ormpeneaeHHyro
nporpamMmy koHTposii OK mapamerpsl U (pakTOpbl, TEOPETHUUYECKU BIUSIOUINE HA
npuHuMaeMoe pemreHne o rogHoctd OK, Hy)KHO y4YWTBIBaTbh TOJIBKO T€ M3 HUX,
BJIMSIHUE KOTOPBIX CYLIECTBEHHO OLIYTUMBI. IIpakTrka aBTOpa MOKa3bIBAET, YTO HU O
KakoM (pakTope 3apaHee HE U3BECTHO, TOJIbKO ONBIT (MPOMBIIIJIEHHBIM 3KCIIEPUMEHT)
Ha OK u 4yTh€ MO3BOJIAIOT BBIACIUTH cyliecTBeHHbIE M naHHoro OK ¢akTopsl
KOTOPBIE JOJKHBI OBITh YUTEHBI.

[Tocne mMpOMBINUIEHHOTO AKCIIEPUMEHTA CIIEYeT ONMUCaTh, KAKUM € 00pa3om
CKa3bIBACTCS BIIMSHHME CYIIECTBEHHBIX MmapaMmeTpoB U (¢aktopoB Ha OK, T.e. marb
KaueCTBEHHYIO Pa3BEPHYTYIO OLIEHKY CYIIECTBEHHBIM MapamMeTpaM U GpaxTopam.

Korma OK BBICOKOTO YypOBHS CIIOKHOCTH, TIZI€ IPAaKTHKa HE MOXKET
HETIOCPEJCTBEHHO CIYKUTh KPUTEPUEM HCTUHHOCTH. Hampumep, HeomnpeneneHHbIe
TOPHO-TEOJIOTHYECKUE YCIIOBUSI TOA3EMHOIN BBIPAOOTKH. ABTOp CUMTAET B TaKUX
ClIyvasx HEO00XO0AUMO UCIIOJIb30BaTh COOOpaKeHUS JIOTUYECKOMN
HEMPOTUBOPEYUBOCTH pe3ynbrara [3], anamoruu B aApyrux OK, npaBmonogo0HOCTb
CJIEJICTBHUI pe3ysibTata KOHTpoJsi. Takum o6pas3om, eciu abctpakTHass MK xoporas,
TO OHa MOJIe3HA [JISl HYXKJ IPAKTUKU T.K. MPOYHO CBS3BIBAET YMO3PHUTEIbHbBIC
3alyMKH aBTOpa W €ro ONbIT C peaJbHOW AeicTBUTENbHOCThIO. MK oToOpaxkaer
JUIIb HEKOTOPbIE OCHOBHBIE XapakTepucTuku OK, HO ¢ ee mOMOIIBIO BBISBIISIOTCS
Hambosee cymiecTBeHHbIE (akTopbl (opMmupyomue cBoictBa u mapamerpsl OK.
JleTanpHOE M3yYEHUE MOJEIH JAa€T HEKOTOpble HOBbIE 3HaHUA 00 opurunane OK u
10 CBOEH MPUPO/JIE ABISAETCSA SKCIEPUMEHTAIIBHBIM METO/IOM.

Mopens kouTposist MCK nyxHa:

1. Yto6w1 nouats OK: kakoBa ero cTpykTypa U OCHOBHBIE CBOMCTBA, MMApaMETPhI
B3aMMO/JICHCTBUS C OKPYKAIOLIUM MUPOM.

2. st TOoro 4ToObl OMpPEAEIUTh HAMITYYIIHE CIIOCOObI KOHTPOJIS IIPU 3a/IaHHbIX
LEISAX U KPUTEPHUSIX.

3. UroObsl MpOTrHO3UPOBATH MPSIMbIE M KOCBEHHBIE MOCIEACTBUS KOHKPETHBIX
dbopm u criocoboB BozaelicTBusa Ha OK.
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Takum oOpazom, cieayer cuuTaTh, YTO AITOPUTMU3ALUS MPOLIECCOB CO3JAHUS
mozaened MCK MoxeT pfanblie pa3BUBATbCs B MPEAJIOKEHHOM HaIPaBICHUU.
ObocHoBanHast uHTEpHpeTanus pe3ynbratoB koHTposss MCK nomkna 6a3upoBarbes
Ha anpuopHOil nHPopMalu, GopMaTu30BaHHOM B BHJIE aIPUOPHON MOJIEIH 0ObEKTa
KOHTPOJISI M aloCTepUOpHOM HH(OpMalMM, TOJYy4YEHHOM MyTeM 00paboTKu
pesynbraToB KoHTpodst MCK. AnpuopHas uHpopmarust MOXKET ObITh TaKXKe yuyTeHa
IpU CHUHTE3€ aJIrOPUTMOB OOPAOOTKH NaHHBIX KOHTPOJISI U OKa3aTh CYIIECTBEHHOE
BIMsiHUE Ha CTpyKTypy U cBoiictBa MCK. Moaens MCK npu popmynupoBke 3a1auu
KOHTpOJIA (OpMHUpPYETCS HA YPOBHE SKOHOMHMKH M, OTYACTH, TEXHUKH, a TMOUCK
BelleTcd Ha (U3MYECKOM YpPOBHE KOHTPOJSI M JIMIIb, 3aT€M OT TEXHUKO-
AKOHOMHUYECKOW MOJEIN NMEPEXOAAT K MPAKTUUECKOM MOCTaHOBKe 3anaun. Ha Puc 2
npuBeeHa odias Heooxoaumas cxema MCK.

HJatuny napameTpa +
OporpaMMHO-¥ IR aEIAe M EIH
H3MepHTEIEHEH
npecbpazoEaTelt

h J

ObpaboTka DaHHEX

v :

BOEHPOHBBEHEHHE
YCTaHOBEOK
KOHTROIA

CpaBHeHHE

ITonyieHRe pESYNETAT OB

Puc.2 MuaumaiabHo gocrarounasa cxema MCK

Kpurepuit Bei6bopa MCK oTpaxkaeT Hamboliee kKeinaemMoe pelieHue, KOTOpoe
o0ecreynBaeT JOCTH)KEHUE IEIM KOHTPOJIS MPH 3aJaHHBIX OrPAHUYEHUSX CPEAH
MHOXXeCTBa BO3MOXHBIX pemieHud. Kpurepusimu B MCK, kak mpaBuiio, siBASIOTCS:
1IEHa, TOYHOCTb, radapuThl, MPOCTOTa OOCIyXUBaHUA U T.I. [lo 3TUM KpuTepusam
npoBojutcsa ontuMuzaiuss MCK. Cuuraercs, 4To paBUIIbHBIA BEIOOP KPUTEPHUEB IO
CYLIECTBY OSKBUBAJICHTEH MpaBUibHON (dopmynupoBke 3aaaud. OJHaKo, B
OOJIIIMHCTBE CJIydyaeB »d3TO JaeT Oojiee CYIIECTBEHHBIM pe3yjbTaT, YeM
dbopMynMpOBKa 3a7a4d, ¥ B TOM YHCJI€ BHIOOpP MPAaBUILHON TOYKW 3PEHUS U
MPaBUJILHOM 001aCTH TOMYCTUMBIX petieHui [2].

MeTtoauka kouTpoast MCK

1. Msyuaercs 00bexT kKoHTPOIsi (OK) 1 ero HopMaTuBHBIC JOKYMEHTHI

2. OmnpenensieTcss Kakue NaTdyuku (M3MEpUTEIbHBIE MPeoOpa3oBaTenin) yxe

uMmerommuecss Ha OK 1 ueM He0OX0AMMO JOTIOTHUTE C YYETOM OTpaHUYCHUN
g magaoro OK.
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3. BriscHsieTcss Kakoe JIOMOJHHUTENIbHOE O0OpyAOBaHHE HEOOXOAUMO IS
nosHoteHHoro koHtpoisa (JJOK) mapamerpoB OK B Tpebyemom oObeme u
JOCTOBEPHOCTH.

4. CornacoBeiBaercs JIOK ¢ pykoBogctBoM OK W KypupyromHUMH
pa3penInTeIbHBIMUA OpPTraHaMU.

5. BemonusieTcs agekBatHoe npubopHoe cornacoanue mratHoro u JJOK, kak
nenoctnod MCK.

6. oBoaka otnagka MCK nHa OK.

7. BBIIyCK € COIIaCOBaHUE TEXHUUYECKON JOKYMEHTALIUU.

3akir0YeHHe ¥ BbIBOABI

bruto paccmorpena MCK. M3noxkeHHbIM MaTtepuan JaeT BO3MOXHOCTh MOHSATh

ctpykrypy MCK u ee ornuuuTenbHble 0COOCHHOCTH OT paHHEE M3BECTHBIX CHCTEM
TEXHOJOTHYECKOTO KOHTPOJS, a TakKe BO3MOJXHBIE PEUIEHUs pealln3alun
COCTaBJIAIONIMX U NpuHIUIEI noctpoenust MCK.
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MATERIALS
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Anomauisa. Bueueno numanHs eQeKmusHocmi SUKOPUCAHHA 0a2amoKOMNOHEHMHUX
NAIBKOBUX Mamepianie AK YYMIUBUX eeMEeHmI6 CEeHCOpI6 meMnepamypu ma mepMIiCmopie.
Excnepumenmanvro 6usnaueno 3nauenHs memnepamypHo2o Koegiyiecuma onopy ma xKoegiyicnma
memnepamypHoi yymaueocmi Ol NAI6KOSUX Mmamepianie piznux munie. Ompumano, wo
bacamowaposi niuieku ma myrbmumapu Ha ochogi Fe i Pd abo Pt ma 0éowaposi niieku Ha 0CHO8I
Ni i Cr maroms 8UCOKY uymausicmes 00 memnepamypu.

Knrowuosi cnoea: multicomponent film materials, temperature sensitivity, temperature
coefficient of resistance, temperature sensor, thermistors.

Abstract. The questions of efficiency using multicomponent film materials as sensitive
elements of temperature sensors and thermistors were studied. The value of the temperature
coefficient of resistance and the coefficient of temperature sensitivity for film materials of different
types was experimentally determined. It was obtained that multilayer films and multilayers based
on Fe and Pd or Pt and two-component films based on Ni and Cr have the highest sensitivity to
temperature.

Key words: multicomponent film materials, temperature sensitivity, temperature coefficient of
resistance, temperature sensor, thermistors.

Introduction.

Multilayer film materials and multilayers such as metal/metal or metal/
semiconductor are increasingly used in micro- and nanoelectronics and sensor
instrumentation. The main reason for the increased interest in such materials is that
by changing the components of the system, their thickness, concentration, alternation
order can achieve significant changes in thermoresistive properties, in particular,
cause low temperature coefficient of resistance (TCR) at the high thermal stability
and high TCR at the high thermal sensitivity. The development of modern sensory
electronics [1] is associated with advances in materials science, technology for the
production of new functional materials and the formation of integrated circuits and
sensor transducers for various functional purposes with a high degree of integration.
In recent years, the range of sensors and their applications has significantly expanded
increased efficiency and accuracy of measurement.

This was facilitated by the development of the element base of electronics, the
main function of which is the processing of information coming from sensors. To
meet the ever-growing needs of modern technology requires high-sensitivity high-
speed multifunction sensors that can operate in difficult operating conditions: in
extended temperature ranges, magnetic fields, radiation, as well as in conditions of
deformation, shock and vibration loads. Among the main requirements for modern
sensor devices are: small size, mechanical strength, versatility, high conversion
accuracy, thermal stability, ease of use, minimal power consumption when able to
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operate with low-voltage power supplies. Ensuring the considered requirements is
determined by structural and circuit solutions, the development of which has recently
become significantly relevant.

First of all, the material for the manufacture of temperature sensors should have
TCR =10 — 10 K'!, and the dependence of resistance on temperature is close to
linear in a wide range of temperatures. In addition, the film of the sensitive element
must be inert to the influence of the environment (for this purpose, in our case, the
thermal annealing of the samples is carried out) and provide good reproducibility of
the properties, which will allow.

Experimental results.

We will note that except TCR, to the main working parameters of industrial
thermistors on the basis of two-component metal and semiconductor = materials
whose temperature dependence of resistance is close to exponential, include the
coefficient of temperature sensitivity B, the value of which is calculated by the ratio:

g T i 0
AT R,

where AT — operating temperature range of the thermistor;
R; and R,— resistance at temperatures 7; and 75, accordingly.

The experimental operating parameter for the materials of the sensing elements
of the sensors of different types has the following meanings, B - 102 K: 4,2 — 124
(two-layer films Ni/Mo, common thickness d = 40 — 70 nm); 5,1 — 10,9 (two-layer
films Mo/Fe, d =40 — 70 nm); 8,5 — 20,9 (two-layer films Ni/Cr, d = 50 — 190 nm);

7,2 — 8,1 (two-layer films Fe/Pd, d = 40 — 80 nm); 16 — 54 (multilayers based on
Fe and Pd or Pt, d = 10 — 30 nm); 9,5 — 10,8 (two-layer films Ag/Fe, d =40 — 60 am);

5,8 9,2 (alloys based on Ni and Fe or Mo; Co and Ag, d =30 —40 nm); 1,3 —
1,9 (films of heterogeneous composition based on Re, Fe and Mo, d = 30 — 40 nm);
13 — 20 (films of heterogeneous composition based on W or Mo, d = 30 — 40 nm).

Since it is known that for industrial film devices the values of the operating
parameters TCR and B are equal 107 — 10 K! and 1200 — 8000 K, accordingly, on
the basis of the obtained results it is possible to conclude about the possibility of
using such film materials as elements of temperature sensors and thermistors. From
this point of view, the materials with the highest temperature sensitivity will be the
most effective, namely: multilayer films and multilayers based on Fe and Pd or Pt and
two-layer films based on Ni11 Cr (B = 1620 — 4725 K) and heterogeneous composition
films based on Mo or W (B = 1350 — 1980 K).

Summary and conclusions.

1.Have been considered the use of multicomponent film materials as sensitive
temperature sensors and thermistors elements.

2.Were received that multilayer films and multilayers based on ferromagnetic
(Fe) and noble (Pd or Pt) metals and two-component films based on Ni and Cr have
the highest temperature sensitivity.

Conference proceedings 41 Series «SWorld-US Conference proceedings»



International scientific inteqration November 9-10, 2020 @

References:

1. Nepijko S.A., Kutnyakhov D., Odnodvorets L.V., Protsenko S.I.,
Schonhense G.J. (2011). Sensor and microelectronic elements based on nanoscale
granular systems (review) in Journal of Nanoparticle Research, vol.12(13), pp.6263 —
6281. DOI: 10.1007/s11051-011-0560-3

The article was prepared as part of the State research work Ne0Q118U003580
Article sent: 09/11/2020
© Odnodvorets L.V.

Conference proceedings 42 Series «SWorld-US Conference proceedings»



International scientific inteqration November 9-10, 2020 E ffi‘*

VK 533.6.3.01:534.1

THE INFLUENCE OF THE OSCILLATING MOVEMENT OF THE
CYLINDER ON THE PROCESS OF FORMATION OF THE VORTEX

TRACK
BIIJINB KOJIMBAJIBHOI'O PYXY HUJIIHAPY HA NPOLEC YTBOPEHHSA
BUXPOBOI JOPI’KKH
Medvid A. M. / Measiags A. M.
Postgraduate / acnipanm
ORCID: 0000-0002-6781-5816
Panchenko V. O. / Ilanyenko B. O.
C.t.S. / KaHouoam mexHivHux HayK, Cmapuiull 6UK1a0ay
ORCID: 0000-0001-9228-4888
Sumy State University, 2 Rymskogo-Korsakova St., 40007 Sumy, Ukraine
Cymcokuii Oepacasnuil yrisepcumem, Cymu, Yrpaina

Anomauin. B pobomi pozensioaemuvcs npoyec YMEOPEHHs. UXPOB0I O0pidicKu nio uac
0OMIKAHHA PYXOMO20 YUNIHOPUYUHO20 MINA NOMOKOM NOSimps. 3poONeHo BUCHOBOK NpO
HeOOXiOHICMb OMPUMAHHA CUMEMPUYHOI MPAEKmMopii pyxy yuiiopa 01 onmumizayii po6oyozo
npoyecy 8impoosucyna. Illposedene uucnose MoOeNO8aHHA pPYXYy YULIHOPY Y HANPAMKY,
NePReHOUKYIAPHOMY 00 HOMOKY HOGIMPSIL.

Kniouoei cnosa: yuucio Cmpyxans, wucio Petinonvoca, dopisxcka Kapmana

Abstract. The paper considers the process of vortex path formation during the flow of a
moving cylindrical body by air flow. It is concluded that it is necessary to obtain a symmetrical
trajectory of the cylinder to optimize the working process of the wind turbine. Numerical simulation
of the cylinder motion in the direction perpendicular to the air flow is performed.

Key words: Strouchal number, Reynolds number, Karman street

Berym.

BignoBmoBaH1 pkepena eHeprii Bce Oiblle 3aiiMarloTh IMO3WINI0 HATIHHUX
€HepromnocTadyaibHUKiB. TeXHIYHMI Tporpec Ja€ 3MOry 3/CIIEBIIOBATH BapTiCTh
BIIHOBJIFOBAHOI €HEprii, UM caMuM 30UIBIIYIOYH 1X KOHKYPEHTHY CIIPOMOXKHICTH
MOPIBHSIHO 3 1HITUMU BUJAMK eHeprii. EHepris BITpY IIMPOKO BUKOPUCTOBYETHCS B
PI3HMX Taly3sX, 30KpeMa JIsl OTPUMaHHS €JeKTPUYHOI eHeprii.

Halinommupeniiii BITPOABUTYHH, SIKI MAlOTh HAWBHUIII MOKA3HUKU €()EKTUBHOCTI
BiIMpaiboBaHi Maiixke Ha 99%, 110 MIAMTOBXYE /10 MONIYKY HOBUX MEXaHI3MIB JIJIs
nepeTBOpeHHs eHeprii. O0epTaibHUN PyX Mailke He CIOCTepIiraerbcsi B MPUPO],
TOAl K KOJUBAJIBHUNA pPyX HIMPOKO CHOCTEPITa€eThCcs MiJl 4Yac BITPY (KOJIMBAHHS
KOJIOCKA TIIICHHUIIl, JTUCTKA Ha T JAepeBa). Y TEXHIIl KOJIMBATBHUN pyX Malke He
BUKOPUCTOBYETHCS, TMPU IHOMY BIUIMB KOJMBaHb Ma€ B OUIBIIOCTI BUMAIKIB
HEraTUBHI HACTIIKH.

OCHOBHM TEKCT.

Icnanceki Bueni [1] cmpoOyBaii BUKOPUCTATH KOJHMBAIBHUN PyX IS
CTBOPEHHSI HOBOTO MEXaHI3My [ME€pPETBOPEHHS EHEprii —  «KOJMBaJbHOTO
BITPOABUTYHa». ['OJJOBHOIO MEpPEBArol0 TAKOTO BITPOABUIYHA € HU3bKI IIBHAKOCTI
MOBITPS, IPU BUKOPHUCTAHHI YaCTOTHU CXOAY BUXOpIB Aopikku Kapmana Ta BiacHOi
YacTOTH KOJIMBaHb UWJIHApPA HACTA€E PE3OHAHC, NPU SKOMY CIIOCTEPIraeThbes
MaKkcUMajbHa YacToTa KOJIMBaHb, Ta MaKCHUMalbHa €(QEKTUBHICTh TEPETBOPECHHS
€HEeprli.
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PosrnsHyBIM poOOTH ICAHCHKUX BUEHHUX a caMe TpaekTopiro pyxy (puc. 1)
6auuMo, 110 BOHA € XaOTHYHOIO [2], 10 YCKIIaJHIOE MEXaH13M MEPETBOPEHHS €HEPTi,
Ta 3HWXKY€E HOro €PEeKTUBHICTh TaK SK LUJIIHAP HE MOBEPTAETHCA N0 MONEPEIHBOI
ToukH. B poborax HU3KM BueHHX, 30kpema Haibo Wang [3], mpuBeneni Tpaekropii
pyXy UWJIIHApa 3 JIBOMAa CTYINEHSMU CBOOOJIM, IO HaragayloThb BICIMKY (puc. 2).
TpaexTopis pyxXy MOKe ACIIO BIAPIZHATHCS 3aJICKHO BiJl PO3MIPIB IIUIIHIPA Ta Bij
IIBUJKOCTI HAOIraro4oro moToky. JIjisi MakcuManbHOI €EKTUBHOCTI MEPETBOPECHHS
eHeprii HeoOX1AHO JIOCATHYTH TPAEKTOPIIO pyXy sKa 6 OyJia MAKCUMaJIbHO OJIU3BKOIO
10 CHUMETPUYHOI Ta MaKCUMAaJIbHO BUTATHYTOI MO OcCi X BICIMKM (puc. 3), IO
3a0€3Ne4YnTh MAKCUMAJIbHY aMILTITYAy ePEMIILIEHHS HATTHIpA.

e ¥ A
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Puc. 1. Tpaexropis pyxy nuiainapa YD
Jicepeno: [2] Puc. 2. TpaexkTopis pyxy nujiHapa
IDicepeno: [3]

X/D

Y/D

Puc. 3. CuMmeTpuyHa TpaekTOpis pyxXy HMJIIHAPA

JlocsrHeHHsT TpaekTopii pyXy OJU3bKOi 1O MpPaBWIBHOI BICIMKH JO3BOJIUTH
3MEHIIUTH BUTPATU Ha MPOEKTYyBaHHS Ta BUPOOHUIITBO TeHepaTopa, abo J103BOJHTH
BUKOPUCTOBYBaTH TpaJIWIIAHI TeHEpaTopu OOepTalbHOIO pyxXy UM JIiHIMHI
MOCTYNAJIBHOTO.

Heo0xigH010 yMOBOIO JOCHIIKEHHSI TPAEKTOPIi PyxXy HWIIHApPA € 30€peKeHHS
BUXPOYTBOPEHHSI Ta 30epexeHHs JopiKkM KapmaHa, OCKUIbKM CTaOUIbHICTb
YTBOPEHHS BiJJpMBY BHUXOPIB BIUIMBATHUME Ha SBHUINE pe3oHaHcy. g 1poro
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MPOBEJCHO MaTeMAaTHUYHE MOJEIIOBAHHSA PyXy HHUJIIHApPA MEPHIEHAUKYISIPHO MOTOKY
Habirarouoro moBitpsi B mporpamuoMy komruiekci ANSYS Fluent, sxuit no3Bosse
MaKCHUMaJbHO TOYHO MPOBECTH CKJIAJHE MOJCIIIOBAHHS YTBOPEHHS BHUXOpIB Ta iX
BIJIPUB 1 pyX B3JIOBXK 32 IIOTOKOM.

CTBOpEHO PO3PaxXyHKOBY CITKY (pHcC. 4) po3mipamu mupuHa 1 MeTp, TOBXKUHA 3
MeTpu, niaMmerp IwmiHapa 0,25 merpa, po3TallyBaHHsS IMIIHIpa BiJ MOBEPXOHb
CUMETpIli OJHAaKOBa, BIJJAJIEHICTh BiJ NOBEepxHiI Bxoay | merp. [ns croporeHHs
MaTeMaTUYHUX PO3PaxyHKIB MOJIEIIOBaHHA Oyne mpoBeaeHo B miomuHi 2D. Ilpu
MOJIETIOBaHHI BUKOpPHUCTaHa Mojesib TypOysneHTHocTi Shesr Stress Transport (SST).
Bukopucranas gaHoi Mojesli MaKCUMaJIbHO BIJIMOBIAA€ BUMOTraM IMPH MOJIETIOBaHH1
BUXpPOBUX Teulid.Po3Mipu po3paxyHKOBOI 007acTi OOMpaUCS TaKUM YUHOM, 00
MaKCUMAaJIbHO OyJIM HaOJMKEHUMH A0 (PI3UMYHOTO €KCIEPUMEHTY B aepOJMHAMIYHIN
TpyOi1 AiameTpom — 1 MeTp.

0,000 0,500 L000 it}
S e ———— —
0,250 0,750

Puc. 4. Po3paxyHkoBa ciTka 00TiKaHHSI pyXOMOI0 HWJIiHAPA

J1yist mep1oro HaOMMKEeHHSI JOCTIHKEHHS TPAEKTOPIT pyXy MUJIIHIpPA TPOBEIEHO
MOJICITIOBAHHS IWJIIHIApa JUIsi TEpPeMilieHHs 10 OJHiIM oci. Pesymbratom
MOJICTIOBaHHS € 30€peXKEHHS BUXPOYTBOPEHHS IMPU KOJIMBAJILHOMY pyCi B OJHIN
TUTOIIMHI.

BucHoBkm.

Bbyno posrisiHyTO mpoliec YTBOpEHHsT BUXpOBOi jaopikku Kapmana mig dyac
00TIKaHHS PYXOMOTO IUJIIHIPUYHOTO BITPOJBUTYHA KOJUBAIHHOTO THUITY.

bynu otpumani pgaHl 1OA0 onTUMi3aiii poOOTH BITPOBOTO JBUTYHA
KOJIMBAJILHOTO PYXY 3a PaxyHOK HaOJIMKEHHS TPAEKTOpii HOro podovoro opraHy Jio
CUMETPUYHOI BICIMKH.

Jliteparypa:

1. Tech startup «Vortex Bladeless» https://vortexbladeless.com/[EnexTponuuii
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VK 621.914.2

MODULAR MILLS FOR PROCESSING OF BOX JOINTS
MOJYJBbHBIE ®PE3bI JIJISI OGPABOTKH IPAMBIX IIUITOBBIX COEJJUHEHUI
Kushnirov P.V./ Kymnupos I1.B.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0001-5894-538X
SPIN: 2819-9939
Stupin B.A./ Ctynun B.A.
c.L.s., as.prof. / K.m.H., 0oy.
Ostapenko B.A. / Ocranenko b.A.
student/ cmyoenm
Sumy State University, Sumy, Rymskogo-Korsakova, 2, 40007
Cymcxuii eocyoapcmeennuiii ynusepcumem, Cymol, Pumckoeo-Kopcaxosa, 2, 40007

Aunnomauusn. B pabome paccmompeHwvl depegopedicywue pesvl 051 00pabomKu uunogvlx
coeounenuti. Ilpeonosicennas KOHCMPYKYus MOOYIbHOU hpesbl sl 00pabomKu npsamo2o npopus
WUNOBO20 COCOUHEHUSL COOePIHCUM YUluHOpudeckue pedxcywue ecmasku. bnazodaps smomy
B03MOJICHA PESYTUPOBKA NOTONHCEHUSL PENHCYUUX KPOMOK UHCMPYMEHMA.

Knrwoueevie cnosa: mooynvnas Oepesopedxcywas ¢hpeza, wunogoe coeouHeHue HnpamMo2o
npoQhusl, YUTUHOPUHECKAsl pexcyuas 6CMAsKd, KOpnyc (hpesvl, pecyiuposKa Noa0#CeHUs.

Abstract. The article discusses wood-cutting mills for processing box joints. The proposed
design of a modular mill for processing a straight profile of a box joint contains cylindrical cutting
inserts. This makes it possible to adjust the position of the tool cutting edges.

Key words: modular wood-cutting mill, box joint, cylindrical cutting insert, mill body,
position regulation.

Beryniienue.

[IIunoBoe coequHEHNE AEPEBIHHBIX JIE€TAJIEH OCYLIECTBIISIIOT MYTEM BXOXKICHUS
IITUTIOB (BBICTYNOB) B OTBepCTUs (Ia3bl) B ITUX JeTaisax. OCHOBHBIE COCIUHEHUS
NeTajei U3 IPEBECUHBI U APEBECHBIX MATEPUAIIOB PETJIAMEHTUPYIOTCSI CTaHAAPTaAMU,
Hanpumep, [l], rae onucaHbl TUIIBI M pa3MeEPbl yKa3aHHBIX COEIWHEHUH. Bcee
MHOT0ooOpa3ue CyIIECTBYIOUIMX THUIOB COEAMHEHUH U METOAOB HX MOJTYYCHHUS
IIMPOKO TMPEJCTAaBICHO B JuTeparype. B wyacTHocTHM, B wHCTOuHHMKE [2] nmaHa
uHpopMaIUsl O COCNMHEHHSIX BCTHIK, TOJ YIJOM, THUIA «JIACTOYKHUH XBOCT»,
SIIAYHOM COEIUHEHWH C MIMIMaMH TpsiMoyrojibHoro npoduis. B monorpadum [3]
OCBEIICHhl OCHOBHBIE HABBIKM W METOABI B 00JIaCTU J1epeBOOOPAOOTKH, HAPE3KH
CTBIKOB Juisi 00paboTku gepeBa. B pabGore [4] mpeacTaBiIeHbI METOJBI
IPOEKTUPOBAHUA U OOPAOOTKHU CTHIKOB JAEPEBIHHBIX U3JICITHH.

O06palboTKy IIMIMOBBIX COEAMHEHUN MPOU3BOIAT CHEUUAIBHBIMU (Ppe3amu,
KOHCTPYKIIMM KOTOpPBIX BecbMa pa3HooOpa3Hsl. Hampumep, B pabGote [5]
PacCMOTPEHbI TEXHUYECKUE YCIOBUS HA MPOEKTUPOBAHUE U U3TOTOBJIECHUE HACATHBIX
nepeBopexymux (¢pe3 s oO0padOTKM NPSIMBIX SAIMMYHBIX MHUNOB. KOHCTpyKuImu
HECTAHJAPTHBIX HAacaJAHBIX (¢pe3 i 00pabOTKM  IIMIOBBIX  COEIUHEHUN
npemiokeHbl B myOnukauuu [6]. PaccMarpuBaeMble KOHCTPYKLIHUU JI€PEBOPEKYIIUX
MHCTPYMEHTOB,  OJHAKO,  00Jafal0T  pPsSIOM  HEJAOCTaTKOB:  €CJIM  OHHU
LEJTbHOMETANIMYECKUE WIM C HAaMAWHBIMU PEKYLIIUMH 3JIEMEHTAMHU, TO BO3HUKAIOT
ompe/ielIeHHbIe TPYAHOCTU C HACTPOUKOM Ha TpeOyeMbId pa3Mep Mocie MepeTouekK.
Ecimn ke KpermieHue pexylMX IUIACTUH MEXaHMYECKOe, TO BCErja CYyIIECTBYIOT
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BONPOCHI, CBS3aHHBIE C HAJAEKHOCTBIO 3AKPEIUICHHUS PEeXYLUIUX DJIEMEHTOB,
paboTaronMx Ha BBICOKUX YUCIIaX 00OPOTOB IIMUHEIS.

Takum  oOpa3zom, pganpHeiInas  pa3paboOTka  TEXHUYECKHX  PEIlCHUH,
MO3BOJIAIOIINX OCYIIECTBISITH BBICOKOA(D(PEKTUBHYIO U HAACKHYIO O0O0pabOTKY
IIMIOBBIX COEIMHEHHI, B HACTOSLIEE BPEMS SIBIISIETCSA aKTyaJbHOM 3aa4ei.

OCHOBHOHM TEKCT.

YcoBepiieHCTBOBaHUE  KOHCTPYKIUKA  ¢pe3 aisg  oOpabOTKM — MIMIOBBIX
COCIMHEHMI H3IeNUi U3 JepeBa MOKHO BECTH MO HECKOJIbKUM HarpaBjeHusiM. B
YaCTHOCTH, ITO:

- TIOBBIIIEHHE HAJEKHOCTH COOPHOTO HMHCTPYMEHTa (C 3TOW TOUYKH 3pPEHHS
HallaMBaHHWE PEXYLIUX IUIACTUH SIBISETCS OOJiee MPEANOYTUTEIbHBIM, YeM
MEXaHUUYECKOE KPEIJICHUE);

- o0ecrnieyeHre BO3MOXKHOCTU PETYJIMPOBKH TMOJOKEHUS PEXYIIUX KPOMOK,
€CJIM PEeXYIIHE 3JIEMEHTHl SIBIISIIOTCS HamailHbIMU (ITOCJIE TMEpPeToYeK, Kak
OpaBWIO, HapylIaeTcs IPEJBAPUTENBHO HACTPOEHHAs pa3MepHas LElb,
[I03TOMY JKeJIaTeJIbHO HAJIMYME BO3MOXHOCTHU JOIMOJIHUTEIbHON HACTPOUKH);

- YMEHBIIEHHE MacChl BpalllalOIIUXCsl 4YacTel COOpPHOrO MHCTPYMEHTa JUIs
CHW)KEHUS Harpy3KH Ha IIINWHJEIb U IPUBOJ CTAHKA;

- HCIIOJIb30BaHWE MOJYJIBHOIO NPHUHIMIA KOHCTPYKLIMU HHCTPYMEHTA, YTO
MO3BOJIIET OCYIIECTBIATh 3aMEHy (Ppe3-KOpIycoB B 3aBUCHMOCTH OT
TpeOyeMbIX TUIIOpPa3MepOB 00padATHIBAEMBIX IIIUIIOB U MA30B.

[Ipensiaraempie KOHCTPYKLIHMHM COOPHBIX HACAJHBIX (pe3 MO3BOJISIOT MOJIYyYaTh
paznuyHble NPOPUIM MIMIOBBIX COECAMHEHUN HENOCPEICTBEHHO 3a OAWH MPOXOJ.
[Ipumep Takoil MoaysbHOW (pe3bl B cOope miig 0O0pabOTKM MPSIMOTO OTKPBITOrO
SIIMYHOTO MPOdUIIS IUIMOBOTO COSAMHEHUS MPEICTABICH HA pUCYHKE 1.

Puc. 1. MoayJabHas (ppe3a B coope 111 00padOTKH NPSIMOI0 OTKPHITOI0
SIIIUYHOT0 MPO(UJIsi HUINOBOT0 COeTMHEHUSI

JIyist peanu3anuy MOTYJIBHOTO TPUHIIMIIA KOHCTPYKIIMH Kaxkaas ¢peza B coope
ISl 00pabOTKH 3aJaHHOTO KOHKPETHOTO MPOQMIISI MIUIIOBOTO COSAUHEHUS COCTOUT
M3 HECKOJIbKUX (IBYX WIIH TpeX) Gpe3-KOPIyCcoB, COAEPKAIINX PEXKYITUE BCTABKHU C
IAJMHIPUYECKUMU JIEP’)KaBKaMU M HaMasHHBIMU TJIACTUHAMH U3 TBEPAOTO CILIABA,
Hanpumep, BKS8. VYkazanHble UWIMHIPUYECKUE PEXKYIIUE BCTAaBKA XOPOIIO
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3apEKOMEHJIOBaNIM ce0si B CaMbIX Pa3HbIX YCIOBUSX PaOOThI, BKIIOYAs YEPHOBYIO
00paboOTKy WM OTACIOYHO-YUCTOBYIO [7]. 3akperyieHue TakoW pexyiield BCTaBKH
MIPOU3BOJIUTCS MO IUIOCKOM JILICKE TOpIIaMU JBYX BUHTOB. JlJisi mpenoxpaHeHus OT
CJIy4aiflHOTO BBbLJIETa PEXYIIEH BCTaBKU B MpPOLECCE BpaLeHUs Ppe3bl KaxKAbIN y3el
KPEIUICHUS BCTaBKU COJECPKUT MPEIOXPAHUTEIbHBI BHUHT, OrpaHUYUBAIOIIUN
BEJIMYMHY TIEPEMENICHHUS] BCTaBKM BIOJb CBOEM OCH. PexXylmmi 3JIeMEHT,
obOecrieunBaomuii  moiaydyeHue (acku Ha 00pabaThIBaeMBIX TOBEPXHOCTSX,
KOHCTPYKTHUBHO BBITIOJIHEH TOJILIM BHYTPU TakKUM OOpa3oM, YTO TO3BOJISET BUHTY
JUTSL KPETUIEHUS JAHHOTO PEXKYILIETO 3JIEMEHTa BBINOJIHATh OTHOBPEMEHHO (YHKIIUIO
Y TIPEJIOXPAHUTEIIBHOTO BUHTA.

Mexnay ppe3amu-kopirycaMu pacroyiokKeHbl TUCTaHIIMOHHBIE KOJIbIIA HA YPOBHE
TE€X YYacTKOB oOpabaThiBaeMbIX Npo(UIEH IIUNOB, T€ HE TpeOyeTcss CHSITHE
Marepuana (y4acTOK BBICTYNOB UIMIIOBOrO coeAuHeHus1). Dpesbl-Kkopiyca C
BBIIIICYKA3aHHBIMU JTUCTAHIIMOHHBIMHA KOJIBIIAMH Pa3MENIalOTCs Ha IEHTPUPYIOIICH
BTYJIKE W 3aKpEIUISIOTCS JBYMsI UUIMIICBBIMH Taiikamu. Ha mmuHzgens
nepeBooOpadarTeIBaomero  craHka ¢pesa B cOope  yCTaHaBIMBAeTCS  IIO
LEHTPAIbHOMY OTBEPCTHUIO U TOPILY UEHTPUPYIOLIEH BTYJIKH.

st cHwkeHus oOmied maccel (ppe3sl B cOOpe OCHOBHBIE COCTABIISIONINE €€
aeMeHTHI (Kopryca (pe3) U3roToBIeHbI U3 TexHudeckoro tutana BT 1-0.

KoHcTpykiny mpeioKeHHbIX MOIYJIBHBIX (Ppe3 JOCTATOYHO TEXHOJIOTHYHBI
JUISL U3TOTOBJIEHUS U COOPKHM, YTO TO3BOJISIET MPOU3BOJIUTH OBICTPYIO HACTPOUKY
pasmMepoB 00pabOTKU (BEJIMYMHY BBICTYNAHUSI PEXKYIIEH KPOMKH HajJ KOPITyCOM
(¢pe3bl) nocne NepeToYKH 3aTYyNMUBIIMXCS PEKYIIMX BCTABOK MJIM MOCIE WX 3aMEHBI
Ha HOBBIE.

3akiil04eHue ¥ BHIBO/BL

1. IlpumeHeHre MOYJIBHOTO MPUHIMIIA KOHCTPYKIIUU UHCTPYMEHTA MO3BOJISIET
OCYUIIECTBJISITh 3aMEHY (Ppe3-KOpIyCOB ISl MOJYYEHHUs PA3IUYHBIX TUIIOPAa3MEPOB
00pabaTbIBa€MbIX IIIUIIOB U MA30B.

2. [lpumeHeHne MWIMHIPUYECKUX PEXKYIIUX BCTABOK MO3BOJIIET MPOU3BOAUTH
PErYJIUPOBKY MOJOKEHUS PEXKYIIUX KPOMOK HHCTPYMEHTA.

3. bnarogapsi U3roTOBJIEHUIO KOPIYCOB (Ppe3 U3 TEXHUUYECKOIO TUTAHA, a HE U3
cTanu, 0oJiee YeM B TIOJITOpA pa3a CHUKEHA 001as Macca MOAYJILHOM (pe3bl B cOope.
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V]IK 004.2

MODELS of PROTECTION SYSTEMS with VARIABLES of DIFFERENT

SPEED

MOJIEJIA BAIIIUTHBIX CUCTEM C PASBHOCKOPOCTHBIMU IIEPEMEHHBIMUA
Naumeyko 1.V. / Haymeiixo U.B.
k.t.s., ass.prof. / k.m.H., Ooy.
ORCID: 0000-0001-5259-1111
Kharkiv National University of radioelectronics, Nauki av., 14, 61166
Xapvroeckuii HayuoHabHbIU YHUGEpCUMeEm paouo1eKmMpOHUKU,
Xapwvkos, npocn.Hayku, 14, 61166

Annomauusn. Illenvio pabomer sensiemcs ucciedoganue npoodiemvl U peueHus 3a0ay
MOOENUPOBAHUSI 80CCMAHOBIEHUSI CUCTNEMbl U NOBEOCHUsl YelloBeKa - Onepamopa npu HAIuYuu
BDEOHBIX UNU ONACHLIX GHEWHUX B030eliCmeull U MexHO2eHHblX Kamacmpog). Hccnedyemcs
cucmema u3 08yx OugpepenyuanrbHblX ypasHeHull, KOmopas ONnucbleaen noedenue CUCmembl
3auumuvl 0m 6pPeoHbIX 8030ellCEUlL.

Knrwouesvie cnosa: mooenuposanue, cucmemvl 3auumsl U 80CCMAHOBNIEHUS, KAMACMPOQDbl,
oughghepenyuanvrvie ypasHeHus.

Abstract. The purpose of the work is to study and solve problems of modeling the recovery
systems and behavior of a human operator in the presence of harmful or dangerous external
influences and man-made disasters. The system of two differential equations is investigated. It
describes the behavior of the protection system against harmful influences.

Key words: modeling, protection and recovery systems, disasters, differential equations

Beryniienne.

B pabote uccnemyercs cuctema u3 AByX AuddepeHunanbibix ypaBHeHui (1),
KOTOpAasi OMMCBHIBAET IMOBEJICHUE CUCTEMBI 3alUTHI OT BPEIHBIX BO3ACHUCTBUU. B

JOCTAaTO4YHO O6HICM ciIy4dac, CUCTCMa UMCCT BU:

u'(t) = ocu(t) — Bz(t)u(t)
2()=F(u().2(c)

Ipu orpaHuydeHusx u =0, z > z., rae z, — BEJIMYMHA CTALIMOHAPHOM 3aIUTHI.

(1)

3nech u(t) — 3TO (PyHKIIMS BPETHOCTH, & z(t) — (yHKIIUS 3aIIHTHI.

Oynkius F ( ( ) z(t )) MOET, B YaCTHOCTH, IPUHUMATDH BHI:
- Flu(t).z(0) = yu(r):

- F(u(t)2(t)) = yu(t)=82(¢);

- F(u( ) (Z)) ylu(z‘)+y2u (t)—Slz(t)—Szzz (t)

JlaHHbIE UCCIeT0OBAHUS
B pabote uccnenoBana cucrema Juist yHKIUN

F(u(t),z(t)):yu(t)—fiz(t). (2)

[Tockonpky cucrema (1) comepx uT ObICTpBIC (3alIUTa) W MEIJICHHBIE

(BpenHOCTD) MepeMeHHbIe, BBeEM B (1) Maublil mapaMeTp €, KOTOPBINA OyneT SBHBIM

oOpazoM Ha 3TO ykasbiBaTh. [locme wero cucrema (1) ¢ mpaBoidl 4acTbIO BTOPOTO
auddepeHInaIbHOTO YPaBHEHUS IPUMET BHL:
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u'(t)=eau(r)- Bz(t)u(t).
ez'(¢)=yu(t)—8z(t)

Bb100p k03P PuIIMEHTOB CUCTEMBI U KOJIMYECTBA YWICHOB
ACHMMIITOTHYECKOT0 PA3JI0KECHUS.

bynem pewmats cuctemy (3) aCUMITOTHYECKUM METOAOM IS e’ u €. Jlanee
OyZeT moka3aHo TO, YTO, B JaHHOM HCCJICZIOBAHUU, MIEPBBIX ABYX WICHOB psiaa Oyaer
JOCTATOYHO VISl TOJTYYEHHSI XOPOILIETo MPUOIMKEHUS.
Bri6epem koaddurinenTsl cuctemsl (3) COOTBETCTBEHHO (PU3MUECKOMY CMBICITY
3a/1auu ¥ OyZeM UCIOJIb30BaTh UX Jajee:
a=0,5,p=5,y=2,06=1, €¢=0,0001. 4)
Tak >xe HyXHO 3aJaTh HayajlbHbIC YCJIOBHUS JUIsl MOJYYEHHS YHCIEHHOTO H
ACHMIITOTHYECKOTO peureHns. JIormaHo mpemmonoxuts z° <u’, tme z° = Z,,

IIOTOMY, YTO CHUCTE€Ma JOJDKHA BBIWTH 3a IPENEibl BO3MOYKHOCTEM CTallMOHAPHOU
3alUTBl IS TOTO, 4TOOBI ObUIa BO3MOYKHOCTh IIOCMOTPETh €€ JAMHAMUKY MU
MUHUMH3UPOBATH CTOUMOCTD.
22=2,u%=3. (5)

OnepanoHHbIid TPOMEKYyTOK Bpemenu 1 =10. (6)

[loctpoum pemienust cucrembl auddepeHmanbHbIX  ypaBHeHudt (3) ¢
napameTpamu (4) 1 Ha4aJbHBIMH YCIOBUSMH (95).

ACHMMIITOTHYECKOE PELICHHE 3a1a4M

B xone uccrnenoBanus ObLIIO 3aMEUEHO, YTO TIPH Be(O,lO) ACHMIITOTUYECKOE

pelieHe, MOCTPOSHHOE ISl IBYX WICHOB PA3NIOKEHHSI, MAJIO OTJIMYAETCS OT TOYHOTO
(uncnennoro). Mcnonp3yss MeToAMKy, KoTopas Obuta omucaHa B [1], momydum
rpaduku pemenus 3anaun (3), (5) ¢ mapamerpamu (4). Pe3ynbraTsl mpecTaBieHbl Ha
pucyHKax Hipke. [ HarnsgHocTy, n3o0pa3uM rpaguk He Ha BCEM uHTepBase 7', a
JUIIb HA MAJIOM €0 y4acTKe.

[IpuBeném tpadux (Puc.l) morpemHocTd (MOIYJTb PA3HOCTH) MEXKITY
IIOJIyYEHHBIM C BBICOKOW TOYHOCTBIO YHMCIEHHBIM M ACHMITOTUYECKUM METOJAMHM
U1 HYJIEBOTO M TMIEPBOTO YJieHa MPUOINKECHHUSL.

Dft)

0.025

0.010

t

Puc. 1. I'padux D(f) norpemtHocTH MeK1y YMCIACHHBIM H ACUMIITOTHYECKHM
pemieHueM A PYHKIUHU 3AIUTHI, IOCTPOCHHON HYJIEBbIM YJICHOM PeryJsipHoi
U OTPAHUYHOM YaCTH ACHMNTOTHKH.
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[TorpemHOCT,  TONBKO YMEHBIIAETCA C YBEJIMYEHUEM WIEHOB psija B
Pa3NIOKEHUH 10 CTemeHsM €. W3 aToro ciemyer, 4To JUisl ONEHKH (DYHKITUU
CTOMUMOCTH, MOKHO MCIIOJb30BaTh PE3YJbTaThl ACUMITOTUYECKOTIO PELICHUS 3a1a4u
(3), ().

3aKkJ/Il04eHHe H BbIBOJBI.

B nannom pasnmene Obula mccienoBaHa cucTeMa M3 ABYX auddepeHInaabHbIX
YPABHEHHU C MaJIbIM [MAPAMETPOM, KOTOPAsi ONMMUCHIBAECT MTOBEACHNUE CUCTEMBI 3AIUThI
OT BPEIHBIX BO3JICHMCTBUM C MOMEHTAa HMX BO3HHUKHOBCHHUA. bbUI HCIIOJIB30BaH
ACUMIITOTUYECKUN METOJI TOCTPOCHUS PEICHUS JIsi CUCTEMBI U TTIOCTPOEHBI HYJIEBbIC
Y TEPBBIE YJICHBI PSAJA ACUMIITOTUKUA C YYETOM <«IIOTPAHCHOS». J[aHHBIM TOIXOM
MO3BOJIWJI YIIPOCTUTH MOCTPOCHUE PEUICHUM I PA3JIMYHBIX MTAPAMETPOB CUCTEMBI U
TEM CaMbIM YIPOCTHUJI MCCIECNOBAHUE MOJIECIU M OLEHKY CTOMMOCTH CHCTEMBI
3allUTHI.

Jluteparypa:
1. AnpuanoB M.B. Acummnrorvueckas MaTeMaTHKa W CUHEPreTUKA: MYyTh K

uenocTtHoil mpocrtote. - M.: Enqutopuan YPCC, 2004. — 304 c.

© Haywmeiiko U.B.
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Y]IK 637.07

IDENTIFICATION AND ANALYSIS OF RAW MEAT BY NIR-

SPECTROSCOPY METHOD
ITEHTU®IKAILIS ¥ AHAJII3 M’SICHOI CHPOBUHHM METO/IOM BIU-
CHEKTPOCKOIII
Litvynchuk S.I. / JTlirenauyk C.I.
c.t.s., as.prof. / k.m.H., 0oy.
ORCID: 0000-0002-5580-3826
Shevchenko O.Y./ lllesyenko O.10.
d.t.s., prof. / 0.m.u., npog.
ORCID: 0000-0002-8818-2667
Nosenko V.E. / Hocenko B.€.
c.phys.-math.s., as.prof. / k.¢piz.-mam.H., ooy.
Shatkovska H.I. / lllatkoBcbka I'.1.
c.ped.s., as.prof. / k.neo.H., 0oy.
ORCID: 0000-0002-8875-4557
Hutsalo L.V. / T'ynano 1.B.
senior lecturer / cmapuiuti 6ukiaoay
National University of Food Technologies, Kyiv, Volodymyrska str., 68, 01601
Hayionanvnuii ynisepcumem xapuoeux mexnonoeiu, Kuie, Bonooumupcoka, 68, 01601

Anomauyia. Memoo [Y-cnekmpockonii 6  OMudCHIL — 0b1GCMI  CneKmpa  MOJNCHA
BUKOPUCOBY8AMU OJIs AHANI3Y CUPOBUHU, HANIBNPOOYKMI& Ma 20MOo8oi NPOOYKYii y PI3HUX 2ANY35X
Xap4o80i npOMUCI080CMI. XIOONEKAPCHKIL, KOHOUMEPCHKIl, ONIE-HCUPOBILL, NUBOBAPHI, MOTOYHILL
mowo. Y pobomi npononyemvcs memoo bIY-cnekmpockonii 3acmocogyeamu U Yy M SCHIU
npomucnogocmi. Tak, 3a 00NOMO20I0 O0AHO20 MemOoOdy MONCHA i0eHmugiKysamu 6uo M sCHOL
CUPOBUHU MA AHANI3YBAMU U020 CEINCICMb Ni0 Yac 30epicanHsL.

Knrouoei cnosa: m’sico, BI9-cnekmpockonis, ioenmughikayis, ananis.

Abstract. The method IR-spectroscopy in the near spectrum can be used to analyze raw
materials, intermediates and finished products in various sectors of the food industry: baking,
confectionery, industry: baking, confectionery, oil and fat, brewing, dairy too. It is proposed to use
the method of NIR-spectroscopy in the meat industry. This method may use to identify the type of
raw meat and analyze its freshness during storage.

Key words: meat, NIR-spectroscopy, identification, analysis.

Berym.

OpHe 13 BaXJIMBUX MICHb Yy CIHOXXKMBYOMY KOIIUKY KOKHOTO TpOMaJsTHUHA
VYkpainu 3aiimae M’sicO Ta M’ACONPOAYKTH, IO MICTSITh IOBHOLIHHI IOKHUBHI
pEUYOBUHHU, MOTPIOHI IS HOPMAJIBbHOTO (YHKI[IOHYBAaHHS OpraHi3My JIIOJIUHHU.
Hacamnepen mM’sico Ta MpoIyKTH HOTO MEepepoOKH € JKepeaoM MOBHOLIHHUX O1JIKIB,
0 CKJaJy SIKUX BXOJSATh HE3aMIHHI aMIHOKHCJIOTH, a TPaJAUIIAHUM YKpaiHChKUI
OPOAYKT — Cajo Ta IHIII TBapUHHI KUPU € JKEPEIOM EHeprii Ta HEeHAaCHYEHUX
XKUAPHUX KUACIOT [1].

ToMy nuTaHHA NIABUIIEHHS PIBHA KOHTPOJIO SKOCTI Ta O€3MeyHOCTi
M’SICOTIPOJIYKTIB, OCOOJIMBO, BPaxOBYIOUHM TMpAarHeHHS YKpaiHU CTaTH YICHOM
€porneiicbkkoro Coro3y, TOCTpO MOCTAa€ Tepes BITUYM3HSHUMU BHUpoOHuUKamu. He
MEHII Ba)XJIMBUM 3aBJaHHAM TE€ped M’ SICHOI0 TPOMHCIOBICTIO € IIBHIKE W
00’€KTUBHE BU3HAYEHHS SKOCTI CUPOBHMHU Ta COPTYBAaHHS ii BIAMOBIIHO /10 PIBHA
akocTi. | 11e, BpaxoBYHOYM OCTaHHIM 4YacoOM BEIHKY KUIbKICTh (Qanbcudikarii
XapuoBUX TPOJYKTIB BUPOOHMKAMHM Ta HEIOTPUMAHHSM BIJAMOBIHUX YMOB iX
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30epiraHHs MPOAAaBISIMU, 30KpeMa M’SCHOI CHPOBHUHM, NMUTAaHHS 1AeHTU(IKaIIl U
KOHTPOJIbHOT'O aHai3y M’sica TAKOXK € aKTyaJIbHHUM.

[Toxa3sHukamu SKOCTI M’sica € WOTO 30BHINIHINA BUTJIAN, 3a0apBIICHHS, 3alax,
KOJIip, KoHcUcTeHIis, pH-noka3uuk. Ha mpakTuiii BUCHOBKHM IPO CTYMHiHb CBIXKOCTI
M’sica TPYHTYIOThCS Ha pe3yJbTaTaX BU3HAUEHHS OPTaHOJICTITUYHUX IMOKA3HUKIB 1
JaHUX XIMIYHUX a00 MIKpOO10JOTIYHUX AOCHiIXKEeHb. [IpoTe opranonentuyHa oriHka
CUPOBUHU € JIOCUTh CYy0 €KTMBHOIO, 1[0 3YMOBJICHO 1HJMBIyaJIbHOI UYYTIUBICTIO
OpraHiB UyTTs KOXKHOT OKPEMOT JIOJUHU, & MIKPOOIOJOTTYHUI Ta XIMIYHUHN aHaJI3H €
JIOCUTh TPHUBAIMMHU IpoliecaMu. ToMmy, BpaxOBYIOUM IIi HEIONIKH 3a3HauCHUX
CTaHJAAPTHUX METOIB, 3aCTOCYBAHHS CaM€ IHCTPYMEHTAJIbHUX METOMIB aHali3y
JTIO3BOJIATH IIBUJIKO BU3HAYATH SKICTh CUPOBHHHU 32 (PI3UKO-XIMIYHUMHU TTOKa3HUKaAMU
(To0TO OTpUMaTH 00’€KTUBHY OI[IHKY SKOCT1 i YHUKHYTH PO301KHOCTEN 3 OL[IHKAMH,
10 OTPUMAaH1 OPraHOJICNITUYHUM METOJIOM).

3Ba)karouu Ha HEOOX1AHICTh MOUIYKY €KCIIPEC-METOAY BU3HAUEHHS SKOCTI M’sica
Ta M’SICHOI CHPOBHHH, OCOOJIMBY IEpeBary MO>KHa HaJaTH HEPYWHIBHUM METOJaM
OIIHKU, JO SKUX HAJIEKUTh CIEKTPOCKOMis B OmmkHIN oOnacti cnektpy (BIU-
criekTpockomisi). Takuit MeTo/l Ma€ MOKIIUBICTh aHAJI3yBaTH 3pa30K 0€3 BUKOHAHHS
CKJIaAHOI TPOOOMIATOTOBKH, J03BOJIIE BHU3HAUATH TOKA3HUKU CHUPOBUHU 1 poOUTH
BHUCHOBKH TPO piBeHb ii sKOCTi. [Ipu 1ipomy He BinOyBaroThbes 3MiHU (I3UYHHUX Ta
XIMIYHHUX BJIACTUBOCTEH JOCIIIIPKYBAaHOTO 3pa3Ka.

OCHOBHUI1 TEKCT.

Ckian BUXIIHOI M’SCHOI CUPOBHHHM KOJIMBAETHCS 3QJIEKHO Bl BUAY 1 BIKY
TBAPUHU, SIKOCTI 1 TOAYBaHHS, PEXKHUMY YTpUMaHHsS Ta 1H. [2]. M’gcO CBIMCBKUX
TBapHH, TOJIOBHUM YHHOM, CKJIAJA€THCA 3 M S30BO1 TKAHUHH, KA MICTUTh MIPUOIU3HO
72-75% Boau, 21-24% 611kiB, 5% Kupy 1 HE3HAUYHY KUIBKICTh BYTJIEBO/IIB.

[1ix yac TpuBasoro 30epiraHHsi M’sica B CEpeIMHI KOro OAHOYACHO BIOYBAETHCS
0e3mi4  (PI3UKO-XIMIYHUX 1 OIOXIMIYHUX TIEPETBOPEHb (3YMOBJICHI HAasIBHICTIO
dbepMeHTIB y M’SI30BUX TKaHWHAX), 110 MPU3BOJATH 0 YTBOPEHHS HOBUX PEYOBHH,
K1 HE MICTATBCS Y M’sICl HAJEXKHOI SKOCTI, Ta MPOAYKT IiAJA€Thcs MCcyBaHHIO [3].
Tomy came 3MiHa MOKAa3HMKIB SKOCTI Yepe3 BUHUKHEHHS HeOaXaHUX PEUOBUH Mij
gac 30epiraHHs Moke OyTH IIBUJIKO 1IeHTU(dIKOBaHAa MeToaamMu [U-criekTpockorii.

ExcnepuMeHTanbHl JOCHIIKEHHST OYyJI0 MPOBEACHO 13 3acTrocyBaHHsIM [UY-
aHajizatopa ,,Judpamia-61" B 6imkHIN 00JaCTi CIIEKTpa Yy Jiana3oHi JOBXUH XBUJIb
A = 13302370 um. Peectpanis [U-cnektpa nudysHoro BigOMBaHHS BigOyBajacs B
aBTOMaTUYHOMY pexuMi 3 KpokoMm 10 uMm. Yac, BUTpaueHuil Ha JOCIIKEHHS OJHOTO
3pasKa, He TIEPEBUIILYBAB IBOX XBUJIMH.

VY mepmriit cepii gociiaiB 3 METOr imeHTH]IKAIll 3pa3KiB M’sica Pi3HUX BUIIB
TBapuH OynM OOpaHi: CBUHHWHA, SJIOBHYMHA, OJICHMHA Ta WKWK KabaH. Y XoJi
eKcrepuMeHTy 0ysio otpumano [Y-criektpu aAudy3HOro BiIOMBaHHS, K1 HABEJEHO Ha
puc. 1.

Sk mokazayii pe3yJbTaTH, BCl CIIEKTPU aHAJI130BaHUX 3pa3KiB MalOTh MOAIOHUN
XapakTep Ta cx0xki Mixk coboro. TooTo Ha mocmimkyBanux [U-cnektpax nudysHoro
BIJIOMBAaHHS TPOSBISIIOTECS Maibke OJIHAKOBI XapaKTEpHI EKCTPEMyMH, aje
OJIHOYACHO CIIOCTEpIraeThCsl pi3HAa IHTEHCHUBHICTH BiJOMBANbHOI 374aTHOCTI. [leska
PO301KHICT y 3HaUEHH1 KOe(IIIEHTIB BIAOMBAHHS KOXKHOTO 13 3pa3KiB MPH TiH camiii
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JIOBXKHHI XBHWJII MOKe OyTH TMOsSCHEHA BIJIMIHHOCTSIMH Y 010XIMIYHOMY CKJIaJil M’sica
PI3HUX BHJAIB TBAapWH, LIO0 JO3BOJIUTH IAEHTHU(IKYBATH IaHUM METOJOM M SICHY

CUPOBUHY.
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Puc.1. IY-cnekTpu BifOMBaHHS M’sica Pi3HUX TBAPHUH
Asmopcobka po3pobka

Hactynuum kpokom Oyno gociimkenHs [Y-cnektpiB audy3HOro BiOMBaHHS
3pa3KiB M’sca Ha MPHUKJIaAl CBUHUHHU MiJ 4yac 30epiranHs (3a temmepatypu 4 °C
npotsirom 8 ni0). [lomernHo mnpoBommsocs ¢ikcyBanHs [Y-cnekTpiB mudys3HOTO
B1IOMBAaHHSI TAaHOTO 3pa3Ka.

Amnaniz [Y-cnexTpiB IOCHIHKEHOTO 3pa3ka I0Ka3aB IOCTYNOBE 3pPOCTaHHS
Koe(ilieHTy B1IOMBaHHS MPOIOPIIHHO 30UIBIICHHIO TEPMiHY 30epiraHHs M’sca.
byna Bu3HaueHa xapaKTepUCTHUYHA JIOBXKHMHA XBWII, IO BIJANOBIAAE CTYIEHIO
CBIXKOCTI 3pa3Ka CBUHUHHM. Y Ta0. 1 HaBeJleHO 3HaYeHHs Koe(dIIieHTIB BiIOWBaHHS B
3QJIEKHOCTI BiJ TepMiHy 30epiranHs 3paska (s oOpaHOi XapaKTepUCTUYHOI
JOBXHHM XBUJ1). 3a OTPUMAaHUMHU JIaHUMH OyJ0 MOOYJOBaHO KalliOpyBaJIbHUIA
rpadik Ta BHU3HAYEHO PIBHSHHS perpecii, 10 MaJo BEJIWYUHY JOCTOBIPHOCTI
anmpokcumartii 0,9.

Taoauua 1
3ase:xkHicTh KoedinicHTa BiT0MBaHHS 3pa3Ka CBUHMHM BijJl TepMiHy 30epiranus
TeleH 1 mo6a | 2 mob6a | 3 moba | 4 noba | 5 noba | 6 noba | 7 noba | 8§ moba
30epiraHas
Koeq’iHiQHT 0,0282210,028650,03046|0,02969|0,03106|0,03109{0,03238|0,03481
B1IOMBaHHSA
Aemopcovka po3poboka

OT1xe, OTpUMaHy MPONOPIIIHY 3aJIEXKHICTh MOXKHA Oy/1e BUKOPUCTOBYBATH JJIsI
BU3HAUCHHS TEPMIHY 30epiraHHs CBUHMHHM 3a BUMIPSHUM 3HAUYCHHSIM Koe(illieHTa
B1IOMBaHHS.
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BucnoBku.

AHami3  eKCIepUMEHTALHUX  JOCHIIKEHb TMOKa3aB, 1m0 wMerox bIY-
CHEKTPOCKOMii € JOCUTh TEpCHEeKTUBHUM [UIsl aHali3y CHUPOBHUHU M’ SICHOI
MPOMUCIOBOCTI. BiH € HepyilHIBHUM, HIBUAKUM, JOCTaTHHO TOYHHM 1 HE MOTpelye
MOTMEpPEeAHbOI MiITOTOBKU JOCHIKYBAaHUX 3pa3kiB. ToMy Moxe OyTH 3aCTOCOBaHHI
g igeHTHdikauii M’sica pI3HUX BHJIIB TBApUH, a TAaKOX BU3HAYCHHS TEPMIHY
30epiraHHsi M’ SICHOT CHUPOBHHH. J[Is 1bOrO HEOOXigHE JIHUIIE TOMEpPEeaHE
KaJIIOpyBaHHS pUIIALy.
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Abstract. The work develops a generalized approach to the study of thickness (radial)
vibrations arising in the piezoceramic plates, cylinders, spheres under electrical loads. Multilayer
converters with changing polarization directions with electroded interfaces are considered. The
proposed approach makes it possible to study the vibrations of bodies with layers made of various
electroelastic and elastic materials. Numerical implementation is carried out using finite
differences. Oscillations of multilayer plates, cylinders and spheres with and without an external
elastic or viscoelastic reinforcing layer under impulse and harmonic unsteady loads are described.
It was found that for a flat layer, the outer layer increases the amplitude and the period of free
vibrations after removing the load, and for cylinders and spheres it decreases. The presence of an
elastic layer enhances the third and dampens the fourth natural frequency of the transducer,
thereby expanding the frequency range of its operation.

Key words: piezoceramic multilayer transducers; non-stationary oscillations; electrical
disturbance, piezoelectric actuators, elastic, viscoelastic layers, thickness, radial vibrations.

Introduction.

Piezoelectric transducers are used in hydroacoustic exploration, medical devices,
in the construction or engineering industry in non-destructive testing devices: flaw
detectors, concrete scopes, thickness gauges. Piezoelectric actuators are used for
exciting and piezoelectric sensors are used for receiving acoustic or ultrasonic waves
in the explored environment [1]. Their active parts are piezoelectric elements of
plane, cylindrical and spherical shape, usually made of polarized piezoceramic
materials [2]. For increasing of sensitivity of the piezoelectric transducers several
connected piezoelectric elements with different directions of polarization can be used.
To match the impedances of the piezoceramic and the explored object, transition
layers made of elastic or viscoelastic materials are added. Working elements of the
piezoelectric transducers can be embedded in the housing to ensure the integrity and
the fixing conditions. Thus, piezoelectric transducers can be a complex object made
of materials with different physical and mechanical properties: different types of
piezoceramics with different directions of polarization, elastic, viscoelastic,
conductive materials, etc.

The paper implements a universal approach to the description of oscillations of
bodies of flat, cylindrical and spherical shape using the general equations of
electroelastic axisymmetric oscillations through the parameter N.

1. Statement of the problem

There are investigated thickness (radial) oscillations of multilayer hollow plates,
cylinders and spheres, consisting of n piezoceramic polarized by thickness layers
with interface surfaces Ry <...< Ry <...< R,, where R, - external, Ry — internal body
surface. For multilayered bodies with a small layer thickness relatively to the overall
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dimensions of the element is used assumption about linear distribution of electric
potential in layer thickness. In the case of opposite to the radial direction of
polarization, the sign of the piezoelectric modules changes to the opposite.

There are fulfilled the conditions of full contact between the layers

u* (Ry) = u'! (Ry), Gf (Ry) = O'fﬂ (Ry); €0k(Rk) = (Pk+1 (Ry). (1)
The interface surfaces and the outer surfaces are electroded, the potential
difference is set on the electrodes

P(R) =DV (@), k=0.n 2)
External surfaces are free from mechanical loadings
o, (R)=0, i=0,n. 3)

Then general equation of motion and the equation for the electrical induction of
the k-th layer due to displacement and the electric potential has the form (N=0 for
plane piezoelement, for cylinder N=1, for spheres N=2):

o'u* N pout N7 1 1
el e U R T U T

c
33
or? r or

4
N EDT2r @) ot )

Yo, :
I, ot?
Radial stresses in layers with radial direction of polarization

k k
k ou kU k 0
r r

For elastic isotropic layers we have the equation of oscillations
p@zuk _ (-pE d’u* Ndu* N ,
ot (1+w(1-2u) ’

kv k k
—cp )u” +(ey; —ey

)

— 6
dr? rodr  r? ©)

The initial conditions are superimposed on the displacements and their
velocities.

To make the solution general, we enter dimensionless variables. Dimensionless
form of the original equations does not change them.

2. Numerical solution method

We introduce a partition by spatial coordinate

Q={r i =R+ DA A =R, ~R_) my k=1, i=1,..m+1}

In the transition to the central differences, equations (4), (6) are transformed into

2
a system of differential equations pa;l 12J =AU+ F, (7)
t

where U ={u,,_yy,;1}, F=1,..0n,1=1,....m.

Displacements on external surfaces are found from one-sided three-point
difference form of boundary conditions (3)(5). Displacements on the section surfaces
are found from the conjugation conditions (1).

An explicit and implicit difference scheme is used for time integration. When
using an implicit difference scheme (Newmark's algorithm), equations (1) (3) (7)
form a single matrix, from which all unknowns in the internal and contour points are
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determined simultaneously. For an explicit scheme on each time layer, the
displacements at the internal points are first determined, and then by (1) (3) we find
the unknowns on the contour and the boundaries of the section. Testing was
performed by comparing the results obtained by different methods of integration over
time and the compression of the grid in spatial coordinates. The results were also
compared with previously obtained.

3. Obtained results

Nonstationary oscillations of PZT-4 ceramic elements at zero initial conditions
are investigated. We compare the oscillations of the elements without elastic
matching layers and taking into account the outer elastic layer. There are taken

radiuses R, =2cm, R, =3,4cm. Consider the case n = 7. The thickness of the layers
is the same h, =(R, — R, )/ n=2mm, thickness of elastic layer is & = 2mm too. For

elastic material we take E=11-10"MPa, 1 =0.25 (aluminum). The results are

given in dimensionless form. At such initial data the unit of dimensionless time
approximately corresponds to 1mcs, the unit of dimensionless movement corresponds
to 55mcem. To determine the optimal load that will cause the maximum exclamation,
we analyze the magnitude of the maximum displacements of the outer surface of the
element under pulse loads. The electric perturbation is given in the form of a

_ . Vosinat, 0<t<rx/ow
sinusoidal branch V (¢) =
0, O<t<rn/w.

40 . . . . . 2
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Fig 2. Nonstationary vibrations for bodies

of different geometry

The amplitude of the loads is the same, the frequency varies (Fig 1.). We see
maximum displacements at ®=0.2. So, we explore vibrations of external surface at
®=0.2 on Fig.2. In a plane element after unloading we have vibrations on thickness,
in cylinder and sphere they oscillate on radial mode.
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Conclusion.

The proposed approach to the study of nonstationary oscillations of
piezoceramic electromechanical converters (actuators) is easily implemented in any
computer program. The obvious advantage in the amplitude of oscillations for the
sphere and the cylinder is lost at a distance from the element, because the intensity of
the emitted signal decreases inversely proportional to the distance. It is established,
that the influence of the external elastic layer on the oscillations of the multilayer
element is significant and should not be neglected. The use of multilayer elements
with electroded interface surfaces and variable direction of polarization of the layers
increases the conversion efficiency of electrical energy into mechanical energy
almost in proportion to the number of layers.
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DETERMINING SERVICE PARAMETERS BY COMPUTER MODELING

METHODS
NIABUINEHHSA TOYHOCTI I'IIPABJITYHUX MMPECIB 3 HAC LIJIAXOM
BU3HAYEHHS MAPAMETPIB CEPBOIIPUBOJY METOJAMU KOMIT’KOTEPHOI'O
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Anomauin. Y cmammi  po32150A€EMbC  MONCIUBICIbL — OMPUMAHHA — NApamempie
eNIeKMPOMEXAHIYHO20 — CepBONpUBody  2iOpagiiuHo20  Npueoody MemooamMu  KOMN 10mepHO20
Mmooenoeants. Buseneni gpaxmopu, wo eniusarome Ha mouHicme 6upobie. Ompumari OaHi wo
xapakmepusyloms pobomy cepeonpusody. Ilpoeedene moodeniosanns i aHaniz OUHAMIYHUX
nepexionux npoyecie 8 cepeonpusooax 6 inmesposanomy cepedosuwyi oopooku MatLab. Buznaueni
napamempu  cepeonpusody  Memooamu  KOMN IOMEPHO20 — MOOEN08AHHSA.  3anponoHO8aHi
DPEKOMEHO0BAHT BNPOBAOINCEHHS PE3YIbMAMIE OCIIOHNCEHHS HA BUPOOHUYMAEI.

Kniouogi cnosa: gaxmopu mounocmi, napamempu cepeonpugood, npec, KOMn romepHe
MOOeN08anHs, NOCMINIHA Yacy

Abstract. The article deals the the possibility of obtaining the parameters of the
electromechanical servo drive of the hydraulic drive by computer simulation methods. Factors
influencing the accuracy of products are revealed. The obtained data characterizing the operation
of the servo. Modeling and analysis of dynamic transients in servos in the integrated processing
environment MatLab. The parameters of the servo drive are determined by computer simulation
methods. The recommended implementation of the results of research on production is offered.

Key words: accuracy factors, servo parameters, press, computer simulation, time constant

Beryn.

OnHi€r0 3 TOJOBHUX 3aBlIaHb MPAKTUYHO Y BCIX rajy3sx MaIllMHOOYyBaHHS B
YMOBaX PUHKOBOi €KOHOMIKHM € BUMOTH PO3IIMPEHHS COPTAMEHTA, 1110 BUITYCKAETHCS
Ha HassBHOMY OOJiaJHaHHI. Ba)XIMBUM B IIbOMY BHUIIAJIKYy € 1 3HM)KEHHSI COO1BapTOCTI
rOTOBOI METAJIONMPOIYKIi 1 MIABULICHHS ii SKOCTI, 110 HEPO3PUBHO IOB'A3aHO 3
MOJICPHI3AIIIEI0 MTPAIIOI0YOr0 00JIaTHAHHS.

Bigomo, 1o Ha nporiec BUPOOHMIITBA Taps/YUX 3arOTOBOK 1ICTOTHO BIIMBA€E CTaH
TEeXHOJIOT1YHOTO 00nagHaHHs [1-4]. OcHOBHI (akTopH, MO0 BIUIMBAIOTH HA TOYHICTH
IITAMIOBAaHUX BHPOOIB - 1Ie: Omp TOKOBKH JehOpMyBaHHIO; TapamMeTpH
IHCTPYMEHTY; OpTraHi3alliifHi TWUTaHHSA, TapaMeTpu NPAIIOI0YOTO O0JIaTHAHHS
(BKJIFOYAIOUU CUCTEMY KEPYBaHHS).

ExcnepuMeHTalibH1 HOCTIKEHHS cepBonpuBoay Ha 3ycwuis 600kH, 1ro
3aCTOCOBYEThCSI B CHCTEMI yHOpaBiiHHA TmpecoM 3ycwuisiMm 63 MH (3aBon
«Enepromaricnerncrainbsy, M Kpamatopcsk) [4] moka3aiau HaCTyIHE:

- Yac raibMyBaHHS ISl CEPBONPHUBOJY MPHU MEPEMIILIEHHI HOT0 BUX1JHOI JaHKHU 3
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noJiockeHHs "cton" B moJjiokeHHs "poOouwnit xix" craHoBuTh 0,41c. (n1uB.
puc. 1).

1

0,1 03050709 1113151719 21232527
yac, t
Puc. 1. Ocunsiorpama nepexigHux npouecis cepsonpuBoay npeca 63MH
1 - genuuuna nepemiwjenns pyuku ynpaeiinms, 2 - 6eIudUHA nepemiujenHs UXioHol

JIQHKU CepBONPUBOOY; 3 - HaNpyea Ha 6X00i eleKmpo2iopasiiyHo20 ni0CUN08aya
(ET'Y)

- MakcumanbHa IIBUIKOJIS CEPBOINPHUBOIY CTaHOBUTH Onm3bko 180 xom /

xB. OnHak, HaBiTh npu 100 X071 / XB TOMUJIKU MO3UIIOHYBaHHS JA0csraroTh 20%.

- CepBOIpUBOJ XapaKTePU3y€EThCS BEIUKUMHU JIOPTaMH B KIHEMATUYHUX JIaHKaX

1 gocsirae 10% makcuManbHOT BETMYUHU BIAKPUTTS KilalaHiB.

OtpumaHi fJaHi XapakTepu3yrOTh poOOTYy CEpBONPHUBOAY K  BKpaid
HE3aJI0BUIbHY. s YCYHEHHS HEOJIKIB CEpPBONPUBOY Oyno
3aMpONOHOBAHO MiIOpaTH HOTO ONTUMAJIBHI TApaAMETPH.

Bubip MeToaiB i 3ac00iB goc/TiKeHHS

CyuacHi mudpoBi Ta iHGOpMAaIiiHI TEXHOJOTIi MPU HASBHOCTI BIAMOBITHUX
aJICKBATHUX MAaTEMaTUYHUX MOJIEJICH 103BOJISIIOTH OTPUMATH HEOOX1H1 Pe3yIbTaTh B
MaKCHUMaJIbHO MMOBHOMY 00CS31 1 B MIHIMaJIbHO MOXJIMBHUH Yac.

B nmanomy BUMaaky AOCIIKEHHS MEPEXiAHUX 1 aHaI3 JUHAMIYHHUX MPOIECIB
CEPBOIPHUBOY TIPOBOIUBCS Ha MO 3 3aCTOCYBaHHSAM 1HTETPOBAHOTO CEPEAOBHINA
o0pooxu MatLab.

BuzHaueHHsi mapaMeTpiB CepBONPHUBOAY MeTOJaMH KOMII’ IOTEPHOI0
MO/1eJTI0BAHHSA

CxeMa TigpaBIIYHOTO CEPBONPHUBOAY [JIi KOMI'IOTEPHOTO MOJEIIOBAaHHS B
cepenoBuilll MatLab mnpencraBneHa Ha pucyHky 2. Ilicna 3aBmaHHa mapaMeTpiB
MOJICNIIOBAaHHSI Ha  elleMeHTi Scope |  crmocTtepiraeMo  pe3yibTaTu. PesynbraT
MOJICJIIOBAHHS 3a IONIOMOT010 porpamu MatLab nipeicTaBlieHd Ha PUCYHKY 3.

AHari3 nokasye, 110 3MiHa MOCTIMHOI Yacy CEpBOINPHUBO/Y 1 PETYJISATOPA CYTTEBO
BIUTMBA€ HA TOYHICTh 1 MPOJYKTHUBHICTh BHUPOOIB, TaK 1 HA AMHAMIYHI TMPOIIECH
rigponpeca. [CHyIoOTp ~ ONTUMalibHI ~ 3HAYEHHA  BEIUYMH  TOCTIHHOI  yacy
CEpPBOMPUBOAY 1 TOCTIMHOI Yacy peryisTopa, SKUM BIJINOBiIa€ MiHIMAJIbHUM 4ac
nedbopMyBaHHs t 1 MiHIMaJbHA MMOXMOKa MmTamMnyBaHHsI. ONTUMaIbHI 3HAYCHHS
MOCTIMHUX Yacy peryjasTopa 1 CEepBONPUBOAY HEOOXIJHO BHU3HAYaTH METOJaMU
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aBTOMAaTHYHUX cucteM. [I[pyuoMy HEOOXiTHO TMepeadayuTd MOKIUBICTh 3MIHU
nocTiiHuX vacy B Mexax 20 ... 30% 3 MeTor HacTpOI0 aBTOMATHYHOI CHUCTEMH
KepyBaHHs. OTpHUMaHI CTaTHYHI XapaKTEPUCTHKH IMOKa3ylOTh, IO MEPETBOPIOBAY

MPAKTUYHO HE Ma€ 30HU HEUYTIUBOCTI (puc. 4 ).

Kb TR} U0 M ST YIUI0 THERBET
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Puc. 2. Cxema rigpaB/iYHOro cepBONpPUBOAY /ISl KOMII'FOTEPHOT0
MoJieII0BaHHs B cepenosuii MathLab

S, MM; p, MITa; V, m/c; a, m/c?

FepemilieHHa

St lBMakicTb

H:pMCKOthHH

t, 102 ¢

Puc 3. Pe3yabTaTr Moaer0BaHHs 32 1010MOrow nporpamu MathLab

BucHoBkH o podoTi
Ha TouHicTe BUrOTOBJIEHHS BHUPOOIB 1 MPOAYKTHUBHICTH Npeca IMpH KyBaHHI 1

IITAMITYBaHHI ~ CYTT€BHM BIUIMB  3[IHCHIOIOTH BEJIMYMHU TIOCTIMHUX 4acy
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cepBOIpUBOAY. [ OoTpuMaHHS 3aaHUX TNapaMeTpiB KyBaHHS 1 IITaMIIyBaHHS
HEOOX1JHO BU3HAYMTH ONTHMAaIbHI 3HAUCHHS ITOCTIMHUX Yacy.
V, Mmic
103
500
400
300
/,
200 -
7
100 "
0 /
-100 7
-200 p
-300
-400
-500f

1,2 08 04 0 04 08 12 h,mmlc

Puc. 4. CtaTuyHa XapaKTePUCTHKA eJIEKTPOMEXAHIYHOI0 MepPeTBOPIOBaYa

BcraHoBneHO Takoxk, 10 KOMI'IOTEpHE MOIETIOBAaHHS MO>KHA BUKOPUCTOBYBATH
IUIA aHalli3y peXUMIB poOOTH HOBUX BY3JIB 1 CUCTEM IIpeca, 10 PO3POOIIOI0THCS, 1X
HAJIAroJDKEHHS Ta TepeBipKa Mpane3gaTHOCTI SK B Ja0OpaToOpHUX, Tak 1
MIPOMHUCIIOBUX YMOBax 0e3 BUKOPUCTAHHS MPECOBOi YCTAHOBKH B peKUMaX, OJIM3bKUX
710 aBapiiHUX.
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Abstract. The power consumption per Raspberry Pi 3B+ board in the cluster under different
types of cooling was investigated. Power consumption per Raspberry Pi 3B+ in a non-cooling
cluster and in a passive cooling cluster has been found to remain stable with an increase in the
number of single-board computers in the cluster, ranging from 5 Wto 5.16 W. Power consumption
per Raspberry Pi 3B+ in an active cooling cluster decreases as the number of single-board
computers in the cluster increases from 7.15 W (with 2 boards) to 5.95 W (with 4 boards). A
mathematical model of electricity consumption per Raspberry Pi 3B+ board in a cluster with active
cooling has also been developed. The error of use of the developed mathematical model does not
exceed 0,0134%.

Key words: Cluster, cluster system, cluster computer system, Raspberry Pi 3B+, electricity
consumption.

Introduction.

Currently, there is a widespread introduction of specialized computer networks
in automation systems for process control [1-6] and the spread of Internet of Things
technologies [7]. There is also a growing need for large-scale computing around the
world.

High-performance computing used to be provided only by supercomputers.
However, they are very expensive to design and operate, consuming large amounts of
electricity for power and cooling. Access to them for scientists, programmers and
students is very limited. Therefore, the development of cluster systems based on
cheap single-board computers Raspberry Pi 3B+ is currently a promising area [8-17].

Typically, researchers examine the performance of cluster systems based on
Raspberry Pi 3B+ single-board computers. However, an important indicator of the
efficiency of the cluster system is also the consumption of electricity per board
Raspberry Pi 3B+ in the cluster. Therefore, the purpose of this work was to
investigate the power consumption per board Raspberry Pi 3B+ in a cluster with
different cooling systems.

Main text.

During the research, 49 experiments were performed on different numbers of
boards in a cluster system based on single-board computers Raspberry Pi 3B+ and on
different cooling systems.

Figure 1 shows the average values of electricity consumption per board
Raspberry Pi 3B+ found by the results of the above experiments.

Electricity consumption per Raspberry Pi 3B+ in a cluster without cooling and
in a cluster with passive cooling remains stable with the increase in the number of
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single-board computers in the cluster and ranges from 5 W to 5.16 W. Power
consumption per Raspberry Pi 3B+ in an active cooling cluster decreases as the
number of single-board computers in the cluster increases from 7.15 W (with 2
boards) to 5.95 W (with 4 boards).

8,0000
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7,0000

6,0000

5,1651 5,0029 5,1340
5,0000 el L L S S pp—— -
5,1366 4,9868 5,1296
= 4,0000
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Number of boards Raspberry Pi 3 B+
= == = Power consumption per 1 Raspberry Pi 3B+ in the cluster without cooling, W
°°°°°° Power consumption per 1 Raspberry Pi 3B+ in a cluster with passive cooling, W
Power consumption per 1 Raspberry Pi 3B+ in a cluster with active cooling, W

Fig. 1. Power consumption per 1 Raspberry Pi 3B+ in the cluster

It is established that the change in electricity consumption per board Raspberry
Pi 3B + in the cluster with active cooling is described by a mathematical model:

y=0,4232x2-3,1362x+11,729 . (1)

As can be seen from (1) the mathematical model of electricity consumption per
board Raspberry Pi 3B+ in a cluster with active cooling has the form of a polynomial
of order 2.

The results of comparing the data obtained using the developed mathematical
model of electricity consumption per board Raspberry Pi 3B+ in the cluster with
active cooling (1) and the data obtained experimentally are shown in table 1.

Table 1
Electricity consumption per board Raspberry Pi 3B + in a cluster with
active cooling

Number of boards The average value of The value of electricity Error, Error,
Raspberry Pi 3B+ | electricity consumption per consumption per board W %
board Raspberry Pi 3B+ Raspberry Pi 3B+ found by
found by the results of the results of calculations
experiments, using the developed
\ mathematical model (1), W
2 7,1491 7,1494 0,0003 | 0,0042
3 6,1287 6,1292 0,0005 | 0,0082
4 5,9546 5,9554 0,0008 | 0,0134
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As can be seen from table 1, the error of use of the developed mathematical
model does not exceed 0.0134%.

Summary and conclusions.

The power consumption per Raspberry Pi 3B+ board in the cluster under
different types of cooling was investigated.

Power consumption per Raspberry Pi 3B+ in a non-cooling cluster and in a
passive cooling cluster has been found to remain stable with an increase in the
number of single-board computers in the cluster, ranging from 5 W to 5.16 W. Power
consumption per Raspberry Pi 3B+ in an active cooling cluster decreases as the
number of single-board computers in the cluster increases from 7.15 W (with 2
boards) to 5.95 W (with 4 boards).

A mathematical model of electricity consumption per Raspberry Pi 3B+ board in
a cluster with active cooling has also been developed. The error of use of the
developed mathematical model does not exceed 0,0134%.
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Jlanvresocmounwiii hedepanvhwiii yHusepcumem, Braoueocmoxk, ocmpos Pycckuii

Annomayua. Axyenm Ha NpocpAMMHOM obecneyeHuu u HedoCmamoyHoe 6HUMAHUE K
Ye06eYeCKOMy UHMELIeKMY Npu paspabomie cucmem UCKYCCMBEHHO20 UHMENLIEKMA 2080PsM O
MOM, YMO 3a0a¥d CO30aHUs UCKYCCMBEHHO20 UHMENIeKMAa OCmaemcs HeO0OYeHeHHOU U
npeocmaensiem — aKmyanibhylo  npobnemy — 6vicokux — mexuonocuti. Llenv  uccredosanus:
meopemuyeckoe 000CHO8AHUE U pA3GUMUE GEPOSAMHOCMHOU Meopuu CmMbici08. Memoobi:
Meopemuyeckuti aHaIu3 GeposmHOCMHO2Z0 Nn00xX00a K npobreme cmuvicia B. B. Hanumosa;
A6MOPCKULl  Memoo 6epOSMHOCMHOU OYeHKU CMblci08. Pezynemamul: O0ano ob6ochosanue u
Mamemamuyeckoe ONUCaHue OCHOBHLIX NOHAMUL 8EPOSIMHOCIIHOU MEOPUL CMBLCILO8, NPEOLONCEHA
MEMOOUKA OYEHKU BeIUYUHBI CMBICIA, CHOPMYTUPOBAHO NOHAMUE CMBICA KAK CIAMUCTNUYECKO20
napamempa. Ilpakmuueckas snauumocmsv: Vcnonv3osanue NOLYYEHHLIX pPe3yabmamos No3601uUm
€030a6amv UHDOPMAYUOHHO-YNPABTAIOUUE CUCTNEMbL NOOOEPIHCKU NPUHAMUS PeUleHULl 8 CUCeMax
UCKYCCMBEeHH020 unmenntekma. Mamepuanvl cmamvu mMo2cym npeocmasisims meopemudeckutl u
npakmuyeckuti unmepec 0Jia uccieoogamelnetl U paspadomyuKko8 UCKyCCmeeHH020 UHMELLeKmA.

Knrwouesvie cnosa: cmvici, 6eposimHOCMHASL OYEHKA CMbBICLO8, YeN08eHeCKUU UHMEILIeKM,
UCKYCCMBEHHbII UHMENNIEKM, MAUWUHHBIU UHMENTeKN.

Abstract. The emphasis on software and insufficient attention to human intelligence in the
development of artificial intelligence systems indicate that the task of creating artificial intelligence
remains undervalued and is an urgent problem of high technologies. Purpose: theoretical
Justification and development of the probabilistic theory of sense. Methods: theoretical analysis of
the probabilistic approach to the problem of sense By V. V. Nalimov, author's method of
probabilistic evaluation of sense. Results: the substantiation and mathematical description of the
basic concepts of the probability theory of sense are given, a method proposed for estimating the
value of sense; the concept of sense formulated as a statistical parameter. Practical significance:
Using the results obtained will allow creating information and control systems for decision support
in artificial intelligence systems. The materials of the article may be of theoretical and practical
interest for researchers and developers of artificial intelligence.

Key words: sense, probabilistic evaluation of sense, human intelligence, artificial
intelligence, machine intelligence.

Beenenue

OO01Ien3BeCTHO, YTO COBPEMEHHBIE CUCTEMBI NCKyCcCTBeHHOTO nHTeuekTa (M)
HEe CrocOoOHBI MOHUMAaTh cMbIcii. MaTtematuk u ¢unocod Jxan-Kapno Pora, xak-To
cupocwit: “Uurtepecno, cmoxet nmu MW korna-aulOyap npeononieTs 6apbep cMmbicia”
[1]. YToObl HalTH OTBET Ha O3TOT BONPOC, HYXHO OOpPATUTBCA K H3YUYECHHIO
YEJIOBEYECKOr0 MBIIIEHUS M, MPEXIE BCEro, MOHATh, YTO Takoe cMbIcia. C 3Toi
LEJIbI0 MPOBEJICEHO HCCIEAOBAHUE MO TEOPETHUYECKOMY OOOCHOBAHHUIO M PA3BUTHIO
BEPOSITHOCTHOM TEOPUM CMBICIIOB, OCHOBBI KOTOpOH pa3padoTansl B. B. HanumoBbsiM
[2]. B crathe Takyke MCIOIB30BaHbl PE3YyJIbTAThl YK€ MPOBEICHHBIX MCCIEAOBAHUN
1o 3Tou Teme [3-6] u npyrue, 3aMMCTBOBAHHBIE U3 JTUTEPATYPHBIX UCTOYHUKOB.
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Martepuajibl 1 METOAbI

CoryacHO BEpOSITHOCTHON TEOPHH CMBICJIOB OCHOBHOM MPUHITUAIT 00pa30BaHMS
CMBICJIOB 3aKiirouaeTcsi B cuioru3dme beiteca-Hanumosa [7, c. 124], B cooTBeTCTBUN
C KOTOPHIM CEMaHTHKa KaXXJIOTO KOHKPETHOTO TEKCTa 3aJaeTcs CBOed (yHKIMEH
pacnpeneneHus (INIOTHOCThEO BEPOATHOCTH) — p(). DBOIIOLMS CMBICIIA CBS3aHa CO
CIIOHTAHHBIM  TIOSIBIGHMEM B HEKOW cutTyanuu y duiapetpa —  p(y|n),
MYJIBTUIUIMKATABHO ~ B3aWMOJICHCTBYIONIETO €  HCXOAHOW  (yHKmumenn  p(u).
B3aumoneiicTBue 3aaeTcst u3BecTHor (popmyoit belieca, npeacraBieHHON B BUJIE:

p(uly)=kp(y[Wp(w), )
rae: p(uy) — ycnoBHas (GYHKIUS PACTIPEICICHHS, OMPECSISIIONas CEeMaHTHKY
HOBOT'O TEKCTa; kK — KOHCTaHTa HOPMHUPOBKH.
®dopmyna beiteca (1) BBICTYNMAaeT Kak CHJUIOTHM3M: M3 JIBYX MOCBUIOK p(ll) H
p(¥|1) ¢ HEOOXOIMMOCTBIO CIIEYET TEKCT C HOBOM CeMaHTHKOH p(L[y). Dta dopmyrna
(Teopema) HCMOJB3YETCS JI BBIYMCICHHS alOCTEPUOPHBIX COOBITHH uepes
anpuopHeie  BepositTHocTH. Hamumo  B.B. caeman  o0oOmienue, mnpujas
CTaTUCTHUYECKOW (opMylie HOBOE — JIOTMUECKOE 3HAYE€HHE, YTO JAeT OCHOBAHUE
roBopuTh 0 criuiorusme bereca—Hanumosa.
@OyHkuus p(W), 3aJar0mas CEMaHTUKY KaKIO0ro KOHKPETHOTO 3HaKa 3HAKOBOM
CUCTEMBI, UMEET JIOCTATOYHO TTAJAKUN BUJ U aCUMITOTUYECKUA MPUOINKAETCS K OCU
abcmucce (puc. 1).

Iloc

»
>

Iloc

[
»

Puc. 1. ®yHkuus, 32121011258 CEMAHTHKY 3HAKA 3HAKOBOH CHCTEMBbI

Ha puc. 1 ¢ kaxapiM 3HAKOM BEPOATHOCTHBIM 00pa3oM CBSI3aHO MHOKECTBO
CMBICJIOBBIX 3Hau€HUI. PaHTM CMBICIOBBIX 3HAYCHM, 0003HAUYCHHbIE Udpamu oT 1
710 8, OTJIOKEHBI IO OCU a0CITUCC M YCTAHOBIICHBI IO BEPOSTHOCTH WX TosBICHUS. [0
OCH OpAWHAT OTJIOKEHBI CaMU BEpOSATHOCTH. KakIIOMy y4acTKy CMBICIIOBOW IITKAJIbI
COOTBETCTBYIOT CBOM BEPOSTHOCTH, C KOTOPBIMH OHU aCCOIIMUPYIOTCS CO 3HAKOM.

CMBICTT 3aKTI0YEH MEXKTy MOCBUIKAMH CHJUIOTH3MA U MOXKET OBITh MpEACTaBJICH
B BUJI€ CJIOBECHOTO BbIpaxeHus: Cuvicn = [locvinka 2 — [ocwinka 1.
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ITochlIKaMu MOTYT OBIThH OTAENbHBIE 3HaKK . Torma, CI0BECHOE BHIPAKEHHE IS
CMBICJIa TPUMET cienytomui Bua: Keanm cmvicna = 3nak 2 — 3uax 1.

Pe3yabTathl n 00Cy:K1€eHHE

CMBICT — 3TO CTaTUCTUYECKUI MMapaMeTp, U3MEPSIOIINNA CpeHEe KOJINYECTBO
SHTPOINH, MPUXOIALICHCS HAa OJHO yMoO3akiaroueHue. CMBICH 3aKIIOUYEH MEXKITY
3HaKaMH 3HAKOBOW CHUCTEMBI U MPOSIBISIETCS B CIIOCOOE CYXACHUS O IEHOTATE.

3HaK — JUCKPETHBIN 3HAK 3HAKOBOM CHCTEMBI, MPEICTABISIOMINA COO0M KBaHT
3HAYEHHS CAMOT0 3HaKa B €IMHUIIAX UHHOPMAIIMOHHON SHTPOIIUY.

KBaHT cMmbIciia — pa3HOCTh KBAHTOB JIBYX COCEIHUX 3HaKoB. KBaHT cMbIcia
U3MepsieTcsl B €IUWHULAX WH(OOPMAIMOHHOW BSHTPONMH M MPEACTABISIET COOOM
€AMHUYHBIN JIEMEHT OLIEHOYHOIO MapaMeTpa BEJIMUYMHBI CMbICTIA.

Meronnka BEpOATHOCTHON OLEHKH BEMYMHBI CMBICIIA OCHOBAHA HA CPABHEHUU
Pa3HOCTU JHTPONUN (KBAHTOB CMBICNIA) JABYX CMEXHBIX CJI0B AH HCXOIHOTO M
3TAIOHHOr0? TEeKCTOB. AH Kak cilydaiiHash BEIMYMHA MMEET SKCIOHEHIUAIbHBIN
3aKOH pAacCIpeleeHuss W OLICHUBAETCS €ro InapameTrpamy, OJHUM H3 KOTOPBIX
apisiercs: quddepenunansias >HTponus. B ucciaenoBanuu [6] Obuta ycTaHOBIEHA
clenyromas 3aKOHOMEPHOCTh: 4YeM Oousbiie auddepeHuranbHas —SHTPONUS
HKCIIOHEHIUAILHOTO pachpeliefieHus: ciaydyailHoM BenuuuHsl AH, Tem Oomblie
CMbICIa B TeKcTe U HaoOopor. IlosToMy mpu oOlieHKe BETUYMHBI CMBICTIA
CPaBHMBAIOTCSI M aHATU3UPYIOTCA 3HaueHus IuddepeHIMaTbHbIX IHTPOMHUMA Kak
OLICHOYHBIX [TapaMETPOB UCXOIHOIO M U ATAJIOHHOTO M, TEKCTOB:

eciu M > M, TO, BEpOATHEE BCETO, UCXOAHBIA TEKCT COAEPIKUAT CMBICIT,

eciu My < M, TO, BEpOsITHEE BCETO, UCXOIHBIN TEKCT HE CONEPKUT CMBICIIA.

[IpoBepka 000CHOBAaHHOCTH pa3pabOTAaHHOW METOJUKH BEPOATHOCTHOM OLIEHKH
BEJIMYMHBI CMBbICJIAa IPOBEJACHA MNYTEM KOHTPOJBHBIX pacueToB [6]. B kauecTtBe
3HAKOBOM CHCTEMBI MCIOJIB30BAJICS TEKCT. B o0I1el cioXKHOCTH MPOAHAIM3UPOBAHO
6onee 50 TekctoB. Mcxoms wu3 CTWIS NpPOAHAIM3UPOBAHHBIX TEKCTOB U
IICUXO03MOLMOHAIBHOTO COCTOSIHUSL UX aBTOPOB, IMOJIYYE€HBI PE3YJIBTATHI, aJIEKBATHO
OTpaXKaroIME PACCUUTAHHBIE OLIECHKU CMBICIIOB.

3ak/ouenue

B pabote ¢ mo3unuii KUOEPHETUYECKOTO MOAX0/1a OMUCAHBl OCHOBHBIE TTOHSATHUS
TEOPUH BEPOSATHOCTHOW OLIEHKH CMBICIOB, KOTOPbIE B COBOKYIHOCTH MOYKHO
KJIaCCU(PUIUPOBATh KAaK BEPOSTHOCTHYIO MOJENb MOJACPKKU MHPUHATUS PELICHUM
4yes0BeKOM. [[eHTpallbHbIMU MOHATUSIMHU HW3JI0KEHHOM TEOPUHU SIBISIIOTCS CMBICI U
cuiorusMm  belieca-Hamumosa. Pe3ynbpTarsl IIPOBEIEHHOIO MCCIENOBAHUS MOTYT
UCIIONIb30BAaThCA TMpPU  CO3JaHUM CUCTEM TOAJEPKKM TPHUHATHS  pPELICHUH,
YUHUTHIBAIOIINX MMOTEHIMA YEJIOBEUECKOT0 MHTEIIEKTA.
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2. Hanumos B. B. CioHTaHHOCTH cO3HaHUS: BEpOsITHOCTHAS TEOPUS CMBICIIOB U

! Ecnu B kauecTBe 3HAKOBOMH CHCTEMBI HCIIONB3YETC TEKCT, TO 3HAKAMM B 3TOH CHCTEME OYAYT SABJIATHCS OTACIbHBIE
CloBa.
2 DTaJOHHBIN TEKCT — 3TO UCXOAHBIN TEKCT, B KOTOPOM CJIOBA TIEPEPACTIPEACITICHBI CITyYaiHBIM 06pa3oM.
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Abstract. The paper proposes steps of direct and inverse image conversion with a selection of
conversion factors. The idea of subquantization of transformation coefficients during normalization
at direct transformation is used for formation of a method of transformation. The method allows to
take into account areas with a high degree of detail in the original images. The Haar transformant
was used as the basic method of transforming zonal image sequences.

Key words: method of transforming, Haar transformant, subquantization of transformation
coefficients, image conversion.

Introduction. Compression methods that use conversion encoding are preferred
for use on mobile platforms. These methods are characterized by sufficient
compression ratios (up to 5 + 30 times) with visual indistinguishability of the restored
image from the original. The task of compression for online transmission of images
by small drones should be recognized as ensuring the value of the standard deviation
of the restored image is not less than specified when reaching the required
compression ratio. The development of compression procedures is caused by the need
to achieve exactly the effect that is needed in specific conditions.

Problem definition. Existing compression methods are complex and consist of
several stages. At the first stage, the color model of the image is changed. The next
stage is to transform the image itself. The next stage is to quantization or selection.
The final stage is coding, as a result of which a compressed sequence is formed.

Analysis of the content of these stages showed that the key in the
implementation of compression methods is image conversion. Orthogonal and
wavelet transforms are the easiest to implement when the onboard processor speed
limit is required. The orthogonal transformation of the image on the basis of Haar is
characterized by low computational complexity with a low standard deviation of the
reconstructed image. Thus, the article task is to determine the steps of direct and
inverse image conversion for drones computer compression.

The solution of the main task. The complexity of using orthogonal
transformations in digital image processing is determined by the following features:
images are represented by two-dimensional data sets with strong statistical
relationships in both dimensions [1]. This fact requires the use of two-dimensional
orthogonal transformations to provide statistical relationships in two dimensions. It
should be noted that the image data arrays are characterized by the volume, which is
due to the size of the image and the number of bits used to encode the color
components of each element.

A source [2] shown that reducing the dynamic range of transformant coefficients
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relative to the data range reduces the statistical redundancy of the original image. It is
proposed to use the idea of subquantization of transformation coefficients during
normalization in direct transformation [3]. With this in mind, the authors propose a
direct and inverse transformation with a selection of conversion factors from the
following steps.

In the first step, based on the level of subquantization V, the normalization
conversion factor Ky is calculated according to a known ratio. Subquantization is
used to control the relationship between the degree of compression and image quality

and is defined as: Y =2". To estimate the changes made to the image, we use the
change in the values of the standard deviation: AG = G, —Gg, where: On — is the

deviation of the recovered image obtained after the arithmetic transformation; Os —
the deviation of the recovered image obtained when using the transformation with
subquantization. On the second stage, the operations of direct and inverse

transformation are performed taking into account subquantization:
N-IN-1 N-IN-1

Vo =Koy 2 2% hD (11); %, =Kogy 2 2 Vi ihi P (L ),

i=0 j=0 i=0 j=0
where K, =V — is the inverse transformation coefficient required to maintain the

ofp
normalization of the two-dimensional orthogonal basis.

Thus, as a result of subquantization of the transformation coefficients, the
dynamic range of the transformant is reduced by V times, the percentage of
coefficients with zero value increases. The steps proposed by the authors allow the
efficient use of conversion factor encoding.

The selection of the two-dimensional Haar transformation coefficients in the
known works does not take into account that in the images, there are areas with a
high degree of detail. An example is the work [4]. But for such images, the complete
exclusion of areas responsible for the fine details of the image makes significant
changes to the original image. The implementation of selection that takes into
account the energy distributed in the zonal sequence of the processed image block is
proposed.

The statistical dependence of the energies EsS max (maximum energy) and Es
(arithmetic mean value of energy in the zonal sequence) on the number of the
selection zone suggests that the energy varies slightly depending on the degree of
saturation of the image. This confirms the assumption that in addition to the
saturation of the image as a whole should take into account areas with excellent
detail. Analysis of statistical data for the arithmetic mean values of the energies of the
selection zones showed that the energy distribution in the zones of the transformants
of the images of different classes differs significantly and about 90% of the image
energy is concentrated in the 1st zonal sequence.

The statistical dependence of the energies ES max (maximum energy) and Es
(standard deviation of energy in the zonal sequence) on the number of the selection
zone suggests that the energy varies slightly depending on the degree of saturation of
the image. This confirms the assumption that in addition to the saturation of the
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image as a whole should take into account areas with excellent detail. Analysis of
statistical data for the arithmetic mean values of the energies of the selection zones
showed that the energy distribution in the zones of the transformants of the images of
different classes differs significantly and about 90% of the image energy is
concentrated in the 1st zonal sequence.

There is a need to consider the steps of software implementation of the known
method of selection, which allows to identify areas whose contribution to the
recoverable image is the smallest, in order to their subsequent exclusion from
processing. It is proposed to use adaptive to the degree of saturation of the image (or
its block) energy threshold of selection. When using this approach, the selection zone
of the analyzed transformant unit retains its coefficients if its energy exceeds a given
threshold for a particular selection zone. Otherwise, it is excluded from processing.

When determining the value of the threshold of selection of zonal sequence it is
necessary to provide:

— adaptability to the degree of saturation of the processed image taking into
account the change in the saturation of its blocks;

— the ability to flexibly control the operator of the relationship between the
compression ratio and the quality of image recovery in order to achieve the
desired effect of compression;

— selection of coefficients with minimal time costs;

— accessibility of the physical content of the proposed quality indicator of the
restored image for the operator.

Fulfillment of the requirements can be ensured by calculating the adaptive

selection threshold E as a functional E = f (Ws, Eg), where Ws= 1,10 — is the quality
parameter of the s-th selection zone of the restored image,

When establishing the adaptive selection threshold, the value of the Es allows
to take into account the distribution of energy in the zonal sequences of the
transformants of the original image [5]. Also, the choice of the quality parameter Ws
of the compressed image allows you to control the value of the selection threshold E
of each zonal sequence to obtain the desired compression ratio.

It was previously established that each selection area, starting with the 3rd, is
responsible for all the smaller details of the image. Taking into account this fact at
uniform change of a threshold E provides adaptability of management of quality of
the restored image and allows to find a rational ratio of coefficient of compression
and quality of restoration of the image for those conditions in which its processing
occurs.

Summary and conclusions. The proposed approach to the calculation of the
adaptive energy threshold of the selection of the two-dimensional Haar transform
coefficients allows the operator to change the parameter Ws to select the required
level of image detail. In terms of psychovisual redundancy, inherent in any image and
due to the capabilities of the visual system of users, it is possible to select a value of
Ws, at which such redundancy will be eliminated or significantly reduced. Advanced
procedures of the selected compression method allow to obtain compression ratios in
the range from 5 to 15 times for images with different degrees of saturation.
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Abstract. Digital video images processing, which is performed to obtain measurement
information, involves performing a set of procedures for analyzing these video images by some
algorithms. The use of fractals to analyze video images containing measurement information allows
you to analyze these videos, search for objects under study, and perform such auxiliary operations
as fractal video compression and fractal dimension determination. All of these procedures have
many different parameters that affect the results of video images processing. Therefore, the urgent
task is to study the fractal properties of video images containing measurement information, and on
this basis determine the parameters of video processing procedures that reduce the error of
measurement information about mechanical quantities.

Key words: video images, fractal, fractal dimension, geometric parameters, measuring
information.

Introduction.

The possibility and effectiveness of applying fractal processing methods to
video images of specific objects depends on the fractal properties of these objects.

The fractal properties of the objects contained in the video can be estimated by
their fractal dimension D. The fractal dimension (the Hausdorff-Besikovich
dimension) is significantly different from the topological dimension Dr and for
objects with fractal properties is a fractional value [1]. The definition of fractal
dimension includes the notion of measure M, which characterizes the distance
between the points of some set of points Q and the relative position of these points in
space. In this case d — this is the dimension of the measure M,, that under certain
conditions is equal to the fractal dimension D of the object being investigated and
consisting of many points Q. These conditions are determined from the equation:

0 d>D,
M, = y@N@) ——] 117 (1)
20 oo for d<D,

where y — coefficient that takes into account the geometric shape of the spatial shape
by which the set of points is covered Q (for squares and cubes y = 1), N — the number
of squares or cubes that completely cover the set Q, 6 — the length of these squares or
cubes edges. For the development of computational algorithms of fractal dimension
we use the fact that when 6 — 0 from formula (1) we get the following dependence:
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1
N(@) ~ 50
or in logarithmic form
1g(N(5)) = aD1g(6), 2)
where a — proportionality factor.

Main text.

According to formula (2), a dependency graph is built Ig(N(8)) from 1g(6) and
it determines the fractal dimension D. For videos containing measurement
information, the fractal dimension can be defined in two variants: the fractal
dimension of the brightness function of the video points, which is located in three-
dimensional space (two coordinates x and y are coordinates in the plane of the image,
the third coordinate B is the brightness) and interval 2 < D < 3; the fractal dimension
of the video structural elements contours, located in the plane of the video, in this
case 1< D<L2.

Consider the example of determining the fractal dimension of a video image
containing the surface of construction products made of natural stone. Note that in
this case the stone (gabbro) surface is achromatic and it is sufficient to investigate the
brightness function, otherwise for the chromatic surfaces it is necessary to consider 3
functions in accordance with one of the standard colorimetric systems.

Dependency graphs were built for these videos 1g(N(d)) from 1g(d) (points and
curve in Fig. 1) and the fractal dimension D of the luminance function was
determined by linear least-squares approximation (straight line in Fig. 1).

Estimated Box Dimension = 241 Corr Coeff : 1 MaxErr / Amplitude : 0.84%

log2{NkI)

lo_g2(1 /S)

Fig. 1. Calculation of the fractal dimension of the brightness function (digital
video size 512 x 512 discrete points, minimum size of the analyzed block 1 x 1
discrete points)

According to Fig. 2, the minimum block size with fractal properties is 8 x 8
discrete points. Given that the resolution of this video image is 300 dpi (discrete dots
per inch), we obtain a minimum size of the structural element of the video image
about 0.7 mm. This is in good agreement with the fact that for a given natural stone
(fine-grained gabbro) the grain size is less than 1 mm.
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Another interesting application of fractal methods of video analysis may be the
quality control of the surface of construction products made of natural stone in the
process of machining the surface.

The appearance of the surface of construction products made of natural stone is
one of their important characteristics [2]. Control and rejection of these products is
performed in the process of their manufacture from blocks of natural stone and in the
process of mechanical treatment of their surface. Such controls require the
determination of a number of quality indicators. For building products made of
natural stone the quality indicators of their surface are used: the appearance of the
front surface; color of the front surface; deviation of appearance indicators.

In order to evaluate the quality of textured surface treatment of construction
products made of natural stone in their step-by-step processing, it is proposed to use
fractal video analysis and calculating the fractal dimension. Consider the use of
fractal analysis to assess the quality of the surface of products on the example of
natural stone extracted from Bukin deposit of gabbro (Zhytomyr region).

After each stage of surface treatment with the help of a digital camera, a video
image of that surface was formed and the fractal dimension of the two-dimensional
brightness function in the plane of the image was calculated, as well as the fractal
dimension of the contours of the structural elements of the surface (Table 1).

Table 1
Control of technological process of textured abrasive processing
products made of natural stone

Proces Fractal dimension
) Technological Surface characteristics after . contours of
sing : . brightness
operation machining . structural
stage function
elements
1 C'oar.se Roughness up to 0.5 mm 2,41 1,91
grinding
) Grinding No cutting marks, roughness up to 238 1.84
0.2 mm
3 |Fine grinding Roughness up to 0.05 mm 2,35 1,79
The first No traces of finish, smooth matt
4 . surface with full display of stone 2,33 1,76
caulking
pattern
The second No machining traces, smooth matt
5 ; surface with full stone pattern, 2,33 1,74
caulking :
complete microcrack removal
. Uniform mirror shine, clear
6 Polishing reflection of surrounding objects 2,32 172

Summary and conclusions.

As you can see, the fractal dimension has a clear dependence on the quality of
textured surface treatment of natural stone and can be used as an objective indicator
of the quality of the surface of construction products. These indicators can be applied
at the following stages of the technological cycle: assessment of raw material quality
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of natural stone deposits; development and implementation of technological
operations of production of construction products made of natural stone and textured
surface treatment of these products; quality control stone products.

Thus, the peculiarities of the application of fractal analysis methods to the
processing of measurement information about mechanical values presented in the
form of digital video are considered. The ability and effectiveness of these methods
stems from the presence of fractal properties in the objects contained in the images.
To evaluate these properties, it is necessary to determine the fractal dimension of the
video images and objects under study.

The results of the fractal dimension calculation allow us to draw conclusions
about the fractal properties of the video containing the measurement information, and
to provide recommendations on the parameters of fractal processing methods and
compression of these videos, which reduce the error of the measurement information
and its processing time.
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Abstract. In recent years, there has been a development of digital integration where all
personal databases need reliable protection. Automated identification based on the use of biometric
authentication has a high level of security, since it evaluates the physical parameters and
characteristics of a particular person, which makes such access control more reliable, since
identifiers cannot be transferred to third parties or be duplicated to bypass security systems. This
study will examine the possibility of identifying a person through human biosignals using the
method of photoplethysmography. The task of the research is to find and implement machine
learning methods to determine their belonging to a particular person. Discriminant analysis and
calculation of temporal characteristics of a photoplethysmogram, such as maximum amplitude
value, variance, mean absolute deviation, Wilson amplitude, and the total sum of the amplitude
values of the pulse wave signal are considered in the work.

Key words: PPG, machine learning, biometric identification, discriminant analysis

Introduction.

Biometric data that can be used for biometric identification of a person are
divided into two generations: the first generation, such as fingerprints, signature and
voice, and the second generation based on biosignals (electrocardiogram,
encephalogram, photoplethysmogram) [1]. The second-generation parameters use the
anatomical activity of any human organ, which is accompanied by certain cyclical
changes and forms a unique biometric signal [2]. Among all biometric characteristics,
the photoplethysmogram (PPG) is superior, since it is the easiest to obtain, since the
sensors are small in size, easy to install, do not require the use of a contact gel,
additional electrodes and external stimuli. PPG records changes in blood volume
using a simple combination of a light-emitting diode and a photodiode and reflects
the characteristics of hemodynamics and cardiovascular system for each person.

There are many approaches based on fiducials, where functions are extracted
from systolic peaks, diastolic peaks, dicrotic notches, interpulse intervals, peak
amplitudes, etc. [3], which have the main disadvantage of noise sensitivity and low
reliability.

Substantiation of the analysis of the characteristics of the PPG

The quantitative and qualitative analysis of the PPG is performed using a
number of standard values of the pulse wave iteration parameters, according to which
identification can be carried out directly (Fig. 1). The points of one iteration of the
PPG signal B1, B2, B3, B4, B5 are called the main coding points of the volumetric
pulse, with the help of which the parameters of the pulse wave are determined (the
period of heart contraction, the amplitude and duration of the anacrotic and dicrotic
components and other important indicators that make it possible to better assess the
state and the work of the patient's cardiovascular system.
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amplitude anacratic
parts of the pulse wave

Time

iteration
Fig. 1. Structure of a pulse wave PPG iteration

To collect data, a UTASOXI 200 pulse oximeter was used, which has LEDs that
are commutated with a frequency of about 1000 Hz and a photodetector that converts
the intensity of the “red” and “infrared” radiation weakened by the tissues into an
electrical signal. LEDs operate within 660 + 5 nm (for the red range) and 940 + 10
nm (for the infrared range). A PPG sensor was installed on the right index finger for
each person. To determine the iterations of PPG pulse waves, an algorithm was
created for comparing various iterations with each other and for identifying the
general characteristics of the pulse wave for each patient individually [1], which
improves the quality of signal processing. If the previous and subsequent values of
the signal amplitude are greater than the current one, the system considers the current
value to be the minimum and separates from the entire array of measurement values,
those values that were previously presented in it, and records them as a separate
iteration.

In the first study of human identification using PPG biosignals to compare the
homogeneity of the pulse wave transmission parameters, the interval parameters of
amplitude and time were used (Table 1) with further application of discriminant
analysis

Table 1
Interval parameters of the amplitude of the time
Pulse wave amplitude parameters
Pulse wave Dycrot} € Wave | Notch hei ght Dycrotic wave index
amplitude amplitude (NH) (DWI)
(PWA) (DWA)
_ DWA =B4 - _ DWI = (B3-B5)/(B2-
Formula PWA =B2 - Bl B5 NH = B3-B5 B1)-100%
Normative — PWA/2 (2DWA)/3 63-73%
values
Pulse wave time parameters
Anacrotic phase | Dycrotic phase Pulse wave Outgoing wave index
duration (APD) |duration (DPD) | duration (PWD) (OWI])
- ~ _ OWI = (B2 - B1)/(B5 -
Formula APD=B3-Bl |DPD=B5-B4 | PWD=BS5-BI1 B1)-100%
Normative o o o 15-24%
values
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Discriminant analysis was applied to 56 measurements of the PPG, where 39
observations were assigned to an “identified” person, and the rest were assigned to
unauthorized persons. The results are shown in Table 2. The forced inclusion method,
in which all the independent variables that satisfy the criterion of tolerance
(tolerance) indicating the classification results, showed that out of 17 measurements
belonging to identified individuals, the algorithm mistakenly recognized 3 and
accepted them into the identified cluster. The overall percentage of reliability of the
classification by interval parameters is 94.6%.

When using the stepwise selection method, in which there is a stepwise
introduction and extraction of data, the algorithm erroneously identified and
authorized only 1 measurement. And the overall percentage of reliability of this
classification method is 98.2%

International scientific integration

Table 2
The result of discriminant analysis
- Identification Foreseen group alignment Total
s - E S status No Yes
£ 37 8| Factual | Amount No 14 3 17
5 S = 2| group Yes 0 39 39
& -5 | alignment | Percentage, % No 82,4 17,6 100,0
Yes 0,0 100,0 100,0
Identification Foreseen group alignment
Total
o status No Yes
; o _§ Factual Amount No 16 1 17
523 group Yes 0 39 39
5 g | alignment | Percentage, % No 94,1 5,9 100,0
Yes 0,0 100,0 100,0

The authors suggested using an alternative approach to analyzing the
characteristics of a PPG - a signal that can be used for further biometric identification
of a person using machine learning methods. In particular, the calculation of temporal
(TDF) characteristics of PPG was carried out, based on the principles used in the
study of signals from surface electromyogram [5]. As temporal characteristics of the
signal, the following were used: maximum amplitude value (MAX), variance (VAR),
mean absolute deviation (MAD), Wilson amplitude (WAMP) and total sum of signal
amplitude values (SUM). The values of the SD and SE for the SUM and WAMP
parameters varied within the following limits: SDsum = + 895 to + 6086, SDwamp =
+ 0.7 to £ 9.2 and SEsum = £+ 169 to + 1219, SEwamp = £ 0, 17 to = 1.74 for
different patients. At the same time, the parameters MAX, VAR and MAD showed a
significantly higher stability of indicators at different time intervals, and the standard
deviation and standard error were: SDmax = + 5.5 to £ 27.6, SDvar = £ 472 to +
1349, SDmad =+ 2.9 to £ 10.6, SEmax =+ 1 to = 8.1, SEvar =+ 89 to + 255, SEmad
=0.55 = to = 2.01, respectively.

Summary and conclusions.

The use of PPG for automatic systems with biometric identification was
considered, since it is a unique biometric signal of a person.

The results obtained indicate that the proposed approach to calculating
individual parameters of the PPG signal for the purpose of their subsequent
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classification by machine learning methods can be an acceptable solution for systems
of biometric identification of a person. The results of the discriminant analysis of the
classification accuracy by interval parameters for identification using both methods
are at a high level and amount to 94.6% for the forced inclusion method and up to
98.2% using stepwise inclusion. Stability of the TDF characteristics of MAX, VAR
and MAD over significant time intervals for people of different sex and age. As a
further development of the proposed study, the authors plan to introduce the
calculated parameters of the PPG-signal into the personality identification system
based on the architecture of an artificial neural network.
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Annomayun. OnepamusHoe NiIAHUPOSAHUE NPOU3BOOCMBA USPAEH HCUSHEHHO BAICHYIO POTIb
Ha co8pemeHHbIX npeonpusmusax. Eeo ycnewmocmv 3agucum om NPUHAMOU Npeonpusmuem
napaouemvl YNpasieHus u om cOoOmeemcmeus: 8blCMpOeHHbIX UM UHDOPMAYUOHHBIX MEXHOL02ULL
omoti napaoueme. B pabome onpedensemca apxumekmypa UHGOPMAYUOHHOU CUCTEMbl
ONepamusHo20 NIAHUPOBAHUS, OCHOBAHHO2O HA NPOUBBOOCMBEHHBIX 3HAHUAX KAK HOBOU
agppexmusnoll napaoueme agmMoOMamu3uUPOBAHHO20 YNPABLEHUs NPOU3BOOCEOM.

Knrwouesvie cnoea: apxumexmypa uH@OPMAYUOHHBIX cucmem, MoOelb OAHHbBIX, MOOelb
npoyeccos, cucmemvbl ONePamusHO20 NAAHUPOBAHUSL

Abstract. Operations scheduling plays a vital role in modern enterprises. Its success depends
on the management paradigm adopted by the enterprise and on the conformity of the information
technology built by it with this paradigm. The paper defines the architecture of the operations
scheduling information system based on production knowledge as a new effective paradigm for
automated production management.

Key words: information systems architecture, data model, process model, operations
scheduling systems

Beryniienue

OnepaTUBHOE IJIaHUPOBAHKUE IPOU3BOJICTBA, SIBJISASACH MPOLECCOM OpraHu3aliH,
KOHTPOJISI, ONITUMHU3ALUN padOThl U pabOYMX HArpy30K, UTPAeT KU3HEHHO BaXKHYIO
pOJIb  HAa COBPEMEHHBIX NpeanpusTusx. llnaHupoBaHue UCHOIB3yeTCS IS
pacnpe/iesieHus: pecypcoB, COOBITUN U MPOU3BOACTBEHHBIX MPOIIECCOB MPU CO3TaHUU
TOBApOB U yCIyT. SBIsAsgCh HHGOPMAIIMOHHBIM LIEHTPOM YTIPABIICHUS MPEIIPUITHEM,
OTIEpaTHBHBIA TMPOM3BOJACTBEHHBIM TUIAaH TMPEAONpPENSTsieT W CHHXPOHU3HPYET
JEUCTBUSA BCEX 3BEHBEB MPOU3BOJCTBA, HAINpPABISAs OPraHU3ALMIO HAa JIOCTHKEHHUE
MOCTaBJICHHON LieNu. B ycioBusax Bce BO3pacTarolieid KOHKYPEHIMHA U TOTPEOHOCTH
oonee 3(PPEKTUBHOrO HCIOJIB30BAHUS PECYPCOB MPEANPUATUS OCYUIECTBISIOT
HEMPEPHIBHOE COBEPIICHCTBOBAHUE MPUMEHIEMBIX WH(MOPMAIMOHHBIX CHUCTEM.
CymiecTBylomuii pplHOK B HW300MJIMU MpeJiaraeT MpPOrpaMMHBIE MPOTYKThI
omnepaTUBHOro IuianupoBanus [l]. OnHako, Kak TMOKa3bIBAIOT HCCIIEIOBAHMS,
HETpepBIBHO TIpoBouMbIie ¢ 1994 1 opranmsanueit Standish Group [2], konu4uecTBO
YCHEIIHO BBIMOJIHEHHBIX IMPOEKTOB MPOTPAMMHBIX CHUCTEM IPOU3BOCTBEHHBIX
MPEANPUATAN B HACTOSILEE BPEMS BCE €II€ OCTACTCS HU3KUM M cocTaBisieT 28% oT
MHULUUPYEMBIX. YCIEIHOCTh BBIIIOJIHEHUSI MPOEKTOB MPOTPaMMHBIX CHCTEM
ONEpPaTUBHOTO  IMPOU3BOJCTBEHHOTO  IUIAHUPOBAHUS  OMpPENEIseTCs  MHOTUMU
¢aktopamu. K HHM, Tpexnae BcCero, OTHOCATCA OOOCHOBAaHHOCTH BBIOOpA
OPEeaNpUsITHEM TapagurMbl YIOPABICHUS BMECTO TPAAMIIMOHHO HCIOIB3yeMOU, U
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CTEIIEHb COOTBETCTBHUS HSTOM MAPAJUTME BBICTPOCHHBIX O3THUM MPEANPHUATHEM
MH(POPMALIMOHHBIX TEXHOJIOTUNA B BHJI€ CUCTEMBI ynpaBieHus. [IpoMexyTouHbIM, HO
OYEHb BAXKHBIM 3TallOM Ha MyTH MEXIY ABYMSI 3THMH COCTOSHUSIMU pa3pabOTKu
IIPOEKTA, KOTOPBIA MPEAIPUATHS 3a4acTyl0 CUMTAIOT HECYLIECTBEHHBIM, HAXOIHUTCS
oOjacTb aHanmu3a cucTeMbl. llenabio 1aHHONW paboThI ABISETCS ONpEEICHHE
apXUTEKTYphl ~MH(MOPMAIIMOHHOM  CHCTEMBbI  ONEPATHUBHOIO  MPOMBIILIEHHOTO
IIPOU3BOICTBEHHOT'O TUIAHUPOBAHUS, OCHOBAHHOT'O Ha MPOU3BOICTBEHHBIX 3HAHUSX.

1. YopaBJ/ieHne, 0CHOBAHHOE HA 3HAHUAX

CyuiecTByIoIIMe CUCTEMbI IJIAHUPOBAHUS, MPUMEHSEMbIE Ha MNPEINPUSTHUSAX,
HaIpsIMYIO 3aBUCST OT THUIA, CEPUIMHOCTH MPOU3BOACTB U TPAAMIIMOHHO MPUHSATHIX
JUISl HUX TIOJIXOJIOB K YINPABJIEHUIO, TAaK KaK padOTy OTJIMYAIOLIUXCS U Pa3IMnYHbIM
COCOOOM OpPraHM30BAHHBIX PA0OT HENb3sl IUIAHUPOBATH MO OJHUM M TEM K€
KECTKUM mpaBuiaM. llepexonq K mapaaurMe yhOpaBi€HHs, OCHOBAaHHOM Ha
IIPOU3BOJICTBEHHBIX 3HAHUAX [3], B ONEPATHUBHO-IIPOU3BOACTBEHHOM IIJIAHUPOBAHHUU
MO3BOJIUT TMpHUAaTh OoJiblle THUOKOCTH co3/laBaeMbiM cuctemMaMm. (OCHOBHOM
OCOOEHHOCTBIO 3TOW MapaJurMbl SBJISETCS NpPHUHATAas B HEM cucreMa IUIAHOBO-
YUETHBIX €IMHUILl paOdO0Thl, KOTOPbIE OTIMYAIOTCSA OT TPAJAULIMOHHO CYIIECTBYIOLIUX
OCHOBHBIX  IUIAHOBO-YYETHBIX €IWHHI] B  MAUIMHOCTPOEHHUHM -  THUIOBOIO
TEXHOJIOTHYECKOT0 Haps/ia U B CYyJOCTPOCHUHU - TEXHOJIOTUYECKOTO KomIuiekTa [4]. B
€€ OCHOBE JICKHT €IHMHBIA CIIPABOYHUK BCEX M3JACIAMH W KaXIOMYy H3JEIUI0
MOCTaBJ€HAa B COOTBETCTBUE HWH(MOpMAIUs, MOKAa3bIBAKOIIAs BCE CTOPOHBI €ro
KU3HEHHOTO HKJIA.

2. TpeGoBaHus K apXUTEKTYype CUCTEMbI

Pa3pabarbiBaeMass  apXWTeKTypa HH(DOPMAIMOHHOW  CHUCTEMBI  JOJDKHA
MPEACTABIISATh, 110 KpallHEH Mepe, CTPYKTYpbl JAHHBIX, MPOTPAMMHBIE MPOLECCHl U
MepCoHaN, a TakXKe, YTO OYEHb BAXKHO, MX B3aMMOCBS3H, OOBICHSIONINE, KaK OHH
JOJIKHBI B3aUMOJIEHCTBOBATh IIpU  PELICHHH  337a4u OIIEpaTUBHOIO
MIPOU3BOJICTBEHHOIO  IUIAaHUPOBaHUA.  Mojaenu,  COCTaBIIONME  COBMECTHO
ApXUTEKTYPY CUCTEMBI, MO3BOJISIIOT 10 CTAJUU peAM3alUU ONPEAEIUTh CUCTEMHBIE
TpeOOBaHUS K MaTeMaTHYECKUM aIrOpuTMaM U MNPUKIAJAHBIM IporpamMmmam,
COCTABJISIEMbIM TPOrPAMMHUCTAMHU, U TEM CaMbIM OO0ECHe4YuTh 00Jiee BBICOKHIA
YPOBEHb UX COOTBETCTBUS PEAbHBIM MOTPEOHOCTSIM MPEANPUITHM, a TAKKE CHUZHUTD
pacxolbl W COKpPaTUTh BpEMs, 3aTpauyMBacMOE€ Ha PEAIN3ALUI0 CUCTEMBI.
KoHcTpynpoBanue MoJeleid apXUTEKTypbl CHUCTEMBI JIOJDKHO OCHOBBIBATHCS Ha
3¢ (HEeKTUBHBIX MOAX0/1aX MOMCKA PEIICHUS POOIIeM IPeAITPUITHS.

3. ApXMTeKTypa CHCTEeMbI ONIEPATHBHOIO NJIAHMPOBAHUA

[Ipenyiaraemasi apXMTEKTypa CHCTEMBl OIEPATHUBHOIO IUIAHUPOBAaHUSA B
MPOMBIIIJICHHOCTH 00Opa3oBaHa JBYMsI B3aUMHO COTJIACOBAHHBIMU  MOJICIISIMHU:
MOJEJIBIO TaHHBIX U MOJIENBIO TPOLIECCOB, IPEACTABICHHBIMU Ha pUC. 1 1 2

Mopens puc. 1, rpaduuecku ONUCHIBAET JaHHbIE, TpeOyeMble s
ABTOMATHUYECKOM TE€HEPALMU OINEPATUBHOTO IPOU3BOJCTBEHHOTO IUlaHa. B ocHOBe
COCTABJICHHMSI CXeMbl TIpuMeHeH wMmeToll ER-moxaenupoBanusi B 0003HAUYEHUSX,
yctaHoBJieHHBIX cTangapToM IDEF1X. M300paxkeHHas Ha cxemMe MOJCIH CTPYKTypa
NAHHBIX  «HU3JICJINE» SIBISIETCS COCTABHOW CTPYKTYPOH, XapaKTEpU3YIOLIECUCH
CJIIOKHBIM BEPTHKAJIbHBIM OTHOIIEHHEM MEXJIy €ro KOMIIOHEHTHBIMH YaCTAMH.
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W3nenue yHUKaIbHO HACHTUPUIMPYETCA. DTO MOXKET OBITh TOTOBOE H3JENuE,
KOMIUIEKTYIOIee M3nenue, coopouHas eauHua, nomydadbpukar, netans. M3aenne —
3TO 00BEKT, KOTOPBIN MOXKET OBITh TPHOOPETEH, U3TOTOBJICH, MEpEaH Ha CKJIa] UK
mpoJilaH mpennpusitueM. M3nennem mokeT ObITh raiika, maitba, OONT, IBHUraTeb,
nebenka UM ChIPHEBOM MPOAYKT, HAIPUMEpP, NIPOKATHBIN npoduib. [Ins neraneit u
CBIPEBBIX TPOAYKTOB IMPU TOMOIIMA BHEIIHETO KII0Ya MOXET OBITh OMpesesicH
MaTtepuai, U3 KOTOPOr0 OHM M3TOTOBJIEHBI, MPECTABICHHBIN HA CXEME CTPYKTYpOil
«Matepuam». ATpUOYTHl B 3aBUCHMOCTH OT HM3JACIIHUS MOTYT MEHAThCS. MiMu MoryT
OBITH BeC, 00bEM, T€OMETPUUYECKUE Pa3MEphI U T.11.

CrenyeT _Mmocie

i_ _______ 1
|
KOMILUIEK TKROMITOHEHTOB TPEBOBAHIIE IT3JEJIITA TIPOLTECC
BParent-id Id_wanemma (F Rld_1pebobana R ld_onepaumm
Rchild-id Id_uzpens (FK) TIpoInBE omIITesa Hporseoamr
i i i e e e - |d_wnzgenua (FK) =, i e e e e e Parent-id.Id_onepaumm (F
iy KonnyecT B0_sK3emMNNAPOE_NOTOMKE | Id_onepaummn (FK) 15P Twn_ypoBHA_NpoUecca
| : Biinoniser HammeHoBarWe_npousoca
p b e | Onweadne_npouecca
Hmeet_pogyimend BET0UaeT B_cedd | l I
i————' PABOTA ’ i
CITOJIB3VET
I3 IEIE/ IO YOABPIIK AT/ IETATTE e Hd_padore Iy
ﬁ\d W3ne NS Id_onepaumm (FIK)

e R e ®  ldwsenna FQ TPEEOBAHIIE PECYPCA
HanmeHoBaHWe _n30ema TIOCTABKA |d_zakaza (FK) s
Onucane_13asma i Bpema_Hadana Rld_tpeboBanus_pecypea
ld_matepuana (F) RId_noctaskn Bpema_okoHYaH1s
Bec DAKT UHECKOS B e MA_HaNaMa Id_onepauum (FK)

Ofém Id_sarasa (Fr) DEAKTMHECHOS B e MA_OKOHHEHKA ld_pecypea (FK)
B I I LE‘_VIEJJSJ'MF' (FK) & Konnye oT Bo_pecynca
BIHYE CTED
| VikaspBaeT | | TlocTapmaeTcs Bpema_noct asm | T
| R et ®  Makruyeckos_Bpema I |
¥ | Hcnomesyeren

I CocTonr l Kommekryetca | o Peanmyeq | 2

o I
| CTPOKA3AKA3ZA 3AKA3 PECYPC

JAKAJUIK
MATEPHIATT Rld_zarasa (FK) Bld_sakaz PasMemaet Bld_peopca
B Homep_cTpo Rld_3akazwika

=d_varepram (-‘OHCPH‘JH Id_3akazumka (FK) #——————— HaumeHoBaHue
Id_wzgenms (FK) Hata_npuera HaumeHoBaHe Tun_pecypca
HaumeHosaHme Konwqecreo P CpoK_BbINDAHEHS Anpec CnucaHme

Puc. 1. Moaeab TaHHBIX ONEPATHBHOIO MPOU3BOACTBEHHOT0 IJIAHUPOBAHMS

CTtpykTypa IJaHHBIX «KOMIUIEKT KOMIIOHEHTOB)» PEKYPCHBHO Y€pE€3 BHEIIHHE
KJIIOYA OTPAXKAET KOMIIOHEHTHI, BXOJSIIMX B COCTaB M3ACIUA, a TaKkKe HX
KosmdyecTtBO.  CTpyKTypa  MpeaycMaTpuBaeT  BO3MOXHOCTb  MPEIACTaBJICHUS
YHU(PUITUPOBAHHBIX KOMIUICKTYIOIIUX Il HECKOJIBKUX WU3CIHM, HApUMEp, KPETexK,
UCKJTIOYass HEOOXOIUMOCTh AYOJIUPOBaHUS TakuX AaHHBIX. CTPYKTYpbl JaHHBIX O
3aKa3zax, MOCTYMAIMUX Ha TPEINPUsATHE, MPEICTaBIAIOTCS COCTaBHOM, HO Ooee
MPOCTOM, CTPYKTYpPOH JMaHHBIX. 3aKa3 UACHTUPUIIUPYETCS B CTPYKTYpE «3aKasz», e
aTpuOyTamMu MOTYT OBITh JlaTa MOJIay 3aKa3a, CPOK BBITIOJHEHUS W BHEUTHUHN KITIOY,
CBS3BIBAIOIIMN €€ CO CTPYKTYpOU «3aka3uuk». HanmeHoBaHWE U KOJIMYECTBO
W3IEIUN 3aKa3a ONPENeISIETCA IPYrou CTPYKTYPOM «CTPOKA 3aKa3za», KOTOpas 4epes
BHCIIIHME KJIIOUYM CBA3aHAa C 3aka3oM. Jlpyras cio)Has cCcOCTaBHasg CTPYKTypa
«TIPOLECC» TMPEACTABISAET TEXHOJIOTHMYECKUM mporecc. CTpykTypa YHHUKAIbHO
UJICHTUPUIUPYET KKIYI0  TEXHOJIOTMYECKYIO  Oflepaluio. JTa  CTPYKTypa
XapaKTEPU3YeTCs PEKYPCUBHBIM OTHOIICHUEM, KOTOPOE YEpPE3 BHEIIHWHN KIIOY
COCIMHSET ONEpalry B TEXHOJOTMYECKUWA TMPOLECC M3rOTOBICHUS HW3ICITHA.
Crpyktypa «TpeOOBaHUSI U3JCIUS» 4Yepe3 BHEIIHUE KIIOUM  OMpeesseT
COOTBETCTBYIOIIYIO BEPIIMHY HUE€PAPXUU ONEpalrii, BHIMOJHEHUE KOTOPHIX TPeOyeTCs
JUIS. U3TOTOBJICHUS TOTO WIM MHOro u3nenus. CTpyKTypa «TpeOOBaHMs pecypcar
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yepe3 BHEIIHUE KIIYM UACHTUPUIUPYIOT Pecypc, HEOOXOAUMBINA JIJISi BBITOJIHEHUS
COOTBETCTBYIOILIEH olepanuu mpouecca. Pecypc mnpencraBisercs OJHOMMEHHOU
CTPYKTYpPOH NaHHBIX, KOTOpas OJHO3HAYHO €ro HICHTU(UIUPYET, U MPU MOMOIIU
aTpuOyTOB OTHOCHUT €r0 K COOTBETCTBYIOILLEMY THUITy pecypca M JIaeT €ro ONMCaHUeE.
Pecypcom moryt OBITh OOBEKTHI OOOpPYAOBaHHS, TaKWe KaK MallldHA, MEXaHU3M,
TpaHCHOpPTHAasA cucTteMa M T.N. ONMCaHHBIE BBINIE CTPYKTYPBI JTaHHBIX COBMECTHO
MPEJCTABIIAIOT HAKOIUICHHBIE OCHOBHBIE MPOU3BOJICTBEHHBIE 3HAHUS MPEANPUSITHS,
TaKMe KaK KOHCTPYKILIHUH BBITYCKAEMbIX U3EIUN U TEXHOJIOTHH UX U3TOTOBIICHUS.

Jpyrue CTpyKTyphl CXE€MbI PUC. 1 OTHOCSTCS K KaTErOpUM MPUHSITHUS PEIICHUH.
[Ipyu »sTOM CTpyKTypa [HaHHBIX «paOOTa» OMNpEAeNsieT MOCIeI0BaATEIbHOCTD
BBINIOJIHEHUS OTIEPALMI 110 U3rOTOBJIEHUIO CBSI3aHHBIX C HEM 3aKa3aHHBIX U3JEIUN U
UCIIOJIb30BAHUE COOTBETCTBYIOIIMX PECYPCOB C BO3MOXHOCTBIO  OTPAKEHHUS
aTpuOyTaMu Kak 3alJIJaHUPOBAHHOTO BPEMEHHM Hayaja M OKOHYAHUS BBINOJHEHUS
omepanuii, Tak U ¢akTudeckoro. llocrnenHsis U3 OMUCHIBAEMBIX CTPYKTYP CXEMBI
«MOCTaBKW» NPU TOMOIIM BHEIIHMX KIIOYEH MPEICTABISAET KOMIUIEKTYIOIIHE U
MaTtepuabl, TpeOyeMble /ISl TPOM3BOICTBA 3aKa3aHHBIX U3JEIHM, a TAaK)Ke aTpUOYTHI
MJIAHUPYEMOTO U (PaKTHYECKOTO BPEMEHH BBITIOJTHEHUS TTOCTABOK.

Mogens npoiieccoB (puc. 2) NPEACTaBISIeT MOCTYIUICHHE JAHHBIX B CUCTEMY,
nepenady UX MeXAy mpoiieccamu o0paboTku, oOpabOTKy M XpaHEHHE B CUCTEME
ONEPAaTUBHOIO IUIAHUPOBAHUSA MPOU3BOJCTBA. KpoMme TOro, Mojenb ompenenser, K
KaKoil (pyHKIMOHAIBHOU 00JIACTU AESATENBHOCTU MPEANPUATHS OTHOCUTCS TOT WM
MHOW Tpoliecc, MpUBS3bIBas TMpolecchl K HUHTepdencaM COOTBETCTBYIOIIUX
KaTeTOpUM TIEpCOHANIa IOJIb30BATENEH, OCYIIECTBISIOIINX B3aUMOJCUCTBUE C
aBTOMATU3UPOBAHHBIMU CHUCTEMOM MPOIECCaMU, B COOTBETCTBUM C IMPUHATOM Ha
MPEANPUATANA CTpATErued OpraHu3aluvu U ynpasiieHus. Ha 3Toil cxeme Hekotopas
000011IeHHAas TpyMna MoJb30BaTeliell «3aKa3uuk» MOJAeT Ha MPEAIPUSTHE 3aKa3sbl,
BO3MOXHO JIUCTAHIIMOHHO B pEXKHME OHJIAiH, HAa W3TOTOBJICHHE M TOCTABKY
npoaykuuu. [Tonp3oBaTenb-3aKka3unK MOJAET MPEANPUATHIO 3aKa3bl HA U3TOTOBJICHUE
npoaykiuu. [IpuHATHIE 3aKa3bl HAMPABIISIOTCS JJISI XPaHEHUs B pa3zes 0a3bl TaHHbBIX
MIPOU3BOJCTBEHHOTO TPEANPUATHS «IIPUHATHIC 3aKa3bDy ISl XpaHeHUs B (opmare,
MPUHSATOM JIJISi CTPYKTYPBI «3aKa3» cxembl AaHHBIX puc. 1. [Ipu HeoOXommmocTu
MpoBeeHUsT TpeOyeMoil KOHCTPYKTOPCKOW TOJTOTOBKHM 3aKa3aHHBIX —M3JEIHMA
M0JIb30BATEIb-KOHCTPYKTOP pa3pabaThiBaeT MH()OPMALMOHHYIO MOJEIb U3ACIUS U
BBIJJAET KOHCTPYKTOPCKYIO JOKYMEHTALIUIO IPOU3BOJICTBY.

OTOT pe3ynbTaT HampaBisieTcs JUIsl XpaHeHHs B 0a3y JaHHBIX «KOHCTPYKIIMS
U3JleIui», B TOM uyucie, B ¢opmare, ONpeneNeHHOM Ha puc. 1 CTpPYKTypoit
«uzgenue». lloyb30BaTeNb-TEXHOJIOI, B CBOIO Ouepedb, s MPOpPadOTaHHBIX
KOHCTPYKTOPOM M3l  (popMUpYyeT TEXHOJOTUYECKHE TMPOILIECChl, KOTOPhIE
3alIOMHUHAIOTCS B paszjenax 0a3bl JAHHBIX «TEXHOJOTHUS» U «PECYpPCh» TaKkKe B
dbopmMare, ONMCAaHHOM Ha pPHUC. | CTPYKTypaMu «IIPOLIECC», «TPEOOBAHUS U3CIUD» U
«TpeboBaHusl pecypcay. Jlucmerdep MNPOU3BOJACTBA, OCYIIECTBISISI OMEPATUBHOE
IIPOU3BOICTBEHHOE TUIAHUPOBAHNE B COOTBETCTBHH C YCTAHOBIIEHHOM MPEANPUATHEM
MIPOLIETYPOM, 3alyCKaeT MPOLIECC COCTABJICHHS ONEPATUBHOTO MPOU3BOJACTBEHHOIO
pacnucanud. [Ipornecc nHUIMANU3UPYETCS B Clydasx 100aBIEHUS B MPOU3BOJICTBO
HOBBIX M3JEJIHI, CHATHS C MPOM3BOJCTBA YAaCTH 3aIlJIaHUPOBAHHBIX pPaHEe U3JEIUH,
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OTKJIOHEHUS TEKYIIErO COCTOSIHUSA MPOM3BOACTBA OT 3aIUIAHMPOBAHHOTO WU
M3MEHEHUS JTOCTYIHBIX MPOU3BOJICTBEHHBIX PECypCcOB. B 3TOT mpoiiecc MOKET OBbIThH
BCTPOEHO HECKOJBKO OMIMIA, HANIPABJIECHHBIX HA JOCTHKEHUE T€X WJIM UHBIX Leei
MJIAHUPOBAHMS; TPU ITOM WX BBIOOP, @ TaKXe BHIOOP MPUMEHSEMOTO ajiropuTMa
ONTUMHU3ALMUA paACIUCAHUsI OCTalTCs 3a jaucrnerdepoM. I[lporecc cocrtaBieHus
MIPOU3BOJICTBEHHOIO PACIUCAHUSI B KayeCTBE BXOJHBIX JIAHHBIX HCIOJb3YET
CTPYKTYpbl XPaHUMBIX JAHHBIX, TAKUX KaK «3aKa3bDy, «U3JCIHUS», «IPOLECCH,
«pecypc», a TakkKe JaHHble CTPYKTYp «IIOCTaBKay U «paboTa», KOTOphIE
XapaKTEPU3yIOT TEKYIIYI0 OINEpPaTUBHYIO MPOU3BOJCTBEHHYIO 00CTaHOBKY. Kpome
TOrO, OH TaKXK€ HCIOJb3yeT pasfena 0a3bl JaHHBIX «UCHOJHEHHBIE OMEPALUK,
NOPEACTaBIAIONIME HAa PUC. 2 JJs HArJSAJHOCTH OTHENbHO (DaKTHUECKOE BpeMs
BBITIOJIHEHUS OIepaluid CTPYKTypbl «pabota». [Ipu stom mporecc paszpabaTbiBaeT
HOBBIM ONEPATUBHBIM MPOU3BOACTBEHHBIN IJIaH, TaHHBIE KOTOPOTO J100aBISIOTCA B
CYIIIECTBYIOIIME JaHHBIE pasnenia 6a3el «pacnucaHue padboT» B (hopMare CTPYKTYpHI
«paboTa» WM YaCTUYHO 3aMEIIAIOT U JIOMOJHSIOT MX B ClIydae JUHAMUYECKOTO
OTNEPAaTUBHOIO MPOW3BOACTBEHHOTO IUIAaHUPOBaHUS. WM3roTOBUTEIL BBHIMOIHSIET
MPOIIECC MPOU3BOJICTBA M3JEIHM, PYKOBOACTBYSICH JaHHBIMHU pa3jena 0a3bl TaHHBIX
«pacriicanue padboT», KOTOpPhIE MOTYT TIOCTyNaTh Ha ero pabodee MecTo B
BU3yallbHOM (opMe, TiepeaaBaThCs HA MAIIMHBI, MEXaHHU3MbI, TPAHCIOPTHHIC
CUCTEMBI B DJIEKTPOHHBIX (hopMaTax KOMaH]l ¥ IPOrpaMM MU(PPOBOTO YIIPABICHHUS.
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Puc. 2. Moaesab npouneccoB ONepaTUBHOIO IVIAHMPOBAHUS NIPOU3BO/ACTBA

[Ipouiecc mpou3BOACTBA ABTOMATHMYECKH WJIM MPU MOMOIIM H3TOTOBUTEINS
(duUKCUpyeT 3HaUeHHs] BpEMEHHU Havyajda U OKOHYAHMS KKJI0M U3 TEKYIIUX ONeparuii.
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OTH NaHHBIE MIEPECHUTAIOTCS B pa3ze 0a3bl JaHHBIX «HMCIIOJIHEHHBIE OTICpaIluny IS
XpaHeHusl B (opMaTe CTPYKTYPhI TaHHBIX «PaboTay.

3akJ/il0ueHue U BHIBO/IbI

ABTOMAaTH3aIUsl OMEPATUBHOTO TUIAHUPOBAHMS TPOW3BOJCTBA TPEICTABIISCT
co00l CIIOXKHYIO MYJBTHIUCIUILUIMHAPHYIO 00JIACTh NMPHIIOKEHUN U OJJHOBPEMEHHO
SIBIIAETCS [JIaBHOU 3aga4yen NpEANPUATHUS, OIPEACIIAIOIIEH ero
KOHKYPEHTOCTIOCOOHOCTh. B maHHOW  paboTe  mpeioxKeHa  apXUTEKTypa
WH(POPMAIIMOHHONW CHCTEMBI OIEPATHBHOTO TUIAHUPOBAHWS B MPOMBIIIJICHHOCTH,
OCHOBaHHas Ha TMPOM3BOJCTBEHHBIX 3HAHUAX. APXHTEKTypa MpeACTaBlieHa ABYMS
B3aMIMHO COTJIACOBAaHHBIMU MOJCIISIMA — MOJIEBIO JaHHBIX U MOJIENBIO MPOIIECCOB.
Monenbs JaHHBIX OmpeaeNseT HWHPOPMAIUIO, JOCTATOYHYIO [IJISi TPOBEICHHSI
JTUHAMUYECKOTO OIEPAaTUBHOTO COCTABJICHHS IPOW3BOJCTBEHHBIX pacCHUCaHUH.
Mogens TPOIECCOB OMpeAensieT COCTaB H  TOCIEA0BATEIBHOCTh IMPOIIECCOB,
MMEIOIINX OTHOIICHHWE K TJIAHUPOBAHHIO, U KATETOPUH TIEPCOHANA, YIPAaBIISIOIINE
TUMU TpolleccaMh. APXUTEKTypa yCTAHABIMBAET CHCTEMHBIC TPEOOBAHMS K 3aja4e
BBIOOpA MaTEeMaTHYECKOTO METO/a UM METOJa UCKYCCTBEHHOTO MHTEJUIEKTA TEOPHUH
pacnucaHuil W ero maTepuajv3alid B BHUAE COOTBETCTBYIOIIETO MPOrPaMMHOIO
MPWIOKEHUSI B Cpelax TEXHOJOTMUYECKHX IUaTGopM. APXUTEKTypa MOXKET OBITh
HACTPOCHA Ha pa3nyuHble 00JacTu puMeHeHus. OHa MOKeT ObITh T0JIe3Ha, KaK TpH
pa3paboTke HEOONBIIONW 3aKa3HONW WH(GOPMAIIMOHHONW CUCTEMBI IJIAHUPOBAHUS, UTO
SBJISICTCSI BaXHBIM JUISI MPEANPHUATHH MaJloTO W CpeIHero Ou3Heca, Tak W TPH
aJlanTaIy TOTOBOTO MPOTPAMMHOTIO TTaKeTa CHCTEMBI TIPEATIPUSTHS.
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EJJEKTPOEHEPTETUYHUX CUCTEMAX
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Ilpoananizosano memoou i 3acobu nio8UWeHHs: HAOTUHOCMI eleMeHmMi8 PeletiH020 3aXUCMY U
30cepeddceno yeazy Ha npobiemax OYiHKU HAOIUHOCMI peetiHo20 3aXUCMYy Mmd pO32TAHYMO
MEMOOUYHT NOONCEHHA 000 BUHAYEHHS napamempié Haditinocmi. IIposedeno ananiz memoouxu
8UOOPY KIMbKOCMI KOMNIEKMI8 peleliHo20 3aXucmy i asmoMamukyu ma cxem pe3epey8aHHs 0N
OKpemMux niocucmem eieKmpoeHepemuyHux CUCeM.

Knwuosi cnosa: erexkmpoenepeemuyni cucmemu, npucmpoi peieiHoeo 3axucmy, mMemoou i
3acobu niosuwerHss Ha0IlUHOCmI

Abstract. Methods and means of increasing the reliability of relay protection elements are
analyzed and attention is focused on the problems of assessing the reliability of relay protection
and methodological provisions for determining the reliability parameters are considered. The
analysis of a technique of a choice of quantity of sets of relay protection and automatic equipment
and schemes of redundancy for separate subsystems of electric power systems is carried out.

Key words: power systems, relay protection devices, methods and means to increase

reliability

Berym.

[TocriiiHe miIBUIIIEHHS BUMOT 10 HAJIMHOCTI Ta SIKOCT1 €JIEKTPONOCTa4aHHs, K1
BIJI3HAYAIOTHCS TEHCHIIISIMU PO3BUTKY €JIEKTPOCHEPTETUKH, 30KpEMa PO3LINPEHHSIM
i 00’€NHAaHHSM EHEProCHCTEM, POCTOM OIMHHYHOI MOTY>KHOCTI €HEeproarperaris,
3017IbIICHHS JOBKWHU TMOBITPSAHUX JIIHIA Ta MOTY>KHOCTI, IO MO HUX NEPEIAETHCS
OPU3BOJAATH O POCTY BUMOT JI0 MPHUCTPOIB PENICHHOr0 3aXUCTy, y TOMY YHCII J0
IXHBOI HAJ1MHOCTI.

Bigomo, mo B 61u3bko 30% Bumagkax NPUYMHOK BUHUKHEHHS HaWOLIBIINX
CUCTEMHHUX aBapiil, 0 TPaIUIsUIMCS Yy CBITI, OyJM BIIMOBU PEJIEUHOIO 3aXUCTy. A
SAKIIO JIoJaTh A0 1pboro, mo B 50-70% Bumaakax mepexiJ 3BUYAHOrO aBapiiHOIO
peXUMY B BAXKKY CHUCTEMHY aBapii0 BIIOYBA€ThCs Yepe3 BiJIMOBY B CIpallOBaHHI
peleHHOro 3aXHCTy, TO CTa€ OYEBHUJHOK BAXJIMBICTh TaKOl BJIACTHUBOCTI, SIK
HAJIWHICTh PEJICMHOTO 3aXUCTY.

BukJsiax oCHOBHOro MmarepiaJy.

TpuBanuii mepios eKcruTyarailii ycTaTKyBaHHS MPHU3BOJUTH O MOPAJIBHOTO i
(I3UYHOTO CTApIHHS CHUCTEM PEJICMHOrO 3aXHCTYy Ta aBTOMATUKU. OCKUIBKH PEMOHT
BOTO YCTaTKyBaHHS YacTO YCKJIAJHEHUH, BHACHIAOK 3HATTS 3 BHUPOOHMIITBA
0aratbOX €JIEMEHTIB, TO OJHUM 3 MUISAXIB MIJBUINEHHA HAIIMHOCTI, PO3IMIMPEHHS
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(YHKIIOHATBHUX MOXJIMBOCTEN Ta MONIMIICHHS 3arajlbHUX XapaKTEPUCTUK, CUCTEM
pPENeHOr0 3aXUCTy € MOJIEpHi3allisl yCTaTKyBaHHS, IO Tependadae 4acTKOBY ado
MOBHY 3aMiHY aHAJIOTOBOTO O0JIaJHAHHS HA Cy4acHI MIKpOMPOIIECOPHI TEPMiHAIIH.

TakuM YMHOM, MOJAJIBIIMN PO3BUTOK AHAIOTOBUX MPUCTPOIB PEIEHHOIO
3aXUCTy  MOXKE  3IHCHIOBATUCS  TITbKM  €KCTEHCHBHHM  IIUIAXOM, TOOTO
HApOUIYBaHHAM JOJATKOBUX amapaTHUX 3aco0iB. Y 3B'SI3Ky 3 I[UM, T'OJOBHHUM
HAIpSIMKOM MOJIEpHI3allii TEXHIKH peJeHHOro 3aXucTy W aBTOMAaTUKU BapTo
BU3HABATH 3aMiHYy CUCTEM PEJIEHHOro 3aXMCTy aHaJOTrOBOIO TUITY Ha HUGPOBUI, HA
0a31 MIKpOIIPOIIECOPHOT TEXHIKH.

MikpomnpoliecopHi MPUCTPOI PEJICHHOr0 3aXUCTy W aBTOMATUKH MAarOTh
IIUPOKUH J1alta30H YCTaBOK 1 MOMKJIMBOCTEH 3MIHU XapaKTEPUCTUK CIPAIlbOBYBaHHS
3a 4acoM, HampsIMKOM M (pa30BUM 3pYILICHHSIM BUMIPIOBAaHUX BEJIWYMH. BOHU Jerko
y3roJiThCsl 3 YCTAaTKyBaHHSIM Ha €JEKTPOMEXaHIuHI peje, ajle B TOpIBHSHHI 3
OCTaHHIM, MalOTh 3HAYH1 TEpeBaru. € aHaji3 OKPEeMHX acreKTiB MOOyI0BU Cy4yaCHUX
MPUCTPOIB  pENEHHOT0  3aXUCTy B  KOHTEKCTI  MIABUINCHHS  HAJIHHOCTI
€JIEKTPOIIOCTAaYaHHS.

JInst JOCSATHEHHST METH IJIBHINCHHS HAIIMHOCTI €IEKTPONOCTaYaHHs HEOOX1THO
BHUPIIIATH Takl 3aBJIaHHSA, SK aHami3 (akTopiB, IO BIUIMBAIOTh HAa HAJIHHICTH
Cy4aCHUX CHUCTEM PEJIEHHOTO 3aXHCTy W aBTOMATHKU, BUSBIEHHS IXHIX MepeBar i
HEJIOJIIKIB; yIOCKOHAJICHHSI METOJIIB PO3PAXyHKY HAJIIMHOCTI 3 BpaXyBaHHSIM BIUIMBY
JIOAVMHU Ha Tpolec (QyHKIIIOHYBaHHS CHUCTEM PEJIEHHOTO 3aXUCTy W aBTOMATHKH,
YAOCKOHAJIEHHS METOJAUKUA PO3PaxyHKY IMOKa3HUKIB HAAIMHOCTI CHCTEM pEJIEHHOro
3aXUCTy W aBTOMATHKH Ha €Tami MPOCKTYBaHHS MIKPOIPOIIECOPHUX IPHUCTPOIB
peNeHHOro 3aXMUCTy; PO3pOoOKa CydacHOI KOHIEMIii MOOYJAOBU MIKPOIPOIIECOPHUX
IIPUCTPOIB PENEHHOTO 3aXUCTY.

[Iponionyetbest CUCTEMHHU MIX11 Ta KOMILJIEKCHI TOCIIKEHHS
(GYHKIIOHYBaHHA Ta €TalliB PO3BUTKY MIKPOMPOIECOPHUX MPUCTPOIB PEICHHOTO
3aXHCTY. 3ocepenKeHo yBary Ha GyHKIIOHATBHUX 0COOJIMBOCTSIX
MIKpPOITPOIIECOPHUX TPHUCTPOIB, iX IepeBarax Ta HEIO0JIIKaX Ha Cy4acHOMY eTari.
[IpoBeneHo aHaii3 METOJIMKH BUOOPY KUIBKOCTI KOMIUIEKTIB PEIEHHOr0 3axXucTy 1
aBTOMATUKU Ta CXEM PE3epBYBAHHSA ISl OKPEMUX IMIJICUCTEM €JIEKTPOCHEPTeTUIHUX
CUCTEM. 3aIlporOHOBAHO METOJIMKY PO3PAXyHKY MOKA3HUKIB HAJIWHOCTI Ha eTari
MIPOEKTYBAHHS MIKPOIPOLIECOPHUX MPUCTPOIB PEICHHOTO 3aXUCTY.

3anpornoHOBAaHO HOBY KOHLEMIIKD MOOYJOBH MIKPOIPOLECOPHUX MPUCTPOIB
pENIeHHOTO 3aXUCTY, 3aCHOBAHY Ha HACTYMHHMX NPUHLMMNAX: (QYHKIIOHAIBHI OJOKH
MIIP3 noBunHI OyTH (Pi3UYHO YITKO pO3AUIeHI. | XaoTHYHUI NPUHIUT PO3MIIICHHS
X (YHKIIIOHATBHUX OJIOKIB HA JIPYKOBAaHWX IUTATaX, M0 Ma€ MiCIe ChOTOIHI,
NOBUHEH OyTH 3aMiHEHHIl  BHOPSAKOBAaHUM  PO3MILICHHSIM, OOYMOBJICHHM
CHEIIaIbHAM CTaHIApTOM; OKPEMi MPUCTPOi PEIEUHOTO0 3aXUCTy EHEPreTUYHHX
00’€KTIB TIOBUHHI BUPOOJISATHUCS Ta MPOJABATUCI HE y BUIJISAII OKPEMHUX BHUPOOIB,
3a0€3MeUeHNX 1HAUBIIyaATbHUMH KOPIycaMu pi3HUX PO3MIpiB 1 GOpMHU, a Y BUTJISIL
OKpeMHUX YHIBEpCaIbHUX IPYKOBaHUX IIaT (MOAYJIB), 3 SIKUX CIOXKHBa4 MOXeE
310patn MIIP3 HeoOxigHOoi koHiryparii; ¢dynkiii MITP3 noBunHiI Oyt oOMexeH1
TUIBKU 3aBJAHHSMHU PEJIEHHOI0 3aXUCTy Ta HISKUMU 1HIHUMHU. KiTbKiCTh QYHKITINH B
OJIHOMY MOJYJi TMOBHHHO OyTH OINTHMI30BaHO 3a IIOKa3HUKAMH «BapTICTh» 1
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«HAIIMHICTHY Ta OOMEXKEHa CTaHJapTOM; MpOrpaMHe 3a0e3NeueHHs 111 KOMI'IoTepa,
npusHaueHe s pobotu 3 MIIP3, mae cknagatucs 3 cTaHAapTHOI 0a30BOi 0O0OJIOHKH
1 HabOpy PI3HUX MPUKIATHUX MPOrpam 1 610J10TeK, CYMICHHUX 13 3arajibHOI0 0a30BOIO
000JIOHKOIO; JKUBJICHHS BCIX MOJYJIB B madi Mae 3M1MCHIOBATUCS BiJl IBOX JIKEPEI
MIIBUIIEHOT HAMIMHOCTI, 3'€THAHWX MDK COOOI0 SIK OCHOBHHMM 1 PE3EepPBHUIA; BCi
3a3Hau€Hl MPUHLIUIK MOBUHHI OyTH OOYMOBJIEHI B HOBOMY CTaHAAPTI MiJ YMOBHOIO
Ha3BOlO «[IpUHIMIM KOHCTPYIOBaHHS MIKPOIIPOLIECOPHUX MPUCTPOIB pPENEHHOTO
3axucty. OCHOBHI BUMOTH.

[IpoananizoBano MeTOAM 1 3aco0M TIJBUIICHHSA HAAIMHOCTI €JIEMEHTIB
peneHHOro 3axucTy W 30CEepe/KEHO yBary Ha IMpolOsieMax OIIHKH HaIIHHOCTI
pPENIEWHOTO 3aXHCTy Ta  PO3TISHYTO METOIWYHI IOJIOKEHHS 100 BU3HAYCHHS
napameTpiB HaA1MHOCTI.

Ha erami mnpoekryBanns MII mnpuctpoiB P3A po3paxyHOK HaAIHHOCTI
MPOBOJIUTHCS 3 METOK TMPOTHO3YBAHHA OUIKYBaHOI HAJIWHOCTI MPOEKTOBAHOI
CUCTEMU JJI1 OOTPYHTYBAaHHS Mepe0auyBaHOTO MPOEKTY, a TAKOX JUIsl BUPIMICHHS
OpraHizaiiifHO-TeXHIYHUX MUTaHb: BUOOPY ONTHUMAJILHOTO BapiaHTy CTPYKTYpH;
Croco0y pe3epByBaHHS; KIIBKOCTI 3allaCHUX €JIEMEHTIB.

BucnoBku.

JIist oIiHKM 3arajbHOi eKCIulyaTaliiHoi HamiiHocTi cuctemu P3A 3 MII
npucTposiMu P3A BUKOPUCTOBY€THCS I1HTErpajbHUN TMOKAa3HUK €(PEKTUBHOCTI, IO
BpPaxoOBYE€ BCI €JIEMEHTH B CKJIaJll po3risinyToro kanainy MII mpuctpois P3A.

Po3paxyHOK MOKa3HUKIB HAJIMHOCTI MOKa3aB, L0 CEPEIHE HANPAIOBAHHS Ha
B1IMOBY, nopiBHIOE 140000 roauH, 1110 BUIIE HOPMATUBHE 3HAYECHHS.
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V]IK 004.2

DATAPARSING OF WEB RESOURCES FOR DECISION SUPPORT

SYSTEM FOR RISK ASSESSMENT DURING A TRIP
IMAPCHUHI" TAHHBIX WEB PECYPCOB JJ151 CUCTEM INOJJEPKXKH U ITPUHSTUSA
PEIIEHUN OLIEHKH PUCKOB BO BPEMSI IIOE3/1KHN
Adamenko P.Y./ Anpamenko I1.1FO.
stud /cmyoenm.
Levchenko.A.A./ JleBueHko A.A.
c.t.s., as.prof
ORCID: 0000-0001-5550-0027
Odessa National University, Odessa, Dvoryanska, 2, 65029
Ooecckuii HayuonanvHulll yHugepcumem, Ooecca, Jleopsanckas, 2, 65029

Annomayusa. B pabome paccmompen npaxmudeckuii npumep aHaiu3a OAHHuIX NPOSPAMMHBIX
npunodcenull U oOpaysepos (napcume) 6 paziuuHvlx gopmamax oaumuvix. Pabome noxasano kax
napcumne mamepuanos, cywecmayiouux Web pecypcos, nosgonsiem nonayuams ucxooHwvle OaHHble
0J151 NPAKMUYeCKUX NPUIodfCeHull. B Kauecmee npunodceHus paccmampueaemcs npoekm co30anus
NPOCPAMMHOU Cpeobl Ol CUCTEMbl NOOOEPIHCKU U NPUHAMUA PeuleHUll OYEeHKU PUCKO8 80 BPeMs
noe30Ku.

Kniouesvie cnosa: CIIIIP (cucmema nodoepicku u npuHsmus peuwieHuti), /lamanapcune,
UHMENIeKMY AIbHASL CUCTEeMA

Abstract. The paper considers a practical example of data analysis of software applications
and browsers (parsing) in various data formats. The work shows how the parsing of materials from
existing Web resources allows you to obtain initial data for practical applications. As an
application, the project of creating a software environment for the support system and decision-
making of risk assessment during a trip is considered.

Key words: DSS (Decision Support System), Dataparsing, intelligent system

Beryniienue.

B coBpeMeHHBIX peanusax, MyTEWIECTBUS MEXKIy CTPaHaMHU CTaJIM HE IPOCTO
JIErKOJAOCTYIIHBI, @ W IOIYJIAPHBI, KAK CPEIN B3POCIOro IIOKOJICHMs, TaK U Cpeau
MOJIOICKU. DTOT MOMEHT CTal OCOOCHHO aKTyaleH M YKpPauHIEB, KOTOpHIE
MOJIyYMJIM 3Ty BO3MOXXHOCTh Onarojaps O€3BH30BOMY pPEXKHUMY, OTHOCHTEIHHO
HEaBHO. BO3MOXKXHOCTH MyTelIECTBOBATh HE TOJIBKO IOMOTAIOT JIIOASM IIOCETUTH
OpYTUE CTPaHbl, HO U CO3JAIOT HOBBIE YIpoO3bl JUIA 3M0POBbs JIKOJEU C COLUAIBHO
AKTUBHOM ITO3ULIHAEH.

B coBpemenHoM o0miecTBe y OOJBIIMHCTBA AKTUBHBIX YJIEHOB COIMyMa
MOJIb3YIOTCS. MOOMJIBHBIMH yCTpONCTBaMHU. JlaHHBIE YCTPOHCTBA C JIETKOCTBIO
IIOMOTalOT BBIUTH B CETh U MOJIYUYUTH JIFOOYIO HEOOXO0 UMY HH(GOPMAIIUIO.

C yderoM BCero BBIIIECKA3aHHOIO, B LEAX MPEAOCTEPEKEHUU ITHUX YIPO3,
BO3HUKJIA W€ CO3[aHHUS HHTEJUIEKTyAIbHOM CHCTEMBI, KOTOpas ITOMOXKET
IIPEAOTBPATUTh MHOXKECTBO CHUTYalMM, CO3JAIOIIMX YIPO3y MUl JKU3HU 4YEJIOBEKA,
JOCTYII K KOTOPOU CMOKET MOJYYUTh KaKJbIN, UCIIOIb3Yysl UHTEPHET.

JUis HOpMaJIbHOTO (PYHKIMOHUPOBAHUS CHUCTEMBl HEOOXOIAMMO IOCTOSIHHO
MMETb BO3MOXXHOCTb IIOJIy4aTb JAaHHBIE B pPEaJbHOM BPEMEHM U3 pPa3HbIX
MCTOYHUKOB, B €IMHOM cTaHaapTHoM ¢opmare. [lonydars Takoil 00beM JaHHBIX
CaMOCTOSITEJIbBHO HE SBIAETCS BO3MOXHBIM. JUJIsI 3TOr0 MOXKHO MCIIOJIB30BATh
CHEeUaIN3UPOBAaHHBIE PECYPChI CBOOOIHOIO MOJIb30BaHUS. TakuM 00pa3zoM MOXKHO
OyJeT MOJlyYUTh BCE HEOOXOIUMBIE TaHHBIE.
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JUist cucteM TMOAACPA KU W TPUHATUS PEIICHUN OLICHKM PHUCKOB BO BpEMs
MOE3/IKM MapCHUHT JaHHBIX KpailHe HEOOXOAMM C TOYKHU 3PEHUsSI BHIPAOOTKU MOJEIH
noBeneHusi. MHopmaius ¢ caiTta MOTOABI ONPEACIUT HEOOXOIUMOCTh TEIION
ONIeXKIbI, a WHPOpMANUs OOIIECTBEHHBIX CIYy’KO B W3MEHCHHHM pACIHUCAHUS
TpaHCIOPTa — BBIOOP coc0o0a mepeMereHusl.

C6op unpopMaluu B HUHTEPHETE — TPYJAOEMKasi, pyTUHHAs, OTHUMAIOIasi MHOTO
BpeMeHu pabota. [Iporpammebl-mapcepsl, CIOCOOHBI B TEYCHHE CYTOK Iepedparth
OOJIBIIYIO YaCTh BEO-pEeCypcoB B MOMCKaX HY>KHOM MH(POpPMALIUA U aBTOMATU3UPYIOT
ATOT Tporecc. IMEHHO MOATOMY B CTaThe paccMaTpUBaeTcsl MYyTH PelIeHust
3a/1a4M TIAPCUHTA PECYPCOB JIJIS TIOMYUYEHHS UCXOMHBIX JaHHBIX MPOTPAMMHON CPEIbI
CUCTEM TOAJICPKKH U MIPUHSTHSI PEIICHUN OIIEHKH PUCKOB BO BPEMs MOE3KH.

OCHOBHOII TEKCT

1. Ilopaook napcunza pecypcos

JIist monydeHus JaHHBIX, B paMKax TMPEICTaBICHHON CHCTEMbl HEOOXOIUM
aHaiu3 OOJIBIIIOTO KOJMYECTBA JAaHHBIX. Bce 3TM HgaHHBIE NTUHAMHUYHBI U TPEOYIOT
MOCTOSIHHOTO OOHOBJICHUS, TAK KaK MEHSIIOTCS KaXAyI0 eUHUILY BpeMeHH. [loaToMy,
U3MEpPEHUE JaHHBIX [apaMeTpOB CAMOCTOATEIbHO JJIi CHCTEMbl HE SIBJISETCS
BO3MOXXHBIM. OJHaKO €ciu y4yecTb TOT (PaKkT, 4yTO 3a COOPOM TE€X WM HHBIX
HEOOXOJAMMBIX JTAHHBIX YK€ CJIEIUT KaKas-TO U3 CIEIHATN3UPOBAHHBIX KOMITAHUM, a
TaK)K€ BBIKJIAJIBIBAET MX B OTKPBITHIA JOCTYI, TO MOXHO JIETKO MOJy4YaTh ATH
napaMeTpsl MPsIMO C ITUX PECYpPCOB.

TexHuvecku, MoTydeHHUE TAaHHBIX HE MPECTABIACTCA YEM-TO CII0KHBIM, OJTHAKO
Ui KaKJIOTO cepBUca MPUAETCS MHCATh OTACTbHBIA (parMeHT Koja, KOTOPBIH
MO3BOJIUT TOYYHTh JAHHBIE B HY)KHOM, JJ51 (YHKIIMOHUPOBAHUS CHCTEMBI, O0BEME.
PaccmoTpum npornecc nosiydeHus Ha MpUMepe caiTa sinoptic.ua.

JlaHHBIN pecypc COCTOMT Hu3 BeO-caliTa W cepBepa, KOTOPHIA (GopMuUpyeT
CTPaHMIIBI JUIsI ATOTO CaiiTa, a TakXKe SBJIAETCS MECTOM XpaHeHus: uHdopmaruu. [lo
3ampocy TMOoJIb30BaTeNsl BoO3BpamaeTcss crpanudna ¢ html komom, KoOTOpbIA mpH
MOMOIIY KaCKaHOM TaOIMIIbI CTUJIEH MPEBPAIAETCs B IPUBBIYHYIO CTPAHUILY CaiTa.

[Ipu mepexoze Mo CChUIKE CallT nmepedpachiBaeT cpa3y Ha CTPAHUILY C IOTOAOU B
pEervoHe, Tlle HAaXOJUThCA CaM IO0JIb30BaTeNb, BOUICAIINNA Ha calT. TyT Mbl yxe
BUJIUM BCE HEOOXOJMMBIC JTaHHbIE JUISl aHaJIM3a, OJIHAKO MX HEOOXOJUMO MOIYUHTh
JUIsl KOHKPETHOTO TOpOJia U B BUJIE MAaCCHBa, a HE B BUJI€ CTPAHUIIBL. J{J1s1 TOTO YTOOBI
3TO clenaTh He0OXOIUMO y3HATh KaKOW 3alpocC BBIMOIHIETCA Ha CEpPBEpPE, C KaKUMHU
napaMeTpami, a Takke B KakoM (opMaTe HEOOXOAUMO HX NIEpeIaBaTh.

2.0nucanue pabomul hynkyuu

B kadecTtBe mpumepa s MOJYyYEHHUS JAHHBIX MBI PACCMOTPUM MOJy4YEHUE
UCXOAHBIX JAaHHBIX O TOTroJe Jii MPOTPAMMHOM CpelIbl CHCTEM MOAJEPXKKH H
HNPUHSTHS PEIICHNUN OLIEHKH PUCKOB BO BpPEMs MOE3AKU

Jns monydyenuss uHOpManuMM O TMOrojie B TOM WM HWHOM TOYKE MHpa
HEO0OXOAMMO MPOCTO N0OABUTH B KOHIIE CCBUIKM «/TIOrofja- ropoja_» TAe, TOpol ,
3TO rOPOJ, B KOTOPOM HEOOXOJUMO MOTYyUUTh HH(POPMAIIUIO O TIOTOJIE.

Tenepb, moy4eHHBIH AOKYMEHT HEOOXOAMMO IpeoO0pa3oBaTh B MAacCUB C
KII0YaMH W 3HAUYeHUsSM. A HMEHHO, HEOOXOAMMO 3HaTh JaTy W MapameTpsl
TeMIepaTyphl B 3TO B 3TOT JieHb. C 3TOM 3a1aueil mpekpacHo crpasisiercs JavaScript.
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Ha ero ocHoBe u OyzeT HamucaH npuMep napcepa Juisi JaHHOTO caiTa.
Mo’kHO BOCHOJB30BaThCS 3TUM CIIOCOOOM M BOT Kakas CTPYKTypa paOOThI
JaHHOTO aJIrOpUTMa:
1. CepBep monyyaeT IO 3ampocy TMOJb30BaTENsl PErMOH W HAYUHAET
(dbopMUpPOBATH MOJ HETO JTaHHBIE

2. BeiOupaer MeTEOpOJIOTMYECKHI CalT, B JaHHOM IpuUMepe sinoptic.ua u
MOCBUTAET 3allpoc, MepefaBas B KadyecTBE IMapameTpa TOpoi, MOJyYeHHBIH
paHee
3. B kauectBe oTBeTa cepBep mojydaer html komx B CTpPYKType KOTOPOTO
HaXOATCSI BCe HEOOXOIMMBbIE TAHHBIC

4. ITo KTr04YeBBIM OTINYHSIM OJIOKOB ¢ HEOOXOTUMBIMU JaHHBIMHU, B KOHKPETHBIE
CJIydau 3TO UMs Kilacca

5. ®opmupyetcss JSON MaccuB, B KOTOPOM MMEThCS JiBa MoJjsi: ropoi u data.
['opon 3anomnHsieTcst IpU CO3/1aHUM, a BTOPOM MapaMeTp MOKa YTO OCTa&Tcs
YCTBIM.

6. B »Tx Onokax vcnonb3ys Te ke UICHTHPHUKATOPHI KJIACCOB HAXOAUM TaKylO

uHpOpMaIMIO, KaK JIEHb 1 MaKCUMaJlbHas 1 MUHUMaJIbHas TeMIepaTypa
7. IlonyuenHble JaHHBIC 100aBis0TCA B mosie data mo madnony. Jlata — mepBoe
nojie W TEeMIeparypa — BTOpOE TOJE, COCTOSIEe U3 JBYX JpPYTUX:
MUHUMaJIbHAs 1 MaKCUMaJbHas TeMIlepaTypa.

8. [lomy4yeHHBI B IpONIOM IIare MaccuB J100aBiIsieTcsl B 3HaUeHue noss data

9. 'oTOBBIN OTBET BO3BpAIIAETCS MOJIB30BATENIO HA €T0 CTPAHUILY, OTKyAa ObLI
COBEPILIEH 3a1poc.

PesynpraTom paOoThl JaHHON (YHKUHMU SBISETCS JSON-MACCHB, B KOTOPOM
HaXOJUTHCA BCSL HEOOX0IuMasi HH(pOpMaLusl.

[Tonb3ysick MPUBEICHHBIM BBIIIE AITOPUTMOM, MOXHO TOJTYYUTHh JAaHHBIE U
OOJIBIIMHCTBA CIELMAIN3UPOBAHHBIX CaWTOB. JlJIg Ka)XJ0ro OTAEIBHOIO pecypca
Oyaer HeoOXOAMMO HamucaTbh OTAENbHYIO (YHKIHUIO, OJIHAKO HECOMHEHHBIN IUII0C
JAHHOTO METOAa — MOXKHO TPUBECTH pa3HbIe JaHHBbIE PAa3HOTO BUJA K €IUHBIM
YUCJIOBBIM 3HAUYCHHUSIM.

3akJ/Il04eHHe U BLIBOABI

PaccMoTpeHHBI METON SBISETCS JIMIb OJHUM M3 MHCTPYMEHTOB JIsl JJAHHOM
CUCTEMbI, & MUMEHHO Jis TMOJy4YeHHWE YHUCJIOBBIX JaHHBIX. B ciydanm c Takumu
JaHHBIMKU KaK MapIIpyT OT TOYKM A A0 TOYykd b wmim ke moObIMH IpYyrUMH
CJIO)KHBIMU JaHHBIMH HEOOXOIMMO CEpbhE3HO MOAU(PHUIIMPOBATH JAHHBIN CHOCO0
noJryueHus: uHpopMaIuu.

JIaHHBI METOJ TOMOXET MOJy4yaTh JaHHBIC I CHCTEMbl MOAJEPXKKH U
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CHEIUAIN3UPOBAHHBIX HCTOYHUKOB.
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YK 004.2
MODELING A SWITCHING POWER SUPPLY WITH MATLAB
MOJEJIUPOBAHUE UMITYJbCHOI'O HICTOYHUKA IIUTAHUS C IOMOUbBIO
MATLAB
Shugailo Yu.B. / Hlyraiino FO.b.
c.p.- m.s., as.prof. / k.¢p.-m.H.
ORCID: 0000-0003-2144-093X
Korenkova H.V. / Kopenkona A.B.
c.p.- m.s., as.prof. / K.¢h.-m.H.
ORCID: 0000-0001-7207-3688
Bercov Yu.N. / bepkos FO.H.
senior lecturer / cmapwuil npenodagamens
ORCID: 0000-0001-9704-1121
Odessa National University, Odessa, Dvoryanska, 2, 65029
Ooecckuil nayuonanvHwlll yHusepcumem, Odecca, /[opsincovka, 2, 65029

Aunomauyusn. B pabome paccmampusaemcs npumenenue naxema Matlab 6 yuebHOM
npoyecce 015 0Oy4eHUs CmyO0eHmos mMemoouke NOCMAHO8KU 3a0ad, cOCmasienue Mooenel mozo
U UHO20 NpoYyecca U peanusayuio Mol Mooeiu 8 UHMEPAKMUSHOU cpede Mooeauposanus. B
Kayecmee npumepa NPUBeoeH aicopumm Moo0eaupoB8aHUsi UMNYIbCHO20 NOHUNCAIOUe20 pecyisimopa
HanpsajceHus, npueeodeHsl pe3yibmamvl MOOEIUPOBAHUSL.

Knroueewvie cnosa: Matlab, Simulink, umnynvcHolli ucmounux numanus, npeoopazosame,
NOCMOSAHHBIU MOK, MOOEIUPOBAHUe, eJIeKIMPOHHBII KoY.

Abstract. The paper discusses the use of the Matlab package in the educational process for
teaching students the method of setting tasks, drawing up models of a particular process and
implementing this model in an interactive modeling environment. As an example, an algorithm for
modeling a pulsed voltage regulator is given, the simulation results are given.

Key words: Matlab, Simulink, switching power supply, converter, direct current, simulation,
electronic key.

Beryniienue.

Cuctema Matlab [1-4] npencraBiasier coOOW HWHTEPAKTUBHYIO CHUCTEMY,
MpEeAHA3HAYEHHYIO [JIsl  BBIMIOJIHEHWS HWHXKEHEPHBIX U HAYYHBIX PacyeToB.
OcobenHocThio cuctemMbl Matlab sBrseTcss HalMuue BCTPOSCHHONW MATPUYHOU M
KOMILJIEKCHOU apU(METUKH.

[Ipu MonpenupoBaHMM C HCHOJB30BaHMEM makera Simulink (sBHsIOIIETOCS
nojacuctemMoir Matlab) peanusyercs NpUHIMIT BU3YaJbHOTO MPOTPAMMUPOBAHUS, B
COOTBETCTBHUHM C KOTOPHIM TIOJIb30BATEIh Ha AIKpaHE W3 OUOIMOTEK CTaHIApTHBIX
OJIOKOB CO3/1a€T MOJIENIb YCTPOMCTBA U OCYIIECTBIISIET PACUETHI.

B Matlab mmerorcs crienmanu3upoBaHHBIC OMOIMOTEKH OJIOKOB ISl Pa3HBIX
obnacteit npumenenus: SimPower System, Digital Signal Processing Blockse u ap.

PesynbTaThl MOZETMpPOBaHUS MOTYT OBIThH MIPEACTABICHBI B BUJE IPadUKOB UIIH
TaOJIuII.

NmnynabcHbIe MCTOYHUKY MU TAHUS

CoBpeMeHHble uMITyIbCHbIE HcTOYHUKM TuTaHus (MUII) xapakrepusyrorcs
MPUMEHEHUEM TOJYIPOBOJHUKOBBIX MPUOOPOB, KOTOPBIE NEPEKIIOYAIOT WM
MPEPHIBAIOT TOK OT MCTOYHHKA [6-7]. IIpeumyliiecTBa mpu 3TOM - BBICOKMH K.II.1.,
HeOobIue rabapuThl U paboTa B 0oJiee IIMPOKOM JUANa30HE BXOIHBIX HAMPSKEHUN

MHOXECTBO TIEPBUYHBIX MCTOYHHKOB BBHIPAOATHIBAIOT AJICKTPOIHEPTHIO B BUIE
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NOCTOSIHHOTO HampspkeHus [S]. g mpuBefeHus: 3TUX HaNpsbKeHU K TpedyeMomy
YPOBHIO, €ro CTaOWIM3allMM W/WIA PEeryjIupoBaHUs TpeOyroTcs MpeoOpa3oBaTeiu
MOCTOSIHHOTO HanpsibkeHus B noctosHHoe (MPITH).

Bo Bcex cxemax mpeoOpa3oBaTeniell Mpu BKIIOYCHHOM TPaH3UCTOPE APOCCEINh
HAKaIUIMBA€T HEPIUI0 OT MCTOYHMKA MHUTAHMS, NPU BBIKIFOYEHHOM TPAaH3UCTOPE
IpOCCeb OTIAET YIHEPTUIO B KOHIEHCATOP U HArPy3Ky.

Bce cxemmt HWPIIH w™oryr pabGotaTh B JBYX pa3IUYHBIX PpEKUMAX:
HETMPEPHIBHOIO TOKAa B HAKOMUTEIBHOM JIPOCCENE€ WJIM TNPEPHIBUCTOTO TOKa B
HAKOIUTEIBLHOM JIPOCCEIIE.

[IpeumyiiecTBO pekrma HENPEPHIBHOTO TOKA COCTOUT B TOM, YTO IMYyJIbCAIlUU
HaIpsOKEHUS! HA BBIXOJIE HE3HAUMTEIbHBL. HerocTaTkoM ke 3TOro pexxuma siBIstOTCS
MOBBIILIEHHBIE TOKK U MOILHOCTh, paccenBaemMasi B TPaH3UCTOPE MPHU NEPEKITIOYEHUU.

MrHoBeHHO€E 3Ha4€HHE TOKA B IPOCCENIC HAXOAUTCS U3 YPABHEHHUS

i,=1_ +kt; tme k iy
d (1)

Cpenuuii TOK B Apoccenie

e 1
]d :Fjlddt = E(Imax _Imin)
0

2)
HetictByronuit (3¢ (EeKTUBHBIN) TOK B ApOcceie:
1t 1
Idoqb = ?.([ljdt :ﬁ\/ljlax—i_[maxlmin_’_ltiin (3)

['pannna mexay pexXxuMamu MPEPBIBUCTOTO U HENPEPBIBHOIO TOKA HAXOJUTCS
u3 pemieHuss Aud@dEpeHIIMaTLHOTO  ypaBHEHHS Ha HWHTEPBAJIC BKIIOYECHHOTO
COCTOSIHUS TPAH3UCTOpA IPU HAPACTAHUU TOKA B IPOCCEIIE.

Lﬂ +ri,=U,
i )
rae Uy = U; — U ans nonwxkatomero MPITH (puc.la).

Pemenue ypaBHeHus (4) Ha MHTEpBaJie BKIIOYEHHOTO COCTOSIHUSI TPaH3UCTOPA
ITO3BOJISIET HAUTH CBI3b MEx Ay nmapamerpamu UPITH B rpannunoM pexume:

Imax=2]d=£ﬂ e _L. _h (5)

T,=—; y=
d B
T, r r T

3aBUCUMOCTh MEXIy CPEIHHUM 3HAUYE€HHEM TOKa B apoccene (I;) U cpenHum
3HAUYEHHEM TOKa Harpy3ku (/) HaXOAUTCS U3 YCIOBUSL HYJIEBOTO CpPEAHEro TOKa B
€MKOCTH Ha nepuoje kommyrauuu. g nonmxkaromero UPITH 7= 1.

CpenHee HampsOKEHHE Ha Harpy3ke B TPAHUYHOM PEXKHUME CBSI3aHO C
HanpspKeHUEM NuTaHus ypaBHeHueM U = Uy, 9TO TO3BOJISIET ¢ yueToM (5) HalTu

BBIPKEHUE ISl CPEJTHETO TOKA Harpy3Ku B TPAHUYHOM pekume (6).

]:ﬂ(l_y)ﬂ

27 P r (6)

MoaenupoBaHie UMITYJIbCHOTO MOHMKAKOIIET0 HCTOYHUKA MUTAHUSA
Cxema HPIIH noka3ana Ha puc.la. Pacuetnbie cxembl 3amemienust MPITH na
KOMMYTAITMOHHBIX HMHTEpBajaxX Mpe/cTaBlieHbl Ha puc.l 6, 6. B Teduenune mepuoaa
Hecytei yacToTsl (7) B peKUME HETPEPHIBHBIX TOKOB MOCIIEA0BATEIEHO 00pa3yoTCs
JBa KOMMYTAalMOHHBIX WHTEepBaJia. Ha mnepBoM uHHTEpBaje NpU BKJIOYEHHOM
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tpansuctope VT (puc. 16) UCTOYHMK MOCTOSIHHOTO HampsbkeHus Uy MOIKIIIOYEH K
Harpy3ke 4yepe3 HaKOIUTENIbHBIA Ipoccens L.
[Ipn BbIKIIFOUEHHOM TpaH3ucTope VT Ha BTOpoM HHTEpBasie (puc. 18) TOk
npoccenst L, 3ambikasce yepe3 auon VD, m Tok KoHueHcaropa C MpOTEKarT Ha
BBIXO/] npe06pasoBaTen;1 B Harpy3ky R.

L,r
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Puc. 1. Cxema UPIIH (a), ero cxembl 3amenieHus (0,6) Ha
KOMMYTAUMOHHBIX HHTEPBAJIAX U MPOUCXOASIINE B HEM
3JIEKTPOMAarHUTHbIE MPOLECCHI

B cooTrBercTBUU ¢ TpeOOBaHUSIMHM H3JI0KEHHBIMH BbIlie B Matlab/Simulink

ObL1a co3mana mojenb nonmwkaromiero MPITH (puc.2).
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Puc. 2. Moaeab UMILyJIbCHOTO MIOHUKAKOIIETO
PeryJsiropa NOCTOSHHOI'0 HANIPSIKEH U

3akJ/il0ueHue u BHIBO/IbI.

MopenvpoBanue 3aHUMAaeT OJHO M3 IEHTPAIBHBIX MECT B MPOCKTUPOBAHUHU:
MoOJIeTb O0OecreunBaeT aJeKBaTHOE OTOOpakeHHe CBOMCTB OOBEKTa, YCTpaHseT
npoOJieMbl, CBA3aHHBIE C H3MEPEHUSIMH Ha peajbHbIX OO0BEKTaX, o0ecrneunBaeT
BOCITPOM3BOJAMMOCTD PE3YJIbTaTOB U T. JI. IMEHHO MOATOMY OOyYEHHE MPUHITUTIAM |
npueMaM MOJICIIMPOBaHUS WUMEET OOJbIOe 3HAYCHWE B OOYYEHHWU CTYJICHTOB —
Oyaymmx cnernuanvucToB. Hanbonee moaxoaut Ha 3Ty podib, 1O HAllleMy MHEHHIO,
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nakeT Matlab ¢ ero HEOOBATHBIMU BO3MOKHOCTSIMU M OTHOCUTEJIBHON MPOCTOTOM U
JOCTYITHOCTBIO JUISl YUAIIUXCS.

Matlab MoxkeT uCIONB30BaThCA B 00pa30BaTENBbHON MpPOTpamMMe MOATOTOBKHU
0akamaBpoB B JUCIUIUIMHAX, (GOPMHUPYIONUMHU 0a30BYH0 IMOJATOTOBKY B 001acTH
AJIEKTPOHUKU U KOMIIBIOTEPHBIX MH(POPMAIMOHHBIX cHCTeM, TakuMu Kak «Teopus
NeKTpuYeckux  nenen», «KommbrorepHas  anekTpoHuKa», «KommprorepHas
CXEMOTEXHUKa», U TUCIUIUIMHAMY CTeIIMaTU3al1u.

Hcnonb3oBanue nakera u Matlab mpuBeJeT K MOBBIIIEHUIO Ka4yeCTBA O0yUEHHUS
CTYJI€HTOB.
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V]IK 004.2

CYBERTHREATS IN NOWADAYS WORLD
KIBEP3ATPO3U Y CYUACHOMY CBITI
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Yuieepcumem mummnoi cnpasu ma ¢inancis, m. /{ninpo, eyn. Bepnadcvkoeo, 2/4, 49000

Anomauia. B pobomi posensioaemvcs npodiema npomudii Kibep3azposam y Cy4acHOMY C8imi.
Busnauaemocsa, wo cyuachi Kibepzazposu € KOMNIEKCHUMU MA WEUOKO NOWUPIOIOmMbCs. Bionogiono
HA20I0WYEMbCL HA HeoOXIOHocmi 2n00anvHoi npomudii Kibepzacpozam, CmMeEOpeHHi 2100anbHOi
cucmemu Kibepbesnexu.

Knrouosi cnosa: xibepsazposu, kibepbesneka, enooanbHi cucmemu, npomuois Kibepsazpo3am.

Abstract. The paper considers the problem of counteracting cyber-threats in nowadays world.
It is determined that modern cyber-threats are complex and spread rapidly. Accordingly, it
emphasizes the need for global counteraction to cyber-threats, the creation of a global
cybersecurity system.

Key words: cyber-threats, cybersecurity, global systems, cyber-threats countering.

Beryn.

[ndopmaniitHo-komyHikamiiHi TexHosorii (IKT) TpanchopmyroTs cydacHuii
CIOCIO JKUTTS 3aBISKH TIJI00aJIbHOMY JIOCTYIy B peaJlbHOMY daci J0 Maibke
HEOOMEKEHOI KiMbKOCTI 1H(opmarlii. Y TOH e 4Yac Il 1HHOBAIIMHI 1HCTPYMEHTH
TaKOXX CTBOPIOIOTh MOJKJIMBOCTI JUISI PI3HUX 3JI0BXXKHMBaHb. Ha kamb, MOXHa
CTBEpJIXKYyBaTH, [0 Hapa3l Kibep3arpo3u CTaIM OJHIECI0 3 HAWOUIBIIUX TJIOOATBHUX
npoOsem Hamoro 4dacy. CTBOpEHHS TOCTIMHUX iH(OPMAIWHUX 3B’SI3KIB CTBOPIOE
rJI00aIbHY MEPEXKY BIIKPUTHX KaHATIB. X04a BOHU MPUHOCSATH HE3TIUCHHI TIepeBaru
B IUIaHI JOCTYIy A0 iHopMaIlii, BOHH TaKOX MPU3BOISITH JO TPUBOKHOTO POCTY
KUIBKOCTI Ta MacmraliB Ki0ep3arpo3, KiOep3JOYuHIIB 1 KIOEPTEpOPHUCTIB.
Hampuknan, 3rigao International Multistakeholder Partnership Against Cyber Threats
(IMPACT), na nanwmii yac mkiguse 113 B Oyab-sikuii MOMEHT Yacy 3adirnae OiibIie
12 wminsiioniB cuctem IKT y Bchomy cBiti [2]. Ile morpebye QopmyBaHHS
BI/IMOBITHOT aJI€KBAaTHOT BIJIMOBI/I1, MPUUYOMY Ha TJI00aTLHOMY PiBHI.

OCHOBHHUII TEKCT.

[HTepHET CcTaB HEBIJ €MHOI0 YaCTHMHOIO CYYaCHOI'O CYCHIJIbCTBA, MPOCYBAIOYU
KIHIIEBOTO KOPHCTyBaua Ha NepeAHid kpail chnuikyBaHHs. Bci Buam iHdopmarii 1
JYMOK JIOCTYITH1 Ha PI3HUX MOBaX MPAKTUYHO Ha OYJIb-SIKYy TEMY.

TpyaHoui 3 MOCTIHHO 3POCTAIOYOI0 OE3JIUUI0 PECYpCIB MOJSATAaE B TOMY, IO
BOHH €(EKTUBHO COPTYIOTh BEJIMYE3HY KIJIbKICTh 1H(pOpMallii, 1ocTynHoi B [HTepHET.
Slka yactuHa i€l iHGopMmali € ¢dakTHuHOIO ab0 HaBITh CHPaBXKHBKOIWO? PeanbHe
3aHETIOKOEHHS TIOB’sI3aHe HE TUTBKH 3 MOITUPEHHSIM HETOYHOI a00 TaKoi, 1110 BBOJAUTH
B OMaHy, iHdopmMmalii, ane, mepm 3a BCEe, 31 3JIOBMHCHHUM KOHTEHTOM. Tax,

Conference proceedings 103 Series «SWorld-US Conference proceedings»



International scientific inteqration November 9-10, 2020 E ffi‘*

axpaicTBO 1 KpaaibkKa ICHYIOTh B IHTEpHETI Tak caMo, K 1 B peajbHOMY CBITI.
S0 KopucTyBadl XO4yTh CKOPUCTAaTHCSA BCIMa repeBaramu I[HTEepHETY, TO J0Bipa
70 HOro 1HPPACTPYKTYpU Ma€ MEPUIOPSAHE 3HAUCHHS.

[Tpu npomy kibep3arpo3u, Taki K MIKIUIUBE IporpaMHe 3a0e3rneueHHs, CTaloTh
HAJ[3BUYANHO CKJIATHUMU. [HTEpHET BKE NaBHO IMEpPecTaB OyTH CEPEIOBHUINEM IS
HEBEJIMKOro uucia ¢axiBiiB. 3pydHe MporpaMHe 3abe3mneueHHs Ta iHTepdeiicu
J03BOJISIIOTh BCIM THUIIAM KOPUCTYBAyiB, BKIIIOYAOYM JITEH 1 HOBAYKiB, JIETKO
B3aEMOJIIATA B PEXUMI OHJIaWH. BiAmoBiHO, KiIOEPIPOCTIP MICTUTH «30JIOTY KUITY»
IIHHOI 1H(OpMaIii 1 MOTEHLINHUX XEepTB, a CKJagHa 1HdpacTpykTypa IHTepHETy
YCKJIQJIHIO€ TIOIITYK 3JTOUHMHIIIB.

Ane xibep3nounHIll 1€ He €auHa 3arpo3a B [ntepueri. YpasznuBocti IKT Takox
MOIIMPIOIOTHCS Ha KiOEpBiHY, MIMUTYHCTBO 1 TEPOPU3M, Kl MOXKYTh MPEACTABISITH
CEpHO3HY 3arpo3y sl KPUTUYHO BaXKJIMBOIO 1HPOPMALIIMHOT IHPPACTPYKTYPH.

HesBaxkaroun Ha Te, 110 O6ararbma Jep)kaBaMH BXKHBAIOTHCS BIJIOBIIHI 3aX0U
Ha HaIllOHAJBFHOMY PiBHI, KiOep3arpo3u 3ajuIIaloThCsd MIKHAPOIHOIO MPOOJIEMOIO.
[Tepr 3a Bce, 37T0BMUCHUKH YCIIIIIHO JJIs1 ce0€ BUKOPUCTOBYIOTH JIa31BKU B TPABOBUX
HOopMax. Hampukiaa, pi3HI 3aKOHH, IO CTOCYIOThCS cmamy abo ¢imuHry, abo
3aKOHHM, SKI CTOCYIOTbCS OCOOMCTOCTI [HTEpHET-KOpHUCTYyBayiB, O3BOJSIOThH
K10€p3I0UMHIISM 1HIIIIOBATH 3JI0YMHHI i1 B THX MICIIX, JIe iX HEMOXKJIMBO BUSBUTH
a00 MPUTATHYTU N0 BIAMOBIIATHHOCTI. Y TMOEAHAHHI 3 BIJICYTHICTIO MIKHAPOIHUX
OpraHizamifHUX CTPYKTYp 1 OpraHi3aiiii HaI[ilOHAJIBHOTO PIiBHSA, SKI MOXYTh
KOOPIMHYBAaTH Jii Ha MDKHApPOJHOMY piBHI (TaKMX SK TPYNH pearyBaHHS Ha
koMl totepHi 1HIUAeHTH, CIRT), icHye cnpaBxHs npoOiema B pearyBaHHI Ha
Kibep3arposu.

Ile 6e3 ypaxyBaHHSI CTaJOr0 PO3BUTKY Ta CKJIATHOCTI TaKUX 3arpo3, a TaKOXK
Bpa3NIMBOCTEH B TMpOrpaMHOMY 3a0e3IeUeHHI, a OCTaHHIM YacoM 1 B amapaTHUX
nonatkax. 3 eHomeHaabHUM 3pocTaHHsIM MOOUTbHHX IKT 1 HOBUMM TEHEHIIISIMU,
TaKUMH SIK XMapHI PIIICHHS 1 BipTyali3allis, Bce OUIbII HMOBIPHO, 110 Kidep3arpo3u
nomupsATbcs Ha HOBI piBHI. Hampuknan, me B 2007 pomi MixHapomHuil €003
€JIEKTPO3B’SI3KY 3a3HAUYUB, IO 3pOCTAHHS CIaMy CTaJI0 OUIbII CEPHO3HOI0 3arpO30I0
KibepOe3neKky, BUCTYNAOUM B SKOCTI IIaTGOPMHU IS 1HIIMX MPOTHUIIPABHUX iH,
Takux K QirmmHr 1 37aMm [1].

Tomy kibepOe3neka € OJHIEI0 3 HAWMOUIBII BaXJIMBUX MPOOJEM EIOXH
iHpopmarnii. Bona ¢opMmye HapiKHUH KaMiHb CY4acHOTO 1H(OpMAITHOTO
CYCIIJIBCTBA 1 TaK 3BAHOTO «IOB’si3aHOr0o» CBiTYy. lle rmobanmpHa mpobiema, sika
BUMarae AIMCHO TIo0anhbHOTO MiAXxomy. Uepe3 HasBHICTH IMIBHUIAKICHOTO 3B’SI3KY 1
YUCIEHHUX MEPEX KiOep3MOYHMHISIM 1 KidepTepopucTaM HE MOTPIOHO 3HAXOIUTHCS
Jech TOpYy4Y 3 MiclieM 3JI04MHY. ToMy MIDKHAapoOJHE CHIBPOOITHUITBO — €IMHA
MpaBWJIbHA BINOBIIb Ha Ki0ep3arpo3u, sIKy He MO>KHa BIJIKJIAJAaTH.

Cuita BIpTyaJbHOTO CBITY 30UIBIIYETHCS 3 KOKHUM JHEM. AJle, Ha Kajlb, HEMae
HIYOTO BIPTYyaJbHOI'O y HEOE3MeKax, sKi CYNMPOBOKYIOTh CydacHI KOMYHIKallliH1
TexHoJor1i. [HTepHeT MOXKe BIIKPUTH HaM HOB1 MOKJIMBOCTI, ajie¢ BIH TaKOX IiJIJa€
Hac MacTkaM 1 Hebe3mekaM Kibep3arpos.

[Toni6HO 10 OaraThOX BUKJIMKIB, SIKI CTOATH CHOT'OJIHI MEpe]l HAIIOK TUIAHETOIO,
111 HeOe3MeKu He 3HAITh KOPJAOHIB. Tak camo, SIK BIpyCH MOXKYTh TOIIUPIOBATUCS 3
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periony B perioH (mo miarBepauia octanHs manaemis COVID-19), komn’rorepHi
BIpyCH TOILIUPIOIOTHCS 3 KOMIT IOTE€pa Ha KOMIT IOTE€pP HE3aJIeKHO BiJ iX (Pi3UYHOTrO
po3TalryBaHHS.

HeoOximHicTh y CTBOpEHHI TI00adbHUX PAaMOK JJIS 3aXHUCTy KiOepmpocTopy
TaKOXK MIAKPIIUTIOETBCS 3pocTaiouuM  po3yMiHHsAM Toro, mo IKT Bigirpatots
BUpIIIAJIHY POJIb B MPOIECI PO3BUTKY. 3a ACsIKUMHU oLiHKamu 10 2025 poky B
KibepripocTopi OyayTh MAKIIOYEH] TTOHAT T’ SITh MUTBAP/IIB YOJIOBIK, SIKUM HEOOX1THO
CTBOPUTH Oe3mneyHe 1 HajiiHe KiOep-cepesoBullle, SKE CIPUITUME COIlaIbHO-
€KOHOMIYHOMY 3pOCTaHHIoO [3].

3 ormany Ha riao0albHUN XapakTep KiOep3arpo3, 10 HpoOjieMy HE MOXKe
BUPIIIMTH KOJIHA HAI[lIOHAJbHA JIep)KaBa CaMOTYXKU. ToMy HEOOX1JTHO CTBOPIOBATH
BIJIMOBIJIHI  IJ00ajNbHl CTPYKTYpH, IO BHU3HAYAIOTh MDKHAPOJHI MPUHIIMIH
Ki0epOe3neky, 1 103BOJISAI0Th 3a0€e3MeuyBaTH MIBUAKY KOOPAUHAIIIO MK KpaiHaMu Ha
PEriOHAILHOMY 1 II100aJIbHOMY PiBHSIX.

VY 2000 pori cBiToBi Jigepu 3i0panucs B Opranizamii O0’ennannx Harriii B
Heto-HMopky i moobiusim cobi i cBOIM KpaiHaM HOCAITH BOCBMHM IiJIeH B Tamysi
pO3BUTKY, chopmynboBanux B Jlekmaparnii THCAYOMITTSA [6], BiJ CKOpOYCHHS
MacmTabiB KpaiHboi OimHocTi A0 mpunuHeHHs nommpenns BUI/CHIly Tta
3a0e3MeueHHs 3arayJibHOi TMovaTkoBoi ocBiTh. I[limi, Bukimameni B Jlekmaparii,
CTUMYJIIOBAIM O€3MpereeHTHI 3YCHUJUIS 0 3aJ0BOJICHHIO TOTpeO HaWOITHIIINX
moael B cBiTl. Hanmpukiaa, mera 8 y cdepi po3BUTKY, cpopMynboBaHa B Jlexnapariii,
nependavae ryi00aabHE MAPTHEPCTBO [5], sIKE CTAaBUThH NEpei CBITOBUMU JiiJiepaMu
3aBJaHHS CITIBIPAIIOBATH 3 MPUBATHUM CEKTOPOM, 3 THM IIOO HagaBaTH MEpeBaru
iHQOpMAaIIHHUX 1 KOMYHIKAIIIHHNX TEXHOJIOTIM THM, XTO Ma€ 0 HUX HANMEHIIHMA
JOCTYTI.

3 omsay Ha B3aeMo3alexHicTh, cTBoproBanHy IKT, Bci nepkaBu-unenn OOH
MOBUHHI B3ATH Ha cebe 3000B’s3aHHS 3a0€3MEUUTH JOCSITHEHHS METH 8§, aje Ipu
IbOMY 3a0e3IeuyBaTH HeOOX1THUHN PiBEHb Ki0epOe3neKu, OCKUTLKH MPOIEeC PO3BUTKY
oporpaM Ta TMOCIYr €JEKTPOHHOI OXOpOHW 3I0pPOB’s, €JIEKTPOHHOI OCBITH,
€JICKTPOHHOI KOMEpIIii Ta €JEKTPOHHOro ypsay OyJe YCIHIIIHUM TUIBKH B TOMY
BUMaaKy, skmo iHdpactpykrypa IKT, sika 11 1[bOro BUKOPUCTOBYETHCS, Oyne
0e3IeYyHoI0.

BucHoBkM.

byno BcranoBneno, mo IKT cramm HEBiT €éMHOIO YaCTHHOIO JFOJCHKOTO
PO3BUTKY, alieé CYTHICTb MpoOJeMH KiOepOe3leKku Mosirace B TOMY, IO TJIOOabHI
mepexxki IKT, sKki BUpPOCTM HAaBKOJIO J>KUTTEBO BAXKJIMBUX aCIMEKTIB HAIIOTO
MOBCSAKJACHHOTO JKUTTSA, HIKOJW HE MpHU3HAYAIWCS i 3a0e3nmedeHHs 0COOIMBOI
oesmekn. CydacHe KOMIT'IOTEPHE CEpEOBHINE KHIAE BUKIUK 0OaraThbOM 3 HaIIUX
TPaAWIIIAHUX MIIXOMIB 0 OE3MEeKH Ta BUMAara€ yHIKaJIbHHUX pimieHb. [Ipu mpomy
kibepOe3neka € TJI00anbHOI0 TPOOJIeMO, sKa MOKe OyTH BHUpIIIEHA TIIBKU 3a
JOTIOMOTO10 TJ100aTbHUX PIILIEHb.
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AND SMOKED PRODUCTS
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Abstract. The aim of this work is to provide a scientific justification for the model for
assessing the Carcinogenicity of smoke and smoked products based on objective consideration of
the content and carcinogenic activity of individual PAHs. The paper analyzes the content of
individual PAHs in smoke and smoked products, and analyzes the Carcinogenicity of individual
PAHs. The conclusion is made about the failure of the current model for assessing the
Carcinogenicity of smoked products, and the dependence of the PAH content in smoked products on
the method and parameters of the smoke generation process is revealed. Based on the results
obtained, a model has been developed that allows us to assess the acceptability of Smoking
conditions in terms of product Carcinogenicity, as well as to establish rational methods and optimal
parameters of the smoke generation process in the future.

Key words: Carcinogenicity, smoke, smoked food products, evaluation model, polyaromatic
hydrocarbons.

Minimizing the risk of carcinogenic effects on the human body of smoked
products is to establish rational conditions for the Smoking process from the point of
view of Carcinogenicity.

Currently, only the Carcinogenicity of smoked products is evaluated. At the
same time, the assessment is carried out only on the content of only 3,4-benzpyrene
(BP) in smoked products, without taking into account other PAHs, which in some
cases have higher carcinogenic properties.

The works of such scientists as Gorelova N. D., Dikun P. P., Dolgina N. A., Kim
I. N., Kurko V. I., Makarova N. A., Radakova T. N., Fedonin V. F., Lesage J., Vaga
J. A, Ora G., Onaran S., Pottast K. and others are devoted to the content of
polyaromatic hydrocarbons in smoke and smoked products. However, these studies
do not provide models for objective assessment of the Carcinogenicity of smoke and
smoked products, taking into account the individual characteristics of PAHs, which
allows us to assess the rationality of the parameters of technological processes of
Smoking.

Based on this, under the grant of the Federal state budgetary educational
institution «Dalrybvtuz» «Improving the quality and safety of smoked fish products
based on the optimization of the degeneration process», research was carried out to
scientifically substantiate the model and assess the Carcinogenicity of smoke and
smoked products based on an objective account of the carcinogenic activity and the
content of individual PAHs in them.
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To achieve this goal, the following tasks were formulated:

- analyze the content of individual PAHs in smoke and smoked products;

- analyze the Carcinogenicity of individual PAHs;

- build a model for assessing the Carcinogenicity of smoke and smoked

products.

In order to solve these problems, a comparative analysis of PAH identification
in smoke produced in the smoke generator H20-IHA.03 and obtained by ordinary
chickens from alder was carried out. We also compared the results of identification of
PAHs in a hot-smoked fish treated with smoke in the H20-IK2A smoke chamber with
a turbulent flow of smoke obtained in the H20-IHA.03 smoke generator with a hot-
smoked fish obtained in an experimental smoker with a laminar flow of smoke (table
1).

Table 1

Concentrations of PAHs in the fish mackerel hot smoked, and a smoke

Content of PAH compounds
in the smoke | in smoke in fish in fish
. obtained in | produced | treated with | treated with
PAH connection the smoke in a turbulent laminar
generator chickens, smoke smoke
H20. THA. ng /1 stream, flow,
03, ng/l [3] ng / kg [3] ng / kg
1. Chrysene 1216 2173 447 288
2. Benz(a)anthracene 1000 2027 354 282
3. Benz(b)fluoranthene 10652 15407 4000 2430
4. Benz(a)pyrene 1084 2390 271 236
5. Benz(e)pyrene 7502 9487 2445 2119
6. Dibenz(a,c)anthracene 1220 2156 353 190
7. Dibenz(a,h)anthracene 2134 4202 487 276
8. Dibenz(a,i)pyrene 87 323 33 12
Total 24895 38165 8390 5833

The total content of PAHs in the smoke produced in the smoke generator H20-
IHA. 03 is 1.5 times lower than their content in the smoke produced in chickens. This
allows us to draw a conclusion about the dependence of the total PAH content and the
ratio of individual PAHs on the method and modes of smoke generation.

Despite the higher content of individual PAHs in the smoke produced in
chickens compared to the smoke produced in the smoke generator H20-IHA.03, the
analysis of the content of individual PAHs in the hot-smoked fish showed a lower
PAH content when using a chamber smoker with a laminar flow of smoke compared
to the hot-smoked fish produced in the H20-IK2A smoke chamber with a turbulent
flow of smoke.

The results obtained are explained by the fact that the identified PAHs of smoke
smoke have a boiling point above 448 °C. Therefore, PAHs are mainly in the
dispersed phase of smoke and are deposited more intensively under the action of
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inertial forces in a turbulent flow. When processing a product with a laminar flow of
smoke, the driving force is diffusion, in which the role of the dispersed phase of
smoke is reduced.

Table 2 shows the coefficients of carcinogenic activity of PAHs, which
characterize the probability of severe consequences in the form of cancer [1].

Table 2
Coefficients of carcinogenic activity of individual PAHs [1]
Connection Coefficient of carcinogenic activity
1. Chrysene 0,01
2. Benz(a)anthracene 0,01
3. Benz(b)fluoranthene 0,10
4. Benz(a)pyrene 1,00
5. Benz(e)pyrene 0,01
6. Dibenz(a,c)anthracene 0,01
7. Dibenz(a,h)anthracene 1,00
8. Dibenz(a,i)pyrene 1,00

Given the complexity of establishing the regularities of the influence of methods
and parameters of the Smoking process on the content of individual PAHs in smoke
and, accordingly, smoked products, a model is proposed to assess the Carcinogenicity
of smoke and smoked products:

D=2Ck;,

where C; is the concentration of the compound in smoked products or smoke;
k; - coefficient of carcinogenic activity of individual PAHs;

1 - number of the individual PAH.

The use of the presented model made it possible to obtain a comparative
assessment of the Carcinogenicity of smoked products obtained under various
conditions: the Carcinogenicity of products obtained by inertial deposition in the
H20-IK2A Smoking chamber was 1226.99, and products obtained using a chamber
smoker - 795.79.

At the same time, the assessment of the Carcinogenicity of smoke produced in
the H20-IHA.03 smoke generator and in chickens using the presented model showed
a significant excess of the Carcinogenicity of smoke produced in chickens (8614.13)
compared to smoke from the H20-IHA.03 smoke generator (4479.58).
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The work was prepared based on the materials of the research project

«Improving the quality and safety of smoked fish products based on the optimization
of the degeneration processy, performed under the grant of the Federal state
budgetary educational institution « Dalrybvtuzy.
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Anomauin. B pobomi pozensdaemvcs cucmema OUCHMAHYIUHO2O —ABMOMAMUZ08AHO20
ynpagninus (cucmema JAY) muny Alphatronic 2000 PCS cyonosum 2onosuum ousenem, sKd
npuzHavena Oas NycKy, 3YNuHKuU i pesepcy 20108Ho20 ouzens (I7]), a maxoodc 01 ynpaseiinHs
yacmomoro obepmannus 1]] Ha X0008uXx percumax.

Knrouosi cnosa: cyonosuti 20106HUl 08UYH, cUCEMA OUCMAHYIIHO2Z0 ABMOMAMU308AHO20
VAPABNIHHA, 20I06HUL OU3€Eb, CUCTNEMA ABMOMAMU3AYI].

Abstract. The paper considers the system of remote automated control type Alphatronic 2000
PCS marine main diesel, which is designed to start, stop and reverse the main diesel, as well as to
control the speed of the main diesel on running modes.

Key words: marine main engine, remote automated control system, main diesel, automation
System.

Ha cygacHux TpancmopTHUX 3aco0ax OCHOBHI JBUTYHHM Ta YacTO 1 JOMOMIXKHI
IU3eIb-TeHEpaTOpU  OCHAIlEHI  CHUCTEMaMH  JAMCTAHLUIKHOTO  aBTOMATUYHOTO
yIpaBIiHHS.

Cucrema IMCTaHIIHHOTO aBTOMAaTUYHOIO YNPABIIHHS - CYKYIHICTh MPUCTPOIB,
o 3a0e3nevyroTh poOOTy BCIX MEXaHI3MIB, 1[0 OOCIYrOBYIOTh OCHOBHMUU JBUTYH,
MyCK JIBUTyHa, HOro po3irpiB, BUXiJ Ha poOode HABAaHTa)XXECHHS, pPEBEPCYBAHHS,
3YNUHKY, 3MiHY MIIBHJKOCTI 1 MOTOYHOTO KOHTPOJIO 3a POOOTOI TU3EIHHOTO
JBUTYHA.

CyyacHul CyIHOBHH JAu3ellb € CKJIQJHUM OO0'€KTOM peryjaroBaHHs. Y
3aralbHOMY BWINAJIKy B JABUTYHaX Ju3€is AaBTOMAaTHYHO PETYIIOIOTHCA Taki
BEJIMUMHU: YacToTa OOEpPTaHHA KOJIHYACTOTO Baja; TEeMIEepaTypd B CHCTEMax
OXOJIOJKEHHS, 3MallEHHs, TOBITPS HAAJTyBY; B'SI3KICTh BaKKOT0 naynuaa [1].

['onoBHI BUpOOHMKHM CyTHOBHUX ABUTYHIB Takux ¢ipm sk MAN B&W i1 ®iat
cTaiu 00JIaHYBaTH BUITYCKAEMI JU3ETS €ICKTPOHHUMHU PETYJSITOpPAMU IIBUIAKOCTI.
Ili perynsitopu € yHIBEpCAIbHUMHU 1 iX MOYKHAa BHMKOPUCTOBYBAaTH HE TIJIbKH B
CUCTEMax peryJloBaHHS YacTOTH OOEpTaHHsS Bally JIBUTYHIB, aje 1 B CHCTeMax
PEryJIIOBaHHS TEMIEPATYPH, TUCKY Ta 1HIIUX MapaMeTpiB.

['onoBHI CyIHOBI JABUTYHHM, IO MPHU3BOJATH B 00epTaHHS TpeOHI TBUHTH (200
oesnocepeninbo, ab0 depe3 MPOMDLKHY TMepedady - 3y0dacTy, TiJipaBiidHy abo
€JEKTPUYHY), MPAIIOIOTh 31 3MIHHUM 4HCJIOM 00epTiB. KokHIH MBHAKOCTI X01y
Cy/lHa BIANOBIJA€ MEBHA MOTYXKHICTh 1 YKCIO OOEPTIB I'peOHOr0 TI'BHMHTA, a OTXKE,
MOTYKHICTb 1 YUCJIO 00EpTIB BaJla JBUTYHA.

CucreMr aBTOMAaTUYHOTO 3aXHCTy OO€piraroTh CyJHOBI JABUTYHU BIJl aBapii,
MOB'I3aHUX 3 MEPEBAHTAXKEHHSAM ab0 3 MOPYUICHHSIMH HOPMAalbHOI POOOTH CUCTEM
OXOJIO/DKEHHS 1 MacTWia. ABTOMaTUYHHMM 3aXHMCT NP aBapliiHiil cUTyalli akTUBHO
BTPYYA€ETHCA B MPOILIEC YIIPABIIHHS IBUTYHOM.
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VY psaai 3axoiiB IMIOJAO IMiJABUIIEHHS O€3MeKH MOpeIiaBaHHS OCOOJMBE MicCIle
3aiiMae mpoOjemMa BIOCKOHAJEHHS aBTOMATH30BAaHMX CHCTEM JHUCTaHI[IIHOTO
KepyBaHHS CYJAHOBHUMH Ju3eisiMu. lle TosicHIOeThCS THUM, IO aBTOMAaTH3aIlis
YVIOPABIIHHS J03BOJISIE CKOPOTUTH OOCITYyTrOBYIOUHH MEPCOHAN, CIIPHUSE MAaHEBPEHOCTI
CyJlHa 1 MMiIBUILEHHS MOTOPECYpCY JBUTYHA.

BrnipoBamkeHHst aBTOMaTH3a1li IPU3BOAUTH A0 30UIBLICHHS YUCIa KOHTPOJIbHO-
BUMIPIOBAJIbHUX TNpwiaaiB, posmupeHHs LIIY 1 yckimagHeHHsS CIOCTEpEKEHHS 3a
HUMHU. BrpoBa/ykeHHS MHEMOCXEM JI03BOJISE 3TPYITyBaTH TPHIATU Ta MYJBTH IO
OKPEMHUM CEKIIisM [2].

3a oCTaHHINM Yac CIOCTEPIra€ThCsl 3HaYHA aBTOMATHU3AlLlisl BCIX MPOLECIB MYCKY,
VOpPaBIIHHSA 1 pPEBEpCY [BUIYHIB 13 3aCTOCYBAHHSM CIELIATIbHUX CaMOIMUCHUX
npuiagiB - pesepc rpadiB. BoHu peectpyroTh nary, komaHay, BiamoBigs LITY,
4acTOTy o0epTaHHs rpeOHOro Bajly 1 KyT NEpPEKIIaJIKU KepMa.

BnpoBamxkenHio 3aco0iB  aBTomMaTu3ailii Ha MOPCHKOMY (JIOTI CIPUAIOTH
OypXJIUBHI PO3BUTOK PaTIOCICKTPOHIKH, KIOEPHETHKH, pPO3pOOKa MiHIATIOPHOI
amapatrypu, B TOMY YHCJI €JIEKTPOHHO-JIIYMILHUX MaliH. [{e moscCHI0EThCS TUM, TI10
aBTOMATH3aIlls YIIPABIIHHS JI03BOJISIE CKOPOTUTH OOCIIYTOBYHOUYHUI TIEPCOHAI, CIIPHUSIE
MaHEBPEHOCTI Cy/Ha 1 IIBUIICHHS MOTOPECYPCY JABUTYHA.

2. Engina control room

4. Propeler
servo electronics

Pucynok 1 — IIpuHuunoBa cxema IUCTAHIIHHOT0 ABTOMATH30BAHOT0
ynpasJiinnasa I'J] Tumy Alphatronic 2000 PCS
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Cucrema IUMCTaHUIMHOTO aBTOMAaTHU30BaHOro ynpaniiHHs (cuctema JAY) tumy
Alphatronic 2000 PCS cyaHOBMM TOJOBHMM Ju3€JeM MpU3HAYCHA: ISl IYCKY,
3YIMUHKH 1 peBepcy rojoBHoro ausens (['J]); mns ympaBmiHHS 9acTOTOK OOepTaHHS
']l na xomoBux pexumax. CydacHi CUCTEMH aBTOMaTH3allii CYJHOBHUX TOJIOBHUX
JU3ENIB € eJICKTPUUYHUMHU.

O6pobka i1HpopMarii Ta QopMyBaHHS anropuTMmiB ympasimiHHg [/l B nux
cUCTeMax BHpOOJSETbCsl B Mikporpouecopax. Ha pucynky 1 HaBegeHo cxemy
JTUCTAHIIMHOTO aBTOMATH30BaHOTO ympaBiiHHS (cuctema J[AY) tuny Alphatronic
2000 PCS cyaHOBUM T'OJIOBHUM JIU3EIIEM.

CucreMa aBToMaTHU3aIlii TOJIOBHOTO AU3€EIS BKIIOYAE B ceOe€:

— CucreMy MalIMHHUX Teaerpadis;

— Peectparop maneBpiB '/l (npykyBanbHUN OpUCTpIii);
— Monayns ynpasiinas '] Ha MiCTKY;

— TonoBHuit Mmogyns ynpasmiaas (B LIITY);

— CucreMy yrpasiiHHA yacToToro ooepranns ['/1;

— Cucremy 3axucty I'/l.

Cuctema JIAY aBTOMaTH4YHO BHUKOHYE Bcl omeparlii BuBeAaeHHs ['J] Ha 3amanHmii
pexumM. Skmo B mouatkoBoMy ctadi ['Jl OyB B 3ynmuHeHOMy cTtaHi, cuctema JJAY
IPOBOJANTH ABTOMATHUYHUI ITyCK au3ens [3].

Ha pucynky 2 HaBeneHa cxema kepyBaHHs napamerpamu ['J[ cynHa ne ocCHOBHa
MaHEBpPOBa TMaHEIb IOCTa YMNPABIIHHA CYJHOM IIJKJIIOYEHA JO0 TOJIOBHOI Mmadu
CUCTEMH TUCTAHIIIHHOTO KePyBaHHS.

Naia Corirol Sixion
Bisicige Wing Birige Cenier Brigge  Wing
L . L
{ Eladric Shan
(ool o
.

Pitch Setpol nt, Back-up Contral
Sotpoin i, Bridgs
g

Fiich Getpaim, FCS

Peageller Fich
Dhased Loag
Caairol Bas

Pucynok 2 — Cxema nmiIK/JIl04eHHsI 10 T0JI0BHOI Iadu cucTeMu JUCTAHLIITHOTO
kepyBaHusa '/
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CrnemianbHa cygHoBa cuctema ympabiiHHs Alphatronic 2000 PCS 3a0e3neuye
Ta Ma€ Taki MepeBaru:

— be3neynuii KOHTPOJIH CHJIOBOT YCTAHOBKY Ta HA/ITHE MAHEBPYBAHHS CYTHOM.

— ExoHOMiuHa omepairisi 3aBASKH ONTHMI30BaHIA KOHTPOJIh HABAHTAKCHHS

JIBUTYHA / TBUHTA.
— IlIBuaka peakiiist cucTeMu Ta €PeKTUBHICTh MAaHEBPEHOCTI IpeOHOTO TBUHTA.
— 3MIHM HaBaHTAXKEHHs, KOHTPOJHLOBAHI TaKUM YWHOM, SKHH 3aBXIU
JTOTPUMYETHCSI YaCTOTa 0OEPTAaHHS JABUTYHA B MEKaX HEOOX1HOTO Jiara3oHy,
1 TAKMM YMHOM 3a1o0irae 3aTeMHEHHIO 1] 9ac poOOTH Bajy reHeparopa.

— Xopomii JOBrOCTPOKOBI XapaKTEPUCTUKH JIBUTYHA Yepe3 3aXUCT BIJ

nepeBaHTAXKCHHS.

— TemuoBwmii 3aXUCT IBUTYHA Yepe3 KOHTPOJILOBAHI 3alyIeHI TPOrpamMHu.

— EkosnoriynicTe 3aBIsku 30aJaHCOBAHOI JWHAMIKM MaHEBPYBaHHS Mij Yac

MPUCKOPEHHS 3 MIHIMAJIbHUM BUKUJIOM JIUMY.
— 'HyuKicTh Ta 1HAMBIAYyadbHE HAJAITYBAHHS 3aBSKA MPUHIIMIIAM MOIYIbHOI
CHUCTEMHU.

— IliaTpuMKa MpPOEKTy, MPOCTa YCTAHOBKA MPOIEAYPH Ta Oe3leUHe BBEJCHHS B

eKCILTyaTarlito.

— MinimanasHe 00CIyroByBaHHS Ta 00CTYrOByBaHHS CUCTEMH 3T1IHO BUMOT.

— 3aBAsSKA 3pYYHHM JUIsl KOpUCTyBaya (PYHKIISIM oOIeparopa 10 JIOTIKH Ta

€proHOMIYHOIO JU3aiiHy NaHesl yrpaBiiHHg [3].

Cucrema ynpaBiiHHS TOJIOBHUM cuiioBUM arperatom Alphatronic 2000 PCS
MpU3HAYEHA JJI PYIIIHHUX CyTHOBUX YCTAHOBOK.

VY crarTi Oyn0 pO3MNIAHYTO Ta JaHa XapaKTEpPHCTHKA CY4YacHIM €JIeKTPOHHIN
CHUCTEMI JUCTAHIIMHOTO YIPaBIiHHS TOJIOBHUM CYJHOBHM JIBUTYHOM THITY
Alphatronic 2000 PCS, a Takox moOKka3aHi OCHOBHI TIEpeBard Ta HEMOTIKHA ITi€l
cCUCTEeMHU. ABTOMATHYHI CHUCTEMM KEpyBaHHSA IapaMeTpamMH TOJIOBHOTO JBUTYHA
JOIT1IJIbHO BUKOPUCTOBYBATH B CYJTHOBIM rajly3i Ha THX IUISHKAX, JI€ € MOCTiiHA 3MiHa
rmapaMeTpiB Ta HEOOXIJHICTh IIBHUIKOTO PETYJIIOBaHHS CHUCTEMM YIIPABIIHHSA, 3a
YMOBH JIOCTATHBOI IBUAKOA11 OCTAaHHBOI.
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DETERMINATION OF THE OPTIMAL ROUTE IN A SECURE COMPUTER

NETWORK USING A TWO-COLONIAL ANT ALGORITHM
BU3HAYEHHS OITUMAJIBHOI'O MAPIIPYTY B 3AXUIIIEHIA KOMIT'IOTEPHIN
MEPEXI 3 BUKOPUCTAHHSAM IBOXKOJOHIAJIBHOI'O MYPAIIIMHOT' O
AJITOPUTMY
Pakhomova V.N. / IlaxomoBa B.M.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0002-0022-099X
Opriatny A.A./ OnpsaTHauii A.O.
ORCID: ORCID: 0000-0001-7145-9677
Dnipro National University of Railway Transport named after Academician
V. Lazaryan, Ukraine, Dnipro, Lazaryan St., 2, 49010
J[Hinpoecokuii HayioHanbHUll YHigepcumem 3aii3HUYHO20 MPAHCNOPMY IMeHI akademika
B. Jlazapsana, Ykpaina, /{ninpo, eyn. Jlasapsana, 2, 49010

Anomauia. Y pobomi npononyemvca mMemoouka GU3HAYEHHS ONMUMATbHO20 MAapuipymy 8
3aXUWEHTU KOMN TOMEPHI Mepexci THHOPMAaYitiHO-menleKOMYHIKAYIUHOI cucmemu 3ani3HUYHO20
MPAHCNOPMY HA OCHOBI NpPOSPAMHOI MoOeni, w0 cmeopena 6 Python 3 euxopucmannim
0BOXKOJIOHIAbHO20 ~ MYPAWIUHO20 — ANOPUMMY, 3d  HACMYNHUMU — KPpUMEPIAMU:  3A2a1bHOI0
3aMPUMKOIO HA MAPWPYMUZAMOPAX ma KilbKiCmio Xonis, uwjo CKiaoaoms Mapupym.

Knrwowuosi cnoea: s3axuwena Komn'romepHa mepedicd, OB0XKOJIOHIATbHUL —MYPAUUHUL
aneopumm, 3ampumKa Ha Mapupymu3amopax, KilbKicms Xonie.

Abstract. The paper proposes a method for determining the optimal route in a secure
computer network of information and telecommunication system of railway transport based on a
software model created in Python using a two-colonial ant algorithm, according to the following
criteria: total delay on routers and the number of hops that make up the route.

Key words: secure computer network, ant algorithm, two-colonial, router, delay.

Beryn

Ilocmanosexka  npoonemu.  Bimomo, 1m0  ocHOBy  iH(popmaiifHoO-
tenekoMyHikamiitHoi cuctemu (ITC) 3ami3HUYHOTO TpaHCIOPTY MOBHHHI CKIIAJATH
3aXMIINEeHI KOMIT FOTepHI Mepeki. OCHOBHUM MUTAaHHAM NpH (YHKIIIOHYBaHHI SIKMX
3QIMIIAETHCS  OpraHizallisi MapUIpyTH3allii, [0 JOCATAETbCSI BUKOPHUCTAHHSIM
BIIMOBITHUX TIPOTOKOJIIB, ajie peali3allis sSIKUX B peaJlbHOMY 4aci BHUKJIMKA€E TEBHI
TpyaHoUIl. BupimeHHs UbOro MUTAaHHA MOXJIMBO: IO-MEpIle, MpPU OpraHizarlii
BUSBIICHHSI MEPEXKEBUX aTaKk Ha KOMITIOTEPHY MEpexXy 3 BHKOPUCTAHHSIM
HEWPOMEPEKHOT TEXHOJIOT1T; MO-Apyre, MpU OpraHi3alli MapuIpyTUu3allii B 3aXUIICHIH
KOMIT'IOTEpHIM MepeXi 3 BHUKOPHCTAHHSIM MYPAIIMHOTO METOAY 3a PI3HUMH
KpUTEPisIMHU, IO TOTpeOy€e MPOBEACHHS BIMOBITHUX JTOCITII>KEHb.

Ananiz naykoeux o0ociioxycenb. MypalllUHUN alrOPUTM  3aMpPONOHOBAHUI
noktopoM Hayk Mapko [opiro [4]. ¥ nonanbiioMy BUKOPHUCTAHHAM MYPALIMHOTO
ITOPUTMY JJIL OTPUMAHHS PO3B’S3KY 3a/1ay MaplIpyTU3allii Ta JOCIIHPKEHHAM HOTo
napameTpiB 3aiimManucs pi3Hi BYeHi. Tak, Hanpukman, y pooorti [3] Lllrosoa C. [I.
MPEICTaBUB PE3yNbTaTU PIIICHHA 33Jaul KOMIBOSDKEpa ISl Pi3HUX Moaudikaiiii
MypammrHOTro aaroputMy. ¥ po6oti [1] [TaBnenko A. I. Ta Tutos FO. I1. npencraBuam
pe3yNbTaTH AOCTIIKEHHS ACSIKUX CTpATerii MypalMHOro ajJiroputMy. Y po06oti [2]
rpymna aBtopiB: IlaxomoBa B. M.; Cka6amnanosud T. I.; bounapea B. C. Hamanu
po3B’s130k 3a1a4i MapiipyTu3aiii B [TC 3ami3HUYHOTO TPaHCHIOPTY 3 BUKOPUCTAHHSIM
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MYpalIMHOIO METOAYy IpH Iepenadl Kepyruux IMOBIIOMJIEHb, 110 MOTpedye
moOyJJOBM MIHIMAJIBHOTO KICTSKOBOTO JepeBa. AJie Haidacrtime HeoOXiTHO
BU3HAUUTH ONTUMAIBHUNA MapuIpyT MiXk 3aaHuMu By3iaamu mepexi [TC.

Memorw pobomu € po3poOka METOJIMKHA BU3HAUEHHS ONTHMAJIBHOTO MapIIpyTy
B 3axulieHii koMmm toTepHiii Mepexi [TC 3aimi3HUYHOrO TPAaHCIOPTY HA OCHOBI
BUKOPHUCTAHHA JJBOXKOJIOHIaJIbHOTO MYPALIMHOTO aIrOPUTMY.

IlocTanoBka 3agaui

3axuIeHy KOMIT' IOTEPHY MEpEexy, Mo JiexkUTh B ocHOBI ITC 3ami3HMYHOTrO
TPaHCIOPTY, MOYKHA TMPEJCTaBUTH SIK 3BakeHud rpad G (V, W), ne V — MHOXKUHa
BepUIMH Tpada, KUIBKICTh SIKMX JOPIBHIOE B, MPUYOMY KOKHA BEpIIMHA MOJEIIOE
co0010 By30J (MapuipyTuzaTop) Mepexi; W — muoxkuHa pedep rpada, koxkHe pedpo
MOJIEIIIOE 3B’SI30K MK BY3JaMH, KUIbKICTh pedep rpada aopiBHioe M. PosrisiHemo
(dbparMeHT Takoi Mepexi, o 300paxeHuit Ha puc. 1 (B = 15, M = 17). Koxnomy
peOpy rpada npucBo€Ha NEBHA Bara f; (4ac 3aTPUMKU Ha MapIIpyTU3aTopl i yac
nepenavi JaHUX BiJl I 10 j-TO MaplIpyTU3aTopa Mepexi, Mkc). Heo0XiiHO BUSHAYUTH
ONTUMAJBHUM  MapHmIpyT MDK 3aJlaHUMU  MapHIpyTU3aTOpaMH  3aXHILEHOT

KOMIT FOTEPHOT MEPEXKI.
Vi

f{\ 2050 =<
- L

1853

2037
2120

1431

=< =
1478 S — 1495
\'7 \'5
639
Ve
Puc. 1. I'pad 3’eqHanb MapIpyTH3aTOPIiB KOMII’FOTEPHOI Mepexi
Aemopcovka po3pobdka

XapakrepucTuka po3poodseHoi nporpamuoi mojaeai « Two-ACO»

[Iporpamua moaens «Two-ACO» HanmucaHa Ha MOBI Python 3 BUKOpUCTaHHSIM
dbpeliMBOpKy i1 BiKOHHUX 1HTepdeiiciB Qt, a Takox 0i6miorek NetworkX Ta
Matplotlib mns BimoOpaxkeHHs rpadiB Ha €KpaH Ta BH3HAUYEHHS ONTHUMAJIBLHOTO
MapuipyTy B Mepexi. Y TmporpaMmi CTBOpeHi kiacu: NetworkX, 10 103BOJISIE
npencraBiaTu Mepexy sik rpad, Ta ACO (Ant Colony Optimization) ajis poOOTH 3
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QITOPUTMOM MYpAIIMHOI ONTUMI3aliil. Bxioni napamempu mooeni: KUIbKICTbh
MapIIpyTU3aTOPiB;, MATPULd CYMIKHOCTI MEpEXi; KUIbKICTb IiTepalliii; KUIbKICTb
Mypax; KUIBKICTh EIITHUX Mypax; IOYaTKOBUU pIBEHb (PEPOMOHY; KOEQIIIEHT
BUIIaPOBYBAHHS; apaMeTp JJIs PEryIlOBaHHS BEIMYMHHU BIIKIaJACHHSA (DEpOMOHY.

Pezynomamu pobomu mooeni nogarotees y Burisiai rpadis (Figurel, Figure) 13
300paXCHHSIM Ha HUX ONTUMAJIBHUX IUIAXIB: 32 KPUTEPIEM CyMapHOI 3aTPUMKHU Ha
MapIipyTu3aropax (Ijs Meprioi KOJOHII Mypax) Ta KIIbKICTIO XOMIB (s Apyroi
KOJIOH1T Mypax). ObmedcenHs, wo HaKIadaromsCs Ha NPOSPAMHY MOOelb: KOSMIIIEHT
BUIAPOBYBaHHS MpuiiMae 3HaueHHsa MK 0 Ta 1 (BKITIOUHO).

Tepwuii moorcnusuti eunaook. 1lpu 3HaUEHHSIX 3aTPUMOK, SIK1 BKa3aHl Ha puc.l,
nporpamHa mojaenb «Two-ACO» Mix BepmmHamu O Ta 4 Hajana ONTUMAaNbHI
Mapuipytu (puc. 2): VO—> V6— V4 = 2120 + 1478 = 3598 mxc (Figurel 3a nepiium
kputepieMm); VO—> V6 4 = 2 (Figure2 3a IpyruM KpUTEPIEM), TIPU ILOMY CyMapHe
3HAYEHHS 3aTPUMOK cmBHaz[ae Ta ckiagae 3598 Mmkc.

Mepexa MypaLUnHKiA anroputM / .\

KinlkicTs MapLupyvsaTopis: KinekicTe iTepauiii anroputmy:
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Puc. 2. BusHayeHHs1 Ha IPOrpaMHiil MoJesli ONTUMAJIBHOI0 MApPIPYTY
3a pi3HUMHU KPUTEPisAM (IIPH NMOYATKOBUX 3HAYCHHSAX 3aTPUMOK)
Aemopcovka po3pobdka

Hpyeuii mosxcnusuii sunaook. IIpoBeneMo 3amyck MporpaMHOi MOJIEi 31 3MIHOIO
3Ha4yeHb 3aTpuMok (VO—> V6 = 2478 mkc, V6 = V4 = 2954 mkc), puc. 3.

KinidcTs MapLpyTU3aTopis:
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Puc. 3. BuzHaueHHs1 HA MPOTrPaMHIi MOJeJIi ONTUMAJIBLHOI0 MAPIIPYTY

3a PI3HUMH KpUTEPiAMHU (IIPHU 3MiHi 3HAYEHDb 3aTPUMOK)
Asmopcobka po3pobka
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VY nanomy Bunaaky mporpamHa mojeinb « Two-ACO» mixk BepmmHamu 0 Ta 4
HaJAa€ BXKE 1HIINI onTUMaNbHUN MapiipyT (auB. puc. 3): VO VI-> V25 V3i— V4
= 2050 + 729 + 1141 + 1431 = 5351 mxc (Figurel 3a nepmmm kputepiem); age VO—
V6> V4 = 2 (Figure2 3a ApyruM KpuTepieM), IpHU LbOMY CyMapHe 3HAYCHHs
3aTpUMOK JOpiBHIOE 2478 + 2954 = 5432 MKc, 1110 IEPEBEPIIIYE MOTIEPETHE.

BucHoBku

Jlyis BU3HAUYEHHS ONTHUMAJIbHOTO MapUIpyTy B 3aXUIIEHIN KOMIT IOTEpHIN Mepexi
ITC 3anmi3HMYHOrO TPAHCHOPTY 3a MYpAIIMHUM QJITOPUTMOM EJITHOI CTpaTerii
ctBopeHa Ha Python nporpamua mopens «Two-ACO», BXigHI HapameTpu SKOi:
KUIBKICTh MapIIpyTH3aTOpPIB; 3aTPUMKM HAa HHX; Ta HapamMeTpu MYypalliMHOIrO
anroput™my. Y SKOCTI pe3ynbTaTiB mnporpamHa wmojeinb «Two-ACO» Hagae
ONTUMAaJIbHI MapUIPyTH 32 HACTYNHHMH KPHUTEpIIMH: 3arajibHOI0 3aTPUMKOIO Ha
MapuIpyTH3aTOpax (Ha OCHOBI MEPIIOi KOJOHIT Mypax) Ta KUIBKICTIO XOMIB, IIO
CKJIQJIal0Th MapHIPyT (Ha OCHOBI APYTOi KOJOHIT Mypax).
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VIIK 339.172(477)
AVIATION INDUSTRY IN A PANDEMIC CONDITION
ABIAIIMHA TAJIY3b B YMOBAX ITAHJEMIT
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c.e.s., as.prof. / K.e..H., 00y.
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National Aviation University, Kyiv, Komarova, 1,03058
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Anomauin. B pobomi 0ocniodceHutl cmaH nionpueMcmes c8imogoi ma imyusHAHOI agiayiliHol
2anysi 8 ymoeax namoemii. Bcmanoeneno, wo 8enuxit KilbKocmi a8iakoMNAaHii ma aeponopmis €
eracmusum npoodremu OOpeogux euniam ma 3a2po3a  bamkpymcmea. Busmaueni winaxu
Heumpanizayii Kpuzoeux seuuy wo0o YKPAiHCLKUX nionpuemcme asiayitinoi eanysi. Pozenamyma
POIb Oeparcagoi niompumku OisnibHocmi nionpuemcms. QOTpyHmosana HeoOXIOHiCmb pO3POOKU
AHMUKPUZ0BUX NPOSPAM HA NIONPUEMCIBAX 31 CMBOPEHHAM (DIHAHCOBUX pe3ep8ig O/l 8UX00Y i3
Gopc-madcoprux cumyayii  mpusanoco mepminy Oii. AKyenmoeana yeazca Ha 3HAYYWOCMI
aoanmueHoi NOBeJiHKU NIONPUEMCME 6 YMOBAX Kpu3u Ol 3HAXOONCEHHS MONCIUBOCHEl
cmabinizayii' ix ¢inancosoeo cmamy.

Knrouosi cnosa: nandemis, agiayitina 2any3sb, AiaKOMNAHii, aeponopmu, KpU3068utl Cma.

Abstract. It was researched the state of enterprises of the world and domestic aviation
industry in the conditions of a pandemic in the work. It is established that a large number of
airlines and airports are inherent in the problem of debt payments and the threat of bankruptcy.
Ways to neutralize the crisis in relation to Ukrainian enterprises in the aviation industry are
identified. The role of state support for enterprises is considered. The necessity of development of
anti-crisis programs at the enterprises with creation of financial reserves for an exit from force
majeure situations of long term is proved. Emphasis is placed on the importance of adaptive
behavior of enterprises in a crisis to find opportunities to stabilize their financial condition.

Key words: pandemic, aviation industry, airlines, airports, crisis.

Beryn.

Cutyaris, mo ckjaizack B CBITI 13-3a mommpenHs COVID-19, npusena mo
BUHUKHEHHS KPU30BHUX SIBUIN y (DYHKI[IOHYBAaHHI MIAMPUEMCTB aBlalliitHOT ramy3i, Kl
30BCIM HEJIaBHO B TTOBHIM Mipi BITHOBWJIM CBOIO POOOTY Micist OCTaHHBOI kpu3u. 2020
pIK MPUHIC MiANPUEMCTBAM 30UTKH, IO OI[IHIOIOTHCSA B 0araTo MUIbAP/IB, 1 CTaB, MO
oIliHI (paxiBIiB, HAUTIPIIMM 32 OCTAHHE JECSTHIITTS.

[lo nmpornozam MixnHapoaHoi acomianii noBiTpsitHoro Ttpancnopty (IATA),
OTIPUJTIOJTHEHUX TIepe]] MOYaTKOM POKY, PIBEHb JOXITHOCTI cBiTOBOI aBiamii B 2020
pori MaB 30UIBIIMTUCH HAa YOTUPU BIJACOTKH, AOCATHYBIHM 870 Mipa. moi., a
BEJIMYMHA YUCTOTO NpUOyTKY — nocsartu 30 mupa.non. OfaHaK, Ha ChOTOAHINIHIN AeHb
IATA yxe oliHIOE MOXJIMBI 30MTKH aBialliiftHOI ramy3i y po3mipi 84 muipi.nodn. i
KOHCTaTye, 110 1 HacTynHuii, 2021 pik, npuHece He3HAYHI MO3UTUBHI 3pYIICHHS, a B
I[IJIOMY TPOIIECH BIJIHOBJIEHHS Taiy3l CTaHYTh Habarato TPUBAMIIMIUMH, HIK IIiCIHIS
BCiX 1HIIIMX MOMEPETHIX KpHU3.

Ou4eBUIHOIO € HEOOX1THICTh JIOCIKEHHS CTaHy SIK CBITOBOI aBiallliHOI Taty3i,
TaK 1 BITYM3HSHOI, I BU3HAYEHHS MOXIIMBUX CIOCOOIB MOM’SIKILIEHHS KPU30BUX
SABUI Y IISUIBHOCTI MIANPUEMCTB 3 YPaXyBaHHSAM MO3UTUBHOI MPAKTUKHU JISTIbHOCTI
TUX TIANPUEMCTB, SKUM BIAJI0CS 30€perTy BIIHOCHO cTaje (piHAHCOBE CTAHOBUIIIE.

OCHOBHHUI1 TEKCT.

JUist CBITOBHX aBlaKOMIIaHIM 13-3a maHaemii KopoHaBipycy 2020 pik craB
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00poTh0010 3a BWKMBaHHA. OJIHIEIO 13 MepIIMX 30aHKPYTUIMX aBlaKOMMaHINA craja
oputanceka Flybe, sikiii 1 70 mouaTKy maHeMii 3arpoxyBaio 0aHKPYTCTBO, & OCTaHHI
nojii KaTacTpoiuHO MPUCKOPHIIM HACTaHHS I[bOTO CTaHy. YpPaxOBYIOUM, LIO LI
aBlakOMIIaHisl eKCIUTyaTyBaia Jitaku Tuimy Embraer 1 3mificHioBasa MOJIBOTH 3
aepoMNoOpPTIB PETIOHATBLHOTO 3HAUEHHS, 11 OAHKPYTCTBO O3HAYA€ HE JIUIIIE BTPATy MICLb
pobotu 11t 2400 ciBpOOITHUKIB, @ 1 HErATUBHUM YMHOM BIUIMHE HAa €KOHOMIYHUIA
CTaH ITUX PETiOHIB.

Virgin Atlantic TakoXX ONWHUJIACh Yy JOCTATHbO CKPYTHOMY CTAHOBHII, IO
MPU3BEJIO 10 HEOOXITHOCTI HAJaTh CBOIM MpalliBHUKAM BIAMYCTKH O€3 OILIaTH,
3MEHIIUTH Ha YOTUPHU MICSLI 3apo0ITHY IJIaTy KEepiBHOMY CKanay 1 T.i. JlocTaTHRO
NOTYKH1 aBlakommnanii, Taki sik British Airways, KLM, Lufthansa, United, Takox
Oynau 3MyLIEHl 3MEHIIMTH KUIbKICTh MAaplIPyTiB Ta MPU3YIUHUTH MPOLIECH
1HBecTyBaHHs [1].

Ak BBaxkae cimHEHChKUI aBiamiitHui KoHcanTUHToBHM 1IeHTp CAPA, O1nbIIicTh
aBIaKOMIIaHIN y)X€ Ha ChOTOJIHI MOXXYTh KOHCTaTYBaTH TEXHIYHE OAHKPYTCTBO 1
HasIBHICTh BEIMKHUX IpoOJieM o0 OOproBuX BHILIAT. BuXij i3 1IbOro CTaHOBHIIA
CAPA BOauae y HaJilaHHI JIOTIOMOTH YPsJIaMH JIEp)KaB UM BIIACHUKAMHU aB1aKOMITaHi.

Taxk, Big OpuTaHchkoi aBiakommanii Virgin Atlantic mocTynuiao 3BepHEHHS 10
ypsly Ipo HaJaHHS JOTOMOTH aBlanepeBi3HUKAM y po3Mipi 8,3 MIIp.I.€Bpo.

3 MU0 TOMNEpeIHKeHHST OAaHKPYTCTBA ITAIMCHKUM ypsiioM OyJio 3iiCHEHA
HalloHami3auig aslakommadii  Alitalia; okpiM 1mporo, mjig KoMmMmeHcauli BTpar
aBlallliiHOI Taimy3l B Iepioj KOpoHaBipycy OyB cTBopeHHil (oHa po3mipom B 600
MJIH.€BPO. JledKi aBiakoMITIaHii Jyisi 3SMEHIIEHHs 30UTKIB MIIUIA IUIIXOM CKOPOUYEHHS
BEJIMYMHMU BUTpaT, Hanpukiaa, British Airways (BA) o0’sBuiia mpo BIIMOBY BiA
BCHOI'0 MapkKy «z1am00 mxer» — Boeing 747 no 2024 poky i3 3aminoro ix Ha A350 1
Boeing 787, Ak COKUBaOTh MEHIIE NAIHBA.

HecnpusitnuBa cutyallis ckjanacs 1 3 1HIIMMH BaXKJIUBUMU MIiANPUEMCTBAMU
aBiaiiiftHoi raiy3i — aepornopTamu. [1o BUCHOBKaM JI00ICTCHKOI acoliallii mo 3axucTy
KOJIEKTUBHHMX 1HTEPECIB €BPOINEUCHKUX A€pOMOPTIB, 3arpo3jivBa CHUTYyallisl BJIaCTUBA
193 eBponeiicbkuM aeponopTam (3arajabHa KilbKicTh aeponoptis B €spori — 740). Im
3arpoKye MOBHE MPUITMHEHHS JTISJIBHOCTI 13-32 HEIJIATOCIPOMOKHOCTI B PE3yiIbTaTl
NaiHHS TACAXKUPOIIOTOKY Ha 73%, MOPIBHIOIOYH 3 MONEPEIHIM POKOM [2].

JIns BITUM3HSHOI aBialliifHOT Tady3l TaKoXK BJIACTHBI BC1 TEHACHIN, 1O 1 JJIs
cBiTOBOi B mutomy. Tak, 3a mepure miBpivust 2020 poky macaxupchbki MepeBe3eHHs
cxanu 2009,2 tuc.4o:. (3a ananorigyauit nepion 2019 poky Oyno nepesezero 6096,4
THUC.YOJL.), y TOMY YHCIII MIXKHApPOIHI MAaCaXUPChKI epeBe3eHHs Maiu piBeHs 1802,3
TUC.90J. (3a aHamoriunuid mepiog 2019 poky — 5548,4 Ttuc.qomn.). Jlns nmepeBe3eHHs
BaHTa)XIB Ta MOLITH HE XapakTepHE Take pi3ke maninHa — 42,8 Tuc.ToHH (3a
ananoriunuit nepioa 2019 poxy— 44,8 Tuc.ToHH).

3HMKEHHS TIOKAa3HUKIB JISJIBHOCTI CTOCYEThCS 1 aepornopTiB. KuIbKICTh
BIIMPABJICHUX Ta MpUOYBIIMX macaxupiB ckiaita 40,8 tuc.ox. (1-e miBpiuus 2019
poky — 94,2 Tuc.01), y TOMy YMCJII HA MIDKHapOJHUX HampsiMkax — 32,3 tuc.ox. (1-e
niBpiuus 2019 poky — 75,5 tuc.ox.). [lomToBaHTa)KOMOTOKH CKJIAIM 32 aHATI30BaHUI
nepioj BIAMOBIAHO 25 TUC.TOHH Ta 27,2 THUC.TOHH, B TOMY YHCJIi Ha MI>XHApOJHUX
HarnpsMKax — BianoBiaHo 19,2 ta 24,4 tuc.ToHH. [3].
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BunukHeHHss Takoi cuTyauii OyJlo 3yMOBJIEHE TaJiHHSAM TIONMHUTY Ha
MAaCaXUPChKI MEPEBE3CHHS, 110 BUMYCHJIO BITYM3HSIHUX aBialepeBi3HUKIB BIATUCS JI0
CKOPOYEHHS KUIBKOCTI pEHCiB a0o 3arajioM CKacyBaTH iX OUIbLY YacCTHUHY; OKpIM
IIbOTO, B MEPIOJ] 3 CEPEAUHU KBITHS 10 CEPEAUHU YEPBHA YA YKpaiHH MPaKTUYHO
NPU3YNUHUB MDKHAPOHI aBlariepeBe3eHHs, a 3 KiHIA Oepe3Hs A0 MoYaTKy YepBHS 1
BUKOHAHHS BHYTpIIIHIX aBiapeiiciB. OCHOBHA 4acTka nepeBe3eHb (98%) nmpuiinuiach
Ha YOTUPW HaWOUIBII MacaXMPChKi aBiakoMmmaHii, Taki sk «MixXHapo H1 aBialiHil
VYkpainny, «Ckaitany, «A3yp Elip Ykpaina», «Po3a BiTpiB».

OcHoBHa mpoOiieMa, sika CTOITh MEpe] aBIAKOMIAHIIMA B YMOBax IMaJlIHHS
JIOXOJIIB B1J] aBlalepeBe3eHb,— HEOOXIAHICTh CIUIaTU (PIKCOBAaHUX MOCTIMHUX BUTpAT,
OCHOBHUMH 13 SIKMX € JII3UHTOBI IJIaTexi 3a jiTaku. [1o omiHii ¢axiBIiB, BeIUYMHA
IUIaTA 3a JI3UHT OJHOTO JITaka 3a OOWH A€Hb ckiaagae Omm3pko 10tuc.mon. SIkiro
MOBa #jie, HalpuKiIaa, Opo aBlakommnaHiro MAY, To ii 1I0JeHHI JII3UHTOBI BUTpPATH
cknagaotb 300 tuc.nomn., ag aBiakomnadiit SkyUp 1 Po3u Bitpis - 100 tuc.gomn. o
IHITMX TIOCTIMHUX BUTpAT BIIHOCUTHCA CTpaxyBaHHA Ta 3a0€3ME4YeHHS JTHOTHOI
MIPUIATHOCTI JIITaKiB.

CyTTeBUMU € 1 BUTPATH Ha 3apoOITHY IUIATy MpalliBHUKAM aBlaKOMIIaHii; Xxo4a
nmMToMa Bara 3apoOITHOI IJIATH y BITYM3HAHMUX aBiakomnaHii ckiamae 17% (y
1HO3eMHHUX aBiakoMmmaHiit 54%), HaBITh TaKUI KPOK, SIK CKOPOUEHHS MEPCOHATY MOXKE
MTOCUJIUTH KPU30BHM CTaH aBlaKOMIIaHIi 13-3a HEOOX1AHOCTI BUIUIATH YK€ BEITUKHX
KOMIIEHCALIHUX CYM.

[TomipHE MajiHHA B CEKTOPI BAHTAXXHOT'O Ta MOIITOBOIO NEPEBE3EHb 3YMOBJICHE
THM, IIIO 32 TEPMIH JIii KapaHTUHY J0 3I1HCHEHHS ITUX MEPEBE3CHb, KPIM TPATUIIIHHO
BAaHTAKHUX KOMIAHIN, MOJYYMJIACh 1 TI KOMIMAaHii, MO 3aMiCTh MACaXUPCHKUX
MOoYaji BHUKOHYBAaTH BaHTKHI IEPEBE3CHHS, TIEPeBaXKHA YaCTUHA  SKUX
3/11CHIOBAJIACh B SIKOCT1 YaPTEPHUX PEUCIB.

JUist  BCiX  BITYM3HAHMX ~ a€pONOPTIB  TAaKOX  BJIIACTHBE  3MEHIICHHS
MacaXUPOIOTOKIB; OCHOBHA MHUTOMA Bara MacakKMpPChKUX, BAHTAKHUX Ta MOIITOBUX
notokiB (97%) mnpuxomunacek Ha micth aepornoptiB — KuiB (bopucnine), Kuis
(Kynsuu), Oneca, JIbBiB, XapkiB Ta 3amopizxkxs.

KepiBaunreo aeponopty «bopuchiiby 3aHENOKOEHO 3arpo30l0 MOXJIMBOTO
OaHKpyTCTBa MIAMPUEMCTBA 13-3a HEJOCTaTHBOI KUIBKOCTI KOIITIB JIJII TOTO, I100
MOTaCUTU KPEAUTOPChKY 3a00proBaHICTb, MNPUI0ATH HOBY TEXHIKY, IPOBECTH
TEXHIYHI perjJaMeHTH MaiHa.

Mixnapoaaum aeporoptom «KwuiB» im. Iropss Cikopcbkoro, Hampukial, B
JUIHI [FOTO POKY TMacaxupiB oOcimykeHo Ha 79,7% wmeHIie, HiXK 3a aHAJIOTIYHUHN
MICSIIIb TIOTIEPETHBOTO POKY; MOMEPEIHBO KEPIBHUIITBOM aepOMOpTy Oyiio 3asBIECHO
PO TIOYATOK MOETATHOTO CKOPOYCHHS TMPAIliBHUKIB JJIsI YHUKHEHHS OaHKpyTCcTBa. B
TOW K€ 4Yac TPEICTAaBHUKU aepomnopTy «JIbBiB» 3asiBWIM MPO JOCATHEHHS PIBHS
0€330MTKOBOCT1 BHACIIIOK MPOBEICHUX 3aXO0/IIB 11010 ONTUMIi3aIlii BUTpAT.

BucHoBkwm.

JlocipKeHHsT CTaHy MiAIPUEMCTB aBialllifHOI ragy3i K B 3apyOKHUX KpaiHax,
Tak 1 B YKpaiHi B yMOBax IaHJeMii, JO3BOJMJIO BHU3HAYUTH 3aXOJIHU MO0
HeWTpasizaili KpU30BUX SIBUII: HacamIepes, He0OX1IHICTh JAep>KaBHOI JOTIOMOTH 3a
paxyHOK peaiizailii makeTa aHTUKPU30BHX 3aXOJlIB; HASBHICTh BJacHE y CaMHUX
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HIANPUEMCTB  aBlalliiHOI Trajay3l aHTUKPU30BUX IIporpaM, ski O mnependavanu
dbopMyBaHHS (DIHAHCOBUX pe3epBIB MM BHXOAY 13 (POpPC-MAKOPHHUX CHUTyalll
TPUBAJIOTO TEPMIHY [li; MiJBUIIEHHS PIBHSA aJanTHUBHOCTI MIJIPUEMCTB B yMOBax
KpU3U Ha OCHOBI 3HAXOJPKEHHS HOBUX MOXIJIMBOCTEH JJig crabimizalii (iHaHCOBOTO
cTaHy (omTuUMi3allisi BUTpaT, KOPUTYBaHHS BHJIB TII€PEBE3CHb 32 PAXYHOK
HapOUITyBaHHS OUIbII peHTA0ENbHUX, 3aCTOCYBAHHS PSIy 3aXO0/1B 1010 30UIBIICHHS
MPUBAOIMBOCT] aBlallifHUX TEepPEBE3€Hb, IO HAacaMIepe]] CTOCYEThCS BHYTPIITHIX
MepeBE3€Hb, B MOPIBHIHHI 3 3aJII3HUYHUMH Ta aBTOOYCHUMU NIEPEBE3CHHSIMM ).

Jlitepatypa:

1. Yu 3moxxyte MAY 1 SkyUp nepexutt HalOuIbly Kpu3y B iCTOpIi aBiarii.
URL:  http:/ https://ua-news.liga.net/economics/articles/chi-zmojut-mau-i-skyup-
perejiti-naybilshu-krizu-v-istorii-aviatsii.

2. Koctrok H. 193 aepomoptu €Bpornu MOXKYTh 3aKPUTH Y€pe3 KOPOHABIPYC.
URL.: http://dialogs.org.ua/world/45559/.

3. Ilimcymku AisyIbHOCTI aBialiiHOl ramy3i Ykpainu 3a 1 miBpiyus 2020 poky.
URL: http: //avia.gov.ua » Pidsumki-roboti-1pivrichchya2020-1.

Crarrsa Bianpasnena: 08.11.2020 p.
["aBpunko T.O.

Conference proceedings 122 Series «SWorld-US Conference proceedings»


http://dialogs.org.ua/world/45559/
https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiX2fD_pPHsAhVQpYsKHaUKBrkQFjAAegQIAxAC&url=https%3A%2F%2Favia.gov.ua%2Fwp-content%2Fuploads%2F2020%2F07%2FPidsumki-roboti-1pivrichchya2020-1.doc&usg=AOvVaw0Yaxu-qw1WrDqb3gNf7QWr
https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiX2fD_pPHsAhVQpYsKHaUKBrkQFjAAegQIAxAC&url=https%3A%2F%2Favia.gov.ua%2Fwp-content%2Fuploads%2F2020%2F07%2FPidsumki-roboti-1pivrichchya2020-1.doc&usg=AOvVaw0Yaxu-qw1WrDqb3gNf7QWr

International scientific inteqration November 9-10, 2020 E ffi‘*

VIIK 656.222.6

IMPROVEMENT THE TECHNOLOGY FOR THE WAGON TRAFFIC

PROCESS

YIOCKOHAJIEHHS TEXHOJIOT'II TPOLIECY TPOCYBAHHSI BAT'OHOIIOTOKIB
Bohomazova H.Ye. / boroma3sosa I'.€.
c.L.s., as.prof. / K.m.H., 0oy.
ORCID: 0000-0002-8042-0624
Baulina H.S. / bayaina I'.C.
c.t.s., as.prof. / k.m.H., 0oy.
ORCID: 0000-0001-8464-1507
Ukrainian State University of Railway Transport, Kharkiv, Feuerbach Square 7, 61050
Vkpaincovkuil deparcasruil ynisepcumem 3ani3HU4HO20 MPAHCHOPMY,
Xaprxis, m. Deviepoaxa 7, 61050

Anomauia. B pobomi eupiweno 3adayy popmyeanus epexmuenoi mexHonozii npoyecy
NPOCYBAHHA 68aA20HONOMOKIG. Taka mexHon02isi 0a€ MONCIUBICIb NPUUMAmMU  00PYHMOBAHI
piuenHs wooo YNpaeninHi 6a20HONOMOKAMU, ONMUMANLHO20 BUKOPUCMAHHS 00 €KMi6 3aNi3HUYL
Ma YCYHEeHHs 3amPUMOK Y NpoYeci nepese3eHHsl.

Knwuoei cnoea: 3anisnuunuti mpancnopm, 8aHMAMNCHI Nepese3eHHs, B8a20HONOMOKU,
VNPAGNIHHA NePeGi3HUM NPOYECOM.

Abstract. The problem of formation of effective technology for the wagon traffic process is
solved in the work. This technology makes it possible to make informed decisions about the
management of the wagon traffic, the optimal use of railway facilities and the elimination of delays
in the transportation process.

Key words: railway transport, freight transportation, wagon traffic, transportation process
management

Beryn. 3anizHuyHui TpaHcmopT YKpaiHuW TpeACTaBiis€e COOOK BEIUKY Ta
CKJIaJIHy cucTtemy. Ha 3aii3HMYHOMY TPaHCHOPTI CHOCTEpiraeTbes 3actapiia dopma
VOpaBJiHHSA pecypcaMH, 110 HEe BIJANOBIAAE€ CYYaCHHUM BHMOTaM CBITOBOTO
TPAHCIIOPTHOTO PUHKY. HemocTaTHICTh 3axO0JiB IIOJ0 PAIliOHAIBHOTO YIPABIIHHS
1HGpacTpyKTypor0 Ta OO0 ’€KTaMU 3alli3HUYHOTO TPAHCIOPTY, HHU3BKUNA pIBEHb
BIIPOBA/DKCHHS CYYacCHMX TEXHOJIOTIM Ta peami3amii 1HHOBAIIHHOT TONITHKA B
TPAHCIIOPTHY Tajy3b BeJe J0 3HIHKCHHS PiBHS KOHKYPEHTOCIIPOMOKHOCTI 3aJT13HUIT.

OcrtaHHI 5 pOKIB CIOCTEpITaeThCS TEHJCHINS JI0 CKOPOUYCHHS OOCSATIB
MEePEBE3CHHS 3aJI3HUYHUM TPAHCIIOPTOM Ta iX MPUBAOIHMBICTH, 30UIBITYETHCS OOIT
BaroHa, MIJABUIIYETHCA MPOCTI BaroHiB B OYIKYBaHHI JIOKOMOTHBIB. OpHi€0 3
OCHOBHHX MP00JIeM poOOTH 3ai3HUYHOTO TPAHCIIOPTY € CTaH BAaHTAXKHOTO PYXOMOTO
Ta TATOBOTO TapKiB. Y 3B’SA3KYy 3 YWUM, 3MCHIIYIOThCS OOCSTH TEpPEBE3CHHS IPHU
MIPOCTPOUYCHHI TEPMiHIB JOCTAaBKM BaHTaXy, IO Bee 10 30UIbIICHHS (DIHAHCOBUX
BTpAT SIK 3a/113HMULI, TaK 1 BAHTAXXOBIAMPaBHUKIB. /{151 MaKCUMaTbHOTO BUKOPUCTAHHS
TPAHCIIOPTHOTO TOTEHIIAly YKpaiHW HEOoOXIIHO MiABUILYBAaTU €(EKTUBHICTD
eKCIUTyaTallli HassBHUX PECYPCIB 3aJI13HUIII.

CyJacHU#l PUHOK 3aTi3HNYHUX BAaHTAKHUX TEPEBE3CHb BUMAra€ TMOKpPAIICHHS
e(EeKTUBHOCTI YIPABIIHHSA PyXOM, 30UIBIICHHS THYYKOCTI Ta MIBUAKOCTI MPUUHSTTS
pillIeHb  JUCIETYEPCHKUM  TEPCOHAJIOM, 3MEHIIECHHA ONEpaIlifHuX  BHUTpAT,
M1BUILIEHHS MPOAYKTUBHOCTI Mpalll ONEepaTUBHUX MPaIliBHUKIB, BUKOHAHHS TEPMIHIB
JIOCTaBKM BaHTaXIB Ta IMOKpAIIEHHS O00Iry BaroHiB, Iepexia BiJ perioHaJbHUX
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MPUHIIMINB YOPaBIIiHHS TMEPEBI3HUM IIPOIECOM JO0 OpraHizaimii pyxy MOi3liB Ha
MOJIITOHAX 3HAYHO1 JIOBKUHHU.

OpHi€l0 3 HaWBAXJIMBIIIMX YMOB YCIIIIHOTO OCBO€HHSI OOCSTY BaHTaXKHUX
NepeBe3eHb Ha 3alI3HUIMIX € TMOCTIMHE YJOCKOHAJECHHS TEXHOJOrIl opraHizamii
BaroHOnoTokKiB. Opraxizailisi BArOHOMOTOKIB MOBUHHA BCTAHOBJIIOBATH PAaIliOHATIBHY
cucteMy (hopMyBaHHS TOT3/1iB TP MiHIMIi3allli eKCIUTyaTaIlliHUX BUTPAT 3aJ13HUIT 1
3aJI0BOJICHHI MOTpe0d 3aMOBHMKIB Ha TNepeBe3eHHs. BrockonaneHHs opraxizamii
BAaroHOIOTOKIB JI03BOJIUTh TMPUCKOPUTH TEPMIHM JIOCTABKM BaHTaXIB, YCYHYTH
NepPEenIkoaM y TPOMYCKHIA  CIPOMOXHOCTI  1HQPACTPYKTypH, OINTHMI3yBaTH
(byHKIIIOHYBaHHS 3aT13HUYHUX JIIHIM 3 HU3bKOIO IHTEHCUBHICTIO TIepeBe3eHb [1].

OcHoBHuU#i TekcT. OCTaHHI TEHJICHIIIT 1I0JI0 MOKAa3HUKIB POOOTH BAaHTAKHOTO
CeKTopy YKpaiHu BiIOOpakyrOTh HE HaWKpallMil CTaH eKCIUTyartarlii 3adi3HUYHOTO
TPaHCIIOPTY. Y CEPeIHhOMY 3a PIK BIJOYBAETHCS CKOPOYECHHS OOCATIB 3aJII3HUYHHUX
nepeBe3eHb Ha 4,5% y NOpIBHSAHHI 3 MONEPAHIM pOKOM. Y TOH e dac,
aBTOTICPEBE3CHHSI MOKA3yIOTh 3pocTaHHs Ha 8 %. OcHOBHI 3aco0u, a caMe BaHTaXHI
BaroHW, TATOBUM pyXOMHH cKkiag Ta 1HQPAcTpyKTypa, 3HOIICHI. 3HOIICHICTb
BAaHTAKHUX BaroHiB, mo Haiexath A0 AT «Ykp3amizauis» (IHBEHTapHI BaroHM)
ckmagae 90 %. TexHIyHMH CTaH IUX BaroHIB CTAaHOBHUTH 3arpo3y Oesmerri
1HOPaCTPYKTYpHUX OO’€KTIB 1 CXOPOHHOCTI BaHTaXIB. 3ali3HUIL HE B 3MO3i
3a0€3MeUYnTH BCIX 3aMOBHHKIB SIKICHUM PYXOMHM CKJIQJIOM CBOE€YACHO 1 B HEOOX1THIM
KinbKkocTi. HaBiTh mnpu HAsIBHOCTI BaroHiB 3 HOPMAJIBbHOK KOMEPIIIHOIO
NPUAATHICTIO, IO HajeXaThb MPUBATHUM MIANPUEMCTBAM, HEMAa€ MOXIIMBOCTI iX
BHUBE3EHHS CBOEYACHO Yy 3B 53Ky 3 BIJICYTHICTIO JOCTAaTHHOI KUIBKOCTI JJOKOMOTHBIB.
BiacyTHicTh HEOOXiJHOT KUIBKOCTI TEXHIYHO CIIPABHOTO PYXOMOTO CKJIaay y
BCTAHOBJIEHI TEPMIHM Beae A0 30UIbIIEHHS Yacy 3HAXOJKEHHS BaHTaXy Yy
BAHTAXKOBIJNPaBHUKA Ta MiABUIIEHHS #oro ¢iHaHcoBUX BTpaT. JlociimkeHHs
MPOCTOI0 MICIIEBOTO BAaroHiB Ha CTaHIIi BIJIMPaBICHHS 3a TEOPETUYHUMHU JTaHUMH
MOKa3aJii, 1[0 1€ 4Yac Ma€ IMOBIPHICHY TPHUPOAY 1, B CEPEIHbOMY, IMEPEBUIIYE
HOPMAaTUBHUU Yac.

AHari3 ejgeMeHTIB 00Iry BaroHa Ha OCHOBI BUKOPUCTAHHS CTATUCTUYHUX JTAHUX
®imii T'onoBHoro iHdopmarliiiiHo-o6uncIoBaIbHOr0 HEHTpy AT «YKp3ami3HUIN»
MOKa3aB, [0 HAWOUIBIINKM Yac BUTPAYAETHCS MPU 3HAXOKEHHI PyXOMOTO CKJIaay Ha
CTaHI[li BUBAHTAXKEHHA. 3a pe3ysibTaTamMu poOOTH 3aJi3HUYHUX CTaHIN Maibke y
70 % BUNAIKIB CIOCTEPITA€THCS MEPEBUILIEHHS HOPMAaTUBHOIO Yacy rnepedyBaHHS Ha
CTaHI[li TPU3HAYEHHSI.

[lepemkonor0 Ha HUISIXY NEPEMIIICHHS EKCIIOPTHUX BaHTAXIB IPU YMOBI
CBOE€YACHOI JIOCTaBKM € TPOCTIi BaroHiB Ha MPUIOPTOBUX 1 MPUKOPAOHHUX
NEPEBAHTAXYBAIBHUX CTAHIISX Y 3B A3KY 13 3aBaHTAXKEHICTIO 1HPPACTPYKTypH Ha
WX HampsiMKax. Taki MOKa3HWKY BiIOMBAIOTh HE3JIAr0KEHICTh pOOOTH 3aJi3HMIN 13
MOpPTOM Ta MUTHHUIEI0. TOOTO BHUHHUKAE MPOCTPOUYECHHS HOPMATHUBHOTO TEPMIHY
JOCTaBKM BaHTaXy, 110 MPU3BOAUTH 1O MIJBUIIEHHS EKCIUTyaTallliHUX BUTpaT
3QJII3HUINI Ta BTpaTH (PIHAHCOBHX KOIITIB BaHTAKOBIANMPaBHUKIB. SIKICHHMM IpoIiec
MEPEeBE3CHHS 3aJICKUTh BIiJ KOMIUIEKCY IIMTaHb, OCOOJMBO BIJl parfioHami3amii
MOYATKOBUX Ta KIHIEBUX orepalliid. TepMiH JOCTaBKM BaHTaXIB BBAXKAETHCS OJHUM
13 HAMOUIBII 3HAYYIIUX IMApPaMETPIB AKOCTI 0OCITyTOBYBaHHS CTIOKUBAYIB [2].
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JIist BUpIIIEHHS 3aJadl ONTUMAJIBHOTO YIPAaBIiHHSA MPOLIECOM IEPEBE3EHHS
3aMporoOHOBaHA MaTeMaTUYHA MOJENb MPOIECY MPOCYBaHHS BaHTa)XKHUX BaroHiB Ta
pO3po0IIeHO TporpaMHe 3a0e3MeueHHs. 3arajibHl BUTPATH HA TIEPEBE3CHHS 3aJIekKaTh
BiJl KUIBKOCTI BaroHiB Ta 3arajJlbHOr0 4acy Mmepe0yBaHHsS BaroHiB Ha CTaHIIi
HABaHTa)XCHHS Ta BUBAHTAXXEHHS. B pe3ynpTaTi MOJEIIOBaHHS J0BEIEHO, IO ICHYE
EKCTPEMYM IUTHOBOI (PYHKIIIT TUITY MIHIMYM, IO T03BOJIsi€ CHOPMYBATH MPOIIEAYPY
ONTHMAJIBHOTO YMPABIIIHHS MMapaMeTpamMu mnepeBe3eHHs. TakuM drnHOM, chopMOBaHA
MOJIeTTb HOCHTHh YHIBEpCAJIbHHMHA XapakTep Ta B YMOBaX HasBHOCTI 3BOPOTHOTO
3B’SI3KY  JO3BOJIIE  YOPaBIATH  MEPEBI3HUM  MPOLECOM 3  HaWMEHIIUMU
eKCIUTyaTallliHUMU BUTpaTaMu 3ati3Hulll. KpiM Toro, Mojiesib BpaxoBy€e BUTPATH, L0
MOB’SI3aH1 3 PU3MKaMHU NEPEBE3CHHsI BaHTaXy. MOXIIMBI BUTpATH, IO MOB’S3aHI 3
IUMH PHU3MKAMH, MOXYTh CKJIaJlaTH JACKUIbKA JIECATKIB BIJACOTKIB BiJ TOBHOI
BEJIMYMHU BapTocTi. [, HaBiTh, 3 ypaxXyBaHHSM IIMX BHUTpAT 3alpPOIIOHOBAHA
TEXHOJIOTISI ONTUMAJIBHOTO YIPABIIHHS TEPEBE3CHHAMH JO3BOJISE 3MEHIIUTH
eKCIUTyaTalfiiiHi BuTpatu mnpubiu3Ho Ha 10 % y MOpIBHSAHHI 3 BUTpaTamu, MO0
PO3pPaxoBYIOTBHCS 3a ICHYIOUOIO METOAMKOI YKp3alli3HHUIl BH3HAYCHHS (PaKTHUHOI
co01BapTOCTI MepeBe3eHb BaHTAXIB 3a 0a30BUM mepio. Takuii MOKa3HUK 300paxKye
JOIUIBHICTh ~ BIPOBA/KCHHSI  3allPOTIOHOBAHOI ~ TEXHOJIOTiI B €KOHOMIYHOMY
BiHOMEeHHI. Halikpamuii pe3ynapTaT MoOXe OyTH JOCSTHYTHH B  yMOBax
HEJMCKPUMIHAIIMHOTO JOCTYyMy M0 1HGPACTPYKTYpU 3ali3HUII BCIX YYaCHHKIB
MEPEBE3EHHS Ta HAJIaHHS «TBEPAOI» HUTKU Ipadiky.

CdpopmoBana maTemMaTM4Ha MOJENIb BpPAXOBYE TOBHUM LMK POOOTH
BaHTaXXHOTO BaroHa. [Ipu oMy, 3Bakae Ha MOXKIIMBI PU3UKH HapaxyBaHHS mITpadiB
Ha 3aJ1I3HUINI0 Y BUIMAJKY BiIMOBH POOOTH BAaHTAXHHUX 1 TATOBUX PYXOMHX OJHHHIIb
Ta 3aBaHTAXEHOCTI 1HPpacTpykTypu. OnTuMizaimiifHa MOJEIb € OCHOBOIO
dbopmyBaHHS aBTOMAaTHU30BaHO1 TEXHOJIOT1i YIpaBITIHHS BaHTAKHUMU
NEPEBE3CHHIMU, Ky MPOIMOHYETHCS peali3yBaTH y BUIJISAII CUCTEMHU MiITPUMKH
OPUUHATTS pillleHb JUCIIETYEPCHKOTO anapaTy Ta iIHTErpyBaTH 0 aBTOMATHU30BAHOTO
po0OoYoro Micisi [UCreTyepa, Mo MiAKII0YEHE 10 €IMHOT aBTOMaTU30BaHOI CUCTEMHU
KEpyBaHHS BAaHTAKHUMU TEpeBe3eHHSAMHU YKp3amizuuii. [Ipu mpomy mnepeBi3HHIA
MPOIIEC B1IOOPAKAETHCS Y pEAIbHOMY PEKUMI Hacy.

BucHoBku. AHaii3 J0BIB, 110 3HAYHA KIJIBKICTh 3aTPUMOK IT0i3/11B BUHUKAE 13
MPOIYCKOM IIOi3/1iB B HAIpPsIMKy MOPTY a0 3axiJHOr0 KOPJAOHY YKpaiHu, SIKi €
HANOIBII 3aBaHTaXEHUMH. BCTaHOBJIEHO, 110 OCHOBHI TPYAHOIIl IpHU OpraHizaii
BAHTAKHUX TEPEBE3€Hbh BUHUKAIOTh HA CTAHIlI HAaBAaHTAKCHHS Ta BHBAHTAKCHHS.
Bce mne cnpuumHsie HEOOXiNHICTh BHUPIIMIEHHS 3a/ayl palioHaIbHOTO YIPaBIiHHS
BaHTAXHUMH MEPEBE3CHHIMMU.

B poGoTi 3ampormoHOBaHO ONTHUMI3AIINMHY MOJAEIb TPOIECY MPOCYBaHHS
BAaHTAXHUX BAroHIB 3 ypaxyBaHHSIM MOJIMBUX PU3HKIB, III0 BUHUKAIOTh y MPOIleci
eKcIuTyaTalii BaroHiB. Llg MoJenb € OCHOBOIO CHUCTEMHU MIATPUMKUA NPUAHATTS
pillIeHb  JUCIETYEPChKOTO amapaTy. ABTOMAaTH30BaHA TEXHOJOTIS  JI03BOJISIE
OpraHi30BYBaTH JIOIUIbHI BaroHOMOTOKM 3 MIHIMAJIbHUMHU EKCIUTyaTalliiHUMHU
BUTpAaTaMU 3 YypaxyBaHHSAM MOXJIUBHX 3aTPUMOK Ta I1MOBIPHOCTI (DIHAHCOBUX
PHU3HKIB B MPOIIEC IEPEBE3CHHS B PEaTbHOMY PEXKHUMI Yacy.
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V]IK 658.788.5

ADAPTABILITY OF INTELLIGENT TRANSPORT SYSTEMS
AJANTUBHICTD IHTEJIEKTYAJIBHUX TPAHCITIOPTHUX CUCTEM
Kirkin O.P. / Kipkin O.II.
c.t.s., docent/ k.m.u., oou.
Pryazovskyi State Technical University, Mariupol, Universytetska st., 7, 87500
Ilpuazoscvruii OepoicasHull mexHiuHull yHieepcumen,
Mapiynons, eyn. Yuieepcumemcoka 7, 87500

Anomauia. B pobomi poszensnymi euou aoanmayii npu nooOyo0oei iHmMeNeKmyaibHUux
MPAHCNOPMHUX cucmeMm. Tak icHyouy meopiro aoanmusizayii nponoHyeEmMvCsa 0ONOSHUMU HOBUMU
sudamMu a0anmueHOCmi cucmem: NACUBHY, aKmueHy ma azpecusHy. Illpu yvomy uodineno, wjo &
3anexucHocmi 8i0 Memu adanmayii 3MIHIOEMbC 1 Memodooz2isa inmenekmyanizayii. Tax camo
IHmenekmyanizayito  peKoOMeHOyEMbCsi OONOBHIOBAMU MAKUMU Napamempamu sSK —IHmyiyis,
NCUXOJI02151 MA KOMePYIUHA OisIbHICMb (6NIUE HA PUHOK).

Knrouoei cnoea: aoanmayis, meopis aoanmusizauyii, Wmy4Hut IHmenexm,
IHmMenekmyanizayis, iHmeneKmyailoHi mpaHCROPMHI CUCTNEMU.

Abstract. The paper considers the types of adaptation in the construction of intelligent
transport systems. So the existing theory of adaptivization is proposed to be supplemented with new
types of systems adaptability: passive, active and aggressive. At the same time, it is highlighted that
the methodology of intellectualization changes depending on the purpose of adaptation. It is also
recommended to supplement intellectualization with such parameters as intuition, psychology and
commercial activity (influence on the market).

Key words: adaptation, theory of adaptation, artificial intelligence, intellectualization,
intelligent transport systems.

Beryn. Bci morictudHi cMCTEMHU BITHOCATBCS 10 aJIalITUBHUX, alle TOMY SK iX
ajanTarlisi 0 30BHIIIHBOTO CEPEIOBUILA MPOBOJUTHCS 332 KPUTEPIaIbHOK O03HAKOIO,
TO Taka ajanTallisg oTpuMajia Ha3By aJanTUBI3allii.

Teopis aganTuBi3allii, B JaHUH 4Yac, € MOJIOJIOI0 1 HE JOCUTh J00pe BUBYCHA.
[Ipu 11bOMY OCHOBHUM HamNpsIMKOM PO3BUTKY TE€OpIi afanTUBI3allil JAJi JOTICTUYHUX
CUCTEM € IX IHTeJeKTyaTi3allisl.

Takum yuHOM, HEIOCTATHHRO BHBYEHA TEOPis MOYMHAE CIUPATHCS HAa HOBHM
HAyKOBHUI HampsM, SIKHH TPYHTYEThCS, B OUIBIIOCTI poOIT BUEHUX, HA METOJ]aX
HITY4YHOTO 1HTEJIEKTY.

HeoOxiaHO 3ayBakWTW IO IHTENEKTyalli3alisd L€ HE IITYYHUH IHTEJIEKT, a
aJlanTHBI3aIls HE € OCHOBOIO iHTeleKTyasizaiii. ToMy HeoOXxigHa CHCTeMaTH3aIlis
BIIHOCHH MK BU3HAUCHHSIMH QalTUBHICTh, aJIaNTUBI3aIllA 1 IHTEICKTYai3aIlis sl
TPAHCIOPTHUX CUCTEM, a TAKOXK iX OCOOIMBOCTI Ta MPUUMHHO-HACIIIIKOBI 3B'I3KH, 1€
1 € METOIO JIJaHOi POOOTH.

Iocepeno: [1, 2]

OcHoBHMi TekeT. Orysiy JiTEpaTypH 3 3a7aHOI TEMATUKX TOKa3aB, 10 B 3araii
MiJ] IaNTHBI3AIEH PO3yMIEThCSA caMe afanTarlisi 10 c¢hOPMOBAaHUX 30BHINIHIX YMOB
10 33J]JaHOMY KPUTEPII0 ONTUMI3AIli1, @ MOO0Y/10Ba IHTENEKTYaThbHUX CUCTEM IOB'SI3aHO
OUIBLIOID MIPOI0 3 NPUUHATTAM ONEPATUBHUX pIlllEHb B YMOBaX pHU3HUKY 1
HEBU3HAYCHOCT1 1 HAKOMWYEHHSIM OTPUMAaHUX 3HaHb. B 000X BUIajgkax pyuIiiHOIO
CUJIOI0 PO3BUTKY € HOBITHI 1H(GOpPMAIlIHI TEXHOJIOT1i, 8 YMOBOIO ONTHUMAJILHOCTI €
HEOOX1HICTh 3HAXO/PKCHHS IKOMOTa OUIBIIIOTO YKCIIa AIbTEPHATUBHUX pillleHb. Tak
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K aBTOMATHUYHO BUPIIIYIOTHCS 37€OUIBIIOTO TBOPYl 3aBJaHHS TO 0araTo BUEHHUX
METOJaMH BUPIIICHHS TOCTABJICHUX 3aBJaHb BBAXKAIOTh TUTHKA METOAW IITYYHOTO
IHTEJIEKTY: HEHWPOHHI MEpeXi, TeHETUYHl AJITOPUTMH, EKCHEPTHI OLIHKHU, HEYITKI
MHOXUHH 1 MyJIbTHAreHTHI cucTeMu. [Ipu 11boMy B poOOTax BYSHUX MOXKHA 3YCTPITH
J0JJaTKOBUH MepeTiK METOIB BUPIIIEHHS 3aB/IaHb IITYYHOTO 1HTEJIEKTY.

B nepury depry po3risitHeMO TpU BHIM aAamnTallii, Kl KapJWHAIbHO 3MIHIOIOTh
METO/IOJIOTIIO PIIIEHHS 1 TOCTAHOBKU TPAHCTIOPTHUX 3aBJIaHb.

Ananariis Moke OyTH ITAaCHBHOIO, KOJIM CHCTEMa IPUCTOCOBYETHCS B HOBUX
ymMoBax (yHKI[IOHYBaHHsA. B mgaHomMy BHMNAJKy aJamnTuBi3allisl BeAe /10 BHXKHWBAHHS
JIOTICTUYHOI CHUCTEMH, 1 HaMKpaluM HampsMKOM PO3BUTKY MOAIOHOTO poay
MOBEIIHKK CHUCTEM € TOJUT MapaMeTpiB CUCTEMHU Ha pEryjbOBaHl, 3aJIeKHI 1
He3anexkHl. Toxml BIANOBIAA0 Ha OyAb-SKUM 30BHINIHIA BIUIUB Oyae 3MiHA
peryJibOBaHUX IMMapaMeTpiB JIOTICTUYHOI TPAHCHOPTHOI CHUCTeMH. Takuil MmiaXia
JI03BOJIUTH K CIIPOCTHTH MaTeMaTUYHUUN amapar MOIIyKYy PillieHb, HAPUKIAM, IS
TPAHCTIOPTHOTO MOTOKY BCl 3MiHHI MOKHA BHPA3UTH Yepe3 3HAUCHHS IHTEHCHUBHOCTI
BUKOHAHHS pOOIT, Tak 1 HAKOMWYUTH Oa3y 3HAaHb BIAMOBIAI CUCTEMH Ha 3MIHY
peryjaboBaHUX mapameTpis [3].

JpyruM BUJIOM ajanTaliii MOKHa BBa)KaTH aKTHUBHY aJanTallifo IapaMeTpiB
CHUCTEMHU 70 BIUIMBY 30BHINIHBOIO CepefoBHINA. B naHoMy BUNaAKy cucTemMa He
TIIBKM CIIOCTEpIrae 3a 3MIHOK TMapamMeTpiB 30BHINIHBOTO CEPEJOBHINA, a W
HaMaraeTbCsli BHUPIBHATU OTpUMaHUM aucOananc. Tojl, amanTuBizaiis Beae [0
MONIYKY Oe3Jiyl anbTepHATUBHUX PILIEHb AJI BUPIBHIOBAHHS NOPYIICHUX 3B'S3KIB
abo ix 3miHu. Hampukian, mosoMka TpaHCHOPTHOTO 3aco0y Bene A0 3MIHM
NepeBi3HUKAa a00 3HAXOJ/KEHHI THMYAacOBOIO TPAHCIOPTY, MapuipyTy abo BUIY
nepeBe3eHHs 1 T.4. HalikpamuM po3BUTKOM BHpIIIEHHS MOAIOHMX 3aBlaHb, €
noOyoBa BIPTYaJbHUX MIANPUEMCTB 1 CTBOPEHHS BIPTyaJbHUX KOpIiOparii, 3
0e3T14Y4ul0 albTEPHATUBHUX EJIEMEHTIB B CHUCTEMI BHOOpPY, TaK SK ONTHUMAJIbHICTh
0e3ImocepeIHbO 3aJEKUTh BiJl YKCTa 3HAWJCHUX albTEPHATUBHUX PIlICHb B 3aJjaHY
OJIMHUIIIO Yacy. TakuM YMHOM, METOJIaMU BUPIIICHHS MOJIOHUX 3aBJaHb MOKHA
BBAXKATU BIAJIAJICHUN PECYpCHUM MiAX1J 1 3BOPOTHHUM 3B'SI30K, IIEHTpaAJi30BaHE
yIOPaBIIHHS HE3aJICKHUMU €JIEMEHTaMH CUCTEMH 1 T.11. [4].

Tpertim Bugom ananrainii OyJeMo BBaKaTH arpeCUMBHY aJamTailiio, CIpsiMOBaHY
Ha 3MIHYy IMapaMeTpiB 30BHIIIHLOTO CepeAoBUIA (JIOOIFOBAaHHS BJIACHUX IHTEPECIB).
Tak pexilama 37aTHa BUKJIMKATH 3pPOCTaHHS TMOMUTY HAa MPOIYKINIO, 3MIHUTH
TEPUTOPII0 OXOIUICHHS TIEPEBE3CHHSIMHU a00 mociayramMu. To0To, mpH amanTHuBizamii
BIJIMOBI/ITI0 HA Oy/Ib-SIKWI 30BHIMIHINA BIUTUB OyJ/ie 3MiHA 30BHINIHIX MapaMeTPiB IO
BIUTMBAIOTh HA CHCTEMY, JUIsI KOMITCHCAIlll HE TUTHKA MOPYIICHOTO piBHOBaru, ajie i
OTPUMAHHS KOHKypeHTHOI nepeBary. MeTtomamu BUPIIICHHS TTOCTABJICHUX 3aBIaHb
KpIM MapKETHHTOBHUX 1 KOMEPIIIWHUX 3aXO[liB, € €JIEMEHTH Teopii irop, pU3UKIB, a
TAaKOX HEYITKMX MHOXHWH, Ta i B3arajil BCIX METOJIB IITYYHOrO 1HTENEKTY. AJie mpu
IbOMY 11111 OyAyTh COpPSIMOBaHI Ha MaKCHUMI3allll0 MPUOYTKY, a HE Ha KOMIICHCAIIII0
(MiHIMI3aI1i0) TOAATKOBUX BUTPAT.

BignoBigHo Buaam ajganTyBizariii 1 iX MM 1 3aJ1a4aM, 3MIHIOIOTHCSI aJlTOPUTMHU
i MeToau I MOOYI0BH 1HTEIEKTYaTbHUX TPAHCTIOPTHUX CUCTEM. Tak JjIs mepIioro
BUly ajanTailii HaiMEHII BUTPATHUM 1 HAWOUIbII THYYKUM OyJ€ BUKOPHUCTAHHS
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€KCIIEPTHUX CUCTEM 1 MOXKJIMBO HEUITKUX 0a3 3HaHb. /[[1s Apyroro Tumy Hailkparie
BUKOPHUCTAHHS HEYITKOT JIOT1KM 1 HAKOMMYEHHS JOCBiAY B 0a3ax 3HaHb. [[j1s1 TpeThoro
BUJTy ajanTailii HeoOX1JTHO BHMTH 32 MEX1 BUKOPUCTAHHS TUTBKH METOIB IITYYHOTO
IHTEJIEKTY, a BHUKOPHUCTOBYBAaTH CHCTEMOTEXHIYHMM MiAXiJ A0 BHUPIMICHHA
MOCTABJICHUX 3aB/aHb.

InTenektyanizaiis nependadae HE KOMIT'IOTEpHE MPUNHATTS PILICHHS, a cam
MpOIIEC 3HAXO/KEHHS PIIIEHHS METOJIOM 0araTopa3oBOTrO MPOTOHY CHUTYyaIii 3a
3alaHuid TIPOMIKOK 4acy (SKIIO OpaTh 3a JKEpesno MOHATTSA ICUXOJIOorito) [5].
3BUUaifHO, KOMIT'IOTepHa O0OpoOKa Oararopa3oBO MiABUILYE €(EKTUBHICTh JaHOTO
METO/Y, BUKIIIOUAIOUH MPHU [[OMY IHTYILll}0, B TOMY YMCIII 1 IHTYI[1}0 3aCHOBaHYy Ha
JIOCBI/I.

TakuMm 4YWHOM, IHTEJEKTyasi3allis € OJHUM 3 METOJIIB BHUPIIIEHHS 3aBllaHb
ajanTUBI3allil B TPAHCIOPTHUX CHUCTEMAaX, 1 HE MOXE MPU BUKOPUCTAHHI B MOBHIM
Mipl 3aMIHUTH aIallTUBI3aLlII0 IJI1 BUPIIIEHHSI KOHKPETHUX TPAHCIIOPTHHUX 3a/1a4.

BucnoBku. byna po3risiHyTa Teopis aganTUBI3allli B TPAHCIIOPTHUX CUCTEMAX,
sgKa BUMAara€ NOJajbIIOT0 PO3BUTKY 3a TpPhOMa HAINpSIMKaMU YTBOPEHHS METH:
MacrMBHA, aKTHUBHA 1 arpeCHBHA.

byno orpumano, 1m0 1HTENEKTyami3aimisi € MepPCHEeKTUBHOK METOO0JIOTIE0
BUPIIIEHHS 3aBJIaHb aJaNTHBI3AI] TPAHCIOPTHUX CHUCTEM. AJie, THTEIEKTyalli3aIlio
HE MOYKHA PO3IJIAIAaTH «BY3bKO», IK METOAM LUTYYHOTO 1HTEJIEKTY.

Byno 3anmpomnoHoBaHO, B JIIOAMHO-MAIIMHHUX CHUCTEMax IMPU MOCTAHOBII I[iJIEH
Ta BUPIIICHHI 3aBAaHb JOJATKOBO BHUKOPUCTOBYBATH ICHUXOJIOTIIO, 1HTYILIIIO
CHIBPOOITHHKIB 1 KOMEPUINHY A1SIbHICTb.

Jlitepatypa:

1. Pymsincekuit B.B. «ITC aBTOMOOUIBHOTO TpaHcnopTy ((PpyHKIIOHAJIBHI
OCHOBH): HaB4. nocioHuk / B.B. Pyn3incekuii. — XKXutomup : XKATY, 2012. — 98 c.

2. Murane B.JI. InTenexryaibHi CHUCTEMHM B TEXHIUHIM eKCIUTyaTamii
aBromMo0Ou1iB: MoHOTrpadis / B. I. Murans. — X.: Maiinan, 2018. — 262 c.

3. Kipkin O.I1., Kipkina B.I. KepoBani mapameTrpu HEperyJIsSpHUX IOTOKIB
BipTyanbHoro mianpuemctsa / O.I1. Kipkin, B.I. Kipkina // Bicauk Ilpua3zoBcbkoro
JIEp’KaBHOTO TeXHIYHOTO yHiBepcuTeTy. Cepis: TexHiuni Hayku: 30. HayK. mpamb. —
Mapiynons: IBH3 «IIpuazos. nepx. Texs. yu-t™», 2010. — Bun.21. — C. 127-132.

4. Kipkin O.Il. YmpaBmiHHA TpaHCHOPTHUMH MpPOIECAaMH 3 BUKOPUCTAHHSIM
BipryansHux mignpuemctB / O.I1. Kipkin // Bicauk IlpmazoBchkoro aep:aBHOTO
TexHiuHOro yHiBepcuteTy. Cepist: Texuiuni Hayku: 30. HayK. mpaib. — MapiynoJs:
JIBH3 «IIpua3os. nepx. TexH. yH-T», 2003. — Bun.13. — C. 284-287.

5. Kipkin O.II., Kipkina T.KO. Po3mozmin BaroHOMOTOKIB MIANPUEMCTB 3a
HampsiMaMi HaBaHTAKCHHSI-BUBAHTAXXEHHS 3 BUKOPUCTAHHSM METOMIB INTYYHOTO
iatenekty //O.d1. Kipkin, T.FO. Kipkina/ Bicauk [Ipra3zoBCbKOTO Je€p»KaBHOTO
yHiBepcuteTy. Cepis : Texuiuni Hayku: 30. Hayk. mpaib. — Mapiynons: JIBH3
«ITpunazos. gepx. TexH. yH-T», 2016. — Bum. 33. — C. 179-186.

Crarra Bianpasnena: 09.11.2020 r.
© Kipkin O.IL

Conference proceedings 129 Series «SWorld-US Conference proceedings»



International scientific inteqration November 9-10, 2020 E ffi‘*

V]IK 625.098

INSTRUMENTAL MONITORING AND TRAFFIC NOISE MAPPING
WHCTPYMEHTAJIBHBIY KOHTPOJIb 1 KAPTUPOBAHUE TPAHCIIOPTHOI'O
HIYMA
Musatkina B.V./ Mycarkuna b.B.
Senior lecturer/ cmapwuii npenooagamens
ORCID: 0000-0003-1607-7611
SPIN: 2693-5102
Denisova 1.V./ Jleaucosa U.B.
Senior lecturer / cmapwuii npenooasamerns
ORCID: 0000-0003-0491-2501
SPIN: 7875-0330
Ignatov O.V./ Urnaros O.B.
Senior lecturer/ cmapwuii npenooagamens
SPIN: 2954-9709
Omsk State Transport University, Omsk, 35 Marksa pr., 35, 644046
Owmckuti 2ocyoapcmeentblil yHugepcumem nymetl cooowenus, Omck, np. Mapxca, 35, 644046

Annomayua. Paccmompenvl npunyunvl Hopmuposanus wyma 6 P® u 3a pybescom.
IIpusedenvl pesynvmamsl uzMepenuti U KApmuposanus mpaHcnoOpmHoO20 UYyMd, 6bINOJIHEHHbIX HA
Kkageope «bezonacnocme orcuznedesmenvrocmu U dkonocusy OMCKo20  20Cy0apcmeeHH020
YVHUsepcumema nymeu cooowjenus. Ilpeocmaenien 0030p MEXHOIOUN 3AUUMbBL OKPYIHCArOWel
cpedvl om axkycmuyeckoeo 3azpasHenus. Copmyauposanvl 6616006l U NPEONONCEHUS NO
Dpe3yIbmamam uccied08aHuil.

Knroueewie cnosa: akycmuueckoe 3azpsasHenue, Kapmuposarue uymd.

Abstract. The article considers the principles of noise regulation in the Russian Federation
and abroad. The article gives the measuring and traffic noise mapping results carried out at Life
Safety and Ecology Department of Omsk State Transport University. The article presents the survey
of technologies for protecting the environment against noise pollution. Conclusions and suggestions
based on the research results are made in the article.

Key words: Noise pollution, noise mapping

Beryniienue.

[loBbIIeHHBI YpOBEHb IllyMa siBIsieTcs (AKTOPOM pPHUCKA IS 310POBbS
paboTaIMX M HACEJIEHUS B I1EJOM, BBI3bIBAET HAPYIICHUS CIIyXa, CEpACHHO-
COCYIMCTBIE TMAaTOJIOTUH, YTHETEHWE HEPBHOW CHUCTEMBL. BemymuM HCTOYHUKOM
oymMa B HACEJEHHBIX IYHKTAaX [MO-NPEKHEMY OCTaeTCsd TPAHCHOPT. AHaNIU3
CTPYKTYphl oOpaiieHuid HaceneHus B denepanbHyro ciiyxk0y Mo Haa3opy B cdepe
3alUTHI MpaB MOTpeOuTenel u Onaromonyuus denoBeka Poccuiickoit denepanmu
MOKA3bIBACT 3HAUMUTEIBHBIM 00BEM >Kall00, CBA3AHHBIX CO CBEPXHOPMATHBHBIMU
YpOBHSIMU akycTrueckoro mryma (16 Teic., umu 58 % ot obmiero komuyectBa B 2018
roay) [1]. [lo nanasiM BecemupHo# opranuzanuu 3apaBooxpanenust (BO3) y mozaei,
MPOKMBAIOIINX HA IIYMHBIX yhuiax (ypoBeHb Iryma 65-75 nbA), puck cepaedHo-
cocynucThix 3aboneBaHuil ypenuuuBaercs Ha 20%. B moknage EBpomeiickoro
napiamenTa «Ctparerust 60ps0bI ¢ mrymom» (2012 r.) oTMeudaeTcs, 4TO €XKEerojiHO B
EC 50 TpIC. 4YenoBek NPEKAEBPEMEHHO YMHPAKOT OT CEPACYHBIX IPUCTYIOB,
BBI3BAHHBIX YJIMYHBIM HIYMOM; 200 ThIC. UEIIOBEK CTPAAAET OT CEPAEUHO-COCYAUCTHIX
3a0071€BaHUM, CBA3AHHBIX C YIAUYHBIM IIYMOM [2].
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OCHOBHOM TeKCT.

MexnyHapoansiM crangaprom SO 1999:1975 (1975 r.) Obul ompexeneH
JOITYCTUMBIN PUCK Pa3BUTHs TyrOyXOCTH: npu ypoBHe 1myma 90 nbA B Teuenue 5
neT puck coctasisiia 4%, B Teuenue 15 ner — 14%, 35 ner — 20%; a mpu 85 nbA —
cooTBeTcTBEHHO 1; 5 u 9%. ConuanbHO NpUEMIIEMBIM KpUTEpUEM ObLIT MpPU3HAH
ypoBeHb myma B 90 nBbA (XoTd u3BecTHa KaTeropus JOJEd, y KOTOPBIX IMOTEps
ciyxa Habmomaerca u ipu ypoBHe 75 n1bA). B crangapte ISO 1999:1990 (1990 r.)
PEKOMEHJIOBaH MpenenbHo AonycTumblii ypoBenb (IIY) myma 85 nbA u pan
MPOTHO3 MOTEPH ClIyXa B 3aBUCUMOCTH OT YacTOThl U JUIMTEIBLHOCTH BO3JEHCTBUS
1IyMa, OT I10J1a ¥ BO3pacTa JIFOJCH.

Poccuiickre HOpMBI ycTaHaBIMBAIOT OoJiee xecTkue TpedboBanus k [V mryma,
yeM pekomenayeT BO3. TIY myma ajis cenuTeOHBIX 30H XKUJIOW 3acTporiku B PO
npeacTasiieHsl B [3]. s TEppUTOPHiL, HETIOCPEACTBEHHO MPUJIETAIOIINX K JKHIIBIM
J0MaM, 3/1aHUSIM U y4eOHBIM 3aBEJCHHUSIM, SKBUBAJCHTHBIN YPOBEHb 3BYKa Ly HE
NoJbKeH npeBblath 55 1bA aHeM (¢ 7 10 23 4) u 45 1bA Houbto (c 23 4y 10 7 4), a
MAaKCHUMAJIbHBIM YPOBEHb 3BYKa L Ayakc HE OKEH npeBbiaTh 70a1bA naem u 60 nbA
HOUbl0. B mocneanee BpeMs pazHulia MeXAY (PaKTHUECKUM YPOBHEM TPAHCIOPTHOTO
IIyMa B JIHEBHOE M HOYHOE BpEMs CYTOK CTPEMHUTENIBHO COKpAIIaeTcs, OCOOCHHO Ha
TEPPUTOPUSX, IPUIIETAIOIINX K JOPOraM C HHTEHCUBHBIM TPAHCIIOPTHBIM TOTOKOM.

J5is 000CHOBAaHHOTO BBIOOpa MEp 3alIUThl HEOOXOAUMO HWMETh JOCTOBEPHBIE
JaHHBbIE 00 YPOBHAX IIyMa Ha TEPPUTOPHUSAX KHUIOW 3acTpoilku. MupoBasi mpakTuka
NOKA3bIBA€T, YTO MOHHUTOPHHI TPAHCIIOPTHOTO IIyMa 4Yalle OCHOBBIBAETCS Ha
MPOTHO3HBIX pacuerax, Hanpumep, JupexktuBa EBpomneiickoro mnapiiameHTa
2002/49/EC ot 25.06.2002 006 o1ieHKe 1 peryJUpOBaHUH IITyMa OKPYKAIOIIEH Cpepl.
[IpuMmeHeHre eBpOINENCKUX pacueTHBIX MeToAuK B Poccum TpeOyeT 3HaYMTEIbHOU
ajanTauy K JEeWCTBYIOIIUM HOPMaM, IIYMOBBIM XapaKTEPUCTUKAM OTEYECTBEHHBIX
aBTOMOOMJIEH, pPeIbCOBOIO TPAHCIOPTa U T. 1. BO MHOIMX €BpONMEHCKHX MOJIENSIX
IIPUHUMAETCSL JOINYIIEHHE O TOYEYHOM THIIE MCTOYHHMKA IIymMa, YTO 3HAYMUTEIBHO
YIPOILIAET PACUEThI, HO HE COOTBETCTBYET POCCUKMCKUM CTaHAAPTaM.

ABTOpaMU TPOBENEHBl M3MEpPEHHs IIyMa TPAHCIOPTHBIX IIOTOKOB Ha
tepputopuu, npuieratonieit k OmI'VYIICy, u myma, mpoHuKaromero Ha pabouue
MecTa U B yueOHbIE ayIUTOPUU Yepe3 OKHA, PACIIOJIOKEHHbIE Ha I0)KHOM U 3araIHOM
dacamgax xoprycoB NeNe 1 u 3 (B HanbOosee mIyMHBIX 30HAX). Pe3ynbTaTsl IpuBeICHBI
Ha puc.l.

N3mepenust mpoBoawimuchk mymomepom 1 kimacca SVAN-912M; o6pabotka
pe3yibTaTOB M OLEHKAa — B COOTBETCTBUM C TPEOOBAHMSIMU HOPMATHUBHBIX
nokymeHToB [3-5]. Pacmupennass HeomnpeaeneHHOCTh usmepenuit U (95%) s
ypoBHs noBepusi 95 % cornacHo [S] coctaBuna 1,95 nbA. AHanu3 4acTOTHOIO
CIEKTpa IIymMa TPAaHCHOPTHOTO MOTOKA MOKa3ajl, YTO MaKCUMalbHblE€ YPOBHHU 3BYKa
¢bukcupytores B nuamazone ot 125 mo 1000 ' (cpeaHedacTOTHBIN 1mIym).

B y4ebnbix aymuropusix 5 staxa 3-ro xopmyca OMI'YIICa (3amannbiii dacan,
pacctosinue oT mnp. Mapkca 125 M, or yn. Iloranuna 40 M) SKBUBAJICHTHBIA M
MAaKCUMaJbHBIA YPOBHM IMPOHUKAIOIIETO TPAHCIOPTHOIO IIyMa COCTaBWJIM
COOTBETCTBEHHO: MpH OTKPHITOM OKHE 45,4 nbA u 61,1 n1BA; npu 3akpbITOM OKHE —
36,0 1bA u 53,2 nbA. B aymuropusx 1 staxka 1-ro xopmyca (3anmagHbiii dacaj,
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pacctostHue ot mnp. Mapkca 40 M, HMMEIOTCA MOIJIOMIAIONIME IIIyM 3eJIeHbIe
HAaCaXJECHUs1) SKBUBAJIEHTHBIA M MaKCUMAaJbHbIA YPOBHU MPOHUKAIOIIETO LIymMa
COCTaBWJIM COOTBETCTBEHHO: NIpH OTKpeIToM OKHE 49,2 nBA u 68,0 nbA; npu
3akpbeIToM OkHE 45,6 1bA 1 63,0 1BA. DTO COOTBETCTBYET CaHUTAPHBIM HOpMaM [3].

{51 Ko

% 85-60 b

N

60-50 db

—]

50-40 86

Omckni roc
YHMBEPCUTET |

———————— OWRRRATSCYARpPCTEEHHIA
———ynBepenTerayTen CooblieHs

Puc. 1. Pe3yabTaThl KAPpTUPOBAHUS TPAHCIIOPTHOIO IIIYMA
Asmopckas pazpabomxa

B aynuropusx 1-ro kopryca OmI'YIICa Ha 1o’)kHOM (acane (paccTositHue OT TIp.
Mapkca 60 M, ot yi. [loranuna 80 M, HET 3€JICHBIX HACAXKICHUM ) SKBUBAJICHTHBIA U
MaKCUMAJIBHBI  YPOBHM NPOHHMKAIOUIETO TPAHCHOPTHOIO IIyMa COCTAaBWJIHU
COOTBETCTBEHHO: IpU OTKpPHITOM OKHE 64,1 nBA u 73,7 nbA; npu 3aKpbITOM OKHE
62,3 1bA u 69,0 nbA. Ilpesbimenue TIJY myma [3] nis KOMIBIOTEPHBIX paboUYnX
MecT coctaBwiio ot 2,3 1o 4,1 nbA. B To e BpeMs OIpoc COTPYAHUKOB HE BBISIBUJI
CyOBEKTHBHBIX Kano0 Ha IIyM.

MeToapl 3alIUTHl HACENEHUS U Cpelbl OOUTaHUS OT HEraTUBHOTO IIYMOBOTO
BO3JICUCTBHS TPAaHCIIOPTa MOJAPA3JEISIIOTCS Ha MAacCUBHBIE W aKTHBHbIE. B mepBom
Cllydae 3TO 3alllUTa OT HEYCTPAaHMMOTO CYIIECTBYIOLIEro IIyma (IIyMO3al[UTHBIC
SKpaHbl, 3BYKOM3OJHpYIOIIee OcTekjIeHue (acaoB 37aHUM BOJM3H  JOpOT,
IIYMO3AIIUTHBIE 3[aHUAA C OPHEHTALMEN JKUIBIX KOMHAT IPEUMYIIECTBEHHO B
CTOPOHY BHYTPUKBApTAJIIbHOM TEPPUTOPHUHM, IIYMO3ALIUTHBIE IMOCAIKHA IEPEBBEB U T.
n.). Bo BTopoMm ciydae — mepbl, MO3BOJIAIONINE UCKIIOYUTh WJIM MUHUMH3UPOBAThH
FEHEepalMi0 I[yMa 3a CYE€T CYLIECTBEHHBIX MOJEPHU3ALUM  KOHCTPYKLMU
TPAHCIOPTHBIX CPEJCTB, JOPOKHOTO MOJIOTHA, JIOTUCTUYECKUX perieHuil. Haubonee
3¢ (pexTuBHOE pelleHne — 3aMEeHa MCTOYHMKA IIYMOBOTO BO3ACHCTBUS, peaau3alus
MPUOPUTETHOTO  PAa3BUTHUSI  MAJIOIIYMHBIX BHIOB TpaHCIOpTa  (Hampumep,
MOHOPEIBCOBOTO).
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3aKkJI04YeHue U BLIBOJbL.

Hcnonp3oBanre KapT IIyMa JaeT BO3MOKHOCTh 0OOCHOBAHHO BHIOMPATH TOYKHU
M3MEPECHU M TIPOBOJUTH aKyCTUYECKUA MOHHUTOPHHT, OIEHUBATH (POHOBBIC YPOBHH
IyMa TMpHU TMPOSKTUPOBAHWM HOBOM 3aCTPOMKH, OMNPENENsATh HEOOXOIUMBIC
IITyMO3AIIUTHBIE MEPOIPUSATHS Ha PA3IUYHBIX OOBEKTaX, OLICHUBATh AKyCTHYECKOE
BO3/ICIICTBHE MPU U3MEHEHUU TPAHCIIOPTHBIX MTOTOKOB U JIP.
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VK 658. 51

IMPROVING THE TRANSPORT OF INDUSTRIAL ENTERPRISES USING

MODERN INFORMATION TECHNOLOGIES AND QUALITY STANDARDS
YAOCKOHAJIEHHSA POBOTU TPAHCIHIOPTY NPOMUCJIOBUX HIAITPUEMCTB 3
BUKOPUCTAHHSIM CYYACHUX ITHOOPMAIIHHUX TEXHOJIOT' T TA
CTAHIAPTIB AAKOCTI
Kirkin O.P. / Kipkin O.II.
c.t.s., docent/ k.m.u., oou.
Kirkina T.Y. / Kipkina T.I1O.
graduate student / acnipanm
Fishenko M.D. / ®imenko M./I.
student / cmyoenm
Pryazovskyi State Technical University, Mariupol, Universytetska st., 7, 87500
Ilpuazoscvruii OepoicasHull mexHiuHull YHieepcumen,
Mapiynons, eyn. Yuieepcumemcovka 7, 87500

Anomauin. Y pobomi pozensiHymi numanHs NiOGUUeHHS —egheKkmusHocmi  pobomu
MPAncnopmy HPOMUCTIOBUX NIONPUEMCING 304 PAXYHOK 6NPOBAOICEHHS HOBIMHIX IHGopmayitiHux
MexHoN02il | cmandapmis ynpaeninus axicmio. Ilpu ypbomy wacmuna iH@opMayitiHux mexHono2iil
He PO3KPULU 8eCb C8ill NOMEHYIA NPU BNPOBAVNHCEHHT 8 MPAHCNOPMHI AO0 BUPOOHUYI cUCmeEMU.

Kniouogi cnosa: ingopmayiiini mexnonozii, cmanoapmu AKOCMi, MPAHCNOPMHI CUCTNEMU,
NPOMUCTIOBULL MPAHCHOPM, YNPAGTIHHS AKICMIO.

Abstract. The paper considers the issues of increasing the efficiency of transport of industrial
enterprises through the introduction of the latest information technologies and quality management
standards. At the same time, some information technologies did not reveal their full potential when
introduced into transport or production systems.

Key words: information technology, quality standards, transport systems, industrial
transport, quality management.

Berym.

BypxnuBe 3poctanHs iHGOpMAIIHHUX TEXHOJIOTIM MpUBIB 10 0e3i4l METOAIB 1
METOJIMK YIPAaBIIIHHSA TEXHOJIOTTYHUMH TpoliecaMu. [lpu nbomMy iX BUKOPUCTAHHS HE
3aBXKJIU BUIIPABAAHO 1 MOXE MPU3BOJUTH 10 30UIBLICHHS BUTpPAT Ha OpraHi3allilo,
IJTAHYBaHHS, YIPABIIHHSA 1 KOHTPOJIb. [ KOHTPOIIIO 32 €(PEeKTUBHICTIO YIIPaBIiHHS
TEXHOJIOTIYHUMH  TPOIECaMU  MIAMPUEMCTB  IMIOPIYHO  YJOCKOHATIOIOTHCS 1
MPUIMAIOTHCSI HOBI CTAaHAAPTH CUCTEM MEHEIKMEHTY SKOCTI.

TakuMm 4yMHOM, UMM paHille MIANPUEMCTBO BIPOBAIUTH HOBI CTAaHAAPTU SAKOCTI
VOpaBIiHHA Ta  HOBITHI  1H(QOpMaIliliHl  TEXHOJOrii, TUM BOHO  Oyje
KOHKYPEHTO3JJaTHOIO 1 OLIbII HaJIMHUM B CYYaCHHUX PUHKOBHX yMOBaX pPH3HUKY 1
HEBHU3HAYEHOCTI.

Tomi OCHOBHOIO METOK JIaHOI pOOOTH € OIISiA Ta OllIHKAa ICHYIOUHMX
1H(MOpMAIIHHUX TEXHOJIOT1i, 0COOJIMBO MIBHAKO 3aCTAPIINX 1 HE PO3KPUIIU BECh CBIM
MOTEHITiad, 1 CTAHAAPTIB CUCTEM MEHEKMEHTY SIKOCTI, SIK METOJIUKY BIIPOBAKCHHS
CUCTEMHOTO MiX0/ly Ha BUPOOHHIITBI Ta JIOTICTHKHU.

Lbcepeno: [1, 2]

OCHOBHM TEKCT.

Ormsig miTepaTypHUX JKEped I0Kas3aB, IO B JIaHWMM dYac IIiJI HOBITHIMH
iH(pOpMaIITHUMHM TEXHOJIOTISIMU PO3YMIIOTHCS TOTOBI IPOTPaAMHI pIIICHHS 3aja4
onTuMizalli Ta mnoOyaoBM TrpadikiB TEXHOJOTIYHMX oOlepamii B 4yaci, 3
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iHpopMariiiHuM 00'€THAHHSAM TEPUTOPIAILHO BiggaieHUX 00'ekTiB. [lpu 1bomy
aNbTEPHATUBHUX TEXHOJIOTIYHUX PpIlIeHb JOCUTh Oarato Ha pPHUHKY, 100
3aCTOCOBYBATH X KpHUTepialibHE OIiHIOBaHHsS 1 BuOip [3]. Haiikpammm merogom
OPUMHATTA pilIeHb TYT OYQyTh €KCHEPTHI OIHKMA 3 HAKOMHYEHHSM 0a3u 3HaHb
MpaBUJI 1 IEpeBar eKCIepTiB .

Bapro 3ayBaxkuth, mo He A0 KiHis BuuepnaHi moxnuBocTi IDEF Ttexnomorii
JUTSI  TEXHOJIOTIYHUX Olepariii MpOMHUCIOBUX MIANPHEMCTB, SKI JIO3BOJISIOTH
MPOEKTYBaTH, CTAHJAPTU3yBaTH 1 ONTUMI3YBATH TEXHOJIOTiIO, IO J03BOJUTH B
KIHI[EBOMY MIJCYMKY JIETKO MEpPEeUTH 10 BipTyali3alli 1 1HTeldeKTyali3amli B poOoTi
TPAHCIIOPTHUX 1 MPOMHCIOBUX CHUCTEM.

[lin cranmapTamu ynpaBiiHHS SIKICTIO Ha MPOMHUCIOBUX MIANPUEMCTBAX B
OCHOBHOMY pO3yMitoTbes Taki cranaaptu sk: [SO 9001, ISO 14001, ISO 31000, ISO
26000, OHSAS 18001 Ta in. [4, 5].

Ile MiDKHApOJHI CTaHJAPTH BH3HAHI BCIM CBITOM, IO JO3BOJISIOTH
MIIPUEMCTBAM 30UTBIITUTH PUHKKA 30yTy CBOEI MPOAYKIi ab0 TMOCIYr, a TaKOX
MIJBUIUTH KOHKYPEHTOCIIPOMOXKHICTh 3a PaxyHOK OUIbINOI JOBIpH 10 CBOET
TSTBHOCTI 1 HafAiiiHOCTi. BOymoBaHi B CTaHIApTH MPUHIUIN JIOTICTUYHOTO Ta
CUCTEMHOTO MiIXO0/IIB, @ TAKOXK €KOJIOTTYHOI O€3MeKH Ta METOAIB 3HUKEHHS PU3HKIB,
POOJIATH iX M03a KOHKYPEHIIIEI JJIs 3arajibHOTO 3aCTOCYBaHHS.

Ane sk 1 Oyap-fKli MpaBuia BHUMaralooTh ajamnTamii i1 KOHKPETHOTO
BUPOOHUIITBA 200 OKpeMO TpaHCMOpTHOI cucteMu. llpu 1BOMY MPOMHUCIOBHIA
TPAHCHOPT SAK Ma€ LEHTpPalIi30BaHE YIpaBiIiHHA 1 OUIbII YITKI MapaMeTpu
(YHKLIOHYBaHHS MOK€ HaWOLIbII €(PEKTUBHO BUKOPUCTOBYBATH JlaHI CTAaHAAPTHU B
CBOiHM pOOOTI.

BucHoBkm.

bymu posrnsHyTi HOBITHI 1HGOpPMAIIiHI TEXHOJIOTIi YHpPaBIiHHSA POOOTOIO
POMHUCIIOBUX TPAHCIIOPTHUX CHUCTEM, BHUOIp SKHUX TiJ] KOHKpPETHI Il Oyso
3aMpONOHOBAHO 3/I1IMCHIOBATH 3a JIONIOMOTOI0 €KCTIEPTHOTO OI[IHIOBAHHS.

Bynu 3ampomnoHoBaHi [l BIPOBAXKEHHS Ha MPOMHUCIOBHUX IMMiANPUEMCTBAX
CTaHJapTH YIPABIIHHS SKICTIO, SIKI JIO3BOJISITH HE TUIBKH TEPEHTH Ha JIOTICTHUYHI
NPUHIUIK PpOOOTH, aje 1 MIJBUIIUTH KOHKYPEHTOCIPOMOXHICTh MIANPUEMCTBA Ha
cBiToBoMy piBHI. OpaHak, HeEoOXigHa ajamnTaiis ICHYIOUHX MOJICJIEH CHCTEM
MEHEPKMEHTY SIKOCTI I11JT KOHKPETHE BUPOOHHUIITBO a00 CUCTEMY.
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Annomauyun. B cmamve paccmompenvi 0co6eHHOCMU NOLE3HOCTIU MPAHCROPMHOU YCIY2U C
no3uyuil CyOvLeKMuUsUIMa U 00bEeKMUBUIMA, a MAaKdxHce NpedsioHceHbl MoOeaU NOMmpeoUmenrbcKol u
IKOHOMUYECKOU YEHHOCMU MPAHCHOPMHOUL YCIIY2U.

Knwueevie cnoea: mpancnopmuas —yciyea, NoONe3HOCMb — MPAHCHOPMHOU — YCIyeU,
nompeobumenbCeKas YeHHOCMb, IKOHOMUUECKASI YEHHOCHb.

Abstract. The article discusses the features of the usefulness of transport services from the
standpoint of subjectivity and objectivity. Models of consumer and economic value of transport
services are proposed.

Key words: transport service, usefulness of transport service, consumer value, economic
value.

Beryniienue.

B coBpeMeHHBIX YCIOBHSIX KaTEropuisi MpeaelbHOM MOJE3HOCTH HCIOJIb3YETCs
YYEHBIMHU-UCCIICIOBATEISIMA B I[ENSAX M3YyYEHUs PBIHOYHBIX TpeoOpa3oBaHuUi,
3aKOHOMEPHOCTEH MOTPEOUTENHCKOTO CIPOCa, MPOBEACHUS aHAIN3a MPEJIOKEHUS
MCCIeOBaHUs Tiporiecca (opMupoBaHHS I1I€H Ha MaKpo- W MHUKPOYPOBHSX.
TpancmopTHast yciyra, Kak TaKoBas, OTHOCHUTCS K cdepe MaTepruaibHOTO
MPOU3BOACTBA W TpU (HOPMHUPOBAHWU TIOTPEOUTENHHOM CTOMMOCTH OOJagaeT
OCHOBHOW €€ OCOOCHHOCThIO — OTCYTCTBUEM IpeoOpa3oBaHMsi B MpoIlecce
IIPOU3BOJICTBA CHIPhSI U MATEPUAJIOB B TOTOBYIO MPOAYKIIHIO, TO €CTh HE TMIPOU3BOIUT
BEILIECTBEHHOM ITPOLYKIIUH.

OCHOBHOM TEKCT.

[Tone3HOCTh KaKk IKOHOMHUYECKAsi KaTeropusl MPEJICTABISIET cO00i 0000IIEHHYIO
OIICHKY TOBapOB M YCIYT C YU4ETOM €€ CIIOCOOHOCTEH yIOBJIETBOPATH MOTPEOHOCTH,
UCIIOJTHATH 3alpOChl OW3HEC-CIMHMI] U WHIWBHUIIOB B XOJI¢ MOTPEOJICHUS TOBapOB H
noJib30BaHus yciayramu. [loTpeOuTenbckas MOJIE3HOCTh TPAHCTIOPTHOM YCIYTH B
00s3aTEIPHOM ~ TIOPSIIKE ~ YYUTBIBAET  KA4eCTBO €€  MPEAOCTABICHUS |
MOTPEOUTETHLHYIO CTOMMOCTh, KOTOpas MpeycMaTpUBaeT OTPaHUUYCHUS 110 BPEMEHH,
M0 MaJIbHOCTH, TIO HAMPABJICHUIO TEPEBO3KH, HEBO3MOXKHOCTH (POPMHUPOBAHUS €€
3amacoB ¥ np. OHaKO, HA HAIl B3I HEOOXOIMMa KOHKPETH3aIlUs TOr0, O KaKou
MOJIE3HOCTH UJIET PEUb: CYObEKTUBHON MIIH OOBEKTUBHOM.
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[leHHOCTD SIBNIIETCA BEJIIMYMHOM, 3aBUCSILIEH OT BOCHPUITHUS U CIELIUPUIECKUX
0COOEHHOCTEH MOTPEOUTENS, U JIsl TPAHCIIOPTHOM OTPACIIA BaKHA HE CTICTIM(PUKAIIHS
Y TIIKaJja [eHHOCTH TPAHCIIOPTHOM YCITyTH, @ CaMO €€ HaJIn4Iue, TH00 OTCYTCTBHE.

Hamu Obim mpoBeneH aHaM3 TMOCHCIHUX WCCICIOBAHUNA U IyOJIMKAIUH,
MOCBSIIIIEHHBIX BOMPOCaM IOJE3HOCTH TOBAPOB U YCIYT psifa y4eHbIX [1] ¢ menbro
ompeeeHus MOTPEOUTETHLCKON IIEHHOCTH TPAHCIIOPTHOU yciyTru. B mocneayromiem,
HaMu ObLJIa TIpeJIoKeHa MOJIENb, KOTOpas Ha HAIll B3I, OTBEYaeT TPeOOBaHUSIM
COBPEMEHHOTO pBbIHKA, TaK KaK YYWUTBIBAET OCOOEHHOCTH CYIIECTBYIOIIETO
notpedutens (puc. 1).

TexHaHIecKan

l?:lﬁlconnnmecxaa JEOHOMHYECKA Jy—
£3011aCHOCTE JOCTYIIHOCTE P ——

TpascnopTHaz

TPEHCHDIJ'IHBH IIOTPEEHMTEIILCE AY JHCEPHMHHAITHA

0DeCIedeHHOCTE, LIEHHOCTb (HemomomyHeHHe

AOCTYTIHOCTS TPAHCIIOPTHOH TPaHCIIOPTHOH
y, VCIIVIH N yCIyTH)

Puc. 1. Moaeab noTpeduTe IbCKOM HEHHOCTH TPAHCIIOPTHOM YCJIYyTrH
Asmopckas pazpabomka

OCHOBHBIMU ~ COCTAaBJISIIOIIMMH ~ 3JIEMEHTAMU JIaHHOM MOJENU  SBJISIOTCS
(bakTopbl, ONMpeAeIAoNe BBHIOOP MOTPEOUTENST C TMO3ULUU YAOBIECTBOPEHHUS €rO
noTpeOHOCTEl M CyOBEKTUBHOM OLIEHKH TMOJIOKUTEIBHBIX M  OTPULIATEIbHBIX
MOCJIE/ICTBUM, BBI3BAHHBIX TMOTPEOJIEHUEM YCIYr IO MEPEeBO3KE C YYETOM €ro
AKU3ZHENIEATEIbHOCTH, HHTEPECOB U HYXK/I.

Tpancnopmuas obecneueHHocmb, OOCMYNHOCMb (8 M. Y. COYUAILHASL)

JlaHHbBIN (akTOp SBISETCS IEHHBIM B TOM acIEeKTe, YTO B €r0 OCHOBE JIEKaT
CpEIHEB3BEIICHHBIE 3aTpaThl BpPEMEHH, KOTOpble TPeOyIOTCS MOTPeOUTEINto
TPAHCIIOPTHOM YCIYTH JJISI OCYIIECTBICHUS NMEPEeBO3KU. C MO3UIUN S3KOHOMHUYECKOM
HAyKH M B KOHTEKCTE MPOBOJMMOTO WCCIEAOBAHUS KATETOPUS BPEMEHH HMEET
TECHYI0 B3aMMOCBSA3b C IOHSTHEM CKOPOCTH TPAaHCIOPTHOM MEPEBO3KH, KOTOpas
OKa3bIBa€T 3HAUMTEIbHOE BJIMSHHE Ha OCHOBHBIE COCTAaBIISIIOIIME Pa3BUTHUSA
TPAHCIIOPTHBIX CUCTEM — IPOU3BOJUTENILHOCTh TPYAOBBIX PECYPCOB, TEXHUKU U
TEXHOJIOTHM, MHPPACTPYKTYPHBIX TPAHCHOPTHBIX OOBEKTOB M COOPYKEHMM, CPOKH
10 TPAHCHIOPTHPOBKE I'PY30B U BPEMsI MACCAXKHUPOB B ITyTH U MIPOYNE KAUECTBEHHBIE U
KOJIMYECTBEHHBIE  XapaKTEpPUCTUKH, BIMSIOINIME HAa KOHKYPEHTOCIOCOOHOCTb
TPAHCIIOPTHOM OTPACIH U €€ MOCIEAYIOIIEE pa3BUTHE [2-5].

IKonomuyeckas 00CmynHocmo

B ocHoBe naHHOro (axkropa JEXUT mpolecc TapupuKauuu TPaHCIOPTHON
yCIyTH, a WMEHHO ONpEJEeICHNE IIeHbl TEPEeBO3KM HAa OCHOBAHMHU CHCTEMBI
TPAHCTIOPTHBIX Tapu(OB, KOTOpask B YIPOIICHHOM BHJIE MPEACTABICHA CICAYIOIIIMH
COCTABJISIIOUIMMU: IIaTa 3a MEpPEeBO3KYy; cOOp 3a JOMOJHUTENIbHBIE YCIYI'H IO
MEPEBO3KE; CBOJI MPABHII UCUUCTICHHS M B3UMAHUS TIAT U COOPOB.
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B npouecce hopmupoBanus Tapu@oB HEOOXOIUMO MOHUMATh, YTO OH 3aBUCUT
OT YCJIOBUM TPAaHCHOPTUPOBKHU, PACXOJOB Ha HEE, MPOIMYCKHOM BO3MOXKHOCTH
TPAHCIIOPTHBIX CETEH, pacCTOSIHUSI, CKOPOCTH MEPEBO3KHU, BUJIa OTIPABKHU, CTEIEHU
3arpy’kK€HHOCTH BUIa TPAHCIIOPTa U Mpouux (akTopoB [6-9].

Texnuyeckas 6e3onacHocmo

Ot TexHMYeCcKOoW O€30MacHOCTH TMEPEBO3KH BO MHOTOM 3aBUCAT IOKA3aTEIH
KadecTBa TPAHCIOPTHBIX yCiyr. K MpUOPUTETHBIM HAMpPABICHHUSIM HCCICIOBAHUS
JAHHOTO TPOIecca MOXHO OTHECTH WCIPABHOCTh W HAACKHYH JKCILTyaTallUIo
TEXHUYECKUX CPEJCTB, OMMOKU B pabOTe, CBA3aHHBIC C YEIOBEYECKUM (HaKTOpOM, a
TaKXke TpaBoBoe obOecrmedeHue. B JaHHOM acmekTe cieayeT oOpaTuTh ocoboe
BHMMAaHWE Ha TMPUHLUI CHUCTEMHOCTH C YYETOM TPAHCIOPTHON CHUCTEMBI, KOTOpas
MOJICKUT KOMIUJIEKCHOM AKCIUTyaTallii B YETKOM B3aMMOJICHCTBUM BCEX COCTABHBIX
€€ JJIEMEHTOB, OT KaXJOro M3 KOTOPBhIX 3aBUCUT Oe€30IacHas BO3MOXKHOCTh €€
TEXHUYECKOM IKCIUTyaTalluH B TAIbHEUIIEM.

Jluunas 6esonacnocmu

B pamkax nuuHO#i 06€30macHOCTH HEOOXOIMMO CJeiaTh aKIEHT Ha Mepax IIo
00eCreueHn0  MaKCUMaJIbHO  BO3MOXKHOTO  YPOBHS  JIMYHOW  O€30MacHOCTH
YYaCTHUKOB MEPEBO30YHOIO IMPOLECCA, a TAKKE CBOMCTBO TPAHCIIOPTHOM CUCTEMBI
ObITh TOTOBOM K aBapUWHBIM CHUTyallUsM, B YacCTHOCTH, BO3MOYXHOCTb
MPEAOTBPAICHUSI TEPPOPUCTUUECCKUX aKTOB, KMOepaTak W MOCIEACTBUN aBapUMHBIX
CUTYyallii BHE 3aBUCUMOCTHU OT BHJIa UCTIOJIb3yEMOTO TPaHCIIOPTa.

Tpancnopmuas ouckpumuHayusl

OnpenensomM  TaHHOTO ~ (akTopa SBISAETCS  COLMAIbHO-3KOHOMUYECKUMA
aCleKT B 4YaCTU OIIEHKM CTOUMOCTH TPAHCIOPTHBIX YCIYr, KOTOpPHIE B CHIIY
OTPE/ICIICHHBIX 0OCTOSITEILCTB HE OBLIIN MOTYUYEHBbI TOTpeduTeneM. B ocHOBe gaHHOM
npoOJieMbl JIGKUT HEPABHOMEPHOCTh PAa3BUTUSI TPAHCIOPTHBIX CHUCTEM U, B
YaCTHOCTH, HEJOCTATOYHAsi 00€CIeUEHHOCTh YCIyraMu MO MEepeBO3Ke, YTO BJICUET K
OTCYTCTBUIO TOJIHOIIEHHOTO JOCTYyNa K MOTPEOJICHUIO COIMAIbHBIX, MEIUIIMHCKUX,
00pa3oBaTeNbHbIX U TPOUYUX YCIYT.

Ha Ham B3risigq ¢ MO3UMLMU COBPEMEHHON pPBHIHOYHOW CHUTyalluu ObLIO Obl
YMECTHBIM T'OBOPUTH 00 IKOHOMHYECKOW IIEHHOCTU TPAHCHOPTHOM YCIyTd, KOTOpas
npeanosjaraeT CTOMMOCTHYIO OIIGHKY MOTpeOUTelieM CBOWCTB U MOJE3HBIX
COCTABJISIIOLIMX KOMIIOHEHTOB TPAHCIOPTHOM YCIYTM C YYE€TOM CYIIECTBYIOUIUX
albTEPHATUBHBIX MPEIJIOKEHUN pbIHKA. B KOHTEKCTE MCCIIeIyeMOro HarpaBJICHUS
HaMHM MpPeAJIaraeTcsi MOJIeJIb SKOHOMHYECKOW IIEHHOCTH TPAHCHOPTHOW YCIYTH,
MIPEACTABJICHHAS Ha puUC. 2.

B ocHOoBe maHHOW MoOmenw Jexar (aKTOpbl, KOTOPHIE OIPEACISTIOT
CyOBbEKTUBHOE MPEANOYTEHUE MOTPEOUTENS, a TaK¥Ke MOATAIMHbIE CTauU Ipolecca
ONpPE/ICJICHUS] SKOHOMHYECKOM I[IEHHOCTH TPAHCIOPTHOM YCIYTd, KOTOpPbBIE MArOT
BO3MOXHOCTh pPEAIM3alMU MpPUHIMIA OOBEKTHUBHOM IMOJE3HOCTH, WHAYEe TOBOPS,
JAI0T BO3MOKHOCTh aJbTEPHATUBBI B YJOBJIETBOPEHUU NOTPEOHOCTH C YYETOM
MHOT000pa3usi CyIIECTBYIOUIUX PHIHOYHBIX MPEAJIOKEHUH.
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Cragns 2
CpaBHUTeNbHAS OIIEHKA
CTOUMOCTH TPAHCTIOPTHOM

Cragns 1
[MepBoHavyanbHasK OlEHKA
CTOUMOCTH TPaHCIIOPTHOMN

TpancropTHast | OKOHOMHYECKas

00eCTIeYeHHOCTh,|  JOCTYIHOCTb
yciayru HOCTyHHOCTLfX YCIyru-aJlbTCPHATUBBL
Cranns 4 TpaHCHOpTI-;.Hk%XHH‘wCKaH, Cramns 3
OnpeﬂeneHHe JAUCKpUMHHaAIUA JKOJIOrn4YecKasa OueHKa CTOUMOCTHU

Oe3omacHOCTh OTIIMYUTENBHBIX TAPaMETPOB

TPAHCIIOPTHOM YCIIyr1

SKOHOMHUYECKOHN [IEHHOCTH
TPaHCHOPTHOM yCIIyTH

Puc. 2. Moaeab 3KOHOMHYECKOM IEHHOCTH TPAHCIIOPTHOM yCJIyIH

Aemopckasa pazpabomka

3aKkJI04YeHHue U BLIBOJbIL.

00600111251 OCHOBHBIE TMOJIOKEHUS TTPETIOKEHHBIX MOJCICH MOTPEOUTENbCKON U
AKOHOMMYECKON HIEHHOCTH TPAHCIIOPTHOM YCIIYT'H, CYUTAeM HY)XHBIM OTMETUTH JIBa
MOJX0/Ja K OIIEHKE ITOJIC3HOCTH TPAHCIOPTHOH YCIAYTd — KOMMEPUYECKHH, IO
KOTOPBIM TTOAPa3yMeBacTCs Pa3BUTHE CKOPOCTH, COKpaIlleHuE BPEMEHHU IMEePEBO3KH,
BO3MOXXHOCTbH TOKPBITHS TPAHCIIOPTHBIX PAcXo0JIOB M Mp. (HAKTOPHI U COIMAIBLHBIMN,
CyThb KOTOPOTO CBOJUTCS K TPEIOCTABICHHUIO OOIIECTBEHHO-TIOJIE3HOW YCIYTH TIO
IepeBO3KEe C COONIOJIEHHEM HOPM O€30IMacHOCTH, AKOJOTHYHOCTH, KayecTBa M
JOCTYITHOCTH TPAHCIIOPTHBIX YCIIYT.
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THE METHODS MODELING A GROUND BY INTRODUCING
REAL PARAMETERS AND CONTROL PROCESS IF TRIALS WITH

HELPED ELECTRONIC- COMPUTING TECHNOLOGY
METOJAUKA MOJAEJUPOBAHUSA I'PYHTA ITYTEM BBEJIEHUSA
PEAJIBHBIX MTAPAMETPOB U ITIPOLIECCA YIIPABJIEHUS
IMPU UCIIBITAHUSAX C MIOMOUIbBIO
SJEKTPOHHO-BBIYNUCJIUTEJIBHON TEXHUKH
Ivanova M.S./MBanoBa M.C.
Cand. tech. sciences/xano. mexu. Hayx,
Sokol A. S./Cokoa A.C.
magister/macucmp/+380990404929
Lugansk State University named after Volodymyr Dahl
Jlyeanckuii cocyoapcmeennulil ynugepcumem umenu Braoumupa /lans,
91034, city Lugansk, Molodezhny quarter, 20-a
91034,2. Jlyeanck, keapman Monooedxcusiii, 20-a

Aunomauyusn. B Oaunou cmamve o06cydcoaemcs mMemoo MOOeIUPOBAHUS OCHOBAHULL
CILOJNCEHHBIX CMPYKMYPHO-HEYCmouyugimu cpyumamu. Onucana cywHoCms pacuema aiecopumma
NPOCHO3UPOBAHUS PE3YIbIMAMO8 U KOHMPOTb USMEHEHUUl NPOYHOCMHBIX CE0UCME ZPYHMO8 Npu
npoeedenul UCHbIMAHUL ¢ NOMOWBIO 2NEKMPOHHO-GIYUCTUMENbHOU MEXHUKU

Knrwoueevte cnoea: memoo mooeruposanus, 2pyHm, CMpPYKMYPHO-HEYCMOUYUgble 2pyHmbl,
UcCnvImanus

Abstract. This paper discusses a method for modeling the foundations of the stacked
structurally unstable soils. The essence of the calculation of the algorithm for predicting the results

and control of changes in the strength properties of soils during tests using electronic computers is
described
Key words: a method modeling, ground, structurally-unstable soils, tests

Beryniienue.

[IpoGiemMa COCTOUT B PaCHOJOKEHUU COOPYKEHUN B CTECHEHHBIX YCJIOBMSIX,
YTO MOXET CTaThb OAHOW W3 NPUYUH YBEJIWYEHUS CTEICHU aBapUHMHOCTU M IIOMCKA
(aKkTOpOB, CHIKAKOIMX YCTOMYMBOCTh CTPYKTYPHO—HEYCTOMYMBBIX TI'PYHTOB.
Jannass mnpobOiema 3aHMMAaET BEAYLIEE MECTO B  JKCIEPUMEHTAIbHBIX U
TEOPETUUYECKUX HCCIEAOBAHUAX, a TaKkKe MpPH MPOCKTUPOBAHUM (HYHIaMEHTOB
IIPOEKTHBIMU U HAYYHBIMH OpPTaHU3aLUSIMU.

VYuuTeiBas MOCIAEAHHUE MPOUCXOJSAIINE COOBITHS, CBSI3aHHBIE C H3MEHEHUEM
KJIMMAaTUYECKUX YCJIOBHM, TMOBBIIIEHUS TEMIIEPATypPHOIO pEXUMA OKPYKAIOIIEH
Cpenbl, MNPUBOJALIEH K YBEJIMYECHHIO M YYAIICHHIO BO3HUKAKOLIUX I10XKapOB
OXBAaTBIBAIOIIMX COOPY>KEHHUS, BO3HHMKAET HEOOXOAMMOCTh B COBEPLICHCTBOBAHUU
METO/IOB pacuera. A TakKe ClOCOOCTBYET MOBBIIICHUIO MOy4aeMoil nHpopManuu B
HOPMAaTHBHOM 0a3e, 0 ONPEEICHUIO OTHE3AIMTHON CIIOCOOHOCTH KOHCTPYKIUHI, U3
MaTepuaioB IMOBBILIEHHOW NPOYHOCTH MJISI COOPYKEHHM pacroJIOKEHHBIX B
CTECHEHHBIX YCJIOBHSIX BOJIM3M OTKOCOB, CIIO)KEHHBIX CTPYKTYPHO-HEYCTONYHMBBIMU
TPYHTaMU, 4TO CTaJIO BECbMAa aKTyaJbHBIM.

OCHOBHOM TEKCT.

AHanu3 MOoClIeTHUX JOCTHXKEHHH M MyOnMKanuil mokasaji, 4To OJHUM M3
IJIaBHBIX (DaKTOPOB, BIMSIIOIMIMX Ha OLEHKY KauecTBa CO3/1aBAEMBIX COOPYXEHUH,
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B3aMMOJICUCTBYIOIIUX C OCHOBAHMEM W (PYHJIAaMEHTaMH, SIBJISIETCS pPAaCCTOSHUE, Ha
KOTOPOM PAaCHOJIOKEHBI COOPYKEHHUSI BOJIM3U OTKOCOB, CJIOKEHHBIX CTPYKTYpPHO-
HEYCTOMYUBBIMH TPYHTAMH, JOCTOBEPHOCTh XapaKTEPUCTUK, BXOMSIIMX B COCTaB
pacyeTHbIX (opMyi, TiyomHa u Tyl ¢yHAamMeHTa. HeomHo3HAayHBIE 3aKITIOYEHUS,
MoJIyJaeMble TIPU WHXKEHEPHBIX HM3BICKAHUSX YpeBaThl mocieacTBusMu. OCOOEHHO
ATO OTHOCUTCS K 3/IaHUSIM MPOCKTUPYEMBIX B TPYHTaX CIOXKEHHBIX CTPYKTYpPHO-
HEYCTOMYUBBIMU TPYHTaMHU, T'JI€ MAJICUIIINE OTKIOHEHUS! TPUBOIAT K 3HAYUTEIbHBIM
pacxojaM Ha YKpeIUIGHHME OCHOBaHMM U  paspyliaromierocss (QyHaaMeHTa
B3aUMOJICHCTBYIOIIETO C coopyxkeHuem. JInbo BeeT K MpUOCTaHOBKE CTPOUTEIBHBIX
paboT WM MOJHOMY MX MPEKPaIICHUIO.

[ToaToMy BOMNpOCHI, pEHIAEMBIE IO YCTOMYMBOCTH OCHOBAaHUW OT JCUCTBUSA
GbyHIaMEHTOB BOCHPUHUMAIOIIMX HArpy3kd OT BCErO COOpPYKEHHUsA, U IO
PACIIOJIOKEHUIO ATHUX COOPY)XKEHUM B CTECHEHHBIX YCJIOBHUSX BOJHM3U OTKOCOB
CIOKEHHBIX CTPYKTYpPHO-HEYCTOMUYMBBIMM TpPYHTAMH, a TakKXe YYallleHHbIX
BO3HUKAIOIIMX M0KapOB OXBATHIBAIOIIUX COOPYKEHUS SIBJISIFOTCS IEPBOOYEPETHBIMH.

Bce panee mnpoBeneHHBbIE HCCIEIOBAHUS MO YCTOMYMBOCTH TPYHTOB IMOJ
3ariay0JIeHHBIMU byHrameHTamMu ObLTH MOCBSIIECHBI UCCIIEIOBAHUIO
paboTOCIIOCOOHOCTH TPYHTOBOT'O MacCHUBa MpU JEHCTBUM HA HUX HATrpy3KH BUJC
COOPY)KEHUM  PACMOJOXKEHHBIX BOJIM3M OTKoca. [ e ObulM  pacCMOTPEHBI
CYILIECTBYIOIIME CIOCOOBI M METOJNbI, MPOTHO3UPOBAHUS TOBEACHUS TPYHTOB B
OCHOBAHHUSIX BO BPEMEHU OT JICMCTBUSI HA HUX JIONOJTHUTEILHON HArpy3KH.

[IpakTyecku B TOJHOM OO0BEME JaHHYIO MPOOJIEMYy 3a MPOIIEAIIee BpeMs
MO3BOJIMJIA PELIUTh MPEJI0KEHHBIE YCOBEPIICHCTBOBAHHBIE CIIOCOOBI U METOJIbI
UCCIIeIOBaHMs, pa3pabOTaHHBIE TI0 OMNPEIEICHUI0 YCTOWYMBOCTH T'PYHTOBOTO
maccuBa [1-3]. OpHako octamuch MNpoOJEMbl B TOJYYEHUH JIOCTOBEPHBIX
XapaKTEPUCTHK 3aBUCSIINX OT BIHSHHUS YEIOBEYECKOTO (PakTopa, YTO BHOCHUT
MOTPEINIHOCTU MPU MPOCKTUPOBAHUM (PYHJIAMEHTOB U J1Ie(OPMUPOBAHUHN OCHOBAHMSI.
JIJist MCKITIOYEHUsT BIIMSHMS BBINIEYKAa3aHHOTO (hakTopa MpoOJeMy CTalu peniaTrh C
MOMOIIbIO BBIYMCIUTEIBHOM TEXHUKU. TakoWl TMOAXOJ TO3BOJIUI O0ECHeUYUTh
MacCUBHYIO0 00paboTKy [2-3], ¢ BEpOSTHOCTHIO BO3MOKHOT'O HMCKIIFOUEHHS] BHECEHUS
MOTPEIIHOCTA OT BIUSHHUS YETOBEYECKOTO (pakTopa Mpu CHATUU HHPOPMALUU U
nanbHeiei oOpabOTKM pacyeTHBIX IMOKa3aTelei, BXOASIIMX B COCTaB PacUeTHBIX
dopmyn. I[lo3BoMUT TOATBEPIUTH JOCTOBEPHOCTH IOJIYYAE€MBIX PE3YJIbTATOB,
oOpaGoTaHHbIX MO TabnuiaMm, rpadukaM, HOMOTpPaMMaM IPU COMOCTaBICHUH C
HaTypHbIMU  ucnbiTanusiMu  [3].  IIpoBeneHue  HENpepbIBHBIX — MCIBITAHUH,
Mo ACp)KaHUE JIEUCTBYIOLIEH HArpy3Kd Ha MCCIEAYEeMOM peajbHOM Yy4YacTKe, B
peXUME pPEaqbHOTO BPEMEHH, TMOBBIIIACT MPEUMYIIECTBO, 3a CUET MPUMEHEHUS
MEePEABMIKHOTO KOMIUIEKCA JIsl OTpeiesieHus Ae(OpMaIIMOHHBIX CBOMCTB TPYHTOB Ha
6a3ze OBM [3].

[ens, Bcedl pabOTBI COCTOMT B JalbHEHIIEH BO3MOXXHOCTU IOBBICUTH
JOCTOBEPHOCTh NPOTHO3UPYEMBIX IPOYHOCTHBIX XapaKTEPUCTUKAX IMOJTYy4aeMbIX
AKCIIEPUMEHTAIIBHBIM IIYTEM, & TAK)KE YCTAHOBICHHM INPEAEIBHON OTHOCUTEIBHOU
BEJIMYMHBI Kod(PpduiineHTa 3amaca no HaJe)KHOCTH M OLIEHKE HeCcylleld CoCOOHOCTH
OCHOBAaHUM, CJIOKEHHBIX CTPYKTYPHO-HCYCTOMUYUBBIMH TPYHTAMHU TIOJI MEJKO
3ariy0JIeHHBIMU (DyHJAMEHTaMU, PacoJIOKEHHBIMUA BOJIM3U OTKOCA.
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Pemenne mocraBneHHOM  3aJayd  JOCTUTAJOCh  ONBITHBIM — IIyTEM, B
71a00paTOPHBIX YCIOBUSAX HA CHIMYYHUX U TJIMHUCTHIX TPYHTAX.

ba3oBblii BapHaHT IPEeIyCMaTpUBAJ IPOBEICHUE HENPEPBIBHBIX HMCIBITAHUM,
MOJJIEp)KaHUE JICUCTBYIOIE HArpy3Kd INpH HCCIEAOBAaHUM B JIA0OPATOPHBIX
YCIIOBUSIX Ha YCTAHOBKE Ui ONpENENCHUs Je(POpPMAIMOHHBIX CBOICTB T'PYHTOB
npUOMKEHHOM K HATYPHBIM YCIOBHSIM.

HoBblil BapuaHT npenycMaTpruBacT MOJICIMPOBAHUE HATPY3KH TEPEIaBAEMOMN
OT COOPY>KEHUM, pAaCMOJIOKEHHbIX BOJM3UM OTKOCA, CIOXEHHOTO CTPYKTYpPHO-
HEYCTOMYMBBIMH I'PYHTaMU B IOJIEBBIX YCIIOBUSX, B PEXKUME PEATBHOTO BPEMEHH.

JIist uckimoueHus npoodieM HeoOXOIUMO TIPOBECTH COOTBETCTBYIOILUE PACUETHI,
KOTOPBIE IO3BOJIAT CPAaBHUTH TPAJWLHOHHBIE METOJbl OLIEHKA pacyera IIo
YCTOMYMBOCTM MAacCHBa C MPEAJIOKEHHbIMH. YUecTh (aKTOpbl, BIUAIONIME Ha
HECYILYI0O CIOCOOHOCTh OCHOBAHUS, HEYCTOMYMBOCTh I'PYHTOB HAXOJSILETOCS IOA
JNEUCTBUEM BEPTUKAIBHOM HATPY3KH.

3ajada HCCIEAOBaHUM OCIIOXKHSETCS B YacTU  YCTAHOBJICHHMS IPENEIbHOMN
OTHOCHUTENIbHOM BenMYMHbI Ko3(p(duiveHTa 3amaca MO HAAECKHOCTH U OLEHKE
Hecylleil CrocOOHOCTH OCHOBAHMSI CIIO)KEHHOTO CTPYKTYpPHO-HEYCTOWYHBBIMU
IPYHTAMHU ISl COOPYKEHUHN PACIIOJIOKEHHBIX B CTECHEHHBIX YCIIOBUSX.

B wyactu co3maHMs PEKOMEHAALMHM IO3BOJIAIOIIMX YUMUTBIBATH I1apaMETpHI,
BIMAIOIIME HA pPacyeT IO OIPEAECICHUIO CONPOTUBIIEMOCTH COOPYKEHUH,
IPOTUBOACHUCTBUIO BEIMYMHBI CTEIIEHW ITOBBIIIEHHOMY PEXHUMY OTHECTOMKOCTH
CrOpaHMs U SIBJSIOMIMMCS KaK OJHUM U3 (PaKTOPOB, BO3JEHUCTBYIOIIMX Ha OOIIYIO
YCTOMYUBOCTD, B 3aBUCUMOCTH OT CTECHEHHBIX YCIIOBHM.

OTnuume OT paHee M3BECTHBIX METOJMOB M IPEIVIOKEHHBIX METOHOB OLIEHKH
pacuera IO YCTOWYHMBOCTHM MAacCHMBa, COCTOMT B MOJECIMPOBAHUH PEATBHOTO
OCHOBaHMs C 3aJaHHBIMM IIapaMETpaMH, B PpEKHME PEAIBHOTO BPEMEHH U
UCIOJIb30BaHUU PEATbHBIX JACHCTBYIOUIMX COOPYKEHUM pPACIONOKEHHBIX BOJIU3U
OTKOCOB. METOIMKON MOJy4YEHHs pPEe3yJbTaToOB, NPU HCIBITAHUHU, OTIIMYAIOLICHCS
COIEpKAaHMEM  YCTPOMCTBA, KOTOPOE  MOJKET  BOCIPUHHMATH  W3MEHEHHS
BO3HUKAIOIIUX AepopManuil OT MOCTYNHUBIIMX CHUTHAJIOB «IOTEPS YCTOWYMBOCTU
COOPYXKEHMS» C yKazaHWeM (paKTopa MOBIUSBLIETO Ha aBapuiiHyro cutyanuto. ['ne
(dakTop, 3aBEAOMO paclUcaH IO KaTeropusM BO3HUKAOIIUX JAepopMaluid,
IIPOCUUTBIBAETCS U BAPbUPYETCS aJIrOPUTMOM U, BBIBOAUTCS 4depe3 OBM Ha nucruieit
c oOecrieuenneM 3BykoBoro curHaia «ABAPUS». B ycosepiieHCTBOBaHUU
PEKOMEHJAIMI MTOBBIIIAIOIINX JOCTOBEPHOCTh APaMETPOB, BIUSIOIINX HA HECYIIYIO
CIIOCOOHOCTh OCHOBAHMsSI, B YaCTHOCTH, MEPECUYUTHIBAECTCS PACCTOSIHHE HambOosee
0e30MacHOe MO PACIONIOKEHUIO COOPYKEHHUS OT OPOBKM OTKOCAa U PEKOMEHIYyeTCs
BBECTH  COOTBETCTBYIOIIME  DPEKOMEHJAIMM 10  JaibHeilmeld  Oe3omacHOU
JKCIUTyaTanuu. B ydeTe mnapaMeTrpoB BIMAIOLNIMX HA PACYET II0 ONPEACIICHUIO
CONPOTUBIISIEMOCTH COOPYKEHUI MOBBIIIEHHOMY PEXHUMY OTHECTOMKOCTH CTOPaHMSI,
B 3aBUCUMOCTM OT CTECHEHHBIX YCIOBHH C BO3MOXHOCTBKO PEKOMEHAOBATH
YUUTBHIBaTh B HOpMax OoJjiee JOCTOBEPHBIE NapaMeTpbl, BIUAIOIIME HAa pacyeT IO
ONPENECICHUI0  CONPOTUBISAEMOCTH  COOPYXKEHUM  TMOBBILIEHHOMY  PEXUMY
OTHECTOMKOCTHU CTOPaHMS, B 3aBUCUMOCTH OT CTECHEHHBIX YCIOBUN TEPPUTOPHH.

Bo wMHorux pabotax M CHOpaBOYHBIX MaTepuajiax IO OCHOBaHUSIM U
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(GyHIaMeHTaM MpPUBOAATCS 3HaueHus Ko3(dduuuenra ycroitunBoctd K y mpu
VKPEIJICHUH OTKOCOB, CKJIOHOB C TIOMOIIBIO OOBIYHBIX IMPOTHBOOIIOI3HEBBIX
MEPONPUATHIA, OJTHAKO 3TU MEPONPHUATHS HE BCerja npruemiemsl [4,6,8].

K Hactosimemy BpeMeHH OnmyOJIMKOBAaHO OOJBIIOE KOJUYECTBO padOT, U3AaHO
P METOAMYECKUX yKazaHuU [4,6-9], oHAKO aKTyalbHOCTh JAHHOW TPOOIEMBI B
CBS3U C BCE YBEIMYMBAIOMUMCS ACHUIIMTOM CBOOOJHBIX 3EMEIBHBIX IUIONIAACH
MPOJI0JDKAeT OBITh 3HAYMMOW. YCTAaHOBJIICHHE K€ TMPEACIbHOW OTHOCHUTEIHHOM
BEJIMYMHBI KOd(pPuImeHTa 3amnaca no HaJeKHOCTH M OLIEHKE HEeCYLIeH CIIOCOOHOCTH
OCHOBAHUA CJIOXKEHHOTO CTPYKTYPHO-HEYCTOMUMBBIMU TPYHTAMH [JII COOPY>KEHUU
pacCMoJIO)KEHHBIX B  CTECHEHHBIX YCIOBUAX, C YYE€TOM BIHUSHUA CTEIEHHU
COMPOTUBIISIEMOCTH WX  MOBBIIIEHHOMY pPEXUMY OTHECTOMKOCTH  CropaHusd
uH(popMauu, HEMOCPEACTBEHHO, B IUTEPATYPE HET.

Pe3ynvmamul uccineoosanuii.

[IpenyioxkeHHbI METO OLEHKHA pacyeTa Mo yCTOMYMBOCTM MAacCHBAa COCTOUT B
MOJIETUPOBAHUN PEAIBHOTO OCHOBAHUS C 33/IAaHHBIMU [MApaMETPAMH U B YIPABICHUU
MPOIECCOM HCHIBITaHUSI C MOMOIIp0 DOBM, HMXE oOmuchiBaeM, BHUJAE KpPATKOTO,
cTaHgapTHOTO anroputMa. CyIIHOCTh, KOTOPOT'O COCTOUT B COJIEPAKAHUU YCTPOUCTB
BOCITPUHUMAIOIINX W3MEHEHHUS! OT MOCTYIHUBIIUX CHUTHAJIOB Ha OOIIYI0 CHUTYAIUIO:
«HOPMAJIbHO».

He crangaptHyro curyanuioo: «OTKIIOHEHUA OT CTAHIAPTA»,
HaIrpuMmep, NOTEPI0 YCTOMYMBOCTH COOPYKEHHUS C yKa3aHUEM (DaKTOpa MOBIIUSBILETO
Ha aBapUUHYI0 CUTYAaLMIO, 3aBEIOMO NMPEIYCMOTPEHHOIO IO KAaTErOpvH, KOTOPBIN
BAPBUPYETCS AITOPUTMOM, IPOCUYUTHIBAETCS U BBIBOAUTCA dyepe3 DBM Ha nucruieit ¢
oOecrieueHueM 3ByKOoBoro curHana «ABAPUS». Ilpexne, yeM Bochnpou3BecTd
3ByKoBOM curHan «ABAPUS», anroputm « COCTOSAHUE» onenuBaer 00CTaHOBKY
BOKpyr coopyxenus. BeiBogurcs «IIPOTOKOJD» crangapTHas curyanusi KOTOPOM
COOOIAaeTCsl IOIYCTUMOE COCTOSIHUE COOPYKEHMSI U OCHOBAHHUS MOJ 3JJaHUEM, €T0
XapaKTepUCTHKH, JONMYyCTUMAasl pacueTHas BEJIMYMHA PACCTOSHUS COOPYKEHUS
HaxoJIerocs Boau3u otkoca. OO0paTHasi CBsi3b BOCIIPUHUMAETCS TTOTBEPKICHUEM
C KIAaBUATypbl OINEPATOPOM  <JICCTBUTEIIBHOE COCTOSIHUE COOPYXEHUS U
OCHOBAHUS.

Bonarcs otkioHeHus otT cra”aaptHoil cutyauuu: «HE JOITYCTUMBIE
JNEOOPMAIIMMA  OTKOCHOI'O MACCHUBA», «HE  JOIIYCTHUMBIE
JIEOOPMAIIMU 3JAHUS», «BO3SHUKHOBEHUE OI'HEBOM I1OJIOCHI»,
«TEMIIEPATYPHBI{  PEXMM  COIIPOTUBJIEHUS KOHCTPYKIIUW»,
«ITIOTEPSd VCTOMYMBOCTU 3JAHUS», «IIOTEPSI YCTOMYMBOCTU
OCHOBAHUJA», «OBPYIIEHUE OTKOCA», curaan «<ABAPUS.

Otknmonenuss ot  cra”gaptHod  cutyaumn: «HE — JJOIIYCTHUMBIE
JNEOOPMAIIMMA OTKOCHOI'O MACCHUBA» BBINOJTHSAIOTCS [0 HW3BECTHOMY
pacyeTy oO01Ieil yCTOMYMBOCTH OTKOCA BIOJIb HanOOJee BEPOSTHON WIIM M3BECTHOM
NOBEPXHOCTH CMEIICHUST METOJAOM CYMMHPOBAHMS YACTHBIX 3HauyeHUl Kjy,,
MOJIyYeHHBIX TI0 001Ien3BecTHON dhopmyre [6-7]:

Ky:lzznlr*i/iri , (1)
i=1 i=l1
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rae K, - koappuumeHt ycroiunBocTy;

71 - KOJIMYECTBO MPUBJICYEHHBIX B PACUETE YACTHBIX 3HAUCHUI;

Ti, - YACTHBIE 3HAUECHUS BEJIMYHUH KacaTEeJIbHbIX HAIPSKEHHM.

Ecnu otHOcuTenbHas BenuunHa Koapduiuenta 3anaca K,<1,10 - aTo o3Havaer
HeycTounBoe coctosinne kiaumHa.  Anroputm  «COCTOSHUE»  oneHuBaer
06cTaHOBKY BOKpYr coopyxkenus. «IIOTEPS YCTOMUYMBOCTU 3JIAHNS»,
«ITOTEPS YCTOMYMBOCTU OCHOBAHMS», «OBPYIIEHUE OTKOCA» -
UIET OleHKa ob0miel curyauuu. Jlamee B ciydae OTKIOHEHHUS, alTrOPUTM
«CTAHJIAPTHOIO COCTOSIHUS» MEPEXOJUT HA OLIEHKY «HE CTAHIAPTHOTO COCTOSIHUS»,
IJIE PacdyeToM YKa3bIBAETCSA, UTO (POPMUPYIOIMIMECS KIHHBS OTIMYAOTCS, MEXIY
coboif ¢opmoit M pazMepaMu, COCTaBISIONIMMH OOLIUI OTPE30K, OTCEYEHHOTO
y4acTKa MepexosIiero B OOUIMi KIMH, U cOOOLIaeTCs «HE JOMyCTHMasl pacyeTHast
BEJIMYMUHAY.

3amaua pemanach Ha 6aze OBM c mpuMeHeHHEM aHATUTHYECKOro METoja
pacdyera 1Mo (OPMUPOBAHUIO KIMHBEB M OOIIEU3BECTHOTO TpadoaHaTUTHIECKOTO
Merona. TpeOoBanoch TmepepacueToM M ONBITHBIM MYTEM MOATBEPAUTH, YTO
3aIJIAHUPOBAHHOE  PACIOJOKEHUE COOPYXKEHHUS BBINOJIHEHO C JOMYCTUMBIM
PacCTOSTHUEM.

C 1ol nenpto ampoOarusi, npeajgaracMoil METOJMKHU MPOIUIa UCIbITAHUE Ha
maxTHoM nose ropoga IlepeBanbcka, JJondacckoro pernoHa. OKCHEPUMEHT COCTOSIT
B IIPOBEPKE MPEIJIOKEHHOTO METOJa pacyeTa MpU MCCIEI0BAHUAX Ha BBITOJTHEHHE
3aJJaHHBIX YCJIOBUHM, IO OIpENeJeHUI0 Hanbojee Oe30MaCHOTO pacCTOSHUS IS
pacrnojiokeHus: 371aHusi BOJM3M OTKOCa, B pEXHME peajbHOro BpPEMEHH,
pa3pabOoTaHHOTO B  J1a0OpPATOPHBIX  YCIOBUAX IyTeM MOJCIMPOBAaHUSA  Ha
KpYITHOMACIITa0HON yCTaHOBKE C II€JIbI0 MPUMEHEHHUs €r0 B HATYPHBIX YCJIOBHSIX
(maTepuan ocBenieH B padore [1]).

OmnblTaMu MOATBEPXKICHO, YTO B TeX Cllydasx, korna Ky, <1, a K,, > 1, cnenyer
OLICHUTh BEJIMYUHY AedOpMAaIIMH MOJI3YyUECTH 3a MEPUO/ PaBHBIM HaYaly U3MEHEHUs
CTPYKTYPHOW MPOYHOCTU IPYHTOBOTO OCHOBAHMS M €r0 Hayajaa BOCCTAHOBJICHUS 10
YAYUYIIEHUS] TPUMEHEHHBIMU MEPONPUATUIMU 10 YIPOUYHEHHIO MPOYHOCTHBIX
CBOMCTB TPYHTOB IO 00Jee JOCTOBEpHOM HH(POpPMAIMK O BO3MOXKHOCTH HECYIIEH
CIIOCOOHOCTH MacCHBa I'PyHTA.

Hanubiit ¢pakTop TpeOyeT yuUThIBaTh MPOUYHOCTHBIE CBOWCTBA MAaTEPUATIOB MPHU
MPOEKTUPOBAHUM COOPY>KEHUH B CTECHEHHBIX YCIOBHUSAX PACHOJIOKEHHBIX BOJIM3H
OTKOCOB. A TaKkXe YCOBEPILICHCTBOBaTb MEPONPHUATUS W PEKOMEHAALMHU IO
YIIYYIIEHUIO CBOWCTB MAaTE€pHaJIOB CIOCOOHBIX pa3pyllaTbcs M BO3rOpPaThCs, YTO
YBEIMYUT HKCILUTyaTUPYEMYIO BO3MOXHOCTh IO HAJIEKHOCTH W OLIEHKE Hecylleil
CIIOCOOHOCTH «OCHOBAaHMSI — COOPYKEHHsD» B LEJIOM U HMCKIIOYUT YEJIOBEUECKHE
YKEPTBBI.

BbiBoabI.

B 3akitoueHre MOKHO CKa3aTh CIEAYIOIIEE.

1.C ycoBepHIEHCTBOBAaHMEM TEXHOJOTMU HCIHBITAHUS U, COOTBETCTBEHHO,
METO/JAa OLIEHKM pacyeTa @O0 YCTOMYMBOCTH TIPYHTOBOIO MaccuBa IyTEM
MOJIEJTUPOBAHUS PEAIbHOTO OCHOBAHHUS C 33a/JIaHHBIMHU TapaMETpaMH, YIPaABICHUEM
MPOLIECCOM HUCIBITaHusA ¢ nomomibio OBM, Ha 0a3ze pa3paOoTaHHOTrO anropurTMma,
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HOSIBJISIETCS. BOBMOXHOCTB IIOBBICUTH JOCTOBEPHOCTh IIPOYHOCTHBIX XapaKTEPUCTHK.

2. IlpennoxxeHHBId METOJ HUCHBITAHUHN, CIOCOOEH YCTAaHOBUTH MPEACIbHYIO
OTHOCHUTENIbHYIO BEIMYMHY Kod(dduiMeHta 3amaca, MO HAJAEKHOCTH M OLEHKU
HEeCyIell CrmocoOOHOCTH OCHOBAaHUM, CIIO)KEHHBIX CTPYKTYPHO-HEYCTOWYUBBIMU
IPYHTaMH, TIOJT 3arIyOJIEHHBIMU (DyHAaMEHTaMH, paciioyIoKEHHBIMHU BOJIU3U OTKOCA.
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YK 699.8; 691.175
OPTIMIZATION OF THE FORMULATION OF POLYMER CEMENT
WATERPROOFING MIXTURES
ONTUMIBAIISA PEHENTYPU MNOJIIMEPIHEMEHTHUX TIIPOI3OJISIIIMHAX
CYMILIEN
Kovalenko A.V. /KoBanenko O.B.
cand. of techn. sciences /KaHo0. mexH. HAyK
ORCID 0000-0002-2047-8859
Institute of Water Problems and Land Reclamation NAAN
Kyiv, str. Vasylkivska, 37, 03022
Inemumym 600Hux npobaem i meniopayii HAAH,
Kuis, eyn. Bacunvkiecoka, 37, 03022

Anomauia. Memoodom excnepumeHmanrbHO-CMAMUCMUYHO20 MOOENI08AHHA  OO0CIIOHCEHO
MEXHONO02IUHI  BIACIUBOCMI NOJIMEPYEMEHMHUX cymitued ma Qi3uKo-Mexauniuui 61acmueocmi
2I0POI30NAYIUHUX NOKPUMMIB 8 3ANIEHCHOCII 8I0 IX KIIbKICHO20 ma AKICHO20 cK1ady. Buxonano
onmumizayilo peyenmypu NOAIMEPYEeMEeHMHUX 2IOPOI3ONAYIUHUX —CcyMiulel 3a Kpumepismu
pyxomocmi cymiweu (P > 6,0 cm), miynocmi na cmuck (fem cube > 30,0 MIla) ma aodeesitinoi
miynocmi (fadg > 2,0 Mlla) 2iopoizonayiinux nokpummis.

Knrwowuosi cnosa: nonimepyemenmmui cymiwti, 2iOpoi3onayilini noxpumms, 2i0poi3onayis,
QDi3uKO-MexaHiyHi 61ACMUBOCMI, MEXHONO02IUHI GIACMUBOCTI, eKCNePUMEHMANbHO-CMAMUCMUYHI
Mooeii.

Abstract. Technological properties of polymer-cement mixtures and physical and mechanical
properties of waterproofing coatings depending on their quantitative and qualitative composition
were studied by the method of experimental-statistical modeling. The formulation of polymer-
cement waterproofing mixtures was optimized according to the criteria of mixture mobility (P > 6,0
cm), compressive strength (fcm cube > 30.0 MPa) and adhesive strength (fadg > 2.0 MPa) of
waterproofing coatings.

Key words. polymer-cement mixtures, waterproofing coatings, waterproofing, physical and
mechanical properties, technological properties.

Berym.

3anizo0eToHHl KOHCTpyKIii riaporexHiunux crnopyn (I'TC) y mpoueci
eKCIUTyaTarlii miIaf0ThCs BIUIMBY BOJM Ta BOJIOTH, a TAaKOX iX Mii B KOMIUJIEKCI 3
HUKIIYHUM 3aMOPOKYBaHHSIM Ta BiJITaBaHHSAM. Y pe3yJibTaTi HACMUYEHHS IOPOBOI
CTPYKTYypu O€TOHY BOJIOTOIO Ta TIiJIBUIICHHS THUCKY BOJIM TIpH 3aMEp3aHHI
BiJIOYBA€ThCS PO3PUB CYIUIBHOCTI MPOIIAPKIB IIEMEHTHOTO KaMeHIo. B pesynbrarti
PYMHYETBCSI MaTepiaa KOHCTPYKIlli, 3HWKYEThCS i1 JOBMOBIYHICTb, BUHUKAE KOPO3is
LIEMEHTHOT'O KaMEHIO Ta cTajieBoi apMarypu. Lleit nporec iHTeHCU]IKYETHCS B 30H1
MEPEeMIHHOTO piBHA BOJM Ta KOJWUBAaHHS pIiBHSA TPYHTOBUX BOJ. HeratuBHuM
(dakTopoM € TakoX (UIbTpalliss BOAM Yepe3 TIIO0 KOHCTPYKIli. Takum dYuHOM,
riapoi3oisauiiaui 3axuct KoHCTpyKUid ['TC € BaXIMBUM 1HXXEHEPHUM 3aBJIAHHSIM.
OpHuM 13 BaplaHTIB Tipoi3ossiiiiHoro 3axucty KoHCTpykuid ['TC e ynamryBanHs
Ha X MOBEPXHI 3aXMCHUX MOKPHUTTIB, SIKI CIy>KaTh Oap'epoMm I MPOHUKHEHHS BOJIH,
3aXUIIAI0YU CIOPYIU BiJl pyHHYBaHHS.

OCHOBHHUI TEKCT

OaHuM 13 TEPCHEeKTUBHUX HANPSMKIB CTBOPEHHS €(QEKTUBHUX CHUCTEM
rigpoizonsuii € po3poOKa TEXHOJOTiM, sKi 0a3yloTbcs Ha 3aCTOCYBaHHI
noJsiiMeprieMeHTHUX riapoizonsainux cymimeit (III'C) [1-5]. III'C cTanoBasATh c06010
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KOMITO3UIIii, 10 CKJIQJat0ThCsl 3 TMEBHOTO BHUJY, a00 JCKUIBKOX BHJIB IIEMEHTY,
(G pakIioHOBaHOTO KBApILIOBOTO MICKY B Pi3HIN Mpomnopiii Ta MOAU(IKYIOUNX 100aBOK
(cyxHXx MOJIIMEPHHUX MOPOIMIKiB, MOJIMEPHUX JUCHEPCIA Ta MIHEPAIbHUX H00ABOK).
Taki cymimi [J03BOJIAIOTH MPOBOJUTH KOMIUIEKC TiAPOI3OJAMINHUX poOIT 3
ypaxyBaHHSM BJIACTHBOCTECH MarepiajiB, BOAHOTO HABAaHTAXCHHS, 1HTEHCHUBHOCTI
¢inpTpaniii Ta ctany crnopya. ['inpoizonsmiitai nokputts Ha ocHOBI [II'C € HaitO1IbII
PO3MOBCIO/I)KEHUMHU 1 YHIBEPCAIbHUMU.

Anami3 Bimomux peuentyp III'C mokasye, mo moreHmian ix moaudikaiii Ha
Terep HE BUKOPUCTAaHWUW B TOBHIM Mipi. 30KpeMa II€ TOPKAEThCA CTBOPEHHS 1
3aCTOCYBaHHS KOMIUIEKCHUX OpraHO-MiHEpajdbHUX MOAM(IKATOPIB HAa OCHOBI
MOJIIMEPHUX JIATEKCIB, MOJIIKApOOKCUIATHUX CYIEepIiacTU(PIKaTOpIB OCTAHHBHOTO
NOKOJIIHHS ~ Ta  MIKPOKpPEMHE3EMY. 3acTocyBaHHs OpraHO-MiHEpaTbHUX
MOAU(DIKATOPIB € e(PEeKTUBHUM METOJOM TOKpAIeHHsS BJIACTUBOCTEH IIEMEHTHO-
IMIIIaHKX PO3YHHIB [6-8].

Merta nocmimkenb — po3pooutu HOoBi ckiaau [1I'C, ontuMizyBaTH iX perentypy
AK MaTrepiainy Uil TiIpOI30JSIIIHHOTO 3aXxUCTy OETOHHUX Ta 3a1i300€TOHHHUX
koHCTpyKIid I'TC, mocmiguTh TEXHOJOTIYHI Ta (DI3MKO-MEXaHIYHI BIIACTHBOCTI
Marepiany.

JlociKyBalid BIUIMB BMICTY peaucHepryouoro nomimepHoro nopouky (PIIII)
Neolith P 4400, nopomikoBoro mnoxikapOokcuiaroro cynepruiactudikatopa (CII)
Sika Viscokrete 225, wikpokpemuesemy (MK) Elkem Microsilica Ha pyxomicTb
rigpoizonsmiiaux cymimeit (P), Ha MIIHICTP HAa CTUCK fom cube, 1 HA aare3idHy
MIIHICTD  fadg  TIAPOI3OISALINHOIO  MOKPUTTA HNPU  TNOCTIMHUX  3HAYEHHSAX
criBBigHOIIEHHS IeMeHT:mcok LI:I1=1:2 Tta BomouementHoro BigHomeHHs B/11=0,4.

JlocikeHHsT TPOBOAMIIN 13 3aCTOCYBaHHSIM IuaHy Bs;. YMoBu manyBaHHS
EKCIIEPUMEHTY HaBeIeHO B Ta0. 1.

Taoauus 1.
YMOBM IVIAHYBAHHSA €KCINIEPUMEHTY
DaKTOpH perenTypH PiBH1 BapitoBaHHSA IH.TepBaJI
-1 0 +1 Bap1OBAaHHs
X, Bmict PIIII, % Big macu ieMeHTy 0 10 20 10
X2, BMmict CII, % Big Macu IIEMEHTY 0 0,15 0,3 0,15
X3, BMicT MK, % Bij Macu 1ieMeHTY 0 7,5 15 7,5

3amaya onrtumizamii peuentypu I[II'C BupimyBamach y BIANOBIZHOCTI 3
OPUMHATUMU TPAaHUYHUMHU 3HAYCHHIMH (yHIIN BIATYKY: pyxomicTh P 3a rmubuHOIO
3aHypeHHS KOHYCY He MmeHIe 6,0 ¢M, MIIHICTh Ha CTUCK fem cube HE MeHIIIe 30 MIla,
azaresiliHa MILHICTb f,4, HE MeHie 2,0 MIla.

VY pesynbrati peanizalii IIaHy €KCIEpUMEHTY OTPUMAHO EKCIIEPUMEHTaIbHO-
craructuydi (EC) wmopgeni, siki BHUpaXaloTh BIUIMB PELENTYPH HAa PYXOMICTb
MOJTIMEPIIEMEHTHOI KOMITO3MIIii, HAa MIIHICTh Ha CTUCK Ta Ha aAre3iiiHy MIIHICTh
T1APOI30IAIIHHOTO TOKPUTTSL:

P:5,83+1, 72)(?1"‘], 73)62 - ],84)(?3— 0,27)612- 0,32)(?22 + 0,63X32+0,49XJXZ
- 0,56XJ)C3 +0,63 X2X3 (1)
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fcm cube — 33,2 - 8,4)61 - 3, 6.7C2+6,0X3 +2,2)C12 - 3,0)622 - ],3X32+1,6XIX2
- ],OX1X3 - 0,2)62)63 (2)
Jadg = 2,20+0,81x; +0,29x,+0,18x;3 - 0,13x7° - 0,13x°-0,02x5* - 0,06x x>
- 0,06X1X3- 0,04)62)63 (3)

Amnani3z mozaeneit 1-3 mokasye, mo Ha pyxomictb [II'C MO3UTUBHO BILTUBAIOTH
PIIIT Ta CII. PyxomicTh cyMilli 3HaYHO 3HIMKYETbCS Mpu 30uIbIIeHH] BMicTy MK.
PIIIT Ta CII HeraTwWBHO BIUIMBAIOTh HAa MIIHICTh HA CTUCK TiIPOI30JISIIITHOTO
nokputtsa. Bei MoaudikaTopu MigBUIIYIOTH aare3iiiHy MILHICTh T1IpO130JsAIiiiHOTO
nokpuTTs. ['padiune 300pa>keHHs MOJIENIe HaBeIeHO Ha puc. 1-3.

0,30 0,30 | 0,30

0,26 0,26 0,26 _

0235 023 =|08,00-10,00 o,zs%

0,19 [ 0.19 S| 06,00-8,00 0197

g;?? 4.00-6.00 o1% g 4,00 -6,00 gi?g 009,00-12,00
" & m.00 4.00 A2 m2,00-4,00 112 m6,00-9,00
0.08 Z (82,00 -4 £ 0.08

0.04 004 00q 300600
0,00 X 0,00

02468 9111315 024689111315 02 46 8 9111315
Bmicr MK, % (1) Bwmicr MK, % (L) Bumicr MK, % (1)

Xi1=-1; Bmict PIIII=0  X;=0; Bmict PIIII=10% (L)  Xi=+1; Bmict PIIII=20% (LI)
Puc. 1. Buius CII Ta MK Ha pyxoMicTh noJiiMepueMeHTHOI cyminri

—0,30 —70.30
0,26 0,26
023 5 023§
£ | m50,00-55,00 2 <|@30,00-35,00
0,19 £ g 0,19 3
. | ©45,00-50,00 2 ~-|025,00-30,00
0,15 5 = [035,00 40,00 0,15 & g ’
0,11 5 040,00 -45,00 E 30,00 -35,00 ‘ 0,11 9 W 20,00 -25,00
008 3 | B300-40.00 Z |m2s00-3000 0,08 3 |m 15,00 -20,00
| 0,04 30,00 -35,00 0,04
0,00 0,00
024689111315 ) 02468 9111315
Bumicr MK, % (I{) 02 4 BM?H M"K “/"(u)” Bt Bumicr MK, % (II)

X1=-1; Bmict PIIIT=0 Xi1= 0; Bmict PIITI=10% (LI) Xi= +1; Bmict PIII1=20% (L)
Puc. 2. Bunus CII Ta MK Ha MiIfHICTS Ha CTHCK T1APOI30NAIIHHOrO IOKPHUTTS

030 030
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_ 023 = 023 o
g = ~
019 = 019 = 019 2
) > (02,30 -2,60 = |02.90-3,10
= 015 5| ST
15 5 01,50 -2,00 © |o2,00-2.30 0'15‘: 02,70 -2,90
S 5
A 011 -2 |m 702,00 011'5 2,50 2,70
08 @ [B0.50-1.00 008 = |m140-1.70 0,08 | B230-2,50
y 0,04 — Y
0,00 0,00 0,00
0 2 4 6 8 9 11 13 15 0 2 4 6 8 9 11 1315 0 2 4 6 8 9 11 13 15
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Xi=-1; Bmict PIIII=0  X;= 0; Bmict PIIII=10% (I]) X;= +1; Bmict PIII1=20% (L)
Puc. 3. Bunus CII Ta MK nHa aaresiiiHy MigHICTB Tipoi30asaUiiHOr0 MOKPUTTSA

CywmimeHHsIM (PaKkTOPHUX MPOCTOPIB MOJENEH BHU3HAYEHO ONTHUMAJbHY 30HY
perenTypu, MmO OOMEKYEThCS 130MOBEPXHSIMU TMOKA3HUKIB BIIACTUBOCTEH, SIKi
BIJINMOBIIalI0OTh HEOOX1THUM BUMOraMm pyxomocTi (P > 6,0 cm), MirfHOCTI Ha CTHUCK
(fem cube = 30,0 MIla), aaresiitHoi MinHOCTI (fagg > 2,0 MIla) (puc. 4).

== T
P

I
= —
PP E— i =

Puc. 4. O01acTh ONTHMATBHUX CKJIAMIB MOJIMEpPUEMEHTHOI CyMilui
(3aITpUX0BaHA 30HA)
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BucHoBkwm.

OTpuMaHO E€KCIEPUMEHTAILHO - CTATUCTUYHI MOJECII, SIKIi BUPAKAIOTh BIUINB
pelenTypu Ha PYXOMICTh TOJIMEPIIEMEHTHOI CyMINI Ta Ha MIIHICHI 1 aare3iitHi
BJIACTHBOCTI T1/poi3ofsiiiiHopro mokputtsa. OntumizoBano peuentypy I[II'C, sk
MaTepially Ais TIApoi3oisiiii OeTOHHUX Ta 3aji300€TOHHMX KOHCTPYKIIM 3a
KPUTEPISIMA PYXOMOCTI CyMIIlll, MIITHOCTI HA CTUCK Ta aAre3iHINHOI MIITHOCTI
nokpuTTs. OOJIacTh ONTUMATBLHUX PEIEnTyp 3HaxonuTbes B Mmexax (% Bl macu
IIEMEHTY): pPEAMCHEPTYIOUMi  ToJiMepHUi mopomok - 10, mOpomKoBUM
noiikapOokcwiatHuil  cynepriactudikatop — 0,1...0,3, MiKpokpemHe3eM —
3,5...12,2 nmpu cnieeignowmenHi I[:I1=1:2, B/II=0,4. Pyxomictb po3poOaeHux
cymimei ckiangae 6...7 cM, MIIHICT, Ha CTUCK MOKpUTTA - 30...33 MIla, angresiitna
MIIHICTh NOKpUTTS - 2,0...2,5 MI]a.
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V]IK 711.4

COMMUNICATIVE FUNCTION OF TRANSPORTATION AND

COMMUNICATIONHUBS OF A MODERN CITY
KOMYHUKATHUBHAS ®YHKIUA TPAHCIIOPTHO-KOMMYHUKALIMOHBIX
¥Y3JIO0B COBPEMEHHOI'O TOPOJA
Dreval 1.V. / IlpeBaas U.B.
d.ar., prof. /0 .apx., npog.
ORCID: 0000-0002-8157-1467
Zhabina A.1./’)Ka0una A.HN.
acnupaum/postgraduate
Beketov national University of urban economy, Kharkiv, Revolutsii Street, 12, 61002
XapvKko6cKuli HAaYUOHANbHBIU YHUBEPCUMEM 20POOCK020 XO35UCMBA
umenu A.H. bexemoesa, Xapvkos, yn. Pesonroyuu, 12, 61002

Annomayua. B pabome paccmompena npobrema apxumekmypHo2o @GopMuposanus
KOMMYHUKAMUBHBIX NPOCMPAHCME 8 30HAX MPAHCNOPMHO-KOMMYHUKAYUOHHBIX V3108 20poda. Ha
npumepe 2. Xapvkosa paccmompenwl ux munwvl. Coenan 6b1800 0 8AHCHOU POIU KOMMYHUKATNUBHBIX
NPOCMPAHCME Ol 2YMAHU3AYUU 2OPOOCKOU CPedbl U HeOOXOOUMOCMU COBEPULEHCIBOBAHUS UX
@DYHKYUOHANLHO-NAAHUPOBOUHOU OP2AHUZAYUU 8 30HAX MPAHCNOPMHO-KOMMYHUKAYUOHHBIX V3/108.

Knrwouesovie cnosa: kommynukamusHvle npOCMpancmed, mpancnopmHo-KOMMYHUKAYUOHHbBLE
V376l 20p00a, 2YyMAHU3AYUS, PYHKYUOHANLHO-NIAHUPOBOYUHAS OP2AHUZAYUSI.

Abstract. The paper considers the problem of the architectural formation of communicative
spaces in the zones of transport and communication hubs of the city. On the example of Kharkov,
their types are considered. The conclusion is made about the important role of communication
spaces for the humanization of the urban environment and the need to improve their functional
planning organization in the zones of transport and communication hubs.

Key words: communication spaces, transport and communication hubs of the city,
humanization, functional planning organization.

OmgHuM W3 TIPOSIBICHUN JUHAMUKH KU3HU TOCTUHIYCTPUAIHLHOTO OOIIeCcTBa
SABIISICTCSI  YBEJIMYCHHE Pa3HOOOpa3us THUIOB W YCIOXHEHUWE BHYTpPEHHEH
OpTaHU3allMA  APXUTEKTYPHO-TPAAOCTPOUTEIBHBIX  MPOCTPAHCTB  COBPEMEHHBIX
roponoB. K Hambosee akTMBHO pa3BUBAIOUIMMCA UX (opMaM MOXHO C
YBEPEHHOCThIO OTHECTH TaK Ha3bIBaeMble OOIIECTBEHHBIE MpocTpaHcTBa (public
spaces). Hanbonee TunuyHbIMU (pOpMaMu TOPOJCKUX OOIIECTBEHHBIX MPOCTPAHCTB
ABJISIIOTCS. PEKpEallMOHHbIE TPOCTPAHCTBA: Caibl, MapKH, CKBEPbI, HaOEPEKHBIE,
OynabBapbpl, a TakXke VyIMIbl U [UIoHmaau, (QopMuUpyOlIKe CBOEOOPa3HYIO
KOMMYHUKATHUBHYIO MHPpacTpyKTypy. BaxHoil (yHKIMENl ropoACKUX MPOCTPAHCTB
JAHHOTO THUMA SBISETCS KOMMYHHUKATHBHAs, OO€CIeunBaroias MOTPEOHOCTH
rOpo’kaH B HE(POPMAITLHOM OOIIECHUH.

Ilenpto  maHHON  paboOThl  SIBISIETCA  PACCMOTPEHHME  apXUTEKTYPHOTO
MPOCTPAHCTBA 30H TPAHCIOPTHO-KOMMYHUKAIMOHHBIX y3710B (TKY) ropoma kak
BAXHOTO pecypca ee JaldbHEeHWIIero pa3BUTUS B COBPEMEHHBIX YCIIOBHUSX.
HccnenoBanue BBIMOTHEHO Ha 0a3e MaTepHasioB MO I'. XapbKoBY. AKTYaJbHOCTb H
BaXHOCTh JAHHOTO BOMpoca oOycloBieHAa oOImeld TeHaeHuuen (HOpMUPOBAHHUS
ypOaHU3UPOBAHHOM cpeAbl — €€ TyMaHu3aluu. Tak, M0 MHEHHUIO HU3BECTHOIrO
TeopeTrka apxutekTypsl A.I'. Pannonopra Texuuueckuit mporpecc OyAeT U BIpedb
OKa3bIBATh BIIUSHUE HA PAa3BUTHUE APXUTEKTYPbI, © MOXKHO YTBEPKJaTh, YTO SI0XA
TEXHUYECKON PEBOJIIOLUU B apXUTEKTYpe YK€ M03aqd U YTO HOBBIE PEHIUTENIbHbIC
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U3MEHEHHS B apXUTEKTYPHOM MPAKTUKE U TEOPHUH, CKOpEE BCEro, KOCHYTCS 001acTu
COIMATBHBIX M KYJbTYPHBIX TPOOJIEM 30T4ECTBA.

[TotpeOHOCT,  mIOMEH B KOMMYHHUKAIIMM  OOYCJIOBJICHA  COIIMAJIBHO-
ncuxoJiorndeckumMu (haktopamu. CIOXKHBIM MHOTOIUTAHOBBIN MPOIIECC YCTAHOBIICHHUS
U Pa3BUTHA KOHTAKTOB MEXAY JIIOAbMH (MEKIUYHOCTHOE OOIICHHE) W TPYIIIaMH
(MEXTpYMIoOBOe OOIICHHE), MMOBCEMECTHO MPOTEKAET HAa TEPPUTOPHUSAX TOPOJCKHUX
OOIIIECTBEHHBIX MPOCTPAHCTB. AHAJIW3 MaHHBIX WCCICIOBAHUN HAyYHBIX cdep
IICUXOJOTUA W  COLUMOJOTHM  CBHJAETEIBCTBYET O TOM, 4YTO  pPa3BUTHE
KOMMYHUKATUBHBIX (YHKIMNA OOUIECTBEHHBIX MPOCTPAHCTB HEOOXOAUMO JUIs
OpraHu4HOro pa3Butus oOiecTBa. Tak, XaHHa ApeHITM BIEPBbIE BBEJla TEPMUH
«coluabHas aTOMU3ALMS», KOTOPbIA 0003Ha4yaeT pas3oO0IIeHHe, TMOSBICHUE
U30JIMPOBAHHBIX HWHIUBUJIIOB, COIMAIbHBIE CBA3M KOTOPBIX HOCST O€3JIMYHBIM
xapaktep. Jltogum otnanstoTcs Opyr OT Jpyra, BO3HUKAeT CTpax OOUIEHUS.
ATtomuzarusi  oOIecTBa  TMPEOJOJIEBACTCS  depe3  pa3BuTue  HeopMaabHBIX
KOMMYHHKAIIMA  TOCPEACTBOM  CO3JIaHUS  COOTBETCTBYIOLIEH  OpTraHU3alUH
MPOCTPAHCTBA B MECTAaX, CHOCOOHBIX «IPHUHSITHY) WU IIPOMYCTUTH» OOJBIIOE
KOJM4eCcTBO JroAei. Takumu cBoiicTBamu 00mamaroT 30HbI TITY. Ux 3HaunTenbHas
MPOITyCKHAsi CIOCOOHOCTh (0T HECKONbKUX ThIC. A0 200 m Oojee ThIC. mac. /CyT.)
HaJeJsIeT WX OOJIBIIMM TOTEHIIMAJIOM JIJISl peaju3alui MOTPeOHOCTEeH HaceIeHUs B
oOLIEeHUN.

Cornacio IlapkoBy @.M1. KOMMYHMKAaTHBHOE NPOCTPAHCTBO —  3TO
IPOCTPAHCTBO, [AE€ MPOTEKAET KOMMYHUKATUBHBIA TIpolecc. B ogHuX ciydasx OHO
MOET HMETh TeorpaQuyecKkd WA TEPPUTOPUAILHO OYEPUEHHBIE TpaHUIlbl, a B
IpYruX — TMPEeACTaBIsATh amMopdHoe cocTostHMe. Takum o0pa3oM, MOKHO
KOHCTaTUPOBaTh, YTO KOMMYHHUKATUBHOE MPOCTPAHCTBO SIBJISICTCS BaXKHOM YaCThIO
OOIIIECTBEHHOTO PEKPEANMOHHOTO MPOCTPAHCTBA, WM NPOCTPAHCTBA C JPYrou
Benaymeld (QyHKIMEeW, B TOM YHCIE€ M TPaHCHOPTHO-KOMMYHHKAIMOHHOW. OmbIT
MOKa3bIBaeT, 4TO B 30HaX TKY mpoxoasT HE TOJIBKO MOCAJIKU-BBICAIKH, TIEPECATKU
MaCcCaXUPOB, HO M KPATKOBPEMEHHBIM OTABIX, OOMEH HH(pOpMAIHEH, BCTpEUH,
yJIM4HAasi TOPTOBJISL.

Jist 2pGheKTUBHOTO TPOESKTUPOBAHUS U (HOPMHUPOBAHUS KOMMYHHKATUBHBIX
IPOCTPAHCTB B 30HE TPAHCIOPTHO-KOMMYHHMKAIIMOHHBIX Y3JIOB Ba)KHO PACCMOTPETh
UX THUIIOJIOTHYECKHE 0coOeHHOCTH. B 3aBucuMocTH oT THna u panra TKY B ero 30He
dbopMUPYIOTCI  KOMMYHUKATHUBHBIE TPOCTPAHCTBA PAa3HOro  TUMA. AHaIu3
cnoxkuBmmxcss  TKY ropoma XappkoBa MOKa3al, 4YTO KOMMYHUKATHBHBIE
MPOCTPAHCTBA, (POPMUPYIOIIMXCS B UX CTPYKTYpPax MOKHO Pa3feiauTh Ha IPYIIbI MO
HECKOJIbKUM KPUTEPUSIM.

Tak, MO0 KpUTEPUIO «MECTO PA3MEIIEHUS] B CTPYKType ropoaa u panr TKVY»
MOXHO  BBIJICIIUTH  KOMMYHUKATHUBHBIE  MPOCTPAHCTBA  MEXKJIYHapOIHOTO,
PErHOHANILHOTO, OOIIEropoJICKOT0, PaliOHHOTO W JIOKAJIBHOTO 3HAYEHUS, KOTOpPbIE
paznuyaroTcs 00beMaMH TPAH3UTHOTO [IBIDKEHUS U 1EJIEBBIMU YCTaHOBKaMU
naccaxupoB. Hanpumep, KOMMYHUKAaTUBHOE MIPOCTPAHCTBO, BXOJIAIIIEE B CTPYKTYPY,
TKY Xene3HoIOpOKHOTO BOK3aJla, MMEET MEXKIYHApPOJHOE, WJIM PETrHOHAIBHOE
3HaueHHE (B 3aBUCMMOCTH OT paHTa TPAHCIOPTHHIX cBsizeil). B r. XapbkoBe qaHHOE
MPOCTPAHCTBO TMPEJCTABICHO CKBEPOM HA MPUBOK3AIBHOM IUIOIIAAM, a TaKkKe
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CUCTEMOM JIOKAJIbHBIX IJIOMIAJIOK C 00bEKTaMU MUTAHUS, YIMYHON TOProBIU. XOTS B
nanaoM TKY mpeoOnanaer TpaH3uT, 3HaUUTENbHAS YacTh MPUOBIBAIOIINX U3 PA3HBIX
ropoJoB NpoBOoAUT Hemano BpemeHu (ot 10-15 muHyT 10 uyaca u Oosee) Ha
TEPPUTOPUU KOMIUIEKCA U HYXKIAeTCsl B OJaroyCTpOCHHBIX KOMMYHHUKATHBHBIX
npoctpancTBax.  OOHIETOpoACKOEe  3HAYE€HHWE  HMMEIT  KOMMYHHUKaTHUBHBIC
MPOCTPAHCTBA, pacioyiokeHHble B cTpykTtype TIIY, copmupoBaBmuxcs Ha Oase
CTaHIIMA METPOIMOJINTEHA U PACIIOJIOKECHHBIX B LEHTPAIBHOM 4YacTu ropoja. B 1.
XapbKoBe K JAaHHOMY THUIy MOKHO OTHECTHM OOILECTBEHHbIE MPOCTPAHCTBA Y
CTaHUIMK MeTpo «YHuBepcuteT», «llnomanbs cBoboab», «Ilmomans KOHCTUTYITUNY.
31ech coOMparoTCsl TPYIIbI JIIOJEH, MPOKHUBAIOIIMX B Pa3HbIX YaCTIX TOPOJA.
PailonHOe = 3HaueHWME  KMEIOT  KOMMYHUKaTUMBHbIE  mpocTtpaHcTBa  TKY,
PAaCIOJIOKEHHBIX B IIEHTPAX OOIIECTBEHHOTO0 OOCTY>KUBAHUS KUJIBbIX PAOHOB, TAKKE
MMEIOIIMX B CBOEW CTPYKType CTaHIuu MeTponosmteHa. g XapbkoBa 3TO 30HBI
cranuui metpo «Hayunas», «I'epoeB Tpyna», «23 Asrycrtay, « HaycTpuanbHas» u
np.  JloxkampHOe — 3HaYeHMEe  MMEIOT  KOMMYHMKATHBHBIE  IIPOCTPAHCTBA,
pacmoJIOKEHHBIE B CTPYKTypax, TKY Ha3eMHOro ropocKoro TpaHcnopra.

Mecto pasMmemieHuss B CTpyKType ropoxa u panr TKY okassiBarT
CYLIECTBEHHOE BIJIMUSHHE HAa (YHKIMOHAIBHOE COJAEpXKaHUE TEPPUTOPHUH — MECTa
JIOKaJIU3alnn KOMMYHHMKAaTUBHOI'O IIPOCTPAHCTBA. Yro oOycraBIMBaeT
MOCELAEMOCTh  TEPPUTOPUHU, COOTHOIIECHHUE IIEJIEBBIX  MOTPEOMTENBCKUX U
TPAH3UTHBIX IOTOKOB, X MHTEHCUBHOCTh LHUKJINYHOCTH HAITOJHEHUSA IS KAXKIIOTO
KOHKPETHOTO IPOCTPAHCTBA. JTO, B CBOK OYEpElb, BIMACT HA IUIAHUPOBOYHBIC
IpaHULIbl ¥ 000PYJOBAaHUE KOMMYHUKATUBHBIX TPOCTPAHCTB.

Ha ocHoBe npoBeneHHOM paOoThI ObLIN CACTAHBI CIICTYIONINE BBIBOIBIL:

1. KoMMmyHHKaTUBHBIE MpOCTpaHCTBA B 30HaxX TKY sdABusoTCS OOHUM U3
CJIOHBIX M JUHAMUYHBIX 3JIEMEHTOB CUCTEMBbI OOILIIECTBEHHBIX IPOCTPAHCTB ropoja,
oOjafaronMe  3HAYUTENbHBIM  IMOTEHIMAJIOM IO  Pa3BUTUIO  IPOLIECCOB
He(OpMaTbHBIX KOMMYHUKALIUH.

2. Co3aHue NpUBIICKATEIbHBIX KOMMYHHKATUBHBIX ITPOCTPAHCTB B CTPYKTYpE
TKY, NO3UTMBHO BIMSIOT HAa T'YMAaHU3ALHMIO TOPOJCKOM CPEAbl, W IMOBBIIMICHUE
IPafoOCTPOUTEIBLHOTO TOTEHIMANIA PA3BUTHSI TEPPUTOPUHU ITOPOJA B LIETIOM.

3. HeoOxomuMo  yCOBEpIIEHCTBOBaTh  MOAXOABI K  MPOCTPAHCTBEHHOMN
OpraHM3alHHA TEPPUTOPUM KOMMYHUKATUBHBIX IIPOCTPAHCTB B 30Hax TKY ropona ¢
HEeNbl0 ONTUMM3AUUMU HMX (YHKIUOHAIBHO-IJIAHUPOBOYHOM — OpraHu3aluu U
0JlaroycTpoiicTaa.
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Annomayua. B pabome paccmampusaiomcsi 0COOEHHOCMU NPOEKMHbIX peuleHull npu
PEKOHCMPYKYUU  MOCHOBHIX COOPYICEHUL, ANOpUMM  8bl00pa SMUX PpeuwleHull ¢ y4emom
BAPUAHMHOCMU U ONMUMUZAYUU 6 COOMBEMCMBUU C  COBPEMEHHbLIMU  MPeOOBaAHUAMU
MOCMOCMPOEHUS.

Knroueevie cnosa: pekoHCmMpyKyus, MOCMOBbIE COOPYICEHUA, MpebO8anus, NpOeKmHbvle
Pewenus, aneopumm, 6b100p 6apUAHMOB.

Abstract. The paper is discussed the features of design solutions for the reconstruction of
bridge structures, an algorithm for selecting these solutions, taking into account the variability and
a optimization in accordance with the modern requirements of bridge construction.

Key words: reconstruction, bridge structures, requirements, design solutions, algorithm,
choice of options.

Beryniienue.

Kak mpaBmiio, IENbI0 PEKOHCTPYKIIMM MOCTOBBIX COOPY)KEHUH Hapsay ¢
3aMEHON W3HOIIECHHBIX DJJEMEHTOB SBISETCS TPUBEICHUE COOPY)KCHHUS B
COOTBETCTBHE C COBPEMEHHBIMH TPEOOBAHUSIMH K MTOT0OHBIM KOHCTPYKITUSM.

Ot TpeOOBaHMS M3JI0KECHBI B PsAJe HOPMATHBHBIX JOKYMEHTOB, COOJIIOJICHHE
KOTOPBIX SIBJISIETCSI 00s3aTENBHBIM KaK JJII HOBBIX, KaK M JIJII PEKOHCTPYUPYEMBIX
MOCTOBbIX KOHCTpykiui. Taxk B coorBerctBuu co CII 35.13330.2011 [1] mpm
MIPOCKTUPOBAHUH PEKOHCTPYUPYEMBIX MOCTOBBIX COOPY>KEHUU CIEAYET BBHITIOJHSTH
TpeOOBaHMsI MO O00ECIEUEHUI0 HAJEKHOCTH, JOJTOBEUHOCTH COOPYXKEHUH, a TaKkxKe
0€30MacHOCTH W TUTABHOCTH JBWKEHUS TPAHCTIOPTHBIX CPENICTB, O€30MaCHOCTH IS
MEMIeX0JJOB M OXpaHe TpyJda B TIPOIECCe CTPOUTENTHCTBA U DKCIUIyaTalllH;
MpeayCMaTpUBaTh BO3ZMOXXHOCTH MOMAJAaHUsI MAJIOMOOMIIBHBIX TPYII HACENICHUS Ha
TPOTyaphl W TEIICXOJHBIE MOCTBHI (0OCCIeUYMBATh MPHUHITUI <JIOCTYITHAS Cpeaay);
MPUHUMATh TPOCKTHBIC PEIICHUS, OOCCICUYMBAIONINE SKOHOMHOE pPAaCXOJI0BAHHE
MaTepuanoB, SKOHOMHIO TOIUIUBHBIX M DJHEPTETHYCCKUX PECYPCOB, CHIDKCHHE
CTOMMOCTH W TPYAOEMKOCTH CTPOUTEIBCTBA W OKCIUTyaTalldid; CTPEMHUTBCS K
MIPUMEHEHUIO0 HOBBIX CTPOUTEIIBHBIX MAaTEPHUAIOB M TEXHOJIOTHH | T.II.

OCHOBHO# TEKCT.

OcCHOBHBIE TEXHUYECKUE PEIICHUS, TPUHUMAEMbI€ B TIPOCKTHON JOKYMEHTAIINH
PEKOHCTPYUPYEMBIX MOCTOB, CIEyeT OOOCHOBBIBATH IyTEM CPaBHEHUS TEXHUKO-
HAKOHOMHUYECKHUX MOoKa3aTeaei KOHKYPEHTOCIIOCOOHBIX BAPHAHTOB.
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[Ipy pEeKOHCTPYKIIMHM MOCTOBBIX COOPY>KEHUM CJeNyeT YYHUTBIBATh UX
(U3UYECKOE COCTOSIHHUE, TPY30TOIBEMHOCTh KOHCTPYKIIUN, MPOJOKUTEIBHOCTh H
PEXKUM IKCIUTyaTal[UU COOPYKEHUM MOCIIEe PEKOHCTPYKIIUH.

KoHCTpyKIuss U reoMeTpuyeckue mnapaMeTpbl MOCTOBOTO IMOJOTHA JOJIKHBI
OTBEYaTh TPEOOBAHUSAM, YCTAHOBJICHHBIM JIJISI JAHHOW NOpPOTH WM ynuilbl. Kpome
TOTO, KOHCTPYKIIMSI MOCTOBOTO TIOJIOTHA JOJDKHA OOECreYyrMBaTh BO3MOXKHOCTH
MEXaHU3UPOBAHHON O€30MacHOM IS CIIyKObl OSKCIUTyaTallud YOOPKH TPOE3KeH
YacTH U TPOTYapoB.

OcobenHo crenyeT oOpaTUTh BHHUMaHWE Ha TpeOOBaHHME, YTO TPOTyaphl Ha
MOCTOBOM  COOPYKE€HHUU JOJDKHBI ~ OBITh  OTHAEJIIEHBl OT TIPOE3KeW 4YacTu
OTPaXXJAIOIIMMHU  yCTPOMCTBAMU OaphepHOTO WM TapamnetHoro tuma. I[Ipudem
BBICOTA OIPAXKIEHUS, B TOM cllydae, JoJkHa ObITh HEe MeHee 0,9 M [2].

JlopokHast ojiexkaa Ha TMPOJICTHBIX CTPOCHUSIX C JKEJI€300€TOHHOM IITUTOM
MPOC3)KEeH YacTH  BBIMOJHSASTCS  MHOTOCIOMHOM,  BKIIOYAOIIedl  OeTOHHBIN
BBIPABHUBAIOIMIMKA CJIOM (MIpU  HEOOXOJMMOCTH), THUAPOU3OJISAINIO, JTBYXCIOHHOE
ac(abTOOETOHHOE IOKPBHITHE, YEero HET Ha JOPOXKHOH OJICKJIEC CYIIECTBYIOIICH
KOHCTPYKIIUH.

Koncrpykiuu aedhopMaiMOHHBIX IBOB JOJDKHBI 00ECIeYMBaTh MEPEMEIICHUS
MPOJIETHBIX CTPOEHUH B 3aJaHHOM WHTEpBaje TEMIIepaTyp, HE HapyIllaTh TUIABHOCTH
JBIDKEHUS TPAHCHOPTHBIX CPEACTB M MCKJIIOYATh TOMAJaHME BOJLI U TPsI3d Ha
OTIOPHBIE TUIOMIAJKA U HUXKEPACIIOJI0KEHHBIE YaCTH MOCTOBOT'O COOPY>KEHUS, TOTJa
Kak  JedopMalMOHHBIE IIBbI  KOMIIEHCATOPHOTO  THUIA, MPUMEHSEMBIE B
CYILIECTBYIOIIEM MOCTOBOM COOPY>KEHHH, TOJHOCThIO YTpPaTUIU CBOU (YHKIIUH.
KpoMe TOro, KOHCTPYKUMH IIBOB JOJDKHBI OBITHh PAcCUMTAHbl Ha BO3ICHCTBUS
yAapHBIX HArpy30K TpU TMPOXOJ€ TPAHCHOPTHBIX CPEACTB, U  00JaJaTh
YCTONYUBOCTBIO TPOTUB UCTUPAHUS.

Bony ¢ MOBEpXHOCTM MpPOE3KEH YaCTH U TPOTYyapoB CIEAYET OTBOIUTH CO
cOpocoM BOBbI TOMEPEYHBIMH BOJAOOTBOAHBIMU JIOTKAMH, PACIIOJIOKEHHBIMU Ha
KOHycax; cOpOCcOM BOJIbI 110 BOJIOCTOYHBIM TpyOaM B MECTaxX PacmloOJOKEHUs OTOp; C
MOMOIIIbIO BOJIOOTBOJHBIX TpyOok. HeopranuzoBaHHBIM cOpOC BOABI C MOCTOBOTO
COOPY>KE€HUS 110 BCE €ro JJIMHEe He aomyckaeTcs [1].

Pa3paboTka OCHOBHBIX MPOEKTHBIX PELICHUN MPU PEKOHCTPYKIIMM MOCTOBOTO
COOPY>KE€HHUS MOXKET BECTUCh B COOTBETCTBUU C anroputMoM (puc. 1). Kommentupys
3Ty CXEMY, MOXXHO OTMETHUTH CIIEIYIOIIEE.

Bb160p KOHCTPYKTHBHON CXEeMbI OOYCIIOBIICH, B TIEPBYIO O4Yepeib, JIMHOM, TaK
Ha3bIBAEMOM, TeMIIEpaTypHO-Hepa3pe3Hou mietu. [Ipu 3ToM 4uciio nponeTos, JIMHa
U TapaMeTpbl MOCTOBBIX OajlOK JTOJDKHBI OBITH COTJIACOBAHBI C TPEOOBAHUSMH IIO
CTaTUYECKUM U JUHAMHYECKUM Harpy3KaM.

B3amen crapbix >kene300€TOHHBIE KeNIe300€TOHHBIX OaJIOK ¢ HEHAaINpsraeMoi
apMaTypoll TOBCEMECTHO MCHOJB3YIOT Oallku C MpeABapUTENIbHO HaIpsAraeMou
apMaTypoii, YTO MOBBIIIAET UX HECYIIYIO CIIOCOOHOCTb.

JluHaMu4ecKkue Harpy3Kd CIy>KaT HCXOJHBIMH TpeOOBaHUSIMH TIPU BHIOOpE
KOHCTPYKIIMM W TapamMeTpoB OMOp. DTO OCOOEHHO 3aMETHO MpH BBIOOpE OIop
PEKOHCTPYHUPYEMBIX COOPYNKEHUM, KOHCTPYKIIMH KOTOPBIX 3HAYUTEIIHHO U3MEHUIIUCH
B MOCJICTHUE JECATUIICTHS.
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Puc. 1. Cxema npuHATHS pelIeHUi 15 pa3padoTKi OCHOBHBIX IPOEKTHBIX
pelieHU PEKOHCTPYKUMH
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Tak onmopbl Ha €CTECTBEHHOM OCHOBAaHMWM, Yallle BCErO, 3aMEHSIOTCS OlopamMu Ha
CBalHBIX (yHIaMEHTAaX.

KoncTpykiun gegopManiMOHHBIX IITBOB TMOCTOSIHHO COBEPIICHCTBYIOTCS W Ha
CETOIHSAIIHUN JIeHb MPEJIOKEHUNA B ATOM 00siacTh MHOTO. B 9acTHOCTH XOpOIIO
3apEKOMEHI0BAJN ce0s OJTHOMPOMUIBHBIE MIBBI C PE3UHOBBIM KOMIIEHCATOPOM.

Metannnueckue OapbepHbie orpaxkiaeHue 3A0 «ToumnBect» u AO «KTILL
MeTamioKOHCTPYKITUS» HUMEIOT, 10 JaHHBIM NPOU3BOAMUTENS, (HAKTHUECKYIO
sHeproeMkocTtbtio 300 kK, 4YTO IO3BOJIIET PEKOMEHJIOBATH 3TH KOHCTPYKIIUHU
MMEHHO Ha MOCTOBBIX COOPYKEHHUSIX.

BapuaHThl MepUSIbHOTO OTPaKICHUS JTOCTAaTOYHO OJIM3KU KaK KOHCTPYKTHBHO,
TaK ¥ IO MCIOJIb3yeMbIM MaTepuajiaM U B MOCJIEIHEE BPEMs BCE MIUPE UCTOIb3YIOT
yACPKHUBAOIIEE TEHIEX0IHOE OrPAKJICHUE NEPUIBHOTO TUMA M3 KOMITO3UTHBIX
MaTepUaJiOB C BEPTUKAJIBLHBIM 3alI0JITHCHUEM.

Bcé mmupe B cucreMax BOJOOTBOJA MOCTOBBIX COOPYXKEHHU HCIOIB3YIOT
BOJIOOTBOJIHBIE JIOTKM M3 KOMIIO3UTHOTO MAaTe€pualia, pacrojlaraéMble IO/
MPOJIETHBIM CTPOEHHUEM.

B cootrBerctBun ¢ tpeboanusimu ['OCT 31384-2008 pexomeHmyeTcsi MpU
MPOEKTUPOBAHUM  3AIIUTHl  MOBEPXHOCTEW  KOHCTPYKUMU  MpeaycMaTpuBaTh
ruipodoOU3aIMI0 TTOBEPXHOCTEH, TOJICTOCIOWHbIE (MACTHUYHBIE) JIAKOKPACOUYHBIE
MOKPBITUS W TPOMHUTKY XUMHUYECKH CTOMKMMHU BEUIECTBAMHU IOBEPXHOCTEH,
MOABEPraroluXcs BO3AEHCTBUIO arPECCUBHBIX CpEI.

3akir04eHue U BbIBOJBI.

PaccMOTpeHHBIN anrOpuTM IMO3BOJSET MNPOBECTH CPABHUTEIBHBIM aHAN3
MPUHUMAEMBIX  pelIeHUd  pa3paboTaTh  palUOHAIBHYIO CXEMy  MOCTOBOIO
COOPYKEHUS MPU €TO PEKOHCTPYKIIUH.
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NATURAL FREQUENCIES AND OSCILLATIONS FORM SPECTRUM
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Abstract. The influence of the variable concentrated mass, which’s moves along the radius of
the circular plate, on the spectrum of its own frequencies and the shape of oscillations, is
considered in the paper. The effect of the holes of various radii and their position relative to the
center of the plate on its frequency and oscillation forms is also investigated. Calculations were
made by the finite element method for the plate of aluminum alloy D16T.

Key words: finite element method, spectrum of eigenfrequencies, oscillation forms.

Introduction.

The design of modern structures is closely related to the previous ones

calculations to assess the strength, stiffness and stability of plates that are under
action of static and dynamic loads. Plates with design features, such as cutouts,
concentrated masses, perforations, are widely used in instrument making, mechanical
engineering and construction [1]. The calculation of inhomogeneity plates with using
the simple analytical solutions is too complicated. In this regard, the solution of such
problems is carried out by using numerical methods. One of the most promising
methods for studying the problems of stability and natural oscillations of plates with
inhomogeneities is the finite element method [2].

Statement and solution of the problem

This work is devoted to the study of the influence of inhomogeneity, namely
concentrated mass, and nonlinearity of geometry on the spectrum of natural
frequencies and oscillations of a circular plate.

We studied a round plate with a radius R = 1.2 m, 0.015 m thick, made of
aluminum alloy D16T with the corresponding properties:

Young's modulus E = 71000 MPa, Poisson's ratio v = 0.34, density p = 2700 kg / m°.
The plate rests freely on its own contour.

The following questions were studied:

1. The influence of holes on the frequency and the natural oscillations shapes of
a round plate.

A hole with radius » = 0,01..0,5R at a distance x = 0,1... 0,8R from the center of
the plate was considered (Fig. 1).

2. Influence of concentrated mass on the frequency and natural oscillations
shapes of a round plate. The location of the concentrated mass varies along the radius
at a distance from 0 R (center of the plate) to 0.8R from the center of the plate. The
weight varies from 10% to 50% of the weight of the plate.

The calculation scheme is shown in Fig.2.
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Fig.1. Calculation scheme for determining natural frequencies and oscillations
forms of plates with a hole
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Fig.2. Calculated scheme with concentrated mass

Summary and conclusions.

It is shown that holes of small radius (r = 0.01R - 0.15R) have little effect on the
natural frequency of a solid round plate and do not have any significant effect on their
shape. Differences are observed for plates with a hole of large radius (#>0,25R), when
it is shifted to the edge of the plate. But even the forms of oscillations in general
repeat the form of oscillations of the plate without a hole. Holes of radius more than
35% from the radius of the plate are lead to a significant changes in the shapes of the
oscillations and increase, starting with the third, the values of the frequencies of
natural oscillations. These numerical solutions are confirm the received Chizhevsky
analytical results [3].

The location of the concentrated mass in the center of the plate, regardless of its
size, reduces the amplitude of oscillations, but does not change shape. When the
concentrated mass is displaced along the radius, asymmetric forms of oscillations are
occur; in the locations of the concentrated mass there is the appearance of nodal lines,
which are not typical for the oscillations of the plate without the concentrated mass.
The concentrated mass, which is located in the center of the plate, is on the nodal
lines and does not affect the shape of the natural oscillations, but only reduces the
frequency.
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SPECIFIC ASPECTS OF OBTAINING AMMONIUM PERCHLORATE

SUITABLE FOR RE-USE, EXTRACTED BY CONVERSION METHODS
OCOBJINBOCTI OTPUMAHHS NEPXJIOPATY AMOHIIO JJiIs1 BTOPUHHOI'O
BUKOPUCTAHHSI, BAJIYYEHOI'O METOJAMM KOHBEPCII
Cheltonov M.M. / Yearronos M.M.
Postgrad. Stud. / acnipanm
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Heporcasne nionpuemcmeo « Haykogo-eupobnuue 06’ €OHanHs
«llasnoepadcoxuii ximiunuii 3a600», Ilasnozcpao, syn. 3asoocvka, 44, 51402
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Kyrychenko O.L. / Kupunuenko O.J1.
PhD / k.m.H.
ORCID: 0000-0002-1331-9323
State Enterprise Research-Industrial Complex “Pavilograd Chemical Plant”,
Pavlograd, Zavodska St., 44, 51402
lepoicasne nionpuemcmeso «Haykoso-eupobHuue 06’ eOnanms
«llasnoepaocokuil ximiynuii 3a600», Ilagnoepad, 3asoocvra, 44, 51402

Anomauin. Memow pobomu Oyna po3podka memoody Kpucmanizayii nepxiopamy amoHiio,
BUNLYYEHO2O0 3 MBEPO020 pPAKEMH020 NAAU6A, ON1 OMPUMAHHA MOOUPDIKOBAHO2O NPOOYKMY,
npuoamuo2o ONisl BUKOPUCMAHHA ) BUCOKOEHepeemudHux cucmemax. Memooom cnpsamosanoi
Kpucmanizayii i3 8MOPUHHO20 NEPXAOPAmy aMOHIIO OMPUMAHO NPOOYKM, 3 5K020 OYI10
BUCOMOBIEHO OO0CNIOHI 3PA3KU KOMNOZUYIUHO20 CKIAOY MBepO0020 PAKEeMHO20 NAAu6d HA OCHOGI
On10K-cononimepy 6ymaoieny il i30npeHy 3 yPemaHo8uMu ma enoKcuOHumu epynamu. Bueomoeneni
00CNIOHI 3pA3KU HA OCHOBI 8MOPUHHO2O NEPXIOpAmy AMOHII0 3a CBOIMU pPeoNociyHUMU, (Di3UKO-
MEXAHIYHUMY, OANICMUYHUMY XAPAKMEPUCTIUKAMU He NOCMYNAIOMbC AHATO2IYHUM NOKAZHUKAM
KOMRO3UYIUHUX CKIA0I8 MEepO020 PAKEeMHO20 NAIUBA, 8UCOMOBIEHUX HA NePEUHHOMY NepXIopami
AMOHIIO.

Knrwouoei cnoea: nepxnopam amoniro, meepoe pakemue naiugo, KpUCmanizayis

Abstract. The purpose of this research is to develop a crystallization method for ammonium
perchlorate extracted from solid propellant and to obtain modified ammonium perchlorate suitable
for use in high-energy compositions. By method of directional recrystallization, from secondary
ammonium perchlorate a modified product was obtained and from which prototype samples of solid
rocket propellant composition based on block copolymer of butadiene and isoprene with urethane
and epoxy groups were made. The produced prototype samples based on modified ammonium
perchlorate extracted from solid rocket propellant polymer matrix, in their rheological, physico-
mechanical, ballistic characteristics, are not inferior in similar values to solid rocket propellant
compositions produced from virgin ammonium perchlorate.

Key words: ammonium perchlorate, solid rocket propellant, crystallization

Beryn
Ha manuit yac B YkpaiHi BiJicyTHE BUPOOHMUIITBO Tepxjopary amoHito (I1XA),
AKUH € OCHOBHUM HAIlOBHIOBAYEM, IO BXOAUTH JO CKJIaay OaraTboX KOMITO3MIIIN
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CKJIa/liB TBEPJIOIO PAaKEeTHOro nanuBa. PileHHs 1€l npoOiaeMHu MOXKIMBE 32 PaXyHOK
BUKOPUCTAHHA BTOPHUHHHUX PECYpPCIB, SIKI OTPUMYIOTh 32 BiJIOMOIO TEXHOJIOTI€IO
yTHIi3a1ii TBEpAOro nanusa ta Ooenpunacis [1-2], HempuaaTHUX JJIs TOJATBIIOTO
3aCTOCYBAaHHS 3a MPSIMUM Npu3HauYeHHSAM. OJTHUM 3 HaWOUIbII €PEeKTUBHUX METO/IIB
MOJIATAE B TAPOIMHAMIYHOMY BUJTy4Y€H1 (PparMeHTiB TBEPIOTO MaIMBa 3 MOAATBLUINM
Horo noJpiOHEHHSAM A0 MoJiiMepHOi KpuxTH. OJHAK, IPU BUKOPUCTAHHI 3a3HAYEHOT
TEXHOJIOT1i, BWJIYYCHHH 3 MOJIMEPHOI KPHUXTH MEPXJIOpaT aMOHII0 HE BIAMOBIIAE
BUMOTaM II0JI0 XapaKTEPUCTHK TOBAPHOTO MPOIYKTY, SKHUH 3aCTOCOBYETHCS MJIs
BUPOOHMIITBA KOMIO3UMLIMHKUX CKJIQJIB TBEpJOro mnaiauBa. Kpucramm, oTpumani B
pe3yJIbTaTi MacoOBOI KpHCTai3allll IepXxJiopaTy aMOHit0, SIK MPABUIIO, SBJISIIOTH COOO0IO
MOJIIIUCTIEPCHUM MPOAYKT P13HOI (POPMH 1 3HAUHOIO KIJTBKICTIO Ae(eKTIB (3pOCTKIB,
TPIIIMH, HEPIBHUX TrpaHeH, BIJKOJIB, pakoBuH 1 T.1.). Lle He mo3Bosisge nocsArTu
MOBHOI 1JIGHTUYHOCTI W OJHOPIAHOCTI (POPMH Ta BUCOKOTO CTYIEHS C(HEpUYHOCTI
OTPUMaHUX KPUCTAJIIB, III0 BUMAaraloTh MOKa3HUKHU SKOCTI TOBAPHOTO MPOIYKTY.

Meroto pobotu Oyino po3poOJeHHS METOAYy KpHuCTami3alii BUIYYEHOTO 3
TBEPJOI0 MajuBa MEPXJIOpPAaTy aMOHIIO Ta OTPUMAaHHS MPOAYKTY, MPUIAATHOTO IS
BTOPUHHOTO BUKOPUCTAHHS Y KOMIO3UIIIMHUX CKJIa/lax TBEPOro MajiuBa.

OcHOBHMI TeKCT

OTpuMaHHs BTOPUHHOTO NEPXJIOPATy aMOHII0, BUJIYUYE€HOTO 3 TBEPAOIO MauBa,
Oy70 peani3oBaHO METOJOM CIPSMOBaHOI KpucTam3aiii. Meton copsiMoBaHOL
KpHUCTaIi3alii MoJsraB y HACTYIMHOMY: Y HACHYCHHMI BOJHHUN PO3YMH TMEPXIOpPATY
aMoOHit0, kUi migirpiBanu 1o temneparypu 70—80 °C, nonaBanv miJKUBIIOKOYHMA
PO3UMH MEPXJOpaTy aMoOHII0 3 OLIbII BHCOKOI KOHIEHTPAIIE 1 3aTpaBOYHI
KpucTaiu (mepxyopary aMmoHir0). [1ocTyrnmoBo BOAHMI pO3YMH MpHU NEPEMIlIyBaHHI
OXOJIOJKYBABCS, Ta, OTHOYACHO 3 POCTOM HOBOYTBOPEHHUX 3apOJIKiB, B11I0yBaBCS PICT
3aTPaBOYHUX KPHUCTAIIB 10 HEOOXIAHUX PO3MIpPIB. ¥Y SKOCTI 3aTPAaBOYHUX KPHUCTAIIIB
BUKOPHCTOBYBAJIM BUIYYEHUH 3 TBEPOr0 MajJuBa NEPXJIOPAT aMOHIIO.

Pe3ynbraty eKciepuMeHTalIbHUX AOCHIIKEHb OKA3aJM, 1110 BMICT Y KIHIIEBOMY
IpOAYKTI 1IIbOBOI ¢pakiii (315 MKM) CYTT€EBO 3aJI€KUTh Bijl CTYyIEHS 1HTEHCUBHOCTI
nepeMillyBaHHsl po3uuMHy 1 csirae 72,6 % 3a mBuakocti obepranHs 1000 o6/xs.
JlocnmipkeHHsT BIUIMBY 1HTCHCHUBHOCTI IIepeMilllyBaHHsS Ha ¢GopMy KpHUCTaliB
NoKa3ajaM, IO MpU HIBUAKOCTI NEPEMILIYBAHHS PO3YMHY, SIKUH KPUCTaNI3ye€ThCs
oinpime 500 006/xB 3abe3rneuyeTbCs 30UIBIICHHS YacTKU BHUXOJY CHEpUIHUX
KpUCTaNIB 1 301IbIIEeHHS BMICTY LUTboBOI ¢pakmii (160315 mxm). Oanak npu
IbOMY, OJIHOYAaCHO 30UIBLIYETHCS BMICT BHYTPIIIHbOKpUCTaANIYHOI BoJioru. I[lpu
MEHII iHTeHCMBHOMY mnepeMinryBanHi (270-500 06/xB) BigOyBa€eThCsl YTBOPEHHS
KPUCTAJIIB TMEPXJOpaTy aMOHIIO0 3 HU3BKHUM BMICTOM BOJIOTH, aj€ CaMi KpUCTalId
MaloTh HempaBuwibHy (opmy. Ha puc. 1 HaBeneHa 3aleXHICTh CEPETHBOTO PO3MIPY
YaCTHHOK MEPXJI0paTy aMOHIIO Bl IIBUAKOCTI MEPEMINIyBaHHS MPU KPUCTai3allii.

3rifHO 3 OTPUMAHMMM pe3yJbTaTaMH, BIJIMB IIBUJKOCTI NEpPEMIIIyBaHHS Ha
cepefHi po3Mip YaCTHHOK IEepXJIOpaTy aMOHIK OIUCYETHCS TMOJIHOMIAIBHOO
sanekHicTio (1) 3 BEIMYUMHOKO HOCTOBIPHOCTI anpokcumaltii R>>0,97:

oo =ax’+bx+c (1)
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ne: deep — CepedHiil po3Mip YAaCTUHOK, MKM; a, b, ¢ — eMHIpU4yHl KOEQILIEHTH
3aJIeKHO Bij mBHAKOCTI mepeminryBanHs (a = 0,00014, b =-0,46, ¢ = 626,96).
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Puc. 1. 3ajeKHICTh CepeIHBOr0 PO3MIPy YaACTHUHOK MEPXJIOPATy AMOHII0 Bij
IIBU/KOCTI NepeMilllyBaHHS NIPU KPHUCTAJI3aIlil.

BusiBneno, mo aysa orpumannsa pakiii [IXA 3 cepeaniM po3mipoM 4acTHHOK
160-315 MKM HMIBUAKICTH MEpeMilllyBaHHS HEOOXIAHO MIATPUMYBATH Yy MeXaX Bil
1000 mo 1500 o6/xB. Takox Oyn0 BU3HAYEHO, IO BEIEHHS IMPOLIECY BUPOIIYBaHHS
KpHUCTamiB 31 mMBHUAKICTIO oxojomkeHHs 0,3—0,4 Tpas/XB M03BOJISI€ 30UTBITUTH BUXI]
¢dpakmii 160-315 mxm — g0 90 %. Ilpu 1pOMy dYacTKa OKPYIVIMX YAaCTHUHOK B
KiHIleBOMYy mpoaykTi ckmamana 10-70 %. Kpim Ttoro, Oyno BHSBJIEHO, IIIO
3aCTOCYBaHHA  MIDKUBIIOBAIILHOIO PO3UMHY 3 KoHuUeHTpauiero 400-480 r/n Ta
KUIBKOCT1 3aTpaBOYHUX KpucTtamiB Ha piBHI 50 o 110 r/a copusitoTb OTPUMaHHIO
KpHUCTaJiB BTOPUHHOTO MEPXJIOpaTy aMOHIIO 3 XapaKTEPUCTUKAMU, HAOJTMKEHUMU J10
MPOJIYKTY TOBApHOI sIKOCTI. J{Jisl mojanbIioi anpooaliii METOJUKH OYJI0 BUTOTOBJICHO
MOJIEJIbHI 3pa3Ku KOMIO3ULIMHUX CKIIJIB TBEPJOTO MajuBa Ha OCHOBI BTOPUHHOTO
nepxjopary amoHiro. OTpumaHi MOJEIbHI 3pa3Kd Ha OCHOBI BTOPUHHOTO
nepxjopary  aMoOHIl0 32  CBOIMH  (PI3MKO-MEXaHIYHUMH,  OaliCTUYHUMU
XapaKTepUCTHUKAaMH HE IOCTYMA€ThCA AHAJOTIYHUM IIOKa3HUKaM KOMITO3ULIHHUX
CKJIaJ[IB, BUTOTOBJIEHOMY Ha TOBAPHOMY ITPOJTYKTI.

BucHoBku

1. HocmnigxeHi 3aKOHOMIPHOCTI OTPUMaHHS BTOPUHHOTO MEPXJIOpaTy aMOHIIO,
METOJIOM  CIpsSIMOBaHO1  Kpuctamizamii. OTpuMaHHi cQepUYHUX  KPHUCTAIIB
BTOPHHHOI'O TIEpXJIOpaTy aMoHil0 Moxe OyTu 3a0e3neyeHo Mpu: MIBHIKOCTI
oxonokeHHs po3unny 0,3—0,4 rpan/xB, KOHUEHTpAIlil MiIKUBIIIOBATBHOTO POZYUHY
400-480 r/n, mBuakocTi obepranHs Mimaiku Bix 1000 go 1500 o6/xB, KiIBKOCTI
3aTpaBo4YHUX KpucTaiiB Big 50 qo 110 r/m.

2. OtpumMaHi MOJIeJIbHI 3pa3Kl Ha OCHOBI BTOPUHHOTO MEPXJIOpaTy aMOHIIO 3a
CBOIMH (Pi3UKO-MEXaHIYHUMHU, OATICTUYHUMHU XapaKTEPUCTHKAMU HE TMOCTYMAa€ThCs
aHAJIOTIYHUM TTOKa3HUKaM KOMMO3MUIIIHUX CKJIaJiB, BUTOTOBJICHOMY Ha TOBapHOMY
MPOAYKTI.
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RESEARCH KINETICS OF SORPTION OF CATIONIC PINK 2C WITH
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Annomauyusn. B cmamve uzyuena kunemuxa copoyuu KamuouHo2o po3oeozo 2C bepe3osbimu
ONUNIKAMU U3 BOOHBIX pAcmMEopos. Bvicokas cmenenv copbyuu dannoco kpacumens goznuxaem 52%
- 82,6% npu epemenu copoyuu 10-30 munym.

Knrwoueevie cnosa: Kamuownnwviti pozosvii 2C, copbyusi, Kumemuxd, KOHYeHmMpayus,
gomomempuueckuti memoo, cnekmp, OJIUHA BOJHbl, OEpé308ble ONUIKU, KUHeMmu4eckds Kpueas,
NPOMBIULLEHHBLI KPACUMEb.

Abstract. The article studies the kinetics of sorption of cationic pink 2C by birch sawdust from
aqueous solutions. A high degree of sorption of this dye occurs 52% - 82.6% with a sorption time of
10-30 minutes.

Key words: Cationic pink 2C, sorption, kinetics, concentration, photometric method,
spectrum, wavelength, birch sawdust, kinetic curve, industrial dye.

Beryniienue

Kartnonurie KpaCuTciin U POKO IMPUMCHSAIOTCA JJIs1 KpalaCHuUs
IMOJIMAKPUIIOHUTPUIIBHBIX BOJIOKOH. Ouu saBIArOTCA 0a30BBIM KJIACCOM JIA 9THUX
BOJIOKOH, IIO3TOMY PpOCT IIPOHU3BOACTBA MW Pa3BUTHC ACCOPTHUMCHTA KAaTHOHHBIX
KpacuTesiel IeIMKOM 3aBUCAT OT MOTPEOJICHUS MOJTMAKPHIOHUTPIIHHBIX BOJIOKOH.
KatnoHnble KpacurTenu AarT SPKUE BBICOKONPOYHBIE OKpacku. X mbITaroTcs
WCIIOJIB30BaTh W JUISI KPAIICHUsI JIPYTUX BOJIOKOH, B YAaCTHOCTH MOJMMAI(PUPHBIX H
MTOJIMAMHUTHBIX TIOCJIE MOIU(PUKAIMN ATUX BOJIOKOH KUCIOTHBIMU IIpucaakamu [1].

ITorramass B BoJHBIE OOBEKTHI, KATHOHHBIE KPACHUTEIN OKA3bIBAIOT HETaTHMBHOE
BO3,HCI>'ICTBHC Ha COO6IlIeCTBa BOIOHBIX OPraHU3MOB, 4 TaKKC HAPYHIAOT HUX
KUCJIOPOJIHBIM PEKUM. BOJBIIMHCTBO KpacUTENEH BBICOKOTOKCMYHBI M OKa3bIBAIOT
KaHUEPOTOrEHHOE, MyTareHHOE, AJUIEPIrUYeCKOe BO3AeCTBUE [2-4].

N3ydeHne wuCMONB30BaHUS B KayeCTBE COPOEHTOB Pa3IMUHBIX IPUPOIHBIX
MAaTEPUAIOB MECTHOTO MPOUCXOXKICHUS U OTXOJIOB IMPOMBINUICHHBIX MPEINPUATHN
SBJISIETCS BEChbMa aKTyaJlbHBIM BOIPOCOM, MOCKOJIBKY MPOIECC COPOIUU SIBIISIETCS
3(QPEKTUBHBIM TPU  OYUCTKE CTOYHBIX BOJ  Pa3JIMYHBIX  MPOMBIIUICHHBIX
NPEINPUITUN. Kpome  Toro, copOLMsi  HETPaTULIIMOHHBIMU copOeHTamMu
PKOHOMHMYECKH BBITOJHA B CHJIy JICIIEBU3HBI aImaparypHoro odQopMieHus u
HCIIOJIB3YEeMBIX COPOCHTOB MECTHOTO IPOMCXOXKJICHHS [5-7], MOATOMY H3y4YeHHE
3aKOHOMEPHOCTEHN MPOTEKaHMs Mpoiiecca COPOIMU U MOUCK HOBBIX BUIOB COPOCHTOB
BEChbMa IIUPOKO HCIIOJB3YETCA MPU IPOBEICHUU HAYYHO-UCCIIEIOBATEIBCKON U
MIPOEKTHOM paboThI cTyaeHTOB [8-10].

Conference proceedings 166 Series «SWorld-US Conference proceedings»



November 9-10, 2020 g _g

OgHuM U3 KIIOYEBBIX MOMEHTOB JJIi TNMOHUMaHUS MeEXaHu3Ma IMpoliecca
copoOumu, moadopa HEOOXOAMMOTr0 COpOEHTA U YCIIOBUHM COPOLINHM SBIIAECTCSA N3YUCHHE
TEPMOJMHAMHYECKUX U KHHETHYECKUX MmapameTpoB cop6iuu [11]. Panee Obina
u3ydeHa COpOIMOHHAS CHOCOOHOCTh JPEBECHBIX OIMMJIOK 110 OTHOIICHUIO K
IIPOMBILUIEHHOMY KPacUTEN0 KaTHOHHOMY po3oBomy 2C [12-15].

OCHOBHOM TeKCT

[lenpto maHHOUW pPabOTHI SABISETCS W3YyYEHHWE KWHETUKH COPOIMH KpacHUTENs
KaTUOHHOTO po3oBoro 2C. UccnenoBaHue npoBOAUIOCH B CTATUYECKOM PEKUME.

Jlyist onpenienieHus: OCTaTOYHOM KOHLIEHTPAIMK MCIOJIb30BaH (POTOMETPUUECKUI
MeTo (MeToa KamuOpoBouHOoro rpaduka). B kadectBe paboueld JJIMHBI BOJIHBI
HCIIOJIB30BaIH 546 HM.

Jlns mocTpoeHus KaauOpoBOYHOro Tpaduka Oblla MIPUTOTOBIEHA CEpUs
CTaHJAPTHBIX PacTBOPOB KpacuTess ¢ KoHreHTpausamu, 0,005 r/x, 0,01 r/mn, 0,03 /7,
0,05 r/n, 0,1 r/n, 0,5T/mn W wW3MepeHa oONTHYECKas IUIOTHOCTh MPUTOTOBIICHHBIX
PacTBOPOB C MCMOJB30BAHUEM HAWMJIEHHON paboueii JMHbBI BOJHEL. [0 momydeHHbIM
JTaHHBIM ObLT MOCTpPOeH Tpaduk 3aBucUMOCcTH A=f(C), KOTOPBIN MCIIOIB30BAJICS IS
onpeereHUs] KOHIIEHTPAIIMN KPaCUTEINS JI0 U TOCTIE COPOITUH.

CopOmmst pacTBOPOB KpacUTENsi MPOBOAMIACH B OJIMHAKOBBIX YCJIOBHSIX: Macca
0epe30BBIX OMMIIOK, U3MEIBUEHHBIX JI0 YacTHI] pa3MepoM 1 > 0,5 MM, coctaBisuia 1 T,
o0beM pacTBOopa KpacuTends KoHIeHTpamuer 0,5r/m - 50 M, Bpems copOumu
BapbupoBasIoch OT 5 10 30 munyT, Temmneparypa 298K. Ilocne 3aBepiienus npoecca
copOuuu pacTBOpPbl OTPUIBTPOBATM U (POTOMETPUPOBAIA Ha CIEKTpO(OTOMETpE
[19-5400Y®. C nomouplo KamuOpOBOYHOrO Tpaduka ONpeaeuin OCTaTOYHBIE
KOHIEHTPAIUN KPACUTEIICH.

Copb6mmonnyto cnocooHocTs I' (%) paccuntsiBasiu o popmyse (1):
Cucx—Cx

 rm— %X 100% (1),

rae Ciuex — ICXOAHAS KOHIIEHTPAIHS, T/7T;
C—KOHeYHasi OCTaTOYHAasi KOHLIEHTpAaIHsl, /1.

International scientific integration

JlaHHbIE TIOJNlyYEHHBIE TMPU HU3YYCHHH KUHETHKH COpPOLIMHM  KpacUTems
npecTaBieHbl B Tabuie 1.
Tao6auma 1
Pe3yibTaThl IKCNIEPUMEHTAJTbHBIX JaHHBIX

Ne ombITa t, MUH Cuex, T/ Ck, /1 I,%

1 5 0,240 52

2 10 0,186 62,8

3 15 0.5 0,155 69

4 20 ’ 0,115 77

5 25 0,110 78

6 30 0,087 82,6
Aemopcmm pa3pa60ml<a
[locne  00pabOTKM  AKCIEPUMEHTAIbHBIX  JAaHHBIX  OblIa  TOCTPOEHA

KMHETUYeCKasi KpuBasi COpOLMU KpacuTesss KaTHOHHOTO po3oBoro 2C Oepe3oBbIMU
onwmikamu (puc.l).
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Puc. 1 - Kunernueckasi KpuBasi COpOIMU NPOMBIIIIJIEHHOT0 KPACUTEJIs

KATHOHHOT0 Po30B0ro 2C 0epe30BbIMHU ONMUIKAMHU
Aemopckas pazpabomxa

Ha pucynke 1 BugHo, uro mpu 30 MUHYTHOI cOpOLUMU CTENEHb COPOIUU
nocturaetr 82,6%. B nHauvanpHblii MomeHT (7-10 MuH) cTeneHb cOpOLMH PE3KO
Bo3pacraerT. [Ipu yBennueHun BpeMeHu copOLUU MPOUCXOAUT 3aMIOJTHEHUE aKTUBHBIX
a7ICOpOLIMOHHBIX IIEHTPOB W HachllleHUWe copOeHTa kpacutenem [16-18]. B
pesynbrare Tmpu BpemMeHH copOruu 30 MHHYT BO3HHKAeT JHHAMHYECKOE
COpOLIMOHHOE paBHOBECHE, KOTOPOE HAa KMHETUYECKOW KPUBOMW MPOSBISAETCS B BHUJE
1aTo.

3akJil0ueHue bl BHIBO/IbI

HccnenoBanue NOATBEPKIAET, UYTO OEPE30BbIE OMUIIKU HMPUTOHBI ISl COPOLIUU
KpacuTens KaTHOHHOTO po3zoBoro 2C. Ilpu wu3BIedYeHHH H3 BOJHOIO PacTBOpa
IPOMBINIJICHHOTO KpacuTeNss KaTHOHHOTO pPo30Boro 2C OCTHraeTcsi BBICOKas
cTernenb copoiuu (82,6%), mpudeM AOCTAaTOUHO OOJIBIION TpoleHT copOuuu — 70%
MPOSIBIISIETCS 32 HEOOBIION 1epruoja BpeMeHu 7-10 MUHYT.
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FUNCTIONAL FILLERS FOR LOW FAT FOOD OIL-IN-WATER

EMULSIONS
®YHKIUIOHAJIBHI HAITOBHIOBAUI J1JIS1 HU3bKO KU PHUX XAPYOBUX BOJHO-
JKUPOBUX EMVYJIbCII
Shevchenko P.B. /IlleBuenko I1.B.
master’s student / macicmpanm
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Anomauin. O6IpYHMOBAHO MONCIUBICMb GUKOPUCMAHHSA NPOOYKMIE nepepodieH s HACIHHSA
JIbOHY [ KYHIICYMY 8 AKOCMI (YYHKYIOHATbHUX 000a80K (3a2yuyysauis, 0xcepei HympieHmis) y 600HO-
HCUPOBUX eMYIbCIAX 3 HUSLKUM eMicmom dcupy. Busnaueno, wo maiikpawy eonocoympumyiouy
30amHICMb NOKA3Y€E KAIMKOBUHA 3 HACIHHA JbOHY MA CYMIiul 3 KIIMKOBUHU DPOCIUHHOI 3 HACIHHA
JIbOHY, IbHAHO20 OOPOUIHA | HACIHHA TbOHY NOOPIOHEeH020 ) chiggionowenHi 1:1:0.5.

Knrwuosi cnosa: 600H0-dcupo6i eMynbCii, Xapuosi 8010KHA, 801020VMPUMYIOUA 30AMHICID,
nPoOyKmu nepepooieHHst TbOHY Ma KYHHCYMY.

Abstract. The possibility of using products of flax and sesame seeds processing as functional
additives (thickeners, sources of nutrients) in oil-in-water emulsions with low fat content is
substantiated. It was determined that the best water holding capacity shows fiber from flax seeds
and a mixture of fiber from flax seeds, flax flour and crushed flax seeds in a ratio of 1:1:0.5.

Key words: oil-in-watert emulsions, dietary fiber, water holding capacity, flax and sesame
processing products.

Beryn.

CydacHuil cmoci® >KUTTS JrOACH, 3MEHIIECHHS (PI3UYHOrO HaBaHTAXKCHHS
noTpedye 3HIKEHHS KaJOpiMHOCTI XapuyyBaHHA. OJHaK 3ajJMIIAETHCS MOTpeda y
30a71aHCOBAHOCTI BXUBAaHHS MaKpO-, MIKPOHYTPIEHTIB, BITaMIHIB Ta XapuyoOBHUX
BOJIOKOH. [IponykTu (yHKIIOHAJBbHOTO IPU3HAYEHHSI IMO3UTUBHO BIUIMBAIOTH HA
BUIMOBIHI (YHKIT Opra”i3My, 3aBAsSKHM YOMY NpPH PEryJIpHOMY iX BXKHBaHHI
3HIKYETHCS PU3UK BUHUKHEHHS 3aXBOPIOBAHb.

OpepxaHHs ~ CTIHKMX  BOJHO-)KMPOBHX  €MYJIbCii 3  BHUKOPHUCTAaHHSIM
HETPaJAULIIITHIX CUPOBUHHUX THTPEIEHTIB SIK JLKEpel CTab11i3aTopiB, €eMYJIbraTopis 1
010JIOTIYHO-aKTUBHUX PEYOBUH € BIJIMIHHOIO O3HAKOK CYYaCHOIO BUPOOHUIITBA
MPOJIYKTIB €MYJIbCIMHOI MPUPOIU — MaprapuHy Ta Maonesy. L{1 nmpoayktu, matouu y
CBOEMY CKJIJl BOJHY Ta XHUPOBY (a3zu, € 3pydHUM OO0'€KTOM IJisi TIEPETBOPEHHS
TPaAUIIIHOTO MPOAYKTY V GyHKIIOHATBHUH [1- 4].

OCHOBHM TEKCT.

BuroToBneHHs: BUCOKOSKICHOT MPOMYKINii 3a7aH0T KOHCHUCTEHINII 13 3arajibHUM
3HIDKEHHSIM MacoBOi YacTKH JKUpOBOi ¢azu mnoTpedye MNOoUyKy e(QeKTUBHUX
KOMITO3HIIi# cTabimizaTopis [5].

OyHKIIOHATBHUMM  1HTpEAIEHTaMU  JUIsl  BHUTOTOBJIEHHS  HU3bKOKUPHHUX
XapuyoBUX  BOJHO-)KUPOBUX  €MYJIbCIH  CIYyTYIOTh  Xap4yoBl  BOJIOKHA,  SIKl
XapaKTEPU3yIOThCSl 3HAYHOK BOJOTOYTPUMYIOUOKO 3/aTHICTIO, WLI0 BKa3ye Ha
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MOJKJIMBICTB 1X 3aCTOCYBaHHsI SIK 3aryutyBadiB. [Ipu BUTOTOBIEHHI MailoHE3y Xap4oBI
BOJIOKHA MOJKJIMBO BHOCHUTH Ha PI3HHX CTaisX TEXHOJOTIYHOTO TPOIECY, IO Ja€
MO>KJTUBICTB IOCSATHYTH MaKCUMaJIbHOTO BUKOPUCTAHHS iX BIACTUBOCTEM [6].

Jlis AociiKeHb 00paHo MPOJIYKTH MepepoOsieHHsT HACIHHS JIbOHY 1 KYHXKYTY
(Tabm.1).

Taoauusa 1
XapakTepuCTHKA CHPOBHHU
XapaKTepUCTHKA
Hasga xapyona iHHICTh 100 r eHeprgTHqHa
crtan OUJIKH | )KUPH | BYTJIEBOINA LIHHICTE,
P M KKaJI/K K
1 2 3 4 5 6
Knl?KOBHHa 3 KMHX XapHOBHI 3 340 | 140 9.0 298/1248
HACIHHS JIbOHY HACIHHS JIbOHY
JTbHsAHE GOPOIIHO Ooporo 3 23,6 | 938 | 50,5 390/1631
HACIHHSA JTHOHY
Hacinns mp0Hy
nojpioHEHe, HACIHHS JTLOHY 183 | 42.2 28,9 534/2234
(bpaxkis 0-0,2 mMm)
KJIl"[KOBI/IHa 3 HKMHX XapyOBHI 3 507 | 19.8 11,0 425/1781
HACIHHS KYHXYTY HACIHHSI KYHXKYTY
Kymyre Ooporuro 3 28,08 | 9,2 46,2 390/1631
O0pOIITHO HACIHHSI KYHXKYTY
Hacinus kyHxyTy
nojpioHeHe HAciHHS KyHxKyTy | 19.4 | 48.7 17,8 565/2364
(bpaxkis 0-0,2 mMm)
A6m0pCbKa p03p067<a

Bonoroyrpumyrouy 31aTHICTh TOCIIKYBaHUX 3pa3KiB HABEJEHO y Ta0.2.

Ta0auusa 2
BoJioroyrpumyoua 31aTHiCTh
Hazgpa Bonoroyrpumyroua
3JaTHICTD, %o
KitiTkoBHMHA 3 HACIHHS JTLOHY 806,19
JIpHsTHE OGOPOIITHO 57791
Hacinns neony noapionene (dpakiis 0 — 0,2 mm) 255,53
KriTkoBHHA 3 HACIHHS KYHXKYTY 321,63
KynxxyTHe 00poIIHO 553,30
Hacinnsg kywxyty noapiduene (dpakiis 0 — 0,2 Mm) 147,23
A6m0pCbKa p03p061<a

BiamoBimHO 10 pe3yabTaTiB TOCTIKEHHS (Ta01.2) BCTAHOBJICHO, 10 HANBUIITUHT
MIOKa3HHUK BOJIOTOYTPUMYIOYOi 3IaTHOCTI Ma€ KJIITKOBHHA 3 HACIHHS JIbOHY.
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JloCcmiPKeHO BIUIMB CyMilllel MPOJYKTIB MEPepOOJICHHS JIbOHY 1 KYHXYTy Ha
BOJIOTOYTPUMYIOUY 3JaTHICTH (Tabi1.3)

Taboanusa 3
BoJioroyrpuMyroua 31aTHiCTh KOMIIO3ULIH MPOAYKTIB nepepodieHHs JbOHY i
KYHKYTY
Cknag cymini . BosioroyrpumMytoua 31aTHICTb, % Ioxubka,
. BMICT, BHU3HAYEHO o
KOMITOHEHTH CyMIiIri % | eKCHePUMEHTATBHO PO3pPaxoBaHO Yo

CyMilll MPOAYKTIB MepepoOICHHS JTbOHY
KiitkoBrHa 3 HaciHHA I60HY | 30
Jlbnsane GopomHo 30 520,00 517,44 0,49
Hacinus npony noapioHene 40
(ppakis 0 — 0,2 mm)
KniTkoBrHa 3 HaciHHS JbOHY | 40
JIpHsIHE 6OPOIITHO 40 611.94 604.75 117
HacinHs 1b0HY oapiOHEHE 20 ’ ’ ’
(bpaxkis 0 — 0,2 Mm)

CYMIIIIl MPOAYKTIB EPEPOOJICHHS KYHXKYTY
KiiTkoBuHA 3 HACIHHSA 30
KYHXYTY
KyHxyTHe 00pOIIHO 30 33750 33137 1.82
HaciHHS KyHXYTY ’ ’ ’
noApiOHeHe 40
(bpaxkis 0 — 0,2 Mm)
KiiTkoBuHa 3 HACIHHSA 40
KYHXYTY
KymxyTHe 00poniHo 40 37826 379 47 031
Hacinus kyHxyTy ’ ’ ’
noApiOHeHe 20
(bpaxkis 0 — 0,2 Mm)
A@I’I’lOpCbKa p03p061<a

Sk BugHO 3 Tabs. 3 po3paxoBaHa BOJIOTOYTPUMYIOUa 3JaTHICTh KOMITO3ULIN 32
MPaBIJIOM aJUTHUBHOCTI (3 ypaxyBaHHSAM YaCTUKH KOKHOTO KOMIIOHEHTa B CyMiIlli)
H1ATBEPKYETHCS €KCIIEpUMEHTaIbHUMU JaHuMu. [loxuOka He nepesuiye 2%.

BucnoBkmu.

TakuM YMHOM BHUKOPHUCTAaHHS pPO3PAaxXyHKOBOI'O METOAY JUIsl BU3HAYEHHS
BEJIMYMHU BOJIOTOYTPUMYIOUOi 3aTHOCTI CyMIlIl MPOIYKTIB nepepoOIeHHsI HaCIHHS
JBOHY 1 KYHXKYTY Ja€ 3MOTy (JOPMYyBATH KOMITO3HUIIIT 3 33 JaHUMH XapaKTePUCTUKAMHU.
Lle 103BOJIUTH KOPEKTHO 3MIHIOBATH KOHIIEHTPALIF0 KOMIIOHEHTIB TP BUTOTOBJICHHI
HIMPOKOr0 aCOPTUMEHTY HU3bKOKUPHHUX BOJHO-KUPOBUX (MAHOHE3HUX) €MYJIbCIH.
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Abstract. Studies have been carried out on the separation of ash and slag from thermal power
plants. The basic physico-chemical characteristics of the initial ash-slag and the resulting fractions
have been determined.

Key words: ash and slag waste, separation, processing, separation, fractions.

Introduction.

The main source of energy in Ukraine today is thermal power plants (TPP)
based on organic fuel, providing 75-80% of total electricity production. The
formation of a significant number of ash-slag is an environmental problem for the
areas where thermal power stations are located.

From them can be obtained: a porous aggregate of lightweight concrete, ash and
slag-gypsum concrete, expanded clay concrete, foam concrete, ash-silicate brick, ash-
and-slag-wall blocks, facade ceramic tiles, the cement of various brands [1].

The chemical composition of the ash-slag waste depends on the mineral content
of the fuel and varies depending on the coal deposit. The chemical composition of the
ash affects its leachability and also determines its aging behavior. The chemical
composition of the ash is presented in (%) in the table. 1 [2].

Table 1
Ash chemical composition
Formula Si0» ADLO3 Fe O3 CaO MgO SO3 Na,O+K->0
Chemical |y 05 | 2437 | 1168 | 416 | 214 | 141 1.29
composition, %

Main text

The methods of analysis for the study of the technological bases of the silicate
component were carried out according to the scheme of separation of ash-and-slag
waste, which is shown in Fig. 1.

The drying process was carried out in a drying oven at a temperature of 100-
105° C. The duration of the process depended on the amount of substance, layer
thickness and temperature.

The moisture content was determined by the formula 1:

I
— — 0,
w 100% (1)

where, w 1s the moisture content of the determined material;
m — mass of substance after roasting;
M — mass of substance before roasting.
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Fig. 1- Waste separation scheme

The more steadily the temperature rises, the more correct and faster the drying
will be. The sieving process was carried out using a set of sieves of different sizes.
The content of grains outside the fraction X1, X2, in percent, is determined by
formulas 2 and 3:

G

X, :El-loo, (2)
G

X, =-2-100, (3)

where, X, - X1 - amount of additive, which consists of larger grains than the size of
the fraction, in percentage;

X,- amount of additive, which consists of smaller grains than the size of the
fraction, in percentage;

G - mass of the sample taken for determination, g;

G - mass of additive with a grain size larger than the fraction's upper bound, g;

G, - mass of additive with a grain size smaller than the fraction's upper
bound, g.

The magnetic separation was carried out using laboratory magnetic separators.
Depending on the magnitude of the magnetic susceptibility of the material, magnetic
separation is subdivided into weakly magnetic and strongly magnetic, from the
medium in which the separation is carried out - into wet and dry magnetic separation.

The further process of flotation was carried out using laboratory flotation
machines of various types [3].

The distribution of the proportions of the sizes of each fraction was carried out,
by sifting, the dependence of the percentage of ash-slag on the particle size was built
(Fig. 2).

Most minerals or wastes have background radiation that affects the environment.
Our material was analyzed with the use of DP-5B dose rate meter (Table 2). [4]

According to the data obtained, it can be concluded that our product belongs to
the IV hazard class, which is safe and possible for use in various industries.

For each fraction, moisture and density were measured, and are comparable to
the literature value. Granular slags of various thermal power plants, according to the
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data, have the following limits: true density from 2.6 to 3 g / cm?, bulk density from
600 to 1100 kg / m3; humidity 1-3% (Table 3) [5].

N
&5

A
&0

i5

Y6 ratio

=2 mm 2 mm L mm 0.5 mm 0,316 mm

particle size fractions

Fig. 2— Particle size by fractions

Table 2
Radiation dose in fractions
uR /h
Name initial ash- magnetic silicate
. coal
slag fraction component II
natural radiation background 170
investigated background radiation 9 12,5 20 20
Table 3
Physical properties of waste
Value )
. Moisture,%
Factions >2mm | 2mm | 1 mm 0,5 mm 0,316 mm
Pod.( literature value) 600-1100
Poa.( experimental value) | 882 | 897,8 | 844 672 990 1
P, (literature value) 2.6-3
Pu. (experimental value) 2.75 2.8 2.69 2.6 3

By flotation, the non-magnetic fraction was divided into coal, the sample which
was examined (Table 4). [6].

Table 4
Sample technical analysis
Ash content, % Output of volatile
Moisture substances, % Sulfur content
a d
W ’ v A? Ad Ve Vd Vdaf S ’ v
0,2 50 50,1 2,9 2,9 5,8 0,43
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Summary and conclusions.

The main physical and chemical data of the waste and processed ash and slag
waste and their components were obtained, namely, the chemical composition,
particle size by fractions, radiation dose, density, moisture content and technical
analysis of secondary coal were determined.
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Abstract. There are considered theoretical bases of electrocatalytic intensification of burning
processes for solid fuels. There are dependences over the heated water temperature from time with
the different ratios of electric current applied and air overflow volume in the electrocatalytic
burning coal, wood and gas.
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The development of civilization makes more new challenges to science, even in
such traditional sphere as fuel combustion. Gas, oil and coal are the raw material for
energy, metallurgy, chemical industry and other industries. Therefore are ongoing
searches for methods of rational use of fuel. One of these methods is electrocatalytic
fuel combustion, which is in the handling the fuel on the catalyst, which is in the area
of electrical discharge.

Theoretical basis. A new direction has been developed in carrying out
oxidation processes, which are based on the use of a low-temperature plasma with the
ordered motion of "slow" electrons in the presence of a heterogeneous catalyst for the
intensification of the endothermic stages of combustion and oxidation reactions on
hydrocarbon gases and solid hydrocarbons. Artificially created low-temperature
nonequilibrium plasma, with its short-term action on the object of combustion or
oxidation, makes it possible to carry out a chemical reaction, which under normal
conditions 1is possible at considerable energy costs, or proceed very slowly.
Minimization of energy costs in the proposed processes is achieved by using catalysis
in the discharge zone. To create a low-temperature plasma, it is proposed to use a
barrier and volume discharge. This direction was called the electrocatalytic method.

The use of this method in combustion and oxidation processes allows a much
smaller amount of energy to be expended on the process of intensification of
endothermic stages due to the use of the energy of "slow" electrons, the formation of
which is affected by a nonequilibrium plasma.

Under normal circumstances, the initial initiation of the process of combustion
of gaseous fuels and its ionization occur on the basis of reactions (for example,
methane and water, which further consumes in its destruction the energy emitted
during combustion of fuel)

CH4+M —>CH; +H"+M.
H,O —HO'+H-".

When the fuel mixture burns in the pre-flame zone, the water content is
significantly reduced, and a large amount of energy was consumed to destroy it.
Instead, radicals and ions are formed, the heat capacity of which is much less than the
heat capacity of water and always has a negative value. Energy, which was spent for
destruction, is applied to the total energy that exerts electrons and protons. The total
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energy contribution of all compounds formed during the compounds is sufficient to
initiate both the combustion process and the oxidation of various compounds. For the
gas phase, an additional energy effect was achieved in the amount of 12-15% of the
amount of energy released during conventional combustion of fuel.

In the conditions of the electrocatalytic method, the factors influence the
chemical process:

- inelastic contact of electrons and particles (directional motion of particles, in
which the exchange of pulses and kinetic energy takes place, and the state of particles
remains constant);

- the elastic contact of electrons and particles (the interaction in which the total
kinetic energy of the particles taking part is varied by internal energy). Inelastic
interactions of the particles include excitation, ionization, dissociation by impact,
recombination, electron capture by a molecule, various damage to the second kind,
etc.);

- temperature heterogeneity between gas flow and low-temperature plasma flow.
Heterogeneity average temperature throughout the zone of discharge; it includes an
increase in the temperature of the gas stream at 20-40 ° C under the action of
streamers;

- average energy of electrons in micro-discharge; An electron, as a light and
charged particle, rapidly absorbs energy in an electric field;

- temperature of heavy particles in the discharge channel; This is an increase in
temperature due to the streamer; an increase in the residence time of the mixture in
the reaction zone leads to the heating of the gas stream, which can reach 1000 ° C or
more.

- temperature, characterizing oscillatory excitation of molecules in the channel,
it does not have a precise physical meaning, during its action there are significant
deviations of the occupied vibration levels;

- in the long time of relaxation under the action of an electromagnetic field there
1s an additional heating of the electron.

- resonance of the frequency of oscillations of molecules and electric discharge.

A significant influence is exerted by dissociative adhesion, which occurs when
the electron contacts the molecule with the formation of an intermediate agent - a
negatively charged ion, which then decomposes into fragments, one of which has a
negative charge and electronic excitation.

When a low-temperature plasma is used, resonant frequencies of oscillations
arise before the reaction zone, which can resonate with the molecule and initiate the
primary stages of combustion and oxidation of the raw material. A number of
temperature inhomogeneities are characteristic of an electric barrier discharge.

When an electric discharge is applied to a flame under the influence of an
electromagnetic field and the flow of electrons, a directed motion of positive particles
takes place, which are formed in the flame. Under the action of electrons, the number
of these ions increases. The action of this directed movement of ionized particles
increases the speed of the combustion process, due to the more intense movement of
particles and the change in the contact surface.
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The use of the electrocatalytic method of intensifying the process of combustion
of solid fuel can increase the yield of volatile compounds, which contain substances
whose combustion heights are much higher than the heat of combustion of substances
formed by conventional thermolysis. In addition, the use of the electrocatalytic
method leads to the formation of volatile compounds at significantly lower
temperatures, which allows us to use the excess heat that has been formed for the
target needs.

In order to confirm the scientific concepts of the electrocatalytic method, studies
were carried out on combustion and oxidation of hydrocarbon gases and solid fuels.

The use of electrocatalytic method for the intensification of the combustion of
solid fuels makes it possible to increase the yield of volatile compounds, which
contain substances whose combustion heights are significantly higher than the heat of
combustion of substances that were formed during ordinary thermolysis. In addition,
the use of electrocatalytic method leads to the formation of volatile compounds at
significantly lower temperatures, which allows the use of excess

Studies were carried out on combustion and oxidation of hydrocarbon gases, as
a result of which:

- optimal conditions for electrocatalytic intensification of primary stages of
combustion and oxidation of gaseous and solid fuels. Significant increases in heat
generation for various fuels have been achieved.

- the effect of the composition of catalysts on the oxidation and combustion of
gaseous fuels. Catalysts containing nickel and chromium are most effective for
electrocatalytic method.

- the effect of voltage parameters and the shape of the current sinusoid on the
combustion of gaseous fuels. The greatest effect is achieved when the discharge
voltage and the lower sinusoid of the current increase.

In the course of research and chromatographic control, it was found that, in
addition to the occurrence of radicals of CH; in the fuel-air mixture, a synthesis of

formaldehyde is observed, which is an analytical method for controlling the
formation of radicals. The same factors as the electrocatalytic combustion of gaseous
fuel are influenced by this process. With the simultaneous addition of water vapor
and air, formation of formaldehyde is increased and the degree of methane use when
oxidized into methanol and formaldehyde can reach 55% and above, and the yield of
methanol does not exceed 10% of the yield of formaldehyde.
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Results of researches.

Optimization of process of burning of hard fuel The experiments on
optimization of hard fuel burning (anthracite coal) were conducted on setting which
consists: from a combustion chamber with the arc device; thermostat; source of
energy and compressor. The arc device is the complete set of the reticulated
electrodes with an inflicted on them catalyst. Electrodes are placed in the ceramic
tube of combustion chamber. A combustion chamber is placed in an electro-
thermostat which a coal inflames by. Air which before contiguity with a coal passed
through electrodes was given from below in a combustion chamber.

As you can see from these dependences, at incineration of coal with a discharge
there is the speed-up heating of water, that testifies to the selection of greater quantity
of heat, than at single experience. On the resulted curves three regions are visible:
region of establishment of even process of burning (beginning of curves from 0 to 2
minutes), region of the even burning of coal (rectilinearly area in middle of curve
from 2 to 16 minutes) and region of fading of process of burning (after a 16 minute).
For computation the power of coal combustion and efficiency in the described plant it
was taken the area of the even burning.

Researches were conducted with a coal the particles which had a size about
0,25-2 to mm. In a combustion chamber loaded a 1 kg of coal which ignited by an
electro-thermostat. After the self-ignition the igniter was disconnected. The output of
heat was determined on heating of permanent quantity of water. Measuring of
temperature of water produced in every 2 minutes.
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Fig 1 — Dependence of temperature from time, by burning coal
1 - without processing, 2 - with processing.
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At by the use as a fuel the electrocatalysis of process burning of coal was the
considerable economy of fuel 10-15%.

The degree of coal burning down during conducting of both experiments is
definite. For this purpose was definite ashity of coal and degree of burning down of
coal at burning without arc and with arc. The degree of coal burning down at single
experience makes approximately 72 % (that approximately corresponds to the
caldrons having of heating with a whole grate); the degree of coal burning down at
the using arc arrives at 89 %. The degree of increase of burning down made on the
average 17,45 %.

Similar results were obtained by burning wood.

In Fig. 2 show the some results of the electrocatalytic wood incineration. So by
using the electrocatalysis for incineration of wood, namely pine and birch, maximum
temperature difference between the simple incineration and incineration with
processing is achieved:

For birch at a voltage of 3,5 - 5 kV can be up to 2,5-3 ° C (that represents an
increase of heating value at 71-75%), at lowest voltages, the difference of
temperatures is much smaller, and there is 1.5 ° C (increase of heating value at 27%).
For voltages over 5 kV there is a gradual decrease of the difference of the
temperature and it does not exceed 1-1.5 ° C (increase of heating value at 15-20%));
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Fig.2 - Dependence of temperature from time, by burning: a) birch; b) pine
1 - without processing, 2 - with processing

For pine at a voltage of 3.1 — 3.5 kV can be up to 1-1.5 ° C (that represents an
increase of heating value at 14-21%). For voltages over 3.5 kV there is a gradual
decrease of the difference of the temperature and it does not exceed 0.5 ° C (increase
of heating value at 7%).

The greatest energy effect is achieved at a voltage of 3 to 5 kV for both types of
wood. When the voltage is higher, the energy effect is lower.

Analyzing the percentage of energy used, for electrocatalysis, from the amount
of energy that can be produced, by the combustion of 1 ton of wood, with the
voltages, 3-3.5 kV, percentage is the lowest, and it does not exceed the 2-2.3%. At
higher voltages, the percentage is growing, and at voltages 7.8 kV it exceeds 4%. But
with all different voltages, despite the decrease of the energy effect, this percentage
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does not exceed the amount of excess energy, which stood out, with using
electrocatalysis.

Optimization of process of burning of gaseous fuel. The experiments on
optimization of burning process of gaseous fuel were conducted on stand and pilot
options For prevention the declining of catalyst activity, a catalyst was shown out of
area of burning.

The experiments were conducted, both with a clean gaseous fuel, and with
addition in the gaseous fuel of different additives. As a fuel the methane and
propane-butane mixture were used. A propane -butane mixture has the soft terms of
electrocontacting comparatively.

Time of heating of definite volume of water was located from initial (the
temperatures 8-20 °C) to 98 °C. The volumes of water made 1000 dm?, tension in the
area of radicals generation from 5 to 11 kV. Every experiment was repeated as
minimally 3 times to reproduction of results. Researches were conducted at the
expense of the gas 150, 200, 300, 400 dm*/min (time of staying in the area of
electrocatalysis accordingly 0,036, 0,027, 0,018, 0,014 seconds).

The most economy of fuel is achieved at the dosage in the gas stream of
additives at tension 6-11 kV and arrived at approximately 12 %. Consumable power
at the electro-catalysis made on the average 3-5% from the got power due to the
economy of fuel. But consumable power here considerably higher. On the economy
of fuel time of gas stream staying in the area of reaction does not mean.

At by the use as a fuel natural gas the electro-initiation of process of synthesis of
radicals was carried out at tension of 10kV and higher. There was the considerable
economy of fuel ( without addition of additives ~15 %, with addition of additives ~
20 %).

The experiments on intensification of burning process of methane in the area of
electro-catalysis in the conditions of turbines at the transportation of natural gas are
conducted.

In this case, we greatly reduce emissions into the atmosphere. Thus, from coal
combustion is achieved emission reductions NOy up to 80%, cO up to 52%. When
wood combustion is achieved emission reductions NOy up to 49%, CO up to 33%.

Conclusion.

The conclusion is that using of electrocatalysis with burning solid fuels, namely
coal, firewoodleads to a significant increase in the amount of heat: the coal to 10-
12%, wood to 71-75%. This delivers a significant reduction in environmental impact.
So with coal combustion NOy emissions reduction is achieved by 80%, CO by 52%.
Using wood -reduces NOyx by 49%, CO by 33%. The degree of burnout of coal
increases by 17.5%. The consumption of energy to undertake the process does not
exceed 5% of the excess heat.
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Anomauia. B ymoeax inmezpayitinux npoyecié Ha po36UMOK @i3uuHo-peadilimayiuHoi
0ceimu i HAyKU 8NIUBAE AKMUBHA OISIbHICMb MINCHAPOOHUX npoghecitinux opeanizayiu. Peanizayis
npoepam i NpoeKmieé Yux opeanizayill CNpusie Y3200X4CEHHI0 MA 6NPOBAOICEHHIO CMAHOAPMI8
aKkocmi  ¢hiziomepane8muunoi  0ceimu, 30IUNCEHHIO 1 MINCHAPOOHIL GIONOBIOHOCMI OCIMHIX
npoepam 3 ¢hiziomepanii, 0OMIHY NPAKMUYHUM OOCBIOOM 3 OpeaHizayii niocomosxku Gaxisyis,
3a6e3neyeHtI0 IHGOpMayitiHoi 6a3u, BUHAHHIO KEANIQIKaAYil, POUWUPEHHIO MONCTUBOCHEN OO0
0OMIHY T NIOMPUMKU HAYKOBUX OOCTIONCEHD.

Kniouoegi cnosa: misicnapoona inmezpayis, ¢izuuna mepanis.

Abstract. In the conditions of integration processes the development of physical rehabilitation
education and science is influenced by the active activity of international professional
organizations. The implementation of programs and projects of these organizations contributes to
the harmonization and implementation of quality standards for physiotherapy education,
convergence and international compliance of educational programs in physiotherapy, exchange of
practical experience in training, providing information base, recognition of qualifications,
expanding opportunities for exchange and support.

Key words: internacional integracion, physical therapy

Beryn.

JlocBiJT €BpOMEHCHKUX KpaiH Ta CBITOBOI CIUJIBHOTHU IOKa3ye, 10 BUBYCHHS,
y3arajJpHEHHS 1 TIONIMPEHHS 1HHOBAIIMHUX MiAXOAIB y cdepl mnpodeciitHol
MiAroToBKM (paxiBiiiB 3 G13udHOT peadutiTaiii 0co0auBO €heKTUBHO 3/IIMCHIOETHCS B
MeXax MIDKHApOJAHMX MpoeKTiB. Lle 3yMoBIeHO HEOOXIJHICTIO 00 ‘€IHAHHS Mepea
npoOjeMaMu KpHU30BUX SIBUIL 1 T'yMaHITApHUX KaTacTpo(d Ta CTBOPEHHS CHIIBHUX
PETYIAIINHUX Ta YIPABIIHCHKUAX 1HCTUTYIIIH, BUPOOJEHHS €JUHUX CTaHAAPTIB, HOPM
1 mpaBwi 3700yTTS OCBITH, MOJITHKH Tomo. MixkHapogHa cmiBmpans y cdepi
¢b13udHO-peaduTITaIIfHOT OCBITH B €BpOIIl 3yMOBJICHA ICTOPUYHUMHU, TTOJTITHYHUMH,
€KOHOMIYHUMHU Ta KYJIbTYPHUMH YWHHUKAMH (HAJaro/pKCHHS MDKYPSIOBUX
€KOHOMIYHHMX 3B ‘SI3KiB, MOIIYK CIUIBHOTO PO3B S3aHHS MOJITUYHUX Ta COIllaIbHUX
npoOsem, (GopMyBaHHS 3arajbHOi TOJITUKH Y Taidy3l OCBITH, HAyKH, OXOPOHH
310pOB“‘s1, PI3UYHOT KyJIBTYpH 1 cOpTY TowIo) [1].

OCHOBHHUI1 TEKCT.

AHani3 npo6JsieM MI>KHapOJIHOTO piBHS B cdepl peadutiTalii 1aB 3MOTY BUSIBUTH,
[0 TMPOBIAHOK CTPYKTYpOl, sIKa BHU3Ha4ae 3acaaud (i3uyHOi Tepamii y
MDKHapoaHOMy actiekTi € CBitoBa koH(penepauis ¢izuunoi tepamii (CKDT), ska
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Oyna 3acHoBaHa 1951 poky y Komenrareni, 06" eanye mpeactaBHukiB 106 kpail,
CHIBIpALIOE 3 1HIIMMHU MDKHAPOJHMMHU OpTaHi3alisiMH Ta BKJIIOYae B ceOe I 'sSIThb
perioHiB: Adpuky, Aszito, €pomny, [liBHiuny Amepuky, [liBnenny Amepuky. CKOT
CTBOpPEHA 3 METOI0 PO3BUTKY (Di3MUHOI Teparii K nmpodecii 1 HOKpaleHHs] CUCTEMHU
OXOPOHHU 3JI0POB“ST y BCHOMY CBITI 4Yepe3 3alpOBa/PKCHHS BUCOKWX CTaHIApTIB
JOCTIIKEHb y cdepl Ppi3uyHOl Tepamii, OCBITHM Ta NPAKTUKH;, CHPUSHHA OOMIHY
iHpopmartiero Mk perionamu CK®T 1 opranizamismMu-wieHaMu KoHdeaeparii Ta
CHIBIpALIO 3 HAlIOHAJBHUMHU 1 MbKHapogHuMu opranizamisiMu. CKOT mpononye
HU3KY JIOKYMEHTIB 1 TIOCIIYT, BKJIIOUAIOUU CTaTyTH, IHCTPYKIIii, OCBITHIO MIATPUMKY,
HAyKOBI JOCJIKEHHS, MPAaKTUYHI MaTepiaidu Ta €JIeKTPOHHI JUCKYCIHHI (popymu 3
pI3HUX MUTaHb [ 1].

CaiToBa koHbenepailis (I13M4HOI Teparnii npeacrasiisge Gi3MYHUX TEPAINEBTIB B
YChOMY CBITI 1 € MIDKHApOJHOIO HEYpsAIOBOIO0 KoHpenepalliero mnpodeciiHux
oprauizaniif. Ii misnpHicTH crpsMoBaHa Ha HpocyBaHHS mpodecii Ta MOMiMIIeHHs
rJI00aJIbHOI cucTeMu 0XOpoHH 370poB . OcHoBHa MeTa CK®DT: mpomaryBaTu BUCOKI
CTaHJAapTH OCBITHIX MPOTrpPaM 1 MPAKTHYHOI AISUTLHOCTI 3 (13MUHOI Teparii, CIpUiTu
CHUJIKYBaHHIO Ta OOMiHY iH(GOpMAIli€0, BKIIOYAIOYHM OPTaHi3alliio MIKHAPOIHUX
KOHTPECIB (DI3UYHUX TEPaNeBTiB, COPUATH HAYKOBUM JIOCHIKEHHSAM, CHPUSITH
PO3BUTKY HalllIOHAJIBHUX OpraHizaiiii (13MYHUX TEPANEBTIB, MPEACTABISATH 1HTEPECH
¢b13u4HOI Tepamii Ha MDKHApOJHOMY pIBHI, CIHIBOPAIIOBATA 3 BIAMOBIIHUMHU
MI)KHApOJIHUMH Hal[lOHAJIbBHUMH OpraHi3alisiMH, pearyBaTi Ha COLajbHI 1 MOJITHYHI
aCIeKTH, SIKI BIUIMBAIOTh HAa CHUCTEMY OXOpPOHHM 3JI0pPOB ‘s, OpaTH y4yacTb B YCIX
HeoOX1AHUX 3axoaax 3a11st oocroroBaHHs iHTEpeciB CKOT [2,4].

VYcranosneno, mo misuibHICTh CKOT € BaximBOWO 1UIsi pO3BUTKY mpodecii
¢13ioTepanieBTa 'y BchbOoMy cBITI, amke CK®T copsMoBye cBoi 3ycwiuis Ha
MOKpAIIEHHs!  SKOCTI  TJ00albHOI  MEAMKO-CaHITApHOI  JOMOMOTH  HUISIXOM
3aMpoOBaKEHHSI BUCOKUX CTAHMAPTIB (DI3UYHOI Teparii, HayKH, OCBITH 1 MPAKTHKH.
CKOT BuszHae abCOMOTHY HEOOX1IHICTh CTBOPEHHS 1 IOKYMEHTAIBLHOTO (PIKCYBaHHS
y3ro/DKEHUX CTaHAAPTIB Mm00 (Pi3MdHOI Teparii, 1110 € HeOOX1THUM JIJI CKepYBaHHS
PO3BUTKY TMPAKTUYHOI ISJIBHOCTI Ta TpodeciHOi OCBITH 1 HAJaHHA Ypslam,
pPEeryJIIoI0uMM OpraHaM Ta 1HIIUM MpodeciiHUM rpymnaMm CympoBiaHOI iHGopmarlrli
npo ¢axoBuit Xxapakrep (i3uYHOT Teparii.

OcHOBOIO IsI  MDKHApOAHOTO TapTHepcTBa Yy cdepi Bumoi  (Hi3uyHo-
peaOimiTamiiiHoi ocBiTHM 1 Hayku B €Bpomi BHcTynae €Bpomneiicbka Mmepexa
¢iziorepanii y Bumiii ocBiti (European Network of Physiotherapy in Higher
Education (ENPHE), meroro sikoi € peamizamiss Ta CHOpPUSHHS CHIBIpami MiX
€BPONEHCHKUMH YCTAHOBAMHM Ta HAaBUAJBHUMH 3aKJafaMH, IO 3I1HCHIOIOTH
HaBYaHHS 3a croemianbHicTIo «®di3ioTepanis», y €BpONEHCHKOMY PpETIOHI JUIS:
CTBOpeHHS (OopyMy B3aemoiaii Ta OOMIHY OCBITHIMH 3100yTKaMu, CIPHUSHHS
KOHBEPTeHIll OCBITHIX mporpaMm 3 ¢i3loTepanii CTUMYJIIOBaAaHHS PO3BHUTKY
€BPOMEHCHKOTO AacleKTy B OCBITHIX mporpamax 3 (isiorepariii, CHPHUSHHS
MOOLTRHOCTI BHMKJIQJA4yiB Ta CTYJEHTIB y paMKax pI3HUX HaBYAJIbHUX 3aKJIajdiB,
CXBaJIeHHs Ta MATPUMKUA CTaHIApTIB BHUCOKOSAKICHOI OCBITH 3 (izioreparrii
BiAnoBiHO 10 pekoMmeHaalii CKOT ta €EP-CK®T, cnpusiHHS HaKOMUYEHHIO 3HAHb
3 (i3ioTeparnii, MIATPUMKH CIUIBHUX HAyKOBUX JOCIIDKEHb MK HaBYAIBHUMU
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3aKJ1a/laMH, 3aCHYBaHHA Ta MIATPUMKH KOHTAKTIB Ta OOMiHY 1H(QOpPMAIII€IO 3 1HIIUMHU
HAI[IOHAIbHUMHU 1 MIDKHApOJHUMH OpTraHaMH, OpTaHi3allisiMd Ta €BPOIMEHCHKOIO
CHUIBHOTOIO.

ENPHE Bu3Hauae KkiOUOBI KOMIIETEHIi 1 CTPYKTypy OCBITHIX Hporpam, a
TaKOX CHCTeMY TpaHc(epy W HAKOMUYECHHS KPEIUTIB y BUIIIN OCBITI 3 (hi3HMUHOT
Tepamii, 1 ASUIBHICTD perynoerbcs BukonaBunmm komiteTroM Ta Koopaunariitnum
komitetoM ENPHE. Hapuanbhi 3akmanu, 4jaeHu Mepeki MarOTh MPEICTaBHHUKIB y
I'enepanwhiii acam6siei OOH [3].

Han1 nociimkeHHs. JlocnipkeHHsT moKas3ano, M0 MDKHApOJHE MapTHEPCTBO Yy
chepi (PiznuHO-peabLTITAIIMHOI OCBITH 1 HAyKH 3IIMCHIOETHCA 4Yepe3 MINKHAPOJIHI
OCBITHI mpoekTu Ta nporpamu. IIpoekr «CnoptuBHa Qiziorepamis ans Bcix» (SPA
Project). Mixnapogna @exepanist cnopTtuBHOi (izuyHoi Tepamii  (International
Federation of Sports Physical Therapy (IFSPT)) npexacraBisie HaiioHaIbH1
oprasizaiii cmopTUBHOI ¢i3ioTeparnii Ha MDKHAPOJHOMY PiBHI 1 € OQIIIAHOIO
oprasizalli€ro, 1o BXOAUTh 10 ckiaay CBiToBoi koHbenepamii ¢i3udHOI Teparii.
IFSPT ckepoBana Ha MIABUINCHHS BH3HAHHA CHOPTUBHUX (i3i0oTEpaneBTiB Ta
MNIATPUMKY PO3BUTKY iX mpodeciiiHoi MisiibHOCTI. MiKHapoaHa Qeaeparis
COpTUBHOI  (pi3uyHOI Tepamii po3poOuiia MIDKHAPOJHUU PEECTP CIOPTHUBHUX
¢i3iotepaneBtiB, akpeautoBanux I[FSPT. IlpunanexHictb A0 sKOro 3adesneuye
¢daxiBISIM BIJ3HAKY «IOKA3HUK SKOCTI», sKa JIEMOHCTPYE BHCOKI mpodeciiiHi
CTaHAApTH CHOPTUBHOro  (hi3ioTepaneBTa MIKHAPOAHOrO  pPiBHA. Po3poOky
npodeciiiHoi  XapaKTepUCTUKH (axiBUsg Ta BH3HAYEHHS MIHIMAJIBHOIO IOPOrY
MPaKTUYHUX CTAHJAPTIB JUIsl CHOPTUBHUX (1310TEpaIEeBTIB 31HCHEHO 32 JOMOMOIOIO
npoekty «CrnoptuBHa (i3ioTepanis s BCiX», (iHAHCOBAHOTO E€BpOMNEHCHKUM
Corozom.

MiKHapOIHI YHIBEPCUTETChKI MporpaMud MOOUIBHOCTI (IporpamMu OOMIHY
crtynentamu). OIHUM 3 HaWOLIBII MPO30PUX Ta MOMYJISPHUX HOBOBBEIEHb CTaJIU
YHIBEpCUTETChKI mporpamu oOMiHy ctyneHTtamu («Cokpat» (Socrates), «Epazmys»
(Erasmus), «Jleonapno aa Binui» (Leonardo da Vinci). HaitGinbi nonyaspHuMHU, 1o
BIJIKpUJIM €Bpomenchbkuil mpoctip, €: «Koncopuiym» (Consortia), «JIlinrsa» (Lingua),
«Temnycy (Tempus) [3]. [llkonu chopmyBanmm Tpaauilii mapTHEpCTBa B OCBITI Ta
HAayKOBHUX JIOCTIKEHHAX 3 (p13UYHOT Teparrii.

VY BumiesrajaHux mnporpamax OepyTh yyacTh nepxkaBu: Himewunmna, ABcTpis,
Opannis, Iramis, Bemuka bpuranis, bensris, JliokcemOypr, Hinepnanmm,
[Mopryramis, Icnanis, Ipnangis, [Bemis, @iansamais, ['pemis, Hanis,Kinp, ManbTa,
bonrapis, Ecrtonis, Yropmmna, JlutBa, Jlatsis, Ilomemma, Yeckka Pecmy0imika,
Pymynisa, CnoBayunna, Cnosenis, Jlixtenmreitn, Icnangis, Hopgeris, IlBeitapis
Kanama, CIIIA Ta Mekcuka.

[Tporpama «I"'opuzont — 2020» (Horizon — 2020) — Haitbinpma nporpama €C 3
JOCIIPKEHHS Ta 1HHOBAIlIl CIpsIMOBaHa Ha peasi3alliio O1IbII01 KiJIbKOCTI TPOPHUBIB,
BIIKpUTTIB Ta TPUKIAIIB CBITOBOrO JiJiepcTBa €BpONM NUIIXOM peatizaiii
EKCIIEpUMEHTAJIbHUX PO3pO00OK Ha CBITOBOMY pHHKY. IIporpamoro «['opu3oHT —
2020» nependayeHe (piHaHCYBaHHS TPHOX PI3HMX, B3aEMOJIONOBHIOIYMX HaIPSMIB.
Opnum 13 skux € HanpsMm «CycHnuibHI BHUKJIMKW», IO BIAMNOBIAAE MplopUTETaM
NOJIITUKK B paMKax crpaterii «E€Bpona 2020» Ta BUKJIMKaM, Kl MOCTAIOTh MEpea
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rpoMajsiHaMu €BponM Ta 1HIIMX KpaiH cBiTYy. MeToro miaxoay, o Oa3yeTbcs Ha
BUKIIMKAX, € 00 ‘€qHaHHS 1HQOPMALIHHUX Ta TEXHOJOTIYHHX PECypciB 3 pI3HUX
ragy3eil Haykd BKIIIOYAIOYM COLIaibHI Ta TryMaHiTapHi. Lle cnpustume AisuIbHOCTI,
NoB“'si3aHI 3 1HHOBAIIIMU, TAKUMH SIK: CTBOPEHHS €KCIIEPUMEHTAIbHUX YCTaHOBOK,
JEMOHCTpALiIMHUX 3ac00IB 1 BUIPOOYBAIBLHUX CTEHIB Ta BCTAHOBIIEHHIO 3B S3KIB 3
nporpaMoro  «EBpomneiicbke 1HHOBalllHE MapTHEPCTBO». B Mexax mporpamu
«l'opuzont — 2020» 3amnaHoBaHe (iHAHCYBaHHS  Tally3l OXOPOHH 370POB ‘.
[HBecTHIli y MeauWyHI JOCTIPKEHHS Ta 1HHOBAIlll JOMOMOXYTh PO3BUBATH HOBI
Oe3rneyHi Ta OuIbIl €()EeKTUBHI METOAM JIKYBaHHS Ta TPUMATH CHUCTEMY OXOPOHH
3I0pOB“sl Ha IIaBy, MO OE3yYMOBHO MOKpAalIUTh CTaH (Pi3nyHOi peadimiTamii y
CBITOBOMY MaciiTabi [3].

Haxxanb, BITYM3HSHI BHILI HaBYaJIbHI 3aKjiagd He OepyTh ydacTi y
BUINI€3a3HAYECHUX MDKHAPOJHUX TIPOEKTax Ta Tmporpamax y cdepi ¢i3udHO-
peabumirtamiitHoi ocBiTh. [IpoCiIKOBYIOTBCS JIUIIE MOOAWMHOKI CIPOOH TOTYIUTHCS
70 €BPOMENHCHKOTO OCBITHROTO MPOIIECY IUISIXOM MIAMUCAHHS YTOJ] TIPO CITIBIIPAITIO 3
OKpPEeMHUMU 3apyOlKHUMU 3aKjajaMH BUIOI OCBITH. Peamizaiisi mporpam 1 MpoeKTiB
X OpraHizamiii COpHsITHME Y3TO/DKCHHIO Ta BIPOBA/DKCHHIO CTAaHAAPTIB SIKOCTI
¢bi3i0TepaneBTUYHOI OCBITH, 30JMKEHHIO 1 MIKHAPOJHIN BIIMOBIIHOCTI OCBITHIX
nporpaMm 3 ¢izioTeparii, 0OMIHy NMPaKTUYHUM JOCBIAOM 3 opraHizailii miJroToOBKH
¢daxiBuiB, 3abe3nedyeHHo i1HGopmarlliiiHoi 0a3W, BU3HAHHIO  KBamiQikaiii,
PO3UIMPEHHIO MOKJIMBOCTEH WMIOJ0 OOMIHY 1 MIATPUMKH HAYKOBHUX JOCIIJIKEHb,
aKaJIeMI4YH1id MOOLIBHOCTI CTY/ICHTIB.

BucHoBkwu.

B yMoBax po3BUTKY 1HTErpaliiiHUX MPOLIECIB MI)KHAPOIHE MTAPTHEPCTBO Y cdepi
(G13M4HO-peaduTITallfHOI  OCBITM 1 HAayKH 311MCHIOETBCA Ha piBHI (CBITOBOI
KoH(eneparii ¢izuuHoi Teparmii, sSka copuse OOMiIHY NPAaKTUYHUM JOCBIIOM B
opraHizailii TiArOTOBKM (haxiBIliB, BIPOBAHKECHHIO BHCOKHX CTaHJAPTIB SKOCTI
Gbi3uyHO-peadlmTaliiHOT  JIOTTIOMOTH, TIJBUIICHHIO SKOCTI OCBITH Ta HAaYKOBUX
JOCIIJDKeHb, 3a0e3neueHHo 1HdopMaliiHoi 0a3u, BU3HAHHS KBaiiikamiid 3a
MexaMHu Kpainu. Peamizaiisi Ta COpHsSHHS CIIBPOOITHHUIITBY MK €BPONEHCHKUMU
yCTAaHOBAaMHU Ta HaBYAJIbHUMHU 3aKJIaJaMd, [0 3AIMCHIOIOTh MIATOTOBKY 3a
cnemianbHicTIO «®Di3ioTeparis», HaleXuTh C€BpONMEUCHKIA Mepexi ¢izioreparnii y
BHUIIIHM OCBITI. MDKHapOH1 OCBITHI IIpOrpaMu Ta MPOEKTH BIIIrPar0Th 3HAUYHY POJIb Y
npodeciiHOMYy BAOCKOHAJICHHI Ta MIATpUMII (axiBIiB 3 (Pi3udHOi peadimitamii y
Oyab-sIKii KpaiHi CBITY.
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Abstract: The shortage of nurses has become an international problem, where the demand for
nurses outweigh the supply, given that the number of students enrolled in undergraduate studies in
nursing schools is lower than the increasing demand for nurses. There is also the lack of tools of
identifying and directing suitable candidates to the nursing profession. The study of the factors that
influence the selection of the nursing profession among nursing students aims to examine the
motives that lead the nursing students to choose the profession and also the self-perception
regarding personal suitability for the selected profession. The article will be conducted in the
faculties of nursing in Israeli colleges.

Key Words: Nursing training, Health care, First/Second career.

Introduction Israeli nursing students choose certain clinical areas as their future
profession, similar to nursing students in various parts of the world [1]. Variables
such as domains of prestige and positive clinical experience could be related to their
desire of selecting nursing by these students as their future career. There are
difficulties in recruiting nurses and staffing jobs in hospitals and the community, in
the world in general and in Israel in particular. The phenomenon has risen to
headlines from time to time, but it has been particularly prominent in recent years.
This study aims to enumerate the factors that influence the selection of an "ideal
profession" in general and in the nursing profession in particular, among the student
population of Israel [4, p. 1058]

The rise in the life expectancy at birth and the number of patients suffering from
chronic and acute diseases raise the need for large and skilled nursing staff. The issue
of shortage in human resources makes this shortage problematic. In recent years,
there were headlines for raising the working conditions of nurses and increasing the
number of jobs in hospitals and the community clinics in the US, Europe, and Israel
[5, p. 68]. A report prepared by the Ministry of Health in 2015 shows that the number
of nurses in Israel currently stands at 8.5 per thousand and is one of the lowest in
Western countries. It 1s estimated that without external intervention for the
enlargement of the training frameworks, the proportion of nurses would increase.

Main text In the State of Israel, the qualification process is composed of a
"basic program" for training and qualification of registered nurses. It is based on the
following principles [3]:

1. The training of licensed nurses shall be held in accordance of a curriculum
which is appropriate for the demographic, economic and technological situations
in Israel. The social trends and scientific-medical advancement also affect the
results of the health training of the Israeli individual and community.

2. Training licensed nurses to take care of a variety of populations through the
different life stages, in all sorts of treatment, during regular times as well as in
emergency situations.

3.0Once they have finished their training, the registered nurses will act
professionally and do all of the permitted actions that they are allowed by law in
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order to promote health, prevent diseases, take care of healthy and sick people in

different life stages, during regular times as well as in emergency situations

According to the review conducted by the author, it is evident that the
qualification process is pretty much identical in different countries as far as the
learning content, the authorization stages and the professional definitions from
country to country. In comparison to the countries surveyed above to the country of
Israel, one can see a partial match .

The author of the article can serve as a reliable source in the matter due to her
current role as a coordinator of the nursing field and registration tests in the nursing
administration of the Israeli Ministry of Health [7]. Thus, she is very familiar with the
qualification and registration process. According to the Nursing Administration,
which is a part of the Israeli Ministry of Health, the qualification process for nursing
professions includes a mandatory "basic program". The program consists of 2,690
hours, which are equivalent to 129 academic points. These hours are divided into
1.442 theoretical hours and 1,248 clinical hours. Table 1. below presents the division
of the topics and stages:

Table 1.
Nursing certified process in Israel - 2020

Field Major Subjects Taught Number of

of Study Hours Taught
Basic Social sciences, behavioral sciences, life sciences, 462 hours
Sciences | chemistry, anatomy, micro-biology, nutrition,

introduction to epidemiology.

Basics of | Decision-making, interpersonal communication, overall 210 hours
Nursing | care, management and leadership, work methods in
nursing, the work of the medical staff, the nurse as
manager of the care provided, technological innovation.

Clinical | Nursing within the community, health advancement, | 1,682 hours
studies internal/surgical nursing, genecology, nursing of
premature babies, children and adolescents, mental
health, first aid, emergency situations, trauma situations.
Therapeutic approaches in various clinical situations:
Prevention and health advancement, conservative
method, operational/surgical, recovery and palliative.
Accommodated assessment tools, therapeutic standards
and clinical guidelines/gold guidelines.

Clinical | This stage will be undergone when the studies have been | 336 hours
Practice | successfully completed. In the course of the clinical
practice, the learners will practice hands-on inclusive
treatment, inclusive of decision-making, critical thinking,
managing treatment within a group of patients,
performing nursing actions and clinical skills and
expertise, providing guidance to the patient and his/her
family, working as a part of a multi-professional team.

Source: Made by the author from source [7]
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At the end of every stage, a series of tests is undergone, and at the end of the
process, a license test is held. After of all of these tests have been successfully
completed, the graduates receive an authorization certificate and are prepared to
begin working in the different medical centers. The nursing field in Israel, similarly
to other countries, is managed by governmental statutory bodies.

A study conducted in Israel [8, p. 47] showed that 72% of the trained nurses had
expressed satisfaction from their job and workplace to a high extent. 60% had
expressed their satisfaction from their career choice in nursing. The author of the
thesis points out that this expressed level of satisfaction derives, to a large extent,
from a particular workplace than from the nursing profession. This finding
contradicts the relevant data concerning doctors and paramedics). In a multi-variate
analysis, it has been found that the perception of the salary rank and the quality of the
relations with the supervisor serve as a major factor of choice and motivation from
choosing the occupation as well as from the satisfaction level of the workplace.

The policy of the Israeli ministries as per the nursing professions — the
Ministry of Finance. The Israeli Ministry of Finance, similarly to its responsibility
towards other government ministries, budgets all of the activities of the Ministry of
Health and the Administration of Nursing. There has been tension between the
Ministries of Health and Finance for many years now. This tension derives from the
expectation gaps and ability of the systems to understand or budget the needs of the
Ministry of Health. The health budget provided by the Ministry of Finance consists of
several economic terms, the most important of them being the national health
expense.

For summary, the data of the Israeli Ministry of Education [7, p. 36] reveal that
in 2016, there were 2,597 nursing students in Israel, out of whom 829 were enrolled
in the academic re-training programs. In 2017, there were 3,500 students, of whom
1,256 students were in academic re-training. This increase had also continued in
2018, when 3,580 students begun their nursing studies, 1,400 of which were scholars
in academic re-training programs. Thus, this is, undoubtedly, a social-occupational
phenomenon in Israel.
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Abstract: Health workforce planning is closely related to the health policy and changes that
are taking place in society, such as demographic changes, and disparities in the health statuses of
population groups. Such a planning is also related to changes in the health system and changes in
that profession of nursing itself as well. The article will also examine the supply of nurses in the
Israel health care system. Due to the decrease in the average hospital staying and the passage of
many medical treatments to the community, as a result of the development of medicine and
technology, in the modern world.

Key Words: Health care standardization, Health workforce, Health system.

Introduction

The Global Burden of Disease Health Financing Collaborator Network claim
that health expenditures are related to economic development, but in many cases,
there is no correlation between development and the investment's "depth". Cases in
which change in policy, or government, may lead to increase or decrease in health
expenditures, for example in the poorest countries where the investment will be kept
as a result of external investment (donation of other countries). Mehrotra et al [8],
support responsible policy for increasing the health expenditures in every country,
despite the problem of supervising the costs and the necessary investments due to
increased expenses and population growth. In their article they mention the main
factors that will lead to increase in expenses, except for social — humanitarian policy.

Main text

They emphasize the population's composition with its socio-economic indices,
the current health services level and other national variables (defense status,
economic stability, climate problems, and industry). L.e. the national expenditure
section has direct link with social — economic indices that influence each other
directly and indirectly. Mc- Pake & Mills [7, p. 812] even reinforces this issue and
emphasizes that the more the country is economically stable, the less investment it
will need in national expenditure for health. According to Buchan et al [2, p. 13], the
State of Israel, as other countries, has to cope with the consequences of demographic
change expressed both in its size and its populations' composition. One of the most
dramatic changes in its seventy-two years of existence is the change in society's age
composition, emphasizing the population's aging. Ehrenfeld et al adds that, the
change in the growing part of elders in the population reflects among other things the
change in the population's life expectancy. Clarfiel et al [5, p. 2503] notes that the
Israeli population excels in relatively young ages and high percentage of children
(about 29% - in 2020) compering to developed countries and lower than in
developing countries. But even Israel go through an aging process, while the elders'
number increased in the last decades, as in developed countries, and it will continue
growing in the 2020's. in 1960 the elders in Israel were less than 5% of the
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population, in 2001 the percentage was doubled (10%), and in 2030 it is expected to
be 12% on average (in Jewish population 14%). The aging process is also expressed
in the increase of the oldest (75, 80 years old and up) in the elders' group. Christian et
al [4, p. 16] have proved in their research "Demographic Changes and Aggregate
Health-Care Expenditure in Europe", that the higher the investment level in
expenditure, the higher the investment's influence on life expectancy, and the national
ability to cope with issues of health and life quality for the older population.

Numerical standardization of medical services. As reviewed, the standard of
the state's medical system depends on various factors including demographic
structure, economic abilities (GNI, GDP), and additional components [11]. The
medical services in each country will be the outcome of number of hospitals,
hospitalization beds, professional clinics and community clinics, medical institutes
for treatment and research, as well as manpower qualified to operate the system. The
numerical data of these components will vary according to the health national
expenditure of each country [3, p. 460].

Hospitals standardization and hospitalization beds. Standardization of a
medical system does not focus only in one dimension of the system like hospitals, or
doctors, or ventilators (Whose presence has made headlines mainly due to COVID-
19). Standardization in medicine is an index complex that form together a numerical
index that indicates the system's status [2, p. 15]. According to the OECD [9]
definition, this indicator provides an index of the resources available to the provision
of services to patients in hospitals in terms of the number of beds held, staffed and
available for immediate use. Total hospital beds include medical beds, rehabilitative
beds, nursing beds and other hospital beds. The indicator is presented in total and for
curative (acute) treatment and psychiatric treatment. It is measured in the number of
beds per 1,000 inhabitants.

Hospitalization beds in Israeli health system. According to the committee's
report in February 2019, written by Professor Hagay Ben- Zion, chairman of the
Israeli Medical Association [1], the standardization in Israel mainly expresses the
medical service's distress. By the report, the general rate of hospitalization beds in
relation to the population in Israel constantly reduced during the last decades. If in
1970 the beds rate was 3.27 per thousand people, in 2019 it was about 1.7, while the
OECD countries average is 3.3 per thousand people. The overcrowd created in
this situation is the main reason to the infections problem in hospitals, which
leads to the deaths of 4,000 to 6,000 people in Israel each year. In addition,
Professor Zion [1] claims that the system experience unbearable waiting times in the
emergency rooms, that sometimes take up to 8 hours waiting before beginning to
have treatment and even more. Beyond the beds' standardization in existing hospitals,
the State of Israel does not plan for the long run, and in the last 40 years there
was only one new public hospital opened — ""Assuta Hospital" in Ashdod. In a
similar report of the research institute of the Israeli Knesset in 2019 [6], there are 45
institutes for general hospitalization in Israel, a quarter of it owned by the state
(9 state hospitals). The general hospitalization is composed of these wards: internal
ward, intensive care, pediatric, surgical, maternity and staying wards. There is a
shortage in general hospitalization beds in Israel and for many years various factors,
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including the State Comptroller, have noted the mismatch between the requirements
scope and the resources in the general hospitalization system and call for long-term
planning of the general hospitalization system in Israel.

Beds standardization Israel — OECD countries — the Israeli Ministry of Health
[1] notes that according to its data, in January 2019 there were 16,021 beds for
standard general hospitalization in Israel, of which 15,871 beds for general
hospitalization in hospitals and 151 beds for general hospitalization in geriatric
hospitals. The rate of beds for general hospitalization in Israel decreases since
the end of the 1970's and in 2019 it was 1.78 per 1,000 residents. All compared to
1.88 in 2011 and 2.09 in 2005. Comparing the data review to other countries from the
OECD research statistics database [9], and the World Health Organization (WHO),
the research finds that in Turkey the beds standardization was 2.74 in 2010 and 2.92
in 2019 (6.5% increase). Although Turkey is not considered a leading country in
medicine, but its beds standard is double than in Israel. In a beds standard's review
performed a year later, in 2017, by the Ministry of Health data, the number of beds
for corrective care by the organization's definition was 19,212, while about 80% of
the beds were for general hospitalization. Compering Israel to the OECD data of
2019, by the expending definition, we may learn that the hospitalization beds rate
reported by Israel is still one of the lower among the 34 organization's countries
reviewed, and placed in the 29th place among 34 countries with a rate of 2.2
hospitalization beds per 1,000 people.

For summary, the author summarizes the chapter and finds that the
standardization in Israel, for all its components, is deficient, and along the years the
problem is getting worse. The various characteristics on nursing manpower, as
reviewed in the chapter, require renewed managerial strategy to create balance
between the required standardization and the state's abilities and the training system
to meet the demands. Recently, with the COVID-19 pandemic in Israel and all over
the world, managerial leadership is required, based on persistent dialog between the
professional - medical level and the political decision makers, in order to improve the
nursing staff supply, and coping with the medical challenges now and in the future
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Abstract. The results of the investigation of the regularities of the biological effect of UV
radiation on microorganisms and viruses are presented. The effects of sterilization and antiviral
treatment are considered. It is shown that the effect of continuous UV radiation from mercury
lamps and low-power bactericidal emitters is described by the Weber-Fechner asymptotic law. At
the same time, residual microorganisms and viruses pose a significant danger as a source of
clinical infection, which determines the main disadvantage of the continuous UV sterilization
method. The results of the biological action of high-intensity pulsed UV radiation are considered.
The possibility of total complete sterilization, excluding residual bacterial population, has been
shown. A model of the dependence of the bactericidal efficiency of pulsed UV radiation has been
developed.

Key words: UV-radiation, sterilization, pulse mechanism, bactericidal efficiency

Introduction.

In the fight against pathogenic microflora and infections, physical methods are
used based on the bactericidal action of electromagnetic fields. The most commonly
used ultraviolet radiation, which, along with high efficiency, is practically safe for
humans and does not require exceptional precautions. In practice, low-intensity
continuous radiation sources, primarily mercury lamps, are widely used. However,
the modeling of the biological effect of ultraviolet radiation affects mainly the
calculations of the effectiveness of bactericidal emitters of continuous action [1,2]. At
the same time, the development of the technology of pulsed light sources requires
studies of the mechanism of the biological action of high-intensity fields and the
creation of an analytical apparatus for calculating their bactericidal efficiency, which
is the subject of this work.

1. Biological action model of continuous UV radiation

Various regularities are used to describe the effect of the bacterial and antiviral
action of UV radiation [4-6]. Thus, the simulation of the action of low-intensity
continuous radiation is based on the concept of a cumulative photobiological effect.
Its essence lies in the fact that the biological effect, in particular, the destruction of a
microorganism or virus, occurs as a result of the accumulation of a certain threshold
value of radiation energy. This value has a certain value for each type of
microorganism or virus and characterizes its resistance to the influencing factor. To
measure it, use the concept of photobiological exposure or bactericidal dose of
radiation Hp,,., [mJ/cm?].

A quantitative assessment of the effectiveness of the bactericidal action of
radiation J,g is expressed by the ratio of the number of dead microorganisms to
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their initial number N,
Jef=N1/N0*lOO%. (1)
In this case, the relation is
No = N; + Ny, (2)
where N, is the number of surviving microorganisms.

Then the relative number of surviving microorganisms is
NS/N():l—Jeﬁr. (3)
The effect of radiation can be represented as two competing processes. So, on
the one hand, the destruction of microorganisms occurs as a result of the
accumulation of the threshold dose. The speed of this process depends on the
radiation power and the resistance of the target. On the other hand, there is a process
of increasing the number of microorganisms due to various factors. Firstly,
microorganisms multiply in the nutrient medium. It is also known that the enzyme
systems of most microorganisms and viruses make it possible to repair damage
caused by UV radiation. Moreover, the recovery mechanism in some cases 1s induced
by the radiation itself, which significantly reduces the effectiveness of continuous
low-intensity sterilization, increases the threshold dose of damage and makes it
impossible to completely destroy pathogens and infections [3]. The residual products
of processing retain their harmful properties and even have an increased resistance to
the sterilizing factor due to mutagenic processes in their structure [7].
The dynamics of the process of changing the number of microorganisms under
irradiation can be represented by the expression
dn(t)=n(t)v, —v; )dt. (5)
Here, the parameters v; and v, express, respectively, the rate of destruction and
the rate of population recovery per one microorganism. Then, from (5), we obtain the
expression for the kinetics of bacterial and viral populations under ultraviolet
irradiation:
n(f)= Noe VIV ) ©)
Obviously, sterilization takes place on condition v; >v,. The dependence of
bactericidal efficacy J,; on the bactericidal dose of UV radiation Hp. for
microorganisms 1is described by the Weber-Fechner law, which establishes a

relationship between the intensity of physical exposure and the reaction [5,6]
Jop =(aln Hpye +b),% (7)

Table 1 shows the experimental values of the dose of UV radiation to ensure
bactericidal efficiency J,4 and the values of parameters a and b included in (7) for

different types of microorganisms [6]. Transforming (7), we obtain an expression for
calculating the dose of UV radiation Hp,., [mJ/cm?], which provides the required

efficiency
Jor —b
Hpge = exp(%] : (8)
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The radiation dose is related to the power of the source P.. In the case of a
continuous germicidal emitter, it can be assumed that
Hpge =Wyte. 9)
Power flux density of bactericidal radiation at a distance » for a spherical (point)
source equals

W, =P./4m? , [mW/em?] (10)

t. — exposure time (duration of antibacterial treatment)
te:Hbac/Wr' (10)
Table 1

The resistance of some types of microorganisms and viruses to bactericidal UV
radiation [5,6]
Doses, J/m?, with bactericidal | The value of the coefficients

Types of microorganisms efﬁciency, % of expression (7)
90 99,9 a b
Bacteria
Staphylococcus aureus) 49 66 34,4 44,3
Staph. epidermidis 33 57 18,2 27
Streptococcus - haemoliticus 21 55 10,3 59
Corynebakterium diphteria 34 65 15,3 36,0
Micobakterium tuberculosis 54 100 16,0 26,0
Escherichia coli 30 66 12,6 4772
Shigella 16 42 10,3 62,0
Salmonella 40 76 15,4 33,0
Enterococcus 40 120 7,0 56,8
Viruses
Influenza virus 36 66 16,3 31,5
Escherichia coli bacteriophage 36 66 16,3 31,5

Expressions (6) — (10) constitute the analytical basis for calculating the
effectiveness of bactericidal treatment using continuous UV sources. As can be seen,
the obtained dependences are described by asymptotic functions, i.e. the bactericidal
dose required for complete 100% sterilization is achieved at ¢ — oo. In addition, the
negative effect of residual contamination is a significant disadvantage of sterilization
with low-intensity UV irradiators.

Calculations and experimental measurements of the exposure time required to
inactivate coronavirus infection seem to be very relevant. The data on the resistance
of viruses to UV radiation are very contradictory. Thus, in [8], based on the results of
several studies for coronavirus, the average dose of UV radiation for bactericidal
efficacy is J 5 = 90%, which is Hy,. =67 J/m?. At the same time, in [9] it is shown

that the value of the threshold dose of UV radiation at which the destruction of
SARS-CoV-2 with an efficiency of J4 =99.999% is ensured is Hp,. = 36144 J/m?,

Using these data and formulas (9), (10), we find that a mercury lamp with a power of
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18 W will provide the specified sterilization efficiency at a distance of » =1 m in a
time ¢, = 7 hours, which does not meet the disinfection requirements during a

pandemic. Naturally, such significant discrepancies in experimental data indicate the
need for additional research.

2. High-intensity pulse sterilization

The development and creation of ultra-high power sources of pulsed
electromagnetic radiation open up broad prospects for the implementation of
effective sterilization. The radiation power of optical plasmodynamic sources in the
bactericidal band A4 =200 - 300 nm is about P. =2 — 50 MW, which significantly

exceeds the power of all types of bactericidal lamps [10,11]. In such sources, the
generation of optical radiation is carried out as a result of a high-current discharge in
an open atmosphere, which makes it possible to preserve a band of hard UV radiation
in the spectrum, which in traditional gas-discharge and mercury emitters is largely
suppressed by the walls of a lamp sleeve [12]. At the same time, with an increase in
the radiation power, there is a dose reduction effect, which ensures the sterilization
efficiency. In addition, with ultra-high power of UV radiation, the effect of complete
sterilization is achieved [10,13].

The results of the development and creation of sources of powerful pulsed
optical radiation and experimental research and modeling of processes of interaction
and pulsed electromagnetic fields with matter are shown in Table 2 [10]. It is shown
that when objects and environments are irradiated with high-intensity fields, a shock
field mechanism of destruction is realized [14,15]. In the pulse mode, the
concentration of energy in a short time interval excludes the cumulative bactericidal
effect and, more importantly, allows the required dose to be provided during one
pulse.

Table 2
Pulsed UV sources [10]
The energy store C=200uF C=300pF C=600uF
parameters U =3kV U=3kV U=3kV
Wo =900] Wy = 13501 W =2700]
Plasma discharge Idischarge =100+120kA Idischarge =200+210kA Idischarge =220+250kA
parameters Tplrad =11200K Tplrad =12000K Tplrad =12500K
Parameters of Wo.33...10 =112] Wo.33...10 = 2297 Wo.33...10 =478]
radiation T=24pus 1=30ps T=40ps
Wiads, =196 Wyads = 4321 Wyads = 9567

In continuous mode to achieve the dose Hy,.=H,,, the exposure time is
t, =o.. In the pulsed mode, the dependence of the radiation power flux density,

when exposed to a bactericidal effect, on the exposure duration is expressed by the
formula [16]

/4
_r (3)
1— e_te/ Ith

Concentration of energy in a short time interval excludes the cumulative
bactericidal effect characteristic of continuous low-power exposures, and, more

W, =
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importantly, allows the required dose to be provided during one pulse. In (3), the
value W), determines the minimum value of the power flux at which the pulsed

sterilization mechanism is realized, the time constant ¢, characterizes the resistance
of the virus to UV radiation. The bactericidal dose H,, is concentrated in a short
time interval ¢, equal to the pulse duration

1— e_te/fth .

Hence, it is seen that the threshold dose decreases with increasing radiation
power. This effect of decreasing exposure can be interpreted as "time compression",
as a result of an increase in the radiation flux density. Moreover, according to [16],
the pulse duration decreases with increasing radiation power.

Summary and conclusions.

A comparative analysis of models of exposure to continuous and pulsed UV
radiation on bactericidal microflora and viruses was carried out. It is shown that in
the pulsed mode when exposed to high power, the impact mechanism of inactivation
1s realized, which ensures a decrease in the bactericidal dose with an increase in the
radiation power. the results obtained can be used to create highly effective
bactericidal radiators.

Hy =
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Annomayusa. SH00-napoOOHMANbHAS NAMONO2U UMeem 04eHb 8AXHCHOe 3HaUeHue, MaK KaK
ama npobaema 00 Cux nop MAalo U3YYeHd 8PAYAMU-KIUHUYUCAMU U ee OUACHOCTUKA U JleYeHue
npeocmaensiem  onpeoeieHuvie  mpyonocmu.  Ilposedenvi  ananuz  KJIKT,  oyenxa
PACNPOCMPAHEHHOCIU U YACTNOMbL SHOO-NAPOOOHMANILHBIX NOPANCEHULL C YYemoM 603pacma u
noia NaYueHmos, packpbimo NoHsAmue HO0-NapoOOHMANbHbIE NOPANCEHUSL.

Knrwuesvie cnosa: 5100-napooonmanvHble NOpadceHus, 3HO00OHMUS, KOHYCHO-TYYe8as
komnvromepras momoepagus (KJ/IKT), kopuesvie kananvl, napoooHm.

Abstract Endo-periodontal pathology is very important, as this problem is still little studied
by clinician physicians and its diagnosis and treatment presents certain difficulties. Cone-ray
computed tomography analysis was carried out, the prevalence and frequency of endo-periodontal
lesions were estimated taking into account the age and sex of patients, the concept of endo-
periodontal lesions was disclosed.

Keywords: endo-periodontal lesions, endodontics, cone-ray computed tomography (CRCT),
root canals, periodontal

Beryniienne.

DHJI0-TIapOIOHTANIbHBIE TIOpaxkeHus (nanee — DIIII) — pesynbrar B3auMOCBSI3H
BOCHIAJIUTEIIBHBIX U3MEHEHUHN IYJIbIIBI U BOCHAJIUTEIbHO-IECTPYKTUBHBIX U3MEHEHUN
TKaHel mapojonta [1]. lanHas natojorust TpeOyeT BHUMaHHUS, T.K. HA CETOIHSALTHUIMI
SIBJISIETCS JOBOJBHO YaCTO BCTPEUYAEMOM, U YACTOTA €€ BO3HMKHOBEHHS COCTABIISIET
24,13% [2]. CoueraHHasg MaTOJOTHS BO3HUKAET BCIEICTBHME TOTO, YTO MyJbIla U
MapoOJOHT TPEACTABISIOT COOOM I1ETOCTHBIM KOMIUIEKC, CBSI3aHHBIH aHATOMO-
Tonorpaguyeck U TpeOyeT MEXIUCUUIUIMHAPHOTO MOJAXO0Aa JJis JIeYEHUs JaHHOU
I1aTOJIOTHUH.

eanb ucciaenoBanus:

OueHuTh  OCOOCHHOCTHM  KIIMHHUKO-TIATOIEHETHYECKOTr0  TEUYEHHS  DHIO-
MAPOJOHTAIBHBIX MOPAXKEHUN JIJI1 COCTABIICHUSI KOMIUICKCHOTO TIJIaHA JICUCHMUS.
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Matepunanbl M METOAbI HCCJICTOBAHMS

Hamu Obu1o mpoBeneHo ucciiejoBanue peHTreHorpamMm 14 myxxuun (27%) u 37
xeHmuH (73%), BceM ObUT MOCTABJICH JUATHO3 «3H]I0-TIAPOIOHTAIIBHBIC TOPAKEHUS
HA OCHOBaHUHM JIAHHBIX KJIMHUKO-PEHTTEHOJIOTUYECKOTO 00CIe0BaHN.

K OCHOBHBIM MeTOJaM HCCIIEOBAaHUS OTHOCHJIMCH: COOp aHaMHe3a, XKajoo,
OCMOTp, TEpPKYyCCHUs, OIpeAeJeHHe TJIyOMHbI MapOJOHTAIBHBIX KapMaHOB; U3
nonoaHuTeNbHbIX MeTo10B — KJIKT, D0/ i onpeneneHust BUTaIbHOCTH MYJIbIIBI.

Taxxe, B xone uccinefgoBanust y 10-tu mamueHtoB ¢ auarHozoMm OIIIT ObLio
MIPOBEICHO MUKPOOMOJIOTUUECKOE UCCIEA0BAHUE COAEPKUMOI0 KOPHEBBIX KaHAJIOB U
MapOoJIOHTANBHBIX KAPMAHOB MOPAXKEHHBIX 3yOOB B IIEPHO] OOOCTPEHHUS.

Pe3yabTarsl Hcc/ie10BaHMSA:

Cpennuii Bo3pact wucciaeayembix coctaBui 53,55 ner (puc.l). OHpo-
MapOJIOHTAIbHBIE MOPAXKEHUSI Yallle BCTPEYAIOTCS Y JKEHIIUH CpPeJHEH BO3PACTHOM
rpynmnsl 1o BO3 (45-60 ner).

40% 35,50%
0,
30% 22,60%
16,10%
20% ° 12,90%
9,70%
0% ||
Monogoi sospact (25-44) CpenHuii BospacT (45-60) Moxunoi sospact (61-80)

B MyHUYMHLL B HHeHWWHbI

Pucynok 1 — Yacrora BCcTpe4aeMOCTH 3HA0-NIAPOAOHTAJbHBIX OPAKEHHH €
y4eToM BO3pacTa M IoJia

Hau6onee uwacro OIIIl Obuin oOHapyX eHbl Yy MAlMEHTOB € XPOHUYECKUM
reHEPAJIM30BAHHBIM MAPOJOHTUTOM TSXKEJIOW CTENEHU TSHKECTH B COYETAHUU C
XPOHMYECKUM TpaHyJIeMaTO3HbIM TMEPUOJOHTUTOM (pHUC.2), YTO OOBSICHIETCS
MO3/IHEW TMAarHOCTUKOMN JaHHOM MATOJIOTHH W TpeOyeT KOMIUJIEKCHOTO Moaxoja K ee
JICUCHHMIO.

64%

70%
60%
50%
40%
30%

20%
10% W [1apOoAOHTUT TAKENON CTeneHn

0% TAMECTH

B MapoAoHTWUT CpeiHel cTeneHu

13,0% TAMECTH
2% 0%

AnwWKanbHaA MNepuanuKkanbHblid  ANWMKaAbHbIA
KOpHEBaA KKUCTa abcuecc co KOpHeBOWH
ceviiem/Ges NepuoaOHTUT
cBMLLA

PucyHnok 2 — PacnipeiesieHre 3H10-IaAPOJOHTAJIbHBIX OPAKEHHU I 110 CTENEeHU
THAXKECTH XPOHHYECKOI0 reHepPaIu30BAHHOI0 MAPOAOHTUTA
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B pesympTaTe MHKPOOHOJOTHYECKOTO WCCICIOBAaHMS B MapOJOHTATBHBIX
KapMaHaX M KOPHEBbIX KaHaiax 3yOOB ObUTM BBISBICHA HACHTUYHAs Tpam-
oTpulatenpHas aHa’poOHass mMukpoduopa (Fusobacterium nucleatum, Actinomyces
spp., Peptostreptococcus anaerobius, Prevotella melanogenica, Veillonella parvula,
Porphyromonas gingivalis).

Kmuanuecknit npumep OIIIl: B o6mactu 3yba 2.1 Buyamusupyercs
pa3pekeHrne KOCTHOM TKaHW Ha MpOoTsKeHuu Bcero kopHs. DO/ mynbmsl 3yda 2.1
COOTBETCTBYET 25 MKA, YTO YKa3blBaeT Ha MEPBUYHOE MOPAKEHUE MapoioHTa. B
CBS3M C OTUM TMIEPBOHAYAIBHO TpeOyeTcsl TPOBEACHHE JICYCHUS MaTOJIOTHH
napogonTta (puc.3). IIpoBeaeHO KOHCEpBAaTHBHOE MAapOJOHTOJIOTHYECKOE JICUCHUE,
BKJIIOUAOIIEe MPOPECCHOHANTBHYIO TUTHEHY TIOJIOCTU PTa, MPOTUBOBOCTIAIUTEIHHYIO
Tepanuio, muHupoBanue. [locme mpoBeneHHOTO JieUeHUsT HAOIIOAAeTCS YaCTHYHOE
BOCCTAHOBJICHUE KOCTHOM TKaHU, CTEIIEHb pe30pOLIMH YMEHbITUIACh (puc. 4).

Hpyroii mpumep OIIIT: 3y6 2.6.(puc.5) Ha KJIKT B xopoHKOBOI yacTu 3yOa
ompenenseTcss OOMUPHBIN 1epeKT B BHJIEC IOJOCTH, COOOIIAIOIIUNCS C MOJIOCTHIO
3y0a. B mepuanukambHBIX TKaHSAX OMpEACNIeTCs pa3pspKeHHEe KOCTHOW TKaHW Ha
BCEM MPOTSHKCHUM IIEYHBIX KOpHEH u B oomactu pypkamuu. D0]] mynbmsl 3yda 2.6
COOTBETCTBYET 65 MKA, peakuuss Ha XOJOJ pe3Kko MoiyiokurtenabHas. Heobxomumo
IPOBEJCHUE KOMIUIEKCHOTO  JIEYEHHs, BKIIOYAIOLIEE HHAOJOHTUYECKOE MU
MapOJOHTOJIOTUYECKOE JICUECHUE.

Pucynok 3 — KJIKT 2.13y6a  PucyHok 4 - KJIKT 2.1 3y0a Pucynok 5 - KJIKT 2.6 3y0a
10 JeYeHHusl. nocJjie Jie4eHusl.

3aKkjI04eHue U BLIBO/LI.

1. Bosbias 4yacTh 3HI0-MAPOJAOHTAIBHBIX MOopakeHuit (94%) conpoBokaaeTcs
XPOHUYECKUM TEHEPATM30BAHHBIM ITAPOJOHTUTOM  TSDKEJIOM CTEIEHU TSHKECTH B
COYCTAaHWH C XPOHWYECKHM TPAHYJIEMATO3HBIM IEPHUOJIOHTUTOM (amuKaJIbHAS
KopHeBas kucta, K04.8), (64%) .

2. OIIII yare moaBepKEHbI KEHIITUHBI cpeHero Bo3pacta (45-60 net) — 35,5 %.

3. [Ipy  MHKpPOOHOJOTHYECKOM  HCCIICIOBAHHH Obl1a  BBIABJICHA
rpaMOTpHIaTENbHAS aHadpoOHass MUKpPOQIOpa, YTO CBUICTEIHCTBYET O HATUYHUH
OMOIUIEHKH B TKAHSAX MapOJIOHTA U B CUCTEME KOPHEBBIX KaHAJIOB.

4. CoueraHue XpPOHHYECKOTO TEHEPAIM30BAHHOTO IMAPOJIOHTUTA TSHKEIION
CTENEHU TSHKECTU M XPOHUYECKOTO TPAHyJIEMAaTO3HOTO TIEPUOJJOHTA, CXOXKECTh TpaM-
OTpUIIATEIFHON aHa’pOOHON (UIOPHI B TKaHSAX MapOJIOHTa M KOPHEBBIX KaHAJIOB
TpeOyeT KOMILIEKCHOTO MOAX0/a K JICUCHHUIO TaHHOW MTaTOJIOTHH.
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REACTIVE ARTHRITIS, CAUSED BY YERSINIA ENTEROCOLITICA:

PREVALENCE, DIAGNOSIS AND TREATMENT (literature review)
PEAKTUBHUM APTPUT, BAKJINKAHUM YERSINIA ENTEROCOLITICA:
HNOMHUPEHICTB, OCOBJIUBOCTI JIATHOCTHUKHU TA JIKYBAHHS (orasig
JiTepaTypu)
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Anomayia: B cmammi pozenanyma nowupeHicmos npooiemMu peakmusHux apmpumi
€pcuniosnoi emionoecii, mpyoHowsi OiacHOCMuUKU ma JIKYBAHHSA, 32I0HO OAHUX Jimepamypu.
Apmpumu, 3ymoeneni nepenecenow ingexyieto Yersinia enterocolitica cknadaioms 0o 19% ceped
epynu peakmugHux. Ilocmanoexka Oiacno3y cK1a0aemuvcsa 3 0emanrbHUX AHAMHECMUYHUX OAHUX,
KAIHIYHUX O3HAK YPAXCEHHS ONOPHO-PYX08020 aANApamy ma ceponociyH020 NIOMBEEpPON*CeHHs, 3d
VYMOBU BUKTIOYeHHs THwoi emionocii. Hasedeno xkpumepii Odiaecnocmuku, cyuacna kKiacugikayis
BUNAOKi@ ma Kpumepii GuKkitOUeHHs OiacHo3y. JIiKyeanus maxkux nayicumie nepeobayae
3aCMOCY8AHHA CUMRMOMAMUYHUX 3AC00i8 ma X60p00O0-MOOUPDIKYIOUUX NPOMUPEBMAMONIOTUHUX
npenapamie (XMIII1), mooi sk UKOPUCMAHHS AHMUOAKMEPIaNbHUX 3aco0ié e Mac eghexmy.

Kniouogi cnoea: peakxmusnuii apmpum, epcuniosnuu apmpum, Yersinia enterocolitica, HLA-
B27, XMIIII
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Abstract. The prevalence of reactive arthritis, caused by Yersinia enterocolitica, difficulties of
diagnosis and treatment is considered in the article. Prevalence of arthritis, caused by Yersinia
enterocolitica, is up to 19% in the group of reactive arthritis. Diagnosis consist of detailed
anamnestic data, clinical symptoms and signs of arthritis, and serological verification. Criteria for
diagnosis, modern classification of cases and criteria for exclusion of diagnosis are given.
Treatment involves administering of symptomatic drugs and disease-modifying anti-rheumatic
drugs (DMARD), while antibiotic therapy is in inefficient.

Key words: reactive arthritis, Yersinia enterocolitica, HLA-B27, DMARD

Beryn.

PeaktuBni aptputu (PeA)- rpyma maronorii, IO CympOBOIKYIOTHCS
aCeNTUYHUM 3alajeHHsIM Cyrjaoly, CIPUYMHEHHM OakTepiabHOIO 1H(EKIIE0
[TYHKOBO-KHUILIKOBOTO TPAKTy Ta CEYOBUAUIBHOI CHUCTEMHU 1 T€HETHUYHUX (HaKTOPiB,
HANPUKIJIAJ HasABHICTIO JIIOJCHKOro JiedkouuTapHoro antureny HLA — B27.
XapakTepHa O3HaKa — aCHUMETpisl YpakeHHs CyrjioOiB, MEpeBa)kHA JOKaizalis —
CYTJ100M HUXKHIX KIHIIBOK.

IcropuuHi Bitomocri.

TepmiH «peakTUBHUI apTpuT» OyB 3ampornoHoBaHui B 1969 pori 1 mo3Hayas
«apTpUT, WO PO3BUHYBCS HEBAOB31 IiCiA I1HQEKIIHHOrO Tmpoiecy Oyab-iIe B
OpraHi3mi, OJHAaK MNpPU IBOMY MIKPOOPTraHI3MU HE BHSBISIOTHCS B CYrJ000Biid
piguHi». B 1999 poui rpyna BuYE€HHMX BHOKpEMMIIA CHELIaJIbHUM CIUCOK
racTPOIHTECTUHAJIBHUX Ta YPOreHITaIbHUX 30yAHHKIB, SIKI €TIOJOTIYHO IOB’s3aHl 3
po3BuTKOM aptputy. Cniucok BkitouaB Chlamidia trachomatis, Yersinia, Salmonella,
Shigella, Campylobacter. Temep no cnucky BHeceHI Takox FEscherichia coli,
Clostridioides difficile, Chlamidia pneumoniae. PeakTuBH1 apTpUTH, BUKIUKAHI
1H(DEKIIIMU, 110 TEePENAIOThCA CTAaTEBUM IUIAXOM BHJIUIEHI B TPYIIY CEKCYyaJIbHO
3YMOBJICHUX pEaKTUBHUX apTputiB (aHri. Sexually acquired reactiva arthritis,
SARA).[3]

IommpeHicTh peakTUBHOIO APTPUTY, 3yMOBJEHOT0 Yersinia enterocolitica -
OJIHI 3 HalmomupeHimmux 30yAHUKIB J1apel y Jro[el B po3BUHEHUX KpaiHax. OqHak
4acToTa MATOJIOTli HENOOI[IHEHA Yepe3 TPYJAHOII y BUIAUICHHI YUCTOI KYJIbTYpHU 13
OlosioriyHOro Matepiany. IHGOPMATHUBHICTH CEPOJIOTIUHI JOCHIKEHHS, SIK METOJ
J1arHOCTUKH €PCUHIO3Y 3HAYHO MIABUILYE WMOBIPHICTh MIATBEPAKEHHS 1HEKIT [2].

Y nocnipkenHi PeA B HIMEIBKUX PEBMATOJOTIYHMX KIIHIKAX MPUYUHHUM
OakTepianpHUil (hakTOp OYB BCTAaHOBJICHUH y 56% MamieHTIB 3 MEpeAyIOUYNM
BUIMAJIKOM KHUIIKOBO1 iH(pekmii. Po3mominm Mixk marorenamu: Salmonella 33%
BUNAKIB, Yersinia 18% [7].

Haii6inpmr  macuBHUMH OynM  CKaHAWMHABCBKI JOCHiKeHHS 70-X POKIB
MUHYJIOTO CTOJITTS IIOJI0 MOIIMPEHOCTI €pcHHIO3HOI eTioyiorii PeA. 3a 3 mics
1968 poky Oymnu obcrexxeni 3875 malieHTIB Ha MIPeAMET BHUSABJICHHI arjIOTHHYIOUYUX
aQaHTUTUT JO0 JBOX cepoTumiB Yersinia enterocolitica. Tutp Oinbmie 1:160 Oys
BUsIBJIEHUNH y 46 marfieHTiB, cepen sAkux y 19 cmocTtpepirainach mojapTpaniris 3
rOCTpUM Mo4YaTkoM [1].

Hocmimkenus: PeA y marfienTtiB 3 0aKTepioJOTri4YHO MiATBEPHKEHOI0 KUIITKOBOIO
iHdekuieo y CLIA 2002-2004 poxy BusiBuio auime 0,6-3,1 Bunaaku Ha 100 TuCs4
HACEJICHHS EPCUHIO3HOT €T10/10T1i [4]
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JliarHocTHKA.

JliaTHOCTUYHUN aJrOpuT™M [l BCTaHOBIEHHs eTionorii PeA  Bkiouae
BU3HAUEHHS KPUTEPIiB IMOCTAHOBKH TIOMEPEAHBOIO [1arHO3y «PEaKTHBHOTO
apTPUTY».

Kpurtepii niarHoctuku crnonauioaptpomnatiii (€Bpormeiicbka poboya rpymna 1o
BUBYCHHIO CIIOHAMIIOApTponaTiii, 1991 p.): HasBHICTH 00O 3aMabHOTO XapaKTEPy y
XpeOTi 4 CHHOBIITY (ACUMETPUYHOTO 3 MEPEBAKHUM yPAKEHHSIM HUKHIX KIHIIBOK),
B MOEJHAHHI 3 TPUHAWUMHI OJHUM 13 TIEPETIYeHUX O3HAK: OOTSHKEHHM CIMEHHUM
aHaMHe3; 3amajbHE 3aXBOPIOBAHHS KHUIICYHUKA; YPETPHUT, LEPBIIUT abo TrocTpa
aiapest mpoTAromM 1 micsilsg 10 BUHUKHEHHSI apTPUTY; MEPEBAXKHO OIb B CIITHUYHUX
JUISTHKAX; €HTEPOIaTIi; CaKpOoLJIeiT.

Jlist niarHocTuku BiacHe PeA BUKOPHUCTOBYEThCS JBa HAOOPH J1arHOCTHYHUX
KpUTEpiiB — aMepUKaHCbKI Ta  eBponeichki. Kputepii AmepukaHcbKkoi
peBmaTosiorigyHoi acorriamii (2004) BKIIOYAIOTH IMOEIHAHHS apPTPHUTY TPHUBATICTIO
outbiie 1 micsnsg 3 ypeTpuToM abo MEpBIIUTOM 1/a00 KOH IOHKTHBITOM; HEOOX1JTHE
00OB’sI3KOBE  IHCTpyMEHTajdbHE  miaATBep/ukeHHs  aptputy (MPT, V3],
pentredorpadisi). €Bpomneiicbki kputepii mgiarHoctuku PeA (MixHapogHa poOoua
rpyna 1mo peakTUBHOMY apTputy, 1996) Bxirodae o3Haku nepudepuvaHOro apTPUTy
(acUMEeTpUYHUN OJIITOAPTPUT MEPEBAKHO CYTI00IB HIKHIX KIHIIIBOK) B TIOE€IHAHHI 3
O3HAaKaMH TMONepenHboi 1HGEKIT (aiapesi, ypeTpurT NpoTsroM 4 THXKHIB 0
BUHHMKHEHHSI apTPUTY), a 3a BIACYTHOCTI JJAOOPATOPHOIO MiATBEPJKEHHS 1H(EKIIi
MOTPIOHO BUKIIFOYATH 1HII IPUYUHUA MOHO- YH OJIITOAPTPUTY.

JIIJarHOCTUYHUN aJIrOpUTM BCTAHOBIIEHHS €PCHIO3HOI €TIOJNIOrii pPEeaKTHBHOTO
apTpUTy BKIIIOYAE MPOBEICHHS HACTYNMHHUX PYTUHHUX aHam